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TO s H I BA TMP86FH47BUG

Difference among product (TMP86xx46 Series)

86CH46 86CM46 86PM46 86FH46A
86C846 86PH46 86FH46
86CH46A 86CM46A 86PM46A 86FH46B
ROM 8192bytes | 16384bytes | 32768bytes | 16384bytes | 32768bytes 16384bytes
(MASK) (MASK) (MASK) (OTP) (OTP) (FLASH)
RAM 512bytes 512bytes 1024bytes 512bytes 1024bytes 512bytes 512bytes
128bytes (Flash con-
DBR(note1) - trol register con-
tained)
110 33pins
Large current out- 19pins
put (LED direct drive)
18interrupt sources
Interrupt
(External : 6 Internal : 12)
i 16-bit timer counter : 1ch
Timer counter
8-bit timer counter : 2ch
UART 8-bit UART : 1ch
SIO High-Speed SIO : 1ch
Key-on wakeup 4ch
10-bit Algrconvert- Analog-input : 8ch
86FH46A
ith diod without pull
Structure VDD wit %L;Il [;;rgl\%tD ISOidg VDD down resister
of TEST pin » X i 86FH46B
Rin I without pull Riv
down resister without protect diode
on the VDD side
R
without pull
down resister
86FH46A
XTEN
Osc. enable —):m_ > > fs
VDD W VDD
Rf < R
Structure = o XTI xTouT
of XTIN,XTOUT 86FH46B
XTIN XTOUT o ’
! b
86FH46A
Initial "High-Z" VDD
Structure Data output
of P2 port Input from =R
output latch
Pin input <
p AN




TMP86FH47BUG

86CH46 86CM46 86PM46 86FH46A
86C846 86PH46 86FH46
86CH46A 86CM46A 86PM46A 86FH46B
(a)86FH46A
Number of guaran- 100 Times
teed writes to - - 100 Times
flash memory (b)86FH468
1000 Times
Terminal for SERI- BOOT1/RXD(P10) BOOT/RXD(P02)
AL PROM MODE -
(note2) BOOT2/TXD(P11) TXD(P03)
(a)86FH46A
Read protect
Flash Security N.A. Read protect (b)86FH46B
Read / Write
protect
Emulation Chip TMP86C947XB

Package

SDIP42-P-600-1.78

Note 1: The products with Flash memory (86FH46,86FH46A,86FH46B) contain the Flash control register (FLSCR) at OFFFH
in the DBR area. The products with mask ROM or OTP and the emulation chip do not have the FLSCR register. In
these devices,therefore, a program that accesses the FLSCR register cannot function properly (executes differently

as in the case of a Flash product).

Note 2: The TXD and RXD pins to be used in Serial PROM mode differ between the 86FH46 and the 86FH46A,86FH46B.
Take this into consideration in your board design when you replace the product. Details of the function refer to the chap-

ter of the 86FH46,86FH46A,86FH46B data sheet.
Note 3: P21,P22 combine XTIN,XTOUT and port.
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TMP86FH47BUG
Difference among product (TMP86xx47 Series)
86CH47 86CM47 86PM47 86FH47A
86C847 86PH47 86FH47
86CH47A 86CM47A 86PM47A 86FH47B
ROM 8192bytes | 16384bytes | 32768bytes | 16384bytes | 32768bytes 16384bytes
(MASK) (MASK) (MASK) (OTP) (OTP) (FLASH)
RAM 512bytes 512bytes 1024bytes 512bytes 1024bytes 512bytes 512bytes
128bytes (Flash con-
DBR(note1) - trol register con-
tained)
110 35pins
Large current out-

19pins
put (LED direct drive)

18interrupt sources
Interrupt
(External : 6 Internal : 12)

) 16-bit timer counter : 1ch
Timer counter L
8-bit timer counter : 2ch
UART 8-bit UART : 1ch
SIo

High-Speed SIO : 1ch
Key-on wakeup

4ch
10-bit AD convert-

er

Analog-input : 8ch

86FH47A

VDD

VDD without protect diode without pull
Structure on the VDD side VDD down resister
. R R .
of TEST pin 86FH47B
Rin . Rin
\évgmuézﬂer without protect diode

on the VDD side
~i—po
without pull I
down resister
86FH47A
XTEN

Osc.enable—):D_ > > fs xTEN

VDD Wr VDD
Rf = I
Structure o

A
v

of XTIN,XTOUT q 1 86FHA7B
XTIN XTOUT e
f L3
86FH47A
Initial "High-Z" VDD
—] ey
Structure Data output
of P2 port Input from =R 86FH47B
output latch
Pin input é}

51l




TMP86FH47BUG

86CH47 86CM47 86PM47 86FH47A
86C847 86PH47 86FH47
86CH47A 86CM47A 86PM47A 86FH47B
(a)86FH47A
Number of guaran- 100 Times
teed writes to - - 100 Times
flash memory (b)86FH47B
1000 Times
TASE"SE?)'JAOFI\ASOE;E" BOOT1/RXD(P10) BOOT/RXD(P02)
(note2) BOOT2/TXD(P11) TXD(P03)
(a)86FH47A
Read protect
Flash Security N.A. Read protect (b)86FH47B
Read / Write
protect
Emulation Chip TMP86C947XB
i Availabl Available Availabl N.A Availabl Availabl N.A
(LQFP44- vailable vailable A vailable vailable A
P-1010-0.80A) (86CH47)
i N.A Available N.A Availabl N.A N.A Availabl
(LQFP44- A. A. vailable A. A. vailable
P-1010-0.80B) (86CHATA)

Note 1: The products with Flash memory (86FH47,86FH47A,86FH47B) contain the Flash control register (FLSCR) at OFFFH
in the DBR area. The products with mask ROM or OTP and the emulation chip do not have the FLSCR register. In
these devices,therefore, a program that accesses the FLSCR register cannot function properly (executes differently
as in the case of a Flash product).

Note 2: The TXD and RXD pins to be used in Serial PROM mode differ between the 86FH47 and the 86FH47A,86FH47B.
Take this into consideration in your board design when you replace the product. Details of the function refer to the chap-
ter of the 86FH47,86FH47A,86FH47B data sheet.

Note 3: P21,P22 combine XTIN,XTOUT and port.
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Differences in Electrical Characteristics (TMP86xx46 Series)

86C846 / 86CH46 / 86CM46

86PH46 86FH46A
86CM46A 86FH46
86CH46A 86FH46B
86PM46
\Y] M My ) . My, . .
5.5 55T 5.5 1T —_l 5.5 f-eiteees :
45 - 4.5 1+ 4.5 o= feee 45 :l (@
; (a) i
(@)
@ 3.0 -+ -
2.7 1 2.7 11 foee 2.7 o 2.7 -+ H L)
2.0 4. HH i (Note2)
1L I 0 1 1 :
Read/ 18 ; ; 18 : " ote) 18 P : 1.8 P :
Fetch % 1 42 8 16 [MHZ 8% 1 42 8 16 [MHZ] 1 42 8 16 [MHz] ST 1 42 8 16 [MHz]
=1 [=1=} [=2=}
co co 23
TMP86FH46A
Operat- (a) 3.0V to 5.5V (-40 to 85 °C)
ing con- (a) 1.8V to 5.5V (-40 to 85 °C) | (a) 2.0V to 5.5V (-40 to 85 °C) | (a) 2.7V to 5.5V (-40 to 85 °C)
Iy (b) 2.7V to 3.0V (-20 to 85 °C)
dition (b) 1.8V to 2.0V (-20 to 85 °C)
(MCU TMP86FH46B
mode) (a) 2.7V to 5.5V (-40 to 85 °C)
v Lo . .
5.5 -
)
45 - T
Erase/ i
Pro- - - _ 27t |
gram :
1871

8% 1 42 8 16 [MHZ
oo

co

(a) 4.5V to 5.5V (-10 to 40 °C)

Operating condition

(Serial PROM
mode)

M
55 b

451~

e

274 |

1871 i

3% 2 42 8 16 [MHZ]

@% 2 4 8 16 [MHZ
oo
So

(a) 4.5V to 5.5V (20 to 30 °C) | (a) 4.5V to 5.5V (-10 to 40 °C)

Supply voltage

(Absolute Maxi-
mum Ratings)

86FH46A

(@)-0.3 ~ 6.5
86FH46B

(a)-0.3 ~ 6.0

-03~6.5

Operating current

Operating current varies with each product. For details, refer to the datacheet (electrical chracteristics) of each product.(Note4)

(Note3)

Note 1:

Note 2:

Note 3:

Note 4:

With The 86CH46A,PH46 the operating temperature (Topr) is -20 °C to 85 °C when the supply voltage VDD is less
than 2.0V.

With The 86FH46A, the operating temperature (Topr) is -20 °C to 85 °C when the supply voltage VDD is less than
3.0V.

With The 86FH46A,86FH46B when a program is executing in the Flash memory or when data is being read from the
Flash memory, the Flash memory operates in an intermittent manner causing peak currents in the Flash memory mo-
mentarily, as shown in Figure. in this case, the supply current IDD(in NORMAL1,NORMAL2 and SLOW1 mode) is de-
fined as the sum of the average peak current and MCU current.

About the measurement condition of supply current, V| level of TEST pin is deffrent between 86FH46B and the oth-
er 86xx46 series MCUs. The supply current is defined as follows; V| of TEST pin: V| < 0.1V(86FH46B), V|\ < 0.2V(oth-
ers) It is described in the section "Electrical characteristics" of TMP86FH46B in detail.
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1 machine cycle (4/fc or 4/fs)

P—
Programcounter(PC):X n ):( n+l X n+2 X nt3 X

-n---<€— Momentary Flash current

Max. current| Sum of average momentary
R O S N P S _:;Typ_ current J Flash current and MCU current

<_MCU current
Intermittent Operation of Flash Memory
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Differences in Electrical Characteristics (TMP86xx47 Series)

86C847 / 86CH47 / 86CM47

86PH47 86FH47A
86CM47A 86FH47
86CH47A 86FH47B
86PM47
% My My ) ) M| ) )
5.5 5.5 T 5.5 -7 —_l 5.5 4 :
45 1+ 4.5 1 45 1= po- 45 :l (a)
® H ()
@ 3.0 11 -
2.7 -1 2.7 7 foees 2.7 o e 2.7 -+ i --}(b)
B I I HH i (Note2)
Read/ 1.8 oo ig T L) 181 | 1871 i E
€l ’ H H i i i (Note1) ) HE 1 : I 1
Fetch 8§ 1 42 8 16 [MHz] §§ 1 42 8 16 [MHz] 1 42 8 16 [MHz] § 1 42 8 16 [MHz]
co co cSo
86FH47A
Operat- (a) 3.0V to 5.5V (-40 to 85 °C)
ing con- (a) 2.0V to 5.5V (-40 to 85 °C)
dition (a) 1.8V to 5.5V (-40 to 85 °C) (b) 1.8V o 2.0V (20 to 85 °C) (a) 2.7V to 5.5V (-40 to 85 °C) | (b) 2.7V to 3.0V (-20 to 85 °C)
. 0 2. -20 to
(MCU 86FH47B
mode) (a) 2.7V to 5.5V (-40 to 85 °C)
Y Lo . .
5.5 :
(a)
Erase/ i
Pro- - - _ 27t |
gram ;
1871

8% 1 42 8 16 [MHZ
oo

co

(a) 4.5V to 5.5V (-10 to 40 °C)

Operating condition

(Serial PROM
mode)

M
55 b

451~

e

274 |

1871 i

3% 2 42 8 16 [MHZ]

@% 2 4 8 16 [MHZ
oo
So

(a) 4.5V to 5.5V (20 to 30 °C) | (a) 4.5V to 5.5V (-10 to 40 °C)

Supply voltage

(Absolute Maxi-
mum Ratings)

86FH47A

(@)-0.3 ~ 6.5
86FH47B

(a)-0.3 ~ 6.0

-03~6.5

Operating current

Operating current varies with each product. For details, refer to the datacheet (electrical chracteristics) of each product.(Note4)

(Note3)

Note 1:

Note 2:

Note 3:

Note 4:

With The 86CH47A, PH47 the operating temperature (Topr) is -20 °C to 85 °C when the supply voltage VDD is less
than 2.0V.

With The 86FH47A, the operating temperature (Topr) is -20 °C to 85 °C when the supply voltage VDD is less than
3.0V.

With The 86FH47A,86FH47B when a program is executing in the Flash memory or when data is being read from the
Flash memory, the Flash memory operates in an intermittent manner causing peak currents in the Flash memory mo-
mentarily, as shown in Figure. in this case, the supply current IDD(in NORMAL1,NORMAL2 and SLOW1 mode) is de-
fined as the sum of the average peak current and MCU current.

About the measurement condition of supply current, V| level of TEST pin is deffrent between 86FH47B and the oth-
er 86xx47 series MCUs. The supply current is defined as follows; V| of TEST pin: V|y £ 0.1V(86FH47B), V|\ < 0.2V(oth-
ers) It is described in the section "Electrical characteristics" of TMP86FH47B in detail.
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1 machine cycle (4/fc or 4/fs)

P—
Programcounter(PC):X n ):( n+l X n+2 X nt3 X

-n---<€— Momentary Flash current

Max. current| Sum of average momentary
R O S N P S _:;Typ_ current J Flash current and MCU current

<_MCU current
Intermittent Operation of Flash Memory




Revision History

Date Revision Comment
2010/7/23 Tentative 1 1st Release of Tentative
2010/10/6 1 First Release

2011/5/10 2 Contents Revised







Table of Contents

Difference among product (TMP86xx46 Series)

TMP86FH47BUG
L1 FEATULES.......ooeoiiniiiiiiiieiiet ettt ettt ettt ettt ettt et e bt e smeesaeesaeesaneeaneeas 1
1.2 Pin ASSIZIINEIL. ...ttt ettt ettt et ettt ettt sttt eaaeeaneeas 3
1.3 BIoCK DIaGIam..........ccccooiiiiiiiiiiiiiiiiceeeece ettt s

1.4 Pin Names and Functions

2.

Operational Description

2.1 CPU Core Functions
2,11 MeMOTY AAAIESS VAP ..eviuiiiiniiieiiriete ettt ettt ettt ettt ettt s e et e bt e e e b e s b e st et es et e s ene et es et e b e st s es et et ene et esentebeneneenen
2.1.2  Program Memory (Flash)
2.1.3  Data MemOTY (RAM) ...ttt ettt ettt et st h bt a et et e bt s b et bbbt e bt st et ebeebeneeneebenne

2.2 System ClIock CONtIOllEr ...............cccviiiiiiiiiiieiieecie et eiee et e eeeesreeeeeeesbeeetaeesssaeesssessnseeas 8
2.2.1  Clock Generator ... .
2.2.2 TIMUNZ GENETALOT ....ueetiuitetiuieteueeeteteteteueseeses e eeteseeetesereeseseatesese st ebeseateses e et ebes et et eseseebes e sesemtatebeneaseseneeteseneasesentetesentanane 10

2.2.2.1  Configuration of timing generator
2.2.2.2  Machine cycle
2.2.3  Operation MOde CONIOL CITCUIL ....e.erveteuiirietiieteteeriete ettt ettt et tes et s et te st seseseseebe st s et ese st ebesene st ebeneseseneasebenensanene 11
2.2.3.1  Single-clock mode
2.23.2  Dual-clock mode
2.23.3  STOP mode
224 Operating MO CONMIOL .......coiuiuiiiietiieteieieiet ettt ettt b et et s st b ettt e st st ebe st b et e st st ebeme s ebene st esenebebeneeteseneanene 16
2241 STOP mode
2.2.42 IDLE1/2 mode and SLEEP1/2 mode
2.2.4.3 IDLEO and SLEEPO modes (IDLEO, SLEEP0)
2.2.44  SLOW mode

2.3 RESEE CHFCUIL ......oouiiiiiiiieiieeeie ettt e st st sttt e b e e b e ee 29
2.3.1  External Reset Input
2.3.2  Address trap reset ....
2.3.3  Watchdog timer reset .. .
234 SYSLEIM CLOCK TESEL ...uvuiitiieiieteitete ettt ettt ettt a b st e b et e b e bt e b e b en e s et es e et e b e s et ebebene et ebesesetebeebenene 30

3.

Interrupt Control Circuit

3.1 Interrupt latches (IL15 10 TL2) ......ooooiiiiiiiiie et

3.2 Interrupt enable register (EIR) ...............coooiiiiiiiiiiiiiiee et
3.2.1 Interrupt master enable flag (IMF) ........c.cc...c.....
3.2.2 Individual interrupt enable flags (EF15 to EF4) ...

3.3 Interrupt Source Selector (INTSEL)............cooiiiiiiiiiiieie ettt
3.4 INtErTUPL SEQUEIICE ......c.eoiiiiiiiiiiieiiie et ettt ee et e e et te e st e e sateeeeabeeetteesabeeesabeeesnseesneeesnnes

3.4.1 Interrupt acceptance processing is packaged as follows. . "
3.42  Saving/restoring general-PurpoSe TEZISTEIS ........c.coveueiriererirreueirueretrtereserterestasesesensesesessesesessesestssssesessesesessssesensesesessnene
3.4.2.1  Using PUSH and POP instructions
3.4.2.2  Using data transfer instructions
3143 INEETTUPE TETUITL ..oviiiiiiiieieiieteete ettt ettt ettt ettt s et s e e bt e aese s e s et eaeeb et e e et es e b e sae e eseeneeaesaesaenneneeuenen 38




3.5 Software Interrupt (INTSW) ......ooiiiiiie ettt s tee et esnaeennneas 39

351 AdAIess eITOT AETECHION ....euvevieiiitiieieietietertet ettt et eteeteete st e e e seetesse s e s seseeseesessesseseeseesensensesaesasessensesaeseasessenaesaasessensenes 39

352 DIEDUZEING ....euiviiiieiiiiiciiietetete ettt ettt ettt bbbttt st b bbbttt b et b bttt s e bbbttt b ettt b et nene 39
3.6 Undefined Instruction Interrupt (INTUNDEF) ...........ccccooiiiiiiiiiiieeeeeeeee e 39
3.7 Address Trap Interrupt (INTATRAP) ........ooooiiiiiiieeee et 39
3.8 External INEITUPLS ............occoiiiiiiiiiiiiiiii ettt ettt e et e e ste e st e e sateesnseeeneeesnseennns 39

Special Function Register (SFR)

Time Base Timer (TBT)

5.1 Time Base TiMET............cccoiiiiiiiiiiiie ettt e et e e e et e e e et e e e e tbee e e eareeeeennreeas 47
S.1L1 CONTIGUIALION. t.ttiettetiietei ettt b ettt b ettt b st b ettt be st e b e st e b e b et e b st et e bt st e b e st e et ebe e ebes et et ebeneebenens 47
5120 CONIOL ittt ettt sb e eneenas
5.1.3  Function

5.2 Divider Output (DVO)........ccccuiiiiiiieiieeie ettt ee et e e eve e s tae e s raeesssaeesssaesnsseesnnnes 49
52,1 CONTIGUIALION. 1.ttt ettt b ettt b et b ettt b et e bt b bt et ebe st e b e s et e b st et e bt st e b e s en e et ebe e b s eneetebeneebenens 49
522 COMMIOL ittt ettt st ettt et e te st e st eseeaeese b es s eseese e s esbessess e s e b e s s e st e st s et eas e st es e ke b e st eseebeebe s enseseeaeese st enseseeneeseneenen 49

Watchdog Timer (WDT)

6.1 Watchdog Timer Configuration ................ccocciiiiiiiiiiiiiiiie e 51

6.2 Watchdog Timer Control .................ccoooiiiiiiiiiiii et 52
6.2.1  Malfunction Detection Methods Using the Watchdog TIMET .........ccccovuerieieirenieieiieieeeeee e 52
6.2.2  Watchdog Timer ENabIe .........ccoeiiiiiiiiiiieieieieeseee ettt nnen
6.2.3  Watchdog Timer DiSabIe .........ccoeiriiriirieieiieiiieieieee ettt ettt eneenes
6.2.4  Watchdog Timer Interrupt (INTWDT)
6.2.5  WatChdOZ TIMET RESEL ......eveuieiiieiieiieteieiieiert ettt ettt sttt et st e st et et e s e st st et e st esessenees et enseneesesenaeseaseneeneesenseneenensen

0.3 AAIess TIaD ......coooooiiiiiiii ettt e sttt e bt e st e e eateeeaaas
6.3.1  Selection of Address Trap in Internal RAM (ATAS) ..ooeoioiiieieieieeieeeestee ettt sttt st seenenes 56
6.3.2  Selection of Operation at Address Trap (ATOUT)
6.3.3  Address Trap Interrupt (INTATRAP)......cooiiiiieieieeeeee ettt ettt eseaenes
6.3.4  AAIESS TTAP RESEL....cueeuiiiiiiiieieieietiet ettt sttt ettt et s et s s e st es e st eaees e s et e st eneeseesess e s enteneeneesesensenseneeseesesseneenes

1/0 Ports

T POt PO (PO7 £0 PO0)..........o.ooeooeeeoeeeeeeeeeoe oo eeeee e eee e e e e s e e e ee e es e eeseeeeeseeeees 60
7.2 POt PT (P17 £0 P1O)....o. oo e e e e e e ee e es e ees e es e 61
7.3 POt P2 (P22 £0 P20)...... oo e e e s s e ee e e e eeeeeee e ees e es e 62
T POt P3 (P37 60 P30)....... oo e e e e s e e s ee e e s se e es e ees e es e 63
7.5 POt P4 (PAT 10 PA0).......oooooeeoeeeeoeeeeeeeeee oo e e s e e e e e e ee e es e es e 65

16-Bit Timer/Counter 1 (TC1)

il

8.1 CONIGUIALION.........oooiiiiiiiiiieeee ettt e e te e st e et e e s ateesbeeesnbeesnseesneeesnseennns 67
8.2 TImer/Counter CONMIOL...............oooooiiiiiiiiiiiiii e eaanae 68



8.3 FUNCHON..........oooiiiiiiiiii e 70

8.3.1  Timer mode.......ccoeveueruruerencne. .70
8.3.2  External Trigger Timer Mode. .72
8.3.3  Event Counter Mode............ .74
8.3.4  Window Mode........ccovveereuenenne. .75
8.3.5  Pulse Width Measurement Mode...........cc.eeueneneee. .76
8.3.6  Programmable Pulse Generate (PPG) OUtput MOGE......c.coueueuiriiuiriiieiiniiiiinieiiiriecrteieetet ettt 79

9. 8-Bit TimerCounter (TC3, TC4)

9.1 ConfIUIALION ........ccooouiiiiiiiiiiiii ettt ettt et sttt

9.2 TimerCounter Control

0.3 FUNCHON. ...ttt ettt e b e b e s et e et et e e bt e sbeeenteeabeebeesseesanesnseans
9.3.1  8-Bit Timer Mode (TC3 and 4)........coiieieiiiicirieieireeee ettt sttt sttt ae e
9.3.2  8-Bit Event Counter Mode (TC3, 4) .
9.3.3  8-Bit Programmable Divider Output (PDO) Mode (TC3, 4).....c.ceoiriiiiiiiiiricineicrceeeece et 90
9.3.4  §8-Bit Pulse Width Modulation (PWM) Output Mode (TC3, 4).....ccccceeriiriiniiiieirieereeeeieeeee et 93
9.3.5  16-Bit Timer Mode (TC3 and 4) .
9.3.6  16-Bit Event Counter Mode (TC3 @nd 4)........cceiririeieirieieeeiete et ettt sttt s et te st ssesseneesesse e eneeeen
9.3.7  16-Bit Pulse Width Modulation (PWM) Output Mode (TC3 and 4)..........c.cccceuvuvuriiiemeerniriiiceeeeeceeeneeeeseeeens
9.3.8  16-Bit Programmable Pulse Generate (PPG) Output Mode (TC3 and 4)..
9.3.9  Warm-Up COUNLET MOME.....c..cueruiiiuieiirieietieteieiet ettt ettt ettt st et s e b et et es e et es s esesse st eneese b eneeneesenseneesesseneenn

9.3.9.1  Low-Frequency Warm-up Counter Mode

(NORMALI1 — NORMAL2 — SLOW2 — SLOWI)
9.3.9.2  High-Frequency Warm-Up Counter Mode

(SLOW1 — SLOW2 — NORMAL2 — NORMALI)

10. Synchronous Serial Interface (SI1O)

10.1 Configuration

D 1 1) 111 ¢ 1) IO
T3 FFUNCHON. ... ..oeeeeiiieiiiiieiee ettt e e e e ee e e e eeee e e e eeeeeeeeeseeeseseeeeeeeeeeeeeeeeeeeeaeeaseeeeeeeeens
TO.3.1  SEIIAL CLOCK. ..ot ettt ettt et e et e e et e et e e e et e sateeeeteeteesateeeaaeeateesateeeaeeseseesnseeeneesneeanes

10.3.1.1  Clock source
10.3.1.2  Shift edge
10.3.2 Transfer DIt dITECHION. ...c.coveueuiiitet ittt ettt ettt ettt bttt b et b st e b e bttt e st ebe s et et ebenesaebenens 108
10.3.2.1  Transmit mode
10.3.2.2  Receive mode
10.3.2.3  Transmit/receive mode
10.3.3  TTANSTET MOAES. ......iuiiiiniieieiiiete ettt ettt ettt ettt bt b e s et et s et b e s ea et e b e st b et en e et e b e st et estsaebes et et enestenen 109
10.3.3.1  Transmit mode
10.3.3.2  Receive mode
10.3.3.3  Transmit/receive mode

11. Asynchronous Serial interface (UART)

111 ConfIGUIALION .....ooc.eiiiiiiiiiieiee ettt ettt e s e b e et e st e e sabeeesneeesabeesaees 121
T1.2 0 COMLIOL ...ttt et e et e b te e s ate e st e e sateesateesabeeenbaeenaeean 122
11.3
114
11.5
11.6
11.7
11.8 Transmit/Receive OPeration..................cccooiiiiiiiiiiiiiiiiiiiiieeniee ettt 127
11.8.1  Data Transmit Operation...
11.8.2  Data RECEIVE OPETALION. ....c..euireieeuieeiiteieiietetetettetestetteteseesteseetesteseesesestesessesteseesesseseesesseneeseesenseneesensensenessenseneesesseneasn

iii



B v 1) L L USRS 128

11.9.1  Parity Error....... ...128
11.9.2  Framing Error... ...128
11.9.3  Overrun Error.................. ...128

11.9.4  Receive Data Buffer Full...
11.9.5  Transmit Data Buffer Empty.
11.9.6  Transmit ENd FLAZ......c.coviiiiiiiiiiiiciic ettt ettt ettt ettt ettt 130

12. 10-bit AD Converter (ADC)

12,1 ConfIGUIAtION ........ccoooiiiiiiiiiiiiiiiee ettt sttt sttt st et

12.2 Register configuration

123 FUICHOM. ...ttt ettt sttt st b e st b e st e e be et enaenaes
12.3.1  SOFtWAre StArt MOAE.......c.ceeiiiiiiieieiiieiceete ettt et et ettt a e s e s et e b enene

12.3.2  Repeat Mode
12.3.3  REGISLET SEHING.....ecuiiiieiiiieiirieieet ettt ettt b et s e b et b et s e b e s st e b s e a et ea b nene

12.4 STOP/SLOW Modes during AD COnVersion................ccccecerereeriininieneneneeneneneeneenaes 137
12.5 Analog Input Voltage and AD Conversion Result...................ccocoovieninininninnncnenene. 138

12.6 Precautions about AD CONVEITEY.....................oooiuiiiiiiiiiieeeeiieiee e e e et eeeaee e e eeaaee s 139
12.6.1  Analog input pin voltage range
12.6.2  Analog inPut SHATEA PINS.......c.eoiriiuiiriiiiiiieieieiretet ettt et s et a et a e e nenene
12.6.3  NOISE COUNLEIINICASUIE. .......eveuveueeuereesteseetesteneeseetessesessessestesessesseseasenseneesessenseseasensentesesenseseasenseseasensenteseesensesessesseneasensens

13. Key-on Wakeup (KWU)

IR 2 S 001 11711 11 (1) | O RS 141
132 COMIOL.........ooooeieeeeeeeeeeeeeeeee e et e e e e e e e e e e e e et eeeeeeeeenaaareeeeeeeeennnsaneees 141
DO JOC T 0111117 (1) 1 R 141

14. Flash Memory

14.1 Flash Memory Control..............ccooooiiiiiiiiiiiiiiieiiee ettt ettt e te e bee e ebeeeaeees 144
14.1.1  Flash Memory Command Sequence Execution Control (FLSCR<FLSMD>).......ccccceotriririninirieenenesienie e 144
14.2  CommAand SEQUEIICE. ...............oeriuiiiiiieiiieeiiteeeteesteeertteeetteesibeesbeeesabeessabeesbeeesseeesabeeesaseas 145
T4.2.1  BYLE PIOZIAM.......ecuiiiiieiietiteieieete ettt ettt ettt sttt et et e e st es e b e s e st e s e et eseeseesessenees e e s e s eneese b et entes et enseneeseesensaneeneas 145
14.2.2  SeCtOr Erase (4-KDYLE ETASE)......cceeeieiririeieiirierietieteste ettt e et et tes e st st e ssesee st esesaeseeseesesseneeseesenseneeseesensenessessensanessens 145
14.2.3  Chip Erase (All Erase)
14.2.4  ProduCt ID ENEIY.....coveieiiiieiiieieieteet ettt sttt sttt et et ese et et e e e es e et eesesseneeseeseese et enseneeneeseesensenseneeseebesenseneasensens
14.2.5  Product ID EXit....c.c.coioiiiiiiieiiinieiciiniei ettt ettt ettt bttt et n ettt
14.2.6  SECUIILY PTOZIAIM........itiuieiieiieiiieiieit ettt ettt ettt st e et e e st et e s e st s s et ese e st eseesenseseeseesensenteseesessenaeseenessenseneesessesseneasensens
14.3 TOZEIE BIt (D6)....o..ovvoeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeseeseesessesesessesseeesseseeeessasesesessseessseeseessseeeesees
14.4 Access to the Flash Memory Area..........

14.4.1  Flash Memory Control in the Serial PROM Mode
14.4.1.1  How to write to the flash memory by executing the control program in the RAM area (in the RAM loader mode within the
serial PROM mode)
14.4.2  Flash Memory Control in the MCU MOGE........cceciruirieieieieiisieieieieee sttt ettt sae et eseesesbeseneeneesensens 150
14.4.2.1  How to write to the flash memory by executing a user write control program in the RAM area (in the MCU mode)

15. Serial PROM Mode

T5.1 0 OUIDNE. ...ttt ettt e bt e sat e et e bt e satesabe et e e nbeesaeesaeeeane
15.2 Memory Mapping
15.3  Serial PROM Mode Setting..............c.covieiiiiiiiiiiiiiieniie ittt ettt et 154

v



15.3.1  Serial PROM Mode COontrol PINs..........cccccuiuiiiiiiiiiiiiiiiiciieeeicciecc s
15.3.2  Pin Function.........ccccccvvieivininnnniniiincene
15.3.3  Example Connection for On-Board Writing...
15.3.4  Activating the Serial PROM MOUE.......c.cooueuiiriiiiiniiiiniictniiei ettt ettt et sttt et st be et
15.4 Interface Specifications for UART..................oociiiiiiiiiiii e
15.5 Operation Command..................c..cocoviiiiiiiiiiiiiini et
15.6  Operation IMIOME. ............cccooeeiiiiiiieeiie ettt et e rte e et e et eesaaeesteessteessseesnseesnseeesnseesnnes
15.6.1  Flash Memory Erasing Mode (Operating command: FOH).......c.ccccceriiiiiniiiniinneinecniceieeeceeec e 160
15.6.2  Flash Memory Writing Mode (Operation command: 30H).......c.coeeriiuiinieininiinineineciecenieeetceeec e 162
15.6.3 RAM Loader Mode (Operation Command: 60H).........ccoueiririiiniiiininiiinicineictete ettt 165
15.6.4  Flash Memory SUM Output Mode (Operation Command: Y0H)..........c.covurueirieririnieirineinnieenneenteieesteeeseeieneee 167
15.6.5  Product ID Code Output Mode (Operation Command: COH)......c.coceririeuirriininiiiniiiircereese e 168
15.6.6  Flash Memory Status Output Mode (Operation Command: C3H).........ccoouruiiriiininieinieininieinenecseeeese e 170
15.6.7  Flash Memory security program Setting Mode (Operation Command: FAH).........cccccoeiviniinneinnercnnecnccneee

T5.7  EITOT COUE. .......cooooooiiiiiiiiiieeeeeeee s e s e s e sessssaeaeeaeeaeesenaaeneens

15.8  CheckSUM (SUM)......ooiiiiiiieiiie ettt ettt e ettt e e et e e e st e e e eebee e e enreeeeenraeeeennnens
15.8.1  Calculation Method..........cccovivrerieieiiinieieieienen
15.8.2  Calculation data...........cceeeveerreeeeienieieiee e

15.9 Intel Hex Format (Binary)

I5.10  PASSWOIS......c.oooiiiiiiiiiiiieiieeree ettt et et st st r e sre e
15.10.1  Password String..........cccocveerereenireereneerennes
15.10.2  Handling of Password Error
15.10.3  Password Management during Program DevelOpment...........coeeeerueirieirieiirinieinieinceneieee et 177

15.11  Product ID €Code..........cocoooiiiiiiiiiiiiieite ettt st s 178
15.12  Flash Memory Status Code..............ccooveeiiiiiiiiiiieiiieeie ettt eire st esiteesaeeesnaeesneeeenes 178
15.13  Specifying the Erasure AYea...............cccccoviiiiiiiiiiiiieeiieenie et esieeeieestee e e seeessneeeneees 180
15.14 Port Input Control ReiSter ................ccceoiiiiiiiiiiiiiiie ettt e s 180
T5.15  FIOWCRATT. .....c.oiiiiiiiiiiiii ettt ettt ettt eeees 182
1516 UART TN, ......ooiiiiiiiiiiieieeeee ettt ettt ettt ettt e be e te e e steeneen 183

16.

Input/Output Circuitry

TO.1  CONLIOL PINIS......eeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ee e e 185
16.2  INput/OUtPUut POIES...........cooiiiiiiiiiieie ettt ettt et e sate e teesbeesaaeeneeens 186

17.

Electrical Characteristics

17.1 Absolute Maximum Ratings................cccoiiiiiiiiiiiiiiiecie et

17.2  Operating CondItions..................coooiiiiiieiiiieeiie ettt et e e e eaeessaeesseesnseessseeennes
17.2.1  Serial PROM MOde.......ccocorimiiiiriiiiiiiiciciciciciciiirneee s
17.2.2  MCU mode (Except Flash Programming or erasing)
17.2.3  MCU mode (Flash Programming or erasing) .........c.cccceevevereruererennenens

17.3 DO CRAracteriSTICS ........coooiiiiiieiieeeeeeeeeeee ettt e et e et e e e e e eeeeeeeeeeeeeeeeeeaeeeeeeeeeeeanens
17.4  AD CRaracteriSTICS...........ooooiiiiiiiiiiieeeeeeeeeee e e e et e e ee e e et et rereeeeeeeeeeeeeaeeeeees
17.5  AC CRAFACHEIISTICS. ......oevvviiiiiiiiiiiiiiieieieeeeeeeeeeeee ettt ettt ettt e e e e e e e e e e e e e e e e e e e e e e e e e ee s

17.6  Flash CharacteriStiCs................oocouiiiiiiiiiiiiiie et e e e e e e etree e e s
17.6.1  WIILE CRATACIETISTICS. c..viviteuieeietietietetet ettt ete st ettt te e st et et et eseeteebesbe s e sa et s eseesassessessesees e besseseesaeseesessansesaeseesessensesseneasis

17.7  Oscillating Conditions..................c.ooovoiiiiiiiiiiieceeeiee e e e e sreeesseeennes
17.8 Handling Precaution..................cccooviiiieiiiiiiiieiiieeeiie et ee et e ereesaeeesnseesnseeenns

18.

Package Dimensions







TO s H I BA TMP86FH47BUG

CMOS 8-Bit Microcontroller

TMP86FH47BUG

The TMP86FH47BUG is a single-chip 8-bit high-speed and high-functionality microcomputer incorporating
16384 bytes of Flash Memory. It is pin-compatible with the TMP86CH47AUG/TMP86C847UG (Mask ROM ver-
sion). The TMP86FH47BUG can realize operations equivalent to those of the TMP86CH47AUG/TMP86C847UG
by programming the on-chip Flash Memory.

ROM
Product No. RAM Package MASK ROM MCU Emulation Chip
(FLASH)
16384 512 TMP86CH47AUG/
TMP86FH47BUG bytes bytes P-LQFP44-1010-0.80B TMP86C847UG TMP86C947XB

1.1 Features

1. 8-bit single chip microcomputer TLCS-870/C series

- Instruction execution time :
0.25 ps (at 16 MHz)

122 ps (at 32.768 kHz)
- 132 types & 731 basic instructions

2. 18interrupt sources (External : 6 Internal : 12)

3. Input / Output ports (35 pins)
Large current output: 19pins (Typ. 20mA), LED direct drive

4. Prescaler
- Time base timer

- Divider output function
5. Watchdog Timer

6. 16-bit timer counter: 1 ch

- Timer, External trigger, Window, Pulse width measurement,

Event counter, Programmable pulse generate (PPG) modes

7. 8-bit timer counter : 2 ch
- Timer, Event counter, Programmable divider output (PDO),

Pulse width modulation (PWM) output,
Programmable pulse generation (PPG),

16bit mode (8bit timer 2ch combination) modes

8. Serial Interface
- High-Speed 8-bit SIO: Ich

9. 8-bit UART : 1 ch

This product uses the Super Flash® technology under the licence of Silicon Storage Technology, Inc. Super Flash® is registered trademark of Sili-
con Storage Technology, Inc.
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1.1

Features

TMP86FH47BUG

10.

11

12.

13.

14.

10-bit successive approximation type AD converter
- Analog input: 8 ch

. Key-on wakeup : 4 ch

Clock operation
Single clock mode

Dual clock mode

Low power consumption operation
STOP mode: Oscillation stops. (Battery/Capacitor back-up.)

SLOW1 mode: Low power consumption operation using low-frequency clock.(High-frequency clock
stop.)

SLOW?2 mode: Low power consumption operation using low-frequency clock.(High-frequency clock os-
cillate.)

IDLEO mode: CPU stops, and only the Time-Based-Timer(TBT) on peripherals operate using high fre-
quency clock. Release by falling edge of the source clock which is set by TBTCR<TBTCK>.

IDLE! mode: CPU stops and peripherals operate using high frequency clock. Release by interruputs
(CPU restarts).

IDLE2 mode: CPU stops and peripherals operate using high and low frequency clock. Release by inter-
ruputs. (CPU restarts).

SLEEPO mode: CPU stops, and only the Time-Based-Timer(TBT) on peripherals operate using low fre-
quency clock.Release by falling edge of the source clock which is set by TBTCR<TBTCK>.

SLEEP1 mode: CPU stops, and peripherals operate using low frequency clock. Release by interruput.
(CPU restarts).

SLEEP2 mode: CPU stops and peripherals operate using high and low frequency clock. Release by inter-
ruput.

Wide operation voltage:

4.5V to 5.5V at 16MHz /32.768 kHz
2.7 Vto 5.5V at 8 MHz /32.768 kHz

RAOQ000

Page 2



TO s H I BA TMP86FH47BUG

1.2 Pin Assignment
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Figure 1-1 Pin Assignment
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1.3 Block Diagram

TMP86FH47BUG

1.3 Block Diagram

High—frequency clock
oscillator

Low—freguency clock
oscillator

Timing Genarator

Standby Controller

Interrupt Controller

Time Base Timer(TBT)

PO

P1

P2

P3

P4

10-bit AD Converter(8ch)

HSI0(1ch)

Key On Wakeup

16bit Timer/CounterTC1}

8bit Timer/ Counter2ah}

UART(1ch)

CPU (TLCS-B70/T)
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DE E
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I X
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RAM(512Bytes)

FLASH(16384Bytes)

Watch Dog TimerWDT}

Figure 1-2 Block Diagram
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TMP86FH47BUG

TOSHIBA

1.4 Pin Names and Functions

The TMP86FH47BUG has MCU mode, parallel PROM mode, and serial PROM mode. Table 1-1 shows the
pin functions in MCU mode. The serial PROM mode is explained later in a separate chapter.

Table 1-1 Pin Names and Functions(1/3)

Pin Name Pin Number Input/Output Functions

P07 17 10 | PORTO7

INT4 | External interrupt 4 input

P06 16 10 | PORTO06

SCK 10 Serial clock input/output

P05 15 I0 [ PORTO5

SI | Serial data input

P04 14 10 | PORTO04

SO (0] Serial data output

P03 13 10 | PORTO3

TXD O | UART data output

P02 10 | PORT02

RXD 12 | UART data input

BOOT | Serial PROM mode control input

PO1 10 | PORTO1

TC4 11 I | TC4 input

PDO4/PWM4/PPG4 O | PDO4/PWM4/PPG4 output

P00 10 I0 [ PORTOO

INTO | External interrupt 0 input

P17 18 10 | PORT17

P16 19 10 | PORT16

P15 20 10 | PORT15

INT3 | External interrupt 3 input

P14 o1 10 | PORT14

PPG (0] PPG output

P13 2 10 | PORT13

DVO O | Divider Output

P12 10 | PORT12

INT2 23 | External interrupt 2 input

TC1 I | TC1 input

P11 24 10 | PORT11

INT1 | External interrupt 1 input

P10 10 | PORT10

PDO3/PWM3 25 O | PDO3/PWM3 output

TC3 | TC3 input

P22 , 10 PORT22 . ' . '

XTOUT o Resonator connecting pins(32.768kHz) for inputting exter-
nal clock

P21 10 PORT21

XTIN 6 | Resonator connecting pins(32.768kHz) for inputting exter-
nal clock

Page 5
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1.4 Pin Names and Functions TMP86FH47BUG

Table 1-1 Pin Names and Functions(2/3)

Pin Name Pin Number Input/Output Functions
P20 10 | PORT20
STOP 9 | STOP mode release signal input
INT5 | External interrupt 5 input
P37 10 | PORT37
AIN7 33 | Analog Input7
STOP5 I | STOP5 input
P36 10 | PORT36
AING 32 | Analog Input6
STOP4 | | STOP4 input
P35 10 | PORT35
AINS 31 | Analog Input5
STOP3 I | STOP3 input
P34 10 | PORT34
AIN4 30 | Analog Input4
STOP2 I | STOP2 input
P33 29 10 | PORT33
AIN3 | Analog Input3
P32 28 10 | PORT32
AIN2 | Analog Input2
P31 27 10 | PORT31
AIN1 | Analog Input1
P30 % 10 | PORT30
AINO | Analog Input0
P47 44 10 | PORT47
P46 43 10 | PORT46
P45 42 10 | PORT45
P44 41 10 | PORT44
P43 40 10 | PORT43
P42 39 10 | PORT42
P41 38 10 | PORT41
P40 37 10 | PORT40
XIN 2 | Resonator connecting pins for high-frequency clock
XOouT 3 O | Resonator connecting pins for high-frequency clock
RESET 8 10 Reset signal
TEST 4 | Test pin for out-going test. Normally, be fixed to low.
VAREF 34 | Analog Base Voltage Input Pin for A/D Conversion

Table 1-1 Pin Names and Functions(3/3)

Pin Name Pin Number Input/Output Functions
AVDD 35 | Analog Power Supply
AVSS 36 | | Analog Power Supply
VDD 5 1 | +5V
VSS 1 I | O(GND)
Page 6
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2. Operational Description

2.1 CPU Core Functions

The CPU core consists of a CPU, a system clock controller, and an interrupt controller.

