CMOS single-chip 8-bit MCU |
with EEPROM and 12-bit A/D s}.E.g}

converter

Main features MC97FG316
« 8-bit Microcontroller with high speed 8051 CPU MC97FG216

o Basic MCU Function User’s manual
— 16Kbytes Flash Code Memory
- 512bytes EEPROM Backup Memory V1.3

— 1Kbytes SRAM Data Memory

o Built-in Analog Function

— Power-On Reset and Brown Out Detect Reset
— Internal 16MHz RC Oscillator (£3%, Ta =-40 ~ +85°C)
— Internal 1MHz RING Oscillator

o Peripheral features

— 12-bit Analog to Digital Converter (15 inputs)
— Serial Interface (2-ch USART + SPI + 12C)
— 6-channel 10-bit PWM for Motor Control

« /O and packages

— Up to 30 programmable I/O lines with 32LQFP
— 32LQFP/32QFN/28TSSOP/20TSSOP

o Operating conditions
— 1.8V to 5.5V wide voltage range
— -40°C to 85°C temperature range

o Application

— Small Home Appliance
— BLDC Motor Controller

— High speed PWM Application (10-bit 125kHz ~ 7-bit 1MHz PWM)
LED Lighting Control

Step-up or Step-down Power Converter Control

Revised 30 Oct, 2015
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1 Overview

1.1. Description

The MC97FG316 is an advanced CMOS 8-bit microcontroller with 16Kbytes of FLASH. This is powerful
microcontroller which provides a highly flexible and cost effective solution to many embedded control applications. This
provides the following features: 16Kbytes of FLASH, 256bytes of internal SRAM, 768bytes of external SRAM,
512bytes of Data EEPROM, general purpose 1/O, 8/16-bit timer/counter, watchdog timer, watch timer, SPI, USART,
12C, on-chip POR, BOD, 12-bit A/D converter, analog comparator, buzzer driving port, 10-bit high speed PWM output,

on-chip oscillator and clock circuitry. The MC97FG316 also supports power saving modes to reduce power

consumption.
Device Name FLASH IRAM XRAM EEPROM ADC /0 PORT Package
MC97FG316L 32LQFP
MC97FG316U 19inputs %0 32QFN
16Kbytes | 256bytes 768bytes 512bytes
MC97FG316R 12inputs 26 28TSSOP
MC97FG216R 10inputs 18 20TSSOP
Table 1.1 Ordering Information of MC97FG316
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1.2 Features

e CPU
— 8-bit CISC core (8051 Compatible, 2 clock per cycle)
e 16Kbytes On-Chip FLASH

— Optional boot code section with protection
— Endurance : 10,000 times at room temperature
— Retention : 10 years

e 256bytes SRAM
e 768bytes XRAM

e 512bytes Data EEPROM

— Endurance : 300,000 times at room temperature
— Retention : 10 years

e General Purpose I/O (GPIO)
— 30Ports (PO[7:0], P1[6:0], P2[6:0], P3[7:0]): 32-Pin
— 26Ports (P0[7:0], P1[6:0], P2[2:0], P3[7:0]): 28-Pin
— 18Ports (P0O[7:0], P1[6:0], P2[2:0]): 20-Pin

e One Basic Interval Timer

e Timer/Counter
— 8-bit x 4-ch (16-bit x 2-ch) + 16-bit x 1-ch

e 3 High Frequency 10-bit PWM (Using Timer1)

e 10-bit PWM (Using Timer3)

e Watch Dog Timer

e Watch Timer

e SPI

e USART (2-ch)

e I2C

e Buzzer Driving Port

e 12-bit A/D Converter
— 15-Input channels : 32-Pin
e Analog Comparator
— On Chip Analog Comparator
e Interrupt Sources
— External Interrupts (7)
— Pin Change Interrupt(P0) (1)
— USARTO,1 (4)
- SPI(1)
— Timer (5)
- 12C (1)
- ADC (1)
— Analog Comparator (1)
- WDT (1)
- WT (1)

- BIT (1)

On-Chip RC-Oscillator

— 16MHz(+3% @-40 ~ +85°C)
Power On Reset

Programmable Brown-Out Detector

Minimum Instruction Execution Time
— 200ns (@10MHz, NOP Instruction)
Power Down Mode

— IDLE, STOP1, STOP2 mode
Sub-Active mode

— System used external 32.768kHz crystal or system
used internal 125kHz Ring oscillator

Operating Frequency

- 4MHz ~ 16MHz

Operating Voltage

- 1.8V ~5.5V

Operating Temperature : —40 ~+85C

Package Type

— 32LQFP/QFN
— 28TSSOP

— 20TSSOP

— Pb free package
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1.3 Development tools

1.3.1  Compiler

ABQV Semiconductor does not provide compiler. It is recommended that you consult a compiler provider.
The MC97FG316 core is Mentor 8051, and the ROM size is smaller than 64Kbytes.Therefore, developer can use the
standard 8051 compiler from other providers.

1.3.2 OCD2(On-chip debugger) emulator and debugger

The OCD2 (On Chip Debug) emulator supports ABOV Semiconductor's 8051 series MCU emulation.The OCD2
interface uses two-wire connection between PC and MCU which is attached to user’s system. The OCD2 can read or
change the value of MCU internal memory and 1/O peripherals. And the OCD2 also controls MCU internal debugging
logic, it means OCD2 controls emulation, step run, monitoring, etc.

The OCD2 debugger program works on Microsoft-Windows NT, 2000, XP, Vista (32-bit) operating system.If you want to
see more details, please refer to OCD2 debugger manual. You can download debugger S/W and manual from our web-
site (http://www.abov.co.kr).

Connection:

-  DSCL (MC97FG316 P06 port)
—  DSDA (MC97FG316 P07 port)

OCD2 connector diagram: Connect OCD2 with user system

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

7 o O 8 DSDA

9 o O 10

Figure 1.1 debugger and pin description

OCD2 emulator:

It can write code to MCU device too, because OCD2 debugger supports ISP (In System Programming). It does not

require additional H/W, except developer’s target system.




1.3.3 Programmer

Single programmer:
PGMplus USB: It programs MCU device directly.

NBOV

POWER

PGM plus USB

B R T W [0 TR | 8 AR

STATUS
(-]

Figure 1.2 PGMplusUSB(Single writer)

Standalone PGMplus:
It programs MCU device directly.

ABOV
Stand Alone PGH_Pius

Figure 1.3 Standalone PGMplus(Single writer)




E- PGM+ : It programs MCU device directly.
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Figure 1.4

E-PGM+(Single writer)




Gang programmer:
It programs 8 MCU devices at once.So, it is mainly used in mass production factory.
Gang programmer is standalone type, it means it does not require host PC, after a program is downloaded from host

PC to Gang programmer.

Figure 1.5 StandAlone Gang8 (for Mass Production)

On-Board programming :

The program memory of MC97FG316 is FLASH Memory Type. This flash is accessed by serial data format. There are
four pins (DSCL, DSDA, VDD, and VSS) for programming/reading the flash. The MC97FG316 needs only four signal
lines including VDD and VSS pins for programming FLASH with serial protocol. Therefore the on-board programming

is possible if the programming signal lines are considered when the PCB of application board is designed.

. Main chip During programming
Pin name .
pin name /0 Description
DSCL P06 | Serial clock pin. Input only pin.
Serial data pin. Output port when reading and input port when programming.
DSDA P07 Vo Can be assigned as input/push-pull output port.
VDD, VSS VDD, VSS - Logic power supply pin.
Table 1.2 Descriptions of pins used to programming/reading the Flash




Block diagram

P25/AN14
P24/AN13
P23/AN12
P37/AN11
P36/AN10
P16/AN9
P15/AN8
P07/AN7
P06/AN6
PO5/ANS
P04/AN4
P03/AN3
P02/AN2
P01/AN1
PO0/ANO

P06/T0O
P07/ECO
P10/T10/PWM1AA
P11/PWM1AB
P12/PWM1BA
P13/PWM1BB
P15/PWM1CA
P15/PWM1CB
P02/T20
PO3/EC2
P16/T30

P10/INTO
P11/INT1
P12/INT2
P13/INT3
P30/INT4
P31/INTS
P32/INT6
P33/INT7

P00/SS0
P01/SCKO0
P02/MOSI0
P03/MISO0

P00/SS0
P01/ACKO
P02/TxD0
P03/RxD0

P34/sS1
P35/ACK1
P36/TxD1
P37/RxD1

PO7(P01)/SDA
PO6(P00)/SCL

DSCL/P06 DSDA/P07

{1

O
O
O -

On-Chip PO <}:{> s
: Debug PORT P06~P00
O
: 12-BIT P1 <:> o16-P10
o ADC M8051 PORT
O
& CORE P2
: PORT P26~P20
O
O EEPROM RAM P3
I (512B) (1KB) PORT < >[P37~P30
O
2 BIT
3 TIMER FLASH
g & <}:{> (16K byte)
: PWM WDT
: Power on WT
® Reset

BUZZER | «<—O

: Brown Out etz
® Detector
O Interrupt 1 ACOUT/P06
O Controller <::> Analogue | AC-/P05
: INT-RC OSC Comparator_ ACHPO4
& 16MHz
3 INT-RING OSC
O SPI <}I> 1MHz
Q SUBXIN/P04
Q CLOCK SUBXOUT/PO5
Q Voltage SYSTEM XIN/P20
Q USARTO <:> DOW?I CON XOuT/P21
7 Convertor RESETB/P22
O
2 USART1 <}:{>
O
O 2
& I“C

VDD VSS

Figure 2.1

Block diagram of MC97FG316




3 Pin assighment
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(DSDA) / AN7 /ECO/SDA /P07 | 2 23 | P00/ (SCL)/SS0/ANO / AVref
AN14/(SCL)/P25 | 3 22 | P24/ AN13
el MC97FG316L (2~
vbD| 5 20 | vss
PWM1AA/T10/INTO/P10| 6 19 | P22/ RESETB
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Figure 3.1 MC97FG316 32LQFP pin assignment

NOTE)

1. If 28PKG, P2[6:3] in 32-pin package are removed and their function can’t operate.

2. If 20PKG, P2[6:3] and P3[7:0] in 32-pin package are removed and their function can’t operate.
3.  On On-Chip Debugging, ISP uses P0[7:6] pin as DSCL, DSDA.
4

The outside pin operation has higher priority than the inside pin operation. Ex) In pin26, if P03, RxD0, MISOO,
EC2 and AN3 are set, AN3 will be operated.
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(DSCL)/ACOUT/ANG/T0O/SCL/P06
(DSDA) / AN7 / ECO / SDA / P07
AN14/(SCL) / P25

(SDA) / P26

VDD

PWM1AA / T10 / INTO / P10
PWM1AB / INT1 / P11

PWM1BA / BUZ / INT2/ P12

8 I P05/ AN5 / AC-/ SXOUT

«Q I P04 / AN4 /| AC+ [ SXIN

g I P33/ INT7 / (RxDO)
N I P32/ INT6 / (TxDO)

3 |P31 /INT5

] I P30 /INT4

» I P03 / RxDO / MISO0 / EC2 / AN3

m I P02/ TxDO / MOSIO / T20 / AN2

1
2
3
4
5
6
7
8

[=[~{[e [ [[][~][~]

24

N
w

=[][R] =]{x]

-
~

agLNMd / (00L) / udl ©
VOLWMC / (003) / ¥1Ld | 3

8NV /8JLNMd / Sid E
1SS/ ved E

IOV / S€d E
OLNV/1axL/9¢d E
LINV / 1axy / Led E

6NV / EWMd / OSL/ ELNI/ 9Ld E

P01/ ACKO / SCKO / AN1

P00/ SSO0 / ANO / AVref

P24/ AN13

P23/ AN12

<
[7]
(7]

P22 /| RESETB

P21/ XOUT

P20/ XIN

Figure 3.2

MC97FG316 32QFN pin assignment

11




(TxDO) / INT6 / P32

(RxDO0) / INT7 / P33

SXIN / AC+/ AN4 / P04

SXOUT / AC-/ AN5 / P05
(DSCL) / ACOUT / AN6 / TOO / SCL / P06
(DSDA) / AN7 / ECO / SDA / P07
VDD

PWM1AA / T10 / INTO / P10
PWM1AB / INT1 / P11
PWM1BA / BUZ / INT2/ P12
PWM1BB / (T0O) / P13
PWM1CA / (EC0) / P14

AN8 / PWM1CB / P15

SS1/P34

10

11

12

13

14

91€94.60IN

28

27

26

25

24

23

22

21

20

19

18

17

16

15

P31/INT5
P30/ INT4

P03 / RxDO / MISOO0 / EC2 / AN3
P02 / TxDO / MOSIO / T20 / AN2
P01/ (SDA) / ACKO / SCKO / AN1
P00 / (SCL) / SS0 / ANO / AVref
vss

P22/ RESETB

P21/ XOUT

P20 / XIN

P16/INT3 /T30 / PWM3 / AN9
P37/ RxD1/ AN11

P36 / TxD1/ AN10

P35/ ACK1

Figure 3.3

MC97FG316 28TSSOP pin assignmemt
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SXIN / AC+/ AN4 | P04
SXOUT / AC-/ AN5 / P05

(DSCL) / ACOUT / AN6 / TOO / SCL / P06
(DSDA) / AN7 / ECO / SDA | P07

VDD

PWM1AA / T10 / INTO / P10

PWM1AB / INT1 / P11

PWM1BA / BUZ / INT2 / P12

PWM1BB / (T0O) / P13

PWM1CA / (EC0) / P14

10

9129460\

20

19

18

17

16

15

14

13

12

11

P03 / RxDO / MISO0 / EC2 / AN3
P02 / TxDO / MOSIO / T20 / AN2
P01/ (SDA) / ACKO / SCKO / AN1
P00 / (SCL) / SSO / ANO / AVref
VSs

P22 /| RESETB

P21/ XOUT

P20 / XIN

P16 /INT3 /T30 / PWM3 / AN9

P15/ PWM1CB / AN8

Figure 3.4 MC97FG216 20TSSOP pin assignmemt
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Package Diagram
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0 A COMMON DIMENSIONS
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32-Pin LQFP Package

Figure 4.1
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PIN #1 INDEX

[STacalc] (2%)
HA]
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E g
0
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TOP VIEW
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SEATING PLANE
SIDE VIEW

REV. DESCRIPTION DATE ENG APPROVAL
— | cenerate. 01/06/12 | Yo CHAE | M. KiM
€ 0.30 PIN#1 INDICATOR
D2
25 26 27 28|29 30 31 32
Jguuuuguuu COMMON DIMENSIONS
24[ D = SYMBOL MIN. NOM. MAX.
23D 2 A 0.80 0.85 0.90
2D s Al 0.00 0.02 0.05
A3 0.203 REF
npP - o b 0.18 0.23 0.28
200 s D 5.00 BSC
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L 0.35 0.40 0.45
_ aaa 0.10
— bbb 0.10
% cce 0.10
Lp]
ddd 0.05
BOTTOM VIEW eoe 0.08
NOTES :

1. DRAWING CONFORM TO JEDEC REFERENCE MO-220.
2. DIMENSIONING AND TOLERANCING SCHEMES CONFORM

TO ASEM Y14.5M—-1994.
3. ALL DIMENSIONS ARE IN MILLIMETERS.
4. B HATCH AREA IS SOLDERABLE EXPOSED PAD.

5. MAXIMUM ALLOWABLE BURR IS 0.050mm

IN ALL DIRECTIONS.

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

Sk NONE DATE: 01 05,412 | ORAME vy CHAE

DIMENSIONAL UNTOLERANCED | ENGINEER:

UNIT: M DIMENSIONS YJ. CHAE
FRAC:

PROECTION £ CHEGED: v0:iCHAE:

el @m o APPROVED:

SPECIFED oo " . KIM

TITLE:

QFN 5X5MM, 32 LEAD

PACKAGE QUTLINE

ABOV SEMICONDUCTOR

CAD NAME:
OFN-55020

DRAWNG NUMBER:
OFN-55032

REV.

SHEET:

32-Pin QFN Package

Figure 4.2
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TOP VIEW
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NOTES:
1) LEAD FRAME : C7TD25(THICKNESS :0,127MM)
2) LEAD FINISH : SOLDER PLATED
3) BOTH PACKAGE LENGTH AND WIDTH
DO NOT INCLUDE FLASH.
4) FORMED LEAD SHALL BE PLANAR WITH RESPECT

TRO ONE ANOTHER WITHIN 0.10(0.004)
5) CONTROLLING DIMENSION : MM .

BJUNREMOVED FLASH BETWEEN LEADS&PACKAGE END FLASH SHALL
NOT EXCEED 0.15MM FROM BOTTOM BODY PER SIDE.

7)EDF PACKAGE:EXFQSED PAD SIZE P1&P2Z ARE VARIATIONS
DEPENDING ON DEVICE FUNCTION(DIE PADDLE SIZE).

Figure 4.3 28/20-Pin TSSOP Package
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TS50P8LD TS50P14/16LD TS50P20LD TSS0P20 T550P24LD 1550F28LD
Srsbol Min Min Nax Win Mazx Nin Max Nin Nax Min Waz
A 1,200 1,200 1,200 1, 200 1,200
AL | 0050 0. 050 0. 150 o.050 | o.150 [ o.0s0 Jo.ose [ o050 | oo1se | o050 0. 150
A2 | 0.E00 0. 800 1. 050 o.800 | t.os0 | o.so0 ] 1ose [ o.s00 | 1ose | o.s0o 1. 050
E | 6.250 6. 250 B, 550 6.250 | 6.550 | 6.250 [ 6.550 [ 6.250 [ 6.550 | 6.250 5. 550
1, 300 4,300 1. 500 4,300 | 4500 [ a.s00 T aso0 [ a.300 [ 4500 | 4. 300 4,500
2, 900 1, 900 5,100 6.400 | 6600 | 6,400 J 660 [ 7700 | 7,900 | 9. 600 49,800
1, 000 L, 000 1, 000 L, 000 L, 000
0. 450 0. 450 0. 750 0.450 | 0.750 | o.450 Jo.7s0 [ 0.450 [ o.7se [ o450 0. 750
p 0. 650 0. 650 0. 650 0. 650 0. 650
b ] 0.190 | 0.300 0.190 | o300 Jo.190 [ o.so0 | o190 | e.se0 fo.ie0 | o0.300
T 0. 15TYP 0. 15T7P 0. 15TYP 0. 15TVP 0. ISTYF 0. 15TYP
Rz 0. 15TYP 0. 15TTP 0. 15TYP 0. I5TYP 0. ISTYF 0. LSTYP
a-n L ooso Joze0 | o090 | 0.200 0000 | o200 Joo90 | o200 | o090 |o.zo0 fooso | 0200
0 12* TP 12° TP 12° TIF 12" TP 12° TP 12° TP
T 12° TYP 12° TP 12° TIP 12° TP 12° TYF 12° TP
83 n | 8 [l | ] [ 0o | =& 0| & o | [
i TS50P- TS50P20-F 1S50P=-EP /281D TSS0P-FP/24LD
Syabol
Nin Min Nax Win Max Nin Max Win Max Nin Wax
A 1. 200 1,200 1. 200 1. 200 1, 200
Al | 0. 050 0. 050 0. 150 o.050 | o.150 [ o.0s0 Joouse [ o050 | ooise | o.0s0 0. 150
0. 800 0. 800 1, 050 0.800 | toso [ o.soo [ orose [ o.soo0 | rose [ o.soo L. 050
6.250 | 6.550 | 6.250 6. 550 6.250 | 6.550 | 6.250 [ 6.550 [ 6.250 [ 6.550 | 6.250 6. 350
1,300 | 4. 500 4,300 1, 500 4,300 | 4500 | a.300 [ 4500 [ 4.300 [ 4500 | 4. 300 4. 500
p | 4852 ] 4952 | 6.400 B, 600 6,400 | 6.600 Jio.262 Jro.414 [ro.262 [e.a1a | 7700 4010
P 2. 740 | 3.050 3. 800 4,300 2,760 | 3.250 | 5.640 | s.040 [ 4.840 | 5150 | 5. 350 5. 630
p2 | 2 140 | 3. 050 2. 600 3. 100 Lo | ozozio f2ora0 [ aoso | oeva0 | 3050 | o2oss0 1. 150
Pad Siz 3.0¢3.0 3.044.2 7. 11%3. 15 3. 0%5. | 3.0%5.9 315, §
L 1. 000 1, 000 1. 000 1. 000 L. 000 L, 000
LI Jo.450 | o750 | 0.450 0. 750 0.450 | 0.750 [ o.450 Jo.7s0 [ o.450 [ o.750 | 0450 0. 750
b | 0.190 | 0.300 | 0. 190 0. 300 0,100 | o.300 | e.190 T o.300 190 | o.300 [ 0.190 0, 300
0. 650 0. 650 0. 650 0. 650 0, 650 0, 650
0, 15TYP 0, 15TTP 0. 15T1P 0. I5TYP 0. 15TYP 0. L5TYP
0. 15T1P 0. 15TTP 0. 15T1P 0, I5TYP D. ISTYF 0. 15TYP
0,050 | 0.200 0090 | 0.200 o.000 | o200 Jo.oso [ ozo0 [ o090 | oo.zos [aoss | 0. 200
12° TYF 12° TP 12° T1P 12° TP 12° TP 12° TYF
12° TYF 12° TP 12° T1P 12° TYF 12° TAF 12° TP
'K 0| 8 0 | i 0| 8 0| 8 | I 0 | i

28/20-Pin TSSOP Package (continue)

Figure 4.4
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5 Pin Description
PIN . .
N /0 Function @RESET Shared with
ame
POO Port PO Avref / ANO / SS0/(SCL)
8-bit I/O Port
PO1 Can be set in input or output mode in 1-bit units AN1 / SCKO / ACKO/(SDA)
P02 Internal pull-up register can be used via software AN2/T20 / MOSIO / TxDO
when this port is used as input port
P03 I/o | Open Drain enable register can be used via software Input AN3 / EC2 / MISOO0 / RxDO
P04 when this port is used as output port SXIN /AC+ / AN4
PO5 ANO~AN7 can be selected by ADCM register SXOUT /AC-/AN5
P06 DSCL / ACOUT/ AN6/ TOO / SCL
P07 DSDA/AN7/ECO/ SDA
P10 Port P1 PWM1AA/T10/INTO
7-bit I/O Port
P11 Can be set in input or output mode in 1-bit units PWM1AB /INT1
P12 Internal pull-up register can be used via software PWM1BA/BUZ / INT2
when this port is used as input port
P13 o Open Drain enable register can be used via software Input PWM1BB
P14 when this port is used as output port PWM1CA
P15 ANS8, AN9 can be selected by ADCM register ANS / PWM1CB
P16 AN9 / PWM3 / T30/ INT3
P20 P%rt T/é 5 XIN
7-bit ort
P21 Can be set in input or output mode in 1-bit units XOuT
P22 Internal pull-up register can be used via software RESETB
when this port is used as input port
P23 o Open Drain enable register can be used via software Input AN12
P24 when this port is used as output port AN13
P25 ANj2, AN13, AN14 can be selected by ADCM AN14
register
P26 -
P30 Port P3 INT4
8-bit 1/0 Port
P31 Can be set in input or output mode in 1-bit units INTS
P32 Internal pull-up register can be used via software INT6
P33 when this port is used as input port INT7
/o | Open Drain enable register can be used via software Input
P34 when this port is used as output port SS1
P35 AN10, AN11 can be selected by ADCM register ACK1
P36 AN10 / TxD1
P37 AN11/RxD1
Table 5.1 Normal Pin Description
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6 Port Structures

6.1 General Purpose 1/O Port

PULL-UP

REGISTER

EA Levelshitt ( 1.8V to ExtvDD)
7] Levelshift (ExtvDD to 1.8V)

OPEN DRAIN
REGISTER

DATA
REGISTER

SUB-FUNC DATA OUTPUT

—— SUB-FUNC ENABLE

SUB-FUNC DIRECTION

DIRECTION
REGISTER

PAD

ANALOG INPUT

ANALOG INPUT

(without Resistor)

ﬁ‘ —=_C
MUX '
PORTx INPUT{ ! CMOS or
9—1 1 b ' SchmittLevel
' Input
] DEBOUNCE
SUB-FUNC —C cp K !
DATA INPUT :
|
DEBOUNCE '
ENABLE :
1
|
ANALOG CHANNEL | =
ENABLE :
1
1
1
1
1
1
1

Figure 6.1 General Purpose 1/O Port

19




6.2 External Interrupt I/0 Port

—— SUB-FUNC ENABLE

PULL-UP
REGISTER

EA Levelshitt ( 1.8V to ExtvDD)
] Levelshift (ExtvDD to 1.8V)

OPEN DRAIN
REGISTER

DATA
REGISTER

SUB-FUNC DATA OUTPUT

SUB-FUNC DIRECTION

DIRECTION
REGISTER

EXTERNAL
INTERRUPT —|

INTERRUPT
ENABLE

EDGE FLAG
REG CLEAR

<::::§ REG

1
1
' PAD
1

K‘
PORTx INPUT MUX

1
SUB-FUNC {
DATA INPUT

DEBOUNCE
ENABLE

ANALOG CHANNEL

CMOS or
SchmittLevel
Input

ENABLE

ANALOG INPUT

Figure 6.2

External Interrupt 1/0 Port
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7 Electrical Characteristics

71 Absolute Maximum Ratings

Parameter Symbol Rating Unit
VDD -0.3~+6.5 \Y
Supply Voltage VSS 03103 v
\ -0.3~vDD+0.3 \Y
VO -0.3~vDD+0.3 \Y
) IOH -10 mA
Normal Voltage Pin
YIOH -80 mA
IOL 20 mA
YIOL 160 mA
Total Power Dissipation PT 600 mwW
Storage Temperature TSTG -45~+125 °C
Table 7.1 Absolute Maximum Ratings
NOTE)

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

7.2 Recommended Operating Conditions

Parameter Symbol Condition MIN TYP MAX Unit
fXIN=4~16MHz 4.5
Supply Voltage VDD - 5.5 \Y,
fSUB=32.768kHz 1.8
Operating Temperature TOPR VDD=1.8~5.5V -40 - 85 °C
FOPR fXIN 4 - 16 MHz
) 0SCS fSUB - 32.768 - kHz
Operating Frequency
IRC Internal RC-OSC - 16 - MHz
ROSC Internal Ring-OSC - 1 - MHz
Table 7.2 Recommended Operating Conditions
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7.3 A/D Converter Characteristics

(TA=-40C ~ +85, VDD=AVDD=2.7V ~ 5.5V, VSS=0V)

Parameter Symbol Condition MIN TYP MAX Unit
A/D converting Resolution - - - 12 - bits
Integral Linearity Error ILE - - +3
Diff tial Li ity E DLE - - 12
ifferential Linearity Error Vref=5.12V.
Offset Error of Top EOT Vss=0V, TA=+25°C - -+1 +3 LSB
Zero Offset Error EOB - 11 +3
Overall Accuracy - - +3 -
Conversion Time tCONV - - 60 - Cycle
Analog Input Voltage VAIN - VSS - Vref \Y
Analog Reference Voltage Vref (note) 2.7 - 5.5 \Y
Analog Input Current IAIN VDD=Vref=5V - - 10 uA
VDD=Vref=5V ) 1 3 mA
Analog Block Current IAVDD VDD=Vref=3V 0.5 15
VDD=Vref=5V
- 100 500 nA
Power down mode

Table 7.3 A/D Converter Characteristics

NOTE) When Vref is less than 2.7V, the ADC resolution is worse.

7.4 Analog Comparator Characteristics

Parameter Symbol Condition MIN TYP MAX Unit
VDDEXT=5V,

Input Leakage Current I Vin=1/2VDDEXT -50 - 50 nA
Input Offset Voltage Voffset VDDEXT=5V, Vin=1/2VDD - 50 - mV
Operating Current IOP COMP_EN=H - 30 - uA
Power Down Current IPD COMP_EN=L - 1 - uA
Response Time VRT CL= 50pF, VDDEXT=5V - - 1 us
BGR VDD=4V, TA=+25C - 1.174 - \Y
Table 7.4 Analog Comparator Characteristics
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7.5 \Voltage Dropout Converter Characteristics

Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - 1.8 - 5.5 \%
Operating Temperature - -40 - +85 °C
Regulation Voltage - 1.62 1.8 1.98 \%
Drop-out Voltage - - - 0.02 \Y
RUN/IDLE - 20 - mA
o SUB-ACTIVE - 1 - mA
Current Drivability
STOP1 - 50 - uA
STOP2 - 10 - uA
IDD1 RUN/IDLE - - 1 mA
) IDD2 SUB-ACTIVE - - 0.1 mA
Operating Current
SIDD1 STOP1 - - 5 uA
SIDD2 STOP2 - - 0.1 UuA
o " i TRAN1 SUB to RUN - - 1 us
Drivability Transition Time
TRAN2 STOP to RUN - - 200 us
Table 7.5 Voltage Dropout Converter Characteristics
NOTE) -STOP1: WDT-RC OSC is running - STOP2: WDT-RC OSC is disable
7.6 Power-On Reset Characteristics
Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - VSS - 5.5 \Y
Operating Temperature - -40 - +85 °C
RESET Release Level - 1.3 1.4 1.5 Vv
i IDD - - - 10 uA
Operating Current
SIDD - - - 1 uA
Table 7.6 Power-On Reset Characteristics
7.7  Brown Out Detector Characteristics
Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - VSS - 55 \%
Operating Temperature - -40 - +85 °C
4.2v - 4.0 - 4.4 Vv
. 3.6V - 3.4 - 3.8 Y
Detection Level
2.5V - 2.3 - 2.7 Vv
1.6V - 1.4 - 1.8 Vv
Hysteresis - - - - mV
_ IDD - - - 50 uA
Operating Current
SIDD - - - 1 uA

Table 7.7

Brown Out Detector Characteristics
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7.8 Internal RC Oscillator Characteristics

Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - 1.8 - 5.5 \%
Operating Temperature - -40 - +85 °C
Frequency - 15.52 16 16.48 MHz
Stabilization Time - - - 10 ms
) IDD - - - - uA
Operating Current
SIDD - - - 1 uA
Table 7.8 Internal RC Oscillator Characteristics

7.9 Ring-Oscillator Characteristics

Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - 1.8 - 5.5 \Y
Operating Temperature - -40 - +85 °C
Frequency - 0.8 1 1.2 MHz
Stabilization Time - - - - ms
) IDD - - - - uA
Operating Current
SIDD - - - 1 uA
Table 7.9 Ring-Oscillator Characteristics

7.10 PLL Characteristics

(TA=0T ~+707C, VDD18 = 1.6V ~ 2.0V, VSS =0V )

Parameter Symbol Condition Min. Typ. Max. Unit
PLL current IPLL - - 1.2 - mA
Input clock frequency fxin - 2 4 16 MHz
Output clock frequency fout - 6.25 64 128 MHz
Output clock duty - - 40 - 60 %
Setting time tD - - - 0.5 ms
Accuracy (Jitter) - Peak to peak - - 500 ps

Table 7.10 PLL Characteristics
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7.11 DC Characteristics

(VDD =2.7~5.5V, VSS =0V, fXIN=10.0MHz, TA=-40~+857C)

Parameter Symbol Condition MIN TYP MAX Unit
VIL1 P2[2] -0.5 - 0.2vDD \Y,
Input Low Voltage
VIL2 All others PAD -0.5 - 0.2vDD \Y,
) VIH1 P2[2] 0.8vDD - VDD \Y,
Input High Voltage
VIH2 | All others PAD 0.7vDD - VDD \Y,
Output Low Voltage VOL1 | ALL I/O (IOL=20mA, VDD=4.5V) - - 1 \Y,
Output High Voltage VOH1 | ALL I/O (IOH=-8.57mA, VDD=4.5V) 3.5 - - \Y,
Input  High Leakage IIH ALL PAD ) ) 1 UA
Current
Input Low  Leakage m ALL PAD A ) ) UA
Current
Pull-Up Resister RPU ALL PAD 20 - 50 kQ
IDD1 Run Mode, fXIN=12MHz @5V - *2.6 10 mA
IDD2 | Sleep Mode, fXIN=12MHz @5V - *1.5 5 mA
IDD3 | Sub Active Mode, fSUBXIN=32.768kHz @5V - *270 500 uA
IDD4 S:a()tJT;) Mode, WDT Active @5V (BOD ) *50 200 UA
Power Supply Current .
IDD5 STOP1 Mode, WDT Active @5V (BOD ) *05 100 UA
disable)
IDD6 STOP2 Mode, WDT Disable @5V (BOD ) 07 100 UA
enable)
IDD7 STOPZ Mode, WDT Disable @5V (BOD ) *1 7 (room UA
disable) temp)
Table 7.11 DC Characteristics
NOTE)

1. STOP1: WDT running, STOP2: WDT disable.

2. (*) typical test condition : VDD=5V, Internal RC-OSC=8MHz, ROOM TEMP, all PORT output LOW, Timer0
Active, 1 PORT toggling
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7.12 AC Characteristics

(VDD=5.0V£10%, VSS=0V, TA=-40~+85TC)

Parameter Symbol PIN MIN TYP MAX Unit
Operating Frequency fMCP XIN 4 - 16 MHz
System Clock Cycle Time tSYS - 500 - 62.5 ns
Oscillation Stabilization Time (8MHz) tMST1 XIN, XOUT - - 10 ms
External Clock “H” or “L” Pulse Width tCPW XIN 90 - - ns
External Clock Transition Time tRCPtFCP XIN - - 10 ns
External Interrupt Input Width tIwW INTO~INTXx 2 - - tSYS
External Interrupt Transition Time tFLIRI INTO~INTx 1 us
nNRESET Input Pulse “L” Width tRST nRESET 15 - - us
External Counter Input “H” or “L” Pulse Width tECW ECO~ECx 2 - - tSYS
Event Counter Transition Time tREC,tFEC ECO~ECx - - 20 ns
Table 7.12 AC Characteristics
1/fMCP tCPW tCPW
XIN /
B tiw i tiw
INTO XD
INT1 L 08vDD =
INT2 i/ ST [ 0.2vDD
INTx  e— s e
tRI tFl
tRST
nRESET X_
. tEcw tECW .
ECO
ECx
Figure 7.1 AC Timing
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7.13 SPI Characteristics

(VDD=5.0V£10%, VSS=0V, TA=-40~+85TC)

Parameter Symbol PIN MIN TYP MAX | Unit
Output Clock Pulse Period tSCK SCK - SPI clock mode - ns
Input Clock Pulse Period tSCK SCK 2+ tSYS - - ns
Input Clock “H” or “L” Pulse Width tSCKL, tSCKH SCK 50% duty - ns
Input Clock Pulse Transition Time tFSCK,tRSCK SCK - - 30 ns
Output Clock “H” or “L” Pulse Width tSCKL, tSCKH SCK tSYS-30 - - ns
Output Clock Pulse Transition Time tFSCK,tRSCK SCK - - 30 ns
First Output Clock Delays Time tFOD OUTPUT
Output Clock Delay Time tDS OUTPUT - - 100 ns
Input Pulse Transition Time tFSIN,tRSIN INPUT - - 30 ns
Input Setup Time tDIS INPUT 100 - ns
Input Hold Time tDIH INPUT tSYS+70 - - ns
Table 7.13 SPI Characteristics
ISS \ /
(Output/Input) R
tFOD tSCK
> — < >
L \ L i 0.8VDD
SCK Z Z & 0.2VDD
(CPOL=0) 7 I X
(Output/Input) —>
B tSCKL i tSCKH -~
SCK — X L L
(CPOL=1) K : Z
(Output/Input) R -~ 7
—_ —_— —
tFSCK _ tRSCK
MISO/MOSI LSB
(Data Input) _» - > <_
tRSIN tFSIN
tDS
— —
»
MOSI/MISO N
(Data Output) MSB LSB
= R
Figure 7.2 SPI Timing




7.14 Main Clock Oscillator Characteristics

(VDD=5.0V£10%, VSS=0V, TA=-40~+85TC)

Parameter MIN TYP MAX ETC
Operating Voltage (VDDEXT) 1.5V 5.5V
TEMP -40°C 85T
IDD - 660uA - @4Mhz, VDDEXT(+5V)
Operating Frequency - 16Mhz
Ext. Load Cap 5pF 22pF 35pF C1,C2
Table 7.14 Main Clock Oscillator Characteristics
‘ XIN XouT
C1 - - Cc2
Figure 7.3 Crystal Oscillator

7.15 Sub Clock Oscillator Characteristics

(VDD=5.0V£10%, VSS=0V, TA=-40~+85C)

Parameter MIN TYP MAX ETC
Operating Voltage - 1.8V -
TEMP -40°C - 85T
IDD - 3uA -
Operating Frequency - 32.768kHz -
Ext. Load Cap 5pF 15pF 20pF C1,C2

Table 7.15 Sub Clock Oscillator Characteristics
‘ SXIN SXOUT
P q c2
C1 - -
Figure 7.4 Sub-Crystal Oscillator
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7.16 Typical Characteristics

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

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

respectively where o is standard deviation.
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7.17 Recommanded Application Circuit

This 0.1uF capacitor should be within

/4 1cm from the VDD pin of MCU on the
PCB layout.
VDD ; ; 1
T 0.1uF 0.1uF = DC Power
VSS : $
= v
VCC
The MCU power line (VDD and VSS)
{should be separated from the high- }
T current part at a DC power node on
_~ High-Current Part the PCB layout.
Infrared LED,
g { FND(7-Segment), }
(O“ 110 —1—
w This 0.01uF capacitor is alternatively
3 for noise immunity.
XIN - The main and sub crystal should be
as close by the MCU as possible.
XOuT
The load capacitors of the sub clock
SXIN -C1,C2:Cux2+15%
- CL=(C1xC2)/(C1 + C2) - Cstray
- Cu: the specific capacitor value of crystal
SXouT = - Cstray: the parasitic capacitor of a PCB (1pF — 1.5pF)
32.768kHz
Figure 7.5 Recommended Circuit and Layout
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8 Memory

The MC97FG316 addresses two separate address memory stores: Program memory and Data memory. The logical
separation of Program and Data memory allows Data memory to be assessed by 8-bit addresses, which can be more
quickly stored and manipulated by 8-bit CPU. Nevertheless, 16-bit Data memory addresses can also be generated
through the DPTR register.

