CMOS single-chip 8-bit MCU
with 12-bit A/D converter and S}nggh
LCD driver

Main features MC96F6432A
« 8-bit Microcontroller With High Speed 8051 CPU M C96 F6332A

e Basic MCU Function
Data Sheet

- 32 Kbytes Flash Code Memory
- 1024 bytes SRAM

V1.9

o Built-in Analog Function
- Power-On Reset and Low Voltage Detect Reset
- Internal 16MHz RC Oscillator (£1.5%, TA= 0 ~ +50°C)
- Watchdog Timer RC Oscillator (5kHz)
o Peripheral Features
- 12-bit Analog to Digital Converter (16 inputs)
- USI (USART + SPI + 12C) 2 sets
- LCD Diriver (21 segments x 8 commons)
o /O and Packages
- Up to 42 programmable I/O lines with 48/44-pin package
-48 QFN, 44 MQFP, 32 LQFP, 32/28 SOP, 24 QFN
o Operating Conditions
- 2.2V to 5.5V Wide Voltage Range
--40°C to 85°C Temperature Range
e Application

- Small Home Appliance
- BLDC Motor Controller
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1 Overview

1.1  Description

The MC96F6432A is an advanced CMOS 8-bit microcontroller with 32 Kbytes of FLASH. This is powerful
microcontroller which provides a highly flexible and cost effective solution to many embedded control applications. This
offers the following features: 32 Kbytes of FLASH, 256 bytes of IRAM, 768 bytes of XRAM, general purpose I/O, basic
interval timer, watchdog timer, 8/16-bit timer/counter, 16-bit PPG output, 8-bit PWM output, 10-bit PWM output, watch
timer, buzzer driving port, SPI, USI, 12-bit A/D converter, LCD driver, on-chip POR, LVR, LVI, on-chip oscillator and

clock circuitry. The MC96F6432A also supports power saving modes to reduce power consumption.

Device Name FLASH XRAM IRAM ADC 1/0 PORT Package
MC96F6432AU 16 inputs 42 48 QFN
MC96F6432AQ 16 inputs 42 44 MQFP
MC96F6332AL 12 inputs 30 32 LQFP
MC96F6332AD 32Kbytes 768bytes 256bytes 12 inputs 30 32 SOP
MC96F6332AM 11 inputs 26 28 SOP
MC96F6232AU 8 inputs 22 24 QFN
Table 1.1 Ordering Information of MC96F6432A

MC96F6x32A U HB N

MC96F6x32A Family Name
X=4 44 or 48 Pin
x=3 28 or 32 Pin
x=2 24 Pin

Package Type
U: QFN, Q: MQFP, L: LQFP, D: SOP/SOPN, M: SOP/SOPN

24 QFN Package Thickness
H: Thin, None: Normal

Br (Bromine) free
B:Yes, None: No

Material of Bonding wire
N: Cu, None: Au

Figure 1.1 Device Nomenclature
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1.2 Features

e CPU
- 8-bit CISC core (M8051, 2 clocks per cycle)

e ROM (FLASH) Capacity
- 32Kbytes Flash with self-read and write capability
- In-System Programming(ISP)

- Endurance : 10,000 times (Sector 0~507)
100,000 times(Sector 508~511)

- Retention : 10 years
e 256bytes IRAM

e 768bytes XRAM
- (27bytes including LCD display RAM)

e General Purpose 1/0 (GPIO)

- Normal I/O : 9ports (PO[2:0], P5[5:0])

- LCD shared I/O : 33ports (PO[7:3], P1, P2, P3, P4)
e Timer/Counter

- Basic Interval Timer (BIT) 8-bit x 1-ch

- Watch Dog Timer (WDT) 8-bit x 1-ch
5kHz internal RC oscillator for WDT

- 8-bit x 1-ch (T0), 16-bit x 2-ch (T1/T2)
- 8-bit x 2-ch (T3/T4) or 16-bit x 1-ch (T3)
e Programmable Pulse Generation
- Pulse generation (by T1/T2)
- 8-bit PWM (by TO)
- 6-ch 10-bit PWM for Motor (by T4)
e Watch Timer (WT)
- 3.91ms/0.25s/0.5s/1s /1min interval at 32.768kHz
e Buzzer
- 8-bit x 1-ch
e SPI2
- 8-bit x 1-ch
e USI0/ (UART + SPI + 12C)
- 8-bit UART x 2-ch, 8-bit SPI x 2-ch and 12C x 2-ch
e 12-bit A/D Converter
- 16 Input channels
e LCD Driver
- 21segments and 8common terminals
- Internal or external resistor bias
- Two Internal Resistors Selectable
-1/2,1/3, 1/4, 1/5, 1/6 and 1/8 duty selectable
- Resistor Bias and 16-step contrast control
o Power On Reset
- Reset release level (1.4V)

Low Voltage Reset

- 12 levels detect

(1.85/ 2.20/ 2.32/ 2.44/ 2.59/ 2.75/ 2.93/ 3.14/ 3.38/
3.67/4.00/ 4.40V)

Low Voltage Indicator

- 11 levels detect

(2.20/ 2.32/ 2.44/ 2.59/ 2.75/ 2.93/ 3.14/ 3.38/ 3.67/
4.00/ 4.40V)

Interrupt Sources

- External Interrupts
(EINTO~7, EINTS, EINT10, EINT11, EINT12) (12)

- Timer(0/1/2/3/4) (5)

-WDT (1)

-BIT (1)

-WT (1)

-SPI2(1)

- USI0/1 (6)

-ADC (1)

Internal RC Oscillator

- Internal RC frequency: 16MHz +1.5% (TA= 0 ~ +50°C)

Power Down Mode
- STOP, IDLE mode

Operating Voltage and Frequency

-2.2V~ 5.5V (@32 ~ 38kHz with Crystal)
-2.2V~ 5.5V (@0.4 ~ 4.2MHz with Crystal)
-2.7V~ 5.5V (@0.4 ~ 8.5MHz with Crystal)
-2.2V~ 5.5V (@0.5 ~ 16.0MHz with Internal RC)
- Voltage dropout converter included for core

Minimum Instruction Execution Time
-235ns (@8.5MHz main clock)
-61us (@ 32.768kHz sub clock)

Operating Temperature
- —40~+85T

Oscillator Type
- 0.4 — 8.5MHz Crystal or Ceramic for main clock
- 32.768kHz Crystal for sub clock

Package Type
-48 QFN

-44 MQFP-1010

- 32 LQFP, 32 SOP
-28 SOP

-24 QFN

- Pb-free package




MC96F6432A ABOV Semiconductor Co., Ltd.

1.3 Development tools

1.3.1 Compiler

ABQV Semiconductor does not provide compiler. It is recommended that you consult a compiler provider.
The MC96F6432A core is Mentor 8051 and the ROM size is smaller than 64 Kbytes. Therefore, developer can use the

standard 8051 compiler from other providers.
1.3.2 OCD(On-chip debugger) emulator and debugger

The OCD (On Chip Debug) emulator supports ABOV Semiconductor’s 8051 series MCU emulation. The OCD
interface uses two-wire connection between PC and MCU which is attached to user’s system. The OCD can read or
change the value of MCU internal memory and 1/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 (32-bit) 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 (http://www.abov.co.kr).

Connection:

—  DSCL (MC96F6432 P01 port)
—  DSDA (MC96F6432 P00 port)

NOTE)
1. MC96F6432A does not support the OCD function. MC96F6432 should be used for debugging.

2. Do not access to PO, P1, P2, P3, P4, P5 and EIFLAGO registers through the “direct bit test and branch
instructions” in the MC96F6432. Refer to the “MC96F6432 User’s Manual”.

OCD connector diagram: Connect OCD with user system

1 O O 2 UserVCC
3 o O 4 User GND
s[]o o |6 psc

7 o O 8 DSDA

9 O O 10

Figure 1.2 Debugger(OCD1/0OCD2) and Pin description
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Subject MC96F6432A MC96F6432S MC96F6432
(%nc%r;m Debugger Not supported Not supported Supported
Internal RC Tolerance Tolerance Tolerance
frequenc TA= 0°Cto+50°C : +1.5% TA= 0°Cto+50°C : +1.5% TA= 0°Cto+50°C : +1.0%
(IR%) y TA=-20°Cto+85°C : +2.5% TA= -20°Cto+85°C : +2.5% TA=-20°Cto+85°C : +2.0%
TA= -40°Cto+85°C : +3.5% TA= -40°Cto+85°C : +3.5% TA= -40°Cto+85°C : +3.0%
x-tal filter x-tal filter selection register for noise
immunity
?)?'Il?lglt_asbil?eRe ster) |- 4.9MHz < x-tal < 8.5MHz Not supported Not supported
9 - x-tal £ 4.2MHz
12 Level Selectable 14 Level Selectable 14 Level Selectable
-1.85V, 2.2v,,,, 4.4V -1.6V, 2.0V, 2.1v,,,,, 4.4V - 1.6V, 2.0V, 2.1V,,,, 4.4V
11 Level Selectable 13 Level Selectable 13 Level Selectable
LVR/LVI -2.2v,,, 44V -2.0V,21v,,, 4.4V -2.0v, 21V, 4.4V
LVR and LVI Current LVR and LVI Current LVR and LVI Current
Both : 14.0(TYP)/24.0(MAX) uA Both : 14.0(TYP)/24.0(MAX) uA Both : 10.0(TYP)/15.0(MAX) uA
One: 10.0(TYP)/18.0(MAX) uA One: 10.0(TYP)/18.0(MAX) uA One: 8.0(TYP)/12.0(MAX) uA
Internal LCD Bias Dividing Resistor Internal LCD Bias Dividing Resistor
Select Select Internal LCD Bias Dividing Resistor
- RLCD1 = 60kQ - RLCD1 = 60kQ - RLCD = 60kQ
LcD - RLCD2 = 120kQ - RLCD2 = 120kQ
RLCD1 RLCD1
- 40(MIN)/60(TYP)/80(MAX) kQ - 40(MIN)/60(TYP)/80(MAX) kQ RLCD
RLCD2 RLCD2 - 40(MIN)/60(TYP)/80(MAX) kQ
- 80(MIN)/120(TYP)/160(MAX) kQ - 80(MIN)/120(TYP)/160(MAX) kQ
Vector Area En/Disable Vector Area(0O0H — FFH)
Protection Protection Not supported Not supported

