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S
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plete description of the M
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design properly w
ith the part. E

specially for those not fam
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ith the 68000 C
P

U
, the follow

ing 
docum
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ill be helpful w

hen used in conjunction w
ith this m

anual.
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V
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3
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8
 P

ro
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u

ct B
rie

f (order num
ber M

C
68V

Z
328P
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)

T
he m

anuals m
ay be found at the M

otorola W
eb site at http://w

w
w

.M
otorola.com

/D
ragonB

all. T
hese 

docum
ents m

ay be dow
nloaded from

 the W
eb site, or a printed version m

ay be obtained from
 a local sales 

office. T
he W

eb site also m
ay have useful application notes.
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n p
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T
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.
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o
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o
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r b
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r b
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n
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. 

—
A

ctive low
 sig

na
ls cha

n
g

e fro
m

 lo
g

ic leve
l o

n
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 d
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 m
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re

d
 in

 syste
m

 m
e

m
o

ry 

—
8

-byte-lo
n

g
 in

stru
ction

 bu
ffe

r fo
r 6

8
00

0
 in

stru
ctio

n
 storag

e
 an

d
 execu

tion
 

•
P

ow
e

r m
an

a
ge

m
e

n
t 

—
F

ully sta
tic H

C
M

O
S

 te
ch

n
o

lo
gy 

—
P

ro
g

ra
m

m
a

b
le

 clo
ck syn

the
sizer u

sing
 3

2
.76

8
kH

z o
r 3

8
.4

kH
z exte

rn
a

l crysta
l fo

r fu
ll 

freq
u

e
ncy co

n
trol 

—
L

ow
-p

ow
e

r sto
p

 ca
p

ab
ilities 

—
M

o
d

u
le

s tha
t ca

n b
e

 in
d

ivid
u

ally sh
u

t d
ow

n 

—
O

p
eratio

n
 fro

m
 D

C
 to

 3
3

M
H

z (p
ro

cesso
r clock) 

—
O

p
eratin

g
 vo

lta
g

e
 o

f 2.7
V

 to
 3

.3
V

—
C

o
m

p
act 1

4
4

-lea
d

 th
in

 q
u

a
d

 flat pa
ck (T

Q
F

P
) a

n
d M

A
P

B
G

A

1.2   C
P

U
T

he
 F

L
X

6
8

0
00

 C
P

U
 in

 th
e M

C
6

8
V

Z
32

8
 is an

 u
p

d
ated

 im
p

le
m

e
n

ta
tion

 o
f th

e
 6

8
00

0
 3

2
-b

it m
icro

p
ro

cesso
r 

archite
ctu

re
. T

he
 m

a
in

 fe
a

tu
re

s of th
e

 C
P

U
 are the

 fo
llo

w
in

g
:

•
L

ow
-p

ow
e

r, fu
lly sta

tic H
C

M
O

S
 im

plem
en

tatio
n

•
3

2-b
it a

d
d

re
ss bu

s a
n

d 1
6

-b
it d

ata bu
s

•
S

ixte
e

n 3
2

-b
it d

ata a
n

d
 a

d
d

re
ss registe

rs

•
5

6 p
ow

erfu
l in

stru
ctio

n
 typ

e
s tha

t su
pp

o
rt h

ig
h

-leve
l d

eve
lo

p
m

en
t la

ng
u

a
ge

s

•
1

4 a
d

dre
ssin

g
 m

o
de

s an
d

 5
 m

ain
 d

a
ta

 typ
e

s

•
S

eve
n

 p
rio

rity levels for in
te

rru
p

t con
tro

l

T
he

 C
P

U
 is com

ple
te

ly co
d

e
 co

m
p

a
tib

le w
ith

 o
th

e
r m

e
m

b
ers o

f th
e

 M
6

80
0

0
 fa

m
ilie

s, w
h

ich
 m

e
a

ns it ha
s 

access to
 a b

ro
a

d
 ba

se o
f e

sta
blish

ed
 rea

l-tim
e

 ke
rn

e
ls, op

e
ra

tin
g system

s, lan
g

u
ag

e
s, a

pp
licatio

n
s, a

n
d 

d
eve

lo
p

m
e

nt to
o

ls.
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1.2.1  C
P

U
 P

ro
g

ram
m

in
g

 M
o

d
el

T
he C

P
U

 has 32-bit registers and a 32-bit program
 counter, w

hich are show
n in F

igure
1-2. T

he first eight 
re

g
iste

rs (D
7

–
D

0
) a

re
 d

ata re
gisters th

at are u
sed

 for byte (8
-b

it), w
o

rd
 (1

6
-bit), a

n
d

 lo
n

g-w
o

rd
 (3

2
-b

it) 
o

pe
ra

tio
n

s. W
h

en
 b

e
in

g
 u

se
d

 to m
an

ipu
late da

ta, th
e da

ta
 reg

isters affe
ct th

e statu
s re

giste
r (S

R
). T

h
e

 n
ext 

se
ven

 re
gisters (A

6
–

A
0

) a
n

d
 th

e
 use

r sta
ck po

inte
r (U

S
P

) can
 fu

nctio
n

 as softw
a

re sta
ck po

inte
rs an

d
 b

a
se

 
ad

d
re

ss re
g

iste
rs. T

h
ese

 reg
isters ca

n
 b

e u
se

d
 fo

r w
o

rd
 a

n
d

 lo
n

g
-w

o
rd o

pe
ra

tio
n

s, b
u

t th
e

y d
o no

t a
ffect th

e
 

statu
s reg

ister. T
he

 D
7

–
D

0 a
n

d A
6

–
A

0
 re

g
iste

rs can
 b

e u
sed

 a
s in

d
e

x re
gisters.

F
ig

u
re

1-2.   U
ser P

ro
g

ram
m

in
g

 M
o

d
el

In
 sup

e
rviso

r m
o

de
, th

e
 u

pp
e

r b
yte

 o
f th

e sta
tus reg

iste
r an

d
 th

e
 su

p
e

rviso
r sta

ck po
inter (S

S
P

) ca
n

 a
lso b

e
 

p
ro

g
ra

m
m

e
d

, a
s sh

o
w

n
 in

 F
ig

u
re

1-3
.

F
ig

u
re

1-3.   S
u

p
erviso

r P
ro

g
ram

m
in

g
 M

o
d

el S
u

p
p

lem
en

t

T
he

 sta
tu

s re
giste

r con
tains th

e
 in

te
rru

p
t m

a
sk w

ith
 se

ve
n a

vaila
b

le
 le

ve
ls, a

s w
e

ll as an
 e

xte
nd

 (X
), 

n
eg

a
tive

 (N
), zero

 (Z
), o

ve
rflo

w
 (V

), a
nd

 ca
rry (C

) co
n

ditio
n co

d
e. T

h
e

 T
 bit ind

ica
te

s w
h

en
 the

 p
ro

cessor 
is in

 trace
 m

o
de

, a
nd

 th
e

 S
 bit ind

ica
te

s w
he

n
 it is in

 su
p

ervisor o
r u

se
r m

od
e

.

D
ata R

egisters

A
ddress R

egisters

31
16

15
8

7

0

U
ser S

tack P
ointer

A
7 (U

S
P

)

D
0

D
1

D
2

D
3

D
4

D
5

D
6

D
7

A
0

A
1

A
2

A
3

A
4

A
5

A
6

0
15

16
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16
15

0

31
00

P
C

P
rogram

 C
ounter

S
tatus R

egister
S

R

7

S
upervisor S

tack
A

7 (S
S

P
)

31
16

15
0

P
ointer

15
0

 7
8

S
R

S
tatus R

egister
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C
P

U

1.2.2  D
ata an

d
 A

d
d

ress M
o

d
e T

yp
es

T
he C

P
U

 supports five types of data and six m
ain types of address m

odes. T
he five types of data are bits, 

binary-coded decim
al (B

C
D

) digits, bytes, w
ords, and long w

ords. T
he six types of address m

odes are 
show

n in T
able

1-1.

1.2.3  F
L

X
68000 In

stru
ctio

n
 S

et
T

he F
L

X
68000 C

P
U

 instruction set supports high-level languages that facilitate program
m

ing. A
lm

ost 
every instruction operates on bytes, w

ords, and long w
ords, and m

ost of them
 can use any of the 14 address 

m
odes. C

om
bining instruction types, data types, and address m

odes provides access to over 1,000 possible 
instructions. T

hese instructions, show
n in T

able
1-2 on page

1-7, include signed and unsigned m
ultiply and 

divide, quick arithm
etic operations, binary-coded decim

al (B
C

D
) arithm

etic, and expanded operations 
(through traps).

T
ab

le
1-1.   A

d
d

ress M
o

d
es

A
d

d
ress M

o
d

e
S

yn
tax

R
eg

ister d
irect ad

d
ress 

•
D

ata register direct
•

A
ddress register direct

D
n

A
n

A
b

so
lu

te d
ata ad

d
ress 

•
A

bsolute short
•

A
bsolute long

xxx.W
xxx.L

P
ro

g
ram

 co
u

n
ter relative ad

d
ress 

•
R

elative w
ith offset

•
R

elative w
ith index offset

d
16 (P

C
)

d
8 (P

C
, X

n)

R
eg

ister in
d

irect ad
d

ress
•

R
egister indirect

•
P

ostincrem
ent register indirect

•
P

redecrem
ent register indirect

•
R

egister indirect w
ith offset

•
Indexed register indirect w

ith offset

(A
n)

(A
n)+

–(A
n)

d
16 (A

n)
d

8 (A
n, X

n)

Im
m

ed
iate d

ata ad
d

ress 
•

Im
m

ediate
•

Q
uick im

m
ediate

#xxx
#1–#8

Im
p

lied
 ad

d
ress 

•
Im

plied register
S

R
/U

S
P

/S
P

/P
C

N
o

te:
D

n =
 D

ata register
A

n =
 A

ddress register
X

n =
 A

ddress or data register used as index register
S

R
 = S

tatus register
P

C
 = P

rogram
 counter

S
P

 =
 S

tack pointer
U

S
P

 =
 U

ser stack pointer
( ) =

 E
ffective address

d
8  =

 8-bit offset (displacem
ent)

d
16  =

 16-bit offset (displacem
ent)

#xxx =
 Im

m
ediate data
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T
ab

le
1-2.   In

stru
ctio

n
 S

et

M
n

em
o

n
ic

D
escrip

tio
n

M
n

em
o

n
ic

D
escrip

tio
n

A
B

C
D

A
dd decim

al w
ith extend

M
O

V
E

M
M

ove m
ultiple registers

A
D

D
A

dd 
M

O
V

E
P

M
ove peripheral data

A
D

D
A

A
dd address

M
O

V
E

Q
M

ove quick

A
D

D
Q

A
dd quick

M
O

V
E

 from
 S

R
M

ove from
 status register

A
D

D
I

A
dd im

m
ediate

M
O

V
E

 to S
R

M
ove to status register

A
D

D
X

A
dd w

ith extend
M

O
V

E
 to C

C
R

M
ove to condition codes

A
N

D
Logical A

N
D

M
O

V
E

 U
S

P
M

ove user stack pointer

A
N

D
I

A
N

D
 im

m
ediate

M
U

LS
S

igned m
ultiply

A
N

D
I to C

C
R

A
N

D
 im

m
ediate to condition codes

M
U

LU
U

nsigned m
ultiply

A
N

D
I to S

R
A

N
D

 im
m

ediate to status register
N

B
C

D
N

egate decim
al w

ith extend

A
S

L
A

rithm
etic shift left

N
E

G
N

egate

A
S

R
A

rithm
etic shift right

N
E

G
X

N
egate w

ith extend

B
cc

B
ranch conditionally

N
O

P
N

o operation

B
C

H
G

B
it test and change

N
O

T
O

ne’s-com
plem

ent

B
C

LR
B

it test and clear
O

R
Logical O

R

B
R

A
B

ranch alw
ays

O
R

I
O

R
 im

m
ediate

B
S

E
T

B
it test and set

O
R

I to C
C

R
O

R
 im

m
ediate to condition codes

B
S

R
B

ranch to subroutine
O

R
I to S

R
O

R
 im

m
ediate to status register

B
T

S
T

B
it test

P
E

A
P

ush effective address

C
H

K
C

heck register against bounds
R

E
S

E
T

R
eset external devices

C
LR

C
lear operand

R
O

L
R

otate left w
ithout extend

C
M

P
C

om
pare

R
O

R
R

otate right w
ithout extend

C
M

P
A

C
om

pare address
R

O
X

L
R

otate left w
ith extend

C
M

P
M

C
om

pare m
em

ory
R

O
X

R
R

otate right w
ith extend

C
M

P
I

C
om

pare im
m

ediate
R

T
E

R
eturn from

 exception

D
B

cc
T

est conditionally, decrem
ent, and branch

R
T

R
R

eturn and restore

D
IV

S
S

igned divide
R

T
S

R
eturn from

 subroutine

D
IV

U
U

nsigned divide
S

B
C

D
S

ubtract decim
al w

ith extend

E
O

R
E

xclusive O
R

S
cc

S
et conditional
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M
odules of the M

C
68V

Z
328

1.3   M
o

d
u

les o
f th

e M
C

68V
Z

328
In addition to the pow

erful 68000 processor, the D
ragonB

all V
Z

 contains a w
ide variety of peripheral 

interface and control m
odules. T

he follow
ing subsections provide brief descriptions of these m

odules and 
how

 they operate.

1.3.1  M
em

o
ry C

o
n

tro
ller

T
he m

em
ory controller provides a glueless interface to m

ost m
em

ory chips on the m
arket. It supports flash, 

R
O

M
, S

R
A

M
, different D

R
A

M
 types (E

D
O

 R
A

M
 and F

ast P
age M

ode), and synchronous D
R

A
M

. E
ither 

one or tw
o banks of D

R
A

M
 m

ay be used, and each bank can be a m
axim

um
 of 32

M
byte. F

or a m
ore 

com
plete explanation of how

 m
em

ory is configured and controlled, se
e

 C
ha

p
te

r
3

, “M
e

m
o

ry M
a

p
.” 

1.3.2  C
lo

ck G
en

eratio
n

 M
o

d
u

le an
d

 P
o

w
er C

o
n

tro
l M

o
d

u
le

T
he

 m
o

d
u

le
 co

n
ta

in
ing

 th
e

 clo
ck syn

the
sizer o

pe
rates w

ith
 e

ith
er an

 e
xte

rn
a

l crysta
l o

r a
n e

xte
rn

a
l 

o
scilla

to
r to

 pro
vid

e a
 stab

le clo
ck so

u
rce fo

r th
e

 in
te

rn
a

l clo
ck g

en
eratio

n
 m

o
d

ule (C
G

M
). T

he
 o

utp
ut 

freq
u

e
ncy ca

n
 be

 a
dju

sted
 b

y w
ritin

g
 to

 th
e

 C
G

M
 fre

q
ue

n
cy se

le
ct re

giste
r. T

h
e C

G
M

 ca
n

 be
 d

isab
led

 to
 

sh
u

t d
o

w
n

 th
e system

 clock divid
e

r cha
in

 for m
a

xim
u

m
 p

ow
er sa

vin
g

, w
h

ile
 th

e
 re

al-tim
e

 clo
ck (R

T
C

) a
nd

 
D

R
A

M
 co

n
tro

lle
r rem

ain a
ctive

. T
he

 p
ow

er co
n

tro
l m

o
d

ule
 ca

n b
e

 co
n

fig
ured

 to co
ntro

l th
e C

P
U

 cycles to
 

o
ptim

ize p
o

w
er co

n
sum

ptio
n

. T
he

 p
o

w
er co

n
tro

l m
o

d
ule

 o
ffe

rs th
ree

 p
ow

e
r-saving

 m
o

d
es: n

orm
al, do

ze
, 

E
O

R
I

E
xclusive O

R
 im

m
ediate

S
T

O
P

S
top

E
O

R
I to C

C
R

E
xclusive O

R
 im

m
ediate to condition codes

S
U

B
S

ubtract

E
O

R
I to S

R
E

xclusive O
R

 im
m

ediate to status register
S

U
B

A
S

ubtract address

E
X

G
E

xchange registers
S

U
B

I
S

ubtract im
m

ediate

E
X

T
S

ign extend
S

U
B

Q
S

ubtract quick

JM
P

Jum
p

S
U

B
X

S
ubtract w

ith extend

JS
R

Jum
p to subroutine

S
W

A
P

S
w

ap data register halves

LE
A

Load effective address
T

A
S

T
est and set operand

LIN
K

Link stack
T

R
A

P
T

rap

LS
L

Logical shift left
T

R
A

P
V

T
rap on overflow

LS
R

Logical shift right
T

S
T

T
est

M
O

V
E

M
ove

U
N

LK
U

nlink

M
O

V
E

A
M

ove address

T
ab

le
1-2.   In

stru
ctio

n
 S

et (C
o

n
tin

u
ed

)

M
n

em
o

n
ic

D
escrip

tio
n

M
n

em
o

n
ic

D
escrip

tio
n
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t o
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 C
h

ap
ter

4
, “C

lock G
en

e
ra

tio
n M

o
du

le a
n

d P
o

w
e

r C
o

n
tro

l M
o

d
u

le
,” fo

r m
o

re d
e

ta
iled

 
in

fo
rm

a
tion

.

1.3.3  S
ystem

 C
o

n
tro

l
T

he
 p

rim
a

ry fu
n

ctio
n

 o
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 p
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 m
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l p
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riety o
f m
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l p
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e C
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 C
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r p
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s D
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 D
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b
e

 
(R

A
S

) a
nd

 co
lu

m
n

 a
d

d
re

ss stro
be

 (C
A

S
) sign

a
ls for u

p
 to

 a
 m

a
xim

um
 o

f tw
o

 b
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f D
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 D
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cce

ss for L
C

D
 co

n
tro

ller bu
rst accesses. S

e
e

 
C

h
ap

ter
7, “D

R
A

M
 C

o
n

tro
ller,” for m

o
re

 in
form

a
tion

 a
bo

u
t th

is m
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s d
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 d
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 p
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 D
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r m
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 C
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r p
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t re
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 C
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nt, pro
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1.3.8  G
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u
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o
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P
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T
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C

68V
Z
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–

G
, J, K

, a
n
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T
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o
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P

IO
 p
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s o

r d
e

d
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 p
e
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e
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rface p
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d
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e
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g
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r p
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r d
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g
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 G
P
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 C
h
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f d
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s b
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 b
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r b
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ver re
ach

e
s its tim

e-o
ut va

lue
. W

h
e

n it 
d

oe
s re

ach
 its tim

e
-o

u
t va

lu
e, th
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t a
 syste

m
 failu

re
 h

as o
ccu

rred
 a

nd
 the

 
so

ftw
a

re
 w

a
tch

do
g

 lo
g

ic re
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r re
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 p
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b
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 b
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3
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n
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p
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 m
a
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d d
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 m
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r m
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e p
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y b
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s d

e
ta

iled
 in

fo
rm

a
tio

n a
b

ou
t th

e co
n

figu
ratio

n
 an

d
 op

e
ra

tio
n o

f th
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R
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 p
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 m
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l d
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e D
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 pro
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 o
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 d
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 b
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e p
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1.3.13  P
u

lse-W
id

th
 M

o
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W
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)

T
he M

C
68V

Z
328 has tw

o pulse-w
idth m

odulators (P
W

M
s). E
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e
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 d
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e m
o

de
s, th

e
 

P
W

M
 ca

n b
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 p
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r o
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p
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 p
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r b
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p
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 m
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0/R
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h
 tw

o
 p

re
sca

le
rs, an

d
 th

e
 re

su
ltin

g
 o

utp
ut (D

M
A

C
L

K
 a

n
d S

Y
S

C
L

K
) clo

ck is 1
6

.5
8

M
H

z. 
F

ig
u

re
2

-2
 illu

stra
te

s how
 a

 crysta
l is u

su
ally co

n
n

ecte
d

 to
 th

e
 M

C
6

8
V

Z
3

28
. F

o
r sp

e
cific circuit 

d
esig

n
 va

lu
e

s, see
 F

ig
u

re
4

-2
 o

n p
a

ge
4

-4
.

F
ig

u
re

2-2.   T
yp

ical C
rystal C

o
n

n
ectio

n

•
X

TA
L

—
C

rysta
l. T

h
is o

utp
ut sig

na
l co

n
ne

cts th
e

 o
n

-ch
ip

 o
scilla

tor ou
tpu

t to
 an

 externa
l crysta

l.

•
C

L
K

O
/P

F
2—

C
lo

ck O
ut o

r b
it 2 of P

ort F. T
his o

u
tp

u
t clo

ck sign
a

l is d
e

rived
 fro

m
 the

 o
n

-chip
 clo

ck 
o

scilla
to

r a
n

d
 is in

te
rn

a
lly co

n
ne

cte
d to

 th
e clo

ck o
u

tp
u

t o
f th

e in
te

rn
a

l C
G

M
. T

h
is sig

n
al is 

p
rovide

d
 fo

r exte
rn

a
l re

fe
ren

ce. T
h

e o
u

tp
u

t ca
n b

e
 disa

b
le

d
 in

 th
e

 P
L

L
 co

ntro
l reg

ister to
 re

d
uce

 
p

ow
e

r co
nsu

m
p

tion
 a

n
d e

le
ctrom

ag
n

etic e
m

issio
n. S

e
e S

e
ctio

n
4

.4.1
, “P

L
L

 C
o

n
trol R

eg
iste

r,” o
n

 
p

ag
e

4-8
 fo

r m
ore

 in
fo

rm
atio

n
. T

h
e C

L
K

O
/P

F
2

 sig
na

l de
fau

lts to
 th

e
 P

ort F
 p

in 2
 inp

u
t sign

a
l. F

or 
d

etaile
d

 in
fo

rm
atio

n
, re

fe
r to

 S
e

ction
1

0
.4

.7
.3

, “P
o

rt F
 D

e
d

ica
te

d I/O
 F

u
n

ctio
n

s,” o
n p

a
g

e
1

0
-2

6
.

•
R

E
S

E
T

—
R

e
se

t. T
h

is a
ctive

 low
, S

ch
m

itt trig
g

er in
p

ut sig
na

l rese
ts th

e
 e

n
tire

 M
C

6
8

V
Z

3
28

 
p

ro
ce

sso
r (C

P
U

 a
nd

 p
e

rip
h

e
ra

ls). T
h

e th
re

sh
o

ld
 o

f this S
ch

m
itt trigg

e
r d

evice
 is 1.2

V
 h

ig
h

 an
d

 
0

.8
V

 low
. A

fte
r th

e
 M

C
6

8
V

Z
32

8
 p

ow
e

rs u
p, this rese

t in
p

u
t sig

n
al sh

o
uld

 be
 d

riven
 low

 fo
r a

t lea
st 

E
X

T
A

L
X

T
A

L

32.768
kH

z or 38.4
kH

z

C
2

C
1
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D
ata B

u
s S

ig
n

als

�
S

ig
n

al D
escrip

tio
n

s
2-5

1.2
s before its voltage is higher than 1.2

V
 to ensure that the crystal oscillator starts and stabilizes. 

S
ee S

ectio
n

4
.3

.1
, “C

L
K

3
2

 C
lo

ck S
ign

a
l,” on

 p
ag

e
4

-4
 fo

r d
e

ta
ils a

b
o

ut se
le

cting
 circu

it va
lu

e
s. 

T
h

is sign
a

l is in
a

ctive w
h

ile
 th

e C
P

U
 is execu

tin
g the

 R
E

S
E

T
 in

structio
n. 

N
O

T
E

:

W
h

e
n an

 R
/C

 circu
it is b

eing
 u

sed
 to

 g
en

e
ra

te
 th

e R
E

S
E

T
 sign

a
l to

 th
e

M
C

6
8

V
Z

3
28

, the
 R

/C
 circu

it m
u

st b
e

 p
la

ce
d

 as clo
se to

 th
e

 chip
 as

p
ossib

le
.

2.4   A
d

d
ress B

u
s S

ig
n

als
T

he
 a

dd
ress bu

s pin
s A

[23
:0

] are
 th

e a
d

dre
ss line

s drive
n

 b
y th

e
 C

P
U

 or L
C

D
 co

n
tro

ller fo
r p

a
ne

l re
fresh

 
D

M
A

. In sle
e

p m
od

e
, all a

dd
ress sign

a
ls are in

 an
 active sta

te o
f the

 la
st b

u
s cycle. R

e
fe

r to
 

S
ectio

n
4

.5
.1.4

, “S
le

ep
 M

o
d

e,” o
n p

a
g

e
4

-1
2

 fo
r m

ore
 d

e
ta

ile
d info

rm
a

tio
n

.

•
A

0
/P

G
1

—
A

dd
ress 0

 o
r P

o
rt G

 bit 1
. A

fte
r syste

m
 rese

t, th
is sig

n
al de

fau
lts to

 A
0.

•
M

A
[1

5:0
]/A

[1
6

:1
]—

M
u

ltip
lexe

d
 D

R
A

M
 b

its 1
5–

0
 o

r A
d

d
ress bits 16

–
1

. T
he

se a
d

dress ou
tpu

t 
line

s are m
ultiplexed

 w
ith

 th
e D

R
A

M
 row

 a
nd

 colu
m

n
 ad

d
re

ss sig
n

als. T
h

e M
A

 sig
na

l is se
le

cted
 

o
n D

R
A

M
 access cycles.

 

•
A

[1
9

:17
]—

A
d

d
re

ss lin
es 1

9–
1

7
.

•
A

[2
3

:2
0

]/P
F

[6
:3

]—
A

d
d

re
ss b

its 23
–

2
0 o

r P
ort F

 b
its 6–3

. T
he

se ad
d

re
ss line

s a
re

 m
ultip

lexed
 w

ith 
P

ort F. T
he

se sig
n

als d
e

fa
u

lt to
 ad

d
re

ss fun
ctio

n
s a

fte
r re

se
t.

2.5   D
ata B

u
s S

ig
n

als
T

he
 fle

xib
le

 da
ta b

u
s interfa

ce d
e

sig
n o

f th
e M

C
68

V
Z

3
2

8
 m

icro
p

ro
cessor allo

w
s pro

g
ra

m
m

ing
 o

f the
 

lo
w

e
r b

yte
 of th

e
 da

ta
 b

u
s (in

 an
 8

-b
it-o

n
ly system

) to
 o

p
erate a

s g
e

n
eral-p

u
rp

o
se I/O

 sig
n

als. In sle
e

p
 

m
o

d
e, a

ll o
f th

e d
a

ta
 b

us p
in

s (D
1

5
–D

0
) are ind

ivid
ua

lly pu
lle

d
 u

p
 w

ith
 1-m

e
g

aoh
m

 re
sisto

rs. R
e

fe
r to

 
S

ectio
n

4
.5

.1.4
, “S

le
ep

 M
o

d
e,” o

n p
a

g
e

4
-1

2
 fo

r m
ore

 d
e

ta
ile

d info
rm

a
tio

n
.

•
D

[1
5

:8
]—

D
a

ta
 b

its 1
5

–8
. T

h
e u

p
p

er byte
 o

f th
e

 d
ata bu

s is n
o

t m
ultiplexed

 w
ith

 any o
the

r sig
n

a
l. 

In
 p

ure 8
-bit syste

m
s, th

is is th
e d

ata
 bu

s. In
 m

ixe
d

 8- an
d

 1
6

-bit syste
m

s, 8-b
it m

e
m

o
ry b

lo
cks o

r 
p

erip
h

era
ls sh

o
uld

 be
 con

n
ected

 to
 th

is bu
s. 

•
D

[7
:0]/P

A
[7

:0]—
D

ata b
its 7

–
0 o

r P
o

rt A
 b

its 7
–

0. T
h

is bus is th
e

 low
e

r d
a

ta
 byte o

r ge
n

era
l-pu

rpo
se 

I/O
. In pu

re 8
-b

it system
s, this bu

s ca
n

 serve
 a

s a g
en

e
ra

l-p
urp

ose
 I/O

. T
h

e
 W

D
T

H
8 bit in

 th
e S

C
R

 
registe

r (0
xF

F
F

00
0

) sh
o

uld
 b

e
 se

t to
 1

 by so
ftw

are
 b

e
fo

re the
 p

ort ca
n b

e
 use

d. S
e

e S
e

ctio
n

5
.2.1

, 
“S

yste
m

 C
o

n
trol R

eg
iste

r,” o
n

 pa
g

e
5

-2 fo
r d

eta
ils o

n se
ttin

g
 th

is bit. In 1
6

-b
it o

r m
ixe

d
 8

- an
d

 
1

6-b
it syste

m
s, the

se p
in

s m
u

st fu
n

ctio
n

 as th
e

 low
er da

ta byte. 
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2-6
M

C
68V

Z
328 U

ser’s M
anual

�

Interrupt C
ontroller S

ignals

2.6   B
u

s C
o

n
tro

l S
ig

n
als

T
he bus control signals are used for both the configuration and operation of the M

C
68V

Z
328 bus. T

he 
follow

ing descriptions provide detailed inform
ation about program

m
ing the signals and their use.

•
L W

E
/L

B
, U

W
E

/U
B

—
L

ow
er B

yte W
rite-E

nable and U
pper B

yte W
rite-E

nable, or L
ow

er B
yte and 

U
pper B

yte data strobes. For all chip-select cycles except C
S

B
[1:0], these tw

o pins are LW
E

 and 
U

W
E

. T
hey are used as low

er and upper w
rite-enable signals to a 16-bit port. If the chip-select is 

set to 8-bit port (the B
S

W
 bit is clear), use only the U

W
E

 signal for w
rite-enable control. U

W
E

 can 
be used as a D

R
A

M
 w

rite-enable if D
R

A
M

 refresh does not require that U
W

E
 stay high. O

therw
ise, 

D
W

E
 should be used. For C

S
B

[1:0] cycles, if the SR
16 bit is clear in the C

S
C

T
R

L
1 register, these 

tw
o pins are LW

E
 and U

W
E

 and function as previously described. If the S
R

16 bit is set, these tw
o 

pins are U
B

 and L
B

. T
hese tw

o data strobe signals are norm
ally used to connect to U

D
S

 and L
D

S
 

of the 16-bit m
em

ory chip. 

•
D

W
E

/U
C

L
K

/P
E

3—
D

R
A

M
 W

rite-E
nable, U

A
R

T
 C

lock, or P
ort E

 bit 3. U
se the D

W
E

 signal w
ith 

D
R

A
M

, w
hich requires an independent w

rite-enable signal rather than one that is shared w
ith 

U
W

E
. T

his signal stays high during refresh cycles. T
his pin defaults to a P

E
3 input signal. To select 

the D
W

E
 function, program

 P
ort E

 to D
W

E
 and enable the D

W
E

 signal by w
riting a 1 to the D

W
E

 
b

it o
f th

e D
R

A
M

C
 registe

r, w
h

ich
 is d

escrib
e

d
 in

 S
ectio

n
7

.3
.2, “D

R
A

M
 C

o
n

tro
l R

eg
ister,” on

 
p

ag
e

7-1
4. If th

is b
it is no

t en
a

ble
d, the

 U
C

L
K

 sig
n

al fu
n

ctio
n

 is se
le

cte
d

, w
h

ich
 is a

n inp
u

t clo
ck 

to
 th

e
 U

A
R

T
 m

o
du

le. F
or a d

e
scrip

tion
 o

f the
 U

C
L

K
 sig

n
al, re

fe
r to S

e
ctio

n
1

4
.2

.3
, “S

e
rial 

In
terfa

ce S
ig

n
a

ls,” o
n

 pa
g

e
1

4
-3

. T
h

is pin
 d

e
fa

u
lts to

 G
P

IO
 in

p
u

t pu
lled

 h
ig

h
.

•
B

U
S

W
/D

TA
C

K
/P

G
0—

B
us W

idth, D
ata T

ransfer A
cknow

ledge, or P
ort G

 bit 0. B
U

S
W

 is the 
default bus w

idth for the C
S

A
0  signal. T

he D
TA

C
K

 signal is the external input data acknow
ledge 

signal. T
he M

C
68V

Z
328 m

icroprocessor w
ill latch the B

U
S

W
 signal at the rising edge of the 

R
E

S
E

T
 signal. Its m

ode w
ill determ

ine the default bus w
idth for C

SA
0. For exam

ple, a logic low
 

of B
U

S
W

 on reset m
eans that C

S
A

0  connects to an 8-bit m
em

ory device, and a logic high of B
U

S
W

 
on reset m

eans that C
S

A
0  connects to a 16-bit m

em
ory device. A

fter reset, this pin defaults to the 
D

TA
C

K
 input signal. D

TA
C

K
 can be configured as output by program

m
ing the P

ort G
 D

IR
 register. 

If it is input, only those chip-select cycles using external D
TA

C
K

 w
ill be affected. C

hip-select 
cycles of internal D

TA
C

K
 w

ill ignore the input status. T
his pin can be configured to G

P
IO

 after 
system

 reset. For a 16-bit C
SA

0 -selected m
em

ory device, it is recom
m

ended that this signal be 
pulled up, externally.

•
O

E
—

O
utput E

nable. T
his active low

 signal is asserted during a read cycle of the M
C

68V
Z

328 
m

icroprocessor, w
hich enables the output of either R

O
M

 or S
R

A
M

. 

•
U

D
S

/P
K

3
, L

D
S/P

K
2

—
D

ata
 stro

b
es or G

P
IO

. U
D

S
 a

n
d L

D
S a

re
 6

80
0

0
 C

P
U

 da
ta

 strob
e

 sig
na

ls. 
T

h
ese p

ins d
efau

lt to G
P

IO
 in

p
ut p

ulle
d

 hig
h.

•
R

W
/P

K
1—

R
e

ad
/W

rite
 o

r P
o

rt K
 b

it 1
. R

W is th
e

 6
8

0
0

0 C
P

U
 rea

d
/w

rite sig
n

al. T
his p

in
 d

efa
ults to

 
G

P
IO

 in
pu

t p
u

lle
d h

ig
h

.

2.7   In
terru

p
t C

o
n

tro
ller S

ig
n

als
T

his se
ctio

n
 de

scrib
e

s sig
n

a
ls th

at are
 u

sed
 b

y th
e M

C
6

8V
Z

3
2

8
 in

te
rru

p
t con

tro
ller.

•
I N

T
[3

:0
], IR

Q
[3

:1
], IR

Q
6/P

D
[7

:0
]—

Interrupt bits 3–
0

, In
te

rru
pt R

eq
u

e
st bits 3

-1
, or P

ort D
 b

its 
7

–0
. I N

T
[3

:0
], IR

Q
[3

:1
], a

n
d IR

Q
6 can

 b
e

 co
n

fig
u

re
d as e

dg
e

 o
r leve

l trig
g

er in
te

rru
p

t sig
n

als. To
 

su
p

p
o

rt keyb
o

ard
 ap

p
lica

tio
n

s, th
e

 I/O
 fu

n
ctio

n
 ca

n
 be

 u
se

d
 w

ith in
te

rrup
t ca

p
ab

ilitie
s, w

h
ich

 a
re

 
d

escrib
e

d
 in

 C
ha

p
te

r
9

, “In
te

rru
p

t C
o

ntro
lle

r.” T
he

se p
in

s de
fau

lt to
 G

P
IO

 in
p

ut p
u

lle
d

 h
igh

.
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L
C

D
 C

o
n

tro
ller S

ig
n

als

�
S

ig
n

al D
escrip

tio
n

s
2-7

•
IR

Q
5

/P
F

1
—

In
terru

p
t R

e
q

ue
st 5

 or P
ort F

 b
it 1. T

h
is sig

n
al ca

n
 b

e
 p

ro
g

ra
m

m
e

d
 as G

P
IO

 o
r a

s a
n

 
in

te
rru

p
t inp

u
t. W

h
en

 co
n

figu
red

 a
s an

 inte
rrup

t in
p

u
t, th

e
 sig

n
al m

a
y b

e p
rog

ram
m

ed
 a

s a level h
ig

h
 

o
r leve

l low
 trig

g
e

r interru
p

t. T
h

is p
in

 d
efau

lts to
 G

P
IO

 inp
u

t p
u

lled
 h

ig
h

.

•
E

M
IQ

—
E

m
ulator Interrupt S

tatus. T
his bit indicates that the in-circuit em

ulation m
odule or 

E
M

U
IR

Q
 pin is requesting a level 7 interrupt. T

his bit can be generated from
 three interrupt 

so
u

rce
s—

tw
o b

re
a

kp
o

in
t in

te
rru

pts fro
m

 th
e

 in
-circuit e

m
u

la
tion

 m
o

d
u

le
 a

n
d

 a
n

 exte
rn

a
l in

terru
p

t 
fro

m
 E

M
U

IR
Q

, w
hich is a

n
 a

ctive low
, e

d
ge

-se
n

sitive inte
rrup

t. To
 clea

r th
is in

te
rru

pt, re
ad

 the
 

IC
E

M
S

R
 reg

ister to
 id

e
ntify th

e inte
rrup

t so
u

rce a
n

d
 w

rite
 a

 1
 to

 th
e

 co
rre

sp
o

n
din

g b
it in

 th
e

 
IC

E
M

S
R

. S
e

e
 S

e
ction

9
.6

.4
, “In

te
rru

p
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te
rface

 w
ith

 e
xte

rn
a

l d
evice

s.

•
M

O
S

I/P
J0

—
S

P
I T

ran
sm

it D
a

ta
 o

r P
ort J b

it 0
. M

O
S

I is th
e m

aster o
utp

ut/slave in
pu

t sig
n

al fo
r th

e
 

S
P

I shift reg
ister. T

his p
in d

e
fa

u
lts to

 G
P

IO
 in

p
ut p

ulle
d

 hig
h.

•
M

IS
O

/P
J1

—
S

P
I R

ece
ive

 D
a

ta
 o

r P
o

rt J b
it 1

. M
IS

O
 is th

e m
a

ster inp
u

t/slave
 o

u
tp

u
t sign

a
l fo

r th
e

 
S

P
I shift reg

ister. T
his p

in d
e

fa
u

lts to
 G

P
IO

 in
p

ut p
ulle

d
 hig

h.

•
S

P
IC

L
K

1
/P

J2
—

S
P

I C
lo

ck o
r P

o
rt J b

it 2
. S

P
IC

L
K

1
 is th

e m
a

ste
r clo

ck o
u

tp
u

t/slave
 clo

ck in
p

u
t 

sig
na

l for S
P

I. In p
ola

rity
=

0
 m

o
de

, th
is sig

n
a

l is low
 w

h
ile th

e
 seria

l p
erip

h
e

ra
l in

te
rfa

ce
 m

a
ster is 

id
le

. In
 p

o
la

rity
=

1
 m

o
d

e, this sig
n

a
l is h

ig
h

 du
rin

g
 id

le
. T

his p
in d

e
fa

u
lts to G

P
IO

 in
p

ut p
ulle

d
 

h
ig

h
.

•
S

S
/P

J3—
S

P
I S

lave
 S

e
le

ct o
r P

o
rt J b

it 3
. S

S
 is th

e m
a

ster o
u

tp
u

t/slave in
p

ut ch
ip

-se
le

ct sig
n

al. T
h

is 
p

in
 de

fau
lts to

 G
P

IO
 inp

u
t p

u
lled

 h
ig

h
.

•
D

A
TA

_R
E

A
D

Y
/P

W
M

O
2

/P
K

0
—

S
P

I D
a

ta
 R

ea
d

y o
r P

o
rt K

 b
it 0. D

A
TA

_
R

E
A

D
Y

 can
 b

e u
sed

 in
 

m
a

ster m
o

de
 to

 sig
na

l th
e S

P
I m

a
ste

r to
 clo

ck o
ut da

ta
. To

 select the
 D

A
TA

_R
E

A
D

Y
 fu

n
ctio

n
, th

e 
P

K
D

IR
0

 a
n

d P
K

S
E

L
0

 bits a
re

 w
ritten

 0
. T

h
is p

in
 d

efa
ults to

 G
P

IO
 in

pu
t pu

lle
d h

igh
.

2.13   S
erial P

erip
h

eral In
terface 2 S

ig
n

als
T

his se
ctio

n
 de

scrib
e

s th
e sig

n
als th

at are u
sed

 w
ith

 S
P

I 2
, th

e seco
n

d se
ria

l p
e

rip
he

ral in
te

rface
 (S

P
I) 

m
o

d
ule in

 th
e M

C
68

V
Z

3
2

8
, to

 in
te

rface
 w

ith e
xte

rn
a

l d
e

vice
s.

•
S

P
IT

X
D

/P
E

0—
S

P
I M

a
ste

r T
ra

n
sm

it D
ata o

r P
o

rt E
 b

it 0
. S

P
IT

X
D

 is the
 m

a
ste

r S
P

I shift register 
o

utp
ut sig

na
l. T

h
is p

in
 d

efau
lts to

 G
P

IO
 inp

u
t p

u
lled

 h
ig

h
.

•
S

P
IR

X
D

/P
E

1
—

S
P

I M
a

ster R
e

ceive
 D

a
ta

 o
r P

o
rt E

 b
it 1

. S
P

IR
X

D
 is th

e
 inp

u
t to

 th
e m

aster S
P

I sh
ift 

registe
r. T

his p
in d

e
fa

u
lts to G

P
IO

 in
p

u
t p

ulle
d

 hig
h.

•
S

P
IC

L
K

2
/P

E
2

—
S

P
I M

a
ste

r C
lo

ck or P
ort E

 b
it 2

. S
P

IC
LK

2
 is the

 clo
ck o

u
tp

u
t w

h
e

n th
e seria

l 
p

erip
h

era
l in

terfa
ce m

a
ste

r is e
na

b
le

d
. In

 po
larity

=
0 m

o
de

, th
is sig

n
al is low

 w
hile

 th
e

 se
rial 

p
erip

h
era

l in
terfa

ce m
a

ste
r is id

le. In p
o

la
rity

=
1 m

o
d

e
, th

is sign
a

l is h
ig

h
 d

urin
g

 id
le

. T
h

is pin
 

d
efau

lts to
 G

P
IO

 inp
u

t p
u

lled
 h

ig
h

.
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2.14   C
h

ip
-S

elect an
d

 E
D

O
 R

A
M

 In
terface S

ig
n

als
C

hip-select logic is used to provide m
axim

um
 com

patibility w
ith a w

ide variety of m
em

ory logic. T
his 

section and S
e

ctio
n

2.1
5

, “S
D

R
A

M
 In

terfa
ce

 S
ig

n
a

ls,” d
escribe

 th
e

 sig
na

ls u
se

d
 to

 in
terfa

ce
 w

ith
 R

A
M

, 
S

D
R

A
M

, a
n

d E
D

O
 R

A
M

.

•
C

S
A

0—
C

hip-S
elect A

 bit 0. C
S

A
0 is a default chip-select signal after reset. It is set to 6 w

ait states 
and decodes all address ranges, except internal register address space, em

ulator space, and bootstrap 
space (0xF

F
F

C
0000–

0
xF

F
F

F
F

F
F

F
). It ca

n
 be

 re
p

ro
g

ra
m

m
e

d
 d

urin
g

 th
e

 bo
o

t seq
u

e
nce

 to
 an

o
th

e
r 

ad
d

re
ss ra

n
ge

 o
r d

iffe
re

n
t w

ait sta
tes. T

h
e d

efau
lt da

ta
 bu

s w
idth

 fo
r C

S
A

0
 is d

eterm
in

e
d

 by th
e state

 
o

f th
e

 B
U

S
W

 sig
n

al.

•
C

S
A

1/P
F

7
, CS

B
[1

:0
]/P

B
[1

:0], CS
C

[1
:0

]/P
B

[3:2
]/R

A
S[1

:0
], C

S
D

[1
:0

]/P
B

[5
:4]/C

A
S[1

:0
]—

C
hip-S

elect A
, B

, C
, and D

 bits 0 and 1, P
ort F

 bit 7, P
ort B

 bits 5–
0

, o
r row

 an
d

 co
lu

m
n sele

ct 
sig

na
ls. T

h
ese

 p
ins com

prise
 th

e rem
ain

de
r o

f th
e G

ro
up

 A
, B

, C
, an

d
 D

 ch
ip-se

lects an
d

 a
re

 
in

d
ivid

u
ally p

ro
g

ra
m

m
a

b
le

. P
in

s th
at are n

o
t n

e
ed

e
d a

s ch
ip

-se
le

cts ca
n

 be
 p

ro
g

ra
m

m
e

d
 as 

g
en

e
ra

l-p
urp

ose
 I/O

. In
 a

d
ditio

n, C
S

C
[1

:0
] a

n
d C

S
D[1

:0] a
re de

sig
n

ed
 to

 su
p

po
rt D

R
A

M
 as C

A
S

 
an

d
 R

A
S  sig

na
ls. T

h
ese

 p
in

s d
efa

ult to G
P

IO
 in

p
u

t pu
lle

d
 h

ig
h

.

•
P

M
5

/D
M

O
E —

P
ort M

 bit 5 or D
R

A
M

 C
ontinuous Page M

ode O
utput E

nable. D
M

O
E

 is sim
ilar to 

the O
E

 signal. H
ow

ever, D
M

O
E

 only goes active on D
R

A
M

 read cycles, w
hile O

E
 is active for all 

m
em

ory read cycles. In continuous page m
ode, R

A
S  is held low

 until a page-m
iss, refresh required, 

or R
A

S
 duration tim

e out. D
uring an R

A
S

 low
 period there m

ay be other m
em

ory access cycles, 
and if O

E
 is used to enable the D

R
A

M
 data output, D

R
A

M
 w

ill drive data, producing bus 
contention. T

herefore, a dedicated output enable, D
M

O
E

, is required, connecting to D
R

A
M

 if 
continuous page m

ode is enabled. U
sing this m

ode w
ill m

inim
ize the num

ber of clocks per D
R

A
M

 
access. T

his pin defaults to G
P

IO
 input pulled high.

2.15   S
D

R
A

M
 In

terface S
ig

n
als

•
C

S
D

0, C
S

D
1—

T
hese tw

o signals are m
ultiplexed w

ith SD
R

A
M

 C
S

0 and C
S

1. W
hen S

D
R

A
M

 is 
enabled, C

S
D

0  and C
S

D
1 are S

D
R

A
M

 bank 1 and bank 2 chip-select signals. A
lso see C

hapter
6, 

“C
hip

-S
e

le
ct L

og
ic,” fo

r m
ore d

e
ta

ils.

•
C

S
C

0 —
T

his signal is m
ultiplexed w

ith S
D

R
A

M
 R

A
S. W

hen SD
R

A
M

 is enabled, this signal 
becom

es an S
D

R
A

M
 R

A
S

 signal. For additional inform
ation about this subject, see C

hapter
6, 

“C
hip

-S
e

le
ct L

og
ic.” 

•
C

S
C

1 —
T

his signal is m
ultiplexed w

ith S
D

R
A

M
 C

A
S. W

hen SD
R

A
M

 is enabled, this signal 
becom

es an S
D

R
A

M
 R

A
S

 signal. For m
ore details, se

e
 C

ha
p

te
r

6
, “C

hip
-S

e
le

ct L
o

gic.” 

•
S

D
W

E —
S

D
R

A
M

 W
E

. W
hen S

D
R

A
M

 is enabled, this signal becom
es an S

D
R

A
M

 W
rite-E

nable 
sig

na
l. T

he
re

 is ad
d

itio
n

al p
ro

g
ra

m
m

in
g in

fo
rm

atio
n

 a
b

ou
t th

is su
bject in

 C
h

a
pte

r
6

, “C
h

ip-S
e

le
ct 

L
o

gic.” 

•
P

M
0

/S
D

C
L

K—
P

ort M
 bit 0 or S

D
R

A
M

 C
lock. T

his pin defaults to G
P

IO
 input pulled low

.

•
P

M
1

/S
D

C
E—

P
ort M

 bit 1 or S
D

R
A

M
 C

lock E
nable. T

his pin defaults to G
P

IO
 pulled low

.

•
P

M
2

/D
Q

M
H

, P
M

3/D
Q

M
L—

P
ort M

 bits 2–
3 o

r S
D

R
A

M
 in

pu
t/o

u
tp

u
t m

ask. T
h

ese p
in

s d
e

fau
lt to

 
G

P
IO

 p
u

lled
 low

.

•
P

M
4

/S
D

A
1

0—
P

ort M
 bit 4 or S

D
R

A
M

 A
ddress A

10. T
his pin defaults to G

PIO
 input pulled low

.
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2.16   In
-C

ircu
it E

m
u

latio
n

 (IC
E

) S
ig

n
als

T
he IC

E
 m

odule is designed to support low
-cost em

ulator designs using the M
C

68V
Z

328 m
icroprocessor. 

T
here are four interface signals that are extended to external pins.

•
H

IZ
/P

/D
/P

G
3

—
H

igh
 Im

p
ed

a
nce

, P
ro

gra
m

/D
a

ta
, o

r P
o

rt G
 bit 3

. D
u

rin
g

 syste
m

 rese
t, a lo

gic low
 

o
f th

is inp
u

t sig
n

a
l w

ill p
u

t the
 M

C
6

8
V

Z
3

2
8 into

 H
i-Z

 m
od

e
, in

 w
h

ich
 a

ll M
C

6
8

V
Z

3
28

 p
in

s are 
th

ree
-sta

te
d

 afte
r re

se
t relea

se. F
or n

orm
a

l o
p

eratio
n

, th
is p

in
 m

u
st be

 p
u

lle
d

 h
ig

h
 d

u
rin

g
 syste

m
 

re
set or le

ft un
co

nn
e

cte
d. T

h
is p

in
 de

fau
lts to

 G
P

IO
 inp

u
t p

u
lled

 h
ig

h
, but ca

n
 be

 p
ro

g
ra

m
m

e
d

 as 
th

e
 P

/D  fu
nctio

n. P
/D is a sta

tu
s sig

n
al th

at sh
ow

s w
he

the
r th

e
 cu

rre
nt bu

s cycle
 is in

 p
ro

g
ram

 spa
ce 

o
r in

 d
ata

 sp
a

ce
 du

rin
g

 em
ulatio

n
 m

o
d

e.

•
E

M
U

IR
Q

/P
G

2
—

E
m

u
la

to
r Interru

p
t R

e
q

ue
st or P

o
rt G

 bit 2
. D

u
rin

g system
 reset, a

 lo
g

ic low
 o

f th
is 

in
p

u
t sig

n
al w

ill p
ut th

e
 M

C
6

8
V

Z
32

8
 in

to e
m

u
la

tio
n m

od
e

, w
hich is d

e
scrib

ed
 in

 C
h

ap
ter

1
6, 

“In
-C

ircu
it E

m
ulatio

n
.” F

o
r n

o
rm

a
l o

p
e

ra
tion

, th
is p

in
 m

u
st b

e p
u

lled
 h

ig
h

 d
urin

g
 syste

m
 re

set or 
le

ft un
co

nn
e

cte
d. A

fte
r system

 re
se

t, this p
in d

e
fa

u
lts to a

n
 E

M
U

IR
Q

 fu
n

ctio
n

 in
 no

rm
a

l o
r 

em
ula

tio
n

 m
o

d
e. E

M
U

IR
Q  is a

n a
ctive low

, leve
l 7

 in
terru

p
t inp

u
t sig

n
a

l. 

•
E

M
U

B
R

K
/P

G
5—

E
m

u
lato

r B
re

a
kpo

int or P
o

rt G
 b

it 5
. D

urin
g

 syste
m

 re
set, a log

ic low
 o

f this 
in

p
u

t sig
n

al w
ill p

ut th
e

 M
C

6
8

V
Z

32
8

 in
to b

o
o

tstrap
 m

o
d

e, w
h

ich
 is de

scrib
e

d
 in

 C
ha

p
te

r
1

7
, 

“B
oo

tstra
p

 M
o

de
.” F

o
r n

o
rm

a
l o

p
e

ra
tion

, th
is p

in
 m

u
st b

e p
u

lled
 h

ig
h

 d
urin

g
 syste

m
 re

set or le
ft 

u
nco

n
ne

cte
d

. A
fte

r system
 re

se
t, this p

in d
e

fa
u

lts to the
 E

M
U

B
R

K
 fu

n
ctio

n
, w

hich
 is a

n
 I/O

 sig
n

a
l 

u
se

d
 in

 em
ulatio

n
 m

o
d

e for bre
akp

o
in

t co
ntro

l. 

•
E

M
U

C
S

/P
G

4
—

E
m

u
la

tor C
hip

-S
e

le
ct o

r P
o

rt G
 b

it 4
.

 E
M

U
C

S is a
n

 8
-b

it da
ta

 bu
s w

idth
 ch

ip
-se

le
ct 

sig
na

l th
at se

le
cts th

e d
e

d
icated

 m
e

m
o

ry sp
ace

 fro
m

 0
xF

F
F

C
00

0
0

 to
 0

xF
F

F
D

F
F

F
F. It can

n
o

t b
e 

u
se

d
 to

 se
le

ct 1
6

-b
it da

ta
 bu

s m
e

m
o

ry d
evice

s. E
M

U
C

S
 is no

t on
ly a

ctivated
 in

 e
m

u
la

tio
n m

o
d

e
, 

bu
t in

 n
o

rm
a

l a
n

d b
o

o
tstrap

 m
o

d
es a

s w
e

ll. S
e

e
 C

ha
p

te
r

1
6

, “In
-C

ircu
it E

m
ulatio

n
,” fo

r m
o

re
 

in
form

a
tion

 a
bo

u
t E

M
U

C
S  op

e
ra

tio
n. T

h
is p

in
 d

efau
lts to

 an
 E

M
U

C
S

 sig
n

a
l.
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T
his chapter describes the clock generation m

odule (C
G

M
) and pow

er control m
odule (P

C
M

). T
he 

description of both m
odules com

prises a single chapter because their operation is so closely integrated. 
T

he program
m

ability of the individual clock signals m
akes the C

G
M

 a flexible clock source for the 
M

C
68V

Z
328 and its associated peripherals. 

T
he C

G
M

 uses a low
-frequency oscillator in conjunction w

ith a m
ultiplier/divider chain to produce the 

clock signals used throughout the M
C

68V
Z

328 integrated processor. T
he frequency of all clock signals 

(except the low
-frequency reference) are individually selectable through softw

are control. T
he 

M
C

68V
Z

328 has four different pow
er m

odes to provide optim
um

 pow
er efficiency. 

T
he P

C
M

 controls the pow
er consum

ption of the C
PU

 by applying clock signals to the C
P

U
 at reduced 

burst w
idths. F

or m
axim

um
 pow

er savings, the M
C

68V
Z

328 can be placed in sleep m
ode in w

hich all 
clocks (except for the low

-frequency clock) are disabled. 

N
O

T
E

:

T
he C

G
M

 m
odule is designated as the P

L
L

 m
odule in earlier versions of

the D
ragonB

all fam
ily. T

he nom
enclature changed from

 PL
L

 to C
G

M
 to

be consistent w
ith M

otorola nam
ing and standards conventions. T

he term
P

L
L

 is used only to describe the actual P
L

L
 circuit w

ithin the C
G

M
.
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o

d
u

le

•
D

M
A

C
L

K
—

U
se

d
 to

 crea
te

 th
e

 re
m

a
in

in
g

 tw
o clo

cks, a
nd

 serve
s a

s D
M

A
 clo

ck for th
e

 L
C

D
 

co
n

tro
ller

•
S

Y
S

C
L

K
—

U
se

d
 by m

ost m
od

u
le

s, in
clu

din
g th

e C
P

U

•
L

C
D

C
L

K
—

U
se

d
 as re

fe
ren

ce by the
 L

C
D

T
he

 d
istrib

u
tio

n o
f th

e clo
ck sig

n
a

ls ge
n

era
te

d b
y th

e
 C

G
M

 is sho
w

n
 in

 T
a

ble
4

-1. W
ith the

 e
xce

ptio
n

 o
f 

th
e

 C
L

K
32

 sig
n

al, th
e fre

q
u

en
cy o

f th
e clo

ck sign
a

ls ca
n

 be
 in

d
ividu

a
lly p

rog
ram

m
e

d.

T
ab

le
4-1.   C

G
M

 C
lo

ck S
ig

n
al D

istrib
u

tio
n

U
sed

 b
y o

r A
vailab

le T
o

C
L

K
32

S
Y

S
C

L
K

D
M

A
C

L
K

L
C

D
C

L
K

C
LK

O
/P

F
2 pin

X

D
R

A
M

 controller
X

X
X

LC
D

 controller
X

X

P
C

M
X

P
W

M
X

X

R
T

C
X

S
P

Is
X

T
im

ers
X

X

U
A

R
T

s
X
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o
w

er C
o

n
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l M
o

d
u
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4-3

4.2   C
G

M
 O

p
eratio

n
al O

verview
T

he C
G

M
 consists of six m

ajor parts, as show
n in the sim

plified block diagram
 in F

igure
4-1. T

he clock 
source for the C

G
M

 is a crystal oscillator that is com
prised of an external crystal connected to the internal 

X
T

A
L

 oscillator circuit. T
he output of the X

T
A

L
 oscillator is the C

L
K

32 signal, w
hose frequency is 

determ
ined by the frequency of the external crystal. T

he C
L

K
32 clock signal serves as a source for the 

P
L

L
 and m

any other m
odules w

ithin the M
C

68V
Z

328. 

T
he output frequency of the P

L
L

 (P
L

L
C

L
K

) is determ
ined by the frequency of C

L
K

32 and by the values 
of the P

C
 and Q

C
 fields of the P

L
L

 frequency select register (P
L

L
F

S
R

). T
he output of the P

L
L

 is applied 
to a divider chain com

posed of tw
o prescalers. T

he P
L

L
C

L
K

 clock is first input into prescaler 1. Its output 
frequency is selected by the prescaler select 1 (PR

E
S

C
1) bit in the P

L
L

C
R

. T
he output of the prescaler 1 

(P
R

1C
L

K
) is applied to prescaler 2, w

hose output frequency (D
M

A
C

L
K

) is controlled by the prescaler 
select 2 (P

R
E

S
C

2) bit in the P
L

L
C

R
. T

he D
M

A
C

L
K

 signal is applied to the L
C

D
 controller in the 

M
C

68V
Z

328 and also serves as the clock source for the L
C

D
 clock divider and the S

Y
S

C
L

K
 divider.

T
he output of the L

C
D

 clock divider is L
C

D
C

L
K

, w
hose frequency is controlled by the L

C
D

 clock 
selection (L

C
D

C
L

K
) field in the P

L
L

C
R

. T
he L

C
D

C
L

K
 signal is only used by the L

C
D

 controller. T
he 

S
Y

S
C

L
K

 divider produces a S
Y

S
C

L
K

 clock signal that is used throughout the M
C

68V
Z

328. S
Y

S
C

L
K

 is 
also used as the C

P
U

 clock signal (C
P

U
C

L
K

) by the internal F
L

X
68000 C

P
U

. S
Y

S
C

L
K

 is the only 
C

G
M

-generated clock signal that can be m
ade available to external devices via the buffered output of the 

clock out/P
ort F

 bit 2 pin (C
L

K
O

/P
F

2
). S

ee
 S

e
ctio

n
10

.4
.7.3

, “P
o

rt F
 D

e
dica

ted
 I/O

 F
u

nctio
ns,” o

n
 

p
ag

e
10

-26
 for m

o
re

 in
fo

rm
a

tio
n

. T
h

e o
u

tp
u

t is a
va

ila
ble w

h
e

n
 th

e clo
ck en

a
ble b

it o
f the

 P
L

L
C

R
 is 

en
a

b
le

d
 a

n
d

 bit 2
 in

 th
e

 P
ort F

 select re
g

ister (P
F

S
E

L
) is cle

a
re

d
.

F
ig

u
re

4-1.   C
lo

ck G
en

eratio
n

 M
o

d
u

le (C
G

M
) S

im
p

lified
 B

lo
ck D

iag
ram

D
S

P
L

X
T

A
L

O
scillator

E
X

T
A

L

X
T

A
L

P
LL

P
C

Q
C

P
LLF

S
R

S
Y

S
C

LK

LC
D

C
LK

 S
E

L
S

Y
S

C
LK

 S
E

L
P

R
E

S
C

2
C

LK
E

N

C
LK

32

LC
D

 C
lock

D
ivider

S
Y

S
C

LK
D

ivider

C
LK

O
/

P
F

2

P
rescaler 2 P

LLC
R

C
LK

32

D
M

A
C

LK

LC
D

C
LK

E
nable

B
uffer

P
R

E
S

C
1

P
rescaler 1P

R
1C

LK

P
LLC

LK
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D
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G
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escriptions

4.3   D
etailed

 C
G

M
 C

lo
ck D

escrip
tio

n
s

S
ectio

n
4

.3
.1, “C

L
K

3
2

 C
lo

ck S
ig

n
a

l,” a
n

d
 S

ection
4

.3
.2

, “P
L

LC
LK

 C
lo

ck S
ig

n
a

l,” de
scrib

e
 in

 de
tail th

e
 

o
pe

ra
tio

n
 o

f ea
ch clo

ck sign
a

l p
ro

d
u

ce
d

 by the
 C

G
M

.

4.3.1  C
L

K
32 C

lo
ck S

ig
n

al
T

he
 low

-fre
qu

e
n

cy o
u

tp
u

t o
f the

 X
T

A
L

 o
scillator (C

LK
32

) is ava
ilab

le w
ith

in
 a

 fe
w

 h
u

nd
red

 m
illiseco

n
ds 

afte
r in

itia
l p

o
w

er is ap
p

lied
 to the

 circu
it. T

he
 fre

qu
e

n
cy o

f th
e

 C
L

K
3

2 sig
n

a
l is d

eterm
ine

d
 by the

 
freq

u
e

ncy of th
e

 externa
l crysta

l. T
h

e
 C

G
M

 sup
p

o
rts e

ith
er a 3

2
.76

8
kH

z o
r a

 3
8.4

kH
z crysta

l. 

N
O

T
E

:

R
ega

rdless of th
e

 crysta
l fre

q
u

en
cy u

se
d

, th
e o

u
tp

u
t is a

lw
ays la

be
le

d
C

L
K

3
2.

F
ig

u
re

4-2
 re

p
re

se
n

ts a su
gg

e
stio

n
 o

f h
o

w
 a crysta

l m
a

y be
 con

n
e

cted
 to

 the
 M

C
6

8
V

Z
3

28
. T

h
e va

lu
e

s o
f 

C
1

 an
d

 C
2

 in F
ig

u
re

4-2
 are

 de
term

in
e

d
 b

y usin
g

 the
 crysta

l lo
ad

 ca
pa

citan
ce (C

L
), P

C
B

 stra
y ca

p
a

cita
n

ce
, 

C
stra

y (m
ea

sured
 o

r ap
p

ro
xim

ated
), an

d
 D

rag
o

n
B

all in
pu

t ca
p

acita
nce

 (C
d

b
vz

<
<

1
.0

pf) acco
rd

in
g

 to
 th

e
 

fo
llo

w
in

g
 fo

rm
ula

:

C
L

=
C

stray +
 C

dbvz +
 (C

1
*

C
2)

/(C
1

+
C

2)
 E

q
n

. 4-1

T
yp

ica
l d

e
sig

n va
lu

e
s a

re
 C

1
=

C
2

=
2

0
p

f. T
h

e u
se

r sh
o

uld
 co

n
su

lt th
e

 crystal m
a

nu
factu

rer fo
r 

ap
p

ro
p

ria
te

 circu
it la

yo
u

t a
n

d circuit va
lu

es. 

T
he

 C
L

K
32

 clo
ck sign

a
l is u

n
iq

u
e in

 th
at w

hile
 th

e oth
er clo

ck sou
rce

s a
re

 d
isa

b
le

d w
h

en
 th

e
 M

C
68

V
Z

3
2

8 
is p

la
ce

d
 in

 slee
p

 m
o

d
e, th

e
 C

L
K

3
2 clo

ck is a
va

ila
b

le
 a

s lo
n

g
 as p

ow
er is a

p
p

lied
. S

ee
 S

ectio
n

4
.5

.1
.4

, 
“S

lee
p

 M
o

d
e,” fo

r d
e

ta
ile

d info
rm

a
tio

n
 o

n
 sle

ep
 m

o
d

e.

F
ig

u
re

4-2.   E
xam

p
le o

f E
xtern

al C
rystal C

o
n

n
ectio

n

4.3.2  P
L

L
C

L
K

 C
lo

ck S
ig

n
al

T
he

 P
L

L
 ou

tpu
t freq

u
en

cy, P
L

L
 clo

ck (P
L

L
C

L
K

), is d
eterm

ine
d

 b
y a

 co
m

b
ina

tio
n o

f th
e C

L
K

3
2

 sig
na

l’s 
in

p
u

t fre
qu

e
n

cy a
n

d
 th

e
 va

lue
s in

 th
e

 P
C

 a
n

d Q
C

 fie
ld

s o
f th

e
 P

L
LF

S
R

. S
e

ctio
n

4.3
.2

.2, “P
L

L
 F

re
qu

e
n

cy 
S

electio
n

,” d
escribe

s th
e p

roce
du

re fo
r fre

qu
e

n
cy se

lectio
n. 

E
X

T
A

L

C
2* C

rystal
32.768 kH

z or
38.4 kH

z

X
T

A
L

M
C

68V
Z

328

C
1*

*S
ee E

quation 4-1 for design values.
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n
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4.3.2.1   P
L

L
C

L
K

 In
itial P

o
w

er-u
p

 S
eq

u
en

ce 

R
efer to F

igure
4-3 for a graphical representation of the follow

ing pow
er-up sequence description. W

hen 
pow

er is initially applied to the M
C

68V
Z

328, the X
T

A
L

 oscillator begins to oscillate. D
ue to the 

low
-pow

er design on the oscillator pads, the R
E

S
E

T
 signal m

ust be asserted (low
) for at least 1.2

s to 
ensure that the crystal oscillator starts and stabilizes. T

his is a significant change from
 the 250

m
s required 

w
ith the previous D

ragonB
all and D

ragonB
all E

Z
 processors. T

he length of the delay (1.2
s) is an 

approxim
ate value and should only be used as a starting point. T

he R
E

S
E

T
 pin (input) is a S

chm
itt trigger 

device w
ith a threshold of 1.4

V
 high and 1.0

V
 low

. 

N
O

T
E

:

O
n pow

er up, the R
E

SE
T

 signal should be deasserted after the crystal has
energized and its output has stabilized, as show

n in F
igure

4-3. W
hile m

ost
crystal oscillators typically operate w

ith a value of 1.2 seconds, the
optim

um
 value w

ill be determ
ined experim

entally. D
ue to the inherent

nature of crystals, refer to m
anufacturers docum

entation for optim
um

circuit design inform
ation.

A
fter R

E
S

E
T

 is deasserted, the P
L

L
C

L
K

 signal is available to the divider chain, resulting in the 
availability of D

M
A

C
L

K
 from

 prescaler 2.

F
ig

u
re

4-3.   In
itial P

o
w

er-u
p

 S
eq

u
en

ce T
im

in
g

V
D

D

X
T

A
L O

S
C

R
E

S
E

T

D
M

A
C

LK

1.2 s
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4.3.2.2   P
L

L
 F

req
u

en
cy S

electio
n

U
sing the default settings for the P

C
 and Q

C
 fields of the P

L
L

F
S

R
 and a C

L
K

32 input frequency of 
32.768

kH
z produces a P

L
L

C
L

K
 output of 66.322

M
H

z. F
or a 38.400

kH
z crystal, the sam

e default 
settings produce a 77.722

M
H

z PL
L

C
L

K
. T

he P
L

L
C

L
K

 clock is phase locked to the C
L

K
32 clock input 

signal.

W
A

R
N

IN
G

:

T
he value of prescaler 1 m

ust alw
ays be set to divide-by-tw

o to prevent
D

M
A

C
L

K
 and S

Y
S

C
L

K
 from

 operating beyond their design lim
its.

T
he P

L
L

 uses a dual-m
odulus counter to m

ultiply the C
L

K
32 frequency before it is input to the prescaler 

and the rest of the divider chain. D
ual-m

odulus counters operate differently from
 other counters in that the 

overall m
ultiplication ratio depends on tw

o separate values, P
C

 and Q
C

. 

In the follow
ing equation, the value of Q

 is defined as 1
<

Q
<

14, and the value of P
 is defined as 

P
>

Q
+

1.

 E
q

n
. 4-2

F
or exam

ple, if Q
 =

 3 and P =
 71, then the follow

ing equations obtain:

M
ultiplier

=
2

*
(14

(71
+

1)
+

3
+

1)
=

2
*

(1008
+

4)
=

2024

2024
*

32.768
kH

z
=

66.322432
M

H
z

T
he default m

ultiplier value is 2024. U
sing any m

ultiplier equal to or greater than 794 (decim
al) allow

s 
changing the P

L
L

C
L

K
 in 32.768

kH
z or 38.4

kH
z steps. T

he m
inim

um
 P

C
 and Q

C
 values are P

=
0x1B

 
and Q

=
0x04 (w

hich produce a m
ultiplier of 794 decim

al).

4.3.2.3   P
L

L
C

L
K

 F
req

u
en

cy S
electio

n
 P

ro
g

ram
m

in
g

 E
xam

p
le

E
xam

ple
4-1 on page

4-7 dem
onstrates the recom

m
ended sequence of events to change the P

L
L

C
L

K
 

frequency. T
he assum

ptions are:

•
A

ll pe
rip

h
erals h

ave
 b

ee
n

 disa
b

le
d

 using
 ch

ip-se
le

ct. S
e

e
 C

ha
p

te
r

6
, “C

hip
-S

e
le

ct L
og

ic,” fo
r 

d
etails.

•
S

Y
S

C
L

K
 is op

e
ra

tin
g a

t th
e h

ig
h

e
st po

ssib
le

 freq
u

en
cy (S

Y
S

C
L

K
 S

E
L

=
1

0
0

).

In
 E

xam
ple

4
-1, the

 varia
b

le
 N

E
W

F
R

E
Q

 is th
e

 n
ew

 fre
q

ue
n

cy va
lu

e (P
 an

d
 Q

 value
s) to

 b
e

 p
ro

gram
m

e
d. 

T
he

 M
C

6
8

V
Z

3
2

8 is p
laced

 in sle
e

p m
od

e
 be

fore th
e sto

p
 co

m
m

an
d

. S
e

e
 S

ection
4

.5
.1

.4
, “S

lee
p

 M
o

d
e,” 

fo
r d

e
ta

ile
d info

rm
a

tio
n

 a
b

o
ut slee

p
 m

o
d

es. T
his ro

utin
e

 en
a

bles th
e

 tim
e

r to
 w

a
ke u

p
 th

e P
L

L
 a

fter 96
 

C
L

K
3

2 p
e

riod
s. W

h
en

 th
e

 P
L

L
 w

a
kes u

p, it w
ill b

e a
t the

 n
ew

 fre
q

ue
n

cy. T
h

e in
terru

p
t service rou

tin
e

 fo
r 

th
e

 te
m

p
ora

ry tim
e

r in
terru

p
t sh

ou
ld cle

a
r th

e
 tim

e
r in

terru
p

t a
n

d the
n

 re
tu

rn. In a
d

d
itio

n, the
 P

L
L

C
L

K
 

sh
o

u
ld

 o
nly be

 ch
a

n
ge

d
 d

urin
g

 an
 e

arly p
h

ase o
f th

e b
o

o
t-up

 seq
u

en
ce

. 

N
O

T
E

:

E
xam

p
le

4
-1

 is d
esign

e
d

 fo
r cla

rity, an
d

 is n
ot n

ece
ssarily e

fficien
t.

M
ultiplier

2
14

P
1

+
(

)
Q

1
+

+
(

)
=
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n
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le an

d
 P
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er C
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l M
o
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le
4-7

E
xam

p
le

4-1.   C
o

n
fig

u
rin

g
 th

e P
L

L
C

L
K

 F
req

u
en

cy

N
E
W
F
R
E
Q
 
e
q
u
 
s
o
m
e
v
a
l
u
e

;
P
 
a
n
d
 
Q
 
v
a
l
u
e
 
o
f
 
n
e
w
 
f
r
e
q
u
e
n
c
y

P
L
L
C
O
N
T
R
O
L
 
e
q
u
 
$
F
F
F
F
F
2
0
0

;
P
L
L
 
C
o
n
t
r
o
l
 
R
e
g
i
s
t
e
r

P
L
L
F
R
E
Q
 
e
q
u
 
$
F
F
F
F
F
2
0
2

;
P
L
L
 
F
r
e
q
u
e
n
c
y
 
C
o
n
t
r
o
l
 
R
e
g
i
s
t
e
r

T
C
O
M
P
A
R
E
 
e
q
u
 
$
F
F
F
F
F
6
0
4

;
T
i
m
e
r
 
C
o
m
p
a
r
e
 
V
a
l
u
e
 
R
e
g
i
s
t
e
r

T
C
O
N
T
R
O
L
 
e
q
u
 
$
F
F
F
F
F
6
0
0

;
T
i
m
e
r
 
C
o
n
t
r
o
l
 
R
e
g
i
s
t
e
r

I
M
R
 
e
q
u
 
$
F
F
F
F
F
3
0
4

;
I
n
t
e
r
r
u
p
t
 
M
a
s
k
 
R
e
g
i
s
t
e
r

m
o
v
e
.
l
 
I
M
R
,
-
(
S
P
)

;
s
a
v
e
 
t
h
e
 
I
n
t
e
r
r
u
p
t
 
M
a
s
k
 
r
e
g
i
s
t
e
r

m
o
v
e
.
l
 
#
$
f
f
f
f
f
f
f
d
,
I
M
R

;
e
n
a
b
l
e
 
O
N
L
Y
 
T
i
m
e
r
 
i
n
t
e
r
r
u
p
t

m
o
v
e
.
w
 
#
$
0
0
0
1
,
T
C
O
M
P
A
R
E

;
s
e
t
 
c
o
m
p
a
r
e
 
v
a
l
u
e
 
t
o
 
2

m
o
v
e
.
w
 
#
$
0
1
1
9
,
T
C
O
N
T
R
O
L

;
e
n
a
b
l
e
 
T
i
m
e
r
 
2
 
w
i
t
h
 
C
L
K
3
2
 
s
o
u
r
c
e

S
Y
N
C
1

b
t
s
t
.
b
 
#
$
7
,
P
L
L
F
R
E
Q

;
s
y
n
c
h
r
o
n
i
z
e
 
t
o
 
C
L
K
3
2
 
h
i
g
h
 
l
e
v
e
l

b
e
q
.
s
 
S
Y
N
C1

 
 

;
C
L
K
3
2
 
i
s
 
s
t
i
l
l
 
n
o
t
 
h
i
g
h
,
 
g
o
 
b
a
c
k

S
Y
N
C
2

b
t
s
t
.
b
 
#
$
7
,
P
L
L
F
R
E
Q

;
s
y
n
c
h
r
o
n
i
z
e
 
t
o
 
C
L
K
3
2
 
l
o
w
 
l
e
v
e
l

b
n
e
.
s
 
S
Y
N
C
2

;
C
L
K
3
2
 
i
s
 
s
t
i
l
l
 
n
o
t
 
l
o
w
,
 
g
o
 
b
a
c
k

m
o
v
e
.
w
 
#
N
E
W
F
R
E
Q
,
P
L
L
F
R
E
Q

;
l
o
a
d
 
t
h
e
 
n
e
w
 
f
r
e
q
u
e
n
c
y

o
r
i
.
b
 
#
$
8
,
P
L
L
C
O
N
T
R
O
L
+
1

;
d
i
s
a
b
l
e
 
t
h
e
 
P
L
L
 
(
i
n
 
3
0
 
c
l
o
c
k
s
)
-
s
l
e
e
p
 
m
o
d
e

s
t
o
p
 
#
$
2
0
0
0

;
s
t
o
p
,
 
e
n
a
b
l
e
 
a
l
l
 
i
n
t
e
r
r
u
p
t
s

;
 
t
h
e
 
P
L
L
 
s
h
u
t
s
 
d
o
w
n
 
h
e
r
e
 
a
n
d
 
w
a
i
t
s
 
f
o
r
 
t
h
e
 
T
i
m
e
r
 
i
n
t
e
r
r
u
p
t

;
 
i
n
t
e
r
r
u
p
t
 
s
e
r
v
i
c
e
 
f
o
r
 
T
i
m
e
r
 
o
c
c
u
r
s
 
h
e
r
e

m
o
v
e
.
w
 
(
S
P
)
+
,
I
M
R 

;
r
e
s
t
o
r
e
 
t
h
e
 
I
n
t
e
r
r
u
p
t
 
M
a
s
k
 
R
e
g
i
s
t
e
r

r
t
s
 

;
P
L
L
 
i
s
 
n
o
w
 
a
t
 
t
h
e
 
n
e
w
 
f
r
e
q
u
e
n
c
y

;
 
T
h
e
 
P
L
L
 
h
a
s
 
r
e
a
c
q
u
i
r
e
d
 
l
o
c
k
 
a
n
d
 
S
Y
S
C
L
K
 
i
s
 
s
t
a
b
l
e

4.3.2.4   P
ro

g
ram

m
in

g
 C

o
n

sid
eratio

n
s W

h
en

 C
h

an
g

in
g

 F
req

u
en

cies

T
he follow

ing inform
ation is provided to assist the user in program

m
ing the M

C
68V

Z
328.

•
W

h
e

n p
ro

g
ra

m
m

in
g

 th
e S

Y
S

C
L

K
 freq

u
e

ncy, e
n

su
re

 th
a

t it do
e

s n
o

t excee
d

 33
.1

6
12

1
6

M
H

z a
t a

ny 
tim

e
.

•
S

in
ce the

 P
R

E
S

C
1

 a
n

d
 P

R
E

S
C

2
 b

its a
re

 set to
 %

1
 by de

fau
lt, th

e
 D

M
A

C
L

K
 ou

tpu
t is 

ap
p

ro
xim

ately 16
M

H
z.

•
B

e
ca

u
se

 m
o

st o
f th

e
 m

o
d

u
le

s—
such

 a
s th

e U
A

R
T, S

P
I, ge

n
era

l-pu
rpo

se tim
ers, an

d
 P

W
M

—
u

se
 th

e
 

S
Y

S
C

L
K

 for b
it-ra

te
 g

e
ne

ra
tio

n
, cha

n
g

in
g

 th
e

 P
L

L
C

L
K

 fre
q

u
en

cy w
ill a

lso
 ch

an
g

e
 S

Y
S

C
L

K
 a

n
d

 
overall system

 tim
in

g
 (excep

t fo
r C

L
K

3
2

). T
h

ere
fo

re
, on

ce
 a

 P
L

L
C

L
K

 freq
u

e
ncy is se

le
cted

, it 
sh

o
u

ld
 n

ot b
e ch

an
g

ed
 d

u
ring

 syste
m

 o
p

era
tio

n
.

•
To

 red
u

ce
 p

ow
e

r co
n

su
m

p
tio

n, the
 o

u
tp

u
t o

f th
e

 P
L

L
 ca

n
 b

e
 d

isab
led

 u
sing

 the
 D

IS
P

L
L

 b
it in

 th
e

 
P

L
L

 con
trol reg

ister, w
h

ich
 pla

ce
s th

e ch
ip

 in
 sle

ep
 m

o
d

e. S
e

e S
e

ctio
n

4
.5

.1
.4

, “S
le

e
p M

od
e

,” fo
r 

m
o

re
 d

etails. W
h

e
n the

 M
C

6
8

V
Z

3
2

8 is aw
ake

n
ed

 fro
m

 sle
ep

 m
o

d
e by a

 w
a

ke
-up

 even
t, th

e P
L

L
 

o
utp

ut (P
L

L
C

L
K

) is availa
b

le
 afte

r a
 d

elay d
ete

rm
in

ed
 by th

e
 se

ttin
g

 in
 th

e
 W

K
S

E
L

 fie
ld

 o
f 

P
L

L
C

R
. U

nlike
 th

e
 in

itia
l p

ow
e

r-u
p

 se
q

ue
n

ce, th
e

 crystal o
scilla

to
r is a

lre
ad

y on
, so th

e crysta
l 

sta
rtu

p
 tim

e
 is no

t a
 facto

r. 
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C
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M
 P

rogram
m

ing M
odel

4.4   C
G

M
 P

ro
g

ram
m

in
g

 M
o

d
el

T
his section describes the tw

o registers that enable and control the frequency of the C
G

M
 clocks.

4.4.1  P
L

L
 C

o
n

tro
l R

eg
ister

T
he P

L
L

 control register (P
L

L
C

R
) controls the frequency selection of the L

C
D

C
L

K
, S

Y
S

C
L

K
, and 

D
M

A
C

L
K

. It also enables the output of the P
L

L
 and clock out/P

ort F
 pin 2 (C

L
K

O
/P

F
2). T

he settings for 
each bit and field in the register are described in T

able
4-2.

P
L

L
C

R
P

LL C
ontrol R

egister
0xF

F
F

F
F

200

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

LC
D

C
LK

 S
E

L
S

Y
S

C
LK

 S
E

L
P

R
E

S
C

1
P

R
E

S
C

2
C

LK
E

N
D

IS
P

LL
W

K
S

E
L

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
1

0
0

1
0

0
1

0
1

1
0

0
1

1

0x24B
3

T
ab

le
4-2.   P

L
L

 C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 15–14

R
eserved

T
hese bits are reserved and should be set to 

0.

L
C

D
C

L
K

 S
E

L
B

its 13–11
L

C
D

 C
lo

ck S
elect—

T
his field controls the 

divide ratio used by the LC
D

 clock divider to 
convert D

M
A

C
LK

 to LC
D

C
LK

. T
his field can 

be changed at any tim
e.

000 =
 D

M
A

C
LK

 ÷ 2.
001 =

 D
M

A
C

LK
 ÷ 4.

010 =
 D

M
A

C
LK

 ÷ 8.
011 =

 D
M

A
C

LK
 ÷ 16.

1xx =
 D

M
A

C
LK

 ÷ 1 (%
100 after reset).

S
Y

S
C

L
K

 S
E

L
B

its 10–8
S

ystem
 C

lo
ck S

elect—
T

his field controls the 
divide ratio used by the S

Y
S

C
LK

 divider to 
convert D

M
A

C
LK

 to S
Y

S
C

LK
. T

his field can 
be changed at any tim

e.

000 =
 D

M
A

C
LK

 ÷ 2.
001 =

 D
M

A
C

LK
 ÷ 4.

010 =
 D

M
A

C
LK

 ÷ 8.
011 =

 D
M

A
C

LK
 ÷ 16.

1xx =
 D

M
A

C
LK

 ÷ 1 (%
100 after reset).

P
R

E
S

C
1

B
it 7

P
rescaler 1 S

elect—
T

his bit selects the divide 
ratio of the prescaler 1.

0 =
 P

LLC
LK

 ÷ 1.
1 =

 P
LLC

LK
 ÷ 2 (default).

R
eserved

B
it 6

R
eserved

T
his bit is reserved and should be set to 0.

P
R

E
S

C
2

B
it 5

P
rescaler 2 S

elect—
T

his bit selects the divide 
ratio used by the prescaler 2 to divide the out-
put of prescaler 1, producing D

M
A

C
LK

. T
his 

field can be changed at any tim
e.

0 =
 P

R
1C

LK
 ÷ 1.

1 =
 P

R
1C

LK
 ÷ 2 (default).

C
L

K
E

N
B

it 4
C

lo
ck E

n
ab

le—
T

his bit enables the buffered 
output of the S

Y
S

C
LK

 at the C
LK

O
/P

F
2 pin 

w
hen bit 2 of the P

F
S

E
L register is also 

cleared.

0 =
 C

LK
O

 enabled.
1 =

 C
LK

O
 disabled (default).
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C

lo
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o
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u
le an

d
 P

o
w

er C
o

n
tro

l M
o

d
u

le
4-9

D
IS

P
L

L
B

it 3
D

isab
le P

L
L

—
T

his bit, w
hen set, disables the 

output of the P
LL, placing the chip in sleep 

m
ode, its low

est pow
er state.

0 =
 P

LL enabled (default).
1 =

 P
LL disabled.

R
eserved

B
it 2

R
eserved

T
his bit is reserved and should be set to 0.

W
K

S
E

L
B

its 1–0
W

ake-u
p

 C
lo

ck S
elect—

T
his field selects the 

delay of the P
LL output from

 the initiation of 
the w

ake up until an output is available. S
ince 

the delay tim
e is calculated by counting C

LK
32 

cycles, the frequency of the crystal oscillator 
w

ill determ
ine the am

ount of delay that each 
setting produces.

S
ee T

able
4-3 for delay settings.

T
ab

le
4-3.   W

K
S

E
L

 F
ield

 (P
L

L
C

R
) D

elay S
ettin

g
s

B
its 1–0

C
LK

32 P
eriods

D
elay in M

illiseconds 
(32.768

kH
z) 

D
elay in M

illiseconds 
(38.4

kH
z)

00
32

0.976
0.833

01
48

1.465
1.250

10
64

1.953
1.667

11
96

2.93 (default)
2.500 (default)

T
ab

le
4-2.   P

L
L

 C
o

n
tro

l R
eg

ister D
escrip

tio
n

 (C
o

n
tin

u
ed

)

N
am

e 
D

escription 
S

etting
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Introduction to the P
ow

er C
ontrol M

odule

4.4.2  P
L

L
 F

req
u

en
cy S

elect R
eg

ister
T

he P
L

L
 frequency select register (P

L
L

F
SR

) controls the tw
o dividers of the dual-m

odulus counter. It also 
contains the w

rite-protect bit for the Q
C

 and PC
 counters and the C

L
K

32 status bit. A
lthough PL

L
F

S
R

 
register can be accessed in bytes, it should alw

ays be w
ritten as a 16-bit w

ord. T
he settings for each bit and 

field in the register is described in T
able

4-4.

P
L

L
F

S
R

P
LL F

requency S
elect R

egister
0x(F

F
)F

F
F

202

4.5   In
tro

d
u

ctio
n

 to
 th

e P
o

w
er C

o
n

tro
l M

o
d

u
le

T
he purpose of the pow

er control m
odule (P

C
M

) is to optim
ize the pow

er consum
ption of the FL

X
68000 

C
P

U
 by turning the C

P
U

 off for a program
m

ed num
ber of clock pulses. T

he C
P

U
 consum

es m
ore pow

er 
than any com

ponent in the M
C

68V
Z

328, so to conserve pow
er w

hile the C
P

U
 is relatively idle, the P

C
M

 
can disable the C

P
U

 clock or apply the clock in bursts. W
hen the M

C
68V

Z
328 is in one of these 

reduced-pow
er m

odes, it is restored to norm
al operation by a w

ake-up event. W
hen this occurs, the clock is 

im
m

ediately enabled, allow
ing the C

P
U

 to service the request. T
he D

M
A

 controller is not affected by the 
P

C
M

 having full access to the bus w
hile the C

P
U

 is idle, keeping the L
C

D
 screen refreshed.

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

C
LK

32
P

R
O

T
Q

C
P

C

T
Y

P
E

r
rw

*
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
1

1
0

1
0

0
0

1
1

1

0x0347

*T
his bit can be set by softw

are but is cleared only by reset.

T
ab

le
4-4.   P

L
L

 F
req

u
en

cy S
elect R

eg
ister S

ettin
g

s

N
am

e 
D

escrip
tio

n
 

S
ettin

g

C
L

K
32

B
it 15

C
lo

ck32 S
tatu

s—
T

his read-only bit indicates 
the status of the C

LK
32 clock signal. T

he bit 
sw

itches w
ith each cycle of the C

LK
32 clock.

0 =
 C

LK
32 low

.
1 =

 C
LK

32 high.

P
R

O
T

B
it 14

P
ro

tect B
it—

T
his bit w

rite protects the Q
C

 
and P

C
 fields of the P

LLF
S

R
. A

fter this bit is 
set by softw

are, the register is w
rite protected 

until a reset clears this bit.

0 =
 P

LLF
S

R
 is not protected.

1 =
 P

LLF
S

R
 is w

rite protected.

R
eserved

B
its 13–12

R
eserved

T
hese bits are reserved and m

ust rem
ain at 

their default value.

Q
C

B
its 11–8

Q
 C

o
u

n
ter—

T
his field contains the Q

 value 
that is used by the P

LL to produce the 
P

LLC
LK

.

F
ield value range is 1

<
Q

<
14.

P
C

B
its 7–0

P
 C

o
u

n
ter—

T
his field contains the P

 value 
that is used by the P

LL to produce the 
P

LLC
LK

.

F
ield value range is P

>
Q

+
1.

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



In
tro

d
u

ctio
n

 to
 th

e P
o

w
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l M
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en
eratio

n
 M

o
d

u
le an

d
 P

o
w

er C
o

n
tro

l M
o

d
u
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4.5.1  O
p

eratin
g

 th
e P

C
M

T
he pow

er control m
odule has four m

odes of operation: norm
al, burst, doze and sleep. In norm

al m
ode, the 

P
C

M
 is off. T

he M
C

68V
Z

328 enters burst m
ode w

hen the P
C

M
 is enabled. In burst m

ode, the P
C

M
 

controls the burst w
idth of the C

P
U

C
L

K
 signal to the C

P
U

. If the burst w
idth of the C

P
U

 clock is reduced 
to zero, C

P
U

C
L

K
 is disabled and the M

C
68V

Z
328 is in doze m

ode. T
he low

est pow
er m

ode setting is 
sleep m

ode. It is entered by setting the disable P
L

L
 (D

IS
P

L
L

) bit in the P
L

L
C

R
, w

hich disables the P
L

L
 

and thus disables every clock signal in the C
G

M
 except C

L
K

32. S
ectio

n
4

.5
.1.1

, “N
o

rm
a

l M
o

d
e,” th

rou
g

h
 

S
ectio

n
4

.5
.1.4

, “S
le

ep
 M

o
d

e,” g
ive

 d
e

ta
ile

d info
rm

a
tio

n
 a

b
o

ut ea
ch o

f th
e fo

ur p
ow

e
r m

od
e

s.

4.5.1.1   N
o

rm
al M

o
d

e

A
fter re

set, th
e P

C
M

 is d
isa

b
le

d
, th

e C
P

U
 clo

ck ru
ns con

tin
u

ou
sly, an

d
 th

e
 M

C
6

8
V

Z
32

8
 con

sum
es 

m
a

xim
u

m
 p

o
w

er. T
his is n

o
rm

al m
o

de
.

4.5.1.2   B
u

rst M
o

d
e

S
etting

 the
 P

C
E

N
 b

it in
 th

e p
o

w
e

r co
n

tro
l re

g
ister (P

C
T

R
L

) e
n

a
bles th

e
 P

C
M

, cau
sin

g
 th

e clo
ck b

u
rst 

w
id

th o
f th

e C
P

U
 clo

ck to
 b

e
 u

nd
e

r the
 con

tro
l o

f th
e P

C
T

L
R

 W
ID

T
H

 se
ttin

g
s in

 in
cre

m
e

nts o
f 3

 p
e

rcen
t 

(o
n

e th
irty-first o

f a cycle
). In

itia
lly, th

e b
u

rst w
id

th
 is se

t to
 1

0
0

 pe
rce

n
t. S

o
ftw

are ca
n the

n
 ch

a
n

ge
 th

e
 

b
urst w

idth
 to

 a
 lo

w
er valu

e, an
d

 th
e

 clo
ck is a

pp
lie

d
 to

 the
 C

P
U

 in
 b

u
rsts. T

h
e bu

rst-w
id

th
 reg

ister can
 b

e
 

p
ro

g
ra

m
m

e
d

 fo
r b

u
rst w

idth
s o

f a
n

y va
lu

e
 be

tw
ee

n
 ze

ro
 thirty-firsts a

nd
 thirty-o

n
e thirty-firsts. T

h
is 

effe
ctive

ly pro
du

ces a
 system

 clo
ck w

ith
 a

 va
riab

le
 b

u
rst w

id
th

 (a
nd

 p
o

w
e

r d
issip

a
tion

) b
etw

e
en

 3
 p

e
rcen

t 
a

n
d

 1
00 p

e
rcen

t in
 in

cre
m

en
tal step

s of 3
 pe

rce
n

t.

W
h

e
n th

e P
C

M
 is e

n
ab

led
, if a w

a
ke-u

p e
ven

t is re
ce

ive
d

, th
e P

C
M

 is im
m

e
d

ia
te

ly d
isab

led
, re

sto
rin

g th
e 

co
n

tin
uo

u
s C

P
U

 clock. It is th
e resp

on
sib

ility of th
e

 w
ake

-u
p

 se
rvice

 ro
u

tine
 to

 ree
n

ab
le the

 P
C

M
.

4.5.1.3   D
o

ze M
o

d
e

S
etting

 th
e w

id
th

 fie
ld

 o
f P

C
T

L
R

 to
 %

00
0

0
0 re

d
uce

s th
e bu

rst w
id

th of th
e

 C
P

U
 clo

ck to
 ze

ro
, cau

sin
g

 th
e

 
M

C
6

8
V

Z
3

28
 to e

n
te

r d
o

ze
 m

o
d

e. A
s w

ith b
u

rst m
od

e
, th

e C
P

U
C

L
K

 is im
m

e
d

ia
te

ly e
na

b
le

d
 w

h
en

 it 
re

ceive
s a w

a
ke-u

p e
ven

t. A
t th

e
 en

d
 of th

e
 se

rvice
 ro

u
tine

, th
e

 P
C

M
 can

 b
e ree

n
ab

led
 w

ith
 a w

id
th

 of 
%

0
0

00
0

, pu
tting

 the
 C

P
U

 b
ack in

to
 d

oze
 m

o
de

. O
n

ce
 th

e
 C

P
U

 is pla
ce

d
 in

 do
ze m

od
e

, on
ly a

 w
a

ke
-u

p
 

e
ve

n
t o

r h
a

rd
w

a
re

 re
se

t w
ill re

en
a

b
le

 it. 

N
O

T
E

:

T
h

e m
ost effe

ctive
 p

ow
er-co

n
trol strategy is to

 ru
n th

e C
P

U
 in

 no
rm

al
m

o
d

e u
n

til C
P

U
 actio

n
 is n

o
t n

e
ed

e
d a

n
d th

en
 to

 e
nter d

oze
 m

od
e

 by
w

ritin
g 0

x8
0

 in
to

 th
e P

C
T

L
R

. T
h

is d
isa

b
le

s th
e C

P
U

 clo
ck a

t th
e e

a
rlie

st
p

ossib
le

 m
o

m
e

n
t, bu

t allow
s th

e C
P

U
 to

 im
m

e
d

ia
te

ly resp
on

d
 to w

ake
-u

p
even

ts. T
he

 p
erip

h
eral devices, in

clu
din

g the
 L

C
D

 co
n

trolle
r, a

re n
ot

affe
cte

d by th
e P

C
M

.

