HOLTEK

HT6220
Remote Controller

HT6220 Specification

Features

o 455KHz resonator oscillator
¢ Low operating voltage VDD=1.8V~3.5V

¢ Low power consumption IDD<1uA in HALT
mode

e 32 x4 Data RAM
¢ 1KXx9 Program ROM
e 1 carrier output line PAO

¢ 2 bidirectional 1/0 ports PE and PD

General Description

The HT6220 is a 4-bit single-chip microcom-
puter specially designed for the remote control
transmitter.

¢ 10 inputlines PH, PF, PIo, PI1

¢ 1 output line PI2

¢ 72 powerful instructions

¢ 2 working registers R1 and RO

¢ 1internal port PG

¢ All instructions in 1 or 2 machine cycles
¢ 8-bit table read instructions

¢ HALT function

The HT6220 can be used as an infrared remote
control transmitter for TV, VCR, stero compo-
nents, cassette decks, air conditioners and
other applications.
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HDLTEK# HT6220

Block Diagram
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Note:

ACC: Accumulator PF, PH: Input Ports
PC: Program Counter PI0, PI1: Input Lines
RO~R1: Working Registers PI2: Output Line

PG: Internal Port
PAO: Carrier Ouput
PD, PE: I/O ports
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HDLTEK# HT6220

Pad Description

Pad No. | Pad Name | /O | Mask Option Functional Description
8~11 PHO~PH3 1 — 4-bit input port with pull-low and wake-up
12~15 PFO~PF3 1 — 4-bit input port with pull-low and wake-up
38KHz, 1/3 Duty
16 PAO O |or 57KHz, 1/2 Special one bit carrier output
Duty
17 VDD 1 — Positive power supply
18 PIo I — One bit input
19 0SC2 (0] o OSC1 and OSC2 are connected to an external
20 0OSC1 I resonator for the internal system clock.
21 VSS I — Negative power supply (GND)

One bit input, pull-high or pull-low controlled

7 P11 I T by the software
2~1 s . .
9493 PEO~PE3 | I/0 — 4-bit bidirection I/0 port with pull-low
6~3 PDO~PD3 | I/O — 4-bit bidirection I/0 port with pull-low
22 P12 O — One bit output with Tri-state
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Pad Coordinates

O g g gag o
O 18]
17[]
g (0.0) 16[]
P 15[]
s 14[]
6 7 8 9 1011 12 13
O O Od

Chip size: 2560 x 2110 (um)?
The IC substrate should be connected to VSS in the PCB layout artwork.

