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1. Change History

Version | Approved Date Description
V1.0 2018/5/3 New release.
1. Update "CH2.3 Pin Assignment” , update MQ6822 pin-assignment
V1.1 2021/2/3 and figure 2.2.
2. Update “Appendex C. Package Information” QFN 32(4x4)
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2. Product Overview
2.1 Features
€ General information
B \Wide operating voltage : 2.0V ~ 5.5V
(2.6V ~ 5.5V, when LCD enable)
B Operating temperature: -40°C ~ 85°C
B {87 8-bit MCU core

€ Memory
B 16K x 8 program Flash memory
(endurance 100K times)
B 512 x 8 data memory RAM
B 64 x 8 information block

B 28 bidirection I/Os ~ 2 Hi-driving
1/0.

B Two 35mA LED driving (P80/P81) *

other 27 I/O are 15mA output

(excluding P10)

Max. six 10-bit PPG output

One16-bit PPG output

Max. 16 external wake-up pin

Max. 27 programble pull-up and pull-
down I/Os

B 2 UART transfer/receive pins

(details description please refer
chapter 2.4)

*

Instruction cycles
B [nstruction cycle cansetas 1/1 ~ 1/2
~1/4~ 1/8fc

1ch of UART
1sets of SIO
1ch of 12C/SIO

* S0

21 interrupt sources
B Max. 18 internal interrupt
B Max 3 external interrupt

€ Clock Sources

¢ LCD

External crystal or internal oscillator

Support 1MHz~ 16MHz, or 32kHz external crystal
Internal high oscillator frequency 16MHz
Internal Low oscillator frequency 24KHz

Max. LCD driver up to 8 COM X 12 SEG (DMA)
Eight LCD modes: Static, 1/8 duty(1/4 bias, 1/3
bias, 1/2 bias),1/4 duty(1/3 bias),1/3 duty (1/3
bias, 1/2 bias),1/2 duty(1/2 bias).

€ Timer/Counter information

Max. six 10-bit Timer (TCQ - with capture

function)

- TCQO0O0 ~ TCQO02 ~ TCQO04 with double buffer
- TCQO1 ~ TCQO3 ~ TCQO5 without double
buffer

One 16-bit Timer (TCA - with capture function)
Time Base Timer(TBT)

Watch Dog Timer(WDT)

Watch Dog Timer 2 (WDT2)

Warm-up Counter (WUC)

Real Time Clock (RTC)

8-bit divider output (DVO)

€ Low Power Operation Modes

8 low power operation modes: STOP,
SLOW1,SLOW?2,IDLEOIDLE1,IDLE2SLEEPO,SLEEP 1

€ 2set 8-level voltage detect

€ 10-bit AD converter(ADC)

Max. 9 external ADC input

One internal 1/4 VDD battery measure input pin
Three ADC internal referenc voltage : 4V,3V,2V
One external ADC referece voltage, voltage
range:2.0~5.5V.
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€ In-system programming (ISP) € Package information

m  LOFP (7x7)/QFN 32 pin
B SSOP28/SOP28 pin
B SOP/SSOP/DIP20 pin

Product no. MQ6812LQ032HAER MQ6812N4032HAER
: 32 32
Pin cunt./IOs (30) (30)
Operating voltage 2.0~5.5v 2.0~5.5v
Operating temp. -40~85C -40~85C
Ext. interrupt 16 16
Flash 16K Bytes 16K Bytes
RAM 512 Bytes 512 Bytes
10-bit x 9-CH 10-bit x 9-CH
ADC (1/4 VDD, internal, (1/4 VDD, internal,
external)”! external)”!
LCD 8x12 8x12
Interrupt External: 3 External: 3
Internal: 18 Internal: 18
16MHz 16MHz
; +/- 1% @ 25C +/- 1% @ 25C
Internal oscillator +/. 20 @ 0-85C +/. 2% ® 0-85C
+/- 3% @ -40~85C +/- 3% @ -40~85C
1~16MHz or 1~16MHz or
External crystal 32768Hz 32768Hz
10bit x 6 10bit x 6
Timer/ 16bit x 1 16bit x 1
nter
Counte WDT,TBT, WDT,TBT,
RTC,WUC RTC,WUC
PWM/PPG 10bit x 6 10bit x 6
16bit x 1 16bit x 1
LVD 8 level 8 level
(+/-0.1V)*2 (+/-0.1V)*2
Communication UART x 1, UART x 1,
SIOx1, I?Cx1 SIOx1, I12Cx1
ISP Yes YEs
Package type. LQFP32 QFN32

*1:"1/4 VDD" means there is one internal 1/4 VDD battery measure input pin. “Internal “ means there is internal
referenc voltage (4V,3V,2V). " External” means there one ne external ADC referece voltage
*2: Thereis 2 set of LVD, and each set is 4 level voltage, max. accuracy is +/- 0.1V.
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+/- 3% @ -40~85C

+/- 2% @ 0~85C

+/- 3% @ -40~85C
External crvstal 1~16MHz or 1~16MHz or 1~16MHz or
ry 32768Hz 32768Hz 32768Hz
10bit x 6 10bit x 2 10bit x 6
Timer/ 16bit x 1 16bit x 1 16bit x 1
Counter
WDT,TBT, WDT,TBT, WDT,TBT,
RTC,WUC RTC,WUC RTC,WUC
PWM/PPG 10bit x 6 10bit x 2 10bit x 6
16bitx 1 16bit x 1 16bit x 1
LVD 8 level 8 level 8 level
(+/-0.1V)*? (+/-0.1V)*? (+/-0.1V)*?
Communication UART x l, UART x ], UART x ],
SIOx1, 12Cx1 SIOx1, 12Cx1 SIOx1, 12Cx1
ISP Yes Yes Yes
Package type. SOP28 SOP28 SSOP28

Name : MQ6812/MQ6821/MQ6822 Datasheet Version : V1.1
Product no. MQ6812SP028HAER | MQ6822SP028HAER | MQ68125S028HAER
: 28 28 28
Pin cunt./IOs (26) (26) (26)
Gracilie) 2.0~5.5V 2.0~5.5V 2.0~5.5V
voltage
Operating temp. -40~85C -40~85C -40~85C
Ext. interrupt 13 16 13
Flash 16K Bytes 16K Bytes 16K Bytes
RAM 512 Bytes 512 Bytes 512 Bytes
10-bit x 9-CH 10-bit x 9-CH 10-bit x 9-CH
ADC (1/4 VDD, internal, (1/4 VDD, internal, (1/4 VDD, internal,
external)”! external)* 1 external)”!
LCD 8x8 8x12 8x8
Interrupt External: 2 External: 3 External: 2
Internal: 19 Internal: 15 Internal: 19
16MHz 16MHz 16MHz
Internal +/- 1% @ 25C +/- 1% @ 25C +/- 1% @ 25C
oscillator +/- 2% @ 0~85C */- 2% @ 0~85C

*1:“1/4 VDD" means there is one internal 1/4 VDD battery measure input pin. “Internal “ means there is internal
referenc voltage (4V,3V,2V). " External” means there one ne external ADC referece voltage
*2: There is 2 set of LVD, and each set is 4 level voltage, max. accuracy is +/- 0.1V.
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+/- 2% @ 0~85C
+/- 3% @ -40~85C

+/- 2% @ 0~85C
+/- 3% @ -40~85C

No. : TDDSO01-M6812-EN Name : MQ6812/MQ6821/MQ6822 Datasheet Version : V1.1
Product no. MQ6821SPO20HAER MQ6821SS020HAER MQ6821DPO020HAER
. 20 20 20
Pin cunt./IOs (18] (18] (18]
Operating voltage 2.0~5.5v 2.0~5.5v 2.0~5.5v
Operating temp. -40~85C -40~85C -40~85C
Ext. interrupt 8 8 8
Flash 16K Bytes 16K Bytes 16K Bytes
RAM 512 Bytes 512 Bytes 512 Bytes
10-bit x 6-CH 10-bit x6-CH 10-bit x6-CH
ADC (1/4 VDD, internal, (1/4 VDD, internal, (1/4 VDD, internal,
external)”! external”! external)”!
Interrupt External: 2 External: 2 External: 2
Internal: 17 Internal: 17 Internal: 17
16MHz 16MHz 16MHz
Internal oscillator +/- 1% @ 25C +/- 1% @ 25C +/- 1% @ 25C

+/- 2% @ 0~85C
+/- 3% @ -40~85C

1~16MHz or 1~16MHz or
External crystal 1~16MHz or 32768Hz 32768Hz 32768Hz
10bit x 4 10bit x 4 10bit x 4
Timer/ 16bitx 1 16bit x 1 16bitx 1
nter
Counte WDT,TBT, WDT,TBT, WDT,TBT,
RTC,WUC RTC,WUC RTCWUC
PWM/PPG 10bit x 4 10bit x 4 10bit x 4
16bit x 1 16bit x 1 16bit x 1
LVD 8 level 8 level 8 level
(+/-0.1Vv)"? (+/-0.1V)"? (/- 0.1V)*2

Communication

UART x 1,510 x1

UART x 1,SI0x1

UART x 1,510x1

ISP

Yes

Yes

Yes

Package type.

