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General Description

This device is an 8-bit high performance, RISC architec-

ture microcontroller specifically designed for multiple

I/O control product applications. The advantages of low

power consumption, I/O flexibility, timer functions, oscil-

lator options, HALT and wake-up functions, watchdog

timer, as well as low cost, enhance the versatility of

these devices to suit a wide range of application possi-

bilities such as industrial control, consumer products,

subsystem controllers, etc.

Features

� Operating voltage:

fSYS=32768Hz: 2.2V~5.5V

fSYS=4MHz: 2.2V~5.5V

fSYS=8MHz: 3.3V~5.5V

� 4k�15 program memory ROM

� 192�8 data memory RAM

� 8 bidirectional I/O lines

� Max. 16�16 LED driver output

� 8 LED shared I/O lines

� 24 LED shared output

� One external interrupt input

� Two internal interrupt

� Two 8 bit programmable timer/event counter

� 32768 Real Time Clock function

� 6-level subroutine nesting

� Watchdog Timer (WDT)

� Low voltage reset (LVR)

� PFD/Buzzer driver output

� RC/XTAL and 32768Hz crystal oscillator

� Dual clock system offers three operating modes

� Normal mode: Both RC/XTAL and 32768Hz clock

active
� Slow mode: 32768Hz clock only
� Idle mode: Periodical wake-up by watchdog timer

overflow
� HALT function and wake-up feature reduce power

consumption

� 15-bit table read instructions

� 63 powerful instructions

� One instruction cycle: 4 system clock periods

� All instructions in 1 or 2 instruction cycles

� Bit manipulation instructions

� Up to 0.5�s instruction cycle with 8MHz system clock

� 44/52-pin QFP and 44-pin LQFP packages

Technical Document

� Tools Information

� FAQs

� Application Note

� HA0002E Reading Larger than Usual MCU Tables
� HA0007E Using the MCU Look Up Table Instructions
� HA0019E Using the Watchdog Timer in the HT48 MCU Series
� HA0020E Using the Timer/Event Counter in the HT48 MCU Series
� HA0075E MCU Reset and Oscillator Circuits Application Note

http://www.holtek.com.tw/english/tech/tool/mcu.htm
http://www.holtek.com.tw/english/tech/faq/iotype_faq.htm
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http://www.holtek.com.tw/english/tech/appnote/uc/pdf/ha0019e.pdf
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Pin Assignment

Pin Description

Pin Name I/O Options Description

PA0/BZ
PA1/BZ
PA2/TMR0
PA3/TMR1
PA4~PA6
PA7/PFD

I/O

Pull-high
Wake-up
Buzzer
PFD

Bidirectional 8-bit input/output port. Software instructions determine if the pin
is a CMOS output or Schmitt trigger input. A pull-high resistor can be con-
nected via configuration option. Each pin can be setup to be a wake-up input
via configuration options.
The PA0 and PA1 are pin-shared with the BZ and BZ, respectively.
The timer input TMR0 is pin-shared with PA2.
The timer input TMR1 is pin-shared with PA3.
The PFD function is pin-shared with PA7 which is determined by configuration
option.

PB0~PB7 I/O �
Bidirectional 8-bit input/output port. When used as output port, they are config-
ured as PMOS output pins.

PC0~PC7 O � PC0~PC7 are PMOS output pins.

PD0/INT I/O �
External interrupt input. Pin-shared with PD0 and activated on a high to low or
low to high transition. PD0 is NMOS type output pin.

PD1~PD7 O � PD1~PD7 are NMOS output pins.

PE0~PE7 O � PE0~PE7 are NMOS output pins.

RES I � Schmitt trigger reset input. Active low.

OSC1
OSC2

I
O

RC or Crystal
OSC1 and OSC2 are connected to an RC network or a crystal (by options) for
the internal system clock. In the case of RC operation, OSC2 is the output ter-
minal for 1/4 system clock.

OSC3
OSC4

I
O �

Real time clock oscillator. OSC3 and OSC4 are connected to a 32768Hz crys-
tal oscillator for system clock timing purposes.

