\BO\ MC96F7816S

ABOV SEMICONDUCTOR Co., Ltd.
8-BIT MICROCONTROLLERS

MCO6F /8165
MCO6F/616ST

Data Sheet (Ver. 1.01)

\BO\

SEMICONDUCTOR




MC96F7816S \BO\

REVISION HISTORY

VERSION 0.0 (August 11, 2021)

VERSION 0.8 (December 13, 2021)

VERSION 0.9 (January 25, 2022)

VERSION 1.0 (February 25, 2022)

VERSION 1.1 (September 13, 2022)

VERSION 1.01 (May 08, 2023)

Changed the format of the revision number to “X.YY” according to internal policy.

2 May 08, 2023 Ver. 1.01



\BO\ MC96F7816S

o O WODN

. MC96F7816S Electrical Characteristics

Table of Contents

B O V=T VTR 6

R LYY ol o] 1 o] o PSPPSR 6
I T LN £ ST 7
IR @ (o =T gl To N [0] 0] 4 o= U1 o I ERT PR 8
I oAV (o] o g g T=T o A e o] F- PRSPPI 9

B 2] (o Tt g =T [ =g o SRR PERP
B LNt o 0 =T o | P PEPP PP
B - Tl Vo =T =T [ = DO PR UPEPPPP
B LI B T=Tod ] o] (T ISP PP UPPRR
L POIE STTUCTUIES ...ttt oottt e oo 4okttt et e e oo e e a bbb e et e e e e e e an bbb et e e e e e e annbbbeeeeaeeeeannnneees

6.1 General PUIMPOSE 1/O PO ...ttt ettt e ettt e e et e e s s e e e anbr e e e anne e e s s
6.2 EXTErNal INTEITUPE I/O POIL......oiiiieiiiie ettt e ettt e et e e e s e e e e nb e e e ann e e e s nnes

7.1 ADSOIULE MAXIMUM RANGS ... teeeeiiiit ittt ettt et et e e s bt e e st e e e e et e e e e s s e e e e anbr e e e anneeennnes
7.2 Recommended Operating CONAITIONS ..........iuuiiiiiiiiie et st e et e e e st e e e stae e e s snaeeeeaseeeeeaneeeesnnnes 23
7.3 A/ID Converter Characteristics...........

7.4 Power-On Reset Characteristics
7.5 Low Voltage Reset and Low Voltage Indicator CharacteristiCs ..........ccueevieeeeiiiieeeniiie e 25
7.6 Internal RC Oscillator Characteristics
7.7 Internal Watch-Dog Timer RC Oscillator Characteristics
7.8 LCD VOItage CharaCteriSHCS .......cciiuuiieiiueiieeitieeeestiie e e ettt e e sttt e e st e e s sttt e e s saeeeeasnteeeeantaeeesnaeeeeanteeeeaneeeesnees
7.9 DC CharaCteriStiCS .....ccceiiiiiiiiiei e
A R O @ o =T (T ) o= RSSO R
7.11 Serial /O CharaCteriStCS.......ciiiiiiiiiiiiie e
7.12 UART CharaCleriStiCS .....ccieiiiiiiiiiiie e,
7.13 Data Retention Voltage in S0P MOGE ......cooiiuiiiiiiii et e e e e e e e
7.14 Internal Flash Rom CharacCteriStiCs ........ccoviviiiiiiiiii
7.15 INPUY/OULPUL CBPACITANCE ... veeeeieiiii ettt ettt ekt e et b et e e st e e et r e e s s e e e asb e e e e annn e e e nnnes
7.16 Main Clock Oscillator CharaCteriStiCS ........ccuiviiiiiiiiiice e
7.17 Sub Clock OSCillator CharaCteIiSHCS .......ceiiiiiuiiiiiiee e e sttt e e e et e e e e e e e sttt e e e e e e s s sebaeeeaaeeesasbraeeeaeaesaanes
7.18 Main Oscillation Stabilization Characteristics
7.19 Sub Oscillation Characteristics

7.20 Operating VOIAGE RANGE ........eeiiiiiiieite ettt e e st e e et et e s s e e s anb e e e anneeennnes
7.21 Recommended CirCUIt @nd LAYOUL .......ccooiiiiiuitiiiiee ettt ee e ettt e e et e e e e s e s abbae e e e e e e e s abbreeeeeeeeaanns
7.22 Recommended Circuit and Layout with SMPS Power
S B B ol (o: L O g P = ol = 1o T TP UUP T OUPPPPPRPPTN

List of Figures

Figure 1.1 Debugger(OCD1/0OCD2) and Pin description

Figure 1.2 E-PGM+(SINGIE WIILET) .....eiiiiiiie ittt e et e st e e s b e e e e anbneeenns

Figure 1.3 E-GANG4 and E-GANG6 (for Mass ProduCtion) ...........coououuiieeieeeiniiiieieee e e 11
Figure 2.1 MCO96F7816S BIOCK DIQQIAM ......ceiiiiiiiiiiiiieee ettt ettt e e e ettt e e e e et e e e e e e e e e neneeeas 12
Figure 3.1 MC96F7816SL 80LQFP-1212 Pin ASSIGNMENT ....ccciiuiiiiiiiiiieiiiiiee ittt e e 13
Figure 3.2 MC96F7616ST 64TQFP-0707 PiN ASSIGNMENT ......coiuiiiiiiiiieiiiiiee ittt 14

May 08, 2023 Ver. 1.01 3



MC96F7816S \BO\

Figure 4.1 80-Pin LQFP PACKAGE .....eeeeeiieitiiiiee ettt e e e e e e ettt e e e e e e e nnbaeeeaaeeeeanenees 15
Figure 4.2 64-Pin TQFP PACKAGE .......coiiiieiiiiie ettt e e e e e e e e e e eneenes 16
Figure 6.1 General PUIPOSE /O POt .........uviiiiiii ittt e e e e et e e e e e e eaaanes 21
Figure 6.2 External INterrupt 1/O POt ..........vviiiiiii e e e e et e e e e e e s eaarnes 22

Figure 7.1 Input Timing for RESETB
Figure 7.2 Input Timing for External Interrupts

Figure 7.3 Input Timing for ECO, BEC2...... .. ittt e e e e e e e e e e e 30
Figure 7.4 Serial Interface Data Transfer TIMING ..........cooooiiiiiiiieiie e e 31
Figure 7.5 Waveform for UART Timing CharacteristiCS .........cuvvvviiiiiiiiiiiiiec e 32
Figure 7.6 Timing Waveform for the UART Module

Figure 7.7 Stop Mode Release Timing when Initiated by an INterrupt ..........ccooveeeiiieeniiiie e 33
Figure 7.8 Stop Mode Release Timing when Initiated by RESETB .......ccccoiiiiiiieiiie e 33
Figure 7.9 Crystal/Ceramic OSCIllatOr ............oiiiiiiiiiiiiieeee e e e e e e e e e e e e e e s eaaanes 35
FIgUre 7.10 EXIEINAl CIOCK. ......uuiiiiiiiee ettt ettt e ettt e e ettt e e s bt e e e ssbe e e e sntteeesnneeeeaneeeeenns
Figure 7.11 Crystal Oscillator

