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CMOS Single-Chip 8-Bit Microcontroller, Flash Memory 32 KB,

SRAM 1 KB, 12-Blt ADC

Features

Core and Memory

* 8-bit CISC M8051 core (8051 Compatible, 2-
clock per cycle)

« 32 KB On-Chip Flash (ISP)
. 256 bytes IRAM, 768 bytes XRAM

General Purpose 1/0O (GPIO)
* Normal I/O: 42 Ports

» LED display drive pins: 8 Ports
Timer/Counter

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

* 8-bitx 1-ch (TO)

* 16-bit x 2-ch (T1/T2)

* 8-bit x 2-ch (T3/T4) or 16-bit x 1-ch (T3)
Programmable Pulse Generation
* Pulse generation (by T1/T2)

* 8-bit PWM (by TO)

* 6-ch 10-bit PWM for Motor (by T4)

Buzzer
e 8-bit x 1-ch

Watch Timer (WT)

¢ 3.91 ms/0.25 s/0.5 s/1 s/1 minute interval at
32.768 kHz

12-bit A/D Converter

* 16 Input channels

16-bit CRC/Checksum Generator
¢ Auto and User CRC/Checksum mode

DS Rev. 1.10

8bit SPI x 1 Channel
8bit UART x 1 Channel

8bit USI (UART + SPI +12C) x 2
Channel

e 8-bit UART/SPI/I2C x 2 channel
128-Bit Unique ID

Power-On Reset (POR)
* Resetrelease level (1.4 V)

Low Voltage Reset
* 14 level detect (1.60 V, 2.00 V,,,, 4.40 V)

Low Voltage Indicator
+ 13 level detect (2.00V, 2.10 V,,,, 4.40 V)

Interrupt Sources
e External Interrupts (EINTO~7/8/10/11/12) (12)

« Timer 0/1/2/3/4 (6), WDT (1), BIT (1), WT (1)
« USI0/M (B), SPI 2 (1), UART 2 (2), ADC (1)

Internal High Frequency RC
Oscillator

* 16 MHz £1.0% (Ta=-20 to +70°C, User trim)

Power-Down Mode
e STOP, IDLE mode

Operating Voltage and Frequency
s 20Vt055V (@32 to 38 kHz with SX-tal)

22V10 5.5V (@0.4 to 4.2 MHz with X-tal)

(
2.4V t0 5.5V (@0.4 to 8.5 MHz with X-tal)
1.8 V10 5.5 V (@0.5 to 16 MHz with IRC)

* Voltage dropout converter included for core

Global Top Smart MCU Innovator, ABOV Semiconductor
www.abovsemi.com
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Product Selection Table MC96F6432P Datasheet

Operating Temperature
¢ —40°C to +105°C

Package Type
¢ 44-LQFP

* 32-LQFP

* 32-SOP

» 28-SOP

e 28-TSSOP

* 24-QFN

* Pb-free package

Product Selection Table

Table 1. Device Summary

Part Number Flash IRAM/XRAM usi UART SPI Timer ADC 110 Package
MC96F6432PL 32KB 256/768B 2 1 1 5 16 ch 42 44-LQFP
MC96F6332PL 32KB 256/768B 2 1 0 5 12 ch 30 32-LQFP
MC96F6332PD 32KB 256/768B 2 1 0 5 12 ch 30 32-SOP
MC96F6332PM 32KB 256/768B 2 1 0 5 11 ch 26 28-SOP
MC96F6332PR 32KB 256/768B 2 1 0 5 11 ch 26 28-TSSOP
MC96F6232PU 32KB 256/768B 1 1 0 5 8ch 22 24-QFN

2 \BO\

SEMICONDUCTOR



MC96F6432P Datasheet Contents

Contents
L= L0 P 1
Product SEIeCtion TabIE ...........ooiiiiiiie ettt e e st e e b e s rre e e e eraeeeean 2
1. T 10 To [ e i o o H PP PO PUTTPPUPUR 8
D2 I 1= Y= 4 o o o S 8
21 Product Category Definition ... 8
2.2 DEVICE OVEIVIEW ....eeiiiiiiiiieiiiiie e eiteee e sttt e e sttt ee e sttt e e sanee e e e s nteeeesanseeeesanseeeesansseeesannaeeeeannneeas 9
2.3 BlOCK DHagram ... e ———— 12
2.4 FUNCHONAlI OVEIVIEW ...ttt e e e e e et e e e e e e e e e eeeeeeeeeeeeennnnees 13
g B o Ty ] (U o1 1] =Y S 13
2.4.2 Memory Organization .............cooiiiiiiiiieei e e e e e 15
e T = o o £ TSRS 28
2.4.4  Interrupt CONrOlIEr.. ... ... e a e e 31
P T O (o Tod Q€ T=T o1 = o S 37
2.4.6 Basic Interval TIMEr (BIT) ......ooiiiiiiiee ittt eeaeea e 38
2.4.7 Watchdog TImMEr (WDT) ....ciciiiee ettt sttt e et e et e e e st e e s snee e e s snaeeaeans 39
2.4.8  WatCh TIMEr (WT)uuee ittt ettt e e e et e e e etb e e e e sareeassnraeaaeans 40
2.4.9  TIMER O..eeeiee ettt s e e et e e et e e e et b e e e et a e e e e arra e e e e aaraaaeans 41
e T I 1Y e RS SRSPPRI 43
2411 TIMER 2.ttt ettt e e sttt e e et e e e e bt e e e abbe e e e arreeeeeanaeeaeans 45
2412 TIMER 3and TIMEI 4 ....oooeiiee ettt e ettt e e e sa e e e e s nraeea e 47
At I 0 .. - S 50
2.4.14 12-Bit A/D CONVEIET.....uiiiiiiiiie e iiiiee ettt e et e e et e e e st e e e sneeeassnaeeaeans 51
2.4.15 Serial Peripheral Interface (SPI) 2......c..oviiiiiii et 53
24,16 UART + SPI+ 12C (USI 0/1) ceeiiiiiiiee ettt nnnnea e 54
o A © 7Y o ISP OUROPPRR 58
2.4.18 Flash CRC and Checksum GENErator...........cccoicuveeeeiiiieieeiiiieeesiiee e e siveee e sniaeea e 60
2.4.19 Power Down Operation .........ccooiiiiii i 62
2 O (==Y SRR 63
2.4.21 FIash MEMOTY ......ueiiiiiiiiie ettt ettt e et e e e sbre e e e snaeee e 64
2.5  Development TOOIS.. ..o 66
2.5 COMPIIEE .. 66
2.5.2 E-OCD Il Interface and OCD Debugger........c..ueeiiiaiiiiiiiiiieeee e 67
PTG B o (oo =T o 110 1T P TPURRTPRRN 68
2.5.4 On-Chip DebUg SYSIEM.......viiiiiiiiiee e 71
3. Pinouts and Pin DeSCriPtiONS .......cocoiiiiii e 76
3.1 [T o UL PSP 76
K e (I 1=t o o) o] o USRS 81
4. Electrical CharaCteriStiCS ... ...uuuiiiieiiiiiiiiiiiie ettt e e et r e e e e e e s aae e e e e e e e s annenaeeeeens 85
4.1 Absolute Maximum Ratings .......c..uuiiiiiiiii e 85
4.2 Recommended Operating ConditioNS ............ueiiiiiiiiiiiiiiee e 85
G T AN L O Oy =1 = Tox (=] 1] (o7 3SR 86
44 POWE-ON RESEL.....cc it e e e e e e e e e e e e e e e 87
4.5 Low Voltage Reset and Low Voltage Indicator Characteristics............ccooiioiiiiiiiinnnne. 88
4.6 Internal RC Oscillator CharacteristiCs ........cuuuiiiiiiiiiiee e 89
4.7  Internal Watchdog Timer RC Oscillator Characteristics...........ccoeeeeiiieiiiiie e 89
4.8  DC CharacteriStiCs ........uuuiiiiieiiiiiiiiiiie et e e e e e e e e e e e e s e s e e e e e e e e e e nnnneees 90
4.9  Supply Current CharacCteriStiCs .........cooiiiiiiiiiiie e 91
g L0 I N O 0 ¢ = = T (=Y £ £ o SRR 92

\BO\ 3

SEMICONDUCTOR



Contents

MC96F6432P Datasheet

g B e B O F= T = Tor 1= (o= SRR 93

4.12 UART Timing CharacteriStiCS ........uuuiiiiieiiiiiiiiiiie et e e e 94

g B S 2 O 0 g =1 = Vo (Y 53 1o S 95

414 Data Retention Voltage in STOP MOdE...........oiiiiiiiiiiii e 96

4.15 Internal Flash CharacteriStiCS..........uuiiiiiiiiiiiiie e 97

4.16 Input/output Capacitance CharacteristiCs ............cccveiviiiiiiiiiiiiceee e 97

4.17 Main Oscillator CharacteristiCs..........couiiii i 98

4.18 Sub Oscillator CharacterisStiCs ..........coiiiiiiiiiieiie e 99

4.19 Main oscillator Stabilization CharacteristiCs ...........c.covveireiiiiie e 100

4.20 Sub oscillator Stabilization CharacteristiCs ...........ccceevceireiiiiii e 100

4.21 Operating Voltage RaNGE .......ccooiiiiiiiii e 101

4.22  Typical CharacteriStiCs ..........ueeiiiiiiiiiiii e 102

4.23 Recommended Circuit and Layout............cccuveiiiiiiiiiiiiiiee e 105

4.24 Recommended Circuit and Layout with SMPS POWET...........ccccovviiieeiiiiiiieeeee e 106

5. Package INformation ... 107
5.1  44-LQFP Package INformation............c.cooiiiiioiiii e 108

5.2  32-LQFP Package INformation...........cccveiiiiiieiiiiee e 109

5.3  32-SOP Package INformation ............ccoooiiiiiiiiii i 110

5.4  28-SOP Package INformation ...........cceeiiiiiiiiiii e 111

55  28-TSSOP Package INformation...........coooiuiiiiiiiiieiiee e 112

5.6  24-QFN Package INformation ...........cccccoiiiiiiiiiiiee i 113

6.  Ordering INfOrmMation ..........oooiiiiiiie e e e 114
Y o] o= o Vo [ TSR 115
AL CONFIGUIE OPLION ...t e e st e e s bt e e s sbb e e e e sbbeee e anreeeeans 115
Register Description: Configure Option CoNntrol............cccvveiiii i 115

B. INSIrUCION TaDIE ... ...t e e e 116

C. Flash Protection for Invalid Erase/WIite ..........uueiiiiiii i 122

HOW 10 ProtecCt the FIaSh ........oooo oo 122

Protection FIOW DeSCHPLION ........uviiiiiiiiiiiiiiiieieiiitiieie e aaabeaeeeasrsesasasesenenanrnnes 123

Other Protection by the Configure OptionS .........c..ueiiiiiiiii e 125

REVISION HISTOIY ...t e e e e e e e e e e e s e e e e e e e e e naas 126

\BO\

SEMICONDUCTOR



MC96F6432P Datasheet List of Tables

List of Tables

Table 1. DEVICE SUMMIBIY ....eiiiiiiiiiiiiie ettt ettt et e e et e e e bt e e e e e e bt e e e e s e e e e e nbe e e e e nbeeeeenres 2
Table 2. MCO96F6432P Series Memory DENSItY .......ccccuviiiiieie ittt 8
Table 3. MC96F6432P Device Features and Peripheral Counts .............ccccoviiiiiiiiiiiiiiieeece e, 9
Table 4. Summary of MCOBF6432P Peripherals...... ..o 11
Table 5. SFR MaP SUMMAIY ......ueiiiiiieie ettt e e e eb e et e e e s abre e e e aanee 20
Table 6. XSFR MaP SUMIMAIY .....uuiiiiiiie i e ettt e e e e s e st e e e e e e s ettt ae e e e e e e s s snsssaeeeaeeeesannnrnneeeaeas 21
o) LI A o 1V = T o R PSP POPP 22
L= 1oL TS o 1 =T o TSR 26
Table 9. Interrupt Vector Address Table ..........oooiiii e 36
Table 10. TIMER 0 Operating MOGES............uuiiiiiieiie ettt e e e e et e e e e e e e aaeeeae s 41
Table 11. TIMER 1 Operating MOES ...........uuiiiiiieiie it e e e e e e e s aaeeeae s 43
Table 12. TIMER 2 Operating MOGES ..........ooiiiiiiiie et 45
Table 13. TIMER 3/4 Operating MOAES ........c.coiuiiiiiiiiiee ettt 47
Table 14. Buzzer Frequency at 8 MHZ...........cooooiiiiiiiii e 50
Table 15. Peripheral Operation During Power-Down Mode...........ccoooeiiiiiiiiiiiie e 62
Table 16. Reset Value and the Relevant On-Chip Hardware.............ccccooiiiiniiiiii e 63
Table 17. Specification of E-Gang4 and E-GangB ............ccooiiiiiiiiiiiiie e 69
Table 18. Pins for MTP Programming ........ccuueiiiiiiioiiiieec ettt e e rae e e e e e et aaeeeaeas 69
Table 19. FEatures Of OCD ...t e e e e e e e e e e e e et e e e e e e e e e eanbraaeeeaeas 71
Table 20. Pin DESCIIPHON .....iiiiiiiie ittt ettt et e e e st e e e et ee e e e anbeee e e naeee 81
Table 21. Absolute Maximum RatiNgS .........ooiiiiiiii e 85
Table 22. Recommended Operating ConditionS .............cooiiiiiiiiiiiiiiec e 85
Table 23. ADC CharacteriStiCS .........cciiiiiiiiiiiiiiii e e e e e e e e e e e e areeeaeas 86
Table 24. Power-On Reset CharacteriStiCS .......ouiiiiiiiiiiiiie e 87
Table 25. LVR and LVI CharacteriStiCS..........uuuiiiiiiieiiiiiii et e e e e e eneeneeeeees 88
Table 26. Internal RC Oscillator CharacteristiCs ............ccoviiiiiiiiiiiii e 89
Table 27. Internal WDTRC Oscillator CharacteristiCs ...........ooovvvviiiiiiiiiieeeeee 89
Table 28. DC CharaCleriStiCS.....ocuuueiiieie e et e e st e e e e e e e s e e e e e s ssnreeaeeeaeeeesannsnneeeeens 90
Table 29. Supply Current CharacCteriStiCS. ........ocuuiie i 91
Table 30. AC CharacteriStiCS ..........oovviiiiiiie e 92
Table 31. SPI CharacteriStiCs .........ooviiiiiii e 93
Table 32. UART Timing CharacteriStiCs ...........couiiiiiiiiiiie e 94
Table 33. [2C CharaCteriStiCS .....cuureiiieiei it e e e e e e e e e e e e e e e e s nreeae e e e e e e e s snnenneeeeens 95
Table 34. Data Retention Voltage in STOP MOGE........ccooiiiiiiiiiiie e 96
Table 35. Internal Flash CharacteristiCS..........coovviiiiiiiiiiieeee e 97
Table 36. I/O Capacitance CharacteristiCS...........ooooviiiiiiiiiiieee e 97
Table 37. Main Oscillator CharaCteriStiCS ........uuuiiiiiiiiiiiii e e e eee s 98
Table 38. Sub Oscillator CharaCteriStiCS .........uueiiiiiiiiiiiiiiie e e e e e e eeeeee s 99
Table 39. Main Oscillator Stabilization Characteristics ............cccccccviiiiiie 100
Table 40. Sub Oscillator Stabilization Characteristics............ccccccvviiiiiiie, 100
Table 41. Instruction Table: ArithmetiC............oooor i 116
Table 42. Instruction Table: LOGICAl .........ooo i 117
Table 43. Instruction Table: Data Transfer ..., 118
Table 44. Instruction Table: BOOIaN ..............ooooiiiiiiiiiee e 119
Table 45. Instruction Table: BranChing ........c..oueiiiiiiii e 120
Table 46. Instruction Table: MiSCEllanNEOUS ...........cooviviiiiiiiiee e 120
Table 47. Instruction Table: Additional InStructions ..............cccciiiiiieee 120

\BO\ 5

SEMICONDUCTOR



List of Figures MC96F6432P Datasheet

List of Figures

Figure 1. MCO96F6432P BIOCK Diagram ..........ccciiuiiiiiiie ettt e e e st e e e e e e e enasae e e e e e e e eans 12
Figure 2. General-Purpose 1/O Port STHUCLUIE ..........oooiiiiiiiiiieiieee e 13
Figure 3. External Interrupt I/0 Port StrUCUIe ..........ooiiiiii e 14
Figure 4. Program IMEMOTY .......cooi ettt ettt ettt e e sb et e st e e e s nbne e e s annree s 16
Figure 5. Internal Data MemOry Map .........uuuuuuiuiuiiiiiiiiiiiiiiiii bbb eee e rarseesasssnsnssssennnrnnnnnnns 17
Figure 6. Lower 128 Bytes INternal RAM ............ i i rarareeeeaenansnenrnennsennnnnnes 18
Figure 7. Extended SFR (XSFR) Ar€a ......coo ittt 19
Figure 8. Interrupt Group Priority LEVEL........ocuuiiiiiii e e 32
Figure 9. External Interrupt DeSCIIPHION .........uuiuiiiiiiiiiiii e ereenrnenrnenenenrnnnne 33
Figure 10. Interrupt Controller BIOCK Diagram ............cooooiiiiiiiiiii et 34
Figure 11. Clock Generator in BIOCK Diagram...........ciiiiiiiiiiiieiie et 37
Figure 12. Basic Interval Timer in BIOCK Diagram ............cooi it 38
Figure 13. Watchdog Timer in BIOCK Diagram ...............uuuuuiiiimiuiiiiiiiiiiiiiiieiereierererereeeeeserenesennrensnnnennnnn. 39
[ To 0T =Y S VAV I =1 o Tod 1q 101 =T =1 o o 40
Figure 15. 8-Bit Timer 0 in BIOCK Diagram ........ccoouiiiiiiiiiie e 42
Figure 16. 16-Bit Timer 1in BIOCK Diagram .........ocuiiiiiiiiie e 44
Figure 17. 16-Bit Timer 2 in BIOCK Diagram ..............uuuuuiiiuiuiiiiiiiiiiieiiiirieieiereierererararenererenereneraneeaa———.. 46
Figure 18. 8-Bit Timer 3/4 in Block Diagram (Two 8-Bit MOde)..........ccoeciiiiiiiiieiiiee e 48
Figure 19. 16-Bit Timer 3 in Block Diagram (16-Bit MOde) ..........cccueiiiiiiiiiii e, 49
Figure 20. Buzzer Driver BIOCK Diagram.........eiiiiiiieie ettt 50
Figure 21. 12-Bit ADC BIOCK DI@Qram........ccccoiiiiiiiiiiieee ettt e e e e e e e e st ae e e e e e e e senbaraeeeaeeeeeans 52
Figure 22. AD Analog Input Pin with Capacitor..............cooiiiiiiiiiii e 52
Figure 23. AD Power (AVREF) Pin with Capacitor............ccoiiiiiiiiiiiiieiiiee e 52
Figure 24. SPI 2 BIOCK DiagIram........ccoiiuuiiiiiiiiiie ittt ettt et e e st e e e s snne e e e s nbaeeeeanneeeas 53
Figure 25. UART Block Diagram (Where N =0 and 1) .....ooooiiiiiiiiiiiie e 55
Figure 26. SPI Block Diagram (Where N =0 and 1) ..o 56
Figure 27. 12C Block Diagram (Where N =0 and 1).....ocueeiiiiiiiiiiiee e 57
Figure 28. UART 2 Block Diagram (WHhere N = 2) .....cooiiiiiiiiiieiiie et 59
Figure 29. CRC-16 Polynomial StrUCIUE.........ooi e 60
Figure 30. Flash CRC/Checksum Generator Block Diagram ...........ccccuueeieiiiiiiiiiiiiiieee e 61
Figure 31. Reset BIOCK Diagram ...ttt st e e e as 63
Figure 32. Flash Program ROM SErUCLUIE ........ccooiuiiiiiiiiiii et 65
Figure 33. E-OCD Il and OCD Pin DeSCHPONS ......cetiiiiiiiiiiiiiieee e ee e e e 67
Figure 34. E-PGM+ (Single Writer) and Pin DeSCHPtONS ........coiiiiiiiiiieee e 68
Figure 35. E-Gang4 and E-Gang6 (for Mass Production) ... 69
Figure 36. PCB Design Guide for On-Board Programming ...........c..coooruieieniiieienniieeesniieee s e 70
Figure 37. On-Chip Debugging System in Block Diagram............coooiiiiiiiiiioiiiee e 7
Figure 38. 10-Bit Transmission PacKet ..........ooo e 72
Figure 39. Data Transfer 0N TWIN BUS ......cooiiiiiiiiiii et 73
Figure 40. Bit Transfer on Serial BUS .........oooiiiiiii e 73
Figure 41. Start and Stop CoNAItioN..........cooiii e a e e e 73
Figure 42. Acknowledge 0N Serial BUS ..........oooiiiiiiiiie et e e e 74
Figure 43. Clock Synchronization During Wait Procedure............ccuviiiiiiii e 74
Figure 44. Connection Of TranNSMISSION ........c.uiiiiiiiiiie et e s e s e e s aneeeeas 75
Figure 45. MCO6F6432PL 44-LQFP PIiNOULS ......coiiiiiieiiii ettt 76
Figure 46. MCO6F6332PL 32-LQFP PINOULS ......coiiiiieiiiieie ettt 77
Figure 47. MCOBFB332PD 32-SOP PIiNOULS .....ccciitiiiiiiiiiiie ittt e s e s 78
6 \BO\

SEMICONDUCTOR



MC96F6432P Datasheet List of Figures

Figure 48.
Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.
Figure 59.
Figure 60.
Figure 61.
Figure 62.
Figure 63.
Figure 64.
Figure 65.
Figure 66.
Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.
Figure 73.
Figure 74.
Figure 75.
Figure 76.
Figure 77.
Figure 78.
Figure 79.
Figure 80.
Figure 81.
Figure 82.

