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TOSHIBA

Caution in Setting the UART Noise Rejection Time

When UART is used, settings of RXDNC are limited depending on the transfer clock specified by BRG. The com-
bination "O" is available but please do not select the combination "-".

The transfer clock generated by timer/counter interrupt is calculated by the followingequation :

Transfer clock [Hz] = Timer/counter source clock [Hz] + TTREG set value

RXDNC setting

11
) Transfer 01 10
BRG setting lock [H 00 . . (Reject pulses shorter
clock [Hz] . o (Reject pulses shorter |“(Rejectpulses shorter
(No noise rejection) . . than 127/fc[s] as
than 31/fc[s] as noise). [~than 63/fc[s] as noise) .
noise)

000 fc/13 (0] o O -

110 fc/8 (0] £ - -

(When the Fransfer clock gen- fc/16 o g — _
erated by timer/counter inter-

rupt is the same as the right fc/32 o o o _

side column)

The setting except the above (0] (9] (0) (0]







Table of Contents

TMP86CP27AFG
1.1 Features ......... .. ... ... i
1.2 PinAssignment............ ... ... ... ...
1.3 BlockDiagram..........................5

1.4 Pin Names and Functions

Operational Description

2.1 CPUCore Functions . ...........5
2.1.1 Memory Address Map........ccccceeeecuveeennnnnnn,
2.1.2  Program Memory (MaskROM).
2.1.3 Data Memory (RAM).....c.cccooouerieennnnnns

2.2 System Clock Controller . . . .
2.2.1 Clock Generator

2.2.3.1 Single-clock mode
2.2.3.2 Dual-clock mode
2.2.3.3 STOP mode
2.2.4 Operating Mode Cont
2.2.4.1 STOP mode
2.2.4.2 IDLE1
2.2.4.3 IDLEO 2
2.2.4.4 SLOW
2.3 Reset
2.3.2
2.3.3
2.3.4

3.3 InterruptSequence .......... .. .. 39
3.3.1 Interrupt acceptance processing is packaged as fOllOWS. ............ooeiiiiriiiiiiiiieinieeee e 39
3.3.2 Saving/restoring general-purpoSe rEgISTEIS ..........coiuiiiiiiiiiiiiieie ettt ettt ebe e 40

3.3.2.1 Using PUSH and POP instructions
3.3.2.2 Using data transfer instructions
L IR T 101 Y4 U o] 8 (=] 114 o [T PP UPPRRPPRPRN 41

3.4 Software Interrupt (INTSW). . . ... .. ... 42

3.4.1  AdAress €rror AETECHON .........iiiiiiiiiie ettt e ettt e st e e et e e e s nbbee e nabeesnnbaeeeas 42
.42 DEDUGGING -.eeeeeiiiiiitieeite ettt ettt et e ettt e sttt e e e a bt e e bt e e bt e ettt e e e at et e ettt e e ba e e e e bt e e saaeesanreeenaee 42



3.5 Undefined Instruction Interrupt (INTUNDEF). . . .............. .. .. .. ...... 42

3.6 Address Trap Interrupt (INTATRAP) . . . ... ... ... . .. 42

3.7 ExternallInterrupts......... ... ... . ... . . .. ... § ............. 43
4. Special Function Register (SFR) M

4.1 SFR ... 45

4.2 DBR. ... 47

5. 1/O Ports

5.1 Port PO (P07 to POO)
5.2 Port P1 (P17 to P10)
5.3 Port P2 (P22 to P20)
5.4 Port P3 (P37 to P30)
5.5 Port P4 (P43 to P40)
5.6 Port P5 (P57 to P50)
5.7 Port P6 (P67 to P60)
5.8 Port P7 (P77 to P70)

6. Time Base Timer (TBT)

6.1 Time Base Timer... ., /.
6.1.1 Configuration ..........coccooecbo b d e
6.1.2  Control ......ccveveereeerieeennn

6.1.3 Function................,
2 Divi { (OVG; ~ 69

Selection of Address Trap-in Internal RAM (ATAS)

7.3.2 Selection of Operation at Address Trap (ATOUT) ...ccueiiiierieiieeiie ettt ettt 76
7.3.3  Address Trap INterrupt (INTATRAP) ..ottt sb e sttt e b e b e enes 76
T.3.4  AAAreSS Trap RESEL...cc.uviiieiiieeee ettt e e st e e et ee e e sta e e e ssseeesssaeeessseesasssaeennsseeansseeens 77

8. 10-Bit Timer/Counter (TC7)

8.1 Configuration. ......... .. .. . . . e 79
8.2 CONtrol. . .. 79

il



8.3 Configuring Controland DataRegisters .. .............................. 83

8.4 Features .. ... ... e 84

8.4.1 Programmable pulse generator output (PPG output)
8.4.1.1 50% duty mode
8.4.1.2 Variable duty mode
8.4.1.3 PPG1/PPG2 independent mode

8.4.2.1 Command start and capture mode
8.4.2.2 Command start and trigger start mode
8.4.2.3 Trigger start mode

8.4.2.4 Trigger capture mode (CSTC = 00)
8.4.2.5 Trigger start/stop acceptance mode

8.4.3 Configuring how the tIMEr STOPS .....ccviiiiiiiiieiie e cvee s e e oo S eeeeneeesnaaeeennseeeennsaeens 95
8.4.3.1 Counting stopped with the outputs initialized
8.4.3.2 Counting stopped with the outputs maintained

8.4.3.3 Counting stopped with the outputs initialized at the end of the period
8.4.4 One-time/continuous output mode...........ccceevcueerieniienienieenee, defeeeee
8.4.4.1 One-time output mode
8.4.4.2 Continuous output mode
8.4.5 PPG output control (Initial value/output logic, enabling/di
8.4.5.1 Specifying initial values and output logic for PPG outputs
8.4.5.2 Enabling or disabling PPG outputs
8.4.5.3 Using the TC7 as a normal timer/counter
8.4.6 Eliminating noise from the TC7 pin input.................
8.4.7 INterruptS...ccccceviiieeiieee e
8.4.7.1 INTTCTT (Trigger start interrupt)
8.4.7.2 INTTCT7P (Period interrupt)
8.4.7.3 INTEMG (Emergency output stop interrupt)
8.4.8 Emergency PPG output stop feature........
8.4.8.1 Enabling/disabling input on the EMG pi
8.4.8.2 Monitoring the emergency PPG output stop state
8.4.8.3 EMG interrupt
8.4.8.4 Canceling the emergency PPG output step
8.4.8.5 Restarting the timer after canceling thee

8.4.8.6 Response time between EMG pir/inputanc
8.4.9 TC7 operation and microcontrolleroperating mode

9.1 Configuration-.. \\/.).).........

9.2 TimerCounterControl~. . .......|

9.3 Functioh . ./ /. o0 ..
9.3.1 8-Bit TimerMode (TC3and 4)...,.........c....n

9.3.2 8-Bit Event Counte .
9.3.3 8-Bit Programmable Divider Outpu de (TC3, 4)...

9.3.4 Ise Width Modulation (PWM) Output Mode (TC3, 4).... 113
9.3.5 imer Mode (TC3 aNd 4) vveeeeee il eeeeeeeeeesereeee . 115
9.3.6 N B) oo e eee e ee e 116

WM) Output Mode (TC3 aNG 4)....vceermreeeeeeeeeeeeeeeseeseeeeseesseeeeeeeeen 116

te (PPG) Output Mode (TC3 and 4).

10. Real-Time Clock

10.1 Configuration . . . ... ... . . 123
10.2 Controlofthe RTC. . . .. o e 123
10.3 FUNCHON. . . . 124

il



11. Asynchronous Serial interface (UART )

11.1 Configuration . ...... ... .. . . . . . .
11.2 Control ... ... s
11.3 TransferDataFormat ..............................0
11.4 TransferRate............ .. ... ... . i
11.5 Data SamplingMethod .....................
11.6 STOPBitLength ....... ... ... . .. . . . . 500
11.7 Parity . ...l
11.8 Transmit/Receive Operation

11.8.1 Data Transmit Operation ...........cccceevveeerrieeeniieeeniieeeesiee e [0

11.8.2 Data Receive Operation ............cccceeviierieeiieniieiiesicesiee s
11.9 Status Flag

11.9.1  Parity Error....cocceeorieiiniiiiiiieeeieeeeeeeieceseeceiee e fon
11.9.2 Framing Error
11.9.3 Overrun Error
11.9.4 Receive Data Buffer Full...........cooooiiiiiinii e S e
11.9.5 Transmit Data Buffer Empty
11.9.6  Transmit ENd Flag .....ccccceeeriiiiniiiniieene s 5 e

12. Synchronous Serial Interface (S(@L\

12.2 Control..............
12.3 Serialclock ..........\
12.3.1 Clock source...................

12.3.1.1 Internal clock

12.3.1.2 External clock
12.3.2 Shift edge.............

12.3.2.1 Leading edge

12.3.2.2 Trailing-ed
12.4 Number,
12.5 Numbe w RN
12.6 TransferMode............

12.6.1 4-bit and 8-bit-transfer modes :
12.6.2 4-bit and 8-bit receive modes .....:

12.6.3 %ansfje;/ receive mode...............5
L2
13. 10—b(t§ﬂ)\\6}onverter (AD@L\
N

13. Wrati .. @ ......................................... 147
; ister co O . e e 148
FUuNCtion. . .4/ e 151

13: SOftWAre STAt MOAE ... o5d et e e e et e e e e e e e eatab e e e e e e eestraaeeeeeeeennnneees 151

13.3.2  REPEALIMOGE .....eeiniiiee ettt ettt et e ettt e ettt e e et e e eabt e e e e bt e e s bbe e e sbbeeesbeeeaee 151

B 70 s T S (- To (] (S T=Y 1110 To [P USU PSRRIt 152
13.4 STOP/SLOW Modes during AD Conversion. . ..., 153
13.5 Analog Input Voltage and AD ConversionResult . ...................... 154
13.6 Precautions about AD Converter. . .......... ... ., 155

13.6.1 Restrictions for AD Conversion interrupt (INTADC) USAE .....cc.ueeiuuiriieniieiiieniieeniiesteesiee e naee 155

13.6.2 Analog input Pin VOIAGE FANJE .......cociuuiiiiiiieeiiie ettt ette et ee ettt e et eesaeeeesaee s sseeeenssaeesssseeenns 155

13.6.3  Analog iNPUL SNAEA PINS ......eiiiiiiiiiiiieeete et ettt e sttt e et e e et e e s bb e e s sabeeeenabeeeeaees 155

13.6.4  INOISE COUNLEIMEASUIE .....cuuviiutieiiietie et et et et e et e st e bt e sbt e e bt e sabe e beeeabeesbteenbeesabeebeesbbeenbeesabeenseeanne 155

v



14. Key-on Wakeup (KWU)

14.1 Configuration. . ... ... ... . . . . . . .
14.2 Control. ... e
14.3 Function. . ........ .. e

15. LCD Driver

15.1 Configuration......... ... ... .. ... .. @

152 Control. ... ...
15.2.1 LCD driving Methods .........ccceeviieiiiiiiinieeiieie e
15.2.2  Frame freQUENCY.......c.eeeveiiieeiiee et eeiee e evee e
15.2.3 Driving method for LCD driver ...

15.2.3.1 When using the booster circuit _LCDCR<BRES>="1")
15.2.3.2 When using an external resistor divider (LCDCR<BRES>="Q"

15.3 LCD Display Operation ............
15.3.1 Display data setting .........ccooceeervieeiniieenniieennny
15.3.2 BlanKing ......coceeeviieeeiiieeieeeieeeeree e

15.4 Control Method of LCD Driver
15.4.1 Initial setting.......cccooeeeveiieiiniieeieee ey
15.4.2 Store of display data...........c.ccceeeeenes,
15.4.3 Example of LCD drive output

16. Input/Output Circuitry

17.1 Absolut imum Ratings. . s s o 179
17.2 Recommen Operati ition . ... 180
17.3 DC CharacteristiCs. . . ... oo s e 181
174 A nversion Characteristics > . . .. ... o 182
175 AC EriStiCS. . . e 183
17.6 mended Oscill Conditions. . . .o 184
g Precautio(\.. D) - ke e e e e e e 184
(@)

ckage Dimens}oég\

This is a technical document that describes the operating functions and electrical
specifications of the 8-bit microcontroller series TLCS-870/C (LSI).







TO s H I BA TMP86CP27AFG

CMOS 8-Bit Microcontroller

TMP86CP27AFG

ROM
Product No. (MaskROM) RAM Package FLASH MCU Emulation Chip
49152 1024
TMP86CP27AFG P-QFP80-1420-0.80B TMP86FS27FG TMP86C927XB
bytes bytes

1.1 Features

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

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

122 pus (at 32.768 kHz)
- 132 types & 731 basic instructions
20interrupt sources (External : 7 Internal : 13)
Input / Output ports (55 pins)
Large current output: 8pins (Typ. 20mA), LED direct drive

4. Prescaler
- Time base timer
- Divider output function
5. Watchdog Timer
6. 10-bit timer counter: 1ch (2 eutput pins)

2ports output PPG (Programmed Pulse Generator)
50%duty output mode

Variable' Duty, output mode
External-triggered-start and stop

Emargency stop.pin
7. 8-bit timer counter : 2 ch

- Timer, Event counter, Programmable divider output (PDO),

060116EBP

» The/informatien-cantained herein is'subject to.change without notice. 021023_D

» TOSHIBA is continually working to imprdve the quality and reliability of its products. Nevertheless, semiconductor devices in general can

malfunction-or fail due to their inherent-electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when

utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and to avoid situations

in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most

recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for

Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc. 021023_A

The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal equip-

ment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products are neither

intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a malfunctionor failure of

which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments,

airplane or spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments, medical instru-

ments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's

own risk. 021023_B

 The products described in this document shall not be used or embedded to any downstream products of which manufacture, use and/or
sale are prohibited under any applicable laws and regulations. 060106_Q

» The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by impli-
cation or otherwise under any patent or patent rights of TOSHIBA or others. 021023_C

» The products described in this document are subject to the foreign exchange and foreign trade laws. 021023_E

» For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter entitied Quality and
Reliability Assurance/Handling Precautions. 030619_S
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1.1 Features

TMP86CP27AFG

Pulse width modulation (PWM) output,

Programmable pulse generation (PPG) modes
8. 8-bit UART : 1 ch
9. 8-bit SIO: 1 ch
10. 10-bit successive approximation type AD converter
- Analog input: 8 ch
11. Key-on wakeup : 4 ch
12. LCD driver/controller
Built-in voltage booster for LCD driver With display memory

LCD direct drive capability (MAX 40 seg x 4 com)
1/4,1/3,1/2duties or static drive are programmably selectable

13. Clock operation
Single clock mode
Dual clock mode
14. Low power consumption operation
STOP mode: Oscillation stops. (Battery/Capacitor back=up.)

SLOWI1 mode: Low power consumption eperation.using low-frequeney clock.(High-frequency clock
stop.)

SLOW2 mode: Low power consumption operation using low-frequency clock.(High-frequency clock
oscillate.)

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 ¢lack whichiis set by TBTCR<TBTCK>.

IDLE1 mode: CPU stops and peripherals operate using. high/ frequency clock. Release by interru-
puts(CPU restarts).

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

SLEEPO mode: CRU/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 TBRTCR<TBTCK>.

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

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

15. Wide’eperation, voltage:

45V t0o5.5Vat 16MHz /32:768 kHz
27 N t0 5.5V at 8 MHz /32:768kHz

Page 2



TMP86CP27AFG

1.2 Pin Assignment

TOSHIBA

IFTT1P54 (SEG1Y)

(81938) §Sd ATy
(£L1938)\95d T,
(9¥93s) 64T TIer
(G1938) 02dCT ey
(P1938) L2 dCTIS
(€1938) z/dTdov
(z1938) £2dCTTY
(1193S) y2dCTTY8Y
(01938) G2dCT6Y

(6938) 92.4CTT0S

(893S) £24CTTTS

27T IP07(SEG32/SCKO)
26[EEF1P06(SEG33/S00)

49 [TTIP53 (SEG2D)

3BITIP52 (SEG21)

37[ITIP51 (SEG22)

36 TZIP50 (SEG23)

35[TTZIP17 (SEG24)

[ TTIR{6(SEG25)

BTTIP15(SEG26)

R[IAAP14 (SEG27)

3 HTIP13(SEG28)

30[TTIP12(SEG29)

29[ ETIR11(SEG30)

2BFTIZIP10(SEG31)
ASJITIP05(SEG34/SI0)

40

O

e LL_T40d (G€93S/ELNI)
EHI T e0d(9€93S/ZLNI)
2eH I 704 (2693S/LLNI)

TeH LA 104 (8£93S/0aX 1)
0eHLE T 00d (6€93S/0AXY)
6T 94 (ZNIY)

8L 994 (9NIV/FAQLS)
LI 594 (GNIV/EdOLS)
S 494 (¥NIV/edOL$)
ST e94 (ENIV/OLNI)
PIHI ] 794 (ZNIV)

EIEELT 94 (LNIV)
LI 1 094 (ONIV/SHOLS)
LT 39vA

Ot 1] aany

LHIT7Zzd (tNOLX)

V3[TIT]es

(SI1) P4A0TT{69
(SO1) P41 170

(SCK1) P42 —11q 4,
(DVO) P30T 73

(TC3/PDO3/PWM3) P31 1174

(TC4/PDO4/PWM4/PPG4) P32 —TT] 75
(EMG) P331176

(TC7) P34 177
(PPG1) P35TT]78
(PPG2) P36 —TT]79

(TXD1) PA3 172
(RXD1) P37 —11g0

Figure 1-1 Pin Assignment
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1.3 Block Di
3 Block Diagram TMP86CP27AFG

1.3 Block Diagram

High—frequency clock CPU (TLOS—87040) 10-bit AD Converter(8ch)

oscillator
1D—wnumer
- @jn Wakeup
i
J LCD Driver

Interrupt Controller II' Real—Tim%
Time Base Timer </ & %
NN
RAM(1 g& % nter{2ch)

=) Mask m‘ces} @ﬁimn ch)

P ¥ hMTimer

= N\
S
S

&
§;

Low—frequency clock
oscillator

ITlo|o|s
- |m |

Timing Generator

g T2 ZREE

Standby Controller

/2
/m

VAN

Figure 1-2 Block Diagram
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1.4 Pin Names and Functions

Table 1-1  Pin Names and Functions(1/4)

Pin Name Pin Number Input/Output Functions

P07 10 | PORTO7

SEG32 27 O | LCD segment output 32

SCKO 10 | Serial Clock /00

P06 10 | PORTO06

SEG33 26 O | LCD segmentoutput 33

SO0 O | Serial Data QutputQ

P05 10 | PORTO5

SEG34 25 O | LCD segmentoutput 34

SI0 | | Serial Data Input 0

P04 10 /| /PORT04

SEG35 24 O ||\ LCD segment outpu}35

INT3 | External interrupt 3 input

P03 10 | “RPORTO03

SEG36 23 O-~] LCD segment output 36

INT2 | External interrupt 2 input

P02 10 | PORT02

SEG37 22 O | LCD segmentoutput 37

INT1 | Externalinterrupt-1_input

PO1 10 [~PORTO1

SEG38 21 O | LCD.segment/output 38

TXDO O | UART dataoutput 0

P00 10\ [\PORT00

SEG39 20 O_| \LED segment output 39

RXDO K 1~UART data input 0

P17 38 10 PORT17

SEG24 O | LCD segment output 24

P16 34 10 | PORT16

SEG25 O | LCD segment output 25

P15 33 10 | PORT15

SEG26 O | LCD segment output 26

P14 32 10 | PORT14

SEG27 O | LCD segment output 27

P13 31 10 | PORT13

SEG28 O | LCD segment output 28

P12 3d 10 | PORT12

SEG29 O | LCD segment output 29

P11 29 10 | PORT11

SEG30 O | LCD segment output 30

P10 28 10 | PORT10

SEG31 O | LCD segment output 31

P22 7 10 :S:;zor connecting pins(32.768kHz) for inputting external

XTOUT o 9 piIns(Se. putiing
clock

P2 0 PORT21

XTIN 6 | Resonator connecting pins(32.768kHz) for inputting external
clock
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1.4 Pin Names and Functions

TMP86CP27AFG

Table 1-1  Pin Names and Functions(2/4)

Pin Name Pin Number Input/Output Functions
P20 10 | PORT20
STOP 9 | | STOP mode release signal input
INT5 | | External interrupt 5 input
P37 80 10 | PORT37
RXD1 | UART data input 1
P36 79 10 | PORT36
PPG2 O | Timer counter 7 PPG2/0utput
P35 78 10 | PORT35
PPG1 O | Timer countef 7 PRG*output
P34 77 10 | PORT34
TC7 I | Timercounter input
P33 76 10 | PORT33
EMG | /| /Timer counter 7 Emergency stop input
P32 10 |\ PORT32
PDO4/PWM4/PPG4 75 Q_"[\ PDO4/PWM4/PPG4 output
TC4 I [~TC4 input
P31 10~|) PORT31
PDO3/PWM3 74 O | PDO3/PWMS3 output
TC3 I | TC3input
P30 73 10 | PORT30
Dvo O |/Divider Output
P43 72 10 | PORT43
TXD1 O | UART data-output 1
P42 71 10{ |\ PORT42
SCK1 10 |\Serial Clock I/0 1
P41 76 10}, PORT41
SO1 Q_| Serial Data Output 1
P40 o I0 | PORT40
S 1 | Serial Data Input 1
P57 23 10 | PORTS57
SEG16 O | LCD segment output 16
P56 42 10 | PORT56
SEG17 O | LCD segment output 17
P55 1 10 | PORT55
SEG18 O | LCD segment output 18
P54 40 10 | PORT54
SEGT9 O | LCD segment output 19
P53 39 10 | PORT53
SEG20 O | LCD segment output 20
P52 138 10 | PORT52
SEG21 O | LCD segment output 21
P51 37 10 | PORT51
SEG22 O | LCD segment output 22
P50 36 10 | PORT50
SEG23 O | LCD segment output 23
P67 19 10 | PORT67
AIN7 I | Analog Input7

Page 6
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Table 1-1  Pin Names and Functions(3/4)

Pin Name Pin Number Input/Output Functions
P66 10 | PORT66
AING 18 I | Analog Input6
STOP4 | | STOP4 input
P65 10 | PORT65
AIN5 17 | Analog Input5
STOP3 I | STOP3 input
P64 10 | PORT64
AIN4 16 I | Analog Input4
STOP2 | | STOP2 input
P63 10 | PORT63
AIN3 15 | | Analogtnput3
INTO | | External interrupt 0 input
P62 14 10 | PORT62
AIN2 1 /| /Analog-lnput2
P61 13 10 \PORT61
AIN1 |_T~Analog Input1
P60 10| PORT60
AINO 12 [*-{/ Analog Input0
STOP5 | | STOPS5 input
P77 51 10 | PORT77
SEG8 O | LCD-segment output 8
P76 50 10 ~PORT76
SEG9 O | LCB_segment/output 9
P75 49 10 | PORT75
SEG10 O\ |\LCD segment output 10
P74 48 10~["PORT74
SEG11 O. |\ LCD segment output 11
P73 a7 10 | PORT73
SEG12 O | LCD segment output 12
P72 46 10 | PORT72
SEG13 O | LCD segment output 13
P71 45 10 | PORT71
SEG14 O | LCD segment output 14
P70 a4 10 | PORT70
SEG15 O | LCD segment output 15
SEG7 52 O | LCD segment output 7
SEG6 53 O | LCD segment output 6
SEG5 54 O | LCD segment output 5
SEG4 55 O | LCD segment output 4
SEG3 56 O | LCD segment output 3
SEG2 57 O | LCD segment output 2
SEG1 58 O | LCD segment output 1
SEGO 59 O | LCD segment output 0
COM3 63 O | LCD common output 3
COM2 62 O | LCD common output 2
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1.4 Pin Names and Functions

TMP86CP27AFG

Table 1-1  Pin Names and Functions(4/4)
Pin Name Pin Number Input/Output Functions
COM1 61 O | LCD common output 1
COMO 60 O | LCD common output 0,
V3 68 | | LCD voltage booster pin
V2 67 | | LCD voltage booster pin
V1 66 | LCD voltage booster pin
C1 65 | LCD voltage boosterpin
COo 64 | LCD voltage hooster pin
XIN 2 | Resghator cennecting pins for high-frequency clock
XOouT 3 O | Resonater connecting pins for high=frequency clock
RESET 8 1 |( Régetésignal
TEST 4 K. Testpin for out-going test. Normally,-befixed to low.
VAREF 1 | | Analog Base Voltage'Input Pin for. A/D Conversion
AVDD 10 I |" Analog Power Supply
VDD 5 | | +5V
VSS 1 I | O(GND)
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TOSHIBA

TMP86CP27AFG

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

The TMP86CP27AFG memory is composed MaskROM, RAM, DBR(Databuffer register) and SFR(Special

Memory Address Map

function register). They are all mapped in 64-Kbyte address space.\Figure-2-1 shows the TMP86CP27AFG

memory address map.

0000

SFR
003F

0040,

RAM
043F

0F80,

DBR

OFFF

4000,

MaskROM
FFBOy

FFBFy
FFCOy

FFDFy
FFEO;

FFRE

2.1.2 Program Memory (MaskROM)

64 bytes

1024
bytes

128
bytes

49182
bytes

SKRY /Special function register includes:
1O ports
Peripheral control registers
Peripheral status registers
System control registers
Program status word

RAM: Random access memory-includes:
Data memory
Stack

DBR: ™. Data buffer register includes:
Peripheral’'control registers
Peripheral/status registers
LCD display memory

MaskROM:~Program memory

Vector table for interrupts
(16 bytes)

Vector table for vector call instructions
(32 bytes)

Vector table for interrupts
(32 bytes)

Figure 2-1 Memory Address Map

The TMP86CP27AFG has a 49152 bytes (Address 4000H to FFFFH) of program memory (MaskROM ).
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2. Operational Description

2.2 System Clock Controller
TMP86CP27AFG

2.1.3 Data Memory (RAM)

The TMP86CP27AFG has 1024bytes (Address 0040H to 043FH) of internal RAM. The first 192 bytes
(0040H to O0OFFH) of the internal RAM are located in the direct area; instructions with shorten operations are
available against such an area.

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

Example :Clears RAM to “00H”. (TMP86CP27AFG)

LD HL, 0040H ; Start address setup,
LD A H ; Initial value (OOH)setup
LD BC, 03FFH
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, 2 timing generator; and astandby controller.

Timing-generator control.register

Clock

;=== generator -t-k--; ﬂOO%H

: ifc N b
High-frequéency: ; Timing Standby controller
clock oscillator | /i generator [

0038Hﬁ 0039Hﬁ
ifs ¢ ¢ ¢ ¢ [ SYSCRL | [ syscr2 ]

Low-frequency System control registers

clock-estillator | System clocks

A

ClocK generator control

Figure 2-2 System Colck Control

2.2.1 Clock Generator

The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware. It eontains 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-power
operation based on the low-frequency clock.

The high-frequency (fc) clock and low-frequency (fs) clock can easily be obtained by connecting a resonator
between the XIN/XOUT and XTIN/XTOUT pins respectively. Clock input from an external oscillator is also
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 --==-=----=--=---- " el Low-frequency clock -=-=-=------=------ "
XIN XOUT XIN X%T XTIN XTOUT XTIN XTI%IJT
i (Open) i i (Open) i
'(a) Crystal/Ceramic (b) External oscillator ! + (¢) Crystal (d) External oscillator !
! resonator ' ' :

Figure 2-3 Examples of Resonator Connection

Note: The function to monitor the basic clock directly at externalis-not provided for hardware,/however, with dis-
abling all interrupts and watchdog timers, the oscillation fréqdengy, can be adjusted by manitoring.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 adjust-
ment in advance.
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2. Operational Description
2.2 System Clock Controller
TMP86CP27AFG

2.2.2 Timing Generator

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

Generation of main system clock

Generation of divider output (DVO) pulses

Generation of source clocks for time base timer
Generation of source clocks for watchdog timer
Generation of internal source clocks for timer/counters
Generation of warm-up clocks for releasing STOP mode
LCD

A Ao O e

2.2.2.1 Configuration of timing generator

The timing generator consists of a 2-stage presealer, 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 generater fcorfs® Machine cycle counters
SYSCK
DV7CK
Divider
High-frequency 1]2 fer4 »1]213 8| 9[t0]11[12|13|14|15]|16(17|18]|19|20|21
clock fc
4
Low-frequency S | Multiplexer
clock fs —> BO
» B1
» A0 YO
» AL y1»> | Warm-up
controller
>
» | Watchdog
> | timer
YVV L AL BAAN] YYVYVYY ¥ \ A

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

Figure 244 Configuration of Timing Generator
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Timing Generator Control Register

TBTCR 7 6 5 4 3 2 1 0
(0036H) | (DVOEN)l (DVOCK) | DV7CK | (TBTEN)l (TBTCK) (Initial value: 0000 0000)

Selection of input to the 7th stage 0: fc/28 [Hz]

DV7CK
of the divider 1:fs

R/W

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 isiinput 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 after
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-eperation are synchronized withthe/main system clock.

The minimum instruction execution unit is-called an_machine cycle”.There are atotal of 10 different
types of instructions for the TLCS-870/C S¢ries: Ranging from 1-dycle instructions which require one
machine cycle for execution to 10-cycle instructions which require 10 machine cycles for execution. A
machine cycle consists of 4 states (SO to/S3);-and-¢ach state congists’of one main system clock.

1/fc or 1/fs [s]

Main system clock —l | | | | | | | | | | | | | |_

1 ! T
1 ! 1
|

State so | s1 s2 | s3 so | st | s2 [ sz |

54— Machine cycle—bs

1 +

Figure 2-5 Machine Cycle

2.2.3 Operation Mode Control Circuit

The operation-mode control cifcuit starts and stops the oscillation circuits for the high-frequency and low-
frequency-clocks, and switches the main system clock. There are three operating modes: Single clock mode,
dual ‘clock mode and STOP mede:-These modes are controlled by the system control registers (SYSCR1 and
SYSCR2).Figure 2-6 shows'the eperating 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 TMP86CP27AFG is placed in this mode after reset.

Page 13



2. Operational Description

2.2 System Clock Controller TMP86CP27AFG

(2) IDLE1 mode

In this mode, the internal oscillation circuit remains active. The CPU and the watchdog timer are
halted; 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 acceptance
of the interrupt, and the operation will return to normal after the interfupt-service is completed. When
the IMF is “0” (Interrupt disable), the execution will resume with the.instruction which follows 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
peripheral circuits other than TBT. Then, upon|detecting the falling edge of the seurce 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 returriied regardless of how TBTCR<TBTEN> is set. When IMF =
“1”, EF7 (TBT interrupt individual enable flag) = “1”, and TBTCR<TBTEN> = “1”, interrupt pro-
cessing is performed. When IDLEQ@-mode is entered whilg’ TBTCR<TBTEN> = “1”, the INTTBT
interrupt latch is set after returning to NORMAL1 mode.

2.2.3.2 Dual-clock mode

Both the high-frequency-and low-frequency oscillation circuits are used in this mode. P21 (XTIN) and
P22 (XTOUT) pins canndgt be 4sed 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,/medgs, The machine cycle-time.is 4/fc [s] in the NORMAL2 and IDLE2 modes, and
4/fs [s] (122-ps.at fs 532.768 kHz) in the SLOW-and SLEEP modes.

The TECS-870/C is ptaced in the signal-clock‘'mode during reset. To use the dual-clock mode, the low-
frequency oscilldtor-shotld 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
using the high-frequency.clock and/or low-frequency clock.
(2) SLOWZ2'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
into NORMAL?2 mode. As the SYSCR2<XEN> becomes “0”, the hardware changes into SLOW1
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-fre-
quency clock. The CPU core and on-chip peripherals operate using the low-frequency clock.
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Switching back and forth between SLOWI1 and SLOW2 modes are performed by
SYSCR2<XEN>. In SLOWI1 and SLEEP modes, the input clock to the st stage of the divider is
stopped; output from the 1st to 6th stages is also stopped.

(4) IDLE2 mode

In this mode, the internal oscillation circuit remain active. The CPY and the watchdog timer are
halted; 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,
except that operation returns to NORMAL?2 mode.

(5) SLEEP1 mode

In this mode, the internal oscillation circuit of the/lew-frequency clock remains.active. The CPU,
the watchdog timer, and the internal oscillation cirCuit of the high-frequency|¢lock-are halted; how-
ever, on-chip peripherals remain active (Operate using-the low-frequency ¢lock):Starting and releas-
ing of SLEEP mode are the same as for IDLE 1/modg, excépt that operationreturns-to SLOW 1 mode.
In SLOW1 and SLEEP1 modes, the input clock to/the/1st stage of'the divider is/stopped; output 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 thatunderthe . SLEEP 1 /mode;.cxcept-forthe oscillation circuit of the high-
frequency clock.