Specific Area for
Write Protection

8 kinds of protection size selectable
- Address 0100H — 03FFH
- Address 0100H — 07FFH
- Address 0100H — OBFFH
- Address 0100H — OFFFH
- Address 0100H — 77FFH
- Address 0100H — 7BFFH
- Address 0100H — 7DFFH
- Address 0100H — 7EFFH

4 kinds of protection size selectable
- Address 0100H — OFFFH
- Address 0100H — 07FFH
- Address 0100H — O3FFH
- Address 0100H — 01FFH

4 kinds of protection size selectable
- Address 0100H — OFFFH
- Address 0100H — 07FFH
- Address 0100H — 03FFH
- Address 0100H — 01FFH

A/D Converter

A/D Converter

A/D Converter

INL : +6L.SB INL: £6LSB INL: +4LSB
ADC DNL : 1 LSB DNL: +1 LSB DNL: +1LSB

TOE : +5 LSB TOE: +5 LSB TOE: +3 LSB

ZOE : +5 LSB ZOE: +5 LSB ZOE: £3 LSB
%Jggly Current Typ/Max : 90/180 [uA] Typ/Max : 60/90 [uA] Typ/Max : 50/80 [UA]

(Sub operation)

- 32.768kHz, VDD=3V+10%, TA=25C

- 32.768kHz, VDD=3V+10%, TA=25C

- 32.768kHz, VDD=3V+10%, TA=25C

Operating Voltage
and Frequency

VDD: 2.2V to 5.5V, Freq.: Up to
16MHz

- 2.2V to 5.5V @ 32 to 38kHz with x-
tal

-2.2Vto 5.5V @ 0.4 to 4.2MHz with
x-tal

-2.7V t0 5.5V @ 0.4 to 8.5MHz with
x-tal

-2.2Vto 5.5V @ 0.5 to 16MHz with
IRC

VDD: 1.8V to 5.5V, Freq.: Up to
16MHz

- 1.8V to 5.5V @ 32 to 38kHz with x-
tal

- 1.8V to 5.5V @ 0.4 to 4.2MHz with
x-tal

-2.7V to 5.5V @ 0.4 to 10MHz with x-
tal

- 3.0V to 5.5V @ 0.4 to 12MHz with x-
tal

- 1.8V to 5.5V @ 0.5 to 8MHz with
IRC

-2.0Vto 5.5V @ 0.5 to 16MHz with
IRC

VDD: 1.8V to 5.5V, Freq.: Up to
16MHz

- 1.8V to 5.5V @ 32 to 38kHz with x-
tal

- 1.8V to 5.5V @ 0.4 to 4.2MHz with
x-tal

-2.7V to 5.5V @ 0.4 to 10MHz with x-
tal

-3.0Vto 5.5V @ 0.4 to 12MHz with x-
tal

- 1.8V to 5.5V @ 0.5 to 8MHz with
IRC

-2.0V to 5.5V @ 0.5 to 16MHz with
IRC

Power-On Reset
Characteristics

VDD Voltage Rising Time
Min/Max : 0.05/30.0[V/ms]

VDD Voltage Rising Time
Min/Max : 0.05/30.0[V/ms]

VDD Voltage Rising Time
Min/Max : 0.05/5.0[V/ms]

Full-flash erase
mode method

Sector erase mode

Sector erase mode

Sector and byte erase mode

Table 1.2

Difference among MC96F6432A, MC96F6432S and MC96F6432
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1.3.3 Programmer

Single programmer:

E-PGM+ : It programs MCU device directly.

1

ABOV
E"PG""' semicoNOUCTOR

——— —

DSDA —
VDD —
DSCL —

— V5SS

STATUS
C

v
OOOOOOOOOOOOOOO&%OOO
OOOOOOOOOOOOOOO?OOOO

Figure 1.3 E-PGM+(Single writer)
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Gang programmer: E-GANG4 and E-GANG6
- ltcanrun PC controlled mode.
- It can run standalone without PC control too.
- USB interface is supported.

- Easy to connect to the handler.

Figure 1.4 E-GANG4 and E-GANG6 (for Mass Production)
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1.4  MTP programming

1.4.1 Overview

The program memory of MC96F6432A is MTP Type. This flash is accessed by serial data format. There are four
pins(DSCL, DSDA, VDD and VSS) for programming/reading the flash.

. Main chip During programming
Pin name .
pin name 110 Description
DSCL PO1 | Serial clock pin. Input only pin.
DSDA POO o) Serial data pin. Output port when reading and input port when programming.
Can be assigned as input/push-pull output port.
VDD, VSS VDD, VSS - Logic power supply pin.
Table 1.3 Descriptions of pins which are used to programming/reading the Flash

1.4.2 On-Board programming

The MC96F6432A needs only four signal lines including VDD and VSS pins for programming FLASH with serial
communication protocol. Therefore the on-board programming is possible if the programming signal lines are ready at

the PCB of application board is designed.

1.4.2.1 Circuit Design Guide

At the FLASH programming, the programming tool needs 4 signal lines that are DSCL, DSDA, VDD and VSS. When
you design the PCB circuits, you should consider the usage of these signal lines for the on-board programming.
Please be careful to design the related circuit of these signal pins because rising/falling timing of DSCL and DSDA is

very important for proper programming.
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MC96F6432A

E-PGM+, E-GANG4/E-GANG6

DSCL(l)

DSDA(I/O)

VDD

VSS

L]

]

L]

R1 (2kQ ~ 5kQ)
To application circuit

R2 (2kQ ~ 5kQ)

AN\— To application circuit

L]

L]

NOTE)

1. Inon-board programming mode, very high-speed signal will be provided to pin DSCL and DSDA.
And it will cause some damages to the application circuits connected to DSCL or DSDA port if the
application circuit is designed as high speed response such as relay control circuit. If possible, the
I/0 configuration of DSDA, DSCL pins had better be set to input mode.

2. The value of R1 and R2 is recommended value. It varies with circuit of system.

Figure 1.5 PCB design guide for on board programming
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2 Block diagram

CORE
M8051

General purpose I/O
9 ports normal I/O
33 ports LCD shared 1/0

Watchdog timer
1 channel, 8-bit
5kHz, internal RC OSC

Basic interval timer
1 channel, 8-bit

Timer / Counter
1 channel, 8-bit
2 channels, 16-bit
2 channels, 8-bit

or 1 channel, 16-bit

ADC
16 Input channels, 12-bit

PWM
6 channels

Flash
32KB

XRAM
768B

IRAM
256B

ISP
In-system programming

Power control
Power on reset
Low voltage reset
Low voltage indicator

Power down mode

Clock generator
16MHz, Internal RC OSC
8.5MHz, Crystal OSC

32.768kHz, Crystal OSC

LCD driver
21 segments

Buzzer
1 channel, 8-bit

UART
2 channels, 8-bit

SPI
3 channels, 8-bit

12C
2 channels, 8-bit

Figure 2.1

Block diagram of MC96F6432A
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3 Pin assignment
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P55/RESETB [ 1 36 ] NC
P40/VLC3/RXDO/SCLO/MISO0 [—] 2 @ 35 [ PO4/SEG25/AN2/EINT2/PWMABA
P41/VLC2/TXDO/SDAO/MOSIO [—] 3 34 ] PO5/SEG24/AN3/EINT3/PWM4BB
P42/VLC1/SCKO [ 4 33 [] PO6/SEG23/AN4/EINT4/PWMACA
P43/VLCO/SSO [ 5 32 [] PO7/SEG22/AN5/EINTS/PWMACB
p37/coM0 [ 6 MC96F6432AU 31 [] P17/SEG21/ANG/EINT6/SS2
P36/COM1 [ 7 (48QFN) 30 ] P16/SEG20/AN7/EINT7/SCK2
P35/COM2/SEGO [ 8 29 ] P15/SEG19/AN8/MISO2
P34/COM3/SEG1 [ 9 28 ] P14/SEG18/AN9/MOSI2
P33/COM4/SEG2 [ 10 27 ] P13/SEG17/AN10/EC1/BUZO
P32/COM5/SEG3 [ 11 26 [] P12/SEG16/AN11/EINT11/T10/PWM10
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NOTE)
1. The programmer (E-PGM+, E-Gang4/E-Gang6) uses PO[1:0] pin as DSCL, DSDA.
2. Do not connect anything to NC pin.

