HOLTEK

HT46R63/HT46C63

8-Bit A/D with LCD Type MCU

Features

* Operating voltage:
fsys=4MHz: 2.2V~5.5V
fsys=8MHz: 3.3V~5.5V

* Operating frequency: External RC or Crystal

* 32.768kHz crystal oscillator used for timing purposes

* Watchdog enable or disable function

* 1x16 bits timer with an overflow interrupt (TMR)

* Time base generator (clock source: 32.768kHz)
and RTC interrupts

* 4Kx15 program memory

* 208x8 data memory RAM

* Maximum of 32 I/O lines (shared with INTO, INT1,
TMR, ANO~AN7, PWMO~PWM3)

General Description

The HT46R63/HT46C63 are 8-bit, high performance,
RISC architecture microcontroller devices specifically
designed for A/D product applications that interface di-
rectly to analog signals and which require LCD Inter-
face. The mask version HT46C63 is fully pin and
functionally compatible with the OTP version HT46R63
device.

e 8-level stack

e Up to 0.5us instruction cycle with 8MHz sys
at Vpp=5V

¢ 2 external interrupts (high/low going tri

¢ One comparator

e LCD: 20x3 or 19x4, 1/3 bias with

high sink)
* Built-in R type bias generator
* 8 channels 8-bits resolutjo

Modulation function, HALT and
in addition to a flexible and

handheld measurement tools, motor driving, etc., for
both industrial and home appliance application areas.
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Block Diagram

INTO/INT1
TMRC fsys/4
TMR TMR
Interrupt
Circuit EN/DIS
4kx15 Stack
K= 8 Levels INTCO| |k= - \VPT
Program |+__| Program INTC1 Generator
ROM [V Counter < ﬁ
G <—| Time Base/RTC/LCD Genera
Instruction oA
Register M DATA PORTA _
: [MP =) U RAM Py » 0~RA7
RES XH—» N X (208x8)
vDD X—»
vss X—» ﬁ -
PORT B
AVDD X—» | ,L < P NO~PB7/AN7
<= PBC
Instruction
Decoder 8-Channel A/D Converter|
AAAA
ALU »| STATUS /™ Q
0SC3 X" Timing Shifter P&\ PorTC > PCO~PCT
0sC4 X« Generator II PC&K
l I
n T T T b ~
0SC2 0SCt :|ﬁ, Lvr| [Option 555 igg;%l;/lo PD3/PWM3
PROM C:“‘,ﬁI?C 4% PD5/INT1
S = PD6/TMR
R — WM PD7
High —| > LCD
Middle —  R-BIAS > 4x19/3x K=
Low —p + | Logical Outpdt/Option
> % P Xl CHGO, CMPO
X] CMPP, CMPN
VLCD COMO-COM3/SEG19 || EN/DIS| HALT
S ~SE frRTC

=)

Rev. 1.71 2 December 16, 2003



HOLTEK HT46R63/HT46C63

Pin Assignment

oscac]1 ~ sspicHeo
osc32 55[7CMPO
VDD [ 3 54[7CMPP
0sc2 4 53[7CMPN
osci5 52[JVLCD
RES []6 51[]COMO
PAO |7 50[7 COM1
PA1]8 497 comz
PA2 ]9 48[ COM3/SEG19
PA3 [ 10 47[1SEG14
PA4 ] 11 46[1SEG13
PA5 [] 12 45[1SEG12
PA6 ] 13 441 SEG11 RO
PA7 [] 14 431 SEG10 PB1/ANT 11 HT46R63/HT46C63
vss 15 42[1SEG9 N — —100 QFP-A
PBO/ANO [ 16 41[7SEG8 PB4/AN4
PB1/ANT [ 17 40[7SEGT AN
PB2/AN2 (] 18 39[1SEGE
PB3/AN3 [ 19 38[7SEGS5
AVDD [ 20 37[0SEG4
PCO [] 21 36[7SEG3
PC1 ] 22 35[JSEG2
pc2 [ 23 34[JSEG1
PC3 ] 24 33[3SEGO &
PDO/PWMO [ 25 32[0PD7
PD1/PWM1 ] 26 313 PD6/TMR H H H H H H
PD2/PWM2 [ 27 30[J PD5/NTT
PD3/PWM3 [] 28 29[ PD4/INTO 9099093953553
33523
e
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HT46R63/HT46C63

Pad Assignment
HT46C63

(o] (@}
2 8 2 s 83835558
o Q C B8 IR 83832658
72 67
PAO 2 67]
PA1
o o o
PA2 223z
PA3 5% %
53
PA4
PAs| [6] =
PA6 =
PA7
SEG13
vss| [9] 48]~ SEG12
vss 0.0) SEG11
ANO/PBO SEG10
AN1/PB1 SEG9
AN2/PB2 ’ SEG8
AN3/PB3 SEG7
AN4/PB4 SEG6
AN5/PB5 SEGS5
AN6/PB6 B | secs
AN7/PB7 SEG3
SEG2
SEGT
>» W U U U U U U T V T U U U U U T O
< OO0 0O 0O 0 00 O OO0 0O 0O O oo O m
= L a8 S 2R 9 £ IS Q
o T, T T = = 4 S
= = =353 3%
= =S £ 0 =2
o N W

* The IC substrate shoul

Pin Description

be connected to VSS in the PCB layout artwork.

Pin Name 110 Option 2 ) Description
Pull-high 1/0 lines with pull-high resistors (bit option). I/O modes of each line are con-
PAO~PA7 1/0 ake-?J trolled by related control register bit (PAC). Each line of PA can be optioned
@\ P as a wake-up input (bit option). /O configurations: Schmitt trigger/CMOS
PBO/ANO~ 1/0 lines with pull-high resistors (bit option). I/O modes of each line are con-
PB7/AN7 I/@ =Hi trolled by related control register bit (PBC). I/O configurations: Schmitt trig-
ger/CMOS. Each PB line is pin shared with an A/D converter input.
PCO~PC6 1/O lines with pull-high resistors (bit option). I/O modes of each line are con-
PC7 ’ % ull-High trolled by related control register bit (PCC). I/O configurations: Schmitt trig-

ger/CMOS.

Pull-High PWM
Interrupt Falling
and/or Rising

1/0 lines with pull-high resistors (bit option). I/O modes of each line are con-
trolled by related control register bit (PDC). I/O configurations: Schmitt trig-
ger/CMOS. The PDO~PD3 can be selected as PWM outputs. INTO/INT1
are falling/rising edge selectable triggers.

Rev. 1.71
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HOLTEK i ‘ HT46R63/HT46C63

Pin Name 110 Option Description

0SC1 | RC or crvstal A resistor across OSC1 and VDD or a crystal across OSC1 and OSC2 will
0SC2 O Y generate a system clock.
OSC3 | 32768Hz crystal across OSC3 and OSC4 will generate RTC clock signal
0SC4 (0] o which only provides system timing.
CMPN | — Negative input for comparator
CMPP | — Positive input for comparator f& K
CMPO (6] — Comparator output Q K
CHGO O — Comparator output with 32768Hz carrier
VDD — — Positive power supply ( ( \ \

A/D converter Positive power supply, AVDD should W)a{ﬁy con-
AVDD — _

nected to VDD
VSS — — Negative power supply, ground ( ( % \
RES | — Schmitt trigger reset input
VLCD 110 — LCD highest voltage; should be connected to VDD with external resistor.

SEG7~SEG18 LCD segment signal driving outputs SEG7~SEG10 can be optioned as out-
SEGO~SEG18 | O ) put lines. SEG11~SEG14, SEG15~SEG18 canbe optioned as a high sink-
logical CMOS | ® .

ing output lines.
COM0~COM2 COM3 or ) - Q
COM3/SEG19 O SEG19 LCD common sign ving tput\i

Absolute Maximum Ratings

Supply Voltage ........cccccceeveenncnne Vgs—0.3V to Vgs+6.0V torage erature ........cccoeeeveeeeeenn... —50°C to 125°C
Input Voltage........ccocvevvriennne. Vss—0.3V to Vpp+0.3V Operating Temperature...........c.ccccceeenee. —-40°C to 85°C
Note: These are stress ratings only. Stresses exceedi e range specified under "Absolute Maximum Ratings” may

cause substantial damage to the device. Funetional operation of this device at other conditions beyond those
listed in the specification is not implied ang’profonged exposure to extreme conditions may affect device reliabil-

ity.
D.C. Characteristics Ta=25°C
Test Conditions
Symbol Parameter Min. Typ. Max. Unit
V}D Conditions
7
fsys=4MHz 2.2 — 5.5
Vbp Operating Voltage —
fsys=8MHz 3.3 — 5.5
Operating e t (RC Ogg) 3V — 1

No load, fsys=4MHz

Ipp1 mA

(Analog Ci b d) 5V

2
5
Ipp2 Oper@f\ v No load, fsys=4MHz — ! 2 mA
(REOSE) 5V — 3 5
5
5

Ibps @e@g 5V | No load, fsys=8MHz — 3 mA
§t Mrent 3V INo load, — —

|

ST OSC On, RTC Off, LCD Off) | g | System HALT _ _ 5 | A
'Standby Current 3V - — 1