(7) SLEEPO mode

In this mode, all the eircuit, except oscillator-and the timer-base-timer, stops operation. This mode
is enabled by sétting/*'1” on bit SYSCR2<TGHALT>.

When SCEEPO4modg starts, the CPU stops and the timing generator stops feeding the clock to the
peripheral ¢ircuits other than ABT. Ther,upon detecting the falling edge of the source clock selected
with TBTCR<TBTCK>, the timing generatof 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”, EF7 (TBT interrupt individual enable flag) = “1”, and TBTCR<TBTEN> = “1”, interrupt pro-
Cessing/is performed. When SLEEPO mode is entered while TBRTCR<TBTEN> = “1”, the INTTBT
intertupt latch is set aftet returning to SLOW1 mode.

2.2.3.3->STOP mode

In this mode, th¢ 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
inputting (Either level-sensitive or edge-sensitive can be programmably 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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TMP86CP27AFG
IDLEO
mode Resetrelease | RESET
A
SYSCR2<TGHALT> ="1" Note 2
_ SYSCR2<IDLE>="1" a SYSCR1<STOP> = "1"
IDLE1 [‘ NORMAL1 ']
mode > mode <
Interrupt 7 STOP pih input
(@) Single-clock mode SYSCR2<XTEN> = "0" SYSCR2<XTEN>="1"
 SYSCR2<IDLE>="1" 2 SYSCR1<STOP>)= "1"
IDLE2 [‘ NORMAL2 ']
mode > mode <
Interrupt 1 STOR pin input
SYSCR2<SYSCK> ="0" SYSCR2<SYSek> = "1
STOP
_ SYSCR2<IDLE>="1" A
SLEEP2 [‘ SLOW2
mode > modé¢
Interrupt y
SYSCR2<XEN> ="1" SYSCR2<XEN> = "0
__ SYSCR2<IDLE>="1" : SYSCR1<$TOP>="1"
SLEEP1 [‘ SLOWY ,]
mode > maode <
Interrupt in i
(b) Dual-clock mode P 1 STOP pin input
Note 2 SYSCR2<TGHALT> ="1"
A 4
SLEERO
mode

Note 1: NORMAL1 and NORMAL2 modes-are generically called NORMAL; SLOW1 and SLOW2 are called SLOW; IDLEO, IDLE1
and IDLEZ2 are called IDLE; SLEEPO0,/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 Cénditions

Oscillator
. Other Machine Cycle
O ting Mod i CPUC TBT
peraAiCe High Low ore Peripherals Time
Frequency | Frequency
RESET Reset Reset Reset
NORMAL1 Operate
Oscillation Operate 4ffc [s]
Singleelock | IDLE1 Stop Operate
IDLEO Halt
Halt
STOP Stop. Halt -
NORMAL2 Qperate with
high frequency affc [s]
IDLE2 Halt
Oscillation -
SLOW2 Operate with
low frequency Operate
illati
Dual clock | SLEEP2 Oscillation Halt Operate
SLOWA Operate with 4/fs [s]
low frequency
SLEEP1 Stop
SLEEPO Halt
Halt
STOP Stop Halt -
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System Control Register 1

SYSCR1 7 6 5 4 3 2 1 0
(0038H) | STOP | RELM | RETM | OUTEN | wuT | ‘ ‘ (Initial value: 0000 00**)
0: CPU core and peripherals remain active
STOP STOP mode start R/W
mode sta 1: CPU core and peripherals are halted (Start STQP mode)
RELM Release method for STOP 0: Edge-sen5|'t|.ve release RIW
mode 1: Level-sensitive release
Operating mode after STOP 0: Return to NORMAL1/2 mode:
RETM mode 1: Return to SLOW1 mode RIW
0: High i d
OUTEN | Port output during STOP mode 'gh impedance RIW
1: Output kept
Return to NORMAL mode Return to.SEOW mode
Warm-up time at releasing 00 342%C 3 2"ts
16 13
WUT 1 sTOP mode o1 Zfe 2s RW
10 3% 2 ¥te 3\x 2%/
1 2145 25/fs

Note 1:

Note 2:
Note 3:
Note 4:
Note 5:

Note 6:
Note 7:

Note 8:

Always set RETM to “0” when transiting from NORMAL mode te STOP mode. Always set RETM to “1” when transiting
from SLOW mode to STOP mode.

When STOP mode is released with RESET pin input;.areturn'is made to NORMAL*fegafdless of the RETM contents.
fc: High-frequency clock [Hz], fs: Low-frequency-elock [Hz]; *; Don’t care
Bits 1 and 0 in SYSCR1 are read as undefined data when a read instruction is €xecuted.

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

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

Port P20 is used as STOP pin. Therefare, when stop mode is started;,, OUTEN does not affect to P20, and P20 becomes
High-Z mode.

The warmig-up time should be’ setcoprectly for using oscillator.

System Control Register 2

SYSCR2 7 [¢] 5 4 3 2 1 0
(0039H) | XEN | XTEN | SY¥SCK ] IDLE | | TEHALT | ‘ ‘ (Initial value: 1000 *0*)
. . 0 TFurn-off oscillation
XEN High-frequeney oscillator control 1~ Turm on-dscillation
0:.Turn off oscillation
XTEN Low-fi illat trol
ow-equency oscilator confro 1: Turh on oscillation R/W
Main’system clock select .
&vack (Write)/main system clock moni 0: High-frequency clock (NORMAL1/NORMAL2/IDLE1/IDLE2)
i 1: Low-frequency clock (SLOW1/SLOW2/SLEEP1/SLEEP2)
tor (Read)
IDLE CPU and watchdog timer control | 0: CPU and watchdog timer remain active
(IDLE1/2'and’SLEEP4/2.modes) | 1: CPU and watchdog timer are stopped (Start IDLE1/2 and SLEEP1/2 modes)
0: Feeding clock to all peripherals from TG R/W
TGHALT ;idC:sn)trol (IDLEQ and SLEEPO 1: Stop feeding clock to peripherals except TBT from TG.
(Start IDLEO and SLEEPO modes)

Note 1:

Note 2:
Note 3:
Note 4:
Note 5:

Note 6:
Note 7:
Note 8:

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”.

*: Don’t care, TG: Timing generator, *; Don’t care

Bits 3, 1 and 0 in SYSCR2 are always read as undefined value.
Do not set IDLE and TGHALT to “1” simultaneously.

Because returning from IDLEO/SLEEPO to NORMAL1/SLOW1 is executed by the asynchronous internal clock, the period
of IDLEO/SLEEPO mode might be shorter than the period setting by TBTCR<TBTCK>.

When IDLE1/2 or SLEEP1/2 mode is released, IDLE is automatically cleared to “0”.
When IDLEO or SLEEPO mode is released, TGHALT is automatically cleared to “0”.

Before setting TGHALT to “1”, be sure to stop peripherals. If peripherals are not stopped, the interrupt latch of peripherals
may be set after IDLEO or SLEEPO mode is released.
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2.2 System Clock Controller
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2.2.4 Operating Mode Control

2.2.4.1 STOP mode

STOP mode is controlled by the system control register 1, the STOP pin input and key-on wakeup input
(STOPS 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 INT5 (external interrupt input 5) pin. STOP mode is
started by setting SYSCR1<STOP> to “1”. During STOP mode, the following statys is maintained.

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

2. The data memory, registers, the program status word.and port.Qutpyt 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., [SEF(SYSCRI1).7])
which started STOP mode.

STOP mode includes a level-sensitive mode and-an.edgessensitive modé¢, either. of which can be
selected with the SYSCRI<RELM>. Do not use any(key-on wakeup input (3TOPS to STOP2) for releas-
ing STOP mode in edge-sensitive mode.

Note 1: The STOP mode can be released by éither the"STOP or key-on wakeup pin (STOP5 to STOP2).
However, because the STOP pin is-different-from the key-on wakeup_and/can/not inhibit the release
input, the STOP pin must be used forreleasing STOP mode.

Note 2: During STOP period (from start'of STOP mede to end of warm'up), due to changes in the external
interrupt pin signal, interrupt Jatches may. be set to /1”-and-interrupts may be accepted immediately
after STOP mode is released. Befere starting STOR 'mode, therefore, disable interrupts. Also, before
enabling interrupts after STOP mode is released, clear.unnecessary interrupt latches.

(1) Level-sensitive release-mode (RELM = £1)

In this mode, STOP mod¢ is released by setting the STOP pin high or setting the STOPS to STOP2
pin input which i$/enabled by STOPCR:-This mode is used for capacitor backup when the main
power supply 15 ctit off/and long termbattery backup.

Even if an-instriction for starting STOP mode is executed while STOP pin input is high or STOP5

to STOPZ.input is low, STOP mode does not start but instead the warm-up sequence starts immedi-
ately. Thus, to/start STOP mode inthe-level-sensitive release mode, it is necessary for the program to
first confirm that the STOP pin.input is low or STOP5 to STOP2 input is high. The following two
methods.can be used for confirmation.

1. Testing a port.
2. Using apexternalunterrupt input INTS (INTS5 is a falling edge-sensitive input).

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 i IMF « 0

SET (SYSCR1).7 ; Starts STOP mode
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Example 2 :Starting STOP mode from NORMAL mode with an INTS5 interrupt.

PINTS: TEST (P2PRD). 0 ; To reject noise, STOP mode does not start if
JRS F, SINT5 port P20 is at high
LD (SYSCR1), 01010000B ; Sets up the level-sensitive release mode.
DI ; IMF < 0
SET (SYSCR1). 7 ; Starts STOP mode
SINT5: RETI

STOP pin \ ‘ ViH \

)
J
1
7 \
1

: 4 i
xoursn [T -G
1

NORMAL : STOP Sie : NORMAL
operation E operation 1 Warm up > gperation
Confirm by program that the \_

STOP modeis released by the hardware.
STOP pin input is low and start <

STOP mode. Always released'if the STOP>

pin input is high.

Figure 2-7 Level-sensitive Release Maode

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 te the level-sensitive.mode from the edge-sensitive mode, the release
mode is not switched untila\rising edge of the STOP-pin input is detected.

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

In this mode, STOPmode is released by a-rising edge of the STOP pin input. This is used in appli-
cations where ‘a r€latively short program-is exeeuted repeatedly at periodic intervals. This periodic
signal/(for example;-4 clock from a (low-power consumption oscillator) is input to the STOP pin. In
thé.edge-sensitive release mode, STOP ‘mode is started even when the STOP pin input is high level.
Do notusé.any STOPS5 to. STOP2 pin‘input for releasing STOP mode in edge-sensitive release mode.

Example :Starting STOP mode from NORMAL-mode
DI ; IMF <0

LD (SYSCR1),10040000B ; Starts after specified to the edge-sensitive release mode

. 27
STOP pin \ 7[ Vin \ \
£ . %

7 97

. £ |
xourein TN | QI

NORMAL STOP ' STOP

i <« i —>ie Warmup S
operation operation 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
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STOP mode is released by the following sequence.

1.

Note 1:

Note 2:

Note 3:

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

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

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

When the STOP mode is released, the start is made afterthe-presealer and the divider of the
timing generator are cleared to "0".

STOP mode can also be released by inputting low level‘onthe’RESET pin, which immediately
performs the normal reset operation.

When STOP mode is released with a low hold voltage, the-following cautions.must be.observed.
The power supply voltage must be at the operating.voltage level before releasing STOP mode.
The RESET pin input must also be “H” level/Tisingtogether with the power supply voltage. In this
case, if an external time constant circuit has\béen connected, the RESET(pin)input-voltage will
increase at a slower pace than the power supply-voltage. At this-time, there is @ danger that a
reset may occur if input voltage level 0f the"RESET pin drops below the non-invérting high-level
input voltage (Hysteresis input).

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

Warm-up Time [ms]
WUT
Return to NORMAL Mode Return-to'SLOW Mode
00 12.288 750
01 4096 250
10 3072 5.85
11 1.024 1.95

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 frequency
when'STOP mode is released. Thus, the-warm-up time must be considered as an approximate
value.
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Figure 2-9 STOP Mode Start/Release
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2242

IDLE1/2 and SLEEP1/2 modes are controlled by the system control register 2 (SYSCR2) and maskable

IDLE1/2 mode and SLEEP1/2 mode

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

operate.

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

The program counter holds the address 2 ahead of the instryetion which’starts these modes.

Normal
release mode

Figure 2-10

)

Y

Starting IDLE1/2 and
SLEEP1/2 modes by
instruction

'

CPU and WDT are halted

Reset input

lnterrupt réquest

Yes

Interrupt processing

—

Execution gf the instruc-
tion'which_follows the
IDLEt/2 and SLEEP1/2
modes-start instruction

<

IDLE1/2 and SLEEP1/2 Modes

Reset

“1” (Intercupt release mode)

Page 22

TMP86CP27AFG



To s H I BA TMP86CP27AFG

 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 modé and an interrupt release mode.
These modes are selected by interrupt master enable flag (IMF). Aftenreleasing IDLE1/2 and
SLEEP1/2 modes, the SYSCR2<IDLE> is automatically cleared to“0” and the operation mode

is returned to the mode preceding IDLE1/2 and SLEEP1/2(modés.

IDLE1/2 and SLEEP1/2 modes can also be released*by~inputtinig low level on the RESET pin.
After releasing reset, the operation mode is started from NORMALI1 mode.

(1) Normal release mode (IMF = “0”)

IDLE1/2 and SLEEP1/2 modes are released(by/any interrupt source enabled by the individual
interrupt enable flag (EF). After the interrupt is'generated, the program opgrationis resumed from the
instruction following the IDLE1/2 and SLEEP1/2 modes start instruction:-Normally, the interrupt
latches (IL) of the interrupt source usedfor\releasing must be cleared to “07 by load instructions.

(2) Interrupt release mode (IMF &£*12)

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

Note: When a watchdog timier, 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 willnet 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 SLEEP0O 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 instrdction

|

CPU and WDT-are halted

Reset input
No

TBT
source clock
falling
edge

Yes
TBTERITBTEN>
="1"
Yes
TIBT interrupt
enable
Yes

Yes (Interrupt release mode)

Reset

(Normal release mode)

Interrupt processing

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

<

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

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

* Release the IDLEO and SLEEPO modes
IDLEO and SLEEPO modes 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 modes, the. SYSCR2<TGHALT> is automatically
cleared to “0” and the operation mode is returned to/the mode preceding IDLEO and SLEEPO
modes. Before starting the IDLEO or SLEEPO modej when/the TBTCR<TBTEN> is set to “1”,

INTTBT interrupt latch is set to “1”.

IDLEO and SLEEPO modes can also be released by inputting low level on the RESET pin.
After releasing reset, the operation mode is-stapted from NORMALL mode:

Note: IDLEO and SLEEPO modes start/release without refereneé to TBTCR<TBTEN>'setting.

(1)  Normal release mode (IMFeEF7¢TBTCR<TBTEN> = “0%)

IDLEO and SLEEPO modes are feleased by the source clack falling edge, which is setting by the
TBTCR<TBTCK>. After the falling.edge is detected;-the program operation is resumed from the
instruction following the IDIEO-and SUEEPO modes start instruction. Before starting the IDLEO or
SLEEPO mode, when the TBTCR<TBTEN> is‘setto “1”, INTTBT interrupt latch is set to “1”.

(2) Interrupt release’'mode(IMFeEF7¢TBTCR<TBTEN> = “17)

IDLEO and SEEEPO-modes are released by-the_source clock falling edge, which is setting by the
TBTCR<TBTCK>/and INTTBT interrupt-processing is started.

Note’1: Because returhing from IDLEO, SLEEPOto 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 watchdod timer interrupt is'generated immediately before IDLEO/SLEEPO mode is
started, the watchdog.timer interrupt will be processed but IDLEO/SLEEPO mode will not be
started.
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2.2.4.4 SLOW mode

SLOW mode is controlled by the system control register 2 (SYSCR?2).

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

(1) Switching from NORMALZ2 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-escillation.

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 elock'when switching from
SLOW mode to stop mode.

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

SET (SYSCR2). 5 ; SYSCR2<8YSCK> <1
(Switches the/main system clock te.the low-frequency,
clock for SLOW2)

CLR (SYSCR2). 7 ; SYSCR2<XEN><— 0

(Turns-eff high-frequency oscillation)

Example 2 :Switching to the SLOW 1 mode after/dow=frequency clock has stabilized:

SET (SYSCR2). 6 ; SYSCR2<XTEN><=+
LD (TC3CR), 43H ; Sets modefor-TC4, 3 (16-bit mode, fs for source)
LD (TC4CR), 05H ; Sets warming-up ceunter mode
LDW (TTREG3),-8000H ; Sets warm-up time (Depend on oscillator accompanied)
DI ; IMF <—Q
SET (EIRH). § ; Enables INTTC4
El LIMP 5
SET (TC4CR). 3 ; Starts TC4, 3
PINTTC4: CLR (TC4CR). 3 ; Stops TC4, 3
SET (SYSCR2) 5 ; SYSCR2<SYSCK> <— 1

(Switches the main system clock to the low-frequency clock)

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

RETI

VINTTC4: DW PINTTC4 ; INTTC4 vector table
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(2) 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 started from NORMAL1 mode.

Note: After SYSCK is cleared to “0”, executing the instructions is-continiued by the low-frequency clock
for the period synchronized with low-frequency and high¢frequency. clocks.

High-frequency clock _|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_
Low-frequency clock _l—l_—l—l_

Main system clock _I—I_LI_I_I_I_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:

VANTTC4:

SET (SYSCR2). 7 ; SYSCR2<XEN> <— 1 (Starts high-frequency oscillation)
LD (TC3CR), 63H Sets mode for T€4, 3(16-bitmode;fc/for source)

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

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

DI ; IMF <— 0

SET (EIRH):S ; Enables INTTC4

El ; IMF %=1

SET (TC4CR). 3 ) Stafts TG4, 3

CLR (TC4CR). 3 ;7 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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2.3 Reset Circuit

The TMP86CP27AFG has four types of reset generation procedures: An external reset input, an address trap reset,
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 malfunction reset circuit such as watchdog timer reset, address trap reset andsystem clock reset is not initial-
ized when power is turned on. Therefore, reset may occur during maximum 24/f¢[s]~(1.5us at 16.0 MHz) when
power is turned on.

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)| Notinitialized Prescaler and dividerof timing,generator 0
Ge”(;r/?;"’“é’p:el;yes’is:"i X 1) Not initialized
Jump status flag (JF)| Notinitialized | Watchdog/timer. Enable
Zero flag (ZF)| Not initialized
Carry flag (CF)| Not initialized
Half carry flag (HF) | Not initialized
Output latches of I/0O ports Refer to 1/0 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, .
Interrupt latches (IL) ) register
LCD data buffer Not initialized
RAM Not initialized

2.3.1 External Resét Input

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

Whenthé RESET pin is held at “L” level fopat 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 initial-
ized.

When-the/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

Page 31



2. Operational Description

2.3 Reset Circuit
TMP86CP27AFG

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 instruction
from the on-chip RAM (when WDTCR1<ATAS> is set to “1”), DBR or the SFR area, address trap reset will be
generated. The reset time is maximum 24/fc[s] (1.5us at 16.0 MHz).

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

Instruction JP a (Reset release X Instruction at address r
execution , !

Address trap is occurred

(
L
.
Internal reset | :
- kll L|4 !
< it <t

maximum 24/fc [s] 4/fc to 12/fc [s] ! 16/fc [s] :

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-

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 eccurs 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”, whenthe 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 us at 16.0/MHgz).
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3. Interrupt Control Circuit

The TMP86CP27AFG has a total of 20 interrupt sources excluding reset. 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 vectors.
The interrupt latch is set to “1” by the generation of its interrupt request which requests the CPU to accept its inter-
rupts. Interrupts are enabled or disabled by software using the interrupt master enable flag (IMF) and interrupt enable
flag (EF). If more than one interrupts are generated simultaneously, interrupts are aceepted/in order which is domi-
nated by hardware. However, there are no prioritized interrupt factors among non-maskable interrupts.

Interrupt Factors Enable Condition Ini:::]pt A\;Zc;t:srs Priority

Internal/External (Reset) Non-maskable - FFFE 1
Internal INTSWI (Software interrupt) Non-maskable - FEFC 2
Internal :::Z:,J.ES;EF (Executed the undefined instruction Non-fraskable J| FEEC 2
Internal INTATRAP (Address trap interrupt) Non-maskable L2 FFFA 2
Internal INTWDT (Watchdog timer interrupt) Nonh-maskable L3 FFF8 2
External INTEMG IME+ EF4 =1 L4 FFF6 5
External INTO IMF+-EF5 = 1, INTOEN =1 IL5 FFF4 6
External INT1 IMF« EF6 =1 IL6 FFF2 7
Internal INTTBT IMF+ EF7 =1 L7 FFFO 8
External INT2 IMF+ EF8= 1 IL8 FFEE 9
External INTTC7T IMF<EF9-= 1 IL9 FFEC 10
Internal INTRXD IMF+ EF10 =1 IL10 FFEA 1
Internal INTSIO IMF+ EF11 =1 IL11 FFE8 12
Internal INTTXD IMF~EF12 =1 IL12 FFE6 13
Internal INTTC4 IME-EF43.=1 IL13 FFE4 14
Internal INTTC7P IMFs EF14 = 1 IL14 FFE2 15
Internal INTADC IMF-EF15 =1 IL15 FFEO 16
External INT3 IMF+ EF16 = 1 IL16 FFBE 17
Internal INTTC3 IMF« EF17 =1 IL17 FFBC 18
Internal INTRTC IMF+ EF18 = 1 IL18 FFBA 19
External INT5 IMF+ EF19 =1 IL19 FFB8 20
- Reserved IMF+ EF20 =1 1L20 FFB6 21

- Resefved IMF+ EF21 =1 IL21 FFB4 22

- Reserved IMF+ EF22 =1 IL22 FFB2 23

- Reserved IMF+ EF23 =1 IL23 FFBO 24

Note 1. To use the address.trap’interrupt- ({NTATRAP), clear WDTCR1<ATOUT> to “0” (It is set for the “reset request” after reset is
cancelled). For details,.see “Address Trap”.

Note2: To use the watchdog timerinterrupt (INTWDT), clear WDTCR1<WDTOUT> to "0" (It is set for the "Reset request” after
reset is released). For details, see "Watchdog Timer".

Note 3: If an INTADC interrupt request is generated while an interrupt with priority lower than the interrupt latch IL15 (INTADC) is
being accepted, the INTADC interrupt latch may be cleared without the INTADC interrupt being processed. For details,
refer to the corresponding notes in the chapter on the AD converter.

3.1 Interrupt latches (IL19 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 inter-
rupt. All interrupt latches are initialized to “0” during reset.
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The interrupt latches are located on address 002EH, 003CH and 003DH in SFR area. Each latch can be cleared to
"0" individually by instruction. However, IL2 and IL3 should not be cleared to "0" by software. For clearing the
interrupt latch, load instruction should be used and then IL2 and IL3 should be set to "1". If the read-modify-write
instructions such as bit manipulation or operation instructions are used, interrupt request would be cleared inade-
quately if interrupt is requested while such instructions are executed.

Interrupt latches are not set to “1” by an instruction.

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 IME’need not execute normally 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£50
LDW (ILL), 1110100000111111B MNL1Z, IL10 to IL6 «<— 0
El NVE <— 1

Example 2 :Reads interrupt latchess

LD WA, (ILL) s W< ILH, A <+ ILL

Example 3 :Tests interrupt latches
TEST (ILL). 7 ; iIML7=.1 then jump
JR F, SSET.

3.2 Interrupt enable register(EIR)

The interrupt enable-register (EIR) enables and disables_the-aceeptance of interrupts, except for the non-maskable
interrupts (Software/interrupt, undefined instruction intérrupt, address trap interrupt and watchdog interrupt). Non-
maskable interrupt is-accepted regardless of the eontents of’the EIR.

The EIR consists of an interrupt master-enable flag-(IMF) and the individual interrupt enable flags (EF). These
registers are located on address 002CH, 003AH and003BH in SFR area, and they can be read and written by an
instructions (Incliding read-modify-write instructions such as bit manipulation or operation instructions).

3.2.1_ Intefrupt'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 interrupt
enable flag (EF). By sétting IMF to “1”, the interrupt becomes acceptable if the individuals are enabled. When
an interrupt is accepted, IME s cleared to “0” after the latest status on IMF is stacked. Thus the maskable inter-
rupts 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 instruction.
The IMF is normally set and cleared by [EI] and [DI] instruction respectively. During reset, the IMF is initial-
ized to “0”.
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3.2.2 Individual interrupt enable flags (EF19 to EF4)

Each of these flags enables and disables the acceptance of its maskable interrupt. Setting the corresponding
bit of an individual interrupt enable flag to “1” enables acceptance of its interrupt, and setting the bit to “0” dis-
ables acceptance. During reset, all the individual interrupt enable flags (EF19 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 interruptlatch (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 nor-
mally on interrupt service routine. However, if using multiple interrupt on intérrupt service routine, manipulat-
ing EF or IL should be executed before setting IMF="1".

Example 1 :Enables interrupts individually and sets IMF

DI i IMF =0

LDW (EIRL), 1110100010100000B -EF1540 EF13, EF11, EF7, EF5 <1
: NoterIMF should not be set,

El NMF <—1

Example 2 :C compiler description example
unsigned int _io (3AH) EIRL; /* 3AH shows EIRL address */
_DIo;
EIRL = 10100000B;

_EI();
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3.2 Interrupt enable register (EIR) TMPSGCP27AFG

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 ‘ ||_10‘ IL9 ‘ IL8 | IL7 ‘ IL6 ‘ IL5 ‘ IL4 | IL3 ‘ IL2 ‘ ‘ ‘

ILH (003DH) ILL(003CH)
(Initial value: ****0000)
ILE 7 6 5 4 3 2 1 0
(002EH) | - | A | { | R | IL19 | IL18 | IL17 | IL16 |
ILE (002EH)
at RD at WR
IL19 to IL2 Interrupt latches 0: No interfupt request 0: Clears the interrupt request R/W
1: Interrupt request 1: (Interrupt/fatch.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 enaple flag (EF)-or the interrupt latch-(IL),\bé sure to clear IMF to "0"
(Disable interrupt by DI instruction). Then set IMF newly again-as.required after operating-en-the EF or IL (Enable interrupt
by El instruction)

In interrupt service routine, because the IMF becotmes "0" automatically, clearing.IMF need not execute normally on inter-
rupt service routine. However, if using multiple interrupt en interrupt service routine, manipulating EF or IL should be exe-
cuted 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 1 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 |
ERH.(003BH) EIRL (003AH)

(Initial value: ****0000)
EIRE 7 6 5 4 3 2 1 0
(002CH) | - | - | - | - |EF19| EF18| EF17| EF16|
EIRE (002CH)

EF19 to.EF4 Individual-interrupt enable flag | 0: Disables the acceptance of each maskable interrupt.
(Specified-for each bit) 1: Enables the acceptance of each maskable interrupt.
R/W
0: Disables the acceptance of all maskable interrupts
IMF | le fl
nterrupt master enable flag 1: Enables the acceptance of all maskable interrupts

Note 1: ™. Den’t care
Note 2: Donet set IMF and the interrupt enable flag (EF15 to EF4) to “1” at the same time.

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 instruetion). 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 inter-
rupt service routine. However, if using multiple interrupt on interrupt service routine, manipulating EF or IL should be exe-
cuted before setting IMF="1".
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3.3 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 us @16 MHz) after the
completion of the current instruction. The interrupt service task terminates upon execution of an interrupt return
instruction [RETI] (for maskable interrupts) or [RETN] (for non-maskable interrupts). Figure 3-1 shows the timing
chart of interrupt acceptance processing.

3.3.1 Interrupt acceptance processing is packaged as follows.

a. The interrupt master enable flag (IMF) is cleared to “0” if order'\to/disable the acceptance of any fol-
lowing interrupt.
b. The interrupt latch (IL) for the interrupt source accepted is|cleared to“0”.

c¢. The contents of the program counter (PC) and the program status word, including the interrupt master
enable flag (IMF), are saved (Pushed) on the stack in s¢quence.of PSW + IMF,[PCH, RCL. 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 theuinterrupt service program is'executed.

Note:When the contents of PSW are saved on the stack, the-contents of IMF are also saved.

. ! Interrupt service task '
1-machine cycle < >l

S T N TR TR T IR Y AW N N T V7P R s B B

/n
\

Interrupt
request

Interrupt
latch (IL)

IMF
Execute j ( Execute EXocuE
instruction instruction X Interrupt acceptance Instruction Execute RETI instruction

P ¥V X ﬂ@@@i\@ e Ko Xer2)

SP 0

t

D,

Note 1: a: Return-address entry address, b: Entry address, c: 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
maghine _cycle on 10 cycle instruction) to start interrupt acceptance processing since its interrupt latch is set.

Figure 3=1/Timing Chart-ef\Interrupt Acceptance/Return Interrupt Instruction

Example: Correspondénce.between vector table address for INTTBT and the entry address of the interrupt
setvice program

Vector table address Entry address
D203H
Vector
D204H

Figure 3-2 Vector table address,Entry address

Interrupt
service
program
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3.3 Interrupt Sequence

TMP86CP27AFG

3.3.2

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 serviced,
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 (RC) and-the program status word (PSW,
includes 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 servic€s-are-nested, it is also necessary to avoid using
the same data memory area for saving registers. The following metheds are used to save/restore the general-
purpose registers.

3.3.2.1  Using PUSH and POP instructions

If only a specific register is saved or interrupts-ofithe same source are nésted, 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)
sP— s> | b-5
| Y Aol 7 e b-4
SP —» w SP — b-3
PCL PCL b-2
PCH PCH b-1
....... PSW LPSWo | SP |
Atacceptance of [=) Atgxecution of C—)> Atexecution of C—>  Atexecution of
aninterrupt RUSH instruction POP instruction RETI instruction

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

3.3.2.2 Using data transfer instructions

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

Main task

Interrupt Interrupt
acceptance service task

Saving
registers

Restoring
registers

)

4—
Interrupt return

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

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

3.3.3 Interrupt return

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

[RETI)/[RETN] Intersupt 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]Jis 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
RCH are located on address (SP+ %) and (SP + 2) respectively.

Example t: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
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3.4 Software Interrupt (INTSW) TMPSGCP27AFG

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 exécuted,

Note 1: It is recommended that stack pointer be return to rate before INTATRAP (Increment 3 times), if return inter-
rupt instruction [RETN] is not utilized during interrupt service program underINTATRAP (such as Example
2).

Note 2: When the interrupt processing time is longer than the interruptirequest.generation time, the interrupt service
task is performed but not the main task.

3.4 Software Interrupt (INTSW)

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

Use the SWI instruction only for detection of the address.¢rror or for debugging,

3.4.1 Address error detection

FFH is read if for some cause such as noise the CPU attempts-to’ fetch an instruction from a non-existent
memory address during single chip mode.Code FFH is the SWI instruction, so a software interrupt is gener-
ated 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, DBRor SFR-areas.

3.4.2 Debugging

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

3.5 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. INTUNDEEF is accepted even if non-maskable inter-
rupt-is—in_process. Contemporary_process is broken and INTUNDEF interrupt process starts, soon after it is
requested.

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

3.6 Address Trap Interrupt (INTATRAP)

Fetching instruction from unauthorized area for instructions (Address trapped area) causes reset output or address
trap interrupt (INTATRAP). INTATRAP is accepted even if non-maskable interrupt is in process. Contemporary pro-
cess 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).
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3.7 External Interrupts

The TMP86CP27AFG has 7 external interrupt inputs. These inputs are equipped with digital noise reject circuits
(Pulse inputs of less than a certain time are eliminated as noise).

Edge selection is also possible with INT1 to INT3. The INT0/P63 pin can be configured as either an external inter-
rupt input pin or an input/output port, and is configured as an input port during reset.

Edge selection, noise reject control and INT0/P63 pin function selection are performed by the external interrupt
control register (EINTCR).

Source Pin Enable Conditions Release Edge Digital Noise Reject

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

INTO INTO IMF ¢ EF5 ¢ INTOEN=1 Falling edge

Pulses of less than 15/fc lor 63/fe [s}.are elimi-
nated as noise. Pulses of 49/fc or 193/fc [s] or
more are considered to be signals,-Inithe SLOW
or the SLEEP mode;-pulses of l€ssthan 1/fs [s]
are eliminated as noise. Rulses of 3.5/fs [s] or
more are considefed-to be-signals.

