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8-bit Microcontroller, Flash Memory 16 KB, SRAM 768 bytes,
Timer/PPG, UARTSs, 12C, SPI, Buzzer, 12-bit ADC

Features

Core and Memory

* 8-bit M8051 core (2-clock per cycle)
* 16 KB On-chip Flash (ISP)
» 256 bytes IRAM, 512 bytes XRAM

GPIO
¢ Normal I/O: 30 Port

Timer

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

— 3.91 ms/0.25 s/0.5 s/1 s/1-minute intervals at
32.768 kHz

* 8-bit x 1-ch (T0)

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

PPG

* Programmable Pulse Generation
* Pulse generation (by T1/T2)

* 8-bit PWM (by TO)

Buzzer

e 8-bit x 1-channel

WT
e Watch Timer

12-bit ADC

* 15 Input channels
* Power down wake-up function

Communication Interface

* UART x 2
* |2C x 1
* SPIx1

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

DS Rev. 1.20

Interrupt Sources

* External Interrupts (7)
— EINTO0-4/5/6/7-A/10/11/12
* Timer 0/1/2 (4), WDT (1), BIT (1), WT (1)

* UARTO/1 (4), 12C/SPI (1/1), ADC (1), ADC
Wake-up (1)

128-bit Unique ID

Power-On Reset

* Resetrelease level (1.4 V)

Low-Voltage Reset
» 14 Level detect (1.60 V, 2.00V, ..., 4.40 V)

Low-Voltage Indicator
+ 13 Level detect (2.00 V, 2.10V, ..., 4.40 V)

Power-Down Mode
e STOP, IDLE mode

Operating Voltage and Frequency

e 20V1t05.5V (@32 to 38 kHz with SX-tal)
e 22Vt0o55V (@0.4 to 4.2 MHz with X-tal)
e 24V1055V (@0.4 to 8 MHz with X-tal)

e 27V105.5V (@0.4 to 12 MHz with X-tal)
* 1.8Vto5.5V (@0.5to 16 MHz with IRC)

* Voltage dropout converter included for core

Operating Temperature
e —40°Cto +105°C

Package Type

¢ 32-LQFP, 32-QFN, 32-SOP,
e 28-SOP

e 24-QFN

¢ 20-SOP, 20-TSSOP

* Pb-free package

Global Top Edge Al MCU Innovator, ABOV Semiconductor
www.abovsemi.com
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Product Selection Table

Table 1. Device Summary

Part Number Flash IRAM/XRAM UART 12C SPI Timer ADC 110 Package
MC96F8316PL 16 KB 256/512B 2 1 1 3 15-ch 30 32-LQFP
MC96F8316PU* 16 KB 256/512B 2 1 1 3 15-ch 30 32-QFN-0505
MC96F8316PD* 16 KB 256/512B 2 1 1 3 15-ch 30 32-SOP
MC96F8316PM* 16 KB 256/512B 2 1 1 3 12-ch 26 28-SOP
MC96F8216PU* 16 KB 256/512B 2 1 1 3 11-ch 22 24-QFN-0404
MC96F8216PD* 16 KB 256/512B 2 1 - 3 8-ch 18 20-SOP
MC96F8216PR* 16 KB 256/512B 2 1 - 3 8-ch 18 20-TSSOP

* For available options or further information on the device with “*” marks, please contact the ABOV sales office.
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1. Introduction MC96F8316P Datasheet

1. Introduction

This document provides an overview of the features supported by each device, including high-level

information and brief explanations for each feature.

Refer to Table 3 for the list of features supported by the device.
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MC96F8316P Datasheet 2. Description

2. Description

The MC96F8316P is an advanced CMOS 8-bit microcontroller with 16 Kbytes of flash memory. This is
a powerful microcontroller which provides a highly flexible and cost-effective solution to many
embedded control applications.

This provides the following features: 16 Kbytes of flash memory, 256 bytes of IRAM, 512 bytes of XRAM,
general-purpose |/Os, Basic Interval Timer, Watchdog Timer, 8-/16-bit Timers, 16-bit PPG outputs, 8-bit
PWM outputs, Watch Timer, buzzer driving port, SPI, UART, 12C, 12-bit ADC, on-chip POR, LVR, LVI,
on-chip oscillator and clock circuitry. The MC96F8316P also supports power saving modes to reduce
power consumption.

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

21 Product Category Definition
Table 2 provides an overview of the memory capacity for available devices in the MC96F8316P series.
Table 3 describes features of MC96F8316P and peripheral counts.

Table 2. MC96F8316P Series Memory Density

Memory Density
Flash RAM
16 Kbytes 768 bytes MC96F8316P

Category

\BO\ 9
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2. Description MC96F8316P Datasheet

2.2 Device Overview

Table 3. MC96F8316P Device Features and Peripherals
Peripheral MC96F8316P
CPU 8-bit M8051 core (2-clock per cycle)

* 16 Kbytes with self-read/write capability
* On-chip debug and ISP

Flash * Endurance:

Memory - 10,000 times (sector 0 to 503)

- 100,000 times (sector 504 to 511)
IRAM 256 bytes

XRAM 512 bytes

* Normal I/0

* 30 ports: P0[6:0], P1[7:0], P2[6:0], P3[7:0]

* BIT 8-bit x 1

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

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

Timer * WT (Watch Timer)

GPIO

* Programmable Pulse Generator
PPG * Pulse Generation (by T1/T2)
* 8-bit PWM (by TO)
BUZZER e 8-bit x 1-channel
UART e 2 units
12C * 1 unit

Communication
Interface

SPI * 8-bit x 1 unit
* 12-bit ADC, 15 input channels

ADC
¢ Power-down wake-up function

* 16-bit CRC/Checksum

CRC and Checksum Generator
¢ Auto and user CRC/checksum mode

Power-On Reset Reset release level (1.4 V)

Low-Voltage reset 14-level detection (1.60 V, 2.0V, ..., 4.4 V)

Reset

10 \BO\
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MC96F8316P Datasheet

Table 3. MC96F8316P Device Features and Peripherals (continued)

2. Description

Peripheral

MC96F8316P

Low-Voltage Indicator

13-level detection (2.0V, ..., 4.4 V)

Operating Mode

Stop and Idle modes

Internal RC Oscillator

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

Operating Voltage and Frequency

* 20V1t0o5.5V @ 32 to 38 kHz with SX-tal

* 22V1t055V @ 0.4 to 4.2 MHz with X-tal
* 24V1t055V @ 0.4 to 8.0 MHz with X-tal
* 27V1t055V@ 0.4 to 12.0 MHz with X-tal
1.8V1t0 55V @ 0.5 to 16 MHz with IRC

* Voltage dropout converter included for core

Minimum Instruction Execution Time

* 0.125 ys @ 16MHz IRC
* 61 us at 32.768 kHz sub clock

Operating Temperature

-40°C to +105°C

Package Type

* 32-LQFP

* 32-QFN 05x05
* 32-SOP

» 28-SOP
24-QFN 04x04
* 20-SOP
20-TSSOP

* Pb-free package

\BO\

SEMICONDUCTOR

11




2. Description MC96F8316P Datasheet
Table 4. Summary of MC96F8316P Peripherals
MC96F8316PL
Peripheral MgngZ; :PU MC96F8316PM MC96F8216PU MC96F8216PD
i
i MC96F8216PR
MC96F8316PD
Code Flash memory 16 KB
IRAM/XRAM 256 / 512 bytes
General- 16-bit Timer x 2
purpose 8-bit Timer x 1
Ti
imers WDT 1
BIT 1
SPI 1 1 1 0
Communication 12C 1 1 1 1
Interfaces
UART 2 2 2 2
WT 1
BUZZER 1
GPIO 30 26 22 18
ADCs 50 ksps 50 ksps 50 ksps 50 ksps
Number of Channels 15 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
32-LQFP
A 20-SOP
Packages 32-QFN 28-SOP 24-QFN 20-TSSOP
32-SOP

12
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MC96F8316P Datasheet

2.3

MC96F8316P Block Diagram

Figure 1 describes MC96F8316P in a block diagram.

Figure 1. MC96F8316P Block Diagram

2. Description

DSDA DSCL
ANO-AN6/PO0-PO6 § X
AN7-AN14/P10-P17 | 12-6itADC K= H
AVREF/P02 { ndicator
On-Chip Debug
CRC/Checksum
TOO/PWMOO/P35 ¢ = Generator
EINT10/P35 8-bit Timer 0 K=
ECO/P26 {
M8051 Core K= ():()l Watch Timer
T10/PWM1 O/P12 ¢
EINT11/P12 d 0—0 Code Flash M—»-
EC1/P11 ¢ 16 KB K=
T20/PWM20/P13 ¢ < SPI
EINT12/P13 ¢ 16-bit Timer 2 K=y XRAM IRAM Ly
EC2/P17 ¢ (512 bytes) | | (256 bytes)
& 12C
PO0/ANO/DS DA
PO1/AN1/DS CL BIT
P02/AN2/AVREF/EINTO
PO3/AN3/EINT1 PO Port K= ‘% UARTO
PO4/AN4/EINT2 b Power-On Reset
PO5/ANS/EINT3 ¢
Low-Voltage Reset
P10/AN7/EINT5/(TXD1) ¢«
P11/ANS/EINTE/EC1/BUZO/(RXD1) o<
P12/AN9/EINT11/T1 O/PWM10
P13/AN10/E INT12/T20/PWM20 wDT = P3 Port
P14/ANT1MISO P1 Port = with 5 kHz Int. RC-OSC
P15/AN12/MOSI
P16/AN13/SCK 9
P17/ANT4/[EC2/SS T
Internal RC-OSC
16 MHz
P20/EINT7
P21/EINT8
P22/EINTY ¢
CLOCK/
P23/EINTA ¢ P2 Port K= Voltage-Down SYSTEM
P24/SDA P
P25/SCL onverter CONTROL
P26/ECO >
VDD vss

BUZO/P 11

MISO/P 14
MOSI/P15
SCK/P16
SS/P17

> SDA/P24/P30
> SCL/P25/P31

> TXDO/P30
> RXDO/P31

> TXD1/P36/P10
> RXD1/P37/P11

P30/TXD0/SDA
P31/RXD0/SCL
P32/RESETB
P33/SXOUT

P34/SXIN
P35/EINT10/T0O/PWM0OO
P36/TXD1/XIN
P37/RXD1/XOUT

RESETB
SXOuT
SXIN
XIN
XouT
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2. Description MC96F8316P Datasheet

2.4 Functional Overview

2.41 Port Structures

2.41.1 GPIO Port Structure

Figure 2. General-Purpose 1/O Port Structure

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

VDD

PULL-UP
REGISTER >° 7] q
VbD VDD
OPEN DRAIN

REGISTER
DATA 0 — o——

REGISTER MUX —

PAD
SUB-FUNC DATA OUTPUT 1
= o i

SUB-FUNC ENABLE

SUB-FUNC DIRECTION ————— 1
MUX

DIRECTION
REGISTER

CMOS or
Schmitt Level
Input

PORTx INPUT or -
SUB-FUNC DATA INPUT o—

ANALOG CHANNEL
ENABLE -

ANALOG INPUT {;3—
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MC96F8316P Datasheet 2. Description

2.41.2 External Interrupt I/O Port Structure

Figure 3. External Interrupt I/O Port Structure

BZ| Level shift (VDC to ExtvDD)
[7] Level shift (ExtvDD to VDC)

VDD

PULL-UP
REGISTER

B

VDD VDD

OPEN DRAIN

>
REGISTER I—oj

DATA —

. Cag
REGISTER MUX —— PAD
1
@—mi

SUB-FUNC DATA OUTPUT

q
SUB-FUNC ENABLE L 4
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
a o-
g zar @2
PORTx INPUT or MUX
SUB-FUNC DATA INPUT
1 Q D
CP
r 4 DEBOUNCE
CLK
DEBOUNCE
ENABLE
ANALOG CHANNEL
ENABLE -

ANALOG INPUT 'I;g—
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2. Description MC96F8316P Datasheet

24.2 Memory Organization

MC96F8316P addresses four separate memory spaces:
*  Program memory
*  Flash user memory

* Data memory

XRAM memory

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

MC96F8316P provides on-chip 16 Kbytes of 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 512 bytes.
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MC96F8316P Datasheet 2. Description

2421 Program Memory

A 16-bit program counter can address up to 64 Kbytes, but MC96F8316P has only 16 Kbytes 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 1 is assigned to location 002BH. If the external interrupt 1 is going
to be used, its service routine must begin at location 002BH. 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
bytes 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

NN

16 Kbytes
/] 001FH
\\\\ | Sector 1 J 0000H
0000H Sector 0
(Flash Program Memory) (Flash User Memory)

NOTE:

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

More detailed description of program memory is described in 2.4.20 Flash Memory.
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2. Description MC96F8316P Datasheet

24.2.2 Flash User Memory

Flash user memory has 64 bytes of memory space. This memory is accessible through the user memory
related registers.
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MC96F8316P Datasheet 2. Description

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 128bytes
(Indirect Addressing) (Direct Addressing)
80H 80H
7FH
Lower 128bytes
Internal RAM
(Direct or Indirect
Addressing)
00H
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2. Description MC96F8316P 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
instructions 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 [7F]7e]mD]7c][7B]7A]79] 78
77|76 |75 74737271 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
y Register 57 (56 | 55| 54 | 53 | 52 | 51| 50
g 4F [4E[4D|4ac|4aB|4A] 49] 48
4714645444342 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
. 272625242322 21] 20
(128?;:) Bit Addressable 1F[1E|1D|1C[1B|1A[19] 18
171615141312 11] 10
20H oF [oE[oD[oc|oB|oAal09] 08
1FH N o |o7]os|05]04]03]02]01]00
egister ban :
8 bytes 18H (8 bytes)
17H
Register Bank 2
8 bytes o (8 bytes)
OFH —
Register Bank 1
8 bytes - (8 bytes) =6
07H : Ei
Register Bank 0
8 bytes (8 bytes) R3
00H =
R1
RO
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MC96F8316P Datasheet 2. Description

2.4.2.4 Extended SFR and Data Memory Area

MC96F8316P has 512 bytes XRAM and XSFR registers. Extended SFR area has no relation with RAM
nor Flash. This area can be read or written to by using SFR in 8-bit unit.