This section provides a description of the CPU core, the program memory, the data memory, and the reset circuit.

2.1.1  Memory Address Map

The TMP86FH47BUG memory is composed Flash, RAM, DBR(Data buffer register) and SFR(Special func-
tion register). They are all mapped in 64-Kbyte address space. Figure 2-1 shows the TMP86FH47BUG mem-
ory address map.

0000y SFR: Special function register includes:
SFR 64 bytes
003Fy v 1/0 ports
I~ Peripheral control registers
004044 P 9
Peripheral status registers
System control registers
RAM 512 Program status word
bytes RAM: Random access memory includes:
Data memory
023FH Stack
0F80y 128 DBR: Data buffer register includes:
DBR Peripheral control registers
bytes . .
OFFFH Peripheral status registers
C000y Flash: Program memory
16384
Flash
bytes
FFCOH Vector table for vector call instructions
FFDFy (32 bytes)
FFEOH Vector table for interrupts
FFFFy (32 bytes)

Figure 2-1 Memory Address Map

2.1.2 Program Memory (Flash)
The TMP86FH47BUG has a 16384 bytes (Address COO0H to FFFFH) of program memory (Flash).

21.3 Data Memory (RAM)

The TMP86FH47BUG has 512bytes (Address 0040H to 023FH) of internal RAM. The first 192 bytes
(0040H to 00FFH) of the internal RAM are located in the direct area; instructions with shorten operations
are available against such an area.
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2. Operational Description

2.2 System Clock Controller TMP86FH47BUG

The data memory contents become unstable when the power supply is turned on; therefore, the data memo-
ry should be initialized by an initialization routine.

Example :Clears RAM to “00H”. (TMP86FH47BUG)

LD HL, 0040H ; Start address setup
LD A, H ; Initial value (O0H) setup
LD BC, 01FFH
SRAMCLR: LD (HL), A
INC HL
DEC BC
JRS F, SRAMCLR

2.2 System Clock Controller

The system clock controller consists of a clock generator, a timing generator, and a standby controller.

Timing generator control register

Clock
preeee generator ------- : ﬂooseH
: ifc - <
High-frequency i Timing Standby controller
clock oscillator | generator [

oossHﬁ oongﬁ
; ¢ ¢ ¢ ¢ [ syscri] [syscr2]
:fs u J

System control registers

Low-frequency

clock oscillator System clocks

AT

Clock generator control

Figure 2-2 System Clock Control

2.21 Clock Generator

The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware. It contains two oscillation circuits: One for the high-frequency clock and one for
the low-frequency clock. Power consumption can be reduced by switching of the standby controller to low-pow-
er operation based on the low-frequency clock.

The high-frequency (fc) clock and low-frequency (fs) clock can easily be obtained by connecting a resona-
tor between the XIN/XOUT and XTIN/XTOUT pins respectively. Clock input from an external oscillator is al-
so possible. In this case, external clock is applied to XIN/XTIN pin with XOUT/XTOUT pin not connected.
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el High-frequency clock -==-=----------- 1 il Low-frequency clock --------------- g
XIN XOouT XIN XO|:U|T XTIN XTOUT XTIN XTOUT
i (Open) i i (Open) i
' (a) Crystal/Ceramic (b) External oscillator ! ¢ (c) Crystal (d) External oscillator !
' resonator ' ' |

Figure 2-3 Examples of Resonator Connection

Note: The function to monitor the basic clock directly at external is not provided for hardware, however,
with disabling all interrupts and watchdog timers, the oscillation frequency can be adjusted by monitor-
ing the pulse which the fixed frequency is outputted to the port by the program.

The system to require the adjustment of the oscillation frequency should create the program for the ad-
justment in advance.
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2. Operational Description
2.2 System Clock Controller TMP86FH47BUG

2.2.2 Timing Generator

The timing generator generates the various system clocks supplied to the CPU core and peripheral hard-
ware from the basic clock (fc or fs). The timing generator provides the following functions.

1. Generation of main system clock

2. Generation of divider output (DVO) pulses

3. Generation of source clocks for time base timer

4. Generation of source clocks for watchdog timer

5. Generation of internal source clocks for timer/counters

6. Generation of warm-up clocks for releasing STOP mode

2.2.21  Configuration of timing generator

The timing generator consists of a 2-stage prescaler, a 21-stage divider, a main system clock generator,
and machine cycle counters.

An input clock to the 7th stage of the divider depends on the operating mode, SYSCR2<SYSCK> and
TBTCR<DV7CK>, that is shown in Figure 2-4. As reset and STOP mode started/canceled, the prescaler
and the divider are cleared to “0”.

: Main system clock generator }&,I Machine cycle counters
SYSCK
DV7CK
Divider
High-fr n fcl4
gh-irequency 1|2 ol »1]2(3 8|9 |10[11]|12|13|14|15|16|17[18]|19(20|21
clock fc
y
Low-frequency S | Multiplexer
clock fs $—>{ B0
> B1
» A0 YO >
» A1 v1P» | Warm-up
controller
>
>
>
>
L ——
» | Watchdog
> [ timer
>
YV _V VVYVYVY VYVVVY ¥V \ A

Timer counter, Serial interface, Time-base-timer, divider output, etc. (Peripheral functions) |

Figure 2-4 Configuration of Timing Generator
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Timing Generator Control Register

TBTCR 7 6 5 4 3 2 1 0

(0036H) | (DVOEN)| (DVOCK) | DV7CK | (TBTEN) | (TBTCK) (Initial value: 0000 0000)

Selection of input to the 7th stage | 0: fc/2° [Hz]

DV7CK of the divider 1: fs RW

Note 1: In single clock mode, do not set DV7CK to “1”.

Note 2: Do not set “1” on DV7CK while the low-frequency clock is not operated stably.

Note 3: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care

Note 4: In SLOW1/2 and SLEEP1/2 modes, the DV7CK setting is ineffective, and fs is input to the 7th stage of the divider.

Note 5: When STOP mode is entered from NORMAL1/2 mode, the DV7CK setting is ineffective during the warm-up period af-
ter release of STOP mode, and the 6th stage of the divider is input to the 7th stage during this period.

2.2.2.2 Machine cycle

Instruction execution and peripheral hardware operation are synchronized with the main system clock.

The minimum instruction execution unit is called an “machine cycle”. There are a total of 10 different
types of instructions for the TLCS-870/C Series: Ranging from 1-cycle instructions which require one ma-
chine cycle for execution to 10-cycle instructions which require 10 machine cycles for execution. A ma-
chine cycle consists of 4 states (SO to S3), and each state consists of one main system clock.

1/fc or 1/fs [s]
Main system clock —l | [ | |

State so | s1 S2

s3 so | st | s2 [ sz |

1 1
- [ EEE—
. Machine cycle !

Figure 2-5 Machine Cycle

2.2.3 Operation Mode Control Circuit

The operation mode control circuit starts and stops the oscillation circuits for the high-frequency and low-fre-
quency clocks, and switches the main system clock. There are three operating modes: Single clock mode, du-
al clock mode and STOP mode. These modes are controlled by the system control registers (SYSCR1 and
SYSCR?2). Figure 2-6 shows the operating mode transition diagram.

2.2.3.1  Single-clock mode
Only the oscillation circuit for the high-frequency clock is used, and P21 (XTIN) and P22 (XTOUT)

pins are used as input/output ports. The main-system clock is obtained from the high-frequency clock. In
the single-clock mode, the machine cycle time is 4/fc [s].

(1)  NORMAL1 mode

In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The TMP86FH47BUG is placed in this mode after reset.
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2. Operational Description

2.2 System Clock Controller TMP86FH47BUG

2232

(2) IDLE1 mode

In this mode, the internal oscillation circuit remains active. The CPU and the watchdog timer are hal-
ted; however on-chip peripherals remain active (Operate using the high-frequency clock).

IDLE1 mode is started by SYSCR2<IDLE> = "1", and IDLE1 mode is released to NORMALI1
mode by an interrupt request from the on-chip peripherals or external interrupt inputs. When the
IMF (Interrupt master enable flag) is “1” (Interrupt enable), the execution will resume with the accept-
ance of the interrupt, and the operation will return to normal after the interrupt service is completed.
When the IMF is “0”  (Interrupt disable), the execution will resume with the instruction which fol-
lows the IDLE1 mode start instruction.

(3) IDLEO mode
In this mode, all the circuit, except oscillator and the timer-base-timer, stops operation.
This mode is enabled by SYSCR2<TGHALT> = "1".

When IDLEO mode starts, the CPU stops and the timing generator stops feeding the clock to the pe-
ripheral circuits other than TBT. Then, upon detecting the falling edge of the source clock selected
with TBTCR<TBTCK>, the timing generator starts feeding the clock to all peripheral circuits.

When returned from IDLEO mode, the CPU restarts operating, entering NORMAL1 mode back
again. IDLEO mode is entered and returned regardless of how TBTCR<TBTEN> is set. When IMF
= “1”, EF6 (TBT interrupt individual enable flag) = “1”, and TBTCR<TBTEN> = “1”, interrupt pro-
cessing is performed. When IDLEO mode is entered while TBRTCR<TBTEN> = “1”, the INTTBT in-
terrupt latch is set after returning to NORMALT1 mode.

Dual-clock mode

Both the high-frequency and low-frequency oscillation circuits are used in this mode. P21 (XTIN) and
P22 (XTOUT) pins cannot be used as input/output ports. The main system clock is obtained from the high-
frequency clock in NORMAL?2 and IDLE2 modes, and is obtained from the low-frequency clock in
SLOW and SLEEP modes. The machine cycle time is 4/fc [s] in the NORMAL?2 and IDLE2 modes, and
4/fs [s] (122 ps at fs = 32.768 kHz) in the SLOW and SLEEP modes.

The TLCS-870/C is placed in the single-clock mode during reset. To use the dual-clock mode, the low-
frequency oscillator should be turned on at the start of a program.

(1) NORMAL2 mode

In this mode, the CPU core operates with the high-frequency clock. On-chip peripherals operate us-
ing the high-frequency clock and/or low-frequency clock.

(2) SLOW2 mode

In this mode, the CPU core operates with the low-frequency clock, while both the high-frequency
clock and the low-frequency clock are operated. As the SYSCR2<SYSCK> becomes "1", the hard-
ware changes into SLOW2 mode. As the SYSCR2<SYSCK> becomes “0”, the hardware changes in-
to NORMAL?2 mode. As the SYSCR2<XEN> becomes “0”, the hardware changes into SLOW 1
mode. Do not clear SYSCR2<XTEN> to “0” during SLOW2 mode.

(3) SLOW1 mode

This mode can be used to reduce power-consumption by turning off oscillation of the high-frequen-
cy clock. The CPU core and on-chip peripherals operate using the low-frequency clock.
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Switching back and forth between SLOW1 and SLOW2 modes are performed by
SYSCR2<XEN>. In SLOW1 and SLEEP modes, the input clock to the 1st stage of the divider is stop-
ped; output from the 1st to 6th stages is also stopped.

(4) IDLE2 mode

In this mode, the internal oscillation circuit remain active. The CPU and the watchdog timer are hal-
ted; however, on-chip peripherals remain active (Operate using the high-frequency clock and/or the
low-frequency clock). Starting and releasing of IDLE2 mode are the same as for IDLE1 mode, ex-
cept that operation returns to NORMAL2 mode.

(5) SLEEP1 mode

In this mode, the internal oscillation circuit of the low-frequency clock remains active. The CPU,
the watchdog timer, and the internal oscillation circuit of the high-frequency clock are halted; howev-
er, on-chip peripherals remain active (Operate using the low-frequency clock). Starting and releas-
ing of SLEEP mode are the same as for IDLE1 mode, except that operation returns to SLOW1
mode. In SLOW1 and SLEEP1 modes, the input clock to the 1st stage of the divider is stopped; out-
put from the 1st to 6th stages is also stopped.

(6) SLEEP2 mode

The SLEEP2 mode is the idle mode corresponding to the SLOW2 mode. The status under the
SLEEP2 mode is same as that under the SLEEP1 mode, except for the oscillation circuit of the high-
frequency clock.

(7) SLEEPO mode

In this mode, all the circuit, except oscillator and the timer-base-timer, stops operation. This
mode is enabled by setting “1” on bit SYSCR2<TGHALT>.

When SLEEPO mode starts, the CPU stops and the timing generator stops feeding the clock to
the peripheral circuits other than TBT. Then, upon detecting the falling edge of the source clock selec-
ted with TBTCR<TBTCK>, the timing generator starts feeding the clock to all peripheral circuits.

When returned from SLEEPO mode, the CPU restarts operating, entering SLOW1 mode back
again. SLEEPO mode is entered and returned regardless of how TBTCR<TBTEN> is set. When
IMF = “1”, EF6 (TBT interrupt individual enable flag) = “1”, and TBTCR<TBTEN> = “1”, inter-
rupt processing is performed. When SLEEPO mode is entered while TBTCR<TBTEN> = “1”, the
INTTBT interrupt latch is set after returning to SLOW1 mode.

2.2.3.3 STOP mode

In this mode, the internal oscillation circuit is turned off, causing all system operations to be halted.
The internal status immediately prior to the halt is held with a lowest power consumption during STOP
mode.

STOP mode is started by the system control register 1 (SYSCR1), and STOP mode is released by a input-
ting (Either level-sensitive or edge-sensitive can be programmable selected) to the STOP pin. After the
warm-up period is completed, the execution resumes with the instruction which follows the STOP mode
start instruction.
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IDLEO
mode Reset release | RESET
A
SYSCR2<TGHALT> ="1" Note 2
_ SYSCR2<IDLE>="1" z SYSCR1<STOP> ="1"
IDLE1 [‘ NORMAL1 g
mode > mode <
Interrupt x STOP pin input
(@) Single-clock mode SYSCR2<XTEN> = "0" SYSCR2<XTEN> = "1"
_ SYSCR2<IDLE>="1" 2 SYSCR1<STOP>="1" _
IDLE2 [‘ NORMAL2 ']
mode > mode <
Interrupt X STOP pin input
SYSCR2<SYSCK> ="0" SYSCR2<SYSCK> = "1"
STOP
_ SYSCR2<IDLE>="1" 2
SLEEP2 [‘ SLOW2
mode > mode
Interrupt y'y
SYSCR2<XEN> ="1" SYSCR2<XEN> ="0"
_ SYSCR2<IDLE>="1" r— SYSCR1<STOP>="1" _
SLEEP1 [ SLOW1 ,]
mode > mode <
Interrupt ini
(b) Dual-clock mode P 4 STOP pin input
Note 2 SYSCR2<TGHALT> ="1"
A
SLEEPO
mode

Note 1: NORMAL1 and NORMAL2 modes are generically called NORMAL; SLOW1 and SLOW?2 are called SLOW;
IDLEO, IDLE1 and IDLEZ2 are called IDLE; SLEEPO, SLEEP1 and SLEEP2 are called SLEEP.

Note 2: The mode is released by falling edge of TBTCR<TBTCK> setting.

Figure 2-6 Operating Mode Transition Diagram

Table 2-1 Operating Mode and Conditions

Oscillator AD oth
. ther Machine Cy-
Operating Mode i CPU Core WDT TBT )
P o High Low Converter Peripherals cle Time
Frequency | Frequency
RESET Reset Reset Reset Reset Reset
NORMALA1 Operate Operate
Oscillation Operate Operate 4/fc [s]
Single clock | IDLE1 Stop Operate
IDLEO Halt Halt
Halt Halt
STOP Stop Halt -
. Operate with
NORMAL2 Oﬁ?rﬁ‘]‘f With | jish or Low-
Igh-req. freq. Operate 4/fc [s]
IDLE2 Oscillation Halt Halt
Operate with | Operate with
SLOW2
Low-freq. Low-freq. Operate
Oscillation ow-req ow-ireq Operate
Dual clock | sLEEP2 Halt Halt
SLOWA Operate with | Operate with Halt 4/fs [s]
Low-freq. Low-freq.
SLEEP1 Stop
SLEEPO Halt Halt
Halt
STOP Stop Halt Halt -

Page 14




TO s H I BA TMP86FH47BUG

System Control Register 1

SYSCR1 7 6 5 4 3 2 1 0
(0038H) | STOP | RELM | RETM | OUTEN | WUT (Initial value: 0000 000*)
0: CPU core and peripherals remain active
STOP STOP mode start . R/W
1: CPU core and peripherals are halted (Start STOP mode)
0: Edge-sensitive release
RELM Release method for STOP 9 " RIW
mode 1: Level-sensitive release
i 0: Return to NORMAL1/2 mode
RETM Operating mode after STOP RIW
mode 1: Return to SLOW1 mode
. 0: High impedance
OUTEN Port output during STOP mode R/W
1: Output kept
Return to NORMAL mode Return to SLOW mode
000 3 x 2'%/fc 3 x 2"%/fs
W i t releas| 010 2'%/fc 2%/fs
arm-up time at releasing
wuTt STOP mode 100 3 x 2"/fc 3 x 2¢/fs RW
110 2'/fc 2%/fs
*01 3 x 2'%fc 3 x 2%/fs
*11 2'%fc 25/fs

Note 1: Always set RETM to “0” when transiting from NORMAL mode to STOP mode. Always set RETM to “1” when transit-
ing from SLOW mode to STOP mode.

Note 2: When STOP mode is released with RESET pin input, a return is made to NORMAL1 regardless of the RETM contents.
Note 3: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *; Don’t care
Note 4: Bits 1 in SYSCR1 are read as undefined data when a read instruction is executed.

Note 5: As the hardware becomes STOP mode under OUTEN = “0”, input value is fixed to “0”; therefore it may cause exter-
nal interrupt request on account of falling edge.

Note 6: When the key-on wakeup is used, RELM should be set to "1".

Note 7: Port P20 is used as STOP pin. Therefore, when stop mode is started, OUTEN does not affect to P20, and P20 be-
comes High-Z mode.

Note 8: The warming-up time should be set correctly for using oscillator.

System Control Register 2

SYSCR2 7 6 5 4 3 2 1 0
(0039H) | XEN | XTEN | SYSCK | IDLE | | TGHALT | (Initial value: 1000 *0**)
. X 0: Turn off oscillation
XEN High-frequency oscillator control o
1: Turn on oscillation
. 0: Turn off oscillation
XTEN Low-frequency oscillator control o RIW
1: Turn on oscillation
Main system clock select (Write)/ | . High-frequency clock (NORMAL1/NORMAL2/IDLE1/IDLE2)
SYSCK main system clock monitor
(Read) 1: Low-frequency clock (SLOW1/SLOW2/SLEEP1/SLEEP2)
CPU and watchdog timer con- 0: CPU and watchdog timer remain active
IDLE trol (IDLE1/2 and SLEEP1/2 1: CPU and watchdog timer are stopped (Start IDLE1/2 and SLEEP1/2
modes) modes)
) ) R/W
0: Feeding clock to all peripherals from TG
TGHALT ;%dceosr;trol (IDLEO and SLEEPO 1: Stop feeding clock to peripherals except TBT from TG
(Start IDLEO and SLEEPO modes)

Note 1: A reset is applied if both XEN and XTEN are cleared to “0”, XEN is cleared to “0” when SYSCK = “0”, or XTEN is
cleared to “0” when SYSCK = “1”.

Note 2: *: Don’t care, TG: Timing generator, *; Don’t care
Note 3: Bits 3, 1 and 0 in SYSCR2 are always read as undefined value.
Note 4: Do not set IDLE and TGHALT to “1” simultaneously.

Note 5: Because returning from IDLEO/SLEEPO to NORMAL1/SLOW1 is executed by the asynchronous internal clock, the pe-
riod of IDLEO/SLEEPO mode might be shorter than the period setting by TBTCR<TBTCK>.
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Note 6: When IDLE1/2 or SLEEP1/2 mode is released, IDLE is automatically cleared to “0”.
Note 7: When IDLEO or SLEEPO mode is released, TGHALT is automatically cleared to “0”.

Note 8: Before setting TGHALT to “1”, be sure to stop peripherals. If peripherals are not stopped, the interrupt latch of periph-
erals may be set after IDLEO or SLEEPO mode is released.

2.2.4 Operating Mode Control

2241 STOP mode

STOP mode is controlled by the system control register 1, the STOP pin input and key-on wakeup in-
put (STOP5 to STOP2) which is controlled by the STOP mode release control register (STOPCR).

The STOP pin is also used both as a port P20 and an INTS5 (external interrupt input 5) pin. STOP
mode is started by setting SYSCR1<STOP> to “1”. During STOP mode, the following status is maintained.

1. Oscillations are turned off, and all internal operations are halted.

2. The data memory, registers, the program status word and port output latches are all held in the
status in effect before STOP mode was entered.

3. The prescaler and the divider of the timing generator are cleared to “0”.

4. The program counter holds the address 2 ahead of the instruction (e.g., [SET (SYSCR1).7])
which started STOP mode.

STOP mode includes a level-sensitive mode and an edge-sensitive mode, either of which can be selec-
ted with the SYSCR1<RELM>. Do not use any key-on wakeup input (STOP5 to STOP2) for releasing
STOP mode in edge-sensitive mode.

Note 1: The STOP mode can be released by either the STOP or key-on wakeup pin (STOPS to STOP2). How-
ever, because the STOP pin is different from the key-on wakeup and can not inhibit the release in-
put, the STOP pin must be used for releasing STOP mode.

Note 2: During STOP period (from start of STOP mode to end of warm up), due to changes in the external in-
terrupt pin signal, interrupt latches may be set to “1” and interrupts may be accepted immediately af-
ter STOP mode is released. Before starting STOP mode, therefore, disable interrupts. Also, before en-
abling interrupts after STOP mode is released, clear unnecessary interrupt latches.

(1) Level-sensitive release mode (RELM = “1”)

In this mode, STOP mode is released by setting the STOP pin high or setting the STOPS to
STOP2 pin input which is enabled by STOPCR. This mode is used for capacitor backup when the
main power supply is cut off and long term battery backup.

Even if an instruction for starting STOP mode is executed while STOP pin input is high or
STOPS to STOP2 input is low, STOP mode does not start but instead the warm-up sequence starts im-
mediately. Thus, to start STOP mode in the level-sensitive release mode, it is necessary for the pro-
gram to first confirm that the STOP pin input is low and STOP5 to STOP2 input is high. The follow-
ing two methods can be used for confirmation.

1. Testing a port.

2. Using an external interrupt input INTS (INTS is a falling edge-sensitive input).
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Example 1 :Starting STOP mode from NORMAL mode by testing a port P20.

LD (SYSCR1), 01010000B ; Sets up the level-sensitive release mode
SSTOPH: TEST (P2PRD). 0 ; Wait until the STOP pin input goes low level

JRS F, SSTOPH

DI ; IMF — 0

SET (SYSCR1). 7 ; Starts STOP mode

Example 2 :Starting STOP mode from NORMAL mode with an INTS interrupt.

PINTS: TEST (P2PRD). 0 ; To reject noise, STOP mode does not start if
JRS F, SINT5 port P20 is at high
LD (SYSCR1), 010100008 ; Sets up the level-sensitive release mode.
DI ; IMF < 0
SET (SYSCR1). 7 ; Starts STOP mode
SINTS5: RETI

STOP pin \ ‘e 7[ Vi \

7

4 i
wouren TN (T

NORMAL : STOP ' ' NORMAL

operation "i< operation N Warm up >« operation
Confirm by program that the \_

STOP mode is released by the hardware.

§$8E pin(ijnput is low and start Always released if the STOP
mode. pin input is high.

Figure 2-7 Level-sensitive Release Mode

Note 1: Even if the STOP pin input is low after warm-up start, the STOP mode is not restarted.

Note 2: In this case of changing to the level-sensitive mode from the edge-sensitive mode, the release mode
is not switched until a rising edge of the STOP pin input is detected.

(2) Edge-sensitive release mode (RELM = “0”)

In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in appli-
cations where a relatively short program is executed repeatedly at periodic intervals. This periodic sig-
nal (for example, a clock from a low-power consumption oscillator) is input to the STOP pin. In the
edge-sensitive release mode, STOP mode is started even when the STOP pin input is high level. Do
not use any STOP5 to STOP2 pin input for releasing STOP mode in edge-sensitive release mode.

Example :Starting STOP mode from NORMAL mode

DI ; IMF < 0
LD (SYSCRH1), 10010000B ; Starts after specified to the edge-sensitive release mode
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1 7
STOP pin \ fVIH \ \
£ £

4
27 b ?
|

. 46 l
xoutpn TN I

X STOP

NORMAL . STOP : |
operation operation —> Warmup —; NORMAL operation —
STOP mode started \ operation

by the program.

STOP mode is released by the hardware at the rising
edge of STOP pin input.

Figure 2-8 Edge-sensitive Release Mode

STOP mode is released by the following sequence.

1. In the dual-clock mode, when returning to NORMALZ2, both the high-frequency and low-fre-
quency clock oscillators are turned on; when returning to SLOW1 mode, only the low-fre-
quency clock oscillator is turned on. In the single-clock mode, only the high-frequency
clock oscillator is turned on.

2. A warm-up period is inserted to allow oscillation time to stabilize. During warm up, all inter-
nal operations remain halted. Six different warm-up times can be selected with the
SYSCR1<WUT> in accordance with the resonator characteristics.

3. When the warm-up time has elapsed, normal operation resumes with the instruction follow-
ing the STOP mode start instruction.

Note 1: When the STOP mode is released, the start is made after the prescaler and the divider of the tim-
ing generator are cleared to "0".

Note 2: STOP mode can also be released by inputting low level on the RESET pin, which immediately
performs the normal reset operation.

Note 3: When STOP mode is released with a low hold voltage, the following cautions must be ob-
served. The power supply voltage must be at the operating voltage level before releasing
STOP mode. The RESET pin input must also be “H” level, rising together with the power sup-
ply voltage. In this case, if an external time constant circuit has been connected, the RESET
pin input voltage will increase at a slower pace than the power supply voltage. At this time,
there is a danger that a reset may occur if input voltage level of the RESET pin drops below
the non-inverting high-level input voltage (Hysteresis input).

Table 2-2 Warm-up Time Example (at fc = 16.0 MHz, fs = 32.768 kHz)

Warm-up Time [ms]
WUT
Return to NORMAL Mode Return to SLOW Mode

000 12.288 750
010 4.096 250
100 3.072 5.85
110 1.024 1.95
*01 0.192 5.9
*11 0.064 2.0

Note 1: The warm-up time is obtained by dividing the basic clock by the divider. Therefore, the warm-
up time may include a certain amount of error if there is any fluctuation of the oscillation frequen-
cy when STOP mode is released. Thus, the warm-up time must be considered as an approxi-
mate value.
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Figure 2-9 STOP Mode Start/Release
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2.2.4.2 IDLE1/2 mode and SLEEP1/2 mode

IDLE1/2 and SLEEP1/2 modes are controlled by the system control register 2 (SYSCR2) and maska-
ble interrupts. The following status is maintained during these modes.

1. Operation of the CPU and watchdog timer (WDT) is halted. On-chip peripherals continue to op-
erate.

2. The data memory, CPU registers, program status word and port output latches are all held in
the status in effect before these modes were entered.

3. The program counter holds the address 2 ahead of the instruction which starts these modes.

Y

Starting IDLE1/2 and
SLEEP1/2 modes by
instruction

'

CPU and WDT are halted

T
Reset input
No
Yes

“1” (Interrupt release mode)

Reset

Normal
release mode

Interrupt processing

—

Execution of the instruc-
tion which follows the
IDLE1/2 and SLEEP1/2
modes start instruction

J

Figure 2-10 IDLE1/2 and SLEEP1/2 Modes
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Start the IDLE1/2 and SLEEP1/2 modes

After IMF is set to "0", set the individual interrupt enable flag (EF) which releases IDLE1/2
and SLEEP1/2 modes. To start IDLE1/2 and SLEEP1/2 modes, set SYSCR2<IDLE> to “1”.

Release the IDLE1/2 and SLEEP1/2 modes

IDLE1/2 and SLEEP1/2 modes include a normal release mode and an interrupt release
mode. These modes are selected by interrupt master enable flag (IMF). After releasing
IDLE1/2 and SLEEP1/2 modes, the SYSCR2<IDLE> is automatically cleared to “0” and the op-
eration mode is returned to the mode preceding IDLE1/2 and SLEEP1/2 modes.

IDLE1/2 and SLEEP1/2 modes can also be released by inputting low level on the RESET
pin. After releasing reset, the operation mode is started from NORMAL1 mode.

(1)  Normal release mode (IMF = “0")

IDLE1/2 and SLEEP1/2 modes are released by any interrupt source enabled by the individual inter-
rupt enable flag (EF). After the interrupt is generated, the program operation is resumed from the in-
struction following the IDLE1/2 and SLEEP1/2 modes start instruction. Normally, the interrupt latch-
es (IL) of the interrupt source used for releasing must be cleared to “0” by load instructions.

(2) Interrupt release mode (IMF = “1”)

IDLE1/2 and SLEEP1/2 modes are released by any interrupt source enabled with the individual in-
terrupt enable flag (EF) and the interrupt processing is started. After the interrupt is processed, the pro-
gram operation is resumed from the instruction following the instruction, which starts IDLE1/2 and
SLEEP1/2 modes.

Note:When a watchdog timer interrupts is generated immediately before IDLE1/2 and SLEEP1/2
modes are started, the watchdog timer interrupt will be processed but IDLE1/2 and
SLEEP1/2 modes will not be started.
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Figure 2-11 IDLE1/2 and SLEEP1/2 Modes Start/Release
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2.2.4.3 |IDLEO and SLEEPO modes (IDLEO, SLEEPO)

IDLEO and SLEEPO modes are controlled by the system control register 2 (SYSCR2) and the time
base timer control register (TBTCR). The following status is maintained during IDLEO and SLEEPO
modes.

1. Timing generator stops feeding clock to peripherals except TBT.

2. The data memory, CPU registers, program status word and port output latches are all held in
the status in effect before IDLEO and SLEEPO modes were entered.

3. The program counter holds the address 2 ahead of the instruction which starts IDLEO and
SLEEPO modes.

Note:Before starting IDLEO or SLEEPO mode, be sure to stop (Disable) peripherals.

Y

Stopping peripherals
by instruction

v

Starting IDLEO, SLEEPO
modes by instruction

|

CPU and WDT are halted

Reset input
No

TBT
source clock
falling
edge

Yes
TBTCR<TBTEN>
="1"
Yes
TBT interrupt
enable
Yes

Yes (Interrupt release mode)

Reset

(Normal release mode)

Interrupt processing

——

Execution of the instruction
which follows the IDLEO,
SLEEPO modes start
instruction

<

Figure 2-12 IDLEO and SLEEPO Modes
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Start the IDLEO and SLEEPO mode s
Stop (Disable) peripherals such as a timer counter.

To start IDLEO and SLEEPO mode s, set SYSCR2<TGHALT> to “1”.

Release the IDLEO and SLEEPO mode s
IDLEO and SLEEPO mode s include a normal release mode and an interrupt release mode.

These modes are selected by interrupt master flag (IMF), the individual interrupt enable
flag of TBT and TBTCR<TBTEN>.

After releasing IDLEO and SLEEPO mode s, the SYSCR2<TGHALT> is automatically
cleared to “0” and the operation mode is returned to the mode preceding IDLEO and SLEEPO
mode s. Before starting the IDLEO or SLEEPO mode, when the TBRTCR<TBTEN> is set to
“1”, INTTBT interrupt latch is set to “1”.

IDLEO and SLEEPO mode s can also be released by inputting low level on the RESET pin. Af-
ter releasing reset, the operation mode is started from NORMAL1 mode.

Note:IDLEO and SLEEPO mode s start/release without reference to TBTCR<TBTEN> setting.

(1)  Normal release mode (IMF - EF6 - TBTCR<TBTEN> = “0”)

IDLEO and SLEEPO mode s are released by the source clock falling edge, which is setting by the
TBTCR<TBTCK>. After the falling edge is detected, the program operation is resumed from the in-
struction following the IDLEO and SLEEPO mode s start instruction. Before starting the IDLEO or
SLEEPO mode, when the TBTCR<TBTEN> is set to “1”, INTTBT interrupt latch is set to “1”.

(2) Interrupt release mode (IMF - EF6 - TBTCR<TBTEN> = “1”)

IDLEO and SLEEPO mode s are released by the source clock falling edge, which is setting by the
TBTCR<TBTCK> and INTTBT interrupt processing is started.

Note 1: Because returning from IDLEO, SLEEPO to NORMAL1, SLOW1 is executed by the asynchro-
nous internal clock, the period of IDLEO, SLEEPO mode might be the shorter than the period set-
ting by TBTCR<TBTCK>.

Note 2: When a watchdog timer interrupt is generated immediately before IDLEO/SLEEPO mode is star-
ted, the watchdog timer interrupt will be processed but IDLEQ/SLEEPO mode will not be started.

Page 24



TMP86FH47BUG

TOSHIBA

ases|al sapow 0d331S pue 31al (a)
apow asesjal 1dnusiu| @)

arelado

1dnuaul jo aouededdy v
1
1
1

\
\m neH
1

1

: yeH
1

|

c+e

i
JuUuyyUUyUUryUyUyUUuUUL

apow ases|al [ewloN ()

arelado

¢ + © SSalppe uononasuj )

\
/i eH
"

1

! eH
1

|

X p+e X g+e

L

JuUuyyuyuyyuyuyyUyUuyUuL

© Ssalppe Je pajeso| uondnasul 13S ay yim Bunels :ajdwex3) pels sepow 04331S pue 031al (e)
IA ajeledo

¢ (240sAS) 13s X

c+e X Z+e XH

HeH

- - =N

JyUyyyyyyyyyyyyyyyyyuyyyyyyyyyyLo

lawin
Bopyorem

uolndaxs
uonanasul

1a1unod
weibold

39010 191

390]9
wasAs
urepy

lawin
Bopyorep

uonndaxs
uonanisu|

1a1unoo
weibold

300P 191

300]9
WialsAs
urey

lawin
Bopyorep

uonndaxa
uonanisul

Jajunod
weibold

1sanbal
1dnuLu|

%00]9
WalsAs
urein

Figure 2-13 IDLEO and SLEEPO Modes Start/Release

SLOW mode

2244

SLOW mode is controlled by the system control register 2 (SYSCR2).
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2.2 System Clock Controller TMP86FH47BUG

The following is the methods to switch the mode with the warm-up counter.

(1)  Switching from NORMAL2 mode to SLOW1 mode

First, set SYSCR2<SYSCK> to switch the main system clock to the low-frequency clock for
SLOW?2 mode. Next, clear SYSCR2<XEN> to turn off high-frequency oscillation.

Note: The high-frequency clock can be continued oscillation in order to return to NORMAL2 mode
from SLOW mode quickly. Always turn off oscillation of high-frequency clock when switching
from SLOW mode to stop mode.

Example 1 :Switching from NORMAL?2 mode to SLOW1 mode.

; SYSCR2<SYSCK> « 1 (Switches the main system clock to the low-

SET (SYSCR2). 5 frequency clock for SLOW2)

CLR (SYSCR2). 7 ; SYSCR2<XEN> «— 0 (Turns off high-frequency oscillation)

Example 2 :Switching to the SLOW1 mode after low-frequency clock has stabilized.

SET (SYSCR2). 6 ; SYSCR2<XTEN> « 1
LD (TC3CR), 43H ; Sets mode for TC4, 3 (16-bit mode, fs for source)
LD (TC4CR), 05H ; Sets warming-up counter mode
LDW (TTREG3), 8000H ; Sets warm-up time (Depend on oscillator accompanied)
DI ; IMF <0
SET (EIRH). 1 ; Enables INTTC4
El ; IMF <1
SET (TC4CR). 3 ; Starts TC4, 3
PINTTC4: CLR (TC4CR). 3 ; Stops TC4, 3
SET (SYSCR2). 5 %r§:i255ZiZE)CK> «— 1 (Switches the main system clock to the low-
CLR (SYSCR2). 7 ; SYSCR2<XEN> « 0 (Turns off high-frequency oscillation)
RETI
VINTTC4: DW PINTTC4 ; INTTC4 vector table
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()

Switching from SLOW1 mode to NORMAL2 mode

First, set SYSCR2<XEN> to turn on the high-frequency oscillation. When time for stabilization (Warm up) has been taken by
the timer/counter (TC4,TC3), clear SYSCR2<SYSCK> to switch the main system clock to the high-frequency clock.

SLOW mode can also be released by inputting low level on the RESET pin. After releasing reset, the operation mode is star-
ted from NORMAL1 mode.

Note: After SYSCR2<SYSCK> is cleared to 0, instructions are executed continuously by the low-fre-
quency clock during synchronization period for high-frequency and low-frequency clocks.

High-frequency clock J_U_U_U_U_U_U_U_U_U_Uw
Low-frequency clock _|—|—_|—|_

Main system clock _l—I_LI_I_I_l_I_I_I_I_I_I_I—
SYSCK _—

Example :Switching from the SLOW1 mode to the NORMAL2 mode (fc = 16 MHz, warm-up time is 4.0 ms).

PINTTC4:

VINTTC4:

SET (SYSCR2). 7 ; SYSCR2<XEN> — 1 (Starts high-frequency oscillation)

LD (TC3CR), 63H ; Sets mode for TC4, 3 (16-bit mode, fc for source)

LD (TC4CR), 05H ; Sets warming-up counter mode

LD ( TTREG4), OF8H ; Sets warm-up time

DI ; IMF 0

SET (EIRH). 1 ; Enables INTTC4

El 3 IMF 1

SET (TC4CR). 3 ; Starts TC4, 3

CLR (TC4CR). 3 ; Stops TC4, 3

CLR (SYSCR2). 5 ; SYSCR2<SYSCK> « 0 (Switches the main system clock to the high-
frequency clock)

RETI

DW PINTTC4 ; INTTC4 vector table
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TMP86FH47BUG

2.2 System Clock Controller
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Figure 2-14 Switching between the NORMAL2 and SLOW Modes
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2.3 Reset Circuit

The TMP86FH47BUG has four types of reset generation procedures: An external reset input, an address trap re-
set, a watchdog timer reset and a system clock reset. Of these reset, the address trap reset, the watchdog timer and
the system clock reset are a malfunction reset. When the malfunction reset request is detected, reset occurs during
the maximum 24/fc[s] (The RESET pin outputs "L" level).

The malfunction reset circuit such as watchdog timer reset, address trap reset and system clock reset is not initial-
ized when power is turned on. Therefore, reset may occur during maximum 24/fc[s] (1.5us at 16.0 MHz) when pow-
er is turned on. RESET pin outputs "L" level during maximum 24/fc[s] (1.5us at 16.0MHz).

Table 2-3 shows on-chip hardware initialization by reset action.

Table 2-3 Initializing Internal Status by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PC) (FFFEH)
Stack pointer (SP) | Not initialized . .
Prescaler and divider of timing generator 0

General-purpose registers
(W,A,B,C D, E H,LIXIY)

Not initialized

Jump status flag (JF)| Not initialized | Watchdog timer Enable
Zero flag (ZF) | Not initialized
Carry flag (CF) | Not initialized
Half carry flag (HF) | Not initialized
Output latches of I/O ports Refer to /O port circuitry
Sign flag (SF) | Not initialized
Overflow flag (VF)| Not initialized
Interrupt master enable flag (IMF) 0
Interrupt individual enable flags  (EF) 0 ) Refer to each of control
Control registers ist
Interrupt latches (IL) 0 register
RAM Not initialized

2.3.1 External Reset Input
The RESET pin contains a Schmitt trigger (Hysteresis) with an internal pull-up resistor.

When the RESET pin is held at “L” level for at least 3 machine cycles (12/fc [s]) with the power supply volt-
age within the operating voltage range and oscillation stable, a reset is applied and the internal state is initialized.

Whenthe RESET pin input goes high, the reset operation is released and the program execution starts at
the vector address stored at addresses FFFEH to FFFFH.

VDD

RESET Internal reset

Watchdog timer reset |

Malfunction
reset output
circuit

Address trap reset |

th

System clock reset |

Figure 2-15 Reset Circuit
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2.3 Reset Circuit TMP86FH47BUG

2.3.2 Address trap reset

If the CPU should start looping for some cause such as noise and an attempt be made to fetch an instruc-
tion from the on-chip RAM (when WDTCRI1<ATAS> is set to “1”’), DBR or the SFR area, address trap re-
set will be generated. The reset time is maximum 24/fc[s] (1.5us at 16.0 MHz). Then, the RESET pin out-
puts "L" level during maximum 24/fc[s].

Note: The operating mode under address trapped is alternative of reset or interrupt. The address trap area
is alternative.

!anxsetcr:Lth%%?qn JpP Reset release X Instruction at address r
Address trap is occurred
RESET output ("L" output) f

i Maximum 24/fc [s] po

' Note 3:
Internal reset |
signal

4/fc to 12/fc [s] 16/fc [s]

Q
TTTA T TTTTI TN

Note 1: Address “a” is in the SFR, DBR or on-chip RAM (WDTCR1<ATAS> = “1”) space.
Note 2: During reset release, reset vector “r’ is read out, and an instruction at address “r” is fetched and decoded.
Note 3: Varies on account of external condition: voltage or capacitance

Figure 2-16 Address Trap Reset

2.3.3 Watchdog timer reset

Refer to Section “Watchdog Timer”.

2.3.4 System clock reset

If the condition as follows is detected, the system clock reset occurs automatically to prevent dead lock of
the CPU. (The oscillation is continued without stopping.)

- In case of clearing SYSCR2<XEN> and SYSCR2<XTEN> simultaneously to “0”.
- In case of clearing SYSCR2<XEN> to “0”, when the SYSCR2<SYSCK> is “0”.
- In case of clearing SYSCR2<XTEN> to “0”, when the SYSCR2<SYSCK> is “1”.

The reset time is maximum 24/fc (1.5 ps at 16.0 MHz). Then, the RESET pin outputs "L" level during max-
imum 24/fc[s] (1.5us at 16.0MHz).
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3.

Interrupt Control Circuit

The TMP86FH47BUG has a total of 18 interrupt sources excluding reset, of which 2 source levels are multi-
plexed. Interrupts can be nested with priorities. Four of the internal interrupt sources are non-maskable while the
rest are maskable.

Interrupt sources are provided with interrupt latches (IL), which hold interrupt requests, and independent vec-
tors. The interrupt latch is set to “1” by the generation of its interrupt request which requests the CPU to accept
its interrupts. Interrupts are enabled or disabled by software using the interrupt master enable flag (IMF) and inter-
rupt enable flag (EF). If more than one interrupts are generated simultaneously, interrupts are accepted in order
which is dominated by hardware. However, there are no prioritized interrupt factors among non-maskable interrupts.

Interrupt Factors Enable Condition '“EZ:L‘;\N Vegi‘;;:‘d' Priority
Internal/External (Reset) Non-maskable - FFFE 1
Internal INTSWI (Software interrupt) Non-maskable - FFFC 2
Internal :mZgS,R)EF (Executed the undefined instruction Non-maskable } FEFC 2
Internal INTATRAP (Address trap interrupt) Non-maskable IL2 FFFA 2
Internal INTWDT (Watchdog timer interrupt) Non-maskable IL3 FFF8 2
External INTO IMF - EF4 =1, INTOEN = 1 L4 FFF6 5
External INT1 IMF - EF5 =1 IL5 FFF4 6
Internal INTTBT IMF - EF6 =1 IL6 FFF2 7
Internal INTTC1 IMF - EF7 =1 IL7 FFFO 8
External INT2 IMF - EF8 =1 IL8 FFEE 9
Internal INTTC4 IMF - EF9 =1 IL9 FFEC 10
Internal INTTC3 IMF - EF10 =1 IL10 FFEA 11
External INT3 IMF - EF11 =1 IL11 FFE8 12
Internal INTSIO IMF - EF12 =1 IL12 FFE6 13
Internal INTRXD IMF - EF13 =1 IL13 FFE4 14
External INT4 IMF - EF14 =1, IL14ER =0 IL14 FFE2 15
Internal INTTXD IMF - EF14 =1, IL14ER = 1
External INTS IMF - EF15 =1, IL15ER = 0 IL15 FFEO 16
Internal INTADC IMF - EF15 =1, IL15ER = 1

3.1

Note 1: The INTSEL register is used to select the interrupt source to be enabled for each multiplexed source level (see 3.3 In-
terrupt Source Selector (INTSEL)).