Program memory can only be read, not written to. There can be up to 64Kbytes of Program memory. In the
MC97FG316 FLASH version of these devices the 16Kbytes of Program memory are provided on-chip. Data memory
can be read and written to up to 256bytes internal memory (DATA) including the stack area.

8.1 Program Memory

A 16-bit program counter is capable of addressing up to 64Kbytes, but this device has just 16Kbytes program memory

space.

Figure 8.1 shows a map of the lower part of the program memory. After reset, the CPU begins execution from location
0000H. Each interrupt is assigned a fixed location in program memory. The interrupt causes the CPU to jump to that
location, where it commences execution of the service routine. External interrupt 0, for example, is assigned to location
0003H. If external interrupt 0 is going to be used, its service routine must begin at location 0003H. 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 (as is often the case in control applications), it can reside entirely within that 8-byte interval. Longer

service routines can use a jump instruction to skip over subsequent interrupt locations, if other interrupts are in use.
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3FFFH

0000H

Program Memory Areas
16Kbytes

- 007FH

% 0000H

Figure 8.1 Program Memory

User Function Mode: 16K Bytes Included Interrupt Vector Region
Non-volatile and reprogramming memory: Flash memory based on EEPROM cell
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8.2 Data Memory

FFH
Upper Special Function
128bytes Registers
internal RAM 128bytes
(Indirect Addressing) | (direct Addressing)
80H
7FH
Lower
128bytes
internal RAM
(Direct or Indirect
Addressing)
00H
Figure 8.2 Data Memory Map

The internal memory space is divided into three blocks, which are generally referred to as the lower 128, upper 128,
and SFR space.

Internal Data memory addresses are always one byte wide, which implies an address space of only 256 bytes.
However, the addressing modes for internal RAM can in fact accommodate 384 bytes, using a simple trick. Direct
addresses higher than 7FH access one memory space and indirect addresses higher than 7FH access a different
memory space. Thus Figure 8.2 shows the upper 128bytes and SFR space occupying the same block of addresses,
80H through FFH, although they are physically separate entities.

The lower 128 bytes of RAM are present in all 8051 devices as mapped in figure 8-3. 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 used of code space, since
register instructions are shorter than instructions that use direct addressing.

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

All of the bytes in the lower 128 can be accessed by either direct or indirect addressing. The upper 128 bytes RAM
can only be accessed by indirect addressing. These spaces are used for user RAM and stack pointer.
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80 bytes <

16 bytes
(128bits)

8 bytes

8 bytes

8 bytes

8 bytes

7FH
r

30H
2FH

20H
1FH

18H
17H

10H
OFH

08H
0o7H

A P — A

00H

General
register

purpose

Bit addressable

A[TFTTE

78

77 |76

70

6F [6E

68

67 (66

60

5F [5E

58

57 (56

50

aF [4E

48

47 |46

40

3F [3E

38

37 136

30

2F |2E

28

27 (26

20

1F [ME

18

17 [16

10

OF |0E

08

Register bank 3
(8 bytes)

Register bank 2
(8 bytes)

Register bank 1
(8 bytes)

Register bank 0
(8 bytes)

07 |06

00

R7

R6

R5

R4

R3

R2

R1

RO

Figure 8.3

Low 128 Bytes
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8.3 EEPROM Data Memory and XSRAM

MC97FG316 has 512bytes EEPROM Data memory. This area has no relation with RAM/FLASH. It can read and write
through SFR with 8-bit unit.

For more information about EEPROM Data memory, see chapter 15.

FFFFH| — — — — — — — — — — — — — .
| |
I |
I I
[ I
| |
I I
I |
I |
| |
I |
I |
I |
I |
| I
[ I
31FFH
EEPROM Areas
512 bytes
3000H
XSFR Areas
2FO00H
I |
I |
|
02FFH
XRAM Areas
768 bytes
0000H
Figure 8.4 XDATA Memory Area
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84 SFR Map
8.4.1 SFR Map Summary
OH/8H 1HI9H 2HIAH 3H/BH 4HICH 5HIDH 6H/EH THIFH
2F58H - - - TEST_REGB TEST_REGA
2F50H FUSE_CONF FUSE_TEMP FUSE_FREQ FUSE_RING FUSE_BGR FUSE_FLAS FUSE_XTAL
2F48H - - - -
2F40H - - - -
2F38H - - - -
2F30H - - - -
2F28H - - - -
2F20H - - - -
2F18H - - . WDTTESTO i WDTTEST!
2F10H PSR0 PSR1 PSR2 . WDTC WDTSR i WDTCNTH | WDTCNTL
2F08H PODB P1DB P2DB P3DB TESTTCRCO | TESTTCRC
2F00H POPU P1PU P2PU P3PU POOD P10D P20D P30D
F8H UCRCC ACCSR UCTRL11 UCTRL12 i UCTRL13 USTAT UBAUD1 UDATA1
FOH B UCRCDIN FEARL FEARM FEARH FEDR FETR
E8H UCRCL UCRCH FEMR FECR FESR FETCR FEARL1 FEARM!
EOH ACC TCRCC UCTRLOf UCTRLO2 i UCTRLO3 USTATO UBAUDO UDATAO
D8H TCRCL TCRCH 2CMR 12CSR 2CSCLLR i I2CSCLHR | I2CSDAHR 2CDR
DOH PSW - SPICR SPIDR SPISR T4H 2CSART 12CSAR
C8H ADCRL ADCRH T3CR i ke T3PWHR T4CR T4L
COH ADCM ADCM2 T1DLYB TIDLYC T1ISR T1IMSK T2CR T2LR
B8H - T1BDRL T1BDRH T1CDRL T1CDRH T1PCR2 T1PCR3 TADLYA
BOH T R T1ADRH TOCR Ak T1CR TIDR/TIPPRL | T1PPRH TIPCR
A8H IE IE1 IE2 IE3 PCIO TMISR
AOH XBANK P3I0 EO EIENAB EIFLAG EIEDGE EIPOLA EIBOTH
98H P3 P2I0 IP1 IP1H P2 IP2H IP3 IP3H
90H P2 P110 P IPH PLLCR WTMR WTR/WTCR BUZCR
88H P1 POIO SCCR BCCR BITR WDTCR WDTIDR BUZDR
80H PO sP DPL DPH DPL1 DPH? BODR PCON
Table 8.1 SFR Map Summary
NOTE)

1.

The registers of which lower 3-bit address are 000 are bit-addressable (except for XSFR)
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8.4.2 8051 Compiler Compatible SFR

ACC (Accumulator) : EOH

7 6 5 4 2 1 0
| ACC
RW RW RW RW RW RW RW
Initial value : 00H
ACC Accumulator
B (B Register) : FOH
7 6 5 4 2 1 0
| B
RW RW RW RW RW RW RW
Initial value : 00H
B B Register
SP (Stack Pointer) : 81H
7 6 5 4 2 1 0
| SP
RW RW RW RW RW RW RW
Initial value : 07H
SP Stack Pointer
DPL (Data Pointer Low Byte) : 82H
7 6 5 4 2 1 0
| DPL
RW RW RW RW RW RW RW
Initial value : 00H
DPL Data Pointer Low Byte
DPH (Data Pointer High Byte) : 83H
7 6 5 4 2 1 0
| DPH
RW RW RW RW RW RW RW
Initial value : 00H
DPH Data Pointer High Byte
DPL1 (Data Pointer1 Low Byte) : 84H
7 6 5 4 3 1 0
| DPL1
RW RW RW RW RW RW RW
Initial value : 00H
DPLA1 Data Pointer1 Low Byte
DPH1 (Data Pointer1 High Byte) : 85H
7 6 5 4 3 1 0
| DPH{
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RW RW RW RW RW RW RW RW
Initial value : 00H
DPH1 Data Pointer1 High Byte

PSW (Program Status Word) : DOH

7 6 5 4 3 2 1 0
| oy | Ac | FO RSt RSO ov F1 P
RW RW RW RW RW RW RW RW
Initial value : 00H
CcY Carry Flag
AC Auxiliary Carry Flag
FO General Purpose User-Definable Flag
RS1 Register Bank Select bit 1
RSO Register Bank Select bit 0
ov Overflow Flag
F1 User-Definable Flag
P Parity Flag. Set/cleared by hardware each instruction cycle to

indicate an odd/even number of ‘1’ bits in the accumulator

EO (Extended Operation Register) : A2H

7 6 5 4 3 2 1 0
| - | - - | TRAPEN - - - DPSELO
R R R RW R R R R

Initial value : 00H
TRAP_EN Select the instruction

0 Select MOVC @(DPTR++), A

1 Select Software TRAP instruction
DPSEL Select Banked Data Point Register

0 DPTRO

1 DPTR1

XBANK (XRAM Bank Pointer) : AOH

7 6 5 4 3 2 1 0

RW RW RW RW RW RW RW RW
Initial value : 00H
XBANK XRAM Bank Pointer

Note) 1. This XBANK register holds the [15:8] part of memory address during access to data.
2. Address[15:0] : “XBANK:Ri” (R1: RO or R1)
3. Ex) MOVX A, @RI ; Move external data (XBANK:RIi[15:0]) to A
MOVX @Ri, A ; Move A to external data (XBANK:RIi[15:0])
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9 /0 Ports

9.1 /0 Ports

The MC97FG316 has four 1/O ports (PO, P1, P2 and P3). Each port can be easily configured by software as I/O pin,
internal pull up and open drain pin to meet various system configurations and design requirements. Also PO includes

function that can generate interrupt according to change of state of the pin.

9.2 Port Register

9.2.1 Data Register (Px)

Data Register is a bidirectional /O port. If ports are configured as output ports, data can be written to the

corresponding bit of the Px. If ports are configured as input ports, the data can be read from the corresponding bit of
the Px.

9.2.2 Direction Register (PxIO)

Each I/O pin can independently used as an input or an output through the PxIO register. Bits cleared in this read/write
register will select the corresponding pin in Px to become an input, setting a bit sets the pin to output. All bits are
cleared by a system reset.

9.2.3 Pull-up Resistor Selection Register (PxPU)

The on-chip pull-up resistor can be connected to them in 1-bit units with a pull-up resistor selection register (PxPU).
The pull-up register selection controls the pull-up resister enable/disable of each port. When the corresponding bit is 1,
the pull-up resister of the pin is enabled. When 0, the pull-up resister is disabled. All bits are cleared by a system reset.
(Only port pull-up resistor selection have default ON state for unused pins in 32-pin package for 16, 20, 28-pin
package).

9.2.4 Open-drain Selection Register (PxOD)

There is internally open-drain selection register (PxOD) in PO, P1, P2 and P3. The open-drain selection register

controls the open-drain enable/disable of each port. Ports become push-pull by a system reset.
9.2.5 De-bounce Enable Register (PxDB)

There is internally open-drain selection register (PxOD) in PO, P1, P2 and P3. The open-drain selection register

controls the open-drain enable/disable of each port. Ports become push-pull by a system reset.
9.2.6 Pin Change Interrupt Enable Register (PCI0)

The PO can support Pin Change Interrupt function. Pin Change Interrupts PCI will trigger if any enabled PO[7:0] pin
toggles. The PCIO Register control which pins contribute to the pin change interrupts.
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9.2.7 Port Selection Register (PSRx)

PSRx registers prevent the input leakage current when ports are connected to analog inputs. If the bit of PSRx is ‘1°,
the dynamic current path of the schmitt OR gate of the port is cut off and the digital input of the corresponding port is

always ‘1.

9.2.8 Register Map

Name Address Dir Default Description
PO 80H R/W 00H PO Data Register
POIO 89H R/W O00H PO Direction Register
POPU 2F00H R/W O00H PO Pull-up Resistor Selection Register
POOD 2F04H R/W O00H PO Open-drain Selection Register
PODB 2F08H R/W 00H PO Debounce Enable Register
PCIO AEH R/W O00H PO Pin Change Interrupt Enable Register
P1 88H R/W 00H P1 Data Register
P110 91H R/W O00H P1 Direction Register
P1PU 2F01H R/W O00H P1 Pull-up Resistor Selection Register
P10D 2F05H R/W O00H P1 Open-drain Selection Register
P1DB 2F09H R/W 00H P1 Debounce Enable Register
P2 90H R/W 00H P2 Data Register
P210 99H R/W 00H P2 Direction Register
P2PU 2F02H R/W 00H P2 Pull-up Resistor Selection Register
P20D 2F06H R/W 00H P2 Open-drain Selection Register
P2DB 2F0AH R/W 00H P2 Debounce Enable Register
P3 98H R/W 00H P3 Data Register
P310 A1H R/W 00H P3 Direction Register
P3PU 2F03H R/W 00H P3 Pull-up Resistor Selection Register
P30D 2F07H R/W O00H P3 Open-drain Selection Register
P3DB 2FOBH R/W 00H P3 Debounce Enable Register
PSRO 2F10H R/W 00H Port Selection Register 0
PSR1 2F11H R/W 00H P1,P2,P3 Port Selection Register
PSR2 2F12H R/W O00H Special Port Selection Register
Table 9.1 Register Map
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9.3 Px Port

9.3.1 Px Port Description

Px is 8-bit 1/0O port. Px control registers consist of Data register (Px), direction register (PxIO), debounce enable
register (PxDB), pull-up register selection register (PxPU), open-drain selection register (PxOD), pin change interrupt
register (PCI0).

9.3.2 Register description for Px

Px (Px Data Register) : 80H, 88H, 90H, 98H

7 6 5 4 3 2 1 0
| Px7 | P6 | PG Prd PG P Px1 PO
RW RW RW RW RW R R RW

Initial value : 00H

Px[7:0] I/0 Data

PxIO (Px Direction Register) : 89H, 91H, 99H, A1H

7 6 5 4 3 2 1 0
| pmo | pPeo | PsoO PxiO P3O PXI0 Px1I0 P00
RW RW RW RW RW RW RW RW

Initial value : 00H

PxIO[7:0] Px data I/O direction.
0 Input
1 Output

PxPU (Px Pull-up Resistor Selection Register) : 2F00H ~ 2F03H

7 6 5 4 3 2 1 0
| pru | Peru | PoU | Pary PaPU PP Px1PU PXOPU
RW RW RW RW RW RW RW RW

Initial value : 00H

PxPU[7:0] Configure pull-up resistor of Px port
0 Disable
1 Enable

PxOD (Px Open-drain Selection Register) : 2F04H ~ 2F07H

7 6 5 4 3 2 1 0
Px7OD Px60D Px50D Px40D Px30D Px20D Px10D Px00D
| | | |
RW RW RW RW RW RW RW RW

Initial value : 00H

PxOD[7:0] Configure open-drain of Px port
0 Disable
1 Enable
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PxDB (Px Debounce Enable Register) : 2F08H ~ 2FOBH

7 6 5 4 3 2 1 0
| P8 | PeB | PeDB | PdDB Px3DB Px2DB PxIDB PxODB
RW RW RW RW RW RW RW RW
Initial value : OOH
PxDBJ[7:0] Configure de-bounce of Px port
0 Disable
1 Enable
PCIO0 (PO Pin Change Interrupt Enable Register) : AEH
7 6 5 4 3 2 1 0
| Poor | Pcos pcos | Pow | Poos PCI02 PCO1 PCI00
RW RW RW RW RW RW RW RW
Initial value : 0OH
PCI0[7:0] Configure Pin Change Interrupt of PO port
0 Disable
1 Enable
PSRO (Port Selection Register) : 2F10H
7 6 5 4 3 2 1 0
| PRz | PSR | PSR PSR4 PSR03 PSRO2 PSRO1 PSR00
RW RW RW RW RW RW RW RW
Initial value : OOH
PSRO[7:0] P07~PQ0 port selection register
0 Disable analog channel AN[7:0] (default)
1 Enable analog channel AN[7:0]
PSR1 (P1,2,3 Port Selection Register) : 2F11H
7 6 5 4 3 2 1 0
| PRz | PR | PsRi5 | PSRM PSR13 PSR12 PSR11 PSR10
RW RW RW RW RW RW RW RW

PSR1[7] 12C ports selection register

0 When PSR2[1]="L", P0[7:6] for I12C (default)

1 When PSR2[1]="L", P2[6:5] for 12C
PSR1[6:0] P25,P24,P23,P37,P36,P16,P15 port selection register

0 Disable analog channel AN[14:8] (default)

1 Enable analog channel AN[14:8]

Initial value : 00H
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PSR2 (USARTO, TIMERO Port Selection Register) : 2F12H

7 6 5 4 3 2 1 0
I I R [ e [ e
RW RW RW RW RW RW RW RW

Initial value : 00H

PSR2[1] 12C ports selection register 2

0 12C by PSR1[7] (default)
1 PO[1:0] for 12C
PSR2[0] RxDO0, TxDO0, ECO, TOO ports selection register
0 PO[3:2] for RxDO, TxDO (default)
PO[7:6] for ECO, TOO
1 P3[3:2] for RxDO, TxDO

P1[4:3] for ECO, TOO

9.4 Port RESET Noise Canceller

The Figure 9.1 is the Noise canceller diagram for Noise cancel of Pore RESET. It has the Noise cancel value of about
5us (@VDD=5V) to input of Port Reset.

: ts Tene , o t<Tonc
t>'|§RNc £ Tanc Mg
A ,_\ J_—l I—-l r
Figure 9.1 Port Reset noise canceller time diagram
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10 Interrupt Controller

10.1 Overview

The MC97FG316 supports up to 24 interrupt sources. The interrupts have separate enable register bits associated
with them, allowing software control. They can also have four levels of priority assigned to them. The interrupt

controller has following features:

- receive the request from 24 interrupt source

- 4 priority levels

- Multi Interrupt possibility

- If the requests of different priority are received simultaneously, the request of higher priority is serviced first and
then lower priority is serviced.

- Each interrupt source can be controled by EA bit and each IEx bit

- Interrupt latency: 5~8 machine cycles in single interrupt system

The maskable interrupts are enabled through four pair of interrupt enable registers (IE, IE1, IE2, IE3). Bits of IE, IE1,
IE2, IE3 register each individually enable/disable a particular interrupt source. Overall control is provided by EA (bit 7
of IE). When EA is set to ‘0’, all interrupts are disabled: when EA is set to ‘1’, interrupts are individually enabled or
disabled through the other bits of the interrupt enable registers. The MC97FG316 supports a 4-level priority scheme.
Each maskable interrupt is individually assigned to one of four priority levels by writing to IP or IPH or IP1 or IP1H or
IP2 or IP2H or IP3 or IPH3.

Figure 10.1 shows the Interrupt Priority Level. Priority can be sets by writing to two bits of IPx and IPxH register. Each
bit of IPx , IPxH corresponds to each interrupt and desides one of 4 priority levels of each interrupt. High level interrupt
priority always has higher priority than low level interrupt. And Lower number interrupt has higher priority than higher

number interrupt in the same level.

(IP,IPH) I (IP1,IP1H) I (1P2, IP2H) I (IP3, IP3H)
pxH [0 [ o [oJoJ+JoJofJoJoJoJr+JofoJoJoJoJoJofJofJoJoJofJolf o]
IPOH.0 IPOH.1 IPOH.2 IPOH.3 IPOH.4 IPOH.5llP1H.O IPIH.1 IP1H.2 IP1H.3 IP1H.4 IP1H.5IIP2H.0 IP2H.1 IP2H.2 IP2H.3 IP2H.4 IP2H.5LIP3H.0 IP3H.1 IP3H.2 IP3H.3 IP3H.4 IP3H.5
Px [0 JoJofJofJofJoJoJoJoJoJiJofJofJofJofJoJoJoJofJiJofJofJoJol].,
IPO.O IPO.1 IPO.2 IP0.3 IP0.4 IPO.5'IP1.0 P11 P12 IP1.3 IP1.4 IP1.5'IP2.0 P21 P22 P23 IP2.4 IP2.5{IP3.0 IP3.1 IP3.2 IP3.3 IP3.4 [P35 hlgh
level 3 :
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, SO SURRT
level 2 :
level 1 INT19
U U UUNUUNE UOUUURUE R UUNOE FUNUUU FUNUUNUE SUNUUNE JUNUNUE SUNUURIE U WORE SUNUUR! INUUUNE JURUURE FUNUUNE DUNUUNE OO SURUON IO S [ S L
level 0 INTO | INT1 | INT2 | INT3 INTS | INT6 | INT7 | INT8 | INT9 INTTT[INT12|INT13]INT14]INT15[INT16]INT17|INT18 INT20|INT21|INT22[INT23 low
high low
Figure 10.1 Interrupt Priority Level
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10.2 External Interrupt

The external interrupt on INTO, INT1, INT2, INT3, INT4, INT5, INT6 and INT7 pins receive various interrupt request
depending on the EIEDGE (External Interrupt Edge register) and EIPOLA (External Interrupt Polarity register) and

EIBOTH (External Interrupt Both Edge register) as shown in Figure 10.1. Also each external interrupt source has

control setting bits. The EIFLAG (External interrupt flag register) register provides the status of external interrupts.

l
iy RE

INTO Pin FLAGO 3 INTO Interrupt
L
INT1 Pin e j-\-_\_ FLAG1 [ INT1 Interrupt
S\
3 f
INT6 Pin - j-\-_\_ FLAG6 [ INT17 Interrupt
/\ 43
INT7 Pin J’-\-_\_ FLAG7 [y INT19 Interrupt
(Analog X3
Comparator) _/_\_
| 3
[OxA5] External Interrupt Edge Register
EIBOTH, EIEDGE, EIPOLA [0xA6] External Interrupt Polarity Register
[0xA7] External Interrupt Both Edge Enable Register
Figure 10.2 External Interrupt Description
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10.3 Block Diagram

INTO

INT1

INT2

INT3

INT4

INT5

INT7/ C

EIEDGE[A54]

EIPOLA[A6]

EIBOTH[A7,]

UL

/

\
FAN
/\

UARTO Rx

UARTO Tx

SPI

I’c

UART1 Tx

T0

™

T2

T3

T4

INT6:

ADC

WT

WDT

BIT

IP3[9E] | IP3H[9F,]
IP2[9C,] | IP2H[9Dy]
IP1[9A4] | IP1H[9BA]
IEO[A8Y] | IP[92:] IPH[93,]
EIFLAG.O [Ady] CO Fl—_l—l
o 0
FLAGO
L 1
EIFLAG.1 [Ad] o 1
O 1
FLAG1
Oo—2
EIFLAG.2 [Ad] o 2
O 2
FLAG2
o—l3 i
EIFLAG.3 [Ady] [e; 3
FLAG3 S 3 5
L =
EIFLAG.4 [Ady] O_Oi 4
FLAG4 S 4 4
L |
EIFLAG.5 [Ady] CO 15,15
FLAG5 Q 5.k
| IE1[A94] |
o—6
USTATO.5[E5] :)—o\:__' 6
O 6
RXC 5
USTATO.6[E5H] CO ),
T>C Q 7l
o—8
SPISR.7 [D44] 8 s
TCIR O -
12CMR.7 [DA4] o—19
[e} 9
IIF O
USTAT1.5 [FDy] oO— 10
Q 10
O 10
10
USTAT1.6 [FDy] o—| 1
TXC1 8 " 11
IE2[AA] '
o—i12
TMISR.O[AF+] o 2
| e, 12
TMIFO 12
TMISRA[AF4] C: )
TMIF1 Q 13 s
TMISR.2 [AF4] 8—'14 .,
T™IF2 Q 14 )4
TMISR.3 [AFH] 8—' 5 5
TMIF3 ‘ o 5
15
TMISR 4 [AF] oO—1 16,
O 16
TMIF4 [} 16
16
EIFLAG.6 [Ady] o—{ 17
o} 17
FLAG6 O 17
IE3[AB] 7
o—i18
ADCM1.7[9A] e} 18
O 18
EXTRG 18
USTATO.6[E6:] Oc " 9
TG 0 G
WTMR.7 [9D4] Co—-zo o
WTIFR o RO bo
WDTCR.7 [8Dy] 8—'21 ;
WDTIFR le; 21l
BCCR.7 [8B] oO—{22
o 22
BITF O
22
O——L23
oO— |23
o—'£23

TS iy E—

Priority High

—
Release

Stop/Sleep

EA(IE.7[A8/])

Priority Low

Figure 10.3

Block Diagram of Interrupt
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10.4 Interrupt Vector Table

The interrupt controller supports 24 interrupt sources as shown in the Table 10.2 below. When interrupt becomes

service, long call instruction (LCALL) is executed in the vector address. Interrupt request 24 has a decided priority

order.
Interrupt Source Symbol éﬂfé{:ﬁft Priority Mask Vector Address

Hardware Reset RESETB 0 0 Non-Maskable 0000H
External Interrupt O INTO IE0.O 1 Maskable 0003H
External Interrupt 1 INT1 IEO.1 2 Maskable 000BH
External Interrupt 2 INT2 IE0.2 3 Maskable 0013H
External Interrupt 3 INT3 IE0.3 4 Maskable 001BH
External Interrupt4 INT4 IEO.4 5 Maskable 0023H
External Interrupt5 INTS IEO.5 6 Maskable 002BH
USARTO Rx INT6 IE1.0 7 Maskable 0033H
USARTOTx INT7 IE1.1 8 Maskable 003BH
SPIO INT8 IE1.2 9 Maskable 0043H
12C INT9 IE1.3 10 Maskable 004BH
USART1 Rx INT10 IE1.4 11 Maskable 0053H
USART1 Tx INT11 IE1.5 12 Maskable 005BH
TO INT12 IE2.0 13 Maskable 0063H
T1 INT13 IE2.1 14 Maskable 006BH
T2 INT14 IE2.2 15 Maskable 0073H
T3 INT15 IE2.3 16 Maskable 007BH
T4 INT16 IE2.4 17 Maskable 0083H
External Interrupt6 INT17 IE2.5 18 Maskable 008BH
ADC INT18 IE3.0 19 Maskable 0093H
External Interrupt7 / Comparator INT19 IE3.1 20 Maskable 009BH
WT INT20 IE3.2 21 Maskable 00A3H
WDT INT21 IE3.3 22 Maskable 00ABH
BIT INT22 IE3.4 23 Maskable 00B3H
Pin Change Interrupt(PO0) INT23 IE3.5 24 Maskable- 00BBH

Table 10.1 Interrupt Vector Address Table

For maskable interrupt execution, first EA bit must set ‘1’ and specific interrupt source must set ‘1’ by writing a ‘1’ to
associated bit in the IEx. If interrupt request is received, specific interrupt request flag set ‘1’. And it remains ‘1’ until

CPU accepts interrupt. After that, interrupt request flag will be cleared automatically.
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10.5 Interrupt Sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to ‘0’ by a reset or an
instruction. Interrupt acceptance always generates at last cycle of the instruction. So instead of fetching the current
instruction, CPU executes internally LCALL instruction and saves the PC stack. For the interrupt service routine, the
interrupt controller gives the address of LIMP instruction to CPU. After finishing the current instruction, at the next
instruction to go interrupt service routine needs 5~8 machine cycle and the interrupt service task is terminated upon
execution of an interrupt return instruction [RETI]. After generating interrupt, to go to interrupt service routine, the

following process is progressed.

IE.EAFlag < 1
IExy € 1

A

Program Counter low Byte
SP & SP +1
M(SP) < (PCL)

[~

Saves PC value in order to continue
A 4 process again after executing ISR
Program Counter high Byte
SP &SP +1
M(SP) € (PCH)
EA=0 y,

]

\ 4

Interrupt Vector Address occurrence
(Interrupt Vector Address)

[~

A 4

ISR(Interrupt Service Routine) move, execute

El

A 4

Return from ISR
RETI

A 4
EA=1
Program Counter high Byte recover
(PCH) €« M(SP)
SP < SP -1

B B

A 4

Program Counter low Byte recovery
(PCL) € M(SP)
SP < SP-1

A 4

n Main Program execution

Figure 10.4 Interrupt Flow
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10.6 Effective Timing after Controlling Interrupt bit

Interrupt Enable Register
command

Next Instruction

Setting both EA bit and individual interrupt
< enable bit INTNE makes the pending interrupt
active after executing the next instruction.

Next Instruction

v

Figure 10.5 Interrupt Enable Register effective Timing

10.7 Multi Interrupt

If two requests of different priority levels are received simultaneously, the request of higher priority level is serviced. If
requests of the interrupt are received at the same time simultaneously, an interrupt polling sequence determines by

hardware which request is serviced. However, multiple processing through software for special features is possible.

Main Program
Service

INT1 ISR

INTO ISR

Enable INTO
Disable others
SETB EA

Occur )
INT1 Interrupt

Occur
INTO Interrupt

Enable INTO
Enable others

RETI

RETI

Figure 10.6 Execution of Multi Interrupt

Following example is shown to service INTO routine during INT1 routine in Figure 10 6. In this example, INTO interrupt

priority is higher than INT1 interrupt priority. If some interrupt is lower than INT1 priority, it can’t service its interrupt
routine.
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Example) Software Multi Interrupt:

INT1: MOV IE, #01H ; Enable INTO only
MOV IE1l, #00H ; Disable others
SETB EA ; Enable global interrupt (necessary for multi interrupt)
MOV IE, #0FFH ; Enable all Interrupts
MOV IE1l, #O0OFFH
RETI

10.8 Interrupt Enable Accept Timing

Max. 4 Machine Cycle —;.|—— 4 Machine Cycle — ]
System
Clock * T ................... I I_] |_|
\\ .......
' 14

Interrupt T
goes

; - AN
Active Interrupt Y e

Latched Interrupt Processing .
- LCALL & LJMP Interrupt Routine
Figure 10.7 Interrupt Response Timing Diagram

10.9 Interrupt Service Routine Address

Basic Interval Timer Basic Interval Timer
Vector Table Address Service Routine Address
/\_ /\_
00B3H 02H 0125H OEH
00B4H 01H |:> 0126H 2EH
00B5H 25H
/\_
/\_

Figure 10.8 Correspondence between Vector Table Address and the Entry Address of ISR
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10.10 Saving/Restore General-Purpose Registers

INTxx : PUSH PSW

PUSH DPL

PUSH DPH Main Task

PUSH B Interrupt

PUSH ACC | | Service Task

—_—
: Saving
Register
Interrupt Processing:

POP ACC Restoring

POP B P l— Register

POP DPH | |

POP DPL

POP PSW

RETI

Figure 10.9 Saving/Restore Process Diagram and Sample Source
10.11 Interrupt Timing
Interrupt sampled here
CLP2 CLP1 CLP2 C1P1 C1P2 C2P1 C2pP2
Ar A A A A A A

SCLK
INT_SRC
INTR_ACK
LAST CYC
INTR_LCALL I
INT_VEC X 8-bit interrupt Vector >
PROGA X {8'h00, INT_VEC} >

Figure 10.10 Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

Interrupt source sampled at last cycle of the command. When sampling interrupt source, it is decided to low 8-bit of

interrupt vector. M8051W core makes interrupt acknowledge at first cycle of command, executes long call to jump
interrupt routine as INT_VEC.
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NOTE)
1. command cycle CLPx: L=Last cycle, 1=1% cycle or 1% phase, 2=2" cycle or 2™ phase

10.12 Interrupt Register Overview
10.12.1 Interrupt Enable Register (IE, IE1, IE2, IE3)

Interrupt enable register consists of Global interrupt control bit (EA) and peripheral interrupt control bits. Totally 24

peripheral are able to control interrupt.

10.12.2 Interrupt Priority Register (IP, IP1,IP2,IP3)

The 24 interrupt divides 8 groups which have each 3 interrupt sources. A group can decide 4 levels interrupt priority
using interrupt priority register. Level 3 is the high priority, while level 0 is the low priority. Initially, IP, IP1,IP2,IP3 reset
value is ‘0. At that initialization, low interrupt number has a higher priority than high interrupt number. If decided the

priority, low interrupt number has a higher priority than high interrupt number in that group.

10.12.3 External Interrupt Flag Register (EIFLAG)

The external interrupt flag register is set to ‘1’ when the external interrupt generating condition is satisfied. The flag is

cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing a ‘0’ to it.

10.12.4 External Interrupt Edge Register (EIEDGE)

The External interrupt edge register determines which type of edge or level sensitive interrupt. Initially, default value is

level. For level, write ‘0’ to related bit. For edge, write ‘1’ to related bit.

10.12.5 External Interrupt Edge Register (EIEDGE)

According to EIEDGE register, the external interrupt polarity (EIPOLA) register has a different meaning. If EIEDGE is
level type, EIPOLA is able to have Low/High level value. If EIEGDE is edge type, EIPOLA is able to have rising/falling

edge value.

10.12.6 External Interrupt Enable Register (EIENAB)

When the external interrupt enable register is written to ‘1’, the corresponding external pin interrupt is enabled. The
EIEDGE and EIPOLA register defines whether the external interrupt is activated on rising or falling edge or level

sensed.