SOP20

SSOP20

DIP20

*1:“1/4 VDD" means there is one internal 1/4 VDD battery measure input pin. “Internal “ means there is internal
referenc voltage (4V,3V,2V). " External” means there one ne external ADC referece voltage
*2: There is 2 set of LVD, and each set is 4 level voltage, max. accuracy is +/- 0.1V.
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2.2 Block Diagram
RX
= UART = - ISP_CLK
: ISP - 7_
ISP_DIO
i87 MCU Core K=
SCLK e
Sl >
SO | PR = 16K Bytes Flash ki iobitADC [T | VREF
SS | [+ AINC ~ 8
SCL |-y
512 BytesSRAM K
SDA |es 12C ch ¥
Key On Wakeup r— KWI10~ 15
PPGOOH-= 10bit Timer0 K= NTC
intemupt control K=
PPGO | Ef= 10bit Timer1 K=
| | SEGO~ 11
LCD
L —»{ COMO ~ 7
PPGO2B|*—|  10bitTimer2 K=> RTC TBT b
PP&036]. 10bit Timer3 K= ;
WDT LVD K= EINT e INT4/INT3/INT2
PPGO4B[*— 10 bitTimers K=p
FPGOSE|= 10bit TimerS K= System clock controlK=p
PPE&%; TCA 16 bit Timer K= |
LIRC HIRC 1 XIN
POO.PO | [ XTAL —»1 XOUT
P10 [+
P20 ~ P27 [ =
P40~47 [w
P70~77 (= IO PORT
P80~P37 [«
POO~PO3 [

Figure 2.1 MQ6812/MQ6821 block diagram
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2.3 Pin Assignment

QFN-32 / LOFP-32 (LCD: 8COM x 12 SEG]
Product No.: MQ6812LQ032HAER / MQ6812N4032HAER

< 0O . = T
8 8 5 o o O
@]
8 O S & g g
NG ~ . ~ ~ ~ ~
o -— ~N m < wn O
g 28 8 8 & 2
< < 7 Y ¥ < <
~ ~ ~ ~ ~ ~ ~
o — ~N m < n o]
zZ z z 2z z zZ2 2
< = T T T T 2
8 o — ~N m <+ n O
< < < < < < <
> o o o o o o o
(ag] (ag] (M) N (&N (& (&N (&N
vss 110 [72] P47 (AIN7 /KWI7 / SEGS)
(XIN) P00 [Z] 73] P74 (DVOB/AIN8/SI/ KWI 13/ SEG7)
(XouT) Po1 [ 3] 271 P76 (INT3/SCLK/KWI 15 / SEG6)
(RESETB) P10 [ 7] OFN-32 [Z7] P70 (PPGOOB / SEG5)
(PPGO1B) P71 [ LQFP-32 70 ] P75(INT2/SO/KWI 14/ SEG4)
(COMO/RX/TX) P90 [ 79 ] P77 (INT4/SS/SEG3)
(COM1/TX/RX) P91 [Z] 78] P27 (KWI 11/ SEG2)
(PPG02B) P80 [B_] 77 ] P26 (KWI 10/ SEGI1)
) -0 e o o e e e
o] ~N ~N [e0) 0] N N N
—_ N w N W w BN (9]
) 5 = =T =T v v =
23 E 2 2 S BE
S &) — 2 2 S~ = ©
T 35 ¥ mm =3 Q E ~
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6 9O o n £ o @
2 2 0 9o & - o
L 8
A <
@) X
<
N

Page: 12/ 278
iIMQ reserves the right to change the information in this document without prior notice. Please contact iMQ to obtain the latest version of
product specification before placing your order. Use of iMQ devices in life support is entirely at the buyer's risk, and the buyer agrees to defend,
indemnify and hold harmless iMQ from any and all damages, claims, suits or expenses resulting from such use.




NZBFRNBIRAT
iMQ Technology Inc.

No. : TDDS01-M6812-EN

Name : MQ6812/MQ6821/MQ6822 Datasheet Version : V1.1

SOP-28/SSOP-28 (LCD: 8COM x 8 SEG)
Product No.:MQ6812SP028HAER /MQ681255028HAER

VsS
(XIN) POO

(XOUT) PO1

(RESETB) P10

(PPGO1B) P71

(COMO / RX / TX) P90

(COM1 / TX/ RX) P91
(PPG02B) P80

(PPGO3B) P81

(COM2 / PPGAOB / TCAO) P72
(COM3/KWI 12) P73

(COM4 / PPGO4B) P82

(COMS5 / PPGO5B) P83

(COMG6 / SDA) P23

o 757 VDD

=] [27] P40 (AINO/ KWI 0/ OCDCK)
= 26 ] P41 (AINT/KWIL1/OCDIO)
] 25 1 P42 (AIN2 / KWI 2)

] [ 24 ] P43 (AIN3/KWI 3/ VREF)

] 23] P44 (AIN4 /KWI4/SEGII)
/] M068]2 271 P45 (AIN5/KWI5/SEG10)
= 27 ] P46 (AIN6 / KWI 6 / SEGY)

— [ 20 1 P47 (AIN7 /KWI7 / SEGS8)

O 79 ] P74 (DVOB/ AIN8/SI/KWI 13/ SEG7)
o [ 18 1 P76 (INT3/SCLK/ KWI 15/ SEG6)
= 77 ] P70 (PPGOOB / SEG5)

(IEN [ 16 1 P75(INT2/SO/KWI 14/ SEG4)
O] 15 ] P24 (SCL/KWI8/COM7)
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SOP-28 R AIAS|MIECE (LCD: 8COM x 12 SEG)
IS MQ6822SP028HAER