FIgUre 7.12 EXIEINAI CIOCK. ... ..etiiiiieie ittt e ettt e e st e e s e e e s anbeeeeas
Figure 7.13 Clock Timing Measurement @t XIN ........coccuiiiiiiiieiiiiee it e e iiee e stee e e s e e s neeeeasneeeeens 37
Figure 7.14 Clock Timing Measurement @t SXIN ........cuuiiiiiiiieiiiiee i e e eneeeeesreeeeens 37
Figure 7.15 Operating VOoltage RANGE ......ccoiuiiiiiiiiee ittt et e e et e e e st e e s nneeeesanbeeeeans 38
Figure 7.16 Recommended CirCuUit @Nd LAYOUL...........cuuiiiiiiiieiiiiee ettt e e 39
Figure 7.17 Recommended Circuit and Layout with SMPS POWET .............cccciiiiiiiiiiiiice e 40
Figure 7.18 RUN (IDD21) CUIMNEL ....ueeieiiiieeeiieieestieeeastiee e e et e e sttt e e s stteeessmeteeesseeeeassteeeesnseeeesnnneeeeaneneeeans 41
Figure 7.19 IDLE (IDD2) CUITENT ......eteiiiiiteeeteieeatieee ettt e e ateeeesteeeeaatteeessneeeeesasseeeaasteeeeansseeesnnneeeeansneeesns 41

Figure 7.20 SUB RUN (IDD3) Current
Figure 7.21 SUB IDLE (IDD4) Currnet
Figure 7.22 STOP (IDD5) Current

List of Tables

Table 1-1 Ordering Information of MC96F7816

Table 5-1 Normal pin description ............cccceeoueeee

Table 7-1 Absolute MaxXimumM RALINGS ......ccoiaiiiiiiiiiee et e e e e e e e e e e e s asneaeeeeeeens
Table 7-2 Recommended Operating CoNAItiONS ..........ccoiuiiieiiiiieiiiie e 23
Table 7-3 A/D Converter CharaCteriStCS ........iiiuiiiiiie et e e e e e s e e e e e e s e snenaeeeaaeas
Table 7-4 Power-On Reset CharaCleriStiCS. ........uuuiiiiiiiiiiieiee e e
Table 7-5 LVR and LVI Characteristics...................

Table 7-6 Internal RC Oscillator Characteristics

Table 7-7 Internal WDTRC Oscillator CharacCteriStiCS........uuuiiiieiiiiiiiiiieee ettt iveeee e 26
Table 7-8 LCD Voltage CharaCteriStCS........uuiiiiiiiiiiiiie et 27
TabIe 7-9 DC CharaCleIISTICS ... .eeeeeeiiiitieieee e ettt ettt e e e e e ettt e e e e e e et b be e e e e e e e e e sbbeeeeaaeeeaanntbeeeeaens 29
Table 7-10 AC CharaCleriSHCS ....cceeeiiiiieieee ettt e e e e e e et bt e e e e e e s e abb b e e e e e e e aanntbeeeeaens 30
Table 7-11 Serial 1/O CharaCteriStICS .....uuuiiiiiiiiiiiiiiie ettt e e e e s e e e e e e s s abrreeeeeeeeasnstreeaaaens 31
Table 7-12 UART CharaCteriStCS ....ouiuiiiiiie e ittt seeie e e e et e e e e e e sttt e e e e e e s esaar e eaeeesenssntbeeeeaeas 32
Table 7-13 Data Retention Voltage in StOP MOUE..........coouiiiiiiiiiiiiiiiee e 33
Table 7-14 Internal Flash ROM CharaCteriStCS .......cuiuii it 34
Table 7-15 INpUt/OULPUL CAPACITANCE ......eeiiiiiiiiiiieie ettt e e e e e et e e e e e e s e bbb e e e e e e e s annenreeeaaens 34

4 May 08, 2023 Ver. 1.01



\BO\ MC96F7816S

Table 7-16 Main Clock Oscillator Characteristics

................................................................................... 35
Table 7-17 Sub Clock OSCillator CharaCterISTICS..........vvviiiieee e e e e e e e e e e enaaans 36
Table 7-18 Main Oscillation Stabilization CharaCteriStiCS.........cooivieiiiiiiiiieieieiecceeccee e 37
Table 7-19 Sub Oscillation Stabilization CharacteriStiCS .......ccoeieiiiiiiiiiiiiieeeeeee 37

May 08, 2023 Ver. 1.01 5



MC96F7816S

\BO\

MC96F/7816S

CMOS SINGLE-CHIP 8-BIT MICROCONTROLLER

1. Overview

1.1 Description

WITH 12-BIT A/D CONVERTER

The MC96F7816S is advanced CMOS 8-bit microcontroller with 16Kbytes. This is powerful microcontroller
which provides a highly flexible and cost effective solution to many embedded control applications. This provides
the following features : 16Kbytes of FLASH, 256bytes of IRAM, 256bytes of XRAM , general purpose I/O, basic
interval timer, watchdog timer, 8/16-bit timer/counter, carrier generation, programmable pulse generation, 8-bit
PWM output, watch timer, buzzer driving port, SIO, UART, 12-bit A/D converter, LCD driver, on-chip POR, LVR,
LVI, on-chip oscillator and clock circuitry. The MC96F7816S also supports power saving modes to reduce power

consumption.
. 110
Device Name FLASH XRAM IRAM ADC Package
PORT
MC96F7816SL 71 80 LQFP
16Kbytes 256bytes 256bytes 8ch
MC96F7616ST 55 64 TQFP

May 08, 2023 Ver. 1.01
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1.2 Features

« CPU
- 8 Bit CISC Core (8051 Compatible)
* ROM (FLASH) Capacity
- 16Kbytes
- Flash with self read/write capability
- On chip debug and In-system programming (ISP)
- Endurance : 100,000 times
- Retention : 10 years
+ 256bytes IRAM
+ 256bytes XRAM
- (37bytes including LCD display RAM)
* General Purpose I/0 (GPIO)
- Normal I/O : 27 Ports
(PO, P1, P2[7:4], P3[4:0], P9[3:2])
- LCD shared I/O : 44 Ports
(P2[3:0], P4, P5, P6, P7, P8)
* Basic Interval Timer (BIT)
- 8Bit x 1ch
* Watch Dog Timer (WDT)
- 8Bit x 1ch, 6kHz internal RC oscillator
» Timer/ Counter
- 8Bit x 2ch (TO/T1), 16Bit x 2ch (T2/T3)
» Carrier Generation
- Carrier Generation (by T1), T3 Clock source
* Programmable Pulse Generation
- Pulse generation (by T2/T3)
« PWM
- 8Bit x 1ch (by TO)
* Watch Timer (WT)
-3.91mS/0.25S/0.5S/1S/1M interval at 32.768kHz
* Buzzer
- 8Bit x 1ch
* SIO
- 8Bit x 1ch
 UART
- 8Bit x 1ch
+ 12 Bit A/D Converter
- 8 Input channels
* LCD Driver
- 30 Segments and 8 Common terminals
- Internal or external resistor bias
- Capacitor bias (Voltage boost)
- 16-step contrast control
- Static, 2, 3, 4, 5, 6, and 8 duty selectable

- 1/2, 1/3, and 1/4 bias selectable
* Power On Reset

- Reset release level (1.4V)
* Low Voltage Reset

- 14 level detect (1.60V/ 2.00V/ 2.10V/ 2.20V/
2.32V/ 2.44V[ 2.59V/ 2.75V/ 2.93V/ 3.14V/
3.38V/ 3.67V/ 4.00V/ 4.40V)

* Low Voltage Indicator

- 13 level detect (2.00V/ 2.10V/ 2.20V/ 2.32V/
2.44V/ 2.59V/ 2.75V/ 2.93V/ 3.14V/ 3.38V/
3.67V/ 4.00V/ 4.40V)

- External reference detect
* Interrupt Sources
- External Interrupts

(EXINTO~7, EINTS, EINT10, EINT12,
EINT13) (5)

- Timer( 0/1/2/3) (5)

-WDT (1)

-BIT (1)

-WT (1)

-SIO (1)

- UART(TX/RX) (2)

-ADC (1)
* Internal RC Oscillator

-4MHz * 1.5% (Ta= 0°C ~ +70°C)

-4MHz £ 2.5% (Ta= -20°C ~ +85°C)

