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\BO\ MCO6F4548

MC96F4548

CMOS SINGLE-CHIP 8-BIT MICROCONTROLLER
WITH 8-BIT ADC, EEPROM, CEC and IR RECEIVER

1. Overview

1.1 Description

The MC96F4548 is an advanced CMOS 8-bit microcontroller with FLASH (48Kbyte) and EEPROM
(2Kbyte). This is powerful microcontroller which provides a highly flexible and cost effective solution to
many embedded control applications. This provides the following features : 48K bytes of FLASH,
2Kbytes of EEPROM, 256 bytes of SRAM, 1536 bytes of XRAM, general purpose /O, 8/16-bit
timer/counter, watchdog timer, watch timer, SPI, USART, 12C, Calculator, on-chip POR and BOD, 8-
bit A/D converter, buzzer driving port, 16-bit PWM output, on-chip oscillator, CEC, IR receiver and
clock circuitry. The MC96F4548 also supports power saving modes to reduce power consumption.

Device
FLASH XRAM SRAM ADC EEPROM Package
Name
48K 1536 256 8
MC96F4548 2 Kbyte 48LQFP
bytes bytes bytes | channel

1.2 Features

" CPU -42 Ports (P0[7:0], P1[7:0], P2[7:0], P3[7:0],
-8 Bit CISC Core (8051 Compatible,2 clock P4[4:0], P5[4:0] : 48 Pin
per cycle) ” Boot Loader Protection
" 48K Bytes On-chip FLASH ” User Program Code Protection
-Endurance : 100,000 times ” Hardware CEC
- Retention : 10 years ” Hardware IR Receiver with Noise Filter
” 2K Bytes On-chip EEPROM “ Basic Interval Timer
-Endurance : 300,000 times ” Five Timers/Counters
-Retention : 10 years “ 8Bitx2ch(16Bitx1ch) + 16Bitx3ch
” 256 Bytes SRAM(IRAM) “ One 10-bit PWMs (using Timer1)
" 1536 Bytes XRAM “ Three 16-bit PWMs (using Timer2,3,4)
" General Purpose I/Os “ Watch Dog Timer

“ Watch Timer
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" 1SPIs -1.38MHz to 14.75MHz (max)
” 2 USARTs ” Power On Reset
" 212C -1.4v
" Buzzer Driving Port “ Programmable Brown-Out Detector
" 8 Bit A/D Converter -1.6V/2.5V/3.6V/4.3V
-8 Input channels “ Minimum Instruction Execution Time
" Interrupt Sources -125ns (@16MHz, NOP Instruction)
- External (8) ” Power down mode
-CEC (1) -IDLE, STOP1, STOP2 mode
-IR (1) “ Sub-Active mode
-USART (2) - System used external 32.768KHz crystal
-SPI (1) ” Operating Frequency
- Timer (5) -1MHz ~ 14MHz (crystal oscillator)
-12C (2) -32.768KHz ~ 14.75MHz (PLL)
-ADC (1) “ Operating Voltage
-WDT (1) -2.7V ~ 5.5V (@ 32.768K~14.75MHz)
-WT (1) “ Operating Temperature : -40 ~ +85
-BIT (1) ” Package Type
-EXTLVI(1) -48 LQFP
-NVM(Flash) (1) -Pb free package
" On-Chip PLL

1.3 Ordering Information

Table 1-1 Ordering Information of MC96F4548

Device name ROM size SRAM size | XRAM size EE;ZReOM Package

MC96F4548L 48K bytes FLASH 256 bytes 1536 bytes | 2048 bytes | 48 LQFP

1.4 Development Tools

1.4.1 Compiler

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

The MC96F4548 core is Mentor 8051. Device ROM size of standard 8051 is smaller than 48KB.

Devel oper can use al/l ki nds of ButiMC96H4548 has 18KBdest andar
ROM area and uses memory banking scheme for extended ROM. So user should use the proper

compiler which can support the memory space over 48KB ROM address area.

10 July 20, 2011 Ver.0.2
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1.4.2 OCD emulator and debugger

The OCD (On Chip Debug) emulator supports ABOV Semi conductoro6s 8051 serie:

The OCD interface uses two wires interfacing between
system. The OCD can read or change the value of MCU internal memory and I/O peripherals. And
also the OCD controls MCU internal debugging logic, it means OCD controls emulation, step run,
monitoring, etc.

The OCD Debugger program works on Microsoft-Windows NT, 2000, XP, Vista (32bit) and
Microsoft-Windows 7 operating system.

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

Connection:
- SCLK (MC96F4548 DSCL pin)
- SDATA (MC96F4548 DSDA pin)

OCD connector diagram: Connect OCD and user system

2 UserVCC

4 User GND

6 SCLK

8 SDAT

O 0O 0 O o

10

Figure 1-1 OCD Debugger and Pin description
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1.4.3 Programmer

Single programmer:

PGMplus USB: It programs MCU device directly.

Figure 1-2 Single Programmer

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

It does not require additional H/W, exce pt devel oper ds target

Gang programmer:
It programs 8 MCU devices at once.
So, it is mainly used in mass production line.

Gang programmer is standalone type, it means it does not require host PC.

Figure 1-3 Gang Programmer

12 July 20, 2011 Ver.0.2
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semiconoeron MC96F4548
2. Block Diagram
TEST PO6/DSCL PO7/DSDA
P27/ANT
PO N
P26/ANG — (—) PO7~P0O
P25/ANS oBIT PORT
P24/AN4 - - PL | -
P23/AN3 ADC = OBIbChIP — portT [ PHPIO
P22/AN2 ebug P2 N
P21/ANL — (— P27-P20
P20/ANO PORT
— P(F),:jI;T (—) P37~P30
P44/CEC Q=—v] CEC \1:> M8051 <::> <:: P4 /-
CORE PORT i P44-P40
P5 ||
— P54~P50
P1l/IR Qe IR () PORT N
SFRs SRAM
P12/ECO -— =
POO/EC2 (256B)
P33/EC3
P30/EC4 — T”\(/I&ER <:>
POO/TO Q<+ PWM
POS/TL(PWML) Q<
P12/T2(PWM2) Q<—]
P30/T3(PWM3) FLASH
P32/T4(PWM4) () (48K byte) éiﬁ'\é')@
PO4/MISO0 Power on EXTLVI P35/EXTLVI
P03/MOSI0 (::> Reset
PO2/SCKO SPI P31/BUZZ
PO1/SSO
(— ) BIT
P13/RXDO BE)Z"t‘g‘Cglr’t
P14/TXDO —
P11/ACKO USARTO
P10/USSO = -
20.18MHz
P16/RxD1
;1157//;'251 ;g USART1 C:> P10§INTO
P34/INT1
P12/USS1 P11/INT2
(—) Interrupt P35/INT3
Controller P44/INT4
P40/SDAO POO/INTS
P41/SCLO 12C0 \— Voltage POG/INT6
Down
PO7/INT7
Convertor
P43/SDA1 12C1 -
P42/SCL1 e
g\'{-S_IE:EK’\g P53/XOUT
CON P52/SUBXIN
P51/SUBXOUT
P50/RESETB
VDD18 VDD  VSS
f

Figure 2-1 MC96F4548 block diagram
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SEMICONDUCTOR

3. Pin Assignmnet

P40/SCLO
P41/SDAO
P42/SCL1
P43/SDA1
P44/CEC/INT4
POO/INTS/EC2/TO
P01/SSS0
P02/SCKO
P0O3/MOSIO
P04/MISO0
PO5/T1(PWM1)
PO6/DSCL/INT6

3
2, g
TR
v 958 5
o0 B5 3 &
<(J'|§ Cgl’l’l Q
S<9x0c¥0mypnd
OhBEzZ5RZS898<
Osa55258R888%
= © 00~
1
2
3
4
5 MC96F4548
7 48-LQFP
8
9
10
11
12
PRRPERPERPEPENNNNDN
WPHhUITONODOORFRNWDN

36
35
34

32

30
29
28
27
26
25

1S31
SSA

0axy/eTd
0axi/vid
XMOV/STd
TAxXd/91d
Taxi/itd

LINI/vdsd/Lod
0SSN/0LNI/OTd
OMOV/HI/ZLINI/TTd

(EWMA)EL/rD3/0Ed
TSSN/ZNMJ)ZL/003/2Td

P34/ INT1
P33/ EC3
P32/ T4(PWM4)
P31/ BUZZ
P27/ AN7
P26/ AN6
P25/ AN5
P24/ AN4
P23/ AN3
P22/ AN2
P21/ AN1
P20/ ANO

Figure 3-1 MC96F4548 48 pin LQFP assignment
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SEMICONDUCTOR

MC96F4548

4. Package

Diagram

7 \1' N
i PN T
- ~— - |
|

T \TOP E-MARK 2-91.20:0.10 1
—— DEPTH 0.10+0.05 ——
= -]
e BTM E-MARK 2-91.20£0.10/ -
— DEPTH 0.10:0.05 —
] -
| R T
==~ ) O =
 — X\’ INDEX_$0.80+0.10 1

N DEPTH 0.20:0.10 Va

LN

e

A COMMON DIMENSIONS
A? (UNITS OF MEASURE=MILLIMETER)
A3 SYMBOL | MIN NOM MAX
0 A - - 1.60
KJ Al 0.05 - 0.15
Al [A2 1.35 1.40 1,45
A3 0.59 0.64 | 0.69
- b 0.18 - 0.27
bl 0.17 0.20 0.23
| [ c 0.13 - 0.18
cl 0.12 0.127 | _0.134
D 8.80 9.00 | 9.20
D1 6.90 7.00 7.10
E 8.80 9.00 | 9.20
E1 6.90 7.00 7.10
e 0.50BSC
L 045 | 060 [ 0.75
] T.00REF
L2 0.25BSC
R1 0.08 = -
RZ 0.08 = 0.20
S 0.20 - -
] 3 3.5 7
01 [ - -
L-02 L0302 (kR iFs 13
/ 03 (KR [E3 13

,._
my
o

WITH PLATING NOTES:

01— / ALL DIMENSIONS REFER TO JEDEC STANDARD
R1 MS-026 BBC DO NOT INCLUDE MOLD
RZ . FLASH OR PROTRUSIONS.
VAR secTionp-p  PASEMETAL

AL i S

St

Figure 4-1 48 pin LQFP package
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5. Pin Description

Table 5-1 Normal Pin description

PIN 1/0 Function @RESET Shared with
Name
POO Port PO INT5/EC2/TO
PO1 8-Bit 1/0O Port SSSO
Can be set in input or output mode in 1-bit
P02 units SCKO
P03 Internal pull-up register can be used via MOSIO
I/0 | software when this port is used as input port Input
P04 . . . MISOO0
Open Drain enable register can be used via
PO5 software when this port is used as output port T1(PWM1)
P06 DSCL/INT6
PO7 DSDA/INT7
P10 Port P1 INTO/USSO
P11 8-Bit I/O Port INT2/IR/ACKO
Can be set in input or output mode in 1-bit
P12 units ECO/T2(PWM2)/USS1
P13 Internal pull-up register can be used via RxDO
I/O | software when this port is used as input port Input
P14 . . . TxDO
Open Drain enable register can be used via
P15 software when this port is used as output port ACK1
P16 RXD1
P17 TXD1
P20 Port P2 ANO
P21 8-Bit 1/0 Port AN1
Can be set in input or output mode in 1-bit
P22 units AN2
P23 Internal pull-up register can be used via AN3
I/O | software when this port is used as input port Input
P24 . . . AN4
Open Drain enable register can be used via
P25 software when this port is used as output port ANS
P26 ANO~AN7 can be selected by ADCM register ANG
P27 AN7
P30 Port P3 EC4/T3(PWM3)
Can be set in input or output mode in 1-bit
P32 /0 | units Input T4(PWM4)
P33 Internal pull-up register can be used via EC3
software when this port is used as input port
P34 INT1
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P35 Open Drain enable register can be used via INT3
software when this port is used as output port

P36 -

P37 -

P40 Port P4 SCLO

P41 5-Bit I/O Port SDAO
Can be set in input or output mode in 1-bit

P42 units SCL1

P43 Output of P00 to P04 is N-ch open-drain SDA1

I/0O | output (6V tolerance) Input

P44 CEC/INT4

P50 Port P5 RESETB
Can be set in input or output mode in 1-bit

P52 units SUBXIN

P53 Internal pull-up register can be used via XOUT

I/O | software when this port is used as input port Input

P54 . . . XIN
Open Drain enable register can be used via
software when this port is used as output port

LPF A Analog -

VSS P Ground -

VDD P Power -

TEST I | OCD mode enable trigger input Input -
Connect the VDD18 pin to VSS via a

VbD18 P capacitor (0.47~1uF) Analog i
July 20, 2011 Ver. 0.2 17
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6. Port Structures

6.1 General Purpose I/O Port

EA Levelshift ( 1.8V to ExtvDD)

E#] Levelshift (ExtvDD to 1.8V)

PAD

1
: voD
PULL-UP I
REGISTER ' H
1
—| =
OPEN DRAIN ' VDD
REGISTER ! vDD
1
d 1
DATA o —Z4
REGISTER 0 p—a !
1
1
1

SUB-FUNC DATA OUTPUT 1 : '