Note 2: To use the address trap interrupt (INTATRAP), clear WDTCR1<ATOUT> to “0” (It is set for the “reset request” after re-
set is cancelled). For details, see “Address Trap”.

Note 3: To use the watchdog timer interrupt (INTWDT), clear WDTCR1<WDTOUT> to "0" (It is set for the "Reset request" af-
ter reset is released). For details, see "Watchdog Timer".

Interrupt latches (IL15 to IL2)

An interrupt latch is provided for each interrupt source, except for a software interrupt and an executed the unde-
fined instruction interrupt. When interrupt request is generated, the latch is set to “1”, and the CPU is requested
to accept the interrupt if its interrupt is enabled. The interrupt latch is cleared to "0" immediately after accepting in-
terrupt. All interrupt latches are initialized to “0” during reset.

The interrupt latches are located on address 003CH and 003DH in SFR area. Each latch can be cleared to "0" in-
dividually by instruction. However, IL2 and IL3 should not be cleared to "0" by software. For clearing the inter-
rupt latch, load instruction should be used and then IL2 and IL3 should be set to "1". If the read-modify-write instruc-
tions such as bit manipulation or operation instructions are used, interrupt request would be cleared inadequately
if interrupt is requested while such instructions are executed.

Interrupt latches are not set to “1” by an instruction.
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3.2 Interrupt enable register (EIR) TMP86FH47BUG

Since interrupt latches can be read, the status for interrupt requests can be monitored by software.

Note:In main program, before manipulating the interrupt enable flag (EF) or the interrupt latch (IL), be sure to
clear IMF to "0"  (Disable interrupt by DI instruction). Then set IMF newly again as required after operating
on the EF or IL (Enable interrupt by El instruction)

In interrupt service routine, because the IMF becomes "0" automatically, clearing IMF need not execute normal-
ly on interrupt service routine. However, if using multiple interrupt on interrupt service routine, manipulating
EF or IL should be executed before setting IMF="1".

Example 1 :Clears interrupt latches

DI ; IMF < 0
LDW (ILL), 1110100000111111B ;IL12, IL10 to IL6 «— O
El i IMF 1

Example 2 :Reads interrupt latches
LD WA, (ILL) ;W ILH, A « ILL
Example 3 :Tests interrupt latches

TEST (ILL). 7 ; if IL7 = 1 then jump
JR F, SSET

3.2 Interrupt enable register (EIR)

The interrupt enable register (EIR) enables and disables the acceptance of interrupts, except for the non-maska-
ble interrupts (Software interrupt, undefined instruction interrupt, address trap interrupt and watchdog interrupt).
Non-maskable interrupt is accepted regardless of the contents of the EIR.

The EIR consists of an interrupt master enable flag (IMF) and the individual interrupt enable flags (EF). These reg-
isters are located on address 003AH and 003BH in SFR area, and they can be read and written by an instructions
(Including read-modify-write instructions such as bit manipulation or operation instructions).

3.2.1 Interrupt master enable flag (IMF)

The interrupt enable register (IMF) enables and disables the acceptance of the whole maskable interrupt.
While IMF = “0”, all maskable interrupts are not accepted regardless of the status on each individual inter-
rupt enable flag (EF). By setting IMF to “1”, the interrupt becomes acceptable if the individuals are enabled.
When an interrupt is accepted, IMF is cleared to “0” after the latest status on IMF is stacked. Thus the maska-
ble interrupts which follow are disabled. By executing return interrupt instruction [RETI/RETN], the stacked
data, which was the status before interrupt acceptance, is loaded on IMF again.

The IMF is located on bit0 in EIRL (Address: 003AH in SFR), and can be read and written by an instruc-
tion. The IMF is normally set and cleared by [EI] and [DI] instruction respectively. During reset, the IMF is in-
itialized to “0”.

3.2.2 Individual interrupt enable flags (EF15 to EF4)

Each of these flags enables and disables the acceptance of its maskable interrupt. Setting the correspond-
ing bit of an individual interrupt enable flag to “1” enables acceptance of its interrupt, and setting the bit to
“0” disables acceptance. During reset, all the individual interrupt enable flags (EF15 to EF4) are initialized
to “0” and all maskable interrupts are not accepted until they are set to “1”.

Note:In main program, before manipulating the interrupt enable flag (EF) or the interrupt latch (IL), be
sure to clear IMF to "0" (Disable interrupt by DI instruction). Then set IMF newly again as required af-
ter operating on the EF or IL (Enable interrupt by El instruction)
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In interrupt service routine, because the IMF becomes "0" automatically, clearing IMF need not exe-
cute normally on interrupt service routine. However, if using multiple interrupt on interrupt service rou-
tine, manipulating EF or IL should be executed before setting IMF="1".

Example | :Enables interrupts individually and sets IMF
DI :IMF <0

LDW ; EF15 to EF13, EF11, EF7, EF5 — 1
(EIRL), 1110100010100000B
Note: IMF should not be set.

El 3 IMF «— 1

Example 2 :C compiler description example

unsigned int _io (3AH) EIRL; /* 3AH shows EIRL address */
_DI();
EIRL = 10100000B;

_EIQ);

Interrupt Latches

(Initial value: 00000000 000000**)
ILH,ILL 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
(003DH, 003CH)| IL15‘ IL14‘ IL13‘ IL12‘ IL11 ‘ IL10‘ IL9 ‘ IL8 | IL7 ‘ IL6 ‘ IL5 ‘ IL4 | IL3 ‘ IL2 ’ ‘

ILH (003DH) ILL (003CH)
at RD at WR
IL15 to IL2 Interrupt latches 0: No interrupt request 0: Clears the interrupt request R/W
1: Interrupt request 1: (Interrupt latch is not set.)

Note 1: To clear any one of bits IL7 to IL4, be sure to write "1" into IL2 and IL3.

Note 2: In main program, before manipulating the interrupt enable flag (EF) or the interrupt latch (IL), be sure to clear IMF to
"0" (Disable interrupt by DI instruction). Then set IMF newly again as required after operating on the EF or IL (Enable
interrupt by El instruction)

In interrupt service routine, because the IMF becomes "0" automatically, clearing IMF need not execute normally on in-
terrupt service routine. However, if using multiple interrupt on interrupt service routine, manipulating EF or IL should
be executed before setting IMF="1".

Note 3: Do not clear IL with read-modify-write instructions such as bit operations.

Interrupt Enable Registers

(Initial value: 00000000 0000***0)

EIRH,EIRL 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(003BH, 003AH) | EF15 ‘ EF14 ‘ EF13 ‘ EF12 ‘ EF11 ‘ EF10 ‘ EF9 ‘ EF8 ‘ EF7 ‘ EF6 ‘ EF5 ‘ EF4 | | IMF |
EIRH (003BH) EIRL (003AH)
Individual-interrupt enable flag 0: Disables the acceptance of each maskable interrupt.
EF15 to EF4 " . .
(Specified for each bit) 1:  Enables the acceptance of each maskable interrupt.
R/IW
0: Disables the acceptance of all maskable interrupts
IMF Interrupt master enable flag X
1: Enables the acceptance of all maskable interrupts

Note 1: *: Don’t care
Note 2: Do not set IMF and the interrupt enable flag (EF15 to EF4) to “1” at the same time.
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3.2 Interrupt enable register (EIR) TMP86FH47BUG

Note 3: In main program, before manipulating the interrupt enable flag (EF) or the interrupt latch (IL), be sure to clear IMF to
"0" (Disable interrupt by DI instruction). Then set IMF newly again as required after operating on the EF or IL (Enable
interrupt by El instruction)

In interrupt service routine, because the IMF becomes "0" automatically, clearing IMF need not execute normally on in-
terrupt service routine. However, if using multiple interrupt on interrupt service routine, manipulating EF or IL should
be executed before setting IMF="1".
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3.3 Interrupt Source Selector (INTSEL)

Each interrupt source that shares the interrupt source level with another interrupt source is allowed to enable
the interrupt latch only when it is selected in the INTSEL register. The interrupt controller does not hold interrupt
requests corresponding to interrupt sources that are not selected in the INTSEL register. Therefore, the INTSEL reg-
ister must be set appropriately before interrupt requests are generated.

The following interrupt sources share their interrupt source level; the source is selected on the register INTSEL.

1. INT4 and INTTXD share the interrupt source level whose priority is 15.
2. INTS and INTADC share the interrupt source level whose priority is 16.

Interrupt source selector

INTSEL 7 6 5 4 3 2 1 0
(003EH) | - | - | - | - | - | - | IL14ER| IL15ER | (Initial value: **** **00)
0: INT4
IL14ER Selects INT4 or INTTXD R/W
1: INTTXD
__ 0: INT5
IL15ER Selects INT5 or INTADC R/W
1: INTADC

3.4 Interrupt Sequence

An interrupt request, which raised interrupt latch, is held, until interrupt is accepted or interrupt latch is cleared
to “0” by resetting or an instruction. Interrupt acceptance sequence requires 8 machine cycles (2 ps @16 MHz) af-
ter the completion of the current instruction. The interrupt service task terminates upon execution of an interrupt re-
turn instruction [RETI] (for maskable interrupts) or [RETN] (for non-maskable interrupts). Figure 3-1 shows the tim-
ing chart of interrupt acceptance processing.

3.4.1 Interrupt acceptance processing is packaged as follows.

a. The interrupt master enable flag (IMF) is cleared to “0” in order to disable the acceptance of any fol-
lowing interrupt.

b. The interrupt latch (IL) for the interrupt source accepted is cleared to “0”.

The contents of the program counter (PC) and the program status word, including the interrupt mas-
ter enable flag (IMF), are saved (Pushed) on the stack in sequence of PSW + IMF, PCH, PCL. Mean-
while, the stack pointer (SP) is decremented by 3.

d. The entry address (Interrupt vector) of the corresponding interrupt service program, loaded on the vec-
tor table, is transferred to the program counter.

e. The instruction stored at the entry address of the interrupt service program is executed.

Note:When the contents of PSW are saved on the stack, the contents of IMF are also saved.
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Interrupt Sequence TMP86FH47BUG

) L Interrupt service task .
1-machine cycle k€ »

e T T T T O T O R SO T T R B T B

1 1 1 | |
1 1 1 1
L] L] L] L]
Interrupt ' /ﬂ ' ' '
request L L L L
1 1 1 1
L] L] L]
Interrupt ' & ' ' '
latch (L) —s : /’ : :
L] L] L] L]
l l L] l

T 1

IMF . f Y | :
[ L]
L] L]

Execute Execie S
instruction x instruction X Interrupt acceptance instruction Execute RET' instruction

PC

SP

X 2 ﬂ@@@.‘@ C e key)

n n-3 n

Note 1: a: Return address, b: Entry address, ¢: Address which RETI instruction is stored
Note 2: On condition that interrupt is enabled, it takes 38/fc [s] or 38/fs [s] at maximum (If the interrupt latch is set at the

first machine cycle on 10 cycle instruction) to start interrupt acceptance processing since its interrupt latch is set.

Figure 3-1 Timing Chart of Interrupt Acceptance/Return Interrupt Instruction

3.4.2

Example: Correspondence between vector table address for INTTBT and the entry address of the interrupt
service program

Vector table address Entry address
D203H
Vector
D204H

Figure 3-2 Vector table address,Entry address

Interrupt
service
program

A maskable interrupt is not accepted until the IMF is set to “1” even if the maskable interrupt higher than
the level of current servicing interrupt is requested.

In order to utilize nested interrupt service, the IMF is set to “1” in the interrupt service program. In this
case, acceptable interrupt sources are selectively enabled by the individual interrupt enable flags.

To avoid overloaded nesting, clear the individual interrupt enable flag whose interrupt is currently serv-
iced, before setting IMF to “1”. As for non-maskable interrupt, keep interrupt service shorten compared with
length between interrupt requests; otherwise the status cannot be recovered as non-maskable interrupt would
simply nested.

Saving/restoring general-purpose registers

During interrupt acceptance processing, the program counter (PC) and the program status word (PSW, in-
cludes IMF) are automatically saved on the stack, but the accumulator and others are not. These registers are
saved by software if necessary. When multiple interrupt services are nested, it is also necessary to avoid us-
ing the same data memory area for saving registers. The following methods are used to save/restore the general-
purpose registers.
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3.4.2.1 Using PUSH and POP instructions

If only a specific register is saved or interrupts of the same source are nested, general-purpose registers
can be saved/restored using the PUSH/POP instructions.

Example :Save/store register using PUSH and POP instructions

PINTxx: PUSH WA ; Save WA register
(interrupt processing)
POP WA ; Restore WA register
RETI ; RETURN
.................................................................................... Address
.................................................................................... (Example)
..................... op b5
Bl e b-4
SP — W SP —>| b-3
PCL PCL b-2
PCH PCH b-1
....... PSW LoPswo | SR P
Atacceptance of [y At execution of C—> Atexecution of = At execution of

an interrupt PUSH instruction POP instruction RETI instruction

Figure 3-3 Save/store register using PUSH and POP instructions

3.4.2.2 Using data transfer instructions

To save only a specific register without nested interrupts, data transfer instructions are available.

Example :Save/store register using data transfer instructions

PINTxx: LD (GSAVA), A ; Save A register

(interrupt processing)
LD A, (GSAVA) ; Restore A register

RETI ; RETURN
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3.4 Interrupt Sequence TMP86FH47BUG

Main task

Interrupt Interrupt
acceptance service task

Saving
registers

Restoring
registers

Interrupt return

Saving/Restoring general-purpose registers using PUSH/POP data transfer instruction

Figure 3-4 Saving/Restoring General-purpose Registers under Interrupt Processing

3.4.3 Interrupt return

Interrupt return instructions [RETI]/[RETN] perform as follows.

[RETI)/[RETN] Interrupt Return

1. Program counter (PC) and program status word
(PSW, includes IMF) are restored from the stack.
2. Stack pointer (SP) is incremented by 3.

As for address trap interrupt (INTATRAP), it is required to alter stacked data for program counter (PC) to
restarting address, during interrupt service program.

Note:If [RETN] is executed with the above data unaltered, the program returns to the address trap area
and INTATRAP occurs again. When interrupt acceptance processing has completed, stacked data
for PCL and PCH are located on address (SP + 1) and (SP + 2) respectively.

Example 1 :Returning from address trap interrupt (INTATRAP) service program

PINTxx: POP WA ; Recover SP by 2
LD WA, Return Address
PUSH WA ; Alter stacked data

(interrupt processing)

RETN ; RETURN

Example 2 :Restarting without returning interrupt
(In this case, PSW (Includes IMF) before interrupt acceptance is discarded.)

PINTxx: INC SP ; Recover SP by 3
INC SP
INC SP

(interrupt processing)
LD EIRL, data ; Set IMF to “1” or clear it to “0”

JP Restart Address ; Jump into restarting address

Interrupt requests are sampled during the final cycle of the instruction being executed. Thus, the next inter-
rupt can be accepted immediately after the interrupt return instruction is executed.
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Note 1: It is recommended that stack pointer be return to rate before INTATRAP (Increment 3 times), if return in-
terrupt instruction [RETN] is not utilized during interrupt service program under INTATRAP (such as Exam-
ple 2).

Note 2: When the interrupt processing time is longer than the interrupt request generation time, the interrupt serv-
ice task is performed but not the main task.

3.5 Software Interrupt (INTSW)

Executing the SWI instruction generates a software interrupt and immediately starts interrupt processing
(INTSW is highest prioritized interrupt).

Use the SWI instruction only for detection of the address error or for debugging.

3.5.1 Address error detection

FFH is read if for some cause such as noise the CPU attempts to fetch an instruction from a non-existent mem-
ory address during single chip mode. Code FFH is the SWI instruction, so a software interrupt is generated
and an address error is detected. The address error detection range can be further expanded by writing FFH
to unused areas of the program memory. Address trap reset is generated in case that an instruction is fetched
from RAM, DBR or SFR areas.

3.5.2 Debugging

Debugging efficiency can be increased by placing the SWI instruction at the software break point setting ad-
dress.

3.6 Undefined Instruction Interrupt (INTUNDEF)

Taking code which is not defined as authorized instruction for instruction causes INTUNDEF. INTUNDEF is gen-
erated when the CPU fetches such a code and tries to execute it. INTUNDEF is accepted even if non-maskable in-
terrupt is in process. Contemporary process is broken and INTUNDEF interrupt process starts, soon after it is reques-
ted.

Note: The undefined instruction interrupt (INTUNDEF) forces CPU to jump into vector address, as software inter-
rupt (SWI) does.

3.7 Address Trap Interrupt (INTATRAP)

Fetching instruction from unauthorized area for instructions (Address trapped area) causes reset output or ad-
dress trap interrupt (INTATRAP). INTATRAP is accepted even if non-maskable interrupt is in process. Contempo-
rary process is broken and INTATRAP interrupt process starts, soon after it is requested.

Note: The operating mode under address trapped, whether to be reset output or interrupt processing, is selected
on watchdog timer control register (WDTCR).

3.8 External Interrupts

The TMP86FH47BUG has 6 external interrupt inputs. These inputs are equipped with digital noise reject cir-
cuits (Pulse inputs of less than a certain time are eliminated as noise).

Edge selection is also possible with INT1 to INT4. The INTO/P00 pin can be configured as either an external in-
terrupt input pin or an input/output port, and is configured as an input port during reset.

Edge selection, noise reject control and INTO/P0O0 pin function selection are performed by the external interrupt
control register (EINTCR).
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Source Pin Enable Conditions Release Edge (level) Digital Noise Reject

Pulses of less than 2/fc [s] are eliminated as
noise. Pulses of 7/fc [s] or more are consid-
ered to be signals. In the SLOW or the SLEEP
mode, pulses of less than 1/fs [s] are elimina-
ted as noise. Pulses of 3.5/fs [s] or more are
considered to be signals.

INTO INTO IMF x EF4 x INTOEN=1 Falling edge

Pulses of less than 15/fc or 63/fc [s] are elimina-
ted as noise. Pulses of 49/fc or 193/fc [s] or
more are considered to be signals. In the
SLOW or the SLEEP mode, pulses of less
than 1/fs [s] are eliminated as noise. Pulses of
3.5/fs [s] or more are considered to be signals.

Falling edge
IMF x EF5 =1 or
Rising edge

INT1 INT1

Pulses of less than 7/fc [s] are eliminated as
noise. Pulses of 25/fc [s] or more are consid-
ered to be signals. In the SLOW or the SLEEP
mode, pulses of less than 1/fs [s] are elimina-
ted as noise. Pulses of 3.5/fs [s] or more are
considered to be signals.

Falling edge
IMF x EF8 = 1 or
Rising edge

INT2 INT2

Pulses of less than 7/fc [s] are eliminated as
noise. Pulses of 25/fc [s] or more are consid-
ered to be signals. In the SLOW or the
SLEEP mode, pulses of less than 1/fs [s] are
eliminated as noise. Pulses of 3.5/fs [s] or
more are considered to be signals.

Falling edge
IMF x EF11 =1 or
Rising edge

INT3 INT3

Falling edge, Pulses of less than 7/fc [s] are eliminated as
noise. Pulses of 25/fc [s] or more are consid-
ered to be signals. In the SLOW or the
SLEEP mode, pulses of less than 1/fs [s] are
eliminated as noise. Pulses of 3.5/fs [s] or

more are considered to be signals.

IMF + EF14 =1
INT4 INT4 and Falling and Rising edge
IL14ER=0 or

H level

Rising edge,

Pulses of less than 2/fc [s] are eliminated as

INTS

IMF x EF15 = 1
and
IL15ER=0

Falling edge

noise. Pulses of 7/fc [s] or more are consid-
ered to be signals. In the SLOW or the SLEEP
mode, pulses of less than 1/fs [s] are elimina-
ted as noise. Pulses of 3.5/fs [s] or more are

considered to be signals.

Note 1: In NORMAL1/2 or IDLE1/2 mode, if a signal with no noise is input on an external interrupt pin, it takes a maximum of
"signal establishment time + 6/fs[s]" from the input signal's edge to set the interrupt latch.

Note 2: When INTOEN = "0", IL4 is not set even if a falling edge is detected on the INTO pin input.

Note 3: When a pin with more than one function is used as an output and a change occurs in data or input/output status, an in-
terrupt request signal is generated in a pseudo manner. In this case, it is necessary to perform appropriate process-
ing such as disabling the interrupt enable flag.

External Interrupt Control Register

EINTCR 7 6 5 4 3 2 1 0
(0037H) | INTINC | INTOEN | INT4ES | INT3ES | INT2ES | INT1ES |

(Initial value: 0000 000*)

) . ) 0: Pulses of less than 63/fc [s] are eliminated as noise
Noise reject time select L X R/W
1: Pulses of less than 15/fc [s] are eliminated as noise

INTINC

. . . 0: POO input/output port
POO/INTO pin configuration R/W

INTOEN . .
1: INTO pin (Port POO should be set to an input mode)

00: Rising edge
01: Falling edge
INT4 edge select . . R/W
10: Rising edge and Falling edge

11: H level

INT4 ES

0: Rising edge
INT3 edge select . R/W
1: Falling edge

INT3 ES

0: Rising edge
INT2 edge select . R/W
1: Falling edge

INT2 ES

0: Rising edge
INT1 edge select ) R/W
1: Falling edge

INT1 ES
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Note 1:
Note 2:

Note 3:
Note 4:

fc: High-frequency clock [Hz], *: Don’t care

When the system clock frequency is switched between high and low or when the external interrupt control register

(EINTCR) is overwritten, the noise canceller may not operate normally. It is recommended that external interrupts are
disabled using the interrupt enable register (EIR).

The maximum time from modifying INTINC until a noise reject time is changed is 25/fc.

In case RESET pin is released while the state of INT4 pin keeps "H" level, the external interrupt 4 request is not gen-
erated even if the INT4 edge select is specified as "H" level. The rising edge is needed after RESET pin is released.

Page 41



3. Interrupt Control Circuit

3.8 External Interrupts TMP86FH47BUG

Page 42



TOSHIBA

TMP86FH47BUG

4. Special Function Register (SFR)

The TMP86FH47BUG adopts the memory mapped I/O system, and all peripheral control and data transfers are
performed through the special function register (SFR) or the data buffer register (DBR). The SFR is mapped on ad-
dress 0000H to 003FH, DBR is mapped on address OF80H to OFFFH.

This chapter shows the arrangement of the special function register (SFR) and data buffer register (DBR) for

TMP86FH47BUG.
41 SFR
Address Read Write
0000H PODR
0001H P1DR
0002H P2DR
0003H P3DR
0004H P4DR
0005H Reserved
0006H Reserved
0007H Reserved
0008H POPRD | -
0009H Reserved
000AH P2PRD | -
000BH Reserved
000CH Reserved
000DH P1CR
000EH P3CR
000FH P4CR
0010H TC1DRAL
0011H TC1DRAH
0012H TC1DRBL
0013H TC1DRBH
0014H TC1CR
0015H Reserved
0016H TC3CR
0017H TC4CR
0018H TTREG3
0019H TTREG4
001AH PWREG3
001BH PWREG4
001CH ADCCR1
001DH ADCCR2
001EH ADCDR2 -
001FH ADCDR1 -
0020H UARTSR UARTCR1
0021H - UARTCR2
0022H RDBUF TDBUF
0023H Reserved
0024H Reserved
0025H Reserved
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41 SFR TMP86FH47BUG
Address Read | Write
0026H SIOCR1
0027H SIOSR
0028H SIORDB | SIOTDB
0029H Reserved
002AH Reserved
002BH Reserved
002CH Reserved
002DH Reserved
002EH Reserved
002FH Reserved
0030H Reserved
0031H - STOPCR
0032H Reserved
0033H Reserved
0034H - WDTCR1
0035H - WDTCR2
0036H TBTCR
0037H EINTCR
0038H SYSCR1
0039H SYSCR2
003AH EIRL
003BH EIRH
003CH ILL
003DH ILH
003EH INTSEL
003FH PSW

Note 1: Do not access reserved areas by the program.
Note 2: - ; Cannot be accessed.

Note 3: Write-only registers and interrupt latches cannot use the read-modify-write instructions (Bit manipulation instructions
such as SET, CLR, etc. and logical operation instructions such as AND, OR, etc.).
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4.2 DBR

Address Read I Write
OF80H Reserved

OF9FH Reserved
Address Read I Write
OFAOH Reserved

OFBFH Reserved
Address Read I Write
OFCOH Reserved

OFDFH Reserved
Address Read Write
OFEOH Reserved

OFE1H Reserved

OFE2H Reserved

OFE3H Reserved

OFE4H Reserved

OFE5H Reserved

OFE6H Reserved

OFE7H Reserved

OFE8H Reserved

OFE9H - FLSSTB
OFEAH SPCR

OFEBH Reserved

OFECH Reserved

OFEDH Reserved

OFEEH Reserved

OFEFH Reserved

OFFOH Reserved

OFF1H Reserved

OFF2H Reserved

OFF3H Reserved

OFF4H Reserved

OFF5H Reserved

OFF6H Reserved

OFF7H Reserved

OFF8H Reserved

OFF9H Reserved

OFFAH Reserved

OFFBH Reserved

OFFCH Reserved

OFFDH Reserved

OFFEH Reserved
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42 DBR TMP86FH47BUG

Address Read Write

OFFFH FLSCR

Note 1: Do not access reserved areas by the program.
Note 2: - ; Cannot be accessed.

Note 3: Write-only registers and interrupt latches cannot use the read-modify-write instructions (Bit manipulation instructions
such as SET, CLR, etc. and logical operation instructions such as AND, OR, etc.).
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5. Time Base Timer (TBT)

The time base timer generates time base for key scanning, dynamic displaying, etc. It also provides a time base
timer interrupt (INTTBT).

5.1 Time Base Timer

5.1.1 Configuration

MPX
fc/223 or fs/215 >——
fc/221 or fs/213 >———

fc/216 or fs/28 >——— Source clock

fc/214 or fs/28 >———
fe/213 or fs/25 >——
fc/212 or fs/24 >———
fe/2tt or fs/23 >——

fc/2° or fs/2 >——

3
TBTCK

Falling edge

detector

IDLEO, SLEEPO

| TBTCR

TBTEN

Time base timer control register

Figure 5-1 Time Base Timer configuration

51.2 Control

> release request
]—D—> INTTBT
interrupt request

Time Base Timer is controlled by Time Base Timer control register (TBTCR).

Time Base Timer Control Register

7 6 5 4 3 2 1 0
TBTCR »
(0036H) (DVOEN) (DVOCK) (DV7CK) | TBTEN TBTCK (Initial Value: 0000 0000)
Time Base Timer 0: Disable
TBTEN ]
enable / disable 1: Enable
NORMAL1/2, IDLE1/2 Mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK =1
Mode
000 fc/22 fs/21° fs/215
001 fc/22t fs/21 fs/21
Time Base Timer interrupt
TBTCK . oot 1 p 010 fc/21¢ fs/28 - RIW
requency select : [Hz] 011 f/2 /26 i
100 fc/21 fs/25 -
101 fc/212 fs/24 -
110 fc/2™ fs/23 -
111 fc/2° fs/2 -
Note 1: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], *; Don't care
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Note 2: The interrupt frequency (TBTCK) must be selected with the time base timer disabled (TBTEN = "0"). (The interrupt fre-
quency must not be changed with the disable from the enable state.) Both frequency selection and enabling can be per-
formed simultaneously.

Example :Set the time base timer frequency to fc/2'® [Hz] and enable an INTTBT interrupt.

LD (TBTCR) , 00000010B ; TBTCK « 010
LD (TBTCR) , 000010108 : TBTEN « 1
DI IMF « 0

SET (EIRL) . 6

Table 5-1 Time Base Timer Interrupt Frequency ( Example : fc = 16.0 MHz, fs = 32.768 kHz )

Time Base Timer Interrupt Frequency [Hz]
TBTCK
NORMAL1/2, IDLE1/2 Mode NORMAL1/2, IDLE1/2 Mode SLOW1/2, SLEEP1/2 Mode
DV7CK =0 DV7CK =1
000 1.91 1 1
001 7.63 4 4
010 24414 128 -
011 976.56 512 -
100 1953.13 1024 -
101 3906.25 2048 -
110 7812.5 4096 -
11 31250 16384 -

5.1.3 Function

An INTTBT ( Time Base Timer Interrupt ) is generated on the first falling edge of source clock ( The divid-
er output of the timing generator which is selected by TBTCK. ) after time base timer has been enabled.

The divider is not cleared by the program; therefore, only the first interrupt may be generated ahead of the
set interrupt period ( Figure 5-2 ).

Source clock | l I | I I
1 1 1

TBTCR<TBTEN> |
A
1
1
1
[

1
1

[

e

INTTBT

€—P
' Interrupt period '

Enable TBT

Figure 5-2 Time Base Timer Interrupt
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5.2 Divider Output (DVO)

Approximately 50% duty pulse can be output using the divider output circuit, which is useful for piezoelectric buz-
zer drive. Divider output is from DVO pin.

5.2.1 Configuration

Output latch

Data output ovVo pin

fc/213 or fs/2° p—
fe/212 or fsf2* S
fc/2W or fs/23 >—
fc/210 or fs/22  >—

Port output latch _I

1
) .
TBTCR<DVOEN> ' v I_
DVOCK DVOEN 1 \ \
1 ! 1 1 1
—_— 1 1
DVO pin output ! !
Divider output control register
(a) configuration (b) Timing chart

Figure 5-3 Divider Output

5.2.2 Control

The Divider Output is controlled by the Time Base Timer Control Register.

Time Base Timer Control Register

7 6 5 4 3 2 1 0
TBTCR »
(0036H) DVOEN DVOCK (DV7CK) | (TBTEN) (TBTCK) (Initial value: 0000 0000)
Divider output 0: Disable
DVOEN . R/W
enable / disable 1: Enable
NORMAL1/2, IDLE1/2 Mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK = 1
Mode
DVOCK IfDivider Outplljt (tDVO)H 00 fo/213 fs/25 fs/25 RIW
requency selection: [Hz] 01 fe/212 fs/2t fs/2¢
10 fe/2m fs/23 fs/23
11 fe/2m fs/22 fs/22

Note:Selection of divider output frequency (DVOCK) must be made while divider output is disabled (DVOEN="0").
Also, in other words, when changing the state of the divider output frequency from enabled (DVOEN="1") to dis-
able(DVOEN="0"), do not change the setting of the divider output frequency.
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Example :1.95 kHz pulse output (fc = 16.0 MHz)

Setting port
LD (TBTCR) , 00000000B ; DVOCK « "00"
LD (TBTCR), 100000008 ; DVOEN « "1"

Table 5-2 Divider Output Frequency ( Example : fc = 16.0 MHz, fs = 32.768 kHz )

Divider Output Frequency [Hz]
DVOCK NORMAL1/2, IDLE1/2 Mode SLOW1/2, SLEEP1/2
DV7CK =0 DV7CK =1 Mode
00 1.953 k 1.024 k 1.024 k
01 3.906 k 2.048 k 2.048 k
10 7.813 k 4.096 k 4.096 k
11 15.625 k 8.192 k 8.192 k
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6. Watchdog Timer (WDT)

The watchdog timer is a fail-safe system to detect rapidly the CPU malfunctions such as endless loops due to spu-
rious noises or the deadlock conditions, and return the CPU to a system recovery routine.

The watchdog timer signal for detecting malfunctions can be programmed only once as “reset request” or “inter-
rupt request”. Upon the reset release, this signal is initialized to “reset request”.

When the watchdog timer is not used to detect malfunctions, it can be used as the timer to provide a periodic in-

terrupt.

Note:Care must be taken in system design since the watchdog timer functions are not be operated completely
due to effect of disturbing noise.

6.1 Watchdog Timer Configuration

Reset release

Binary counters L
R

fc/223 or fs/21> —— 3|
fc/2? or fs/213 )]

Clock

<]
{61219 or fe/21L ) % Overflow WDT output
fe/27 or fs/2° ) 1] 2 4_D—<>—D_ — Reset
— Clear S Q_[>_> request
X —>!
2y Interrupt request
q ) ) = > INTWDT
interrupt
request
Internal reset
Q
S R
WDTEN Writi Writi
WDTT Vriting riting WDTOUT
disable code | clear code

Controller

0034y t 0035y t

Watchdog timer control registers

Figure 6-1 Watchdog Timer Configuration
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6.2 Watchdog Timer Control

The watchdog timer is controlled by the watchdog timer control registers (WDTCR1 and WDTCR?2). The watch-

dog timer is automatically enabled after the reset release.

6.2.1 Malfunction Detection Methods Using the Watchdog Timer

The CPU malfunction is detected, as shown below.

1. Set the detection time, select the output, and clear the binary counter.

2. Clear the binary counter repeatedly within the specified detection time.

If the CPU malfunctions such as endless loops or the deadlock conditions occur for some reason, the watch-
dog timer output is activated by the binary-counter overflow unless the binary counters are cleared. When
WDTCRI<WDTOUT> is set to “1” at this time, the reset request is generated and the RESET pin outputs a

low-level signal, then internal hardware is initialized.

dog timer interrupt (INTWDT) is generated.

When WDTCRI<WDTOUT> is set to “0”, a watch-

The watchdog timer temporarily stops counting in the STOP mode including the warm-up or IDLE/
SLEEP mode, and automatically restarts (continues counting) when the STOP/IDLE/SLEEP mode is inactiva-

ted.

Note: The watchdog timer consists of an internal divider and a two-stage binary counter. When the clear
code 4EH is written, only the binary counter is cleared, but not the internal divider. The minimum bina-
ry-counter overflow time, that depends on the timing at which the clear code (4EH) is written to the
WDTCR2 register, may be 3/4 of the time setin WDTCR1<WDTT>. Therefore, write the clear code us-
ing a cycle shorter than 3/4 of the time set to WDTCR1<WDTT>.

Example :Setting the watchdog timer detection time to 22!/fc [s],

LD (WDTCR2), 4EH

LD (WDTCR1), 00001101B

LD (WDTCR2), 4EH
Within 3/4 of WDT
detection time

r LD (WDTCR2), 4EH :

Within 3/4 of WDT
detection time

LD (WDTCR2), 4EH :

and resetting the CPU malfunction detection

: Clears the binary counters.
: WDTT « 10, WDTOUT « 1
: Clears the binary counters (always clears immediately before and

after changing WDTT).

Clears the binary counters.

Clears the binary counters.
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Watchdog Timer Control Register 1

WDTCR1 7 6 5 4 3 2 1 0
(0034H) | (ATAS) | (ATOUT) | WDTEN | WDTT | WDTOUT | (Initial value: **11 1001)
. ) 0: Disable (Writing the disable code to WDTCR2 is required.) Write
WDTEN Watchdog timer enable/disable
1: Enable only
NORMAL1/2 mode SLOW1/2
DV7CK =0 DV7CK =1 mode
WDTT Watchdog timer detection time 00 2%ffc 2"l 2"lfs Write
[s] 01 2%9fc 2'fs 25fs only
10 22'fc 2"3/fs 2'3fs
11 2'9/fc 2"/fs 2"fs
X 0: Interrupt request Write
WDTOUT | Watchdog timer output select
1: Reset request only

Note 1: After clearing WDTOUT to “0”, the program cannot set it to “1”.
Note 2: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care

Note 3: WDTCRH1 is a write-only register and must not be used with any of read-modify-write instructions. If WDTCR1 is
read, a don’t care is read.

Note 4: To activate the STOP mode, disable the watchdog timer or clear the counter immediately before entering the STOP
mode. After clearing the counter, clear the counter again immediately after the STOP mode is inactivated.

Note 5: To clear WDTEN, set the register in accordance with the procedures shown in “6.2.3 Watchdog Timer Disable”.

Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 1 0

(0035H)

6.2.2

(Initial value: **** ****)

4EH: Clear the watchdog timer binary counter (Clear code)
Write B1H: Disable the watchdog timer (Disable code) Write
Watchdog timer control code D2H: Enable assigning address trap area only
Others: Invalid

WDTCR2

Note 1: The disable code is valid only when WDTCR1<WDTEN> = 0.

Note 2: *: Don’t care

Note 3: The binary counter of the watchdog timer must not be cleared by the interrupt task.

Note 4: Write the clear code 4EH using a cycle shorter than 3/4 of the time set in WDTCR1<WDTT>.

Watchdog Timer Enable

Setting WDTCRI<WDTEN> to “1” enables the watchdog timer. Since WDTCRI<WDTEN> is initialized
to “1” during reset, the watchdog timer is enabled automatically after the reset release.
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6.2.3 Watchdog Timer Disable

To disable the watchdog timer, set the register in accordance with the following procedures. Setting the reg-
ister in other procedures causes a malfunction of the micro controller.

1. Set the interrupt master flag (IMF) to “0”.
2. Set WDTCR?2 to the clear code (4EH).
3. Set WDTCRI1<WDTEN> to “0”.

4. Set WDTCR?2 to the disable code (B1H).

Note: While the watchdog timer is disabled, the binary counters of the watchdog timer are cleared.

Example :Disabling the watchdog timer

DI S IMF <0
LD (WDTCR2), 04EH : Clears the binary counter
LDW (WDTCR1), 0B101H : WDTEN « 0, WDTCR2 « Disable code

Table 6-1 Watchdog Timer Detection Time (Example: fc = 16.0 MHz, fs = 32.768 kHz)

Watchdog Timer Detection Timel[s]
WDTT NORMAL1/2 mode SLOW
DV7CK =0 DV7CK =1 mode
00 2.097 4 4
01 524.288 m 1 1
10 131.072 m 250 m 250 m
1 32.768 m 62.5m 62.5m

6.2.4 Watchdog Timer Interrupt (INTWDT)

When WDTCRI<WDTOUT> is cleared to “0”, a watchdog timer interrupt request (INTWDT) is gener-
ated by the binary-counter overflow.

A watchdog timer interrupt is the non-maskable interrupt which can be accepted regardless of the interrupt
master flag (IMF).

When a watchdog timer interrupt is generated while the other interrupt including a watchdog timer inter-
rupt is already accepted, the new watchdog timer interrupt is processed immediately and the previous inter-
rupt is held pending. Therefore, if watchdog timer interrupts are generated continuously without execution of
the RETN instruction, too many levels of nesting may cause a malfunction of the microcontroller.

To generate a watchdog timer interrupt, set the stack pointer before setting WDTCR1<WDTOUT>.

Example :Setting watchdog timer interrupt

LD SP, 023FH : Sets the stack pointer
LD (WDTCR1), 00001000B : WDTOUT « 0
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6.2.5 Watchdog Timer Reset

When a binary-counter overflow occurs while WDTCRI<WDTOUT> is set to “1”, a watchdog timer reset
request is generated. When a watchdog timer reset request is generated, the RESET pin outputs a low-level sig-
nal and the internal hardware is reset. The reset time is maximum 24/fc [s] (1.5 us @ fc = 16.0 MHz).

Note:When a watchdog timer reset is generated in the SLOW1 mode, the reset time is maximum 24/fc
(high-frequency clock) since the high-frequency clock oscillator is restarted. However, when crystals
have inaccuracies upon start of the high-frequency clock oscillator, the reset time should be consid-
ered as an approximate value because it has slight errors.

5 219fc [s] .
IR '
Clock I N I N I et
Binary counter D( 2 )@( 0 X 1 X 2 X 3 X 0
Overflow '
INTWDT interrupt request :
(WDTCR1<WDTOUT>="0") ; /

Internal reset
(WDTCR1<WDTOUT>="1")

WDT resetoutput - TTTTT f TTTTTTTT -(I-Tig;h-z-) ----------------- |

Write 4Ey to WDTCR2

A reset occurs

Figure 6-2 Watchdog Timer Interrupt/Reset
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6.3 Address Trap

The Watchdog Timer Control Register 1 and 2 share the addresses with the control registers to generate ad-
dress traps.

Watchdog Timer Control Register 1

WDTCR1 7 6 5 4 3 2 1 0
(0034H) | ATAS | ATOUT |(WDTEN)| (WDTT) (WDTOUT) | (Initial value: **11 1001)

0: Generate no address trap
Select address trap generation

ATAS in the internal RAM area

1: Generate address traps (After setting ATAS to “1”, writing the control code

D2H to WDTCR?2 is required) Vc\J/r:iIt;

X 0: Interrupt request
ATOUT Select operation at address trap

1: Reset request

Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 1 0
(0035H) (Initial value: **** ****)
Write D2H: Enable address trap area selection (ATRAP control code)
WDTCR2 | Watchdog timer control code 4EH: Clear the watchdog timer binary counter (WDT clear code) Write
and address trap area control | B1H: Disable the watchdog timer (WDT disable code) only
code Others: Invalid

6.3.1 Selection of Address Trap in Internal RAM (ATAS)

WDTCRI1<ATAS> specifies whether or not to generate address traps in the internal RAM area. To exe-
cute an instruction in the internal RAM area, clear WDTCR1<ATAS> to “0”. To enable the
WDTCRI1<ATAS> setting, set WDTCR1<ATAS> and then write D2H to WDTCR2.

Executing an instruction in the SFR or DBR area generates an address trap unconditionally regardless of
the setting in WDTCR1<ATAS>.

6.3.2 Selection of Operation at Address Trap (ATOUT)

When an address trap is generated, either the interrupt request or the reset request can be selected by
WDTCRI1<ATOUT>.

6.3.3 Address Trap Interrupt (INTATRAP)

While WDTCRI<ATOUT> is “0”, if the CPU should start looping for some cause such as noise and an at-
tempt be made to fetch an instruction from the on-chip RAM (while WDTCRI1<ATAS> is “1”), DBR or the
SFR area, address trap interrupt (INTATRAP) will be generated.

An address trap interrupt is a non-maskable interrupt which can be accepted regardless of the interrupt mas-
ter flag (IMF).

When an address trap interrupt is generated while the other interrupt including an address trap interrupt is al-
ready accepted, the new address trap is processed immediately and the previous interrupt is held pending. There-
fore, if address trap interrupts are generated continuously without execution of the RETN instruction, too
many levels of nesting may cause a malfunction of the microcontroller.

To generate address trap interrupts, set the stack pointer beforehand.
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6.3.4 Address Trap Reset

While WDTCRI<ATOUT> is “17, if the CPU should start looping for some cause such as noise and an at-
tempt be made to fetch an instruction from the on-chip RAM (while WDTCRI1<ATAS> is “1”), DBR or the
SFR area, address trap reset will be generated.

When an address trap reset request is generated, the RESET pin outputs a low-level signal and the internal
hardware is reset. The reset time is maximum 24/fc [s] (1.5 pus @ fc = 16.0 MHz).

Note:When an address trap reset is generated in the SLOW1 mode, the reset time is maximum 24/fc (high-
frequency clock) since the high-frequency clock oscillator is restarted. However, when crystals have in-
accuracies upon start of the high-frequency clock oscillator, the reset time should be considered as
an approximate value because it has slight errors.
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7. 1/0O Ports

The TMP86FH47BUG have 5 parallel input/output ports (35 pins) as follows.