- 4MHz + 3.5% (Ta= -40°C ~ +85°C)
» Power Down Mode

- STOP, IDLE mode

* Operating Voltage and Frequency
-1.8V ~5.5V (@ 32 ~ 38kHz)
-1.8V ~5.5V (@ 0.4 ~ 4.2MHz)
-2.7V ~5.5V (@ 0.4 ~ 10.0MHz)
-3.0V~55V (@ 0.4 ~ 12.0MHz)
- Voltage dropout converter included for core

* Minimum Instruction Execution Time
-167nS (@ 12MHz main clock)
-61pS (@t 32.768kHz sub clock)

« Operating Temperature: —40~+ 85T

» Oscillator Type
- 0.4-12MHz crystal or ceramic for main clock
- 32.768kHz crystal for sub clock

+ Package Type
-80 LQFP-1212
- 64 TQFP-0707
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1.3 Ordering Information

Table 1-1 Ordering Information of MC96F7816

Device name ROM size IRAM size XRAM size Package

MC96F7816SL 80 LQFP
16Kbytes 256bytes 256bytes

MC96F7616ST 64 TQFP
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1.4 Development Tools

1.4.1 Compiler

We do not provide the compiler. Please contact the third parties.

The core of MC96F7816S is Mentor 8051. And, device ROM size is smaller than 64Kbytes. Developer can use
all kinds of third party’s standard 8051 compiler.

1.4.2 OCD emulator and debugger

The OCD (On Chip Debug) emulator supports ABOV Semiconductor’s 8051 series MCU emulation.

The OCD interface uses two-wire interfacing between PC and MCU which is attached to user’s system. The
OCD can read or change the value of MCU internal memory and I/O peripherals. And the OCD also controls
MCU internal debugging logic, it means OCD controls emulation, step run, monitoring, etc.

The OCD Debugger program works on Microsoft-Windows NT, 2000, XP, Vista (32bit) operating system.

If you want to see more details, please refer to OCD debugger manual. You can download debugger S/W and
manual from our web-site.

Connection:
- SCLK (MC96F7816S P23 port)
- SDATA (MC96F7816S P22 port)

OCD connector diagram: Connect OCD with user system

1 o O 2 UserVCC
3 o O 4 User GND
5 I:] o O 6 DSCL

7 o O 8 DSDA

9 O O 10

Figure 1.1 Debugger(OCD1/OCD2) and Pin description
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1.4.3 Programmer

Single programmer:

E-PGM+ : It programs MCU device directly.

1

NABOV
E"PG""' SeMICONOUC1O

DSDA —|
VDD —
DSCL —

OOOOOOOOOOOOOO&SSOOO

— VSS

i

O00O0OOOOOOOOOOOOHLOOOO

Figure 1.2 E-PGM+(Single writer)

10
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OCD emulator: It can write code in MCU device too, because OCD debugging supports ISP (In System
Programming).

It does not require additional H/W, except developer’s target system.

Gang programmer: E-GANG4 and E-GANG6
- ltcanrun PC controlled mode.
- ltcan run standalone without PC control too.
- USB interface is supported.

- Easy to connect to the handler.

Figure 1.3 E-GANG4 and E-GANGS6 (for Mass Production)

May 08, 2023 Ver. 1.01
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2. Block Diagram

ANO-AN3/P24-P27

AN4-AN7/P10-P13

12 - Bit

AVREF

A/D Converter

AVSS

TOO/PWMOO/P93 ¢
EINT10/P93 ¢
ECO/P92 ¢

L

REM/PO7 ¢

T20/PWM20/P32 ¢
EINT12/P0O0 ¢
EC2/P02 ¢

T30/PWM30/P31 ¢
EINT13/P30 ¢

il

=
o

8 - Bit Timer 0

8 — Bit Timer 1

16 — Bit Timer 2

it Timer 3

K=

K=

K=

=9

POO/EINT12
PO1/EINT8

PO2/EC2

P03/BUZO

P04/SCK

PO Port

P05/SO

PO6/SI

PO7/REM

¥

DSDA DSCL
Low Voltage
Ao |
On-Chip Debug 5
_—»H_uzzer >
«—>0
SIOo
M8051 Core (#) <
< UART
16K Bytes ROM <# >
: : XRAM IRAM : : LCD Driver/
(256 Bytes) | |(256 Bytes) @ Controller
Basic Interval Timer

Power On Reset

Low Voltage Reset

P9 Port

1

P8 Port

P7 Port

<=
P10-P13/EINTO-EINT3/AN4-AN7 oe—>| =
P14-P17/EINT4-EINT7 -<—> Watchdog Timer
P20-P21/SEG33-SEG34 6kHz INT-RC OSC < P6 Port
P22/SEG35/DSDA K=
P2 Port
P23/SEG36/DSCL P5 Port
P24-P27/ANO-AN3 INT-RC OSC A
4MHz
P30/EINT13/LVIREF
P31/T30/PWM30
P32/T20/PWM20 P3 Port K= .
P33ITXD Watch Timer
P34/RXD SC\'(-SEE%
P40-P43/VLCO-VLC3 Voltage CONTROL
P44/CAPH Down
P45/CAPL P4 Port K= >
1COMO Converter
P47/COM1/SEGO I I
VDD VSSs

> LVIREF/P30

BUZO/P03
SCK/P04

» SO/P05
» SI/P06

> TXD/P33
> RXD/P34

COMO0-COM1/P46-P47
COM2-COM7/P80-P85
SEGO0/P47
SEG1-SEG8/P80-P87
SEG9-SEG16/P70-P77
SEG17-SEG24/P60-P67
SEG25-SEG32/P50-P57
SEG33-SEG36/P20-P23
VLCO0-VLC3/P40-P43

» P92/RESETB/ECO
p P93/TOO/PWMOO/EINT10

¢ P80-P85/COM2-COM7/SEG1-SEG6
' P86-P87/SEG7-SEG8

> P70-P77/SEG9-SEG16

» P60-P67/SEG17-SEG24

> P50-P57/SEG25-SEG32

RESETB/P92/ECO
VREG

SXOouT
SXIN
XIN
XouT

Figure 2.1 MC96F7816S Block Diagram
NOTE) The P20-P21, P30, P32, P34, P52-P57, P82-P85 and P93 are not in the 64-Pin package.
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3. Pin Assignment
T
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O 00000 <
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sSosoRE2GEs888¢ d_4g.
KRUVYUVEEsE 2328 JZzZ5 00 353 =2
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O ©W 0O N o o M W NP O O 0~NO O b WDN PP
P85/COM7/SEG6 [ 1 60 ] VDD
P86/SEGT [ 2 59 [ PO7/REM
P87/SEG8 ] 3 58 [ Po6/SI
P70/SEGY ] 4 57 [ P05/SO
P71/SEG10 ] 5 56 [J Po4/ScK
P72/SEG11 [ 6 55 ] P03/BUZO
P73/SEG12 [ 7 54 [ Po2/EC2
P74/SEG13 [ 8 53 ] PO1/EINT8
P75/SEG14 ] 9 52 [ POO/EINT12
P76/SEG15 [ 10 MC96F7816SL 51 ] P34/RXD
P77/SEG16 11 50 P33/TXD
— (80LQFP-1212) —
P60/SEG17 [ 12 49 [ P32/T20/PWM20
P61/SEG18 ] 13 48 [ P31/T30/PWM30
P62/SEG19 [ 14 47 ] P17/EINT7
P63/SEG20 [ 15 46 ] P16/EINT6
P64/SEG21 [ 16 45 ] P15/EINTS
P65/SEG22 [ 17 44 [T] P14/EINT4
P66/SEG23 [ 18 43 ] P13/EINT3/AN7
P67/SEG24 [ 19 42 ] P12/EINT2/AN6
P50/SEG25 [ 20 41 ] P11/EINT1/AN5
NN N NN DN DNDNDNNWWWWW W W wWwwwbd
P N W b OO N 0 © O FP N W P 0O N 0O © O
U U U U U U U U U U< U X» U U U U X>» U T
g g o1 g1 g a oo N NN NODNINDNDNDNDNN WRE
ENOEOSOIOENOGR®IEIOI GO
DO DDDDODDODDDD OmMm>>Z>>0mm
m m m mmMmTImimmTImMmmm m T 2 2 2 2 2 2
QOO0 0 0 @ SFEN® 5 5
N NRNRN O W W W W w - o
O N 00 © O P N W H (\J‘I Q Q $
® @ < £
) @) 3
> — m
m

Figure 3.1 MC96F7816SL 80LQFP-1212 Pin Assignment

NOTE) On On-Chip Debugging, ISP uses P2[2:3] pin as DSDA, DSCL.