—— SUB-FUNC ENABLE —

DIRECTION A
REGISTER
MUX
SUB-FUNC DIRECTION 1
R(400m) %
PORTX INPUT

CMOS or
SchmittLevel
Input

[ -
‘C MUX

LT
{I:
L

DEBOUNCE
SUB-FUNC CP; CLK
DATA INPUT L

DEBOUNCE
ENABLE

ANALOG CHANNEL
ENABLE

ANALOG INPUT

ANALOG INPUT
(without Resistor)

Figure 6-1 General Purpose I/O Port
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6.2 External Interrupt 1/O Port

PULL-UP

EA Levelshift ( 1.8V to ExtvDD)

[#] Levelshift (ExtvDD to 1.8V)

REGISTER

OPEN DRAIN
REGISTER

DATA
REGISTER

SUB-FUNC DATA OUTPUT

—— SUB-FUNC ENABLE —

PAD

DIRECTION
REGISTER
EXTERNAL
SUB-FUNC DIRECTION INTERRUPT
INTERRUPT
ENABLE R(400m)
EDGE MUX
REG 0 1
VDD
Q D——I
POLARITY
5
I
FLAG
CLEAR
PORTxX INPUT
MUX

0 1
0
MUX CMOS or
D—l 1 SchmittLevel
Input
_T DEBOUNCE
SUB-FUNC CLK
DATA INPUT
DEBOUNCE
ENABLE
ANALOG CHANNEL @
ENABLE

ANALOG INPUT

Figure 6-2 External Interrupt I/O Port

July 20, 2011 Ver. 0.2

19




MC96F4548

\BO\

SEMICONDUCTOR

7. Electrical Characteristics

7.1 Absolute Maximum Ratings

Table 7-1 Absolute Maximum Ratings

Parameter Symbol Rating Unit
VDD -0.3~46.5 \Y
Supply Voltage VSS -0.3~+0.3 )Y
VI -0.3~VDD+0.3 \Y
VO -0.3~VDD+0.3 \Y
Normal Voltage Pin oA 10 mA
x|OH 80 mA
IOL 20 mA
x|OL 160 mA
Total Power Dissipation PT 600 mwW
Storage Temperature TSTG -65~+150 ]

Note) Stresses beyond those listed under fAbsolute Maximum Ratingso may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at any other conditions beyond those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating

conditions for extended periods may affect device reliability.

7.2 Recommended Operating Conditions

Table 7-2 Recommended Operation Conditions

Parameter Symbol Condition MIN TYP MAX Unit
fXIN=1~16MHz
Supply Voltage VDD 2.7 55 \%
fSUB=32.768KHz
Operating Temperature | TOPR VDD=2.7~5.5V -40 85 D
FOPR fXIN 1 10 MHz
i fSUB - 32.768 - KHz
Operating Frequency i
Internal Ring-OSC MHz
PLL 1.38 22.09 MHz

20
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7.3 A/D Converter Characteristics

Table 7-3 A/D Converter Characteristics (TA=-40 ~+85 ,VDD=AVDD=2.7V ~ 5.5V, VSS=0V)
Parameter Symbol Condition MIN TYP MAX Unit
Resolution - 8 - bits
Total Accuracy - +3 Isb
Integral Linear Error INL - - +2 Isb
i ial Li i AVDD=VDD=5.12V
Differential Linearity DLE i i 1 Isb
Error fXIN=8MHz
Zero Offset Error ZOE - +3 Isb
Full Scale Error FSE - +3 Isb
Conversion Time tCON 8hit conversion - 11 - cycle
Analog Input Voltage VAN VSS - AVDD=VDD v
Analog Input Leakage _ _ i i
Current AVDD=VDD=5.12V 2 uA
. IDD - 1 mA
ADC Operating Curren AVDD=VDD=5.12V
SIDD - - uA
7.4 Voltage Dropout Converter Characteristics
Table 7-4 Voltage Dropout Converter Characteristics
Parameter Symbol Condition MIN | TYP MAX Unit
Operating Voltage - 1.8 - 5.5 \
Operating Temperature - -40 - +85 D
Regulation Voltage - 1.62 1.8 1.98 V
Drop-out Voltage - - - 0.02 V
RUN/IDLE - 10 - 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 . ) TRAN1 SUB to RUN - - 1 us
Drivability Transition Time
TRAN2 STOP to RUN - - 200 us
Note) -STOP1: WDT running - STOP2: WDT disable
July 20, 2011 Ver. 0.2 21




7.5 Power-On Reset Characteristics

Table 7-5 Power-On Reset Characteristics

Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - 1.6 - 5.5 V
Operating Temperature - -40 - +85 D
RESET Release Level - 1.3 1.4 15 \%
. IDD - - - 10 uA
Operating Current
SIDD - - - 1 UA
7.6 Brown Out Detector Characteristics
Table 7-6 Brown Out Detector Characteristics
Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - VSS - 5.5 V
Operating Temperature - -40 - +85 D
4.2V - 4.0 4.3 4.4 \Y
. 3.6V - 3.4 3.6 3.8 V
Detection Level
2.5V - 2.3 25 2.7 \Y
1.6V - 1.4 1.6 1.8 \Y
Hysteresis - - 50 - mV
. IDD - - - 50 uA
Operating Current
SIDD - - - 1 UA
7.7 Ring-Oscillator Characteristics
Table 7-7 Ring-Oscillator Characteristics
Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - 1.8 - 5.5 V
Operating Temperature - -40 - +85 D
Frequency - - 4 - MHz
Stabilization Time - - - - ms
. IDD - - - - uA
Operating Current
SIDD - - - 1 UA

22
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7.8 PLL Characteristics

Table 7-8 PLL Characteristics

(TA=-40 ~+85 ,VvDD18=1.8V ~ 2.0V, VSS=0V)
Parameter Symbol | Min. | Typ. | Max. | Units Conditions

PLL current IPLL T 15 TBD mA

Input clock frequency fxin T 32.768 T KHz

Output clock frequency fout 1.38 T 22.09 MHz
Output clock duty T 45 T 55 %
Setting time tD T 1 TBD ms
Accuracy ) T 2 TBD %

July 20, 2011 Ver. 0.2
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7.9 DC Characteristics

Table 7-9 DC Characteristics

(vDD =2.7~5.5V, VSS =0V, fXIN=10.0MHz, TA=-40~+85 )

Parameter Symbol Condition MIN TYP MAX Unit
VIL1 TESTRESEB, DSCL, DSDA -0.5 - 0.2vDD \%
VIL2 PO,P1,PP4,P5,P6,P7,P8,P9,PA -0.5 - 0.2vDD \%
Input Lowoltage
VIL3 P3 (VDD=4.0~5.5V) -0.5 - | 01vD>x04| V
V14 P3 (VDD=2.7~4.0V) -0.5 - 02vDD \%
VIH TESTRESEB, DSCL, DSDA 08vDD - VDD \%
Input Higkloltage| VIR PO,P1,PP4,P5,P6,P7,P8,P9,PA 0.7vDD - VDD \%
VIH8 P3 03vDB+0.7| - VDD \%
Output Low VOL1 ALL l/@IOL=20mA, VDD=4.5V) ; - 1 Vv
Voltage
Output High VOH1 ALL l/QIOH=8.57mA, VDD=4.5V) 3.5 - - Vv
Voltage
Input High i i
Leakage Current IIH ALL PAD L UA
Input Low Leakag ALL PAD 1 . . UA
Current
PullUp Resister | RPU ALL PAD (except DSCL, DSDA) 20 - 50 kq
IDD1 Run Mode, fXIN=10Mp&V - 4.7 mA
IDD2 Sleep Mode, fXIN=10/&#& - 3 mA
IDD3 Sub Active Mod8IJBKIN=32.768K g5V ) 400 UA
(PLL enable)
Sub Active Mod8IUJBKIN=32.768KIg25V
DGt (PLL disable) i 130 uA
Power Supply STOP1 Modé/DT Activ@5(BOD
Current IDI5 enable) - 130 UA
DB STOR ModeW_DTActlv@SV(BOD ) 50 UA
disable)
DY STOR ModeWDTDisable@5(BOD i 80 UA
enable)
DB STOP2 ModWI_I)T Disab@5BOD ) 4 UA
disable)

Note) STOP1: WDT running, STOP2: WDT disable.
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7.10 AC Characteristics

Table 7-10 AC Characteristics

(VDD=5.0V+10%, VSS=0V, TA=-40~+85 )

Parameter Symbol PIN MIN | TYP | MAX | Unit
Operating Frequency fMCP XIN 1 - 16 MHz
System Clock Cycle Time tSYS - 100 - 1000 ns
Oscillation Stabilization Time (16MHz) tMST1 XIN, XOUT - - 10 ms
External Clock AHO orn tCPW XIN 90 - - ns
External Clock Transition Time tRCP,tFCP XIN - - 10 ns
Interrupt Input Width tIw INTO~INT3 2 - - tSYS
RESETBlI nput Pul se #ALO tRST RESETB 8 - - tSYS
Ex_ternal Counter I nput AHC {ECW ECO,EC1 5 i i SYS
Width
Event Counter Transition Time tRECtFEC | ECO,EC1 - - 20 ns
1/fMCP tCPW tCPW
XIN
- tw tw %
INTO = >
INTL — 0.8vDD
INT2 [ 0.2vDD
INT3 ———
B tRST i
RESETB ST 7Z 0.2VDD
tECW tECW
ECO
EC1

Figure 7-1 AC Timing

July 20, 2011 Ver. 0.2
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7.11 SPI Characteristics

Table 7-11 SPI Characteristics (VDD=5.0V+£10%, VSS=0V, TA=40~+85 )

Parameter Symbol PIN MIN TYP MAX | Unit

SPI ns
Output Clock Pulse Period tSCK SCK - clock -
mode
Input Clock Pulse Period tSCK SCK 2FtSYS - - ns
S s 50%

Il nput Clock fAHO tSCKL, tSCKH SCK duty - ns
Input Clock Pulse Transition Time tFSCK,tRSCK SCK - - 30 ns
output Clock AHO gey tSckH | SCK | tSYS-30 - - | ns
Width
O_utput Clock Pulse Transition {FSCK tRSCK SCK i i 30 ns
Time
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

ss \ /

(Output/Input) R
tFOD tSCK
— — < >

(Output/Input)

SCK

MISO/MOSI
(Data Input)

SCK 7 \ ﬁ Z
(cPOL=0) — ¢ 7 ~ 7
—

tDS

0.8vDD
& 0.2vDD

L]

i X L
(CPOL=1) K / Z
(Output/Input) = AW 7

tRSCK

LSB

-— —

—
tRSIN

tFSIN

MOSI/MISO
(Data Output)

MSB

Figure 7-2 SPI Timing
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7.12 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
|l ots over a period of ti me. ATypicnalwhirleeprfemaxd sort h
represents (mean-3H1)30r)e sapnedc t(inveelny where 0 is standard
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8. Memory

The MC96F4548 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 48K bytes of Program memory
in a bank. In the MC96F4548 FLASH version of these devices the 48K bytes of Program memory are
provided on-chip. Data memory can be read and written to up to 256 bytes internal memory (DATA)
including the stack area and 3K bytes of external data memory(XRAM).

8.1 Program Memory

A 16-bit program counter is capable of addressing up to 48K bytes for one bank of 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 O, for example, is assigned to location 0003H. If external interrupt O 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.

BFFFH 7+ + =+

OSBRSS Total
ARSI 48K Bytes
:::::::::::::::::::::: Flash

0000H Bank 0

Figure 8-1 Program memory
- User Function Mode: 48KBytes Included Interrupt Vector Region

- Non-volatile and reprogramming memory: Flash memory
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8.2 Data Memory

Figure 8-2 shows the internal Data memory space available.

FFh

Upper
128 Bytes
Internal RAM
(Indirect

FFh

Special Function
Registers

128 Bytes
(Direct Addressing)

s0h Addressing) 80h

7Fh Lower
128 Bytes
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 Fig 8-2 shows the upper 128 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 0-3. 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 O0H 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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A7 |7e |7D|7c|7B |7 {79 |78
77 76 |75 |74 |73 [72 |71 [70
6F [6E [6D |6C [6B [6A [69 |68
67 |66 |65 |64 [63 [62 [61 [60
5F [5E [5D |5C [5B [5A [59 [58
. 57 56 |55 |54 [53 [52 [51 [50
80 bytes< General purpose 4F |4E |4D |4C |4B |4A |49 |48

register ! 47 |46 |45 |44 |43 a2 |1 Ja0
3F [3E [3D|3c [3B [3A [39 [38
37 36 |35 |34 [33 [32 [31 [30
2F [2€ [2p{2c |28 [2a |29 [28

7 TFH

\_ 30H
2FH 27 [26 |25 |24 |23 |22 |21 |20
b 1F [1e [10{1c|iB a1 |18
16 es
128)1:' Bit addressable o Too o b onToo e
its
( ) 20H oF [0 [op [oc|os foa e [os
............................... 7
8 bytes {: 1FH Register bank 3 | T 07 J06 |05 jo4 Jos Jo ot 0O
18H D)
17H Registerbank2 |
8 bytes 10H (Bbytes) | T RY
Lo Registerbark 1 | .o R6
8 bytes 08H (Bbytes) | LT RS
{ 07H Register bank 0 E
8 bytes Soytes
00H e «
.................. o
................... L
o RO

Figure 8-3 Lower 128 bytes RAM

8.3 XSRAM Memory

MC96F4548 use 1.5K bytes of XSRAM.