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



4-12
M

C
68V

Z
328 U

ser’s M
anual

�

Introduction to the P
ow

er C
ontrol M

odule

4.5.1.4   S
leep

 M
o

d
e

U
nlike burst or doze m

ode, sleep m
ode disables all of the clocks in the M

C
68V

Z
328 w

ith the exception of 
the C

L
K

32. T
he output of the P

L
L

 in the C
G

M
 is disabled in sleep m

ode through setting the D
IS

P
L

L
 bit in 

the P
L

L
C

R
 register. O

nly the 32
kH

z clock w
orks to keep the real-tim

e clock operational. W
ake-up events 

activate the P
L

L
, and the system

 clock starts operating after a delay determ
ined by the W

K
S

E
L

 setting in 
the PL

L
C

R
. 

O
ther events that occur during sleep m

ode include:

•
A

ll A
d

dress B
us sig

n
als a

re
 in

 th
e

 active
 state o

f th
e last bu

s cycle.

•
A

ll da
ta bu

s p
ins (D

1
5

–
D

0
) a

re
 in

d
ivid

u
ally p

ulle
d

 up
 w

ith
 1

-m
ega

oh
m

 resistors.

•
If C

LK
32

 is se
le

cte
d a

s the
 clo

ck so
u

rce
, th

e g
en

e
ra

l-p
urp

ose
 tim

e
r o

p
e

ra
te

s eve
n w

h
ile the

 P
L

L is 
in

 sle
ep

 m
o

d
e.

•
T

h
e R

T
C

 in
te

rrup
t sta

tu
s reg

ister can
 po

st in
te

rru
pts w

h
ile

 th
e syste

m
 clo

ck is in
 do

ze o
r sle

e
p m

o
de

.

4.5.2  C
G

M
 O

p
eratio

n
 D

u
rin

g
 S

leep
 M

o
d

e
S

hu
tting

 d
o

w
n th

e P
L

L
 to

 p
la

ce
 th

e
 syste

m
 in

 sle
e

p m
o

d
e

 is sim
ilar to

 th
e

 pro
ce

ss u
se

d
 to

 cha
n

g
e the

 
freq

u
e

ncy. T
he

 d
iffe

re
n

ce
 is th

a
t th

e
 syste

m
 can

 b
e a

w
a

ke
n

e
d o

n
ly b

y a
 w

a
ke

-up
 e

ve
n

t o
r re

se
t. B

e
fo

re
 

sh
u

ttin
g

 th
e

 P
L

L
 d

o
w

n
, m

ake
 su

re
 th

a
t a

ll pe
rip

h
eral d

evice
s a

re
 p

re
p

ared
 for sh

u
td

o
w

n
. T

h
e

 P
L

L
 sh

u
ts 

d
ow

n
 3

0
 clock cycle

s o
f S

Y
S

C
L

K
 afte

r the
 D

IS
P

L
L

 b
it is se

t in th
e P

L
L

C
R

, allo
w

ing
 su

fficie
nt tim

e
 to

 
exe

cute th
e sto

p
 in

stru
ction

. W
h

e
n

 a w
a

ke-u
p e

ven
t o

ccu
rs, the

 P
L

L
 is en

a
ble

d, a
nd

 a
fter a d

e
la

y 
d

eterm
in

e
d

 b
y th

e W
K

S
E

L
 se

ttin
g

 in
 the

 P
L

L
C

R
, th

e
 P

L
L

C
L

K
 b

eg
ins, a

s d
o

 a
s the

 rest o
f th

e
 clo

cks in
 th

e
 

d
ivid

e
r cha

in o
f th

e C
G

M
. T

h
e

 C
P

U
 exe

cu
tes a

n inte
rru

p
t se

rvice
 ro

u
tine

 fo
r th

e leve
l o

f th
e w

a
ke-up

 
eve

n
t.

A
fter th

e
 rte instru

ctio
n

 in
 th

e
 w

ake
-u

p
 se

rvice
 ro

u
tin

e, th
e

 C
P

U
 re

tu
rns a

nd
 sta

rts e
xecu

tion
 o

n
 th

e 
in

structio
n follo

w
ing

 th
e

 sto
p

 in
stru

ctio
n. E

xam
p

le
4

-2
 illu

strates a typ
ica

l sh
u

tdo
w

n
 se

qu
e

n
ce

. It a
ssu

m
e

s 
th

a
t a

ll p
e

rip
he

rals h
a

ve
 b

ee
n

 sh
u

t d
o

w
n

 b
e

fo
re the

 P
L

L
 is stop

p
e

d.

E
xam

p
le

4-2.   S
h

u
td

o
w

n
 E

xam
p

le

I
R
Q
M
A
S
K
 
e
q
u
 
w
a
k
e
-
u
p
_
m
a
s
k
_
l
e
v
e
l

o
r
i
.
b
 
#
$
8
,
P
L
L
C
O
N
T
R
O
L
+
1

;
d
i
s
a
b
l
e
 
t
h
e
 
P
L
L
 
(
i
n
 
3
0
 
c
l
o
c
k
s
)

s
t
o
p
 
#
I
R
Q
M
A
S
K
  

 
;
s
t
o
p
,
 
e
n
a
b
l
e
 
w
a
k
e
-
u
p
 
e
v
e
n
t
s    

 
 

 
 

;
t
h
e
 
P
L
L
 
s
h
u
t
s
 
d
o
w
n
 
h
e
r
e

;
T
h
e
 
P
L
L
 
h
a
s
 
r
e
a
c
q
u
i
r
e
d
 
l
o
c
k
 
a
n
d
 
S
Y
S
C
L
K
 
i
s
 
s
t
a
b
l
e

;
i
n
t
e
r
r
u
p
t
 
s
e
r
v
i
c
e
 
o
c
c
u
r
s
 
h
e
r
e

r
t
s

 
;
t
h
e
 
s
y
s
t
e
m
 
i
s
 
o
p
e
r
a
t
i
n
g

4.5.3  B
u

rst M
o

d
e O

p
eratio

n
F

ig
u

re
4-4

 o
n p

a
g

e
4

-1
3

 sho
w

s a sim
p

lifie
d

 b
lo

ck d
iag

ra
m

 o
f th

e P
C

M
. W

h
e

n o
p

e
ra

ting
 a

t 1
0

0
 pe

rce
n

t, th
e

 
S

Y
S

C
L

K
 in

pu
t is un

a
ffected

 by bu
rst-w

id
th

 co
ntro

l a
p

pe
a

ring
 as C

P
U

C
L

K
 fro

m
 th

e
 clo

ck co
n

tro
l. W

h
en

 a 
value

 h
a

s b
e

en
 p

lace
d in

 th
e

 w
id

th field of th
e

 P
C

T
L

R
, th

e
 b

urst-w
id

th
 co

ntro
l allo

w
s th

e
 S

Y
S

C
L

K
 sig

n
al 

th
ro

u
g

h
 to

 th
e clo

ck co
n

tro
l u

ntil th
e

 C
P

U
 clock’s tim

e
 slo

t ha
s exp

ired
 a

nd
 is to

 b
e

 d
isa

b
le

d
. A

t th
a

t tim
e

 
th

e
 clo

ck con
trol re

q
u

ests the
 b

u
s from

 th
e

 C
P

U
. A

fte
r th

e bu
s is g

ran
te

d
, th

e
 C

P
U

C
L

K
 stop

s. A
 b

u
s gran

t 
to

 th
e

 D
M

A
 co

ntro
lle

r is a
sse

rte
d

, allo
w

ing
 th

e
 D

M
A

 co
ntro

lle
r co

m
p

le
te

 access to
 th

e b
u

s. 
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F
ig

u
re

4-4.   P
o

w
er C

o
n

tro
l M

o
d

u
le B

lo
ck D

iag
ram

If a w
ake-up event occurs w

hile C
P

U
C

L
K

 is disabled, the P
C

M
 is disabled and C

P
U

C
L

K
 is im

m
ediately 

restored, allow
ing the C

P
U

 to process the event. T
he D

M
A

 controller alw
ays has priority, so if a D

M
A

 
access is in progress, the C

P
U

 w
ill w

ait until the D
M

A
 controller has com

pleted its access before servicing 
the w

ake-up routine. N
ote that the L

C
D

 D
M

A
 controller has access to the bus at all tim

es and the S
Y

S
C

L
K

 
(m

aster clock to all peripherals) is continuously active.

F
igure

4-5 illustrates how
 the P

C
M

 operates. A
s described previously, a w

idth setting of %
11111 

represents 31 periods of C
L

K
32, or approxim

ately 1
m

s. In this exam
ple, the w

idth setting in the P
C

T
L

R
 is 

00011. T
he clock bursts are applied at a burst w

idth of three thirty-firsts, or approxim
ately at 10 percent on 

tim
e, m

aking the C
P

U
 active about 10 percent of the tim

e. T
he rem

ainder of the tim
e, the C

P
U

 is in doze 
m

ode. W
hen a w

ake-up event occurs, C
P

U
C

L
K

 im
m

ediately returns to 100 percent so the C
P

U
 can service 

the w
ake-up event interrupt.

F
ig

u
re

4-5.   P
o

w
er C

o
n

tro
l O

p
eratio

n
 in

 B
u

rst M
o

d
e

B
urst-W

idth
C

ontrol

C
LK

32

S
Y

S
C

LK

C
lock

C
ontrol

C
P

U
C

LK

C
P

U
 Interface

C
P

U
 B

us
R

equest
C

P
U

 B
us

C
P

U
 B

us
G

rant

D
M

A
 B

us
G

rant
D

M
A

 B
us

R
equest

W
ake-up

P
C

T
LR W

idth

S
Y

S
C

LK

C
P

U
C

LK

P
C

E
N

C
P

U
 A

ctive
C

P
U

 Inactive
C

P
U

 A
ctive

W
ake-up E

vent
C

P
U

 Inactive

E
nabled

D
isabled

C
P

U
 A

ctive

C
LK

32

31 cycles
1 m

s

C
lock B

urst W
idth

=
%

00011
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Introduction to the P
ow

er C
ontrol M

odule

4.5.4  P
o

w
er C

o
n

tro
l R

eg
ister

T
he pow

er control register (P
C

T
L

R
) enables the pow

er control m
odule and determ

ines w
hen the C

P
U

C
L

K
 

signal is applied to the C
P

U
. T

he settings for each bit and field in the register are described in T
able

4-5.

P
C

T
L

R
P

ow
er C

ontrol R
egister

0x(F
F

)F
F

F
207

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
C

E
N

W
ID

T
H

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

1
1

1
1

1

0x1F

T
ab

le
4-5.   P

o
w

er C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

P
C

E
N

B
it 7

P
o

w
er C

o
n

tro
l E

n
ab

le—
T

his bit controls the 
operation of the pow

er control m
odule. W

hile 
this bit is low

, the C
P

U
 clock is on continu-

ously. W
hen this bit is high, the pulse-w

idth 
com

parator presents the clock to the C
P

U
 in 

bursts or disables it. W
hen this bit is high, a 

m
asked interrupt can disable the pow

er control 
m

odule. 

0 =
 P

ow
er control is disabled (default).

1 =
 P

ow
er control is enabled.

R
eserved

B
its 6–5

R
eserved

T
hese bits are reserved and should rem

ain set 
to 0.

W
ID

T
H

B
its 4–0

W
id

th
—

T
his field controls the w

idth of the 
C

P
U

 clock bursts in increm
ents of one 

thirty-first. W
hile this bit is set to 1 and the 

P
C

M
 is enabled, the clock is applied to the 

C
P

U
 in burst w

idths of one thirty-first (3 per-
cent). W

hen the w
idth field is 0x1F

, the clock is 
alw

ays on, and w
hen it is 0, the clock is alw

ays 
off. Y

ou can im
m

ediately w
ake it up again w

ith-
out w

aiting for the P
LL to reacquire lock. T

he 
contents of this field are not affected by the 
P

C
E

N
 bit. W

hen an interrupt disables the 
pow

er control m
odule, these bits are not 

changed. 

00000 =
 0/31 clock burst w

idth.
00001 =

 1/31 clock burst w
idth.

00010 =
 2/31 clock burst w

idth.
...11111 =

 31/31 clock burst w
idth.
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ap
ter

5
S

ystem
 C

o
n

tro
l

T
his chapter describes the system

 control register of the M
C

68V
Z

328 m
icroprocessor. T

he system
 control 

register enables system
 softw

are to control and custom
ize the follow

ing functions:

•
A

cce
ss p

erm
issio

n
 from

 th
e in

te
rn

a
l p

erip
h

e
ra

l reg
iste

rs

•
A

d
dre

ss sp
a

ce
 o

f the
 in

terna
l p

e
rip

he
ral reg

isters

•
B

u
s tim

e
-o

u
t co

n
tro

l an
d

 statu
s (bus e

rro
r ge

n
era

to
r)

5.1   S
ystem

 C
o

n
tro

l O
p

eratio
n

T
he

 o
n

-ch
ip

 re
so

u
rce

s u
se a

 re
se

rve
d

 4,0
9

6
-b

yte
 b

lo
ck o

f a
d

dre
ss sp

a
ce

 fo
r th

eir reg
isters. T

h
is b

lo
ck is 

m
a

pp
e

d
 b

e
gin

nin
g at lo

ca
tio

n 0
xF

F
F

F
F

0
00

 (3
2

-b
it) o

r 0
xX

X
F

F
F

0
00

 (2
4

-b
it, w

h
e

re
 X

X
 is “d

o
n

’t care”) o
n 

re
set. T

h
e D

M
A

P
 b

it in th
e

 syste
m

 co
n

tro
l reg

ister d
isa

ble
s d

o
u

b
le

 m
a

p
pin

g in
 a

 3
2

-b
it system

. If th
is bit is 

cle
ared

, th
e

 on
-ch

ip p
e

riph
e

ra
l reg

isters a
p

p
ea

r o
n

ly a
t th

e
 to

p
 of th

e
 4

G
b

yte
 a

dd
ress ran

g
e

 starting
 a

t 
0

xF
F

F
F

F
0

00
. 

T
he

 syste
m

 co
ntro

l re
giste

r p
ro

vid
e

s co
ntro

l o
f syste

m
 o

pe
ratio

n
 fu

n
ctio

n
s su

ch
 a

s b
u

s interfa
ce a

n
d

 
w

a
tchd

o
g

 pro
te

ctio
n

. T
he

 syste
m

 co
ntro

l re
giste

r con
tains sta

tu
s b

its th
at allo

w
 e

xce
p

tion
 h

an
d

le
r co

d
e to 

in
te

rro
g

ate th
e cau

se o
f b

o
th

 e
xce

p
tion

s an
d

 re
se

ts. T
h

e b
u

s tim
e

-ou
t m

on
ito

r a
n

d
 th

e w
a

tch
d

og
 tim

e
r 

p
ro

vid
e system

 pro
te

ctio
n

. T
he

 b
us tim

e
-o

u
t m

o
n

ito
r g

en
e

ra
te

s a b
u

s e
rro

r w
h

e
n a

 bu
s cycle

 is n
ot 

te
rm

in
ate

d b
y th

e
 D

T
A

C
K  sig

na
l a

fte
r 1

28
 clo

ck cycle
s h

ave
 ela

pse
d. 

5.1.1  B
u

s M
o

n
ito

rs an
d

 W
atch

d
o

g
 T

im
ers

T
he

 b
u

s e
rro

r tim
e

-o
u

t log
ic con

sists o
f a

 bu
s tim

e-o
ut m

o
n

itor th
a

t, w
h

en
 e

na
b

le
d

, be
g

in
s to

 co
u

n
t clo

ck 
cycle

s a
s th

e
 in

te
rn

a
l A

S  pin
 is asserte

d
 fo

r inte
rn

al o
r e

xtern
al bu

s accesses. T
he

 d
ea

sse
rtio

n
 of A

S
 

n
orm

a
lly term

ina
te

s th
e co

u
nt, bu

t if th
e co

un
t re

ach
es te

rm
in

al co
u

n
t b

e
fo

re
 A

S
 is d

ea
sse

rted
, B

E
R

R is 
asserte

d
 un

til A
S  is d

ea
sse

rte
d. T

h
e b

u
s e

rro
r tim

e
-o

u
t log

ic co
nsists o

f 1
 co

n
tro

l b
it an

d
 1 sta

tu
s bit in the

 
syste

m
 con

tro
l reg

ister. T
h

e
 B

E
T

O
 bit in the

 syste
m

 co
ntro

l re
gister is se

t a
fte

r a
 b

u
s tim

e o
u

t, w
h

ich
 m

ay 
in

d
ica

te
 a w

rite-pro
te

ct vio
la

tio
n

 o
r p

rivile
ge

.

T
he

 w
a

tch
do

g
 tim

e
r resets th

e M
C

68
V

Z
3

2
8

 if it is e
na

b
le

d
 an

d
 n

ot clea
red

 o
r d

isa
bled

 b
e

fo
re

 re
a

ch
in

g
 

te
rm

in
al co

u
n

t. T
h

e w
a

tch
d

og
 tim

e
r is e

n
ab

led
 a

t re
set. 

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



5-2
M

C
68V

Z
328 U

ser’s M
anual

�

P
rogram

m
ing M

odel

5.2   P
ro

g
ram

m
in

g
 M

o
d

el
T

he follow
ing sections provide detailed program

m
ing inform

ation about the system
 control register and 

the other registers associated w
ith its operation.

5.2.1  S
ystem

 C
o

n
tro

l R
eg

ister
T

he 8-bit read/w
rite system

 control register (S
C

R
) resides at the address 0xF

F
FF

F
000 or 0xX

X
F

F
F

000 
(w

here X
X

 is “do
n

’t ca
re

”) a
fter re

set. T
h

e
 S

C
R

 an
d

 all o
th

e
r inte

rn
al re

g
iste

rs can
n

o
t b

e a
cce

sse
d in

 th
e 

6
80

0
0

’s u
ser m

od
e

 if th
e

 S
O

 bit is se
t to

 1
. T

h
e

 b
it assig

nm
en

ts fo
r th

e
 reg

ister a
re sh

o
w

n
 in th

e
 fo

llow
in

g 
re

g
iste

r d
isp

la
y. T

h
e

 se
ttin

g
s fo

r the
 b

its in the
 re

g
iste

r a
re liste

d
 in

 T
a

b
le

5
-1

.

S
C

R
S

ystem
 C

ontrol R
egister

0x(F
F

)F
F

F
000

B
IT

 7
6

5
4

3
2

1
B

IT
 0

B
E

T
O

W
P

V
P

R
V

B
E

T
E

N
S

O
D

M
A

P
W

D
T

H
8

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

1
1

1
0

0

0x1C

T
ab

le
5-1.   S

ystem
 C

o
n

tro
l R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

B
E

T
O

B
it 7

B
u

s E
rro

r T
im

e O
u

t—
T

his status bit indicates 
w

hether or not a bus-error-tim
er tim

e out has 
occurred. W

hen a bus cycle is not term
inated by 

the D
T

A
C

K
 signal after 128 clock cycles have 

elapsed, the B
E

T
O

 bit is set. H
ow

ever, the 
B

E
T

E
N

 bit m
ust be set for a bus error tim

e out to 
occur. T

his bit is cleared by w
riting a 1 (w

riting a 
0 has no effect).

0 =
 A

 bus-error-tim
er tim

e out did not occur.
1 =

 A
 bus-error-tim

er tim
e out has occurred 

because an undecoded address space has 
been accessed or because a w

rite-protect or 
privilege violation has occurred.

W
P

V
B

it 6
W

rite-P
ro

tect V
io

latio
n

—
T

his status bit indi-
cates that a w

rite-protect violation has occurred. 
If a w

rite-protect violation occurs and the B
E

T
E

N
 

bit is not set, the current bus cycle w
ill not term

i-
nate. T

he B
E

T
E

N
 bit m

ust be set for a bus error 
exception to occur during a w

rite-protect viola-
tion. T

his bit is cleared by w
riting a 1 (w

riting a 0 
has no effect).

0 =
 A

 w
rite-protect violation did not occur.

1 =
 A

 w
rite-protect violation has occurred.

P
R

V
B

it 5
P

rivileg
e V

io
latio

n
—

T
his status bit indicates 

that if a privilege violation occurs and the B
E

T
E

N
 

bit is not set, the cycle w
ill not term

inate. T
he 

B
E

T
E

N
 bit m

ust be set for a bus error exception 
to occur during a privilege violation. T

his bit is 
cleared by w

riting a 1 (w
riting a 0 has no effect).

0 =
 A

 privilege violation did not occur.
1 =

 A
 privilege violation has occurred.

B
E

T
E

N
B

it 4
B

u
s E

rro
r T

im
e-O

u
t E

n
ab

le—
T

his control bit 
enables the bus error tim

er.
0 =

 D
isable the bus error tim

er.
1 =

 E
nable the bus error tim

er.

S
O

B
it 3

S
u

p
erviso

r O
n

ly—
T

his control bit lim
its on-chip 

registers to supervisor accesses only.
0 =

 U
ser and supervisor m

ode.
1 =

 S
upervisor-only m

ode.
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D
M

A
P

B
it 2

D
o

u
b

le M
ap

—
T

his control bit controls the 
double-m

apping function.
0 =

 T
he on-chip registers are m

apped at 
0xF

F
F

F
F

000–0xF
F

F
F

F
F

F
F

.
1 =

 T
he on-chip registers are m

apped at 
0xF

F
F

F
F

000–0xF
F

F
F

F
F

F
F

 and 
0xX

X
F

F
F

000–0xX
X

F
F

F
F

F
 (X

X
 =

 “don’t 
care”).

R
eserved

B
it 1

R
eserved

T
his bit is reserved and reads 0.

W
D

T
H

8
B

it 0
8-B

it W
id

th
 S

elect—
T

his control bit allow
s the 

D
[7:0] pins to be used for P

ort A
 input/output. 

0 =
 N

ot an 8-bit system
.

1 =
 8-bit system

.

T
ab

le
5-1.   S

ystem
 C

o
n

tro
l R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
tio

n
S

ettin
g
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5.2.2  P
erip

h
eral C

o
n

tro
l R

eg
ister

T
his register controls the PW

M
 logical block operation, tim

er T
IN

/T
O

U
T

 signal, and U
A

R
T

 U
C

L
K

 
signal. T

he bit assignm
ents for the register are show

n in the follow
ing register display. T

he settings for the 
bits in the register are listed in T

able
5-2.

P
C

R
P

eripheral C
ontrol R

egister
0x(F

F
)F

F
F

003
B

IT
 7

6
5

4
3

2
1

B
IT

 0

U
C

LK
P

[1:0]
T

[1:0]

T
Y

P
E

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
5-2.   P

erip
h

eral C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 7–5

R
eserved

D
o not use these bits.

U
C

L
K

B
it 4

U
A

R
T

 C
lo

ck P
in

 C
o

n
fig

u
ratio

n
—

W
hen U

C
LK

 
of U

A
R

T
 1 and U

A
R

T
 2 is configured to output 

signal, this bit selects U
A

R
T

 1’s or U
A

R
T

 2’s 
U

C
LK

 for U
C

LK
 pin output. W

hen U
C

LK
 of 

U
A

R
T

1 and U
A

R
T

 2 is configured as input, this 
bit is “don’t care,” and U

C
LK

 pin is an input signal.

0 =
 U

C
LK

 pin is connected to U
A

R
T

 1.
1 =

 U
C

LK
 pin is connected to U

A
R

T
 2.

P
[1:0]

B
its 3–2

P
W

M
 O

u
tp

u
ts L

o
g

ic O
p

eratio
n

—
T

hese bits 
select the logical com

bination for final P
W

M
 pin 

output.

00 = 8-bit P
W

M
 out only (default).

01 = 16-bit P
W

M
 out only.

10 = Logic O
R

 of both P
W

M
 outputs.

11 = Logic A
N

D
 of both P

W
M

 outputs.

T
[1:0]

B
its 1–0

T
IN

/T
O

U
T

 S
ig

n
al C

on
fig

u
ratio

n
—

T
hese 2 bits 

are used to configure the external T
IN

/T
O

U
T

 sig-
nal w

hen pin P
B

6/T
IN

/T
O

U
T

 is selected as 
T

IN
/T

O
U

T
 function. F

or detailed inform
ation on 

using this function, see S
ection

12.1.4, 
“T

O
U

T
/T

IN
/P

B
6 P

in,” on page
12-3.

00 =
 T

IN
/T

O
U

T
 is connected to T

im
er 1.

01 =
 T

IN
/T

O
U

T
 is connected to T

im
er 2.

10 =
 T

im
er 2 O

U
T

 -> T
im

er 1 IN
; T

IN
 ->

 T
im

er 2 
(D

IR
6 =

 0), or T
O

U
T

 -> T
im

er 1 (D
IR

6 =
 1).

11 =
 T

im
er 1 O

U
T

 -> T
im

er 2 IN
; T

IN
 ->

 T
im

er 1 
(D

IR
6 =

 0), or T
O

U
T

 -> T
im

er 2 (D
IR

6 =
 1).
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5.2.3  ID
 R

eg
ister

T
his 32-bit read-only register show

s the chip identification. T
he bit assignm

ents for the register are show
n 

in the follow
ing register display. T

he settings for the bits in the register are listed in T
able

5-3.

ID
R

 
ID

 R
egister

0x(F
F

)F
F

F
004

B
IT

 31
30

29
28

27
26

25
24

23
22

21
20

19
18

17
B

IT
 16

C
H

IP
ID

M
A

S
K

ID

T
Y

P
E

r
r

r
r

r
r

r
r

r
r

r
r

r
r

r
r

R
E

S
E

T
0

1
0

1
0

1
1

0
0

0
0

0
0

0
0

0

0x5600

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

S
W

ID

T
Y

P
E

r
r

r
r

r
r

r
r

r
r

r
r

r
r

r
r

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
5-3.   ID

 R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

C
H

IP
ID

B
its 31–24

C
h

ip
 ID

 F
ield

—
T

his field contains the chip identification num
ber for the 

D
ragonB

all series M
P

U
.

S
ee description

M
A

S
K

ID
B

its 23–16
M

askset ID
 F

ield
—

T
his field contains the m

askset num
ber for the silicon.

S
ee description

S
W

ID
B

its 15–0
S

o
ftw

are ID
—

T
his field contains the custom

 softw
are ID

. It is norm
ally “0000.”

S
ee description
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odel

5.2.4  I/O
 D

rive C
o

n
tro

l R
eg

ister
T

his register controls the driving strength of all I/O
 signals. B

y default, all pins are defaulted to 4
m

A
 

driving current. A
fter reset, system

 softw
are should select 2

m
A

 driving for those signals that do not need 
high-current driving for pow

er saving. T
he bit assignm

ents for the register are show
n in the follow

ing 
display. T

he settings for the bits in the register are listed in T
able

5-4.

IO
D

C
R

I/O
 D

rive C
ontrol R

egister
0x(F

F
)F

F
F

008
B

IT
 15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 0

A
B

D
B

C
B

P
M

P
K

P
J

P
G

P
F

P
E

P
D

P
C

P
B

P
A

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

1
1

1
1

1
1

1
1

1
1

1
1

1

0x1F
F

F

T
ab

le
5-4.   I/O

 D
rive C

o
n

tro
l R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–13

R
eserved

D
o not use these bits.

A
B

B
it 12

A
d

d
ress B

u
s S

ig
n

als I/O
 D

rive C
o

n
tro

l—
It should be 

noted that A
[23:20] are controlled by the P

F
 bit.

0 =
 I/O

 drive current for each pin is 2
m

A
.

1 =
 I/O

 drive current for each pin is 4
m

A
.

D
B

B
it 11

U
p

p
er D

ata B
u

s S
ig

n
als I/O

 D
rive C

o
n

tro
l—

T
he 

low
er data bus is controlled by the P

A
 bit.

0 =
 I/O

 drive current for each pin is 2
m

A
.

1 =
 I/O

 drive current for each pin is 4
m

A
.

C
B

B
it 10

C
o

n
tro

l B
u

s S
ig

n
als—

O
nly those signals or functions 

not m
ultiplexed w

ith G
P

IO
 are controlled by this bit. 

0 =
 I/O

 drive current for each pin is 2
m

A
.

1 =
 I/O

 drive current for each pin is 4
m

A
.

P
M

–P
A

B
its 9–0

P
o

rt M
 to

 P
o

rt A
 G

ro
u

p
 I/O

 D
rive C

o
n

tro
l—

E
ach bit 

controls the drive current for the lines in the respective 
port.

0 =
 I/O

 drive current for each pin is 2
m

A
.

1 =
 I/O

 drive current for each pin is 4
m

A
.
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C

h
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-S
elect L

o
g

ic 
T

his chapter describes the ch
ip

-se
le

ct lo
g

ic’s fu
n

ctio
n

 an
d

 o
pe

ratio
n

 an
d

 p
ro

vides p
ro

g
ra

m
m

in
g 

in
fo

rm
a

tion
 fo

r co
n

tro
llin

g its o
pe

ra
tio

n
. 

6.1   O
verview

 o
f th

e C
S

L
T

he
 M

C
6

8
V

Z
3

2
8 m

icro
p

ro
cesso

r co
n

ta
in

s eig
ht ge

n
e

ra
l-pu

rpo
se

, p
rog

ram
m

ab
le ch

ip
-se

le
ct sign

a
ls, 

w
h

ich
 a

re u
sed

 to
 select e

xte
rn

a
l d

e
vice

s on
 th

e
 ad

d
re

ss a
n

d d
a

ta
 b

us. T
he

 sig
n

als a
re

 a
rran

g
ed

 in
 fou

r 
g

ro
u

ps o
f tw

o—
C S

A
[1

:0
], C

S
B

[1
:0], C

S
C[1

:0
], a

n
d

 CS
D

[1
:0

].

C
S

A
0 is a

 spe
cia

l-p
urp

ose
 ch

ip
-se

le
ct sig

n
al, w

hich is the
 b

oo
t de

vice
 ch

ip
-se

le
ct. A

fte
r re

set, in
 no

rm
a

l 
m

o
d

e a
ll th

e a
d

d
re

sse
s a

re
 m

a
pp

e
d

 to
 C

S
A

0
 u

n
til su

ch
 tim

e
 th

at th
e

 gro
up

 b
ase

 ad
d

re
ss A

 is p
ro

g
ra

m
m

e
d

 
an

d
 th

e
 ch

ip-se
lect e

n
ab

le
 (E

N
) b

it is se
t in the

 a
pp

rop
ria

te
 ch

ip-select reg
ister. F

ro
m

 th
a

t p
o

in
t fo

rw
a

rd
, 

C
S

A
0  do

e
s n

o
t d

e
co

d
e g

lob
a

lly a
n

d
 is o

n
ly a

sse
rted

 w
h

en
 d

eco
d

ed
 fro

m
 th

e
 pro

gra
m

m
ing

 in
form

a
tio

n in 
th

e
 ch

ip
-se

le
ct reg

iste
r. 

G
ro

u
p

 C
 (C

S
C

0/C
S

C
1) an

d
 G

ro
u

p
 D

 (C
S

D
0/C

S
D

1) ch
ip

-se
le

cts are u
n

iq
u

e in
 th

at th
e

y ca
n a

lso
 be

 
p

ro
g

ra
m

m
e

d
 as ro

w
 a

dd
ress stro

b
e (R

A
S

0
/R

A
S

1) a
n

d co
lu

m
n

 ad
d

re
ss stro

be
 (C

A
S

0
/C

A
S

1) fo
r th

e 
D

R
A

M
 in

te
rface

. F
o

r d
e

ta
ils, refe

r to
 S

e
ctio

n
7.3

.2
, “D

R
A

M
 C

o
ntro

l R
e

g
iste

r,” o
n

 p
a

g
e

7
-1

4
 a

nd
 

S
ectio

n
6

.3
.3, “C

h
ip

-S
e

le
ct R

e
g

iste
rs,” in

 th
is ch

a
pte

r.

E
ach

 m
e

m
o

ry a
re

a ca
n

 b
e

 d
e

fine
d

 a
s a

n in
tern

ally g
e

n
erated

 cycle
-term

ina
tio

n
 sig

n
al, calle

d
 D

TA
C

K
, w

ith 
a p

rog
ram

m
ab

le n
u

m
b

er o
f w

a
it states. T

his fea
ture

 sa
ve

s
 bo

a
rd

 spa
ce tha

t w
ou

ld o
th

e
rw

ise b
e u

sed
 for 

cycle
-te

rm
in

atio
n

 lo
gic. U

sin
g

 C
D

L
, th

e
 syste

m
 de

sig
n

er ca
n

 a
d

op
t a

 flexib
le m

e
m

o
ry co

n
fig

u
ra

tion
 b

ased
 

o
n co

st an
d

 ava
ilab

ility. U
p to fo

ur d
iffe

re
n

t cla
sse

s o
f d

e
vices an

d
 m

e
m

o
ry ca

n
 b

e u
sed

 in
 a

 syste
m

 
w

ith
ou

t the
 n

ee
d

 fo
r extern

al d
e

co
d

e
 o

r w
a

it-sta
te g

en
e

ra
tio

n lo
g

ic. S
pe

cifically, 8- or 1
6

-bit com
bin

atio
n

s 
o

f R
O

M
, S

R
A

M
, fla

sh
 m

e
m

o
ry a

n
d

 D
R

A
M

 (E
D

O
 R

A
M

, F
ast P

ag
e

 M
o

d
e, o

r syn
ch

ron
o

u
s) a

re
 su

p
p

o
rted

, 
as sho

w
n

 in
 T

a
ble

6
-1 o

n
 p

ag
e

6
-2

.
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C
hip-S

elect O
peration

T
he basic chip-select m

odel allow
s the chip-select output signal to assert in response to an address m

atch. 
T

he signals are asserted externally shortly after the internal A
ddress S

trobe (A
S ) signal goes low

. T
he 

address m
atch is described in term

s of a group base address register and a chip-select register. T
he m

em
ory 

size of the chip-select can be selected from
 a set of predefined ranges (32K

, 64K
, 128K

, 256K
, 512K

, 
1

M
byte, 2

M
byte, 4

M
byte, 8

M
byte, or 16

M
byte). T

hese m
em

ory ranges represent the m
ost popular 

m
em

ory sizes available on the m
arket and apply to the registers C

S
B

, C
S

C
, and C

S
D

. T
he C

S
A

 register 
prim

arily supports R
O

M
, w

hich is usually 128K
 to 16

M
byte. U

sing this schem
e, it is easy to design 

softw
are w

ithout the necessity of program
m

ing a chip-select m
ask register. 

T
he chip-select can be program

m
ed to allow

 read-only or read/w
rite accesses. O

ther param
eters that can be 

program
m

ed include the num
ber of w

ait states (from
 0 to 13), data bus size selection, and w

hether a 
D

TA
C

K
 signal is autom

atically generated for the chip-select logic. 

6.2   C
h

ip
-S

elect O
p

eratio
n

A
 chip-select output signal is asserted w

hen an address is m
atched and after the A

S signal goes low
. T

he 
base address and address m

ask registers are used in the com
pare logic to generate an address m

atch. T
he 

byte size of the m
atching block m

ust be a pow
er of tw

o and the base address m
ust be an integer m

ultiple of 
this size. T

herefore, an 8K
 block size m

ust begin on an 8K
 boundary, and a 64K

 block size can only begin 
on a 64K

 boundary. E
ach chip-select is program

m
able, and the registers have read/w

rite capability so that 
the program

m
ed values can be read back.

N
O

T
E

:

T
he chip-select logic does not allow

 an address m
atch during interrupt

acknow
ledge (F

unction C
ode 7) cycles.

6.2.1  M
em

o
ry P

ro
tectio

n
T

he chip-select range of the four chip-selects can be program
m

ed as read-only or read/w
rite. C

hip-selects 
that control the crucial system

 data are usually program
m

ed as supervisor-only and read-only so they can 
be protected from

 system
 m

isuse (for exam
ple, a low

 battery). H
ow

ever, a certain area of this 

T
ab

le
6-1.   C

h
ip

-S
elect an

d
 M

em
o

ry T
yp

es

C
h

ip
-S

elect S
ig

n
al

M
em

o
ry S

u
p

p
o

rted

C
S

A
0

R
O

M
, S

R
A

M
, flash m

em
ory chip

C
S

A
1

R
O

M
, S

R
A

M
, flash m

em
ory chip

C
S

B
0

R
O

M
, S

R
A

M
, flash m

em
ory chip

C
S

B
1

R
O

M
, S

R
A

M
, flash m

em
ory chip

C
S

C
0/R

A
S

0
D

R
A

M
, R

O
M

, S
R

A
M

, flash m
em

ory chip-select

C
S

C
1/R

A
S

1
D

R
A

M
, R

O
M

, S
R

A
M

, flash m
em

ory chip-select

C
S

D
0/C

A
S

0
D

R
A

M
, R

O
M

, S
R

A
M

, flash m
em

ory chip-select

C
S

D
1/C

A
S

1
D

R
A

M
, R

O
M

, S
R

A
M

, flash m
em

ory chip-select
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ch
ip-select–

co
ntro

lle
d a

re
a

 ca
n

 be
 p

ro
g

ra
m

m
e

d
 as re

a
d/w

rite
, w

h
ich

 p
rovide

s op
tim

a
l m

em
o

ry u
se, a

s 
sh

o
w

n
 in F

ig
u

re
6

-1
. T

h
is a

re
a

 can
 b

e
 d

e
fine

d
 b

y p
ro

g
ra

m
m

in
g

 th
e

 U
P

S
IZ

 b
its in

 the
 C

S
B

, C
S

C
, a

nd
 C

S
D

 
re

g
iste

rs to
 b

etw
e

en
 3

2K
 a

n
d

 th
e e

n
tire

 ch
ip-se

lect a
re

a
.

F
ig

u
re

6-1.   S
ize S

electio
n

 an
d

 M
em

o
ry P

ro
tectio

n
 fo

r C
S

B
0 an

d
 C

S
B

1

6.2.2  P
ro

g
ram

m
ab

le D
ata B

u
s S

ize
E

ach
 chip

-select ca
n

 b
e co

n
fig

ured
 to

 ad
d

re
ss an

 8
- or 1

6
-b

it sp
a

ce. B
o

th 1
6

- an
d

 8
-b

it co
ntig

u
o

us a
d

dre
ss 

m
e

m
o

ry d
evice

s ca
n b

e
 m

ixe
d

 on
 a

 16
-bit d

a
ta

 b
us syste

m
. If th

e
 C

P
U

 p
erfo

rm
s a

 1
6-b

it d
a

ta
 tran

sfe
r in

 an
 

8
-b

it m
em

o
ry sp

a
ce

, th
e

n tw
o

 8-b
it cycle

s w
ill o

ccur. H
ow

eve
r, th

e
 ad

d
re

ss a
n

d d
a

ta
 stro

b
es re

m
a

in
 

asserte
d

 un
til th

e e
n

d o
f th

e seco
n

d 8
-bit cycle. In this ca

se
, o

nly th
e e

xte
rn

a
l C

P
U

 d
ata

 b
u

s u
p

p
er b

yte
 

(D
[1

5:8
]) is u

sed
, an

d
 th

e lea
st sig

nifica
n

t b
it o

f th
e a

d
dress (A

0
) in

cre
m

e
n

ts a
u

to
m

a
tically from

 o
n

e
 to

 th
e 

n
ext. A

0
 sho

u
ld

 b
e ig

no
red

 in
 1

6
-b

it da
ta b

u
s cycles e

ve
n

 if o
n

ly the
 u

pp
e

r o
r lo

w
er b

yte is b
e

in
g

 re
ad

 o
r 

w
ritten

. F
o

r a
n e

xte
rn

a
l p

e
rip

h
e

ra
l tha

t o
n

ly n
ee

d
s a

n
 8

-b
it da

ta
 b

u
s interfa

ce a
n

d d
o

e
s n

o
t re

q
u

ire 
co

n
tig

uo
u

s ad
d

re
ss lo

ca
tio

n
s (u

n
use

d b
yte

s o
n

 em
pty ad

d
re

sse
s), u

se
 a ch

ip
-se

le
ct co

n
fig

ure
d to a

 1
6-b

it 
d

ata b
us w

id
th

 an
d

 co
n

n
ect to

 th
e

 D
[7

:0
] p

in
s. T

h
is b

a
la

n
ce

s the
 lo

a
d o

f th
e

 tw
o

 d
a

ta
 b

u
s h

alves in
 a

n
 8

-bit 
syste

m
. T

h
e intern

al d
ata b

u
s is 1

6
 b

its w
id

e
. A

ll in
te

rn
a

l reg
isters can

 b
e

 re
ad

 o
r w

ritte
n in

 a
 zero

 
w

a
it-sta

te
 cycle

. 

E
xce

p
t fo

r C
S

A
0  a

n
d

 EM
U

C
S

, all chip
-sele

ct sign
a

ls are
 d

isa
b

le
d

 by d
efa

ult. T
h

e d
a

ta
 bu

s w
id

th (B
S

W
) 

field
 o

f th
e

 ch
ip

-se
le

ct o
ptio

n
 re

g
iste

r e
n

ab
les 1

6- an
d

 8
-b

it da
ta b

u
s w

idth
s for ea

ch
 o

f th
e 1

6
 ch

ip-select 
ra

n
ge

s. T
he

 in
itial bu

s w
id

th fo
r th

e
 b

oo
t ch

ip-se
lect ca

n b
e

 se
le

cte
d

 by p
la

cin
g

 a log
ic 0

 o
r 1

 o
n

 th
e B

U
S

W
 

p
in

 at re
se

t to spe
cify th

e w
idth

 o
f th

e d
ata

 b
u

s. T
h

is allo
w

s a b
o

ot E
P

R
O

M
 o

f th
e

 d
a

ta
 b

us w
id

th to b
e

 u
sed

 
in

 a
ny g

ive
n system

. A
ll e

xte
rn

a
l a

cce
sse

s tha
t d

o
 n

ot m
a

tch o
n

e
 o

f th
e ch

ip
-se

le
ct a

dd
ress ran

g
e

s a
re

 
assum

ed
 to

 b
e a 16

-bit de
vice

. T
h

is re
sults in a sin

gle access p
erfo

rm
ed

 fo
r a

 1
6

-b
it tra

n
sfe

r. If it is a
p

plie
d

 
to

 a
n 8

-b
it p

o
rt, th

e p
o

rt is a
cce

sse
d

 eve
ry o

th
er b

yte
. 

T
he

 b
o

o
t ch

ip
-se

le
ct is in

itialized
 fro

m
 re

set to
 asse

rt in
 re

spo
n

se to
 a

n
y ad

d
re

ss excep
t th

e
 o

n
-chip

 reg
iste

r 
sp

a
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 (0
xF

F
F

F
F

00
0

 to
 0

xF
F

F
F

F
F

F
F

). T
h

is en
sure

s tha
t a

 chip
-select to

 th
e b

o
o

t R
O

M
 o

r E
P

R
O

M
 w

ill 
fe

tch
 th

e
 re

se
t ve

cto
r a

nd
 e

xe
cute

 th
e initia

liza
tion

 cod
e

, w
h

ich sh
o

uld
 se

t u
p

 th
e ch

ip
-se

le
ct ra

n
ge

s.

A
 lo

g
ic 0

 o
n

 th
e

 B
U

S
W

 p
in

 sets the
 b

oo
t de
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’s da

ta
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u
s to b

e
 8

 b
its w

id
e, a

n
d a

 lo
g

ic 1
 se

ts it to
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 1
6 

b
its w

ide
. A

t rese
t, th

e
 da

ta
 b

u
s p

o
rt size

 fo
r C

S
A

0
 a

n
d the

 d
ata w

id
th

 o
f th

e
 b

oo
t R

O
M

 d
evice
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d
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in
e

d
 by th

e
 sta

te
 of B

U
S

W
. T

h
e o

th
e

r ch
ip

-se
le

cts a
re initialized

 to b
e

 no
n

valid
, so

 the
y w

ill n
o

t 
assert u

n
til th

e
y a

re p
ro

g
ra

m
m

ed
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nd
 th

e
 E

N
 bit is se
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 th

e
 ch

ip-select reg
isters.
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M
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U
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byte

U
p to 4 M

byte
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U
nprotected M

em
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P
rotected M
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6.2.3  O
verlap

p
in

g
 C

h
ip

-S
elect R

eg
isters

D
o not program

 group address and chip-select registers to overlap, or the chip-select signals w
ill overlap. 

U
nused chip-selects m

ust be disabled. M
ap them

 to an unused space, if possible.

W
hen the C

P
U

 tries to w
rite to a read-only location that has already been program

m
ed, the chip-select and 

D
T

A
C

K
 signals w

ill not be generated internally. B
E

R
R

 w
ill be asserted internally if the bus error tim

e-out 
function is enabled. 

N
O

T
E

:

T
he chip-select logic does not allow

 an address m
atch during interrupt

acknow
ledge cycles.

6.3   P
ro

g
ram

m
in

g
 M

o
d

el
T

he chip-select m
odule contains registers that are program

m
ed to control external devices, such as 

m
em

ory. C
hip-selects do not operate until the register in a particular group of devices is initialized and the 

E
N

 bit is set in the corresponding chip-select register. T
he only exception is the C

S
A

0  signal, w
hich is the 

boot device chip-select.

6.3.1  C
h

ip
-S

elect G
ro

u
p

 B
ase A

d
d

ress R
eg

isters
T

he upper 15 bits of each base address register selects the starting address for the chip-select address 
range. T

he G
B

A
x field is com

pared to the address on the address bus to determ
ine if the group is decoded. 

T
he chip-select base address m

ust be set according to the size of the corresponding chip-select signals of 
the group. F

or exam
ple, if C

S
A

1  and C
S

A
0 are each assigned a 2

M
byte m

em
ory space, the C

S
G

B
A

 
register m

ust be set in a 4
M

byte space boundary, such as system
 address 0

×
0, 0

×
4

M
byte, 0

×
8

M
byte, 

and so on. It cannot be set at 0
×

1
M

byte, 0
×

2
M

byte, 0
×

3
M

byte, 0
×

5
M

byte, and so on.

C
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F
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B
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B
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B
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rw
rw

rw
rw
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elect G

ro
u

p
 A

 B
ase A
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escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

G
B

A
x

B
its 15–1

G
ro

u
p

 A
 B

ase A
d

d
ress—

T
hese bits select 

the high-order bits (28–14) of the starting 
address for the chip-select range. 

T
he chip-select base address m

ust be set 
according to the size of the corresponding 
chip-select signals of the group.

R
eserved

B
it 0

R
eserved 

T
his bit is reserved and should be set to 0.
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 B
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escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

G
B

B
x

B
its 15–

1
G

ro
u

p
 B

 B
ase A

d
d

ress —
T

hese bits select 
the high-order bits (28–14) of the starting 
address for the chip-select range. 

T
he chip-select base address m

ust be set 
according to the size of the corresponding 
chip-select signals of the group.

R
eserved

B
it 0

R
eserved 

T
his bit is reserved and should be set to 0.
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6-4.   C

h
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-S
elect G
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u
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 B
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d
d

ress R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

G
B

C
x

B
its 15–1

G
ro

u
p

 C
 B

ase A
d

d
ress—

T
hese bits select 

the high-order bits (28–14) of the starting 
address for the chip-select range. 

T
he chip-select base address m

ust be set 
according to the size of the corresponding 
chip-select signals of the group.

R
eserved

B
it 0

R
eserved 

T
his bit is reserved and should be set to 0.
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C
S

G
B

D
C

hip-S
elect G

roup D
 B

ase A
ddress R

egister 
0x(F

F
)F

F
F

106

6.3.2  C
h

ip
-S

elect U
p

p
er G

ro
u

p
 B

ase A
d

d
ress R

eg
ister

T
he default setting for chip-select decoding lim

its addressing to A
28. W

hen the full address decode enable 
(U

G
E

N
) bit is set, it allow

s full address decoding. F
ull address decoding is enabled for all four of the 

chip-select registers by the U
G

E
N

 bit in the chip-select upper group base address register (C
S

U
G

B
A

). T
he 

bit value of the M
S

B
 for each of the four chip-select registers can be w

ritten into each of the four M
S

B
 

fields in this register. T
he settings for this register are show

n in T
able

6-6.

C
S

U
G

B
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C
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d
d
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escrip

tio
n

N
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e 
D
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tio

n
 

S
ettin

g

G
B

D
x

B
its 15–

1
G

ro
u

p
 D

 B
ase A

d
d

ress —
T

hese bits select 
the high-order bits (28–14) of the starting 
address for the chip-select range. 

T
he chip-select base address m

ust be set 
according to the size of the corresponding 
chip-select signals of the group.

R
eserved

B
it 0

R
eserved 

T
his bit is reserved and should be set to 0.
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p
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d
d
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eg
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escrip

tio
n

N
am
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D
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tio

n
 

S
ettin

g

U
G

E
N

B
it 15

F
u

ll A
d

d
ress D

eco
d

e E
n

ab
le—

T
his bit 

enables full address range decoding for all 
chip-select registers.

0 =
 Ignores A

31, A
30, and A

29.
1 =

 D
ecoding includes A

31, A
30, and A

29.

A
G

B
A

[31:29]
B

its 14–12
M

S
B

 fo
r C

h
ip

-S
elect A

—
T

he upper m
ost sig-

nificant bits for chip-select group A
 base 

address. T
he value w

ill be ignored if U
G

E
N

 is 
disabled.

E
nter value for bits 31–29 of chip-select regis-

ter A
.
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R
eserved

B
it 11

R
eserved 

T
his bit is reserved and should be set to 0.

B
G

B
A

[31:29]
B

its 10–8
M

S
B

 fo
r C

h
ip

-S
elect B

—
T

he upper m
ost sig-

nificant bits for chip-select group B
 base 

address. T
he value w

ill be ignored if U
G

E
N

 is 
disabled.

E
nter value for bits 31–29 of chip-select regis-

ter B
.

R
eserved

B
it 7

R
eserved 

T
his bit is reserved and should be set to 0.

C
G

B
A

[31:29]
B

its 6–4
M

S
B

 fo
r C

h
ip

-S
elect C

—
T

he upper m
ost sig-

nificant bits for chip-select group C
 base 

address. T
he value w

ill be ignored if U
G

E
N

 is 
disabled.

E
nter value for bits 31–29 of chip-select regis-

ter C
.

R
eserved

B
it 3

R
eserved 

T
his bit is reserved and should be set to 0.
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B
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M
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B
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—
T

he upper m
ost sig-

nificant bits for chip-select group D
 base 

address. T
he value w

ill be ignored if U
G

E
N

 is 
disabled.

E
nter value for bits 31–29 of chip-select regis-

ter D
.
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6.3.3  C
h

ip
-S

elect R
eg

isters
T

here are four 16-bit chip-select (C
S

A
, C

S
B

, C
S

C
, and C

S
D

) registers for each corresponding chip-select 
base address register. E

ach register controls tw
o chip-select signals and can be configured to select the 

m
em

ory type and size of the m
em

ory range supported as w
ell as to program

 the required w
ait states or use 

the external D
T

A
C

K
 signal. T

he settings for the registers are described in T
able

6-7 through T
able

6-10 on 
page
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R
O

B
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ed. A
 w

rite to a read-only area w
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em

ory by forc-
ing the LW

E
/U

W
E

 signal to go active after 
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R
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-O
n

ly—
T

his bit sets the chip-select 
to read-only. O

therw
ise, read and w

rite 
accesses are allow

ed. A
 w

rite to a 
read-only area w

ill generate a bus error if 
the B

E
T

E
N

 bit of the S
C

R
 is set. S

ee 
S
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5.2.1, “S

ystem
 C

ontrol R
egister,” 

on page
5-2 for m

ore inform
ation. 

0 =
 R

ead/w
rite.

1 =
 R

ead-only.
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P
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T
his bit sets the protected 
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ory block to supervisor-only; other-
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ise, both supervisor and user accesses 
are allow

ed. A
ttem

pts to access the super-
visor-only area result in a bus error if the 
B

E
T
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 bit of the S
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ead-only.
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.
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B
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hese bits are reserved and should be set to 0.
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lash
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hen enabled, 

this bit provides support for flash m
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ory 
by forcing the LW
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E

 signal to go 
active after chip-select.

N
o

te:
T

his bit is used for expanded 
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ory size for C
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 w
hen the D
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A
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 bit 
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D
 register is enabled.

0 =
 T

he chip-select and LW
E

/U
W

E
 signals go active at 

the sam
e clock edge.

1 =
 T

he chip-select signal goes low
 1 clock before 

LW
E

/U
W

E
.

B
S

W
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it 7 
D

ata B
u

s W
id
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—

T
his bit sets the data 

bus w
idth for this chip-select area.

0 =
 8 bit.

1 =
 16 bit.
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ait states added before an 

internal D
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C
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 signal is returned for this 
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signal, you m
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011 =
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110 =
 12 +

 W
S

0 w
ait states.
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C
K

 signal, you m
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T

A
C

K
 function in P

ort G
.
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0, or A
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x, the chip-select size is 

betw
een 128K

 and 16
M

byte. F
or C

S
C

x 
and C

S
D

x , the chip-select size is betw
een 

32K
 and 16

M
byte.

000 =
 128K

 (32K
 or 8

M
byte* for C

S
C

x  and C
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S

D
x).

110 =
 8

M
byte (2

M
byte for C

S
C

x and C
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ee 
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0 =
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rite.

1 =
 R

ead-only.
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 256K
.
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0 =
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1 =
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he chip-select signal goes low
 1 clock before 
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W
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.
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—

T
his bit sets the data 
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0 =
 8 bit.

1 =
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enables each chip-select. 

0 =
 D

isabled.
1 =

 E
nabled. 

T
ab

le
6-9.   C

h
ip

-S
elect R

eg
ister C

 D
escrip

tio
n
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o

n
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u
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N
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escrip
tio
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F
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IT
 

15
14
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9
8

7
6

5
4

3
2
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B

IT
 

0

R
O

S
O

P
R

O
P

U
P

S
IZ

C
O

M
B

D
R

A
M

F
LA

S
H

B
S

W
W

S
3–1

S
IZ

E
N

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

w

R
E

S
E

T
0

0
0

0
0

0
1

0
0

0
0

0
0

0
0

0

0x0200

T
ab

le
6-10.   C

h
ip

-S
elect R

eg
ister D

 D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
O

B
it 15

R
ead

-O
n

ly—
T

his bit sets the chip-select to 
read-only. O

therw
ise, read and w

rite 
accesses are allow

ed. A
 w

rite to a read-only 
area w

ill generate a bus error if the B
E

T
E

N
 bit 

of the S
C

R
 is set. S

ee S
ection

5.2.1, “S
ystem

 
C

ontrol R
egister,” on page

5-2 for m
ore infor-

m
ation. 

0 =
 R

ead/w
rite.

1 =
 R

ead-only.

S
O

P
B

it 14
S

u
p

erviso
r-U

se-O
n

ly P
ro

tected
 M

em
o

ry 
B

lo
ck—

T
his bit sets the protected m

em
ory 

block to supervisor-only; otherw
ise, both 

supervisor and user accesses are allow
ed. 

A
ttem

pts to access the supervisor-only area 
result in a bus error if the B

E
T

E
N

 bit of the 
S

C
R

 is set. S
ee S

ection
5.2.1, “S

ystem
 C

on-
trol R

egister,” on page
5-2 for m

ore inform
a-

tion.

0 =
 S

upervisor/user.
1 =

 S
upervisor-only.

R
O

P
B

it 13
R

ead
-O

n
ly fo

r P
ro

tected
 M

em
o

ry 
B

lo
ck—

T
his bit sets the protected m

em
ory 

block to read-only. O
therw

ise, read and w
rite 

accesses are allow
ed. If you w

rite to a 
read-only area, you w

ill get a bus error.

0 =
 R

ead/w
rite.

1 =
 R

ead-only.

U
P

S
IZ

B
its 12-11

U
n

p
ro

tected
 M

em
o

ry B
lo

ck S
ize—

T
his field 

determ
ines the unprotected m

em
ory range of 

the chip-select.

00 =
 32K

.
01 =

 64K
.

10 =
 128K

.
11 =

 256K
.

C
O

M
B

B
it 10

C
o

m
b

in
in

g
—

T
his bit controls com

bining 
R

A
S

0  and R
A

S
1 m

em
ory space to generate 

R
A

S
0 . W

hen this bit is set to 1, R
A

S
1 can be 

used as a general-purpose I/O
 signal.

0 =
 R

A
S

0 to R
A

S
0 m

em
ory space.

1 =
 R

A
S

0 covers both R
A

S
0 and R

A
S

1 m
em

ory 
space B

.

D
R

A
M

B
it 9

D
R

A
M

 S
electio

n
—

T
his bit is used to enable 

R
A

S
 and C

A
S

 signals. C
onfiguring the C

S
C

 
register as a non-D

R
A

M
 m

em
ory type 

requires clearing the D
R

A
M

 bit of the C
S

D
 

register.

N
o

te:
T

he D
R

A
M

 bit overrides the flash bit.

0 =
 S

elect C
S

C
[1:0] and C

S
D

[1:0].
1 =

 S
elect C

A
S

 and R
A

S
.
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C

h
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ic
6-15

F
L

A
S

H
B

it 8 
F

lash
 M

em
o

ry S
u

p
p

o
rt—

W
hen enabled, 

this bit provides support for flash m
em

ory by 
forcing the LW

E
/U

W
E

 signal to go active after 
chip-select.

N
o

te:
T

his bit is used for expanded m
em

ory 
size for C

S
D

 w
hen the D

R
A

M
 bit is enabled.

0 =
 T

he chip-select and LW
E

/U
W

E
 signals go active 

at the sam
e clock edge.

1 =
 T

he chip-select signal goes low
 1 clock before 

LW
E

/U
W

E
.

B
S

W
B

it 7 
D

ata B
u

s W
id

th
—

T
his bit sets the data bus 

w
idth for this chip-select area.

0 =
 8 bit.

1 =
 16 bit.

W
S

3–1
B

its 6–4
W

ait S
tate—

T
his field contains the 3 m

ost 
significant bits of the 4-bit w

ait-state value. 
T

he least significant bit is located in the 
chip-select control register 1. T

he value of 
these 4 bits determ

ines the num
ber of w

ait 
states added to a bus cycle before an internal 
D

T
A

C
K

 is asserted to term
inate the 

chip-select cycle.

000 = 0
+

W
S

0 w
ait states.

001 = 2
+

W
S

0 w
ait states.

010 = 4
+

W
S

0 w
ait states.

011 = 6
+

W
S

0 w
ait states.

100 = 8
+

W
S

0 w
ait states.

101 = 10
+

W
S

0 w
ait states.

110 = 12
+

W
S

0 w
ait states.

111 = E
xternal D

T
A

C
K

.

W
hen using the external D

T
A

C
K

 signal, you m
ust 

select D
T

A
C

K
 function in P

ort G
.

W
S

0 is the D
W

S
0, C

W
S

0, B
W

S
0, or A

W
S

0 bit in 
the C

S
C

T
R

L1 register.

S
IZ

B
its 3–1

C
h

ip
-S

elect S
ize—

T
his field determ

ines the 
m

em
ory range of the chip-select. F

or C
S

A
x 

and C
S

B
x , the chip-select size is betw

een 
128K

 and 16
M

byte. F
or C

S
C

x and C
S

D
x, the 

chip-select size is betw
een 32K

 and 
16

M
byte.

000 = 128K
 (32K

 or 8
M

byte* for C
S

C
x  and C

S
D

x).
001 = 256K

 (64K
 or 16

M
byte* for C

S
C

x  and C
S

D
x).

010 = 512K
 (128K

 for C
S

C
x  and C

S
D

x).
011 = 1

M
byte (256K

 for C
S

C
x and C

S
D

x).
100 = 2

M
byte (512K

 for C
S

C
x  and C

S
D

x).
101 = 4

M
byte (1

M
byte for C

S
C

x  and C
S

D
x).

110 = 8
M

byte (2
M

byte for C
S

C
x and C

S
D

x).
111 = 16

M
byte (4

M
byte for C

S
C

x  and C
S

D
x).

* N
o

te: Large D
R

A
M

 size selection requires the 
D

S
IZ

3 bit in the chip-select control register to be set.

E
N

B
it 0

C
h

ip
-S

elect E
n

ab
le—

T
his w

rite-only bit 
enables each chip-select. 

0 =
 D

isabled.
1 =

 E
nabled. 

T
ab

le
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elect R
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 D
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6.3.4  E
m

u
latio

n
 C

h
ip

-S
elect R

eg
ister

In addition to the eight general-purpose chip-select signals, the M
C

68V
Z

328 has an em
ulation chip-select 

register (E
M

U
C

S
) that is specifically designed for the in-circuit em

ulation m
odule. T

his register provides 
w

ait states 12–
0

, de
p

en
d

in
g

 o
n th

e typ
e

 of ch
ip u

sed
. E

xte
rn

a
l lo

g
ic (D

T
A

C
K

) m
a

y also
 b

e
 used

 to h
a

ve
 

lo
n

g
er w

ait sta
te

s. E
M

U
C

S
 is on

ly va
lid fo

r th
e

 0xF
F

F
C

0
0

00
–

0
xF

F
F

D
F

F
F

F
 m

e
m

o
ry lo

catio
n

.

E
M

U
C

S
E

m
ulation C

hip-S
elect R

egister
0x(F

F
)F

F
F

118

6.3.5  C
h

ip
-S

elect C
o

n
tro

l R
eg

ister 1
T

he
 ch

ip
-se

le
ct co

n
trol re

g
iste

r 1
 (C

S
C

T
R

L
1) is on

e
 of th

ree
 re

g
iste

rs th
a

t p
ro

vid
e

 fe
atu

re
s to

 co
n

trol a 
w

id
e

 va
rie

ty o
f d

iffe
re

n
t m

e
m

o
ry typ

e
s. T

h
e

 C
S

C
T

R
L

1
 reg

ister pro
vid

es su
p

p
le

m
e

nta
l m

e
m

o
ry-co

n
trol 

fe
a

tu
re

s for ch
ip

-se
le

ct lo
g

ic. C
o

n
tro

l fe
atu

re
s in

clu
d

e
 1

6
-b

it S
R

A
M

 su
p

po
rt, exten

d
ed

 size fo
r u

n
pro

te
cte

d 
m

e
m

o
ry sp

a
ce, a

nd
 e

xte
nd

e
d

 size
 fo

r D
R

A
M

. S
ee

 th
e

 fo
llo

w
in

g
 re

g
iste

r d
isp

la
y a

n
d

 T
ab

le
6

-1
2

 on
 

p
ag

e
6-1

7. B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

W
S

3–1

T
Y

P
E

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

1
1

0
0

0
0

0

0x0060

T
ab

le
6-11.   E

m
u

latio
n

 C
h

ip
-S

elect R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 15–7

R
eserved 

T
hese bits are reserved and should be set to 0.

W
S

3–1
B

its 6–4
W

ait S
tate—

T
his field contains the 3 m

ost 
significant bits of the 4-bit w

ait-state value. 
T

he least significant bit is located in the 
chip-select control register 1. T

he value of 
these 4 bits determ

ines the num
ber of w

ait 
states added to a bus cycle before an internal 
D

T
A

C
K

 is asserted to term
inate the 

chip-select cycle.

000 = 0
+

W
S

0 w
ait states.

001 = 2
+

W
S

0 w
ait states.

010 = 4
+

W
S

0 w
ait states.

011 = 6
+

W
S

0 w
ait states.

100 = 8
+

W
S

0 w
ait states.

101 = 10
+

W
S

0 w
ait states.

110 = 12
+

W
S

0 w
ait states.

111 = E
xternal D

T
A

C
K

.

W
hen using the external D

T
A

C
K

 signal, you 
m

ust select D
T

A
C

K
 function in P

ort G
.

W
S

0 is the E
W

S
0 bit in the C

S
C

T
R

L1 register.

R
eserved

B
its 3–0

R
eserved 

T
hese bits are reserved and should be set to 0.
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C
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C
T

R
L

1
C
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ontrol R
egister 1

0x(F
F

)F
F

F
10A

B
IT
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14

13
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11
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9
8

7
6

5
4

3
2

1
B

IT
 0

E
U

P
E

N
S

R16
E

WS
0

D
WS
0

C
WS
0

B
WS
0

A
WS
0

D
S

I
Z

3
D

U
P

S
2

C
U

P
S

2
B

U
P

S
2

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
6-12.   C

h
ip

-S
elect C

o
n

tro
l R

eg
ister 1 D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
it 15 

R
eserved

T
his bit is reserved and should be set to 0.

E
U

P
E

N
B

it 14
E

xtra U
P

S
IZ

 B
it E

n
ab

le—
T

his bit enables the 
B

U
P

S
2, C

U
P

S
2, and D

U
P

S
2 bits to w

ork w
ith 

the corresponding U
P

S
IZ

 configuration bits. 
H

ence, it provides a larger dynam
ic range w

ith 
sm

aller granularity for the unprotected m
em

ory 
sizing.

0 =
 E

U
P

E
N

 bit not set.
1 =

 E
U

P
E

N
 bit set.

S
R

16
B

it 13
16-B

it S
R

A
M

 E
n

ab
le—

T
his bit enables the 

use of 16-bit S
R

A
M

 in chip-select group B
 

m
em

ory space. It determ
ines the functions of 

the U
W

E
/U

B
 and LW

E
/LB

 pins in C
S

B
 

read/w
rite cycles.

0 =
 U

W
E

 and LW
E

 are selected for all C
S

B
 

read/w
rite cycles.

1 =
 U

B
 and LB

 are selected for all C
S

B
 

read/w
rite cycles.

E
W

S
O

B
it 12

E
m

u
latio

n
 C

h
ip

-S
elect W

ait S
tate 

B
it

0—
T

his bit is the low
est significant bit of 

the E
M

U
 w

ait state register.

R
efer to T

able
6-11 on page

6-16 on the em
u-

lation chip-select register for the w
ait state set-

ting.

D
W

S
O

B
it 11

C
S

D
 W

ait S
tate B

it 0—
T

his bit is the low
est 

significant bit of the C
S

D
 w

ait state register.
R

efer to T
able

6-10 on page
6-14 on the 

chip-select register D
 for the w

ait state setting.

C
W

S
O

B
it 10

C
S

C
 W

ait S
tate B

it 0—
T

his bit is the low
est 

significant bit of the C
S

C
 w

ait state register.
R

efer to T
able

6-9 on page
6-12 on the 

chip-select register C
 for the w

ait state setting.

B
W

S
O

B
it 9

C
S

B
 W

ait S
tate B

it 0—
T

his bit is the low
est 

significant bit of the C
S

B
 w

ait state register.
R

efer to T
able

6-8 on page
6-10 on the 

chip-select register B
 for the w

ait state setting.

A
W

S
0

B
it 8

C
S

A
 W

ait S
tate B

it 0—
T

his bit is the low
est 

significant bit of the C
S

A
 w

ait state register.
R

efer to T
able

6-7 on page
6-8 on the 

chip-select register A
 for the w

ait state setting.

R
eserved

B
it 7

R
eserved

T
his bit is reserved and should be set to 0.

D
S

IZ
3

B
it 6

S
ize B

it 3 fo
r D

R
A

M
 C

h
ip

-S
elect A

d
d

ress-
in

g
 S

p
ace—

W
hen set, this bit extends the 

D
R

A
M

 size. 

If S
IZ

[2:0]=
000, the C

S
D

0  and C
S

D
1 spaces 

are each 8
M

byte. F
or 001, each space is 

16
M

byte. O
nly valid w

hen the D
R

A
M

 bit of the 
C

S
D

 register is set.

R
eserved

B
it 5

R
eserved

T
his bit is reserved and should be set to 0.

D
U

P
S

2
B

it 4
U

P
S

IZ
 B

it 2 fo
r C

S
D

 R
eg

ister—
T

his is the 
m

ost significant bit for U
P

S
IZ

[2:0] w
hen the 

E
U

P
E

N
 bit is set. 

F
or inform

ation on calculating unprotected 
m

em
ory size, see E

xam
ple

6-1 on page
6-18.
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T
he unprotected m

em
ory size is calculated according to the chip-select addressing space and the U

P
S

IZ
 

value.

E
xam

p
le

6-1.   U
n

p
ro

tected
 M

em
o

ry S
ize C

alcu
latio

n

F
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S

D
=
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P

S
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[2:0]
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P

U
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P

U
 w

ait state or by relaxing the tim
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the m

em
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P
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P
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P
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M
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o
ry—

T
his bit advances the chip-select 

signals for S
R

A
M

, R
O

M
, or flash m

em
ory. It 

allow
s m

ore setup tim
e for slow

 m
em

ory w
ith-

out adding C
P

U
 w

ait states.

0 =
 D

isabled.
1 =

 E
nabled.
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E
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n
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ter enable for early cycle detection is on (that 
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C
D

D
=
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P
U

 is used to trigger the bus cycle.
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S

B
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P
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S
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A
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6.3.7  C
h
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-S
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o
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l R
eg

ister 3
T

his register controls m
inor tim

ing trim
s for static m

em
ory access.
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ontrol R
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6-2 on page

6-21 dem
onstrates how

 to initialize the chip-select w
ith a particular m

em
ory 

configuration.
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 E
nabled.
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 negation to C
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 negation by 
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ore clock.
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nabled.
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D
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D

 access is delayed; the access is 
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 2 to 3 clock cycles.
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C
h

ap
ter

7
D

R
A

M
 C

o
n

tro
ller

T
his chapter describes the D

R
A

M
 controller for the M

C
68V

Z
328. T

he operation of the D
R

A
M

 controller 
is closely linked to the chip-select logic. P

lease refer to C
h

ap
te

r
6

, “C
hip

-S
e

le
ct L

o
gic,” fo

r m
o

re
 de

ta
ils.

7.1   In
tro

d
u

ctio
n

 to
 th

e D
R

A
M

 C
o

n
tro

ller
T

he
 D

R
A

M
 co

n
tro

lle
r p

rovid
es a g

lu
e

le
ss interfa

ce fo
r e

ith
e

r 8
-bit o

r 1
6

-b
it D

R
A

M
. It su

pp
o

rts E
D

O
 

R
A

M
, F

a
st P

ag
e

 M
o

de
, a

nd
 syn

ch
ro

n
ou

s D
R

A
M

. T
h

e
 D

R
A

M
 con

tro
ller p

ro
vid

e
s R

o
w

 A
d

d
re

ss S
trob

e
 

(R
A

S
) an

d
 C

o
lu

m
n

 A
d

dre
ss S

trob
e

 (C
A

S
) sign

a
ls fo

r u
p

 to
 a

 m
axim

u
m

 o
f tw

o b
a

nks of D
R

A
M

. In
 

ad
d

itio
n

 to
 con

tro
llin

g
 D

R
A

M
, the

 D
R

A
M

 co
n

trolle
r p

rovide
s su

p
po

rt for L
C

D
 co

n
tro

ller bu
rst accesse

s.

T
he

 D
R

A
M

 co
n

tro
lle

r h
a

s th
e follo

w
ing

 fea
tu

res:

•
6

80
0

0
 C

P
U

 ze
ro

 w
a

it-sta
te

 o
pe

ratio
n

 su
p

p
ort

•
C

A
S

-b
e

fo
re-R

A
S re

fresh
 cycle

s a
nd

 self-re
fre

sh
 m

o
d

e D
R

A
M

 su
p

p
ort

•
8

- a
nd

 1
6

-b
it po

rt D
R

A
M

 su
p

p
ort

•
F

a
st P

a
g

e
 M

o
de

 a
nd

 E
D

O
 R

A
M

 m
o

de
s o

r syn
ch

ron
o

u
s bu

rst fo
r L

C
D

 D
M

A
 access cycles

•
P

ro
g

ra
m

m
a

b
le

 re
fre

sh
 ra

te

•
S

up
p

o
rt fo

r a
 m

a
xim

u
m

 o
f tw

o
 ba

n
ks o

f D
R

A
M

•
P

ro
g

ra
m

m
a

b
le

 row
 an

d
 co

lum
n a

d
d

re
ss size w

ith
 sym

m
etrica

l o
r a

sym
m

e
trical ad

d
re

ssing

•
S

up
p

o
rt fo

r u
p

 to
 1

6
M

byte
 

×
 16 or 32

M
byte ×

 8 D
R

A
M

 or S
D

R
A

M

A
 block diagram

 of the D
R

A
M

 controller appears in F
igure

7-1 on page
7-2.
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 C
o

n
tro

ller B
lo

ck D
iag

ram

D
ata

S
Y

S
C

LK

C
ontrol

A
ddress

C
LK

32

C
S

D
0

C
S

D
1

M
D

[15:0]

MPU Interface

M
ode

R
efresh

D
R

A
M

D
R

A
M

 A
ddress

C
ontrol

D
T

A
C

K

R
A

S
0

A
[31:1]

R
A

S
1

C
A

S
0

C
A

S
1

C
ontrol

C
ontrol

C
ontrol

S
ignal

C
ontrol

P
age A

ccess
(from

 LC
D

)

8-B
it P

ort
(from

 S
IM

)
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7.2   D
R

A
M

 C
o

n
tro

ller O
p

eratio
n

T
his se

ctio
n

 de
scrib

e
s th

e D
R

A
M

 co
n

tro
lle

r’s op
e

ra
tio

n.

7.2.1  A
d

d
ress M

u
ltip

lexin
g

T
he

 a
dd

ress m
u

ltip
le

xer ca
n

 su
p

po
rt a

 w
id

e
 va

rie
ty of m

e
m

o
ry d

evice
s in

 e
ith

er 8
- o

r 1
6

-b
it m

o
d

e. T
h

e 
u

pp
e

r intern
al ad

d
re

ss lin
e

s fro
m

 th
e

 C
P

U
 or L

C
D

 co
n

tro
ller pro

vid
e the

 row
 a

d
d

re
ss, an

d
 th

e
 lo

w
e

r 
in

te
rna

l a
d

d
re

ss lin
es are u

sed
 a

s the
 colu

m
n

 ad
d

re
ss. T

h
is sch

em
e e

na
b

le
s th

e u
se o

f F
a

st P
ag

e
 M

o
d

e o
r 

E
D

O
 R

A
M

 m
o

d
e

 re
ad

 a
cce

sse
s to

 the
 D

R
A

M
 d

u
rin

g
 L

C
D

 D
M

A
 cycle

s. T
h

e
 D

R
A

M
 m

ultiple
xe

r a
lso

 
su

p
p

o
rts d

iffe
re

n
t row

 a
n

d
 co

lu
m

n
 con

fig
u

ra
tio

ns, de
p

e
nd

ing
 o

n
 th

e a
rran

g
e

m
e

nt of th
e

 D
R

A
M

 row
s a

nd
 

co
lum

ns a
nd

 th
e

 d
ata p

o
rt size

 (8
 o

r 1
6

 b
it) of th

e
 D

R
A

M
.

F
or 4

M
byte (5

1
2K

 × 8) D
R

A
M

, there are usually only 10 row
 addresses and 9 colum

n addresses. F
or this 

configuration in 8-bit m
ode, the internal address bus P

A
[8:0] is used for colum

n addresses, and P
A

[18:9] is 
used for row

 addresses. S
im

ilarly, if w
e use 16-bit D

R
A

M
 w

ith the sam
e num

ber of row
 and colum

n 
addresses, the colum

n addresses require P
A

[9:1], and PA
[19:10] is used for the row

 addresses. 

T
he

 a
dd

ress m
u

ltip
le

xin
g

 o
p

tio
ns a

re
 pro

vid
ed

 in
 T

a
ble

7
-1

 o
n

 p
ag

e
7-4

. T
h

e
 M

C
6

8
V

Z
3

28
’s D

R
A

M
 

co
n

tro
ller u

ses P
A

[8
:1

] a
s the

 co
lum

n a
dd

resses fo
r M

D
[7

:0
] a

nd
 th

e
n a

llow
s so

ftw
a

re
 to

 se
le

ct e
ith

er P
A

0 
o

r P
A

9
 fo

r co
lu

m
n

 ad
d

ress M
D

8
. S

im
ilar a

dd
ress se

le
ctio

n
 op

tio
n

s a
re

 p
ro

vid
e

d fo
r M

D
9

 a
n

d M
D

10
 

co
lum

n a
d

d
re

sse
s, th

e
 M

D
0

 ro
w

 a
d

dress, an
d

 th
e ro

w
 ad

d
re

sse
s M

D
8

 th
ro

u
g

h M
D

1
2 .

T
he

 M
D

[1
2

:0
] sig

n
als sh

are
 th

e sa
m

e a
d

d
re

ss p
in

s th
at ou

tpu
t a

s no
n

m
u

ltip
le

xe
d a

d
dre

sses A
[13

:1] fo
r 

n
on

-D
R

A
M

 e
xte

rn
a

l a
cce

sses. S
in

ce the
 in

tern
al ad

d
re

sse
s (P

A
[1

3
:1

]) a
re

 prese
n

t a
s th

e
 co

lum
n a

d
d

re
ss 

se
le

ction
 fro

m
 th

e
 D

R
A

M
 a

d
d

re
ss m

u
ltip

le
xer, th

e
se

 ad
d

re
sse

s m
ay b

e
 u

sed
 a

s th
e n

o
n

m
ultip

le
xe

d
 

ad
d

re
sse

s A
[1

3
:1

] fo
r n

on
-D

R
A

M
 e

xte
rn

a
l a

cce
sse

s. T
h

is sim
p

lifies th
e

 o
ve

ra
ll m

u
ltip

le
xin

g
 sch

em
e

 for 
th

e
 M

C
6

8
V

Z
32

8
. 

N
O

T
E

:

T
h

e A
0

 sig
na

l is n
o

t u
sed

 a
s a

 D
R

A
M

 a
d

dre
ss p

in
 co

n
n

ectio
n.

T
ab

le
7

-1
 o

n p
ag

e
7-4

 co
ntain

s th
e

 a
d

dre
ss m

ultip
le

xin
g o

p
tio

n
s for th

e V
Z

 p
ins listed

. A
ll th

e
 o

p
tio

ns are 
p

ro
g

ra
m

m
e

d
 in

 th
e

 D
R

A
M

 m
e

m
o

ry con
fig

u
ra

tio
n (D

R
A

M
M

C
) reg

ister excep
t as no

ted
 in

 the
 ta

b
le

. T
he

 
ro

w
 la

b
e

le
d “C

o
lu

m
n

 A
d

d
re

ss O
p

tion
s” is u

sed
 for F

ast P
a

g
e M

o
d

e
 an

d
 E

D
O

 R
A

M
 a

n
d is e

n
ab

led
 w

h
en

 
th

e
 S

D
E

N
 b

it (bit 1
5

) in the
 S

D
R

A
M

 co
n

trol re
g

iste
r (0xF

F
F

F
F

C
0

4) is 0. T
h

e
 ro

w
 la

b
eled

 “C
o

lu
m

n
 

A
d

dre
ss O

p
tio

n
s S

p
e

cific fo
r S

D
R

A
M

” is u
sed

 fo
r S

D
R

A
M

 a
nd

 is e
na

b
le

d
 w

h
en

 th
e

 S
D

E
N

 bit in th
e 

S
D

R
A

M
 co

ntro
l re

giste
r is 1

.

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



7-4
M

C
68V

Z
328 U

ser’s M
anual

�

D
R

A
M

 C
ontroller O

perationT
ab

le
7-1.   D

R
A

M
 A

d
d

ress M
u

ltip
lexin

g
 O

p
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n
s

A
1/M

D
0

A
2/M

D
1

A
3/M

D
2

A
4/M

D
3

A
5/M

D
4

A
6/M

D
5

A
7/M

D
6

A
8/M

D
7

R
o

w
 

A
d

d
ress 

O
p

tio
n

s

P
A

23
P

A
22

P
A

11

P
A

12
P

A
13

P
A

14
P

A
15

P
A

16
P

A
17

P
A
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C
o

lu
m

n
 

A
d

d
ress 

O
p

tio
n

s

P
A

1
P

A
2

P
A

3
P

A
4

P
A

5
P

A
6

P
A

7
P

A
8

C
o

lu
m

n
 

A
d

d
ress 

O
p

tio
n

s 
fo

r 
S

D
R

A
M

P
A

1
1

P
A

0

1.P
in A

1/M
D

0 has colum
n address options of P

A
0 and P

A
1 for S

D
R

A
M

. T
he S

C
O

L bit (bit 6) of the S
D

R
A

M
 control

register (0xF
F

F
F

F
C

04) determ
ines the selection. W

hen S
C

O
L

=
0, P

A
1 is selected. W

hen S
C

O
L

=
1, P

A
0 is se-

lected.

P
A

2
P

A
3

P
A

4
P

A
5

P
A

6
P

A
7

P
A

8

M
D

 
A

d
d

ress
M

D
0

M
D

1
M

D
2

M
D

3
M

D
4

M
D

5
M

D
6

M
D

7

A
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D
8
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9

A
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10
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D
11
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12
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D
13

A
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O
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n
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P
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C
o

lu
m
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A
d

d
ress 

O
p

tio
n

s

P
A

0
(P

A
1) 

P
A

9

P
A

0 
P

A
10

P
A

0 
P

A
11

P
A

12
P

A
13

P
A

22
P

A
23

P
A
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C
o
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m
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A
d

d
ress 

O
p

tio
n

s 
fo

r 
S

D
R

A
M

P
A

1
2

P
A

9

2.P
in A

9/M
D

8 has colum
n address options of P

A
1 and P

A
9 for S

D
R

A
M

. T
he C

O
L8 bit (bit 5) of the D

R
A

M
 m

em
ory

configuration register (0xF
F

F
F

F
C

00) determ
ines the selection. W

hen C
O

L8
=

0, P
A

9 is selected. W
hen C

O
L8

=
1,

P
A

1 is selected.

P
A

1
0

P
A

20
3

P
A

22

3.P
in A

12/M
D

11 has colum
n address options of P

A
20 and P

A
22 for S

D
R

A
M

. T
he R

O
W

11 bit (bit 11) of the D
R

A
M

m
em

ory configuration register (0xF
F

F
F

F
C

00) determ
ines the selection. W

hen R
O

W
11

=
0, P

A
20 is selected.

W
hen R

O
W

11
=

1, P
A

22 is selected.

P
A

10
4

P
A

21
P

A
23

4.P
in A

13/M
D

12 has colum
n address options of P

A
10, P

A
21, and P

A
23 for S

D
R

A
M

. T
he R

O
W

12 field (bits 15–14)
of the D

R
A

M
 m

em
ory configuration register (0xF

F
F

F
F

C
00) determ

ines the selection. W
hen R

O
W

12
=

00, P
A

10 is
selected. W

hen R
O

W
12

=
01, P

A
21 is selected. W

hen R
O

W
12

=
10, P

A
23 is selected.

P
A

22
P

A
23
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M
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7.2.2  D
T

A
C

K
 G

en
eratio

n
In a 16

M
H

z system
 frequency, 60

ns D
R

A
M

 can support a zero w
ait state (4 clocks per access) for C

P
U

 
bus cycles. T

herefore, D
T

A
C

K
 is only delayed for refresh operations that occur before a read/w

rite access 
cycle. T

he value of N
 clocks (N

 is the num
ber of system

 clock cycles required for refresh) w
ill be inserted 

into a read or w
rite cycle w

hen the C
P

U
 cycle collides w

ith a refresh cycle. R
efresh, in this case, has a 

higher priority.

N
O

T
E

:

T
h

e value
 o

f N
 ca

n b
e
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–4

 clo
cks, d

ep
e

nd
ing
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n

 th
e

 co
llisio

n
 overla

p
 of

th
e

 re
fresh
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n

d
 C

P
U

 bu
s cycle.

7.2.3  R
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 C
o
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ra
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, th

e
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 d
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r th
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 D
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 d
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n p
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7.2.4  L
C

D
 In

terface
F

igure
7-2 illustrates the L

C
D
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R
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M

 controller interface. T
he D
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A

M
 controller supports 

page bursting accesses. W
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S

S
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S
D
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age 
M
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D
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M
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ode w
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ast P

age M
ode m
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ill alw
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C
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R
A

M
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o, three, and four additional clocks are supported by the D

R
A

M
 controller. T

he notation 
for the additional clock cycles is to display the first three num
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ed by an 

ellipsis and the final num
ber: first clock-second clock-third clock-...-last clock. F

or exam
ple, the notation 

4-2-2-...-2 represents 4 clocks for the first transfer and 2 clocks for the second and subsequent transfers. 
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ays 4 clocks.
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O
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M
 m
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ow

ever, in E
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 m
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0 and B

C
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A

M
 controller. F

or 
additional inform

ation about operation using an L
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D
 display, see C

h
ap

ter
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C
D

 C
o

ntro
lle

r.” 

W
h
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D
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ller cycle
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 re
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e
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 th
e L
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D
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n
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r cycle

 starts, re
fre

sh
 

w
ill g
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d
 N

 m
o

re
 clo

cks w
ill b
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d
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ed
 to

 the
 first a

cce
ss (N
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e n

u
m

b
er o
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m

 clo
ck cycle
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re

q
uire

d
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r re
fre

sh
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erefo

re
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D

O
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A
M

 m
o
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e

, fo
r a

 4-1
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 p
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 m
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 w
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e d
e
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e L

C
D
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ller cycle. S
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 L
C

D
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 d
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rre
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 th

e
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u
e

st.

T
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 D
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d
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n
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 w
o
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C

D
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r. If D
T

A
C
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, th

e
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C
D

 co
n
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r w
ill a

ssu
m
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a
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r p
e

r th
e
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w

ith
in

 th
e

 L
C

D
 co

n
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r. T
h
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C
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n
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r w
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ld a
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n
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T
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d.
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e D
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 th
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 D
M
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rst tra
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b
o

ut to
 b
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in. T

h
e a
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d

 ch
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-se
le

ct sig
n

al 
w

ill h
o

ld
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u
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t th

e L
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D
 co

n
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cce
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 th

is m
o

d
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 D
R

A
M

 co
n

tro
ller su
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p
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 acce
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7.2.5  8-B
it M

o
d

e 
F

rom
 the system

 integration m
odule (S

IM
), 8-bit operation on the fly can be selected using the signal 8-bit 

port. If one of the C
S

D
x  signals is program

m
ed as 8-bit m

ode, the 8-bit m
ode signal w

ill be active at the 
sam

e tim
e that C

S
D

x  is active. In 8-bit m
ode, the D

R
A

M
 address m

ultiplexer w
ill use P

A
0 instead of P

A
1 

as the least significant m
ultiplexed address, and the rem

ainder of the m
ultiplexed address lines w

ill be 
adjusted to fit the 8-bit operation of the selected D

R
A

M
 device. R

A
S , C

A
S, and refresh signal functions 

w
ill rem

ain the sam
e. D

epending on the D
R

A
M

 type used, the system
 softw

are m
ay need to adjust the 

address m
ultiplexer options in the D

R
A

M
M

C
 register.

7.2.6  L
o

w
-P

o
w

er S
tan

d
b

y M
o

d
e

If D
R

A
M

 that supports self-refresh m
ode is being used, the R

M
 bit in the D

R
A

M
C

 register can be 
program

m
ed to self-refresh m

ode before entering sleep m
ode. T

he D
R

A
M

 controller w
ill generate one 

C
A

S
-before-R

A
S

 cycle, negate R
A

S and C
A

S
 for the required precharge tim

e, then assert 
C

A
S

-before-R
A

S
, and continue to assert them

 until the m
ode is changed in the R

M
 bit. D

R
A

M
s that 

support self-refresh m
ode w

ill enter self-refresh typically 100
µ

s after R
A

S  and C
A

S
 are held in the 

asserted state. A
fter a w

ake up, one C
A

S -before-R
A

S refresh cycle w
ill occur, and then norm

al-m
ode 

operation w
ill continue.

F
or D

R
A

M
s w

ithout self-refresh m
ode, ensure that the L

P
R

 bit in the D
R

A
M

C
 register is set for 

C
A

S
-before-R

A
S

 refresh m
ode to continue w

hile the processor is shut dow
n and all other m

odules are 
disabled.
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7.2.7  D
ata R

eten
tio

n
 D

u
rin

g
 R

eset
D

R
A

M
 needs to retain data during reset, w

hether it is an external reset or an internal w
atchdog reset. T

he 
D

R
A

M
 controller itself has a special design to support this feature. Figure

7-3 illustrates the tim
ing for 

data retention.

F
ig

u
re

7-3.   D
ata R

eten
tio

n
 fo

r th
e R

eset C
ycle

32 kH
z

D
R

A
M

 S
ync. w

ith 
S

ystem
 C

lock

15.6 µ
s

S
leep w

ith N
o S

Y
S

C
LK

R
eprogram

D
R

A
M

 C
ontroller,

E
xternal

R
E

S
E

T
 

(H
ardw

are reset)

Internal
R

E
S

E
T

D
R

A
M

R
efresh

D
R

A
M

 R
eset

P
ort (C

S
C

x , C
S

D
x) R

eset

S
ystem

C
lock

C
hip-S

elects
I/O

 P
ort

(C
S

C
x,C

S
D

x
),

C
P

C
R

E
S

E
T

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



D
R

A
M

 C
o

n
tro

ller O
p

eratio
n

�
D

R
A

M
 C

o
n

tro
ller

7-11

7.2.8  D
ata R

eten
tio

n
 S

eq
u

en
ce

D
ata is retained in the follow

ing sequence:

1.
T

he external R
E

S
E

T
 signal is sent to the M

C
68V

Z
328.

2.
T

he internal R
E

S
E

T
 signal is generated by synchronizing the external R

E
S

E
T

 signal w
ith 

the C
L

K
32 signal.

3.
W

hen the internal R
E

S
E

T
 is asserted, the D

R
A

M
 controller w

ill stop the current refresh 
operation and enter burst refresh m

ode, w
hich is a consecutive C

A
S -before-R

A
S refresh 

cycle.

4.
T

he external R
E

S
E

T
 signal continues asserting.

5.
T

he external R
E

S
E

T
 signal is negated.

6.
T

he internal R
E

S
E

T
 signal is negated.

7.
T

he D
R

A
M

 controller term
inates the burst C

A
S -before-R

A
S refresh cycle.

8.
T

he internal C
P

C
R

E
S

E
T

 signal is generated for 16 clocks to reset the D
R

A
M

 controller 
and the C

S
C

x  and C
SD

x port signals.

9.
T

he chip is now
 reset.

10.
T

he core processor program
s the D

R
A

M
 controller and the port pins after this reset to 

resum
e D

R
A

M
 controller operation.

N
O

T
E

:

T
he initialization code should program

 or initialize the D
R

A
M

 controller
an

d
 th

e
 ge

n
e

ra
l-pu

rpo
se I/O

 p
o

rt sig
na

ls w
ith

in
 th

e
 D

R
A

M
’s sp

ecifie
d

re
fre

sh
 tim

e
.  

   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



7-12
M

C
68V

Z
328 U

ser’s M
anual

�

P
rogram

m
ing M

odel

7.3   P
ro

g
ram

m
in

g
 M

o
d

el
T

his section describes the program
m

ing m
odel for the D

R
A

M
 controller.

7.3.1  D
R

A
M

 M
em

o
ry C

o
n

fig
u

ratio
n

 R
eg

ister
T

he D
R

A
M

 m
em

ory configuration register (D
R

A
M

M
C

) is used to set the D
R

A
M

 refresh interval and 
configure the address m

ultiplexer for the specific m
em

ory device being used. T
he bit position and values 

are show
n in the follow

ing register display. T
he details about the register settings are described in 

T
able

7-6.

D
R

A
M

M
C

 
D

R
A

M
 M

em
ory C

onfiguration R
egister

0x(F
F

)F
F

F
C

00
B

IT
 

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 

0

R
O

W
12

R
O

W
0

R
O

W
11

R
O

W
10

R
O

W9
R

O
W8

C
O

L
10

C
O

L
9

C
O

L
8

R
E

F

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
7-6.   D

R
A

M
 M

em
o

ry C
o

n
fig

u
ratio

n
 R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
O

W
12

B
its 15–14

R
o

w
 A

d
d

ress M
D

12—
T

his field selects the row
 address bit 

for m
ultiplexed address M

D
12.

00 =
 P

A
10

01 =
 P

A
21

10 =
 P

A
23

11 =
 N

ot valid

R
O

W
0

B
its 13–12

R
o

w
 A

d
d

ress M
D

0—
T

his field selects the row
 address bit 

for m
ultiplexed address M

D
0.

00 =
 P

A
11

01 =
 P

A
22

10 =
 P

A
23

11 =
 N

ot valid

R
O

W
11

B
it 11

R
o

w
 A

d
d

ress M
D

11—
T

his bit selects the row
 address bit 

for m
ultiplexed address M

D
11.

0 =
 P

A
20

1 =
 P

A
22

R
O

W
10

B
it 10

R
o

w
 A

d
d

ress M
D

10—
T

his bit selects the row
 address bit 

for m
ultiplexed address M

D
10.

0 =
 P

A
19

1 =
 P

A
21

R
O

W
9

B
it 9

R
o

w
 A

d
d

ress M
D

9—
T

his bit selects the row
 address bit for 

m
ultiplexed address M

D
9.

0 =
 P

A
9

1 =
 P

A
19

R
O

W
8

B
it 8

R
o

w
 A

d
d

ress M
D

8—
T

his bit selects the row
 address bit for 

m
ultiplexed address M

D
8.

0 =
 P

A
10

1 =
 P

A
20

C
O

L
10

B
it 7

C
o

lu
m

n
 A

d
d

ress M
D

10—
T

his bit selects the colum
n 

address bit for m
ultiplexed address M

D
10.

0 =
 P

A
11

1 =
 P

A
0

C
O

L
9

B
it 6

C
o

lu
m

n
 A

d
d

ress M
D

9—
T

his bit selects the colum
n 

address bit for m
ultiplexed address M

D
9.

0 =
 P

A
10

1 =
 P

A
0

C
O

L
8

B
it 5

C
o

lu
m

n
 A

d
d

ress M
D

8—
T

his bit selects the colum
n 

address bit for m
ultiplexed address M

D
8.

0 =
 P

A
9

1 =
 P

A
0
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T
he R

E
F

 value is the tim
e of 1 refresh cycle.

E
xam

p
le

7-1.   C
alcu

latin
g

 R
E

F
 F

ield
 V

alu
es fo

r R
efresh

 T
im

es

W
hen C

L
K

=
0, 32

kH
z (or 34.8

kH
z) is used for refresh control.

•
If R

E
F

=
0, th

e refre
sh rate

=
2×

32
kH

z.

•
If R

E
F

=
1, th

e refre
sh rate

=
32

kH
z.

•
If R

E
F

=
(2 to 1

5
), the

 re
fre

sh
 ra

te
=

32
kH

z
/(R

E
F

+
1).

W
h

e
n C

L
K

=
1

, th
e system

 clo
ck is use

d fo
r re

fre
sh

 con
tro

l.

•
T

h
e refre

sh
 rate

=
S

Y
S

C
L

K
/(32×

(R
E

F
+

1)).

R
E

F
B

its 4–0
R

efresh
 C

ycle—
T

his value determ
ines the refresh rate for 

the D
R

A
M

 controller. T
he refresh rate can be calculated 

using the equation show
n in E

xam
ple

7-1.

