To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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® Specifications in this manual are tentative and subject to change.

Mitsubishi microcomputers

M30100/M30102 Group

Descrietion SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Overview

The M16C/10 group (M30100 and M30102 groups) consist of single-chip microcomputers that use high-
performance silicon gate CMOS processes and have a on-chip M16C/60 series CPU core. The microcom-
puters are housed in 32-pin plastic mold QFP or 48-pin plastic mold QFP packages. These single-chip
microcomputers have both high function instructions and high instruction efficiency and feature a one-
megabyte address space and the capability to execute instructions at high speed.

The M30100 and M30102 groups consist of several products that have different on-chip memory types,

sizes, and packages.

Features
+ Basic machine language instructions ..
* Memory size
« Shortest instruction execution time
» Power supply voltage.........ccccoecvvernnen.

s Interrupts...oeee i,
* 8-bit timers
* 16-bit timer
« Serial I/0
* A-D converter
* D-A converter
» Watchdog timer
* Programmable 1/O ports
* LED drive ports
* Clock generation circuits

Compatible with the M16C/60 series

ROM/RAM (See the memory expansion diagram.)

62.5 ns (when f(XIN)=16MHz)

4.2 V to 5.5V (when f(XIN)=16MHz)

2.7 Vto 5.5V (when f(XIN)=5MHz) (This is not applicable to applications for automobile use)
12 internal causes, 7 external causes, 4 software causes
(including key input interrupts)

4 with 8-bit prescaler (PWM output of Timer Y, Z: selectable)

1 (time measurement timer)

UART or clock synchronization type x 2

10-bit X 12 channels (can be expanded to 14 channels)

1

1

34

8

3 internal circuits

+ Main clock generation circuit

An internal feedback resistor and an externally attached ceramic
resonator/quartz crystal oscillator/RC oscillator.

* Sub clock generation circuit

An internal feedback resistor and an externally attached ceramic
resonator/quartz crystal oscillator

* Ring oscillator

Specifications written in this manual are believed to
be accurate, but are not guaranteed to be entirely
free of error.

Specifications in this manual may be changed for

functional or performance improvements. Please
make sure your manual is the latest edition.
Applications
Home appliances, office devices, audio, automobile, other
—————— Table of Contents------
Central Processing Unit (CPU) ..................... 10 Serial /O e 97
RESEL ... 13 A-D CoNVErer ......cccuveeeeeeiieeee e, 111
Clock Generation Circuits ...........cccccvveeeeennnee. 19 D-A Conberter .......cccovevceeecciee e, 118
Protection ..o 34 Programmable 1/O Ports ... 120
Overview of INterrupts .......cccvveeeerccreecieenee 35 Precautionary Note in Using Devices ......... 128
Watchdog Timer ..., 57 Electric Characteristics .........cccovvveeeunnn. 133
TIMEIS vttt 59 Flash Memory Version ............cccccceevevenene.e. 146
ENESAS :

RenesasTechnology Corp.


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

«_Tentative Specifications REV.E1

\5“6::09“\6 Specifications in this manual are tentative and subject to change. Mitsubishi microcomputers
e M30100/M30102 Group
DeSCFIptIOH SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Configuration
Figures 1.1.1 and 1.1.2 show pin configurations (top view).

PIN CONFIGURATION (top view)
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Package: 32P6U-A

Figure 1.1.1. Pin configuration diagram (top view) of the M30100 group
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PIN CONFIGURATION (top view)
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Package: 48P6Q-A

Figure 1.1.2. Pin configuration diagram (top view) of the M30102 group
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Block Diagram
Figure 1.1.3 is a block diagram of the M30100 group.

As A8 A5 }1

] Y Y Y
/O ports [ PortPo Port P1 Port P3

Internal peripheral functions

_____ Timer _ _ _ _ A-D converter
(10 bits x 12 channels)
T.' mer 1 (8 b'.ts) UART/clock synchronous SI/O _System clock generator
T!mer X (8 b!ts) (8 bits X 1 channel) XIN-XOUT
Tl.mer Y@ b.lts) Ring oscillation
Timer Z (8 bits) UART
Timer C (16 bits) (8 bits X 1 channel)

M16C/60 series 16-bit CPU core Memory

Registers Program counter ROM
s [P ] (Note 1)
BOH I EK?IL Stack pointers
: R1H
Watchdog timer Ro ISP RAM
(15 bits) R3 Losp 1] (Note 2)
AQ Vector table
Al L e ]
EB Flag register
SR | [ FLG | Multiplier

Note 1: ROM size depends on MCU type.
Note 2: RAM size depends on MCU type.

Figure 1.1.3. Block diagram for the M30100 group
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Block Diagram
Figure 1.1.4 is a block diagram of the M30102 group.

A8 8 A2 A8 A8

Y Y

Y
/O ports [ PortPo Port P2 Port P3 Port P4

Internal peripheral functions

Timer -
——————————— A-D converter D-A converter
(8 bits x 1 channel)

(10 bits x 12 channels,

i i expandable to 14 channels

_ITI mer )1( ((g Eltts)) > J System clock generator
imer itsy) | ——————— - ===
. : UART/clock synchronous SI/O XIN-XouT

TimerY (8 bits) (8 bits X 2 channels) XCIN-XcouT

Timer Z (8 bits) Ring oscillation

Timer C (16 bits)

M16C/60 series 16-bit CPU core Memory
Registers Program counter ROM
(Note 1)
Stack pointers
; R1H R1l
Watchdog timer 7 RAM
(15 bits) R3 (Note 2)
AQ Vector table
Al INTB
FB Flag register
SB | FLG | Multiplier

Note 1: ROM size depends on MCU type.
Note 2: RAM size depends on MCU type.

Figure 1.1.4. Block diagram for the M30102 group
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Performance Overview
Table 1.1.1 gives an overview of the M16C/10 group performance specification.

Table 1.1.1. M16C/10 group performance overview

ltem Performance
M30100 | M30102
Number of basic instructions 91 instructions
Shortest instruction execution time | 62.5 ns (when f(XIN)=16MHz)
Memory ROM See the memory expansion diagram.
size RAM See the memory expansion diagram.
I/O port P0O,P1,P3,P4: 22 Iines| PO to P4: 34 lines
Multifunction | T1 8 bits x 1
timer X, TY,TZ 8 bits x 3
TC 16 bits x 1
Serial /0 (UART or clock synchronous) X2 X2
(one is exclusively for UART)
A-D converter x 12 channels x 12 channels
(maximum resolution: 10 bits) (Expandable up to 14 channels)
D-A converter - 8 bits x 1
Watchdog timer 15 bits x 1 (with prescaler)
Interrupts 12 internal causes, 7 external causes (4 for M30100), 4 software causes
Clock generating circuits 2 internal circuits | 3 internal circuits
Power supply voltage 4.2 V to 5.5V (when f(XIN)=16MHz)
2.7 V 10 5.5V (when f(XIN)=5MHz) (Note)
Power consumption 100mW (Vce=5.0V, f(XIN)=16MHz)
12mW (Vce=3.0V, f(XIN)=5MHz)
I/0 I/O withstand voltage| 5V
characteristics| Output current 5mA (10mA:LED drive port)
Device configuration CMGOS silicon gate
Package 32-pin LQFP | 48-pin LQFP

Note: This voltage is not applicable to applications for automobile use.
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Mitsubishi plans to release the following products in the M16C/10 group:

(1) Support for mask ROM version and flash memory version

(2) Memory size

(3) Package
32P6U: Plastic molded LQFP (mask ROM version and flash memory version)
48P6Q: Plastic molded LQFP (mask ROM version and flash memory version)

As of January, 2003

RAM
(Byte)

0 BK | N S S M30102MB-XXXFP***
: M30102MET-XXXFP**

DK | e e —

M30100F3FP
M30100F3TFP
M30102F3FP
|M30102F3TFP
M30100M3-XXXFP
M30100M3T-XXXFP
M30102M3-XXXFP : :
M30102M3T-XXXFP o« . Under Development
— : : %k : Planning Stage

M30100M2-XXXFP
M30100M2T-XXXFP
M30102M2-XXXFP

M30102M2T-XXXFP

1K e

16K 24K 32K 48K ROM

Figure 1.1.5. Memory expansion

TypeNo. M30 10 0 M 2 T - XXX FP

Package type:
FP: Package 32P6U, 48P6Q

ROM No.
Omitted for flash memory version

Indicates differences in characteristics and usage etc:
Nothing: Common

T: Automobiles
ROM size:

2: 16 Kbytes 3: 24 Kbytes 6: 48 Kbytes
Memory type:

M: Mask ROM version
F: Flash memory version

Indicates pin count, etc
(The value itself has no specific meaning)

M16C/10 Group

M16C Family

Figure 1.1.6. Type No., memory size, and package
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Pin Description

Pin name Signal name I/0 type Function

Ve, Vss Eg‘ﬁ’fr supply Supply 2.7 to 5.5 V to the Vce pin. Supply 0 V to the Vss pin.

IVCC Connect a capacitor (0.1 pF) between this pin and Vss.

CNVss CNVss Input Connect it to the Vss pin via resistance (about 5 kQ).

RESET Reset input Input An “L” on this input resets the microcomputer.

XIN Clock input Input These pins are provided for the main clock oscillation circuit.

X Clock o Connect a ceramic resonator or crystal between the XIN and

out ock output utput XouT pins. To use an externally derived clock, input it to the

XIN pin and leave the XouUT pin open.

VREF Reference Input This pin is a reference voltage input for the A-D converter.

voltage input

P0Oo to P07 I/O port PO Input/output | This is an 8-bit CMOS 1I/O port. It has an input/output port
direction register that allows the user to set each pin for input or
output individually. When set for input, the user can specify in
units of four bits via software whether or not they are tied to a
pull-up resistor. These pins are shared with analog input pins.

P1oto P17 I/O port P1 Input/output | This is an 8-bit I/0 port equivalent to PO. P10 to P13 are shared
with analog inputs and key input interrupts. P14 to P16 are
shared with serial I/O pins. P17 is shared with timer input. Can
be used as an LED drive port.

P20 to P21 I/0 port P2 Input/output | This is a 2-bit I/O port equivalent to PO.
This is a 8-bit I/O port equivalent to PO. P30 to P33 are shared

P30 to P37 /O port P3 Input/output | itk timer input/output. P34 to P37 are shared with serial I/O.
P34 is shared with analog outputs.

P4o to P47 /O port P4 Input/output | This is a 8-bit I/O port equivalent to PO. P40 to 41 are shared
with analog inputs. P42 to P45 are shared with interrupt inputs.
P46 to P47 are shared with the 1/0O pin of the clock oscillation
circuit for the clock.
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M30100/M30102 Group
Memory SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Operation of Functional Blocks
The M30100/M30102 contain the following devices on a single chip: ROM and RAM, which function as
memory for storing instructions and data; a central processing unit (CPU) that executes operations; and
peripheral devices, such as timers, serial /0, an A-D converter, an D-A converter, and 1/O ports.
The individual devices are described below.

Memory
Figure 1.3.1 is a memory map. The address space extends the 1M bytes from address 0000016 to
FFFFF16. From FFFFF16 down is ROM. For example, in the M30100M2-XXXFP, there is 16K bytes of
internal ROM from FC00016 to FFFFF16. The vector table for fixed interrupts such as the reset are mapped
to FFFDC16 to FFFFF16. The starting address of the interrupt routine is stored here. The address of the
vector table for timer interrupts, etc., can be set as desired using the internal register (INTB). See the
section on interrupts for details.
From 0040016 up is RAM. For example, in the M30100M2-XXXFP, there is 1K byte of internal RAM from
0040016 to 007FF16. In addition to storing data, the RAM also stores the stack used when calling subrou-
tines and when interrupts are generated.
The SFR area is mapped to 0000016 to 000FF16. This area accommodates the control registers for periph-
eral devices such as I/O ports, A-D converter, serial I/O, and timers, etc. Any part of the SFR area that is not
occupied is reserved and cannot be used for other purposes.
The special page vector table is mapped to FFE0O16 to FFFDBH1s. If the starting addresses of subroutines
or the destination addresses of jumps are stored here, subroutine call instructions and jump instructions
can be used as 2-byte instructions, reducing the number of program steps.

0000016 SFR area
(For details, see
Figures 1.6.1 and
1.6.2) , FFE0016
0040016 1
1
Internal RAM area K
! Special page
! vector table
XXXXX16 I’
1
1
!
1
; FFFDC1e £ ndfined nsiriction 3
J E Overflow E
! E  BRKinstruction 3
' E  Address match 3
1 - - =
, E Single step E
YYYYY1s I’ % Watchdog timer %
Internal ROM area |/ ; DEC ;
FFFFFe | | _____._ FFFFFi6 E Reset 3
Internal RAM area Internal ROM area
Type No. - -
Memory size XXXXX16 | Memory size YYYYYi16
M30100M2/M2T0 M30102M2/M2T 1K byte 007FF16 16K byte FCoo016
M30100M3/M3T/F3/F3TO M30102M3/M3T/F3/F3T 1K byte 007FF16 24K byte FA00016
M30102M6™*™* /MeT** 2.5K byte 00DFF16 48K byte F400016
%% : Under Development
bk . Planning Stage

Figure 1.3.1. Memory map
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Central Processing Unit (CPU)
The CPU has a total of 13 registers shown in Figure 1.4.1. Seven of these registers (R0, R1, R2, R3, A0,
A1, and FB) come in two sets; therefore, these have two register banks.

b15 b8 b7 b0
RO(Note) Ho ] L |] \
1 11

| L1111 L1111
I
b15 b8 b7 b0 b19 b0
R1 (Note) | A | L |-| PC | | Program counter
II | I T I Y I I I |
Data
registers
b15 b0 b19 b0
R2(Note) | |-| INTB[ H | L | Interrupt table
II 1 Y I A A I | 111 I I I I | register
b15 b0 b15 b0
R3(Note) | |-| Usp| | User stack pointer
1 O I A A / I N T I |
b15 b0 b15 b0
AQNote) | ISP | | Interrupt stack
|"""""""'” L1111l pointer
Adqress
b15 bo registers b15 b0 Static b
A1 (Note) SB atic base
||||||||||||||||||-| |Illllllllllllllregister
b15 b0 b15 b0
FB(Note) Frame base FLG i
|I||||||||||||||||-| registers ’||||||||||||||||IFlagregISter
L1 Py ] [u] t]o[B[s]|z]p[c]
| | | |

Note: These registers consist of two register banks.

Figure 1.4.1. Central processing unit register

(1) Data registers (RO, ROH, ROL, R1, R1H, R1L, R2, and R3)
Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and
arithmetic/logic operations.
Registers RO and R1 each can be used as separate 8-bit data registers, high-order bits as (ROH, R1H),
and low-order bits as (ROL, R1L). In some instructions, registers R2 and RO, as well as R3 and R1 can
use as 32-bit data registers (R2R0, R3R1).

(2) Address registers (A0 and Al)

Address registers (A0 and A1) are configured with 16 bits, and have functions equivalent to those of data
registers. These registers can also be used for address register indirect addressing and address register
relative addressing.

In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1A0).
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(3) Frame base register (FB)
Frame base register (FB) is configured with 16 bits, and is used for FB relative addressing.
(4) Program counter (PC)

Program counter (PC) is configured with 20 bits, indicating the address of an instruction to be executed.
(5) Interrupt table register (INTB)

Interrupt table register (INTB) is configured with 20 bits, indicating the start address of an interrupt vector
table.

(6) Stack pointer (USP/ISP)
Stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each config-
ured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by a stack pointer select flag (U flag).
This flag is located at the position of bit 7 in the flag register (FLG).

(7) Static base register (SB)
Static base register (SB) is configured with 16 bits, and is used for SB relative addressing.
(8) Flag register (FLG)

Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 1.4.2 shows the flag
register (FLG). The following explains the function of each flag:

* Bit 0: Carry flag (C flag)
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.

« Bit 1: Debug flag (D flag)
This flag enables a single-step interrupt.
When this flag is “1”, a single-step interrupt is generated after instruction execution. This flag is
cleared to “0” when the interrupt is acknowledged.

* Bit 2: Zero flag (Z flag)
This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, cleared to “0”.

« Bit 3: Sign flag (S flag)
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared to
“0”.

« Bit 4: Register bank select flag (B flag)
This flag chooses a register bank. Register bank 0 is selected when this flag is “0” ; register bank 1 is
selected when this flag is “1”.

« Bit 5: Overflow flag (O flag)
This flag is set to “1” when an arithmetic operation resulted in overflow.

« Bit 6: Interrupt enable flag (I flag)
This flag enables a maskable interrupt.
An interrupt is disabled when this flag is “0”, and is enabled when this flag is “1”. This flag is cleared to
“0” when the interrupt is acknowledged.
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* Bit 7: Stack pointer select flag (U flag)
Interrupt stack pointer (ISP) is selected when this flag is “0” ; user stack pointer (USP) is selected
when this flag is “1”.
This flag is cleared to “0” when a hardware interrupt is acknowledged or an INT instruction of software
interrupt Nos. 0 to 31 is executed.

* Bits 8 to 11: Reserved area

 Bits 12 to 14: Processor interrupt priority level (IPL)
Processor interrupt priority level (IPL) is configured with three bits, for specification of up to eight
processor interrupt priority levels from level 0 to level 7.
If a requested interrupt has priority greater than the processor interrupt priority level (IPL), the interrupt
is enabled.

* Bit 15: Reserved area

The C, Z, S, and O flags are changed when instructions are executed. See the software manual for

details.
b15 b0

||PL| | . Y] r|o|B[s|Z[D|C Flag register (FLG)

L Carry flag

L Debug flag

Zero flag

Sign flag
Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

Reserved area

Figure 1.4.2. Flag register (FLG)
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Reset

There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset.
(See “Software Reset” for details of software resets.) This section explains on hardware resets.

When the supply voltage is in the range where operation is guaranteed, a reset is effected by holding the
reset pin level “L” (0.2Vcc max.) for at least 200 pusec. When the reset pin level is then returned to the “H”
level, the reset status is cancelled and program execution resumes from the address in the reset vector
table. Since the value of RAM is indeterminate when power is applied, the initial values must be set. Also,
if a reset signal is input during write to RAM, the access to the RAM will be interrupted. Consequently, the
value of the RAM being written may change to an unintended value due to the interruption.

Figures 1.5.1 and 1.5.2 show the example reset circuit. Figure 1.5.3 shows the reset sequence.

5V v
£ 140V
vee P
RESET Voo ov
5V
VYV -
g RESET
s 0.8V
ov —
Example when Vcc = 5V. —> 4— More than 200 Hsec
Figure 1.5.1. Example reset circuit
5V

£ia0v
vee i

RESET Vcec

Supply voltage
detection circuit ov

5V

RESET

oV R
—»: 4— More than 200 HUsec

Example when Vcc = 5V.

Figure 1.5.2. Example reset circuit (example voltage check circuit)

Internal ring [
oscillation Hﬂf i

More than 20 cycles are needed

RESET _ | BCLK 28cycles
[ -

O o]

(Internal clock)

FFFFC1e Content of reset vector
Address ST S
(Internal address
signal)

Figure 1.5.3. Reset sequence
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(1) Processor mode register 0 (000416)-- m%%%umnn (36) Timer Z primary (003716)--~
@ Processor mode register 1 (000516)+ nn%mmn%n (37) Timer Y,Z output control register (008A16)'"
(3) System clock control register 0 (000616)-~ nnunnn (38) Timer X mode register (008815)--~
(4) system clock control register 1 (000716)-- nauunnn (39)Prescaler X (003016)"'
o s oo SOOQGOED] e
(6) Protect register (000A16) mm%mmnnn (41) Timer count source set register ~ (008E16)--
(7) Oscillation stop detection register  (000C16)-- nunnnnu (42) Clock prescaler reset flag (008F16)-- nm%m%*m*
(8) Watchdog timer control register  (000F16)-- nnn (43) External input enable register (009616)"'
@) g%?;?;fomatCh interrupt (001016)-~ (44) Key input enable register (009816)"'
(001118) (45) Timer C control register 0 (oogAm)..A
(001216)-~ mmmmnnnn (48) Timer C control register 1 (009316)...
(10)Address match interrupt (001416) 0016 (47) UARTO transmit/receive mode (00A01e)~
(001516)* 0016 (48) register (;ansml recetve conto (00Ads6)- nﬂnnnn
(001616)- {N}X{mnnn (49) %’;2‘3 t1ransm|t/rece|ve control (00A516)~ mm%mnnn
(11) INTO input filter select register (001E16)- mm%mnn (50) I%Ag::;l; transmit/receive mode (00A816)'"

‘mmmnn (51) %/;E‘tl; t(;ansmit/receive control (00AC16)- nauan

(13)A-D conversion interrupt (004E+6)- V%%Nnn (52) %’32}; t1ranSmit/receive control (00AD16)- mﬁmuu

control register N

. UART t it/ i trol
(14)2222;()rtransm|t interrupt control (005116)4.. (83) registerrgnsml recelve contro (005016)"

5 UARTO receive interrupt control (005216)_._ (54) A-D control register 2 (00D416)-- Emmmnnn

v )register

(16)JART transmit inerrupt control— o0saye-[X WYX 2] o] o] (55) A-D control register 0 (0oDe1e)-{ o[ o[ o] o[ 0[] [ 2

register

(12) Key input interrupt control register ~ (004D16

Le]lelle]le]le]l=o]le] =] [=]

=Y [o] < X [=]
>
(o] ~1=llele][e]

(7 '%/;E'tl; receive interrupt control (00541¢)- Ammmnn (56) A-D control register 1 (00D716) 0016
(18)Timer 1 interrupt control register (005516)“' (57) D-A control register (00DCr16)-- 01%“’1“%

(58) Port PO direction register (00E216)-"1 0016

(19)Timer X interrupt control register (005616)"'
DO 2o
RNNEED

(59) Port P1 direction register (0OE316)- 0016

DDA o]

(20)Timer Y interrupt control register ~ (005716)--

iI
=]

(21)Timer Z interrupt control register ~ (005816)-* (60) Port P2 direction register (00E616)-- A

X XX
(=] [=]l=]

(22)CNTRO interrupt control register (005916)"' (61) Port P3 direction register (00E716)~--
(23)TCIN interrupt control register (005A16)"* mmmmnnn (62) Port P4 direction register (00EA1 e)--
(24)Timer C interrupt control register (005316)"' (63) Pull-up control register 0 (00FC16)-+ nmnnnnn
25)|NT3 i i 64) Pull- I register 1 DXDXYXIXIXTY
(29)INT3 interrupt control register (005C16) MM}ANEEE (64) Pull-up control register (00FD16) MMMMMMEE
26 i i NV 65) Port P1 drive capacity control “
(26)INTO interrupt control register (005D16) Munnunn (65) fogistor (0OFE1s) 0016
(27)INT1 interrupt control register (005E16)- }X{}X{nunnn (66) Data registers (RO/R1/R2/R3) 000016
(28)INT2 interrupt control register (005F16) MMEEEEE (67) Address registers (A0/A1) 000016
29)Timer Y, Z mode register N 68 i
(29) g (008016) nnnnun“n (68) Frame base register (FB) 000016
(30)Prescaler Y (008116)-+* (69) Interrupt table register (INTB) 0000016
(31)Timer Y secondary (008216) (70) User stack pointer (USP) 000016
(32)Timer Y primary (008316)" (71) Interrupt stack pointer (ISP) 000016
(33)Timer Y, Z waveform output (008416)- (72) Static base register (SB) 000016

control register
(34) Prescaler Z (008516)* (73) Flag register (FLG) 000016
(35)Timer Z secondary (008616)-+

x : Nothing is mapped to this bit

? : Undefined

The content of other registers and RAM is undefined when the microcomputer
is reset. The initial values must therefore be set.

Figure 1.5.4. Device's internal status after areset is cleared
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Software Reset

Software Reset

Writing “1” to bit 3 of the processor mode register 0 (address 000416) applies a (software) reset to the
microcomputer. A software reset has almost the same effect as a hardware reset. The contents of internal

RAM are preserved.

Figure 1.5.5 shows the processor mode register 0 and 1.

« Tentative Specifications REV.E1
\09“\6 Specifications in this manual are tentative and subject to change.

Mitsubishi microcomputers

M30100/M30102 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl b0
0]0

Processor mode register 0 (Note)

Symbol Address When reset
PMO 000416 XXXX0X002
Bit symbol Bit name Function RIW
Reserved bit Must always be set to “0” 00
Nothing is assigned.
In an attempt to write to this bit, write “0”. The value, if read, turns out | = —
to be indeterminate.
PMO03 Software reset bit The device is reset when this bit
is set to “1”. The value of this bit |O:O

is “0” when read.

S
FPmmmmmccemccemccem-ccmm——————————
Fmmcmcccccccc-ccc—cc e ——————————

Nothing is assigned.

In an attempt to write to these bits, write “0”. The value, if read, turns

out to be indeterminate.

b7 b6 b5 b4 b3 b2 bl b0

Lol DD 10|

Note: Set bit 1 of the protect register (address 000A16) to “1” when writing new

values to this register.

Processor mode register 1 (Note 1)

fmmm——--

Symbol Address When reset
PM1 000516 00XXX0X02
Bit symbol Bit name Function RIW
Reserved bit Must always be set to “0” oEo
Nothing is assigned.
In an attempt to write to this bits, write “0”. The value, if read, turns —-—
out to be indeterminate. :
PM12 WDT interrupt/reset 0 : Watchdog timer interrupt
switching bit 1 : Reset (Note 2) 00
Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns |— —
out to be indeterminate.
Reserved bit Must always be set to “0” 00

Note 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new

values to this register.

Note 2: After setting this bit to "1", can not change to "0" by software.

Figure 1.5.5. Processor mode register 0 and 1.
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\)QC\:OQ«\@“ Specifications in this manual are tentative and subject to change. Mitsubishi microcomputers
e M30100/M30102 Group
SFR SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

000016 004016
000116 004116
000216 004216
000316 004316
000416 | Processor mode register 0 (PMO) 004416
000516 | Processor mode register 1(PM1) 004516
ooos1s | System clock control register 0 (CMO0) 004616
000716 | System clock control register 1 (CM1) 004716
000816 004816
000916 | Address match interrupt enable register (AIER)
000A1s | Protect register (PRCR) 004916
000B16
ooocis | Oscillation stop detection register (CM2) 004A16
000D16 004B16
oooEs | Watchdog timer start register (WDTS) 004C16
oooF1s | Watchdog timer control register (WDC) 004D1s | Key input interrupt control register (KUPIC)
001016 004+ | A-D conversion interrupt control register (ADIC)
oo111s | Address match interrupt register 0 (RMADO) 004F16
001216 005016
001316 005116 | UARTO transmit interrupt control register (SOTIC)
001416 005216 | UARTO receive interrupt control register (SORIC)
001516 | Address match interrupt register 1 (RMAD1) 005316 | UART1 transmit interrupt control register (S1TIC)
001616 005416 | UART1 receive interrupt control register (S1RIC)
001716 005516 | Timer 1 interrupt control register (T11C)
001816 o0s61s | Timer X interrupt control register (TXIC)
001916 005716 | Timer Y interrupt control register (TYIC)
001A16 005816 | Timer Z interrupt control register (TZIC)
001B16 005916 | CNTRO interrupt control register (CNTROIC)
001C16 00sA16 | TCIN interrupt control register (TCINIC)
001D16 00sB1s | Timer C interrupt control register (TCIC)
001E16 | INTO input filter select register (INTOF) ooscis | INT3 interrupt control register (INT3IC)
001F16 005D1s | INTO interrupt control register (INTOIC)
002016 00s5e1 | INTT interrupt control register (INTTIC)
002116 005F1s | INT2 interrupt control register (INT2IC)
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16
Note: The blank area is reserved and must not be read or written.

Figure 1.6.1. Location of peripheral unit control registers (1)
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<" Specifications in this manual are tentative and subject to change.

Mitsubishi microcomputers

M30100/M30102 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

008016
008116
008216
008316
008416
008516
008616
008716
008816
008916
008A16
008B16
008C16
008D16
008E16
008F16
009016
009116
009216
009316
009416
009516
009616
009716
009816
009916
009A16
009B16
009C16
009D16
009E16
009F16
00AO16
00A116
00A216
00A316
00A416
00A516
00A616
00A716
00A816
00A916
00AA16
00AB16
00AC16
00AD16
00AE1s
00AF16
00BO16
00B116
00B216
00B316
00B416
00B516
00B616
00B716
00B816
00B916
00BA16
00BB1s
00BC16
00BD16
00BE1s
00BF16

Timer Y, Z mode register (TYZMR)

Prescaler Y (PREY)

Timer Y secondary (TYSC)

Timer Y primary (TYPR)

Timer Y, Z waveform output control register (PUM)

Prescaler Z (PREZ)

Timer Z secondary (TZSC)

Timer Z primary (TZPR)

Prescaler 1 (PRE1)

Timer 1 (T1)

Timer Y, Z output control register (TYZOC)

Timer X mode register (TXMR)

Prescaler X (PREX)

Timer X (TX)

Timer count source set register (TCSS)

Clock prescaler reset flag (CPSRF)

Timer C counter (TC)

External input enable register (INTEN)

Key input enable register (KIEN)

Timer C control register 0 (TCCO0)

Timer C control register 1 (TCC1)

Time measurement register (TM)

UARTO transmit/receive mode register (UOMR)

UARTO bit rate generator (UOBRG)

UARTO transmit buffer register (UOTB)

UARTO transmit/receive control register 0 (UOCO0)

UARTO transmit/receive control register 1 (UOC1)

UARTO receive buffer register (UORB)

UART1 transmit/receive mode register (U1MR)

UART1 bit rate generator (U1BRG)

UART1 transmit buffer register (U1TB)

UART1 transmit/receive control register 0 (U1C0)

UART1 transmit/receive control register 1 (U1C1)

UART1 receive buffer register (U1RB)

UART transmit/receive control register 2 (UCON)

00C016
00C116
00C216
00C316
00C416
00C516
00C616
00C716
00C816
00C916
00CA16
00CB16
00CCi16
00CD16
00CE1s
00CF16
00DO016
00D116
00D216
00D316
00D416
00D516
00D616
00D716
00D816
00D916
00DA16
00DB16
00DC16
00DD16
00DE1s
00DF16
00EO16
00E116
00E216
00E316
00E416
00E516
00E616
00E716
00E816
00E916
00EA16
00EB16
00EC16
00ED16
00EE16
00EF16
00F016
00F116
00F216
00F316
00F416
00F516
00F616
00F716
00F816
00F916
00FA16
00FB16
00FC16
00FD16
00FE16
00FF16

A-D register (AD)

A-D control register 2 (ADCON2)

A-D control register 0 (ADCONO)
A-D control register 1 (ADCON1)

D-A register (DA)

D-A control register (DACON)

Port PO (P0)

Port P1 (P1)

Port PO direction register (PD0)

Port P1 direction register (PD1)

Port P2 (P2)

Port P3 (P3)

Port P2 direction register (PD2)

Port P3 direction register (PD3)

Port P4 (P4)

Port P4 direction register (PD4)

Pull-up control register 0 (PUROQ)

Pull-up control register 1 (PUR1)

Port P1 drive capacity control register (DRR)

Note: The blank area is reserved and must not be read or written.