MCOGFB332PM 28-SOP PINOULS .......uueiiiiiiiiii ettt 79
MCOGFB332PR 28-TSSOP PiNOULS......ccctiiiiiiiiiiieiiiie et 79
MCO6FB232PU 24-QFN PINOULS .....ctiieiiiiiiie ettt e e seee e e e e e eneeas 80
Power-On ReSet TIMING .....cooiiiiiiiiiiie et 87
O I 01 T SRRSO 92
T I 12 T T T PSPPI 93
UART Timing CharacteriStiCS ........oouuiiiiiiiiie it 94
Timing Waveform of UART MOGUIE .........cooiiiiiiiiii e 94
D2 O T2 11 o U PPRRPR 95
STOP Mode Release Timing When Initiated by Interrupts .........cccccceeeeiiiiiieiee e, 96
STOP Mode Release Timing When Initiated by RESETB ..........coooiiiiiiiiiiieee e 96
Crystal/Ceramic OSCIllator ............ooiiiiii e 98
a4 [ Yo G PRSI 98
Crystal OSCIllAator..........uiiiiiee e e e e e e e e e e e e e e e e rarraaeaaae s 99
e q (=T F= | [ Yo <SP 99
Clock Timing Measurement at XIN ... 100
Clock Timing Measurement at SXIN.........cccuiiiiiiii e 100
Operating Voltage RANGE .........cocuiiiiiiiie e et e e e 101
Operating Voltage Range (SUD OSC)....ccoiuiiiiiiiiiieiieii et 101
MAIN RUN (IDD1) CUITENE ..ottt ettt et e smeeesmee e e sneeesmneeeeneee e 102
MAIN IDLE (IDD2) CUITENL ..ttt ettt et ne e s 103
SUB RUN (IDD3) CUIMTENT ....ceiiteiieeiiiiee e itieee e steee e e steeeeesteeeesstaeeeesseeeessnseeeesansaeeessnseeeenans 103
SUB IDLE (IDD4) CUITENE .. .eeiitiie e eiee et eeeeseee e seee e et e seeeesseeeaneeeesneeeeneeesneeeeneeesneeennes 104
SO (1] 25 O U Ty =Y o | S 104
Recommended Circuit and Layout ............cccoooiiiiiiiiiiiiie e 105
Recommended Circuit and Layout with SMPS POWET ...........cceeeeieiiiiiiieeee e, 106
44-LQFP Package OUIINE .......cooiiiiiiii et 108
32-LQFP Package OULINE ..........coiiiiiiiiiiiie ettt 109
32-SOP Package OULIINE. ... e 110
28-SOP Package OULINE........ooiiieeiee et e e e e 111
28-TSSOP Package OULIINE .........ooiiiiiiiieiieie e 112
24-QFN Package OULINE.........couuiiiiiiiii et 113
MC96F6x32P Device Numbering Nomenclature............ccccoovieiiiiiieiiiiiee e 114
Flash Protection Against Abnormal Operations ...........ccccooiiiiiiiie e 122
Flowchart of Flash Protection ... 124

\BO\ 7

SEMICONDUCTOR



1. Introduction MC96F6432P Datasheet

1. Introduction

This document provides an overview of the features supported by the device, including high-level
information and brief explanations for each feature.

Refer to Table 3 for the list of features supported by the device.

2. Description

The MC96F6432P is an advanced CMOS 8-bit microcontroller with 32 KB of Flash. This is a powerful
microcontroller which provides a highly flexible and cost-effective solution to many embedded control
applications.

The MC96F6432P provides the following features : 32 KB 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, UART, USI, 16-bit
CRC/Checksum generator, 12-bit A/D Converter, on-chip POR, LVR, LVI, on-chip oscillator and clock
circuitry. The MC96F6432P also supports power saving modes to reduce power consumption.

The following sections describe the features and peripheral counts of the MC96F6432P in Table 2, Table
3, and Table 4.

21 Product Category Definition

Table 2 provides an overview of the memory capacity for the MC96F6432P.

See Table 3 in the next section for a list of features supported by the MCO96F6432P.

Table 2. MC96F6432P Series Memory Density
Memory Density
Flash RAM
32 KB 1024 Bytes MC96F6432P

Category
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MC96F6432P Datasheet

2.2 Device Overview

2. Description

Table 3. MC96F6432P Device Features and Peripheral Counts

Peripheral MC96F6432P
CPU 8-bit CISC core (M8051, 2 clocks per cycle)
* 32 KB with self r/w capability
Flash * On-chip debug and ISP
* Endurance: 10,000 (Sector 0~507)
- 100,000 times (Sector 508~511)
IRAM 256 bytes
XRAM 768 bytes
* Normal I/O
GPIO e 42 ports: PO[7:0], P1[7:0], P2[7:0], P3[7:0] , P4[3:0], P5[5:0]

* LED display drive pins: P1[1:0], P2[1:0], P3[3:0]

Timer/ counter

* BIT 8-bit x 1-ch

* WDT 8-bit x 1-ch: 5 kHz internal RC oscillator for WDT
* 8-bit x 1-ch (TO)

¢ 16-bit x 2-ch (T1/T2)

* 8-bit x 2-ch (T3/T4) or 16-bit x 1-ch (T3)

* Watch Timer (WT)

BUZZER

8-bit x 1-ch

Programmable pulse generation

¢ Pulse generation (by T1/T2)
* 8-Bit PWM (by TO)
¢ 6-ch 10-Bit PWM for Motor (by T4)

ADC

12-bit ADC, 16 input channels

CRC and checksum generator

* 16-bit

¢ Auto and user CRC/ checksum modes

Power on reset

Reset release level (1.4 V)

Reset
Low voltage reset

14 Level detect (1.60 V, 2.00 0V, ..., 4.4 V)

Low voltage indicator

13 Level detect (2.00 V, 2.10 V, ..., 4.4 V)

Seral interface

1 UART, 1 SPI, 2 USI (UART + SPI + 12C)

Power consumption

Stop and Idle modes

Internal RC oscillator

16MHz + 1.0% (Ta = -20°C to +70°C, User trim)

Operating voltage and frequency

* 2.0t05.5V @ 32 to 38 kHz with SX-tal
* 221055V @ 0.4 to 4.2 MHz with X-tal
* 241055V @ 0.4 to 8.5 MHz with X-tal
* 1.8t05.5V @ 0.5to 16 MHz with IRC

* Voltage dropout converter included for core
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2. Description MC96F6432P Datasheet

Table 3. MC96F6432P Device Features and Peripheral Counts (continued)
Peripheral MC96F6432P

* 0.125 s @ 16 MHz IRC

Minimum instruction execution time | » 0.235 ys @ 8.5 MHz main clock

* 61 uys @ 32.768 kHz sub clock

Operating temperature -40 to +105°C

* 44-LQFP

* 32-LQFP

* 32-SOP

28-SOP

» 28-TSSOP

* 24-QFN 04x04

Package type

* Pb-free package

10 \BO\
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MC96F6432P Datasheet

Table 4. Summary of MC96F6432P Peripherals

2. Description

Peripheral

MC96F6432PL

MC96F6332PL
MC96F6332PD

MC96F6332PM
MC96F6332PR

MC96F6232PU

Code Flash memory

32 KB

32 KB

32 KB

32 KB

IRAM/XRAM 256/768 bytes 256/768 bytes 256/768 bytes 256/768 bytes
Sﬁ';irsa; 2 (16-bit), 1 (8-bit), 1 (16-bit) or 2 (8-bit)
Timers WDT 1
BIT 1
SPI 1 0 0 0
Communication UART 1 y y 1
interfaces
usl 2 2 2 1
WT 1
BUZZER 1
GPIO 42 30 26 22
ADCs 50 ksps 50 ksps 50 ksps 50 ksps
Number of channels 16 12 11 8
Max. CPU frequency 16 MHz
128-bit Unique 1D 1
CRC/Checksum 1 (16-bit)
Operating voltage 1.8Vto55V
Operating temperature Ambient operating temperature: -40°C to 105°C
Packages 44-LQFP 3322'_"8%:: 2:—81:§SSP 24-QFN

\BO\
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2. Description

2.3

Block Diagram

Figure 1 describes MC96F6432P in a block diagram.

Figure 1. MC96F6432P Block Diagram

MC96F6432P Datasheet

ANO-AN5/P02-P07
ANB-AN13/P17-P10
AN14-AN15/P20-P21
AVREF/P02

TOO/PWMO0OO/P53
EINT10/P54
ECO/P52

T10/PWM10/P12
EINT11/P12
EC1/P13

T20/PWM20/P11
EINT12/P11

T30/P01
EC3/P00
EINTO/P02

T40/P02
EINT1/P0O3

PWM4AA/P02
PWM4AB/P03
PWM4BA/P04
PWM4BB/P05
PWM4CA/P06
PWM4CB/P07
EINT8/BLNK/P52

POO/EC3/DSDA

P01/T30/DSCL
P02/ANO/AVREF/EINTO/T40/PWM4AA
PO3/AN1/EINT1/PWM4AB
P04/AN2/EINT2/PWM4BA
PO5/AN3/EINT3/PWM4BB
PO6/AN4/EINT4/PWMA4CA
PO7/ANS/EINT5/PWM4CB

P10/AN13/RXD1/SCL1/MISO1
P11/AN12/EINT12/T20/PWM20
P12/AN11/EINT11/T10/PWM10

P13/AN10/EC1/BUZO
P14/AN9/MOSI2
P15/AN8/MISO2

P16/AN7/EINT7/SCK2

P17/AN6/EINT6/SS2

P20/AN14/TXD1/SDA1/MOSI1
P21/AN15/SCK1

P22/SS1

P23-pP27

NOTES:

DSDA DSCL

12 - Bit

i3

A/D Converter

o—> 8-BitTimer0 K=
—>|
o—>| 16-Bit Timer1 K=
—>|
] 16 - Bit Timer2 K=

8 - Bit

Timer 3

8 - Bit

Timer 4

16 - Bit

=)

Timer 3

6-ch PWM

PO Port

On-Chip Debug

M8051 Core

32K Bytes Flash

K=

XRAM
(768 Bytes)

IRAM
(256 Bytes)

< =

Basic Interval Timer

Power On Reset

Low Voltage Reset

Watchdog Timer
5KHz INT-RC OSC

P1 Port

INT-RC OSC
16MHz

Low Voltage
A roae |

CRC/Checksum
A T |

]

» BUZO/P13

SPI2

<=

MOSI2/P14
MISO2/P15
SCK2/P16
SS2/P17

UARTO

TXDO0/P41
RX0/P40

<

usio S

MOSI0/P41
MISO0/P40
SCKO0/P42
SS0/P43

PI0

12C0

SDAO0/P41
SCL0/P40

UART1

TXD1/P20
RXD1/P10

usit S

MOSI1/P20
MISO1/P10
SCK1/P21
8§81/P22

PI1

12C1

SDA1/P20
SCL1/P10

< UART2

> TXD2/P37/(P51)
> RXD2/P36/(P50)

P5 Port

P50/(RXD2)/XOUT
P51/(TXD2)IXIN
P52/EINT8/ECO/BLNK
SXIN/P53/T0O/PWM0O
SXOUT/P54/EINT10
P55/RESETB

P4 Port

P40/RXD0/SCLO/MISO0
P41/TXD0/SDAO/MOSIO0
P42/SCKO0

P43/SS0

Watch Timer

!

P2 Port

P30-P35 ¢
P36/RXD2 ¢
P37/TXD2 ¢

Voltage
Down
Converter

CLOCK/
SYSTEM
CONTROL

RESETB
SXOUT
SXIN
XIN
XouT

VDD VSS

1. The P14-P17, P23-P25, P34-P37, and P43 are not in the 32-Pin package.
The P13-P17, P22-P27, P34-P37, and P43 are not in the 28-Pin package.
The P05-P07, P14-P17, P20, P22-P27, P34-P37, and P42-P43 are not in the 24-Pin package.

12

\BO\

SEMICONDUCTOR



MC96F6432P Datasheet 2. Description

24 Functional Overview

The following sections provide an overview of the features of the MC96F6432P microcontroller.

241 Port Structures
2.41.1 GPIO Port Structure

Figure 2. General-Purpose 1/O Port Structure

BZ| Level shift (VDC to ExtvDD)
[Z] Level shift (ExtvDD to VDC)
VDD
PULL-UP
REGISTER >° Za y 9
DD VDD
OPEN DRAIN
REGISTER
DATA 0 — )O—_-’O|
REGISTER MUX b PAD
SUB-FUNC DATA OUTPUT 1
= 8
SUB-FUNC ENABLE T
SUB-FUNC DIRECTION ——— 11
MUX
DIRECTION 0
REGISTER
CMOS or
Schmitt Level
Input
PORTx INPUT or o
SUB-FUNC DATA INPUT o
ANALOG CHANNEL
ENABLE 74
ANALOG INPUT {;3—
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2. Description MC96F6432P Datasheet

2.41.2 External Interrupt I/O Port Structure

Figure 3. External Interrupt I/O Port Structure

B Level shift (VDC to ExtvDD)
[7] Level shift (ExtvDD to VDC)

VDD

PULL-UP
REGISTER

B

VbD VDD

OPEN DRAIN

>c
REGISTER \—Ojo

DATA —

. Cag
REGISTER MUX > BAD
1
@—mi

SUB-FUNC DATA OUTPUT

SUB-FUNC ENABLE

[
SUB-FUNC DIRECTION ——————1
MUX
DIRECTION 0
REGISTER
VDD

EXTERNAL a o
INTERRUPT
—‘ cp POLARITY
r ¢— ‘ REG.
INTERRUPT T

ENABLE
FLAG
CLEAR CMOS or
Schmitt Level
Input

SUB-FUNC DATA INPUT

7 ’ 7k
o_
PORTx INPUT or MUX
1

Q D
cP
4P DEBOUNCE
CLK
DEBOUNCE
ENABLE
ANALOG CHANNEL
ENABLE 74

ANALOG INPUT 'I;g—
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MC96F6432P Datasheet 2. Description

24.2 Memory Organization

MC96F6432P addresses four separate memory spaces:

*  Program memory
*  Flash user memory
* Data memory

*  XRAM memory

By means of this logical separation of the memory, 8-bit CPU address can access the data memory
more rapidly. 16-bit data memory address is generated through the DPTR register.

MC96F6432P provides on-chip 32 KB of the ISP type Flash program memory, which is readable and
writable. Internal data memory (IRAM) is 256 bytes, and it includes the stack area. External data
memory (XRAM) is 768 bytes.

\BO\ 15
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2. Description MC96F6432P Datasheet

2421 Program Memory

A 16-bit program counter is capable of addressing up to 64 KB, but MC96F6432P has only 32 KB
program memory space. After reset, CPU begins execution from location 0000H. Each interrupt is
assigned to a fixed location of the program memory. The interrupt causes the CPU to jump to that
location, where it commences an execution of a service routine.

For example, an external interrupt 11 is assigned to location 000BH. If the external interrupt 11 is going
to be used, its service routine must begin at location 000BH. If the interrupt is not going to be used, its
service location is available as general purpose program memory. If an interrupt service routine is short
enough (frequent cases with a control application), the service routine can reside entirely within an 8-
byte interval.

A longer service routine can use a jump instruction to skip over subsequent interrupt locations, if other
interrupts are in use. Figure 4 shows a map of the lower part of the program memory.

Figure 4. Program Memory

FFFFH

7FFFH

N\

32 KB
/] 003FH
| Sector 1 /1 0000H
0000H | Sector 0 i
(Flash Program Memory) (Flash User Memory)

NOTE:
1. The user memory is accessible through the user memory related registers.

A more detailed description of program memory is described in Chapter 2.4.21. Flash Memory.

16 \BO\
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MC96F6432P Datasheet 2. Description

24.2.2 Flash User Memory

Flash user memory has 128 bytes memory space. This memory is accessible through the user memory
related registers.

2.4.2.3 Internal Data Memory

Internal data memory is divided into three spaces as shown in Figure 5. Those three spaces are
generally called as,

* Lower 128 bytes
e  Upper 128 bytes

*  Special Function Registers (SFR space)

Internal data memory addresses are always one byte wide, which implies an address space of 256
bytes.

In fact, the addressing modes of the internal data memory can accommodate up to 384 bytes by using
a simple trick. Direct addresses higher than 7FH access one memory space and indirect addresses
higher than 7FH access a different memory space. By means of this method, the upper 128 bytes and
SFR space can occupy the same block of addresses, 80H through FFH, although they are physically
separate entities as shown in Figure 5.

Figure 5. Internal Data Memory Map

FFH FFH
Upper 128bytes Special Function Registers
Internal RAM 128hytes
(Indirect Addressing) (Direct Addressing)
80H 80H
7FH
Lower 128bytes
Internal RAM
(Direct or Indirect
Addressing)
00H

\BO\ 17
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2. Description MC96F6432P Datasheet

The lower 128 bytes of RAM are present in all 8051 devices as mapped in Figure 6. The lowest 32
bytes are grouped into 4 banks of 8 registers. Program instructions call out these registers as RO
through R7. Two bits in the Program Status Word select which register bank is in use. This allows more
efficient use of code space, since register instructions are shorter than instructions that use direct
addressing.

The next 16 bytes above the register banks form a block of bit-addressable memory space. The 8051-
instruction set includes a wide selection of single-bit instructions, and the 128 bits in this area can be
directly addressed by these instructions. The bit addresses in this area are 00H through 7FH.

Entire bytes in the lower 128 bytes can be accessed by either direct or indirect addressing, while the
upper 128 bytes RAM can only be accessed by indirect addressing. These spaces are used for data
RAM and stack.

Figure 6. Lower 128 Bytes Internal RAM

[ TFH c|7r]7E]7D]7C]7B|7A]79] 78
“l77l7e|75|74| 73|72 71| 70
6F [6E|6D|6C|6B[6A|69]68
. 67|66 (65|64 |63[62|61]60
80 Bytes < General Purpose 5F | 5E | 5D |5C | 5B | 5A| 59 | 58
Register 57 |56 |55 |54 |53 |52|51|50
’ 4F [4E|4D|4C|4B|4A] 49|48
4746|4544 4342 |41]40
3F|3E[3D|3C|3B[3A[39]38
\_ 30H 37(36(35[34[33(32]31]30
2FH 2F [2E[2D|2C|2B|2A |29 | 28
2726252423 [22[21]20
(116222)’}23) Bit Addressable 1F[1E|1D|1C|1B|1A[ 19|18
1711615141312 1110
20H oF [oE|oD|oc|oB[0A|09]08
1FH _ o lor|oe|os]04l03]02]01]00
8 Bytes Register Bank 3
18H (8 Bytes)
17 Register Bank 2
egister ban
8 Bytes { o (8 Bytes)
0Ff Register Bank 1 R7
egister ban
8 Bytes { o %SBytes) A
o7H Register Bank 0 Ei
egister ban
8 Bytes { 9(8 Bytes) 23
00H =
R1
RO

18 \BO\
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MC96F6432P Datasheet 2. Description

2.4.2.4 Extended SFR and Data Memory Area

MC96F6432P has 768 bytes XRAM and XSFR registers. Extended SFR area has no relation to RAM
or Flash. This area can be read or written to by using SFR in 8-bit unit.

Figure 7. Extended SFR (XSFR) Area

507FH
Extended
Special Function Registers
(Indirect Addressing)
1000H
Not used
02FFH
External RAM
768 Bytes
(Indirect Addressing)
0000H
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2. Description MC96F6432P Datasheet

2425 SFR Map

In this section, information of SFR map and map summaries are described through Table 5, Table 6,
Table 7, and Table 8.