S
ee description

T
ab

le
7-6.   D

R
A

M
 M

em
o

ry C
o

n
fig

u
ratio

n
 R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
tio

n
S

ettin
g
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7.3.2  D
R

A
M

 C
o

n
tro

l R
eg

ister
T

he D
R

A
M

 control (D
R

A
M

C
) register is used to control the operation of the D

R
A

M
 controller. T

he bit 
position and values are show

n in the follow
ing register display. T

he details about the register settings are 
described in T

able
7-7.

D
R

A
M

C
 

D
R

A
M

 C
ontrol R

egister
0x(F

F
)F

F
F

C
02

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

E
N

R
M

B
C

1–0
C

LK
E

D
O

P
G

S
Z

M
S

W
LS

P
S

LW
LP

R
R

S
T

D
W

E

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
1

0

0x0000

T
ab

le
7-7.   D

R
A

M
 C

o
n

tro
l R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

E
N

B
it 15

M
aster D

R
A

M
 C

o
n

tro
ller E

n
ab

le—
T

his bit 
enables and disables the D

R
A

M
 controller. 

0 = D
isable the D

R
A

M
 controller.

1 = E
nable the D

R
A

M
 controller.

R
M

B
it 14

R
efresh

 M
o

d
e—

T
his bit sets the refresh m

ode.
0 = C

A
S

-before-R
A

S
 refresh m

ode.
1 = S

elf-refresh m
ode.

B
C

1–0 
B

it 13–12
P

ag
e A

ccess C
lo

ck C
ycle (F

ast P
ag

e 
M

o
d

e)—
T

hese bits determ
ine the num

ber of 
additional clocks for the second and subsequent 
accesses w

ithin a F
ast P

age M
ode read cycle 

after the first data w
ord. 1

00 =
 1 additional clock (2 clocks/transfer).

01 =
 2 additional clocks (3 clocks/transfer).

10 =
 3 additional clocks (4 clocks/transfer).

11 =
 4 additional clocks (5 clocks/transfer).

C
L

K
B

it 11
C

lo
ck—

T
his bit selects the clock that is provided 

to the refresh tim
er. 

0 = C
LK

32 (P
eriod A

) is selected.
1 = S

ystem
 clock (P

eriod B
) is selected.

E
D

O
B

it 10
E

xten
d

ed
 D

ata O
u

t—
T

his bit selects the page 
access m

ode for LC
D

 D
M

A
 D

R
A

M
 accesses. 

T
his bit should only be set if the D

R
A

M
 supports 

E
D

O
 R

A
M

 transfers. W
hen the E

D
O

 bit is set, 
B

C
0 and B

C
1 do not affect the num

ber of clocks 
for LC

D
 D

M
A

 D
R

A
M

 accesses. E
D

O
 R

A
M

 m
ode 

is the fastest LC
D

 D
M

A
 transfer m

ode. 

0 = F
ast P

age M
ode m

ode is selected.
1 = E

D
O

 enables 1 clock for each LC
D

 D
M

A
 data 

w
ord transfer after the first w

ord transfer. 
B

its B
C

1–0 are ignored.

P
G

S
Z

B
its 9–8

P
ag

e S
ize—

T
his field determ

ines the page size 
in the w

ord for F
ast P

age M
ode m

ode access. 
00 =

 256
01 =

 512
10 =

 1,024
11 =

 2,048

R
eserved

B
its 7–6

R
eserved

T
hese bits are reserved and should be set to 0.

M
S

W
B

it 5
S

lo
w

 M
u

ltip
lexin

g
—

S
etting this bit adds a sys-

tem
 clock for D

R
A

M
 address m

ultiplexing, w
hich 

allow
s for a heavily loaded A

/D
M

A
 bus. S

etting 
this bit causes an additional w

ait state for all core 
accesses and the first LC

D
 D

M
A

 w
ord access. 

0 = N
orm

al address m
ultiplexing.

1 = S
low

er address m
ultiplexing.
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L
S

P
B

it 4
L

ig
h

t S
leep

—
S

etting this bit enables the core or 
LC

D
 controller to access the D

R
A

M
 w

hen the R
M

 
bit is set (D

R
A

M
 is in self-refresh m

ode). 
S

elf-refresh m
ode is tem

porarily interrupted for 
the D

R
A

M
 access and autom

atically returns to 
self-refresh m

ode once the transfer is com
plete. 

T
ransfers in this m

ode are m
uch slow

er than nor-
m

al. T
herefore, it is best to clear the R

M
 bit if the 

D
R

A
M

 is to be aw
ake for extended periods of 

tim
e. If this bit is clear, D

R
A

M
 accesses w

ill not 
occur w

hen R
M

 is set, and attem
pts w

ill cause 
the bus to tim

e out. 

0 = S
elf-refresh is interrupted only by clearing the 
R

M
 bit.

1 = S
elf-refresh is tem

porarily interrupted by core 
or LC

D
 controller accesses to D

R
A

M
.

S
L

W
B

it 3
S

lo
w

 R
A

M
—

S
etting this bit extends the R

A
S

 
precharge period for slow

er D
R

A
M

 devices. T
his 

bit should be set if the R
A

S
 precharge tim

e 
requirem

ent for the device being used is greater 
than 60

ns (33
M

H
z system

 clock) or 120
ns 

(16.58
M

H
z system

 clock). 

0 = N
orm

al R
A

S
 precharge (2 system

 clocks).
1 = E

xtended R
A

S
 precharge for slow

er D
R

A
M

 
devices (4 system

 clocks).

L
P

R
B

it 2
L

o
w

-P
o

w
er R

efresh
 E

n
ab

le—
T

his bit is used to 
control the refresh during low

-pow
er m

odes. 
0 = D

isable low
-pow

er refresh m
ode.

1 = E
nable low

-pow
er refresh m

ode.

R
S

T
B

it 1
R

eset B
u

rst R
efresh

 E
n

ab
le—

T
his bit controls 

the refresh type during R
E

S
E

T assertion.
0 = N

orm
al distributed refresh operation during 

D
R

A
M

 reset function.
1 = C

ontinuous burst refresh operation during 
D

R
A

M
 reset function.

D
W

E
B

it 0
D

R
A

M
 W

rite-E
n

ab
le—

T
his bit is used to enable 

the D
W

E
 signal, w

hich can be em
ployed w

hen a 
D

R
A

M
 is being used that needs an independent 

w
rite-enable signal, rather than sharing one w

ith 
the U

W
E

 signal.

0 = D
isable D

W
E

.
1 = E

nable D
W

E
.

1.T
he first F

ast P
age M

ode access w
ill alw

ays be 4 clocks. W
hen an LC

D
 controller cycle and a refresh request

collide before the LC
D

 controller cycle starts, refresh w
ill go first, and N

 m
ore clocks w

ill be added to the first
access (N

 is the num
ber of system

 clock cycles required for refresh).

T
ab

le
7-7.   D

R
A

M
 C

o
n

tro
l R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
tio

n
S

ettin
g
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7.3.3  S
D

R
A

M
 C

o
n

tro
l R

eg
ister

T
his register controls operation w

hen S
D

R
A

M
 is being used. T

he bit position and values are show
n in the 

follow
ing register display. T

he details about the register settings are described in T
able

7-8.

S
D

C
T

R
L

S
D

R
A

M
 C

ontrol R
egister

0x(F
F

)F
F

F
C

04
B

IT
 

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

S
D

E
N

C
P

M
R

E
IP

M
R

S
C

O
L

B
N

K
A

D
D

H
B

N
K

A
D

D
L

C
L

R
A

C
L

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
1

1
1

1
0

0

0x003C

T
ab

le
7-8.   S

D
R

A
M

 C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

S
D

E
N

B
it 15

S
D

R
A

M
 E

n
ab

le—
W

hen this bit is set, together w
ith 

the D
R

A
M

 enable bit (bit 9 of the C
S

D
 register) being 

set and the E
D

O
 bit (D

R
A

M
C

 register bit 10) being 
cleared, the S

D
R

A
M

 operation is enabled.

0 =
 S

D
R

A
M

 disable.
1 =

 S
D

R
A

M
 enable (see description for 

other bits that m
ust be set).

C
P

M
B

it 14
C

o
n

tin
u

o
u

s P
ag

e M
o

d
e—

T
his bit enables the D

R
A

M
 

to operate in continuous page m
ode. D

R
A

M
 w

ill only 
be precharged during a page-m

iss condition.

0 =
 S

D
R

A
M

 not in continuous page m
ode.

1 =
 S

D
R

A
M

 in continuous page m
ode.

R
eserved

B
it 13

R
eserved

T
his bit is reserved and m

ust be set to 0.

R
E

B
it 12

R
efresh

 E
n

ab
le—

T
his bit enables the refresh cycle for 

S
D

R
A

M
.

0 =
 S

D
R

A
M

 R
efresh cycle not enabled.

1 =
 S

D
R

A
M

 refresh cycle enabled.

IPB
it 11

In
itiate A

ll B
an

k P
rech

arg
e C

o
m

m
an

d
—

S
etting this 

bit triggers the precharge com
m

and for all banks of 
S

D
R

A
M

.

0 =
 IP

 com
m

and to S
D

R
A

M
 disabled.

1 =
 IP

 com
m

and to S
D

R
A

M
 enabled.

M
R

B
it 10

In
itiate M

o
d

e R
eg

ister S
et C

o
m

m
an

d
—

S
etting this 

bit triggers the load m
ode register com

m
and to 

S
D

R
A

M
.

0 =
 M

R
 com

m
and to S

D
R

A
M

 disabled.
1 =

 M
R

 com
m

and to S
D

R
A

M
 enabled.

R
eserved

B
its 9–7

R
eserved

T
hese bits are reserved and should be set 

to 0.

S
C

O
L

B
it 6

S
D

R
A

M
 C

o
lu

m
n

 O
p

tio
n

—
T

his bit selects the S
D

R
A

M
 

colum
n address M

D
0.

0 =
 P

A
1 (norm

ally for 16-bit S
D

R
A

M
).

1 =
 P

A
0 (norm

ally for 8-bit S
D

R
A

M
).

B
N

K
A

D
D

H
B

its 5–4
S

D
R

A
M

 H
ig

h
 O

rd
er B

an
k A

d
d

ress L
in

e 
S

electio
n

—
A

 2-bit bank register selection address is 
generated by selecting the appropriate C

P
U

 address 
line. T

his register bit allow
s selection of the high order 

bit.

00 = P
A

20.
01 = P

A
22.

10 = P
A

24.
11 = F

orce this bank address line to 0.

S
ee T

able
7-9 on page

7-17 for program
-

m
ing exam

ples.
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D

R
A

M
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n
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7-17

B
N

K
A

D
D

L
B

its 3–2
S

D
R

A
M

 L
o

w
 O

rd
er B

an
k A

d
d

ress L
in

e 
S

electio
n

—
A

 2-bit bank register selection address is 
generated by selecting the appropriate C

P
U

 address 
line. T

his register bit allow
s selection of the low

 order 
bit.

00 = P
A

19.
01 = P

A
21.

10 = P
A

23.
11 = F

orce this bank address line to 0.

S
ee T

able
7-9 for program

m
ing exam

ples.

C
L

B
it 1

C
A

S
 L

aten
cy—

T
his bit selects the C

A
S

 latency for the 
S

D
R

A
M

 cycle. T
he bit m

ust be program
m

ed before the 
initialization sequence.

0 =
 C

A
S

 latency is 1 clock count.
1 =

 C
A

S
 latency is 2 clock counts.

R
A

C
L

B
it 0 

R
efresh

 to
 A

ctive C
o

m
m

an
d

 L
aten

cy—
T

his bit 
selects the latency for S

D
R

A
M

 from
 refresh to active 

cycle.

0 =
 3 C

lock counts.
1 =

 6 C
lock counts.

T
ab

le
7-9.   S

D
R

A
M

 B
an

k A
d

d
ress P

ro
g

ram
m

in
g

 E
xam

p
les

A
p

p
licatio

n
B

N
K

A
D

D
H

B
N

K
A

D
D

L
R

em
arks

M
ake all S

D
R

A
M

 appear as one 
single bank

11
11

N
one

T
w

o banks of S
D

R
A

M
—

for exam
-

ple, 16
M

byte
00

11
C

hoose P
A

20 as bank selection address

F
our banks of S

D
R

A
M

—
for 

exam
ple, 64

M
byte

01
10

C
hoose P

A
22 and P

A
21 as bank selection 

address

F
our banks of S

D
R

A
M

—
for 

exam
ple, 128

M
byte

01
10

C
hoose P

A
22 and P

A
23 as bank selection 

address

F
our banks of S

D
R

A
M

—
for 

exam
ple, 256

M
byte

10
10

C
hoose P

A
24 and P

A
23 as bank selection 

address

N
o

te:
T

hese bits are all set in E
D

O
 R

A
M

 or F
ast P

age M
ode, allow

ing the use of only one page register.

T
ab

le
7-8.   S

D
R

A
M

 C
o

n
tro

l R
eg

ister D
escrip

tio
n

 (C
o

n
tin

u
ed

)

N
am

e
D

escrip
tio

n
S

ettin
g
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7.3.4  S
D

R
A

M
 P

o
w

er-d
o

w
n

 R
eg

ister
T

his register controls how
 the S

D
R

A
M

 and the M
C

68V
Z

328 operate during a pow
er-dow

n operation. T
he 

bit position and values are show
n in the follow

ing register display. T
he details about the register settings 

are described in T
able

7-10.

S
D

P
W

D
N

S
D

R
A

M
 P

ow
er-dow

n R
egister

0x(F
F

)F
F

F
C

06
B

IT
 

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 

0

A
P

E
N

P
D

E
N

P
D

T
O

U
T

[3:0]

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
7-10.   S

D
R

A
M

 P
o

w
er-d

o
w

n
 R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

s

A
P

E
N

B
it 15

S
D

R
A

M
 A

ctive P
o

w
er-d

o
w

n
 E

n
ab

le—
T

he bit is set to 
m

ake the S
D

R
A

M
 C

hip E
nable signal go low

 im
m

ediately 
w

hen the D
R

A
M

 controller is not sending a com
m

and, w
rit-

ing data, or reading data w
ith the S

D
R

A
M

.

0 = A
P

E
N

 disabled.
1 = A

P
E

N
 enabled.

P
D

E
N

B
it 14

S
D

R
A

M
 P

rech
arg

ed
 P

o
w

er-d
o

w
n

 E
n

ab
le—

T
he bit is set 

to m
ake the S

D
R

A
M

 C
hip E

nable signal go low
 w

hen the 
D

R
A

M
 controller is not sending a com

m
and after the 

S
D

R
A

M
 is precharged for a certain tim

e. T
he tim

e depends 
on the value in P

D
T

O
U

T
[3:0].

0 = P
D

E
N

 disabled.
1 = P

D
E

N
 enabled.

R
eserved

B
its 13–12

R
eserved

T
hese bits are reserved and 

should be set to 0.

P
D

T
O

U
T

 [3:0]
B

its 11–8
S

D
R

A
M

 P
rech

arg
ed

 P
o

w
er-d

o
w

n
 Tim

e O
u

t—
T

he bit is 
set to m

ake the S
D

R
A

M
 C

hip E
nable signal go low

 w
hen a 

tim
e out occurs w

hen the P
D

E
N

 bit is set. E
ach binary unit 

represents a m
axim

um
 of 128 clocks. W

hen in pow
er-dow

n 
m

ode, S
D

R
A

M
 can be w

oken by a C
P

U
 or LC

D
 access.

S
ee the description.

R
eserved

B
its 7–0

R
eserved

T
hese bits are reserved and 

should be set to 0.
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D

 C
o

n
tro

ller
8-1

C
h

ap
ter

8
L

C
D

 C
o

n
tro

ller
T

his chapter describes the operation of the liquid crystal display (L
C

D
) controller and supplies the 

program
m

ing inform
ation necessary to im

plem
ent it in design projects. T

he L
C

D
 controller provides 

display data for external L
C

D
 drivers or for an L

C
D

 panel. T
he L

C
D

 controller fetches display data 
directly from

 system
 m

em
ory through periodic D

M
A

 transfer cycles. F
or this reason, an understanding of 

the D
R

A
M

 controller is recom
m

ended. For m
ore inform

ation, please refer to C
h

a
pter

7
, “D

R
A

M
 

C
o

ntro
lle

r.” T
he

 L
C

D
 con

tro
ller use

s ve
ry little

 bu
s ba

n
d

w
id

th
, g

iving
 th

e
 co

re su
fficie

n
t p

ro
cessin

g tim
e

.

8.1   L
C

D
 C

o
n

tro
ller F

eatu
res

T
he

 follo
w

ing
 list d

escrib
e

s th
e fea

tu
res o

f th
e

 L
C

D
 co

n
tro

ller.

•
B

o
th

 syste
m

 a
nd

 d
isp

la
y m

em
ory th

at is sh
a

re
d

, so
 th

a
t d

ed
ica

te
d

 vid
eo

 m
e

m
o

ry is n
o

t re
q

u
ired

•
S

ta
n

da
rd

 p
a

ne
l in

te
rface

 fo
r ind

u
stry-sta

nd
a

rd
 L

C
D

 d
rivers

•
S

up
p

o
rt fo

r sing
le (no

n
split) m

on
o

chro
m

e scre
en

 a
n

d co
lo

r S
T

N
 L

C
D

 pa
n

e
ls th

ro
u

g
h p

rep
roce

ssin
g

 
o

f im
ag

e
 da

ta
 w

ith
 so

ftw
a

re

•
F

a
st fly-by-typ

e, 1
6

-b
it-w

id
e, bu

rst D
M

A
 scree

n
-refre

sh tra
n

sfers fro
m

 system
 m

em
ory

•
M

a
xim

u
m

 d
isp

la
y size

 o
f 6

4
0 ×

512 pixels

•
P

a
n

el in
te

rfa
ce

 fo
r 8

-, 4-, 2-, an
d

 1
-b

it-w
id

e L
C

D
 d

a
ta

 bus

•
1

6 sim
ulta

n
eo

u
s g

raysca
le

 leve
ls fro

m
 a p

a
le

tte o
f 1

6
 d

en
sity leve

ls

•
H

a
rd

w
a

re
 b

lin
kin

g
 cu

rso
r th

at is pro
g

ra
m

m
a

b
le

 to
 a m

a
xim

um
 o

f 31
 

×
 31 pixels

•
H

a
rd

w
a

re
 pa

n
n

in
g

 (soft h
o

rizo
n

ta
l a

n
d

 ve
rtical scro

lling
)

•
8

-b
it P

W
M

 fo
r softw

a
re co

ntra
st co

n
tro

l

•
N

ew
 F

R
C

 a
lg

o
rith

m
 tha

t im
p

rove
s the

 flicke
ring

 e
ffe

ct fo
u

n
d

 in
 4- an

d
 1

6-g
ra

yscale
 L

C
D

 p
a

n
els

•
S

up
p

o
rt fo

r se
lf-re

fre
sh

-typ
e L

C
D

 p
a

ne
ls
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LC
D

 C
ontroller O

peration

F
ig

u
re

8-1.   L
C

D
 C

o
n

tro
ller B

lo
ck D

iag
ram

8.2   L
C

D
 C

o
n

tro
ller O

p
eratio

n
T

he L
C

D
 controller consists of C

P
U

 interface registers, control logic, a screen D
M

A
 controller, a line 

buffer, cursor logic, fram
e rate control, and an L

C
D

 panel interface. F
igure

8-1 illustrates how
 these blocks 

are organized.

T
he C

P
U

 interface registers provide control of different features of the L
C

D
 controller. C

onnected to the 
C

P
U

 bus, the control logic provides the internal control and counting signals for other blocks in the L
C

D
 

controller. T
he D

M
A

 generates a bus request (B
R

) signal to the core, and w
hen the bus is granted, it 

perform
s a few

 m
em

ory bursts to fill up the line buffer. T
he num

ber of D
M

A
 clock cycles in each burst is 

the program
m

able num
ber of clocks per transfer, w

hich m
akes it easier to support a system

 w
ith m

em
ory 

w
ith different speed grades.

T
he line buffer collects display data from

 system
 m

em
ory during D

M
A

 cycles and outputs it to the cursor 
logic block. T

he input is synchronized w
ith the fast D

M
A

 clock, w
hile the output is synchronized to the 

relatively slow
 L

C
D

 pixel clock. T
he cursor control logic, w

hen enabled, is used to generate a 
block-shaped cursor on the display screen. T

he height and w
idth of the cursor can be changed, as long as a 

num
ber betw

een 1 and 31 is used. T
he cursor m

ay also be com
pletely black or reversed video, and the 

blinking rate is adjustable w
hen the B

K
E

N
 bit in the L

C
D

 blink control (L
B

L
K

C
) register is set.

F
ram

e rate control is m
ainly used for grayscale displays and generates a m

axim
um

 of 16 grayscale levels 
out of 16 density levels, as show

n in T
able

8-1 on page
8-7. T

he density level corresponds to the num
ber of 

tim
es that a pixel is turned on w

hen the display is refreshing. S
ince crystal form

ulations and driving 
voltage m

ay vary, the quality of the grayscale can be fine-tuned by program
m

ing the L
C

D
 gray palette 

m
apping register (L

G
P

M
R

).

A
ddress
B

us
D

ata
B

us
D

M
A

C
LKP

ixel
C

lock

O
E

C
S

xx

LC
D

 B
ias

V
oltage C

ontrol

S
IM

C
P

U

C
P

U
Interface
R

egisters

C
ontrol

Logic

S
creen
D

M
A

Line B
uffer

P
W

M

C
ursor

Logic

F
ram

e
R

ate
C

ontrol

LC
D

D
river

LC
D

Interface

LC
D

 C
ontroller

B
R

B
G

S
ystem

M
em

ory
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e D
isp

lay D
ata

T
he L

C
D

 controller supports 1 or 2 bits per pixel graphics m
ode. In the 1-bit m

ode, each bit in the display 
m

em
ory corresponds to a pixel in the L

C
D

 panel. T
he corresponding pixel on the screen is either fully on 

or fully off. In 2-bit m
ode, each pixel is represented by tw

o bits of display m
em

ory. T
o m

ap the data to the 
L

C
D

 panel, program
 the appropriate bit in the corresponding address of the display m

em
ory. F

igure
8-4 

illustrates how
 the system

 m
em

ory data in both m
odes are m

apped.

8.2.2.4   G
en

eratin
g

 G
rayscale T

o
n

es

In 2-bits-per-pixel m
ode, circuitry inside the L

C
D

 controller generates interm
ediate grayscale tones on the 

L
C

D
 panel by adjusting the density of ones and zeroes that appear over the fram

es. T
he L

C
D

 controller 
can generate 16 sim

ultaneous grayscale levels out of a palette consisting of 16 shades. T
he tw

o levels 
betw

een black and w
hite can be selected using the inform

ation in T
able

8-1 on page
8-7. U

se the L
G

P
M

R
 

registers to program
 the grayscale level. 

F
ig

u
re

8-4.   M
ap

p
in

g
 M

em
o

ry D
ata o

n
 th

e S
creen

LC
D

 D
rivers

LCD Drivers
(1,0)

(2,0)
(X

-1,0)
(0,0)

(0,Y
-1)

(1,Y
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(2,Y
-1)
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-1,Y

-1)

7
6

5
4

3
2

1
0

(0,0)
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(X
-4,Y
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(X
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(X
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-1)
(X
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-1)

2-bits-per-pixel m
ode

D
isplay

M
apping

7
6

5
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3
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1
0
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1-bit-per-pixel m
ode

D
isplay

M
apping
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S
ince crystal form

ulations and driving voltages vary, the visual grayscale effect m
ay or m

ay not be linearly 
related to the fram

e rate. F
or certain types of graphics, a logarithm

ic scale like zero, one-fourth, one-half, 
and one m

ight be m
ore visually pleasing than a linearly spaced scale like zero, five-sixteenths, 

eleven-sixteenths, and one. T
his flexible m

apping schem
e allow

s optim
izing the visual effect for the 

specific panel or application during a four-level grayscale display m
ode.

N
O

T
E

:

T
he C

ontrolling F
ram

e R
ate M

odulation function available in previous
versions of the D

ragonB
all integrated processor is not available in the

M
C

68V
Z

328.

T
ab

le
8-1.   G

rey P
alette D

en
sity

G
ray C

o
d

e (H
ex)

D
en

sity
D

en
sity (in

 D
ecim

al)

0
0

0

1
1/8

0.125

2
1/5

0.2

3
1/4

0.25

4
1/3

0.333

5
2/5

0.4

6
4/9

0.444

7
1/2

0.5

8
5/9

0.555

9
3/5

0.6

A
2/3

0.666

B
3/4

0.75

C
4/5

0.8

D
7/8

0.875

E
14/15

0.933

F
1

1
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peration

8.2.3  U
sin

g
 L

o
w

-P
o

w
er M

o
d

e
S

om
e panels m

ay have a P
A

N
E

L
_O

FF
 signal, w

hich is used to turn off the panel for low
-pow

er m
ode. In 

an M
C

68V
Z

328 system
, this signal is not supported, but can be easily im

plem
ented using a parallel I/O

 
pin. T

he softw
are can be program

m
ed to achieve P

A
N

E
L

_O
F

F
 by using parallel I/O

 in the follow
ing 

sequence:

1.
D

rive the L
C

D
 bias voltage to 0

V
.

2.
S

et the L
C

D
O

N
 bit to 0 in the L

C
D

 clocking control (L
C

K
C

O
N

) register, turning off the 
L

C
D

 controller.

T
o turn the L

C
D

 controller back on, follow
 the follow

ing steps:

1.
S

et the L
C

D
O

N
 bit to 1 in the L

C
K

C
O

N
 register, w

hich turns on the L
C

D
 controller.

2.
Pause for 1 or 2

m
s.

3.
D

rive the L
C

D
 bias voltage to +

15
V

 or -15
V

.

W
hen setting the L

C
D

O
N

 bit in the C
L

K
C

O
N

 register to 0, the L
C

D
 controller w

ill enter low
-pow

er m
ode 

by stopping its ow
n pixel clock prior to the next line buffer fill D

M
A

. F
urther screen D

M
A

 and display 
refresh operations w

ill then be halted in this m
ode. W

hen the L
C

D
 controller is turned back on, D

M
A

 and 
screen refresh activities w

ill resum
e synchronously. 

8.2.4  U
sin

g
 th

e D
M

A
 C

o
n

tro
ller

T
he L

C
D

 D
M

A
 controller is a fly-by-type, 16-bit-w

ide, fast data transfer device. S
ince the L

C
D

 screen has 
to be continuously refreshed at a rate of 50

H
z to 70

H
z, the pixel bits in the m

em
ory w

ill be read and 
transferred to the corresponding pixels on the screen. T

o m
inim

ize bus obstruction, a burst type and fly-by 
transfer is required. E

ach cycle is evenly distributed across the tim
e fram

e. E
very tim

e the internal line 
buffer needs data, it asserts the B

R
 signal to request the bus from

 the core. O
nce the core grants the bus 

(B
G

 is asserted), the D
M

A
 controller gets control of the bus signal and issues a num

ber of w
ords read from

 
m

em
ory. T

he read data is then internally passed to the internal pixel buffer. D
uring the L

C
D

 access cycles, 
output enable and chip-select signals for the corresponding system

 m
em

ory chip are asserted by the 
chip-select logic inside the system

 integration m
odule. It is possible to m

inim
ize bus bandw

idth 
obstruction by using zero L

C
D

 access w
ait-states (one clock per access). 

8.2.4.1   B
u

s B
an

d
w

id
th

 C
alcu

latio
n

 E
xam

p
le

S
ince L

C
D

 screen refresh occurs periodically, the load that the L
C

D
 controller puts on the host data bus 

becom
es an im

portant consideration to the high-perform
ance handheld system

 designer. T
here are m

any 
issues involved in estim

ating bandw
idth overhead to the data bus. C

onsider a typical scenario:

•
S

cree
n

 size
: 3

2
0 ×

240 pixels

•
B

its p
e

r p
ixel: 2

 b
its p

er pixe
l

•
S

cree
n

 re
fresh

 ra
te

: 6
0

H
z

•
S

yste
m

 clo
ck: 1

6.5
8

M
H

z 

•
H

ost bu
s size

: 1
6

 b
it

•
D

M
A

 a
cce

ss cycle
: 2

 cycles p
er 1

6-b
it w

ord

T
he

 fo
llo

w
in

g
 Tl  p

erio
d

 is u
se

d
 b

y th
e

 L
C

D
 co

n
tro

ller to
 up

d
a

te
 on

e
 line

 o
f the

 scree
n

:
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D
uring the sam

e period, the line buffer m
ust be filled. T

he follow
ing T

D
M

A  duration is how
 long the D

M
A

 
cycle w

ill hold up the bus:

T
hus, the percentage of host bus tim

e taken up by the L
C

D
 co

ntro
lle

r’s D
M

A
 is PD

M
A

:

 

8.2.5  S
elf-R

efresh
 M

o
d

e
T

he
 L

C
D

 d
river from

 E
p

so
n w

a
s u

se
d a

s a
 re

feren
ce fo

r th
e

 de
sig

n
 of th

e
 re

fresh
 m

o
de

. In
 self-re

fresh
 

m
o

d
e, th

e
 L

C
D

 m
o

d
ule w

ill up
d

a
te

 th
e

 scre
en

 p
e

riod
ica

lly fro
m

 in
te

rn
a

l R
A

M
 u

sin
g

 th
e L

P
 a

n
d F

R
M

 
p

ulse
.

8.2.5.1   E
n

terin
g

 S
elf-R

efresh
 M

o
d

e

S
etting

 th
e

 se
lf-re

fre
sh reg

ister b
it 7

 to 1
 m

e
an

s th
at th

e L
S

C
L

K
 an

d
 L

D
 w

ill re
m

ain
 0

 w
h

en
 th

e
 e

n
d

 o
f th

e 
fram

e is re
a

ch
e

d
. T

h
e

 L
P

 a
nd

 F
R

M
 p

u
lse co

ntin
u

e a
s in

 n
o

rm
al m

od
e

, bu
t th

ere a
re

 no
 p

u
lses on

 e
ithe

r th
e 

L
S

C
L

K
 or L

D
. 

8.2.5.2   C
an

celin
g

 S
elf-R

efresh
 M

o
d

e

S
etting

 th
e

 se
lf-re

fre
sh

 re
g

ister bit 7
 to

 0 m
e

a
n

s th
a

t the
 n

orm
a

l m
o

d
e is e

ntere
d w

h
e

n
 th

e e
nd

 o
f th

e
 fram

e
 

is re
a

ch
e

d. O
n

 e
nterin

g
 n

orm
a

l m
o

d
e

, d
a

ta
 is se

n
t o

u
t fro

m
 th

e
 be

g
in

n
in

g
 o

f th
e

 pa
g

e
. 

T
l

1
60

H
z

---------------
1

240
lines

----------------------
×

=

69.4
µ

s
=

T
D

M
A

320
pixels

2
b

its
p

er
p

ix
el

×
2

clo
cks

×
16.67

M
H

z
16

-b
it

b
u

s
×

-----------------------------------------------------------------------------------------------------
=

4.8
µ

s
=

P
D

M
A

4.8
‘

µ
s

69.4
‘

µ
s

---------------------
=

6.92
‘%

=
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P
rogram

m
ing M

odel

8.3   P
ro

g
ram

m
in

g
 M

o
d

el
T

he rem
aining sections of this chapter provide detailed descriptions of the registers, their settings, and 

sam
ple program

m
ing exam

ples.

8.3.1  L
C

D
 S

creen
 S

tartin
g

 A
d

d
ress R

eg
ister

T
he L

C
D

 screen starting address (L
S

S
A

) register is used to inform
 the L

C
D

 panel w
here to fetch the data 

to be displayed. T
he bit assignm

ents for the register are show
n in the follow

ing register display. T
he 

settings for the bits in the register are listed in T
able

8-2.

L
S

S
A

LC
D

 S
creen S

tarting A
ddress R

egister
0x(F

F
)F

F
F

A
00

B
IT

 
31

30
29

28
27

26
25

24
23

22
21

20
19

18
17

B
IT

 
16

S
S

A
31

S
S

A
30

S
S

A
29

S
S

A
28

S
S

A
27

S
S

A
26

S
S

A
25

S
S

A
24

S
S

A
23

S
S

A
22

S
S

A
21

S
S

A
20

S
S

A
19

S
S

A
18

S
S

A
17

S
S

A
16

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
0

S
S

A
15

S
S

A
14

S
S

A
13

S
S

A
12

S
S

A
11

S
S

A
10

S
S

A
9

S
S

A
8

S
S

A
7

S
S

A
6

S
S

A
5

S
S

A
4

S
S

A
3

S
S

A
2

S
S

A
1

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
8-2.   L

C
D

 S
creen

 S
tartin

g
 A

d
d

ress R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

S
S

A
x

B
its 31 –

1
S

creen
 S

tartin
g

 A
d

d
ress 31–

1—
T

his field is the screen starting address 
of the LC

D
 panel. T

he LC
D

 controller w
ill start fetching pixel data from

 sys-
tem

 m
em

ory at this address. T
his field m

ust start at a location that w
ill 

enable a com
plete picture to be stored in 1

M
byte m

em
ory boundary 

(A
[19:00]). In other w

ords, A
[31:20] has a fixed value for a picture’s im

age.

S
ee description.

R
eserved

B
it 0

R
eserved

T
his bit is reserved 

and should be set to 0.
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8.3.2  L
C

D
 V

irtu
al P

ag
e W

id
th

 R
eg

ister
T

he L
C

D
 virtual page w

idth (L
V

P
W

) register contains the w
idth of the displayed im

age. T
he bit 

assignm
ents for the register are show

n in the follow
ing register display. T

he settings for the bits in the 
register are listed in T

able
8-3.

L
V

P
W

 
LC

D
 V

irtual P
age W

idth R
egister

0x(F
F

)F
F

F
A

05

8.3.3  L
C

D
 S

creen
 W

id
th

 R
eg

ister
T

he L
C

D
 screen w

idth register (L
X

M
A

X
) is used to specify th

e
 w

id
th

 of th
e L

C
D

 p
an

e
l’s scree

n
 in

 pixels. 
T

his re
giste

r m
u

st b
e a

 m
u

ltip
le

 o
f 1

6
. T

h
e

 bit a
ssign

m
e

n
ts fo

r th
e reg

ister are sh
ow

n in th
e follo

w
ing

 
re

g
iste

r d
isp

la
y. T

h
e

 se
ttin

g
s fo

r the
 b

its in the
 re

g
iste

r a
re liste

d
 in

 T
a

b
le

8
-4

.

L
X

M
A

X
LC

D
 S

creen W
idth R

egister
0x(F

F
)F

F
F

A
08

B
IT

 7
6

5
4

3
2

1
B

IT
 0

V
P

8
V

P
7

V
P

6
V

P
5

V
P

4
V

P
3

V
P

2
V

P
1

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1

0xF
F

T
ab

le
8-3.   L

C
D

 V
irtu

al P
ag

e W
id

th
 R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

V
P

x
B

its 7–0
V

irtu
al P

ag
e W

id
th

 8–1—
T

hese bits specify the virtual page w
idth of the LC

D
 panel 

in term
s of w

ord count. T
he virtual page w

idth is the virtual w
idth in pixels divided by 

16 for a black-and-w
hite display, by 8 for a 4-grayscale display, and by 4 for a 

16-grayscale display.

S
ee descrip-

tion

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

X
M

9
X

M
8

X
M

7
X

M
6

X
M

5
X

M
4

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
1

1
1

1
1

1
0

0
0

0

0x03F
0

T
ab

le
8-4.   L

C
D

 S
creen

 W
id

th
 R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–10

R
eserved

T
hese bits are reserved and 

should be set to 0.

X
M

x
B

its 9–4
M

axim
u

m
 W

id
th

 9–4—
T

hese bits represent the w
idth of the LC

D
 

panel in the num
ber of pixels. 

S
ee description.

R
eserved

B
its 3–0

R
eserved

T
hese bits are reserved and 

should be set to 0.
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8.3.4  L
C

D
 S

creen
 H

eig
h

t R
eg

ister
T

he L
C

D
 scre

en
 h

e
ig

h
t re

g
iste

r (L
Y

M
A

X
) is u

se
d to

 d
e

fin
e th

e
 h

eig
ht o

f the
 L

C
D

 p
an

e
l’s scree

n
 in p

ixe
ls. 

T
he

 b
it a

ssig
nm

en
ts fo

r th
e re

g
iste

r are sh
o

w
n

 in
 th

e fo
llo

w
in

g
 reg

ister d
isp

la
y. T

he
 se

ttin
g

s fo
r th

e b
its in

 
th

e
 re

giste
r a

re
 listed

 in
 T

a
ble

8
-5

.

L
Y

M
A

X
LC

D
 S

creen H
eight R

egister
0x(F

F
)F

F
F

A
0A

8.3.5  L
C

D
 C

u
rso

r X
 P

o
sitio

n
 R

eg
ister

T
he

 L
C

D
 cu

rso
r X

 po
sitio

n
 (L

C
X

P
) re

g
iste

r is use
d to

 d
eterm

ine
 th

e h
o

rizo
n

ta
l p

ixe
l po

sitio
n

 o
f the

 cu
rso

r 
o

n the
 L

C
D

 p
an

e
l. T

h
e b

it a
ssig

n
m

e
nts fo

r the
 re

g
iste

r a
re

 sho
w

n
 in

 the
 fo

llo
w

in
g

 re
g

iste
r d

isp
la

y. T
h

e
 

se
ttin

g
s fo

r the
 b

its in the
 re

g
iste

r a
re liste

d
 in

 T
a

b
le

8
-6

.

L
C

X
P

LC
D

 C
ursor X

 P
osition R

egister
0x(F

F
)F

F
F

A
18

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

Y
M

8
Y

M
7

Y
M

6
Y

M
5

Y
M

4
Y

M
3

Y
M

2
Y

M
1

Y
M

0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

1
1

1
1

1
1

1
1

1

0x01F
F

T
ab

le
8-5.   L

C
D

 S
creen

 H
eig

h
t R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–9

R
eserved

T
hese bits are reserved and 

should be set to 0.

Y
M

x
B

its 8–0
M

axim
u

m
 H

eig
h

t 8–0—
T

hese bits represent the height of the 
LC

D
 panel in the num

ber of pixels, w
hich is equal to Y

M
A

X
+

1.
S

ee description.

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

C
C

1
C

C
0

C
X

P
9

C
X

P
8

C
X

P
7

C
X

P
6

C
X

P
5

C
X

P
4

C
X

P
3

C
X

P
2

C
X

P
1

C
X

P
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
8-6.   L

C
D

 C
u

rso
r X

 P
o

sitio
n

 R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

C
C

x
B

its 15–14
C

u
rso

r C
o

n
tro

l 1 an
d

 0—
T

hese bits are used to control 
the form

at of the cursor.
00 = T

ransparent, cursor is disabled.
01 = F

ull (black) cursor.
10 = R

eversed video.
11 = F

ull (w
hite) cursor.

R
eserved

B
its 13–10

R
eserved

T
hese bits are reserved and should 

be set to 0.
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8.3.6  L
C

D
 C

u
rso

r Y
 P

o
sitio

n
 R

eg
ister

T
he L

C
D

 cursor Y
 position (L

C
Y

P
) register is used to determ

ine the vertical pixel position of the cursor on 
the L

C
D

 panel. T
he bit assignm

ents for the register are show
n in the follow

ing register display. T
he 

settings for the bits in the register are listed in T
able

8-7.

L
C

Y
P

LC
D

 C
ursor Y

 P
osition R

egister
0x(F

F
)F

F
F

A
1A

C
X

P
x

B
its 9–0

C
ursor X

 P
osition 9–0—

T
hese bits represent the cursor’s 

horizontal starting position, X
, in term

s of pixel count (from
 0 

to X
M

A
X

).

S
ee description.

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

C
Y

P
8

C
Y

P
7

C
Y

P
6

C
Y

P
5

C
Y

P
4

C
Y

P
3

C
Y

P
2

C
Y

P
1

C
Y

P
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
8-7.   L

C
D

 C
u

rso
r Y

 P
o

sitio
n

 R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–9

R
eserved

T
hese bits are reserved 

and should be set to 0.

C
Y

P
x

B
its 8–0

C
ursor V

ertical Y
 P

ixel 8–0
—

T
hese bits represent the cursor’s vertical 

starting position, Y
, in term

s of pixel count (from
 0 to Y

M
A

X
).

S
ee description.

T
ab

le
8-6.   L

C
D

 C
u

rso
r X

 P
o

sitio
n

 R
eg

ister D
escrip

tio
n

 (C
o

n
tin

u
ed

)

N
am

e
D

escrip
tio

n
S

ettin
g
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8.3.7  L
C

D
 C

u
rso

r W
id

th
 an

d
 H

eig
h

t R
eg

ister
T

he L
C

D
 cursor w

idth and height (L
C

W
C

H
) register is used to determ

ine the w
idth and height of the 

cursor, in screen pixels. T
he bit assignm

ents for the register are show
n in the follow

ing register display. 
T

he settings for the bits in the register are listed in T
able

8-8.

L
C

W
C

H
LC

D
 C

ursor W
idth and H

eight R
egister

0x(F
F

)F
F

F
A

1C

8.3.8  L
C

D
 B

lin
k C

o
n

tro
l R

eg
ister

T
he L

C
D

 blink control register (L
B

L
K

C
) is used to control how

 the cursor blinks. T
he bit assignm

ents for 
the register are show

n in the follow
ing register display. T

he settings for the bits in the register are listed in 
T

able
8-9 on page

8-15.

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

C
W

4
C

W
3

C
W

2
C

W
1

C
W

0
C

H
4

C
H

3
C

H
2

C
H

1
C

H
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

1
0

0
0

0
0

0
0

1

0x0101

T
ab

le
8-8.   L

C
D

 C
u

rso
r W

id
th

 an
d

 H
eig

h
t R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–13

R
eserved

T
hese bits are reserved 

and should be set to 0.

C
W

x
B

its 12–8
C

ursor W
idth 4–0

—
T

hese bits specify the w
idth of the 

hardw
are cursor in pixel count (from

 1 to 31).
S

ee description.

R
eserved

B
its 7–5

R
eserved

T
hese bits are reserved 

and should be set to 0.

C
H

x
B

its 4–0
C

ursor H
eight 4–0

—
T

hese bits specify the height of the 
hardw

are cursor in pixel count (from
 1 to 31).

S
ee description.

N
o

te:
T

he cursor is disabled if the C
W

x or C
H

x bits are set to 0.
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L
B

L
K

C
LC

D
 B

link C
ontrol R

egister
0x(F

F
)F

F
F

A
1F

8.3.9  L
C

D
 P

an
el In

terface C
o

n
fig

u
ratio

n
 R

eg
ister

T
he L

C
D

 panel interface configuration (L
P

IC
F

) register is used to determ
ine the data bus w

idth of the 
L

C
D

 panel and to determ
ine if it is a black-and-w

hite or grayscale display. T
he bit assignm

ents for the 
register are show

n in the follow
ing register display. T

he settings for the bits in the register are listed in 
T

able
8-10.

L
P

IC
F

LC
D

 P
anel Interface C

onfiguration R
egister

0x(F
F

)F
F

F
A

20

B
IT

 7
6

5
4

3
2

1
B

IT
 0

B
K

E
N

B
D

6
B

D
5

B
D

4
B

D
3

B
D

2
B

D
1

B
D

0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

1
1

1
1

1
1

1

0x7F

T
ab

le
8-9.   L

C
D

 B
lin

k C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

B
K

E
N

B
it 7

B
lin

k E
n

ab
le—

T
his bit determ

ines if the cursor w
ill blink or rem

ain 
steady.

1 =
 B

link is enabled
0 =

 B
link is disabled (default)

B
D

x
B

its 6–0
B

link D
ivisor 6–0

—
T

hese bits determ
ine if the cursor w

ill toggle 
once per a specified num

ber of internal fram
e pulses plus one. T

he 
half-period m

ay be as long as 2 seconds.

S
ee description

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
B

S
IZ

1–0
G

S
1–0

T
Y

P
E

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
8-10.   L

C
D

 P
an

el In
terface C

o
n

fig
u

ratio
n

 R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 7–4

R
eserved

T
hese bits are reserved and should be set to 0.

P
B

S
IZ

1–0
B

its 3–2
P

anel B
us W

idth 1–0
—

T
hese bits specify 

the bus w
idth of the LC

D
 panel.

00 =
 1 bit.

01 =
 2 bit.

10 =
 4 bit.

11 =
 8 bit.

G
S

1–0
B

its 1–0
G

rayscale M
ode S

election 1–0
—

T
hese 

bits determ
ine the m

ode of operation of the 
grayscale display device.

00 =
 B

lack-and-w
hite m

ode.
01 =

 F
our-level grayscale m

ode.
10 =

 S
ixteen-level grayscale m

ode.
11 =

 R
eserved.

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



8-16
M

C
68V

Z
328 U

ser’s M
anual

�

P
rogram

m
ing M

odel

8.3.10  L
C

D
 P

o
larity C

o
n

fig
u

ratio
n

 R
eg

ister
T

he L
C

D
 polarity configuration (L

P
O

L
C

F
) register controls the polarity of the interface signal that goes to 

the L
C

D
 panel. T

he bit assignm
ents for the register are show

n in the follow
ing register display. T

he 
settings for the bits in the register are listed in T

able
8-11.

L
P

O
L

C
F

LC
D

 P
olarity C

onfiguration R
egister

0x(F
F

)F
F

F
A

21

8.3.11  L
A

C
D

 R
ate C

o
n

tro
l R

eg
ister

T
he L

C
D

 alternate crystal direction rate control (L
A

C
D

R
C

) register is used to control the alternate rates of 
the liquid crystal direction. T

he bit assignm
ents for the register are show

n in the follow
ing register display. 

T
he settings for the bits in the register are listed in T

able
8-12 on page

8-17.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

LC
K

P
O

L
F

LM
P

O
L

LP
P

O
L

P
IX

P
O

L

T
Y

P
E

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
8-11.   L

C
D

 P
o

larity C
o

n
fig

u
ratio

n
 R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 7–4

R
eserved

T
hese bits are reserved and should 

be set to 0.

L
C

K
P

O
L

B
it 3

L
C

D
 S

h
ift C

lo
ck P

o
larity—

T
his bit controls the polarity of the 

active edge of the LC
D

 shift clock.
0 =

 A
ctive negative edge of LC

LK
.

1 =
 A

ctive positive edge of LC
LK

.

F
L

M
P

O
L

B
it 2

F
ram

e M
arker P

o
larity—

T
his bit controls the polarity of the 

fram
e m

arker.
0 =

 F
ram

e m
arker is active high.

1 =
 F

ram
e m

arker is active low
.

L
P

P
O

L
B

it 1
L

in
e P

u
lse P

o
larity—

T
his bit controls the polarity of the line 

pulse.
0 =

 Line pulse is active high.
1 =

 Line pulse is active low
.

P
IX

P
O

L
B

it 0
P

ixel P
o

larity—
T

his bit controls the polarity of the pixels.
0 =

 P
ixel polarity is active high.

1 =
 P

ixel polarity is active low
.
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L
A

C
D

R
C

LA
C

D
 R

ate C
ontrol R

egister
0x(F

F
)F

F
F

A
23

8.3.12  L
C

D
 P

ixel C
lo

ck D
ivid

er R
eg

ister
T

he L
C

D
 pixel clock divider (L

P
X

C
D

) register is used to program
 the divider, w

hich generates the pixel 
clock. T

he bit assignm
ents for the register are show

n in the follow
ing register display. T

he settings for the 
bits in the register are listed in T

able
8-13.

L
P

X
C

D
LC

D
 P

ixel C
lock D

ivider R
egister

0x(F
F

)F
F

F
A

25

B
IT

 7
6

5
4

3
2

1
B

IT
 0

A
C

D
S

LT
A

C
D

6
A

C
D

5
A

C
D

4
A

C
D

3
A

C
D

2
A

C
D

1
A

C
D

0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
8-12.   L

A
C

D
 R

ate C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

A
C

D
S

L
T

B
it 7

C
lo

ck S
o

u
rce S

elect—
T

his bit selects the clock source for the 
internal counter that generates an LA

C
D

 signal.
0 =

 S
elect fram

e pulse as input 
clock

1 =
 S

elect line pulse as input 
clock

A
C

D
x

B
its 6–0

A
lternate C

rystal D
irection C

ontrol 6–0
—

T
hese bits represent 

the A
C

D
 toggle rate control code. T

he LA
C

D
 signal w

ill toggle 
once every 1 to 128 F

LM
/LP

 cycles based on the value specified 
in this register. T

he actual num
ber of F

LM
 cycles is the value pro-

gram
m

ed plus one. S
horter cycles tend to give better results.

S
ee description

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
C

D
5

P
C

D
4

P
C

D
3

P
C

D
2

P
C

D
1

P
C

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
8-13.   L

C
D

 P
ixel C

lo
ck D

ivid
er R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 7–6

R
eserved

T
hese bits are reserved 

and should be set to 0.

P
C

D
x

B
its 5–0

P
ixel C

lock D
ivider 5–0

—
T

hese bits represent the pixel clock divisor. 
T

he LC
D

C
LK

 signal from
 the P

LL is divided by N
 (P

C
D

5–0
+

1) to yield 
the actual pixel clock. V

alues of 1–63 w
ill yield N

=
2 to N

=
64. If these 

bits are set to 0 (N
=

1), the P
IX

 clock w
ill be used directly, bypassing 

the divider circuit. R
efer to C

hapter
4, “C

lock G
eneration M

odule and 
P

ow
er C

ontrol M
odule,” for m

ore inform
ation.

S
ee description.
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8.3.13  L
C

D
 C

lo
ckin

g
 C

o
n

tro
l R

eg
ister

T
he L

C
D

 clocking control (L
C

K
C

O
N

) register is used to enable the L
C

D
 controller and control the L

C
D

 
m

em
ory cycle. T

he bit assignm
ents for the register are show

n in the follow
ing register display. T

he 
settings for the bits in the register are listed in T

able
8-14.

L
C

K
C

O
N

LC
D

 C
locking C

ontrol R
egister

0x(F
F

)F
F

F
A

27

8.3.14  L
C

D
 R

efresh
 R

ate A
d

ju
stm

en
t R

eg
ister

T
he L

C
D

 refresh rate adjustm
ent (L

R
R

A
) register is used to fine-tune the display refresh rate by 

introducing an idle interval betw
een alternate L

C
D

 D
M

A
 and display cycles . T

he bit assignm
ents for the 

register are show
n in the follow

ing register display. T
he settings for the bits in the register are listed in 

T
able

8-15.

L
R

R
A

LC
D

 R
efresh R

ate A
djustm

ent R
egister

0x(F
F

)F
F

F
A

28

B
IT

 7
6

5
4

3
2

1
B

IT
 0

LC
D

O
N

U
nused

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
8-14.   L

C
D

 C
lo

ckin
g

 C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

L
C

D
O

N
B

it 7
L

C
D

 C
o

n
tro

l—
T

his bit enables the LC
D

 controller. D
efault is 

off.
0 =

 D
isable the LC

D
 controller

1 =
 E

nable the LC
D

 controller

U
nused

B
its 6–0

T
hese bits are not used by the chip and m

ay be used for tem
-

porary storage. A
t reset these bits are cleared.

S
ee description

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

R
R

A
[9:0]

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
1

1
1

1
1

1
1

1

0x00F
F

T
ab

le
8-15.   L

C
D

 R
efresh

 R
ate A

d
ju

stm
en

t R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–10

R
eserved

T
hese bits 

are reserved 
and should 
be set to 0.
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8.3.15  L
C

D
 P

an
n

in
g

 O
ffset R

eg
ister

T
he L

C
D

 panning offset register (L
P

O
S

R
) is used to control how

 m
any pixels the picture is shifted to the 

left . T
he bit assignm

ents for the register are show
n in the follow

ing register display. T
he settings for the 

bits in the register are listed in T
able

8-16.

L
P

O
S

R
LC

D
 P

anning O
ffset R

egister
0x(F

F
)F

F
F

A
2D

8.3.16  L
C

D
 F

ram
e R

ate C
o

n
tro

l M
o

d
u

latio
n

 R
eg

ister
T

his register of address space 0x(F
F

)F
F

F
A

31 is used for fram
e rate m

odulation control in the 
M

C
68E

Z
328, but it is unused in the M

C
68V

Z
328. T

his register is rem
oved and not available for the 

tem
porary storage of data.

R
R

A
x

B
its 9–0

R
efresh R

ate 9–0
—

T
hese bits contain the fram

e period, w
hich can be calculated as 

follow
s:

F
R

A
M

E
 P

E
R

IO
D

 =
 (12 +

 X
M

A
X

 +
 R

R
A

) x Y
M

A
X

 x (P
X

C
D

 +
 1) x LC

D
C

LK
_P

E
R

IO
D

w
here:

F
ram

e period =
 tim

e for each screen update
X

M
A

X
 =

 screen w
idth in num

ber of pixels
R

R
A

 =
 hexadecim

al value stored in the LR
R

A
 register

Y
M

A
X

 =
 screen height in num

ber of pixels
P

X
C

D
 =

 hexadecim
al value stored in the LP

X
C

D
 register

LC
D

C
LK

_P
E

R
IO

D
: refer to S

ection
4.4.1, “P

LL C
ontrol R

egister,” on page
4-8 for 

setting LC
D

C
LK

 period

S
ee descrip-

tion.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
O

S
3

P
O

S
2

P
O

S
1

P
O

S
0

T
Y

P
E

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
8-16.   L

C
D

 P
an

n
in

g
 O

ffset R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 7–

4
R

eserved
T

hese bits are reserved and should be set to 
0.

P
O

S
x

B
its 3 –0

P
ixel O

ffset C
o

d
e—

T
hese bits specify the num

ber 
of pixels being shifted to the left of the display panel. 
T

his is independent of the black-and-w
hite or gray 

m
ode.

0001 =
 P

icture is shifted 1 pixel to the left.
0010 =

 P
icture is shifted 2 pixels to the left.

...1111 =
 P

icture is shifted 15 pixels to the left.

N
o

te:
W

hen the LO
P

S
R

 register is being m
odified, the softw

are m
ust adjust the cursor’s reference position.

T
ab

le
8-15.   L

C
D

 R
efresh

 R
ate A

d
ju

stm
en

t R
eg

ister D
escrip

tio
n

 (C
o

n
tin

u
ed

)

N
am

e
D

escrip
tio

n
S

ettin
g
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8.3.17  L
C

D
 G

ray P
alette M

ap
p

in
g

 R
eg

ister
F

or four-level grayscale displays, full black and full w
hite are the tw

o predefined display levels. T
he other 

tw
o interm

ediate grayscale shading densities can be adjusted in the L
C

D
 gray palette m

apping register 
(L

G
P

M
R

). T
he bit assignm

ents for the register are show
n in the follow

ing register display. T
he settings for 

the bits in the register are listed in T
able

8-17.

L
G

P
M

R
LC

D
 G

ray P
alette M

apping R
egister

0x(F
F

)F
F

F
A

33

8.3.18  P
W

M
 C

o
n

trast C
o

n
tro

l R
eg

ister
T

he pulse-w
idth m

odulator contrast control register (PW
M

R
) is used to control the PW

M
O

 signal, w
hich 

adjusts the contrast of the L
C

D
 panel. T

he bit assignm
ents for the register are show

n in the follow
ing 

register display. T
he settings for the bits in the register are listed in T

able
8-18.

P
W

M
R

P
W

M
 C

ontrast C
ontrol R

egister
0x(F

F
)F

F
F

A
36

B
IT

 7
6

5
4

3
2

1
B

IT
 0

G
23

G
22

G
21

G
20

G
13

G
12

G
11

G
10

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

0
0

0
0

1
0

0

0x84

T
ab

le
8-17.   L

C
D

 G
ray P

alette M
ap

p
in

g
 R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

G
23–G

20
B

its 7–4
G

rayscale 23–20—
T

hese bits represent one of the tw
o gray-

scale shading densities.
S

ee description

G
13–G

10
B

its 3–0
G

rayscale 13–10—
T

hese bits represent the other grayscale 
shading density.

S
ee description

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

S
R

C
1–0

C
C

P
E

N
P

W7
P

W6
P

W5
P

W4
P

W3
P

W2
P

W1
P

W0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
8-18.   P

W
M

 C
o

n
trast C

o
n

tro
l R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–11

R
eserved

T
hese bits are reserved and should 

be set to 0.

S
R

C
1–0

B
its 10–9

S
o

u
rce 1–0

—
T

hese bits select the input clock source for the 
P

W
M

 counter. T
he P

W
M

 output frequency is equal to the fre-
quency of the input clock divided by 256. 

00 =
 Line pulse.

01 =
 P

ixel clock.
10 =

 LC
D

 clock.
11 =

 R
eserved.
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8.3.19  R
efresh

 M
o

d
e C

o
n

tro
l R

eg
ister

O
nly a single bit in this register is used to enable or disable L

C
D

 self-refresh m
ode. T

he rem
aining bits are 

reserved. T
he bit assignm

ent for the register is show
n in the follow

ing register display. T
he settings for the 

bit in the register is listed in T
able

8-19.

R
M

C
R

R
efresh M

ode C
ontrol R

egister
0x(F

F
)F

F
F

A
38

C
C

P
E

N
B

it 8
C

o
n

trast C
o

n
tro

l E
n

ab
le—

T
his bit is used to enable or dis-

able the contrast control function.
0 =

 C
ontrast control is off.

1 =
 C

ontrast control is on.

P
W

x
B

its 7–0
P

u
lse W

id
th

 7–0—
T

his bit controls the pulse-w
idth of the 

built-in pulse-w
idth m

odulator, w
hich controls the contrast of 

the LC
D

 screen. S
ee C

hapter
15, “P

ulse-W
idth M

odulator 1 
and 2,” for m

ore inform
ation.

S
ee description.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

R
E

F
_O

N

T
Y

P
E

rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
8-19.   R

efresh
 M

o
d

e C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
E

F
_O

N
B

it 7
S

elf-R
efresh

 O
n

—
S

etting this bit enables the self-refresh 
m

ode of operation w
ith the LC

D
 panel.

0 =
 D

isable self-refresh m
ode.

1 =
 E

nter self-refresh m
ode.

R
eserved

B
its 6–

0
R

eserved
T

hese bits are reserved and should 
be set to 0.

N
o

te:
O

n entering self-refresh m
ode, the LS

C
LK

 and LD
[7:0] signals stay low

. F
R

M
 and LP

 w
ork as norm

al.

T
ab

le
8-18.   P

W
M

 C
o

n
trast C

o
n

tro
l R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
tio

n
S

ettin
g
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8.3.20  D
M

A
 C

o
n

tro
l R

eg
ister

T
he L

C
D

 controller contains an 8
×

16 pixel buffer, w
hich stores D

M
A

-in data from
 system

 m
em

ory. T
his 

data is then passed to the L
C

D
 for display. W

hen enough data has been rem
oved from

 the buffer that it 
needs to be refilled, a new

 D
M

A
 transfer m

ust be initiated. T
he D

M
A

 control register controls w
hen the 

buffer should be refilled and the D
M

A
 burst length used w

hen refilling. T
he bit assignm

ents for the 
register are show

n in the follow
ing register display. T

he settings for the bits are listed in T
able

8-20.

D
M

A
C

R
D

M
A

 C
ontrol R

egister
0x(F

F
)F

F
F

A
39

8.4   P
ro

g
ram

m
in

g
 E

xam
p

le
T

he follow
ing is an exam

ple of how
 to program

 the related registers to properly configure an L
C

D
 panel 

w
ith a resolution of 240

×
160 pixels, 4 levels of grayscale, and a 4-bit L

C
D

 data interface. T
he virtual 

im
age is 320 pixels w

ide and panned by 3 pixels.

E
xam

p
le

8-1.   P
ro

g
ram

m
in

g
 E

xam
p

le

L
C
D
I
N
T
 

m
o
v
e
.
l
 
#
$
A
8
0
0
0
0
,
#
$
F
F
F
A
0
0 

;
d
i
s
p
l
a
y
 
d
a
t
a
 
a
d
d
r
e
s
s
 
s
t
a
r
t
s
 
a
t
 
$
A
8
0
0
0
0

m
o
v
e
.
w
 
#
2
4
0
,
#
$
F
F
F
A
0
8
 

;
L
C
D
 
h
o
r
i
z
o
n
t
a
l
 
s
i
z
e
 
i
s
 
2
4
0

m
o
v
e
.
w
 
#
1
5
9
,
#
$
F
F
F
A
0
A
 

;
L
C
D
 
v
e
r
t
i
c
a
l
 
s
i
z
e
 
i
s
 
1
6
0

m
o
v
e
.
b
 
#
4
0
,
#
$
F
F
F
A
0
5
 

;
4
 
l
e
v
e
l
 
g
r
a
y
 
a
n
d
 
3
2
0
 
p
i
x
e
l
s
 
w
i
d
e
 
i
m
a
g
e

m
o
v
e
.
b
 
#
$
0
9
,
#
$
F
F
F
A
2
0
 

;
L
C
D
 
p
a
n
e
l
 
d
a
t
a
 
b
u
s
 
i
s
 
4
 
b
i
t
s
,
4
 
l
e
v
e
l
 
g
r
a
y

m
o
v
e
.
b
 
#
3
,
#
$
F
F
F
A
2
5
 

;
p
i
x
e
l
 
c
l
o
c
k
 
r
a
t
e
 
e
q
u
a
l
 
1
/
4
 
o
f
 
L
C
D
C
L
K
 
f
r
o
m
 
P
L
L

m
o
v
e
.
b
 
#
1
0
,
#
$
F
F
F
A
2
9
 

;
r
e
f
r
e
s
h
 
r
a
t
e
 
a
d
j
u
s
t
m
e
n
t

m
o
v
e
.
b
 
#
$
0
3
,
#
$
F
F
F
A
2
D
 

;
s
h
i
f
t
 
p
i
c
t
u
r
e
 
b
y
 
3
 
p
i
x
e
l
s

m
o
v
e
.
b
 
#
$
8
2
,
#
$
F
F
F
A
2
7
 

;
s
w
i
t
c
h
 
o
n
 
L
C
D
C
,
 
2
 
w
a
i
t
 
s
t
a
t
e
 
f
o
r
 
m
e
m
o
r
y
 
c
y
c
l
e

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
M

A
B

L[3:0]
D

M
A

T
M

[2:0]

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

1
1

0
0

0
1

0

0x62

T
ab

le
8-20.   D

M
A

 C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

D
M

A
B

L
[3:0]

B
its 7 –

4
D

M
A

 B
u

rst L
en

g
th

—
T

his field sets the num
ber of w

ords to be 
loaded to the pixel buffer in each D

M
A

 cycle.
S

ee description and table 
footnote.

R
eserved

B
it 3

R
eserved

T
his bit is reserved and 

should be set to 0.

D
M

A
T

M
[2:0]

B
its 2–

0
D

M
A

 T
rig

g
er M

ark—
T

his field sets the low
-level m

ark in the pixel 
buffer to trigger a D

M
A

 request. T
he low

-level m
ark equals to the 

num
ber of w

ords left in the pixel buffer. 

S
ee description and table 

footnote.

N
o

te:
S

ince the F
IF

O
 size is 8

×
16, D

M
A

B
L and D

M
A

T
M

 m
ust be program

m
ed based on the follow

ing criteria:
F

_H
I +

 F
_LO

 <=
 8

1 <
=

 F
_H

I <=
 8

1<
=

 F
_LO

 <
= 6
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C
h

ap
ter

9
In

terru
p

t C
o

n
tro

ller 
T

his chapter describes the interrupt controller and all of the signals associated w
ith it. T

he interrupt 
controller of the M

C
68V

Z
328 supports all internal interrupts as w

ell as external edge- and level-sensitive 
interrupts. T

here are seven interrupt levels. L
evel 7 has the highest priority and level 1 has the low

est. 
Interrupts can originate from

 the follow
ing sources:

•
E

M
U

IR
Q

 o
r h

ard
w

are
 b

rea
kp

oin
t in

terru
p

t (leve
l 7

)

•
IR

Q
6  extern

al in
te

rru
pt (leve

l 6
)

•
T

im
e

r u
n

it 1 (leve
l 6

)

•
T

im
e

r u
n

it 2 (co
n

fig
u

ra
b

le
 from

 level 1 to
 6

)

•
P

ulse-w
id

th
 m

o
d

u
la

to
r u

n
it 1

 (leve
l 6

)

•
P

ulse-w
id

th
 m

o
d

u
la

to
r u

n
it 2

 (con
fig

u
ra

b
le

 from
 level 1

 to
 6)

•
IR

Q
5  extern

al in
te

rru
pt—

p
e

n
 (leve

l 5
)

•
S

eria
l p

e
riph

e
ra

l in
te

rface
 un

it 1
 (co

nfig
u

ra
b

le
 fro

m
 leve

l 1
 to

 6
)

•
S

eria
l p

e
riph

e
ra

l in
te

rface
 un

it 2
 (leve

l 4
)

•
U

A
R

T
 u

nit 1
 (leve

l 4
)

•
U

A
R

T
 u

nit 2
 (co

nfigu
rab

le
 fro

m
 leve

l 1
 to

 6
)

•
S

oftw
are w

a
tch

d
o

g tim
e

r in
te

rrup
t (leve

l 4
)

•
R

e
al-tim

e
 clo

ck (level 4)

•
R

e
al-tim

e
 in

te
rru

p
t (level 4)

•
K

eybo
a

rd
 in

terru
p

t (leve
l 4

)

•
G

e
ne

ra
l-p

u
rp

o
se

 in
te

rru
p

t IN
T [3:0

] (leve
l 4

)—
the

se
 p

in
s ca

n
 b

e
 u

se
d

 as keybo
a

rd
 in

terru
p

ts

•
IR

Q
3  extern

al in
te

rru
pt (leve

l 3
)

•
IR

Q
2  extern

al in
te

rru
pt (leve

l 2
)

•
IR

Q
1  extern

al in
te

rru
pt (leve

l 1
)
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Interrupt P
rocessing

9.1   In
terru

p
t P

ro
cessin

g
 

Interrupts on the M
C

68V
Z

328 are processed as illustrated in the flow
chart show

n in F
igure

9-1. D
etails on 

each stage of the flow
 diagram

 are as follow
s:

1.
T

he interrupt controller collects interrupt events from
 both on- and off-chip peripherals. 

N
ext, it prioritizes them

 and presents the highest priority request to the C
P

U
 if there are no 

higher interrupts pending; otherw
ise, the highest priority interrupt is served first. 

2.
T

he C
P

U
 responds to the interrupt request by executing an interrupt acknow

ledge bus cycle 
after the com

pletion of the current instruction.

3.
T

he interrupt controller recognizes the interrupt acknow
ledge (IA

C
K

) cycle and places the 
interrupt vector for that interrupt request onto the C

P
U

 bus.

4.
T

he C
P

U
 reads the vector and address of the interrupt handler in the exception vector table 

and begins execution at that address.

F
ig

u
re

9-1.   In
terru

p
t P

ro
cessin

g
 F

lo
w

ch
art

S
teps 2 and 4 are the responsibility of the C

P
U

, w
hereas steps 1 and 3 are the responsibility of the interrupt 

controller. E
xternal devices m

ust not respond to IA
C

K
 cycles w

ith a vector because the response is solely 
the responsibility of the interrupt controller.

O
n the M

C
68V

Z
328, steps 2 and 4 operate exactly as they w

ould on other M
68000 devices, w

hich are 
described in the M

6
8

0
0

0
 U

se
r’s M

a
n

u
a

l. In ste
p

 2, the
 C

P
U

’s sta
tu

s re
giste

r (S
R

) is ava
ilab

le to m
a

sk 
in

te
rru

p
ts glo

ba
lly to

 d
eterm

in
e

 w
h

ich
 p

rio
rity le

vels ca
n

 cu
rren

tly g
en

e
ra

te
 in

terru
p

ts. A
lso in

 step
 2

, th
e 

in
te

rru
p

t a
ckn

o
w

le
d

ge
 cycle

 is e
xe

cute
d.

In
 ste

p
 4

, th
e C

P
U

 re
a

ds the
 ve

ctor n
u

m
b

er, m
u

ltip
lie

s it b
y fou

r to
 g

e
t the

 ve
ctor a

dd
ress, fe

tch
es a

 4
-b

yte
 

p
ro

g
ra

m
 a

dd
ress fro

m
 tha

t ve
cto

r a
d

dress, a
n

d
 th

en
 jum

ps to
 th

a
t 4

-b
yte

 a
dd

ress. T
h

is 4
-b

yte
 ad

d
re

ss is the
 

lo
catio

n
 of th

e
 first in

stru
ctio

n
 in

 th
e

 in
te

rru
pt ha

n
d

le
r.

T
he

 in
terru

p
t p

rio
rity is b

ased
 o

n
 th

e in
te

rrup
t le

ve
l. T

h
e

 in
te

rru
pts w

ith
 the

 sa
m

e
 in

terru
p

t leve
l a

re
 

p
rio

ritized
 b

y th
e softw

a
re d

u
ring

 th
e

 exe
cu

tio
n

 o
f th

e interru
p

t se
rvice

 ro
utin

e
. T

h
e

 M
C

6
8

V
Z

32
8

 p
ro

vid
e

s 
o

ne
 in

terru
p

t ve
ctor fo

r e
a

ch
 in

terru
p

t leve
l. T

h
e m

o
st sig

n
ifica

nt 5 b
its of th

e
 in

te
rru

pt ve
cto

r a
re

 

H
igher Interrupt

?

Y
es

N
o

F
LX

68000 C
P

U

E
xternal or Internal

Interrupt

Interrupt C
ontroller

P
rioritizes Interrupt

P
rocess Interrupt

Interrupt H
andler

1

2

3

0xF
F

F
...

4
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program
m

able, but the low
er 3 bits reflect the interrupt level that is being serviced. A

ll interrupts are 
m

askable. W
riting a 1 to a bit in the interrupt m

ask register disables that interrupt. If an interrupt is 
m

asked, you can find out its status in the interrupt pending register.

9.2   E
xcep

tio
n

 V
ecto

rs
A

 vector num
ber is an 8-bit num

ber that can be m
ultiplied by four to obtain the address of an exception 

vector. A
n exception vector is the m

em
ory location from

 w
hich the processor fetches the address of a 

softw
are routine that is used to handle an exception. E

ach exception has a vector num
ber and an exception 

vector, as described in T
able

9-1. U
ser interrupts are part of the exception processing on the M

C
68V

Z
328, 

and the vector num
bers for user interrupts are configurable. F

or additional inform
ation regarding exception 

processing, see the M
68000 F

am
ily P

ro
g

ra
m

m
e
r’s R

e
fe

re
n

ce
 M

a
n

u
a
l

.

T
ab

le
9-1.   E

xcep
tio

n
 V

ecto
r A

ssig
n

m
en

t

V
ecto

r N
u

m
b

er
A

d
d

ress N
u

m
b

er

S
p

ace
1

A
ssig

n
m

en
t

H
ex

D
ecim

al
D

ecim
al

H
ex

0
0

0
000

S
P

R
eset: initial S

S
P

2

1
1

4
004

S
P

R
eset: initial P

C

2
2

8
008

S
D

B
us error

3
3

12
00C

S
D

A
ddress error

4
4

16
010

S
D

Illegal instruction

5
5

20
014

S
D

D
ivide-by-zero

6
6

24
018

S
D

C
H

K
 instruction

7
7

28
01C

S
D

T
R

A
P

V
 instruction

8
8

32
020

S
D

P
rivilege violation

9
9

36
024

S
D

T
race

A
10

40
028

S
D

Line 1010 em
ulator

B
11

44
02C

S
D

Line 1111 em
ulator

C
12

48
030

S
D

U
nassigned, reserved

3

D
13

52
034

S
D

U
nassigned, reserved

3

E
14

56
038

S
D

U
nassigned, reserved

3

F
15

60
03C

S
D

U
ninitialized interrupt vector

10–17
16–23

64–92
040–05C

S
D

U
nassigned, reserved

3

18
24

96
060

S
D

S
purious interrupt 4

19
25

100
064

S
D

Level 1 interrupt autovector
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R
eset

N
O

T
E

:

T
he M

C
68V

Z
328 does not provide autovector interrupts. A

t system
startup, the user interrupt vector m

ust be program
m

ed, thereby allow
ing

the processor to handle interrupts properly.

9.3   R
eset 

T
he reset exception corresponds to the highest exception level. A

 reset exception is processed for system
 

initialization and to recover from
 a catastrophic failure. A

ny processing that is in progress at the tim
e of the 

reset is aborted and cannot be recovered. N
either the program

 counter nor the status register is saved. T
he 

processor is forced into the supervisor state. T
he interrupt priority m

ask is set at level 7. T
he address in the 

first tw
o w

ords of the reset exception vector is fetched by the processor as the initial S
S

P
 (supervisor stack 

pointer), and the address in the next tw
o w

ords of the reset exception vector is fetched as the initial 
program

 counter. 

A
t startup or reset, the default chip-select (C

S
A

0 ) is asserted and all other chip-selects are negated. T
he 

C
S

A
0  signal should be used to decode an E

P
R

O
M

/R
O

M
 m

em
ory space. In this case, the first tw

o long 
w

ords of the E
P

R
O

M
/R

O
M

 m
em

ory space should be program
m

ed to contain the initial S
S

P
 and P

C
. T

he 
initial S

S
P

 should point to a R
A

M
 space, and the initial P

C
 should point to the startup code w

ithin the 
E

P
R

O
M

/R
O

M
 space so that the processor can execute the startup code to bring up the system

. 

1A
26

104
068

S
D

Level 2 interrupt autovector

1B
27

108
06C

S
D

Level 3 interrupt autovector

1C
28

112
070

S
D

Level 4 interrupt autovector

1D
29

116
074

S
D

Level 5 interrupt autovector

1E
30

120
078

S
D

Level 6 interrupt autovector

1F
31

124
07C

S
D

Level 7 interrupt autovector

20–2F
32–47

128–188
080–0B

C
S

D
T

R
A

P
 instruction vectors

5

30–3F
48–63

192–255
0C

0–0F
F

S
D

U
nassigned, reserved

3

40–F
F

64–255
256–1020

100–3F
C

S
D

U
ser interrupt vectors

1.S
P

 denotes supervisor program
 space and S

D
 denotes supervisor data space.

2.R
eset vector 0 requires four w

ords, unlike the other vectors w
hich only require tw

o w
ords, and it is located

in the supervisor program
 space.

3.V
ector num

bers 12–14, 16–23, and 48–63 are reserved for future enhancem
ents by M

otorola. N
o peripheral

devices should be assigned to these num
bers.

4.T
he spurious interrupt vector is taken w

hen there is a bus error indication during interrupt processing.

5.T
R

A
P

 #n uses vector num
ber 32

+
n (decim

al).

T
ab

le
9-1.   E

xcep
tio

n
 V

ecto
r A

ssig
n

m
en

t (C
o

n
tin

u
ed

)

V
ecto

r N
u

m
b

er
A

d
d

ress N
u

m
b

er

S
p

ace
1

A
ssig

n
m

en
t

H
ex

D
ecim

al
D

ecim
al

H
ex
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N
O

T
E

:

T
he M

C
68V

Z
328 supports the reset instruction. H

ow
ever, it only resets the

C
P

U
, and the R

E
S

E
T

 pin w
ill not go low

 w
hen this instruction is issued

because it is an input-only signal. 

T
he

 M
C

6
8

V
Z

3
2

8’s R
E

S
E

T  sig
n

al sh
o

u
ld

 b
e h

e
ld

 lo
w

 fo
r at le

ast 1
.2

s a
fter V

D
D

 is a
p

p
lied

. S
ee

 
S

ectio
n

4
.3

.2.1
, “P

L
L

C
L

K
 In

itia
l P

o
w

er-u
p

 S
eq

u
e

nce
,” o

n
 pa

g
e

4
-5 for d

etaile
d

 in
fo

rm
atio

n
 ab

o
u

t 
se

le
cting

 the
 o

ptim
um

 R
E

S
E

T  de
la

y. A
fte

r rese
t, a

ll p
e

rip
he

ral fu
n

ctio
n

 sign
a

ls an
d

 p
aralle

l I/O
 sig

n
a

ls 
ap

p
e

ar a
s inp

u
ts w

ith
 pu

ll-up
 re

sisto
rs tu

rn
e

d o
n, u

nless o
th

e
rw

ise
 sp

e
cified

. T
he

 m
ultip

le
xe

d
, p

a
ra

llel I/O
 

D
[7

:0]/P
A

[7
:0

] fun
ctio

n is co
ntro

lle
d b

y th
e

 W
D

T
H

8
 b

it in
 th

e system
 co

n
trol re

g
iste

r. If th
e

 value
 o

f 
W

D
T

H
8

 is 0
, it is D

[7
:0

]. If W
ID

T
H

8
 is 1, it is P

A
[7:0

]. 

9.3.1  O
p

eratio
n

 M
o

d
e S

electio
n

 D
u

rin
g

 R
eset

T
he

 M
C

68
V

Z
3

2
8 su

p
po

rts th
re

e
 m

o
de

s of op
e

ra
tio

n
: n

orm
a

l m
o

d
e

, e
m

u
latio

n
 m

o
de

, a
nd

 b
o

otstra
p

 m
o

de
. 

T
he

 se
le

ctio
n

 o
f th

e m
od

e
s is co

n
tro

lled
 b

y th
e

 E
M

U
IR

Q
, E

M
U

B
R

K
, an

d
 H

IZ sig
na

ls d
u

rin
g syste

m
 reset, 

so
 sp

e
cia

l atte
n

tion
 sh

o
u

ld
 be

 pa
id

 w
h

en
 u

sing
 th

e
se

 sign
a

ls. R
e

fer to
 C

h
a

p
te

r
2

, “S
ig

n
a

l D
escriptio

n
s,” fo

r 
m

o
re

 in
form

a
tion

.

9.3.2  D
ata B

u
s W

id
th

 fo
r B

o
o

t D
evice O

p
eratio

n
T

he
 w

o
rd

 size o
f th

e b
o

ot de
vice

 (R
O

M
/E

P
R

O
M

/F
L

A
S

H
) is d

e
te

rm
in

ed
 b

y the
 B

U
S

W
 sig

n
a

l. If it is h
igh

 
d

urin
g

 th
e

 rising
 e

d
ge

 o
f the

 R
E

S
E

T
 sig

n
al, th

e 1
6

-b
it b

o
ot d

evice
 w

ill b
e

 co
n

figu
red

. O
the

rw
ise, it w

ill be
 

co
n

fig
ure

d a
s a

n
 8

-b
it bo

o
t d

e
vice.

9.4   In
terru

p
t C

o
n

tro
ller O

p
eratio

n
 

W
h

e
n in

te
rrup

ts a
re

 re
ceive

d
 b

y the
 con

tro
ller, th

e
y a

re
 p

rioritize
d

, a
n

d th
e h

ig
h

est e
n

a
bled

, p
en

d
in

g
 

in
te

rru
p

t is p
osted

 to
 th

e
 C

P
U

. B
efo

re
 th

e
 C

P
U

 re
sp

o
nd

s to
 th

is interru
p

t, the
 sta

tu
s re

gister is co
p

ie
d

 
in

te
rna

lly, a
n

d
 th

en
 th

e
 su

pe
rviso

r b
it o

f th
e

 C
P

U
 sta

tu
s re

g
iste

r is se
t, p

la
cin

g
 th

e p
ro

cessor in
to

 su
p

e
rviso

r 
m

o
d

e. T
he

 C
P

U
 th

en
 re

spo
n

d
s w

ith
 a

n
 in

te
rru

pt a
ckn

o
w

led
g

e cycle in
 w

h
ich

 the
 lo

w
e

r 3
 b

its o
f the

 ad
d

re
ss 

b
us re

fle
ct th

e p
rio

rity le
vel o

f th
e

 cu
rre

n
t in

terru
p

t. T
h

e inte
rrup

t co
n

trolle
r g

e
n

erates a
 ve

cto
r n

u
m

b
er 

d
urin

g
 th

e in
te

rru
p

t ackno
w

led
g

e
 cycle

, an
d

 th
e C

P
U

 use
s th

is ve
cto

r n
um

be
r to g

en
e

ra
te

 a
 ve

cto
r a

dd
ress. 

E
xce

p
t fo

r th
e rese

t e
xce

p
tio

n
, th

e
 C

P
U

 sa
ves th

e
 cu

rre
nt pro

ce
sso

r status, in
clu

d
in

g
 th

e p
rog

ram
 co

u
nte

r 
value

 (w
hich

 p
o

in
ts to

 th
e

 n
ext in

stru
ctio

n
 to

 b
e e

xecu
te

d
 afte

r the
 in

terru
p

t) an
d

 th
e

 sa
ved

 cop
y o

f th
e

 
in

te
rru

p
t sta

tu
s re

giste
r. T

h
e n

ew
 p

ro
gram

 co
u

n
te

r is u
p

da
te

d
 to

 th
e

 co
n

te
n

t o
f the

 in
terru

p
t ve

cto
r, w

h
ich

 
p

oin
ts to

 th
e interru

p
t service ro

utin
e

. T
h

e
 C

P
U

 th
en

 re
su

m
es in

stru
ction

 e
xe

cu
tio

n
 to

 exe
cute the

 in
terru

p
t 

se
rvice

 ro
u

tin
e.

9.4.1  In
terru

p
t P

rio
rity P

ro
cessin

g
In

te
rru

p
t p

rio
rity is ba

sed
 o

n th
e p

rio
rity le

vel of th
e

 in
te

rru
pt. If th

e C
P

U
 is cu

rren
tly pro

ce
ssing

 a
n 

in
te

rru
p

t service rou
tin

e
 a

n
d

 a h
ig

h
e

r p
riority in

te
rru

pt is po
ste

d
, th

e p
ro

ce
ss de

scrib
e

d
 in

 S
e

ction
9

.4
, 

“In
te

rru
pt C

o
n

tro
lle

r O
p

era
tion

,” re
p

e
ats, an

d
 the

 h
igh

e
r p

rio
rity in

te
rru

p
t is serviced

. If th
e

 p
riority o

f th
e

 
n

ew
e

r in
te

rrup
t is lo

w
er th

a
n

 o
r eq

u
al to

 th
e

 prio
rity o

f th
e cu

rren
t in

te
rrup

t, e
xe

cu
tio

n o
f th

e cu
rren

t 
in

te
rru

p
t h

an
d

le
r co

n
tinu

e
s. T

h
e

 n
e

w
e

r in
terru

p
t is p

o
stp

on
e

d
 u

n
til its prio

rity b
e

co
m

e
s th

e h
ig

h
e

st. 
In

te
rru

p
ts w

ithin
 th

e sa
m

e leve
l sh

ou
ld b

e
 prio

ritized
 in

 softw
a

re b
y th

e in
te

rrup
t ha

n
d

le
r. T

h
e inte

rrup
t 

se
rvice

 ro
utin

e
 sho

u
ld

 e
n

d
 w

ith
 th

e
 rte

 in
structio

n
, w

h
ich

 re
sto

re
s th

e
 p

ro
cessin

g state
 p

rior to th
e in

te
rru

p
t.
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V
ector G

eneration

9.4.2  In
terru

p
t V

ecto
rs

T
he M

C
68V

Z
328 provides one interrupt vector for each of the seven user interrupt levels. T

hese interrupt 
vectors form

 the user interrupt vector section of T
able

9-1 on page
9-3. T

he user interrupt vectors can be 
located anyw

here w
ithin the 0x100 to 0x400 address range. T

he 5 m
ost significant bits of the interrupt 

vector num
ber are program

m
able, but the low

er 3 bits reflect the interrupt level being serviced. A
ll 

interrupts are m
askable by the interrupt controller. If an interrupt is m

asked, its status can still be accessed 
in the interrupt pending register (IP

R
).

9.5   V
ecto

r G
en

eratio
n

 
T

he interrupt controller provides a vector num
ber to the core. Y

ou can program
 the upper 5 bits of the 

interrupt vector register (IV
R

) to allow
 the interrupt vector num

ber to point to any address in the exception 
vecto

r ta
ble. H

o
w

e
ver, m

an
y o

f th
e

 vecto
r ad

d
re

sse
s a

re
 a

ssig
n

ed
 to the

 core
’s in

te
rn

a
l e

xce
p

tion
s an

d
 

ca
n

n
ot b

e reu
sed

. T
h

is le
ave

s o
n

ly a
 sm

a
ll ra

n
ge

 o
f a

d
dress sp

a
ce

 (0
x1

00
 to 0

x4
00

) to
 w

hich yo
u

 ca
n

 
co

n
fig

ure
 th

e IV
R

 to
 loca

te
 u

se
r in

te
rrup

t ve
cto

rs. F
o

r e
xa

m
p

le, if yo
u w

rite a
 valu

e o
f 0

x4
0

 to
 th

e
 IV

R
, the

 
in

te
rru

p
t ve

cto
r b

ase
 is se

t to p
o

in
t to

 0x1
0

0 (0
x4

0
<

<
2

), w
hich is th

e b
eg

inn
ing

 o
f th

e u
se

r interru
p

t vecto
rs 

sh
o

w
n

 in
 T

ab
le

9
-1

 o
n

 pa
g

e
9

-3. T
h

e
 co

d
in

g
 fo

r the
 vecto

r nu
m

b
e

rs is p
ro

vid
ed

 in T
a

b
le

9-2
.

T
ab

le
9-2.   In

terru
p

t V
ecto

r N
u

m
b

ers

In
terru

p
t

V
ecto

r N
u

m
b

er

Level 7
xxxxx111

Level 6
xxxxx110

Level 5
xxxxx101

Level 4
xxxxx100

Level 3
xxxxx011

Level 2
xxxxx010

Level 1
xxxxx001

N
o

te:
xxxxx is replaced by the upper 5 bits of the 

interrupt vector register.
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9.6   P
ro

g
ram

m
in

g
 M

o
d

el 
T

his section describes registers that you m
ay need to configure so that the interrupt controller can properly 

process interrupts, generate vector num
bers, and post interrupts to the core.

N
O

T
E

:

W
hen program

m
ed as edge-triggered interrupts, all external interrupts

(IN
T

[3:0], IR
Q

1, IR
Q

2, IR
Q

3, and IR
Q

6) can be cleared by w
riting a 1 to

the corresponding status bit in the interrupt status register (ISR
). W

hen
program

m
ed as level-triggered interrupts, these interrupts are cleared at

the requesting sources. A
ll interrupts from

 internal peripheral devices are
level-triggered interrupts to the interrupt handler, and they are cleared at
the requesting sources. 

9.6.1  In
terru

p
t V

ecto
r R

eg
ister 

T
he interrupt vector register (IV

R
) is used to program

 the upper 5 bits of the interrupt vector num
ber. 

D
uring the interrupt acknow

ledge cycle, the low
er 3 bits, encoded from

 the interrupt level, are com
bined 

w
ith the upper 5 bits to form

 an 8-bit vector num
ber. T

he C
P

U
 uses the vector num

ber to generate a vector 
address. D

uring system
 startup, this register should be configured so that the M

C
6

8V
Z

32
8

’s e
xtern

al an
d

 
in

te
rna

l in
te

rru
p

ts ca
n

 b
e ha

n
d

le
d

 p
ro

p
erly b

y th
e

ir so
ftw

a
re

 h
a

nd
lers. If an

 in
te

rrup
t o

ccu
rs b

efo
re

 th
e

 IV
R

 
h

as be
e

n
 p

ro
gram

m
e

d, the
 in

terru
p

t vector n
um

be
r 0

x0
F

 is re
tu

rn
e

d
 to

 th
e C

P
U

 a
s a

n
 u

nin
itia

lize
d

 
in

te
rru

p
t, w

h
ich

 ha
s th

e inte
rrup

t ve
cto

r 0
x3C

. 

T
he

 reg
ister bit a

ssign
m

e
n

ts are
 sh

o
w

n
 in

 th
e

 fo
llo

w
in

g
 re

g
iste

r d
isp

la
y, an

d
 th

e
ir se

ttin
g

s a
re

 d
escribe

d
 in

 
T

ab
le

9
-3

.

IV
R

Interrupt V
ector R

egister
0x(F

F
)F

F
F

300
B

IT
 7

6
5

4
3

2
1

B
IT

 0

V
E

C
T

O
R

T
Y

P
E

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
9-3.   In

terru
p

t V
ecto

r R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
 

S
ettin

g
s

V
E

C
T

O
R

B
its 7–3

V
ecto

r N
u

m
b

er—
T

his field represents the upper 5 bits of the inter-
rupt vector num

ber.
S

ee description.

R
eserved

B
its 2–0

R
eserved

T
hese bits are reserved 

and should be set to 0.
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9.6.2  In
terru

p
t C

o
n

tro
l R

eg
ister 

T
he interrupt control register (IC

R
) controls the behavior of the external interrupt inputs. It inform

s the 
interrupt controller w

hether the interrupt signal is an edge-triggered or a level-sensitive interrupt, as w
ell as 

w
hether it has positive or negative polarity. T

he bit assignm
ents for this register are show

n in the follow
ing 

register display, and the settings for the bit positions are listed in T
able

9-4.

IC
R

Interrupt C
ontrol R

egister
0x(F

F
)F

F
F

302
B

IT
 15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 0

P
O

L1
P

O
L2

P
O

L3
P

O
L6

E
T

1
E

T
2

E
T

3
E

T
6

P
O

L5

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
9-4.   In

terru
p

t C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

P
O

L
1

B
it 15

P
o

larity C
o

n
tro

l 1—
T

his bit controls interrupt polarity for the IR
Q

1  signal. In 
level-sensitive m

ode, negative polarity produces an interrupt w
hen the signal is 

at logic level low
. P

ositive polarity produces an interrupt w
hen the signal is at 

logic level high. In edge-triggered m
ode, negative polarity produces an interrupt 

w
hen the signal goes from

 logic level high to logic level low
. P

ositive polarity 
generates an interrupt w

hen the signal goes from
 logic level low

 to logic level 
high.

0 =
 N

egative 
polarity.

1 =
 P

ositive 
polarity.

P
O

L
2

B
it 14

P
o

larity C
o

n
tro

l 2—
T

his bit controls interrupt polarity for the IR
Q

2  signal. In 
level-sensitive m

ode, negative polarity produces an interrupt w
hen the signal is 

at logic level low
. P

ositive polarity produces an interrupt w
hen the signal is at 

logic level high. In edge-triggered m
ode, negative polarity produces an interrupt 

w
hen the signal goes from

 logic level high to logic level low
. P

ositive polarity 
generates an interrupt w

hen the signal goes from
 logic level low

 to logic level 
high.

0 =
 N

egative 
polarity.

1 =
 P

ositive 
polarity.

P
O

L
3

B
it 13

P
o

larity C
o

n
tro

l 3—
T

his bit controls interrupt polarity for the IR
Q

3  signal. In 
level-sensitive m

ode, negative polarity produces an interrupt w
hen the signal is 

at logic level low
. P

ositive polarity produces an interrupt w
hen the signal is at 

logic level high. In edge-triggered m
ode, negative polarity produces an interrupt 

w
hen the signal goes from

 logic level high to logic level low
. P

ositive polarity 
generates an interrupt w

hen the signal goes from
 logic level low

 to logic level 
high.

0 =
 N

egative 
polarity.

1 =
 P

ositive 
polarity.

P
O

L
6

B
it 12

P
o

larity C
o

n
tro

l 6—
T

his bit controls interrupt polarity for the IR
Q

6  signal. In 
level-sensitive m

ode, negative polarity produces an interrupt w
hen the signal is 

at logic level low
. P

ositive polarity produces an interrupt w
hen the signal is at 

logic level high. In edge-triggered m
ode, negative polarity produces an interrupt 

w
hen the signal goes from

 logic level high to logic level low
. P

ositive polarity 
generates an interrupt w

hen the signal goes from
 logic level low

 to logic level 
high.

0 =
 N

egative 
polarity.

1 =
 P

ositive 
polarity.

E
T

1
B

it 11
IR

Q
1  E

d
g

e T
rig

g
er S

elect—
W

hen this bit is set, the IR
Q

1 signal is an 
edge-triggered interrupt. In edge-triggered m

ode, a 1 m
ust be w

ritten to the 
IR

Q
1 bit in the interrupt status register to clear this interrupt. W

hen this bit is 
low

, IR
Q

1  is a level-sensitive interrupt. In this case, the external source of the 
interrupt m

ust be cleared.

0 =
 Level-sensitive 

interrupt.
1 =

 E
dge-sensitive 
interrupt.
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E
T

2
B

it 10
IR

Q
2 E

d
g

e T
rig

g
er S

elect—
W

hen this bit is set, the IR
Q

2 signal is an 
edge-triggered interrupt. In edge-triggered m

ode, a 1 m
ust be w

ritten to the 
IR

Q
2 bit in the interrupt status register to clear this interrupt. W

hen this bit is 
low

, IR
Q

2  is a level-sensitive interrupt. In this case, the external source of the 
interrupt m

ust be cleared.

0 =
 Level-sensitive 

interrupt.
1 =

 E
dge-sensitive 
interrupt.

E
T

3
B

it 9
IR

Q
3  E

d
g

e T
rig

g
er S

elect—
W

hen this bit is set, the IR
Q

3 signal is an 
edge-triggered interrupt. In edge-triggered m

ode, a 1 m
ust be w

ritten to the 
IR

Q
3 bit in the interrupt status register to clear this interrupt. W

hen this bit is 
low

, IR
Q

3  is a level-sensitive interrupt. In this case, the external source of the 
interrupt m

ust be cleared.

0 =
 Level-sensitive 

interrupt.
1 =

 E
dge-sensitive 
interrupt.

E
T

6
B

it 8
IR

Q
6  E

d
g

e T
rig

g
er S

elect—
W

hen this bit is set, the IR
Q

6 signal is an 
edge-triggered interrupt. In edge-triggered m

ode, a 1 m
ust be w

ritten to the 
IR

Q
6 bit in the interrupt status register to clear this interrupt. W

hen this bit is 
low

, IR
Q

6  is a level-sensitive interrupt. In this case, the external source of the 
interrupt m

ust be cleared.

0 =
 Level-sensitive 

interrupt.
1 =

 E
dge-sensitive 
interrupt.

P
O

L
5

B
it 7

P
o

larity C
o

n
tro

l 5—
T

his bit controls interrupt polarity for the IR
Q

5  signal. In 
level-sensitive m

ode, negative polarity produces an interrupt w
hen the signal is 

at logic level low
. P

ositive polarity produces an interrupt w
hen the signal is at 

logic level high. In edge-triggered m
ode, negative polarity produces an interrupt 

w
hen the signal goes from

 logic level high to logic level low
. P

ositive polarity 
generates an interrupt w

hen the signal goes from
 logic level low

 to logic level 
high.

0 =
 N

egative 
polarity.

1 =
 P

ositive 
polarity.