Figure 3.1 MC96F6432AU 48QFN pin assignment
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P55/RESETB
P40/VLC3/RXD0O/SCLO/MISO0
P41/VLC2/TXDO/SDAO/MOSIO

P42/VLC1/SCKO
P43/VLCO/SSO
P37/COMO
P36/COM1
P35/COM2/SEGO
P34/COMS3/SEG1
P33/COM4/SEG2
P32/COM5/SEG3

NOTE)

TISOW/TVAS/TAXL/PINV/ETOAS/0ed [ 12

TOSIN/TIOS/TAXY/STNVY/FTOIS/0Td [ 22

T
o
N
!
24
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o T 3
v Qg m:‘Z>
oo R z Z
& ox m 3 m
L Z3Z 3333
03dow S e R I
cCom T m3 Qe
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[ 1 33 ]
[ 2@ 32 ]
[ 3 31 ]
—] 4 30 ]
5 29
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—] s 26 [
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[ 10 24 ]
[ 11 23 ]
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~
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1. The programmer (E-PGM+, E-Gang4/E-Gang6) uses PO[1:0] pin as DSCL, DSDA.

P04/SEG25/AN2/EINT2/PWM4BA
PO5/SEG24/AN3/EINT3/PWM4BB
PO6/SEG23/AN4/EINT4/PWMA4CA
PO7/SEG22/ANS/EINT5/PWMA4CB
P17/SEG21/ANG/EINT6/SS2
P16/SEG20/AN7/EINT7/SCK2
P15/SEG19/AN8/MISO2
P14/SEG18/AN9/MOSI2
P13/SEG17/AN10/EC1/BUZO
P12/SEG16/AN11/EINT11/T10/PWM10O
P11/SEG15/AN12/EINT12/T20/PWM20

Figure 3.2 MC96F6432AQ 44MQFP-1010 pin assignment
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P53/SXIN/TOO/PWMOO [
P54/SXOUT/EINT10 ]
P55/RESETB [}
P40/VLC3/RXDO/SCLO/MISO0 [
P41/VLC2/TXDO/SDAO/MOSIO ]
P42/VLC1/SCKO [
P33/COM4/SEG2 [
P32/COMS5/SEG3 [

I

el

o

N

>

4

]

>

<

Py

m

u

a m

Y z

m —

= v o S

5 o o 3

® S E 5§

m m =

2 3 O@ 3

© 3 o ® O =

T 2 X g g =2

|—>\<O<<MU)A

Z2 =2 c nw 00 >

X Z 4 nmno>r»r >

W W W NN NDNDN

N P O © 0 N O O
1 24
3 22
4 21
5M(:96|:6332AL 2
6 (32-LQFP) 1o
7 18
8 17

P = ol S

O P N W Hd OO

W U U U U U U T

W W NN N NN B

ESISINE SO

nu nu un unu n m

copamnanm

§S°NEgLk

® 0 @» > > >

o B wzZa

s Q& @

2 py)

Oéx

285

(20
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2 8

(==

PO3/SEG26/AN1/EINT1/PWM4AB
P04/SEG25/AN2/EINT2/PWM4BA
PO5/SEG24/AN3/EINT3/PWM4BB
PO6/SEG23/AN4/EINT4/PWMA4ACA
P07/SEG22/AN5/EINT5/PWM4CB
P13/SEG17/AN10/EC1/BUZO
P12/SEG16/AN11/EINT11/T10/PWM10
P11/SEG15/AN12/EINT12/T20/PWM20

NOTE)
1. The programmer (E-PGM+, E-Gang4/E-Gang6) uses P0O[1:0] pin as DSCL, DSDA.
2. The P14-P17, P23-P25, P34-P37 and P43 pins should be selected as a push-pull output or an input
with pull-up resistor by software control when the 32-pin package is used.
Figure 3.3 MCO6F6432AL 32LQFP-0707 pin assignment
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MC96F6432A ABOV Semiconductor Co., Ltd.

vss [ 1 U 32 [ vDbD
P50/XOUT [ 2 31 [] POO/EC3/DSDA
P5UXIN [ 3 30 [ POL/T30/DSCL
P52/EINT8/ECO/BLNK [] 4 29 [ PO2/ANO/AVREF/EINTO/T40/PWM4AA
P53/SXIN/TOO/PWMOO [ 5 28 [ PO3/SEG26/AN1/EINT1/PWM4AB
P54/SXOUT/EINT10 ] 6 27 [ PO4/SEG25/AN2/EINT2/PWM4BA
P55/RESETB [] 7 26 [ ] PO5/SEG24/AN3/EINT3/PWM4BB
P40/VLC3/RXDO/SCLO/MISO0 [ 8 MC96F6332AD 5 ] PO6/SEG23/AN4/EINT4/PWMACA
P41/VLC2/TXDO/SDAO/MOSIO [ 9 (32-SOP) 24 [] PO7/SEG22/ANS/EINT5/PWMACB
P42/VLCL/SCKO [] 10 23 [ P13/SEG17/AN10/EC1/BUZO
P33/COM4/SEG2 [] 11 22 [ P12/SEG16/AN11/EINT11/T10/PWM10
P32/COMS/SEG3 [ 12 21 [ P11/SEG15/AN12/EINT12/T20/PWM20
P31/COM6/SEG4 [ 13 20 [ P10/SEG14/AN13/RXD1/SCL1/MISOL
P30/COM7/SEG5 [ 14 19 [ P20/SEG13/AN14/TXD1/SDA1/MOSI1
P27/SEG6 [] 15 18 [J P21/SEG12/AN15/SCK1
P26/SEG7 [] 16 17 [] P22/SEG11/SS1
NOTE)
1. The programmer (E-PGM+, E-Gang4/E-Gang6) uses P0[1:0] pin as DSCL, DSDA.
2. The P14-P17, P23-P25, P34-P37 and P43 pins should be selected as a push-pull output or an input
with pull-up resistor by software control when the 32-pin package is used.

Figure 3.4 MC96F6332AD 32SOP pin assignment

vss ] 1 U 28 ] vDD
P50/XOUT [ 2 27 ] POO/EC3/DSDA
P51/XIN [ 3 26 ] P01/T30/DSCL
P52/EINT8/ECO/BLNK [ 4 25 [] PO02/ANO/AVREF/EINTO/T40/PWM4AA
P53/SXIN/TOO/PWMOO [ 5 24 ] PO3/SEG26/AN1/EINT1/PWM4AB
P54/SXOUT/EINT10 [ 6 23 ] PO4/SEG25/AN2/EINT2/PWM4BA
P55/RESETB [ 7 MC96FE6332AM 22 [] PO5/SEG24/AN3/EINT3/PWM4BB
P40/VLC3/RXDO/SCLO/MISOO0 [ 8 (28-SOP) 21 ] PO6/SEG23/AN4/EINT4/PWMACA
P41/VLC2/TXDO/SDAO/MOSIO [ 9 20 ] PO7/SEG22/ANS/EINT5/PWMACB
P42/VLC1/SCKO [ 10 19 ] P12/SEG16/AN11/EINT11/T10/PWM10
P33/COM4/SEG2 [ 11 18 ] P11/SEG15/AN12/EINT12/T20/PWM20
P32/COM5/SEG3 [ 12 17 ] P10/SEG14/AN13/RXD1/SCL1/MISO1
P31/COM6/SEG4 [ 13 16 ] P20/SEG13/AN14/TXD1/SDA1/MOSI1
P30/COM7/SEG5 [ 14 15 ] P21/SEG12/AN15/SCK1

NOTE)
1. The programmer (E-PGM+, E-Gang4/E-Gang6) uses PO[1:0] pin as DSCL, DSDA.

2. The P13-P17, P22-P27, P34-P37 and P43 pins should be selected as a push-pull output or an input
with pull-up resistor by software control when the 28-pin package is used.

Figure 3.5 MC96F6332AM 28SOP pinassignment
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ABOV Semiconductor Co., Ltd.

MC96F6432A

P52/EINT8/ECO/BLNK [ 1
P53/SXIN/TOO/PWMOO [ ]2

T T

S g

m 3

a 03
oL @ O
e X g o
S O0< <00
X p»pUouo
Z 4 »w 0O >» r
O N NN NN P
A W N PR O ©

18 ]
17 ]

P54/SXOUT/EINT10 []3 MC96F6232AU 16 ]

P55/RESETB [ 4
P40/VLC3/RXDO/SCLO/MISO0 [15
P41/VLC2/TXDO/SDAO/MOSIO 16

(24QFN)

15 ]
14 ]
13 ]

S9O3S/LNOD/0Ed [10T
TMOS/STNV/ZTO3S/Ted [I1T

¥93S/9N0D/TEd [ 16
TOSIN/TIOS/TAXH/SINV/FTOIS/0Td [ 2T

Z93S/vNOD/EEd 12
€93S/SN0D/2ed [ 18

P02/ANO/AVREF/EINTO/TA0/PWM4AA
PO3/SEG26/AN1/EINT1/PWM4AB
PO4/SEG25/AN2/EINT2/PWM4BA
P13/SEG17/AN10/EC1/BUZO
P12/SEG16/AN11/EINT11/T10/PWM10
P11/SEG15/AN12/EINT12/T20/PWM20

NOTE)
1. The programmer (E-PGM+, E-Gang4/E-Gang6) uses P0O[1:0] pin as DSCL, DSDA.
2. The P05-P07, P14-P17, P20, P22-P27, P34-P37 and P42-P43 pins should be selected as a push-
pull output or an input with pull-up resistor by software control when the 24-pin package is used.
Figure 3.6 MC96F6232AU 24QFN pin assignment
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ABOV Semiconductor Co., Ltd.