VDD � � Positive power supply

VDDB � � PB port positive power supply

VDDC � � PC port positive power supply

VSS � � Negative Power supply, ground

VSSD,
VSSE � � PD & PE port negative power supply, ground
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Absolute Maximum Ratings

Supply Voltage ...........................VSS�0.3V to V SS+6.0V Storage Temperature ............................�50�C to 125 �C

Input Voltage..............................VSS�0.3V to V DD+0.3V Operating Temperature...........................�40�C to 85 �C

IOL Total ..............................................................300mA IOH Total............................................................�200mA

Total Power Dissipation .....................................500mW

Note: These are stress ratings only. Stresses exceeding the range specified under � Absolute Maximum Ratings� may
cause substantial damage to the device. Functional operation of this device at other conditions beyond those listed
in the specification is not implied and prolonged exposure to extreme conditions may affect device reliability.

D.C. Characteristics Ta=25�C

Symbol Parameter
Test Conditions

Min. Typ. Max. Unit
VDD Conditions

VDD Operating Voltage

� fSYS=4MHz 2.2 � 5.5

V� fSYS=8MHz 3.3 � 5.5

� fSYS=32768Hz 2.2 � 5.5

IDD1
Operating Current
(Crystal OSC, RC OSC)

3V
No load, fSYS=4MHz

� 1.2 2
mA

5V � 2.5 5

IDD2
Operating Current
(Crystal OSC, RC OSC)

5V No load, fSYS=8MHz � 4 8 mA

IDD3

Operating Current
(*RTC OSC Enabled, Crystal OSC
Disabled, RC OSC Disabled)

3V No load,
fSYS=32768Hz

� 20 40
�A

5V � 50 100

ISTB1
Standby Current
(WDT OSC, *RTC OSC Enabled)

3V No load,
system HALT

� 3 5
�A

5V � 6 10

ISTB2
Standby Current (WDT OSC Disabled,
*RTC OSC Enabled)

3V No load,
system HALT

� 1 2
�A

5V � 2 4

ISTB3
Standby Current (WDT OSC Enabled,
RTC OSC Disabled)

3V No load,
system HALT

� 2 4
�A

5V � 4 8

ISTB4
Standby Current
(WDT OSC, RTC OSC Disabled)

3V No load,
system HALT

� � 1
�A

5V � � 2

VIL1 Input Low Voltage for I/O Ports � � 0 � 0.3VDD V

VIH1 Input High Voltage for I/O Ports � � 0.7VDD � VDD V

VIL2 Input Low Voltage (RES) � � 0 � 0.4VDD V

VIH2 Input High Voltage (RES) � � 0.9VDD � VDD V

VLVR Low Voltage Reset �

2.1V option 1.98 2.1 2.22 V

3.15V option 2.98 3.15 3.32 V

4.2V option 3.98 4.2 4.42 V

IOL1 I/O Port Sink Current for PA
3V

VOL=0.1VDD

4 8 �
mA

5V 10 20 �

IOL2 I/O Port Sink Current for PD, PE
3V

VOL=0.1VDD

8 16 �
mA

5V 20 40 �
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Symbol Parameter
Test Conditions

Min. Typ. Max. Unit
VDD Conditions

IOH1 I/O Port Source Current for PA
3V

VOH=0.9VDD
�2 �4 �

mA
5V �5 �10 �

IOH2 I/O Port Source Current for PB, PC
3V

VOH=0.9VDD
�4 �8 �

mA
5V �10 �20 �

RPH Pull-high Resistance
3V

�
20 60 100

k	
5V 10 30 50

Note: * RTC OSC in slow start oscillating

A.C. Characteristics Ta=25�C

Symbol Parameter
Test Conditions

Min. Typ. Max. Unit
VDD Conditions

fSYS
System Clock
(Crystal OSC, RC OSC)