Figure 7. Extended SFR (XSFR) Area

505FH
Extended
Special Function Registers
(Indirect Addressing)
5040H
Not used
107FH Extended

Special Function Registers
1000H (Indirect Addressing)

Not used

01FFH External RAM
512 bytes
(Indirect Addressing)

0000H
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2. Description MC96F8316P Datasheet

2425 SFR Map

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

SFR Map Summary

Table 5. SFR Map Summary

EI Reserved l:l M8051 compatible

00H/08H ™ 01H/09H 02H/0AH 03H/0BH 04H/0CH 05H/0DH 06H/0EH 07H/OFH
OF8H 1P1 - FSADRH FSADRM FSADRL FIDR FMCR -
OFOH B I2CSAR1 ADWRCRO | ADWRCR1 | ADWRCR2 | ADWRCR3 | ADWCRL ADWCRH
OE8H RSTFR I2CCR I2CSR I2CSARO I2CDR I2CSDHR I2CSCLR I2CSCHR
OEOH ACC FCDIN UARTOCR1 | UARTOCR2 | UARTOCR3 | UARTOST UARTOBD UARTODR
O0D8H LVRCR - - - ADWIFRL | ADWIFRH PO3DB P12DB
ODOH PSW - P2FSR POFSR P1FSRL P1FSRH P3FSRL P3FSRH
0C8H OSCCR - UART1CR1 | UART1CR2 | UART1CR3 | UART1ST UART1BD | UART1DR
0COH EIFLAGO P3IO T2CRL T2CRH T2ADRL T2ADRH T2BDRL T2BDRH
0B8H P P210 T1CRL T1CRH T1ADRL T1ADRH T1BDRL T1BDRH
0BOH EIFLAG1 P110 TOCR TOCNT TODR/ SPICR SPIDR SPISR
TOCDR
0A8H IE IE1 IE2 IE3 POPU P1PU P2PU P3PU
0AOH IIFLAG POIO EO - EIPOLOL EIPOLOH EIPOL1 EIPOL2
98H P3 - - - ADCCRL ADCCRH ADCDRL ADCDRH
90H P2 POOD P10D P20D P30D - WTCR BUZDR
88H P1 VV\\II';'FCI?I\IT'? SCCR BITCR BITCNT WDTCR Vv\\llli?'-lfgl\l?/l' BUZDR
80H PO SP DPL DPH DPL1 DPH1 LVICR PCON

NOTE:
1. Registers 00H/08H are bit-addressable except OSCCR.
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MC96F8316P Datasheet

Extended SFR Map Summary

2. Description

Table 6. XSFR Map Summary

El Reserved

00H/8H 01H/9H 02H/0AH | O03H/OBH | O04H/OCH | O5H/ODH | OBH/OEH | O07H/OFH
5058H | FCDRL - - - - - - -
5050H | FCSARH | FCEARH | FCSARM | FCEARM | FCSARL | FCEARL FCCR FCDRH
5040H | USERMCR | USERMSSR | USERMIDR - - - - -
1068H | UNIQUEIDS | UNIQUEID9 |UNIQUEID10|UNIQUEID11|UNIQUEID12|UNIQUEID13| UNIQUEID14 | UNIQUEID15
1060H | UNIQUEIDO | UNIQUEID1 | UNIQUEID2 | UNIQUEID3 | UNIQUEID4 | UNIQUEID5 | UNIQUEID6 | UNIQUEID7
1038H | XTFLSR - - - - - - -
1010H - - - - - - T2CAPL | T2CAPH
1008H - - - - - - TICAPL | T1CAPH
1000H - - - - - - - -
\BO\ 23
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2. Description MC96F8316P Datasheet
SFR Map
Table 7. SFR Map
Address Function Symbol R/W @ Reset
7/6 |54 (3 |2(1]0

80H PO Data Register PO RW|-]0(O0OjOf|O|O0O|O0]O
81H Stack Pointer SP RW|0|O0O]|]O]|]O|O 1 [|1]1
82H Data Pointer Register Low DPL RW|0O|O0O|]O|]O|O|O|O0O]|O
83H Data Pointer Register High DPH RW|0O|O0O|]O|]O0O|O|O|O0]|O
84H Data Pointer Register Low 1 DPLA1 RW|O0O|O|O|]O]|J]O|O]|]O]|O
85H Data Pointer Register High 1 DPH1 RW|O0O|O|O|]O]|J]O|O]|O]|O
86H Ilic;vgi;/tzlrtage Indicator Control LVICR Rwl—-l—-lolololololo
87H Power Control Register PCON RW | -|-]-]-|-|-10]0
88H P1 Data Register P1 RW|O0O|O|O|]O]|J]O|O]|]O]|O
89H Watch Timer Data Register WTDR w o1 (11111 111
89H Watch Timer Counter Register WTCNT R -/0j0O|j]O0O|lO]O]|O]|O
8AH System and Clock Control Register | SCCR RW | -|-]-]-|-|-10]0
8BH BIT Control Register BITCR RW|0|O0O|O|-|0|0|O0]|1
8CH Eizii‘;tg‘:e”a' Timer Counter BITCNT R [o|o|lo|oflo|o|o0]oO
8DH Watchdog Timer Control Register WDTCR RW|O0O|O0O|]O|-|-|=-]0]0
8EH Watchdog Timer Data Register WDTDR w 111 (1111171 111
8EH Watchdog Timer Counter Register WDTCNT R o|jofofo0o|j0|0]|]O0]O
8FH Buzzer Data Register BUZDR RW | 1|11 ]11]1 111
90H P2 Data Register P2 RW|-]0|0]|]0]|]O0|0]|]O0]|O0
91H PO Open-drain Selection Register POOD RW|-]0|0]|]0]|]O0|0]|]O0]|O0
92H P1 Open-drain Selection Register P10D RW|0O|O0O|]O]|]O|O|O|O]|O
93H P2 Open-drain Selection Register P20D RW|-]0]0]0|O0O|O0O|O0]O
94H P3 Open-drain Selection Register P30D RWi|O0O|O|O|]O]|J]O|O]|]O]|O
95H Reserved - - -
96H Watch Timer Control Register WTCR RW|O0O|-|-]0]0[0]0]|O0
97H BUZZER Control Register BUZCR RW|-|-]-]-]10|0|0]|O0
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MC96F8316P Datasheet 2. Description

Table 7. SFR Map (continued)

@ Reset
Address Function Symbol R/W
543|210
98H P3 Data Register P3 R/W ojo0ojo0ojo0o|0O0|O
99H Reserved - -
9AH Reserved - -
9BH Reserved - -
9CH A/D Converter Control Low Register | ADCCRL R/W ojo0ojo0ojo0o|0O0|O
9DH A/D .Converter Control High ADCCRH RIW _lololololo
Register
9EH A/D Converter Data Low Register ADCDRL R X | x| x| x| x|Xx
9FH A/D Converter Data High Register ADCDRH R X | x| x| x| x| x
AOH Internal Interrupt Flag Register IIFLAG R/W -|=-1=-10]0]0
A1H PO Direction Register POIO R/W ojo0ojo0ojO0|O|O
A2H Extended Operation Register EO R/W -0 -=-10]01|0O0
A3H Reserved - -
AdH Extgrnal Interrupt Polarity 0 Low EIPOLOL RIW olololololo
Register
ABH Extgrnal Interrupt Polarity 0 High EIPOLOH RIW olololololo
Register
AGH External Interrupt Polarity 1 Register | EIPOL1 R/W ojo0ojo0ojoO0|O0|O
A7TH External Interrupt Polarity 2 Register | EIPOL2 R/W ojo0ojo0ojoO0|O|O
A8H Interrupt Enable Register IE R/W o|jo0|0O0O|O0O|O0]O
A9H Interrupt Enable Register 1 IE1 R/W o|jo0|0O0O|O0O|O0]O
AAH Interrupt Enable Register 2 IE2 R/W oOo|-|0|0|0]O
ABH Interrupt Enable Register 3 IE3 R/W -|10|10|J0]0]O0
ACH PO P_uII-up Resistor Selection POPU RIW olololololo
Register
ADH 21 Eull-up Resistor Selection P1PU RIW olololololo
egister
AEH P2 P_uII-up Resistor Selection P2PU RIW olololololo
Register
AFH P3 P_uII-up Resistor Selection P3PU RIW olololololo
Register
\BO\ 25
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2. Description MC96F8316P Datasheet

Table 7. SFR Map (continued)

Address Function Symbol R/IW gl

7,6 543|210
BOH External Interrupt Flag 1 Register EIFLAG1 RW|-]0|0|]O0O]O0O]O0O|O0O]O
B1H P1 Direction Register P110 RW|O0O|]O|O|]O]J]O]O|O]O
B2H Timer 0 Control Register TOCR RW|O0O|-|0]|]O]O0O]O|O0]O
B3H Timer 0 Counter Register TOCNT R o(fojojofo|jojoj|o
B4H Timer O Data Register TODR RW | 111|111 1]1
B4H Timer 0 Capture Data Register TOCDR R ofojojofo0o|jo0ojojoO
B5H SPI Control Register SPICR RW|O0O|O|O|]O]O]O|O]O
B6H SPI Data Register SPIDR RW|O0O|O|O|]O]O]O|O]O
B7H SPI Status Register SPISR RW|O0|O|O|-]0|0]|-]-
B8H Interrupt Priority Register IP RW|-|-|0]|]0]0]O0|O0]O
B9H P2 Direction Register P210 RW|-]0|0|]O0O]O0O]O0O|O0O]O
BAH Timer 1 Control Low Register T1CRL RW|O0O|O|O|]O|-]0|0]O
BBH Timer 1 Control High Register T1CRH RW|O0O|-|O0]|]O|-]|-|=-1]0
BCH Timer 1 A Data Low Register T1ADRL RW | 111|111 1]1
BDH Timer 1 A Data High Register T1ADRH RW | 11|11 ]1]1[1]1
BEH Timer 1 B Data Low Register T1BDRL RW | 111|111 1]1
BFH Timer 1 B Data High Register T1BDRH RW 1|11 ]|1]|1|1]1]A1
COH External Interrupt Flag 0 Register EIFLAGO RW|-]10|]0|]0|O0]O0]|]O0]O
C1H P3 Direction Register P31O RW|O0O|O|O|]O]|]O]O|O]|O
C2H Timer 2 Control Low Register T2CRL RW|O0O|O|O|]O]|]O]O|O]|O
C3H Timer 2 Control High Register T2CRH RW|O0O|-|O0]|]O0O|-]|-|=-1]0
C4H Timer 2 A Data Low Register T2ADRL RW |11 |1]1]1]1[1]1
C5H Timer 2 A Data High Register T2ADRH RW |11 |1]1]1]1[1]1
CeH Timer 2 B Data Low Register T2BDRL RW | 111|111 1]1
C7H Timer 2 B Data High Register T2BDRH RW |1 (1|11 ]1]1[1]1
C8H Oscillator Control Register OSCCR RW|-|-|0]0|1]0|0]O0
C9H Reserved - - -
CAH UART1 Control Register 1 UART1CR1 RW | -] -]1]0]0|0]0]|O0]|-
CBH UART1 Control Register 2 UARTICR2 |RW | O |O|O0O|O0O|O|O0O|O0O]|O
CCH UART1 Control Register 3 UARTICR3S | RW |- |0 |-|-|-]0]0]|O0
CDH UART1 Status Register UART1ST RWi|1|0|0|O0O]O|O0O|O0]O
CEH g’:;;;?a“d Rate Generation UARTIBD | RW | 1 [ 1|1 1|11 1|1
CFH UART1 Data Register UART1DR RW|O|lO|O|O|O|O|O]O
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Table 7. SFR Map (continued)

@ Reset
Address Function Symbol R/W
716|543 |2|1/|0
DOH Program Status Word Register PSW RW|0O|O0O|]O|]O]JO|]O]|]O]O
D1H Reserved - - -
D2H P2 Function Selection Register P2FSR RW |- -|-]-]-1]1-101]0
D3H PO Function Selection Register POFSR RW|0|0O|JO|]O0O]JO]O]|]O]O
D4H P1 Eunction Selection Low P1FSRL rwlolololololololo
Register
D5H P1 F_unction Selection High P1FSRH Rwl—-lololololololo
Register
D6H P3 F_unction Selection Low P3FSRL Rwl—-l_-lolololololo
Register
D7H P3 Eunction Selection High P3FSRH rRwl—lol-l-lolololo
Register
D8H Low.VoItage Reset Control LVRCR rRwlol-l—-lololololo
Register
D9H Reserved - - -
DAH Reserved - - -
DBH Reserved - - -
pcH  |ADC Wake-up Interrupt Flag Low | \pyyipR( RW|o|o|o|o|o|o]o]o
Register
DDH ADQ Wake-up Interrupt Flag High ADWIFRH Rwl—-lololololololo
Register
DEH PO/P3 Debounce Enable Register | PO3DB RW|0|O0O|]O|]O]J]O|]O]|]O]O
DFH P1/P2 Debounce Enable Register | P12DB RW|0|O0O|]O|]O]|J]O]|]O]|]O]O
EOH Accumulator A Register ACC RW|0|O0O|]O|]O]|J]O]O]|]O]O
E1H Flash CRC Data In Register FCDIN RW|0|O0O|JO|]O]J]O]O]|]O]O
E2H UARTO Control Register 1 UARTOCR1 RW | -|-]0|0]0|0]|O0]|-
E3H UARTO Control Register 2 UARTOCR2 RW|O0O|O|OjO|O|O|O]O
E4H UARTO Control Register 3 UARTOCRS3 RW|-|O0|-|-|=-]0]0]O0
E5H UARTO Status Register UARTOST RW|1|(0(0j0O|O0O]O0O|O0]O
E6H UARTO Baud Rate Generation UARTOBD Rw Il 111141111011 114
Register
E7H UARTO Data Register UARTODR RW|O0O|O|OjO|O|O|O]O
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Table 7. SFR Map (continued)
@ Reset
Address Function Symbol R/W
7,6 |5 |43 |2 [1]0
E8H Reset Flag Register RSTFR RW | 1| x|0]|-|x]|—-1|-1|-
E9H I2C Control Register [2CCR RWj|o0j0O|]O0O|O0O]O0O|O|O]|O
EAH I2C Status Register I2CSR RW|0|j0O|]O0O|O0O]O0O|O|O]|O
EBH I2C Slave Address 0 Register [2CSARO RW|O0O|]0O|O]O|JO|]O|]O]|O
ECH I2C Data Register I2CDR RW|0|O0O|O0O|]O0O|O0O|O0O]O0]O
EDH I2C SDA Hold Time Register I2CSDHR RW|0|O0O|O0O]|]O0O|O0O]|]O0O]O0]1
EEH I2C SCL Low Period Register [2CSCLR RW | O0|O |1 |11 ]1]1]1
EFH I2C SCL High Period Register [2CSCHR RW | O0|O |1 |11 ]1]1]1
FOH B Register B RW|0|O0O|O0O|]O0O|O0O|O0O]O0]O
F1H I2C Slave Address 1 Register [2CSAR1 RW|O|O|]O|]O]|]O]O|O]|O
Fon | ADC Wake-up Resistor Control ADWRCRO |RW [0 |0 |o|lo|o|olo]o
Register 0
Fay |ADC Wake-up Resistor Control ADWRCR1 |RW [0 |0 |o|lo|o|olo]o
Register 1
Fan | ADC Wake-up Resistor Control ADWRCR2 |RW [0 |0 |o|lo|o|olo]o
Register 2
F5H ADQ Wake-up Resistor Control ADWRCR3 Rwl-l—-lolololololo
Register 3
FeH | ADC Wake-up Control Low ADWCRL |RW [0 |0 |o|lo|o|olo]o
Register
F7H | ADC Wake-up Control High ADWCRH |RW | -|o|lo|olo]o]o]o
Register
F8H Interrupt Priority Register 1 IP1 RW|-|-]0]0]0]O0|O0]|O0
FOH Reserved - - -
FAH Flash Sector Address High FSADRH rRwl—l-l-l-1lolololo
Register
FBH Flash Sector Address Middle FSADRM rRwlolololololololo
Register
FCH Flash Sector Address Low Register | FSADRL RW|O0O|O|]O|]O]|]O]O|O]|O
FDH Flash Identification Register FIDR RW|O0O|O0O|]O|]O]O]O|O]|O
FEH Flash Mode Control Register FMCR RW|O|-|-|-|-]10]0]0
FFH Reserved - - -
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Extended SFR Map