Figure 1.6.2. Location of peripheral unit control registers (2)
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3 M30100/M30102 Group
Bus Control SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Bus Control
During access, the memory areas (ROM, RAM, FLASH, etc.) and the SFR area have different bus cycles.
As shown in Table 1.7.1, memory areas can be accessed in one cycle of the CPU operation clock BCLK.
The SFR area can be accessed in two cycles of BCLK.

Table 1.7.1. Bus cycles for access areas 0000018 SFRarea
(For details, see SFR area
Area Bus cycle Figures 1.6.1 and 1.
6.2)
FR 2 BCLK cycles 3
S C y 0040016
Internal ROM/RAM | 1 BCLK cycles Internal RAM area
XXXXX16
> Memory area
YYYYY1e
Internal ROM area
FFFFF16 J

Figure 1.7.1. SFR area and memory areas

The memory areas and the SFR area also have different bus widths. The memory areas have a 16-bit bus
width, while the SFR area has an 8-bit bus width. Consequently, different operations are used when the
areas are accessed in word (16 bits) units. Table 1.7.2 shows the bus cycles that are necessary to access
the SFR area and the memory areas.

Table 1.7.2. Cycles for access areas

18

Area SFR area Memory area
Evenaddress | BCLK | | l | [ BCLK | | l | [
PY1eaccess | address X Even X | Address

Data Data
Add address BCLK | | I | [ BCLK | I_l I_I—
byte access Address X Odd X Address Odd

Data Data
Even address | BCLK ’_l_,_l_l_l_,_u BCLK | L | LT
word access

Address Even X Even+1 X Address x Even/even+1 x

Data Data
Add address BCLK ’_u_l_l_u_u BCLK | L [
word access

Address Odd X Oddst X Address X__ Odd X Odd+1 X

Data X Data X X DataX Data
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" Specifications in this manual are tentative and subject to change.

Clock Generating Circuit
The clock generating circuit contains three oscillator circuits that supply the operating clock sources to the
CPU and internal peripheral units.

Table 1.8.1. Main clock, sub-clock, and ring oscillator generating circuits

Mitsubishi microcomputers

M30100/M30102 Group

Clock Generating Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Main clock generating circuit

Sub clock generating circuit

Ring oscillator generating circuit

Use of clock

+ CPU's operating clock source
* Internal peripheral units’
operating clock source

+ CPU’s operating clock source
» Timer 1/X/Y/Z’s count
clock source

+ CPU’s operating clock source

* Internal peripheral units’

operating clock source

» Timer Y’s count clock
source

Usable oscillator (Note)

Ceramic, crystal or RC
oscillator

Crystal oscillator

Pins to connect oscillator | XIN, XouT XCIN, XcouTt None (has internal pins)
Oscillation stop/restart function | Available Available Available
Oscillator status immediately | Oscillating Stopped Oscillating

after reset

Other Externally derived clock can be input

Note : When not using the main clock generating circuit, pull up the XIN pin and leave the XouT pin open.
Also, set the main clock stop bit (bit 5 of address 0006) to "1" (stop).

Example of oscillator circuit
Figure 1.8.1 shows some examples of the main clock circuit, one using an oscillator connected to the
circuit, and the other one using an externally derived clock for input. Figure 1.8.2 shows some examples of
sub-clock circuits, one using an oscillator connected to the circuit, and the other one using an externally
derived clock for input. Circuit constants in Figures 1.8.1 and 1.8.2 vary with each oscillator used. Use the
values recommended by the manufacturer of your oscillator.

Microcomputer Microcomputer

(Built-in feedback resistor)

Microcomputer
(Built-in feedback resistor)

X X

XIN Xout - ot XIN Xout

ot T Open

ote
R
Rd
Externally derived clock

+— L
Tom T oo 7t e LT
— — Vss

External ceramic oscillator External RC oscillator External clock input

Note : Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation
drive capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator
manufacturer's data sheet specifies that a feedback resistor be added external to the chip, insert a feedback
resistor between XIN and XouT following the instruction.

Figure 1.8.1. Examples of main clock
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Specifications in this manual are tentative and subject to change.

Clock Generating Circuit

Mitsubishi microcomputers

M30100/M30102 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

XCIN

Microcomputer
(Built-in feedback resistor)

(Built-in feedback resistor)

Microcomputer

XCIN Xcout

Vce
Vss

Open

T

Externally derived clock

Lo

Note:

Insert a damping resistor if
required. The resistance will
vary depending on the oscillator
and the oscillation drive
capacity setting. Use the value
recommended by the maker of
the oscillator.

When the oscillation drive
capacity is set to low, check that
oscillation is stable.

Figure 1.8.2. Examples of sub-clock

A ring oscillator is built into the microcomputer. The oscillation of the ring oscillator can be used as the
BCLK by setting the main clock select bit (bit 2 of address 000C). Lower power consumption can be
realized because the oscillating frequency of the ring oscillator is much lower compared to that of XIN. The
frequency of the ring oscillator depends on the supply voltage and the operation temperature range. Be
careful that variable frequencies and obtain the sufficient margin when designing application products.

Clock Control
Figure 1.8.3 shows the block diagram of the clock generating circuit.

RESET% 1
Software rese

Interrupt request
level judgment output

cM20
CcMo2
F:} cmz
s Q ° )
WAIT instruction R | s
b C
a 1/2 1/2 12 1/2 1/2
CM06=0
CM17,CM16=11
CM06=1
CM06=0 \O— d
CM17,CM16=10
_O
CM06=0
CM17,0M16=01 —O
CM06=0
CM17,CM16=00
CMQOi : Bit i at address 000616

_ I

cMi0“” _lg q

Sub clock

Write signal

1 o—

Ring
63

oscillation

Main
clock
switching
circuit

a
¢

oscillator
Main clock gireuit fRING

| CMo5 @ — ¢

CMf1i : Bit i at address 000716
CM2i : Bit i at address 000C16
WDCi : Bit i at address 000F16

Details of divider

Figure 1.8.3. Clock generating circuit
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0“6309(“6 Specifications in this manual are tentative and subject to change. Mitsubishi microcomputers
o M30100/M30102 Group

Clock Generating Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

The following paragraphs describes the clocks generated by the clock generating circuit.
(1) Main clock

The main clock is generated by the main clock oscillation circuit. After reset, oscillation starts. The clock
can be stopped using the main clock stop bit (bit 5 at address 000616). Stopping the clock reduces the
power dissipation.
After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the XouT pin
can be reduced using the XIN-XOUT drive capacity select bit (bit 5 at address 000716). Reducing the drive
capacity of the XouT pin reduces the power dissipation. This bit changes to “1” when shifting from high-
speed/medium-speed mode to stop mode and at a reset. When shifting from low-speed/low power dissi-
pation mode to stop mode, the value before stop mode is retained.
(2) Sub-clock
The sub-clock is generated by the sub-clock oscillation circuit. No sub-clock is generated after a reset.
After oscillation is started using the port Xc select bit (bit 4 at address 000616), the sub-clock can be
selected as BCLK by using the system clock select bit (bit 7 at address 000616). However, be sure that
the sub-clock oscillation has fully stabilized before switching.
After the oscillation of the sub-clock oscillation circuit has stabilized, the drive capacity of the XcouT pin
can be reduced using the XCIN-XCOUT drive capacity select bit (bit 3 at address 000616). Reducing the
drive capacity of the XcouT pin reduces the power dissipation. This bit changes to “1” when shifting to
stop mode and at a reset.
(3) BCLK
The BCLK is the clock that drives the CPU. The clock source for BCLK is as follows: (1) the clock derived
by dividing the main clock by 1, 2, 4, 8, or 16, (2) fc, or (3) the clock derived by dividing the clock supplied
by the ring oscillator circuit (fRING) by 1, 2, 4, 8 or 16. After reset, the BCLK is derived by dividing the fRING
by 8. When using an external RC oscillator circuit for the main clock, 1 division of the main clock cannot
be selected as BCLK.
The main clock division select bit O(bit 6 at address 000616) changes to “1” when shifting from high-
speed/medium-speed mode to stop mode and at reset. When shifting from low-speed/low power dissipa-
tion mode to stop mode, the value before stop mode is retained.
(4) Peripheral function clock
a. f1, fs, 32
The clock for the peripheral devices is derived from the main clock or by dividing it by 8 or 32. The
peripheral function clock is stopped as follows: (i) by stopping the main clock or (ii) by executing an
WAIT instruction after setting the WAIT peripheral function clock stop bit (bit 2 at 000616) to “1”. When
using an external RC oscillator circuit for the main clock, f1 cannot be selected as the operation clock
of some peripheral devices.
b. faD
This clock has the same frequency as the main clock and is used in A-D conversion.
(5) fca2
This clock is derived by dividing the sub-clock by 32. It is used for the timer 1, timer X, timer Y and timer
Z counts. Figure 1.8.6 shows the block diagram of fc32 .
(6) fc
This clock has the same frequency as the sub-clock. It is used for BCLK and for the watchdog timer.
(7) fRING
This clock is supplied by the ring oscillator circuit. In the ring oscillator mode, the clock divided by the
division ratio selected with the main clock division select bit 0 and bit 1(bit 6 at address 000616, and bit 6
and bit 7 at address 000716) is supplied as BCLK. Immediately after reset, 8 divisions of this clock is
supplied as BCLK. The ring oscillator oscillation can be set to BCLK when oscillation stop is detected or
with the main clock switching bit (bit 2 at address 000C16).
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g“ . o M30100/M30102 Group
lock Generating Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

System clock control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0
| | | 0 | 0 | Symbol Address When reset
B N N N Bl B CMO 000616 4816

S A A A =T symbol | Bit name Function RIW
tob o 1 =4 Reserved bit Always set to “0”
Poro 00
E I ‘ I I I CMO02 WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode !
T clock stop bit 1 : Stop peripheral function clock in wait mode (Note 8) [O O
oo XCIN-XCOUT drive capacity | 0 : LOW 3
I T N CMO3 | select bit (Note 2) 1 :HIGH O :O
Voo Port Xc select bit 0 : /0 port |
e CMo4 1 : XCIN-XCOUT generation 0,0
A CMo05 | Main clock (XiN-XouT) 0:0n 00
- stop bit (Note 3,4,5) 1: Off !
b CMO06 Main clock division select | 0 : CM16 and CM17 valid e} O
poTTTTTTTTT bit 0 (Note 7) 1 : Division by 8 mode
cMo7 | System clock select bit 0 : XIN, XouT 00
"""""""""""" (Note 6) 1 : XCIN, XcouT !

Note 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register.

Note 2: Changes to “1” when shifting to stop mode.

Note 3: This bit is used to stop the main clock when placing the device in a low-power mode. If you want to operate with XIN
after exiting from the stop mode, set this bit to “0”. When operating with a self-excited oscillator, set the system clock
select bit (CM07) to “1” before setting this bit to “1”.

Note 4: When inputting external clock, only clock oscillation buffer is stopped and clock input is acceptable.

Note 5: If this bit is set to “1”, XouT turns “H”. The built-in feedback resistor remains being ON, so XIN turns pulled up to
Xout (“H”) via the feedback resistor.

Note 6: Set port Xc select bit (CM04) to “1” before setting this bit to “1”. Can not write to both bits at the same time.

Note 7: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When shifting from
low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.

Note 8: fca2 is not included. Do not set to “1” when using low-speed, low power dissipation or ring oscillator mode.

System clock control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 b1 bo

| 0 | 0 | | Symbol Address ~ When reset
L L CM1 000716 2016
poi o0 1 [ Bitsymbol Bit name Function R:W
Voo ] CM10 All clock stop control bit 0 : Clock on o O
(Note 4) 1 : All clocks off (stop mode) !
Do ] Reserved bit Always set to “0” 0:0
e Reserved bit Always set to “0” 0.0
I XIN oscillation select bit 0 : Ceramic oscillation or crystal oscillation
P CM13 1: RC oscillation 0:0
R T Ring oscillation stop bit 0 : Oscillation enabled 1
oo CM14 9 P 1 : Oscillation stopped (Note 5) o 10
I CM15 XIN-XouT drive capacity 0:LOW o O
e select bit (Note 2) 1:HIGH !
Vo b7 b6 . j
FH SR CM16 | Main clock division 00 : No division mode i
: select bit 1 (Note 3) 0 1 : Division by 2 mode o O
] 1 0 : Division by 4 mode !
CM17 11 : Division by 16 mode ;

Note 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register.

Note 2: This bit changes to “1” when shifting from high-speed/middle-speed mode to stop mode or at reset. When shifting from
low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.

Note 3: Can be selected when bit 6 of the system clock control register 0 (address 00061s) is “0”. If “1”, division mode is fixed at 8.

Note 4: If this bit is set to “1”, XouT turns “H”, and the built-in feedback resistor is ineffective. The mode of power control cannot
be shifted to the stop mode directly from the oscillator mode.

Note 5: This bit can be set to “1” only when both the main clock switch bit (CM22) and clock monitor bit (CM23) are set to “0” .
Moreover, this bit is automatically set to “0” if the main clock switch bit (CM22) is set to “1”.

Figure 1.8.4. System clock control registers 0 and 1
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Clock Generating Circuit

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
I

Oscillation stop detection register (Note 5)

PN B B Symbol Address  When reset

Lofofofol [ | [ | cwme oooGrs | Moue

Bit symbol Bit name Function RW
e [ [TEEme oo
L te] ower | Oustlaton s getecon [0:Dbd oto 2.0
BN R oM2z [ i cookswtenn | S SNk oo
R cM2s | ook montor it (Note 4| copmcpommeny [0
B Reserved bit Always set to "0" O o)

Clock prescaler reset flag

Note 1: Set to “0” before stopping the oscillation of the main clock (XIN-XouT).
(stop mode, low power dissipation mode, ring oscillation mode)
An oscillation stop is detected if the oscillation of the main clock (XIN-XouT) is
stopped when the following two conditions are satisfied: (1) the oscillation stop
detection function is valid and (2) CM21=1.
Note 2: Valid when CM20=1.
Note 3: CM22 bit switches to “1“ automatically if an oscillation stop is detected when
both CM20 bit and CM 21 bit are “1”. CM22 bit cannot be cleared when CM23=1.
Note 4: This bit is valid when CM20 bit is “1”. Use this bit for the purpose of confirming
XIN operation for oscillation stop detection interrupt execution.
Note 5: In case of writing to this register, set bit 0 of the protect register(000A16) to "1".

b7 b6 bS ba b3 b2 bl b0 Symbol Address When reset
LWN CPSRF 008F16 OXXXXXXX2
¢+ 1| Bit symbol Bit name Function R'W
E E E E E E E E Nothing is assigned. :
LIRSV VR MR MU AR O In an attempt to write to these bits, write “0”. The value, if read, turns out to be -
: indeterminate.
CPSR | Clock prescaler reset flag 0 : No effect :
b e 1 : Prescaler is reset 0.0
(When read, the value is “0”)

Figure 1.8.5. Oscillation stop detection register and clock prescaler reset flag

Clock prescaler

xein O

1/32

Reset
Clock prescaler reset flag (bit 7 J
at address 008F16) set to “1”

- fC32

Figure 1.8.6. fc32 block diagram
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Stop Mode, Wait Mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Stop Mode

Writing “1” to the all-clock stop control bit (bit 0 at address 000716) stops all oscillation and the microcom-
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that Vcc re-
mains above 2V.

Because the oscillation of BCLK, f1 to f32, fc, fc32, and fAD stops in stop mode, peripheral functions such as
the A-D converter and watchdog timer do not function. However, timer X operate provided that the event
counter mode is set to an external pulse, and UARTO and UART1 function provided an external clock is
selected. Table 1.8.2 shows the status of the ports in stop mode.

Stop mode is cancelled by a hardware reset or an interrupt. If an interrupt is to be used to cancel stop mode,
that interrupt must first have been enabled, and the priority level of the interrupt which is not used to cancel
must have been changed to 0 before shifting to stop mode. If returning by an interrupt, that interrupt routine
is executed. If only a hardware reset is used to cancel stop mode, change the priority level of all interrupt to
0, then shift to stop mode.

When shifting from high-speed/medium-speed mode to stop mode or at a reset, the main clock division
select bit 0 (bit 6 at address 000616) is set to “1”. When shifting from low-speed/low power dissipation mode
to stop mode, the value before stop mode is retained.

The stop mode must not be used while operating in the ring oscillator mode.

Table 1.8.2. Port status during stop mode
Pin States

Port Retains status before stop mode

Wait Mode
When a WAIT instruction is executed, BCLK stops and the microcomputer enters the wait mode. In this
mode, oscillation continues but BCLK and watchdog timer stop. Writing “1” to the WAIT peripheral function
clock stop bit and executing a WAIT instruction stops the clock being supplied to the internal peripheral
functions, allowing power dissipation to be reduced. Table 1.8.3 shows the status of the ports in wait mode.
Wait mode is cancelled by a hardware reset or interrupt. If an interrupt is used to cancel wait mode, the
microcomputer restarts using as BCLK, the clock that had been selected when the WAIT instruction was

executed.
Table 1.8.3. Port status during wait mode
Pin States
Port Retains status before wait mode
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Status Transition of BCLK SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Status Transition of BCLK
Power dissipation can be reduced and low-voltage operation achieved by changing the count source for
BCLK. Table 1.8.4 shows the operating modes corresponding to the settings of system clock control
registers 0 and 1.
When reset, division by 8 mode is set. The main clock division select bit 0 (bit 6 at address 000616)
changes to “1” when shifting from high-speed/medium-speed mode to stop mode or at a reset. The follow-
ing shows the operational modes of BCLK. When shifting from low-speed/low power dissipation mode to
stop mode, the value before stop mode is retained.
(1) Division by 2 mode
The main clock is divided by 2 to obtain the BCLK.
(2) Division by 4 mode
The main clock is divided by 4 to obtain the BCLK.
(3) Division by 8 mode
The main clock is divided by 8 to obtain the BCLK. Before the user can go from this mode to no division
mode, division by 2 mode, or division by 4 mode, the main clock must be oscillating stably. When going to
low-speed or lower power dissipation mode, sure the sub-clock is oscillating stably.
(4) Division by 16 mode
The main clock is divided by 16 to obtain the BCLK.
(5) No-division mode
The main clock is divided by 1 to obtain the BCLK. When using an external RC circuit for the main clock,
no-division mode must not be used.
(6) Low-speed mode
fc is used as BCLK. Note that oscillation of both the main and sub-clocks must have stabilized before
transferring from this mode to another or vice versa. At least 2 to 3 seconds are required after the sub-
clock starts. Therefore, the program must be written to wait until this clock has stabilized immediately
after powering up and after stop mode is cancelled.
(7) Low power dissipation mode
fc is the BCLK and the main clock is stopped.
(8) Ring oscillator mode

This mode sets the ring oscillator as BCLK. The same as when XIN is the main clock, the modes are no
division, 2-division, 4-division, 8-division, and 16-division.

Note: Before the count source for BCLK can be changed from XIN to XCIN or vice versa, the clock to which
the count source is going to be switched must be oscillating stably. Allow a wait time in software for
the oscillation to stabilize before switching over the clock.

And, be sure to shift from division by 8 mode when you change it to ring oscillator mode. Shift to
other mode after you surely shift to the mode for division by 8 mode when you change it from ring
oscillator mode to other mode.
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
]

Table 1.8.4. Operating modes dictated by settings of system clock control registers 0 and 1

CM22 CM17 CM16 CMo7 CMO06 CMO05 CMo04 Operating mode of BCLK
0 0 1 0 0 0 Invalid Division by 2 mode
0 1 0 0 0 0 Invalid Division by 4 mode
0 Invalid Invalid 0 1 0 Invalid Division by 8 mode
0 1 1 0 0 0 Invalid Division by 16 mode
0 0 0 0 0 0 Invalid No-division mode
0 Invalid Invalid 1 Invalid 0 1 Low-speed mode
0 Invalid Invalid 1 Invalid 1 1 Low power dissipation mode
1 0 1 0 0 Invalid Invalid Ring oscillator mode(divided by 2)
1 1 0 0 0 Invalid Invalid Ring oscillator mode(divided by 4)
1 Invalid Invalid 0 1 Invalid Invalid Ring oscillator mode (divided by 8)
1 1 1 0 0 Invalid Invalid Ring oscillator mode (divided by 16)
1 0 0 0 0 Invalid Invalid Ring oscillator mode(no division)
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Power Control SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Power Control
This section gives an overview of power control.

Modes
There are three power save modes.

(1) Normal operating mode
* High-speed mode
In this mode, one main clock cycle forms BCLK. The CPU operates on the BCLK. The peripheral
functions operate on the clocks specified for each respective function.
» Medium-speed mode
In this mode, the main clock is divided into 2, 4, 8, or 16 to form BCLK. The CPU operates on the
BCLK. The peripheral functions operated on the clocks specified for each respective function.
* Low-speed mode
In this mode, fc forms BCLK. The CPU operates on the fc clock. fc is the clock supplied by the
subclock. The peripheral functions operate on the clocks specified for each respective function.
* Low power-dissipation mode
This mode is selected when the main clock is stopped from low-speed mode. The CPU operates on
the fc clock. fc is the clock supplied by the subclock. Only the peripheral functions for which the
subclock was selected as the count source continue to run.
* Ring oscillator mode
This mode sets the ring oscillator as BCLK. The ring oscillator can be set to no division, 2-divisions, 4-
division, 8-division, or 16-division mode according to the settings for CM06, CM16, and CM17. In-
creasing the division ratio lowers power consumption. When the microcomputer is operating with the
ring oscillator, the XIN clock driver can be stopped by setting the main clock stop bit to “1.” This can
lower the power dissipation even more.

(2) Wait mode
CPU operation is halted in this mode. The oscillator continues to run.

(3) Stop mode
All oscillators stop in this mode. The CPU and internal peripheral functions all stop. Of all 3 power
saving modes, power savings are greatest in this mode. The mode cannot be shifted to the stop mode
directly from the ring oscillator mode.

Figure 1.9.1 and 1.9.2 show the transition between each of the three modes, (1), (2), and (3).
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Transition of stop mode, wait mode

( )

Reset
|

Ve

All oscillators stopped

CM10 = “1”
C Stopmode
Interrupt

Interrupt
Al oscillators stopped /

Stop mode CM10 =1

All oscillators stopped

( Stop mode

Interrupt

i—( Low-speed/low power |—
dissipation mode

~

(

Medium-speed mode \—

(divided-by-8 mode)

High-speed/medium- \—
speed mode

Y

(

WAIT CPU operation stopped

Ring oscilltor mode )__instruction ,
(divided-by-8 mode))‘ Wait mode

Interrupt

WAIT CPU operation stopped
instruction .

> Wait mode
Interrupt

WAIT CPU operation stopped
instruction R

:’( Wait mode
Interrupt

WAIT
instruction

CPU operation stopped
( Wait mode

Interrupt

Normal mode —

(Refer to Fig. 1. 9. 2. for the transition of normal mode.)

Figure 1.9.1. Clock transition (1)
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Transition of normal mode

Main clock is oscillating
Sub clock is stopped
Medium-speed mode (divided-by-8 mode)

Main clock is oscillating
Sub clock is stopped
Ring oscillator mode (divided-by-8 mode)

CM22="1" BCLK: f(RING)/8

CM06="1"

> CMO07="0"

CM22="0" (Note 1) CM06="1"

CM22="1"

BCLK: f(XIN)/8
CM07="0" crvme:uJ‘

CMO04="0"

CM04="1"
(Notes 1, 3)

Main clock is oscillating
Sub clock is oscillating v

Main clock is stopped
Sub clock is stopped
Ring oscillator mode

CMO5 =“0"

8-division mode

K: f(RING)/8
CM06="1"

2-division mode (Note 3)
BCLK: f(RING)/2

1-division mode (Note 3)
BCLK: f(RING)

CMo7="0"

CMO! " CM22
CM16="1" CM17="0"

16-division mode (Note 3)

BCLK: f(rING)/16
CM07="0" CM06="0"
CM05=“1" CM22="1"
CM16="1" CM17="1"

Main clock is oscillating

Medium-speed mode
(divided-by-2 mode)
BCLK : f(Xw)/2

CMO7 =*“0" CMO06 = “0"
CM17 =“0" CM16 = “1"

High-speed mode

BCLK : f(Xn)

CMO07 =“0" CMO06 = “0"
CM17 =“0" CM16 =“0"

Medium-speed mode
(divided-by-4 mode)

Medium-speed mode
(divided-by-16 mode)

BCLK : f(Xn)/16

BCLK : f(Xn)/4

Medium-speed mode
(divided-by-8 mode)
BCLK : f(Xin)/8

CMO7 =“0"
CMO06 = “1"

Sub clock is oscillating
Low-speed mode

CMO7 =*0"
(Notes 1, 3)

BCLK : f(Xcn)

CMO07 ="1"
CMO06 = “1"
Note 2,5)

L0

CMO7 " CMO06 = “0"
CMm17 " CM16 = “1"
CMO04 =“0" CMO04 =“1"

Main clock is oscillating
Sub clock is stopped

Mediﬁm-speed mod

High-speed mode (divided-by-2 mode)

BCLK : f(X)

BCLK : f(Xw)2

CMO07 =“0" CMO06 = “0"
CM17 =“0" CM16 = “1"

—> Medium-speed mode Medium-speed mode
MO = “0° (divided-by-4 mode) (divided-by-16 mode)
(Notes 1,3) BCLK : f(Xw)/4 BCLK : f(Xn)/16

CMO7 =*“0" CMO06 = “0"
CM17 =“1" CM16 = “1"

" CMO6 = ‘0"
» CM16 = 0"

CMO5 = 1"

Main clock is stopped
Sub clock is oscillating

Low power dissipation mode!

BCLK : f(Xcm)

CMO7 = *0” (Note 1) .
SR cuor =10
CMO04 =“1" B

Note 1: Switch clock after oscillation of main clock is sufficiently stable.

Note 2: Switch clock after oscillation of sub clock is sufficiently stable.

Note 3: Change CM17 and CM16 before changing CMO06.

Note 4: Transit in accordance with arrow.

Note 5: Before switching BCLK to other from the main clock, divide the main
clock by 8 for safty purposes to switch BCLK to the main clock again.

Figure 1.9.2. Clock transition (2)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Oscillation Stop Detection Function

The oscillation stop detection functio

n detects abnormal stopping of the main clock by causes such as

opening and shorting of the XIN oscillation circuit. When oscillation stop is detected, an oscillation stop
detection interrupt is issued. When an oscillation stop detection interrupt is issued, the ring oscillator in the
microcomputer operates automatically and is used as the main clock in place of the XIN clock. This allows

interrupt processing.

The oscillation stop detection function can be enabled/disabled with bit 0 and bit 1 of the oscillation stop
detection register. When this bit is set to “112,” the function is enabled. After the reset is released, the
oscillation stop detection function becomes disabled because the bit value is “002.”

Table 1.10.1 gives an specification overview of the oscillation stop detection function, Figure 1.10.2 is a
configuration diagram of the oscillation stop detection circuit and Figure 1.10.3 shows the configuration of

the oscillation stop detection register.

Table 1.10.1. Specification overview of the oscillation stop detection function

ltem

Specification

Oscillation stop detectable clock and
frequency bandwidth

XIN = 2 MHz

Enabling condition for oscillation stop
detection function

When the oscillation stop detection bit (bit 0 of address 000C16)
and the oscillation stop detection interrupt enable bit (bit 1 of
address 000C16) are set to “1”

Operation at oscillation stop detection

+ Oscillation stop detection interrupt occurs

Notes on STOP mode, low power
dissipation mode, and ring oscillator
mode

Before stopping the main clock (XIN-XouT), set the
oscillation stop detection enable bit to “0” to disable the
oscillation stop detection function. Enable main clock
(XIN-XouT) oscillation and after the oscillation stabilizes,
set the bit to “1” again.

Notes on WAIT mode

If the peripheral function clock is stopped in WAIT mode

with the WAIT mode peripheral function clock stop bit

(bit 2 of the address 000616), oscillation stop will be detected.
Do not stop the peripheral function clock in WAIT mode.
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Oscillation Stop Detection SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Compulsory discharge when CM20=0

Pulse generation
circuit for clock Charae/disch —
man O edge detection 1 ;o oe/ciSenargs Oscillation stop
(Note) and charge/ circuit detection interrupt
. ting circuit
discharge control CM21 gererd m?NZEE;og To the CPU
timer
interrupt
CM14 CM22
¢ ; # v Main clock switch control
Ring oscillator O )
9 | Main clock 1o the main clock
/O O division circuit

#:When XIN is supplied, this repeats charge and discharge with pulses by XIN edge detection.
When XIN is not supplied, this continues charging. When the charge exceeds a certain level,
it regards the oscillation as stopped.

Note: As for the fMAIN, refer to Figure 1.8.3 clock generating circuit.