Falling edge
INT1 INT1 IMF + EF6 =1 or
Rising edge

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

Falling'edge
INT2 INT2 IMF « EF8 =1 on
Rising edge

Pulses/of/less than 7/fc [s] are eliminated as
noise! Pulses of 25/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 consid-
ered to be signals.

Falling edge
INT3 INT3 IMF ¢ EF16 =1 or
Rising edge

Pulses of less than 2/fc [s] are eliminated as
noise. Pulses of 7/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 consid-
ered to be signals.

INTS INT5 IMF « EF19="1 Falling gdge

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 "sig-
nal establishment time + 6/fs[s]" from the input signal's edge to set the interrupt latch.

Note 2: When INTOEN = /0", IL5 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 inter-
rupt request signal is generated in-a pseudo manner. In this case, it is necessary to perform appropriate processing such
as\disablihg the interrupt epable flag.
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3.7 External Interrupts

TMP86CP27AFG
External Interrupt Control Register
EINTCR 7 6 5 4 3 2 1 0
(0037H) | INTINC | INTOEN | . - | INT3ES | INT2ES | INT1ES | (Initial value: 00** 000*)
. ) . 0: Pulses of less than 63/fc [s] are eliminated as noise
INTIN N t t lect R/W
c oise reject fime selec 1: Pulses of less than 15/fc [s] are eliminated as noise /
S ) . 0: P63 input/output port
INTOEN P63/INT figurat ihiad R/W
0 B3/INTO pin configuration 1: TNTO pin (Port P63 should be set to an‘input modé) /
INT3 ES INT3 edge select o RISI,ng edge R/W
1: Falling edge
INT2 ES INT2 edge select 0: Rising edge RIW
1: Falling edge
0: Rising ed
INT1 ES INT1 edge select Ising edge RIW
1: Falling edge

Note 1: fc: High-frequency clock [Hz], *: Don’t care

Note 2: When the system clock frequency is switched between high and low orwhen the external interrupt.control register
(EINTCR) is overwritten, the noise canceller may not operate normally, It is recommended that external interrupts are dis-
abled using the interrupt enable register (EIR).

Note 3: The maximum time from modifying INT1NC until a noise reject.time is changed is 25/fc.
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4. Special Function Register (SFR)

The TMP86CP27AFG 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
address 0000H to 003FH, DBR is mapped on address OF8OH to OFFFH.

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

TMP86CP27AFG.
41 SFR
Address Read Write
0000H PODR
0001H P1DR
0002H P2DR
0003H P3DR
0004H P4DR
0005H P5DR
0006H P6DR
0007H P7DR
0008H TC7DRAL
0009H TC7DRAH
000AH TE7DRBL
000BH TC7BRBH
000CH TC7DRCL
000DH TC7DRCH
000EH ADCCR1
000FH ADCCR2
0010H POCR
0011H P1CR
0012H P30OUTCR
0013H P4OUTCR
0014H P6CR1
0015H P6CR2
0016H P2PRD -
0017H P3PRD -
0018H TC3CR
0019H TC4CR
001AH PWREG3
001BH PWREG4
001CH TTREG3
001DH TTREG4
001EH Reserved
001FH Reserved
0020H ADCDR2 -
0021H ADCDR1 -
0022H P4PRD -
0023H P5PRD -
0024H P7PRD -
0025H UARTSR UARTCR1
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4. Special Function Register (SFR)

4.1 SFR
TMP86CP27AFG

Address Read Write
0026H - UARTCR2
0027H Reserved
0028H LCDCR
0029H TC7CR1
002AH TC7CR2
002BH TC7CR3
002CH EIRE
002DH RTCCR
002EH ILE
002FH Reserved
0030H Reserved
0031H Reserved
0032H Reserved
0033H Reserved
0034H - WDTCRA1
0035H - WDTCR2
0036H TBTCR
0037H EINTCR
0038H SYSCR1
0039H SYSCR2
003AH EIRL
003BH EIRH
003CH ILL
003DH ILH
003EH Reserved
003FH PSW

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

Note 3: Write-only registers-and\interrupt Jatches cannot use the,read-modify-write instructions (Bit manipulation instructions such
as SET, CLR, étc. and logical-operation instructions such{as AND, OR, etc.).
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TMP86CP27AFG

4.2 DBR

Address Read I Write
OF80H SEG1/0
OF81H SEG3/2
0F82H SEG5/4
OF83H SEG7/6
OF84H SEG9/8
OF85H SEG11/10
OF86H SEG13/12
OF87H SEG15/14
OF88H SEG17/16
OF89H SEG19/18
OF8AH SEG21/20
OF8BH SEG23/22
OF8CH SEG25/24
OF8DH SEG27/26
OF8EH SEG29/28
OF8FH SEG31/30
O0F90H SEG33/32
O0F91H SEG35/34
0F92H SEG37/36
0F93H SEG39/38
0F94H Reserved
OF95H Reserved
O0F96H Reserved
OF97H Reserved
OF98H Reserved
0F99H Reserved
OF9AH Reserved
OF9BH Reserved
OF9CH Reserved
OF9DH Reserved
OF9EH Reserved
OF9FH Reserved
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4. Special Function Register (SFR)

4.2 DBR
TMP86CP27AFG

Address Read Write
OFAQH SIOBRO

OFA1H SIOBR1

OFA2H SIOBR2

OFA3H SIOBR3

OFA4H SIOBR4

OFA5H SIOBR5

OFABH SIOBR6

OFA7H SIOBR7

OFA8H - SIQCR1
OFA9H SIOSR SIOCR2
OFAAH - STOPCR
OFABH RDBUF TDBUF
OFACH POLCR

OFADH R1LCR

OFAEH P5LCR

OFAFH P7LCR

OFBOH TC7DRDL

OFB1H TC7DRDH

OFB2H TC7DREL

OFB3H TC7DREH

OFB4H TC7CAPAL -
OFB5H TG7ZCAPAH -
OFB6H TC7CAPBL -
OFB7H TC7CAPBH -
OFB8H Reserved

OFB9H Reserved

OFBAH Reserved

OFBBH MULSEL

OFBEH Reserved

OFBDH Reserved

OFBEH Reserved

OFBFH Reserved

Address Read I Write
OFCOH Reserved

OFDFH Reserved

Address Read I Write
OFEOH Reserved

OFFFH Reserved

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. 1/0 Ports

The TMP86CP27AFG have 8 parallel input/output ports (55 pins) as follows.

Primary Function Secondary Functions
Port PO 8t 1/0 port ;C:jt/scigt;?t output. External interrupt, serial interface input/output-and UART
Port P1 8-bit I/O port LCD segment output.
Port P2 3-bit I/0 port Ir_;\;v;:eeqstijg::lyirzzzinator connections, external interfupt/input,) STOP mode
Port P3 8-bit /O port Timer/counter input/output, UART input and’divider-output.
Port P4 4-bit 1/0 port Serial interface input/output and UART output.
Port P5 8-bit I/O port LCD segment output.
Port P6 8-bit I/O port Analog input, external interrupt input.and STOP mode release signal input.
Port P7 8-bit I/O port LCD segment output.

Each output port contains a latch, which holds the output-data. Altinput ports do not haye’latches, so the external
input data should be externally held until the input data is read from outside or reading should-be/performed several
timer before processing. Figure 5-1 shows input/output timing examples.

External data is read from an I/O port in the S1 state of the read cycle during executionof the read instruction. This
timing cannot be recognized from outside, so that transient.input such as ¢hattering must be processed by the pro-
gram.

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

Fetch cycle Fetch cycle Read cycle

SO S1 S2 S3 S0-S1\S2 S3 SO S1 S2 S3

Instruction execution cycle Example-LD—AN(X) |
1 1 L 1 1 1 1 1 1 1 1

Input strobe | |

Data input w X X

(&) Inputtiming

Fetch cycle Fetch cycle Write cycle

SO S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3

Instruction execution cycle Example: LD (x), A |
-l - 1 1 1 1 1 1 1 1 1 1 I
Output strobe ..... I_l_ ......
Data output Old X New

(b) Output timing

Note: The positions of the read and write cycles may vary, depending on the instruction.

Figure 5-1 Input/Output Timing (Example)
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5.1/0 Ports
5.1 Port PO (P07 to P00)

TMP86CP27AFG

5.1 Port PO (P07 to P0O)

Port PO is an 8-bit input/output port which can be configured as an input or an output in 1-bit unit. Port PO is also
used as a UART input/output, an external interrupt input, serial interface input/output and segment output of LCD.

Input/output mode is specified by the PO control register (POCR).

When used as an input port or a secondary function input pins (UART input, external interrupt input or serial inter-

face input), the corresponding bit of POCR and POLCR should be cleared to “0”.

When used as an output port, the corresponding bit of POCR should be set to “1[’[ and the,respective POLCR bit
should be cleared to “0”. When used as an UART output pin, or serial interface output pin; the corresponding bit of

POCR and the output latch (PODR) should be set to “1”, and the respective POL.CR>bit,should be cleared to “0”.

When used as a segment pins of LCD, the respective bit of POLCR should be\set-to1”.

During reset, the PODR, POCR and POLCR are initialized to “0”.

When the bit of POCR and POLCR is “0”, the corresponding bit data-by read instruction is a terminal input data.

When the bit of POCR is “0” and that of POLCR is “1”, the cortesponding bit data by read instruction is always

“O”

When the bit of POCR is “1”, the corresponding bit data by read instruction is the valu¢ of PODR.

Table 5-1 Register Programming for-Multi-function Ports

Programmed Value

put

Function
PODR POCR POLCR
Port input, UART input, serial interface(input, and N Q0 o
external interrupt input
Port “0” output “Q” 11" “0”
Port “1” output, UART output and'serial interface out- g 4 0

LCD segment output

Note: Asterisk (*) indicates “1” of #0% either of which can be selected:

Table 5-2 “Values Read from PODR and Register Programming

Conditions
Values Read from PODR
POCR POLCR
“‘0” “0” Terminal input data
“«" o “"
ar
“1” Output latch contents
o
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ouTEN — ———
POLCRI input <_<}—l
sovcrs——fo ol
POCRI input <—<]7
P ,:}__
~
Data input (PODRI) < \”]-1
Data output (PODRi) —» D Q * l[> D POI
Output latch
P
LCD data output >
Note: i=7t00
Figure 5-2 (Port-0
7 6 5 4 3 2 1 0
PODR P07 P06 P05 P04 P03 P02 PO1 PQO
(0000H) | SEG32 | SEG33 | SEG34 | SEG35 | SEG36 | SEG37 | SEG38 | SEG39 (Inital value: 0000 0000)
Riw SCKO S00 slo INT3 INT2 INT1 TXDQ RXDO :
POLCR | | | | | | | | |(Initia| value: 0000 0000)
(OFACH)

0:PO input/output port or secondary function
POLCR Port PO/segment.output control.(Set for each/bit individually) (excect for segment) R/W
1: LCD segment output

POCR | | | | (Initial value: 0000 0000)

(0010H)

0: Input mode

R/W
1: Output mode

ROCR PO port input/output-centrol (Set for each bit individually)

Note: The port placed in input mede reads the pin input state. Therefore, when the input and output modes are used together, the
output latch contents for the pert in input mode might be changed by executing a bit manipulation instruction.

Multi function register

7 6 5 4 3 2 1 0

MULSEL ’ ’ ’ ’ ’ | SIOSEL | UARTSEL | (Initial value: **** *00)
(OFBBH)

0: P05(SI0), POB(SO0), PO7(SCKO)
1: P40(S1), P41(SO1), P42(SCK1)

0: PO1(TXDO), POO(RXDO)
1: PA3(TXD1), P37(RXD1)

SIOSEL | SIO function pins select
R/IW

UARTSEL | UART function pins select

Note 1: Do not change a terminal during operation.
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Note 2: Perform the setting terminal of a port after performing a setup by MULSEL, when changing a terminal.
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5.2 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 1-bit unit. Port P1 is also
used as a segment output of LCD. Input/output mode is specified by the P1 control register (P1CR).

When used as an input port, the corresponding bit of PICR and P1LCR should be cleared to “0”.

When used as an output port, the corresponding bit of P1CR should be set to “1”;, and the respective PILCR bit
should be cleared to “0”.

When used as a segment pins of LCD, the respective bit of PILCR should be set to1”.
During reset, the output latch (P1DR), PICR and P1LCR are initialized to “0”%
When the bit of PICR and P1LCR is “0”, the corresponding bit data by-read instruetion is a terminal input data.

When the bit of PICR is “0” and that of PILCR is “1”, the corresponding bit data by read instruction is always
‘603’.
When the bit of PICR is “17”, the corresponding bit data by read instruction is the value of PIDR:

Table 5-3 Register Programming for Multi-function Ports

Programmed Value
Function
PTBR P1CR P1LCR
Port input * “0” ‘07
Port “0” output “0” 7 “0”
Port “1” output “1” N “0”
LCD segment output * N “1”

Note: Asterisk (*) indicates “1” or “0” either of(which,can be selected.

Table 5-4 Values Read from P1DR‘and Register Programming

Conditiens
Values Read from P1DR
P1CR P1LCR
“0” “0” Jerminal input data
“g “q “«"
“0n
R Output latch contents
“n
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OUTEN %
P1LCRI input <_<'—l
. N
P1LCRI —>@ * 9 )
P1CRi input <—<]7
P :]
~
Data input (P1DRi) < \’]-[
Data output (PLDR) ——>{D  Q . l[> ] Fui
Output latch
N
LCD data output P
Note: i=71t00
Figure 5-3-Port-1
P1DR 7 6 5 4 3 2 1 0
(0001H) P17 P16 P15 P14 P13 P12 P P10 ”
RIW sEG24 | sEG2s | secos | seco? | secos | secee | secao-| segay | (nitial value: 0000 0000)
PILCR | | | | | | | | | (Initial value: 0000 0000)
(OFADH)
o)) 0: P1 input/output port
P1LCR Port P1/segment-output control(Set for eachbit individually) 1: LCD segment output R/W
P1CR | | | | | I | | | (Initial value: 0000 0000)
(0011H)
P1 port input/output-control 0: Input mode
QIR (Set for.each bjt individually) 1: Output mode RIW

Note: The-pert placed in input‘mode reads-the pin input state. Therefore, when the input and output modes are used together, the
output latch contents for'theport in input mode might be changed by executing a bit manipulation instruction.
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5.3 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 (13 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, 8 STOP mode release signal input, 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 onytheir respective address.

When read the output latch data, the P2DR should be read and whénr¢ad the terminal inputdata, 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) < <,‘ /ﬂ—

Data input (P20) < <}—1
Data output (P20) —»@ b l’: [7] P20 (INT5, STOP)
Output latch

Contorl input < @

Data input (P21PRD)

A

Output latch read (P21) < <}_l Osc. enable
Data output (P21) ——»@ . l’>" P21 (XTIN)

Output latch o
Data input (P22PRD) < <t<q

o

Output latch read (P22) < <'_l

Data output (P22) ——»@ &

Output Jatch

sToP i l:

OUTEN
XTEN

vy

N7

. [ ] P22 (xToum)

Figure 5-4 Port 2

6 5 4 3 2 1 0

P2DR

(0002H) P22 P21 P20

RW XTOUT | XTIN INT5 | (initial value: *** *111)
STOP

P2PRD ‘ ’ ‘ ’ | P22 | P21 | P20 |

(OF9CH) :

Read only

Note: Port P20 is used as STOP pin. Therefore, when stop mode is started, OUTEN does not affect to P20, and P20 becomes
high-Z mode.
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5.4 Port P3 (P37 to P30)

Port P3 is a 8-bit input/output port.
It is also used as a timer/counter input/output or divider output.
When used as a timer/counter output or divider output, respective output latch (P3DR) should be set to “1”.

It can be selected whether output circuit of port P3 is C-MOS output or a sink open drain individually, by setting
P3OUTCR. When a corresponding bit of P3OUTCR is “0”, the output circuit is s¢lected to a sink open drain and
when a corresponding bit of PZOUTCR is “1”, the output circuit is selected to a C-MOS putput. When used as an
input port or timer/counter input, respective output control (P30UTCR) should be set to-<“0>after P3DR is set to “1”.
When using this port as a PPG1 and/or PPG2 output, set the output latch (P3DR)) and4hen set the P3OUTCR to “17”.
Next, set the PPG output initial value in the PPG1INI and/or PPG2INI, and-set\the PPG10E and/or PPG20E to “1”
to enable PPG output. At this time, the output latch (P3DR) should be setfo-th¢ same value as the PPG output initial
value (PPG1INI, PPG2INI). During reset, the P3DR is initialized to “1”,'and theyR3OUTCR is initialized to “0”.

P3 port output latch (P3DR) and P3 port terminal input (P3PRD) ate-located on their respective-address.

When read the output latch data, the P3DR should be read and when.read the terminal input'data, the¢ P3PRD reg-
ister should be read.

it p— '
OUTEN
P3OUTCRI

P3OUTCRI input <

A

Data input (P3PRD) <Jl

s

Output latch read (P3DR) <

Data output (P3DR) XD Oy D_4_[\/ . [] pai

Control output Output Iatch;|

Control input <
a)y P37, P34, P33, R32,R31,"P30

Note: i=4to0and 7

i — 1
OUTEN

P30UTGR]
P3OUTCR]j <I,
Daté input(P3PRD) <
Datalatch read (P3DR) < <,|
Data-output (P3DR) JD—Q‘ A 'l\/ | D -

Qutput latch
PPGK ::B R
PPGKINI

PPGKkOE

= 4%

b) P36, P35

Note: j=6,5 k=2,1

Figure 5-5 Port 3
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7 6 5 4 3 2 1 0
P3DR P37 P36 P35 P34 P33 P32 P31 P30
(0003H) | RXDT | PPG2 | PPG1 TC7 EMG PWM4 | PWM3 Dvo
RIW PDO4 PDO3 (Initial value: 1111 1111)
PPG4 TC3
TC4
P3OUTCR | | | | | | | | | {Infti4l valde: 0000 0000)
(0012H)
0:'Sink -drai tput
P30OUTCR | Port P3 output circuit control (Set for each bit individually) ) Cl_r;\ﬂgspeonut;j:n outpu R/IW
P3PRD P37 | P36 | P35 | P34 | P33 | P32 | P33 | P30 |
(0017H)
Read only

Multi function register

7 6 5 4 3 2 1 0

MULSEL ’ ’ ’ } ' | SIOSEL | OARTSEL | (Initial value: **** *00)
(OFBBH) <> -

0:R05(S10), POB(ST0), PO7(SCKO)

SIOSEL | SIO function pins select 1-P40(SH), P41(SO). P42(SCK1)

R/W

0: P01(TXDO), POO(RXDO)

UARTSEL | UART function pins select 1: P43(TXD1), P37(RXD1)

Note 1: Do not change a terminal during eperation.
Note 2: Perform the setting terminatof’a.port after performing a-setup. by MULSEL, when changing a terminal.
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5.5 Port P4 (P43 to P40)

Port P4 is a 4-bit input/output port.
It is also used as a UART output or serial interface input/output.
When used as a UART output or serial interface output, respective output latch (P4DR) should be set to “1”".

It can be selected whether output circuit of port P4 is C-MOS output or a sink open drain individually, by setting
P4OUTCR. When a corresponding bit of P4AOUTCR is “0”, the output circuit is s¢lected to a sink open drain and
when a corresponding bit of PAOUTCR is “1”, the output circuit is selected to a C:MOS output. When used as an
input port or serial interface input, respective output control (P4OUTCR) shoyld be set-to“0” after P4DR is set to
“1”. During reset, the PADR is initialized to “1”, and the PAOUTCR is initialized to/*“0®.

P4 port output latch (P4DR) and P4 port terminal input (P4PRD) are located on-their respective address.

When read the output latch data, the P4ADR should be read and when read the terminal input data, the P4PRD reg-
ister should be read. If a read instruction is executed for the P4APRD, P4DRand the PAOUTCR, read data of bits 7 to

5 are unstable.

Table 5-5 Register Programming for Multi-function Ports (P43-{o P40)

Pregrammed Value
Function
P4DR P4OUTCR
Port input or timer counter input “1” “0”
Port “0” output “0” Programming
forleach applica-
Port “1” output or timer counter/output “1” tions

L — 1
OUTEN
P4OUTCRI

PAOUTCRI input <
Data inpuf (PAPRD) <,‘
< Py
Output latchread (PADR)-< <J
Data output (P4DR) > Q] ) . ° D P4i
Control output Output IatCh:

Contrpl input <

Note: i=4 100

Figure 5-6 Port 4
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P4DR 7 6 5 4 3 2 1 0
(0004H) P43 P42 P41 P40 (Iniial value: **** 1111)
R/W TXD1 SCK1 SO1 Si1 '
P4OUTCR ‘ ’ | | | | | (it vatue: *++* 0000)
(0013H)

0: Sink popen4drain*output
1:C-MOS output

P40OUTCR | Port P4 output circuit control (Set for each bit individually) R/W

P4PRD ‘ ‘ ‘ | P43 | P42 | P41 | R40 |
(0022H)
Read only

Multi function register

7 6 5 4 3 2 1 0

MULSEL ’ ’ ’ ’ ’ N | SIOSEL | UARTSEL [N(initial vafue: *** *+00)
(OFBBH)

0, P5(S10), R0O6(SO0), PO7(SCKO)
1:/P20(SH), P41(SO1), P42(SCKAY

0: PO1(TXD0), POO(RXDO)
1: P43(TXD1), P37(RXDT)

SIOSEL | SIO function pins select

R/W

UARTSEL | UART function pins select

Note 1: Do not change a terminal during opération.
Note 2: Perform the setting terminal of a port after performing a setup by MULSEL, Wvhen changing a terminal.
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5.6 Port P5 (P57 to P50)

Port PS5 is an 8-bit input/output port which can be configured as an input or an output in 1-bit unit. Port PS5 is also

used as a segment output of LCD.

When used as an input port, the corresponding bit of PSLCR should be cleared to “0”, and the respective PSDR bit

should be set to “1”.

When used as an output port, the respective PSLCR bit should be cleared to “0”.

When used as a segment pins of LCD, the respective bit of PSLCR should be set to1”".

During reset, the output latch (PSDR) are intialized to “1”, and PSLCR are initialized to “0”.

PS5 port output latch (P5SDR) and P5 port terminal input (PSPRD) are located ‘en‘their/respective address.
When read the output latch data, the PSDR should be read and when ré¢ad the.terminal input data, the PSPRD reg-

ister should be read.

If the terminal input data which is configured as LCD segment output is-read, unstable data is read.

Table 5-6 Register Programming for Multi-function Ports

Programmed Value

Function
P5DR P5LCR
Port input “1” ‘0”
Port “0” output “0” ‘0"

LCD segment output

*

uqp

Note: Asterisk (*) indicates “1” or “0” either of which can.be selected.

OUTEN

P5LCRi —=D Q

P5CRY ifput <—<]—

Terminakinput (P5PRD) <

Output latch data(P5DRi) <

<

Data output (P5DR) —»{D._ Q

Output latch

LCD data output

\ Z

Note: i=71t00

Figure 5-7 Port 5

\\ ;
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P5DR 7 6 5 4 3 2 1 0
(0005H) P57 P56 P55 P54 P53 P52 P51 P50 g
RIW (Initial value: 1111 1111)
SEG16 | SEG17 | SEG18 | SEG19 | SEG20 | SEG21 | SEG22 | SEG23
P5LCR | | | | | | | | | (Initial value: 0000 0000)
(OFAEH)

0: P5 input/output port

R/W
1:°LCD segment output

P5LCR Port P5/segment output control (Set for each bit individually)

P5PRD P57 | P56 | P55 | P54 | P53 | P52 | P51 | P50 |
(0023H)
Read only
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5.7 Port P6 (P67 to P60)

Port P6 is an 8-bit input/output port which can be configured as an input or an output in 1-bit unit. Port P6 is also
used as an analog input, key-on wakeup input and external interrupt input. Input/output mode is specified by the P6
control register (P6CR1) and input control register (P6CR?2).

When used as an output port, the corresponding bit of P6CR1 should be set to “}”.

When used as an input port, key-on wakeup input or an external interrupt input, the corresponding bit of P6CR1
should be cleared to “0”, and then, the corresponding bit of P6CR2 should be set to(“1”.

When used as an analog input, the corresponding bit of POCR1 should be cleared-to “0”,-and then, the correspond-
ing bit of P6CR2 should be cleared to “0”.

During reset, the output latch (P6DR) and P6CR1 are initialized to “0”, POCR2-is initialized to “1”.
When the bit of P6CR1 and P6CR?2 is “0”, the corresponding bit data by\read instruction is always “0”.

When the bit of P6CR1 is “0” and that of P6CR2 is “1”, the corresponding bit data by read instruction is a terminal
input data.

When the bit of P6CR1 is “1”, the corresponding bit data by read instruction is the value‘of P6DR.

Table 5-7 Register Programming for Multi-function Ports

Programmed Yalue
Function
P6DR P6CR1 P6CR2

Port input external interrupt input or key-on wakeup . e oy
input

Analog input * g “0?
Port “0” output 0 4q .
Port “1” output “q 17 *

Note: Asterisk (*) indicates “1” or “0” either of which can be selected.

Table 548 /Values Read from P6DR-and Register Programming

Conditions
Valugs Read from P6DR
P6CR1 P6CR2

“or “«gn “«"

“0” “1” Terminal input data
“r

“1” Output latch contents
“ipn
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Note 1:
Note 2:
Note 3:
Note 4:

Note™.

Note 2:
Note 3:
Note 4:

P6CR2i
P6CR2i input

D

P6CR1i

P6CR1i input
Control input

a

Data input (P6DRIi)

&

—Q—

Data output (P6DRI) D Q ™ DP6i
STOP j: ;D_L’/
OUTTEN
Analog input <
AINDS
SAIN

Key-on wakeup

STOPk <«
P6CR2j D Qe £
P6CR2j input <—I
P6CR1j D Q
P6CR1jinput €«——————
Data input (PEDRj) < *

Data output (P6DR}j) D Q| ™S DF’6i
STOP :'3 ;D_‘/l/
OUTTEN
Analog input '«
AINDS
SAIN

b) P66, P65, P64;-R60

i=1to3and7,j=4to6and0,k=2to5
STOP is bit7 in SYSCR1.

SAIN is AD input select signal.

STQPk.is/input select signal in a key-on wakeup.

Figure 5-8 Port 6

The port-placed in input mode reads the pin input state. Therefore, when the input and output modes are used
together, the output'latch,centents for the port in input mode might be changed by executing a bit manipulation
instruction.

When used as an analog-inport, be sure to clear the corresponding bit of P6CR2 to disable the port input.

Do not set the output mode (P6CR1 = “1”) for the pin used as an analog input pin.

Pins not used for analog input can be used as 1/O ports. During AD conversion, output instructions should not be
executed to keep a precision. In addition, a variable signal should not be input to a port adjacent to the analog
input during AD conversion.
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7 6 5 4 3 2 1 0
P6DR
(0006H) P67 P66 P65 P64 P63 P62 P61 P60
AIN7 AIN6 AIN5 AIN4 AIN3 AIN2 AIN1 AINO Initial value: 0000 0000
RIW ( )
STOP4 STOP3 STOP2 INTO STOP5
P6CR1 7 6 5 4 3 2 1 0
(0014H) | | | | | | | | | (Initial value: 0000 0000)
P6CR1 | 1/O control for port P6 (Specified for each bit) 0: Input mode RIW
P P 1: Output-mode
P6CR2 7 6 5 4 3 2 1 0
(0015H) | | | | | | | | (Initial value: 4{14_1111)
0: Analog input
P6CR2 P6 port input control (Specified for each bit) 1+ Portinput, external interfupt input‘er key-on wakeup R/W

input
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5.8 Port P7 (P77 to P70)

Port P7 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit. Port P7 is also
used as a segment output of LCD.

When used as an input port, the corresponding bit of P7LCR should be cleared to “0”, and the respective P7DR bit

should be set to “1”.

When used as an output port, the respective P7LCR bit should be cleared to “0”.

When used as a segment pins of LCD, the respective bit of P7LCR should be set to1”.

During reset, the output latch (P7DR) are initialized to “1”, and P7LCR are injtialjzed to “0”.

P7 port output latch (P7DR) and P7 port terminal input (P7PRD) are located en‘their/respective address.

When read the output latch data, the P7DR should be read and when ré¢ad the.terminal input data, the P7PRD reg-

ister should be read.

If the terminal input data which is configured as LCD segment output is-read, unstable data is tead.

Table 5-9 Register Programming for Multi-function Ports

Programmed Value

Function
P7DR P7LCR
Port input “1” ‘0”
Port “0” output “0” 0"

LCD segment outputt

*

uqp

Note: Asterisk (*) indicates “1” or “0” either of which can.be selected.

STOP
OUTEN

P7LCRIi

P7CRIi jnput

Terminal input (P7PRD)

Outputiateh data (P7DR)
Dataeutput (P7DR)

LECD data output

Note: i=71t00

i

—

A

>

—» b Q

OQutput latch

N

I/

Figure 5-9 Port 7
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P7DR 7 6 5 4 3 2 1 0
(0007H) P77 P76 P75 P74 P73 P72 P71 P70 g
R/W (Initial value: 1111 1111)
SEGS | SEGO | SEG10 | SEG11 | SEG12 | SEG13 | SEG14 | SEG15
PTLCR | | | | (it vatue: 0000 0000)
(OFAFH)
0: P7 ifpGt/outhut port
P7LCR | Port P7/segment output control (Set for each bit individually) eyt po RIW
1-Segmentoutput
P7PRD | P77 | P76 | P75 | P74 | P73 | P72 | P71 | P70 |(Initia| value: 0000 0000)
(0024H)
Read only
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6. 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).

6.1 Time Base Timer

6.1.1 Configuration

MPX
fc/223 or fs/218 >———
fc/22! or fs/213 >——
fc/2'® or fs/28 >——— Source clock | Falling edge IDLE®, SLEEPO

fc/214 or fs/28 >——— detector P felease request

fc/2'3 or fs/25 >—— ]_D—’ INTTBT

fc/212 or fs/24 >—— interrupt request

fe/2 or fs/23 >——
fc/2% or fs/2 >——

3

TBTCK TBTEN
| TBTCR |

Time base timer control register

Figure 6-1 /Fime Base Timer-configuration

6.1.2 Control

Time Base Timer is confroléd’by Time Base Timer control register (TBTCR).

Time Base Timer Control Register

7 6 5 4 3 2 1 0
TBTCR iti
(0036H) (DVOEN) (DVOCK) (DV7CK). TBTEN TBTCK (Initial Value: 0000 0000)
Time Base Timer 0: Disable
TBTEY enable / disable 1: Enable
NORMAL1/2, IDLE1/2 Mode SLOW1/2
DV7CK =0 DV7CK = 1 SL,EE;; ?
000 fc/223 fs/21° fs/21°
001 fc/2?! fs/213 fs/213
B
‘ 011 fo/21 fs/28 -
100 fc/213 fs/25 -
101 fc/21? fs/2* -
110 fo/2M 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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6.1 Time Base Timer
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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). 7

Table 6-1 Time Base Timer Interrupt Frequency ( Exampleg :(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, SLEER1/2 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 -
111 31250 16384 -

6.1.3 Function

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

The divider'is not c¢leared by the program; therefore) only the first interrupt may be generated ahead of the set
interrupt period (\Bigare 6-2).

Seurce clock | I I I

TBTCR<TBTEN> I
A
1
1
1
1
1
1

—3 -7

INTTBT " "_

€
' Interrupt period *

Enable TBT

Figure 6-2 Time Base Timer Interrupt
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6.2 Divider Output (DVO)

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

6.2.1 Configuration

Output latch

Data output

fc/213 or fs/2% >—
fc/212 or fs/24 >—|B
fc/2' or fs/23
fc/210 or fs/22

Port output latch _I | I

TBTCR<LDVOEN>

L

I
1 : 1
—_— 1

(a) configuration (b) Timing chart

DVOCK DVOEN

Divider output control register

Figure 6-3 Divider Output

6.2.2 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 iti
(0036H) DVOEN DVOCK (DV7EK) | (TBTEN) (TBTCK) (Initial value: 0000 0000)
Divider output 0: Disable
DYOEN R/W
enable / disable 1: Enable
NORMAL1/2, IDLE1/2 Mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK =1 Mode
ivi BDVO 00 fc/213 fs/2° fs/2°
DU00K | e saostony 1] RIW
quengy i 01 fe/212 fs/24 fs/2*
10 fe/2 fs/23 fs/23
11 fc/210 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 disable(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)

LD (TBTCR), 000000008 : DVOCK « "00"
LD (TBTCR), 100000008 : DVOEN « "1"
Table 6-2 Divider Output Frequency ( Example+fc.= 160 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 2.048lk 2.048 k
10 7.813k 4096 k 4.096 k
11 15.625 k 81192 k 8.192K
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7. 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-ence 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 inter-

rupt.