MC96F6432A

Package Diagram

4

REWV. DESCRIPTION DATE ENG APPROVAL
— GENERATE. ‘18,0625 JH. KIM YJ. CHAE
COMMON DIMENSIONS
. - (UNITS OF MEASURE=MW>
[ PIN 1Qaser Vark) n SYMBOL MILLIMETER
/ - gquuuuuuuuuuy MIN | NOM | )
1 - _ = n|._ A 0.80 085 0.90
2 = 2¢]
Al 0 | 002 | 005
— (e
— [a= b 0.15 020 0.23
— —
w o D A w c 0.18 | 020 | 0.23
Z| — — Ll
= = D 5. 90 6. 00 6. 10
> = D2 |410 | 420 | 430
— (e
= = e 0. 40BSC
- \ — Ne 4. 40BSC
m%::::j:::_o: Nd 4. 40BSC
Nd E 5.90 | 6.00 | 6.10
EXPOSED THERMAL B |10 | 420 | 130
PAD ZONE L 0.35 | 040 | 0.45
BOTTOM VIEW h [0%0]0%] 0%

NOTES:

1. DIMENSION “b” APPLIES TO METALLIZED TERMINAL AND IS MESAURED
BETWEEN 01SMM AND 0.30MM FROM THE TERMINAL TIP
IF THE TERMINAL HAS THE OPTINAL RADIUS ON THE OTHER END OF
THE TERMINAL, THE DIMENSION 'k’ SHOULD NOT BE MEASURED IN THAT

RADIUS AREA,

LIST OF

MATERIAL AND APPLICABLE DOCUMENTS

SCALEY NONE

DATE:

DRAWN: JH. KIM

DIMENSIONAL

UNILT: HH

PROJECTION

UNLESS @Im
SPECIFIED

UNTOLERANCED
DIMENSIINS
FRACH

k3

XXX

XXX

ANOLE

ENGINEER: JH KIM

CHECKED: ¥J. CHAE

APPROVED ¥J, CHAE

TITLE

QFN 6XeMM 48LD 0.83T
PACKAGE DOUTLINE

ABOV SEMICONDUCTOR

CAD NAME:
OON-0606488X

DRAWING NUMBER:
OGN-0606488X%

REV.

1

SHEET!

aoF 1

48-Pin QFN Package

Figure 4.1
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MC96F6432A

ABOV Semiconductor Co., Ltd.

GAUGE PLANE 0.25

(\

E1
E

LEAD FORM PART

B

BASE METAL

N_WITH FLATING

SECTION B-B

REV. DESCRIPTION DATE ENG APPROVAL

—_ GENERATE. 0418717 | JH.KIM ¥J. CHAE

COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER})

SYMBOL | MIN NOM MAX
i A — — 245
Al 0.00 — 025
A2 1.80 210 220
m b 0.28 — 0.45
H— b1 0.28 0.35 0.41
c 0.11 — 0.23
¢t 0.1 0.15 0.19
D 12.90 13.20 13.50
D1 9.80 10.00 10.20
E 12.90 13.20 13.50
E1 9.80 10.00 10.20
e 0.80BSC
L os0 [ - | 103
L1 1.60 BSC
R T N

NOTES:
1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-022-AB

2. DIMENSIONS 'D1' AND 'E1" DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE
PROTRUSION IS 0.25MM PER SIDE. DIMENSIONS 'D1" AND 'E1' DO INCLUDE MOLD
MISMATCH.

3. DIMENSION 'b' DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR
PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 'b' MAXIMUM
BY MORE THAN 0.08MM.

4.'A1'IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST
POINT OF THE PACKAGE BODY.

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SCALE: NONE _ubﬂm_uk__.._m__.._ﬂ DRAWN: JS. KANG TITLE:
OnrENSIONAL M| Domee s | MM, kM MQFP 10X10MM 44LD
_uxo.hmm._._OZ M CHECKED: YJ. CHAE ﬂ}ﬁ“gmm Ocl_ur_zm
“Hmﬂmo@lm oy APFROVED: v CHAE

CAD NAME: DRAWING NUMBER: REV. SHEET:
ABOV SEMICONDUCTOR|  oma-1010044 OMQ-1010044 - 1 0F 1

44-Pin MQFP Package

Figure 4.2
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ABOV Semiconductor Co., Ltd.

MC96F6432A

REV. DESCRIPTION DATE ENG APPROWAL
— GEMNERATE. 04120717 JH. KIM ¥YJ. CHAE
1. D
D1 A2 | COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)
SYMBOL | MIN NOM MAX
HARARAAF S S B
— Al 0.05 — 0.20
L 1 A2 1.35 1.40 1.45
i I b 0.30 037 0.42
o | b1 0.30 0.35 0.40
i I - ¢ 0.09 - 0.20
o - - | w 1 0.09 - 0.16
. 1 D 8.80 9.00 9.20
i TR ) D1 6.80 7.00 7.20
O ) E 8.80 9.00 9.20
- E1 6.80 7.00 7.20
TUFHEEAE m
le | 1| b L 045 0.60 0.75
— % 020@)] A A ] 1.00 REF
Y o 35" T
NOTES:
1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-026-BBA.
© 2. DIMENSIONS 'D1' AND 'E1' DO NOT INCLUDE MOLD PROTRUSIONS.
o ALLOWABLE PROTRUSION IS 0.25MM PER SIDE. 'D1' AND 'E1' ARE MAXIMUM
w b PLACTIS BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH.
==
M \ p b1 | BASE METAL 3. DIMENSION 'b’ DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE
w DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED
w N THE MAXIMUM 'b’ DIMENSION BY MORE THAN 0.08MM.
& o ° 4.'AT'IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE
K AN LOWEST POINT ON THE PACKAGE BODY.
NLLJ__Q WITH PLATING
L SECTION A-A
P _— LIST OF MATERIAL AND APPLICABLE DOCUMENTS

LEAD FORM PART

SCALE:

DATE:

DRAWN:

TILE:

NONE 04/20M7 JS. KANG
DIMENSIONAL UNTCOLERANCED | ENGINEER: JH. KIM
UNIT MM DIMENSICNG - LQFP 7X7MM 32LD

FRAC: -
Hmmmje_ = CHECKED: v, CHAE PACKAGE OUTLINE
SPECIFIED % m v AFPROVED: v CHAE
CAD NAME: DRAWING NUMBER: REV. SHEET:

ABOV SEMICONDUCTOR|  oLaq-o707032 0LQ-0707032 _ 1 OF 1

32-Pin LQFP Package

Figure 4.3
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MC96F6432A

ABOV Semiconductor Co., Ltd.

D

AHAAAARAAAAAAANA

©

ot Wt

Y

cHHE

I

Al

BASE METAL /

e

—

(5]

[+]

Sy

SECTION B-B

\__WITH PLATING

REV. DESCRIPTION DATE ENG APPROVAL
- GENERATE. 04720M7 | JH. KIM Y.J. CHAE
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)
GAUGE PLANE 0.25 | SYMBOL MIN NOM MAX
7 A - - 2.60
] LL Al 0.05 — 0.25
I { A2 2.14 = 234
S,
b 030 - 0.50
b1 030 — 0.48
c 010 - 0.33
cl 010 — 0.30
D 20.60 — 2090
E 10.20 — 10.60
E1 740 - 7.60
e 127 BSC
e
L 0.40 127
J._ o o - g

BE B

NOTES:

—_

. DIMENSION "D’ DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15MM PER END.

DIMENSION "E1" DOES NOT INCLUDE INTERLEAD FLASH OR. PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE.

2. DIMENSION b’ DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.10MM TOTAL IN EXCESS OF THE 'b' DIMENSION MAXIMUM

MATERIAL CONDITION.

b

LOWEST POINT ON THE PACKAGE BODY.

'A1"1S DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING PLANE TO THE

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

TILE:

FRAC:
FROJECTION i

UNLESS @Imv 00
SFECIFIED ANGLE

SCALE: nonE | P4TEnapori7| DRAWN: JS. KANG
m_,‘_;_.wzm,oz_»_. MM A ENGINEER: 1y kim

CHECKED: YJ. CHAE

APFROVED: ¥J. CHAE

SOP 300MIL 32LD
PACKAGE OUTLINE

ABOV SEMICONDUCTOR

CAD NAME:
0S0-3000032

DRAWING NUMBER:
0S50-3000032

REV.

SHEET:
1 OF 1

32-Pin SOP Package

Figure 4.4
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ABOV Semiconductor Co., Ltd.

MC96F6432A

D

REV.

DESCRIPTION

DATE ENG

APPROVAL

GEMERATE.

04/20M7 [ JH. KIM

¥J. CHAE

GAUGE PLANE 0.25

AAAAFAAAAFAAATR

PIN # 1 INDEX

I HEHHEHEE

HEHBE ¢

e[iz9)

@\&‘

ol ©

i

BASE METAL /

SECTION B-B

\__WITH PLATING

- |—

s 8 NOTES:

COMMON DIMENSIONS

(UNITS OF MEASURE=MILLIMETER)

SYMBOL

MIN

NOM

MAX

A

2.80

Al

0.10

0.30

A2

2.05

b

031

054

b1

027

050

0.10

033

0.10

0.30

17.40

18.20

10.00

10.60

7.30

770

127 BSC

0.40

127

o

1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-013-AE.

2. DIMENSION ‘D' DOES NOT INCLUDE MOLD FLASH, PROTRUSION OR
GATE BURRS. MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL
NOT EXCEED 0.15MM PER END. DIMENSION "E1' DOES NOT INCLUDE

INTERLEAD FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE.