vss 110 5] VDD
P00 (XIN) 2] [277] P40 (AINO/ KWI 0/ OCDCK)
PO1 (XOUT) [ [26] P41 (AINT/KWL1/OCDIO)
P10 (RESETB) [2] [ 251 P43 (AIN3/KWI 3/ VREF)
P9o( TX/ Rx/como) =] [ 23] P44 (AIN4 /KWI 4/ SEGT1)
POT(RX/TX/COMI)  [&] (23] P45 (AIN5/ KWI 5/ SEG10)
P72 (TCAO/PPGAOB/COM2 ) [7] MQ6822 [22]  Ppas (AING / KWI 6 / SEGY)
P73(Kwi 12/com3) [ 211 P47 (AIN7 / KWI 7 / SEGS)
P82( PPGO4B/COM4 | [ 0] P74 (DVOB/AIN8/SI/KWI 13/ SEG7)
P83( PPGO5B/COMS5 | [T0] 751 P76 (INT3/ SCLK/KWI 15 / SEG6)
P23 ( SDA/COM6 ) [T [ 78] P70 (PPGOOB / SEG5)
P24 (SCL/KWI 8/ COM7) [TZ] 77 P75 (INT2/SO /KW 14/ SEG4)
P25 (KWI 9/ SEGO) [13] 75 P77 (INT4/SEG3)
P26 (KWI10/SEGT) [T2] 75 ] P27 (KWI 11/SEG2)
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SOP-20 / SSOP-20 / DIP-20
Product No.: MQ6821SP020HAER/ MQ6821SS020HAER/ MQ6821DP020HAER
/
vss[ |1 20 ]vDD
POO/XIN[ | 2 19 [ ] P40/ AINO / KWI 0/OCDCK
POL/XOUT[ | 3 18 [ | P41/AIN1/KWI 1/ OCDIO
P10/ RESETB[__| 4 17 [ ] P42/ AIN2/KWI 2
P71/ TCQO01/ PPGO1B[ | 5 SOP-20 16 | | P43/AIN3/KWI 3/VREF
P90/ TX[ | 6 sls;l)gzoo 15 [ ] P44/ AIN4 / KWI 4
POL/RX[ | 7 14 [ ] P74/ DVOB/ AIN8/ KWI 13
P72/ TCAO/ PPGAOB |: 8 13 :| P76/ INT3/ KWI 15
P82/ TCQO4/ PPGO4B [ | 9 12 [ ] P70/ TCQOO/ PPG0OOB
P83/ TCQO5/ PPGO5B [ | 10 11 [ ] P75/INT2/ KWI 14
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32pin . LCD i .
Pin Name /O Type Function Description
No. (Note 7)
1 AN - Power Negative power supply/ ground,
Pull-up P00 and PO1 are bi-directional I/O pins, which are software
5 POO/XIN Pull-down configurable to be with pull-up or pull-down resistors.
- /0 XIN and XOUT are pin-shared with POO and PO1 respectively,
3 PO1/XOUT Ext. crystal
and are connected to a high/low frequency external crystal
(High/Low)
for system clock.
P10is bi-directional I/O pins, which are software configurable
4 |P10/RESETB - 1/O | Pull-up(noteb) |to be with pull-up resistors.
RESETB is pin-shared with P10, which is low-active.
PUll-up P71 is bi-directional I/O pins, which are software configurable
5 P71/ PPGO1B - I/0 Pull-down to be with pull-up or pull-down resistors.
8-bit timer/counter pin is pin-shared with P71.
Pull-up P90, P91 are bi-directional I/O pins, which are software
6  |P90/TXD1/RXD1 COMO Vo Pull-down  |configurable to be with pull-up or pull-down resistors.
7 |P91/RXD1/TXD1 COoM1 / UART UART pin TXDO/ RXDO, LCD driving pin COM0/ COM1,arepin-
LCD shared with P90, P91 respectively.
P80 and P81 are 35mA current driving output.
P80/ PPG02B .
/O | Opendrain |10-bit timer/counter TCQ02 and TCQO3 are pin-shared with
9 P81/ PPGO3B
P80, P81 respecttivly.
PUlFup P72 is bi-directional I/O pins, which are software configurable
to be with pull-up or pull-down resistors.
10 |P72/TCAOQ/PPGAOB COM2 1/0 Pull-down
LCD 16-bit timer pin TCAO/ PPGAOB,and LCD driving pin is pin-
shared with P72.
Pull-up P73 is bi-directional I/O pins, which are software configurable
P73/KWI 12 Pull-down  |to be with pull-up or pull-down resistors.
11 COM3 /{e]
(note 1, note 6) Wake up Wakeup input pin KWI 12 and LCD driving pin COM3 is pin-
LCD shared with P73.
Pull-up P82 and P83 are bi-directional I/O pins, which are software
12 |P82/PPG04B COM4 yo Pull-down configurable to be with pull-up or pull-down resistors.
13 |P83/PPGO5B COM5 LCD 10-bit timer/counter TCQ04 + TCQO5 ,and LCD driving pin
COM4 ~ COMS5 are pin-shared with P82 and P83.
Pull-up
Pull-down P23is bi-directional I/O pins, which are software configurable
14 |P23/SDA COM6 I/0 2c to be with pull-up or pull-down resistors.
LCD 12C pin SDA and LCD driving pin COM6 is pin-shared with P23.
Pull-up
Pull-down P24is bi-directional I/O pins, which are software configurable
5 to be with pull-up or pull-down resistors.
15 |P24/SCL/KWI 8 (note 1) com7 1/0 12C
Wak I2C pin SCL and wakeup input pin KWI 8,and LCD driving pin
ake u
LCD P COM7/ SEG31 is pin-shared with P24. -
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32pin _ LCD . o
Pin Name /O Type Function Description
No. (Note 7)
Pull-up P25is bi-directional I/O pins, which are software configurable
16 Pull-down  |to be with pull-up or pull-down resistors.
P25/KWI 9 (note 1) SEGO /O pultaporp
Wake up Wakeup input pin KWI 9 and LCD driving pin SEGO is pin-
LCD shared with P25.
Pull-up P26 and P27 are bi-directional I/O pins, which are software
P26/KWI 10 ) _
17 SEG1 Pull-down  |configurable to be with pull-up or pull-down resistors.
P27/KWI 11 /{e]
18 (1) SEG2 Wake up Wakeup input pin KWI 10, KWI 11 ,and LCD driving pin SEGI,
’ LCD SEG?2 are pin-shared with P26, P27 respectiely.
Pull-up
Pull-down P77 is bi-directional I/O pins, which are software configurable
. to be with pull-up or pull-down resistors.
19 |P77/INT4/SS SEG3 /O | Ext.interrupt puliporp
SI0 External interrupt input pin INT4 and (SIO)SS, and LCD driving
LCD pin SEG3 is pin-shared with P77.
Pull-up
Pul-down  |p75is  bi-directional I/O pins, which are software configurable
Ext. interrupt |to be with pull-up or pull-down resistors.
20 |P75/INT2/ SO/ KWI 14 SEG4 /O
( I SIO External interrupt input pin INTZ2, SIO pin SO, wakeup input pin
note
Wake up  |KWI 14 and LCD driving SEG4 is pin-shared with P75.
LCD
PUlFup P70is bi-directional I/O pins, which are software configurable
to be with pull-up or pull-down resistors.
21 |P70/ PPGOOB SEG5 /O | Pul-down pulraporp
LCD 8-bit timer/counter pin PPGO1B and LCD driving pin SEG5 is
pin-shared with P70.
Pull-up
Pull-down P76is bi-directional I/O pins, which are software configurable
22 |P76/INT3/SCLK/KWI 15 to be with pull-up or pull-down resistors.
\Il/ ' ' SEGE Vo >0 | i LpK ; IE) i in KWI 1 LCD drivi
(E1) Wake up SIO pin SCLK and wakeup input pin 5and LCD driving
LCD pin SEG6 is pin-shared with P76.
Pull-up
Pull-down  |P74 is bi-directional I/O pins, which are software configurable
23 |P74/DVOB/AINS/SI/KWI 13 SEG7 e ADC input [to be with pull-up or pull-down resistors.
(note1,note 2, note 8) SIO ADC input pin AIN8 and SIO pin SI, DVO, wakeup input pin_
Wakeup  |KwiI 13, and LCD driving pin SEG7 is pin-shared with P74.
LCD
24 |P47/AIN7/KWI7 . Pull-up P47,P46,P45, and P44 are bi-directional I/O pins, which are
25  |P46/AING6/KWI6 SEGY Pull-down  |software configurable to be with pull-up or pull-down resistors.
26 P45/AIN5/KWI15 SEG10 I/0 ADC input |ADC input AIN7, AIN6,AIN5,AIN4 and wakeup pin KWI 7, KWI
27 P44/AIN4/KWI14 SEG Wakeup 6, KWI 5, KWI 4 are pin-shared with P47, P46,P45 and P44
EGI11
(note1,note2) LCD respectively.
Pull-up P43is bi-directional I/O pins, which are software
Pull-down  |configurable to be with pull-up or pull-down resistors.
28  |P43/AIN3/KWI 3/VREF - /O
ADC input  |ADC input pin AIN3 and wakeup pin_KW!I 3, VREF is pin-
(note 1, note2)
Wakeup  |shared with P43.
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32pin LCD
Pin Name /O Type Function Description

No. (Note 7)
Pull-up

29 |P42/AIN2/KWI 2 Pull-down P42,P41,and P40 are bi-directional I/O pins, which are

30 |P41/AIN1/KWI 1/0CDIO software configurable to be with pull-up or pull-down resistors.

- /O |  ADCinput
31  |P40/AINO/KWI 0/OCDCK Wak ADC input AIN2, AIN1,AINO and wakeup pin KWI 2 ~ KWI 1T *
akeu
(note1,note2) OCDEp KWI1 0 are pin-shared with P42, P41 and P40 respectively.
Pow
32 |vDD Positive power supply

er
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20pin _ i .
N Pin Name /O Type Function Description
o.
1 AN Power Negative power supply/ ground,
Pull-up P00 and PO1 are bi-directional I/O pins, which are software
i ble to be with pull- II-d istors.
. POO/XIN Pull-down configurable to be with pull-up or pull-down resistors
/0 XIN and XOUT are pin-shared with POO and PO1 respectively,
3 PO1/XOUT Ext. crystal _
_ and are connected to a high/low frequency external crystal
(High/Low)
for system clock.
P10 is bi-directional /O pins, which are software
4 |P10/RESETB I/O Pull-up(noteb) |configurable to be with pull-up resistors.
RESETB is pin-shared with P10, which is low-active.
Pullup P71 is bi-directional /O pins, which are software configurable
5 P71/ TCQO1/PPGO1B /(o] Pull-down to be with pull-up or pull-down resistors.
8-bit timer/counter pin is pin-shared with P71.
Pull-up P90, P91 are bi-directional I/O pins, which are software
6  |P90/TXD1/RXD1 /o Pull-down  |configurable to be with pull-up or pull-down resistors.
7 P91/RXD1/TXD1 UART UART pin TXDO/ RXDO, LCD driving pin COM0O/ COM1,arepin-
LCD shared with P90, P91 respectively.
PUlFup P72 is bi-directional /O pins, which are software configurable
to be with pull-up or pull-down resistors.
8 |P72/TCAO0/PPGAOB I/O Pull-down
LCD 16-bit timer pin TCAO/ PPGAOB,and LCD driving pin is pin-
shared with P72.
PulFup P82 and P83 are bi-directional I/O pins, which are software
P82/PPG04B Ne Pull-down configurable to be with pull-up or pull-down resistors.
10 |P83/PPGO5B LCD 10-bit timer/counter TCQ04 + TCQO5 ,and LCD driving pin
COM4 ~ COMS5 are pin-shared with P82 and P83.
Pull-up
Pull-down  |p75 s bi-directional /O pins, which are software
Ext. interrupt |configurable to be with pull-up or pull-down resistors.
11 |P75/INT2/ SO/ KWI 14 l/O
[ ) SIo External interrupt input pin INT2, SIO pin SO, wakeup input pin
note
Wake up KWI 14 and LCD driving SEG4 is pin-shared with P75.
LCD
P70 is bi-directional /O pins, which are software
Pull-up
configurable to be with pull-up or pull-down resistors.
12 |P70/ PPGOOB e Pull-down 9 puliporp
LCD 8-bit timer/counter pin PPGO1B and LCD driving pin SEG5 is
pin-shared with P70.
Pull-up
Pull-down P76 is bi-directional 1/O pins, which are software
13 P76/INT3/SCLK/KWI 15 Vo e configurable to be with pull-up or pull-down resistors.
(note 1) SIO pin SCLK and wakeup input pin KWI 15and  LCD driving
Wake up
LCD pin SEG6 is pin-shared with P76.
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20pin
N Pin Name /0 Type Function Description
o.
Pull-up
Pull-down P74 is bi-directional /O pins, which are software configurable
P74/DVOB/AINS/SI/KWI 13 to be with pull-up or pull-down resistors.
14 / / a I/0 ADC input P porp
(note1,note 2, note 8) S0 ADC input pin AIN8 and SIO pin SI, DVO, wakeup input pin_
KWI 13, and LCD driving pin SEG7 is pin-shared with P74.
Wakeup ap P
Pull-up P44 is bi-directional I/O pins, which are software
15 |P44/AIN4/KWI 4 Vo Pull-down  |configurable to be with pull-up or pull-down resistors.
(note1,note2) / ADC input ADC input pin AIN4 and wakeup pin_KWI 4 is pin-shared with
Wakeup |P43.
Pull-up P43is bi-directional I/O pins, which are software
Pull-down  |configurable to be with pull-up or pull-down resistors.
16 |P43/AIN3/KWI 3/VREF /0
ADCinput |ADC input pin AIN3 and wakeup pin KWI 3, VREF is pin-
(note1, note2)
Wakeup  |shared with P43.
Pull-up
17 |P42/AIN2/KWI 2 P42,P41,and P40 are bidirectional I/O pins, which are
Pull-down
18 |P41/AIN1/KWI 1/0CDIO software configurable to be with pull-up or pull-down resistors.
l/O ADC input
19 |P40/AINO/KWI 0/OCDCK Wal ADC input AIN2, AIN1,AINO and wakeup pin KWI 2 ~ KWI T ~
akeu
(note1,note2) P KWI 0 are pin-shared with P42, P41 and P40 respectively.
OCDE
20 |vDD Power Positive power supply

Note 1 : KWl 0~KWI 15 can define to system wake up input pin. KWl O~KWI7  are pin-shared with P40~P47, and KWl 8~KWI 15
are pin-shared with P24~P27, 73~FP76 respectively.