� 2.2V~5.5V 400 � 4000
kHz

� 3.3V~5.5V 400 � 8000

fTIMER Timer I/P Frequency
� 2.2V~5.5V 0 � 4000

kHz
� 3.3V~5.5V 0 � 8000

tWDTOSC Watchdog Oscillator Period
3V � 45 90 180 �s

5V � 32 65 130 �s

tFSP1
fSP Time-out Period Clock Source
from WDT �

With prescaler
(fS/4096) � 221 � tWDTOSC

tFSP2
fSP Time-out Period Clock Source
from RTC Oscillator �

With prescaler
(fS/4096) � 221 � *tRTC

tRES External Reset Low Pulse Width � � 1 � � � s

tSST System Start-up Timer Period �
Power-up or wake-up
from HALT � 1024 � tSYS

tLVR Low Voltage Width to Reset � � 0.25 1 2 ms

tINT Interrupt Pulse Width � � 1 � � � s

Note: tSYS=1/fSYS

*tRTC
30.5�s
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If the stack is full and a non-masked interrupt takes place,
the interrupt request flag will be recorded but the
acknowledge signal will be inhibited. When the stack
pointer is decremented, by RET or RET, the interrupt will
be serviced. This feature prevents stack overflow
allowing the programmer to use the structure more easily.

In a similar case, if the stack is full and a � CALL� is
subsequently executed, a stack overflow occurs and the
first entry will be lost. Only the most recent 6 return
addresses are stored.

Data Memory � RAM

The data memory is divided into two functional groups,
namely, function registers and general purpose data

memory (192� 8). Most are read/write, but some are
read only.

All of the data memory areas can handle arithmetic,
logic, increment, decrement and rotate operations di-
rectly. Except for some dedicated bits, each bit in the

data memory can be set and reset by � SET [m].i� and

� CLR [m].i� . They are also indirectly accessible through
the memory pointer registers.

Indirect Addressing Register

Location 00H and 02H are indirect addressing registers
that are not physically implemented. Any read/write op-
eration of [00H] ([02H]) will access the data memory
pointed to by MP0 (MP1). Reading location 00H (02H)

itself indirectly will return the result � 00H� . Writing indi-
rectly results in no operation.

The memory pointer registers, MP0 and MP1, are 8-bit
registers.

Accumulator

The accumulator is closely related to ALU operations. It
is also mapped to location 05H of the data memory and
can carry out immediate data operations. The data
movement between two data memory locations must
pass through the accumulator.

Arithmetic and Logic Unit � ALU

This circuit performs 8-bit arithmetic and logic opera-
tions. The ALU provides the following functions:

� Arithmetic operations (ADD, ADC, SUB, SBC, DAA)
� Logic operations (AND, OR, XOR, CPL)
� Rotation (RL, RR, RLC, RRC)
� Increment and Decrement (INC, DEC)
� Branch decision (SZ, SNZ, SIZ, SDZ ....)

The ALU not only saves the results of a data operation
but also changes the status register.

Status Register � STATUS

This 8-bit register (0AH) contains the zero flag (Z), carry
flag (C), auxiliary carry flag (AC), overflow flag (OV),
power down flag (PDF), and watchdog time-out flag

(TO). It also records the status information and controls
the operation sequence.

With the exception of the TO and PDF flags, bits in
the status register can be altered by instructions like
most other registers. Any data written into the status
register will not change the TO or PDF flag. In addi-
tion, operations related to the status register may
give different results from those intended. The TO
flag can be affected only by a system power-up, a

WDT time-out or executing the � CLR WDT� or

� HALT� instruction. The PDF flag can be affected

only by executing the � HALT� or � CLR WDT� instruc-
tion or during a system power-up.

The Z, OV, AC and C flags generally reflect the status of
the latest operations.
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The internal timer/event counter 1 interrupt is initialised
by setting the timer/event counter 1 interrupt request
flag, T1F; bit 6 of the INTC register. This will be caused
by a timer 1 overflow. When the interrupt is enabled, the
stack is not full and the T1F bit is set, a subroutine call to
location 0CH will occur. The related interrupt request
flag, T1F, will then be reset and the EMI bit cleared to
disable further interrupts.

During the execution of an interrupt subroutine, other in-

terrupt acknowledge signals are held until the � RETI� in-
struction is executed or the EMI bit and the related
interrupt control bit are set to 1, if the stack is not full. To

return from the interrupt subroutine, a � RET� or � RETI�
instruction may be invoked. RETI will set the EMI bit to
enable an interrupt service, but RET will not.

Interrupts, occurring in the interval between the rising
edges of two consecutive T2 pulses, will be serviced on
the latter of the two T2 pulses, if the corresponding inter-
rupts are enabled. In the case of simultaneous requests
the following table shows the priority that is applied.
These can be masked by resetting the EMI bit.