10.12.7 External Interrupt Both Edge Enable Register (EIBOTH)

When the external interrupt both edge enable register is written to ‘1’, the corresponding external pin interrupt is

enabled by both edges. Initially, default value is disabled.
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10.12.8 Register Map

Name Address Dir Default Description
IE A8H R/W 00H Interrupt Enable Register
IE1 A9H R/W 00H Interrupt Enable Register 1
IE2 AAH R/W 00H Interrupt Enable Register 2
IE3 ABH R/W 00H Interrupt Enable Register 3
IP 92H R/W 00H Interrupt Priority Register
IPH 93H R/W O00H Interrupt Priority Register High
IP1 9AH R/W O00H Interrupt Priority Register 1
IP1H 9BH R/W O00H Interrupt Priority Register 1 High
IP2 9CH R/W O00H Interrupt Priority Register 2
IP2H 9DH R/W 00H Interrupt Priority Register 2 High
IP3 9EH R/W 00H Interrupt Priority Register 3
IP3H 9FH R/W 00H Interrupt Priority Register 3 High
EIENAB A3H R/W 00H External Interrupt Enable Register
EIFLAG A4H R/W O00H External Interrupt Flag Register
EIEDGE A5H R/W O00H External Interrupt Edge Register
EIPOLA A6H R/W O00H External Interrupt Polarity Register
EIBOTH A7TH R/W O00H External Interrupt Both Edge Enable Register
Table 10.2 Register Map

10.13 Interrupt Register Description

The Interrupt Register is used for controlling interrupt functions. Also it has External interrupt control registers. The
interrupt register consists of Interrupt Enable Register (IE), Interrupt Enable Register 1 (IE1), Interrupt Enable Register
2 (IE2) and Interrupt Enable Register 3 (IE3). For external interrupt, it consists of External Interrupt Flag Register
(EIFLAG), External Interrupt Edge Register (EIEDGE), External Interrupt Polarity Register (EIPOLA), External Interrupt

Enable Register (EIENAB) and External Interrupt Both Edge Enable Register(EIBOTH).
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10.13.1 Register Description for Interrupt

IE (Interrupt Enable Register) : ASH

7 6 5 4 3 2 1 0
| EA - S INTAE INT3E INT2E INT1E INTOE
RW - RW RW RW RW RW RW
Initial value : 00H
EA Enable or disable all interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INT5E Enable or disable External Interrupt5
0 Disable
1 Enable
INT4E Enable or disable External Interrupt4
0 Disable
1 Enable
INT3E Enable or disable External Interrupt 3
0 Disable
1 Enable
INT2E Enable or disable External Interrupt 2
0 Disable
1 Enable
INT1E Enable or disable External Interrupt 1
0 Disable
1 Enable
INTOE Enable or disable External Interrupt O
0 Disable
1 Enable
IE1 (Interrupt Enable Register 1) : A9H
7 6 5 4 3 2 1 0
| - - | INT11E INT10E INTOE INTSE INT7E INTBE
- - RW RW RW RW RW RW

INT11E

INT10E

INTOE

INTSE

INT7E

INT6E

Enable or disable USART1 Tx Interrupt

0 Disable

1 Enable

Enable or disable USART1 Rx Interrupt
0 Disable

1 Enable

Enable or disable 12C Interrupt

0 Disable

1 Enable

Enable or disable SPIO Interrupt

0 Disable

1 Enable

Enable or disable USARTO Tx Interrupt
0 Disable

1 Enable

Enable or disable USARTO Rx Interrupt

Initial value : 00H
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0 Disable
1 Enable

IE2 (Interrupt Enable Register 2) : AAH

7 6 5 4 3 2 1 0
| - - |  ~mE INT16E INT15E INT14E INT13E INT12E
- - RW RW RW RW RW RW

INT17E

INT16E

INT15E

INT14E

INT13E

INT12E

Enable or disable External Interrupt6
0 Disable

1 Enable

Enable or disable Timer 4 Interrupt
0 Disable

1 Enable

Enable or disable Timer 3 Interrupt
0 Disable

1 Enable

Enable or disable Timer 2 Interrupt
0 Disable

1 Enable

Enable or disable Timer 1 Interrupt
0 Disable

1 Enable

Enable or disable Timer 0 Interrupt
0 Disable

1 Enable

Initial value : 00H
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IE3 (Interrupt Enable Register 3) : ABH

7 6 5 4 3 2 1 0
| - - | N INT22E NT2E | INT0E | INTIE INT18E
R R RW R RW R RW RW

Initial value : 00H

INT23E Enable or disable Pin Change Interrupt O (Port 0)

0 Disable
1 Enable

INT22E Enable or disable BIT Interrupt
0 Disable
1 Enable

INT21E Enable or disable WDT Interrupt
0 Disable
1 Enable

INT20E Enable or disable WT Interrupt
0 Disable
1 Enable

INT19E Enable or disable Analog Comparator Interrupt
0 Disable
1 Enable

INT18E Enable or disable ADC Interrupt
0 Disable
1 Enable

IP (Interrupt Priority Register) : 92H

7 6 5 4 3 2 1 0
| - - | IP5 P4 IP3 P2 IP1 IPO
- - RW RW RW RW RW RW

Initial value : 00H

IPH (Interrupt Priority Register High) : 93H

7 6 5 4 3 2 1 0
| - - | PH5 | PH4 IPH3 PH2 IPH1 IPHO
- - RW RW RW RW RW RW

Initial value : 00H
IP[5:0], IPH[5:0] Select Interrupt Priority
Each IPH and IP corresponds to INT5~INTO.
IPH IP Description

0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
IP1 (Interrupt Priority Register 1) : 9AH
7 6 5 4 3 2 1 0
| - - S P14 P13 P12 P11 P10
- - RW RW RwW RW RW RwW

Initial value : 00H
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IP1H (Interrupt Priority Register 1 High) : 9BH

7 6 5 4 3 2 1 0
| - | - | P | P P1H3 P1H2 P1H1 IP1HO
- - RW RW RW RW RW RW
Initial value : 00H
IP1[5:0], Select Interrupt Group Priority
IP1H[5:0] Each IP1H and IP1 corresponds to INT11~INT6.
IP1H  IP1 Description
0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
IP2 (Interrupt Priority Register 2) : 9CH
7 6 5 4 3 2 1 0
| - - | IP25 P24 P23 P2 P21 P20
- - RW RW RW RW RW RW
Initial value : 00H
IP2H (Interrupt Priority Register 2 High) : 9DH
7 6 5 4 3 2 1 0
| - | - PHs | P2# IP2H3 P2H2 IP2H1 IP2HO
- - RW RW RW RW RW RW
Initial value : 00H
IP2[5:0], Select Interrupt Priority
IPH2[5:0] Each IP2H and IP2 corresponds to INT17~INT12.
IP2H P2 Description
0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
IP3 (Interrupt Priority Register 3) : 9EH
7 6 5 4 3 2 1 0
| - - S P34 P33 P32 P31 P30
- - RW RW RW RW RW RW
Initial value : 00H
IP3H (Interrupt Priority Register 3 High) : 9FH
7 6 5 4 3 2 1 0
| - | - PH5 | P34 IP3H3 P3H2 IP3H1 IP3HO
- - RW RW RW RW RW RW

IP3[5:0], Select Interrupt Group Priority
IP3H[5:0] Each IP3H and IP3 corresponds to INT23~INT18.

IP1H  IP1
0 0
0 1
1 0

Description
level 0 (lowest)
level 1

level 2

Initial value : 00H
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1 1 level 3 (highest)
EIFLAG (External Interrupt Flag Register) : A4H

7 6 5 4 3 2 1 0
| A | RAAss A | FA® | AR | RA® FLAGT FLAGD
RW RW RW RW RW RW RW RW

Initial value : 00H

FLAG[7:0] If External Interrupt is occurred, the flag becomes ‘1’. The flag can
be cleared by writing a ‘0’ to bit
0 External Interrupt not occurred

1 External Interrupt occurred

EIEDGE (External Interrupt Edge Register) : ASH

7 6 5 4 3 2 1 0
| EDGE7 | EDGE6 EDGE5 | EDGE4 EDGE3 EDGE2 EDGE1 EDGEO
RW RW RW RW RW RW RW RW
Initial value : 00H
EDGE[7:0] Determines which type of edge or level sensitive interrupt may

occur.

0 Level (default)

1 Edge

EIPOLA (External Interrupt Polarity Register) : A6H

7 6 5 4 3 2 1 0
| Poar | PO POLAS | POM POLA3 POLA2 POLAT POLAD
RW RW RW RW RW RW RW RW

Initial value : 00H

POLA[7:0] According to EIEDGE, External interrupt polarity register has a
different means. If EIEDGE is level type, external interrupt polarity is
able to have Low/High level value. If EIEGDE is edge type, external
interrupt polarity is able to have rising/ falling edge value.

Level case:
0 When High level, Interrupt occurred (default)
1 When Low level, Interrupt occurred
Edge case:
0 When Rising edge, Interrupt occurred (default)

When Falling edge, Interrupt occurred

EIENAB (External Interrupt Enable Register) : A3H

7 6 5 4 3 2 1 0
| enar | e | Enas | Enams ENAB3 ENAB? ENAB1 ENABO
RW RW RW RW RW R R RW

Initial value : 00H

ENAB[7:0] Control External Interrupt
0 Disable (default)
1 Enable
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EIBOTH (External Interrupt Both Edge Enable Register) : A7H

7 6 5 4 3 2 1 0
| Bor | BOMHE | BOMHS BOTH4 | BOTH3 BOTH2 BOTH1 BOTHO
RW RW RW RW RW RW RW RW

Initial value : 00H

BOTH[7:0] Determines which type of interrupt may occur, EIBOTH or
EIEDGE+EIPOLA. if EIBOTH is enable, EIEDGE and EIPOLA
register value don’t matter.

0 Disable (default)
1 Enable
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11 Peripheral Hardware

11.1 Clock Generator

11.1.1 Overview

As shown in Figure 11.1, the clock generator produces the basic clock pulses which provide the system clock to be
supplied to the CPU and the peripheral hardware. It contains main-frequency clock oscillator. The system clock
operation can be easily obtained by attaching a crystal between the XIN and XOUT pin, respectively. The system clock
can also be obtained from the external oscillator. In this case, it is necessary to put the external clock signal into the
XIN pin and open the XOUT pin. The default system clock is INT-RC Oscillator and the default division rate is one. In

order to stabilize system internally, use 1TMHz RING oscillator for BIT, WDT and ports de-bounce.

- Calibrated Internal RC Oscillator (16MHz)
. INT-RC OSC/1 (Default system clock)
. INT-RC OSC/2 (8MHz)
. INT-RC OSC/4 (4MHz)
. INT-RC OSC/8 (2MHz)

- Crystal Oscillator (4~16MHz)

- Sub-Clock Crystal Oscillator (32.768kHz)

11.1.2 Block Diagram

PDOWN

X D_ Main

| I_ oscC f
Xour AN DCLK|  system
SUR, D_ SuB fSUB; | ClockGen. (Corﬁ%l;}:tem
] osc g ip ’
SUB; Clock 2 Peripherals)
Change
] f &DIV
INTRS System Clock
wT Masking Control
fRING
—>
INT-0SC ‘I |
(16MH2) »| DIV/128
M
u > BIT
X
RING-0SC
-DIVIS
1MH
(amra IRC_SEL

PDOWN@_T > WDT
STOP1 fone

Figure 11.1 Clock Generator Block Diagram
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11.1.3 Register Map

Name Address Dir Default Description
SCCR 8AH R/W 04H System and Clock Control Register
Table 11.1 Register Map

11.1.4 Clock Generator Register Description
The Clock Generation Register uses clock control for system operation. The clock generation consists of System and
Clock register.

11.1.5 Register Description for Clock Generator

SCCR (System and Clock Control Register) : 8AH

7 6 5 4 3 2 1 0
| som | ow D | cBYs ISTOP XSTOP Cst CS0
RW RW RW RW RW RW RW RW

Initial value : 04H

STOP1 Control the STOP Mode

NOTE) when PCON=0x03, It is applied. But when PCON=0x01,
don’t set this bit.

0 STOP2 Mode (at PCON=0x03) (default)
1 STOP1 Mode (at PCON=0x03)

DIV[1:0] When using fINTRC as system clock, determine division rate.
NOTE) when using fINTRC as system clock, only division rate come
into effect.

NOTE) To change by software, CBYS set to ‘1’
DIV1 DIVO description

0 0 fINTRC/1 (16MHz)
0 1 fINTRC/2 (8MHz)
1 0 fINTRC/4 (4MHz)
1 1 fINTRC/8 (2MHz)
CBYS Control the scheme of clock change. If this bit set to ‘0’, clock

change is controlled by hardware. But if this set to ‘1’, clock change
is controlled by software. Ex) when setting CS[1:0], if CBYS bit set
to ‘0’, it is not changed right now, CPU goes to STOP mode and
then when wake-up, it applies to clock change.

NOTE) when clear this bit, keep other bits in SCCR.

0 Clock changed by hardware during stop mode (default)
1 Clock changed by software
ISTOP Control the operation of INT-RC Oscillation
NOTE) when CBYS='1’, It is applied
0 RC-Oscillation enable (default)
1 RC-Oscillation disable

XSTOP Control the operation of X-Tal Oscillation
NOTE1) when CBYS="1’, It is applied
NOTE?2) if XINENA bit in FUSE_CONF to ‘0’, XSTOP is fixed to ‘1’

0 X-Tal Oscillation enable
1 X-Tal Oscillation disable (default)

CS[1:0] Determine System Clock
NOTE) by CBYS bit, reflection point is decided

CS1 CS0 Description
0 0 fINTRC INTRC (16MHz)
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1
0
1

fXIN Main Clock (4~16MHz)
fSUB (32.768kHz)
fRING (125kHz)
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11.2 Basic Interval Timer

11.2.1 Overview

The MC97FG316 has one 8-bit Basic Interval Timer that is free-run and can’t stop. Block diagram is shown in Figure
11.2. In addition, the Basic Interval Timer generates the time base for watchdog timer counting. It also provides a basic

interval timer interrupt (BITF).

The MC97FG316 has these Basic Interval Timer (BIT) features:
- During Power On, BIT gives a stable clock generation time
- On exiting Stop mode, BIT gives a stable clock generation time

- As clock function, time interrupt occurrence

11.2.2 Block Diagram

INT-OSC BIT

BIT Interrupt

| Generator
B ! DIv/32 || BIMR

P BIT Interrupt Flag

(8-bit COUNT)

RING-OSC BIT Out
(1MHz) [ ] PV Generator »BIT_OUT
IRC_SEL
¥ 1MHz + 8 + 32 = 3.91KHz
¥ BCK[2:0] = 001b
BIT_CLK
BITR OX 1 X2 X3 X4 )5)K6 N7 NX8N9N10K11X12 K13 X14 X15)16 N 17 {18 {19 K 20 ]
BIT_Int_Flag | ] 1 1 | —
BIT_Out
Figure 11.2 Basic Interval Timer Block Diagram
11.2.3 Register Map
Name Address Dir Default Description
BCCR 8BH R/W 05H BIT Clock Control Register
BITR 8CH R 00H Basic Interval Timer Register
Table 11.2 Register Map
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11.2.4 Basic Interval Timer Register Description

The Basic Interval Timer Register consists of Basic Clock control register (BCCR) and Basic Interval Timer register
(BITR). If BCLR bit set to ‘1°, BITR becomes ‘0’ and then counts up. After 1 machine cycle, BCLR bit is cleared as ‘0’

automatically.

11.2.5 Register Description for Basic Interval Timer

BCCR (BIT Clock Control Register) : 8BH

7 6 5 4 3 2 1 0
| BF | - | Nen | RosE BCLR BCK2 BCK1 BCKO
RW R R R RW RW RW RW
Initial value : 05H
BITF When BIT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’
to this bit.
0 no generation
1 generation
NCen Noise Cancel enable. (Test Only)
0 Disable (default )
1 Enable
IRC_SEL BIT Clock selection.
0 RING-OSC(1MHz) selection
1 INT-OSC(16MHz) selection
BCLR If BCLR bit is written to ‘1’, BIT Counter is cleared as ‘0’
0 Free Running
1 Clear Counter
BCK[2:0] Select BIT overflow period (BIT Clock *=3.9kHz)
BCK2 BCK1 BCKO
0 0 0 0.512msec (BIT Clock * 2)
0 0 1 1.024msec
0 1 0 2.048msec
0 1 1 4.096msec
1 0 0 8.192msec
1 0 1 16.384msec (default)
1 1 0 32.768msec
1 1 1 65.536msec
BITR (Basic Interval Timer Register) : 8CH
7 6 5 4 3 2 1 0
| 8w | BW® | BB | BM BIT3 BIT2 BIT1 BITO
R R R R R R R R
Initial value : 00H
BIT[7:0] BIT Counter
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11.3 Watch Dog Timer

11.3.1 Overview
The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or something like
that, and resumes the CPU to the normal state. The watchdog timer signal for malfunction detection can be used as
either a CPU reset or an interrupt request. When the watchdog timer is not being used for malfunction detection, it can
be used as a timer to generate an interrupt at fixed intervals. When 75% of the overflow time is reached, a watchdog
interrupt can be generated. The overflow time of the watchdog timer can select by WDTOVF[2:0] of WDTCR. If an
overflow occurs, an internal reset is generated. The WDTRC operation in the STOP/IDLE mode differs as follows
depending on the setting value of WDTPDON. If WDTPDON = 0, the WDTRC operation stop in the STOP/IDLE mode
and if WDTPDON = 1, the WDTRC operation in the STOP/IDLE mode. The watchdog timer operates on the 5kHz

embedded RC oscillator clock.

Watchdog reset is occurred in the following cases:
— When the watchdog timer counter overflows
— When the data except “96H” is written to the WDTC register

—  When the data “96H” is written to the WDTC register during a window close period

11.3.2 Setting window open period of watchdog timer
The window open period of the watchdog timer can select as 50%, 75%, and 100% by WINDOW[1:0] of WDTCR. If
the data “96H” is written to the WDTC register during a window close period, watchdog reset is occurred. And if the
data “96H” is written to the WDTC register during a window open period, watchdog timer counter is cleared and start

counting again.

Example: Case of the window open period is selected as 50%.

Counting Overflow
Start time

<«—— Window close(50%) ——>» |<€«—— Window open(50%) —>»

! !

Watchdog reset is occurred, Counter clear & Start again,
if “96H” is written to WDTC. if “96H” is written to WDTC.
Figure 11.3 Window open period of watchdog timer
Setting of window open period Window close period Window open period
50%, WINDOWI[1:0]=00b 50% 50%
75%, WINDOWI[1:0]=01b 25% 75%
100%, WINDOW[1:0]=10b None 100%
Table 11.3 Setting window open period of watchdog timer
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NOTE)

The window open period is 100% when WDTPDON = 0, regardless the value of the WINDOW][1:0] of WDTCR.

11.3.3 Block Diagram

Write detector to

\ 4

WDTE except 96H

f DT Clock 8 L To RESET

RING (TYP 3.9KHz) RES

—>| DIV/32 . WDTA7-Bit CNT > o"g’;‘;"cvgime Circuit

clear WDTC y
75% Interval *
Controller i <
2 Window
Selector ]
<-| - To interrupt
» WDTIFR —»
WDTRTI T clear
, WINDOW1:0]
stop/idle INT_ACK
WDOVH2:0]
WDTPDON |
—  Check g WDTIDR
Identification
8
( INTERNAL BUS )
Figure 11.4 WDT Block Diagram
11.3.4 Register Map
Name Address Dir Default Description

WDTC 2014H R/W 00H Watch Dog Timer Clear Register
WDTSR 2015H R/W 00H Watch Dog Timer Status Register
WDTIDR 8EH R/W 00H Watch Dog Timer Identification Register
WDTCR 8DH R/W 07H Watch Dog Timer Control Register
WDTCNTH 2F16H R 00H Watch Dog Timer Count H Register
WDTCNTL 2F17H R O00H Watch Dog Timer Count L Register
Table 11.4 Register Map
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11.3.5 Watch Dog Timer Register Description

The Watch dog timer (WDT) Register consists of Watch Dog Timer Clear Register (WDTC), Watch Dog Timer Status

Register (WDTSR), Watch Timer Identification Register(WDTIDR), Watch Timer Control Register(WDTCR) and Watch
Dog Timer Count Register (WDTCNTH,WDTCNTL).

11.3.6 Register Description for Watch Dog Timer

WDTC (Watch Dog Timer Clear Register) : 2F14H

7 6 5 4 3 2 1 0
| worcz | wotos | wotes | worcs WDTC3 WDTC2 WDTCH WDTCO
W W W W W W W W

Initial value : 00OH
WDTC[7:0] WDT Counter clear
Others Reset occurs.
10010110 WDT counter clear and start again.

WDTSR (Watch Dog Timer Status Register) : 2F15H

7 6 5 4 3 2 1 0
| - | - - | - - - WSTATE WDTIFR
- - - - - - R RW
Initial value : 00H
WDTIFR When WDT Interrupt occurs, this bit becomes ‘1’. For clearing bit,
write ‘0’ to this bit or auto clear by INT_ACK signal.
0 WDT Interrupt no generation.
1 WDT Interrupt generation.
WSTATE Window Status.
0 Close window.
1 Open window.

WDTIDR (Watch Dog Timer ldentification Register) : 8EH

7 6 5 4 3 2 1 0
| womr | womoe WDTD5 | WDTD4 | WDTD3 WDTID2 WDTIDA WDTIDO
RW RW RW RW RW RW RW RW

Initial value : 00H
WDTIDR[7:0] WODT Identification fora WDTCR
Others No identification value.
01011001 Identification value for a WDTCR write.

(These bits are automatically cleared to logic ‘O0H’ immediately after
WDTCR write.)
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WDTCR (Watch Dog Timer Control Register) : 8DH

7 6 5 4 3 2 1 0
| womEN | wotRm WDTPDON | WINDOW1 WINDOWO WDOVF2 WDOVF1 WDOVFO
RW RW RW RW RW RW RW RW
Initial value : 07H

WDTEN Control WDT operation
0 Disable (WDTRC Stop)
1 Enable

WDTRTI 3/4 Interval interrupt
0 Disable (WDT overflow reset used)
1 Enable

WDTPDON Operation on Stop/ldle Mode
0 WDTRC operation stop in Stop/Idle Mode
1 WDTRC operation in Stop/ldle Mode

WINDOWI1:0] Select WDT window open period
LOCKA1 LOCKAO description

0 0 50%

0 1 75%

1 0 100%

1 1 not used

Note) The window open period is 100% when WDTPDON = 0,
regardless the value of the WINDOW1 and WINDOWO bits.

WDOVF[2:0] Select overflow time
WDOVF2 WDOVF1 WDOVFQO description

0 0 0 %ot
0 0 1 2" ot
0 1 0 2% ot
0 1 1 2% Mot
1 0 0 2" ot
1 0 1 2"/ ot
1 1 0 2" ot
1 1 1 2"%fwor

NOTE)
When accessing WDTCR, must write ‘0x59’ to WDTIDR first.
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11.4 Watch Timer

11.4.1 Overview

The watch timer has the function for RTC (Real Time Clock) operation. It is generally used for RTC design. The
internal structure of the watch timer consists of the clock source select circuit, timer counter circuit, output select circuit
and watch timer mode register. To operate the watch timer, determine the input clock source, output interval and set
WTEN to ‘1’ in watch timer mode register (WTMR). It is able to execute simultaneously or individually. To stop or reset
WT, clear the WTEN bit in WTMR register. Even if CPU is STOP mode, sub clock is able to be alive so WT can
continue the operation. The watch timer counter circuits may be composed of 21-bit counter which is low 14-bit with
binary counter and high 7-bit with auto reload counter in order to raise resolution. In WTR, it can control WT clear and

set Interval value at write time, and it can read 7-bit WT counter value at read time.

11.4.2 Block Diagram

fsus
(32.768kHz)
+64
v »| MUX Swex 14-bit fwor/ 2" Timer Counter |
: +128 Binary Counter " | (7bit auto reload counter)
fx—»| ¢ >
3 | <256
e > fwck/ 2™ x (7bit WTR Value +1)
r
7 »
214
2 WTIFR |[—>
1 WTIF
> Clear|
WTMR |WTEN I - | - IWTIFR | WTIN1 | WTINO |WTCK1|WTCKO|

INT_ACK

WTR

— —
WTR Wme—,l WTCL I WTR6 | WTR5 I WTR4 | WTR2 | WTR2 I WTR1 | WTRO |

WTCR
WTRRead—,I - IWTCR6|WTCRSIWTCR4|WTCR2|WTCR2IWTCR1|WTCRO|

Figure 11.5 Watch Timer Block Diagram

11.4.3 Register Map

Name Address Dir Default Description
WTMR 95H R/W 00H Watch Timer Mode Register
WTR 96H W 7FH Watch Timer Register
WTCR 96H R 00H Watch Timer Counter Register
Table 11.5 Register Map
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11.4.4 Watch Timer Register Description

The watch timer register (WT) consists of Watch Timer Mode Register (WTMR), Watch Timer Counter Register
(WTCR) and Watch Timer Register (WTR). As WTMR is 6-bit writable/readable register, WTMR can control the clock
source (WTCK), interrupt interval (WTIN) and function enable/disable (WTEN). Also there is WT interrupt flag bit
(WTIFR).

11.4.5 Register Description for Watch Timer

WTMR (Watch Timer Mode Register) : 95H

7 6 5 4 3 2 1 0
| wmen | - | - | wIrR WTIN WTINO WTCK1 WTCKO
RW ; i RW RW R R RW

Initial value : 00H

WTEN Control Watch Timer
0 disable
1 enable

WTIFR When WT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’
to this bit or auto clear by INT_ACK signal.

0 WT Interrupt no generation
1 WT Interrupt generation
WTIN[1:0] Determine interrupt interval
WTIN1  WTINO  description

0 0 fwck/2048

0 1 fwck/8192

1 0 fwck/16384

1 1 fwck/16384 x (7bit WT Value)

WTCK]1:0] Determine Source Clock
WTCK1 WTCKO description

0 0 fsub
0 1 fx/256
1 0 fx/128
1 1 fx/64

NOTE)
1.  Remark: fx— Main system clock oscillation frequency
2. fsub- Sub clock oscillation frequency
3. fwck- selected Watch Timer clock
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WTR (Watch Timer Register: Write Case) : 96H

7 6 5 4 3 2 1 0
| wil | wire WIRs | WIRd WTR3 WTR2 WITR WTRO
W W W W W W W W
Initial value : 7FH

WTCL Clear WT Counter
0 Free Run
1 Clear WT Counter (auto clear after 1 Cycle)

WTR[6:0] Set WT period
WT Interrupt Interval=(fwck/2*14) x(7bit WT Value+1)

NOTE)
1. To guarantee proper operation, it is greater than 01H to write WTR.

WTCR (Watch Timer Counter Register: Read Case) : 96H

7 6 5 4 3 2 1 0
| | wicrRe | WIcRs | WIcR4 | WICR3 WTCR2 WTCR 1 WTCRO
- R R R R R R R
Initial value : 00H

WTCR[6:0] WT Counter
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11.5 Timer/PWM

11.5.1 8-bit Timer/Event Counter 0, 1

11.5.1.1 Overview

Timer 0 and timer 1 can be used either two 8-bit timer/counter or one 16-bit timer/counter with combine them. Each 8-
bit timer/event counter module has multiplexer, 8-bit timer data register, 8-bit counter register, mode register, input
capture register, comparator. For PWM, it has PWM register (T1PPRH, T1PPRL, T1ADRH, T1ADRL, T1BDRH,
T1BDRL, T1CDRH, T1CDRL, T1PCR, T1PCR2, T1PCRS3, T1DLYA, T1DLYB, T1DLYC, T1ISR, T1IMSK).

It has seven operating modes:
- 8-bit timer/counter mode
- 8-bit capture mode
- 8-bit compare output mode
- 16-bit timer/counter mode
- 16-bit capture mode
- 16-bit compare output mode
- PWM mode

NOTE)
1. TxDR must be set to higher than 0x03 for guaranteeing operation.
The timer/counter can be clocked by an internal or an external clock source (external EC0). The clock source is

selected by clock select logic which is controlled by the clock select (TOCK[2:0], T1CK][3:0]). Also the timer/PWM/event

counter 1 can use more clock sources than timer/event counter 0.

- TIMERQO clock source: fX/2, 4, 8, 32, 128, 512, 2048, ECO
- TIMER1 clock source: fX/1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192, 16384, TOCK

In the capture mode, by INTO, INT1, the data is captured into Input Capture Register. The timer 0 outputs the compare
result to TO port in 8/16-bit mode. Also the timer 1 outputs the result to T1 port in the timer mode and the PWM wave
form to PWMA, PWMAB(bar), PWMB, PWMBB, PWMC, PWMCB Port(6-channel) in the PWM mode.

16BIT | CAP0O | CAP1 | PWM1E | TOCK[2:0] | T1CK[3:0] | T0/1_PE Timer 0 Timer 1
0 0 0 0 XXX XXXX 00 8-bit Timer 8-bit Timer
0 0 1 0 111 XXXX 00 8-bit Event Counter | 8-bit Capture
0 1 0 0 XXX XXXX 01 8-bit Capture 8-bit Compare Output
0 0 0 1 XXX XXXX 11 8-bit Timer/Counter 10-bit PWM
1 0 0 0 XXX 1111 00 16-bit Timer
1 0 0 0 111 1111 00 16-bit Event Counter
1 1 1 0 XXX 1111 00 16-bit Capture
1 0 0 0 XXX 1111 01 16-bit Compare Output
Table 11.6 Timer 0,1 operating modes
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11.5.1.2 8-bit Timer/Counter Mode

The 8-bit Timer/Counter Mode is selected by control registers as shown in Figure 11.6.

ADDRESS : B2
TOCR ToEN | ToPE | cAPo | Tock2 | Tock1 | Tocko | TocN | TosT INITIAL VALUE | 00000000
1 X 0 X X X X X
TI1CR 16BIT | CAP1 | T1CN | T1ST | T1CK3 | T1CK2 | T1CK1 | T1CKO ADDRESS : B4y
INITIAL VALUE : 0000_0000g
0 0 X X X X X X
\
ECO >
A > TOST
TOCN
+2 * 1 8-bit Timer0 Counter
P 4
r = Clear
s =" oo To@-bit) [
fx— ¢ _ >
a =128 > B3]
| +512 Timerd
e n > > - imel
r +2048 > > TOIF Interrupt
(B34 Comparator
3 TODR(8-bit) > FF _DPOG/TO
TOCKI[2:0] PIN
8-bit Timer0 Data Register
TOPE
TIST
TICN
N * 18-bitTimer1 Counter
T4 Clear
Mux ) T1(8-bit) -
: OVRMSK
_ [B61] \
> ‘ Timer1
4 > > T1IF Interrupt
T1CK[3:0] [B54] Comparator
T1DR(8-bit) > FF _DP10/T1
PIN
8-bit Timer1 Data Register
T1PE

Figure 11.6 8-bit Timer/Event Counter 0, 1 Block Diagram

The two 8-bit timers have each counter and data register. The counter register is increased by internal or external
clock input. The timer O can use the input clock with one of 2, 4, 8, 32, 128, 512, 2048 prescaler division rates
(TOCK][2:0]). The timer 1 can use the input clock with one of 1, 2, 8 ~ 16384 and timer 0 overflow clock (T1CK[3:0]).
When the value of T0,1 value and the value of TODR, T1DR are respectively identical in Timer 0, 1, the interrupt of
TimerP 0, 1 occurs. The external clock (ECO) counts up the timer at the rising edge. If ECO is selected from TOCK[2:0],

ECO port becomes input port. The timer 1 can’t use the external ECO clock.
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Match with TODR/T1DR

A
TODR/T1DR
Value n-1
n-2 Count Pulse Period
/ Pcp
Up-count 6 _’| |<_
/ d
4
3
2
1
0
¢ Interrupt Period
=Pcp x (n+1)
Timer 0, 1 T 1 T
(TOIF, T1IF)
Interrupt Occur Occur Occur
Interrupt Interrupt Interrupt
Figure 11.7 Timer/Event Counter 0, 1 Example
y
TODR/T1DR
Value Disable Enable
Clear&Start :
!
! i /
I | Up-count
! | /
! i
| i
! | TIME
L !
Y : | | A
Timer 0, 1 | I : :
(TOIF, T1IF) | }
Interrupt Occur ! | i © Occur
Interruot | | | Interruot
TOST, TIST : : ' |
Start&Stop TOST,T1ST =1 | ITOST,T1ST =1 | |
TOST,T1ST =0 | :
TOCN, T1CN . I
Control ]
count TOCN,TICN =1 ITOCN'T1CN =1
TOCN,TICN=0
Figure 11.8 Timer/Event Counter0, 1 Count Operation
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11.5.1.3 16-bit Timer/Counter Mode

The timer register is being run with all 16 bits. A 16-bit timer/counter register TO, T1 are incremented from 0003H to
FFFFH until it matches TODR, T1DR and then resets to 0000H. The match output generates the Timer 0 interrupt (No
timer 1 interrupt). The clock source is selected from TOCK[2:0] and T1CK[3:0] must set 1111b and 16BIT bit must set
to ‘1. The timer 0 is LSB 8-bit, the timer 1 is MSB 8-bit. TODR must not be 0x00 (0x01~0xFF). The 16-bit mode

selection is shown as Figure 11.9.

ADDRESS : B2
TOEN | ToPE | cAPo | Tock2 | Tock1 | Tocko | TocN | TosT H
TOCR INITIAL VALUE : 0000_0000g
1 X 0 X X X X X
T1CR 16BIT | CAP1 | TICN | T1ST | T1CK3 | T1CK2 | T1CK1 | T1CKO ADDRESS : B4,
INITIAL VALUE : 0000_0000g
1 0 X X 1 1 1 1
oo [ {0 —
A TosT
TOCN
2 * l 16-bit Counter
P =2~
r > Clear
e | ¥8 | Mux oo TO- T1- <
S +32 (8-bit) (8-bit)
fX—| ¢ - >
a [ 128 [B34] [B64]
| +512 Timero
e - > > g _ Time
r .2048= > > TOIF Interrupt

T (B34 Comparator
3 TODR | TIDR PO6/TO
TOCK[2:0] (8-bit) | (8-bit) | g5 > FIF _l I PIN

16-bit Data Register

Figure 11.9 16-bit Timer/Counter for Time 0, 1

11.5.1.4 8-bit Capture Mode

The timer 0, 1 capture mode is set by CAPO, CAP1 as ‘1’. The clock source can use the internal/external clock.
Basically, it has the same function of the 8-bit timer/counter mode and the interrupt occurs at TO, T1 and TODR, T1DR
matching time, respectively. The capture result is loaded into CDRO, CDR1. The TO, T1 value is automatically cleared
by hardware and restarts counter.

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than the maximum
period of timer.

As the EIEDGE and EIPOLA register setting, the external interrupt INT1, INTO function is chosen.

The CDRO, TO and TODR are in same address. In the capture mode, reading operation reads the CDRO, not TODR
because path is opened to the CDRO. The CDR1 has the same function.

75



ADDRESS : B2y
TOCR TOEN | ToPE | cAPo | Tock2 | Tock1 | Tocko | TocN | TosT INITIAL VALUE ; 00000000
1 0 1 X X X X
T1CR 16BIT | cAP1 | T1cN | T1ST | T1ck3 | T1ck2 | T1ck1 | T1cko ADDRESS : B4y
INITIAL VALUE : 0000_0000g
0 1 X X X X X
ECO B
A > TOST
TOCN
+2 ; * l8-bit Timer0 Counter
f ~4 ‘ Clear
s T:z »| MUX oo T0(8-bit) -
fx——f ¢ _ >
a +128 Clear 4 (B3, Timer0
| +512 Interrupt
M T2048 " » = — TOIF [—»
[B34] Comparator
3 CDRO : TODR
TOCK([2:0] (8-bit) | (8-bit)
EIEDGE.0 [B34]
8-bit Timer0 Data Register
'NT°| I A »| INTOIF ——INTO
D nterrupt
TIST
TICN
* ls-bit Timer1 Counter
= > Clear
————
=4 MUX _bi
- o o T1(8-bit)
> Clear A [B6.] Timer1
Interrupt
4 > ~ » TIIF [—>
T1CK[3:0] [B64] Comparator
CDR1 T1DR
(8-bit) | (8-bit)
EIEDGE.1 [B5x]
8-bit Timer1 Data Register
INT1[] A »{ INT1IF N
nterrupt

™

Figure 11.10

8-bit Capture Mode for Timer 0, 1
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TO/T1 Value

Ext. INT0,1 PIN

Interrupt
Request

CDRO, CDR1 Load

n-1

n-2

/

Up-count 6

Count Pulse Period
Pcp

—~{"—

TIME

(INTOF,INT1F)

Interrupt Interval Period

Figure 11.11 Input Capture Mode Operation of Timer 0, 1

TO/T1 Value

CDRO, CDR1 Load

n-1

n-2

/

Up-count 6

Count Pulse Period
Pcp

—~{"—

Ext. INTO,1 PIN

Interrupt
Request

TIME

(INTOF,INT1F)

Interrupt Interval Period

Figure 11.12 Express Timer Overflow in Capture Mode
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11.5.1.5 16-bit Capture Mode

The 16-bit capture mode is the same operation as 8-bit capture mode, except that the timer register uses 16 bits.
The clock source is selected from TOCK[2:0] and T1CK[3:0] must set 1111b and 16BIT bit must set to ‘1’. The 16-bit

mode setting is shown as Figure 11.13.

TOCR ToeN | Tope | caPo | Tockz | Tocki | Tocko | ToeN | TosT ADDRESS : B2y
INITIAL VALUE : 0000_00005
1 X 1 X X X X X
T1CR 16BIT | cAP1 | T1CcN | T1ST | T1ck3 | T1ck2 | T1ck1 | T1cKo ADDRESS : B4y,
INITIAL VALUE : 0000_00005
1 1 X X 1 1 1 1
\
ECO A > TOST
TOCN
2 * l 8-bit Timer0, 1 Counter  [B6,:B3]
P =4
r o > Clear
s | MUX o o T1(8-bit) MSB | TO(8-bit) LSB
fx—— ¢ 332 > Timer0
a 128 Clear A Interrupt
| 512
M 2048 " > > TOIF |—>
[B64:B34] Comparator
3 CDR1(8-bit) TIDR(8-bit) |[B5:B3l
TOCK[2:0] +CDRO(8-bit) = +TODR(8-bit)
EIEDGE.0
8-bit Timer0, 1 Data Register
INTO| I A4 . INTO
D INTOIF Interrupt

Figure 11.13 16-bit Capture Mode of Timer 0, 1
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11.5.1.6 PWM Mode

The timer 1 has a high speed PWM (pulse Width Modulation) function. In PWM mode, the 6-channel pins output up to
10-bit resolution PWM output. This pin should be configured as a PWM output by set PWM1E to “1’. The period of the

PWM output is determined by the T1PPRL (PWM period Low register) + T1PPRH[1:0], T1XDRL (each channel PWM
duty Low register) + TIXDRH[1:0].