unit: pm
Pad No. | Pad Name X Y Pad No. | Pad Name X Y

1« PE1 -1083.5 832.5 13 PF1 996 —-829.5

2% PEO -1083.5 495.5 14 PF2 1083.5 -551.5

3+ PD3 -1083.5 115.5 15 PF3 1083.5 -217.5

4 PD2 -1083.5 —221.5 16 PAO 1083.5 66.5

5% PD1 -1083.5 —604.5 17 VDD 1083.5 331.5

63 PDoO —-881 -829.5 18 PIo 1083.5 588.5

7 PI1 —549.5 —-829.5 19 0SCO 893 824.5

8 PHoO —218 -829.5 20* OSCI 509.5 824.5

9 PH1 —33 -829.5 21 VSS 324.5 829.5

10 PH2 299 —-829.5 22 P12 57 829.5

11 PH3 484 —829.5 23* PE3 274 829.5

12= PFoO 816 -829.5 24 PE2 -615 829.5

* The test pin, these pins must bonded out in package for testing.
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HT6220
Package & Pin Assignment
20 Pin DIP/SOP package 24 Pin SOP/SDIP package
\4 \J
PFo 1 20 P PH2 1 24 [ PH1
PF1 2 19 1 PDO PH3 2 23 3 PHO
PF23 18 [ PD1 PFo ] 3 223 P11
PF3[] 4 17 A PD2 PF1 4 21 [ PDO
PAO D] 5 16 11 PD3 PF2 []5 20 [1 PD1
vDD O 6 15 [1 PEO PF3 []6 19 [0 PD2
Plo] 7 14 [ PE1 PAO (17 18 [0 PD3
oscz2[]s 13 [0 PE2 vDD []8 17 O PEO
osc1e 121 PE3 PI0 O] @ 16 01 PE1
vss[10 1103 PI2 osc2 10 15 [ PE2
osc1 1 14 [ PE3
vss []12 13 [ PI2
Absolute Maximum Ratings
Parameter Symbol Minimum Maximum Unit
Supply voltage VbD -0.3 6 Y
Input voltage Vi Vss—0.3 Vpp+0.3 A%
Storage temperature Tsra -50 125 °C
Operating temperature Top 0 70 °C
D.C. Characteristics (Ta=25°C)
Test Condition
Symbol rameter Min. | Typ. | Max. | Unit
VbpbD Condition
Vpp | Operating voltage — — 1.8 3 3.5 Y
. Fosc=455KHz
IpDp Operating current 3V No load — 200 400 UA
No load
IsTB Stand-by current 3V HALT mode — 0.1 1 MA
Iou1 | Output source current for PAO| 3V | Vou=2.7V -2 —4 — mA
ToLt Ouput sink current for PAO 3V | VoL=0.3V 20 50 — UA
Iog2 | Output source current for PI2 | 8V |Vou=2.7V 20 —-60 — UA
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HT6220
Test Condition
Symbol rameter Min. | Typ. | Max. | Unit
VoD Condition
Tore Output sink current for P12 3V |VoL=0.3V 1 2 — mA
Output source current for PD _
Ions and PE ports 3V | Vou=2.7V -1 -2 — mA
Output sink current for PD _
T0L3 | 20d PE ports 3V | VorL=0.3V 20 50 | — | pA
Input high voltage for PF and
ViHL | py port 3V — 1.9 — 3 v
Input low voltage for PF and
Vit | pg port 3V — 0 — 1.1 v
Vit Input high voltage for PD and 3V . 11 . 3 v
PE ports
Viie Input low voltage for PD and 3V . 0 . 0.6 v
PE ports
Viaz | Input high voltage for P11, PI0| 3V —_ 1.1 —_ 3 A%
VirLg | Input low voltage for P11, PI0 | 3V — 0 — 0.6 A%
Rpn gﬁmt pull-high resistance for 3V | ViN=0V 100 200 400 KO
RpL1 IPI}I])_ut pull-low resistance for 3V | Vin=3V 70 150 250 KO
Input pull-low resistance for _
RpL2 PF and PH ports 3V | VIN=3V 250 500 | 750 KQ
Input pull-low resistance for _
RpLs PD and PE ports 3V | Vin=3V 100 200 300 KQ
A.C. Characteristics (Ta=25°C)
Test Condition
Symbol Parameter Min. | Typ. | Max. | Unit
Vbp Condition
fosc System frequency 3V 455KHz ceramic — 455 — KHz
resonator
tcy Instruction cycle time 3V |fgys=455KHz — 8.8 — usS
fcarry | Carrier frequency of PAO 3V | fSYS=455KHz — 38/57 — KHz
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Application Diagram
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HT6220

SYSTEM ARCHITECTURE

Program Counter - PC

The program counter (PC) is a binary counter
organized by 10 bits, namely PCO~PC9. It ad-
dresses the program memory (ROM) with 1024
addresses at maximum.

The program counter (PC) is incremented by 1
or 2 each time an instruction is executed.

When executing the jump instruction (JMP,
JNZ, JC, JB...) or initial reset, the program
counter (PC) is loaded with the corresponding
address data. For jump and branch instruc-
tions, the address space is capable of directly
specifying 1024 addresses (jump bit instruc-
tions are excluded).

Program Memory - ROM

The program memory is used to store the exe-
cuted program and non-volatile data. It is organ-
ized with 1024 x 9 bits and is addressed by the
program counter. There are some special loca-
tions in program memory as described below:

Location 0

After the power is turned on or the system is
initiated, the first instruction is fetched by the
processor from location 0. Care must be taken
when preparing the program.

Table location

The look-up table can be located at any ROM
position. The instruction "READn MA" is avail-
able when reading the table and transferring the

table data to the ACC and data memory which
are addressed by the register pair R1 and RO.

000H Reset Initial Program
Program
Look-up Table Area ROM
3FFH
9 bits
READO MA | Page0O (000H~OFFH)
READ1 MA | Page1 (100H~1FFH)
READ2 MA | Page2 (200H~2FFH)
READ3 MA | Page3 (300H~3FFH)

Look-up Table Areas

Program Memory

Working Registers - R1,R0

The working registers consist of register RO
with 4 bits wide and register R1 with 1 bit wide.
They are usually used to store the frequently
accessed intermediate results. The working
register RO can operate incremention (+1) or
decremention (-1). The register pair R1 and RO
can be used as the data memory or data mem-
ory pointer when the data memory transfer
instruction is executed.

Program Counter
Mode
PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO
Initial state 0 0 0 0 0 0 0 0 0 0
Jump, Jump carry, Jump zero| P9 P8 P7 P6 P5 P4 P3 P2 P1 PO
Jump bit * * P7 P6 P5 P4 P3 P2 P1 Po
Program Counter
Note: PC9~PCO: Bits of instruction codes
P9~P0: Program location defined by instructions
*: Current page number
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HT6220

Data Memory - RAM

The static data memory (RAM) is organized by
32x4 bits to store data. The data memory can be
directly accessed by "MOV A [XXH]"and "MOV
[XXH]LA" or be indirectly addressed through
the working register pair R1 and RO.

Each bit of data memory can be set or reset by
instructions, which is helpful for data manipu-
lation.