Interrupt Source Priority Vector

External Interrupt 1 04H

Timer/Event Counter 0 Overflow 2 08H

Timer/Event Counter 1 Overflow 3 0CH

The timer/event counter 0 interrupt request flag (T0F),
The timer/event counter 1 interrupt request flag (T1F),
external interrupt request flag (EIF); enable timer/event
counter 0 interrupt bit (ET0I), enable timer/event coun-
ter 1 interrupt bit (ET1I), enable external interrupt bit
(EEI), enable master interrupt bit (EMI) constitute an in-
terrupt control register (INTC) which is located at 0BH in
the data memory. EMI, EEI, ET0I, ET1I are used to con-
trol the enabling/disabling of interrupts. These bits pre-
vent the requested interrupt from being serviced. Once
the interrupt request flags, T0F, T1F and EIF, are set,
they will remain in the INTC register until the interrupts
are serviced or cleared by a software instruction.

It is recommended that a program does not use the

� CALL subroutine� within the interrupt subroutine. Inter-
rupts often occur in an unpredictable manner or need to
be serviced immediately in some applications. If only one
stack is left and enabling the interrupt is not well con-
trolled, the original control sequence will be damaged if a

� CALL� is executed in the interrupt subroutine.

Oscillator Configuration

These devices provide three types of system oscillator
circuits, an crystal oscillator, an RC oscillator and a
32768Hz crystal oscillator, the choice crystal or RC os-
cillator is determined by configuration option.

If an RC oscillator is used, an external resistor, whose

resistance must range from 130k� to 2.5M�
 should be
connected between OSC1 and VSS. The RC oscillator
provides the most cost effective solution, however, the
frequency of oscillation may vary with VDD, tempera-
tures and the chip itself due to process variations. It is,
therefore, not suitable for timing sensitive operations
where an accurate oscillator frequency is desired.

The other oscillator circuit is designed for the real time
clock. For this device, only a 32768Hz crystal oscillator
can be used. The crystal should be connected between
OSC3 and OSC4.

The RTC oscillator circuit can be controlled to start up

quickly by setting the � QOSC� bit (bit 4 of mode). It is
recommended to turn on the quick oscillating function at
power on until the RTC oscillator is stable, and then turn
it off after 2 seconds to reduce power consumption.

The WDT oscillator is a free running on-chip RC oscilla-
tor, and requires no external components. Although
when the system enters the power down mode, the sys-
tem clock stops, the WDT oscillator will keep running

with a period of approximately 65� s at 5V. The WDT os-
cillator can be disabled by a configuration option to con-
serve power.
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Mode System Clock HALT Instruction MODS RC Oscillator 32768Hz

Normal RC/XTAL oscillator No Executed 0 On On

Slow 32768Hz No Executed 1 Off On

Idle HALT Be executed x Off On

Operation Mode

Power Down Operation � HALT

The HALT mode is entered using the � HALT� instruction
and results in the following:

� The system oscillator will be turned off but the WDT
remains operational if its clock source is the internal
WDT oscillator.

� The contents of the on chip RAM and registers remain
unchanged.

� The WDT will be cleared. The WDT will resume count-
ing, if the WDT clock souce is the internal WDT oscil-
lator.

� All of the I/O ports will maintain their original status.
� The PDF flag will be set and the TO flag will be cleared.

The system can leave the HALT mode by means of an
external reset, an interrupt, an external falling edge sig-
nal on port A or a WDT overflow. An external reset
causes a device initialization and the WDT overflow per-

forms a � warm reset� . After the TO and PDF flags are
examined, the reason behind the reset can be deter-
mined. The PDF flag is cleared by a system power-up or

executing the � CLR WDT� instruction and is set when

executing the � HALT� instruction. The TO flag is set if
the WDT time-out occurs, and causes a wake-up that
only resets the program counter and stack pointer, the
other circuits remain in their original status.