PWM Period = [ TIPPRH[1:0]T1PPRL ] X Source Clock
PWM Duty(A-ch) = [ TTADRH[1:0] T1ADRL ] X Source Clock

NOTE)

1. T1PPRH/T1PPRL must be set to higher than T1PDR for guaranteeing operation.

. Frequency
Resolution
T1CK[3:0]=0001 (250ns) T1CK[3:0]=0010 (500ns) T1CK[3:0]=0100 (2us)
10-bit 3.9kHz 1.95kHz 0.49kHz
9-bit 7.8kHz 3.9kHz 0.98kHz
8-bit 15.6kHz 7.8kHz 1.95kHz
7-bit 31.2kHz 15.6kHz 3.91kHz
Table 11.7 PWM Frequency vs. Resolution at 8MHz

The POLXx bit of TIPCR3 register decides the polarity of duty cycle. If the duty value is set same to the period value,
the PWM output is determined by the bit POLx (1: High, 0: Low). And if the duty value is set to "00H", the PWM output
is determined by the bit POLx (1: Low, 0: High). PWM output is not retain high or low but toggle.
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ADDRESS : B4y
TICR 16BIT | CAP1 | TICN | T1ST | T1CK3 | T1CK2 | T1CK1 | T1CKO INITIAL VALUE : 0000_0000;
0 0 X X X X X
T1PCR PWM1E |ESYNC| BMOD | PHLT | UPDT | UALL |NOPS1|NOPSO ADDRESS : B7y
INITIAL VALUE : 0000_0000g
1 X X X X X X
ADDRESS : BDy
T1PCR2 FORCA|FORC6| PAOE |PABOE| PBOE |PBBOE| PCOE | PCOE INITIAL VALUE + 0000_0000;
X 1 X X X X X
POCO PLLPD ADDRESS : BE
T1_PE | POLA | POLB | POLC HCKE - H
T1PCR3 - N B INITIAL VALUE : 0000_00-0g
X X X X X X X
DR9 DRS ADDRESS : B1y
T1xDRH X X INITIAL VALUE : 0000_0000g
X X X X X X X
8-bit Timer1 PWM Period Register
+1 ‘\
=z orle T1PPRL
- T1PPRH[1:0{ (8-bit)
8 [B5:]
+16 =
P = > TIST >
N TICN >
e =64 v
fx s == * Comparator PWMAO
> Clear] > ]
PLL S =2 > ] T > PWM PWM [——>
? =512 > MUX — 0/0 —1 2-bit (8-bit) Output Delay
e - > Control »| Control
ro |10l 8-bit Timer1 86l
2048 — Counter + 2-bit / A-Ch A-Ch |/PWMAO
HCKE +4096 C —
+8192 : Comparator
+16384
g T1ADRL
TO Clock * (8-bit)
_—
Source I o PWMBO
H, > ]
T1ADRH[1:0] PWM PWM —>
4 Output Delay
T1CK[3:0] Control »| Control
¢ B-Ch B-Ch |/PWMBO
—
Comparator
T1BDRL
* (8-bit)
| PWMCO
[BA4] L ——
T1BDRH[1:0] PWM PWM
Output Delay
Control || Control
C-Ch C-Ch |/PWMCO
> —->
Comparator
T1CDRL
A (8-bit)
! [BBY]
T1CDRH[1:0]
Figure 11.14  PWM Mode (Force 6-ch)
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ADDRESS : B4y
TICR 16BIT | CAP1 | T1CN | T1ST | T1CK3 | T1CK2 | T1CK1 | T1CKO INITIAL VALUE | 0000_0000%
0 0 X X X X X X
T1PCR PWM1E |ESYNC| BMOD | PHLT | UPDT | UALL |NOPS1|NOPSO ADDRESS : B7y
INITIAL VALUE : 0000_0000g
1 X X X X X X X
ADDRESS : BDy
T1PCR2 FORCA|FORC6 | PAOE | PABOE | PBOE |PBBOE | PCOE | PCOE INITIAL VALUE + 00000000
1 X X X X X X X
POCO PLLPD ADDRESS : BE
T1_PE | POLA | POLB | POLC HCKE H
T1PCR3 - N B INITIAL VALUE : 0000_00-0g
X X X X X X X X
DR9 DR8 ADDRESS : B1y
T1xDRH * X INITIAL VALUE : 0000_0000g
X X X X X X X X
8-bit Timer1 PWM Period Register
=1 \
2 T1PPRH[1:04-{-> T1PPRL
- [1:0H (8-bit)
8 [B5:]
16 |
P = > TIST >
i TICN >
+64
e n
o . —5 > t l Comparator PWMAO
s 7% 7| mux ] -  Ctear > pwM PWM —>
| [ ™ oo bt (gpit) Output Delay
e - » ontro »| Contro
ro | F1024 0 8-bit Timer1 86l
+2048 Counter + 2-bit A-Ch A-Ch |/PWMAO
+4096 > C > | I
HCKE <8192
- Comparator
+16384
o T1ADRL
TO Clock * (8-bit)
—
Source | 156, PWMBO
H > —
T1ADRHI[1:0] PWM PWM
4 Output Delay
T1CK[3:0] Control »| Control
Ve B-Ch B-Ch |/PWMBO
(S ‘ ’
PWMCO
—> PWM PWM [—>
Output Delay
Control || Control
C-Ch C-Ch |/PWMCO
> L
Figure 11.15 PWM Mode (Force All-ch)
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=

Source Clock .
(fa)

UL
L O 000 CE 00C

w
m
m

P10/PWM R
POLA =1
P10/PWM
POLA=0 “

ALY
Duty Cycle(1+80,,)X250ns = 32.25us
Period Cycle(1+3FFy)X250ns = 256us = 3.9kHz

\/

A

PPR9 | PPR8 T1PPRL(8-bit)
TACR[1:0] = 004(fxn)
T1PPRH =03
TIPPRL = FFy 1 1 FFu
T1ADRH = 004
T1ADRL = 804 ADR9 | ADRS T1ADRL(8-bit)
0 0 80y
Figure 11.16 Example of PWM at 4MHz
T1CR[1:0] = 104(2us)
T1PPRH = 004
T1PPRL = OE4
T1ADRH = 004 Write 0A, to TIPPRL
T1ADRL = 054

Source Clock
) _ |
™ o0 oz s o sf s o} s v e o o 2 s o rfos i irfofos e s

|8‘||—'l

P10/PWM
POLA =1
Duty Cycle > < Duty Cycle > < Duty Cycle
(1405,)X2us = 12us (1+05,)X2us = 12us (1+05,)X2us = 12us
<« Period Cycle i Period Cycle >
(1+0E)X2us = 32us > 31.25kHz (1+0A)X2us = 22us -> 45.5kHz

Figure 11.17  Example of Changing the Period in Absolute Duty Cycle at 4Mhz

Update period & duty register value at once

The period and duty of PWM comes to move from temporary registers to PPRH/L (PWM Period High/Low Register)
and PDR (PWM Duty Register) when always period match occurs. If you want that the period and duty is immediately
changed, the UPDT bit in the T1PCR register must set to ‘1°. It should be noted that it needs the 3 cycle of timer clock
for data transfer in the internal clock synchronization circuit. So the update data is written before 3 cycle of timer clock

to get the right output waveform.
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Phase correction & Frequency correction

On operating PWM, it is possible that it is changed the phase and the frequency by using BMOD bit (back-to-back
mode) in T1PCR register. (Figure 11.18, Figure 11.19, Figure 11.20 referred)

In the back-to-back mode, the counter of PWM repeats up/down count. In fact, the effective duty and period becomes

twofold of the register set values. (Figure 11.18, Figure 11.19 referred)

Duty, Period
MAX MAX / Update MAX MAX
T
0 H 0 H 0 H 0 H 0 H
Normal PWM
mode Output I | I
P Duty _ |
P Period _
Duty, Period
MAX MAX / Update MAX
™
0 H 0 H H

Back-to-Back

mode Output |
Duty _

. Duty

A

\/

Non Back-to-Back - Period > Period _
mode Back-to-Back mode

Figure 11.18 Example of PWM Output Waveform

T1CR[1:0] = 10,4(2us)

T1PPRH = 00y

T1PPRL = 0By

T1ADRH = 00, — Start down Counter — Start up Counter
T1ADRL = 05, Duty match Duty match

detect detect
\/ \ \ \

Source Clock
() __ |
T 00 ﬂ@@@ 05] 06 @@@@ 0B § 0B @@@@ 06 | 05 @@am 00§ 00 ﬂ@@@ 05} 06 @ 08

P10/PWM
POLA =1
Duty Cycle > -« Duty Cycle > Duty Cycle >
(1+05,)X2us = 12us (1+054)X2us = 12us : (1+05,)X2us = 12us
- Period Cycle i Period Cycle "
(1+0By)X2us = 26us -> 38.46kHz (1+0By)X2us = 26us -> 38.46kHz

Figure 11.19 Example of PWM waveform in Back-to-Back mode at 4Mhz
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Duty, Period Update

MAX MAX

e

™

004 0

Back-to-Back
mode Output

. Duty1 _ ‘ Duty2_ : Duty3
> Period1 i Period2 P Period3 _
Interrupt Timing
Overflow INT. Overflow INT. Bottom INT. Overflow INT.

Figure 11.20 Example of Phase Correction and Frequency correction of PWM

External Sync

If using ESYNC bit of T1PCR register, it is possible to synchronize the output of PWM from external signal.

If ESYNC bit sets to ‘1, the external signal moves to PWM module through the BLNKB pin (P16). If BLNKB signal is
low, immediately PWM output becomes a reset value, and internal counter becomes reset. If BLNKB signal returns to

‘1’, the counter is started again and PWM output is normally generated. (Figure 11.21 referred)

PWM Halt

If using PHLT bit of T1IPCR register, it is possible to stop PWM operation by the software. During PHLT bit being ‘1’,
PWM output becomes a reset value, and internal counter becomes reset as 0. Without changing PWM setting,
temporarily it is able to stop PWM. In case of T1CN, when stopping counter, PWM output pin remains before states.

But if PHLT bit sets to ‘1, PWM output pin has reset value.

T1PPRH = 02,4(ESYNC=1)

T1PPRL = 2A,
T1ADRH = 00, BLNKB “0”
T1ADRL =12 —
H PWM STOP BLNKB “1”
: PWM Restart

=

sore Gl lﬂﬂ"ﬂm"ﬂmﬂ"ﬂml"'ﬂmﬂﬂﬂ"ﬂmmﬂ

T1 _\"-6".6 00 ﬂ@ ...@ 13 14 @... 00 ﬂ@@ ...E...6
b)Y b)Y ) )
W w ALY W

=)

P10/PWM
POLA=1 W“ Counter W“
— (s Stop (s
»
BLNKB ®
ESYNC =1 »

ALY

Figure 11.21 Example of PWM External Synchronization with BLNKB Input

84




FORCE Drive ALL ch with A-ch mode
If FORCA bit sets to ‘1’, it is possible to enable or disable all PWM output pins through PWM outputs which occur from
A-ch duty counter. It is noted that the inversion outputs of A, B, C channel have the same A-ch output waveform.

According to POLA/B/C, it is able to control the inversion of outputs.

ADDRESS : BD
FORCA|FORCs | PAOE |PABOE | PBOE |PBBOE| PCOE | PCOE H
T1PCR2 INITIAL VALUE : 0000_0000g

1 X X X X X X X

- [ LU

PAOE

PWMOA | |

PABOE

-

/PWMOA

PBOE

—" 1L I

PBBOE

/PWMOB

¥ C-ch operation is the same with channel A and B waveform

Figure 11.22 Example of Force Drive All-ch with A-ch
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FORCE 6-ch Drive

If FORCEG bit sets to ‘1’, it is possible to enable or disable PWM output pin and inversion output pin generated through
the duty counter of each channel. The inversion output is the reverse phase of the PWM output. A A/AB output of the
A-channel duty register, a B/BB output of the B-channel duty register, a C/CB output of the C-channel duty register are
controlled respectively. If the UALL bit is set to ‘1", it is updated B/C channel duty at the same time, when it is written by

a A-channel duty register.

ADDRESS : BDy
T1PCR2 FORCA|FORC6| PAOE |PABOE| PBOE |PBBOE| PCOE | PCOE INITIAL VALUE - 0000_0000s

X 1 X X X X X X

. UL

PAOE

PWMOA | | |

PABOE

/PWMOA || | |

puwe LI L

PBOE

PWMOB

PBBOE

PWMOB ] 1] -

% C-ch operation is the same with channel A and B waveform

Figure 11.23 Example of Force Drive 6-ch Mode
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ADDRESS : B4
TICR 16BIT | CAP1 | T1ICN | T1ST | T1CK3 | T1CK2 | T1CK1 | T1CKO INITIAL VALUE . 000000005
0 0 X X X X X X
T1PCR PWM1E |ESYNC| BMOD | PHLT | UPDT | UALL |NOPS1|NOPSO ADDRESS : B7y
INITIAL VALUE : 0000_0000g
X X X X X X X X
T1PCR2 FORCA|FORCe | PAOE |PABOE| PBOE |PBBOE| PCOE | PCOE ADDRESS : BDy
INITIAL VALUE : 0000_0000g
X X X X X X X X
POCO — [ PLLPD ADDRESS : BE,
T1PCR3 T1_PE| POLA [ POLB ) POLC N HCKE B INITIAL VALUEF:{ 0000_00-0g
X X X X X X X X
FORCA P1xE
PWM1E | T1_PE FORC6 POCON P1xBE Port Control
0 1 X X X T1 (timer1) output enable
1 1 0 0 X All 6 PWM outputs enable
1 1 0 1 X GPIO get control, when PWM stop*
1 X 1 0 0 Corresponding PWM output “0”
1 X 1 0 1 Corresponding PWM outputs enable
1 X 1 1 0 GPIO get control for disabled channels
1 X 1 1 1 Corresponding PWM outputs enable

* PWM stop condition : when ESYNC = “1”, BLANKB can stop PWM1 or PHLT bit was set(“1”)

When POCON was set “1”, ports direction of the disabled PWM channels would be controlled by GPIO registers.
So if user set GPIO direction register as input mode for corresponding pins, disabled PWM pins would be input
mode.

The port is fixed as the output at the Timer mode. But at the PWM mode, using POCON bit , when PWM output
port does not work, it can change the state of output port to input (high-Z) state. It is determined from the port
control register to select in/out signal. If using FORCE mode, it can only change the wanted channel direction of
the 6-channel outputs. In the FORCE mode, the channel direction of the disabled output is determined by each
port control register bit, regardless of the PWM stop.

Figure 11.24  PWM Port control

PWM output Delay

If using the PDLYA, PDLYB, PDLYC register, it can delay PWM output based on the rising edge. At that time, it does
not change the falling edge, so the duty is reduced as the time delay. In POLA/B/C setting to ‘0’, the delay is applied to
the falling edge. In POLA/B/C setting to ‘1’, the delay is applied to the rising edge. It can produce a pair of Non-
overlapping clock. The each channel is able to have 4-bit delay. As it can select the clock up to 1/8 divided clock using

NOPS1, NOPSO, the delay of its maximum 128 timer clock cycle is produced.
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ADDRESS : BDy
T1PCR2 FORCA|FORC6 | PAOE |PABOE | PBOE |PBBOE| PCOE | PCOE INITIAL VALUE | 00000000
X 1 X X X X X X
POCO PLLPD ADDRESS : BE
T1_PE | POLA | POLB | POLC HekE | - H
T1PCR3 - N B INITIAL VALUE : 0000_00-0g
X 1 X X X X X X
T1DLYA DLYA3 | DLYA2 | DLYA1 | DLYAO | DLYAB3 | DLYAB2 | DLYAB1 | DLYABO ADDRESS : BFy
INITIAL VALUE : 0000_00005
0 0 0 0 0 0 0 0
PWMA
PWMAO
/PWMAO
ADDRESS : BDy
T1PCR2 FORCA|FORcs | PAOE |PABOE | PBOE |PBBOE | PCOE | PCOE INITIAL VALUE 00000000
X 1 X X X X X X
POCO PLLPD ADDRESS : BE
T1_PE | POLA | POLB | POLC HekE | - H
T1PCR3 - N B INITIAL VALUE : 0000_00-05
X 1 X X X X X X
T1DLYA DLYA3 | DLYA2 | DLYAT | DLYAO | DLYAB3 | DLYAB2 | DLYAB1 | DLYABO ADDRESS : BFy;
INITIAL VALUE : 0000_00005
0 0 1 0 0 1 0 0
PWMA
DLYA =02,
— —
PWMAO
/PWMAO
— —
DLYAB = 04y,
ADDRESS : BDy
T1PCR2 FORCA|FORCs | PAOE |PABOE | PBOE |PBBOE | PCOE | PCOE INITIAL VALUE 00000000
X 1 X X X X X X
POCO PLLPD ADDRESS : BE
T1_PE | POLA | POLB | POLC HekE | - H
T1PCR3 - N B INITIAL VALUE : 0000_00-05
X 0 X X X X X X
TIDLYA DLYA3 | DLYA2 | DLYA1 | DLYAO | DLYAB3 | DLYAB2 | DLYAB1 | DLYABO ADDRESS : BFy
INITIAL VALUE : 0000_00005
0 0 1 0 0 1 0 0
PWMA
DLYA = 02,
— —
PWMAO
IPWMAO
DLYAB=TZ} ¢
#B-ch and C-ch operation is the same with channel A waveform
Figure 11.25  Example of PWM Delay
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11.5.1.7 8-bit (16-bit) Compare Output Mode

If the T1 (TO+T1) value and the T1DR (TODR+T1DR) value are matched, T1/PWM1A port outputs. The output is 50:50

of duty square wave, the frequency is following.

p 3 Oscillator Frequency
COMP 2 xPrescaler Value x (TOR +1)

To export the compare output as T1/PWM1A, the T1_PE bit in the T1PCRS register must set to ‘1°.

11.5.1.8 Register Map

Name Address Dir Default Description
TOCR B2H R/W O00H Timer 0 Mode Control Register
TO B3H R 00H Timer O Register
TODR B3H W FFH Timer 0 Data Register
CDRO B3H R O00H Capture 0 Data Register
T1CR B4H R/W O00H Timer 1 Mode Control Register
T1DR B5H W FFH Timer 1 Data Register
T1PPRH B6H W FFH Timer 1 PWM Period Register High
T1PPRL B5H W FFH Timer 1 PWM Period Register Low
™ BOH R 00H Timer 1 Register
T1ADRH B1H R/W 00H Timer 1 PWM 1A Duty Register High
T1ADRL BOH R/W 7FH Timer 1 PWM 1A Duty Register
CDR1 BOH R 00H Capture 1 Data Register
T1PCR B7H R/W O00H Timer 1 PWM Control Register
T1BDRH BAH R/W 00H Timer 1 PWM 1B Duty Register High
T1BDRL B9H R/W 7FH Timer 1 PWM 1B Duty Register Low
T1CDRH BCH R/W 00H Timer 1 PWM 1C Duty Register High
T1CDRL BBH R/W 7FH Timer 1 PWM 1C Duty Register Low
T1PCR2 BDH R/W O00H Timer 1 PWM Control Register 2
T1PCR3 BEH R/W 00H Timer 1 PWM Control Register 3
T1DLYA BFH R/W O00H PWM1 Non-Overlap Delay Register ch. A/AB
T1DLYB C2H R/W 00H PWM1 Non-Overlap Delay Register ch. B/BB
T1DLYC C3H R/W O00H PWM1 Non-Overlap Delay Register ch. C/CB
T1ISR C4H R/W O00H Timer 1 Interrupt Status Register
T1IMSK C5H R/W O00H Timer 1 Interrupt Mask Register
PLLCR 94H R/W 42H Timer1 PLL Control Register

Table 11.8 Register Map
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11.5.1.9 Timer/Counter 0 Register Description

The Timer/Counter 0,1 register consists of Timer 0 Mode Control Register (TOCR), Timer 0 Register (T0), Timer 0 Data
Register (TODR), Capture 0 Data Register (CDRO), Timer 1 Mode Control Register (T1CR), Timer 1 Data Register
(T1DR), Timer 1 PWM Period Register High/Low (T1PPRH/L), Timer 1 Register (T1), Timer 1 PWM 1A Duty Register
High/Low (T1ADRHY/L), Capture 1 Data Register (CDR1), Timer 1 PWM Control Register (T1PCR), Timer 1 PWM 1B
Duty Register High/Low (T1BDRH/L), Timer 1 PWM 1C Duty Register High/Low (T1CDRH/L), Timer 1 PWM Control
Register 2 (T1PCR2), Timer 1 PWM Control Register 3 (T1PCR3), PWM1 Non-Overlap Delay Register ch. A/AB
(T1DLYA), PWM1 Non-Overlap Delay Register ch. B/BB (T1DLYB), PWM1 Non-Overlap Delay Register ch. C/CB
(T1DLYC), Timer 1 Interrupt Status Register (T1ISR), Timer 1 Interrupt Mask Register (T1IMSK) and PLL Control
Register (PLLCR)

11.5.1.10

Register description for Timer/Counter 0, 1

TOCR (Timer 0 Mode Control Register) : B2H

7 6 5 4 3 2 1 0
| TOEN TO_PE CAPO | TOCK2 TOCK1 TOCKO TOCN TOST
RW RW RW RW RW RW RW RW
Initial value : 00H

TOEN Control Timer 0
0 Timer O disable
1 Timer 0 enable

T0_PE Control Timer 0 Output port
0 Timer 0 Output disable
1 Timer 0 Output enable

CAPO Control Timer 0 operation mode
0 Timer/Counter mode
1 Capture mode

TOCK][2:0] Select Timer 0 clock source. Fx is main system clock frequency

TOCK2 TOCK1 TOCKO  description
0 0 0 fx/2
0 0 1 fx/4
0 1 0 fx/8
0 1 1 fx/32
1 0 0 fx/128
1 0 1 fx/512
1 1 0 fx/2048
1 1 1 External Clock (ECO0)

TOCN Control Timer 0 Count pause/continue
0 Temporary count stop
1 Continue count

TOST Control Timer 0 start/stop

0 Counter stop
1 Clear counter and start
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TO (Timer 0 Register: Read Case) : B3H

7 6 5 4 3 2 1 0
| Tor ™6 | 5 | To4 T03 T2 TO1 T00
R R R R R R R R
Initial value : 00H
TO[7:0] TO Counter
TODR (Timer 0 Data Register: Write Case) : B3H
7 6 5 4 3 2 1 0
| Ttor | Toe | Tos | T4 TOD3 TOD2 TOD1 TODO
w w w w W w w w
Initial value : FFH
TOD[7:0] TO Compare
CDRO (Capture 0 Data Register: Read Case, Capture mode only) : B3H
7 6 5 4 3 2 1 0
| coror | CcORE | CDR®S COR¥ | corB | CORm CDRO1 CDR0O
R R R R R R R R
Initial value : 00H
CDRO[7:0] TO Capture
T1CR (Timer 1 Mode Count Register) : B4H
7 6 5 4 3 2 1 0
| 8T | ot | ToN | TisT T1CK3 TICK2 TICK1 T1CKO
RW RW RW RW RW RW RW RW

16BIT Select Timer 1 8/16-bit

0 8-bit
1 16-bit

CAP1 Control Timer 1 operation mode
0 Timer/Counter mode
1 Capture mode

T1CN Control Timer 1 Count pause/continue
0 Temporary count stop
1 Continue count

T1ST Control Timer 1 start/stop
0 Counter stop
1 Clear counter and start

T1CK|[3:0] Select Timer 1 clock source. Fx is main system clock frequency

T1CK3 T1CK2 T1CK1 T1CKO description
0 0 0 0 fx
0 0 0 1 fx/2
0 0 1 0 fx/4
0 0 1 1 fx/8
0 1 0 0 fx/16
0 1 0 1 fx/32
0 1 1 0 fx/64
0 1 1 1 fx/128
1 0 0 0 fx/256

Initial value : 00H
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1 0 0 1 fx/512

1 0 1 0 fx/1024
1 0 1 1 fx/2048
1 1 0 0 x/4096
1 1 0 1 x/8192
1 1 1 0 fx/16384
1 1 1 1

NOTE)
1. If you want to use “Using Timer 0 Clock”, you can set TOEN bit in TOCR

T1DR (Timer 1 Data Register: Write Case) : B5H

Using Timer 0 Clock

7 6 5 4 3 2 1 0
| mor | m™pe | TID5 | T4 TID3 T1D2 T1D1 T1D0
w w w w w w w w
Initial value : FFH
T1D[7:0] T1 Compare
T1PPRH (Timer 1 PWM Period High Register: Write Case PWM mode only) : B6H
7 6 5 4 3 2 1 0
| ] | - | - - - | - T1PP9 T1PPS
w w w w w w w w
Initial value : 00H
T1PP[9:8]  T1 PWM high period
T1PPRL (Timer 1 PWM Period Low Register: Write Case PWM mode only) : B5SH
7 6 5 4 3 2 1 0
| mPrr | TiPPe TIPP5 T1PP4 TIPP3 | TIPP2 TIPP1 TIPPO
w w w w w w w w
Initial value : FFH
T1PP[7:0]  T1 PWM period
T1 (Timer 1 Register: Read Case) : BOH
7 6 5 4 3 2 1 0
| T6 | T5 | T14 T3 T12 11 T10
R R R R R R R R
Initial value : 00H
T1[7:0] T1 Counter period
T1ADRH (Timer 1 PWM 1A Duty High Register PWM mode only) : B1H
7 6 5 4 3 2 1 0
| - | - | - - | - | - PAD9 PAD8
RW RW RW RW RW RW RW RW

T1ADR[9:8] T1 PWM Duty
NOTE) only write, when PWM1E ‘1’

Initial value : 00H
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T1ADRL (Timer 1 PWM 1A Duty Low Register PWM mode only) : BOH

7 6 5 4 3 2 1 0
| Py | pPaDs | PADS PAD4 | PAD3 |  PAD2 PAD1 PADO
RW R RW R RW R RW RW

Initial value : 7FH

T1ADR[7:0] T1PWM Duty
NOTE) only write, when PWM1E ‘1’

CDR1 (Capture 1 Data Register: Read Case, Capture mode only) : BOH

7 6 5 4 3 2 1 0
| cori7 | COR6 CDR15 COR4 | CDR13 | CDRR CDR11 CDR10
R R R R R R R R

Initial value : 00H

CDR1[7:0] T1 Capture
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T1PCR (Timer 1 PWM Control Register) : B7TH

7 6 5 4 3 2 1 0
| PwwE | ESWC BVOD |  PHLT UPDT UALL NOPS1 NOPS0
RW RW RW RW RW RW RW RW
Initial value : 00H
PWM1E Control PWM
0 PWM disable
1 PWM enable
ESYNC Select the operation of External Sync Mode
0 External Sync Mode disable
1 External Sync Mode enable (using with BLNKB(P16))
BMOD Control Back-To-Back Mode operation
0 BtB mode disable (only up count)
1 BtB mode enable (Up/Down count)
PHLT Control PWM
0 PWM running
1 PWM stop
UPDT Determine the update time of PPR, PDR
0 Update at period match
1 Update at any time (after 3 timer clock, update)
UALL Control update all duty register
0 Write duty register separately
1 Write all duty registers (via A duty)
NOPS1[1:0] Select on-Overlap prescaler

NOTE) fpwm: PWM operation clock frequency
NOPS1 NOPSO0 description

0 0 fpwm

0 1 fpwm/2
1 0 fpwm/4
1 1 fpwm/8
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T1BDRH (Timer 1 PWM 1B Duty High Register) : BAH

7 6 5 4 3 2 1 0
I R SR B - o | ece
RW RW RW RW RW RW RW RW
Initial value : 00H
T1BDR[9:8] PWM 1B ch Duty
NOTE) only write, when PWM1E ‘1’
T1BDRL (Timer 1 PWM 1B Duty Low Register) : BOH
7 6 5 4 3 2 1 0
| Por | BB PBDS | PB4 PBD3 PBD2 PBD1 PBDO
RW RW RW RW RW RW RW RW
Initial value : 7FH
T1BDR[7:0] PWM 1B ch Duty
NOTE) only write, when PWM1E ‘1’
T1CDRH (Timer 1 PWM 1C Duty High Register) : BCH
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
Initial value : 00H
T1CDR[9:8] PWM 1C ch Duty
NOTE) only write, when PWM1E ‘1’
T1CDRL (Timer 1 PWM 1C Duty Low Register) : BBH
7 6 5 4 3 2 1 0
| pPoor | Peoe | Peps | pos PCD3 PCD2 PCD1 PCDO
RW RW RW RW RW RW RW RW

T1CDR[7:0] PWM 1C ch Duty
NOTE) only write, when PWM1E ‘1’

Initial value : 7FH
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T1PCR2 (Timer 1 PWM Control Register 2) : BDH

7 6 5 4 3 2 1 0
| FORCA | FORCs PACE | PABOE PBOE PBBOE PCOE PCBOE
RW RW RW RW RW RW RW RW
Initial value : 00H
FORCA Control Force Drive A Channel mode
0 Force Drive A Channel mode disable
1 Force Drive A Channel mode enable
FORC®6 Control Force 6 Channel mode
Note) PAOE~PCBOE is effective when FORCSG sets to ‘1’
0 Force 6 Channel mode disable
1 Force 6 Channel mode enable
PAOE/ Select Channel A/AB operation
PABOE 0 P1A (or P1AB) output disable
1 P1A (or P1AB) output enable
PBOE/ Select Channel B/BB operation
PBBOE 0 P1B (or P1BB) output disable
1 P1B (or P1BB) output enable
PCOE/ Select Channel C/CB operation
PCBOE 0 P1C (or P1CB) output disable
1 P1C (or P1CB) output enable

T1PCR3 (Timer 1 PWM Control Register 3) : BEH

7 6 5 4 3 2 1 0
| mPe | Poa POB | POC POCON HCKE - PLLPDB
RW RW RW RW RW RW - RW
Initial value : 00H

T1_PE Control Timer1/PWM1 Output port
0 T1, PWM1 Output operation disable
1 T1, PWM1 Output operation enable

POLA Configure PWM A-ch polarity
0 Negative (Duty Match time, Clear)
1 Positive (Duty Match time, Set)

POLB Configure PWM B-ch polarity
0 Negative (Duty Match time, Clear)
1 Positive (Duty Match time, Set)

POLC Configure PWM C-ch polarity
0 Negative (Duty Match time, Clear)
1 Positive (Duty Match time, Set)

POCON Control PWM output operation
0 PWM output control disable
1 PWM output control enable

HCKE Select High frequency
Note) fCK is system frequency, Fout is PLL output frequency
0 High frequency disable
1 High frequency enable (Fout > 3* fCK)

PLLPDB Control PLL power Down mode

0 PLL disable (power down mode)
1 PLL enable (for stable, needs 1ms wait)
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T1DLYA (PWM1 Non-Overlap Delay Register for channel A/AB) : BFH

7 6 5 4 3 2 1 0
| bvas | by | DLyat DLYAO | DLyAB3 | DLyAR2 | DLYABt DLYABO
RW R RW R RW R RW RW

Initial value : 00H

DLYA[3:0] PWM A channel Output Delay (Rising edge only)
DLYABI[3:01 PWM AB channel Output Delay (Rising edge only)

T1DLYB (PWM1 Non-Overlap Delay Register for channel B/BB) : C2H

7 6 5 4 3 2 1 0
| ove | o DLYB DLYBO | DvBss | bpDyBe2 | DLyss DLYBBO
RW RW RW RW RW RW RW RW

Initial value : 00H

DLYB[3:0] PWM B channel Output Delay (Rising edge only)
DLYBB[3:0] PWM BB channel Output Delay (Rising edge only)

T1DLYC (PWM1 Non-Overlap Delay Register for channel C/CB) : C3H

7 6 5 4 3 2 1 0
| bves | buvez DLYC1 Dlyco | Dlyce3s | Dlyce2 | DLycst DLYCRO
RW RW RW RW RW RW RW RW

Initial value : 00H

DLYCI3:0] PWM C channel Output Delay (Rising edge only)
DLYCBI[3:0] PWM CB channel Output Delay (Rising edge only)
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T1ISR (Timer 1 Interrupt Status Register) : C4H

7 6 5 4 3 2 1 0
R BTV ova | iovB IcMC cap | - | -
RW RW RW RW RW RW RW RW

IOVR

IBTM

ICMA

ICMB

ICMC

ICAP

Initial value : 00H

Overflow (match with T1DR in Timer mode or T1PPR in PWM mode)
interrupt status

Note) for clear, write ‘1’ to this bit
0 Overflow no occurrence
1 Overflow occurrence

Timer Bottom (goto zero) interrupt status in PWM Back-to-Back mode)
Note) for clear, write ‘1’ to this bit

0 Timer Bottom no occurrence
1 Timer Bottom occurrence

PWM A-ch Duty Match interrupt status
Note) for clear, write ‘1’ to this bit

0 PWM A-ch Duty Match no occurrence
1 PWM A-ch Duty Match occurrence

PWM B-ch Duty Match interrupt status
Note) for clear, write ‘1’ to this bit

0 PWM B-ch Duty Match no occurrence
1 PWM B-ch Duty Match occurrence

PWM C-ch Duty Match interrupt status
Note) for clear, write ‘1’ to this bit

0 PWM C-ch Duty Match no occurrence
1 PWM C-ch Duty Match occurrence

Timer Capture event interrupt status
Note) for clear, write ‘1’ to this bit

0 Timer Capture event no occurrence
1 Timer Capture event occurrence
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T1MSK (Timer 1 Interrupt Mask Register) : C5H

7 6 5 4 3 2 1 0
| OwRwvsk | BMMSK CMAVSK | CMBMSK CMCMSK CAPMSK - -
RW RW RW RW RW RW RW RW
Initial value : 00H
OVRMSK Control Overflow interrupt
0 Overflow interrupt disable
1 Overflow interrupt enable
BTMMSK Control Timer Bottom interrupt
0 Timer Bottom interrupt disable
1 Timer Bottom interrupt enable
CMAMSK Control Timer Compare Match (or PWM A-ch Match) interrupt
0 Timer Compare Match (or PWM A-ch Match) interrupt disable
1 Timer Compare Match (or PWM A-ch Match) interrupt enable
CMBMSK Control PWM B-ch Match interrupt
0 PWM B-ch Match interrupt disable
1 PWM B-ch Match interrupt enable
CMCMSK Control PWM C-ch Match interrupt
0 PWM C-ch Match interrupt disable
1 PWM C-ch Match interrupt enable
CAPMSK Control Timer Capture event interrupt
0 Timer Capture event interrupt disable
1 Timer Capture event interrupt enable
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PLLCR (PLL Control Register) : 94H

7 6 5 4 3 2 1 0
| Pucv | pPuce | pPucs | PUCH PLLCT3 PLLCT2 PLLCT1 PLLCTO
RW RW RW RW RW RW RW RW
Initial value : 42H
PLLCT[7:6] Pre Scaler (divider) Control
PLLCT7 PLLCT6 description
0 0 Div 1
0 1 Div 2
1 0 Div 4
1 1 Div 8
PLLCT5:[4] Feedback Control

PLLCT5 PLLCT4 description

0 0 Div 26

0 1 Div 32

1 0 Div 52

1 1 Div 64

PLLCT[3:1] Post Scaler (divider) Control (FOUT=fvco/M)
PLLCT1 description

O =~ O =~ O =~ O

1

M=1
M=2
M=4
M=5
M=6
M=8
M=10
M=16

PLLCT[0] PLL enable (this bit should enable before 1ms for using PLL)

PLLCT3 PLLCT2
0 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1
0 PLL disable
1 PLL enable

Note)

1. FVCOIN value must be 2MHz or 4MHz for desire FOUT.
2. To change PLL frequency during the operation, PLL must be disabled before XPLLCT change

FVCOIN
FXIN —» Pre Scaler —»

Phase Locked

Loop

—> VCO > Post Scaler

— FouT

XPLLCT<7:6>

FVCOIN = 2MHz or 4MHz = FXIN / Pre-Divide

1

Feedback <o XPLLCT<3:1>

Divider

XPLLCT<5:4>

FVCO = FVCOIN * Feedback-Divider = 104MHz or 128MHz

FOUT = FVCO / Post-Divider
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11.5.2 8-bit Timer/Event Counter 2, 3

11.5.2.1 Overview

Timer 2 and timer 3 can be used either two 8-bit timer/counter or one 16-bit timer/counter with combine them. Each 8-
bit timer/event counter module has multiplexer, 8-bit timer data register, 8-bit counter register, mode register, input
capture register, comparator. For PWM, it has PWM register (T3PPR, T3PDR, T3PWHR).

It has seven operating modes:
- 8-bit Timer/Counter Mode
- 8-bit Capture Mode
- 8-bit Compare Output Mode
- 16-bit Timer/Counter Mode
- 16-bit Capture Mode
- 16-bit Compare Output Mode
- PWM Mode

The timer/counter can be clocked by an internal or external clock source (external EC2). The clock source is selected
by clock select logic which is controlled by the clock select (T2CK[2:0], T3CK][1:0]).

- TIMERZ clock source : fX/1, 2, 4, 64, 256, 1024, 4096, EC2

- TIMERS3 clock source : fX/1, 2, 16, T2CK

In the capture mode, by INT2, INT3, the data is captured into Input Capture Register. The Timer 2 outputs the
compare result to T2 port in 8/16-bit mode. Also the timer 3 outputs the result T3 port in the timer mode and the PWM
waveform to PWM3 in the PWM mode.

16BIT | CAP2 | CAP3 | PWM3E | T2CK|[2:0] | T3CK[1:0] | T2/3_PE Timer 2 Timer 3
0 0 0 0 XXX XX 00 8-bit Timer 8-bit Timer
0 0 1 0 111 XX 00 8-bit Event Counter | 8-bit Capture
0 1 0 0 XXX XX 01 8-bit Capture 8-bit Compare Output
0 0 0 1 XXX XX 11 8-bit Timer/Counter | 10-bit PWM
1 0 0 0 XXX 11 00 16-bit Timer
1 0 0 0 111 11 00 16-bit Event Counter
1 1 1 0 XXX 11 00 16-bit Capture
1 0 0 0 XXX 11 01 16-bit Compare Output

Table 11.9 Operating Modes of Timer
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11.5.2.2 8-bit Timer/Counter Mode

The 8-bit Timer/Counter Mode is selected by control registers as shown in Figure 11.26.