FFFFH
37FFH
Data EEPROM
3000H 2K Bytes
2FFFH
XSFR
2FO0H —
05FFH
XRAM
total 1536 Bytes
BankO
0000H

Figure 8-4 XDATA memory area
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8.4 SFR Map

8.4.1 SFR Map Summary

Table 8-1 SFR Map Summary

OH/8H 1H/9H 2H/AH 3H/BH 4H/CH 5H/DH 6H/EH TH/FH
2F90H| CECRXD_17| CECRXD_18/ CECRXD_19
2F88H| CECRXD_9 | CECRXD_10| CECRXD_11] CECRXD_12| CECRXD_13 CECRXD_14 CECRXD_15 CECRXD_16
2F80H| CECRXD_1 | CECRXD_2 | CECRXD_3 | CECRXD_4 | CECRXD_5 | CECRXD_6 | CECRXD_7 | CECRXD_8
2F78H | CEC_TXD31| CEC_TXD41| CEC_TXD51| CEC_TXD61| CEC_TXD71| CEC_TXD81| CEC_TXD91| CECRXH
2F70H | CECTXD5 | CECTXD6 | CECTXD7 | CECTXD8 | CECTIXD9 | CECIXD_Q@ | CECTXD_1 | CECTXD_12
2F@H | CECESTAT | CECICLR | CECFCLR | CECTIXH CECTXD_1 | CECTXD_2 | CECTXD_3 | CECTIXD_4
2F60H| CEC_PRES( CEC_PRES] CEC_CONF( CEC_CONF] CECGCTRL| CECICTRL | CECFCTRL| CECISTAT
2F58H - FUSE_PKG| FUSE_CALZ FUSE_CAL] FUSE_CAL(J FUSE_CONH TEST_B TEST_A
2F50H PSR - - - - - - -
2F48H| IRC_PRESO| IRC_PRES1 IRC_FRMPQ IRC_FRM1| IRC_CONF| IRC_CTRL| IRC_EDGEQ IRC_EDGE]
2F40H
2F38H - - - - - - - -
2F30H - - - - - - - -
2F28H - - - - - - -
2F20H 12CMR I2CSR [2CSCLLR | I2CSCLHR | I2CSDAHR I2CDR [2CSARLO [2CSARL1
2F18H PODB P1DB P2DB P3DB P4DB P5DB P6DB P7DB
2F10H P40D P50D P60OD P7OD - - - -
2F08H - - - - POOD P10D P20D P3M®
2F00H POPU P1PU P2PU P3PU P4PU P5PU P6PU P7PU
34

F8H IP1 EXTLVC UCTRL11 | UCTRL12 | UCTRL13 USTAT1 UBAUD1 UDATAL
FOH B - FEARH FEARM FEARL FEDR FECR XCON
E8H - - FEMR FESR FETCR - XADD XDATA
EOH ACC - UCTRLO1 UCTRLO2 UCTRLO3 USTATO UBAUDO UDATAO
D8H - PLLCR [2CMR 2CSR I2CSCLL®R | 12CSCLHR | [2CSDAHR I2CDR
DOH PSW - SPICRO SPIDRO SPISRO TMISR [2CSAROL [2CSARD0
C8H P7 P710 T4ACR T4CR1 TAL T4H T4DRL T4DRH
COH P6 P6IO T3CR T3CR1 T3L T3H T3DRL T3DRH
B8H IP P510 T2CR T2CR1 T2L T2H T2DRL T2DRH
BOH P5 P4l0 TOCR TODR TiCR TiDR T1PWDR T1IPWHR
A8H IE IE1 IE2 IE3 IE4 - - -
AOH P4 P3l0 EO EIENAB EIFLAG EIEDGE EIPOLA EIBOTH
98H P3 P210 ADCM ADCM2 ADCR WTMR WTR BUZCR
90H P2 P1I0 - - ADCSH - - -
88H P1 POIO SCCR BCCR BITR WDTMR WDTR BUZDR
80H PO SP DPL DPH DPL1 DPH1 BODR PCON
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8.4.2 Compiler Compatible SFR

ACC (Accumulator) : EOH

7 6 5 4 3 0
| ACC
RW RW RW RW RW RW
Initial value : O0H
ACC Accumulator

B (B Register) : FOH

7 6 5 4 3 0
| B
RW RW RW RW RW RW
Initial value : OOH
B B Register

SP (Stack Pointer) : 81H

7 6 5 4 3 0
| sP
RW RW RW RW RW RW
Initial value : 07H
SP Stack Pointer

DPL (Data Pointer Low Byte) : 82H

7 6 5 4 3 0
| DPL
RW RW RW RW RW RW
Initial value : OOH
DPL Data Pointer Low Byte

DPH (Data Pointer High Byte) : 83H

7 6 5 4 3 0
| DPH
RW RW RW RW RW RW
Initial value : O0H
DPH Data Pointer High Byte

DPL1 (Data Pointer Low 1 Byte) : 84H

7 6 5 4 3 0
| DPLL
RW RW RW RW RW RW
Initial value : O0H
DPL1 Data Pointer Low 1 Byte
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DPH1 (Data Pointer High 1 Byte) : 85H

7 6 5 4 3 2 1 0
| DPHL
RW RW RW RW RW RW RW RW
Initial value : 00H
DPH1 Data Pointer High 1 Byte
PSW (Program Status Word) : DOH
7 6 5 4 3 2 1 0
| o | A~ | mr | R RSO ov F1 P
RW RW RW RW RW RW RW RW
Initial value : OOH
CY 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 d.6bits in the accumulator

Reserved -

EO (Extended Operation Register) : A2H
7 6 5 4 3 2 1 0
| - | - - | TRAPEN - DPSEL2 DPSEL1 DPSELO
R R R RW R RW RW RW
Initial value : OOH
TRAP_EN Select the instruction
0 Select MOVC @(DPTR++), A
1 Select Software TRAP instruction
DPSEL[2:0] Select Banked Data Point Register
DPSEL2 DPSEL1 DPSELO
0 0 0 DPTRO
0 0 1 DPTR1

July 20, 2011 Ver. 0.2
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9. 1/0 Ports

9.1 /O Ports

The MC96F4548 has six I/0O ports (PO ~ P5). Each port can be easily configured by software as /O
pin, internal pull up and open drain pin to meet various system configurations and design
requirements. Also PO, P5 include 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 1/0 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 1/0 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. Pull-up operation is only enable in input mode.

9.2.4 Open-drain Selection Register (PxOD)

There is internally open-drain selection register (PxOD) in PO ~ PA. The open-drain selection register
controls the open-drain enable/disable of each port. Ports become push-pull by a system reset. You
should connect an external resistor in open-drain output mode.

9.2.5 Debounce Enable Register (PxDB)

PO ~ P5 support debounce function. Debounce time of each ports has 5us

9.2.6 Port Selection Register (PSRx)

PSRx registers prevent the input leakage current when ports are connected to analog inputs. If the
bit of PSRx i scuréeitdath ofthe schrdity @Ragaté af the port is cut off and the digital
input of the corresponding port is always 060606.
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9.2.7 Register Map

Table 9-1 Register Map

Name Address Dir Default Description
PO 80H R/W O00H PO Data Register
POIO 89H R/W O00H PO Direction Register
POPU 2FOOH R/W O00OH PO Pull-up Resistor Selection Register
POOD 2FOCH R/W O00H PO Open-drain Selection Register
PODB 2F18H R/W O00H PO Debounce Enable Register
P1 88H R/W OOH P1 Data Register
P110 92H R/W O00H P1 Direction Register
P1PU 2F01H R/W O00H P1 Pull-up Resistor Selection Register
P10OD 2FODH R/W O00H P1 Open-drain Selection Register
P1DB 2F19H R/W OOH P1 Debounce Enable Register
P2 90H R/W OOH P2 Data Register
P210 99H R/W OOH P2 Direction Register
P2PU 2F02H R/W OOH P2 Pull-up Resistor Selection Register
P20D 2FOEH R/W OOH P2 Open-drain Selection Register
P2DB 2F1AH R/W O00H P2 Debounce Enable Register
P3 98H R/W OOH P3 Data Register
P3IO0 AlH R/W OOH P3 Direction Register
P3PU 2F03H R/W O00H P3 Pull-up Resistor Selection Register
P30D 2FOFH R/W OOH P3 Open-drain Selection Register
P3DB 2F1BH R/W OOH P3 Debounce Enable Register
P4 AOH R/W O00H P4 Data Register
P410 B1H R/W O00H P4 Direction Register
P4PU 2F04H R/W O00H P4 Pull-up Resistor Selection Register
P40OD 2F10H R/W OOH P4 Open-drain Selection Register
PADB 2F1CH R/W O00H P4 Debounce Enable Register
P5 BOH R/W O00H P5 Data Register
P5I0 B9H R/W OO0H P5 Direction Register
P5PU 2FO5H R/W O00H P5 Pull-up Resistor Selection Register
P50D 2F11H R/W O00H P5 Open-drain Selection Register
P5DB 2F1DH R/W O00H P5 Debounce Enable Register
PSR2 2F50H W O00H P2 Port Selection Register

9.3 Px Port

9.3.1 Px Port Description

Px ports are 8-bit General purpose 1/O ports except P8. 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).
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9.3.2 Register description for Px

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

PSRs (Ps Port Selection Register) : 2F50H

7 6 5 4 3 2 1 0
| @ | P6 | Ps | Pa PG Pe P PO
RW RW RW RW RW RW RW RW
Initial value : OOH
Px[7:0] 1/0 Data
PxIO (Px Direction Register) : 89H, 91H, 99H, A1H, B1H, BO9H
7 6 5 4 3 2 1 0
| o | Ppeo | PsO | Puao P3O P20 Px1IO P00
RW RW RW RW RW RW RW RW
Initial value : OOH
Px10[7:0] Px data I/O direction.
0 Input
1 Output
PxPU (PO~P6 Pull-up Resistor Selection Register) : 2FO0H ~ 2F05H
7 6 5 4 3 2 1 0
| pru | Peru | PePU | Puru | PerU | Poru PxIPU PXOPU
RW RW RW RW RW RW RW RW
Initial value : O0OH
PxPU[7:0] Configure pull-up resistor of Px port
0 Disable
1 Enable
PxOD (Px Open-drain Selection Register) : 2FOCH ~ 2F11H
7 6 5 4 3 2 1 0
| paop | PeodD | PsoD | PdodD | PaoD Px20D PX10D PX00D
RW RW RW RW RW RW RW RW
Initial value : O0OH
PxODI[7:0] Configure open-drain of Px port
0 Disable
1 Enable
PxDB (Px Debounce Enable Register) : 2F18H ~ 2F1DH
7 6 5 4 3 2 1 0
| PaoB | PeoB | PeB | PuDB P3DB PDB PxIDB PODB
RW RW RW RW RW RW RW RW
Initial value : O0OH
PxDB[7:0] Configure debounce of Px port
0 Disable
1 Enable
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7 6 5 4 3 2 1 0

PSRO7 PSR6 | PsRs | PsRo4 PSRO3 PSRO2 PSROL PSR00
RW RW RW RW RW RW RW RW
Initial value : OOH
PSR3[7:0] P30~P37 port selection register
0 Disable analog channel AN[7:0].
1 Enable analog channel AN[7:0].

9.3.3 TEST pin Description

This port is ready for entering debug system and write/read flash program by OCD ISP program. The
TESTpin needs about 1 K pull-up register while connecting to debugger. It desna need the 1K at
normal operation mode due to internal pull-up register.

The figure 9-1 is the application circuit diagram at debugging mode

vdd
OCD print circuit 1K g 4.7K % 4.7K
Connector MC96F454
Pin 1. Pin 2.
oo . ® Pin 23. TEST
Pin 4. GND
[oXe,
Pin 6.
|: oo @® Pin 12. DSCL
0 o] Fin8 ® Pin 13. DSDA
Pin 9.
°o /e

Figure 9-1 OCD Debugger andMCU connection diagram
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10. Interrupt Controller

10.1 Overview

The MC96F4548 supports up to 27 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 non-maskable interrupt source is always enabled with a higher priority than
any other interrupt source, and is not controllable by software. The interrupt controller has following
features:

- receive the request from 27 interrupt source
- 8 group priority

- 4 priority levels

- Multi Interrupt possibility

- If the requests of different priority levels are received simultaneously, the request of higher
priority level is serviced

- Each interrupt source can control by EA bit and each IEx bit
- Interrupt latency: 5~8 machine cycles in single interrupt system

The non-maskable interrupt is always enabled. The maskable interrupts are enabled through five
pair of interrupt enable registers (IE, IEL, IE2, IE3, IE4). Bits of IE, IE1, IE2, IE3, IE4 register each
individually enable/disable a particular interrupt source. Overall control is provided by bit 7 of IE (EA).
When EA is set to @9 all interrupts are disabled: when EA is set to dg interrupts are individually
enabled or disabled through the other bits of the interrupt enable registers. The MC96F4548 supports
a four-level priority scheme. Each maskable interrupt is individually assigned to one of four priority
levels by writing to IP or IP1.