Table 8. XSFR Map

Address Function Symbol R/W @ Reset

7]e|[s5][a|3]2]1]0
100EH | Timer 1 Capture Data Low Register | T1CAPL R ojo0(o0|0]0|O0O|O0}|O
100FH Eg‘g‘?;t;rcapt“re Data High T1CAPH R|lo|lo|lo|lo|lo|o|o]o
1016H | Timer 2 Capture Data Low Register | T2CAPL R ojo0(o0|0]0|O|O0]|O
1017H g;“g?;ércapt“re Data High T2CAPH R|lolo|lo|lo|lo|o|o]o
1038H | X-tal Filter Selection Register XTFLSR lrw|ofofofofofolo]o
1060H |Unique ID Register 0 UNIQUEIDO R X | X | X | x| x| X X
1061H | Unique ID Register 1 UNIQUEID1 R X | X | x| x| x| Xx X
1062H | Unique ID Register 2 UNIQUEID2 R X | X | x| x| x| Xx X
1063H | Unique ID Register 3 UNIQUEID3 R X | X | x| x| x| x X
1064H |Unique ID Register 4 UNIQUEID4 R X | X | X | x| x| X X
1065H | Unique ID Register 5 UNIQUEID5S R X | X | X | x| x| X X
1066H | Unique ID Register 6 UNIQUEID6 R X | X | x| x| x| Xx X
1067H | Unique ID Register 7 UNIQUEID7 R X | X | x| x| x| x X
1068H | Unique ID Register 8 UNIQUEID8 R X | x| x| x| x| X X
1069H | Unique ID Register 9 UNIQUEID9 R X | X | x| x| x| X X
106AH | Unique ID Register 10 UNIQUEID10 R X | X | x| x| x| X X
106BH | Unique ID Register 11 UNIQUEID11 R X | x| x| x| x| X X
106CH | Unique ID Register 12 UNIQUEID12 R X | x| x| x| x| X X
106DH | Unique ID Register 13 UNIQUEID13 R X | X | x| x| x| X X
106EH | Unique ID Register 14 UNIQUEID14 R X | X | x| x| x| X X
106FH |Unique ID Register 15 UNIQUEID15 R X | X | x| x| x| X X
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MC96F8316P Datasheet

Table 8. XSFR Map (continued)

@ Reset
Address Function Symbol R/W

7]e[s|af3]2]1]0

5040H |User Memory Control Register USERMCR RW|iO0O|O|O]J]O|]O]O]O|O

5041H | User Memory Sector Selection USERMSSR |[RW| 0 |o|o|lo|o|lo]o]o
Register

5042H | poer Memory Identification USERMDR |RW| o |o|o]|o|o0|o0o|o0]o0
egister

50504 | F1ash CRC Start Address High FCSARH rRwl ol ol -l -|<Z1o
Register

5051H Flash CRC End Address High FCEARH Rwl - Ll -l 2|2-1o
Register

5052H [Fash ORC Start Address Middle | o arw Rw|[o|o|lo|lo|lo|o|o]o
egister

5053H Flash CRC End Address Middle FCEARM rwlolololololololo
Register

50541 | F12sh CRC Start Address Low FCSARL Rw|o|lo|o|lo|lo|o]|o]o
Register

5055H | Flash CRC End Address Low FCEARL RW|o|lolofo|1]|1]1]H1
Register

5056H | Flash CRC Control Register FCCR RWfioO0O|O|O]|]-]0]0]0{|0O0

5057H |Flash CRC Data High Register FCDRH R 1 1 1 1 1 1 1 1

5058H |Flash CRC Data Low Register FCDRL R 1 1 1 1 1 1 1 1
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2.4.3 Ports
2.4.3.1 /0 Ports

MC96F8316P has four groups of I/O ports, PO, P1, P2 and P3. 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 a 7-bit I/O port, PO controls the following registers:

* PO data register (P0O)

* PO direction register (P0IO)

*  PO/P3 debounce enable register (PO3DB)

* PO pull-up resistor selection register (POPU)
* PO open-drain selection register (POOD)

* PO Function selection register (POFSR)

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 pull-up resistor selection register (P1PU)
* P1/P2 debounce enable register (P12DB)

* 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 a 7-bit I/O 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 (P2FSR)

2.4.3.5 Port Description of P3

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

32

P3 data register (P3)

P3 direction register (P310)

P3 pull-up resistor selection register (P3PU)
P3 open-drain selection register (P30D)

P3 Function selection registers (P3FSRL/P3FSRH)

MC96F8316P Datasheet
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2.4.4 Interrupt Controller

Up to 22 interrupt sources are available in the MC96F8316P. 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 priorities

* 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 ranging 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 interrupts 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:

e WhenEAissetto ‘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. MC96F8316P supports a four-level priority scheme. Each maskable interrupt is individually
assigned to one of the four levels according to IP and IP1.
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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 are 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 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 INT2, INT5 to INT7, INT17 receive various interrupt requests in

accordance with the external interrupt polarity 0 registers (EIPOLOH/L), external interrupt polarity 1

register (EIPOL1) and external interrupt polarity 2 register (EIOPL2) as shown in Figure 9. Each external

interrupt source has enable/disable bits. An external interrupt flag register (EIFLAG) provides the status

of the external interrupts.

Figure 9. External Interrupt Description

EIPOL1
2
X
EINT10 Pin > o
D _»;%k »FLAG10 INTO Interrupt
2
: X
EINT11 Pin [ ] e FLAG11 INT1 Interrupt
e LS
EINT12 Pin [ | > FLAG12 INT2 Interrupt
LS
. ol
EINTS Pin [ ] s FLAG5 INT6 Interrupt
2 = LES
EINT6 Pi >
in [ ] o FLAG6 INT7 Interrupt
2 | AW
EIPOLOH
EINTOPin [ ———» FLAGO
2
EINT1Pin [ | >
- 2 4
EINT2Pin [ | > INT5 Interrupt
2
EINT3Pin [ | >
2
EINT4Pin [ | *_; FLAG4
2
| EIPOLOH,EIPOLOL |
EINT7Pin [ |——» FLAG?
2 XX
EINT8 Pin [ | > FLAGS
2 7 INT17 Interrupt
EINTO Pin [ | > FLAGO
2
EINTAPin [ | o % FLAGA
2
EIPOL2
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2442

Interrupt Controller Block Diagram

Figure 10. Interrupt Controller Block Diagram

MC96F8316P Datasheet
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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:;(:I?gtit Priority Mask a\(liii(:aosrs
Hardware RESET RESETB - 0 Non-Maskable 0000H
External Interrupt 10 INTO IE.O 1 Maskable 0003H
External Interrupt 11 INT1 IEA 2 Maskable 000BH
External Interrupt 12 INT2 IE.2 3 Maskable 0013H
UART1 Rx Interrupt INT3 IE.3 4 Maskable 001BH
UART1 Tx Interrupt INT4 IE.4 5 Maskable 0023H
External Interrupt 0 — 4 INT5 IE.5 6 Maskable 002BH
External Interrupt 5 INT6 IE1.0 7 Maskable 0033H
External Interrupt 6 INT7 IE1.1 8 Maskable 003BH
12C Interrupt INT8 IE1.2 9 Maskable 0043H
UARTO Rx Interrupt INT9 IE1.3 10 Maskable 004BH
UARTO Tx Interrupt INT10 IE1.4 1" Maskable 0053H
ADC Wake-up Interrupt 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
- INT16 IE2.4 17 Maskable 0083H
External Interrupt 7 — A INT17 IE2.5 18 Maskable 008BH
ADC Interrupt INT18 IE3.0 19 Maskable 0093H
SPI 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
- 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 setto ‘1’.
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When an interrupt request is received, a particular interrupt request flag is setto ‘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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2.4.5 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 a 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 also be 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. The
default system clock is a 1MHz INT-RC oscillator and default division rate is sixteen. To stabilize the
system internally, it uses TMHz INT-RC oscillator on POR.

MC96F8316P 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 to 12 MHz)
*  Sub Crystal Oscillator (32.768 kHz)

* Internal WDTRC Oscillator (5 kHz)

2451 Clock Generator Block Diagram

Figure 11. Clock Generator in Block Diagram

XIN [ ) fXIN DCLK .| System R
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246 BIT

MC96F8316P 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 MC96F8316P 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 BIT Block Diagram

Figure 12. BIT Block Diagram

BCK[2:0]
» Start CPU
Yy selected bit
BIT Clock —— S'b"BLIJ?C?\IOT“”ter overflow BITIFR — To interrupt block

A
clear clear

RESET I
:[>—> BCLR WDT INT_ACK
STOP
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247 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 WDTCR[5], WDT counter value is cleared and
counts. 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. The 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

24.71 WDT Block Diagram

Figure 13. WDT Block Diagram
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248 WT

The watch timer (WT) 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’s counter circuits may be composed of 21-bit counters which contain low 14-bit with binary counter
and high 7-bit counter to raise resolution. In WTDR, it can control the 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 TimerO

The 8-bit timer 0 consists of multiplexer, timer O counter register, timer 0 data register, timer 0 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 P3FSRL[5] TOMS[1:0] TOCKJ[2:0] Timer 0
1 1 00 XXX 8-bit Timer/Counter Mode
1 0 1X XXX 8-bit Capture Mode
1 1 01 XXX 8-bit PWM Mode
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MC96F8316P Datasheet 2. Description

2491 Timer 0 Block Diagram

Figure 15. 8-bit Timer 0 Block Diagram
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2410 Timer1

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).

Timer 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 (T1CK[2:0]).

e Timer 1 clock sources: fX/1, 2, 4, 8, 64, 512, 2048, and ECn

Table 11. Timer 1 Operating Modes

T1EN P1FSRL[5:4] T1MS[1:0] T1CK[2:0] Timer 1
1 01 00 XXX 16-bit Timer/Counter Mode
1 00 01 XXX 16-bit Capture Mode
1 01 10 XXX 16-bit PPG Mode (one-shot mode)
1 01 11 XXX 16-bit PPG Mode (repeat mode)
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2.4.10.1 Timer 1 Block Diagram

Figure 16. 16-bit Timer 1 Block Diagram

2. Description

16-bit A Data Register
T1ADRH/T1ADRL

Reload

/7— A Match
T1CC

\A— T1EN

To other
T1ECE T1CK[2:0] > block
- INT_ACK
¢ 3 Buffer Register A |
lCIear
Edge
— L )
EC1 Detector :t AMatch | TIFR To interrupt
P x/1 v block
Comparator
fx/2
ey AMatch
e —>f></4 M 16-bit Counter Clear
s v TICNTHTACNTL Tex
fx— | c B _p| x ! TIEN
a fx/64 > T
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e D512 4, :t I>—> Generator PWM10
¢ |[fx2048
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EIPOL1[3:2] SN A TiEn
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T1BDRH/T1BDRL
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16-bit Capture Register
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rral | FLAG11 To interrupt
| (EIFLAG1.5) block
NOTE:

1.  The T1EN is automatically cleared to logic ‘O’ after one pulse is generated at a PPG one-shot mode.
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2411 Timer 2

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 PWM20O port in the PPG mode).

Timer 2 uses an internal clock or an external clock (EC2, 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, 64, 512, 2048 and ECn

Table 12. Timer 2 Operating Modes

T2EN P1FSRL[7:6] T2MS[1:0] T2CK[2:0] Timer 2
1 01 00 XXX 16-bit Timer/Counter Mode
1 00 01 XXX 16-bit Capture Mode
1 01 10 XXX 16-bit PPG Mode (one-shot mode)
1 01 11 XXX 16-bit PPG Mode (repeat mode)
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2.4.11.1 Timer 2 Block Diagram

Figure 17. 16-bit Timer 2 Block Diagram
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NOTES:
1.  The T2EN is automatically cleared to logic ‘O’ after one pulse is generated at a PPG one-shot mode.
2. T1 A Match is a pulse for the timer 2 clock source if it is selected.

\BO\ 49

SEMICONDUCTOR



2. Description MC96F8316P Datasheet

2.4.12 Buzzer

The Buzzer consists of an 8-bit counter, buzzer data register (BUZDR) and buzzer control register
(BUZCR). The Square Wave (61.035 Hz to 125.0 kHz @ 8 MHz) is output 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.

fBUZ (Hz) =

Oscillator Frequency

2 x Prescaler Ratio x (BUZDR +1)

Table 13. 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
2.4.12.1 Timer 3 Block Diagram
Figure 18. Buzzer Driver Block Diagram
fsus BUZEN
x/32 ¢ 8-bit Up-Counter
M |—| Clear
Pre |64 | o o Counter
fx —» scaler x/128 » X I—I
fx/256 Moo
$3 —3 FF |——0OBuzo
Comparator
BUCK[2:0]
BUZDR
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\BO\

SEMICONDUCTOR



MC96F8316P Datasheet 2. Description

2413 12-bit ADC

Analog-to-Digital converter (ADC) allows conversion of an analog input signal to a corresponding 12-
bit digital output. The ADC module has 15 analog inputs, and the output of the multiplexer becomes the
input into the converter, which generates a result via successive approximation.

The ADC module incorporates twelve 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’. Other registers are used to wake-up from Stop mode by falling edge of ANx input. ADWRCRX is
Wake-up Resistor selection for ANx input, ADWCRHY/L is Wake-up Enable bit for ANx.

*  ADC control high register (ADCCRH)

*  ADC control low register (ADCCRL)

* ADC data high register (ADCDRH)

* ADC data low register (ADCDRL)

*  ADC wake-up resistor control register 0 (ADWRCRO)
*  ADC wake-up resistor control register 1 (ADWRCR1)
*  ADC wake-up resistor control register 2 (ADWRCR2)
*  ADC wake-up resistor control register 3 (ADWRCR3)
*  ADC wake-up resistor control high register (ADWCRH)
*  ADC wake-up resistor control low register (ADWCRL)
*  ADC wake-up interrupt flag high register (ADWIFRH)

* ADC wake-up interrupt flag low register (ADWIFRL)
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2. Description

2.4.13.1 ADC Block Diagram

MC96F8316P Datasheet

Figure 19. 12-bit ADC Block Diagram

TRIG[1:0]
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M «—— ADST
l«—— TO match signal
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ADSEL[3:0] Start
(Select one input pin
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—
ANO —»
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Input Pins ¢ —»| U Comparator
¢ —| X
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l AFLAG
Control I ADCIFR To interrupt

Logic block

TCIear
INT_ACK
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ADCDRH (R), ADCDRL (R)

REFSEL —» AVTSS
t ot
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Figure 20. AD Analog Input Pin with Capacitor

0~100 Q
Analog AN
Input
0~1000pF

I ANX

Figure 21. ADC Power (AVREF) Pin with Capacitor

Analog

22 uF

Power AVREF
Input
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MC96F8316P Datasheet 2. Description

Figure 22. ADC Power-Down Wake-Up Function Block Diagram

VDD VDD

ANNRSO—
IDLE or STOP—DO—O| [ [
ANn Function I ’_O

ANNRS1 1

IDLE or STOP
|_ Rawpu1 Rawpu2
ANnN Function 4% %
ANnN

l Clear
ANNWEN L
To int t
IDLE or STOP \ ADnWIFR bi)lcr:(errup

ANnN Function I

NOTES:
1. ANO to AN14 functions can be controlled by POFSR, P1FSRL, and P1FSRH.

2. The pull-up resistor of PO/P1 can be enabled by POPU/P1PU register. So, be careful of each P0/P1 pull-up
resistor. If a pull-up resistor of PO/P1 is enabled, the corresponding pin will be changed to the equivalent resistor
value by it.

3. An ADC wake-up interrupt can occur by a falling edge (VIL) of selected ANn pins.

ADC path is off when it is power-down mode and ADC wake-up interrupt path is on during power-down mode when
ANNWEN bit is “1°.

5. n=0,1,2,3,...and 14.
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2414 12C

The 12C (Inter-Integrated Circuit) is one of industrial standard serial communication protocols, and which
uses two bus lines Serial Data Line (SDA) and Serial Clock Line (SCL) to exchange data. Because both
SDA and SCL lines are open-drain output, each line needs a pull-up resistor.