R
eserved

B
its 6–0

R
eserved

T
hese bits are 

reserved and 
should rem

ain at 
their default value.

N
o

te:
C

lear interrupts after changing m
odes. W

hen m
odes are changed from

 level to edge interrupts, an edge 
can be created, w

hich causes an interrupt to be posted.

T
ab

le
9-4.   In

terru
p

t C
o

n
tro

l R
eg

ister D
escrip

tio
n

 (C
o

n
tin

u
ed

)

N
am

e
D

escrip
tio

n
S

ettin
g
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9.6.3  In
terru

p
t M

ask R
eg

ister 
T

he interrupt m
ask register (IM

R
) can m

ask out a particular interrupt if the corresponding bit for the 
interrupt is set. T

here is one control bit for each interrupt source. W
hen an interrupt is m

asked, the interrupt 
controller w

ill not generate an interrupt request to the C
P

U
, but its status can still be observed in the 

interrupt pending register. A
t reset, all the interrupts are m

asked and all the bits in this register are set to 1.

IM
R

 
Interrupt M

ask R
egister

0x(F
F

)F
F

F
304

B
IT

 
31

30
29

28
27

26
25

24
23

22
21

20
19

18
17

B
IT

 
16

M
E

M
IQ

M
RT
I

M
S

P
I1

M
IR

Q
5

M
IR

Q
6

M
IR

Q
3

M
IR

Q
2

M
IR

Q
1

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
1

1
1

1
1

1
1

1

0x00F
F

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

M
P

W
M2

M
U

A
RT
2

M
I

N
T3

M
I

N
T2

M
I

N
T1

M
I

N
T0

M
P

W
M1

M
KB

M
T

M
R2

M
R

T
C

M
W

D
T

M
U

A
RT
1

M
T

M
R1

M
S

P
I2

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
1

1
1

1
1

1
1

1
1

1
1

1
1

1

0xF
F

F
F

T
ab

le
9-5.   In

terru
p

t M
ask R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

s

R
eserved

B
its 31–24

R
eserved

T
hese bits are reserved and should 

be set to 0.

M
E

M
IQ

B
it 23

M
ask E

m
u

lato
r In

terru
p

t—
W

hen set, this bit indicates that 
the E

M
U

IR
Q

 pin and in-circuit em
ulation breakpoint interrupt 

functions are m
asked. It is set to 1 after reset. T

hese inter-
rupts are level 7 interrupts to the C

P
U

.

0 =
 E

nable E
M

U
IR

Q
 interrupt

1 =
 M

ask E
M

U
IR

Q
 interrupt

M
R

T
I

B
it 22

T
im

er fo
r R

eal-T
im

e C
lo

ck—
W

hen set, this bit indicates 
that the real-tim

e interrupt tim
er is m

asked. It is set to 1 after 
reset.

0 =
 E

nable real-tim
e interrupt tim

er 
interrupt.

1 =
 M

asked real-tim
e interrupt 

tim
er interrupt.

M
S

P
I1

B
it 21

M
ask S

P
I1 In

terru
p

t—
W

hen set, this bit indicates that the 
S

P
I 1 interrupt is m

asked. It is set to 1 after reset.
0 =

 E
nable S

P
I 1 interrupt.

1 =
 M

ask S
P

I 1 interrupt.

M
IR

Q
5

B
it 20

M
ask IR

Q
5 In

terru
p

t—
W

hen set, this bit indicates that IR
Q

5 
is m

asked. It is set to 1 after reset.
0 =

 E
nable IR

Q
5 interrupt.

1 =
 M

ask IR
Q

5 interrupt.

M
IR

Q
6

B
it 19

M
ask IR

Q
6 In

terru
p

t—
W

hen set, this bit indicates that IR
Q

6 
is m

asked. It is set to 1 after reset.
0 =

 E
nable IR

Q
6 interrupt.

1 =
 M

ask IR
Q

6  interrupt.

M
IR

Q
3

B
it 18

M
ask IR

Q
3 In

terru
p

t—
W

hen set, this bit indicates that IR
Q

3 
is m

asked. It is set to 1 after reset.
0 =

 E
nable IR

Q
3 interrupt.

1 =
 M

ask IR
Q

3  interrupt.
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M
IR

Q
2

B
it 17

M
ask IR

Q
2 In

terru
p

t—
W

hen set, this bit indicates that IR
Q

2 
is m

asked. It is set to 1 after reset.
0 =

 E
nable IR

Q
2 interrupt.

1 =
 M

ask IR
Q

2 interrupt.

M
IR

Q
1

B
it 16

M
ask IR

Q
1 In

terru
p

t—
W

hen set, this bit indicates that IR
Q

1 
is m

asked. It is set to 1 after reset.
0 =

 E
nable IR

Q
1 interrupt.

1 =
 M

ask IR
Q

1  interrupt.

R
eserved

B
its 15–14

R
eserved

T
hese bits are reserved and should 

be set to 0.

M
P

W
M

2
B

it 13
M

ask P
W

M
 2 In

terru
p

t—
W

hen set, this bit indicates that 
P

W
M

 2 is m
asked. It is set to 1 after reset.

0 =
 E

nable pulse-w
idth m

odulator 2 
interrupt.

1 =
 M

ask pulse-w
idth m

odulator 2 
interrupt.

M
U

A
R

T
2

B
it 12

M
ask U

A
R

T
 2 In

terru
p

t—
W

hen set, this bit indicates that 
U

A
R

T
 2 is m

asked. It is set to 1 after reset.
0 =

 E
nable U

A
R

T
 2 interrupt.

1 =
 M

ask U
A

R
T

 2 interrupt.

M
IN

T
3

B
it 11

M
ask E

xtern
al IN

T
3 In

terru
p

t—
S

etting this bit m
asks the 

IN
T

3  interrupt. It is set to 1 after reset.
0 =

 E
nable IN

T
3 interrupt.

1 =
 M

ask IN
T

3  interrupt.

M
IN

T
2

B
it 10

M
ask E

xtern
al IN

T
2 In

terru
p

t—
S

etting this bit m
asks the 

IN
T

2  interrupt. It is set to 1 after reset.
0 =

 E
nable IN

T
2 interrupt.

1 =
 M

ask IN
T

2  interrupt.

M
IN

T
1

B
it 9

M
ask E

xtern
al IN

T
1 In

terru
p

t—
S

etting this bit m
asks the 

IN
T

1 interrupt. It is set to 1 after reset.
0 =

 E
nable IN

T
1  interrupt.

1 =
 M

ask IN
T

1 interrupt.

M
IN

T
0

B
it 8

M
ask E

xtern
al IN

T
0 In

terru
p

t—
S

etting this bit m
asks the 

IN
T

0  interrupt. It is set to 1 after reset.
0 =

 E
nable IN

T
0 interrupt.

1 =
 M

ask IN
T

0  interrupt.

M
P

W
M

1
B

it 7
M

ask P
W

M
 1 In

terru
p

t—
S

etting this bit m
asks the P

W
M

 1 
interrupt. It is set to 1 after reset.

0 =
 E

nable pulse-w
idth m

odulator 1 
interrupt.

1 =
 M

ask pulse-w
idth m

odulator 1 
interrupt.

M
K

B
B

it 6
M

ask K
eyb

o
ard

 In
terru

p
t—

S
etting this bit m

asks the key-
board interrupt. It is set to 1 after reset.

0 =
 E

nable keyboard interrupt.
1 =

 M
ask keyboard interrupt.

M
T

M
R

2
B

it 5
M

ask T
im

er 2 In
terru

p
t—

S
etting this bit m

asks the tim
er 

interrupt. It is set to 1 after reset.
0 =

 E
nable tim

er 2 interrupt.
1 =

 M
ask tim

er 2 interrupt.

M
R

T
C

B
it 4

M
ask R

T
C

 In
terru

p
t—

S
etting this bit m

asks the real-tim
e 

clock (tim
e of day) interrupt. It is set to 1 after reset.

0 =
 E

nable real-tim
e clock interrupt.

1 =
 M

ask real-tim
e clock interrupt.

M
W

D
T

B
it 3

M
ask W

atch
d

o
g

 T
im

er In
terru

p
t—

S
etting this bit m

asks the 
w

atchdog tim
er interrupt. It is set to 1 after reset.

0 =
 E

nable w
atchdog tim

er 
interrupt.

1 =
 M

ask w
atchdog tim

er interrupt.

M
U

A
R

T
1

B
it 2

M
ask U

A
R

T
 1 In

terru
p

t—
W

hen set, this bit indicates that 
U

A
R

T
 1 is m

asked. It is set to 1 after reset.
0 =

 E
nable U

A
R

T
 1 interrupt.

1 =
 M

ask U
A

R
T

 1 interrupt.

M
T

M
R

1
B

it 1
M

ask T
im

er 1 In
terru

p
t—

S
etting this bit m

asks the tim
er 

interrupt. It is set to 1 after reset.
0 =

 E
nable tim

er 1 interrupt.
1 =

 M
ask tim

er 1 interrupt.

M
S

P
I2

B
it 0

M
ask S

P
I 2 In

terru
p

t—
W

hen set, this bit indicates that the 
S

P
I 2 interrupt is m

asked. It is set to 1 after reset.
0 =

 E
nable S

P
I 2 interrupt.

1 =
 M

ask S
P

I 2 interrupt.

T
ab

le
9-5.   In

terru
p

t M
ask R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
tio

n
S

ettin
g

s
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9.6.4  In
terru

p
t S

tatu
s R

eg
ister 

D
uring the interrupt service, the interrupt handler determ

ines the source of interrupts by exam
ining the 

interrupt status register (IS
R

). W
hen the bits in this register are set, they indicate that the corresponding 

interrupt is posted to the core. If there are m
ultiple interrupt sources at the sam

e level, the softw
are handler 

m
ay need to prioritize them

, depending on the application. 

E
ach interrupt status bit in this register reflects the interrupt request from

 its respective interrupt source. 
W

hen program
m

ed as edge-triggered interrupts, external interrupts I N
T

[3:0], IR
Q

1, IR
Q

2, IR
Q

3, and 
IR

Q
6  can be cleared by w

riting a 1 to the corresponding status bit in the register. W
hen program

m
ed as 

level-triggered interrupts, these interrupts are cleared at the requesting sources. A
ll interrupts from

 internal 
peripheral devices are level-triggered interrupts to the interrupt handler, and they are cleared at the 
requesting sources.

IS
R

Interrupt S
tatus R

egister
0xF

F
F

F
F

30C
B

IT
 

31
30

29
28

27
26

25
24

23
22

21
20

19
18

17
B

IT
 

16

E
M

I
Q

R
T

I
S

P
I

1
IR

Q5
1R
Q

6
IR

Q3
IR

Q2
IR

Q1

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x00000000

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

P
WM
2

U
A

R
T2

IN
T3

IN
T2

IN
T1

IN
T0

P
WM
1

K
B

T
MR
2

R
TC

W
DT

U
A

R
T1

T
MR
1

S
P

I
2

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x00000000

T
ab

le
9-6.   In

terru
p

t S
tatu

s R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

s

R
eserved

B
its 31–24

R
eserved

T
hese bits are reserved 

and should be set to 0.

E
M

IQ
B

it 23
E

m
u

lato
r In

terru
p

t S
tatu

s—
W

hen set, this bit indicates that the 
in-circuit em

ulation m
odule or E

M
U

IR
Q

 pin is requesting an interrupt 
on level 7. T

his bit can be generated from
 three interrupt sources: 

tw
o breakpoint interrupts from

 the in-circuit em
ulation m

odule and an 
external interrupt from

 E
M

U
IR

Q
, w

hich is an active low
, edge-sensi-

tive interrupt. T
o clear this interrupt, you m

ust read the IC
E

M
S

R
 reg-

ister to identify the interrupt source and w
rite a 1 to the 

corresponding bit of that register. S
ee S

ection
16.2.4, “In-C

ircuit 
E

m
ulation M

odule S
tatus R

egister,” on page
16-10 for m

ore infor-
m

ation.

0 =
 N

o em
ulator interrupt is 

pending.
1 =

 A
n em

ulator interrupt is 
pending.
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R
T

I
B

it 22
R

eal-T
im

e In
terru

p
t S

tatu
s (R

eal-T
im

e C
lo

ck)—
W

hen set, this bit 
indicates that the real-tim

e tim
er has reached its predefined fre-

quency count. T
he frequency can be selected inside the real-tim

e 
clock m

odule, w
hich can function as an additional tim

er.

0 =
 R

eal-tim
e tim

er has not 
reached predefined 
frequency count.

1 =
 R

eal-tim
e tim

er has 
reached predefined 
frequency count.

S
P

I1
B

it 21
S

P
I 1 In

terru
p

t S
tatu

s—
W

hen set, this bit indicates an interrupt 
event from

 S
P

I unit 1.
0 =

 N
o S

P
I 1 interrupt is 

pending.
1 =

 A
n S

P
I 1 interrupt is 

pending.

IR
Q

5
B

it 20
In

terru
p

t R
eq

u
est L

evel 5—
T

his bit, w
hen set, indicates that an 

external device is requesting an interrupt on level 5. If the IR
Q

5
 sig-

nal is set to be a level-sensitive interrupt, the source of the interrupt 
m

ust first be cleared. 

0 =
 N

o level 5 interrupt is 
pending.

1 =
 A

 level 5 interrupt is 
pending.

IR
Q

6
B

it 19
In

terru
p

t R
eq

u
est L

evel 6—
T

his bit, w
hen set, indicates that an 

external device is requesting an interrupt on level 6. If the IR
Q

6
 sig-

nal is set to be a level-sensitive interrupt, the source of the interrupt 
m

ust first be cleared. If IR
Q

6 is set to be an edge-triggered interrupt, 
the interrupt m

ust be cleared by w
riting a 1 to this bit. W

riting a 0 to 
this bit has no effect.

0 =
 N

o level 6 interrupt is 
pending.

1 =
 A

 level 6 interrupt is 
pending.

IR
Q

3
B

it 18
In

terru
p

t R
eq

u
est L

evel 3—
T

his bit, w
hen set, indicates that an 

external device is requesting an interrupt on level 3. If the IR
Q

3 sig-
nal is set to be a level-sensitive interrupt, the source of the interrupt 
m

ust first be cleared. If IR
Q

3 is set to be an edge-triggered interrupt, 
the interrupt m

ust be cleared by w
riting a 1 to this bit. W

riting a 0 to 
this bit has no effect.

0 =
 N

o level 3 interrupt is 
pending.

1 =
 A

 level 3 interrupt is 
pending.

IR
Q

2
B

it 17
In

terru
p

t R
eq

u
est L

evel 2—
T

his bit, w
hen set, indicates that an 

external device is requesting an interrupt on level 2. If the IR
Q

2
 sig-

nal is set to be a level-sensitive interrupt, the source of the interrupt 
m

ust first be cleared. If IR
Q

2  is set to be an edge-triggered interrupt, 
the interrupt m

ust be cleared by w
riting a 1 to this bit. W

riting a 0 to 
this bit has no effect.

0 =
 N

o level 2 interrupt is 
pending.

1 =
 A

 level 2 interrupt is 
pending.

IR
Q

1
B

it 16
In

terru
p

t R
eq

u
est L

evel 1—
T

his bit, w
hen set, indicates that an 

external device is requesting an interrupt on level 1. If the IR
Q

1
 sig-

nal is set to be a level-sensitive interrupt, the source of the interrupt 
m

ust first be cleared. If IR
Q

1  is set to be an edge-triggered interrupt, 
the interrupt m

ust be cleared by w
riting a 1 to this bit. W

riting a 0 to 
this bit has no effect.

0 =
 N

o level 1 interrupt is 
pending.

1 =
 A

 level 1 interrupt is 
pending.

R
eserved

B
its 15–14

R
eserved

T
hese bits are reserved 

and should be set to 0.

P
W

M
2

B
it 13

P
u

lse-W
id

th
 M

o
d

u
lato

r 2 In
terru

p
t—

T
his bit indicates that an 

interrupt event from
 P

W
M

 unit 2 is pending. T
he interrupt level is 

configurable from
 level 1 to level 6. S

ee S
ection

9.6.6, “Interrupt 
Level R

egister,” for m
ore details.

0 =
 N

o P
W

M
 2 interrupt is 

pending.
1 =

 A
 P

W
M

 2 interrupt is 
pending.

T
ab

le
9-6.   In

terru
p

t S
tatu

s R
eg

ister D
escrip

tio
n

 (C
o

n
tin

u
ed

)

N
am

e
D

escrip
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n
S
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g
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U
A

R
T

2
B

it 12
U

A
R

T
 2 In

terru
p

t R
eq

u
est—

W
hen set, this bit indicates that the 

U
A

R
T

 2 m
odule needs service. T

he interrupt level is configurable 
from

 level 1 to level 6. S
ee S

ection
9.6.6, “Interrupt Level R

egister,” 
for m

ore details.

0 =
 N

o U
A

R
T

 2 interrupt 
request is pending.

1 =
 U

A
R

T
 2 interrupt 

request is pending.

IN
T

3
B

it 11
E

xtern
al IN

T
3  In

terru
p

t—
T

his bit, w
hen set, indicates that a level 4 

interrupt has occurred. It is usually for a keyboard interface. W
hen it 

is program
m

ed as edge-triggered, it can only be cleared by w
riting a 

1 to the port D
 register. S

ee S
ection

10.4.5, “P
ort D

 R
egisters,” on 

page
10-16 for details.

0 =
 N

o IN
T

3  interrupt is 
pending.

1 =
 A

n IN
T

3 interrupt is 
pending.

IN
T

2
B

it 10
E

xtern
al IN

T
2  In

terru
p

t—
T

his bit, w
hen set, indicates that a level 4 

interrupt has occurred. It is usually for a keyboard interface. W
hen it 

is program
m

ed as edge-triggered, it can only be cleared by w
riting a 

1 to the port D
 register. S

ee S
ection

10.4.5, “P
ort D

 R
egisters,” on 

page
10-16 for details.

0 =
 N

o IN
T

2  interrupt is 
pending.

1 =
 A

n IN
T

2  interrupt is 
pending.

IN
T

1
B

it 9
E

xtern
al IN

T
1 In

terru
p

t—
T

his bit, w
hen set, indicates that a level 4 

interrupt has occurred. It is usually for a keyboard interface. W
hen it 

is program
m

ed as edge-triggered, it can only be cleared by w
riting a 

1 to the port D
 register. S

ee S
ection

10.4.5, “P
ort D

 R
egisters,” on 

page
10-16 for details.

0 =
 N

o IN
T

1  interrupt is 
pending.

1 =
 A

n IN
T

1 interrupt is 
pending.

IN
T

0
B

it 8
E

xtern
al IN

T
0  In

terru
p

t—
T

his bit, w
hen set, indicates that a level 4 

interrupt has occurred. It is usually for a keyboard interface. W
hen it 

is program
m

ed as edge-triggered, it can only be cleared by w
riting a 

1 to the port D
 register. S

ee S
ection

10.4.5, “P
ort D

 R
egisters,” on 

page
10-16 for details.

0 =
 N

o IN
T

0 interrupt is 
pending.

1 =
 A

n IN
T

0 interrupt is 
pending.

P
W

M
1

B
it 7

P
u

lse-W
id

th
 M

o
d

u
lato

r (P
W

M
 1) In

terru
p

t—
T

his bit, w
hen set, 

indicates that there is a level 6 interrupt event from
 P

W
M

 unit 1 
pending. 

0 =
 N

o P
W

M
 1 interrupt is 

pending.
1 =

 A
 P

W
M

 1 interrupt is 
pending.

K
B

B
it 6

K
eyb

o
ard

 In
terru

p
t R

eq
u

est—
T

his bit, w
hen set, indicates that 

there is a level 4 interrupt event from
 a keyboard pending. 

0 =
 N

o keyboard interrupt is 
pending.

1 =
 A

 keyboard interrupt is 
pending.

T
M

R
2

B
it 5

T
im

er 2 In
terru

p
t S

tatu
s—

T
his bit indicates that a tim

er 2 event has 
occurred. T

his is a level 4 interrupt. 
0 =

 N
o tim

er 2 event 
occurred.

1 =
 A

 tim
er 2 event has 

occurred.

R
T

C
B

it 4
R

eal-T
im

e C
lo

ck In
terru

p
t R

eq
u

est—
T

his bit, w
hen set, indicates 

that there is a level 4 interrupt event from
 the real-tim

e clock that is 
pending.

0 =
 N

o real-tim
e clock 

interrupt is pending.
1 =

 A
 real-tim

e clock 
interrupt is pending.

W
D

T
B

it 3
W

atch
d

o
g

 T
im

er In
terru

p
t R

eq
u

est—
T

his bit indicates that a 
w

atchdog tim
er interrupt is pending. T

his is a level 4 interrupt.
0 =

N
o w

atchdog tim
er 

interrupt is pending.
1 =

 A
 w

atchdog tim
er 

interrupt is pending.

T
ab

le
9-6.   In

terru
p

t S
tatu

s R
eg

ister D
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tio
n

 (C
o

n
tin

u
ed

)

N
am

e
D

escrip
tio

n
S

ettin
g

s

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



P
ro

g
ram

m
in

g
 M

o
d

el

�
In

terru
p

t C
o

n
tro

ller
9-15

 

U
A

R
T

1
B

it 2
U

A
R

T
 1 In

terru
p

t R
eq

u
est—

W
hen set, this bit indicates that the 

U
A

R
T

 1 m
odule needs service. T

his is a level 4 interrupt.
0 =

 N
o U

A
R

T
1 service 

request is pending.
1 =

 U
A

R
T

1 service is 
needed.

T
M

R
1

B
it 1

T
im

er 1 In
terru

p
t S

tatu
s—

T
his bit indicates that a tim

er 1 event has 
occurred. T

his is a level 6 interrupt. 
0 =

 N
o tim

er 1 event 
occurred.

1 =
 A

 tim
er 1 event has 

occurred.

S
P

I2
B

it 0
S

P
I U

nit 2 In
terru

p
t S

tatu
s—

W
hen set, this bit indicates an inter-

rupt event from
 S

P
I unit 2.

0 =
 N

o S
P

I 2 interrupt is 
pending.

1 =
 A

n S
P

I 2 interrupt is 
pending.

T
ab

le
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eg

ister D
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9.6.5  In
terru

p
t P

en
d

in
g

 R
eg

ister 
T

he read-only interrupt pending register (IP
R

) indicates w
hich interrupts are pending. If an interrupt 

source requests an interrupt, but that interrupt is m
asked by the interrupt m

ask register, then that interrupt 
bit w

ill be set in this register, but not in the interrupt status register. If the pending interrupt is not m
asked, 

the interrupt bit w
ill be set in both registers. 

IP
R

Interrupt P
ending R

egister
0x(F

F
)F

F
F

310
B

IT
 

31
30

29
28

27
26

25
24

23
22

21
20

19
18

17
B

IT
 

16

E
M

I
Q

R
T

I
S

P
I

1
IR

Q5
IR

Q6
IR

Q3
IR

Q2
IR

Q1

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x00000000

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

P
WM
2

U
A

R
T2

IN
T3

IN
T2

IN
T1

IN
T0

P
WM
1

K
B

T
MR
2

R
TC

W
DT

U
A

R
T1

T
MR
1

S
P

I
2

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x00000000

T
ab

le
9-7.   In

terru
p

t P
en

d
in

g
 R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

s

R
eserved

B
its 31–24

R
eserved

T
hese bits are reserved and 

should be set to 0.

E
M

IQ
B

it 23
E

m
u

lato
r In

terru
p

t P
en

d
in

g
—

W
hen set, this bit indicates that the 

in-circuit em
ulation m

odule or E
M

U
IR

Q
 pin is requesting an interrupt 

on level 7. T
his bit can be generated from

 three interrupt sources: 
tw

o breakpoint interrupts from
 the in-circuit em

ulation m
odule and an 

external interrupt from
 E

M
U

IR
Q

, w
hich is an active low

, edge-sensi-
tive interrupt. T

o clear this interrupt, you m
ust read the IC

E
M

S
R

 reg-
ister to identify the interrupt source and w

rite a 1 to the 
corresponding bit of that register. S

ee S
ection

16.2.4, “In-C
ircuit 

E
m

ulation M
odule S

tatus R
egister,” on page

16-10 for m
ore inform

a-
tion.

0 =
 N

o em
ulator interrupt is 

pending.
1 =

 A
n em

ulator interrupt is 
pending.

R
T

I
B

it 22
R

eal-T
im

e In
terru

p
t P

en
d

in
g

 (R
eal-T

im
e C

lo
ck)—

W
hen set, this 

bit indicates that the real-tim
e tim

er interrupt is pending. T
he fre-

quency can be selected inside the real-tim
e clock m

odule, w
hich can 

function as an additional tim
er.

0 =
 N

o real-tim
e tim

er 
interrupt is pending.

1 =
 A

 real-tim
e tim

er interrupt 
is pending.

S
P

I1
B

it 21
S

P
I 1 In

terru
p

t P
en

d
in

g
—

W
hen set, this bit indicates an interrupt 

event from
 S

P
I unit 1.

0 =
 N

o S
P

I 1 interrupt is 
pending.

1 =
 A

n S
P

I 1 interrupt is 
pending.
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IR
Q

5
B

it 20
In

terru
p

t R
eq

u
est L

evel 5—
T

his bit, w
hen set, indicates that an 

external device is requesting an interrupt on level 5. If the IR
Q

5 sig-
nal is set to be a level-sensitive interrupt, the source of the interrupt 
m

ust first be cleared.

0 =
 N

o level 5 interrupt is 
pending.

1 =
 A

 level 5 interrupt is 
pending.

IR
Q

6
B

it 19
In

terru
p

t R
eq

u
est L

evel 6—
T

his bit, w
hen set, indicates that an 

external device is requesting an interrupt on level 6. If the IR
Q

6  sig-
nal is set to be a level-sensitive interrupt, the source of the interrupt 
m

ust first be cleared. If IR
Q

6  is set to be an edge-triggered interrupt, 
the interrupt m

ust be cleared by w
riting a 1 to this bit. W

riting a 0 to 
this bit has no effect.

0 =
 N

o level 6 interrupt is 
pending.

1 =
 A

 level 6 interrupt is 
pending.

IR
Q

3
B

it 18
In

terru
p

t R
eq

u
est L

evel 3—
T

his bit, w
hen set, indicates that an 

external device is requesting an interrupt on level 3. If the IR
Q

3 sig-
nal is set to be a level-sensitive interrupt, the source of the interrupt 
m

ust first be cleared. If IR
Q

3 is set to be an edge-triggered interrupt, 
the interrupt m

ust be cleared by w
riting a 1 to this bit. W

riting a 0 to 
this bit has no effect.

0 =
 N

o level 3 interrupt is 
pending.

1 =
 A

 level 3 interrupt is 
pending.

IR
Q

2
B

it 17
In

terru
p

t R
eq

u
est L

evel 2—
T

his bit, w
hen set, indicates that an 

external device is requesting an interrupt on level 2. If the IR
Q

2  sig-
nal is set to be a level-sensitive interrupt, the source of the interrupt 
m

ust first be cleared. If IR
Q

2 is set to be an edge-triggered interrupt, 
the interrupt m

ust be cleared by w
riting a 1 to this bit. W

riting a 0 to 
this bit has no effect.

0 =
 N

o level 2 interrupt is 
pending.

1 =
 A

 level 2 interrupt is 
pending.

IR
Q

1
B

it 16
In

terru
p

t R
eq

u
est L

evel 1—
T

his bit, w
hen set, indicates that an 

external device is requesting an interrupt on level 1. If the IR
Q

1  sig-
nal is set to be a level-sensitive interrupt, the source of the interrupt 
m

ust first be cleared. If IR
Q

1  is set to be an edge-triggered interrupt, 
the interrupt m

ust be cleared by w
riting a 1 to this bit. W

riting a 0 to 
this bit has no effect.

0 =
 N

o level 1 interrupt is 
pending.

1 =
 A

 level 1 interrupt is 
pending.

R
eserved

B
its 15–14

R
eserved

T
hese bits are reserved and 

should be set to 0.

P
W

M
2

B
it 13

P
u

lse-W
id

th
 M

o
d

u
lato

r 2 In
terru

p
t—

T
his bit indicates an interrupt 

event from
 P

W
M

 unit 2 is pending. T
he interrupt level is configurable 

from
 level 1 to level 6. S

ee S
ection

9.6.6, “Interrupt Level R
egister,” 

for m
ore details.

0 =
 N

o P
W

M
 2 interrupt.

1 =
 A

 P
W

M
 2 interrupt is 

pending.

U
A

R
T

2
B

it 12
U

A
R

T
 2 In

terru
p

t R
eq

u
est—

W
hen this bit is set, it indicates that the 

U
A

R
T

 2 m
odule needs service. T

he interrupt level is configurable 
from

 level 1 to level 6. S
ee S

ection
9.6.6, “Interrupt Level R

egister,” 
for m

ore details.

0 =
 N

o U
A

R
T

 2 interrupt 
request is pending.

1 =
 U

A
R

T
 2 interrupt request 

is pending.

IN
T

3
B

it 11
E

xtern
al IN

T
3 In

terru
p

t—
T

his bit, w
hen set, indicates that a level 4 

interrupt has occurred. It is usually for a keyboard interface. W
hen it 

is program
m

ed as edge-triggered, it can only be cleared by w
riting a 

1 to the port D
 register. S

ee S
ection

10.4.5, “P
ort D

 R
egisters,” on 

page
10-16 for details.

0 =
 N

o IN
T

3  interrupt is 
pending.

1 =
 A

n IN
T

3  interrupt is 
pending.

T
ab

le
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en

d
in

g
 R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
tio

n
S

ettin
g

s

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



9-18
M

C
68V

Z
328 U

ser’s M
anual

�
 

P
rogram

m
ing M

odel

IN
T

2
B

it 10
E

xtern
al IN

T
2 In

terru
p

t—
T

his bit, w
hen set, indicates that a level 4 

interrupt has occurred. It is usually for a keyboard interface. W
hen it 

is program
m

ed as edge-triggered, it can only be cleared by w
riting a 

1 to the port D
 register. S

ee S
ection

10.4.5, “P
ort D

 R
egisters,” on 

page
10-16 for details.

0 =
 N

o IN
T

2  interrupt is 
pending.

1 =
 A

n IN
T

2 interrupt is 
pending.

IN
T

1
B

it 9
E

xtern
al IN

T
1  In

terru
p

t—
T

his bit, w
hen set, indicates that a level 4 

interrupt has occurred. It is usually for a keyboard interface. W
hen it 

is program
m

ed as edge-triggered, it can only be cleared by w
riting a 

1 to the port D
 register. S

ee S
ection

10.4.5, “P
ort D

 R
egisters,” on 

page
10-16 for details.

0 =
 N

o IN
T

1  interrupt is 
pending.

1 =
 A

n IN
T

1  interrupt is 
pending.

IN
T

0
B

it 8
E

xtern
al IN

T
0 In

terru
p

t—
T

his bit, w
hen set, indicates that a level 4 

interrupt has occurred. It is usually for a keyboard interface. W
hen it 

is program
m

ed as edge-triggered, it can only be cleared by w
riting a 

1 to the port D
 register. S

ee S
ection

10.4.5, “P
ort D

 R
egisters,” on 

page
10-16 for details.

0 =
 N

o IN
T

0  interrupt is 
pending.

1 =
 A

n IN
T

0  interrupt is 
pending.

P
W

M
1

B
it 7

P
u

lse-W
id

th
 M

o
d

u
lato

r (P
W

M
 1) In

terru
p

t—
T

his bit, w
hen set, 

indicates that there is a level 6 interrupt event from
 P

W
M

 unit 1 
pending. 

0 =
 N

o P
W

M
 1interrupt.

1 =
 A

 P
W

M
 1 interrupt is 

pending.

K
B

B
it 6

K
eyb

o
ard

 In
terru

p
t R

eq
u

est—
T

his bit, w
hen set, indicates that 

there is a level 4 interrupt event from
 a keyboard pending. 

0 =
 N

o keyboard interrupt is 
pending.

1 =
 A

 keyboard interrupt is 
pending.

T
M

R
2

B
it 5

T
im

er 2 In
terru

p
t P

en
d

in
g

—
T

his bit indicates that a tim
er 2 event 

has occurred. T
his is a level 4 interrupt. 

0 =
 N

o tim
er 2 event 

occurred.
1 =

 A
 tim

er 2 event has 
occurred.

R
T

C
B

it 4
R

eal-T
im

e C
lo

ck In
terru

p
t R

eq
u

est—
T

his bit, w
hen set, indicates 

that there is a level 4 interrupt event from
 the real-tim

e clock that is 
pending.

0 =
 N

o real-tim
e clock 

interrupt is pending.
1 =

 A
 real-tim

e clock interrupt 
is pending.

W
D

T
B

it 3
W

atch
d

o
g

 T
im

er In
terru

p
t R

eq
u

est—
T

his bit indicates that a 
w

atchdog tim
er interrupt is pending. T

his is a level 4 interrupt.
0 =

N
o w

atchdog tim
er 

interrupt is pending.
1 =

 A
 w

atchdog tim
er 

interrupt is pending.

U
A

R
T

1
B

it 2
U

A
R

T
 1 In

terru
p

t R
eq

u
est—

W
hen this bit is set, it indicates that the 

U
A

R
T

 1 m
odule needs service. T

his is a level 4 interrupt.
0 =

 N
o U

A
R

T
 1 service 

request is pending.
1 =

 U
A

R
T

 1 service is 
needed.

T
M

R
1

B
it 1

T
im

er 1 In
terru

p
t P

en
d

in
g

—
T

his bit indicates that a tim
er 1 event 

has occurred. T
his is a level 6 interrupt. 

0 =
 N

o tim
er 1 event 

occurred.
1 =

 A
 tim

er 1 event has 
occurred.

S
P

I2
B

it 0
S

P
I U

n
it 2 In

terru
p

t P
en

d
in

g
—

W
hen set, this bit indicates an inter-

rupt event from
 S

P
I unit 2.

0 =
 N

o S
P

I 2 interrupt is 
pending.

1 =
 A

n S
P

I 2 interrupt is 
pending.

T
ab

le
9-7.   In

terru
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g
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eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
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9.6.6  In
terru

p
t L

evel R
eg

ister
T

IM
E

R
 2, U

A
R

T
 2, P

W
M

 2, and S
P

I 1 are new
 m

odules to the M
C

68V
Z

328 com
pared to the previous 

version, M
C

68E
Z

328. Interrupts generated from
 these m

odules are level configurable. T
he interrupt level 

control register (IL
C

R
) controls the interrupt level for these interrupts.  

IL
C

R
 

Interrupt Level R
egister

0x(F
F

)F
F

F
314

P
rogram

m
ing register bits 14–

12
, 10

–
8

, 6
–

4
, an

d
 2

–
0 w

ith
 th

e va
lu

e
s sh

ow
n

 in T
a

b
le

9-8
 ca

u
se

s th
e 

co
rre

sp
o

n
d

in
g

 in
te

rru
pt so

u
rce

 to
 ge

n
era

te
 differe

nt in
te

rru
p

t le
vels.

A
fter re

set, e
a

ch
 o

f the
se fo

ur in
te

rru
p

ts is se
t to the

 d
efa

ult leve
l in

d
ica

te
d

:

•
T

IM
E

R
2IR

Q
 (level 3)

•
U

A
R

T
2

IR
Q

 (leve
l 5

)

•
P

W
M

2IR
Q

 (level 3)

•
S

P
I2

IR
Q  (leve

l 6
)

B
IT

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 

0

S
P

I1_LE
V

E
L

U
A

R
T

2_LE
V

E
L

P
W

M
2_LE

V
E

L
T

M
R

2_LE
V

E
L

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

1
1

0
0

1
0

1
0

0
1

1
0

0
1

1

0x6533

T
ab

le
9-8.   In

terru
p

t L
evel R

eg
ister F

ield
 V

alu
es

In
terru

p
t L

evel
V

alu
e in

 R
eg

ister B
its

14–12, 10–8, 6–4, and 2–0

U
ndefined level

111

Level 6
110

Level 5
101

Level 4
100

Level 3
011

Level 2
010

Level 1
001

U
ndefined level

000

N
ote:

V
alues 000 and 111 are not allow

ed to be program
m

ed into 
these register bits.
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P
en Interrupts

9.7   K
eyb

o
ard

 In
terru

p
ts 

K
eyboard interrupt features provide a sm

art pow
er-m

anagem
ent capability. T

he C
P

U
 core can be put to 

sleep w
hen no key is being pressed. O

nce a key is pressed, how
ever, the core w

akes up to service the 
request. T

his event-driven approach significantly reduces pow
er consum

ption. K
B

0  to K
B

7 (m
ultiplexed 

w
ith IN

T
[3:0], IR

Q
1, IR

Q
2, IR

Q
3, and IR

Q
6) are input pins for the keyboard interface. T

hey are internally 
O

R
ed together and generate an interrupt that indicates to the core that a key has been pressed.  

9.8   P
en

 In
terru

p
ts 

T
he M

C
68V

Z
328 is designed to support pen and touch panel inputs. In m

ost of these system
s, the setup 

involves a touch panel connected to an analog-to-digital (A
/D

) converter and the m
icroprocessor. T

o 
achieve low

 pow
er consum

ption and system
 perform

ance, the A
/D

 is usually connected to an interrupt of 
the m

icroprocessor. W
hen the touch panel is touched, the C

P
U

 is activated through the interrupt and the 
A

/D
 starts collecting data. O

n the M
C

68V
Z

328, IR
Q

5  is a level 5 interrupt w
ith pull-up properties that is 

norm
ally used as a pen interrupt. C

onnecting the IR
Q

5  to a transistor netw
ork w

ith the A
/D

, a pen-dow
n 

interrupt can be im
plem

ented w
ith the M

C
68V

Z
328 system

. W
ith the special design circuitry inside, this 

pen interrupt supports both pen-dow
n and pen-up interrupts. T

he polarity of the pen interrupt can be set by 
program

m
ing the P

O
L

5 bit of the interrupt control register. 
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rts
10-1

C
h

ap
ter

10
I/O

 P
o

rts
T

his chapter describes the 10 m
ultipurpose ports of the M

C
68V

Z
328. It also describes how

 to use the ports 
for external I/O

 control and to determ
ine the status of the external signals. A

ll 10 ports (A
–

G
, J, K

, an
d

 M
) 

are
 p

rog
ram

m
a

ble I/O
 p

o
rts w

ith
 p

ull-u
p

 a
n

d
 pu

ll-d
o

w
n

 ca
p

ab
ility. E

ach
 p

o
rt can

 b
e u

sed
 a

s a
 

g
en

e
ra

l-pu
rp

ose
 I/O

 (G
P

IO
) p

ort, o
r it can

 b
e co

n
ne

cte
d

 to
 its d

ed
ica

te
d

 I/O
 fu

n
ctio

n
. E

ve
ry sig

n
al line

 
co

n
n

ects to
 a

n
 e

xte
rn

a
l p

in
. A

lth
o

ug
h

 ea
ch

 p
o

rt co
n

sists of a g
rou

p
 o

f five to
 e

igh
t sig

n
a

l lin
es, all 

co
m

m
an

d
s a

n
d a

ctio
n

s o
ccur at th

e p
in

 le
vel b

ecau
se

 e
a

ch
 p

in
 of a p

o
rt is in

divid
u

ally co
n

fig
ure

d. T
h

e p
in

 
n

am
e

 refle
cts th

e
 fun

ction
s a

ssig
n

e
d to

 th
e

 p
in

. F
o

r e
xa

m
p

le
, th

e
 n

am
e P

B
/C

S
B

1
/S

D
W

E in
d

icate
s th

at th
e

 
p

in
 is u

se
d

 fo
r a

n
y o

f th
re

e
 sep

a
ra

te
 sig

n
a

ls: P
ort B

 d
a

ta
, C

h
ip

-S
elect B

 1, a
n

d
 S

D
R

A
M

 W
rite

-E
n

ab
le

. T
his 

ch
a

p
te

r d
e

scrib
es pin

 assig
nm

en
ts e

ithe
r p

rog
ram

m
e

d a
s G

P
IO

 o
r p

ro
g

ra
m

m
e

d
 to

 d
ed

ica
te

d
 I/O

 fu
n

ctio
n

s.

W
h

e
n p

ins are
 p

ro
gram

m
e

d a
s G

P
IO

, th
e

 dire
ctio

n
 o

f ind
ivid

ua
l p

ins (in
pu

t o
r ou

tpu
t) can

 b
e co

nfig
u

re
d, 

an
d

 p
ull-u

p resistors (o
r p

u
ll-d

ow
n resistors in

 so
m

e
 po

rts) can
 b

e e
n

ab
led

 o
r d

isa
ble

d. W
h

e
n

 pin
s a

re
 

p
ro

g
ra

m
m

e
d

 as d
e

d
ica

te
d

 I/O
, a

 p
in

’s d
ire

ction
 can

n
o

t b
e

 co
n

trolle
d

. 
A

 few
 exceptions to this rule are 

noted in the program
m

ing inform
ation about the specific ports. 

10.1   P
o

rt C
o

n
fig

u
ratio

n
W

ith
 th

e
 excep

tio
n

 o
f P

o
rt A

, e
ve

ry p
o

rt is m
u

ltip
le

xed
 w

ith
 at le

ast o
n

e o
the

r d
e

d
icated

 I/O
 fun

ction
. 

S
eve

ra
l p

o
rts h

a
ve

 p
in

s th
at ca

n
 be

 con
fig

u
re

d
 fo

r o
n

e o
f se

ve
ral de

d
ica

te
d I/O

 fu
nctio

ns. T
ab

le
1

0
-1

 o
n 

p
ag

e
10

-2 sh
ow

s th
e

 I/O
 fu

n
ctio

n
s a

vaila
b

le
 fo

r e
a

ch
 p

o
rt. 

P
orts a

re
 pro

gra
m

m
e

d b
y fo

u
r d

e
dicated

 8
-b

it re
g

iste
rs: d

ire
ctio

n
, da

ta
, p

ull-u
p e

n
ab

le, a
nd

 select. T
h

e
 

exce
ptio

n
s a

re
 P

o
rt A

 a
n

d
 P

o
rt D

. P
o

rt A
 d

o
e

s n
o

t h
ave

 a se
le

ct re
g

iste
r sin

ce it can
 o

n
ly be

 u
se

d
 as a 

G
P

IO
. T

h
e

 re
m

a
in

ing
 re

gisters h
ave

 se
le

ct re
gisters co

n
tro

llin
g

 w
h

ethe
r th

e
 p

in
 is a

ssign
e

d
 as a

 G
P

IO
 or a

 
d

ed
ica

te
d

 I/O
 fu

nctio
n

. S
o

m
e

 p
in

s h
a

ve m
u

ltip
le d

e
dicated

 fu
n

ction
s assig

n
ed

 to
 th

e
m

. S
ele

ctio
n

 of th
e

se
 

fu
n

ctio
n

s is con
tro

lled
 b

y o
th

e
r re

g
iste

rs in
 th

e M
C

68
V

Z
3

2
8

. P
o

rt D
 is u

niq
ue

 in
 th

a
t it is u

se
d

 fo
r h

an
d

ling
 

extern
al inte

rrup
ts. It h

as fo
u

r de
d

ica
te

d in
terru

p
t con

tro
l re

g
iste

rs in
 a

d
ditio

n to
 th

e
 p

re
vio

u
sly refere

nce
d 

fo
u

r reg
isters. 

T
he

 I/O
 d

rive
 con

tro
l reg

ister (IO
C

R
) in

 syste
m

 co
n

tro
l con

tro
ls th

e
 drive

 stre
n

gth
 (in

 m
A

) o
f a

ll I/O
 

sig
na

ls, in
clu

d
in

g
 all o

f th
e p

o
rts. B

y de
fau

lt, all I/O
 p

in
s on

 the
 M

C
6

8
V

Z
3

28
 d

e
fa

ult to a
 4

m
A

 d
rivin

g 
cu

rre
n

t. A
fte

r re
set, it is reco

m
m

e
n

d
ed

 th
e

 use
r select 2

m
A

 d
rive stre

ng
th for th

o
se

 sig
n

als n
o

t req
u

irin
g

 
h

ig
h

 cu
rre

nt to
 en

su
re

 m
axim

u
m

 p
ow

er sa
vin

g
s.
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S
tatus of I/O

 P
orts D

uring R
eset

10.2   S
tatu

s o
f I/O

 P
o

rts D
u

rin
g

 R
eset

T
w

o
 type

s of re
sets a

ffect th
e sta

te
s of th

e
 M

C
6

8V
Z

32
8

’s I/O
 p

orts: w
a

rm
 re

se
t a

n
d

 p
o

w
e

r-u
p rese

t. A
 

w
a

rm
 rese

t re
fers to a

n
y re

se
t initiated

 w
h

ile
 p

o
w

e
r to th

e p
ro

cessor re
m

a
in

s un
interru

p
te

d
. A

 po
w

e
r-u

p 
re

set o
ccu

rs th
e

 first tim
e

 p
o

w
e

r is su
p

p
lied

 to
 th

e M
C

68
V

Z
3

2
8

. P
o

w
e

r-up
 re

sets a
re

 also
 ca

lle
d co

ld
 start 

re
sets.

10.2.1  W
arm

 R
eset

F
ig

u
re

10
-1

 o
n

 p
ag

e
10

-3 d
e

ta
ils tim

in
g d

u
rin

g a
 w

a
rm

 rese
t. A

ll I/O
 po

rts, excep
t P

o
rts B

 a
n

d
 M

, re
se

t to
 

th
e

ir d
e

fa
u

lt states o
n

 a
sse

rtio
n

 o
f th

e
 re

se
t sign

a
l a

nd
 rem

ain a
t th

eir d
efa

ult sta
te

s d
u

rin
g

 th
e tim

e
 p

erio
d

 
la

b
eled

 R
e

se
t A

ssertio
n T

im
e

 L
e

n
g

th
. T

h
e

 p
ort d

e
fa

u
lt sta

te is d
ete

rm
ine

d
 b

y the
 reg

iste
r re

se
t va

lu
e

s o
f 

th
e

 I/O
 p

o
rt re

g
iste

rs. R
e

giste
r re

set va
lue

s a
re fou

n
d

 in
 T

ab
le

3
-1

 o
n

 p
a

g
e

3
-2

 a
n

d T
a

b
le

3-2
 on

 p
ag

e
3

-8
. 

P
orts B

 a
nd

 M
 m

a
intain

 th
eir p

revio
u

s p
ro

gram
m

e
d sta

te
s on

 reset assertion
 a

n
d retain

 th
eir sta

te
s du

rin
g

 
th

e
 R

ese
t A

sse
rtio

n
 T

im
e

 L
en

g
th

. T
h

e p
revio

u
s states o

f P
o

rts B
 a

nd
 M

 b
e

fo
re rese

t a
ssertio

n a
re

, fo
r th

e 
p

urp
ose

s o
f th

e fig
u

re
, a

ssu
m

e
d

.

T
ab

le
10-1.   D

ed
icated

 I/O
 F

u
n

ctio
n

s o
f P

o
rts

P
o

rt
D

ed
icated

 I/O
 M

o
d

u
le

D
ed

icated
 I/O

 M
o

d
u

le
D

ed
icated

 I/O
 M

o
d

u
le

D
ed

icated
 I/O

 M
o

d
u

le

A
Low

er byte of data bus

B
C

hip-select
D

R
A

M
 controller

G
P

 tim
ers

P
W

M
 output

C
LC

D
 controller

D
Interrupt controller

E
S

P
I 

D
R

A
M

 controller
U

A
R

T
B

us control

F
D

R
A

M
 controller

C
G

M
A

ddress bits 23–20
Interrupt request 5

LC
D

 contrast
C

hip-select

G
B

us control
In-circuit em

ulation
A

ddress bit 0

J
U

A
R

T
S

P
I 

K
B

us control
LC

D
 controller

S
P

I 

M
D

R
A

M
 controller
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S
tatu

s o
f I/O

 P
o

rts D
u

rin
g

 R
eset

�
I/O

 P
o

rts
10-3

F
ig

u
re

10-1.   I/O
 P

o
rt W

arm
 R

eset T
im

in
g

A
s sh

o
w

n in
 F

ig
ure

1
0

-1
, re

sets fo
r P

o
rts A

, C
–

G
, J, a

n
d K

 a
re

 trig
g

e
re

d b
y th

e
 asse

rtio
n

 o
f the

 in
terna

l 
re

set sign
a

l. T
h

e in
te

rn
a

l re
set sign

a
l is synch

ro
n

ize
d w

ith
 th

e
 first falling

 e
dg

e
 o

f th
e

 3
2

kH
z clock afte

r 
th

e
 exte

rna
l rese

t h
a

s b
ee

n
 asserte

d
. T

h
e

 re
se

ts for P
orts B

 an
d

 M
 a

re
 trig

g
ere

d b
y th

e
 n

e
g

atio
n

 of th
e

 
in

te
rna

l re
se

t pu
lse

 sig
n

al. T
h

e se
qu

e
n

ce
 o

f eve
nts (a

s sh
o

w
n

 in
 F

igu
re

1
0

-1
) le

ad
ing

 to
 th

e
 assertio

n o
f th

e
 

in
te

rna
l re

se
t p

u
lse sig

n
a

l a
re

 as fo
llo

w
s:

1
.

T
h

e externa
l re

se
t sig

n
al is n

ega
te

d
.

2
.

T
h

e first fa
llin

g
 ed

g
e o

f 32
kH

z o
ccu

rs.

3
.

A
fter 1

6 cycle
s of S

Y
S

C
L

K
, th

e in
te

rn
a

l re
set pu

lse
, w

h
ose

 w
id

th
 is 1

 S
Y

S
C

L
K

 cycle, is 
g

en
e

ra
te

d
.

P
ort B

 a
n

d P
o

rt M
 a

re
 d

esig
n

e
d to m

ainta
in

 or h
old

 th
eir p

re
vio

u
s sta

tes d
urin

g
 th

e
 R

eset A
sse

rtio
n

 T
im

e
 

L
en

g
th

 to
 su

pp
o

rt th
e

 “d
a

ta
 re

te
n

tio
n

 d
urin

g
 re

set” fea
ture o

f th
e D

R
A

M
 co

n
tro

ller. H
old

in
g

 th
e p

revio
u

s 
state

s o
f P

o
rt B

 an
d

 P
o

rt M
 allo

w
s m

u
ltip

le
xed

 D
R

A
M

 co
n

trol sig
na

ls to
 rem

a
in a

ctive
 d

urin
g

 th
e

 syste
m

 
R

ese
t A

sse
rtio

n
 T

im
e L

e
ng

th. T
h

is fe
a

tu
re

 a
llow

s th
e

 D
R

A
M

 co
ntro

lle
r to m

a
intain

 th
e refre

sh cycle
s for 

D
R

A
M

 d
urin

g
 u

n
p

re
d

icta
b

le
 reset tim

e
 le

ng
ths, th

ereb
y p

reservin
g

 D
R

A
M

 d
a

ta
 a

fter rese
t ne

g
atio

n
. M

ore
 

d
etails ap

p
e

ar in
 C

h
ap

te
r

7
, “D

R
A

M
 C

o
n

tro
lle

r.” 

10.2.2  P
o

w
er-u

p
 R

eset
T

he
 po

w
e

r-u
p

 reset se
qu

e
n

ce
 of e

ven
ts is th

e sa
m

e
 a

s fo
r a w

a
rm

 re
set, e

xce
p

t th
at th

e I/O
 sta

tes o
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 d
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 b
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10.2.3  S
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f P

o
rt B
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r D
u
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 R
eset

T
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10-2 sum
m

arizes the behavior of all M
C

68V
Z

328 I/O
 ports during the R

eset A
ssertion T

im
e L

ength 
(see F

igure
10-1 on page

10-3) for pow
er-up resets and w

arm
 resets.

10.3   I/O
 P

o
rt O

p
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n
T

he
 follo

w
ing

 sub
sectio

n
s d
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 d
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ils o
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 I/O
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orts’ o

p
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tion
.

10.3.1  D
ata F
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w
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m

 th
e I/O

 M
o

d
u
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T

he
 o

p
eratio

n
 o

f a
 p

o
rt co

n
n

ected
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r m
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u

le
 in
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 M

C
6

8
V

Z
3
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8 is illustrate
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 F

ig
ure

1
0

-2
 o

n
 

p
ag
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10
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T
ab
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10-2.   M

C
68V

Z
328 I/O

 P
o

rt S
tatu

s D
u

rin
g

 th
e R

eset A
ssertio

n
 T

im
e L

en
g

th

I/O
 P

o
rts

W
arm

 R
eset

P
o

w
er-u

p
 R

eset

A
R

esets to default state
R

esets to default state

B
M

aintains previous state
U

nknow
n state

C
R

esets to default state
R

esets to default state

D
R

esets to default state
R

esets to default state

E
R

esets to default state
R

esets to default state

F
R

esets to default state
R

esets to default state

G
R

esets to default state
R

esets to default state

J
R

esets to default state
R

esets to default state

K
R

esets to default state
R

esets to default state

M
M

aintains previous state
U

nknow
n state

N
o

te:
T

he default state is defined by the reset values of the corresponding I/O
 port’s registers. P

lease refer to 
T

able
3-1 on page

3-2 and T
able

3-2 on page
3-8 for details.
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p
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F
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ort E
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E

L
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th
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 “d
a
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l p
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’s T
X

D
 sig

n
al 

(S
P

IT
X

D
). B

e
ca

u
se

 S
P

IT
X

D
 is o

u
tp

u
t-o

nly, th
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n
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e
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 m
o

d
ule” lin

e
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s lo
n
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e S

E
L

x b
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e

 p
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se
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t rese
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le
 p
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b
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it D
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o
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e

 m
aste

r S
P

M
T

X
D

 sig
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h

e
 S
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I m

o
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le co
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 d

irectio
n o

f d
a

ta
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w
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in
, w
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 d
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d
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o
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ule co

n
tro
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 d
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n
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n
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e

scrib
ed

 in
 the

 in
d
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a
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 se
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.

10.3.2  D
ata F

lo
w

 to
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e I/O
 M

o
d

u
le

A
n

 e
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p
le o

f da
ta flow
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 I/O
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1
 b
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o

rt E
. T
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al’s fu

n
ctio

n
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e
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P
I’s R

X
D

 
(S

P
IR

X
D
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n

al. In
 th
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, S

P
IR

X
D

 is in
p

u
t-on

ly; th
u

s, the
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 n
e
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ates th
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 “o

u
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u
t e
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le fro
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t d
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 m
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p
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P
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W
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 a rea
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e D
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t b
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t d
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 b
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r b
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 m
od

e
.

P
ad

D
ata R

egister

D
irection R

egister

S
elect R

egister

0

S
E

L
1

P
ull-up E

nable R
egister

0

S
E

L
1

D
ata to

M
odule

S
ignal

D
ata from
M

odule

O
utput

S
ignal

E
nable from

M
odule

S
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d
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u

ll-d
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w
n

 R
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rs
T

he
 p

ull-u
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 p

u
ll-d

ow
n resisto

rs a
re

 e
n

a
bled

 b
y settin

g th
e
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ll-up

 o
r p

ull-d
ow

n
 e

na
b

le
 re

g
iste

r’s b
its to

 
1

. P
u

ll-u
p

 a
nd

 p
u

ll-d
ow

n resistors ca
n b

e
 se

le
cte

d in
divid

u
ally re

g
ard

le
ss o

f w
h

e
th

er th
e

 I/O
 po

rt is 
se

le
cte

d
 or n

ot. A
fter re

se
t, P

o
rts A

–
F

, J, K
, a

n
d M

 de
fa

u
lt to

 th
e

 I/O
 fu

n
ctio

n
 w

ith inte
rn

a
l p

ull-u
p o

r 
p

ull-d
ow

n
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b

le
d

. R
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r assig
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ts for in

d
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u
a

l p
o

rts is sho
w

n
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 T
a
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1

0
-3

. M
e

a
nw

hile
, P

ort G
 

d
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lts to
 th

e
 d

e
d
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 fun
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n, e

xce
p
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/P
/D

/P
G

3
 p

in
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ich d

e
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u
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3
 fu
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n
.

10.4   P
ro

g
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m
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g
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o
d
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T
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p
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r’s re
m
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e p
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o
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l p
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T
he

 P
o
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u

rp
o

se
 8
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 re
g

iste
rs. T

he
y co

n
sist o

f the
 fo

llo
w

in
g

:

•
P

ort A
 d
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 d
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A
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a
b
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E
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)
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P
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ta b
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n b
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p
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ra
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8 b
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e S
C

R
 is cle

a
re

d
, resu

ltin
g

 in
 P

o
rt A

 b
e

co
m

in
g th

e
 lo

w
e

r d
ata b

yte
 o

f the
 d

ata 
b

us (D
[7

:0
]) w

ith
 in

te
rn

a
l p

u
ll-u
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.
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n
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rt

P
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rt
P

u
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p
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u
ll-d

o
w

n

A
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, D
, E

, G
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A
ll bits

N
one

C
N
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A
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F
B
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B
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K
B

its 3–0
B
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M
B

it 5
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10.4.1.1   P
o

rt A
 D

irectio
n

 R
eg

ister

T
he P

ort A
 direction register controls the direction (input or output) of the line associated w

ith the 
P

A
D

A
T

A
 bit position. T

he settings for the bit positions are show
n in T

able
10-4.

P
A

D
IR

P
ort A

 D
irection R

egister
0x(F

F
)F

F
F

400

10.4.1.2   P
o

rt A
 D

ata R
eg

ister

T
he eight P

A
D

A
T

A
 bits control or report the data on the pins w

hile the associated SE
L

x bits are high. 
W

hile the D
IR

x bits are high (output), the D
x bits control the pins. W

hile the D
IR

x bits are low
 (input), the 

D
x bits report the signal driving the pins. T

he D
x bits can be w

ritten at any tim
e. B

its that are configured as 
inputs w

ill accept the data, but the data w
ritten to each cannot be accessed until the respective pin is 

configured as an output. T
he actual value on the pin is reported w

hen these bits are read, regardless of 
w

hether they are configured as input or output. T
he settings for the bit positions are show

n in T
able

10-5.

P
A

D
A

T
A

P
ort A

 D
ata R

egister
0x(F

F
)F

F
F

401

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
IR

7
D

IR
6

D
IR

5
D

IR
4

D
IR

3
D

IR
2

D
IR

1
D

IR
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-4.   P

o
rt A

 D
irectio

n
 R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
IR

x
B

its 7–0
D

irectio
n

—
T

hese bits control the direction of the pins in an 8-bit 
system

.
0 =

 Input
1 = O

utput

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T

1
1

1
1

1
1

1
1

0xF
F

* 
*A

ctual bit value depends on external circuits connected to pin.

T
ab

le
10-5.   P

o
rt A

 D
ata R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
x

B
its 7–0

D
ata—

T
hese bits reflect the 

status of the I/O
 signal in an 

8-bit system
.

0 = D
rives the output signal low

 w
hen D

IR
x is set to 1 or the 

external signal is low
 w

hen D
IR

x is set to 0
1 = D

rives the output signal high w
hen D

IR
x is set to 1 or the 

external signal is high w
hen D

IR
x is set to 0
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10.4.1.3   P
o

rt A
 P

u
ll-u

p
 E

n
ab

le R
eg

ister

T
he P

ort A
 pull-up enable register (P

A
P

U
E

N
) controls the pull-up resistors for each line in P

ort A
. T

he 
settings for the bit positions are show

n in T
able

10-6.

P
A

P
U

E
N

P
ort A

 P
ull-up E

nable R
egister

0x(F
F

)F
F

F
402

10.4.2  P
o

rt B
 R

eg
isters

P
ort B

 is m
ade up of the follow

ing 8-bit general-purpose I/O
 registers:

•
P

ort B
 d

ire
ctio

n
 reg

ister (P
B

D
IR

) 

•
P

ort B
 d

a
ta

 reg
ister (P

B
D

A
TA

) 

•
P

ort B
 p

u
ll-u

p
 en

a
b

le
 reg

ister (P
B

P
U

E
N

) 

•
P

ort B
 se

le
ct reg

ister (P
B

S
E

L
) 

E
ach

 sig
na

l lin
e

 co
n

n
ects to

 a
n e

xte
rn

a
l p

in
. E

ach
 bit o

n
 P

ort B
 is ind

ivid
ua

lly co
n

fig
ured

. 

10.4.2.1   P
o

rt B
 D

irectio
n

 R
eg

ister

T
he

 P
o

rt B
 dire

ctio
n

 re
g

iste
r co

n
tro

ls the
 d

irectio
n (in

p
u

t o
r o

u
tp

u
t) of th

e
 lin

e
 associa

ted
 w

ith
 th

e 
P

B
D

A
T

A
 b

it p
o

sitio
n

. W
h

en
 th

e
 da

ta b
it is assig

ne
d

 to
 a

 d
e

d
icate

d I/O
 fun

ction
, the

 d
irectio

n b
its a

re 
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n
o

re
d. T

h
e

 se
ttin

g
s for th

e
 bit p

o
sition

s are
 sh
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a

b
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1
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 p
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e

1
0-9

.

B
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1
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P

U
6

P
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5
P

U
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P
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3
P

U
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P
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1
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U
0

T
Y

P
E
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rw
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rw
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rw
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R
E

S
E

T
1

1
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1
1

1
1

1
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F
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10-6.   P
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rt A

 P
u

ll-u
p

 E
n

ab
le R
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ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

P
U

x
B

its 7–0
P

u
ll-u

p
—

T
hese bits enable the pull-up resistors on 

the port.
0 =

 P
ull-up resistors are disabled

1 =
 P

ull-up resistors are enabled
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irection R
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F
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10.4.2.2   P
o

rt B
 D

ata R
eg

ister

T
he settings for the P

B
D

A
T

A
 bit positions are show

n in T
able

10-8.

P
B

D
A

T
A

P
ort B

 D
ata R

egister
0x(F

F
)F

F
F

409

P
ort B

 is m
ultiplexed w

ith chip-select, D
R

A
M

 control, T
IN

/T
O

U
T

, and P
W

M
 dedicated I/O

 signals. 
T

hese pins can be program
m

ed as G
P

IO
 w

hen these other assignm
ents are not used.

T
hese bits control or report the data on the pins w

hile the associated S
E

L
x bits are high. W

hile the D
IR

x 
bits are high (output), the D

x bits control the pins. W
hile the D

IR
x bits are low

 (input), the D
x bits report 

the signal driving the pins. T
he D

x bits can be w
ritten at any tim

e. B
its that are configured as inputs w

ill 
accept the data, but the data w

ritten to each cannot be accessed until the corresponding pin is configured as 
an output. T

he actual value on the pin is reported w
hen these bits are read, regardless of w

hether they are 
configured as input or output. 

B
IT

 7
6

5
4

3
2

1
B

IT
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D
IR

7
D

IR
6

D
IR

5
D

IR
4

D
IR

3
D

IR
2

D
IR

1
D

IR
0

T
Y

P
E
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rw
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R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
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le
10-7.   P

o
rt B

 D
irectio

n
 R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
IR

x
B

its 7–0
D

irectio
n

—
T

hese bits control the direction of the pins. T
hey reset 

to 0. W
ith the exception of bit 6, if a bit is selected as a dedicated 

I/O
 in P

B
S

E
L, the D

IR
 bit is ignored.

0 =
 Inputs

1 = O
utput

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

T
Y

P
E
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rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1

0xF
F

* 
*A

ctual bit value depends on external circuits connected to pin.

T
ab

le
10-8.   P

o
rt B

 D
ata R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
x

B
its 7–0

D
ata—

T
hese bits reflect the 

status of the I/O
 signal in an 

8-bit system
. 

0 = D
rives the output signal low

 w
hen D

IR
x is set to 1 or the 

external signal is low
 w

hen D
IR

x is set to 0
1 =

 D
rives the output signal high w

hen D
IR

x is set to 1 or the 
external signal is high w

hen D
IR

x is set to 0
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10.4.2.3   P
o

rt B
 D

ed
icated

 I/O
 F

u
n

ctio
n

s

T
he eight P

B
D

A
T

A
 lines are m

ultiplexed w
ith the chip-select, D

R
A

M
 control, T

IN
/T

O
U

T
, and PW

M
 

dedicated I/O
 signals w

hose assignm
ents are show

n in T
able

10-9.

B
its 1

–
5

 o
p

e
ra

te
 as chip

-select sig
n

a
ls or D

R
A

M
 sig

n
a

ls. S
ig

na
l se

le
ctio

n
 is co

n
trolle

d
 by b

it 9 (D
R

A
M

) in
 

th
e

 chip
-select D

 (C
S

D
) reg

ister, w
h

ich
 is d

e
scrib

ed
 in

 S
ectio

n
6

.3
.3, “C

h
ip

-S
elect R

eg
isters,” o

n
 p

ag
e

6
-8

. 
B

it 0 is u
sed

 o
n

ly as D
0

 or C
S

B
0

. N
o

 a
d

dition
a

l p
ro

g
ram

m
in

g
 is re

qu
ire

d
.

T
he

 T
IN

/T
O

U
T

 lin
e ca

n b
e

 sp
e

cified
 a

s e
ithe

r tim
er-inp

u
t o

r tim
er-o

u
tp

u
t b

y pro
gra

m
m

in
g

 b
it 6

 in th
e 

P
B

D
IR

 re
g

iste
r. C

le
a

ring
 th

e b
it m

a
kes th

e line
 T

IN
. S

e
ttin

g
 the

 bit to
 1

 m
ake

s it T
O

U
T

. U
n

like
 o

the
r p

o
rt 

re
g

iste
r p

in
s, the

 T
O

U
T

/T
IN

/P
B

6
 pin

 d
ire

ctio
n

 is still con
tro

lled
 b

y the
 D

IR
6

 bit in
 th

e
 P

o
rt B

 reg
ister e

ve
n 

th
o

u
gh

 th
e

 p
in

 is assig
n

ed
 to

 th
e

 G
P

 tim
ers. R

e
fer to

 S
ectio

n
1

2
.1.4

, “T
O

U
T

/T
IN

/P
B

6
 P

in
,” o

n
 pa

g
e

1
2

-3 
fo

r d
e

ta
ils a

b
o

ut th
e

 o
p

e
ra

tion
 a

n
d p

rog
ram

m
in

g
 of th

e
 pin

.

T
he

 P
W

M
O

1
 sign

a
l is a

n
 o

u
tp

u
t sig

n
a

l re
sultin

g fro
m

 the
 lo

g
ica

l o
p

eratio
n

 (A
N

D
 o

r O
R

) o
f b

o
th

 th
e

 
P

W
M

 1
 a

nd
 P

W
M

 2
 m

od
u

le
s. B

its 3
–

2 (P
[1

:0
]) o

f the
 p

erip
h

era
l con

tro
l reg

ister (P
C

R
) se

le
ct th

e
 lo

g
ic 

u
se

d
 fo

r co
m

b
in

in
g

 th
e

 m
od

u
le

s. T
h

e
 P

B
7

/P
W

M
O

1
 p

in
 d

e
fa

u
lts to a

 G
P

IO
 in

pu
t p

u
lle

d h
ig

h
. R

efe
r to

 
C

h
ap

ter
15

, “P
u

lse
-W

id
th M

od
u

la
to

r 1 a
n

d
 2

,” fo
r a

d
ditio

na
l in

fo
rm

atio
n

.

10.4.2.4   P
o

rt B
 P

u
ll-u

p
 E

n
ab

le R
eg

ister

T
he

 P
o

rt B
 pu

ll-u
p

 e
na

b
le

 re
g

iste
r (P

B
P

U
E

N
) co

ntro
ls th

e
 p

ull-up
 resisto

rs for e
ach

 lin
e

 in
 P

o
rt B

. T
h

e
 

se
ttin

g
s fo

r the
 b

it p
o
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n

s a
re

 sh
o

w
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1
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1
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1
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le
10-9.   P

o
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 D
ed
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u
n
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n
m

en
ts

B
it

G
P
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u
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D
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n
s

0
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C

S
B

0
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D

ata bit 1
C

S
B
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W
E

2
D

ata bit 2
C

S
C
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S
0

3
D

ata bit 3
C

S
C
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A

S
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D

ata bit 4
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D

ata bit 5
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S
D
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D
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T
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O
U

T

7
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P

W
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O
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rts
10-11

P
B

P
U

E
N

P
ort B

 P
ull-up E

nable R
egister

0x(F
F

)F
F

F
40A

10.4.2.5   P
o

rt B
 S

elect R
eg

ister

T
he P

ort B
 select register (P

B
S

E
L

) determ
ines if a bit position in the data register (P

B
D

A
T

A
) is assigned 

as a general purpose I/O
 or to a dedicated I/O

 function. T
he settings for the bit positions are show

n in 
T

able
10-11.

P
B

S
E

L
P

ort B
 S

elect R
egister

0x(F
F

)F
F

F
40B

10.4.3  P
o

rt C
 R

eg
isters

P
ort C

 is com
posed of the follow

ing 8-bit general-purpose I/O
 registers:

•
P

ort C
 d

ire
ctio

n
 reg

ister (P
C

D
IR

) 

•
P

ort C
 d

a
ta

 reg
ister (P

C
D

A
TA

) 

•
P

ort C
 p

u
ll-d

ow
n e

n
ab

le reg
iste

r (P
C

P
D

E
N

) 

•
P

ort C
 se

le
ct reg

ister (P
C

S
E

L
) 

E
ach

 sig
na

l in
 th

e
 P

C
D

A
T

A
 reg

ister con
n

ects to
 an

 e
xte

rn
a

l p
in

. A
s w

ith
 th

e
 oth

er p
orts, e

ach
 bit o

n
 P

o
rt C

 
is in

d
ivid

u
a

lly co
nfig

u
re

d
. 
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P
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5
P

U
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P

U
2
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U
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T
Y

P
E
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rw

rw
rw

rw
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rw
rw

R
E

S
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T
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1
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1
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1
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T
ab

le
10-10.   P

o
rt B

 P
u

ll-u
p

 E
n

ab
le R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

P
U

x
B

its 7–0
P

u
ll-u

p
—

T
hese bits enable the pull-up resis-

tors on the port.
0 = P

ull-up resistors are disabled
1 = P

ull-up resistors are enabled

B
IT

 7
6

5
4

3
2

1
B

IT
 0

S
E

L7
S

E
L6

S
E

L5
S

E
L4

S
E
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S

E
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S
E
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S

E
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Y

P
E
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rw

R
E

S
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T
1

1
1

1
1

1
1

1
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T
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le
10-11.   P

o
rt B

 S
elect R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

S
E

L
x

B
its 7–0

S
elect —

T
hese bits select w

hether the internal chip 
function or I/O

 port signals are connected to the 
pins. 

0 = T
he dedicated function pins are connected.

1 = T
he I/O

 port function pins are connected.
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10.4.3.1   P
o

rt C
 D

irectio
n

 R
eg

ister

T
he P

ort C
 direction register controls the direction (input or output) of the line associated w

ith the 
P

C
D

A
T

A
 bit position. W

hen the data bit is assigned to a dedicated I/O
 function by the P

C
S

E
L

 register, the 
D

IR
 bits are ignored. T

he settings for the bit positions are show
n in T

able
10-12.

P
C

D
IR

P
ort C

 D
irection R

egister
0x(F

F
)F

F
F

410

10.4.3.2   P
o

rt C
 D

ata R
eg

ister

T
he settings for the P

C
D

A
T

A
 bit positions are show

n in T
able

10-13.

P
C

D
A

T
A

P
ort C

 D
ata R

egister
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F
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F
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411

P
ort C

 is p
rim

arily m
u

ltip
lexe

d
 w

ith
 the

 LC
D

 co
ntro

lle
r’s sign

a
ls. T

h
e

se
 p

ins ca
n

 b
e p

ro
g

ra
m

m
e

d
 a

s G
P

IO
 

w
h

en
 th

e
 L

C
D

 co
n

tro
ller is no

t u
se

d. S
e

e S
e

ctio
n

8.2
.1

, “C
o

n
n

ectin
g th

e L
C

D
 C

o
n

trolle
r to
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n

 L
C

D
 

P
an

e
l,” on

 p
a

ge
8

-3
 fo

r m
ore

 d
e

ta
ile

d info
rm

a
tio

n
. 

T
he

se b
its co

n
trol o
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p

o
rt th

e d
a

ta
 on

 the
 p

in
s w

h
ile

 th
e

 a
sso
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te

d
 S

E
L

x b
its

 a
re

 h
ig

h
. W

h
ile the

 D
IR

x 
b

its a
re

 hig
h (o

utp
ut), the

 D
x b

its co
n

tro
l the

 p
in

s. W
hile

 th
e

 D
IR

x b
its a

re
 lo

w
 (in

p
ut), the

 D
x bits re

p
o

rt 
th

e
 sign

a
l d

rivin
g

 th
e p

ins. T
he

 D
x b

its can
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e w
ritte

n
 at an

y tim
e. B

its th
a

t a
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n
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s inp

u
ts w
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D
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escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
IR

x
B

its 7–0
D

irectio
n

—
T

hese bits control the direction of the pins in an 8-bit sys-
tem

. T
hey reset to 0. 

0 =
 Input

1 =
 O

utput

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T

0
0

0
0

0
0

0
0

0x00* 
*A

ctual bit value depends on external circuits connected to pin.

T
ab

le
10-13.   P

o
rt C

 D
ata R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
x

B
its 7–0

D
ata—

T
hese bits reflect the 

status of the I/O
 signal.

0 =
 D

rives the output signal low
 w

hen D
IR

x is set to 1 or the 
external signal is low

 w
hen D

IR
x is set to 0

1 =
 D

rives the output signal high w
hen D

IR
x is set to 1 or the 

external signal is high w
hen D

IR
x is set to 0
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accept the data, but the data w
ritten to each cannot be accessed until the corresponding pin is configured as 

an output. T
he actual value on the pin is reported w

hen these bits are read, regardless of w
hether they are 

configured as input or output.

10.4.3.3   P
o

rt C
 D

ed
icated

 I/O
 F

u
n

ctio
n

s

T
he eight P

C
D

A
T

A
 lines are m

ultiplexed w
ith the L

C
D

 controller dedicated I/O
 signals w

hose 
assignm

ents are show
n in T

able
10-14.

10.4.3.4   P
o

rt C
 P

u
ll-d

o
w

n
 E

n
ab

le R
eg

ister

T
he P

ort C
 pull-dow

n enable register (PC
PD

E
N

) controls the pull-dow
n resistors for each line in Port C

. 
T

he settings for the bit positions are show
n in T

able
10-15.

P
C

P
D

E
N

P
ort C

 P
ull-dow

n E
nable R

egister
0x(F

F
)F

F
F

412

T
ab

le
10-14.   P

o
rt C

 D
ed

icated
 F

u
n

ctio
n

 A
ssig

n
m

en
ts

B
it

 G
P

IO
 F

u
n

ctio
n

D
ed

icated
 I/O

 F
u

n
ctio

n

0
D

ata bit 0
LD

0

1
D

ata bit 1
LD

1

2
D

ata bit 2
LD

2

3
D

ata bit 3
LD

3

4
D

ata bit 4
LF

LM

5
D

ata bit 5
LLP

6
D

ata bit 6
LC

LK

7
D

ata bit 7
LA

C
D

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
D

7
P

D
6

P
D

5
P

D
4

P
D

3
P

D
2

P
D

1
P

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1

0xF
F

T
ab

le
10-15.   P

o
rt C

 P
u

ll-d
o

w
n

 E
n

ab
le R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

P
D

x
B

its 7–0
P

u
ll-d

o
w

n
—

T
hese bits enable the pull-dow

n resistors on the 
port.

0 =
 P

ull-dow
n resistors are disabled

1 =
 P

ull-dow
n resistors are enabled
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10.4.3.5   P
o

rt C
 S

elect R
eg

ister

T
he P

ort C
 select register (P

C
S

E
L

) determ
ines if a bit position in the P

ort C
 data register (P

C
D

A
T

A
) is 

assigned as a G
P

IO
 or to a dedicated I/O

 function. T
he settings for the bit positions are show

n in 
T

able
10-16.

P
C

S
E

L
P

ort C
 S

elect R
egister

0x(F
F

)F
F

F
413

B
IT

 7
6

5
4

3
2

1
B

IT
 0

S
E

L7
S

E
L6

S
E

L5
S

E
L4

S
E

L3
S

E
L2

S
E

L1
S

E
L0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1

0xF
F

T
ab

le
10-16.   P

o
rt C

 S
elect R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

S
E

L
x

B
its 7–0

S
elect—

T
hese bits select w

hether the internal chip 
function or I/O

 port signals are connected to the 
pins. 

0 =
 T

he dedicated function pins are 
connected.

1 =
 T

he I/O
 port function pins are connected.
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10.4.4  P
o

rt D
 O

p
eratio

n
P

ort D
 has the sam

e functionality as other G
P

IO
 ports, except that it also has interrupt capabilities. It 

should be used as either a general-purpose, interrupt-generating port or as a keyboard input port. 
F

igure
10-3 illustrates how

 this type of port operates.

F
ig

u
re

10-3.   In
terru

p
t P

o
rt O

p
eratio

n

P
ort D

 generates nine interrupt signals. E
ight of these interrupts are generated by the bits of each port. O

ne 
bit is the logical O

R
 result of all eight bits, w

hich is applied to the M
C

68V
Z

328 interrupt controller as a 
level 4 keyboard interrupt (K

B
) in the interrupt status register. S

ee S
e

ctio
n

9.6
.4

, “In
te

rrup
t S

tatu
s 

R
eg

ister,” o
n

 p
ag

e
9-1

2
 fo

r m
o

re
 d

etails.

P
ad

D
ata R

egister

P
ull-up E

nable R
egister

P
ad

B
uffer

E
dge

D
etect

P
olarity R

egister

Interrupt R
equest E

dge R
egister

Interrupt R
equest E

nable R
egister

B
it IR

Q

K
eyboard Interrupt

0

S
E

L

1

D
irection R

egister

•••
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10.4.5  P
o

rt D
 R

eg
isters

U
nlike the other ports, P

ort D
 is unique in that it is com

prised of eight 8-bit I/O
 registers. T

hey consist of 
the follow

ing:

•
P

ort D
 d

ire
ctio

n
 reg

ister (P
D

D
IR

) 

•
P

ort D
 d

a
ta

 reg
ister (P

D
D

A
TA

) 

•
P

ort D
 p

u
ll-u

p
 en

a
b

le
 reg

ister (P
D

P
U

E
N

) 

•
P

ort D
 se

le
ct reg

ister (P
D

S
E

L
) 

•
P

ort D
 p

o
la

rity reg
iste

r (P
D

P
O

L
) 

•
P

ort D
 in

te
rrup

t re
qu

e
st en

a
b

le
 reg

ister (P
D

IR
Q

E
N

) 

•
P

ort D
 keyb

o
ard

 en
a

ble
 reg

iste
r (P

D
K

B
E

N
) 

•
P

ort D
 in

te
rrup

t re
qu

e
st ed

g
e

 reg
ister (P

D
IR

Q
E

G
) 

10.4.5.1   P
o

rt D
 D

irectio
n

 R
eg

ister

T
he

 P
o

rt D
 dire

ctio
n

 re
g

iste
r co

n
trols the

 d
irectio

n
 (in

p
u

t o
r o

u
tp

u
t) of th

e
 lin

e
 associa

ted
 w

ith
 th

e 
P

D
D

A
T

A
 b

it p
o

sitio
n. W

h
e

n
 th

e d
ata

 b
it is assig

n
ed

 to
 a d

e
dica

ted
 I/O

 fu
n

ctio
n

 by th
e

 P
D

S
E

L
 reg

iste
r, th

e 
D

IR
 b

its are ign
o

re
d

. T
he

 setting
s fo

r the
 P

D
D

IR
 bit p

o
sition

s are
 sh

o
w

n in
 T

a
b

le
1

0-1
7.

P
D

D
IR

P
ort D

 D
irection R

egister
0x(F

F
)F

F
F

418
B

IT
 7

6
5

4
3

2
1

B
IT

 0

D
IR

7
D

IR
6

D
IR

5
D

IR
4

D
IR

3
D

IR
2

D
IR

1
D

IR
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-17.   P

o
rt D

 D
irectio

n
 R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
IR

x
B

its 7–0
D

irectio
n

—
T

hese bits control the direction of the pins in an 8-bit sys-
tem

. T
hey reset to 0. 

0 =
 Input

1 =
 O

utput
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10.4.5.2   P
o

rt D
 D

ata R
eg

ister

T
he settings for the P

D
D

A
T

A
 bit positions are show

n in T
able

10-18.

P
D

D
A

T
A

P
ort D

 D
ata R

egister
0x(F

F
)F

F
F

419

T
he eight P

D
D

A
T

A
 lines are m

ultiplexed w
ith the IN

T
 and IR

Q
 dedicated I/O

 signals w
hose assignm

ents 
are show

n in T
able

10-19. P
ort D

 signals can be program
m

ed as G
P

IO
 w

hen not used for handling external 
interrupts.

T
hese bits control or report the data on the pins w

hile the associated S
E

L
x bits are high. W

hile the D
IR

x 
bits are high (output), the D

x bits control the pins. W
hile the D

IR
x bits are low

 (input), the D
x bits report 

the signal driving the pins. T
he D

x bits can be w
ritten at any tim

e. B
its that are configured as inputs w

ill 
accept the data, but the data w

ritten to each cannot be accessed until the corresponding pin is configured as 
an output. T

he actual value on the pin is reported w
hen these bits are read, regardless of w

hether they are 
configured as input or output. 

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T

1
1

1
1

1
1

1
1

0xF
F

* 
*A

ctual bit value depends on external circuits connected to pin.

T
ab

le
10-18.   P

o
rt D

 D
ata R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
x

B
its 7–0

D
ata—

T
hese bits reflect the 

status of the I/O
 signal.

0 =
 D

rives the output signal low
 w

hen D
IR

x is set to 1 or the 
external signal is low

 w
hen D

IR
x is set to 0

1 =
 D

rives the output signal high w
hen D

IR
x is set to 1 or the 

external signal is high w
hen D

IR
x is set to 0

T
ab

le
10-19.   P

o
rt D

 D
ed

icated
 F

u
n

ctio
n

 A
ssig

n
m

en
ts

B
it

 G
P

IO
 F

u
n

ctio
n

D
ed

icated
 I/O

 F
u

n
ctio

n

0
IN

T
0

1
IN

T
1

2
IN

T
2

3
IN

T
3

4
D

ata bit 4
IR

Q
1

5
D

ata bit 5
IR

Q
2

6
D

ata bit 6
IR

Q
3

7
D

ata bit 7
IR

Q
6
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10.4.5.3   P
o

rt D
 In

terru
p

t O
p

tio
n

s

Interrupt bits 3–
0

 (IN
T[3

:0
]), in

te
rru

p
t re

q
u

est b
its 3

–
1

 (IR
Q[3:1

]), in
terru

p
t req

u
e

st bit 6
 (I
R

Q
6), o

r P
o

rt 
D

 b
its 7

–
0 can

 b
e

 co
n

figu
red

 a
s e

d
ge

- o
r le

ve
l-trig

g
ere

d
 in

te
rrup

t sign
a

ls.

N
O

T
E

:

W
h

e
n extern

al in
te

rrup
ts I

N
T

[3
:0

], IR
Q

1, IR
Q

2, IR
Q

3, a
n

d IR
Q

6 are
p

ro
g

ra
m

m
e

d
 as ed

g
e

-trig
g

e
re

d
 in

te
rru

pts, they ca
n b

e
 clea

re
d

 by w
ritin

g a
1

 to
 th

e co
rresp

o
nd

ing
 sta

tu
s bit in th

e interru
p

t sta
tu

s register in
 th

e
in

te
rru

p
t co

n
tro

ller. W
h

e
n

 p
rog

ram
m

ed
 as level-trigg

e
re

d
 in

te
rrup

ts, th
e

se
in

te
rru

p
ts are cle

a
re

d
 at th

e req
u

e
stin

g
 so

u
rce

s.

T
o su

p
po

rt keyb
o

ard
 ap

p
lica

tio
ns, th

e
 I/O

 fu
n

ctio
n

 ca
n

 be
 u

se
d

 w
ith inte

rrup
t ca

p
ab

ilitie
s, w

h
ich

 a
re

 
d

escrib
e

d
 in

 C
ha

p
te

r
9

, “In
te

rru
pt C

o
ntro

lle
r.”  

T
he

 in
d

ivid
ua

l in
te

rrup
t b

its ca
n

 be
 m

a
ske

d
 on

 a
 bit-by-b

it b
a

sis. T
h

e
 K

B
 is en

a
bled

 o
r d

isa
b

le
d b

y th
e

 
K

B
E

N
x bits o

f th
e

 P
D

K
B

E
N

 re
g

iste
r. In

divid
u

al in
te

rru
pts ca

n b
e

 co
n

fig
ured

 a
s e

ith
er ed

g
e

- o
r 

le
vel-se

nsitive
 b

y a
sse

rtin
g

 o
r cle

a
rin

g
 th

e IQ
E

G
x b

its o
f th

e P
D

IR
Q

E
G

 reg
ister. L

ike
w

ise
, th

e p
olarity o

f 
th

e
 in

te
rru

pt is de
term

in
e

d
 by th

e
 P

O
L

x b
its of th

e
 P

D
P

O
L

 reg
ister. 

A
ll of th

e
 in

te
rru

pt sig
na

ls in
 the

 ta
b

le
 ca

n
 b

e u
se

d
 as syste

m
 w

a
ke-u

p in
te

rrup
ts, e

xce
p

t fo
r th

e e
d

g
e 

in
te

rru
p

t o
n

 IN
T [3

:0]. E
dg

e
 in

te
rru

p
ts on

 IN
T[3

:0
] ca

n
 o

n
ly interru

p
t th

e C
P

U
 w

h
e

n the
 syste

m
 is a

w
a

ke
. 

T
he

 IN
T [3

:0
] sign

a
ls are a

ll le
vel 4 in

te
rrup

ts, b
u

t IR
Q

x
 h

a
s its ow

n leve
l. A

n
y co

m
b

in
a

tion
 o

f P
o

rt D
 

sig
na

ls a
n

d
 O

R
 (ne

g
ative

 lo
g

ic) ca
n

 b
e se

le
cte

d to
 g

en
e

ra
te

 ke
ybo

a
rd

 (K
B

) in
te

rru
pts to

 th
e

 C
P

U
. T

h
e

 K
B

x
 

sig
na

l is a
n

 active low
, leve

l-se
n

sitive interru
p

t o
f th

e se
le

cted
 p

in
s. L

ike the
 o

th
e

r p
o

rts, e
ach

 p
in ca

n b
e

 
co

n
fig

ure
d a

s a
n

 in
p

u
t o

r o
u

tp
u

t o
n

 a
 b

it-b
y-b

it b
asis. W

h
en

 the
y are co

n
figu

red
 a

s in
p

u
ts, ea

ch p
in can

 
g

en
e

ra
te

 a C
P

U
 in

te
rrup

t. 

10.4.5.4   P
o

rt D
 P

u
ll-u

p
 E

n
ab

le R
eg

ister

T
he

 P
o

rt D
 pu

ll-u
p

 e
na

b
le

 re
g

iste
r (P

D
P

U
E

N
) co

ntro
ls the

 p
ull-u

p resistors fo
r e

ach
 lin

e
 in

 P
o

rt D
. T

h
e

 
se

ttin
g

s fo
r the

 b
it p

o
sitio

n
s in

 P
D

P
U

E
N

 a
re

 sh
o

w
n

 in
 T

ab
le

1
0

-2
0

.

P
D

P
U

E
N

P
ort D

 P
ull-up E

nable R
egister

0x(F
F

)F
F

F
41A

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
U

7
P

U
6

P
U

5
P

U
4

P
U

3
P

U
2

P
U

1
P

U
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1

0xF
F

T
ab

le
10-20.   P

o
rt D

 P
u

ll-u
p

 E
n

ab
le R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

P
U

x
B

its 7–0
P

u
ll-u

p
—

T
hese bits enable the pull-up resistors on the port.

0 =
 P

ull-up resistors are disabled
1 =

 P
ull-up resistors are enabled
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10.4.5.5   P
o

rt D
 S

elect R
eg

ister

T
he P

ort D
 select register (P

D
S

E
L

) determ
ines if a bit position in the P

ort D
 data register (P

D
D

A
T

A
) is 

assigned as a G
P

IO
 or to a dedicated I/O

 function. T
he settings for the bit positions of P

D
S

E
L

 are show
n in 

T
able

10-21.

P
D

S
E

L
P

ort D
 S

elect R
egister

0x(F
F

)F
F

F
41B

10.4.5.6   P
o

rt D
 P

o
larity R

eg
ister

T
hese bits select the input signal polarity of IN

T
[3:0]. T

he polarity of the rising or falling edge is selected 
by the P

O
L

x bits. Interrupts are active high (or rising edge) w
hen these bits are low

. Interrupts are active 
low

 (or falling edge) w
hile these bits are high. T

he settings for the bit positions of P
D

P
O

L
 are show

n in 
T

able
10-22.

P
D

P
O

L
P

ort D
 P

olarity R
egister

0x(F
F

)F
F

F
41C

B
IT

 7
6

5
4

3
2

1
B

IT
 0

S
E

L7
S

E
L6

S
E

L5
S

E
L4

T
Y

P
E

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
0

0
0

0

0xF
0

T
ab

le
10-21.   P

o
rt D

 S
elect R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

S
E

L
x

B
its 7–4

S
elect—

T
hese bits select w

hether the internal 
chip function or I/O

 port signals are connected to 
the pins. 

0 =
 T

he dedicated function pins are connected.
1 =

 T
he I/O

 port function pins are connected.

R
eserved

B
its 3–0

R
eserved

T
hese bits are reserved and should be set to 0.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
O

L3
P

O
L2

P
O

L1
P

O
L0

T
Y

P
E

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-22.   P

o
rt D

 P
o

larity R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 7–4

R
eserved

T
hese bits are reserved and should be set to 0.

P
O

L
x

B
its 3–0

P
o

larity—
T

hese bits determ
ine the input signal 

polarity of IN
T

[3:0] interrupts. 
0 =

 D
ata is unchanged.

1 =
 T

he input data is inverted before being 
presented to the holding register.
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10.4.5.7   P
o

rt D
 In

terru
p

t R
eq

u
est E

n
ab

le R
eg

ister

T
he interrupt enable bits (IQ

E
N

[3:0]) determ
ine w

hich IN
T

[3:0] w
ill generate an interrupt to the interrupt 

controller m
odule. T

he settings for the bit positions of P
D

IR
Q

E
N

 are show
n in T

able
10-23.

P
D

IR
Q

E
N

P
ort D

 Interrupt R
equest E

nable R
egister

0x(F
F

)F
F

F
41D

10.4.5.8   P
o

rt D
 K

eyb
o

ard
 E

n
ab

le R
eg

ister

A
ll the selected signals are active low

 in reference to the external pins, and those that are asserted w
ill 

generate a keyboard interrupt to the interrupt controller. W
hen a K

B
E

N
x bit is selected, the D

IR
x bits need 

to be configured as an input. T
he S

E
L

x, PO
L

x, IQ
E

N
x, and IQ

E
G

x bits have no effect on the functionality 
of K

B
E

N
x. D

easserting the interrupt source is the only w
ay to clear a keyboard interrupt. T

he settings for 
the bit positions of P

D
K

B
E

N
 are show

n in T
able

10-24.

P
D

K
B

E
N

P
ort D

 K
eyboard E

nable R
egister

0x(F
F

)F
F

F
41E

10.4.5.9   P
o

rt D
 In

terru
p

t R
eq

u
est E

d
g

e R
eg

ister

T
he polarity of the rising or falling edge is selected by the P

O
L

x bits. It should be noted that the edge-level 
interrupt for IN

T
[3:0] cannot be used for system

 w
ake up. T

he level-sensitive interrupt should be used. T
he 

settings for the bit positions of P
D

IR
Q

E
G

 are show
n in T

able
10-25 on page

10-21.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

IQ
E

N
3

IQ
E

N
2

IQ
E

N
1

IQ
E

N
0

T
Y

P
E

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-23.   P

o
rt D

 In
terru

p
t R

eq
u

est E
n

ab
le R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 7–4

R
eserved

T
hese bits are reserved and should be set 

to 0.

IQ
E

N
x

B
its 3–0

In
terru

p
t E

n
ab

le—
T

hese bits select the IN
T

[3:0] 
pins that are presented to the interrupt controller. 

0 =
 Interrupt disabled.

1 =
 Interrupt enabled.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

K
B

E
N

7
K

B
E

N
6

K
B

E
N

5
K

B
E

N
4

K
B

E
N

3
K

B
E

N
2

K
B

E
N

1
K

B
E

N
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-24.   P

o
rt D

 K
eyb

o
ard

 E
n

ab
le R

eg
ister D

escrip
tio

n

N
am

e 
D

escription 
S

etting

K
B

E
N

x
B

its 7–0
K

eyb
o

ard
 E

n
ab

le—
T

hese bits select the IN
T

[3:0] 
pins that are presented to the interrupt controller. 

0 =
 T

he keyboard interrupt is disabled.
1 =

 T
he keyboard interrupt is enabled.
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P
D

IR
Q

E
G

P
ort D

 Interrupt R
equest E

dge R
egister

0x(F
F

)F
F

F
41F

10.4.6  P
o

rt E
 R

eg
isters

P
ort E

 is com
posed of the follow

ing 8-bit general-purpose I/O
 registers:

•
P

ort E
 d

ire
ctio

n
 reg

ister (P
E

D
IR

) 

•
P

ort E
 d

a
ta

 reg
ister (P

E
D

A
TA

) 

•
P

ort E
 p

u
ll-u

p
 en

a
ble reg

iste
r (P

E
P

U
E

N
) 

•
P

ort E
 sele

ct reg
ister (P

E
S

E
L

) 

E
ach

 sig
n

a
l in

 th
e P

E
D

A
T

A
 re

giste
r co

n
n

ects to
 a

n
 e

xte
rn

a
l p

in
. A

s w
ith th

e
 o

the
r p

o
rts, ea

ch b
it o

n
 P

o
rt E

 
is in

d
ivid

u
a

lly co
nfig

u
re

d
. P

ort E
 is m

u
ltip

lexe
d w

ith
 th

e
 se

ria
l p

erip
h

era
l in

terfa
ce (S

P
I) a

n
d U

A
R

T
 

sig
na

ls.

10.4.6.1   P
o

rt E
 D

irectio
n

 R
eg

ister

T
he

 P
o

rt E
 d

ire
ctio

n
 re

g
iste

r co
ntro

ls the
 d

irectio
n (in

p
u

t o
r o

u
tp

u
t) o

f th
e lin

e
 asso

cia
te

d
 w

ith
 th

e 
P

E
D

A
T

A
 bit p

o
sitio

n. W
h

e
n

 th
e d

a
ta

 bit is a
ssig

n
e

d to a
 d

ed
ica

te
d

 I/O
 fu

nctio
n b

y th
e

 P
E

S
E

L
 re

g
iste

r, the
 

D
IR

 b
its are ign

o
re

d
. T

he
 setting

s fo
r the

 b
it po

sitio
n

s o
f th

e P
E

D
IR

 re
giste

r a
re

 sh
o

w
n

 in
 T

ab
le

1
0

-2
6.