Note 2 : AINO~AIN8E and AIN13~AIN 15 are 10-bit ADC input pirs.

Note 3: OCD pin are VSS, VDD, P10, P40 and P41. Please note, under OCDE mode, P10.P40 and P40 can not execute the pin
function.

Note4: LCD enablem please set LCD driving pin/COM and SEG) as input mode. And keep LCD operating voltage same with VDD
of MCU.

Note5 . If using P74 as ADC input{AINS), and also enable other ADC input pinfAIN), it will cost extra power in stop mode. Flease
avoid P74 as AIN function(AINS) if possible.

Noteé: The /O pins which need to be pull-high or pull-low should be connected to VDD or GND through a resistor
[resistance >100ohm). To connect [/O pins to VDDor GND directly should be avoided.
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Figure 2.2 is MQ6812/MQ6822/MQ682 1 suggestion external reference circuit - as below 3 parts:

1. Add 10uF and 0.1uF capacitance parallel connection to VDD and VSS. In order to avoid power surge

or noise effect, it can also enhance MCU EFTB performance. The capacitance position should be close
to VDD and VSS pin as close as possible.

2. Use ADC function, please series a 1000hm and 1nF capacitance to groud. This can filter noise.
3. Connecting 0.1uF capacitor where is near IC, and add (10uF +0.1 uF) capacitor closed to the power

jack are recommended. Use ADC and ADC external reference voltage, please add 10uF and 0.1uF
capacitance parallel connection,this can filter noise.

Power
Jack /
1000) Voltage
vDD
AIN Signal
L —— InF
10uF (0. 1uF 0.1uF| —
., Power
(AN VREF 7/ Jack
/I/l \ :: ::
- 0.1uF 10uF

Figure 2.2 recommended external circuit

Page: 21/ 278
iIMQ reserves the right to change the information in this document without prior notice. Please contact iMQ to obtain the latest version of

product specification before placing your order. Use of iMQ devices in life support is entirely at the buyer's risk, and the buyer agrees to defend,
indemnify and hold harmless iMQ from any and all damages, claims, suits or expenses resulting from such use.




NZBFRNBIRAT
iMQ Technology Inc.

No. : TDDS01-M6812-EN Name : MQ6812/MQ6821/MQ6822 Datasheet Version : V1.1

3. Electronic Characteristics
3.1 Absolute Maximum Ratings

The absolute maximum ratings are rated value which must not be exceeded during 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
in 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 Max. Unit
Operating voltage Vbb -0.3to 6.0 \
Input voltage Vin All l/O pins -0.3to Vpp +0.3 \
Output voltage Vour  |Alll/O pins -0.3to Vpp +0.3 \
louti  |P10(IOL) 15
Output current lout2 All'l/O pins ,excluding P10 (IOL) 40 mA
(per-pin) louts All /O pins (IOH) -15
lours P80/P81 LED driving port) 60
Output current (total) Xoun ATYO pfns (oL 120 mA
Slourz  |All /O pins (IOH) 60
Storage temperature Tst6 -40to 125 °C
Operating temperature Torr -40 to 85 °C
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3.2 Operation Conditions

(Vss = 0V, Topr =-40 to 85°C)

Parameter | o Pins Condition Min | Typ. | Max |Unit
LCD disable 2.0 - 5.5 \
supplyvoltage | Voo [rep e 2.6 - 5.5 Vv
- : FrB T/FET - :
Input high level Vi |Alll/O pins Vbpx0.75 - Vbb \
Input low level V. |All /O pins 0 - Vopx0.25| V
Ext.
crystal fc  |XIN, XOUT 1.0 - 16 MHz
high
(high) Voo = 2.0 t0 5.5V
Ext.
crystal fco  [XIN, XOUT (32.768KHz) 30.0 32.768 34.0 KHz
(low)
Voo = ;5020 >V e +1% | MHz
Clock Internal Vo =20t 55Y
Frequency | crystal | fosc |FSCTRL<FOSCCKS>="01"- 16MHz DDOO ¢ gsoc -2% 16.00 | +2% | MHz
(high)
Vpp = 2.0 to 5.5V o
-3% +3% | MH
-40°C ~85°C 3% 3% ?
Internal
crystal | foscL 24KHz Vpp = 2.0 to 5.5V - 24 - KHz
(low)
Syst
Zfoi? fesck | Set CGCR <FCGCKSEL> | Vpp=2.0t0 5.5V | 0.125 - 16 | MHz
3.3 DC Characteristics
(Vss = 0V, Topr =-40 to 85°C)
Parameter | Symbol Pins Condition Min Typ. Max Unit
Hysteresis .
All l/O pins - -
voltage Vs /Op 0.9 v
Input current In All I/O pins Vpp = 5.5V _ _ +2 WA
Al /O pi ludi Vin=22V/0V
Pull-u ins * excludin
LUp Rup P +ang 30 50 70 K
resistance P80/P81 ~ P10 RESETB disalbe
Pull-down R All I/O pins -~ excluding Voo / Vin = 5.5V 27.5 55 88 KQ
: DN
resistance P10/P80/P81 Voo / Vin = 2.0V - 200 - KQ
loL P10 3.0 5.0 - mA
| All I/O pins -~ excluding Vpp = 5.5V 90 15.0 mA
oLz . . -
Output P10/P80/P81 VoL = 0.55V
leakage lo.s |P80/P81 21.0 35.0 - mA
current . _
All I/O pins -~ excludin
'OH] / P g VDD =55V 3.0 5.0 - mA
P80/P81 Von = 4.95V
loH2 P80/P81 9.0 15.0 - mA

NoteZ . Data in “Typ.” column is at Topr = 25°C, Vop = 5.0V, unless otherwise stated.
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(\/55 = O\/, TOPR = ZSOC)
Parameter Symbol Condition Min Typ. Max Unit
Operating current in _ _
NORMAL 1, 2 modes Mt 38 44
. . fegek = 16.0 MHz
Operating current in b = 24 KH 3 22 26
IDLEO, 1, 2 modes s i ' '
Operating current in mA
NORMAL 1, 2 modes Mt ) 31 37
. . fegek = 8.0 MHz
Operating current in t = 24 KHz B 20 54
IDLEO, 1, 2 modes | ° ' '
Operating current in bP _ 32 45
SLOW1 modes
Operating current in Vpp = 3.0V 3 19 28
SLEEP1 modes fs = 24 KHz
Operating current in 3 19 28 hA
SLEEPO modes
Operating current in Voo = 5.5V _ 8 (2
STOP modes b >

Notel . Data in “Typ.” column is at Tore = 25°C, Vop = 5.0V, unless otherwise stated.

NoteZ . Each supply current in SLOWZ mode is equivalent to that in IDLEO, IDLE T and IDLEZ modes.

(Vss = OV, Topr =-40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Operating current in B _
NORMAL 1, 2 modes Voo = 5.5V 38 4.8

- - fegek = 16.0 MHz
Operating current in . = 24 KHz B 52 3.0
IDLEO, 1, 2 modes ° ' '

- - mA
Operating current in Voo = 5.5V B 31 41
NORMAL 1, 2 modes b > ' '

. . fegek = 8.0 MHz
Operating current in . = 24 KHz B 20 28
IDLEO, 1, 2 modes | ° ' '
Operating current in po

- 32 148
SLOW 1 modes
Operating current in Voo = 3.0V B 19 129
SLEEP1 modes fs = 24 KHz
Operating current in B (9 128 hA
SLEEPO modes
Operating current in Vo = 5.5V _ 8 92
STOP modes pp >

Notel ! Data in “Typ.” column is at Tore = 25°C Vop = 5.0V, unless otherwise stated.

NoteZ . Each supply current in SLOWZ mode is equivalent to that in IDLEO, IDLET and IDLEZ modes.
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3.4 AD Conversion Characteristics

(Vss = OV, 2.7V é VDD§ 5.5V, TOPR = 25°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage Vrer - - - Vb \
Analog input voltage range VAN - Vss - Vbb \

. ) fcgck = 2MHz
Conversion Time ADCCR2 <ACK> = “000” - 16.0 - us
Differential Nonlinearity Error 3 _ B +20 LSB
(DNL)
Integral Nonlinearity Error 3 _ B 20 LSB
(INL)
Zero Point Error - - - +2.0 LSB
Full Scale Error - - - LSB
Total Error - - - +2.0 LSB
(Vss =0V, 2.0V = Vpp< 2.7V, Topr = 25°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage Vrer - - - Vb \
Analog input voltage range VAN - Vss - Vb Vv

. ) fcgck = 2MHz

Conversion Time ADCCR2 <ACK> = “001” - 32.0 - us
Differential Nonlinearity Error _ _ _ +4.0 LSB
(DNL)
Integral Nonlinearity Error 3 _ _ +4.0 LSB
(INL)
Zero Point Error - - - +4.0 LSB
Full Scale Error - - - LSB
Total Error - - - +4.0 LSB

Notel . The total error includes all errors except a quantization error, and Is defined as the maximum deviation from the ideal

conversion line.