3. DIMENSION 'b' DOES NOT INCLUDE DAMBAR PROTRUSION.
ALLOWABLE DAMBAR PROTRUSION SHALL BE 0.10MM TOTAL IN
EXCESS OF THE 'b' DIMENSION MAXIMUM CONDITION.

4.'A1" IS DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING
PLANE TO THE LOWEST POINT ON THE PACKAGE BODY.

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SCALE:
NONE

DATE:
042017

DRAWN: JS. KANG

DIMENSIONAL
UNIT: MM

PROJECTION

e @
SPECIFIED

UNTOLERANCED
DIMENZICNE

FRAC:
kS
o
000
ANGLE

EMGINEER: JH. KIM

CHECKED: v cHae

APPROVED: Y1 CHAE

TIMLE:

SOP 300MIL 28LD
PACKAGE QUTLINE

ABOV SEMICONDUCTOR

CAD NAME:

0S50-3000028

DRAWING NUMBER:

0S50-3000028

1 0F 1

28-Pin SOP Package

Figure 4.5
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MC96F6432A

ABOV Semiconductor Co., Ltd.

REV. DESCRIPTION DATE ENG APPROVAL
— GENERATE 091817 | JH. KIM YJ. CHAE
D COMMON DIMENSIONS
= D2 (UNITS OF MEASURE=MM)
. G . . SYMBOL | MIN NOM MAX
\|_u_ 1# CORNER L C C C C ﬁ\ A 0.70 0.75 0.80
. A1 0 0.02 0.05
13 — —
. ) D, C A3 0.20 REF
_ D) \_ Pt # - b 0.18 0.25 030
_ D 4.00 BSC
_ _ A = . 1Y - E 400BSC
D) _ T s D2 2,60 270 2.80
_ E2 2.60 2.70 2.80
D) [ - e 0.50 BSC
(3X) RO.OTE
) N ek L 0.35 0.40 0.45
niniaNayals e I YR
i
H e aaa 0.10
4o aaa|C | T s -
12 N T i bbb 0.10
=] aq L El 7 2xb cee 0.10
TOP VIEW ddd 0.05
eee 0.08
- - BOTTOM VIEW fff 0.10
<
<
| L e N Y Y A s O e = SEATING PLANE
Eleee[c] > P NOTES:
SIDE VIEW 1. DIMENSION b’ APPLIES TO METALLIZED TERMINAL AND IS MESAURED
BETWEEN 0.15MM AND 0.30MM FROM THE TERMINAL TIP.
| (DATUMA ORB) IF THE TERMINAL HAS THE OPTINAL RADIUS ON THE OTHER END OF
P THE TERMINAL, THE DIMENSION 'b* SHOULD NOT BE MEASURED IN THAT
i 1 ~, 24X RO.125
O RADIUS AREA.
/ _ \
i | _,
» W _ \ LIST OF MATERIAL AND APPLICABLE DOCUMENTS
H [}
._. _ _ﬁ__ SCALE MONE DATE: DRAWN: JS. KANG TITLE:
hY K = -
/.( O o | o | SRR M QFN 4X4MM 24LD 0.75T
- TERMINAL T FROECTON W ESED ) crae PACKAGE OUTLINE
n " UNLESS
EVEN/ODD TERMINAL SIDE DETAIL "B mmmo_m_ma@lm — APFROVED: v CHAE
CAD NAME: DRAWING NUMBER: REV. SHEET:

ABOV SEMICONDUCTOR

OQN-040424A

OQN-040424A

OF 1

24-Pin QFN Package

Figure 4.6
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MC96F6432A

ABOV Semiconductor Co., Ltd.

5 Pin Description
PIN . .
N 110 Function @RESET Shared with
ame
P00 Port 0 is a bit-programmable 1/O port which can be EC3/DSDA
configured as a Schmitt-trigger input, a push-pull
PO1 output or an open-drain output. T30/DSCL
P02 A pull-up resistor can be specified in 1-bit unit. ANO/AVREF/EINTO/T40/PWM4AA
P03 o The P05 — P07 are not in the 24-pin package. - SEG26/AN1/EINT1/PWMAAB
npu
P04 P SEG25/AN2/EINT2/PWM4BA
P05 SEG24/AN3/EINT3/PWM4BB
P06 SEG23/AN4/EINT4/PWM4CA
P07 SEG22/AN5/EINT5/PWM4CB
P10 Port 1 is a bit-programmable /O port which can be SEG14/AN13/RXD1/SCL1/MISO1
configured as a Schmitt-trigger input, a push-pull
P11 output or an open-drain output. SEG15/AN12/EINT12/T20/PWM20
P12 A pull-up resistor can be specified in 1-bit unit. SEG16/AN11/EINT11/T10/PWM10
The P14 — P17 are not in the 32-pin package.
P13 /o | The P13 — P17 are not in the 28-pin package. Input SEG17/AN10/EC1/BUZO
P14 The P14 — P17 are not in the 24-pin package. SEG18/AN9/MOSI2
P15 SEG19/AN8/MISO2
P16 SEG20/AN7/EINT7/SCK2
P17 SEG21/AN6/EINT6/SS2
P20 Port 2 is a bit-programmable 1/O port which can be SEG13/AN14/TXD1/SDA1/MOSI1
configured as an input, a push-pull output or an open-
P21 drain output. SEG12/AN15/SCK1
P22 A pull-up resistor can be specified in 1-bit unit. SEG11/SS1
The P23 — P25 are not in the 32-pin package.
P23 /o | The P22 — P27 are not in the 28-pin package. Input SEG10
P24 The P20, P22 — P27 are not in the 24-pin package. SEG9
P25 SEGS8
P26 SEG7
P27 SEG6
P30 Port 3 is a bit-programmable 1/O port which can be COM7/SEG5
configured as an input, a push-pull output.
P31 A pull-up resistor can be specified in 1-bit unit. COM6/SEG4
P32 The P34 — P37 are only in the 32-pin package. COMS5/SEG3
The P34 — P37 are not in the 28-pin package.
P33 /o | The P34 — P37 are not in the 24-pin package. Input COM4/SEG2
P34 COMB3/SEG1
P35 COM2/SEGO
P36 COM1
P37 COMO
P40 Port 4 is a bit-programmable 1/0O port which can be VLC3/RXD0/SCLO/MISO0
configured as an input, a push-pull output or an open-
P41 drain output. VLC2/TXD0/SDAO/MOSIO
P42 I/O | A pull-up resistor can be specified in 1-bit unit. Input VLC1/SCKO
The P43 is not in the 32-pin package.
P43 The P43 is not in the 28-pin package. VLC0/SS0
The P42 — P43 are not in the 24-pin package.
Table 5.1 Normal Pin Description
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ABOV Semiconductor Co., Ltd. MC96F6432A
PIN . .
Name 110 Function @RESET Shared with
P50 Port 5 is a bit-programmable 1/O port which can be XOUT
P51 cc)z?FT)"lL?tl'Jred as a Schmitt-trigger input or a push-pull XIN
P52 /o A pull-up resistor can be specified in 1-bit unit. Input EINT8/ECO/BLNK
P53 SXIN/TOO/PWMOO
P54 SXOUT/EINT10
P55 RESETB
EINTO /0 | External interrupt input and Timer 3 capture input Input P02/ANO/AVREF/T4A0/PWM4AA
EINT1 /0 | External interrupt input and Timer 4 capture input Input P03/SEG26/AN1/PWM4AB
EINT2 P04/SEG25/AN2/PWM4BA
EINT3 PO5/SEG24/AN3/PWM4BB
EINT4 PO6/SEG23/AN4/PWM4CA
EINT5S /0O | External interrupt inputs Input P07/SEG22/AN5/PWM4CB
EINT6 P17/SEG21/AN6/SS2
EINT7 P16/SEG20/AN7/SCK2
EINT8 P52/ECO/BLNK
EINT10 /0O | External interrupt input and Timer 0 capture input Input P54/SXOUT
EINT11 /0 | External interrupt input and Timer 1 capture input Input P12/SEG16/AN11/T10/PWM10
EINT12 I/O | External interrupt input and Timer 2 capture input Input P11/SEG15/AN12/T20/PWM20
TOO I/O | Timer 0O interval output Input P53/SXIN/PWMOO
T10 I/O | Timer 1 interval output Input P12/SEG16/AN11/EINT11/PWM10
T20 I/O | Timer 2 interval output Input P11/SEG15/AN12/EINT12/PWM20
T30 I/O | Timer 3 interval output Input P0O1/DSCL
T40 I/O | Timer 4 interval output Input P02/ANO/AVREF/EINTO/PWM4AA
PWMOO | I/O | Timer 0 PWM output Input P53/SXIN/TOO
PWM1O | I/O | Timer 1 PWM output Input P12/SEG16/AN11/EINT11/T10
PWM20O | I/O | Timer 2 PWM output Input P11/SEG15/AN12/EINT12/T20
PWM4AA P0O2/ANO/AVREF/EINTO/T40
PWM4AB PO3/SEG26/AN1/EINT1
PWM4BA P04/SEG25/AN2/EINT2
/O | Timer 4 PWM outputs Input
PWM4BB PO5/SEG24/AN3/EINT3
PWMA4CA PO6/SEG23/AN4/EINT4
PWM4CB PO7/SEG22/AN5/EINTS
BLNK I/0O | External sync signal input for 6-ch PWMs Input P52/EINT8/ECO
ECO I/O | Timer O event count input Input P52/EINT8/BLNK
EC1 I/O | Timer 1 event count input Input P13/SEG17/AN10
EC3 I/O | Timer 3 event count input Input POO/DSDA
Table 5.2 Normal Pin Description (continue)
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MC96F6432A

ABOV Semiconductor Co., Ltd.