Figure 1.10.1. Oscillation stop detection circuit

Oscillation stop detection register (Note 5)

o
N
o
o
o
o
o
'S

b3 b2 b1 b0

[ofofofo [TT] &i” T et

Bit symbol Bit name Function R W
Db omeo | goiaton sop ¥ The function fs vaid - (Note 1)|©.O
DB b b omer | Oecllaionsiop detecton |0: Disabied 2|00
S CM22 | Main clock switch bit 7 Selen ?i(:écclnggﬁl'ator. (Note 3) OEO
L om2s | Clock monitor bit (Note 4)| 0 gy cechatng bormally 5
et Reserved bit Always set to "0" 0.0

Note 1: Set to “0” before stopping the oscillation of the main clock (XIN-XouT).
(stop mode, low power dissipation mode, ring oscillation mode)
An oscillation stop is detected if the oscillation of the main clock (XIN-XouT) is
stopped when the following two conditions are satisfied: (1) the oscillation stop
detection function is valid and (2) CM21=1.

Note 2: Valid when CM20=1.

Note 3: CM22 bit switches to “1* automatically if an oscillation stop is detected when
both CM20 bit and CM 21 bit are “1”. CM22 bit cannot be cleared when CM23=1.

Note 4: This bit is valid when CM20 bit is “1”. Use this bit for the purpose of confirming
XIN operation for oscillation stop detection interrupt execution.

Note 5: In case of writing to this register, set bit 0 of the protect register(000A16) to "1".

Figure 1.10.2. Oscillation stop detection register
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Oscillation Stop Detection SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Oscillation stop detection bit (CM20)
You can start the oscillation stop detection by setting this bit to "1" and CM21=1 (oscillation stop detection
interrupt enabled). The detection is not executed when this bit is set to "0" or in reset status. Be sure to set
this bit to "0" before setting for the stop-mode. Set this bit again to "1" after release from stop-mode. Set
this bit to "0" also before setting the main clock stop bit (bit 5 at 000616) to "1".
Do not set this bit to "1" if the frequency of XIN is lower than 2 MHz.
An oscillation stop is detected if CM02="1" (peripheral function clock has been set for stop in wait mode)
and the mode is shifted to wait.

Oscillation stop detection interrupt enable bit (CM21)
When CM20=1 and CM21=1, an oscillation stop detection interrupt is generated if an abnormal stop of
XIN is detected. The ring oscillator starts operation instead of the XIN clock which stopped abnormally.
The operation goes further with the main clock supplied from the ring oscillator. For the oscillation stop
detection interrupt, judgment on the interrupt condition is necessary, because this interrupt shares the
vector table with watchdog timer interrupt. Figure 1.10.3 shows flow of the judgment with oscillation stop
detection interrupt processing program.

Main clock switch bit (CM22)

When setting this bit to "1", the ring oscillator is selected as main clock. At this time, the ring oscillator
starts simultaneously if it has been stopped (CM14=1). This bit is cleared only when CM23 is "0" (when
XIN is oscillating).

If an oscillation stop is detected while both CM20 and CM21 are “1”, this bit automatically switches to “1”.
When this bit is set to “1”, the ring oscillation stop bit (bit 4 of address 000716) is automatically set to “0”.

Clock monitor bit (CM23)
You can see the operation status of the XIN clock. When this bit is "0", XIN is operating correctly. You can
check the oscillation status of XIN when an oscillation stop detection interrupt is generated or after reset.
When oscillation stop detection is invalid (CM20="0"), the clock monitor bit is “0”.
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Oscillation stop detection interrupt
or watchdog timer interrupt
is generated

Read oscillation stop
detection register

NO

CM23=17?

YES
CM22=17

Clear CM21 bit (Note)
Jump to the execution
program for oscillation stop
detection interrupt

Note: Disables multiple interrupts of oscillation stop
take priority.

CM21=1 and

Jump to the execution
program for watchdog timer
interrupt

detection and let watchdog timer

Figure 1.10.3. Flow of the judgment
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Protection SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Protection
The protection function is provided so that the values in important registers cannot be changed in the event
that the program runs out of control. Figure 1.11.1 shows the protect register. The values in the processor
mode register 0 (address 000416), processor mode register 1 (address 000516), system clock control reg-
ister 0 (address 000616), system clock control register 1 (address 000716) and port PO direction register
(address 00E216) can only be changed when the respective bit in the protect register is set to “1”. There-
fore, important outputs can be allocated to port PO.
If, after "1" (write-enabled) has been written to bit "enables writing to port PO direction register" (bit 2 at
address 000A16), a value is written to any address, the bit automatically reverts to "0" (write-inhibited).
The system clock control registers 0 and 1 and oscillation stop detection register write-enable bit (bit 0 at
000A16) and processor mode register 0 and 1 write-enable bit (bit 1 at 000A16) do not automatically return
to “0” after a value has been written to an address. The program must therefore be written to return these
bits to “0”.

Protect register

b7 b6 b5 b4 b3 b2 bt bo

Symbol Address When reset
PRCR 000A16 XXXXX0002
Bit symbol Bit name Function R'W
PRCO Enables writing to system clock 0 : Write-inhibited ‘

control registers 0 and 1 (addresses : Write-enabled o o
000616 and 000716) and oscillation
stop detection register (address 000

C1e)
I Enables writing to processor mode | o : Write-inhibited

e

PRC1 registers 0 and 1(addresses 000416 | 1 : Write-enabled !
and 000516) !
[ PRC2 Enables writing to port PO direction | g - Write-inhibited o o

register (address 00E216) (Note) 1 : Write-enabled

Nothing is assigned. |
In an attempt to write to these bits, write “0”. The value, if read, turns out to be -
indeterminate. ‘

Note: Writing a value to an address after “1” is written to this bit returns the bit
to “0” . Other bits do not automatically return to “0” and they must therefore
be reset by the program.

Figure 1.11.1. Protect register
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Figure 1.12.1 lists the types of interrupts.

Specifications in this manual are tentative and subject to change.

Mitsubishi microcomputers

M30100/M30102 Group

Interruets SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

]
]
Software M
]
[]

[l

5
0 5
- 5
: [l
U

Interrupt

Special

0 o

Hardware

[
Peripheral 1/0™

Undefined instruction (UND instruction)
Overflow (INTO instruction)
BRK instruction

INT instruction

Reset

DBC

Oscillation stop detection/watchdog timer
Single step

Address matched

UARTO receive interrupt

*1  Peripheral I/O interrupts are generated by the peripheral functions built into the microcomputer system.

Figure 1.12.1. Classification of interrupts

» Maskable interrupt : An interrupt which can be enabled (disabled) by the interrupt enable flag (I

flag) or whose interrupt priority can be changed by priority level.

* Non-maskable interrupt : An interrupt which cannot be enabled (disabled) by the interrupt enable flag

(I flag) or whose interrupt priority cannot be changed by priority level.
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Software Interrupts
A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable
interrupts.

e Undefined instruction interrupt

An undefined instruction interrupt occurs when executing the UND instruction.
e Overflow interrupt

An overflow interrupt occurs when executing the INTO instruction with the overflow flag (O flag) set to “1”.
The following are instructions whose O flag changes by arithmetic:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

* BRK interrupt

A BRK interrupt occurs when executing the BRK instruction.
« INT interrupt

An INT interrupt occurs when assigning one of software interrupt numbers 0 through 63 and executing the
INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral I/O interrupts, so
executing the INT instruction allows executing the same interrupt routine that a peripheral I/O interrupt
does.

The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is
involved.

So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to “0” and select
the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from the
interrupt routine, the U flag is returned to the state it was before the acceptance of interrupt request. So
far as software numbers 32 through 63 are concerned, the stack pointer does not make a shift.
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Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral 1/O interrupts.
(1) Special interrupts

Special interrupts are non-maskable interrupts.

* Reset
Reset occurs if an “L” is input to the RESET pin.

« UARTO receive interrupt
UARTO receive interrupt occurs when UART1 is received. This interrupt can be enabled with bit 2 of
the INTO input filter select register (address 001E16).
This interrupt is exclusively for the debugger, do not use it in other circumstances.

« DBC interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances.

* Oscillation stop detection/watchdog timer interrupt
Generated by the oscillation stop detection or watchdog timer.

« Single-step interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances. With the debug flag
(D flag) set to “1”, a single-step interrupt occurs after one instruction is executed.

« Address match interrupt
An address match interrupt occurs immediately before the instruction held in the address indicated by
the address match interrupt register is executed with the address match interrupt enable bit set to “1”.
If an address other than the first address of the instruction in the address match interrupt register is
set, no address match interrupt occurs.

(2) Peripheral I/O interrupts

A peripheral I/O interrupt is generated by one of built-in peripheral functions. The interrupt vector table is
the same as the one for software interrupt numbers 0 through 31 the INT instruction uses. Peripheral /0O
interrupts are maskable interrupts.
* Key-input interrupt
A key-input interrupt occurs if a falling or rising edge is input to the Ki pin.
< A-D conversion interrupt
This is an interrupt that the A-D converter generates.
*« UARTO and UARTL1 transmission interrupt
These are interrupts that the serial 1/0 transmission generates.
*« UARTO and UARTL1 reception interrupt
These are interrupts that the serial I/O reception generates.
e Timer X interrupt
This is an interrupts that timer X generates.
e Timer Y interrupt
This is an interrupt that timer Y generates.
e Timer Z interrupt
This is an interrupt that timer Z generates.
*Timer C interrupt
This is an interrupt that timer C generates.
*CNTRO interrupt
This interrupt occurs if a falling or rising edge is input to the CNTRO pin.
*TCIN interrupt
This interrupt occurs if a falling edge, rising edge or both edges are input to the TCIN pin. This interrupt
also occurs with the RING512.
« INTO to INT3 interrupt
INTO to INT2 interrupts occur if any one of a rising edge, a falling edge or a both-edge is input to the
INT pin. INT3 inerrupt occurs if either a falling edge or a both-edge is input to the INT pin.
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Interrupts and Interrupt Vector Tables
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector
table. Set the first address of the interrupt routine in each vector table. Figure 1.12.2 shows format for
specifying interrupt vector addresses.
Two types of interrupt vector tables are available — fixed vector table in which addresses are fixed and
variable vector table in which addresses can be varied by the setting.

MSB LSB
Vector address + 0 Low address
Vector address + 1 Mid address
Vector address + 2 0000 High address
Vector address + 3 0000 0000

Figure 1.12.2. Format for specifying interrupt vector addresses

 Fixed vector tables
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area
extending from FFFDC16 to FFFFF16. One vector table comprises four bytes. Set the first address of
interrupt routine in each vector table. Table 1.12.1 shows the interrupts assigned to the fixed vector
tables and addresses of vector tables.

Table 1.12.1. Interrupt and fixed vector address

Interrupt source

Vector table addresses

Address (L) to address (H)

Remarks

Undefined instruction

FFFDCi6 to FFFDF 16

Interrupt on UND instruction

Overflow

FFFEO1s to FFFE31s

Interrupt on INTO instruction

BRK instruction

FFFE416 to FFFE716

If the vector is filled with FF1s, program execution starts from
the address shown by the vector in the variable vector table

Address match

FFFE81s to FFFEB1s

There is an address-matching interrupt enable bit

Single step (Note)

FFFEC1s to FFFEF1s

Do not use

Oscillation stop detection/

FFFFO16 to FFFF316

watchdog timer
DBC (Note) FFFF416 to FFFF716 Do not use
UARTO receive (Note)| FFFF81sto FFFFB1s Do not use

Reset

FFFFC16 to FFFFF1e

Note: Interrupts used for debugging purposes only.
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* Variable vector tables
The addresses in the variable vector table can be modified, according to the user’s settings. Indicate the
first address using the interrupt table register (INTB). The 256-byte area subsequent to the address the
INTB indicates becomes the area for the variable vector tables. One vector table comprises four bytes.
Set the first address of the interrupt routine in each vector table. Table 1.12.2 shows the interrupts
assigned to the variable vector tables and addresses of vector tables.

Table 1.12.2. Interrupt causes (variable interrupt vector addresses)

Software interrupt number Ac;{jergggf(tl_??éeaﬁggse:(SH) Interrupt source Remarks
Software interrupt number 0 +0 to +3 (Note) BRK instruction Cannot be masked by | flag
Software interrupt number 13 +52 to +55 (Note) Key input interrupt
Software interrupt number 14 +56 to +59 (Note) A-D
Software interrupt number 17 +68 to +71 (Note) UARTO transmit
Software interrupt number 18 +72 10 +75 (Note) UARTO receive
Software interrupt number 19 +76 to +79 (Note) UART1 transmit
Software interrupt number 20 +80 to +83 (Note) UART1 receive
Software interrupt number 21 +84 to +87 (Note) Timer 1
Software interrupt number 22 +88 to +91 (Note) Timer X
Software interrupt number 23 +92 to +95 (Note) Timer Y
Software interrupt number 24 +96 to +99 (Note) Timer Z
Software interrupt number 25 | +100 to +103 (Note) | CNTRO
Software interrupt number 26 +104 to +107 (Note) TCIN
Software interrupt number 27 +108to +111 (Note) Timer C
Software interrupt number 28 +112 to +115 (Note) INT3
Software interrupt number 29 +116 to +119 (Note) INTO
Software interrupt number 30 | +120 to +123 (Note) | INT1
Software interrupt number 31 +124 to +127 (Note) INT2
Software interrupt number 32 +128 to +131 (Note)

to to Software interrupt Cannot be masked by | flag
Software interrupt number 63 +252 to +255 (Note)

Note : Address relative to address in interrupt table register (INTB).
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Interrupt Control
Descriptions are given here regarding how to enable or disable maskable interrupts and how to set the
priority to be accepted. What is described here does not apply to non-maskable interrupts.
Enable or disable a maskable interrupt using the interrupt enable flag (I flag), interrupt priority level select
bit, and processor interrupt priority level (IPL). Whether an interrupt request is present or absent is indi-
cated by the interrupt request bit. The interrupt request bit and the interrupt priority level selection bit are
located in the interrupt control register of each interrupt. Also, the interrupt enable flag (I flag) and the IPL
are located in the flag register (FLG).
Figure 1.12.3 shows the interrupt control registers.
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Symbol Address When reset
KUPIC 004D16 XXXXX0002
Interrupt control register  ADIC | 004Ets  XXXXX0002
SiTIC(i=0, 1) 005116, 005316 XXXXX0002
SiRIC(i=0, 1) 005216, 005416 XXXXX0002
T1IC 005516 XXXXX0002
TXIC 005616 XXXXX0002
TYIC 005716 XXXXX0002
TZIC 005816 XXXXX0002
b7 b6 b5 b4 b3 b2 bi bo CNTROIC 005916 XXXXX0002
TCINIC 005A16 XXXXX0002
| | | TCIC 005B1s  XXXXX0002
' INT3IC 005C+s XXXXX0002
¢+ i [ Bit symbol Bit name Function R W
HE ILVLO Interrupt priority level |
o] | h b2 b1 bo !
Vo select bt 000 : Level 0 (interrupt disabled) o ! o
. 001: Level1 :
ILVL1 010: Level2 1
Pt 011: Level3 oo
H 100: Level 4 !
! 101: Level 5 !
U ILVL2 110: Level 6 |
111: Level 7 OEO
____________ IR Interrupt request bit 0 : Interrupt not requested o' 0
1: Interrupt requested ' (Note 1)
________________________ Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns | — @+ —
out to be indeterminate. 1

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed
for set (= 1).

Note 2: To rewrite the interrupt control register, do so at a point that dose not
generate the interrupt request for that register. For details, see the
precautions for interrupts.

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
|><|><| 0 | INTIIC(i=0, 1, 2) 005D16, 005E16  XX00X0002
NNV 005F16 XX00X0002
P Bit symbol Bit name Function R, W
A ILVLO Interrupt priority level '
N select bit b2 b b0 _ , o' 0
[ 00 0 : Level O (interrupt disabled) '
A 001 :Levelt !
- ILVL1 010:Level2 |
Voo 011:Level3 3
oo 100: Level 4 o} ©
Vo 101 :Level5 :
R ILVL2 110:Level6 1
111:Level 7 OO
IR Interrupt request bit 0: Interrupt not requested o' o0
N 1: Interrupt requested /(Note 1)
[ S POL Polarity select bit 0 : Selects falling edge o o
R 1 : Selects rising edge |
S SASCLEEEEEEEE Reserved bit Always set to “0” 00
L] Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, -~
turns out to be indeterminate.

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed
for set (= 1).

Note 2: To rewrite the interrupt control register, do so at a point that dose not
generate the interrupt request for that register. For details, see the
precautions for interrupts.

Figure 1.12.3. Interrupt control register
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Interrupt Enable Flag (I Flag)
The interrupt enable flag (I flag) controls the enabling and disabling of maskable interrupts. Setting this
flag to “1” enables all maskable interrupts; setting it to “0” disables all maskable interrupts. This flag is set
to “0” after reset.

Interrupt Request Bit
The interrupt request bit is set to "1" by hardware when an interrupt is requested. After the interrupt is
accepted and jumps to the corresponding interrupt vector, the request bit is set to "0" by hardware. The
interrupt request bit can also be set to "0" by software. (Do not set this bit to "1").

Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL)
Set the interrupt priority level using the interrupt priority level select bit, which is one of the component bits
of the interrupt control register. When an interrupt request occurs, the interrupt priority level is compared
with the IPL. The interrupt is enabled only when the priority level of the interrupt is higher than the IPL.
Therefore, setting the interrupt priority level to “0” disables the interrupt.
Table 1.12.3 shows the settings of interrupt priority levels and Table 1.12.4 shows the interrupt levels
enabled, according to the consist of the IPL.

The following are conditions under which an interrupt is accepted:
- interrupt enable flag (I flag) = 1
- interrupt request bit = 1
- interrupt priority level > IPL

The interrupt enable flag (I flag), the interrupt request bit, the interrupt priority select bit, and the IPL are
independent, and they are not affected by one another.

Table 1.12.3. Settings of interrupt priority levels Table 1.12.4. Interrupt levels enabled according
to the contents of the IPL

I?;g;“gélggfgitty Interrtljg\} epl:riority Porirgreitry IPL Enabled interrupt priority levels
b2 b1 b0 Level 0 IPL2 IPL1 IPLo
0 0O (interrupt disabled) _— 0 0 O | Interruptlevels 1 and above are enabled
0O 0 1 Level 1 Low 0 0 1 | Interruptlevels 2 and above are enabled
0 1 0 Level 2 0 1 0 | Interruptlevels 3 and above are enabled
o 1 1 Level 3 0 1 1| Interruptlevels 4 and above are enabled
1 0 O Level 4 1 0 O | Interrupt levels 5 and above are enabled
1 0 1 Level 5 1 0 1 | Interrupt levels 6 and above are enabled
110 Level 6 Y 1 1 0 | Interrupt levels 7 and above are enabled
1 1 1 Level 7 High 1 1 1 | All maskable interrupts are disabled
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Rewrite The Interrupt Control Register
To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after
the interrupt is disabled. The program examples are described as follow:

Example 1:
INT_SWITCH1:
FCLR I ; Disable interrupts.
AND.B  #00h, 0055h ; Clear T1IC int. priority level and int. request bit.
NOP ;
NOP
FSET I ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR I ; Disable interrupts.
AND.B  #00h, 0055h ; Clear T1IC int. priority level and int. request bit.
MOV.W  MEM, RO ; Dummy read.
FSET I ; Enable interrupts.
Example 3:
INT_SWITCHS:
PUSHC FLG ; Push Flag register onto stack
FCLR I ; Disable interrupts.
AND.B  #00h, 0055h ; Clear T1IC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions or dummy read are inserted before FSET | in Examples 1 and 2 is
to prevent the interrupt enable flag | from being set before the interrupt control register is rewritten due to

effects of the instruction queue.

When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener-
ated. This will depend on the instruction. If this creates problems, use the below instructions to change
the regqister.

Instructions : AND, OR, BCLR, BSET

Changing the interrupt request bit
When attempting to clear the interrupt request bit of an interrupt control register, the interrupt request bit
is not cleared sometimes. This will depend on the instruction. If this creates problems, use the below
instructions to change the register.
Instructions : MOV
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Interrupt Sequence

An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the

instant the interrupt routine is executed — is described here.

If an interrupt occurs during execution of an instruction, the processor determines its priority when the

execution of the instruction is completed, and transfers control to the interrupt sequence from the next

cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction,
the processor temporarily suspends the instruction being executed, and transfers control to the interrupt
sequence.

In the interrupt sequence, the processor carries out the following in sequence given:

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading ad-
dress 0000016. After this, the corresponding interrupt request bit becomes "0".

(2) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt se-
quence in the temporary register (Note) within the CPU.

(3) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer select flag (U flag)
to “0” (the U flag, however, does not change if the INT instruction, in software interrupt numbers 32
through 63, is executed).

(4) Saves the content of the temporary register (Note) within the CPU in the stack area.

(5) Saves the content of the program counter (PC) in the stack area.

(6) Sets the interrupt priority level of the accepted instruction in the IPL.

After the interrupt sequence is completed, the processor resumes executing instructions from the first
address of the interrupt routine.
Note: This register cannot be utilized by the user.

Interrupt Response Time

'Interrupt response time' is the period between the instant an interrupt occurs and the instant the first
instruction within the interrupt routine has been executed. This time comprises the period from the occur-
rence of an interrupt to the completion of the instruction under execution at that moment (a) and the time
required for executing the interrupt sequence (b). Figure 1.12.4 shows the interrupt response time.

Interrupt request generated  Interrupt request acknowledged

4} 4} — Time
4 /

Instruction in
interrupt routine

7
- e (b) -

Instruction Interrupt sequence

N __—

Interrupt response time

(a) Time from interrupt request is generated to when the instruction then under execution is completed.
(b) Time in which the instruction sequence is executed.

Figure 1.12.4. Interrupt response time
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Time (a) is dependent on the instruction under execution. Thirty cycles is the maximum required for the
DIVX instruction (without wait).
Time (b) is as shown in Table 1.12.5.

Table 1.12.5. Time required for executing the interrupt sequence

Interrupt vector address | Stack pointer (SP) value Without wait
Even Even 18 cycles (Note 1)
Even Odd 19 cycles (Note 1)
Odd (Note 2) Even 19 cycles (Note 1)
Odd (Note 2) Odd 20 cycles (Note 1)

Note 1: Add 2 cycles in the case of a DBC interrupt; add 1 cycle in the case either of an address match
interrupt or of a single-step interrupt.
Note 2: Locate an interrupt vector address in an even address, if possible.

1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18
BCLK LT L LT Lo oo o
Address bus X%%%roe%s >< Indeterminate >< SP-2 >< SP-4 >< vec X vec+2 >< PC
Data bus Interrupt i SP-2 SP-4 vec vec+2
XinformationX Indeterminate Xcontents Xcontents ><contents >< contents ><

R U—\{ Indeterminate Y u U
UL

The indeterminate segment is dependent on the queue buffer.
If the queue buffer is ready to take an instruction, a read cycle occurs.

=l

Figure 1.12.5. Time required for executing the interrupt sequence

Variation of IPL when Interrupt Request is Accepted
If an interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the IPL.
If an interrupt request, that does not have an interrupt priority level, is accepted, one of the values shown
in Table 1.12.6 is set in the IPL.

Table 1.12.6. Relationship between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels Value set in the IPL
Watchdog timer 7
Reset 0
Other Not changed

RENESAS 45

RenesasTechnology Corp.


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

6@‘ e
\)(\\‘ 6\09‘(\
3

«_Tentative Specifications REV.E1
Specifications in this manual are tentative and subject to change.

Saving Registers

In the interrupt sequence, only the contents of the flag register (FLG) and that of the program counter

(PC) are saved in the stack area.

First, the processor saves the 4 high-order bits of the program counter, and 4 high-order bits and 8 low-
order bits of the FLG register, 16 bits in total, in the stack area, then saves 16 low-order bits of the
program counter. Figure 1.12.6 shows the state of the stack as it was before the acceptance of the

Mitsubishi microcomputers

M30100/M30102 Group

Interruets SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

interrupt request, and the state the stack after the acceptance of the interrupt request.

Save other necessary registers at the beginning of the interrupt routine using software. Using the

PUSHM instruction alone can save all the registers except the stack pointer (SP).

Stack area

Program counter (PCt)

Program counter (PCw)

Flag register (FLGL)

Flag register
(FLGH)

Program
counter (PCr)

Content of previous stack

Address Stack area Address
MSB LSB MSB

m-4 m-4

m-3 m-3

m-2 : m-2

m-—1 m-1
[SP]

m Content of previous stack |<a—— \?;?L?: ggf'g:gr m
interrupt occurs

m + 1| Content of previous stack m+1

Content of previous stack

Stack status before interrupt request
is acknowledged

[SP]
< New stack
pointer value

Stack status after interrupt request
is acknowledged

Figure 1.12.6. State of stack before and after acceptance of interrupt request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the
content of the stack pointer (Note), at the time of acceptance of an interrupt request, is even or odd. If the
content of the stack pointer (Note) is even, the content of the flag register (FLG) and the content of the
program counter (PC) are saved, 16 bits at a time. If odd, their contents are saved in two steps, 8 bits at
a time. Figure 1.12.7 shows the operation of the saving registers.

Note: This is the stack pointer indicated by the U flag.

(1) Stack pointer (SP) contains even number

Address Stack area Sequence in which order
registers are saved

[SP] -5 (Odd)

[SP] - 4 (Even) Program counter (PCL) |«

(2) Saved simultaneously,
[SP] — 3(Odd) Program counter (PCw) < all 16 bits

[SP] -2 (Even) Flag register (FLGL) -

(1) Saved simultaneously,

_ Flag register Program < all 16 bits
[SP]-1(Odd) (FLGH) counter (PCr)

[SP] (Even)

Finished saving registers
in two operations.

(2) Stack pointer (SP) contains odd number

Address Stack area Sequence in which order
registers are saved

[SP] -5 (Even)

[SP] — 4(Odd) Program counter (PCL) | g (3)

[SP1 =3 (Even) Program counter (PG y (4) Saved simultaneously

all 8 bits

[SP] - 2(Odd) Flag register (FLGL) < (1)

_ Flag register Program
[SPI-1 (Even) | ""kGl) | counter (P (2)

[SP]  (Odd)

Finished saving registers
in four operations.

Note: [SP] denotes the initial value of the stack pointer (SP) when interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.

Figure 1.12.7. Operation of saving registers
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Returning from an Interrupt Routine

Executing the REIT instruction at the end of an interrupt routine returns the contents of the flag register
(FLG) as it was immediately before the start of interrupt sequence and the contents of the program
counter (PC), both of which have been saved in the stack area. Then control returns to the program that
was being executed before the acceptance of the interrupt request, so that the suspended process re-
sumes.

Return the other registers saved by software within the interrupt routine using the POPM or similar in-
struction before executing the REIT instruction.

Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking
whether interrupt requests are made), the interrupt assigned a higher priority is accepted.
Assign an arbitrary priority to maskable interrupts (peripheral 1/O interrupts) using the interrupt priority
level select bit. If the same interrupt priority level is assigned, however, the interrupt assigned a higher
hardware priority is accepted.
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority),
watchdog timer interrupt, etc. are regulated by hardware.
Figure 1.12.8 shows the priorities of hardware interrupts.
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

Interrupt Priority Level Judge Circuit

This circuit selects the interrupt with the highest priority level when two or more interrupts are generated
simultaneously.
Figure 1.12.9 shows the interrupt resolution circuit.
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Reset > UARTO receive > DBC > Oscillation stop detection/watchdog timer >
Peripheral I/0O > Single step > Address match

Figure 1.12.8. Hardware interrupts priorities

Priority level of each interrupt y
et 1 Level O (initial value)

1 INTH

\ High

4 INT3

| TCIN

| Timer Z

| Timer X

| INT2

| NTO

| Timer C

| CNTRO Priority of peripheral /O

interrupts
(if priority levels are same)

| Timer Y

| UART1 reception

| UARTO reception

| A-D conversion

| Timer 1

| UART1 transmission

: | UARTO transmission

: | Key input interrupt

Processor interrupt priority level Y Low Interrupt request level
(IPL) judgment output signal
Interrupt enable flag (I flag) Interrupt
request
Address match accepted

DBC(Note)

UARTO reception(Note)

| Oscillation stop detection/watchdog timer

Reset

UARTO receive hardware
Interrupt enable bit

Note. Interrupts used for debugging purposes only.

Figure 1.12.9. Interrupt resolution circuit
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INT Interrupt
INTO to INT3 are triggered by the edges of external inputs. The edge polarity of INTO to INT2 is selected
using the polarity select bit (bit 4 of addresses 005D16, 005E16 and 005F16). Input to INTO is available via
filter with three different sampling frequencies.
As to external interrupt input, an interrupt can be generated both at the rising edge and at the falling edge by
setting the INTi (i=0 to 3) input polarity select bit of the external input enable register (009616) to “1”. To
select both edges, set the polarity switching bit of the corresponding interrupt control register to “0” (falling
edge). To select one edge, set the polarity switching bit of the corresponding interrupt control register to
either “1” (raising edge) or “0” (falling edge). Please note that when one edge is selected using INT3, the
polarity will be a falling edge.
After setting the external input enable register, clear the interrupt request bit, and then enable the corre-
sponding input interrupt. Moreover, you should write to the external input enable bit only under conditions
where the corresponding input interrupt is disabled.
Figure 1.12.10 shows the external input related registers.

External input enable register

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address When reset
— T T INTEN 009616 0016
P P P P Bit symbol Bit name Function R W
o or o+ v ] INTOEN | TNTO input enable bit 0 : Disabled 3
R R (Note) | 1:Enabled ©:0
A : b INTOPL | TNTO input polarity select bit 0 : One edge
[ B (Note) | 1:Two edges O; O
A INTIEN [ INT1 input enable bit 0 : Disabled o0
[ T 1 : Enabled !
A INTIPL | TNT1 input polarity select bit 0 : One edge 3
H . Vo T 1 : Two edges O} O
R INT2EN | INT2 input enable bit 0 : Disabled Oi 5
Voo T 1 : Enabled 3
: : INT2PL | TNT2 input polarity select bit 0 : One edge 1
P hmmmmmmmmmmmooeeey 1 : Two edges O O
P INT3EN | INT3 input enable bit 0 : Disabled 3
Pty 1 : Enabled 0:0
o INT3PL | TNT3 input polarity select bit 0 : One edge
1: Two edges O: @)

Note : This bit must be set in condition of INTO pin one-shot trigger invalid (INOSTG="0").