Primary Function Secondary Functions

Port PO 8-bit 1/0 port External |nterr‘upt input, Serial PROM mode control input, serial and
timer/counter input/output

Port P1 8-bit 1/0 port External interrupt input, timer/counter input/output, and divider output

Port P2 3-bit /O port Low-frequency resonat_or co_nnectlons, external interrupt input, and
STOP mode release signal input

Port P3 8-bit 1/0 port Analog input, and STOP mode release signal input

Port P4 8-bit 1/0 port

Each output port contains a latch, which holds the output data. All input ports do not have latches, so the exter-
nal input data should be externally held until the input data is read from outside or reading should be performed sev-
eral times before processing. Figure 7-1 shows input/output timing examples.

External data is read from an I/O port in the S1 state of the read cycle during execution of the read instruction.
This timing cannot be recognized from outside, so that transient input such as chattering must be processed by the
program.

Output data changes in the S2 state of the write cycle during execution of the instruction which writes to an I/
O port.

Fetch cycle Fetch cycle Read cycle
) ____ SO S1 S2 S3 SO S1 S2 S3 SO S1 S2 83 .
Instruction IEXZ !_D A. <X). . . . . |

execution cycle

Input strobe | |

|
Data input X X

(a) Input timing

Fetch cycle Fetch cycle Write cycle
) SO S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3
Instruction .EX: !_D (IX)Y A. | | |

execution cycle 1 1

Output strobe

7|

Data output

(b) Output timing
Note: The positions of the read and write cycles may vary, depending on the instruction.

Figure 7-1 Input/Output Timing (Example)
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7.1 Port PO (PO7 to POO0)

Port PO is an 8-bit input/output port which is also used as an external interrupt input, Serial PROM mode con-
trol input, serial interface input/output and timer/counter input/output.

When used as an input port or a secondary function pins, the respective output latch (PODR) should be set to
“1”. When used as an output port, the respective PODR bit should be set data. During reset, the output latch is ini-
tialized to “1”.

PO port output latch (PODR) and PO port terminal input (POPRD) are located on their respective address.

When read the output latch data, the PODR should be read and when read the terminal input data, the POPRD reg-
ister should be read. POO port (INTO) can be configured as either an I/O port or as external interrupt input with
INTOEN (bit 6 in EINTCR). During reset, POO port (INTO) is configured as an input port.

PODR
(O000H)
R/W

POPRD

(0008H) |

Read only

Output latch data (PODR)

Data output

Control input

Port data (POPRD) <€

d
~

Output latch

Control output

OTeN ——d P
OUTEN

/N

Figure 7-2 Port PO

>——|:| POI

Note:i=7to 0

(Initial value: 1111 1111)

7 6 5 4 3 2 1 0
P07 P06 P05 P04 P03 P02 P01 P00
INT4 SCK Sl SO TXD RXD PWM4 INTO
BOOT TC4
PDO4
PPGA
7 6 5 4 3 2 1 0
P07 | P06 | P05 | P04 | P03 | P02 | P01 | P00 |
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7.2 Port P1 (P17 to P10)

Port P1 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit under soft-
ware control. Input/output mode is specified by the corresponding bit in the port P1 input/output control register
(P1CR). Port P1 is configured as an input if its corresponding P1CR bit is cleared to “0”, and as an output if its cor-
responding P1CR bit is set to “1”.

During reset, the P1CR is initialized to “0” and port P1 is input mode. The P1 output latches are also initial-
ized to “0”.

Port P1 is also used as an external interrupt input, a timer/counter input/output, and a divider output. When
used as an input port, an external interrupt input or a timer/counter input, the corresponding bit of PICR is
cleared to “0”.

When used as a timer/counter output or divider output, the corresponding bit of PICR is set to “1” and before-
hand the corresponding output latch should be set to “1”. Data can be written into the output latch regardless of
PICR contents, therefore initial output data should be written into the output latch before setting P1CR.

Control input <€ 4
TR ——q » T
STOP

Output latch

P1CRi input <—<]—

Data input <€

AJLLH

Data output

Output latch
Control output

Y

7 6 5 4 3 2 1 0
P1DR P17 P16 P15 P14 P13 P12 P11 P10
(0001H) INT3 PPG DVO INT2 INT1 PWM3 .
(Initial value: 0000 0000)
R/W TC1 TC3
PDO3
P1CR 7 6 5 4 3 2 1 0
(000DH) | | | | | | | | | (Initial value: 0000 0000)
1/0 port for P1 port 0: Input mode
P1CR . ) R/W
(specified for each bit) 1: Output mode

Note:Ports set to the input mode read the pin states. Ports set to the output mode read the output latch. When in-
put pin and output pin exist in port P1 together, the contents of the output latch which is specified as an in-
put mode may be rewritten by executing the bit manipulation instructions.
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7.3 Port P2 (P22 to P20)

Port P2 is a 3-bit input/output port.

It is also used as an external interrupt, a STOP mode release signal input, and low-frequency crystal oscillator con-
nection pins. When used as an input port or a secondary function pins, respective output latch (P2DR) should be

set to “1”.

During reset, the P2DR is initialized to “1”.

A low-frequency crystal oscillator (32.768 kHz) is connected to pins P21 (XTIN) and P22 (XTOUT) in the dual-
clock mode. In the single-clock mode, pins P21 and P22 can be used as normal input/output ports.

It is recommended that pin P20 should be used as an external interrupt input, a STOP mode release signal in-
put, or an input port. If it is used as an output port, the interrupt latch is set on the falling edge of the output pulse.

P2 port output latch (P2DR) and P2 port terminal input (P2PRD) are located on their respective address.

When read the output latch data, the P2DR should be read and when read the terminal input data, the P2PRD reg-
ister should be read. If a read instruction is executed for port P2, read data of bits 7 to 3 are unstable.

Data input (P20PRD)
Data input (P20)

Data output

Control input

Data input (P21PRD)
Data input (P21)

Data output

Data input (P22PRD)
Data input (P22)

Data output

STOP
OUTEN

XTEN

fs

P2DR
(0002H)
RIW

P2PRD 7 6
(000AH)
Read only

<G

)

N\ /7

D Q
Output latch

{ | P20 (INT5, STOP)

% I':l P21 (XTIN)

< <
- ~
< <I—<II Osc. enable
—f o
Output latch
< <
= 3 l
—f g

Output Iatch?:)_

I

Figure 7-4 Port P2

T D P22 (XTOUT)

5 4 3 2 1 0
P22 P21 P20
XTOUT XTIN INTS (Initial value: **** *111)
STOP
5 4 3 2 1 0
| P22 | P21 | P20 |
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7.4 Port P3 (P37 to P30)

Port P3 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit under soft-
ware control. Port P3 is also used as an analog input, key on wake up input. Input/output mode is specified by the
corresponding bit in the port P3 input/output control register (P3CR), and ADCCR1<AINDS>. During reset,
P3CR are initialized to “0” and ADCCRI<AINDS> is set to “1”, therefore port P3 is configured as an input.

When used as an analog input, set an analog input channel to ADCCRI<SAIN> and clear ADCCRI<AINDS>
to “0”. When ADCCRI<AINDS> is “0”, the pin which is specified as an analog input is used as analog input inde-
pendent on the value of P3CR and P3DR.

When used as an input port or key on wake up input, the corresponding bit of P3CR is cleared to “0” without spec-
ifying as an analog input.

When the AD converter is enabled (ADCCR1<AINDS> is “0”), the data of port which is selected as an analog
input is read “0”. and the data of port which is not selected as an analog input is read “0” or “1”, depend on the volt-
age level.

When used as an output port, the corresponding bit of P3CR is set to “1” without specifying as an analog in-
put. Data can be written into the output latch regardless of P3CR contents, therefore initial output data should be writ-
ten into the output latch before setting P3CR.

The pins not used as analog input can be used as an input/output port. But output instructions should not be exe-
cuted to keep a precision. In addition, a variable signal should not be input to an adjacent port to the analog input
during AD conversion.

STOPj
Key on wake up (=
Analog input <—B§,
oten ——d P
OUTEN

AINDS

gy
.
P3CRIi D O

Output latch

P3CRIi input
Data input (P3DR) <€

Data output (P3DR) —)IE I

I/ P3i
Output latch Note:i=7100
j=5t02

Figure 7-5 Port P3

7 6 5 4 3 2 1 0
P3DR P37 P36 P35 P34 P33 P32 P31 P30
(0003H) AIN7 AIN6 AIN5 AIN4 AIN3 AIN2 AIN1 AINO (Initial value: 0000 0000)
R/W STOP5 | STOP4 [ STOP3 | STOP2

P3CR 7 6 5 4 3 2 1 0
(O0OEH) | | | | | | | | | (Initial value: 0000 0000)
1/0 control 0: Input mode
P3CR N . R/W
(Specified for each bit) 1: Output mode
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Note:Ports set to the input mode read the pin states. Ports set to the output mode read the output latch. When in-
put pin and output pin exist in port P3 together, the contents of the output latch which is specified as an in-
put mode may be rewritten by executing the bit manipulation instructions.
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7.5 Port P4 (P47 to P40)

Port P4 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit under soft-
ware control. Input/output mode is specified by the corresponding bit in the port P4 input/output control register
(P4CR). Port P4 is configured as an input if its corresponding P4CR bit is cleared to “0”, and as an output if its cor-
responding PACR bit is set to “1”.

During reset, the P4CR is initialized to “0” and port P4 is input mode. The P4 output latches are also initial-
ized to “0”.

When used as an input port, the corresponding bit of P4CR is cleared to “0”.

When used as an output port, the corresponding bit of PACR is set to “1”. Data can be written into the output
latch regardless of PACR contents, therefore initial output data should be written into the output latch before set-

ting PACR.
v p— -
OUTEN
PACRi input <—<]77/I
Data input (P4DR) <€ [ < J
Data output —)IE L~ s I | P4i
Output latch Note:i=71t0 0
Figure 7-6 Port P4
P4DR 7 6 5 4 3 2 1 0
(0004H) | P47 | P46 | P45 | P44 | P43 | P42 | P41 | P40 | (Initial value: 0000 0000)
R/W
P4ACR 7 6 5 4 3 2 1 0
(000FH) | | | | | | | | | (Initial value: 0000 0000)
1/0 control for port P4 0: Input mode
P4CR - ) R/W
(Specified for each bit) 1: Output mode

Note:Ports set to the input mode read the pin states. Ports set to the output mode read the output latch. When in-
put pin and output pin exist in port P4 together, the contents of the output latch which is specified as an in-
put mode may be rewritten by executing the bit manipulation instructions.
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TOSHIBA

16-Bit Timer/Counter 1 (TC1)

8.

Configuration

8.1
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Figure 8-1 TimerCounter 1 (TC1)
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8.2 Timer/Counter Control

The TimerCounter 1 is controlled by the TimerCounter 1 control register (TC1CR) and two 16-bit timer regis-

ters (TC1DRA and TC1DRB).

Timer Register

TC1DRA
(0011H, 0010H)

TC1DRB
(0013H, 0012H)

TimerCounter 1

14 13 12 1 10 9

7 6 5 4 3 2 1 0

| TC1DRAH (0011H)

| TC1DRAL (0010H)

(Initial value: 1111 1111 1111 1111)

Read/Write

| TC1DRBH (0013H)

| TC1DRBL (0012H)

(Initial value: 1111 1111 1111 1111)

Control Register

Read/Write (Write enabled only in the PPG output mode)

7 6 5 4 3 2 1 0
TCICR ACAP1
MCAP1 Read/Write
(0014H) TFF1 TC1S TC1CK TC1M -
METT1 (Initial value: 0000 0000)
MPPG1
TFF1 Timer F/F1 control 0: Clear 1: Set R/W
ACAP1 Auto capture control 0 : Auto-capture disable 1 : Auto-capture enable
Pulse width measure- . e
MCAP1 ment mode control 0 :Double edge capture 1 : Single edge capture
£ | R/IW
xternal trigger timer R, T
METT1 mode control 0 : Trigger start 1 : Trigger start and stop
MPPG1 PPG output control 0 : Continuous pulse generation 1 : One-shot
Timer | B9 | Event | W™ | puse | PPG
ger dow
00: Stop and counter clear O O (0] O (0] O
01: Command start o - - - - O
10: Rising edge start
TC1S | TC1 start control (Ex-trigger/Pulse/PPG) ) o o o o o | rw
Rising edge count (Event)
Positive logic count (Window)
11: Falling edge start
(Ex-trigger/Pulse/PPG)
) - o 0} o o} O
Falling edge count (Event)
Negative logic count (Window)
NORMAL1/2, IDLE1/2 mode SLOW,
Divider
DV7CK = 0 DV7CK = 1 SLEEP
mode
TC1cK F:] source clock select 00 fo/oM fs/23 DV9 fg/23 RIW
Z
01 fc/2” fc/2” DV5 -
10 fc/23 fc/23 DV1 -
11 External clock (TC1 pin input)
00: Timer/external trigger timer/event counter mode
i - | 01: Window mode
TC1M TC1 operating mode se: . RIW
lect 10: Pulse width measurement mode
11: PPG (Programmable pulse generate) output mode

Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz]

Note 2: The timer register consists of two shift registers. A value set in the timer register becomes valid at the rising edge of
the first source clock pulse that occurs after the upper byte (TC1DRAH and TC1DRBH) is written. Therefore, write
the lower byte and the upper byte in this order (it is recommended to write the register with a 16-bit access instruc-
tion). Writing only the lower byte (TC1DRAL and TC1DRBL) does not enable the setting of the timer register.
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Note 3:

Note 4:
Note 5:

Note 6:
Note 7:
Note 8:

Note 9:

To set the mode, source clock, PPG output control and timer F/F control, write to TC1CR during TC1S=00. Set the tim-
er F/F1 control until the first timer start after setting the PPG mode.

Auto-capture can be used only in the timer, event counter, and window modes.
To set the timer registers, the following relationship must be satisfied.
TC1DRA > TC1DRB > 1 (PPG output mode), TC1DRA > 1 (other modes)

Set TFF1 to “0” in the mode except PPG output mode.

Set TC1DRB after setting TC1M to the PPG output mode.

When the STOP mode is entered, the start control (TC1S) is cleared to “00” automatically, and the timer stops. After
the STOP mode is exited, set the TC1S to use the timer counter again.

Use the auto-capture function in the operative condition of TC1. A captured value may not be fixed if it's read after
the execution of the timer stop or auto-capture disable. Read the capture value in a capture enabled condition.

Note 10:Since the up-counter value is captured into TC1DRB by the source clock of up-counter after setting

TC1CR<ACAP1> to "1". Therefore, to read the captured value, wait at least one cycle of the internal source clock be-
fore reading TC1DRB for the first time.
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8.3 Function
TimerCounter 1 has six types of operating modes: timer, external trigger timer, event counter, window, pulse
width measurement, programmable pulse generator output modes.
8.3.1  Timer mode

In the timer mode, the up-counter counts up using the internal clock. When a match between the up-coun-
ter and the timer register 1A (TC1DRA) value is detected, an INTTCI interrupt is generated and the up-coun-
ter is cleared. After being cleared, the up-counter restarts counting. Setting TC1CR<ACAP1> to “1” captures
the up-counter value into the timer register 1B (TC1DRB) with the auto-capture function. Use the auto-cap-
ture function in the operative condition of TC1. A captured value may not be fixed if it's read after the execu-
tion of the timer stop or auto-capture disable. Read the capture value in a capture enabled condition. Since
the up-counter value is captured into TC1DRB by the source clock of up-counter after setting
TCICR<ACAPI> to "1". Therefore, to read the captured value, wait at least one cycle of the internal source
clock before reading TC1DRB for the first time.

Table 8-1 Internal Source Clock for TimerCounter 1 (Example: fc = 16 MHz, fs = 32.768 kHz)

NORMAL1/2, IDLE1/2 mode
TC1CK SLOW, SLEEP mode
DV7CK =0 DV7CK =1
X . . Maximum
Resolution Maximum Time Setting Resolution Maximum Time Setting | Resolution Time
s [s] s [s] s
[us] [us] [us] Setting [s]
00 128 8.39 24414 16.0 24414 16.0
01 8.0 0.524 8.0 0.524 - -
10 0.5 3277 m 0.5 32.77 m - -

Example 1 :Setting the timer mode with source clock fc/2!! [Hz] and generating an interrupt 1 second later

(fc = 16 MHz, TBRTCR<DV7CK> = “0”)

Example 2 :Auto-capture

LDW (TC1DRA), 1E84H ; Sets the timer register (1 s + 2'"/fc = 1E84H)
DI ; IMF=“0”

SET (EIRL). 7 ; Enables INTTC1

El ; IMF= “1”

LD (TC1CR), 00000000B ; Selects the source clock and mode

LD (TC1CR), 00010000B ; Starts TC1

LD (TC1CR), 01010000B ; ACAP1 « 1

LD WA, (TC1DRB) ; Reads the capture value

Note: Since the up-counter value is captured into TC1DRB by the source clock of up-counter after setting
TC1CR<ACAP1> to "1". Therefore, to read the captured value, wait at least one cycle of the internal
source clock before reading TC1DRB for the first time.
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Timer start

Source clock |||:|||||||||||||||||||||||||||||||||
;
:

Counter 0 naan n-1XnXoX 1 2 3 4 5 6 7
! 3
'

TC1DRA 2 X n o)

. H Match detect Counter clear
INTTC1 interruput request '

(a) Timer mode

Source clock I I I B B P B B B
Counter X m-2 X m-1 X X m+1 X m+2 X_}?_X n-1 X n X n+1 X
Capture ; Capture

[{§

TC1DRB ? vafl Xv m X m+1 X m+2 X ('(' X n-1 X vn X n+1 X
"

ACAP1 I

3

(b) Auto-capture

Figure 8-2 Timer Mode Timing Chart

Page 71



8. 16-Bit Timer/Counter 1 (TC1)

8.3 Function

TMP86FH47BUG

8.3.2 External Trigger Timer Mode

In the external trigger timer mode, the up-counter starts counting by the input pulse triggering of the TC1
pin, and counts up at the edge of the internal clock. For the trigger edge used to start counting, either the ris-

ing or falling edge is defined in TC1ICR<TC1S>.

When TC1ICR<METT1> is set to “1” (trigger start and stop)

When a match between the up-counter and the TC1DRA value is detected after the timer starts,
the up-counter is cleared and halted and an INTTC1 interrupt request is generated.

If the edge opposite to trigger edge is detected before detecting a match between the up-counter
and the TC1DRA, the up-counter is cleared and halted without generating an interrupt request. There-
fore, this mode can be used to detect exceeding the specified pulse by interrupt.

After being halted, the up-counter restarts counting when the trigger edge is detected.

When TC1ICR<METT1> is set to “0” (trigger start)

When a match between the up-counter and the TCIDRA value is detected after the timer starts,
the up-counter is cleared and halted and an INTTC1 interrupt request is generated.

The edge opposite to the trigger edge has no effect in count up. The trigger edge for the next count-
ing is ignored if detecting it before detecting a match between the up-counter and the TC1DRA.

Since the TC1 pin input has the noise rejection, pulses of 4/fc [s] or less are rejected as noise. A pulse
width of 12/fc [s] or more is required to ensure edge detection. The rejection circuit is turned off in the
SLOW1/2 or SLEEP1/2 mode, but a pulse width of one machine cycle or more is required.

Example 1 :Generating an interrupt 1 ms after the rising edge of the input pulse to the TC1 pin

(fc = 16 MHz)

LDW
DI
SET
El
LD
LD

(TC1DRA), 007DH

(EIRL). 7

(TC1CR), 00000100B
(TC1CR), 00100100B

; 1ms + 27/fc = 7DH

; IMF= “0”

; Enables INTTC1 interrupt

; IMF= “1”

; Selects the source clock and mode

; Starts TC1 external trigger, METT1= 0

Example 2 :Generating an interrupt when the low-level pulse with 4 ms or more width is input to the TC1 pin

(fc = 16 MHz)

LDW
DI
SET
El
LD
LD

(TC1DRA), 01F4H

(EIRL). 7

(TC1CR), 000001008
(TC1CR), 011101008

;4 ms + 27/fc = 1F4H

; IMF= “0”

; Enables INTTC1 interrupt

; IMF=“1”

; Selects the source clock and mode

; Starts TC1 external trigger, METT1= 1
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At the rising
Count start Count start edge (TC1S = 10)

TC1 pin input I | T

Source clock |||||||||||||| ||||||||||||||||||I|I|I|I|

63 63 53 63 ) 0 ;
Y

TC1DRA k n Match detect @ Count clear

INTTC1 &rr
interrupt request

(a) Trigger start (METT1 =0)

At the rising
Count start Count clear Count start edge (TC1S = 10)

TC1 pin input _T - l T - L

' ' ' ' ' ' ' ' '

0
7y
TC1DRA x n Match detect P Count clear
INTTC1 er
interrupt request
Note: m <n

(b) Trigger start and stop (METT1 = 1)

Figure 8-3 External Trigger Timer Mode Timing Chart
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8.3.3 Event Counter Mode

In the event counter mode, the up-counter counts up at the edge of the input pulse to the TC1 pin. Either

the rising or falling edge of the input pulse is selected as the count up edge in TCICR<TCI1S>.

When a match between the up-counter and the TC1DRA value is detected, an INTTC1 interrupt is gener-
ated and the up-counter is cleared. After being cleared, the up-counter restarts counting at each edge of the in-
put pulse to the TC1 pin. Since a match between the up-counter and the value set to TC1DRA is detected at
the edge opposite to the selected edge, an INTTCI interrupt request is generated after a match of the value at

the edge opposite to the selected edge.

Two or more machine cycles are required for the low-or high-level pulse input to the TC1 pin.

Setting TC1CR<ACAP1> to “1” captures the up-counter value into TC1DRB with the auto capture func-
tion. Use the auto-capture function in the operative condition of TC1. A captured value may not be fixed if
it's read after the execution of the timer stop or auto-capture disable. Read the capture value in a capture ena-
bled condition. Since the up-counter value is captured into TC1DRB by the source clock of up-counter after set-

ting TCICR<ACAP1> to "1". Therefore, to read the captured value, wait at least one cycle of the internal
source clock before reading TC1DRB for the first time.

Timer start

+ [(4
TC1 pin Input I—ll | | | | |_| v

|__|_| | I_l | Atthe

rising edge

XXX X

o =

2

(TC1s =10)

A

Up-counter 0
TCIDRA 2 X n

q

INTTC1 i
interrput request .

D
Match detect \ n} Counter clear

Figure 8-4 Event Counter Mode Timing Chart

Table 8-2 Input Pulse Width to TC1 Pin

Minimum Pulse Width [s]

NORMAL1/2, IDLE1/2 Mode SLOW1/2, SLEEP1/2 Mode

High-going

23/fc

23/fs

Low-going

23ffc

2%lfs
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8.3.4 Window Mode

In the window mode, the up-counter counts up at the rising edge of the pulse that is logical ANDed prod-
uct of the input pulse to the TC1 pin (window pulse) and the internal source clock. Either the positive logic
(count up during high-going pulse) or negative logic (count up during low-going pulse) can be selected.

When a match between the up-counter and the TC1DRA value is detected, an INTTC1 interrupt is gener-
ated and the up-counter is cleared.

Define the window pulse to the frequency which is sufficiently lower than the internal source clock program-
med with TCICR<TC1CK>.

Count start Count stop Count start

Timer start A h 4 A

TC1 pin input

Internal clock

D€ € O O G D 006 O8O
: A

TC1DRA 2 X 7 P
INTTCL Match detect Ln/ Counter clear
interrput request -

(a) Positive logic (TC1S =10)

Timer start Count start Count stop Count start

y y y

TC1 pin input

Internal clock

Counter XX XXX X s XXE XK
: A

TC1DRA 2 X 9 )
INTTC1 Match detect hl_r_
interrput request : Counter

. . clear
(b) Negative logic (TC1S = 11)

Figure 8-5 Window Mode Timing Chart
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8.3.5 Pulse Width Measurement Mode

In the pulse width measurement mode, the up-counter starts counting by the input pulse triggering of the

TC1 pin,

and counts up at the edge of the internal clock. Either the rising or falling edge of the internal

clock is selected as the trigger edge in TCICR<TCI1S>. Either the single- or double-edge capture is selected
as the trigger edge in TCICR<MCAP1>.

Note 1:

Note 2:

Note 3:

When TC1ICR<MCAPI1> is set to “1” (single-edge capture)

Either high- or low-level input pulse width can be measured. To measure the high-level input
pulse width, set the rising edge to TCICR<TCI1S>. To measure the low-level input pulse width, set
the falling edge to TC1CR<TC1S>.

When detecting the edge opposite to the trigger edge used to start counting after the timer starts,
the up-counter captures the up-counter value into TC1DRB and generates an INTTC1 interrupt re-
quest. The up-counter is cleared at this time, and then restarts counting when detecting the trigger
edge used to start counting.

When TCICR<MCAPI1> is set to “0” (double-edge capture)

The cycle starting with either the high- or low-going input pulse can be measured. To measure
the cycle starting with the high-going pulse, set the rising edge to TC1CR<TC1S>. To measure the
cycle starting with the low-going pulse, set the falling edge to TC1CR<TC1S>.

When detecting the edge opposite to the trigger edge used to start counting after the timer starts,
the up-counter captures the up-counter value into TC1DRB and generates an INTTCI interrupt re-
quest. The up-counter continues counting up, and captures the up-counter value into TC1DRB and
generates an INTTCI1 interrupt request when detecting the trigger edge used to start counting. The
up-counter is cleared at this time, and then continues counting.

The captured value must be read from TC1DRB until the next trigger edge is detected. If not read, the cap-
tured value becomes a don’t care. It is recommended to use a 16-bit access instruction to read the cap-
tured value from TC1DRB.

For the single-edge capture, the counter after capturing the value stops at “1” until detecting the next
edge. Therefore, the second captured value is “1” larger than the captured value immediately after count-
ing starts.

The first captured value after the timer starts may be read incorrectively, therefore, ignore the first period
captured values.
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Example :Duty measurement (resolution fc/27 [Hz])

PINTTC1:

SINTTC1:

VINTTCH1:

; INTTC1 service switch initial setting

CLR (INTTC1SW). 0
Address set to convert INTTC1SW at each INTTC1
LD (TC1CR), 00000110B ; Sets the TC1 mode and source clock
DI ; IMF= “0”
SET (EIRL). 7 ; Enables INTTC1
El ; IMF=“1”
LD (TC1CR), 00100110B ; Starts TC1 with an external trigger at MCAP1 = 0
CPL (INTTC1SW). 0 ; INTTC1 interrupt, inverts and tests INTTC1 service switch
JRS F, SINTTC1
LD A, (TC1DRBL) ; Reads TC1DRB (High-level pulse width)
LD W,(TC1DRBH)
LD (HPULSE), WA ; Stores high-level pulse width in RAM
RETI
LD A, (TC1DRBL) ; Reads TC1DRB (Cycle)
LD W,(TC1DRBH)
LD (WIDTH), WA ; Stores cycle in RAM
RETI ; Duty calculation
DW PINTTC1 ; INTTC1 Interrupt vector
L WIDTH o
< X ».
: HPULSE _: :
—> :
TC1 pin I | |
INTTC1 interrupt request I_l I_l
INTTCLSW | |

Page 77



8. 16-Bit Timer/Counter 1 (TC1)

8.3 Function TMP86FH47BUG

Count start Count start

L
TC1 pin input 1 Trigger y « § rcas =109
n

L]
Internal clock I | I | I:l | | I |

XXX : . D € €
'\ Capture Y
TC1DRB X¥n

[P A

E

INTTC1 |'|

interrupt request — - -
[Application] High-or low-level pulse width measurement

(a) Single-edge capture (MCAP1 ="1")

Count start Count start

(4
« (TC1S ="10")

TC1 pin input T v
n

Internal clock ||||||||||||||||||||||||||||||||||||

Counter 0 (2 X3 X4 X Xt n Xo+ %o+ 2% + 3K X - 2Km - XXX _1 X 2
Capture Capture

TC1DRB ' n ' m

[P R

l

INTTC1 1 1
interrupt request
[Application] (1) Cycle/frequency measurement
(2) Duty measurement

(b) Double-edge capture (MCAP1 = "0")

Figure 8-6 Pulse Width Measurement Mode
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8.3.6 Programmable Pulse Generate (PPG) Output Mode

In the programmable pulse generation (PPG) mode, an arbitrary duty pulse is generated by counting per-
formed in the internal clock. To start the timer, TC1CR<TC1S> specifies either the edge of the input pulse
to the TC1 pin or the command start. TC1CR<MPPG1> specifies whether a duty pulse is produced continuous-
ly or not (one-shot pulse).

When TC1CR<MPPGI> is set to “0” (Continuous pulse generation)

When a match between the up-counter and the TC1DRB value is detected after the timer starts,
the level of the PPG pin is inverted and an INTTC]1 interrupt request is generated. The up-counter con-
tinues counting. When a match between the up-counter and the TC1DRA value is detected, the lev-
el of the PPG pin is inverted and an INTTC1 interrupt request is generated. The up-counter is
cleared at this time, and then continues counting and pulse generation.

When TCI1S is cleared to “00” during PPG output, the PPG pin retains the level immediately be-
fore the counter stops.

+ When TCICR<MPPGI1> is set to “1” (One-shot pulse generation)

When a match between the up-counter and the TC1DRB value is detected after the timer starts,
the level of the PPG pin is inverted and an INTTC interrupt request is generated. The up-counter con-
tinues counting. When a match between the up-counter and the TCIDRA value is detected, the lev-
el of the PPG pin is inverted and an INTTCI interrupt request is generated. TCICR<TC1S> is
cleared to “00” automatically at this time, and the timer stops. The pulse generated by PPG retains
the same level as that when the timer stops.

Since the output level of the PPG pin can be set with TC1CR<TFF1> when the timer starts, a positive or neg-
ative pulse can be generated. Since the inverted level of the timer F/F1 output level is output to the PPG pin,
specify TCICR<TFFI> to “0” to set the high level to the PPG pin, and “1” to set the low level to the PPG
pin. Upon reset, the timer F/F1 is initialized to “0”.

Note 1: To change TC1DRA or TC1DRB during a run of the timer, set a value sufficiently larger than the count val-
ue of the counter. Setting a value smaller than the count value of the counter during a run of the timer
may generate a pulse different from that specified.

Note 2: Do not change TC1CR<TFF1> during a run of the timer. TC1CR<TFF1> can be set correctly only at initi-
alization (after reset). When the timer stops during PPG, TC1CR<TFF1> can not be set correctly from
this point onward if the PPG output has the level which is inverted of the level when the timer starts. (Set-
ting TC1CR<TFF1> specifies the timer F/F1 to the level inverted of the programmed value.) Therefore,
the timer F/F1 needs to be initialized to ensure an arbitrary level of the PPG output. To initialize the tim-
er F/F1, change TC1CR<TC1M> to the timer mode (it is not required to start the timer mode), and then
set the PPG mode. Set TC1CR<TFF1> at this time.

Note 3: In the PPG mode, the following relationship must be satisfied.
TC1DRA > TC1DRB
Note 4: Set TC1DRB after changing the mode of TC1M to the PPG mode.

Example :Generating a pulse which is high-going for 800 ps and low-going for 200 us

(fc = 16 MHz)
Setting port
LD (TC1CR), 10000111B ; Sets the PPG mode, selects the source clock
LDW (TC1DRA), 007DH ; Sets the cycle (1 ms + 27/fc ys = 007DH)
LDW (TC1DRB), 0019H ; Sets the low-level pulse width (200 ps + 27/fc = 0019H)
LD (TC1CR), 10010111B ; Starts the timer

Page 79



8. 16-Bit Timer/Counter 1 (TC1)
8.3 Function TMP86FHA47BUG

Example :After stopping PPG, setting the PPG pin to a high-level to restart PPG

(fc = 16 MHz)
Setting port
LD (TC1CR), 10000111B ; Sets the PPG mode, selects the source clock
LDW (TC1DRA), 007DH ; Sets the cycle (1 ms + 27/fc ys = 007DH)
LDW (TC1DRB), 0019H ; Sets the low-level pulse width (200 ps + 27/fc = 0019H)
LD (TC1CR), 10010111B ; Starts the timer
LD (TC1CR), 10000111B ; Stops the timer
LD (TC1CR), 10000100B ; Sets the timer mode
LD (TC1CR), 00000111B ; Sets the PPG mode, TFF1 =0
LD (TC1CR), 00010111B ; Starts the timer

Port output
1/0 port output latch enable

shared with PPG output
Data output ™D Q 4‘D_‘£_D PPG pin

Function output

TC1CR<TFF1> TS > Set
Write to TC1CR <
Internal reset H.% Clear Q _[>°_

Match to TC1DRB
Match to TC1DRA>—¢>—>—D Toggle

Timer F/F1

— INTTC1 interrupt request

TC1CRMPPGH> >——D—>TC1CR<TC1S> clear

Figure 8-7 PPG Output
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Timer start

Internal clock I|||||||||||||||||||||||||

Counter mXoX 1 2 n Xn+1 m¥oX 1 2

TC1DRB :X n ®

i Match detect\

TC1DRA :X - ] § §

PPG pin output

INTTC1 |‘| |‘| |‘| |‘|
interrupt request

Note: m > n

(@) Continuous pulse generation (TC1S = 01)

Count start

TC1 pin input TTrigger |

Internal clock |:|||IlI|||||||||||||||||||||||||
Counter 10 x:x: ™ o

TC1DRB :X E”

TCIDRA :X m \ 8

PPG pin output

INTTC1
interrupt request n n

[Application] One-shot pulse output

Note: m >
(b) One-shot pulse generation (TC1S = 10) oe-m=n

Figure 8-8 PPG Mode Timing Chart
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9. 8-Bit TimerCounter (TC3, TC4)
9.1 Configuration
PWM mode
Overflow ) \_D— NTTCA
interrupt request
fc/2l1 or fs/2% —3p[A | 1Clear /—J r P
fc/2’—>»B Y >»A Y —)l 8-bit up-counter
fc/2°—»|C —>(B | o TC4S
fc/2° —>»{D S PDO, PPG mode
P IE X A Toggle
fo/2 —> . ‘ v
e —»IG 16-bit mode I:D_ B Q
TC4 pin[}—>H . 16bi oL >(Set PDO4/PWMA4/
TCAM €——— Y mode S Counter mode Clear PPG4 pin
TC4as <—| Timer F/F4
TFF4 (—| TCacK A v
TC4CR —B _I_D—
| TTREG4 || PWREG4 | PWM, PPG mode | Decodegy | ppo, pwm,
PPG mode
ﬁ ﬁ TFF4
16-bit
mode
TC3S
PWM mode
Clear [ % INTTC3
fc/21 or fs/28 —3p[A ) interrupt request
fc/2’ —>»B Y 8-bit up-counter mow 16-bit mode
fc/2° —>»|C PDO mode
fc/2® —»|D
s —>E . Toggle
fc/2 —>»|F ‘ /
fc —»{G 16-bit mode Q
TC3 in| |—> H Timer, »(Set PDO3/PWM3/
P S Event Couter mode X
Clear pin
TC3M €«<—— A LN Timer F/F3
TC3S TC3CK —
TFF3 €—
TesR PWM mode DecodeEN PDO, PWM mode
| TTREG3 | | PWREG3 | 16-bit mode

TFF3

Figure 9-1 8-Bit TimerCounter 3, 4

Page 83



9. 8-Bit TimerCounter (TC3, TC4)
9.2 TimerCounter Control TMP86FH47BUG

9.2 TimerCounter Control

The TimerCounter 3 is controlled by the TimerCounter 3 control register (TC3CR) and two 8-bit timer regis-
ters (TTREG3, PWREG3).

TimerCounter 3 Timer Register

TTREG3 7 6 5 4 3 2 1 0
(0018H)
RIW

(Initial value: 1111 1111)

PWREG3 7 6 5 4 3 2 1 0
(001AH)
R/W

(Initial value: 1111 1111)

Note 1: Do not change the timer register (TTREG3) setting while the timer is running.

Note 2: Do not change the timer register (PWREG3) setting in the operating mode except the 8-bit and 16-bit PWM modes
while the timer is running.

TimerCounter 3 Control Register

TC3CR 7 6 5 4 3 2 1 0
(0016H) | TFF3 | TC3CK | TC3S | TC3M (Initial value: 0000 0000)
Time F/F3 control 0: Clear
TFF3 RIW
(Note 2,3) 1: Set
NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK =1
mode
000 fe/2™ fs/23 fs/23
001 fc/27 fc/2’ -
Operating clock selection [Hz _
TC3CK (Npt , 396) (2] 010 fo/2s fo/2s W
ote 2,3,
011 fc/23 fc/23 -
100 fs fs fs
101 fc/2 fc/2 -
110 fc (Note 8) fc (Note 8) fc (Note 8)
111 TC3 pin input
TC3 start control 0: Operation stop and counter clear
TC3S . R/W
(Note 3) 1: Operation start
000: 8-bit timer/event counter mode
001: 8-bit programmable divider output (PDO) mode
TC3M TC3M operating mode select 010: 8-bit pulse width modulation (PWM) output mode RIW
(Note 2,3,7) 011: 16-bit mode (Note 4,5)
(Each mode is selectable with TC4M.)
1**:  Reserved

Note 1: fc: High-frequency clock [Hz] fs: Low-frequency clock[Hz]
Note 2: Do not change the TC3M, TC3CK and TFF3 settings while the timer is running.

Note 3: To stop the timer operation (TC3S= 1 — 0), do not change the TC3M, TC3CK and TFF3 settings. To start the timer op-
eration (TC3S= 0 — 1), TC3M, TC3CK and TFF3 can be programmed.

Note 4: To use the TimerCounter in the 16-bit mode, set the operating mode by programming TC4CR<TC4M>, where TC3M
must be fixed to 011.

Note 5: To use the TimerCounter in the 16-bit mode, select the source clock by programming TC3CK. Set the timer start con-
trol and timer F/F control by programming TC4CR<TC4S> and TC4CR<TFF4>, respectively.

Note 6: The operating clock settings are limited depending on the timer operating mode. For the detailed descriptions, see Ta-
ble 9-1 and Table 9-2.

Note 7: The timer register settings are limited depending on the timer operating mode. For the detailed descriptions, see Ta-
ble 9-3.
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Note 8: The clock "fc" can be selected as the source clock only in 8/16 bit PWM mode and in warming-up counter mode in
SLOW or SLEEP mode.
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The TimerCounter 4 is controlled by the TimerCounter 4 control register (TC4CR) and two 8-bit timer regis-
ters (TTREG4 and PWREG4).

TimerCounter 4 Timer Register

TTREG4 7 6 5 4 3 2 1 0
(0019H)
RW

(Initial value: 1111 1111)

PWREG4 7 6 5 4 3 2 1 0
(001BH)
RIW

(Initial value: 1111 1111)

Note 1: Do not change the timer register (TTREG4) setting while the timer is running.

Note 2: Do not change the timer register (PWREG4) setting in the operating mode except the 8-bit and 16-bit PWM modes
while the timer is running.

TimerCounter 4 Control Register

TC4CR 7 6 5 4 3 2 1 0
(0017H) | TFF4 | TC4CK | TC4S | TC4M (Initial value: 0000 0000)
Timer F/F4 control 0: Clear
TFF4 R/W
(Note 2,3) 1: Set
NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK = 1
mode
000 fe/2™ fs/23 fs/23
001 fc/27 fc/2’ -
Operating clock selection [Hz
TCACK Npt ) 37 Hz] 010 fo/2s fc/2s - RIW
(Note 2.3.7) 011 fo/2? fo/2o -
100 fs fs fs
101 fc/2 fc/2 -
110 fc (Note 9) fc (Note 9) -
111 TC4 pin input
TC4 start control 0: Operation stop and counter clear
TC4S ) R/W
(Note 3) 1: Operation start
000: 8-bit timer/event counter mode
001: 8-bit programmable divider output (PDO) mode
010: 8-bit pulse width modulation (PWM) output mode
TC4M operating mode select 011: Reserved
TC4M o R/W
(Note 2,3,8) 100: 16-bit timer/event counter mode
101: Warm-up counter mode
110:  16-bit pulse width modulation (PWM) output mode
111:  16-bit PPG mode

Note 1: fc: High-frequency clock [Hz] fs: Low-frequency clock [Hz]

Note 2: Do not change the TC4M, TC4CK and TFF4 settings while the timer is running.

Note 3: To stop the timer operation (TC4S= 1 — 0), do not change the TC4M, TC4CK and TFF4 settings.
To start the timer operation (TC4S= 0 — 1), TC4M, TC4CK and TFF4 can be programmed.

Note 4: When TC4M= 1** (upper byte in the 16-bit mode), the source clock becomes the TC3 overflow signal regardless of
the TC4CK setting.

Note 5: To use the TimerCounter in the 16-bit mode, select the operating mode by programming TC4M, where
TC3CR<TC3M> must be set to 011.

Note 6: To the TimerCounter in the 16-bit mode, select the source clock by programming TC3CR<TC3CK>. Set the timer
start control and timer F/F control by programming TC4S and TFF4, respectively.
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Note 7:

Note 8:

Note 9:

The operating clock settings are limited depending on the timer operating mode. For the detailed descriptions, see Ta-
ble 9-1 and Table 9-2.

The timer register settings are limited depending on the timer operating mode. For the detailed descriptions, see Ta-
ble 9-3.

The clock "fc" can be selected as the source clock only in 8 bit PWM mode.

Table 9-1 Operating Mode and Selectable Source Clock (NORMAL1/2 and IDLE1/2 Modes)

fc/2™
. ¢ TC3 TC4
Operating mode or fc/2” fc/2® fc/23 fs fc/2 fc L o
pin input | pin input
fs/23
8-bit timer O o 0} o - - - - -
8-bit event counter - - - - - - - 0 e}
8-bit PDO o o (0] - - - - -
8-bit PWM 0 o] o o o} o) e} - -
16-bit timer (e} (e} (0] (e} - - - - -
16-bit event counter - - - - - - ¢} -
Warm-up counter - (0] - - - -
16-bit PWM 0} (0] (0] -
16-bit PPG (6] (6] (0] (6] - - - (6] -
Note 1: For 16-bit operations (16-bit timer/event counter, warm-up counter, 16-bit PWM and 16-bit PPG), set its source clock
on lower bit (TC3CK).
Note 2: O : Available source clock

Table 9-2 Operating Mode and Selectable Source Clock (SLOW1/2 and SLEEP1/2 Modes)

Operating mode

fc/2'
or
fs/23

fc/27

fc/2%

fc/23

fs

fc/2

TC3
pin input

TC4
pin input

8-bit timer

8-bit event counter

8-bit PDO

8-bit PWM

16-bit timer

16-bit event counter

Warm-up counter

16-bit PWM

16-bit PPG

Note 1: For 16-bit operations (16-bit timer/event counter, warm-up counter, 16-bit PWM and 16-bit PPG), set its source clock
on lower bit (TC3CK).

Note 2: O : Available source clock
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Table 9-3 Constraints on Register Values Being Compared

Operating mode

Register Value

8-bit timer/event counter

1< (TTREGn) <255

8-bit PDO

1< (TTREGn) <255

8-bit PWM

2< (PWREGH) <254

16-bit timer/event counter

1< (TTREG4, 3) <65535

Warm-up counter

256< (TTREG4, 3) <65535

16-bit PWM 2< (PWREG4, 3) <65534
1< (PWREG4, 3) < (TTREG4, 3) <65535
16-bit PPG and
(PWREGH4, 3) + 1 < (TTREG4, 3)
Note:n = 3 to 4
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9.3 Function

The TimerCounter 3 and 4 have the 8-bit timer, 8-bit event counter, 8-bit programmable divider output (PDO),
8-bit pulse width modulation (PWM) output modes. The TimerCounter 3 and 4 (TC3, 4) are cascadable to form a
16-bit timer. The 16-bit timer has the operating modes such as the 16-bit timer, 16-bit event counter, warm-up coun-
ter, 16-bit pulse width modulation (PWM) output and 16-bit programmable pulse generation (PPG) modes.