The data memory can be affected by binary addi-
tion, logical operation, increment and decrement
operation, data memory movement and bit ma-
nipulation. The relationship between the data
pointer and RAM locations is shown below:

Data Pointer RAM
R1 RO Location
0 0000 00H
0 0001 01H
0 1111 OFH
1 0000 10H
1 0001 11H
1 1111 1FH

Accumulator - ACC

The accumulator is the most inportant data
register in data operation and control. It is one
of the sources of input to the ALU and the
destination of the result of operations per-
formed in the ALU. Data transferring between
I/0 ports and memory may also pass through
accumulator.

Arithmetic and Logic Unit - ALU

This is a circuit which performs arithmetic and
logical operation. The ALU provides the follow-
ing functions:

¢ Add with or without carry flag
¢ AND, OR, Exclusive OR, Complement, Rotate

¢ Increment, Decrement
o Data transfer
¢ Brancd decision

The ALU not only output the results of data
operation but also sets the status of carry
flag(C) in some instructions.

Initial Reset

After the power is turned on, the system goes
into the initial state. The initial state performs
the following functions:

¢ Set the program counter PC to 000H
e Set PAO to low
¢ Set port PD, PE and PI2 to Tri-state

Note: The initial reset happens not only after
power is turned on but also system is waked up.

Oscillator Circuit

The HT6220 system clock oscillation circuitis a
crystal oscillator connected with a crystal or
ceramic resonator across OSC1 and OSC2. It
provides the feedback and phase shift required
for the oscillation. The relationship of the sys-
tem frequency and oscillator frequency is
showed below:

fsys=fosc

If the system operates in 455KHz, the carrier
frequency can be 38KHz or 57 KHz depending
on the mask option.

The machine cycle of the HT'6220 consists of a

0OsC1

osc2

Crystal Oscillator

(The value of the capacitors depend
on the oscillator frequency)

Oscillator configurations
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HT6220

sequence of 4 states, namley T1~T4. Each state
lasts for an oscillator period. The system oscilla-
tor frequency 455KHz, and the instruction cycle
is 8.8uS.

Prescaler

The HT 6220 includes a prescaler to generate
carrier signal and an enable signal which is to
switch on the one shoot circuit. The first stage
of the prescaler is determined by the carrier
frequency. If the carrier frequency is 38KHz, +3
is selected. However, if the carrier frequency is
57KHz, +2 is chosen.

Because the crystal oscillator has a unstable
time in beginning, it can get to stable state after
delaying 11 stages frequency divider. When the
enable signal is produced, the one shoot circuit
will be active. The oscillator frequency (fosc)
will pass through the one shoot circuit, the

system frequency (fsys) is got.

Output Line - PAO
The output line of the HT6220 is configured below:

PAO is the bit 0 of port PA. It can be configured as
a CMOS output with or without carrier driving
capacity.

When the system oscillator operates in
455KHz, it is easy to interface with an infra-
red diode. The carrier frequency can be 38KHz
or 57KHz depending on the mask option. In
addition, 1/3 or 1/2 duty cycle can be optioned.
Writing "0" to the PAO latch (OUT PA A where
bit 0 of ACC=0) results in a carrier output. On
the other hand, writing "1" to the PAO latch
(OUT PA,A where bit 0 of ACC=1) keeps the

state of PAO at normal low level.

During system reset, the PAO will be floating.

0osC

fearrier

f EN
95C ! one shoot —fsvs
circuit
Prescaler
VDD
carrier signal

(1/3 or 1/2 duty
is determined by
another mask
option)

Data—| D Q
Write PAO—] CLK

:;_ PAO

System Reset hd

PAO Output Line

10
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HT6220
Read Control—/l|
’
7 VDD
7
7
Internal é
7
Bus ?
7
? Dat PDO~PD3
7 ata PEO-~PE3
g Latch
7
2 P S .>—<>>°—|E put I— PHOC
g CKRQ
7 77
2 D S Q| | Tri-state
Data WriteJ ck gl Control
System Reset___| | Latch
Tri-state Write

Input/Output Ports - PD, PE

However, the PAO will stay at a low level when
the carrier output is finished.

Input/Output Ports - PD, PE
The physical I/O ports (PD and PE) are with the

same configuration and structure: the outputisin
the CMOS mode and the pull-low resistor is con-
trolled by internal output control line PHOC of the
port PH. When PHOC is 1 (OUT PH,A where bit
0 of ACC=1), the pull-low resistor exists. Other-
wise, PHOC=0 (OUT PH,A where bit 0 of ACC=0),

the pull-low resistor doesn’t exist.

With the above basic configuration, if a line
performs an input function, a "TRI" instruction
can be invoked (writing a "1" to the correspond-
ing Tri-state control latch), which makes the
output part of the input/output port exhibit a

wake up ¢——
read control
PHO~PH3
PFO~PF3

pull
low

internal bus

Input Ports - PH, PF

11

floating state (in the case of no pull-low resis-
tor) to minimize the loading effect.