S

STB2 TWOT OSC Off, RTC Off, LCD Off) | 5, | >YSt™ HALT - — 1 HA
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HT46R63/HT46C63
Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Vbp Conditions
Standby Current 3V — — 5
|
STB3 | (WDT OSC Off, RTC On, LCD Off) | g, | SYStem HALT _ _ s | A
Standby Current (WDT OSC Off, 3V 10 12 16
lstes | RTC On, LCD On with Low Current \S/yStiT/ RALT s
Internal R Type Bias Option) 5v | TLeDT DD 20 24 32 Q\
Standby Current (WDT OSC Off, 3V System HALT 16 20 @ K
IsTBs RTC On, LCD On with Middle V) =V A
Current Internal R Type Bias Option) 5v | TLebT DD 32 40 52
Standby Current (WDT OSC Off, 3V System HALT 38 52 ( Q 68 \
IsTee RTC On, LCD On with High Current Vys e:/ \*ﬁ/ pA
Internal R Type Bias Option) 5v | LCDTYDD 76 /1'947 13
Vi1 Input Low Voltage for I/0O Ports — — 0 /— NG‘.SVDD \%
Viy1 Input High Voltage for I/0 Ports — — 0.7Vpp / 3 \Y
VL2 Input Low Voltage (RES) — — 0 — 0.4Vpp Y
Vin2 Input High Voltage (RES) — — 0.9Vpp — Vpp Y
Vicp LCD Highest Voltage — — 0 — Vpp \Y
3V -2 -4 —
loH1 I/0 Port Source Current Voﬁ& mA
5V ;/ -8 _
3V 6 12 —
loL1 I/0 Port Sink Current v VoL =0. Qﬁ\ 10 ) mA
5 5 —
3V -2 -4 —
lon2 SEG7~18 Logical Source Current iy Vﬁng mA
_4 _8 _
3V / 8 — —
loLz SEG7~10 Logical Sink Current = oL=0.1Vpp " mA
3V 16 — _
loLs SEG11~18 Logical Sink Current ~—1Vor~0.1Vpp 2 mA
loHToTAL | 1/O Port Total Source Current — — _ _ ~100 mA
loLToTaL | I/O Port Total Sink Curr@ — — — — 100 mA
>3§' 40 60 80
RpH Pull-High Resistance (1/0) >y — 10 20 50 kQ
Vos Comparator Ir}pl{t Offset Voltage — — -10 — 10 mV
\ Comparatoﬁn@(ﬂtagéﬁange — — 0.2 — | Vpp-0.8
Vap A/D InpgN@Qm — — 0 — Vop
A/D n\rsron@ral Nonlinearity
E — — _
AD iy r@;&\ 105 | +1 | LSB
o Q“' spial Powér Consumption 3V - - 05 1 mA
D rter is Used 5V o 15 3 mA
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HT46R63/HT46C63
A.C. Characteristics Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vbp Conditions
— | 2.2V~5.5V 400 — 4000
fsvst System Clock (Crystal) KHz
— | 3.3V~5.5V 400 — 8000
System Clock
f _ ~
SY$2 | (32768Hz Crystal OSC) 2.2V~5.8V 32768 ﬂﬁ( K%
— | 2.2V~5.5V 4%6\
frimer Timer Input Frequency K
— | 3.3v~5.5V /8300\
t Watchdog Oscill Period v 180))
WDTOSC atchdog Oscillator Perio _ s
5v ~q30]
ys Or
twot Watchdog Time-out Period — | Note: tsys=4/fsys T0SG OF
trTcosc
treS External Reset Low Pulse Width — — 1 — — us
tsst System Start-up Timer Period __ | Poweruporwake-upfrom| | 4004 | | teys
HALT
tiNT Interrupt Pulse Width — — 1 — — us
tap A/D Clock Period — — 1 — — us
tapc A/D Conversion Time — - 64 — — tap
tapcs A/D Sampling Time — < <— \ p — 32 — tap
tcomp Response Time of Comparator — v — — 3 us
Note: tgys=1/fsys
Rev. 1.71 7 December 16, 2003
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HT46R63/HT46C63

Functional Description
Execution Flow

The system clock for the microcontroller is derived from
an external RC or crystal oscillator. The system clock is
internally divided into four non-overlapping clocks. One
instruction cycle consists of 4 system clock cycles.

Instruction fetching and execution are pipelined in such
a way that a fetch and decoding takes an instruction cy-
cle while execution take the next instruction cycle. How-
ever, the pipelining scheme causes each instruction to
effectively execute in a cycle. If an instruction changes
the program counter, two cycles are required to com-
plete the instruction.

Program Counter — PC

The program counter controls the sequence in which the
instructions stored in the program memory are executed
and its contents specify full range of program memory.
After accessing a program memory word to fetch an in-
struction code, the contents of the program counter are
incremented by one. The program counter then points to
the memory word containing the next instruction code.

T1

T1 T2 T3 T4
systemClock / \/ \./ ./ \__

When executing a jump instruction, conditional skip ex-
ecution, loading PCL (program counter lower-order byte
register), subroutine call, initial reset, interrupts or return
from subroutine or interrupts, the program counter ma-
nipulates the program transfer by loading the address
corresponding to each instruction.

proper inst
Otherwise proceed with the next i st
The lower-order byte of the program. counter’(F
data into the PCL performg a
tion will be within the curre!

fers from having an additional dummy cycle.

Program Memory - PROM

mory is é?ed to store the program in-
be executed. It also contains
t entries, and is organized into

T3 T4

PC < PC

PO

S

PC+2

Fetch INST (PC)

Execute INST (PC-1)

FefcK INST (PC+1)

| Execute INST (PC)

Fetch INST (PC+2)

Execute INST (PC+1)

ec Flow
Mode Program Counter

A8 N\7 | %6 | 5 | t4a | 3 | 2 | ™ *0
Initial Reset 0000 | 0 0 0 0 0 0 0
External Interrupt 0 o000 | <o 0 0 0 0 1 0 0
External Interrupt 1 0000 0 0 0 0 1 0 0 0
Timer/Event Counter Ove@byv 0600 0 0 0 0 1 1 0 0
Time Base Time-out MOO 0 0 0 1 0 0 0 0
A/D Interrupt 0000 0 0 0 1 0 1 0 0
RTC Interrupt 0000 0 0 0 1 1 0 0 0
Skip PC+2
Loading PCL__ @1~@8 | @ | @ | @ | @ | @ | @ | @ | @o
Jump, CaflBranch™ w148 | w7 | w6 | #5 | #4 | #3 | #2 | #M | #0
Retur(RET, RETI) s11~s8 | s7 | s6 | s5 | s4 | s3 | s2 | s1 | sO

Note: rogram counter bits

#11~#0: Instruction code bits

Program Counter

S11~S0: Stack register bits
@7~@0: PCL bits

Rev. 1.71
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HOLTEK i ’ HT46R63/HT46C63

000H
4096x15 bits, addressed by the program counter and ta- Device Initialization Program
. 004H
ble pointer. : -
External Interrupt O Subroutine
Certain locations in the program memory are reserved 008H
for special usage: External Interrupt 1 Subroutine
i ' 00CH
e Location 000H Timer/Event Counter Interrupt Subroutine
This area is reserved for program initialization. After 010H
chip reset, the program always begins execution at lo- Time Base Time-out Interrupt Subroutine
cation O00H. 014H Proga
A/D Converter EOC Interrupt Subroutine €mol
¢ Location 004H 018H

This area is reserved for the external interrupt O ser- RTC Time-out Interrupt subroutine
vice program. If the INTO input pin is activated, the in-

terrupt is enabled and the stack is not full, the program nOEOH //\
begins execution at this location. : Look-up Table (256 word&)\\

« Location 008H nFFH
This area is reserved for the external interrupt 1 ser- ‘
) — . o . ) FOOH
vice program. If the INT1 input pinis activated, the in- Look-up TablekZ%wordsD )
terrupt is enabled and the stack is not full, the program FFFH
begins execution at this location. 15 bit;
X Note: n ranges from 0 to F
* Location 00CH
This area is reserved for the timer/event counter inter- Program Memory
rupt service program. If a timer interrupt results from a
byte to Io@portion of TBLH(08H) and

timer/event counter overflow, and the interrupt is en- higher-orgé
abled and the stack is not full, the program begins ex- 4

g bits (J~bits) of TBLH are read as "0".
ecution at location 00CH. 5

Location 010H

This area is reserved for the time base interrupt ser-
vice program. If the a time base time-out occurs, the
interrupt is enabled and the stack is not full, the pro-
gram begins execution at this location.

B only and cannot be restored. If the main
@- ké ISR(interrupt service routine) both em-
ploythe table read instruction, the contents of TBLH in
rainroutine are likely to be changed by the table

¢ Location 014H read instruction used in the ISR. Errors are thus
This area is reserved for the A/D converter interrupt brought about. Given this, using the table read in-
service program. If the interrupt is activated (when th struction in the main routine and the ISR simulta-

neously should be avoided. However, if the table read
instruction has to be applied in both main routine and
the ISR, the interrupt is supposed to be disabled prior
to the table read instruction. It will not be enabled until
the TBLH in the main routine has been backup. All ta-
ble related instructions require two cycles to complete
the operation. These areas may function as normal
program memory depending upon the requirements.

A/D conversion is completed), the interrupt is enab
and the stack is not full, the program begins e
at this location.

Location 018H

is enabled and the stack is not full, ti
execution at this location.

Table location Stack Register - STACK

Any location in the program memory can be used as
look-up tables. The instpoctions "TABRDC [m]” (the
current page, 1 page=256-words) "TABRDL [m]”
(the last page) transf ts of the lower-order
byte to the speci emory, and the

This is a special part of memory, which is used to save
the contents of the program counter only. The stack is
organized into 8 levels and is neither part of the data not
programmable space, and is not accessible. The acti-
vated level is indexed by the stack pointer and is not ac-

. Table Location

Instruction %\ \;10 *9 *8 *7 *6 *5 *4 *3 *2 * *0
TABRDG<ﬁn1 @1 P10 P9 P8 @7 @6 @5 @4 @3 @2 @1 @0
TABM 1 1 1 1 Q@7 @6 @5 @4 @3 @2 @1 @0

Table Location

Note: *11~*0vTable location bits P11~P8: Current program counter bits

@7~@0: Table pointer bits

Rev. 1.71 9 December 16, 2003
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cessible. At a subroutine call or interrupt
acknowledgment, the contents of the program counter
are pushed onto the stack. At the end of a subroutine or
an interrupt routine, signaled by a return instruction
(RET or RETI), the program counter is restored to its
previous value from the stack. After a chip reset, the
stack pointer will point to the top of the stack.

If the stack is full and a non-masked interrupt takes
place, the interrupt request flag will be recorded but the
acknowledgment will be inhibited. When the stack
pointer is decreased (by RET or RETI), the interrupt will
be serviced. This feature prevents stack overflow allow-
ing the programmer to use the structure more easily. In
similar case, if the stack is full and a "call” is subse-
quently executed, stack overflow occurs and the first en-
try will be lost (only the most recent 8 return addresses
are stored).

Data Memory - RAM

The data memory is designed with 239x8 bits. The
data memory is divided into two functional groups: spe-
cial function registers and general purpose data mem-
ory (208x8). Most are read/write, but some are read
only.