Interrupt default mode is level-trigger basically but if needed, it is able to change edge-trigger mode.
Table 10-1 shows the Interrupt Group Priority Level that is available for sharing interrupt priority.
Priority sets two bit which is to IP and IP1 register about group. Interrupt service routine services
higher priority. If two requests of different priority levels are received simultaneously, the request of
higher priority level is serviced. If the request of same or lower priority level is received, that request is
not serviced.

Table 10-1 Interrupt Group Priority Level

Interrupt Group | Highest Lowest >
0 (Bit0) InterruptO | Interrupt8 | Interruptl6 | Interrupt24 Highest
1 (Bitl) Interruptl | Interrupt9 | Interruptl? | Interrupt25
2 (Bit2) Interrupt2 | Interrupt10 | Interruptl8 | Interrupt26
3 (Bit3) Interrupt3 | Interruptll | Interruptl9 | Interrupt27
4 (Bit4) Interrupt4 | Interruptl2 | Interrupt20
5 (Bit5) Interrupt5 | Interruptl3 | Interrupt21
6 (Bit6) Interrupt6 | Interruptl4 | Interrupt22
7 (Bit7) Interrupt7 | Interruptl5 | Interrupt23 vLowest
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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 edge selection register EIEDGE (External Interrupt Edge register)
and EIPOLA (External Interrupt Priority 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.

A
INTOPin [ — X
/\

— INTO Interrupt

— INT1 Interrupt

— INT30 Interrupt

— INT31 Interrupt

EIEDGE, EIPOLA

» FLAGO
2L
\
A
INTLPin [ ] SN > FLAGL
: VAN R
L AL f
INT6 Pin [ > RN > FLAGE
>/ \ A7
A
INT7 Pin ] SR Y 1% FLAG?
/\

[OxA5]External Interrupt Edge Register

[OxA6]External Interrupt Polarity Register

Figure 10-1 External Interrupt Description
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10.3 Block Diagram

IEDSO

IE[A8,] IP[B8,]

IP1jFsy]

EIFLAG.0[A%]

nto [

i

FLAGO

EIFLAG.1[A%]

FLAG1
EIFLAG.2[A%]

FLAG2

nt1 [

g

Ntz [

g

EIFLAG.3[A4]

s
ht
/\

nts [

'F

INTS

¥ TETETEW

IE1[A9,]

USTATO.5[E5,]

RXC
USTATO.6[ES5,]

UARTO Rx

UARTO Tx TXC
SPISR.7D4]

]
spl ——{ TCR |

12CMR 7 [DAH]

IIF

12C
USTATL.5[FDi]

UART1 Rx

RXC1
USTAT1.6[FD:]

UART1 Tx TXC1

gzgﬁ?g

f

IE4{AC)

EIFLAG 6[A4]

EIFLAG 7[A4]

INT6

INT7

F I

10

11

30

31

10

11

30

31

10

11

30

31

10

11

30

31

Priority High

\4

Release
Stop/Sleep

EA(IE.7[A84])

Priority Low

Figure 10-2 Block Diagram of Interrupt
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10.4 Interrupt Vector Table

The interrupt controller supports 32 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 32 has a decided priority order.

Table 10-2 Interrupt Vector Address Table

Interrupt Source | Symbol égfg{ggit Priority Mask Vector Address

Hardware Reset| RESETH 0 0 NonMaskable 0000H

IR INTO IE0.O0 1 Maskable 0003H

External Interrug | INT1 IEO.1 2 Maskable 000BH

External Interrugdt | INT2 IEO.2 3 Maskable 0013H

External Interrugt | INT3 IEQ.3 4 Maskable 001BH

External Interru@| INT4 IE0.4 5 Maskable 0023H

CEC INTS IEO0.5 6 Maskable 002BH

UARTO Rx INT6 IE1.0 7 Maskable 0033H

UARTOTX INT7 IE1.1 8 Maskable 003BH

SPI INT8 IE1.2 9 Maskable 0043H

12Q INT9 IE1.3 10 Maskable 004BH

UART1 Rx INT10 IE1.4 11 Maskable 0053H

UART1 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

ADC INT17 IE2.5 18 Maskable 008BH

EEPROM INT18 IE3.0 19 Maskable 0093H

WT INT19 IE3.1 20 Maskable 009BH

WDT INT20 IE3.2 21 Maskable 00A3H

BIT INT21 IE3.3 22 Maskable 00ABH

12C1 INT22 IE3.4 23 Maskable 00B3H

EXTLV Interrupt| INT23 IE3.5 24 Maskable 00BBH

External Interrupt | INT24 IE4.0 25 Maskable 00C3H

External Interrupt] INT25 IE4.1 26 Maskable 00CBH

External Interrupt{ INT26 IE4.2 27 Maskable 00D3H

External Interrupt | INT27 IE4.3 28 Maskable 00DBH

For maskable interrupt execution, first EA bit must

writing a 616 to associated bit in the | Ex. I f inter
set 61&. rfembins 616 until CPU accepts interrupt. Af t

automatically.
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10.5 Interrupt Sequence

An interrupt requestisheldunt i | the interrupt is accepted or
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

IEEAFlaga 1
IExya 1

A 4

Program Counter low Byte

SPa SP+1

M(SP) & (PCL)

Saves PC value in order to continue
process again after executing ISR

Y
Program Counter high Byte
SPa SP+1
M(SP) a (PCH)
EA=0

]

A

Interrupt Vector Address occurrence
(Interrupt Vector Address)

[~

A 4

]

ISR(Interrupt Service Routine) move, execute

A 4

Return from ISR
RETI

A
EA=1
Program Counter high Byte recovery
(PCH) & M(SP)
SPa SP-1

=

A 4
Program Counter low Byte recovery
(PCL) & M(SP)

SPa SP-1

A 4

Main Program execution

Figure 10-3 Interrupt Sequence Flow
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10.6 Effective Timing after Controlling Interrupt bit

Case a) Control Global Interrupt Mask Enable Flag (EA bit).

EA set/clear

After executing EA set/clear, interrupt

>
<

Next Instruction

Next Instruction

v

flag result is effective.

Figure 10-4 Interrupt flag result effective Timing

Case b) Control Interrupt Enable Register (IE, IE1, IE2, IE3, IE4)

Interrupt Enable Register
command

Next Instruction

d
)l

Next Instruction

v

After executing next instruction, enable
register is effective.

Figure 10-5 Interrupt Enable Register effective Timing
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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
EA=1
Occur )
INT1 Interrupt Occur
INTO Interrupt
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 cana service its interrupt routine.

Example) Software Multi Interrupt:

INT1: MOV IE, #81H ; Enable INTO only
MOV IE1, #00H ; Disable other
SETB EA :

MOV IE, #0OFFH ; Enable all Interrupts
MOV IE1, #OFFH
RETI
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10.8 Interrupt Enable Accept Timing

Max. 4 Machine Cycle —»<4——4 Machine Cycle —]

System Y. ..
Clock I | | | |

N

) S

Interrupt T
Aot - N
Active Interrupt Y '
Latched Interrupt Processing )
e 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
——— ——
00ABH 02H 0125H OEH
00ACH 01H : 0126H 2EH
00ADH 25H
— |
— |

Figure 10-8 Correspondence between vector Table address and the entry address of ISR

10.10 Saving/Restore General-Purpose Registers

INTxx: PUSH PSW

PUSH DPL Main Task

PUSH DPH Interrupt

PUSH B | | Service Task

PUSH ACC _— ,

ﬁ e Saw_ng
Register

Interrupt_Processing:

Restoring
Register

POP ACC
POP B |
POP DPH

POP DPL

POP PSW

RETI

Figure 10-9 Saving/Restore Process Diagram & Sample Source
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10.11 Interrupt Timing

Interrupt sampled here
CLP2 CLP1 \ CLP2 C1pP1 C1P2 C2P1 C2P2
i

A A Y 'y
SCLK

INT_SRC

INTR_ACK

LAST_CYC

INTR_LCALL |

INT_VEC X 8-Bit interrupt Vector >

PROGA X {8%00, 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.

Note) command cycle C?P?: L=Last cycle, 1=1% cycle or 1* phase, 2=2" cycle or 2" phase
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10.12 Interrupt Register Overview

10.12.1 Interrupt Enable Register (IE, IEL, IE2, IE3, IE4)

Interrupt enable register consists of Global interrupt control bit (EA) and peripheral interrupt control
bits. Totally 32 peripheral are able to control interrupt.
10.12.2 Interrupt Priority Register (IP, IP1)

The 32 interrupt divides 8 groups which have each 4 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, | P, Il P1L reset value is 0606. At
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 registeriss et to 616 when the externél inter
satisfied. The flag is cleared when the interrupt routine is executed. Alternatively, the flag can be

cleared by writing a ®6to 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 ¢

10.12.5 External Interrupt Polarity Register (EIPOLA)

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 Both Edge Enable Register (EIBOTH)

When the external interrupt both edge enable register is written to 4.6 the corresponding external pin
interrupt is enabled by both edges. Initially, default value is disabled.
10.12.7 External Interrupt Enable Register (EIENAB)

When the external interrupt enable register is written to 4§ 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.
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10.12.8 Register Map

Table 10-3 Register Map®

Name Address Dir Default Description

IE A8H R/W O00H Interrupt Enable Register

IE1 A9H R/W O00OH Interrupt Enable Register 1

IE2 AAH R/W O00OH Interrupt Enable Register 2

IE3 ABH R/W O00OH Interrupt Enable Register 3

IE4 ACH R/W O0OH Interrupt Enable Register 4

P B8H R/W O00H Interrupt Polarity Register

IP1 F8H R/W O00H Interrupt Polarity Register 1
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 A7H R/W O00H External Interrupt Both Edge Register
EIENAB A3H R/W O00H External Interrupt Enable Register

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), Interrupt Enable Register 3 (IE3) and Interrupt Enable
Register 4 (IE4). For external interrupt, it consists of External Interrupt Flag Register (EIFLAG),
External Interrupt Edge Register (EIEDGE), External Interrupt Polarity Register (EIPOLA) and
External Interrupt Enable Register (EIENAB).

10.13.1 Register description for Interrupt

IE (Interrupt Enable Register) : A8H

7 6 5 4 3 2 1 0
| Ea | - | wNsE | NmE INT3E INT2E INTLE INTOE
RW - RW RW RW RW RW RW
Initial value : OOH
EA Enable or disable all interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INTSE Enable or disable CEC Interrupt
0 Disable
1 Enable
INT4E Enable or disable External Interrupt 3
0 Disable
1 Enable
INT3E Enable or disable External Interrupt 2
0 Disable
1 Enable
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INT2E

INT1E

INTOE

Enable or disable External Interrupt 1

0 Disable

1 Enable

Enable or disable External Interrupt O
0 Disable

1 Enable

Enable or disable IR Interrupt

0 Disable

1 Enable

IE1 (Interrupt Enable Register 1) : A9H

7 6 5 4 3 2 1 0
- | - | NtuE | NTiE INTOE INTSE INT7E INTGE
- - RW RW RW RW RW RW
Initial value : OOH
INT11E Enable or disable UART1 Tx Interrupt
0 Disable
1 Enable
INT10E Enable or disable UART1 Rx Interrupt
0 Disable
1 Enable
INTOE Enable or disable 12CO0 Interrupt
0 Disable
1 Enable
INT8E Enable or disable SPI Interrupt
0 Disable
1 Enable
INT7E Enable or disable UARTO Tx Interrupt
0 Disable
1 Enable
INT6E Enable or disable UARTO Rx Interrupt
0 Disable
1 Enable

IE2 (Interrupt Enable Register 2) : AAH

7 6 5 4 3 2 1 0
| - | ] | n~mzE | wmee INT15E INT14E INT13E INT12E
- - RW RW RW RW RW RW
Initial value : O0H
INT17E Enable or disable ADC Interrupt
0 Disable
1 Enable
INT16E Enable or disable Timer 4 Interrupt
0 Disable
1 Enable
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INT15E

INT14E

INT13E

INT12E

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 O Interrupt
0 Disable
1 Enable

IE3 (Interrupt Enable Register 3) : ABH

IE4 (Interrupt Enable Register 4) : ACH

7 6 4 3 2 1 0
| - | - IS INT21E INT20E INTI9E INTISE
R R RW RW RW RW RW
Initial value : O0OH
INT23E Enable or disable EXTLV Interrupt
0 Disable
1 Enable
INT22E Enable or disable 12C1 Interrupt
0 Disable
1 Enable
INT21E Enable or disable BIT Interrupt
0 Disable
1 Enable
INT20E Enable or disable WDT Interrupt
0 Disable
1 Enable
INT19E Enable or disable WT Interrupt
0 Disable
1 Enable
INT18E Enable or disable EEPROM Interrupt
0 Disable
1 Enable

7 6 4 3 2 1 0
| ] | - | ] INT27E INT26E INT25E INT24E
R R R RAW RW RW RW

INT27E

Enable or disable External Interrupt 7
0 Disable
1 Enable

Initial value : O0OH
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INT26E

INT25E

INT24E

Enable or disable External Interrupt 6
0 Disable
1 Enable
Enable or disable External Interrupt 5
0 Disable
1 Enable
Enable or disable External Interrupt 4
0 Disable
1 Enable