ADDRESS : C6y,
T2CR T2EN | T2PE | cAP2 | T2ck2 | T2cK1 | T2cko | T2eN | T2sT INITIAL VALUE | 0000_0000
1 X 0 X X X X X
T3CR POL3 | 16BIT | PWM3E | CAP3 | T3CK1 | T3cko | T3CN | T3sST ADDRESS : CA4
INITIAL VALUE : 0000_0000g
X 0 0 0 X X X X
EC2 >
A > TOST
T2CN
2 * lS-bit Timer2 Counter
P 4
r 6 > Clear
s R "™ oo T28-bit) [
fx—] ¢ - >
a 256 (€7
| +1024 Timer2
e - > > _ imer;
r .4096= > > T2IF Interrupt
[C74 Comparator
3 i P02/T2
T2CK[2:0] T2DR(8-bit) > FF _D
8-bit Timer2 Data Register

T3ST
T3CN
‘ ls-bit Timer3 Counter

= Clear
——>] i
+2 ‘ MUX O/O T3(8-bit) <
+16

[CCul

> - Timer3
2 > > T3IF Interrupt
T1CK[1:0] [CBH] Comparator

T3DR(8-bit) »| FIF | |P16/T3

8-bit Timer3 Data Register

Figure 11.26  8-bit Timer/Event Counter2, 3 Block Diagram

The two 8-bit timers have each counter and data register. The counter register is increased by internal or external
clock input. The timer 2 can use the input clock with 2, 4, 16, 64, 256, 1024, 4096 prescaler division rates (T2CK[2:0]).
The timer 3 can use the input clock with 1, 2, 16 and timer 2 overflow clock (T3CK[1:0]). When the value of T2, 3value
and the value of T2DR, T3DR are respectively identical in Timer 2, 3, the interrupt of timer T2, 3 occurs. The external
clock (EC2) counts up the timer at the rising edge. If EC2 is selected from T2CKJ[2:0], EC2 port becomes input port.

The timer 3 can’t use the external EC clock.
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Match with T2DR/T3DR

A
T2DR/T3DR n
Value n-1
/ n-2 Count Pulse Period
Up-count ¢ _" |<_
/ -
4
3
2
1
0 -
. TIME
¢ Interrupt Period .
=Pcp x (n+1)
A A
Timer 2,3
(T2IF, T3IF)
Interrupt Occur Occur Occur
Interrunt Interrunt Interrunt
Figure 11.27  Timer/Event Counter2, 3 Example
A
T2DR/T3DR
Value Disable Enable
Clear&Start |
STOP | I /
I | Up-count
! | /
! i
| |
: | | TIME
| | :
: | I
Timer 2, 3 | I : :
(T2IF, T3IF) | }
Interrupt Occur I | i © Occur
Interruot | | | Interruot
T2ST, T3ST : : | |
Start&Stop T2STT3ST = 1| [TasTrasT=1 I i
T2ST,T3ST =0 | :
T2CN, T3CN . I
Control ]
count T2CN,T3CN=1

T2CN,T3CN =0

I T2CN,T3CN =1

Figure 11.28

Operation Example of Timer/Event Counter2, 3
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11.5.2.3 16-bit Timer/Counter Mode

The timer register is being run with all 16 bits. A 16-bit timer/counter register T2, T3 are incremented from 0003H to
FFFFH until it matches T2DR, T3DR and then resets to 0000H. the match output generates the Timer 2 interrupt ( no
timer 3 interrupt). The clock source is selected from T2CK[2:0] and T3CK][1:0] must set 11b and 16BIT bit must set to
‘“1’. The timer 2 is LSB 8-bit, the timer 3 is MSB 8-bit. T2DR must not be 0x00(0x01~0xFF). The 16-bit mode setting is

shown as Figure 11.29.

ADDRESS : C6
T2sT H
T2CR T2EN | T2PE | CAP2 | T2CK2 | T2CK1 | T2CKO | T2CN INITIAL VALUE : 0000_00005
1 X 0 X X X X X
T3CR POL3 | 16BIT |PwM3E | CAP3 | T3CK1 | T3cKko | T3CN | T3sT ADDRESS : CAy
INITIAL VALUE : 0000_0000g
X 1 0 0 1 1 X X
Ec2[ |— B
A g T2ST
T2CN
2 * 1 16-bit Counter
P =2~
r > Clear
e +16 | Mux O/O T2. T3- -
s =64 (8-bit) (8-bit)
fX—— ¢ —_—
a | 725 - [C74] [CCHl
| +1024 Timer2
e , > > ‘ imer:
r 74096= > > T2IF Interrupt
[C74 Comparator
3 T2DR : T3DR i [ P02/T2
T2CK[2:0] (8-bit) | (8-bit) | op . _l IPIN
16-bit Data Register

Figure 11.29 16-bit Timer/Event Counter2, 3 Block Diagram

11.5.2.4 8-bit Capture Mode

The timer 2, 3 capture mode is set by CAP2, CAP3 as ‘1’. The clock source can use the internal/external clock.
Basically, it has the same function of the 8-bit timer/counter mode and the interrupt occurs at T 2, 3 and T2DR, T3DR
matching time, respectively. The capture result is loaded into CDR2, CDR3. The T2, T3 value is automatically cleared

by hardware and restarts counter.

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than the maximum

period of timer.

As the EIEDGE and EIPOLA register setting, the external interrupt INT2, INT3 function is chosen.
The CDR2, T2 and T2DR are in same address. In the capture mode, reading operation is read the CDR2, not T2DR
because path is opened to the CDR2. The CDR3 has the same function.
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ADDRESS : C6y
T2CR T2EN | T2PE | cAP2 | T2ck2 | T2ck1 | T2CcKo | T2CN | T2sT INITIAL VALUE | 0000_0000%
1 X 1 X X X X X
T3CR PoL3 | 16BIT |PwM3E | cAP3 | T3cK1 | Tacko | T3cN | T3sT ADDRESS : CAy
INITIAL VALUE : 0000_0000g
X 0 0 1 X X X X
EC2 B
A > T2ST
T2CN
2 * ls-bitTimerz Counter
l: 4 Clear
g _;j »| MUX o o T2(8-bit) <
fx——f ¢ _ >
a +256 _ Clear A [CTw Timer2
| +1024 "~ Interrupt
‘ﬁ <4096 » — > T2IF |—>
[C74] [C7y] Comparator
3 CDR2 : T2DR
T2CK[2:0] (8-bit) | (8-bit)
EIEDGE.2
8-bit Timer2 Data Register
|NT2| I A . INT2
D INT2IF Interrupt
T3ST
T3CN
* l 8-bit Timer3 Counter
+1 > Clear
NI .
2 | MUX o o T3(8-bit) -
=16
Clear A [CCy Timer3
_ Interrupt
2 > _ »| T3IF [—>
T3CK[1:0] [CCul [CBy] Comparator
CDR3 T3DR
(8-bit) i (8-bit)
EIEDGE.3
8-bit Timer3 Data Register
|NT3| I A »| INT3IF o INT3
D Interrupt

Figure 11.30

8-bit Capture Mode for Timer2, 3
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CDR2, CDR3 Load

T2/T3 Value

/

Up-count 6

n-1

n-2

Count Pulse Period
Pcp

—~{"—

Ext. INT2,3 PIN

Interrupt

TIME

Request
(INT2F,INT3F)

I

Interrupt Interval Period

Figure 11.31

Input Capture Mode Operation of Timer 2, 3

T2, T3

004

Interrupt
Request
(T2IF, T3IF)

Ext. INT2,3 PIN

Interrupt
Request
(INT2F,INT3F)

XXy

FFu

FFy

YYu

00y

|
|

Interrupt Interval Period = FF,+01,+FF,+01,+YY, +01,

Figure 11.32

Express Timer Overflow in Capture Mode
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11.5.2.5 16-bit Capture Mode

The 16-bit capture mode is the same operation as 8-bit capture mode, except that the timer register uses 16 bits.
The clock source is selected from T2CK[2:0] and T3CK][1:0] must set 11b and 16BIT bit must set to ‘“1’. The 16-bit

mode setting is shown as Figure 11.33.

T2CR T2eN | T2PE | cap2 | Tackz | T2ck1 | T2cko | T2eN | TasT ﬁxﬁ%if?/ilfgaoooo 0000
. g B
1 X 1 X X X X X
T3CR PoL3 | 16BIT |PwM3E | CAP3 | T3CK1 | T3cko | TacN | T3sT ADDRESS : CAy
INITIAL VALUE : 0000_0000g
X 1 0 1 1 1 X X
\
EC2 >
A g T2sT
T2CN
- :i . * l 16-bit Counter [CCH:CT4]
r =T > Clear
e — Mux o o T3(8-bit) MSB | T2(8-bit) LSB .
fx c § _ Timer2
a +256 Clear A Interrupt
| +1024 "
‘,? +4096 :T g T2IF —>
T Comparator
3 CDR3(8-bit) T3DR(8-bit)
T2CK[2:0] +CDR2(8-bit) +T2DR(8-bit)
EIEDGE.2
_’:L‘ [CCw:CT7ul  16-bit Data Register [CBH:CTH]
INT2| I A . INT2
D INT2IF Interrupt

Figure 11.33 16-bit Capture Mode of Timer 2, 3

11.5.2.6 PWM Mode

The timer 3 has a PWM (pulse Width Modulation) function. In PWM mode, the T3/PWM3 output pin outputs up to 10-
bit resolution PWM output. This pin should be configured as a PWM output by set T3_PE to “1’. The period of the
PWM output is determined by the T3PPR (PWM period register) + T3PWHR[3:2] + TSPWHR[1:0]

PWM Period = [ T3PWHRI[3:2]T3PPR ] X Source Clock
PWM Duty = [ T3PWHR[1:0] T3PDR ] X Source Clock

. Frequency
Resolution
T3CK[1:0]=00 (125ns) T3CK[1:0]=01 (250ns) T3CK[1:0]=10 (2us)
10-bit 7.8kHz 3.9kHz 0.49kHz
9-bit 15.6kHz 7.8kHz 0.98kHz
8-bit 31.2kHz 15.6kHz 1.95kHz
7-bit 62.4kHz 31.2kHz 3.91kHz

Table 11.10 PWM Frequency vs. Resolution at 8MHz
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The POL bit of T3CR register decides the polarity of duty cycle. If the duty value is set same to the period value, the
PWM output is determined by the bit POL (1: High, 0: Low). And if the duty value is set to "00H", the PWM output is

determined by the bit POL (1: Low, O: High). If duty value and period value are equal, PWM output is not retain high or
low but toggle.

T3CR PoL3 | 16BIT |PwM3E | cAP3 | T3CK1 | T3cKo | T3CN | T3sT ADDRESS : CA,
INITIAL VALUE : 0000_00005

X 0 1 0 X X X X

T3 PE| - - - |PwaH3|PwaH2| PW3H1|PW3HO ADDRESS : CDy,

T3PWHR - INITIAL VALUE : 0---_0000g
1 - - - X X X X
L I |

Period High Duty High

8-bit Timer3 PWM Period Register

T3PPR
T3PHR[3:2H> (8-bit) T3_PE
[CBu]
T3ST > -3
5 T3CN > Q PWM3
; 21 ‘ Comparator
fx g +2 : 3 Clear] R
+16 | MUX _bi
a > oo it (gpit)
e >
r ” 8-bit Timer3 [CCH] PoL
Counter + 2-bit _
2 .
T3CK[1:0] Coffiparator
T2 Clock
Source si T3PDR
ave V4 (8-bit)
/ 1ccul

T3PWHR[1:0]

AN

Master

T3PDR
(8-bit)

[CCH]

Figure 11.34 PWM Mode
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Source Clock
(fx)
D O 000 0F
»
ALY

T3/PWM3
POL=1

F

UL
00c

o
o

T3/PWM3
POL=0 “
AY)

Duty Cycle(1+80,,)X250ns = 32.25us

Period Cycle(1+3FFy)X250ns = 256us = 3.9kHz

PW3H3 | PW3H2 T3PPR(8-bit)
T3CR[1'0] = ooH(fxm)
T3PWHR =03y 1 1 FFy
T3PPR = FFy
T3PDR = 804 PW3H1 PW3HO0 T3PDR(8-bit)
0 0 80y
Figure 11.35 Example of PWM at 4MHz
T3CR[1:0] = 104(2us)
T3PWHR = 004
T3PPR = 0E4 Write 0A, to T3PPR

T3PDR = 054

Source Clock
)
B A
el -

T3/PWM
POL =1
Duty Cycle > <« Duty Cycle > < Duty Cycle
(1+05,)X2us = 12us (1+05,)X2us = 12us (1+05,)X2us = 12us
“ Period Cycle > Period Cycle >
(1+0Ey)X2us = 32us > 31.25kHz (1+0A)X2us = 22us -> 45.5kHz

Figure 11.36  Example of Changing the Period in Absolute Duty Cycle at 4Mhz

11.5.2.7 8-bit (16-bit) Compare Output Mode

If the T3 (T2+T3) value and the T3DR (T2DR+T3DR) value are matched, T3/PWM3 port outputs. The output is 50:50

of duty square wave, the frequency is following

p 3 Oscillator Frequency
COMP 2 x Prescaler Value x (TDR +1)

To export the compare output as T3/PWM3, the T3_PE bit in the T3PWHR register must set to ‘1.
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11.5.2.8 Register Map

Name Address Dir Default Description
T2CR C6H R/W 00H Timer 2 Mode Control Register
T2 C7H R 00H Timer 2 Register
T2DR C7H w FFH Timer 2 Data Register
CDR2 C7H R 00H Capture 2 Data Register
T3CR CAH R/W O00H Timer 3 Mode Control Register
T3DR CBH w FFH Timer 3 Data Register
T3PPR CBH w FFH Timer 3 PWM Period Register
T3 CCH R 00H Timer 3 Register
T3PDR CCH R/W O00H Timer 3 PWM Duty Register
CDR3 CCH R O00H Capture 3 Data Register
T3PWHR CDH w O00H Timer 3 PWM High Register

Table 11.11 Register Map

11.5.2.9 Timer/Counter 2, 3 Register description

The Timer/Counter 2, 3 Register consists of Timer 2 Mode Control Register (T2CR), Timer 2 Register (T2), Timer 2
Data Register (T2DR), Capture 2 Data Register (CDR2), Timer 3 Mode Control Register (T3CR), Timer 3 Data
Register (T3DR), Timer 3 PWM Period Register (T3PPR), Timer 3 Register (T3), Timer 3 PWM Duty Register
(T3PPR), Capture 3 Data Register (CDR3) and Timer 3 PWM High Register (T3PWHR).
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11.5.2.10

T2CR (Timer 2 Mode Control Register) : C6H

Register description for Timer/Counter 2, 3

7 6 5 4 3 2 1 0
| TN | TPE A2 | Tk T2CK1 T2CKO T2CN T2ST
RW RW RW RW RW RW RW RW
Initial value : 00H

T2EN Control Timer 2
0 Timer 2 disable
1 Timer 2 enable

T2_PE Control Timer 2 Output port
0 Timer 2 Output disable
1 Timer 2 Output enable

CAP2 Control Timer 2 operation mode
0 Timer/Counter mode
1 Capture mode

T2CK|[2:0] Select Timer 2 clock source. Fx is main system clock frequency

T2CK2 T2CK1 T2CKO Description
0 0 0 fx/2
0 0 1 fx/4
0 1 0 fx/16
0 1 1 fx/64
1 0 0 fx/256
1 0 1 fx/1024
1 1 0 fx/4096
1 1 1 External Clock (EC2)

T2CN Control Timer 2 Count pause/continue
0 Temporary count stop
1 Continue count

T2ST Control Timer 2 start/stop
0 Counter stop
1 Clear counter and start

T2 (Timer 2 Register: Read Case) : C7H

7 6 5 4 3 2 1 0
| ™ ™ | ™ | 24 ™3 T2 ™1 0
R R R R R R R R
Initial value : 00H
T2[7:0] T2 Counter data
T2DR (Timer 2 Data Register: Write Case) : C7H
7 6 5 4 3 2 1 0
| mr | w6 | w5 | T4 T2D3 T2D2 T2D1 T2D0
w w W w w w w w
Initial value : FFH
T2D[7:0] T2 Compare data
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CDR2 (Capture 2 Data Register: Read Case) : C7H

7 6 5 4 3 2 1 0
| corr | coRe | CDRS | CORH CDR23 CDR22 CDR21 CDR20
R R R R R R R R

Initial value : 00H
CDR2[7:0] T2 Capture data

T3CR (Timer 3 Mode Count Register) : CAH

7 6 5 4 3 2 1 0
| P | BT | PwE | oA T3CK1 T3CKO T3CN T3ST
RW RW RW RW RW RW RW RW
Initial value : 00H
POL Configure PWM polarity
0 Negative (Duty Match: Clear)
1 Positive (Duty Match: Set)
16BIT Select Timer 1 8/16-bit
0 8-bit
1 16-bit
PWM3E Control PWM enable
0 PWM disable
1 PWM enable
CAP3 Control Timer 3 mode
0 Timer/Counter mode
1 Capture mode

T3CK][1:0] Select clock source of Timer 3. Fx is the frequency of main system.
T3CK1 T3CKO Description

0 0 fx
0 1 fx/2
1 0 fx/16
1 1 Use Timer 2 Clock
NOTE) If you want to use “Using Timer 2 Clock”, you can set T2EN bit in T2CR
T3CN Control Timer 3 Count pause/continue
0 Temporary count stop
1 Continue count
T3ST Control Timer 3 start/stop
0 Counter stop
1 Clear counter and start

T3DR (Timer 3 Data Register: Write Case) : CBH

7 6 5 4 3 2 1 0
| mor | me | mws | w4 T3D3 T3D2 T3D1 T3D0
w w w w w w w w

Initial value : FFH
T3D[7:0] T3 Compare data
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T3PPR (Timer 3 PWM Period Register: Write Case PWM mode only) : CBH

7 6 5 4 3 2 1 0
| w7 | TPPe | TPPS T3PP4 TPP3 | TIPP2 T3PP1 T3PPO
w w w w w w w w
Initial value : FFH
T3PP[7:0] T3 PWM Period data
T3 (Timer 3 Register: Read Case) : CCH
7 6 5 4 3 2 1 0
| 37 %6 | 5 | ™ 3 T2 31 T30
R R R R R R R R
Initial value : 0OH
T3[7:0] T3 Counter Period data
T3PDR (Timer 3 PWM Duty Register) : CCH
7 6 5 4 3 2 1 0
| mpor | TmPDe | TPD5 | ToPD4 T3PD3 T3PD2 T3PD1 T3PDO
RW RAW RW RW RW RW RW RW
Initial value : OOH
T3PD[7:0] T3 PWM Duty data
NOTE) only write, when PWM3E “1’
CDRS3 (Capture 3 Data Register: Read Case) : CCH
7 6 5 4 3 2 1 0
| corw | coR®s | COR®B | CORM CDR33 CDR®2 CDR31 CDR30
R R R R R R R R
Initial value : OOH
CDR3[7:0] T3 Capture data
T3PWHR (Timer 3 PWM High Register) : CDH
7 6 5 4 3 2 1 0
| mPre | - - | - PW3H3 PW3H2 PW3HT PW3HO
w - - - w w w w

T3_PE Control Timer 3 Output port operation
NOTE) only writable bit. Be careful

0 Timer 3 Output disable

1 Timer 3 Output enable
PW3H[3:2] PWM period High value (bit [9:8])
PW3H[1:0] PWM duty High value (bit [9:8])

PERIOD: | PW3H3 | PW3H2 T3PPR[7:0]
DUTY: PW3H1 | PW3HO T3PDR[7:0]

Initial value : 00H
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11.5.3 16-bit Timer 4

11.5.3.1 Overview

The 16-bit timer 4 consists of Multiplexer, Timer Data Register High/Low, Timer Register High/Low, Timer Mode
Control Register. It is able to use internal 16-bit timer/ counter without a port output function.

The 16-bit timer 4 is able to use the divided clock of the main clock selected from pre-scalar output.

11.5.3.2 16-bit Timer/Counter Mode

ADDRESS : CEy

T4ACR | T4EN | - | CAP4 |T4CK2|T4CK1 |T4CKO| TACN | TaST |INITIAL VALUE : 0000000,
\
P 2 T4ST
R —ip T4EN
E 28 + 16-bit Counter
S | +16 o t
fx —»| ¢ [ z6a | MUX TAH(8-bit) ! TAL(8-bit)
A | 256 T
L [ > A clear
E o ;322: > T4IF [—p- Timerd
R - Interrupt
gl comparator
CDRA4H(8-bit) T4DRH(8-bit)
3 EIEDGE[4] CDRA4L(8-bit) T4DRL(8-bit)
T4CK[2:0] 16-bit Capture Register 16-bit Timer Data Register
'[ - » [INT4
INT4 D _\- | INT4IF Interrupt
Figure 11.37 Timer4 16-bit Mode Block Diagram
11.5.3.3 Register Map
Name Address Dir Default Description
T4CR CEH R/W O00H Timer 4 Mode Control Register
T4L CFH R O00H Timer 4 Low Register
T4LDR CFH w FFH Timer 4 Low Data Register
LCDR4 CFH R 00H Low Capture 4 Data Register
T4H D5H R 00H Timer 4 High Register
T4HDR D5H R/W 00H Timer 4 High Data Register
HCDR4 D5H R 00H High Capture 4 Data Register

Table 11.12 Register Map
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11.5.3.4 Timer 4 Register description

The timer 4 register consists of Timer 4 Mode Control Register (T4CR), Timer 4 Low Register (T4L), Timer 4 Low Data
Register (T4LDR), Low Capture 4 Data Register (LCDR4), Timer 4 High Register (T4H), Timer 4 High Data Register
(T4HDR), High Capture 4 Data Register (HCDR4).

11.5.3.5 Register description for Timer 4

T4CR (Timer 4 Mode Control Register) : CEH

7 6 5 4 3 2 1 0
| N | - cap4 | Tack2 TACK1 TACKO TACN T4ST
RW - RW RW RW RW RW RW
Initial value : 00H
T4EN Control Timer 4 operation
0 Timer 4 disable
1 Timer 4 enable
CAP4 Control Timer 4 mode
0 Timer/Counter mode
1 Capture mode

T4CK|[2:0] Select Timer 4 clock source. fx is main system clock frequency
T4CK2 T4CK1  T4CKO  Description

0 0 0 fx/2
0 0 1 fx/4
0 1 0 fx/8
0 1 1 fx/16
1 0 0 fx/64
1 0 1 fx/256
1 1 0 fx/1024
1 1 1 x/2048
T4CN Control Timer 4 Count pause/continue
0 Temporary count stop
1 Continue count
T4ST Control Timer 4 start/stop
0 Counter stop
1 Clear Counter and start
T4L (Timer 4 Low Register: Read Case) : CFH
7 6 5 4 3 2 1 0
| T4z M6 | Ts | T4 TAL3 T2 TAL1 TALO
R R R R R R R R

Initial value : 00H

T4L[7:0] T4L Counter
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T4LDR (Timer 4 Low Data Register: Write Case) : CFH

7 6 5 4 3 2 1 0
| mor | mpe | TaDs | TAD4 | TAD3 TALD2 TALD1 TALDO
w w w w w w w w
Initial value : FFH
T4LDI[7:0] T4L Compare
LCDR4 (Low Capture 4 Data Register: Read Case) : CFH
7 6 5 4 3 2 1 0
| LcorRer | LCDR#6 | LCDR5 | LCDR#4 |  LODRM3 LCDRA42 LCDRA1 LCDRA40
R R R R R R R R
Initial value : 0OH
LCDR4[7:0]  T4L Capture data
T4H (Timer 4 High Register: Read Case) : D5H
7 6 5 4 3 2 1 0
| T T4He | T | Tar T4H3 TaH2 T4H1 T4HO
R R R R R R R R
Initial value : OOH
T4H[7:0] T4H Counter Period
T4HDR (Timer 4 High Data Register: Write Case) : D5H
7 6 5 4 3 2 1 0
| mo7 | THDe | T4HDS | ™HM | ™HD3 T4HD2 T4HD! T4HDO
w w w w w w w w
Initial value : FFH
T4HD[7:0] T4H Compare
HCDR4 (High Capture 4 Data Register: Read Case) : D5SH
7 6 5 4 3 2 1 0
| HoDR47 | HoDR6 HCDR&5 | HODR#4 |  HODR43 HCDRA2 HCDR41 HCDRA40
R R R R R R R R

HCDR4[7:0] T4H Capture data

Initial value : 00H
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11.5.4 Timer Interrupt Status Register (TMISR)
11.5.4.1 Register description for TMISR

TMISR (Timer Interrupt Status Register) : AFH

7 6 5 4 3 2 1 0
| - | - ™F5 | TMF4 T™F3 TMIF2 TMIF1 TMIFO
- - R R R R R R

Initial value : 00H

TMIF5 Timer 5 Interrupt Flag

0 No Timer 5 interrupt

1 Timer 5 interrupt occurred, write “1” to clear interrupt flag
TMIF4 Timer 4 Interrupt Flag

0 No Timer 4 interrupt

1 Timer 4 interrupt occurred, write “1” to clear interrupt flag
TMIF3 Timer 3 Interrupt Flag

0 No Timer 3 interrupt

1 Timer 3 interrupt occurred, write “1” to clear interrupt flag
TMIF2 Timer 2 Interrupt Flag

0 No Timer 2 interrupt

1 Timer 2 interrupt occurred, write “1” to clear interrupt flag
TMIF1 Timer 1 Interrupt Flag

0 No Timer 1 interrupt

1 Timer 1 interrupt occurred, write “1” to clear interrupt flag
TMIFO Timer O Interrupt Flag

0 No Timer O interrupt

1 Timer O interrupt occurred, write “1” to clear interrupt flag

NOTE)

1. The Timer Interrupt Status Register contains interrupt information of each timers. Even if user disabled timer
interrupt at IE2, user could check timer interrupt condition from this register.
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11.6 Buzzer Driver

11.6.1 Overview

The Buzzer consists of 6 bit counter, buzzer data register (BUZDR), and buzzer control register (BUZCR). The Square
Wave is outputted through P12/BUZO pin. In buzzer data register BUZDR[5:0] controls the buzzer frequency and
BUZDIV[1:0] selects fBUZ divided by DIV block . In buzzer control register (BUZCR), BUCK[2:0] selects source clock
divided by prescaler

fouzo = i (Hz)
2xBUZDIV x (BUZDATA +1)
BUZDATA BUZDIV[1:0] BUZDATA BUZDIV[1:0]
[5:0] 00 01 10 1 [5:0] 00 01 10 1
(fouz/8) | (fouz/16) | (fbuz/32) | (fouz/64) (fbuz/8) | (fouz/16) | (fouz/32) | (fouz/64)
0 62.500 31.250 15.625 7.813 32 1.894 0.947 0.473 0.237
1 31.250 15.625 7.813 3.906 33 1.838 0.919 0.460 0.230
2 20.833 10.417 5.208 2.604 34 1.786 0.893 0.446 0.223
3 15.625 7.813 3.906 1.953 35 1.736 0.868 0.434 0.217
4 12.500 6.250 3.125 1.563 36 1.689 0.845 0.422 0.211
5 10.417 5.208 2.604 1.302 37 1.645 0.822 0.411 0.206
6 8.929 4.464 2.232 1.116 38 1.603 0.801 0.401 0.200
7 7.813 3.906 1.953 0.977 39 1.563 0.781 0.391 0.195
8 6.944 3.472 1.736 0.868 40 1.524 0.762 0.381 0.191
9 6.250 3.125 1.563 0.781 41 1.488 0.744 0.372 0.186
10 5.682 2.841 1.420 0.710 42 1.453 0.727 0.363 0.182
11 5.208 2.604 1.302 0.651 43 1.420 0.710 0.355 0.178
12 4.808 2.404 1.202 0.601 44 1.389 0.694 0.347 0.174
13 4.464 2.232 1.116 0.558 45 1.359 0.679 0.340 0.170
14 4.167 2.083 1.042 0.521 46 1.330 0.665 0.332 0.166
15 3.906 1.953 0.977 0.488 47 1.302 0.651 0.326 0.163
16 3.676 1.838 0.919 0.460 48 1.276 0.638 0.319 0.159
17 3.472 1.736 0.868 0.434 49 1.250 0.625 0.313 0.156
18 3.289 1.645 0.822 0.411 50 1.225 0.613 0.306 0.153
19 3.125 1.563 0.781 0.391 51 1.202 0.601 0.300 0.150
20 2.976 1.488 0.744 0.372 52 1.179 0.590 0.295 0.147
21 2.841 1.420 0.710 0.355 53 1.157 0.579 0.289 0.145
22 2.717 1.359 0.679 0.340 54 1.136 0.568 0.284 0.142
23 2.604 1.302 0.651 0.326 55 1.116 0.558 0.279 0.140
24 2.500 1.250 0.625 0.313 56 1.096 0.548 0.274 0.137
25 2.404 1.202 0.601 0.300 57 1.078 0.539 0.269 0.135
26 2.315 1.157 0.579 0.289 58 1.059 0.530 0.265 0.132
27 2.232 1.116 0.558 0.279 59 1.042 0.521 0.260 0.130
28 2.155 1.078 0.539 0.269 60 1.025 0.512 0.256 0.128
29 2.083 1.042 0.521 0.260 61 1.008 0.504 0.252 0.126
30 2.016 1.008 0.504 0.252 62 0.992 0.496 0.248 0.124
31 1.953 0.977 0.488 0.244 63 0.977 0.488 0.244 0.122

Table 11.13 Buzzer Frequency at 1MHz
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11.6.2 Block Diagram

fx/1 >
\ ¢ 6-bit Up-Counter

fx/2 > .
/4 BUZ — Clear
|—1XI% ) o— DIV Counter
xi8
b scParleer b/16 > Match
x/32 :t FIF  ————1 fsuzo
% 2 6 Comparator
fx/128 f

xcZ
»
»

3 BUZDR BUZOEN

BUCK[2:0]

Figure 11.38 Buzzer Driver Block Diagram

11.6.3 Register Map

Name Address Dir Default Description

BUZDR 8FH R/W FFH Buzzer Data Register

BUZCR 97H R/W 00H Buzzer Control Register

Table 11.14 Register Map

11.6.4 Buzzer Driver Register Description

Buzzer Driver consists of Buzzer Data Register (BUZDR), Buzzer Control Register (BUZCR).

11.6.5 Register Description for Buzzer Driver

BUZDR (Buzzer Data Register) : 8FH

7 6 5 4 3 2 1 0
| Bumvi | BUDV2 | BUDRS BUZDR4 BUZDR3 BUZDR2 BUZDR1 BUZDRO
RW RW RW RW RW RW RW RW

Initial value : FFH

BUZDIVI[1:0] Buzzer Clock Divider
BZDIV1 BUZDIV2 description

0 0 fauz/8

0 1 fBuz/16
1 0 fBuz/32
1 1 fauz/64

BUZDATA[5:0] These bits control the BUZZER frequency
Its resolution is 00H to 3FH
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BUZCR (Buzzer Control Register) : 97H

7 6 5 4 2 1 0
| BUzOEN- | - | - | - BUCK2 BUCK1 BUCKD BUZEN
Initial value : 00H
BUZOEN Control Buzzer output port
0 Buzzer Output disable
1 Buzzer Output enable
BUCK]2:0] Buzzer driver source clock selection

BUCK2 BUCK1 BUCKO description
0 0 0 x/1
0 0 1 fx/2
0 1 0 fx/4
0 1 1 fx/8
1 0 0 fx/16
1 0 1 fx/32
1 1 0 fx/64
1 1 1 fx/128

BUZEN Buzzer driver operation control
0 Buzzer driver disable
1 Buzzer driver enable

NOTE)

1.

fx: System clock oscillation frequency.
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11.7 USART

11.7.1 Overview

The Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) is a highly flexible serial

communication device. The main features are listed below.

- Full Duplex Operation (Independent Serial Receive and Transmit Registers)
- Asynchronous or Synchronous Operation

- Master or Slave Clocked Synchronous and SPI Operation

- Supports all four SPI Modes of Operation (Mode 0, 1, 2, 3)

- LSB First or MSB First Data Transfer @SPI mode

- High Resolution Baud Rate Generator

- Supports Serial Frames with 5,6,7,8, or 9 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

- Digital Low Pass Filter

- Three Separate Interrupts on TX Complete, TX Data Register Empty and RX Complete

- Double Speed Asynchronous Communication Mode

USART has three main parts of Clock Generator, Transmitter and Receiver. The Clock Generation logic consists of
synchronization logic for external clock input used by synchronous or SPI slave operation, and the baud rate generator
for asynchronous or master (synchronous or SPI) operation. The Transmitter consists of a single write buffer, a serial
shift register, parity generator and control logic for handling different serial frame formats. The write buffer allows a
continuous transfer of data without any delay between frames. The receiver is the most complex part of the USART
module due to its clock and data recovery units. The recovery unit is used for asynchronous data reception. In addition
to the recovery unit, the Receiver includes a parity checker, a shift register, a two level receive FIFO (UDATAXx) and
control logic. The Receiver supports the same frame formats as the Transmitter and can detect Frame Error, Data

OverRun and Parity Errors.
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11.7.2 Block Diagram

UBAUD <
SCLK l
»| Baud Rate Generator
Y
Master
‘ Clock Sync k
| Logic J

|:I XCK
XCK Control |

—_— 35 = D ~+ 35 -

nwcw

® 3> =T

A
UMSEL[1:0]
»| RXC }— RxInterrupt
RXD/ " Jr
MISO u Rx | clock
M X Control "| Recovery
X [}
[y . ! - M
Data o | Receive Shift Reglstek u
Recovery o (RXSR)
UMSEL1&UMSELO y
Master L, | DOR/PE/FE UDATA[0]
Checker (Rx)
T
Stop bit UDATA[1] UMSELO
Generator UPMO (Rx)
\ ‘
[_/T\]D :
TXD/ E D M Parity
MOSI ) E Tx U Generator 4] "
P Control X | Transmit Shift Registe) 1]
3 - > (TXSR) X |
A
UPM1
UDATA(Tx) < ::

\ i

SS D Cosn?rm TXC |—— TxInterrupt

ADDRESS : E2y, FAy
UCTRLx1 umseLt | umseLo | upmt | upmo |usizez|usize1|usizeo|ucPoL INITIAL VALUE . 000800005
UCTRLx2 UDRIE | TXCIE | RXCIE | WAKEE | TXE | RXE |usarTeN| u2x ADDRESS : E3y, FBy
INITIAL VALUE : 0000_0000g
ADDRESS : E4y;, FC
MASTER | LooPs | Disxck | spl - BS | Tx # FCy
UCTRLx3 STER [LOOPS | DISXCK | SPISS usBs 8 | Rx® INITIAL VALUE : 0000_-000g
USTATX UDRE | Txc | rRxc | wakE |sormsT| DOR | FE PE ADDRESS : ESy, FDy,
INITIAL VALUE : 1000_0000g

Figure 11.39 USART Block Diagram
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11.7.3 Clock Generation

UBAUD
u2x
\ fscLk
(UBAUD+1)
Prescaling
8 12 —>{ M
Up-Counter u M
» X U txclk
X
SCLK >
MASTER
\ \
. Edge M 7] M
Sync Register > Detector N U { UMSELO
v — > X
ucPoL
XCK - 12
M
U rxclk
X

Figure 11.40  Clock Generation Block Diagram

The Clock generation logic generates the base clock for the Transmitter and Receiver. The USART supports four
modes of clock operation and those are Normal Asynchronous, Double Speed Asynchronous, Master Synchronous
and Slave Synchronous. The clock generation scheme for Master SPI and Slave SPI mode is the same as Master
Synchronous and Slave Synchronous operation mode. The UMSELn bit in UCTRLx1 register selects between
asynchronous and synchronous operation. Asynchronous Double Speed mode is controlled by the U2X bit in the
UCTRLX2 register. The MASTER bit in UCTRLX2 register controls whether the clock source is internal (Master mode,
output port) or external (Slave mode, input port). The XCK pin is only active when the USART operates in

Synchronous or SPI mode.

Table below contains equations for calculating the baud rate (in bps).

Operating Mode Equation for Calculating Baud Rate
Asynchronous Normal Mode (U2X=0) Baud Rate = _fSCK
16(UBAUDx + 1)
Asynchronous Double Speed Mode (U2X=1) Baud Rate = &
8(UBAUDx + 1)
Synchronous or SPI Master Mode Baud Rate = fSCLK

2(UBAUDx + 1)

Table 11.15 Equations for Calculating Baud Rate Register Setting
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11.7.4 External Clock (XCK)

External clocking is used by the synchronous or SPI slave modes of operation.

External clock input from the XCK pin is sampled by a synchronization logic to remove meta-stability. The output from
the synchronization logic must then pass through an edge detector before it can be used by the Transmitter and
Receiver. This process introduces a two CPU clock period delay and therefore the maximum frequency of the external

XCK pin is limited by the following equation.

where fXCK is the frequency of XCK and fSCLK is the frequency of main system clock (SCLK).