The special function registers include the indirect ad-
dressing register 0 and 1 (RO;00H, R1;02H), memory
pointer 0 and 1 (MPO;01H, MP1;03H), bank pointer
(BP:04H), accumulator (ACC;05H), program counter
lower-order byte register (PCL;06H), table pointer
(TBLP;07H), table higher-order byte register
(TBLH;08H), real time clock control registe
(RTCC;09H), status register (STATUS;0AH), interrupt

port data registers (PA;12H, PB;14H, PC;1
1/0 port control registers (PAC;13H,
PCC;17H, PDC;19H), PWMO (1A

(ADCR;22H) and the A/D clock setting register

(ACSR;23H). The remaining space before the 60H is re-

served for future expansion and reading these locations

s genefz-purpose data

FEH, is used for data
uction commands.

s_can handle arithmetic,
logic, incremen ent and rotate operations di-

rectly. Excep

HT46R63/HT46C63

00H Indirect Addressing Register 0

01H MPO

02H Indirect Addressing Register 1

03H MP1

04H BP

05H ACC

06H PCL

07H TBLP

08H TBLH

09H RTCC
0AH STATUS
0BH INTCO
OCH TMRH
ODH TMRL [
OEH TMRC
OFH

10H

11H

12H PA

13H PAC Special Purpose
14H PB DATA MEMORY
15H PBC

16H PC

17H PCC

18H PD

9H PDC

\PMiMo

18 PVIM1
1 PWM2
10( \ /) PWM3
=3 INTC1

FH

20H

21H ADR

22H ADCR

23H ACSR

24H

2FH

30H

General Purpose I:l - Unused
Data Memory
(208 Bytes) Read as "00"
FFH
RAM Mapping

Indirect Addressing Register

Location 00H (02H) is indirect addressing registers that
are not physically implemented. Any read/write opera-
tion of [00H] ([02H]) will access data memory pointed to
by MPO (MP1). Reading location 00H (02H) itself indi-
rectly will return the result "00H". Writing indirectly re-
sults in no operation.

The memory pointers are 8-bit registers. Only the
MP1/R1 can be used to access the LCD RAM (BP=1).

Rev. 1.71 10
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Labels | Bits Function

C is set if an operation results in a carry during an addition operation or if a borrow does not take
C 0 place during a subtraction operation; otherwise C is cleared. C is also affected by a rotate through
carry instruction.

AC is set if an operation results in a carry out of the low nibbles in addition or no borrow from the

AC ! high nibble into the low nibble in subtraction; otherwise AC is cleared.
z 2 Z is set if the result of an arithmetic or logical operation is zero; otherwise Z is cleared. /\
OV is set if the operation results in a carry into the highest-order bit but not a carry out rﬁ\
ov 3
est-order bit, or vice versa; otherwise OV is cleared.
PDE 4 PDF is cleared by a system power-up or executing the "CLR WDT" instruction. PDF i
cuting the "HALT” instruction.
TO is cleared by system power-up or executing the "CLR WDT” or "HALT” instruction.\TO is set
TO 5 :
by a WDT time-out.

— 6,7 | Unused bit, read as "0"

Status Register U

Bank Pointer tion operations related to the status register may give
The bank pointer is used to assign the accessed RAM different results from those intended. The TO flag
bank. When the users want to access the RAM bank "0” can be affected only by system power-up, a WDT
a 0 should be loaded onto BP. When the BP is equal to time-out or exgcuting th@”CLR WDT" or "HALT" in-
"1", the LCD RAM will be accessed (use MP1/R1 indi- ~ Struction. Jha RDF flag can be affected only by exe-
rect addressing only). RAM locations before 40H in any CLR WDT" instruction or a
bank are overlapped.

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.

sdbroutine call, the status register will not be
pushed onto the stack automatically. If the contents of
the status are important and if the subroutine can cor-
rupt the status register, precautions must be taken to

save it properly.
Arithmetic and Logic Unit - ALU

This circuit performs 8-bit arithmetic and logi era- Interrupt
tions. The ALU provides the following functians:
¢ Arithmetic operations (ADD, ADC, SUB,
e Logic operations (AND, OR, XOR,
Rotation (RL, RR, RLC, RRC)

¢ Increment and Decrement (INC, DEC)
e Branch decision (SZ, SNZ, SIZ, SDZ ....)

The microcontroller provides two external interrupts, an
, DAA) internal timer/event counter overflow interrupt, a time
base time-out interrupt, an A/D converter
end-of-conversion interrupt and a real time clock
time-out interrupt. The interrupt control registers
(INTCO: 0BH and INTC1: 1EH) contains the interrupt
control bits to set the enable or disable and the interrupt
The ALU not only saves thé esults of@data operation request flags.

Once an interrupt subroutine is serviced, all the other in-
terrupts will be blocked (by clearing EMI bit). This
scheme may prevent any further interrupt nesting. Other

sthe zero flag (Z), carry interrupt requests may happen during this interval but

ag (AC), overflow flag (OV), only the interrupt request flags are recorded. If a certain

and watchdog time-out flag interrupt requires servicing within the service routine,

ds\the status information and controls the programmer may set the EMI and the corresponding
bit of INTCO/INTC1 to allow interrupt nesting. If the stack

of the TO and PDF flags, bits in is full, the interrupt request will not be acknowledged,

even if the related interrupt is enabled, until the SP is de-
creased. If immediate service is desired, the stack has
to be prevented from becoming full.

register will not change the TO or PDF flag. In addi-
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All these kinds of interrupts have the wake-up capability. Interrupts, occurring in the interval between rising edge
As an interrupt is serviced, a control transfer occurs by of two consecutive T2 pulses, will be serviced on the
pushing the program counter onto the stack and then later of the two T2 pulses, if the corresponding interrupts
branching to subroutines at specified location(s) in the are enabled. In the case of simultaneous requests the
program memory. Only the program counter is pushed priorities in the follow table apply. These can be masked
onto the stack. If the contents of the register or status by clearing the EMI bit.
register are altered by the interrupt service program, Interrupt Source Priority ectar
which corrupts the desired control sequence, the pro- External Interrupt 0 1 A &94
grammer should save these contents first.

) . ) External Interrupt 1 ZA \OO\§H\
External interrupts are triggered by a high to low and/or Timer/Event Counter Overflow
low to high transition of INTO/INT1 and the related inter- Interrupt ﬁ\%—(
rupt request flag (bit 4/5 of INTCO ) will be set. When the - -
interrupt is enabled, the stack is not full and the external Time Base Time-out Interrupt ( < 4 b1 OH
interrupt is active, a subroutine call to location End of A/D Conversion Interrupt 5 /014H
004H/008H will occur. The external interrupt request RTC Time-out Interrupt 6 018H

flag and EMI bits will cleared to disable other interrupts.

The external interrupt 0/

uest fl
The internal timer/event counter interrupt is initialized by . . N
) ) . : timer/event counter interrupt e
setting the timer/event counter interrupt request flag (bit

6 of INTCO), caused by a timer overflow. When the inter-
rupt is enabled, the stack is not full and the timer/event
counter interrupt request flag is set, a subroutine call to
location 00CH will occur. The related interrupt request
flag will be reset and the EMI bit cleared to disable fur-
ther interrupts.

s (EIOF/EITF),
flag (TF), time
base interrupt request flag (TBF), A/D converter inter-
rupt request flag (ADF), RTC interrupt request flag
(RTF), enable external interrupt 0/1 (EEOI/EE 1), enable
timer/event counter interrupt bit (ETI), enable time base

converter interrupt (EADI),
Tl) and enable master inter-
te interrupt control registers
is located at 0BH/1EH in the data

The time base time-out interrupt is initialized by setting

the time base time-out interrupt request flag (bit 4 of gmoryE EOl, EE1I, ETI, EADI and ERTI are used
INTC1), caused by a time base time-out. When the in- ¢ enabling/disabling of interrupts. These bits
terrupt is enabled, the stack is not full and the time base he’ réquested interrupts from being serviced.
time-out interrupt request flag is set, a subroutine call to nce interrupt request flags (EIOF, EI1F, TF, TBF,
location 010H will occur. The related interrupt request ADF, RTF) are set, they will remain in the INTCO/INTC1
flag will be reset and the EMI bit cleared to disable fur- until the interrupts are serviced or cleared by software
ther interrupts. instructions.

The A/D converter end-of-conversion interrupt ig It is suggested that a program does not use the "call”
ized by setting the A/D end-of-conversion inte within a interrupt subroutine. It because interrupts often
quest flag (bit 5 of INTC1), caused by an.end occur in an unpredictable manner or need to be serviced
conversion. When the interrupt is enabled, immediately in some applications. If only one stack is
not full and the end of A/D conversion interr left and enabling the interrupt is not well controlled, the

original control sequence will be damaged once the
"CALL" operates in the interrupt subroutine. The defini-
tions of INTCO and INTC1 registers are as shown.

The related interrupt request flag will be re
EMI bit cleared to disable further interrupts.

The real time clock time-out interrupt is initialized by set- Bit No.‘ Label ‘ Function
ting the real time clock interrupt request flag (bit 6 of :
INTC1), caused by a RTC time-out. V@n the interrupt INTCO Register
is enabled, the stack is 4 and the RTC time-out in- Controls the master (global) interrupt
. . ) 0 EMI _ S

terrupt request flag is tine call to location (1= enabled; 0= disabled)
018H will occur. Therela ntecrupt request flag will be Controls the external interrupt 0
reset and the 0 disable further inter- 1 EEIO (1= enabled; 0= disabled)
rupts. .

2 EEM Controls the external interrupt 1
During the gxecution b terrupt subroutine, other in- (1= enabled; 0= disabled)
terrupt ack are held until the RETI in- Controls the timer/event counter over:
struction Ts suted or the EMI bit and the related 3 ETI ) _ P

flow interrupt (1= enabled; 0= disabled)
inter are set to "1” (of course, if the stack -
is notfu eturn from the interrupt subroutine, "RET” 4 EIFO (E1xterntgl |ntgrrypt (:.re()quest flag
= active; 0= inactiv

or "RETI” may-be invoked. RETI will set the EMI bit to acive, 7 Inacive

enable an interrupt service, but RET will not.
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Bit No.| Label Function
External interrupt 1 request flag
5 EIF1 - . .
(1= active; 0= inactive)
Timer/Event Counter overflow request
6 TF . . .
flag (1= active; 0= inactive)
7 — |Unused bit, read as "0”
INTC1 Register
Controls the time base interrupt
0 | ETBI| 4= enabled; 0= disabled)
1 EADI Controls the A/D converter interrupt
(1= enabled; 0= disabled)
Controls the real time clock interrupt
2 |ERTH 4= enabled; 0= disabled)
3 — |Unused bit, read as "0”
Time base time-out interrupt 0 request
4 TBF . . .
flag (1= active; 0= inactive)
End of A/D conversion interrupt request
5 ADF . . .
flag (1= active; 0= inactive)
6 RTF RTC tlrpe-out |.nterr.upt request flag
(1= active; 0= inactive)
7 — |Unused bit, read as "0”

Oscillator Configuration

There are four oscillator circuits implemented in the mi-
cro-controller.