May 08, 2023 Ver. 1.01
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0
3332 3
g e d 3
888 i
U g T 9]
v T T T U
ERESais8E85¢ _ O
O x x
HHHIITTT
Qe8s2rd883285z6060855%3
o 0O 0O O 0 g g g g g oo g o g b
A W NP O O© 0~NO 00 b W NP O O
P86/SEG7 [ 1 48 ] VDD
P87/SEGS8 [ 2 47 [ PO7/REM
P70/SEGY [ 3 46 ] PoO6/SI
P71/SEG10 [ 4 45 [] PO5/SO
P72/SEG11 [ 5 44 [] PO4/SCK
P73/SEG12 [ 6 43 [] PO03/BUZO
P74/SEG13 [ 7 42 [] PO2/EC2
P75/SEG14 [ 8 MC96F7616ST 41 [] POL/EINT8
P76/SEG15 [ 9 (64TQFP_O707) 40 [] POO/EINT12
P77/ISEG16 [ 10 39 [ P33/TXD
P60/SEG17 [ 11 38 ] P31/T30/PWM30
P61/SEG18 [ 12 37 [ PI17/EINT7
P62/SEG19 [ 13 36 [ PI16/EINT6
P63/SEG20 [ 14 35 [ PI15/EINTS
P64/SEG21 [ 15 34 [ PL4/EINT4
P65/SEG22 [] 16 33 [ PI13/EINT3/AN7
PR RN DNDNDNDNDDNDNDDNDNDNDNW®WW
~N 00 © O FP N W A OO O N O O© O F N
QIO EDNNR IFTEITS2ILEDR
OO 006 [9) S P N W 33 3
NN RN N W @ a2
w >~ oo N (=2 = =~ =
S 3 >3 3>
o Q G5
¢ 8

Figure 3.2 MC96F7616ST 64TQFP-0707 Pin Assignment

NOTES) 1. On On-Chip Debugging, ISP uses P2[2:3] pin as DSDA, DSCL.
2. The P20-P21, P30, P32, P34, P52-P57, P82-P85 and P93 pins should be selected as a push-pull
output or an input with pull-up resistor by software control when the 64-pin package is used.
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4. Package Diagram

4 3 + P 1
i
ey e
a3~ Al y I
m _m_mm mmmmmmmmmm » COMMON DIMENSIONS
L (UNITS OF MEASURE=MILLIMETER)
= e — SYMECL | MIM NOM WA
== = g ] - 1.60
=] S TOP—E—MARK i— =] X 0.05 - 015
— Z=o1 B0£0,10%0.1 — ( A2 1.35 1.40 1.45
== == AJ 0.59 0.64 0.69
o i b 018 - 0.27
== . == bl 047 0.20 0.23
== BTM—E~MARK = < mw m— w.hwh_
- 2—#1.B0E0,10%0.1 = c . .
p—— — o 13.80 | 1400 | 14.20
MDEX #1.204£0.10
== 0904010 DEPTH == D1 11.80 12.00 12.10
— = 1 | - - -
[ «\\l -] E 13,80 4.00 14.20
=] = ] 1 11.80 12.00 12.10
— _— e 0.40 0.50 0.60
L L 0.45 0.60 | 0.75
ZI%IEIEIIII S ;
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5. Pin Description
Table 5-1 Normal pin description
PIN 110 Function @RESET Shared with
Name
P00 | I/O | Port0is a bit-programmable 1/O port which can be Input EINT12
PO1 configured as a schmitt-trigger input, a push-pull output, EINTS
or an open-drain output.
P02 . o Lo EC2
A pull-up resistor can be specified in 1-bit unit.
P03 BUZO
P04 SCK
P05 SO
P06 S
P07 REM
P10 1/0 | Port 1 is a bit-programmable 1/O port which can be Input EINTO/AN4
P11 configured as a schmitt-trigger input, a push-pull output, EINTL/ANS
or an open-drain output. |
P12 A pull-up resistor can be specified in 1-bit unit. EINT2/ANG
P13 EINT3/AN7
P14 EINT4
P15 EINTS
P16 EINT6
P17 EINT7
P20 1/0 | Port 2 is a bit-programmable I/O port which can be Input SEG33
P21 conﬁgured as an input, a push-pull output, or an open- SEG34
drain output.
P22 A pull-up resistor can be specified in 1-bit unit. SEG35/DSDA
P23 The P20 — P21 are not in the 64-Pin package. SEG36/DSCL
P24 ANO
P25 AN1
P26 AN2
P27 AN3
P30 | I/O | Port 3is a bit-programmable 1/O port which can be Input EINT13/LVIREF
P31 configured as an input (P30: Schmitt trigger input), a T30/PWM30
push-pull output, or an open-drain output.
P32 ) o ] ] T20/PWM20
A pull-up resistor can be specified in 1-bit unit. D
P33 The P30, P32 and P34 are not in the 64-Pin package.
P34 RXD
P40 1/0 | Port 4 is a bit-programmable 1/O port which can be Input VLCO
configured as an input, a push-pull output, or an open-
P41 drain output. VLC1
P42 A pull-up resistor can be specified in 1-bit unit. VLC2
P43 VLC3
P44 CAPH
P45 CAPL
P46 como
P47 COM1/SEGO
May 08, 2023 Ver. 1.01 17
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Table 5-1 Normal pin description (Continued)

NF;Ir’;Ie /0 Function @RESET Shared with
P50 /0 | Port 5 is a bit-programmable I/O port which can be Input SEG25
P51 configured as an input, a push-pull output, or an open- SEG26

drain output.
P52 A pull-up resistor can be specified in 1-bit unit. SEG27
PS3 The P52 — P57 are not in the 64-Pin package. SEG28
P54 SEG29
P55 SEG30
P56 SEG31
P57 SEG32
P60 /0 | Port 6 is a bit-programmable I/O port which can be Input SEG17
P61 configured as an input, a push-pull output, or an open- SEG18

drain output.
P62 A pull-up resistor can be specified in 1-bit unit. SEG19
P63 SEG20
P64 SEG21
P65 SEG22
P66 SEG23
P67 SEG24
P70 1/0 | Port 7 is a bit-programmable I/O port which can be Input SEG9
P71 configured as an input or a push-pull output. SEG10
P72 A pull-up resistor can be specified in 1-bit unit. SEG11
P73 SEG12
P74 SEG13
P75 SEG14
P76 SEG15
P77 SEG16
P80 1/0 | Port 8 is a bit-programmable 1/O port which can be Input COM2/SEG1
P81 configured as an input or a push-pull output. COM3/SEG2
P82 A pull-up resistor can be specified in 1-bit unit. COMA4/SEG3
P83 The P82 — P85 are not in the 64-Pin package. COMS/SEG4
P84 COMG6/SEG5
P85 COM7/SEG6
P86 SEG7
P87 SEG8
P92 | /O | Port 9 is a bit-programmable I/O port which can be Input RESETB/ECO
P93 configured as an input, a push-pull output, or an open- TOO/PWMOO/EINT10

drain output.