NZIr:‘:e 110 Function @RESET Shared with
BUZO | I/0O | Buzzer signal output Input P13/SEG17/AN10/EC1
SCKO | I/O | Serial O clock input/output Input P42/VLC1
SCK1 I/O | Serial 1 clock input/output Input P21/SEG12/AN15
SCK2 | I/O | Serial 2 clock input/output Input P16/SEG20/AN7/EINT7
MOSIO | I/O | SPI 0 master output, slave input Input P41/VLC2/TXDO0O/SDAO
MOSI1 | I/O | SPI 1 master output, slave input Input P20/SEG13/AN14/TXD1/SDA1
MOQOSI2 | I/0 | SPI 2 master output, slave input Input P14/SEG18/AN9
MISOO | I/0 | SPI 0 master input, slave output Input P40/VLC3/RXD0/SCLO
MISO1 | I/O | SPI 1 master input, slave output Input P10/SEG14/AN13/RXD1/SCLA1
MISO2 | I/0 | SPI 2 master input, slave output Input P15/SEG19/AN8
SS0 I/O | SPI 0O slave select input Input P43/VLCO
SS1 I/O | SPI 1 slave select input Input P22/SEG11
SS2 I/O | SPI 2 slave select input Input P17/SEG21/ANG/EINT6
TXDO | I/O | UART 0 data output Input P41/VLC2/SDAO/MOSIO
TXD1 I/O | UART 1 data output Input P20/SEG13/AN14/SDA1/MOSI1
RXDO | I/O | UART 0 data input Input P40/VLC3/SCLO/MISO0
RXD1 | 1/0O | UART 1 data input Input P10/SEG14/AN13/SCL1/MISO1
SCLO | I/0 | 12C 0 clock input/output Input P40/VLC3/RXD0O/MISO0
SCL1 I/0 | 12C 1 clock input/output Input P10/SEG14/AN13/RXD1/MISO1
SDAO | I/O | I2C 0 data input/output Input P41/VLC2/TXD0/MOSIO
SDA1 | I/O | I2C 1 data input/output Input P20/SEG13/AN14/TXD1/MOSI1
AVREF | I/O | A/D converter reference voltage Input PO2/ANO/EINTO/T40/PWM4AA
ANO PO2/AVREF/EINTO/T4A0/PWM4AA
AN1 PO3/SEG26/EINT1/PWM4AB
AN2 PO4/SEG25/EINT2/PWM4BA
AN3 PO5/SEG24/EINT3/PWM4BB
AN4 PO6/SEG23/EINT4/PWM4CA
ANS5 PO7/SEG22/EINT5/PWM4CB
ANG6 P17/SEG21/EINT6/SS2
AN7 P16/SEG20/EINT7/SCK2
I/O | A/D converter analog input channels Input
AN8 P15/SEG19/MISO2
AN9 P14/SEG18/MOSI2
AN10 P13/SEG17/EC1
AN11 P12/SEG16/EINT11/T10/PWM10
AN12 P11/SEG15/EINT12/T20/PWM20
AN13 P10/SEG14/RXD1/SCL1/MISO1
AN14 P20/SEG13/TXD1/SDA1/MOSI1
AN15 P21/SEG12/SCK1
Table 5.3 Normal Pin Description (continue)
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PIN Name 110 Function @RESET Shared with
VLCO P43/SS0
VLCA1 P42/SCKO
I/O LCD bias voltage pins Input

VLC2 P41/TXD0/SDAO/MOSIO
VLC3 P40/RXD0/SCLO/MISO0
comt ——
%%“&23‘ 1o LCD common signal outputs Input | P35-P34/SEGO-SEG1
%%%47_ P33-P30/SEG2-SEG5
P P35-P34/COM2-COM3
P P33-P30/COM4-COM?7
ggg% P27-P23

SEGM P22/SS1

SEG12 P21/SCK1/AN15

SEG13 P20/AN14/TXD1/SDA1/MOSI1
SEG14 P10/AN13/RXD1/SCL1/MISO1
SEG15 P11/AN12/EINT12/T20/PWM20
SEG16 /0 LCD segment signal outputs Input P12/AN11/EINT11/T10/PWM10
SEG17 P13/AN10/EC1

SEG18 P14/AN9/MOSI2

SEG19 P15/AN8/MISO2

SEG20 P16/AN7/EINT7/SCK2

SEG21 P17/ANG/EINT6/SS2

SEG22 PO7/AN5/EINT5/PWM4CB
SEG23 PO6/AN4/EINT4/PWM4CA
SEG24 PO5/AN3/EINT3/PWM4BB
SEG25 P0O4/AN2/EINT2/PWM4BA
SEG26 PO3/AN1/EINT1/PWM4AB

Table 5.4 Normal Pin Description (continue)
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NN | o Function @RESET Shared with
ame
System reset pin with a pull-up resistor when it is
RESETB | O | (ilected as the RESETB by CONFIGURE OPTION Input | P55
DSDA I/O | In-system programming data input/output Input POO/EC3
DSCL I/O | In-system programming clock input Input P01/T30
XIN , _ _ P51
I/O | Main oscillator pins Input
XOUT P50
SXIN , _ P53/T0OO/PWMOO
I/O | Sub oscillator pins Input
SXOUT P54/EINT10
VDb, — | Power input pins - -
VSS pute
Table 5.5 Normal Pin Description (conclude)
NOTE)
1. The P14-P17, P23-P25, P34-P37 and P43 are not in the 32-pin package.
2. The P13-P17, P22-P27, P34—-P37 and P43 are not in the 28-pin package.
3. The P05-P07, P14-P17, P20, P22—P27, P34-P37 and P42-P43 are not in the 24-pin package.
4. The P55/RESETB pin is configured as one of the P55 and RESETB pin by the “CONFIGURE OPTION.”
5. If the POO/EC3/DSDA and P01/T30/DSCL pins are connected to the programmer during power-on reset,
the pins are automatically configured as In-system programming pins.
6. The POO/EC3/DSDA and P01/T30/DSCL pins are configured as inputs with internal pull-up resistor
only during the reset or power-on reset.
7. The P50/XOUT, P51/XIN, P53/SXIN/TOO/PWMOO and P54/SXOUT/EINT10 pins are configured as

a function pin by software control.
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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 >° 24
VbD VDD
OPEN DRAIN
REGISTER
DATA 0 — O ): H
REGISTER
MUX 3 PAD
SUB-FUNC DATA OUTPUT 1 ,_DO
SUB-FUNC ENABLE
SUB-FUNC DIRECTION
>
DIRECTION
REGISTER
CMOS or
Schmitt Level
Input
PORTX INPUT or o-
SUB-FUNC DATA INPUT U
ANALOG CHANNEL
ENABLE 2
ANALOG INPUT Igg_

Figure 6.1 General Purpose 1/0 Port
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6.2  External Interrupt I/O Port

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

VDD
PULL-UP
REGISTER {>C -
VDD VDD
OPEN DRAIN
REGISTER
DATA 0 — P -'O|
REGISTER
MUX f PAD
SUB-FUNC DATA OUTPUT 1 ._DO
SUB-FUNC ENABLE
SUB-FUNC DIRECTION
>
DIRECTION
REGISTER
VDD
EXTERNAL Q D uy
INTERRUPT
—‘ cP POLARITY
r REG.
INTERRUPT < (
ENABLE T
FLAG
CLEAR CMOS or
Schmitt Level
Input
g ¢ A Fe—
PORTX INPUT or MUX )
SUB-FUNC DATA INPUT
1 Q D
cP
r 4 DEBOUNCE
CLK
DEBOUNCE
ENABLE
ANALOG CHANNEL
ENABLE -
ANALOG INPUT Eﬁ—

Figure 6.2 External Interrupt 1/O Port
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7 Electrical Characteristics

7.1  Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Supply Voltage VDD -0.3~+6.5 \Y -
Vi -0.3~VDD+0.3 \Y o
Voltage on any pin with respect to VSS
Vo -0.3~vDD+0.3 \Y
) loH -10 mA Maximum current output sourced by (lon per 1/O pin)
Normal Voltage Pin -
Ylon -80 mA Maximum current (¥ lon)
loL 60 mA Maximum current sunk by (loL per 1/O pin)

SloL 120 mA Maximum current (¥loL)
Total Power Dissipation Pt 600 mwW -
Storage Temperature Tstc -65~+150 °C -

Table 7.1 Absolute Maximum Ratings

NOTE)

1. 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

(Ta = -40°C ~ +85°C)

Parameter Symbol Conditions MIN TYP MAX Unit

fx= 32 ~ 38kHz Sub Crystal 22 - 55
fx= 0.4 ~ 4.2MHz 2.2 - 55

Operating Voltage VDD Main Crystal \Y,
fx= 0.4 ~ 8.5MHz 2.7 - 55
fx= 0.5 ~ 16MHz Internal RC 22 - 55

Operating Temperature Torr VDD=2.2~5.5V -40 - 85 °C

Table 7.2 Recommended Operating Conditions
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7.3 A/D Converter Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V, VSS = 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Resolution - - — 12 - bit
Integral Non-Linear INL - - 16
Differential Non-Linearity DNL AVREF= 2.7V — 5.5V - - 1 LSB
Top Offset Error TOE fx= 8MHz - - 5
Zero Offset Error ZOE - - 15
Conversion Time tconv 12-bit resolution, 8MHz 20 - - us
Analog Input Voltage VAN - VSS - AVREF v
Analog Reference Voltage AVREF *Note 3 2.2 - VDD
Analog Input Leakage Current laIN AVREF=5.12V - - 2 uA
ADC Operating Current labc E.nable VDD=5.12V — ! 2 mA

Disable - - 0.1 uA
Table 7.3 A/D Converter Characteristics
NOTE)
1. Zero offset error is the difference between 000000000000 and the converted output for zero input voltage
(VSS).