Two of them are designed for system clocks, namely the
external RC oscillator and the crystal oscillator, whic

J__ 0OSC1
(]
fsvs
0sc2 S Open Drain
Crystal Oscil,

for system cloc

External RC Oscillator
for system clock

are determined by options. The HALT mode stops the
system oscillator and resists the external signal to con-
serve power. Another one is a 32768Hz crystal oscilla-
tor, which only provides use for real time clock. The
other one is a built-in 12KHz RC oscillator, which is used
for WDTOSC.

If the system clock uses the external RC osci
external resistor between OSC1 and VDD i

system clock, divided by 4, is available onQ
can be used to synchronize external logic.

If the system clock uses the cryst:
across OSC1 and OSC2 is needed

crystal, the resonator can
OSC1 and OSC2to geta

If the RTCOSC is used, a crystal across OSC3 and
OSC4 is needed to provide the feedback and phase
shift required/for the osciftgtor, and no other external
demanded.

12KHz:WDTOSC) decided by options. This timer is de-
signed to prevent a software malfunction or sequence
from jumping to an unknown location with unpredictable

Im osc3
0sCH 32768Hz 25

Xtal T
osc2 0sC4

Crystal Oscillator
for RTCOSC

em Oscillator

CLRWDT

v

16-Bit Counter

}—»é'—» WDT time-out

RTS
15-Bit Counter |—
Options —»| 4ito1 MUX [ Time base : fs/212~fs/215
Options —f 7 to 1 MUX }> LCD frequency : fs/22~fs/28
RTCC.2~RTCC.0 —»| 8 to 1 MUX > RTC : fs/2e~fs/2's
Watchdog Timer
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results. The watchdog timer can be disabled by options. terrupt subroutine call to ROM location 018H will acti-
If the watchdog timer is disabled, all the executions re- vate. The RTCC is the real time clock control register
lated to the WDT result in no operation. The WDT used to select the division ratio of RTC clock sources.
time-out period is fixed as 216/fs. The fs means the clock RTCC.7~RTCC.3 cannot be used.

frequency of WDT, ftime base, RTC and LCD. I RTCC.2 RTCC.1 RTCC.0|RTC clock divided factor
WDTOSC is selected as the WDT clock, the time-out s

period may vary with temperatures, VDD and process 0 0 0 2

variations. The WDTOSC and RTCOSC can be still run- 0 0 1 2° /j (\
ning (decided by option) at the halt mode if they are se- 0 1 0 2/4 (\
lected as the WDT clock source. Once the 32.768kHz

oscillator (with a period of 31.25us normally) is selected 0 1 1 Zh\

to be the clock source of WDT (and LCD, RTC, Time 1 0 0

Base), it is directly divided by 2'8 to get the nominal 1 0 1 K\213 ) )
time-out period of 2 seconds. If the WDT clock comes

from the instruction clock, the WDT will stop counting 1 1 0

and lose its protecting purpose in halt mode. In this situ- 1 1 1 /w <\215

ation the logic can only be restarted by external logic. If \J

the device operates in a noisy environment, using the . \AL‘L/

RTCOSC or WDTOSC is strongly recommended, since Power Down Operation - H

the HALT will stop the system clock. The HALT mode is initialized by the "HALT" instruction

The overflow of WDT under normal operation will initial- and results in the following...

ize "chip reset” and set the status bit "TO". But in the * The syste OSC”'atO@'” be turned off but the
TCOSC will stop or keep runnlng de-

HALT mode, the overflow will initialize a "warm reset”,
and only the PC and SP are reset to zero. To clear the
contents of WDT , 3 methods are adopted; external re-
set (a low level to RES), software instruction(s) and a
HALT instruction. The software instruction(s) include
"CLR WDT" and the other set - "CLR WDT1" and "CLR ’ eared and recounted again (if the WDT
WDT2"” Of these two types of instruction, only one can °

be active depending on the options — "CLR WDT times Al of the /O ports maintain their original status.

selection option”. If the "CLR WDT" is selected (i.e. * The PDF flag is set and the TO flag is cleared.
CLRWDT times equal one), any execution of the "CL The system can leave the HALT mode by means of an
WDT" instruction will clear the WDT. In the cagé thgz external reset, an interrupt, an external falling edge sig-

"CLR WDT1" and "CLR WDT2" are chosen (j.e{ nal on port A or a WDT overflow. An external reset

WDT times equal two), these two instructions mus causes a device initialization and the WDT overflow per-
executed to clear the WDT; otherwise, the forms a "warm reset”. After the TO and PDF flags are
set the chip as a result of time-out. The R scillator examined, the reason for chip reset can be determined.
should be designed as an auto-spee r. Af- The PDF flag is cleared by system power-up or execut-
ter the RTC oscillator is oscillating, the -up ing the "CLR WDT" instruction and is set when execut-

should be turned off. ing the "HALT" instruction. The TO flag is set if the WDT
time-out occurs, and causes a wake-up that only resets

Time Base Generator the PC and SP; the others keep their original status.

The port A wake-up and interrupt methods can be con-
sidered as a continuation of normal execution. Each bit
in port A can be independently selected to wake up the
device by the option. Awakening from an I/O port stimu-
lus, the program will resume execution of the next in-
struction. If it is awakening from an interrupt, two
sequences may happen. If the related interrupt is dis-
abled or the interrupt is enabled but the stack is full, the

an interrupt su
activate.

RTC Gen . ) ) .
program will resume execution at the next instruction. If
There RTC _generator implemented in the mi- the interrupt is enabled and the stack is not full, the regu-
cro-gontrollex, RTC generator provides software lar interrupt response takes place. If an interrupt request
config al time clock periods whose range from flag is set to "1" before entering the HALT mode, the

f/2° to fs/2'7-When the RTC time-out occurs and the wake-up function of the related interrupt will be disabled.
stack is not full and the RTC interrupt is enabled, an in-
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Once a wake-up event occurs, it takes 1024 tsys (sys-
tem clock period) to resume normal operation. In other
words, a dummy period will be inserted after wake-up. If
the wake-up results from an interrupt acknowledgment,
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 1/O pins should
be carefully managed before entering the HALT status.

The 32.768kHz crystal oscillator still run or stop in the
halt mode. (decided by option)

Reset

There are three ways in which a reset can occur:
* RES reset during normal operation

* RES reset during HALT

o WDT time-out reset during normal operation

The WDT time-out during HALT is different from other
chip reset conditions, since it can perform a "warm re -
set” that resets only the PC and SP, leaving the other cir-
cuits in their original state. Some registers remain un-
changed during other reset conditions. Most registers
are reset to the "initial condition” when the reset condi-
tions are met. By examining the PDF and TO flags, the
program can distinguish between different "chip resets”.

TO |PDF Reset Conditions
0 | 0 |RES resetduring power-up
u u | RES reset during normal operation
0 | 1 |RES wake-up HALT
1 u | WDT time-out during normal operaﬁo@
1 1 |WDT wake-up HALT

Note: "u” means unchanged

To guarantee that the system oscill
stabilized, the SST (system start-up timer) provi
extra-delay to delay 1024 system clock pulses
system power-up or the system awakes from the HALT
state.

The chip reset statuses of the functional units are as
shown.

PC 000H
Disable

Interrupt

Clear. After master reset, WDT

begins counting N

WDT

Timer/Event Counter | Off

Input/Output Ports Input mode

SP Points to theWM

Vop Q

0

100kQ

10kQ

0.1pF*

Reset Circuit

lj:)’—’ Warm Reset

RES ®—{Bo

i3

Cold
|_ Reset
SST
0OSC1 X 10-bit Ripple
Counter

System Reset

Reset Configuration

VDD /

RES —
tssT

SST Time-out

Chip Reset

Reset Timing Chart
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The registers states are summarized in the following table.
Register Reset WDT Time-out RES Reset RES Rese WDT Time;out
(Power On) (Normal Operation) | (Normal Operation) (HALT) (HALT)
MPO XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
MP1 XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
BP 0000 0000 0000 0000 0000 0000 0000 0000 uuuu yﬁ@\
ACC XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuyﬂﬂdug
PCH.PCL 000H 000H 000H 000H @(SO\H
TBLP XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu /@u@u\m
TBLH -XXX XXXX -uuu uuuu -uuu uuuu -uuu uuuu ( - Mﬁuu
RTCC --xx X111 --xx x111 --xx X111 --xx X111 =u LMUU
STATUS --00 xxxx --1u uuuu --Uu uuuu --01 Ul}@ --11 uuuu
INTCO -000 0000 -000 0000 -000 0000 -000 0(0(@ \ j-uuu uuuu
INTC1 -000 -000 -000 -000 -000 -000 -000 (%0\ -uuu -uuu
TMRL XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
TMRH XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX uuuu uuuu
TMRC 00-0 1--- 00-0 1--- 00-0 1--- OO-O@-- uu-u u---
PA 1111 1111 1111 1111 1111 1111 1AM 1111 uuuu uuuu
PAC 11111111 1111 1111 Mﬁ /)4/11111 uuuu uuuu
PB 11111111 1111 1111 111/1>>1h\ 1111 1111 uuuu uuuu
PBC 1111 1111 1111 1111 11(11<1111\ 1111 1111 uuuu uuuu
PC 11111111 1111 1111 )@1\1\1\#14// 1111 1111 uuuu uuuu
PCC 11111111 1111 1111 111 1111 1111 1111 uuuu uuuu
PD 11111111 1111 1111 1111 1111 1111 1111 uuuu uuuu
PDC 11111111 1111 1111 11111111 1111 1111 uuuu uuuu
PWMO XXXX XXXX XXXX xx% /V <\ XXXX XXXX XXXX XXXX uuuu uuuu
PWM1 XXXX XXXX XXXX xx>§\< / XXXX XXXX XXXX XXXX uuuu uuuu
PWM2 XXXX XXXX xxxx%&xx XXXX XXXX XXXX XXXX uuuu uuuu
PWM3 XXXX XXXX XXX x\yx XXXX XXXX XXXX XXXX uuuu uuuu
ADR XXXX XXXX M XXXX XXXX XXXX XXXX uuuu uuuu
ADCR 0100 0000 0100 000(% ) 0100 0000 0100 0000 uuuu uuuu
ACSR 0----100 0----100 0----100 0--- -100 u--- -uuu
Note: "*" stands for warm\eset Q
"u” stands for
"x" stands fgr
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Timer/Event Counter

Atimer/event counter is implemented in the device. The
timer/event counter contains a 16-bit programmable
count-up counter and the clock may come from an ex-
ternal source or the internal clock source.

The internal clock source is the system clock divided by
4: fgysl/4. The external clock input allows the user to
count external events, measure time intervals or pulse
widths, or to generate an accurate time base.