11.7.5 Synchronous mode Operation

When synchronous or SPI mode is used, the XCK pin will be used as either clock input (slave) or clock output
(master). The dependency between the clock edges and data sampling or data change is the same. The basic
principle is that data input on RXD (MISO in SPI mode) pin is sampled at the opposite XCK clock edge of the edge in
the data output on TXD (MOSI in SPI mode) pin is changed.

The UCPOL bit in UCTRLx1 register selects which XCK clock edge is used for data sampling and which is used for
data change. As shown in the figure below, when UCPOL is zero the data will be changed at rising XCK edge and

sampled at falling XCK edge.

UCPOL =1
XCK
TXD/RXD X \ X X x
1&
Sample
UCPOL =0
XCK
TXD/RXD x \ X X x
T
Sample

Figure 11.41 Synchronous Mode XCKn Timing
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11.7.6 Data format

A serial frame is defined to be one character of data bits with synchronization bits (start and stop bits), and optionally a
parity bit for error checking.
The USART supports all 30 combinations of the following as valid frame formats.

- 1 start bit

-5, 6,7, 8 or 9 data bits

- no, even or odd parity bit

-1 or 2 stop bits

A frame starts with the start bit followed by the least significant data bit (LSB). Then the next data bits, up to a total of
nine, are succeeding, ending with the most significant bit (MSB). If enabled the parity bit is inserted after the data bits,
before the stop bits. A high to low transition on data pin is considered as start bit. When a complete frame is
transmitted, it can be directly followed by a new frame, or the communication line can be set to an idle state. The idle
means high state of data pin. The next figure shows the possible combinations of the frame formats. Bits inside

brackets are optional.

1 data frame

Ide | St | po | b1 | D2 | D3 | D4 | [D5] | [D6] | [D7] | [D8] Tp1 l'isp2 | 1die /st
1

Character
bits

Figure 11.42  frame format

1 data frame consists of the following bits

* Idle No communication on communication line (TxD/RxD)
« St Start bit (Low)

* Dn Data bits (0~8)

*  Parity bit ------------ Even parity, Odd parity, No parity

»  Stop bit(s) ---—------- 1 bit or 2 bits

The frame format used by the USART is set by the USIZE[2:0], UPM[1:0] and USBS bits in UCTRLx1 register. The

Transmitter and Receiver use the same setting.
11.7.7 Parity bit

The parity bit is calculated by doing an exclusive-or of all the data bits. If odd parity is used, the result of the exclusive-

or is inverted. The parity bit is located between the MSB and first stop bit of a serial frame.

Peven=Dn-1*...AD3*D2~D12Do”0
Podd =Dn17...AD32D27AD1”~Do"1
Peven : Parity bit using even parity
Podd : Parity bit using odd parity

Dn : Data bit n of the character
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11.7.8 USART Transmitter

The USART Transmitter is enabled by setting the TXE bit in UCTRLx1 register. When the Transmitter is enabled, the
normal port operation of the TXD pin is overridden by the serial output pin of USART. The baud-rate, operation mode
and frame format must be setup once before doing any transmissions. If synchronous or SPI operation is used, the
clock on the XCK pin will be overridden and used as transmission clock. If USART operates in SPI mode, SS pin is
used as SS input pin in slave mode or can be configured as SS output pin in master mode. This can be done by
setting SPISS bit in UCTRLX3 register.

11.7.8.1 Sending Tx data

A data transmission is initiated by loading the transmit buffer (UDATAX register 1/O location) with the data to be
transmitted. The data written in transmit buffer is moved to the shift register when the shift register is ready to send a
new frame. The shift register is loaded with the new data if it is in idle state or immediately after the last stop bit of the
previous frame is transmitted. When the shift register is loaded with new data, it will transfer one complete frame at the
settings of control registers. If the 9-bit characters are used in asynchronous or synchronous operation mode
(USIZE[2:0]=7), the ninth bit must be written to the TX8 bit in UCTRLx3 register before loading transmit buffer (UDATA

register).
11.7.8.2 Transmitter flag and interrupt

The USART Transmitter has 2 flags which indicate its state. One is USART Data Register Empty (UDRE) and the
other is Transmit Complete (TXC). Both flags can be interrupt sources.

UDRE flag indicates whether the transmit buffer is ready to be loaded with new data. This bit is set when the transmit
buffer is empty and cleared when the transmit buffer contains data to be transmitted that has not yet been moved into
the shift register. And also this flag can be cleared by writing ‘0’ to this bit position. Writing ‘1’ to this bit position is

prevented.

When the Data Register Empty Interrupt Enable (UDRIE) bit in UCTRLZ2 register is set and the Global Interrupt is
enabled, USART Data Register Empty Interrupt is generated while UDRE flag is set.

The Transmit Complete (TXC) flag bit is set when the entire frame in the transmit shift register has been shifted out
and there are no more data in the transmit buffer. The TXC flag is automatically cleared when the Transmit Complete
Interrupt service routine is executed, or it can be cleared by writing ‘0’ to TXC bit in USTAT register.

When the Transmit Complete Interrupt Enable (TXCIE) bit in UCTRL2 register is set and the Global Interrupt is
enabled, USART Transmit Complete Interrupt is generated while TXC flag is set.

11.7.8.3 Parity Generator

The Parity Generator calculates the parity bit for the sending serial frame data. When parity bit is enabled (UPM[1]=1),

the transmitter control logic inserts the parity bit between the MSB and the first stop bit of the sending frame.
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11.7.8.4 Disabling Transmitter

Disabling the Transmitter by clearing the TXE bit will not become effective until ongoing transmission is completed.

When the Transmitter is disabled, the TXD pin is used as normal General Purpose 1/0 (GPIO) or primary function pin.

11.7.9 USART Receiver

The USART Receiver is enabled by setting the RXE bit in the UCTRLx1 register. When the Receiver is enabled, the
normal pin operation of the RXD pin is overridden by the USART as the serial input pin of the Receiver. The baud-rate,
mode of operation and frame format must be set before serial reception. If synchronous or SPI operation is used, the
clock on the XCK pin will be used as transfer clock. If USART operates in SPI mode, SS pin is used as SS input pin in
slave mode or can be configured as SS output pin in master mode. This can be done by setting SPISS bit in
UCTRLX3 register.

11.7.9.1 Receiving Rx data

When USART is in synchronous or asynchronous operation mode, the Receiver starts data reception when it detects
a valid start bit (LOW) on RXD pin. Each bit after start bit is sampled at pre-defined baud-rate (asynchronous) or
sampling edge of XCK (synchronous), and shifted into the receive shift register until the first stop bit of a frame is
received. Even if there’s 2nd stop bit in the frame, the 2nd stop bit is ignored by the Receiver. That is, receiving the first
stop bit means that a complete serial frame is present in the receiver shift register and contents of the shift register are

to be moved into the receive buffer. The receive buffer is read by reading the UDATAX register.

If 9-bit characters are used (USIZE[2:0] = 7) the ninth bit is stored in the RX8 bit position in the UCTRLx3 register. The
9th bit must be read from the RX8 bit before reading the low 8 bits from the UDATAX register. Likewise, the error flags
FE, DOR, PE must be read before reading the data from UDATAX register. This is because the error flags are stored in

the same FIFO position of the receive buffer.
11.7.9.2 Receiver flag and interrupt

The USART Receiver has one flag that indicates the Receiver state.

The Receive Complete (RXC) flag indicates whether there are unread data present in the receive buffer. This flag is
set when there are unread data in the receive buffer and cleared when the receive buffer is empty. If the Receiver is
disabled (RXE=0), the receiver buffer is flushed and the RXC flag is cleared.

When the Receive Complete Interrupt Enable (RXCIE) bit in the UCTRLXx2 register is set and Global Interrupt is
enabled, the USART Receiver Complete Interrupt is generated while RXC flag is set.

The USART Receiver has three error flags which are Frame Error (FE), Data OverRun (DOR) and Parity Error (PE).
These error flags can be read from the USTATx register. As data received are stored in the 2-level receive buffer,
these error flags are also stored in the same position of receive buffer. So, before reading received data from UDATAx
register, read the USTATX register first which contains error flags.
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The Frame Error (FE) flag indicates the state of the first stop bit. The FE flag is zero when the stop bit was correctly
detected as one, and the FE flag is one when the stop bit was incorrect, ie detected as zero. This flag can be used for

detecting out-of-sync conditions between data frames.

The Data OverRun (DOR) flag indicates data loss due to a receive buffer full condition. A DOR occurs when the
receive buffer is full, and another new data is present in the receive shift register which are to be stored into the receive
buffer. After the DOR flag is set, all the incoming data are lost. To prevent data loss or clear this flag, read the receive
buffer.

The Parity Error (PE) flag indicates that the frame in the receive buffer had a Parity Error when received. If Parity
Check function is not enabled (UPM[1]=0), the PE bit is always read zero.

Note) The error flags related to receive operation are not used when USART is in SPI mode.
11.7.9.3 Parity Checker

If Parity bit is enabled (UPM[1]=1), the Parity Checker calculates the parity of the data bits in incoming frame and

compares the result with the parity bit from the received serial frame.
11.7.9.4 Disabling Receiver

In contrast to Transmitter, disabling the Receiver by clearing RXE bit makes the Receiver inactive immediately. When
the Receiver is disabled the Receiver flushes the receive buffer and the remaining data in the buffer is all reset. The

RXD pin is not overridden the function of USART, so RXD pin becomes normal GPIO or primary function pin.
11.7.9.5 Asynchronous Data Reception

To receive asynchronous data frame, the USART includes a clock and data recovery unit. The Clock Recovery logic is

used for synchronizing the internally generated baud-rate clock to the incoming asynchronous serial frame on the RXD
pin.

The Data recovery logic samples and low pass filters the incoming bits, and this removes the noise of RXD pin.

The next figure illustrates the sampling process of the start bit of an incoming frame. The sampling rate is 16 times the
baud-rate for normal mode, and 8 times the baud rate for Double Speed mode (U2X=1). The horizontal arrows show
the synchronization variation due to the asynchronous sampling process. Note that larger time variation is shown

when using the Double Speed mode.

\ START /
RxD IDLE BITO

Sample
(U2X =0)

Phebtprptratr et
T IIT%TTTTI

Figure 11.43  Start bit Sampling
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When the Receiver is enabled (RXE=1), the clock recovery logic tries to find a high to low transition on the RXD line,
the start bit condition. After detecting high to low transition on RXD line, the clock recovery logic uses samples 8,9, and
10 for Normal mode, and samples 4, 5, and 6 for Double Speed mode to decide if a valid start bit is received. If more
than 2 samples have logical low level, it is considered that a valid start bit is detected and the internally generated
clock is synchronized to the incoming data frame. And the data recovery can begin. The synchronization process is

repeated for each start bit.

As described above, when the Receiver clock is synchronized to the start bit, the data recovery can begin. Data
recovery process is almost similar to the clock recovery process. The data recovery logic samples 16 times for each
incoming bits for Normal mode and 8 times for Double Speed mode. And uses sample 8, 9, and 10 to decide data
value for Normal mode, samples 4, 5, and 6 for Double Speed mode. If more than 2 samples have low levels, the
received bit is considered to a logic 0 and more than 2 samples have high levels, the received bit is considered to a
logic 1. The data recovery process is then repeated until a complete frame is received including the first stop bit. The
decided bit value is stored in the receive shift register in order. Note that the Receiver only uses the first stop bit of a

frame. Internally, after receiving the first stop bit, the Receiver is in idle state and waiting to find start bit.

w X \
gres el brettettttt

Pt T
P N A A

7 R I I R A

Figure 11.44  Sampling of Data and Parity bit

The process for detecting stop bit is like clock and data recovery process. That is, if 2 or more samples of 3 center
values have high level, correct stop bit is detected, else a Frame Error flag is set. After deciding first stop bit whether a
valid stop bit is received or not, the Receiver goes idle state and monitors the RXD line to check a valid high to low

transition is detected (start bit detection).

/ \ \ \
RxD STOP 1 A B C
X ( \) ( \) ( \)
Sample k_T_,‘ T
(U2X = 0)
Sample #
(u2x=1)

Figure 11.45  Stop bit Sampling and Next Start bit Sampling
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11.7.10 SPI Mode

The USART can be set to operate in industrial standard SPI compliant mode. The SPI mode has the following features.

- Full duplex, three-wire synchronous data transfer

- Master or Slave operation

- Supports all four SPI modes of operation (mode0, 1, 2, and 3)
- Selectable LSB first or MSB first data transfer

- Double buffered transmit and receive

- Programmable transmit bit rate

When SPI mode is enabled (UMSEL[1:0]=3), the Slave Select (SS) pin becomes active low input in slave mode

operation, or can be output in master mode operation if SPISS bit is set.

Note that during SPI mode of operation, the pin RXD is renamed as MISO and TXD is renamed as MOSI for

compatibility to other SPI devices.

11.7.10.1 SPI Clock formats and timing

To accommodate a wide variety of synchronous serial peripherals from different manufacturers, the USART has a
clock polarity bit (UCPOL) and a clock phase control bit (UCPHA) to select one of four clock formats for data transfers.
UCPOL selectively insert an inverter in series with the clock. UCPHA chooses between two different clock phase
relationships between the clock and data. Note that UCPHA and UCPOL bits in UCTRLx1 register have different
meanings according to the UMSEL[1:0] bits which decides the operating mode of USART.

Table below shows four combinations of UCPOL and UCPHA for SPI mode 0, 1, 2, and 3.

SPI Mode UCPOL UCPHA Leading Edge Trailing Edge
0 0 0 Sample (Rising) Setup (Falling)
1 0 1 Setup (Rising) Sample (Falling)
2 1 0 Sample (Falling) Setup (Rising)
3 1 1 Setup (Falling) Sample (Rising)
Table 11.16 CPOL Functionality
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Figure 11.46  SPI Clock Formats when UCPHA=0

When UCPHA=0, the slave begins to drive its MISO output with the first data bit value when SS goes to active low.
The first XCK edge causes both the master and the slave to sample the data bit value on their MISO and MOSI inputs,
respectively. At the second XCK edge, the USART shifts the second data bit value out to the MOSI and MISO outputs
of the master and slave, respectively. Unlike the case of UCPHA=1, when UCPHA=0, the slave’s SS input must go to
its inactive high level between transfers. This is because the slave can prepare the first data bit when it detects falling
edge of SS input.
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Figure 11.47  SPI Clock Formats when UCPHA=1
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When UCPHA=1, the slave begins to drive its MISO output when SS goes active low, but the data is not defined until
the first XCK edge. The first XCK edge shifts the first bit of data from the shifter onto the MOSI output of the master
and the MISO output of the slave. The next XCK edge causes both the master and slave to sample the data bit value
on their MISO and MOSI inputs, respectively. At the third XCK edge, the USART shifts the second data bit value out to
the MOSI and MISO output of the master and slave respectively. When UCPHA=1, the slave’s SS input is not required

to go to its inactive high level between transfers.

Because the SPI logic reuses the USART resources, SPI mode of operation is similar to that of synchronous or
asynchronous operation. An SPI transfer is initiated by checking for the USART Data Register Empty flag (UDRE=1)
and then writing a byte of data to the UDATA Register. In master mode of operation, even if transmission is not
enabled (TXE=0), writing data to the UDATA register is necessary because the clock XCK is generated from
transmitter block.

11.7.11 Register Map

Name Address Dir Default Description
UCTRLO1 E2H R/W 00H USART Control 1 Register 0
UCTRLO02 E3H R/W 00H USART Control 2 Register 0
UCTRLO3 E4H R/W O00H USART Control 3 Register 0
USTATO E5H R 80H USART Status Register 0
UBAUDO E6H R/W FFH USART Baud Rate Generation Register 0
UDATAO E7H R/W FFH USART Data Register 0
UCTRL11 FAH R/W O00H USART Control 1 Register 1
UCTRL12 FBH R/W O00H USART Control 2 Register 1
UCTRL13 FCH R/W O00H USART Control 3 Register 1
USTAT1 FDH R 80H USART Status Register 1
UBAUD1 FEH R/W FFH USART Baud Rate Generation Register 1
UDATA1 FFH R/W FFH USART Data Register 1

Table 11.17 Register Map

11.7.12 USART Register Description

USART module consists of USART Control 1 Register (UCTRLx1), USART Control 2 Register (UCTRLx2), USART
Control 3 Register (UCTRLx3), USART Status Register (USTATx), USART Data Register (UDATAx), and USART
Baud Rate Generation Register (UBAUDX).
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11.7.13 Register Description for USART

UCTRLx1 (USART Control 1 Register) E2H, FAH

7 6 5 4 3 2 1 0
USIZE1 USIZEO0
UMSEL1 UMSELO UPMI1 UPMO USIZE2 UDORD UCPHA UCPOL
RW RW RW RW RW RW RW RW
Initial value : 004
UMSEL[1:0] Selects operation mode of USART
UMSEL1 UMSELO Operating Mode
0 0 Asynchronous Mode (Normal Uart)
0 1 Synchronous Mode (Synchronous Uart)
1 0 Reserved
1 1 SPI Mode
UPM[1:0] Selects Parity Generation and Check methods
UPM1 UPMO Parity mode
0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity
USIZE[2:0] When in asynchronous or synchronous mode of operation, selects the
length of data bits in frame.
USIZE2 USIZE1 USIZEO Data length
0 0 0 5-bit
0 0 1 6-bit
0 1 0 7-bit
0 1 1 8-bit
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 9-bit
UDORD This bit is in the same bit position with USIZE1. In SPI mode, when set to
one the MSB of the data byte is transmitted first. When set to zero the
LSB of the data byte is transmitted first.
0 LSB First
1 MSB First
UCPOL Selects polarity of XCK in synchronous or SPI mode
0 TXD change @Rising Edge, RXD change @Falling Edge
1 TXD change @ Falling Edge, RXD change @ Rising Edge
UCPHA This bit is in the same bit position with USIZEO. In SPI mode, along

with UCPOL bit, selects one of two clock formats for different kinds of
synchronous serial peripherals. Leading edge means first XCK edge
and trailing edge means 2" or last clock edge of XCK in one XCK
pulse. And Sample means detecting of incoming receive bit, Setup
means preparing transmit data.

UCPOL
0

0
1
1

UCPHA

0

1
0
1

Leading Edge
Sample (Rising)
Setup (Rising)
Sample (Falling)
Setup (Falling)

Trailing Edge
Setup (Falling)

Sample (Falling)

Setup (Rising)

Sample (Rising)
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UCTRLx2 (USART Control 2 Register) E3H, FBH

7 6 5 4 3 2 1 0
| WRE | T™CE | RXCE | WAKEE ™ RXE USARTEN U2x
RW RW RW RW RW RW RW RW
Initial value : 004
UDRIE Interrupt enable bit for USART Data Register Empty.
0 Interrupt from UDRE is inhibited (use polling)
1 When UDRE is set, request an interrupt
TXCIE Interrupt enable bit for Transmit Complete.
0 Interrupt from TXC is inhibited (use polling)
1 When TXC is set, request an interrupt
RXCIE Interrupt enable bit for Receive Complete
0 Interrupt from RXC is inhibited (use polling)
1 When RXC is set, request an interrupt
WAKEIE Interrupt enable bit for Asynchronous Wake in STOP mode. When
device is in stop mode, if RXD goes to LOW level an interrupt can be
requested to wake-up system.
0 Interrupt from Wake is inhibited
1 When WAKE is set, request an interrupt
TXE Enables the transmitter unit.
0 Transmitter is disabled
1 Transmitter is enabled
RXE Enables the receiver unit.
0 Receiver is disabled
1 Receiver is enabled
USARTEN  Activate USART module by supplying clock.
0 USART is disabled (clock is halted)
1 USART is enabled
u2x This bit only has effect for the asynchronous operation and selects

receiver sampling rate.
0 Normal asynchronous operation
1 Double Speed asynchronous operation
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UCTRLx3 (USART Control 3 Register) E4H, FCH

7 6 5 4 3 2 1 0
| wasTER | Looprs | DXk | sPiss - USBS T8 RX8
RW RW RW RW - RW RW RW
Initial value : 004
MASTER Selects master or slave in SPI or Synchronous mode operation and
controls the direction of XCK pin.
0 Slave mode operation and XCK is input pin.
1 Master mode operation and XCK is output pin
LOOPS Controls the Loop Back mode of USART, for test mode
0 Normal operation
1 Loop Back mode
DISXCK In Synchronous mode of operation, selects the waveform of XCK output.
0 XCK is free-running while USART is enabled in synchronous
master mode.
1 XCK is active while any frame is on transferring.
SPISS Controls the functionality of SS pin in master SPI mode.
0 SS pin is normal GPIO or other primary function
1 SS output to other slave device
USBS Selects the length of stop bit in Asynchronous or Synchronous mode of

TX8

RX8

operation.
0 1 Stop bit
1 2 Stop bit

The ninth bit of data frame in Asynchronous or Synchronous mode of
operation. Write this bit first before loading the UDATA register.

0 MSB (9th bit) to be transmitted is ‘0’
1 MSB (9th bit) to be transmitted is ‘1’

The ninth bit of data frame in Asynchronous or Synchronous mode of
operation. Read this bit first before reading the receive buffer.

0 MSB (9" bit) received is ‘0’
1 MSB (9" bit) received is ‘1’
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USTATx (USART Status Register) ESH

7 6 5 4 3 2 1 0
|  uRE | ™ | RC | WAE SOFIRST | DOR | FE PE
RW R RW R RW R R R

Initial value : 80y

UDRE The UDRE flag indicates if the transmit buffer (UDATA) is ready to be
loaded with new data. If UDRE is ‘1’, it means the transmit buffer is
empty and can hold one or two new data. This flag can generate an
UDRE interrupt. Writing ‘0’ to this bit position will clear UDRE flag.

0 Transmit buffer is not empty.
1 Transmit buffer is empty.
TXC This flag is set when the entire frame in the transmit shift register has

been shifted out and there is no new data currently present in the
transmit buffer. This flag is automatically cleared when the interrupt
service routine of a TXC interrupt is executed. It is also cleared by writing
‘0’ to this bit position. This flag can generate a TXC interrupt.

0 Transmission is ongoing.

1 Transmit buffer is empty and the data in transmit shift register
are shifted out completely.

RXC This flag is set when there are unread data in the receive buffer and
cleared when all the data in the receive buffer are read. The RXC flag
can be used to generate a RXC interrupt.

0 There is no data unread in the receive buffer
1 There are more than 1 data in the receive buffer

WAKE This flag is set when the RX pin is detected low while the CPU is in stop
mode. This flag can be used to generate a WAKE interrupt. This bit is set
only when in asynchronous mode of operation. NOTE

0 No WAKE interrupt is generated.
1 WAKE interrupt is generated.

SOFTRST This is an internal reset and only has effect on USART. Writing ‘1’ to this
bit initializes the internal logic of USART and is auto cleared.

0 No operation
1 Reset USART

DOR This bit is set if a Data OverRun occurs. While this bit is set, the
incoming data frame is ignored. This flag is valid until the receive buffer
is read.

0 No Data OverRun
1 Data OverRun detected

FE This bit is set if the first stop bit of next character in the receive buffer is
detected as ‘0’. This bit is valid until the receive buffer is read.

0 No Frame Error
1 Frame Error detected

PE This bit is set if the next character in the receive buffer has a Parity Error
when received while Parity Checking is enabled. This bit is valid until the
receive buffer is read.

0 No Parity Error
1 Parity Error detected
NOTE)

1.  When the WAKE function of USART is used as a release source from STOP mode, it is required to clear this
bit in the RX interrupt service routine. Else the device will not wake-up from STOP mode again by the change
of RX pin.
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UBAUDXx (USART Baud-Rate Generation Register) E6H, FEH

7 6 5 4 3 2 1 0
| usauz | usADs | UBAUDS | UBAUD4 | UBAUD3 UBAUD2 UBAUD1 UBAUDO
RW RW RW RW RW RW RW RW

Initial value : FFy

UBAUD [7:0] The value in this register is used to generate internal baud rate in
asynchronous mode or to generate XCK clock in synchronous or
SPI mode. To prevent malfunction, do not write ‘0’ in asynchronous
mode, and do not write ‘0’ or ‘1’ in synchronous or SPI mode.

UDATAXx (USART Data Register) E7H, FFH

7 6 5 4 3 2 1 0
| UDATA7 | UDATAG | UDATAS5 UDATA4 UDATA3 UDATA2 UDATA1 UDATAO
RW RW RW RW RW RW RW RW

Initial value : FFy

UDATA [7:0] The USART Transmit Buffer and Receive Buffer share the same 1/0
address with this DATA register. The Transmit Data Buffer is the
destination for data written to the UDATA register. Reading the
UDATA register returns the contents of the Receive Buffer.

Write this register only when the UDRE flag is set. In SPI or
synchronous master mode, write this register even if TX is not
enabled to generate clock, XCK.

137



11.7.14 Baud Rate setting (example)

f0SC=1.00MHz fOSC=1.8432MHz fOSC=2.00MHz
BRZL;: U2X=0 U2x=1 U2X=0 U2x=1 U2X=0 U2x=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 7.0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4K 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2K 2 8.5% 6 7.0% 5 0.0% 11 0.0% 6 7.0% 12 0.2%
28.8K 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4K 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 7.0%
57.6K - - 1 8.5% 1 -25.0% 3 0.0% 1 8.5% 3 8.5%
76.8K - - 1 -18.6% 1 0.0% 2 0.0% 1 -18.6% 2 8.5%
115.2K - - - - - - 1 0.0% - - 1 8.5%
230.4K - - - - - - - - - - - -
fOSC=3.6864MHz f0SC=4.00MHz fOSC=7.3728MHz
Baud U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% - -
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14.4K 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2K 11 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8K 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4K 5 0.0% 11 0.0% 6 7.0% 12 0.2% 11 0.0% 23 0.0%
57.6K 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8K 2 0.0% 5 0.0% 2 8.5% 6 7.0% 5 0.0% 11 0.0%
115.2K 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4K - - 1 0.0% - - 1 8.5% 1 0.0% 3 0.0%
250K - - 1 7.8% - - 1 0.0% 1 7.8% 3 7.8%
0.5M - - - - - - - - - - 1 7.8%
f0SC=8.00MHz f0SC=11.0592MHz fOSC=14.7456MHz
BRaa‘t‘s U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2x=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 207 0.2% - - - - - - - - - -
4800 103 0.2% 207 0.2% 143 0.0% - - 191 0.0% - -
9600 51 0.2% 103 0.2% 71 0.0% 143 0.0% 95 0.0% 191 0.0%
14.4K 34 -0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%
19.2K 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 95 0.0%
28.8K 16 2.1% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
38.4K 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%
57.6K 8 -3.5% 16 2.1% 11 0.0% 23 0.0% 15 0.0% 31 0.0%
76.8K 6 7.0% 12 0.2% 8 0.0% 17 0.0% 11 0.0% 23 0.0%
115.2K 3 8.5% 8 -3.5% 5 0.0% 11 0.0% 7 0.0% 15 0.0%
230.4K 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250K 1 0.0% 3 0.0% 2 7.8% 5 7.8% 3 7.8% 6 5.3%
0.5M - - 1 0.0% - - 2 7.8% 1 7.8% 3 7.8%
1M - - - - - - - - - - 1 7.8%
Table 11.18 Examples of UBAUD Settings for Commonly Used Oscillator Frequencies
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11.8 SPI

11.8.1 Overview

There is Serial Peripheral Interface (SPI) one channel in MC97FG316. 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.

11.8.2 Block Diagram
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Figure 11.48  SPI Block Diagram
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11.8.3 Data Transmit / Receive Operation

User can use SPI for serial data communication by following step

1.
2.

Select SPI operation mode(master/slave, polarity, phase) by control register SPICR.

When the SPI is configured as a Master, it selects a Slave by SS signal (active low). When the SPI is configured
as a Slave, it is selected by SS signal incoming from Master

When the user writes a byte to the data register SPIDR, SPI will start an operation.

In this time, if the SPI is configured as a Master, serial clock will come out of SCK pin. And Master shifts the eight
bits into the Slave (transmit), Slave shifts the eight bits into the Master at the same time (receive). If the SPI is
configured as a Slave, serial clock will come into SCK pin. And Slave shifts the eight bits into the Master (transmit),
Master shifts the eight bits into the Slave at the same time (receive).

When transmit/receive is done, TCIR (Transmit Complete or Interrupt Request) bit will be set. If the SPI interrupt is
enabled, an interrupt is requested. And TCIR bit is cleared by hardware when executing the corresponding
interrupt. If SPI interrupt is disable, TCIR bit is cleared when user read the status register SPISR, and then access
(read/write) the data register SPIDR.

NOTE)

1.

If you want to use both transmit and receive, set the TXENA, RXENA bit of SPISR, and if user want to use
only either transmit or receive, clear the TXENA or RXENA. In this case, user can use disabled pin by GPIO
freely.

11.8.4 SS pin function

When the SPI is configured as a Slave, the SS pin is always input. If LOW signal come into SS pin, the SPI logic
is active. And if ‘HIGH’ signal come into SS pin, the SPI logic is stop. In this time, SPI logic will be reset, and
invalidated any received data.

When the SPI is configured as a Master, the user can select the direction of the SS pin by port direction register

(PxIO[x]). If the SS pin is configured as an output, user can use general GPIO output mode. If the SS pin is
configured as an input, ‘HIGH' signal must come into SS pin to guarantee Master operation. If ‘LOW’ signal come
into SS pin, the SPI logic interprets this as another master selecting the SPI as a slave and starting to send data to

it. To avoid bus contention, MS bit of SPICR will be cleared and the SPI becomes a Slave and then, TCIR bit of

SPISR will be set, and if the SPI interrupt is enabled, an interrupt is requested.

NOTE)

1.

2.

- When the SS pin is configured as an output at Master mode, SS pin’s output value is defined by user’s
software (PxDA[x]). Before SPICR setting, the direction of SS pin must be defined

- If you don’t need to use SS pin, clear the SSENA bit of SPISR. So, you can use disabled pin by GPIO freely.
In this case, SS signal is driven by ‘HIGH’ or ‘LOW’ internally. In other words, master is ‘HIGH’, salve is ‘LOW’

- When SS pin is configured as input(master or slave), if ‘HIGH’ signal come into SS pin, this flag bit will be
set at the SS rising time. And you can clear it by writing ‘0’.
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11.8.5 Timing Waveform
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Figure 11.49 SPI Transmit/Receive Timing Diagram at CPHA =0
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Figure 11.50  SPI Transmit/Receive Timing Diagram at CPHA = 1

11.8.6 Register Map

Name Address Dir Default Description
SPICR D2H R/W OH SPI Control Register
SPIDR D3H R/W OH SPI Data Register
SPISR D4H R/W OH SPI Status Register

Table 11.19 Register Map

11.8.7 SPI Register description

The SPI Register consists of SPI Control Register (SPICR), SPI Status Register (SPISR) and SPI Data Register
(SPIDR)
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11.8.8 Register Description for SPI

SPICR (SPI Control Register) : D2H

7 6 5 4 3 2 1 0
| SPEN AsB | MS CPOL CPHA DSCR SCR1 SCRO
RW RW RW RW RW RW RW RW
Initial value : 00H
SPIEN This bit controls the SPI operation
0 SPI Disable
1 SPI Enable
FLSB This bit selects the data transmission sequence
0 MSB First
1 LSB First
MS This bit selects whether Master or Slave mode
0 Slave mode
1 Master mode
CPOL These two bits control the serial clock (SCK) mode
CPHA Clock Polarity (CPOL) bit determine SCK’s value at idle mode
Clock Phase (CPHA) bit determine if data is sampled on the leading
or trailing edge of SCK. Refer to Figure11.49, Figure 11.50
CPOL CPHA Leading Edge Trailing Edge
0 0 Sample (Rising) Setup (Falling)
0 1 Setup (Rising) Sample (Falling)
1 0 Sample (Falling) Setup (Rising)
1 1 Setup (Falling) Sample (Rising)
DSCR These three bits select the SCK rate of the device configured as a
SCRJ[2:0] Master. When DSCR bit is written one, SCK will be doubled in Master

mode.

fx— Main system clock oscillation frequency.

DSCR SCR1 SCRO SCK frequency

0 0 0 fx/4

0 0 1 fx/16
0 1 0 fx/64
0 1 1 fx/128
1 0 0 fx/2

1 0 1 x/8

1 1 0 x/32

1 1 1 fx/64
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SPIDR (SPI Data Register) : D3H

7 6 5 4 3 2 1 0
| sPOR7 | SPDR6 | SPDRS SPIDR4 SPIDR3 SPIDR2 SPIDR1 SPIDRO
RW RW RW RW RW RW RW RW

Initial value : 00H

SPIDR [7:0] SPI data register.

Although you only use reception, user must write any data in here
to start the SPI operation.

SPISR (SPI Status Register) : D4H

7 6 5 4 3 2 1 0
| TR | weo. | ssHeH - TWOPIN SSENA TXENA RXENA
R R RW - RW R RW RW

Initial value : 00H

TCIR When a serial data transmission is complete, the TCIR bit is set. If the
SPl interrupt is enabled, an interrupt is requested. And TCIR bit is
cleared by hardware when executing the corresponding interrupt. If SPI
interrupt is disable, TCIR bit is cleared when user read the status register
SPISR, and then access (read/write) the data register SPIDR.

0 Interrupt cleared
1 Transmission Complete and Interrupt Requested

WCOL This bit is set if the data register SPIDR is written during a data transfer.
This bit is cleared when user read the status register SPISR, and then
access (read/write) the data register SPIDR.

0 No collision
1 Write Collision

SS_HIGH When SS pin is configured as input(master or slave), if ‘HIGH’ signal
come into SS pin, this flag bit will be set at the SS rising time. And you
can clear it by writing ‘0’.
You can write only zero.
0 Flag is cleared
1 Flag is set

TWOPIN This bit controls the 2 pin operation.
In master mode,

0 Disable
1 Enable
SSENA This bit controls the SS pin operation
0 Disable
1 Enable
TXENA This bit controls a data transfer operation
0 Disable
1 Enable
RXENA This bit controls a data reception operation
0 Disable
1 Enable

Note that if the MS is set to ‘0’, when TWORPIN is set to ‘0’, port 03 is set to MISO and if the MS is set to ‘0’, when
TWOPIN is set to ‘1’, port 02 is set to MOSI. But if the MS is set to ‘“1°, when TWOPIN is set to ‘0’, port 03 is set to
MOSI and if the MS is set to ‘“1’, when TWOPIN is set to ‘1°, port 02 is set to MISO.
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119 1I12C

11.9.1 Overview

The 12C is one of industrial standard serial communication protocols, and which uses 2 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 pull-up resistor. The features are as shown below.

- Compatible with 12C bus standard
- Multi-master operation

- Up to 400kHz data transfer speed
- 7-bit address

- Support two slave addresses

- Both master and slave operation

- Bus busy detection

11.9.2 Block Diagram
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Figure 11.51 I12C Block Diagram
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11.9.3 12C bit Transfer

The data on the SDA line must be stable during HIGH period of the clock, SCL. The HIGH or LOW state of the data
line can only change when the clock signal on the SCL line is LOW. The exceptions are START(S), repeated
START(Sr) and STOP(P) condition where data line changes when clock line is high.

/ X : \
SCL — \

Data line Stable:
Data valid
except S, Sr, P

Change of Data
allowed

Figure 11.52  Bit Transfer on the 12C-Bus

11.9.4 Start/ Repeated Start / Stop

One master can issue a START (S) condition to notice other devices connected to the SCL, SDA lines that it will use

the bus. A STOP (P) condition is generated by the master to release the bus lines so that other devices can use it.

A high to low transition on the SDA line while SCL is high defines a START (S) condition.

Alow to high transition on the SDA line while SCL is high defines a STOP (P) condition.

START and STOP conditions are always generated by the master. The bus is considered to be busy after START
condition. The bus is considered to be free again after STOP condition, ie, the bus is busy between START and STOP

condition. If a repeated START condition (Sr) is generated instead of STOP condition, the bus stays busy. So, the
START and repeated START conditions are functionally identical.

o SN SNV

ALY

o\ [\,

START Condition STOP Condition

Figure 11.53  START and STOP Condition
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11.9.5 Data Transfer

Every byte put on the SDA line must be 8-bit long. The number of bytes that can be transmitted per transfer is
unlimited. Each byte has to be followed by an acknowledge bit. Data is transferred with the most significant bit (MSB)
first. If a slave can’t receive or transmit another complete byte of data until it has performed some other function, it can
hold the clock line SCL LOW to force the master into a wait state. Data transfer then continues when the slave is ready

for another byte of data and releases clock line SCL.