After the power on is reset, the tri-state control
latch will be"1", which implies all the 1/0 lines
are floating. The PHOC will be clear to zero and
the pull-low resistor doesn’t exist.

Input Ports - PH, PF

The input ports PH and PF are configured in
the following way:

Every bit of the ports PH and PF has 2 configu-
ration: pull-low resistor and wake-up capacity.
A low-to-high edge trigger input will force the
HT6220 to leave the HALT mode and reset the
system. That pull-low resistor is physical and
cannot be controlled by any software or selected
by option.
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Internal output control line
- PHOC, PH1C

The PHOC and PH1C are designed specially for
the internal output control line of port PH. The
PHOC is used to control the pull-low resistor of
the ports PD and PE. However, the PH1C is
used to control the pull-high or pull-low resistor
of bit PI1 of the port PI.

When the instruction "OUT PH, A (where bit 0
of ACC=1)" is executed, the pull-low resistor of
ports PD and PE exists. However, when the
instruction OUT PH, A (where bit 1 of ACC=1)
is executed, the pull-low resistor of bit PI2 of
port Pl is selected. Finally, when A is equal to
0 (where bit 1 of ACC=0), the pull-high resistor
of bit PI2 of port PI is selected.

internal bus
D Qf— PHOC
— CK
S
1
D Qf— PH1C
¢ CK
data write S
system reset—o—|

Internal Output Control Lines - PHOC, PH1C

Internal Port - PG

The PG is a special internal I/0 port of 4-bit
wide. This port can be read/written by "IN
A,PG"and "OUT PG,A". Each bit of the port can
be set or reset by a software instruction.

Port PI

The port PI includes 3 pins, namely PI0O~PI2.
Among these pins, PIO~PI1 are input lines and
PI2 is the output line. The 3 pins have different
configurations and structures.

The configuration of PIO, PI1

data read
PIO
internal bus
VDD
data read
— PH1C
—X PI1
internal bus low

The pin PI0 is a normal input line.

The special input line PI1 has a selection of
pull-low or pull-high resistor controlled by the
software which is from the internal output con-
trol line PH1C of port PH. When the instruction
OUT PH, A (where bit 1 of ACC=1) is executed,
the pull-low resistor is selected. On the other
hand, when the instruction OUT PH, A (where
bit 1 of ACC=0) is executed, the pull-high resis-
tor is selected.
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The configuration of P12

vDD
latch
internal D Q
bus CK
S PI2
R
D Q
data write CK

The output line PI2, a CMOS mode output,
includes a Tri-state control. When the instruc-
tion "TRI PI, A" is executed, the output port
exhibits a floating effect.

Halt

When the instruction "HALT" is executed, the
system clock is stopped and the system is driven
into a low power consumption state. At this time,
the contents of the on-chip RAM and registers
remain unchanged. The halt state can be termi-
nated by inputting a low-to-high edge trigger to
ports PH and PF. Then, the system is waken up.
Notice that the system will be executed the hard-
ware reset when the system is waken up.

Mask Option

The HT6220 only owns a mask option, it is
shown below:

The carrier frequency of PAO can be 38KHz, 1/3
duty or 57KHz, 1/2 duty.
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INSTRUCTION SET
Instruction Set Summary
Mnemonic Description Word | Cycle | CF | ZF
Arithmetic
ADD A/M Add data memory to ACC 1 1 N N
ADD M,A Add ACC to data memory 1 1 N N
ADC AM Add data memory with carry to ACC 1 1 N N
ADC M,A Add ACC with carry to data memory 1 1 N ~
ADD A XH Add immediate data to ACC 1 1 N N
ANC A XH Addimmediate data to ACC with CF not affected 2 2 _ N
CPL A Complement ACC 1 1 S
CPLR1 Complement R1 1 1 N
Logic operation
AND AM AND data memory to ACC 1 1 — ~
AND M,A AND ACC to data memory 1 1 N
AND AXH AND immediate data to ACC 2 2 — ~
OR A M OR data memory to ACC 1 1 _ N
OR M,A OR ACC to data memory 1 1 _ ~
OR A XH OR immediate data to ACC 2 2 _ ~
XOR AM Exclusive-OR data memory to ACC 1 1 — N
XOR M,A Exclusive-OR ACC to data memory 1 1 — N
XOR A XH Exclusive-OR immediate data to ACC 2 2 — ~
Increment &
Decrement
INC RO Increment register RO 1 1 — ~
INC M Increment data memory 1 1 ~ ~
DEC RO Decrement register RO 1 1 _ ~
DECM Decrement data memory 1 1 x/ ~
Rotate
RLC A Rotate ACC left through the carry 1 1 N | —
RRC A Rotate ACC right through the carry 1 1 N | —
Input & Output
IN APi Input port-i to ACC, port-i=PD,PE PF PG, PH, P1 1 1 — |+
OUT Po,A Output ACC to port-o, port-o=PD,PE PG, PH PI 1 1 — | —
TRI Pn,A Output ACC to tri-state latch of port-n, port-n 1 1 — | —
=PD,PE PI
OUT PAA Output ACCO to port A 1 1 | —
14 26th Jan "95
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HT6220
Mnemonic Description Word | Cycle | CF | ZF
Data Move
MOV A,RO Move RO to ACC 1 1 — ~
MOV RO,A Move ACC to RO 1 1 | =
MOV AR1 Move R1 to ACC 1 1 _ N
MOV R1,A Move ACC to R1 1 1 _ | —
MOV A M Move data memory to ACC 1 1 _ N
MOV M,A Move ACC to data memory 1 1 _ | —
MOV A XH Move immediate data to ACC 1 1 _ | =
MOV R1R0,XXH |Move immediate data to R1 and RO 1 1 | —
MOV Ro,M Move data memory to RO 1 1 | —
MOV A [XXH] Move data memory to ACC directly 1 1 — ~
MOV [XXH]LA Move ACC to data memory directly 1 1 _ _
Branch
JMP addr Jump unconditional 2 2 — | =
JC addr Jump on carry=1 2 2 — | =
JNC addr Jump on carry=0 2 2 — | =
JZ addr Jump on zero flag=1 2 2 S
JB A.iaddr Jump on A.i=1 2 2 — | —
JB Pm.i,addr Jump on Pm.i=1, Pm=PE PG 2 2 | —
JB M.i,addr Jump on M[R1,R0].i=1 2 2 | —
JNZ addr Jump on zero flag=0 2 2 — | =
JNB A.addr Jump on A.i=0 2 2 — | —
JNB M.i,addr Jump on M[R1,R0].i=0 2 2 — | —
Miscellaneous
HALT Enter power down mode 1 2 — | —
NOP No operation 1 1 | —
Flag
CLR C Clear carry flag 1 1 0 _
SET C Set carry flag 1 1 1 _
Table Read
READn MA Rread page 0~3 of ROM code to M[R1,R0] & ACC 1 2 _ N
Bit Set/Reset
SET M.i Set bit of data memory 1 1 — | —
CLR M.i Clear bit of data memory 1 1 — | —
SET Pn.i Set bit of Pn.i, Pn=PD,PE PG 1 1 — | —
CLR Pn.i Clear bit of Pn.i, Pn=PD,PE,PG 1 1 — | =
15 26th Jan "95

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HOLTEK i ‘

HT6220

Instruction Definition

ADC AM
Machine code

Description

Operation

ADC M,A
Machine code

Description

Operation

ADD AM
Machine code

Description

Operation

ADD A,XH

Machine code

Description

Operation

ADD M,A
Machine code

Description

Operation

Add data memory content and carry to accumulator
00100000

The content of the data memory addressed by the register pair “R1,R0”, the
carry flag and the accumulator are added simultaneously. The result is
stored in the accumulator. The carry and zero flag are affected.

ACC « ACC+M(R1,R0)+C

Add accumulator and carry to data memory
00000000

The content of the data memory addressed by the register pair “R1,R0”, the
carry flag and the accumulator are added simultaneousely. The result is
stored in the data memory. The carry and zero flag are affected.

M(R1,R0) < ACC+M(R1,R0)+C

Add data memory to accumulator
00110000

The content of the data memory addressed by the register pair “R1,R0” and
the accumulator are added. The result is stored in the accumulator. The
carry and zero flag are affected.

ACC « ACC+M(R1,R0)

Add immediate data to accumulator
0111dddd

The immediate data and the accumulator content are added. The result is
stored in the accumulator. The carry and zero flag are affected.

ACC « ACC+XH

Add accumulator to data memory
00010000

The content of the data memory addressed by the register pair “R1,R0”, and
the accumulator content are added. The result is stored in the data memory.
The carry and zero flag are affected.

M(R1,R0) < ACC+M(R1,R0)
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ANC A, XH
Machine code

Description

Operation

AND A M
Machine code

Description

Operation

AND A,XH
Machine code

Description

Operation

AND M,A
Machine code

Description

Operation

CLRC
Machine code
Description

Operation

Add immediate data to ACC with CF not affected
0000dddd 00000011

The immediate data and the accumulator content are added. The result is
stored in the accumulator. The zero flag is affected.

ACC «— ACC+XH

Logical AND data memory to accumulator
00010011

Data in the accumulator and the data memory addressed by the register pair
“R1,R0” performs the bitwise logical-AND operation and the result is stored
in the accumulator. The zero flag is affected.

ACC « ACC “AND” M(R1,R0)

Logical AND accumulator with immediate data
00000011 0010dddd

Data in the accumulator and the specified data perform the bitwise logical-
AND operation and the result is stored in the accumulator. The zero flag is
affected.