There are 3 registers related to timer/event counter;
TMRH(0CH), TMRL(0DH), TMRC(OEH). Writing TMRL
only stores the data into a low byte buffer, and writing
TMRH will put the written data and the low contents of
low byte buffer to preload register (16 bits) simulta-
neously. The timer/event counter preload register is
changed by writing TMRH operations and writing TMRL
will keep the timer/event counter preload register un-
changed.

Reading TMRH will also latch the TMRL into the low
byte buffer to avoid the false timing problem. Reading
TMRL returns the contents of the low byte buffer. In
other words, the low byte of timer/event counter cannot
be read directly. It has to read the TMRH first to make
the low byte contents of timer/event counter latched into
the buffer. The TMRC is the timer/event counter control
register, which defines the operating mode, counting en-
able or disable and active edge.

The TMO, TM1 bits define the operating mode. The
event count mode is used to count external events,
which means the clock source comes from an external
(TMR) pin. The timer mode functions as a normal time
with the clock source coming from fgygs/4. The p
width measurement mode can be used to count
or low level duration of the external signal (T!
counting is based on fgys/4.

In the event count or timer mode, once the Y
counter starts counting, it will coun
contents in the timer/event counter to

fsvs/4

TMR

Width
easurement
Mode Control

overflow occurs, the counter is reloaded from the
timer/event counter preload register and generates the
corresponding interrupt request flag (TF; bit 6 of INTCO)
at the same time.

In pulse width measurement mode with the TON and TE
bits are equal to one, once the TMR has received a tran-

ter and issues the interrupt request just like the other two
modes.

To enable the gounting operation, the timer ON bit (TON;

et to 1. In the pulse width
TON will be cleared automati-
ment cycle is complete. Butin the
ON can only be reset by instruc-

In the case of timer/event counter OFF condition, writing
data to the timer/event counter preload register will also
load the data to timer/event counter. But if the
timer/event counter is turned on, data written to the
timer/event counter will only be kept in the timer/event
counter preload register. The timer/event counter will
still operate until the overflow occurs (a timer/event
counter reloading will occur at the same time).

zzzZ2 Data Bus

16-Bit
Timer/event Counter
Preload Register

U

16-Bit ¢
Timer/event Counter |
(TMRH, TMRL)

8-Bit
Low Byte Buffer

Reload

» Overflow to Interrupt

Timer/Event Counter
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When the timer/event counter (reading TMRH) is read,
the clock will be blocked to avoid errors. As this may re-
sults in a counting error, this must be taken into consid-

eration by the programmer.
Label | . .
(TMRC) Bits Function
— | 0~2 |Unused bits, read as "0”
To define the active edge of TMR pin in-
put signal
TE 3 (0O=active on low to high;
1=active on high to low)
To enable or disable timer counting
TON | 4 1 o=disabled; 1=enabled)
— 5 |Unused bit, read as "0”
To define the operating mode
01=Event count mode (external clock)
TMO 6 : )
™1 7 10=Timer mode (internal clock)
11=Pulse width measurement mode
00=Unused

TMRC Register

Input/Output Ports

There are 32 bi-directional input/output lines in the mi-
cro-controller, labeled from PA to PD, which are mapped
to the data memory of [12H], [14H], [16H] and [18H], re-
spectively. All of these I/O ports can be used as input
and output operations. For input operation, these ports
are non-latching, that is, the inputs must be ready at the
T2 rising edge of instruction "MQOV A,[m]” (m=12H, 14H,

16H or 18H). For output operation, all the data is latched
and remains unchanged until the output latch is rewrit-
ten.

Each 1/O line has its own control register (PAC, PBC,
PCC, PDC) to control the input/output configuration.
With this control register, CMOS output or schmitt trlg-
ger input with or without (depends on options
resistor structures can be reconfigured dynami

control register bit is "0, {
move to internal data bus (
instructions). The input paths™{p tate or latches) of
read-modify-write instructions are dependent on the
control register bits. For output function, CMOS is the
only configuration. These control registers are mapped
to locations ., 15H, 1 nd 19H.

f’'these input/output latches can be

orclearedhy "SET [m].i” (m=12H, 14H, 16H or 18H)
e instructions first input data and then
w the-gufput operations. For example, "SET [m].i"

LR [m]i"; "CPLA [m]” read the entire port states into
the CPU, execute the defined operations (bit-operation),

VoD
Control Bit PH D—
Data Bus b Q )
Write Control Register && al= —DD-I E
. Ts—
Chip Reset PAO~PA7
p ﬂ_ﬂ = PBO~PB7
Read Control Regis4ef\ Data Bt IES&ES;
B a Bi
ab) < aHn —'~D_| 57
Write Data Register CK Q
s
PV ~F‘WI§;
RD3
M
U
Xr<t——t

tem Wake-up
(PA only)

G_— Wake-up options

To Interrupt

High-Low

Pulse Generator
Disable/High/Low

@7

Edge to Pulse
PD4 and PD5

Input/Output Ports
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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. The pull-high resistor of each 1/O line is decided
by options.

Comparator

There is a comparator implemented in this
microcontroller. This comparator can be enabled/dis-
abled by options. Its inputs are CMPP(+) and CMPN(-)
and outputs are CMPO and CHGO. When the CMPN in-
put level is less than the level of CMPP, the CMPO out-
putis Vpp. When the CMPN input level is higher than the
level of CMPP, the CMPO output is Vgs.

The CHGO signal is combined with CMPO and
32768Hz carrier if 32768Hz RTC oscillator is applied.

This comparator also can be disabled by options. When
the system enters halt mode, the comparator is disabled
to reduce power consumption. Once the comparator is
disabled, the CHGO and CMPO will stay at VSS level.

LCD Display Memory

The micro-controller provides an area of embedded
data memory for LCD driver. This area is located from
40H to 53H of he RAM Bank 1. Bank pointer (BP; lo-
cated at 04H of the RAM) is the switch between the gen-
eral purpose RAM and the LCD display memory. When
the BP is set to "1”, any data written into 40H~53H (indi-
rect accessing by using the MP1and R1) will effect the
LCD display. When the BP is cleared to "0”, any data

Addr 40H 41H 42H/4Q-|

written into 40H to 53H will access the general purpose
data memory. The LCD display memory can be read
and written to only by indirect addressing mode using
MP1. When data is written into the display data area it is
automatically read by the LCD driver which then gener-
ates the corresponding LCD driving signals. To turn the
display on or off, an ”1” or a "0" is written to the©
sponding bit of the display memory, respectivé

The output number of the micro-
can be 20x3 or 19x4 by options

p ype, no exter-
be optioned as
" which are de-

The SEG7~SEG18 also can be optioned as logical out-
puts. Each group of SEG7~SEG10, SEG11~SEG14

G18 can Z?optioned individually. Once
n{is optioned as a logical output, the con-
f\the related segment address in LCD
}Kzegment.

\Memoh( Segment Output
it 0<0 VSS
Bit D=1 VDD

Logical Output Function

4FH 50H 51H 52H 53H

coMm Bit
0 0
1 1
2 2
3 3

SEGMENT 15 16 17 18 19

Display Memory

Rev. 1.71
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During a reset pulse

COMo, COM1, COM2

All LCD driver outputs

Normal operation mode

COMO

COoM1

COM2 ]

L LT
Td 99
JJ 99

ComM3

LCD segments on
COMO, 1, 2, 3 sides are unlighted

Only LCD segments on _
COMO sides are lighted

Only LCD segments on
COM2 sides are lighted

LCD segments on
COMO, 1 sides are lighted

LCD segments on
COMO, 2 sides are lighted

SN
SHE )

=TT

LCD segments on
COMO, 1, 2 sides are li d

—

HALT mode (LCD off at HALT)

COMo, CO

All LCD driver outputs

D Driver Outputs (1/4 Duty, 1/3 Bias)

T mode, the LCD outputs are dependent on LCD display memory.
mode, the power will be V3=V2=V1=V0=VDD

Note: If LCD is turned g \
If LCD is turped off at HA
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External R

VLCD
V3

Note: Bias current (low, middle or high) is selectable by ROM code option.
V2 LCD Off: VO=V1=V2=V3=VLcp (=Vbp, if connect VLcp to Vbp with exter) sist
LCD driver and bias On: V0=Vss,V1=VLcp/3,V2=VLcp*2/3,V3=VLcD

V1 *Vop=5V, Bias for VLcpo=3V

Low: 8uA, external R=240kQ
Middle: 16pA, external R=120kQ
VO High: 48uA, external R=40kQ

Low: 8uA, external R=0kQ
Middle: 16pA, external R=0kQ

LCD On/Off 37 **Vbp=3V, Bias for VLcp=3V
High: 48pA, external R=0kQ

LCD Bias Block Diagram and Application Circuit

A/D Converter channels to

The 8 channels and 8-bit resolution (7-bit accuracy) A/D to set PB
converter are implemented in this microcontroller. The
reference voltage is AVDD. The AVDD pin must be con-
nected to VDD externally. Conversion accuracy may

étect. The bjt5>bit3 of the ADCR are used
figurations. PB can be an analog input or

Alog input, the 1/0 functions and
is I/O line are disabled. The EOCB

therefore be degraded by voltage drops and noise in the if e ADCR) is end of A/D conversion flag.
event of heavily loaded or badly coupled power supply 0 know when A/D conversion is com-
lines. The A/D converter contains 3 special registers ed-The’START bit of the ADCR is used to begin the
which are; ADR (21H), ADCR (22H) and ACSR (23H). forrof A/D converter. Give START bit a falling
The ADR is A/D result register. After the A/D conversion edge that means the A/D conversion has started. The
is completed, the ADR should be read to get the conver. A/D converter remains in reset state while the START
sion result data. The ADCR is an A/D converter contral stays at ”"1". In order to ensure the A/D conversion is

completed, the START should stay at "0” until the
EOCB is cleared to "0” (end of A/D conversion).

channel select, start A/D conversion control bit

end of A/D conversion flag. If the users wapt to The bit 7 of the ACSR is used for testing purpose only. It

can not be used for the users. The bit1 and bit0 of the
ACSR are used to select A/D clock sources.

and an A/D converter interrupt occurs(if the When the A/D conversion is completed, the A/D inter-

verter interrupt is enabled). The ACSR is an A/D &lock rupt request flag is set. The bit is set to "1” when the
setting register, which is used to select the A/D clock START bit is set to "1".

source. Register| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0

The A/D converter control register is l@ to control the ADR | D7 |/ D6 ! D5!/D4| D3| D2 D1 DO
A/D converter. The bit2~bit0 b

select an analog inp0O
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Label (ADCR) Bits Functions
ACS2, ACS1, ACSO0: A/D channel selection
0,0,0: ANO
0,0,1: AN1
ACSO0 0 0,1,0: AN2
ACS1 1 0,1,1: AN3
ACS2 2 1,0,0: AN4

1,0,1: AN5
1,1,0: AN6
1,1,1: AN7 Q\

PCR2, PCR1, PCRO: PB7~PBO0 pad functions

0,0,0: PB7, PB6, PB5, PB4, PB3, PB2, PB1, PBO
0,0,1: PB7, PB6, PB5, PB4, PB3, PB2, PB1, ANO
PCRO 0,1,0: PB7, PB6, PB5, PB4, PB3, PB2, AN1, ANO
PCR1 0,1,1: PB7, PB6, PB5, PB4, PB3, AN2, AN1, ANO
PCR2 5 1,0,0: PB7, PB6, PB5, PB4, AN3, AN2, AN1, ANO
1,0,1: PB7, PB6, PB5, AN4, AN3, AN2, AN1, ANO
1,1,0: PB7, PB6, AN5, AN4, AN3, AN2, AN1, ANO
1,1,1: AN7, ANG, AN5, AN4, AN3, AN2, AN1, ANO

W

End of A/D conversion flag

EOCB 6 (0: end of A/D conversion)
A/D conversion sequence (START=010) Q
0: Initial value after chip RESET

START 7 0—1: Initial next A/D conversion.