2. Full scale error is the difference between 111111111111 and the converted output for full-scale input
voltage (AVREF).
3. When AVREEF is lower than 2.7V, the ADC resolution is worse.

7.4 Power-On Reset Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V, VSS = 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESET Release Level Vpor - - 1.4 - \%
VDD Voltage Rising Time tr - 0.05 - 30.0 V/ms
POR Current IPor - - 0.2 - uA
Table 7.4 Power-on Reset Characteristics
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7.5 Low Voltage Reset and Low Voltage Indicator Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V, VSS = 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
- 1.85 2.15
2.05 2.20 2.35
217 2.32 2.47
2.29 2.44 2.59
2.39 2.59 2.79
Detection Level VivR The LVR can select all levels but LVI 2.55 2.75 2.95 v
Vivi can select other levels except 1.85V 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 - - 50 150 mV
Minimum Pulse Width tw - 100 - - us
Enable (Both) VDD= 3V, - 14.0 24.0
LVR and LVI Current leL Enable (One of two) RUN Mode - 10.0 18.0 uA
Disable (Both) VDD= 3V - - 0.1
Table 7.5 LVR and LVI Characteristics

7.6 High Internal RC Oscillator Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V, VSS = 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Frequency firc Vop = 2.2 -5.5V - 16 - MHz
Ta=0°Cto +50°C With 0.1uF
Tolerance - Ta=-20°C to +85°C Bypass - - 2.5 %
Ta = -40°C to +85°C capacitor +3.5
Clock Duty Ratio Top - 40 50 60 %
Stabilization Time THFs - - - 100 us
Enable - 0.2 - mA
IRC Current lirc -
Disable - - 0.1 uA
Table 7.6 High Internal RC Oscillator Characteristics
NOTE)

1. A 0.1uF bypass capacitor should be connected to VDD and VSS.
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7.7 Internal Watch-Dog Timer RC Oscillator Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V, VSS = 0V)
Parameter Symbol Conditions MIN TYP MAX Unit
Frequency fwbTrc - 2 5 10 kHz
Stabilization Time twots - - - 1 ms
Enable - 1 -
WDTRC Current IwbTre - uA
Disable - - 0.1
Table 7.7 Internal WDTRC Oscillator Characteristics
7.8  LCD Voltage Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V, VSS = 0V)
Parameter Symbol Conditions MIN TYP MAX Unit
LCD contrast disabled,1/4 bias Typx0.95 VDD Typx1.05 \Y,
LCDCCR=00H VDDx16/31
LCDCCR=01H VDDx16/30
LCDCCR=02H VDDx16/29
LCDCCR=03H VDDx16/28
LCDCCR=04H VDDx16/27
LCDCCR=05H VDDx16/26
LCD contrast LCDCCR=06H VDDx16/25
LCD Voltage Vico | enabled, LCDCCR=07H VDDx16/24
1/4 bias, Typx0.9 Typx1.1 \Y
RLCD1, LCDCCR=08H VDDx16/23
No panelload | LCDCCR=09H VDDx16/22
LCDCCR=0AH VDDx16/21
LCDCCR=0BH VDDx16/20
LCDCCR=0CH VDDx16/19
LCDCCR=0DH VDDx16/18
LCDCCR=0EH VDDx16/17
LCDCCR=0FH VDDx16/16
D Mid Bias Vit VDD=2.7V to 5.5V, Typx0.9 3/4xVLCO Typx1.1
Voltage(note) Vice I1_/(£31Db ggch c=) OHz, Typx0.9 2/4xVLCO Typx1.1 v
Vica » No panel load Typx0.9 1/4xVLCO Typx1.1
LCD Driver
Output Rio VLCD=3V, ILOAD=%=10uA - 5 10
Impedance kO
i Ricp1 40 60 80
Bﬂaﬁszmmwr Ricb2 TA=25C 80 120 160

Table 7.8

NOTE)

LCD Voltage Characteristics

1. Itis middle output voltage when the VDD and the Vico node are connected.
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7.9 DC Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V, VSS = 0V, fxin = 8.0MHz)

Parameter Symbol Conditions MIN TYP MAX Unit
) Vin1 PO, P1,P5, RESETB 0.8vDD - VDD \Y,
Input High Voltage - -
Vinz All input pins except Vi1 0.7vDD - VDD \Y,
ViL1 PO, P1,P5, RESETB - - 0.2vDD \Y,
Input Low Voltage - -
ViLz All input pins except ViL1 - - 0.3vDD \%
Output High VDD=4.5V, lon=-2mA,
Voltage Vor All output ports; VDD-1.0 B B v
vV VDD=4.5V, lo.= 10mA,; 3 3 10
oLt All output ports except VoLz i
Output Low Voltage VDD=45V lo.= 15mA.
VoL2 P1 o ’ - - 1.0 \%
Input High Leakage . _ _
Current I8 All input ports 1 uA
Input Low Leakage .
Current I All'input ports -1 - - uA
VI=0V, VDD=5.0V 25 50 100
Reut | Ta= 25°C VDD=3.0V 50 100 200 kQ
Pull-Up Resistor AII_Input ports '
VI=0V, VDD=5.0V 150 250 400
Rpu2 Ta=25°C kQ
RESETB VDD=3.0V 300 500 700
XIN= VDD, XOUT= VSS
0SC feedback Rx1 Ta= 25°C, VDD= 5V 600 1200 2000 o
resistor Rxz $f='N;5Vg D\’/SSS5L</T=VSS 2500 5000 10000
fxin= 8MHz VDD= 5V+10% - 2.6 5.2
(F';’S,ll) fxun= 4MHz VDD= 3V+10% - 1.2 2.4 mA
firc= 16MHz VDD= 5V+10% - 3.0 6.0
fxin= 8MHz VDD= 5V+10% - 1.8 3.6
Supply Current (||E?E2E) fxin= 4MHz VDD= 3V£10% - 0.8 1.6 mA
firc= 16MHz VDD= 5V+10% - 1.5 3.0
Iops fxn=32.768kHz | Sub RUN - 90.0 180.0 uA
VDD= 3V+10%
Iop4 Ta= 25°C Sub IDLE - 8.0 16.0 uA
Iops STOP, VDD= 5V+10%, Ta= 25°C - 0.5 3.0 uA
Table 7.9 DC Characteristics

NOTE)
1. Where the fxin 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.
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7.10 AC Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESETB Input Low Width trsT Input, VDD= 5V 10 - - us
Interrupt Input High, Low Width ttm All interrupt, VDD= 5V 200 - -
External Counter Input High, tecwH, _ _ _ _ ns
Low Pulse Width teow, | COM VDR =5V(n=0,1,3) 200
External Counter Transition Time trec, trec ECn, VDD =5V (n=0, 1, 3) 20 - -
Table 7.10 AC Characteristics
| tIwL | L tIWH N
External 0.8vDD
Interrupt
K £ 0.2vDD
| tRST |
RESETB
K £ 0.2vDD
B tECWL 1 L tECWH N
«— tFEC —> tREC
ECn 0.8vDD
K £ 0.2vDD
Figure 7.1 AC Timing
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7.11 SPI0/1/2 Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
Output Clock Pulse Period tsex Internal SCK source 200 - -
Input Clock Pulse Period External SCK source 200 - -
Output Clock High, Low Pulse Width tsckn, | Internal SCK source 70 - -
Input Clock High, Low Pulse Width tsckL External SCK source 70 - -
First Output Clock Delay Time tFop Internal/External SCK source 100 - - ns
Output Clock Delay Time tos - - - 50
Input Setup Time tois - 100 - -
Input Hold Time toiH - 150 - -

Table 7.11 SP10/1/2 Characteristics

SSn
(Output/Input)
>>
<
—> tFOD i < — >
e > I 3-08VDD
SCKn
(CPOLN=0)
(Output/Input) 0.2vDD
i £ + + T L.
SCKL i | tSCKH_
+ i Es i i
SCKn
(CPOLN=1)
(Output/Input)
> i
tDIS tDIH
MISOn/MOSIn
(Data Input) -
—» <« tDS >
<
MISOn/MOSIn
(Data Output) MSB -
3 >>
<
NOTE)
1. n=0,1and?2

Figure 7.2 SPI10/1/2 Timing
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7.12 UARTO0/1 Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V, fxn = 8MHz)

Parameter Symbol MIN TYP MAX Unit
Serial port clock cycle time tsck 1800 tcpu x 16 2200
Output data setup to clock rising edge ts1 810 tcru x 13 -
Clock rising edge to input data valid ts2 - - 590
ns
Output data hold after clock rising edge tH1 tcpu — 50 tepu -
Input data hold after clock rising edge th2 0 - -
Serial port clock High, Low level width thicH, tLow 720 tcrux 8 1280
Table 7.12 UARTO0/1 Characteristics
tsck
tHIGH P tLow o
N /] N
Figure 7.3 Waveform for UARTO/1 Timing Characteristics

tscK

ook [\ L\ [\ ]

ts1

| S W VY
Data Out \ DO X D;.Hl_NXN_ D2 X D3 X D4 X D5 X D6 X D7

Data In X Valid >< X Valid X X Valid X X Valid X X Valid X X Valid X X Valid X X Valid
Figure 7.4 Timing Waveform for the UART0/1 Module