Note 2 : The voltage to be input to the AIN input pin must be within the range Vier to Vss. If a voltage outside this range is input,

converted values will become indeterminate, and converted values of other channels will be affected.
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3.5 Flash Characteristics

(Vss =0V, 2.0V = Vpp= 5.5V, Topr =-40 to 85°C)

Parameter

Condition Min Typ. Max Unit

Number of guaranteed write to
flash memory

- 100,000 | times

Flash memory write time - - 40 us
chip erase - - 40
Flash memory erase time sector erase ~ ~ s ms

(1 sector = 128 Bytes)

3.6 LCD Characteristics

(Vss = 0V, Torr = 25°C)

Parameter Symbol Condition Min Typ. Max Unit

LCD operating volateg Voo 2.6 - 55 \
1/4 bias LCD, Vop = 5.0V 3.19 3.75 4.31 v

LCD bias output 1 Vi 1/3 bias LCD, Vpp = 5.0V 2.83 3.33 3.83 v
1/2 bias LCD, Vpp = 5.0V 2.12 2.50 2.88 v

1/42 bias LCD, Vip = 5.0V 2.12 2.50 2.88 v

HCD bias output 2 viz 1/32 bias LCD, Vpp = 5.0V 1.42 1.67 1.92 v
LCD bias output 3 Vis 1/4 bias LCD, Vpp = 5.0V 1.06 1.25 1.44 v
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4. Central Processing Unit (CPU)

4.1 General Concept

MQ6812/MQ6821 adopts i87 8-bit MCU core with embedded 16KB program flash memory, and 128 x8
bit data flash. The introduction of the powerful central processing unit (CPU) can be divided into two
major parts: (1) Addressing Space of Program / Data Memory and Special Function Registers (SFR), (2)
Operation Modes.

4.2 Addressing Space

Figure 4.1 shows the addressing space of MQ6812/MQ6821, including SRF1, SRF2, SFR3, RAM and
program memory (Flash) memory. Except main 16KB program flash memory, and 128 x8 bit data flash,
MQ6812/MQ6821 also provide 64x8 bit info. block(0x7E40 & 0x7E7F).Info block can save important
product information, e.g. information of writer.

0x0000
SFR1 (64 Bytes)
0x003F
0x0040
| RAM (512 Bytes)
0x023F
Reserved
0xO0E40
| SFR3 (192 Bytes)
OXOEFF
0x0F00
SFR2 (256 Bytes)
OxOFFF
Reserved
0x7E40
| Info. Block (64 Bytes)
OX7E7F
0x7E80
Flash ROM (128 Bytes)
OX7EFF R r
0xC000 eserve
Flash ROM (16K Bytes)
OXFFFF

Figure 4.1 Addressing Map of MQ6812/MQ6821
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4.2.1 Program Memory- Flash

The program memory (Flash) is used to store the program instructions which are to be executed. It
also contains data, table, and interrupt entries, and is organized into 16K + 128 bytes format which
is addressed by the PC and table pointer. The Flash ranges of MQ6812/MQ6821 is from 0xC000 to
OxFFFF (16K bytes) The data flash ranges of MQ6812/MQ6821 is from Ox7E80 to Ox7EFF
(128x8) .The 128 x 8 byte area can use for saving user information, e.g. product ID. °

4.2.2 RAM Data Memory- RAM

The RAM is mapped to 0x0040 to 0x023F(512x 8 byte) in the data area after reset release. Note that
the contents of the RAM become unstable when the power is turned on and immediately after a
reset is released. To execute the program by using the RAM, transfer the program to be executed in
the initialization routine.

4.2.3 Special Function Register- SFR

The SFR is mapped to 0x0000 to 0x003F (SFR1), 0xOF00 to OXOFFF (SFR2) and OxOE40 to OxOEFF
(SFR3) in the data area after reset release.

note: do not read SFR which is system reserved.
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SER1 SFRZ SFR2 SFRZ
0x0000 PODR OxO0F00 POPD OxOF80 OXOFDO FLSCRT
0x0001 FIDR OXOFO1 OXOFD1 FLSCR/FLSCRM
0x0002 PIOR OXOF02 P2PD OxOF8B OXOFD2 FLSSTE
0x0003 OxOF03 OxOFBC TOZMOD OxOFD3
0x0004 PADR OxOF04 FarD 0xOF8D TOIMOD OxOFD4 WOCTR
0x0005 OXOF05 OxOF8E TOZ3CR OXOFDS5 WOCDR
0x0006 Ox0F06 OxOFBF OxOF D& WOCNT
0x0007 PIDOR 0xO0FO7 FIFD 0x0F90 TOOCNTL 0xOFD7 WOST
0x0008 PEDR OxOF08 PEPD Ox0FF1 TOOCNTH Ox0OFDE
0x0009 [l ox0F0% [ POPD | 0x0F92 TOTCNIL OxOFD9 FINTCRZ
O0x000A Ox0F0A Ox0F93 TOTCNTH OxDFDA EINTCR3
0x000B I e OxO0F94 TOZCNIL OXOFDB FINTCRA
0x000C OXOF 19 0x0F95 TOZCNTH 0xOFDC SYSCRI
0x000D FOPRD 0x0F 1A FOCR 0x0F96 TOICNIL OxOFDD SYSCRZ
0xDOOE FIPRD 0x0F 18 PICR 0x0F97 TOICNTH OxOFDE SYSCR3
0x000F FZPRD 0x0F 1€ FICR 0x0F98 0x0FDF SYSCR4/SYSSRA
0x0010 oxOFID [ | e [ e O0xOFED L
OxDO11 P4PRD OxOF 1E PACR Ox0F98 OxOFE1 ILH
0x0012 OxOF IF OXOF9C TOOREGL OXOFE2 iE
0x0013 OxOF 20 OxOF9D TOOREGH OxXOFE3 D
0x0014 TIPRD OXOF21 FICR OxOF9E TOTREGL OxOFE4
0x0015 PEPRD OxOF22 PECR OXOF9F TGIREGH veonn | —
0x0016 FIPRD Ox0F23 Fack OxOFAD TOOP WAL OxOFEF
0x0017 0x0F24 OXOFAT TOOPWMH 0xO0FFO TLRSL
N Ox0F 25 Ox0OFAZ TO TPWML OxOFF 1 ILRSH
0x001E OXOF 26 OxOFA3 T 1PWMH 0xOFF2 ILRSE
0x001F STODCR 0x0F27 FOPU OxOFA4 TOZREGL OXOFF3 LR5D
0x0020 SIO0SR OXOF 28 FiFU OXOFAS TOZREGH OXOFF4
0x0021 IO0BUR OxOF29 FZPU OXOFAG TOSREGL R T
0x0022 SBIOCR s [ ———=—= OXOFAT TOSREGH OxOFFF
0x0023 | SBIOCRZ/SBIOSRZ OxOF2D OxOFAB TOZPWML
0x0024 12COAR OxOF 2E F7PU OxOFAS TOZPWMH
0x0025 BI00BR OxOF2F FaPU OXOFAA TOSPWAIL
OxD026 OxOF 30 PIPL OxOFAB TOIFWMH SFRB
------------ OXOF31 OxOFAC OxOE40 [COBUFOD
0x0029 OxOF32 corer | ————— OXOE41 [COBUFO1
0x002A TOOMOD OxOF33 OxOFAF Ox0E42 TCOBUFOZ
0x002B TOIMOD OxOF 34 POFC OxOFBO TOAREGL OxOE43 [COBUFO3
0x002C TOOTCR OxOF 35 0x0FBI TOAREGH OXOE44 [COBUFO4
0x002D TAODRAL 0x0F 36 Farc 0x0FB2 TOBREGL OxOE45 [COBUFO5
0xD0ZE TAODRAH 0x0F37 OxOFB3 TOSREGH OxXOE46 LCOBUFO6
0x002F TAGDRBL OxOF 38 Farc 0xOFBA4 TOAP WML OxOE47 LCOBUFOY
0x0030 TAODREH 0x0F39 0x0FB5 TORFWMH OxOE48
Ox0031 TAOMOD OxOF3A Ox0OFBS TOSPWML 0x0E49
0x0032 TADCR OxOF 38 FITC OxOFB7 TOSPWMH OX0E50
0x0033 TAGSR 0x0F 3C PEFC 0xOFB8 TOAMOD OX0F51
0x0034 ADCCRT OxOF3D Farc OxOFB9 TGEMOD DEES
0x0035 ADCCRZ OxOF 3E OxOFBA TOASCR rbEas e
0x0036 ADCCRL | e [ e OxOFBB TOACNTL et
0x0037 ADCCRH 0xOF43 P20UTCR OxOFBC TOACNTH
0x0038 bvock | 00 e [ OxOFBD TOBCNTL T e
0x0039 TBTCR OXOF53 OxOFBE TOSCNTH e
0x003A TR 0x0F54 DARTICR] OXOFBF 0x0E7C Lche
0x003B FiRH OxOF55 TOARTICRZ | eeees Ox0E7D LCDCRZ
0xDD3IC EIRE 0X0F56 UARTIDR Ox0FC3 Pl LCDCRS
0x0030 18] 0xOF57 UARTISR OxOFC4 RWUCRD OxOE7F LCDCRS
0xD03E 0x0F58  [TOTBUF / ROTBUF OxDFCS KWUCRT Ox0EB0 LCDCRS
0x003F oW OXOF59 OXOFCE VOCET 0xOF8 1 :
------------ OXOFCT VOCRZ ODEES I
OXOF73 0x0FCS RTCCR "
0x0F74 FOFFCRO OXOFCY OXOEE7 ADCVRE
OxOF75 POFFCR1 OxOFCA RWUCR? Ox0OEEE
0xXOF 76 POFFCRZ OxOFCE KWUCRS R
0xOF77 POFFCR3 OxOFCC TRSTSR OxOEEC
Ox0F 78 Ox0ECD WLCTR Ox0OEED FSCTRL
------------ OXOFCE WUCDR OXOFEE
OXOF7F OxOFCF CGOR OOEFe R A
OxOEFF

Figure 4.2 SFR1 - SFR2 + SFR3
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4.3 Operation Modes

4.3.1 Operation Mode Control Circuit

The operation mode control circuit starts and stops the oscillation circuits for the high-frequency

and low-frequency clocks, and switches the main system clock (fm).There are three operating modes:

the single-clock mode, the dual-clock mode and the STOP mode. These modes are controlled by the
system control registers (SYSCR1 and SYSCR2).