1: reset A/D converter and sét CBto"1”
1—0: Starts the A/D conversion:
0: Normal state for A/D

Note: It is recommended that START is "0” and PCR2~PCR i@e ore MCU entering HALT mode.

HALT will not standby the A/D converter automatica

ACSR ister
Label (ACSR) Bits Functions
ADCS1, ADCS0/ Selects the A/D converter clock source
ADCSO0 0 8’(1)f ]‘:SYSjZ
1 Tsys
ADCS1 1 1.0: foys/

1,1: Cannothe\used

Comp r contral (*)
CMPC 2 0: Disable “\
1: Enable

— 3~6 Unused bit, read as "0”
For t@mode used only

TEST : Norfmal mode
1:\TEST only, cannot be used
Note: "*" This bi Wet.

S
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The following two programming examples illustrate how to setup and implement an A/D conversion. In the first exam-
ple, the method of polling the EOCB bit in the ADCR register is used to detect when the conversion cycle is complete,
whereas in the second example, the A/D interrupt is used to determine when the conversion is complete.

Example: using EOCB Polling Method to detect end of conversion

clr INTCO0.3 ; disable A/D interrupt in interrupt control register
mov a,00100000B
mov ADCR,a ; setup ADCR register to configure Port PBO~PB3 as A/D inputs and se

; ANO to be connected to the A/D converter
mov a,00000001B

mov ACSR,a ; setup the ACSR register to select fsys/8 as the A/D clock
Start_conversion:
clr ADCR.7
set ADCR.7 ; reset A/D
clr ADCR.7 ; start A/D
Polling_EOC:
sz ADCR.6 ; poll the ADCR register EOCB bit to detect end of A/D conversion
jmp polling_EOC ; continue polling
mov a,ADR ; read conversion result from the high byte ADR registe
mov adr_buffer,a ; save result to user defined register
jmp start_conversion ; start next A/D conversion

Example: using Interrupt method to detect end of conversion

set INTCO.0 ; interrupt global enable
set INTCO.3 ; enable A/D interrupt in int| rol register
mov a,00100000B
mov ADCR,a ; setup ADCR register to confi

; ANO to be connected

mov a,00000001B

mov ACSR,a ; setup the ACSR r ter to select fsys/8 as the A/D clock
start_conversion:

clr ADCR.7

set ADCR.7 ; reset A/D

clr ADCR.7 ; start A/D

; interrupt service routine
EOC_service routine:

mov a_buffer,a ; save ACC toyuser defined register

mov a,ADR ; read conversSion result from the high byte ADR register
mov adr_buffer,a ; save result to user defined register

clr ADCR.7 Q

set ADCR.7 ; reset A/D

clr ADCR.7 ; start A/ID

mov a,a_buffe ; restore ACC from temporary storage

reti
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Minimum one instruction cycle needed

AVR I g

>\ e
EOCB
A/D sampling time A/D sampling time
32tAi| 32tAi|
PCR2~PCRO 000B 100B 100B 000B
~1. PB port setup a
2. A/D converter
to reduce power censumyptiol
ACS2~ACS0 000B 010B 000B X don't cart
Power-on Start of AID Start of AID
ese conversion conversion
Reset A/D Reset A/D
converter converter
End of A/D End of AID
1: Define PB configuration conversion conversion
2: Select analog channel
le— 64ta0 —> le— 64ta0 —|
A/D conversion time A/D conversion time

Note: A/D clock must be fsys/2, fsys/8 or fsys/32

A/D Conversion Timing

PWM

The micro-controller provides 4 channels (6+2) bits
PWM outputs shared with PDO~PD3. The PWM chan- i il stay at "0”. The PWM modulation
nels has their data register. The PWMs uses a PWM cycle frequency and PWM cycle duty
counter whose stages are 8 (stage 1~stage 8: fgyg/2' ~ in the following table.

fsys/28). The frequency source of the PWM counter co- )’\hMLMgdt/Jlation PWMi Cycle | PWMi Cycle
mes from fgys. The PWM register is an eight bits regis- Frequency Frequency Duty

ter. The waveforms of PWM outputs are as shown.

Once the PDi (i=0~3) is selected as the PWMi outp fsvs/64 fsvs/256 [PWM)/256

»
o ([T AT I I T
[PWM] =100 i
PWM le >
25/64 L 25/64 ¢ 25/64 L 25/64 . 25/64 L
[PWM] =101 N\ !
PWM | € le
I 26/64 25/64 L ] 25064 "L 25/64 LI 26/64
[PWM] =102 :
PWM [¢ le e
= 26/64 26/64 25/64 E 25/64 [EI 26/64
[PWM] =103
PWM
26/64 6/64 26/64 25/64 : 26/64
PWM modulation period : 64/fsys
Modulatior cyele 0 ™~ j Modulation cycle 1 j_  Modulation cycle2 | Modulation cycle 3 | Modulation cycle 0
P » » > >

PWM cycle : 256/fsvs

PWM Mode
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Options

The following table shows all kinds of options in the microcontroller. All of the options must be defined to ensure proper
system function.

No. Options
1 PA wake-up enable or disable (1/0) options
2 WDT/LCD/RTC/Time Base Clock Source (fg): ﬁ(\
RTCOSC(32768Hz crystal), T1D or WDTOSC (*1) Q\
3 | CLRWDT instructions: 1/2 AN
4 WDT enable or disable
5 | PA pull-high enable or disable (1 option : 4 bits (0~3/4~7)) [\
6 PB pull-high enable or disable (1 option : 4 bits (0~3/4~7)) \\J/
7 PC pull-high enable or disable (1 option : 4 bits (0~3/4~7))
8 PD pull-high enable or disable (1 option : 4 bits (0~3/4~7)) ( ( % \
9 INTO or INT1 trigger edge: disable; high to low; low to high; low to high or hbh\\tb%m//
10 COMS3 or SEG19 (1/4 or 1/3 duty)
11 LCD on/off at halt mode
12 enable or disable Comparator
13 enable or disable PWMi function for PDi (bit optional)
14 f5/2'?~f5/2"%: Time base period
15 SEG7.~SEG1‘8 logical or LCD output ’}\}1\
(1 option: 4 bits (SEG7~SEG10/SEG11~SEG14/S 5~ 8))
16 System oscillators: external RC/ external crystal \\
17 enable or disable RTCOSC(32.768kHz crystal)/)WWt HALT mode
18 LCD bias current: Low/Middle/High driving yént
LCD driver clock selection.
19 There are seven types of fre.quencmls for the LCD driver circuits: fS/22~fs/28, "fs" stands for the
clock source selection by options.

Note:

1" T1D is stopped at HALT; RT OSW crystal) and WDT OSC are stopped or non-stopped at

HALT decided by option(18).
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Application Circuits

The following table shows the C1, C2 and R1 value according i'@/ tal values.

Crystal or Resonator C1,C2 R1
4MHz Crystal OpF 10kQ
4MHz Resonator (3 pin) OpF 12kQ
4MHz Resonator (2 pin) 0 12kQ
3.58MHz Crystal [ (opF ) 10kQ
3.58MHz Resonator (2 pin) \\2@/ 10kQ2
2MHz Crystal & Resonator (2 pin) %EF/ 10kQ
1MHz Crystal 35pF 27k
480kHz Resonator 300pF 9.1k0
455kHz Resonator 300pF 10k
429kHz Resonator 300pF 10kQ

Note:

"k Make t
interferen

v
o COMO~COM3 ||  LCD
? 0.01uF* SEGO~SEG18 PANEL
T VDD
100kQ
R Vbp
_10.1uF ES
10kQ
VLCD
0.1uF*
7}; VSS AVDD ——OVbob
PAO~PA7 K—> @
PBO/ANO
osc1 PB7/ANT [ Voo \o—/
OsC C System Oscillator
Circuit PCO~PC7 (—> Rosc kKQ<Rgso<1MOQ
0sc2 PDO/PWMO
See right side PD3/PWM3 — oo 0sC1
fsys/4
PD4/INTO [¢—> A €082
32768H2 PD5/INTT j¢—»
,_—r 0sC3 PDG/TMR j¢—> o1 oscq | Crystal System Oscillator
PD7 [¢&—» For the values,
10pF = CMPN e >see table below
;l/; T 0Sc4 CMPP < 5
CMPO —» AT 0s
CHGO |—»
HT46R63/HT46C63 0SC Circuit

Rev. 1.71
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Instruction Set Summary
. N Instruction Flag
Mnemonic Description Cycle Affected
Arithmetic
ADD A,[m] Add data memory to ACC Z,C,AC,0V

ADDM A,[m]
ADD A x
ADC A,[m]
ADCM A,[m]
SUB Ax
SUB A,[m]
SUBM A,[m]
SBC A,[m]
SBCM A,[m]
DAA [m]

Add ACC to data memory

Add immediate data to ACC

Add data memory to ACC with carry

Add ACC to data memory with carry

Subtract immediate data from ACC

Subtract data memory from ACC

Subtract data memory from ACC with result in data memory
Subtract data memory from ACC with carry

Subtract data memory from ACC with carry and result in data memory
Decimal adjust ACC for addition with result in data memory