— \: P
son N\ XX/ X G XX
MSB Acknowledgement Acknowledgement Sr
Signal form Slave Signal form Slave
Byte Complete, Clock line held low while
Interrupt within Device interrupts are served.
1 9 1 9
SCL s Sr
or ACK ACK or
Sr P
START or Repeated STOP or Repeated
START Condition START Condition

Figure 11.54  STOP or Repeated START Condition

11.9.6 Acknowledge

The acknowledge related clock pulse is generated by the master. The transmitter releases the SDA line (HIGH) during
the acknowledge clock pulse. The receiver must pull down the SDA line during the acknowledge clock pulse so that it
remains stable LOW during the HIGH period of this clock pulse. When a slave is addressed by a master (Address
Packet), and if it is unable to receive or transmit because it's performing some real time function, the data line must be
left HIGH by the slave. And also, when a slave addressed by a master is unable to receive more data bits, the slave
receiver must release the SDA line (Data Packet). The master can then generate either a STOP condition to abort the

transfer, or a repeated START condition to start a new transfer.

If a master receiver is involved in a transfer, it must signal the end of data to the slave transmitter by not generating an
acknowledge on the last byte that was clocked out of the slave. The slave transmitter must release the data line to

allow the master to generate a STOP or repeated START condition.

Data O R
By Transmittor X X N XX

ALY

3N

Data Output {3
By Receiver \_/

SCL From MASTER /1\/2\ /7\_/?\_
T—Clock pulse for ACK

Figure 11.55  Acknowledge on the 12C-Bus
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11.9.7 Synchronization / Arbitration

Clock synchronization is performed using the wired-AND connection of 12C interfaces to the SCL line. This means that
a HIGH to LOW transition on the SCL line will cause the devices concerned to start counting off their LOW period and
it will hold the SCL line in that state until the clock HIGH state is reached. However the LOW to HIGH transition of this
clock may not change the state of the SCL line if another clock is still within its LOW period. In this way, a synchronized
SCL clock is generated with its LOW period determined by the device with the longest clock LOW period, and its HIGH
period determined by the one with the shortest clock HIGH period.

A master may start a transfer only if the bus is free. Two or more masters may generate a START condition. Arbitration
takes place on the SDA line, while the SCL line is at the HIGH level, in such a way that the master which transmits a
HIGH level, while another master is transmitting a LOW level will switch off its DATA output state because the level on
the bus doesn’t correspond to its own level. Arbitration continues for many bits until a winning master gets the

ownership of 12C bus. Its first stage is comparison of the address bits.

Wait High Start High
Counting Counting

Fast Device
SCLOUT

High Counter

. Reset
Slow Device Y

SCLOUT

SCL \

\

idi

Figure 11.56  Clock Synchronization during Arbitration Procedure
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Figure 11.57  Arbitration Procedure of Two Masters

147



11.9.8 Operation

The I12C is byte-oriented and interrupt based. Interrupts are issued after all bus events except for a transmission of a

START condition. Because the I12C is interrupt based, the application software is free to carry on other operations

during a 12C byte transfer.

Note that when a I12C interrupt is generated, IIF flag in I2CMR register is set, it is cleared by writing an arbitrary value
to I2CSR. When 12C interrupt occurs, the SCL line is hold LOW until writing any value to I2CSR. When the IIF flag is

set, the I2CSR contains a value indicating the current state of the 12C bus. According to the value in I2CSR, software

can decide what to do next.

I12C can operate in 4 modes by configuring master/slave, transmitter/receiver. The operating mode is configured by a

winning master. A more detailed explanation follows below.

11.9.8.1 Master Transmitter

To operate 12C in master transmitter, follow the recommended steps below.

1.
2.

Enable 12C by setting IICEN bit in I2CMR. This provides main clock to the peripheral.

Load SLA+W into the I2CDR where SLA is address of slave device and W is transfer direction from the
viewpoint of the master. For master transmitter, W is ‘0’. Note that I2CDR is used for both address and data.
Configure baud rate by writing desired value to both I2CSCLLR and I2CSCLHR for the Low and High period of
SCL line.

Configure the I2CSDAHR to decide when SDA changes value from falling edge of SCL. If SDA should change
in the middle of SCL LOW period, load half the value of I2CSCLLR to the I2CSDAHR.

Set the START bit in I2CMR. This transmits a START condition. And also configure how to handle interrupt and
ACK signal. When the START bit is set, 8-bit data in I2CDR is transmitted out according to the baud-rate.

This is ACK signal processing stage for address packet transmitted by master. When 7-bit address and 1-bit
transfer direction is transmitted to target slave device, the master can know whether the slave acknowledged or
not in the 9th high period of SCL. If the master gains bus mastership, 12C generates GCALL interrupt regardless
of the reception of ACK from the slave device. When 12C loses bus mastership during arbitration process, the
MLOST bit in I2CSR is set, and 12C waits in idle state or can be operate as an addressed slave. To operate as a
slave when the MLSOT bit in I2CSR is set, the ACKEN bit in I2CMR must be set and the received 7-bit address
must equal to the SLA bits in I2CSAR. In this case 12C operates as a slave transmitter or a slave receiver (go to
appropriate section). In this stage, 12C holds the SCL LOW. This is because to decide whether 12C continues
serial transfer or stops communication. The following steps continue assuming that 12C does not lose

mastership during first data transfer.
I2C (Master) can choose one of the following cases regardless of the reception of ACK signal from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can receive more data from
master. In this case, load data to transmit to I2CDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the STOP bit in I2CMR.
3) Master transmits repeated START condition with not checking ACK signal. In this case, load SLA+R/W into
the I2CDR and set START bit in I2CMR.
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After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1), move to
step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of 3), move to step 6 after transmitting
the data in I2CDR and if transfer direction bit is ‘1’ go to master receiver section.

1-byte of data is being transmitted. During data transfer, bus arbitration continues.

This is ACK signal processing stage for data packet transmitted by master. 12C holds the SCL LOW. When 12C
loses bus mastership while transmitting data arbitrating other masters, the MLOST bit in I2CSR is set. If then,

I2C waits in idle state. When the data in I2CDR is transmitted completely, 12C generates TEND interrupt.
I2C can choose one of the following cases regardless of the reception of ACK signal from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can receive more data from
master. In this case, load data to transmit to I2CDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the STOP bit in I2CMR.
3) Master transmits repeated START condition with not checking ACK signal. In this case, load SLA+R/W into
the I2CDR and set the START bit in I2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1), move to
step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of 3), move to step 6 after transmitting
the data in I2CDR, and if transfer direction bit is ‘1’ go to master receiver section.

This is the final step for master transmitter function of 12C, handling STOP interrupt. The STOP bit indicates that
data transfer between master and slave is over. To clear I2CSR, write arbitrary value to I2CSR. After this, 12C

enters idle state.

11.9.8.2 Master Receiver

To operate 12C in master receiver, follow the recommended steps below.

1.
2.

Enable 12C by setting IICEN bit in I2CMR. This provides main clock to the peripheral.

Load SLA+R into the I2CDR where SLA is address of slave device and R is transfer direction from the viewpoint
of the master. For master receiver, R is ‘1’. Note that I2CDR is used for both address and data.

Configure baud rate by writing desired value to both I2CSCLLR and I2CSCLHR for the Low and High period of
SCL line.

Configure the I2CSDAHR to decide when SDA changes value from falling edge of SCL. If SDA should change
in the middle of SCL LOW period, load half the value of I2CSCLLR to the I2CSDAHR.

Set the START bit in I2CMR. This transmits a START condition. And also configure how to handle interrupt and
ACK signal. When the START bit is set, 8-bit data in I2CDR is transmitted out according to the baud-rate.

This is ACK signal processing stage for address packet transmitted by master. When 7-bit address and 1-bit
transfer direction is transmitted to target slave device, the master can know whether the slave acknowledged or
not in the 9th high period of SCL. If the master gains bus mastership, 12C generates GCALL interrupt regardless
of the reception of ACK from the slave device. When 12C loses bus mastership during arbitration process, the
MLOST bit in I2CSR is set, and 12C waits in idle state or can be operate as an addressed slave. To operate as a
slave when the MLSOT bit in I2CSR is set, the ACKEN bit in I2CMR must be set and the received 7-bit address
must equal to the SLA bits in I2CSAR. In this case 12C operates as a slave transmitter or a slave receiver (go to

appropriate section). In this stage, 12C holds the SCL LOW. This is because to decide whether 12C continues
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serial transfer or stops communication. The following steps continue assuming that 12C does not lose

mastership during first data transfer.
I2C (Master) can choose one of the following cases according to the reception of ACK signal from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can prepare and transmit
more data to master. Configure ACKEN bit in I2CMR to decide whether 12C ACKnowledges the next data to be
received or not.

2) Master stops data transfer because it receives no ACK signal from slave. In this case, set the STOP bit in
I2CMR.

3) Master transmits repeated START condition due to no ACK signal from slave. In this case, load SLA+R/W
into the 1I2CDR and set START bit in 2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1), move to
step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of 3), move to step 6 after transmitting
the data in I2CDR and if transfer direction bit is ‘0’ go to master transmitter section.

1-byte of data is being received.

This is ACK signal processing stage for data packet transmitted by slave. 12C holds the SCL LOW. When 1-byte

of data is received completely, 12C generates TEND interrupt.
I2C can choose one of the following cases according to the RXACK flag in I2CSR.

1) Master continues receiving data from slave. To do this, set ACKEN bit in I2CMR to ACKnowledge the next

data to be received.

2) Master wants to terminate data transfer when it receives next data by not generating ACK signal. This can be
done by clearing ACKEN bit in [2CMR.

3) Because no ACK signal is detected, master terminates data transfer. In this case, set the STOP bit in [2CMR.
4) No ACK signal is detected, and master transmits repeated START condition. In this case, load SLA+R/W into
the I2CDR and set the START bit in I2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1) and 2),
move to step 7. In case of 3), move to step 9 to handle STOP interrupt. In case of 4), move to step 6 after

transmitting the data in I2CDR, and if transfer direction bit is ‘0’ go to master transmitter section.

This is the final step for master receiver function of 12C, handling STOP interrupt. The STOP bit indicates that
data transfer between master and slave is over. To clear I2CSR, write arbitrary value to I2CSR. After this, 12C

enters idle state.

11.9.8.3 Slave Transmitter

To operate 12C in slave transmitter, follow the recommended steps below.

1.

If the main operating clock (SCLK) of the system is slower than that of SCL, load value 0x00 into I2CSDAHR to
make SDA change within one system clock period from the falling edge of SCL. Note that the hold time of SDA
is calculated by SDAH x period of SCLK where SDAH is multiple of number of SCLK coming from I2CSDAHR.
When the hold time of SDA is longer than the period of SCLK, 12C (slave) cannot transmit serial data properly.
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Enable 12C by setting IICEN bit and INTEN bit in I2CMR. This provides main clock to the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with SLA bits in I2CSAR. If
the GCALLEN bit in I2CSAR is enabled, 12C compares the received data with value 0x00, the general call
address.

If the received address does not equal to SLA bits in I2CSAR, 12C enters idle state ie, waits for another START
condition. Else if the address equals to SLA bits and the ACKEN bit is enabled, 12C generates SSEL interrupt
and the SCL line is held LOW. Note that even if the address equals to SLA bits, when the ACKEN bit is disabled,
I2C enters idle state. When SSEL interrupt occurs, load transmit data to I2CDR and write arbitrary value to
I2CSR to release SCL line.

1-byte of data is being transmitted.

In this step, 12C generates TEND interrupt and holds the SCL line LOW regardless of the reception of ACK

signal from master. Slave can select one of the following cases.

1) No ACK signal is detected and 12C waits STOP or repeated START condition.
2) ACK signal from master is detected. Load data to transmit into I2CDR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1) move to
step 7 to terminate communication. In case of 2) move to step 5. In either case, a repeated START condition
can be detected. For that case, move step 4.

This is the final step for slave transmitter function of 12C, handling STOP interrupt. The STOP bit indicates that
data transfer between master and slave is over. To clear I2CSR, write arbitrary value to I2CSR. After this, 12C

enters idle state.

11.9.8.4 Slave Receiver

To operate 12C in slave receiver, follow the recommended steps below.

1.

If the main operating clock (SCLK) of the system is slower than that of SCL, load value 0x00 into I2CSDAHR to
make SDA change within one system clock period from the falling edge of SCL. Note that the hold time of SDA
is calculated by SDAH x period of SCLK where SDAH is multiple of number of SCLK coming from I2CSDAHR.
When the hold time of SDA is longer than the period of SCLK, 12C (slave) cannot transmit serial data properly.
Enable 12C by setting IICEN bit and INTEN bit in I2CMR. This provides main clock to the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with SLA bits in I2CSAR. If
the GCALLEN bit in I2CSAR is enabled, 12C compares the received data with value 0x00, the general call
address.

If the received address does not equal to SLA bits in I2CSAR, 12C enters idle state ie, waits for another START
condition. Else if the address equals to SLA bits and the ACKEN bit is enabled, 12C generates SSEL interrupt
and the SCL line is held LOW. Note that even if the address equals to SLA bits, when the ACKEN bit is disabled,
I2C enters idle state. When SSEL interrupt occurs and I12C is ready to receive data, write arbitrary value to
I2CSR to release SCL line.

1-byte of data is being received.

In this step, 12C generates TEND interrupt and holds the SCL line LOW regardless of the reception of ACK
signal from master. Slave can select one of the following cases.
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1) No ACK signal is detected (ACKEN=0) and 12C waits STOP or repeated START condition.

2) ACK signal is detected (ACKEN=1) and 12C can continue to receive data from master.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In case of 1) move to

step 7 to terminate communication. In case of 2) move to step 5. In either case, a repeated START condition

can be detected. For that case, move step 4.

7. This is the final step for slave receiver function of 12C, handling STOP interrupt. The STOP bit indicates that

data transfer between master and slave is over. To clear I2CSR, write arbitrary value to I2CSR. After this, 12C

enters idle state.

11.9.9 Register Map

Name Address Dir Default Description
I2CMR DAH R/W O00H 12C Mode Control Register
I2CSR DBH R O00H I12C Status Register
I2CSCLLR DCH R/W 3FH SCL Low Period Register
I2CSCLHR DDH R/W 3FH SCL High Period Register
I2CSDAHR DEH RW 01H SDA Hold Time Register
I2CDR DFH R/W FFH I12C Data Register
I2CSAR D7H R/W 00H 12C Slave Address Register
I2CSAR1 D6H R/W 00H 12C Slave Address Register 1
Table 11.20 Register Map

11.9.10 12C Register Description

I12C Registers are composed of 12C Mode Control Register (I2CMR), 12C Status Register (I2CSR), SCL Low Period
Register (I2CSCLLR), SCL High Period Register (I2CSCLHR), SDA Hold Time Register (I2CSDAHR), 12C Data
Register (I2CDR), and 12C Slave Address Register (I2CSAR).
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11.9.11 Register Description for 12C

I2CMR (12C Mode Control Register) : DAH

7 6 5 4 3 2 1 0
| IF | ncen | RESET | INTEN ACKEN MASTER STOP START
RW RW RW RW RW R RW RW
Initial value : 00H
IF This is interrupt flag bit.
0 No interrupt is generated or interrupt is cleared
1 An interrupt is generated
IICEN Enable I2C Function Block (by providing clock)
0 12C is inactive
1 I12C is active
RESET Initialize internal registers of 12C.
0 No operation
1 Initialize 12C, auto cleared
INTEN Enable interrupt generation of 12C.
0 Disable interrupt, operates in polling mode
1 Enable interrupt
ACKEN Controls ACK signal generation at ninth SCL period.
Note) ACK signal is output (SDA=0) for the following 3 cases.
When received address packet equals to SLA bits in I2CSAR
When received address packet equals to value 0x00 with GCALL
enabled
When 12C operates as a receiver (master or slave)
0 No ACK signal is generated (SDA=1)
1 ACK signal is generated (SDA=0)
MASTER Represent operating mode of 12C
0 I2C is in slave mode
1 I2C is in master mode
STOP When 12C is master, generates STOP condition.
0 No operation
1 STOP condition is to be generated
START When 12C is master, generates START condition.
0 No operation
1 START or repeated START condition is to be generated
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I2CSR (I12C Status Register) : DBH

7 6 5 4 3 2 1 0
| ocaL | TN | sToP SSEL MLOST BUSY TMODE RXACK
R R R R R R R R

Initial value : 00H

GCALL This bit has different meaning depending on whether 12C is master or

slave. NOTE)
When 12C is a master, this bit represents whether it received AACK
(Address ACK) from slave.
When 12C is a slave, this bit is used to indicate general call.
0 No AACK is received (Master mode)
1 AACK is received (Master mode)
0 Received address is not general call address (Slave mode)
1 General call address is detected (Slave mode)
TEND This bit is set when 1-byte of data is transferred completely. NOTE)
0 1-byte of data is not completely transferred
1 1-byte of data is completely transferred
STOP This bit is set when STOP condition is detected. NOTE)
0 No STOP condition is detected
1 STOP condition is detected
SSEL This bit is set when 12C is addressed by other master. NOTE)
0 I12C is not selected as slave
1 I2C is addressed by other master and acts as a slave
MLOST This bit represents the result of bus arbitration in master mode. NOTE)
0 I2C maintains bus mastership
1 I2C has lost bus mastership during arbitration process
BUSY This bit reflects bus status.
0 I2C bus is idle, so any master can issue a START condition
1 I12C bus is busy
TMODE This bit is used to indicate whether 12C is transmitter or receiver.
0 I12C is a receiver
1 I12C is a transmitter
RXACK This bit shows the state of ACK signal.
0 No ACK is received
1 ACK is generated at ninth SCL period

NOTE)
1. These bits can be source of interrupt.

When an 12C interrupt occurs except for STOP interrupt, the SCL line is hold LOW. To release SCL, write arbitrary
value to I2CSR. When I12CSR is written, the TEND, STOP, SSEL, LOST, RXACK bits are cleared.
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I2CSCLLR (SCL Low Period Register) : DCH

7 6 5 4 3 2 1 0
sz | soue |  sous | sols SCLL3 SCLL2 SCLL1 SCLLO
RW RW RW RW RW RW RW RW

Initial value : 3FH

SCLL[7:0] This register defines the LOW period of SCL when 12C operates in
master mode. The base clock is SCLK, the system clock, and the
period is calculated by the formula : tscik X (4 X SCLL + 1) where
tscik is the period of SCLK.

I2CSCLHR (SCL High Period Register) : DDH

7 6 5 4 3 2 1 0
stz | sae sctHs | souw SCLH3 SCLH2 SCLH SCLHO
RW RW RW RW RW RW RW RW

Initial value : 3FH

SCLHI[7:0] This register defines the HIGH period of SCL when 12C operates in
master mode. The base clock is SCLK, the system clock, and the
period is calculated by the formula : tscik X (4 X SCLH + 3) where
tscik is the period of SCLK.

So, the operating frequency of 12C in master mode (fI2C) is calculated by the following equation.
1

fl2Cc =
tSCLK X (4 (SCLL + SCLH) + 4)

I2CSDAHR (SDA Hold Time Register) : DEH

7 6 5 4 3 2 1 0
spaH7 | spaHe | spas | spam SDAH3 SDAH? SDAH SDAHO
RW RW RW RW RW RW RW RW

Initial value : 01H

SDAHI7:0] This register is used to control SDA output timing from the falling
edge of SCL. Note that SDA is changed after tscik X SDAH. In
master mode, load half the value of SCLL to this register to make
SDA change in the middle of SCL. In slave mode, configure this
register regarding the frequency of SCL from master. The SDA is
changed after tscik X (SDAH + 1). So, to insure normal operation
in slave mode, the value tscik X (SDAH + 1) must be smaller than
the period of SCL.

I2CDR (I2C Data Register) : DFH

7 6 5 4 3 2 1 0
| co7 | cD6 | ICD5 ICD4 ICD3 IcD2 ICD1 ICDO
RW RW RW RW RW RW RW RW

Initial value : FFH

ICD[7:0] When 12C is configured as a transmitter, load this register with data
to be transmitted. When 12C is a receiver, the received data is
stored into this register.
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I2CSAR (I12C Slave Address Register) : D7H

7 6 5 4 3 2 1 0
| sw& | sm | s | s SLA3 SLA2 SLA1 GCALLEN
RW R RW R RW R RW RW

SLA[7:1] These bits configure the slave address of this I2C module when 12C
operates in slave mode.

GCALLEN This bit decides whether 12C allows general call address or not
when 12C operates in slave mode.

0 Ignore general call address
1 Allow general call address

I2CSAR1 (I12C Slave Address Register 1) : D6H

Initial value : 00H

7 6 5 4 3 2 1 0
| sw& | sm | sss | swm SLA3 SLA2 SLA1 GCALLEN
RW RW RW RW RW RW RW RW

SLA[7:1] These bits configure the slave address of this I2C module when 12C
operates in slave mode.

GCALLEN This bit decides whether 12C allows general call address or not
when 12C operates in slave mode.

0 Ignore general call address
1 Allow general call address

Initial value : 00H
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11.10 12-bit A/D Converter

11.10.1 Overview

The analog-to-digital converter (A/D) allows conversion of an analog input signal to a corresponding 12-bit digital value.
The A/D module has tenth analog inputs. The output of the multiplex is the input into the converter, which generates
the result via successive approximation. The A/D module has four registers which are the control register ADCM (A/D
Converter Mode Register), ADCM2 (A/D Converter Mode Register 2) and A/D result register ADCHR (A/D Converter
Result High Register) and ADCLR (A/D Converter Result Low Register). It is selected for the corresponding channel to
be converted by setting ADSEL[3:0]. To executing A/D conversion, ADST bit sets to “1". The register ADCHR and
ADCLR contains the results of the A/D conversion. When the conversion is completed, the result is loaded into the
ADCHR and ADCLR, the A/D conversion status bit AFLAG is set to ‘1’, and the A/D interrupt is set. For processing A/D
conversion, AFLAG bit is read as ‘0’. If using STBY (power down) bit, the ADC is disabled. Also internal timer, external

generating event, comparator, the trigger of timer1pwm and etc. can start ADC regardless of interrupt occurrence.
ADC Conversion Time = ADCLK * 60 cycles

After STBY bit is reset (ADC power enable) and it is restarted, during some cycle, ADC conversion value may have an

inaccurate value.

11.10.2 Block Diagram

4 _
p +8

| Pre =% mux
SCLK scaler | 16 .

+32
12bit A/D Converter Data Register
2
\ CKSEL[1:0] ADCLK ADCRH[7:0] ADCRL[7:4] ADST or

(8bit) (4bit) EXTRG
VDD18C| |_.
— ~— — ICIear
AN14 D_. [B9] \} B8]
12

AFLAG

AN13|:|_.
AN12|:|_>

A

MUX > Successive ADC
Approximation —»| ADIF > Interrupt
Circuit
Comparator
4

ADS[3:0]

REFSEL

ANO| I > Resistor Ladder |
0/0 Circuit

Figure 11.58

ADC Block Diagram
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Analog

Input © ANO~ AN14

0~1000pF

Figure 11.59  A/D Analog Input Pin Connecting Capacitor

Analog
Power ©
Input

AVDD

22uF

Figure 11.60  A/D Power(AVDD) Pin Connecting Capacitor

11.10.3 ADC Operation

Align bit set “0”

|ADCO11 |ADCO10| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCO0 |

] ] Y ¥ Y v y Y Y y y ]
| ADCRH7 | ADCRH6 | ADCRH5 |ADCRH4 |ADCRH3 |ADCRH2 |ADCRH1 |ADCRHO | ADCRL7 | ADCRL6 | ADCRL5 | ADCRL4 |

- ol _
—~ ~

. ADCRL[7:4]
ADCRH[7:0] ADCRL[3:0] bits are “0”

Align bit set “1”

|ADCO11 |ADCO10| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCO0 |

Y Y Y v ¥ y y y y Y Y Y
|ADCRH3 | ADCRH2 | ADCRH1 |ADCRHO | ADCRL7 | ADCRL6 | ADCRL5 | ADCRL4 | ADCRL3 | ADCRL2 | ADCRL1 | ADCRLO |

N N —
~" g

ADCRH[4:0] .
ADCRH][7:4] bits are “0” ADCRL[7:0]

Figure 11.61 ADC Operation for Align bit
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SET ADCM2

AFLAG =1?

READ ADCRH/L

\

ADC END ]

a2 o o O OO

Select ADC Clock & Data Align bit.

ADC Enable & Select AN Input Channel.

Start ADC Conversion.

If Conversion is completed, AFLAG is set “1” and ADC
interrupt is occurred.

After Conversion is completed, read ADCRH and ADCRL.

Figure 11.62

11.10.4 Register Map

Converter Operation Flow

Name Address Dir Default Description
ADCM COH R/W 8FH A/D Converter Mode Register
ADCRL C8H R - A/D Converter Result High Register
ADCRH C9H R - A/D Converter Result Low Register
ADCM2 C1H R/W 8FH A/D Converter Mode 2 Register
Table 11.21 Register Map

11.10.5 ADC Register Description

The ADC Register consists of A/D Converter Mode Register (ADCM), A/D Converter Result High Register (ADCRH),
A/D Converter Result Low Register (ADCRL), A/D Converter Mode 2 Register (ADCM2).
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11.10.6 Register Description for ADC

ADCM (A/D Converter Mode Register) : COH

7 6 5 4 3 2 1 0
|  smy ADST | REFSEL | AFIAG | ADSHEL3 ADSEL2 |  ADSEL ADSELO
RW RW RW R RW RW RW RW
Initial value : 8FH
STBY Control operation of A/D standby (power down)
0 ADC module enable
1 ADC module disable (power down)
ADST Control A/D Conversion stop/start.
0 ADC Conversion Stop
1 ADC Conversion Start
REFSEL A/D Converter reference selection
0 Internal Reference (VDD)
1 External Reference(AVREF, ANO disable)
AFLAG A/D Converter operation state
0 During A/D Conversion
1 A/D Conversion finished
ADSEL[3:0] A/D Converter input selection

ADSEL3 ADSEL2 ADSEL1 ADSELO Description

0 0 0 0 Channel0(ANO)

0 0 0 1 Channel1(AN1)

0 0 1 0 Channel2(AN2)

0 0 1 1 Channel3(AN3)

0 1 0 0 Channel4(AN4)

0 1 0 1 Channel5(AN5)

0 1 1 0 Channel6(ANG6)

0 1 1 1 Channel7(AN7)

1 0 0 0 Channel8(AN8)

1 0 0 1 Channel9(AN9)

1 0 1 0 Channel10(AN10)

1 0 1 1 Channel11(AN11)

1 1 0 0 Channel12(AN12)

1 1 0 1 Channel13(AN13)

1 1 1 0 Channel14(AN14)

1 1 1 1 Channel15(VDD18)

ADCRH (A/D Converter Result High Register) : C9H
7 6 5 4 3 2 1 0
ADDM11 ADDM10 ADDM9 ADDM8 ADDM7 ADDM6 ADDM5 ADDV4
ADDL11 ADDL10 ADDL9 ADDL8
R R R R R R R R
Initial value : xxH
ADDM[11:4] MSB align, A/D Converter High result (8-bit)
ADDL[11:8] LSB align, A/D Converter High result (4-bit)
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ADCRL (A/D Converter Result Low Register) : C8H

7 6 5 4 3 2 1 0
ADDM3 ADDM2 ADDM!1 ADDMO
ADDL7 ADDLG ADDL5 ADDL4 ADDL3 ADDL2 ADDL1 ADDLO
R R R R R R R R

Initial value : xxH

ADDM[3:0] MSB align, A/D Converter Low result (4-bit)
ADDL[7:0] LSB align, A/D Converter Low result (8-bit)

ADCM2 (A/D Converter Mode Register) : C1H

7 6 5 4 3 2 1 0
| Bxare | TSER2 TSEL1 | TSEWO AMUXEN ALIGN CKSEL1 CKSELO
RW RW RW RW RW RW RW RW

Initial value : 01H

EXTRG A/D external Trigger
0 External Trigger disable
1 External Trigger enable
TSEL[2:0] A/D Trigger Source selection
TSEL2 TSEL1 TSELO Description

0 0 0 Ext. Interrupt O
0 0 1 Analog Comparator Low to High Transition
0 1 0 Analog Comparator High to Low Transition
0 1 1 Timer1PWM overflow event
1 0 0 Timer1PWM A-ch event compare match
1 0 1 Timer1PWM B-ch event compare match
1 1 0 Timer1PWM C-ch event compare match
1 1 1 Timer3(PWM) interrupt
AMUXEN Control A/D Converter MUX output for Comparator AC+ Signaling
0 A/D Converter MUX output disable
1 When STBY=1, A/D Converter MUX output enable
ALIGN A/D Converter data align selection.
0 MSB align (ADCRH([7:0], ADCRL[7:4])
1 LSB align (ADCRH[3:0], ADCRL[7:0])
CKSEL[1:0] A/D Converter Clock selection
CKSEL1 CKSELO ADC Clock ADC VDD
0 0 fx/4 Test Only
0 1 fx/8 3V~5V
1 0 fx/16 2.7V~3V
1 1 fx/32 2.4V~2.7V

NOTE)
1. fx: system clock
2. ADC clock have to be used 3MHz under
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11.11 Analog Comparator

11.11.1 Overview

The Analog Comparator compares the input values on the positive pin AC+ and the negative pin AC-. When the

voltage on the positive pin AC+ is higher than the voltage on the negative pin AC-, the Analog Comparator output,

ACOUT, is set.

11.11.2 Block Diagram

AMUXEN

Interrupt

Comparator

ACE
AC- 1
(PO5)
MUX > -
AI)C“AU)(""—-*":l”; ;’;///
N

B/G Vref —>

AC+
(P04)

<
C
X

_\o

BGRSEL

A

Select

ACIE

f

ACISM[1:0]

ACOUT

Analog
>—> Comparator
Interrupt

ACIF

Other functiong—>

\

N
MUX

— Po6

gl

ACO_OUTEN

Figure 11.63  Analog Comparator Block Diagram

11.11.3 IN/OUT signal description

ACE : This enables Analog Comparator. When ACE is ‘0", the output of Comparator goes LOW.

BGR : Band Gap Reference Voltage

ACBG : This selects (+) input source between BGR and AC+. When ACBG is ‘1’, the (+) input to AC is BGR.

AC- : This can be (-) input to the AC, and comes directly from external analog pad.

AC+ : This can be (+) input to the AC, and comes directly from external analog pad.

ACOUT : This is the output of Comparator.

ACO_OUTEN : Analog Comparator output port Enable.
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11.11.4 Register Map

Name Address Dir Default Description

ACCSR FOH R/W 00H Analog Comparator Control & Status Register

Table 11.22 Register Map

11.11.5 Analog Comparator Register Description

Analog Comparator Register has one control register, Analog Comparator Control & Status Register (ACCSR). Note
that AMUXENB is the inverted signal of AMUXEN bit which comes from ADC’s ADCM2 register.

11.11.6 Register Description for USI0

ACCSR (Analog Comparator Control & Status Register) : F9H

7 6 5 4 3 2 1 0
| A | acsG ACO ACF | ACE | ACOOUTEN ACISMI ACISMO
RW RW R R RW RW RW RW
Initial value : 00H

ACE Enable Analog Comparator (AC).
0 Disable AC (power down)
1 Enable AC

BGRSEL Select (+) input source of AC, Band Gap Reference Voltage or AN4.

0 (+) input is from AN4
1 (+) input is from Band Gap Reference Voltage

ACO This bit represents the value of ACOUT (Output of Analog Comparator).
When ACE is ‘0, this bit is also cleared.
0 Comparator output is LOW
1 Comparator output is HIGH

ACIF This bit is set when an Analog Comparator Interrupt is generated

according to the ACISM[1:0] bits. This bit is cleared when Analog
Comparator Interrupt is executed or ‘0’ is written to this bit field.

0 No interrupt generated or cleared
1 Interrupt generated
ACIE Enable Analog Comparator Interrupt.

0 Disable Interrupt, Polling mode operation
1 Enable Interrupt

ACO_OUTEN Analog Comparator output port Enable
0 Disable
1 Enable

ACISM[1:0] Select Interrupt Mode of Analog Comparator.
ACISM1 ACISMO Description

0 0 Interrupt on rising edge of ACOUT
0 1 Interrupt on falling edge of ACOUT
1 0 Interrupt on both edge of ACOUT
1 1 Interrupt on both edge of ACOUT
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12 Power Down Operation

12.1

Overview

The MC97FG316 has three power-down modes to minimize the power consumption of the device. In power down

mode, power consumption is reduced considerably. The device provides three kinds of power saving functions, IDLE,

STOP1 and STOP2 mode. In three modes, program is stopped.

12.2 Peripheral Operation in IDLE/STOP Mode

Peripheral IDLE Mode STOP1 Mode STOP2 Mode
CPU ALL CPU Qperatlon ALL CPU Operation are Disable ALL CPU Operation are Disable
are Disable
RAM Retain Retain Retain
Basic Interval Operates .
Timer Continuously Operates Continuously Stop
Watch Dog Operates .
Timer Continuously Operates Continuously Stop
Watch Timer Operates Stop (Only operate in sub clock mode) Stop (Only operate in sub clock mode)
Continuously
Oberates Halted (Only when the Event Counter | Halted (Only when the Event Counter
TimerP0~4 P Mode is Enable, Timer operates | Mode is Enable, Timer operates
Continuously
Normally) Normally)
Operates
ADC Continuously Stop Stop
Operates
BUZ Continuously Stop Stop
SPI/SCI Opgrates Only operate with external clock Only operate with external clock
Continuously
Operates
12C Continuously Stop Stop
Internal OSC A
(8MHz) Oscillation Stop Stop
Main OSC o
(1~12MHz) Oscillation Stop Stop
Sub OSC A _— I
(32.768kHz) Oscillation Oscillation Oscillation
Internal
RCOSC Oscillation Oscillation Stop
(125kHz)
1/0 Port Retain Retain Retain
Coqtrol Retain Retain Retain
Register
Addr%izData Retain Retain Retain
By RESET, Timer Interrupt (ECO, EC2), | By RESET, Timer Interrupt (ECO, EC2),
Release By RESET, all SIO (External clock), External Interrupt, | SIO (External clock), External Interrupt,
Method Interrupts UART by ACK PCI, I12C (slave mode), | UART by ACK PCI, 12C (slave mode),
WT (sub clock), AC, WDT, BIT WT (sub clock), AC
Table 12.1 Peripheral Operation during Power Down Mode
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12.3 IDLE Mode

The power control register is set to ‘01h’ to enter the IDLE Mode. In this mode, the internal oscillation circuits remain
active. Oscillation continues and peripherals are operated normally but CPU stops. It is released by reset or interrupt.
To be released by interrupt, interrupt should be enabled before IDLE mode. If using reset, because the device

becomes initialized state, the registers have reset value.

e JUNUUUUVLVULULL - JUUVULUUVLLUL

External
Interrupt

R :
Normal Operation >< Stand-by Mode Normal Operation

Figure 12.1 IDLE Mode Release Timing by External Interrupt

h)Y

= JUUULUL- SUUUVUVULUL - JUUVUVUUIL
1l

R
RESETB Rel
Set PCON clease
to 01
BIT Counter (m-2 A m1 A m ) ( n ) 0 X 0 ) 0 1 ) FD X FE FF 0 x 1
564 Tosc Clear & Start
- s TST = 65.5ms @ 8Mhz
Normal Operation L SLEEP Mode < »A Normal Operation
b)Y

Tosc = 1/fosc W
fosc = 8MHz 1
PRD[2:0] in BCCR = 1115 TST = £ogc X 2048 x 256

BCK[2:0] in BCCR =111

Figure 12.2 Figure 1IDLE Mode Release Timing by /RESET

(Ex) MOV  PCON, #0000_0001b ; setting of IDLE mode : set the bit of STOP and IDLE Control register (PCON)
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12.4 STOP Mode

The power control register is set to ‘03h’ to enter the STOP Mode. In the stop mode, the main oscillator, system clock
and peripheral clock is stopped, but watch timer continue to operate. With the clock frozen, all functions are stopped,
but the on-chip RAM and control registers are held.

The source for exit from STOP mode is hardware reset and interrupts. The reset re-defines all the control registers.
When exit from STOP mode, enough oscillation stabilization time is required to normal operation. Figure 12.3 shows
the timing diagram. When released from STOP mode, the Basic interval timer is activated on wake-up. Therefore,
before STOP instruction, user must be set its relevant prescaler divide ratio to have long enough time (more than

20msec). this guarantees that oscillator has started and stabilized.

wo MMM, NI~ AN

«
N
Ad)
CPU Clock ||||||||||||||| ||||||
N Rel
External o /
Interrupt
STOP Command
5
X
BIT Counter ( n ) n+1 n+2Xn+3 XX 0 X 1 X 2 ) “ee FEx FF (IXI
R
> Clear & Start
64 Tosc
?2 TST > 20ms by Software ——
Normal Operation ) STOP Mode < »1 Normal Operation
Tosc = 1fosc Before executing STOP command, BCCR must be set properly
PRD[2:0] in BCCR = 1115 by software to get stability time is to be longer than 20ms.