The features are shown below.
e Compatible with 12C bus standard
e Multi-master operation
*  Up to 400 kHz data transfer read speed
*  7-bit address
*  Support two slave address
*  Both master and slave operation

*  Bus busy detection

2.4.14.1 12C Block Diagram

Figure 23. 12C Block Diagram

Clear —~
INT_ACK —»| IICIFR To interrupt
block ;
Slave Address Register
t S ——
RXACK, GCALL, Interrupt
TEND, STOPD, Generator| liCIE ¢
SSEL, MLOST
, : General Call And
BUSY, TMODE T Address Detector lICGCE |
t 4 N
Receive Shift Register
>
SDA (RXSR) T I2CDR, (Rx) —) E
N
SDA In/Out ACK Signal
-ch —p| [—— +—]
N-ch | Controller Generator <4— ACKEN ﬁ
Vss STOPISTART | 4— STOPC 5
g <+— -
Condition Generator | ¢q— STARTC u
L ‘°’
Transmit Shift Register
+—]
(TXSR) 12CDR, (Tx) ——= !
SDA Hold Time Register N
]
[2CSDHR <:| E
Time Generator " - -
SCL Out SCL High Period Register
—> < +—
SCL Controller . And I2CSCHR <:|
Time Controller
SCL Low Period Register
] <:I
N-ch —p] |« I2CSCLR
SCLK
VSS (fx: System clock) ~J

NOTE:

1. When the corresponding port of 12C 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.

54 \BO\

SEMICONDUCTOR



MC96F8316P Datasheet 2. Description

2415 SPI

There is one channel of serial peripheral interface (SPI) in MC96F8316P. 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), support master/slave mode, can select serial clock (SCK) polarity, phase and
whether LSB first data transfer or MSB first data transfer.

2.4.15.1 SPI Block Diagram

Figure 24. SPI Block Diagram
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2416 UART 011

The MC96F8316P has built-in two channels of UART module (Universal Asynchronous Receiver /
Transmitter).

The UART 0/1 of the MC96F8316P features the following:

*  Full-duplex and half-duplex operations

* Baud rate generator

e 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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2.4.16.1 UART Block Diagram

Figure 25. UART Block Diagram (n =0 and 1)

2. Description
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2.4.17 Flash CRC and Checksum Generator

Flash CRC (Cyclic Redundancy Check) generator of MC96F8316P generates 16-bit CRC code bits
from Flash and a generator polynomial. 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 26. CRC-16 Polynomial Structure

CRC: G(X)=x"®+x"® +x"" +x"0+x" +1

S e Jedbe e e e 11T OO0 e

rs Ma s rez m ro re rs Iz e s 4 I3 rn n o

2.417.1 Flash CRC and Checksum Generator Block Diagram

Figure 27. Flash CRC/Checksum Generator Block Diagram
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CRCRUN Flash CRC End Address Register
(Only Auto CRC Mode) T
INTERNAL BUS !
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2.418 Power-Down Operation

MC96F8316P 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.

2.4.18.1 Peripheral Operation in IDLE/STOP Mode

Peripheral’'s operations during IDLE/STOP mode are described in Table 14.

Table 14. 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
BIT Operates Continuously Stop
WDT Operates Continuously Stop (Can be operated with WDTRC OSC)
WT Operates Continuously Stop (Can be operated with sub clock)
Timer 0/1/2 Operates Continuously Halif%ﬁgggg}"}ﬁgé?ifg;?égﬁﬂ?;%:\;)o de
ADC Operates Continuously Stop
BUZ Operates Continuously Stop
SPI Operates Continuously Only operate with external clock
UART Operates Continuously Stop
12C Operates Continuously Only operate with external clock
Internal OSC (16 MHz) Oscillation Stop when the system clock (fx) is firc
WD(EIT(CHSSC Can be operated with setting value Can be operated with setting value
(O.L\lﬂ?(i)n1g?/lcl;-|z) Oscillation Stop when fx = fxin
Sub OSC (32.768 kHz) Oscillation Stop when fx = fsus
I/0 Port Retain Retain
Control Register Retain Retain
Address Data Bus Retain Retain

Release Method

By RESET, all Interrupts

By RESET, Timer Interrupt (ECO, EC1,
EC2), SPI (External clock), External
Interrupt, UART by RX, WT (sub clock),
WDT, ADC
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2. Description MC96F8316P Datasheet

2.4.19 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 15 indicates a corresponding on-chip Hardware that is to be

initialized.

Table 15. Reset Value and 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.

MC96F8316P has 5 types of reset sources as listed in the following:
* External RESETB
*  Power-On Reset (POR)
*  WDT Overflow Reset (in case of WDTEN=1)
* Low-Voltage Reset (in case of LVREN=0)

e OCD Reset

2.419.1 Reset Block Diagram

Figure 28 shows a reset block of MC96F8316P.

Figure 28. Reset Block Diagram

RESET
Noise Canceller

Ext RESET
Disable by FUSE
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OCD RSTEN

(BIT Overflow)
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2.4.20 Flash Memory

MC96F8316P incorporates Flash memory inside. Program can be written, erased, and overwritten on
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.

Main features of the Flash memory are listed below:

* Flash Size: 16 Kbytes

*  Single power supply program and erase

* Command interface for fast program and erase operation

*  Minimum 10,000 (Sector 0 to 503) / 100,000 (504 to 511) program/erase cycles at typical

voltage and temperature for Flash memory

NOTE:
1. Allinterrupts must be disabled by software before accessing flash user memory.
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2.4.20.1 Flash Program ROM Structure

Figure 29. Flash Program ROM Structure

03FFFH
Sector 511
03FEOH 03FEOH
03FDFH
Sector 510
03FCOH 03FCOH
03FBFH
Sector 509
03FAOH 03FAOH
03F9FH
Sector 508
| | |
| | |
ROM | | | Flash
Address | | | Sector
| | | Address
| | |
| | |
| | |
| | |
| | |
Sector 2
00040H 00040H
0003FH
Sector 1 /| 001FH
00020H 00020H Sector 1 /
0001FH 0000H
Sector 0 Sector 0 /
00000H 00000H
Flash Program Memory Flash User Memory
32 bytes 32bytes
801FH
Accessed by
; 4 Flash Page Buffer Page (Sector)
MOVX instruction ‘_{;2_' (External Data Memory, 32 bytes) Buffer Address
only 8000H
FSADRH/M/L
FIDR
Flash Controller EMCR
USERMCR
NOTES:

1. Flash memory does not support byte erase mode.
2. Allinterrupts must be disabled by software before accessing user flash memory.
3. The user flash memory is not hard-lock even if the flash program memory is hard-lock.
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2.4.21 Debug Interface

2. Description

MC96F8316P uses OCD (On-Chip Debugger) interface for debugging, which is ABOV’s own interface.
The OCD monitors and controls the core and supports the read and write operations of external memory

and devices. In addition, it supports memory monitoring and break functions.

Debug interfaces such as an OCD interface enable a microcontroller to write on internal programmable

memory, thereby, allow it to support ISP (In-System Program) which makes it possible to write as a

single chip or as an embedded chip in the system.

Table 16 provides information on the core and debug emulation interface.

Table 16. Core and Debug Information

Value Description
Device Name MC96F8316P
Series 96 series
Core M8051
Extended Stack Pointer No 94, 97 series only
Debug Interface OCD 1
Number of Break Point 8
Real-time Monitoring No OCD 2 only
Run Flag Port No OCD 2 option
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2.4.21.1 Core

This microcontroller contains an M8051/CM8051 core that was made by improving the 8051. The
M8051/CM8051 core is compatible with the 8051. It reduces time of operation cycles and makes
development easy by providing the OCD debug function.

ABOV’s 8-bit microcontroller has a core of 94-series, 96-series, or 97-series, which is basically
compatible with the 8051 series at the instruction set level. A core of each series uses different Debug
Interface respectively as shown in Table 17.

Table 17. Core and Debug Interface by Series

Core Debug Interface
96 Series M8051 OoCD 1
97 Series M8051 OCD 2
94 Series CM8051 OCD 2
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Features of each series are compared in Table 18.

Table 18. Feature Comparison Chart by Series and Cores

2. Description

96 Series 97 Series 94 Series
CPU Core M8051 M8051 CM8051
Cycle Compatible with MCS51 1/6 1/6 No
OCD Function OCD 1 OCD 2 OCD 2
Program BUS 8-bit

Data Bus

8-bit IRAM/XRAM separated

8-bit single SRAM

EA Auto Clear

Yes

Yes

Yes

EA=0, Idle/Stope Mode Wake Up

Yes

Yes

Yes

Interrupt Priority

6 group x 4 level

Interrupt x 4 level

Interrupt x 2 level

Interrupt x 2 level

Nested Interrupt Priority 4 level 4 level (max. 4 times)
SFR BUS (Read/Write) Two ports Two ports Single port
Stack Extension X (0] (0]
Register SRAM
Register Bank 4
CPU/Flash Clock Ratio x 1
2-stage
Pipeline No No (IF + IDE/]EX)
DHRY Stone Score (18051: 1.00) 6.0 6.0 8.4
Average Instruction Set Exe.
Cycle Compare with i8051 x6.0 x 6.0 x 6.4
Ao e e Bl 52.27 uA/MHz 52.27 uA/MHz 30.19 uA/MHz
(@synthesis)
NOTES:

1. EAmeans that All Interrupt Enable bit or Disable bit (Standard 8051).

2. Group: When a programmer selects a specific interrupt (e.g., Interrupt1), the whole interrupts: 0, 6, 12, and 18 have

higher priorities.

ABOV’s 8-bit microcontrollers maintain the compatibility of binary levels with 8051 cores; however, the

cores and series have differences in performances, functions of the core, and debug interfaces.

The following sections describe the differences between each series.
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Debug Interfaces

96-series core uses OCD 1 for a debug interface, while the cores of 94-series and 97-series use OCD
2 for debug interfaces. The OCD 1 and OCD 2 use the same method in hardware, but protocols are not
compatible with each other.

In the OCD 2, it is able to measure the emulation time through the “Run Flag” pin.

Table 19. OCD Type of Each Series
Series 96-Series 97-Series 94-Series Remark
OCD type OoCD 1 OCD 2 OCD 2

In Table 20, debug interfaces of the OCD 1 and OCD 2 are compared.

Table 20. Comparison of OCD 1 and OCD 2

Value Description
OoCD 1 Break point MAX.8 PC break only
With RAM break
Break point MAX.12 Code, XDATA, IDATA
1/8/16/32bit compare
OCD 2 . o
Real-time monitoring Code, XDATA, IDATA
Frequency output Examine CPU frequency
Run Flag port Option for run-time measurement

96 Series —OCD 1

This series supports basic operations such as Run, Stop, Step, Break point, register reading/writing,
Memory reading/writing, and SFR reading/writing.

94 Series and 97 Series — OCD 2

This series supports the features of the OCD 1 and the features listed below (however, the protocol is
not compatible with the OCD1).:

*  RTM support: CODE, XDATA, IDATA are updated during the Run Time (Real Time Monitoring
available).

* Run Flag support: Emulation Time can be measured in OCD mode (using the Run Flag port).

e RAM Break support: IDATA, SFR, and XDATA break are added.
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Interrupt Priority

In the M8051, users can set interrupt priorities by group. Thus, the 96-series microcontroller with the
basic M8051 core only supports interrupt priorities in group units.

In the 94-series or 97-series microcontroller, users can set interrupt priorities to have more functions
than the existing functions and set individual priority over each interrupt source.

Table 21. Interrupt Priorities in Groups and Levels

Series 96-Series 97-Series 94-Series Remark

96 series:
Int t 6 d IP/IP (Interrupt Priority Register
nierrup groupe Fully4level | Fully 4 level (Interrupt Priority Register)
priority 4 level 94, 97 series:

IPxL/IPxH (Interrupt Priority Register)

96 Series

*  The priorities by groups are available only with IP/IP1 settings.
*  With IP/IP1 settings, users can set interrupt priorities by group unit.
e The interrupt priority of a group unit (4 interrupts in a group) can be changed to the level

between 0 and 3 according to the value of IP/IP1.

94, 97 Series

e The individual interrupt priority can be set by setting IPxL/IPxH(x=0 to 3).

e The individual interrupt priority can be changed to the level between 0 and 3 according to the
value of IPxL/IPxH (x=0 to 3).
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Extended Stack Pointer

M8051 uses IRAM area for Stack Pointer. However, 94-series and 97-series microcontrollers use not
only IRAM area but also XRAM area for Stack Pointer by configuring additional registers.

The setting procedure is as follows:

1. Configure the XSP/XSPCR registers to use the XRAM area as the Stack Pointer.
2. The XSPCR decides whether to use XRAM for Stack Pointer.

A. If XSPCR ='0’, IRAM is available for Stack Pointer.

B. IfXSPCR ='1", XRAM is available for Stack Pointer.
3. The XSP decides the position of XRAM Stack Pointer.

A. This is valid only if XSPCR ="1".

Figure 30. Configuration of Extended Stack Pointer

XRAM_TOP

XRAM
Stack
Area

OxFF

0x0000 0x0000
XSPCR =0 XSPCR =1

IRAM is used. XRAM is used.

STACK_POINTER = {XSP[7:0],SP[7:0]} = XRAM_TOP — STACK_SIZE

Example) If only 256 bytes of XRAM will be used for stack,

*  XRAM_TOP = 4 KB (0xOFFF)

e STACK_SIZE = 256 byte (0x0100)
e XSPCR =1, XSP = 0x0E

e SP = OxFF setting

e  Stack Pointer Position = OXOFFF - 0x0100 = OxOEFF
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2.4.21.2 OCD (On-Chip Debugger) Emulator and Debugger

Microcontroller series that uses an 8051 core has an OCD (On-Chip Debugger), and a debug emulation
block. The OCD is connected to a target microcontroller using two lines such as DSCL and DSDA.
DSCL is for a clock signal and DSDA is for a bi-directional data.

The two lines work for the core management and control by doing register management and execution,
step execution, break point and watch functions. In addition, they control and monitor the internal
memory and the device by reading and writing.

Table 22. Debug Feature by Series

Series Name 96-Series 97-Series 94-Series
OCD function OCD 1 OCD 2 OCD 2
Max. number of breakpoint 8 8 4
Saving stack in XRAM No Yes Yes
Real time monitoring No Yes Yes
Run flag support No Yes Yes

The OCD 2 applied to 94-series and 97-series provides the RTM (Real Time Monitoring) function that
enables to monitor internal memory and 1/O status without stopping the debugging. In addition, the OCD
2 provides the breakpoint function (RAM Break Function) for the IDATA, SFR, and XDATA.

The following is the functions that have been extended from the OCD 2:

e Emulation Time can be measured in OCD mode (using the Run Flag port)
e CODE, XDATA, IDATA are updated during run-time (Real Time Monitoring available).

* IDATA, SFR, XDATA breaks are added (RAM Break support).
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2. Description

Figure 31 shows the standard 10-pin connector of OCD 1 and OCD 2.

MC96F8316P Datasheet

Figure 31. OCD 1 and OCD 2 Connector Pin Diagram

OoCD 1 OCD 2

9. N.C. 9.N.C.

7. N.C. 7. N.C.

5. N.C. 5. RUNFLAG
3. N.C. 3. N.C.

1. N.C. N.C.

2. User VCC 2. User VCC
4. User GND 4. User GND
6. DSCL 6. DSCL

8. DSDA 8. DSDA
10.N.C. ——————————10.N.C.

Table 23 describes pins used for the OCD 1 and OCD 2.