SFR Map Summary

Table 5. SFR Map Summary

00H/08HN°™E | 01H/09H 02H/0AH 03H/0BH 04H/0CH 05H/0DH 06H/0EH 07H/OFH
OF8H 1P1 - FSADRH FSADRM FSADRL FIDR FMCR P5FSR
OFOH B USI1ST1 USI1ST2 USIMBD USI1SDHR USIMDR USIMSCLR | USI1SCHR
OE8H RSTFR USIMCR1 USI1CR2 USI1CR3 USI1CR4 USI1SAR P3FSR P4FSR
OEOH ACC USIOST1 USIOST2 uUsSIoBD USIOSDHR USIODR USIOSCLR | USIOSCHR
0D8H LVRCR USIOCR1 USIOCR2 USIOCR3 USIOCR4 USIOSAR PODB P15DB
ODOH PSW P5I10 POFSRL POFSRH P1FSRL P1FSRH P2FSRL -
0C8H OSCCR P410 UART2CR1 | UART2CR2 | UART2CR3 | UART2ST UART2BD UART2DR
0COH EIFLAGO P3IO T2CRL T2CRH T2ADRL T2ADRH T2BDRL T2BDRH
0B8H P P210 T1CRL T1CRH T1ADRL T1ADRH T1BDRL T1BDRH
0BOH P5 P110 TOCR TOCNT TODR/ SPICR SPIDR SPISR

TOCDR
0A8H IE IE1 IE2 IE3 POPU P1PU P2PU P3PU
0AOH P4 POIO EO P4PU EIPOLOL EIPOLOH EIFLAG1 EIPOL1
98H P3 FCDIN - - ADCCRL ADCCRH ADCDRL ADCDRH
90H P2 POOD P10D P20D P40D P5PU WTCR BUZCR
88H P1 WTDR/ SCCR BITCR BITCNT WDTCR WDTDR/ BUZDR
WTCNT WDTCNT

80H PO SP DPL DPH DPLA1 DPH1 LVICR PCON

EI Reserved I:I M8051 compatible

NOTE:
1. Registers 00H/08H are bit-addressable except OSCCR.

20 \BO\
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MC96F6432P Datasheet

Extended SFR Map Summary

Table 6. XSFR Map Summary

2. Description

00H/8H 01H/9H 02H/0AH | O3H/OBH | O04H/OCH | O5H/ODH | OGH/OEH | O07H/OFH
5060H - - - - - - - _
5058H | FCDRL - - - - - _ -
5050H | FCSARH | FCEARH | FCSARM | FCEARM | FCSARL | FCEARL FCCR FCDRH
5040H | USERMCR | USERMSSR | USERMIDR - - - - -
1068H | UNIQUEID8 | UNIQUEID9 |UNIQUEID10|UNIQUEID11 |UNIQUEID12 | UNIQUEID13| UNIQUEID14 | UNIQUEID15
1060H | UNIQUEIDO | UNIQUEID1 | UNIQUEID2 | UNIQUEID3 | UNIQUEID4 | UNIQUEID5 | UNIQUEID6 | UNIQUEID7
1038H | XTFLSR | LDDRVSR - - - - - -
1030H - - - - - - - -
1028H - - - - - - - -
1020H - - - - - - T2CAPL | T2CAPH
1018H - - - - - - TICAPL | T1CAPH
1010H | TA4DLYA T4DLYB T4DLYC T4DR T4CAPR T4CNT - -
1008H | T4PPRL | T4PPRH | T4ADRL | T4ADRH | T4BDRL | T4BDRH | T4CDRL | T4CDRH
T3CNT/
1000H T3CR T3DR/ TACR T4PCR1 T4PCR2 T4PCR3 T4ISR T4IMSK
T3CAPR

\BO\
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2. Description MC96F6432P Datasheet

SFR Map
Table 7. SFR Map
@ Reset
Address Function Symbol R/W

7|6 |54 |3 |21 0
80H PO Data Register PO RW |O0O|O0O|O0O]|]O]|]O0O|O0O]|O0]O
81H Stack Pointer SP R/W ojo0j|0]|O 0 1 1 1
82H Data Pointer Register Low DPL R/W ojo0j|0]|O 0 0 0|0
83H Data Pointer Register High DPH R/W 0 0 0 0 0 0 0 0
84H Data Pointer Register Low 1 DPL1 R/W o|0]|O0]|O 0 0 0|0
85H Data Pointer Register High 1 DPHA1 R/W oOo|0]|O0]|O 0 0 0|0
86H Low Voltage Indicator Control Register LVICR RW | - | -] 0] O 0 0 0|0
87H Power Control Register PCON RW | - | -|-|-]-|-=-101]0
88H P1 Data Register P1 R/W oOo|0]|O0]|O 0 0 0|0
89H Watch Timer Data Register WTDR w 0 1 1 1 1 1 1 1
89H Watch Timer Counter Register WTCNT R -]10]10]|O0 0 0 0|0
8AH System and Clock Control Register SCCR R/W -l =-1-=-1-=-1-1- 0 0
8BH BIT Control Register BITCR R/W ojo0oj|0]|-1]0 0 0 1
8CH Basic Interval Timer Counter Register BITCNT R 0 0 0 0 0 0 0 0
8DH Watchdog Timer Control Register WDTCR R/W 0 0 0 - | -1 - 0 0
8EH Watchdog Timer Data Register WDTDR w 1 1 1 1 1 1 1 1
8EH Watchdog Timer Counter Register WDTCNT R oOo|0]|0]|O 0 0 0|0
8FH BUZZER Data Register BUZDR RW | 1 1 1 1 1 1 1 1
90H P2 Data Register P2 RW |O0O|0O|O0O|]O]|]O|O]|O]O
91H PO Open-drain Selection Register POOD R/W o|0]|O0]|O 0 0 0|0
92H P1 Open-drain Selection Register P10D R/W oOo|0]|O0]|O 0 0 0|0
93H P2 Open-drain Selection Register P20D R/W oOo|0]|O0]|O 0 0 0|0
94H P4 Open-drain Selection Register P40D RW | - | -|-]-1]80 0 0|0
95H P5 Pull-up Resistor Selection Register P5PU R/W - | - 0 0 0 0 0 0
96H Watch Timer Control Register WTCR R/W 0 - | - 0 0 0 0 0
97H BUZZER Control Register BUZCR R/W -l -1 -=-1-1- 0 0 0
98H P3 Data Register P3 RW |O0O|O0O|O0O]|]O]|]O0O|O]|O0]O
99H Flash CRC Data In Register FCDIN RW |O|O0O|O]|]O]|]O0O|O]|O0]O
9AH Reserved - - - -1-{-1-1-1-1-
9BH Reserved - - -l =-1-=-1-1-1-1-1-
9CH A/D Converter Control Low Register ADCCRL R/W oOo|0]|O0]|O 0 0 0|0
9DH A/D Converter Control High Register ADCCRH R/W oOo|-]01]O0 0 0 0|0
9EH A/D Converter Data Low Register ADCDRL R X | x | x | x X X X X
9FH A/D Converter Data High Register ADCDRH R X | x | x | x X X X X
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Table 7. SFR Map (continued)

@ Reset
Address Function Symbol R/W

7|16 |54 |3|2]|1 0
AOH P4 Data Register P4 RW | — | = | =] =10 0 0|0
A1H PO Direction Register POIO RW (0| 0] O0]|O 0 0 0|0
A2H Extended Operation Register EO RW | - | = | -] 0] -1]0 0|0
A3H P4 Pull-up Resistor Selection Register P4PU R/W - -1 -1 - 0 0 0 0
Ad4H E’é‘;g’::'r Interrupt Polarity 0 Low EPoLOL | RW | 0|0 |ofo|lo|o]|o]o
ABH E’;ﬁgt‘:'r Interrupt Polarity O High EPOLOH | RW |0 | o|o]o]|ololo]o
A6H External Interrupt Flag 1 Register EIFLAG1 R/W | 0 0|0 0 0 0|0
A7TH External Interrupt Polarity 1 Register EIPOLA1 R/W | 0 0|0 0 0 0|0
A8H Interrupt Enable Register IE RW (0| -1]01]0 0 0 0|0
A9H Interrupt Enable Register 1 IE1 RW { — | =] 01O 0 0 0|0
AAH Interrupt Enable Register 2 IE2 RW [ — | =] 01O 0 0 0|0
ABH Interrupt Enable Register 3 IE3 RW [ — | =] 01O 0 0 0|0
ACH PO Pull-up Resistor Selection Register POPU RW (0|0 O0]|O 0 0 0|0
ADH P1 Pull-up Resistor Selection Register P1PU RW (0| 0] O0]|O 0 0 0|0
AEH P2 Pull-up Resistor Selection Register P2PU R/W 0 0 0 0 0 0 0 0
AFH P3 Pull-up Resistor Selection Register P3PU R/W 0 0 0 0 0 0 0 0
BOH P5 Data Register P5 R/W - | - 0 0 0 0 0 0
B1H P1 Direction Register P110 RW [ 0|O0]O0]|O 0 0 0|0
B2H Timer 0 Control Register TOCR RW [ 0| -]01]0O0 0 0 0|0
B3H Timer 0 Counter Register TOCNT R oOo|0]|O0]|O 0 0 0|0
B4H Timer 0 Data Register TODR R/W 1 1 1 1 1 1 1 1
B4H Timer 0 Capture Data Register TOCDR R oOo|0]|0]|O 0 0 0|0
BSH SPI 2 Control Register SPICR RW (0|0 O0]|O 0 0 0|0
B6H SPI 2 Data Register SPIDR RW|]0|O0O|O|]O|]O]O|O0]|O
B7H SPI 2 Status Register SPISR RW|]0|O0O|O|-]0]0]|-|-
B8H Interrupt Priority Register IP RW [ — | =] 0] O 0 0 0|0
B9H P2 Direction Register P210 RW [ 0| 0| O0]|O 0 0 0|0
BAH Timer 1 Control Low Register T1CRL RW [0|O0|O0|O0)|-1]0 0|0
BBH Timer 1 Control High Register T1CRH RW |O0O|-]0]|]O0|-]|-]-1]60
BCH Timer 1 A Data Low Register T1ADRL R/W 1 1 1 1 1 1 1 1
BDH Timer 1 A Data High Register T1ADRH RW | 1 1 1 1 1 1 1 1
BEH Timer 1 B Data Low Register T1BDRL R/W 1 1 1 1 1 1 1 1
BFH Timer 1 B Data High Register T1BDRH RW | 1 1 1 1 1 1 1 1
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2. Description MC96F6432P Datasheet
Table 7. SFR Map (continued)
@ Reset
Address Function Symbol R/IW

7|6 |5|4[3|2|1|0

COH External Interrupt Flag O Register EIFLAGO RW | O|O|JO|]O|]O|O|O]O
C1H P3 Direction Register P310 RW | O|O|JO|]O|]O|O|O]O
C2H Timer 2 Control Low Register T2CRL RW|O|O|J]O|]O|-|O0O|-=-1]0
C3H Timer 2 Control High Register T2CRH RW|O|-]J]O0O]|]O|-|-|-1]60
C4H Timer 2 A Data Low Register T2ADRL RW | 1 1 1 1 1 1 1 1
C5H Timer 2 A Data High Register T2ADRH RW | 1 1 1 1 1 1 1 1
C6H Timer 2 B Data Low Register T2BDRL RW | 1 1 1 1 1 1 1 1
C7H Timer 2 B Data High Register T2BDRH RW | 1 1 1 1 1 1 1 1
C8H Oscillator Control Register OSCCR R/W -1 =10 0 1 0 0 0
C9H P4 Direction Register P410 RW | -| -] -|-]0|0|O0]O0
CAH UART2 Control Register 1 UART2CR1 RW | -| -]0]0|O0| 0] 0] -
CBH UART2 Control Register 2 UART2CR2 RW|O0O|O|O]|J]O|O|O]|O]|O
CCH UART2 Control Register 3 UART2CR3 RW | -]0|-]|-]-]0]0]|0O0
CDH UART2 Status Register UART2ST RW | 1 o|jojo|jo0ojO0O|O0]oO
CEH UART2 Baud Rate Generation Register UART2BD R/W 1 1 1 1 1 1 1 1
CFH UART2 Data Register UART2DR RW|O0O|O|O]|J]O|O|O]|O]|O
DOH Program Status Word Register PSW RW|O|O|JO|]O|]O|O|O]O
D1H P5 Direction Register P5I0 RW | -|-]J]0]0]O0O|O0|O0]O0
D2H PO Function Selection Low Register POFSRL RW | -|0]JO0O|]O0O]O|O0O|O0]O
D3H PO Function Selection High Register POFSRH RW | -|-]J]0]0]O0O|O0|O0]O0
D4H P1 Function Selection Low Register P1FSRL RW|O|O|JO|]O|]O|O|O]O
D5H P1 Function Selection High Register P1FSRH RW|O|O|JO|]O|]O|O|O]O
D6H P2 Function Selection Low Register P2FSRL RW | -| -] -|-]0|0|O0]O0
D7H Reserved - - - - =-1-1-1-1-1-
D8H Low Voltage Reset Control Register LVRCR RW |O0O|-|-]0]O0|O0|O0]O0
D9H USIO Control Register 1 USIOCR1 RW|O0O|O|O]|J]O|O|O]|O]|O
DAH USIO Control Register 2 USIOCR2 RW|O0O|O|O]|J]O|O|O]|O]|O
DBH USIO Control Register 3 USIOCR3 RW|O0O|O|O]|J]O|O|O]|O]|O
DCH USIO Control Register 4 USIOCR4 RW|O0O|-|-]0]O0O]|-]0]|0O0
DDH USIO Slave Address Register USIOSAR RW|O|O|O]|J]O|]O|O]|O]|O
DEH PO Debounce Enable Register PODB RW|O|O|JO|]O|]O|O|O]O
DFH P1/P5 Debounce Enable Register P15DB RW | -|-]J]0]0]O0O|O0|O0]O0
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Table 7. SFR Map (continued)

@ Reset
Address Function Symbol R/W

7|6 |5(4|3|2[1]0
EOH Accumulator Register ACC RW |{O0O|O|O|O|O|]O|O]|O
E1H USIO Status Register 1 USIOST1 R/W 1 ojo0o|jo0o|-]0|O0]O
E2H USIO Status Register 2 USIOST2 R ofojofjfo0ojofjoOo]|joOojoO
E3H USIO0 Baud Rate Generation Register USIoBD R/W 1 1 1 1 1 1 1 1
E4H USIO SDA Hold Time Register USIOSDHR RW (0| O0O|O]|]O|O]|]O]|O 1
E5H USIO Data Register USIODR RW {O0O|O|lO|O|O]O|O]|O
E6H USIO SCL Low Period Register USIOSCLR RwW | 0| 0|1 1 1 1 1 1
E7H USIO SCL High Period Register USIOSCHR RwW | 0| 0|1 1 1 1 1 1
E8H Reset Flag Register RSTFR R/W 1 X 0 0 X | -1-1-
E9H USI1 Control Register 1 USI1CR1 RW |O0O|O|O|O|O|]O|O]|O
EAH USI1 Control Register 2 USI1CR2 RW |{O|O|O|O|O|]O|O]|O
EBH USI1 Control Register 3 USI1CR3 RW|O0O|O|]O|O|O|O|O]|O
ECH USI1 Control Register 4 USI1CR4 RW |O|-|-]0|O0]|]-|0]O0
EDH USI1 Slave Address Register USI1SAR RW |O|O|O|]O|O|]O|O]|O
EEH P3 Function Selection Register P3FSR RW [O0O|O|-|-=-|-|-1|-1]-
EFH P4 Function Selection Register P4FSR RW | - | -|-]0|-]0|-1]0
FOH B Register B R/W 0 0 0 0 0 0 0 0
F1H USI1 Status Register 1 USI1ST1 R/W 1 ojojo0o|-]0(|O0]|O
F2H USI1 Status Register 2 USI1ST2 R o(ojofjfojofojojo
F3H USI1 Baud Rate Generation Register USIMBD R/W 1 1 1 1 1 1 1 1
F4H USI1 SDA Hold Time Register USI1SDHR RW |(O0O|O0O|O]|]O|O]|]O]|O 1
F5H USI1 Data Register USIMDR R/W 0 0 0 0 0 0 0 0
F6H USI1 SCL Low Period Register USI1SCLR RW | 0|01 1 1 1 1 1
F7H USI1 SCL High Period Register USI1SCHR RW | 0|01 1 1 1 1 1
F8H Interrupt Priority Register 1 IP1 RW | — | = |0 0 0 0 0 0
FOH Reserved - - - -l =-1-=-1-1-1-1-
FAH Flash Sector Address High Register FSADRH RW | -| -|-|-|0]0|0]O
FBH Flash Sector Address Middle Register FSADRM RW |O|O|O|O|O|]O|O]|O
FCH Flash Sector Address Low Register FSADRL R/W 0 0 0 0 0 0 0 0
FDH Flash Identification Register FIDR RW (O0O|O|O|O|O]O|O]|O
FEH Flash Mode Control Register FMCR R/W o|-|-|-1-120 0 0
FFH P5 Function Selection Register P5FSR RW | — | 0 0 0 0 0 0 0
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Extended SFR Map

Table 8. XSFR Map

@ Reset
Address Function Symbol R/W

7 6 5 4 3 2 1 0
1000H Timer 3 Control Register T3CR R/W | 0 - 0 0 0 0 0 0
1001H Timer 3 Counter Register T3CNT R 0 0 0 0 0 0 0 0
1001H Timer 3 Data Register T3DR w 1 1 1 1 1 1 1 1
1001H Timer 3 Capture Data Register T3CAPR R 0 0 0 0 0 0 0 0
1002H Timer 4 Control Register T4CR R/W | 0 0 0 0 0 0 0 0
1003H Timer 4 PWM Control Register 1 T4PCR1 RW | 0 0 0 0 0 0 0 0
1004H Timer 4 PWM Control Register 2 T4PCR2 RW | 0 0 0 0 0 0 0 0
1005H Timer 4 PWM Control Register 3 T4PCR3 R/W | - 0 0 0 - - - -
1006H Timer 4 Interrupt Status Register T4ISR RW | 0 0 0 0 0 - - -
1007H Timer 4 Interrupt Mask Register T4MSK R/W | 0 0 0 0 0 - - -
1008H Timer 4 PWM Period Low Register T4PPRL RW | 1 1 1 1 1 1 1 1
1009H Timer 4 PWM Period High Register T4PPRH RW | - - - - - - 0 0
100AH | Timer 4 PWM A Duty Low Register T4ADRL R/W | 0 1 1 1 1 1 1 1
100BH | Timer 4 PWM A Duty High Register T4ADRH RW | -| -] -|-|-]1-10 0
100CH | Timer 4 PWM B Duty Low Register T4BDRL R/W | 0 1 1 1 1 1 1 1
100DH | Timer 4 PWM B Duty High Register T4BDRH RW | -| -] -|-|-]1-10 0
100EH | Timer 4 PWM C Duty Low Register T4CDRL R/W | 0 1 1 1 1 1 1 1
100FH Timer 4 PWM C Duty High Register T4CDRH RW | - - - - - - 0 0
1010H Timer 4 PWM A Delay Register T4DLYA R/W | 0 0 0 0 0 0 0 0
1011H Timer 4 PWM B Delay Register T4DLYB R/W | 0 0 0 0 0 0 0 0
1012H Timer 4 PWM C Delay Register T4DLYC R/W | 0 0 0 0 0 0 0 0
1013H Timer 4 Data Register T4DR R/W 1 1 1 1 1 1 1 1
1014H Timer 4 Capture Data Register T4CAPR R 0 0 0 0 0 0 0 0
1015H Timer 4 Counter Register T4ACNT R 0 0 0 0 0 0 0 0
101EH Timer 1 Capture Data Low Register T1CAPL R 0 0 0 0 0 0 0 0
101FH Timer 1 Capture Data High Register T1CAPH R
1026H Timer 2 Capture Data Low Register T2CAPL R
1027H Timer 2 Capture Data High Register T2CAPH R
1038H X-tal Filter Selection Register XTFLSR RW | 0 0 0 0 0 - -
1039H LED Display Drive Selection Register LDDRVSR RW | 0 0 0 0 0 0 0
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Table 8. XSFR Map (continued)

@ Reset
Address Function Symbol R/IW

7]le|5|al3]2[1]0
1060H Unique ID Register 0 UNIQUEIDO R X X X X X X X X
1061H Unique ID Register 1 UNIQUEID1 R X X X X X X X X
1062H Unique ID Register 2 UNIQUEID2 R X X X X X X X X
1063H Unique ID Register 3 UNIQUEID3 R X X X X X X X X
1064H Unique ID Register 4 UNIQUEID4 R X X X X X X X X
1065H Unique ID Register 5 UNIQUEID5 R X X X X X X X X
1066H Unique ID Register 6 UNIQUEID6 R X X X X X X X X
1067H Unique ID Register 7 UNIQUEID7 R X X X X X X X X
1068H Unique ID Register 8 UNIQUEID8 R X X X X X X X X
1069H Unique ID Register 9 UNIQUEID9 R X X X X X X X X
106AH Unique ID Register 10 UNIQUEID10 R X X X X X X X X
106BH Unique ID Register 11 UNIQUEID11 R X X X X X X X X
106CH Unique ID Register 12 UNIQUEID12 R X X X X X X X X
106DH Unique ID Register 13 UNIQUEID13 R X X X X X X X X
106EH Unique ID Register 14 UNIQUEID14 R X X X X X X X X
106FH Unique ID Register 15 UNIQUEID15 R X X X X X X X X
5040H User Memory Control Register USERMCR 0 0 0 0 0 0 0 0 0
5041H User Memory Sector Selection Register | USERMSSR 0 0 0 0 0 0 0 0 0
5042H User Memory Identification Register USERMIDR 0 0 0 0 0 0 0 0 0
5050H Flash CRC Start Address High Register FCSARH RW | - - - - - - - 0
5051H Flash CRC End Address High Register FCEARH RW | - - - - - - - 0
5052H E':ggtgf{c Start Address Middle FCSARM |[RW | o0 | 0| o o]0 o]0 o
5053H ;':‘;i!tgf{c End Address Middle FCEARM [RW | 0 [0 o |o|o| o |00
5054H Flash CRC Start Address Low Register FCSARL R/W | 0 0 0 0 - - - -
5055H Flash CRC End Address Low Register FCEARL RW | 0 0 0 0 -l -1 -1 -
5056H Flash CRC Control Register FCCR RW | 0 0 0 - 0 0 0 0
5057H Flash CRC Data High Register FCDRH R/W | 1 1 1 1 1 1 1 1
5058H Flash CRC Data Low Register FCDRL R/W | 1 1 1 1 1 1 1 1
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2. Description MC96F6432P Datasheet

243 Ports
2.4.3.1 1/0 Ports

MC96F6432P has six groups of I/O ports: PO, P1, P2, P3, P4 and P5. Each port can be easily configured
as an input pin, an output, or an internal pull up and open-drain pin by software.