P
E

D
IR

P
ort E

 D
irection R

egister
0x(F

F
)F

F
F

420

B
IT

 7
6

5
4

3
2

1
B

IT
 0

IQ
E

G
3

IQ
E

G
2

IQ
E

G
1

IQ
E

G
0

T
Y

P
E

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-25.   P

o
rt D

 In
terru

p
t R

eq
u

est E
d

g
e R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 7–4

R
eserved

T
hese bits are reserved and should be set to 0.

IQ
E

G
x

B
its 3–0

E
d

g
e E

n
ab

le—
T

he polarity of the rising or 
falling edge is selected by the P

O
Lx bits.

0 = Level-sensitive interrupts are selected.
1 =

 I N
T

[3:0] edge-sensitive interrupts are selected.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
IR

7
D

IR
6

D
IR

5
D

IR
4

D
IR

3
D

IR
2

D
IR

1
D

IR
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-26.   P

o
rt E

 D
irectio

n
 R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
IR

x
B

its 7–0
D

irectio
n

—
T

hese bits control the direction of the pins in an 8-bit 
system

. T
hey reset to 0. 

0 = Input
1 = O

utput
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10.4.6.2   P
o

rt E
 D

ata R
eg

ister

T
he settings for the bit positions of the P

E
D

A
T

A
 register are show

n in T
able

10-27.

P
E

D
A

T
A

P
ort E

 D
ata R

egister
0x(F

F
)F

F
F

421

P
ort E

 is m
ultiplexed w

ith the serial peripheral interface (S
P

I), U
A

R
T

, and bus control signals. T
hese pins 

can be program
m

ed as G
P

IO
 w

hen the S
P

I, U
A

R
T

, and bus control features are not used. S
ee C

hapter
13, 

“S
e

ria
l P

erip
h

e
ra

l Interfa
ce 1

 a
nd

 2
,” a

n
d S

e
ctio

n
2

.6, “B
u

s C
o

n
trol S

ig
n

als,” o
n p

a
g

e
2

-6 for m
o

re
 

d
etaile

d
 in

fo
rm

atio
n

.

T
he

se b
its co

n
trol o

r re
p

o
rt th

e d
a

ta
 on

 the
 p

in
s w

h
ile

 th
e

 a
sso

cia
te

d
 S

E
L

x b
its

 a
re

 h
ig

h
. W

h
ile the

 D
IR

x 
b

its a
re

 hig
h (o

utp
ut), the

 D
x b

its co
n

tro
l the

 p
in

s. W
hile

 th
e

 D
IR

x b
its a

re
 lo

w
 (in

p
ut), the

 D
x bits re

p
o

rt 
th

e
 sign

a
l d

rivin
g

 th
e p

ins. T
he

 D
x b

its can
 b

e w
ritte

n
 at an

y tim
e. B

its th
a

t a
re

 co
n

figu
red

 a
s inp

u
ts w

ill 
accep

t th
e d

ata, b
u

t th
e

 d
a

ta
 w

ritten
 to

 ea
ch

 ca
nn

o
t b

e
 a

cce
sse

d
 u

n
til th

e
 co

rre
sp

o
n

din
g p

in
 is co

n
fig

ured
 a

s 
an

 o
u

tp
u

t. T
h

e a
ctu

al va
lue

 o
n th

e p
in

 is re
p

o
rted

 w
h

en
 the

se b
its a

re
 re

a
d

, reg
a

rd
less o

f w
he

the
r th

ey a
re

 
co

n
fig

ure
d a

s in
pu

t or o
utp

ut.

10.4.6.3   P
o

rt E
 D

ed
icated

 I/O
 F

u
n

ctio
n

s

T
he

 e
ig

h
t P

E
D

A
T

A
 lin

es a
re

 m
u

ltip
le

xed
 w

ith
 th

e S
P

I an
d

 U
A

R
T

 d
ed

ica
te

d
 I/O

 sig
n

a
ls w

h
ose

 
assig

n
m

e
nts a

re
 sho

w
n

 in
 T

a
ble

1
0

-2
8

. 

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T

1
1

1
1

1
1

1
1

0xF
F

* 
*A

ctual bit value depends on external circuits connected to pin.

T
ab

le
10-27.   P

o
rt E

 D
ata R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
x

B
its 7–0

D
ata—

T
hese bits reflect the 

status of the I/O
 signal in an 

8-bit system
. 

0 =
 D

rives the output signal low
 w

hen D
IR

x is set to 1 or the 
external signal is low

 w
hen D

IR
x is set to 0

1 =
 D

rives the output signal high w
hen D

IR
x is set to 1 or the 

external signal is high w
hen D

IR
x is set to 0

T
ab

le
10-28.   P

o
rt E

 D
ed

icated
 F

u
n

ctio
n

 A
ssig

n
m

en
ts

B
it

 G
P

IO
 F

u
n

ctio
n

D
ed

icated
 I/O

 F
u

n
ctio

n

0
D

ata bit 0
S

P
IT

X
D

1
D

ata bit 1
S

P
IR

X
D

2
D

ata bit 2
S

P
IC

LK
2

3
D

ata bit 3
D

W
E

/U
C

LK

4
D

ata bit 4
R

X
D

1

5
D

ata bit 5
T

X
D

1
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10.4.6.4   P
o

rt E
 P

u
ll-u

p
 E

n
ab

le R
eg

ister

T
he P

ort E
 pull-up enable register (PE

PU
E

N
) controls the pull-up resistors for each line in Port E

. T
he 

settings for the bit positions of the P
E

P
U

E
N

 register are show
n in T

able
10-29.

P
E

P
U

E
N

P
ort E

 P
ull-up E

nable R
egister

0x(F
F

)F
F

F
422

10.4.6.5   P
o

rt E
 S

elect R
eg

ister

T
he P

ort E
 select register (P

E
SE

L
) determ

ines if a bit position in the P
ort E

 data register (P
E

D
A

T
A

) is 
assigned as a G

P
IO

 or to a dedicated I/O
 function. T

he settings for the bit positions of the P
E

D
IR

 register 
are show

n in T
able

10-30.

P
E

S
E

L
P

ort E
 S

elect R
egister

0x(F
F

)F
F

F
423

6
D

ata bit 6
R

T
S

1

7
D

ata bit 7
C

T
S

1

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
U

7
P

U
6

P
U

5
P

U
4

P
U

3
P

U
2

P
U

1
P

U
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1

0xF
F

T
ab

le
10-29.   P

o
rt E

 P
u

ll-u
p

 E
n

ab
le R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

P
U

x
B

its 7–0
P

u
ll-u

p
—

T
hese bits enable the pull-up resis-

tors on the port 
0 =

 P
ull-up resistors are disabled

1 =
 P

ull-up resistors are enabled

B
IT

 7
6

5
4

3
2

1
B

IT
 0

S
E

L7
S

E
L6

S
E

L5
S

E
L4

S
E

L3
S

E
L2

S
E

L1
S

E
L0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1

0xF
F

T
ab

le
10-30.   P

o
rt E

 S
elect R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

S
E

L
x

B
its 7–0

S
elect—

T
hese bits select w

hether the internal chip 
function or I/O

 port signals are connected to the pins. 
0 = T

he dedicated function pins are connected.
1 = T

he I/O
 port function pins are connected.

T
ab

le
10-28.   P

o
rt E

 D
ed

icated
 F

u
n

ctio
n

 A
ssig

n
m

en
ts (C

o
n

tin
u

ed
)

B
it

 G
P

IO
 F

u
n

ctio
n

D
ed

icated
 I/O

 F
u

n
ctio

n
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10.4.7  P
o

rt F
 R

eg
isters

P
ort F

 is com
posed of the follow

ing 8-bit general-purpose I/O
 registers:

•
P

ort F
 d

irectio
n

 reg
ister (P

F
D

IR
) 

•
P

ort F
 d

a
ta

 reg
ister (P

F
D

A
TA

) 

•
P

ort F
 p

u
ll-u

p
 e

n
a

ble reg
iste

r (P
F

P
U

E
N

) 

•
P

ort F
 select reg

ister (P
F

S
E

L
) 

E
ach

 sig
n

a
l in

 th
e P

F
D

A
T

A
 re

giste
r co

n
n

ects to
 a

n
 e

xte
rn

a
l pin

. A
s o

n
 th

e o
th

e
r po

rts, e
ach

 b
it on

 P
ort F

 is 
in

d
ivid

u
a

lly co
nfig

u
re

d
. 

10.4.7.1   P
o

rt F
 D

irectio
n

 R
eg

ister

T
he

 P
o

rt F
 d

ire
ctio

n
 re

g
iste

r co
ntro

ls the
 d

irectio
n (in

p
ut o

r o
u

tp
u

t) o
f th

e lin
e

 asso
cia

te
d

 w
ith

 th
e 

P
F

D
A

T
A

 b
it p

o
sitio

n. W
h

en
 th

e d
ata

 b
it is a

ssign
e

d
 to

 a de
d

ica
te

d I/O
 fun

ctio
n by th

e
 P

F
S

E
L re

g
iste

r, th
e

 
D

IR
 b

its are ign
o

re
d

. T
he

 setting
s fo

r the
 P

F
D

IR
 b

it p
o

sitio
n

s are sh
ow

n in T
a

b
le

10
-31.

P
F

D
IR

P
ort F

 D
irection R

egister
0x(F

F
)F

F
F

428
B

IT
 7

6
5

4
3

2
1

B
IT

 0

D
IR

7
D

IR
6

D
IR

5
D

IR
4

D
IR

3
D

IR
2

D
IR

1
D

IR
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-31.   P

o
rt F

 D
irectio

n
 R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
IR

x
B

its 7–0
D

irectio
n

—
T

hese bits control the direction of the pins in an 8-bit 
system

. T
hey reset to 0. 

0 =
 Input

1 =
 O

utput
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10.4.7.2   P
o

rt F
 D

ata R
eg

ister

T
he settings for the bit positions of the P

F
D

A
T

A
 register are show

n in T
able

10-32.

P
F

D
A

T
A

P
ort F

 D
ata R

egister
0x(F

F
)F

F
F

429

P
ort F

 is m
ultiplexed w

ith address lines A
[23:20] and several dedicated functions. T

hese pins can be 
program

m
ed as G

P
IO

 w
hen the address bus and the dedicated I/O

 signals are not in use.

T
hese bits control or report the data on the pins w

hile the associated S
E

L
x bits are high. W

hile the D
IR

x 
bits are high (output), the D

x bits control the pins. W
hile the D

IR
x bits are low

 (input), the D
x bits report 

the signal driving the pins. T
he D

x bits can be w
ritten at any tim

e. B
its that are configured as inputs w

ill 
accept the data, but the data w

ritten to each cannot be accessed until the corresponding pin is configured as 
an output. T

he actual value on the pin is reported w
hen these bits are read, regardless of w

hether they are 
configured as input or output.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T

1
1

1
1

1
1

1
1

0xF
F

* 
*A

ctual bit value depends on external circuits connected to pin.

T
ab

le
10-32.   P

o
rt F

 D
ata R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
x

B
its 7–0

D
ata—

T
hese bits reflect the 

status of the I/O
 signal in an 

8-bit system
. 

0 =
 D

rives the output signal low
 w

hen D
IR

x is set to 1 or the external 
signal is low

 w
hen D

IR
x is set to 0

1 =
 D

rives the output signal high w
hen D

IR
x is set to 1 or the external 

signal is high w
hen D

IR
x is set to 0
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10.4.7.3   P
o

rt F
 D

ed
icated

 I/O
 F

u
n

ctio
n

s

T
he eight P

F
D

A
T

A
 lines are m

ultiplexed w
ith the dedicated I/O

 signals w
hose assignm

ents are show
n in 

T
able

10-33.

T
he L

C
O

N
T

R
A

S
T

 function controls the pulse-w
idth m

odulator (P
W

M
) inside the L

C
D

 controller to 
adjust the supply voltage to the L

C
D

 panel. B
it 1 can be program

m
ed as IR

Q
5 , an external level 5 

interrupt.

T
he C

L
K

O
 output clock signal is internally connected to the S

Y
S

C
L

K
 clock output of the internal C

G
M

. 
T

his signal is provided for external reference. T
he output can be disabled to reduce pow

er consum
ption 

an
d

 e
le

ctro
m

a
g

ne
tic em

ission
. T

h
is sign

a
l d

e
fa

u
lts to

 a
 P

F
2

 inp
u

t sig
n

al. S
ee

 S
ectio

n
4

.2
, “C

G
M

 
O

p
eratio

n
a

l O
vervie

w
,” o

n
 p

ag
e

4-3
 fo

r m
o

re info
rm

a
tio

n a
b

o
ut th

is sig
n

al.

B
it 7 is u

sed
 fo

r th
e

 chip
-se

le
ct sig

n
al C

S
A

1
. S

e
e S

e
ctio

n
6

.2
, “C

h
ip

-S
e

le
ct O

p
era

tio
n

,” o
n

 p
ag

e
6-2 fo

r 
d

etaile
d

 in
fo

rm
atio

n
. T

ab
le

10-33.   P
o

rt F
 D

ed
icated

 I/O
 F

u
n

ctio
n

 A
ssig

n
m

en
ts

B
it

 G
P

IO
 F

u
n

ctio
n

D
ed

icated
 I/O

 F
u

n
ctio

n

0
D

ata bit 0
LC

O
N

T
R

A
S

T

1
D

ata bit 1
IR

Q
5

2
D

ata bit 2
C

LK
O

3
D

ata bit 3
A

20

4
D

ata bit 4
A

21

5
D

ata bit 5
A

22

6
D

ata bit 6
A

23

7
D

ata bit 7
C

S
A

1
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10.4.7.4   P
o

rt F
 P

u
ll-u

p
/P

u
ll-d

o
w

n
 E

n
ab

le R
eg

ister

T
he P

ort F
 pull-up/pull-dow

n enable register (P
F

P
U

E
N

) controls the pull-up resistors for each line in P
ort 

F
. T

he settings for the P
F

P
U

E
N

 bit positions are show
n in T

able
10-34.

P
F

P
U

E
N

P
ort F

 P
ull-up/P

ull-dow
n E

nable R
egister

0x(F
F

)F
F

F
42A

10.4.7.5   P
o

rt F
 S

elect R
eg

ister

T
he P

ort F
 select register (P

F
S

E
L

) determ
ines if a bit position in the data register (P

FD
A

T
A

) is assigned as 
a G

P
IO

 or to a dedicated I/O
 function. T

he settings for the PF
S

E
L

 bit positions are show
n in T

able
10-35.

P
F

S
E

L
P

ort F
 S

elect R
egister

0x(F
F

)F
F

F
42B

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
U

7
P

D
6

P
D

5
P

D
4

P
D

3
P

U
2

P
U

1
P

U
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1

0xF
F

T
ab

le
10-34.   P

o
rt F

 P
u

ll-u
p

/P
u

ll-d
o

w
n

 E
n

ab
le R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

P
U

7
B

it 7
P

u
ll-u

p
—

T
his bit enables the pull-up 

resistor on the port.
0 = P

ull-up resistor is disabled
1 = P

ull-up resistor is enabled

P
D

x
B

its 6–3
P

u
ll-d

o
w

n
—

T
hese bits enable the 

pull-dow
n resistors on the port.

0 = P
ull-dow

n resistors are disabled
1 = P

ull-dow
n resistors are enabled

P
U

x
B

its 2–0
P

u
ll-u

p
—

T
hese bits enable the pull-up 

resistors on the port.
0 = P

ull-up resistors are disabled
1 = P

ull-up resistors are enabled

B
IT

 7
6

5
4

3
2

1
B

IT
 0

S
E

L7
S

E
L6

S
E

L5
S

E
L4

S
E

L3
S

E
L2

S
E

L1
S

E
L0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

0
0

0
0

1
1

1

0x87

T
ab

le
10-35.   P

o
rt F

 S
elect R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

S
E

L
x

B
its 7–0

S
elect—

T
hese bits select w

hether the internal chip 
function or I/O

 port signals are connected to the pins. 
0 = T

he dedicated function pins are connected.
1 = T

he I/O
 port function pins are connected.
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10.4.8  P
o

rt G
 R

eg
isters

P
ort G

 is com
prised of the follow

ing 8-bit general-purpose I/O
 registers:

•
P

ort G
 d

ire
ctio

n
 reg

ister (P
G

D
IR

) 

•
P

ort G
 d

a
ta

 reg
ister (P

G
D

A
TA

) 

•
P

ort G
 p

u
ll-u

p
 en

a
b

le
 reg

ister (P
G

P
U

E
N

) 

•
P

ort G
 se

le
ct reg

ister (P
G

S
E

L
) 

E
ach

 sig
na

l in
 th

e P
G

D
A

T
A

 reg
ister co

n
n

ects to a
n

 e
xte

rna
l p

in. It sho
u

ld
 b

e n
o

te
d

 th
a

t p
in

s 6
 a

nd
 7

 are
 

n
ot co

n
n

ecte
d

 to
 e

xtern
al pin

s. P
o

rt G
 pro

vid
es a to

ta
l o

f six p
in

s, a
n

d e
a

ch
 b

it is in
d

ivid
u

ally con
fig

u
re

d
. 

10.4.8.1   P
o

rt G
 D

irectio
n

 R
eg

ister

T
he

 P
o

rt G
 dire

ctio
n

 re
g

iste
r co

n
trols the

 d
irectio

n
 (in

p
u

t o
r o

u
tp

u
t) of th

e
 lin

e
 associa

ted
 w

ith
 th

e 
P

G
D

A
T

A
 b

it p
o

sitio
n. W

h
e

n
 th

e d
ata

 b
it is assig

n
ed

 to
 a d

e
dica

ted
 I/O

 fu
n

ctio
n

 by th
e

 P
G

S
E

L
 reg

iste
r, th

e 
D

IR
 b

its are ign
o

re
d

. T
he

 setting
s fo

r the
 P

G
D

IR
 bit p

o
sition

s are
 sh

o
w

n in
 T

a
b

le
1

0-3
6.

P
G

D
IR

P
ort G

 D
irection R

egister
0x(F

F
)F

F
F

430

10.4.8.2   P
o

rt G
 D

ata R
eg

ister

T
he

 setting
s fo

r th
e b

it po
sitio

n
s o

f th
e P

G
D

A
T

A
 re

gister are
 sh

o
w

n
 in

 T
ab

le
1

0
-3

7
 o

n
 p

ag
e

10
-29

.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
IR

5
D

IR
4

D
IR

3
D

IR
2

D
IR

1
D

IR
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-36.   P

o
rt G

 D
irectio

n
 R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 7–6

R
eserved 

T
hese bits are reserved and should be set to 

0.

D
IR

x
B

its 5–0
D

irectio
n

—
T

hese bits control the direction of 
the pins in an 8-bit system

. T
hey reset to 0. 

0 =
 Input

1 =
 O

utput
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o

rts
10-29

P
G

D
A

T
A

P
ort G

 D
ata R

egister
0x(F

F
)F

F
F

431

P
ort G

 is m
ultiplexed w

ith address line A
0 and several dedicated I/O

 functions. T
hese pins can be 

program
m

ed as G
P

IO
 w

hen the address bus and the dedicated I/O
 signals are not in use. 

A
ll of the bits control or report the data on the pins w

hile the associated S
E

L
x bits are high. W

hile the 
D

IR
x bits are high (output), the D

x bits control the pins. W
hile the D

IR
x bits are low

 (input), the D
x bits 

report the signal driving the pins. T
he D

x bits can be w
ritten at any tim

e. B
its that are configured as inputs 

w
ill accept the data, but the data w

ritten to each cannot be accessed until the corresponding pin is 
configured as an output. T

he actual value on the pin is reported w
hen these bits are read, regardless of 

w
hether they are configured as input or output. See T

able
10-36 on page

10-28 for inform
ation about 

setting the bits in the P
G

D
IR

 register.

10.4.8.3   P
o

rt G
 D

ed
icated

 I/O
 F

u
n

ctio
n

s

T
he six P

G
D

A
T

A
 lines are m

ultiplexed w
ith the dedicated I/O

 signals w
hose assignm

ents are show
n in 

T
able

10-38.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
5

D
4

D
3

D
2

D
1

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T

0
0

1
1

1
1

1
1

0x3F
* 

*A
ctual bit value depends on external circuits connected to pin.

T
ab

le
10-37.   P

o
rt G

 D
ata R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 7–6

R
eserved 

T
hese bits are reserved and should be set to 0.

D
x

B
its 5–0

D
ata—

T
hese bits reflect the 

status of the I/O
 signal in an 

8-bit system
. 

0 =
 D

rives the output signal low
 w

hen D
IR

x is set to 1 or the external 
signal is low

 w
hen D

IR
x is set to 0

1 =
 D

rives the output signal high w
hen D

IR
x is set to 1 or the external 

signal is high w
hen D

IR
x is set to 0

T
ab

le
10-38.   P

o
rt G

 D
ed

icated
 I/O

 F
u

n
ctio

n
 A

ssig
n

m
en

ts

B
it

 G
P

IO
 F

u
n

ctio
n

D
ed

icated
 I/O

 F
u

n
ctio

n

0
D

ata bit 0
B

U
S

W
/D

T
A

C
K

1
D

ata bit 1
A

0

2
D

ata bit 2
E

M
U

IR
Q

3
D

ata bit 3
H

IZ
/P

/D

4
D

ata bit 4
E

M
U

C
S

5
D

ata bit 5
E

M
U

B
R

K

67
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B
U

S
W

 is the default bus w
idth for the C

S
A

0 signal. T
he D

T
A

C
K

 signal is the external input data 
acknow

ledge signal. T
he M

C
68V

Z
328 m

icroprocessor w
ill latch the B

U
S

W
 signal at the rising edge of the 

R
eset signal. Its m

ode w
ill determ

ine the default bus w
idth for C

S
A

0 . B
it 1 is A

ddress 0. A
fter system

 
reset, this signal defaults to A

0.

B
it 3 is H

IZ
/P

/D
 (H

igh Im
pedance or P

rogram
/D

ata). D
uring system

 reset, a logic low
 of this input signal 

w
ill put the M

C
68V

Z
328 into H

i-Z
 m

ode, in w
hich all M

C
68V

Z
328 pins are three-stated after reset 

release. F
or norm

al operation, this pin m
ust be pulled high during system

 reset or left unconnected. T
his 

pin defaults to a G
P

IO
 input pulled high, but can be program

m
ed as the P

/D
 function. P/D

 is a status signal 
used in conjunction w

ith in-circuit em
ulation that show

s w
hether the current bus cycle is in program

 space 
or in data space during em

ulation m
ode. T

he rem
aining bits are dedicated in-circuit em

ulation controls. 
S

ee
 C

h
ap

ter
16

, “In
-C

ircu
it E

m
u

la
tion

,” fo
r d

e
ta

iled
 in

form
a

tion
 o

n
 th

eir o
p

e
ra

tion
.

10.4.8.4   P
o

rt G
 O

p
eratio

n
al C

o
n

sid
eratio

n
s

P
ort G

 ca
n b

e
 use

d a
s a

 G
P

IO
 a

s lo
n

g a
s ca

u
tio

n
 is exe

rcise
d

. A
fte

r re
se

t, the
 P

o
rt G

 p
ins d

efau
lt to

 the
 

d
ed

ica
te

d
 fu

n
ctio

n
, e

xce
p

t b
it 3

, w
h

ich
 h

as a
n

 I/O
 fun

ctio
n.

 T
o

 e
n

su
re no

rm
a

l o
p

era
tio

n
, the

 E
M

U
IR

Q
 an

d
 

E
M

U
B

R
K

 p
ins m

u
st sta

y h
ig

h
 o

r n
o

t b
e co

nn
e

cte
d d

u
rin

g system
 re

se
t. O

the
rw

ise, the
 chip

 w
ill e

nter 
em

ula
tio

n
 m

o
d

e. 

W
h

e
n b

its 2
–

5
 are

 u
sed

 a
s I/O

, the
 e

m
u

la
tion

 m
o

d
e ca

nn
o

t b
e

 use
d d

u
rin

g d
e

ve
lop

m
e

n
t a

n
d d

e
bu

g
g

in
g

. 
O

n
ce

 d
eve

lo
p

m
e

nt is co
m

p
lete, b

its 2
–

5
 ca

n
 b

e
 u

se
d

 as I/O
 in

 th
e

 fin
a

l system
. B

it 1
 (A

0
) ca

n
 be

 u
se

d
 as 

I/O
 w

h
en

 th
e

 syste
m

 is 1
6-b

it a
n

d
 th

ere
 is n

o
 p

ull-u
p a

fte
r re

set fo
r th

is p
in

.

10.4.8.5   P
o

rt G
 P

u
ll-u

p
 E

n
ab

le R
eg

ister

T
he

 p
u

ll-u
p

 e
n

a
ble reg

ister (P
G

P
U

E
N

) co
n

tro
ls th

e p
u

ll-u
p

 re
sisto

rs fo
r e

a
ch

 lin
e in P

o
rt G

. S
ee

 
T

ab
le

1
0

-3
9

 fo
r th

e b
it se

ttin
g

s o
f th

e P
G

P
U

E
N

 reg
ister.

P
G

P
U

E
N

P
ort G

 P
ull-up E

nable R
egister

0x(F
F

)F
F

F
432

10.4.8.6   P
o

rt G
 S

elect R
eg

ister

T
he

 select re
gister (P

G
S

E
L

) de
te

rm
in

e
s if a

 bit p
o

sition
 in the

 d
a

ta
 re

gister (P
G

D
A

T
A

) is a
ssig

n
ed

 a
s a

 
G

P
IO

 o
r to

 a
 d

ed
ica

te
d

 I/O
 fu

n
ctio

n
. S

e
e

 T
a

b
le

1
0-4

0 o
n

 p
ag

e
1

0
-31 fo

r in
fo

rm
atio

n
 ab

o
u

t setting
 th

e
 b

its 
in

 th
e

 P
G

S
E

L reg
ister. B

IT
 7

6
5

4
3

2
1

B
IT

 0

P
U

5
P

U
4

P
U

3
P

U
2

P
U

1
P

U
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
1

1
1

1
0

1

0x3D

T
ab

le
10-39.   P

o
rt G

 P
u

ll-u
p

 E
n

ab
le R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 7–6

R
eserved 

T
hese bits are reserved and should be set to 0.

P
U

x
B

its 5–0
P

u
ll-u

p
—

T
hese bits enable the pull-up 

resistors on the port.
0 =

 P
ull-up resistors are disabled

1 =
 P

ull-up resistors are enabled
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P
G

S
E
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P

ort G
 S

elect R
egister

0x(F
F

)F
F

F
433

10.4.9  P
o

rt J R
eg

isters
P

ort J is com
posed of the follow

ing four general-purpose I/O
 registers:

•
P

ort J d
irectio

n reg
iste

r (P
JD

IR
)

•
P

ort J d
ata reg

iste
r (P

JD
A

TA
) 

•
P

ort J p
ull-u

p e
n

ab
le reg

iste
r (P

JP
U

E
N

) 

•
P

ort J se
lect reg

iste
r (P

JS
E

L
) 

E
ach

 sig
na

l in
 th

e P
JD

A
T

A
 reg

ister co
n

n
ects to

 a
n e

xte
rn

a
l p

in
. A

s o
n the

 o
th

e
r p

o
rts, e

ach
 bit o

n
 P

o
rt J is 

in
d

ivid
u

a
lly co

nfig
u

re
d

. 

10.4.9.1   P
o

rt J D
irectio

n
 R

eg
ister

T
he

 d
irectio

n
 re

gister con
tro

ls th
e

 dire
ctio

n
 (in

pu
t or ou

tpu
t) o

f the
 lin

e a
sso

cia
te

d
 w

ith
 the

 P
JD

A
T

A
 bit 

p
ositio

n
. W

h
en

 the
 d

a
ta b

it is a
ssig

n
ed

 to a
 d

ed
ica

te
d

 I/O
 fu

nctio
n

 b
y th

e
 P

JS
E

L
 re

g
iste

r, the
 D

IR
 bits are

 
ig

n
o

re
d. T

h
e

 se
ttin

g
s for th

e
 bit p

o
sition

s are
 sh

o
w

n
 in

 T
a

b
le

1
0-4

1
.

P
JD

IR
P

ort J D
irection R

egister
0x(F

F
)F

F
F

438

B
IT

 7
6

5
4

3
2

1
B

IT
 0

S
E

L5
S

E
L4

S
E

L3
S

E
L2

S
E

L1
S

E
L0

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
1

0
0

0

0x08

T
ab

le
10-40.   P

o
rt G

 S
elect R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 7–6

R
eserved 

T
hese bits are reserved and should be set to 0.

S
E

L
x

B
its 5–0

S
elect—

T
hese bits select w

hether the internal chip 
function or I/O

 port signals are connected to the pins. 
0 =

 T
he dedicated function pins are connected.

1 =
 T

he I/O
 port function pins are connected.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
IR

7
D

IR
6

D
IR

5
D

IR
4

D
IR

3
D

IR
2

D
IR

1
D

IR
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-41.   P

o
rt J D

irectio
n

 R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
IR

x
B

its 7–0
D

irectio
n

—
T

hese bits control the direction of the pins in 
an 8-bit system

. T
hey reset to 0. 

0 =
 Input

1 =
 O

utput
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10.4.9.2   P
o

rt J D
ata R

eg
ister

T
he bit settings for the P

JD
A

T
A

 register are show
n in T

able
10-42.

P
JD

A
T

A
P

ort J D
ata R

egister
0x(F

F
)F

F
F

439

P
ort J is m

ultiplexed w
ith the configurable S

P
I (w

ith internal F
IFO

) and U
A

R
T

 2 signals. T
hese pins can 

be program
m

ed as G
P

IO
 w

hen the dedicated I/O
 signals are not in use. 

T
hese bits control or report the data on the pins w

hile the associated S
E

L
x bits are high. W

hile the D
IR

x 
bits are high (output), the D

x bits control the pins. W
hile the D

IR
x bits are low

 (input), the D
x bits report 

the signal driving the pins. T
he D

x bits can be w
ritten at any tim

e. B
its that are configured as inputs w

ill 
accept the data, but the data w

ritten to each cannot be accessed until the corresponding pin is configured as 
an output. T

he actual value on the pin is reported w
hen these bits are read, regardless of w

hether they are 
configured as input or output. 

10.4.9.3   P
o

rt J D
ed

icated
 I/O

 F
u

n
ctio

n
s

T
he eight P

JD
A

T
A

 lines are m
ultiplexed w

ith the dedicated I/O
 signals w

hose assignm
ents are show

n in 
T

able
10-43.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T

1
1

1
1

1
1

1
1

0xF
F

* 
*A

ctual bit value depends on external circuits connected to pin.

T
ab

le
10-42.   P

o
rt J D

ata R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
x

B
its 7–0

D
ata—

T
hese bits reflect the 

status of the I/O
 signal in an 

8-bit system
. 

0 =
 D

rives the output signal low
 w

hen D
IR

x is set to 1 or the 
external signal is low

 w
hen D

IR
x is set to 0

1 =
 D

rives the output signal high w
hen D

IR
x is set to 1 or the 

external signal is high w
hen D

IR
x is set to 0

T
ab

le
10-43.   P

o
rt J D

ed
icated

 I/O
 F

u
n

ctio
n

 A
ssig

n
m

en
ts

B
it

 G
P

IO
 F

u
n

ctio
n

D
ed

icated
 I/O

 F
u

n
ctio

n

0
D

ata bit 0
M

O
S

I

1
D

ata bit 1
M

IS
O

2
D

ata bit 2
S

P
IC

LK
1

3
D

ata bit 3
S

S

4
D

ata bit 4
R

X
D

2

5
D

ata bit 5
T

X
D

2

6
D

ata bit 6
R

T
S

2
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10-33

B
its 0–

3
 a

re co
ntro

l sig
n

a
ls co

n
n

ecte
d

 to
 S

P
I 1

. T
he

ir o
pe

ra
tio

n
 is d

e
ta

ile
d in S

e
ctio

n
1

3.2
.4

, “S
P

I 1
 

S
ig

n
als,” o

n p
a

g
e

1
3

-3
. T

h
e rem

ainin
g 4

 bits a
re

 co
ntro

l sig
n

a
ls fo

r U
A

R
T

 2
; m

o
re

 in
form

a
tion

 a
p

pe
a

rs in
 

S
ectio

n
1

4
.2

.3
, “S

eria
l Inte

rfa
ce S

ign
a

ls,” o
n

 p
ag

e
14

-3
.

10.4.9.4   P
o

rt J P
u

ll-u
p

 E
n

ab
le R

eg
ister

T
he

 pu
ll-up

 e
n

a
ble re

g
iste

r (P
JP

U
E

N
) con

tro
ls th

e pu
ll-up

 re
sisto

rs for e
a

ch
 lin

e
 in P

o
rt J. T

h
e bit se

ttin
g

s 
fo

r th
e P

JP
U

E
N

 re
g

iste
r a

re
 sh

o
w

n
 in

 T
ab

le
1

0
-4

4
.

P
JP

U
E

N
P

ort J P
ull-up E

nable R
egister

0x(F
F

)F
F

F
43A

10.4.9.5   P
o

rt J S
elect R

eg
ister

T
he

 select re
gister (P

JS
E

L
) d

ete
rm

in
es if a b

it po
sitio

n
 in

 th
e

 d
ata

 re
g

iste
r (P

JD
A

T
A

) is a
ssig

n
e

d a
s a

 
G

P
IO

 o
r to

 a d
e

dica
te

d
 I/O

 fu
n

ctio
n

. T
he

 b
it se

ttin
g

s for th
e

 P
JS

E
L

 re
g

iste
r a

re
 sho

w
n

 in
 T

a
ble

1
0

-4
5

.

P
JS

E
L

P
ort J S

elect R
egister

0x(F
F

)F
F

F
43B

 

7
D

ata bit 7
C

T
S

2

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
U

7
P

U
6

P
U

5
P

U
4

P
U

3
P

U
2

P
U

1
P

U
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1

0xF
F

T
ab

le
10-44.   P

o
rt J P

u
ll-u

p
 E

n
ab

le R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

P
U

x
B

its 7–0
P

u
ll-u

p
—

T
hese bits enable the pull-up resis-

tors on the port 
0 =

 P
ull-up resistors are disabled

1 =
 P

ull-up resistors are enabled

B
IT

 7
6

5
4

3
2

1
B

IT
 0

S
E

L7
S

E
L6

S
E

L5
S

E
L4

S
E

L3
S

E
L2

S
E

L1
S

E
L0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

0
1

1
1

1

0xE
F

T
ab

le
10-45.   P

o
rt J S

elect R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

S
E

L
x

B
its 7–0

S
elect—

T
hese bits select w

hether the internal chip 
function or I/O

 port signals are connected to the pins. 
0 =

 T
he dedicated function pins are connected.

1 =
 T

he I/O
 port function pins are connected.

T
ab

le
10-43.   P

o
rt J D

ed
icated

 I/O
 F

u
n

ctio
n

 A
ssig

n
m

en
ts (C

o
n

tin
u

ed
)

B
it

 G
P

IO
 F

u
n

ctio
n

D
ed

icated
 I/O

 F
u

n
ctio

n
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10.4.10  P
o

rt K
 R

eg
isters

P
ort K

 is com
posed of the follow

ing 8-bit general-purpose I/O
 registers:

•
P

ort K
 d

ire
ctio

n
 reg

ister (P
K

D
IR

) 

•
P

ort K
 d

a
ta

 reg
ister (P

K
D

A
TA

) 

•
P

ort K
 p

u
ll-u

p
/-d

ow
n

 en
a

b
le

 reg
ister (P

K
P

U
E

N
) 

•
P

ort K
 se

le
ct reg

ister (P
K

S
E

L
) 

E
ach

 sig
na

l in
 th

e P
K

D
A

T
A

 reg
ister co

n
n

ects to a
n

 e
xte

rna
l p

in. A
s on

 the
 o

th
e

r p
orts, ea

ch
 b

it o
n

 P
o

rt K
 

is in
d

ivid
u

a
lly co

nfig
u

re
d

. 

10.4.10.1   P
o

rt K
 D

irectio
n

 R
eg

ister

T
he

 d
irectio

n
 re

gister con
tro

ls th
e

 dire
ctio

n
 (in

pu
t or ou

tpu
t) o

f the
 lin

e a
sso

cia
te

d
 w

ith
 the

 P
K

D
A

T
A

 b
it 

p
ositio

n
. W

h
e

n th
e da

ta
 b

it is a
ssig

n
e

d to
 a de

d
ica

te
d I/O

 fu
n

ctio
n

 b
y th

e P
K

S
E

L
 re

gister, th
e

 D
IR

 b
its a

re
 

ig
n

o
re

d. T
h

e
 se

ttin
g

s for th
e

 P
K

D
IR

 reg
ister bit p

o
sitio

ns are
 sh

o
w

n
 in

 T
a

b
le

1
0-4

6
.

P
K

D
IR

P
ort K

 D
irection R

egister
0x(F

F
)F

F
F

440

10.4.10.2   P
o

rt K
 D

ata R
eg

ister

T
he

 setting
s fo

r th
e P

K
D

A
T

A
 reg

ister b
it p

o
sitio

ns a
re

 sh
o

w
n

 in
 T

ab
le

1
0

-4
7

 on
 p

ag
e

10
-3

5.

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
IR

7
D

IR
6

D
IR

5
D

IR
4

D
IR

3
D

IR
2

D
IR

1
D

IR
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-46.   P

o
rt K

 D
irectio

n
 R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
IR

x
B

its 7–0
D

irectio
n

—
T

hese bits control the direction of 
the pins in an 8-bit system

. T
hey reset to 0. 

0 =
 T

he pins are inputs.
1 =

 T
he pins are outputs.
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rts
10-35

P
K

D
A

T
A

P
ort K

 D
ata R

egister
0x(F

F
)F

F
F

441

P
ort K

 is m
ultiplexed w

ith the IrD
A

, S
P

I, and L
C

D
 controller signals. T

hese pins can be program
m

ed as 
G

P
IO

 w
hen the dedicated I/O

 signals are not in use. 

T
hese bits control or report the data on the pins w

hile the associated S
E

L
x bits are high. W

hile the D
IR

x 
bits are high (output), the D

x bits control the pins. W
hile the D

IR
x bits are low

 (input), the D
x bits report 

the signal driving the pins. T
he D

x bits can be w
ritten at any tim

e. B
its that are configured as inputs w

ill 
accept the data, but the data w

ritten to each cannot be accessed until the corresponding pin is configured as 
an output. T

he actual value on the pin is reported w
hen these bits are read, regardless of w

hether they are 
configured as input or output. 

10.4.10.3   P
o

rt K
 D

ed
icated

 I/O
 F

u
n

ctio
n

s

T
he eight P

K
D

A
T

A
 lines are m

ultiplexed w
ith the dedicated I/O

 signals w
hose assignm

ents are show
n in 

T
able

10-48. 

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T

0
0

0
0

1
1

1
1

0x0F
* 

*A
ctual bit value depends on external circuits connected to pin.

T
ab

le
10-47.   P

o
rt K

 D
ata R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
x

B
its 7–0

D
ata—

T
hese bits reflect the status of 

the I/O
 signal in an 8-bit system

. 
0 = D

rives the output signal low
 w

hen D
IR

x is set to 1 or the 
external signal is low

 w
hen D

IR
x is set to 0

1 = D
rives the output signal high w

hen D
IR

x is set to 1 or the 
external signal is high w

hen D
IR

x is set to 0

T
ab

le
10-48.   P

o
rt K

 D
ed

icated
 I/O

 F
u

n
ctio

n
 A

ssig
n

m
en

ts

B
it

 G
P

IO
 F

u
n

ctio
n

D
ed

icated
 I/O

 F
u

n
ctio

n

0
D

ata bit 0
D

A
T

A
_R

E
A

D
Y

/P
W

M
2

1
D

ata bit 1
R

W

2
D

ata bit 2
LD

S

3
D

ata bit 3
U

D
S

4
D

ata bit 4
LD

4

5
D

ata bit 5
LD

5

6
D

ata bit 6
LD

6

7
D

ata bit 7
LD

7
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W
hen bit 0 is set as D

A
T

A
_R

E
A

D
Y

, it can be used in m
aster m

ode to signal the S
P

I m
aster to clock out 

data. P
W

M
O

2 is an output signal from
 the P

W
M

 2 m
odule. If this pin is configured as this dedicated 

function and P
K

D
IR

0 is set to 1, the P
W

M
O

2 signal is selected. If P
K

D
IR

0 is 0, D
A

T
A

_R
E

A
D

Y
 is 

selected. T
his pin defaults to P

ort K
 data bit 0, G

P
IO

 input, pulled high. 

W
hen selected bit 1 (R

W
) is connected to the 68000 C

P
U

 R
ead/W

rite signal, this pin defaults to P
ort K

 
bit1, G

P
IO

 input, pulled high.

T
he

 rem
a

inin
g b

its a
re invo

lve
d

 w
ith

 b
u

s co
ntro

l. S
e

e S
e

ctio
n

2
.6, “B

u
s C

o
n

tro
l S

ig
n

als,” o
n p

a
g

e
2

-6
 for 

m
o

re
 d

etaile
d

 in
fo

rm
atio

n
.

10.4.10.4   P
o

rt K
 P

u
ll-u

p
/P

u
ll-d

o
w

n
 E

n
ab

le R
eg

ister

T
he

 p
ull-u

p/p
ull-d

ow
n

 e
n

a
b

le
 re

giste
r (P

K
P

U
E

N
) co

n
trols the

 pu
ll-up

 an
d

 th
e

 p
u

ll-d
o

w
n

 resistors for ea
ch

 
line

 in
 P

o
rt K

. T
h

e
 se

ttin
g

s fo
r the

 P
K

P
U

E
N

 re
g

iste
r b

it p
ositio

n
s a

re sh
ow

n
 in T

a
b

le
10

-49
.

P
K

P
U

E
N

P
ort K

 P
ull-up/P

ull-dow
n E

nable R
egister

0x(F
F

)F
F

F
442

10.4.10.5   P
o

rt K
 S

elect R
eg

ister

T
he

 select re
gister (P

K
S

E
L

) de
te

rm
in

e
s if a

 bit p
o

sition
 in the

 d
a

ta
 re

gister (P
K

D
A

T
A

) is a
ssig

n
ed

 a
s a

 
G

P
IO

 o
r to

 a d
e

dica
te

d
 I/O

 fu
n

ctio
n

. T
he

 setting
s fo

r th
e P

K
S

E
L

 re
g

iste
r b

it p
ositio

n
s a

re sho
w

n
 in

 
T

ab
le

1
0

-5
0

.

P
K

S
E

L
P

ort K
 S

elect R
egister

0x(F
F

)F
F

F
443

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
D

7
P

D
6

P
D

5
P

D
4

P
U

3
P

U
2

P
U

1
P

U
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1

0xF
F

T
ab

le
10-49.   P

o
rt K

 P
u

ll-u
p

/P
u

ll-d
o

w
n

 E
n

ab
le R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

P
U

x
B

its 7–0
P

u
ll-u

p
/P

u
ll-d

o
w

n
 E

n
ab

le—
T

hese bits enable 
the pull-up and pull-dow

n resistors on the port.
0 =

 P
ull-up and pull-dow

n resistors are disabled
1 =

 P
ull-up and pull-dow

n resistors are enabled

B
IT

 7
6

5
4

3
2

1
B

IT
 0

S
E

L7
S

E
L6

S
E

L5
S

E
L4

S
E

L3
S

E
L2

S
E

L1
S

E
L0

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1

0xF
F

T
ab

le
10-50.   P

o
rt K

 S
elect R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

S
E

L
x

B
its 7–0

S
elect—

T
hese bits select w

hether the internal chip 
function or I/O

 port signals are connected to the pins. 
0 = T

he dedicated function pins are connected.
1 = T

he I/O
 port function pins are connected.
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10.4.11  P
o

rt M
 R

eg
isters

P
ort M

 is com
posed of the follow

ing four general-purpose I/O
 registers:

•
P

ort M
 dire

ction
 registe

r (P
M

D
IR

) 

•
P

ort M
 da

ta
 reg

iste
r (P

M
D

A
TA

) 

•
P

ort M
 pu

ll-up
 e

na
b

le
 registe

r (P
M

P
U

E
N

) 

•
P

ort M
 se

le
ct registe

r (P
M

S
E

L
) 

E
ach

 sig
na

l in
 th

e P
M

D
A

T
A

 re
g

iste
r co

nn
e

cts to
 a

n
 extern

al pin
. It sh

ou
ld b

e
 no

ted
 th

a
t p

in
s 6 a

n
d

 7
 a

re
 

n
ot co

n
n

ecte
d

 to
 e

xtern
al pin

s. 

10.4.11.1   P
o

rt M
 D

irectio
n

 R
eg

ister

T
he

 d
irectio

n
 re

gister con
tro

ls th
e

 dire
ctio

n
 (in

pu
t or ou

tpu
t) o

f the
 lin

e a
sso

cia
te

d
 w

ith
 the

 P
M

D
A

T
A

 b
it 

p
ositio

n
. W

he
n

 th
e

 d
a

ta
 b

it is assig
ne

d
 to a de

d
ica

te
d

 I/O
 fun

ctio
n by th

e P
M

S
E

L
 reg

ister, th
e

 D
IR

 b
its are

 
ig

n
o

re
d. T

h
e

 se
ttin

g
s for th

e
 P

M
D

IR
 re

giste
r b

it po
sitio

n
s a

re
 sh

o
w

n
 in

 T
ab

le
1

0
-5

1
.

P
M

D
IR

P
ort M

 D
irection R

egister
0x(F

F
)F

F
F

448
B

IT
 7

6
5

4
3

2
1

B
IT

 0

D
IR

5
D

IR
4

D
IR

3
D

IR
2

D
IR

1
D

IR
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
10-51.   P

o
rt M

 D
irectio

n
 R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 7–6

R
eserved 

T
hese bits are reserved and should be set to 

0.

D
IR

x
B

its 5–0
D

irectio
n

—
T

hese bits control the direction of 
the pins in an 8-bit system

. T
hey reset to 0. 

0 =
 T

he pins are inputs.
1 =

 T
he pins are outputs.
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10.4.11.2   P
o

rt M
 D

ata R
eg

ister

T
he settings for the P

M
D

A
T

A
 register bit positions are show

n in T
able

10-52.

P
M

D
A

T
A

P
ort M

 D
ata R

egister
0x(F

F
)F

F
F

449

P
ort M

 is m
ultiplexed w

ith the S
D

R
A

M
 controller signals. T

hese pins can be program
m

ed as G
P

IO
 w

hen 
the SD

R
A

M
 I/O

 signals are not in use. 

T
hese bits control or report the data on the pins w

hile the associated S
E

L
x bits are high. W

hile the D
IR

x 
bits are high (output), the D

x bits control the pins. W
hile the D

IR
x bits are low

 (input), the D
x bits report 

the signal driving the pins. T
he D

x bits can be w
ritten at any tim

e. B
its that are configured as inputs w

ill 
accept the data, but the data w

ritten to each cannot be accessed until the corresponding pin is configured as 
an output. T

he actual value on the pin is reported w
hen these bits are read, regardless of w

hether they are 
configured as input or output. 

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
5

D
4

D
3

D
2

D
1

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T

0
0

1
0

0
0

0
0

0x20*
*A

ctual bit value depends on external circuits connected to pin.

T
ab

le
10-52.   P

o
rt M

 D
ata R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 7–6

R
eserved 

T
hese bits are reserved and should be set to 0.

D
x

B
its 5–0

D
ata—

T
hese bits reflect the 

status of the I/O
 signal in an 

8-bit system
. 

0 =
 D

rives the output signal low
 w

hen D
IR

x is set to 1 or the 
external signal is low

 w
hen D

IR
x is set to 0

1 =
 D

rives the output signal high w
hen D

IR
x is set to 1 or the 

external signal is high w
hen D

IR
x is set to 0
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g
ram
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g
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o
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10.4.11.3   P
o

rt M
 D

ed
icated

 I/O
 F

u
n

ctio
n

s

T
he six P

M
D

A
T

A
 lines are m

ultiplexed w
ith the dedicated I/O

 signals w
hose assignm

ents are show
n in 

T
able

10-53.

A
ll of the dedicated I/O

 functions are involved in the operation of the D
R

A
M

 controller. S
ee C

hapter
7, 

“D
R

A
M

 C
o

n
trolle

r,” fo
r m

ore
 d

e
ta

ils.

10.4.11.4   P
o

rt M
 P

u
ll-u

p
/P

u
ll-d

o
w

n
 E

n
ab

le R
eg

ister

T
he

 p
u

ll-u
p

/p
u

ll-d
ow

n e
n

ab
le reg

ister (P
M

P
U

E
N

) co
n

tro
ls th

e
 p

u
ll-u

p
 a

nd
 p

u
ll-d

ow
n resistors fo

r e
ach

 
line

 in
 P

o
rt M

. T
h

e setting
s fo

r th
e P

M
P

U
E

N
 re

gister b
it p

o
sitio

n
s a

re
 sh

o
w

n
 in

 T
ab

le
1

0
-5

4.

P
M

P
U

E
N

P
ort M

 P
ull-up/P

ull-dow
n E

nable R
egister

0x(F
F

)F
F

F
44A

T
ab

le
10-53.   P

o
rt M

 D
ed

icated
 I/O

 F
u

n
ctio

n
 A

ssig
n

m
en

ts

B
it

 G
P

IO
 F

u
n

ctio
n

D
ed

icated
 I/O

 F
u

n
ctio

n

0
D

ata bit 0
S

D
C

LK

1
D

ata bit 1
S

D
C

E

2
D

ata bit 2
D

Q
M

H

3
D

ata bit 3
D

Q
M

L

4
D

ata bit 4
S

D
A

10

5
D

ata bit 5
D

M
O

E

67

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
U

5
P

D
4

P
D

3
P

D
2

P
D

1
P

D
0

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
1

1
1

1
1

1

0x3F

T
ab

le
10-54.   P

o
rt M

 P
u

ll-u
p

/P
u

ll-d
o

w
n

 E
n

ab
le R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 7–6

R
eserved 

T
hese bits are reserved and should be set to 0.

P
U

x
B

its 5–0
P

u
ll-u

p
/P

u
ll-d

o
w

n
 E

n
ab

le—
T

hese bits enable 
the pull-up and pull-dow

n resistors on the port.
0 = P

ull-up and pull-dow
n resistors are disabled

1 = P
ull-up and pull-dow

n resistors are enabled
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P
rogram

m
ing M

odel

10.4.11.5   P
o

rt M
 S

elect R
eg

ister

T
he select register (P

M
S

E
L

) determ
ines if a bit position in the data register (P

M
D

A
T

A
) is assigned as a 

G
P

IO
 or to a dedicated I/O

 function. T
he settings for the P

M
S

E
L

 register bit positions are show
n in 

T
able

10-55.

P
M

S
E

L
P

ort M
 S

elect R
egister

0x(F
F

)F
F

F
44B

B
IT

 7
6

5
4

3
2

1
B

IT
 0

S
E

L5
S

E
L4

S
E

L3
S

E
L2

S
E

L1
S

E
L0

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
1

1
1

1
1

1

0x3F

T
ab

le
10-55.   P

o
rt M

 S
elect R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 7–6

R
eserved 

T
hese bits are reserved and should be set to 

0.

S
E

L
x

B
its 5–0

S
elect—

T
hese bits select w

hether the internal chip 
function or I/O

 port signals are connected to the pins. 
0 = T

he dedicated function pins are connected.
1 = T

he I/O
 port function pins are connected.

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



�
R

eal-T
im

e C
lo

ck
11-1

C
h

ap
ter

11
R

eal-T
im

e C
lo

ck
T

his chapter describes the real-tim
e clock (R

T
C

) m
odule, w

hich is com
posed of six blocks as show

n in 
F

igure
11-1: the prescaler, tim

e-of-day (T
O

D
) clock, T

O
D

 alarm
, program

m
able real-tim

e interrupt, 
w

atchdog tim
er, and m

inute stopw
atch, as w

ell as control registers and bus interface hardw
are. T

he R
T

C
 

m
odule can generate three different level 4 interrupts to the interrupt controller. T

he R
T

C
 can also generate 

a w
atchdog system

 reset. T
he follow

ing sections describe how
 each block operates and interacts w

ith other 
m

odules in both the R
T

C
 and the M

C
68V

Z
328.

F
ig

u
re

11-1.   R
eal-T

im
e C

lo
ck M

o
d

u
le S

im
p

lified
 B

lo
ck D

iag
ram

R
eal-T

im
e Interrupt

R
eal-T

im
e

Interrupt
P

rescaler

C
ontrol

R
egisters

R
T

C
 Interrupt

W
atchdog Interrupt

W
atchdog R

eset

1 P
ulse

per
S

econd

W
atchdog T

im
er

M
inute S

topw
atch

T
O

D
 A

larm
 &

 C
om

parator

T
O

D
 C

lock
C

LK
32

S
econd

C
ounter

1 P
ulse

per
M

inute

1 P
ulse

per
H

our

1 P
ulse

per
D

ay

M
inute

C
ounter

H
our

C
ounter

D
ay

C
ounter
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11.1   R
T

C
 O

verview
T

he prescaler uses the C
L

K
32 clock to create a 1

H
z clock used by all of the blocks in the R

T
C

, as show
n 

in F
igure

11-1 on page
11-2. T

he 1
H

z signal is used to increm
ent the counters in the T

O
D

 clock. T
he T

O
D

 
clock is com

posed of second, m
inute, hour, and day counters. If enabled, the T

O
D

 alarm
 generates an R

T
C

 
interrupt w

hen program
m

ed alarm
 settings coincide w

ith the T
O

D
 counters. T

he program
m

able real-tim
e 

interrupt tim
er is designed to support application softw

are by providing a fully program
m

able event tim
er 

that generates real-tim
e interrupts to the interrupt controller. In addition, the R

T
C

 contains a 2-second 
w

atchdog tim
er and a m

inute stopw
atch. 

T
he R

T
C

 can generate 15 event-related interrupts producing three level 4 interrupts to the interrupt 
controller: a w

atchdog interrupt, a real-tim
e interrupt, and an R

T
C

 interrupt. E
ach interrupt produced by 

the R
T

C
, both internally and externally, can be individually enabled or disabled in the real-tim

e interrupt 
enable register. T

he m
apping of the R

T
C

 internal interrupts to the interrupt controller is show
n in 

T
able

11-1.

T
he w

atchdog tim
er and the entire R

T
C

 can also be enabled and disabled. In the follow
ing descriptions it is 

assum
ed that the real-tim

e clock enable (R
T

C
E

N
) bit in the real-tim

e control register is set (default), 
enabling the R

T
C

.

11.1.1  P
rescaler

T
he prescaler divides the C

L
K

32 reference clock dow
n to 1 pulse per second, resulting in a signal labeled 

1H
Z

. A
fter an initial pow

er up, the C
L

K
32 signal is alw

ays available, even w
hen the unit is in a reduced 

pow
er m

ode. S
ee S

ectio
n

4
.3

.1, “C
L

K
3

2
 C

lo
ck S

ig
n

a
l,” on

 p
ag

e
4-4

 fo
r m

ore in
fo

rm
atio

n
 ab

o
u

t th
e

 
C

L
K

3
2

; se
e

 S
e

ction
4

.5
, “Intro

d
u

ctio
n

 to
 th

e
 P

o
w

e
r C

o
n

tro
l M

o
d

u
le

,” o
n

 pa
g

e
4

-10 for d
etaile

d
 

in
fo

rm
a

tion
 o

n
 th

e p
o

w
er m

o
d

es of th
e

 M
C

6
8

V
Z

32
8

. T
he

 a
ctu

al fre
q

u
en

cy o
f th

e C
L

K
3

2
 is d

eterm
in

e
d

 by 
th

e
 exte

rna
l crysta

l u
sed

 a
s the

 crysta
l o

scilla
to

r. T
h

e
 M

C
6

8
V

Z
3

28
 sup

p
o

rts e
ith

er a 3
2

.76
8

kH
z o

r a
 

3
8.4

kH
z fre

q
ue

n
cy crysta

l.

N
O

T
E

:

If a
 3

8.4
kH

z crystal is u
sed

 a
s th

e
 crystal o

scillator, th
e R

E
F

R
E

Q
 bit in

 th
e

re
a

l-tim
e co

ntro
l reg

ister (R
T

C
C

T
L

) m
u

st b
e se

t. F
a

ilu
re

 to
 set th

is b
it w

ill
m

a
ke the

 R
T

C
 tim

in
g in

co
rre

ct.

T
ab

le
11-1.   R

T
C

 In
terru

p
t M

ap
p

in
g

In
tern

al N
am

e 
In

terru
p

t C
o

n
tro

ller
R

eso
lu

tio
n

R
eal-tim

e interrupt
R

eal-tim
e interrupt

E
ight different rates

S
topw

atch
R

eal-tim
e clock

M
inutes

1H
Z

R
eal-tim

e clock
S

econds

M
IN

R
eal-tim

e clock
M

inutes

H
R

R
eal-tim

e clock
H

ours

D
A

Y
R

eal-tim
e clock

D
ays

A
LM

R
eal-tim

e clock
S

econds

W
atchdog

W
atchdog

M
inutes
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R

eal-T
im
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ck
11-3

T
he prescaler stages are tapped to support real-tim

e interrupt features. A
 periodic interrupt at 1

H
z is 

available, as w
ell as an interrupt at the m

idnight rollover of the hours counter. 

11.1.2  T
im

e-o
f-D

ay C
o

u
n

ter
A

lthough the four counters that constitute the tim
e-of-day counter are not restricted to operation as a 

tim
e-of-day counter, m

ost designs use the counters in this fashion. T
he four counters (seconds, m

inutes, 
hours, and days) are toggled by the 1

H
z clock from

 the prescaler. T
he seconds and m

inutes counters (each 
6 bits) and the hours counter (5 bits) are m

aintained in the R
T

C
 tim

er register (R
T

C
T

IM
E

). T
he day 

counter (9
bits) can count up to 512 days and is located in its ow

n register (D
A

Y
R

). T
he four counters can 

be read at any tim
e. T

he seconds, m
inutes, and hours data is m

aintained in 24-hour tim
e form

at, w
hich 

increm
ents in day counts. 

N
O

T
E

:

To allow
 m

axim
um

 flexibility in design, each of the four counters in the
T

O
D

 
clock 

can 
accept 

values 
that 

exceed 
their 

valid 
range. 

T
he

M
C

68V
Z

328 does not check for range validity. If an out-of-range value is
entered, the counter w

ill reset to zero the next tim
e it is increm

ented. For
exam

ple, if 26 is w
ritten to the hours counter, the counter w

ill rem
ain 26

until increm
ented by the m

inutes counters. W
hen increm

ented, the hours
counter w

ill return to zero. It is the responsibility of the user to ensure the
range validity of data in the T

O
D

 clock.

E
ach of the four counters m

ay be enabled to produce an interrupt w
hen it rolls over. U

pon reaching 59, the 
seconds and m

inutes counters each produce an M
IN

 or H
R

 interrupt (if enabled) the next tim
e they are 

increm
ented. B

oth counters reset to 00 and increm
ent the next counter. L

ikew
ise, the hours counter, after 

reaching a count of 23, produces an interrupt (D
A

Y
) w

ith the next increm
ent from

 the m
inutes counter. 

T
he counter resets to 00 and increm

ents the day counter.

11.1.3  A
larm

T
he alarm

 is com
posed of four registers that m

irror those found in the tim
e-of-day counter. T

he seconds, 
m

inutes, and hours counters are in the R
T

C
 alarm

 register (R
T

C
A

L
R

M
). T

he day alarm
 register 

(D
A

Y
A

L
R

M
) contains the 9-bit D

A
Y

S
A

L
 field. 

A
n alarm

 is set by accessing the R
T

C
A

L
R

M
 and D

A
Y

A
L

R
M

 register and loading the days, hours, 
m

inutes, and seconds for the tim
e that the alarm

 is to generate an interrupt. T
he alarm

 is enabled w
hen the 

A
L

 bit in the real-tim
e interrupt enable register (R

T
C

IE
N

R
) is set. W

hen the tim
e in the T

O
D

 counter 
m

atches the tim
e in the T

O
D

 alarm
, the A

L
M

 bit in the real-tim
e interrupt status register (R

T
C

IS
R

) is set. 
If the alarm

 is not disabled, it w
ill recur every 24 hours. If a single event alarm

 is desired, then the interrupt 
service routine should change the values in the alarm

 registers or disable the A
L

M
 bit.
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11.1.4  W
atch

d
o

g
 T

im
er

T
he w

atchdog tim
er is an added check that a program

 is running and sequencing properly. W
hen the 

application softw
are is running, it is responsible for keeping the 2-second w

atchdog tim
er from

 tim
ing out. 

If the w
atchdog tim

er tim
es out, it is an indication that the softw

are is no longer being executed in the 
intended sequence. A

t this tim
e the w

atchdog tim
er generates either an interrupt or a reset signal to the 

system
. 

P
rogram

m
ing the w

atchdog tim
er (W

A
T

C
H

D
O

G
) register determ

ines if the 2-second rollover produces a 
w

atchdog interrupt or a system
 reset. A

t reset, the w
atchdog tim

er is enabled and generates a system
 reset. 

T
he w

atchdog tim
er is clocked by the 1

H
z clock from

 the prescaler and therefore has 1-second resolution. 
It is recom

m
ended that the w

atchdog tim
er be periodically cleared by softw

are once it is enabled. 
O

therw
ise, either a softw

are reset or w
atchdog interrupt w

ill be generated w
hen the tim

er reaches a binary 
value of 10. T

he tim
er can be reset by w

riting any value into it.

11.1.5  R
eal-T

im
e In

terru
p

t T
im

er
T

here is a real-tim
e interrupt available to the user. T

his interrupt w
ill occur at one of eight different 

selected rates. A
pplications for the real-tim

e interrupt can include digitizer sam
pling, keyboard 

debouncing, or com
m

unication polling.

E
ach of the eight real-tim

e interrupts operates at a fixed frequency. T
he frequencies of the real-tim

e 
interrupts are show

n in T
able

11-9 on page
11-12. B

its R
T

E
0–

R
T

E
7

 in
 th

e
 R

T
C

 in
te

rru
pt en

a
b

le
 re

giste
r 

(R
T

C
IE

N
R

) e
n

ab
le e

ach
 o

f th
e

 eig
ht diffe

re
nt p

re
d

efin
e

d rates. W
h

e
n th

e rea
l-tim

e
 in

te
rru

pt o
ccu

rs, it 
ap

p
lie

s a
 le

ve
l 4

 interru
p

t to
 th

e M
C

68
V

Z
3

2
8

 in
te

rru
pt co

n
tro

ller. T
h

e
 re

a
l-tim

e clo
ck (R

T
C

E
N

 b
it in

 th
e 

R
T

C
C

T
L

) o
r th

e w
a

tch
d

og
 tim

e
r (E

N
 bit in the

 w
a

tch
do

g
 re

g
iste

r) m
u

st b
e e

n
ab

le
d

 fo
r th

e rea
l-tim

e
 

in
te

rru
p

t tim
e

r to o
p

era
te

. If th
e R

T
C

 a
n

d w
a

tch
d

og
 tim

e
r a

re
 d

isab
led

, th
e

 re
al-tim

e
 in

terru
p

t sto
p

s.

11.1.6  M
in

u
te S

to
p

w
atch

W
h

e
n e

n
ab

led
, th

e
 m

in
u

te
 sto

pw
atch

 p
erfo

rm
s a

 cou
n

td
o

w
n

 th
a

t h
as a 1

-m
in

u
te

 re
solu

tion
. T

h
e m

in
ute 

sto
pw

atch
 cou

n
ts d

ow
n a

n
d rem

ain
s a

t d
ecim

al -1
 u

n
til it is re

pro
gra

m
m

e
d

. T
h

e
 m

in
u

te
 sto

pw
atch

 can
 b

e 
u

se
d

 to
 g

e
ne

rate a
n interru

p
t a

fter a certa
in

 nu
m

be
r o

f m
in

utes ha
ve

 e
la

p
se

d
. If the

 S
W

 bit in th
e

 R
T

C
IE

N
R

 
re

g
iste

r is e
n

ab
led

 w
ith

 -1
 (d

e
cim

a
l) in

 th
e S

T
P

W
C

H
 re

giste
r, a

n inte
rrup

t w
ill b

e p
o

sted
 o

n
 th

e n
e

xt 
m

in
u

te
 tick.

11.1.6.1   M
in

u
te S

to
p

w
atch

 A
p

p
licatio

n
 E

xam
p

le

T
he

 m
inu

te sto
p

w
a

tch
 ca

n b
e

 use
d

 to
 tu

rn
 o

ff th
e L

C
D

 co
n

tro
lle

r a
fter 5

 m
in

u
te

s o
f in

activity. T
o

 
acco

m
p

lish
 th

is, th
e

 m
in

u
te

 sto
pw

atch
 is p

ro
g

ra
m

m
e

d
 w

ith a
 valu

e o
f 5

 m
inu

tes, an
d

 th
e

n the
 sto

p
w

atch 
in

te
rru

p
t (S

W
 bit) in

 th
e

 R
T

C
IE

N
R

 is e
n

ab
le

d
. A

t co
nse

cu
tive m

in
u

te
 in

cre
m

en
ts, th

e
 m

in
u

te
 sto

p
w

atch 
value

 is d
ecre

m
e

n
te

d
. A

n
 S

W
 in

te
rru

pt is ge
n

e
ra

te
d

 w
h

en
 th

e co
u

n
te

r co
u

n
ts to

 -1
. T

h
e sto

pw
a

tch
 in

te
rrup

t 
(S

W
 b

it) in
 th

e
 R

T
C

IS
R

 o
ccu

rs afte
r 5

 m
inu

tes. In
 a

dd
itio

n
 to

 th
e

 5
 m

in
u

te
s o

f th
e sto

p
w

a
tch

, th
ere is a

n
 

u
nkn

o
w

n
 n

u
m

b
e

r o
f seco

n
ds fro

m
 th

e
 tim

e the
 sto

p
w

atch is set u
ntil th

e first m
in

u
te

.
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11.2   P
ro

g
ram

m
in

g
 M

o
d

el
S

ectio
n

1
1

.2
.1

, “R
T

C
 T

im
e

 R
e

gister,” th
ro

u
gh

 S
e

ctio
n

11
.2

.9
, “S

to
p

w
a

tch
 M

in
u

te
s R

e
g

iste
r,” p

ro
vid

e
 

p
ro

g
ra

m
m

ing
 info

rm
a

tio
n o

n
 th

e
 re

al-tim
e

 clo
ck.

11.2.1  R
T

C
 T

im
e R

eg
ister

T
he

 rea
l-tim

e
 clock ho

u
rs, m

inu
tes, an

d
 se

con
d

s (R
T

C
T

IM
E

) reg
ister is use

d to
 p

rog
ram

 th
e h

o
u

rs, 
m

in
u

te
s, a

nd
 se

co
n

d
s. It ca

n
 b

e
 re

a
d or w

ritte
n

 a
t a

n
y tim

e
. A

fte
r a

 w
rite, th

e cu
rre

n
t tim

e a
ssu

m
e

s th
e

 n
e

w
 

value
s. T

h
is re

giste
r ca

n
no

t b
e

 rese
t since

 the
 re

al-tim
e

 clo
ck is a

lw
a

ys en
a

b
le

d
 a

t re
se

t. T
h

e setting
s fo

r th
e 

R
T

C
T

IM
E

 re
giste

r a
re

 d
e

scrib
e

d in
 T

a
b

le
1

1-2
.

R
T

C
T

IM
E

R
T

C
 H

ours, M
inutes, and S

econds R
egister

0x(F
F

)F
F

F
B

00
B

IT
 

31
30

29
28

27
26

25
24

23
22

21
20

19
18

17
B

IT
 

16

H
O

U
R

S
M

IN
U

T
E

S

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

X
X

X
X

X
0

0
X

X
X

X
X

X

0xX
X

X
X

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

S
E

C
O

N
D

S

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
X

X
X

X
X

X

0x00X
X

T
ab

le
11-2.   R

T
C

 H
o

u
rs, M

in
u

tes, an
d

 S
eco

n
d

s R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 31–29

R
eserved

T
hese bits are reserved and should be set to 0.

H
O

U
R

S
B

its 28–24
H

o
u

rs—
T

hese bits indicate the current hour.
T

he bits can be set to any value betw
een 0 and 

23.

R
eserved

B
its 23–22

R
eserved

T
hese bits are reserved and should be set to 0.

M
IN

U
T

E
S

B
its 21–16

M
in

u
tes—

T
hese bits indicate the current 

m
inute.

T
he bits can be set to any value betw

een 0 and 
59.

R
eserved

B
its 15–6

R
eserved

T
hese bits are reserved and should be set to 0.

S
E

C
O

N
D

S
B

it 5–0
S

eco
n

d
s—

T
hese bits indicate the current sec-

ond.
T

he bits can be set to any value betw
een 0 and 

59.
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11.2.2  R
T

C
 D

ay C
o

u
n

t R
eg

ister
T

he real-tim
e clock day count register (D

A
Y

R
) contains the data from

 the day counter. T
he m

axim
um

 
value of D

A
Y

R
 is 512. W

hen the hours counter in R
T

C
T

IM
E

 reaches 23, the next tim
e increm

ent resets it 
to 00 and increm

ents the day counter. T
his register can be read or w

ritten at any tim
e. A

fter a w
rite, the 

current day assum
es the new

 value. T
his register cannot be reset since it is used to keep the tim

e. T
he 

settings for the D
A

Y
R

 register are described in T
able

11-3.

D
A

Y
R

R
T

C
 D

ay C
ounter R

egister
0x(ff)F

F
F

B
1A

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

D
A

Y
S

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

?
?

?
?

?
?

?
?

?

0x0X
X

X

T
ab

le
11-3.   R

T
C

 D
ay C

o
u

n
ter R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 15–9

R
eserved

T
hese bits are reserved and should be set to 

0.

D
A

Y
S

B
its 8–0

D
ays—

T
his field indicates the current setting 

of the day. 
T

he bits can be set to any value betw
een 0 

and 511.
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11.2.3  R
T

C
 A

larm
 R

eg
ister

T
he real-tim

e clock alarm
 (R

T
C

A
L

R
M

) register is used to configure the alarm
. T

he hours, m
inutes, and 

seconds can be read or w
ritten at any tim

e. A
fter a w

rite, the current tim
e assum

es the new
 values. T

he 
settings for the R

T
C

T
IM

E
 register are described in T

able
11-4.

R
T

C
A

L
R

M
R

T
C

 A
larm

 R
egister

0x(ff)F
F

F
B

04
B

IT
 

31
30

29
28

27
26

25
24

23
22

21
20

19
18

17
B

IT
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H
O

U
R

S
M

IN
U

T
E

S

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x00000000

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
0

S
E

C
O

N
D

S

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x00000000

T
ab

le
11-4.   R

T
C

 A
larm

 R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 31–29

R
eserved

T
hese bits are reserved and should be set to 

0.

H
O

U
R

S
B

its 28–24
H

o
u

rs—
T

hese bits indicate the value of the 
hours field in the current alarm

 setting.
T

his field can be set to any value betw
een 0 

and 23. D
efault is value 0.

R
eserved

B
its 23–22

R
eserved

T
hese bits are reserved and should be set to 

0.

M
IN

U
T

E
S

B
its 21–16

M
in

u
tes—

T
hese bits indicate the value of 

the m
inutes field in the current alarm

 setting.
T

his field can be set to any value betw
een 0 

and 59. D
efault is value 0.

R
eserved

B
its 15–6

R
eserved

T
hese bits are reserved and should be set to 

0.

S
E

C
O

N
D

S
B

it 5–0
S

eco
n

d
s—

T
hese bits indicate the value of 

the seconds field in the current alarm
 setting.

T
his field can be set to any value betw

een 0 
and 59. D

efault is value 0.
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11.2.4  R
T

C
 D

ay A
larm

 R
eg

ister
T

he real-tim
e clock day alarm

 (D
A

Y
A

L
R

M
) register contains the num

erical value of the day that 
generates the alarm

. It can be read or w
ritten at any tim

e. A
fter a w

rite, the current tim
e assum

es the new
 

values. T
he settings for the D

A
Y

A
L

R
M

 register are described in T
able

11-5.

D
A

Y
A

L
R

M
R

T
C

 D
ay A

larm
 R

egister
0x(ff)F

F
F

B
1C

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

D
A

Y
S

A
L

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
11-5.   R

T
C

 D
ay A

larm
 R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 15–9

R
eserved

T
hese bits are reserved and should be set 

to 0.

D
A

Y
S

A
L

B
its 8–0

D
ays A

larm
—

T
his field indicates the num

erical 
setting of the day that w

ill enable the alarm
.

T
he bits can be set to any value betw

een 
0 and 511.
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11.2.5  W
atch

d
o

g
 T

im
er R

eg
ister

T
he w

atchdog tim
er (W

A
T

C
H

D
O

G
) register provides all of the control of the w

atchdog tim
er. It provides 

bits to enable the w
atchdog tim

er and to determ
ine if the result of a tim

e out is an interrupt or a system
 

reset. T
he settings for the W

A
T

C
H

D
O

G
 register are described in T

able
11-6.

W
A

T
C

H
D

O
G

W
atchdog T

im
er R

egister
0x(ff)F

F
F

B
0A

B
IT

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 

0

C
N

T
R

IN
T

F
IS

E
L

E
N

T
Y

P
E

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

1

0x0001

T
ab

le
11-6.   W

atch
d

o
g

 T
im

er R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 15–10

R
eserved

T
hese bits are reserved and should 

be set to 0.

C
N

T
R

B
its 9–8

C
o

u
n

ter—
T

hese bits represent the value of the w
atch-

dog counter, w
hich counts up in 1-second increm

ents. 
W

hen the w
atchdog counter counts to 10, it generates 

a w
atchdog interrupt.

N
o

te:
B

ecause the w
atchdog counter is increm

ented 
by a 1 H

z signal from
 the real-tim

e clock, the average 
tolerance of the counter is 0.5 seconds. G

reater 
accuracy is obtained by polling the 1 H

z flag of the 
R

T
C

IS
R

.

W
riting any value to these bits w

ill 
reset the counter to 00 (default). 

IN
T

F
B

it 7
In

terru
p

t F
lag

—
W

hen this bit is set, a w
atchdog inter-

rupt has occurred. T
his bit can be cleared by w

riting a 
1 to it.

0 =
 N

o w
atchdog interrupt occurred.

1 =
 A

 w
atchdog interrupt occurred.

R
eserved

B
its 6–2

R
eserved

T
hese bits are reserved and should 

be set to 0.

IS
E

L
B

it 1
In

terru
p

t S
electio

n
—

T
his bit selects the w

atchdog 
reset. It is cleared at reset.

0 =
 S

elects the w
atchdog reset 

(default).
1 =

 S
elect the w

atchdog interrupt.

E
N

B
it 0

W
atch

d
o

g
 T

im
er E

n
ab

le—
T

his bit enables the 
w

atchdog tim
er. It is set at reset.

0 =
 D

isable the w
atchdog tim

er.
1 =

 E
nable the w

atchdog tim
er 

(default).

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



11-10
M

C
68V

Z
328 U

ser’s M
anual

�

P
rogram

m
ing M

odel

11.2.6  R
T

C
 C

o
n

tro
l R

eg
ister

T
he real-tim

e clock control (R
T

C
C

T
L

) register is used to enable the real-tim
e clock and provide reference 

frequency inform
ation to the prescaler. T

he settings for the R
T

C
C

T
L

 register are described in T
able

11-7.

R
T

C
C

T
L

R
T

C
 C

ontrol R
egister

0x(ff)F
F

F
B

0C

11.2.7  R
T

C
 In

terru
p

t S
tatu

s R
eg

ister
T

he real-tim
e clock interrupt status register (R

T
C

IS
R

) indicates the status of the various real-tim
e clock 

interrupts. E
ach bit is set w

hen the corresponding event occurs. Y
ou m

ust clear these bits by w
riting ones, 

w
hich also clears the interrupt. T

his register can post interrupts w
hile the system

 clock is idle or in sleep 
m

ode. T
he settings for the R

T
C

IS
R

 register are described in T
able

11-8 on page
11-11. F

or m
ore 

inform
ation about the frequency of the R

T
C

 interrupts, refer to T
able

11-9 on page
11-12.

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

R
T

C
E

N
R

E
F

R
E

Q

T
Y

P
E

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
1

0
0

0
0

0
0

0

0x0080

T
ab

le
11-7.   R

T
C

 C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 15–8

R
eserved

T
hese bits are reserved and should be set to 

0.

R
T

C
E

N
B

it 7
R

eal-T
im

e C
lo

ck E
n

ab
le—

T
his bit, w

hen set, 
enables the real-tim

e clock.
0 =

 D
isable the real-tim

e clock
1 =

 E
nable the real-tim

e clock (default)

R
eserved

B
it 6

R
eserved

T
his bit is reserved and should be set to 0.

R
E

F
R

E
Q

B
it 5

R
eferen

ce F
req

u
en

cy—
T

his bit is set to the fre-
quency of the crystal oscillator.

0 =
 R

eference frequency is 32.768 kH
z 

(default).
1 =

 R
eference frequency is 38.4 kH

z.

R
eserved

B
its 4–0

R
eserved

T
hese bits are reserved and should be set to 

0.
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R
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R
R

T
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 Interrupt S
tatus R

egister
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F
F

B
0E
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14
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0

R
IS

7
R

IS
6

R
IS

5
R

IS
4

R
IS

3
R

IS
2

R
IS

1
R

IS
0

H
R

1H
Z

D
A

Y
A

LM
M

IN
S

W

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
11-8.   R

T
C

 In
terru

p
t S

tatu
s R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
IS

7
B

it 15
R

eal-T
im

e In
terru

p
t S

tatu
s B

it 7—
T

his bit 
show

s the status of real-tim
e interrupt 7.

0 =
 N

o R
IS

7 interrupt occurred.
1 =

 R
IS

7 interrupt occurred.

R
IS

6
B

it 14
R

eal-T
im

e In
terru

p
t S

tatu
s B

it 6—
T

his bit 
show

s the status of real-tim
e interrupt 6.

0 =
 N

o R
IS

6 interrupt occurred.
1 =

 R
IS

6 interrupt occurred.

R
IS

5
B

it 13
R

eal-T
im

e In
terru

p
t S

tatu
s B

it 5—
T

his bit 
show

s the status of real-tim
e interrupt 5.

0 =
 N

o R
IS

5 interrupt occurred.
1 =

 R
IS

5 interrupt occurred.

R
IS

4
B

it 12
R

eal-T
im

e In
terru

p
t S

tatu
s B

it 4—
T

his bit 
show

s the status of real-tim
e interrupt 4.

0 =
 N

o R
IS

4 interrupt occurred.
1 =

 R
IS

4 interrupt occurred.

R
IS

3
B

it 11
R

eal-T
im

e In
terru

p
t S

tatu
s B

it 3—
T

his bit 
show

s the status of real-tim
e interrupt 3.

0 =
 N

o R
IS

3 interrupt occurred.
1 =

 R
IS

3 interrupt occurred.

R
IS

2
B

it 10
R

eal-T
im

e In
terru

p
t S

tatu
s B

it 2—
T

his bit 
show

s the status of real-tim
e interrupt 2.

0 =
 N

o R
IS

2 interrupt occurred.
1 =

 R
IS

2 interrupt occurred.

R
IS

1
B

it 9
R

eal-T
im

e In
terru

p
t S

tatu
s B

it 1—
T

his bit 
show

s the status of real-tim
e interrupt 1.

0 =
 N

o R
IS

1 interrupt occurred.
1 =

 R
IS

1 interrupt occurred.

R
IS

0
B

it 8
R

eal-T
im

e In
terru

p
t S

tatu
s B

it 0—
T

his bit 
show

s the status of real-tim
e interrupt 0.

0 =
 N

o R
IS

0 interrupt occurred.
1 =

 R
IS

0 interrupt occurred.

R
eserved

B
its 7–6

R
eserved

T
hese bits are reserved and should be set to 0.

H
R

B
it 5

H
o

u
r F

lag
—

T
his bit is set on every increm

ent 
of the hour counter in the T

O
D

 clock.
0 =

 N
o 1-hour interrupt occurred.

1 =
 A

 1-hour interrupt occurred.

1H
Z

B
it 4

1 H
z F

lag
—

If enabled, this bit is set on every 
increm

ent of the second counter in the T
O

D
 

clock.

0 =
 N

o 1 H
z interrupt occurred.

1 =
 A

 1 H
z interrupt occurred.

D
A

Y
B

it 3
D

ay F
lag

—
If enabled, this bit is set for every 

24-hour clock increm
ent (at m

idnight) of the 
day counter in the T

O
D

 clock, and an interrupt 
is posted .

0 =
 N

o 24-hour rollover interrupt occurred.
1 =

 A
 24-hour rollover interrupt occurred.

A
L

M
B

it 2
A

larm
 F

lag
—

If this bit is enabled, an alarm
 

flag is set on a com
pare m

atch betw
een the 

real-tim
e clock and the alarm

 register’s value. 

N
o

te:
T

he alarm
 w

ill recur every 24 hours. 
F

or a single alarm
, clear the interrupt enable in 

the interrupt service routine.

0 =
 N

o alarm
 interrupt occurred.

1 =
 A

n alarm
 interrupt occurred.
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11.2.8  R
T

C
 In

terru
p

t E
n

ab
le R

eg
ister

T
he R

T
C

 interrupt enable register (R
T

C
IE

N
R

) is used to enable the interrupts in the R
T

C
S

IR
 if the 

corresponding bit is set. T
he settings for the R

T
C

IE
N

R
 register are described in T

able
11-10 on 

page
11-13. F

or inform
ation about the frequency of the real-tim

e interrupts, refer to T
able

11-9.

M
IN

B
it 1

M
in

u
te F

lag
—

If enabled, this bit is set every 
increm

ent of the m
inute counter in the T

O
D

 
clock.

0 =
 N

o 1-m
inute interrupt occurred.

1 =
 A

 1-m
inute interrupt has occurred.

S
W

B
it 0

S
to

p
w

atch
 F

lag
—

If enabled, the stopw
atch 

flag is set w
hen the stopw

atch m
inute count-

dow
n tim

es out.

0 =
 T

he stopw
atch did not tim

e out.
1 =

 T
he stopw

atch tim
ed out.

T
ab

le
11-9.   R

eal-T
im

e In
terru

p
t F

req
u

en
cy S

ettin
g

s

R
eal-T

im
e 

In
terru

p
t 

F
req

u
en

cy

32.768 kH
z 

R
eferen

ce C
lo

ck
 38.4 kH

z 
R

eferen
ce C

lo
ck

R
F

E
7

512 H
z

1.9531 m
s

600 H
z

1.6666 m
s

R
F

E
6

256 H
z

3.9062 m
s

300 H
z

3.3333 m
s

R
F

E
5

128 H
z

7.8125 m
s

150 H
z

6.6666 m
s

R
F

E
4

64 H
z

15.625 m
s

75 H
z

13.3333 m
s

R
F

E
3

32 H
z

31.25 m
s

37.5 H
z

26.6666 m
s

R
F

E
2

16 H
z

62.5 m
s

18.75 H
z

53.3333 m
s

R
F

E
1

8 H
z

125 m
s

9.375 H
z

106.6666 m
s

R
F

E
0

4 H
z

250 m
s

4.6875 H
z

213.3333 m
s

T
ab

le
11-8.   R

T
C

 In
terru

p
t S

tatu
s R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
tio

n
S

ettin
g
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R
T

C
IE

N
R

R
T

C
 Interrupt E

nable R
egister

0x(ff)F
F

F
B

10
B

IT
 

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 

0

R
IE

7
R

IE
6

R
IE

5
R

IE
4

R
IE

3
R

IE
2

R
IE

1
R

IE
0

H
R

1H
Z

D
A

Y
A

LM
M

IN
S

W

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
11-10.   R

T
C

 In
terru

p
t E

n
ab

le R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
IE

7
B

it 15
R

eal-T
im

e In
terru

p
t E

n
ab

le B
it 7—

T
his bit enables the 

real-tim
e interrupt 7. T

he frequency of this interrupt is 
show

n in T
able

11-9 on page
11-12.

0 =
 R

IE
7 interrupt is disabled.

1 =
 R

F
E

7 interrupt is enabled.

R
IE

6
B

it 14
R

eal-T
im

e In
terru

p
t E

n
ab

le B
it 6—

T
his bit enables the 

real-tim
e interrupt 6. T

he frequency of this interrupt is 
show

n in T
able

11-9 on page
11-12.

0 =
 R

IE
6 interrupt is disabled.

1 =
 R

IE
6 interrupt is enabled.

R
IE

5
B

it 13
R

eal-T
im

e In
terru

p
t E

n
ab

le B
it 5—

T
his bit enables the 

real-tim
e interrupt 5. T

he frequency of this interrupt is 
show

n in T
able

11-9 on page
11-12.

0 =
 R

IE
5 interrupt is disabled.

1 =
 R

IE
5 interrupt is enabled.

R
IE

4
B

it 12
R

eal-T
im

e In
terru

p
t E

n
ab

le B
it 4—

T
his bit enables the 

real-tim
e interrupt 4. T

he frequency of this interrupt is 
show

n in T
able

11-9 on page
11-12.

0 =
 R

IE
4 interrupt is disabled.

1 =
 R

IE
4 interrupt is enabled.

R
IE

3
B

it 11
R

eal-T
im

e In
terru

p
t E

n
ab

le B
it 3—

T
his bit enables the 

real-tim
e interrupt 3. T

he frequency of this interrupt is 
show

n in T
able

11-9 on page
11-12.

0 =
 R

IE
3 interrupt is disabled.

1 =
 R

IE
3 interrupt is enabled.

R
IE

2
B

it 10
R

eal-T
im

e In
terru

p
t E

n
ab

le B
it 2—

T
his bit enables the 

real-tim
e interrupt 2. T

he frequency of this interrupt is 
show

n in T
able

11-9 on page
11-12.

0 =
 R

IE
2 interrupt is disabled.

1 =
 R

IE
2 interrupt is enabled.

R
IE

1
B

it 9
R

eal-T
im

e In
terru

p
t E

n
ab

le B
it 1—

T
his bit enables the 

real-tim
e interrupt 1. T

he frequency of this interrupt is 
show

n in T
able

11-9 on page
11-12.

0 =
 R

IE
1 interrupt is disabled.

1 =
 R

IE
1 interrupt is enabled.

R
IE

0
B

it 8
R

eal-T
im

e In
terru

p
t E

n
ab

le B
it 0—

T
his bit enables the 

real-tim
e interrupt 0. T

he frequency of this interrupt is 
show

n in T
able

11-9 on page
11-12.

0 =
 R

IE
0 interrupt is disabled.

1 =
 R

IE
0 interrupt is enabled.

R
eserved

B
its 7–6

R
eserved

T
hese bits are reserved and should 

be set to 0.

H
R

B
it 5

H
o

u
r F

lag
—

T
his bit enables interrupts occurring at a 

one-per-hour rate.
0 =

 1-hour interrupt disabled.
1 =

 1-hour interrupt enabled.

1H
Z

B
it 4

1 H
z F

lag
—

T
his bit enables interrupts occurring at a 

1
H

z rate.
0 =

 1 H
z interrupt disabled.

1 =
 1 H

z interrupt enabled.

D
A

Y
B

it 3
D

ay In
terru

p
t E

n
ab

le—
T

his bit enables the day inter-
rupt occurring at a m

idnight rollover (0000 hours) of the 
day counter.

0 =
 24-hour rollover interrupt is 

disabled.
1 =

 24-hour rollover interrupt is 
enabled.
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11.2.9  S
to

p
w

atch
 M

in
u

tes R
eg

ister
T

he stopw
atch m

inutes (ST
P

W
C

H
) register contains the current stopw

atch countdow
n value. T

he 
stopw

atch counter is decrem
ented by the m

inute (M
IN

) output from
 the T

O
D

 clock. T
he average tolerance 

of the count is 0.5 m
inutes. T

he settings for the S
T

P
W

C
H

 register are described in T
able

11-11.

N
O

T
E

:

For im
proved accuracy, enable the stopw

atch by polling the M
IN

 bit of the
R

T
C

IS
R

 register or by polling the m
inute interrupt service routine.

S
T

P
W

C
H

S
topw

atch M
inutes R

egister
0x(F

F
)F

F
F

B
12

A
L

M
B

it 2
A

larm
 In

terru
p

t E
n

ab
le—

T
his bit enables the alarm

 
interrupt.

0 =
 A

larm
 interrupt is disabled.

1 =
 A

larm
 interrupt is enabled.

M
IN

B
it 1

M
in

u
te In

terru
p

t E
n

ab
le—

T
his bit enables the M

IN
 

interrupt at the rate of one interrupt per m
inute.

0 =
 1-m

inute interrupt is disabled.
1 =

 1-m
inute interrupt is enabled.

S
W

B
it 0

S
to

p
w

atch
 In

terru
p

t E
n

ab
le—

T
his bit enables the 

stopw
atch interrupt.

N
o

te:
T

he stopw
atch counts dow

n and rem
ains at 

decim
al -1 until it is reprogram

m
ed. If this bit is enabled 

w
ith -1 (decim

al) in the S
T

P
W

C
H

 register, an interrupt 
w

ill be posted on the next m
inute tick.

0 =
 1-m

inute interrupt is disabled.
1 =

 1-m
inute interrupt is enabled.

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

C
N

T

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
1

1
1

1
1

1

0x003F

T
ab

le
11-11.   S

to
p

w
atch

 M
in

u
tes R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 15–6

R
eserved

T
hese bits are reserved and should be set to 0.

C
N

T
B

its 5–0
S

to
p

w
atch

 C
o

u
n

t—
T

his field contains 
the stopw

atch countdow
n value. 

T
he highest possible value is 62 m

inutes. T
he 

countdow
n w

ill not be activated again until a non-
zero value, w

hich is less than 63 m
inutes, is w

ritten 
to this register.

T
ab

le
11-10.   R

T
C

 In
terru

p
t E

n
ab

le R
eg

ister D
escrip

tio
n

 (C
o

n
tin

u
ed

)

N
am

e 
D

escrip
tio

n
 

S
ettin

g
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12-1

C
h

ap
ter

12
G

en
eral-P

u
rp

o
se T

im
ers

T
his chapter describes in detail the operation of the general-purpose tim

er m
odules of the M

C
68V

Z
328. 

T
he G

P
 tim

ers consist of tw
o general-purpose 16-bit tim

ers, a prescaler, and com
pare and capture 

registers. E
ach tim

er counter value can be captured using an external event and can be configured to trigger 
a capture event on either the leading or trailing edges of an input pulse. T

he tim
er can also generate an 

interrupt w
hen the tim

er reaches a program
m

ed value. E
ach tim

er has an 8-bit prescaler providing a 
program

m
able clock frequency derived from

 S
Y

S
C

L
K

. T
he tw

o tim
ers m

ay also be cascaded together to 
operate as a single 32-bit tim

er.

12.1   G
P

 T
im

er O
verview

T
he tw

o 16-bit tim
ers (T

im
er 1 and T

im
er 2) that m

ake up the general-purpose tim
ers are identical. 

F
igure

12-1 illustrates the general-purpose tim
er block diagram

. T
he follow

ing sections describe the 
operation of the G

P tim
ers in detail.

F
ig

u
re

12-1.   G
en

eral-P
u

rp
o

se T
im

er B
lo

ck D
iag

ram

P
rescaler1

÷
 16

O
utput

Logic

T
IN

T
IM

E
R

1IR
Q

E
dge

S
Y

S
C

LK

D
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C
ounter1

C
om

pare1

C
apture1

C
apture2

C
ounter2

C
om

pare2

O
utput

Logic

S
ystem

T
[1:0]

P
C

R

C
ontrol

T
IM

E
R

2IR
Q

T
O

U
T

/T
IN

S
Y

S
C

LK

C
LK

32

P
rescaler2

÷
 16

C
LK
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S
Y

S
C

LK

S
Y

S
C

LK

T
O

U
T

/T
IN

P
C

LK

P
C
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T
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M
U

X
T

O
U

T
M

U
X

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



12-2
M

C
68V

Z
328 U

ser’s M
anual

�

G
P

 T
im

er O
verview

12.1.1  C
lo

ck S
o

u
rce an

d
 P

rescaler
T

he clock source for each tim
er is individually selectable through softw

are. T
he selected clock source is 

fed to a prescaler that acts as a divider w
ith a program

m
able division ratio ranging from

 1 to 256. T
he 

output of each prescaler drives its respective counter. 

T
he clock sources are S

Y
S

C
L

K
, S

Y
S

C
L

K
/16, C

L
K

32, and an external clock from
 the tim

er I/O
 pin (T

IO
). 

T
he clock input source is selected by the C

L
K

S
O

U
R

C
E

 field of the tim
er control registers (T

C
T

L
x). T

he 
P

R
E

S
C

A
L

E
R

 field of the tim
er prescaler register (T

P
R

E
R

x) selects the divide ratio of the input clock 
(P

C
L

K
) that drives the counter. T

he prescaler divides the input clock by a value betw
een 1 and 256. T

he 
program

m
able prescaler allow

s a m
axim

um
 period of 512 seconds w

hen using a 32.768
kH

z crystal 
oscillator or 436 seconds using a 38.4

kH
z oscillator. 

O
f the four clock sources, only C

L
K

32 continues to operate w
hile the M

C
68V

Z
328 is in sleep m

ode. S
ee 

S
ectio

n
4

.5
.2, “C

G
M

 O
p

e
ra

tio
n D

u
rin

g
 S

le
ep

 M
o

d
e

,” o
n

 p
a

g
e

4
-1

2
 fo

r m
o

re
 in

fo
rm

atio
n

 o
n C

L
K

3
2

 
o

pe
ra

tio
n

 d
u

rin
g

 sle
e

p
 m

od
e

.

N
O

T
E

:

E
n

su
re

 th
at the

 tim
e

r is d
isa

b
le

d
 by clea

rin
g th

e
 T

E
N

 b
it in

 th
e

 T
C

T
L

x
registe

r b
efo

re
 ch

a
ng

ing
 e

ithe
r th

e clo
ck so

u
rce o

r p
rescaler se

ttin
g

.