9.3.1 8-Bit Timer Mode (TC3 and 4)

In the timer mode, the up-counter counts up using the internal clock. When a match between the up-coun-
ter and the timer register j (TTREG;j) value is detected, an INTTC;j interrupt is generated and the up-counter
is cleared. After being cleared, the up-counter restarts counting.

Note 1: In the timer mode, fix TCjCR<TFFj> to 0. If not fixed, the PDOj, PWMj and PPGj pins may output pulses.

Note 2: In the timer mode, do not change the TTREG; setting while the timer is running. Since TTREG; is not in
the shift register configuration in the timer mode, the new value programmed in TTREG; is in effect imme-
diately after the programming. Therefore, if TTREG] is changed while the timer is running, an expected op-
eration may not be obtained.

Note 3: j=3,4

Table 9-4 Source Clock for Timer Counter 3, 4 (Internal Clock)

Source Clock (Note) Resolution Maximum Setting Time
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc = 16 MHz fs = 32.768 kHz fc =16 MHz fs = 32.768 kHz
DV7CK =0 DV7CK =1
mode
fc/2' [Hz] fs/2° [Hz] fs/2% [Hz] 128 ps 24414 ps 32.6 ms 62.3 ms
fc/27 fc/27 - 8 us - 2.0 ms -
fc/25 fc/25 - 2 us - 510 ps -
fc/23 fc/23 - 500 ns - 127.5 ps -

Note:In the timer mode, do not select a source clock other than those shown above.

Example :Setting the timer mode with source clock fc/27 Hz and generating an interrupt 80 us later
(TimerCounter4, fc = 16.0 MHz)

LD (TTREG4), 0AH ; Sets the timer register (80 ps + 27/fc = 0AH).

DI

SET (EIRH). 1 ; Enables INTTC4 interrupt.

El

LD (TC4CR), 00010000B ; Sets the operating clock to fc/27, and 8-bit timer mode.
LD (TC4CR), 00011000B ; Starts TC4.
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TCACR<TC4S> I |

Internal ] i
Source Clock : :

1 1
5/0.0/€0 €3 i &3 0 069 0 G
1
D T s T
E Match detect\ /Counter clear ’ \ / I
INTTC4 interrupt request ! Match detect |-| Counter clear

Figure 9-2 8-Bit Timer Mode Timing Chart (TC4)

9.3.2 8-Bit Event Counter Mode (TC3, 4)

In the 8-bit event counter mode, the up-counter counts up at the falling edge of the input pulse to the TC;j
pin. When a match between the up-counter and the TTREG;j value is detected, an INTTC;j interrupt is gener-
ated and the up-counter is cleared. After being cleared, the up-counter restarts counting at the falling edge of
the input pulse to the TCj pin. Two machine cycles are required for the low- or high-level pulse input to the
TCj pin. Therefore, a maximum frequency to be supplied is fc/2* Hz in the NORMALI1/2 or IDLE1/2 mode,
and fs/2* Hz in the SLOW1/2 or SLEEP1/2 mode.

Note 1: In the event counter mode, fix TCjCR<TFFj> to 0. If not fixed, the PDOj, PWMj and PPGj pins may out-
put pulses.

Note 2: In the event counter mode, do not change the TTREG;j setting while the timer is running. Since TTREG;j
is not in the shift register configuration in the event counter mode, the new value programmed in
TTREG;j is in effect immediately after the programming. Therefore, if TTREG;j is changed while the timer
is running, an expected operation may not be obtained.

Note 3: j=3,4

TC4CR<TC4S> I |
1 1
1 1

TC4 pin input | | ' | l | l | l l | l l l | l ! | | |
1 1

Counter OI X G@-

TTREG4 ? >< n :
1

Counter 1

Match detect\ / clear Match detec\n/ Sggpter 1

I

INTTC4 interrupt request
Figure 9-3 8-Bit Event Counter Mode Timing Chart (TC4)

9.3.3 8-Bit Programmable Divider Output (PDO) Mode (TC3, 4)

This mode is used to generate a pulse with a 50% duty cycle from the PDOj pin.

In the PDO mode, the up-counter counts up using the internal clock. When a match between the up-coun-
ter and the TTREG; value is detected, the logic level output from the PDOj pin is switched to the opposite
state and the up-counter is cleared. The INTTC] interrupt request is generated at the time. The logic state oppo-
site to the timer F/Fj logic level is output from the PDOj pin. An arbitrary value can be set to the timer F/Fj
by TCjCR<TFFj>. Upon reset, the timer F/Fj value is initialized to 0.

To use the programmable divider output, set the output latch of the I/O port to 1.
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Example :Generating 1024 Hz pulse using TC4 (fc = 16.0 MHz)

Setting port
LD (TTREG4), 3DH ; 111024 + 27/fc + 2 = 3DH
LD (TC4CR), 00010001B ; Sets the operating clock to fc/27, and 8-bit PDO mode.
LD (TC4CR), 00011001B ; Starts TC4.

Note 1: In the programmable divider output mode, do not change the TTREGj setting while the timer is running. Since
TTREG;j is not in the shift register configuration in the programmable divider output mode, the new value program-
med in TTREG; is in effect immediately after programming. Therefore, if TTREG] is changed while the timer is run-
ning, an expected operation may not be obtained.

Note 2: When the timer is stopped during PDO output, the PDQj pin holds the output status when the timer is stopped.
To change the output status, program TCjCR<TFFj> after the timer is stopped. Do not change the
TCjCR<TFFj> setting upon stopping of the timer.
Example: Fixing the PDOj pin to the high level when the TimerCounter is stopped
CLR (TCjCR).3 ; Stops the timer.
CLR (TCjCR).7 ; Sets the PDOj pin to the high level.

Note 3: j=3,4
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9.34 8-Bit Pulse Width Modulation (PWM) Output Mode (TC3, 4)

This mode is used to generate a pulse-width modulated (PWM) signals with up to 8 bits of resolution. The
up-counter counts up using the internal clock.

When a match between the up-counter and the PWREG; value is detected, the logic level output from the tim-
er F/Fj is switched to the opposite state. The counter continues counting. The logic level output from the tim-
er F/Fj is switched to the opposite state again by the up-counter overflow, and the counter is cleared. The
INTTC]j interrupt request is generated at this time.

Since the initial value can be set to the timer F/Fj by TCjCR<TFF;j>, positive and negative pulses can be gen-
erated. Upon reset, the timer F/Fj is cleared to 0.

(The logic level output from the PWMj pin is the opposite to the timer F/Fj logic level.)

Since PWREG;] in the PWM mode is serially connected to the shift register, the value set to PWREG] can
be changed while the timer is running. The value set to PWREG;j during a run of the timer is shifted by the
INTTC;j interrupt request and loaded into PWREGj. While the timer is stopped, the value is shifted immediate-
ly after the programming of PWREG;. If executing the read instruction to PWREGj during PWM output, the
value in the shift register is read, but not the value set in PWREG;. Therefore, after writing to PWREG;, the read-
ing data of PWREG;j is previous value until INTTCj is generated.

For the pin used for PWM output, the output latch of the I/O port must be set to 1.

Note 1: In the PWM mode, program the timer register PWREGj immediately after the INTTCj interrupt request is
generated (normally in the INTTCj interrupt service routine.) If the programming of PWREG;j and the inter-
rupt request occur at the same time, an unstable value is shifted, that may result in generation of the
pulse different from the programmed value until the next INTTCj interrupt request is generated.

Note 2: When the timer is stopped during PWM output, the PWMj pin holds the output status when the timer is stop-
ped. To change the output status, program TCjCR<TFFj> after the timer is stopped. Do not change the
TCjCR<TFFj> upon stopping of the timer.

Example: Fixing the PWM;j pin to the high level when the TimerCounter is stopped
CLR (TCjCR).3 ; Stops the timer.
CLR (TCjCR).7 ; Sets the PWMj pin to the high level.

Note 3: To enter the STOP mode during PWM output, stop the timer and then enter the STOP mode. If the
STOP mode is entered without stopping the timer when fc, fc/2 or fs is selected as the source clock, a
pulse is output from the PWM);j pin during the warm-up period time after exiting the STOP mode.

Note 4: j=3,4

Table 9-5 PWM Output Mode

Source Clock Resolution Repeated Cycle
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc = 16 MHz fs = 32.768 kHz fc =16 MHz fs = 32.768 kHz
DV7CK =0 DV7CK =1
mode
fc/2' [Hz] fs/2% [Hz] fs/2% [Hz] 128 us 244.14 us 32.8 ms 62.5 ms
fc/2” fc/27 - 8 us - 2.05 ms -
fc/25 fc/25 - 2 us - 512 ps -
fc/28 fc/28 - 500 ns - 128 ps -
fs fs fs 30.5 ps 30.5 s 7.81 ms 7.81 ms
fc/2 fc/2 - 125 ns - 32 ps -
fc fc - 62.5 ns - 16 us -
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9.3.5 16-Bit Timer Mode (TC3 and 4)

In the timer mode, the up-counter counts up using the internal clock. The TimerCounter 3 and 4 are cascad-
able to form a 16-bit timer.

When a match between the up-counter and the timer register (TTREG3, TTREG4) value is detected after
the timer is started by setting TC4CR<TC4S> to 1, an INTTC4 interrupt is generated and the up-counter is
cleared. After being cleared, the up-counter continues counting. Program the lower byte and upper byte in
this order in the timer register. (Programming only the upper or lower byte should not be attempted.)

Note 1: In the timer mode, fix TCJCR<TFFj> to 0. If not fixed, the PDOj, PWMj, and PPG;j pins may output a pulse.

Note 2: In the timer mode, do not change the TTREG; setting while the timer is running. Since TTREG;j is not in
the shift register configuration in the timer mode, the new value programmed in TTREG; is in effect imme-
diately after programming of TTREG;. Therefore, if TTREG] is changed while the timer is running, an expec-
ted operation may not be obtained.

Note 3: j=3,4

Table 9-6 Source Clock for 16-Bit Timer Mode

Source Clock Resolution Maximum Setting Time
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc = 16 MHz fs = 32.768 kHz fc = 16 MHz fs = 32.768 kHz
DV7CK =0 DV7CK =1
mode

fe/2™ fs/23 fs/23 128 ps 24414 ps 8.39 s 16's
fc/27 fc/27 - 8 us - 524.3 ms -
fc/25 fc/25 - 2 us - 131.1 ms -
fc/23 fc/23 - 500 ns - 32.8 ms -

Example :Setting the timer mode with source clock fc/27 [Hz], and generating an interrupt 300 ms later
(fc = 16.0 MHz)

LDW (TTREG3), 927CH ; Sets the timer register (300 ms + 27/fc = 927CH).

DI

SET (EIRH). 1 ; Enables INTTC4 interrupt.

El

LD (TC3CR), 13H ; Sets the operating clock to fc/27, and 16-bit timer mode
; (lower byte).

LD (TC4CR), 04H ; Sets the 16-bit timer mode (upper byte).

LD (TC4CR), OCH ; Starts the timer.
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16-Bit Event Counter Mode (TC3 and 4)

In the event counter mode, the up-counter counts up at the falling edge to the TC3 pin. The TimerCounter
3 and 4 are cascadable to form a 16-bit event counter.

When a match between the up-counter and the timer register (TTREG3, TTREG4) value is detected after
the timer is started by setting TC4CR<TC4S> to 1, an INTTC4 interrupt is generated and the up-counter is
cleared.

After being cleared, the up-counter restarts counting at the falling edge of the input pulse to the TC3 pin.
Two machine cycles are required for the low- or high-level pulse input to the TC3 pin.

Therefore, a maximum frequency to be supplied is fc/2* Hz in the NORMALI1/2 or IDLE1/2 mode, and fs/
2% in the SLOW1/2 or SLEEP1/2 mode. Program the lower byte (TTREG3), and upper byte (TTREG4) in
this order in the timer register. (Programming only the upper or lower byte should not be attempted.)

Note 1: In the event counter mode, fix TCjCR<TFFj> to 0. If not fixed, the PDOj, PWMj and PPG;j pins may output pulses.

Note 2: In the event counter mode, do not change the TTREGj setting while the timer is running. Since TTREG;j is not in
the shift register configuration in the event counter mode, the new value programmed in TTREG;] is in effect imme-
diately after the programming. Therefore, if TTREG] is changed while the timer is running, an expected operation

may not be obtained.
Note 3: j=3,4

16-Bit Pulse Width Modulation (PWM) Output Mode (TC3 and 4)

This mode is used to generate a pulse-width modulated (PWM) signals with up to 16 bits of resolution.
The TimerCounter 3 and 4 are cascadable to form the 16-bit PWM signal generator.

The counter counts up using the internal clock or external clock.

When a match between the up-counter and the timer register (PWREG3, PWREG4) value is detected, the log-
ic level output from the timer F/F4 is switched to the opposite state. The counter continues counting. The log-
ic level output from the timer F/F4 is switched to the opposite state again by the counter overflow, and the coun-
ter is cleared. The INTTC4 interrupt is generated at this time.

Two machine cycles are required for the high- or low-level pulse input to the TC3 pin. Therefore, a maxi-
mum frequency to be supplied is fc/2* Hz in the NORMAL1/2 or IDLE1/2 mode, and fs/2* to in the
SLOW1/2 or SLEEP1/2 mode.

Since the initial value can be set to the timer F/F4 by TC4CR<TFF4>, positive and negative pulses can be
generated. Upon reset, the timer F/F4 is cleared to 0.

(The logic level output from the PWM4 pin is the opposite to the timer F/F4 logic level.)

Page 96



TMP86FH47BUG

TOSHIBA

Since PWREG4 and 3 in the PWM mode are serially connected to the shift register, the values set to
PWREGH4 and 3 can be changed while the timer is running. The values set to PWREG4 and 3 during a run
of the timer are shifted by the INTTC;j interrupt request and loaded into PWREG4 and 3. While the timer is stop-
ped, the values are shifted immediately after the programming of PWREG4 and 3. Set the lower byte
(PWREG?3) and upper byte (PWREGH4) in this order to program PWREG4 and 3. (Programming only the low-
er or upper byte of the register should not be attempted.)

If executing the read instruction to PWREG4 and 3 during PWM output, the values set in the shift register
is read, but not the values set in PWREG4 and 3. Therefore, after writing to the PWREG4 and 3, reading da-
ta of PWREG4 and 3 is previous value until INTTC4 is generated.

For the pin used for PWM output, the output latch of the I/O port must be set to 1.

Note 1: In the PWM mode, program the timer register PWREG4 and 3 immediately after the INTTC4 interrupt re-
quest is generated (normally in the INTTC4 interrupt service routine.) If the programming of PWREG;
and the interrupt request occur at the same time, an unstable value is shifted, that may result in genera-
tion of pulse different from the programmed value until the next INTTC4 interrupt request is generated.

Note 2: When the timer is stopped during PWM output, the PWM4 pin holds the output status when the timer is
stopped. To change the output status, program TC4CR<TFF4> after the timer is stopped. Do not pro-
gram TC4CR<TFF4> upon stopping of the timer.

Example: Fixing the PWM4 pin to the high level when the TimerCounter is stopped
CLR (TC4CR).3 ; Stops the timer.
CLR (TC4CR).7 ; Sets the PWM4 pin to the high level.

Note 3: To enter the STOP mode, stop the timer and then enter the STOP mode. If the STOP mode is entered with-
out stopping of the timer when fc, fc/2 or fs is selected as the source clock, a pulse is output from the
PWM4 pin during the warm-up period time after exiting the STOP mode.

Table 9-7 16-Bit PWM Output Mode

Source Clock Resolution Repeated Cycle
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc = 16 MHz fs = 32.768 kHz fc =16 MHz fs = 32.768 kHz
DV7CK =0 DV7CK =1
mode

fc/2™ fs/2° [Hz] fs/2% [Hz] 128 ps 24414 ps 8.39s 16s
fc/27 fc/27 - 8 us - 524.3 ms -
fc/25 fc/25 - 2 pus - 131.1 ms -
fc/23 fc/23 - 500 ns - 32.8 ms -

fs fs fs 30.5 ps 30.5 ps 2s 2s
fc/2 fc/2 - 125 ns - 8.2 ms -

fc fc - 62.5 ns - 4.1 ms -

Example :Generating a pulse with 1-ms high-level width and a period of 32.768 ms (fc = 16.0 MHz)

Setting ports

LDW  (PWREGS3), 07DOH : Sets the pulse width.

LD (TC3CR), 33H ; Sets the operating clock to fc/23, and 16-bit PWM output mode
; (lower byte).

LD (TC4CR), 056H ; Sets TFF4 to the initial value 0, and 16-bit PWM signal
; generation mode (upper byte).

LD (TC4CR), O5EH ; Starts the timer.
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9.3.8

16-Bit Programmable Pulse Generate (PPG) Output Mode (TC3 and 4)

This mode is used to generate pulses with up to 16-bits of resolution. The timer counter 3 and 4 are cascad-
able to enter the 16-bit PPG mode.

The counter counts up using the internal clock or external clock. When a match between the up-counter
and the timer register (PWREG3, PWREG4) value is detected, the logic level output from the timer F/F4 is
switched to the opposite state. The counter continues counting. The logic level output from the timer F/F4 is
switched to the opposite state again when a match between the up-counter and the timer register (TTREGS3,
TTREG#4) value is detected, and the counter is cleared. The INTTC4 interrupt is generated at this time.

Two machine cycles are required for the high- or low-level pulse input to the TC3 pin. Therefore, a maxi-
mum frequency to be supplied is fc/2* Hz in the NORMAL1/2 or IDLE1/2 mode, and fs/2* to in the
SLOW1/2 or SLEEP1/2 mode.

Since the initial value can be set to the timer F/F4 by TC4CR<TFF4>, positive and negative pulses can be
generated. Upon reset, the timer F/F4 is cleared to 0.

(The logic level output from the PPG4 pin is the opposite to the timer F/F4.)

Set the lower byte and upper byte in this order to program the timer register. (TTREG3 — TTREG4,
PWREG3 — PWREG4) (Programming only the upper or lower byte should not be attempted.)

For PPG output, set the output latch of the I/O port to 1.

Example :Generating a pulse with 1-ms high-level width and a period of 16.385 ms (fc = 16.0 MHz)

Setting ports

LDW (PWREG3), 07DOH ; Sets the pulse width.

LDW (TTREG3), 8002H ; Sets the cycle period.

LD (TC3CR), 33H ; Sets the operating clock to fc/23, and16-bit PPG mode
; (lower byte).

LD (TC4CR), 057H ; Sets TFF4 to the initial value 0, and 16-bit

; PPG mode (upper byte).
LD (TC4CR), 05FH ; Starts the timer.

Note 1: In the PPG mode, do not change the PWREGi and TTREGi settings while the timer is running. Since PWREGi
and TTREGi are not in the shift register configuration in the PPG mode, the new values programmed in PWRE-
Gi and TTREGi are in effect immediately after programming PWREGi and TTREGi. Therefore, if PWREGi and
TTREGI are changed while the timer is running, an expected operation may not be obtained.

Note 2: When the timer is stopped during PPG output, the PPG4 pin holds the output status when the timer is stopped.

To change the output status, program TC4CR<TFF4> after the timer is stopped. Do not change TC4CR<TFF4>
upon stopping of the timer.

Example: Fixing the PPG4 pin to the high level when the TimerCounter is stopped
CLR (TC4CR).3 ; Stops the timer
CLR (TC4CR).7 ; Sets the PPG4 pin to the high level

Note 3: i=3,4
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9.3.9 Warm-Up Counter Mode

In this mode, the warm-up period time is obtained to assure oscillation stability when the system clocking
is switched between the high-frequency and low-frequency. The timer counter 3 and 4 are cascadable to
form a 16-bit TimerCounter. The warm-up counter mode has two types of mode; switching from the high-fre-
quency to low-frequency, and vice-versa.

Note 1: In the warm-up counter mode, fix TCICR<TFFi> to 0. If not fixed, the PDOi, PWMi and PPGi pins may out-
put pulses.

Note 2: In the warm-up counter mode, only upper 8 bits of the timer register TTREG4 and 3 are used for match de-
tection and lower 8 bits are not used.

Note 3: i=3,4

9.3.9.1  Low-Frequency Warm-up Counter Mode
(NORMAL1 — NORMAL2 — SLOW2 — SLOWH1)

In this mode, the warm-up period time from a stop of the low-frequency clock fs to oscillation stability
is obtained. Before starting the timer, set SYSCR2<XTEN> to 1 to oscillate the low-frequency clock.
When a match between the up-counter and the timer register (TTREG4, 3) value is detected after the tim-
er is started by setting TC4CR<TC4S> to 1, the counter is cleared by generating the INTTC4 interrupt re-
quest. After stopping the timer in the INTTC4 interrupt service routine, set SYSCR2<SYSCK> to 1 to
switch the system clock from the high-frequency to low-frequency, and then clear of SYSCR2<XEN> to
0 to stop the high-frequency clock.

Table 9-8 Setting Time of Low-Frequency Warm-Up Counter Mode (fs = 32.768 kHz)

Minimum Time Setting Maximum Time Setting
(TTREG4, 3 = 0100H) (TTREG4, 3 = FFOOH)
7.81 ms 1.99 s

Example :After checking low-frequency clock oscillation stability with TC4 and 3, switching to the SLOW1 mode

SET (SYSCR2).6 ; SYSCR2<XTEN> « 1

LD (TC3CR), 43H ; Sets TFF3=0, source clock fs, and 16-bit mode.
LD (TC4CR), 05H ; Sets TFF4=0, and warm-up counter mode.
LDW (TTREG3), 8000H ; Sets the warm-up time.

; (The warm-up time depends on the oscillator characteristic.)

DI ; IMF <0

SET (EIRH). 1 ; Enables the INTTC4.

El ; IMF 1

SET (TC4CR).3 ; Starts TC4 and 3.
PINTTC4: CLR (TC4CR).3 ; Stops TC4 and 3.

SET (SYSCR2).5 ; SYSCR2<SYSCK> « 1

; (Switches the system clock to the low-frequency clock.)

CLR (SYSCR2).7 ; SYSCR2<XEN> « 0 (Stops the high-frequency clock.)
RETI
VINTTC4: DW PINTTC4 ; INTTC4 vector table
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9.3.9.2 High-Frequency Warm-Up Counter Mode
(SLOW1 — SLOW2 — NORMAL2 — NORMAL1)

In this mode, the warm-up period time from a stop of the high-frequency clock fc to the oscillation stabil-
ity is obtained. Before starting the timer, set SYSCR2<XEN> to 1 to oscillate the high-frequency clock.
When a match between the up-counter and the timer register (TTREG4, 3) value is detected after the tim-
er is started by setting TC4CR<TC4S> to 1, the counter is cleared by generating the INTTC4 interrupt re-
quest. After stopping the timer in the INTTC4 interrupt service routine, clear SYSCR2<SYSCK> to 0 to
switch the system clock from the low-frequency to high-frequency, and then SYSCR2<XTEN> to 0 to

stop the low-frequency clock.

Table 9-9 Setting Time in High-Frequency Warm-Up Counter Mode

Minimum time Setting
(TTREG4, 3 = 0100H)

Maximum time Setting
(TTREG4, 3 = FFOOH)

16 us

4.08 ms

Example :After checking high-frequency clock oscillation stability with TC4 and 3, switching to the NORMAL1 mode

SET (SYSCR2).7
LD (TC3CR), 63H
LD (TCACR), 05H
LDW (TTREG3), OF800H
DI
SET (EIRH). 1
El
SET (TCACR).3
PINTTCA4: CLR (TCACR).3
CLR (SYSCR2).5
CLR (SYSCR2).6
RETI
VINTTC4: DW PINTTC4

; SYSCR2<XEN> « 1

; Sets TFF3=0, source clock fc, and 16-bit mode.

; Sets TFF4=0, and warm-up counter mode.

; Sets the warm-up time.

; (The warm-up time depends on the oscillator characteristic.)
; IMF < 0

; Enables the INTTCA4.

; IMF 1

; Starts the TC4 and 3.

; Stops the TC4 and 3.

; SYSCR2<SYSCK> «— 0

; (Switches the system clock to the high-frequency clock.)
: SYSCR2<XTEN> « 0

; (Stops the low-frequency clock.)

; INTTC4 vector table
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10. Synchronous Serial Interface (SIO)

The serial interfaces connect to an external device via SI, SO, and SCK pins.

When these pins are used as serial interface, the output latches for each port should be set to "1".

10.1  Configuration

% Internal data bus %
| SIOCR1 | | SIOSR
SIOTDB
> T T T T T T T |
—> 1 1 I I I 1 1
. Shift clock . _ I{}I ?hlft Ireglster on transmitter
| Control circuit [ Sl |—>| s l—D SO pin
J L ! .
N MSB/LSB — : : — : — (Serial data output)
selection ‘| (Note) l—D Sl pin
o : : ' ' ' —— - (Serial data input)
Shift register on receiver
SIORDB
_>| T T T T T T |
_> 1 1 1 1 1 1

v [ Port .
- 7| (Note) SCK pin

INTSIO Internal clock (Serial data output)
interrupt  input

Note: Set the register of port correctly for the port assigned as serial interface pins.
For details, see the description of the input/output port control register.

Figure 10-1 Synchronous Serial Interface (SIO)
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10.2 Control

The SIO is controlled using the serial interface control register (SIOCR1). The operating status of the serial inter-
face can be inspected by reading the status register (SIOCR1).

Serial Interface Control Register

SIOCR1 7 6 5 4 3 2 1 0
(0026H) | sIos | SIOINH | SIOM | SIODIR | SCK (Initial value: 0000 0000)
. 0: Stop
SIOS Specify start/stop of transfer
1: Start
. 0: -
SIOINH Forcibly stops transfer (Note 1) . . .
1: Forcibly stop (Automatically cleared to "0" after stopping)
00: Transmit mode
01: Receive mode
SIOM Selects transfer mode ] )
10: Transmit/receive mode
11: Reserved
o 0: MSB (Transfer beginning with bit7)
SIODIR Selects direction of transfer T . .
1: LSB (Transfer beginning with bit0)
NORMAL1/2 or IDLE1/2 modes
SLOW/SLEEP R/W
TBTCR TBTCR mode
<DV7CK> ="0" <DV7CK> ="1"
000 fc/212 fs/24 fs/24
001 fc/28 fc/28 Reserved
SCK Selects serial clock 010 fe/2’ fe/2” Reserved
011 fc/2¢ fc/28 Reserved
100 fc/2% fc/25 Reserved
101 fc/24 fc/24 Reserved
110 fc/23 fc/23 Reserved
11 External clock (Input from SCK pin)

Note 1: When SIOCR1<SIOINH> is set to “1”, SIOCR1<SIOS>, SIOSR register, SIORDB register and SIOTDB register are in-
itialized.

Note 2: Transfer mode, direction of transfer and serial clock must be select during the transfer is stopping (when
SIOSR<SIOF> "0").

Note 3: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care
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Serial Interface Status Register

SIOSR 7 6 5 4 3 2 1 0
(0027H) | SIOF | SEF | TXF | RXF | TXERR | RXERR | (Initial value: 0010 00**)
SIOF Serial transfer operation status | 0: Transfer finished
monitor 1: Transfer in progress
. 0: 8 clocks
SEF Number of clocks monitor
1: 1 to 7 clocks Read
) 0: Data exists in transmit buffer only
TXF Transmit buffer empty flag o .
1: No data exists in transmit buffer
. 0: No data exists in receive buffer
RXF Receive buffer full flag . .
1: Data exists in receive buffer
Read
0: - (No error exist)
. 1: Transmit buffer under run occurs in an external clock mode
TXERR Transfer operation error flag .
Write
0: Clear the flag
1: - (A write of "1" to this bit is ignored)
R/IW
Read
0: - (No error exist)
. . 1: Receive buffer over run occurs in an external clock mode
RXERR Receive operation error flag .
Write
0: Clear the flag
1: - (A write of "1" to this bit is ignored)

Note 1: The operation error flag (TXERR and RXERR) are not automatically cleared by stopping transfer with
SIOCR1<SIOS> "0". Therefore, set these bits to "0" for clearing these error flag. Or set SIOCR1<SIOINH> to "1".

Note 2: *: Don't care

Receive buffer register

SIORDB 7 6 5 4 3 2 1 0 Read only

(0028H) (Initial value: 0000 0000)
Transmit buffer register

SIOTDB 7 6 5 4 3 2 1 0 Write only

(0028H) (Initial value: *** ***)

Note 1: SIOTDB is write only register. A bit manipulation should not be performed on the transmit buffer register using a read-
modify-write instruction.

Note 2: The SIOTDB should be written after checking SIOSR<TXF> "1". When SIOSR<TXF> is "0", the writing data can't be
transferred to SIOTDB even if write instruction is executed to SIOTDB

Note 3: *: Don't care
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10.3 Function

10.3.1 Serial clock

10.3.1.1  Clock source

The serial clock can be selected by using SIOCR1<SCK>. When the serial clock is changed, the writ-
ing instruction to SIOCR1<SCK> should be executed while the transfer is stopped (when SIOSR<SIOF>
“0”)

(1) Internal clock

Setting the SIOCR1<SCK> to other than “111B” outputs the clock (shown in "Table 10-1 Serial
Clock Rate (fc = 16 MHz, fs = 32.768kHz)") as serial clock outputs from SCK pin. At the before be-
ginning or finishing of a transfer, SCK pin is kept in high level.

When writing (in the transmit mode) or reading (in the receive mode) data can not follow the seri-
al clock rate, an automatic-wait function is executed to stop the serial clock automatically and hold
the next shift operation until reading or writing is completed (shown in "Figure 10-2 Automatic-
wait Function (Example of transmit mode)"). The maximum time from releasing the automatic-wait
function by reading or writing a data is 1 cycle of the selected serial clock until the serial clock
comes out from SCK pin.

SIOCR1<SIOS> I Automatically wait

A

SCK pin output |||||||||||||||I / ||||||||||||||||
SO pin \ATXASKASXAXAIXAZXAIX A l\ (B7XBeXBsXBaXB3XB2XB1XB

SIOTDB :X A )T( B

Automatic wait is released by writing SIOTDB

o

Figure 10-2 Automatic-wait Function (Example of transmit mode)

Table 10-1 Serial Clock Rate (fc = 16 MHz, fs = 32.768kHz)

NORMAL1/2, IDLE1/2 Mode SLOW1/2, SLEEP1/2 Mode
TBTCR<DV7CK> = "0" TBTCR<DV7CK> = "1"
Serial Clock Baud Rate
SCK Serial Clock Baud Rate Serial Clock Baud Rate
000 fc/212 3.906 kbps fs/24 2048 bps fs/24 2048 bps
001 fc/28 62.5 kbps fc/28 62.5 kbps Reserved
010 fc/27 125 kbps fc/27 125 kbps Reserved
011 fc/28 250 kbps fc/28 250 kbps Reserved
100 fc/25 500 kbps fc/25 500 kbps Reserved
101 fc/24 1.00 Mbps fc/24 1.00 Mbps Reserved
110 fc/28 2.00 Mbps fc/23 2.00 Mbps Reserved
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(2) External clock

When an external clock is selected by setting SIOCR1<SCK> to “111B”, the clock via the SCK
pin from an external source is used as the serial clock.

To ensure shift operation, the serial clock pulse width must be 4/fc or more for both “H” and “L”
levels.

SCK pin \ Vl \I

{SCKL, ISCKH > 4/fc

Figure 10-3 External Clock

10.3.1.2  Shift edge

The leading edge is used to transmit data, and the trailing edge is used to receive data.

(1) Leading edge shift

Data is shifted on the leading edge of the serial clock (falling edge of the SCK pin input/output).

(2) Trailing edge shift

Data is shifted on the trailing edge of the serial clock (rising edge of the SCK pin input/output).

SIOCR1<SIOS> I
SCK pin 2 R 2 R R 2 2 A 2 R 2 R

Shit register 01234567& 50123456 X *012345 X 01234 X *+0123 X woos01p X wwwesgp X ewewwng N0 enennens
) shift out

SO pin \ 8tz X B X Bts X Bta X B3 X Bz X Bitr X Bito

(a) Leading edge shift (Example of MSB transfer)

SIOCR1<SIOS> |
s I 0 s T IR o IR o I o I o IO
Sl pin X Bz X Be X Bts X Bita X Bit3 X Btz X BitL X Bio

Shift register wrwenes X roeenes W g7ronees X0 pe7oees X 456700 X 34567+ X 234567+ X 1234567* X 01234567

(b) Trailing edge shift (Example of MSB transfer)

Figure 10-4 Shift Edge
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10.3.2 Transfer bit direction

Transfer data direction can be selected by using SIOCR1<SIODIR>. The transfer data direction can't be
set individually for transmit and receive operations.

When the data direction is changed, the writing instruction to SIOCR1<SIODIR> should be executed
while the transfer is stopped (when SIOCR1<SIOF>= “(0”)

SIOCR1<SIOS> |
SGK pin ) v v J v J vl v v J v/

SIOTDB :XA \
SO pin N\ a7 X a6 X as X a1 X a3 X a2 X a1 X Ao

(a) MSB transfer

SIOCR1<SIOS> |
SCK pin ) o v J v J v v v J v

SIOTDB :XA \
SO pin N\ a0 X a X a2 X a3 X a X a X a X A7

(b) LSB transfer

Figure 10-5 Transfer Bit Direction (Example of transmit mode)

10.3.2.1  Transmit mode

(1) MSB transmit mode

MSB transmit mode is selected by setting SIOCR1<SIODIR> to “0”, in which case the data is trans-
ferred sequentially beginning with the most significant bit (Bit7).

(2) LSB transmit mode

LSB transmit mode is selected by setting SIOCR1<SIODIR> to “1”, in which case the data is trans-
ferred sequentially beginning with the least significant bit (Bit0).

10.3.2.2 Receive mode

(1) MSB receive mode

MSB receive mode is selected by setting SIOCR1<SIODIR> to “0”, in which case the data is re-
ceived sequentially beginning with the most significant bit (Bit7).
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(2) LSB receive mode

LSB receive mode is selected by setting SIOCR1<SIODIR> to “1”, in which case the data is re-
ceived sequentially beginning with the least significant bit (Bit0).

10.3.2.3  Transmit/receive mode

(1) MSB transmit/receive mode

MSB transmit/receive mode are selected by setting SIOCR1<SIODIR> to “0” in which case the da-
ta is transferred sequentially beginning with the most significant bit (Bit7) and the data is received se-
quentially beginning with the most significant (Bit7).

(2) LSB transmit/receive mode

LSB transmit/receive mode are selected by setting SIOCR1<SIODIR> to “1”, in which case the da-
ta is transferred sequentially beginning with the least significant bit (Bit0) and the data is received se-
quentially beginning with the least significant (Bit0).

10.3.3 Transfer modes

Transmit, receive and transmit/receive mode are selected by using SIOCR1<SIOM>,

10.3.3.1  Transmit mode

Transmit mode is selected by writing “00B” to SIOCR1<SIOM>.

(1)  Starting the transmit operation

Transmit mode is selected by setting “00B” to SIOCR1<SIOM>. Serial clock is selected by using
SIOCR1<SCK>. Transfer direction is selected by using SIOCR1<SIODIR>.

When a transmit data is written to the transmit buffer register (SIOTDB), SIOSR<TXF> is
cleared to “0”.

After SIOCR1<SIOS> is set to “1”, SIOSR<SIOF> is set synchronously to “1” the falling edge
of SCK pin.

The data is transferred sequentially starting from SO pin with the direction of the bit specified by
SIOCR1<SIODIR>, synchronizing with the SCK pin's falling edge.

SIOSR<SEF> is kept in high level, between the first clock falling edge of SCK pin and eighth
clock falling edge.

SIOSR<TXF> is set to “1” at the rising edge of pin after the data written to the SIOTDB is trans-
ferred to shift register, then the INTSIO interrupt request is generated, synchronizing with the next fall-
ing edge on SCK pin.

Note 1: In internal clock operation, when SIOCR1<SIOS> is set to "1", transfer mode does not start with-
out writing a transmit data to the transmit buffer register (SIOTDB).

Note 2: In internal clock operation, when the SIOCR1<SIOS> is set to "1", SIOTDB is transferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock is output
from SCK pin.

Note 3: In external clock operation, when the falling edge is input from SCK pin after SIOCR1<SIOS>
is set to "1", SIOTDB is transferred to shift register immediately.
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(2) During the transmit operation
When data is written to SIOTDB, SIOSR<TXF> is cleared to “0”.

In internal clock operation, in case a next transmit data is not written to SIOTDB, the serial clock
stops to “H” level by an automatic-wait function when all of the bit set in the SIOTDB has been trans-
mitted. Automatic-wait function is released by writing a transmit data to SIOTDB. Then, transmit op-
eration is restarted after maximum 1-cycle of serial clock.

When the next data is written to the SIOTDB before termination of previous 8-bit data with
SIOSR<TXF> “1”, the next data is continuously transferred after transmission of previous data.

In external clock operation, after SIOSR<TXF> is set to “1”, the transmit data must be written to
SIOTDB before the shift operation of the next data begins.

If the transmit data is not written to SIOTDB, transmit error occurs immediately after shift opera-
tion is started. Then, INTSIO interrupt request is generated after SIOSR<TXERR> is set to “1”.

(3) Stopping the transmit operation

There are two ways for stopping transmits operation.

The way of clearing SIOCR1<SIOS>.

When SIOCRI1<SIOS> is cleared to “0”, transmit operation is stopped after all transfer
of the data is finished. When transmit operation is finished, SIOSR<SIOF> is cleared to
“0” and SO pin is kept in high level. In external clock operation, SIOCR1<SIOS> must be
cleared to “0” before SIOSR<SEF> is set to “1” by beginning next transfer.

The way of setting SIOCR1<SIOINH>.

Transmit operation is stopped immediately after SIOCR1<SIOINH> is set to “1”. In this
case, SIOCR1<SIOS>, SIOSR register, SIORDB register and SIOTDB register are initial-
ized.

Clearing SIOS

—

SIOCR1<SIOS>

Start shift
f operation

SIOSR<SIOF> >r Start shift Start shift

operation f operation

SIOSR<SEF>

SCK pin outout

SO pin

SIOSR<TXF>

INTSIO
interrupt
request

SIOTDB

t ' t

Writing transmit - Writing transmit Writing transmit
data A data B data C

Figure 10-6 Example of Internal Clock and MSB Transmit Mode
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, Writing transmit data , Clearing SIOS

>
>

() ]

]
1
SIOCR1<SIOS> ' i |
] ] ]
SIOSR<SIOF> . ] . [
Start shift 1+ Start shift Vo
1 1
|
]
]
]

Start shift

r operation

operation operation
SIOSR<SEF>

«r —{dpacecas M@@@W
m [ 1]
SIOTDB <SIOS> fx A X'B X c

Writing transmit Writinthransmit Writing transmit

data A data B data C

Figure 10-7 Example of External Clock and MSB Transmit Mode

SCK pin |

SIOSR<SIOF> %

SO pin X . /

. tSODH .
=200

4/fc < tsSODH < 8/fc

Figure 10-8 Hold Time of the End of Transmit Mode

(4) Transmit error processing

Transmit errors occur on the following situation.

Shift operation starts before writing next transmit data to SIOTDB in external clock operation.

If transmit errors occur during transmit operation, SIOSR<TXERR> is set to “1” immedi-
ately after starting shift operation. Synchronizing with the next serial clock falling edge, IN-
TSIO interrupt request is generated. If shift operation starts before writing data to SIOTDB
after SIOCR1<SIOS> is set to “1”, SIOSR<TXERR> is set to “1” immediately after shift op-
eration is started and then INTSIO interrupt request is generated.

SIO pin is kept in high level when SIOSR<TXERR> is set to “1”. When transmit error oc-
curs, transmit operation must be forcibly stop by writing SIOCRI<SIOINH> to “1”. In
this case, SIOCR1<SIOS>, SIOSR register, SIORDB register and SIOTDB register are ini-
tialized.
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SIOCR1<SIOS> |

SIOSR<SIOF> . . . \
Start shift Start shift Start shift |
operation f operation f operation

SIOSR<SEF> |_| |

SCK pin

SO pin A7 AABAASXAAXASAA2AALXAONB7ABEXNB5ABAAB3AB2 A B1X BO,

SIOSR<TXF> j

SIOSR<TXERR> / /

INTSIO ¢ /

interrupt K " k " ” R
request / /

SIOTDB A X B [/ / unknown
Writing transmit ~ Writing transmit

data A data B

I~

—y

SIOCR1
<SIOINH>

Figure 10-9 Example of Transmit Error Processing

10.3.3.2 Receive mode

The receive mode is selected by writing “01B” to SIOCR<SIOM>.

(1)  Starting the receive operation

Receive mode is selected by setting “01” to SIOCR1<SIOM>. Serial clock is selected by using
SIOCR1<SCK>. Transfer direction is selected by using SIOCR1<SIODIR>.

After SIOCR1<SIOS> is set to “1”, SIOSR<SIOF> is set synchronously to “1” the falling edge
of SCK pin.

Synchronizing with the SCK pin's rising edge, the data is received sequentially from SI pin with
the direction of the bit specified by SBIDIR<SIODIR>.

SIOSR<SEF> is kept in high level, between the first clock falling edge of SCK pin and eighth
clock falling edge.

When 8-bit data is received, the data is transferred to SIORDB from shift register. INTSIO inter-
rupt request is generated and SIOSR<RXF> is set to “1”

Note:In internal clock operation, when the SIOCR1<SIOS> is set to "1", the serial clock is gener-
ated from SCK pin after maximum 1-cycle of serial clock frequency.

(2) During the receive operation
The SIOSR<RXF> is cleared to “0” by reading a data from SIORDB.

In the internal clock operation, the serial clock stops to “H” level by an automatic-wait function
when the all of the 8-bit data has been received. Automatic-wait function is released by reading a re-
ceived data from SIORDB. Then, receive operation is restarted after maximum 1-cycle of serial clock.

In external clock operation, after SIOSR<RXF> is set to “1”, the received data must be read from
SIORDB, before the next data shift-in operation is finished.
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If received data is not read out from SIORDB receive error occurs immediately after shift opera-
tion is finished. Then INTSIO interrupt request is generated after SIOSR<RXERR> is set to “1”.

(3) Stopping the receive operation

There are two ways for stopping the receive operation.

The way of clearing SIOCR1<SIOS>.

When SIOCR1<SIOS> is cleared to “0”, receive operation is stopped after all of the da-
ta is finished to receive. When receive operation is finished, SIOSR<SIOF> is cleared to
“0”. In external clock operation, SIOCR1<SIOS> must be cleared to “0” before
SIOSR<SEF> is set to “1” by starting the next shift operation.

The way of setting SIOCR1<SIOINH>.

Receive operation is stopped immediately after SIOCR1<SIOINH> is set to “1”. In this
case, SIOCR1<SIOS>, SIOSR register, SIORDB register and SIOTDB register are initial-
ized.