INTO input filter select register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset

N INTOF 001E1s XXXXX0002
P bbb [ Bitsymbol Bit name Function R'W
b b i ] INTOFo | TNTO input filter select bit bf b0 3
N nput Titer select bt 0 0 : No filter OO
A INTOF1 0 1 : Filter with f1 sampling ‘
o b 1 0 : Filter with f8 sampling
R A 1 1 : Filter with f32 sampling
P INTOF2 | UARTO receive hardware 0 : Disabled oo
A interrupt enable bit (Note) 1 : Enabled B
:___E___E____E__j ___________ Nothing is assigned. !

In an attempt to write to these bits, write “0”. The value, if read, - -

turns out to be indeterminate.

Note: Interrupts used for debugging purposes only.

Figure 1.12.10. External input related registers
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INTO Input Filter
The INTO input has a digital filter which can be sampled by one of three sampling clocks. You select the
sampling clock using the INTO Input Filter Select bits, bits 1 and 0.
'INTO interrupt request occurs when the sampled input level matches three times.

When selecting 'sampling with filter', the value of the port P45, if read, will be the value after filtering.
Figure 1.12.11 shows the INTO input filter.

o——— f1

— o"0—— 18
e O———— {32
INTO input filter

. INTO input enable bit
STNE S select bit ——
INTO | Digital filter ——o0 INTO interrupt request
(input level
Port P45 matches 3x)
direction
register

Figure 1.12.11. INTO input filter
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CNTRO interrupt
A CNTRO interrupt is generated from the selected edge polarity, rising or falling edge, of the CNTRO input
signal. The edge polarity is selected using the CNTRO polarity select bit (bit 2 of address 008B16). When
using the CNTRO interrupt, the port P17 direction register should be set to input.
When the pulse output mode of timer X is selected, the CNTRO pin functions as a pulse output pin. In this
case, a CNTRO interrupt occurs by a falling or rising edge output from the CNTRO pin. The port P17 direc-
tion register should also be set to input at this time.
Figure 1.12.12 shows the timer X mode register.

Timer X mode register

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset

| | | | | | | | | TXMR 008B16 000000002
Pl i i i [ Bitsymbol Bit name Function RIW
bbb b b L] TxMopo | Operation mode  |eibo |
O select bit 0, 1 00 : Timer mode or o0
- pulse period measurement mode i
HE ' 0 1 : Pulse output mode (Note 1) -
o Ve TXMOD1 1 0 : Event counter mode o o
o 1 1 : Pulse width measurement mode !
P : ROEDG CNTRO polarity 0 : Rising edge :
e switching bit . ; [0l @]
A 9 PliNote 2) 1 Falling edge !
E , ] TXS Timer X count 0 : Stops counting o o
H ! start flag 1 : Starts counting !
: o] TXOCNT P30/TXouT Function varies with each operation mode
E H select bit
__________________ TXMOD2 Operation mode 0 : Except in pulse period measurement mode oo
select bit 2 1 : Pulse period measurement mode
H ._ ____________________ TXEDG Effectaul edge : : ; .
H (Note 3) reception flag Function varies with each operation mode. le}Ke}
------------------------ TXUND ;Il—lmefl; X under Function varies with each operation mode. o0

(Note 3) | 'ow Tlag

Note 1: In the pulse output mode, the direction register of port P17 should be set to input.

Note 2: This bit should rewrite with inhibiting the CNTRO interrupt.

Note 3: TXEDG and TXUND were added after the product Ver.3.0 of the flash memory edition
(M30100F3/M30102F3) after the product Ver.2.0 of the mask ROM edition ( M30100Mx/
M30102Mx). Nothing is assigned to the product before this.

Figure 1.12.12 Timer X mode register
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TCIN interrupt
A TCIN interrupt is generated from edges of a TCIN input signal or after 512 divisions of fRING.
To use TCIN input signal, set the time measurement input source switching bit (bit 7 of address 009A16) of
timer C control register 0 to "0" (TCIN). The level of input to TCIN pin is sampled by one of three sampling
clocks, f1, f8 or f32, selected with the digital filter clock select bit (bits 0 and 1 of address 009B16). The input
level is determined when the sampled input level matches three times. (However, if the port P33 is read, the
value will be the unfiltered value.) The edge polarity of an interrupt can be rising edge, falling edge, or both
edges using the time measurement edge trigger select bits (bits 3 and 4 of address 009A16).
When triggered after 512 divisions of fRING, set the time measurement input source switching bit (bit 7 of
address 009A16) to "1" (RING512).
Figure 1.12.13 shows the timer C control registers 0 and 1.

Timer C control register 0

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| |><|><| | | | | | TCCO 009A16 0XX000002
p i 0t b [ Bitsymbol Bit name Function R W
. : L TCCO00 Time measurement control bit | 0 : Time measurement disabled o o
A 1 : Time measurement enabled 1
TCCo1 Timer C clock select bit békg f1 (Note 2)
Polob o T 01:18 |
oo TCCo2 10:132 © 3 ©
oo (Note 1) | 1 1 :Inhibit !
Pl TCCO03 Time measurement input edge 16“63_ Rising edge
P T trigger bit 01 : Falling edge 00
P TCCo4 1 0 : Both edges ;
o (Note 1) [ 11 :Inhibit ;
T Nothing is assigned.
When write, set "0". When read, their contents are "0". i
Time measurement input )
"""""""""""" Tceoz source switching bit ? . ;?,\Ilr\cl_‘sm o' 0
(Note 1) (Note 3) ’ |

Note 1: Change this bit when time measurement is disabled.

Note 2: When using an external RC circuit for the main clock, f1 cannot be selected for the
Timer C clock.

Note 3: Set the ring oscillation stop bit (CM14) to “0” before setting this bit to “1”.

Timer C control register 1

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address When reset
|><|><l><|><D<|><I | | TCCH 009B16 XXXXXX112
t 4 0 01t 1 [ Bitsymbol Bit name Function RTw
A o . b1 b0 !
| TCC10 Digital filter clock select bit 00 : Cannot be used o ! o
- 01:f1 |
[ TCC11 : !
oo 10:18 !
oo (Note) 11:32 !
R S S S S Nothing is assigned.
When write, set "0". When read, their contents are "0". R

Note : Input edge becomes active when the same value from TCIN pin is sampled
three times in succession.

Figure 1.12.13 Timer C control registers 0 and 1
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Key Input Interrupt

When the direction register of any of P10 to P13 is set for input and the Kili (i=0 to 3) input enable bit of this
port is set for enabled, if a falling or rising edge is input to that port, a key input interrupt is generated. A key
input interrupt can also be used as a key-on wakeup function for cancelling the wait mode or stop mode.
Figure 1.12.14 shows the block diagram of the key input interrupts. When the appropriate signal (“L” for a
pin that has falling edge selected and “H” for a pin that has rising edge selected) is input to a pin for the
input inhibit process has not been executed, inputs to the other pins are not detected as interrupts.

You should overwrite the Kili (i=0 to 3) input polarity select bit or the Kli (i =0 to 3) input enable bit only under
conditions where the key input interrupt is disabled. After overwriting the Kli (i=0 to 3) input polarity select
bit or the Kili (i=0 to 3) input enable bit, clear the interrupt request bit, and then enable the key input interrupt.

Port P10-P13
pull-up select bit
( Pull-up ) '_ocg Port P13 |Key input interrupt control register | (address 004D16)
transistor direction register
K13 input enable bit
Port P13
direction register
P13/Kis O ] ©
K12 input enable bit s;é(l)?%li]lt polarity
Pull-up Port P12
transistor direction register (
e T Interrupt control Key input interrupt
P12/Kl2 O O K2 nput circuit request
polarity
K11 input enable bit select bit
Pull-up Port P11
transistor direction register
e T —
P11/Klh - O K11 input
polarity‘
K10 input enable bit select bit
R Port P10
( ::r’;uslilgtor ) direction register
P10KiD O—1- _ ©
K1o input
polarity
select bit
Figure 1.12.14. Block diagram of key input interrupt
Key input enable register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Symbol Address When reset
T T T KIEN 009816 0016
Bit symbol Bit name Function R
KIOEN [ KIO input enable bit 0 : Disabled !
1 : Enabled 00
_____ KIOPL KI0 input polarity select bit 0 : Falling edge
1 : Rising edges O; o
KIHEN | KI1 input enable bit 0 : Disabled 03 o
"""" 1: Enabled |
KIHPL | KI1 input polarity select bit 0 : Falling edge :
"""""" 1: Rising edges 0:0
KI2EN KI2 input enable bit 0 : Disabled |
""""""" 1 Enabled 0,0
KI2PL KI2 input polarity select bit 0 : Falling edge |
------------------ 1 : Rising edges O O
KI3EN KI3 input enable bit 0 : Disabled
""""""""""" 1: Enabled O; O
________________________ KI3PL KI3 input polarity select bit 0 : Falling edge
1 : Rising edges O; O

Figure 1.12.15. Key input enable register
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Address Match Interrupt
An address match interrupt is generated immediately before the instruction at the address indicated by the
address match interrupt register is executed. Two address match interrupts can be set, each of which can
be enabled and disabled by an address match interrupt enable bit. Address match interrupts are not
affected by the interrupt enable flag (I flag) and processor interrupt priority level (IPL). The value of the
program counter (PC) for an address match interrupt varies depending on the instruction being executed.
Figure 1.12.16 shows the address match interrupt-related registers.

Address match interrupt enable register

b7 b6 b5 b4 B3 b2 bf ®0 Symbol Address When reset
MM—J—J AIER 000916 XXXXXX002
Bit symbol Bit name Function R'W
: : Address match interrupt 0 . i ;
: [ AIERO - | 0:Interrupt disabled !
: : enable bit | 1 : |nterrupt enabled 0.0

' AIER1 |Address match interrupt 1

—- O

: Interrupt disabled 0.0

enable bit : Interrupt enabled ‘

[ O Nothing is assigned. !
In an attempt to write to these bits, write “0”. The value, if read, —l—
turns out to be indeterminate.

Address match interrupt registeri (i=0, 1)

(b23) (b19)  (b16)(b15) (08) Symbol Address When reset
o7 £ 50 b7 bob7 2  RMADO 001216 to 001016 X0000016
| | RMAD1 001616 to 001416 X0000016

Function Values that can be set [R'W

---1 Address setting register for address match interrupt 0000016 to FFFFF16 OEO

................................. Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, —
turns out to be indeterminate. |

Figure 1.12.16. Address match interrupt-related registers
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Precautions for Interrupts

(1) Reading address 0000016
* When maskable interrupt is occurred, CPU reads the interrupt information (the interrupt number and
interrupt request level) in the interrupt sequence.
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “0”.
Even if the address 0000016 is read out by software, “0” is set to the enabled highest priority interrupt
source request bit. Therefore, interrupt can be canceled and unexpected interrupt can occur.
Do not read address 0000016 by software.
(2) Setting the stack pointer
* The value of the stack pointer immediately after reset is initialized to 000016. Accepting an interrupt
before setting a value in the stack pointer may become a factor of runaway. Be sure to set a value in the
stack pointer before accepting an interrupt. Concerning the first instruction immediately after reset,
generating any interrupts is prohibited.
(3) External interrupt
« Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to pins INTO to
INT3 regardless of the CPU operation clock.
« When changing a polarity of pins INTO to INT3, the interrupt request bit may become "1". Clear the
interrupt request bit after changing the polarity. Figure 1.12.17 shows the switching condition of INT
interrupt request.

Clear the interrupt enable flag to “0”
Dlsable interrupt)

Set the interrupt prlorlty level to level 0
(Disable INTi interrupt)

Set the polarlty select bit

U

Set the interrupt priority level to level 1 to 7
(Enable the acceptmg of INTi interrupt request)

Set the interrupt enable flag to “1”
(Enable interrupt)

C Clear the |nterrupt request bit to “0”

S\

Y

Figure 1.12.17. Switching condition of INT interrupt request

(4) Changing interrupt control register
See "Rewrite The Interrupt Control Register".
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Watchdog Timer

The watchdog timer has the function of detecting when the program is out of control. Therefore, we recom-
mend using the watchdog timer to improve reliability of a system. The watchdog timer is a 15-bit counter
which down-counts the clock derived by dividing the BCLK using the prescaler. A watchdog timer interrupt
or reset is generated when an underflow occurs in the watchdog timer. A watchdog timer interrupt or reset
is selected by bit 2 of the processor mode register 1. When XIN is selected for the BCLK, bit 7 of the
watchdog timer control register (address 000F16) selects the prescaler division ratio (by 16 or by 128).
When XCIN is selected as the BCLK, the prescaler is set for division by 2 regardless of bit 7 of the watchdog
timer control register (address 000F16).

When XIN is selected in BCLK

Prescaler division ratio (16 or 128) x watchdog timer count (32768)
BCLK

Watchdog timer cycle =

When XCIN is selected in BCLK

Prescaler division ratio (2) x watchdog timer count (32768)
BCLK

Watchdog timer cycle =

For example, when BCLK is 10MHz and the prescaler division ratio is set to 16, the watchdog timer cycle is
approximately 52.4 ms.

The watchdog timer is initialized by writing to the watchdog timer start register (address 000E16) and when
a watchdog timer interrupt request is generated. The prescaler is initialized only when the microcomputer is
reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started by
writing to the watchdog timer start register (address 000E1s).

Figure 1.13.1 shows the block diagram of the watchdog timer. Figure 1.13.2 shows the watchdog timer-
related registers.

Prescaler
T CMO07 =0
Irrelhesary
1 1/16 | 0 "PM12=0"
S Watchdog timer
: LeGMO7 = 07 interrupt request
: (28 ] {“WDC7 = 17 o—
BCLK {1128 1 Watchdog timer o

il E— © g o—m
: E“CM07 - A "PM12=1"
H H = R t
— 12 H o ese

Write to the watchdog timer femeeeecesld 5

start register Sett

(address 000E16) “7?=F|2w6”

RESET © O[> ®

Figure 1.13.1. Block diagram of watchdog timer
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Watchdog timer control register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
|| 0 | o) [ | HE WDC 000F16  OOOXXXXX2
E l ' I I I I I Bit symbol Bit name Function R W]
¢4 i il High-order bit of watchdog timer 0O'X
S T SR Reserved bit Must always be set to “0” 00
RREEEEEEEEEEEEEE Reserved bit Must always be set to “0” 0.0
] WbC7 Prescaler select bit 0 : Divided by 16 OEO
1 : Divided by 128 :
Watchdog timer start register
b7 b0 Symbol Address When reset
WDTS 000E16 Indeterminate
Function R'W|

The watchdog timer is initialized and starts counting after a write instructionto |
""""""" this register. The watchdog timer value is always initialized to “7/FFF16” X'O
regardless of whatever value is written.

Processor mode register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bi b0 Symbol Address When reset

| 0 | 0 |><|><|><| |><| o| PM1 000516 00XXX0X02
. ¢ [ Bit symbol | Bit name Function RIW
i -4 Reserved bit Must always be set to “0” 00

Nothing is assigned. !
In an attempt to write to this bits, write “0”. The value, if read, turns -
out to be indeterminate.

PM12 WDT interrupt/reset 0 : Watchdog timer interrupt |
switching bit 1 : Reset (Note 2) 00

: In an attempt to write to these bits, write “0”. The value, if read, turns |—
: out to be indeterminate.

Nothing is assigned. !

EEREE bbb bbb bbbl Reserved bit Must always be set to “0” 00

Note 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new
values to this register.
Note 2: After setting this bit to "1", can not change to "0" by software.

Figure 1.13.2. Watchdog timer control and start registers
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Timer

The microcomputer has four 8-bit timers and one 16-bit timer. The four 8-bit timers are Timer 1, Timer X,
Timer Y, and Timer Z and each one has an 8-bit prescaler. The 16-bit timer is Timer C and has time
measurement function. All these timers function independently. The count source for each timer is the
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operating clock that regulates the timing of timer operations such as counting and reloading.
Table 1.14.1 shows functional comparison.

Table 1.14.1. Functional comparison

Timer1 TimerX TimerY TimerZ TimerC
Configuration 8-bit timer | 8-bit timer | 8-bit timer | 8-bit timer | 16-bit
with 8-bit | with 8-bit | with 8-bit | with 8-bit | free-run
prescaler | prescaler | prescaler | prescaler | timer
Count Down Down Down Down Up
Count source (Note) of1 of1 of1 of1 of1
of8 of8 -f8 -f8 of8
«f32 «f32 fRING TmrY underflow| <f32
«fc32 «fc32 +fc32 «fc32
Function Timer mode v v v v -
Pulse output mode - v - - -
Event counter mode - v - - -
Pulse width _ v _ _ _
measurement mode
Pulse period _ v _ _ _
measurement mode
Programmable waveform _ _ J J _
generation mode
Programmable one-shot _ _ _ N _
generation mode
Programmable wait _ _ _ N _
one-shot generation mode
Time measurement - - - - v
Input pin - CNTRO - INTO TCIN
) CNTRO
QOutput pin - TXOUT TYourt TZouTt -
; ; TmrX int ; ; TmrC int
Related interrupt Tmr1 int CNTRO int TmrYint | TmrZint TCIN int
Timer stop - v v v v

Note: When using an external RC circuit for the main clock, f1 cannot be selected for the count source.
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Timer 1
Timer 1 is an 8-bit timer with an 8-bit prescaler. Figure 1.14.1 shows the block diagram of Timer 1. The
timer constantly counts an internally generated count source (clock source). The count source after reset
is set to f1. The timer cannot stop counting. Table 1.14.2 shows the specifications of Timer 1 and Figure
1.14.2 shows Timer 1 related registers.

S Peripheral data bus g
Clock source - S
selection | Reload register (8) | | Reload register (8) |
fi —o
fe C o sy Timer 1 interrupt
fas —O Counter (8) |_f;1—| Counter (8) |—> request bit
fcaa—O Prescaler 1 (address 008816) Timer 1 (address 008916)

Figure 1.14.1. Block diagram of Timer 1

Table 1.14.2. Specifications of Timer 1 (Timer mode)

ltem Specification

Count source f1, fs, f32, fc32

Count operation » Down count
» When the timer underflows, it reloads the reload register contents before continuing

counting

Divide ratio 1/(n+1)/(m+1) n: Set value of Prescaler 1, m: Set value of Timer 1

Count start condition After reset

Count stop condition Disable to stop counting

Interrupt request generation timingl When Timer 1 underflows

Read from timer Count value can be read out by reading Timer 1 register.
Same applies to Prescaler 1 register.

Write to timer When a value is written to Timer 1 register, it is written to both reload register and
counter.
Same applies to Prescaler 1 register.
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Timer 1 SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Prescaler 1
b7 bo Symbol Address When reset
PRE1 008816 XX16
E Function Values that can be set | R EW
iy When set value = n, Prescaler 1 divides the internal count i
source by n+1 0016 to FF16 1O O
Timer 1
b7 b0 Symbol Address When reset
T 008916 XX16
E Function Values that can be set | R 1W
When set value = m, Timer 1 divides the underflow of 0016 to FF16 00
Prescaler 1 by m+1 |
Timer count source setting register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | TCSS 008E16 0016
tororor oo [ Bitsymbol Bit name Function RW
bbb b0 Ll TXCKo | Timer X count source | b1b0
A select bit 00:f1 (Note 1) o0
I 01:fo :
T TXCK1 10:f32 |
I (Note'5) |+ : fog, oo
R— TYCKO Timer Y count source 3382: f1 (Note 1) O o
oo select bit 01:fs |
N TYCKA1 (Note 2) |1 0 : Ring oscillator output (Note 3) |
oo (Note 5) |11 :fcaz 0.0
Lo TZCKO Timer Z count source  |bSb4
b Tt select bit 00:f1 (Note1) 00
b 01:fs :
[ S TZCK1 (Note 4) [1 0 : Timer Y underflow !
Vo (Note 5) [11 :fcaz o0
S ICLEECRERRER, T1CKO Timer 1 count source 8786; f1 (Note 1) O o)
: select bit 01:fs :
] T1CKA1 10:f32 3
11 :fcaz O:O

Note 1: When using an external RC circuit for the main clock, f1 cannot be selected for the
count source.

Note 2: The waveform extend function cannot be used when selecting f1 for count source.

Note 3: When attempting to select ring oscillator output, set the ring oscillation enable bit (
CM14) of the system clock control register (address 000716) for oscillation enabled.

Note 4: The waveform extend function cannot be used when selecting Timer Y underflow and
f1 for count source.

Note 5: Avoid switching a count source, while a counter is inprogness. Timer counter should
be stopped before switching a count source.

Figure 1.14.2. Timer 1-related register
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Timer X
Timer X is an 8-bit timer with an 8-bit prescaler. Figure 1.14.3 shows the block diagram of Timer X.
Figures 1.14.4 and 1.14.5 shows the Timer X-related registers.

Timer X has the five operation modes listed as follows:
* Timer mode:
* Pulse output mode:

The timer counts an internal count source (clock source).

The timer counts an internal count source and outputs the pulses
whose polarity is inverted at the timer the timer underflows.

+ Event counter mode: The timer counts pulses from an external source.

* Pulse width measurement mode: The timer measures an external pulse's pulse width.

* Pulse period measurement mode:The timer measures an external pulse's period.

Peripheral data bus g
Clock source « Timer E p
n 20 e [ il | - i
is o - Pulse output eload register (8) [ eload register (8) |
fe2 —O + Pulse width - |__ o
fcaa —O measurement o @ e s L?Ueés): tl)r;tterrupt

Prescaler X (address 008C16) Timer X (address 008D16)
Timer X count

start flag

« Event counter T

Polarity
switching

CNTRO interrupt

CNTRo request bit

>

Pulse output

~N

P30/TXout select bit

Toggle flip-flop T

~ ¢
Q R

o
CNTRo polarity
switching bit

Figure 1.14.3. Block diagram of Timer X

. -
uo—

Timer X latch write

TXout Pulse output mode

Timer X mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
TXMR 008B16 000000002
Bit symbol Bit name Function R
; b1 b0 ;
TXMODO Seﬁgg?ttl)ci’tnom?de 0 0 : Timer mode or [eXke)
! pulse period measurement mode |
0 1 : Pulse output mode (Note 1) +
TXMOD1 1 0 : Event counter mode o0
1 1 : Pulse width measurement mode !
ROEDG CNTRO polarity 0 : Rising edge !
switching bit . i [OXNe]
9 (Note 2 1 : Falling edge |
TXS Timer X count 0 : Stops counting o ! o
start flag 1 : Starts counting !
TXOCNT | P30/TXout Function varies with each operation mode !
select bit !
TXMOD2 Operation mode 0 : Except in pulse period measurement mode o | o
select bit 2 1 : Pulse period measurement mode ‘
TXEDG Effectaul edge ; . : ;
(Note 3) | reception flag Function varies with each operation mode. @) : @)
TXUND ;Il-(')nvﬁrlax under Function varies with each operation mode. O:0
(Note 3) 9 ;
Note 1: In the pulse output mode, the direction register of port P17 should be set to input.
Note 2: This bit should rewrite with inhibiting the CNTRO interrupt.
Note 3: TXEDG and TXUND were added after the product Ver.3.0 of the flash memory edition
(M30100F3/M30102F3) after the product Ver.2.0 of the mask ROM edition ( M30100Mx/
M30102Mx). Nothing is assigned to the product before this.

Figure 1.14.4. Timer X-related registers (1)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Prescaler X
b7 b0 Symbol Address When reset
PREX 008C16 FF1e
Function Values that can be set [RIW|
St » Timer mode
Internal count source is counted 0016 to FF16 O:O
« Pulse output mode
Internal count source is counted 0016 to FF1s 1O ;O
« Event counter mode
Externally input pulses are counted 0016 to FF16 Olo
* Pulse width measurement mode
Pulse width of externally input pulses is measured 0016to FF16  |O'O
(Internal count source is counted) i
* Pulse period measurement mode
Pulse period of externally input pulses is measured 0016to FF16 |00
(Internal count source is counted)
Timer X
b7 b0 Symbol Address When reset
X 008D16 FF1e
E Function Values that can be set |R'W
Underflow of Prescaler X is counted 0016 to FF16 ©) O
Timer count source setting register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| TCSS 008E16 0016
vt o1 1 [ Bitsymbol Bit name Function RW
oo 0 ul TXCKo Timer X count source | 0120
A select bit 00:ft (Note 1) 0.0
I 01:fo :
e TXCKA1 10:f32 .
A (Note 5) |4 1 fca 0,0
R— TYCKO Timer Y count source 5382: f (Note 1) O o
A select bit 01:fs |
S R R TYCKA (Note 2) |10 : Ring oscilator output (Note 3) !
oo (Note 5) [11:fca2 o0
A TZCKO Timer Z count source ~ [5b4
1 : VT select bit 00:f1 (NOte 1) o} (e}
o 01:fs ;
Lot ] TZCK1 (Note 4) |1 0 : Timer Y underflow :
. (Note 5) (11 :fcs2 0.0
R TICKO | Ti o7oe 3
' imer 1 countsource |00 :f1 (Note 1) 0.0
: select bit 01:fs !
e ] T1CK1 10:f32 3
11 :fcs2 o0

Note 1: When using an external RC circuit for the main clock, f1 cannot be selected for the
count source.

Note 2: The waveform extend function cannot be used when selecting f1 for count source.

Note 3: When attempting to select ring oscillator output, set the ring oscillation enable bit (
CM14) of the system clock control register (address 000716) for oscillation enabled.

Note 4: The waveform extend function cannot be used when selecting Timer Y underflow and
f1 for count source.

Note 5: Avoid switching a count source, while a counter is inprogness. Timer counter should
be stopped before switching a count source.

Figure 1.14.5. Timer X-related registers (2)

ENESAS

RenesasTechnology Corp.

63


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

«_Tentative Specifications REV.E1

\)068‘09«\9(\ Specifications in this manual are tentative and subject to change.
(2

\

3

Timer X

(1) Timer mode
In this mode, the tim

er counts an internally generated count source. (See Table 1.14.3) Figure 1.14.6

shows the Timer X mode register in timer mode.

Table 1.14.3. Specifications of timer mode

ltem

Specification

Count source

f1, fs, fa2, fc32

Count operation

* Down count
» When the timer underflows, it reloads the reload register contents before continuing
counting

Divide ratio

1/(n+1)/(m+1) n: Set value of Prescaler X, m: Set value of Timer X

Count start condition

Count start flag is set (=1)

Count stop condition

Count start flag is reset (=0)

Interrupt request generation timing

When Timer X underflows [Timer X interruption]

CNTRO pin function

Programmable 1/O port, or CNTRO interrupt input pin

TXouT pin function

Programmabile 1/0O port

Read from timer

Count value can be read out by reading Timer X register.
Same applies to Prescaler X register.

Write to timer

When a value is written to Timer X register, it is written to both reload register and counter.
Same applies to Prescaler X register.

64

b7 b6 b5 b4 b3 b2 bl b0
LI lofe] | Jo]o]

Timer X mode register

Symbol Address When reset
TXMR 008B16 000000002
Bit symbol Bit name Function R'W
TXMODO | Operation mode |18 _. |
select bit 0, 1 00: Timer mode 0:0
TXMOD1 o) 1 o)
CNTRO polarity 0 : Risi d |
ROEDG L ¢ . Rising edge !
switching blt(NO'[e 1) 1 : Falling edge O: (@]
TXS Timer X count 0 : Stops counting o o
start flag 1 : Starts counting 1
TXOCNT 0 : In timer mode, set to "0" 1) 1)
TXMOD2 | 0: In timer mode, set to "0" o o
TXEDG | Invalid in timer mode. 00
When write, set "0". When read, this contents is indeteminate. |
Invalid in timer mode. !
TXUND When write, set "0". When read, this contents is indeteminate. o ! o

Note 1: This bit should rewrite with inhibiting the CNTRO interrupt.

Figure 1.14.6. Timer X mode register in timer mode
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(2) Pulse output mode
In this mode, the timer counts an internally generated count source, and outputs from the CNTRO pin
a pulse whose polarity is inverted each time the timer underflows. (See Table 1.14.4) Figure 1.14.7
shows Timer X mode register in pulse output mode.

Table 1.14.4. Specifications of pulse output mode

ltem Specification
Count source f1, f8, f32, fC32
Count operation * Down count
» When the timer underflows, it reloads the reload register contents before continuing counting
Divide ratio 1/(n+1)/(m+1) n: Set value of Prescaler X, m: Set value of Timer X
Count start condition Count start flag is set (=1)
Count stop condition Count start flag is reset (=0)

Interrupt request generation timing | « When Timer X underflows [Timer X interruption]
* Rising (ROEDG=0) or falling (ROEDG=1) of CNTRO output [CNTRO interruption] (Note)

CNTRO pin function Pulse output

TXouT pin function Programmable 1/O port or pulse output (Inverted waveform of the pulse output from the
CNTRO pin)

Read from timer Count value can be read out by reading Timer X register.
Same applies to Prescaler X register.

Write to timer When a value is written to Timer X register, it is written to both reload register and counter.
Same applies to Prescaler X register.

Select function * Pulse output function

Each time the timer underflows, the TXoUT pin’s polarity is reversed
» CNTRO polarity switching function
The polarity level at starting of pulse output can be selected to be "High" or "Low" with software.
Note: When setting the timer X mode register to pulse output mode, the CNTRO interrupt request bit becomes "1".
Thus, when using an CNTRO interrupt, the CNTRO interrupt request bit must be set to "0" after setting the timer
X mode register.