A pull-up resistor can be specified in 1-bit unit

The P93 is not in the 64-Pin package.
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Table 5-1 Normal pin description (Continued)

PIN Name 110 Function @RESET Shared with
EINT10 I/O | External interrupt input and Timer 0 capture input Input P93/TOO/PWMOO
EINT12 1/0 | External interrupt input and Timer 2 capture input Input P00
EINT13 I/O | External interrupt input and Timer 3 capture input Input P30/LVIREF
EINTO 1/0 | External interrupt inputs Input P10/AN4
EINT1 P11/AN5
EINT2 P12/AN6
EINT3 P13/AN7
EINT4 P14
EINTS P15
EINT6 P16
EINT7 P17
EINT8 P01

TOO I/O | Timer O interval output Input P93/PWMOO/EINT10
T20 I/0 | Timer 2 interval output Input P32/PWM20
T30 I/O | Timer 3 interval output Input P31/PWM30
REM I/O | Carrier generation output Input P07
PWMOO 1/0 | Timer 0 PWM output Input P93/TOO/EINT10
PWM20 | I/O | Timer 2 pulse output Input P32/T20
PWM30 | I/O | Timer 3 pulse output Input P31/T30
ECO 1/0 | Timer O event count input Input P92/RESETB
EC2 1/0 | Timer 2 event count input Input P02
BUZO I/O | Buzzer signal output Input P03
SCK 1/0 | Serial clock input/output Input P04
SO 1/0 | Serial data output Input P05
Sl 1/0 | Serial data input Input P06
TXD I/0 | UART data output Input P33
RXD I/O | UART data input Input P34
ANO-AN3 | |/O | A/D converter analog input channels Input P24-P27
ANA—AN7 P10/EINTO-
P13/EINT3
LVIREF 1/0 | Low Voltage Indicator reference voltage Input P30/EINT13
VLCO- 1/0 | LCD bias voltage pins Input P40-P43
VLC3
CAPH I/O | Capacitor terminals for voltage booster Input P44
CAPL P45
COMO 1/0 | LCD common signal output Input P46
COM1 P47/SEGO
COM2—- P80/SEG1-
COM7 P85/SEG6
May 08, 2023 Ver. 1.01 19
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Table 5-1 Normal pin description (Continued)

NPIN /0 Function @RESET Shared with
ame
SEGO | /O | LCD segment signal output Input P47/COM1
SEG1- P80/COM2—
SEG6 P85/COM7
SEG7- P86—-P87
SEG8
SEG9- P70-P77
SEG16
SEG17- P60—P67
SEG24
SEG25- P50-P57
SEG32
SEG33- P20-P21
SEG34
SEG35 P22/DSDA
SEG36 P23/DSCL
RESETB | /O | System reset pin with a pull-up resistor when it is Input P92/ECO
selected as the RESETB by “CONFIGURE OPTION”
DSDA 1/0 | On chip debugger data input/output™N°CTE23) Input P22/SEG35
DSCL I/0 | On chip debugger clock input™OTE2.3) Input P23/SEG36
XIN, Main oscillator pins _
XOUT 110 Input
SXIN, Sub oscillator pins _
SXOUT 110 Input
VREG _ | Regulator voltage output for sub clock _ _
0.1yF capacitor needed
AVREF — | A/D converter reference voltage - -
AVSS — | A/D converter ground - -
VDD, _ | Power input pins _ _
VSS

Notes) 1. The P20-P21, P30, P32, P34, P52-P57, P82-P85 and P93 are not in the 64-Pin package.
2. The P92/RESETB/ECO pin is configured as one of the P92/ECO and the RESETB pin by the

“CONFIGURE OPTION".

3. If the P22/SEG35/DSDA and P23/SEG36/DSCL pins are connected to an emulator during reset or
power-on reset, the pins are automatically configured as the debugger pins.
4. The P22/SEG35/DSDA and P23/SEG36/DSCL pins are configured as inputs with internal pull-up

resistor only during the reset or power-on reset.

20
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6. Port Structures

6.1 General Purpose I/O Port

BZ] Level shift (1.8V to ExtvDD)
[Z7] Level shift (ExtvDD to 1.8V)

VDD

PULL-UP
REGISTER

OPEN DRAIN

REGISTER

DATA o —3 fo -_O|
REGISTER
MUX 3 PAD
SUB-FUNC DATA OUTPUT 1
= 1
SUB-FUNC ENABLE .
SUB-FUNC DIRECTION  ——M11

MUX
DIRECTION

REGISTER 0

CMOS or
Schmitt Level
Input

PORTxX INPUT or o
SUB-FUNC DATA INPUT o—

ANALOG CHANNEL

ENABLE -

ANALOG INPUT {;3—

Note)

The P20-P23, P40-P47, P50-P57, P60-P67, P70-P77 and P80-P87 pins(COM, SEG, VLC, CAPH/L) do not have
diode between VDD and PAD.

Figure 6.1 General Purpose I/O Port
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6.2 External Interrupt 1/O Port

BZ] Level shift (1.8 to ExtvDD)
[7] Level shift (ExtvDD to 1.8)

VDD

PULL-UP
REGISTER {>C 7 °|
VDD VDD
OPEN DRAIN
REGISTER ‘-..NOTE
DATA 0 — )O -'°|
REGISTER
MUX 3 PAD
SUB-FUNC DATA OUTPUT 1
=
SUB-FUNC ENABLE ®
SUB-FUNC DIRECTION ——8 1
MUX
DIRECTION 0
REGISTER
VDD
EXTERNAL Q b u
INTERRUPT
—‘ cP POLARITY
r REG.
INTERRUPT < (
ENABLE T
FLAG
CLEAR
CMOS or
Schmitt Level
Input
0 . S S
PORTX INPUT or MUX -
SUB-FUNC DATA INPUT
1 Q D
CcP
r 4 DEBOUNCE
CLK
DEBOUNCE
ENABLE
ANALOG CHANNEL
ENABLE - *

ANALOG INPUT

Note)

The P20-P23, P40-P47, P50-P57, P60-P67, P70-P77 and P80-P87 pins(COM, SEG, VLC, CAPH/L) do not have

diode between VDD and PAD.

Figure 6.2 External Interrupt /O Port
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7. Electrical Characteristics

7.1 Absolute Maximum Ratings

Table 7-1 Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Supply Voltage VDD -0.3~+6.5 \% -
Vi -0.3 ~ VDD+0.3 Y o
Voltage on any pin with respect to VSS
Vo -0.3 ~VDD+0.3 \
. o 10 mA Maximum current output sourced by (lon per
Normal Voltage Pin /0 pin)
Ylon -80 mA | Maximum current (3 lon)
loL 60 mA | Maximum current sunk by (lo per 1/O pin)
SloL 120 mA Maximum current (3 loL)
Total Power Pr 600 mw -
Dissipation
Storage Temperature Tste -65 ~ +150 °C —

Note) Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at any other conditions beyond those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

7.2 Recommended Operating Conditions

Table 7-2 Recommended Operating Conditions

(Ta= -40°C ~ +85°C)

Parameter Symbol Conditions MIN TYP MAX Unit
fx= 32 ~ 38kHz SX-tal 1.8 - 5.5
fx= 0.4 ~ 4.2MHz 1.8 - 5.5
Supply Voltage VDD X-tal, Y,
fx= 0.4 ~ 10.0MHz Internal RC 2.7 - 5.5
fx= 0.4 ~ 12.0MHz 3.0 - 55
Operating Temperature Toprr VDD= 1.8 ~ 5.5V -40 — 85 °C
May 08, 2023 Ver. 1.01 23
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7.3 A/D Converter Characteristics

Table 7-3 A/D Converter Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Resolution - - — 12 - bit
Integral Non-Linear INL - - +4
Differential Non-

Linearity DNL | AVREF=2.7V - 5.5V - - 1 LSB
fx= 8MHz
Top Offset Error TOE - - +3
Zero Offset Error ZOE - - +3
Conversion Time tconv 12bit resolution, fx=8MHz 20 - - us
Analog Input Voltage VAN - AVSS - AVREF
Analog Reference AVREF *Note 3 1.8 - VDD Vv
Voltage
Analog Ground AVSS - Vss - VSS+0.3
Voltage
Analog Input L eakage lan AVREF= 5.12V - - 10 uA
Current
Enable - 1 2 mA
ADC Operating Current lanc . VDD =5.12V
Disable - - 0.1 UuA

Notes) 1. Zero offset error is the difference between 000000000000 and the converted output for zero input

voltage(VSS);

2. Top offset error is the difference between 111111111111 and the converted output for top input

voltage (AVREF)
3. When AVREEF is lower than 2.7V, the ADC resolution is worse.