37



ABOV Semiconductor Co., Ltd. MC96F6432A

7.13 12C0/1 Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V)

Standard Mode High-Speed Mode .
Parameter Symbol Unit
MIN MAX MIN MAX
Clock frequency tscL 0 100 0 400 kHz
Clock High Pulse Width tscLH 4.0 - 0.6 -
Clock Low Pulse Width tscLL 4.7 - 1.3 -
Bus Free Time ter 4.7 - 1.3 -
Start Condition Setup Time tsTsu 4.7 - 0.6 -
Start Condition Hold Time tsTHD 4.0 - 0.6 - us
Stop Condition Setup Time tspsu 4.0 - 0.6 -
Stop Condition Hold Time tsPHD 4.0 - 0.6 -
Output Valid from Clock tvp 0 - 0 -
Data Input Hold Time tomH 0 - 0 1.0
Data Input Setup Time tois 250 - 100 - ns
Table 7.13 12C0/1 Characteristics
P tscL g
tSCLH  tsCLL
—>» 4—1STSU < > i » —> €— tDIH —>» i€—tsSPsSU
- = - - E—" - F
SCLn \ \ A \ f—l» <— tSPHD
SDAN ) / X i \
X- Z tBF i\
—>» €—(STHD —p <€— tDIS < >
—> €—1tvD
SDAnN / X X
Out :
—p <€— tvD '
NOTE)
1. n=0andl1
Figure 7.5 12C0/1 Timing

38



MC96F6432A ABOV Semiconductor Co., Ltd.

7.14 Data Retention Voltage in Stop Mode

(Ta=-40°C ~ +85°C, VDD = 2.2V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
Data retention supply voltage VDDDR - 2.2 - 55 \%

. Vbpr = 2.2V(Ta= 25°C),
Data retention supply current Iobbr Stop mode - - 1 uA

Table 7.14 Data Retention Voltage in Stop Mode

Idle Mode
X (Watchdog Timer Active)
¢————— Stop Mode
Normal
Operating Mode
l4—— Data Retention ——p]
Vop it
T \VDDDR
Execution of
STOP Instruction
0.8VDD7L
INT Request
—P{twarT[4—
NOTE: tWAIT is the same as (the selected bit overflow of BIT) X 1/(BIT Clock)
Figure 7.6 Stop Mode Release Timing when Initiated by an Interrupt
RESET
Occurs
l Oscillation
— » <> P .
Stop Mode X Stabillization Time
. 7 Normal
— Data Retention —Pp Operating Mode
VDD it
\DDDR
Execution of
RESETE STOP Instruction
s Z‘ 0.8VDD
0.2VD
—| TWAITE—
NOTE : tWAIT is the same as (4096 X 4 X 1/ix) (16.4ms @ 1MHz)
Figure 7.7 Stop Mode Release Timing when Initiated by RESETB
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7.15 Internal Flash Rom Characteristics
(Ta =-40°C ~ +85°C, VDD = 2.2V ~ 5.5V, VSS = 0V)

Parameter Symbol Condition MIN TYP MAX Unit
Sector Write Time trsw - - 25 2.7
Sector Erase Time trse - - 25 2.7 ms
Code Write Protection Time trHL - - 25 2.7
Page Buffer Reset Time trer - - - 5 us
Flash Programming Frequency frem - 0.4 - - MHz

) Sector 0 to 507 - - 10,000 )
Endurance of Write/Erase NFwe times
Sector 508 to 511(256 bytes) - - 100,000

Flash Data Retention Time trT - 10 - - years

Table 7.15

NOTE)

1. 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).

7.16

Internal Flash Rom Characteristics

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 VS

Table 7.16

Input/Output Capacitance
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7.17 Main Clock Oscillator Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V)

Oscillator Parameter Condition MIN TYP MAX Unit
2.2V -55V 0.4 - 4.2

Crystal Main oscillation frequency MHz
2.7V -55V 0.4 - 8.5
2.2V -55V 0.4 - 4.2

Ceramic Oscillator Main oscillation frequency MHz
2.7V -55V 0.4 - 8.5
. 2.2V -55V 0.4 - 4.2

External Clock XIN input frequency MHz
2.7V -55V 0.4 - 8.5

Table 7.17 Main Clock Oscillator Characteristics
‘ XIN XOUT ‘

s
iH }lﬁ

C1 Cc2
Figure 7.8 Crystal/Ceramic Oscillator
‘ XIN XOUuT ‘
External  Open
Clock
Source
Figure 7.9 External Clock
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7.18 Sub Clock Oscillator Characteristics

(Ta=-40°C ~ +85°C, VDD = 2.2V ~ 5.5V)
Oscillator Parameter Condition MIN TYP MAX Unit
Crystal Sub oscillation frequency 32 32.768 38 kHz
- 2.2V -55V
External Clock SXIN input frequency 32 - 100 kHz
Table 7.18 Sub Clock Oscillator Characteristics
‘ SXIN SXOUT ‘
P q c2
C1 T T
Figure 7.10 Crystal Oscillator
‘ SXIN  SXOUT
External  Open
Clock
Source
Figure 7.11 External Clock
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7.19 Main Oscillation Stabilization Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V)

Oscillator Parameter MIN TYP MAX Unit
fx > 4MHz, VDD = 2.7V ~ 5.5V, 15
Crystal - - ms
fx > 1MHz, VDD = 2.2V, Ta=-40°C 60
Ceramic - - - 10 ms
fxin = 0.4 to 8.5MHz
External Clock XIN input high and low width (txH, tx.) 58 - 1250 ns
Table 7.19 Main Oscillation Stabilization Characteristics
M 1/fXIN |
XL 1 L tXH R
\
XIN 0.8vDD
N + 0.2VvDD

Figure 7.12 Clock Timing Measurement at XIN

7.20 Sub Oscillation Characteristics
(Ta = -40°C ~ +85°C, VDD = 2.2V ~ 5.5V)

Oscillator Parameter MIN TYP MAX Unit
Crystal - - - 10 s
External Clock SXIN input high and low width (txu, txL) 5 - 15 us
Table 7.20 Sub Oscillation Stabilization Characteristics

1/fsuB |
P XL R L tXH R
\
SXIN 0.8vDD
K £ 0.2VvDD

Figure 7.13 Clock Timing Measurement at SXIN
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7.21 Operating Voltage Range

(fxin=0.4 to 8.5MHz)

8.5MHz

4.2MHz-

0.4MHz-1

32.768kHz --

2.2

2.7

Supply voltage (V)

5.5

(fsus=32 to 38kHz)

2.2

Supply voltage (V)

5.5

Figure 7.14 Operating Voltage Range
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7.22 Recommended Circuit and Layout

This 0.1uF capacitor should be within P N
1cm from the VDD pin of MCU onthe » { \/DD VCC
PCB layout. S o

>
vDD [—1—®¥% A )

0.1uF == —= DC Power
VSS :’?I 0.1uF )
= < v
VCC \
The MCU power line (VDD and VSS)
{should be separated from the high-
i current part at a DC power node on
Z ~High-Current Part the PCB layout.
A Infrared LED,
O { FND(7-Segment), }
(@))] 110 [
@II 0.01uF
N This 0.01uF capacitor is alternatively
> for noise immunity.
X-tal
XIN —40 « - The main and sub crystal should be within 1cm from the pins of MCU on the PCB layout.
XOouT
4« .
/7 Cl The load capacitors of the sub clock
SXIN 1—o— = ~C1,C2: CLx 2+ 15%
(== c_z < - CL=(C1xC2)/(C1 + C2) - Cstray
- Cu: the specific capacitor value of crystal
SXOuT :'_T_'”'_-'; - Cstray: the parasitic capacitor of a PCB (1pF - 1.5pF)
32.768kHz
Figure 7.15 Recommended Circuit and Layout
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7.23 Recommended Circuit and Layout with SMPS Power

SMPS Side «— | —» MCU Side

VCC VDD
.l

SMPS ﬁ I
R1 MCO6F6432A

i ! Ll L

C1 Cc2 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.
\ Recommended C3: ceramic capacitor 2.2uF more
\ The C3 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 7.16

Recommended Circuit and Layout with SMPS Power
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7.24 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 o is standard deviation.

3.00

- /

2:00 /

e 8MHz +25°C

1.50 e 8MHz +85°C
8MHz -40°C

1.00

0.50

0.00 T T T T T 1

2.5 3.0 3.5 4.5 5.0 5.5

Figure 7.17 RUN (IDD1 ) Current

2.50
1.50
——8MHz +25°C
——8MHz +85°C
1.00 8MHz -40°C
0.50
O-OO T T T T T 1

2.5 3.0 3.5 4.5 5.0 5.5

Figure 7.18 IDLE (IDD2) Current
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120.0

100.0 /

60.0

+25°C
+85°C
s -40°C
40.0
20.0
0-0 T T T T T 1
2.5 3.0 3.5 4.5 5.0 5.5
Figure 7.19 SUB RUN (IDD3) Current
30.0
25.0 /
20.0
+25°C

15.0 / +85°C
10.0 / ——-40°C

O-O T T T T T 1
2.5 3.0 3.5 4.5 5.0 5.5

5.0

Figure 7.20 SUB IDLE (IDD4) Current
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25
15
+25°C
+85°C
1.0 -40°C
05 —
0.0 . ,

2.5 3.0

3.5

4.5

5.0

55

Figure 7.21

STOP (IDD5) Current
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