Logic Operation

AND A,[m] AND data memory to ACC \\"rr// Zz
OR A,[m] OR data memory to ACC z
XOR A,[m] Exclusive-OR data memory to ACC 1 V4
ANDM A[m] | AND ACC to data memory 1M z
ORMA,[m] | OR ACC to data memory 1M z
XORM A,Jm] | Exclusive-OR ACC to data memory 1M z
AND A,x AND immediate data to ACC 1 4
OR Ax OR immediate data to ACC 1 4
XOR A,x Exclusive-OR immediate data to ACC 1 4
CPL [m] Complement data memory 1M z
CPLA [m] Complement data memory with result in ACC /\ 1 z
Increment & Decrement \\ ) y
INCA [m] Increment data memory with result in AC 1 z
INC [m] Increment data memory 1M Zz
DECA [m] Decrement data memory with result i C 1 Z
DEC [m] Decrement data memory 1M z
Rotate
RRA [m] Rotate data memory right with result in AGC 1 None
RR [m] Rotate data memory right 1 None
RRCA [m] Rotate data memory right throug with result in ACC 1 C
RRC [m] Rotate data memory right through carry 1M C
RLA [m] Rotate data memor ultin ACC 1 None
RL [m] Rotate data memory 1M None
RLCA [m] Rotate data memory left through\carry with result in ACC 1 C
RLC [m] Rotate data memory left througk carry 1M C
Data Move
MOV A,[m] Move da emory CC 1 None
MOV [m],A Move ta meémory 1M None
MOV A,x Move i ﬁ@dl\e ata to ACC 1 None
Bit Operation
CLR [m].i KEQ% it of data memory 1M None
SET [m].i Wo ata memory 1M None
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. N Instruction Flag

Mnemonic Description Cycle Affected
Branch
JMP addr Jump unconditionally 2
SZ [m] Skip if data memory is zero 1)
SZA [m] Skip if data memory is zero with data movement to ACC 12)
SZ [m].i Skip if bit i of data memory is zero 12
SNZ [m].i Skip if bit i of data memory is not zero 1)
SIZ [m] Skip if increment data memory is zero 1)
SDZ [m] Skip if decrement data memory is zero 10)
SIZA [m] Skip if increment data memory is zero with result in ACC 1)
SDZA [m] Skip if decrement data memory is zero with result in ACC 12
CALL addr Subroutine call 2
RET Return from subroutine 2
RET A,x Return from subroutine and load immediate data to ACC
RETI Return from interrupt
Table Read K \
TABRDC [m] | Read ROM code (current page) to data memory and TBLH W None
TABRDL [m] | Read ROM code (last page) to data memory and TBLH 21 None
Miscellaneous
NOP No operation 1 None
CLR [m] Clear data memory 1M None
SET [m] Set data memory 1M None
CLR WDT Clear Watchdog Timer 1 TO,PDF
CLRWDT1 | Pre-clear Watchdog Timer 1 TO“ PDF®
CLRWDT2 | Pre-clear Watchdog Timer 1 TO® PDF®
SWAP [m] Swap nibbles of data memory 1M None
SWAPA [m] Swap nibbles of data memory with result in AC 1 None
HALT Enter power down mode 1 TO,PDF

Note: x: Immediate data

m: Data memory address

A: Accumulator

i 0~7 number of bits

addr: Program memory address

\: Flag is affected

—: Flag is not affected

M- 1fa loading to the PCL register
(four system clocks).

@1t a skipping to the next instruction occu
cycle (four system clocks). Otherwise the original instruction cycle is unchanged.

s, the execution cycle of instructions will be delayed for one more cycle

, the execution cycle of instructions will be delayed for one more

®. (M gpg @
®: The flags may be.affected by the execution status. If the Watchdog Timer is cleared by executing the
CLR WD R $2 instruction, the TO and PDF are cleared.
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Instruction Definition

ADC A,[m]

Description

Operation

Affected flag(s)

ADCM A,[m]

Description

Operation

Affected flag(s)

ADD A,[m]

Description

Operation

Affected flag(s)

ADD A,x

Description

Operation

Affected flag(s)

Add data memory and carry to the accumulator

The contents of the specified data memory, accumulator and the carry flag are added si-
multaneously, leaving the result in the accumulator.

ACC « ACCHmJ+C

Add the accumulator and carry to data memory

The contents of the specified data memory, accumulator and th e‘added si-

multaneously, leaving the result in the specified data memor

[m] <~ ACC+[m]+C

TO PDF ov 4 AC C

— =l v

N
Add data memory to the accumulator

The contents of the specified dat mory~and the\a ulator are added. The result is
stored in the accumulator.

ACC « ACC+[m] (\

TO  PDF OV/;\_AE,/
— [ - v/ [

K

Add immediate data tg the accumulator

The contents of the actumula
accumulator.

ACC « ACCﬂ{\\

and the specified data are added, leaving the result in the

To £_PDF \ov z
— 1 —Dy [

ADDM A,[m] Add the accumulator to the data memory
Description e conte@ of the specified data memory and the accumulator are added. The result is
d in the data memory.
Operation C+[m]
Affected flag(s)
TO PDF (6)Y] z AC
e T I B R
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AND A,[m] Logical AND accumulator with data memory
Description Data in the accumulator and the specified data memory perform a bitwise logical_AND op-
eration. The result is stored in the accumulator.
Operation ACC «~ ACC "AND"” [m]
Affected flag(s)
TO PDF oV 4 AC C
- -1 -1~vl-1-
AND Ax Logical AND immediate data to the accumulator
Description Data in the accumulator and the specified data perform a bitwise logj op ion.
The result is stored in the accumulator.
Operation ACC « ACC "AND" x
Affected flag(s)
TO PDF oV z AC C
- -1 -1~vl-1-
ANDM A,[m] Logical AND data memory with the accumulator
Description Data in the specified data memory and the accu

lator perfg?] a bitwise logical_AND op-
eration. The result is stored in the data mem

Operation [m] <~ ACC "AND” [m]
Affected flag(s)

TO PDF oV f}G\C
— == 1 QN[ 1 =

CALL addr Subroutine call

Description The instruction unconditio calls a subroutine located at the indicated address. The
program counter increments’once to obtain the address of the next instruction, and pushes
this onto the stack. dicated address is then loaded. Program execution continues
with the instruction @at/this add

Operation Stack « PC+1
PC « addr

Affected flag(s)

TO \RDF\ oV z AC C
— | P [-[-1]-
CLR [m] lear data memory
Description conte@ of the specified data memory are cleared to 0.
Operation < OOH
Affected flag(s)
(¢} PDF oV 4 AC C
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CLR [m].i
Description
Operation

Affected flag(s)

CLRWDT

Description

Operation

Affected flag(s)

CLRWDT1

Description

Operation

Affected flag(s)

CLR WDT2

Description

Operation

Affected flag(s)

CPL [m]

Description

Operation

Affected flag(s)

Clear bit of data memory
The bit i of the specified data memory is cleared to 0.

[mli< 0

Clear Watchdog Timer
The WDT is cleared (clears the WDT). The power down bit (PDF) and time-out
cleared.

WDT « 00H
PDF and TO «- 0

Preclear Watchdog Timer

Together with CLR WDT?2, clears the WDT. PD
of this instruction without the other preclear in
plies this instruction has been executed a

WDT « 00H*

nd TO ar
jon just se

so cleared. Only execution
the indicated flag which im-
F flags remain unchanged.

PDF and TO « 0*
TO PDF ov z \Aé/ C

o o [ = JLT= -

Preclear Watchdog Timer

Together with CLR
of this instruction
plies this instructio

WDT « 00H*
PDF and TO « X

rs the WDT. PDF and TO are also cleared. Only execution
er preclear instruction, sets the indicated flag which im-
executed and the TO and PDF flags remain unchanged.

AC C

PDF wd z

plem@? data memory
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CPLA [m]

Description

Operation

Affected flag(s)

DAA [m]

Description

Operation

Affected flag(s)

DEC [m]
Description
Operation

Affected flag(s)

DECA [m]

Description

Operation

Affected flag(s)

Complement data memory and place result in the accumulator

Each bit of the specified data memory is logically complemented (1's complement). Bits
which previously contained a 1 are changed to 0 and vice-versa. The complemented result
is stored in the accumulator and the contents of the data memory remain unchanged.

ACC « [m]

lator is divided into two nibbles. Each nibble is adjusted to the BCD
carry (AC1) will be done if the low nibble of the accumulator is gre
justment is done by adding 6 to the original value if the origind
carry (AC or C) is set; otherwise the original value remains un
in the data memory and only the carry flag (C) may be affecte

If ACC.3~ACC.0 >9 or AC=1
then [m].3~[m].0 «- (ACC.3~ACC.0)+6, AC1=AC
else [m].3~[m].0 < (ACC.3~ACC.0), AC1=0
and

If ACC.7~ACC.4+AC1 >9 or C=1
then [m].7~[m].4 <~ ACC.7~ACC,

Decrement data memory

Data in the specified data memory is decremented by 1.
[m] < [m]-1 %

To PR ~av Sz AC c

S\ N I

Decrement data memary, and place result in the accumulator

Data in the specified data memory is decremented by 1, leaving the result in the accumula-
tor. The contents of the data memory remain unchanged.

Ce[r@l
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HALT

Description

Operation

Affected flag(s)

INC [m]
Description
Operation

Affected flag(s)

INCA [m]

Description

Operation

Affected flag(s)

JMP addr

Description

Operation

Affected flag(s)

Enter power down mode

This instruction stops program execution and turns off the system clock. The contents of
the RAM and registers are retained. The WDT and prescaler are cleared. The power down
bit (PDF) is set and the WDT time-out bit (TO) is cleared.

PC « PC+1

PDF « 1

TO« 0
TO PDF oV Z AC C
o [+ [ [ -[-1]-

Increment data memory

Data in the specified data memory is incremented by 1

[m] « [m]+1

Directly jump

The program countey
control is passed td

PC «-addr

MOV A,[m] Move data memory to the accumulator
Description e contents of the specified data memory are copied to the accumulator.
Operation « [r§
Affected flag(s)
\‘Fp PDF oV z AC C
g R R e
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MOV A x
Description
Operation

Affected flag(s)

MOV [m],A

Description

Operation

Affected flag(s)

NOP
Description
Operation

Affected flag(s)

ORA,[m]

Description

Operation

Affected flag(s)

OR A)x

Description

Operation

Affected flag(s)

Move immediate data to the accumulator

The 8-bit data specified by the code is loaded into the accumulator.

ACC « x

Move the accumulator to data memory

The contents of the accumulator are copied to the specified data memor &)

memories).