Timer X mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | 0 | | | | 0 | 1 | TXMR 008B16 000000002
oo v Bt symbol Bit name Function R'W
A i o160 :
Poror oo v TXMODO Operation mode 0 1 : Pulse output mode (Note 1) © ; ©
S R TXMOD1 | Selectbit0. 1 o o
A ROEDG CNTRO polarity 0: Output starts at "H" (Interrupt at rising edge)
A switching bl% 1: Output starts at "L" (Interrupt at falling edge) | © ' O
A Note 3 .
T TXS Timer X count 0 : Stops counting o' o
oor o start flag 1 : Starts counting '
P TXOCNT | P3o/TXout 0 : Port P30 5
I """""""" select bit 1 : TXouT output  (Note 2) o | o
R TXMOD2 0 : Set to "0" in pulse output mode oo
C ] TXEDG Invalid in pulse output mode.
' When write, set "0". When read, this contents is indeteminate. o ' o
: Invalid in pulse output mode. i
L TXUND L . I
U When write, set "0". When read, this contents is indeteminate. © ! o

Note 1: In the pulse output mode, the direction register of port P17 must be set to input.

Note 2: Output is set regardless of the setting of the direction register of port P3o.

Note 3: This bit should rewrite with inhibiting the CNTRO interrupt.

Figure 1.14.7. Timer X mode register in pulse output mode
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(3) Event counter mode
In this mode, the timer counts an external signal fed to CNTRO pin. (See Table 1.14.5) Figure 1.14.8
shows Timer X mode register in event counter mode.

Table 1.14.5. Specifications of event counter mode

ltem

Specification

Count source

External signals fed to CNTRo pin (Active edge is selected by software)

Count operation

* Down count
» When the timer underflows, it reloads the reload register contents before continuing
counting

Divide ratio

1/(n+1)/(m+1) n: Set value of Prescaler X, m: Set value of Timer X

Count start condition

Count start flag is set (=1)

Count stop condition

Count start flag is reset (=0)

Interrupt request generation timing| « When Timer X underflows [Timer X interruption]

* Rising (ROEDG=0) or falling (ROEDG=1) of CNTRO input [CNTRO interruption]

CNTRO pin function

Count source input

TXouT pin function

Programmabile 1/0O port

Read from timer

Count value can be read out by reading Timer X register.
Same applies to Prescaler X register.

Write to timer

When a value is written to Timer X register, it is written to both reload register and counter.
Same applies to Prescaler X register.

Select function

* CNTRO polarity switching function
The active edge of count source can be selected to be the rising or the falling edge with
software.

b7 b6 b5 b4 b3 b2 bl b0
LI Lolof | J1]o]

Timer X mode register

Symbol Address When reset
TXMR 008B16 000000002
Bit symbol Bit name Function RIW
. b1 b0 ;
TXMODO soerl)gcr:?tkl)?tnom?de 10 : Event counter mode ; ©
TXMOD1 ’ [oRNe)
ROEDG | CNTRO polarity 0: Counts at rising edge (Interrupt at rising edge) o :
switching blENOte 0 RE Counts at falling edge(Interrupt at falling edge)
TXS Timer X count 0 : Stops counting 00
start flag 1 : Starts counting ;
TXOCNT [ 0:Setto "0" in event counter mode 0'0
TXMOD2 |0 : Setto "0" in event counter mode 00
TXEDG Invalid in event counter mode. o e}
When write, set "0". When read, this contents is indeteminate. !
Invalid in event counter mode. 1
TXUND When write, set "0". When read, this contents is indeteminate. o o

Note 1: This bit should rewrite with inhibiting the CNTRO interrupt.

Figure 1.14.8. Timer X mode register in event counter mode
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(4) Pulse width measurement mode
In this mode, the timer measures the pulse width of an external signal fed to CNTRO pin. (See Table
1.14.6) Figure 1.14.9 shows the Timer X mode register in pulse width measurement mode. Figure
1.14.10 shows an operation example in pulse width measurement mode.

Table 1.14.6. Specifications of pulse width measurement mode

ltem Specification
Count source f1, f8, f32, fC32
Count operation » Down count

« Continuously counts the selected signal only when the measurement pulse is "H" level,
or conversely only "L" level.
» When the timer underflows, it reloads the reload register contents before continuing

counting
Count start condition Count start flag is set (=1)
Count stop condition Count start flag is reset (=0)

Interrupt request generation timing | « When Timer X underflows [Timer X interruption]
* Rising (ROEDG=0) or falling (ROEDG=1) of CNTRO input [CNTRO interruption]

CNTRO pin function Measurement pulse input
TXouT pin function Programmable 1/O port
Read from timer Count value can be read out by reading Timer X register.
Same applies to Prescaler X register.
Write to timer When a value is written to Timer X register, it is written to both reload register and counter.
Same applies to Prescaler X register.
Select function * CNTRO polarity switching function
The measurement pulse input can be selected to be "H" level width or "L" level width by
software.

Timer X mode register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset

| | | 0 | 0 | | | 1 | 1 | TXMR 008B16 000000002
o ©o 1 [TBit symbol Bit name Function R W
A : b1 b0 _ :
Poroob b - TXMODO (s)eﬁgé?té%nom‘?de 11 : Pulse width measurement mode o ; o
A TXMOD1 ’ 00
E E E : : : ________ ROEDG CN.TE.O polgrity 0 : Measures “H” level width (Interrupt at rising edge) 3
E ' E E E switching blkNote 1)| 1+ Measures "L” level width (Interrupt at falling edge) |
T T XS Timer X count 0 : Stops counting 0.0
oy o start flag 1 : Starts counting !
. TXOCNT 0 : Set to "0" in pulse width measurement mode o o
T S TXMOD2 | ¢ : Set to "0" in pulse width measurement mode oo
Dl TXEDG Invalid in pulse width measurement mode. o0
! When write, set "0". When read, this contents is indeteminate. !
] Invalid in pulse width measurement mode.

TXUND When write, set "0". When read, this contents is indeteminate. o ! o
Note 1: This bit should rewrite with inhibiting the CNTRO interrupt.

Figure 1.14.9. Timer X mode register in pulse width measurement mode
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Conditions: "H" level width of measurement pulse is measured. (ROEDG=1)
n = high-level: the contents of Timer X reload register, low-level: the contents of Prescaler X reload register

FFFF16 Count start Underflow

Count stop

Counter contents

! Count restart
’

000016

i Time
Set to "1" by software

wyn

Count start flag '
“0” :

1

Measurement pulse :
(CNTRO pin input) «»

Cleared to “0” when interrupt request is accepted, or cleared by software

I R

CNTRO interrupt  “1” i i

request bit  “0” l

Cleared to “0” when interrupt request is accepted, or cleared by software

Timer X interrupt  “1”
request bit  «p”

Figure 1.14.10. Operation example in pulse width measurement mode
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(5) Pulse period measurement mode

In this mode, the timer measures the pulse period of an external signal fed to CNTRO pin. (See Table
1.14.7) Figure 1.14.11 shows the Timer X mode register in pulse period measurement mode.

Mitsubishi microcomputers

M30100/M30102 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
]

Table 1.14.7. Specifications of pulse period measurement mode

ltem

Specification

Count source f1, f8, f32, fc32

Count operation * Down count

« After valid edge of measurement pulse is input, the timer X reloads contents in the
reload register and continues counting in underflow of the second prescaler X.

Count start condition Count start flag is set (=1)

Count stop condition Count start flag is reset (=0)

Interrupt request generation timing| « When Timer X underflows [Timer X interruption]

X interrupt]

« Rising (ROEDG=0) or falling (ROEDG=1) of CNTRO input [CNTRO interruption or Timer

CNTRO pin function Measurement pulse input (Note)

TXouT pin function Programmable 1/O port

Read from timer

When reading Timer X register, the count value of buffer for read purpose can be read
out. The buffer of read purpose retains the content of Timer X register upon an active
edge of measurement pulse, and starts to read the content of Timer X register by read-
ing Timer X.

Write to timer

When a value is written to Timer X register, it is written to both reload register and counter.
Same applies to Prescaler X register.

Select function

+ CNTRO polarity switching function
The measurement period of pulse input can be selected to be a period from one rising
edge to the next rising edge or from one falling edge to the next falling edge by software.

Note: Avoid a shorter period pulse input than double prescaler X period. Longer pulse for H width and L width than the
prescaler X period should be input to the CNTRO pin. If shorter pulse than the period is input to the CNTRO pin, the
input may be disabled.

Timer X mode register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | 1 | 0 | | | 0 | 0 | TXMR 008B16 000000002
Bit symbol Bit name Function R W
: . b1 bo |
-1_TXMODO Seﬁzg?tg)%”om;’de 0 0 : Pulse period measurement mode © ; ©
...... TXMOD1 ’ o.0
ROEDG CNTRO polarity 0: Measures a measurement pulse from one 1
"""" switching bit rising edge to the next rising edge !
(Interrupt at rising edge) !
1: Measures a measurement pulse from one [ORN©)
N 1 falling edge to the next falling edge 1
(Note 1) (Interrupt at falling edge) i
............ Timer X count 0 : Stops counting !
XS start flag 1 : Starts counting o i ©
-------------- TXOCNT 0 : In pulse period measurement mode, set to "0" oo
""""""""" TXMOD2 | Operation mode 1 : Pulse period measurement mode oo
select bit 2 '
_____________________ TXEDG Effectaul edge 0 : No effectual edge o 3 o
(Note 2,3)| reception flag 1 : Effectual edge found !
________________________ TXUND Timer X under 0 : No under flow olo
(Note 2,3)| flow flag 1 : Under flow found !

Note 1: This bit should rewrite with inhibiting the CNTRO interrupt.

Note 2: TXEDG and TXUND are set to "0" by writing a "0" in a program. (Writing a "1" has no
effect.)

Note 3: TXEDG and TXUND were added after the product Ver.3.0 of the flash memory edition
(M30100F3/M30102F3) after the product Ver.2.0 of the mask ROM edition ( M30100Mx/
M30102Mx). Nothing is assigned to the product before this.

Figure 1.14.11. Timer X mode register in pulse period measurement mode
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Conditions: A period from one rising edge to the next rising edge of measurement pulse is measured. (ROEDG=0)
Timer X=0F1s

Juuuuiivruiiirt Jugry

Setto "1" by soﬂware

u.ln j
Count start flag 0 |

ECoum stlart
Measurement pulse «{” A
(CNTRO pin input) «» [

v

Timer X
reloads

Timer X

/ reloads

Timer X
contents (hex)

Contents of read
purpose buffer(

Note 1 : .-
) KRead by software &Read by software.
(Note 3) (Note 3)

(Note 2) '(Note 2)

Effectaul edge “1”
reception flag «o”

k Cleared to "0" by softwérej

i (Note 4)

(Note 6)

Cleared to "0" by software

underflow flag 0.

(Note 5)

g

KClealred to “0” when mterrupt request is accepted, or cleared by softwarej

CNTRO interrupt “1” |_| |_|
request bit «g»

Timer X interrupt “1”
request bit «

Timer X “1”

Cleared to “0” when interrupt request is accepted, or cleared by software

Note 1: If timer X is read out in pulse period measurement mode, the contents of the read purpose buffer can be read.

Note 2: After an active edge of measurement pulse is input, effectaul edge reception flag(TXEDG) is set to "1" when
the prescaler X underflows for the second time.

Note 3: The timer X should be read out before the next active edge is input after TXEDG is set to "1". If the timer X is
not read before the next active edge is input, the value in the read purpose buffer remains unchanged and
therefore is not updated on an active edge.

Note 4: When set to "0" by software, use a MOV instruction to write "0" to the bit 6 (TXEDG) in the timer X mode
register (008B1s). At the same time, write "1" to the bit 7 (TXUND).

Note 5: When set to "0" by software, use a MOV instruction to write "0" to the bit 7 (TXUND) in the timer X more
register (008B1s). At the same time, write "1" to the bit 6 (TXEDG).

Note 6: If the timer X underflow flag (TXUND) and TXEDG are both set to "1". In this case, the validity of TXUND
sholud be judged by the contents of the read purpose buffer.

Figure 1.14.12. Operation example in pulse period measurement mode
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Timer Y
Timer Y is an 8-bit timer with an 8-bit prescaler and has two reload registers - Timer Y Primary and Timer
Y Secondary. Figure 1.14.13 shows the block diagram of Timer Y. Figures 1.14.14 to 1.14.16 show the
Timer Y-related registers.
Timer Y has the two operation modes listed as follows:
« Timer mode: The timer counts an internal count source (clock source).
» Programmable waveform generation mode: The timer outputs pulses of a given width successively.

S Peripheral data bus g
Timer Y primary lTimer Y secondary
| | (address 008316) (address 008216)
Clock source [ Reload register (8) | 11] Reload register 8) | [ Reload register (8) |
selection
f1 —0
fFIﬁ\‘G oc Counter (8) | . { Counter (8) |—‘—>2$:;’S‘t(li)riltterrupt
fcag ——O Prescaler Y (address 008116) Timer Y (address 008316)
Timer Y count
start flag
Programmable waveform b
generation mode 0" Q Q
(e} / Toggle flip-flop T <—
TYour O -
Timer Y pr(;grammable Timer Y output
waveform output level latch
switching bit
Figure 1.14.13. Block diagram of Timer Y
Timer Y, Z mode register
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address When reset
| | | | | | |><| | TYZMR 008016 000000X02
tor oo 2 [Bit symbol Bit name Function R'w
Pororon i v Ll rymopo | Timer Y operation | 0 : Timer mode ;
T mode bit 1 : Programmable waveform generation mode o ! o
e (Note 1)| .
[ Nothing is assigned.
. When write, set "0". When read, the content is "0". i
e TYWC Timer Y write Function varies depending on o o
R control bit the operation mode !
A Timer Y count 0 : Stops counting  (Note 2) |
' TYS start flag 1 : Starts counting O: O
: I HE b5 b4
A TZMODO Timer Z operation | 0 0 : Timer mode 0'0
oo mode bit 0 1 : Programmable waveform generation mode !
(Note 3) 1 0 : Programmable one-shot generation mode ‘
[ R S TZMOD1 11 : Programmable wait one-shot generation | 0! O
- mode !
P Timer Z write Function varies dependin :
' TZWC . p! g on !
P STy control bit the operation mode o 1 O
e Timer Z count 0 : Stops counting  (Note 2)
28 start flag 1 : Starts counting 0.0
Note 1: In programmable waveform generation mode, port P32 is set for output regardless of the
value of the direction register.
Note 2: When this bit is cleared to "0", the timer reloads the content of the reload register before it
stops. Read out the count value before you stop the timer.
Note 3: When timer Z operation mode bit is set for "01", "10" or "11", port P31 is set for output
regardless of the value of the direction register.

Figure 1.14.14. Timer Y-related registers (1)
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Prescaler Y
b7 bo Symbol Address When reset
PREY 008116 FF1e
Function Values that can be set [R'W
B * Timer mode 0016 to FF1s  |O1O

Internal count source is counted

» Programmable waveform generation mode !
Internal count source is counted 0016 to F':(}\?ote) © ‘O

Note: When using the waveform extend function, set the value "0016" for the

Prescaler Y.
Timer Y Secondary
b7 b0 Symbol Address When reset
TYSC 008216 FF1e
E Function Values that can be set | R 3 W
S * Timer mode _3_
Invalid
* Programmable waveform generation mode
Underflow of Prescaler Y is counted (Note 1) 0016 to FF1s szee())

Note 1: The values of Timer Y Primary and Timer Y Secondary are reloaded to the

Timer Y alternately for counting.
Note 2: The count value can be read out by reading the Timer Y Primary even when

the secondary period is being counted.

Timer'Y Primary

b7 00 Symbol Address When reset
TYPR 008316 FF16
E Function Values that can be set REW

ik * Timer mode !
Underflow of Prescaler Y is counted 0016 to FF1s O:O

» Programmable waveform generation mode '
Underflow of Prescaler Y is counted (Note) 00toFFie OO0

Note: The values of Timer Y Primary and Timer Y Secondary are reloaded to the
Timer Y alternately for counting.

Timer Y, Z output control register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| TYZOC 008A16 XXXXX0002
i [Bit symbol Bit name Function RIw
: N Timer Z one-shot . . 1
TZ 0 : Stops one-shot !
oS start bit R oo

(Note 1)| 1: Starts one-shot |

Timer Y programmable

TYOCNT | \yaveform generation 0 : Outputs programmable waveform oo
output switching bit(Note 2)| T Outputs the value of P32 port register
TZOCNT Timer Z programmable 0 : Outputs programmable waveform o o

waveform generation . .
output switching bit(Note 2) 1 : Outputs the value of P31 port register |

Nothing is assigned.
When write, set "0". When read, their contents are "0".

Note 1: The timer Z one-shot start bit is automatically cleared to "0" when the output of
one-shot waveform is completed. The timer Z one-shot start bit should be set to "0" by
program when the one-shot waveform output is terminated by setting the count
start flag to "0" during the wave form output.

Note 2: The timer Y/Z programmable waveform generaton output switching bit is valid only
when operating in programmable waveform generation mode.

Figure 1.14.15. Timer Y-related registers (2)
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b7 b6 b5 b4 b3 b2 b1 bo

Timer Y, Z waveform output control register

Symbol Address When reset
PUM 008416 0016
Bit symbol Bit name Function R'W
TYPUMO | Timer Y primary 0 : No waveform extension |
waveform extension 1 : Waveform extension (Note 1) 0.0
control bit '
Timer Y secondary . . |
TYPUMI | watetorm axtenson | 9o wavetorm oxension oo
control bit : !
TZPUMO Time; z primtary ) 0 : No waveform extension
wavetorm extension 1 : Waveform extension (Note 2) 0,0
control bit !
TzPUM1 | Timer Z secondary 0 : No waveform extension 3
waveform extension 1 : Waveform extension (Note 2) 0.0
control bit !
TYOPL E{gﬁr Y output level Function varies depending on the operation mode o ()
TZOPL | Timer Z output level |
© |a|tr2§r outputfeve Function varies depending on the operation mode |0! O
INTO pin one-shot _— ) . 1
INOSTG triggeFr)controI bit 0:INTO pin one-shot trigger |nv_aI|d O o
(Note 4) (Timer 2) 1 2 INTO pin one-shot trigger valid !
INTO pin one-shot . ) i
INOSEG | rigger polarity select bit| O : Edge trigger at falling edge 00
(Note 3) (Timer 2) 1 : Edge trigger at rising edge ‘

b7 b6 b5 b4 b3 b2 bl b0

Note 1: When setting this bit to "1", the Prescaler Y Register must be set to "0016".
Note 2: When setting this bit to "1", the Prescaler Z Register must be set to "0016".
Note 3: This bit is valid only when INTO input polarity select bit (bit 1 at address 009616) is

"0" (one-edge).

Note 4: This bit must be set to "1", after setting INTO input enable bit (bit 0 at address 009616),

INTO input polarity select bit (bit 1 at address 009616), and INTO pin one-shot trigger

polarity select bit.

Timer count source setting register

Symbol Address When reset
TCSS 008E16 0016

Bit symbol Bit name Function RW

TXCKO Timer X count source | 0150
select bit 00:fr (Note 1) 0.0

01:fs -

TXCK1 10:f32 !
(Note 5) |41 . tcan €0

) b3 b2 |
TYCKO Timer Y count source | "o (Note 1) 00

select bit 01:fs !

TYCK1 (Note 2) |10 :Ring oscillator output (Note 3) !
(Note 5) |11 :fca2 00

TZCKO Timer Z count source  |b5b4
select bit 00:f1 (Note1) 0,0

01:fs -

TZCKA1 (Note 4) |1 0 : Timer Y underflow :
(Note 5) |1 1:fcaz o0

b7 b |
T1CKO Timer 1 count source 0706; 1 (Note 1) 00

select bit 01:fs ;

T1CK1 10:f32 i
11 :fcs2 0,0

Note 1: When using an external RC circuit for the main clock, f1 cannot be selected for the

count source.

Note 2: The waveform extend function cannot be used when selecting f1 for count source.
Note 3: When attempting to select ring oscillator output, set the ring oscillation enable bit (

CM14) of the system clock control register (address 000716) for oscillation enabled.

Note 4: The waveform extend function cannot be used when selecting Timer Y underflow and

f1 for count source.

Note 5: Avoid switching a count source, while a counter is inprogness. Timer counter should

be stopped before switching a count source.

Figure 1.14.16. Timer Y-related registers (3)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.14.8) The Timer Y
secondary is unused in this mode. Figure 1.14.17 shows the Timer Y, Z mode register and Timer Y, Z
waveform output control register in timer mode.

Table 1.14.8. Specifications of timer mode

ltem Specification
Count source f1, f8, ring oscillator output, fc32
Count operation * Down count

» When the timer underflows, it reloads the reload register contents before continuing
counting (When the Timer Y underflows, the contents of the Timer Y primary reload
register is reloaded.)

» When a counting stops, the timer reloads the content of the reload register before it

stops.

Divide ratio 1/(n+1)/(m+1) n: Set value of Prescaler Y, m: Set value of Timer Y primary
Count start condition Count start flag is set (=1)
Count stop condition Count start flag is reset (=0) (Note 1)
Interrupt request generation timingt When Timer Y underflows
TYOUT pin function Programmable 1/O port
Read from timer Count value can be read out by reading Timer Y primary register.

Same applies to Prescaler Y register.
Write to timer When a value is written to Timer Y Primary register, it is written to both reload register

and counter or written to only reload register. Selected by software.

Same applies to Prescaler Y register.

Select function * Timer Y write control function

When a value is written to Timer Y Primary register, it can be selected that the value is

written to both reload register and counter or written to only reload register.
Same applies to Prescaler Z register. (Note 2)
Note 1: When the count is stopped, the Timer Y interrupt request flag becomes "1" and an interrupt may occur. Thus,
interrupts must be disabled before the count is stopped. Furthermore, set the Timer Y interrupt request flag to "0"
before starting counting again.
Note 2: If writing to the Timer Y or prescaler Y under the following conditions being filled at the same time the Timer Y
interrupt request flag becomes "1" and an interrupt occurs.
<Conditions>
« Timer Y write control bit (bit 2 of address 0080) is "0" (write to timer and reload register simultaneously)
« Timer Y count start flag (bit 3 of address 0080) is "1" (count start)

To write to the Timer Y or prescaler Y in the above state, disable interrupts before writing.
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Timer Y, Z mode register
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | |><| 0 | TYZMR 008016 000000X02
©o4 0 11 [ Bit symbol Bit Function R!
SR R A Timer Y operation | 0 : Timer mode :
- TYMODo mode bit o @]
A . Nothing is assigned. 1
e When write, set "0". When read, the content is indeterminate. -
. , , 0 : Write to timer and reload register ‘
Pl TYWC | Timer Y write simultaneously (Note 2) oo
oo control bit 1 : Write to reload register :
e Timer Y count 0 : Stops counting  (Note 1) 3
P s start flag 1 : Starts counting 0:0
oo TZMODO | Timer Z-related bit o' 0
] TZMOD!1 olo
i ] TZWC 0] : 0]
B RRRRERE 128 oo
Note 1: When this bit is cleared to "0", the timer reloads the content of the reload register
before it stops. Read out the count value before you stop the timer.
Note 2: At the TYWC bit is "0", when you write in the prescaler Y while the timer Y is
counting,the timer Y reload content of the timer Y reload register.
Timer Y, Z waveform output control register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | PUM 008416 0016
pooi o i b [ Bitsymbol Bit name Function RW
Poior i b i b L TYPuMmo | Timer Y primary Invalid in timer mode }
e waveform extension 0.0
- control bit :
R T TYpumM1 | TimerY secondary Invalid in timer mode |
- waveform extension 0'0
e control bit !
R R R TZPUMO | 1imer 7. , :
A Timer Z-related bits folfe)
S TZPUM1 !
o 0.0
oo ] TYOPL Timer Y output level Invalid in timer mode !
- latch O O
A SO TZOPL Timer Z-related bits
- o0
I RRRRRECEREED INOSTG oo
ERRRRRLERRLELERELEAERY INOSEG :
o0

Figure 1.14.17. Timer Y, Z mode register in timer mode
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(2) Programmable waveform generation mode
In this mode, the microcontroller, while counting the set values of Timer Y primary and Timer Y sec-
ondary alternately, outputs from the TYOUT pin a waveform whose polarity is inverted each time Timer
Y primary or Timer Y secondary underflows. (See Table 1.14.9) A counting starts by counting the set
value in the Timer Y primary. Figure 1.14.18 shows Timer Y, Z mode register in programmable wave-
form generation mode. Figure 1.14.19 shows the operation example.

Table 1.14.9. Specifications of programmable waveform generation mode

ltem Specification
Count source f1, f8, ring oscillator output, fc32
Count operation * Down count

» When the timer underflows, it reloads the contents of primary reload register and sec-
ondary reload register alternately before continuing counting.
» When a counting stops, the timer reloads the content of the reload register before it

stops.
Divide ratio fi/(n+1)/((M+1)+(1+1))
n : Set value of Prescaler Y, m: Set value of Timer Y primary, |: Set value of Timer Y secondary
Count start condition Count start flag is set (=1)
Count stop condition Count start flag is reset (=0) (Note 1)
Interrupt request generation timing: When Timer Y underflows during secondary period
TYoUT pin function Pulse output (Note 2)
Read from timer Count value can be read out by reading Timer Y primary register.
Same applies to Prescaler Y register. (Note 3)
Write to timer When a value is written to Timer Y primary register, it is written to only reload register.
Same applies to Timer Y secondary register and Prescaler Y register. (Note 4)
Select function + Output level latch select function
The output level of a waveform being counted during primary and secondary periods is
selectable.

» Programmable waveform generation output switching function
Can select either programmable waveform or the value of Port P32 register for output.
(Note 5)

» Waveform extend function (Note 6)

The waveform output primary period and secondary period can each be extended 0.5
cycles of the count source

Frequency when waveform extended: 2xfi/((2x(m+1))+(2x(1+1))+ TYPUMO+TYPUM1)
Duty: (2x(m+1)+TYPUMO)/((2x(m+1)+TYPUMO)+(2x(I+1)+TYPUM1))

m: set value of Timer Y primary, |: set value of Timer Y secondary

TYPUMO: Timer Y primary waveform extension control bit

TYPUM1: Timer Y secondary waveform extension control bit

Note 1: When the count is stopped, the Timer Y interrupt request flag becomes "1" and an interrupt may occur. Thus,
interrupts must be disabled before the count is stopped. Furthermore, set the Timer Y interrupt request flag to "0"
before starting counting again.

Note 2: When the counting stopped, the pin is the secondary period output level.

Note 3: Even when counting the secondary period, read out the Timer Y primary register.

Note 4: The set value of Timer Y secondary register and waveform extension control bits as well as Timer Y primary
register are made effective by writing a value to the Timer Y primary register. The written values are reflected to
the waveform output from the next primary period after writing to the Timer Y primary register.

Note 5: The output is switched in sync with timer Y secondary underflow.

Note 6: When using the waveform extend function, the Prescaler Y register must be set to "0016".
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Timer Y, Z mode register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | 1 N 1 | TYZMR 008016 000000X02
©or o1 1111 [ Bitsymbol Bit name Function R:
v v 0wl 1ymopo | Timer Y operation | 1 : Programmable waveform generation mode
N mode bit Note 1) | ©1©
. Nothing is assigned.
N When write, set "0". When read, the content is indeterminate. T
P e TYWC Timer Y write Set to "1" in programmable waveform
T T control bit generation mode o ! o
oo Timer Y count 0 : Stops counting  (Note 2)
e TYS start flag 1 : Starts counting o ! o
A TZMODo | Timer Z-related bit 00
D] TZMOD1 oo
D i TZWC o0
------------------------ TZS 00
Note 1: Output is set for Port P32 regardless of the value of the direction register.
Note 2: When this bit is cleared to "0", the timer reloads the content of the reload register
before it stops. Read out the count value before you stop the timer.
Timer Y, Z waveform output control register
b7 6 bS b4 b3 b2 bi b0 Symbol Address When reset
| | | | | | | | | PUM 008416 0016
P01 0 1 0 1 [ Bitsymbol Bit name Function RW
porob o v TYPUMO Time; Y primary 0 : No waveform extension O o
R waveform extension 1 : Waveform extension (Note 1)(Note 2) w
- control bit '
A Timer Y secondary ) !
I TYPUM1 - 0 : No waveform extension :
zvoar\llt?:)cl);)rﬁ extension 1 : Waveform extension (Note 1)(Note 2) O§O
. TZPUMO Timer Z-related bits ofo
T S TZPUM1 00
Timer Y output level 0 : Outputs "H" for the period set by Timer Y primary and
N TYOPL latch "L" for the period set by Timer Y secondary. o0
. "L" is outputted when the timer is stopped. !
HE 1 : Outputs "L" for the period set by Timer Y primary and !
oo "H" for the period set by Timer Y secondary. !
. "H" is outputted when the timer is stopped. !
e TZOPL Timer Z-related bits OiO
N S INOSTG oi o
BT INOSE 1
OSEG 00
Note 1: When setting this bit to "1", the Prescaler Y Register must be set to "0016".
Note 2: The waveform extend function cannot be used when selecting f1 for count source.

Figure 1.14.18. Timer Y, Z mode register and Timer Y, Z waveform output control register in
programmable waveform generation mode
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Conditions: Timer Y primary=0316, Timer Y primary waveform not extended,
Timer Y secondary=0216, Timer Y secondary waveform extended,
Timer Y output level latch [TYOPL]="0"

Timer Y count source f | f I f | f Ij

Setto "1" by
software
n1" .
Count start flag
“0” 3 Lo b
Timer Y Timer Y ! Timer Y
secondary  primary ' secondary
o reload reload } reload
Count start ¥ | y iyl iy

The contents of Timer Y 0316 @ 0116 @ 0216 0116 0016 0316 x 0216* 0116* 0015* 0216* 0116x

Cleared to “0” when interrupt
request is accepted,

/orcleared by software
v §

Timer Y interrupt  «1”
request bit

“0 ‘
Cleared to "0"
4 by software
Timer Y output ! ;
level latch ., ‘
0
Wavéform Waveform Waveform Waveform
! output started output inverted  output inverted output inverted
y v Y i y (Note) Y
“H -
TYOUT pin output 1
L A‘ A‘
Initialized to "L" Secondary waveform
extended

Note: The waveform output in the secondary period is inverted after 0.5 clock ( 1 clock when secondary waveform
extended) of fPY from occurrence of Timer Y interrupt request.