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

7.1 Watchdog Timer Configuration

Reset release

fc/22 or fs/21® — ) Binary counters L
fe/2?t orfs/2® — 31 2 Clock R
f6/219 or fg/2™1 > 2 Overflow WDT output
foi2'7 orfs/29 — 3| 1 2 »—D_ — [> » Reset
L Clear 3)Q request
A —>
2y Interrupt request
q ) _‘0| ) il > INTWDT
interrupt
request
Internal reset
Q
S R
WDTEN Whii Wit
WDTT Vriting riting WDTOUT
disable code | c¢lear’code
Contraller.
0034y 0035y
WDTCR1 WDTCR2

Watchdog timer.control registers

Figure 7-1\Watchdog Timer Configuration
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7.2 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.

7.2.1 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 conditiens.occur for some reason, the watch-
dog timer output is activated by the binary-counter overflow unless. the binary counters are cleared. When
WDTCRI1<WDTOUT> is set to “1” at this time, the reset request is generated and then-internal hardware is
initialized. When WDTCR1<WDTOUT> is set to “0”, a watehdog timey interrupt (INTWDT) is_generated.

The watchdog timer temporarily stops counting in the STOP mode including the(warm-up or IDLE/SLEEP
mode, and automatically restarts (continues counting) whén/the{STOP/IDLE/SLEEP mode 18'inactivated.

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 binary>counter overflow
time, that depends on the timing at which the cleareode (4EH) is written to the'WDTER2 register, may be 3/
4 of the time set in WDTCR1<WDTT>. Therefore, write-the clear code using'a cyele shorter than 3/4 of the
time set to WDTCR1<WDTT>.

Example :Setting the watchdog timer detectiofi'time to 2l/fe [s],/and tesetting the CPU malfunction detection

LD (WDTCR2),4EH : Clears the-binary counters.
LD (WDTCR1),,00001101B :WDTT <— 10, WDTQUY <«— 1
LD (WDTCR2),4EH : Clears the'binary counters (always clears immediately before and

after changing WDTT).

Within 3/4 of WDT
detection time

- LD (WDTCR2),-4EH : Clears the binary counters.

Within 3/4 of WDT

detection time

LD (WDTCR2);4EH : 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 i ired. Writ
WDTEN | Watchdog timer enable/disable isable (Writing the disable code to Is required.) rie
1: Enable only
NORMAL1/2 mode SLOW1/2
DV7CK =0 DV7CK =1 mode
25 17 17
WDTT Watchdog timer detection time 0o 27 2''fs 2''fs Write
[s] 01 223f¢ 215058 2155 only
10 221f¢ 2%3fs 213
1 219f¢ 2"s 2"s
0: Interrupt t Writ
WDTOUT | Watchdog timer output select nierruptreques e
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], {: Den’t ¢are

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

Note 4: To activate the STOP mode, disable the watchdog timer ar 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 “1.2.3'Watchdog Timer Disable”.

Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 1 0
(0035H) | ‘ ‘ } ‘ } | (Initial value; **** ****)
4EH: Clear the watghdog timer binary counter (Clear code)
WDTCR2 Write B1H: Disable the watchdog timer (Disable code) Write
Watchdog timer control.code D2H: Enable assigning.address trap area only

Others: Invalid

Note 1: The disable.code is valid’only when WDTCRA<WDTEN> = 0.
Note 2: *: Dof't care
Note 3: The binary colinterofthe watchdog timer must not be cleared by the interrupt task.
Note 4: Write the clear.code 4EH using-a-eycle shorter than 3/4 of the time set in WDTCR1<WDTT>.

7.2.2 Watchdog Timer Enable

Setting WDTCR1<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.

Page 73




7. Watchdog Timer (WDT)

7.2 Watchdog Timer Control
TMP86CP27AFG

7.2.3 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 microcontroller.

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

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

e

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

Example :Disabling the watchdog timer

DI S IMF <— 0
LD (WDTCR2), 04EH : Clears the binary coutner
LDW (WDTCRT1), 0B101H : WBTEN <—0, WDTCR2 <— Disable code

Table 7-1  Watchdog Timer Detection Time (Example: fc 5 16:0/MHz, fs = 32.768 kHz)

Watchdog Timer Detection-Time[s}]
WDTT NORMAL?/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
11 32768 m 62.5m 62.5m

7.2.4 Watchdog Timer Interrupt (INTWDT)
When WDTCR1<WDTOUT> is cleared-to “0”, a watchdog timer interrupt request (INTWDT) is generated
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 wdtchdog timer inferrupt is"generated while the other interrupt including a watchdog timer interrupt
is-already accepted, the new watchdog timer interrupt is processed immediately and the previous interrupt is
held pending. Therefore; if watehdog 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, 043FH : Sets the stack pointer

LD (WDTCR1), 00001000B :WDTOUT <—0
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7.2.5 Watchdog Timer Reset

When a binary-counter overflow occurs while WDTCR1<WDTOUT> is set to “1”, a watchdog timer reset

request is generated. When a watchdog timer reset request is generated, the internal hardware is reset. The reset
time is maximum 24/fc [s] (1.5 pus @ fc = 16.0 MHz).

Note:When a watchdog timer reset is generated in the SLOW1 mode, the reset time/is maximum 24/fc (high-fre-
quency clock) since the high-frequency clock oscillator is restarted. However, when _crystals have inaccura-

cies upon start of the high-frequency clock oscillator, the reset time should be copsidered as an approximate
value because it has slight errors.

. 4

Clock

— .
L L TC ) [ werTs
Binary counter EX 2 )@X o X 1 X[(2>~ X 3 X /0

Overflow

INTWDT interrupt request

(WDTCR1<WDTOUT>="0") /

Internal reset i R t

(WDTCR1<WDTOUT>= "1") reset occurs
Write 4EH to WDTCR2

Figure 7-2-Watchdog Timer-Interrupt
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7.3 Address Trap

The Watchdog Timer Control Register 1 and 2 share the addresses with the control registers to generate address

traps.

Watchdog Timer Control Register 1

WDTCR1
(0034H)

7 6 5 4 3 2 1 0
‘ ‘ | ATAS | ATOUT | (WDTEN)l (WDTT) (WDTOUT) | (Initialvalue’\*+41 1001)

0: Generate no address trap
1: Generate address traps (Aftersetting ATAS to “1”/writing the control code

D2H to WDTCR2 is reguired) Write
only

Select address trap generation in

ATAS the internal RAM area

0: Interrupt request

ATOUT Select opertion at address trap
1: Reset request

Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 1 0
(0035H) | ‘ ‘ ‘ ‘ ] | (Ifiitial vallg: =+ )
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:-nvalid

7.3.1 Selection of Address Trap in‘InternalRAM (ATAS)

7.3.2

7.3.3

WDTCRI1<ATAS> specifies whether or not to generate address_traps in the internal RAM area. To execute
an instruction in the internal RAM area, clear WDTCR1<ATAS>te.0”. To enable the WDTCR1<ATAS> set-
ting, set WDTCR1<ATAS> and-thenwrite D2H to WDTCR2.

Executing an instruction in the-SER jor DBR area generates.an address trap unconditionally regardless of the
setting in WDTCRI1<ATAS>.

Selection of Operation at Address Trap/(ATOUT)

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

Address Trap Interrupt (INTATRAP)

While-WDTCR1<ATOUT>-is_“0”;~if the CPU should start looping for some cause such as noise and an
attempt be made to(fetch an'instruction from the on-chip RAM (while WDTCR1<ATAS> is “1”), DBR or the
SFR-area, address trap interrupt (INTATRAP) will be generated.

An address trap interruptis-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 a watchdog timer interrupt is
already accepted, the new address trap is processed immediately and the previous interrupt is held pending.
Therefore, 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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7.3.4 Address Trap Reset

While WDTCRI<ATOUT> is “1”, if the CPU should start looping for some cause such as noise and an
attempt be made to fetch an instruction from the on-chip RAM (while WDTCR1<ATAS> is “1””), DBR or the
SFR area, address trap reset will be generated.

When an address trap reset request is generated, the internal hardware is reset. The reset time is maximum
24/fc [s] (1.5 us @ fc = 16.0 MHz).

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

Page 77






TO s H I BA TMP86CP27AFG
8. 10-Bit Timer/Counter (TC7)
8.1 Configuration
CSIDIS
TC7CR3
TC7ST A
t EMGF
fc —>A este 1 stM|  |cNTBF
fc/2 —»|B Y VY
fc/2?—>»C Y 4| 10-bit up counter |—> INTTCTT, interrupt request
fc/2* —»{D A
S Start/
ATc7CK clear
PPG2INI €——
PPGLINI <— TGRAM
TC7CR1
NCRI—SEL TRGSEL | Te7carA | Tc7caPs)
\ 4 A
. D Noise Edge Capture
TC7 pin canceller detection Bs control
CSIDIS ﬂ /—> INTTC7P-interrupt-request
~~Z
—>»[] PPG1
Comparatot »1-_RPG-outplt control
—>»[] PPG2
G N e NG (A
Compare | ompare Cofmpare || Compar | Compare | TC70UT PPG1OE/ PPGIINI/
register A register B register C register D register E PPG20OE PPG2INI

Transfer{cantrol

ﬁ
ﬁ

i 1r
it 4

[ rc7ora || Te7pRe

-
(¢

7ore || Teroro | [

EMGF (—|

Emergency output
stop-control
EMGIE A, A EMGR

3 PPG20E
CSTC <—|

l—) PPG10E

TC7CR2
TC70UT

10-Bit Timer/Counter 7

(@]
Py

€ ]

Emergency stop

EMG pin [}

———> INTEMG interrupt request

Figure 8-1

8.2 Control

Timer/counter 7 is controlled by timer/counter control register 1 (TC7CR1), timer/counter control register 2
(TC7CR2), timer/counter control register 3 (TC7CR3), 10-bit dead time 1 setup register (TC7DRA), pulse width 1
setup register (TC7DRB), period setup register (TC7DRC), dead time 2 setup register (TC7DRD), pulse width 2
setup register (TC7DRE), and two capture value registers (TC7CAPA and TC7CAPB).

Timer/Counter 7 Control Register 1

TC7CR1 7 6

(0029H)

5 4
| TRGAM | TRGSELl PPG2INI | PPGINI |

NCRSEL TC7CK (Initial value: 0000 0000)
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00: fc [Hz]
01:fc/2  [Hz]
TC7CK Select.a source clock X
(Supplied to the up counter). 10 fc/2¢  [Hz]
11:fc/23 [Hz]
Select the duration of noise elimination for 00: EI!mfnate pulses shorter than 16/fc [s] as n.0|se.
NCRSEL TC7 input 01: Eliminate pulses shorter than 8/fc [s] as noise.
(after Zssin through the flip-flop) 10: Eliminate pulses shorter than 4/fc [sFas noise.
P 9 9 p-iop). 11: Do not eliminate noise. (Note)
Specify the initial . .
0:L Positive |
PPG1INI | value of PPG1 out- ow (Positive logic)
1: High (Negative logic)
put. Select positive or RIW
Specify the initial negative logic. ) » )
PPG2INI | value of PPG2 out- 0: Low (Positive logic)
1: High (Negative logic)
put.
0: Start on trigger falling edge. l
TRGSEL Select a trigger start edge.
1: Start on trigger rising edge. f
DAl j .
TRGAM Trigger edge acceptance mode 0: Always accept trigger edges

N

: Do not accept trigger edges during active output.

Note: Due to the circuit configuration, a pulse shorter than 1/fcimay be eliminated as noise-oer,accepted ‘as-a trigger.

Timer/Counter 7 Control Register 2

TC7CR2 7 6 5 4 3 2 1 0
(002AH) | EMGR | EMGIE | PPG20E | PPG1OE | csTC TC7OUT (Initial value: 0000 0000)
00: PPG1/PPG2 independent output
01: -
TC70UT | Select tout fi de)
elect an oulput waveform moce 10: Output with variable dutyratio
11: Output with 50% duty ratio
00: Command-start'and capture mode
1: i .
csTe Select a count start/frode. 0 Cc?mmand start and trigger start mode
10: Trigger start mode
1.~
01 Disapl
PPG1OE | Engble/disable PPG1output. . E::bl: RIW
0: Disabl
PPG20E | Enable/disable PPG2 output. = E::bl:
0: Disable input.
EMGIE Efyable/disable input on the EMG pin. N E::m:i:m
0: -
1: Cancel the emergency output stop state.
EMGR Cancel the emergency output.stop state. (Upon caneling the state,
this bit is automatically cleared to 0.)
Timer/Counter 7 Control Register.3
TC7CR3 7 6 5 4 3 2 1 0
(002BH) | EMGE | CNTBF | csIDIS | STM | TC7ST | (Initial value: *00 0000)
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) 0: Stop
TC7ST tart/stop the t L
C7S Start/stop the timer. 1: Start
TC7ST=0 TC7ST =1
00: Immediately stop and clear the counter with the Continuous out-
output initialized. put
STM Select the state when stopped. 01: Immediately stop and clear the counter,with the Continuous out-
Select continuous or one-time output. output maintained. put RIW
10: Stop the counter after completi tput in th
P ,u pleting output n Jre One-time output
current period.
11:- -
0: Allow a periodic interrupt (INTTC7PR)(to,0¢cut in the first period upon a
csIDis Disable the first interrupt at upon a com- command start.
mand start. 1: Do not allow a periodic interrupt (INTTC7P)to occur in the first period
upon a command start.
0: Counting stopped
CNTBF Counting status flag ) I 9 ) PP
1: Counting in progress Read
0: Operating normall only
EMGF Emergency output stop flag perating . v
1: Output stopped in-emergeney

Note 1: The TC7CR1 and TC7CR?2 registers should not be rewritten after a timer start (when TC7ST, bit0 of the TC7CR3, is set to
1).

Note 2: Before attempting to modify the TC7CR1 or TC7CR2, ¢clear TC7ST and then check that ENTBF'="01o determine that the
timer is stopped.

Note 3: The TC7ST bit only causes the timer to start or stop; it does-not indicate the current operating state of the counter. Its
value does not change automatically when counting starts_ or stops

Note 4: In command start and capture mode or command start-and trigger start mode, writing 1 to TC7ST causes the timer to
restart immediately. It means that rewriting/any bit other'than TC7ST-in_ the\TC7CR®3 jafter a command start causes the
rewriting of TC7ST, resulting in the timerbeing restarted (PPG gutputis.started-from the initial state). When TC7ST is set
to 1, rewriting the TC7CR3 (Using a bit manipulation or LD instrUction) clears, the counter and restarts the timer.

Note 5: TC7CR2<EMGR> is always read as’0-even after is written.

Note 6: Data registers are not updated by merely madijfying the output mode with . TC7CR2<TC70UT>. After modifying the output
mode, reconfigure data registers TC7DRAto/TC7DRE. Ensure that the data registers are written in an appropriate order
because they are not enabled/until'the-upper byte of the TC7DRC is written.

Dead Time 1 Setup Register

15 A4 a3\ 42/ /)11 10 9 8 7 6 5 4 3 2 1 0
TC7DRAH TC7DRAL
TC7DRA (0009H) (0008H)

(O009H, 0008H) Read/Write “{Initial value: **** **00"0000-0000)

Pulse Width 1-Sefup Register

15\ 14 13 12511 10 9 8 7 6 5 4 3 2 1 0
TC7DRBH TC7DRBL

TC7DRB
(000BH) (000AH)

(060BH,-000AH) Read/Write (hitialvalue: *****00 0000 0000)

Period Setup Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TC7DRCH TC7DRCL

TC7DRC
(000DH) (000CH)

(0O00DH, 000CH) Read/Write (Initial value: **** **00 0000 0000)
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Dead Time 2 Setup Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TC7DRDH TC7DRDL
TC7DRD (OFB1H) (OFBOH)
(OFB1H, OFBOH) Read/Write (Initial value: **** **00 0000 0000)
Pulse Width 2 Setup Register
5 14 13 12 11 10 9 8 7 8 5 4 3 2 1 0
TC7DREH TC7DREL
TC7DRE (OFB3H) (OFB2H)

(OFB3H, OFB2H) Read/Write (Initial value: **** **00 0000 0000)

Note 1: Data registers TC7DRA to TC7DRE have double-stage configuration, consisting of a data regjster that stores data written
by an instruction and a compare register to be compared with the counter.

Note 2: When writing data to data registers TC7DRA to TC7DRE, firstwrite' the lower byte and then-the upperbyte.

Note 3: Unused bits (Bits 10 to 15) in the upper bytes of data registers’ TC7DRA to TC7BRE are\not assigned specific register
functions. These bits are always read as 0 even when a1 is.written.

Note 4: Values read from data registers TC7DRA to TC7DRE may differfrom the actual PRPG outputwavefofms due to their dou-
ble-stage configuration.

Note 5: Data registers are not updated by merely modifying the output’mode with TC7CR2<T€70UT>. After modifying the output
mode, reconfigure data registers TC7DRA to TE7DRE. Ensure that the data-registers are’written in an appropriate order
because they are not enabled until the upper byte of the TC7DRC is written.

Rising-edge Capture Value Register

15 14 13 12 7/ 19 9 8 7 6 5 4 3 2 1 0
TC7CAPAH TC7CAPAL

TC7CAPA

cre (OFB5H) (OFB4H)

(OFB5H, OFB4H) Read only (Initial value: (0000 00 *1** *++%)

Falling-edge CaptureValue Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TC7CAPBH TC7CAPBL
TC7CAPB
cre (OFB7H) (OFB6H)

(OFB7H, OFB6H)~. Read only (Initial value: 0000 QQ** ****¥**x)

Note 1: Capture registers’(TC7CAPA and(TC7CAPB) must be read in the following order: Lower byte of the TC7CAPA, upper byte
of’the FCTCAPA, lower byte of {he TC7CAPB, upper byte of the TC7CAPB.

Note 2: The next ¢aptured data is not updated-by reading the TC7CAPA only. The TC7CAPB must also be read.
Note-3: It is'possible to read-the TC7CAPB only. Read the lower byte first.
Note-4. [f-a capture edge is not detected within a period, the previous capture value is maintained in the next period.

Note 5: If more than one capturé.edge-is-detected within a period, the capture value for the edge detected last is valid in the next
period.

Note 6: Bits 10 to 15 of the TC7CAPA“and TC7CAPB are always read as 0.
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8.3 Configuring Control and Data Registers

Configure control and data registers in the following order:

1. Configure mode settings: TC7CR1, TC7CR2

2. Configure data registers (Dead time, pulse width):
TC7DRA, TC7DRB, TC7DRD, TC7DRE (only those required for selected \mode)

3. Configure data registers (Period): TC7DRC
4. Configure timer start/stop:TC7CR3

 Data registers have double-stage configuration, consisting of /adata-register that stores data written by
an instruction and a compare register to be compared with the.countef.

* Data stored in a data register is processed according to/the output mode specified-inthe TC70OUT,
transferred to the compare register, and then used for/comparison with the up counter:

» Data registers required for the specified output mode-areused for data register processing and transfer
to the compare register. Ensure that the output mode/is specified in the TC7OUT (Bits 0 and 1 of the
TC7CR2) before configuring data registers.

* Writing data to the upper byte of the TC7DR(C causes a data transfer request to be-issued for data in
data registers TC7DRA to TC7DRE. If a/counter match or clear occurs while-that request is valid, the
data is transferred to the compare register and becomes valid for comparison.

+ If a data register is written more than onee within a period, the'dafa)in the‘data register that was set
when the upper byte of the TC7DRC was written is valid as data for'the next period. The data in the
data register written last in the first period will be valid for-the'period/that follows the next period.

Execute write Execute write Execute write

instruction. instruction. instruction.
TC7DRA /AL A2 ; A3
TC7DRB 1« Bl 1 B2 ) : . B3 |
TC7DRC ‘C1 I\'\‘Cz’l\i\ ‘\ Cs/l\
-- ; : - -
. H > :
A W ﬁ h N ;
Period-(1) Period (2) Period (3) Period (4)

Valid in next
period

Previous data is
maintained if data is not
rewritten within the period.

Execute write

Execute more than one
data write instruction.

|nstruct|on i l l i Execute write instruction. No data write Execute write instruction.
TC7DRA ¢ A1 . E a2 4 :
TC7DRB| Bl,\\

Data valid

in each :
period :

Period (1)

If data is rewritten more

than once within a
period, the data written
first is valid in the next
period.

Period (2) Period (3) Period (4) | Period (5)'

If data is rewritten more than
once within a period, the data
written last is valid in the
period following the next
period.

Figure 8-2 Example Configuration of Control/data Registers (1)
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|M0re than one datawrlte| | No data write |More than one datawrlte
TC7DRA E’Al\’AZ\'ASE E’Al\’AZ\ 'A3\§
TC7DRB EuBl " B2.\B3E .Bl..BZ..B3 :
TC7DRC ' Cl/:C2 .~ 1 C3’7 ;\Cl/\c2,\c3,:
Datavalid i 41 5,’%1\\
in each bl hoBL |
period cl i\ C1
H -7
> > > > > >
Period (1) : Period (2) : Period (3) v Period (4) : Period (5): Period (6)

If TC7DRC is written in
the next period

Figure 8-3 Example Configuration of Control/data Registers (2)

8.4 Features

8.4.1 Programmable pulse generatoroutput (PPG output)

The PPG1 and PPG2 pins provide PPG outputs. The gutput waveform mode for PPG outputs is specified
with TC7CR2<TC70UT> and theit-waveforms are contrelled by comparing the contents of the 10-bit up
counter with the data set in data registers (TC7DRA to TC7DRE). Thtee output waveform modes are available:
50% duty mode, variable duty mede,-and PPG1/PPG2 independent mode.

8.4.1.1 50% duty mode

(1) Description

With a-period specified in the-TCYDRC, the PPG1 and PPG2 pins provide waveforms having a
pulse width (Active duration) that equals a half the period.

The PPG1 output is active at the-beginning of a period and becomes inactive at half the period. The
PPG2-output is inactive at the beginning of a period, becomes active at half the period, and remains
active until the end of the period.

If a dead time js specified/in the TC7DRA, the pulse width (Active duration) is shortened by the
dead time/

(2) Register settings

TC70UT = “11”, TC7DRA = “dead time”, TC7DRC = “period”
(3) Valid range for data register values

(a) Period:

002H < TC7DRC < 400H (Writing 400H to TC7DRC results in 000H being read from it.)
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When the value set in the TC7DRC is an odd number, the PPG2 pulse width is one count

longer than the PPG1 pulse width.

(b) Dead time TC7DRA:

000H < TC7DRA < TC7DRC/2

To specify no dead time, set the TC7DRA to 000H.

Source clock l|||||||||||||||||||||||||||||||||||||||

b@@dt@@d OEROEE
Dead time ' : \ X N
: \ | \ L
Period X S \ I \ C“D;X S
1 )
i M:Dead time , : A :
PPG1 output ;€——— | Active duration |
: 1 1 ‘I'
! ! !/ ~M:-Dead time - .
PPG2 output ! ' €«—————>»| Active duration
:‘ : S: Perjod— : ‘:
INTTC7T h ! i ! g
1 1 1 ! 1
1 1 i : 1
INTTC7P I | | : : [ ]
! Dead time ! ! Dead time ' :
! (TC7DRA) ' ! (TC7DRA) !
——————>
:‘ Pulse width ('IFC7DRC/2) «'  Pulse width (TC7DRC/2) ‘:
L Period (TC7DRC) o
'~ 1
Figure\8<4 Example operation-in 50% duty mode:
Command and capture start, positive logic, continuous output
8.4.1.2 \Variable duty mode

(1

Description

With a period specified in.the TC7DRC and a pulse width in the TC7DRB, the PPG1 pin provides
a waveform having the)specified pulse width while the PPG2 pin provides a waveform having a

pulse width that equals (TC7DRC — TC7DRB).

The PPG1 outputis active at the beginning of a period, remains active during the pulse width spec-
ified in the TC7DRB, after which it is inactive until the end of the period. The PPG2 output is inac-
tive at the beginning of a period, remains inactive during the pulse width specified in the TC7DRB,
after which it is active until the end of the period, that is, during the pulse width of (TC7DRC —

TC7DRB).

If a dead time is specified in the TC7DRA, the pulse width (Active duration) is shortened by the

dead time.

()

Register settings

TC70UT =“10”, TC7TDRA =

“dead time”, TC7DRB = “pulse width”, TC7DRC = “period”

Page 85



8. 10-Bit Timer/Counter (TC7)

8.4 Features

(3) Valid range for data register values

(a) Period:

002H < TC7DRB + TC7DRA < TC7DRC < 400H
(Writing 400H to TC7DRC results in 000H being read from'it.)

(b) Pulse width:

001H < TC7DRB < TC7DRC

(c) Dead time:

000H < TC7DRA < TC7DRB, 000H < TC7DRA < (TC7DRC — TCYDRB)

(To specify no dead time, set the TC7DRA/to 000H.)

Source clock l|||||||||||||||||||||||||||||||||||||||

Q) \

Dead time :x \\ i

1
Pulse width |>< N ( v

\s

\
\
\
\

Period X S

I
"///

! '\
! M: Dead time [
PPG1 output | <€————— > Active duration
1 1
1 ! 1 Y
1 N; Pulse width 1 M: Dead time - -
PPG2 output 3 1 > a3 »| Active duration
1
:‘ 1 SxPeriod : : ‘:
INTTC7T D ] : ! i
: ) : : :
I ! .
INTTC7P I | | \ ! | |
1 ] 1
1 Dead time | 1 Dead time ' 1
! (TC7DRA) ! ! (TC7DRA) ' :
<> €«
1 ! 1
1 Pulse width (FC7DRB) !, Pulse width (TC7DRC - TC7DRB) ‘:
[y P v
1 .
L Period'(TC7DRC) o
I‘ 'I

Figure 8-5- Example Operation in Variable Duty Mode:

Command and Capture Start, Positive Logic, Continuous Output

8.4.1.3 PPG1/PPG2 independent mode

(1) Description

For the PPG1 output, specify the dead time in the TC7DRA and pulse width in the TC7DRB. For
the PPG2 output, specify the dead time in the TC7DRD and pulse width in the TC7DRE. With a
common period specified in the TC7DRC, the PPG1 and PPG2 pins provide waveforms having the

specified pulse widths.

Page 86

TMP86CP27AFG



To s H I BA TMP86CP27AFG

The PPG1 output is active at the beginning of a period, remains active during the pulse width spec-
ified in the TC7DRB, after which it is inactive until the end of the period.

The PPG2 output is active at the beginning of a period, remains active during the pulse width spec-
ified in the TC7DRE, after which it is inactive until the end of the period.

If a dead time is specified in the TC7DRA for the PPG1 output or in the TC7DRD for the PPG2
output, the pulse width (Active duration) is shortened by the dead time.

(2) Register settings

TC70UT = “00”, TC7DRC = “period”
TC7DRA = “PPG1 dead time”, TC7DRB = “PPG1 pulse width”
TC7DRD = “PPG2 dead time”, TC7DRE = “PPG2 pulse width’/

(3) Valid range for data register values

(a) Period:

002H < TC7DRC < 400H
(Writing 400H to TC7DRCtesults.in 000H being read frem it.)

(b) Pulse width:

001H < TC7DRB £ 400H
(Writing 400H to TEZDRB results in 000H being read from it.)
001H < TCTDRE < 400H
(Writing 400H. to TC7DRE results-in‘ 000H being read from it.)

(cY._ Deadtime:

000H-< TC7DRA <3FFH, where TC7TDRA < TC7DRB < TC7DRC
000H < TC7DRD < 3FFH, where TC7DRD < TC7DRE < TC7DRC
(To specify no dead time, write 000H.)

* Settings for a duty ratio of 0%
002H-<TC7DRC < TC7DRA < 3FFH (PPG1 output)
002H < TC7DRC < TC7DRD < 3FFH (PPG2 output)

* Settings for a duty ratio greater than 0%, up to 100%
000H < TC7DRA < TC7DRB < TC7DRC < 400H (PPG1 output)
000H < TC7DRD < TC7DRE < TC7DRC < 400H (PPG2 output)

: Period : : Period :
I%I I%I
—l—l_ Jl—‘_

0% duty | | 100%duty |
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Source clock l|||||||ll||||||||||||||||||||||||||||||

1
Counter E@CX:Z M! T! N! u! So0X1X2X3
1 1 1 1 1 1
1 1 1 1 1 1
Dead time 'x M ( ! : : EX M
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1
Pulse width |>< N ! ! ( ! X N'
1 1 1 1 1 1
1 1 1 1 1
Period b( s ! ! : v/ ODX s
| | | | . |
Dead time 'X T | ( ] | . D( T
1 1 1 1 1 1
1 1 1 . 1 1
Pulse width IX U : | : ( ! EX U
1 {0 1 1
1 ] . \ Y. | |
PPG1 output 1 g M Deadtime ™5 ciive duration ! :
<€ . ; >, |
X 1 N:Pulsewidth Y X Y X
PPG2 output ‘< T: Dead time > Active duration !
I{ 1 1 }
! ' U:Pulse width ! ! I
I: 1 1 1 1 A
INTTC7T ! ! S: Period ' ! ' ’1
1 1 I 1 1 1
1 1 + 1 1 1
1 1 1 1
INTTC7P 1 1 1 1 | |
I PPG1 deadtime ! i 1 1 1
! (TC7DRA) ! ! ! ! !
1, 1 PPG1 pulse W|dth|(TC7DRB) ! 1 1
r~ . 1 1 1 1 1
|, PPG2 dead time (TC7DRD) ! ) \ \
M) 1 L} 1 1
' HPPG2-pulse‘width (TC7DRE) ! !
1< + > 1
" \ Period (TC7DRC) : o
'\ T L]

Figure 8-6 _Example Operation in PPG1/PPG2 Independent Mode:
Command and Capture Start, Positive Logic, Continuous Output

8.4.2 Starting a count

A countcan be started by using.a command or TC7 pin input.

8.4.2.1

(1)

Description

Writing a 1 to TC7ST causes the current count to be cleared and the counter to start counting. Once
the count has reached a specified period, the counter is cleared. The counter subsequently restarts

Command start and-capture mode

counting if STM specifies continuous mode; it stops counting if STM specifies one-time mode.

Writing a 1 to TC7ST before the count reaches a period causes the counter to be cleared, after

which it operates as specified with STM.

The count values at the rising and falling edges on the TC7 pin can be stored in capture registers

(Details for the capture are given in a separate section).
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(2) Register settings

CSTC = “00": Command start and capture mode
STM: Continuous/one-time output

TC7ST = “1”: Starts counting

1 1
Count start 1 Count cleared 1Count cleared' Count-cleared

1

1 1
L.€— (Command) €«— Start L€ Start :(— Restart 1
1 1 1 1
1 1 1 ! 1
r >: >: TCIST =1, ;:

PPG output with & PPG output with & PPG output with &

period specified period specified period specified

with TC7DRC with TC7DRC with TC7DRC

Figure 8-7 Example Operation in Command Start and Capture Mode

8.4.2.2 Command start and trigger start mode

(1) Description

Writing a 1 to TC7ST causes thelcurrent,count to be cleared and)the counter to start counting. The
operation is the same as that jn/command start and capture mod¢ if there is no trigger input on the
TC7 pin. If an edge specified with the start edge selection.field (TRGSEL) appears on the TC7 pin,
however, the timer starts gounting.The counter is cleared and|stopped while the TC7 pin is driven to
the specified clear/stop level. If the TC7 pin is at the-clear/stop level when a count start command is
issued (1 is written to TC7ST); counting does not start (INTTC7P does not occur) until a trigger start
edge appears, causifg INTFC7T to occur (A trigger input takes precedence over a command start).

Note: For more information oh the acceptance of‘a-trigger, see 8.4.2.5 “Trigger start/stop acceptance
mode”.

(2) Register settings

CSTC =%01”: Command start and trigger start mode
STM: Continuous/one-time output

TC7ZST = “1”: Starts Counting

TRGSEL: Trigger selection

' Period\(TC7DRC) ! Count stopped
TC7-inplt >

(Signal after L

noise elimination) 1

1

1

I
1 1
1 1
PPG1 ' | | I |: ' I |
1 1
1

, Count start | Count cleared Count 1 Count
€— (Command) €— Start :(—cleared :(— start

| |
Y i _ Vv Y Y
When TRGSEL =0 |PPG output with a period Count stops with a Count starts with a

(Start on falling edge) tsﬁggfiigigvittr?gggzDRc if trigger (High level). | [trigger (Falling edge).