Clearing SIOS R

1
, >
SIOCR1<SIOS> '
_ ; I
1
1
H
1
1|

SIOSR<SIOF> Start shift Start shift ! Start shift
operation f operation [ operation

SIOSR<SEF>

SCK pin

T

Sl pin

SIOSR<RXF> |l |

INTSIO " ” r

interrupt

request J \ \ \

SIORDB X A X8 X¢
Writing transmit Writing transmit Writing transmit
data A data B data C

Figure 10-10 Example of Internal Clock and MSB Receive Mode
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Reading received data

>
>

Clearing SIOS

|
~—

Y

(

SIOCR1<SIOS>

SIOSR<SIOF> _ ' )
Start shift ' Start shift v Start shift
operation + ¥ operation 1 o operation

1 1
1 1
[ [
[ [
T T

1 1

' '

' '

1 1

1 1

1 1

1

SIOSR<SEF> |—.—| L_| |

tpin W@@@@@@%@@@@@@@@@@@@@@@w

SIOSR<RXF> I—I
interrupt | f | f | f
request J \ \ \
SIORDB X A X B X_¢

| v v

Writing transmit Writing transmit Writing transmit
data A data B data C

Figure 10-11 Example of External Clock and MSB Receive Mode

(4) Receive error processing

Receive errors occur on the following situation. To protect SIORDB and the shift register con-
tents, the received data is ignored while the SIOSR<RXERR> is “1”.

Shift operation is finished before reading out received data from SIORDB at
SIOSR<RXF> is “1” in an external clock operation. If receive error occurs, set the
SIOCRI1<SIOS> to “0” for reading the data that received immediately before error occur-
rence. And read the data from SIORDB. Data in shift register (at errors occur) can be read
by reading the SIORDB again.

When SIOSR<RXERR> is cleared to “0” after reading the received data, SIOSR<RXF>
is cleared to “0”. After clearing SIOCR1<SIOS> to “0”, when 8-bit serial clock is input to

SCK pin, receive operation is stopped. To restart the receive operation, confirm that
SIOSR<SIOF> is cleared to “0”.

If the receive error occurs, set the SIOCR1<SIOINH> to “1” for stopping the receive op-
eration immediately. In this case, SIOCR1<SIOS>, SIOSR register, SIORDB register and
SIOTDB register are initialized.
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SIOCR1<SIOS> |
SIOSR<SIOF . . .
i Start shift Start shift Start shift
operation ¥ operation ¥ operation

SIOSR<SEF>

SCK pin

Sl pin

SIOSR<RXF> |} ) |

SIOSR<RXERR>

N Write a "0" after reading the
_lNTSIO received data when a receive
interrupt error occurs.

request

SIORDB X A X B

Writing transmit ~ Writing transmit
data A data B

Figure 10-12 Example of Receive Error Processing

Note: If receive error is not corrected, an interrupt request does not generate after the error occurs.

10.3.3.3  Transmit/receive mode

The transmit/receive mode are selected by writing “10” to SIOCR1<SIOM>.

(1)  Starting the transmit/receive operation

Transmit/receive mode is selected by writing “10B” to SIOCR1<SIOM>. Serial clock is selected
by using SIOCR1<SCK>. Transfer direction is selected by using SIOCR1<SIODIR>.

When a transmit data is written to the transmit buffer register (SIOTDB), SIOSR<TXF> is
cleared to “0”.

After SIOCR1<SIOS> is set to “1”, SIOSR<SIOF> is set synchronously to the falling edge of
SCK pin.

The data is transferred sequentially starting from SO pin with the direction of the bit specified by
SIOCR 1<SIODIR>, synchronizing with the SCK pin's falling edge. And receiving operation also
starts with the direction of the bit specified by SIOCR1<SIODIR>, synchronizing with the SCK
pin's rising edge.

SIOSR<SEF> is kept in high level between the first clock falling edge of SCK pin and eighth
clock falling edge.

SIOSR<TXF> is set to “1” at the rising edge of SCK pin after the data written to the SIOTDB is
transferred to shift register. When 8-bit data has been received, the received data is transferred to
SIORDB from shift register, then the INTSIO interrupt request occurs, synchronizing with setting
SIOSR<RXF> to “1”.

Note 1: In internal clock operation, when the SIOCR1<SIOS> is set to "1", SIOTDB is transferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock is output
from SCK pin.

Note 2: In external clock operation, when the falling edge is input from SCK pin after SIOCR1<SIOS>
is set to "1", SIOTDB is transferred to shift register immediately. When the rising edge is input
from SCK pin, receive operation also starts.
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(2) During the transmit/receive operation

When data is written to SIOTDB, SIOSR<TXF> is cleared to “0” and when a data is read from
SIORDB, SIOSR<RXF> is cleared to “0”.

In internal clock operation, in case of the condition described below, the serial clock stops to “H”
level by an automatic-wait function when all of the bit set in the data has been transmitted.

Next transmit data is not written to SIOTDB after reading a received data from SIORDB.
Received data is not read from SIORDB after writing a next transmit data to SIOTDB.
Neither SIOTDB nor SIORDB is accessed after transmission.

The automatic wait function is released by writing the next transmit data to SIOTDB after read-
ing the received data from SIORDB, or reading the received data from SIORDB after writing the
next data to SIOTDB. Then, transmit/receive operation is restarted after maximum 1 cycle of serial
clock. In external clock operation, reading the received data from SIORDB and writing the next da-
ta to SIOTDB must be finished before the shift operation of the next data begins.

If the transmit data is not written to SIOTDB after SIOSR<TXF> is set to “1”, transmit error oc-
curs immediately after shift operation is started. When the transmit error occurred,
SIOSR<TXERR> is set to “1”. If received data is not read out from SIORDB before next shift oper-
ation starts after setting SIOSR<RXF> to “1”, receive error occurs immediately after shift operation
is finished. When the receive error has occurred, SIOSR<RXERR> is set to “1”.

(3) Stopping the transmit/receive operation

There are two ways for stopping the transmit/receive operation.

The way of clearing SIOCR1<SIOS>.

When SIOCRI1<SIOS> is cleared to “0”, transmit/receive operation is stopped after all
transfer of the data is finished. When transmit/receive operation is finished, SIOSR<SIOF>
is cleared to “0” and SO pin is kept in high level. In external clock operation,
SIOCR1<SIOS> must be cleared to “0” before SIOSR<SEF> is set to “1” by beginning
next transfer.

The way of setting SIOCR1<SIOINH>.
Transmit/receive operation is stopped immediately after SIOCR1<SIOINH> is set to

“1”. In this case, SIOCR1<SIOS>, SIOSR register, SIORDB register and SIOTDB register
are initialized.
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Clearing SIOS

1

SIOCR1<SIOS> i

_ |

SIOSR<SIOF> Start shift Start shift i Start shift
operation f operation :f operation

SIOSR<SEF>
— |
SCK pin output
m m HEERRE =
INTSIO
interrupt
request ” ”

\
siosr<TxF> || (|_| \7A
X X

SIOTDB

Writing transmit Writing trangmit Writing transmit
data A data B data C

SIOSR<RXF> |—(|/ [ ] |_|_
X
v

SIORDB

D X E X F
y {

Reading received Reading received Reading received
data D data E data F

Figure 10-13 Example of Internal Clock and MSB Transmit/Receive Mode
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Reading received data
Tt,  Clearing SIOS

[P
<

1
! Writing transmit data !

SIOSR<SIOF> '+ Start shift
operation

SIOSR<SEF>

<€ >

i |
e —
1 Start shift |

foperation
L] |

Start shift
operation

y
TTTTTTTITTTT1VY

I--

SCK pin output

50 pin PEEEEEEREEEEEEEEEEEEEREE

tpin @@@@@@@@@@@@@@@@@@@@@ Fo
interupt ﬂ | |

request

SIOSR<TXF> ) ' 1] 1|
{ ¢

SIOTDB X A X B X c
Writing transmit EWriting transmit Writing transmit
data A :data B data C

SIOSR<RXF> I ] [
f
SIORDB X D X E X F

Reading received Reading received Reading received
data D data E data F

Figure 10-14 Example of External Clock and MSB Transmit/Receive Mode

(4) Transmit/receive error processing

Transmit/receive errors occur on the following situation. Corrective action is different, which er-
rors occur transmits or receives.

(@) Transmit errors

Transmit errors occur on the following situation.

Shift operation starts before writing next transmit data to SIOTDB in external clock op-
eration.

If transmit errors occur during transmit operation, SIOSR<TXERR> is set to “1” imme-
diately after starting shift operation. And INTSIO interrupt request is generated after all
of the 8-bit data has been received. If shift operation starts before writing data to
SIOTDB after SIOCR1<SIOS> is set to “1”, SIOSR<TXERR> is set immediately after
starting shift operation. And INTSIO interrupt request is generated after all of the 8-bit da-
ta has been received.

SO pin is kept in high level when SIOSR<TXERR> is set to “1”. When transmit er-
ror occurs, transmit operation must be forcibly stop by writing SIOCR1<SIOINH> to
“1” after the received data is read from SIORDB. In this case, SIOCR1<SIOS>, SIOSR
register, SIORDB register and SIOTDB register are initialized.
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SIOCR1<SIOS>

SIOSR<SIOF> Start shift Start shift Start shift I—
operation f operation foperation f

SIOSR<SEF> | ] |

SCK pin output

/|

Sl pin

INTSIO
interrupt
request

SIOSR<TXF> ] | ] (

SIOSR<TXERR> r |

\ \
SIOTDB X A X B X\ \Unknown

Writing transmit Writing transmit
data A data B

SIOSR<RXF> |_| |_| |_|
{ [\

SIORDB X D X E )G\
v v

Reading received Reading received Reading received
data D data E data F

N~ |

SIOCR1<SIOINH>

Figure 10-15 Example of Transmit/Receive (Transmit) Error Processing

(b)  Receive errors

Receive errors occur on the following situation. To protect SIORDB and the shift register con-
tents, the received data is ignored while the SIOSR<RXERR> is “1”.

Shift operation is finished before reading out received data from SIORDB at
SIOSR<RXF> is “1” in an external clock operation. If receive error occurs, set the
SIOCRI1<SIOS> to “0” for reading the data that received immediately before error occur-
rence. And read the data from SIORDB. Data in shift register (at errors occur) can be
read by reading the SIORDB again.

When SIOSR<RXERR> is cleared to “0” after reading the received data,
SIOSR<RXF> is cleared to “0”. After clearing SIOCR1<SIOS> to “0”, when 8-bit seri-
al clock is input to SCK pin, receive operation is stopped. To restart the receive opera-
tion, confirm that SIOSR<SIOF> is cleared to “0”.

If the received error occurs, set the SIOCRI<SIOINH> to “1” for stopping the re-
ceive operation immediately. In this case, SIOCR1<SIOS>, SIOSR register, SIORDB
register and SIOTDB register are initialized.
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SIOCR1<SIOS>

SIOSR<SIoF> Start shift Start shift Start shift
operation ¥ operation ¥ operation |4

SIOSR<SEF> | ] | ]

SCK pin output |

50 pin W@@@@@@@@@@@@@@@@@@@" 3
S pin W@@@@@@@@@@@@@@@@@@é@@@ &

INTSIO

interrupt

request " "

SIOSR<TXF> / (

SIoTDB X A X B X c X Unknown
Writing transmit Writing transmit Writing transmit
data A data B data C

SIOSR<RXF> |

3

SIOSR<RXERR>

\
SIORDB X D XE\|] X ooH
y v

Reading received Reading received
data D data E

SIOCR1<SIOINH>

Figure 10-16 Example of Transmit/Receive (Receive) Error Processing

Note:If receive error is not corrected, an interrupt request does not generate after the error occurs.

SCK pin |

SIOSR<SIOF>

T

SO pin X I

|
' SODH !
! |

4ffc < 'SODH < 8/fc

Figure 10-17 Hold Time of the End of Transmit/Receive Mode
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11. Asynchronous Serial interface (UART)

11.1 Configuration

UART control register 1 ~ Transmit data buffer

Receive data buffer

| UARTCR1 || TDBUF |
[
312 ‘_*_
5 51 Parity bit
E 5 <
INTTXDeg S o N v
é % L ms;rr;]fi)tc ion RXD
Q D
g & A
7\1_ AA
TXD
INTRXD<€ |
Transmit/receive clock
Y
I R M A fc2®
| L2 ! P B fc/2'
! S ' X CHfc/2®
fc/13 >—— A ! S
fc/26  >——1B ' \
fc/52  >—+—C ! 2 4
fc/104 >——p Yy[—>| Counter i \ \ 2
fc/208 2 E | UARTSR UARTCR2
fc/ldl6 >——F '
INTTC3 >_:_ G ! UART status register UART control register 2
fcr96 ! H : MPX: Multiplexer
1

! Baud rate generator

Figure 11-1 UART (Asynchronous Serial Interface)
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11.2 Control

UART is controlled by the UART Control Registers (UARTCR1, UARTCR?2). The operating status can be moni-
tored using the UART status register (UARTSR).

UART Control Register1

UARTCR1 7 6 5 4 3 2 1 0
(0020H) | TXE | RXE | STBT | EVEN| PE | BRG (Initial value: 0000 0000)

=4

Disable

TXE Transfer operation
Enable

-

Disable

RXE Receive operation
Enable

= O

1 bit
2 bits

= O

STBT Transmit stop bit length

. Odd-numbered parity
EVEN Even-numbered parity

= O

Even-numbered parity

Write
only

No parity

= O

PE Parity addition )
Parity

000: fc/13 [Hz]

001: fc/26

010: fc/52

011: fc/104

100: fc/208

101: fc/416

110: TC3 (Input INTTC3)
111: fc/96

BRG Transmit clock select

Note 1: When operations are disabled by setting TXE and RXE bit to “0”, the setting becomes valid when data transmit or re-
ceive complete. When the transmit data is stored in the transmit data buffer, the data are not transmitted. Even if da-
ta transmit is enabled, until new data are written to the transmit data buffer, the current data are not transmitted.

Note 2: The transmit clock and the parity are common to transmit and receive.
Note 3: UARTCR1<RXE> and UARTCR1<TXE> should be set to “0” before UARTCR1<BRG> is changed.
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UART Control Register2

UARTCR2 7 6 5 4 3 2 1 0
(0021H) RXDNC | STOPBR | (Initial value: **** *000)

00: No noise rejection (Hysteresis input)

RXDNG Selection of RXD input noise 01: Rejects pulses shorter than 31/fc [s] as noise
rejection time 10: Rejects pulses shorter than 63/fc [s] as noise Write
11: Rejects pulses shorter than 127/fc [s] as noise only
0: 1 bit

STOPBR | Receive stop bit length .
1: 2 bits

Note: Settings of RXDNC are limited depending on the transfer clock specified by BRG. The combination "O" is avail-
able but please do not select the combination "-". The transfer clock is calculated by the following equation :
Transfer clock [Hz] = Timer/counter source clock [Hz] + TTREGS3 set value

RXDNC setting
11
. Transfer 01 10
BRG setting clock [Hz] 00 Rei | h Rei | h (Reject pulses shorter
(No noise rejection) (Reject pulses s olrter (Reject pulses s orter than 127/fc[s] as
than 31/fc[s] as noise) | than 63/fc[s] as noise) noise)
000 fc/13 O O O -
110 fc/8 o - - -
(When the transfer clock gen- fc/16 o) o) - -
erated by INTTC3 is the
same as the right side col- fe/32 0 0 o R
umn)
The setting except the above o o o o
UART Status Register
UARTSR 7 6 5 4 3 2 1 0
(0020H) | PERR | FERR | OERR | RBFL | TEND | TBEP | (Initial value: 0000 11**)
. 0: No parity error
PERR Parity error flag .
1: Parity error
. 0: No framing error
FERR Framing error flag .
1:  Framing error
0: No overrun error
OERR Overrun error flag
1:  Overrun error Read
. 0: Receive data buffer empty only
RBFL Receive data buffer full flag .
1: Receive data buffer full
. 0: On transmitting
TEND Transmit end flag .
1: Transmit end
. 0: Transmit data buffer full (Transmit data writing is finished)
TBEP Transmit data buffer empty flag .
1: Transmit data buffer empty

Note:When an INTTXD is generated, TBEP flag is set to "1" automatically.

UART Receive Data Buffer

RDBUF 7 6 5 4 3 2 1 0 Read only
(0022H) | | | | | | | | | (Initial value: 0000 0000)
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UART Transmit Data Buffer

TDBUF 7 6 5

0

Write only

(0022H) | | |

| (Initial value: 0000 0000)
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11.3 Transfer Data Format

In UART, an one-bit start bit (Low level), stop bit (Bit length selectable at high level, by UARTCR1<STBT>),
and parity (Select parity in UARTCRI<PE>; even- or odd-numbered parity by UARTCRI<EVEN>) are added to
the transfer data. The transfer data formats are shown as follows.

Frame Length

PE STBT
| 1 | 2 | 3 | | 8 | 9 | 10 | 1 | 12 |
0 0 Start 4 Bit 0 x Bit 1 X———-x Bit 6 x Bit 7 >‘Stop1

stat A Bito X Bit1 X----X Bite X Bit7 X Paity ) Stop1l
stat A Bito X Bit1 X ----X Bit6 X Bit7 X Parity ) Stop1  Stop2

_\
0 1 _\ Start 4 Bit 0 x Bit 1 X———-x Bit 6 x Bit 7 YStopl Stop 2
\
A\

Figure 11-2 Transfer Data Format

Without parity / 1 STOP bit

AR AN

With parity / 1 STOP bit Without parity / 2 STOP bit

\ /

With parity / 2 STOP bit

Figure 11-3 Caution on Changing Transfer Data Format

Note:In order to switch the transfer data format, perform transmit operations in the above Figure 11-3 sequence ex-
cept for the initial setting.
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11.4 Transfer Rate

The baud rate of UART is set of UARTCRI<BRG>. The example of the baud rate are shown as follows.

Table 11-1 Transfer Rate (Example)

Source Clock

BRG

16 MHz 8 MHz 4 MHz
000 76800 [baud] 38400 [baud] 19200 [baud]
001 38400 19200 9600
010 19200 9600 4800
011 9600 4800 2400
100 4800 2400 1200
101 2400 1200 600

When TC3 is used as the UART transfer rate (when UARTCRI<BRG> = “110”), the transfer clock and trans-
fer rate are determined as follows:

Transfer clock [Hz] = TC3 source clock [Hz] / TTREG3 setting value

Transfer Rate [baud] = Transfer clock [Hz] / 16

11.5 Data Sampling Method

The UART receiver keeps sampling input using the clock selected by UARTCR1<BRG> until a start bit is detec-
ted in RXD pin input. RT clock starts detecting “L” level of the RXD pin. Once a start bit is detected, the start
bit, data bits, stop bit(s), and parity bit are sampled at three times of RT7, RTS8, and RT9 during one receiver
clock interval (RT clock). (RTO is the position where the bit supposedly starts.) Bit is determined according to ma-
jority rule (The data are the same twice or more out of three samplings).

RXD pin \  Startbit /<Bit0

RT0O 1 2 34 5 6 7 8 9101112131415 0 1 2 3 4 5 6 7 8 9 1011

RT clock
Internal receive data \ Start bit i i l /< Bit 0 * * *

(a) Without noise rejection circuit

RXD pin \ Start bit /< Bit 0 X

RT0O 1 2 34 5 6 7 89 101112131415 01 2 3 4 56 7 8 910 11

RT clock
Internal receive data \ Start bit l l l /< Bit 0 * * *

(b) With noise rejection circuit

Figure 11-4 Data Sampling Method

Page 126



TO s H I BA TMP86FH47BUG

11.6 STOP Bit Length

Select a transmit stop bit length (1 bit or 2 bits) by UARTCRI<STBT>.

11.7 Parity

Set parity / no parity by UARTCR1<PE> and set parity type (Odd- or Even-numbered) by UARTCRI<EVEN>.

11.8 Transmit/Receive Operation

11.8.1 Data Transmit Operation

Set UARTCRI<TXE> to “1”. Read UARTSR to check UARTSR<TBEP> = “1”, then write data in
TDBUF (Transmit data buffer). Writing data in TDBUF zero-clears UARTSR<TBEP>, transfers the data to
the transmit shift register and the data are sequentially output from the TXD pin. The data output include a
one-bit start bit, stop bits whose number is specified in UARTCRI<STBT> and a parity bit if parity addition
is specified. Select the data transfer baud rate using UARTCR1<BRG>. When data transmit starts, transmit buf-
fer empty flag UARTSR<TBEP> is set to “1” and an INTTXD interrupt is generated.

While UARTCRI<TXE> = “0” and from when “1” is written to UARTCRI<TXE> to when send data are
written to TDBUF, the TXD pin is fixed at high level. When transmitting data, first read UARTSR, then
write data in TDBUF. Otherwise, UARTSR<TBEP> is not zero-cleared and transmit does not start.

11.8.2 Data Receive Operation

Set UARTCRI<RXE> to “1”. When data are received via the RXD pin, the receive data are transferred to
RDBUF (Receive data buffer). At this time, the data transmitted includes a start bit and stop bit(s) and a pari-
ty bit if parity addition is specified. When stop bit(s) are received, data only are extracted and transferred to
RDBUF (Receive data buffer). Then the receive buffer full flag UARTSR<RBFL> is set and an INTRXD in-
terrupt is generated. Select the data transfer baud rate using UARTCR1<BRG>.

If an overrun error (OERR) occurs when data are received, the data are not transferred to RDBUF (Re-
ceive data buffer) but discarded; data in the RDBUF are not affected.

Note:When a receive operation is disabled by setting UARTCR1<RXE> bit to “0”, the setting becomes val-
id when data receive is completed. However, if a framing error occurs in data receive, the receive-dis-
abling setting may not become valid. If a framing error occurs, be sure to perform a re-receive opera-
tion.
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11.9 Status Flag

11.9.1 Parity Error

When parity determined using the receive data bits differs from the received parity bit, the parity error
flag UARTSR<PERR> is set to “1”. The UARTSR<PERR> is cleared to “0” when the RDBUF is read after

reading the UARTSR.
RXD pin X Parity y Stop
Shift register XXXXO** X PXXXX0* X 1pxxxx0

UARTSR<PERR> I After reading UARTSR then
RDBUF clears PERR.

—1

INTRXD interrupt

Figure 11-5 Generation of Parity Error

11.9.2 Framing Error

When “0” is sampled as the stop bit in the receive data, framing error flag UARTSR<FERR> is set to “1”.
The UARTSR<FERR> is cleared to “0” when the RDBUF is read after reading the UARTSR.

RXD pin X Final bit x Stop
Shift register XXXO** X XXXXO0* X 0xxxx0
|
1
UARTSR<FERR> '/ After reading UARTSR then
f RDBUF clears FERR.
1
INTRXD interrupt |-|

Figure 11-6 Generation of Framing Error

11.9.3 Overrun Error

When all bits in the next data are received while unread data are still in RDBUF, overrun error flag
UARTSR<OERR> is set to “1”. In this case, the receive data is discarded; data in RDBUF are not affected.
The UARTSR<OERR> is cleared to “0” when the RDBUF is read after reading the UARTSR.
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UARTSR<RBFL>

RXD pin X Final bit Y Stop

Shift register XXXO%* X XXXXO0* X 1xxxx0
i

RDBUF yyyy

|
1
UARTSR<OERR> 1/ After reading UARTSR then

RDBUF clears OERR.

INTRXD interrupt |_|

Figure 11-7 Generation of Overrun Error

Note:Receive operations are disabled until the overrun error flag UARTSR<OERR> is cleared.

11.9.4 Receive Data Buffer Full

Loading the received data in RDBUF sets receive data buffer full flag UARTSR<RBFL> to "1". The
UARTSR<RBFL> is cleared to “0” when the RDBUF is read after reading the UARTSR.

RXD pin X Final bit y Stop
Shift register XXX0** X XXXX0* X 1xxxx0
L ¥
RDBUF yyyy X XXXX
I
UARTSR<RBFL> :/ After reading UARTSR then
! RDBUF clears RBFL.
1
INTRXD interrupt |_|

Figure 11-8 Generation of Receive Data Buffer Full

Note:If the overrun error flag UARTSR<OERR> is set during the period between reading the UARTSR
and reading the RDBUF, it cannot be cleared by only reading the RDBUF. Therefore, after reading
the RDBUF, read the UARTSR again to check whether or not the overrun error flag which should
have been cleared still remains set.

11.9.5 Transmit Data Buffer Empty

When no data is in the transmit buffer TDBUF, that is, when data in TDBUF are transferred to the trans-
mit shift register and data transmit starts, transmit data buffer empty flag UARTSR<TBEP> is set to “1”.
The UARTSR<TBEP> is cleared to “0” when the TDBUF is written after reading the UARTSR.
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¢ Data write ¢ Data write

TDBUF XXXX X yyyy -——- xzzzz
1

y
Shift register ekkekeke ] X 1xxxx0' *IXXXX X - - - X ek X X ek ] X 1yyyy0 x
.
— :: :%
TXD pin \y Start 1 Bit 0 -—-- Final bit Stop

UARTSR<TBEP> 4:/_\ R Y, \

1
! 1 After reading UARTSR writing TDBUF
INTTXD interrupt |_| . |_| clears TBEP.

g

Figure 11-9 Generation of Transmit Data Buffer Empty

11.9.6 Transmit End Flag

When data are transmitted and no data is in TDBUF (UARTSR<TBEP> = “1”), transmit end flag
UARTSR<TEND> is set to “1”. The UARTSR<TEND> is cleared to “0” when the data transmit is started af-
ter writing the TDBUF.

Shift register Hxx XX X Hwxx] X X falaiaiadad 8 X 1yyyyO X*lyyyy

7 . .

TXD pin X )’ Stop \ sat B0

Data write for TDBUF¢ 1

UARTSR<TBEP> : \ W/
! 1
! |
1
UARTSR<TEND> 1
/ \
1
INTTXD interrupt |_|

Figure 11-10 Generation of Transmit End Flag and Transmit Data Buffer Empty
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12. 10-bit AD Converter (ADC)

The TMP86FH47BUG have a 10-bit successive approximation type AD converter.

12.1 Configuration
The circuit configuration of the 10-bit AD converter is shown in Figure 12-1.

It consists of control register ADCCR1 and ADCCR?2, converted value register ADCDR1 and ADCDR2, a DA
converter, a sample-hold circuit, a comparator, and a successive comparison circuit.

DA converter

f————

VAREF ! -W——W— - ———————————— == MWy D AVSS
\ A ! R2 R R/2
AVDD Log——
D Analog input Ref\zﬁgcg A
multiplexer _ Sample hold _ YO"49
1 circuit 1
aNo[}—A v —AW = :
] I
5 ! s 7
Analog
comparator
AN7T[J—n |Successive approximate circuit
SEN | shift clock[ > NTADC
4‘\ A | Control circuit I >
AA z A I
SAIN| |AINDS g ) 43 8 2 |[EOCF|ADBF
< |AMD | |ACK Y A A
| apbccri | | apccrz | | Apbcori || ADCDR2
AD converter control register 1, 2 AD conversion result register 1, 2

Note:Before using AD converter, set appropriate value to I/O port register combining a analog input port. For de-
tails, see the section on "I/O ports".

Figure 12-1 10-bit AD Converter
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12.2 Register configuration

The AD converter consists of the following four registers:

1. AD converter control register 1 (ADCCRI1)

This register selects the analog channels and operation mode (Software start or repeat) in which to per-
form AD conversion and controls the AD converter as it starts operating.

2. AD converter control register 2 (ADCCR2)

This register selects the AD conversion time and controls the connection of the DA converter (Ladder re-
sistor network).

3. AD converted value register 1 (ADCDR1)

This register used to store the digital value after being converted by the AD converter.

4. AD converted value register 2 (ADCDR?2)
This register monitors the operating status of the AD converter.
AD Converter Control Register 1

ADCCR1 7 6 5 4 3 2 1 0
(001CH) | ADRS | AMD | AINDS | SAIN (Initial value: 0001 0000)

0: -
AD conversion start

ADRS AD conversion start

00: AD operation disable

i 01: Software start mode
AMD AD operating mode
10: Reserved
11: Repeat mode
. 0: Analog input enable
AINDS | Analog input control . .
1: Analog input disable
0000: AINO
0001:  AIN1
0010:  AIN2
0011:  AIN3 RIW
0100: AIN4
0101:  AIN5S
0110:  AIN6
0111:  AIN7

SAIN Analog input channel select
1000: Reserved

1001: Reserved
1010: Reserved
1011: Reserved
1100: Reserved
1101: Reserved
1110: Reserved
1111:  Reserved

Note 1: Select analog input channel during AD converter stops (ADCDR2<ADBF> = "(0").
Note 2: When the analog input channel is all use disabling, the ADCCR1<AINDS> should be set to "1".

Note 3: During conversion, Do not perform port output instruction to maintain a precision for all of the pins because analog in-
put port use as general input port. And for port near to analog input, Do not input intense signaling of change.

Note 4: The ADCCR1<ADRS> is automatically cleared to "0" after starting conversion.

Note 5: Do not set ADCCR1<ADRS> newly again during AD conversion. Before setting ADCCR1<ADRS> newly again,

check ADCDR2<EOCF> to see that the conversion is completed or wait until the interrupt signal (INTADC) is gener-
ated (e.g., interrupt handling routine).
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Note 6: After STOP or SLOW/SLEEP mode are started, AD converter control register! (ADCCR1) is all initialized and no da-
ta can be written in this register. Therefore, to use AD converter again, set the ADCCR1 newly after returning to NOR-
MAL1 or NORMAL2 mode.

AD Converter Control Register 2

ADCCR2 7 6 5 4 3 2 ! 0
(001DH) | IREFON | " | ACK "0" (Initial value: **0* 000*)
IREFON | DA converter (Ladder resistor) connection 0: Connected only during AD conversion
control 1: Always connected
000: 39/fc
001: Reserved
010: 78/fc
— R/W
Ak AD conversion tlme. select 011:  156/fc
(Refer to the following table about the con- 100:  312/ic
version time)
101:  624/fc

110:  1248/fc
111: Reserved

Note 1: Always set bit0 in ADCCR2 to "0" and set bit4 in ADCCR2 to "1".
Note 2: When a read instruction for ADCCR2, bit6 to 7 in ADCCR2 read in as undefined data.

Note 3: After STOP or SLOW/SLEEP mode are started, AD converter control register2 (ADCCR?2) is all initialized and no da-
ta can be written in this register. Therefore, to use AD converter again, set the ADCCR2 newly after returning to NOR-
MAL1 or NORMAL2 mode.

Table 12-1 ACK setting and Conversion time

Condition [ Conversion

ACK Hme 16 MHz 8 MHz 4 MHz 2 MHz 10 MHz 5 MHz 2.5 MHz
000 39/fc - - - 19.5 ps - - 15.6 ps
001 Reserved
010 78lfc - - 19.5 us 39.0 us - 15.6 ps 31.2 us
011 156/fc - 19.5 ps 39.0 us 78.0 us 15.6 ps 31.2 ys 62.4 us
100 312/fc 19.5 us 39.0 us 78.0 us 156.0 us 31.2 s 62.4 us 124.8 ps
101 624/fc 39.0 us 78.0 us 156.0 us - 62.4 us 124.8 ps -
110 1248/fc 78.0 us 156.0 ps - - 124.8 ps - -
111 Reserved

Note 1: Setting for "-" in the above table are inhibited. fc: High Frequency oscillation clock [Hz]
Note 2: Set conversion time setting should be kept more than the following time by Analog reference voltage (VAREF) .

- VAREF =45t0 55V 15.6 ps and more
- VAREF =27t055V 31.2 ys and more

AD Converted value Register 1

ADCDR1 7 6 5 4 3 2 1 0
(001FH) | AD09 | AD08 | ADO7 | AD06 | ADO5 | AD04 | ADO3 | AD02 |(Initial value: 0000 0000)
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AD Converted value Register 2

ADCDR2 7 6 5 4 3 2 1 0
(001EH) | ADO1 | ADOO | EOCF | ADBF | (Initial value: 0000 ****)
) 0: Before or during conversion
EOCF AD conversion end flag .
1:  Conversion completed Read
) 0: During stop of AD conversion only
ADBF AD conversion BUSY flag . .
1:  During AD conversion
Note 1: The ADCDR2<EOCF> is cleared to "0" when reading the ADCDR1. Therefore, the AD conversion result should be
read to ADCDR2 more first than ADCDR1.
Note 2: The ADCDR2<ADBF> is set to "1" when AD conversion starts, and cleared to "0" when AD conversion finished. It al-
so is cleared upon entering STOP mode or SLOW mode.
Note 3: If a read instruction is executed for ADCDR2, read data of bit3 to bit0 are unstable.
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12.3

12.3.1

Function

Software Start Mode

After setting ADCCRI<AMD> to “01” (software start mode), set ADCCR1<ADRS> to “1”. AD conver-
sion of the voltage at the analog input pin specified by ADCCRI<SAIN> is thereby started.

After completion of the AD conversion, the conversion result is stored in AD converted value registers
(ADCDR1, ADCDR?) and at the same time ADCDR2<EOCF> is set to 1, the AD conversion finished inter-
rupt (INTADC) is generated.

ADRS is automatically cleared after AD conversion has started. Do not set ADCCR1<ADRS> newly
again (Restart) during AD conversion. Before setting ADRS newly again, check ADCDR2<EOCF> to see
that the conversion is completed or wait until the interrupt signal INTADC) is generated (e.g., interrupt han-
dling routine).

AD conversion start AD conversion start

ADCCR1<ADRS> |_| |_|

ADCDR2<ADBF> I I

1st conversion result X 2nd conversion result

EOCEF cleared by reading
| conversion result

\ ! A

1

S

ADCDRL1 status Indeterminate

ADCDR2<EOCF>

|

INTADC interrupt request

ADCDR1 _|
Conversion result Conversion result
ADCDR2 |‘| read |‘| read
Conversion result Conversion result
read read

Figure 12-2 Software Start Mode

12.3.2 Repeat Mode

AD conversion of the voltage at the analog input pin specified by ADCCRI<SAIN> is performed repeated-
ly. In this mode, AD conversion is started by setting ADCCR1<ADRS> to “1” after setting
ADCCRI1<AMD> to “11” (Repeat mode).

After completion of the AD conversion, the conversion result is stored in AD converted value registers
(ADCDR1, ADCDR?2) and at the same time ADCDR2<EOCF> is set to 1, the AD conversion finished inter-
rupt (INTADC) is generated.

In repeat mode, each time one AD conversion is completed, the next AD conversion is started. To stop
AD conversion, set ADCCR1<AMD> to “00” (Disable mode) by writing 0s. The AD convert operation is stop-
ped immediately. The converted value at this time is not stored in the AD converted value register.
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ADCCR1<AMD> x “11” X “00”

AD conversion start
ADCCR1<ADRS>

1

. _ | Y AD convert operation suspended.
Conversion operation :/ result X 2nd conversion result X 3rd conversion result X Conversion result is not stored.
ADCDR1,ADCDR2 Indeterminate X 1st conversion result X 2nd conversion result X 3rd conversion result
ADCDR2<EOCF> | ‘ | | | |
A A A )
EOCEF cleared by reading
INTADC interrupt request |_| |_| |_| conversion result
ADCDR1
Conversion Conversion Conversion

ADCDR2 |_| result read |_| result read |_| result read

Conversion Conversion Conversion
result read result read result read

Figure 12-3 Repeat Mode

12.3.3  Register Setting

1.

Set up the AD converter control register 1 (ADCCR1) as follows:
+  Choose the channel to AD convert using AD input channel select (SAIN).
+  Specify analog input enable for analog input control (AINDS).
+ Specify AMD for the AD converter control operation mode (software or repeat mode).

Set up the AD converter control register 2 (ADCCR2) as follows:

+  Set the AD conversion time using AD conversion time (ACK). For details on how to set the con-
version time, refer to Figure 12-1 and AD converter control register 2.

+  Choose IREFON for DA converter control.

After setting up (1) and (2) above, set AD conversion start (ADRS) of AD converter control regis-
ter 1 (ADCCR1) to “1”. If software start mode has been selected, AD conversion starts immediately.

After an elapse of the specified AD conversion time, the AD converted value is stored in AD conver-
ted value register 1 (ADCDRI1) and the AD conversion finished flag (EOCF) of AD converted val-
ue register 2 (ADCDR?) is set to “1”, upon which time AD conversion interrupt INTADC is gener-
ated.

EOCEF is cleared to “0” by a read of the conversion result. However, if reconverted before a regis-
ter read, although EOCF is cleared the previous conversion result is retained until the next conver-
sion is completed.
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Example :After selecting the conversion time 19.5 ps at 16 MHz and the analog input channel AIN3 pin, perform AD
conversion once. After checking EOCF, read the converted value, store the lower 2 bits in address 0009EH
and store the upper 8 bits in address 0009FH in RAM. The operation mode is software start mode.

: (port setting)

LD

LD

SET
SLOOP : TEST
JRS

LD
LD
LD
LD

(ADCCR1), 00100011B

(ADCCR2) , 11011000B

(ADCCR1) . 7
(ADCDR2) . 5
T, SLOOP

A, (ADCDR?2)
(9EH) , A
A, (ADCDR1)
(9FH), A

;Set port register appropriately before setting AD
converter registers.

(Refer to section I/O port in details)
; Select AIN3

;Select conversion time(312/fc) and operation
mode

; ADRS = 1(AD conversion start)
; EOCF=17?

; Read result data

; Read result data

12.4 STOP/SLOW Modes during AD Conversion

When standby mode (STOP or SLOW mode) is entered forcibly during AD conversion, the AD convert opera-
tion is suspended and the AD converter is initialized (ADCCR1 and ADCCR?2 are initialized to initial value). Al-
so0, the conversion result is indeterminate. (Conversion results up to the previous operation are cleared, so be sure
to read the conversion results before entering standby mode (STOP or SLOW mode).) When restored from stand-
by mode (STOP or SLOW mode), AD conversion is not automatically restarted, so it is necessary to restart AD con-
version. Note that since the analog reference voltage is automatically disconnected, there is no possibility of cur-
rent flowing into the analog reference voltage.
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12.5 Analog Input Voltage and AD Conversion Result

The analog input voltage is corresponded to the 10-bit digital value converted by the AD as shown in Figure
12-4.

A
3FF, T ——
./( '
2
3FE, T
] :
3FD, + —
s
AD (./
conversion == ol
result ¥
03y T 7 -
,/'/
02, 7
il .
0y T =~
./(
VAREF — AVSS

: : : S— : : : > x
0 1 2 3 1021 1022 1023 1024 1024
Analog input voltage

Figure 12-4 Analog Input Voltage and AD Conversion Result (Typ.)
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12.6 Precautions about AD Converter

12.6.1 Analog input pin voltage range

Make sure the analog input pins (AINO to AIN7) are used at voltages within VAREF to AVSS. If any volt-
age outside this range is applied to one of the analog input pins, the converted value on that pin becomes uncer-
tain. The other analog input pins also are affected by that.

12.6.2 Analog input shared pins

The analog input pins (AINO to AIN7) are shared with input/output ports. When using any of the analog in-
puts to execute AD conversion, do not execute input/output instructions for all other ports. This is necessary
to prevent the accuracy of AD conversion from degrading. Not only these analog input shared pins, some oth-
er pins may also be affected by noise arising from input/output to and from adjacent pins.

12.6.3 Noise Countermeasure

The internal equivalent circuit of the analog input pins is shown in Figure 12-5. The higher the output impe-
dance of the analog input source, more easily they are susceptible to noise. Therefore, make sure the output im-
pedance of the signal source in your design is 5 kQ or less. Toshiba also recommends attaching a capacitor ex-
ternal to the chip.

Internal resistance Analog comparator
AINi 5 kQ (typ)
_ —_
Permissible signal Internal capacitance
source impedance ; C=12pF (tYP-);
Ska (maxy DA converter
Note) i=71t0 0

Figure 12-5 Analog Input Equivalent Circuit and Example of Input Pin Processing
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13. Key-on Wakeup (KWU)

In the TMP86FH47BUG, the STOP mode is released by not only P20(INT5/STOP) pin but also four (STOP2
to STOPS) pins.

When the STOP mode is released by STOP2 to STOPS pins, the STOP pin needs to be used. In details, refer
to the following section "13.2 Control".

13.1  Configuration

INT5

S‘Il'OP mode |
release signal
(1 Releasge) O< D STOP2
°< [ stops
°< [ stopa
o< {1 stops
STOPCR [0| F (2| g
(0031H) |C|O|o|o
ElE[E| &
0nlnlnlun
Figure 13-1 Key-on Wakeup Circuit
13.2 Control

STOP2 to STOPS pins can controlled by Key-on Wakeup Control Register (STOPCR). It can be configured as en-
able/disable in 1-bit unit. When those pins are used for STOP mode release, configure corresponding 1/O pins to in-
put mode by I/O port register beforehand.

Key-on Wakeup Control Register

STOPCR 7 6 5 4 3 2 1 0
(0031H) | STOP5 | STOP4 | STOP3 | STOP2 | ‘ ‘ ‘ (Initial value: 0000 ****)
0: Disable Write
STOP5 | STOP mode released by STOP5
1: Enable only
STOP4 0: Disable Write
STOP mode released by STOP4
STOP4 1: Enable only
0: Disable Write
STOP3 | STOP mode released by STOP3
1: Enable only
0: Disable Write
STOP2 | STOP mode released by STOP2
1: Enable only

13.3 Function

Stop mode can be entered by setting up the System Control Register (SYSCR1), and can be exited by detecting
the "L" level on STOP2 to STOPS pins, which are enabled by STOPCR, for releasing STOP mode (Notel).
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Also, each level of the STOP2 to STOPS pins can be confirmed by reading corresponding I/O port data regis-
ter, check all STOP2 to STOPS pins "H" that is enabled by STOPCR before the STOP mode is started (Note2,3).

Note 1: When the STOP mode released by the edge release mode (SYSCR1<RELM> = “0”), inhibit input from
STOP2 to STOPS5 pins by Key-on Wakeup Control Register (STOPCR) or must be set "H" level into STOP2
to STOPS5 pins that are available input during STOP mode.

Note 2: When the STOP pin input is high or STOP2 to STOP5 pins input which is enabled by STOPCR is low, execut-
ing an instruction which starts STOP mode will not place in STOP mode but instead will immediately start the re-
lease sequence (Warm up).

Note 3: The input circuit of Key-on Wakeup input and Port input is separated, so each input voltage threshold value is
different. Therefore, a value comes from port input before STOP mode start may be different from a value
which is detected by Key-on Wakeup input (Figure 13-2).

Note 4: STOP pin doesn’'t have the control register such as STOPCR, so when STOP mode is released by STOP2 to
STOP5 pins, STOP pin also should be used as STOP mode release function.

Note 5: In STOP mode, Key-on Wakeup pin which is enabled as input mode (for releasing STOP mode) by Key-on
Wakeup Control Register (STOPCR) may generate the penetration current, so the said pin must be disabled
AD conversion input (analog voltage input).

Note 6: When the STOP mode is released by STOP2 to STOP5 pins, the level of STOP pin should hold "L" level (Fig-

ure 13-3).
Port input <|| [l External pin
Key-on wakeup %]—
input
Figure 13-2 Key-on Wakeup Input and Port Input
a) STOP b) In case of STOP2 to STOP5
STOP pin | STOP pin "L"
«—— Release
D S
STOP mode : STOP mode STOP2 pin —|—
~€«— Release
' STOP mode

STOP mode

Figure 13-3 Priority of STOP pin and STOP2 to STOPS5 pins

Table 13-1 Release level (edge) of STOP mode

Release level (edge)
Pin name SYSCR1<RELM>="1"
(Note2) SYSCR1<RELM>="0"
STOP "H" level Rising edge
STOP2 "L" level Don’t use (Note1)
STOP3 "L" level Don’t use (Note1)
STOP4 "L" level Don’t use (Note1)
STOP5 "L" level Don’t use (Note1)
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14. Flash Memory

TMP86FH47BUG has 16384byte flash memory (address: COO0OH to FFFFH). The write and erase operations to
the flash memory are controlled in the following three types of mode.