ACC « ACC “AND”XH

Logical AND accumulator to data memory
11000000

Data in the accumulator and the data memory addressed by the register pair
“R1,R0” performs the bitwise logical-AND operation and the result is stored
in the data memory. The zero flag is affected.

M(R1,R0) «— ACC “AND” M(R1,R0)

Clear carry flag
11100010
The carry is reset to zero.

C«0
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CLR M.i

Machine code

Description

Operation

CLR Pn.i

Machine code

Description

Operation

CPL A
Machine code

Description

Operation

CPL R1

Machine code

Description

Operation

Clear bit of data memory
0011i3i2i11i0
i0~i3 are determined by operand i. The corresponding bit will be “0” if i is

reset.Otherwise the bit is set to 1. For example, if i=0 then i3~i0=1110.

The specified bit of data memory addressed by register pair “R1,R0” is reset
to zero.

M(R1,R0).i < 0

Clear bit of port

PD 0010i3i2i11i0
PE 000013121110
PG 0001i3i2i11i0

i0~i3 are determined by operand i. The corresponding bit will be “0” if i is
reset. Otherwise the bit is set to 1. For example, if i=0 then i3~10=1110.

The specified bit of port “Pn” is reset to zero. Pn can be PD,PE PG
Pn.i « 0; Pn=PD,PE,PG

Complement accumulator
00111111

Each bit of the accumulator is logically complemented. The zero flag is
affected.

ACC « ACC

Complement R1
11110001

Each bit of the register R1 is logically complemented. The zero flag is
affected.

R1« R1
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DEC M
Machine code

Description

Operation

DEC RO
Machine code

Description

Operation

HALT
Machine code

Description

IN A,Pi

Machine code

Description

Operation

Decrement data memory
00001111

Data in the data memory specified by the register pair “R1,R0” is decre-
mented by one. The carry flag and zero flag are affected. Carry is set if a
borrow does not take place in DEC[M] operation; otherwise carry is cleared.

M(R1,R0) < M(R1,R0)-1

Decrement register RO
00011111

Data in the working register RO is decremented by one. Only the zero flag is
affected.

RO« RO-1

Enter halt state
00110101

HALT stops instruction execution and places the controller in power down
mode. Reset or a active signal in the “PE,PF,PH” ports (by mask option) will
resume execution. No flags are affected.

Input port to accumulator
PD 00101001
PE 00001001
PF 00101100
PG 00011001
PH 00100101
PI 100101001

The data on port “Pi” is transferred to the accumulator. The zero flag is
affected.

ACC « Pi; Pi=PD,PE,PF,PG,PH,PI
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INCM
Machine code

Description

Operation

INC RO
Machine code

Description

Operation

JB A.l,addr

Machine code

Description

Operation

JB Pm.i,addr

Machine code

Description

Operation

Increment data memory
11000001

Data in the data memory specified by the register pair “R1,R0” is incre-
mented by one. The carry and zero flag are affected. Carry is set if the
operation results in a carry out; otherwise carry is cleared.

M(R1,R0) « M(R1,R0)+1

Increment register RO
11010001

Data in the working register “R0” is incremented by one. The zero flag is
affected.

RO < RO+1

Jump if bit of accumulator is set

1100011110 aaaaaaaa

i0,il indicate which bit of accumulator will be detected. For example, 10=i11=0
means that if bit 0 of accumulator=1, the jump will execute.

If the indicated bit of accumulator is set to 1, control passes to specified
address; otherwise proceed with the next instruction. Note that the branch
destination is only available in the same page. (only bits 0~7 of the program
counter will be replaced by the destination address.)

PC < address, if bit i of ACC=1
PC « PC+2, if bit i of ACC=0

Jump if bit of I/O port is set
PE 110011ili0
PG 110111i1i0

aaaaaaaa
aaaaaaaa

i0,il indicate which bit of port PE PG will be detected. For example, i0=i1=0
means that if bit 0 of port Pm=1, the jump will execute.

If the indicated bit of port PE, PG is set to 1, control passes to specified
address; otherwise proceed with the next instruction. Note that the branch
destination is only available in the same page. (Only bits 0~7 of the program
counter will be replaced by the destination address.)

PC < address, if bit i of Pm=1, Pm=PE,PG
PC « PC+2, if bit i of Pm=0, Pm=PE PG
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JB M.i,addr

Machine code

Description

Operation

JC addr
Machine code

Description

Operation

JMP addr
Machine code

Description

Operation

JNB A.i,addr

Machine code

Description

Operation

Jump if bit of data memory is set
1110011110 aaaaaaaa

i0,i1 indicate which bit of data memory will be detected. For example,
i0=11=0 means that if bit 0 of data memory is equal to 1, the jump will
execute.