Figure 8-8 Example Operation in Command Start and Trigger Start Mode
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8.4.2.3 Trigger start mode

(1) Description

If an edge specified with the start edge selection field (TRGSEL) appears on the TC7 pin, the timer
starts counting. The counter is cleared and stopped while the TC7 pin is driven to the specified clear/
stop level.

In trigger start mode, writing a 1 to TC7ST is ignored and does not initializ¢ the PPG output.

Note: For more information on the acceptance of a trigger, see 8.4.2/5/Trigger. start/stop acceptance
mode”.

(2) Register settings

CSTC = “10": Trigger start mode

STM: Continuous/one-time output

TC7ST = “1”: Starts waiting for a trigger on the/TC7 pin
TRGSEL: Trigger selection

TC7 input —| I—l I—‘_
: count Count
(Signal after stopped stopped

noise elimination)

T )

i 1
PPG1 output ' :> '
(Example) . %

L]

1

)

1

1 1 1
Count 1 Count 1 Count 1

Command set g start \€—cleared '€— start '¢— cleared!

1

- 1 1 1 1

After a command is > .
1

Ll

set, counting does not| 1 1 1
start until a specified 1 i 1
trigger appears.

Y

TC7 input, ‘—| I—l
: Count
(Signal aftef stopped

noise eliminationy

1
1
PPG1 outpuit '

—

J

(Example)
1
Count Count 1 Count
Command set € start '«— cleared '€— start
After a command is 1 ! 1
set, ceunting does not| > ——>

startuntil-a specified . , .

trigger appears.

Figure 8-9 | Example Operation in Trigger Start Mode

8.4.2.4 Trigger capture mode (CSTC = 00)

(1) Description

When counting starts in command start and capture mode, the count values at the rising and falling
edges of the TC7 pin input are captured and stored in capture registers TC7TCAPA and TC7CAPB,
respectively.
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(2)

The captured data is first stored in the capture buffer. At the end of the period, the data is trans-
ferred from the capture buffer to the capture register. If a trigger input does not appear within a
period, the data captured in the previous period remains in the capture buffer and is transferred to the
capture register at the end of the period. If more than one trigger edge is detected within a period, the
data captured last is written to the capture register.

Captured data must be read in the following order: Lower byte of capture register A (TC7CAPAL),
upper byte of capture register A (TC7TCAPAH), lower byte of capture register B (TC7CAPBL), and
upper byte of capture register B (TC7CAPBH). Note that reading only the rising-edge captured data
(TC7CAPA) does not update the next captured data. The falling-edge captured data (TC7CAPB)
must also be read.

An attempt to read a captured value from a register<other than the) upper byte of the TC7CAPB
causes the capture registers to enter protected state, in which captured-data cannot be updated. Read-
ing a value from the upper byte of the TC7CAPB canceld that state, re-enabling the updating of cap-
tured data (The TC7CAPA and TC7CAPB are read as a single set)of operation).

Note that the protected state may be still effective immediately after the counter.starts. Ensure that
a dummy read of capture registers is performed in the first period to cancel the protectéd state.

The capture feature of the TC7 assumes that & capture trigger (Rising-or falling edge) appears
within a period. Captured data is updated (An _edge is detected) only ‘when/ the-timer is operating
(TC7ST = 1). If a timer stop command (TCZST.=0)1s written withih.a-period captured data will be
undefined. Captured data is not updated-after a‘one-time stop command-is writtén. In one-time stop
mode, no trigger is accepted after a STQP command is given.

Register settings

CSTC = “00": Command start-and capture mode
STM: Continuous/one-time output

TC7ST = “1”: Starts counting
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:{ 1 period }:{ 1 period }:
1 Rising edge Falling edge 1 Rising edge Falling edge 1
TC7 input ! ! !
(Signal after ! y ! !
noise elimination) | |
1 1
.
Capture
buffers
~
'd
Xi x \ X a h X c
Capture ] | L Y
registers | | |
L X M LK
1 1 1
i * ' * ' *
Captured values read CaptUredvalues read Capturedvalues read
(Data read skipped) (a and b’read) (c and d read)
1 1 period 1 1 period 1 1 period I 1 period 1

noise elimination)

TC7 input ' ﬂ '
(Signal after \ i
1 )
1 1

1 1 1
1 1 1 1 1
1 I 1 1 1
1 1 ) 1 1
Sotere § | | Ly R
1 1 1 1 N [
L | \ | A ‘| 1 X bl A Xa2 Voo
] \ 1 \ 1 \I \ Al [
3 1 N v 1 \ v 1 :\ ,‘ \‘ v 1
X' x \ Xc % Xial v Xcl \ X c2
Capture 1 N N 1 N Vo
registers 1 o ! Yy 1 N ‘o
A} T
| X9 d X d | b1 ia2
1 | 1 1 1
Started reading
Captured valugs read Captured values read |other than upper | captured values read
(Data read skipped) (c-and d read) CAF% in this (al and d read)
perio

Figure’8-10 Example Operation in Trigger Capture Mode

8.4.2.5 Trigger start/stop acceptance mode

(1) Selecting an input signal logic for the TC7 pin (Trigger input)

The logic for an input trigger signal on the TC7 pin can be specified using TC7CR1<TRGSEL> .

*+ TRGSEL =0:
Counting starts on the falling edge. The counter is cleared and stopped while the TC7 pin is
high.

* TRGSEL = 1:
Counting starts on the rising edge. The counter is cleared and stopped while the TC7 pin is
low.
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[TRGSEL=0 ]~~~ ~~ T TTTTTTTTT V[TRGSEL=1 ]~~~ T TTTTTT H
| 1 Counter 4 1 Counter [ 1 Counter 1 Counter 1
1 1 operating_ ' Counter I operating : 1 I operating_! Counter I operating :
—>» —

! : stopped | ' X stopped X
| | | | 1 | | | |
1 I| !
1 TC7 pin input y y : 1 TC7 pin input ‘r 4 :
1 1 ——

1 A A A : 1 A A A :
1 1

1 I| !
1 Count Count Count I Count Count Count !
! started cleared started o started cleared started '
1 1

Figure 8-11 Trigger Input Signal

When TRGSEL is set to 0 to select a falling-edge trigger;.a falling edge detected on the TC7 pin
causes the counter to start counting and a high level on-the TC7 pin causes thecounter to be cleared
and the PPG output to be initialized. The counter is’stopped-while the TC7 pin(input.is-high.

When TRGSEL is set to | to select a rising-edge, trigger, a rising edge/detected on the TC7 pin
causes the counter to start counting and a low\leyel on the TC7 pin causés the counter to be cleared
and the PPG output to be initialized. The counter is-stopped whilethe TC7-pitvirput is low.

In one-time stop mode, the counter accepts a stop, trigger but does not accept-a-start trigger (when a
stop trigger is accepted within a period, the-output is immediately initialized and the counter is
stopped).

Countet stopped

TC7 pin input : { l %

1 )
1 V . 1
1 I
PPG/outp(it | I 1 Initial value 1
| A |
Counting'stop-mode : ;:
with theeutputs-at | One-time |
the’end of the period mode 1
Count
cleared

All triggers (Start and stop)-are ignored when the timer is stopped (TC7ST = 0).

(2) ~~Specifying whether triggers are’ always accepted or ignored when PPG outputs are
active

The TC7CRI1<FRGAM:=> specifies whether triggers from the TC7 pin are always accepted or
ignored when the PPG output is active.

* TRGAM =0:
Triggers from the TC7 pin are always accepted regardless of whether PPG1 and PPG2 out-
puts are active or inactive. A trigger starts or clears/stops the timer and deactivates PPG1 and
PPG2 outputs.

* TRGAM = 1:
Triggers from the TC7 pin are accepted only when PPG1 and PPG2 outputs are inactive. A
trigger starts or clears/stops the timer. Triggers are ignored when PPG1 and PPG2 outputs are
active.

The active/inactive state of the PPG1 or PPG2 pin has meaning only when output on the pin is
enabled with PPG10OE or PPG2OE.
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TC7 pin input 1
PPG1 output X
(Positive logic)
1
1
PPG2 output ! | |
(Positive logic), !

INTTC7T |_|

INTTC7P

4

S N g S
A

=

(.
g I

I

€,
Counter , Counter | Counter : Counter 'COUm‘_&r ICounter: Counter ,
operating , stopped operating ,  Stopped—0perating, stepped operating \

End of
aypetiod

Count
started

Count
cleared

Count
started

Count
cleared

A4 A4 A4
Figure 8-12 Start and Clear/stop Triggers on the TC7/Pin:
Falling-edge Trigger (Counting stopped at high level), Triggers‘Always/Accepted

(3) Ignoring triggers when PPG outputs_are active

Setting TRGAM to 1 specifigs that-triggérs are ignered when PPG/outputs are active; trigger edges
detected when PPG1 and PP@G2 outputs are inactive are accepted and cause the counter to be cleared
and stopped. If a trigger is-detected-when PPGI ‘and PPG2 outputs are active, the counter does not
stop immediately but contihues counting until the outputs become inactive. If the trigger signal level
is a stop level when the outputs become inactive, the couniter is cleared/stopped and waits for a next
start trigger. If output is’ enabled for both PPG1 and PPG2, triggers are accepted only when both
PPG1 and PPG2 outputs arg inactive.

1 I 1 + 1
1 Triggers not accepted/t 1 ! !

TC7 pin input < 5
(Signal after 1 ) = I
noise elimination) h \
I
IGBT1 \ |
(Positive logic) .
1
1
IGBT2 ! |
(Positive logic) !

!
INTTC/ |_| \

i
1
1
INTTCR :
1
i

Counter
operating

I
Counter
stopped

Counter  Counter
stopped ~ Operating

Counter
opefating

A trigger detected when A trigger detected when Ahigh level of the trigger || A trigger detected when
PPG1 and PPG2 are PPG1 or PPG2 is active [|input causes the counter |[PPG1 or PPG2 is active
inactive causes the does not cause the to stop when PPG1 and does not cause the
counter to stop or start. counter to stop. PPG2 become inactive. counter to stop or restart.

Figure 8-13 Start Triggers on the TC7 Pin:
Falling-edge Trigger (Counting stopped at high level), Triggers Ignored when PPG Outputs
are Active
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8.4.3 Configuring how the timer stops

Setting TC7ST to 0 causes the timer to stop with the specified output state according to the setting of STM.

8.4.3.1

8.4.3.2

8.4.3.3

Counting stopped with the outputs initialized

When STM is set to 00, the counter stops immediately with the PPG1 and PPG2 outputs initialized to
the values specified with PPG1INI and PPG2INI.

Counting stopped with the outputs maintained

When STM is set to 01, the counter stops immediately with the current PPG1 and PPG2 output states
maintained.
To restart the counter from the maintained state (STM = 01);setTC7ST to 1. The counter is restarted with
the initial output values, specified with PPG1INI and PRG2INI.

Counting stopped with the outputs initialized‘at-the end ofthe period

When STM is set to 10, the counter continuies counting until the end’ of the current period and then
stops. If a stop trigger is detected before the\énd of the period, howevet, the-counter stops immediately.
TC7CR1 and TC7CR2 must not be rewritten-before the counter stops completely.

The CNTBF flag (TC7CR3<CNTBF>) canberead to determing whether the counter has stopped.

8.4.4 One-time/continuous output mode

8.4.41

8.44.2

One-time output mode
Starting the timer (FTC7ST="1) with STM set\to.- 10 specifies one-time output mode. In this mode, the
timer stops counting/atthie/end of a period.

For a triggerstart, the counter is stopped tntil a trigger is detected. A specified trigger restarts counting
and the counter/stops-at the end of the period or when a stop trigger is detected, after which it waits for a
trigger again.

For a command start, the counter is-stopped until TC7ST is reset to 1.

TE7CR1 and TC7CR2 must not berewritten before the counter stops completely.

The CNTBF flag (TC7CR3XCNTBF>) can be read to determine whether the counter has stopped.
TC7ST remains set to 1 afterthe counter is stopped.

When TC7ST is set to 1, setting STM to 10 clears the counter, which then restarts counting from the
beginning in one-time output/ mode.
Continuous output mode

Starting the timer (TC7ST = 1) with STM set to 00 or 01 specifies continuous output mode. In this
mode, the timer outputs specified waveforms continuously.
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1 1 1
PPG1 ! ! ' '
(Positive logic) ! ! | | ! I | ' | |
PPG1INI =0 | | 1 1 1
1 1 1 1 1
PPG2 ] ! ! !
(Negative logic) ! ! ! 1 |_I _ _
PPG1INI = 1 ! ! ! ! The counter is forcibly
! ! ' ' ! stopped and cleared,
* with the outputs initialized.
Output enabled Count started STOP command
PPG1E/PPG2E=1 TC7ST=1 TC7ST=0
STM =00

Figure 8-14 Immediately Stopping and Clearing the Counter with the Outputs Initialized
(STM = 00)

PPG1
(Positive logic)
PPG1INI =0

1 I
1 1
[ ¥
1 1
1 1 _g >
1 1
! + \The ceunter is forcibly

stopped and cleared,
with the outputs maintained.

PPG2
(Negative logic)
PPG1INI =1

Output enabled Count started STOP-eemmand
PPG1E/PPG2E =1 TC7ST=1 TC7ST=0
STM =01

Figure 8-15 Immediately Stopping and Clearing the’ Counter.with the Outputs Maintained

. . I-period - 1 period L\
1 1 ’I ] ’I
PPG1 I I | )
(Positive logic) | | ,
PPG1INI =0 [ 1 [ 1 [
1 1 1 1 1
Nooa : : 4 : ! Afty it di ted
(Negative logic) X X . | €~ After a stop command is executed,
PPG1INI =1 \ . N , the counter continues counting until
1 1 1 1

the end of the period.
It stops at the end of the period.

Output enabled Count started STOP command Count
PPG1E/PPG2E=1 TC7ST=1 TC7ST=0 stopped
STM = 00-er 01 STM =10

Figure 8-16 Stopping the Counter at the End of the Period (STM = 10)

. 1 period
Ty
1 1 1
PPG1 ' ' '
(Positive logic) \ \
PPG1INI =0 [ [ 1
1 1 1
PPG2 T T
(Negative logic) ' ' '
PPG1INI = 1 X X X .
h | h The counter stops at the end of the period
T and then waits for a command start or a start trigger.
Output enabled Count started Count stopped
PPG1E/PPG2E=1 TC7ST=1 at the end of the period

STM =10

Figure 8-17 Stopping the Counter at the End of the Period (STM =10): TC7ST = 1, One-time
Output Mode
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8.4.5 PPG output control (Initial value/output logic, enabling/disabling output)

8.4.5.1 Specifying initial values and output logic for PPG outputs

The PPG1INI and PPG2INI bits (TC7CR1<PPG1INI> and TC7CR1<PPG2INI>) specify the initial val-
ues of PPG1 and PPG2 outputs as well as their output logic.

(1) Positive logic output
Setting the bit to 0 specifies that the output is initially_ tew and/driven high upon a match between
the counter value and specified dead time.

(2) Negative logic output

Setting the bit to 1 specifies that the output is initially-high and driven 10w upon a match between
the counter value and specified dead time.

8.4.5.2 Enabling or disabling PPG outputs

The PPG1OE and PPG2OE bits (TC7CR2<PPGIOE> and TC7CR2<PPG20E>) specify whether PPG
outputs are enabled or disabled. When /outputs are’ disabled, no PPG waveforms appear while the counter
is operating, allowing the PPG1 and PPG2 pins.to be used as normal input/output pins.

The states of the pins when outputs‘are disabled depend on the'settings in port registers.

8.4.5.3 Using the TC7 as a normal-timer/counter

The TC7 can be used as a normal timer/counter’when PPG outputs are disabled using PPGIE and
PPG2E. In that case, use an- INTTC7P interrupt, which-oceurs upon a match with the value specified in the
data register (TC7DRC). o start the counter,_use.start control (TC7S) in command start and capture
mode.

: Start

Source clock ||||||||||||||||||||||||||||||||||||
T

Counter

TC7DRC X

Match detectedl |

Figure 8-18 "Using the TC7 as a Normal Timer/Counter

INTTC7P

8.4.6 Eliminating noise from the TC7 pin input

A digital noise canceller eliminates noise from the input signal on the TC7 pin.

The digital noise canceller uses a sampling clock of fc/4, fc/2 or fc, as specified with NCRSEL, and samples
the signal five times. It accepts a level input which is continuous at least over the period of time required for
five samplings. Any level input which does not continue over the period of time required for five samplings is
canceled as noise.
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Table 8-1 Noise Canceller Settings
NCRSEL Sampling Frequency Pulse Width Always Assumed as Noise Pulse Width Always Assumed as Signal

(Number of Samplings) At 8 MHz At 16 MHz At 8 MHz At 16 MHz
00 fc/4 (5) 16/fc [s] 2 [ms] 1 [ms] 20/fc [s] 2.5 [ms] 1.25 [ms]
01 fc/2 (5) 8/fc [s] 1 [ms] 500 [ns] 10/fc [s] 1.25 [ms] 0.625 [ms]
10 fc (5) 4ffc [s] 0.5 [ms] 250 [ns] 5/fc [s] 0.625 [ms] 0.3125 [ms]
1 (None) None - - (1/fc)

B

TC7 input —| Noise canceller l—) A Z —)| Edge detection |—)lPPG ngr%ﬂtitcoanO'l—) PPG output

fc

fc/2

fcl/a

TC7 pin input
(after passing
through F/F)

S
fc ;
Sampling +
A —A clock NCRSEL = 11
fc2—B Z
C

fc —

NCiSEL

: 12345 : : 12345 :

\

\ [\
L1 2 3 4((5) :
. . \ :
1 1
D1 2 1.3 4 W 1 P 3 4 ’5) I
1 1 1 1

J|'||y|:||||'||V||)||||||:|
1 1 1 1
N - |—
1 \‘ N AR - 1
LN B T ~>| Ises of 20/fc
When NCRSEL % 00 | pulsesott6lic or:shortén are canceled. s:llrs)ﬁgé)r are asslumed

Atter
noise
elimination

|
When NCRSEL ¥ 10

1 \ ! \
1 \ 1 \
1 \
When NCRSEL + 01 \Pulses of 8/fc ar'shorter are cinceled. /!

N as a signal.
N k

LI
| Pulses of 10/fc or longer are assumed as a,signal.
1

) =————

\
1

1

: [

| | | Pulses of 5/fc or longer are assumed as a signal. |

1 1

Pulses of 4/fe-ar shorter are cancéled.

Figure 8-19 Noise Canceller Operation

When NCRSEL = 00;a TC*%input level after passing through the F/F is always canceled if its duration
is-t16/fc [s] of less and always assumed as a signal if its duration is 20/fc [s] or greater. After the input

signal supplied gn the-TC7 pin passes through the F/F, there is a delay between 21/fc [s] and 24/fc [s]

before the PPG outputs vary.

When NCRSEL = 01, a TC7 input level after passing through the F/F is always canceled if its duration
is 8/fc [s] or less and always assumed as a signal if its duration is 10/fc [s] or greater. After the input
signal supplied on the TC7 pin passes through the F/F, there is a delay between 13/fc [s] and 14/fc [s]
before the PPG outputs vary.

When NCRSEL = 10, a TC7 input level after passing through the F/F is always canceled if its duration
is 4/fc [s] or less and always assumed as a signal if its duration is 5/fc [s] or greater. After the input sig-
nal supplied on the TC7 pin passes through the F/F, there is a delay of 5/fc [s] before the PPG outputs
vary.

When NCRSEL = 11, a pulse shorter than 1/fc may be assumed as a signal or canceled as noise in the
first-stage F/F. Ensure that input signal pulses are longer than 1/fc. After the input signal supplied on
the TC7 pin passes through the F/F, there is a delay of 4/fc [s] before the PPG outputs vary.
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Note 1: If the pin input level changes while the specified noise elimination threshold is being modified, the noise

canceller may assume noise as a pulse or cancel a pulse as noise.

Note 2: If noise occurs in synchronization with the internal sampling timing consecutively, it may be assumed as a

signal.

Note 3: The signal supplied on the TC7 pin requires 1/fc [s] or less to pass through the F/F.

8.4.7 Interrupts

The TC7 supports three interrupt sources.

8.4.7.1

TC7 trigger

Counter

INTTC7T

INTTC7P

PPG output

8.4.7.2

Command start

INTTCT7T (Trigger start interrupt)

A trigger interrupt (INTTC7T) occurs when the counter starts'upon the detection of a trigger edge spec-
ified with TC7CR1<TRGST>. This interrupt does not occur-with.a frigger edge for clearing the count. A
trigger edge detected in trigger capture mode does not cause an interrupt. A start trigger-causes an inter-
rupt even when the counter is stopped in emergency.

> 1 period !

Cleared y Count started E |Cleared 1

\ 4 1 : % :‘
X x X o X1 X2 XowmeXmaX o X1 Xo2X o X

': - . '.‘ |

1 1

1 1

1 1

1 1

1 1

1 1

Y A

Y

v L Cleared upon match|
TCIBRE !
‘l | |

( :
] _—
Figure 8-20 Trigder-Start Interrupt

INTTC7P (Period interrupt)

A period interrupt (INTTC7P) eccurs when the counter starts with a command and when the counter is
clearéd with the specified counter period(TC7DRC) reached, that is, at the end of a period. A match with
the sétperiod causes an interrupt even when the counter is stopped in emergency.

Command stop
Stop at the end of period
1 1

\ 4 ! ! ' 1 Timer stopped

Counter x X DX 2 X w2 X maXmoX 1 X 2 X M2 X miXmo!
| I 1
1 1 1
! Clear upon match' !
INTTC7T ! TC/DRC | :
1 1 1
A ~ 1 |

INTTC7P \ | | ) | | | |
T I :

1

PPG output : | | [ | | :
< > i
< »< >,

CSIDIS specifies
whether the first
INTTC7P occurs.

1 period 1 period

Figure 8-21 Period Interrupt
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If a command start is specified (1 is written in TC7ST) when the TC7 pin is at a stop level, the counter
does not start (INTTC7P does not occur); a subsequent trigger start edge causes the counter to start and
INTTC7T to occur.

8.4.7.3 INTEMG (Emergency output stop interrupt)

An emergency output stop interrupt (INTEMG) occurs when the emergeney output stop circuit operates
to stop PPG outputs in emergency.

8.4.8 Emergency PPG output stop feature
Setting TC7CR2<EMGIE> to 1 enables the emergency PPG output stop feature (Enables the EMG pin
input).

A low level input detected on the EMG pin causes an EMG interrupt AINTEMG) to occ¢ur with the PPG wave-
forms initialized (as specified with PPG1INI and PPG2INI). (Emergency PPG output‘stop)

This feature only disables PPG outputs without stopping the’counter. Use the EMG.interrupt handler routine
to stop the timer.

Note:Ensure that a low level on the EMG pin continues for(at least4/fc [s]. The emergency RPG output stop feature
may not operate normally with a low level shorter than-4/fc [s].

EMG interrupt (INTEMG)

EMG [0 Samping
circuit

pin

st Q EMGF\(Status flag)

Port output latch _I_
D) ) >—B z|>PPGL

s PPG2

PPG10E PPG circuit output I
PPG20E
TC7ST PPG1INI PPG10E
EMGIE T EMGR ST™M PPG2INI PPG20E
| TC7 control register 2 || TC7 control register 3 | | TC7 control register 1 |

Figure-8-22-—-EMG Pin

8.4.8.1 Enabling/disabling input on the-EMG pin

Setting TC7TCR2<EMGIE>\to 1 enables input on the EMG pin and setting the bit to 0 disables input on
the pin) (Initially, EMGIE-is set'to 0, disabling an emergency output stop (EMG pin) input.)

The input signal on\the EMG pin is valid only when its shared port pin is placed in input mode. Ensure
thatthe shared port pinis placed in input mode before attempting to enable the EMG pin input.

The EMG pin input.is-sampled using a high-frequency clock. The emergency PPG output stop feature
does not operate normally if the high-frequency clock is stopped.

8.4.8.2 Monitoring the emergency PPG output stop state

When the emergency PPG output stop feature activates, the TC7TCR3<EMGEF> is set to 1. 1 read from
EMGTF indicates that PPG outputs are disabled by the emergency PPG output stop feature. To restart the
timer in that state, first make necessary settings for stopping the timer before canceling the emergency
PPG output stop state (by writing 1 to EMGR, bit7 of the TC7CR2) and then reconfiguring the control and
data registers to restart the timer.
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8.4.8.3

8.4.8.4

8.4.8.5

8.4.8.6

EMG interrupt

An EMG interrupt (INTEMG) occurs when an emergency PPG output stop input is accepted. To use an
INTEMG interrupt for some processing, ensure that the interrupt is enabled beforehand.

When the EMG pin is low with EMGIE set to 1 (EMG pin input enabled), an attempt to cancel the emer-
gency PPG output stop state results in an interrupt being generated again, with the emergency PPG output
stop state reestablished.

An INTEMG interrupt occurs whenever a stop input is accepted when EMGIE = 1, regardless of
whether the timer is operating.

Canceling the emergency PPG output stop state

To cancel the emergency PPG output stop state, ensure that the input on the EMG pin is high, set
TC7CR3<TC7ST> to 0 and TC7CR3<STM> to 00 to stop the timer;, and then set TC7TECR2<EMGR> to 1.
Setting EMGR to 1 cancels the stop state only when TC7ST = 0.and STM = 00;ensure-.that TC7ST = 0
and STM = 00 before setting EMGR to 1.

If the input on the EMG pin is low and EMGIE = \l/when)|the emergency PPG)output stop state is can-
celed, the timer re-enters the emergency PPG output stop-state and an INTEMG-iatérfupt occurs.

Restarting the timer after canceling the emergency PPG output stop state

To restart the timer after canceling the emergency PPG output §top’state, reconfigure the control regis-
ters (TC7CR1, TC7CR2, TC7CR3) before-restarting the-timer.

The timer cannot restart in the emergency PPG output stop state. Monitor the emergency PPG output
stop state and cancel the state before reconfiguring the control registers to restart the timer. Ensure that the
control registers are reconfigured according to the appropriate-procedure for configuring timer operation
control.

Response time’between EMG pin input and PPG outputs being initialized

The time between alow lével input being'detécted on the EMG pin and the PPG outputs being initialized
is up to/10/fc [s],

Page 101




8. 10-Bit Timer/Counter (TC7)
8.4 Features

EMG interrupt (EMG interrupt)

1
INTEMG !
1

TMP86CP27AFG
Emergency stop
Input 10/fc [s] Output initialized
| \1.25 us (at 8 MHz) forcibly
L 3!
1 1 1 1
" + i A
i >
PPG pin output | | I: [ Initial output state '
1 1 ,7 1 [
1 1 1 1 1
i Share port \' -1 I ; / :
EMG pin input : in input mode N Emergehcy stop input X
1 1 1 1
1 1 1 1
EMGIE _I EMGR=1, | l \
protection feature 1 1 1
I enabled ! ! ' eMek Yy
I 1 4
EMGF . ! ! EMGF =1, caneel emergency output stop state
(State monitor) : : emergency output
. . | stop state
1 I
1 1
1 1
1 1
1 1

TC7ST TC7ST=1,
timer operating

]

I
< : Specified with
|TG7ST -0 an instruction

STM STM =01, | sTyi=00
timer operating .
(Continuous mode) >
Emergency-output 1

stop state

Figure 8-23 Timing between EMG Pin Input.being Detected and,PPG Outputs being Dis-
abled

8.4.9 TC7 operation and microcontroller operating mode

The TC7 operates when the/microgontroller is placeddn NORMAL1, NORMAL?2, IDLEI, or IDLE2 mode.
If the mode changes from NORMAL)or IDLE to STOR, SEOW, or SLEEP while the TC7 is operating, the TC7
is initialized and stops operating:

To change the microcontfoller operating mode from NORMAL or IDLE to STOP, SLOW, or SLEEP, ensure
that the TC7 timer is\stopped before attempting foexecute a mode change instruction.

To change the-m@dé from-STOP, SLOW, or SLEEP to NORMAL to restart the TC7, reconfigure all registers
according to the appropriate TC7 gperation procedure.
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9. 8-Bit TimerCounter (TC3, TC4)
9.1 Configuration
PWM mode
Overflow \_D—
| ; INTTC4
interrupt request
fc/2" or fS/23—) A Ib|ear /7J prreq
fc/2’—>»B Y >»A Y —)l 8-bit up-counter
fo/2° —»|C —>B | S—OU s
fc/?s —> E S —|—|—5 PDO, PPG Mmede
S — | 14 A {:
fe/2 —»IF 16-bit mode \:> Y B Toggle
fc —=>»|G B Q
TC4 pin [ }—>{H S 16-bit = imerEsent >|Set PDO4/PW4/
TCAM <€ A mode S Counter mode Clear PPG4 pin
TC4S TCACK [—) R « TimerE/F4
TFF4 <€— g
TC4CR : H:)— B _,—Di
| TTREG4 | | PWREG4 | PWM, PPG mode DeCOdeEN PBJ, PWM,
PPG mode
ﬁ ﬁ TFF4
16-bit
modg
TC3S
PWM moge % INTTC3
fc/2' or fs/28 —3p[A Clear [ ) interrupt request
fc/2” —>»B Y —)l 8-bit up-countér verflow 16-bit mode
fc/2° —»{C PDO mode
fc/2® —>»D
fg ’E Toggle
c/2 —>»
fc —>»{G ‘ 16-bit mode Q
TC3 pin[[J—>H Timer, »|Set PDO3/PWM3/
P IS Event Couter'mode 4 .
Clear pin
TC3M €«—— A Timer F/F3
TC3S TC3CK
TFF3 <€—
TC3CR PWNM mode Decodegy PDO, PWM mode

| TTREG3 || PWREG3 |

I

TFF3

Figure 9-1 8-Bit TimerCouter 3, 4

16-bit mode
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9.2 TimerCounter Control

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

TimerCounter 3 Timer Register

TTREG3 7 6 5 4 3 2 1 0

(001CH)
RIW (Initial value: 1111.1141)

PWREG3 7 6 5 4 3 2 1 0

(001AH)
R/W (Initial valug; 1411 1111)

Note 1: Do not change the timer register (TTREG3) setting while the timer js/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
(0018H) | TFF3 | TC3CK | TC3S | TC3M (Initial value: 0000°0000)
: I
TFF3 | Time F/F3 control 0: Qlegr RIW
1: Set
NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 BV7CK =1 mode
000 fe/2" fs/23 fs/23
001 fc/2? fcr2’ -
010 5 5 -
TC3CK Operating clock-selection.[Hz] fc/2 fer2 R/W
o fcj2} fc/28 -
100 fs fs fs
104 fc/2 fc/2 -
110 fc fc fc (Note 8)
1M TC3 pin input
TC3s fC3 start\control 0: Operat!on stop and counter clear RIW
1. Operation start
000:  8-bit timer/event counter mode
001:  8-bit programmable divider output (PDO) mode
010:  8-bit pul idth modulati PWM) output mod
TC3M TC3M operating mode select ! lpu se width modulation ( ) output mode R/W
011: 16-bit mode
(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 opera-
tion (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 control
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 Table
9-1 and Table 9-2.
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Note 7: The timer register settings are limited depending on the timer operating mode. For the detailed descriptions, see Table 9-
3.

Note 8: The operating clock fc in the SLOW or SLEEP mode can be used only as the high-frequency warm-up mode.
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The TimerCounter 4 is controlled by the TimerCounter 4 control register (TC4CR) and two 8-bit timer registers
(TTREG4 and PWREG4).

TimerCounter 4 Timer Register

TTREG4 7 6 5 4 3 2 1 0

(001DH)
R/W (Initial value: 1111 (1111)

PWREG4 7 6 5 4 3 2 1 0

(001BH)
RIW (Initial value: T1441111)

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 RWM modes while
the timer is running.

TimerCounter 4 Control Register

TC4CR 7 6 5 4 3 2 1 0
(0019H) | TFF4 | TC4CK | TC4S | TC4M (Initial valug’: 0000-0000)
0: CJ
TFF4 | Timer F/F4 control Ya RIW
1: Set
NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DV7CK =0 DV7CK =1 mode
Q00 fc/2" fs/23 fs/2®
001 fe/2” fer2’ -
010 5 5 -
TC4CK | Operating clock selection,[Hz] Q2 fe/2 RIW
011 for23 fc/28 -
100 fs fs fs
1041 fc/2 fc/2 -
10 fc fc -
1M1 TC4 pin input
: i it |
Tcas TC4 Start control 0 Operat!on stop and counter clear RIW
1:  Operation start
000:./ 8-pit timer/event counter mode
001:  8-bit programmable divider output (PDO) mode
010:  8-bit pulse width modulation (PWM) output mode
011: R d
TCaM TC4M operating modg select est?rvle R/W
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 TC4 overflow signal regardless of the
TC3CK setting.