Table 23. OCD 1 and OCD 2 Pin Description

Microcontroller Function in Debug Mode

Pin Name
110 Description

DSCL | Serial clock pin. Input only pin.

Serial data pin.
DSDA 110 Output port when reading and input port when programming.
IT can be assigned as input/push-pull output port.

VDD,VSS — Logic power supply pin.
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On-Chip Debug System

This section describes programming information via OCD interface.

Table 24 describes features of OCD, and Figure 32 shows a block diagram of the OCD interface and
the OCD system.

Table 24. Features of OCD

* 1 for serial clock input

Two Wire External Interface
¢ 1 for bi-directional serial data bus

* All internal peripherals

* Internal data RAM
Debugger Accesses

Program Counter

* Flash memory and data EEPROM memory

Break instruction

Single step break
Extensive On-Chip Debugging * Program memory break points on single address

SURPOItSMCREIEAISCONLMBNSNY | 1/, mming of Flash, EEPROM, Fuses, and Lock bits through the
two-wire interface

* On-Chip Debugging supported by Dr. Choice®

Operating Frequency The maximum frequency of a target microcontroller

Figure 32. Block Diagram of OCD Interface and System

Target MCU internal circuit
Format converter

[
DBG
] K — DSscL BDC Control
] [ DsSDA
] - >
l l CPU DB Register
l Address bus
Internal data bus
Code memory
User 1/0 ?EQI":A Data memory Peripheral
- EEPROM
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Entering Debug Mode

While communicating through the OCD, users can enter the microcontroller into DEBUG mode by
applying power to it. This means, the microcontroller enters DEBUG mode by placing specific signals
to DSCL and DSDA at the moment of initialization when powering on the microcontroller. To do this,
users should be able to control the power of the microcontroller (VCC or VDD) and need to be careful
to place a capacitive load such as a large capacity condenser on a power pin.

Please remember that the microcontroller can enter DEBUG mode only when power is applied, and it
cannot enter DEBUG mode once the OCD is running.

Figure 33. Timing Diagram of Debug Mode Entry

Power-on Reset

o 3
VCC g g_;:
“ 3
DSCL N R R [
Signals for Entering Debug mode
: (Combination of DSCL and DSDA pulse)
i4to8 ms . _ _ n
DSDA S R R e N N B e /

A
A\ 4
A
v

Debug mode entry timeout: Max 16 ms Wait

A
A\ 4

Debug mode entry response time: min. 130 ms
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Two-Wire Communication Protocol

For the OCD interface, the semi-duplex communication protocol is used through separate two wires
such as DSCL and DSDA. The DSCL is a serial clock signal and the DSDA is a bi-directional serial
address and data.

A unit packet of transmission data is 10-bit long and consists of a byte of data, 1-bit of parity, and 1-bit
of acknowledge. A parity check bit and a receive acknowledge bit are transmitted to guarantee stability
of data communication. In addition, a communication packet includes a start bit and an end bit to
indicate a start and an end of the communication.

More detailed information on this communication protocol is listed below:

¢ A 10-bit packet transmission using two-wire interface.
¢ Apacket consists of 8-bit data, 1-bit parity and 1-bit acknowledge.
e Parity is even of ‘1’ for 8-bit data in transmitter.

* Receiver generates an acknowledge bit as ‘0’ when the 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, host PC makes stop condition and transmits a
command which has error again.

e Background debugger command is composed of a bundle of packets.

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

Figure 34. 10-bit Transmission Packet

St | DO [ D1 | D2 | D3 | D4 | D5 | D6 | D7 P A

» DO ( D1 | D2 | D3 | D4 | D5 | D6 | D7 P A

i e e e g g~ — — T~ — —
L% Do |D1|D2|D3|D4|D5|D6|D7| P | A —
L L L L L L L L __L__L__

» DO ( D1 | D2 [ D3 | D4 | D5 | D6 | D7 | P A | Sp
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2. Description MC96F8316P Datasheet

Figure 35 shows a timing diagram of a packet transmission using the OCD communication protocol.
The start bit means a start of a packet and is valid when DSDA falls from ‘H’ to ‘L’ while External Host
maintains DSCL to ‘H’. After this, communication data is transferred and received between a Host and
a microcontroller. The end bit means an end of the data transmission and is valid when DSDA changes
from ‘L’ to ‘H’ while a Debugger maintains DSCL to ‘H’. Next, the microcontroller places the bus in a

wait state and processes the received data.

Figure 35. General Data Transfer Timing in OCD

AN B O O v G O

acknowledgement LSB acknowledgement
signal from receiver signal from receiver

LSB

1 10 1 10
DSCL st m _____ ___ﬂ sp

ACK ACK

START STOP
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Figure 36 shows a timing diagram of each bit based on the state of DSCL clock and DSDA data. Similar
to 12C signal, DSDA data is allowed to change when DSCL is ‘L. If the data changes when DSCL is ‘H’,
the change means ‘START’ or ‘STOP’.

Figure 36. Bit Transfer on OCD Bus

DSCL \

dataline :
stable: ; Change

DSDA >< ------- ><

data valid of data
Except Start and Stop allowed

Figure 37. Start and Stop Condition

DSDA \ \ DSDA

DSCL DSCL

START condition STOP condition
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In OCD communication, each data byte is transferred with an accompanying parity bit. During
consecutive data transfers, the receiver returns an acknowledge bit to confirm successful reception of
the transmitted data.

As shown in Figure 38, when transferring data, a receiver outputs DSDA to ‘L’ to inform the normal
reception of data. If a receiver outputs DSDA to ‘H’, it means error reception of data.

Figure 38. Acknowledge on Serial Bus

Data output >< >< ><
By transmitter

no acknowledge
Data output 9

By receiver

acknowledge

DSCL from

master \ /N 2 9 10

Clock pulse for acknowledgement
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While the Host Debugger executes data communications, if a microcontroller needs communication
delay or process delay, it can request communication delay to the Host Debugger.

Figure 39 shows timing diagrams where a microcontroller requests communication delay to the Host
Debugger. If the microcontroller requests timing delay of the DSCL signal that the Host Debugger
outputs, the microcontroller maintains the DSCL signal to ‘L’ to delay the clock change although the
Host Debugger changes DSCL to ‘H.’

Figure 39. Clock Synchronization During Wait Procedure

Acknowledge bit
Acknowledge bit transmission
transmission
: Minimum : :
—» 500ns  €— ! Wait HIGH iStart HIGH
—_— heessssssscccseeeny r

Host PC
DSCL OUT /|

Target Device

Start wait
DSCL OUT wﬁ

Minimum 1 Tscik '
— Maximum 5 Tscix —r—— Fornextbyte ~—p
: transmission :

DSCL — *\ ------------------------- /7

- Intemal Operation —>
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2.4.21.3 Circuit Design Guide

Special care should be taken depending on whether the OCD pins are dedicated to OCD
communication or shared with other functions.

Figure 40 shows an example circuit where the OCD pins (DSCL and DSDA) are shared with other
functions. They are required to be connected when debugging or ISP (In System Program) is executed.

Normally, the OCD pins are connected to outside to execute the predefined functions. Even when they
are connected for debugging or ISP directly, the OCD pins are shared with other functions by using
resistors as shown in Figure 40. By doing this, the OCD pins process the normal external signals and
execute the OCD functions first when they are shared.

Figure 40. PCB Design Guide for OCD Interface

<28

Debugger or Programmer 980%
2 46 810

0 0 O0OO
VDD VSS DSCL DSDA

LI L1 L 18T

Four-wire Interface
I N I |m——mmmmmm——————
MCU
voD || >

R1(2kQto 5kQ)
’\/\/\, - To application circuit

Po1/DSCL (I) [}

R2 (2 kQ to 5 kQ)

|
|
|
|
|
|
|
|
|
|
' |
|
|
|
|
|
|
|
|
|
I
u

POO/DSDA (1/O) j @ P To application circuit
vss |} >

NOTES:

1. In on-board programming mode, very high-speed signals will be provided to the pins, DSCL and DSDA. This will
cause damage to the application circuits connected to DSCL or DSDA port if the application circuit is designed as
high-speed response such as relay control circuit. If possible, the DSDA, DSCL pins should be configured as
inputs.

2. The values of R1 and R2 are recommended value. They can vary with the circuit of system.
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Connection of Transmission

OCD'’s two-wire communication interface uses open-drain Method (wire-AND Bi-Directional 1/0).

Normally, it is recommended to place a resister greater than 4.7 kQ for DSCL and DSDA respectively.
The capacitive load is recommended to be less than 100 pF. Outside these ranges, because
communication may not be accomplished, the connection to Debug mode is not guaranteed.

Figure 41. Connection of Transmission

VDD
Pull-up Re Re
resistors
DSDA (Debugger Serial Data Line)
@ @
DSCL (Debugger Serial Clock Line) i
® ®
I VDD I VDD
DSCL DSDA DSCL DSDA

ouT ouT ouT ouT
| | T

DSCL DSDA DSCL DSDA
IN JI IN JI IN JI IN JI
Host Machine (Master) Target Device (Slave)

|:| Current source for DSCL to fast 0 to 1 transition in high speed mode
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3.

Pinouts and Pin Descriptions

In this chapter, MC96F8316P pinouts and pin descriptions are described.

3.1 Pinouts
Figure 42. MC96F8316PL 32-LQFP Pinouts
a
X o R
SE:
~SE¢
a) g () '(:I
FREQ
N O < 1B & «~ - O
FEFEFEFFEFEFEZ®
Z z z z z z ;| s
wuwwuwwys =
S O O N O O = o=
z2Z2zzzZzzz
L L L << <<
<t 0O © O «—~ N M <
O O O v v v v ©—
fidadaoaooona
I MO N «— O OO O M~
N N N N N v~ «—
PO3/AN3/EINT1 [ 25 16 ] P15/AN12/MOSI
P02/AN2/AVREF/EINTO [ 26 15 ] P16/AN13/SCK
PO1/AN1/DSCL [ 27 14 ] P17/AN14/EC2/SS
poo/anomspa ] 28 MC96F8316PL 13 [ roENT?
vDD [ 29 (32-|_QFP-0707) 12 [ P21/EINTS8
VSS | 30 1 ] P22/EINT9
P37/RXD1/XOUT [ 31 10 ] P23/EINTA
P36/TXD1/XIN [ 32 @ 9 ] P24/SDA
- N O < 0O © ~ ©
OzkEmOmI3TQ A
=) D o O
SpouBaua
32gsgfd
0% 88X 2
E T REEE
S 5 3
I‘: o o
z
w
v
™
o
NOTES:
1. The SDAJ/SCL lines for I12C can be configured on the P30/P31 pins by software control.
2. The TXD1/RXD1 lines for UART1 can be configured on the P10/P11 pins by software control.
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Figure 43. MC96F8316PU 32-QFN Pinouts

.
o
N
>
h) zZ
® T g N3
v S o B 9
83D 2L=2=<9
3 X > > x>
><D Z =z M Z
RS 9:‘]0)
S <8l:'EE
< < 7]
Xcpo00ad353
Z 94 »w O>»r o~

P35/EINT10/TOO/PWMOO
P34/SXIN
P33/SXOUT

PO4/AN4/EINT2
PO5/ANS/EINT3
PO6/ANG/EINT4

MC96F8316PU

P32/RESETB P10/AN7 /EINT5/(TXD1)
P31/RXD0/(SCL) i (32-QF N-0505) P11/ANS/EINT6/E C1/BUZO/(RXD1)
P30/TXDO/(SDA) P12/AN9/EINT11/T10/PWM10

P26/ECO
P25/SCL [38

P13/AN10/EINT12/T20/PWM20
P14/AN11MISO

Exposed pad(33)

vss RIRE28320
O zZZZzZ Z2 2 2
>P533353335%5
> © ® N = @b
m o =
QO Qo
a2
(%]

NOTES:
1. The SDAJ/SCL lines for I12C can be configured on the P30/P31 pins by software control.
2. The TXD1/RXD1 lines for UART1 can be configured on the P10/P11 pins by software control.
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MC96F8316P Datasheet

Figure 44. MC96F8316PD 32-SOP Pinouts

VSS
P37/RXD1/XOUT
P36/TXD1/XIN
P35/EINT10/TOO/PWMOO
P34/SXIN
P33/SXOUT
P32/RESETB
P31/RXDO/(SCL)
P30/TXDO/(SDA)
P26/ECO
P25/SCL
P24/SDA
P23/EINTA
P22/EINT9
P21/EINT8
P20/EINT7

aananononananonn

0w N O O B~ WON -~

P
o o W N -~ O

N

(dos-zg)
adol£8496OIN

32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17

<
=]
O

Hutuuuiuioiuiud

NOTES:

POO/ANO/DSDA

PO1/AN1/DSCL
P02/AN2/AVREF/EINTO
PO3/AN3/EINT1

PO4/AN4/EINT2

PO5/ANS/EINT3

PO6/ANG/EINT4
P10/AN7/EINT5/(TXD1)
P11/AN8/EINT6/EC1/BUZO/(RXD1)
P12/AN9/EINT11/T10/PWM10
P13/AN10/EINT12/T20/PWM20
P14/AN11/MISO
P15/AN12/MOSI

P16/AN13/SCK
P17/AN14/EC2/SS

1.  The SDA/SCL lines for 12C can be configured on the P30/P31 pins by software control.
2. The TXD1/RXD1 lines for UART1 can be configured on the P10/P11 pins by software control.
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3. Pinouts and Pin Descriptions

Figure 45. MC96F8316PM 28-SOP Pinouts

vss [
P37/RXD1/XOUT [
P36/TXD1/XIN ]
P35/EINT10/TOO/PWMOO [
P34/SXIN ]
P33/SXOUT [
P32/RESETB [
P31/RXDO/(SCL) ]
P30/TXDO/(SDA) ]
P25/SCL ]
P24/SDA [
P23/EINTA [
P22/EINTS [
P21/EINT8 [ ]

© O N O g bs WODN -

- A A A
A WO N =~ O

C

<
g
o

(dos-82)
INd91£8496DIN

28
27
26
25
24
23
22
21
20
19
18
17
16
15

yuuiutubuuuot

NOTES:

POO/ANO/DSDA

PO1/AN1/DSCL
P02/AN2/AVREF/EINTO
PO3/AN3/EINT1
P10/AN7/EINT5/(TXD1)
P11/ANS/EINT6/EC1/BUZO/(RXD1)
P12/AN9/EINT11/T10/PWM10
P13/AN10/EINT12/T20/PWM20
P14/AN11/MISO
P15/AN12/MOSI

P16/AN13/SCK
P17/AN14/EC2/SS

P20/EINT7

1.  The P04-P06 and P26 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.

The SDA/SCL lines for I12C can be configured on the P30/P31 pins by software control.
The TXD1/RXD1 lines for UART1 can be configured on the P10/P11 pins by software control.
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Figure 46. MC96F8216PU 24-QFN Pinouts

1NOX/Laxy/ Led

NIX/LaxX L 9ed
SSA
aan

VYadsa/oONVv/00d
70Sa/INV/L0d

P02/AN2/AVREF/EINTO
PO3/AN3/EINT1

P10/AN7 /EINT5/(TXD1)
P11/AN8/EINT6/EC1/BUZO/(RXD1)
P12/AN9/EINT11/T10/PWM10
P13/AN10/EINT12/T20/PWM20

P35/EINT10/TOO/PWMOO
P34/SXIN [
P33/SXOUT
P32/RESETB
P31/RXDO/(SCL) [
P30/TXDO/(SDA) [

iMC96F8216PU
{(24-QFN-0404)

Exposed pad(25)

>

VSS

U UW U T T T
I 33T
R
®om> > >
09zzzz
Jenz
825
O o
Ao

NOTES:

1.  The P04-P06, P17, P20-P22 and P26 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.

The SDA/SCL lines for I2C can be configured on the P30/P31 pins by software control.
The TXD1/RXD1 lines for UART1 can be configured on the P10/P11 pins by software control.