Figure 1.14.19. Timer Y operation example in programmable waveform generation mode

M Programmable waveform generation output switching function
When the Timer Y programmable waveform generation output switching bit (bit 1 at address 008A16)
is set to 0, the output from TYOUT is inverted synchronously when the Timer Y secondary underflows.
And when set to 1, the Port P32 register value is output from TYoUT synchronously when the Timer Y
secondary underflows.
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Timer Z

Timer Z is an 8-bit timer with an 8-bit prescaler and has two reload registers - Timer Z Primary and Timer
Z Secondary. Figure 1.14.20 shows the block diagram of Timer Z. Figures 1.14.21 to 1.14.24 show the

Timer Z-related registers.
Timer Z has the four operation modes listed as follows:

+ Timer mode: The timer counts an internal count source (clock source) or Timer Y underflow.

» Programmable waveform generation mode: The timer outputs pulses of a given width successively.

» Programmable one-shot generation mode: The timer outputs one-shot pulse.

» Programmable wait one-shot generation mode: The timer outputs delayed one-shot pulse.

Peripheral data bus

Timer Z primary Timer Z secondary
(address 008716) (address 008616)
Clock source | Reload register (8) | | Reload register (8) | | Reload register (8) |
selection
ft —O
) !

f8s—o0
Timer Y underflow ——O Counter (8 P Counter (8)
fcae—0 Prescaler Z (address 008516) Timer Z (address 008716)

*Programmable one-shot generation mode

X *Programmable wait one-shot generation mode
Timer Z count 9 9

start fla
9 Timer Z one-shot start bit
—_— Digital One edge/ both edges Polari
- H ) ) arit
INTO filter input polarity select sgleclt y
ﬁ e Loetect |
INTO input polarity select bit “INTO one-shot trigger

Progr waveform ion mode polarity select bit

~Programmable one-shot generation mode INTO input enable bit

<Programmable wait one-shot generation mode o

o] Q
o Toggle flip-flop T ‘
TZout —
, 0@
O Port P31 register

" Timer Z output
Timer Z nroarammable level latch

>

Timer Z interrupt
request bit

Figure 1.14.20. Block diagram of Timer Z
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Timer Y, Z mode register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | |><I | TYZMR 008016 000000X02
Bit symbol Bit name Function R w
coror oo b v L) pymopo | Timer Y operation | 0 : Timer mode
e mode bit 1 : Programmable waveform generation mode o ! o
T Note 1) !
A Nothing is assigned.
vy When write, set "0". When read, the content is "0". T
E : I TYWC Timer Y write Function varies depending on o ! o
- R R control bit the operation mode !
Timer Y count 0 : Stops counting  (Note 2)
I TYS start flag 1 : Starts counting o ! o
P b5 b4 !
A TzMODo | Timer Z operation | 00 : Timer mode 0:0
o mode bit 0 1 : Programmable waveform generation mode|
(Note3) | 10: Programmable one-shot generation mode ‘
P ] TZMOD1 11 : Programmable wait one-shot generation | 01 O
o mode !
P Timer Z write Function varies depending on
oL TZWC . p 9 !
[ control bit the operation mode o ; o
e Timer Z count 0 : Stops counting  (Note 2)
28 start flag 1 : Starts counting 0.0
Note 1: In programmable waveform generation mode, port P32 is set for output regardless of the
value of the direction register.
Note 2: When this bit is cleared to "0", the timer reloads the content of the reload register before it
stops. Read out the count value before you stop the timer.
Note 3: When timer Z operation mode bit is set for "01", "10" or "11", port P31 is set for output
regardless of the value of the direction register.

Figure 1.14.21. Timer Z-related registers (1)
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Prescaler Z
b7 b0 Symbol Address When reset
PREZ 008516 FF1e
; Function Values that can be set [RIW
ST « Timer mode
Internal count source or Timer Y underflow is counted 0018 to FF16 O:O
» Programmable waveform generation mode
Internal count source or Timer Y underflow is counted 0016 to FF(;\?ote) © ;O
» Programmable one-shot generation mode !
Internal count source or Timer Y underflow is counted 0018 to FF(;\?ote) O :O
» Programmable wait one-shot generation mode
Internal count source or Timer Y underflow is counted 0016 to F'zlll%te) © ;O
Note: When using the waveform extend function, set the value "0016" for the
Prescaler Z.
Timer Z Secondary
b7 b0 Symbol Address When reset
TZSC 008616 FF1e
E Function Values that can be set | R 3 W]
T « Timer mode i
Invalid
» Programmable waveform generation mode 0015 to FF16 XEO
Underflow of Prescaler Z is counted (Note 1) Mot )

» Programmable one-shot generation mode ‘
Invalid |

» Programmable wait one-shot generation mode
Underflow of Prescaler Z is counted 0016 to FF16 X0
(One-shot width is counted) !

Note 1: Each value of Timer Z Primary and Timer Z Secondary is reloaded to the

Timer Z alternately for counting.
Note 2: The count value can be read out by reading the Timer Z Primary even when
the secondary period is being counted.

Timer Z Primary

Underflow of Prescaler Z is counted

b7 b0 Symbol Address When reset
TZPR 008716 FF1e
E Function Values that can be set REW
_____ * Timer mode 0016 to FF16  |O:O

» Programmable waveform generation mode

Underflow of Prescaler Z is counted  (Note) 00teto FF1e OO

» Programmable one-shot generation mode
Underflow of Prescaler Z is counted 0016 to FF16 (e}
(One-shot width is counted)

0

» Programmable wait one-shot generation mode
Underflow of Prescaler Z is counted 0016 to FF16 (6]
(Wait period is counted)

Note: Each value of Timer Z Primary and Timer Z Secondary is reloaded to the

Timer Z alternately for counting.

o

Figure 1.14.22. Timer Z-related registers (2)
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Timer Y, Z waveform output control register

control bit ‘
_____ TYPUM1 Timer Y secondary

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | PUM 008416 0016
i+ [ Bit symbol Bit name Function RW
i -] TYPUMo | TimerY primary 0 : No waveform extension
: waveform extension 1 : Waveform extension (Note 1) 0.0

0 : No waveform extension

control bit

............... TYOPL Timer Y output level
latch

‘évoar\]/t?;?rbrﬂ R 1 : Waveform extension (Note 1) O o
R TZPUMO Ligc/i;ozrrgrg?err{sion 0 : No waveform extension O o
control bit 1 : Waveform extension (Note 2) !
Ve TZPUM1 Timer Z secondary 0 : No waveform extension

waveform extension 1 : Waveform extension (Note 2) O O

Function varies depending on the operation mode [O' O

Ve TZOPL Timer Z output level . . . .
latch Function varies depending on the operation mode |0 O

INTO pin one-shot T

H CERRCEEEPEEEEPEE INOSTG h . 0 : INTO pin one-shot trigger invalid
: E(F\Il%gt;:;():ontrol ?'Il'timer 2) 1 :INTO pin one-shot trigger valid o0
] INTO pin one-shot . ) 1
INOSEG | trigger polarity select bit| O : Edge trigger at falling edge 0.0
(Note 3) (Timer 2) 1 : Edge trigger at rising edge

Note 1: When setting this bit to "1", the Prescaler Y Register must be set to "0016".

Note 2: When setting this bit to "1", the Prescaler Z Register must be set to "0016".

Note 3: This bit is valid only when INTO input polarity select bit (bit 1 at address 009616) is
"0" (one-edge).

Note 4: This bit must be set to "1", after setting INTO input enable bit (bit 0 at address 00961s6),
INTO input polarity select bit (bit 1 at address 009616), and INTO pin one-shot trigger
polarity select bit.

Timer count source setting register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | TCSS 008E16 0016
P44 [ Bitsymbol Bit name Function RIW
oo ]l TXCKo Timer X count source | 010
A select bit 00:f1 (Note1) 00
A 01:fs :
- TXCK1 10:f32 |
R (Note 5) 11 1 : fea C,0
A . b3 b2 3
T TYCKO Timer Y count source | " ¢, (Note 1) oo
A select bit 01:fs )
R TYCKA (Note 2) |10 : Ring oscillator output (Note 3) 0o
A (Note 5) |11 :fcs2
o TZCKO Timer Z count source  [b5b4
: ' VTt select bit 00:f1 (NOte 1) O} O
o 01:fs ;
[ S TZCK1 (Note 4) |1 0 : Timer Y underflow :
N (Note 5) |11 :fcse 0.0
R RSLSGRITSTERREE T1CKo Timer 1 count source 8786; fi (Note 1) o0
' select bit 01:fs !
RN R T1CK1 10:f32 !
c 11 :fcaz 6.0

Note 1: When using an external RC circuit for the main clock, f1 cannot be selected for the
count source.

Note 2: The waveform extend function cannot be used when selecting f1 for count source.

Note 3: When attempting to select ring oscillator output, set the ring oscillation enable bit (
CM14) of the system clock control register (address 000716) for oscillation enabled.

Note 4: The waveform extend function cannot be used when selecting Timer Y underflow and
f1 for count source.

Note 5: Avoid switching a count source, while a counter is inprogness. Timer counter should
be stopped before switching a count source.

Figure 1.14.23. Timer Z-related registers (3)
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Timer Y, Z output control register

b7 b6 bS b4 b3 b2 b1 bO Symbol Address When reset
TYZOC 008A16 XXXXX0002
Bit symbol Bit name Function Riw
T20S Timer Z one-shot 0 : Stops one-shot o o
start bit (Note 1)| 1: Starts one-shot i
Timer Y programmable i
TYOCNT waveform : 0 : Outputs programmable waveform '
generation 1 Outputs the value of P32 port register | © ' ©
output switching bit(Note 2)| ' * QUIPUtS the value of 732 port register !
TZOCNT E;r:/goznzrogrammable 0 : Outputs programmable waveform |
generation 1 Outputs the value of P31 port register | © | ©
output switching bit (Note 2)| * utpu u p g :
Nothing is assigned.
When write, set "0". When read, their contents are "0". i

Note 1: The timer Z one-shot start bit is automatically cleared to "0" when the output of
one-shot waveform is completed. The timer Z one-shot start bit should be set to "0" by
program when the one-shot waveform output is terminated by setting the count
start flag to "0" during the wave form output.

Note 2: The timer Y/Z programmable waveform generaton output switching bit is valid only
when operating in programmable waveform generation mode.

External input enable register

b7 b6 b5 b4 b3 b2 bl b0

| | Symbol Address When reset
T INTEN 009616 0016
i1 & 1| Bitsymbol Bit name Function R W
oot INTOEN  [TNTO input enable bit 0 : Disabled
o (Note) | 1:Enabled 00
b INTOPL  |TNTO input polarity select bit 0 : One edge
E ' (Note) 1: Two edges O ' O
P INTIEN  [INT1 input enable bit 0 : Disabled o 3 o
T 1 : Enabled '
: INT1PL  |TNT1 input polarity select bit 0 : One edge
"""""" 1: Two edges o ' O
INT2EN | TNT2 input enable bit 0 : Disabled !
""""""" 1: Enabled ©:0
INT2PL  [TNT2 input polarity select bit 0 : One edge |
--------------- 1 : Two edges O O
INT3EN [ TNT3 input enable bit 0 : Disabled !
""""""""""" 1 : Enabled O ' O
________________________ INT3PL  [TNT3 input polarity select bit 0 : One edge
1: Two edges O ! O

Note : This bit must be set in condition of INTO pin one-shot trigger invalid (INOSTG="0").

INTO input filter select register

b7 b6 b5 b4 b3 b2 bl bo

1 0 : Filter with f8 sampling
1 1 : Filter with f32 sampling

Symbol Address When reset
—— INTOF 001Ets XXXXX0002
v+ i | Bitsymbol Bit name Function R W
t 0 i INTOFo  |TNTO input filter select bit o1 b0 3
bt P 0 0 : No filter 0.0
' INTOF1 0 1 : Filter with f1 sampling H

INTOF2 UARTO receive hardware 0 : Disabled O o
interrupt enable bit (Note) 1: Enabled

S

Nothing is assigned.

In an attempt to write to these bits, write “0”. The value, if read, - -
turns out to be indeterminate. 3
Note: Interrupts used for debugging purposes only.

Figure 1.14.24. Timer Z-related registers (4)
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(1) Timer mode
In this mode, the timer counts an internally generated count source or Timer Y underflow. (See Table
1.14.10) The Timer Z secondary is unused in this mode. Figure 1.14.25 shows the Timer Y, Z mode
register and Timer Y, Z waveform output control register in timer mode.

Table 1.14.10. Specifications of timer mode

ltem Specification
Count source f1, f8, Timer Y underflow, fc32
Count operation * Down count

» When the timer underflows, it reloads the reload register contents before continuing
counting (When the Timer Z underflows, the contents of the Timer Z primary reload
register is reloaded.)

* When a counting stops, the timer reloads the content of the reload register before
stopping counting.

Divide ratio 1/(n+1)/(m+1) n: Set value of Prescaler Z, m: Set value of Timer Z primary
Count start condition Count start flag is set (=1)
Count stop condition Count start flag is reset (=0) (Note 1)
Interrupt request generation timingl When Timer Z underflows
TYOUT pin function Programmable 1/O port
'INTO pin function Programmable 1/O port, or external interrupt input pin
Read from timer Count value can be read out by reading Timer Z primary register.
Same applies to Prescaler Z register.
Write to timer When a value is written to Timer Z Primary register, it is written to both reload register

and counter or written to only reload register. Selected by software.

Same applies to Prescaler Z register.

Select function * Timer Z write control function

When a value is written to Timer Z Primary register, it can be selected that the value is

written to both reload register and counter or written to only reload register.
Same applies to Prescaler Z register. (Note 2)
Note 1: When the count is stopped, the Timer Z interrupt request flag becomes "1" and an interrupt may occur. Thus,
interrupts must be disabled before the count is stopped. Furthermore, set the Timer Z interrupt request bit to "0"
before starting counting again.
Note 2: If writing to the Timer Z or prescaler Z under the following conditions being filled at the same time the Timer Z
interrupt request flag becomes "1" and an interrupt occurs.
<Conditions>
« Timer Z write control bit (bit 6 of address 0080) is "0" (write to timer and reload register simultaneously)
* Timer Z count start flag (bit 7 of address 0080) is "1" (count start)

To write to the Timer Z or prescaler Z in the above state, disable interrupts before writing.
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Timer Y, Z mode register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | 0 | 0 | | I><I | TYZMR 008016 000000X02
P b [ Bit symbol Bit name Function R
A Timer Y-related bit E
oo b ] TMeRe 00
A A A A Nothing is assigned.
e When write, set "0". When read, the content is "0". T
ERREEEEE TYWC Timer Y-related bits o o
T TYS o0
A s ;
e TzMoODo | Timer Z operation | 0 0 : Timer mode o: 0
N mode bit :
o] TZMOD1 oo
. . 0 : Write to timer and reload register
V] TZWC Igﬂﬁglzb\i':me simultaneously (Note 2) 0 0
1 : Write to reload register |
] Timer Z count 0 : Stops counting  (Note 1)
128 start flag 1 : Starts counting 6.0

Note 1: When this bit is cleared to "0", the timer reloads the content of the reload register
before it stops. Read out the count value before you stop the timer.

Note 2: At the TZWC bit is "0", when you write in the prescaler Z while the timer Z is
counting,the timer Z reload content of the timer Z reload register.

Timer Y, Z waveform output control register

b7 b6 b5 b4 b3 b2 bt b0 Symbol Address When reset
| | | | | | | | | PUM 008416 0016
P v T Bt symbol Bit name Function RW
oo bbb TYPUMO Timer Y-related bits
A 0.0
b ] TYRUM 3
N 0,0
it TZPUMO Timer Z primary . Invalid in timer mode
- waveform extension [o]fe)
T control bit !
R I TzPUM{ | Timer Z secondary Invalid in timer mode i
oo waveform extension (e)fe)
oo control bit
A TYOPL | Timer Y-related bit |
. [of®)
S SO TZOPL Timer Z output level Invalid in timer mode
latch 00
l L ITO pin one-shot Invalid in timer mode
Tty INOSTG | trigger control bit 00
] INTO pin one-shot o 1
INOSEG | trigger polarity select bit| Invalid in timer mode 0.0

Figure 1.14.25. Timer Y, Z mode register and Timer Y, Z waveform output control register in timer mode
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(2) Programmable waveform generation mode

In this mode, the microcontroller, while counting the set values of Timer Z primary and Timer Z sec-
ondary alternately, outputs from the TZoUT pin a waveform whose polarity is inverted each time Timer
Z primary or Timer Z secondary underflows. (See Table 1.14.11) A counting starts by counting the
value set in the Timer Z primary. Figure 1.14.26 shows Timer Y, Z mode register and Timer Y, Z
waveform output control register in this mode. The Timer Z operates in the same way as the Timer Y
in this mode. See Figure 1.14.19 shown the Timer Y operating example in programmable waveform
generation mode.

Table 1.14.11. Specifications of programmable waveform generating mode

ltem Specification
Count source f1, f8, Timer Y underflow, fc32
Count operation * Down count

» When the timer underflows, it reloads the contents of primary reload register and sec-
ondary reload register alternately before continuing counting.
» When a counting stops, the timer reloads the content of the reload register before it stops.

Divide ratio fi/(n+1)/((M+1)+(1+1))
n : Set value of Prescaler Z, m: Set value of Timer Z primary, |: Set value of Timer Z secondary
Count start condition Count start flag is set (=1)
Count stop condition Count start flag is reset (=0) (Note 1)
Interrupt request generation timingl When Timer Z underflows during secondary period
TZouT pin function Pulse output (Note2)
INTO pin function Programmable 1/O port, or external interrupt input pin
Read from timer Count value can be read out by reading Timer Z primary register.
Same applies to Prescaler Z register. (Note 3)
Write to timer When a value is written to Timer Z primary register, it is written to only reload register.
Same applies to Timer Z secondary register and Prescaler Z register. (Note 4)
Select function + Output level latch select function
The output level of an waveform being counted during primary and secondary periods
is selectable.

» Programmable waveform generation output switching function
Can select either programmable waveform or the value of Port P31 register for output. (Note 5)

« Waveform extend function(Note 6)

The waveform output primary and secondary periods can each be extended 0.5 cycles
of the count source

Frequency when waveform extended: 2xfi/((2x(m+1))+(2x(1+1))+TZPUM0+TZPUM1)
Duty: (2x(m+1)+TZPUMO)/((2x(m+1)+TZPUMO0)+(2x(I+1)+TZPUM1))

m: set value of Timer Z primary, |: set value of Timer Z secondary

TZPUMO: Timer Z primary waveform extension control bit

TZPUMT1: Timer Z secondary waveform extension control bit

Note 1: When the count is stopped, the Timer Z interrupt request flag becomes "1" and an interrupt may occur. Thus,
interrupts must be disabled before the count is stopped. Furthermore, set the Timer Z interrupt request bit to "0"
before starting counting again.

Note 2: When the counting stopped, the pin is the secondary period output level.

Note 3: Even when counting the secondary period, read out the Timer Z primary register.

Note 4: The set value of Timer Z secondary register and waveform extension control bits as well as Timer Z primary
register are made effective by writing a value to the Timer Z primary register. The written values are reflected to
the waveform output from the next primary period after writing to the Timer Z primary register.

Note 5: The switching of output is synchronized with a timer Z secondary underflow.

Note 6: When using the waveform extend function, the Prescaler Z register must be set to "0016".

When selecting Timer Y underflow and f1 for the count source, the waveform extend function cannot be used.
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Timer Y, Z mode register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
TYZMR 008016 000000X02
[TTe[ T T X ]
boor o v [TBit symbol Bit name Function R'w
Poro b b r L) TymoDo | Timer Y-related bit Oi o
I , L] Nothing is assigned. w
. When write, set "0". When read, the content is "0". -
Pl e TYWC | Timer Y-related bits 00
R LT VS 00
Pl b5 b4 !
R TZMODO | Timer Z operation | 0 1 : Programmable waveform generation mode| o | O
. mode bit (Note 1) !
L] TZMOD1 o0
P Timer Z write Set to "1" in programmable waveform 1
E bommmmmmmmmmmmmmmeny Tzwe control bit generation mode ©) 3 @)
e Timer Z count 0 : Stops counting  (Note 2) :
28 start flag 1 : Starts counting O

Note 1: When selecting programmable waveform generation mode, output is set for Port
P31 regardless of the value of the direction register.
Note 2: When this bit is cleared to "0", the timer reloads the content of the reload register
before it stops. Read out the count value before you stop the timer.

Timer Y, Z waveform output control register
b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address When reset
PUM 008416 0016
Bit symbol Bit name Function RW
TYPUM | Timer Y-related bits !
0 00
TYPUM i
1 O: @]
TZPUMO Timer Z primary . .
waveform extension 0 : No waveform extgnsmnN 00
control bit 1 : Waveform extension (Note) :
TZPUM1 Timer Z secondary 0 : No waveform extension
waveform extension : : (o}{e]
control bit 1 : Waveform extension (Note) |
TYOPL | Timer Y-related bit 0.0
TZOP Timer Z output level 0: I(‘)L:tputs "H" fo_r the period. set by Timer Z primary and
L latch L" for the period set by Timer Z secondary. !
"L" is outputted when the timer is stopped. o0
1 : Outputs "L" for the period set by Timer Z primary and |
"H" for the period set by Timer Z secondary. i
"H" is outputted when the timer is stopped.
INOsTG | INTO pin one-shot Invalid in programmable waveform generation l
trigger control bit mode 0.0
INOSEG [ TNTO pin one-shot Invalid in programmable waveform generation i
trigger polarity select bit| mode o0

Note : When setting this bit to "1", the Prescaler Z Register must be set to "0016".

Figure 1.14.26. Timer Y, Z mode register and Timer Y, Z waveform output control register in
programmable waveform generation mode
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(3) Programmable one-shot generation mode
In this mode, upon software command or external trigger input (input to the INTO pin), the microcom-
puter outputs the one-shot pulse from the TZouT pin. (See Table 1.14.12) When a trigger occurs, the
timer starts operating from the point only once for a given period equal to the set value of the Timer Z
primary. Timer Z secondary is unused in this mode. Figure 1.14.27 shows the Timer Y, Z mode
register and Timer Y, Z waveform output control register in this mode. Figure 1.14.28 shows the Timer
Z operation example in this mode.

Table 1.14.12. Specifications of programmable one-shot generating mode

ltem Specification
Count source f1, f8, Timer Y underflow, fc32
Count operation » Downcounts the set value of Timer Z primary
» When the timer underflows, it reloads the contents of reload register before stopping
counting.
» When a counting stops, the timer reloads the contents of the reload register before it
stops.
Divide ratio 1/(n+1)/(m+1)
n : Set value of Prescaler Z, m: Set value of Timer Z primary
Count start condition « Timer Z one-shot start bit is set (=1) (Note 1)
« Valid trigger is input to INTO pin (Note 2)
Count stop condition » When reloading is completed after count value was set to "0016"

« When Count start flag is reset (=0) (Note 3)
« Timer Z one-shot start bit is reset (=0) (Note 3)
Interrupt request generation timing| When count value becomes "0016"

TZouT pin function Pulse output
'INTO pin function Programmable 1/O port, external interrupt input pin, or external trigger input pin
Read from timer Count value can be read out by reading Timer Z primary register.
Same applies to Prescaler Z register.
Write to timer When a value is written to Timer Z primary register, it is written to only reload register.
Same applies to Prescaler Z register. (Note 4)
Select function « Output level latch select function

The output level of one-shot pulse waveform is selectable.

« INTO pin one-shot trigger control function and polarity select function
The trigger input from the INTO pin can be set to valid or invalid. Also, the valid trigger's
polarity can be chosen to be the rising edge, falling edge, or rising and falling both
edges.

» Waveform extend function

The one-shot pulse waveform can be extended 0.5 cycles of the count source (Note 5)
Frequency when waveform extended: 2/(n+1)/(2x(m+1)+TZPUMO)

n: set value of Prescaler Z, m: set value of Timer Z primary

TZPUMO: Timer Z primary waveform extension control bit

Note 1: Count start flag must have been set to "1".

Note 2: Count start flag must have been set to "1", INTO input enable bit [INTOEN] to "1", and INTO one-shot trigger
control bit to "1".

Note 3: When the count is stopped by writing 0 to the count start flag or Timer Z one-shot start bit, the Timer Z interrupt
request flag becomes "1" and an interrupt may occur. Thus, interrupts must be disabled before the count is
stopped. Furthermore, set the Timer Z interrupt request bit to "0" before starting counting again.

Note 4: Each set value becomes effective by writing to the Timer Z primary register. And the set values are reflected
collectively beginning with the next one-shot pulse after writing to the Timer Z primary.

Note 5: When using the waveform extend function, the Prescaler Z register must be set to "0016".

When selecting Timer Y underflow and f1 for the count source, the waveform extend function cannot be used.
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Timer Y, Z mode reg
b7 b6 b5 b4 b3 b2 b1 b0

[ e]e]o] |

b7 b6 b5 b4 b3 b2 b1 b0

ister
Symbol Address When reset
| TYZMR 008016 000000X02
Bit symbol Bit name Function TW
TYMODO Timer Y-related bit o
Nothing is assigned.
When write, set "0". When read, the content is "0". T
TYWC Timer Y-related bits (@]
TYS el
b5 b4 !
TZzMODo | Timer Z operation | 1 0 : Programmable one-shot generation mode 'O
mode bit (Note 1) !
TZMOD1 o
TZWC 1: Set to "1" in programmable one-shot generation mode o)
Timer Z count 0 : Stops counting  (Note 2) 3
128 start flag 1 : Starts counting O

Note 1: When selecting programmable one-shot generation mode, output is set for Port P31
regardless of the value of the direction register.

Note 2: When this bit is cleared to "0", the timer reloads the content of the reload register

before it stops. Read out the count value before you stop the timer.

Timer Y, Z waveform output control register

Symbol Address When reset
PUM 008416 0016

Bit symbol Bit name Function R W

TYPUMO | Timer Y-related bits i
0.0

TYPUMT |
0.0

TZPUMO Timer Z primary . . B
waveform extension 0 : No waveform extension 0.0

control bit 1 : Waveform extension (Note 1) !

TZPUM1 Timer Z secondary o . :
waveform extension Ir:\(;ilzled in programmable one-shot generation oo

control bit |
TYOPL | Timer Y-related bit 0.0

TZOPL Timer Z output level 0 : Outputs "H" level one-shot pulse.
latch "L" is outputted when the timer is stopped. O: 1)

1 : Outputs "L" level one-shot pulse |

"H" is outputted when the timer is stopped.

INTO pin one-shot 0 : INTO pin one-shot trigger invalid
INOSTG trigger control bit 1 TNTO pin one-shot trigger valid (Note 3) O:O

INTO pin one-shot ) ) ) ;
INOSEG trigger polarity select bit 0 : Edge trigger at falling edge 0.0

(Note 2) 1 : Edge trigger at rising edge |

Note 1: When setting this bit to "1", the Prescaler Z Register must be set to "0016".

Note 2: This bit is valid only when INTO input polarity select bit (bit 1 at address 00961s) is

"0" (on

e-edge).

Note 3: When changing this bit to "1", set the INTO input filter select bit (bits 0, 1 of
address 1E1s).

Figure 1.14.27. Timer Y, Z mode register and Timer Y, Z waveform output control register in
programmable one-shot generation mode
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Timer Z

Conditions: Timer Z primary=0316, Timer Z primary waveform extended,
Timer Z output level latch [TZOPL]="0",
INTO one-shot trigger is valid at rising edge

MMWW

Set to "1" by
software
Count start flag “1”
“Q” BN B
L Cleared to "0" | Set to "1" by
Setto"1"by | when counting ; INTO pin input
software\ b completed “al trigger
One-shot «q” : j A —
startbit D L . |
T e o
INTO pin ~ «q» . R
input " o L —|: :
Count T|merZ Count! ' Timer Z
start | ‘primary start } | primary
\ yreload Vreload
The contents of 031 0216 03 @@@ 0316
Timer Z ‘
| Cleared to “0” when |nterrupt
request is accepted,
‘ ‘ / or cleared by software
Timer Z interrupt “1” 3 '—| !
request bit “0? 5 ! |
Cleared to "0"

. g .~ by software
Timer Z output !

level latch “Qr ‘ — ‘
Waveform Waveform Waveform Waveform
! output starts output ends output starts output'ends
Y \ v | y
. - =
TZouT pin output ‘ !
y el
Initialized to "L" Primary waveform Primary waveform
nitialized to extended extended

Figure 1.14.28. Operation example in programmable one-shot generation mode
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(4) Programmable wait one-shot generation mode
In this mode, upon software command or external trigger input (input to the INTO pin), the microcom-
puter outputs the one-shot pulse from the TZouUT pin after waiting for a given length of time. (See Table
1.14.13) When a trigger occurs, from this point, the timer starts outputting pulses only once for a given
length of time equal to the Timer Z primary set value after waiting for a given length of time equal to the
Timer Z primary set value. Figure 1.14.29 shows the Timer Y, Z mode register and Timer Y, Z waveform
output control register in this mode. Figure 1.14.30 shows the Timer Z operation example in this mode.

Table 1.14.13. Specifications of programmable wait one-shot generating mode

ltem Specification
Count source f1, f8, Timer Y underflow, fc32
Count operation » Downcounts the set value of Timer Z primary

* When Timer Z primary underflows, the contents of Timer Z secondary is reloaded be-
fore continuing counting.

» When Timer Z secondary underflows, the contents of Timer Z primary is reloaded be-
fore stopping counting.

» When a counting stops, the timer reloads the contents of the reload register before it stops.