The port A wake-up and interrupt methods can be con-
sidered as a continuation of normal execution. Each port
A pin can be independently selected to wake up the de-
vice via configuration options. If awakened by an I/O
port stimulus, the program will resume execution at the
next instruction. If awakened by an interrupt, two se-
quences may occur. If the related interrupt is disabled or
the interrupt is enabled but the stack is full, the program
will resume execution at the next instruction. If the inter-
rupt is enabled and the stack is not full, the regular inter-
rupt response takes place. If an interrupt request flag is

set to � 1� before entering the HALT mode, the wake-up
function of the related interrupt will be disabled. Once a
wake-up event occurs, it takes 1024 system clock peri-
ods to resume normal operation. In other words, a
dummy period will be inserted after a wake-up. If the
wake-up results from an interrupt acknowledge signal,
the actual interrupt subroutine execution will be delayed
by one or more cycles. If the wake-up results in the next
instruction execution, this will be executed immediately
after the dummy period is finished.

To minimize power consumption, all the I/O pins should
be carefully managed before entering the HALT status.

The RTC oscillator will keep running when the device is
in the HALT mode, if the RTC oscillator is enabled.

Reset

Thereare threeways inwhicharesetcanoccur:

� RES reset during normal operation
� RES reset during HALT
� WDT time-out reset during normal operation

A the time-out during a HALT is different from the other

chip reset conditions, since it can perform a � warm re -

set� that resets only the program counter and SP, leav-
ing the other circuits in their original state. Some regis-
ters remain unchanged during other reset conditions.

Most registers are reset to their � initial condition� when
the reset conditions are met. By examining the PDF and
TO flags, the program can distinguish between different

� chip resets� .

TO PDF RESET Conditions

0 0 RES reset during power-up

u u RES reset during normal operation

0 1 RES wake-up HALT

1 u WDT time-out during normal operation

1 1 WDT wake-up HALT

Note: � u� stands for � unchanged�
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Timer/Event Counter 0

Two Timer/event counters are implemented in the
microcontroller. The timer/event counter 0 contains an
8-bit programmable count-up counter whose clock may
be sourced from an external source or from the system
clock/4 or fSP.

The fSP clock source is implemented by the WDT OSC,
an external 32768Hz (fRTC) or an instruction clock (sys-
tem clock divided by 4), determined by configuration op-
tion. If one of these three source is selected, it will be
first divided by 16 (4-stage), and then divided by the
TMR0C prescaler (8-stage) to get an fSP output period.
By using the TMR0C prescaler, longer time-out periods
can be realized. Writing data to P0SC2, P0SC1, P0SC0
can give different fSP output periods.

Using internal clock sources, there are 2 reference
time-bases for the timer/event counter 0. The internal
clock source can be sourced from fSYS/4 or fSP via a con-
figuration options. Using an external clock input allows
the user to count external events, measure time
intervals or pulse widths, or generate an accurate time
base, while using the internal clock allows the user to
generate an accurate time base.

There are two registers related to the timer/event coun-
ter 0; TMR0 ([0DH]) and TMR0C ([0EH]). Writing to
TMR0 places the start value in the timer/event counter 0
preload register while reading the TMR0 register re-
trieves the contents of the timer/event counter 0. The
TMR0C register is a timer/event counter 0 control regis-
ter which defines some options.

The T0M0, T0M1 bits define the operating mode. The
event count mode is used to count external events,
which means the clock source must comes from the ex-
ternal timer pin, TMR0. The timer mode functions as a
normal timer with the clock source coming from the fINT

clock. The pulse width measurement mode can be used
to count the duration of a high or low-level signal on the
external timer pin, TMR0. The counting is based on the
fINT clock.

In the event count or timer mode, once the timer/event
counter 0 is enabled, it begins counting form the value
placed in the timer/event counter 0. From this initial
value it will count up to a value of FFH. Once an overflow

occurs, the counter is reloaded from the timer/event
counter 0 preload register and at the same time gener-
ates the interrupt request flag, T0F; bit 5 of the INTC.

In the pulse width measurement mode with the T0ON
and T0E bits equal to one, once it goes from low to high

(or high to low if the T0E bits is � 0� ) it will start counting
until the TMR0 returns to the original level and resets the
T0ON. The measured result will remain in the
timer/event counter 0 even if the activated transient oc-
curs again. In other words, only one cycle measurement
can be done. Until setting the T0ON, the cycle measure-
ment will function again as long as it receives further
transient pulse. Note that, in this operating mode, the
timer/event counter 0 starts counting not according to
the logic level but according to the transient edges. In
the case of counter overflows, the counter is reloaded
from the timer/event counter 0 preload register and is-
sues the interrupt request just like the other two modes.
To enable the counting operation, the timer 0 ON bit

(T0ON; bit 4 of the TMR0C) should be set to � 1� . In the
pulse width measurement mode, the T0ON will be
cleared automatically after the measurement cycle is
completed. But in the other two modes the T0ON can
only be reset by instructions. The overflow of the
timer/event counter 0 is one of the wake-up sources. No

matter what the operation mode is, writing a � 0� to ET0I
can disable the corresponding interrupt services.