84 \BO\

SEMICONDUCTOR



MC96F8316P Datasheet 3. Pinouts and Pin Descriptions

Figure 47. MC96F8216PD 20-SOP Pinouts

vss ] 1 v 20 [ vDD
P37/RXD1/XOUT [ 2 = 19 [] POO/ANO/DSDA
P36/TXD1/XIN ] 3 - 8 18 [ PO1/AN1/DSCL
P35/EINT10/TOO/PWMOO [ 4 8 o 17 [ PO02/AN2/AVREF/EINTO
P32/RESETB ] 5 L 16 [ PO3/AN3/EINT1
P31/RXDO/(SCL) ] 6 8 % 15 [ P10/AN7/EINT5/(TXD1)
P30/TXDO/(SDA) ] 7 v e 14 [ P11/ANS/EINT6/EC1/BUZO/(RXD1)
p25/scL ] 8 = o 13 [ P12/AN9/EINT11/T10/PWM10
P24/SDA [—] 9 g 12 [ P13/AN10/EINT12/T20/PWM20
P22/EINT9 [—] 10 11 [ P21/EINT8

NOTES:

1. The P04-P06, P14-P17, P20, P23, P26 and P33-P34 pins should be selected as a push-pull output or an input
with pull-up resistor by software control when the 20-pin package is used.

The SDA/SCL lines for I12C can be configured on the P30/P31 pins by software control.
The TXD1/RXD1 lines for UART1 can be configured on the P10/P11 pins by software control.

Figure 48. MC96F8216PR 20-TSSOP Pinouts

vss [ 1 U 20 [ vDD
P37/RXD1/XOUT ] 2 = 19 [ PO0/ANO/DSDA
P36/TXD1/XIN ] 3 ~ 8 18 [ PO1/AN1/DSCL
P35/EINT10/TOO/PWMOO [ 4 o 17 [0 PO2/AN2/AVREF/EINTO
P32/RESETB [ 5 =1 16 [ PO3/AN3/EINT1
P31/RXDO/(SCL) ] 6 g % 15 [ P10/AN7/EINTS5/(TXD1)
P30/TXDO/(SDA) ] 7 O - 14 [ P11/ANS/EINTE/EC1/BUZO/(RXD1)
p25/SCL ] 8 IO 13 [ P12/ANY/EINT11/T10/PWM10
P24/SDA [ 9 ; 12 [ P13/AN10/EINT12/T20/PWM20
P22/EINT9 ] 10 11 [ P21/EINTS

NOTES:

1.  The P04-P06, P14-P17, P20, P23, P26 and P33-P34 pins should be selected as a push-pull output or an input
with pull-up resistor by software control when the 20-pin package is used.

The SDA/SCL lines for I12C can be configured on the P30/P31 pins by software control.
The TXD1/RXD1 lines for UART1 can be configured on the P10/P11 pins by software control.
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3.2 Pin Description
Table 25. Pin Description
Pin Name | /O Function @reset Shared With
P00 ANO/DSDA
PO1 The port 0 is a bit-programmable 1/0O AN1/DSCL
port which can be configured as a
P02 Schmitt-trigger input, a push-pull AN2/AVREF/EINTO
P03 /0 output, or an open-drain output. Input AN3/EINTA
A pull-up resistor can be specified in
P04 1-bit unit. AN4/EINT2
The P04 — P06 are only in the 32-
P06 ANG/EINT4
P10 AN7/EINT5/TXD1
P11 Port 1 is a bit-programmable 1/0 port ANS/EINT6/EC1/BUZO/RXD1
which can be configured as a
P12 Schmitt-trigger input, a push-pull AN9/EINT11/T10/PWM10
output, or an open-drain output.
P13 /0 A pull-up resistor can be specified in Input ANT0/EINT12/T20/PWM20
P14 1-bit unlt.' ' ' AN11/MISO
The P17 is not in the 24-Pin
P15 package. AN12/MOSI
The P14 — P17 are not in the 20-Pin
P16 package. AN13/SCK
P17 AN14/EC2/SS
P20 Port 2 is a bit-programmable 1/O port EINT7
which can be configured as a
P21 Schmitt-trigger input, a push-pull EINT8
P22 output, or an open-drain output. EINT9
A pull-up resistor can be specified in
P23 10 1-bit unit. Input EINTA
The P20 — P22 are not in the 24-Pin
P24 package. SDA
P25 The P20 and P23 are not in the 20- SCL
Pin package.
P26 The P26 is only in the 32-Pin ECO
package.
P30 TXDO/SDA
P31 Port 3 is a bit-programmable 1/O port RXDO/SCL
P32 which can be configured as a RESETB
Schmitt-trigger input, a push-pull
P33 /0 output, or an open-drain output. Inout SXOouT
P34 A pull-up resistor can be specified in P SXIN
1-bit unit.
P35 The P33 — P34 are not in the 20-Pin EINT10/TOO/PWMOO
P36 package. TXD1/XIN
P37 RXD1/XOUT
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MC96F8316P Datasheet

3. Pinouts and Pin Descriptions

Table 25. Pin Description (continued)

Pin Name /10 Function @reset Shared With
EINTO P02/AN2/AVREF

EINT1 PO3/AN3

EINT2 P04/AN4

EINT3 PO5/ANS

EINT4 PO6/ANG

EINTS I/O | External interrupt inputs Input P10/AN7/TXD1

EINT6 P11/AN8/EC1/BUZO/RXD1
EINT7 P20

EINT8 P21

EINT9 P22

EINTA P23

EINT10 10 E;‘;f;’::'lggﬁ{ rupt and Timer 0 Input | P35/TOO/PWMOO

EINT11 10 E;‘;?L?:'Iggﬁ{ rupt and Timer 1 Input | P12/AN9/T10/PWM10
EINT12 10 E;‘;f&?:'lggﬁ{ rupt and Timer 2 Input | P13/AN10/T20/PWM20
TOO I/O | Timer O interval output Input P35/EINT10/PWMO00O

T10 I/O | Timer 1 interval output Input P12/AN9/EINT11/PWM10
T20 I/O | Timer 2 interval output Input P13/AN10/EINT12/PWM20
PWMO0O I/O | Timer 0 PWM output Input P35/EINT10/TOO

PWM10 I/O | Timer 1 pulse output Input P12/AN9/EINT11/T10
PWM20 I/O | Timer 2 pulse output Input P13/AN10/EINT12/T20
ECO I/O | Timer 0 event count input Input P26

EC1 I/O | Timer 1 event count input Input P11/ANS/EINT6/BUZO/RXD1
EC2 I/O | Timer 2 event count input Input P17/AN14/SS

BUZO I/O | Buzzer signal output Input P11/AN8/EINT6/EC1/RXD1
SCK I/O | Serial clock input/output Input P16/AN13

MISO I/O | Serial data input/output Input P14/AN11

MOSI I/O | Serial data input/output Input P15/AN12

SS I/O | Slave select input Input P17/AN14/EC2

TXDO I/O | UART data output Input P30

RXDO I/O | UART data input Input P31

TXD1 /O | UART data output mput | D T

RXD1 I/O | UART data input Input E?Z//,)A(SgEINT&ECWBUZO
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3. Pinouts and Pin Descriptions MC96F8316P Datasheet

Table 25. Pin Description (continued)

Pin Name /10 Function @reset Shared With
scL O | 12C clock input/output nput | PS1/RXDO
SDA I/O | 12C data input/output Input ﬁgg/TXDO
AVREF I/O | ADC reference voltage Input PO2/AN2/EINTO
ANO POO/DSDA
ANA1 P01/DSCL
AN2 PO2/AVREF/EINTO
AN3 PO3/EINT1
AN4 PO4/EINT2
AN5 PO5/EINT3
ANG PO6/EINT4
AN7 I/O | ADC analog input channels Input P10/EINT5/TXD1
AN8 P11/EINT6/EC1/BUZO/RXD1
AN9 P12/EINT11/T10/PWM10
AN10 P13/EINT12/T20/PWM20
AN11 P14/MISO
AN12 P15/MOSI
AN13 P16/SCK
AN14 P17/EC2/SS
System reset pin with a pull-up
resistor when it is selected as the
RESETB VO | RESETB by “CONFIGURE Input | P32
OPTION”
DSDA I/O | On-chip debugger data input/output Input P00
DSCL I/O | On-chip debugger clock input Input PO1
XIN P36/TXD1
I/O | Main oscillator pins Input
XOUT P37/RXD1
SXIN P34
I/O | Sub oscillator pins Input
SXOUT P33
VDD, VSS - Power input pins - -
NOTES:
1. The P04-P06 and P26 are not in the 28-Pin package.
2. The P04-P06, P17, P20-P22, and P26 are not in the 24-Pin package.
3. The P04-P06, P14-P17, P20, P23, P26 and P33-P34 are not in the 20-Pin package.
4.  The P32/RESETB pin is configured as one of the P32 and the RESETB pin by the “CONFIGURE OPTION”.
5.  Ifthe POO/DSDA and P01/DSCL pins are connected to an emulator during Power-on Reset, the pins are automatically

configured as the debugger pins.

6. The POO/DSDA and P01/DSCL pins are configured as inputs with internal pull-up resistor only during the reset or
power-on reset.

7.  The P37/XOUT, P36/XIN, P34/SXIN, and P33/SXOUT pins are configured as a function pin by software control.
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MC96F8316P Datasheet 4. Electrical Characteristics

4. Electrical Characteristics

4.1 Absolute Maximum Ratings

Table 26. Absolute Maximum Ratings

Parameter Symbol Rating Unit Remark
Supply voltage VIN -0.3to0 +6.5 -
\ -0.3 to VDD+0.3 \Y,
Vo 0310 VDD10.3 Voltage on any pin with respect to VSS
IOH 25 Maximum current output sourced by (lon
Normal voltage pin per 1/O pin)
>IOH -200 mA | Maximum current (3 lon)
IOL 180 Maximum current sunk by (loL per I/O pin)
>10L 200 Maximum current (3 loL)
Total power dissipation PT 600 mwW | —
Operating temperature TOP -40 to +105 . -
Storage temperature TSTG -65 to +150 c -

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 27. 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 fx =0.4 to 8 MHz X-tal 24 55 \%
fx=0.4to 12 MHz 27 5.5
fx=0.5to 16 MHz Internal RC 1.8 5.5
Operating temperature Toprr VDD =1.8t055V -40 105 °C
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4. Electrical Characteristics MC96F8316P Datasheet

4.3 ADC Characteristics

Table 28. ADC 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
Resolution - - - 12 - bit
Integral non-linear INL - - 16
Differential non-linearity DNL VDD =271055V, - - 11 LSB
Top offset error TOE f=8 MHz - - +5
Zero offset error ZOE - - 15

VDD=4.0to 55V 20 - -
Conversion time tcon VDD =3.0t0 5.5V 30 - - us
VDD =2.7t0 55V 60 - -
Analog input voltage VaN - VSS - AVREF
Analog reference voltage AVREF @ 1.8 - VDD \Y
VDD15 - - - 1.55 -
ADC input leakage current lan VDD =5.12V - - 2 MA
ADC current lapc Enable - — 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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MC96F8316P Datasheet 4. Electrical Characteristics

4.4 Power-On Reset

Table 29. 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 VpPor - - 1.4 -
Hysteresis AV - - 0.1 - v
VDD voltage rising time tr 05Vto2V 0.05 - 100 V/ms
POR current lpor - - 0.2 - MA

Figure 49. Power-On Reset Timing

Voltage
A

/ \ /

Low Limit: 1.8 V r,1n case of LVR Disable \
LVR =16V by software \

POR(R)=1.4V
POR(F)=1.2 V

Tim

Internal nPOR

LVR RESETB

Internal RESETB |
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4. Electrical Characteristics

4.5 LVR and LVI Characteristics

Table 30. LVR and LVI Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5 V, VSS=0 V)

MC96F8316P Datasheet

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
¢ LVR: All levels 213 232 2.1
* LVI: other levels except 1.60 V 224 244 264
Detection level VLVRVLyl | * 160 V level: Rising edge 239 259 250 Y
voltage 2.53 2.75 2.97
e Other levels: Falling edge | 2.70 2.93 3.16
voltage 289 | 314 | 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
LVR and LVI current IsL Enable vbb=sy — 100 189 MA
Disable VDD =3V - - 0.1
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MC96F8316P Datasheet 4. Electrical Characteristics

4.6 Internal RC Oscillator Characteristics

Table 31. 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 firc Vob=1.8Vto55V - 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 current FIRC
Disable - - 0.1 MA
NOTES:

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

3.  Guaranteed by design but might be On-board programming after SMT process.
(IRC 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 WDTRC Oscillator Characteristics

Table 32. 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. Electrical Characteristics MC96F8316P Datasheet

4.8 DC Characteristics

Table 33. 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
Input high voltage ViH All input pins, RESETB 0.8vDD - VDD \%
Input low voltage Vi All input pins, RESETB - - 0.2vDD \%

VDD =4.5V, IOH = -20 mA, - -
VoH1 m VDD-2.0 \Y,
All output ports except Von2
Output high voltage
VDD =4.5V, IOH =-10 mA, - -
Vo2 VDD-2.0 \Y,
P2[5:0]
V. VDD =4.5V, IOL = 15 mA, - - 12 Vv
o All output ports except Vorz '
IOL = 160 mA; Up
Output low voltage VDD =45V, to 85°C
Vol2 P2[5:0] and — 1.5 3.0 \Y,
P1[7:6] IOL =120 mA; Up
to 105°C
Input high leakage - -
Current 18] All output ports 1.0 WA
Input low leakage -
current I All output ports -1.0 - MA
R VI=0 V, Ta=25°C, VDD =5V 25 50 100
PU1
All' Input ports VDD =3V 50 100 200
Pull-up resistor kQ
R VI=0 V, Ta=25°C, VDD =5V 150 250 400
PU2
RESETB VDD =3V 300 500 700
ADC wake- Rawpu1 90 150 200
ware-up Ta=25°C kQ
pull-up resistor Rawpu2 180 300 400
XIN = VDD, XOUT = VSS
Rx1 e N 600 1200 2000 kQ
0SC feedback Ta=25°C, VDD =5V
resistor SXIN = VDD, SXOUT = VSS
Rx2 2500 5000 10000 kQ
Ta=25°C,VDD =5V
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MC96F8316P Datasheet 4. Electrical Characteristics

4.9 Supply Current Characteristics

Table 34. Supply Current 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
fun = 12 MHz, VDD = 5 V+10% - 25 5.0
Ipp1 _ _ o
(RUN) fun = 10 MHz, VDD = 3 V+10% - 18 3.6 mA
fire = 16 MHz, VDD = 5 V+10% - 2.0 4.0
fun = 12 MHz, VDD = 5 V+10% - 15 3.0
|
(“;’EZE) fun = 10 MHz, VDD = 3 V+10% - 0.7 1.4 mA
Supply firc = 16 MHz, VDD = 5 V+10% - 1.0 2.0
current
Ibp3 fsus = 32.768 kHz, VDD = 3 V+10%,
(RUN) Ta= 25°C I e e
Ibpa fsus = 32.768 kHz, VDD = 3V+10%
' v ’ - 6.0 12.0 A
(IDLE) Ta=25°C H
Ipps
VDD = 5 V+10%, Ta= 25°C - 15 5.0 A
(STOP) o 1A 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 do not include the current consumption of an internal WDTRC oscillator and a peripheral block.
All supply current items include the current consumption of POR block.
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4. Electrical Characteristics MC96F8316P Datasheet