Wait time fix (n+1) x (m+1), n : Set value of Prescaler Z, m: Set value of Timer Z primary
One-shot pulse output time | fi x (n+1) x (I+1), n : Set value of Prescaler Z, I: Set value of Timer Z secondary
Count start condition « Timer Z one-shot start bit is set (=1) (Note 1)
« Valid trigger is input to INTO pin (Note 2)
Count stop condition » When reloading is completed after count value at counting Timer Z secondary was set to "0016"

« When Count start flag is reset (=0) (Note 3)
« Timer Z one-shot start bit is reset (=0) (Note 3)
Interrupt request generation timing | When count value at counting Timer Z secondary becomes "0016"

TZouT pin function Pulse output
'INTO pin function Programmable 1/O port, external interrupt input pin, or external trigger input pin
Read from timer Count value can be read out by reading Timer Z primary register.
Same applies to Prescaler Z register.
Write to timer When a value is written to Timer Z primary register, it is written to only reload register.
Same applies to Prescaler Z register. (Note 4)
Select function « Output level latch select function

The output level of one-shot pulse waveform is selectable.

+ INTO pin one-shot trigger control function and polarity select function
The trigger input from the INTO pin can be set to valid or invalid. Also, the valid trigger's
polarity is selectable: rising edge, falling edge, or rising and falling both edges.

» Waveform extend function
Waiting time and one-shot pulse waveform can each be extended 0.5 cycles of the
count source (Note 5)
Waiting time when waveform extended: fi x (n+1) x (2x(m+1)+TZPUMO0)/2
One-shot pulse output time when waveform extended: fi x (n+1) x (2x(1+1)+TZPUM1)/2
n: set value of Prescaler Z, m: set value of Timer Z primary, |: set value of Timer Z secondary

TZPUMO: Timer Z primary waveform extension control bit, TZPUM1: Timer Z secondary waveform extension control bit

ote 1: Count start flag must have been setto "1". -

Note 2: Count start flag must have been set to "1", INTO input enable bit [INTOEN] to "1", and INTO one-shot trigger
control bit to "1".

Note 3: When the count is stopped by writing 0 to the count start flag or Timer Z one-shot start bit, the Timer Z interrupt
request flag becomes "1" and an interrupt may occur. Thus, interrupts must be disabled before the count is
stopped. Furthermore, set the Timer Z interrupt request bit to "0" before starting counting again.

Note 4: Each set value becomes effective by writing to the Timer Z primary register. And the set values are reflected
collectively beginning with the next one-shot pulse after writing to the Timer Z primary.

Note 5: When using the waveform extend function, the Prescaler Z register must be set to "0016".

When selecting Timer Y underflow and f1 for the count source, the waveform extend function cannot be used.
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Timer Y, Z mode register
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| | 1 | 1 | 1 | | |><| | TYZMR 008016 000000X02
v 0o v [ Bit symbol Bit name Function R w
boror o it ) TyMoDo | Timer Y-related bit O o
A A Nothing is assigned.
. When write, set "0". When read, the content is "0". i
A TYWC Timer Y-related bits 00
T TYS 00
E E i E b5 b4 !
T TzMODO | Timer Z operation | 1 1 : Programmable wait one-shot generation | o' o
P mode bit mode (Note 1) !
] TZMOD!1 oo
L ____________________ TZWC 1: Set to "1" in programmable wait one-shot generation mode o) fe)
] Timer Z count 0 : Stops counting  (Note 2)
128 start flag 1 : Starts counting O o
Note 1: When selecting programmable wait one-shot generation mode, output is set for
Port P31 regardless of the value of the direction register.
Note 2: When this bit is cleared to "0", the timer reloads the content of the reload register
before it stops. Read out the count value before you stop the timer.
Timer Y, Z waveform output control register
b7 b6 bS5 b4 b3 b2 bt b0 Symbol Address When reset
| | | | | | | | | PUM 008416 0015
i bbb [ Bitsymbol Bit name Function RW
+] TyPuMoO Timer Y-related bits 1
A oo
S A N TYPUM1 !
R 0.0
] TZPUMO Timer Z primary . )
oo waveform extension 0 : No waveform extension 00
A control bit 1 : Waveform extension (Note 1)
T R TZPUMA1 Timer Z secondary ) )
L waveform extension (1) : \l;lvo wa;veform extgnswnN te 1 OO0
oo control bit : Waveform extension (Note 1) !
S TYOPL | Timer Y-related bit 00
i : : TZOPL Timer Z output level 0 : Outputs "H" level one-shot pulse.
R latch "L" is outputted when the timer is stopped. o0
HE 1 : Outputs "L" level one-shot pulse
- "H" is outputted when the timer is stopped. !
[ INOSTG INTO pin one-shot 0 : INTO pin one-shot trigger invalid O o
: trigger control bit 1 2 INTO pin one-shot trigger valid  (Note 3) !
E NTO pin one-shot 0:Ed ; ;
e ] ) - . : Edge trigger at falling edge |
INOSEG | trigger polarity select bit 1 : Edge trigger at rising edge o0
(Note 2) !
Note 1: When setting this bit to "1", the Prescaler Z Register must be set to "0016".
Note 2: This bit is valid only when INTO input polarity select bit (bit 1 at address 009616) is
"0" (one-edge).
Note 3: When changing this bit to "1", set the INTO input filter select bit (bits 0, 1 of
address 1E16).

Figure 1.14.29. Timer Y, Z mode register and Timer Y, Z waveform output control register in
programmable wait one-shot generation mode
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Count start flag

One-shot
start bit

INTO pin
input

The contents of
Timer Z

request bit

Timer Z output
level latch

TZouT pin output

Timer Z interrupt

wyr
“Q”

wyn
“0”

wyn
“Q”

“0”

Conditions: Timer Z primary=0316, Timer Z primary waveform extended,
Timer Z primary=0416, Timer Z secondary waveform not extended,
Timer Z output level latch [TZOPL]="0",
INTO one-shot trigger is valid at rising edge

FLMMHMWLW

Set to "1" by
software
P ! Cleared to "0"
Set to "1" by software, or set } i+ when counting
to "1" by INTO pin input | .+ completed
trigger ! D
[
Count: - Timer Z - | Timer Z
start ! : secondary } primary
‘ y reload !y reload

@@@@@@@@

Cleared to “0 when interrupt
request is accepted, or
cleared by softwar

Cleared to "0"

g by software

uou

an

4 Lu

Wait‘ starts Waveform Waveform

; ‘ output starts output ends
v | Y v (Note)
v

!

Initialized to "L"

Note: The waveform output of one-shot pulse is completed after 0.5 clock (1 clock when primary waveform
extended) of fPz from occurrence of Timer Z interrupt request.

Figure 1.14.30. Operation example in programmable wait one-shot generation mode
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Timer C
Timer C is a 16-bit free-running timer. Figure 1.14.31 shows the block diagram of Timer C. The Timer C
uses an edge input to TCIN pin or the output of 512 fRING divisions as trigger to latch the timer count value
and generates an interrupt request. The TCIN input has a digital filter and this prevents an error caused by
noise or so on from occurring. Table 1.14.14 shows Timer C specifications. Figure 1.14.32 shows Timer
C-related registers. Figure 1.14.33 shows an operation example of Timer C and timer measurement

register.
Data bus
z
Address 009D1jr Address 009C16 T
Upper 8 bits | Lower 8 bits
Time measurement register (16)
T
[
Timer C clock L
select bit
—0
f 5 o Upper 8 bits | Lower 8 bits g
f;i Timer C counter (16) » Timer C overflow interrupt
0 Address 009116 Address 009016 | Rajgad signal
Digftal "0"
O— & —O
TCIN filter Edge detection » TCIN interrupt
f1 —O u1n
fs —O Time measurement
fap —O input source
Digital filter clock switching bit
select bit
Ring oscillation—H 12 IH 1/256
Figure 1.14.31. Block diagram of Timer C
Table 1.14.14. Specifications of Timer C
ltem Specification
Count source f1, fs, f32
Count operation » Up count

« Transfer counter value to time measurement register at active edge of
measurement pulse

+ Do not reset counter value even if active edge is detected

Count start condition » Time measurement control bit is set (=1)

Counter stop condition » Time measurement control bit is reset (=0)

Interrupt request generation timing| « When active edge of measurement pulse is input [TCIN interrupt]

* When the time underflows [Timer C interrupt]

TCIN pin function Measurement pulse input
Count value reset timing When time measurement control bit is reset (=0)
Read from timer (Note) + Count value can be read out by reading Timer C. (Note)

» Count value at measurement pulse active edge input can be read out by reading time
measurement register.

Write to timer Cannot write to Timer C and time measurement register

Select function » Measurement pulse active edge: selectable (rising edge/falling edge/both edges)

» Measurement pulse: selectable (input from TCIN pin/512 divisions of fRING)

« Digital filter sampling frequency: selectable (f1/fs/f32)

Note: The Timer C and the timer measurement register must be read in word-size.
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Timer C
(3175) (Bg)w b0 Symbol Address When reset
| | TC 009116, 009016 Indeterminate
E Function RIW
ST Internal count source is counted O}X

Time measurement register

b15
(b7 ) (Bg)by b0 Symbol Address When reset
™ 009C16, 009D16 Indeterminate
; Function RIW
R When active edge of measurement pulse is input, the count value of OEX
Timer C is stored  (Note) 1

Note: When time measurement is disabled, the value is indeterminate.
After enabling time measurement, the value is indeterminate until the first
trigger is generated.

Timer C control register 0

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| |><l><| | | | | | TCCO 009A16 0XX000002
coror ot [ Bitsymbol Bit name Function Riw
L TCCO00 Time measurement control bit | 0 : Time measurement disabled o o
oo 1 : Time measurement enabled 1
TCCO1 Timer C clock select bit %2[8 ‘f1 (Note 2)
Poob o T 01:18 :
o TCC02 10:132 © ! ©
A (Note 1) | 1 1 Inhibit !
Tccos Time measurement input edge 1’6“63 Rising edge
Polop temememeeeeee trigger bit 01 : Falling edge 0.0
o TCCo4 10 : Both edges |
o (Note 1) | 11 : Inhibit !
S S Nothing is assigned.
When write, set "0". When read, their contents are "0". -
Time measurement input )
"""""""""""" ey source switching bit (1) . ;?#12512 O:'0
(Note 1) (Note 3) ' |

Note 1: Change this bit when time measurement is disabled.

Note 2: When using an external RC circuit for the main clock, f1 cannot be selected for the
Timer C clock.

Note 3: Set the ring oscillation stop bit (CM14) to “0” before setting this bit to “1”.

Timer C control register 1

........................ Nothing is assigned.
When write, set "0". When read, their contents are "0".

b7 b6 bS5 b4 b3 b2 b1 b0 Symbol Address When reset
I><I><l><l><|><|>q | | TCCH 009B16 XXXXXX112
N Bit symbol Bit name Function R w
oo L . b1 b0 j
[ A A TCC10 Digital filter clock select bit 00 : Cannot be used :
A 01:f1 0.0
oro TCC11 : '
Voo 10:f8 '
A (Note) 11:132 !

Note : Input edge becomes active when the same value from TCIN pin is sampled
three times in succession.

Figure 1.14.32. Timer C-related register
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Conditions: Time measurement input edge trigger is set for falling egde (TCC03="1", TCC04="0")

o o Overflow
<
) -
5 '
g Count start T
g —> '
S . J_,_le\lleasurement value 2
o ' '
5 ‘ ] e
5 - ' T Measure:-
3 i '«— Measurement value 1 P ment
i ] ' : ' value 3 !
: | H Fo--- ! '
000016 L—; ; ; : ; ; -
‘ : i ; ; ; Time
; + Cleared to "0"

Set to "1" by software : ! by software
Time measurement “1” / 1 :/
control bit 0J : : : i Ii

i The delay caused ! : ;

by digital filter ' !
e e : ‘ . :
Measurement pulse “H” - : | : :
(TCIN pin input) «” |_! ' I_l : |_|
A ETransmit Transmit ' 1 Transmit
'|: (Measurefent (Measurement ;  (Measurerhent
ivalue 1) [ value 2) ‘ ! value 3)
Transmit timing from ' i : ]
Timer C counter to |_| |_| : l_l :
time measurement register ' ' :
Indeterminate ‘ Indeterminate
Time measurement register ~ ----ccoooo--. ..< X Measurement value 2 X ) REREEEREE
Measures:‘nent ! Measurement
i ovalue 1 | ! i value 3

Cleared to “0” when interrupt request is ajccepted, or cleared by software

—

TCIN interrupt

request bit «g” ‘

; Cleared to “0” when interrupt
! request is accepted, or

1 /cleared by software
Timer C interrupt

request bit «g”

—

Figure 1.14.33. Operation example of Timer C and time measurement register
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UARTO and UART1 each have an exclusive

timer to generate a transfer clock, so they operate independently of each other.

Figure 1.15.1 shows the block diagram of UARTi (i=0,1). Fi
transmit/receive unit.
UARTO has two operation modes: a clock synchronous serial

gure 1.15.2 shows the block diagram of the

I/0O mode and a clock asynchronous serial I/

O mode (UART mode). The contents of the serial I/O mode select bits (bits 0 to 2 at addresses 00A016 and
00A816) determine whether UARTO is used as a clock synchronous serial I/0O or as a UART. Although a few
functions are different, UARTO and UART1 have almost the same functions.

Figures 1.15.3 through 1.15.5 show the registers related to UARTI.

RxDoO —O TxDo
UART reception Receive
Q n
Clock source selection wpt}m ) clock Transmit/
f1 ° | Bit rate generator | Clock synchronous tYPe"O ! receive
8 —o nternal  (Address 00A116) ! unit
o0 UART transmission ' Transmit
fa2 ° o1/ (no+1) O\lo Transmission | clock
fc——o —O .
° External Clock synchronous type—o control circuit
Clock synchronous type
(when internal clock selected)
0
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is selected)
CLK
CLKOO— polarity \I
reversing
circuit
RxD1O ——O TxD1
UART reception Receive
. 11 - .
Clock source selection 2 M—I Reception clock Transmit/
f1 o Bit rate generator Clock synchronous type O 1 control circui receive
Internal ’—O | unit
f§——o (Address 00A916)
So—o [ "] UART transmission ! Transmit
fs;z ° 1/(n1+1) 1/16) o Transmission | clock
° External Clock synchronous typeg control circuit
Clock synchronous type
(when internal c\ocws selected),
\O—
O
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is selected)
CcLK1O oLk o
polarity
reversin .
eci‘raciit 9 n0 : Values set to UARTO bit rate generator (BRGO)
CLKS10— n1: Values set to UART1 bit rate generator (BRG1)
Clock output pin
select switch

Figure 1.15.1. Block diagram of UARTiI (i =0, 1)
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Clock
synchronous
type

uART g g::i; UART (7 bits) UARTI receive register

enabled

Clock
synchronous type

UART (8 bits)
UART (9 bits)

0/ 0:0i0 0{0:0{De|] |[Dr DsiDsiDaiDsiDziDi}Dolpyarrogater

buffer register

‘ ‘ | MSB/LSB conversion circuit |

Data bus high-order bits

Data bus low-order bits

¢ E

| MSB/LSB conversion circuit |

) ~ >
|Ds | | D7: De: Ds:i Da: Dsi D2 D1 Do | UARTI transmit
: : : : : : : buffer register
UART (8 bits)
UART (9 bits)
. Clock
UART (9 bits) | synchronous
PAR type
2P eabled UART
S T -
1SP Clock - . ’ .
Sig‘bled sy?\f:hronous UART (7 bits) UART (7 bits) UARTIi transmit register

UART (8 bits)

Clock
synchronous
type

SP: Stop bit
PAR: Parity bit

uqr —

Figure 1.15.2. Block diagram of transmit/receive unit
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UARTi transmit buffer register
(b15) b8) Symbol Address When reset
b7 b0 b7 bo uoTB 00A31s, 00A216 Indeterminate

|><|><|><|><|><|><|><| | uU1iTB 00AB16, 00AA16 Indeterminate

(I IR Transmit data (Note) X0

Nothing is assigned.
----------------------------------- In an attempt to write to these bits, write “0”. The value, if read, turns outto be | — —
indeterminate.

Note: When transfer data length is 9-bit long, write high-byte first then low-byte with byte-

size.
UARTI receive buffer register
o19) (08) Symbol Address When reset

b0 b7 b0 UORB  00A71s, 00AB1s Indeterminate

| | | |_|>Q><|><| | U1RB 00AF+s, 00AE 16 Indeterminate

Bit Bit name Function (During clock Function RIW
Pl : symbol SY”ChFOTr‘T?:;e?e”a' O | (During UART mode)
R REEE (e - — Receive data Receive data O X

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to -
be indeterminate.

:
‘
: Overrun error found |~
‘
;
|
|

OER | Overrun error flag | 0 : No overrun error 0 : No overrun error 0%
""""""""""""""""""""" (Note) 1 : Overrun error found | 1
R FER | Framing error flag | Invalid 0 : No framing error o %
| (Note) 1 : Framing error found
] PER | Parity error flag Invalid 0 : No parity error 0%
(Note) 1 : Parity error found
SUM | Error sum flag Invalid 0 : No error O'X
"""""""""""""""""""""""""" (Note) 1 : Error found

Note: Bits 15 through 12 are set to “0” when the serial I/O mode select bits (bit 2 to 0 at
addresses 00A016 and 00A816) are set to “0002” or receive enable bit to “0”. (Bit 15 is
set to “0” when bits 14 to 12 all are set to “0”.) Bits 14 and 13 are also set to “0” when
the lower byte of the UARTI receive buffer register (addresses 00A616, and 00AE1s)
is read out or when this register is read out in word-size. When reading data from the
UARTI receive buffer, data should be read high-byte first then low-byte using byte-

size.
UARTI bit rate generator
b7 b0 Symbol Address When reset
UOBRG 00A116 Indeterminate
U1BRG 00A916 Indeterminate
: Values that canbe set |R'W
! T
Assuming that set value = n, BRGi divides the 0016 to FF16 X0
""""""""""""""""""" count source by n + 1

Figure 1.15.3. Serial I/O-related registers (1)
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UARTI transmit/receive mode register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| UiMR(i=0,1) 00A016, 00A816 0016

. Function . !

H Bit . . Function !
symbol Bit name (Dunr;%r(i:;crtl:yosmggé;)nous (During UART mode) R 1W
SMDO - +| Must be fixed to 001 b2 b1 b0

: Serial /O mode select bit b2 b1 bO 100 : Transfer data 7 bits long |O:O
00 0 : Serial I/O invalid 10 1 : Transfer data 8 bits long !

' SMD1 010 : Inhibited 110 : Transfer data 9 bits long | _:

: 011 : Inhibited 000 : Serial /O invalid 0.0
H 111 : Inhibited 01 0 : Inhibited :

' SMD2 011 : Inhibited 1

5 111 Inhibited ©.0
CKDIR | Internal/external clock 0 : Internal clock 0 : Internal clock O o
' select bit 1 : External clock (Note) 1 : External clock

5 STPS | stop bit length select bit | Invalid 0 : One stop bit |

: P 9 1 : Two stop bits Ol o
PRY | Odd/even parity select bit| Invalid Valid when bit 6 = “1”

: 0 : Odd parity o0
' 1 : Even parity |

: PRYE | Parity enable bit Invalid 0 : Parity disabled 00
. 1 : Parity enabled !
RRhhhhhhbbbhhbbbhbhbbbh Reserved bit Must always be set to “0” o0

Note: Set the corresponding port direction register to “0”.

UARTI transmit/receive control register 0
b7 b6 b5 b4 b3 b2 b1 b0

| | | | | | 0 | | Symbol Address When reset
S A N S el N B UiCO0(i=0,1) 00A416, 00AC16 0816

A . Function (Note) . 1
- Bit . " Function '
e Bit name (During clock synchronous . R/W
symbol serial /0 mode) (During UART mode) :
Voo b1 b0 b1b0
vt o+ 1+ 1 CLKO | BRG countsource 00 :f1 is selected 00 :f1 is selected o)
select bit 01 :fsis selected 01 :fsis selected :
oo CLK1 10 :fa2 is selected 10 :fa2 is selected 0'0
I 11 :fcis selected 11 :fcis selected i
EEERERRS Reserved bit Must set to "0". o ! o
E E E E E . . 0 : Data present in transmit . . o |
P TXEPT | Transmit register empty register (during transmission) 0 : Data present in transmit register !
P flag 1 : No data present in transmit (during transmission) O'X
oo o t ‘t) g 1: No data present in transmit |
HE register (transmission register (transmission completed) i
ooy completed) !
oo Nothing is assigned.
Py T In an attempt to write to this bit, write "0". The value, if read, turns out to be "0". -
. i 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output |
Vo T NCH | Data output select bit 1 : TXDi pin is N-channel 1: TXDi pin is N-channel 00
open-drain output open-drain output |
! . 0 : Transmit data is output at M W “«”
P CKPOL | CLK polarity selectbit | 1250808 of wranstor lock | MUSt 3Ways be 0 |
N e and receive data is input at !
, rising edge !
' 1 : Transmit data is output at o ' o
H rising edge of transfer clock !
H and receive data is input at '
, falling edge !
] UFORM | Transfer format select bit | 0 : LSB first “g”

1 MSB first Must always be “0 O:O

Figure 1.15.4. Serial I/O-related registers (2)
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UARTI transmit/receive control register 1

b7 b6 b5 b4 b3 b2 bi bo Symbol Address When reset
UiC1(i=0,1) 00A516,00AD16 0216

A - . Function (Note 1) i ‘
i . Bit . h Function !
R R T Bit name (During clock synchronous . R!W
b symbol serial /O mode) (During UART mode) :
: : : : : TE Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled OEO
T 1 : Transmission enabled 1 : Transmission enabled !
A Tl Transmit buffer 0 : Data present in 0 : Data present in
v v T empty flag transmit buffer register transmit buffer register o) %
N 1 : No data present in 1 : No data present in !
T transmit buffer register transmit buffer register !
R RE Receive enable bit 0 : Reception disabled 0 : Reception disabled oo
o (Note) 1 : Reception enabled 1 : Reception enabled
E : : RI Receive complete flag 0 : No data present in 0 : No data present in
N S receive buffer register receive buffer register [Q:x
- 1 : Data present in 1 : Data present in !
i ' HE receive buffer register receive buffer register '
P Nothing is assigned. RN

In an attempt to write to these bits, write "0". The value, if read, turns out to be "0". |

Note : As for the UART1, set the RXD1 input port select bit before setting this bit to reception enabled.

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
UCON 00BO16 0016

Dol . Function . i
[ S R T R R Bit ) ) Function ”
- Bit (During clock synchronous ) R'W
P bbb n i) symbol name serial /O mode) (During UART mode) |
- UOIRS | UARTO transmit 0 : Transmit buffer empty 0 : Transmit buffer empty o :O
A interrupt cause select bit =1 (M=1) |
e 1 : Transmission completed 1 : Transmission completed |
e (TXEPT = 1) (TXEPT = 1) 1
E E E E E E E U1IRS | UART1 transmit 0 : Transmit buffer empty 0 : Transmit buffer empty 3
e interrupt cause select bit (TI=1) (T=1) 0o
R 1 : Transmission completed 1 : Transmission completed 1
R (TXEPT =1) (TXEPT = 1) !
UORRM | UARTO continuous 0 : Continuous receive Invalid
ettt receive mode enable bit mode disabled 00
e 1 : Continuous receive !
Voo mode enable !
A U1RRM | UART1 continuous 0 : Continuous receive Invalid
N receive mode enable bit mode disabled oo
Vo 1 : Continuous receive !
mode enable !
A CLKMDO| CLK/CLKS select bit0 | Valid when bit 5 = “1” Invalid 3
o 0 : Clock output to CLK1 00
Voo 1 : Clock output to CLKS1 !
o CLKMD1| CLK/CLKS select 0 : Normal mode Fixed to “0” |
e bit 1 (Note 1) (CLK output is CLKO only) }
v 1 : Transfer clock output oo
. from multiple pins !
. function selected |
§ e RXD1EN| RxD1 input port 0:P37 0:P37 |
; select bit (Note 2) 1:P35 1:P35 oo
e Nothing is assigned. i

In an attempt to write to these bits, write "0". The value, if read, turns out to be "0". !

Note 1: When using multiple pins to output the transfer clock, the following requirements must be met:
» UART1 internal/external clock select bit (bit 3 at address 00AQ16) = “0”.
Note 2: For P37, select "0" for data receive, and "1" for data transfer. And set the direction register
of port P37 to input ("0") when receiving.

Figure 1.15.5. Serial I/0O-related registers (3)
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(1) Clock synchronous serial I/O mode
The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. (See Table
1.15.1.) Figure 1.15.6 shows the UARTI transmit/receive mode register.

Table 1.15.1. Specifications of clock synchronous serial I/O mode

Item Specification
Transfer data format | ¢ Transfer data length: 8 bits
Transfer clock * When internal clock is selected (bit 3 at address 00A016,00A816 = “0”) : fi/ 2(n+1) (Note 1)

fi =f1, 8, f32, fc
» When external clock is selected (bit 3 at address 00A016,00A816 = “1”) : Input from CLKi pin
Transmission start | ¢ To start transmission, the following requirements must be met:
condition — Transmit enable bit (bit 0 at address 00A516,00AD16) = “1”
- Transmit buffer empty flag (bit 1 at addresses 00A516,00AD16) = “0”
« Furthermore, if external clock is selected, the following requirements must also be met:
— CLKi polarity select bit (bit 6 at address 00A416,00AC16) = “0”: CLKi input level = “H”
— CLKi polarity select bit (bit 6 at address 00A416,00AC16) = “1”: CLKi input level = “L”
Reception start * To start reception, the following requirements must be met:
conditio — Receive enable bit (bit 2 at address 00A516,00AD16) = “1”
— Transmit enable bit (bit 0 at address 00A516,00AD16) = “1”
— Transmit buffer empty flag (bit 1 at address 00A516,00AD16) = “0”
« Furthermore, if external clock is selected, the following requirements must also be met:
— CLKi polarity select bit (bit 6 at address 00A416,00AC16) = “0”: CLKi input level = “H”
— CLKi polarity select bit (bit 6 at address 00A416,00AC16) = “1”: CLKi input level = “L”
Interrupt request * When transmitting
generation timing - Transmit interrupt cause select bit (bit 0 and bit 1 at address 00B016) = “0”: Inter-
rupts requested when data transfer from UARTi transfer buffer register to UARTI
transmit register is completed
- Transmit interrupt cause select bit (bit 0 and bit 1 at address 00B016) = “1”: Inter-
rupts requested when data transmission from UARTi transfer register is completed
* When receiving
- Interrupts requested when data transfer from UARTi receive register to UARTI re-
ceive buffer register is completed
Error detection * Overrun error (Note 2)
This error occurs when the next data is ready before contents of UARTI receive
buffer register are read out
Select function * CLK polarity selection
Whether transmit data is output/input at the rising edge or falling edge of the transfer
clock can be selected
« LSB first/MSB first selection
Whether transmission/reception begins with bit 0 or bit 7 can be selected
+ Continuous receive mode selection
Reception is enabled simultaneously by a read from the receive buffer register
* Transfer clock output from multiple pins selection
UART1 transfer clock can be chosen by software to be output from one of the two pins set
* RxD1 input pin selection
UART1 RxD1 can be chosen by software to be input to one of the two pins set

Note 1: “n” denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.
Note 2: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also that

the UARTI receive interruet reguest bit does not change.
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UARTI transmit/receive mode registers

o
N
o
>
o
a
o
'S
o
@
o
&)
o
=
o
=}

Symbol Address When reset
| O| | | | | 0| 0| 1 | UMR (i=0,1) 00AO16, 00A816 0016

vov o v L Bitsymbol Bit name Function RW
v+ oo -1 SMDO | Serial I/O mode select bit | P201 b0 . 00
N e SMD1 00 1: Clock synchronous serial (010
I I/O mode

Pooron ey SMD2 00
___________ CKDIR Internal/external clock 0 : Internal clock OEO
Lo select bit 1 : External clock (Note) !

A T R PO STPS 0.0
R R REEEEETE PRY Invalid in clock synchronous serial I/O mode @) O
R PRYE 0'0
e eemeemeeeaaand SLEP 0 (Must always be “0” in clock synchronous serial I/0O mode) oio

Note : Set the corresponding port direction register to “0”.

Figure 1.15.6. UARTI transmit/receive mode register in clock synchronous serial I/O mode

Table 1.15.2 lists the functions of the input/output pins during clock synchronous serial /0 mode. This
table shows the pin functions when the transfer clock output from multiple pins is not selected. Note that
for a period from when the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs
an “H”. (If the N-channel open-drain is selected, this pin is in floating state.)

Table 1.15.2. Input/output pin functions in clock synchronous serial /0 mode

Function Pin name Method of selection Remarks
Serial data output TxDo (P14) I Port P14 cannot be used as an /O port even when
performing only serial data input but not serial data output)
| TxD1 (P37)  |RxD1inputpin selectbit |1 Port P37 cannot be used as an I/O port even when
(bit 6 at address 00B016)= “1" | performing only serial data input but not serial data output)
Serial data input RxDo (P15) Port P15 direction register Port P15 can be used as an I/0 port when performing only

(bit 5 at address 00E116)= “0" | serial data output but not serial data input)

RxD1 (P3s) Port P35 direction register Port P35 can be used as an I/O port when performing only
(bit 5 at address 00E716)= “0" |serial data output but not serial data input)

RxD1 input pin select bit

(bit 6 at address 00BO16)= “1”

RxD1 (P37) Port P37 direction register When setting Port P37 as RxD1, serial data output cannot
(bit 7 at address 00E716)= “0” | be performed.
RxD1 input pin select bit Port P35 can be used as an I/O port.

(bit 6 at address 00B016)= “0”

Transfer clock output | CLKi (P16, P36) |Internal/external clock select bit
(bit 3 at addresses 00A016 and
00A816) = “0”

Transfer clock input | CLKi (P1e, P3s) | Internal/external clock select bit
(bit 3 at address 00A016 and
00A816) = “1”

Ports P16 and P36 direction
register (bit 6 at address 00E316
and 00E716) = “0”

(When transfer clock output from multiple pins is not selected)
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Clock synchronous serial /0 mode

« Example of transmit timing (when internal clock is selected)
Tc

e

Transfer clock

Transmit enable
bit (TE)

Data is set in UARTi transmit buffer |

Transmit buffer “”
empty flag (TI) “Q”

1

0" : o |
register i

Transferred from UARTIi transmit buffer register to UARTI transmit

ToLk register

Stopped pulsing because transfer enable bit = “0”

CLKi
PEEEEEEEREEEREHE DRCEEREEE
iy o | ] ';’ B

Transmit interrupt  “1”
request bit (IR) “0”

ml . »

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in ( ) are bit symbols.