The port configuration pursues to meet various system configurations and design requirements.

2.4.3.2 Port Description of PO

As an 8-bit I/0 port, PO controls the following registers:
* PO data register (P0)
* PO direction register (POIO)
* PO debounce enable register (PODB)
* PO pull-up resistor selection register (POPU)
* PO open-drain selection register (POOD)

* PO Function selection registers (POFSRH/POFSRL)

2.4.3.3 Port Description of P1

As an 8-bit I/O port, P1 controls the following registers:

* P1 data register (P1)

*  P1 direction register (P110)

* P1/P5 debounce enable register (P15DB)

*  P1 pull-up resistor selection register (P1PU)
* P11 open-drain selection register (P10D)

*  P1 Function selection registers (P1FSRH/P1FSRL)
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2.4.3.4 Port Description of P2

As an 8-bit I/0 port, P2 controls the following registers:

P2 data register (P2)

P2 direction register (P210)

P2 pull-up resistor selection register (P2PU)
P2 open-drain selection register (P20D)

P2 Function selection register (P2FSRL)

2.4.3.5 Port Description of P3

As an 8-bit I/O port, P3 controls the following registers:

P3 data register (P3)
P3 direction register (P310)
P3 pull-up resistor selection register (P3PU)

P3 Function selection register (P3FSR)

2.4.3.6 Port Description of P4

As a 4-bit I/O port, P4 controls the following registers:

P4 data register (P4)

P4 direction register (P410)

P4 pull-up resistor selection register (P4PU)
P4 open-drain selection register (P40D)

P4 Function selection register (P4FSR)

2.4.3.7 Port Description of P5

As a 6-bit I/O port, P5 controls the following registers:

P5 data register (P5)
P5 direction register (P510)
P5 pull-up resistor selection register (P5PU)

P5 Function selection registers (P5FSR)
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2. Description MC96F6432P Datasheet

2.4.3.8 LED Display Drive Selection
As an 8-bit I/O port for LED display drive pins (P1[1:0], P2[1:0], P3[3:0])
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244 Interrupt Controller

Up to 22 interrupt sources are available in the MC96F6432P. Allowing software control, each interrupt
source can be enabled by defining separate enable register bit associated with it. It can also have four
levels of priority assigned. The non-maskable interrupt source is always enabled with a higher priority
than any other interrupt sources and is not controllable by software.

The interrupt controller features the following:

* Receives requests from 22 interrupt sources
* 6 group priority

* 4 priority levels

*  Multi interrupt possibility

* Ifrequests of different priority levels are received simultaneously, a request with higher priority
level is served first.

* Each interrupt source can be controlled by an EA bit and an IEx bit

Interrupt latency varies from 3 to 9 machine cycles in a single interrupt system.

Non-maskable interrupt is always enabled, while maskable interrupts can be enabled through four pairs
of interrupt enable registers (IE, IE1, IE2, and IE3). Each bit of the four registers can individually enable
or disable a particular interrupt source. Especially bit 7 (EA) in the register IE provides overall control.

It must be setto ‘1" to enable interrupts as described in the followings:

*  When EAis setto ‘0" = all interrupts are disabled.

* When EAis setto 1" =» a particular interrupt can be individually enabled or disabled by the

associate bit of the interrupt enable registers.

EA is always cleared to ‘0" jumping to an interrupt service vector and set to ‘1" executing the [RETI]

instruction. MC96F6432P supports a four-level priority scheme. Each maskable interrupt is individually
assigned to one of the four levels according to IP and IP1.

\BO\ 31

SEMICONDUCTOR
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Figure 8. Interrupt Group Priority Level

Interrupt Highest Lowest
Group >

0 (Bit0) Interrupt O Interrupt 6 Interrupt 12 Interrupt 18 Highest
1 (Bit1) Interrupt 1 Interrupt 7 Interrupt 13 Interrupt 19

2 (Bit2) Interrupt 2 Interrupt 8 Interrupt 14 Interrupt 20

3 (Bit3) Interrupt 3 Interrupt 9 Interrupt 15 Interrupt 21

4 (Bit4) Interrupt 4 Interrupt 10 Interrupt 16 Interrupt 22

5 (Bit5) Interrupt 5 Interrupt 11 Interrupt 17 Interrupt 23 vLowest

Figure 8 describes interrupt groups and their priority levels that is available for sharing interrupt priority.
Priority of a group is set by 2 bits of Interrupt Priority (IP) registers: 1 bit from IP and another 1 bit from
IP1.

Interrupt Service Routine serves an interrupt having higher priority first. If two requests of different
priority levels are received simultaneously, the request with a higher priority level is served prior to the
lower one.
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2.4.41 External Interrupt

External interrupts on pins of INTO to INT1, INT5 to INT6, INT11 receive various interrupt requests in
accordance with the external interrupt polarity 0 registers (EIPOLOH/L), external interrupt polarity 1
register (EIPOL1), as shown in Figure 9. Each external interrupt source has enable/disable bits. An
external interrupt flag register (EIFLAG) provides status of the external interrupts.

Figure 9. External Interrupt Description
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_X_ EIFLAG1.2
EINT11 D— - FLAGT1 INT1 Interrupt
EIFLAG1.0
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EINTO[ H FLAGO ===
EINT1[ H x [ FLAGT =

EINT2[ H
EINT3[ ] sl

EINT4|:|— T INT5 Interrupt
EINTS[ |

EINTe[_H ¥ [ Fiace e
ez}
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2.4.4.2 Interrupt Controller Block Diagram

Figure 10. Interrupt Controller Block Diagram
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NOTES:
1.  The release signal may be generated by all interrupt sources which are enabled without reference to the priority

level.
2. Aninterrupt request is delayed while data are written to IE, IE1, IE2, IE3, IP, IP1, and PCON register.
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In Figure 10, release signal for STOP and IDLE mode can be generated by all interrupt sources which
are enabled without reference to priority level. An interrupt request will be delayed while data is written
to one of the registers IE, IE1, IE2, IE3, IP, IP1, and PCON.
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2.4.4.3 Interrupt Vector Table

When a certain interrupt occurs, a LCALL (Long Call) instruction pushes the contents of the PC
(Program Counter) onto the stack and loads the appropriate vector address. CPU pauses from its
current task for some time and processes the interrupt at the vector address. The Interrupt controller
supports 24 interrupt sources and each interrupt source has a determined priority order as shown in
Table 9.

Table 9. Interrupt Vector Address Table

Interrupt Source Symbol EI:.t'-_uet:I?FB)tit Priority Mask A\;Z?:;s
Hardware RESET RESETB - 0 Non-Maskable 0000H
External Interrupt 10 INTO IE.O 1 Maskable 0003H
External Interrupt 11 INT1 IE.1 2 Maskable 000BH
USI1 12C Interrupt INT2 IE.2 3 Maskable 0013H
USI1 Rx Interrupt INT3 IE.3 4 Maskable 001BH
USI1 Tx Interrupt INT4 IE.4 5 Maskable 0023H
External Interrupt 0 — 7 INT5 IE.5 6 Maskable 002BH
External Interrupt 8 INT6 IE1.0 7 Maskable 0033H
UART2 Rx Interrupt INT7 IE1.1 8 Maskable 003BH
USIO0 12C Interrupt INT8 IE1.2 9 Maskable 0043H
USIO Rx Interrupt INT9 IE1.3 10 Maskable 004BH
USIO Tx Interrupt INT10 IE1.4 1" Maskable 0053H
External Interrupt 12 INT11 IE1.5 12 Maskable 005BH
TO Overflow Interrupt INT12 IE2.0 13 Maskable 0063H
TO Match Interrupt INT13 IE2.1 14 Maskable 006BH
T1 Match Interrupt INT14 IE2.2 15 Maskable 0073H
T2 Match Interrupt INT15 IE2.3 16 Maskable 007BH
T3 Match Interrupt INT16 IE2.4 17 Maskable 0083H
T4 Interrupt INT17 IE2.5 18 Maskable 008BH
ADC Interrupt INT18 IE3.0 19 Maskable 0093H
SPI 2 Interrupt INT19 IE3.1 20 Maskable 009BH
WT Interrupt INT20 IE3.2 21 Maskable 00A3H
WDT Interrupt INT21 IE3.3 22 Maskable 00ABH
BIT Interrupt INT22 IE3.4 23 Maskable 00B3H
UART2 Tx Interrupt INT23 IE3.5 24 Maskable 00BBH

To execute the maskable interrupts, both EA bit and a corresponding bit of IEx associated with a specific
interrupt source must be set to ‘1’. When an interrupt request is received, a particular interrupt request
flag is set to ‘1’ and maintains its status until CPU accepts the interrupt. After the interrupt acceptance,
the interrupt request flag will be cleared automatically.
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245 Clock Generator

As shown in Figure 11, a clock generator produces basic clock pulses which provide a CPU and
peripherals with a system clock. It contains main/sub-frequency clock oscillator. The main/sub clock
operation can be easily obtained by attaching a crystal between the XIN/SXIN and XOUT/SXOUT pin,
respectively. The main/sub clock can be also obtained from the external oscillator. In this case, it is
necessary to put the external clock signal into the XIN/SXIN pin and open the XOUT/SXOUT pin. A
default system clock is a 1 MHz INT-RC oscillator, and a default division rate is sixteen. To stabilize the

system internally, it is used 1 MHz INT-RC oscillator on POR.
MC96F6432P incorporates four types of oscillators:

* Calibrated Internal RC Oscillator (16 MHz)
— INT-RC OSC/32 (0.5 MHz)
— INT-RC OSC/16 (1 MHz, default system clock)
— INT-RC OSC/8 (2 MHz)
— INT-RC OSC/4 (4 MHz)
— INT-RC OSC/2 (8 MHz)
— INT-RC OSC/1 (16 MHz)
*  Main Crystal Oscillator (0.4~8.5 MHz)
*  Sub Crystal Oscillator (32.768 kHz)

* Internal WDTRC Oscillator (5 kHz)

2451 Block Diagram

Figure 11. Clock Generator in Block Diagram
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24.6 Basic Interval Timer (BIT)

MC96F6432P has a free-running 8-bit Basic Interval Timer (BIT). BIT generates the time base for
watchdog timer counting and provides a basic interval timer interrupt (BITIFR).

BIT of MC96F6432P features the following:

*  During Power-On, BIT gives a stable clock generation time
* On exiting Stop mode, BIT gives a stable clock generation time

* As atimer, BIT generates a timer interrupt.

2.4.6.1 Block Diagram

Figure 12. Basic Interval Timer in Block Diagram
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247 Watchdog Timer (WDT)

Watchdog Timer (WDT) is used to rapidly detect CPU malfunctions such as endless looping caused by
noise. In addition, it is used to resume the CPU in a normal state. Watchdog timer signal for malfunction
detection can be used as either a CPU reset or an interrupt request. When the WDT is not being used
for the detection of the CPU malfunctions, it can be used as a timer generating an interrupt at fixed
intervals.

The WDT can be used in a free running 8-bit timer mode or in a watchdog timer mode by setting
WDTRSON bit, which is WDTCR[6]. If ‘1’ is written to WDTCRI[5], WDT counter value is cleared and
counts up. After 1 machine cycle, this bit is cleared to ‘0’ automatically.

The WDT consists of an 8-bit binary counter and a watchdog timer data register. When the value of an
8-bit binary counter is equal to the 8 bits of WDTCNT, an interrupt request flag is generated. This can
be used as a watchdog timer interrupt or a reset of CPU in accordance with a bit WDTRSON.

The input clock source of watchdog timer is BIT overflow and WDTRC. Interval of watchdog timer
interrupt is decided by the BIT overflow period and WDTDR set value. Equation of the WDT interrupt
interval is described in the following:

*  WDT Interrupt Interval = (BIT Interrupt Interval) X (WDTDR Value+1)

*  WDT Interrupt Interval = 256/fwpTrc X (WDTDR Value+1) when WDTRC

2.4.71 Block Diagram

Figure 13. Watchdog Timer in Block Diagram
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2438 Watch Timer (WT)

The watch timer has the function for RTC (Real Time Clock) operation. It is generally used for RTC
design. The internal structure of the watch timer consists of the clock source select circuit, timer counter
circuit, output select circuit and watch timer control register.

To operate the watch timer, determine the input clock source, output interval and set WTEN to ‘1’ in
watch timer control register (WTCR). It can be executed simultaneously or individually.

To stop or reset WT, clear the WTEN bit in WTCR register. Even if CPU is STOP mode, sub clock can
be so alive that WT can continue the operation.

The watch timer counter circuits may be composed of 21-bit counter which contains low 14-bit with
binary counter and high 7-bit counter to raise resolution. In WTDR, it can control WT clear and set
interval value at write time and it can read 7-bit WT counter value at read time.

Figure 14. WT Block Diagram
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249 TIMER 0

The 8-bit timer 0 consists of multiplexer, timer O counter register, timer 0 data register, timer O capture
data register and timer O control register (TOCNT, TODR, TOCDR, TOCR).

TIMER 0 operates in one of three operating modes:

e 8-bit capture mode
e  8-bit timer/counter mode

e 8-bit PWM output mode

Specifically in capture mode, data is captured into input capture data register (TOCDR) by EINT10.
Timer 0 outputs the comparison result between counter and data register through TOO port in
timer/counter mode. Timer 0 outputs PWM wave form through PWMOO port in the PPG mode).

A timer/counter 0 uses an internal clock or an external clock (EC0) as an input clock source. The clock
sources are described below, and one is selected by clock selection logic which is controlled by clock
selection bits (TOCK][2:0]).

e Timer O clock sources: fx/2, 4, 8, 32, 128, 512, 2048 and ECO

Table 10. TIMER 0 Operating Modes

TOEN P5FSRL[5:4] TOMS[1:0] TOCK][2:0] Timer 0
1 10 00 XXX 8 Bit Timer/Counter Mode
1 00 1X XXX 8 Bit Capture Mode
1 10 01 XXX 8 Bit PWM Mode
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2491 Block Diagram

Figure 15. 8-Bit Timer 0 in Block Diagram
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MC96F6432P Datasheet 2. Description

2410 TIMER1

A 16-bit timer 1 incorporates a multiplexer and eight registers such as timer 1 A data register high/low,
timer 1 B data register high/low, timer 1 capture data register high/low, and timer 1 control register
high/low (T1ADRH, T1ADRL, T1BDRH, T1BDRL, T1CAPH, T1CAPL, T1CRH, T1CRL).

TIMER 1 operates in one of four operating modes:
e 16-bit capture mode
*  16-bit timer/ counter mode
*  16-bit PPG output mode (one-shot mode)

*  16-bit PPG output mode (repeat mode)

Specifically in capture mode, data is captured into capture data register (T1CAPH/T1CAPL) by EINT11.
Timer 1 outputs the comparison result between counter and data register through T10 port in
timer/counter mode. Timer 1 outputs PWM wave form through PWM10O port in the PPG mode).

A timer/counter 1 uses an internal clock or an external clock (EC1) as an input clock source. The clock
sources are described below, and one is selected by clock selection logic which is controlled by clock
selection bits (T1CKJ[2:0]).

e Timer 1 clock sources: fx/1, 2, 4, 8, 64, 512, 2048 and EC1

Table 11. TIMER 1 Operating Modes

T1EN P1FSRL[5:4] T1MS[1:0] T1CK[2:0] Timer 1
1 11 00 XXX 16 Bit Timer/Counter Mode
1 00 01 XXX 16 Bit Capture Mode
1 11 10 XXX 16 Bit PPG Mode (one-shot mode)
1 11 11 XXX 16 Bit PPG Mode (repeat mode)
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2. Description MC96F6432P Datasheet

2.4.10.1 Block Diagram

Figure 16. 16-Bit Timer 1 in Block Diagram
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T1MS[1:0
(o] FLAG11 _>T0 interrupt
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NOTE:
1.  The T1EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
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MC96F6432P Datasheet 2. Description

2411 TIMER 2

A 16-bit timer 2 incorporates a multiplexer and eight registers such as timer 2 A data register high/low,
timer 2 B data register high/low, timer 2 capture data register high/low, and timer 2 control register
high/low (T2ADRH, T2ADRL, T2BDRH, T2BDRL, T2CAPH, T2CAPL, T2CRH, T2CRL).

TIMER 2 operates in one of four operating modes:

e 16-bit capture mode
*  16-bit timer/ counter mode
*  16-bit PPG output mode (one-shot mode)

*  16-bit PPG output mode (repeat mode)

Specifically in capture mode, data is captured into capture data register (T2CAPH/T2CAPL) by EINT12.
Timer 2 outputs the comparison result between counter and data register through T20 port in
timer/counter mode. Timer 2 outputs PWM wave form through PWM20 port in the PPG mode).

A timer/counter 2 uses an internal clock or an external clock (T1 A Match) as an input clock source. The
clock sources are described below, and one is selected by clock selection logic which is controlled by
clock selection bits (T2CK[2:0]).

e Timer 2 clock sources: fX/1, 2, 4, 8, 32, 128, 512 and T1 A Match

Table 12. TIMER 2 Operating Modes

T2EN P1FSRL[3:2] T2MS[1:0] T2CK[2:0] Timer 2
1 11 00 XXX 16 Bit Timer/Counter Mode
1 00 01 XXX 16 Bit Capture Mode
1 11 10 XXX 16 Bit PPG Mode (one-shot mode)
1 11 11 XXX 16 Bit PPG Mode (repeat mode)
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2. Description MC96F6432P Datasheet

2.4.11.1 Block Diagram

Figure 17. 16-Bit Timer 2 in Block Diagram
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\ 4
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NOTE:

1.  The T2EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.
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2412 TIMER 3 and Timer 4

Timer 3 and timer 4 can be used as either two 8-bit timer/counter or one 16-bit timer/counter with
combine them. Each 8-bit timer/event counter module has multiplexer, comparator, 8-bit timer data
register, 8-bit counter register, control register and capture data register (T3CNT, T3DR, T3CAPR, T3CR,
T4CNT, T4DR, T4CAPR and T4CR). For PWM, it has PWM register (T4PPRL. T4PPRH, T4ADRL,
T4ADRH, T4BDRL, T4BDRH, T4CDRL, T4CDRH, T4DLYA, T4DLYB, T4DLYC).

TIMER 3/4 operates in one of five operating modes:

*  8-bit timer/counter mode
e 8-bit capture mode

*  16-bit timer/counter mode
e 16-bit capture mode

*  10-bit PWM mode

The timer/counter 3 and 4 can be clocked by an internal or an external clock source (EC3). The clock
source is selected by clock selection logic which is controlled by the clock selection bits (T3CK[2:0],
T4CK[3:0]). Also, the timer/counter 4 can use more clock sources than timer/counter 3.

* TIMER 3 clock source: fX/(2, 4, 8, 32, 128, 512, 2048), EC3

* TIMER 4 clock source: fX/(1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192, 16384),
T3 clock

In the capture mode, by EINTO/EINT1, the data is captured into input capture data register (T3CAPR,
T4CAPR). In 8-bit timer/counter 3/4 mode, whenever counter value is equal to T3DR/T4DR, T30/T40
port toggles. Also, In 16-bit timer/counter 3 mode. The timer 3 outputs the comparison result between
counter and data register through T30 port. The PWM waveforms to PWMAA, PWMAB, PWMBA,
PWMBB, PWMCA, PWMCB Port(6-channel) in the PWM mode

Table 13. TIMER 3/4 Operating Modes

16 Bit | T3MS T4MS PWM4E | T3CK[2:0] | T4CK|3:0] Timer 3 Timer 4
0 0 0 0 XXX XXXX 8-bit 8-bit
Timer/Counter Timer/Counter

Mode Mode

0 1 1 0 XXX XXXX 8-bit Capture 8-bit Capture
Mode Mode

1 0 0 0 XXX XXXX 16-bit Timer/Counter Mode

1 1 1 0 XXX XXXX 16-bit Capture Mode

0 X X 1 XXX XXXX 10-bit PWM Mode
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2. Description

2.4.12.1 Block Diagram

MC96F6432P Datasheet

Figure 18. 8-Bit Timer 3/4 in Block Diagram (Two 8-Bit Mode)

NOTE:

1. Do not set to “1111b” in the T4CK[3:0], when two 8-bit timer 3/4 modes.
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MC96F6432P Datasheet 2. Description

Figure 19. 16-Bit Timer 3 in Block Diagram (16-Bit Mode)

EC3
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NOTE:
1. The T4CR.7 bit (16BIT) should be set to ‘1’ and the T4CK][3:0] should be set to “1111b”.
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2. Description MC96F6432P Datasheet

2413 Buzzer

The Buzzer consists of an 8-bit counter, buzzer data register (BUZDR) and buzzer control register
(BUZCR). The Square Wave (61.035Hz~125.0 kHz @ 8 MHz) is outputted through P11/BUZO pin. The
buzzer data register (BUZDR) controls the buzzer frequency (look at the following expression). In
buzzer control register (BUZCR), BUCK]2:0] selects source clock divided by prescaler.