Figure 4.3 shows the operating mode transition diagram.

4.3.1.1

Single-clock Mode

Only the gear clock (fcgck) is used for the operation in the single-clock mode. The main system
clock (fmjis generated from the gear clock (fcgck). Therefore, the machine cycle is 1/fcgck [s].

The gear clock (fcgck|) is generated from the high-frequency clock (fc).

(a)

(b)

()

NORMAL1 Mode

In this mode, the CPU core and the peripheral circuits operate using the gear clock (fcgck).
The NORMALT mode becomes active after reset release.

IDLE1 Mode

In this mode, the CPU and the watchdog timer stop and the peripheral circuits operate using
the gear clock (fcgck).

The IDLE1 mode is activated by setting SYSCR2 <IDLE> to "1" in the NORMAL1 mode. When
the IDLE T mode is activated, the CPU and the watchdog timer stop. When the interrupt latch
enabled by the interrupt enable register EIR becomes "1°, the IDLE1 mode is released to the
NORMAL1T mode.

When the IMF (interrupt master enable flag) is "1" (interrupts enabled), the operation returns
normal after the interrupt processing is completed. When the IMF is "0" (interrupts disabled),
the operation is restarted by the instruction that follows the IDLE1 mode activation
instruction.

IDLEO Mode
In this mode, the CPU and the peripheral circuits stop, except the oscillation circuits and the
time base timer.

In the IDLEO mode, the peripheral circuits stop in the states when the IDLEO mode is
activated or become the same as the states when a reset is released. For operations of the
peripheral circuits in the IDLEO mode, refer to the section of each peripheral circuit.

The IDLEO mode is activated by setting SYSCR2 <TGHALT> to "1" in the NORMAL1 mode.
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When the IDLEO mode is activated, the CPU stops and the timing generator stops the clock
supply to the peripheral circuits except the time base timer.

When the falling edge of the source clock selected at TBTCR <TBTCK> is detected, the IDLEO
mode is released, the timing generator starts the clock supply to all the peripheral circuits
and the NORMAL1 mode is restored.

Note that the IDLEO mode is activated and restarted, regardiess of the setting of TBTCR
<TBTEN>.

When the IDLEO mode is activated with TBTCR <TBTEN> set at "1", the INTTBT interrupt latch
is set after the NORMAL mode is restored. When the IMF is "1" and the EF5 (the individual
interrupt enable flag for the time base timer)is "1", the operation returns normal after the
interrupt processing is completed.

When the IMF is "0" or when the IMF is "1" and the EF5 (the individual interrupt enable flag
for the time base timer) is "0", the operation is restarted by the instruction that follows the
IDLEO mode activation instruction.

4.3.1.2 Dualclock Mode

The gear clock (fcgck) and the low-frequency clock (fs) are used for the operation in the dual-clock
mode.

The main system clock (fm) is generated from the gear clock (fcgck) in the NORMALZ2 or IDLE2
mode, and generated from the clock that is a quarter of the low-frequency clock (fs) in the
SLOW 1/2 or SLEEPO/1 mode. Therefore, the machine cycle time is 1/fcgck [s] in the NORMALZ or
IDLE2 mode and is 4/fs [s] in the SLOW1/2 or SLEEPO/1 mode.

The operation of the MCU core becomes the single-clock mode after reset release. To operate it in
the dual-clock mode, allow the low-frequency clock to oscillate at the beginning of the program.

(a) NORMALZ mode
In this mode, the CPU core operates using the gear clock (fcgck), and the peripheral circuits
operate using the gear clock (fcgck) or the clock that is a quarter of the low-frequency clock
(fs).

(b) SLOW2 mode
In this mode, the CPU core and the peripheral circuits operate using the clock that is a
quarter of the low-frequency clock (fs).

In the SLOW mode, some peripheral circuits become the same as the states when a reset is
released. For operations of the peripheral circuits in the SLOW mode, refer to the section of
each peripheral circuit.
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Set SYSCR2 <SYSCK> to switch the operation mode from NORMALZ to SLOW?2 or from
SLOW?Z2 to NORMALZ2.In the SLOW2 mode, outputs of the prescaler and stages 1 to 8 of the
divider stop.

(c) SLOW1 mode
In this mode, the high-frequency clock oscillation circuit stops operation and the CPU core
and the peripheral circuits operate using the clock that is a quarter of the low-frequency
clock (fs).

This mode requires less power to operate the high-frequency clock oscillation circuit than in
the SLOW?Z2 mode.

In the SLOW mode, some peripheral circuits become the same as the states when a reset is
released. For operations of the peripheral circuits in the SLOW mode, refer to the section of
each peripheral circuit.

Set SYSCR2 <XEN> to switch the operation between the SLOW 1 and SLOWZ2 modes. In the
SLOW 1 or SLEEP1 mode, outputs of the prescaler and stages 1 to 8 of the divider stop.

(d) IDLEZ mode
In this mode, the CPU and the watchdog timer stop and the peripheral circuits operate using
the gear clock (fcgck) or the clock that is a quarter of the low-frequency clock (fs).

The IDLEZ mode can be activated and released in the same way as for the IDLE1 mode. The
operation returns to the NORMALZ2 mode after this mode is released.

(e) SLEEP1 mode
In this mode, the high-frequency clock oscillation circuit stops operation, the CPU and the
watchdog timer stop, and the peripheral circuits operate using the clock that is a quarter of
the low-frequency clock (fs).

In the SLEEPT mode, some peripheral circuits become the same as the states when a reset is
released. For operations of the peripheral circuits in the SLEEP 1 mode, refer to the section of
each peripheral circuit. The SLEEPT mode can be activated and released in the same way as
for the IDLE 1 mode. The operation returns to the SLOW 1 mode after this mode is released.

In the SLOW 1 or SLEEP1 mode, outputs of the prescaler and stages 1 to 8 of the divider stop.

(f) SLEEPO mode
In this mode, the high-frequency clock oscillation circuit stops operation, the time base timer
operates using the clock that is a quarter of the low-frequency clock (fs), and the core and
the peripheral circuits stop.
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In the SLEEPO mode, the peripheral circuits stop in the states when the SLEEPO mode is
activated or become the same as the states when a reset is released. For operations of the
peripheral circuits in the SLEEPO mode, refer to the section of each peripheral circuit.

The SLEEPO mode can be activated and released in the same way as for the IDLEO mode.
The operation returns to the SLOW 1 mode after this mode is released.

In the SLEEPO mode, the CPU stops and the timing generator stops the clock supply to the
peripheral circuits except the time base timer.

4.3.1.3 STOP mode

In this mode, all the operations in the system including the oscillation circuits are stopped and the
internal states in effect before the system was stopped are held with low power consumption.

In the STOP mode, the peripheral circuits stop in the states when the STOP mode is activated or
become the same as the states when a reset is released. For operations of the peripheral circuits
in the STOP mode, refer to the section of each peripheral circuit. The STOP mode is activated by
setting SYSCR1 <STOP>to "1".

The STOP mode is released by the STOP mode release signals. After the warm-up time has elapsed,
the operation returns to the mode that was active before the STOP mode, and the operation is

restarted by the instruction that follows the STOP mode activation instruction.

4.3.1.4 Transition of Operation Modes

RESET

Reset release

Warm-up that
IDLED follows reset
mode release
Warm-up completed
SYSCR2<TGHA [> ="1" (Note 2)
SYSCR2<IDLE> = "1" | ¥ SYSCR1<STOP>="1"
e _—
IDLE1 NORMAL1
mode mode
.
Interrupt STOP mode release
signal
. SYSCR2<XTEN> = "1"
(a) Single-dock mode SYSCR2<XTEN> = "0"
SYSCR2<IDLE> = "1" l SYSCR1<STOP> = "1"
e »
IDLE2 ‘ NORMAL2
mode - mode <
Interrupt | STOP mode release
SYSCR2<SYSCK> = *1* Signal
SYSCR2<SYSCK> ="0" STOP
sLowz
mode
I
aqn SYSCR2<XEN>="0" or
SYSCR2<XEN>="1" or “ryr
SYSCR2<OSCEN>="1" SYSCR2<OSCEN>="0
SYSCR2<IDLE> = "1" | + SYSCR1<STOP> = "1"
€ _—
SLEEP1 sSLOw1
mode mode
Y > «< _
Interrupt A [ STOP mode release
(Note 2) SYVSCR2<TGHALT> ==~ signal
(b) Dual-clock mode I
SLEEPO
mode

Figure 4.3 Operation Mode Transition Diagram
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Oscillation circuit Other Machine
Operation mode High Low CPU wWDT TBT per!ph_teral cycle time
frequency | frequency ciruits
RESET Reset Reset Reset Reset
Normal1 Operate Operate
Single Oscillation Operate ]/ZZ%CK
9 IDLE1 Stop Operate (sec)
clock
IDLEO Stop Stop
Stop
STOP Stop Stop
Operate Operate
Normal2 with the with the
high high/low 1/fcgck
frequency frequency (sec)
IDLE2 Oscillation Stop Stop
Operate Operate
SLOW?2 WI'th the Wllth the Operate
Oscillation ow ow Operate
Dual frequency | frequency
clock Operate Operate .
with the with the 4/fs
SLowl low low (sec)
frequency frequency
SLEEP1 Stop
SLEEPO Stop Stop
Stop
STOP Stop Stop

Table 4.1 Operation Modes and Conditions
Note 1): The NORMAL 1 and NORMALZ modes are generically called the NORMAL mode; the SLOW and SLOWZ2 modes
are called the SLOW mode, the IDLEO, IDLET and IDLEZ modes are called the IDLE mode, and the SLEEPO and SLEEP] are

called the SLEEP mode.
Note 2): The mode is released by the falling edge of the source clock selected at TBTCR <TBTCK>.