The above timing applies to the following settings:
* Internal clock is selected.
* CLK polarity select bit = “0”.
» Transmit interrupt cause select bit = “0

Tc=Tek=2(n + 1) /fi
fi: frequency of BRGi count source (f1, f8, {32, fc)
n: value set to BRGi

» Example of receive timing (when external clock is selected)

Receive enable
bit (RE)

Transmit enable

bit (TE) Dummy data is set in UARTi transmit buffer register

P

Transferred from UARTI transmit buffer register to UARTI transmit register

Transmit buffer
empty flag (TI) “0”

CLKi
Receive data is taken in

RxDi

Transferred from UARTI receive register Read out from UARTI receive buffer register

Receive complete “1 to UARTI receive buffer register

flag (RI) “0”

Receive interrupt ! ‘ |
request bit (IR) “0”

P

Cleared to “0” when interrupt request is accepted, or cleared by software
Shown in ( ) are bit symbols.

Meet the following conditions when the CLKi input level
before data reception = “H”

« Transmit enable bit — “1”

* Receive enable bit — “1”

» Dummy data write to UARTi transmit buffer register

The above timing applies to the following settings:
« External clock is selected.
* CLK polarity select bit = “0”.

fEXT: frequency of external clock

Figure 1.15.7. Typical transmit/receive timings in clock synchronous serial /0 mode
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(a) Polarity select function

As shown in Figure 1.15.8, the CLK polarity select bit (bit 6 at addresses 00A416 and 00AC16) allows
selection of the polarity of the transfer clock.

* When CLK polarity select bit = “0”
cwi LWL LT L

TXDi X Do ¥ D1 X D; X D3 X Da X D5 X Ds X D7 Note 1:Lgﬁ§érﬂin%i%5\éeilswﬂsn not

RXDi X po X b1 X D2 X D3 X D4 X D5 X D6 X D7

» When CLK polarity select bit = “1”

LT N S O N
Note 2: The CLKi pin level when not

TXDi X po X b1 X D2)X D3 X Da X D5 X Ds X D7 transferring data is “L”.

/
RXDi X po X D1 X D2 X D3 X D4 X D5 X Ds X D7

Figure 1.15.8. Polarity of transfer clock

(b) LSB first/MSB first select function

As shown in Figure 1.15.9, when the transfer format select bit (bit 7 at addresses 00A416 and 00AC16)
= “0”, the transfer format is “LSB first”; when the bit = “17, the transfer format is “MSB first”.

» When transfer format select bit = “0”

CLKi
TXDi X po X b1 X D2 X D3 X Da X D5 X D6 X D7

=P | SB first
RXDi X po X D1 X D2 X D3 X b4 X ps X Ds X D7
* When transfer format select bit = “1”
cw L) LI LI L)L
TXDi X b7 X ps X D5 X D4 X D3 X D2 X D1 X Do
= MSB first

RXDi X b7 X Ds X Ds X Da X D3 X D2 X D1 X Do

Note: This applies when the CLK polarity select bit = “0”.

Figure 1.15.9. Transfer format
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(c) Transfer clock output from multiple pins function (UART1)
This function allows the setting two transfer clock output pins and choosing one of the two to output a
clock by using the CLK and CLKS select bit (bits 4 and 5 at address 00B016). (See Figure 1.15.10.)
The multiple pins function is valid only when the internal clock is selected for UART1.

Microcomputer

TxD1 (P37)

CLKS (P34)

CLK1 (P3s) IN IN
CLK CLK

Note: This applies when the internal clock is selected and transmission
is performed only in clock synchronous serial I/O mode.

Figure 1.15.10. The transfer clock output from the multiple pins function usage

(d) Continuous receive mode
If the continuous receive mode enable bit (bits 2 and 3 at address 00B016) is set to “17, the unit is
placed in continuous receive mode. In this mode, when the receive buffer register is read out, the unit
simultaneously goes to a receive enable state without having to set dummy data to the transmit buffer
register back again.

(e) RxD1 input pin selection function (UART1)
This function allows the setting two RxD1 input pins and choosing one of the two to input serial data by
using the RxD1 input pin select bit (bits 6 at address 00B016).
When selecting "1" (P35) for RxD1 input pin select bit, P37 functions as TxD1 output pin. When select-
ing "0" (P37), serial data output cannot be performed. However, P35 can be used as an input/output
port.
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(2) Clock asynchronous serial /0 (UART) mode

The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. (See Table 1.15.3.) Figure 1.15.11 shows the UARTI transmit/receive mode register.

Table 1.15.3. Specifications of UART Mode

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ltem

Specification

Transfer data format

+ Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected
» Start bit: 1 bit

» Parity bit: Odd, even, or nothing as selected

+ Stop bit: 1 bit or 2 bits as selected

Transfer clock

» When internal clock is selected (bit 3 at addresses 00A016, 00A816 = “0”) :
fi/1te(n+1) (Note 1) fi = f1, fs, f32, fC

» When external clock is selected (bit 3 at addresses 00A016="1") :
fEXT/16(n+1) (Note 1) (Note 2)

Transmission start
condition

* To start transmission, the following requirements must be met:
- Transmit enable bit (bit 0 at addresses 00A516, 00AD16) = “1”
- Transmit buffer empty flag (bit 1 at addresses 00A516, 00AD16) = “0”

Reception start condi-
tion

* To start reception, the following requirements must be met:
- Receive enable bit (bit 2 at addresses 00A516, 00AD16) = “1”
- Start bit detection

Interrupt request gen-
eration timing

» When transmitting

- Transmit interrupt cause select bits (bits 0,1 at address 00B016) = “0™:
Interrupts requested when data transfer from UARTI transfer buffer register
to UARTI transmit register is completed

- Transmit interrupt cause select bits (bits 0, 1 at address 00B016) = “1”:
Interrupts requested when data transmission from UARTi transfer register is
completed

* When receiving

- Interrupts requested when data transfer from UARTI receive register to
UARTi receive buffer register is completed

Error detection

» Overrun error (Note 3)
This error occurs when the next data is ready before contents of UARTI
receive buffer register are read out

* Framing error
This error occurs when the number of stop bits set is not detected

* Parity error
This error occurs when if parity is enabled, the number of 1’s in parity and
character bits does not match the number of 1’s set

* Error sum flag
This flag is set (= 1) when any of the overrun, framing, and parity errors is
encountered

Select function

* RxD1 input pin selection
UART1 RxD1 can be chosen by software to be input to one of the two pins set

Note 1: ‘n’ denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.

Note 2: fEXT is input from the CLKi pin.

Note 3: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also that
the UARTI receive interrupt request bit does not change.
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UARTI transmit / receive mode registers

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | UiMR(i=0,1) 00AO16, 00A816 0016

P 0| Bit symbol Bit name Function R'W
A S L Serial /0 mode select bit b12 l(’; S’O Transfer data 7 bits long 0.0
] ] 1 ] ] 1 1 : | :
oo T SMD?1 101 : Transfer data 8 bits long 00
e Rt SMD2 110 :Transfer data 9 bitslong |00
] CKDIR Internal / external clock 0 : Internal clock OEO
oo select bit 1 : External clock (Note 1) |
Vo STPS Stop bit length select bit 0 : One stop bit O:O
N 1 : Two stop bits
Vo PRY Odd / even parity Valid when bit 6 = “1” ‘
T SRLERLEEEEE select bit 0 : Odd parity 00
N 1 : Even parity !

E ' PRYE Parity enable bit 0 : Parity disabled o | o
P TTTTTTT T 1 : Parity enabled
R ESREEREREEEEES Reserved bit Must always be set to “0” 00

Note : Set the corresponding port direction register to “0”.

Figure 1.15.11. UARTI transmit/receive mode register in UART mode

Table 1.15.4. Input/output pin functions in UART mode

Table 1.15.4 lists the functions of the input/output pins during UART mode. Note that for a period from
when the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-
channel open-drain is selected, this pin is in floating state.)

Function Pin name Method of selection Remarks
Serial data output TxDo (P14) —_— Port P14 cannot be used as an I/O port even when
performing only serial data input but not serial data output)
TxD1 (P37) RxD1 input pin select bit Port P37 cannot be used as an I/O port even when
(bit 6 at address 00B016)=“1"  |performing only serial data input but not serial data output)
Serial data input RxDo (P15) Port P15 direction register Port P15 can be used as an I/0 port when performing only
(bit 5 at address 00E116)= “0” | serial data output but not serial data input)
|RxD1(P3s) | Port P35 direction register || Port P35 can be used as an /O port when performing only
(bit 5 at address 00E716)= “0” | serial data output but not serial data input)
RxD1 input pin select bit
. [|(bit6ataddress 00BOe)<"1" | |
RxD1 (P37) Port P37 direction register When setting Port P37 as RxD1, serial data output cannot

(bit 7 at address 00E716)= “0”
RxD1 input pin select bit
(bit 6 at address 00B016)= “0”

be performed.
Port P35 can be used as an 1/O port.

Transfer clock input

CLKi (P16, P36)

Internal/external clock select bit
(bit 3 at address 00A016 and
00A816) = “1”

Ports P16 and P36 direction
register (bit 6 at address 00E316

and 00E716) = “0”

Ports P16 and P36 can be used as an I/0O port when not
performing transfer clock input. In this case, set the
internal/external clock select bit to "0".
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

Tc

Transfer clock ||||||| ||||||| || ||||||| ||||||||| ||||| |

—

Transmit enable
bit(TE)

s 4
L

Data is set in UARTi transmit buffe% régister.

Transmit buffer 1" _l j/ X
empty flag(Tl) w0 ;

Transferred from UARfi transmit buffer register to UARTI transmit register

Start Parity : Stop Stopped pulsing because transmit enable bit = “0”

T\ BEEEEEEER A EEEEREEEE

Transmit register “1" ———
empty flag
(TXEPT)

fequest it (F) _I\ | /|

Cleared to “0” when interrupt request is accepted, or cleared by software

3

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fior 16 (n + 1)/ fexT
« Parity is enabled. fi : frequency of BRGi count source (f1, f8, {32, fc)
« One stop bit. fEXT : frequency of BRGi count source (external clock)
« Transmit interrupt cause select bit = “1”. n : value set to BRGi

» Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)

Tc

ol e
Transfer clock ||||||| ||||||| |||| ||||||| |||||||| ||||||

Transmit enable ‘1" J — I |'
bit(TE) “Q” Data is set in UARTi transmit buffer register
Transmit buffer 1’ _l _(13’ '
empty flag(Tl) “Q” -
Transferred from UARTi transmit buffer register to UARTI transmit register
Start Stop  Stop
bit bit bit

o XXX XX o 5 5 \sT Ko Koo XXX X Koo P

Transmit register “1" —
empty flag o
(TXEPT) 0

ety m— 1 —
N g

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fior16 (n+ 1)/ fext
« Parity is disabled. fi : frequency of BRGi count source (f1, f8, 32, fc)
» Two stop bits. fEXT : frequency of BRGi count source (external clock)
« Transmit interrupt cause select bit = “0”. n : value set to BRGi

Figure 1.15.12. Typical transmit timings in UART mode
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» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

BRGi count
source

aq
Receive enable bit 0’ J

Start bit I(

Do _

RxDi

Transfer clock

Receive
complete flag “0”

Receive interrupt = «q»
request bit

.

Cleared to “0” when interrupt request is accepted, or cleared by software

The above timing applies to the following settings :
*Parity is disabled.
*One stop bit.

Figure 1.15.13. Typical receive timing in UART mode

110

(a) RxD1 input pin selection function (UART1)
This function allows the setting two RxD1 input pins and choosing one of the two to input serial data by
using the RxD1 input pin select bit (bits 6 at address 00B01s).
When selecting "1" (P35) for RxD1 input pin select bit, P37 functions as TxD1 output pin. When select-
ing "0" (P37), serial data output cannot be performed. However, P35 can be used as an input/output
port.
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A-D Converter
The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive
coupling amplifier. Pins POo to P07, P10 to P13, P40 and P41 also function as the analog signal input pins.
The direction registers of these pins for A-D conversion must therefore be set to input. The Vref connect bit
(bit 5 at address 00D716) can be used to isolate the resistance ladder of the A-D converter from the refer-
ence voltage input pin (VREF) when the A-D converter is not used. Doing so stops any current flowing into
the resistance ladder from VREF, reducing the power dissipation. When using the A-D converter, start A-D
conversion only after connecting to VREF.
The result of A-D conversion is stored in the A-D registers. When set to 10-bit precision, the low 8 bits are
stored in the even addresses and the high 2 bits in the odd addresses. When set to 8-bit precision, the low
8 bits are stored in the even addresses.
Table 1.16.1 shows the performance of the A-D converter. Figure 1.16.1 shows the block diagram of the A-
D converter, and Figures 1.16.2 and 1.16.3 show the A-D converter-related registers.

Table 1.16.1. Performance of A-D converter
ltem Performance
Method of A-D conversion |Successive approximation (capacitive coupling amplifier)
Analog input voltage (Note 1) |0V to Vcc
Operating clock @aD (Note 2) |Vcc =5V fAD, divide-by-2 of fAD, divide-by-4 of fAD, fAD=f(XIN)
Vcec =3V divide-by-2 of fAD, divide-by-4 of fAD, fAD=f(XIN)

Resolution 8-bit or 10-bit (selectable)
Absolute precision Vce =5V« Without sample and hold function
+3LSB
» With sample and hold function (8-bit resolution)
+2L.SB

» With sample and hold function (10-bit resolution)
ANo to AN11 input : +3LSB
ANEXo and ANEX1 input (including mode in which external
operation amp is connected) : +7LSB
Vcec =3V« Without sample and hold function (8-bit resolution)

+2L.SB
Operating modes One-shot mode and repeat mode (Note 3)
Analog input pins 12 pins (ANo to AN11) + 2 pins (ANEXo to ANEX1)

A-D conversion start condition |» Software trigger

A-D conversion starts when the A-D conversion start flag changes to “1”

Conversion speed per pin |+ Without sample and hold function

8-bit resolution: 49 @AD cycles, 10-bit resolution: 59 @AD cycles
+ With sample and hold function
8-bit resolution: 28 gAD cycles, 10-bit resolution: 33 @AD cycles

Note 1: Does not depend on use of sample and hold function.

Note 2: Divide fAD if (XIN) exceeds 10MHz, and make @aAD equal to or lower than 10MHz. Also if Vcc is less
than 4.2V or an external RC circuit is used for the main clock, divide fAD and make @AD equal to or
lower than fAD/2.

Without sample and hold function, set the @AD frequency to 250kHz min.
With the sample and hold function, set the @AD frequency to 1MHz min.

Note 3: In reeeat mode, onlz 8-bit mode can be used.
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CKS1=1

fAD
O] 12 }—i—{ 1/2

Vss (O—o0

VCUT=1

VREF (O)——F———

Resistor ladder

A A

Ad A A

0
CKS0=1 5., T = fAD
—-o0 cksizo A-D conversion rate

CKS0=0 selection

[ L[] [ |

Addresses

Successive conversion register

A-D control register 1 (address 00D716)

HEEEEEEN
L

A-D control register 0 (address 00D616)

y

y

(00C116, 00CO16) \ A-D register 0(16)

Decoder

S Data bus low-order S

Port PO group
P07/ANo O

CH2,CH1,CH0=000

POs/AN1 O

CH2,CH1,CH0=001
CH2,CH1,CH0=010

@)

P0Os/AN2 O

CH2,CH1,CH0=011 ADGSELO=0 OPA1, OPA0=0, 0

P04/AN3 O

0
CH2,CH1,CHO=100 3™~ ‘_"\“O

P03/AN4 O

CH2,CH1,CHO0=101

P02/ANs O

CH2,CH1,CH0=110 O\O

P01/ANs O

CH2,CH1,CHO=111 O\O

PO0/AN7 O

Port P1 group

Vref

P10/ANs O CH2,CH1,CH0=100
ADGSELO=1
P11/AN9 O CH2.CH1.CHO=101 ™~ 4 \E)_'
P12/AN10 O CH2,CH1.CH0=110 o\oi‘:—E
P13/AN11 O CH2,CH1,CHO=111_J
©/ oPA1,0PA0=1,1
OPAD=1 OPA1,0PA0=0,1
P4o/ANEX0 O 3 o,
P41/ANEX1 O S
OPA1=1

VIN

Comparator

Figure 1.16.1. Block diagram of A-D converter
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A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | 0| | | | | | ADCONO 00D616 00000XXX2

¢ i 1| Bit symbol Bit name Function RIW
A 625760 1
oo CHO Analog input pin select bit | 00 0 : ANo is selected 00
e 001 :AN1 is selected !
- 010:AN2is selected ;
oo L] CHA1 011 :ANsis selected 0.0
100 : AN4, ANs is selected
o 101 :ANs, ANg is selected ;
T T R R, CH2 110 :ANs, AN10 is selected 0.0
o 111 :AN7, AN11 is selected  (Note 2, 3) | !
A-D operation mode 0 : One-shot mode
e MDO select bit 0 1 : Repeat mode (Note 2) 0.0
R T SO ADGSELO |A-D input group select bit | 0 : Port PO group is selected
T 1 : Port P1 group is selected O;O
S Set this bit to “0". 00
e ADST A-D conversion start flag [ 0 : A-D conversion disabled OEO
H 1 : A-D conversion started !

E Frequency select bit 0 0 : fAD/4 is selected
"""""""""""" CKSO 1 :fAD/2 is selected O:O

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Note 2: When changing A-D operation mode, set analog input pin again.

Note 3: AN4 to AN7 and ANs to AN11 are selected by the A-D input group select bit.

A-D control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address When reset
| | | | | [o]o]o] ADCON1 00D716 0016

Coror o it symbol Bit name Function RIW

k Set this bit to “0”. When read, their values are “0”. OEO

[ N 8/10-bit mode select bit| 0 : 8-bit mode

R BITS (Note 2) | 1: 10-bit mode 0,0

R Frequency select bit 1 | O : fAD/2 or fAD/4 is selected 3

o CKS1 quency (Note 3) | 1 fAD is selected 0.0

e vouT | Vref connect bit 0 : Vref not connected O o)

. 1 : Vref connected |

s OPA0 |E I op- b7 b6 oo

H Cé(;irg;igr?:]gndpe bit 0 0 : ANEXo and ANEX1 are not used |

H 01 : ANEXo input is A-D converted |

e mmmmemmm——————n OPA1 10 : ANEX1 input is A-D converted 00
1 1 : External op-amp connection mode

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Note 2: In repeat mode, only 8-bit mode can be used.

Note 3: When f(XIN) is over 10 MHz, the @AD frequency must be under 10 MHz by dividing.

Figure 1.16.2. A-D converter-related registers (1)
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A-D control register 2 (Note)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
ADCON2 00D416 XXXX00002
ofo|o
t 11 1 1 11 [ Bitsymbol Bit name Function RW
E . . . . . . ) A-D conversion method 0 : Without sample and hold
SR A SMP | select bit 1 With sample and hold 00
to-i--i----| Reserved bit Always set to “0” O (@]
Nothing is assigned.
CEECEEEEEEEEEEEEEEEEREEE In an attempt to write to these bits, write “0”. The value, if read, turns outto | —I—
be indeterminate.

Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

Two high-order bits of A-D conversion result !

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

. Symbol Address When reset
A-D register AD 00CO016 Indeterminate
(b15) (8) 00C116 Indeterminate
b7 b0 b7 bo
Function RW
.| Eight low-order bits of A-D conversion result o'X
; + During 10-bit mode 0%

« During 8-bit mode %%
The value, if read, turns out to be indeterminate.

bmmmcccmeccc—em e —————————
i —
|
e

In an attempt to write to these bits, write “0”. The value, if -
read, turns out to be indeterminate.

Nothing is assigned.

Figure 1.16.3. A-D converter-related registers (2)
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(1) One-shot mode

Specifications in this manual are tentative and subject to change.
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]

In one-shot mode, the pin selected using the analog input pin select bit is used for one-shot A-D conver-

sion. (See Table 1.16.2.)

Figure 1.16.4 shows the A-D control register in one-shot mode.

Table 1.16.2. One-shot mode specifications

ltem

Specification

Function

The pin selected by the analog input pin select bit is used for one A-D conversion

Start condition

Writing “1” to A-D conversion start flag

Stop condition

» End of A-D conversion (A-D conversion start flag changes to “0”)
» Writing “0” to A-D conversion start flag

Interrupt request generation timing

End of A-D conversion

Input pin

One of ANo to AN11, as selected

Reading of result of A-D converter

Read A-D register

A-D control register 0 (Note 1)

1 : A-D conversion started :

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset

| | | 0 | | 0 | | | | ADCONO 00D616  00000XXX2
por oo 1| Bitsymbol Bit name Function RW
T R R . . .. | b2bibo '
s CHO Analog input pin select bit [ 0 00 : ANo is selected 0.0
- 00 1:ANz1 is selected j
A H 010 : ANz is selected !
R . CH1 011 :ANg3is selected (e}{e)
100 : AN4, ANs is selected 1
A 10 1:ANs, ANg is selected
- CH2 110 :ANs, AN1o0 is selected 00
T 111:AN7, AN11is selected (Note 2,3)| |
A-D operation mode 0 : One-shot mode
O MO | select bit 0 (Note 2) 00
e ADGSEL0 |A-D input group select bit | 0 : Port PO group is selected OEO
I 1 : Port P1 group is selected i
g emmmeememeneeees Set this bit to “0". o0
[ ADST A-D conversion start flag | 0 : A-D conversion disabled oo

CKS0 Frequency select bit 0 0 fap/4 is selected OEO
1:fAD/2 is selected |

b7 b6 b5 b4 b3 b2 b1 bo

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Note 2: When changing A-D operation mode, set analog input pin again.

Note 3: AN4 to AN7 and AN8 to AN11 are selected by the A-D input group select bit.

A-D control register 1 (Note 1)

LL 1] | Jofo]o]

Symbol Address When reset
ADCON1 00D716 0016
Bit symbol Bit name Function R'W
Set this bit to “0”. When read, their values are “0”. oio
8/10-bit mode select bit | 0 : 8-bit mode
BITS 1 : 10-bit mode O:O
i 0 : fAD/2 or fAD/4 is selected 1
CKS1 Frequency select bit 1 1D is selocted 00
(Note 2) !
vecuT | Vref connect bit 1 : Vref connected oio
External op-am b706 OEO
OPAC connecﬁor?mod% bit 00 : ANEXo and ANEX1 are not used 1
01 : ANEXo input is A-D converted !
OPA1 1 0 : ANEXi1 input is A-D converted 00
11 : External op-amp connection mode |

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.
Note 2: When f(XIN) is over 10 MHz, the @AD frequency must be under 10 MHz by dividing.

Figure 1.16.4. A-D conver

sion register in one-shot mode
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(2) Repeat mode

In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conversion.
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(See Table 1.16.3.) Figure 1.16.5 shows the A-D control register in repeat mode.

Table 1.16.3. Repeat mode specifications

Mitsubishi microcomputers

M30100/M30102 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
]

ltem

Specification

Function

The pin selected by the analog input pin select bit is used for repeated A-D conversion

Start condition

Writing “1” to A-D conversion start flag

Stop condition

Writing “0” to A-D conversion start flag

Interrupt request generation timing

None generated

Input pin

One of ANo to AN11, as selected (Note)

Reading of result of A-D converter

Read A-D register (at any time)

Note : AN4 to AN7 can be used in the same way as for ANs to AN11.

b7 b6 b5 b4 b3 b2 bl b0

A-D control register 0 (Note 1)

KN

P —

b7 b6 b5 b4 b3 b2 bl b0

[

Symbol Address When reset
| ADCONO 00D616 00000XXX2
Bit symbol Bit name Function RW
b2 b1 b0 !
CHo Analog input pin select bit [ 000 : ANo is selected 00
00 1:AN?1 is selected '
010 :AN2is selected '
CH1 011 :AN3is selected o0
100 : AN4, ANs is selected
101 :ANs, ANg is selected T
CH2 110 :ANs, AN10 is selected 0.0
111 :AN7, AN11is selected (Note 2,3)| |
A-D operation mode 1 : Repeat mode
MDO select bit 0 (Note 2) 0.0
ADGSEL0 | A-D input group select bit | 0 : Port PO group is selected OEO
1 : Port P1 group is selected |
Set this bit to “0". 00
ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
1: A-D conversion started |
CKSO0 Frequency select bit 0 0 : fAD/4 is selected OEO
1 :fAD/2 is selected |

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is

indeterminate.

Note 2: When changing A-D operation mode, set analog input pin again.
Note 3: AN4 to AN7 and AN8 to AN11 are selected by the A-D input group select bit.

A-D control register 1 (Note 1)

LI [1] fofo]fo]o

Symbol Address When reset
|  ADCONf 00D716 0016

Bit symbol Bit name Function RIW
Set this bit to “0”. When read, their values are “0”. oio
BITS 8/10-bit mode select bit| 0 : 8-bit mode O fe)

(Note 2) !

CKS1 Frequency select bit 1 | 0 : fAD/2 or fAD/4 is selected
(Note 3) | 1:fAD s selected 00
veuT | Vref connect bit 1 : Vref connected 00
External op-am b76 (e)e}

OPAO connectior?modpe bit 00 : ANEXo and ANEX1 are not used i

01 : ANEXo input is A-D converted i
OPA1 10 : ANEXi1 input is A-D converted 00

11 : External op-amp connection mode !

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is

indeterminate.

Note 2: In repeat mode, only 8-bit mode can be used.
Note 3: When f(XIN) is over 10 MHz, the @AD frequency must be under 10 MHz by dividing.

Figure 1.16.5. A-D conversion register in repeat mode
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« Sample and hold
Sample and hold is selected by setting bit 0 of the A-D control register 2 (address 00D416) to “1”.
When sample and hold is selected, the rate of conversion of each pin increases. As a result, a 28 gAD
cycle is achieved with 8-bit resolution and 33 gAD with 10-bit resolution. Sample and hold can be
selected in all modes. However, in all modes, be sure to specify before starting A-D conversion
whether sample and hold is to be used.

- Extended analog input pins
In one-shot mode and repeat mode, the input via the extended analog input pins ANEXo and ANEX1
can also be converted from analog to digital.
When bit 6 of the A-D control register 1 (address 00D716) is “1” and bit 7 is “0”, input via ANEXo is
converted from analog to digital.
When bit 6 of the A-D control register 1 (address 00D716) is “0” and bit 7 is “1”, input via ANEX1 is
converted from analog to digital.

» External operation amp connection mode

In this mode, multiple external analog inputs via the extended analog input pins, ANEXo and ANEX1,
can be amplified together by just one operation amp and used as the input for A-D conversion.
When bit 6 of the A-D control register 1 (address 00D716) is “1” and bit 7 is “1”, input via ANo to AN11
is output from ANEXo. The input from ANEX1 is converted from analog to digital and the result stored
in the A-D register. The speed of A-D conversion depends on the response of the external operation
amp. Do not connect the ANEXo and ANEX1 pins directly. Figure 1.16.6 is an example of how to
connect the pins in external operation amp mode.

Resistance ladder

| —
M?'? f|f|f|f|? i

Successive conversion reg|ster

ANo O—
AN1 O—
AN2 O—
AN3 O——
AN4 O——
AN5s O—
— ANs O—
AN7 O—

ADGSEL0=0

—oo

Analog
input

ANg O— ADGSELO0=1
AN9 O—
AN10O——

AN110O——

ANEXo
N >
|~ ANEX:

Comparator

568811688888 88

External op-amp

Figure 1.16.6. Example of external op-amp connection mode
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D-A Converter

This is an 8-bit, R-2R type D-A converter. The microcomputer contains one independent D-A converter of this type.
D-A conversion is performed when a value is written to the corresponding D-A register. Bit 0 (D-A output
enable bit) of the D-A control register decide if the result of conversion is to be output. Do not set the target
port to output mode if D-A conversion is to be performed. When D-A output is set for enabled, the corre-

« Tentative Specifications REV.E1
Q«\e Specifications in this manual are tentative and subject to change.

sponding port is inhibited to be pulled up.

Output analog voltage (V) is determined by a set value (n : decimal) in the D-A register.

V = VREF X n/ 256 (n = 0 to 255)
VREF: reference voltage

Table 1.17.1 lists the performance of the D-A converter. Figure 1.17.1 shows the block diagram of the D-A
converter, Figure 1.17.2 shows the D-A control register and Figure 1.17.3 shows D-A converter equivalent

circuit.

Table 1.17.1. Performance of D-A converter

Iltem Performance
Conversion method R-2R method
Resolution 8 bits
Analog output pin 1 channel
D-A register (8) (Address 00D816)

l

D-A output enable bit

R-2R resistance ladder

——0~0—) P34/ CLKS1 /DA

Figure 1.17.1. Block diagram of D-A converter

118

ENESAS

RenesasTechnology Corp.

Mitsubishi microcomputers

M30100/M30102 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

. Tentative Specifications REV.E1

\)@eio\)«\e“ Specifications in this manual are tentative and subject to change. Mitsubishi microcomputers
o M30100/M30102 Group
D-A Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

D-A control register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
0 |><| | DACON 00DC16 0016
i1 1 1| Bitsymbol Bit name Function RIW,
_ : 0 : Output disabled
- DAE D-A output enable bit 1 - Output enabled (o)}
! Nothing is assigned.
""" When write, set "0". When read, the value of this bit is "0". -
] Reserved bit Must always set to “0” -
________________________ Nothing is assigned. o
When write, set "0". When read, the value of these bits is "0".
D-A register
Symbol Address When reset
o7 50 DA 00D816 Indeterminate
Function R'W
_____________ Output value of D-A conversion o0

Figure 1.17.2. D-A control register

D-A output enable bit

o7 R °R
DA OAN—0~0
||1 "
R

MSB" """""""""" P ) e [ I P P !_SB

D-A register 0. O