Oscillator Frequency

fBUZ (Hz) =

2 x Prescaler Ratio x (BUZDR +1)

Table 14. Buzzer Frequency at 8 MHz

Buzzer Frequency (kHz)
BUZDR][7:0]
BUZCR[3:1]=000 BUZCR[3:1]=001 BUZCR[3:1]=010 BUZCR[3:1]=011
0000_0000 125 kHz 62.5 kHz 31.25 kHz 15.625 kHz
0000_0001 62.5 kHz 31.25 kHz 15.625 kHz 7.812 kHz
1111_1101 492.126 Hz 246.063 Hz 123.031 Hz 61.515 Hz
1111_1110 490.196 Hz 245.098 Hz 122.549 Hz 61.274 Hz
1111_1111 488.281 Hz 244141 Hz 122.07 Hz 61.035 Hz
2.4.13.1 Block Diagram
Figure 20. Buzzer Driver Block Diagram
BUZEN
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/32 ¢ 8-bit Up-Counter

hoea_y | 1 [e—] Clear

Pre 2% (U o Counter
B — | caler|_t4128 4 | X M
fx/256 4,
Match
%3 —3 FF |——0OBuzo
Comparator
BUCK[2:0]
BUZDR
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MC96F6432P Datasheet 2. Description

2.414 12-Bit A/D Converter

Analog-to-Digital (A/D) converter allows conversion of an analog input signal to a corresponding 12-bit
digital output. The A/D module has 16 analog inputs, and the output of the multiplexer becomes the
input into the converter, which generates a result via successive approximation.

The A/D module incorporates four registers as listed in the following. Each register can be selected for
the corresponding channel by setting ADSEL[3:0]. When conversion is completed, two registers
ADCDRH and ADCDRL contain the results of the conversion, the conversion status bit AFLAG is set to
“1’, and A/D interrupt is set. During the A/D conversion, AFLAG bit is read as ‘0’.

*  A/D converter control high register (ADCCRH)
*  A/D converter control low register (ADCCRL)
*  A/D converter data high register (ADCDRH)

*  A/D converter data low register (ADCDRL)
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2. Description MC96F6432P Datasheet

2.4.14.1 Block Diagram

Figure 21. 12-Bit ADC Block Diagram
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2.4.15 Serial Peripheral Interface (SPI) 2

There is a Serial Peripheral Interface (SPI) channel in MC96F6432P. The SPI allows synchronous serial
data transfer between the external serial devices. It can do Full-duplex communication by 4-wire (MOSI,
MISO, SCK, SS) and support master/slave mode. In addition, it can select serial clock (SCK) polarity,
phase, and whether to transfer the LSB first data or the MSB first data.

2.4.15.1 Block Diagram

Figure 24. SPI 2 Block Diagram
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2. Description MC96F6432P Datasheet

2.416 UART + SPI +12C (USI 0/1)

The USI is an acronym of USART, SPI and 12C. The MC96F6432A has two USI function blocks, USIO
and USI1 that are of the same functionality. Each USI consists of USI control register1/2/3/4, US| status
register 1/2, USI baud-rate generation register, USI data register, US| SDA hold time register, USI SCL
high period register, USI SCL low period register and USI slave address register (USINCR1, USInCR2,
USInCR3, USInCR4, USInST1, USInST2, USInBD, USInDR, USINSDHR, USINSCHR, USInSCLR,
USInSAR) nis O or 1.

The operation mode is selected by the operation mode of USIn selection bits (USInMS[1:0]).
USI 0/1 operates in one of four operating modes:

*  Asynchronous mode (UART)

*  Synchronous mode (USART)

e SPI mode

e |2C mode
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2.4.16.1 Block Diagram

Figure 25. UART Block Diagram (Where n = 0 and 1)
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Figure 26. SPI Block Diagram (Where n =0 and 1)
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Figure 27. 12C Block Diagram (Where n = 0 and 1)
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1. When the USI block is an I12C mode and the corresponding port is a sub-function for SCL/SDA pin, the SCL/SDA
pins are automatically set to the N-channel open-drain outputs and the input latch is read in the case of reading
the pins. The corresponding pull-up resistor is determined by the control register. The release signal may be
generated by all interrupt sources which are enabled without reference to the priority level.
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2417 UART2

The MC96F6432P has built-in 1-channel of UART module (Universal Asynchronous Receiver/
Transmitter).

The UART 2 of the MC96F6432P features the following:

*  Full-duplex and half-duplex operations

*  Baud rate generator

*  Supports serial frames with 5,6,7, or 8 Data bits and 1 or 2 Stop bits

* Odd or even parity generation, and parity check supported by hardware
* Data OverRun Detection

*  Framing Error Detection

* Double speed Asynchronous communication mode
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MC96F6432P Datasheet

2.4.17.1 Block Diagram

Figure 28. UART 2 Block Diagram (where n = 2)

2. Description
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2. Description MC96F6432P Datasheet

2.418 Flash CRC and Checksum Generator

Flash CRC (Cyclic Redundancy Check) generator of MC96F6432P generates 16-bit CRC code bits
from Flash and a polynomial generator. The CRC code for each input data frame is appended to the
frame.

Specifically, CRC-based technique is used to verify data transmission or storage integrity. In the scope
of the functional safety standards, this technique offers a means of verifying the Flash memory integrity.
The Flash CRC generator helps compute a signature of software during runtime, to be compared with

a reference signature.
The CRC generator has the following features:

* Auto CRC and User CRC Mode
*  CRC Clock: fire, fire/2, firc/4, firc/8 and fx (System clock)

*  CRC-16 polynomial: 0x8C81 (X6 + X5 + XM + X0 + X7 +1)

Figure 29. CRC-16 Polynomial Structure

CRC: G(x) =x" + X" +x" + x"0+x" +1

weirsy O] D H H H e e H H{ J«4
9 Is r7

15 Ma M3 rz m ro e s 4 I3 rn n o
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MC96F6432P Datasheet 2. Description

2.4.18.1 Block Diagram

Figure 30. Flash CRC/Checksum Generator Block Diagram
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2. Description

2.419 Power Down Operation

MC96F6432P Datasheet

MC96F6432P offers two power-down modes to minimize power consumption of itself. Programs under

the two power saving modes IDLE and STOP, are stopped and power consumption is reduced

considerably.

2.4.19.1 Peripheral Operation in IDLE/STOP Mode

Peripheral’'s operations during IDLE mode and STOP mode are described in Table 15.

Table 15. Peripheral Operation During Power-Down Mode

Peripheral IDLE mode STOP mode
CPU ALL CPU Operation are Disable ALL CPU Operation are Disable
RAM Retain Retain
Basic Interval Timer Operates Continuously Stop
Watchdog Timer Operates Continuously Stop (Can be opé)esract;ad with WDTRC

Watch Timer Operates Continuously Stop (Can be operated with sub clock)
Halted (Only when the Event Counter
Timer0~4 Operates Continuously Mode is Enabled, Timer operates
Normally)
ADC Operates Continuously Stop
BUZ Operates Continuously Stop
SPI Operates Continuously Only operate with external clock
USI0/1 Operates Continuously Only operate with external clock
UART Operates Continuously Stop
Internal OSC
Oscillation Stop when the system clock (fx) is fIRC
(16MHz)
WD;I,-;cH:Z())SC Can be operated with setting value Can be operated with setting value
Main OSC
Oscillation Stop when fx = f
(0.4~8.5MHz) nat P when b= b
Sub OSC
Oscillation Stop when fx = f
(32.768KHz) nat pwhen b= Teue
I/O Port Retain Retain
Control Register Retain Retain
Address Data Bus Retain Retain

Release Method

By RESET, all Interrupts

By RESET, Timer Interrupt (ECO, EC1,
EC3), SPI (External clock), External
Interrupt, UART by RX, WT (sub clock),
WDT
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MC96F6432P Datasheet 2. Description

2.4.20 Reset

When a reset event occurs, an internal register is selected to be initialized in accordance with a reset
value. Each reset value described in Table 16 indicates a corresponding On-Chip Hardware that is to

be initialized.
Table 16. Reset Value and the Relevant On-Chip Hardware
On-Chip Hardware Reset Value
Program Counter (PC) 0000H
Accumulator OOH
Stack Pointer (SP) 07H
Peripheral clock On
Control register Refer to peripheral registers.

MC96F6432P has 5 types of reset sources as listed in the following:

* External RESETB

*  Power On RESET (POR)

*  WDT overflow reset (in a case of WDTEN="1")
* Low voltage reset (in a case of LVREN="0’)

* OCDRESET

2.4.20.1 Block Diagram
Figure 31 shows a reset block of MC96F6432P.

Figure 31. Reset Block Diagram
Ext RESET RESET
Disable by FUSE Noise Canceller
LVR RESET
LVR Enable Noise Canceller |

POR RST

s a——Internal Reset

WDT RST |—> R
OCD RST IFBIT
OCD RSTEN (BIT Overflow)
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2. Description MC96F6432P Datasheet

2.4.21 Flash Memory

MC96F6432P incorporates Flash memory inside. Program can be written, erased, and overwritten on
the Flash memory while it is mounted on a board. The Flash memory can be read by ‘MOVC’ instruction
and programmed in OCD, serial ISP mode or user program mode.

The following are the main features of Flash memory:
* Flash Size: 32 KB
* Single power supply program and erase
* Command interface for fast program and erase operation
*  Minimum 10,000 (Sector 0~507)/100,000 (508~511) program/erase cycles at typical voltage

and temperature for Flash memory

NOTE:
1. Interrupts must be disabled (DI) by software before accessing Flash user memory.
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MC96F6432P Datasheet

2.4.21.1 Flash Program ROM Structure

2. Description

Figure 32. Flash Program ROM Structure

07FFFH
Sector 511
07FCOH 07FCOH
07FBFH
Sector 510
07F80H 07F80H
07F7FH
Sector 509
07F40H 07F40H
07F3FH
Sector 508
| | |
| | |
ROM | | | Flash
Address | | | Sector
| | | Address
| | |
| | |
| | |
| | |
| | |
Sector 2
00080H 00080H
0007FH
Sector 1 /| 003FH
00040H 00040H Sector 1
0003FH 0000H
Sector 0 Sector 0 /
00000H 00000H /
Flash Program Memory Flash User Memory
64bytes 64bytes
803FH
Acce_ssed by Flash Page Buffer Page(Sector)
MOVX instruction Buffer
(External Data Memory, 64 bytes)
only 8000H Address
FSADRH/M/L
FIDR
Flash Controller FMCR
USERMCR
NOTES:
1.  Interrupts must be disabled (DI) by software before accessing Flash user memory.
2. The Flash user memory is not hard-lock even if the Flash program memory is hard-lock.
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2. Description MC96F6432P Datasheet

2.5 Development Tools

This chapter describes wide range of development tools for MC96F6432P. ABOV offers software tools,
debuggers, and programmers to help a user in generating right results to match target applications.
ABOV supports the entire development ecosystem of the customers.

2.5.1 Compiler

ABOV semiconductor does not provide any compiler for MC96F6432P. However, since MC96F6432P
has M8051 as its CPU core, users can use all kinds of third party's standard 8051 compilers such as
Keil C Compiler. These compilers' output debug information can be integrated with our OCD emulator
and debugger. Refer to our website www.abovsemi.com for more information regarding the OCD

emulator and debugger.
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MC96F6432P Datasheet 2. Description

2.5.2 E-OCD Il Interface and OCD Debugger

The E-OCD Il interface supports ABOV Semiconductor’s 8051 series microcontroller emulation. It uses
two wires to interface between the host computer and the microcontroller, which is attached to the target
system. The E-OCD Il can read or change the value of the microcontroller’s internal memory and 1/O
peripherals. In addition, it controls the microcontroller’s internal debugging logic. This means E-OCD Il
controls emulation, step run, monitoring, and many more functions regarding debugging.

The OCD debugger program runs underneath MS operating systems such as MS Windows NT/ 2000/
XP/Vista/7/8/8.1/10/11 (32-bit, 64-bit).

Programming information using the E-OCD Il is provided in the section 2.5.4 On-Chip Debug System.
For more detailed information about the E-OCD II, refer to our website www.abovsemi.com and

download the debugger software and documents.

Figure 33. E-OCD Il and OCD Pin Descriptions

1 o O 2 USER VCC
3 o O 4 USER GND
5 I: o O 6 DSCL

7 o O 8 DSDA

9 o O 10

The following are the OCD mode connections:

 DSCL (MC96F6432P P01 port)

» DSDA (MC96F6432P P00 port)
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2. Description MC96F6432P Datasheet

253 Programmer
2.5.31 E-PGM+ and E-PGM Serial

The E-PGM+ and E-PGM Serial are standalone programmers, which allows users to program on the
device directly.

e Supports for all ABOV microcontroller devices

* Adedicated tool for mass production

*  40-pin Textool DIP socket for single-chip programming (E-PGM+ only)
*  10-pin connector for ISP mode

* USB host interface

e HEX downloads and controls

Figure 34. E-PGM+ (Single Writer) and Pin Descriptions

1

NABOV
E_ PG M = stmiconDuCTOR

2
o

L
[

3y D0
- L =
|

T

STATUS
C

DDDDDDQDODGDDO&&EL’)DOD
DDODGDDOODDODDD?ODOD
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2.5.3.2 Gang Programmer

E-Gang4 and E-Gang6 allows a user to program on multiple devices at a time. They run not only in
host-controlled mode but also in standalone mode without host control. USB interface is available, and
it is easy to connect to the handler.

Table 17. Specification of E-Gang4 and E-Gang6

Gang Programmer E-Gang4 E-Gang6
Dimension (x, y, h) 33.5x22.5x 35 mm 148.2 x 22.5 x 35 mm
Weight 2.0 kg 2.8 kg
Input voltage DC Adaptor 15 V/2 A DC Adaptor 15 V/2 A
Operating temperature -10°C to 40°C -10°C to 40°C
Storage temperature -30°C to 80°C -30°C to 80°C
Waterproof No No

Figure 35. E-Gang4 and E-Gang6 (for Mass Production)

NBOV
E-GANGa

IiiT- Iiiiii-

f

2.5.3.3 MTP Programming

Program memory of MC96F6432P is an MTP Type. This Flash is accessed through four pins such as
DSCL, DSDA, VDD, and VSS in serial data format.

Table 18 describes each pin and corresponding I/O status.

Table 18. Pins for MTP Programming

. Main Chip Pin During Programming
Pin Name N
ame o Description
DSCL PO1 I Serial clock pin. Input only pin.
DSDA P00 o) Serial datq pin. Output ponjt when rgadlng and input port when
programming. Can be assigned as input/push-pull output port.
VDD, VSS VDD, VSS - Logic power supply pin.
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2. Description MC96F6432P Datasheet

2.5.3.4 On-Board Programming

The MC96F6432P needs only four signal lines including VDD and VSS pins for programming Flash with
serial protocol. Therefore, the on-board programming is possible if the programming signal lines are
considered when the PCB of application board is designed.

2.5.3.5 Circuit Design Guide

When programming Flash memory, the programming tool needs four signal lines, DSCL, DSDA, VDD,
and VSS. When you design a PCB circuit, you should consider the usage of these four signal lines for
the on-board programming.

Figure 36. PCB Design Guide for On-Board Programming

E-PGM+, E-GANG4/E-GANGG6

R1 (2kQ ~ 5kQ)

pscu() || AMN——> Toapplication circuit

R2 (2kQ ~ 5kQ)

DSDA(/0) || ® AN\— Toapplication circuit

VDD

L]

VSS

]
e

NOTES:

1. Inon-board programming mode, a very high-speed signal will be provided to pin DSCL and DSDA. And it will cause
some damage to the application circuits connected to DSCL or DSDA port if the application circuit is designed as
a high-speed response such as relay control circuit. If possible, the I/O 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 the circuit of system.
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254

On-Chip Debug System

2. Description

Detail descriptions for programming via the OCD interface can be found in the following figures. Table

19 describes features of OCD and Figure 37 shows a block diagram of the OCD interface and the On-

chip Debug system.

Table 19. Features of OCD

Two wire external interface

* One for serial clock input

¢ One for bi-directional serial data bus

Debugger accesses

¢ All internal peripherals
¢ Internal data RAM
* Program Counter

* Flash memory and EEPROM memory

Extensive On-Chip Debugging
Supports for Break Conditions

* Break instruction
 Single step break
* Program memory break points on single address

* Programming of Flash, Data Flash, Fuses, and Lock bits through
the two-wire interface

* On-Chip Debugging supported by E-OCD-II.

Operating frequency

The maximum frequency of a target microcontroller

Figure 37. On-Chip Debugging System in Block Diagram

=5

Format converter

USE o

« =

User I/0

DBG
DSCL BDC
| Control
= DSDA
CPU DB Register

Target MCU intemal circuit

Address bus

-— Intemal data bus

Code memory
- SRAM
- Flash
- EEFROM

——

Data memory Peripheral
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2. Description MC96F6432P Datasheet

2541

Two-Pin External Interface

Basic Transmission Packet

10-bit packet transmission using a two-pin interface.
1-packet consists of 8-bit data, 1-bit parity and 1-bit acknowledge.
Parity is even of ‘1’ for 8-bit data in transmitter.

Receiver generates acknowledge bit as ‘0’ when transmission for 8-bit data and its parity has
no error.

When transmitter has no acknowledge (Acknowledge bit is ‘1’ at tenth clock), error process is
executed in transmitter.

When acknowledge error is generated, the host computer makes stop condition and transmits
command which has error again.

Background debugger command is composed of a bundle of packets.

Start condition and stop condition notify the start and the stop of background debugger
command respectively.

Figure 38. 10-Bit Transmission Packet

St Do | D1 Dz | D3 | D4 | D5 | D6 | DY P A
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Packet Transmission Timing

Figure 39. Data Transfer on Twin Bus

pDsDA LR e
acknowledgement acknowledgement
signal from receiver signal from receiver
DSCL
st \ ,1\ ,10\ /1\ ,10\ / sp
ACK ACK
START STOP
Figure 40. Bit Transfer on Serial Bus
oson [ Y T Y
data line
stable: : change
data valid 5 of data
except Start and Stop | allowed
Figure 41. Start and Stop Condition
DsSDA
DSDA
pscL | - -——- . psaL

X X

START condition

STOP condition

\BO\
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2. Description
Figure 42. Acknowledge on Serial Bus
Dataoutput GEREEEEERERES
By transmitter \ X X X X
no acknowledge
Data output
By receiver \ f
acknowledge
DSCL from
master \ f 1 \ f 2 \ g 10
clock pulse for ackr:IMedgemen’[
Figure 43. Clock Synchronization During Wait Procedure
Acknowledge bit Acknowledge bit
transmission transmission
;Minimum : : : T
ﬁf i {owatHIGH | gartHIGH o
ns i : : 1
HostPC ¢ \ H j
pscLout i
. Startwait ; ?
Target Device % /
5 minimum 1 Tezw
Maximum 5 Tacwx —}{_ for next byte E
j_\t'ransmission f7

DSCL OUT
“—

DsCL \
: Internal Operation ﬁ
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MC96F6432P Datasheet 2. Description

2.5.4.2 Connection of Transmission

Two-pin interface connection uses open-drain (wire-AND bidirectional I/O).

Figure 44. Connection of Transmission

VDD
pull -up Rp Rp
resistors
DSDA(Debugger Serial Datz Line)
O o
DSCL{Debugger Serial Clock Line) l

DSCL DSDA DSCL DSDA
i ol el ol
DSCL DSDA DSCL DSDA
IN N IN IN
Host Madhine{Master) Target Devicel Slave)

Current source for DSCL o fast 0 to 1 transition in high speed mode
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3. Pinouts and Pin Descriptions

In this chapter, MC96F6432P pinouts and pin descriptions are described.