7.4 Power-On Reset Characteristics

Table 7-4 Power-On Reset Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESET Release Level Vror - - 1.4 - V
VDD Voltage Rising Time tr - 0.05 - 30.0 V/ms
POR Current IPor - - 0.2 - UuA

24
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7.5 Low Voltage Reset and Low Voltage Indicator Characteristics

Table 7-5 LVR and LVI Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
- 1.60 1.75
1.85 2.00 2.15
1.95 2.10 2.25
2.05 2.20 2.35
2.17 2.32 2.47
2.29 2.44 2.59
Detection Level Vim I\r}lecLe:r/szgﬁer(]:ts s:ﬁgtr ?e"\/lgl\éeéiggg)t 2.39 2.59 2.79 \Y;
Vivi 1.60V. 2.55 2.75 2.95
2.73 2.93 3.13
2.94 3.14 3.34
3.18 3.38 3.58
3.37 3.67 3.97
3.70 4.00 4.30
4.10 4.40 4.70
Hysteresis AV - - 10 100 mV
Minimum Pulse Width tw - 100 - - us
Enable (Both) - 8.0 14.0
LVR and LVI Current IsL Enable (One of two) | VDD= 3V - 6.0 12.0 uA
Disable (Both) — — 0.1
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7.6 Internal RC Oscillator Characteristics

Table 7-6 Internal RC Oscillator Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Freqguency firc - - 4.0 - MHz
Ta= 0°C — +70°C -1.5 - +1.5 %
Tolerance - VDD= 2.0V -5.5V | Ta=-20°C-+85°C | -2.5 - +2.5 %
Ta= -40°C — +85°C | -3.5 - +3.5 %
Clock Duty Ratio TOD - 40 50 60 %
Stabilization Time twpts - - - 100 us
IRC Current lirc E.nable - 03 - mA
Disable — — 0.1 UA

7.7 Internal Watch-Dog Timer RC Oscillator Characteristics
Table 7-7 Internal WDTRC Oscillator Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Freguency fwbTrc - 3 6 9 kHz
Stabilization Time twoTs - - - ms

Enable - 1 -
WDTRC Current IwpTrC ] UA
Disable — — 0.1
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7.8 LCD Voltage Characteristics

Table 7-8 LCD Voltage Characteristics

(Ta= -40°C ~ +85°C, VDD= 2.0V ~ 5.5V, VSS= 0V)

1/3Bias

Parameter Symbol Conditions Min Typ Max Units
LCDCCR=0000b 1.000
LCDCCR=0001b 1.045
LCDCCR=0010b 1.090
LCDCCR=0011b 1.135
LCDCCR=0100b 1.180
LCDCCR=0101b 1.225
Voltage | LCDCCR=0110b 1.270
booster || cpcCR=0111b 1.315
LCD Voltage VLC3 enabled, Typx0.9 Typx1l.1 \
1/2,1/3 LCDCCR=1000b 1.360
bias LCDCCR=1001b 1.405
LCDCCR=1010b 1.450
LCDCCR=1011b 1.500
LCDCCR=1100b 1.550
LCDCCR=1101b 1.600
LCDCCR=1110b 1.650
LCDCCR=1111b 1.700
Voltage booster enabled,
VLCO0/1/2 | 1/2 bias, No panel load, Typx0.9 2xVLC3 Typx1.1 \Y,
VDD=3V
VLCo/1 | Voltage booster enabled, Typx0.9 | 3xVLC3 | Typxl.1
LCD Mid Bias 1/3 bias, No panel load, \
Voltage VLC2 VDD=3V Typx0.9 2xVLC3 Typx1.1
VLC1 Voltage booster disabled, Typx0.95 | 0.75xVDD | Typx1.05
VDD=2.7V to 5.5V,
VLC2 |14 bias. LCD clock = OHz, Typx0.95 | 0.5xVDD | Typx1.05 Y,
VvLC3 |VLCO=VDD Typx0.95 | 0.25xVDD | Typx1.05
LCD Driver Output | RLO |y cp=3V, ILOAD=+10uA - 5 10
Impedance kQ
LCD Bias Dividing RLcD [ !nternal resistor mode, 40 60 80
Resistor Ta=25°C
Voltage booster mode,
LCD Block Current ILCD | vDD=3V, VLCD=3.15V, - s 6 uA

Note) Itis middle output voltage when the VDD and the Vico node are connected in the case of resister bias.

May 08, 2023 Ver. 1.01
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Table 7-8 LCD Voltage Characteristics(Condinued)
(Ta= -40°C ~ +85°C, VDD= 2.0V ~ 5.5V, VSS= 0V)

Parameter Symbol Conditions Min Typ Max Units
LCDCCR=0000b 0.856
LCDCCR=0001b 0.887
LCDCCR=0010b 0.918
LCDCCR=0011b 0.949
LCDCCR=0100b 0.980
LCDCCR=0101b 1.011
LCDCCR=0110b
Voltage 1.052
boost LCDCCR=0111b .
LCD Voltage VLC3 | orobiod Typx0.9 —293 1 1ypxia v
enabled, | | cpCcCcR=1000b 1.104
1/4 bias '
LCDCCR=1001b 1.135
LCDCCR=1010b 1.166
LCDCCR=1011b 1.197
LCDCCR=1100b 1.228
LCDCCR=1101b 1.259
LCDCCR=1110b 1.290
LCDCCR=1111b 1.321
VLCO Typx0.9 4xVLC3 Typx1.1
LCD Mid Bias Voltage booster enabled,
VLC1 1/4 bias, No panel load, Typx0.9 3xVLC3 Typx1.1 \
Voltage _
VDD=3V
VLC2 Typx0.9 2xVLC3 Typx1.1

Note) It is middle output voltage when the VDD and the Vico node are connected in the case of resister bias.
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7.9 DC Characteristics

Table 7-9 DC Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V, fxn= 12MHz)