In the case of timer/event counter 0 OFF condition, writ-
ing data to the timer/event counter 0 preload register will
also reload that data to the timer/event counter 0. But if
the timer/event counter 0 is turned on, data written to it
will only be kept in the timer/event counter 0 preload reg-
ister. The timer/event counter 0 will still operate until
overflow occurs (a timer/event counter 0 reloading will
occur at the same time). When the timer/event counter 0
(reading TMR0) is read, the clock will be blocked to
avoid errors. As clock blocking may result in a counting
error, this must be taken into consideration by the pro-
grammer. The bit2~bit0 of the TMR0C can be used to
define the pre-scaling stages of the internal clock
sources of the timer/event counter 0. The definitions are
as shown.
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Timer/Event Counter 1

Using the internal clock sources, there are 2 reference
time-bases for timer/event counter 1. The internal clock
source can be selected as coming from fSYS or fRTC (se-
lected by T1S bit). The external clock input allows the
user to count external events, measure time intervals or
pulse widths, or to generate an accurate time base and
PFD signals.

There are 2 registers related to timer/event counter 1;
TMR1(10H), TMR1C(11H). In timer/event counter 1
counting mode (T1ON=1), writing TMR1 will only put the
written data to pre-load register (8 bits). The timer/event
counter 1 pre-load register is changed by each writing
TMR1 operations. Reading TMR1 will also latch the
TMR1 to the destination. The TMR1C is the timer/event
counter 1 control register, which defines the operating
mode, counting enable or disable and active edge.

The T1M0, T1M1 bits define the operating mode. The
event count mode is used to count external events,
which means the clock source comes from an external
(TMR1) pin. The timer mode functions as a normal timer
with the clock source coming from the fINT1 clock. The
pulse width measurement mode can be used to count
the high or low level duration of the external signal
(TMR1). The counting is based on the fINT1 clock.

In the event count or timer mode, once the timer/event
counter 1 starts counting, it will count from the current
contents in the timer/event counter 1 to FFH. Once over-

flow occurs, the counter is reloaded from the timer/event
counter 1 preload register and generates the corre-
sponding interrupt request flag (T1F; bit 6 of INTC) at
the same time.

In pulse width measurement mode with the T1ON and
T1E bits are equal to one, once the TMR1 has received
a transition from low to high (or high to low if the T1E bit
is 0) it will start counting until the TMR1 returns to the
original level and reset the T1ON. The measured result
will remain in the timer/event counter 1 even if the acti-
vated transition occurs again. In other words, only one
cycle measurement can be done. Until setting the
T1ON, the cycle measurement will function again as
long as it receives further transition pulse. Note that, in
this operating mode, the timer/event counter 1 starts
counting not according to the logic level but according to
the transition edges. In the case of counter overflows,
the counter 1 is reloaded from the timer/event counter 1
pre-load register and issues the interrupt request just
like the other two modes.

To enable the counting operation, the timer ON
bit(T1ON; bit 4 of TMR1C) should be set to 1. In the
pulse width measurement mode, the T1ON will be
cleared automatically after the measurement cycle is
complete. But in the other two modes the T1ON can only
be reset by instructions. The overflow of the timer/event
counter 1 is one of the wake-up sources. No matter what
the operation mode is, writing a 0 to ET1I can disabled
the corresponding interrupt service.