3.1 Pinouts
Figure 45. MC96F6432PL 44-LQFP Pinouts
o
o
N
>
P4
e
2
T
. ]
m >
- zz
Sxo g - =
XRE€533 333z
0 o Q= SEE S
com4d &) m 4 <
Z3258 8827
25X O g2 2
Z2ECcxgo0<<2a0IXE
Jd3 zX¢E& » 0O o sz
o O XZ4w»m0OD>»r @
B D DDA DWW W W W W
A WODN -2 O © 0N O O b
P55/RESETB [ 1 33 ] PO4/AN2/EINT2/PWM4BA
P40/RXD0/SCLO/MISOO0 [ 2 @ ’s g 32 ] PO5/AN3/EINT3/PWM4BB
P41/TXD0/SDAO/MOSIO [ 3 S n 31 ] PO6/AN4/EINT4/PWM4CA
P42/SCKO ] 4 ¢« 30 [ PO7/ANS5/EINT5/PWMACB
P43/SS0 [ 5 ) SI»1 29 [] P17/ANG/EINT6/SS2
P37/TXD2 ] 6 % Per) 28 ] P16/AN7/EINT7/SCK2
P36/RXD2 ] 7 L S 27 [ P15/AN8/MISO2
P35 ] 8 o ‘,Go 26 [—] P14/AN9/MOSI2
P34 [ 9 - o) 25 [ P13/AN10/EC1/BUZO
P33 [ 10 8 r- 24 ] P12/AN11/EINT11/T10/PWM10
P32 [ 11 23 ] P11/AN12/EINT12/T20/PWM20
=) A A A A A A a NN
N W s OO N 0 O© O =~ N
W U U U U U U U U U T
W W NDNDNDNDDNDNDNDDND-=
» 3> 3>
@z z2Z
a & @
@& 33
<
288
g @
> 2
2=
2 8
NOTE:
1. The TXD2/RXD2 lines for UART2 can be configured on the P51/P50 pins by software control.
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Figure 46. MC96F6332PL 32-LQFP Pinouts

led ] 6
oed CJ o1
led T 1

o
o
8
>
Z
&
z
Py
m
T
E i
IS} b4
m_ g 3
4 = T T
253 523
M3 8 3 Q
c8% g8
2%9:588¢%
XZ 3 w»mO>»rF ;
W W W N NN DN DN
N = O © 00 N O O
P53/SXIN/TOO/PWMOO [ 1 o= 24 [ PO3/AN1/EINTA/PWMA4AB
P54/SXOUT/EINT10 ] 2 R O 23 ] PO4/AN2/EINT2/PWM4BA
P55/RESETB [ 3 5 < 22 ] POS5/AN3/EINT3/PWM4BB
P40/RXDO0/SCLO/MISOO0 [ 4 by | 21 ] PO6/AN4/EINT4/PWM4CA
P41/TXDO/SDAO/MOSI0 ] 5 bH 20 ] PO7/ANS/EINTS/PWMACB
P42/SCK0 ] 6 S8 19 1 P13/AN10/EC1/BUZO
P33 ] 7 o T 18 1 P12/AN11/EINT11/T10/PWM1O
P32 ] 8 Jdr 17 1 P11/AN12/EINT12/T20/PWM20
S oo
T T
N N
S N
w
@

IMOS/GINV/Led T vb

LISOW/LYAS/LaxXLivLNv/oed ] st
LOSIW/LT0S/LaxXd/eLNY/0Ld ] 9t

NOTES:

1.  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.

2. The TXD2/RXD2 lines for UART2 can be configured on the P51/P50 pins by software control.
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Figure 47. MC96F6332PD 32-SOP Pinouts

vss [ 1 U 32 [ vDD
P50/(RXD2)/XOUT ] 2 31 [ POO/EC3/DSDA
P51/(TXD2)/XIN ] 3 30 [ Po1/T30/DSCL
P52/EINT8/ECO/BLNK [ 4 29 1 P02/ANO/AVREF/EINTO/T40/PWMAAA
P53/SXIN/TOO/PWMOO [ 5 = 28 [] PO3/AN1/EINT1/PWMA4AB
P54/SXOUT/EINT10 ] 6 —~ 0 27 [ PO4/AN2/EINT2/PWM4BA
P55/RESETB [ 7 K," g 26 ] PO5/AN3/EINT3/PWMA4BB
P40/RXDO/SCLO/MISO0 [ 8 1M 25 ] PO6/AN4/EINT4/PWMACA
P41/TXD0O/SDAO/MOSIO [ 9 8 8 24 ] PO7/AN5/EINT5/PWMACB
P42/SCK0 ] 10 o W 23 [ P13/AN10/EC1/BUZO
P33 ] 11 -~ N 22 [ P12/AN11/EINT11/T10/PWM10
P32 1 12 g 21 [ P11/AN12/EINT12/T20/PWM20
P31 1 13 20 [ P10/AN13/RXD1/SCL1/MISO1
P30 ] 14 19 [] P20/AN14/TXD1/SDA1/MOSI
P27 1 15 18 [ P21/AN15/SCK1
P26 ] 16 17 [ P22/ss1

NOTES:

1. 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.

2.  The TXD2/RXD2 lines for UART2 can be configured on the P51/P50 pins by software control.
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Figure 48. MC96F6332PM 28-SOP Pinouts

vss ] 1 U 28 [ VDD
P50/(RXD2)/XOUT ] 2 27 [ POO/EC3/DSDA
P51/(TXD2)XIN ] 3 26 [ P01/T30/DSCL
P52/EINTS8/ECO/BLNK [ 4 = 25 [] P02/ANO/AVREF/EINTO/T40/PWM4AA
P53/SXIN/TOO/PWMOO [ 5 0 24 [] PO3/AN1/EINT1/PWM4AB
P54/SXOUT/EINT10 ] 6 N 8 23 [] PO4/AN2/EINT2/PWM4BA
P55/RESETB [ 7 ® T 22 [] PO5/AN3/EINT3/PWM4BB
P40/RXDO/SCLO/MISO0 ] 8 8 8 21 ] PO6/AN4/EINT4/PWMACA
P41/TXDO/SDAO/MOSIO ] 9 3 S 20 ] PO7/AN5/EINT5/PWMACB
P42/SCK0 ] 10 ) 19 [ P12/AN11/EINT11/T10/PWM10
P33 ] 11 = 18 [ P11/AN12/EINT12/T20/PWM20
P32 [ 12 17 [ P10/AN13/RXD1/SCL1/MISO1
P31 ] 13 16 [ P20/AN14/TXD1/SDA1/MOSI1
P30 [ 14 15 [ P21/AN15/SCK1

NOTES:

1.  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.

2. The TXD2/RXD2 lines for UART2 can be configured on the P51/P50 pins by software control.

Figure 49. MC96F6332PR 28-TSSOP Pinouts

vss ] 1 \—/ 28 [ vDD
P50/(RXD2)/XOUT ] 2 27 [ POO/EC3/DSDA
P51/(TXD2)/XIN ] 3 26 [ PO01/T30/DSCL
P52/EINTS/ECO/BLNK [ 4 = 25 [ P02/ANO/AVREF/EINTO/TA0/PWMAAA
P53/SXIN/TOO/PWMOO [ 5 ~ 0 24 [T PO3/AN1/EINT1/PWM4AB
P54/SXOUT/EINT10 ] 6 ® 8 23 [ PO4/AN2/EINT2/PWM4BA
P55/RESETB [ 7 = 7 22 [] PO5/AN3/EINT3/PWM4BB
P40/RXDO/SCLO/MISO0 ] 8 % 8 21 [] PO6/AN4/EINT4/PWM4CA
P41/TXDO/SDAO/MOSIO ] 9 (@] ‘,3 20 [] PO7/ANS/EINT5/PWM4CB
P42/SCKO ] 10 I3 19 [ P12/AN11/EINT11/T10/PWM10
P33 ] 1 A 18 [ P11/AN12/EINT12/T20/PWM20
P32 ] 12 17 1 P10/AN13/RXD1/SCL1/MISO1
P31 ] 13 16 [ P20/AN14/TXD1/SDA1/MOSI1
P30 ] 14 15 [ P21/AN15/SCK1

NOTES:

1. 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.

2. The TXD2/RXD2 lines for UART2 can be configured on the P51/P50 pins by software control.
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Figure 50. MC96F6232PU 24-QFN Pinouts

NIX/(2dx1)/16d
1NoXx/(zaxy)/osd
vasaseo3/00d
19S0/0€1/L0d

SSA
aan

P52/EINT8/ECO/BLNK P02/ANO/AVREF/EINTO/T40/PWM4AA

P53/SXIN/TOO/PWMOO PO3/AN1/EINT1/PWM4AB
P54/SXOUT/EINT10 {MC96F6232PU PO4/AN2/EINT2/PWMA4BA
P55/RESETB | | (24QFN-0404) P13/AN10/EC1/BUZO

P40/RXD0/SCLO/MISO0 |
P41/TXD0/SDAO/MOSIO [,

P12/AN11/EINT11/T10/PWM10
P11/AN12/EINT12/T20/PWM20

Exposed pad(25)

>

R
N
=
>
z
=
Q
@B
Q
X
a

3
Q
=
Z
@
3
&
=
@
o]
N
2
2]
Q

NOTES:

1.  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.

2. The TXD2/RXD2 lines for UART2 can be configured on the P51/P50 pins by software control.
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3. Pinouts and Pin Descriptions

3.2 Pin Description
Table 20. Pin Description
NPm /10 Function @Reset Shared With
ame
P00 EC3/DSDA
PO1 T30/DSCL
P02 Port 0 is a bit-programmable 1/O port which ANO/AVREF/EINTO/T40/PWM4AA
can be configured as a Schmitt trigger input,
P03 a push-pull output, or an open-drain output. AN1/EINT1/PWM4AB
P04 /o /':I\npi)tull-up resistor can be specified in 1-bit Input AN2/EINT2/PWM4BA
P05 The P05-P07 are not in the 24-Pin package. AN3/EINT3/PWM4BB
P06 AN4/EINT4/PWM4CA
P07 ANS/EINT5/PWM4CB
P10 AN13/RXD1/SCL1/MISO1
P11 Port 1 is a bit-programmable 1/0O port which AN12/EINT12/T20/PWM20
P12 can be configured as a Schmitt trigger input, AN11/EINT11/T10/PWM10
a push-pull output, or an open-drain output.
P13 A pull-up resistor can be specified in 1-bit AN10/EC1/BUZO
/10 unit. Input
P14 The P14-P17 are not in the 32-Pin package. ANS/MOSI2
P15 The P13-P17 are not in the 28-Pin package. AN8/MISO2
P16 The P14-P17 are not in the 24-Pin package. AN7/EINT7/SCK2
P17 ANG/EINT6/SS2
P20 Port 2 is a bit-programmable 1/0 port which AN14/TXD1/SDA1/MOSI1
can be configured as an input, a push-pull
P21 output, or an open-drain output. AN15/SCKA1
P22 A pull-up resistor can be specified in 1-bit unit. SS1
VO | The P23-P25 are not in the 32-Pin package. Input
P23- The P22-P27 are not in the 28-Pin package.
P27 The P20, P22-P27 are not in the 24-Pin -
package.
P30- Port 3 is a bit-programmable 1/0O port which
P35 can be configured as an input or a push-pull -
output.
P36 /o A pull-up resistor can be specified in 1-bit unit. Input RXD2
The P34-P37 are only in the 44-Pin
P37 package. TXD2
P40 Port 4 is a bit-programmable 1/0 port which RXD0/SCLO/MISO0
can be configured as an input, a push-pull
P41 output, or an open-drain output. TXDO0/SDA0O/MOSIO
P42 /O | A pull-up resistor can be specified in 1-bit unit. Input SCKO
The P43 is not in the 32/28-Pin package.
P43 The P42-P43 are not in the 24-Pin package. SS0
P50 XOUT/(RXD2)
P51 Port 5 is a bit-programmable 1/0O port which XINATXD2)
P52 can be configured as a Schmitt trigger input EINTS8/ECO/BLNK
1/10 or a push-pull output. Input
P53 A pull-up resistor can be specified in 1-bit SXIN/TOO/PWMOO
P54 unit SXOUT/EINT10
P55 RESETB
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3. Pinouts and Pin Descriptions MC96F6432P Datasheet
Table 20. Pin Description (continued)
Pin 110 Function @Reset Shared With
Name
EINTO /0 !External interrupt and Timer 3 capture Input P02/ANO/AVREF/T40/PWM4
input AA
EINT e ili);tstrnal interrupt and Timer 4 capture Input PO3/AN1/PWMA4AB
EINT2 P04/AN2/PWM4BA
EINT3 PO5/AN3/PWM4BB
EINT4 PO6/AN4/PWM4CA
EINT5 I/O | External interrupt inputs Input PO7/AN5/PWM4CB
EINT6 P17/AN6/SS2
EINT7 P16/AN7/SCK2
EINT8 P52/ECO/BLNK
EINT10 /0 ili):)tstrnal interrupt and Timer O capture Input P54/SXOUT
EINT11 | 1O i'i’gjtma' interrupt and Timer 1 capture Input P12/AN11/T10/PWM10
EINT12 | 1O E’gﬁ{”a' interrupt and Timer 2 capture Input P11/AN12/T20/PWM20
TOO I/O | Timer O interval output Input P53/SXIN/PWMOO
T10 I/O | Timer 1 interval output Input P12/ANT1/EINT11/PWM10
T20 I/O | Timer 2 interval output Input P11/AN12/EINT12/PWM20
T30 I/0 | Timer 3 interval output Input P01/DSCL
T40 I/O | Timer 4 interval output Input POZ/ANO/AVEE;/EINTO/PWM
PWMO0O I/O | Timer 0 PWM output Input P53/SXIN/TOO
PWM10 I/O | Timer 1 pulse output Input P12/AN11/EINT11/T10
PWM20 /O | Timer 2 pulse output Input P11/AN12/EINT12/T20
PWM4AA P02/ANO/AVREF/EINTO/T40
PWM4AB PO3/AN1/EINT1
PWM4BA PO4/AN2/EINT2
I/O | Timer 4 PWM outputs Input
PWM4BB PO5/AN3/EINT3
PWM4CA PO6/AN4/EINT4
PWM4CB PO7/AN5/EINT5S
BLNK I/O | External Sync Signal Input for 6-ch PWMs Input P52/EINT8/ECO
ECO I/O | Timer 0 event count input Input P52/EINT8/BLNK
EC1 I/O | Timer 1 event count input Input P13/AN10
EC3 I/O | Timer 3 event count input Input POO/DSDA
BUZO I/O | Buzzer signal output Input P13/AN10/EC1
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Table 20. Pin Description (continued)

Pin 110 Function @Reset Shared With
Name
SCKO I/O | Serial 0 clock input/output Input P42
SCK1 I/O | Serial 1 clock input/output Input P21/AN15
SCK2 I/O | Serial 2 clock input/output Input P16/AN7/EINT7
MOSIO I/O | SPI 0 master output, slave input Input P41/TXDO/SDAO
MOSI1 I/O | SPI 1 master output, slave input Input P20/AN14/TXD1/SDA1
MOSI2 I/O | SPI 2 master output, slave input Input P14/AN9
MISOO0 I/O | SPI 0 master input, slave output Input P40/RXD0/SCLO
MISO1 I/0 | SPI 1 master input, slave output Input P10/AN13/RXD1/SCLA1
MISO2 I/O | SPI 2 master input, slave output Input P15/AN8
SS0 I/O | SPI 0 slave select input Input P43
SS1 I/O | SPI 1 slave select input Input P22
SS2 I/0 | SPI 2 slave select input Input P17/ANG/EINT6
TXDO I/0 | UART 0 data output Input P41/SDAO/MOSIO
TXD1 I/O | UART 1 data output Input P20/AN14/SDA1/MOSI1
RXDO I/0O | UART 0 data input Input P40/SCLO/MISO0
RXD1 I/0 | UART 1 data input Input P10/AN13/SCL1/MISO1
SCLO I/0 | 12C 0 clock input/output Input P40/RXD0/MISO0
SCLA1 I/0 | 12C 1 clock input/output Input P10/AN13/RXD1/MISO1
SDAO I/O | 12C 0 data input/output Input P41/TXD0/MOSIO
SDA1 I/O | 12C 1 data input/output Input P20/AN14/TXD1/MOSI1
AVREF I/0O | A/D converter reference voltage Input POZ/ANO/EINTE/T4O/PWM4A
ANO PO2/AVREF/EINTO/T40/PWM
4AA
AN1 PO3/EINT1/PWM4AB
AN2 PO4/EINT2/PWM4BA
AN3 PO5/EINT3/PWM4BB
AN4 PO6/EINT4/PWM4CA
AN5 PO7/EINT5/PWM4CB
ANG I/O | A/D converter analog input channels Input P17/EINT6/SS2
AN7 P16/EINT7/SCK2
AN8 P15/MISO2
AN9 P14/MOSI2
AN10 P13/EC1
AN11 P12/EINT11/T10/PWM10
AN12 P11/EINT12/T20/PWM20
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3. Pinouts and Pin Descriptions MC96F6432P Datasheet
Table 20. Pin Description (continued)
Pin 110 Function @Reset Shared With
Name
AN13 P10/RXD1/SCL1/MISO1
AN14 A/D converter analog input channels P20/TXD1/SDA1/MOSI1
AN15 P21/SCKA1
System reset pin with a pull-up resistor
RESETB I/O | when itis selected as the RESETB by Input P55
CONFIGURE OPTION
DSDA I/0O | On-chip debugger data input/output () (6 Input POO/EC3
DSCL I/O | On-chip debugger clock input ©) (6 Input P01/T30
XIN P51/(TXD2)
/O | Main oscillator pins Input
XOouT P50/(RXD2)
SXIN P53/TOO/PWMOO
/O | Sub oscillator pins Input
SXOUT P54/EINT10
VDD, VSS - Power input pins - -
NOTES:
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 the RESETB pin by the “CONFIGURE OPTION".
5.  Ifthe POO/EC3/DSDA and P01/T30/DSCL pins are connected to an emulator during reset or power-on reset, the pins

are automatically configured as the debugger 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/(RXD2)/XOUT, P51/(TXD2)/XIN, P53/SXIN/TOO/PWMO0O, and P54/SXOUT/EINT10 pins are configured as
a function pin by software control.
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4. Electrical Characteristics
4.1 Absolute Maximum Ratings
Table 21. Absolute Maximum Ratings
Parameter Symbol Rating Unit Remark
Supply voltage VIN -0.3~+6.5 -
Vi -0.3 ~VDD+0.3 \Y
Voltage on any pin with respect to VSS
VO -0.3 ~VDD+0.3
IOH 25 Maximum current output sourced by (lon per
Normal voltage Pin I/ pin)
>IOH -200 mA | Maximum current (3 lon)
IOL 180 Maximum current sunk by (loL per I/O pin)
>I0L 200 Maximum current (3 loL)
Total power PT 600 mwW -
dissipation
Operating TOP -40 ~ +105 -
temperature oc
Storage TSTG -65 ~ +150 -
temperature
CAUTION:

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 those or any other conditions above those indicated in
the operation listings of this specification is not implied. Exposure above maximum rating conditions for extended
periods may affect device reliability.

4.2 Recommended Operating Conditions

Table 22. Recommended Operating Conditions
(Ta=-40°C to +105°C)

Parameter Symbol Conditions Typ. Max. Unit
fx = 32 to 38 kHz SX-tal 2.0 5.5
fx=0.4 to 4.2 MHz 2.2 5.5
Operating voltage VDD X-tal \%
fx =0.4 to 8.5 MHz 24 5.5
fx =0.5t0 16 MHz Internal RC 1.8 5.5
Operating temperature Toprr VDD =181t055V -40 105 °C
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4.3 ADC Characteristics

Table 23. ADC Characteristics
(Ta=-40°C to +105°C, VDD=1.8V to 5.5V, VSS=0V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Resolution - - - 12 - bit

Integral Non-linear INL - - 16
Differential Non-linearity DNL VDD =27t055V, - - 11 LSB

Top offset error TOE f=8 MHz - - *5

Zero offset error ZOE - - 15
Conversion time tcon VDDf:=28'7MtI<_)|25'5 v 20 - - us

Analog input voltage VaN - VSS - AVREF

Analog reference voltage AVREF -0 1.8 - VDD v
A/DC input leakage current lan VDD =56.12V - - 2 HA
A/DC current laoc Enable | \pp=s2v |— 1 2 mA
Disable - - 0.1 MA

NOTES:
1. Zero offset error is the difference between 0000000000 and the converted output for zero input voltage (VSS).
2. The top offset error is the difference between 1111111111 and the converted output for top input voltage (VDD).