4.3.2 Operation Mode Control

4.3.2.1 STOP Mode
The STOP mode is controlled by system control register 1 (SYSCR1) and the STOP mode release

signals.

(a) Start the STOP Mode
The STOP mode is started by setting SYSCR1<STOP> to "1". In the STOP mode, the following

states are maintained:

1. Both the high-frequency and low-frequency clock oscillation circuits stop oscillation and
all internal operations are stopped.

2. The data memory, the registers and the program status word are all held in the states in
effect before STOP mode was started. The port output latch is determined by the value
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(b)

of SYSCR1 <OUTEN>.

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

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

Release the STOP Mode

The STOP mode is released by the following STOP mode release signals. It is also released by
a reset by the RESETB pin, a power-on reset and a reset by the voltage detection circuits.
When areset is released, the warm-up starts. After the warm-up is completed, the NORMAL1
mode becomes active.

1. Release by the STOPB pin
2. Release by key-on wakeup
3. Release by the voltage detection circuits

Note): During the STOP period (from the start of the STOP mode to the end of the warm-up), due to changes in the
external interrupt pin signal, interrupt latches may be set to "1" and interrupts may be accepted immediately after
the STOP mode is released. Before starting the STOP mode, therefore, disable interrupts. Also, before enabling

interrupts after STOP mode is released, clear unnecessary interrupt latches.

1. Release by the STOPB pin
Release the STOP mode by using the STOPB pin.

To release the STOP mode by using the STOPB pin, set VDCR2 <VDSS> to "00" or"10".
(For details of VDCRZ2, refer to “5.3 Voltage Detection Circuits”)

The STOP mode released by the STOPB pin includes the level-sensitive release mode
and the edge-sensitive release mode, either of which can be selected at SYSCRI1
<RELM>.

The STOPB pin is also used as the P11 and the INT5B (external interrupt input 5) pin.

€ Level-sensitive release mode

The STOPB mode is released by setting the STOPB pin high.
Setting SYSCR1 <RELM> to "1" selects the level-sensitive release mode.

This mode is used for the capacitor backup when the main power supply is cut
off and the long term battery backup.

Even if an instruction for starting the STOP mode is executed while the STOPB pin
input is high, the STOP mode does not start. Thus, to start the STOP mode in the
level- release mode, it is necessary for the program to first confirm that the STOPB
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pininput is low. This can be confirmed by testing the port by the software or
using interrupt.

€ Edge-sensitive release mode

In this mode, the STOP mode is released at the rising edge of the STOP pin input.
Setting SYSCR1 <RELM> to “0” selects the edge-sensitive release mode.

This is used in applications where a relatively short program is executed
repeatedly at periodic intervals. This periodic signal (such as a clock from a low-
power consumption oscillator) is input to the STOPB pin. In the edge-sensitive
release mode, the STOP mode is started even when the STOPB pin input is high.

2. Release by the Key-on Wakeup

The STOP mode is released by inputting the prescribed level to the key-on wakeup pin.
The level to release the STOP mode can be selected from "H" and "L". For release by the
key-on wakeup, refer to “3.7 Key-on Wakeup” in iMQ i87 User Manual.

Note): If the key-on wakeup pin input becomes the opposite level to the release level after the warm-up starts,

the STOP mode is not restarted.

3. Release by the Voltage Detection Circuits

The STOP mode is released by the supply voltage detection by the voltage detection
circuits. To release the STOP mode by using the voltage detection circuits, set VDCR2
<VDSS>to "01" or "10". If the voltage detection operation mode of the voltage detection
circuits is set to generate reset signals (when VDCR2 <VDxMOD> is 1 (x=1 to 2)), the
STOP mode is re- leased and a reset is applied as soon as the supply voltage becomes
lower than the detection voltage.

When the supply voltage becomes equal to or higher than the detection voltage of
the voltage detection circuits, the reset is released and the warm-up starts. After the
warm-up is completed, the NORMALT mode becomes active.

If the voltage detection operation mode of the voltage detection circuits is set to
generate interrupt request signals (when VDCR2 <VDxMOD>is 0 (x=1 to 2)), the STOP
mode is released when the supply voltage becomes equal to or higher than the
detection voltage. For details, refer to the section of the voltage detection circuits.

Note): If the supply voltage becomes equal to or higher than the detection voltage within 1 machine cycle

after SYSCR1 <STOP>is set to "1’ the STOP mode will not be released.

(c) STOP Mode Release Operation

Page: 36/ 278

iIMQ reserves the right to change the information in this document without prior notice. Please contact iMQ to obtain the latest version of
product specification before placing your order. Use of iMQ devices in life support is entirely at the buyer's risk, and the buyer agrees to defend,
indemnify and hold harmless iMQ from any and all damages, claims, suits or expenses resulting from such use.




NZBFRNBIRAT
iMQ Technology Inc.

No. : TDDS01-M6812-EN

Name : MQ6812/MQ6821/MQ6822 Datasheet Version : V1.1

O i de before the STOP High-fi Low-fi - .
perafion mo pf elorethe 'gh-irequency ow-requency Oscillation start operation after release
mode is started clock clock

. High-frequency The. hig!h—frequency clock oscillation circuit starts

Single-clock - oscillation.
NORMAL1 clock oscillation - L o

meode circuit The low-frequency clock oscillation circuit stops
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The high-frequency clock oscillation circuit stops
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cac Oszlui? on cir The low-frequency clock oscillation circuit starts
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Table 4.2 Oscillation Start Operation at Release of the STOP Mode

Note): When the operation returns to the NORMALZ mode, fc is input to the frequency division circuit of the warm-

up counter.

The STOP mode is released in the following sequence:

1. Oscillation starts. For the oscillation start operation in each mode, refer to "Table 4.2
Oscillation Start Operation at Release of the STOP Mode".
2. Warm-up is executed to secure the time required to stabilize oscillation. The internal

operations remain stopped during warm-up. The warm-up time is set by the warm-up

counter, depending on the oscillator characteristics.

3. After the warm-up time has elapsed, the normal operation is restarted by the instruction
that follows the STOP mode start instruction. At this time, the prescaler and the divider

of the timing generator are cleared to "0".

Note): When the STOP mode is released with a low hold voltage, the following cautions must be observed. The

supply voltage must be at the operating voltage level before releasing the STOP mode. The RESETB pin input must

also be "H" level, rising together with the supply voltage. In this case, if an external time constant circuit has been

connected, the RESETB pin input voltage will increase at a slower pace than the power supply voltage. At this time,

there is a danger that a reset may occur if the input voltage level of the RESETB pin drops below the non-inverting

high-level input voltage (Hysteresis input).
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4.3.2.2 IDLE1/2 and SLEEP1 Modes
?

Starting IDLE1/2 mode or
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| CPU and WDT stop |
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Interrupt
request
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Reset

(Mormal release mode) Yes

(Interrupt release mode)

| Interrupt processing |

Execution of the instruction

which follows the IDLE1/2 mode

or SLEEP1 mode start
instruction

<

Figure 4.4 IDLE1/2 and SLEEP1 Modes

The IDLE1/2 and SLEEP1 modes are controlled by the system control register 2 (SYSCR2) and
maskable interrupts. The following states are maintained during these modes.

1. The CPU and the watchdog timer stop their operations. The peripheral circuits continue
to operate.

2. The data memory, the registers, the program status word and the port output latches
are all held in the status in effect before IDLE1/2 or SLEEP1 mode was started.

3. The program counter holds the address of the instruction 2 ahead of the instruction
which starts the IDLE1/2 or SLEEP1 mode.

(a) Start the IDLE1/2 and SLEEP1 Modes
After the interrupt master enable flag (IMF) is set to "0", set the individual interrupt enable
flag (EF) to "1", which releases IDLE1/2 and SLEEP1 modes. To start the IDLE1/2 or SLEEP1
mode, set SYSCRZ <IDLE> to "1".If the release condition is satisfied when it is attempted to
start the IDLE1/2 or SLEEP1 mode, SYSCR2 <IDLE> remains cleared and the IDLE1/2 or
SLEEP1 mode will not be started.

Note 1): When a watchdog timer interrupt is generated immediately before the IDLE 1/2 or SLEEP] mode is started,
the watchdog timer interrupt will be processed but the IDLE /2 or SLEEP1 mode will not be started.

Note 2): Before starting the IDLE /2 or SLEEPT mode, enable the interrupt request signals to be generated to release
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the IDLE 1/2 or SLEEP] mode and set the individual interrupt enable flag.