Bit No. Label Function

0
1
2

P0SC0
P0SC1
P0SC2

Define the prescaler stages, P0SC2, P0SC1, P0SC0=
000: fSP=fS/32
001: fSP=fS/64
010: fSP=fS/128
011: fSP=fS/256
100: fSP=fS/512
101: fSP=fS/1024
110: fSP=fS/2048
111: fSP=fS/4096

3 T0E

Defines the TMR0 active edge of the timer/event counter:
In Event Counter Mode (T0M1,T0M0)=(0,1):
1:count on falling edge;
0:count on rising edge
In Pulse Width measurement mode (T0M1,T0M0)=(1,1):
1: start counting on the rising edge, stop on the falling edge;
0: start counting on the falling edge, stop on the rising edge

4 T0ON
To enable or disable timer 0 counting
(0=disable; 1=enable)

5 � Unused bit, read as � 0�

6
7

T0M0
T0M1

Define the operating mode, T0M1, T0M0=
01=Event count mode (external clock)
10=Timer mode (internal clock)
11=Pulse width measurement mode
00=Unused

TMR0C (0EH) Register
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PA Input/Output Ports

Input/Output Ports

There are 16 bidirectional input/output (PA, PB) lines
and 8 PMOS (PC), 16 NMOS (PD, PE) output lines in
the microcontroller, labeled from PA to PE, which are
mapped to the data memory of [12H], [14H], [16H],
[18H] and [1AH] respectively. All pins on PA~PB can be
used for both input and output operations.

For the input operation, these ports are non-latching,
that is, the inputs must be ready at the T2 rising edge of

instruction � MOV A,[m]� (m=12H, 14H). For output oper-
ation, all the data is latched and remains unchanged un-
til the output latch is rewritten.

The PA and PB have their own control registers (PAC,
PBC) to control the input/output configuration. These
two control registers are mapped to locations 13H and
15H. CMOS/PMOS output or Schmitt trigger input with
structures can be reconfigured dynamically under soft-
ware control. The control registers specifies which pin
are set as input and which are set as outputs. To setup a
pin as an input the corresponding bit of the control regis-
ter must be set high, for an output it must be set low.

The PC can be used for output operation only. Resetting
its output register to low will effectively places its PMOS
output transistor in high impedance state. Setting output
register to high will force PC to output high state.

The external interrupt pin INT is pin-shard with output
pin PD0.

The PD and PE can be used for output operation only.
Setting its output register high which effectively places
its NMOS output transistor in high impedance state. Re-
setting output register to low will force to output low
state.

After a chip reset, these input/output lines remain at high
levels or floating state (depending on the pull-high op-
tions). Each bit of these input/output latches can be set

or cleared by � SET [m].i� and � CLR [m].i� (m=12H, 14H,
16H, 18H or 1AH) instructions.

Some instructions first input data and then follow the

output operations. For example, � SET [m].i� , � LR [m].i� ,

� CPL [m]� , � CPLA [m]� read the entire port states into
the CPU, execute the defined operations (bit-operation),
and then write the results back to the latches or the ac-
cumulator.

Each line of port A has the capability of waking-up the
device.

There is a pull-high option available for PA0~PA7 lines
(port option). Once the pull-high option of an I/O line is
selected, the I/O line have pull-high resistor. Otherwise,
the pull-high resistor is absent. It should be noted that a
non-pull-high I/O line operating in input mode will cause
a floating state.
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Buzzer Output

The PA0 and PA1 are pin-shared with BZ and BZ signal, respectively. If the BZ/BZ option is selected, the output signal
in output mode of PA0/PA1 will be the buzzer signal generated by Multi-function timer. The input mode is always re-
mained in its original functions. Once the BZ/BZ option is selected, the buzzer output signals are controlled by the PA0
data register only.

The I/O functions of PA0/PA1 are shown below.

PAC Register
PAC0

PAC Register
PAC1

PA Data Register
PA0

PA Data Register
PA1 Output Function

0 0 1 x PA0=BZ, PA1=BZ

0 0 0 x PA0=0, PA1=0

0 1 1 x PA0=BZ, PA1=input

0 1 0 x PA0=0, PA1=input

1 0 x D PA0=input, PA1=0

1 1 x x PA0=input, PA1=input

Note: � x� stands for don�t care

� D� stands for Data � 0� or � 1�

PFD Output

The PA7 is pin-shared with the PFD signal. If the PFD option is selected, the output signal in output mode of PA7 will be
the PFD signal generated by timer/event counter 1 overflow signal. The input mode is always remaining its original
functions. Once the PFD option is selected, the PFD output signal is controlled by PA7 data register only. The I/O func-
tions of PA7 are shown below.