IP (Interrupt Priority Register) : B8H

be cleared by writing a ®6to bit

0 External Interrupt not occurred

1 External Interrupt occurred

EIEDGE (External Interrupt Edge Register) : A5H

7 6 5 4 3 2 1 0
| p | e | P | 4 IP3 P2 P1 IPO
RW RW RW RW RW RW RW RW
Initial value : O0OH
IP1 (Interrupt Priority Register 1) : F8H
7 6 5 4 3 2 1 0
| Pz | P | P5 | pPu P13 P12 P11 P10
RW RW RW RW RW RW RW RW
Initial value : O0OH
IP[7:0], Select Interrupt Group Priority
IP1[7:0] IP1x IPx Description
0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
EIFLAG (External Interrupt Flag Register) : A4H
7 6 5 4 3 2 1 0
| Aasr | RAass | Rass | Ram | RA FLAG2 FLAGL FLAGO
RW RW RW RW RW RW RW RW
Initial value : O0OH
FLAG[7:0] If External Interrupt is occurred, the flag becomes 6 1Tie flag can

7 6 5 4 3 2 1 0
| eocer | epees | Epces | Epeesa | EpcEs EDGE2 EDGEL EDGEO
RW RW RW RW RW RW RW RW
Initial value : OOH
EDGEJ[7:0] Determines which type of edge or level sensitive interrupt may

occur.
0 Level (default)
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1 Edge

EIPOLA (External Interrupt Polarity Register) : A6H

7 6 5 4 3 2 1 0
| pow | Poss | Poss | Pom | POLA3 POLA2 POLAL POLAD
RAW RAW RAW RAW RAW RAW RAW RAW

Initial value : OOH

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:

When High level, Interrupt occurred (default)
1 When Low level, Interrupt occurred

Edge case:

When Rising edge, Interrupt occurred (default)
1 When Falling edge, Interrupt occurred

EIBOTH (External Interrupt Both Edge Enable Register) : A7H

7 6 5 4 3 2 1 0
| Bom7 | Bome | BoHs | Bom4 | BOTH3 | BOM2 | BOTHLI | BOTHO
RV RAV RAW R R R R RIW

Initial value : O0OH

BOTH[7:0] Determines which type of interrupt may occur, EIBOTH or
EIEDGE+EIPOLA. if EIBOTH is enable, EIEDGE and EIPOLA
register value dondt matter

0 Disable (default)
1 Enable

EIENAB (External Interrupt Enable Register) : A3H

7 6 5 4 3 2 1 0
| enaer | Ews | Evaes | EnaB4 | ENas ENAB2 ENABL ENABO
RW RW RW RW RW RW RW RW
Initial value : OOH
ENABJ[7:0] Control External Interrupt
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. The system colock source get

from three kinds of resources
- Internal RING OSC (4Mhz)
- External crystal at Xin and Xout pin (1~14 MHz)

- Sub crystal at SUBxin and SUBXxout pins ( 32.768Khz, the resource of real time clock especially )

The default system clock after power on is RING-OSC Oscillator( 4Mhz). It is clock resource to have
quickly stable oscillation at POR or RESET active and provide system clock source to CPU and an
other peripheral block. It is also clock source of BIT, WDT and ports de-bounce that control system
stabilization. After the system operation start with RING OSC, an application software change system
clock source to Main or SUB OSC + PLL with clock control registers.

11.1.2 Block Diagram

PDOWN

Main

O

D_ osc | fun
SUBxin D— SUB PLL fsus / fPLL‘

O

Fdclk

22MHz
SUBxour 0s¢ ( : Clock
Change
A
WT
fRING;
PDOWN
STOP1
RINGOSC

System
ClockGen.

— Fsclk

(Core, Systenr

A

Peripherals)

System Clock
Masking Control

BIT
Overflow

(4MHz)

BIT

1 > WDT

Figure 11-1 Clock Generator Block Diagram
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11.1.3 Register Map

Table 11-1 Register Map

Name Address Dir Default Description
SCCR 8AH R/W 04H System Clock Control Register
PLLCR D9H R/W O00OH PLL Control Register

11.1.4 Clock Control Register description

The Clock Control Register is to select clock source for system operation. This register operation
depends on Oscillation resource and system configure option register(FUSE_CONFIG).

. It should to set SXINEN bit, XINENA bit on FUSE_CONFIG register to use External clock
source( Crystal Oscillator (1~14 MHz) or/and Sub-Clock Crystal Oscillator (32.768 KHz)). Especially
for Main Crystal Oscillator application, the bit (XOFF) on SCCR has to be i B-6al dscillation
enable ) before changing clock souce.

Note) Before changing system clock source with the bits (CS[1:0]), please check SXINEN,
XINENA [ bit 4, 5] on FUSE_CONFIG and XOFF [bit 2] on SCCR.

11.1.5 Register description for Clock Control

SCCR (System and Clock Control Register) : 8AH

7 6 5 4 3 2 1 0
| st | - psToP | cBYs | xstop XOFF cs1 CS0
RW - RW RW RW RW RW RW
Initial value : 04H
STOP1 The operation of RING Oscillation at stop mode
0 Ring-Oscillator is disabled at stop mode (=STOP2)
1 Ring-Oscillator is enabled at stop mode (=STOP1)
PSTOP The operation of PLL Oscillation at stop mode
Note) Sytem clock is frozen regardless of PSTOP
0 PLL Oscillation enable at stop mode (default)
1 PLL Oscillation disable at stop mode
CBYS It control methods of system clock change.

If this bit is @9 clock change occure on BIT interrupt generation on
STOP condition. If this bit is d§ the clock change take place on
setting CS[1:0]

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

0 Clock changed by hardware during stop mode (default)
1 Clock changed by software
XSTOP The operation of X-Tal Oscillation at stop mode

Notel) Sytem clock is frozen regardless of XSTOP
Notel) if XOFF is to 4§ XSTOP is fixed to 40

0 X-Tal Oscillation enable at stop mode (default)
1 X-Tal Oscillation disable at stop mode

XOFF The operation of X-Tal Oscillation See Note 1)
0 X-Tal Oscillation enable
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CS[1:0]

1 X-Tal Oscillation disable (default)

It select system clock
Note) With CBYS bit, reflection point is decided

Cs1 CS0 Description

fRING (4 MHz)

fXIN Main Clock (1~14MHz)

fSUB / fPLL (32.768 KHz, 14.75MHz)
fSUB / fPLL (32.768 KHz, 14.75MHz)

= = O O
= O +— O

Note 1. If XINENA bitinFUSE_CONF is to 606, XOFF fixed to
PLLCR (Phase Locked Loop Control Register) : D9H

7 6 5 4 3 2 1 0
| pustat | Pucks | PuLOcK PLLFB | PLLPD PLLEN
R RW RW RW RW RW RW RW
Initial value : 0OH

PLLSTAT PLL Status flag (read only bit)
0 PLL output is Fvcoin (32.768KHz bypass)
1 PLL output is Fpll

PLLCKS PLL output clock selection control

PLLEN should be set fiLoto use bypass control. PLL VCO would

not stop in the case that PLLCKS is fD0 (32KHz). In addition, this
bit automatically set by interrupt event on sub-active or power
down.
0 PLL output is Fvcoin (32.768KHz bypass, default)
1 PLL output is Fpll

PLLLOCK PLL clock lock status
0 PLL clock is not locked
1 PLL clock is locked

PLLFB[1:0] PLL Feedback Divider control
PLLFB1 PLLFBO description
0 0 FBdiv = 674
0 1 FBdiv = 562
1 0 FBdiv = 450
1 1 FBdiv = 338

PLLPDI[1:0] PLL Post Divider Control
PLLPD1  PLLPDO  description
0 0 M=1
0 1 M=2
1 0 M=4
1 1 M=8

PLLEN PLL Enable control

Note) if SXINEN bit in FUSE_CONF is to ®§ PLLEN fixed to ®6
0 PLL disable (2 SUB-OSC clock need for disable, default)
1 PLL enable

Fvco = Fvcoin * FBdiv
Fpll =Fvco /M
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Fvco = (32.768 KHz *674) = 22.085632MHz
Fvco = (32.768 KHz * 52) = 18.415616MHz
Fvco = (32.768 KHz * £0) = 147456MHz

Fvco = (32.768 KHz * 333=11075584MHz

11.2 BIT

11.2.1 Overview

The MC96F4548 has one 8-bit Basic Interval Timer thatis freeer un and candét stop. Bl o«
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 MC96F4548 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

RING-OSC
(4MHz)

D 1024 _,—>| BIT Interrupt Generator |—> BIT Interrupt Flag
BIT_CLK ———»| BITR (8-bit COUNT)
_|—>| BIT Out Generator |—> BIT_OUT (WDT clock source)

BCK[2:0] = 001b

BIT_CLK

BIT_Int_Flag 1 1 1 1 1
BIT_Out I ] I ] I ] I I I I_

Figure 11-2 BIT Block Diagram

11.2.3 Register Map

Table 11-2 Register Map

Name Address Dir Default Description
BCCR 8BH R/W 05H BIT Clock Control Register
BITR 8CH R O00H Basic Interval Timer Register
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11.2.4 Bit Interval Timer Register description

The Bit Interval Timer Register consists of BIT Clock control register (BCCR) and Basic Interval
Ti mer register (BI TR). I f BCLR bit set to 061606, BI TR
cycl e, BCLR bit is cleared as 06006 automatically.

11.2.5 Register description for Bit Interval Timer

BCCR (BIT Clock Control Register) : 8BH

7 6 5 4 3 2 1 0
B -] - BCLR BCK2 BCKL BCKO
RW R R R RW RW RW RW
Initial value : O5H
BITF When BIT Interrupt occurs, this bit becomes d.6 For clearing bit, write
®oto this bit.
0 no generation
1 generation
BCLR If BCLR Bit is written to 4§ BIT Counter is cleared as ®b
0 Free Running
1 Clear Counter
BCK][2:0] Select BIT overflow period (BIT Clock 3.9 KHz)

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
| B7 | B® | BB | BM™ BIT3 BIT2 BITL BITO
R R R R R R R R

Initial value : O0OH

BIT[7:0] BIT Counter
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11.3WDT

11.3.1 Overview

The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or
the like, and resumes the CPU to the normal state. The watchdog timer signal for detecting
malfunction can be selected either a reset CPU 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. It is possible to use free running 8-bit timer mode (WDTRSON=®49 or watch dog timer mode
(WDTRSON=4A9 as setting WDTMR][6] bit. If writing WDTMR[5] to 4§ WDT counter value is cleared
and counts up. After 1 machine cycle, this bit has ®dautomatically. The watchdog timer consists of 8-
bit binary counter and the watchdog timer data register. When the value of 8-bit binary counter is
equal to the 8 bits of WDTR, the interrupt request flag is generated. This can be used as Watchdog
timer interrupt or reset the CPU in accordance with the bit WDTRSON.

The clock source of Watch Dog Timer is BIT overflow output. The interval of watchdog timer interrupt
is decided by BIT overflow period and WDTR set value. The equation is as below

WDT Interrupt Interval = (BIT Interrupt Interval) X (WDTR Value+1)

11.3.2 Block Diagram

Watchdog Timer
Counter Register

Clear -~ >
BIT Overflow —] < To Reset
WDTEN — } WDTCR > ) Circuit

[BEH]
> Ia 7 _ Clear
> > WDTIFR [¢——— INT_ACK
> \ \

Watchdog Timer WDTR p WDTIF
Register
[8EH]
"’ WDTCL WDTRSON
WDTMR

Figure 11-3 WDT Block Diagram

11.3.3 Register Map

Table 11-3 Register Map

Name Address Dir Default Description

WDTR 8EH w FFH Watch Dog Timer Register
WDTCR 8EH R O00H Watch Dog Timer Counter Register
WDTMR 8DH R/W O00H Watch Dog Timer Mode Register
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11.3.4 Watch Dog Timer Register description

The Watch dog timer (WDT) Register consists of Watch Dog Timer Register (WDTR), Watch Dog
Timer Counter Register (WDTCR) and Watch Dog Timer Mode Register (WDTMR).
11.3.5 Register description for Watch Dog Timer

WDTR (Watch Dog Timer Register: Write Case) : 8EH

7 6 5 4 3 2 1 0
| worwr | worRe | wotRs | wotRé | wDTRS WDTR2 WDTRL WDTRO
W W W W W W W w

Initial value : FFH

WDTR[7:0] Set a period
WDT Interrupt Interval=(BIT Interrupt Interval) x(WDTR Value+1)

Note) To guarantee proper operation, the data should be greater than 01H.