Parameter Symbol Conditions MIN TYP MAX Unit
. Vi1 POx, P1x, P30, P9x, RESETB 0.8vDD — VDD V
Input High Voltage ] :
ViH2 All input pins except Vin1 0.7vDD - VDD V
ViL POx, P1x, P30, P9x, RESETB - - 0.2vDD \Y
Input Low Voltage ] :
Vie All input pins except ViL - - 0.3vDD V
) VDD= 4.5V, lon=-2mA,
\C/)ulttput High Vo All output ports except Vorz; VDD-1.0 - - v
oltage
g Vouz VDD= 3.0V, lon=-10mA; P07 VDD-1.0 — — V
Output Low VDD= 4.5V, lo.= 15mA,
Voltage Vo All output ports - - 1.0 v
Input High Leakage .
Current lin All input ports - - 1 UuA
Input Low Leakage .
Current I All input ports -1 - - uA
VI=0V, VDD=5.0V 25 50 100
Rpu1 Ta=25°C kQ
i All Input ports VDD=3.0V 50 100 200
Pull-Up Resistor ~
VI=0V, VDD=5.0V 150 250 400
Rpu2 Ta= 25°C kQ
RESETB VDD=3.0V 300 500 700
XIN= VDD, XOUT=VSS
R o 600 1200 2000
OSC Feedback X Ta= 25°C, VDD= 5V Q
Resistor SXIN=VDD, SXOUT=VSS
Re | 7.2 55°C VDD=5V 1750 3500 7000
Supply Current Iop1 fxin= 12MHz, VDD= 5V+10% - 3.0 6.0 mA
(RUN) | fxin= 10MHz, VDD= 3V+10% - 2.2 4.4
firc= 4MHz, VDD= 5V+10% - 14 2.8
Iob2 fxin= 12MHz, VDD= 5V+10% - 2.0 4.0 mA
(IDLE) | fxun=10MHz, VDD= 3V+10% - 13 2.6
firc= 4MHz, VDD= 5V+10% - 0.6 1.2
Iobs fsus= 32.768kHz Sub RUN - 50.0 80.0 uA
VDD= 3V+10%
Ibba Ta= 25°C,PSAVE=1 | Sub IDLE — 4.0 8.0 UA
lops STOP, VDD= 5V+10%, Ta= 25°C - 0.5 3.0 UuA

Notes) 1. Where the fxiv is an external main oscillator, fsus is an external sub oscillator, the firc is an internal RC
oscillator, and the fx is the selected system clock.

2. All supply current items don'’t include the current of an internal Watch-dog timer RC (WDTRC) oscillator

and a peripheral block.

3. All supply current items include the current of the power-on reset (POR) block.

May 08, 2023 Ver. 1.01

29




MC96F7816S \BO\

7.10 AC Characteristics

Table 7-10 AC Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESETB Input Low _
Width trsT Input, VDD= 5V 10 - - us
Interrupt Input High, . _ _ _
Low width tiwn, twe | All interrupt, VDD= 5V 200
External Counter Input tecwH, ECn,VDD =5V 200 _ _ ns
High, Low Width tecwi (n=0, 2)
External Counter ¢ t ECn,VDD =5V 20 B B
Transition Time REC, 'FEC 1 (n=0, 2)
tRST

RESETB

0.2 vDD

Figure 7.1 Input Timing for RESETB

tiwL tiwH

External
Interrupt

0.8 VDD

0.2 VDD

1

Figure 7.2 Input Timing for External Interrupts

tECWL tECWH

—»| |« trec —»| |« IREC

ECn

< A
A
v

Figure 7.3 Input Timing for ECO, EC2

30 May 08, 2023 Ver. 1.01




\BO\

MC96F7816S

7.11 Serial I/O Characteristics

Table 7-11 Serial I/O Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
) External SCK source 1,000
SCK Cycle Time tkey ns
Internal SCK source 1,000
) ) External SCK source 500
SCK High, Low width tkH, tkL ns
Internal SCK source tkey/2-50
Sl Setup Time to SCK External SCK source 250
. tsik ns
High Internal SCK source 250
S| Hold Time to SCK External SCK source 400
. tksi ns
High Internal SCK source 400
Output Delay for SCK to External SCK source 300
tkso - - ns
SO Internal SCK source 250
KL tKH
SCK
P tsik - tksi -
Sl
 tkso
SO Output Data
Figure 7.4 Serial Interface Data Transfer Timing
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7.12 UART Characteristics

Table 7-12 UART Characteristics

(Ta=-40°C ~ +85°C, VDD= 1.8V ~ 5.5V, fxn=11.1MHz)

Parameter Symbol MIN TYP MAX Unit
Serial Port Clock Cycle Time tsck 1250 tcpu X 16 1650 ns
Output Data Setup to Clock Rising Edge ts1 590 tcpu X 13 - ns
Clock Rising Edge to Input Data Valid ts2 - - 590 ns
Output Data Hold after Clock Rising Edge tH1 tcpu - 50 tcpu - ns
Input Data Hold after Clock Rising Edge th2 0 - - ns
Serial Port Clock High, Low Level Width tHiGH, tLow 470 tcru X 8 970 ns
P tsck R
tHiGH P tLow o
/ N\
N /] N

Figure 7.5 Waveform for UART Timing Characteristics

Shift Clock / \ / \ /

VA

/

/

/

\

H tH1—>} €—
Data Out \ DO >< D1 >< D2 >< D3 D4 >< D5 >< D6 >< D7
Data In X Valid X X Valid X X Valid X X Valid X X Valid X X Valid X X Valid X X Valid
Figure 7.6 Timing Waveform for the UART Module
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7.13 Data Retention Voltage in Stop Mode

Table 7-13 Data Retention Voltage in Stop Mode

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
Data Retention Supply Voltage VDDDR - 1.8 - 5.5 \
Data Retention Supply Current Ioobr VDDDR= 1.8V, - - 1 UA
(Ta= 25°C), Stop mode
Idle Mode

[ ¢————— Stop Mode

l¢—— Data Retention ———p

( (Watchdog Timer Active)

\ 4

o
«

Normal
Operating Mode

Vb it
T VDDDR
Execution of
STOP Instruction
0.8VDD7L
INT Request
—PtwAIT|e—
NOTE: tWAIT is the same as (the selected bit overflow of BIT) X 1/(BIT Clock)
Figure 7.7 Stop Mode Release Timing when Initiated by an Interrupt
RESET
Occurs
l Oscillation
l—— b 4> . .
Stop Mode X Stabillization Time
. o Normal
|4—— Data Retention ——p| Operating Mode
VDD it
T V DDDR
Execution of
RESETB STOP Instruction
s Z‘ 0.8VDD
0.2VD
—P TWAITE—

NOTE : tWAIT is the same as (4096 X 4 X 4/firc) = (16.4 mS at ’x=1MHz).

Figure 7.8 Stop Mode Release Timing when Initiated by RESETB

May 08, 2023 Ver. 1.01
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7.14 Internal Flash Rom Characteristics

Table 7-14 Internal Flash Rom Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Condition MIN TYP MAX Unit
Sector Write Time trsw - - 2.5 2.7
Sector Erase Time tese - - 2.5 2.7 ms
Code Write Protection Time trHL - - 2.5 2.7
Page Buffer Reset Time trBR - - - 5 us
Flash Programming Frequency from - 0.4 - - MHz
Endurance of Write/Erase NFwe - - - 100,000 | Times
Flash Data Retention Time trT - 10 - - Years

Note) During a flash operation, SCLK[1:0] of SCCR must be set to “00” or “01” (INT-RC OSC or Main X-TAL for

system clock).