4.10 AC Characteristics

Table 35. 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 trRsT VDD =5V 10 - - us

Interrupt input high, low tww, twe | Allinterrupt, VDD =5V | 200 - -

width
External counter input tecwH, ECn,VDD =5V 200 _ _ ns
high, low pulse width tecwi (n=0, 1, 2)
External counter transition t t ECn,VDD =5V 20 _ _
time REC, TFEC (n=0, 1, 2)
Figure 50. AC Timing
P tiwL | L tIWH N
External 0.8vDD
Interrupt
K £+ 0.2vDD
P tRST R
RESETB
K £ 0.2VDD
P tECWL R L tECWH R
«— tFEC —> tREC
ECn
N 7
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MC96F8316P Datasheet 4. Electrical Characteristics

4.11 SPI Characteristics

Table 36. SPI Characteristics
(Ta=-40°C to +105°C, VDD=1.8 V t0 5.5 V)

Parameter Symbol Conditions Min. Typ. Max. Unit

Output clock pulse period Internal SCK source 1000 - -

Input clock pulse period fscx External SCK source 1000 - -

S%tt%m clock high, low pulse tscKH Internal SCK source 350 - -

Input clock high. low pulse width | o External SCK source 350 - - -
First output clock delay time trop Internalét—:;tﬁ:rgal SCK 500 - -

Output clock delay time tos - — - 250

Input setup time tois - 500 - -

Input hold time toiH - 750 - -

Figure 51. SPI Timing

SS
(Output/Input)

—> tFOD «— < >

SCK
(CPOL=0)
(Output/Input)

SCK
(CPOL=1)
(Output/Input)
AR AR +
tDIS tDIH

MISO/MOSI

(Data Input) LsB

MISO/MOSI

(Data Output) MSB LSB
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4. Electrical Characteristics MC96F8316P Datasheet

412 UART Timing Characteristics

Table 37. UART Timing Characteristics
(Ta=-40°C to +105°C, VDD=2.2 V to 5.5 V, fx=11.1 MHz)

Parameter Symbol Min. Typ. Max. Unit
Serial port clock cycle time tsck 1250 tcru X 16 1650
Output data setup to clock rising edge ts1 590 tcru X 13 -
Clock rising edge to input data valid ts2 - - 590
ns
Output data hold after clock rising edge tH1 tcpu — 50 tcpu -
Input data hold after clock rising edge th2 0 - -
Serial port clock High, Low level width thicH, tLow 470 tcpu X 8 970
Figure 52. UART Timing Characteristics
< tsck
thicH P tLow o
N /] N

Figure 53. Timing Waveform of UART Module

tsck

A

Y.

A A

Shift Clock / \ /
ts1

Data Out \ DO ><

j
S S S e

Pt H
 ——

Data In

[

2 O 2 O
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4.13 12C Characteristics

4. Electrical Characteristics

Table 38. 12C Characteristics

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

Standard Mode High-Speed Mode
Parameter Symbol Unit
Min. Max. Min. Max.
Clock frequency tSCL 0 100 0 400 kHz
Clock high pulse width tSCLH 4.0 - 0.6 -
Clock low pulse width tSCLL 4.7 - 1.3 -
Bus free time 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 tSPSU 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 54. 12C Timing
_ tscL
tscLH tscLL
—>» €—1tSTSU i« > <€ > <€— tDIH —» <«—{sSPsu
SCL 7 \ / x \ / <— tSPHD
SDA i / X ] \
3 |\
—>» €—tSTHD —p <— tDIS < >
— <€—tvD
SDA X ><
Out :
—p <— tvD '
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4.14 Data Retention Voltage in STOP Mode

Table 39. 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 VDDDR - 1.8 - 55 \%
VDDDR =18V
Data retention supply current Iobpr (Ta= 25°C), - - 1 MA
STOP mode
Figure 55. STOP Mode Release Timing when Initiated by Interrupt
IDLE Mode
Ne (WDT Active)
¢ Stop Mode >t
Normal
Operating Mode
l«—— Data Retention ——p
Vb 'l
T \DDDR
Execution of
STOP Instruction
V|H7L
INT Request
—>twaTe—
NOTE: tWAIT is the same as (the selected bit overflow of BIT) x 1/(BIT Clock)
Figure 56. STOP Mode Release Timing when Initiated by RESETB
RESET
Occurs
l Oscillation
—— >l o )
Stop Mode g Stabillization Time
) i Normal
|«—— Data Retention ——p| Operating Mode
VDD it
V DDDR
Execution of
RESETB STOP Instruction
é Z‘ 0.8VDD
0.2VvD
—»{ TWAITE—
NOTE : tWAIT is the same as (4096 x 4 x 16/fiIrc) = (16.4 mS at fx=1 MHz).
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4.15 Internal Flash Memory Characteristics

Table 40. Internal Flash Memory 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 treR - - - 5 V]
System clock frequency fscLk - 0.4 - - MHz
F;gcﬂginoc?oog (;/\:/J’r)lte/erase 10,000
Endurance of write/erase Newe - - - fimes
(Sector 504 to 511) 100,000
Flash Retention Time trrRT - 10 - - years

4.16 Input/output Capacitance Characteristics

Table 41. 1/0 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 Cout Unmeasured pins are - - 10 pF
. connected to VSS.
I/O capacitance Cio
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4. Electrical Characteristics

4.17 Main Oscillator Characteristics

Table 42. Main Oscillator Characteristics

MC96F8316P Datasheet

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

Oscillator Parameter Conditions Min. Typ. Max. Unit
22Vtob55V 0.4 - 4.2
Crystal/ceramic
y . ! Main oscillation frequency 24Vto55V 0.4 - 8.0
oscillator
27Vto55V 0.4 - 12.0
MHz
22Vto55V 0.4 - 4.2
External clock XIN input frequency 24Vt055V 0.4 - 8.0
27Vtob55V 0.4 - 12.0
Figure 57. Crystal/Ceramic Oscillator
‘ XIN XOuUT
C1 T T C2
Figure 58. External Clock
‘ XIN XOUT
External Open
Clock
Source
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4.18 Sub Oscillator Characteristics

Table 43. Sub Oscillator Characteristics
(Ta=-40°C to +105°C, VDD=2.0 V to 5.5 V)

Oscillator Parameter Conditions Min. Typ. Max. Unit
Crystal Sub oscillation frequency 32 32.768 38
20Vto55V kHz
External clock | SXIN input frequency 32 - 100

Figure 59. Crystal Oscillator

SXIN SXOUT

REES

Figure 60. External Clock

SXIN  SXOUT

T 1

External  Open
Clock
Source
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4.19 Main Oscillator Stabilization Characteristics

Table 44. Main Oscillator Stabilization Characteristics
(Ta=-40°C to +105°C, VDD=2.2 V t0 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 12 MHz
XIN input high and low width (tXL, tXH)

External clock 42 - 1,250 ns

Figure 61. Clock Timing Measurement at XIN

1/£XIN

\ 4

<
<

txL N

<
< »

XIN \ * 0.8vDD
0.2vDD

tXH

\ 4

4.20 Sub Oscillator Stabilization Characteristics

Table 45. Sub Oscillator Stabilization Characteristics
(Ta=-40°C to +105°C, VDD=2.0 V to0 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 V]

Figure 62. Clock Timing Measurement at SXIN

1/fsuB

< »
< »

XL tXH

> »
< P

SXIN \ % 0.8vDD
# 0.2vDD

L

Y
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4.21 Operating Voltage Range

Figure 63. Operating Voltage Range
(fxin=0.4 to 12 MHz)

12.0 MHz

8.0 MHz -1

4.2 MHz -
0.4 MHz -

22 2457 55

Supply voltage (V)

Figure 64. Operating Voltage Range (Sub Oscillator)

(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.

Figure 65. MAIN RUN (IDD1) Current

mA
3.00
2.50 -
e Xtal 12 MHz -40°C
200 = X-tal 12MHz +25°C
1.50 e X-tal 12MHz +105°C
e [RC 16MHz -40°C
1.00 == |RC 16MHz +25°C
0.50 e [RC 16MHz +105°C
0.00 . : : : : : .

25V 3.0v 35V 40v 45v 50V 55V
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Figure 66. MAIN IDLE (IDD2) Current

mA
1.80

1.60
1.40 // e X-tal 12MHZ-40°C

1.20 /// e X-tal 12MHZ +25°C
1.00 / e X-tal 12MHZ +105°C

0.80 = [RC 16MHz -40°C
0.60 e [RC 16MHZ +25°C
0.40 e [RC 16MHzZ +105°C
0.20

0.00

25V 3.0v 35v 40V 45V 50V 55V

Figure 67. SUB RUN (IDD3) Current

uA
250.0

p——— A 0°C

— ) 5°C
100.0

e +105°C

50.0

0.0 T T T T 1 1 1
25v 3.0V 35V 40v 45v 50V 55V
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4. Electrical Characteristics

Figure 68. SUB IDLE (IDD4) Current

uA
20.0
18.0
16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0

e -40°C

— ) 5°C

e +105°C

25V 3.0v 35v 40V 45V 50v 55V

Figure 69. STOP (IDD5) Current

uA
6.0

5.0

4.0

3.0

2.0

1.0

0.0

e 0°C

17 5°C
e +105°C

25V 3.0v 35v 40v 45V 50V 55V
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MC96F8316P Datasheet 4. Electrical Characteristics

4.23 Recommended Circuit and Layout

The Figure 70 is a recommended circuit and layout for MC96F8316P.

Figure 70. Recommended Circuit and Layout

vDD
VSS

=
(@

O 110
(2]
m
oo
w
=N
(22]
v

XIN

XouT

SXIN

SXOUT

This 0.1 pF capacitor shoud be ——
A within 1cm fromthe VDD pin of he {VDD VCC:
/| microcontroller on the PCB layout. s I nig '

1
0.1uF — 'DC Power

-

v v

VvCC

the high-current part ata DC power

The microdontroller power lines (VDD
{and VSS) should be separated from }
node on the PCB layout

_~High-Current Part

A Infared LED, }

{ FND(7-Segment),

etc

B This 0.01 pF capacitor is altematively
for noise immunity.

—= The main and sub crystal should be within 1cm from the pins ofthe microcortroller on the
PCB Layout

The load capacitors of the sub clock
; -C1,C2:CLx2+15%
o2 & -CL=(C1x C2)(C1+ C2)-Cstray

:_I__l - Cu: the specific capacitor value o crystal
V= - Cstray: the parasitic capacitor of a PCB (1 pF o 1.5 pF)
32768kHz
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4. Electrical Characteristics MC96F8316P Datasheet

4.24 Recommended Circuit and Layout with SMPS Power

Figure 71. Recommended Circuit and Layout with SMPS Power

SMPS Side «— | —» Microcontroller Side
VCC VDD
SMPS MM —
R1
I Option I I MCU

VSS

¢ ¢ — ¢ — 88—

= C1 C2 C3 =

1. The C1 capacitor is to flatten out the vdtage of the SMPS power, VCC.
» Recommended C1: 470 yF/25 V more.
2. The R1 and C2 are the RC filter for VDD and suppress the ripple of VCC.
» Recommended R1: 10Q-20 Q
» Recommended C2: 47 uF/25 V more
» The R1 and C2 should be as close by 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 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.
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5. Package Information

MC96F8316P Datasheet

Package Information

5.

32-LQFP Package Information

5.1

Figure 72. 32-LQFP Package Outline

REV. DESCRIPTION DATE ENG | APPROVAL
— GENERATE. 04720717 | JH. KIM Y.J. CHAE
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

SYMBOL | MIN NOM MAX
A - - 1.60
A1 0.05 — 0.20
A2 135 1.40 145
b 0.30 0.37 0.42
b1 0.30 035 0.40
c 0.09 - 0.20
3] 0.09 - 0.16
D 8.80 9.00 9.20
D1 6.80 7.00 7.20
E 8.80 9.00 9.20
E1 6.80 7.00 7.20
e 0.80 BSC
L 045 0.60 075
K] 1.00 REF
& 0 35 T

NOTES:

1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-026-BBA.

2. DIMENSIONS 'D1' AND 'E1' DO NOT INCLUDE MOLD PROTRUSIONS.

ALLOWABLE PROTRUSION IS 0.25MM PER SIDE. 'D1' AND 'E1"' ARE MAXIMUM
PLACTIS BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH.

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

DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED
THE MAXIMUM 'b" DIMENSION BY MORE THAN 0.08MM.

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

D
D1 A2

HOEAHEABR B

- |

(I 7 11

(- 11

i M -

[ = u

- |

PIN# 1INDEX
0 ]
(- 11
L]
HEHHEHEH
e | by ro

Q
(=]
w b
£ b1
T | — BASE METAL
3]
3
3 B
| WITH PLATING

LEAD FORM PART

SECTION A-A

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

ECALE:

DATE:

DRAWN:

TITLE:

NONE 0420017 JS. KANG
I L R LQFP 7X7MM 32LD
HUHMM:% m}gn CHECKED: vy cHaE PACKAGE OUTLINE
mnmn_n,mu@lm o APPROVED: v cHaE
CAD NAME: DRAWING NUMBER: REV. SHEET:
ABOV SEMICONDUCTCR|  oLa 0707032 0OLQ-0707032 7 _ 1 0OF 1
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MC96F8316P Datasheet

5. Package Information

32-QFN Package Information

5.2

Figure 73. 32-QFN Package Outline

[} D B ] | oo [ C
.._ 32
s
h\
PIN 1 CORNER |\
w
0] asalC]
J
25 32
IR S
—t —]
1 ]
— (- ﬁﬂ
= 1 =
@Em [clale = = ___ [#]
] ]
1 ]
— L
B B
Annonoonn.
i3 8 EXPOSED DIE
ol L ATTACH PAD

VIEW M-M

1. DIMENSION o APPLIES TO METALLEZED TERMINAL AND 1S MESALURED
BETWEEN 0.1 5MMAND 0.30MM F ROM THE TERMINAL TIP
IF THE TERMINAL HAS THE OPTINAL RADIUS ON THE OTHER END OF
THE TERMINAL, THE DIMENSION ©" SHOULD NOT BE MEASURED IN THAT

REW DESCRIFTION DATE ENG PR OARL
] b= cec [C — | cEnenaTE CEMEMT | oK [ v)cHAE
rﬂmmb.._._z._m FLANE
GO O DIMEN S50MNS
LIMNITS OF NEASLIRE =M
" [ ——
9 SYMBOL | MIN NOM MK
[ A 070 0.75 080
[ Al o 0,035 005
_”_ A2 - 0.55 057
_._ A3 0.203 REF
: b 020 0.25 030
_._ o 5,00 BSGC
[ E 5,00 BSGC
[ & 0,50 BSC
i J 340 3,50 160
i K 340 3,50 360
[T — L 035 0.40 045
A asa 0.10
A3 bbb 0.10
Al cor 008
A ddd 0.10
faad 0.10
NOTES:

RADIUS AREA
LIST OF MATERIAL AND APPLICABLE DDCUMENTS

SCALE NOME c.-._.._.m....._..._. Loy 18 EAMG | TRE
I FT g L ™ QFN 5X5MM 321D 0.75T
e e | GRS va owme PACKAGE OUTLINE
SPECIFED — | FFROVED ). CHAE

CAD MAME, LN R ML P2 REY. SHEET
ABDY SEMICONDUCTOR | ooy-mssosasrH OON-050532TH - 1 oF 1
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5. Package Information

MC96F8316P Datasheet

32-SOP Package Information

5.3

Figure 74. 32-SOP Package Outline

D

REV. DESCRIPTION DATE ENG APPROVAL

GENERATE. 04/20/17 | JH. KIM YJ. CHAE

COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

HAABHAAAHAAAAAANT

Al

BASE METAL

b1

|
%

4 A

SECTION B-B

WITH PLATING

GAUGE PLANE 0.25 SYMBOL [ MIN NOM MAX
_ A - - 2.60

R ) e Al 0.05 - 0.25
.\.f;/h\o | A2 2.14 - 234
b 0.30 — 0.50

b1 0.30 — 0.48

c 0.10 — 0.33

c1 0.10 — 0.30
D 20.60 — 20.90
E 10.20 — 10.60

E1 7.40 — 7.60

| e 1.27 BSC

L 0.40 1.27

Jg © o — 8

NOTES:

s

I

. 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.