3. IfAVREF is less than 2.7 V, the resolution degrades by 1-bit whenever AVREF drops 0.1 V.. (@ADCLK = 0.5 MHz,
under 2.7 V resolution has no test)
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4.4 Power-On Reset

Table 24. Power-On Reset Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V to 5.5 V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
RESET release level VPorR - - 14 - \Y,
VDD Voltage Rising Time tr 05to2V 0.05 - 100 ms/V

POR current IPor - - 0.2 - MA

Figure 51. Power-On Reset Timing

Voltage
A
VDD

Low Limit: 1.8 V / \ /

VR= 16y [In’case of LVR Disable by sm\
POR(R)=1.4 V

POR(F)=1.2 V

Time

Internal nPOR

LVR RESETB

Internal RESETB |
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4.5 Low Voltage Reset and Low Voltage Indicator Characteristics

Table 25. LVR and LVI Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V to 5.5 V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit

- 1.60 1.79
1.84 2.00 2.16
1.93 2.10 2.27
2.02 2.20 2.38
2.13 2.32 2.51
2.24 2.44 2.64

LVR: All levels
. VLVR LVI: other levels except 1.60V 2.38 2.59 2.80
Detection level . \
VLvi 1.60V level: Rising edge voltage 253 2.75 2.97

Other levels: Falling edge voltage 270 293 316

2.89 3.14 3.39
3.1 3.38 3.65
3.37 3.67 3.97
3.68 4.00 4.32
4.06 4.40 4.74

LVR/LVI

Hysteresis AV - - 100 180 mv
Minimum pulse
width tw - 100 - - us
Enable - 10.0 18.0
LVR and LVI lot VDD =3V bA
current Disable - - 0.1
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4.6 Internal RC Oscillator Characteristics

Table 26. Internal RC Oscillator Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V to 5.5 V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Frequency fire Vop=18t055V - 16 - MHz
Ta =-20°C to +70°C (user trim, +1.0
using only E-PGM+)
Tolerance - Ta=-20°C to +70°C - - +1.5 %
Ta =-40°C to +85°C 2.0
Ta =-40°C to +105°C +3.0
Clock duty ratio Tob - 40 50 60 %
Stabilization time tHrs - - - 100 us
Enable - 0.6 - mA
Internal RC lirc
Disable - - 0.1 MA
NOTES:

1. User Trimming means the calibration of HFIRC frequency using E-PGM+ and E-PGM Serial.
2. Toensure £1.0% tolerance of HFIRC frequency, it is necessary to do User Trimming.

3. Guaranteed by design but might be On-Board programming after SMT process. (HFIRC Calibration with high
temperature can cause the shift of the frequency, be sure to calibrate enough to cool to near room temperature after
SMT process)

4.7 Internal Watchdog Timer RC Oscillator Characteristics

Table 27. Internal WDTRC Oscillator Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5 V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Frequency fwoTre - 2 5 10 kHz
Stabilization time twots - - - 1 ms
Enable - 1 -
WDTRC current lwpTrRC MA
Disable - - 0.1
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4.8 DC Characteristics

Table 28. DC Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V to 5.5 V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
ViH1 PO, P1, P5, RESETB 0.8vDD - VDD
Input high voltage \%
ViH2 All input pins except Vin1 0.7vDD - VDD
Vi1 PO, P1, P5, RESETB - - 0.2vDD
Input low voltage Vv
Viz All input pins except VL1 - - 0.3vDD
. VDD =4.5V, lon=-15mA;
Output high voltage Vo Ta= 25°C, All output ports VDD-1.0 - - \Y
VDD =4.5V, loL= 15 mA;
Vo1 Ta= 25°C, All output ports - - 1.0
except VoL2
VDD=4.5V; lo.=160 mA,; Vv
P1[1:0], P2[1:0], Up to 85°C
Output low voltage and P3[3:0] _ 15 3.0
V. LDDRVx = 1 lot=120 mA;
oL2 o
(x=0to7) Up to 105°C
VDD=4.5V, lo.=15 mA; Ta=25°C 10 v
LDDRVx =0 (x=0to 7) '
Input high leakage _ _
current 18] All Input ports 1 WA
Input low leakage | All Input ports 1 - - A
current I putp H
R Vi=0 V, Ta=25°C, VDD=5V 25 50 100
PU1
All Input ports VDD=3 V 50 100 200
Pull-up resistor kQ
R Vi=0 V, Ta=25°C, VDD=5V 150 250 400
PU2
RESETB VDD=3 V 300 500 700
R XIN=VDD, XOUT=VSS, 600 | 1200 | 2000 kQ
X1 ° _
OSC feedback Ta=25°C, VDD=5 V
resistor SXIN=VDD, SXOUT=VSS
Rx2 j ' 2500 5000 10000 kQ

Ta=25°C, VDD=5V

90 \BO\

SEMICONDUCTOR



MC96F6432P Datasheet 4. Electrical Characteristics

4.9 Supply Current Characteristics

Table 29. Supply Current Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V to 5.5 V, VSS=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
fxin = 8 MHz, VDD = 5 V+10% - 22 44
(éﬁj’;\l) fxin = 4 MHz, VDD = 3 V+10% - 1.0 2.0 mA
firc = 16 MHz, VDD = 5 V+10% - 2.0 4.0
fxin = 8 MHz, VDD = 5 V+10% - 1.5 3.0
|
(||:I;Eiz) fun = 4 MHz, VDD = 3 V+10% - 0.6 1.2 mA
Supply firc = 16 MHz, VDD = 5 V+10% - 1.0 2.0
current
lopa fsus = 32.768 kHz, VDD = 3 V+10%,
(RUN) Ta= 25°C - 170 270 1 WA
lop4 fsus = 32.768 kHz, VDD = 3 V+10%
L : - 6.0 12.0 A
(IDLE) Ta=25°C H
Ibps
VDD = 5 V+10%, Ta= 25°C - 1.5 5.0 A
(STOP) o A H

NOTES:

1. Where the fxin is an external main oscillator, the fsub is an external sub oscillator. The IRC 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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410 AC Characteristics

Table 30. AC Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
RESETB input low width trsT VDD =5V 10 - - us
Interrupt input high, low | 4 | Allinterrupt, VDD =5V | 200 - -

width
External counter input tecwH, ECn,VDD =5V 200 _ _ ns
high, low pulse width tecwi (n=0, 1, 3)
External counter transition t t ECn,VDD =5V 20 _ _
time REC, TFEC (n=0, 1, 3)

Figure 52. AC Timing

P tiwL N | tIWH N
External 0.8vDD
Interrupt

N 4 0.2VDD

P tRST N
RESETB

X £ 0.2VDD

P tECWL N P tECWH N

«— tFEC —>| «— tREC
ECn f

¥ 7
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4.1

SPI Characteristics

4. Electrical Characteristics

Table 31. SPI Characteristics

(Ta=-40°C to +105°C, VDD=1.8 Vt0o 5.5 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Output clock pulse period . Internal SCK source 1000 - -
SCK
Input clock pulse period External SCK source 1000 - -
Output clock .h'gh’ low Internal SCK source 350 - -
pulse width tscKH
i t
Input clock h_|gh, low pulse sert External SCK source 350 - -
width ns
First outpgt clock delay trop Internal/external SCK 500 _ _
time source
Output clock delay time tos - - - 250
Input setup time tois - 500 - -
Input hold time tomH - 750 - -
Figure 53. SPI Timing
SS
(Output/Input)
>>
[
tSCK
—» tFOD «— < >
SCK
(CPOL=0)
(Output/Input)
£ _ _ i Al
tSCKL { | tSCKH |
n i L L 1 I
SCK
(CPOL=1)
(Output/Input)
- 1 4
tDIS tDIH
MISO/MOSI
(Data Input) LSB
> DS _
[ [
MISO/MOSI
(Data Output) MSB LSB
: >>
T <
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412 UART Timing Characteristics

Table 32. UART Timing Characteristics
(Ta=-40°C to +105°C, VDD=2.2 V to 5.5 V, fx=8.0 MHz)

Parameter Symbol Min. Typ. Max. Unit
Serial port clock cycle time tsck 1,800 tcru X 16 2,200
Output data setup to clock rising edge ts1 810 tcpu x 13 -
Clock rising edge to input data valid ts2 - - 590
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 tHiGH, tLow 720 tcru x 8 1,280

Figure 54. UART Timing Characteristics

< tsck .
thicH P fLow g
N /] \

Figure 55. Timing Waveform of UART Module

tsck

S A W Y Y A WY WO Y B W
Data Out \ DO X D1tH1_»EXN_ D2 X D3 X D4 X D5 X D6 X D7

tHz—bf 4—

SIS ) S () 8 0 6 0 8 ) 688 20 0 0 8

A
Y.
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413 12C Characteristics

Table 33. 12C Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5 V)

S Symbol Standard Mode High-Speed Mode Unit
Min. Max. Min. Max.
Clock frequency tsCcL 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 tBF 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 tsPsuU 4.0 - 0.6 -
Stop Condition Hold Time tSPHD 4.0 - 0.6 -
Output Valid from Clock tvD 0 - 0 -
Data Input Hold Time tDIH 0 - 0 1.0
Data Input Setup Time tDIS 250 - 100 - ns

Figure 56. 12C Timing

tscL

< >
tsCLH  tsCLL
> » »

—>» € tSTSU < > » —> €— tDIH —>»i €—tSPSU

SCL —_ _\—_ S / i j ____________ /_ <«€— tSPHD
SDA R / >< i o )

—>» «—{STHD —p <— tDIS <
, —> 4— tvb

“ou ( X X
—> <€— tvD '

Y.
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MC96F6432P Datasheet
4.14 Data Retention Voltage in STOP Mode
Table 34. Data Retention Voltage in STOP Mode
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5 V)
Parameter Symbol Conditions Min. Typ. | Max. Unit
Data retention supply voltage VbDDR - 1.8 - 55 \%
Data retention supply current I VDDDR =138V 1 A
i u u - -
PPy PPOR 1 (Ta= 25°C), STOP mode H
Figure 57. STOP Mode Release Timing When Initiated by Interrupts
IDLE Mode
g (Watchdog Timer Active)
|¢—————— Stop Mode >l
Normal
Operating Mode
l«—— Data Retention ——p»|
Vob it
T \DDDR
Execution of
STOP Instruction
0.8VDD7L
INT Request
—>twarT|e—
NOTE:
1. tWAIT is the same as (the selected bit overflow of BIT) x 1/(BIT Clock)
Figure 58. STOP Mode Release Timing When Initiated by RESETB
RESET
Occurs
l Oscillation
-—— > <> dl .
Stop Mode X Stabillization Time
] 7 Normal
«—— Data Retention ——p| Operating Mode
VDD it
\VDDDR
Execution of
RESETB STOP Instruction
s Z‘ 0.8VDD
0.2VD
—»| TWAITE—
NOTE:
1. tWAIT is the same as (4096 x 4 x 16/firc) = (16.4 ms at fx = 1 MHz)
96
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4.15 Internal Flash Characteristics

Table 35. Internal Flash Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Sector write time trsw - - 3.0 3.5
Sector erase time trse - - 3.0 3.5 ms
Code write protection time trHL - - 3.0 3.5
Page buffer reset time trerR - - - 5 us
System clock frequency fscLk - 0.4 - - MHz

Endurance of write/erase

(Sector 0~507) 10,000
- y NFwe - - - times
Endurance of write/erase
(Sector 508~511) 100,000
Flash Retention Time tFRT - 10 - - years

4.16 Input/output Capacitance Characteristics

Table 36. I/0O Capacitance Characteristics
(Ta=-40°C to +105°C, VDD=0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Input capacitance CiN fx=1 MHz
Output capacitance Cour Unmeasured pins are - - 10 pF
. connected to VSS.
I/O capacitance Coo
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417 Main Oscillator Characteristics

Table 37. Main Oscillator Characteristics
(Ta=-40°C to +105°C, VDD=2.2 V t0 5.5 V)

Oscillator Parameter Conditions Min. Typ. | Max. Unit
Crystal/ 22V-55V 0.4 - 4.2
Ceramic Main oscillation frequency
Oscillator 24V -55V 0.4 - 8.5 MHz
External ) 22V-55V 0.4 - 4.2
Clock XIN input frequency
24V -55V 0.4 - 8.5

Figure 59. Crystal/Ceramic Oscillator

XOUT

REES

Figure 60. External Clock

‘ XIN XOouT

T 7

External Open
Clock
Source
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4.18 Sub Oscillator Characteristics

Table 38. Sub Oscillator Characteristics
(Ta=-40°C to +105°C, VDD=2.0 V t0 5.5 V)

Oscillator Parameter Conditions Min. Typ. Max. Unit
Crystal Sub oscillation frequency 32 32.768 38
20V-55V kHz
Ez}g(r}rl'l(al SXIN input frequency 32 - 100

Figure 61. Crystal Oscillator

SXIN SXOUT

107,

Figure 62. External Clock

Cc

‘ SXIN SXOUT

T 7

External  Open
Clock
Source
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4.19 Main oscillator Stabilization Characteristics

MC96F6432P Datasheet

Table 39. Main Oscillator Stabilization Characteristics

(Ta=-40°C to +105°C, VDD=2.2 Vt0 5.5 V)

Oscillator Conditions Min. Typ. Max. Unit
Crystal fXIN = 1 MHz - - 60
Oscillation stabilization occurs when ms
Ceramic VDD is equal to the minimum - - 10
oscillator voltage range.
fXIN = 0.4 to 8.5 MHz
External Clock XIN input high and low width (tXL, txH) 58 - 1250 ) ns

Figure 63. Clock Timing Measurement at XIN

XIN

1/fXIN

<

<

XL

tXH

< ;l L
< > <

K 0.2vDD

% 0.8vDD

4.20 Sub oscillator Stabilization Characteristics

Table 40. Sub Oscillator Stabilization Characteristics

(Ta=-40°C to +105°C, VDD=2.0 Vt0 5.5 V)

Oscillator Conditions Min. Typ. Max. Unit
- - - 10
Crystal sec
VDD =3V, Ta= 25°C - 0.7 1.5
External Clock SXIN input high and low width (tXL, tXH) 5 - 15 us

Figure 64. Clock Timing Measurement at SXIN

SXIN

1/fsuB

<
<

XL

< > |4

tXH

Y

<

A 4

X # 0.2vDD

% 0.8vDD

100

\BO\

SEMICONDUCTOR



MC96F6432P Datasheet 4. Electrical Characteristics

4.21 Operating Voltage Range

Figure 65. Operating Voltage Range

(fxin=0.4 to 8.5 MHz)

8.5 MHz -

4.2 MHz |
0.4 MHz -

22 24 55

Supply voltage (V)

Figure 66. Operating Voltage Range (Sub OSC)

(fsuB=32 to 38 kHz)

e ————

2.0 5.5

Supply voltage (V)
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4.22 Typical Characteristics

Figures and tables described in this chapter can be used only for design guidance and are not tested
or guaranteed. In graphs or tables some data may exceed the specified operating range and can be
only for information. The device is guaranteed to operate properly only within the specified range.

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

Figure 67. MAIN RUN (IDD1) Current

1.48
1.46
1.44
142

1.4
1.38
1.36
1.34
1.32

13

1.28
mA 2.5V 3.0V 3.5V 4.0V 4.5V 5.0V 5.5V

=IRC 16HMz +25°C IRC 16HMz -40°C IRC 16HMz +105°C
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Figure 68. MAIN IDLE (IDD2) Current

0.88
0.86
0.84
0.82

0.8
0.78
0.76
0.74

0.72
mA 2.5V 3.0V 3.5V 4.0V 4.5V 5.0v 5.5V
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Figure 69. SUB RUN (IDD3) Current
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Figure 70. SUB IDLE (IDD4) Current

25
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uA 2.5V 3.0V 3.5V 4.0V 4.5V 5.0V 5.5V

—+250C —_400C —+1050C

Figure 71. STOP (IDD5) Current
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MC96F6432P Datasheet 4. Electrical Characteristics

4.23 Recommended Circuit and Layout

The Figure 72 is a recommended circuit and layout for MCO96F6432P.

Figure 72. Recommended Circuit and Layout

This 0.1 pF capacitor shoud be e —
/4 Wwithin 1cmfromthe VDD pin of the {VDD VCC:

microcontroller on the PCB layout.

VDD

=

A
0.1uF — DC Power

¢ -

VCC

The microcontroller's power line
(VDD and VSS) should be separated
from the high-current part ata DC

_~High-Current Part power node on the PCB layout

Infrared LED,
g {FND(7-$egment), }
(@) et
© o [+
w B This 0.01 pF capacitor is altematively
| for noise immunity.
XIN - The main and sub crystal should be within 1 cm from the pins of the microcontroller

onthe PCB Layout.
XOouT

Theload capacitors of the sub clock
}"1_ -C1,C2:CLx2 +15%
- 4 e CL = (C1x C2)/(C1 +C2) - Cstray
}% - Cu: the specific capacitor value of crystal
o= - Cstray: the parasitic capacitor of a PCB (1 pF—1.5pF)

SXIN

SXOUT

32768kHz
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4.24 Recommended Circuit and Layout with SMPS Power
Figure 73. Recommended Circuit and Layout with SMPS Power
SMPS Side «— | —» MCU Side
VCC VDD
SMPS | —Ppl % W—
R.1 Microcontroller
I Option I I
VSS
A 4 A 4 A 4 .__l__
= C1 C2 C3 =
NOTES:
1. The C1 capacitor is to flatten out the voltage of the SMPS power, VCC.
- Recommended C1: 470 yF/25 V more
2.  The R1and C2 are RC filters for VDD and suppress the ripple of VCC.
- Recommended R1: 10 Q-20 Q
- Recommended C2: 47 uF/25 V more
— The R1 and C2 should be as close to the C3 as possible.
- The R1 is optional so it may not apply.
3. The C3 capacitor is used for temperature compensation because an electrolytic capacitor becomes worse
characteristics at low temperature.
- Recommended C3: ceramic capacitor 2.2 uF more
- The C3 should be within 1 cm from VDD pin of the microcontroller 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 the microcontroller.
106 \BO\
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5. Package Information

\BO\ 107

SEMICONDUCTOR



MC96F6432P Datasheet

5. Package Information

44-LQFP Package Information

5.1

Figure 74. 44-LQFP Package Outline

REV. DESCRIPTION DATE ENG APPROVAL
- GENERATE. 04/18M7 | JH. KIM YJ. CHAE
[ D A2 COMMON DIMENSIONS
D1 | (UNITS OF MEASURE=MILLIMETER)
SYMBOL | MIN NOM MAX,
A - — 1.60
AHAAARAAAAA | A ow = o
[ A2 1.35 1.40 145
- | 1 b 0.22 0.37 045
- -] b1 0.22 0.35 0.40
] - c 0.09 — 0.20
[ - 1 cl 0.09 — 0.16
- -] D 11.80 12.00 12.20
== — + — == | w D1 9.80 10.00 10.20
o I E 11.80 12.00 12.20
o =i E1 9.80 10.00 10.20
i PIN # 1 INDEX -] e 0.80 BSC
o ) L 0.45 _ 0.60 _ 075
- I - X 100 REF
_ | ) o [ 35 | ©
RN EEE R ] NOTES:
_Im.._ b SR A A 1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-026-BCB.
2. DIMENSIONS 'D1' AND 'E1' DON NOT INCLUDE MOLD PROTRUSIONS.
ALLOWABLE PROTRUSION IS 0.25MM PER SIDE. 'D1' AND 'E1' ARE
MAXIMUM PLASTIC BODY SIZE DIMENSIONS INCLUDING MOLD
Q MISMATCH.
e b
w [ b1 3. DIMENSION 'b' DOES NOT INCLUDE DAMBAR PROTRUSION.
< | BASE METAL ALLOWABLE DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD
o p WIDTH TO EXCEED THE MAXIMUM 'b’ DIMENSION BY MORE THAN
) | | —— WITHPLATING ¢ pgmm.
=z L —%B[°
b5 f x < 4.'A1'1S DEFINED AS THE DISTANCE FROM THE SEATING PLANE
] TO THE LOWEST POINT ON THE PAKCAGE BODY.
\\ku\ﬁ SECTION A - A LIST OF MATERIAL AND APPLICABLE DOCUMENTS
S SCALE NONE n»dmw:m}q DRAWN: IS, KANG | ™me
_l._ ME—.WZM_DZ}ﬁ MM M_-u\,_—muﬁmoﬁnm_u ENGINEER: JH. KIM _IOT—U .—OX.— Ogg L.L._ID
LEAD FORM PART PROJECTION w0 CHECKED: v cHaE PACKAGE OUTLINE
“”_m.m_mw_.mo@lm ot APPROVED: v GHAE
CAD NAME: DRAWING NUMBER: REV. SHEET:
ABOV SEMICONDUCTOR|  o1q-1010044 0LQ-1010044 - 1 OF 1
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32-LQFP Package Information

5.2

Figure 75. 32-LQFP Package Outline

REV. DESCRIPTION DATE ENG APPROWVAL
— GENERATE. 042017 JH. KIM ¥J. CHAE
D
D1 A2 COMMON DIMENSIONS
{UNITS OF MEASURE=MILLIMETER}
SYMBOL | MIN NOM MAX
qAARAAAS s - - T
— Al 0.05 — 0.20
o I A2 1.35 1.40 1.45
[ 1 b 0.30 047 0.42
] 1 b1 0.30 0.35 0.40
] =i - ¢ 0.09 — 0.20
. O w cl 0.09 - 0.16
I ] D 8.80 9.00 920
[ L ) D1 6.80 7.00 7.20
o Q 0 E 8.80 9.00 9.20
- E1 6.80 7.00 7.20
TUTHEEEE :
le| b L 0.45 0.60 0.75
— H-—{ela@] A 1 1.00 REF
) [} 35" 7
NOTES:
1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-026-BBA.
© 2. DIMENSIONS "D1' AND 'E1' DO NOT INCLUDE MOLD PROTRUSIONS.
P ALLOWABLE PROTRUSION IS 0.25MM PER SIDE. 'D1' AND 'E1' ARE MAXIMUM
w b PLACTIS BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH.
==
M b1 | BASE METAL 3. DIMENSION 'b' DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE
w DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED
w \ THE MAXIMUM 'b' DIMENSION BY MORE THAN 0.08MM.
2 -
(0] © 4.'A1" IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE
K AN LOWEST PCINT ON THE PACKAGE BODY.
\19__@ WITH PLATING
L SECTION A-A
_— LIST OF MATERIAL AND APPLICABLE DOCUMENTS
L1 SCALE: NONE a»ﬂmh__.mn_.d DRAWN: 5. Kang | TTE
LEAD FORM PART o U - e A LQFP 7X7MM 32LD
U”mmaz Y CHECKED: v, CHAE PACKAGE OUTLINE
SPECIFIED @ m o AFFROVED: v CHAE
CAD NAME: DRAWING NUMBER: REV. SHEET:
ABOV SEMICONDUCTOR|  oLq-0707032 0LQ-0707032 _ 1 OF 1
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5. Package Information

32-SOP Package Information

5.3

Figure 76. 32-SOP Package Outline

GAUGE PLANE 0.25

AAAAAAAAAAAAARAA

et

©

$1 ,zom.»