WDTCR (Watch Dog Timer Counter Register: Read Case) : 8EH

7 6 5 4 3 2 1 0
| wotcr7 | worcre | woToRs | worcr4 | woTcRs | worcre | wotcRi | worcro
R R R R R R R R

Initial value : OOH

WDTCR[7:0]  WDT Counter

WDTMR (Watch Dog Timer Mode Register) : 8DH

7 6 5 4 3 2 1 0
| worEN | wotRson | woral | - | - - - WDTIFR
Initial value : O0H

WDTEN Control WDT operation
0 disable
1 enable

WDTRSON Control WDT Reset operation
0 Free Running 8-bit timer
1 Watch Dog Timer Reset ON

WDTCL Clear WDT Counter
0 Free Run
1 Clear WDT Counter (auto clear after 1 Cycle)

WDTIFR When WDT Interrupt occurs, this bit becomes @6 For clearing bit, write
®6to this bit or auto clear by INT_ACK signal.
0 WDT Interrupt no generation
1 WDT Interrupt generation
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11.3.6 WDT Interrupt Timing Waveform

Source Clock
BIT Overflow

WDTCR[7:0]

WDTR[7:0]

WDTIF
Interrupt

WDTRESETB

JERSREEEREEEEEENEE N

G

DED S0 OEVEN Y.

: __ Counter Clear

n 3

WDTCL
Occur

WDTR ¢ 0000_0011b

Match
Detect

RESET

Figure 11-4 WDT Interrupt Timing Waveform
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11.4 WT

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 d6in 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

fSUB
(32.768kHz)
P . 14 "
A 1N MUX fwex 14Bit fwer / 2 Timer Counter i
g 128 Binary Counter " | (7bit auto reload counter)
fxin > ¢ L128,
é k256 fwek / 2 x (7bit WTR Value +1)
r
WTIFR [—»
WTIF
A
Clear
WTMR | WTEN | - | - IWTIFR | WTIN1 I WTINO |WTCK1|WTCKO|
INT_ACK

WTR

WTR Write—>| WTCL | WTR6 | WTR5 I WTR4 | WTR2 I WTR2 | WTR1 | WTRO |

WTCR
WTR Read—’l - |WTCR6|WTCRSIWTCR4|WTCR2IWTCR2|WTCR1|WTCRO|

Figure 11-5 Watch Timer Block Diagram

11.4.3 Register Map

Table 11-4 Register Map

Name Address Dir Default Description

WTMR 9DH R/W O00OH Watch Timer Mode Register
WTR 9EH W 7FH Watch Timer Register

WTCR 9EH R O00H Watch Timer Counter Register
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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) : 9DH

7 6 5 4 3 2 1 0
IR - - | wirr WTINL WTINO WTCKL WTCKO
RW - - RW RW RW RW RW
Initial value : OOH
WTEN Control Watch Timer
0 disable
1 enable
WTIFR When WT Interrupt occurs, this bit becomes d6 For clearing bit,
write ®6to 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 (7hit WT Value)
WTCK][1:0] Determine Source Clock
WTCK1 WTCKO description
0 0 fsub
0 1 fxin/256
1 0 fxin/128
1 1 fxin/64

Remark: fxini Main clock oscillation frequency
fsub- Sub clock oscillation frequency
fwek- selected Watch Timer clock
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WTR (Watch Timer Register: Write Case) : 9EH

7 6 5 4 3 2 1 0
| wiaa | wiwe WIRS | WIRd | WIR3 WITR2 WITRL 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/2714) x(7bit WT Value+1)

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

WTCR (Watch Timer Counter Register: Read Case) : 9EH

7 6 5 4 3 2 1 0
| | wrcre | wrcRs | wrcr4 | wicRs | wicr2 WTCR1 WTCRO
- R R R R R R R

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

11.5.1 8-bit Timer/Event Counter O, 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
(T1IPPR, T1PDR, T1IPWHR).

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 ECO). The clock
source is selected by clock select logic which is controlled by the clock select (TOCK[2:0], T1CK][1:0]).

- TIMERO clock source : fX/2, 4, 16, 64, 256, 1024, 4096, EC2
- TIMERL1 clock source : fX/1, 2, 16, 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 T1 port in
the timer mode and the PWM waveform to PWM3 in the PWM mode.

Table 11-5 Operating Modes of Timer

16 Bit | CAPO | CAP1 | PWMIE | TOCKJ[2:0] | T1CKJ[1:0] | TO/1 PE TIMER O Timer 1
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
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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 : B2y
TOCR TOEN | TOPE | CAPO | TOCK2 | TOCKL [ TOCKO | TOCN | TOST INITIAL VALUE : 0000_00005
1 X 0 X X X X X
ADDRESS : B4y
T1CR POL1 | 16BIT |PWMLE| CAP1 | T1CK1 | TiCKO | T1CN | T1ST INITIAL VALUE : 0000_00005
X 0 0 0 X X X X
ECO A > TOST
TOEN
+1 -
— lS-bn Timer0 Counter
o Nz o 4
r =4 : . Clear
¢ [T mx[T]o ° ToEbiy [
SCLK —¥ ¢ 64
a > [B34]
! 228, > Timer0
e - > ]
c £1024 - > TOIF " nterrup
+4096
'/ [B34] Comparator
1\3 TODR(8-bit) » FF —] ]PoorTo
TOCK([2:0]
8-bit Timer2 Data Register
T1ST
T1CN
* 18-bit Timerl Counter
ﬂ—; Clear
=2 | MUX o o T1(8-bit) -
+16
>
J [B64]
> o Timerl
%2 > > TlF Interrupt
T1CK[1:0] [B54] Comparator
T1DR(8-bit) »| FIF —| |P05/Tl
8-bit Timerl Data Register

Figure 11-6 Bit Timer/Event Counter0, 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 0 can use the input clock with 2, 4, 8, 32, 128, 512, 2048
prescaler division rates (TOCK[2:0]). The timer 1 can use the input clock with 1, 2, 8 and timer 0
overflow clock (T1CK][1:0]). When the value of TO, lvalue and the value of TODR, T1DR are
respectively identical in Timer 0, 1, the interrupt of timer P2, 3 occurs. The external clock (EC2)
counts up the timer at the rising edge. If ECO is selected from TOCK][2:0], ECO port becomes input port.
Thetimerlcandt wuse the external ECO cl ock.
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A /Match with TODR/T1DR
TODR/T1DR
Value n-1
n-2 Count Pulse Period
/ Per
Up-count 6
/ -
4
3
2
1
0 .
Interrupt Period TIME
=Pcp X (N+1)
Timer O, 1 T 1 T
(TOIF, T1IF)
Interrupt Occur Occur Occur
Interrunt Interrunt Interrunt
Figure 11-7 Timer/Event Counter0, 1 Example
y
TODR/T1DR
Value Disable Enable
Clear&Start |
STOP | I /
| | Up-count
! |
' |
! [ _
: : | | TIME
Timer 0, 1 I | | :
(TOIF, T1IF) | ! 1
Interrupt Occur . | | . Occur
Interrunt | | | Interruot
: . | )
TOST, T1ST . ; !
Start&Stop TOST,T1ST = 1| ITOST,TlST =1 [ I
TOST, T1ST =0 | |
TOCN, T1CN I :
Control count TOCN,TICN=1 ITOCN,TlCN =1
TOCN,TICN=0

Figure 11-8 Operation Example of Timer/Event Counter0, 1
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11.5.1.3 16 Bit Timer/Counter Mode

The timer register is being run with all 16bits. 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 O interrupt ( no timer 1 interrupt). The clock source is selected from TOCK][2:0]
and T1CKJ[1:0] must set 11b and 16BIT bit mustse t t o timkrd.is LIBBiIt, the timer 1 is MSB
8-bit. TODR must not be 0x00(0x01~0xFF). The 16-bit mode setting is shown as Figure 11-19.

ADDRESS : B2y
TOCR TOEN | TOPE | cAPo | Tockz | Tocki | Tocko | TocN | TosT INITIAL VALUE : 0000_00005
1 X 0 X X X X X
ADDRESS : B4y
T1CR POL1 | 16BIT |PWMLE | CAP1 | TICK1 | TACKO | T1CN | TiST INITIAL VALUE : 0000_00005

\
ECO D— A > TOST
TOEN
) ‘ l 16-bit Counter
P +4 g
r >
- Clear
¢ 2 Mux oo (8Tblit) (8Tk?it) <
SCLK —| ¢ [ =%
? 286 [B6y] [B34]
e | f1024 > _ Timer0
r +4096: > > TOIF ’ Interrup

T [B54] Comparator
3 TIDR | TODR
TOCK[2:0] @bi) | @bit) | > FIF —l IPOO/TO

16-bit Data Register

Figure 11-9 16 Bit Timer/Event Counter0 Block Diagram

11.5.1.4 8-Bit Capture Mode

The timer 0, 1 capture mode is set by CAPO, CAP1 a s 616. The <c¢lock
internal/external clock. Basically, it has the same function of the 8-bit timer/counter mode and the
interrupt occurs at TO, 1 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 INTO, INT1 function is chosen.

The CDRO, TO and TODR are in same address. In the capture mode, reading operation is read the
CDRO, not TODR because path is opened to the CDRO. The CDR1 has the same function.
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ADDRESS : B2y
TOCR TOEN | TOPE | CAPO | TOCK2 | TOCK1 | TOCKO | TOCN TOST INITIAL VALUE : 0000_0000g
1 X 1 X X X X X
ADDRESS : B4y
T1CR POL1 | 16BIT | PWM1E| CAP1 | TICK1 | TICKO | TI1CN | T1iST INITIAL VALUE : 0000_0000g
X 0 0 1 X X X X
ECO A > TOST
TOCN
‘ lS-bit TimerO Counter
=N
P b2 Clear
. L4 o o TO(8Bit) <
1 MUX
fx—»| s L16 )
c 164 Clear } (B3] Timer0
a > Interrupt
| 1256 -
¢ 11024 _ » - »| TOIF —>
L4096 [B3u] [B3+] comparator
CDRO TODR
3 (8Bit) (8Bit)
TOCK[2:0] EIEDGE.O
8-bit Timer0 Data Register
f _ INTO
INTO| I m > INTOIF Interrupt
T1ST
T1CN
L ; lS-bit Timerl Counter
l.1 Clear
L2 MUX o o T1(8Bit) -
|16 _
Clear 1 [B6H Timerl
Interrupt
2 > i »| T1IF f—>
TICK[1:0] [B64] [B5u] comparator
CDR1 T1DR
(8Bit) (8Bit)
EIEDGE.1
8-bit Timerl Data Register
f _ INT1
INT1 D > INTLIF Interrupt

D

Figure 11-10 8-bit Capture Mode for TimerO, 1
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A CDRO, CDR1 Load
TO/T1 Value
n-1
n-2 Count Pulse Period
/ Pee
Up-count 6
/ -
4
3
2
1
TIME
Ext. INTO,1PIN |—
Interrupt [ —|
Request — -
(INTOF,INT1F) - o
Interrupt Interval Period
Figure 11-11 Input Capture Mode Operation of Timer 0, 1
FE FE
XX
TO, T1
YYn
004 004 004 004 004
Interrupt —| —|
Request
(TOIF,T1IF)
Ext. INTO,1 PIN
Interrupt —|
Request b

(INTOF,INT1F)

Interrupt Interval Period = FFy+01,+FF,+01+YYy +01,

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[1:0] must set 11b and 16BIT2 bit must set to
6016. -Bitmode sefting is shown as Figure 11-13

ADDRESS : B2y
TOCR TOEN | TOPE | cAPo | Tock2 | Tock | Tocko | TocN | TosT INITIAL VALUE : 0000_0000s
1 X 1 X X X X X
ADDRESS : B4y
T1CR POL1 | 16BIT |PWM1E| CAP1 | TICK1 | TICKO | TI1CN | T1ST INITIAL VALUE : 0000_0000g
X 1 0 1 1 1 X X
ECO A > TOST
TOCN
b k2 ‘ l 16-bit Counter [B64:B3]
.4
r 16 > . X Clear
e L »| MUX o o T1(8Bit) MSB | TO(8Bit) LSB
64 Timerl
fx=—» C L) >
a |, 256 : Clear 1k Interrupt
! 11024 é _
r I, 4096 - > TOIF |—>

T Comparator
3 CDR1(8Bit) T1DR(8Bit)

TOCK[2:0] +CDRO(8BIT) | +TODR(8BIt)

—’:L‘ [B6k:B34]  16-bit Data Register [B51:B34]
INTO | I A INTLIE INTO

m Interrupt

\

Figure 11-13 16-bit Capture Mode of Timer O, 1

11.5.1.6 PWM Mode

The timer 1 has a PWM (pulse Width Modulation) function. In PWM mode, the T1/PWM1 output pin
outputs up to 10-bit resolution PWM output. This pin should be configured as a PWM output by set
TL. PE to 61606. The period of t heTlFPRIPWHM peripdudgister)st+
T1PWHR[3:2] + TIPWHRJ[1:0]

PWM Period = [ TIPWHR[3:2]T1PPR ] X Source Clock
PWM Duty = [ TAPWHR[1:0] T1IPDR ] X Source Clock
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Table 11-6 PWM Frequency vs. Resolution at 8 Mhz

. Frequency
Resolution
T1CK]1:0]=00 (125ns) | T1CK][1:0]=01 (250ns) | T1CK][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

The POL bit of T1CR 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, 0: High).