[m] <-ACC

No operation

No operation is performed. Execution continues with the next instruction.

PC « PC+1

&

¢

2~ “hAc
I~ LA

Logical OR accumulator with data e@

Data in the accumulator and th ecifi
form a bitwise logical_OR op

ACC « ACC "OR" [m]

TO  PDF //Nv<\ z AC c

a memory (one of the data memories) per-
ion. The result is stored in the accumulator.

ACC « ACC "OR" x

o {poF ov z AC c

N

ORM A,[m] ical OR data memory with the accumulator
Description Data in the data memory (one of the data memories) and the accumulator perform a
itwise logical_OR operation. The result is stored in the data memory.
Operation [m] «~ACC "OR” [m]
Affecte
TO PDF oV 4 AC C
- -1 -1~vl-1-
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RET
Description
Operation

Affected flag(s)

RET A,x

Description

Operation

Affected flag(s)

RETI

Description

Operation

Affected flag(s)

RL [m]
Description

Operation

Affected flag(s)

Return from subroutine
The program counter is restored from the stack. This is a 2-cycle instruction.

PC « Stack

fied 8-bit immediate data.

PC « Stack
ACC « x

Return from interrupt

The program counter is restored from the stac
EMI bit. EMI is the enable master (global) in

nd interrqg? are enabled by setting the
bit.

PC « Stack
EMI 1

2 My c
N

Rotate data memory left
The contents of the specified data memory are rotated 1 bit left with bit 7 rotated into bit 0.

[M].(i+1) < [m].i; [
[M].0 < [m].7

TO Plﬁ:\

Rotate data mem@t and place result in the accumulator

RLA [m]
Description Data in the specified data memory is rotated 1 bit left with bit 7 rotated into bit 0, leaving the
tated result in the accumulator. The contents of the data memory remain unchanged.
Operation \i+1) < [m].i; [m].i:bit i of the data memory (i=0~6)
0% [m].7

Affected flag(s)

TO PDF oV z AC C
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RLC [m] Rotate data memory left through carry

Description The contents of the specified data memory and the carry flag are rotated 1 bit left. Bit 7 re-
places the carry bit; the original carry flag is rotated into the bit 0 position.

Operation [m].(i+1) <= [m].i; [m].i:bit i of the data memory (i=0~6)
[m.0«C
C «[m].7
Affected flag(s)
TO PDF ov z AC C
- |- -J]-T-1x
RLCA [m] Rotate left through carry and place result in the accumulator
Description Data in the specified data memory and the carry flag are rotated 1 bit left. ces the

carry bit and the original carry flag is rotated into bit O position.

Operation ACC.(i+1) < [m].i; [m].i:bit i of the data memory (i=0~6)
ACC.0« C
C «[m].7

Affected flag(s)

RR [m] Rotate data memory right
Description The contents of the specified data mg ated 1 bit right with bit O rotated to bit 7.
Operation [m].i = [m].(i+1); [m].i:bit i of the data m =0~6)

[m].7 <~ [m].0
Affected flag(s)

RRA [m]

Description

Operation

Affected flag(s)

RRC [m] © ata memory right through carry

Description he contents of the specified data memory and the carry flag are together rotated 1 bit
right. Bit O replaces the carry bit; the original carry flag is rotated into the bit 7 position.

Operation m].i < [m].(i+1); [m].i:bit i of the data memory (i=0~6)
[m].7«C
C « [m].0
Affegted
TO PDF ov z AC
g I =
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RRCA [m]

Description

Operation

Affected flag(s)

SBC A,[m]

Description

Operation

Affected flag(s)

SBCM A,[m]

Description

Operation

Affected flag(s)

SDZ [m]

Description

Operation

Affected flag(s)

Rotate right through carry and place result in the accumulator

Data of the specified data memory and the carry flag are rotated 1 bit right. Bit O replaces
the carry bit and the original carry flag is rotated into the bit 7 position. The rotated result is
stored in the accumulator. The contents of the data memory remain unchanged.

ACC.i « [m].(i+1); [m].i:bit i of the data memory (i=0~6)
ACC.7«C
C « [m].0

Subtract data memory and carry from the accumulator

The contents of the specified data memory and the complemen
tracted from the accumulator, leaving the result in the accu

ag are sub-

ACC « ACC+[m]+C

a memory are decremented by 1. If the resultis 0, the next
Itis 0, the following instruction, fetched during the current

instruction ex
tion (2 cycles).

SDZA [m] ent data memory and place result in ACC, skip if 0

Description ents of the specified data memory are decremented by 1. If the result is 0, the next
instryction is skipped. The result is stored in the accumulator but the data memory remains
unchanged. If the result is 0, the following instruction, fetched during the current instruction
execution, is discarded and a dummy cycle is replaced to get the proper instruction (2 cy-
cles). Otherwise proceed with the next instruction (1 cycle).

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

Affecte

TO PDF oV Z AC C
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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
— - [T -T1-
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 4 AC C
— - [-T-T-T-
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 cy@s). Otherwise proceed with
the next instruction (1 cycle).

Operation Skip if ([m]+1)=0, [m] < ([m]+1)
Affected flag(s)

TO PDF oV f}G\C
— - - [T -

SIZA [m] Increment data memory and p

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 resul is 0, the following instruction, fetched during the current in-
struction executio 3
instruction (2 cycles

Operation Skip if (Im]+1)<0,\ACC
Affected flag(s)

TOKRDF\OV
S I ) ) P

SNZ [m].i Skip if bit i of the data memory is not 0
Description iti of th@pecified data memory is not 0, the next instruction is skipped. If bit i of the data
oty is not 0, the following instruction, fetched during the current instruction execution,
ayded and a dummy cycle is replaced to get the proper instruction (2 cycles). Other-
e proceed with the next instruction (1 cycle).
Operation Skip if [m].i=0
Affected fla
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SUB A,[m]

Description

Operation

Affected flag(s)

SUBM A,[m]

Description

Operation

Affected flag(s)

SUB Ax

Description

Operation

Affected flag(s)

SWAP [m]

Description

Operation

Affected flag(s)

SWAPA [m]

Description

Operation

Affected flag(s)

Subtract data memory from the accumulator

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

ACC « ACC+[m]+1

Subtract data memory from the accumulator

The specified data memory is subtracted from the contents of the acc ea the
result in the data memory.

[m] « ACC+[m]+1

Subtract immediate data from the accumulator

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

ACC « ACC+x+1

TO PDF oV

2 he_ Ve
NI

ol

ries) are interchanged.

[m].3~[m].0 <> [m].7

Swap data memo lace result in the accumulator

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.
C.3~AQE, 0 « [m].7~[m].4
7~ACC.4 < [m].3~[m].0

\RO PDF oV Z AC C
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SZ [m] Skip if data memory is 0

Description If the contents of the specified data memory are 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). Otherwise proceed with the next instruction (1 cycle).

Operation Skip if [m]=0
Affected flag(s)
TO PDF ov z AC C
SZA [m] Move data memory to ACC, skip if 0
Description The contents of the specified data memory are copied to the accumulato ohtents is
0, the following instruction, fetched during the current instruction exe discarded
and a dummy cycle is replaced to get the proper instruction (2 ¢ ). O ise proceed

with the next instruction (1 cycle).
Operation Skip if [m]=0
Affected flag(s)

SZ [m].i Skip if bit i of the data memory is 0

Description If biti of the specified data memory is
instruction execution, is discarded an
tion (2 cycles). Otherwise proceed wi

Operation Skip if [m].i=0
Affected flag(s)

TABRDC [m]

Description

Operation

Affected flag(s)

TABRDL [m] the%M code (last page) to TBLH and data memory

Description whbyte of ROM code (last page) addressed by the table pointer (TBLP) is moved to
e\data memory and the high byte transferred to TBLH directly.

Operation [m] <~ ROM code (low byte)
TBLH < ROM code (high byte)

Affected flag(s
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XOR A,[m]

Description

Operation

Affected flag(s)

XORM A,[m]

Description

Operation

Affected flag(s)

XOR A,x

Description

Operation

Affected flag(s)

Logical XOR accumulator with data memory

Data in the accumulator and the indicated data memory perform a bitwise logical Exclu-
sive_OR operation and the result is stored in the accumulator.

ACC <« ACC "XOR" [m]

|
|
|
<

|
|
|
< | N

Logical XOR immediate data to the accumulator

Data in the accumulator and the specified data orm a bitwise logical Exclusive_OR op-
eration. The result is stored in the accumulatgr The 0 flag isaffected.

ACC « ACC "XOR" x

Rev. 1.71
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Package Information
56-pin SSOP (300mil) Outline Dimensions

T HHAAAAFAAAAAAAAFAAAAAAAAFAAS
56 29

1 28
SLEEREEELLLEEEEE R R L L LR
C

Dimensions in mil

Symbol -

Min. Nom. Max.
A 395 420
B 291 299
C 8 — 12
C 720 730
D 89 (( Do 99
: ) .
F 4 — 10
G 25 — 35
H 4 — 12
o 0 — 8
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100-pin QFP (14x20) Outline Dimensions

A
Symbol : Dimensions in mm

Min. Nom Max.
A 18.50 — 19.20
B 1390 ()] — 14.10
c 2450 — 25.20
D 19'90 — 20.10
E 0.65 —
F _ 0.30 —
G ?\/ — 3.10
H _ — 3.40
[ — 0.10 —
J 1 — 1.40
K 0.10 — 0.20
o 0° — 7°
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Holtek Semiconductor Inc. (Headquarters)

No.3, Creation Rd. I, Science Park, Hsinchu, Taiwan
Tel: 886-3-563-1999

Fax: 886-3-563-1189

http://www.holtek.com.tw

Holtek Semiconductor Inc. (Sales Office)

4F-2, No. 3-2, YuanQu St., Nankang Software P
Tel: 886-2-2655-7070
Fax: 886-2-2655-7373

Holtek Semiconductor (Shanghai) Inc.
7th Floor, Building 2, No.889, Yi Sha
Tel: 021-6485-5560

Fax: 021-6485-0313
http://www.holtek.com.cn

Holtek Semiconductor (Hong Kong) Ltd.

Block A, 3/F, Tin On Industrial Building, 777-779 Cheung Sha Wan Rd., Kowloon, Hong Kong
Tel: 852-2-745-8288
Fax: 852-2-742-8657

Holmate Semiconducteryin

Tel: 510-252-988
Fax: 510-252-988
http://www.holfna

or systems. Holtek reserves the right to alter its products without prior notification. For the most up-to-date information,
please visit our web site at http://www.holtek.com.tw.
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