Figure 12.3 STOP Mode Release Timing by External Interrupt

1 T R

N

ALY
CPU Clock |||||||||||||||

X< |
RESETB
| |\~ Release

STOP Command
N
A3
BIT Counter m-2 } m-1 m n Xx 0 x 1 x 2 ) FE X FF 0 x 1
R

= E

i
{ |
64 Tosc Clear & Start
- R TST = 65.5ms @ 8MHz —
Normal Operation LSTOP Mode < »4 Normal Operation
R
Tosc = 1/fosc TST= ———— x 256
PRDI[2:0] in BCCR = 111g fOSC + 2048

Figure 12.4 STOP Mode Release Timing by /RESET
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12.5 Release Operation of STOP1, 2 Mode

After STOP1, 2 mode is released, the operation begins according to content of related interrupt register just before
STOP1, 2 mode start (Figure 12.5). Interrupt Enable Flag of All (EA) of IE should be set to "1°. Released by only

interrupt which each interrupt enable flag = “1°, and jump to the relevant interrupt service routine.

SET SCCR.7
SET PCON][1:0]
SET IEx.b
\
STOP1, 2 Mode <
A
Interrupt Request
Corresponding Interrupt N

Enable bit(IE, IE1, IE2, IE3)

STOP1, 2 Mode
Release

\

Interrupt Service
Routine

Nest Instruction

Figure 12.5 STOP1, 2 Mode Release Flow
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12.5.1 Register Map

Name Address Direction Default Description
PCON 87H R/W 00H Power Control Register
Table 12.2 Register Map

12.5.2 Power Down Operation Register Description

The power down operation register consists of the power control register (PCON).

12.5.3 Register Description for Power Down Operation

PCON (Power Control Register) : 87H

7 6 5 2 1 0
| b7 e | b5 bit4 bit2 bit1 bt
RW RW RW RW RW RW RW RW
Initial value : 00H
IDLE Mode

NOTE)

01H IDLE mode enable

STOP1, 2 Mode
03H STOP1, 2 mode enable

1. To enter IDLE mode, PCON must be set to ‘01H".

oD

To STOP1,2 mode, PCON must be set to ‘03H’.
(In STOP1,2 mode, PCON register is cleared automatically by interrupt or reset)

When PCON is set to ‘03H’, if SCCRJ[7] is set to ‘1’, it enters the STOP1 mode. if SCCR][7] is cleared to ‘0’, it
enters the STOP2 mode

5. The different thing in STOP 1,2 is only clock operation of internal 125kHz-OSC during STOP mode operating.

168



13 RESET

13.1 Overview

The MC97FG316 has reset by external RESETB pin. The following is the hardware setting value.

On Chip Hardware Initial Value
Program Counter (PC) 0000h
Accumulator 00h
Stack Pointer (SP) 07h
Peripheral Clock On

Control Register

Peripheral Registers refer

Brown-Out Detector

Enable

Table 13.1 Reset state

13.2 Reset Source

The MC97FG316 has five types of reset generation procedures. The following is the reset sources.

- External RESETB
- Power ON RESET (POR)

- WDT Overflow Reset (In the case of WDTEN = "1)
- BOD Reset (In the case of BODEN ="1")

- OCD Reset

13.3 RESET Block Diagram

Ext RESET
Disable by FUSE

RESET Noise
Canceller

BOD_OUT
BOD Enable

RESET Noise
Canceller

PORRST

WDT RST

WDT RSTEN

OCD RST

OCD RSTEN

ow

| >R
IFBIT
(BIT Overflow)

Figure 13.1 RESET Block Diagram
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13.4 RESET Noise Canceller

The Figure 13.2 is the Noise canceller diagram for Noise cancel of RESET. It has the Noise cancel value of about 7us
(@VDD=5V) to the low input of System Reset.

S e
t>T.§;Nc t>§TRNC s T
[ I
Figure 13.2 Reset noise canceller time diagram

13.5 Power on RESET

When rising device power, the POR (Power ON Reset) have a function to reset the device. If using POR, it executes
the device RESET function instead of the RESET IC or the RESET circuits. And External RESET PIN is able to use as
Normal I/O pin.

Fast VDD Rise Time

VDD

nPOR
(Internal Signal)

]
BIT Overflows |
[}
[}

: BIT Starts |
—> 7

[}

v R R

Oscillation ’ ’

Internal RESETb

Figure 13.3 Fast VDD rising time
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Fast VDD Rise Time

VDD

nPOR
(Internal Signal)

1
BIT Overflows :
1
1

| BIT Starts 7'
—>

1

v R R

Oscillation ’ ’

Internal RESETb

Figure 13.4 Internal RESET Release Timing On Power-Up

Counting for configure option read start after POR is released

1
VDD /

Internal nPOR I
PAD RESETB |/ |

“yr :
BOD_RESETB I
1
I

Ext_reset have not an effect on counter value for configure option
read

conty (NN 05 Fi )

Configure option | 256us X 30h = about 12ms Vl'l
Read - |

]

|

| 256us X 40h = about 16ms
RESET_SYSB - >

|

1

1

I
I

rveoscraszs | LAl
I

RING-OSC 125kHz/32=3.906kHz (256us)

Figure 13.5 Configuration timing when Power-on

171




= VDD Input
= :Internal OSC

®
@
Reset Release _l _{
Configure
option Read
POR }
“ N 1 A v
Y Y D'd
® ® ® )
Figure 13.6 Boot Process Waveform
Process Description Remarks
® -No Operation
-1st POR level Detection
@ -RING OSC (12kHz) ON -about 1.4V~ 1.5V
- (RING-OSC12kHz/32)x30h Delay section (=128ms)
® -VDD input voltage must rise over than flash operating voltage for | -Slew Rate >= 0.025V/ms
Configure option read
-about 1.5V ~ 1.6V
@ - Configure option read point -Configure option Value is determined
by Writing Option
® - Rising section to Reset Release Level -16ms point after POR or Ext_reset
release
- Reset Release section (BIT overflow)
® i) after 16ms, after External Reset Release (External reset) - BIT is used for Peripheral stability
ii) 16ms point after POR (POR only)
@ -Normal operation
Table 13.2 Boot Process Description
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13.6 External RESETB Input

The External RESETB is the input to a Schmitt trigger. A reset in accomplished by holding the reset pin low for at least
Tus over, within the operating voltage range and oscillation stable, it is applied, and the internal state is initialized. After
reset state becomes ‘1’, it needs the stabilization time with 16ms and after the stable state, the internal RESET

becomes ‘1. The Reset process step needs 5 oscillator clocks. And the program execution starts at the vector address
stored at address 0000H.

|1l z]=]<]s]
e AL AN AN

»
A3
RESETB ////
Release

R
Internal /

RESETB Release
ADDRESS
BUS €3 8 (i "ZXEX
CORE ” \ R
BUS ‘ . !

TST = 16ms Stabilization Time gtliiET Process Main Program
TST = 71 256
= fosc = 2048~
Figure 13.7 Timing Diagram after RESET
PRESCALER COUNT START
VDD [\/\MW [\
OSC START TIMING

Figure 13.8 Oscillator generating waveform example

Note)
1. As shown Figure 13.8, the stable generating time is not included in the start-up time.

173




13.7 Brown Out Detector Processor

The MC97FG316 has an On-chip Brown-out detection circuit for monitoring the VDD level during operation by
comparing it to a fixed trigger level. The trigger level for the BOD can be selected by BODLS[1:0] bit to be 1.6V, 2.5V,
3.6V or 4.2V. In the STOP mode, this will contribute significantly to the total current consumption. So to minimize the

current consumption, the BODEN bit is set to off by software.

External VDD —» STOP_MODE
Brown Out
BODLS[1:0] —| Detector ‘
(BOD) MuX RESET_BODB
BODEN > {>o—> D 0
Q
DEBOUNCE o=
CLK P r o
* Vf,: -tU — D —  BODRF
e 1a (BOD Reset Flag)
SCLK _ IS~
(System CLK) > i
nPOR
Figure 13.9 Block Diagram of BOD
VDD \\ // VaooMAX
/7 VeooMIN

Internal 16ms
RESETB

VDD \\ // \\ // VessMAX

" i VeopMIN
| t<16ms i i 16ms

Internal ! [ :‘ 7]
RESETB

Figure 13.10 Internal Reset at the power fail situation
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VDD

Internal nPOR

PAD RESETB (R20)

BOD_RESETB

BIT (for Config)

BIT (for Reset)

Configure
option Read

RESET_SYSB

RING-OSC (125kHz)

RING-OSC 125kHz/32

I
|
I
1
“q” I
I
I
I

L

( 00

'256us X 30h = about 12ms‘|-|

256us X 40h = about 16ms

/

~Main OSC Off . l”””””””””””||||””lI|”””””””””””””””“
L PP

RING-OSC 125kHz / 32 = 3.906kHz

(256us)

Figure 13.11

13.7.1 Register Map

Configuration timing when BOD RESET

Name Address Dir Default Description
BODR 86H R/W 81H BOD Control Register
Table 13.3 Register Map

13.7.2 Reset Operation Register Description

Reset control Register consists of the BOD Control Register (BODR).
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13.7.3 Register Description for Reset Operation

BODR (BOD Control Register) : 86H

7 6 5 4 3 2 1 0
| PRF | BXRF | WDTRF OCDRF BODRF | BODLSf] | BODLSD] | BODEN
RW RW RW RW RW RW RW RW
Initial value : 81H

PORF Power-On Reset flag bit. The bit is reset by writing ‘0’ to this bit.
0 No detection
1 Detection

EXTRF External Reset flag bit. The bit is reset by writing ‘0’ to this bit or by Power
ON reset.
0 No detection
1 Detection

WDTRF Watch Dog Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power ON reset.

0 No detection
1 Detection

OCDRF On-Chip Debug Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power ON reset.

0 No detection
1 Detection

BODRF Brown-Out Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power ON reset.

0 No detection
1 Detection
BODLS[1:0] BOD level Voltage
BODLS1 BODLSO Description

0 0 1.6V
0 1 2.5V
1 0 3.6V
1 1 4.2v
BODEN BOD operation
0 BOD disable
1 BOD enable
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14 On-chip Debug System

14.1 Overview

14.1.1 Description

On-chip debug System (OCD2) of MC97FG316 can be used for programming the non-volatile memories and on-chip
debugging. Detailed descriptions for programming via the OCD2 interface can be found in the following chapter.

Figure 14.1 shows a block diagram of the OCD?2 interface and the On-chip Debug system.

14.1.2 Feature

. Two-wire external interface: 1-wire serial clock input, 1-wire bi-directional serial data bus

. Debugger Access to:

All Internal Peripheral Units

Internal data RAM

Program Counter

Flash and Data EEPROM Memories

. Extensive On-chip Debug Support for Break Conditions, Including

- Break Instruction

- Single Step Break

- Program Memory Break Points on Single Address

- Programming of Flash, EEPROM, Fuses, and Lock bits through the two-wire Interface
—  On-chip Debugging Supported by Dr.Choice®

. Operating frequency

Supports the maximum frequency of the target MCU
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Target MCU internal circuit

Format
converter

LLLI DSCL

— DBG

ﬁ\g— DSDA BDC Control
m| [ <

L

CPU DBG Register

Address bus

User 1/0

Code memory )
SRAM Data memory Peripheral

-Flash
-EEPROM

Figure 14.1 Block Diagram of On-chip Debug System

14.2 Two-Pin External Interface

14.2.1 Basic Transmission Packet

*  10-bit packet transmission using two-pin interface.

*  1-packet consists of 8-bit data, 1-bit parity and 1-bit acknowledge.

»  Parity is even of ‘1’ for 8-bit data in transmitter.

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

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

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

»  Background debugger command is composed of a bundle of packet.

»  Star condition and stop condition notify the start and the stop of background debugger command respectively.
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st |Do|[D1|D2|D3|D4|[D5|DB|D7T| P | A
» DO | D1 | D2 D3| D4 |D5|DE|[D7T| P | A
i e B i R YT YT
— D0 | D1 1 D2/ D3 D4l D5l D6, D7 P ) A
e e S Sy == R O S O
» DO | D1 | D2 [ D2 | D4 | D5 | D6 | D7 A | sp

Figure 14.2

10-bit transmission packet

14.2.2 Packet Transmission Timing

14.2.2.1 Data Transfer

DSDA

LSB acknowledgement LSB acknowledgement

signal from receiver signal from receiver
DSCL

St \ ’1\ ’10\ ’1\ ’10\ ’ sp
ACK ACK
START STOP
Figure 14.3 Data transfer on the twin bus
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14.2.2.2 Bit Transfer

except Start and Stop

DSD / X X
A
DSCL \
data line
stable: change
data valid of data
allowed

Figure 14.4 Bit transfer on the serial bus

14.2.2.3 Start and Stop Condition

DSDA

DSCL

—
-/

START condition

DSDA
-T= DSCL
\ / Sp
STOP condition

Figure 14.5 Start and stop condition

14.2.2.4 Acknowledge bit

Data output
by transmitter

\_X

X

Data output

no acknowledge

By receiver \ ’
acknowledge

DSCL from

master 1 2 9 10

clock pulse for acknowledgement

Figure 14.6 Acknowledge on the serial bus
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Acknowledge bit Acknowledge bit

transrp/iﬁs_ion 500 transmission
Inimum n B
ﬁ/ < | wait HIGH start HIGH
Host g o
pSELout ¢ \ / \/

Target Device %
DSCL

AT

minimum 1T ¢«

<—  Maximum 5T —SiL— for next byte —

transmission

T\ [N\l

<— Internal Operation —

Figure 14.7 Clock synchronization during wait procedure

14.2.3 Connection of Transmission

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

? VDD

pull-up Rp Rp
resistors
DSDA(Debugger Serial Data Line)
© ©
DSCL(Debugger Serial Clock Line) l
0

]_ VDD

Host Machine(Master) Target Device(Slave)

Current source for DSCL to fast 0 to 1 transition in high speed mode

Figure 14.8 Connection of transmission
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15 Memory Programming

15.1 Overview

15.1.1 Description

MC97FG316 incorporates flash and data EEPROM memory to which a program can be written, erased, and
overwritten while mounted on the board. Also, data EEPROM can be programmed or erased in user program. Flash

area can be programmed in only OCD2 or parallel ROM mode.

Serial ISP modes and byte-parallel ROM writer mode are supported.

15.1.2 Features

*  Flash Size : 16Kbytes

*  Single power supply program and erase

*  Command interface for fast program and erase operation

*  Upto 10,000 program/erase cycles at typical voltage and temperature for flash memory

*  Upto 300,000 program/erase cycles at typical voltage and temperature for data EEPROM memory

*  Security feature

15.2 Flash and EEPROM Control and status register

Registers to control Flash and Data EEPROM are Mode Register (FEMR), Control Register (FECR), Status Register
(FESR), Time Control Register (FETCR), Address Low Register (FEARL), Address Middle Register (FEARM), address
High Register (FEARH) and Data Register (FEDR). They are mapped to SFR area and can be accessed only in

programming mode.

15.2.1 Register Map

Name Address Dir Default Description
FEMR EAH R/W 00H Flash and EEPROM Mode Register
FECR EBH R/W 03H Flash and EEPROM Control Register
FESR ECH R/W 80H Flash and EEPROM Status Register
FETCR EDH R/W 00H Flash and EEPROM Time Control Register
FEARL F2H R/W 00H Flash and EEPROM Address Low Register
FEARM F3H R/W 00H Flash and EEPROM Address Middle Register
FEARH F4H R/W 00H Flash and EEPROM Address High Register
FEDR F5H R/W 00H Flash and EEPROM Data Register
Table 15.1 Register Map
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15.2.2 Register Description for Flash and EEPROM

FEMR (Flash and EEPROM Mode Register) : EAH

7 6 5 4 3 2 1 0
| FE | EsHE PGM | ERASE PBUFF OTPE VFY FEEN
RW RW RW RW RW RW RW RW
Initial value : 00H
FSEL Select flash memory.
0 Deselect flash memory
1 Select flash memory
ESEL Select data EEPROM
0 Deselect data EEPROM
1 Select data EEPROM
PGM Enable program or program verify mode with VFY
0 Disable program or program verify mode
1 Enable program or program verify mode
ERASE Enable erase or erase verify mode with VFY
0 Disable erase or erase verify mode
1 Enable erase or erase verify mode
PBUFF Select page buffer
0 Deselect page buffer
1 Select page buffer
OTPE Select OTP area instead of program memory
0 Deselect OTP area
1 Select OTP area
VFY Set program or erase verify mode with PGM or ERASE
Program Verify: PGM=1, VFY=1
Erase Verify: ERASE=1, VFY=1
FEEN Enable program and erase of Flash and data EEPROM. When inactive, it
is possible to read as normal mode
0 Disable program and erase
1 Enable program and erase

183



FECR (Flash and EEPROM Control Register) : EBH

7 6 5 4 3 2 1 0
|  aF | A BT |  EX WRITE READ NFERST nPBRST
RW RW RW RW RW RW RW RW
Initial value : 03H

AEF Enable flash bulk erase mode
0 Disable bulk erase mode of Flash memory
1 Enable bulk erase mode of Flash memory

AEE Enable data EEPROM bulk erase mode
0 Disable bulk erase mode of data EEPROM
1 Enable bulk erase mode of data EEPROM

EXIT[1:0] Exit from program mode. It is cleared automatically after 1 clock

EXIT1 EXITO Description
0 0 Don’t exit from program mode
0 1 Don’t exit from program mode
1 0 Don’t exit from program mode
1 1 Exit from program mode

WRITE Start to program or erase of Flash and data EEPROM. It is cleared
automatically after 1 clock

0 No operation
1 Start to program or erase of Flash and data EEPROM
READ Start auto-verify of Flash or data EEPROM. It is cleared automatically
after 1 clock
0 No operation
1 Start auto-verify of Flash or data EEPROM

nFERST Reset Flash or data EEPROM control logic. It is cleared automatically
after 1 clock

0 No operation
1 Reset Flash or data EEPROM control logic.

nPBRST Reset page buffer with PBUFF. It is cleared automatically after 1 clock
PBUFF nPBRST Description
0 0 Page buffer reset
1 0 Write checksum reset

WRITE and READ bits can be used in program, erase and verify mode with FEAR registers. Read or writes for
memory cell or page buffer uses read and write enable signals from memory controller. Indirect address mode with

FEAR is only allowed to program, erase and verify
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FESR (Flash and EEPROM Status Register) : ECH

7 6 5 4 3 2 1 0
| PevBsy | VFYGOOD PCRCRD | - ROMINT WMODE EMODE VMODE
R RW R R RW R R R

PEVBSY Operation status flag. It is cleared automatically when operation starts.
Operations are program, erase or verification

0 Busy (Operation processing)

1 Complete Operation
VFYGOOD  Auto-verification result flag.

0 Auto-verification fails

1 Auto-verification successes

PCRCRD Select read mode.

0 24-bit Check-Sum read mode (default)
1 16-bit Cyclic CRC result read mode

ROMINT Flash and Data EEPROM interrupt request flag. Auto-cleared when
program/erase/verify starts. Active in program/erase/verify completion

0 No interrupt request.
1 Interrupt request.
WMODE Write mode flag
EMODE Erase mode flag
VMODE Verify mode flag

FEARL (Flash and EEPROM address low Register) : F2H

Initial value : 80H

7 6 5 4 3 2 1 0
| A7 | AR | AR5 | A4 | AR3 ARL2 ARL1 ARLO
w w w w w w w w
Initial value : 00H
ARL[7:0] Flash and EEPROM address low
FEARM (Flash and EEPROM address middle Register) : F3H
7 6 5 4 3 2 1 0
| A&Rw | ARw ARNS ARW | AR ARNR ARM! ARMO
w w w w w w w w
Initial value : 0OH
ARM[7:0] Flash and EEPROM address middle
FEARH (Flash and EEPROM address high Register) : F4H
7 6 5 4 3 2 1 0
| A7 | ARb ARHS | AR | AR ARH2 ARH ARHO
w w w w w w w w

ARH[7:0]  Flash and EEPROM address high

Initial value : 00H

FEAR registers are used for program, erase and auto-verify. In program and erase mode, it is page address and

ignored the same least significant bits as the number of bits of page address. In auto-verify mode, address increases

automatically by one.
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FEARs are write-only register. Reading these registers returns 24-bit checksum or 16-bit CRC result by PCRCRD bit
at FESR.

FEDR (Flash and EEPROM data control Register) : F5H

7 6 5 4 3 2 1 0
| FEDR | FEDRe | FEDRS | FEDR4 | FEDRS FEDR2 FEDR1 FEDRO
W W W W W W W W

Initial value : 00H

FEDRJ[7:0] Flash and EEPROM data

Data register. In no program/erase/verify mode, READ/WRITE of FECR read or write data from EEPROM or FLASH
to this register or from this register to Flash or EEPROM.

The sequence of writing data to this register is used for EEPROM program entry. The mode entrance sequence is to
write OxA5 and Ox5A to it in order.

FETCR (Flash and EEPROM Time control Register) : EDH

7 6 5 4 3 2 1 0
| TR | ToRe RS | TecR4 | TeRs TCR2 TCRI TCRO
RW RW RW RW RW RW RW RW

Initial value : 00H

TCR[7:0] Flash and EEPROM Time control

. Program and erase time is controlled by setting FETCR register. Program and erase timer uses 10-bit counter. It
increases by one at each divided system clock frequency(=SCLK/128). It is cleared when program or erase starts.
Timer stops when 10-bit counter is same to FETCR. PEVBSY s cleared when program, erase or verify starts and set

when program, erase or verify stops.
Max program/erase time at 16MHz system clock : (255+1) * 2 * (0.0625us * 128) = 4.096ms
In the case of 10% of error rate of counter source clock, program or erase time is  3.6~4.5ms

* Program/erase time calculation
for page write or erase, Tpe = (TCON+1) * 2 * (SCLK * 128)
for bulk erase, Tbe = (TCON+1) * 4 * (SCLK * 128)

Min Typ Max Unit

program/erase Time 2.4 25 2.6 ms

Table 15.2 Program/erase Time
X Recommended program/erase time at 16MHz (FETCR = 9Ch)
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15.3 Memory map

15.3.1 Flash Memory Map

Program memory uses 16-Kbyte of Flash memory. It is read by byte and written by byte or page. One page is 32-byte

FFFFh
p
R
]
G
R pgm/ers/vfy
A
M i Flash
F MUX
R 1o [ 3FFFh
u
N
T
E 16KBytes
R
0000h

Figure 15.1 Flash Memory Map

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PAGE ADDRESS WORD ADDRESS
Program Memory
0x200 5756511 > Ox1F
Page 510
0x00
Page 1
Page 0 * Page buffer size: 32Bytes
0x000
Figure 15.2 Address configuration of Flash memory
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15.3.2 Data EEPROM Memory Map

Data EEPROM memory uses 512-byte of EEPROM. It is read by byte and written by byte or page. One page is 16-
byte. It is mapped to external data memory of 8051

FFFFh
pgm/ers/vfy
: E y XDATA Memory
E T | Mux FER
AL R |
R 31FFh
L Data EEPROM
(512bytes)
3000h
0000h
Figure 15.3 Data EEPROM memory map
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PAGE ADDRESS WORD ADDRESS
Data Memory
0x31F Page 31 > OXF
Page 30
0x0
Page 1 .
9 *Page buffer size: 16Bytes
Page 0
0x300

Figure 15.4 Address configuration of data EEPROM
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15.4 Serial In-System Program Mode

Serial in-system program uses the interface of debugger which uses two wires. Refer to chapter 14 in details about

debugger.
15.4.1 Flash operation

Configuration (This Configuration is just used for follow description)

7 6 5 4 3 2 1 0
- | v am | FEVRE &1 - [ -] rewa | FEcRE | FECRW
- ERASESVFY  PGMVFY - R OTPE AEE AEF

Master Reset

v

> Page Buffer Reset

v

Page Buffer Load(0X00H)

> Page Buffer Reset

__________ v

[ Page Buffer Load

A 4
In the case of OTP
OTPEflagSet | |  beeeemmm—o- |
; v
: In the case of OTP
""""" OTPE flag Set
\ 4 :
Erase !
1
__________ X
A 4
Erase Latency(500us) v
Program
\ 4
Page Buffer Reset \ 4

Pgm Latency(500us)

A 4 +

Configuration Reg. setting

Page Buffer Reset

A 4
Cell Read \ 4
Configuration Reg. setting

A 4
Cell Read

Configuration Reg. Clear

Figure 15.5 The sequence of page program and erase of Flash memory
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Master Reset

v

Page Buffer Reset

v

Page Buffer Load

A 4

Configuration Reg.<0> Set

Erase

y

Erase Latency(500us)

'

Page Buffer Reset

A 4

Configuration Reg.<0> clear
Reg.<6:5> setting

y

Cell Read

Figure 15.6 The sequence of bulk erase of Flash memory

15.4.1.1 Flash Read

Step 1. Enter OCD(=ISP) mode.

Step 2. Set ENBDM bit of BCR.

Step 3. Enable debug and Request debug mode.
Step 4. Read data from Flash.

15.4.1.2 Enable program mode

Step 1. Enter OCD(=ISP) mode.."
Step 2. Set ENBDM bit of BCR.
Step 3. Enable debug and Request debug mode.
Step 4. Enter program/erase mode sequence.2
(1) Write OxAA to 0xF555.
(2) Write 0x55 to OxFAAA.
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(3) Write OxA5 to 0xF555.

' Refer to how to enter ISP mode..

2 Command sequence to activate Flash write/erase mode. It is composed of sequentially writing data of Flash memory.
15.4.1.3 Flash write mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write data to page buffer.(Address automatically increases by twin.)
Step 5. Set write mode. FEMR:1010_0001

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx
Step 7. Set FETCR.

Step 8. Start program. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step2 to step 8 until all pages are written.

15.4.1.4 Flash page erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode. FEMR:1001_0001

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx
Step 7. Set FETCR.

Step 8. Start erase. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step2 to step 8 until all pages are erased.
15.4.1.5 Flash bulk erase mode

Step 1. Enable program mode.
Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001
Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode. FEMR:1001_0001.
(Only main cell area is erased. For bulk erase including OTP area, select OTP area.(set FEMR to 1000_1101.)
Step 6. Set FETCR
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Step 7. Start bulk erase. FECR:1000_1011
Step 8. Insert one NOP operation
Step 9. Read FESR until PEVBSY is 1.

15.4.1.6 Flash OTP area read mode

Step 1. Enter OCD(=ISP) mode.

Step 2. Set ENBDM bit of BCR.

Step 3. Enable debug and Request debug mode.
Step 4. Select OTP area. FEMR:1000_0101
Step 5. Read data from Flash.

15.4.1.7 Flash OTP area write mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010

Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write data to page buffer.(Address automatically increases by twin.)
Step 5. Set write mode and select OTP area. FEMR:1010_0101

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx

Step 7. Set FETCR.

Step 8. Start program. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

15.4.1.8 Flash OTP area erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode and select OTP area. FEMR:1001_0101
Step 6. Set page address. FEARH:FEARM:FEARL=20'hx_xxxx
Step 7. Set FETCR.

Step 8. Start erase. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

15.4.1.9 Flash program verify mode

Step 1. Enable program mode.
Step 2. Set program verify mode. FEMR:1010_0011
Step 3. Read data from Flash.
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15.4.1.10 OTP program verify mode

Step 1. Enable program mode.
Step 2. Set program verify mode. FEMR:1010_0111
Step 3. Read data from Flash.

15.4.1.11 Flash erase verify mode

Step 1. Enable program mode.
Step 2. Set erase verify mode. FEMR:1001_0011
Step 3. Read data from Flash.

15.4.1.12 Flash page buffer read

Step 1. Enable program mode.
Step 2. Select page buffer. FEMR:1000_1001
Step 3. Read data from Flash.

15.4.2 Data EEPROM operation

Program and erase operation of Data EEPROM are executed by direct and indirect address mode.

Direct address mode uses external data area of 8051. Indirect address mode uses address register of SFR area..
15.4.2.1 Data EEPROM Read

Step 1. Enter OCD(=ISP) mode.

Step 2. Set ENBDM bit of BCR.

Step 3. Enable debug and Request debug mode.
Step 4. Read data from Data EEPROM.

15.4.2.2 Enable program mode

Step 1. Enter OCD(=ISP) mode."

Step 2. Set ENBDM bit of BCR.

Step 3. Enable debug and Request debug mode.
Step 4. Enter program/erase mode sequence.2
(1) Write OxA5 to FEDR.

(2) Write Ox5A to FEDR.

1 Refer to how to enter ISP mode..

2 Command sequence to activate data EEPROM write/erase mode. It is composed of sequentially writing to data
register(FEDR)
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15.4.2.3 EEPROM write mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 0100_0001 FECR:0000_0010

Step 3. Select page buffer. FEMR:0100_1001

Step 4. Write data to page buffer.(Address automatically increases by twin.)
Step 5. Set write mode. FEMR:0110_0001

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx

Step 7. Set FETCR.

Step 8. Start program. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step2 to step 8 until all pages are written.
15.4.2.4 EEPROM page erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 0100_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:0100_1001

Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode. FEMR:0101_0001

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx
Step 7. Set FETCR.

Step 8. Start erase. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step2 to step 8 until all pages are erased.
15.4.2.5 EEPROM bulk erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 0100_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:0100_1001

Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode. FEMR:0101_0001.

Step 6. Set FETCR

Step 7. Start bulk erase. FECR:0100_1011

Step 8. Insert one NOP operation

Step 9. Read FESR until PEVBSY is 1.

15.4.2.6 Data EEPROM program verify mode

Step 1. Enable program mode.
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Step 2. Set program verify mode. FEMR:0110_0011

Step 3. Read data from Flash.

15.4.2.7 Data EEPROM erase verify mode

Step 1. Enable program mode.

Step 2. Set erase verify mode. FEMR:0101_0011

Step 3. Read data from Flash.

15.4.2.8 Data EEPROM page buffer read

Step 1. Enable program mode.

Step 2. Select page buffer. FEMR:0100_1001

Step 3. Read data from Flash.

15.4.3 Summary of Flash and Data EEPROM Program/Erase Mode

Operation mode Description
Flash read Read cell by byte.
Flash write Write cell by bytes or page.
F
L Flash page erase Erase cell by page.
A Flash bulk erase Erase the whole cells.
a Flash program verify Read cell in verify mode after programming.
Flash erase verify Read cell in verify mode after erase.
Flash page buffer load Load data to page buffer.
Data EEPROM read Read cell by byte.
E Data EEPROM write Write cell by bytes or page.
E Data EEPROM page erase Erase cell by page.
E Data EEPROM bulk erase Erase the whole cells.
(0] Data EEPROM program verify Read cell in verify mode after programming.
M Data EEPROM erase verify Read cell in verify mode after erase.
Data EEPROM page buffer load Load data to page buffer.
Table 15.3 Operation Mode
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15.5 Mode entrance method of ISP and byte-parallel mode

15.5.1 Mode entrance method for ISP

TARGET MODE DSDA DSCL DSDA

OCD(ISP) ‘hC ‘hC ‘hC

Release from worst 1.7V

<

Power on reset J Low period required during more 10us

nTEST |
T
nonT oW

RESET_SYSB

Figure 15.7 ISP mode
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15.6 Security

MC97FG316 provides Lock bits which can be left unprogrammed (“0”) or can be programmed (“1”) to obtain the
additional features listed in Table 15.6. The Lock bits can be erased to “0” with only the bulk erase command and a

value of more than 0x80 at FETCR.

USER MODE ISP/IPMODE
LOCK MODE
FLASH DATA EEPROM OTP FLASH DATA EEPROM OTP
LOCK | LOCK P B P B P B P B P B P B
E F RIW E E RIW E E RIW E E RIW E E RIW E E R{W E E
0 0 ofo0ofO | X |O|]O|O |O (X[X|[X |X |OJlO|lO|O|O|lO|lO|]O|O|JO|O |O
0 1 O[O0 | X |O]|O|O |O [X[X[X | X |[X|X|X |O]|]O|l|O|l|O|]O|O|X|X |O
1 0 O[O0 | X |O|O|O |O [X[X[X | X [O]|CIC|O|IX|X|X O[Ol |
1 1 O|O0O|O | X |O|lO[O O [X|X[|X |IX |X|X|X |OIX|X]|X|]O|]O|IX|X |
Table 15.4 Security policy using lock-bits

*  LOCKF: Lock bit of Flash memory
*  LOCKE: Lock bit of data EEPROM

* R:Read
. W: Write

* PE: Page erase
* BE: Bulk Erase

*  O: Operation is possible.

*  X: Operation is impossible.

+ i When LOCKE is programmed, each operation can be done after data EEPROM is erased with the bulk

erase command.
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16 Configure Option

16.1 Configure option Control Register

FUSE_CONF (Pseudo-Configure Data) : 2F50H

7 6 5 4 3 2 1 0
BSIZE1 BSIZEO SXINEN | XINENA RSTEN LOCKB LOCKE LOCKF
RW RW RW RW RW R R R

Initial value : 00H
BSIZE Select Specific Area for Write Protection
NOTE) when LOCKB="1", It is applied
00 0000H~07FFH (default)
01 0000H~09FFH
10 0000H~0BFFH
11 0000H~0DFFH
SXINEN Enable External Sub Oscillator
0 External Sub OSC disable (default)
1 External Sub OSC Enable
XINENA Enable External Main Oscillator
0 External Main OSC disable (default)
1 External Main OSC Enable
RSTEN Enable RESETB pin
0 External RESETB disable
1 External RESETB enable
LOCKB Enable Specific Area Write Protection
0 Boot LOCK Disable
1 Boot LOCK Enable
LOCKE Data Read Protection
0 LOCK Disable
1 LOCK Enable
LOCKF Code Read Protection
0 LOCK Disable
1 LOCK Enable
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17

APPENDIX

A. Instruction Table

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

Each instruction takes either 1, 2 or 4 machine cycles to execute as listed in the following table. 1 machine cycle

comprises 2 system clock cycles.

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

Mnemonic Description Bytes Cycles Hex code
ANL ARn 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 Ato direct byte 2 1 42
ORL dir,#data OR immediate to direct byte 3 2 43
XRLA,Rn Exclusive-OR register to A 1 1 68-6F
XRLA,dir Exclusive-OR direct byte to A 2 1 65
XRLA, @Ri Exclusive-OR indirect memory to A 1 1 66-67
XRL A #data Exclusive-OR immediate to A 2 1 64
XRL dir,A Exclusive-OR A to direct byte 2 1 62
XRL dir,#data Exclusive-OR immediate to direct byte 3 2 63
CLRA Clear A 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap Nibbles of A 1 1 C4
RLA Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RRA Rotate A right 1 1 03
RRC A Rotate A right through carry 1 1 13
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DATA TRANSFER

Mnemonic Description Bytes Cycles Hex code
MOV A,Rn Move register to A 1 1 E8-EF
MOV A,dir Move direct byte to A 2 1 ES5
MOV A,@Ri Move indirect memory to A 1 1 E6-E7
MOV A #data Move immediate to A 2 1 74
MOV Rn,A Move A to register 1 1 F8-FF
MOV Rn,dir Move direct byte to register 2 2 A8-AF
MOV Rn,#data Move immediate to register 2 1 78-7F
MOV dir,A Move A to direct byte 2 1 F5
MQV dir,Rn Move register to direct byte 2 2 88-8F
MOQV 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
MOVC A,@A+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
XCHARnN 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
BOOLEAN
Mnemonic Description Bytes Cycles Hex code
CLRC Clear carry 1 1 C3
CLR bit Clear direct bit 2 1 Cc2
SETBC 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
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BRANCHING

Mnemonic Description Bytes Cycles Hex code
ACALL addr 11 Absolute jump to subroutine 2 2 11—F1
LCALL addr 16 Long jump to subroutine 3 2 12
RET Return from subroutine 1 2 22
RETI Return from interrupt 1 2 32
AJMP addr 11 Absolute jump unconditional 2 2 01—E1
LJMP addr 16 Long jump unconditional 3 2 02
SJMP rel Short jump (relative address) 2 2 80
JCrel Jump on carry = 1 2 2 40
JNC rel Jump on carry =0 2 2 50
JB bit,rel Jump on direct bit = 1 3 2 20
JNB bit,rel Jump on direct bit =0 3 2 30
JBC bit,rel Jump on direct bit = 1 and clear 3 2 10
JMP @A+DPTR Jump indirect relative DPTR 1 2 73
JZ rel Jump on accumulator = 0 2 2 60
JNZ rel Jump on accumulator #0 2 2 70
CJNE A,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
CJINE @Ri,#d,rel Compare indirect, immediate jne relative 3 2 B6-B7
DJNZ Rn,rel Decrement register, jnz relative 2 2 D8-DF
DJNZ dir,rel Decrement direct byte, jnz relative 3 2 D5

MISCELLANEOUS
Mnemonic Description Bytes Cycles Hex code
NOP No operation 1 1 00
ADDITIONAL INSTRUCTIONS (selected through EO[7:4])
Mnemonic Description Bytes Cycles Hex code
OVG GIOPTRA | M W e e reetr sppon T2 |
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,

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 CJINE instructions use the abbreviation #d for immediate data; other instructions use #data.
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B. How to use external reset

Release reset before entering OCD mode by adjusting the external RC value of RESET pin.

When the external reset is used, the below RC value is recommended.(about 1ms).

Outside of MC97FG316 Inside of MC97FG316
VDD

pull_up resistance(10K)

RESETB/ Pin(P22)

0.1uF _
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