T1CR

T1PWHR

b1

POL1

16BIT | PWMIE| CAP1

T1CK1 | TICKO | TICN | TiST

X X X X

T1_PE

PW1H3|PW1H2 | PW1H1|PW1HO

fX —— k2

|16

MUX

vy

= D0D—O0nWMom—=T

TO Clock
Source

2
T1CK[1:0]

X X X X
l I

Period High Duty High

8-bit Timerl PWM Period Register

ADDRESS : B4y
INITIAL VALUE : 0000_0000g

ADDRESS : B74
INITIAL VALUE : 0---_0000g

T1_PE

Q PWM1

T1PPR
T1PHR[1:0}> @ Bit)
[B74]
T1ST » -
T1CN > ™S
* l Comparator
) T1 Clear R
oo [2Bit  ggiy
8-bit Timerl [B64]
Counter + 2-bit ‘
Comparator
T1PDR
Slave / (8 Bit)
/ (861
T1PHR([7:6]
T1PDR
Master (8 Bit)
[B64]

POL

Figure 11-14 PWM Mode
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Source Clock

(%)

T1

T1/PWM1
POL=1

T1/PWM1
POL =0

T1CR[1:0] = 004(fxn)

TIPWHR =034
T1PPR = FF,
T1PDR =804

AL

L

b)Y

ik
ﬂﬂ 02

3N

A\
Duty Cvcle(1+80,)X250ns = 32.25us

< Period Cycle(1+3FF;)X250ns = 256us

A 3.9kHz

PW1H3 PW1H2 T1PPR(8 Bit)
1 1 FFy
PW1H1 PW1HO T1PDR(8 Bit)

0 0 80y

Figure 11-15 Example of PWM at 4MHz

TICR[1:0] = 104(2us)

T1IPWHR = 004
T1PPR = OEy
T1PDR = 054

Source Clock
Mt
R R R A

Write OAy to T3PPR

UL

T1/PWM1
POL=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+0OEw)X2us = 32us A 31.25kHz (1+0A)X2us = 22us A 45.5kHz

Figure 11-16 Example of Changing the Period in Absolute Duty Cycle at 4Mhz
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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/PWML1 port outputs.
The output is 50:50 of duty square wave, the frequency is following

¢ a OscillatorFrequency
COMP 23 prescalevalue® (TDR+1)

To export the compare output as TL/PWM1, the T1_PE bitinthe TIPWHRr egi st er must set

11.5.1.8 Register Map

Table 11-7 Register Map

Name Address Dir Default Description

TOCR B2 R/W OOH Timer 0 Mode Control Register
TO B3 R OOH Timer 0 Register

TODR B3 w FFH Timer 0 Data Register

CDRO B3 R O00H Capture 0 Data Register
T1CR B4 R/W O00H Timer 1 Mode Control Register
T1DR B5 W FFH Timer 1 Data Register

T1PPR B5 wW FFH Timer 1 PWM Period Register
T1 B6 R OOH Timer 1 Register

T1PDR B6 R/W OOH Timer 1 PWM Duty Register
CDR1 B6 R OOH Capture 1 Data Register
T1PWHR B7 W O00H Timer 1 PWM High Register

11.5.1.9 Timer/Counter 0, 1 Register description

The Timer/Counter 0, 1 Register consists of Timer 0 Mode Control Register (TOCR), Timer O
Register (T0), Timer 0 Data Register (TODR), Capture 0 Data Register (CDRO0), Timer 1 Mode Control
Register (T1CR), Timer 1 Data Register (T1DR), Timer 1 PWM Period Register (TLPPR), Timer 1
Register (T1), Timer 1 PWM Duty Register (T1PPR), Capture 1 Data Register (CDR1) and Timer 1
PWM High Register (TLPWHR).
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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
| TEN | ToPE cao | Tocke | Tocki TOCKO TOCN ToST
RW RW RW RW RW RW RW RW
Initial value : OOH
TOEN Control Timer 0

TO_PE

CAPO

TOCK([2:0]

TOCN

TOST

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

0 Timer 0 Output disable
1 Timer 0 Output enable

Control Timer 0 operation mode
0 Timer/Counter mode

1 Capture mode

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/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 (ECO0)
Control Timer 0 Count pause/continue
0 Temporary count stop

1 Continue count

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

TO (Timer 0 Register: Read Case) : B3H

7 6 5 4 3 2 1 0
| 17 | Tt | T8 | o4 03 T02 TOL T00
R R R R R R R R
Initial value : OOH
TO[7:0] TO Counter data

TODR (Timer 0 Data Register: Write Case) : B3H

7 6 5 4 3 2 1 0
| o7 | Tooe | Toos | ToM | Tom TOD2 ToD1 TODO
W w w W W w w w

TOD[7:0]

Initial value : FFH

TO Compare data

74

July 20, 2011 Ver.0.2



CDRO (Capture 0 Data Register: Read Case) : B3H

7 6 5 4 3 2 1 0
| corr | cors | coros | cDRM | CDR CDR02 CDROL CDROO
R R R R R R R R
Initial value : OOH
CDRO[7:0] TO Capture data
T1CR (Timer 1 Mode Count Register) : B4H
7 6 5 4 3 2 1 0
| poL | BT PWMIE | CAPL TICK1 TICKO TICN TIST
RW RW RW RW RW RW RW RW
Initial value : 0OH
POL Configure PWM polarity
0 Negative (Duty Match: Clear)
1 Positive (Duty Match: Set)
16BIT Select Timer 1 8/16Bit
0 8 Bit
1 16 Bit
PWM1E Control PWM enable
0 PWM disable
1 PWM enable
CAP1 Control Timer 1 mode
0 Timer/Counter mode
1 Capture mode
T1CKJ[1:0] Select clock source of Timer 1. Fx is the frequency of main
system.
T1CK1 T1CKO description
0 0 fx
0 1 fx/2
1 0 fx/16
1 1 Use Timer 0 Clock
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

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

7 6 5 4 3 2 1 0
| mor | moe | s | mw | T T1D2 TID1 T1D0
W w W W W W W W
Initial value : FFH
T1D[7:0] T1 Compare data
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T1PPR (Timer 1 PWM Period Register: Write Case PWM mode only) : B5H
7 6 5 4 3 2 1 0
| mprr | mPrs | TIPS | TIPP4 TIPP3 | TIPP2 | TIPPL TIPPO
W W W W W W W W
Initial value : FFH
T1PP[7:0] T1 PWM Period data
T1 (Timer 1 Register: Read Case) : B6H
7 6 5 4 3 2 1 0
| 7 | me | T5 | T4 T13 T2 T T10
R R R R R R R R
Initial value : OOH
T1[7:0] T1 Counter Period data
T1PDR (Timer 1 PWM Duty Register) : B6H
7 6 5 4 3 2 1 0
| mror | meos | TiPDs | P4 TIPD3 TIPD2 TIPD1 T1PDO
RW RW RW RW RW RW RW RW
Initial value : OOH
T1PD[7:0] T1 PWM Duty data
Note) only write, when PWM3E 4.6
CDRL1 (Capture 1 Data Register: Read Case) : B6H
7 6 5 4 3 2 1 0
| coriz | coms | cprRis | CcDR4 | CDR3 CDR12 CDR11 CDRIO
R R R R R R R R
Initial value : OOH
CDR3[7:0] T1 Capture data
T1PWHR (Timer 1 PWM High Register) : B7H
7 6 5 4 3 2 1 0
TLPE | - - | - | Pwas PW3H2 PW3HL PW3HO
RW - - - RW RW RW RW
Initial value : OOH
T1_PE Control Timer 1 Output port operation
Note) only writable Bit. Be careful
0 Timer 1 Output disable
1 Timer 1 Output enable
PW1HI[3:2] PWM period High value (Bit [9:8])
PW1HJ[1:0] PWM duty High value (Bit [9:8])

PERIOD: | PW1H3 | PW1H2 T1PPR[7:0]
DUTY: PW1H1 | PW1HO T1PDRJ[7:0]
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11.5.2 16-bit Timer/Event Counter 2, 3, 4

11.5.2.1 Overview

The 16-bit timer x(2~4) consists of Multiplexer, Timer Data Register High/Low, Timer Register
High/Low, Timer Mode Control Register, PWM Duty High/Low, PWM Period High/Low Register It is
able to use internal 16-bit timer/ counter without a port output function.

The 16-bit timer x is able to use the divided clock of the main clock selected from prescaler output.

11.5.2.2 16-Bit Timer/Counter Mode

In the 16-bit Timer/Counter Mode, If the TxH + TxL value and the TxDRH + TxDRL value are
matched, T3/PWM3 port outputs. The output is 50:50 of duty square wave, the frequency is following

_  TimerClockFrequency
COMP 23 prescalevalue® (TXxDR+1)

f

fcowmp is timer output frequency and TxDR is the 16 bits value of TXDRH and TxDRL.
To export the compare output as TX/PWMXx, the Tx_PE bitinthe TXCR1r egi st er must
The 16-bit Timer/Counter Mode is selected by control registers as shown in Figure 11-17

ADDRESS : BA;, C2y CAy, 2F38,
TxCR TXEN | PWMxX | cAPx | TxCK2 | TXCK1 | TXCKO | TXCN | TxST INITIAL VALUE : 0-0 00005
E :0--0_
1 - 0 X X X X X
ADDRESS : BBy, C3y CBy, 2F39y
TxCR1 - - - - - - Tx_PE| POL INITIAL VALUE : ----_--00g
X X
1 TxST
- > TXEN
P LA o
r -8 - ‘ llG-blt Timer3 Counter
e >
+16
s > TxH TxL | Clear
SCLK  — ¢ [wea MUX oo (8-bit) | (8-bit)
| =256
e |[=1024 =
" | -2048 = > | TF Timerx

Interrupt
Comparator
3

THCK[2:0] TXDRH | TxDRL
(8-bit) | (8-bit)

16-bit Timer3 Data Register

Figure 11-17 Timer4 16-bit Mode Block Diagram
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11.5.2.3 16-Bit Capture Mode

The timer X(2~5) capture mode is set by CAPx a s id TIXGR register. The clock is same source as
Output Compare mode. The interrupt occurs at TxH, TxL and TxDRH, TxDRL matching time. The
capture result is loaded into CDRxH, CDRxL. The TxH, TxL value is automatically cleared(0000y) 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
INTx function is chosen.

The CDRxH, PWMxHDR and TxH are in same address. In the capture mode, reading operation is

read the CDRxH, not TxH because path is opened to the CDRxH. PWMxHDR will be changed in
writing operation. The PWMXLDR, TxL, CDRXL has the same function.

ADDRESS : BAy, C24, CAy, 2F384
TXCR | TxEN |PWMXE| CAPx | TxCK2 TxCKllTxCKOl TXCN | TxST |”\“TIALVALUE:0000_0000b
ADDRESS : BBy, C34, CBy, 2F39y
TxCR1 | - | - | - | - | - | ECEN | TxPE | POL |INITIAL VALUE + — 000,
=1 .
P |~
R —4—p
E 8 5 TXST
S =16 o TXEN
SCLK —| C 164 + \ 16-bit Counter
A N o
2256 g, | MUX oo TXH(8-bit) | TxL(8-bit)
L <1024 :
E - >
R +2048 A clear
> > TXIF | Timerx
comparator Interrupt
ecx O— & >
CDRXxH(8-bit) TxDRH(8-bit)
4  EIEDGE[5:2] CDRxL(8-bit) TxDRL(8-bit)
ECTN,TxCK[2:0] I\L‘ 16-bit Capture Register 16-bit Timer Data Register
-\- INTX
INT. | INTXIF [
X D @ Interrupt

Figure 11-18 16-bit Capture Mode of Timer x

11.5.2.4 PWM Mode

The timer X(2~5) has a PWM (pulse Width Modulation) function. In PWM mode, the TX/PWMX

output pin outputs up to 16-bit resolution PWM output. This pin should be configured as a PWM
output by set TX PE t o @&WN outpdt hnede is determined by the PWMxHPR, PWMXLPR,
PWMxHDR and PWMXxLDR. And you should configure PWMXE bit to fiLoin TXCR register

PWM Period = [ PWMxHPR, PWMXLPR ] X Source Clock
PWM Duty = [ PWMxHDR, PWMXLDR ] X Source Clock
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Table 11-8 PWM Frequency vs. Resolution at 8 Mhz

) Frequency
Resolution
TxCK][2:0]=000 (125ns) | TxCK[2:0]=010 (500ns) | TxCK|[2:0]=011 (1us)
16-bit 122.070Hz 30.469Hz 15.259Hz
15-bit 244.141Hz 60.938Hz 30.518Hz
10-bit 7.8125KHz 1.95KHz 976.563Hz
9-bit 15.625KHz 3.9KHz 1.953KHz
8-hit 31.25KHz 7.8KHz 3.906KHz

The POL bit of TXCR 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, 0: High).