Note 5: To use the TimerCounter in the 16-bit mode, select the operating mode by programming TC4M, where TC3CR<TC3 M>
must be set to 011.

Page 106



TO s H I BA TMP86CP27AFG

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.

Note 7: The operating clock settings are limited depending on the timer operating mode. For the detailed descriptions, see Table
9-1 and Table 9-2.

Note 8: The timer register settings are limited depending on the timer operating mode. For the detailed descriptions, see Table 9-
3.

Table 9-1 Operating Mode and Selectable Source Clock (NORMAL1/2 and IPLE1/2 Modes)

fer2" TC3 TC4
Operating mode or fc/2” fc/2® fc/23 fs fc/2 fc pin input | pin input

fs/23
8-bit timer (0) O (0) (¢} - N pA - -
8-bit event counter - - - - - - - 0 0
8-bit PDO (0) O (0) (0] — — - —_ —
8-bit PWM 0 0 0 o) 0 0 o) - _
16-bit timer o (6] (0] O > - - < —
16-bit event counter - - - - - - - 0 _
Warm-up counter - - - - (0] - = — _
16-bit PWM o (6] o O O O (0} O -
16-bit PPG (0} O (0} (¢} - - - O -

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

Note 2: 0 : Available source clock

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

fo/2! TC3 TC4
Operating mode or fc/27 fc/25 fc/23 fs fc/2 fc pin input | pin input

fsi2*
8-bit timer Q - - = - - - - -
8-bit event counter - - - £ - - - 0 0
8-bit PDO (0] - = - - - - - —
8-bit PWM o - = - 0 - - - -
16-bit timer (0) - - - - - - - —
16-bit event counter. - - = - - - - 0 —
Warm-up counter - = - - - - o) - -
16bitPWM (0] =~ - - 0 - - 0 —
16-bit PPG (0] - - - - - - [0) -

Netet: 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).
Note2: 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< (PWREGH4, 3) <65534

1< (PWREGH4, 3) < (TTREG4, 3) <65535
16-bit PPG and

(PWREGH4, 3) + 1 < (TTREG4, 3)
Note: n=3to 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 counter,
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-counter
and the timer register j (TTREG]) value is detected, an INTTCj%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, PWMjand PPGj pins may output pulses.

Note 2: In the timer mode, do not change the TTREG;j setting while the timer is Tunning. Since TTREGij.is not in the
shift register configuration in the timer mode, the new value programmed in TTREG] is in effectimmediately
after the programming. Therefore, if TTREGi is changed while the timer is running, an.eéxpected opération
may not be obtained.

Note 3:j=3, 4

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

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

DV7CK =0 DV7CK =1 mode
fc/2'" [Hz] fs/2% [Hz] fs/23 [Hz] 128 ps 244.14 ps 32.6 ms 62.3 ms

fc/2” fc/2” - 8 us - 2.0ms -

fc/28 fc/2® - 2 s - 510 ps -

fc/23 fc/23 - 500 ns - 127.5 us -

Example :Setting the timef mode with-source clock fe/2” He and generating an interrupt 80 us later
(TimerCounter4,f¢'=/16.0 MHz)

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

DI

SET (EIRH)..5 : Enables INTTC4 interrupt.

El

LD (TC4CR);:00010000B : Sets the operating cock to fc/27, and 8-bit timer mode.
KD (TC4CR),\00011000B : Starts TC4.
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9. 8-Bit TimerCounter (TC3, TC4)

9.1 Configuration
TMP86CP27AFG

TC4CR<TC4S> I

Internal ] 1
Source Clock : :

Counter x ' E )(i”;xl D )(f;xl )@( 5

TTREG4 P x n :
X 1
' Match detect\ /Counter clear /: " II
INTTC4 interrupt request ! Match detect ounter clear

{(
)

Figure 9-2 8-Bit Timer Mode Timing Chart (T/C4)

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 TCj pin.
When a match between the up-counter and the TTREGj.valueis detected, an INTTC;j 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 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 fe/2* Hz in the NORMAL1/26r 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 output
pulses.

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

Note 3:j=3, 4

TC4CR<TC4S> |
1 1
1 1
TC4 pin input | |:| I | | | | | | | | l | | l | l | | l l | l :l | I
: 1 1 1 + 1 1 1 1 1 1 1 1 1 :
Counter o X7 1 X2 x ¥ n-1 @@ 1 X 2 X n-1 @@ 1 ).( 0
: (( \ ( \ X
TTREG4 X n ' " Q ) :
1
Counter
Match detect\ /clear Match detec\l—l/gggpter :
1

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-counter
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 opposite to the
timer F/Fj logic level is output from the PDO;j 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 : /102427 ffc+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 TTREG;j setting-while-the-timer is running.
Since TTREG;] is not in the shift register configuration in the programmablg¢ divider output mode, the new
value programmed in TTREG;j is in effect immediately after programming, Therefore, if TTREGi is changed
while the timer is running, an expected operation may not be obtained.

Note 2: When the timer is stopped during PDO output, the PDOj pin holds the output-status when the timer is
stopped. To change the output status, program TCjCR<TFFj> afterthe 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 PDQj pin to the high level.

Note 3:j=3, 4
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Figure 9-4 8-Bit PDO Mode Timing Chart (TC4)
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9.3.4 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;j value is detected, the logic level output from the
timer F/Fj is switched to the opposite state. The counter continues counting. The logic level output from the
timer 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 PWM; pin is the opposite to the timerF/Ej Togic 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 PWREGj-during-a/run of the timer is shifted by the
INTTC;] interrupt request and loaded into PWREGj. While the(timer-is stopped, the value.is-shifted immedi-
ately after the programming of PWREG;. If executing the read\instruction to PWREG;\during PWM output,
the value in the shift register is read, but not the value set it PWREGj. Therefore, aftet writing to PWREG;, the
reading data of PWREG; is previous value until INTTCjlis genérated.

For the pin used for PWM output, the output latchof the /O-port must be set to 1.

Note 1: In the PWM mode, program the timer registef PWREGj immediately after the INFTCj interrupt request is
generated (normally in the INTTC;j interrupt{service routine.) If the programmingof PWREG]j and the inter-
rupt request occur at the same time, an unstable value is shifted, that may resultih.generation of the pulse
different from the programmed value untitthe nextiNTTCj interrupt request is\generated.

Note 2: When the timer is stopped during PWM output, thé PWM; pin holds the'output status when the timer is
stopped. To change the output status| program TCjCR<TFEj>afterthe timer-is stopped. Do not change the
TCjCR<TFFj> upon stopping of the timer.

Example: Fixing the PWM; 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'er fs is selected as the source clock, a pulse is out-
put from the PWNj pin during the warm-up period time-after.exiting the STOP mode.

Note 4:j=3, 4

Table 9-5 PWM Output Mode

Souree 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] 1s/23 [Hz] 128 ps 24414 ps 32.8 ms 62.5ms
fc/2” fcr2” = 8 us - 2.05ms -
fc/2® fc/2® - 2 s - 512 s -
fc/23 fc/23 - 500 ns - 128 us -
fs fs fs 30.5 us 30.5 us 7.81 ms 7.81ms
fel2 fc/2 - 125 ns - 32 us -
fc fc - 62.5ns - 16 us -
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Figure 9-5 8-Bit PWM Mode Timing Chart (TC4)
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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 upper byte and lower 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, PWM;j, and PPGj pins may output a pulse.

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 immediately
after programming of TTREG]. Therefore, if TTREG;j is changed while the timer is’running, an expected
operation may not be obtained.

Note 3:j=3, 4

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

Source Clock Resolution Repeated-Cycle
NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2 fc =16 MHz fs = 32768 kHz fo/216 MHZ fs/= 32.768 kHz
DV7CK =0 DV7CK =1 mode

fo/2™ fs/23 fs/23 128 \is 244.14 us 8.39s 16s

fc/2’ fc/2” - 8 s - 524/3/ms -

fc/2® fc/2® - 2us - 131.1 ms -

fc/23 fc/23 - 500.ns - 32.8ms -

Example :Setting the timer mode with source clock fc/2” 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). 5 s Enables INTTC4 interrupt.

El

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

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

LD (TG4€R), OCH : Starts the timer.

TC4CR<TC4S> I

o:X1X2X3><Zz:an-1@Q<1X2X: )@x 0
. « 4 (

Internal
source cloek

Counter

TTREG3 ZX n 7 J 4

(Lower byte) T (,‘, (,‘, T
: (( (« :

TTREG4 2 m ” ”

(Upper byte) 4

((
T 7 )7
! Match Counter Match Counter
: detect clear detect clear
1

Figure 9-6 16-Bit Timer Mode Timing Chart (TC3 and TC4)

INTTC4 interrupt request
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9.1 Configuration
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9.3.6

9.3.7

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 ofithe 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 NORNJALI or IDLE1 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 PPGj pins may-output pulses.

Note 2: In the event counter mode, do not change the TTREG] 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 funning, an_expected operation
may not be obtained.

Note 3: j=3,4

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

This mode is used to generate a pulse-width-modulated (PWM)_signal§ with up to 16 bits of resolution. The
TimerCounter 3 and 4 are cascadable to form the }6-bit PWM signal generator.

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

When a match between the up-ceunter and the timer register (PWREG3, PWREG4) value is detected, the
logic level output from the timer F/F4-isswitched to the opposite state. The counter continues counting. The
logic level output from the timer F/F4\is switched to the epposite state again by the counter overflow, and the
counter is cleared. The INTTC4 intefrupt is generated at-this time.

Two machine cycles are fequired for the high- or-low:leyel pulse input to the TC3 pin. Therefore, a maxi-

mum frequency to be suppliedis fc/2* Hz in tHie NORMALI or IDLEI 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 iscleared-to0.

(Thelogig level output from the PWM4 pirris the opposite to the timer F/F4 logic level.)

Since PWREG4/ and 3 in the/ PWM mode are serially connected to the shift register, the values set to
PWREG4-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 INTTCj interrupt request and loaded into PWREG4 and 3. While the timer is
stopped;-the values are shifted immediately after the programming of PWREG4 and 3. Set the lower byte
(PWREG3) and upper byte (PWREG3) in this order to program PWREG4 and 3. (Programming only the lower
or upper byte of the register should not be attempted.)

I executing the read instruetion 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 data of
PWREGH4 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
request is generated (normally in the INTTC4 interrupt service routine.) If the programming of PWREG;j and
the interrupt request occur at the same time, an unstable value is shifted, that may result in generation 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 program
TC4CR<TFF4> upon stopping of the timer.

Example: Fixing thePWM4 pin to the high level when the TimerCounter is stopped
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CLR (TCA4CR).3: Stops the timer.
CLR (TC4CR).7 : Sets the PwWM4 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
fo/21 fs/2°% [Hz] fs/2% [Hz] 128 us 244 14us 8.39s 16's
fcr2” fcr2’ - 8 us - 524.3 ms -
fc/25 fc/25 - 2 ps - 131.1 ms -
fc/23 fc/23 - 500ns - 32.8 ms -
fs fs fs 30.5 us 30.5.us 2 s 2s
fc/2 fc/2 - 125ns N 8.2 ms -
fc fc - 62.5ns + 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 theloperating 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 (TCACR), OSEH : 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 NORMALTI or IDLEI mode, and fc/2* to in the SLOW1/2 or
SLEEP1/2 mode.

Since the initial value can be set to the timer F/F4 by TC4CR<TFE4>, 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 |progtam)the timer registér. (TTREG3 — TTREG4,
PWREG3 — PWREG4) (Programming only the upper-orlower byte should'not be attemipted.)

For PPG output, set the output latch of the I/O pertito 1:

Example :Generating a pulse with 1-ms high-level width and-a period of 16.385 mis/(f¢,~16.0 MHz)

Setting ports

LDW (PWREGS3), 07D0OH : Sets the/pulse width:
LDW (TTREG3),8002H : Sets the tycle.period.
. h 3 hi
LD (TC3CRY), 33H : Sets the operating.clock to fc/2°, and16-bit PPG mode
(lower byte).
: Sets TRF4 to the initial value 0, and 16-bit
LD TC4 H ’
(TC4CR). 057 PPG-mode (upper byte).
LD (7C4CR), 05FH ~Starts the timer.

Note 1: In the PPG mode, do not change the PWREGIi and TTREGi settings while the timer is running. Since
PWREGI and/TTREGV are not in the-shift registerconfiguration in the PPG mode, the new values pro-
grammed.inPWREGi and TTREGi are in_effect immediately after programming PWREGi and TTREGi.
Therefore, IFPWREGI 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 thetimer

CLR (TC4€R).T: Sets the PPG4 pin to the high level
Note 3 =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 TimerCouter. The warm-up counter mode has two types of mode; switching from the high-frequency to
low-frequency, and vice-versa.

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

Note 2: In the warm-up counter mode, only upper 8 bits of the timer register TTREG4 and.3 are used for match
detection 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 — SLOW1)

In this mode, the warm-up period time from a stop of the\low-frequency clock s 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 registér (TTREG4, 3) value is detected after the timer
is started by setting TC4CR<TC4S> to 1, the counter-is Cleared by“generating the¢ INTTC4 interrupt
request. After stopping the timer in the INTTC4 interrupt service routine, set-SYSCR2<SYSCK> to 1 to
switch the system clock from the high-frequencyto low<frequency, and then clearof SYSCR2<XTEN> to
0 to stop the high-frequency clock.

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

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

Example :After checking low-frequency-clock oscillation stability with TE4 and 3, switching to the SLOW1 mode

SET (SYSCR2).6 “SYSCR2IXVEN> «— 1
LD (TC3CR), 43H ;/Sets TFF3=0, source clock fs, and 16-bit mode.
LD (TC4CR), 05H TSets- TFF4=0, and warm-up counter mode.
: Sets the warm-up time.
LD (TTREG3), 8000H (The warm-up tirie depends on the oscillator characteristic.)
DI :IMF <0
SET (EIRH). 5 : Enables the INTTCA4.
El tIMF <1
SET (TC4CR).3 : Starts TC4 and 3.
PINTTCA4: 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. 8-Bit TimerCounter (TC3, TC4)

9.1 Configuration
TMP86CP27AFG

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 sta-
bility 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 timer
is started by setting TC4CR<TC4S> to 1, the counter is cleared by ‘generating the INTTC4 interrupt
request. 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-Modé

Minimum time (TTREG4, 3 = 0100H) Maximum time (TTREG4; 3 = FFOOH)

16 us 4:08 ms

Example :After checking high-frequency clock oscillation stability with/PC4)and 3, switching to_the NORMAL1 mode

SET (SYSCR2).7 1 SYSER2IXEN> « 1
LD (TC3CR), 63H . Sets TFF3=0, source clock fs,-and 16-bit.node.
LD (TC4CR), O5H : Sets . TFF4=0, and warm-up-counter mode.
LD (TTREG3), OF800H ~Sets the warm-up time.
(The warm-up time depehds on the oscillator characteristic.)
DI 1 IMF <0
SET (EIRH). 5 : Enables-the INTTC4.
El T IMF « 1
SET (TC4CR),3 : Starts the TC4 and-3.
PINTTC4: CLR (TC4CR):3 :'Stops.the TC4 and 3.
CLR (SYSCR2).5 +SYSCR2<SYSCK> «- 0
(Switches the system clock to the high-frequency clock.)
CLR (SYSCR2).6 : $YSCR2<XTEN> «— 0
(Stops the low-frequency clock.)
RET
VINTTC4: DW PINTTC4 1 INTTC4 vector table
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10. Real-Time Clock

The TMP86CP27AFG include a real time counter (RTC). A low-frequency clock can be used to provide a peri-
odic interrupt (0.0625[s],0.125[s],0.25[s],0.50([s]) at a programmed interval, implement the clock function. The RTC
can be used in the mode in which the low-frequency oscillator is active (except for the SLEEPO mode).

10.1 Configuration

RTCCR

Interruptreguest
Selector » (INTRTC

A A A A

RTCSEL

RTCRUN

211/fs [212ffs [213/fs | 214/fs

fs
(32.768 kHz)

Y

Binary-countef

Figure 10-1_Configuration-of.the RTC

10.2 Control of the RTC

The RTC is controlled by thé¢ RTC eontrol register (RTECR):

RTC Control Registef

RTCCR 7 6 5 4 3 2 1 0
(002DH) ‘ ‘ } | RTCSEL | RTCRUN | (Initial value: *** *000)
00:0:50 [s]
RTCSEL Interrupt generation period 01:0.25 [s]
(fs = 32.768 kHz) 10: 0.125 [s]
11: 0.0625 [s] RW

0: Stops and clears the binary counter.

RTCRUN RTC control .
1: Starts counting

Note 1: Program the RTCCR-during-low-frequency oscillation (when SYSCR2<XTEN> = “1”). For selecting an interrupt genera-
tion period, program the RTESEL when the timer is inactive (RTCRUN = “0”). During the timer operation, do not change
the RTCSEL programming at the same moment the timer stops.

Note 2: The timer automatically stops, and this register is initialized (the timer's binary counter is also initialized) if one of the fol-
lowing operations is performed while the timer is active:

1. Stopping the low-frequency oscillation (with SYSCR2<XTEN> = “0”)
2. When the TMP86CP27AFG are put in STOP or SLEEPO mode
Therefore, before activating the timer after releasing from STOP or SLEEPO mode, reprogram the registers again.
Note 3: If a read instruction for RTCCR is executed, undefined value is set to bits 7 to 3.

Note 4: If break processing is performed on the debugger for the development tool during the timer operation, the timer stops
counting (contents of the RTCCR isn't altered). When the break is cancelled, processing is restarted from the point at
which it was suspended.
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10.3 Function TMP86CP27AFG

10.3 Function

The RTC counts up on the internal low-frequency clock. When RTCCR<RTCRUN> is set to “1”, the binary
counter starts counting up. Each time the end of the period specified with RTCCR<RTCSEL> is detected, an
INTRTC interrupt is generated, and the binary counter is cleared. The timer continues counting up even after the
binary counter is cleared.
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11. Asynchronous Serial interface (UART )

11.1 Configuration

UART control register 1~ Transmit data buffer .
9 Receive data-buffer.

| UARTCR1 I|| TDBUF | —Tn

/3 /2 ;i
N - > T T
> = 2 g 3 | Shift register ! | ! |
o 5 - -
= ° Parity bit
S ; ; o |«
g g1
INTTXD<€ § Q] Noise rejection
g g S circuit ';' [ IRXBO
[
E 2 A >{(X Hrxp1
L | AA
A M IXDO
INTRXD <€ P
> TXD1
Transmit/receive clock
SR A R Y
| \ ! m /A fel2?
: S 1 p_ B fc/2’
fc/13 >—+—A ! x Cc— fc/2?
fc/26  >——B ! *» 4 S
fc/52  >—+—C ! 2 4 A
fc/104 >——D Y| Counter | 4 \ 12
fc/208 >—TE : UARTSR UARTCR2
fc/a16  >——F : | | Lwwrse |
INTTC3 > G ! UART status register UART control Multi function
H ' register 2 register
1
1

/96 >——]
. Baud rate generior | a il T vex wtplorer

Figure 11-1"UART-(Asynchronous Serial Interface)
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11. Asynchronous Serial interface (UART )

11.2 Control
TMP86CP27AFG

11.2 Control

UART is controlled by the UART Control Registers (UARTCR1, UARTCR2). The operating status can be moni-
tored using the UART status register (UARTSR).

TXD pin and RXD pin can be selected a port assignment by Multi Function Register (MULSEL).

UART Control Register1

UARTCR1 7 6 5 4 3 2 1 0
(0025H) | TXE | RXE | STBT| EVEN| PE | BRG (Initial value: G00.0000)
. 0: Disable
TXE Transfer operation 1: Enable
. . 0: Disable
RXE Receive operation 1: Enable
. ) 0: 1 bit
STBT Transmit stop bit length 1© 2 bits
0: Odd- beted parit:
EVEN Even-numbered parity nybgred pan ,y
1:  Even-numbered-parity
o N " Write
. » : o parity.
PE Parity additi onl
arity addition ¥ Paiity y
000:_“fc/13 [HZ]
004;  fe/26
010:_fc/52
011:  fc/104
BRG T it clock select
ransmit clock selec 100 f0/208
101: fc/416
10:  TC3 ( Input INTTC3)
111:  fc/96

Note 1: When operations are disabled/by setting TXE and RXE bit tq “0”, the setting becomes valid when data transmit or receive
complete. When the transmit data is stored in the transmit data buffer, the data are not transmitted. Even if data transmit is
enabled, until new data are written-toe‘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.

UART Control Register2

UARTCR2 7 6 5 4 3 2 1 0
(0026H) ‘ ‘ ‘ | RXDNC | STOPBRl (Initial value: **** *000)

00: No noise rejection (Hysteresis input)

RXBNG Selection of RXD input noise 01: Rejects pulses shorter than 31/fc [s] as noise
rejectio 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 bitlength
ecelve stop. bi.leng 1: 2 bits

Note: When UARTCR2<RXDNC> = “01”, pulses longer than 96/fc [s] are always regarded as signals; when UARTCR2<RXDNC>
=*“10”, longer than 192/fc [s]; and when UARTCR2<RXDNC> = “11”, longer than 384/fc [s].
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UART Status Register

UARTSR 7 6 5 4 3 2 1 0
(0025H) | PERR | FERR | OERR | RBFL | TEND | TBEP | ‘ (Initial value: 0000 11**)
. 0:  No parity error
PERR P fl
arity error flag 1:  Parity error
FERR Framing error flag 0: No frémmg error
1:  Framing error
OERR Overrun error flag 0: No overrun error
1:  Overrun error Read
. 0: Receive data buffer empty- only
RBFL R data buffer full fi
ecelve data butter futl flag 1:  Receive data buffer full
. 0:  On transmitting
TEND Transmit end flag 1 Transmit end
TBEP Transmit data buffer empty flag 0: Transmit data-buffer fulk(Transmit data writing is finished)
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
(OFABH) | | | | | | | | | (Initial valus: 0600 0000)

UART Transmit Data Buffer

TDBUF 7 6 5 4 8 2 1 0 \Write only
(OFABH) | | | | | | | | | (Initiakyalue: 0000 0000)

Multi Function Register

7 6 5 4 3 2 1 0
MULSEL
SIO UART
(OFBBH) ( ” N
SEL) SEL (Initial value: 00)

0: P01 (TXDO), POO (RXDO)
1: P43 (TXD1), P37 (RXD1)

UARTSEL [ UART function pins select R/W

Note 1: Do not-change MULSEL<UARTSEL> during UART operation.
Note 2: Set MULSEL register before performing the setting terminal of a I/O port when changing a terminal.
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11.3 Transfer Data Format TMP86CP27AFG

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 UARTCR1<PE>; even- or odd-numbered parity by UARTCRI1<EVEN>) are added to the
transfer data. The transfer data formats are shown as follows.

PE STBT Frame Length
1| 2 | s | | 8 | 9 |\ Jyu | 12 |
0 0 “\_stan_ [ o X mits X----X Bite X_sit7 Y/Stop1
0 1 “\_stan [ o X mits X----X Bitc X ®it7 \Yosop1 stop2
1 0 “\_stan_ [ o X mits X ---- X sith X Btz X Parity Y Sopd
1 1 "\ st [ Bito X sitt XE——ZX Bité X “Bit7 X Parity, Y Stopd) Stop 2

Figure 11-2 Transfer Data Format

Without-parity /~4 STOP bit

=5 U

With parity / 1 STOP bit Without parity / 2 STOP bit

\ /

With parity / 2 STOR 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 except
for the-initial setting.
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TOSHIBA

11.4 Transfer Rate

The baud rate of UART is set of UARTCR1<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-[bayd]
001 38400 19200 9600
010 19200 9600 A800
01 9600 4800 2400
100 4800 2400 1200
101 2400 1200 600

When TC3 is used as the UART transfer rate (when UARTCR1<BRG> = “110”), the transfer_clock and transfer
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 UARTCRI<BRG> until a start bit is
detected 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 bif are sampled at three times of RT7, RT8, and RT9 during one receiver clock
interval (RT clock). (RTO is the position where the bit supposedly starts.) Bit is determined according to majority
rule (The data are the same twice or more-out of three samplings):

RXD pin \ “Start bit A sito

RTOS-10 20 30 40 58.60.70°8J 90101 M2A3M415 00 10 20 30 40 50 60 70 80 900100111

RT clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Internal receive data \ Start bit lil /< Bit O * * *

(a) Without noise rejection circuit

RXD pin | \ Start-hit /< Bit 0 x

RTOL 10 2080 40 50 60 70 80 90101 M 234115 00 10 20 30 40 50 60 70 80 90100111

RT clock

|| ]
Internal receive data \ Start bit l l l /< Bit 0 V * *

(b) With noise rejection circuit

Figure 11-4 Data Sampling Method
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11.6 STOP Bit Length
TMP86CP27AFG

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 UARFSR<IBEP> = “1”, thenwrite data in TDBUF
(Transmit data buffer). Writing data in TDBUF zero-clears UARTSR<TBEP>, transfers|the datato the transmit
shift register and the data are sequentially output from the TXDpin. 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 buffer empty
flag UARTSR<TBEP> is set to “1” and an INTTXD interruptis generated.

While UARTCRI<TXE> = “0” and from when*1%2is written to UARTCR1<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). Atthis time, the data transmitted includes a start bit and stop bit(s) and a parity
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
interrupt is generated. S¢lect the data transfer baud-rate-using UARTCR1<BRG>.

If an overrun efror, (OERR) occurs when data‘are/received, the data are not transferred to RDBUF (Receive
data buffer) but discarded;-data in the RDBUF are/not affected.

Note:When a receive eperation is disabled-by-setting"UARTCR1<RXE> bit to “0”, the setting becomes valid when
data receive is completed. However,\f a framing-érror occurs in data receive, the receive-disabling setting
may not become valid. If a framing error-eccurs, be sure to perform a re-receive operation.
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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 read-

ing the UARTSR.
RXD pin X Parity y Stop
Shift register XXXXO** X PXXXX0* X 1pxxxx0

|}

UARTSR<PERR> | After reading UARTSR then

RDBUF clears PERR:

INTRXD interrupt |_|

Figure 11-5 Generation-of Parity Error

11.9.2 Framing Error

When “0” is sampled as the stop bit inrthe receive’ data, framing error flag UARTSR<FERR> is set to “1”.
The UARTSR<FERR> is cleared to “02 when th¢;RDBUF/isread-after reading the UARTSR.

RXD pin X Final bit X Stop
Shift register XXXO0** X XXXXO* X Oxxxx0
|
1
UARTSR<FERR> '/ After reading UARTSR then
d RDBUF clears FERR.
1
INTRXD interrupt |_|

Figure 11-6-Generation of Framing Error

11.9.3 Overrun-Error

When-all-bits in the ngxt 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 clearedto “0” when the RDBUF is read after reading the UARTSR.
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11. Asynchronous Serial interface (UART )
11.9 Status Flag

TMP86CP27AFG
UARTSR<RBFL>
RXD pin X Final bit )4 Stop
Shift register XXXO** X XXXXO0* X 1Ixxxx0
v
RDBUF yyyy
|
1
UARTSR<OERR> l/ After reading UARTSR then
i 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” whenthe:\RDBUF is read after reading the UARTSR.

RXD pin X Final bit )4 Stop
Shift register XXXQ** X XXXXQ* X 1xxxx0
¥
RDBUF yyyy X XXXX
|
UARTSR<RBFL> :/ After reading UARTSR then
! RDBUF clears RBFL.
I
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 becleared 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, UARTSR<TBEP> is set to “1”, that is, when data in TDBUF
are transferred to the transmit 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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i Data write ¢ Data write
1
1

TDBUF XXXX Yyyy - )CZZZZ
Y Y '
Shift register Fhkkk] X 1xxxx0 X *LXXXX x -— - X Hkrx] X X Fkxxx] X 1lyyyy0O x
1 1

T Yy
TXD pin \y Start 1! Bit0 - ——- X Finalbit Stop | (\ £
! I
1

UARTSR<TBEP> 4:/_\ . Y \

1 : After reading UARTSR writing TDBUF
INTTXD interrupt |_| . |_| clears TBEP.

Figure 11-9 Generation of Transmit Data Buffer Empty

11.9.6 Transmit End Flag

When data are transmitted and no data is in| TDBUE (UARTSR<TBEP> = “I),/transmit end flag
UARTSR<TEND> is set to “1”. The UARTSR<TEND: is cleared to “0” when the data transmit is stated after
writing the TDBUF.

Shift register *xxIXX X falalalal D¢ X Farwx] X 1yyyyO X*]_yyyy
1
! ¢ l 1

TXD pin X y Stop : Start W

Data write for TDBUF* 1

A

UARTSR<TBEP> : \ i/
y 1
! 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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11.9 Status Flag
TMP86CP27AFG
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12. Synchronous Serial Interface (S10)

The TMP86CP27AFG has a clocked-synchronous 8-bit serial interface. Serial interface has an 8-byte transmit and
receive data buffer that can automatically and continuously transfer up to 64 bits of data.

Serial interface is connected to outside peripherl devices via SO, SI, SCK port.

12.1 Configuration

SIO control / status register

SIOSR SIOCR1 SIOCR2
T T T T T T T T T T T T
| || || .. cpu

All I I I I I I I I I I I ﬁ
[—

Transmit and

receive data-buffer
Control circuit |<—> gt’gj: cantrol (8 bytes in DBR)
A
Shift register ﬁ
Shiftd 7~ 65 4 3 \27/1))o

A

T T T T T T SO
lock —> >
N I = L L L | ’—> ! 1 1 | E:l Serial data output

8-bit transfer 4-bit transfer ' s

Serial data input

M Serial clock D‘ ScK
INTSIO interrupt request erial cloc > SCK
1
1

Serial clock 110

Figure 12-1 Serial-Interface
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12. Synchronous Serial Interface (SIO)

12.2 Control

TMP86CP27AFG

12.2 Control

The serial interface is controlled by SIO control registers (SIOCR1/SIOCR2). The serial interface status can be
determined by reading SIO status register (SIOSR).

The transmit and receive data buffer is controlled by the SIOCR2<BUF>. The data buffer is assigned to address
OFAOH to OFA7H for SIO in the DBR area, and can continuously transfer up to 8 words (bytes or nibbles) at one
time. When the specified number of words has been transferred, a buffer empty (in the transmit mode) or a buffer full
(in the receive mode or transmit/receive mode) interrupt (INTSIO) is generated.

When the internal clock is used as the serial clock in the 8-bit receive mode and the 8-bit' transmit/receive mode, a
fixed interval wait can be applied to the serial clock for each word transferred- Four different wait times can be
selected with SIOCR2<WAIT>.

SIO Control Register 1

SIOCR1 7 6 5 4 3 2 1 0
(OFA8H) | SIoS | SIOINH | SIOM SCK (Initial /alue: 0000~0000)
0: Stop
SIOS Indicate transfer start / stop
1: Start
0: Cahtinuously transfer
SIOINH | Continue / abort transfer
1: Abort-transfer{Automatically cleared-after abort)
000: 8-bit.transmit mode Write
010: 4-bit transmit mode only
100: 8=bittransmit / rec€ive mode
SIOM Transfer mode select
101: 8-bit receive mode
110: 4-bit receive mode

Except the above: Reserved

NORMAL1/2, IDLE1/2 mode SLOW1/2
SLEEP1/2
DVZCK=0 DV7CK =1 mode
000 frp'3 fs/2® fs/2°
001 fo/2® fo/2® -
7 7 - i
SCK Serial*clock select 840 fe/2 fer2 V::;;e
011 fc/28 fc/28 -
100 fc/2° fc/25 -
101 fc/2* fo/24 -
110 Reserved
111 External clock ( Input from SCK pin )

Note 1xfc;-High-frequency/clock [Hz], fs; Low-frequency clock [Hz]
Note-2:-Set SIOS to "0" and_SIOINH-\to 1" when setting the transfer mode or serial clock.
Nete-3: SIOCR1 is write-only.register, which cannot access any of in read-modify-write instruction such as bit operate, etc.

SIO Control Register 2

SIOCR2 7 6 5 4 3 2 1 0
(OFASH) ‘ ‘ ‘ | WAIT BUF (Initial value: **0 0000)
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Always sets "00" except 8-bit transmit / receive mode.
00: T¢ = Tp(Non wait)
WAIT Wait control 01: Tg = 2Tp(Wait)
10: T = 4Tp(Wait)
11: Ts = 8Tp (Wait)
000: 1 word transfer OFAOH
Write
001: 2 words transfer ~ OFAOH ~ ORA1H only
010: 3 words transfer ~ OFAOH~ OFA2H
Number of transfer words 011: 4 words transfef~. OFAQH ~ OFA3H
BuF (Buffer address in use) 100:  5words transfer OFAQH~OFA4H
101: 6 words transfer | (OFAOH ~0OFA5H
110: 7 words transfer “QFAOH » OFA6H
11: 8 words transfer . OFAOH ~ OFA7H

Note 1: The lower 4 bits of each buffer are used during 4-bit transfers-Zeros (0).are stored to the upper 4bits.when receiving.