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

'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

SOALE: NONE | PATEpaszorq7| DRAN JS. KANG | TME
DIIENSONAL M| UNTOLERANCED | ENGINEER: b e SOP 300MIL 32LD
PROJECTION TRAC: CHECKED: ) cpiap PACKAGE OUTLINE
UNLESS uﬁ
SPECIFIED AnGLE APFROVED: v GHAE

CAD NAME: DRAWING NUMBER: REV. SHEET:
ABOV SEMICONDUCTOR| 0s0-3000032 0S0-3000032 _ 1 OF 1

113

\BO\

SEMICONDUCTOR



MC96F8316P Datasheet

5. Package Information

28-SOP Package Information

5.4

Figure 75. 28-SOP Package Outline

D

AHAAAAAAAAAAN]

PIN

#1INDEX

=i
=
ar—
]
|

SbHbBHE

o[0zg)

BASE METAL /

1
(6]

Qo

SECTION B-B

N\ WITH PLATING

REV.

DESCRIPTION

DATE

ENG

APPROVAL

GENERATE.

04/20r17

JH.KIM

YJ. CHAE

GAUGE PLANE 0.25

©

g | By

e 8 NOTES:

COMMON DIMENSIONS

(UNITS OF MEASURE=MILLIMETER)

SYMBOL MIN NOM MAX
A — — 2.80
Al 0.10 - 0.30
A2 2.05 - -
b 0.31 - 0.54
b1 0.27 — 0.50
c 0.10 - 0.33
cl 0.10 — 0.30
D 17.40 — 18.20
E 10.00 — 10.60
E1 7.30 — 7.70
e 1.27 BSC
L 0.40 — 1.27
] o — 8

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

2. DIMENSION 'D' DOES NOT INCLUDE MOLD FLASH, PROTRUSION OR
GATE BURRS. MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL
NOT EXCEED 0.15MM PER END. DIMENSION 'E1' DOES NOT INCLUDE
INTERLEAD FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE.

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

4.'A1' 1S DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING
PLANE TO THE LOWEST POINT ON THE PACKAGE BODY.

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SCALE:
NONE

DATE:
04/20/ 7|

DRAWN: JS. KANG

DIMENSIONAL

UNIT: MM

PROJECTION

SPECIFIED

UNTOLERANCED
DIMENSIONS

FRAC:
e
0
00K
ANGLE

ENGINEER: JH. KIM

CHECKED: YJ. CHAE

APPROVED: YJ. CHAE

TITLE:

SOP 300MIL 28LD
PACKAGE OUTLINE

ABOV SEMICONDUCTOR

CAD NAME:
0S0-3000028

DRAVING NUMBER:
0S0-3000028

REV.

SHEET:
1 OF 1
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5. Package Information

MC96F8316P Datasheet

24-QFN Package Information

5.5

Figure 76. 24-QFN Package Outline

REV.

DESCRIPTION

DATE ENG APPROVAL

— GENERATE

091817 | JH.KIM YJ. CHAE

U COMMON DIMENSIONS
[a] D2 (UNITS OF MEASURE=MM)
. E] SYMBOL | MIN NOM MAX
19 24
PINT % CORNER L C C C C ﬁ( A 0.70 0.75 0.80
g Al 0 0.02 0.05
4 el ) e N A3 - |ozoRer -
_ D) \7 Pt - b 0.18 0.25 0.30
| D 4.00 BSC
— — w E»E:EI\N\ ||||| if ||||| | ﬁ a E 4.00 BSC
) | I ) S D2 260 270 280
| E2 260 270 2.80
rux, RD.078 € 0.50 BSC
EID] Pt N\ ¢ L 0.35 0.40 0.45
. N — —
| \ K 0.20
I ]
o . 5 9# D D HD D v aaa 0.10
EEE] s
2 Sy ¥ bbb 010
M =Er aax| L E 20D / cce 0.10
TOP VIEW EAE SEE DETAIL "B~ ddd 0.05
eee 0.08
=Tc - BOTTOM VIEW fff 0.10
<
<
] = e e e o e s = SEATING PLANE
“=clj P NOTES:
SIDE VIEW 1. DIMENSION 'b' APPLIES TO METALLIZED TERMINAL AND IS MESAURED
BETWEEN 0.15MM AND 0.20MM FROM THE TERMINAL TIP.
| (DATUMACRE) IF THE TERMINAL HAS THE OPTINAL RADIUS ON THE GTHER END OF
P THE TERMINAL, THE DIMENSION 'b* SHOULD NOT BE MEASURED IN THAT
-7 | ~ 24X RD.125
S B RADIUS AREA.
_._\ I /
TN | \
] __ i ,_ LIST OF MATERIAL AND APPLICABLE DOCUMENTS
! ]
,_., i _,_ SCALE: NONE DATE: DRAWHN- U5, Kang | TME
A F = .
/K e - R QFN 4X4MM 24LD 0.75T
B TERMIALTE FROFECTION = CHECKED. vy cra PACKAGE OUTLINE
n " UNLESS
EVEN/ODD TERMINAL SIDE DETAIL "B mvmn:n_ma@lm s APPROVED: v CHAE
CAD MAME: DRAWING NUMBER: REV. SHEET:
ABOV SEMICONDUCTOR| oan-0404244 OQN-040424A _ 1 0F 1
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MC96F8316P Datasheet

5. Package Information

20-SOP Package Information

5.6

Figure 77. 20-SOP Package Outline

i0AA0AdAAM

REV.

DESCRIPTION DATE

ENG

APPROVAL

GENERATE. 06/13r17

¥J. CHAE

YJ. CHAE

GAUGE PLANE 0.25

E1

PIN # 1 INDEX

15 H

LI

]
o
o

&
&
@

BASE METAL /

\_WITH PLATING

SECTION B-B

NOTES:

COMMON DIMENSIONS

(UNITS OF MEASURE=MILLIMETER)

SYMBOL MIN NOM MAX
A — — 2.65
Al 0.10 - 0.30
A2 2.05 - -
b 0.31 - 0.51
b1 0.27 - 0.48
c 0.10 — 0.33
cl 0.10 — 0.30
D 12.60 — 13.00
E 10.00 — 10.60
E1 7.30 - 7.70
e 1.27 BSC
L 0.40 - 1.27
=] 0 — 8

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

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

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

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

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

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SCALE:

NONE

DATE:
06/13M7

DRAWN: US. KANG TITLE:

DIMENSIONAL

UNIT: M

M

PROJECTION

e @t
SPECIFIED

UNTOLERANCED
DIMENSIONS

FRAC:
Ed
e
20008
ANGLE

ENGINEER: YJ. CHAE

CHECKED: YJ. CHAE

APPROVED: JH. KIM

SOP 300MIL 20LD
PACKAGE OUTLINE

ABOV SEMICONDUCTOR

CAD NAME: DRAVING NUMBER:
0S0-3000020 0S0-3000020

REV.

SHEET:

1 OF 1
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5. Package Information

MC96F8316P Datasheet

20-TSSOP Package Information

5.7

Figure 78. 20-TSSOP Package Outline

E1

Al

GAUGE PLANE 0.25

LEAD FORM PART

REV.

DESCRIPTION

DATE

ENG

APPROVAL

GENERATE.

04/21M17

JH. KIM

YJ. CHAE

B

NOTES:
1. ALL DIMENSIONS REFER TO JEDEC STANDARD MO-153-AC.

N

bl

o

COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

SYMBOL | MIN NOM MAX
A - - 1.20
Al 0.05 - 015
A2 0.80 1.00 1.05
b 0.19 - 0.30
b1 0.19 0.22 025
c 0.09 - 0.20
ct 0.09 - 0.16
D 6.40 6.50 6.60
E1 4.30 4.40 450
E 6.20 6.40 5.60
e 0.65 BSC
L 045 | o0 | o7
L1 1.00 REF
o o [ - T&w

DIMENSION 'D' DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE
BURRS. MOLD FLASH, PROTRUSIONS OR GATE BURR SHALL NOT EXCEED
0.15MM PER SIDE.

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

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.

'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

SECTION B-B

SCALE: NONE _uh.ﬁmc_&\M::_ﬂ DRAWN JS. KANG
I L R TSSOP 4.4MM 20LD
PROJECTION o CHECKED: v Cpag PACKAGE OUTLINE
UNLESS @m my
SPECIFIED ANGLE APFROVED: ) CHAE

CAD NAME: DRAWING NUMBER: REV. SHEET:
ABOV SEMICONDUCTOR|  o7s-4400020 OTS-4400020 _ 1 OF 1
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6. Ordering Information

MC96F8316P Datasheet

6. Ordering Information
Figure 79. MC96F8x16P Device Numbering Nomenclature
MC96F8x16PU B 2 N
MC96F8x16P Family Name
x=3 28- or 32-pin
X=2 20- or 24-pin
Package type
D SOP
U QFN
L LQFP
M SOP
R TSSOP
Br (Bromine) free
B Yes
None No
Temperature
none -40°C to 85°C (Commercial grade)
2 -40°C to 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 the nearest distributor or ABOV sales office.
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MC96F8316P Datasheet

Appendix

A. Configure Option

A-1. Register Description: Configure Option Control

CONFIGURE OPTION 1: ROM Address 001FH

Appendix

7 6 5 4 3 2 1 0
RP | H | - | vAaPEN | - - - RSTS
Initial value: 00H
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 (P32)
1 Enable RESETB pin

CONFIGURE OPTION 2: ROM Address 001EH

7 6 5 4 3 2 1 0
- | - | — | - HEEY PASS2 PASS1 PASSO
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

\BO\

SEMICONDUCTOR

NOTE:

1. When PAEN = ‘1", it is applied.

PASS2 PASS1 PASSO0

_a A A A 00 O 0o

_a A 00 2 A OO
- O -~ O -~ O =~ O

0.7 Kbytes (Address 0100H — 03FFH)
1.7 Kbytes (Address 0100H — 07FFH)
2.7 Kbytes (Address 0100H — OBFFH)
3.7 Kbytes (Address 0100H — OFFFH)
13.7 Kbytes (Address 0100H — 37FFH)
14.7 Kbytes (Address 0100H — 3BFFH)
15.2 Kbytes (Address 0100H — 3DFFH)
15.5 Kbytes (Address 0100H — 3EFFH)
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B. Instruction Table

MC96F8316P Datasheet

* 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 46. 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
INC A 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 Aby B 1 4 A4
DIV AB Divide Aby B 1 4 84
DAA Decimal Adjust A 1 1 D4
120 \BO\
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MC96F8316P Datasheet Appendix
Table 47. 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
ORLARn OR register to A 1 1 48-4F
ORL A 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
XRLARn Exclusive-OR register to A 1 1 68-6F
XRL A,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
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Table 48. 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 E5
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 78-7F
MQV dir,A Move A to direct byte 2 1 F5
MQV dir,Rn Move register to direct byte 2 2 88-8F
MQV 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
X,%}V/-E-;I-DPTR 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
XCH A,Rn 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
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Table 49. 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
Table 50. 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
JC rel 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
JINZ rel Jump on accumulator #0 2 2 70
CJNE A,dir,rel Compare A,direct jne relative 3 2 B5
CJNE A #d,rel Compare A,immediate jne relative 3 2 B4
CJNE Rn,#d,rel Compare register, immediate jne relative 3 2 B8-BF
CJNE @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
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Table 51. Instruction Table: Miscellaneous
Miscellaneous

Mnemonic Description Bytes Cycles Hex Code

NOP No operation 1 1 00
Table 52. Instruction Table: Additional Instructions
Additional instructions (selected through EO[7:4])

Mnemonic Description Bytes Cycles Hex Code
MOVC M8051W/M8051 EW-specific instruction supporting y 2 A5
@(DPTR++),A software download into program memory
TRAP Software break command 1 1 A5

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 80. Flash Protection against Abnormal Operations

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

C-1. How to Protect Flash
¢ 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.

— Set the flags in program and check 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 occurred, it will be Erase/Write in dummy address in Flash.
*  Use the LVR/LVI

— Unstable or low powers give an adverse effect on microcontrollers. So, use the LVR/LVI.
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C-2. Protection Flow Description

The Flash protection procedure is described in flowchart in Figure 81, and each step in this figure is

described in the following lists:

1.

126

Initialization

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

Initialize User_1D1/2/3

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

Decide to Write

When the Erase/Write are determined, set flag. Do not directly Erase/Write in Flash.

Make the user data.

Check and Set User_1D1/2/3

In the middle of source, insert code which can check and set the flags.

By setting the User_ID 1/2/3 sequentially and identifying the flow of the program.

Set Flash Sector Address

Set address to real area range shortly before Erase/Write in Flash.

Set to Dummy address after Erase/Write. Even if invalid work occurred, it will be
Erase/Write in Dummy address in Flash.

Check Flags

If every flag (User_ID1/2/3, LVI, Flash Address Min/Max) was set, then do Erase/Write.
If the Flash Sector Address is outside of Min/Max, do not execute

Address Min/Max is set to unused area.

Initialize Flags

Initialize User_1D1/2/3

Set Flash Sector Address to Dummy Address

Sample Source

Refer to the ABOV website at www.abovsemi.com.

Each product should be modified according to the Page Buffer Size and Flash Size
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Figure 81. Flowchart of Flash Protection

Appendix

Initial

Set LVR/LVI more than 2.0V

v

Start Main Loop

v

Working

(2)  Write Flash?

No |«

®

Set User_ID1

A 4

Working

Set User_ID2

Set User_ID3

Working

Write Flash

Y

Set FSADDRH/M/L
@ Set FIDR

®

Check User_ID1/2/3

No

Check Flash Addr
Min/Max

Yes

Set FMCR

)
A 4

Clear User_ID1/2/3
Clear FIDR
Clear FMCR

Set FSADRH/M/L to Dummy Addr
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C-3. Other Protection by Configure Options
*  Protection by Configure option
— Set Flash protection by microcontroller Write Tool (OCD, PGM+, etc.)

= Vector Area: 00H to FFH

=  Specific Area (MC96F8316P):
0.7 Kbytes (Address 0100H — 03FFH)
1.7 Kbytes (Address 0100H — 07FFH)
2.7 Kbytes (Address 0100H — OBFFH)
3.8 Kbytes (Address 0100H — OFFFH)
13.7 Kbytes (Address 0100H — 37FFH)
14.7 Kbytes (Address 0100H — 3BFFH)

15.2 Kbytes (Address 0100H — 3DFFH)

vV VvV ¥V Vv V V V V

15.5 Kbytes (Address 0100H — 3EFFH)

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