12.1.2  T
im

er E
ven

ts an
d

 M
o

d
es o

f O
p

eratio
n

T
he

re a
re

 tw
o

 typ
es o

f eve
n

ts th
at pro

du
ce inte

rrup
ts: co

m
p

are
 e

ven
ts a

nd
 cap

ture e
ven

ts. C
o

m
p

are e
ven

ts 
o

ccu
r w

h
e

n the
 valu

e in th
e co

un
ter m

atche
s th

e co
nte

nts o
f th

e co
m

p
are reg

ister. C
ap

ture
 e

ve
nts o

ccu
r 

w
h

en
 a

 de
fin

ed
 tra

nsitio
n

 o
f th

e
 T

O
U

T
/T

IN
 pin

 is de
te

cte
d

. 

T
he

 cou
n

te
r ca

n
 b

e
 p

ro
g

ra
m

m
e

d
 to

 ru
n

 in
 on

e
 o

f tw
o m

o
d

e
s: re

start o
r fre

e
-run

n
in

g
. T

h
e 

free
-ru

n
nin

g
/re

sta
rt b

it in
 th

e T
C

T
L

x reg
ister on

ly con
tro

ls ho
w

 th
e

 co
u

nte
r op

e
ra

tes a
fte

r a co
m

p
are e

ve
n

t 
o

ccu
rs. It d

o
e

s n
o

t a
ffect co

un
ter op

e
ra

tio
n

 fo
llow

in
g ca

ptu
re

 eve
n

ts. A
 d

e
scrip

tion
 o

f e
a

ch
 m

o
d

e fo
llo

w
s.

12.1.2.1   R
estart M

o
d

e

In
 re

sta
rt m

o
de

, th
e

 fo
llo

w
in

g
 actio

ns o
ccu

r w
h

e
n the

 com
pa

re va
lu

e in
 th

e tim
e

r com
p

are
 re

giste
r 

(T
C

M
P

x) m
a

tche
s th

e
 va

lu
e

 in
 th

e
 tim

er co
u

n
te

r reg
ister (T

C
N

x):

1
.

T
h

e cou
n

te
r re

se
ts to

 0
x00

0
0

.

2
.

T
h

e com
pa

re eve
nt (C

O
M

P
) b

it of th
e

 tim
er statu

s reg
iste

r (T
S

TA
T

x) is set.

3
.

T
h

e T
IM

E
R

x in
terru

p
t is issu

ed
 to

 th
e in

terru
p

t co
n

tro
ller if th

e
 IR

Q
E

N
 b

it of th
e T

C
T

L
x 

registe
r is se

t. 

4
.

T
h

e tim
e

r co
un

ter re
su

m
e

s co
u

n
tin

g
. 

T
his m

od
e

 is u
se

fu
l w

h
e

n
 yo

u
 n

ee
d

 to
 ge

n
e

ra
te

 pe
rio

d
ic eve

nts o
r, w

he
n

 it is u
sed

 w
ith

 th
e

 tim
er o

utp
ut 

sig
na

ls, a
ud

io ton
e

s.

12.1.2.2   F
ree-R

u
n

n
in

g
 M

o
d

e

F
re

e-ru
n

n
in

g
 m

o
de

 is sim
ila

r in o
p

e
ra

tion
 to

 resta
rt m

o
d

e, e
xce

p
t th

a
t w

h
e

n a
 com

pa
re

 e
ve

n
t o

ccu
rs, th

e
 

co
u

n
te

r co
n

tin
ue

s cou
n

tin
g w

itho
u

t re
se

ttin
g

 to
 0

x0
0

0
0

. W
h

e
n 0xF

F
F

F
 is re

ach
ed

, th
e co

u
nte

r ro
lls o

ve
r to

 
0

x0
0

0
0 a

n
d

 co
n

tinu
e

s co
un

tin
g
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12.1.3  T
im

er C
ap

tu
re R

eg
ister

E
ach

 tim
er h

as a 1
6

-b
it cap

tu
re reg

ister th
a

t ta
ke

s a
 “sn

ap
sho

t” o
f th

e tim
e

r co
un

ter w
h

en
 a

 d
e

fin
ed

 
tran

sitio
n

 of th
e

 sign
a

l a
p

plie
d

 to
 th

e
 T

IN
 p

in
 is de

tecte
d

 by the
 cap

tu
re e

d
ge

 d
ete

ctor. T
he

re a
re

 th
re

e
 

tran
sitio

n
s o

f th
e T

IN
 th

at ca
n

 trig
g

er a ca
ptu

re
 eve

nt: 

•
C

a
ptu

re
 on

 risin
g

 e
d

g
e

•
C

a
ptu

re
 on

 falling
 e

dg
e

•
C

a
ptu

re
 on

 risin
g

 o
r fa

llin
g

 ed
g

e

T
he

 typ
e

 of tran
sitio

n
 th

at trig
g

ers th
e cap

ture
 is se

le
cte

d b
y th

e
 C

A
P

 fie
ld

 o
f the

 T
C

T
L

x re
g

iste
r. P

u
lses 

th
a

t p
ro

d
u

ce
 th

e
 ca

p
tu

re
 e

dg
e

 ca
n

 be
 a

s sho
rt a

s 2
0

ns. T
h

e m
in

im
u

m
 tim

e
 b

etw
ee

n
 p

ulse
s is tw

o
 P

C
L

K
 

p
erio

d
s.

W
h

e
n a

 ca
p

tu
re e

ven
t o

ccu
rs, the

 C
A

P
T

 sta
tu

s b
it is se

t in
 th

e T
S

T
A

T
x re

g
iste

r. A
 T

IM
E

R
x in

te
rru

pt is 
se

n
t to th

e M
C

68
V

Z
3

2
8 in

te
rrup

t co
n

trolle
r if the

 cap
ture fu

nctio
n

 is e
n

ab
led

 a
nd

 the
 IR

Q
E

N
 b

it o
f the

 
T

C
T

L
x reg

ister is se
t. T

h
e

 tim
er is disa

b
le

d
 at re

se
t.

12.1.4  T
O

U
T

/T
IN

/P
B

6 P
in

T
he

 T
O

U
T

/T
IN

 pin
s a

re
 m

ultiple
xe

d
 w

ith
 b

it 6
 of th

e
 P

o
rt B

 reg
isters. T

h
e P

o
rt B

 reg
isters d

eterm
ine

 if th
e 

p
in

 is a
ssign

e
d

 to
 th

e G
P

 tim
e

rs o
r to

 p
in

 6
 o

f P
o

rt B
 (the

 d
e

fa
u

lt se
ttin

g
), as d

e
scrib

ed
 in S

ectio
n

1
0

.4.2
.3

, 
“P

o
rt B

 D
e

dicated
 I/O

 F
u

nctio
ns,” on

 p
ag

e
10

-1
0. B

e
ca

u
se

 th
e

 T
O

U
T

/T
IN

/P
B

6
 is a

 b
idire

ction
a

l p
in

, th
e

 
d

ire
ction

 o
f th

e p
in

 is a
lso co

n
tro

lle
d

 in
 th

e P
o

rt B
 re

g
iste

rs. 

N
O

T
E

:

U
n

like
 o

th
e

r p
o

rt reg
iste

r p
ins, th

e
 T

O
U

T
/T

IN
/P

B
6

 pin
 d

ire
ction

 is still
co

n
tro

lled
 by th

e
 D

IR
6 bit in

 th
e

 P
ort B

 d
irectio

n reg
iste

r even
 th

o
u

gh
 th

e
p

in
 is assig

n
ed

 to
 th

e
 G

P
 tim

ers.

W
h

e
n th

e in d
ire

ctio
n

 is se
le

cte
d, the

 p
in

 (T
IN

) is a
vaila

b
le

 as a clo
ck in

p
ut to

 th
e

 tim
er or a

s th
e

 in
p

u
t 

trig
g

er to th
e

 e
d

ge
-d

e
te

ct circu
it fo

r th
e

 ca
ptu

re
 reg

iste
rs. T

h
e

 T
[1:0

] field in
 th

e pe
rip

h
eral co

ntro
l re

g
iste

r 
(P

C
R

) sw
itch

es the
 T

IN
 in

pu
t be

tw
ee

n
 ca

p
tu

re reg
ister 1

 an
d

 ca
p

tu
re reg

ister 2
. W

h
en

 T
=

0
x0

0
 th

e T
IN

 is 
co

n
n

ected
 to

 T
im

er 1
, a

n
d w

h
e

n
 T

=
0

x0
1

 th
e

 T
IN

 is con
n

e
cted

 to
 T

im
er 2

.

W
h

e
n th

e o
u

t d
irectio

n is e
n

ab
led

, th
e

 pin
 (T

O
U

T
) is u

sed
 to tog

g
le

 o
r o

u
tp

u
t a

 pu
lse

 w
h

en
 a

 tim
er 

co
m

p
a

re
 e

ve
n

t o
ccu

rs.
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12.1.5  C
ascad

ed
 T

im
ers

B
oth tim

ers can be cascaded together to create a 32-bit counter. T
he cascade configuration is controlled by 

th
e

 T
[1

:0
] fie

ld o
f th

e P
C

R
. S

e
e S

e
ctio

n
5

.2
.2

, “P
e

rip
he

ral C
o

ntro
l R

e
g

iste
r,” o

n
 pa

g
e

5
-4 fo

r m
o

re
 d

eta
ils. 

T
ab

le
1

2
-1

 sh
o

w
s th

e
 tw

o
 po

ssib
le

 co
n

fig
uratio

n
s o

f ca
sca

d
ed

 tim
e

rs. W
h

en
 T

[1:0
]=

0
x1

0
, T

im
e

r 1
 an

d
 

T
im

e
r 2 are ca

sca
d

ed
 tog

e
th

e
r. T

im
e

r 1
 b

e
co

m
e

s th
e

 M
S

W
, an

d
 T

im
er 2

 is the
 L

S
W

. If th
e

 d
ire

ction
 o

f th
e

 
p

in
 is in

 (D
IR

6
=

0
), the

 T
IN

 sig
n

a
l is a

pp
lie

d to
 T

im
e

r 2
. If th

e d
ire

ctio
n

 is ou
t (D

IR
6

=
1

), th
e

 T
O

U
T

 is 
co

n
n

ected
 to

 T
im

er 1. 

W
h

e
n T

[1
:0

]=
0

x1
1, T

im
e

r 2
 b

eco
m

e
s the

 M
S

W
 a

n
d

 T
im

e
r 1

 is th
e

 L
S

W
. If th

e d
ire

ctio
n

 of th
e

 pin
 is in

 
(D

IR
6

=
0

), the
 T

IN
 sig

n
a

l is a
pp

lie
d

 to
 T

im
e

r 1
. If th

e
 d

ire
ctio

n
 is o

ut (D
IR

6
=

1
), the

 T
O

U
T

 is con
n

ected
 

to
 T

im
er 2.

12.1.5.1   C
o

m
p

are an
d

 C
ap

tu
re U

sin
g

 C
ascad

ed
 T

im
ers

W
h

e
n th

e tim
e

rs a
re

 ca
sca

d
ed

, th
e

 asso
cia

te
d

 co
m

p
a

re
 an

d
 cap

tu
re reg

isters a
re

 n
o

t. T
h

e flo
w

 d
ia

gra
m

 in
 

F
ig

u
re

12
-2

 o
n

 p
ag

e
12

-5
 su

g
ge

sts on
e

 m
eth

od
 for 3

2-b
it co

m
p

a
re

s u
sin

g
 a

 cascad
e

d tim
e

r. C
a

p
tu

res ca
n

 
also

 b
e

 a
cco

m
p

lish
ed

 u
sing

 the
 C

A
P

T
 sta

tu
s b

it in
ste

ad
 o

f the
 C

O
M

P
 sta

tus b
it.

A
fter th

e
 co

m
p

a
re

 to
 T

im
e

rs 1
 an

d
 2

 is w
ritte

n
, th

e
 C

O
M

P
 o

r C
A

P
T

 sta
tu

s b
it o

f the
 M

S
W

 is ch
ecke

d. 
W

h
e

n th
e M

S
W

 statu
s b

it se
ts, ch

e
ck the

 sta
tu

s b
it o

f the
 L

S
W

. If it is no
t se

t, lo
o

p
 un

til it d
o

e
s set. 

T
ab

le
12-1.   C

ascad
e T

im
er S

ettin
g

s

T
[1:0] P

C
R

M
S

W
L

S
W

T
IN

 T
o

T
O

U
T

 F
ro

m

10
T

im
er 1

T
im

er 2
T

im
er 2

T
im

er 1

11
T

im
er 2

T
im

er 1
T

im
er 1

T
im

er 2
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o

m
p

are R
o

u
tin
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W
ait on M

S
W

 M
S

W
 status bit set?

N
o

 LS
W

 status bit set?

S
et flag

Y
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32-bit

com
pare

N
o

Y
es
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12.2   P
ro

g
ram

m
in

g
 M

o
d

el
T

he follow
ing sections provide program

m
ing inform

ation about the settings of the tw
o 16-bit tim

ers in the 
G

P
 tim

ers m
odule. B

ecause the tw
o tim

ers are identical, the register description and the associated table 
describing the register settings apply to both registers.

12.2.1  T
im

er C
o

n
tro

l R
eg

isters 1 an
d

 2
E

ach tim
er control (T

C
T

L
x) register controls the overall operation of its corresponding G

P
 tim

er. T
he 

settings for the registers are described in T
able

12-2. T
he T

C
T

L
 registers control the follow

ing:

•
S

electin
g

 th
e fre

e
-ru

n
n

in
g

 or re
sta

rt m
o

de
 a

fte
r a com

pa
re eve

nt

•
S

electin
g

 th
e ca

ptu
re

 trig
g

er eve
n

t 

•
C

o
ntro

llin
g

 th
e

 ou
tpu

t co
m

p
a

re
 m

o
d

e

•
E

n
ab

lin
g th

e com
pa

re eve
nt in

te
rru

p
t

•
S

electin
g

 th
e p

re
sca

ler clock so
u

rce

•
E

n
ab

lin
g a

n
d d

isa
b

ling
 th

e
 G

P
 T

im
e

r

T
C

T
L

1
T

im
er C

ontrol R
egister 1

0x(F
F

)F
F

F
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T
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T
L

2
T
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ontrol R
egister 2
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F

)F
F

F
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B
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R
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E
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C
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T
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P
E
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P
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S
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T
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o
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eg
ister D
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tio
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N
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D

escrip
tio

n
 

S
ettin

g

R
eserved

B
its 15–9

R
eserved

T
hese bits are reserved and should be set to 0.

F
R

R
B

it 8
F

ree-R
u

n
n

in
g

/R
estart—

T
his bit controls the 

counter m
ode of operation after a com

pare 
event occurs. In free-running m

ode, the 
counter continues after the com

pare. In restart 
m

ode, the counter resets to 0x0000 and 
resum

es counting.

0 =
 R

estart m
ode (default).

1 =
 F

ree-running m
ode.
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C
A

P
B

its 7–6
C

ap
tu

re E
d

g
e—

T
his field selects the type of 

transition on the T
IN

 input that triggers a cap-
ture event. 

N
o

te:
T

o use T
IN

/T
O

U
T

 as a T
IN

 input, 
ensure that the S

E
L6 bit in the P

ort B
 select 

register (P
B

S
E

L) is cleared.

00 =
 D

isable capture function (default).
01 =

 C
apture on rising edge.

10 =
 C

apture on falling edge.
11 =

 C
apture on rising or falling edges.

O
M

B
it 5

O
u

tp
u

t M
o

d
e—

T
his bit selects the output 

m
ode of the tim

er after a com
pare event 

occurs. T
he output appears for one S

Y
S

C
LK

 
period.

0 =
 A

ctive-low
 pulse (default).

1 =
 T

oggle output.

IR
Q

E
N

B
it 4

In
terru

p
t R

eq
u

est E
n

ab
le—

T
his bit enables 

an interrupt on a com
pare event.

00 =
 D

isable the com
pare interrupt (default).

01 =
 E

nable the com
pare interrupt.

C
L

K
S

O
U

R
C

E
B

it 3–1
C

lo
ck S

o
u

rce—
T

his field controls the clock 
source to the prescaler. T

he stop count 
freezes the counter at its current value.

N
o

te:
T

o use T
IN

/T
O

U
T

 as a T
IN

 input, 
ensure that the S

E
L6 bit in the P

ort B
 select 

register (P
B

S
E

L) is cleared. A
lso ensure that 

D
IR

6
=

0.

000 = S
top counter (default).

001 = S
Y

S
C

LK
 to prescaler.

010 = S
Y

S
C

LK
/16 to prescaler.

011 = T
IN

 to prescaler.
1xx =

 C
LK

32 to prescaler.

T
E

N
B

it 0
T

im
er E

n
ab

le—
T

his bit enables or disables 
the associated tim

er.
0 =

 T
im

er is disabled (default).
1 =

 T
im

er is enabled.

T
ab

le
12-2.   T

im
er C

o
n

tro
l R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e 
D

escrip
tio

n
 

S
ettin

g
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12.2.2  T
im

er P
rescaler R

eg
isters 1 an

d
 2

E
ach tim

er prescaler register (T
P

R
E

R
x) controls the divide ratio of the associated prescaler. T

he settings 
for the registers are described in T

able
12-3.

T
P

R
E

R
1

T
im

er P
rescaler R

egister 1
0x(F

F
)F

F
F

602

T
P

R
E

R
2

T
im

er P
rescaler R

egister 2
0x(F

F
)F

F
F
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B
IT
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14

13
12

11
10

9
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5
4

3
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B

IT
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N
ot U

sed
P

rescaler

T
Y

P
E
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rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

B
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3
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1
B

IT
 0

N
ot U

sed
P

rescaler

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
12-3.   T

im
er P

rescaler R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

N
ot used

B
its 15–8

T
hese bits are not used.

—

P
R

E
S

C
A

L
E

R
B

its 7–0
P

rescaler—
T

his field controls the frequency 
output of the prescaler. T

he clock source is 
divided by the value contained in this register. 
T

he value range of this field is betw
een 1 and 

256. 

0x00 =
 D

ivide by 1
...0xF

F
 =

 D
ivide by 256
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12.2.3  T
im

er C
o

m
p

are R
eg

isters 1 an
d

 2
E

ach tim
er com

pare (T
C

M
P

x) register contains the value that is com
pared w

ith the counter. A
 com

pare 
event is generated w

hen the counter m
atches the value in this register. T

his register is set to 0xF
F

F
F

 at 
system

 reset. T
he settings for the registers are described in T

able
12-4.

T
C

M
P

1
T

im
er C

om
pare R

egister 1
0x(F

F
)F

F
F

604

T
C

M
P

2
T

im
er C

om
pare R

egister 2
0x(F

F
)F

F
F

614

B
IT
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12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

C
O

M
P

A
R

E

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1

0xF
F

F
F

B
IT
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13
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11
10

9
8

7
6

5
4

3
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1
B

IT
 0

C
O

M
P

A
R

E

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1

0xF
F

F
F

T
ab

le
12-4.   T

im
er C

o
m

p
are R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

C
O

M
P

A
R

E
B

its 15–0
C

o
m

p
are V

alu
e—

W
rite this field’s value to 

generate a com
pare event w

hen the counter 
m

atches this value.

T
his field has a valid range 0x0000 to 0xF

F
F

F
.
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12.2.4  T
im

er C
ap

tu
re R

eg
isters 1 an

d
 2

E
ach tim

er capture register (T
C

R
x) stores the counter value w

hen a capture event occurs. T
he settings for 

the registers are described in T
able

12-5.

T
C

R
1

T
im

er C
apture R

egister 1
0x(F

F
)F

F
F
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R
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T

U
R
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P
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R
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0
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0
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0
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0
0

0
0

0
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0
0

0

0x0000

T
ab

le
12-5.   T

im
er C

ap
tu

re R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

C
A

P
T

U
R

E
B

its 15–0
C

ap
tu

re V
alu

e—
T

his field stores the counter 
value that existed at the tim

e of the capture 
event.

T
his field has a valid range 0x0000 to 0xF

F
F

F
.
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12.2.5  T
im

er C
o

u
n

ter R
eg

isters 1 an
d

 2
E

ach read-only tim
er counter (T

C
N

x) register contains the current count. T
he T

C
N

x can be read at any 
tim

e w
ithout affecting the current count. T

he settings for the registers are described in T
able

12-6.

T
C

N
1

T
im

er C
ounter R

egister 1
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le
12-6.   T

im
er C

o
u

n
ter R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

C
O

U
N

T
B

its 15–0
T

im
er C

o
u

n
ter V

alu
e—

T
his 16-bit field con-

tains the current count value.
T

his field has a valid range 0x0000 to 0xF
F

F
F

.
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12.2.6  T
im

er S
tatu

s R
eg

isters 1 an
d

 2
E

ach tim
er status (T

S
T

A
T

x) register indicates the corresponding tim
e

r’s sta
tus. W

h
e

n a
 ca

p
tu

re e
ven

t 
o

ccu
rs, it is ind

ica
te

d
 b

y se
ttin

g th
e C

A
P

T
 b

it. W
h

en
 a

 co
m

p
a

re
 eve

n
t o

ccu
rs, th

e C
O

M
P

 bit is se
t. B

o
th

 
b

its a
re

 clea
red

 b
y w

ritin
g

 0x0
. T

o
 b

e
 clea

red
, th

e
se

 b
its m

u
st first b

e
 exa

m
in

e
d

, a
n

d
 th

e b
it m

u
st h

ave
 a 

value
 of 0

x1
. T

h
is e

n
su

re
s tha

t a
n in

te
rru

p
t w

ill n
o

t b
e m

issed
 if it o

ccu
rs be

tw
ee

n
 the

 status re
ad

 an
d

 w
h

e
n 

th
e

 in
te

rru
pt is clea

red
. T

h
e setting

s fo
r th

e reg
isters a

re
 d

escribe
d

 in
 T

ab
le

1
2

-7
.

T
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S
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12-7.   T

im
er S

tatu
s R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

N
ot used

B
its 15–2

T
hese bits are not used.

—

C
A

P
T

B
it 1

C
ap

tu
re E

ven
t—

T
his status bit, w

hen set, 
indicates that a capture event occurred.

0 =
 N

o capture event occurred.
1 =

 A
 capture event has occurred.

C
O

M
P

B
it 0

C
o

m
p

are E
ven

t—
T

his status bit, w
hen set, 

indicates w
hen a com

pare event occurs.
0 =

 N
o com

pare event occurred.
1 =

 A
 com

pare event has occurred.
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ter
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S

erial P
erip

h
eral In

terface 1 an
d

 2
T

he M
C

68V
Z

328 contains tw
o serial peripheral interface (S

P
I) m

odules, S
P

I 1 and S
P

I 2. T
his chapter 

describes the operation and program
m

ing of both S
P

I m
odules. 

W
hile S

P
I 2 operates as a m

aster-m
ode-only S

P
I m

odule, S
P

I 1 represents an enhanced version of the 
S

P
I

2 design. E
quipped w

ith a data F
IF

O
, S

P
I 1 m

ay operate as a m
aster- or slave-configurable S

P
I 

interface m
odule, allow

ing the M
C

68V
Z

328 to interface w
ith either an external S

P
I m

aster or an S
P

I slave 
device.

13.1   S
P

I 1 O
verview

T
his section discusses how

 S
P

I 1 m
ay be used to com

m
unicate w

ith external devices. SP
I 1 contains an 

8
×

16 data-in F
IF

O
 and an 8

×
16 data-out F

IF
O

. Incorporating the D
A

T
A

_R
E

A
D

Y
 and S

S
 control 

signals enables faster data com
m

unication w
ith few

er softw
are interrupts. F

igure
13-1 illustrates the 

configurable serial peripheral interface block diagram
.

F
ig

u
re

13-1.   S
P

I 1 B
lo

ck D
iag

ram

C
lock

G
enerator

C
lock

C
ontrol

D
A

T
A

_R
E

A
D

Y

C
P

U
 Interface

S
hift R

egister

R
xF

IF
O

T
xF

IF
O

S
S

S
P

IC
LK

1

M
IS

O

M
O

S
I
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I 1 O
peration

13.2   S
P

I 1 O
p

eratio
n

T
he S

P
I 1 signal pins are m

ultiplexed w
ith bit 0 (D

A
T

A
_R

E
A

D
Y

) o
f th

e P
o

rt K
 re

g
iste

r a
n

d b
its 3

–
0

 
(M

O
S

I, M
IS

O
, a

n
d S

P
IC

L
K

1
) o

f th
e P

o
rt J re

giste
r. T

h
e

refore, b
e

fo
re

 S
P

I 1 is u
se

d
, it is ne

cessary to w
rite 

0
 to

 th
ese

 bits in
 th

e
 P

K
S

E
L a

n
d

 P
JS

E
L

 re
g

iste
rs, re

sp
e

ctive
ly. S

ee
 S

ectio
n

1
0

.4
.9.5

, “P
o

rt J S
e

le
ct 

R
eg

ister,” o
n

 p
ag

e
10

-33
 a

nd
 S

e
ctio

n
10

.4
.1

0.5
, “P

o
rt K

 S
e

le
ct R

eg
ister,” o

n
 pa

g
e

1
0

-3
6

 fo
r de

ta
ile

d 
in

fo
rm

a
tion

.

13.2.1  U
sin

g
 S

P
I 1 as M

aster
If S

P
I 1

 is co
n

figu
red

 a
s m

a
ste

r, it u
se

s a
 se

ria
l lin

k to
 tra

n
sfe

r d
ata

 b
e

tw
e

e
n

 th
e M

C
68

V
Z

3
2

8
 a

n
d

 a 
p

erip
h

eral d
evice

. A
 ch

ip
-en

a
b

le
 sign

a
l a

n
d a

 clo
ck sig

n
al are u

sed
 to

 tra
n

sfer da
ta b

e
tw

e
en

 th
e

 tw
o

 
d

evice
s. If th

e
 extern

al de
vice

 is a
 tra

nsm
it-on

ly d
e

vice, th
e

 S
P

I m
a

ster’s o
u

tp
u

t p
ort ca

n b
e

 ig
n

ored
 a

n
d 

u
se

d
 fo

r o
th

e
r p

u
rp

o
se

s. In
 ord

er to
 u

tilize
 th

e in
te

rn
a

l T
xD

 an
d

 R
xD

 da
ta

 F
IF

O
s, tw

o
 a

uxiliary o
u

tp
u

t 
sig

na
ls, S

S  an
d

 D
A

T
A

_
R

E
A

D
Y, are

 use
d for d

ata tra
n

sfer ra
te

 con
tro

l. T
h

e u
ser m

a
y a

lso
 pro

g
ra

m
 th

e
 

sa
m

p
le p

erio
d

 con
tro

l reg
ister to

 a fixe
d d

a
ta

 tran
sfe

r rate.

13.2.2  U
sin

g
 S

P
I 1 as S

lave
If S

P
I 1

 is co
n

figu
red

 a
s sla

ve, the
 S

P
I 1

 co
n

tro
l re

g
iste

r ca
n b

e
 co

n
fig

ure
d to m

atch
 th

e
 extern

al S
P

I 
m

a
ster’s tim

in
g

. S
S  b

e
com

es an
 in

p
u

t sig
n

al a
n

d
 can

 b
e u

sed
 fo

r da
ta

 la
tch

in
g

 fro
m

 an
d

 lo
a

din
g to

 th
e 

in
te

rna
l d

a
ta

 sh
ift re

giste
rs, a

s w
ell a

s to
 in

crem
en

t th
e da

ta
 F

IF
O

. F
ig

u
re

1
3-2

 sh
o

w
s the

 g
en

e
ric S

P
I 

tim
in

g
.

F
ig

u
re

13-2.   S
P

I 1 G
en

eric T
im

in
g

N
O

T
E

:

S
P

I 1
 do

e
s n

o
t co

nsu
m

e
 any p

ow
er w

h
en

 it is disab
le

d
.

S
P

IC
LK

1

M
O

S
I

B
n

...
...

b
1

b
0

S
P

IC
LK

1

S
P

IC
LK

1

S
P

IC
LK

1
(P

O
L=

1, P
H

A
=

1)

(P
O

L=
1, P

H
A

=
0)

(P
O

L=
0, P

H
A

=
1)

(P
O

L=
0, P

H
A

=
0)

M
IS

O
B

n
...

...
b

1
b

0
B

n-1
B

n-2

B
n-1

B
n-3

B
n-3

B
n-2
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13.2.3  S
P

I 1 P
h

ase an
d

 P
o

larity C
o

n
fig

u
ratio

n
s

W
hen S

P
I 1 is used as m

aster, the S
PIC

L
K

1 signal is used to transfer data in and out of the shift register. 
D

ata is clocked using any one of four program
m

able clock phase and polarity variations. D
uring phase 0 

operation, output data changes on the falling clock edges, and input data is shifted in on rising edges. T
he 

m
ost significant bit is output w

hen the C
P

U
 loads the transm

itted data. In phase 1 operation, output data 
changes on the rising edges of the clock and is shifted in on falling edges. T

he m
ost significant bit is output 

on the first rising S
P

IC
L

K
1 edge. T

he polarity of S
PIC

L
K

1 m
ay be configured (to invert the S

P
IC

L
K

1 
signal), but it does not change the edge-triggered events that are internal to the S

P
I 1. T

his flexibility 
allow

s it to operate w
ith m

ost serial peripheral devices available in the m
arketplace.

13.2.4  S
P

I 1 S
ig

n
als

T
he follow

ing signals are used to control S
P

I 1:

•
M

O
S

I—
M

aste
r O

u
t/S

lave
 In

 bid
ire

ction
a

l sign
a

l, w
hich

 is m
u

ltip
lexe

d w
ith P

J0
, is th

e T
xD

 ou
tpu

t 
sig

na
l fro

m
 th

e d
a

ta
 sh

ift reg
ister w

h
en

 in m
aste

r m
od

e
. In

 slave
 m

o
d

e it is th
e R

xD
 inp

u
t to

 th
e d

a
ta

 
sh

ift reg
ister.

•
M

IS
O

—
M

aste
r In

/S
lave

 O
u

t b
id

ire
ctio

n
a

l sig
n

al, w
h

ich
 is m

u
ltip

lexe
d

 w
ith

 P
J1

, is th
e R

xD
 in

p
ut 

sig
na

l to the
 d

ata sh
ift reg

ister in
 m

aster m
od

e
. In

 slave m
o

d
e

 it is th
e

 T
xD

 o
u

tp
u

t fro
m

 th
e d

a
ta

 sh
ift 

registe
r.

•
S

P
IC

L
K

1
—

S
P

I C
lo

ck b
id

irectio
n

al sig
n

a
l, w

hich is m
u

ltip
lexe

d w
ith

 P
J2

, is th
e

 S
P

I clo
ck o

u
tp

u
t 

in
 m

a
ste

r m
o

d
e. In slave m

o
d

e
 it is the

 in
p

u
t S

P
I clo

ck sign
a

l.

•
S

S —
S

lave S
elect b

id
ire

ctio
n

al sig
n

a
l, w

hich is m
ultip

lexed
 w

ith P
J3, is o

u
tp

u
t in

 m
aster m

o
d

e
 a

n
d 

in
p

u
t in

 slave
 m

o
d

e. 

•
D

A
TA

_R
E

A
D

Y
—

S
P

I 1
 D

ata R
e

ad
y in

pu
t sig

n
al is u

sed
 on

ly in
 m

a
ster m

od
e

. It is m
ultiplexed

 w
ith 

P
K

0
 a

n
d

 w
ill e

dg
e

- o
r level-trigg

e
r a

n
 S

P
I burst if use

d.
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13.3   S
P

I 1 P
ro

g
ram

m
in

g
 M

o
d

el
T

his section provides inform
ation for program

m
ing S

P
I 1.

13.3.1  S
P

I 1 R
eceive D

ata R
eg

ister
T

his read-only register holds the top of the 8
×

16 R
xF

IF
O

, w
hich receives data from

 an external S
P

I 
device during data transaction. T

he bit position assignm
ents for this register are show

n in the follow
ing 

register display. T
he settings for this register are described in T

able
13-1.

S
P

IR
X

D
S

P
I 1 R

eceive D
ata R

egister
0x(F

F
)F

F
F

700
B

IT
 7

6
5

4
3

2
1

B
IT

 0

D
A

T
A

T
Y

P
E

r
r

r
r

r
r

r
r

R
E

S
E

T
0

0
0

0
0

0
0

0

0x0000

T
ab

le
13-1.   S

P
I 1 R

eceive D
ata R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
A

T
A

B
its 7–0

D
ata—

T
op of S

P
I 1’s R

xF
IF

O
 (8

×
16)

T
he data in this register has no m

eaning if the R
R

 bit 
in the interrupt control/status register is cleared.
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13.3.2  S
P

I 1 T
ran

sm
it D

ata R
eg

ister
T

his w
rite-only data register is the top of the 8

×
16 T

xF
IF

O
. W

riting to T
xF

IF
O

 is perm
itted as long as 

T
xF

IF
O

 is not full, even if the X
C

H
 bit is set. F

or exam
ple, a user m

ay w
rite to T

xFIF
O

 during the SP
I 

data exchange process. In either m
aster or slave m

ode, a m
axim

um
 of 8 data w

ords are loaded. D
ata 

w
ritten to this register can be of either 8-bit or 16-bit size. T

he num
ber of bits to be shifted out of a 16-bit 

F
IF

O
 elem

ent is determ
ined by the bit count setting in the S

P
I 1 status/control register. T

he unused M
S

B
s 

are discarded and m
ay be w

ritten w
ith any value. F

or exam
ple, to transfer 10-bit data, a 16-bit w

ord is 
w

ritten to the S
P

IT
X

D
 register, an

d
 th

e
 6

 M
S

B
s a

re
 trea

te
d

 as “do
n

’t ca
re

” an
d

 w
ill n

o
t b

e sh
ifte

d
 o

u
t. In

 
slave

 m
o

d
e, if n

o d
a

ta
 is lo

a
de

d
 to

 th
e

 T
xF

IF
O

, ze
ro

s are sh
ifte

d o
u

t seria
lly as th

e
 T

xD
 sig

n
a

l. W
rites to

 
th

is re
g

iste
r a

re ign
o

re
d

 w
h

ile
 th

e
 S

P
IE

N
 b

it in
 th

e
 S

P
I 1 co

n
trol/sta

tu
s re

g
iste

r is cle
ar. T

he
 b

it po
sitio

n
 

assig
n

m
e

nts fo
r th

is reg
ister are sh

ow
n in th

e follo
w

ing
 reg

iste
r disp

lay. T
h

e setting
s fo

r th
is re

giste
r a

re
 

d
escrib

e
d

 in
 T

ab
le

1
3

-2
.

S
P

IT
X

D
S

P
I 1 T

ransm
it D

ata R
egister

0x(F
F

)F
F

F
702

B
IT

 7
6

5
4

3
2

1
B

IT
 0

D
A

T
A

T
Y

P
E

w
w

w
w

w
w

w
w

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
13-2.   S

P
I 1 T

ran
sm

it D
ata R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

D
A

T
A

B
its 7–0

D
ata—

T
op S

P
I data to be loaded to the 8

×
16 T

xF
IF

O
S

ee description
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13.3.3  S
P

I 1 C
o

n
tro

l/S
tatu

s R
eg

ister
T

his register controls the configuration and operation of the S
P

I 1 m
odule. T

he bit position assignm
ents for 

this register are show
n in the follow

ing register display. T
he settings for this register are described in 

T
able

13-3.

S
P

IC
O

N
T

1
S

P
I 1 C

ontrol/S
tatus R

egister
0x(F

F
)F

F
F

704
B

IT
 

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 

0

D
A

T
A

 R
A

T
E

D
R

C
T

L
M

O
D

E
S

P
IE

N
X

C
H

S
S

P
O

L
S

S
C

T
L

P
H

A
P

O
L

B
IT

 C
O

U
N

T

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
13-3.   S

P
I 1 C

o
n

tro
l/S

tatu
s R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

D
A

T
A

 R
A

T
E

B
its 15–13

D
ata R

ate—
T

his field selects the bit rate of the 
S

C
LK

 based on the division of the system
 

clock. T
he m

aster clock for S
P

I 1 in m
aster 

m
ode is S

Y
S

C
LK

. 

000 = D
ivide S

Y
S

C
LK

 by 4
001 = D

ivide S
Y

S
C

LK
 by 8

010 = D
ivide S

Y
S

C
LK

 by 16
011 = D

ivide S
Y

S
C

LK
 by 32

100 = D
ivide S

Y
S

C
LK

 by 64
101 = D

ivide S
Y

S
C

LK
 by 128

110 = D
ivide S

Y
S

C
LK

 by 256
111 = D

ivide S
Y

S
C

LK
 by 512

D
R

C
T

L
B

its 12–11
D

A
T

A
_R

E
A

D
Y

 C
o

n
tro

l—
In m

aster m
ode, 

these 2 bits select the w
aveform

 of the 
D

A
T

A
_R

E
A

D
Y

 input signal. In slave m
ode, 

they have no effect.

00 =
 D

on’t care D
A

T
A

_R
E

A
D

Y
01 =

 F
alling edge trigger input

10 =
 A

ctive low
 level trigger input

11 =
 R

S
V

M
O

D
E

B
it 10

S
P

I 1 M
o

d
e S

elect—
T

his bit selects the m
ode 

of S
P

I 1.
0 =

 S
P

I 1 is slave m
ode

1 =
 S

P
I 1 is m

aster m
ode

S
P

IE
N

B
it 9

S
P

I 1 E
n

ab
le—

T
his bit enables S

P
I 1. T

his bit 
m

ust be asserted before initiating an 
exchange. W

riting a 0 to this bit flushes the R
x 

and T
x F

IF
O

s. 

0 =
 S

erial peripheral interface is disabled
1 =

 S
erial peripheral interface is enabled

X
C

H
B

it 8 
E

xch
an

g
e—

In m
aster m

ode, w
riting a 1 to this 

bit triggers a data exchange. T
his bit rem

ains 
set w

hile either the exchange is in progress or 
S

P
I 1 is w

aiting for active D
A

T
A

_R
E

A
D

Y
 input 

w
hile D

A
T

A
_R

E
A

D
Y

 is enabled. T
his bit is 

cleared autom
atically w

hen all data in the 
T

xF
IF

O
 and shift registers are shifted out. In 

slave m
ode, this bit m

ust be clear. 

1 =
 Initiates exchange (w

rite) or busy (read)
0 =

 Idle

S
S

P
O

L
B

it 7
S

S
 P

o
larity S

elect—
In both m

aster and slave 
m

odes, this bit selects the polarity of S
S

 signal.
0 =

 A
ctive low

1 =
 A

ctive high
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S
S

C
T

L
B

it 6
S

S
 W

avefo
rm

 S
elect—

In m
aster m

ode, this 
bit selects the output w

ave form
 for the S

S
 sig-

nal. In slave m
ode, this bit controls R

xF
IF

O
 

advancem
ent.

M
aster M

ode:
0 =

 S
S

 stays low
 betw

een S
P

I 1 bursts
1 =

 Insert pulse betw
een S

P
I 1 bursts

S
lave M

ode:
0 =

 R
xF

IF
O

 advanced by B
it C

ount
1 =

 R
xF

IF
O

 advanced by S
S

 rising edge

P
H

A
B

it 5
P

h
ase—

T
his bit controls the clock/data phase 

relationship.
0 =

 P
hase 0 operation

1 =
 P

hase 1 operation

P
O

L
B

it 4
P

o
larity—

T
his bit controls the polarity of the 

S
C

LK
 signal.

0 =
 A

ctive high polarity (0 = idle)
1 =

 A
ctive low

 polarity (1 =
 idle)

B
IT

 C
O

U
N

T
B

its 3–0
B

it C
o

u
n

t—
T

his field selects the length of the 
transfer. A

 m
axim

um
 of 16 bits can be trans-

ferred. 

In m
aster m

ode, a 16-bit data w
ord is loaded 

from
 T

xF
IF

O
 to the shift register, and only the 

least significant n bits (n
=

B
IT

 C
O

U
N

T
) are 

shifted out. T
he next 16-bit w

ord is then loaded 
to the shift register.

In slave m
ode, w

hen the S
S

C
T

L bit is 0, this 
field controls the num

ber of bits received as a 
data w

ord loaded to R
xF

IF
O

. W
hen the 

S
S

C
T

L bit is 1, this field is ignored.

0000 =
 1-bit transfer

0001 =
 2-bit transfer

...1110 =
 15-bit transfer

1111 =
 16-bit transfer

T
ab

le
13-3.   S

P
I 1 C

o
n

tro
l/S

tatu
s R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
tio

n
S

ettin
g
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13.3.4  S
P

I 1 In
terru

p
t C

o
n

tro
l/S

tatu
s R

eg
ister

T
his register is used to provide interrupt control and status of various operations in S

PI 1. T
he bit position 

assignm
ents for this register are show

n in the follow
ing register display. T

he settings for this register are 
described in T

able
13-4.

S
P

IIN
T

C
S

S
P

I 1 Interrupt C
ontrol/S

tatus R
egister

0x(F
F

)F
F

F
706

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

B
O

E
N

R
O

E
N

R
F

E
N

R
H

E
N

R
R

E
N

T
F

E
N

T
H

E
N

T
E

E
N

BO
RO

RF
RH

RR
TF

TH
T

E

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
13-4.   S

P
I 1 In

terru
p

t C
o

n
tro

l/S
tatu

s R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

B
O

E
N

B
it 15

B
it C

o
u

n
t O

verflo
w

 In
terru

p
t E

n
ab

le—
T

his bit, 
w

hen set, allow
s an interrupt to be generated 

w
hen an overflow

 bit count condition exists. S
ee 

the description of the B
O

 (bit 7) for details.

0 =
 D

isable bit count overflow
 interrupt.

1 =
 E

nable bit count overflow
 interrupt.

R
O

E
N

B
it 14

R
xF

IF
O

 O
verflo

w
 In

terru
p

t E
n

ab
le—

T
his bit, 

w
hen set, allow

s an interrupt to be generated 
w

hen an overflow
 occurs in the R

xF
IF

O
. S

ee the 
description of the R

O
 (bit 6) for details.

0 =
 D

isable R
xF

IF
O

 overflow
 interrupt.

1 =
 E

nable R
xF

IF
O

 overflow
 interrupt.

R
F

E
N

B
it 13

R
xF

IF
O

 F
u

ll In
terru

p
t E

n
ab

le—
T

his bit, w
hen 

set, allow
s an interrupt to be generated w

hen 
there are 8 data w

ords in the R
xF

IF
O

. S
ee the 

description of the R
F

 (bit 5) for details.

0 =
 D

isable R
xF

IF
O

 full interrupt enable.
1 =

 E
nable R

xF
IF

O
 full interrupt enable.

R
H

E
N

B
it 12

R
xF

IF
O

 H
alf In

terru
p

t E
n

ab
le—

T
his bit, w

hen 
set, allow

s an interrupt to be generated w
hen the 

contents of the R
xF

IF
O

 is m
ore than or equal to 

4 data w
ords. S

ee the description of the R
H

 (bit 
4) for details.

0 =
 D

isable half interrupt enable.
1 =

 E
nable half interrupt enable.

R
R

E
N

B
it 11

R
xF

IF
O

 D
ata R

ead
y In

terru
p

t E
n

ab
le—

T
his 

bit, w
hen set, allow

s an interrupt to be generated 
w

hen at least 1 data w
ord is ready in the 

R
xF

IF
O

. S
ee the description of the R

R
 (bit 3) for 

details.

0 =
 D

isable data ready interrupt enable.
1 =

 E
nabled data ready interrupt enable.

T
F

E
N

B
it 10

T
xF

IF
O

 F
u

ll In
terru

p
t E

n
ab

le—
T

his bit, w
hen 

set, causes an interrupt to be generated w
hen 

the T
xF

IF
O

 buffer is full and the R
F

E
N

 bit is set.

0 =
 D

isable T
xF

IF
O

 full interrupt.
1 =

 E
nable T

xF
IF

O
 full interrupt.

T
H

E
N

B
it 9

T
xF

IF
O

 H
alf In

terru
p

t E
n

ab
le—

T
his bit, w

hen 
set, causes an interrupt to be generated w

hen 
the T

xF
IF

O
 buffer is half em

pty and the T
H

E
N

 
bit is set.

0 =
 D

isable T
xF

IF
O

 half interrupt.
1 =

 E
nable T

xF
IF

O
 half interrupt.
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T
E

E
N

B
it 8

T
xF

IF
O

 E
m

p
ty In

terru
p

t E
n

ab
le—

T
his bit, 

w
hen set, causes an interrupt to be generated 

w
hen the T

xF
IF

O
 buffer is em

pty and the T
E

 bit 
is set.

0 =
 D

isable T
xF

IF
O

 em
pty interrupt.

1 =
 E

nable T
xF

IF
O

 em
pty interrupt.

B
O

B
it 7

B
it C

o
u

n
t O

verflo
w

—
T

his bit is set w
hen the 

S
P

I is in “slave S
P

I F
IF

O
 advanced by S

S
 rising 

edge” m
ode and the slave is receiving m

ore than 
16 bits in one burst. T

his bit is cleared after a 
data read from

 the S
P

IR
X

D
 register. 

N
o

te:
T

here is nothing to indicate w
hich data 

w
ord has overflow

ed; hence, the bad data w
ord 

m
ay still be in the F

IF
O

 if it is not em
pty.

0 =
 N

o bit count overflow
.

1 =
 A

t least 1 data w
ord in R

xF
IF

O
 has bit 

count overflow
 error.

R
O

B
it 6

R
xF

IF
O

 O
verflo

w
—

T
his bit indicates that the 

R
xF

IF
O

 has overflow
ed and at least 1 data w

ord 
is has been overw

ritten. T
he R

O
 flag is autom

at-
ically cleared after a data read.

0 =
 R

xF
IF

O
 has not overflow

ed.
1 =

 R
xF

IF
O

 has overflow
ed. A

t least 1 data 
w

ord in the R
xF

IF
O

 is overw
ritten.

R
F

B
it 5

R
xF

IF
O

 F
u

ll S
tatu

s—
T

his bit, w
hen set, indi-

cates that there are 8 data w
ords in R

xF
IF

O
.

0 =
 Less than 8 data w

ords in R
xF

IF
O

.
1 =

 8 data w
ords in R

xF
IF

O
.

R
H

B
it 4

R
xF

IF
O

 H
alf S

tatu
s—

T
his bit, w

hen set, indi-
cates the contents of the R

xF
IF

O
 is m

ore than or 
equal to 4 data w

ords.

0 =
 C

ontents of R
xF

IF
O

 is less than 4 data 
w

ords.
1 =

 C
ontents of R

xF
IF

O
 is greater than or 

equal to 4 data w
ords.

R
R

B
it 3

R
xF

IF
O

 D
ata R

ead
y S

tatu
s—

T
his bit, w

hen 
set, indicates that at least 1 data w

ord is ready in 
the R

x F
IF

O
.

0 =
 R

xF
IF

O
 is em

pty.
1 =

 A
t least 1 data w

ord is ready in the 
R

xF
IF

O
.

T
F

B
it 2

T
xF

IF
O

 F
u

ll S
tatu

s—
T

his bit, w
hen set, indi-

cates there are 8 data w
ords in the T

xF
IF

O
.

0 =
 Less than 8 data w

ords in T
xF

IF
O

.
1 =

 8 data w
ords in T

xF
IF

O
.

T
H

B
it 1

T
xF

IF
O

 H
alf S

tatu
s—

T
his bit, w

hen set, indi-
cates that the contents of the T

xF
IF

O
 is m

ore 
than or equal to 4 data w

ords.

0 =
 Less than four em

pty slots in T
xF

IF
O

.
1 =

 M
ore than or equal to four em

pty slots in 
T

xF
IF

O
.

T
E

B
it 0

T
xF

IF
O

 E
m

p
ty S

tatu
s—

T
his bit, w

hen set, 
causes an interrupt to be generated w

hen the 
T

xF
IF

O
 buffer is em

pty and the T
E

E
N

 bit is set.

N
o

te:
W

hen the F
IF

O
 is em

pty, data shifting 
m

ay still be ongoing. T
o ensure no data 

transaction is ongoing, read the X
C

H
 bit in 

control register.

0 =
 A

t least 1 data w
ord is in T

x F
IF

O
.

1 =
 T

xF
IF

O
 is em

pty.

T
ab

le
13-4.   S

P
I 1 In

terru
p

t C
o

n
tro

l/S
tatu

s R
eg

ister D
escrip

tio
n

 (C
o

n
tin

u
ed

)

N
am

e
D

escrip
tio

n
S

ettin
g
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13.3.5  S
P

I 1 T
est R

eg
ister

T
he configurable S

PI test (S
P

IT
E

ST
) register indicates the state m

achine status of S
P

I 1 as w
ell as the 

num
ber of w

ords currently in the T
xF

IFO
 and R

xFIF
O

. T
he bit position assignm

ents for this register are 
show

n in the follow
ing register display. T

he settings for this register are described in T
able

13-5.

S
P

IT
E

S
T

S
P

I 1 T
est R

egister
0x(F

F
)F

F
F

708

13.3.6  S
P

I 1 S
am

p
le P

erio
d

 C
o

n
tro

l R
eg

ister
T

his register controls the tim
e inserted betw

een data transactions in m
aster m

ode. T
he tim

e inserted 
betw

een sam
ples can be from

 0 to about 1 second at the resolution of the data rate clock (S
P

IC
L

K
1) or the 

C
L

K
32 signal. U

nless a different crystal is used, the C
L

K
32 signal is 32.768

kH
z. T

he bit position 
assignm

ents for this register are show
n in the follow

ing register display. T
he settings for this register are 

described in T
able

13-6 on page
13-11.

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

S
S

T
A

T
U

S
R

X
C

N
T

T
X

C
N

T

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
13-5.   S

P
I 1 T

est R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–12

R
eserved

T
hese bits are reserved and 

should be set to 0.

S
S

T
A

T
U

S
B

its 11–8 
S

tate M
ach

in
e S

tatu
s—

T
his field indicates the state 

m
achine status. T

hese bits are used for test purposes only.
S

ee description.

R
X

C
N

T
B

its 7–4
R

xF
IF

O
 C

o
u

n
ter—

T
his field indicates the num

ber of data 
w

ords in the R
xF

IF
O

.
0000 =

 R
X

F
IF

O
 is em

pty.
0001 =

 1 data w
ord in R

X
F

IF
O

.
0010 =

 2 data w
ords in R

X
F

IF
O

.
0011 =

 3 data w
ords in R

X
F

IF
O

.
0100 =

 4 data w
ords in R

X
F

IF
O

.
0101 =

 5 data w
ords in R

X
F

IF
O

.
0110 =

 6 data w
ords in R

X
F

IF
O

.
0111 =

 7 data w
ords in R

X
F

IF
O

.
1000 =

 8 data w
ords in R

X
F

IF
O

.

T
X

C
N

T
B

its 3–0
T

xF
IF

O
 C

o
u

n
ter—

T
his field indicates the num

ber of data 
w

ords in the T
xF

IF
O

.
0000 =

 T
xF

IF
O

 is em
pty.

0001 =
 1 data w

ord in T
xF

IF
O

.
0010 =

 2 data w
ords in T

xF
IF

O
.

0011 =
 3 data w

ords in T
xF

IF
O

.
0100 =

 4 data w
ords in T

xF
IF

O
.

0101 =
 5 data w

ords in T
xF

IF
O

.
0110 =

 6 data w
ords in T

xF
IF

O
.

0111 =
 7 data w

ords in T
xF

IF
O

.
1000 =

 8 data w
ords in T

xF
IF

O
.
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S
P

IS
P

C
S

P
I 1 S

am
ple P

eriod C
ontrol R

egister
0x(F

F
)F

F
F

70A

13.4   S
P

I 2 O
verview

T
his section discusses how

 S
P

I 2 can be used to com
m

unicate w
ith external devices, such as E

E
P

R
O

M
s, 

analog-to-digital converters, and other peripherals. T
he S

P
I 2 m

odule is a 3- or 4-w
ire system

, depending 
on w

hether you are using unidirectional or bidirectional com
m

unication m
ode. It provides the clock for 

data transfer and can only function as a m
aster device. It is fully com

patible w
ith the serial peripheral 

in
te

rfa
ce

 o
n M

o
to

ro
la

’s 6
8

H
C

0
5 a

n
d

 6
8

H
C

1
1

 m
icro

p
ro

ce
sso

rs. F
ig

ure
1

3
-3

 sho
w

s th
e

 S
P

I 2
 b

lock 
d

ia
gra

m
.

F
ig

u
re

13-3.   S
P

I 2 B
lo

ck D
iag

ram

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

C
S

R
C

W
A

IT

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
13-6.   S

P
I 1 S

am
p

le P
erio

d
 C

o
n

tro
l R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

C
S

R
C

B
it 15

C
o

u
n

ter C
lo

ck S
o

u
rce—

T
his bit selects the 

clock source for the sam
ple period counter.

0 =
 S

P
IC

LK
1 clock

1 =
 C

LK
32 (32.68

kH
z norm

al crystal used)

W
A

IT
B

its 14–0
W

ait—
N

um
ber of clock periods inserted 

betw
een data transactions in m

aster m
ode

0000 =
 0 clocks

0001 =
 1 clock

0002 =
 2 clocks

...7F
F

F
 =

 32767 clocks (approxim
ately 1 second) 

S
P

IC
LK

2
C

ontrol

M
P

U
 Interface

S
P

IR
X

D

S
P

IT
X

D

M
S

B

C
lock

G
enerator

S
hift R

egister
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I 2 O
peration

13.5   S
P

I 2 O
p

eratio
n

T
he serial peripheral interface 2 operates as a m

aster-m
ode-only S

P
I m

odule using a serial link to transfer 
data betw

een the M
C

68V
Z

328 and a peripheral device. A
 chip-enable signal and a clock signal are used to 

transfer data betw
een the tw

o devices. If the external device is a transm
it-only device, S

P
I 2

’s o
utp

ut po
rt 

is free
d

 to
 b

e u
sed

 fo
r o

the
r pu

rpo
ses. S

ee
 F

ig
u

re
1

3-4
.

F
ig

u
re

13-4.   S
P

I 2 G
en

eric T
im

in
g

T
he

 S
P

I 2
 p

in
s a

re
 m

u
ltiplexe

d
 w

ith
 bits 2

–
0

 o
f th

e
 P

o
rt E

 reg
iste

rs, so
 w

he
n

 yo
u

 u
se S

P
I 2, you

 m
u

st w
rite 

0
00

 to
 the

se b
its in

 th
e P

E
S

E
L

 re
g

iste
r. S

e
e S

e
ctio

n
1

0.4
.6

, “P
o

rt E
 R

eg
iste

rs,” on
 p

a
ge

1
0-2

1 fo
r m

o
re

 
in

fo
rm

a
tion

.

N
O

T
E

:

T
h

e S
P

I 2
 m

o
d

ule
 d

o
e

s n
o

t co
nsu

m
e

 a
ny p

ow
er w

he
n

 it is disa
b

le
d

. 

Y
o

u m
ust e

n
ab

le the
 E

N
A

B
L

E
 b

it in
 th

e S
P

IC
O

N
T

2
 re

giste
r b

efo
re

 you
 can

 cha
n

g
e a

n
y o

th
e

r b
its. T

o
 

p
erfo

rm
 a seria

l d
a

ta
 tran

sfe
r, set th

e
 E

N
A

B
L

E
 b

it; th
en

, in
 a

 se
p

arate
 w

rite
 cycle

, se
t the

 ap
p

rop
ria

te
 

co
n

tro
l b

its. T
h

e S
P

I 2 m
o

d
u

le
 is th

e
n rea

d
y to

 accep
t d

a
ta

 in
to

 the
 S

P
ID

A
T

A
2

 reg
ister, w

hich
 can

n
o

t b
e

 
w

ritten
 w

h
ile th

e S
P

I 2
 m

o
d

u
le

 is disa
b

le
d

 or bu
sy. O

nce
 th

e d
a

ta
 is lo

a
de

d
, th

e X
C

H
 b

it is set in
 th

e
 

S
P

IC
O

N
T

2
 re

g
iste

r, w
h

ich
 trig

g
ers a

n e
xch

a
n

ge
. T

he
 X

C
H

 b
it rem

ains se
t u

n
til th

e
 tran

sfe
r is com

plete
. If 

you
 cle

ar th
e

 M
S

P
I b

it in
 th

e
 in

te
rru

pt m
a

sk re
g

iste
r b

e
fo

re yo
u trig

ge
r a

n
 exch

an
g

e, a
n

 in
te

rru
pt w

ill b
e 

p
oste

d
 w

h
en

 th
e

 exch
an

g
e is co

m
p

le
te

. S
ee

 S
ectio

n
9

.6
.3, “In

terru
p

t M
ask R

eg
iste

r,” o
n

 p
a

g
e

9
-1

0
 fo

r 
m

o
re

 in
form

a
tion

. Y
o

u
 ca

n
 d

isco
ve

r th
e sta

tu
s o

f th
e

 in
te

rru
p

t in
 th

e
 IR

Q
 b

it o
f the

 S
P

IC
O

N
T

2
 re

g
iste

r, 
an

d
 you

 can
 cle

ar th
is b

it by w
ritin

g
 a

 0
 to

 it. 

F
or syste

m
s th

a
t n

ee
d

 m
o

re
 th

a
n 1

6
 clo

cks to
 tran

sfe
r d

a
ta

, th
e E

N
A

B
L

E
 b

it ca
n

 re
m

a
in

 a
sserte

d
 be

tw
ee

n
 

exch
an

g
es. T

h
e e

n
ab

le
 sig

n
al re

q
uire

d
 by som

e S
P

I sla
ve

 d
e

vices sh
o

u
ld

 b
e p

rovide
d

 by a
n

 I/O
 p

o
rt pin

.

S
P

IC
LK

2

S
P

IR
X

D
B

n
...

...
b

1
b

0

S
P

IC
LK

2

S
P

IC
LK

2

S
P

IC
LK

2
(P

O
L=

1, P
H

A
=

1)

(P
O

L=
1, P

H
A

=
0)

(P
O

L=
0, P

H
A

=
1)

(P
O

L=
0, P

H
A

=
0)

S
P

IT
X

D
B

n
...

...
b

1
b

0
B

n-1
B

n-2

B
n-1

B
n-3

B
n-3

B
n-2
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13.5.1  S
P

I 2 P
h

ase an
d

 P
o

larity C
o

n
fig

u
ratio

n
s

T
he S

P
I 2 m

odule uses the S
P

IC
L

K
2 signal to transfer data in and out of the shift register. D

ata is clocked 
using any one of four program

m
able clock phase and polarity variations. In phase

0 operation, output data 
changes on the falling clock edges and input data is shifted in on rising edges. T

he m
ost significant bit is 

output w
hen the C

P
U

 loads the transm
itted data. In phase

1 operation, output data changes on the rising 
edges of the clock and is shifted in on falling edges. T

he m
ost significant bit is output on the first rising 

S
P

IC
L

K
2 edge. P

olarity inverts S
P

IC
L

K
2, but does not change the edge-triggered events that are internal 

to the S
PI 2 m

odule. T
his flexibility allow

s it to operate w
ith m

ost serial peripheral devices on the m
arket.

13.5.2  S
P

I 2 S
ig

n
als

T
he follow

ing signals are used to control the S
P

I 2 m
odule:

•
S

P
IT

X
D

—
T

h
e T

ra
nsm

it D
a

ta
 p

in, w
h

ich
 is m

u
ltiplexe

d
 w

ith P
E

0
, is th

e
 ou

tpu
t o

f the
 sh

ift reg
iste

r. 
A

 n
ew

 d
ata b

it is p
re

se
n

te
d

, bu
t it d

e
p

en
d

s o
n

 w
h

ethe
r yo

u
 h

ave se
le

cted
 p

h
ase

 o
r po

larity.

•
S

P
IR

X
D

—
T

h
e R

e
ceive D

a
ta p

in
, w

h
ich

 is m
ultip

lexed
 w

ith
 P

E
1, is the

 in
p

u
t to

 the
 sh

ift reg
ister. 

A
 n

ew
 b

it is sh
ifte

d
 in

, but it d
e

p
en

d
s o

n
 w

h
eth

er yo
u

 h
ave se

le
cted

 p
h

ase
 o

r po
larity.

•
S

P
IC

L
K

2
—

T
h

e
 S

P
I 2 m

a
ste

r C
lo

ck o
u

tp
u

t p
in

 is m
ultip

lexed
 w

ith
 P

E
2

. W
h

en
 th

e
 S

P
I 2

 m
o

d
ule is 

trig
g

ere
d, the

 se
lecte

d
 nu

m
b

e
r o

f clo
ck p

u
lse

s a
re

 issu
e

d
. In

 po
larity

0
 m

o
d

e, this sig
n

a
l is low

 w
h

ile
 

th
e

 S
P

I 2
 m

od
u

le
 is id

le, a
nd

 it is h
ig

h
 in

 po
larity

1
 m

o
d

e
.

N
O

T
E

:

A
 ch

ip
-se

le
ct sign

a
l m

a
y b

e re
q

uire
d

 by th
e

 extern
al d

evice
. A

 G
P

IO
 p

in
m

a
y b

e
 assig

n
ed

 to
 th

is fun
ctio

n.
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13.6   S
P

I 2 P
ro

g
ram

m
in

g
 M

o
d

el
T

his section provides inform
ation for program

m
ing S

P
I 2.

13.6.1  S
P

I 2 D
ata R

eg
ister

T
he S

P
I 2 data (S

P
ID

A
T

A
2) register exchanges data w

ith external slave devices. T
he bit position 

assignm
ents for this register are show

n in the follow
ing register display. T

he settings for this register are 
described in T

able
13-7.

S
P

ID
A

T
A

2
S

P
I 2 D

ata R
egister 

0x(F
F

)F
F

F
800

13.6.2  S
P

I 2 D
ata R

eg
ister T

im
in

g
T

he data bits are exchanged w
ith the external device. T

he data m
ust be loaded before the X

C
H

 bit in the 
S

P
IC

O
N

T
2 register is set. In phase 0, data is presented on the S

P
IT

X
D

 pin w
hen this register is w

ritten. In 
phase 1, the first data bit is presented on the first S

P
IC

L
K

2 edge. A
t the end of the exchange, data from

 the 
peripheral is present in this register and bit 0 is the least significant bit. A

s data is shifted M
S

B
 first, 

outgoing data is autom
atically M

S
B

 justified. F
or exam

ple, if the exchange length is 10 bits, the first bit 
presented to the external device w

ill be bit 9, follow
ed by the rem

aining bits.

N
O

T
E

:

W
rites to this field are ignored w

hile the E
N

A
B

L
E

 bit is clear or w
hile the

X
C

H
 bit is set. T

his field contains unknow
n data if it is read w

hile the X
C

H
bit is set.

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

D
A

T
A

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
13-7.   S

P
I 2 D

ata R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

D
A

T
A

B
its 15–0

D
ata—

T
op of S

P
I 2’s R

xF
IF

O
 (8

×
16)

T
he data in this register has no m

eaning if the R
R

 
bit in the interrupt control/status register is clear.
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13.6.3  S
P

I 2 C
o

n
tro

l/S
tatu

s R
eg

ister
T

he S
P

I 2 control/status (S
PIC

O
N

T
2) register controls how

 the S
P

I 2 m
odule operates and reports its 

status. T
he bit position assignm

ents for this register are show
n in the follow

ing register display. T
he 

settings for this register are described in T
able

13-8.

S
P

IC
O

N
T

2
S

P
I 2 C

ontrol/S
tatus R

egister
0x(F

F
)F

F
F

802
B

IT
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

D
A

T
A

 R
A

T
E

E
N

A
B

LE
X

C
H

IR
Q

IR
Q

E
N

P
H

A
P

O
L

B
IT

 C
O

U
N

T

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
13-8.   S

P
I 2 C

o
n

tro
l/S

tatu
s R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

D
A

T
A

 R
A

T
E

B
its 15–13

D
ata R

ate—
T

his field selects the bit rate of the 
S

P
IC

LK
2 signal based on the division of the 

system
 clock. T

he m
aster clock for the S

P
I 2 

m
odule is S

Y
S

C
LK

. 

000 = D
ivide S

Y
S

C
LK

 by 4.
001 = D

ivide S
Y

S
C

LK
 by 8.

010 = D
ivide S

Y
S

C
LK

 by 16.
011 = D

ivide S
Y

S
C

LK
 by 32.

100 = D
ivide S

Y
S

C
LK

 by 64.
101 = D

ivide S
Y

S
C

LK
 by 128.

110 = D
ivide S

Y
S

C
LK

 by 256.
111 = D

ivide S
Y

S
C

LK
 by 512.

R
eserved

B
its 12–10

R
eserved

T
hese bits are reserved and should be set to 0.

E
N

A
B

L
E

B
it 9

E
n

ab
le—

T
his bit enables the S

P
I 2 m

odule. 
T

his bit m
ust be asserted before initiating an 

exchange and should be deasserted after the 
exchange is com

plete.

0 =
 T

he S
P

I 2 m
odule is disabled.

1 =
 T

he S
P

I 2 m
odule is enabled.

X
C

H
B

it 8
E

xch
an

g
e—

T
his bit triggers a data exchange 

and rem
ains set w

hile the exchange is in 
progress. D

uring the busy period, the 
S

P
ID

A
T

A
2 register cannot be w

ritten.

0 =
 Idle.

1 =
 Initiate an exchange (w

rite) or busy (read).

IR
Q

B
it 7

In
terru

p
t R

eq
u

est—
T

his bit is set w
hen an 

exchange is finished. If the IR
Q

E
N

 bit is set, an 
interrupt is generated. T

he M
S

P
I bit of the 

interrupt m
ask register m

ust be cleared for the 
interrupt to be posted to the core. S

ee 
S

ection
9.6.3, “Interrupt M

ask R
egister,” on 

page
9-10 for m

ore inform
ation. T

his bit 
rem

ains asserted until it is cleared by w
riting a 

0. Y
ou can w

rite a 1 to this bit to generate an 
interrupt request for system

 debugging. 

0 =
 A

n exchange is in progress or idle.
1 =

 T
he exchange is com

plete.

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



13-16
M

C
68V

Z
328 U

ser’s M
anual

�

S
P

I 2 P
rogram

m
ing M

odel

IR
Q

E
N

B
it 6

In
terru

p
t R

eq
u

est E
n

ab
le—

T
his bit enables 

an interrupt to be generated w
hen an S

P
I 2 

m
odule exchange is finished. T

his bit does not 
affect the operation of the IR

Q
 bit; it only 

affects the interrupt signal to the interrupt con-
troller.

0 =
 D

isable interrupt generation.
1 =

 A
llow

 interrupt generation.

P
H

A
B

it 5
P

h
ase—

T
his bit controls the clock and data 

phase relationship.
0 =

 P
hase 0 operation.

1 =
 P

hase 1 operation.

P
O

L
B

it 4
P

o
larity—

T
his bit controls the polarity of the 

S
C

LK
 signal.

0 =
 A

ctive high polarity (0 = idle).
1 =

 A
ctive low

 polarity (1 =
 idle).

B
IT

 C
O

U
N

T
B

its 3–0
B

it C
o

u
n

t—
T

his field selects the length of the 
transfer. A

 m
axim

um
 of 16 bits can be trans-

ferred. 

In m
aster m

ode, a 16-bit data w
ord is loaded 

from
 the T

xF
IF

O
 to the shift register, and only 

the least significant n bits (n
=

B
IT

 C
O

U
N

T
) 

are shifted out. T
he next 16-bit w

ord is then 
loaded to the shift register.

In slave m
ode (w

hen the S
S

C
T

L bit is 0), this 
field controls the num

ber of bits received as a 
data w

ord loaded to the R
xF

IF
O

. W
hen the 

S
S

C
T

L bit is 1, this field is ignored.

0000 =
 1-bit transfer.

0001 =
 2-bit transfer.

...1110 =
 15-bit transfer.

1111 =
 16-bit transfer.
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T
his chapter describes both U

A
R

T
s in the D

ragonB
all V

Z
 integrated processor. T

he tw
o U

A
R

T
 ports in 

the M
C

68V
Z

328 m
ay be used to com

m
unicate w

ith external serial devices. U
A

R
T

 1 in the D
ragonB

all V
Z

 
processor is identical to the U

A
R

T
 in the D

ragonB
all E

Z
 processor, w

hile U
A

R
T

 2 represents an enhanced 
version of U

A
R

T
 1. O

ne of the enhancem
ents in the U

A
R

T
 2 design is an enlarged R

xF
IF

O
 and T

xF
IF

O
 

to reduce the num
ber of softw

are interrupts. A
n im

provem
ent to both U

A
R

T
s is the system

 clock input 
frequency, w

hich is 33.16
M

H
z, doubling the 16.58

M
H

z frequency of the M
C

68E
Z

328. F
or the 

33.16
M

H
z system

 clock, softw
are w

ritten for the M
C

68E
Z

328 version of the chip is not com
patible 

unless the divider and prescaler are adjusted accordingly to com
pensate for the increased clock speed.

B
ecause the tw

o U
A

R
T

 m
odules are nearly identical, the signal nom

enclature throughout this chapter uses 
an x suffix to represent either 1 or 2. F

or exam
ple, T

X
D

x represents either T
X

D
1 or T

X
D

2 depending on 
w

hich U
A

R
T

 is being used.
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u
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n

 to
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e U
A

R
T

s
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e
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ow
 d
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 is tra

n
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o
rte
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 ch

a
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cter b
locks u
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e
 sta

n
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rd
 “sta

rt-stop
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a
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 d
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 to
 co

n
figu

re a
n

d p
rog

ram
 th

e U
A

R
T

 m
od

u
le
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h
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ave
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e
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g
 fe

ature
s:

•
F
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e

ra
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n

•
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 5
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te
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•
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A

 p
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r p
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•
R
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r d
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•
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IF
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, 8
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IF
O
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R
T

 1
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•
“O
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e

r o
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•
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n
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p
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 d
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 b
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p
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•
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p
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•
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T
he U

A
R

T
 2 m

odule is an enhanced version of the U
A

R
T

 1. T
he features listed above are enhanced by the 

follow
ing m

odifications in the U
A

R
T

 2 m
odule:

•
T

h
e size o

f th
e R

xF
IF

O
 a

n
d

 T
xF

IF
O

 is in
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 6
4

 byte
s e

a
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.

•
B

o
th

 th
e

 R
xF

IF
O

 an
d

 T
xF

IF
O

 h
alf m

a
rk leve

ls a
re

 use
r selecta

b
le

.

•
T

h
e R

T
S

 sig
n

a
l can

 b
e trigg

e
re

d
 by eith

e
r a

 ne
a

r R
xF

IF
O

 fu
ll co

n
dition

 o
r a

t the
 leve

l d
e

fin
ed

 by 
th

e
 R

xF
IF

O
 leve

l m
a

rke
r, ra

th
er th

a
n th

e R
xF

IF
O

 h
a

lf-full b
it as is U

A
R

T
 1

.

B
o

th
 th

e
 U

A
R

T
 1 a

n
d U

A
R

T
 2
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o

d
u

le
s p

e
rfo

rm
 a

ll of th
e

 n
o

rm
al o

pe
ra

tio
n

s a
sso

ciate
d w

ith
 sta

rt-sto
p

 
asyn

ch
ron

o
u

s co
m

m
u

n
icatio

n
. S

e
ria

l d
ata

 is tra
n

sm
itte

d a
n

d
 re

ce
ive

d
 a

t sta
n

d
ard

 bit rates u
sing

 the
 

in
te

rna
l b

a
u

d rate g
e

n
erato

r. F
o

r th
o

se a
p

plica
tio

n
s th

at ne
e

d
 o

the
r b

it rates, a 1
x clo

ck m
o

d
e is a

vaila
b

le
 

p
ro

vid
in

g
 a d

a
ta

-b
it clo

ck. F
ig

u
re

1
4-1

 illu
stra

te
s a h

ig
h

-leve
l b

lo
ck diag

ram
 o

f bo
th U

A
R

T
 m

od
u

le
s.
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ig

u
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A
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T
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n
T

h
e
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A

R
T

 m
o

d
u

le
s h

a
ve tw

o m
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e
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f o
p

e
ra
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—

N
R

Z
 an

d
 IrD

A
. S

ectio
n

1
4
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.1
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R

Z
 M

o
d

e,” an
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S
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n

1
4
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, “IrD
A

 M
o

d
e,” d
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e
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e
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o
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o
d

es o
f o

p
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n
.

14.2.1  N
R

Z
 M

o
d

e
T

he
 n

o
n

retu
rn

 to
 ze

ro
 (N

R
Z

) m
o

d
e is p
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a

rily a
sso

ciate
d w

ith
 R

S
-2

3
2

. E
ach

 ch
a

ra
cte

r is tra
nsm

itted
 a

s a
 

fram
e d

e
lim

ited
 b

y a
 sta

rt b
it a

t the
 b

eg
in

n
ing

 a
nd

 a
 stop

 b
it at th

e
 e

n
d

. D
ata b

its a
re

 tra
nsm

itted
 le

a
st 

sig
nifica

n
t b

it first, a
n

d
 e

a
ch

 b
it o

ccu
pie

s a
 p

erio
d

 of tim
e

 eq
u

a
l to

 1
 fu

ll b
it. If pa

rity is u
sed

, th
e

 pa
rity b

it 
is tran

sm
itte

d
 afte

r the
 m

o
st sig

n
ifican

t b
it. F

ig
u

re
1

4-2
 on

 p
ag

e
1

4-3
 illu

stra
te

s a
 cha

racte
r in

 N
R

Z
 m

od
e

.

C
P

U

B
aud R

ate
G

enerator

R
eceiver

R
xF

IF
O

T
xF

IF
O

T
ransm

itter

S
erial

Interface

Infrared
Interface

U
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C
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S
x

R
T

S
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T
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x

R
xD
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14-2.   N
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Z
 A

S
C

II “A
” C

haracter w
ith O

dd P
arity

14.2.2  IrD
A

 M
o

d
e

Infrared (IrD
A

) m
ode uses character fram

es as N
R

Z
 m

ode does, but, instead of driving ones and zeros for 
a full bit-tim

e period, zeros are transm
itted as three-sixteenth (or less) bit-tim

e pulses, and ones rem
ain 

low
. T

he polarity of transm
itted pulses and expected receive pulses can be inverted so that a direct 

connection can be m
ade to external IrD

A
 transceiver m

odules that uses active low
 pulses. F

igure
14-3 

illustrates a character in IrD
A

 m
ode.

F
igure

14-3.   IrD
A

 A
S

C
II “A

” C
haracter w

ith O
dd P

arity

14.2.3  S
erial In

terface S
ig

n
als

T
he U

A
R

T
 m

odule has five signals that are used to com
m

unicate w
ith external U

A
R

T
-com

patible devices. 
T

he pins of both U
A

R
T

 m
odules operate identically. E

xceptions in pin and register nom
enclature are noted 

in the follow
ing descriptions:

•
T

X
D

1
/T

X
D

2
—

T
he

 R
S

-23
2

 T
ra

n
sm

it D
ata

 sig
na

l, w
hich is m

u
ltip

lexe
d w

ith P
E

5
 in

 U
A

R
T

 1
 (P

J5
 

in
 U

A
R

T
 2 ), is th

e
 R

S
-2

32
 tra

nsm
itter se

ria
l o

utp
ut. T

his p
in co

nn
e

cts to
 stan

d
a

rd
 R

S
-2

3
2

 o
r 

in
fra

re
d

 tra
n

sce
ive

r m
od

u
le

s. W
h

ile the
 U

A
R

T
 is in

 N
R

Z
 m

o
d

e
, n

o
rm

al d
ata is o

u
tp

u
t w

ith
 “m

arks” 
tran

sm
itte

d
 a
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g

ic h
ig

h
 a

nd
 “spa

ces” tran
sm

itte
d

 a
s lo

g
ic low

. In IrD
A

 m
od

e
, th

is pin
, w

h
ich is a

 
co

n
fig

u
ra

b
le

 na
rrow

 p
u

lse
, is o

u
tp

u
t fo

r e
ach

 ze
ro

 b
it th

a
t is tran

sm
itte

d
. 

•
C

T
S

1 /C
T

S
2—

T
h

e
 C

le
ar to

 S
en

d
 sig

na
l, w

h
ich

 is m
u

ltip
lexe

d
 w

ith
 P

E
7

 (P
J7 in

 U
A

R
T

 2
), is a

n
 

active
 low

 in
p

u
t u

sed
 fo

r tran
sm

itte
r flow

 con
tro

l. T
h

e
 tran

sm
itte

r w
aits u

ntil th
is sig

n
al is a

sse
rte

d
 

(low
) be

fore
 it sta

rts tra
n

sm
ittin

g
 a

 ch
ara

cter. If th
is sig

na
l is n
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 w
h

ile a
 cha

ra
cte

r is b
e
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g
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itte

d
, th
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a

ra
cte

r w
ill b
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te
d, bu
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o a
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itio

n
a
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a

ra
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n
til th
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na
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h
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n
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n b
e

 re
ad

 in the
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T
S

x S
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T
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o

n
d
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R
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n
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itte
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T

X
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N
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T
E
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e
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C
T

S
x b

it o
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T

X
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n
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e

 tra
n

sm
itte

d. T
h
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S

x
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 pro
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m
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o
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R
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n
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S

T
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N
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) reg
ister. 

Start Bit

Bit 0

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

Parity Bit

Stop Bit
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Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

Parity Bit
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R
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D
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a
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n
al, w
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 w
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 P
E
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 U
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R
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ut. A
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, w
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A
R
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R

Z
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d
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 N
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 d
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 p
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 b
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 p
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e R
X

P
O

L
 b

it of th
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r m
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 p
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 p
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 b
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e b
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p
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f b
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A

R
T

 a
t a tim

e is se
le

cted
 to

 d
rive

 this sig
na

l. P
le

ase
 refer to

 
S

ectio
n

5
.2

.2, “P
erip

h
e

ra
l C

o
n

trol R
eg

iste
r,” o

n
 p

ag
e

5-4
 fo

r m
o

re d
e

ta
ils.

14.3   U
A

R
T

 O
p

eratio
n

B
o

th
 U

A
R

T
 m

o
d

ule
s con

sist of th
re

e su
b-b

lo
cks:

•
T

ra
nsm

itter

•
R

e
ce

ive
r

•
B

a
ud

 ra
te g

e
ne

ra
tor

S
ectio

n
1

4
.3

.1
, “T

ra
n

sm
itter O

p
eratio

n
,” th

ro
u

gh
 S

e
ctio

n
14

.3
.3, “B

a
ud

 R
a

te
 G

e
ne

ra
tor O

p
eratio

n
,” 

d
iscu

ss the
se su

b-b
lo

cks in
 d

etail.

14.3.1  T
ran

sm
itter O

p
eratio

n
T

he
 tra

nsm
itter accep

ts a
 ch

a
ra

cter (b
yte

) fro
m

 th
e C

P
U

 b
u

s a
nd

 tra
n

sm
its it se

rially. W
h

ile
 th

e F
IF

O
 is 

em
pty, th

e tra
n

sm
itter o

utp
uts a

 con
tin

u
ou

s id
le

 (w
h

ich
 is 1

 b
it in N

R
Z

 m
od

e
 an

d
 se

le
cta

b
le

 po
larity in

 
IrD

A
 m

o
d

e). W
h

en
 a

 ch
a

ra
cte

r is ava
ilab

le fo
r tran

sm
issio

n
, th

e sta
rt, sto

p, a
n

d p
a

rity (if e
na

b
le

d
) b

its a
re

 
ad

d
e

d to the
 ch

a
ra

cte
r, an

d
 it is seria

lly sh
ifte

d
 (L

S
B

 first) a
t the

 se
le

cte
d

 b
it ra

te
. T

he
 tran

sm
itte

r p
re

sen
ts 

a n
e

w
 b

it o
n

 ea
ch fa

llin
g e

d
g

e o
f the

 b
it clock.

14.3.1.1   T
xF

IF
O

 B
u

ffer O
p

eratio
n

T
he

 tra
nsm

itter po
sts a m

askab
le

 in
terru

p
t w

h
e

n
 it n

e
ed

s pa
ra

lle
l d

ata
 (T

X
A

V
A

IL
). T

h
ere a

re
 th

ree
 

m
a

ska
ble

 in
te

rru
pts. T

o
 ta

ke m
a

xim
um

 a
d

van
tag

e
 of th

e
 8

-byte F
IF

O
 (6

4
-b

yte
 F

IF
O

 in
 U

A
R

T
 2

), the
 

F
IF

O
 E

M
P

T
Y

 inte
rrup

t sh
o

uld
 be

 en
a

b
le

d
. T

h
e

 in
te

rru
pt se

rvice
 ro

u
tin

e sh
ou

ld lo
ad

 d
ata u

n
til the

 
T

X
A

V
A

IL b
it in

 th
e

 U
T

X
 re

g
iste

r is cle
a

r o
r u

n
til th

e
re

 is n
o m

ore d
a

ta
 to

 tran
sm

it. T
h

e tra
nsm

itter do
e

s 
n

ot ge
n

e
ra

te
 an

o
th

e
r interru

p
t u

n
til the

 F
IF

O
 h

a
s co

m
p

le
te

ly e
m

p
tie

d
. 
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U
A

R
T

 O
p

eratio
n

�
U

n
iversal A

syn
ch

ro
n

o
u

s R
eceiver/T

ran
sm

itter 1 an
d

 2
14-5

If the driver softw
are has excessive interrupt service latency tim

e, use the F
IF

O
 H

A
L

F
 interrupt. W

ith 
U

A
R

T
 1, the transm

itter generates an interrupt w
hen the F

IF
O

 has few
er than 4 bytes rem

aining. B
ecause 

U
A

R
T

 2 has a larger F
IF

O
 buffer, the transm

itter generates an interrupt w
hen the F

IF
O

 has a num
ber of 

em
pty slots that is less than or equal to the num

ber specified by the T
xF

IFO
 level m

arker of the F
IF

O
 level 

m
arker interrupt register.

If the F
IF

O
 buffer is not needed, only the T

X
A

V
A

IL
 interrupt is required. T

his interrupt is generated 
w

hen at least one space is available in the F
IF

O
. A

ny data that is w
ritten to the F

IF
O

 w
hile the T

X
A

V
A

IL
 

bit is clear is ignored.

14.3.1.2   C
T

S
 S

ig
n

al O
p

eratio
n

C
T

S
x is used for hardw

are flow
 control. If C

T
S

x is negated (high), the transm
itter finishes sending the 

character in progress (if any) and then w
aits for C

T
S

x  to becom
e asserted (low

) again before starting the 
next character. T

he current state of the C
T

S
x  pin is sam

pled by the bit clock and can be m
onitored by 

reading the C
T

S
x ST

A
T

 bit of the U
T

X
 register. A

n interrupt can be generated w
hen the C

T
S

x  pin 
changes state. T

he C
T

S
x D

E
L

T
A

 bit of the U
T

X
 register goes high w

hen the C
T

S
x  pin toggles. F

or 
applications that do not need hardw

are flow
 control, such as IrD

A
, the N

O
C

T
S

x bit of the U
T

X
 register 

should be set. W
hile this bit is set, characters w

ill be sent as soon as they are available in the F
IF

O
. P

arity 
errors can be generated for debugging purposes by setting the F

O
R

C
E

 P
E

R
R

 bit in the corresponding 
U

M
IS

C
 register.

T
he S

E
N

D
 B

R
E

A
K

 bit of the corresponding U
T

X
 register is used to generate a B

reak character 
(continuous zeros). U

se the follow
ing procedure to send the m

inim
um

 num
ber of valid B

reak characters.

1.
M

ake sure the B
U

S
Y

 bit in the U
T

X
 register is set.

2.
W

ait until the B
U

S
Y

 bit goes low
.

3.
C

lear the T
X

E
N

 bit in the U
S

T
C

N
T

 register, w
hich flushes the F

IFO
.

4.
W

ait until the B
U

S
Y

 bit goes low
.

5.
S

et the T
X

E
N

 bit.

6.
S

et the S
E

N
D

 B
R

E
A

K
 bit in the U

T
X

 register.

7.
L

oad a dum
m

y character into the FIF
O

.

8.
W

ait until the B
U

S
Y

 bit goes low
.

9.
C

lear the S
E

N
D

 B
R

E
A

K
 bit.

A
fter the procedure finishes, the F

IF
O

 should be em
pty and the transm

itter should be idle and w
aiting for 

the next character.

If the T
X

E
N

 bit of the U
S

T
C

N
T

 register is negated w
hile a character is being transm

itted, the character 
w

ill be com
pleted before the transm

itter returns to ID
L

E
. T

he transm
it F

IF
O

 is im
m

ediately flushed w
hen 

the T
X

E
N

 bit is cleared. W
hen the m

essage has been com
pletely sent and the U

A
R

T
 is to be disabled, 

m
onitor the B

U
SY

 bit to determ
ine w

hen the transm
itter has actually com

pleted sending the final 
character. R

em
em

ber that there m
ay be a long tim

e delay, depending on the baud rate. It is safe to clear the 
U

E
N

 bit of the corresponding U
S

T
C

N
T

 register after the B
U

S
Y

 bit becom
es clear. T

he B
U

S
Y

 bit can also 
be used to determ

ine w
hen to disable the transm

itter and turn the link around to receive IrD
A

 applications.

W
hen IrD

A
 m

ode is enabled, the transm
itter produces a pulse that is less than or equal to three-sixteenths 

of bit tim
e for each zero bit sent. O

nes are
 se

n
t a

s “no
 p

ulse
.” W

h
en

 th
e

 T
X

P
O

L
 b

it o
f th

e U
M

IS
C

 re
g

iste
r 

is lo
w

, p
ulse

s are a
ctive

 h
ig

h
. W

h
en

 th
e

 T
X

P
O

L
 bit is h

ig
h

, pu
lse

s a
re a

ctive
 lo

w
 a

nd
 id

le is h
ig

h
.
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14-6
M

C
68V

Z
328 U

ser’s M
anual

�

U
A

R
T

 O
peration

14.3.2  R
eceiver O

p
eratio

n
T

he receiver block of the U
A

R
T

 accepts a serial data stream
, converting it into parallel characters. T

he 
re

ceive
r o

p
e

ra
te

s in
 tw

o
 m

o
d

es—
a

syn
ch

ro
n

ou
s an

d
 syn

chro
no

u
s. In

 asynch
ro

n
o

us m
o

d
e, it sea

rch
es fo

r a 
start b

it, q
ua

lifies it, an
d

 th
e

n sa
m

p
le

s the
 succee

d
in

g
 da

ta b
its a

t the
 p

erceive
d

 b
it ce

nte
r. Jitter to

leran
ce 

an
d

 n
oise

 im
m

u
n

ity a
re

 p
ro

vid
ed

 b
y sa

m
p

lin
g 1

6
 tim

es p
er b

it a
n

d
 u

sin
g

 a vo
ting

 circu
it to

 e
n

ha
n

ce
 

sa
m

p
lin

g
. IrD

A
 o

p
era

tion
 m

u
st u

se
 asyn

ch
ro

n
o

u
s m

o
d

e. In synch
ro

n
o

u
s m

o
d

e, R
X

D
x is sam

p
led

 o
n

 e
a

ch
 

risin
g e

d
ge

 o
f the

 b
it clock, w

hich is g
e

ne
rated

 b
y th

e U
A

R
T

 m
o

d
u

le
 o

r sup
p

lied
 e

xte
rn

a
lly. W

h
e

n
 a sta

rt 
b

it is id
en

tified
, th

e
 re

m
a

in
in

g
 b

its a
re

 sh
ifted

 in
 a

nd
 loa

d
ed

 into
 th

e F
IF

O
. 

If p
a

rity is en
a

b
le

d
, th

e
 p

a
rity b

it is che
cke

d
 a

n
d

 its sta
tu

s is re
po

rte
d

 in th
e

 U
R

X
 re

g
iste

r. S
im

ila
rly, fra

m
e 

erro
rs, b

re
a

ks, an
d

 o
ve

rru
n

s a
re

 ch
e

cke
d

 an
d

 re
p

orte
d

. T
he

 4
 ch

a
ra

cter sta
tu

s b
its in

 th
e

 h
igh

 b
yte

 (b
its 

1
1–

8
) o

f th
e U

R
X

 reg
ister are

 va
lid

 on
ly w

h
e

n re
ad

 as a
 16

-bit w
o

rd w
ith

 th
e

 re
ce

ive
d

 ch
a

ra
cte

r b
yte

.

14.3.2.1   R
x F

IF
O

 B
u

ffer O
p

eratio
n

A
s w

ith
 th

e
 tra

n
sm

itte
r, th

e
 rece

ive
r F

IF
O

 is flexible. If th
e

 so
ftw

a
re

 b
e

in
g

 use
d h

a
s sho

rt in
te

rru
p

t la
te

n
cy 

tim
e

, th
e F

IF
O

 F
U

L
L

 inte
rru

p
t in

 th
e U

R
X

 re
giste

r can
 b

e e
n

ab
led

. T
he

 F
IF

O
 h

a
s n

o
 re

m
a

in
in

g
 sp

a
ce 

ava
ilab

le w
h

e
n th

is in
te

rru
pt is g

en
e

ra
te

d
. If the

 D
A

T
A

 R
E

A
D

Y
 b

it in
 the

 U
R

X
 reg

iste
r in

dicates th
a

t 
m

o
re

 d
ata is rem

ainin
g in

 th
e F

IF
O

, th
e F

IF
O

 ca
n

 th
en

 b
e e

m
p

tie
d b

yte
 b

y b
yte

. If th
e so

ftw
are h

a
s a

 
lo

n
g

er la
te

n
cy tim

e
, th

e
 F

IF
O

 H
A

L
F

 inte
rrup

t of th
e

 U
R

X
 re

g
iste

r ca
n

 be
 u

sed
. T

h
is in

te
rru

pt is g
en

e
ra

te
d

 
w

h
en

 n
o

 m
ore

 th
an

 4
 em

pty b
yte

s re
m

a
in

 in
 th

e
 F

IF
O

. If th
e

 F
IF

O
 is no

t ne
e

de
d

, th
e

 D
A

T
A

 R
E

A
D

Y
 

in
te

rru
p

t sho
u

ld
 b

e u
sed

. T
h

is in
te

rru
p

t is g
en

e
ra

te
d

 w
he

n
 o

ne
 o

r m
o

re ch
aracte

rs a
re

 p
re

se
n

t in
 the

 F
IF

O
. 

T
he

 O
L

D
 D

A
T

A
 b

it in
 th

e
 U

R
X

 re
g

iste
r in

dica
tes th

a
t th

e
re

 is d
ata in th

e F
IF

O
 a

n
d

 th
at th

e
 re

ce
ive

 line
 

h
as be

e
n

 id
le

 fo
r m

ore th
an

 3
0 b

it tim
e

s. T
h

is is u
se

fu
l in

 de
te

rm
in

in
g

 th
e

 en
d

 o
f a

 b
lock o

f cha
racte

rs.

W
h

e
n IrD

A
 m

od
e

 is en
a

b
le

d, the
 re

ceiver exp
e

cts n
a

rrow
 (1

.6
3

µ
s a

t a
 m

in
im

u
m

) p
u

lses fo
r ea

ch ze
ro

 b
it 

re
ceive

d
. O

th
erw

ise
, n

o
rm

a
l N

R
Z

 is e
xpe

cte
d. A

n
 in

frared
 tran

sce
ive

r d
ire

ctly con
n

e
cted

 to
 th

e R
X

D
x p

in 
tran

sfo
rm

s the
 in

fra
re

d
 sig

na
l in

to
 an

 e
le

ctrica
l sig

n
a

l. P
o

la
rity is p

ro
g

ra
m

m
a

b
le

 so
 th

a
t R

X
D

x can
 b

e 
co

n
n

ected
 d

irectly to
 an

 e
xtern

al IrD
A

 tran
sce

ive
r.

14.3.3  B
au

d
 R

ate G
en

erato
r O

p
eratio

n
T

he
 b

au
d

 g
en

e
ra

to
r pro

vid
es th

e
 b

it clo
cks to

 th
e

 tran
sm

itte
r a

n
d

 re
ce

ive
r b

lo
cks. It co

n
sists of tw

o
 

p
re

sca
le

rs, a
n

 in
teg

e
r pre

scale
r, a

n
d

 a
 seco

n
d n

on
-in

te
g

er p
resca

ler, a
s w

ell as a
 2

n d
ivide

r. F
ig

u
re

14
-4

 o
n

 
p

ag
e

14
-7 illustra

te
s a

 b
lo

ck d
ia

g
ra

m
 o

f the
 b

au
d

 ra
te

 g
en

e
ra

to
r.
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s R
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itter 1 an
d
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14-7

F
ig

u
re

14-4.   B
au

d
 R

ate G
en

erato
r B

lo
ck D

iag
ram

T
he

 b
a

ud
 ra

te g
e

ne
rator’s m

a
ste

r clo
ck so

urce can
 b

e
 th

e system
 clock (S

Y
S

C
L

K
), or it ca

n
 be

 p
ro

vid
e

d
 b

y 
th

e
 U

C
L

K
 pin

 (in
p

u
t m

o
d

e
). B

y se
ttin

g
 th

e
 B

A
U

D
 S

R
C

 bit o
f th

e co
rresp

on
d

in
g

 U
A

R
T

 b
au

d
 co

n
tro

l 
(U

B
A

U
D

) reg
ister to

 1, a
n

 exte
rna

l clo
ck ca

n
 dire

ctly d
rive the

 b
au

d
 ra

te
 g

en
e

ra
to

r. F
o

r syn
ch

ron
o

u
s 

ap
p

licatio
n

s, th
e

 U
C

L
K

 sig
n

al ca
n

 be
 co

n
fig

u
re

d a
s a

n
 in

p
u

t o
r o

u
tp

u
t fo

r th
e

 1
x b

it clock.

14.3.3.1   D
ivid

er

T
he

 d
ivid

e
r is a

 2 n b
in

ary divid
er w

ith
 eigh

t ta
ps—

1, 2
, 4, 8

, 1
6, 3

2
, 6

4
, an

d
 1

28
. T

h
e se

le
cted

 tap
 is th

e
 

1
6x clo

ck (C
L

K
1

6) fo
r th

e rece
iver. T

his clo
ck is fu

rth
er divid

ed
 b

y 16
 to

 p
ro

vid
e

 a 5
0

-p
e

rcen
t d

u
ty-cycle

 
1

x clo
ck (C

L
K

1
) to

 th
e

 tra
nsm

itter. W
h

ile
 the

 C
L

K
M

 b
it o

f th
e U

S
T

C
N

T
 reg

ister is h
igh

, C
L

K
1

 is d
irectly 

so
u

rce
d

 b
y th

e
 C

L
K

1
6 sig

n
al. 

14.3.3.2   N
o

n
-In

teg
er P

rescaler

T
he

 n
o

n-in
teg

e
r p

re
sca

le
r is u

sed
 to

 g
e

ne
ra

te spe
cia

l, n
o

nstan
d

ard
 ba

u
d

 fre
q

u
en

cie
s. W

he
n

 IrD
A

 m
o

d
e is 

en
a

b
le

d
, ze

ro
s a

re tra
nsm

itted
 a

s three
-sixte

en
th

 b
it-tim

e
 p

u
lses. 