Note 2: Transmitting starts at the lowest address. Received data are also stored starting from the' Iowest addréss to the highest
address. ( The first buffer address transmitted is OFAOH ).

Note 3: The value to be loaded to BUF is held after transfer is completed.

Note 4: SIOCR2 must be set when the serial interface is stopped (SIOF.Z 0).

Note 5: *: Don't care

Note 6: SIOCR2 is write-only register, which cannot access any-of in read-modify-write-instrugtion/such as bit operate, etc.

SIO Status Register

SIOSR 7 6 5 4 3 2 1 0
(OFAQH) | SIOF | SEF | ‘ \ ‘ ’ ‘
SIOF Serial transfer operating status|moni- 0: Transferterminated
tor 1: Transfer-in process Read
. hi ) i only
SEF Shift operating status\monitor 0 S !ﬁ operat!on ‘termmated
1: Shift-eperation in process

Note 1: Ty; Framedime, TpyData transfer time
Note 2: After SIOS is cleared to "0", SIOF is cleared to."0"at the termination of transfer or the setting of SIOINH to "1".

(output)
SCK output |||||||||||||||| ||||

1
1

5 !
TD ra
1

1
1
Tf >
1 1

AA

Figure-12422 ‘Frame time (T;) and Data transfer time (Tp)

Multi Function Register

MULSEL 7 6 5 4 3 2 1 0
(UART- o L ek
(OFBBH) SIOSEL SEL) (Initial value: 00)

0: P05 (SI0), P06 (SO0), PO7 (SCKO)
1: P40 (S1), P41 (SO1), P42 (SCK1)

SIOSEL SIO function pins select R/W

Note 1: Do not change MULSEL<SIOSEL> during SIO operation.
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12.3 Serial clock
TMP86CP27AFG

Note 2: Set MULSEL register before performing the setting terminal of a I/O port when changing a terminal.

12.3 Serial clock

12.3.1 Clock source

Internal clock or external clock for the source clock is selected by SIOCR1<SCK>.

12.3.1.1 Internal clock

Any of six frequencies can be selected. The serial clock is putput.to.the outside on the SCK pin. The
SCK pin goes high when transfer starts.

When data writing (in the transmit mode) or reading (in the réceive mode or the transmit/receive mode)
cannot keep up with the serial clock rate, there is a wait-function that automatically stops-the serial clock
and holds the next shift operation until the read/write-proeessing is completed.

Table 12-1 Serial Clock Rate

NORMAL1/2, IDLE1/2mode SLOWA/2,
DV7CK =0 DV7CK = 1 SLEEP1/2 mode

SCK Clock Baud Rate Clock Bald Rate Clock Baud Rate
000 fc/213 1.91 Kbps fs/2° 1024 bps fs/2° 1024 bps
001 fo/28 61.04 Kbps fo/28 61.04 Kbps - -
010 fc/27 122.07 Kbps fe/2? 122.07 Kbps - -

011 fc/28 244.14)Kbps fc/28 24414 Kbps - -

100 fc/2% 488.28 Kbps 6128 488.28 Kbps - -

101 fo/24 976.56 Kbps fel24 976.56 Kbps - -

110 - - - - - -

M Extérnal External External External External External

Note: 1 Kbit =.1024 bit (fc = 16/MHz, fs=-32.768.kHz)

Automatically
wait function

le———>

SCK
pin((output),

28 (output) “ as m Co

Written transmit
data a X b X ¢

Figure 12-3 Automatic Wait Function (at 4-bit transmit mode)

12.3.1.2 External clock

An external clock connected to the SCK pin is used as the serial clock. In this case, output latch of this
port should be set to "1". To ensure shifting, a pulse width of at least 4 machine cycles is required. This
pulse is needed for the shift operation to execute certainly. Actually, there is necessary processing time for
interrupting, writing, and reading. The minimum pulse is determined by setting the mode and the pro-
gram. Therfore, maximum transfer frequency will be 488.3K bit/sec (at fc=16MHz).
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SCK
oin (Output) I [
oo teyc = 4/fc (In the NORMAL1/2, IDLE1/2 modes)

tsckL'tsckH 4ffs (In the SLOW1/2, SLEEP1/2 modes)
tsckL tsckn > 4teyc

Figure 12-4 External clock pulse width

12.3.2 Shift edge

The leading edge is used to transmit, and the trailing edge is used to receive.

12.3.2.1 Leading edge

Transmitted data are shifted on the leading edge (of the¢ serial clock (falling(edge of the SCK pin input/
output).

12.3.2.2 Trailing edge

Received data are shifted on the trailing edge of the serial clock (risig edge of the SCK pin input/out-
put).

SCKpin Lol v | v

SO pin K Bty X Bit1 X Bit2 \X Bit3

1
Shift register X 3210 X 321 X 32 N o3

(a) Leadingedge

SoKpin I s I
Sl pin X B:itO X.Bit1 X Bit2 X Bit3

Shift register wons [ (X Qs X100 X 210+ X 3210 *; Don't care

(b) Trailing edge

Figure 12-5 Shift edge

12.4 Number of bits to transfer

Either 4-bit or 8-bit serial transfer can be selected. When 4-bit serial transfer is selected, only the lower 4 bits of
the transmit/receive data buffer register are used. The upper 4 bits are cleared to “0” when receiving.
The data is transferred in sequence starting at the least significant bit (LSB).

12.5 Number of words to transfer

Up to 8 words consisting of 4 bits of data (4-bit serial transfer) or 8 bits (8-bit serial transfer) of data can be trans-
ferred continuously. The number of words to be transferred can be selected by SIOCR2<BUF>.
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An INTSIO interrupt is generated when the specified number of words has been transferred. If the number of
words is to be changed during transfer, the serial interface must be stopped before making the change. The number of
words can be changed during automatic-wait operation of an internal clock. In this case, the serial interface is not
required to be stopped.

ﬁpin | | | | | | | |

INTSIO interrupt |_|

(&) 1 word transmit

50 pin S EHEDEH O O 65 VD & &

INTSIO interrupt |_|

(b) 3 wardstransmit

S1pin (a0 X2 X a2 hc2s X Bk oo X b2 A bs Keh o) K o K < /

INTSIO interrupt |_|

(c) 3 words receive

Figure 12-6 Number of\words to transfer (Example: 1word = 4bit)

12.6 Transfer Mode

SIOCR1<SIOM>isused to select the transmit, receive, or transmit/receive mode.

12.6.1 4-bitr-and 8-bit transfer modes

In these modes, firstly set the (SIO control register to the transmit mode, and then write first transmit data
(number of transfer words to bé-transferred) to the data buffer registers (DBR).

After the data are writteny the transmission is started by setting SIOCR1<SIOS> to “1”. The data are then
output-sequentially(to the SO pin)in synchronous with the serial clock, starting with the least significant bit
(ESB)--A’s soon as the LSB has been output, the data are transferred from the data buffer register to the shift
register. When the final data.bit has been transferred and the data buffer register is empty, an INTSIO (Buffer
empty) interrupt is generated to request the next transmitted data.

When the internal clock is used, the serial clock will stop and an automatic-wait will be initiated if the next
transmitted data are not loaded to the data buffer register by the time the number of data words specified with
the SIOCR2<BUF> has been transmitted. Writing even one word of data cancels the automatic-wait; therefore,
when transmitting two or more words, always write the next word before transmission of the previous word is
completed.

Note: Automatic waits are also canceled by writing to a DBR not being used as a transmit data buffer register; there-
fore, during SIO do not use such DBR for other applications. For example, when 3 words are transmitted, do
not use the DBR of the remained 5 words.

Page 140



To s H I BA TMP86CP27AFG

When an external clock is used, the data must be written to the data buffer register before shifting next data.
Thus, the transfer speed is determined by the maximum delay time from the generation of the interrupt request
to writing of the data to the data buffer register by the interrupt service program.

The transmission is ended by clearing SIOCR1<SIOS> to “0” or setting SIOCR1<SIOINH> to “1” in buffer
empty interrupt service program.
SIOCR1<SIOS> is cleared, the operation will end after all bits of words are transmitted.
That the transmission has ended can be determined from the status of SIOSR<SIOF> because SIOSR<SIOF>
is cleared to “0” when a transfer is completed.

When SIOCRI<SIOINH> is set, the transmission is immediately ended/and SIOSR<SIOF> is cleared to
“09"

When an external clock is used, it is also necessary to clear SIOCR1<SIQ8> to “0” before shifting the next
data; If SIOCR1<SIOS> is not cleared before shift out, dummy data will be transmitted and the operation will
end.

If it is necessary to change the number of words, SIOCR1<SIOS> should/be-cleared to “0”, then
SIOCR2<BUF> must be rewritten after confirming that SIOSR<SIOF> has been ¢leared to 0.

1 Clear SIS

SIOCR1<SIOS> : |
: \
\
1
1

A

SIOSR<SIOF> |
I
SIOSR<SEF> | | ':
I
(Output) !

SO pin

INTSIO interrupt n\ |_|

¥
o5 X
A

WriteOWriteO
(a) (h)

Figure/12-7 Transfer Mode (Example: 8bit, 1word transfer, Internal clock)
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! Clear SIOS

SIOCR1<SI0S> ! :
1
1
_ |
1 |
1

A
A

SIOSR<SIOF>

SIOSR<SEF>

SCK pin
(Input)

SO pin

INTSIO interrupt |_| |_|

\
DBR x:x b
A A

WriteOWriteO
@ ()

Figure 12-8 Transfer Mode (Example:8bit,-tword transfer,” External clock)

SCK pin |
1

SIOSR<SIOF> : l
1
1

SO pin X MSB of last word :/

tsopw= min-3.5/fc [s¥( In the NORMAL1/2, IDLE1/2 modes)
tsopH & min 3(54fs [s] (In the SLOW1/2, SLEEP1/2 modes)

Figure 12-9 Transmiiied Data Hold Time at End of Transfer

12.6.2 4-bit-and 8-bit receive modes

Aftersettinig the control registers to’the receive mode, set SIOCRI1<SIOS> to “1” to enable receiving. The
dataare-then transférted to the shift register via the SI pin in synchronous with the serial clock. When one word
of datahas been receiyed, it is-transferred from the shift register to the data buffer register (DBR). When the
number of words specified with the SIOCR2<BUF> has been received, an INTSIO (Buffer full) interrupt is
generated to request that thesé data be read out. The data are then read from the data buffer registers by the
interrupt service program.

When the internal clock is used, and the previous data are not read from the data buffer register before the
next data are received, the serial clock will stop and an automatic-wait will be initiated until the data are read.
A wait will not be initiated if even one data word has been read.

Note: Waits are also canceled by reading a DBR not being used as a received data buffer register is read; therefore,
during SIO do not use such DBR for other applications.
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When an external clock is used, the shift operation is synchronized with the external clock; therefore, the
previous data are read before the next data are transferred to the data buffer register. If the previous data have
not been read, the next data will not be transferred to the data buffer register and the receiving of any more data
will be canceled. When an external clock is used, the maximum transfer speed is determined by the delay
between the time when the interrupt request is generated and when the data received have been read.

The receiving is ended by clearing SIOCR1<SIOS> to “0” or setting SIOCR1<SIOINH> to “1” in buffer full
interrupt service program.

When SIOCRI1<SIOS> is cleared, the current data are transferred to the /buffer. After SIOCR1<SIOS>
cleared, the receiving is ended at the time that the final bit of the data has been received;/That the receiving has
ended can be determined from the status of SIOSR<SIOF>. SIOSR<SIOE>is cleared to “0” when the receiv-
ing is ended. After confirmed the receiving termination, the final receiving datd is read. When SIOCR1<SIO-
INH> is set, the receiving is immediately ended and SIOSR<SIOE>is cleared to “0”. (The received data is
ignored, and it is not required to be read out.)

If it is necessary to change the number of words in external clock-operation, SIOCR1<SIOS> should be
cleared to “0” then SIOCR2<BUF> must be rewritten after confirming that SIOSR<SIOF>has been cleared to
“0”. If it is necessary to change the number of words in interfial clock;. during automatic-wait-operation which
occurs after completion of data receiving, SIOCR2<BUF>must be rewritten beforésthe received data is read
out.

Note: The buffer contents are lost when the transfer mode-is switehed.”If it should became necessary to switch the
transfer mode, end receiving by clearing SIOCR1<S10S> t0.“0”, read the last data and*then switch the trans-
fer mode.

Clear SIOS

I
SIOCR1<SIOS> :L _________________ |
—{ [ X

SIOSR<SIOF> 4 \ \(-f
(

SIOSR<SEF> | | I

SCK pin
(Output)

Sl pin

INTSIO Interrupt |_| |_|
DBR Xa X

Read out Read out

Figure 12-10 Receive-Maode (Example: 8bit, 1word transfer, Internal clock)

12.6.3-8=bit transfer / receive,mode

After setting the SIO control register to the 8-bit transmit/receive mode, write the data to be transmitted first
to the data buffer registers (DBR). After that, enable the transmit/receive by setting SIOCR1<SIOS> to “1”.
When transmitting, the data are output from the SO pin at leading edges of the serial clock. When receiving,
the data are input to the SI pin at the trailing edges of the serial clock. When the all receive is enabled, 8-bit
data are transferred from the shift register to the data buffer register. An INTSIO interrupt is generated when
the number of data words specified with the SIOCR2<BUF> has been transferred. Usually, read the receive
data from the buffer register in the interrupt service. The data buffer register is used for both transmitting and
receiving; therefore, always write the data to be transmitted after reading the all received data.

When the internal clock is used, a wait is initiated until the received data are read and the next transfer data
are written. A wait will not be initiated if even one transfer data word has been written.
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SIOCR1<S8I0S> E | /

SIOSR<SIOF>

SIOSR<SEF> | | I

SCK pin
(output)

SO pin

Sl pin

When an external clock is used, the shift operation is synchronized with the external clock; therefore, it is
necessary to read the received data and write the data to be transmitted next before starting the next shift oper-
ation. When an external clock is used, the transfer speed is determined by the maximum delay between genera-
tion of an interrupt request and the received data are read and the data to be transmitted next are written.

The transmit/receive operation is ended by clearing SIOCR1<SIOS> to “0” or setting SIOCR1<SIOINH> to
“1” in INTSIO interrupt service program.

When SIOCR1<SIOS> is cleared, the current data are transferred to the/buffer.. After SIOCR1<SIOS>
cleared, the transmitting/receiving is ended at the time that the final bit of the data has béen transmitted.
That the transmitting/receiving has ended can be determined from-the-status of SIOSR<SIOF>.
SIOSR<SIOF> is cleared to “0” when the transmitting/receiving is ended.

When SIOCR1<SIOINH> is set, the transmit/receive operation is immediafely ended and SIOSR<SIOF> is
cleared to “0”.

If it is necessary to change the number of words in external-clock opetation, SIOCR1<SIOS> should be
cleared to “0”, then SIOCR2<BUF> must be rewritten after confirming.that SIOSR<SIQF>has been cleared to
“0”'

If it is necessary to change the number of words in internal clock, during autgmatic-wait’ operation which

occurs after completion of transmit/receive operation, SIOCR2<BUF> must be rewritten before reading and
writing of the receive/transmit data.

Note: The buffer contents are lost when the transfer mode-is-switched. If it should become necessary to switch the
transfer mode, end receiving by clearing SIOCR1<SI0OS>/to “0”, read the last.data and/then switch the trans-
fer mode.

Clear SIOS o

|

P >
T

1

AN
L\

g
Y

N/
T

Cao A2 X 2 K as has X s Xas Ao\ K Bo X ba X b2 K B3 X ba X bs K b X b7 /
SR co Ko Koo Ko K ea Ko X co Kor [ Xdo K i Ko X s X da K 0 K 0 X o

INTSIO interrupt |_| |_|

DBR

)$(a b X

Write (a) Read out (c) Write (b) Read out (d)

Figure 12-11 Transfer / Receive Mode (Example: 8bit, 1word transfer, Internal clock)
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SCK pin |
!

SIOSR<SIOF> ' |
1

! X Vi

SO pin Bit 6 X Bit 7 of last word :/ i”)/
node
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13. 10-bit AD Converter (ADC)

The TMP86CP27AFG have a 10-bit successive approximation type AD converter.

13.1 Configuration

The circuit configuration of the 10-bit AD converter is shown in Figure 13-1.

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 compatison circuit.

INTADC

>
>

ADBF

DA converter
VAREF D—l:l_i_l—_}i—'vw—'w»— ——————————————— [vss
o ! RI2 R R/2
AVDD e
D Analog input Refve(:ﬁgcg A
multiplexer _Sample hold _’ 9

I circuit ]

ANO[J—A vy Y !
i V¥ - :

\ 4 110
5 : o 7
Analog
comparator
AIN7 D_ n__ |Successive approximate circuit
S EN Shift clock e
4“ A | €ontrol cifcuit I
1 KA % A [
SAIN| [AINDS g + T e L Teocr
<\ [AMD/ [ ACK A A
| abccre, || 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 conbining a analog input port. For details, see the sec-
tion on "I/O ports™.

Figure 13-1.10-bit AD Converter

Page 147



13. 10-bit AD Converter (ADC)

13.2 Register configuration
TMP86CP27AFG

13.2 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 (ADCCR?2)

This register selects the AD conversion time and controls the connection.of the DA converter (Ladder
resistor network).

3. AD converted value register 1 (ADCDR1)

This register used to store the digital value fter being convertéd by-the AD converter.
4. AD converted value register 2 (ADCDR2)

This register monitors the operating status of the AD gonverter.

AD Converter Control Register 1

ADCCR1 7 6 5 4 3 2 1 0
(O00EH) | ADRS | AMD | AINDS | SAIN (Initiatvalye: 0001 0000)

ADRS AD conversion start 0: N )
1: AD conversion start
00: ADoperation disable

. 07: Software start/mode

AMD AD operating mode 70- Reserved

11: Repeat mode
. 0 Analog input enable
AINDS | Anal t trol
nalog input contrg 1: Analog input disable

0000: AINO
0001:  AIN1
0010:  AIN2
0011:  AIN3 RIW
0100: /AIN4
0101: AIN%
0110: ~_AIN6
0111: ~AIN7

SAIN Analog input ch | select

nalog input channel selec 1006 Resefved

1004: Reserved
1010:_ ~Reserved
1011: " Reserved
1100:  Reserved
1101:  Reserved
1110:  Reserved
1111: Reserved

Nete 17 Seteet analog input'ehannel 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 input
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 generated (e.g.,
interrupt handling routine).

Note 6: After STOP or SLOW/SLEEP mode are started, AD converter control register1 (ADCCR1) is all initialized and no data can

be written in this register. Therfore, to use AD converter again, set the ADCCR1 newly after returning to NORMAL1 or
NORMAL2 mode.
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AD Converter Control Register 2

ADCCR2 7 6 5 4 3 2 1 0

(000FH) ' IREFON| " | ACK | " ‘(Initialvalue: **Q* 000%)

IREFON DA converter (Ladder resistor) connection 0: Connected only during AD.eonversion
control 1: Always connected
000: 39/fc
001: Reserved
AD conversion time select 81 ? ::/Gf;c R/W
ACK \(::fsf:aorntct)i::)followmg table about the con- 100 312/fc
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 réad in/as.undefined data.

Note 3: After STOP or SLOW/SLEEP mode are started, AD converter controlregister2 (AD€CR?2) is.all initialized and no data can
be written in this register. Therfore, to use AD converter,again, set the ADCCR2 newly-after returning to NORMAL1 or
NORMAL2 mode.

Table 13-1 ACK setting and Conversion time

conditon Conversion | & \hz 8 MHZ 4 MRZ 2 MHz 1040Hz 5 MHz 2.5 MHz
ACK time

000 39/fc ; . ; 495 s ; ; 15.6 s
001 Reserved

010 78/fc - . 19.5 s 39.0 s ; 15.6 s 31.2 s
011 1561fc ; 19)5 us 39.0 us 8.0 us 15.6 s 31.2 s 62.4 us
100 312/fc 195 s 39.0 us 78.0 us 156.0 us 31.2 s 62.4 us 124.8 ps
101 624/fc 390/4s 78.0 us 156.0 s ; 62.4 us 124.8 ps ;
110 1248tc 7808 156.0 us / ; 124.8 ps ; ;

1M Reserved

Note 1: Setting for "-" in the above table areinhibited.—fe:-High Frequency oscillation clock [Hz]
Note 2: Set convéersion time setting should be kept.more than the following time by Analog reference voltage (VAREF) .

- VAREF=451055V 15.6 ys,and more
- /VAREF=2.71t055V 312 ns\and more

AD Converted value Register' 1

ADCDR1 7 6 5 4 3 2 1 0
(0021H) | ADO9 | ADO8 | ADO7 | ADO6 | ADO5 | ADO4 | ADO3 | ADO2 |(Initialvalue:00000000)

AD Converted value Register 2

ADCDR2 7 6 5 4 3 2 1 0
(0020H) | ADO1 | ADOO | EOCF | ADBF | ‘ ‘ (Initial value: 0000 ***)
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. Bef i i
EOCF AD conversion end flag 0 etore o_r during conversion
1. Conversion completed Read
: During stop of AD i only
ADBF | AD conversion BUSY flag 0: During stop of AD conversion
1:  During AD conversion

Note 1: The ADCDR2<EOCF> is cleared to "0" when reading the ADCDR1. Therfore, the AD conversion result should be read to
ADCDR2 more first than ADCDRA1.

Note 2: The ADCDR2<ADBF> is set to "1" when AD conversion starts, and cleared to "0" wheén"AD-conversion finished. It also is
cleared upon entering STOP mode or SLOW mode .

Note 3: If a read instruction is executed for ADCDR2, read data of bit3 to bitO are unstable-
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13.3 Function

13.3.1 Software Start Mode

After setting ADCCR1<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
(ADCDRI1, ADCDR?2) and at the same time ADCDR2<EOCF> is set to 1, the \AD conVversion 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 (INTADQ)(is generated (e.g., interrupt handling rou-
tine).

AD conversion start AD conversion-start

ADCCR1<ADRS> ] ]

ADCDR2<ADBF> | I

ADCDRI1 status Indeterminate X 1st convérsion result X 2nd conversion result

‘ EQCF cleared by reading
ADCDR2<EOCF> | | conversion result

; -

1

INTADC interrupt request

ADCDR1
Conversion result Conversion result
ADCDR2 |‘| read |‘| read
Conversion result Conversion result
read read

Figure 13-2 Software Start Mode

13.3.2 Repeat Mode

AD conversion/of the voltage at'the analog input pin specified by ADCCR1<SAIN> is performed repeatedly.
In this’mode, AD conversion is'started by setting ADCCRI<ADRS> to “1” after setting ADCCR1<AMD> to
“11”\(Repeat mode).

After completion/Of the( AD conversion, the conversion result is stored in AD converted value registers
(ADEDRI1, ADCDR2) and\atthe’same time ADCDR2<EOCF> is set to 1, the AD conversion finished inter-
rupt (INTADC) is generated.

Intrepeat 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 stopped
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

_ _ X — Y /AD convert operation suspended.
Conversion operation ! result X 2nd conversion result X 3rd conversion result X \COHVGTSiOﬂ result is not stored.
ADCDR1,ADCDR2 Indeterminate X 1st conversion result X 2nd conversion result X 3rd conversion result
ADCDR2<EOCF> | | I | I |
A A A )
EOCEF cleared by reading
INTADC interrupt request |_| |_| |_| conversion result
ADCDR1
Conversion Conversion Conversion

ADCDR2 |_| result read |_| result réad |_| result read

Conversion Conveérsion Caonyersion
result read resultread result read

Figure 13-3 [Repeat Mode

13.3.3 Register Setting

1.

Set up the AD converter contrel register | (ADECR1) as follows:

* Choose the channel tol AD conyert using AD input changel 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 (ARCCR?2) as follows:

* Set the AD(conversion time using AD-eonvetsion time (ACK). For details on how to set the con-
version time, réfer'to Figure 13-1 and, AD converter control register 2.

e Choose/IREEON for DA donverter\¢ontrol.

Aftersetting up (1) and (2) above, set-AD-conversion start (ADRS) of AD converter control register 1
(ADCCRD).fo-17. 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 con-
vetted value register 1 (ADCDRI)-and the AD conversion finished flag (EOCF) of AD converted
valug register 2 (ADCDR?) is set to “1”, upon which time AD conversion interrupt INTADC is gener-
ated.

EQCF is cleared to~0*~by-a read of the conversion result. However, if reconverted before a register
read, although EOQCF is¢leared the previous conversion result is retained until the next conversion is
completed.
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Example :After selecting the conversion time 19.5 us at 16 MHz and the analog input channel AIN3 pin, perform AD con-
version once. After checking EOCF, read the converted value, store the lower 2 bits in address 0009EH nd store
the upper 8 bits in address 0009FH in RAM. The operation mode is software start mode.

;Set port register approrriately before setting AD

: (port setti
(port setting) converter registers.
(Refer to section /O port in details)
LD (ADCCR1), 00100011B ; Select AIN3
D (ADCCR2), 110110008 ;Select eonversion time(312/fc) and operation
mode
SET (ADCCR1) .7 . ADRS = #(AD conversion start)
SLOOP : TEST (ADCDR2) . 5 JEOCE= 17
JRS T, SLOOP
LD A, (ADCDR2) ; Read result data
LD (9EH) , A
LD A, (ADCDR1) ; Read result data
LD (9FH), A

13.4 STOP/SLOW Modes during AD-Conversion

When standby mode (STOP or SLOW mede) is entered forcibly during AD conversion, the AD convert operation
is suspended and the AD converter is initialized (ADCCR1 and ADCCR?2 are initialized to initial value). Also, 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 standby mode
(STOP or SLOW mode), AD conversion is not automatically restarted, so it is necessary to restart AD conversion.
Note that since the analog reference voltage'is automatically~disconnected, there is no possibility of current flowing
into the analog reference voltage.
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13.5 Analog Input Voltage and AD Conversion Result
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13.5 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 13-4.

A
3FF, + —
3FE, + —
3FDy + —
AD
conversion == —
result S
034 T —
02y T ~ -
OlH T 7 a
. VAREF, —V/SS
: : : x¢ 92 'S\
0 1 2 3 10214022 V1023 1024 1024

Analog inpUt-voltage

Figure 13-4 Analog Input Voltage and AD ConversionResult (Typ.)
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13.6 Precautions about AD Converter

13.6.1 Restrictions for AD Conversion interrupt (INTADC) usage

When an AD interrupt is used, it may not be processed depending on program composition. For example, if
an INTADC interrupt request is generated while an interrupt with priority lower than the interrupt latch IL15
(INTADC) is being accepted, the INTADC interrupt latch may be cleared without the INTADC interrupt being
processed.

The completion of AD conversion can be detected by the following methods:
(1) Method not using the AD conversion end interrupt

Whether or not AD conversion is completed can be detected by, menitoring the AD conversion end flag
(EOCF) by software. This can be done by polling EOCF or monitoring EQGF at regular intervals after start of
AD conversion.

(2) Method for detecting AD conversion end while a lower-priority interrupt is being!processed

While an interrupt with priority lower than INTADC is being progessed, check thé.AD-conversion end flag
(EOCF) and interrupt latch IL15. If IL15 = 0 and EOCE </ call the AD gonversion end interrupt processing
routine with consideration given to PUSH/POP operations. At this time, if an-interrupt request with priority
higher than INTADC has been set, the AD conversion end.interrupt processing routing will be executed first
against the specified priority. If necessary, we recommend that the AD conyersion-endinterrupt processing rou-
tine be called after checking whether or not artinterrupt_ request with priority-higher than INTADC has been
set.

13.6.2 Analog input pin voltage range

Make sure the analog input pins (AINOto, AIN7) are used atvoltages within VAREF to VSS. If any voltage
outside this range is applied to one of the analog input pins, the convetrted value on that pin becomes uncertain.
The other analog input pins also-are affected by that.

13.6.3 Analog input shared pins

The analog/input pins (AINO to AINY) are \sharéd‘with input/output ports. When using any of the analog
inputs to execute. AD/Conversion, do notexecute.input/output instructions for all other ports. This is necessary
to prevent the accuracy of AD conyersion from degrading. Not only these analog input shared pins, some other
pins may also be affected by noise arising from-input/output to and from adjacent pins.

13.6.4 Noise_Countermeasure

The ‘internal equivalent circuit of the analog input pins is shown in Figure 13-5. The higher the output
impedanee-of the analeg input source, more easily they are susceptible to noise. Therefore, make sure the out-
put-impedance of the'sighal\source in your design is 5 kQ or less. Toshiba also recommends attaching a capac-
itor external to the chip,

Internal resistance Analog comparator
5 kQ (typ)

AINi

E—W'—_L—D A 1
Permissible signal nternal ga_Dgglt?:n(?e :
source impedance =22 pF (typ.
o ke (max) DA converter
Note)i=7to 0

Figure 13-5 Analog Input Equivalent Circuit and Example of Input Pin Processing

Page 155



13. 10-bit AD Converter (ADC)

13.6 Precautions about AD Converter
TMP86CP27AFG

Page 156



To s H I BA TMP86CP27AFG

14. Key-on Wakeup (KWU)

In the TMP86CP27AFG, 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 " 14.2 Control ".

14.1 Configuration

S'Il'OP mode | D STOP
release signal
(1 Releasge) 0< [ stor2
°< [} stop3
°< [1 st0P4
0< [~sToPs
STOPCR  iF I [g
(OFAAH) O | OO
S U o
[2A R K20 K2
Figure 14-1 Key-on Wakeup Circuit
14.2 Control

STOP2 to STOPS pins.can controlled by Key-on/Wakeyp Control Register (STOPCR). It can be configured as
enable/disable in 14bit unit. When those ping-are usedfor STOP mode release, configure corresponding I/O pins to
input mode by I/O portuégister beforehand.

Key-on Wakeup Control Register

STOPCR 7 6 5 4 3 2 1 0
(OFAAH) | STOP5 | STOP4 | STOP3 | sTOP2 | ‘ ‘ ‘ ‘ (Initial value: 0000 ****)

0:Disabl Wit
STOP5 | STOP mofle released by STOP5 sable e
1:Enable only
0:Disabl Wit
STOP4 | STOP mods released by STOP4 sable e
1:Enable only
0:Disabl Wit
STOP3 | STOP mode released by STOP3 sable e
1:Enable only
0:Disabl Wit
STOP2 | STOP mode released by STOP2 sable e
1:Enable only

14.3 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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14.3 Function
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Also, each level of the STOP2 to STOPS pins can be confirmed by reading corresponding I/O port data register,
check all STOP2 to STOPS5 pins "H" that is enabled by STOPCR before the STOP mode is startd (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 STOP5 pins
that are available input during STOP mode.

Note 2: When the STOP pin input is high or STOP2 to STOP5 pins inputwhich is enabled by STOPCR is low, executing an
instruction which starts STOP mode will not place in STOP mode but instead will immediately start the release
sequence (Warm up).

Note 3: The input circuit of Key-on Wakeup input and Port input is separatedAAso each input Voltage threshold value is
diffrent. Therefore, a value comes from port input before STOP mode start may be diffrent from a value which is
detected by Key-on Wakeup input (Figure 14-2).

Note 4: STOP pin doesn’t have the control register such as STOPCR, so when/STOP madé/is released by STOP2 to
STOPS5 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 (forfeleasing STOP mode) by Key-on
Wakeup Control Register (STOPCR) may genarate 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 STOPS5 pins, the lével of STOP pin should hold /L"level (Figure

14-3).
Port input <|| 1 External pin
Key-on wakeup %]—
input
Figure 14-2 Key-on YWWakeup/Input and Port Input
a) STOP b) In case of STOP2.to STOP5
STOP pin | STOP pin "L
E(— Release
<>
STOP mode STOPmode o1 oo pin —l—
€«— Release
STOP mode _ + STOP mode

Figure-14-3 Priority.of STOP-pin and STOP2 to STOPS5 pins

Table’14-1 Release’level (edge) of STOP mode

Release level (edge)
e SYSCR(:S;L)M):W SYSCR1<RELM>="0"
STOR "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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15. LCD Driver

The TMP86CP27AFG has a driver and control circuit to directly drive the liquid crystal device (LCD). The pins to
be connected to LCD are as follows:

1. Segment output port 40 pins (SEG39 to SEGO)
2. Common output port4 pins (COM3 to COMO)

In addition, C0, C1, V1, V2, V3 pin are provided for the LCD driver’s booster-eircuit.