If the indicated bit of data memory addressed by register pair “R1,R0” is set
to 1, control passes to specified address; otherwise proceed with the next
instruction. Note that the branch destination is only available in the same
page. (Only bits 0~7 of program counter is replaced by the destination
address.)

PC « address, if bit i of M(R1,R0)=1
PC « PC+2, if bit i of M(R1,R0)=0

Jump if carry flag is set
111010aa

aaaaaaaa

If the carry flag is set to one, control passes to the specified address;
otherwise proceed with the next instruction.

PC < address, if C=1
PC « PC+2, C=0

Direct jump

111111aa aaaaaaaa

All bits of the program counter are replaced with the directly specified
address, and control passes to the destination.

PC « address

Jump if bit of accumulator is not set
1101011110 aaaaaaaa

i0,il indicate which bit of accumulator will be detected. For example, i0=i11=0
means that if bit 0 of accumulator =0, the jump will execute.

If the indicated bit of accumulator is reset to 0, control passes to specified
address; otherwise proceed with the next instruction. Note that the branch
destination is only available in the same page. (Only bits 0~7 of program
counter is replaced by the destination address.)

PC « address, if bit i of ACC=0
PC «~ PC+2, if biti of ACC=1
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JNB M.i,addr

Machine code

Description

Operation

JNC addr
Machine code

Description

Operation

JNZ addr
Machine code

Description

Operation

JZ addr
Machine code

Description

Operation

Jump if bit of data memory is not set
1111011110 aaaaaaaa

i0,i1 indicate which bit of data memory will be detected. For example,
i0=11=0 means that if bit 0 of data memory =0, the jump will execute.

If the indicated bit of data memory addressed by register pair “R1,R0” is
reset to 0, control passes to specified address; otherwise proceed with the
next instruction. Note that the branch destination is only available in the
same page. (Only bits 0~7 of program counter is replaced by the destination

address.)

PC « address, if bit i of M(R1,R0)=0
PC < PC+2, if bit i of M(R1,R0)=1

Jump if carry flag is not set

111110aa aaaaaaaa

If the carry flag is reset to zero, control passes to the specified address;
otherwise proceed with the next instruction.

PC <« address, if C=0
PC « PC+2,if C=1

Jump if zero flag is not set

110110aa aaaaaaaa

If the zero flag is reset to zero, control passes to the specified address;
otherwise proceed with the next instruction.

PC « address, if Z=0
PC « PC+2, if Z=1

Jump if zero flag is set
110010aa aaaaaaaa

If the zero flag is set to one, control passes to the specified address; otherwise
proceed with the next instruction.

PC < address, if Z=1
PC « PC+2, if Z=0
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MOV A,M
Machine code

Description

Operation

MOV A,RO
Machine code

Description

Operation

MOV A,R1
Machine code

Description

Operation

MOV A, XH
Machine code

Description

Operation

MOV A,[XXH]

Machine code

Description

Operation

Move data memory to accumulator
00111001

The content of the data memory addressed by the register pair “R1,R0” is
moved to the accumulator. If the contents of data memory is zero, the zero
flag will be set.

ACC < M(R1,R0)

Move register RO content to accumulator
00000101

The content of register RO is moved into the accumulator. If the content of
register RO is zero, the zero flag will be set.

ACC < RO

Move register R1 content to accumulator
00000110

The content of register R1 is moved into the bit 0 and 1 of the accumulator.
The bit 1 and 3 of the accumulator are reset to 0. If the content of register
R1 is zero, the zero flag will be set.

ACC«R1

Move immediate data to accumulator
0110dddd

The 4-bit data specified by code is loaded in the accumulator. No flags are
affected.

ACC «—XH

Move data memory to accumulator directly
100m4 m3 m2ml moO
m4~mO: address of data memory

The content of the data memory directly addressed by code is moved to the
accumulator. The zero flag is affected

ACC « M(m4~m0)
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MOV M,A
Machine code

Description

Operation

MOV RO,A
Machine code
Description

Operation

MOV R1,A
Machine code
Description

Operation

MOV RO,M
Machine code

Description

Operation

MOV R1R0,XXH
Machine code

Description

Operation

Move accumulator to data memory
00111010

The content of the accumulator is moved to the data memory addressed by
register pair “R1,R0”.

M(R1,R0)«— ACC

Move accumulator to the register RO
00010101
The content of accumulator is moved into the register “R0”.

RO« ACC

Move accumulator to the register R1

00010110

The bit O of the accumulator is moved into the register “R1”.
R1«+ ACC

Move data memory to register RO
00100110

The content of the data memory addressed by the register pair “R1,R0” is
moved to the register “R0”.

RO « M(R1,R0)

Move immediate data to register RO and R1
010ddddd

The 5-bit data specified by code is loaded in the register pair “R1,R0”. No
flags are affected.