ADDRESS : BAy, C24, CAy, 2F38y

TxCR
TXEN |PWM><E| CAPX |T><CK2|T><CK1|T><CKO TxCN | TxsT | INTIAL VALUE : 0005, 0000,
B B B ) . ADDRESS : BBy, C3y;, CBy, 2F39y
TXCR1 | | | | | | ECEN | TxPE | PoL | INITIAL VALUE : ----_-000,,

16-bit Timerx PWM Period Register
»| TXIE Timerx

a1 PWMxHPR | PWMXxLPR > Interrunt
P I > (8-bit) (8-bit) P
R [—t— TXPE
E | D ——_—
sclk—| ¢ [ =64 . * +
A=
=220 g, | MUX TxH(@E-bit) | TxL(8-bit) | R [PoL Px
E - 1024 &bin b c‘leﬂ | PWMX
R +2048 16-bit Counter
> | I
Ecx [ f - comparator
PWMxHDR | PWMxLDR
Slave (8-bit) (8-bit)
3
r—
TxCK][2:0]
vaster] PWMXHDR | PWMXLDR
(8-bit) (8-bit)

Figure 11-19 PWM Mode

July 20, 2011 Ver. 0.2 79



Source Clock
(Fserr) ]
™ o0 o o2 oo Ree) BOEOOOE
b)Y
Tx/PWMx o
POLO=1
Tx/PWMx
POLO=0 oY
.
B Duty Cycle(1+00804)X500ns = 64.50us
Period Cycle(1+03FF4)X500ns = 512us A 1.95kHz _
TxCKJ[2:0] = 01n(fpcLr/4) PWMxHPR(8-bit) PWMXxLPR(8-bit)
PWMxHPR = 034
PWMXLPR = FFy 03y FFy
PWMxHDR = 00y . .
PWMxLDR = 80, PWMxHDR(8-bit) PWMxLDR(8-bit)
OOH 8OH

Figure 11-20 Example of PWM at 8MHz

11.5.2.5 Register Map

Table 11-9 Register Map

Name Address Dir Default Description

T2CR BAH R/W 00H Timer 2 Mode Control Register
T2CR1 BBH R/W 00H Timer 2 Mode Control Register 1
T2L BCu R 00H Timer 2 Low Register

PWM2LDR BChx R/W 004 PWM 2 Duty Low Register

CDR2L BChx R 00w Timer 2 Capture Data Low Register
T2H BDu R 00H Timer 2 High Register

PWM2HDR BDn RW 004 PWM 2 Duty High Register

CDR2H BDx R 00w Timer 2 Capture Data High Register
T2DRL BEn W FFu Timer 2 Data Register Low
PWM2LPR BEn W FFu PWM 2 Period Low Register
T2DRH BFH W FFH Timer 2 Data Register High
PWM2HPR BF4 w FFn PWM 2 Period High Data Register
T3CR C24 R/W 00H Timer 3 Mode Control Register
T3CR1 C34 R/W 00H Timer 3 Mode Control Register 1
T3L Cay R 004 Timer 3 Low Register

PWM3LDR C4ay R/W 00 PWM 3 Duty Low Register

CDR3L C4ay R 00 Timer 3 Capture Data Low Register
T3H Cby R 00 Timer 3 High Register

PWM3HDR C5y R/W 00 PWM 3 Duty High Register

CDR3H Cby R 00 Timer 3 Capture Data High Register
T3DRL C6bn W FFy Timer 3 Data Register Low
PWM3LPR C6bn W FFy PWM 3 Period Low Register
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T3DRH C7n W FFH Timer 3 Data Register High
PWM3HPR CT7n w FFy PWM 3 Period High Data Register
T4CR CAH R/W 00 Timer 4 Mode Control Register
T4CR1 CBn R/W 00y Timer 4 Mode Control Register 1
T4L CCq R 00y Timer 4 Low Register

PWMA4LDR CCq R/W 00y PWM 4 Duty Low Register

CDR4 L CCq R 00y Timer 4 Capture Data Low Register
T4 H CDx R 00 Timer 4 High Register

PWM4 HDR CDH R/W 00 PWM 4 Duty High Register

CDR4 H CDx R 00 Timer 4 Capture Data High Register
T4 LDR CEn W FFu Timer 4 Data Register Low

PWM4 LPR CEn W FFy PWM 4 Period Low Register

T4 HDR CFq W FFy Timer 4 Data Register High

PWM4 HPR CFH w FFH PWM 4 Period High Data Register

11.5.2.6 Timer/Counter x Register description

The Timer X Register consists of Timer x Mode Control Register (TXCR), Timer x Mode Control
Register 1 (TxCR1), Timer x Low Register (TxL), Timer x Data Register Low (TXDRL), Timer x High
Register (TxH), Timer x Data Register High (TXDRH), Timer x Capture Data Low Register (CDRxL),
Timer x Capture Data High Register (CDRxH), PWMx Low Duty Register (PWMXxLDR), PWMx High
Duty Register (PWMxHDR), PWMx Low Period Register (PWMxLPR), PWMx High Period Register
(PWMxHPR).
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11.5.2.7 Register description for Timer/Counter x

TXCR (Timer x Mode Control Register): BAH, C2H, CAH

7 6 5 4 3 2 1 0
| pen | Pwwme x| omae | mo TCKO TCN ST
RW RW RW RW RW RW RW RW
Initial value : 00y
TxEN Control Timer X
0 0
1 Timer X enable
PWMxE Control PWM enable
0 PWM disable
1 PWM enable
CAPx Control Timer X capture mode.
0 Timer/Counter mode
1 Capture mode
TxCK[2:0] Select clock source of Timer X. Fx is the frequency of main system
TXCK2 TxCK1l TxCKO  description
0 0 0 fscLk
0 0 1 fscLk/4
0 1 0 fscLk/8
0 1 1 fscLk/16
1 0 0 fscLk/64
1 0 1 fscLk/256
1 1 0 fscLk/1024
1 1 1 fscLk/2048
TXCN Control Timer X Count pause/continue.
0 Temporary count stop
1 Continue count
TXST Control Timer X start/stop

0 Counter stop
1 Clear counter and start

TxCR1 (Timer x Mode Control Register 1) : BBH, C3H, CBH

7 6 5 4 3 2 1 0
| - | ] - | ] | ] ECEN Tx PE POL

ECEN

Tx_PE

POL

Control Timer X External Clock

0 Timer X External Clock disable
1 Timer X External Clock enable
Control Timer X Output port

0 Timer X Output disable

1 Timer X Output enable
Configure PWM polarity

Initial value : 00y
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0 Negative (Duty Match: Clear)
1 Positive (Duty Match: Set)

TxL (Timer x Low Register, Read Case) : BCH, C4H, CCH

7 6 5 4 3 2 1 0
| m7 | ™e | ms | ™4 | ™3 ™2 ™ @O
R R R R R R R R

Initial value : 00y

TXL[7:0] TxL Counter Period Low data.

CDRXxL (Capture x Data Low Register, Read Case) : BCH, C4H, CCH

7 6 5 4 3 2 1 0
| corwo7 | cDreos | cORMos | cDReo4 | cORMO3 | cDRao2 | cDRMOl | CDRaoo
R R R R R R R R

Initial value : 00y

CDRXL[7:0] Tx Capture Low data.

PWMxLDR (PWMx Low Duty Register, Write Case) : BCH, C4H, CCH

7 6 5 4 3 2 1 0
PWMXD?7 | PWMMD6 | PWMXD5 | PwwD4 | PWMKD3 | PwwiD2 | PWWMKDL | PWw{DO
W w W W W W W W

Initial value : 00y

PWMxLD[7:0] Tx PWM Duty Low data
Note) only write, when PWMXxE 4.6

TxH (Timer x High Register, Read Case) : BDH, C5H, CDH

7 6 5 4 3 2 1 0
| o7 | e | B | e | T ™2 THHL ™HO
R R R R R R R R

Initial value : 00y

TxH[7:0] TxH Counter Period High data.

CDRxH (Capture x Data High Register, Read Case) : BDH, C5H, CDH

7 6 5 4 3 2 1 0
| CORHO7 | CDRH06 | CDRHO5 | CDRH4 | CDRHO3 | CDR02 | CDRXHOL | CDR¢HO0
R R R R R R R R

Initial value : 00y

CDRxH[7:0] Tx Capture High data
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PWMxHDR (PWMx High Duty Register, Write Case) : BDH, C5H, CDH

7 6 5 4 3 2 1 0
PWMHD? | PWMKHD6 | PWMXHD5 | PWMHD4 | PWMXHD3 | PWWHD2 | PWMKHDL | PWMMHDO
W w w W W w w w

PWMxHD[7:0] Tx PWM Duty High data

Note) only write, when PWM3E 4.6

TxDRL (Timer x Data Register Low, Write Case) : BEH, C6H, CEH

Initial value : 00y

7 6 5 4 3 2 1 0
| mo7 | T™oe | T™os | Tip4 | TWDs T@D2 TXLD1L TXLDO
W W W W W W W W
Initial value : FFy
TxLD[7:0] TxL Compare Low data

PWMxLPR (PWMx Low Period Register, Write Case) : BEH, C6H, CEH

7 6 5 4 3 2 1 0
PWMXP7 | PWMMPS | PWMXPS | PWMWMP4 | PWMXP3 | PWMWM(P2 | PWMXPL | PWM{LPO
W w W W W W W W

PWMxLP[7:0]  Tx PWM Duty Low data

Note) only write, when PWM3E 4.6

TxDRH (Timer x Data Register High, Write Case) : BFH, C7H, CFH

Initial value : FFy

7 6 5 4 3 2 1 0
| mD7 | T™De | THDS | THM | T*HDS TYHD2 TYHDL TYHDO
W w w W W w w w
Initial value : FFy
TxHDI[7:0] TxH Compare High data

PWMxHPR (PWMx High Period Register, Write Case) : BFH, C7H, CFH

7 6 5 4 3 2 1 0
PWMHP? | PWMHPS | PWMXHPS | PWMWHPA | PWMKHP3 | PWMWHP2 | PWMKHPL | PWIMMHPO
W w w W W W W w

PWMxHP[7:0]  Tx PWM Duty High data

Note) only write, when PWM3E 4.0

Initial value : FFy
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11.5.3 Timer Interrupt Status Register (TMISR)

11.5.3.1 Register description for TMISR

TMISR (Timer Interrupt Status Register) : D5H

7 6 5 4 3 2 1 0
| - | - - | ™R | TV T™IF2 TMIFL TMIFO
- - - R R R R R
Initial value : O0H
TMIF4 Timer 4 Interrupt Flag
0 No Timer 4 interrupt
1 Timer 4 interrupt occurred, write fiLoto clear interrupt flag
TMIF3 Timer 3 Interrupt Flag
0 No Timer 3 interrupt
1 Timer 3 interrupt occurred, write fiLoto clear interrupt flag
TMIF2 Timer 2 Interrupt Flag
0 No Timer 2 interrupt
1 Timer 2 interrupt occurred, write fiLoto clear interrupt flag
TMIF1 Timer 1 Interrupt Flag
0 No Timer 1 interrupt
1 Timer 1 interrupt occurred, write fiLoto clear interrupt flag
TMIFO Timer 0O Interrupt Flag
0 No Timer O interrupt
1 Timer O interrupt occurred, write fiLoto clear interrupt flag

Note) 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 8 Bit Counter and BUZDR (Buzzer Data Register), BUZCR (Buzzer Control

Register). The Square Wave (122.07Hz~250 KHz, @16MHz) gets out of P12/BUZ pin. BUZDR
(Buzzer Data Register) controls the Buzzer frequency (look at the following expression). In the
BUZCR (Buzzer Control Register), BUCKJ1:0] selects source clock divided from prescaler.

feuz(H2) =

OscillatorFrequency

Table 11-10 Buzzer Frequency at 16MHz

23 PrescaleRatio® (BUZDR +1)

Buzzer Frequency (kHz)

BUZDR[7:0]
BUZCR[2:1]=00 BUZCR[2:1]=01 BUZCR[2:1]=10 BUZCR[2:1]=11
0000_0000 250kHz 125kHz 62.5kHz 31.25kHz
0000_0001 125kHz 62.5kHz 31.25kHz 15.624kHz
é é é é é
1111 1101 984.252Hz 492.126Hz 246.062Hz 123.03Hz
1111 1110 980.392Hz 490.196Hz 245.098Hz 122.548Hz
1111 1111 976.562Hz 488.282Hz 244.140Hz 122.07Hz
11.6.2 Block Diagram
132 8-bit Up-counter
Pre L 64 ; Overflow
fx D— scaler | £128 MUX Counter BUZCR[O0]
1,256
L—1 >
> FIF BUZO PIN
BUZCR2:1] | 2
Selection Input
Clock Counter

Buzzer Control Register
[9FH]

BUZCR

BUZDR

Writing to BUZDR
RESET

Buzzer Data Register
[8FH]

Figure 11-21 Buzzer Driver Block Diagram
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11.6.3 Register Map

Table 11-11 Register Map

Name Address Dir Default Description
BUZDR 8FH R/W FFH Buzzer Data Register
BUZCR 9FH R/W O00OH Buzzer Control Register

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
| BuzoR7 | BuzDRe | BUZDRS | BUZDR4 BUZDR3 BUZDR2 BUZDR1 BUZDRO
RAW RAW RW RAW RAW RW RW RAW

Initial value : FFH

BUZDR[7:0] This bits control the Buzzer frequency
Its resolution is 00H ~ FFH

BUZCR (Buzzer Control Register) : 9FH

7 6 5 4 3 2 1 0
| - | - | - | - - BUCK1 BUCKO BUZEN
Initial value : O0H

BUCK][1:0] Buzzer Driver Source Clock Selection
BUCK1 BUCKO Source Clock
0 0 fx/32
0 1 fx/64
1 0 fx/128
1 1 fx/256

BUZEN Buzzer Driver Operation Control
0 Buzzer Driver disable
1 Buzzer Driver enable

Note) fx: Main 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 (UDATAX) 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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