N
O

T
E

:

If th
e

 in
tege

r pre
sca

le
r is u

sed
 in IrD

A
 o

p
eratio

n
, th

e
 ba

u
d

 ra
te

 w
ill b

e
d

eterm
ine

d
 by th

e
 in

teg
e

r pre
scale

r. T
h

e
 n

on
-integ

er p
rescaler w

ill th
en

 b
e

u
se

d
 fo

r co
n

tro
llin

g
 th

e p
ulse

 w
id

th
, bu

t it m
ust b

e
 less th

an
 or eq

u
a

l to
th

ree
-sixtee

n
th

s o
f b

it tim
e

.

F
or exa

m
p

le
, in

 IrD
A

 m
o

d
e, the

 n
o

n-in
te

g
e

r p
re

sca
le

r p
rovide

s a
 clo

ck a
t 1

.8
43

2
0

0
M

H
z 

(1
1

5
.2

0
0

kH
z ×

16). T
his clock is used to generate transm

it pulses, w
hich are three-sixteenths of a 

115.200
kH

z bit tim
e.

T
able

14-1 on page
14-8 contains the values to use for IrD

A
 operation.

Integer

N
on-Integer

D
ivider

D
ivide

(D
ivide by 2 n)

by
16

P
rescaler

P
rescaler

01

01

01

P
R

E
 S

E
L

B
A

U
D

 S
R

C

S
Y

S
C

LK

U
C

LK
 IN

C
LK

16

C
LK

1

IR
C

LK

C
LK

 S
R

C

0 1

M
aster C

lock

P
C

LK

C
LK

 M
O

D
E
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U
A

R
T

 O
peration

 E
xam

ple
14-1 provides a sam

ple divisor calculation.

E
xam

p
le

14-1.   S
am

p
le D

iviso
r C

alcu
latio

n

33.16
M

H
z sysclk / 1.8432

M
H

z for IrD
A

 bit tim
e =

 18.0

18.0 =
 16 +

 ($20 ×
 1/16)

W
here: 

16 =
 m

inim
um

 divisor

$20 =
 step value 

1/16 =
 step size

T
able

14-2 contains the values to program
 into the non-integer prescaler register for IrD

A
 operation.

T
ab

le
14-1.   N

o
n

-In
teg

er P
rescaler V

alu
es

S
elect (B

in
ary)

M
in

im
u

m
 D

iviso
r

M
axim

u
m

 D
iviso

r
S

tep
 S

ize

000
2

3 127/128
1/128

001
4

7 63/64
1/64

010
8

15 31/32
1/32

011
16

31 15/16
1/16

100
32

63 7/8
1/8

101
64

127 3/4
1/4

110
128

255 1/2
1/2

111
—

—
—

T
ab

le
14-2.   N

o
n

-In
teg

er P
rescaler S

ettin
g

s

M
o

d
e

S
elect (B

in
ary)

S
tep

 V
alu

e (H
ex)

IrD
A

011
0x20
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14-9

14.3.3.3   In
teg

er P
rescaler

T
he baud rate generator can provide standard baud rates from

 m
any system

 clock frequencies. T
able

14-3 
contains the values that should be used in the U

B
A

U
D

 register for a default 33.16
M

H
z system

 clock 
frequency.
 

T
ab

le
14-3.   S

elected
 B

au
d

 R
ate S

ettin
g

s

B
au

d
 R

ate
D

ivid
er

P
rescaler (H

ex)

230400
0

0x38

115200
1

0x38

57600
2

0x38

28800
3

0x38

14400
4

0x38

38400
1

0x26

19200
2

0x26

9600
3

0x26

4800
4

0x26

2400
5

0x26

1200
6

0x26

600
7

0x26
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14.4   P
ro

g
ram

m
in

g
 M

o
d

el
S

ectio
n

1
4

.4
.1

, “U
A

R
T

 1
 S

tatu
s/C

o
ntro

l R
e

g
iste

r,” th
ro

ug
h

 S
ectio

n
1

4
.4

.1
4

, “F
IF

O
 L

eve
l M

a
rke

r 
In

te
rru

p
t R

e
g

iste
r,” d

e
scrib

e
 th

e U
A

R
T

 re
giste

rs an
d

 de
taile

d in
fo

rm
atio

n
 ab

o
u

t th
e

ir se
ttin

g
s. T

h
e

 
U

A
R

T
1

 re
giste

rs are d
e

scrib
ed

 first.

14.4.1  U
A

R
T

 1 S
tatu

s/C
o

n
tro

l R
eg

ister
T

he
 U

A
R

T
 1

 sta
tu

s/co
n

tro
l reg

ister (U
S

T
C

N
T

1
) co

ntro
ls the

 o
ve

rall o
p

eratio
n

 o
f th

e
 U

A
R

T
 1

 m
od

u
le

. 
T

he
 b

it po
sitio

n
 assig

nm
en

ts for th
is re

g
iste

r a
re sho

w
n

 in
 the

 fo
llo

w
in

g
 re

g
iste

r d
isp

la
y. T

he
 se

ttin
g

s fo
r 

th
is re

g
iste

r a
re d

e
scrib

ed
 in

 T
a

ble
1

4
-4

.

U
S

T
C

N
T

1
U

A
R

T
 1 S

tatus/C
ontrol R

egister
0x(F

F
)F

F
F

900
B

IT
 

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 

0

U
E

N
R

X
E

N
T

X
E

N
C

L
K

M
P

EN
OD
D

S
T

O
P

 
8/7

O
D

E
N

C
T

S
D

R
X

F
E

R
X

H
E

R
X

R
E

T
X

E
E

T
X

H
E

T
X

A
E

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
14-4.   U

A
R

T
 1 S

tatu
s/C

o
n

tro
l R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

U
E

N
B

it 15
U

A
R

T
 1 E

n
ab

le—
T

his bit enables the U
A

R
T

 1 m
odule. T

his bit 
resets to 0.

N
o

te:
W

hen the U
A

R
T

 1 m
odule is first enabled after a hard 

reset and before the interrupts are enabled, set the U
E

N
 and 

R
X

E
N

 bits and perform
 a w

ord read operation on the U
R

X
 

register to initialize the F
IF

O
 and character status bits.

0 =
 U

A
R

T
 1 m

odule is disabled
1 =

 U
A

R
T

 1 m
odule is enabled

R
X

E
N

B
it 14

R
eceiver E

n
ab

le—
T

his bit enables the receiver block. T
his bit 

resets to 0.
0 =

 R
eceiver is disabled and the 
receive F

IF
O

 is flushed
1 =

 R
eceiver is enabled

T
X

E
N

B
it 13

T
ran

sm
itter E

n
ab

le—
T

his bit enables the transm
itter block. 

T
his bit resets to 0.

0 =
 T

ransm
itter is disabled and the 

transm
it F

IF
O

 is flushed
1 =

 T
ransm

itter is enabled

C
L

K
M

B
it 12

C
lo

ck M
o

d
e S

electio
n

—
T

his bit selects the receiver’s operat-
ing m

ode. W
hen this bit is low

, the receiver is in 16x m
ode, in 

w
hich it synchronizes to the incom

ing datastream
 and sam

ples 
at the perceived center of each bit period. W

hen this bit is high, 
the receiver is in 1x m

ode, in w
hich it sam

ples the datastream
 

on each rising edge of the bit clock. In 1x m
ode, the bit clock is 

driven by C
LK

16. T
his bit resets to 0.

0 =
 16x clock m

ode (asynchronous 
m

ode)
1 =

 1x clock m
ode (synchronous 

m
ode)

P
E

N
B

it 11
P

arity E
n

ab
le—

T
his bit controls the parity generator in the 

transm
itter and the parity checker in the receiver. 

0 =
 P

arity is disabled
1 =

 P
arity is enabled

O
D

D
B

it 10
O

d
d

 P
arity—

T
his bit controls the sense of the parity generator 

and checker. T
his bit has no function if the P

E
N

 bit is low
.

0 =
 E

ven parity
1 =

 O
dd parity
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S
T

O
P

B
it 9

S
to

p
 B

it T
ran

sm
issio

n
—

T
his bit controls the num

ber of stop 
bits transm

itted after a character. T
his bit has no effect on the 

receiver, w
hich expects one or m

ore stop bits.

0 =
 O

ne stop bit is transm
itted

1 =
 T

w
o stop bits are transm

itted

8/7
B

it 8
8- o

r 7-B
it—

T
his bit controls the character length. W

hen this 
bit is set to 7-bit operation, the transm

itter ignores data bit 7 
and, w

hen receiving, the receiver forces data bit 7 to 0.

0 =
 7-bit transm

it-and-receive 
character length

1 =
 8-bit transm

it-and-receive 
character length

O
D

E
N

B
it 7

O
ld

 D
ata E

n
ab

le—
T

his bit enables an interrupt w
hen the O

LD
 

D
A

T
A

 bit in the U
R

X
 register is set.

0 =
 O

LD
 D

A
T

A
 interrupt is disabled

1 =
 O

LD
 D

A
T

A
 interrupt is enabled

C
T

S
D

B
it 6

C
T

S
1 D

elta E
n

ab
le—

W
hen this bit is high, it enables an inter-

rupt w
hen the C

T
S

1 pin changes state. W
hen it is low

, this 
interrupt is disabled. T

he current status of the C
T

S
1  pin is read 

in the U
T

X
 register.

0 =
 C

T
S

1  interrupt is disabled
1 =

 C
T

S
1 interrupt is enabled

R
X

F
E

B
it 5

R
eceiver F

u
ll E

n
ab

le—
W

hen this bit is high, it enables an 
interrupt w

hen the receiver F
IF

O
 is full. T

his bit resets to 0.
0 =

 R
X

 F
U

LL interrupt is disabled
1 =

 R
X

 F
U

LL interrupt is enabled

R
X

H
E

B
it 4

R
eceiver H

alf E
n

ab
le—

W
hen this bit is high, it enables an 

interrupt w
hen the receiver F

IF
O

 is m
ore than half full. T

his bit 
resets to 0.

0 =
 R

X
 H

A
LF

 interrupt is disabled
1 =

 R
X

 H
A

LF
 interrupt is enabled

R
X

R
E

B
it 3

R
eceiver R

ead
y E

n
ab

le—
W

hen this bit is high, it enables an 
interrupt w

hen the receiver has at least 1 data byte in the F
IF

O
. 

W
hen it is low

, this interrupt is disabled.

0 =
 R

X
 interrupt is disabled

1 =
 R

X
 interrupt is enabled

T
X

E
E

B
it 2

T
ran

sm
itter E

m
p

ty E
n

ab
le—

W
hen this bit is high, it enables 

an interrupt w
hen the transm

itter F
IF

O
 is em

pty and needs 
data. W

hen it is low
, this interrupt is disabled.

0 =
 T

X
 E

M
P

T
Y

 interrupt is disabled
1 =

 T
X

 E
M

P
T

Y
 interrupt is enabled

T
X

H
E

B
it 1

T
ran

sm
itter H

alf E
m

p
ty E

n
ab

le—
W

hen this bit is high, it 
enables an interrupt w

hen the transm
it F

IF
O

 is less than half 
full. W

hen it is low
, the T

X
 H

A
LF

 interrupt is disabled. T
his bit 

resets to 0.

0 =
 T

X
 H

A
LF

 interrupt is disabled
1 =

 T
X

 H
A

LF
 interrupt is enabled

T
X

A
E

B
it 0

T
ran

sm
itter A

vailab
le fo

r N
ew

 D
ata—

W
hen this bit is high, it 

enables an interrupt if the transm
itter has a slot available in the 

F
IF

O
. W

hen it is low
, this interrupt is disabled. T

his bit resets to 
0.

0 =
 T

X
 A

V
A

IL interrupt is disabled
1 =

 T
X

 A
V

A
IL interrupt is enabled

T
ab

le
14-4.   U

A
R

T
 1 S

tatu
s/C

o
n

tro
l R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
tio

n
S

ettin
g
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14.4.2  U
A

R
T

 1 B
au

d
 C

o
n

tro
l R

eg
ister

T
he U

A
R

T
 1 baud control (U

B
A

U
D

1) register controls the operation of the baud rate generator, the 
integer prescaler, and the U

C
L

K
 signal. T

he bit position assignm
ents for this register are show

n in the 
follow

ing register display. T
he settings for this register are described in T

able
14-5.

U
B

A
U

D
1

U
A

R
T

 1 B
aud C

ontrol R
egister

0x(F
F

)F
F

F
902

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

U
C

L
K

D
I

R

B
A

U
D

 
S

R
C

D
IV

ID
E

P
R

E
S

C
A

LE
R

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
1

1
1

1
1

1

0x003F

T
ab

le
14-5.   U

A
R

T
 1 B

au
d

 C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–14

R
eserved

T
hese bits are reserved and should be set to 

0.

U
C

L
K

D
IR

B
it 13

U
C

L
K

 D
irectio

n
—

T
his bit controls the direction 

of the U
C

LK
 signal. W

hen this bit is low
, the sig-

nal is an input, and w
hen it is high, it is an output. 

H
ow

ever, the S
E

Lx bit in the P
ort E

 registers 
m

ust be 0. S
ee S

ection
10.4.6, “P

ort E
 R

egis-
ters,” on page

10-21 for m
ore inform

ation.

0 = U
C

LK
 is an input.

1 = U
C

LK
 is an output.

R
eserved

B
it 12

R
eserved

T
his bit is reserved and should be set to 0.

B
A

U
D

 S
R

C
B

it 11
B

au
d

 S
o

u
rce—

T
his bit controls the clock source 

to the baud rate generator.
0 = B

aud rate generator source is from
 

system
 clock.

1 = B
aud rate generator source is from

 
U

C
LK

 pin (U
C

LK
D

IR
 m

ust be set to 0).

D
IV

ID
E

B
its 10–8

D
ivid

e—
T

hese bits control the clock frequency 
produced by the baud rate generator. 

000 =
 D

ivide by 1.
001 =

 D
ivide by 2.

010 =
 D

ivide by 4.
011 =

 D
ivide by 8.

100 =
 D

ivide by 16.
101 =

 D
ivide by 32.

110 =
 D

ivide by 64.
111 =

 D
ivide by 128.

R
eserved

B
its 7–6

R
eserved

T
hese bits are reserved and should be set to 

0.

P
R

E
S

C
A

L
E

R
B

its 5–0
P

rescaler—
T

hese bits control the division value 
of the baud generator prescaler. T

he division 
value is determ

ined by the follow
ing form

ula:

P
rescaler division value = 

65 (decim
al) – P

R
E

S
C

A
LE

R

S
ee description.
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14.4.3  U
A

R
T

 1 R
eceiver R

eg
ister

T
he U

A
R

T
 1 receiver (U

R
X

1) register indicates the status of the receiver F
IFO

 and character data. T
he 

F
IF

O
 status bits reflect the current status of the F

IF
O

. A
t initial pow

er up, these bits contain random
 data. 

B
efore enabling the receiver interrupts, the U

E
N

 and R
X

E
N

 bits in the U
S

T
C

N
T

 register should be set. 
R

eading the U
A

R
T

 1 receiver register initializes the F
IF

O
 status bits. T

he receiver interrupts can then be 
enabled. H

ow
ever, the character status bits are only valid w

hen read w
ith the character bits in a 16-bit read 

access. T
he bit position assignm

ents for this register are show
n in the follow

ing register display. T
he 

settings for this register are described in T
able

14-6.

U
R

X
1

U
A

R
T

 1 R
eceiver R

egister
0x(F

F
)F

F
F

904
B

IT
 

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 

0

F
IF

O
 

F
U

LL
F

IF
O

 
H

A
LF

D
A

T
A

 
R

E
A

D
Y

O
LD

 
D

A
T

A

O
V

R
UN

F
R

A
M

E
 

E
R

R
O

R
B

R
E

A
K

P
A

R
IT

Y
E

R
R

O
R

R
X

 D
A

T
A

T
Y

P
E

r
r

r
r

r
r

r
r

r
r

r
r

r
r

r
r

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
14-6.   U

A
R

T
 1 R

eceiver R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

F
IF

O
F

U
L

L
B

it 15

F
IF

O
 F

u
ll (F

IF
O

 S
tatu

s)—
T

his read-only bit indicates that the 
receiver F

IF
O

 is full and m
ay generate an overrun. T

his bit gen-
erates a m

askable interrupt.

0 =
 R

eceiver F
IF

O
 is not full

1 =
 R

eceiver F
IF

O
 is full

F
IF

O
H

A
L

F
B

it 14

F
IF

O
 H

alf (F
IF

O
 S

tatu
s)—

T
his read-only bit indicates that the 

receiver F
IF

O
 has four or few

er slots rem
aining in the F

IF
O

. 
T

his bit generates a m
askable interrupt.

0 =
 R

eceiver F
IF

O
 has m

ore than 
four slots rem

aining
1 =

 R
eceiver F

IF
O

 has four or few
er 

slots rem
aining

D
A

T
A

R
E

A
D

Y
B

it 13

D
ata R

ead
y (F

IF
O

 S
tatu

s)—
T

his read-only bit indicates that at 
least 1 byte is present in the receive F

IF
O

. T
he character bits 

are valid only w
hile this bit is set. T

his bit generates a m
askable 

interrupt.

0 =
 N

o data in the receiver F
IF

O
1 =

 D
ata in the receiver F

IF
O

O
L

D
D

A
T

A
B

it 12

O
ld

 D
ata (F

IF
O

 S
tatu

s)—
T

his read-only bit indicates that data 
in the F

IF
O

 is older than 30 bit tim
es. It is useful in situations 

w
here the F

IF
O

 F
U

LL or F
IF

O
 H

A
LF

 interrupts are used. If 
there is data in the F

IF
O

, but the am
ount is below

 the F
IF

O
 

H
A

LF
 interrupt threshold, a m

askable interrupt can be gener-
ated to alert the softw

are that unread data is present. T
his bit 

clears w
hen the character bits are read.

0 =
 F

IF
O

 is em
pty or the data in the 

F
IF

O
 is <

 30 bit tim
es old

1 =
 D

ata in the F
IF

O
 is >

 30 bit tim
es 

old

O
V

R
U

N
B

it 11
F

IF
O

 O
verru

n
 (C

h
aracter S

tatu
s)—

T
his read-only bit indi-

cates that the receiver overw
rote data in the F

IF
O

. T
he charac-

ter w
ith this bit set is valid, but at least one previous character 

w
as lost. In norm

al circum
stances, this bit should never be set. 

It indicates the softw
are is not keeping up w

ith the incom
ing 

data rate. T
his bit is updated and valid for each received char-

acter.

0 =
 N

o F
IF

O
 overrun occurred

1 =
 A

 F
IF

O
 overrun w

as detected
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14.4.4  U
A

R
T

 1 T
ran

sm
itter R

eg
ister

T
he U

A
R

T
 1 transm

itter (U
T

X
1) register controls how

 the transm
itter operates. T

he bit position 
assignm

ents for this register are show
n in the follow

ing register display. T
he settings for this register are 

described in T
able

14-7.

U
T

X
1

U
A

R
T

 1 T
ransm

itter R
egister

0x(F
F

)F
F

F
906

F
R

A
M

E
E

R
R

O
R

B
it 10

F
ram

e E
rro

r (C
h

aracter S
tatu

s)—
T

his read-only bit indicates 
that the current character had a fram

ing error (m
issing stop bit), 

w
hich indicates that there m

ay be corrupted data. T
his bit is 

updated for each character read from
 the F

IF
O

.

0 =
 C

haracter has no fram
ing error

1 =
 C

haracter has a fram
ing error

B
R

E
A

K
B

it 9
B

reak (C
h

aracter S
tatu

s)—
T

his read-only bit indicates that 
the current character w

as detected as a B
R

E
A

K
. T

he data bits 
are all 0 and the stop bit is also 0. T

he F
R

A
M

E
 E

R
R

O
R

 bit w
ill 

alw
ays be set w

hen this bit is set, and if odd parity is selected, 
P

A
R

IT
Y

 E
R

R
O

R
 w

ill also be set. T
his bit is updated and valid 

w
ith each character read from

 the F
IF

O
.

0 =
 C

haracter is not a break 
character

1 =
 C

haracter is a break character

P
A

R
IT

Y
E

R
R

O
R

B
it 8

P
arity E

rro
r (C

h
aracter S

tatu
s)—

T
his read-only bit indicates 

that the current character w
as detected w

ith a parity error, 
w

hich indicates that there m
ay be corrupted data. T

his bit is 
updated and valid w

ith each character read from
 the F

IF
O

. 
W

hile parity is disabled, this bit alw
ays reads 0.

S
ee description

R
X

D
A

T
A

B
its 7–0

R
x D

ata (C
h

aracter D
ata)—

T
his read-only field is the top 

receive character in the F
IF

O
. T

he bits have no m
eaning if the 

D
A

T
A

 R
E

A
D

Y
 bit is 0. In 7-bit m

ode, the m
ost significant bit is 

forced to 0, and in 8-bit m
ode, all bits are active.

S
ee description

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT0

F
IF

O
 

E
M

P
T

Y
F

IF
O

 
H

A
LF

T
X

 
A

V
A

I
L

S
E

N
D

 
B

R
E

A
K

N
O

 
C

T
S

1 
B

U
S

Y
C

T
S

1 
S

T
A

T
C

T
S

1 
D

E
LT

A
T

X
 D

A
T

A

T
Y

P
E

r
r

r
rw

rw
rw

rw
rw

w
w

w
w

w
w

w
w

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
14-7.   U

A
R

T
 1 T

ran
sm

itter R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

F
IF

O
E

M
P

T
Y

B
it 15

F
IF

O
 E

m
p

ty (F
IF

O
 S

tatu
s)—

T
his read-only bit indicates that 

the transm
itter F

IF
O

 is em
pty. T

his bit generates a m
askable 

interrupt.

0 = T
ransm

itter F
IF

O
 is not em

pty
1 = T

ransm
itter F

IF
O

 is em
pty

T
ab

le
14-6.   U

A
R

T
 1 R

eceiver R
eg

ister D
escrip

tio
n

 (C
o

n
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u
ed

)

N
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e
D

escrip
tio

n
S

ettin
g
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F
IF

O
H

A
L

F
B

it 14

F
IF

O
 H

alf (F
IF

O
 S

tatu
s)—

T
his read-only bit indicates that the 

transm
itter F

IF
O

 is less than half full. T
his bit generates a 

m
askable interrupt.

0 = T
ransm

itter F
IF

O
 is m

ore than 
half full

1 = T
ransm

itter F
IF

O
 is less than 

half full

T
X

A
V

A
IL

B
it 13

T
ran

sm
it F

IF
O

 A
vailab

le (F
IF

O
 S

tatu
s)—

T
his read-only bit 

indicates that the transm
itter F

IF
O

 has at least one slot avail-
able for data. T

his bit generates a m
askable interrupt.

0 = T
ransm

itter does not need data
1 = T

ransm
itter needs data

S
E

N
D

B
R

E
A

K
B

it 12

S
en

d
 B

reak (T
x C

o
n

tro
l)—

T
his bit forces the transm

itter to 
im

m
ediately send continuous zeros, w

hich creates a break 
character. S

ee S
ection

14.3.1.2, “C
T

S
 S

ignal O
peration,” for a 

description of how
 to generate a break.

0 = N
orm

al transm
ission

1 = S
end break (continuous zeros)

N
O

C
T

S
1

B
it 11

Ig
n

o
re C

T
S

1 (T
x C

o
n

tro
l)—

W
hen this bit is high, it forces the 

C
T

S
1  signal that is presented to the transm

itter to alw
ays be 

asserted, w
hich effectively ignores the external pin.

0 = T
ransm

it only w
hile the C

T
S

1 
signal is asserted

1 = Ignore the C
T

S
1  signal

B
U

S
Y

B
it 10

B
u

sy (T
x S

tatu
s)—

W
hen this bit is high, it indicates that the 

transm
itter is busy sending a character. T

his bit is asserted 
w

hile the transm
itter state m

achine is not idle or the F
IF

O
 has 

data in it.

0 = T
ransm

itter is not sending a 
character

1 = T
ransm

itter is sending a 
character

C
T

S
1

S
T

A
T

B
it 9

C
T

S
1  S

tatu
s (C

T
S

1 B
it)—

T
his bit indicates the current status 

of the C
T

S
1  signal. A

 “snapshot” of the pin is taken im
m

edi-
ately before this bit is presented to the data bus. W

hile the 
N

O
C

T
S

1 bit is high, this bit can serve as a general-purpose 
input.

0 = C
T

S
1  signal is low

1 = C
T

S
1  signal is high

C
T

S
1

D
E

L
T

A
B

it 8

C
T

S
1 D

elta (C
T

S
1 B

it)—
W

hen this bit is high, it indicates that 
the C

T
S

1  signal changed state and generates a m
askable 

interrupt. T
he current state of the C

T
S

1 signal is available on 
the C

T
S

1 S
T

A
T

 bit. A
n im

m
ediate interrupt m

ay be generated 
by setting this bit high. T

he C
T

S
1  interrupt is cleared by w

riting 
0 to this bit.

0 = C
T

S
1 signal did not change 

state since it w
as last cleared

1 = C
T

S
1 signal has changed state

T
X

D
A

T
A

B
its 7–0

T
x D

ata (C
h

aracter) (W
rite-O

n
ly)—

T
his w

rite-only field is the 
parallel transm

it-data input. In 7-bit m
ode, bit 7 is ignored, and 

in 8-bit m
ode, all of the bits are used. D

ata is transm
itted w

ith 
the least significant bit first. A

 new
 character is transm

itted 
w

hen this field is w
ritten and has passed through the F

IF
O

.

S
ee description

T
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14.4.5  U
A

R
T

 1 M
iscellan

eo
u

s R
eg

ister
T

he U
A

R
T

 1 m
iscellaneous (U

M
IS

C
1) register contains m

iscellaneous bits to control test features of the 
U

A
R

T
 1 m

odule. S
om

e bits, how
ever, are only used for factory testing and should not be used. T

he bit 
position assignm

ents for this register are show
n in the follow

ing register display. T
he settings for this 

register are described in T
able

14-8.

U
M

IS
C

1
U

A
R

T
 1 M

iscellaneous R
egister

0x(F
F

)F
F

F
908

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

B
A

U
D

 
T

E
S

T

C
LK

 
S

R
C

F
O

R
C

E
 

P
E

R
R

LO
O

P
B

A
U

D
 

R
E

S
E

T

IR
 

T
E

S
T

R
T

S
1 

C
O

N
T

R
T

S
1

IR
D

A
E

N

IR
DALO

O
P

RXPO
L

T
XPO
L

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
14-8.   U

A
R

T
 1 M

iscellan
eo

u
s R
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N
am

e
D

escrip
tio

n
S

ettin
g

B
A

U
D

 
T

E
S

T
B

it 15

B
au

d
 R

ate G
en

erato
r T

estin
g

—
T

his bit puts the baud rate 
generator in test m

ode. T
he integer and non-integer prescal-

ers, as w
ell as the divider, are broken into 4-bit nibbles for test-

ing. T
his bit should rem

ain 0 for norm
al operation.

0 =
 N

orm
al m

ode.
1 =

 T
est m

ode.

C
L

K
S

R
C

B
it 14

C
lo

ck S
o

u
rce—

T
his bit selects the source of the 1x bit clock 

for transm
ission and reception. W

hen this bit is high, the bit 
clock is derived directly from

 the U
C

LK
 pin (it m

ust be config-
ured as an input). W

hen it is low
 (norm

al), the bit clock is sup-
plied by the baud rate generator. T

his bit allow
s high-speed 

synchronous applications, in w
hich a clock is provided by the 

external system
.

0 =
 B

it clock is generated by the 
baud rate generator.

1 =
 B

it clock is supplied by the 
U

C
LK

 pin.

F
O

R
C

E
 

P
E

R
R

B
it 13

F
o

rce P
arity E

rro
r—

W
hen this bit is high, it forces the trans-

m
itter to generate parity errors, if parity is enabled. T

his bit is 
for system

 debugging.

0 =
 G

enerate norm
al parity.

1 =
 G

enerate inverted parity (error).

L
O

O
P

B
it 12

L
o

o
p

b
ack—

T
his bit controls loopback for system

 testing pur-
poses. W

hen this bit is high, the receiver input is internally con-
nected to the transm

itter and ignores the R
X

D
1 pin. T

he T
X

D
1 

pin is unaffected by this bit.

0 =
 N

orm
al receiver operation.

1 =
 Internally connects the 

transm
itter output to the 

receiver input.

B
A

U
D

 
R

E
S

E
T

B
it 11

B
au

d
 R

ate G
en

erato
r R

eset—
T

his bit resets the baud rate 
generator counters.

0 =
 N

orm
al operation.

1 =
 R

eset baud counters.

IR
T

E
S

T
B

it 10
In

frared
 T

estin
g

—
T

his bit connects the output of the IrD
A

 cir-
cuitry to the T

X
D

1 pin. T
his provides test visibility to the IrD

A
 

m
odule. 

0 =
 N

orm
al operation.

1 =
 IrD

A
 test m

ode.

R
eserved

B
its 9–8

R
eserved

T
hese bits are reserved and should 

be set to 0.
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R
T

S
1 

C
O

N
T

B
it 7

R
T

S
1 C

o
n

tro
l—

T
his bit selects the function of the R

T
S

1 pin.
0 =

 R
T

S
1 pin is controlled by the 

R
T

S
1 bit.

1 =
 R

T
S

1 pin is controlled by the 
receiver F

IF
O

. W
hen no m

ore 
than four slots are available, 
R

T
S

1  is negated.

R
T

S
1

B
it 6

R
eq

u
est to

 S
en

d
 P

in
—

T
his bit controls the R

T
S

1 pin w
hen 

the R
T

S
1 C

O
N

T
 bit is 0.

0 =
 R

T
S

1 pin is 1.
1 =

 R
T

S
1  pin is 0.

IR
D

A
E

N
B

it 5
In

frared
 E

n
ab

le—
T

his bit enables the IrD
A

 interface.
0 =

 N
orm

al N
R

Z
 operation.

1 =
 IrD

A
 operation.

IR
D

A
 

L
O

O
P

B
it 4

L
o

o
p

 In
frared

—
T

his bit controls the loopback from
 the trans-

m
itter to the receiver in the IrD

A
 interface. T

his bit is used for 
system

 testing purposes.

0 =
 N

o infrared loop.
1 =

 C
onnect the infrared transm

itter 
to an infrared receiver.

R
X

P
O

L
B

it 3
R

eceive P
o

larity—
T

his bit controls the polarity of the received 
data.

0 =
 N

orm
al polarity (1 =

 idle).
1 =

 Inverted polarity (0 = idle).

T
X

P
O

L
B

it 2
T

ran
sm

it P
o

larity—
T

his bit controls the polarity of the trans-
m

itted data.
0 =

 N
orm

al polarity (1 =
 idle).

1 =
 Inverted polarity (0 = idle).

R
eserved

B
its 1–0

R
eserved

T
hese bits are reserved and should 

be set to 0.

T
ab

le
14-8.   U

A
R

T
 1 M

iscellan
eo

u
s R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
tio

n
S

ettin
g
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14.4.6  U
A

R
T

 1 N
o

n
-In

teg
er P

rescaler R
eg

ister
T

he U
A

R
T

 1 non-integer prescaler register (N
IP

R
1) contains the control bits for the non-integer prescaler. 

T
he bit position assignm

ents for this register are show
n in the follow

ing register display. T
he settings for 

this register are described in T
able

14-9.

N
IP

R
1

U
A

R
T

 1 N
on-Integer P

rescaler R
egister

0x(F
F

)F
F

F
90A

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

P
R

E
 

S
E

L
S

E
LE

C
T

S
T

E
P

 V
A

LU
E

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
14-9.   U

A
R

T
 1 N

o
n

-In
teg

er P
rescaler R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

P
R

E
S

E
L

B
it 15

P
rescaler S

electio
n

—
T

his bit selects 
the input to the baud rate generator 
divider. R

efer to F
igure

14-4 on 
page

14-7 for inform
ation about select-

ing the prescaler.

0 =
 D

ivider source is from
 the integer prescaler.

1 =
 D

ivider source is from
 the non-integer prescaler.

R
eserved

B
its 14–11

R
eserved

T
hese bits are reserved and should be set to 0.

S
E

L
E

C
T

B
its 10–8

T
ap

 S
electio

n
—

T
his field selects a tap 

from
 the non-integer divider.

000 = D
ivide range is 2 to 3

127/128 in 1/128 steps.
001 = D

ivide range is 4 to 7
63/64 in 1/64 steps.

010 = D
ivide range is 8 to 15

31/32 in 1/32 steps.
011 = D

ivide range is 16 to 31
15/16 in 1/16 steps.

100 = D
ivide range is 32 to 63

7/8 in 1/8 steps.
101 = D

ivide range is 64 to 127
3/4 in 1/4 steps.

110 = D
ivide range is 128 to 255

1/2 in 1/2 steps.
111 = D

isable the non-integer prescaler.

S
T

E
P

 
V

A
L

U
E

B
its 7–0

S
tep

 V
alu

e—
T

his field selects the 
non-integer prescaler’s step value.

0000 0000. S
tep =

 0.
0000 0001. S

tep =
 1.

...1111 1110. S
tep =

 254.
1111 1111. S

tep =
 255.
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14.4.7  N
o

n
-In

teg
er P

rescaler P
ro

g
ram

m
in

g
 E

xam
p

le
T

he follow
ing steps show

 how
 to generate a 3.072

M
H

z clock frequency from
 a 16.580608

M
H

z clock 
source.

1.
C

alculate the divisor:
divisor

=
16.580608

M
H

z
÷

3
.0

7
2

0
00

M
H

z
=

5
.3

9
7

33
3

2
.

F
in

d
 th

e valu
e for th

e
 S

E
L

E
C

T
 fie

ld
 in

 th
e

 N
IP

R
. T

he
 d

ivisor is be
tw

ee
n

 fo
u

r a
nd

 e
ig

h
t, so

 
Ta

b
le

1
4-1

 on
 p

ag
e

1
4-8

 in
dicates th

a
t th

e
 S

E
L

E
C

T
 field is 0

0
1

. T
h

e
 diviso

r step
 size fo

r 
th

e
 se

le
cte

d ran
g

e
 is on

e
 sixty-fou

rth
. 

3
.

F
in

d
 th

e n
u

m
b

e
r o

f ste
p

s to p
ro

g
ram

 in
to

 th
e

 S
T

E
P

 VA
L

U
E

 fie
ld

 by su
b

tractin
g

 th
e 

m
in

im
u

m
 d

iviso
r fro

m
 th

e d
iviso

r (5
.39

7
3

3
3

-
4

=
1

.3
9

7
3

33
) an

d
 d

ivid
in

g
 this va

lu
e

 by th
e

 
ste

p size
, w

h
ich

 is on
e

 sixty-fo
u

rth o
r 0

.0
15

6
2

5
 (1

.3
9

73
3

3
÷

0
.0

15
6

2
5

=
8

9.4
2

). T
h

e
 resu

lt 
sh

o
u

ld
 b

e rou
n

d
ed

 to the
 n

ea
rest integ

e
r va

lue
 an

d
 conve

rte
d

 to
 th

e
 hex e

q
u

iva
le

n
t: 

8
9 (de

cim
a

l)
=

5
9

 (h
ex)

T
h

e a
ctu

al diviso
r w

ill b
e 5

.3
90

6
2

5
, w

h
ich

 w
ill p

rod
u

ce a
 freq

u
en

cy o
f 3

.0
7

58
2

3
M

H
z 

(0
.1

2 p
e

rce
nt ab

ove
 th

e p
referre

d
 freq

u
en

cy).
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14.4.8  U
A

R
T

 2 S
tatu

s/C
o

n
tro

l R
eg

ister
T

he U
A

R
T

 2 status/control register (U
S

T
C

N
T

2) controls the overall operation of the U
A

R
T

 2 m
odule. 

T
he bit position assignm

ents for this register are show
n in the follow

ing register display. T
he settings for 

this register are described in T
able

14-10.

U
S

T
C

N
T

2
U

A
R

T
 2 S

tatus/C
ontrol R

egister
0x(F

F
)F

F
F

910
B

IT
 

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 

0

U
E

N
R

X
E

N
T

X
E

N
C

L
K

M
P

EN
O

DD
S

T
O

P
 

8/7
O

D
E

N
C

T
S

D
R

X
F

E
R

X
H

E
R

X
R

E
T

X
E

E
T

X
H

E
T

X
A

E

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
14-10.   U

A
R

T
 2 S

tatu
s/C

o
n

tro
l R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

U
E

N
B

it 15
U

A
R

T
 2 E

n
ab

le—
T

his bit enables the U
A

R
T

 2 m
odule. T

his bit 
resets to 0.

N
o

te:
W

hen the U
A

R
T

 2 m
odule is first enabled after a hard 

reset and before the interrupts are enabled, set the U
E

N
 and 

R
X

E
N

 bits and perform
 a w

ord read operation on the U
R

X
 

register to initialize the F
IF

O
 and character status bits.

0 =
 U

A
R

T
 2 m

odule is disabled
1 =

 U
A

R
T

 2 m
odule is enabled

R
X

E
N

B
it 14

R
eceiver E

n
ab

le—
T

his bit enables the receiver block. T
his bit 

resets to 0.
0 =

 R
eceiver is disabled and the 
receive F

IF
O

 is flushed
1 =

 R
eceiver is enabled

T
X

E
N

B
it 13

T
ran

sm
itter E

n
ab

le—
T

his bit enables the transm
itter block. 

T
his bit resets to 0.

0 =
 T

ransm
itter is disabled and the 

transm
it F

IF
O

 is flushed
1 =

 T
ransm

itter is enabled

C
L

K
M

B
it 12

C
lo

ck M
o

d
e S

electio
n

—
T

his bit selects the receiver’s operat-
ing m

ode. W
hen this bit is low

, the receiver is in 16x m
ode, in 

w
hich it synchronizes to the incom

ing datastream
 and sam

ples 
at the perceived center of each bit period. W

hen this bit is high, 
the receiver is in 1x m

ode, in w
hich it sam

ples the datastream
 

on each rising edge of the bit clock. In 1x m
ode, the bit clock is 

driven by C
LK

16. T
his bit resets to 0.

0 =
 16x clock m

ode (asynchronous 
m

ode)
1 =

 1x clock m
ode (synchronous 

m
ode)

P
E

N
B

it 11
P

arity E
n

ab
le—

T
his bit controls the parity generator in the 

transm
itter and the parity checker in the receiver. 

0 =
 P

arity is disabled
1 =

 P
arity is enabled

O
D

D
B

it 10
O

d
d

 P
arity—

T
his bit controls the sense of the parity generator 

and checker. T
his bit has no function if the P

E
N

 bit is low
.

0 =
 E

ven parity
1 =

 O
dd parity

S
T

O
P

B
it 9

S
to

p
 B

it T
ran

sm
issio

n
—

T
his bit controls the num

ber of stop 
bits transm

itted after a character. T
his bit has no effect on the 

receiver, w
hich expects one or m

ore stop bits.

0 =
 O

ne stop bit is transm
itted

1 =
 T

w
o stop bits are transm

itted

8/7
B

it 8
8- o

r 7-B
it—

T
his bit controls the character length. W

hen this 
bit is set to 7-bit operation, the transm

itter ignores data bit 7 
and, w

hen receiving, the receiver forces data bit 7 to 0.

0 =
 7-bit transm

it-and-receive 
character length

1 =
 8-bit transm

it-and-receive 
character length
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O
D

E
N

B
it 7

O
ld

 D
ata E

n
ab

le—
T

his bit enables an interrupt w
hen the O

LD
 

D
A

T
A

 bit in the U
R

X
 register is set.

0 =
 O

LD
 D

A
T

A
 interrupt is disabled

1 =
 O

LD
 D

A
T

A
 interrupt is enabled

C
T

S
D

B
it 6

C
T

S
2 D

elta E
n

ab
le—

W
hen this bit is high, it enables an inter-

rupt w
hen the C

T
S

2 pin changes state. W
hen it is low

, this 
interrupt is disabled. T

he current status of the C
T

S
2 pin is read 

in the U
T

X
 register.

0 =
 C

T
S

2 interrupt is disabled
1 =

 C
T

S
2  interrupt is enabled

R
X

F
E

B
it 5

R
eceiver F

u
ll E

n
ab

le—
W

hen this bit is high, it enables an 
interrupt w

hen the receiver F
IF

O
 is full. T

his bit resets to 0.
0 =

 R
X

 F
U

LL interrupt is disabled
1 =

 R
X

 F
U

LL interrupt is enabled

R
X

H
E

B
it 4

R
eceiver H

alf E
n

ab
le—

W
hen this bit is high, it enables an 

interrupt w
hen the receiver F

IF
O

 is m
ore than half full. T

his bit 
resets to 0.

0 =
 R

X
 H

A
LF

 interrupt is disabled
1 =

 R
X

 H
A

LF
 interrupt is enabled

R
X

R
E

B
it 3

R
eceiver R

ead
y E

n
ab

le—
W

hen this bit is high, it enables an 
interrupt w

hen the receiver has at least 1 data byte in the F
IF

O
. 

W
hen it is low

, this interrupt is disabled.

0 =
 R

X
 interrupt is disabled

1 =
 R

X
 interrupt is enabled

T
X

E
E

B
it 2

T
ran

sm
itter E

m
p

ty E
n

ab
le—

W
hen this bit is high, it enables 

an interrupt w
hen the transm

itter F
IF

O
 is em

pty and needs 
data. W

hen it is low
, this interrupt is disabled.

0 =
 T

X
 E

M
P

T
Y

 interrupt is disabled
1 =

 T
X

 E
M

P
T

Y
 interrupt is enabled

T
X

H
E

B
it 1

T
ran

sm
itter H

alf E
m

p
ty E

n
ab

le—
W

hen this bit is high, it 
enables an interrupt w

hen the transm
it F

IF
O

 is less than half 
full. W

hen it is low
, the T

X
 H

A
LF

 interrupt is disabled. T
his bit 

resets to 0.

0 =
 T

X
 H

A
LF

 interrupt is disabled
1 =

 T
X

 H
A

LF
 interrupt is enabled

T
X

A
E

B
it 0

T
ran

sm
itter A

vailab
le fo

r N
ew

 D
ata—

W
hen this bit is high, it 

enables an interrupt if the transm
itter has a slot available in the 

F
IF

O
. W

hen it is low
, this interrupt is disabled. T

his bit resets to 
0.

0 =
 T

X
 A

V
A

IL interrupt is disabled
1 =

 T
X

 A
V

A
IL interrupt is enabled

T
ab

le
14-10.   U

A
R

T
 2 S

tatu
s/C

o
n

tro
l R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
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e
D

escrip
tio

n
S

ettin
g
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14.4.9  U
A

R
T

 2 B
au

d
 C

o
n

tro
l R

eg
ister

T
he U

A
R

T
 2 baud control (U

B
A

U
D

2) register controls the operation of the baud rate generator, the 
integer prescaler, and the U

C
L

K
 signal. T

he bit position assignm
ents for this register are show

n in the 
follow

ing register display. T
he settings for this register are described in T

able
14-11.

U
B

A
U

D
2

U
A

R
T

 2 B
aud C

ontrol R
egister

0x(F
F

)F
F

F
912

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

U
C

LK
D

IR
B

A
U

D
 

S
R

C
D

IV
ID

E
P

R
E

S
C

A
LE

R

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
1

1
1

1
1

1

0x003F

T
ab

le
14-11.   U

A
R

T
 2 B

au
d

 C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–14

R
eserved

T
hese bits are reserved and should be set to 0.

U
C

L
K

D
IR

B
it 13

U
C

L
K

 D
irectio

n
—

T
his bit controls the 

direction of the U
C

LK
 signal. W

hen this bit 
is low

, the signal is an input, and w
hen it is 

high, it is an output. H
ow

ever, the S
E

Lx bit 
in the P

ort E
 registers m

ust be 0. S
ee 

S
ection

10.4.6, “P
ort E

 R
egisters,” on 

page
10-21 for m

ore inform
ation.

0 =
 U

C
LK

 is an input.
1 =

 U
C

LK
 is an output.

R
eserved

B
it 12

R
eserved

T
his bit is reserved and should be set to 0.

B
A

U
D

 S
R

C
B

it 11
B

au
d

 S
o

u
rce—

T
his bit controls the clock 

source to the baud rate generator.
0 =

 B
aud rate generator source is from

 system
 

clock.
1 =

 B
aud rate generator source is from

 U
C

LK
 pin 

(U
C

LK
D

IR
 m

ust be set to 0).

D
IV

ID
E

B
its 10–8

D
ivid

e—
T

hese bits control the clock fre-
quency produced by the baud rate genera-
tor.

000 = D
ivide by 1.

001 = D
ivide by 2.

010 = D
ivide by 4.

011 = D
ivide by 8.

100 = D
ivide by 16.

101 = D
ivide by 32.

110 = D
ivide by 64.

111 = D
ivide by 128.

R
eserved

B
its 7–6

R
eserved

T
hese bits are reserved and should be set to 0.

P
R

E
S

C
A

L
E

R
B

its 5–0
P

rescaler—
T

hese bits control the division 
value of the baud generator prescaler. T

he 
division value is determ

ined by the follow
-

ing form
ula:

P
rescaler division value =

 
65 (decim

al) – P
R

E
S

C
A

LE
R

S
ee description.
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14.4.10  U
A

R
T

 2 R
eceiver R

eg
ister

T
he U

A
R

T
 2 receiver (U

R
X

2) register indicates the status of the receiver F
IFO

 and character data. T
he 

F
IF

O
 status bits reflect the current status of the F

IF
O

. A
t initial pow

er up, these bits contain random
 data. 

B
efore the receiver interrupts are enabled, the U

E
N

 and R
X

E
N

 bits in the U
S

T
C

N
T

 register should be set. 
R

eading the U
A

R
T

 2 receiver register initializes the F
IF

O
 status bits. T

he receiver interrupts can then be 
enabled. H

ow
ever, the character status bits are only valid w

hen read w
ith the character bits in a 16-bit read 

access. T
he bit position assignm

ents for this register are show
n in the follow

ing register display. T
he 

settings for this register are described in T
able

14-12.

U
R

X
2

U
A

R
T

 2 R
eceiver R

egister
0x(F

F
)F

F
F

914
B

IT
 

15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 

0

F
IFO
 

F
ULL

F
IF

O
 

H
A

LF
D

A
T

A
 

R
E

A
D

Y
O

LD
 

D
A

T
A

O
V

R
U

N
F

R
A

M
E

 
E

R
R

O
R

B
R

E
A

K

P
A

R
IT

Y
E

R
R

O
R

R
X

 D
A

T
A

T
Y

P
E

r
r

r
r

r
r

r
r

r
r

r
r

r
r

r
r

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
14-12.   U

A
R

T
 2 R

eceiver R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

F
IF

O
 

F
U

L
L

B
it 15

F
IF

O
 F

u
ll (F

IF
O

 S
tatu

s)—
T

his read-only bit indicates that the 
receiver F

IF
O

 is full and m
ay generate an overrun. T

his bit gen-
erates a m

askable interrupt.

0 =
 R

eceiver F
IF

O
 is not full

1 =
 R

eceiver F
IF

O
 is full

F
IF

O
 

H
A

L
F

B
it 14

F
IF

O
 H

alf (F
IF

O
 S

tatu
s)—

T
his read-only bit indicates that the 

receiver F
IF

O
 has four or few

er slots rem
aining in the F

IF
O

. 
T

his bit generates a m
askable interrupt.

0 =
 R

eceiver F
IF

O
 has m

ore than 
four slots rem

aining
1 =

 R
eceiver F

IF
O

 has four or few
er 

slots rem
aining

D
A

T
A

 
R

E
A

D
Y

B
it 13

D
ata R

ead
y (F

IF
O

 S
tatu

s)—
T

his read-only bit indicates that at 
least 1 byte is present in the receive F

IF
O

. T
he character bits 

are valid only w
hile this bit is set. T

his bit generates a m
askable 

interrupt.

0 =
 N

o data in the receiver F
IF

O
1 =

 D
ata in the receiver F

IF
O

O
L

D
 

D
A

T
A

B
it 12

O
ld

 D
ata (F

IF
O

 S
tatu

s)—
T

his read-only bit indicates that data 
in the F

IF
O

 is older than 30 bit tim
es. It is useful in situations 

w
here the F

IF
O

 F
U

LL or F
IF

O
 H

A
LF

 interrupts are used. If 
there is data in the F

IF
O

, but the am
ount is below

 the F
IF

O
 

H
A

LF
 interrupt threshold, a m

askable interrupt can be gener-
ated to alert the softw

are that unread data is present. T
his bit 

clears w
hen the character bits are read.

0 =
 F

IF
O

 is em
pty or the data in the 

F
IF

O
 is <

 30 bit tim
es old

1 =
 D

ata in the F
IF

O
 is >

 30 bit tim
es 

old

O
V

R
U

N
B

it 11
F

IF
O

 O
verru

n
 (C

h
aracter S

tatu
s)—

T
his read-only bit indi-

cates that the receiver overw
rote data in the F

IF
O

. T
he charac-

ter w
ith this bit set is valid, but at least one previous character 

w
as lost. In norm

al circum
stances, this bit should never be set. 

It indicates the softw
are is not keeping up w

ith the incom
ing 

data rate. T
his bit is updated and valid for each received char-

acter.

0 =
 N

o F
IF

O
 overrun occurred

1 =
 A

 F
IF

O
 overrun w

as detected
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14.4.11  U
A

R
T

 2 T
ran

sm
itter R

eg
ister

T
he U

A
R

T
 2 transm

itter (U
T

X
2) register controls how

 the transm
itter operates. T

he bit position 
assignm

ents for this register are show
n in the follow

ing register display. T
he settings for this register are 

described in T
able

14-13.

U
T

X
2

U
A

R
T

 2 T
ransm

itter R
egister

0x(F
F

)F
F

F
916

F
R

A
M

E
 

E
R

R
O

R
B

it 10

F
ram

e E
rro

r (C
h

aracter S
tatu

s)—
T

his read-only bit indicates 
that the current character had a fram

ing error (m
issing stop bit), 

w
hich indicates that there m

ay be corrupted data. T
his bit is 

updated for each character read from
 the F

IF
O

.

0 =
 C

haracter has no fram
ing error

1 =
 C

haracter has a fram
ing error

B
R

E
A

K
B

it 9
B

reak (C
h

aracter S
tatu

s)—
T

his read-only bit indicates that 
the current character w

as detected as a B
R

E
A

K
. T

he data bits 
are all 0 and the stop bit is also 0. T

he F
R

A
M

E
 E

R
R

O
R

 bit w
ill 

alw
ays be set w

hen this bit is set, and if odd parity is selected, 
P

A
R

IT
Y

 E
R

R
O

R
 w

ill also be set. T
his bit is updated and valid 

w
ith each character read from

 the F
IF

O
.

0 =
 C

haracter is not a break 
character

1 =
 C

haracter is a break character

P
A

R
IT

Y
 

E
R

R
O

R
B

it 8

P
arity E

rro
r (C

h
aracter S

tatu
s)—

T
his read-only bit indicates 

that the current character w
as detected w

ith a parity error, 
w

hich indicates that there m
ay be corrupted data. T

his bit is 
updated and valid w

ith each character read from
 the F

IF
O

. 
W

hile parity is disabled, this bit alw
ays reads 0.

S
ee description

R
X

 
D

A
T

A
B

its 7–0

R
x D

ata (C
h

aracter D
ata)—

T
his read-only field is the top 

receive character in the F
IF

O
. T

he bits have no m
eaning if the 

D
A

T
A

 R
E

A
D

Y
 bit is 0. In 7-bit m

ode, the m
ost significant bit is 

forced to 0, and in 8-bit m
ode, all bits are active.

S
ee description

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

F
IF

O
 

E
M

P
T

Y
F

IF
O

 
H

A
LF

T
X

 
A

V
A

IL
S

E
N

D
 

B
R

E
A

K
N

O
 

C
T

S
2 

BUSY

C
T

S
2 

S
T

A
T

C
T

S
2 

D
E

LT
A

T
X

 D
A

T
A

T
Y

P
E

r
r

r
rw

rw
rw

rw
rw

w
w

w
w

w
w

w
w

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
14-13.   U

A
R

T
 2 T

ran
sm

itter R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

F
IF

O
 

E
M

P
T

Y
B

it 15

F
IF

O
 E

m
p

ty (F
IF

O
 S

tatu
s)—

T
his read-only bit indicates that 

the transm
itter F

IF
O

 is em
pty. T

his bit generates a m
askable 

interrupt.

0 =
 T

ransm
itter F

IF
O

 is not em
pty

1 =
 T

ransm
itter F

IF
O

 is em
pty

T
ab

le
14-12.   U

A
R

T
 2 R

eceiver R
eg

ister D
escrip

tio
n

 (C
o

n
tin

u
ed

)

N
am

e
D

escrip
tio

n
S

ettin
g
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F
IF

O
 

H
A

L
F

B
it 14

F
IF

O
 H

alf (F
IF

O
 S

tatu
s)—

T
his read-only bit indicates that the 

transm
itter F

IF
O

 is less than half full. T
his bit generates a 

m
askable interrupt.

0 =
 T

ransm
itter F

IF
O

 is m
ore than 

half full
1 =

 T
ransm

itter F
IF

O
 is less than 

half full

T
X

 
A

V
A

IL
B

it 13

T
ran

sm
it F

IF
O

 H
as a S

lo
t A

vailab
le (F

IF
O

 S
tatu

s)—
T

his 
read-only bit indicates that the transm

itter F
IF

O
 has at least 

one slot available for data. T
his bit generates a m

askable 
interrupt.

0 =
 T

ransm
itter does not need data

1 =
 T

ransm
itter needs data

S
E

N
D

 
B

R
E

A
K

B
it 12

S
en

d
 B

reak (T
x C

o
n

tro
l)—

T
his bit forces the transm

itter to 
im

m
ediately send continuous zeros, w

hich creates a break 
character. S

ee S
ection

14.3.1.2, “C
T

S
 S

ignal O
peration,” for a 

description of how
 to generate a break.

0 =
 N

orm
al transm

ission
1 =

 S
end break (continuous zeros)

N
O

C
T

S
2

B
it 11

Ig
n

o
re C

T
S

2  (T
x C

o
n

tro
l)—

W
hen this bit is high, it forces the 

C
T

S
2 signal that is presented to the transm

itter to alw
ays be 

asserted, w
hich effectively ignores the external pin.

0 =
 T

ransm
it only w

hile the C
T

S
2  

signal is asserted
1 =

 Ignore the C
T

S
2 signal

B
U

S
Y

B
it 10

B
u

sy (T
x S

tatu
s)—

W
hen this bit is high, it indicates that the 

transm
itter is busy sending a character. T

his bit is asserted 
w

hile the transm
itter state m

achine is not idle or the F
IF

O
 has 

data in it.

0 =
 T

ransm
itter is not sending a 

character
1 =

 T
ransm

itter is sending a 
character

C
T

S
2 

S
T

A
T

B
it 9

C
T

S
2 S

tatu
s (C

T
S

2 B
it)—

T
his bit indicates the current status 

of the C
T

S
2 signal. A

 “snapshot” of the pin is taken im
m

edi-
ately before this bit is presented to the data bus. W

hile the 
N

O
C

T
S

2 bit is high, this bit can serve as a general-purpose 
input.

0 =
 C

T
S

2  signal is low
1 =

 C
T

S
2  signal is high

C
T

S
2 

D
E

L
T

A
B

it 8

C
T

S
2 D

elta (C
T

S
2 B

it)—
W

hen this bit is high, it indicates that 
the C

T
S

2 signal changed state and generates a m
askable 

interrupt. T
he current state of the C

T
S

2 signal is available on 
the C

T
S

2 S
T

A
T

 bit. A
n im

m
ediate interrupt m

ay be generated 
by setting this bit high. T

he C
T

S
2 interrupt is cleared by w

riting 
0 to this bit.

0 =
 C

T
S

2 signal did not change 
state since it w

as last cleared
1 =

 C
T

S
2 signal has changed state

T
X

 
D

A
T

A
B

its 7–0

T
x D

ata (C
h

aracter) (W
rite-O

n
ly)—

T
his w

rite-only field is the 
parallel transm

it-data input. In 7-bit m
ode, bit 7 is ignored, and 

in 8-bit m
ode, all of the bits are used. D

ata is transm
itted w

ith 
the least significant bit first. A

 new
 character is transm

itted 
w

hen this field is w
ritten and has passed through the F

IF
O

.

S
ee description

T
ab

le
14-13.   U

A
R

T
 2 T

ran
sm

itter R
eg

ister D
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)

N
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D
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n
S
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14.4.12  U
A

R
T

 2 M
iscellan

eo
u

s R
eg

ister
T

he U
A

R
T

 2 m
iscellaneous (U

M
IS

C
2) register contains m

iscellaneous bits to control test features of the 
U

A
R

T
 2 m

odule. S
om

e bits, how
ever, are only used for factory testing and should not be used. T

he bit 
position assignm

ents for this register are show
n in the follow

ing register display. T
he settings for this 

register are described in T
able

14-14.

U
M

IS
C

2
U

A
R

T
 2 M

iscellaneous R
egister

0x(F
F

)F
F

F
918

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

B
A

U
D

 
T

E
S

T

C
LK

 
S

RC

F
O

R
C

E
 

P
E

R
R

LO
O

P

B
A

U
D

 
R

E
S

E
T

IR
 

T
E

S
T

R
T

S
2 

C
O

N
T

R
T

S
2

IRD
A

 
E

N

IR
DA
 

LO
O

P

R
X

P
OL

T
X

P
OL

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
14-14.   U

A
R

T
 2 M

iscellan
eo

u
s R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

B
A

U
D

 
T

E
S

T
B

it 15

B
au

d
 R

ate G
en

erato
r T

estin
g

—
T

his bit puts the baud rate 
generator in test m

ode. T
he integer and non-integer prescal-

ers, as w
ell as the divider, are broken into 4-bit nibbles for test-

ing. T
his bit should rem

ain 0 for norm
al operation.

0 =
 N

orm
al m

ode.
1 =

 T
est m

ode.

C
L

K
S

R
C

B
it 14

C
lo

ck S
o

u
rce—

T
his bit selects the source of the 1x bit clock 

for transm
ission and reception. W

hen this bit is high, the bit 
clock is derived directly from

 the U
C

LK
 pin (it m

ust be config-
ured as an input). W

hen it is low
 (norm

al), the bit clock is sup-
plied by the baud rate generator. T

his bit allow
s high-speed 

synchronous applications, in w
hich a clock is provided by the 

external system
.

0 =
 B

it clock is generated by the 
baud rate generator.

1 =
 B

it clock is supplied by the 
U

C
LK

 pin.

F
O

R
C

E
 

P
E

R
R

B
it 13

F
o

rce P
arity E

rro
r—

W
hen this bit is high, it forces the trans-

m
itter to generate parity errors, if parity is enabled. T

his bit is 
for system

 debugging.

0 =
 G

enerate norm
al parity.

1 =
 G

enerate inverted parity (error).

L
O

O
P

B
it 12

L
o

o
p

b
ack—

T
his bit controls loopback for system

 testing pur-
poses. W

hen this bit is high, the receiver input is internally con-
nected to the transm

itter and ignores the R
X

D
2 pin. T

he T
X

D
2 

pin is unaffected by this bit.

0 =
 N

orm
al receiver operation.

1 =
 Internally connects the 

transm
itter output to the 

receiver input.

B
A

U
D

 
R

E
S

E
T

B
it 11

B
au

d
 R

ate G
en

erato
r R

eset—
T

his bit resets the baud rate 
generator counters. 

0 =
 N

orm
al operation.

1 =
 R

eset baud counters.

IR
T

E
S

T
B

it 10
In

frared
 T

estin
g

—
T

his bit connects the output of the IrD
A

 cir-
cuitry to the T

X
D

2 pin. T
his provides test visibility to the IrD

A
 

m
odule. 

0 =
 N

orm
al operation.

1 =
 IrD

A
 test m

ode.

R
eserved

B
its 9–8

R
eserved

T
hese bits are reserved and should 

be set to 0.
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R
T

S
2 

C
O

N
T

B
it 7

R
T

S
2 C

o
n

tro
l—

T
his bit selects the function of the R

T
S

2 pin.
0 =

 R
T

S
2 pin is controlled by the 

R
T

S
2 bit.

1 =
 R

T
S

2 pin is controlled by the 
receiver F

IF
O

. W
hen no m

ore 
than four slots are available, 
R

T
S

2  is negated.

R
T

S
2

B
it 6

R
eq

u
est to

 S
en

d
 P

in
—

T
his bit controls the R

T
S

2 pin w
hen 

the R
T

S
2 C

O
N

T
 bit is 0.

0 =
 R

T
S

2 pin is 1.
1 =

 R
T

S
2  pin is 0.

IR
D

A
E

N
B

it 5
In

frared
 E

n
ab

le—
T

his bit enables the IrD
A

 interface.
0 =

 N
orm

al N
R
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P
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T
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input to the baud rate generator divider. 
R

efer to F
igure

14-4 on page
14-7 for infor-

m
ation about selecting the prescaler.

0 =
 D

ivider source is from
 the integer prescaler.

1 =
 D

ivider source is from
 the non-integer prescaler.

R
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B
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R
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hese bits are reserved and should be set to 0.

S
E

L
E

C
T
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T
ap
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n
—

T
his field selects a tap from

 
the non-integer divider.
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ivide range is 32 to 63
7/8 in 1/8 steps.
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he bit position assignm
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n in the follow
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register display. T
he settings for this register are described in T

able
14-16.
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T
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O

 L
evel M

arker—
T

his field defines the level at w
hich 

the T
xF

IF
O
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arker is set. W

hen the T
xF

IF
O

 status m
atches 

the level m
arker selected here, the T

xF
IF

O
 half status bit is set 

and the T
X

F
IF

O
 H

A
LF

 interrupt is generated if it is enabled.

S
ee T

able
14-17 on page

14-30 for 
settings.

R
eserved

B
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R
eserved

T
hese bits are reserved and should 
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the R
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 m
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 status m
atches 
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 half status bit is 
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O
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A
LF

 interrupt is generated if it is 
enabled.
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ee T

able
14-17 on page

14-30 for 
settings.
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 can
 rep

rod
u

ce the
 co

nten
ts o

f a so
un

d
 file

, it is n
ece

ssa
ry 

to
 u

se
 a sa

m
p

ling
 fre

qu
e

n
cy th

a
t is e

q
ua

l to
 o

r an
 e

ve
n

 m
u

ltip
le

 o
f th

e
 on

e
 u

se
d

 to
 orig

ina
lly re

co
rd th

e 
so

u
n

d
 fo

r th
e

 b
est q

u
ality re

pro
du

ctio
n. 

P
W

M
 1

 p
ro

d
u

ce
s va

riab
le-w

id
th p

u
lse

s a
t a

 co
n

sta
nt freq

u
e

ncy. T
h

e
 w

id
th o

f th
e p

u
lse is p

rop
o

rtio
n

al to
 

th
e

 a
n

alo
g vo

ltag
e

 o
f a

 p
a

rticu
la

r a
ud

io sam
ple. A

t the
 b

eg
in

n
in

g
 of a sa

m
p

le p
erio

d
 cycle

, the
 P

W
M

O
 p

in
 

is se
t to

 1
 an

d the
 cou

n
te

r b
e

g
in

s co
u

ntin
g

 u
p fro

m
 0

x00
. T

h
e sam

ple
 va

lu
e

 is co
m

p
a

re
d

 on
 e

ach
 co

u
n

t o
f 

th
e

 prescaler clo
ck. W

h
e

n
 th

e sa
m

p
le

 an
d

 co
u

n
t valu

es m
a

tch
, th

e P
W

M
O

 sig
na

l is cle
a

re
d

 to
 0. T

h
e

 
co

u
n

te
r con

tin
u

es co
u

ntin
g

, a
n

d w
h

en
 it o

verflo
w

s fro
m

 0
xF

F
 to 0

x0
0

, a
n

o
th

er sa
m

p
le

 p
e

riod
 cycle

 b
e

g
in

s. 
T

he
 p

re
sca

le
r clo

ck (P
C

L
K

) ru
ns 2

5
6 tim

e
s fa

ster th
a

n th
e sam

plin
g

 ra
te

 w
h

en
 th

e
 P

E
R

IO
D

 fie
ld

 o
f the

 
P

W
M

P
 reg

ister is at its m
a

xim
u

m
 va

lu
e

; for 16
kH

z sa
m

p
ling

, P
C

L
K

 is 4
.09

6
M

H
z. F

or 
h

um
an

-vo
ice

-q
u

ality so
u

nd
, th

e
 sa

m
p

lin
g

 fre
q

u
en

cy is e
ith

er 8
kH

z o
r 1

6
kH

z.

F
ig

u
re

15
-3

 illu
stra

te
s h

o
w

 varia
b

le
-w

id
th

 p
ulse

s affe
ct an

 a
u

dio
 w

ave
fo

rm
.

F
ig

u
re

15-3.   A
u

d
io

 W
avefo

rm
 G

en
eratio

n

D
ig

ita
l sa

m
p

le
 va

lu
e

s ca
n

 b
e lo

a
de

d
 into

 th
e

 p
u

lse-w
idth

 m
o

d
ula

to
r eith

e
r a

s p
a

cke
d 2

-sam
p

le 1
6-b

it w
o

rd
s 

(b
ig

 e
n

d
ia

n
 fo

rm
at) or a

s in
d

ivid
u

al 8
-b

it b
yte

s. A
 5

-b
yte

 F
IF

O
 m

in
im

ize
s in

te
rrup

t o
ve

rhe
a

d. A
 m

a
ska

b
le

 
in

te
rru

p
t is g

en
e

ra
te

d
 w

h
en

 th
e

re
 are

 1 o
r 0

 b
yte

s in th
e F

IF
O

, in w
h

ich
 case

 th
e so

ftw
are ca

n w
rite e

ith
er 

fo
u

r 1
-b

yte
 sam

ples o
r tw

o 2
-sa

m
p

le
 w

o
rd

s in
to

 th
e

 F
IF

O
. W

h
e

n a
 1

6
kH

z sa
m

p
lin

g fre
q

u
en

cy is b
e

in
g

 
u

se
d

 to
 play b

a
ck 8

kH
z sam

p
led

 d
ata

 w
hile

 w
ritin

g 4
 b

yte
s a

t e
ach

 in
te

rru
pt, in

te
rru

p
ts occur eve

ry 
5

00µ
s. 

15.3.1.1   T
o

n
e M

o
d

e

In
 to

n
e m

o
d

e
, th

e p
u

lse-w
id

th m
o

d
u

la
to

r g
e

ne
rates a co

ntin
u

o
us to

n
e a

t a
 sin

g
le

 fre
qu

e
n

cy w
h

en
 th

e
 P

W
M

 
re

g
iste

rs a
re

 pro
gram

m
e

d. T
h

e
 lo

w
est fre

q
u

en
cy th

at ca
n

 b
e

 g
en

e
ra

te
d

 is 0.2
5

H
z. 

15.3.1.2   D
/A

 M
o

d
e

T
he

 p
u

lse
-w

idth
 m

o
d

ulato
r ca

n ou
tpu

t a freq
u

en
cy w

ith
 a differe

nt p
u

lse w
id

th
 if a

 low
-p

ass filter is a
d

de
d

 
at th

e
 P

W
M

O
 sig

n
a

l. It ca
n

 be
 u

se
d

 to
 pro

d
uce

 a d
iffe

re
n

t D
C

 leve
l w

h
e

n p
rog

ram
m

ed
 u

sin
g th

e sa
m

ple 
field

s in the
 P

W
M

S
1

 reg
ister. W

h
e

n u
sed

 in
 th

is m
a

n
n

er, it b
e

co
m

e
s a D

/A
 co

n
verte

r. 

P
ulse-W

idth M
odulation S

tream

F
iltered A

udio
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15.4   P
ro

g
ram

m
in

g
 M

o
d

el
T

his section contains program
m

ing inform
ation about both P

W
M

 1 and P
W

M
 2. 

15.4.1  P
W

M
 1 C

o
n

tro
l R

eg
ister

T
his register controls the operation of the pulse-w

idth m
odulator, and it also contains the status of the 

P
W

M
 1 F

IF
O

. T
he register bit assignm

ents are show
n in the follow

ing register display. T
he register 

settings are described in T
able

15-1.

P
W

M
C

1
P

W
M

 1 C
ontrol R

egister
0x(F

F
)F

F
F

500
B

IT
 15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 0

C
LK

S
R

C
P

R
E

S
C

A
LE

R
IR

Q
IR

Q
E

N
F

IF
O

A
V

E
N

R
E

P
E

A
T

C
LK

S
E

L

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

w
w

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
1

0
0

0
0

0

0x0020

T
ab

le
15-1.   P

W
M

 1 C
o

n
tro

l R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

C
L

K
S

R
C

B
it 15

C
lo

ck S
o

u
rce—

T
his bit is used to select the 

clock source to the pulse-w
idth m

odulator. 
0 =

 S
Y

S
C

LK
 source is selected (default).

1 =
 C

LK
32 is selected.

N
o

te:
32.768

kH
z clock source is selected 

w
hen using a 32.768

kH
z crystal. If a 38.4

kH
z 

crystal is used, 38.4
kH

z is selected.

P
R

E
S

C
A

L
E

R
B

its 14–8
P

rescaler—
T

his field is used to scale dow
n 

the incom
ing clock to divide by the 

prescaler
+

1. T
he prescaler is norm

ally used 
to generate a low

 single-tone P
W

M
O

 signal. 
F

or voice m
odulation, these bits are set to 0 

(divide by 1). T
he default value is 0.

A
ny value betw

een 0 and 127.

IR
Q

B
it 7

In
terru

p
t R

eq
u

est—
T

his bit indicates that the 
F

IF
O

 has one or no bytes rem
aining, w

hich 
can be a signal of the need to fill the F

IF
O

 by 
w

riting no m
ore than tw

o 16-bit w
ords into the 

P
W

M
S

 register. T
his bit autom

atically clears 
itself after this register is read, thus elim

inating 
an extra w

rite cycle in the interrupt service rou-
tine. If the IR

Q
E

N
 bit is 0, this bit can be polled 

to indicate the status of the period com
parator. 

T
his bit can be set to im

m
ediately post a P

W
M

 
interrupt for debugging purposes.

0 =
 T

he F
IF

O
 is not em

pty.
1 =

 T
he F

IF
O

 has one or no sam
ple bytes 

rem
aining.

IR
Q

E
N

B
it 6

In
terru

p
t R

eq
u

est E
n

ab
le—

T
his bit controls 

the pulse-w
idth m

odulator interrupt. W
hile this 

bit is low
, the interrupt is disabled.

0 =
 T

he P
W

M
 interrupt is disabled (default).

1 =
 T

he P
W

M
 interrupt is enabled.
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15-5

F
IF

O
A

V
B

it 5
F

IF
O

 A
vailab

le—
T

his bit indicates that the 
F

IF
O

 is available for at least 1 byte of sam
ple 

data. D
ata bytes can be loaded into the F

IF
O

 
as long as this bit is set. If the F

IF
O

 is loaded 
w

hile this bit is cleared, the w
rite w

ill be 
ignored.

0 =
 F

IF
O

 not available.
1 =

 F
IF

O
 available (default).

E
N

B
it 4

E
n

ab
le—

T
his bit enables or disables the 

pulse-w
idth m

odulator. If this bit is not enabled, 
w

riting to other pulse-w
idth m

odulator registers 
is ignored.

0 =
 D

isabled*
1 =

 E
nabled**

R
E

P
E

A
T

B
its 3–2

S
am

p
le R

ep
eats—

T
hese w

rite-only bits select 
the num

ber of tim
es each sam

ple is repeated.
T

he repeat feature reduces the interrupt over-
head, thus reducing C

P
U

 loading w
hen audio 

data is played back at a higher rate, and allow
s 

the use of a low
er cost low

-pass filter. F
or 

exam
ple, if the audio data is sam

pled at 8
kH

z 
and the data is played back at 8

kH
z again, an 

8
kH

z hum
m

ing noise (carrier) is generated 
during playback. T

o filter this carrier, a 
high-quality low

-pass filter is required. F
or a 

higher playback rate, it is possible to recon-
struct sam

ples at 16
kH

z by using the sam
ple 

tw
ice. T

his m
ethod shifts the carrier from

 an 
audible 8

kH
z to a less sensitive 16

kH
z fre-

quency range, thus providing better 
sound-quality output. 

00 =
 N

o sam
ples are repeated (play sam

ple 
once). T

his is the default.
01 =

 R
epeat one tim

e (play sam
ple tw

ice).
10 =

 R
epeat three tim

es (play sam
ple four 

tim
es).

11 =
 R

epeat seven tim
es (play sam

ple eight 
tim

es).

C
L

K
S

E
L

B
its 1–0

C
lo

ck S
electio

n
—

T
his field selects the output 

of the divider chain. T
he approxim

ate sam
pling 

rates are calculated using a 16.58
M

H
z clock 

source (P
R

E
S

C
A

LE
R

=
0 and 

P
E

R
IO

D
=

default).

00 =
 D

ivide by 2. P
rovides an approxim

ate 
32

kH
z sam

pling rate (default).
01 =

 D
ivide by 4. P

rovides an approxim
ate 

16
kH

z sam
pling rate.

10 =
 D

ivide by 8. P
rovides an approxim

ate 
8

kH
z sam

pling rate.
11 =

 D
ivide by 16. P

rovides an approxim
ate 

4
kH

z sam
pling rate.

N
o

te:

*W
hen the pulse-w

idth m
odulator is disabled, it is in low

-pow
er m

ode, the output pin is forced to 0, and the follow
ing 

events occur:
•

T
he clock prescaler is reset and frozen.

•
T

he counter is reset and frozen.
•

T
he F

IF
O

 is flushed.
**W

hen the pulse-w
idth m

odulator is enabled, it begins a new
 period, and the follow

ing events occur:
•

T
he output pin is set to start a new

 period.
•

T
he prescaler and counter are released and begin counting.

•
T

he IR
Q

 bit is set, thus indicating that the F
IF

O
 is em

pty.

T
ab

le
15-1.   P

W
M

 1 C
o

n
tro

l R
eg

ister D
escrip

tio
n

 (C
o

n
tin

u
ed

)

N
am

e 
D

escrip
tio

n
 

S
ettin

g
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15.4.2  P
W

M
 1 S

am
p

le R
eg

ister
T

his register serves as the input to the FIF
O

. W
hen successive audio sam

ple values are w
ritten to this 

register, they are autom
atically loaded into the F

IF
O

 in big-endian form
at. If 16-bit w

ords are loaded, high 
byte is first placed into the 8-bit F

IF
O

, and then low
 byte. W

hen individual sam
ple bytes are being w

ritten, 
they m

ust be w
ritten to the low

 byte (S
A

M
P

L
E

1) only. T
he pulse-w

idth m
odulator w

ill revert to free 
running at the duty-cycle setting that w

as set last until the F
IF

O
 is reloaded or the pulse-w

idth m
odulator is 

disabled. If the value in this register is higher than the P
E

R
IO

D
+

1, the output w
ill never be reset, w

hich 
results in a 100-percent duty cycle. T

he register bit assignm
ents are show

n in the follow
ing register 

display. T
he register settings are described in T

able
15-2.

P
W

M
S

1 
P

W
M

 1 S
am

ple R
egister

0x(F
F

)F
F

F
502

B
IT

 
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

B
IT

 
0

S
A

M
P

LE
0

S
A

M
P

LE
1

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X

0xX
X

X
X

T
ab

le
15-2.   P

W
M

 1 S
am

p
le R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

S
A

M
P

L
E

0
B

its 15–8
S

am
p

le 0—
T

his field represents the high byte of a tw
o-sam

ple w
ord. T

his byte is pre-
sented to the pulse-w

idth m
odulator before the S

A
M

P
LE

1 field.
N

one

S
A

M
P

L
E

1
B

its 7–0
S

am
p

le 1—
T

his field represents the low
 byte of a tw

o-sam
ple w

ord. T
his byte w

ill be 
presented to the pulse-w

idth m
odulator after the S

A
M

P
LE

0 field. W
hen used w

ith single 
8-bit sam

ples, data m
ust be w

ritten to this byte.

N
one
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15-7

15.4.3  P
W

M
 1 P

erio
d

 R
eg

ister
T

his register controls the pulse-w
idth m

odulator period. W
hen the counter value m

atches PE
R

IO
D

+
1, the 

counter is reset to start another period. T
herefore, the follow

ing equation applies:

P
W

M
O

(H
z)

=
P

C
LK

(H
z)

/(P
E

R
IO

D
+

2)
 E

q
n

. 15-1

W
riting 0xF

F
 to this register achieves the sam

e result as w
riting 0xF

E
. 

T
he register bit assignm

ents are show
n in the follow

ing register display. T
he register settings are described 

in T
able

15-3.

P
W

M
P

1
P

W
M

 1 P
eriod R

egister
0x(F

F
)F

F
F

504

15.4.4  P
W

M
 1 C

o
u

n
ter R

eg
ister

T
his register contains the current count value and can be read at any tim

e w
ithout disturbing the counter. 

T
he register bit assignm

ents are show
n in the follow

ing register display. T
he register settings are described 

in T
able

15-4.

P
W

M
C

N
T

1 
P

W
M

 1 C
ounter R

egister 
0x(F

F
)F

F
F

505

B
IT

 7
6

5
4

3
2

1
B

IT
 0

P
E

R
IO

D

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
1

1
1

1
1

1
1

0

0xF
E

T
ab

le
15-3.   P

W
M

 1 P
erio

d
 R

eg
ister D

escrip
tio

n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

P
E

R
IO

D
B

its 7–0
P

erio
d

—
T

his field represents the pulse-w
idth m

odulator’s period control value.
N

one

B
IT

 7
6

5
4

3
2

1
B

IT
 0

C
O

U
N

T

T
Y

P
E

r
r

r
r

r
r

r
r

R
E

S
E

T
0

0
0

0
0

0
0

0

0x00

T
ab

le
15-4.   P

W
M

 1 C
o

u
n

ter R
eg

ister D
escrip

tio
n

N
am

e 
D

escrip
tio

n
 

S
ettin

g

C
O

U
N

T
B

its 7–0
C

o
u

n
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P
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e

ra
te

s th
e m

atch
 sig

n
al to

 th
e

 brea
kp

oin
t in

se
rtio

n u
n

it.

S
in

ce the
 p

ro
cesso

r do
e

s n
o

t h
a

ve
 b

u
ilt-in

 e
m

u
latio

n
 su

p
p

ort, the
 exe

cutio
n

 bre
akp

o
in

t is im
p

le
m

e
nted

 
extern

al to
 th

e
 co

re
 a

nd
 w

ill u
se th

e A
-line

 in
structio

n
 a

n
d

 le
ve

l 7
 interru

p
t. T

o
 accu

ra
te

ly catch
 th

e
 

exe
cutio

n
 bre

akp
o

in
t, th

e
 in

-circu
it e

m
u

la
tio

n
 m

od
u

le
 in

serts th
e

 0xA
0

0
0

0 o
p

cod
e

 at th
e

 lo
ca

tio
n w

h
e

re
 a

 
b

re
akp

o
in

t is set. F
o

r m
o

re
 in

fo
rm

atio
n

 reg
a

rd
in

g
 the

 in
se

rtio
n

 m
ech

an
ism

, re
fe

r to
 S

e
ction

1
6

.1
.5

, “U
sin

g
 

th
e

 A
-L

ine
 In

sertio
n U

n
it.” W

h
en

 th
e

 0
xA

0
0

0
 op

co
de

 is b
ein

g e
xecu

te
d

, w
h

ich
 m

e
a

ns th
e

 bre
akp

o
in

t is 
re

a
ch

e
d, a

n
 excep

tio
n ve

cto
r fetch

 fo
r an

 A
-lin

e
 excep

tio
n

 w
ill o

ccu
r. A

t th
is p

oin
t, E

M
U

B
R

K
 is a

sse
rted

 
to

 sto
p

 th
e p

ro
ce

ss an
d

 sw
itch

 co
n

tro
l to

 the
 em

u
la

tion
 m

o
n

itor (se
le

cted
 b

y th
e E

M
U

C
S

 sign
a

l). 

A
n

 excep
tio

n
 ve

cto
r fetch

 fo
r an

 A
-lin

e
 exce

ptio
n

 co
n

sists o
f tw

o
 con

secu
tive

 w
o

rd
 rea

d
s a

t a
d

dresses 
0

x2
8

 an
d

 0x2
A

. T
he

 A
-lin

e
 e

xcep
tio

n ve
ctor fe

tch
 w

ill ca
u

se
 an

 IR
Q

7
 a

sse
rtio

n
 if a

 brea
kp

oin
t is activated

 
in

 e
m

u
la

tion
 m

o
d

e. H
o

w
e

ver, no
rm

al m
e

m
o

ry re
a

ds to
 the

se tw
o w

o
rds w

ill n
o

t ca
use

 a
n

 IR
Q

7
 a

sse
rtio

n
. 

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



IC
E

 O
p

eratio
n

�
In

-C
ircu

it E
m

u
latio

n
16-3

16.1.2.1   E
xecu

tio
n

 B
reakp

o
in

ts vs. B
u

s B
reakp

o
in

ts

A
n execution breakpoint is a breakpoint at w

hich the current program
 execution stops and gives control to 

the m
onitor. T

o set up a single execution breakpoint, initialize the com
pare and m

ask registers; set the S
B

, 
P

B
E

N
, and C

E
N

 bits in the in-circuit em
ulation m

odule control register (IC
E

M
C

R
); and then clear the 

B
B

IE
N

 and H
M

D
IS bits in the sam

e register. F
or m

ultiple execution breakpoint m
ode, clear the S

B
 bit. A

 
bus breakpoint is a breakpoint at w

hich the current program
 execution stops w

hen there is a m
em

ory w
rite 

or read at a defined address location. T
o enter single bus breakpoint m

ode, set the S
B

, B
B

IE
N

, and C
E

N
 

bits, and then clear the P
B

E
N

 and H
M

D
IS

 bits. F
or m

ultiple bus breakpoint m
ode, clear the SB

 bit.

16.1.3  U
sin

g
 th

e S
ig

n
al D

eco
d

er
T

he em
ulator requires a local resident debug m

onitor to be m
apped at a specific location that is transparent 

to the user. T
his m

onitor resides in the de
d

icate
d m

e
m

o
ry spa

ce 0xF
F

F
C

0
0

00
–

0
xF

F
F

C
F

F
F

F
 (64

K
), w

h
ich

 
is se

le
cte

d
 by th

e
 E

M
U

C
S  sig

n
al w

ith in
te

rn
a

l D
T

A
C

K g
e

ne
ra

tio
n

. In
 em

u
latio

n
 m

o
de

, th
e

 re
sp

e
cte

d 
m

e
m

o
ry m

ap
 is re

se
rve

d for th
e em

u
la

to
r, an

d
 m

em
ory sh

ou
ld n

o
t be

 assig
n

ed
 to

 th
is a

re
a

. T
h

e p
o

rt size
 o

f 
th

is m
o

n
itor is 8

-b
it an

d
 th

e
 d

a
ta

 b
us is D

[15
:8].

T
he

 P
/D sig

n
a

l in
d

ica
te

s th
e ch

aracte
ristics o

f th
e

 cu
rre

nt cycle
. A

 0
 in

dicates a d
a

ta
 access cycle

 
(F

C
[2

:0
]=

x0
1

), a
n

d a
 1

 in
d

icates a
 p

ro
gram

 acce
ss (F

C
[2

:0
]=

x1
0). T

he
 e

m
u

la
to

r u
ses th

is sig
n

al to
 

d
isassem

b
le a

sse
m

b
ly co

d
e

 du
rin

g
 tra

ce.

16.1.4  U
sin

g
 th

e In
terru

p
t G

ate M
o

d
u

le
T

he
re a

re
 th

ree
 le

vel 7 in
te

rrup
t so

u
rces: tw

o
 are in

te
rn

a
l a

nd
 o

n
e is e

xte
rn

a
l. A

n
 in

te
rn

a
l leve

l 7
 in

te
rru

p
t 

is g
en

e
ra

te
d

, if it is e
na

b
le

d
, w

he
n

 a p
ro

g
ram

 o
r b

u
s brea

kp
oin

t is h
it. A

n e
xte

rn
a

l le
ve

l 7
 in

te
rru

pt is 
d

ire
ctly co

n
ne

cte
d

 to
 th

e E
M

U
IR

Q  p
in, w

h
ich

 is a fallin
g e

d
ge

 trig
g

e
r sig

n
al. T

h
e

 le
vel 7 inte

rrup
t ve

cto
r 

is h
ard

 co
d

ed
 to

 0
xF

F
F

C
0

0
1

0 if the
 H

M
D

IS
 b

it in
 th

e IC
E

M
C

R
 reg

ister is clea
r. If H

M
D

IS
 is set, re

fe
r to 

C
h

ap
ter

9, “In
te

rru
p

t C
o

n
trolle

r,” fo
r in

fo
rm

atio
n

 ab
o

u
t g

en
e

ra
tin

g a
 le

vel 7
 in

te
rru

pt ve
cto

r n
u

m
b

e
r.

W
h

e
n th

ere is a
 le

vel 7 inte
rrup

t, th
e so

ftw
are n

e
ed

s to
 ch

e
ck the

 in
-circu

it e
m

u
latio

n
 m

o
du

le sta
tu

s 
re

g
iste

r (IC
E

M
S

R
) to

 d
e

te
rm

in
e the

 sou
rce

 o
f th

e
 in

te
rru

p
t. E

ach
 of th

e
se

 in
terru

p
ts ca

n
 be

 cle
are

d b
y 

w
ritin

g a
 1 to

 th
e a

sso
cia

te
d

 status b
it. If the

 in
-circu

it em
u

latio
n

 m
o

du
le is d

isa
ble

d, the
 E

M
U

IR
Q

 p
in

 is 
th

e
 on

ly so
urce for le

vel 7 inte
rrup

ts.

16.1.5  U
sin

g
 th

e A
-L

in
e In

sertio
n

 U
n

it
T

he
 A

-line
 in

sertio
n u

n
it w

ill p
hysica

lly rep
lace th

e d
a

ta
 bu

s co
n

te
n

ts w
ith 0

xA
0

0
0 in a

n
 in

stru
ctio

n fetch
 

cycle
 w

h
en

 th
e

 ad
d

re
ss o

f this b
u

s cycle m
a

tch
e

s the
 b

re
akp

o
in

t a
d

dre
ss. W

h
en

 a
n A

-lin
e in

sertio
n o

ccu
rs, 

th
e

 in
-circu

it em
ula

tio
n

 m
o

d
ule w

ill w
a

it fo
r a

n
 A

-lin
e e

xce
p

tio
n

 to
 o

ccu
r. If a

n
 A

-lin
e

 e
xce

p
tion

 o
ccu

rs, a 
le

vel 7 in
te

rrup
t is g

e
n

erate
d to th

e sig
n

al th
a

t a
 pro

gram
 bre

akp
o

in
t h

its.
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16.2   P
ro

g
ram

m
in

g
 M

o
d

el
T

his section contains inform
ation about the IC

E
 registers and program

m
ing inform

ation about their 
settings.

16.2.1  In
-C

ircu
it E

m
u

latio
n

 M
o

d
u

le A
d

d
ress C

o
m

p
are an

d
 

M
ask R

eg
isters

T
he in-circuit em

ulation m
odule address com

pare register (IC
E

M
A

C
R

) is used to store the address of the 
breakpoint, and the in-circuit em

ulation m
odule address m

ask register (IC
E

M
A

M
R

) is used to m
ask the 

co
rre

sp
o

n
d

in
g

 a
d

d
re

ss b
it in

 th
e

 IC
E

M
A

C
R

. T
h

e
 in

-circuit e
m

u
la

tio
n m

o
d

u
le

’s a
dd

ress co
m

p
ara

to
r w

ill 
co

m
p

a
re

 th
e

 ad
d

re
ss b

u
s va

lu
e

 to
ge

the
r w

ith
 th

e
 co

n
tro

l b
u

s va
lu

e to
 g

e
n

erate
 th

e E
M

U
B

R
K

 sig
na

l. A
 

ra
n

ge
 can

 b
e se

t b
y u

sin
g

 th
e

 a
d

d
re

ss m
a

sk b
its to b

rea
k in

 a ran
g

e
 o

f m
e

m
o

ry so
 th

a
t the

 e
xte

rn
al ad

d
re

ss 
co

m
p

a
ra

to
r ca

n
 ta

ke
 a

ctio
n

 if e
xtra

 h
a

rd
w

a
re

 b
re

akp
o

in
ts a

re
 ne

e
d

ed
. T

he
 re

g
iste

r b
it a

ssig
n

m
e

n
ts are 

sh
o

w
n

 in
 th

e
 fo

llo
w

in
g

 re
giste

r d
isp

la
ys, a

nd
 th

e
 se

ttin
g

s o
f th

e
 b

it a
ssig

n
m

e
n

ts fo
r b

o
th

 re
g

iste
rs a

re
 

d
escrib

e
d

 in
 T

ab
le

1
6

-1
 on

 p
a

ge
1

6-5
.
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IC
E

M
A

C
R

IC
E

 M
odule A

ddress C
om

pare R
egister

0x(F
F

)F
F

F
F

F
D

00

IC
E

M
A

M
R

IC
E

 M
odule A

ddress M
ask R

egister
0x(F

F
)F

F
F

F
F

D
04

B
IT

 
31

30
29

28
27

26
25

24
23

22
21

20
19

18
17

B
IT

 
16

A
C

3
1

A
C30

A
C

2
9

A
C

2
8

A
C

2
7

A
C

2
6

A
C25

A
C24

A
C23

A
C22

A
C21

A
C20

A
C19

A
C18

A
C17

A
C

16

T
Y

P
E

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0

B
IT
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14
13
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11

10
9

8
7

6
5

4
3

2
1

B
IT
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A
C

1
5

A
C14

A
C

1
3

A
C

1
2

A
C

1
1

A
C

1
0

A
C9

A
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A
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A
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A
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A
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A
C3

A
C2

A
C1

A
C

0

T
Y

P
E
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R
E

S
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T
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0
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0
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0
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B
IT
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A
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1

A
M30

A
M

2
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A
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2
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A
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2
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A
M

2
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A
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1
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T
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P
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R
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S
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T
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0
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B
IT
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A
M

1
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A
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1
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A
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1
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1
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A
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1
0
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8
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A
M
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T
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P
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T
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16-1.   IC

E
 M

o
d

u
le A

d
d

ress C
o

m
p

are an
d

 M
ask R

eg
isters D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

A
C

x
B

its 31–0
A

ddress C
om

pare 31–0
—

T
hese bits represent the value of the 

execution/bus breakpoint address. A
 m

atch of address bits 31–0 
w

ith qualification of A
S

 w
ill generate a m

atch signal. 

S
ee description.

A
M

x
B

its 31–0
A

ddress M
ask 31–0

—
T

hese bits m
ask the corresponding bits in 

the A
C

x field. W
ith this m

asking schem
e, a break can be m

ade 
w

hen the core is accessing a certain range of addresses.

0 = T
he address is com

pared 
to the current address 
cycle. 

1 = F
orces a true com

parison 
(“don’t care”) on the 
corresponding bit. 
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16.2.2  In
-C

ircu
it E

m
u

latio
n

 M
o

d
u

le C
o

n
tro

l C
o

m
p

are an
d

 
M

ask R
eg

ister
T

he in-circuit em
ulation m

odule control com
pare (IC

E
M

C
C

R
) register is used to set the breakpoint at a 

specific bus cycle, and the in-circuit em
ulation m

odule control m
ask register (IC

E
M

C
M

R
) is used to m

ask 
the corresponding control bit in the IC

E
M

C
M

R
. In bus breakpoint m

ode, the control signal com
parator 

w
ill com

pare the predefined control signals w
ith the address com

pare m
atch signal to generate the 

E
M

U
B

R
K

 signal in single breakpoint m
ode. In m

ultiple breakpoint m
ode, E

M
U

B
R

K
 is an input signal 

and w
ill A

N
D

 w
ith the result from

 the address com
parator and control com

parator to generate the internal 
m

atch signal. F
or program

 break m
ode, these tw

o registers are “d
o

n
’t ca

re
.” T

h
e

 re
giste

r b
it assig

nm
en

ts 
fo

r b
o

th
 the

 com
pa

re
 a

nd
 m

a
sk reg

isters a
re

 sho
w

n
 in

 the
 fo

llo
w

in
g

 re
g

iste
r d

isp
la

ys. T
h

e
 se

ttin
g

s for th
e

 
b

its a
re

 de
scrib

e
d in

 T
a

b
le

1
6-2

 an
d

 T
ab

le
1

6
-3

.

IC
E

M
C

C
R

IC
E

 M
odule C

ontrol C
om

pare R
egister

0x(F
F

)F
F

F
F

F
D

08

IC
E

M
C

M
R
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E

 C
ontrol M

ask R
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F
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F
D
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B
IT
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R
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P
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T
Y

P
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R
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S
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T
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0
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0
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0
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0
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0
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0
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0
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T
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le
16-2.   IC

E
 M

o
d

u
le C

o
n

tro
l C

o
m

p
are R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–2

R
eserved

T
hese bits are reserved and 

should be set to 0.

R
W

B
it 1

R
ead

 o
r W

rite C
ycle S

electio
n

—
T

his bit is used to select the 
break at a read cycle or w

rite cycle. W
hen a break at a read cycle 

is selected, a breakpoint at the R
O

M
 location is possible.

0 =
 W

rite cycle breakpoint.
1 =

 R
ead cycle breakpoint.

P
D

B
it 0

P
ro

g
ram

 o
r D

ata C
ycle S

electio
n

—
T

his bit is used to select the 
break at a program

 cycle or data cycle.
0 =

 D
ata bus cycle.

1 =
 Instruction bus cycle.

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

R
W

M
P

D
M

T
Y

P
E

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
16-3.   IC

E
 C

o
n

tro
l M

ask R
eg

ister D
escrip

tio
n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–2

R
eserved

T
hese bits are reserved and should be set to 0.
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g
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-C
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u
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R
W

M
B

it 1
R

ead
 o

r W
rite C

ycle M
ask—

T
his 

bit m
asks the R

W
 bit of the 

IC
E

M
C

C
R

. 

0 =
 E

nable the com
parator to com

pare itself against the R
W

 bit.
1 =

 F
orce a true com

parison (“don’t care”) on the corresponding 
bit.

P
D

M
B

it 0
P

ro
g

ram
 o

r D
ata C

ycle 
M

ask—
T

his bit m
asks the P

D
 bit 

of the IC
E

M
C

C
R

. 