I/O Mode I/P (Normal) O/P (Normal) I/P (PFD) O/P (PFD)

PA7 Logical Input Logical Output Logical Input PFD (Timer on)

Note: ThePFDfrequencyisthetimer/eventcounter1overflowfrequencydividedby2.

The definitions of the PFD control signal and PFD output frequency are listed in the following table.

Timer Timer Preload Value PA7 Data Register PA7 Pad State PFD Frequency

OFF X 0 0 X

OFF X 1 U X

ON N 0 0 X

ON N 1 PFD fTMR1/[2� (M-N)]

Note: � X� stands for unused

� U� stands for unknown

� M� is � 65536� for PFD

� N� is the preload value for the timer/event counter 1

� fTMR1� is input clock frequency for timer/event counter 1



SET [m] Set data memory

Description Each bit of the specified data memory is set to 1.

Operation [m]  FFH

Affected flag(s)

TO PDF OV Z AC C

� � � � � �

SET [m]. i Set bit of data memory

Description Bit i of the specified data memory is set to 1.

Operation [m].i  1

Affected flag(s)

TO PDF OV Z AC C

� � � � � �

SIZ [m] Skip if increment data memory is 0

Description The contents of the specified data memory are incremented by 1. If the result is 0, the fol-
lowing instruction, fetched during the current instruction execution, is discarded and a
dummy cycle is replaced to get the proper instruction (2 cycles). Otherwise proceed with
the next instruction (1 cycle).

Operation Skip if ([m]+1)=0, [m]  ([m]+1)

Affected flag(s)

TO PDF OV Z AC C

� � � � � �

SIZA [m] Increment data memory and place result in ACC, skip if 0

Description The contents of the specified data memory are incremented by 1. If the result is 0, the next
instruction is skipped and the result is stored in the accumulator. The data memory re-
mains unchanged. If the result is 0, the following instruction, fetched during the current in-
struction execution, is discarded and a dummy cycle is replaced to get the proper
instruction (2 cycles). Otherwise proceed with the next instruction (1 cycle).

Operation Skip if ([m]+1)=0, ACC  ([m]+1)

Affected flag(s)

TO PDF OV Z AC C

� � � � � �

SNZ [m].i Skip if bit i of the data memory is not 0

Description If bit i of the specified data memory is not 0, the next instruction is skipped. If bit i of the data
memory is not 0, the following instruction, fetched during the current instruction execution,
is discarded and a dummy cycle is replaced to get the proper instruction (2 cycles). Other-
wise proceed with the next instruction (1 cycle).

Operation Skip if [m].i� 0

Affected flag(s)

TO PDF OV Z AC C

� � � � � �
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SUB A,[m] Subtract data memory from the accumulator

Description The specified data memory is subtracted from the contents of the accumulator, leaving the
result in the accumulator.

Operation ACC  ACC+[m]+1

Affected flag(s)

TO PDF OV Z AC C

� � � � � �

SUBM A,[m] Subtract data memory from the accumulator

Description The specified data memory is subtracted from the contents of the accumulator, leaving the
result in the data memory.

Operation [m]  ACC+[m]+1

Affected flag(s)

TO PDF OV Z AC C

� � � � � �

SUB A,x Subtract immediate data from the accumulator

Description The immediate data specified by the code is subtracted from the contents of the accumula-
tor, leaving the result in the accumulator.

Operation ACC  ACC+x+1

Affected flag(s)

TO PDF OV Z AC C

� � � � � �

SWAP [m] Swap nibbles within the data memory

Description The low-order and high-order nibbles of the specified data memory (1 of the data memo-
ries) are interchanged.

Operation [m].3~[m].0 � [m].7~[m].4

Affected flag(s)

TO PDF OV Z AC C

� � � � � �

SWAPA [m] Swap data memory and place result in the accumulator

Description The low-order and high-order nibbles of the specified data memory are interchanged, writ-
ing the result to the accumulator. The contents of the data memory remain unchanged.

Operation ACC.3~ACC.0  [m].7~[m].4

ACC.7~ACC.4  [m].3~[m].0

Affected flag(s)

TO PDF OV Z AC C

� � � � � �
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