MCU mode

The flash memory is accessed by the CPU control in the MCU mode. This mode is used for software
bug correction and firmware change after shipment of the device since the write operation to the flash mem-
ory is available by retaining the application behavior.

Serial PROM mode

The flash memory is accessed by the CPU control in the serial PROM mode. Use of the serial inter-
face (UART) enables the flash memory to be controlled by the small number of pins. TMP86FH47BUG
in the serial PROM mode supports on-board programming which enables users to program flash memory
after the microcontroller is mounted on a user board.

Parallel PROM mode

The parallel PROM mode allows the flash memory to be accessed as a stand-alone flash memory by
the program writer provided by the third party. High-speed access to the flash memory is available by con-
trolling address and data signals directly. For the support of the program writer, please ask Toshiba sales
representative.

In the MCU and serial PROM modes, the flash memory control register (FLSCR) is used for flash memory con-
trol. This chapter describes how to access the flash memory using the flash memory control register (FLSCR) in
the MCU and serial PROM modes.

Note 1: The 'Read Protect' described by data sheet of old edition was changed into 'Security Program'.
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14.1 Flash Memory Control

The flash memory is controlled via the flash memory control register (FLSCR).

Flash Memory Control Register

(Initial value: 1100 ****)

FLSCR 7 6 5 4 3 2 1 0
(OFFFH) FLSMD
1100: Disable command sequence execution
FLSMD Flash memory command sequence exe- 0011: Enable command sequence execution

cution control

Others: Reserved

R/W

Note 1: The command sequence of the flash memory can be executed only when FLSMD="0011B". In other cases, any at-
tempts to execute the command sequence are ineffective.

Note 2: FLSMD must be set to either "1100B" or "0011B".
Note 3: Bits 3 through 0 in FLSCR are always read as don’t care.

14.1.1  Flash Memory Command Sequence Execution Control (FLSCR<FLSMD>)

The flash memory can be protected from inadvertent write due to program error or microcontroller misoper-
ation. This write protection feature is realized by disabling flash memory command sequence execution via
the flash memory control register (write protect). To enable command sequence execution, set
FLSCR<FLSMD> to “0011B”. To disable command sequence execution, set FLSCR<FLSMD> to “1100B”.
After reset, FLSCR<FLSMD> is initialized to “1100B” to disable command sequence execution. Normally,
FLSCR<FLSMD> should be set to “1100B” except when the flash memory needs to be written or erased.
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14.2 Command Sequence

The command sequence in the MCU and the serial PROM modes consists of six commands (JEDEC compati-
ble), as shown in Table 14-1. Addresses specified in the command sequence are recognized with the lower 12 bits
(excluding BA, SA, and FF7FH used for security program). The upper 4 bits are used to specify the flash memo-
ry area,

Table 14-1 Command Sequence

2nd Bus Write Cy-

1st Bus Write Cycle
cle

3rd Bus Write Cycle | 4th Bus Write Cycle | 5th Bus Write Cycle | 6th Bus Write Cycle
Command Sequence

Address Data Address Data Address Data Address Data Address Data Address Data

BA Data
1 Byte program 555H AAH AAAH 55H 555H AOH - - - -
(Note 1) | (Note 1)

Sector Erase SA

2 555H AAH AAAH 55H 555H 80H 555H AAH AAAH 55H 30H
(4-kbyte Erase) (Note 2)

Chip Erase

3 (Al E ) 555H AAH AAAH 55H 555H 80H 555H AAH AAAH 55H 555H 10H
rase

4 Product ID Entry 555H AAH AAAH 55H 555H 90H - - - - - -

Product ID Exit XXH FOH - - - - - - - - - -

Product ID Exit 555H AAH AAAH 55H 555H FOH - - - - - -

6 Security Program 555H AAH AAAH 55H 555H AS5H FF7FH 00H - - - -

Note 1: Set the address and data to be written.
Note 2: The area to be erased is specified with the upper 4 bits of the address.

14.2.1 Byte Program

This command writes the flash memory for each byte unit. The addresses and data to be written are speci-
fied in the 4th bus write cycle. Each byte can be programmed in a maximum of 40 ps. The next command se-
quence cannot be executed until the write operation is completed. To check the completion of the write opera-
tion, perform read operations repeatedly until the same data is read twice from the same address in the flash
memory. During the write operation, any consecutive attempts to read from the same address is reversed bit
6 of the data (toggling between 0 and 1).

Note: To rewrite data to Flash memory addresses at which data (including FFH) is already written, make
sure to erase the existing data by "sector erase" or "chip erase" before rewriting data.

14.2.2 Sector Erase (4-kbyte Erase)

This command erases the flash memory in units of 4 kbytes. The flash memory area to be erased is speci-
fied by the upper 4 bits of the 6th bus write cycle address.For example, to erase 4 kbytes from FOOOH to
FFFFH, specify one of the addresses in FOOOH-FFFFH as the 6th bus write cycle. The sector erase command
is effective only in the MCU and serial PROM modes, and it cannot be used in the parallel PROM mode.

A maximum of 30 ms is required to erase 4 kbytes. The next command sequence cannot be executed until
the erase operation is completed. To check the completion of the erase operation, perform read operations re-
peatedly for data polling until the same data is read twice from the same address in the flash memory. Dur-
ing the erase operation, any consecutive attempts to read from the same address is reversed bit 6 of the data
(toggling between 0 and 1).
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14.2.3 Chip Erase (All Erase)

This command erases the entire flash memory in approximately 45 ms. The next command sequence can-
not be executed until the erase operation is completed. To check the completion of the erase operation, per-
form read operations repeatedly for data polling until the same data is read twice from the same address in
the flash memory. During the erase operation, any consecutive attempts to read from the same address is re-
versed bit 6 of the data (toggling between 0 and 1). After the chip is erased, all bytes contain FFH.

14.2.4 Product ID Entry

This command activates the Product ID mode. In the Product ID mode, the vendor ID, the flash ID, and
the security program status can be read from the flash memory.

Table 14-2 Values To Be Read in the Product ID Mode

Address Meaning Read Value
FOOOH Vendor ID 98H
FOO1H Flash macro ID 41H

OEH: 60 kbytes
0BH: 48 kbytes
07H: 32 kbytes
FOO2H Flash size 05H: 24 kbytes
03H: 16 kbytes
01H: 8 kbytes

00H: 4 kbytes

FFH: Security program disabled
FF7FH Security program status

Other than FFH: Security program enabled

Note: The value at address FOO2H (flash size) depends on the size of flash memory incorporated in each product.
For example, if the product has 60-kbyte flash memory, "0EH" is read from address FOO2H.

14.2.5 Product ID Exit

This command is used to exit the Product ID mode.

14.2.6  Security Program

This command enables the read or write protection protection setting in the flash memory. When the secur-
ity program is enabled, the flash memory cannot be read in the parallel PROM mode. In the serial PROM
mode, the flash write and RAM loader commands cannot be executed.

To disable the security program setting, it is necessary to execute the chip erase command sequence. Wheth-
er or not the security program is enabled can be checked by reading FF7FH in the Product ID mode. For de-
tails, see Table 14-2.

It takes a maximum of 40 ps to set security program in the flash memory. The next command sequence can-
not be executed until this operation is completed. To check the completion of the security program opera-
tion, perform read operations repeatedly for data polling until the same data is read twice from the same ad-
dress in the flash memory. During the security program operation, any attempts to read from the same ad-
dress is reversed bit 6 of the data (toggling between 0 and 1).
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14.3 Toggle Bit (D6)

After the byte program, chip erase, and security program command sequence is executed, any consecutive at-
tempts to read from the same address is reversed bit 6 (D6) of the data (toggling between 0 and 1) until the opera-
tion is completed. Therefore, this toggle bit provides a software mechanism to check the completion of each opera-
tion. Usually perform read operations repeatedly for data polling until the same data is read twice from the same ad-
dress in the flash memory. After the byte program, chip erase, or security program command sequence is execu-
ted, the initial read of the toggle bit always produces a "1".
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14.4 Access to the Flash Memory Area

When the write, erase and security program are set in the flash memory, read and fetch operations cannot be per-
formed in the entire flash memory area. Therefore, to perform these operations in the entire flash memory area, ac-
cess to the flash memory area by the control program in the BOOTROM or RAM area. (The flash memory pro-
gram cannot write to the flash memory.) The serial PROM or MCU mode is used to run the control program in
the BOOTROM or RAM area.

Note 1: The flash memory can be written or read for each byte unit. Erase operations can be performed either in the en-
tire area or in units of 4 kbytes, whereas read operations can be performed by an one transfer instruction. How-
ever, the command sequence method is adopted for write and erase operations, requiring several-byte trans-
fer instructions for each operation.

Note 2: To rewrite data to Flash memory addresses at which data (including FFH) is already written, make sure to
erase the existing data by "sector erase" or "chip erase" before rewriting data.

14.4.1 Flash Memory Control in the Serial PROM Mode

The serial PROM mode is used to access to the flash memory by the control program provided in the BOOT-
ROM area. Since almost of all operations relating to access to the flash memory can be controlled simply by
the communication data of the serial interface (UART), these functions are transparent to the user. For the de-
tails of the serial PROM mode, see “Serial PROM Mode.”

To access to the flash memory by using peripheral functions in the serial PROM mode, run the RAM load-
er command to execute the control program in the RAM area. The procedures to execute the control program
in the RAM area is shown in "14.4.1.1 How to write to the flash memory by executing the control program
in the RAM area (in the RAM loader mode within the serial PROM mode)".

14.4.1.1 How to write to the flash memory by executing the control program in the RAM area (in the
RAM loader mode within the serial PROM mode)

(Steps 1 and 2 are controlled by the BOOTROM, and steps 3 through 9 are controlled by the control pro-
gram executed in the RAM area.)

9.

Note 1:

Note 2:

Transfer the write control program to the RAM area in the RAM loader mode.
Jump to the RAM area.

Disable (DI) the interrupt master enable flag (IMF«"0").

Set FLSCR<FLSMD> to "0011B" (to enable command sequence execution).
Execute the erase command sequence.

Read the same flash memory address twice.

(Repeat step 6 until the same data is read by two consecutive reads operations.)
Execute the write command sequence.

Read the same flash memory address twice.

(Repeat step 8 until the same data is read by two consecutive reads operations.)

Set FLSCR<FLSMD> to "1100B" (to disable command sequence execution).

Before writing to the flash memory in the RAM area, disable interrupts by setting the interrupt master
enable flag (IMF) to "0". Usually disable interrupts by executing the DI instruction at the head of the
write control program in the RAM area.

Since the watchdog timer is disabled by the BOOTROM in the RAM loader mode, it is not required
to disable the watchdog timer by the RAM loader program.
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Example :After chip erasure, the program in the RAM area writes data 3FH to address FOOOH.

DI

LD
LD
LD
LD

(FLSCR),00111000B
IX,0F555H
1Y, 0FAAAH
HL,0F000H

; ##HH# Flash Memory Chip erase Process ###Ht

sLOOP1:

LD
LD
LD
LD
LD
LD
LD
CMP
JR

(IX),0AAH
(IY),55H
(1X),80H
(IX),0AAH
(1Y),55H
(IX),10H
W,(HL)
W,(HL)
NZ,sLOOP1

; ##H#H# Flash Memory Write Process ####

sLOOP2:

sLOOP3:

LD
LD
LD
LD
LD
CMP
JR
LD
JP

(IX),0AAH
(1Y),55H

(IX),0A0H

(HL),3FH

W,(HL)

W,(HL)

NZ,sLOOP2
(FLSCR),11001000B
sLOOP3

: Disable interrupts (IMF<"0")

: Enable command sequence execution.

: 1st bus write cycle
: 2nd bus write cycle
: 3rd bus write cycle
: 4th bus write cycle
: 5th bus write cycle

: 6th bus write cycle

: Loop until the same value is read.

: 1st bus write cycle

: 2nd bus write cycle
: 3rd bus write cycle

: 4th bus write cycle, (FOOOH)=3FH

: Loop until the same value is read.

: Disable command sequence execution.
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14.4.2 Flash Memory Control in the MCU mode

In the MCU mode, write operations are performed by executing the control program in the RAM area. Be-
fore execution of the control program, copy the control program into the RAM area or obtain it from the exter-
nal using the communication pin. The procedures to execute the control program in the RAM area in the
MCU mode are described below.

14.4.21 How to write to the flash memory by executing a user write control program in the RAM
area (in the MCU mode)

(Steps 1 and 2 are controlled by the program in the flash memory, and steps 3 through 11 are control-
led by the control program in the RAM area.)

1. Transfer the write control program to the RAM area.

2. Jump to the RAM area.

3. Disable (DI) the interrupt master enable flag (IMF<"0").

4. Disable the watchdog timer, if it is used.

5. Set FLSCR<FLSMD> to "0011B" (to enable command sequence execution).
6. Execute the erase command sequence.

7. Read the same flash memory address twice.

(Repeat step 7 until the same data is read by two consecutive read operations.)
8. Execute the write command sequence.

9. Read the same flash memory address twice.

(Repeat step 9 until the same data is read by two consecutive read operations.)
10. Set FLSCR<FLSMD> to "1100B" (to disable command sequence execution).

11. Jump to the flash memory area.

Note 1: Before writing to the flash memory in the RAM area, disable interrupts by setting the interrupt master
enable flag (IMF) to "0". Usually disable interrupts by executing the DI instruction at the head of the
write control program in the RAM area.

Note 2: When writing to the flash memory, do not intentionally use non-maskable interrupts (the watchdog tim-
er must be disabled if it is used). If a non-maskable interrupt occurs while the flash memory is being
written, unexpected data is read from the flash memory (interrupt vector), resulting in malfunction of
the microcontroller.
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Example :After sector erasure (EOOOH-EFFFH), the program in the RAM area writes data 3FH to address EOOOH.

DI : Disable interrupts (IMF<"0")

LD (WDTCR2),4EH : Clear the WDT binary counter.

LDW (WDTCR1),0B101H : Disable the WDT.

LD (FLSCR),00111000B : Enable command sequence execution.
LD 1X,0F555H

LD 1Y, 0FAAAH

LD HL,0E000H

; ##H#H# Flash Memory Sector Erase Process ####

LD (1X),0AAH : 1st bus write cycle
LD (1Y),55H : 2nd bus write cycle
LD (1X),80H : 3rd bus write cycle
LD (1X),0AAH : 4th bus write cycle
LD (1Y),55H : 5th bus write cycle
LD (HL),30H : 6th bus write cycle
sLOOP1: LD W,(HL)
CMP W,(HL)
JR NZ,sLOOP1 : Loop until the same value is read.

; ##H#H# Flash Memory Write Process ####

LD (IX),0AAH : 1st bus write cycle

LD (1Y),55H : 2nd bus write cycle

LD (1X),0A0H : 3rd bus write cycle

LD (HL),3FH : 4th bus write cycle, (EO00H)=3FH
sLOOP2: LD W,(HL)

CMP W,(HL)

JR NZ,sLOOP2 : Loop until the same value is read.

LD (FLSCR),11001000B : Disable command sequence execution.

JP XXXXH : Jump to the flash memory area.

Example :This write control program reads data from address FOOOH and stores it to 98H in the RAM area.

LD A,(OFO00H) : Read data from address FOOOH.
LD (98H),A : Store data to address 98H.
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15. Serial PROM Mode

15.1 Outline

The TMP86FH47BUG has a 2048 byte BOOTROM (Mask ROM) for programming to flash memory. The BOOT-
ROM is available in the serial PROM mode, and controlled by TEST, BOOT and RESET pins. Communication
is performed via UART. The serial PROM mode has seven types of operating mode: Flash memory writing,
RAM loader, Flash memory SUM output, Product ID code output, Flash memory status output, Flash memory eras-
ing and Flash memory security program setting. Memory address mapping in the serial PROM mode differs from
that in the MCU mode. Figure 15-1 shows memory address mapping in the serial PROM mode.

Table 15-1 Operating Range in the Serial PROM Mode

I Parameter I Min Max I Unit I
I Power supply I 4.5 5.5 I \Y I
I High frequency (Note) I 2 16 I MHz I

Note: Though included in above operating range, some of high frequencies are not supported in the serial PROM
mode. For details, refer to “Table 15-5".

15.2 Memory Mapping

The Figure 15-1 shows memory mapping in the Serial PROM mode and MCU mode.

In the serial PROM mode, the BOOTROM (Mask ROM) is mapped in addresses from 7800H to 7FFFH.

0000H 0000H
SFR [ ' 64 bytes SFR [ ' 64 bytes
003FH 003FH
0040H 0040H
RAM [ 512 bytes RAM [ 512 bytes
023FH 023FH
OFBOH OF80H
DBR [ i 128 bytes DBR [ i 128 bytes
OFFFH | OFFFH |
7800H |}
BOOTROM [ H 2048 bytes
7FFFH
COOOH [ TTeseeeess COOOH |
Flash memory [ 16384 bytes Flash memory [ 16384 bytes
e I FFFFH
Serial PROM mode MCU mode

Figure 15-1 Memory Address Maps
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15.3 Serial PROM Mode Setting

15.3.1 Serial PROM Mode Control Pins

To execute on-board programming, activate the serial PROM mode. Table 15-2 shows pin setting to acti-
vate the serial PROM mode.

Table 15-2 Serial PROM Mode Setting

Pin Setting
TEST pin High
BOOT/RXD pin High

RESET pin f

Note: The BOOT pin is shared with the UART communication pin (RXD pin) in the serial PROM mode. This pin is
used as UART communication pin after activating serial PROM mode

15.3.2 Pin Function

In the serial PROM mode, TXD (P03) and RXD (P02) are used as a serial interface pin.

Table 15-3 Pin Function in the Serial PROM Mode

Pin Name Input/ . Pin Name
. Function
(Serial PROM Mode) Output (MCU Mode)
TXD Output Serial data output P03
Input/In- . . .
BOOT/RXD Serial PROM mode control/Serial data input P02
put (Note 1)
SEaET Input/Out- . S=ams
RESET put Serial PROM mode control RESET
TEST Input Fixed to high TEST
Power
VDD, AVDD 45t055V
supply
Power
VSS, AVSS oV
supply
Power X
VAREF Leave open or apply input reference voltage.
supply
These ports are in the high-impedance state in the serial PROM mode. The input level is fixed
I/0 ports except /o to the port inputs with a hardware feature to prevent overlap current. (The port inputs are inva-
P03, P02 lid.) To make the port inputs valid, set the pin of the SPCR register to “1” by the RAM loader con-
trol program.
XIN Input
Self-oscillate with an oscillator. (Note 2)
XOuT Output

Note 1: During on-board programming with other parts mounted on a user board, be careful no to affect these communica-
tion control pins.

Note 2: Operating range of high frequency in serial PROM mode is 2 MHz to 16 MHz.
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TMP86FH47BUG
VDD(4.5 to 5.5V)
VDD |« T
IAVDD
Serial PROM mode
TEST

l MCU mode

— XIN
S
= %g pull-up
BOOT / RXD (P02) |
)
| - | XOUT TXD (P03)

VSS RESET |«

» > External contro

GND
p

Figure 15-2 Serial PROM Mode Pin Setting

Note 1: For connection of other pins, refer to "Table 15-3 Pin Function in the Serial PROM Mode".

15.3.3 Example Connection for On-Board Writing

Figure 15-3 shows an example connection to perform on-board wring.

7 VDD(4.5V t0 5.5V)
VDD |
Serial PROM mode
TEST Pull-up
9 MCU mode
BOOT / RXD (P02) |« «——
Level
TXD (P03) »| converter > PC control
1
71 (Note 2)
Other RESET
parts control

(Note 1) $| %_+
RESET [« T l RC power-on

| reset circuit

XIN

1T
=
XOUT i
VSS
/J-, GND
Application board External control board

Figure 15-3 Example Connection for On-Board Writing

Note 1: When other parts on the application board effect the UART communication in the serial PROM mode, isolate
these pins by a jumper or switch.

Note 2: When the reset control circuit on the application board effects activation of the serial PROM mode, isolate the
pin by a jumper or switch.

Note 3: For connection of other pins, refer to "Table 15-3 Pin Function in the Serial PROM Mode".
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15.3.4 Activating the Serial PROM Mode

The following is a procedure to activate the serial PROM mode. "Figure 15-4 Serial PROM Mode Tim-
ing" shows a serial PROM mode timing.

1. Supply power to the VDD pin.

2. Set the RESET pin to low.

3. Set the TEST pin and BOOT/RXD pins to high.

4. Wait until the power supply and clock oscillation stabilize.
5. Set the RESET pin to high.

6. Input the matching data (SAH) to the BOOT/RXD pin after setup sequence. For details of the set-
up timing, refer to "15.16 UART Timing".

VDD Y /
TEST(Input) y
RESET(Input) —)\ /
PROGRAM X don‘tcare:X Reset mode X Serial PROM mode

BOOT/RXD (Input) > E‘ High level setting : Setup time for serial PROM mode (Rxsup) J\

: Matching data
input

Figure 15-4 Serial PROM Mode Timing
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15.4

Table 15-5 Operating Frequency and Baud Rate in the Serial PROM Mode

The

Interface Specifications for UART

following shows the UART communication format used in the serial PROM mode.

To perform on-board programming, the communication format of the write controller must also be set in the
same manner.

The

default baud rate is 9600 bps regardless of operating frequency of the microcontroller. The baud rate can

be modified by transmitting the baud rate modification data shown in Table 15-4 to TMP86FH47BUG. The Table
15-5 shows an operating frequency and baud rate. The frequencies which are not described in Table 15-5 can not
be used.

Baud rate (Default): 9600 bps
Data length: 8 bits

Parity addition: None

Stop bit: 1 bit

Table 15-4 Baud Rate Modification Data

Baud rate modification data I 04H 05H 06H 07H 0AH 18H 28H I

Baud rate (bps) I 76800 62500 57600 38400 31250 19200 9600 I

Refere"‘zﬁpz‘;‘“d Rate 76800 62500 57600 38400 31250 19200 9600
(Note 3) Baud Ratga“{';diﬁca“o” 04H 05H 06H o07H 0AH 18H 28H
Ref. Fre- Rating Baud
quency rate (%) (bps) (%) (bps) (%) (bps) (%) (bps) (%) (bps) (%) (bps) | (%)
(MHz) MHz) 1 (bps)
1 2 1.91 0 2.10 - - - - - - - - - - - - 9615 | +0.16
4 3.82 to 4.19 . - - - - - - - | 31250 | 0.00 | 19231 | +0.16 | 9615 | +0.16
2 4.19 3.82t0 4.19 - - - - - - - - | 32734 | +4.75 | 20144 | +4.92 | 10072 | +4.92
49152 | 470t05.16 - - - - - - | 38400 | 0.00 - - | 19200 | 0.00 | 9600 | 0.00
’ 5 4.70 0 5.16 - - - - - - | 30063 | +173 | - - | 19531 | +1.73 | 9766 | +1.73
6 5.87 to 6.45 - - - - - - . . - . - . 9375 | -2.34
4 6.144 | 587 to 6.45 - - - - - - - - - - - - 9600 | 0.00
5 7.3728 | 7.05t0 7.74 - - - | 57600 | 0.00 - - - - | 19200 | 0.00 | 9600 | 0.00
6 8 7.64 to 8.39 - - | 62500 | 0.00 - - | 38462 | +0.16 | 31250 | 0.00 | 19231 | +0.16 | 9615 | +0.16
9.8304 | 9.40to 10.32 | 76800 | 0.00 - - - - | 38400 | 0.00 - - | 19200 | 0.00 | 9600 | 0.00
! 10 9.401t0 10.32 | 78125 | +1.73 | - . - - | 30063 | +173 | - - | 19531 | +1.73 | 9766 | +1.73
12 |11.75t0 1290 | - - - - | 57692 | +0.16 | - - | 31250 | 0.00 | 18750 | -2.34 | 9375 | -2.34
8 12.288 [11.75t0 1290 | - - - - | 59077 | +2556 | - - | 32000 | +2.40 | 19200 | 0.00 | 9600 | 0.00
125 |11.75t012.90 | - - | 60096 | -3.85 | 60096 | +4.33 | - - | 30048 | -3.85 | 19531 | +1.73 | 9766 | +1.73
9 14.7456 |14.10to 15.48 | - - - - | 57600 | 0.00 | 38400 | 0.00 - - | 19200 | 0.00 | 9600 | 0.00
10 16 |15.27t0 16.77 | 76923 | +0.16 | 62500 | 0.00 - - | 38462 | +0.16 | 31250 | 0.00 | 19231 | +0.16 | 9615 | +0.16

Note 1: “Ref. Frequency” and “Rating” show frequencies available in the serial PROM mode. Though the frequency is suppor-

ted in the serial PROM mode, the serial PROM mode may not be activated correctly due to the frequency difference
in the external controller (such as personal computer) and oscillator, and load capacitance of communication pins.

Note 2: It is recommended that the total frequency difference is within £3% so that auto detection is performed correctly by

the reference frequency.

Note 3: The external controller must transmit the matching data (5AH) repeatedly till the auto detection of baud rate is per-

formed. This number indicates the number of times the matching data is transmitted for each frequency.
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15.5 Operation Command

The eight commands shown in Table 15-6 are used in the serial PROM mode. After reset release, the
TMP86FH47BUG waits for the matching data (SAH).

Table 15-6 Operation Command in the Serial PROM Mode

Command Data Operating Mode Description
5AH Setup Matching data. Execute this command after releasing the reset.
FOH Flash memory erasing Erases the flash memory area (address COO0H to FFFFH).
30H Flash memory writing Writes to the flash memory area (address COO0OH to FFFFH).
60H RAM loader Writes to the specified RAM area (address 0050H to 023FH).
Outputs the 2-byte checksum upper byte and lower byte in this order for
90H Flash memory SUM output the entire area of the flash memory (address COOOH to FFFFH).
COH Product ID code output Outputs the product ID code (13-byte data).
C3H Flash memory status output t?ountputs the status code (7-byte data) such as the security program condi-
FAH Flash memory security program setting Enables the security program.

15.6 Operation Mode

The serial PROM mode has seven types of modes, that are (1) Flash memory erasing, (2) Flash memory writ-
ing, (3) RAM loader, (4) Flash memory SUM output, (5) Product ID code output, (6) Flash memory status output
and (7) Flash memory security program setting modes. Description of each mode is shown below.

1.

4.

Flash memory erasing mode

The flash memory is erased by the chip erase (erasing an entire flash area) or sector erase (erasing sec-
tors in 4-kbyte units). The erased area is filled with FFH. When the security program is enabled, the sec-
tor erase in the flash erasing mode can not be performed. To disable the security program, perform the
chip erase. Before erasing the flash memory, TMP86FH47BUG checks the passwords except a blank prod-
uct. If the password is not matched, the flash memory erasing mode is not activated.

Flash memory writing mode

Data is written to the specified flash memory address for each byte unit. The external controller must
transmit the write data in the Intel Hex format (Binary). If no error is encountered till the end record,
TMP86FH47BUG calculates the checksum for the entire flash memory area (COO0H to FFFFH), and re-
turns the obtained result to the external controller. When the security program is enabled, the flash memo-
ry writing mode is not activated. In this case, perform the chip erase command beforehand in the flash mem-
ory erasing mode. Before activating the flash memory writing mode, TMP86FH47BUG checks the pass-
word except a blank product. If the password is not matched, flash memory writing mode is not activated.

RAM loader mode

The RAM loader transfers the data in Intel Hex format sent from the external controller to the internal
RAM. When the transfer is completed normally, the RAM loader calculates the checksum. After transmit-
ting the results, the RAM loader jumps to the RAM address specified with the first data record in order
to execute the user program. When the security program is enabled, the RAM loader mode is not activa-
ted. In this case, perform the chip erase beforehand in the flash memory erasing mode. Before activating
the RAM loader mode, TMP86FH47BUG checks the password except a blank product. If the password
is not matched, flash RAM loader mode is not activated.

Flash memory SUM output mode
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The checksum is calculated for the entire flash memory area (COO0H to FFFFH), and the result is re-
turned to the external controller. Since the BOOTROM does not support the operation command to read
the flash memory, use this checksum to identify programs when managing revisions of application pro-
grams.

5. Product ID code output

The code used to identify the product is output. The code to be output consists of 13-byte data, which in-
cludes the information indicating the area of the ROM incorporated in the product. The external control-
ler reads this code, and recognizes the product to write.

(In the case of TMP86FH47BUG, the addresses from COO0H to FFFFH become the ROM area.)

6. Flash memory status output mode

The status of the area from FFEOH to FFFFH, and the security program condition are output as 7-byte
code. The external controller reads this code to recognize the flash memory status.

7. Flash memory security program setting mode

This mode disables reading the flash memory data in parallel PROM mode. In the serial PROM mode,
the flash memory writing and RAM loader modes are disabled. To disable the flash memory security pro-
gram, perform the chip erase in the flash memory erasing mode.
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15.6.1

Table 15-7 shows the flash memory erasing mode.

Table 15-7 Flash Memory Erasing Mode

Flash Memory Erasing Mode (Operating command: FOH)

BOOT
ROM

Transfer Data from the External Transfer Data from TMP86FH47BUG to
Transfer Byte Baud Rate
Controller to TMP86FH47BUG the External Controller

1st byte Matching data (5AH) 9600 bps - (Automatic baud rate adjustment)

2nd byte - 9600 bps OK: Echo back data (5AH)
Error: No data transmitted

3rd byte Baud rate change data (Table 15-4) 9600 bps )

4th byte } 9600 bps OK: Echo back data
Error: A1H x 3, A3H x 3, 62H x 3 (Note
1)

5th byte Operation command data (FOH) Modified baud rate )

6th byte - Modified baud rate OK: Echo back data (FOH)
Error: A1H x 3, A3H x 3, 63H x 3 (Note
1)

7th byte Password count storage address bit | Modified baud rate -

8th byte 15 to 08 (Note 4, 5) Modified baud rate OK: Nothing transmitted
Error: Nothing transmitted

9th byte Password count storage address bit | Modified baud rate -

10th byte 07 to 00 (Note 4, 5) Modified baud rate OK: Nothing transmitted
Error: Nothing transmitted

11th byte Password comparison start address | Modified baud rate -

12th byte bit 15 to 08 (Note 4, 5) Modified baud rate OK: Nothing transmitted
Error: Nothing transmitted

13th byte Password comparison start address | Modified baud rate -

14th byte bit 07 to 00 (Note 4, 5) Modified baud rate OK: Nothing transmitted
Error: Nothing transmitted

15th byte Password string (Note 4, 5) Modified baud rate -

m’'th byte - Modified baud rate OK: Nothing transmitted
Error: Nothing transmitted

n’th - 2 byte Erase area specification (Note 2) Modified baud rate -

n’th - 1 byte - Modified baud rate OK: Checksum (Upper byte) (Note 3)
Error: Nothing transmitted

n’th byte - Modified baud rate OK: Checksum (Lower byte) (Note 3)
Error: Nothing transmitted

mth + 1 byte ((jve\‘lz)t for the next operation command Modified baud rate )

Note 1: “xxH x 3” indicates that the device enters the halt condition after transmitting 3 bytes of xxh.
Note 2: Refer to "15.13 Specifying the Erasure Area".
Note 3: Refer to "15.8 Checksum (SUM)".

Note 4: Refer to "15.10 Passwords".

Note 5: Do not transmit the password string for a blank product.

Note 6: When a password error occurs, TMP86FH47BUG stops UART communication and enters the halt mode. Therefore,
when a password error occurs, initialize TMP86FH47BUG by the RESET pin and reactivate the serial PROM mode.

Note 7: If an error occurs during transfer of a password address or a password string, TMP86FH47BUG stops UART commu-
nication and enters the halt condition. Therefore, when a password error occurs, initialize TMP86FH47BUG by the RE-

SET pin and reactivate the serial PROM mode.
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Description of the flash memory erasing mode

1. The Ist through 4th bytes of the transmitted and received data contain the same data as in the flash
memory writing mode.

2. The 5th byte of the received data contains the command data in the flash memory erasing mode
(FOH).

3. When the 5th byte of the received data contains the operation command data shown in Table 15-6,
the device echoes back the value which is the same data in the 6th byte position of the received da-
ta (in this case, FOH). If the 5th byte of the received data does not contain the operation command da-
ta, the device enters the halt condition after sending 3 bytes of the operation command error code
(63H).

4. The 7th thorough m'th bytes of the transmitted and received data contain the same data as in the
flash memory writing mode. In the case of a blank product, do not transmit a password string. (Do
not transmit a dummy password string.)

5. The n’th - 2 byte contains the erasure area specification data. The upper 4 bits and lower 4 bits spec-
ify the start address and end address of the erasure area, respectively. For the detailed description,
see "15.13 Specifying the Erasure Area".

6. The n’th - 1 byte and n’th byte contain the upper and lower bytes of the checksum, respectively.
For how to calculate the checksum, refer to "15.8 Checksum (SUM)". Checksum is calculated un-
less a receiving error or Intel Hex format error occurs. After sending the end record, the external con-
troller judges whether the transmission is completed correctly by receiving the checksum sent by
the device.

7. After sending the checksum, the device waits for the next operation command data.
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15.6.2 Flash Memory Writing Mode (Operation command: 30H)

Table 15-8 shows flash memory writing mode process.

Table 15-8 Flash Memory Writing Mode Process

BOOT
ROM

Transfer Byte Transfer Data from External Controller Baud Rate Transfer Data from TMP86FH47BUG to
4 to TMP86FH47BUG External Controller
1st byte Matching data (5Ah) 9600 bps - (Automatic baud rate adjustment)
2nd byte - 9600 bps OK: Echo back data (5AH)
Error: Nothing transmitted
3rd byte Baud rate modification data 9600 bps )
4th byte (See Table 15-4) 9600 bps OK: Echo back data
) Error: A1H x 3, A3H x 3, 62H x 3 (Note
1)
5th byte Operation command data (30H) Modified baud rate )
6th byte - Modified baud rate OK: Echo back data (30H)
Error: A1H x 3, A3H x 3, 63H x 3 (Note
1)
7th byte Password count storage address bit | Modified baud rate -
8th byte 15 to 08 (Note 4) OK: Nothing transmitted
Error: Nothing transmitted
9th byte Password count storage address bit | Modified baud rate -
10th byte 07 to 00 (Note 4) OK: Nothing transmitted
Error: Nothing transmitted
11th byte Password comparison start address | Modified baud rate -
12th byte bit 15 to 08 (Note 4) OK: Nothing transmitted
Error: Nothing transmitted
13th byte Password comparison start address Modified baud rate -
14th byte bit 07 to 00 (Note 4) OK: Nothing transmitted
Error: Nothing transmitted
15th byte Password string (Note 5) Modified baud rate -
m’th byte - OK: Nothing transmitted
Error: Nothing transmitted
m’th + 1 byte Intel Hex format (binary) Modified baud rate -
: (Note 2)
n’th - 2 byte -
n’th - 1 byte - Modified baud rate OK: SUM (Upper byte) (Note 3)
Error: Nothing transmitted
n’th byte - Modified baud rate OK: SUM (Lower byte) (Note 3)
Error: Nothing transmitted
n'th + 1 byte (Wait state for the next operation com- Modified baud rate )
mand data)

Note 1: “xxH x 3” indicates that the device enters the halt condition after sending 3 bytes of xxH. For details, refer to "15.7 Er-
ror Code".

Note 2: Refer to "15.9 Intel Hex Format (Binary)".
Note 3: Refer to "15.8 Checksum (SUM)".
Note 4: Refer to "15.10 Passwords".

Note 5: If addresses from FFEOH to FFFFH are filled with “FFH”, the passwords are not compared because the device is con-
sidered as a blank product. Transmitting a password string is not required. Even in the case of a blank product, it is re-
quired to specify the password count storage address and the password comparison start address. Transmit these da-

ta from the external controller. If a password error occurs due to incorrect password count storage address or pass-
word comparison start address, TMP86FH47BUG stops UART communication and enters the halt condition. There-

fore, when a password error occurs, initialize TMP86FH47BUG by the RESET pin and reactivate the serial ROM mode.

Note 6: If the security program is enabled or a password error occurs, TMP86FH47BUG stops UART communication and en-
ters the halt condition. In this case, initialize TMP86FH47BUG by the RESET pin and reactivate the serial ROM mode.
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Note 7: If an error occurs during the reception of a password address or a password string, TMP86FH47BUG stops UART com-
munication and enters the halt condition. In this case, initialize TMP86FH47BUG by the RESET pin and reactivate
the serial PROM mode.

Note 8: Do not write only the address from FFEOH to FFFFH when all flash memory data is the same. If only these area are writ-
ten, the subsequent operation can not be executed due to password error.

Note 9: To rewrite data to Flash memory addresses at which data (including FFH) is already written, make sure to erase the ex-
isting data by "sector erase" or "chip erase" before rewriting data.

Description of the flash memory writing mode

1. The 1st byte of the received data contains the matching data. When the serial PROM mode is activa-
ted, TMP86FH47BUG (hereafter called device), waits to receive the matching data (SAH). Upon re-
ception of the matching data, the device automatically adjusts the UART’s initial baud rate to 9600
bps.

2. When receiving the matching data (SAH), the device transmits an echo back data (SAH) as the sec-
ond byte data to the external controller. If the device can not recognize the matching data, it does
not transmit the echo back data and waits for the matching data again with automatic baud rate adjust-
ment. Therefore, the external controller should transmit the matching data repeatedly till the device
transmits an echo back data. The transmission repetition count varies depending on the frequency
of device. For details, refer to Table 15-5.

3. The 3rd byte of the received data contains the baud rate modification data. The five types of baud
rate modification data shown in Table 15-4 are available. Even if baud rate is not modified, the exter-
nal controller should transmit the initial baud rate data (28H: 9600 bps).

4. Only when the 3rd byte of the received data contains the baud rate modification data correspond-
ing to the device's operating frequency, the device echoes back data the value which is the same da-
ta in the 4th byte position of the received data. After the echo back data is transmitted, baud rate mod-
ification becomes effective. If the 3rd byte of the received data does not contain the baud rate mod-
ification data, the device enters the halts condition after sending 3 bytes of baud rate modification er-
ror code (62H).

5. The 5th byte of the received data contains the command data (30H) to write the flash memory.

6. When the 5th byte of the received data contains the operation command data shown in Table 15-6,
the device echoes back the value which is the same data in the 6th byte position of the received da-
ta (in this case, 30H). If the Sth byte of the received data does not contain the operation command da-
ta, the device enters the halt condition after sending 3 bytes of the operation command error code
(63H).

7. The 7th byte contains the data for 15 to 8 bits of the password count storage address. When the da-
ta received with the 7th byte has no receiving error, the device does not send any data. If a receiv-
ing error or password error occurs, the device does not send any data and enters the halt condition.

8. The 9th byte contains the data for 7 to 0 bits of the password count storage address. When the data
received with the 9th byte has no receiving error, the device does not send any data. If a receiving er-
ror or password error occurs, the device does not send any data and enters the halt condition.

9. The 11th byte contains the data for 15 to 8 bits of the password comparison start address. When
the data received with the 11th byte has no receiving error, the device does not send any data. If a re-
ceiving error or password error occurs, the device does not send any data and enters the halt condition.

10. The 13th byte contains the data for 7 to 0 bits of the password comparison start address. When the da-
ta received with the 13th byte has no receiving error, the device does not send any data. If a receiv-
ing error or password error occurs, the device does not send any data and enters the halt condition.
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11.

12.

13.

14.

The 15th through m’th bytes contain the password data. The number of passwords becomes the da-
ta (N) stored in the password count storage address. The external password data is compared with
N-byte data from the address specified by the password comparison start address. The external con-
troller should send N-byte password data to the device. If the passwords do not match, the device en-
ters the halt condition without returning an error code to the external controller. If the addresses
from FFEOH to FFFFH are filled with “FFH”, the passwords are not compared because the device
is considered as a blank product.

The m’th + 1 through n’th - 2 bytes of the received data contain the binary data in the Intel Hex for-
mat. No received data is echoed back to the external controller. After receiving the start mark
(3AH for “:”) in the Intel Hex format, the device starts data record reception. Therefore, the re-
ceived data except 3AH is ignored until the start mark is received. After receiving the start mark,
the device receives the data record, that consists of data length, address, record type, write data and
checksum. Since the device starts checksum calculation after receiving an end record, the external
controller should wait for the checksum after sending the end record. If a receiving error or Intel
Hex format error occurs, the device enters the halts condition without returning an error code to
the external controller.

The n’th - 1 and n’th bytes contain the checksum upper and lower bytes. For details on how to calcu-
late the SUM, refer to "15.8 Checksum (SUM)". The checksum is calculated only when the end re-
cord is detected and no receiving error or Intel Hex format error occurs. After sending the end re-
cord, the external controller judges whether the transmission is completed correctly by receiving
the checksum sent by the device.

After transmitting the checksum, the device waits for the next operation command data.
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15.6.3 RAM Loader Mode (Operation Command: 60H)

Table 15-9 shows RAM loader mode process.

Table 15-9 RAM Loader Mode Process

Transfer Bytes Transfer Data from External Control- Baud Rate Transfer Data from TMP86FH47BUG to
Y ler to TMP86FH47BUG External Controller
1st byte Matching data (5AH) 9600 bps - (Automatic baud rate adjustment)
2nd byte - 9600 bps OK: Echo back data (5AH)
Error: Nothing transmitted
3rd byte Baud rate modification data 9600 bps .
(See Table 15-4)
4th byte ) 9600 bps OK: Echo back data
Error: A1H x 3, A3H x 3, 62H x 3 (Note
1)
5th byte Operation command data (60H) Modified baud rate )
6th byte - Modified baud rate OK: Echo back data (60H)
Error: A1H x 3, A3H x 3, 63H x 3 (Note
1)
7th byte Password count storage address bit | Modified baud rate -
8th byte 15 to 08 (Note 4) OK: Nothing transmitted
Error: Nothing transmitted
9th byte Password count storage address bit | Modified baud rate -
10th byte 07 to 00 (Note 4) OK: Nothing transmitted
BOOT Error: Nothing transmitted
ROM 11th byte Password comparison start address | Modified baud rate -
12th byte bit 15 to 08 (Note 4) OK: Nothing transmitted
Error: Nothing transmitted
13th byte Password comparison start address | Modified baud rate -
14th byte bit 07 to 00 (Note 4) OK: Nothing transmitted
Error: Nothing transmitted
15th byte Password string (Note 5) Modified baud rate -
m’'th byte - OK: Nothing transmitted
Error: Nothing transmitted
m’th + 1 byte Intel Hex format (Binary) Modified baud rate -
: (Note 2)
n’th - 2 byte Modified baud rate -
n’th - 1 byte - Modified baud rate OK: SUM (Upper byte) (Note 3)
Error: Nothing transmitted
n’th byte - Modified baud rate OK: SUM (Lower byte) (Note 3)
Error: Nothing transmitted
RAM - The program jumps to the start address of RAM in which the first transferred data is written.

Note 1: “xxH x 3” indicates that the device enters the halt condition after sending 3 bytes of xxH. For details, refer to "15.7 Er-
ror Code".

Note 2: Refer to "15.9 Intel Hex Format (Binary)".

Note 3: Refer to "15.8 Checksum (SUM)".

Note 4: Refer to "15.10 Passwords".

Note 5: If addresses from FFEOH to FFFFH are filled with “FFH”, the passwords are not compared because the device is con-
sidered as a blank product. Transmitting a password string is not required. Even in the case of a blank product, it is re-
quired to specify the password count storage address and the password comparison start address. Transmit these da-
ta from the external controller. If a password error occurs due to incorrect password count storage address or pass-
word comparison start address, TMP86FH47BUG stops UART communication and enters the halt condition. There-
fore, when a password error occurs, initialize TMP86FH47BUG by the RESET pin and reactivate the serial ROM mode.