Al

BASE METAL

SECTION B-B

WITH PLATING

NOTES:

-

REV. DESCRIPTION DATE ENG APPROVAL
- GENERATE. 04/20M7 | JH.KIM YJ. CHAE
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)
' SYMBOL | MIN NOM MAX
_ | A — — 2.60
N1 N 0.05 — 0.25
\.fJJ__\\® | A2 2.14 - 234
b 030 — 0.50
b1 030 — 0.48
¢ 0.10 — 033
¢l 0.10 — 030
D 20,60 — 20.90
E 10.20 — 10.60
E1 7.40 — 7.60
3 1.27 BSC
e L 0.40 127
J._ 9 o - 8

. 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.

N

. DIMENSION 'b' DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR

PROTRUSION SHALL BE 0.10MM TOTAL IN EXCESS OF THE 'b' DIMENSION MAXIMUM

MATERIAL CONDITION.

w

LOWEST POINT ON THE PACKAGE BODY.

."A1" IS DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING PLANE TO THE

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

TITLE:

SCALE: - 3
NONE | PATEpasoori7| DRAWN: JS. KANG

DIMENSIONAL UNTOLERANCED | ENGINEER:
UNIT: MM DIMENSIONS JH. KIM
PROJECTION FRAC:

.”x CHECKED: vJ. CHAE
UNLESS

XHXX
SPECIFIED & m ANGLE APFROVED: v CHAE

SOP 300MIL 32LD
PACKAGE OUTLINE

CAD NAME:

ABOV SEMICONDUCTOR| o0so0-3000032

DRAWING NUMBER:
0S0-3000032

REV.

SHEET:
1 OF 1
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28-SOP Package Information

5.4

Figure 77. 28-SOP Package Outline
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irioooooogooooo
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| ©0.13(.005)®)

(70100008
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(402 .016)
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(-0062557)

1
|

|

|
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| s seuu fug 8@
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|

|
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MC96F6432P Datasheet

5. Package Information

28-TSSOP Package Information

5.5

Figure 78. 28-TSSOP Package Outline

PIN # 1 INDEX

REV. DESCRIPTION DATE ENG APPROVAL

— GENERATE. 04721517 JH. KIM YJ. CHAE

COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETERY)

GAUGE PLANE 025

L1

LEAD FORM PART

SECTION B-B

SYMBOL MIN NOM MAX
A — A — — 120
Al 0.05 — 0.15
A2 0.80 1.00 1.05
b 0.19 - 0.30
b1 0.19 0.22 0.25
c 0.09 - 020
cl 0.09 - 0.16
D 960 9.70 9.80
E 6.20 6.40 6.60
E1 430 4.40 450
e 0.65 BSC
L 045 | o0 [ 078
L1 1.00 REF
| e o | - T+
NOTES:
1. ALL DIMENSIONS REFER TO JEDEC STANDARD MO-153-AF
B 2. DIMENSION 'D’ DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR
GATE BURRS MOLD FLASH, PROTRUSIONS OR GATE BURR SHALL NOT
EXCEED 0.15MM PER SIDE.
3. DIMENSION 'E1' DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE.
4. DIMENSION 'b' DOES NOT INCLUDE DAMBAR PROTRUSION ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08MM TOTAL IN EXCESS OF THE 'b'
DIMENSION AT MAXIMUM MATERIAL CONDITION.
5 '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 D.pl_c.—MiM)ﬁ_M DRAWN: JS. KANG
PARENSIONAL | D | ENONEER U, TSSOP 4.4MM 28LD

PROJECTION

. YJ. CHAE
UNLESS Mxxx
SPECIFIED ANGLE APPROVED: v CHAE

FRAC:
% CHECKED:

PACKAGE QUTLINE

ABOV SEMICONDUCTOR

CAD NAME: DRAWING NUMBER: REV. SHEET:
0TS-4400028 0TS-4400028 _ 1 OF 1
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MC96F6432P Datasheet

24-QFN Package Information

5.6

Figure 79. 24-QFN Package Outline

24

\l PIN1# CORNER

L (DATUM &)—T

24

SEATING FLANE

ESNEE
2x ] a3 C ]
TOP VIEW
e[
m
< <C
} ! = s e O O == |
ElealeH _ %
< SIDE VIEW
| (DATUMACRB)
\\\\\1_53!/ 24 RD.125
\.\ /f
[ Y

—~E-

EVEN/ODD TERMIMAL SIDE

TERMINAL TIP

DETAIL "B"

REV. DESCRIPTION DATE ENG APPROVAL
— GENERATE 09M18/117 | JH. KIM YJ. CHAE
COMMON DIMENSIONS
D2 (UNITS OF MEASURE=MM)
. u SYMBOL | MIN NOM MAX
L C C C C h\ A 0.70 075 0.80
A1 0 0.02 0.05
1 —_ —_
i, o PN ] A3 0.20 REF
D) \_ PINT# - b 0.18 025 0.30
_ D 4.00 BSC
= [ - o E 4.00 BSC
D) _ T2 s D2 2.60 2.70 2.80
_ E2 2.60 270 2.80
L | ) - e 0.50 BSC
(3%) RD.078
D) o, RN e L 0.35 0.40 0.45
I A — —
/ \ K 0.20
I ]
3 Bﬂ D D ,D 3 v aaa 0.10
LN Ly 7 ¥ bbb 0.10
NS Ny ¥ .
L E 2exb cce 0.10
ddd 0.05
eee 0.08
BOTTOM VIEW i 0.10
NOTES:

1. DIMENSION 'b* APPLIES TO METALLIZED TERMINAL AND IS MESAURED
BETWEEN 0.15MM AND 0.30MM FROM THE TERMINAL TIP.
IF THE TERMINAL HAS THE OPTINAL RADIUS ON THE OTHER END OF
THE TERMINAL, THE DIMENSION 'b* SHOULD NOT BE MEASURED IN THAT

RADIUS AREA.
LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SCALE: NONE | PATE: DRAWN: J5. KaNG | TTME
DIMENSIONAL UNTOLERANCED | ENGINEER: JH. KIM
UNIT: Mkt DIMENSIONS - QFN 4X4MM 24LD 0.75T
PROJECTION o CHECKED: v, CHAE PACKAGE OUTLINE
UNLESS @Im ﬁ
SPECIFIED e APPROVED: v CHAE

CAD NAME: DRAWING NUMBER: REV_ SHEET:
ABOV SEMICONDUCTOR|  0QN-040424A OQN-D40424A - 1 0F 1
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6. Ordering Information

Figure 80. MC96F6x32P Device Numbering Nomenclature
MC96F6x32PL B 2 N

MC96F6x32P Family Name

x=4 44 Pin

x=3 32 or 28 Pin

x=2 24 Pin

Package type

L LQFP

D SOP(32 Pin)

M SOP(28 Pin)

R TSSOP

U QFN

Br (Bromine) free

B yes

None No

Temperature

none -40°C ~ 85°C (Commercial grade)
2 -40°C ~ 105°C (Industrial grade)

Material of Bonding wire

None Au
N Cu

NOTE:

1. For more information on any aspect of this device, please contact your nearest distributor or ABOV sales office.
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Appendix

A. Configure Option
Register Description: Configure Option Control

CONFIGURE OPTION 2: ROM Address 003FH

7 6 5 4 3 2 1 0
RP | HL | - | VAPEN | - - - RSTS
Initial value: OOH

R_P Code Read Protection
0 Disable
1 Enable
HL Code Write Protection
0 Disable
1 Enable
VAPEN Vector Area (00H — FFH) Write Protection
0 Disable Protection (Erasable by instruction)
1 Enable Protection (Not erasable by instruction)
RSTS Select RESETB pin
0 Disable RESETB pin (P55)
1 Enable RESETB pin

CONFIGURE OPTION 1: ROM Address 003EH

7 6 5 4 3 2 1 0
I = - | PaEN PASS2 | PASS1 PASS0
Initial value: 00H
PAEN Enable Specific Area Write Protection
0 Disable (Erasable by instruction)
1 Enable (Not erasable by instruction)
PASS [2:0] Select Specific Area for Write Protection
NOTE:

1. When PAEN = ‘1’ it is applied.

PASS2 PASS1 PASSO

0.7 KB (Address 0100H — 03FFH)
1.7 KB (Address 0100H — 07FFH)
2.7 KB (Address 0100H — OBFFH)
3.7 KB (Address 0100H — OFFFH)
29.7 KB (Address 0100h — 77FFH)
30.7 KB (Address 0100h — 7BFFH)
31.2 KB (Address 0100h — 7DFFH)
31.5 KB (Address 0100h — 7EFFH)

_ A A A O O O 0o
_ A OO0 A A O 0o
- O A~ O -~ 0O -~ 0
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B. Instruction Table

* Instructions are either 1, 2 or 3 bytes long as listed in the ‘Bytes’ column in tables shown below.

* Each instruction takes either 1, 2 or 4 machine cycles to execute as listed in the following
tables in this section.

* 1 machine cycle comprises 2 system clock cycles.

Table 41. Instruction Table: Arithmetic

Arithmetic
Mnemonic Description Bytes Cycles Hex code
ADD A,Rn Add register to A 1 1 28-2F
ADD A,dir Add direct byte to A 2 1 25
ADD A,@Ri Add indirect memory to A 1 1 26-27
ADD A #data Add immediate to A 2 1 24
ADDC A,Rn Add register to A with carry 1 1 38-3F
ADDC A.dir Add direct byte to A with carry 2 1 35
ADDC A,@Ri Add indirect memory to A with carry 1 1 36-37
ADDC A #data Add immediate to A with carry 2 1 34
SUBB A,Rn Subtract register from A with borrow 1 1 98-9F
SUBB A,dir Subtract direct byte from A with borrow 2 1 95
SUBB A ,@Ri Subtract indirect memory from A with borrow 1 1 96-97
SUBB A #data Subtract immediate from A with borrow 2 1 94
INCA Increment A 1 1 04
INC Rn Increment register 1 1 08-0F
INC dir Increment direct byte 2 1 05
INC @Ri Increment indirect memory 1 1 06-07
DECA Decrement A 1 1 14
DEC Rn Decrement register 1 1 18-1F
DEC dir Decrement direct byte 2 1 15
DEC @Ri Decrement indirect memory 1 1 16-17
INC DPTR Increment data pointer 1 2 A3
MUL AB Multiply A by B 1 4 A4
DIV AB Divide Aby B 1 4 84
DAA Decimal Adjust A 1 1 D4
116 \BO\
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Table 42. Instruction Table: Logical
Logical
Mnemonic Description Bytes Cycles Hex code

ANL A,Rn AND register to A 1 1 58-5F
ANL A,dir AND direct byte to A 2 1 55

ANL A,@Ri AND indirect memory to A 1 1 56-57
ANL A #data AND immediate to A 2 1 54
ANL dir,A AND A to direct byte 2 1 52
ANL dir,#data AND immediate to direct byte 3 2 53

ORLA,Rn OR register to A 1 1 48-4F
ORLA,dir OR direct byte to A 2 1 45

ORLA,@Ri OR indirect memory to A 1 1 46-47
ORL A #data OR immediate to A 2 1 44
ORL dir,A OR A to direct byte 2 1 42
ORL dir,#data OR immediate to direct byte 3 2 43

XRLA,Rn Exclusive-OR register to A 1 1 68-6F
XRLA,dir Exclusive-OR direct byte to A 2 1 65

XRLA, @Ri Exclusive-OR indirect memory to A 1 1 66-67
XRL A #data Exclusive-OR immediate to A 2 1 64
XRL dir,A Exclusive-OR A to direct byte 2 1 62
XRL dir,#data Exclusive-OR immediate to direct byte 3 2 63
CLRA Clear A 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap Nibbles of A 1 1 C4
RLA Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RRA Rotate A right 1 1 03
RRC A Rotate A right through carry 1 1 13

\BO\ 17
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Table 43. Instruction Table: Data Transfer
Data transfer
Mnemonic Description Bytes Cycles Hex code
MOV A,Rn Move register to A 1 1 E8-EF
MOV A,dir Move direct byte to A 2 1 ES5
MOV A,@Ri Move indirect memory to A 1 1 E6-E7
MOV A #data Move immediate to A 2 1 74
MOV Rn,A Move A to register 1 1 F8-FF
MOV Rn,dir Move direct byte to register 2 2 A8-AF
MOV Rn,#data Move immediate to register 2 1 78-7TF
MOV dir,A Move A to direct byte 2 1 F5
MQV dir,Rn Move register to direct byte 2 2 88-8F
MOV dir,dir Move direct byte to direct byte 3 2 85
MOV dir,@Ri Move indirect memory to direct byte 2 2 86-87
MOV dir,#data Move immediate to direct byte 3 2 75
MOV @Ri,A Move A to indirect memory 1 1 F6-F7
MOV @Ri,dir Move direct byte to indirect memory 2 2 AB-A7
MOV @Ri#data | Move immediate to indirect memory 2 1 76-77
MOV DPTR #data | Move immediate to data pointer 3 2 90
A @I;/I AO-I-\I/DCI-E’TR Move code byte relative DPTR to A 1 2 93
MOVC A,@A+PC | Move code byte relative PC to A 1 2 83
MOVX A,@Ri Move external data(A8) to A 1 2 E2-E3
MOVX A,@DPTR | Move external data(A16) to A 1 2 EO
MOVX @Ri,A Move A to external data(A8) 1 2 F2-F3
MOVX @DPTR,A | Move A to external data(A16) 1 2 FO
PUSH dir Push direct byte onto stack 2 2 CO
POP dir Pop direct byte from stack 2 2 DO
XCHARn Exchange A and register 1 1 C8-CF
XCH A,dir Exchange A and direct byte 2 1 C5
XCHA @RI Exchange A and indirect memory 1 1 C6-C7
XCHD A,@Ri Exchange A and indirect memory nibble 1 1 D6-D7
118 \BO\
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Table 44. Instruction Table: Boolean
Boolean

Mnemonic Description Bytes Cycles Hex code
CLRC Clear carry 1 1 C3
CLR bit Clear direct bit 2 1 Cc2
SETB C Set carry 1 1 D3
SETB bit Set direct bit 2 1 D2
CPLC Complement carry 1 1 B3
CPL bit Complement direct bit 2 1 B2
ANL C,bit AND direct bit to carry 2 2 82
ANL C,/bit AND direct bit inverse to carry 2 2 BO
ORL C,bit OR direct bit to carry 2 2 72
ORL C,/bit OR direct bit inverse to carry 2 2 A0
MOV C,bit Move direct bit to carry 2 1 A2
MOV bit,C Move carry to direct bit 2 2 92

\ B 0\ 119
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Table 45. Instruction Table: Branching
Branching
Mnemonic Description Bytes Cycles Hex code
ACALL addr 11 Absolute jump to subroutine 2 2 11—-F1
LCALL addr 16 Long jump to subroutine 3 2 12
RET Return from subroutine 1 2 22
RETI Return from interrupt 1 2 32
AJMP addr 11 Absolute jump unconditional 2 2 01—-E1
LJMP addr 16 Long jump unconditional 3 2 02
SJMP rel Short jump (relative address) 2 2 80
JCrel Jump on carry = 1 2 2 40
JNC rel Jump on carry =0 2 2 50
JB bit,rel Jump on direct bit = 1 3 2 20
JNB bit,rel Jump on direct bit =0 3 2 30
JBC bit,rel Jump on direct bit = 1 and clear 3 2 10
JMP @A+DPTR | Jump indirect relative DPTR 1 2 73
JZ rel Jump on accumulator = 0 2 2 60
JNZ rel Jump on accumulator #0 2 2 70
CJNE A dirrel Compare A,direct jne relative 3 2 B5
CJINE A #d,rel Compare A,immediate jne relative 3 2 B4
CJNE Rn,#d,rel Compare register, immediate jne relative 3 2 B8-BF
CJINE @Ri #d,rel | Compare indirect, immediate jne relative 3 2 B6-B7
DJNZ Rn,rel Decrement register, jnz relative 2 2 D8-DF
DJNZ dir,rel Decrement direct byte, jnz relative 3 2 D5
Table 46. Instruction Table: Miscellaneous
Miscellaneous
Mnemonic Description Bytes Cycles Hex code
NOP No operation 1 1 00
Table 47. Instruction Table: Additional Instructions
Additional instructions (selected through EO[7:4])
Mnemonic Description Bytes Cycles Hex code
MOVC M8051W/M8051 EW-specific instruction supporting 1 9 A5
@(DPTR++),A software download into program memory
TRAP Software break command 1 1 A5
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In the above table, an entry such as E8-EF indicates a continuous block of hex opcodes used for 8
different registers, and the register numbers of which are defined by the lowest three bits of the

corresponding code. Non-continuous blocks of codes, shown as 11—F1 (for example), are used for
absolute jumps and calls, with the top 3 bits of the code being used to store the top three bits of the

destination address.

The CJNE instructions use the abbreviation #d for immediate data; other instructions use #data.
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C. Flash Protection for Invalid Erase/Write

Appendix C shows example code to prevent code or data from being changed by abnormal operations

such as noise, unstable power, and malfunction.

Figure 81. Flash Protection Against Abnormal Operations

Program
Sequence
Noise,
Unstable Power,
Malfunction,
ETC...
Program
Invalid
PC Jump
Flash Erase /Write code

How to Protect the Flash

122

Divide into decision and execution to Erase/Write in Flash.

— Check the program sequence from decision to execution in order of precedence about
Erase/Write.

— Setting the flags in program and checking the flags in main loop at the end

— When the Flash Erase/Write is executed, check the flags. If not matched, do not execute.
Check the range of Flash Sector Address

— If the Flash sector address is outside of specific area, do not execute.

Use the Dummy Address

— Set the Flash sector address to dummy address in usually run time.

— Change the Flash sector address to real area range shortly before Erase/Write.

— Even if invalid Erase/Write occurs, it will be Erase/Write in dummy address in Flash.

Use the LVR/LVI

— Unstable or low power gives an adverse effect on the microcontroller. So, use the LVR/LVI.
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Protection Flow Description

The Flash protection procedure is described in flowchart in Figure 82, and each step in this figure is
described in the following lists:

1. Initialization

A. Set the LVR/LVI. Check the power by LVR/LVI and do not execute under unstable or low
power.

B. Initialize User_ID1/2/3

C. Set Flash Sector Address High/Middle/Low to Dummy address. Dummy address is set to
unused area range in Flash.

2. Decide to Write
A. When the Erase/Write are determined, set flag. Do not directly Erase/Write in Flash.
B. Make the user data.
3. Check and Set User_ID1/2/3
A. Inthe middle of source, insert code which can check and set the flags.
B. By setting the User_ID 1/2/3 sequentially and identifying the flow of the program.
4. Set Flash Sector Address
A. Set address to real area range shortly before Erase/Write in Flash.

B. Setto Dummy address after Erase/Write. Even if invalid work occurs, it will be Erase/Write
in Dummy address in Flash.

5. Check Flags
A. If every flag (User_ID1/2/3, LVI, Flash Address Min/Max) was set, then do Erase/Write.
B. If the Flash Sector Address is outside of Min/Max, do not execute
C. Address Min/Max is set to unused area.
6. |Initialize Flags
A. Initialize User_ID1/2/3
B. Set Flash Sector Address to Dummy Address
*  Sample Source

— Refer to the ABOV website (www.abovsemi.com).

— ltis created based on the MC97F2664.

— Each product should be modified according to the Page Buffer Size and Flash Size
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Figure 82. Flowchart of Flash Protection
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Other Protection by the Configure Options
*  Protection by Configure option
— Set Flash protection by the microcontroller’s Write Tool (OCD, PGM+, etc.)

= Vector Area:
0OH~FFH

=  Specific Area (MC96F6432P):
0.7 KB (Address 0100H — 03FFH)
1.7 KB (Address 0100H — 07FFH)
2.7 KB (Address 0100H — OBFFH)
3.8 KB (Address 0100H — OFFFH)
29.7 KB (Address 0100h — 77FFH)
30.7 KB (Address 0100h — 7BFFH)
31.2 KB (Address 0100h — 7DFFH)
31.5 KB (Address 0100h — 7EFFH)

— The range of protection may be different for each product.

\BO\ 125

SEMICONDUCTOR



Revision History

Revision History

MC96F6432P Datasheet

Revision Date Note
1.00 Feb. 17, 2025 | Initial release
1.10 Jul. 9, 2025 ¢ Added 32-SOP package.
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