0 =
 E

nable the com
parator to com

pare itself against the P
D

 bit.
1 =

 F
orce a true com

parison (“don’t care”) on the corresponding 
bit.

T
ab

le
16-3.   IC

E
 C

o
n

tro
l M

ask R
eg

ister D
escrip

tio
n

 (C
o

n
tin

u
ed

)

N
am

e
D

escrip
tio

n
S

ettin
g
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C
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P
rogram

m
ing M

odel

16.2.3  In
-C

ircu
it E

m
u

latio
n

 M
o

d
u

le C
o

n
tro

l R
eg

ister
T

he in-circuit em
ulation m

odule control register (IC
E

M
C

R
) is used to control the in-circuit em

ulation 
m

odule. T
he bit assignm

ents for the IC
E

 m
odule control register are show

n in the follow
ing register 

display. T
he settings for the bits are described in T

able
16-4.

IC
E

M
C

R
IC

E
 M

odule C
ontrol R

egister
0x(F

F
)F

F
F

F
F

D
0C

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

S
W

E
N

B
B

IE
N

H
M

D
IS

S
B

P
B

E
N

C
E

N

T
Y

P
E

rw
rw

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
16-4.   IC

E
 M

o
d

u
le C

o
n

tro
l R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–7

R
eserved

T
hese bits are reserved and should 

be set to 0.

S
W

E
N

B
it 6

S
o

ftw
are E

n
ab

le E
M

U
 M

o
d

u
le—

In norm
al m

ode, w
riting to 

this bit enables the breakpoint function.
0 =

 D
isable breakpoint function.

1 =
 E

nable breakpoint function.

R
eserved

B
it 5

R
eserved

T
his bit is reserved and should be 

set to 0.

B
B

IE
N

B
it 4

B
u

s B
reak In

terru
p

t E
n

ab
le—

W
hen set, this bit enables the 

generation of a level 7 interrupt on a bus breakpoint.
0 =

 D
isable level 7 interrupt 
generation on a bus breakpoint.

1 =
 E

nable level 7 interrupt 
generation on a bus breakpoint.

H
M

D
IS

B
it 3

H
ard

-M
ap

 D
isab

le—
In em

ulation m
ode, this bit activates the 

internal hard-m
ap operation. W

hen this bit is clear, som
e 

m
em

ory locations are hard-coded to the specific values 
show

n in T
able

16-5 on page
16-9. If this bit is set or in nor-

m
al m

ode, m
em

ory reads to these locations refer to the exter-
nal m

em
ory. 

N
o

te:
It is im

portant to note that w
hen w

riting to these 
locations, all w

rites are occurring to external m
em

ory. W
hen 

the H
M

D
IS

 bit is disabled, reads to these addresses are in 
w

ord or long-w
ord sizes.

S
ee T

able
16-5 on page

16-9.

S
B

B
it 2

S
in

g
le B

reakP
o

in
t—

T
his bit controls the direction of the 

E
M

U
B

R
K

 signal. In m
ultiple breakpoint m

ode, the external 
address com

parator w
ill com

pare the low
er address bits and 

the internal com
parator w

ill com
pare the higher address bits 

to generate a breakpoint m
atched signal. 

0 =
 C

onfigure the E
M

U
B

R
K

 signal as 
an input (m

ultiple breakpoint 
m

ode w
ith external address 

com
pare for the low

er 
addresses).

1 =
 C

onfigure the E
M

U
B

R
K

 signal as 
an output (single breakpoint 
based on the internal address 
com

pare register).

P
B

E
N

B
it 1

P
ro

g
ram

 B
reak E

n
ab

le—
T

his bit is used to select a program
 

or bus break. 
0 =

 S
elect a bus break.

1 =
 S

elect a program
 break.
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P
ro

g
ram

m
in

g
 M

o
d

el

�
In

-C
ircu

it E
m

u
latio

n
16-9

C
E

N
B

it 0
C

o
m

p
are E

n
ab

le—
T

his bit is used to activate the com
pari-

son logic. It is recom
m

ended that the address com
pare and 

m
ask registers be program

m
ed before setting this bit to valid.

0 =
 D

isable the breakpoint 
com

parison logic.
1 =

 E
nable the breakpoint 
com

parison logic.

T
ab

le
16-5.   E

m
u

latio
n

 M
o

d
e H

ard
 C

o
d

ed
 M

em
o

ry L
o

catio
n

s

A
d

d
ress

H
ard

 C
o

d
e

0x0
0xF

F
F

C

0x2
0xF

F
F

C

0x4
0xF

F
F

C

0x6
0x0020

0x28
0xF

F
F

C

0x2A
0x0010

(IR
Q

7 vector upper w
ord)

0xF
F

F
C

(IR
Q

7 vector low
er w

ord)
0x0010

T
ab

le
16-4.   IC

E
 M

o
d

u
le C

o
n

tro
l R

eg
ister D

escrip
tio

n
 (C

o
n

tin
u

ed
)

N
am

e
D

escrip
tio

n
S

ettin
g
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Typical D
esign P

rogram
m

ing E
xam

ple

16.2.4  In
-C

ircu
it E

m
u

latio
n

 M
o

d
u

le S
tatu

s R
eg

ister
T

he in-circuit em
ulation m

odule status register (IC
E

M
SR

) is used to determ
ine the source of an interrupt. 

T
he bit assignm

ents for the IC
E

 m
odule status register are show

n in the follow
ing register display. T

he 
settings for the bits are described in T

able
16-6.

IC
E

M
S

R
IC

E
 M

odule S
tatus R

egister 
0x(F

F
)F

F
F

F
F

D
0E

16.3   T
yp

ical D
esig

n
 P

ro
g

ram
m

in
g

 E
xam

p
le

F
igure

16-2 on page
16-11 illustrates an exam

ple of a typical em
ulator design. It is a sim

ple and low
-cost 

design that uses the M
C

68V
Z

328 as the processor to be em
ulated. O

ther functional units include the host 
control to the P

C
 or w

orkstation via an R
S

-232 or a dedicated parallel interface, an optional address 
com

parator for extra breakpoint expansion, optional m
ap F

P
G

A
 for em

ulation m
em

ory rem
apping, a data 

bus M
U

X
 for hardw

are breakpoint insertion, and a M
C

68V
Z

328 pin-out extension to connect to the 
solder-on em

ulator pod. T
he entire M

C
68V

Z
328 bus should be buffered using level-shifting buffers w

hen 
the em

ulator is designed in 5
V

 and the processor is running at 3.3
V

.

B
IT

 15
14

13
12

11
10

9
8

7
6

5
4

3
2

1
B

IT
 0

E
M

U
E

N
B

B
IR

Q
B

R
K

IR
Q

E
M

IR
Q

T
Y

P
E

rw
rw

rw
rw

R
E

S
E

T
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

0x0000

T
ab

le
16-6.   IC

E
 M

o
d

u
le S

tatu
s R

eg
ister D

escrip
tio

n

N
am

e
D

escrip
tio

n
S

ettin
g

R
eserved

B
its 15–4

R
eserved

T
hese bits are reserved and should be 

set to 0.

E
M

U
E

N
B

it 3
E

m
u

latio
n

 E
n

ab
le—

T
his bit, w

hen set, enables IC
E

 
m

ode.
0 =

 N
orm

al m
ode.

1 =
 IC

E
 m

ode.

B
B

IR
Q

B
it 2

B
u

s B
reak In

terru
p

t D
etected

—
T

his bit is set w
hen a 

bus breakpoint is hit. W
riting a 1 to this bit clears it.

0 =
 B

us breakpoint has not occurred.
1 =

 B
us breakpoint has occurred.

B
R

K
IR

Q
B

it 1
L

in
e V

ecto
r F

etch
 D

etected
—

T
his bit is set w

hen a pro-
gram

 breakpoint is hit. W
riting a 1 to this bit clears it.

0 =
 P

rogram
 breakpoint has not 

occurred.
1 =

 P
rogram

 breakpoint has occurred.

E
M

IR
Q

B
it 0

E
M

U
IR

Q
 F

allin
g

 E
d

g
e D

etected
—

T
his bit is set w

hen 
the E

M
U

IR
Q

 pin is going from
 high to low

. W
riting a 1 to 

this bit clears it.

S
ee description.
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T
yp

ical D
esig

n
 P

ro
g

ram
m

in
g

 E
xam

p
le

�
In

-C
ircu

it E
m

u
latio

n
16-11

F
ig

u
re

16-2.   T
yp

ical E
m

u
lato

r D
esig

n
 E

xam
p

le

16.3.1  H
o

st In
terface

T
he host interface can be a processor-based or state-m

achine-based circuit that is used to coordinate the 
activities betw

een the em
ulation processor and the P

C
 host. T

he interface can be an R
S

-232 or printer 
parallel I/O

. T
he interface runs on the P

C
, and it w

ill translate its requests to low
-level com

m
ands and send 

th
e

m
 to

 th
e

 em
ulato

r’s co
ntro

lle
r if th

e
re

 is on
e

.

16.3.2  D
ed

icated
 D

eb
u

g
 M

o
n

ito
r M

em
o

ry
W

h
e

n a
 b

re
akp

o
in

t is m
atch

e
d, the

 C
P

U
 m

u
st re

p
o

rt its sta
tu

s a
n

d
 g

rab
 th

e
 n

ece
ssary co

n
te

n
ts, su

ch a
s 

in
te

rna
l re

gisters, in
 th

e system
. T

h
is in

fo
rm

a
tio

n is the
n

 tran
sm

itte
d

 to
 th

e
 ho

st con
tro

l p
roce

sso
r to b

e
 

tran
sla

te
d

 be
fore it is p

a
ssed

 to the
 in

terfa
ce o

n
 th

e P
C

. T
h

e m
on

ito
r p

ro
g

ram
 is loca

te
d

 in
 R

O
M

 a
t 

0
xF

F
F

C
0

0
00

–
0

xF
F

F
C

F
F

F
F

 a
nd

 is e
na

b
le

d
 or disab

le
d

 b
y the

 E
M

U
C

S
 sig

n
a

l.

H
ost 

C
ontrol

P
C

A
ddress

C
om

parator
F

P
G

A
 for

M
A

P
E

m
ulation

M
em

ory
4M

 M
axim

um

D
ebug

E
M

U
C

S

A
[23:0]

C
S

xx

M
O

C
LKB

U
S

W

E
M

U
IR

Q

D
[15:0]

S
elect/control

S
elect/C

ontrol

M
C

68V
Z

328
C

P
U

M
ore

H
ardw

are
B

reakpoint
E

xpansion
(O

ptional)

E
M

U
B

R
K

C
S

C
S

R
O

M

S
older-on 

E
m

ulator P
od 

T
arget B

oard

F
ootprint

(O
ptional)

F
P

G
A

O
ptional

T
race

M
odule

P
/D

C
LK

O D
T

A
C

K

3.3 V
 / 5 V

 B
uffer

C
S

xx

D
[15:0]

D
[15:0]

 Bus
MC68VZ328
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P
lug-in E

m
ulator D

esign E
xam

ple

16.3.3  E
m

u
latio

n
 M

em
o

ry M
ap

p
in

g
 F

P
G

A
 an

d
 E

m
u

latio
n

 
M

em
o

ry
S

ince the m
em

ory on the target board m
ay not be fully built or debugged, it is necessary to have som

e 
m

em
ory that replaces the target m

em
ory for debugging at the initial stage. In som

e cases, R
O

M
 codes are 

dow
nloaded to a shadow

ed R
A

M
 area for debugging purposes. T

he m
ap F

P
G

A
 w

ill w
ork w

ith those 
chip-select signals to m

ap them
 to the em

ulation m
em

ory, instead of going directly to the target board.

16.3.4  O
p

tio
n

al E
xtra H

ard
w

are B
reakp

o
in

t
T

he F
P

G
A

 address com
parator can be added to enhance the num

ber of hardw
are breakpoints in the 

em
ula

to
r. A

s discu
sse

d
 in

 S
e

ction
1

6
.1.2

, “D
etectin

g B
re

akp
o

in
ts,” in m

ultip
le

 brea
kp

oin
t m

o
d

e th
e 

extern
al F

P
G

A
 a

d
d

re
ss com

pa
rator co

m
p

a
re

s th
e lo

w
er ad

d
re

ss, th
e

 in
te

rna
l co

m
p

ara
to

r co
m

p
ares th

e
 

u
pp

e
r h

id
d

e
n a

d
dre

ss line
, an

d
 th

e
n

 a
 E

M
U

IR
Q

 sig
n

al is ge
n

era
te

d to
 te

ll th
e in-circu

it em
ulatio

n
 m

o
d

ule 
to

 g
en

e
ra

te
 a

 b
rea

kp
oin

t.

16.3.5  O
p

tio
n

al T
race M

o
d

u
le

A
 trace

 m
o

du
le m

a
y also

 b
e a

d
d

ed
 to

 e
nh

a
n

ce
 th

e
 fu

n
ctio

n
 of th

e
 em

u
lato

r. T
ra

ce cap
ture

s the
 b

us sig
n

als 
o

f a
ll o

f th
e

 cycles, so th
a

t w
h

e
n

 a
 sto

p
 is e

n
co

u
n

te
re

d
, th

e
 interfa

ce so
ftw

a
re

 ca
n re

p
ort all th

e cycle
 tra

ce
s 

b
ack fo

r th
a

t bre
akp

o
in

t. T
his a

ctio
n

 is b
a

se
d

 o
n

 th
e tim

e
b

ase
 o

f the
 C

L
K

O
 sign

a
l, P

/D
 sig

na
l, a

n
d D

T
A

C
K 

sig
na

l to
 de

cid
e w

h
e

th
e

r the
 tra

ce
 ca

p
tu

re is a
 pro

gra
m

 or d
ata fetch

. 

16.4   P
lu

g
-in

 E
m

u
lato

r D
esig

n
 E

xam
p

le
F

ig
u

re
16

-3
 o

n
 p

ag
e

16
-13

 d
isp

la
ys a

n
 e

xa
m

p
le

 of a p
lu

g
-in

 em
u

lato
r d

esig
n

. T
h

e d
e

sign
 is sim

p
le a

nd
 

lo
w

-co
st, a

nd
 it cre

ates a ve
ry b

asic d
eb

u
g

g
in

g
 e

n
viron

m
e

n
t.
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m

u
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r D
esig

n
 E
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p
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�
In

-C
ircu

it E
m

u
latio

n
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F
ig

u
re

16-3.   P
lu

g
-in

 E
m

u
lato

r D
esig

n
 E

xam
p

le

A
lthough there is only one hardw

are breakpoint in this design, all other softw
are breakpoints can be 

generated by replacing the m
em

ory content of the A
0 instruction. T

he E
M

U
C

S  is decoded by a P
A

L
 to 

generate chip-select signals to the U
A

R
T

 (68H
C

681) or A
D

I interface and the debug R
A

M
 or R

O
M

 or 
both R

A
M

 and R
O

M
. T

he em
ulation m

odule is buffered w
ith 3.3

V
 to 5.0

V
 buffers so that it can 

com
m

unicate w
ith the P

C
 w

ithout causing any problem
s.

T
he entire em

ulation m
odule only uses 29 pins, including a ground signal. A

 very low
-cost cable can be 

built to ship w
ith the softw

are debugger package. T
hese pins can rem

ain on the production version of the 
system

 board for production testing, as w
ell as diagnostic and failure analysis.

H
ost 

Interface

R
S

-232/A
D

I

O
n-B

oard
M

em
ory

16K
 D

ebug

E
M

U
C

S

D
[15:0]

M
C

68V
Z

328
C

P
U

C
S

xx

R
O

M

E
m

ulation M
odule

68H
C

681

P
C

D
[15:8] / A

[13:0]

E
M

U
IR

Q

P
A

L
A

[15:14]

R
A

M
/R

O
M

or
A

D
I

D
T

A
C

K

16K
 D

ebug
S

R
A

M

/3.3 V

3.3 V
 to 5 V

 B
uffer

/5 V
B

uffer

D
[15:0]
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A
pplication D

evelopm
ent D

esign E
xam

ple

16.5   A
p

p
licatio

n
 D

evelo
p

m
en

t D
esig

n
 E

xam
p

le
F

igure
16-4 displays an exam

ple of an application developm
ent system

 design. T
his exam

ple is for initial 
start-up designs and softw

are developm
ent that occurs after the target hardw

are system
 is com

pleted.

F
ig

u
re

16-4.   A
p

p
licatio

n
 D

evelo
p

m
en

t S
ystem

 D
esig

n
 E

xam
p

le

T
here is one reset sw

itch and one abort sw
itch. T

he abort sw
itch is debounced and connected to the 

E
M

U
IR

Q
 signal. T

he R
E

S
E

T
 signal is generated by the M

C
1455 m

onostable tim
er. T

he host interface port 
is selected by the P

A
L

 decoding the E
M

U
C

S
, A

13, and A
14 signals. T

he board also provides optional 
S

R
A

M
 and R

O
M

 plug-in sockets for expansion.

H
ost 

Interface

R
S

-232

O
n-B

oard
M

em
ory

D
ebug

E
M

U
C

S

D
[15:0]

M
C

68V
Z

328

C
P

U

C
S

xx

R
O

M
/R

A
M

68H
C

681

P
C

E
M

U
IR

Q

10K V
D

D

A
bort

10K

V
D

D
S

w
itch

P
A

L
A

14

R
A

M
/R

O
M

10K V
D

D

R
eset

10K

V
D

D

1N
4148

1 M

0.47 µ
0.47 µ

0.1 µ
C

V

T
R

D
IS

T
H

R Q
R

1 M

S
w

itch

M
C

1455

R
E

S
E

T

and
A

D
I P

ort
A

13

D
[15:0]

D
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�
B

o
o

tstrap
 M

o
d

e
17-1

C
h

ap
ter

17
B

o
o

tstrap
 M

o
d

e
T

his chapter describes the operation and program
m

ing inform
ation of the bootstrap m

ode of the 
M

C
68V

Z
328. T

he bootstrap m
ode is designed to allow

 the initialization of a target system
 and the ability 

to dow
nload program

s or data to the target system
 R

A
M

 using either the U
A

R
T

1 or U
A

R
T

2 controller. 
S

ee
 C

h
ap

ter
14

, “U
niversa

l A
syn

ch
ron

o
u

s R
e

ceiver/T
ran

sm
itte

r 1
 a

nd
 2

,” for in
form

a
tion

 o
n

 op
e

ra
tin

g 
an

d
 p

ro
g

ra
m

m
in

g the
 U

A
R

T
 con

tro
lle

rs. O
nce

 a p
ro

g
ra

m
 is d

o
w

n
lo

ad
e

d
 to

 th
e

 M
C

6
8V

Z
3

2
8

, it ca
n b

e
 

exe
cuted

, p
ro

vid
ing

 a
 sim

ple de
b

u
gg

ing
 e

n
viro

n
m

e
n

t for failu
re

 a
n

alysis a
n

d
 a ch

a
nn

e
l to

 u
pd

a
te

 p
ro

g
ra

m
s 

sto
re

d
 in

 fla
sh

 m
em

ory. T
h

e
 fe

atu
re

s o
f b

o
o

tstrap
 m

o
d

e
 a

re a
s fo

llo
w

s:

•
A

llow
s system

 in
itia

lizatio
n

 a
nd

 th
e a

b
ility to

 d
ow

nlo
ad

 b
o

th
 p

rog
ram

s a
n

d
 d

ata to
 syste

m
 m

em
ory 

u
sing

 U
A

R
T

1
 or U

A
R

T
2

•
A

cce
p

ts exe
cutio

n
 co

m
m

an
d

s to
 ru

n p
rog

ram
s sto

re
d

 in
 syste

m
 m

e
m

o
ry

•
P

rovid
es a 3

2
-byte

 in
stru

ction
 bu

ffe
r fo

r 6
8

00
0

 in
stru

ctio
n

 storag
e

 an
d

 execu
tion

17.1   B
o

o
tstrap

 M
o

d
e O

p
eratio

n
In

 b
o

o
tstrap

 m
o

d
e

, th
e M

C
6

8
V

Z
32

8
’s U

A
R

T
1

 a
n

d
 U

A
R

T
2

 co
n

tro
llers are in

itia
lize

d
 to

 1
9

,20
0

 b
a

ud
, n

o
 

p
arity, 8

-b
it cha

racte
r, a

n
d 1

 sto
p

 bit, a
nd

 the
n

 th
e

y a
re

 re
a

dy to a
cce

p
t b

oo
tstra

p
 da

ta
 d

o
w

nlo
ad

. T
h

e first 
ch

a
ra

cte
r rece

ived
 is u

se
d

 to
 in

struct th
e M

C
68

V
Z

3
2

8
 w

he
the

r th
e P

L
L

 in
p

u
t clo

ck is 3
2

.7
6

8
kH

z o
r 

3
8.4

kH
z crysta

l, a
s w

e
ll a

s to
 d

e
te

rm
in

e w
h

ich
 U

A
R

T
 p

ort is b
e

in
g

 use
d fo

r b
o

otstra
p

p
in

g
. T

h
e

 first 
ch

a
ra

cte
r ca

n
 b

e an
y valu

e an
d

 is n
o

t p
art o

f th
e

 p
ro

g
ra

m
 or d

ata
 b

ein
g do

w
n

lo
a

d
ed

. D
o

w
n

lo
a

d
in

g
 th

e
 d

a
ta

 
o

r p
ro

g
ra

m
 req

u
ires th

e
 use

r con
ve

rt th
e co

de
 to

 a
 bo

o
tstra

p fo
rm

a
t file, w

h
ich

 is a text file
 th

at co
n

ta
in

s 
b

oo
tstra

p
 reco

rd
s. A

 D
O

S
-e

xecu
ta

b
le

 p
rog

ram
, S

T
O

B
.E

X
E

, can
 b

e d
ow

n
loa

d
e

d fro
m

 th
e D

ra
g

o
nB

a
ll W

e
b

 
site

 (h
ttp

://w
w

w
.M

o
to

ro
la

.com
/D

rag
o

n
B

all) to
 co

n
vert a

n
 S

-re
co

rd
 file

 to
 a b

o
o

tstrap
 fo

rm
a

t file
. 

B
efo

re
 a

 p
rog

ram
 is d

o
w

n
lo

a
de

d
 to

 syste
m

 m
e

m
o

ry, the
 M

C
6

8
V

Z
3

28
’s inte

rn
al re

g
iste

rs sho
u

ld
 b

e se
t to

 
in

itia
lize the

 ta
rg

e
t system

. S
in

ce
 in

te
rna

l reg
isters a

re tre
ated

 a
s a

 typ
e o

f m
em

ory, e
a

ch
 o

f the
m

 can
 b

e
 

in
itia

lized
 b

y issu
in

g
 a b

o
o

tstrap
 re

cord
.

T
he

 b
o

otstra
p

 de
sig

n
 pro

vid
es a 3

2
-b

yte
 in

stru
ctio

n
 bu

ffe
r to w

h
ich

 6
80

0
0

 in
stru

ctio
ns m

a
y b

e
 

d
ow

n
loa

d
e

d. T
h

is fe
a

tu
re

 en
a

b
le

s th
e 6

8
00

0
 in

structio
n

s to
 e

xecu
te

 eve
n if the

 m
e

m
o

ry syste
m

s a
re

 
d

isab
led

 o
r th

e
 M

C
6

8
V

Z
3

28
 is o

p
eratin

g
 in

 a C
P

U
 sta

n
d

alon
e

 syste
m

. T
h

e instru
ctio

n
 b

uffe
r sta

rts a
t 

0
xF

F
F

F
C

0
. W

h
eth

er in
itia

lizin
g

 in
te

rn
a

l re
g

iste
rs, d

o
w

nlo
ad

ing
 a

 p
ro

gram
 to

 syste
m

 R
A

M
, o

r issu
in

g
 a 

co
re in

stru
ctio

n, bo
o

tstra
p m

o
de

 w
ill o

n
ly a

cce
p

t b
o

o
tstrap

 re
co

rd tran
sfe

rs tha
t a

re
 m

a
d

e usin
g

 th
e U

A
R

T
. 

T
he

 reco
rd

 typ
e d

e
te

rm
in

es w
h

at o
ccu

rs.
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B
ootstrap M

ode O
peration

17.1.1  E
n

terin
g

 B
o

o
tstrap

 M
o

d
e

B
ootstrap m

ode is one of the three operation m
odes (norm

al, em
ulation, and bootstrap) of the 

M
C

68V
Z

328. O
f the three m

odes, bootstrap has the highest priority. T
o enter bootstrap m

ode, the 
E

M
U

B
R

K
 signal m

ust be driven low
 and a system

 reset m
ust be perform

ed. A
fter reset, bootstrap reset 

vectors are internally generated for reset vector fetch cycles. F
igure

17-1 illustrates bootstrap m
ode reset 

vector fetch tim
ing. T

hese tw
o-long-w

ord reset vectors are loaded to the stack pointer and program
 counter 

of the C
P

U
, and then the built-in bootstrap program

 runs and accepts data transfers.

F
ig

u
re

17-1.   B
o

o
tstrap

 M
o

d
e R

eset T
im

in
g

17.1.2  B
o

o
tstrap

 R
eco

rd
 F

o
rm

at
B

ootstrap m
ode data transfers w

ill only accept bootstrap records (b-records) w
hose form

at is show
n in 

T
able

17-1. T
he tw

o m
ajor attributes of b-records are that they are in uppercase and end w

ith a carriage 
return.

17.1.2.1   D
ata B

-R
eco

rd
 F

o
rm

at

T
here are tw

o types of b-records that use the sam
e form

at. T
he data b-record contains data to be 

transferred. T
he 4-byte address field indicates w

here the data w
ill be stored, and this address could be any 

M
C

68V
Z

328 internal register location. T
he count field of the record contains the num

ber of data bytes to 
be transferred. T

he data field contains the data to be transferred.

17.1.2.2   E
xecu

tio
n

 B
-R

eco
rd

 F
o

rm
at

T
he execution b-record tells the bootloader to run a program

 starting at the location specified by the 
address field of the b-record. T

he count field for an execution b-record alw
ays contains 0x00, and no data 

is in the data field. 

A
n execution b-record is used in tw

o situations: 

•
A

fter a
 p

rog
ram

 is d
ow

n
lo

ad
e

d
 to

 syste
m

 R
A

M
, issu

in
g

 an
 execu

tion
 b

-reco
rd

 initiates p
ro

g
ra

m
 

exe
cu

tio
n

. In
 th

is case
, th

e a
d

dre
ss field

 of th
e

 b-re
cord

 w
ill b

e the
 sta

rt ad
d

re
ss o

f the
 p

ro
g

ra
m

. 

•
W

h
e

n lo
a

d
in

g
 a

 6
8

00
0

 in
stru

ction
 in

to
 th

e in
structio

n bu
ffe

r a
nd

 fillin
g

 the
 re

m
ain

de
r o

f th
e

 u
n

use
d 

bu
ffe

r sp
ace

 w
ith

 no
p
-
-
$
4
e
7
1, issu

ing
 a

n exe
cu

tio
n

 b
-re

cord
 exe

cu
tes th

e
 68

0
0

0 in
stru

ctio
n

 th
a

t 
is sto

re
d

 in
 IB

U
F

F
 a

nd
 return

s to b
o

o
tloa

d
er m

o
d

e. In this ca
se

, th
e

 a
d

d
re

ss fie
ld

 o
f th

e
 b

-reco
rd

 
w

ill b
e

 th
e sta

rt ad
d

re
ss o

f IB
U

F
F.

T
ab

le
17-1.   B

o
o

tstrap
 R

eco
rd

 F
o

rm
at

4-B
yte

1-B
yte

N
(C

o
u

n
t)-B

yte

A
ddress

C
ount

D
ata

addr

data

E
M

U
B

R
K

R
E

S
E

T

0000
0002

0004
0006

ffffff00
ffffff02

ffff
ff00

fffc
fffc
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o

d
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p
eratio

n
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B

o
o

tstrap
 M

o
d

e
17-3

17.1.3  S
ettin

g
 U

p
 th

e R
S

-232 T
erm

in
al

T
o set up com

m
unication betw

een your target system
 and the P

C
, set the com

m
unication specifications to 

19,200
bps, no parity, 8-bit, and 1 stop bit. It is perm

issible to pause after each line (b-record) is transferred 
to ensure that each transferred A

S
C

II character is echoed. 

A
fter the hardw

are is set up, the system
 is pow

ered up, and bootstrap m
ode is entered, sending any A

S
C

II 
character to the target system

 w
ill initiate the link. T

he bootloader autom
atically determ

ines w
hich U

A
R

T
 

port is being used for bootstrap by sensing the receive FIF
O

 in each U
A

R
T

. T
he first U

A
R

T
 to have data is 

selected. N
ext, the bootloader adjusts the baud rate to m

atch the 32.768
kH

z or 38.400
kH

z crystal by 
reading the first received character. If the link is successful, the bootloader returns a unique character (@

) 
as an acknow

ledgem
ent. In addition, the bootloader echoes to the target system

 the sam
e A

S
C

II character 
that the target system

 initially transm
itted.

N
O

T
E

:

T
he T

X
D

2 pin of U
A

R
T

 2 is not enabled by default. T
herefore, no

character is echoed before bit 5 (T
X

D
2) of the P

ort J select register is
cleared. To re-enable the T

X
D

2 pin in bootstrap m
ode, dow

nload the
fo

llow
in

g
 b

-re
cord

: “F
F

F
F

F
4

3
B

01
C

F.”

17.1.4  C
h

an
g

in
g

 th
e S

p
eed

 o
f C

o
m

m
u

n
icatio

n
T

he
 com

m
u

nicatio
n

 ba
u

d
 ra

te
 m

ay b
e

 ch
a

ng
e

d
 a

fte
r 1

9
,2

0
0

b
p

s is in
itia

lly use
d to se

t u
p

 th
e R

S
-23

2
 

te
rm

in
al. S

im
p

ly issue
 a b

-reco
rd

 to
 re

in
itia

lize th
e

 ba
u

d
 co

n
tro

l re
gister of th

e
 U

A
R

T
 co

ntro
lle

r, w
h

ich is 
d

escrib
e

d
 in

 S
ectio

n
1

4
.4.2

, “U
A

R
T

 1 B
a

u
d

 C
on

tro
l R

e
g

iste
r,” on

 p
a

ge
1

4-1
2

. F
o

r e
xam

ple
, if the

 syste
m

 
u

se
s a

 3
2

.76
8

kH
z e

xtern
al crysta

l, th
e

 b
a

u
d con

tro
l re

g
iste

r is in
itia

lize
d

 to
 0

x01
2

6
 a

fte
r 19

,2
0

0
b

p
s is se

t 
u

p, a
ssu

m
in

g
 th

a
t the

 syste
m

 clo
ck is 1

6
.5

8
M

H
z (th

e
 d

e
fa

u
lt). C

h
an

g
in

g
 th

e
 ba

u
d

 co
n

tro
l re

g
iste

r fro
m

 
0

x0
1

2
6 to

 0
x0

0
2

6 w
ill sw

itch
 th

e
 b

a
ud

 ra
te

 from
 1

9
,20

0
b

ps to
 3

8
,4

00
b

p
s b

y issuin
g a

 b
-re

co
rd

. A
fter th

e 
la

st ch
a

ra
cte

r o
f th

is b-re
cord

 is se
n

t (0
), th

e e
ch

o
 o

f this last ch
ara

cter w
ill b

e in
 th

e n
e

w
 sp

e
ed

 
(3

8
,40

0
b

ps). A
t th

is tim
e

, th
e h

o
st sp

e
e

d m
u

st im
m

e
d

ia
te

ly b
e a

d
ju

ste
d to 3

8
,4

00
b

p
s. 

T
he

 b
a

ud
 co

ntro
l re

g
iste

r is a
 2

-b
yte

 re
g

iste
r, a

n
d

 b
oo

tstra
p

 m
o

de
 d

ata
 tran

sfe
rs a

re
 byte-sized

 w
rite cycles. 

T
he

refo
re

, ch
a

ng
ing

 b
o

th
 bytes o

f th
e

 b
au

d
 co

n
tro

l re
g

iste
r re

qu
ire

s tw
o

 ste
p

s, a
n

d e
a

ch
 b

yte
 ch

a
ng

e
 m

u
st 

b
e issu

e
d

 a
t th

e
 sta

n
d

ard
 co

m
m

u
n

icatio
n

 sp
ee

d
 fo

r th
e

 h
o

st to
 set u

p
 ne

w
 co

m
m

un
ica

tio
n. F

or e
xa

m
p

le
, to 

ch
a

n
ge

 th
e

 sp
e

ed
 fro

m
 1

9
,2

0
0

b
p

s to
 1

15
,2

0
0

b
p

s, follo
w

 the
se ste

p
s:

1
.

Issue
 th

e
 b-re

cord
 “F

F
F

F
F

9
02

0
1

00
” to

 cha
n

g
e the

 b
au

d
 co

n
tro

l reg
iste

r fro
m

 0
x0

1
2

6
 to

 
0

x0
0

2
6

, a
nd

 th
e

 n
ew

 spe
e

d
 ch

an
g

es to
 38

,4
0

0
b

p
s. N

ext, cha
n

g
e th

e
 h

o
st sp

e
ed

 to
 3

8
,4

00
bp

s 
to

 syn
ch

ro
n

ize w
ith

 th
e

 ta
rge

t system
. 

2
.

Issue
 an

o
th

e
r b

-re
co

rd to
 ch

an
g

e
 th

e b
a

u
d co

ntro
l reg

ister from
 0

x0
0

26
 to

 0
x00

3
8

 of th
e

 
fin

al 11
5

,2
00

b
p

s sp
ee

d
, a

n
d

 re
ad

just th
e h

o
st sp

e
ed

 to
 1

1
5,2

0
0

b
p

s.
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M

C
68V

Z
328 U

ser’s M
anual
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B
ootstrap M

ode O
peration

17.1.5  S
ystem

 In
itializatio

n
 P

ro
g

ram
m

in
g

 E
xam

p
le

B
efore dow

nloading a program
 to system

 m
em

ory, the target system
 m

ay need to be initialized using the 
internal registers. A

n init file can be built using a text editor. E
xam

ple
17-1 is an initialization file for the 

M
C

68V
Z

328A
D

S
 board.

E
xam

p
le

17-1.   S
ystem

 In
itializatio

n
 P

ro
g

ram
m

in
g

 E
xam

p
le

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
 
i
n
i
t
.
b
 
-
-
 
I
n
i
t
 
A
D
S
 
t
o
 
d
e
f
a
u
l
t
 
m
o
n
i
t
o
r
 
c
o
n
f
i
g

*
 
d
a
t
e
:
 
0
4
/
2
0
/
9
8

*
 
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

F
F
F
F
F
1
1
8
0
1
3
0
 
 
e
m
u
c
s
 
i
n
i
t

F
F
F
F
F
0
0
0
0
1
1
C
 
 
S
C
R
 
i
n
i
t

F
F
F
F
F
B
0
A
0
1
0
0
 
 
D
i
s
a
b
l
e
 
W
D

F
F
F
F
F
4
2
B
0
1
8
3
 
 
e
n
a
b
l
e
 
c
l
k
o

F
F
F
F
F
4
0
B
0
1
0
0
 
 
e
n
a
b
l
e
 
c
h
i
p
 
s
e
l
e
c
t

F
F
F
F
F
D
0
D
0
1
0
8
 
 
d
i
s
a
b
l
e
 
h
a
r
d
m
a
p

F
F
F
F
F
D
0
E
0
1
0
7
 
 
c
l
e
a
r
 
l
e
v
e
l
 
7
 
i
n
t
e
r
r
u
p
t

F
F
F
F
F
1
0
0
0
2
0
1
0
0
 
C
S
A
 
2
M
 
-
 
4
M

F
F
F
F
F
1
1
0
0
2
0
1
A
7

F
F
F
F
F
1
0
2
0
2
0
0
0
0
 
C
S
B
 
0
 
-
 
2
5
6
K

F
F
F
F
F
1
1
2
0
2
0
0
9
1
 

F
F
F
F
F
C
0
0
0
2
8
F
0
0
 
D
R
A
M
 
C
o
n
f
i
g

F
F
F
F
F
C
0
2
0
2
9
6
6
7
 
D
R
A
M
 
C
o
n
t
r
o
l

F
F
F
F
F
1
0
6
0
2
0
2
0
0
 
C
S
D
 
i
n
i
t
 
-
-
 
R
A
S
0
 
4
M
-
6
M
,
 
R
A
S
1
 
6
M
-
8
M

F
F
F
F
F
1
1
6
0
2
0
2
9
D
 
e
n
a
b
l
e
 
D
R
A
M
 
c
s

F
F
F
F
F
3
0
0
0
1
4
0
 
 
 
I
V
R

F
F
F
F
F
3
0
4
0
4
0
0
7
F
F
F
F
F
 
I
M
R
 

N
O

T
E

:

T
he bootloader starts receiving a new

 b-record w
hen a nonhexadecim

al
digit is received. T

herefore, com
m

ents can be m
ade in the b-record file as

long as it contains no m
ore than eight consecutive hexadecim

al digits.
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B
o

o
tstrap

 M
o

d
e O

p
eratio

n

�
B

o
o

tstrap
 M

o
d

e
17-5

17.1.6  A
p

p
licatio

n
 P

ro
g

ram
m

in
g

 E
xam

p
le

T
he code show

n in E
xam

ple
17-2 can be used to calculate a C

R
C

 value. T
he exam

ple dem
onstrates how

 
assem

bly code is assem
bled and dow

nloaded to system
 R

A
M

.

E
xam

p
le

17-2.   A
p

p
licatio

n
 P

ro
g

ram
m

in
g

 E
xam

p
le

s
e
c
t
i
o
n
 
c
o
d
e

S
T
A
R
T
:

c
o
p
y
 
c
l
r
.
l
 
 
 
d
1
 

;
d
1
 
i
s
 
u
s
e
d
 
t
o
 
c
o
u
n
t
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
w
o
r
d
s
 
c
o
p
i
e
d
.

c
l
r
.
w
 
 
 
d
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
;
d
2
 
i
s
 
u
s
e
d
 
t
o
 
c
o
u
n
t
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
w
o
r
d
s
 
c
o
p
i
e
d
.

n
e
x
t
w
d
 
m
o
v
e
.
w
 
 
(
a
0
,
d
2
)
,
d
6

m
o
v
e
.
w
 
 
d
6
,
(
a
1
)
+

a
d
d
.
l
 
 
 
#
2
,
d
1
 
 
 
 
 
 
 
 
 
 
 
;
C
o
u
n
t
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
w
o
r
d
s
 
c
o
p
i
e
d
.

a
d
d
.
w
 
 
 
#
2
,
d
2
 
 
 
 
 
 
 
 
 
 
 
;
C
o
u
n
t
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
w
o
r
d
s
 
c
o
p
i
e
d
.

c
m
p
i
.
w
 
 
#
1
6
,
d
2

b
l
t
 
 
 
 
 
n
e
x
t
w
d
 
 
 
 
 
 
 
 
 
 
;
u
n
t
i
l
 
t
h
e
 
w
h
o
l
e
 
s
e
c
t
i
o
n
 
h
a
s
 
b
e
e
n
 
c
o
p
i
e
d
.

c
l
r
.
w
 
 
 
d
2

c
m
p
.
l
 
 
 
d
0
,
d
1
 
 
 
 
 
 
 
 
 
 
 
;
C
o
p
y
 
t
h
e
 
n
e
x
t
 
w
o
r
d
 
(
n
e
x
t
w
d
)

b
l
t
 
 
 
 
 
n
e
x
t
w
d
 
 
 
 
 
 
 
 
 
 
;
u
n
t
i
l
 
t
h
e
 
w
h
o
l
e
 
s
e
c
t
i
o
n
 
h
a
s
 
b
e
e
n
 
c
o
p
i
e
d
.

c
r
c
 
 
 
 
c
l
r
.
l
 
D
0

l
p
2
 
 
 
 
a
d
d
.
l
 
(
A
0
)
+
,
D
0

c
m
p
.
l
 
A
0
,
A
1

b
p
l
.
b
 
l
p
2

n
o
p

r
t
s

A
fter assem

bling and linking the program
 in E

xam
ple

17-2, generate the follow
ing s-record file. 

S
0
0
3
0
0
0
0
F
C

S
1
1
3
4
0
0
0
4
2
8
1
4
2
4
2
3
C
3
0
2
0
0
0
3
2
C
6
5
4
8
1
5
4
4
2
0
C
4
2
2
8

S
1
1
3
4
0
1
0
0
0
1
0
6
D
F
0
4
2
4
2
B
2
8
0
6
D
E
A
4
2
8
0
D
0
9
8
B
3
C
8
7
D

S
1
0
9
4
0
2
0
6
A
F
A
4
E
7
1
4
E
7
5
B
0

S
9
0
3
0
0
0
0
F
C

R
un the D

O
S

 program
 S

T
O

B
.E

X
E

 to convert the preceding s-records to bootstrap form
at. 

0
0
0
0
4
0
0
0
1
0
4
2
8
1
4
2
4
2
3
C
3
0
2
0
0
0
3
2
C
6
5
4
8
1
5
4
4
2
0
C
4
2

0
0
0
0
4
0
1
0
1
0
0
0
1
0
6
D
F
0
4
2
4
2
B
2
8
0
6
D
E
A
4
2
8
0
D
0
9
8
B
3
C
8

0
0
0
0
4
0
2
0
0
6
6
A
F
A
4
E
7
1
4
E
7
5

D
ow

nload the preceding b-record file to the target system
 using the U

A
R

T
 port in bootstrap m

ode. S
ince 

this b-record file w
ill be loaded into system

 R
A

M
, initialize the system

 by dow
nloading an init b-record 

file.

T
o run the preceding pro

g
ra

m
 a

fter it is d
o

w
n

lo
a

de
d

 to
 R

A
M

, issue
 a

n e
xecu

tion
 b

-re
co

rd
 “0

00
0

4
00

0
0

0
”, 

w
h

ere 0
0

0
04

0
0

0
 is th

e sta
rt ad

d
re

ss o
f th

e p
ro

g
ra

m
 a

n
d th

e last tw
o ze

ro
s id

en
tify the

 re
cord

 as a
n

 
exe

cutio
n

 b-re
cord

 an
d

 n
ot a d

a
ta

 re
co

rd.

T
o re

su
m

e
 bo

o
tstra

p m
od

e
 op

e
ra

tio
n a

fte
r ru

n
n

in
g

 a p
rog

ram
, m

a
ke

 th
e last instru

ctio
n

 in
 th

e
 ap

p
lica

tio
n

 
p

ro
g

ra
m

 a
 jm
p

$
F
F
F
F
F
F
5
A to

 sta
rt re

ce
ivin

g a
 n

ew
 b

-re
co

rd
.

A
n

y b
-re

co
rd m

ay b
e e

n
te

re
d

 in
 a R

S
-23

2
 te

rm
in

a
l e

nviro
n

m
e

nt, bu
t w

he
n

 a ke
y is p

re
sse

d
, th

e ch
ara

cter 
p

ro
d

uce
d b

y th
e

 ke
ystro

ke
 is se

nt to
 th

e
 bo

o
tlo

ad
e

r to b
e

 asse
m

b
led

. A
lth

ou
g

h
 th

e b
a

cksp
ace

 ca
p

ab
ility is 

n
ot im

p
lem

e
n

te
d

, th
e b

-re
co

rd ca
n b

e
 te

rm
in

ated
 a

t a
n

y tim
e

 b
y p

ressin
g th

e E
N

T
E

R
 key. A

s lo
n

g a
s a

 
p

ro
g

ra
m

 e
xe

cutio
n

 b-re
co

rd
 is no

t issu
e

d, the
 M

C
6

8
V

Z
3

2
8 w

ill re
m

a
in

 in
 b

oo
tstra

p
 m

o
de

.
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17-6
M

C
68V

Z
328 U

ser’s M
anual

�

B
ootloader F

low
chart

17.1.7  E
xam

p
le o

f In
stru

ctio
n

 B
u

ffer U
sag

e 
E

xam
ple

17-3 dem
onstrates how

 to run a 68000 instruction using the instruction buffer.

E
xam

p
le

17-3.   U
sin

g
 In

stru
ctio

n
 B

u
ffers

O
R
G
.
L
 

$
F
F
F
F
F
F
C
0

;
 
i
n
s
t
r
u
c
t
i
o
n
 
b
u
f
f
e
r
 
l
o
c
a
t
i
o
n

m
o
v
e
.
w
#
$
5
5
,
D
0

;
 
4
-
b
y
t
e
 
l
o
n
g
 
i
n
s
t
r
u
c
t
i
o
n
(
3
0
3
C
0
0
5
5
)

n
o
p

;
 
f
i
l
l
 
t
h
e
 
r
e
s
t
 
o
f
 
I
B
U
F
F
 

n
o
p

n
o
p

n
o
p

e
n
d

A
fter the data is assem

bled and converted to b-record form
at, it appears as in the follow

ing lines (w
here 

F
F

FF
F

F
C

0 is the IB
U

F
F

 address location):

F
F
F
F
F
F
C
0
0
C
3
0
3
C
0
0
5
5
4
E
7
1
4
E
7
1
4
E
7
1
4
E
7
1

F
F
F
F
F
F
C
0
0
0

T
he first b-record loads the instruction buffer. T

he second b-record tells the bootloader to run the 
instruction in the instruction buffer. W

hen the execution is com
plete, it accepts new

 b-record transfers. T
he 

C
P

U
 registers D

0–D
6 a

n
d A

0
 a

re
 u

se
d

 by th
e

 b
oo

tlo
ad

e
r p

ro
g

ram
. W

ritin
g

 to
 th

e
se reg

iste
rs m

a
y co

rru
p

t 
th

e
 bo

o
tlo

ad
e

r p
ro

g
ra

m
.

17.2   B
o

o
tlo

ad
er F

lo
w

ch
art

T
he

 follo
w

ing
 flo

w
ch

a
rt illu

stra
tes ho

w
 the

 b
o

otlo
a

de
r p

ro
gram

 op
e

ra
te

s in
sid

e the
 M

C
6

8
V

Z
3

2
8. T

h
e 

b
oo

tlo
ad

e
r sta

rts w
he

n
 th

e M
C

6
8V

Z
3

2
8

 en
ters b

o
o

tstrap
 m

o
d

e.
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B
o

o
tlo

ad
er F

lo
w

ch
art

�
B

o
o

tstrap
 M

o
d

e
17-7

F
ig

u
re

17-2.   B
o

o
tlo

ad
er P

ro
g

ram
 O

p
eratio

n

S
tart

T
est receive F

IF
O

;
Initialize appropriate U

A
R

T

R
eceive a bootstrap

C
N

T
 =

 0?

A
D

D
R

 =
 IB

U
F

F
?

R
un program

 starting
at A

D
D

R

S
tore D

A
T

A
 to

A
D

D
R

E
xecute

instruction in
IB

U
F

F

N
O

Y
E

S

N
O

Y
E

S

              
record
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17.3   S
p

ecial N
o

tes
T

he follow
ing inform

ation m
ay be useful w

hen the M
C

68V
Z

328 is in bootstrap m
ode.

•
A

 b
-reco

rd
 is a strin

g
 o

f u
pp

e
rca

se
 h

ex ch
a

ra
cte

rs w
ith o

p
tion

a
l co

m
m

e
n

ts th
at fo

llow
. 

•
C

o
m

m
e

n
ts in

 a b
-re

co
rd

 o
r b

-re
co

rd file m
ust n

o
t co

nta
in

 any w
ord

 or sym
b

o
l tha

t is lo
ng

e
r tha

n
 

n
in

e ch
aracters. H

ow
ever, th

e
 fo

llow
ing

 cha
racte

rs can
 b

e u
se

d
 in

 a strin
g

 of any len
g

th
 (all o

f th
e

se
 

h
ave a

n
 A

S
C

II co
d

e valu
e tha

t is le
ss th

a
n 0

x3
0):

—
sp

a
ce

—
! (exclam

atio
n

 po
int)

—
“ (q

uo
tatio

n
 m

ark)

—
#

 (n
u

m
b

er sign
)

—
$

 (d
o

lla
r sign

)

—
%

 (p
e

rce
nta

ge
 sym

b
o

l)

—
&

 (a
m

p
e

rsan
d

)

—
( (op

e
n

in
g

 pa
re

n
th

e
sis)

—
) (clo

sing
 p

are
nth

esis)

—
* (a

sterisk)

—
+

 (p
lu

s sig
n

)

—
- (m

in
u

s sig
n

)

—
. (p

erio
d

)

—
/ (fo

rw
ard sla

sh)

•
T

h
e b

oo
tlo

ad
e

r p
ro

g
ra

m
 ech

o
es all ch

a
ra

cte
rs b

e
in

g
 re

ce
ived

, bu
t o

n
ly th

o
se

 having
 an

 A
S

C
II co

d
e 

va
lu

e
 g

rea
te

r th
a

n
 o

r e
qu

a
l to

 0x3
0

 a
re

 ke
p

t fo
r b

-reco
rd

 assem
b

lin
g

. S
e

nd
ing

 a cha
racte

r th
a

t is n
o

t 
a b

-re
co

rd (A
S

C
II co

d
e

 va
lu

e
 <

 0
x3

0
) w

ill fo
rce

 th
e

 b
o

o
tlo

ad
e

r to
 sta

rt a n
ew

 b
-re

co
rd.

•
T

h
e D

[6:0
] a

nd
 A

0
 registe

rs are u
sed

 by the
 b

oo
tlo

a
de

r p
rog

ram
. W

riting
 to

 the
se reg

iste
rs m

a
y 

co
rru

p
t the

 b
oo

tlo
a

de
r p

rog
ram

.

•
V

isit the
 D

rag
o

n
B

all W
e

b
 site

 at http
://w

w
w

.M
o

to
rola.co

m
/D

ra
go

n
B

a
ll fo

r b
o

otstra
p

 u
tility 

p
ro

g
ra

m
s.
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A

p
p

licatio
n

 G
u

id
e

T
his chapter contains helpful inform

ation that w
ill assist w

ith integrating the M
C

68V
Z

328 into new
 or 

existing designs. It includes a design checklist and instructions for using the M
C

68V
Z

328 A
pplication 

D
evelopm

ent S
ystem

 (A
D

S
) board to get the design process started as quickly as possible.

18.1   D
esig

n
 C

h
ecklist

W
hen the M

C
68V

Z
328 m

icroprocessor is being integrated into an application, the follow
ing item

s can be 
used as guides during the design process. T

hese guidelines are the result of issues that frequently occurred 
during debugging or in the process of operating actual designs. 

18.1.1  D
eterm

in
in

g
 th

e C
h

ip
 ID

 an
d

 V
ersio

n
E

ach chip has different sets of num
bers etched onto it, and one of these sets is the m

ask and revision 
num

ber for that particular chip. T
he m

ask num
ber and the revision num

ber are com
bined into one. For 

exam
ple, w

ith the num
ber 0F

98S
, 0 is the revision num

ber and F
98S

 is the m
ask num

ber. T
his inform

ation 
is necessary for obtaining the correct errata inform

ation for that version of the chip, ensuring m
ore efficient 

product design. O
nce the m

ask and revision num
bers are know

n, go to the D
ragonB

all W
eb site 

(http://w
w

w
.M

otorola.com
/D

ragonB
all) and look for any M

C
68V

Z
328 chip errata pertaining to those 

num
bers. If W

eb access is not available, contact the local M
otorola sales office.

18.1.2  8-B
it B

u
s W

id
th

 Issu
es

T
o ensure m

axim
um

 flexibility, the M
C

68V
Z

328 supports both 8- and 16-bit data bus m
odes. E

xcept the 
chip-select group A

, w
hich carries the boot chip select signal C

S
A

0  and is norm
ally connected to boot 

R
O

M
, all the chip select signals are program

m
able to 8-bit or 16-bit m

ode after reset. T
he data bus w

idth 
for the C

S
A

0  and C
S

A
1 signals is only controlled by the B

U
S

W
/D

T
A

C
K

/P
G

0 signal. F
or a system

 w
ith 

16-bit data boot R
O

M
, B

U
S

W
 is pulled high or left unconnected during system

 reset. F
or an 8-bit data 

boot R
O

M
 system

, B
U

S
W

 m
ust be externally driven low

 during system
 reset. T

he B
U

S
W

 status is latched 
by the rising edge of the R

E
S

E
T

 signal, and the latched B
U

S
W

 status is indicated by the B
S

W
 bit of the 

ch
ip-select A

 co
ntro

l re
giste

r. S
ee

 S
e

ctio
n

6.3
.3

, “C
h

ip
-S

elect R
e

g
iste

rs,” on
 p

ag
e

6-8
 fo

r m
ore d

e
ta

ils. 
A

lso
, a

fter re
se

t, th
e

 B
U

S
W

/D
T

A
C

K /P
G

0
 pin

 can
 b

e se
lecte

d
 a

s a
 D

T
A

C
K

 
o

r P
G

0
 fu

n
ctio

n, b
u

t it d
e

fa
u

lts 
to

 th
e

 D
T

A
C

K
 fu

n
ctio

n
. T

his sig
n

a
l sh

o
u

ld
 b

e p
e

rm
a

n
en

tly drive
n

 lo
w

 fo
r a

n
 8-b

it system
 to

 fo
rce

 all b
us 

cycle
s to

 a zero
 w

ait sta
te

 u
ntil th

is p
in

 is re
co

n
fig

u
re

d to
 th

e P
G

0
 fu

n
ction

. F
o

rtu
n

a
te

ly, th
e

 syste
m

 clo
ck 

is d
ivid

e
d

 b
y tw

o
 (th

e
 P

R
E

S
C

 b
it in

 th
e

 P
L

L
C

R
 reg

ister is set) afte
r re

se
t, w

hich
 d

o
u

b
le

s th
e le

ng
th of e

ach
 

b
us cycle

 a
nd

 p
ro

vid
e

s a
m

p
le

 a
ccess tim

e to m
em

orie
s. T

h
e

re
fo

re, B
U

S
W

/D
T

A
C

K
/P

G
0 sh

o
uld

 b
e

 
p

ro
g

ra
m

m
e

d
 to the

 P
G

0 fun
ction

 b
efo

re
 th

e syste
m

 clo
ck is co

n
figu

red
 to

 divid
e

 b
y o

n
e

 (th
e

 P
R

E
S

C
 b

it in 
th

e
 P

L
L

C
R

 reg
ister is cle

ared
).
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A
pplication G

uide

18.1.3  C
lo

ck an
d

 L
ayo

u
t C

o
n

sid
eratio

n
s

T
his section covers layout considerations affecting D

ragonB
all tim

ing issues during operation and also 
during the initial pow

er up.

•
P

la
ce

 th
e

 crystal w
ith

in
 0.5

 in
ch

es o
f th

e
 M

C
6

8
V

Z
3

28
. T

h
e crysta

l a
n

d the
 cap

a
cito

rs m
u

st b
e a

s 
clo

se
 to

 th
e

 ch
ip a

s p
o

ssible
.

•
If an

 R
C

 re
set circu

it is be
in

g
 u

se
d

, p
lace

 th
e re

sistor an
d

 ca
p

a
cito

r w
ith

in 0
.5

 in
ch

e
s o

f th
e 

M
C

6
8

V
Z

3
28

. T
he

 R
E

S
E

T  p
in

 is a
 S

ch
m

itt trig
ge

r inp
u

t sig
n

al. A
 sim

p
le

 p
ow

e
r-u

p R
C

 re
set circuit 

ca
n

 b
e u

se
d

. S
in

ce
 th

e
 in

te
rna

l m
od

u
le

 ta
ke

s tim
e

 to
 co

m
plete th

e rese
t o

pe
ratio

n
, a

 m
inim

u
m

 
2

50
m

s p
ow

e
r-u

p rese
t p

u
lse is req

u
ire

d.

•
U

se m
u

ltip
le p

ow
e

r a
n

d g
ro

u
n

d
 p

lan
e

s. It is stro
ng

ly reco
m

m
e

n
de

d
 to

 use
 a

t lea
st o

ne
 g

ro
u

nd
 p

la
n

e, 
o

ne
 3

.3
V

 VD
D

 p
lan

e
, a

nd
 on

e
 5

V
 VSS  p

lan
e

 (if 5
V

 p
arts exist in

 th
e

 system
). T

h
is h

e
lp

s im
p

rove
 

th
e

 pow
e

r sta
bility a

nd
 e

nh
a

n
ce

 th
e

 no
ise

 im
m

un
ity o

f th
e

 syste
m

.

18.1.4  B
u

s an
d

 I/O
 C

o
n

sid
eratio

n
s

S
eve

ra
l o

f th
e ite

m
s th

at are w
a

rne
d

 ag
a

in
st in

 this se
ctio

n
 ap

p
ea

r to
 be

 g
oo

d
 d

esig
n

 p
ra

ctice
. H

o
w

e
ver, 

exp
e

rien
ce h

a
s d

e
m

o
nstra

te
d th

at no
t h

e
e

din
g the

 fo
llo

w
in

g
 sug

g
e

stio
n

s can
 lea

d
 to

 pro
ble

m
s.

•
D

o
 no

t leave u
n

u
se

d
 in

p
ut p

in
s flo

a
ting

. U
n

u
se

d
 in

pu
ts sh

ou
ld b

e
 tie

d
 h

ig
h

 o
r low

, bu
t no

t le
ft 

flo
atin

g
. U

nu
se

d in
pu

ts ca
n b

e
 tie

d d
ire

ctly to V
SS  o

r V
D

D
 o

r th
ro

u
g

h
 pu

ll-up
s o

r p
u

ll-d
ow

ns to
 VSS  

o
r V

D
D

. 

•
U

se th
e

 po
rt p

in
s e

fficie
n

tly. W
he

n
 po

rt p
in

s a
re

 no
t u

se
d, th

ey sho
u

ld
 b

e co
nfig

u
red

 as in
p

u
ts w

ith
 

p
ull-u

p e
n

ab
le

d
 o

r a
s a

n
 o

u
tp

u
t w

ith
 p

u
ll-u

p
 d

isa
b

le
d

 to
 re

d
uce

 p
ow

er con
sum

ptio
n

.

•
A

p
ply in

terna
l pu

ll-up
s to

 d
e

d
icated

 fu
nctio

n pin
s. M

any pin
s a

re m
ixe

d
 w

ith
 a

 d
ed

ica
te

d
 fu

n
ctio

n
. 

T
h

e in
tern

al pu
ll-u

p
 o

r p
ull-d

ow
n

 re
sisto

rs ap
p

ly to b
o

th
 th

e
 d

e
d

icated
 fun

ction
 a

nd
 the

 g
en

e
ra

l I/O
 

fu
n

ctio
n

. F
o

r in
stan

ce, w
h

e
n

 u
sin

g
 th

e
 R

X
D

/P
E

4
 sig

na
l a

n
d

 th
e R

X
D

 fu
nctio

n
, th

e a
sso

ciate
d 

in
te

rna
l p

u
ll-u

p
 re

sisto
r ca

n b
e

 u
se

d to p
u

ll up
 the

 R
X

D
 inp

u
t sig

n
al. 

•
D

o
 no

t rely so
lely o

n
 th

e
 va

lu
e

 o
f in

te
rn

a
l p

u
ll-u

p
 re

sisto
rs. T

h
e

 in
te

rna
l re

sistors a
re n

o
m

in
a

lly 
1

m
ega

o
hm

, bu
t th

eir d
eviatio

n
 is la

rge
.

•
A

lw
ays p

rovid
e a d

eve
lop

m
e

n
t in

te
rfa

ce
 p

ort o
n

 yo
u

r d
e

sig
n

. T
h

e M
C

6
8

V
Z

32
8

 h
a

s b
oo

tstra
p

 m
o

d
e

 
an

d
 a bo

o
tstra

p u
tility p

rog
ram

 th
a

t ca
n

 b
e

 u
sed

 to
 d

ow
n

lo
ad

 p
ro

g
ra

m
s a

n
d d

ata to
 a ta

rge
t system

 
an

d
 p

erfo
rm

 sim
p

le
 h

ardw
are d

e
bug

g
in

g
 fu

n
ction

s. H
ow

eve
r, b

o
o

tstrap
 m

o
d

e o
n

ly u
se

s th
e R

X
D

 
an

d
 T

X
D

 sig
n

als o
f th

e U
A

R
T

 p
o

rt, so
 it is reco

m
m

e
n

d
ed

 th
a

t a
 U

A
R

T
 po

rt b
e in

clud
e

d
 in

 th
e

 
d

esig
n

 fo
r system

 de
bu

g
gin

g a
n

d fla
sh m

e
m

o
ry u

p
d

atin
g

.
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E

lectrical C
h

aracteristics
T

his chapter docum
ents electrical characteristics and provides tim

ing inform
ation necessary to design 

system
s using the M

C
68V

Z
328 m

icroprocessor. S
e

ctio
n

1
9.2

, “D
C

 E
le

ctrica
l C

h
a

ra
cte

ristics,” p
ro

vid
es 

d
etaile

d
 in

fo
rm

atio
n

 ab
o

u
t b

o
th

 m
a

xim
u

m
 a

nd
 m

in
im

u
m

 D
C

 ch
aracteristics o

f th
e

 M
C

6
8

V
Z

3
28

. 
S

ectio
n

1
9

.3
, “A

C
 E

le
ctrical C

h
aracteristics,” co

n
sists o

f o
u

tp
u

t d
e

la
ys, in

p
u

t setu
p a

n
d h

o
ld

 tim
e

s, a
n

d 
sig

na
l skew

 tim
es. It a

lso
 co

n
ta

ins tim
in

g
 in

form
a

tion
 for w

o
rkin

g
 w

ith
 R

A
M

, D
R

A
M

, a
n

d o
the

r 
m

e
m

o
ry-re

la
te

d
 m

od
u

le
s an

d
 pe

rip
h

erals.

19.1   M
axim

u
m

 R
atin

g
s

T
ab

le
1

9
-1

 p
ro

vid
e

s info
rm

a
tio

n o
n

 m
a

xim
u

m
 ra

tin
g

s.

T
ab

le
19-1.   M

axim
u

m
 R

atin
g

s

R
atin

g
S

ym
b

o
l

V
alu

e
U

n
it

S
upply voltage

V
D

D
–0.3 to 7.0 

V

Input voltage
V

IN
–0.3 to 7.0 

V

M
axim

um
 operating tem

perature range
T

A
T

L  to T
H

0 to 70
°C

S
torage tem

perature
T

est
–55 to 150

°C
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haracteristics

19.2   D
C

 E
lectrical C

h
aracteristics

T
able

19-2 contains both m
axim

um
 and m

inim
um

 D
C

 characteristics of the M
C

68V
Z

328.

19.3   A
C

 E
lectrical C

h
aracteristics

T
he A

C
 characteristics consist of output delays, input setup and hold tim

es, and signal skew
 tim

es. A
ll 

signals are specified relative to an appropriate edge of other signals. A
ll tim

ing specifications are specified 
at an operating frequency from

 0
M

H
z to 33

M
H

z w
ith an operating supply voltage from

 V
D

D
m

in  to 
V

D
D

m
ax  under an operating tem

perature from
 T

L  to T
H

. A
ll tim

ing is m
easured at 95

pF loading.

19.3.1  C
L

K
O

 R
eferen

ce to
 C

h
ip

-S
elect S

ig
n

als T
im

in
g

F
igure

19-1 on page
19-3 com

pares the chip-select signal tim
e referenced w

ith the C
L

K
O

 signal. N
ote that 

W
S

 is the num
ber of w

ait states in the current m
em

ory access cycle. T
he signal values and units of 

m
easure for this figure are found in T

able
19-3 on page

19-3. F
or detailed inform

ation about the individual 
signals, see

 C
h

ap
te

r
6

, “C
h

ip
-S

e
le

ct L
o

gic.” 

T
ab

le
19-2.   M

axim
u

m
 an

d
 M

in
im

u
m

 D
C

 C
h

aracteristics

N
u

m
b

er o
r 

S
ym

b
o

l
C

h
aracteristic

(3.0 ± 0.3)
V

U
nit

M
inim

um
T

ypical
M

axim
um

1
F

ull running operating current at 33
M

H
z

—
20

40
m

A

2
S

tandby current 1

1.S
tandby current is m

easured only w
hen the real-tim

e clock is running.

—
35

60
µA

V
IH

Input high voltage
0.7

V
D

D
—

—
V

V
IL

Input low
 voltage

—
—

0.4
V

V
O

H
O

utput high voltage (IO
H

=
2.0

m
A

)
0.7

V
D

D
—

—
V

V
O

L
O

utput low
 voltage (IO

L
=

-2.5
m

A
)

—
—

0.4
V

IIL
Input low

 leakage current 
(V

IN
=

G
N

D
, no pull-up or pull-dow

n)
—

—
±

1
µA

IIH
Input high leakage current 
(V

IN
=

V
D

D
, no pull-up or pull-dow

n)
—

—
±

1
µA

IO
H

O
utput high current 

(V
O

H
=

0.8
V

D
D , V

D
D

=
2.9

V
)

4.0
—

—
m

A

IO
L

O
utput low

 current 
(V

O
L

=
0.4V

, V
D

D
=

2.9
V

)
—

—
-4.0

m
A

IO
Z

O
utput leakage current 

(V
out =

V
D

D
, output is three-stated)

—
—

±
5

µA
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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ce to
 C
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ip
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ig
n

als T
im

in
g

 D
iag

ram

19.3.2  C
h

ip
-S

elect R
ead

 C
ycle T

im
in

g
F

igure
19-2 on page

19-4 show
s the read cycle tim

ing used by chip-select. T
he signal values and units of 

m
easure for this figure are found in T

able
19-4 on page

19-4. F
or detailed inform

ation about the individual 
signals, see

 C
h

ap
te

r
6

, “C
h

ip
-S

e
le

ct L
o

gic.” 

T
ab

le
19-3.   C

L
K

O
 R

eferen
ce to

 C
h

ip
-S

elect S
ig

n
als T

im
in

g
 P

aram
eters

N
u

m
b

er
C

h
aracteristic

(3.0 ± 0.3)
V

U
nit

M
inim

um
M

axim
um

1
C

LK
O

 high to C
S

x  asserted
—

10
ns

2
C

LK
O

 low
 to C

S
x negated

—
12

ns

3
C

LK
O

 high to R
A

S
x asserted

—
10

ns

4
C

LK
O

 high to R
A

S
x negated

—
12

ns

5
C

LK
O

 high to C
A

S
x asserted

—
10

ns

6
C

LK
O

 high to C
A

S
x negated

—
12

ns

C
LK

O

S
0

S
2

S
4

W
S

S
6

S
0

C
S

x

R
A

S
x

C
A

S
x

1

3

5
6

2
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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19-2.   C
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ycle T
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 D

iag
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T
ab

le
19-4.   C

h
ip

-S
elect R

ead
 C

ycle T
im

in
g

 P
aram

eters

N
u

m
b

er
C

h
aracteristic

(3.0 ± 0.3)
V

U
nit

M
inim

um
M

axim
um

1
A

ddress valid to C
S

x  asserted 
(bit E

C
D

S
=

0, bit E
C

D
S

=
1)

20, 20
-

T
/2

—
ns

2
U

W
E

/LW
E

 negated before row
 address valid

0
—

ns

3
C

S
x asserted to O

E
 asserted

—
0

ns

4
D

ata-in valid from
 C

S
x asserted

—
35 +

 nT
ns

5
E

xternal D
T

A
C

K
 input setup from

 C
S

x asserted
—

20 +
 nT

ns

6
C

S
x pulse w

idth 
(bit E

C
D

S
=

0, bit E
C

D
S

=
1)

60
+

nT
,

(60
+

T
/2)

+
nT

—
ns

7
E

xternal D
T

A
C

K
 input hold after C

S
x is negated

0
—

ns

8
D

ata-in hold after C
S

x is negated
0

—
ns

9
O

E
 negated after C

S
x is negated

0
10

ns

10
U

B
/LB

 asserted to C
S

x asserted (16-bit S
R

A
M

)
10

—
ns

A
[31:0]

C
S

x

U
W

E
/LW

E

O
E

D
[15:0]

D
T

A
C

K

U
D

S
/LD

S

U
B

/LB

1
6

2

3
9

4

5

8711
10
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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19.3.3  C
h

ip
-S

elect W
rite C

ycle T
im

in
g

F
igure

19-3 show
s the w

rite cycle tim
ing used by chip-select. T

he signal values and units of m
easure for 

this figure are found in T
able

19-5 on page
19-6. F

or detailed inform
ation about the individual signals, see 

C
h

ap
ter

6, “C
h

ip
-S

e
le

ct L
o

gic.” 

F
ig

u
re

19-3.   C
h

ip
-S

elect W
rite C

ycle T
im

in
g

 D
iag

ram

11
C

S
x negated to U

B
/LB

 negated (16-bit S
R

A
M

)
10

—
ns

N
o

te:
n is the num

ber of w
ait states in the current m

em
ory access cycle.

T
 is the system

 clock period.
T

he external D
T

A
C

K
 input requirem

ent is elim
inated w

hen C
S

x is program
m

ed to use internal D
T

A
C

K
. 

C
S

x  stands for C
S

A
0, C

S
A

1, C
S

B
0, C

S
B

1, C
S

C
0, C

S
C

1, C
S

D
0, or C

S
D

1.
A

 value in parentheses is used w
hen early cycle detection is turned on.

T
ab

le
19-4.   C

h
ip

-S
elect R

ead
 C

ycle T
im

in
g

 P
aram

eters (C
o

n
tin

u
ed

)

N
u

m
b

er
C

h
aracteristic

(3.0 ± 0.3)
V

U
nit

M
inim

um
M

axim
um

A
[31:0]

C
S

x

U
W

E
/LW

E

O
E

D
[15:0]

D
T

A
C

K

U
D

S
/LD

S

U
B

/LB

W
E

1
5

6
2

3
8

9

4
7

10
11
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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19.3.4  C
h

ip
-S

elect F
lash

 W
rite C

ycle T
im

in
g

F
igure

19-4 on page
19-7 show

s the flash w
rite cycle tim

ing used by chip-select. T
he signal values and 

units of m
easure for this figure are found in T

able
19-6 on page

19-7. F
or detailed inform

ation about the 
individual signals, see

 C
h

ap
ter

6, “C
h

ip
-S

e
le

ct L
o

g
ic.” 

T
ab

le
19-5.   C

h
ip

-S
elect W

rite C
ycle T

im
in

g
 P

aram
eters

N
u

m
b

er
C

h
aracteristic

(3.0 ± 0.3)
V

U
nit

M
inim

um
M

axim
um

1
A

ddress valid to C
S

x  asserted 
(bit E

C
D

S
=

0, bit E
C

D
S

=
1)

20, 20
-

T
/2

—
ns

2
C

S
x  asserted to U

W
E

/LW
E

 asserted
0

4
ns

3
C

S
x asserted to data-out valid

—
30

ns

4
E

xternal D
T

A
C

K
 input setup from

 C
S

x asserted
—

20 +
 nT

ns

5
C

S
x pulse w

idth 
(bit E

C
D

S
=

0, bit E
C

D
S

=
1)

60
+

nT
,

(60
+

T
/2)

+
nT

—
ns

6
U

W
E

/LW
E

 negated before C
S

x is negated
10

20
ns

7
E

xternal D
T

A
C

K
 input hold after C

S
x is negated

0
—

ns

8
D

ata-out hold after C
S

x is negated
8

—
ns

9
C

S
x negated to data-out in H

i-Z
—

18
ns

10
C

S
x asserted to W

E
 asserted (16-bit S

R
A

M
)

0
4

ns

11
W

E
 negated before C

S
x is negated (16-bit S

R
A

M
)

10
20

ns

N
o

te:
n is the num

ber of w
ait-states in the current m

em
ory access cycle.

T
 is the system

 clock period.
T

he external D
T

A
C

K
 input requirem

ent is elim
inated w

hen C
S

x is program
m

ed to use the internal D
T

A
C

K
.

C
S

x  stands for C
S

A
0, C

S
A

1, C
S

B
0, C

S
B

1, C
S

C
0, C

S
C

1, C
S

D
0, or C

S
D

1.
A

 value in parentheses is used w
hen early detection is turned on.
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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ycle T
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T
ab

le
19-6.   C

h
ip

-S
elect F

lash
 W

rite C
ycle T

im
in

g
 P

aram
eters

N
u

m
b

er
C

h
aracteristic

(3.0 ± 0.3)
V

U
nit

M
inim

um
M

axim
um

1
A

ddress valid to C
S

x  asserted 
(bit E

C
D

S
=

0, bit E
C

D
S

=
1)

20, 20
-

T
/2

—
ns

2
C

S
x  asserted to U

W
E

/LW
E

 asserted
20

40
ns

3
C

S
x asserted to data-out valid

—
30

ns

4
E

xternal D
T

A
C

K
 input setup from

 C
S

x asserted
—

20 +
 nT

ns

5
C

S
x pulse w

idth 
(bit E

C
D

S
=

0, bit E
C

D
S

=
1)

60
+

nT
,

(60
+

T
/2)

+
nT

—
ns

6
U

W
E

/LW
E

 negated before C
S

x is negated
10

20
ns

7
E

xternal D
T

A
C

K
 input hold after C

S
x is negated

0
—

ns

8
D

ata-out hold after C
S

x is negated
8

—
ns

9
C

S
x negated to data-out in H

i-Z
—

18
ns

N
o

te:
n is the num

ber of w
ait states in the current m

em
ory access cycle.

T
 is the system

 clock period.
T

he external D
T

A
C

K
 input requirem

ent is elim
inated w

hen C
S

x is program
m

ed to use the internal D
T

A
C

K
.

C
S

x  stands for C
S

A
0, C

S
A

1, C
S

B
0, C

S
B

1, C
S

C
0, C

S
C

1, C
S

D
0, or C

S
D

1.
A

 value in parentheses is used w
hen early detection is turned on.

A
[31:0]

C
S

x

U
W

E
/LW

E

O
E

D
[15:0]

D
T

A
C

K
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2
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3
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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19.3.5  C
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ip
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elect T
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g

 T
rim

F
igure

19-5 show
s the tim

ing diagram
 for the chip-select tim

ing trim
. T

he signal values and units of 
m

easure for this figure are found in T
able

19-7. F
or detailed inform

ation about the individual signals, see 
C

h
ap

ter
6, “C

h
ip

-S
e

le
ct L

o
gic.” 

F
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g
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 C
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it A
ccess (C

P
U

 B
u

s M
aster)

F
ig

u
re

19
-6

 o
n

 p
ag

e
19

-9 sh
ow

s th
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 D
R

A
M

 rea
d

 cycle
 tim

in
g

 diag
ram

 fo
r 1

6
-b

it access (C
P

U
 bu

s m
a

ster). 
T

he
 sig

n
al va

lue
s a

n
d

 un
its of m

e
asu

re
 fo

r th
is fig

u
re

 a
re

 fo
u

n
d in T

a
b

le
19

-8 o
n

 p
ag

e
19

-9
. D

e
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ile
d 

in
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rm
a

tion
 ab

o
u

t th
e o
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ratio

n
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f in
d

ividu
a

l sig
na

ls ca
n

 b
e

 fou
n

d
 in

 C
h

a
pter

7
, “D

R
A

M
 C

o
ntro

lle
r,” a

n
d 

C
h

ap
ter

6, “C
h

ip
-S

e
le

ct L
o
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T
ab

le
19-7.   C

h
ip
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elect T

im
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g
 T

rim
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im
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N
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m
b

er
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h
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(3.0 ± 0.3)
V

U
nit

M
inim
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1
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x asserted (bit E
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=
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=
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ccess (C
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aster) T
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A

M
 R

ead
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ycle 16-B
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ccess (C
P

U
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u
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er
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h
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family



19-28
M

C
68V

Z
328 U

ser’s M
anual

�

A
C

 E
lectrical C

haracteristics

19.3.23  P
ag

e-M
iss at S

tartin
g

 o
f L

C
D

 D
M

A
 fo

r S
D

R
A

M
 (C

A
S

 
L

aten
cy

=
1)

F
igure

19-24 show
s the tim

ing diagram
 for the page-m

iss at the starting of L
C

D
 D

M
A

 for S
D

R
A

M
. T

he 
signal values and units of m

easure for this figure are found in T
able

19-16 on page
19-31. D

etailed 
in

fo
rm

a
tion

 a
bo

u
t th

e o
p

eratio
n

 o
f in

d
ividu

a
l sig

n
als ca

n
 b

e
 fo

u
n

d in b
o

th
 C

h
ap

ter
8

, “L
C

D
 C

o
n

trolle
r,” 

an
d

 C
h

ap
ter

7, “D
R

A
M

 C
o

n
tro

ller.” 

F
ig

u
re

19-24.   P
ag

e-M
iss at S

tartin
g

 o
f L

C
D

 D
M

A
 fo

r S
D

R
A

M
 T

im
in

g
 D

iag
ram

S
D

C
LK

R
A

S

S
C

K
E

N

D
[15:0]

C
A

S

A
[16:1]/M

D
[15:0]

S
D

A
10

C
S

W
E

D
Q

M

D
T

A
C

K

A
ctive

C
om

m
and

P
recharge

C
om

m
and

R
ead

C
om

m
and

R
ead

C
om

m
and

R
ead

C
om

m
and

R
ead

C
om

m
and

B
ank

R
ow

C
ol n

C
ol n+

1
C

ol n+
2

C
ol n+

3

1=
A

ll B
ank

D
ata n

D
ata n+

1
D

ata n+
2

D
ata n+

3

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

ARCHIVED BY FREESCALE SEMICONDUCTOR, INC. 2005

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently 
are not available from Freescale for import or sale in the United States prior to September 2010: MC68VZ328 Product Family
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reset tim
ing diagram

,17-2
setting up R

S-232 term
inal,17-3

B
reak (character status) bit, see B

R
E

A
K

 bit
B

R
E

A
K

 bit
U

R
X

1 register,14-14
U

R
X

2 register,14-24
B

reak characters, generating,14-5
B

SW
 bit

C
SA

 register,6-8
C

SB
 register,6-10

C
SC

 register,6-12
C

SD
 register,6-15

B
U

PS
2 bit,6-18

B
urst m

ode
during w

ake-up event,4-13
operation,4-12
operational exam

ple,4-13
setting the PE

N
 bit, effects of,4-11

B
us control signals

bus w
idth, see B

U
SW

/D
T

A
C

K
/PG

0 pin
data strobe signals, see U

D
S /PK

3, L
D

S/P
K

2 pin
data transfer acknow

ledge, see 
B

U
SW

/D
T

A
C

K
/PG

0 pin
D

R
A

M
 w

rite-enable, see D
W

E
/U

C
L

K
/PE

3 pin
introduction,2-6
low

er byte w
rite-enable, see L

W
E

/L
B

 pin
output enable, see O

E
 pin

P
ort E

 bit 3, see D
W

E
/U

C
L

K
/PE

3 pin
P

ort G
 bit 0, see B

U
SW

/D
T

A
C

K
/PG

0 pin
read/w

rite signal, see R
W

/PK
1 pin

U
A

R
T

 clock, see D
W

E
/U

C
L

K
/PE

3 pin
upper byte w

rite-enable, see U
W

E
/U

B
 pin

B
U

SW
/D

T
A

C
K

/PG
0 pin,2-6

B
usy (T

x status) bit, see B
U

SY
 bit

B
U

SY
 bit

U
T

X
1 register,14-15

U
T

X
2 register,14-25

B
W

S
O

 bit,6-17

CC
A

P field
T

C
T

L
1 register,12-7

T
C

T
L

2 register,12-7
C

A
PT

 bit
T

S
T

A
T

1 register,12-12
T

S
T

A
T

2 register,12-12
C

apture edge field, see C
A

P field
C

apture event bit, see C
A

P
T

 bit
C

apture events,12-2
C

A
PT

U
R

E
 field

T
C

R
1 register,12-10

T
C

R
2 register,12-10

C
apture value field, see C

A
PT

U
R

E
 field

C
A

S0 /C
A

S1 signal,6-1

C
ascaded tim

ers
available configurations,12-4
description of,12-4
m

ethods to com
pare and capture,12-4

C
C

PE
N

 bit,8-21
C

C
x field,8-12

C
G

B
A

 field,6-7
C

G
M

, see clock generation m
odule

C
hip ID

 and version, determ
ining,18-1

C
hip-select

and E
D

O
 R

A
M

 interface signals,2-10
logicaddress select signal, see A

S signal
configuring m

em
ory,6-2

data bus size program
m

ing,6-3
during reset,9-4
gro
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ss re
g
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–
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e
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 re
g
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m
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8
re

g
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trol re
g
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, see C
S

C
T

R
L

1
 re

g
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r
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trol re
g
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, see C
S

C
T

R
L

2
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g
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trol re
g
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, see C
S

C
T

R
L

3
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g
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r
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g
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see C

S
G

B
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r
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g
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see C
S

G
B

B
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S
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B
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r
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see C

S
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B
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S
A

 re
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r B
, see C

S
B

 re
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r
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r C
, see C

S
C

 re
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r D
, see C

S
D

 re
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r
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p
e

r g
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u
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d
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ss re

g
iste

r, 
see 

C
S

U
G

B
A

 register
tim
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 tim
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g,1
9-6
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a

d
 cycle

 tim
ing

,19
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g p
a
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L

K
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,1
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h
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b
le
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see E

N
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C
h
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 fie
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C
H

x fie
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-1
4

C
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 b
it,7-1
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C
L

K
32 bit,4-10

C
L

K
32 clock signal
crystal frequency range,4-4
crystal oscillator circuit exam

ple,4-4
crystal ram

p-up tim
e,4-4

description,4-4
C

L
K

E
N

 bit,4-8
C

L
K

M
 bit

U
S

T
C

N
T

1 register,14-10
U

S
T

C
N

T
2 register,14-20

C
L

K
O

/PF
2 pin,2-4

C
L

K
S

E
L

 field
PW

M
C

1 register,15-5
PW

M
C

2 register,15-9
C

L
K

SO
U

R
C

E
 field

T
C

T
L

1 register,12-7
T

C
T

L
2 register,12-7

C
L

K
SR

C
 bit

PW
M

C
1 register,15-4

U
M

ISC
1 register,14-16

U
M

ISC
2 register,14-26

C
lock bit, see C

L
K

 bit
C

lock enable bit, see C
L

K
E

N
 bit

C
lock generation m

odule (C
G

M
)

changing frequencies,4-7
clock signal distribution,4-2
clock signals

C
L

K
32,4-4

L
C

D
 clock divider,4-3

P
L

L
C

L
K

,4-4 to 4-7
introduction,4-2
operational overview

,4-3
program

m
ing m

odel,4-8 to 4-10
C

lock m
ode selection bit, see C

L
K

M
 bit

C
lock output, see C

L
K

O
/PF2 pin

C
lock source bit, see C

L
K

S
R

C
 bit

C
lock source field, see C

L
K

S
O

U
R

C
E

 field
C

lock source select bit, see A
C

D
S

L
T

 bit
C

lock32 status bit, see C
L

K
32 bit

C
O

L
10 bit,7-12

C
O

L
8 bit,7-12

C
O

L
9 bit,7-12

C
olum

n address M
D

10, see C
O

L
10 bit

C
olum

n address M
D

8, see C
O

L
8 bit

C
olum

n address M
D

9 bit, see C
O

L
9 bit

C
O

M
B

 bit,6-14
C

om
bining bit, see C

O
M

B
 bit

C
O

M
P

 bit
T

S
T

A
T

1 register,12-12
T

S
T

A
T

2 register,12-12
C

om
pare

12-12
C

om
pare event bit, see C

O
M

P
 bit

C
O

M
P

A
R

E
 field

T
C

M
P1 register,12-9

T
C

M
P

2 register,12-9
C

om
pare value field, see C

O
M

P
A

R
E

 field
C

ontrast control enable bit, see C
C

PE
N

 bit
C

ontrolling Fram
e R

ate M
odulation function, absence 

of,8-7
C

onventions of form
atting used in this m

anual,xxix
C

O
U

N
T

 field
P

W
M

C
N

T
1 register,15-7

P
W

M
C

N
T

2 register,15-10
T

C
N

1 register,12-11
T

C
N

2 register,12-11
C

ount field, see C
O

U
N

T
 field

C
ounter clock source bit, see C

SR
C

 bit
C

PU
data and address m

ode types,1-6
F

L
X

68000 instruction set,1-6
program

m
ing m

odel,1-5 to 1-8
status register, description,1-5

C
rystal input pin, see X

T
A

L
 signal pin

C
rystal oscillator, see X

T
A

L
 oscillator

C
S toggle enable bit, see C

S
T

 bit
C

SA
 register,6-8

C
SA

 w
ait state bit 0, see A

W
SO

 bit
C

SA
0 /C

SA
1 signal,6-1

C
SB

 register,6-10
C

SB
 w

ait state bit 0, see B
W

SO
 bit

C
SB

0 /C
SB

1 signal,6-1
C

SC
 register,6-12

C
SC

 w
ait state bit 0, see C

W
SO

 bit
C

SC
0 /C

SC
1 signal,6-1

C
SC

T
R

L
1 register,6-17

C
SC

T
R

L
2 register,6-18

C
SC

T
R

L
3 register,6-20

C
SD

 register,6-14
C

SD
 w

ait state bit 0, see D
W

SO
 bit

C
SD

0 /C
SD

1 signal,6-1
C

SG
B

A
 register,6-4

C
SG

B
B

 register,6-5
C

SG
B

C
 register,6-5

C
SG

B
D

 register,6-6
C

SR
C

 bit,13-11
C

ST
 bit,6-20

C
SU

G
B

A
 register,6-6

C
T

S  signal (U
A

R
T

), operation,14-5
C

T
S

1 D
E

L
T

A
 bit,14-15

C
T

S1  delta enable bit, see C
T

SD
 bit

C
T

S1 S
T

A
T

 bit,14-15
C

T
S1  status bit, see C

T
S

1 ST
A

T
 bit

C
T

S1 /C
T

S
2 serial interface description,14-3

C
T

S1 /PE
7 pin,2-8

C
T

S
2 D

E
L

T
A

 bit,14-25
C

T
S2 S

T
A

T
 bit,14-25

C
T

S2  status bit, see C
T

S
2 ST

A
T

 bit
C

T
S2 /PJ7 pin

2-8
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C
T

SD
 bit

U
S

T
C

N
T

1 register,14-11
U

S
T

C
N

T
2 register,14-21

C
T

Sx  pin, program
m

ing to post interrupt,14-3
C

U
PS

2 bit,6-18
C

ursor control 1 and 0 field, see C
C

x field
C

ursor he
igh

t 4–
0

 fie
ld, see C

H
x fie

ld
C

ursor vertica
l Y

 p
ixe

l 8–
0

 fie
ld, see C

Y
P

x fie
ld

C
ursor w

id
th 4

–
0 fie

ld
, see C

W
x fie

ld
C

ursor X
 po

sitio
n 9

–0
 fie

ld, see C
X

P
x fie

ld
C

W
S

O
 bit,6

-17
C

W
x fie

ld
,8

-14
C

X
P

x fie
ld,8

-1
3

C
Y

P
x fie

ld,8
-1

3

DD
[1

5:8] pins,2
-5

D
[7

:0
]/P

A
[7:0

] pin
s,2

-5
D

a
ta

 a
n

d
 a

d
d

re
ss m

od
e

 type
s, 

see C
P

U
D

a
ta

 b
-re

co
rd fo

rm
a

t, 
see b

oo
tstra

p
 m

od
e

D
a

ta
 b

u
s

m
ixin

g 1
6- a

n
d 8

-b
it a

d
dre

ss de
vice

s,6
-3

p
rog

ra
m

m
in

g
 b

u
s w

id
th

,6
-3

se
lectin

g in
itial w

idth
,6-3

sign
a

ls
d

a
ta

 bits 1
5–

8
, see D

[1
5

:8] p
ins

d
a

ta
 bits 7

–0
, see D

[7:0
]/P

A
[7

:0
] p

in
s

in
tro

du
ctio

n,2
-5

P
ort A

 bits 7
–0

, see D
[7:0

]/P
A

[7
:0

] p
in

s
D

a
ta

 b
u

s w
id

th
 b

it, see B
S

W
 b

it
D

a
ta

 b
u

s w
id

th
, b

oo
t d

e
vice o

p
e

ra
tion

,9-5
D

A
T

A
 field

S
P

ID
A

T
A

2
 re

g
iste

r,13
-14

S
P

IR
X

D
 re

g
iste

r,13
-4

S
P

IT
X

D
 re

g
iste

r,1
3-5

D
a

ta
 fie

ld
, see D

x fie
ld

D
A

T
A

 R
A

T
E

 fie
ld

S
P

IC
O

N
T

1
,13

-6
S

P
IC

O
N

T
2

 re
g

iste
r,1

3-1
5

D
a

ta
 re

a
d

y (F
IF

O
 sta

tus) b
it, 
see D

A
T

A
 R

E
A

D
Y

 b
it

D
A

T
A

 R
E

A
D

Y
 b

it
U

R
X

1
 re

g
iste

r,1
4-1

3
U

R
X

2
 re

g
iste

r,1
4-2

3
D

A
T

A
_R

E
A

D
Y

 con
tro

l field, see D
R

C
T

L
 fie

ld
D

A
T

A
_R

E
A

D
Y

 sig
n

a
l,1

3
-3

D
C

 characteristics, see electrical characteristics
D

e
fin

itio
n

s, ge
n

e
ra

l,xxx
D

G
B

A
 fie

ld
,6

-7
D

ire
ction

 field, see D
IR

x fie
ld

D
IR

x fie
ld

P
A

D
IR

 re
giste

r,1
0

-7
P

B
D

IR
 re

g
iste

r,10
-9

P
C

D
IR

 re
g

iste
r,10

-12
P

D
D

IR
 re

giste
r,1

0
-1

6

P
E

D
IR

 re
giste

r,10
-21

P
F

D
IR

 re
g

iste
r,1

0-2
4

P
G

D
IR

 re
g

iste
r,10

-28
P

JD
IR

 re
g

iste
r,1

0-3
1

P
K

D
IR

 re
g

iste
r,10

-34
P

M
D

IR
 re

g
iste

r,10
-37

D
isa

b
le

 P
L

L
 bit, see D

IS
P

L
L

 bit
D

IS
P

L
L

 bit,4
-9

D
IV

ID
E

 fie
ld

U
B

A
U

D
1 re

g
iste

r,14
-12

U
B

A
U

D
2 re

g
iste

r,14
-22

D
M

A
 bu

rst le
n

g
th fie

ld
, see D

M
A

B
L[3

:0
] fie

ld
D

M
A

 con
tro

l re
g

iste
r, see D

M
A

C
R

 re
g

iste
r

D
M

A
 trigg

e
r m

a
rk fie

ld, see D
M

A
T

M
[2

:0
] fie

ld
D

M
A

B
L[3

:0
] fie

ld
,8

-22
D

M
A

C
R

 re
giste

r,8
-22

D
M

A
T

M
[2:0

] field,8
-2

2
D

oze
 m

o
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e

ra
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n,4
-1

1
reco

m
m

e
nd

ed p
o

w
er se

ttin
gs,4

-11
D

R
A

M
 b

it,6
-1

4
D

R
A

M
 contro

l register, see D
R

A
M

C
 register

D
R

A
M
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ller

blo
ck dia

g
ra

m
,7

-2
collisio

n
s,7-8

data reten
tio

n d
urin

g
 rese

t,7
-10

data reten
tio

n se
qu

ence,7
-1

1
D

T
A

C
K

 (d
escrip

tio
n),7-8

fe
a

tu
re

s,7
-1

op
e

ra
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n
8-b

it m
od

e
,7-9
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ress m

u
ltip

lexing
,7-3

low
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o
w

e
r sta
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b

y m
o

de
,7

-9
P

A
G

E
_

A
C

C
E

S
S
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 L

C
D
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n
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r,7-8
re
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-7

e
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m
p
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e

s,7
-7

tim
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g d
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m

s,1
9-8

 to 1
9-3

1
D

R
A

M
 m

e
m

o
ry con

fig
ura

tio
n

 re
g

iste
r, 
see D

R
A

M
M

C
 

re
g

iste
r

D
R

A
M

 se
lectio

n b
it, see D

R
A

M
 bit

D
R

A
M
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signal nomenclature conventions, 14-1
signals

UART 1 clear to send, see CTS1/PE7 pin
UART 1 receive data, see RXD1/PE4 pin
UART 1 request to send, see RTS1/PE6 pin
UART 1 transmit data, see TXD1/PE5 pin
UART 2 clear to send, see CTS2/PJ7 pin
UART 2 receive data, see RXD2/PJ4 pin
UART 2 request to send, see RTS2/PJ6 pin
UART 2 transmitter data, see TXD2/PJ5 pin

UART 1, compared to DragonBall EZ, 14-1
UBAUD1 register, 14-12
UBAUD2 register 14-22
UCLK direction bit, see UCLKDIR bit
UCLK pin, connections, 14-4
UCLK signal, 14-4
UCLK/DWE/PE3 pin, 2-8
UCLKDIR bit

UBAUD1 register, 14-12
UBAUD2 register, 14-22

UDS/PK3, LDS/PK2 pin, 2-6
UEN bit

USTCNT1 register, 14-10
USTCNT2 register, 14-20

UGEN bit, 6-6
UMISC1 register, 14-16
UMISC2 register, 14-26
Universal asynchronous receiver/transmitter, see 

UARTs
Unprotected memory block size field, see UPSIZ field
UPSIZ bit 2

CSB register, 6-18
CSC register, 6-18
CSD register, 6-17

UPSIZ field
CSB register, 6-10
CSC register, 6-12
CSD register, 6-14

URX1 register, 14-13
URX2 register, 14-23
USTCNT1 register, 14-10
USTCNT2 register, 14-20
UTX1 register, 14-14
UTX2 register, 14-24
UWE/UB pin, 2-6

V

VCO frequency, changing, 4-6
VECTOR field, 9-7
Vector number

coding, 9-6
description, 9-3

Vector number field, see VECTOR field
Virtual page width 8–1, see VPx field

VPx field, 8-11

W

WAIT field, 13-11
Wait state field, see WS3–1 field
Wait state trim for LCD-SRAM access bit, see LCWS 

bit
Wake-up clock select field, see WKSEL field
Wake-up interrupts, 10-18
Watchdog timer interrupt request bit, see WDT bit
WDT bit, 9-14, 9-18
WIDTH field

PCTLR register, 4-14
PWMW2 register, 15-10

WKSEL bit, 4-9
WPEXT bit, 6-20
Write pulse to CS negation margin extension bit, see 

WPEXT bit
WS3–1 field

CSA register, 6-8
CSB register, 6-11
CSC register, 6-13
CSD register, 6-15
EMUCS register, 6-16

X

XCH bit
SPICONT1 register, 13-6
SPICONT2 register, 13-15

XMx field, 8-11
XTAL

oscillator, see CLK32 clock signal
signal pin, 2-4

Y

YMx field, 8-12
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