7.15 Input/Output Capacitance

Table 7-15 Input/Output Capacitance

(Ta= -40°C ~ +85°C, VDD= 0V)

Parameter Symbol Condition MIN TYP MAX Unit
Input Capacitance Cin fx= 1MHz
Output Capacitance Cour Unmeasured pins are - - 10 pF
I/O Capacitance Cio connected to VSS

34
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7.16 Main Clock Oscillator Characteristics

Table 7-16 Main Clock Oscillator Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Oscillator Parameter Condition MIN TYP MAX Unit
1.8V -5.5V 0.4 — 4.2

Crystal Main Oscillation Frequency 2.7V — 5.5V 0.4 _ 10.0 MHz
3.0V -5.5V 0.4 — 12.0
1.8V -5.5V 0.4 — 4.2

Ceramic Oscillator Main Oscillation Frequency 2.7V — 5.5V 0.4 _ 10.0 MHz
3.0V -5.5V 0.4 — 12.0
1.8V —-5.5V 0.4 — 4.2

External Clock XIN Input Frequency 2.7V — 5.5V 0.4 _ 10.0 MHz
3.0V -5.5V 0.4 — 12.0

‘ XIN XOouT

]

C1 Cc2

Hipe
iH }lﬂ

Figure 7.9 Crystal/Ceramic Oscillator

‘ XIN XOuT

T T

External  Open
Clock
Source

Figure 7.10 External Clock
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7.17 Sub Clock Oscillator Characteristics

Table 7-17 Sub Clock Oscillator Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Oscillator Parameter Condition MIN TYP MAX Unit

Crystal Sub oscillation frequenc kHz
y q y 18V —55V 32 32.768 38

External Clock SXIN input frequency 32 — 100 kHz

‘ SXIN SXOUT VREG ‘

Figure 7.11 Crystal Oscillator

‘ SXIN SXOUT

T T

External  Open
Clock
Source

Figure 7.12 External Clock
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7.18 Main Oscillation Stabilization Characteristics

Table 7-18 Main Oscillation Stabilization Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Oscillator Parameter MIN TYP MAX Unit
Crystal fx > 1MHz _ _ 60 ms
Oscillation stabilization occurs when VDD
is equal to the minimum oscillator voltage
Ceramic range. - - 10 ms
External Clock fxun = 0.4 to 12MHz _ 42 - 1250 ns
XIN input high and low width (txu, tx.)
B 1/iXIN |
P tXL N} | tXH N
\
XIN 0.8vDD
N + 0.2vDD

7.19 Sub Oscillation Characteristics

Table 7-19 Sub Oscillation Stabilization Characteristics

Figure 7.13 Clock Timing Measurement at XIN

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Oscillator Parameter MIN TYP MAX Unit
Crystal - - - 10 s
External Clock SXIN Input High and Low Width (txn, tx.) 5 - 15 us

1/fsuB R
tXL 1L tXH R
\
SXIN 0.8vDD
+ 0.2vDD
Figure 7.14 Clock Timing Measurement at SXIN
May 08, 2023 Ver. 1.01 37
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7.20 Operating Voltage Range

(fxin=0.4 to 12MHz) (fsuB=32 to 38kHz)

e

12.0MHz

10.0MHz

4.2MHz -

0.4MHz -

18 27 3.0 5.5 18 55

Supply voltage (V) Supply voltage (V)

Figure 7.15 Operating Voltage Range
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7.21 Recommended Circuit and Layout

VDD
VSS

/10—

S918.4960W

XIN
XOouT

SXIN

SXOUT

VREG

This 0.1uF capacitor should be within
4 1cm from the VDD pin of MCU on the
PCB layout.

v v

VCC »
The MCU power line (VDD and VSS)

{should be separated from the high-

current part at a DC power node on

_High-Current Part the PCB layout.

Infrared LED,
{ FND(7-Segment), }
etc

A This 0.01uF capacitor is alternatively
for noise immunity.

= The main and sub crystal should be
as close by the MCU as possible.

The load capacitors of the sub clock
-C1,C2: CLx2+15%
- CL=(C1xC2)/(C1+C2) - Cstray
- Cu: the specific capacitor value of crystal
- Cstray: the parasitic capacitor of a PCB (1pF — 1.5pF)

Y= The VREG pin is the output of an internal regulator for sub oscillator.
B So, this 0.1uF capacitor is needed and should be as close by the MCU
as possible if the sub clock is used for system.

Figure 7.16 Recommended Circuit and Layout

May 08, 2023 Ver. 1.01
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7.22 Recommended Circuit and Layout with SMPS Power

SMPS Side <«—

SMPS

VCC

l

—» MCU Side

—p

I
|

|

|

VDD

MCU
S

C1

C2

C3

"

1. The C1 capacitor is to flatten out the voltage of the SMPS power, VCC.
v Recommended C1: 470uF/25V more.
2. The R1 and C2 are the RC filter for VDD and suppress the ripple of VCC.

v Recommended R1: 10Q - 20Q

V' Recommended C2: 47uF/25V more
\ The R1 and C2 should be as close by the C3 as possible.
3. The C3 capacitor is used for temperature compensation because an electrolytic capacitor
becomes worse characteristics at low temperature.
v Recommended C3: ceramic capacitor 2.2uF more
\ The €3 should be within 1cm from VDD pin of MCU on the PCB layout.
4. The above circuit is recommended to improve noise immunity (EFT, Surge, ESD, etc) when the

SMPS supplies the VDD of MCU.

Figure 7.17 Recommended Circuit and Layout with SMPS Power

40
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7.23 Typical Characteristics

These graphs and tables provided in this section are only for design guidance and are not tested or guaranteed.
In graphs or tables some data are out of specified operating range (e.g. out of specified VDD range). This is only
for information and devices are guaranteed to operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a
period of time. “Typical” represents the mean of the distribution while “max” or “min” represents (mean + 30) and
(mean - 30) respectively where ¢ is standard deviation.

mA
3.00

2.50

—xtal T0MHz -40°C
=xtal 10MHz +25°C
1.50 A =xtal T0MHz +85°C
=—|RC 4MHz -40°C

2.00

1.00
e ———————————— ==|RC 4MHz +25°C
0.50 “=|RC 4MHz +85°C
000 T T T T T T T 1
25V 3.0V 35V 40V 45V 50V 55V
Figure 7.18 RUN (IDD1) Currnet

mA
2.00
1.80
1.60 // ——xtal 10MHz -40°C
1.40 —xtal T0MHz +25°C
120 xia z
1.00 ==xtal T0MHz +85°C
0.80 =|RC 4MHz -40°C
040 “==|RC 4MHz +85°C
0.20
0.00

2.5V 3.0V 3.5V 4.0V 45V 50V 55V

Figure 7.19 IDLE (IDD2) Current
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uA
60.00

50.00

40.00 — —_10°C
+25°C
+85°C

30.00

20.00

10.00

0.00

2.5V 3.0V 3.5V 4.0V 45V 50V 55V

Figure 7.20 SUB RUN (IDD3) Current

uA
6.00

5.00 ——

400 # —_400(:
+25°C
+85°C

3.00

2.00

1.00

0.00

2.5V 3.0V 3.5V 4.0V 45V 50V 55V

Figure 7.21 SUB IDLE (IDD4) Currnet
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uA
1.0

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

25V 30V 35V 40V 45v 50V 55V

=-40°C
+25°C
+85°C

Figure 7.22 STOP (IDD5) Current
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Fax: +82-2-508-6903 Fax: +82-2-508-6903 Fax: +86-755-8287-2204
Email: sales kr@abov.co.kr Email: sales_gl@abov.co.kr Email: sales_cn@abov.co.kr

ABOV Disclaimer

IMPORTANT NOTICE - PLEASE READ CAREFULLY

ABOV Semiconductor ("ABOV") reserves the right to make changes, corrections, enhancements, modifications, and
improvements to ABOV products and/or to this document at any time without notice. ABOV does not give warranties as to the
accuracy or completeness of the information included herein. Purchasers should obtain the latest relevant information of ABOV
products before placing orders. Purchasers are entirely responsible for the choice, selection, and use of ABOV products and
ABOV assumes no liability for application assistance or the design of purchasers’ products. No license, express or implied, to any
intellectual property rights is granted by ABOV herein. ABOV disclaims all express and implied warranties and shall not be
responsible or liable for any injuries or damages related to use of ABOV products in such unauthorized applications. ABOV and
the ABOV logo are trademarks of ABOV. All other product or service names are the property of their respective owners.
Information in this document supersedes and replaces the information previously supplied in any former versions of this document.

© 2021 ABOV Semiconductor — All rights reserved
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