The devices that can be directly driven is selectable from LCD of thefollowing drive)methods:
1/4 Duty (1/3 Bias) LCD Max 160 Segments(8 segments x 2( digits)
1/3 Duty (1/3 Bias) LCD Max 120 Segments(8 segments x 15 digits)

1

2.

3. 1/2 Duty (1/2 Bias) LCD Max 80 Segments(8 segments x (10 digits)
4. Static LCD Max 40 Segments(8 segments %5 digits)

15.1 Configuration

LCDCR
6 5 4 3 2 1/.0
|EDSPlBRES| VFSEL | puty [ -sSiF
1 | DBR
17 9
fc/2™’, fs/2 display data area
fc/216, 1128

fc/2l®
fc/2™3 U
YYVVY

Dut | Timin :
—> contr{)I ! controgl ! Display data select control
fc/2'3, fs/25
fC/le,fS/23 ||||||||||||||||||||||||I|||
fc/210 fs/22 5| Blanking Display data buffer register
e 4 control
YYVY Yy v K )
Constant voltage Common driver I—)} Segment driver
booster cireuit ‘£
é& %H%“%' COMO ) to COM3 SEGO SEG39

CoO—€+ Wl V2 V3

Figure 15-1 LCD Driver

Note: The LCD driver incorporates a dedicated divider circuit. Therefore, the break function of a debugger (development
tool) will not stop LCD driver output.

Page 159



15. LCD Driver
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15.2 Control
The LCD driver is controlled using the LCD control register (LCDCR). The LCD driver’s display is enabled using
the EDSP.

LCD Driver Control Register

(0028H) | EDSP | BRES | VFSEL DUTY SLF (Initial value: 0000’ 0000)

0: Blanking

EDSP | LCD Display Control
'spiay Lontro 1: Enables LCD display (Blanking.is released)

0: Disable (use divider resistance)

BRES Booster circuit control 1- Enable
NORMAL1/2, IDLE//2 mede SLOW1/2,
DV7CK =0 DV7CK =1 SLEEPO/1/2.mede
00 fc/2'3 fs/25 fs/25
VFSEL Selection of boost frequency
01 fe/2' fs/28 fs/28
10 fer210 fs/2? fs/22
11 9 9 —
fc/2 fc/2 RIW

00: 1/4 Duty (1/3'Bias)
01: 1/3 Duty (4/3 Bias)

DUTY | Selection of driving method
election ot driving methods | 46, 172 Duty (142 Bias)

11;_Static
NORMAL1/2/1DLE/1/2-mode SLOWA1/2,
DV7CK =,0 DV7CK =1 SLEEPO0/1/2 mode
17 9 9
SLF Selection of LCD frame fre- X fo/2 fs/2 fs/2
quency o1 fc/216 /28 f/28
10 fc/2's fc/2'® -
" frld fc/2!3 -

Note 1: When <BRES>(Booster: cifguit control) is set to “0”,-Vpp > V3-2V2 > V1 > Vgg should be satisfied.
When <BRES> is set'to “1%,5.5{V] 2 V3 > Vpp should’bé satisfied.
If these conditions are notsatisfied, it not.only affects the/quality of LCD display but also may damage the device due to
over voltageof the port.

Note 2: When used as the-boester circuit, bias should-be>composed to 1/3. Therefore, do not set LCDCR<DUTY> to "10" or "11"
when the booster circuit is enable.

Note 3: Do dot set SLF to “10” or “11” in SLOW1/2'modes.

Note 4: Do not set\VFSEL to “11” SLOW1/2 modes.
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15.2.1 LCD driving methods

As for LCD driving method, 4 types can be selected by LCDCR<DUTY>. The driving method is initialized
in the initial program according to the LCD used.

Viecos— 1 U —i—l Vicps — ~T¢H
0 1| u o rl_L N
] \_‘ |_ I I ] \_‘ |_/ HEERN
-VLcp3 - -ViLcp3 -

l«—— Data"l" —»l¢«—— Data"0" —» l«— Data /1" —pie— Data "0" —p»
(a) 1/4 Duty (1/3 Bias) (b) 1/3 Duty (1/3 Bias)
. & 1/fg —»!
Vicps — L 1/fE Vicpa = !
" TC I_IHLI "]
-VLCD3 — ~VLcDs —
|l«—— Data "1V ——>»le— Data "0" —»l
Data "1" Data "0"
(c) 1/2 Duty (1/2 Bias) (d) Static

Note 1: fg: Frame frequency
Note 2: V| ¢p3: LCD drive voltage

Figure 15-2 LCD-Drive Waveform (COM-SEG pins)
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15.2.2 Frame frequency

Frame frequency (ff) is set according to driving method and base frequency as shown in the following Table

15-1. The base frequency is selected by LCDCR<SLF> according to the frequency fc and fs of the basic clock
to be used.

Table 15-1 Setting of LCD Frame Frequency

(a) Atthe single clock mode. At the dual clock mode (DV7CK = 0).

Frame frequency [Hz]
SLF Base frequency [Hz]
1/4 Duty 1/3 Duty 1/2 Duty Static
fe fe 4, fc 4, fc fc
o7 o7 3,17 27517 217
00
(fc = 16 MHz) 122 163 244 122
(fc = 8 MHz) 61 81 122 61
fe fe alfe 4, fc Bic)
516 516 316 2 516 216
01
(fc = 8 MHz) 122 163 244 122
(fc = 4 MHz) 61 81 122 61
fo fo 4, fc 4 fo fo
515 515 3 515 2\ 515 15
10
(fc =4 MHz) 122 163 244 122
(fc =2 MHz) 61 81 122 61
fo fo 4 fc 4, fo fo
» e 51 3y 2 51 NE
(fc = A-MHz) 122 163 244 122

Note: fc: High-frequency clock [Hz}

Table 15-2
(b) At the dual’clock mode (DV7CK =1 or SYSCK = 1)
Frame frequency [Hz]
SLF Base frequency [Hz]
1/4'-Duty 1/3 Duty 1/2 Duty Static

fs ts 4 fs 4, fs fs
06 29 29 3 29 2 29 29
(fs = 32.768 kHz) 64 85 128 64
fs fs a,ts 4,fs fs
01 28 28 3 28 2 28 28
(fs = 32.768 kHz) 128 171 256 128

Note: fs: Low-frequency clock [Hz]
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15.2.3 Driving method for LCD driver

In the TMP86CP27AFG, LCD driving voltages can be generated using either an internal booster circuit or an
external resistor divider. This selection is made in LCDCR<BRES>.

15.2.3.1 When using the booster circuit (LCDCR<BRES>="1")

When the reference voltage is connected to the V1 pin, the-booster eircuit boosts the reference voltage
twofold (V2) or threefold (V3) to generate the output voltages for segment/common signals. When the
reference voltage is connected to the V2 pin, it is reduced to 1/2-(VH.or boosted to 3/2 (V3). When the
reference voltage is connected to the V3 pin, it is reduced to 1/3(V1) or'2/3 (V2).

LCDCR<VFSEL> is used to select the reference frequency.in the booster circuit, The faster the boost-
ing frequency, the higher the segment/common drive ‘capability;’but power consumptiony is increased.
Conversely, the slower the boosting frequency, the lower-the-segment/common drive.capability, but power
consumption is reduced. If the drive capability is(insuffiCient, the LCD may not be displayed clearly.
Therefore, select an optimum boosting frequency for the LCD panel to-be used.

Table 15-3 shows the V3 pin current capacity and-boosting frequency.

Note: When used as the booster circuit, bias should be-composed to 1/3. Therefore, do not set
LCDCR<DUTY> to "10" or "11" when_the bagoster circuit is enable (LCDCR<BRES>="1").

_c‘)_—‘ VDD

Keep the following

condition. V3

V2
V3 = VpDp V1
Vi =1/3xV3

C =0.1t00.47 uk
Reference voltage

Cl
€0

) jo”*”

nL— VSS

a) Reference.pin = V1

Keep the following VDD
condition. V3
Lc
V2 c
V, = 2/3xV3 {IC
C =0/4to0 047 uF
I Reference voltage
Cl— ¢
J7_ VSS

b) Reference pin = V2
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Keep the following VDD
condition. V3 .
V2
V3 > Vpp Vi {}:C T Reference voltage
777|—C
C =0.1t0047pF
Cl—¢
co |—T
J7_ VSS
c) Reference pin = V3
Keep the following {tl_ VDD
condition. » 4.
V¢
V3 = VDD {n I
IC
C =0.1t00.47 pF
Rl g B
co |-
J’__ VSS

¢d) Reference pin =3

Note 1: When the TMP86CP27AFG uses the booster circuit to drive the LCD, the” power supply and capacitor for the booster cir-
cuit should be connected as showryabove-

Note 2: When the reference voltage is connected to a pin other than'\/1, add a capacitor between V1 and GND.

Note 3: The connection examples shown above' are different from those.shown in the datasheets of the existing mask or OTP
products. Since the aboye-eonnection method enhanges the boosting characteristics, it is recommended that new boards
be designed using the above’connection method. (Using-the existing connection method does not affect LCD display.)

Figure 15-3 Connection Examples When-Using-the Booster Circuit (LCDCR<BRES> = “17)

Table-15-3 V3 Pin Current Capacity and Boosting Frequency (typ.)

VFSEL Boosting frequency fc =16 MHz fc =8 MHz fc =4 MHz fc = 32.768 MHz
00 fc/213 or fs/2° -37.mV/ pA —-80 mV/ pA -138 mV/ pA ~76 mV/ pA
01 fel2l! orfs/23 +19 mV/ pA -24 mV/ pA -37 mV/ pA -23 mV/ pA
10 fc/219 grfs/22 -17 mV/ pA -19 mV/ pA -24 mV/ pA -18 mV/ pA
" fc/2° —16 mV/ uA —17 mV/ yA —19 mV/ pA -

Note 1: The current capacity is the amount of voltage that falls per 1pA.
Note 2: The boosting frequency should be selected depending on your LCD panel.

Note 3: For the reference pin V1 or V2, a current capacity ten times larger than the above is recommended to ensure stable oper-
ation.

For example, when the boosting frequency is fc/2° (at fc = 8 MHz), —1.7 mV/ pA or more is recommended for the current
capacity of the reference pin V1.
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15.2.3.2 When using an external resistor divider (LCDCR<BRES>="0")

When an external resistor divider is used, the voltage of an external power supply is divided and input
on V1, V2, and V3 to generate the output voltages for segment/common signals.

The smaller the external resistor value, the higher the segment/common drive capability, but power con-
sumption is increased. Conversely, the larger the external resistor valug, the lower the segment/common
drive capability, but power consumption is reduced. If the drive capability is insufficient, the LCD may
not be displayed clearly. Therefore, select an optimum resistor value for the €D panel to be used.

Adjustment of Adjustment of Adjustment of

contrast contrast contrast
] VDD ] VDD l_— VDD b
V3 V3 V3
R1 R1
V2 V2 V2
co CO — Open C0 — Open
Cc1 R2 C1 — Open €1 — Open
Vi Vil V1
R3 g R2 é R1
L_ VSS L_ VSS L— VSS
7 ”

1/3 Bias (R1 = R2 = R3) 1/2 Bias«(R1 = R2) Static

Keep the following conditon.
VDD =V3>V2>V]1>Vss

Figure 15-4 Connection’ Examples When Using an External Resistor Divider
(LCDCR<BRES>=x0")

15.3 LCD Display Operation

15.3.1 Display data setting

Display data is stored to the display data area (assigned to address OF8OH to 0F93H, 20bytes) in the DBR.
The display data“which are stored in the display data area is automatically read out and sent to the LCD driver
by the/hardware. The LCD driver\generates the segment signal and common signal according to the display
data and driving method. Therefore; display patterns can be changed by only over writing the contents of dis-
play~data-aréa by the program. Table 15-5 shows the correspondence between the display data area and SEG/
COM-pins.

LCD light when display data is “1” and turn off when “0”. According to the driving method of LCD, the
number of pixels which can be driven becomes different, and the number of bits in the display data area which
is used to store display data also becomes different.

Therefore, the bits which are not used to store display data as well as the data buffer which corresponds to the
addresses not connected to LCD can be used to store general user process data (see Table 15-4).

Note: The display data memory contents become unstable when the power supply is turned on; therefore, the dis-
play data memory should be initialized by an initiation routine.

Page 165



15. LCD Driver
15.3 LCD Display Operation

TMP86CP27AFG
Table 15-4 Driving Method and Bit for Display Data

Driving methods Bit 7/3 Bit 6/2 Bit 5/1 Bit 4/0

1/4 Duty coM3 COoM2 com1 COMO

1/3 Duty - COM2 CoMA1 COMO

1/2 Duty - - COM1 COMo

Static - - - COMO

Note: —: This bit is not used for display data
Table 15-5 LCD Display Data Area (DBR)

Address Bit 7 Bit6 Bit 5 Bit 4 Bit 3 Bit2 Bit 1 Bit0
OF80H SEG1 SEGO
OF81H SEG3 SEG2
OF82H SEGS5 SEG4
OF83H SEG7 SEG6
OF84H SEG9 SEG8
OF85H SEG™1 SEG10
OF86H SEG13 SEG12
OF87H SEG15 SEGH4
OF88H SEG17 SEG16
OF89H SEG19 SEG/8
OF8AH SEG21 SEG20
OF8BH SEG23 SEG22
OF8CH SEG25 SEG24
OF8DH SEG2F SEG26
OF8EH SEG29 SEG28
OF8FH SEG31 SEG30
OF90H SEG33 SEG32
OF91H SEG35 SEG34
OF92H SEG37 SEG36
OF93H SEG39 SEG38

coM3 COM2 CcoM1 COMO coMm3 com2 coMm1 COMO

15.3.2 Blanking

Blanking-is enabled when EDSP, is cleared to “0”.
Blanking turns off LCD through-outputting a GND level to SEG/COM pin.

When in STOP mede, EDSP is cleared to “0” and automatically blanked. To redisplay ICD after exiting
STOP-made, it is neeessary to.set EDSP back to “1”.

Note: During reset, the LCD segment outputs and LCD common outputs are fixed “0” level. But the multiplex termi-
nal of input/output port and LCD segment output becomes high impedance. Therefore, when the reset input is
long remarkably, ghost problem may appear in LCD display.
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15.4 Control Method of LCD Driver

15.4.1 Initial setting

Figure 15-5 shows the flowchart of initialization.

Example : To operate a 1/4 duty LCD of 40 segments x 4 com-mons at frame frequency f¢/2'6 [Hz], and booster fre-
quency fc/213 [Hz)

LD (LCDCR), 01000001B ; Sets LCD driving method and framg frequency. Boost frequency

LD (P*LCR), OFFH ; Sets segment output control register.(*; Port No.)

; Sets the initial value of display data.

LD (LCDCR), 11000001B ; Display enable

Y

Sets LCD driving(method.(DUTY).
Sets boost frequency (VFESEL).
Sets frame frequency,(SLF).
Enables booster eircuit (BRES)

v

Sets segment.output controjregisters,
(P*LCR (*; Port No.))

Initialization of display data area.

!

Display enable (EDSR)
(Releases from blanking:)

Figure 15-5 Initial Setting of LCD Driver

15.4.2 Store of display data

Gerterally; display data are prepared as fixed data in program memory (ROM) and stored in display data area
by load command.
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Example :To display using 1/4 duty LCD a numerical value which corresponds to the LCD data stored in data mem-
ory at address 80H (when pins COM and SEG are connected to LCD as in Figure 15-6), display data
become as shown in Table 15-6.

LD A, (80H)
ADD A, TABLE-$-7
LD HL, OF80H
LD W, (PC + A)
LD (HL), W
RET
TABLE: DB 11011111B, 000001108,

11100011B, 10100111B,
001101108, 10110101B,
11110101B, 00010111B,
11110111B, 10110111B

Note:DB is a byte data difinition instruction.

COMO

=N 65 /2 COM1
COM2
Q_skco v Ypccoms scons
SEG1

Figure 15-6 Example of COM, SEG Pin Connection (1/4 Duty)

Table 15-6 Example of Display Data (1/4.Duty)

No. display Display-data No, display Display data
LSH =
0 U 1101TH 11 5 UC) 10110101
() J
=V o =
c—

1 0 00000110
6 =

11110101

=
Ly

1 T
2 []D 11100011 7 00000111
&= 0
@0 —
3 p— 10100111 8 gD 11110111
bO =
f !
4 UD 00110110 9 UD 10110111
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Example 2: Table 15-6 shows an example of display data which are displayed using 1/2 duty LCD in the
same way as Table 15-7. The connection between pins COM and SEG are the same as shown in Figure 15-7.

SEG3 g( E?} SEGO
0 Cl SEG2 ComM1
QQ R SEG1

Figure 15-7 Example of COM, SEG Pin Connection

ComMo

Table 15-7 Example of Display Data (1/2 Duty)

Display data Display data
Number Number
High order address Low order address High.order address Low. order address
0 **01**11 *01**11 5 **11**10 **01**01
1 **00**10 **00**10 6 1111 01501
2 **10**01 *01**11 7 **01**10 **00**11
3 **10**10 *01**11 8 1111 **01**11
4 **11**10 **00**10 9 **11**10 *01**11

Note: *: Don'’t care
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15.4.3 Example of LCD drive output

=V
Display data area  como —,—’_|_\—|—|— NheD3
—0

Address

=Vicp3
OF80H| 10110101 | com1 | | |_| |_l | :
—0

,—l_l —VLCD3
— || | "0

¢OMO-SEGO H—
(Selected) J | | i v
— -VLcD3
— VLCD3
CoM2-SEG1 |' II | —0

(Non selected)

Figure 15-8-1/4 Duty (1/3 bias) Drive
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SEG1
ﬂ@g SEGO
EDSP
SEGO
) SEG1
Display data area
Address SEG?2
OF80H | *111 *010
OF81H | #xxx %
oo1 COMO
*: Don’'t care
COM1
COM2
COMO-SEG1
(Selected)
COM1-SEG2

(Non)selected)

UZ\ {2 COMO UZU

e Ll

Figure 15-9 1/3-Duty(1/3 bias) Drive

VLCD3

VLCcD3

VilcD3

VLeDS3

VLCD3

VLCD3

VLCcD3

-VLcD3
VLcD3

-VLcD3
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15.4 Control Method of LCD Driver

TMP86CP27AFG
COMO
ﬂagé COMO Ué 0
COM2 (e
0—0— CoM1 0 0
Vo comi [N\ &=V o
EDSP |
—_ — VLcD3
SEGO
—0
. SEG1 VLCD3
Display data area -0
~SVLCD3
Address SEG2
OF80H [ *+01 **01 — =\0
11 xn ~ VLCD3
OF81H| **11*10 SEG3 :
— 0
*. Don't care COMO | | } VLCDs
| L1 .
| | — VLCD3
COML | | | | ) 0
| — VLCD3
I ] nl .
COMO-SEGT — 0
(Selectedy /| | — VLCD3
—-VLCcD3
COMI-SEG2 —1 ] I I I I - 0
(Nomselected) —-VLCcD3

Figure 15-10._1/2(Duty{(1/2 bias) Drive
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SEGO
SEGS SEG1 —
SEG6 UD
ﬂ[) SEG2 COMO 0 0
SEG3 &V Q_ SEG? =V o

Display data area

Address EDSP l—

OF80H *HK() HHK] SEGO - VLCD3
OF81H | #xxq woxq -0
— VLcDp3
OF82H| ##*xq] *xxQ SEG4 >
0OF83H *kk() HFhE] — %
—[¥LCDP3
*: Don'’t care SEG7
—.0
— V]
COMO LCD3
— 0
— Vicops
COMO-SEGO 0
(Selected) )
— -ViLcD3
— VLCD3
COMO-SEG4 0
(Noryselected) - -VLcD3

Figure 15-11 /Static Drive
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16. Input/Output Circuitry

16.1 Control Pins

The input/output circuitries of the TMP86CP27AFG control pins are shown beldw.

Control Pin 110 Input/Output Circuitry Remarks
Osc. enable —>:D_ >4
ANA . .
VDD Wy i VDD Resonator connecting pins
XIN Input R 2R, (High frequency)
XOuT Output | J Ri=1.2MQ (Typ.)
Rg=10.5kQ (Typ.)
XIN XOUT
XTEN
Osc. enable —):m_ > > fs
AW Resonator connecting pins
XTIN Input VDD B Ry R vDD (Low frequency)
XTOUT Output O Rt =6 MQ(Typ.)
Ro =220 kQ (Typ.)
XTIN XTOUT
Hysteresis input
N Inout Pull-up resistor
RESET neu » Ry = 220 kQ (Typ.)
Address-trap-reset R = 100 O(Typ.)
Watchdog timer
System-clock-reset
VDD
R D Pull-down resistor
TEST Input Rin =70 kQ (Typ.)
Rin R =100 Q (Typ.)

NetexThe TEST pin of the TMP86RS27 does not have a pull-down resistor(R) and protect diode (D). Fix the TEST pin at
low level.
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16. Input/Output Circuitry
16.2 Input/Output Ports

TMP86CP27AFG
16.2 Input/Output Ports
Port 110 Input/Output Circuitry Remarks
Initial "High-Z SEG output
VDD
Data output ﬂ—l Tri-state output
o | PRRN iy
Disable ——_I>°—| g (Typ.)
S A LCD segment output
Pin input é‘l
Initial "High-Z SEG output
VDD
Data output 1:)0_| T)thte ontout
ri-state-outpu
P1 110 __Do—l L] R>100 O/(Typ.)
Disable — LCDisegment output
=R
Pin input <|I
Initial "High-Z" VBD
_D Sink open drain output
P2 Vo Data output —i >o0—] Hysteresis input
R =100 Q (Typ.)
=R
Pin input é}
Initial "High-2"
VDD
Pch control Sink open drain output or
Data output ; D°_| c-Mog output ’
P3 1/0 D Hysteresis input
High current output (N-ch)
=R R =100 Q (typ.)
Pin input é‘l
Initial "High-z*
VDD
;;It’lacggttgﬁlt . lD: | iinkggen drain output or
P4 IIo —1] "MOS output
Hysteresis input
L R =100 Q (typ.)
=R
Pin input é‘l
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Port 1/0 Input/Output Circuitry Remarks
Initial "High-z"
SEG output Sink drain outout
I:I ink open drain outpu
P5, P7 110 LCD segment output
Data output
=R R =100 Q (typ.)
Pin Input d
~
AIN
Initial "High-z"
VDD
Data output
Tri-state /O
PG o —1] Hyst.ere5|s input
) AIN input
Disable £4 R =100 O (typ.)
Pin input 4
~

Note: The absolute maximum ratings of PO, P1, P5 and P7 port-input valtage’should be used/in —0:31to'Vgp/+/0.3 volts.
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17. Electrical Characteristics

17.1 Absolute Maximum Ratings

The absolute maximum ratings are rated values which must not be exceeded dufing operation, even for an instant.
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 inl injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value/ will ever be exceeded.

(Vss=0V)
Parameter Symbol Pins Rating Unit
Supply voltage Vbp -0.3t06.5
Input voltage VIN -0.3to Vpp +0,3 Y,
Output voltage Vour -0.3to Vpp *.0.8
louT1 PO, P1, P3, P4, P6 port 1.8
Output current (Per 1 pin) louT2 PO, P1, P2, P4, P5, P6, R7 port 3.2
louTs P3 port 30
mA
ZlouTt PO, P1, P3, P4,/P6-port =30
Output current (Total) ZlouT2 PO, P1, P2, P4, PS5, P6, P7 port 60
Tlouts P3 Port 80
Power dissipation [Topr = 85°C] PD 250 mwW
Soldering temperature (Time) Tsld 260 (10 s)
Storage temperature Tstg -55t0 125 °C
Operating temperature Topr —40 to 85
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17. Electrical Characteristics

17.2 Recommended Operating Condition
TMP86CP27AFG

17.2 Recommended Operating Condition

The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products, which include this device, ensure that the recommended operating conditions
for the device are always adhered to.

(Vsg * D'V, Topr = —40 to 85°C)

Parameter Symbol Pins Condition Min Max Unit
fc=16 NORMAL1, 2 medes 45
MHz IDLEO, 1, 2 modes :
NORMAL1, 2 modes
fc =8 MHz
Supply voltage Vpp IDLEO, 1, 2, modes 5.5
2.7
fs=32.768 | SLOW1,2'modes
kHz SLEEPO, 1, 2'modes
STOP mode 2.0
\Y,
Vi Except hysteresis input Vpp %X6.70
Vpp24.5V
Input high level Vih2 Hysteresis input Vpp X0.75 Vop
Vina Vpp<4.5V Vipp X-0.90
Vi1 Except hysteresis input Vpp x 0.30
Vpp24.5V
Input low level Vi Hysteresis input 0 Vpp x 0.25
V||_3 VDD <45V VDD x 0.10
Vpp =2.7t05:5 V 8.0
fc XIN, XOUT 1.0 MHz
Clock frequency Vpp =4.5t05.5 V 16.0
fs XTIN, XTOUT 30.0 34.0 kHz
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17.3 DC Characteristics

(Vss =0V, Topr = -40 to 85°C)

Parameter Symbol Pins Condition Min Typ. Max Unit
Hysteresis voltage Vs Hysteresis input - 0.9 - \%
liNt TEST
Input current Nz Sink open drain, Vpp = 5.5V, Viy=5.5V/0V - - +2 WA
Tri-state
lin3 RESET, STOP
Rint TEST pull down > 70 -
Input resistance kQ
Rin2 RESET pull up 100 220 450
High fi
9 requenfsy Rfx XIN-XOUT = 1.2 -
feedback resistor
MQ
LOW fi
requency Rixt | XTIN-XTOUT - 6 -
feedback resistor
Output leakage Lot Sink open drain port Vpp =5.5V, Voyrt = 5.5V, - — 2 uA
current ILo2 Tri-state port Vpp = 5.5V, Vo= 5:5.V/I0V. - - 2
Output high voltage Von Tri-state port Vpp = 4.5V, oy = -0.7mA 4.1 B -
\
Except XOUT, XTOUT
Output | It V ’ Vpp = 4% VilgL = 86 mA - ) 0.4
utput low voltage oL and P3 port DD oL
| Except XOUT, XTOUT Vpp 745V 6
oLt and P3 port VoL=04V '
Output low current
loL2 High current port (P3 Vo= 45V, Vo, = 1.0V . 20 B
port)
mA
Supply current in Vpp =5.5V o5 12
NORMAL1, 2 modes V= 5.3 V0.2V .
Supply current in fc =16 MHz . 65
IDLEO, 1, 2 modes fs = 32.768 kHz )
Supply current in ~ 9 12
SLOW1 mode
p— - Ibp Vpp=3.0V
upply current in
VN = 28N10.2V, - 7 1
SLEEP1 mode N = 28V10.2
fs = 32.768 KHz A
; 0
Supply current in 5 9
SLEEPO mode
Supply current in Vpp=5.5V, 05 10
STOP mode ViN=5.3V/0.2V ’

Note 1: Typical values-show those at Topr 25°C, Vpp =5V

Note 2: Input current (I;n4, Iin2): The current through pull-up or pull-down resistor is not included.

Note-3: Ipp does not include Iggg current:

Note 4: The-supply currents/of SLOW2 and SLEEP2 modes are equivalent to IDLEO, 1, 2.
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17. Electrical Characteristics

17.4 AD Conversion Characteristics
TMP86CP27AFG

17.4 AD Conversion 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 Aypp - 1.0 - Avbb
Power supply voltage of analog control cir- Avop Vop
cuit Ayss Vss v
Analog reference voltage range AVAREF VaRer - Avss 35 - Vpp
Analog input voltage VaiN Vss - VAREF
Power supply current of analog reference Vbb = Avpp = VaRer = 9.5V
IREF ~ 0.6 1.0 mA
voltage VSS = AVSS =00V
Non linearity error = - +2
Vpp = A =50V,
Zero point error pp =Avpp =50V, ~ - +2
Vgs = Ayss = 0.0V LSB
Full scale error Varer = 5.0V - - 2
Total error - . A4
(Vss =0.0¥, 2.2V< Vph < 4.5V, Topr = -40 to 85°C)
Parameter Symbol Conditien Min Typ, Max Unit
Analog reference voltage VAREF Aypp + 10 - Avbb
Power supply voltage of analog control cir- Avbp Vo
cuit Ayss Vss v
Analog reference voltage range DVaRer Varer - Avss 2.5 - Vbp
Analog input voltage VAN Vsg - VAREF
P I t of anal f Vpp = A =V 45V
ower supply current of analog reference et DD = AvDD = VAREF B 05 0.8 mA
voltage Vss =Ayss=0.0V
Non linearity error - - 2
Zero point error Voo = Avop = 27V, - - +2
VSS = AVSS =0.0V LSB
Full scale error Varer = 2070V - - 2
Total error - - +4

Note 1: The total error includes.all errors except-a-quantization error, and is defined as a maximum deviation from the
ideal conversion line.

Note 2: Conversion time is different in recommended.value by power supply voltage.
About cenversion,time, please refer to “Register' Configuration of 10-Bit Timer/Counter”.

Note 3: Please-use input voltage to AIN input Pin in limit of VaRgF - Vss-

When voltage of range outside is-input, conversion value becomes unsettled and gives affect to other channel
conversion value.

Note 4: Analogreference voltage range: AVArgr = Varer - Avss-

Note 5:-The-A{pp pin should be/fixed-on thé Vpp level even though AD convertor is not used.
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17.5 AC Characteristics

(Vss =0V, Vpp=4.5t05.5V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
NORMAL1, 2 modes
0.25 < 4
IDLE1, 2 modes
Machine cycle time tey us
SLOW1, 2 modes
117.6 - 133.3
SLEEP1, 2 modes
High-level clock pulse width twcH For external clock operation
(XIN input) ~ 3125 - ns
Low-level clock pulse width twel fo = 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 = 04, VDD = 2.7 to 4.5'V, Topr = -40 to 85°C)
Parameter Symbol Condition Min Typ: Max Unit
NORMAL1, 2 modes
0.5 - 4
IDLE1, 2 modes
Machine cycle time tey us
SLOW1, 2-medes
117.6 - 133.3
SLEEP1, 2 modes
High-level clock pulse width twcH For external.cloeck operation
(XIN~nput) - 62.5 - ns
Low-level clock pulse width twel fc=-8MHz
High-level clock pulse width twsH For external clock operation
(XTIN.input) - 15.26 - us
Low-level clock pulse width twsL f5=327768 kHz
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17. Electrical Characteristics

17.6 Recommended Oscillating Conditions
TMP86CP27AFG

17.6 Recommended Oscillating Conditions

L] o]
N

(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
factors are greatly affected by board patterns, please be sure to évaluate operation on the board\on which the
device will actually be mounted.

Note 2: For the resonators to be used with Toshiba microcontrollers, we recorhmend ceramic resohaters, manufactured by
Murata Manufacturing Co., Ltd.
For details, please visit the website of Murata at the following URL:
http://www.murata.co.jp

17.7 Handling Precaution

- The solderability test conditions for lead-fre¢-products (indicated by the-suffix G in product name) 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-0.5Cwsolder bath
Solder bath temperatutre s 245 °C
Dippingtime = S.seconds
Number of times = once
R-type flux/ysed

Note: The pass criteron of the above test is'as follows:
Solderability rate until forming > 95 %

- Whenwsing the device (oscillator) in placesyexposed to high electric fields such as cathode-ray tubes, we
recommend electrically shielding the package in order to maintain normal operating condition.
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18. Package Dimensions

P-QFP80-1420-0.80B

1.0TYP

23.840.3

20.0+0.2

UL A REE AT b

41

Unit: mm

40

14.0+0.2
17.8+0.3

N
[6)]

0.19+0.1]/2.740.2
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This is a technical document that describes the operating functions and electrical specifications of the 8-bit
microcontroller series TLCS-870/C (LSI).

Toshiba provides a variety of development tools and basic software to enable efficient software
development.

These development tools have specifications that support advances in microcomputer hardware (LSI) and
can be used extensively. Both the hardware and software are supported continuously with version updates.

The recent advances in CMOS LSI production technology have been phendmenal and microcomputer
systems for LSI design are constantly being improved. The products deseribed in this document may also
be revised in the future. Be sure to check the latest specifications before-using.

Toshiba is developing highly integrated, high-performance-microcomputers using advanced MOS
production technology and especially well proven CMOS technology:

We are prepared to meet the requests for custom packaging for-avariety of application areas.
We are confident that our products can satisfy your application needs now and‘in-the future.