Note 6: After transmitting a password string, the external controller must not transmit only an end record. If receiving an end re-
cord after a password string, the device may not operate correctly.
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Note 7:

Note 8:

Note 9:

If the security program is enabled or a password error occurs, TMP86FH47BUG stops UART communication and en-
ters the halt condition. In this case, initialize TMP86FH47BUG by the RESET pin and reactivate the serial PROM mode.

If an error occurs during the reception of a password address or a password string, TMP86FH47BUG stops UART com-
munication and enters the halt condition. In this case, initialize TMP86FH47BUG by the RESET pin and reactivate
the serial PROM mode.

To rewrite data to Flash memory addresses at which data (including FFH) is already written, make sure to erase the ex-
isting data by "sector erase" or "chip erase" before rewriting data.

Description of RAM loader mode

The 1st through 4th bytes of the transmitted and received data contains the same data as in the
flash memory writing mode.

In the 5th byte of the received data contains the RAM loader command data (60H).

When the 5th byte of the received data contains the operation command data shown in Table 15-6,
the device echoes back the value which is the same data in the 6th byte position (in this case,
60H). If the Sth byte does not contain the operation command data, the device enters the halt condi-
tion after sending 3 bytes of operation command error code (63H).

The 7th through m’th bytes of the transmitted and received data contain the same data as in the
flash memory writing mode.

The m’th + 1 through n’th - 2 bytes of the received data contain the binary data in the Intel Hex for-
mat. No received data is echoed back to the external controller. After receiving the start mark
(3AH for “:”) in the Intel Hex format, the device starts data record reception. Therefore, the re-
ceived data except 3AH is ignored until the start mark is received. After receiving the start mark,
the device receives the data record, that consists of data length, address, record type, write data and
checksum. The writing data of the data record is written into RAM specified by address. Since the de-
vice starts checksum calculation after receiving an end record, the external controller should wait
for the checksum after sending the end record. If a receiving error or Intel Hex format error occurs,
the device enters the halts condition without returning an error code to the external controller.

The n’th - 1 and n’th bytes contain the checksum upper and lower bytes. For details on how to calcu-
late the SUM, refer to "15.8 Checksum (SUM)". The checksum is calculated only when the end re-
cord is detected and no receiving error or Intel Hex format error occurs. After sending the end re-
cord, the external controller judges whether the transmission is completed correctly by receiving
the checksum sent by the device.

After transmitting the checksum to the external controller, the boot program jumps to the RAM ad-
dress that is specified by the first received data record.
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15.6.4 Flash Memory SUM Output Mode (Operation Command: 90H)

Table 15-10 shows flash memory SUM output mode process.

Table 15-10 Flash Memory SUM Output Process

BOOT
ROM

Transfer Bytes Transfer Data from External Control- Baud Rate Transfer Data from TMP86FH47BUG to
Y ler to TMP86FH47BUG v External Controller
1st byte Matching data (5AH) 9600 bps - (Automatic baud rate adjustment)
2nd byte - 9600 bps OK: Echo back data (5AH)

Error: Nothing transmitted

3rd byte Baud rate modification data 9600 bps
(See Table 15-4)

4th byte ) 9600 bps OK: Echo back data
Error: A1H x 3, A3H x 3, 62H x 3 (Note
1)

5th byte Operation command data (90H) Modified baud rate )

6th byte - Modified baud rate OK: Echo back data (90H)
Error: A1H x 3, A3H x 3, 63H x 3 (Note
1)

7th byte - Modified baud rate OK: SUM (Upper byte) (Note 2)
Error: Nothing transmitted

8th byte - Modified baud rate OK: SUM (Lower byte) (Note 2)

Error: Nothing transmitted

(Wait for the next operation com-

mand data) Modified baud rate -

9th byte

Note 1: “xxH x 3” indicates that the device enters the halt condition after sending 3 bytes of xxH. For details, refer to "15.7 Er-
ror Code".

Note 2: Refer to "15.8 Checksum (SUM)".

Description of the flash memory SUM output mode

1. The 1st through 4th bytes of the transmitted and received data contains the same data as in the
flash memory writing mode.

2. The 5th byte of the received data contains the command data in the flash memory SUM output
mode (90H).

3. When the 5th byte of the received data contains the operation command data shown in Table 15-6,
the device echoes back the value which is the same data in the 6th byte position of the received da-
ta (in this case, 90H). If the Sth byte of the received data does not contain the operation command da-
ta, the device enters the halt condition after transmitting 3 bytes of operation command error code
(63H).

4. The 7th and the 8th bytes contain the upper and lower bits of the checksum, respectively. For how
to calculate the checksum, refer to "15.8 Checksum (SUM)".

5. After sending the checksum, the device waits for the next operation command data.

Page 167




15. Serial PROM Mode
15.6 Operation Mode TMP86FH47BUG

15.6.5 Product ID Code Output Mode (Operation Command: COH)

Table 15-11 shows product ID code output mode process.

Table 15-11 Product ID Code Output Process

Transfer Bytes Transfer Data from External Controller Baud Rate Transfer Data from TMP86FH47BUG to
Y to TMP86FH47BUG External Controller
1st byte Matching data (5AH) 9600 bps - (Automatic baud rate adjustment)
2nd byte - 9600 bps OK: Echo back data (5AH)
Error: Nothing transmitted
3rd byte Baud rate modification data 9600 bps .
(See Table 15-4)
4th byte ) 9600 bps OK: Echo back data
Error: A1H x 3, A3H x 3, 62H x 3 (Note
1)
5th byte Operation command data (COH) Modified baud rate )
6th byte - Modified baud rate OK: Echo back data (COH)
Error: A1H x 3, A3H x 3, 63H x 3 (Note
1)
7th byte Modified baud rate 3AH Start mark
e The number of transfer data
8th byte Modified baud rate 0AH (from 9th to 18th bytes)
9th byte Modified baud rate 02H Length of address (2 bytes)
BOOT 10th byte Modified baud rate 1DH Reserved data
ROM 11th byte Modified baud rate 00H Reserved data
12th byte Modified baud rate 00H Reserved data
13th byte Modified baud rate 00H Reserved data
14th byte Modified baud rate 01H ROM block count (1 block)
= First address of ROM
15th byte Modified baud rate COH
(Upper byte)
= First address of ROM
16th byte Modified baud rate 00H
(Lower byte)
" End address of ROM
17th byte Modified baud rate FFH
(Upper byte)
= End address of ROM
18th byte Modified baud rate FFH
(Lower byte)
e Checksum of transferred data
19th byte Modified baud rate 22H (9th through 18th byte)
20th byte é\;\/tz:)t for the next operation command Modified baud rate )

Note:“xxH x 3” indicates that the device enters the halt condition after sending 3 bytes of xxH. For details, refer to
"15.7 Error Code".

Description of Product ID code output mode

1. The 1st through 4th bytes of the transmitted and received data contain the same data as in the flash
memory writing mode.

2. The 5th byte of the received data contains the product ID code output mode command data (COH).
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3.

5.

When the 5th byte contains the operation command data shown in Table 15-6, the device echoes
back the value which is the same data in the 6th byte position of the received data (in this case,
COH). If the 5th byte data does not contain the operation command data, the device enters the halt con-
dition after sending 3 bytes of operation command error code (63H).

The 9th through 19th bytes contain the product ID code. For details, refer to "15.11 Product ID
Code".

After sending the checksum, the device waits for the next operation command data.
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15.6.6 Flash Memory Status Output Mode (Operation Command: C3H)

Table 15-12 shows Flash memory status output mode process.

Table 15-12 Flash Memory Status Output Mode Process

Transfer Data from External Con-

Transfer Data from TMP86FH47BUG to Ex-

mand data)

Transfer Bytes troller to TMP86FH47BUG Baud Rate ternal Controller
1st byte Matching data (5AH) 9600 bps - (Automatic baud rate adjustment)
2nd byte - 9600 bps OK: Echo back data (5AH)
Error: Nothing transmitted
3rd byte Baud rate modification data 9600 bps -
(See Table 15-4)
4th byte - 9600 bps OK: Echo back data
Error: A1H x 3, A3H x 3, 62H x 3 (Note 1)
5th byte Operation command data (C3H) | Modified baud rate -
6th byte - Modified baud rate OK: Echo back data (C3H)
Error: A1H x 3, A3H x 3, 63H x 3 (Note 1)
7th byte Modified baud rate 3AH Start mark
8th byte Modified baud rate 04H Byte count
(from 9th to 12th byte)
BOOT 9th byte Modified baud rate 00H Status code 1
ROM to
03H
10th byte Modified baud rate 00H Reserved data
11th byte Modified baud rate 00H Reserved data
12th byte Modified baud rate 00H Reserved data
13th byte Modified baud rate Checksum 2's complement for the sum of
9th through 12th bytes
9th byte Checksum
00H: 00H
01H: FFH
02H: FEH
03H: FDH
14th byte (Wait for the next operation com- | Modified baud rate -

Note 1: “xxH x 3” indicates that the device enters the halt condition after sending 3 bytes of xxH. For details, refer to "15.7 Er-

ror Code".

Note 2: For the details on status code 1, refer to "15.12 Flash Memory Status Code".

Description of Flash memory status output mode

1. The 1st through 4th bytes of the transmitted and received data contain the same data as in the
Flash memory writing mode.

2. The 5th byte of the received data contains the flash memory status output mode command data (C3H).

3. When the 5th byte contains the operation command data shown in Table 15-6, the device echoes

back the value which is the same data in the 6th byte position of the received data (in this case,

C3H). If the 5th byte does not contain the operation command data, the device enters the halt condi-

tion after sending 3 bytes of operation command error code (63H).

4. The 9th through 13th bytes contain the status code. For details on the status code, refer to "15.12

Flash Memory Status Code".
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5. After sending the status code, the device waits for the next operation command data.
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15.6.7 Flash Memory security program Setting Mode (Operation Command: FAH)

Table 15-13 Flash Memory security program Setting Mode Process

Table 15-13 shows Flash memory security program setting mode process.

Transfer Bytes Transfer Data from External Con- Baud Rate Transfer Data from TMP86FH47BUG to Ex-
Y troller to TMP86FH47BUG ternal Controller
1st byte Matching data (5AH) 9600 bps - (Automatic baud rate adjustment)
2nd byte - 9600 bps OK: Echo back data (5AH)
Error: Nothing transmitted
3rd byte Baud rate modification data 9600 bps -
(See Table 15-4)
4th byte - 9600 bps OK: Echo back data
Error: A1H x 3, A3H x 3, 62H x 3 (Note 1)
5th byte Operation command data (FAH) Modified baud rate -
6th byte - Modified baud rate OK: Echo back data (FAH)
Error: A1H x 3, A3H x 3, 63H x 3 (Note 1)
7th byte Password count storage address | Modified baud rate -
8th byte 15 to 08 (Note 2) Modified baud rate OK: Nothing transmitted
Error: Nothing transmitted
9th byte Password count storage address | Modified baud rate -
gooT [ 10th byte 07 to 00 (Note 2) Modified baud rate OK: Nothing transmitted
ROM Error: Nothing transmitted
11th byte Password comparison start ad- Modified baud rate -
12th byte dress 15 to 08 (Note 2) Modified baud rate OK: Nothing transmitted
Error: Nothing transmitted
13th byte Password comparison start ad- Modified baud rate -
14th byte dress 07 to 00 (Note 2) Modified baud rate OK: Nothing transmitted
Error: Nothing transmitted
15th byte Password string (Note 2) Modified baud rate -
m’th byte - Modified baud rate OK: Nothing transmitted
Error: Nothing transmitted
n’th byte - Modified baud rate OK: FBH (Note 3)
Error: Nothing transmitted
n'+1th byte (Wait for the next operation com- | Modified baud rate -
mand data)

Note 1: “xxH x 3” indicates that the device enters the halt condition after sending 3 bytes of xxH. For details, refer to "15.7 Er-
ror Code".

Note 2: Refer to "15.10 Passwords".

Note 3: If the security program is enabled for a blank product or a password error occurs for a non-blank product,
TMP86FH47BUG stops UART communication and enters the halt mode. In this case, initialize TMP86FH47BUG by
the RESET pin and reactivate the serial PROM mode.

Note 4: If an error occurs during reception of a password address or a password string, TMP86FH47BUG stops UART commu-

nication and enters the halt mode. In this case, initialize TMP86FH47BUG by the RESET pin and reactivate the seri-

al PROM mode.

Description of the Flash memory security program setting mode

1. The 1st through 4th bytes of the transmitted and received data contain the same data as in the
Flash memory writing mode.

2. The 5th byte of the received data contains the command data in the flash memory status output
mode (FAH).
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When the 5th byte of the received data contains the operation command data shown in Table 15-6,

the device echoes back the value which is the same data in the 6th byte position of the received da-
ta (in this case, FAH). If the 5th byte does not contain the operation command data, the device en-

ters the halt condition after transmitting 3 bytes of operation command error code (63H).

The 7th through m’th bytes of the transmitted and received data contain the same data as in the
flash memory writing mode.

The n'th byte contains the status to be transmitted to the external controller in the case of the success-
ful security program.
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15.7 Error Code

When detecting an error, the device transmits the error code to the external controller, as shown in Table 15-14.

Table 15-14 Error Code

Transmit Data Meaning of Error Data

62H, 62H, 62H Baud rate modification error.
63H, 63H, 63H Operation command error.
A1H, A1H, A1H Framing error in the received data.
A3H, A3H, A3H Overrun error in the received data.

Note:If a password error occurs, TMP86FH47BUG does not transmit an error code.

15.8 Checksum (SUM)

15.8.1  Calculation Method
The checksum (SUM) is calculated with the sum of all bytes, and the obtained result is returned as a word.
The data is read for each byte unit and the calculated result is returned as a word.

Example:

If the data to be calculated consists of the four bytes,

A1H

the checksum of the data is as shown below.
B2H A1H + B2H + C3H + D4H = 02EAH
C3H SUM (HIGH)= 02H
D4H SUM (LOW)= EAH

The checksum which is transmitted by executing the flash memory write command, RAM loader com-
mand, or flash memory SUM output command is calculated in the manner, as shown above.
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15.8.2 Calculation data

The data used to calculate the checksum is listed in Table 15-15.

Table 15-15 Checksum Calculation Data

Operating Mode

Calculation Data

Description

Flash memory writing mode

Flash memory SUM output
mode

Data in the entire area of the flash memory

Even when a part of the flash memory is written, the check-
sum of the entire flash memory area (COOOH to FFFH) is cal-
culated.

The data length, address, record type and checksum in Intel
Hex format are not included in the checksum.

RAM loader mode

RAM data written in the first received RAM ad-
dress through the last received RAM address

The length of data, address, record type and checksum in In-
tel Hex format are not included in the checksum.

Product ID Code output mode

9th through 18th bytes of the transferred data

For details, refer to "15.11 Product ID Code".

Flash Memory Status Output mode

9th through 12th bytes of the transferred data

For details, refer to "15.12 Flash Memory Status Code"

Flash Memory Erasing mode

All data in the erased area of the flash memo-
ry (the whole or part of the flash memory)

When the sector erase is executed, only the erased area is
used to calculate the checksum. In the case of the chip
erase, an entire area of the flash memory is used.

Page 175




15. Serial PROM Mode

15.9 Intel Hex Format (Binary)

TMP86FH47BUG

15.9 Intel Hex Format (Binary)

1.

After receiving the checksum of a data record, the device waits for the start mark (3AH “:”) of the next da-

ta record. After receiving the checksum of a data record, the device ignores the data except 3AH transmit-
ted by the external controller.

After transmitting the checksum of end record, the external controller must transmit nothing, and wait for
the 2-byte receive data (upper and lower bytes of the checksum).

If a receiving error or Intel Hex format error occurs, the device enters the halt condition without return-
ing an error code to the external controller. The Intel Hex format error occurs in the following case:

When the record type is not 00H, 01H, or 02H
When a checksum error occurs
When the data length of an extended record (record type = 02H) is not 02H

When the device receives the data record after receiving an extended record (record type = 02H) with ex-
tended address of 1000H or larger.

When the data length of the end record (record type = 01H) is not 00H

15.10 Passwords

The consecutive eight or more-byte data in the flash memory area can be specified to the password.

TMP86F

H47BUG compares the data string specified to the password with the password string transmitted from

the external controller. The area in which passwords can be specified is located at addresses COO0OH to FFOFH.

The area

from FFAOH to FFFFH can not be specified as the passwords area.

If addresses from FFEOH through FFFFH are filled with “FFH”, the passwords are not compared because the prod-
uct is considered as a blank product. Even in this case, the password count storage addresses and password compar-

ison start
uct.

address must be specified. Table 15-16 shows the password setting in the blank product and non-blank prod-

Table 15-16 Password Setting in the Blank Product and Non-Blank Product

Password Blank Product (Note 1) Non-Blank Product
PNSA
COOOH =< PNSA < FF9FH COO00H =< PNSA < FF9FH
(Password count storage address)
PCSA
. CO00OH < PCSA < FF9FH COOOH < PCSA < FFAO - N
(Password comparison start address)
N
* 8<N
(Password count)
Password string setting Not required (Note 5) Required (Note 2)

Note 1: When addresses from FFEOH through FFFFH are filled with “FFH”, the product is recognized as a blank product.

Note 2: The data including the same consecutive data (three or more bytes) can not be used as a password. (This causes a
password error data. TMP86FH47BUG transmits no data and enters the halt condition.)

Note 3: *: Don’t care.

Note 4: When the above condition is not met, a password error occurs. If a password error occurs, the device enters the halt
condition without returning the error code.

Note 5: In the flash memory writing mode or RAM loader mode, the blank product receives the Intel Hex format data immediate-
ly after receiving PCSA without receiving password strings. In this case, the subsequent processing is performed cor-
rectly because the blank product ignores the data except the start mark (3AH “:”) as the Intel Hex format data, even
if the external controller transmits the dummy password string. However, if the dummy password string contains
“3AH", it is detected as the start mark erroneously. The microcontroller enters the halt mode. If this causes the prob-
lem, do not transmit the dummy password strings.

Note 6:

In the flash memory erasing mode, the external controller must not transmit the password string for the blank product.
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07H

UART RXD pin FOH

[N

01H | 02H | 03H | 04H | 05H | 06H| 07H | 08H |

12H | F1H
J U

J o _

PNSA PCSA Password string

Flash memory

> Fol2H | 08H ™
1

"08H" becomes
the umber of

Ly F107H 01H ) passwords Compare

F108H 02H

FlooH [  O3H

F10AH 04H

¢ 8bytes <€«———
FioBH | O5H d

Example F10CH O6H

PNSA = FO12H F10DH 07H

PCSA = F107H

Password string = 01H,02H,03H,04H,05H  F10EH 08H
06H,07H,08H ’

/\/

Figure 15-5 Password Comparison

15.10.1 Password String

The password string transmitted from the external controller is compared with the specified data in the
flash memory. When the password string is not matched to the data in the flash memory, the device enters
the halt condition due to the password error.

15.10.2 Handling of Password Error

If a password error occurs, the device enters the halt condition. In this case, reset the device to reactivate
the serial PROM mode.

15.10.3 Password Management during Program Development

If a program is modified many times in the development stage, confusion may arise as to the password. There-
fore, it is recommended to use a fixed password in the program development stage.

Example :Specify PNSA to FOOOH, and the password string to 8 bytes from address FOO1H
(PCSA becomes FOO1H.)

Password Section code abs = 0FO00H
DB  08H : PNSA definition
DB  “CODE1234” : Password string definition
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15.11 Product ID Code

The product ID code is the 13-byte data containing the start address and the end address of ROM. Table 15-17
shows the product ID code format.

Table 15-17 Product ID Code Format

Data Description In the Case of TMP86FH47BUG
1st Start Mark (3AH) 3AH
2nd The number of transfer data (10 bytes from 3rd to 12th byte) 0AH
3rd Address length (2 bytes) 02H
4th Reserved data 1DH
5th Reserved data 00H
6th Reserved data 00H
7th Reserved data 00H
8th ROM block count 01H
9th The first address of ROM (Upper byte) COH
10th The first address of ROM (Lower byte) 00H
11th The end address of ROM (Upper byte) FFH
12th The end address of ROM (Lower byte) FFH
13th Checksum of the transferred data (2's compliment for the sum 29H
of 3rd through 12th bytes)

15.12 Flash Memory Status Code

The flash memory status code is the 7-byte data including the security program status and the status of the data
from FFEOH to FFFFH. Table 15-18 shows the flash memory status code.

Table 15-18 Flash Memory Status Code

Data Description In the Case of

TMP86FH47BUG
1st Start mark 3AH
2nd Transferred data count (3rd through 6th byte) 04H
00H to O3H
3rd Status code .
(See figure below)
4th Reserved data 00H
5th Reserved data 00H
6th Reserved data 00H
3rd byte checksum
00H 00H
Checksum of the transferred data (2's compliment
7th for the sum of 3rd through 6th data) O1H FFH
02H FEH
03H FDH
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Status Code 1

7 6 5 4 3 2 1 0
| RPENA | BLANK | (Initial Value: 0000 00**)

RPENA Flash memory security 0: Security program is disabled.
program status 1: Security program is enabled.
BLANK The status from FFEOH | O: All data is FFH in the area from FFEOH to FFFFH.
to FFFFH. 1: The value except FFH is included in the area from FFEOH to FFFFH.

Some operation commands are limited by the flash memory status code 1. If the security program is enabled,
flash memory writing mode command and RAM loader mode command can not be executed. Erase all flash mem-
ory before executing these command.

Flash Memory )
Flash Memory | RAM Loader | | oo Product Flash Memory | Erasing Mode | Security pro-
RPENA | BLANK " SUM ID Code Status Output gram Setting
Writing Mode Mode Mode Chip | Sector Mode
Output Mode Output Mode Erase | Erase
0 0 (e} (o} O o o o x
0 1 Pass Pass (0] (6] (6] Pass Pass
1 0 x x o (e} o o x x
1 1 x x O o O Pass x Pass

Note:O: The command can be executed.
Pass: The command can be executed with a password.
x: The command can not be executed.

(After echoing the command back to the external controller, TMP86FH47BUG stops UART communication
and

enters the halt condition.)
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15.13 Specifying the Erasure Area

In the flash memory erasing mode, the erasure area of the flash memory is specified by n—2 byte data.
The start address of an erasure area is specified by ERASTA, and the end address is specified by ERAEND.

If ERASTA is equal to or smaller than ERAEND, the sector erase (erasure in 4 kbyte units) is executed. Execut-
ing the sector erase while the security program is enabled results in an infinite loop.

If ERASTA is larger than ERAEND, the chip erase (erasure of an entire flash memory area) is executed and
the security program is disabled. Therefore, execute the chip erase (not sector erase) to disable the security program.

Erasure Area Specification Data (n-2 byte data)

7 6 5 4 3 2
ERASTA | ERAEND
0000: from 0000H
0001: from 1000H
0010: from 2000H
0011: from 3000H
0100: from 4000H
0101: from 5000H
0110: from 6000H
ERasTA | The start address of the | 0111: from 7000H
erasure area 1000: from 8000H
1001: from 9000H
1010: from AOOOH
1011: from BOOOH
1100: from COOOH
1101: from DOOOH
1110: from EO0OH
1111: from FOOOH
0000: to OFFFH
0001: to 1FFFH
0010: to 2FFFH
0011: to 3FFFH
0100: to 4FFFH
0101: to 5FFFH
0110: to 6FFFH
e | sz |00 0
1001: to 9FFFH
1010: to AFFFH
1011: to BFFFH
1100: to CFFFH
1101: to DFFFH
1110: to EFFFH
1111: to FFFFH

Note:When the sector erase is executed for the area containing no flash cell, TMP86FH47BUG stops the UART com-

munication and enters the halt condition.

15.14 Port Input Control Register

In the serial PROM mode, the input level is fixed to the all ports except PO3 and P02 ports with a hardware fea-
ture to prevent overlap current to unused ports. (All port inputs and peripheral function inputs shared with the
ports become invalid.) Therefore, to access to the flash memory in the RAM loader mode without UART communi-
cation, port inputs must be valid. To make port inputs valid, set the pin of the port input control register (SPCR)

to cclaa.

The SPCR register is not operated in the MCU mode.
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Port Input Control Register

SPCR 7 6 5 4 3 2

1 0
(OFEAH) (Initial value: **** ***0)
PIN Port input control in the serial PROM 0: Invalid port inputs (The input level is fixed with a hardware feature.) RIW
mode 1: Valid port inputs

Note 1: The SPCR register can be read or written only in the serial PROM mode. When the write instruction is executed to

the SPCR register in the MCU mode, the port input control can not be performed. When the read instruction is execu-
ted for the SPCR register in the MCU mode, read data of bit7 to 1 are unstable.

Note 2: All /O ports except P03 and P02 ports are controlled by the SPCR register.
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15.16 UART Timing

Table 15-19 UART Timing-1 (VDD =4.5t0 5.5V, fc = 2 to 16 MHz, Topr = -10 to 40°C)

Minimum Required Time
Parameter Symbol Clock Frequency (fc)
At fc = 2 MHz At fc = 16 MHz
Time from matching data reception to the echo back CMeb1 Approx. 930 465 ps 58.1 us
Time from baud rate modification data reception to the echo back CMeb2 Approx. 980 490 ps 61.3 us
Time from operation command reception to the echo back CMeb3 Approx. 800 400 ps 50 ps
Checksum calculation time CKsm Approx. 7864500 3.93s 491.5 ps
Erasure time of an entire flash memory CEall - 30 ms 30 ms
Erasure time for a sector of a flash memory (in 4-kbyte units) CEsec - 15 ms 15 ms

Table 15-20 UART Timing-2 (VDD =4.51t0 5.5V, fc = 2 to 16 MHz, Topr = -10 to 40°C)

Minimum Required Time

Parameter Symbol Clock Frequency (fc)
At fc = 2 MHz At fc = 16 MHz

Time from the reset release to the acceptance of start bit of RXD pin RXsup 2100 1.05 ms 131.3 ms
Matching data transmission interval CMtr1 28500 14.2 ms 1.78 ms
Time fror'ln‘ thg echo back of matching data to the acceptance of baud CMtr2 380 190 us 23.8 s
rate modification data
Time from the ecljo back of baud rate modification data to the accept- CMtr3 650 325 us 40.6 ps
ance of an operation command
Time from the echo back of operation command to the acceptance of CMitra 800 400 ps 50 s
password count storage addresses (Upper byte)

RXsup | (IZMtrZ (IZMtrB ICMtr4
RESET pin / : P P P

i (5AH) , 1 (28H) , 1 (30H) , :
RXD pin | ||||||| o ||||| b | || i |
: (5AH) ! E (28H) ! E (30H) !
TXD pin E | ||| |||| i | ||||| i
CMebl CMeb2 CMeb3
(5AH) (5AH) (5AH)
TXD pin <€ >
! CwMmtrl !
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16. Input/Output Circuitry

16.1 Control Pins

The input/output circuitries of the TMP86FH47BUG control pins are shown below.

Control Pin 110 Input/Output Circuitry Remarks
Osc. enable —):D)_ > fc
AM Resonator connecting pins
VDD o VDD .
XIN Input Rf =R (high-frequency)
= Ro
XouT Output | ] Rf = 1.2 MQ (typ.)
Ro = 1.5 kQ (typ.)
XIN XOouT
XTEN
Osc. enable _):DIP_ > > fs
" Resonator connecting pins
XTIN Input E; L (low-frequency)
XTOUT Output ZRo Rf = 6 MQ (typ.)
f | ] i Ro =220 kQ (typ.)
XTIN XTOUT

Hysteresis input
Pull-up resistor

RESET 110
Address trap reset Rin =220 kQ (typ.)
Watchdog timer reset R =1kQ (typ.)
System clock reset
VDD
Without Pull-down resistor
TEST Input R 0 R = 1kQ (typ.)

]
\I V¥

Fix the TEST pin at low-level

Note: The TEST pin of the TMP86FH47BUG does not have a pull-down resistor. Fix the TEST pin at low-level.
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Input/Output Circuitry

Input/Output Ports TMP86FH47BUG
16.2 Input/Output Ports
Port 110 Input/Output Circuitry Remarks
Initial "High-Z" VDD
I:l Sink open drain output
PO 1o Data output High current output
=R Hysteresis input
Input from 9 R =100 Q (typ.)
output latch
Pin input é‘l
Initial "High-Z"
VDD
Data output Tri-state 1/O
P1 110 D Hysteresis input
Disable % i 1q R =100 Q (typ.)
Pin input 4
~
Initial "High-Z"
Sink open drain output
— ] )
High current output
P2 110 Data output
=R Hysteresis input
Input from 3 R =100 Q (typ.)
output latch
Pin input é}
Initial "High-Z"
VDD
Data output
Tri-state 1/O
P3 1o ] '
. R =100 Q (typ.)
Disable =R
Pin input il
~N
Initial "High-Z"
VDD
Data output Tri-state I/O
P4 110 D High current output (Nch)
Disable I‘—_i i =R R =100 Q (typ.)
Pin input il
p Y
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17. Electrical Characteristics

17.1 Absolute Maximum Ratings

The absolute maximum ratings are rated values which must not be exceeded during operation, even for an in-
stant. Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may
break down or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user.

Thus, when designing products which include this device, ensure that no absolute maximum rating value will ev-
er be exceeded.

(VSS =0V)
Parameter Symbol Pins Ratings Unit
Supply voltage Vbp -0.31t0 6.0 \Y
Input voltage VIN -0.3to Vpp + 0.3 \
Output voltage VouT1 -0.3 to Vpp + 0.3 Y,
louTt P1, P3, P4 ports 18
Output current (Per 1 pin) louT2 P1, P3 ports 3.2
louTts PO, P2, P4 ports 30 mA
2 louT1 P1, P3 ports 60
Output current (Total)
Z lout2 PO, P2, P4 ports 80
Power dissipation [Topr = 85 °C] Pp 250 mwW
Soldering temperature (time) Tsld 260 (10 s)
Storage temperature Tstg -55 to 125 °C
Operating temperature Topr -40 to 85
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17.2 Operating Conditions TMP86FH47BUG

17.2 Operating Conditions

The Operating Conditions show the conditions under which the device be used in order for it to operate normal-
ly while maintaining its quality. If the device is used outside the range of Operating Conditions (power supply volt-
age, operating temperature range, or AC/DC rated values), it may operate erratically. Therefore, when designing
your application equipment, always make sure its intended working conditions will not exceed the range of Operat-
ing Conditions.

17.2.1 Serial PROM mode

(Vss =0V, Topr = -10 to 40 °C)

Parameter Symbol Pins Condition Min Max Unit
Supply voltage Vbp NORMAL1, 2 modes 4.5 5.5
ViH1 Except hysteresis input Vpp * 0.70
Input high voltage Vpp245V Vpp
ViH2 Hysteresis input Vpp * 0.75 Vv
Vi1 Except hysteresis input Vpp * 0.30
Input low voltage Vpp24.5V 0
ViL2 Hysteresis input Vpp * 0.25
Clock frequency fc XIN, XOUT 2.0 16.0 MHz

17.2.2 MCU mode (Except Flash Programming or erasing)

(Vss = 0V, Topr = -40 to 85°C)

Parameter Symbol Pins Ratings Min Max Unit
NORMAL1, 2 modes
fc = 16 MHz 4.5
IDLEO, 1, 2 modes
io = 8 MH NORMAL1, 2 modes
c = z
Supply voltage IDLEO, 1, 2 modes 55
(Condition 1)
SLOW1, 2 modes 3.0
fs = 32.768 KHz
SLEEPO, 1, 2 modes
\Y \%
bo STOP mode
NORMAL1, 2 modes
fc = 8 MHz
IDLEO, 1, 2 modes
Supply voltage
upply votag SLOW1, 2 modes 2.7 3.0
(Condition 2) fs = 32.768 KHz
SLEEPO, 1, 2 modes
STOP mode
ViH1 Except hysteresis input Vpp x 0.70
Vpp 24.5V
Input high level ViH2 Hysteresis input Vpp x 0.75 Vpp
ViH3 Vpp <45V Vpp * 0.90
\Y
ViL Except hysteresis input Vpp x 0.30
Vpp 245V
Input low level VL2 Hysteresis input 0 Vpp * 0.25
ViLs Vop <4.5V Vpp x 0.10
Vpp = 2.7 to 5.5V 8.0
fc XIN, XOUT 1.0 MHz
Clock frequency Vpp = 4.5 to 5.5V 16.0
fs XTIN, XTOUT Vpp = 2.7 to 5.5V 30.0 34.0 kHz
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17.2.3 MCU mode (Flash Programming or erasing)

(Vss =0V, Topr = -10 to 40°C)

Parameter Symbol Pins Ratings Min Max Unit
Supply voltage Vbp NORMAL1, 2 modes 4.5 5.5
\ Except hysteresis input Vpp * 0.70
Input high level Vpp 245V Vpp
Vin2 Hysteresis input Vpp x 0.75 Vv
ViL Except hysteresis input Vpp x 0.30
Input low level Vpp 245V 0
ViL2 Hysteresis input Vpp X 0.25
Clock frequency fc XIN, XOUT 1.0 16.0 MHz
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17.3 DC Characteristics TMP86FH47BUG

17.3 DC Characteristics

(Vss = 0V, Topr = -40 to 85 °C)

Parameter Symbol Pins Condition Min Typ. Max Unit
Hysteresis voltage VhHs Hysteresis input - 0.9 - \%
IIN1 TEST

VDD=5.5 V, VIN=VTEST=5-5 V/0 V
Input current liN2 Sink open drain, tri - state port - - +2 HA

Ins | RESET, STOP

Input resistance Rin2 | RESET pull - up Vpp =55V, V=0V 100 220 450 kQ
ILo1 Sink open drain port Vpp =55V, Vour =55V - - 2
Output leakage current A
lLoz | Tri - state port Vpp = 5.5V, Voyr =5.5 V/I0 V - - +2
Output high voltage Vou | Tri - state port Vpp = 4.5V, loy =-0.7 mA 41 - -
\%
Output low voltage VoL Except XOUT, PO, P2, P4 Vpp =4.5V, lgL = 1.6 mA - - 0.4

High current port
Output low current loL 9 P Vpp=4.5V,VoL =10V - 20 - mA
(PO, P2 ,P4 Port)

When a program op-

Suol ) Vbp =55V erates on flash mem- - 12.6 18
upply current in Vin=53 V02V | ory (Note56)
NORMAL1, 2 modes e
V1est = 5.3 V/0.1V | When a program op- ) 6.5 9 mA
fc = 16 MHz erates on RAM
Supply current in fs = 32.768 kHz _
IDLE 0, 1, 2 modes 45 65
When a program op-
erates on flash mem- - 20.0 50.0
Supply current in ory (Note5,6)
SLOW1 mode Ibp Vpp =3.0V
ViN = 2.8 V02V When a program op- | _ 14.0 | 28.0

erates on RAM

VTEST =28V/01V
Supply current in

SLEEP1 mode fs = 32.768 kHz - 5.0 15.0 pA
Supply current in )
SLEEPO mode 4.0 130
VDD =55V
Supply current in -
STOP mode ViN =5.3V/02V - 0.5 10
VTEST =53V/0.1V
VDD =55V
ViN = 5.3 V/0.2 V,V1gsT= 5.3 V/0.1 V - 10 -
Peak current for Topr=—10 to 40°C
SLOW1 mode Ibpp-p mA
(Note5,6) Vpp =3.0V
ViN = 2.8 V/0.2 V,V1gsT= 2.8 V/0.1 V - 2 -

Topr=—10 to 40°C

Note 1: Typical values show those at Topr = 25 °C and Vpp =5 V.

Note 2: Input current ljyq: The current through pull-down resistor is not included.

Note 3: Ipp does not include IRgE.

Note 4: The supply currents of SLOW2 and SLEEP2 modes are equivalent to those of IDLEO, IDLE1 and IDLE2 modes.

Note 5: When a program is executing in the flash memory or when data is being read from the flash memory, the flash memo-
ry operates in an intermittent manner, causing peak currents in the operation current, as shown in Figure 17-1.

In this case, the supply current Ipp (in NORMAL1, NORMAL2 and SLOW1 modes) is defined as the sum of the aver-
age peak current and MCU current.

Note 6: When designing the power supply, make sure that peak currents can be supplied. In SLOW1 mode, the difference be-
tween the peak current and the average current becomes large.

Note 7: V| is supply voltage to the terminals except for TEST pin. V1gsT is supply voltage for TEST pin.
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1 machine cycle (4/fc or 4/fs)
: < > )

Program coutner (PC) :):( n )E( n+l X n+2 X n+t3 X

" Sum of average
P ax. currentt} momentary flash current
2 'YP- CUITENt J- and MCU current

-
MCU current

Figure 17-1 Intermittent Operation of Flash Memory

Page 191



17. Electrical Characteristics

17.4 AD Characteristics TMP86FH47BUG

17.4 AD Characteristics

(Vss = 0.0V, 4.5V < Vpp < 5.5 V, Topr = -40 to 85 °C)

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREF Avpp - 1.0 - Avbp
Power supply voltage of analog control Avbp Voo
circuit Avss Vss v
?)nalog reference voltage range (Note A Varer 35 ) )
Analog input voltage VAN Vss - VAREF
Power supply current of analog refer- Ingr Vop = Avbp = VaRer = 5.5 V ) 06 10 mA
ence voltage Vgs = Ayss = 0.0V
Non linearity error - - +2
Zero point error Vpp = Aypp = VarRer = 5.0 V - - +2
Full scale error Vss = Ayss = 0.0V - - +2 L8
Total error - - +2

(Vss =0V, 3.0V < Vpp < 4.5 V, Topr = —40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREF Aypp — 1.0 - Avbp
Power supply voltage of analog control Avbp Voo
circuit Avss Vss v
Q)nalog reference voltage range (Note A Varer 25 ) }
Analog input voltage VaIN Vss - VAREF
Power supply current of analog refer- Iner Vop = Avbp = VaRer = 4.5 V ) 05 0.8 mA
ence voltage Vgs = Ayss = 0.0V
Non linearity error - - +2
Zero point error Vpp = Avpp= Varer = 3.0V - - 2
Full scale error Vss = Ayss = 0.0V - - £2 L8
Total error - - +2

Note 1: The total error includes all errors except a quantization error, and is defined as a maximum deviation from the ideal con-
version line.

Note 2: Conversion time is different in recommended value by power supply voltage.

Note 3: The voltage to be input on the AIN input pin must not exceed the range between Vargr and Vss. If a voltage outside
this range is input, conversion values will become unstable and conversion values of other channels will also be affected.

Note 4: Analog reference voltage range: AVarer = VAREF — Vss

Note 5: When AD converter is not used, fix the Aypp and Varger pin on the Vpp level.
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17.5 AC Characteristics

(Vss =0V, 4.5V < Vpp < 5.5 V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit

NORMAL1, 2 modes

0.25 - 4
IDLEO, 1, 2 modes
Machine cycle time tey us
SLOW1, 2 modes

117.6 - 133.3
SLEEPO, 1, 2 modes

High-level clock pulse width twen For external clock operation (XIN input) 3125

- : - ns
Low-level clock pulse width tweL fc =16 MHz
High-level clock pulse width twsH For external clock operation (XTIN input)

- 15.26 - us
Low-level clock pulse width twsL fs = 32.768 kHz

(Vss =0V, 3.0V < Vpp < 4.5 V, Topr = -40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit

NORMAL1, 2 modes

0.5 - 4
IDLEO, 1, 2 modes
Machine cycle time tey us
SLOW1, 2 modes

117.6 - 133.3
SLEEPO, 1, 2 modes

High-level clock pulse width twen For external clock operation (XIN input) 625

- . - ns
Low-level clock pulse width tweL fc = 8 MHz
High-level clock pulse width twsH For external clock operation (XTIN input) 15.96

B} ) B us
Low-level clock pulse width twsL fs = 32.768 kHz
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17.6 Flash Characteristics

TMP86FH47BUG
17.6 Flash Characteristics
17.6.1  Write Characteristics
(Vss =0V)
Parameter Condition Min Typ. Max Unit
Number of guaranteed writes to flash memory | Vss = 0 V, Topr = -10 to 40°C - - 1000 Times

Note: To rewrite data to Flashi memory addresses at which data is already written, make sure to erase the exist-

ing data before rewriting data.
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17.7 Oscillating Conditions

XIN XOouT XTIN XTOUT
Cl l ,]; CZ Cll ,]; CZ
(1) High-frequency Oscillation (2) Low-frequency Oscillation

Note 1: To ensure stable oscillation, the resonator position, load capacitance, etc. must be appropriate. Because these fac-
tors are greatly affected by board patterns, please be sure to evaluate operation on the board on which the de-
vice will actually be mounted.

Note 2: The product numbers and specifications of the resonators supplied by Murata Manufacturing Co., Ltd. are subject
to change.

For up to date information, please refer to the following.
http://www.murata.com

17.8 Handling Precaution

- The solderability test conditions are shown below.
1. When using the Sn-37Pb solder bath
Solder bath temperature = 230 °C
Dipping time = 5 seconds
Number of times = once
R-type flux used
2. When using the Sn-3.0Ag-0.5Cu solder bath
Solder bath temperature = 245 °C

Dipping time = 5 seconds
Number of times =once
R-type flux used

The pass criterion of the above test is as follows: Solderability rate until forming > 95 %

- When using the device (oscillator) in places exposed to high electric fields such as cathode-ray tubes, we
recommend electrically shielding the package in order to maintain normal operating condition.

Page 195



17. Electrical Characteristics

17.8 Handling Precaution TMP86FH47BUG

Page 196



TO s H I BA TMP86FH47BUG

18. Package Dimensions

LQFP44-P-1010-0.80B Rev 01

Unit: mm
12.0+0.2
10.0£0.2
33 23
HAAHAAAHAAAR
34 22
[ ]
[ ]
— = NI N
[mmy imn] o O
= o H| +H
o m o ©
[mms ] o o
[mmy mn] —|
[mmy imm ]
44 12
1.0TYP

<\
~10°[1]
0.25

0

0.6%£0.15
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RESTRICTIONS ON PRODUCT USE

¢ Toshiba Corporation, and its subsidiaries and affiliates (collectively "TOSHIBA"), reserve the right to make changes to the information

in this document, and related hardware, software and systems (collectively "Product”) without notice.

¢ This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with

TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

¢ Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are

.

.

3

3

.

.

3

responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the Product,
or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions of all
relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes for
Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for
the application with which the Product will be used with or for. Customers are solely responsible for all aspects of their own product
design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or
applications; (b) evaluating and determining the applicability of any information contained in this document, or in charts, diagrams,
programs, algorithms, sample application circuits, or any other referenced documents; and (c) validating all operating parameters for
such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

Product is intended for use in general electronics applications (e.g., computers, personal equipment, office equipment, measuring
equipment, industrial robots and home electronics appliances) or for specific applications as expressly stated in this document.
Product is neither intended nor warranted for use in equipment or systems that require extraordinarily high levels of quality and/or
reliability and/or a malfunction or failure of which may cause loss of human life, bodily injury, serious property damage or serious public
impact ("Unintended Use"). Unintended Use includes, without limitation, equipment used in nuclear facilities, equipment used in the
aerospace industry, medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling
equipment, equipment used to control combustions or explosions, safety devices, elevators and escalators, devices related to electric
power, and equipment used in finance-related fields. Do not use Product for Unintended Use unless specifically permitted in this
document.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to
any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation,
for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology
products (mass destruction weapons). Product and related software and technology may be controlled under the Japanese Foreign
Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product or related software
or technology are strictly prohibited except in compliance with all applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. TOSHIBA assumes no liability for damages or losses occurring as a result of
noncompliance with applicable laws and regulations.
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