(b) Release the IDLE1/2 and SLEEP1 Modes

The IDLE1/2 and SLEEP1 modes include a normal release mode and an interrupt release
mode. These modes are selected at the interrupt master enable flag (IMF). After releasing
IDLE1/2 or SLEEP1 mode, SYSCR2 <IDLE> is automatically cleared to "0" and the operation
mode is returned to the mode preceding the IDLE1/2 or SLEEP1 mode.

The IDLE1/2 and SLEEP T modes are also released by a reset by the RESETB pin, a power-on
reset and a reset by the voltage detection circuits. After releasing the reset, the warm-up
starts. After the warm-up is completed, the NORMAL1T mode becomes active.

1. Normal release mode (IMF = "0")

The IDLE1/2 or SLEEP1 mode is released when the interrupt latch enabled by the
individual interrupt enable flag (EF) is "1". The operation is restarted by the instruction
that follows the IDLE1/2 or SLEEP 1 mode start instruction. Normally, the interrupt latch
(IL) of the interrupt  source used for releasing must be cleared to "0" by load
instructions.

2. Interrupt release mode (IMF ="1")

The IDLE1/2 or SLEEP1 mode is released when the interrupt latch enabled by the
individual interrupt enable flag (EF) is "1". After the interrupt is processed, the operation
is restarted by the instruction that follows the IDLE 1/2 or SLEEP 1 mode start instruction.
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4.3.2.3 IDLEO and SLEEPO Modes
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Figure 4.5 IDLEO and SLEEPO Modes

The IDLEO and SLEEPO modes are controlled by the system control register 2 (SYSCRZ2) and the
time base timer control register (TBTCR). The following states are maintained during the IDLEO
and SLEEPO modes:

1. The timing generator stops the clock supply to the peripheral circuits except the time
base timer.

2. The data memory, the registers, the program status word and the port output latches
are all held in the states in effect before the IDLEO or SLEEPO mode was started.

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

(a) Start the IDLEO and SLEEPO Modes
Stop (disable) the peripherals such as a timer counter. To start the IDLEO or SLEEPO mode,
set SYSCR2 <TGHALT>to "1".
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(b) Release the IDLEO and SLEEPO Modes
The IDLEO and SLEEPO modes include a normal release mode and an interrupt release mode.
These modes are selected at the interrupt master enable flag (IMF), the individual interrupt
enable flag (EF5) for the time base timer and TBTCR <TBTEN>. After releasing the
IDLEOor SLEEPO mode, SYSCR2 <TGHALT> is automatically cleared to "0" and the operation
mode is returned to the mode preceding the IDLEO or SLEEPO mode. If TBTCR <TBTEN>has
been set at "1°, the INTTBT interrupt latch is set.

The IDLEO and SLEEPO modes are also released by a reset by the RESETB pin, a power-on
reset and a reset by the voltage detection circuits. When a reset is released, the warm-up
starts. After the warm-up is completed, the NORMAL1 mode becomes active.

1. Normal Release Mode (IMF, EF5, TBTCR<TBTEN> = "0")
The IDLEO or SLEEPO mode is released when the falling edge of the source clock
selected at TBTCR <TBTCK> is detected. After the IDLEO or SLEEPO mode is released, the

operation is restarted by the instruction that follows the IDLEO or SLEEPO mode start
instruction.

When TBTCR <TBTEN> is "1", the time base timer interrupt latch is set.

2. Interrupt Release Mode (IMF, EF5, TBTCR<TBTEN> = "17)
The IDLEO or SLEEPO mode is released when the falling edge of the source clock

selected at TBTCR <TBTCK> is detected. After the release, the INTTBT interrupt
processing is started.

Note 1): The IDLEO or SLEEPO mode is released to the NORMAL1 or SLOWT mode by the asynchronous
internal clock selected at TBTCR <TBTCK>. Therefore, the period from the start to the release of the mode
may be shorter than the time specified at TBTCR <TBTCK>.

Note 2): When a watchdog timer interrupt is generated immediately before the IDLEO or SLEEPO mode is

started, the watchdog timer interrupt will be processed but the IDLEO or SLEEFPO mode will not be started.

4324 SLOW Mode

The SLOW mode is controlled by system control register 2 (SYSCR2).

(a) Switching from the NORMALZ2 Mode to the SLOW1 Mode
Set SYSCR2 <SYSCK>to "1".

When a maximum of 2/fcgck + 10/fs [s] has elapsed since SYSCR2 <SYSCK> is set to "1, the
main system clock (fm) is switched to fs/4.After switching, wait for 2 machine cycles or longer,
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and then clear SYSCR2 <XEN> to "0" to turn off the high-frequency clock oscillator. If the
oscillation of the low-frequency clock (fs) is unstable, confirm the stable oscillation at the
warm-up counter before implementing the procedure described above.

|

Quarter of the low-frequency clock

(fs/4) |

I

1
Gear clock (fogok)

!
SYSCR2<SYSCK=
I
I
Main system clock M_l—u—u < 10/fs (max.) >

! When the rising edge of fs/4 is detecad twice  When the rising edge of fs/4 is detected
after SYSCR2 <SYSCK> is changed from 1 to Wwice after fm is stopped, fm is switched to fs.
0, fm is stopped for synchronization.

Figure 4.6 Switching of the Main system clock ({fm)
(Switching from fcgck to fs/4)

(b) Switching from the SLOW 1 Mode to the NORMAL1 Mode
Set SYSCR2 <XEN> to "1" to enable the high-frequency clock (fc) to oscillate. Confirm at the
warm-up counter that the oscillation of the basic clock for the high-frequency clock has
stabilized, and then clear SYSCR2 <SYSCK> to "0".

When a maximum of 8/fs + 2.5/fcgck [s] has elapsed since SYSCR2 <SYSCK> is cleared to"0",
the main system clock (fm) is switched to fcgck. After switching, wait for 2 machine cycles or
longer, and then clear SYSCR2 <XTEN> to "0" to turn off the low-frequency clock oscillator.

The SLOW mode is also released by a reset by the RESETB pin, a power-on reset and a reset
by the voltage detection circuits. When a reset is released, the warm-up starts. After the
warm- up is completed, the NORMAL1 mode becomes active.

| [ [

|
Quarter of the low-frequency clock
(fs/d) ] +
|
|

Gear clock (fogok)

SYSCR2<SYSCK> 2.5/fogek(max.)
' V)Y
|

When the rising edge of fs/4 is detecad twice ~ When the rising edge of fogek is detected
! after SYSCR2 <SYSCK> is changed from 1 to  twice after fm is stopped, fm is switched to fogok.
0, fm is stopped for synchronization.

Figure 4.7 Switching of the Main system clock (fm)
(Switching from fs/4 to fcgck)

Note 1): Be sure to follow this procedure to switch the operation from the SLOW'1 mode to the NORMAL I mode.
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Note 2): After switching SYSCRZ <SYSCK>, be sure to wait for 2 machine cycles or longer before clearing SYSCR2
<XTEN> to ‘0" Clearing it within 2 machine cycles causes a system clock reset.

Note 3):-When the main system clock (fm) is switched, the gear clock (fcgck) is synchronized with the clock that is a
quarter of the basic clock (fs) for the low-frequency clock. For the synchronization, fm is stopped for a period of
2.5/fcgck [s] or shorter.

Note 4): When POFCO is 0’ setting SYSCRZ <XEN> to "1 " causes a system clock reset.

Note 5): When SYSCRZ <XEN> is set at "1, writing "1 "to SYSCRZ <XEN> does not cause the warm-up counter to start

counting the source clock.

4.4 Stack Area and Stack Pointer

4.4.1 Stack Area

A stackis an area in memory for temporarily saving the PC, PSW and other values during subroutines
and interrupts.

When a subroutine is called by the [CALL mn] or [CALLV n] instruction, the CPU pushes (saves) the
high-order and low-order bytes of the return address on the stack before jumping to the subroutine
entry address. When the software interrupt instruction, SWI, is executed and when a hardware
interrupt is accepted, the CPU saves the PSW and then return address on the stack.

When the return-from-subroutine instruction, RET, is executed, the CPU pops (restores) the return
address into the PC. When the return-from-interrupt instruction, RETI or RETN, is executed, the CPU
restores the PC and PSW from the stack.

A stack can be allocated anywhere in the data area.

4.4.2 Stack Pointer

The Stack Pointer (SP) is a 16-bit register that holds the address of the next available location on the
stack. The SP is post-decremented on subroutine calls, PUSH operations and interrupts, and pre-
incremented on returns from subroutines and interrupts and POP operations. The stack grows
downwards from high addresses to low addresses as it is filled.

sSP
l&«—— 16 bits —>»]
Figure 4.8 Stack Pointer
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Figure 4.9 shows the contents of the stack and the SP register as each of the following instructions

is executed.

The SP register defaults to OxOOFF upon hardware reset.

Like an index register, the SP register can be modified by using load / store and ALU instructions.
The SP register can also be used as an index register in Indexed Addressing.

When CALL or
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Figure 4.9 Stack

4.5 Program Counter (PC)

4.5.1

Program Counter - PC

The Program Counter (PC) is an 8-bit register that holds the address of next instruction to be
executed in the code area. When the reset signal is released, the CPU loads the reset vector stored
in the vector table (at OxFFFF and OxFFFE in MCU mode] into the PC; thus the program can start at
an arbitrary address. The iMQ 87 Series is pipelined; that is, CPU instructions are pre-fetched.
Therefore, the PC points to an address two bytes after the address of the instruction being executed.
For example, the PC contains 0x