R1,R0 « XH
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MOV [XXH],A

Machine code

Description

Operation

NOP
Machine code
Description

Operation

OR AM
Machine code

Description

Operation

OR A,XH
Machine code

Description

Operation

OR M,A
Machine code

Description

Operation

Move accumulator to data memory directly
101 m4 m3m2mlmo
m4~mO0:address of data memory

The content of accumulator is directly moved to the data memory addressed
by code. No flags are affected.

M (m4~m0) <~ ACC

No operation
11110000
No operation is performed. Execution continues with the next instruction.

(PC) « (PC)+1

Logical OR data memory to accumulator
00100011

Data in the accumulator is logically ORed with the data memory addressed
by register pair “R1,R0”. The result is stored in the accumulator. The zero
flag is affected.

ACC <« ACC “OR” M(R1,R0)

Logical OR accumulator with immediate data
00000011 0001dddd

Data in the accumulator is logically ORed with the immediate data. The
result is stored in the accumulator and the zero flag is affected.

ACC «— ACC “OR”XH

Logical OR accumulator to data memory
11010000

Data in the accumulator is logically ORed with the data memory addressed
by register pair “R1,R0”. The result is stored in the data memory. The zero
flag is affected.

M(R1,R0) < ACC “OR” M(R1,R0)
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OUT PAA
Machine code

Description

Operation

OUT Po,A

Machine code

Description

Operation

READNn MA

Machine code

Description

Operation

Output accumulator data to port A
00111100

The bit 0 on the accumulator is transferred to the output port PAO for no
carrier option.

If carrier output option is selected, writting “0” to the PAO will results in a
carrier output, and writting “1” to the PAO will keeps the state of PAO at
normal low level.

PAO < ACCO (no carrier option).
ACC=0, PAO: carrier (carrier output option).
ACC=1, PAO: 0 (carrier output option).

Output accumulator data to port

PD 00101010

PE 00001010

PG 00011010

PH 00110110

PI 100101010

The data on the accumulator is transferred to the “Po” port.

Po « ACC; Po=PD,PE,PG,PH,PI

Read ROM code to data memory and accumulator
111011nn
nn: page number (0~3)

The 8 bits of ROM code addressed by ACC and M(R1,R0) in page n are moved
to the data memory addressed by register pair “R1,R0” and the accumulator.
The high nibble of the ROM code is loaded to the data memory and the low
nibble of the ROM code is loaded to the accumulator. The ACC is zero, the
zero flag will be set. The address of the ROM code are specified by the

following description:

ROM code address bit 9~8 < Page “nn”
ROM code address bit 7~4 « ACC
ROM code address bit 3~0 < M(R1,R0)

ROM code address bit 10~8 < Page “nnn”
ROM code address bit 7~4 < ACC
ROM code address bit 3~0 < M(R1,R0)

M(R1,R0) < ROM code (high nibble)
ACC < ROM code (low nibble)
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RLC A
Machine Code

Description

Operation

RRC A
Machine Code

Description

Operation

SETC
Machine code
Description

Operation

SET M.i

Machine code

Description

Operation

Rotate accumulator left through carry
11110011

The contents of the accumulator are rotated left one bit. Bit 3 replaces the
carry bit; the carry bit is rotated into the bit O position.

An+1 < An; An: Accumulator bit n (n=0,1,2)
A0« CF
CF « A3

Rotate accumulator right through carry
11110010

The contents of the accumulator are rotated right one bit. Bit O replaces the
carry bit; the carry bit is rotated into the bit 3 position.

An < An+1; An: Accumulator bit n (n=0,1,2)
A3 « CF
CF « A0

Set carry flag
11100011

The carry flag is set to one.
C«1

Set bit of data memory

0011i3i21il11i0

i0~i3 are determined by operand i. The corresponding bit will be “1” if the bit
i of the memory is set to 1. For example, if i=0 then i3~i0=0001.

The bit of memory addressed by “R1,R0” is set to one.

M(R1,R0)i« 1
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SET Pn.i

Machine code

Description

Operation

TRI Po,A

Machine code

Description

Operation

XOR AM
Machine code

Description

Operation

Set bit of I/0 port

PD 0010i3i2i11i0
PE 000013121110
PG 0001i3i2i11i0

i0~i3 are determined by operand i. The correponding bit will be “1” if i is
setting. For example, if i=0 then i3~10=0001

The specified bit i of port “Pn” is set to one. Pn=PD PE PG.
Pn.i < 1; Pn=PD,PE,PG

Output accumulator to tri-state latch
PD 00001100

PE 00011100

PI 100101010

Data in the accumulator is transferred to the tri—state latch of port “Po”. The
“1” witting to the tri-state latch makes the corresponding output part be-
comes floating.

Po <~ ACC ; Po=PD,PE,PI

Logical Exclusive-OR data memory to accumulator
00110011

Data in the accumulator is Exclusive-ORed with the data memory addressed
by register pair “R1,R0”. The result is stored in the accumulator. The zero
flag is affected.

ACC « ACC “XOR” M(R1,R0)
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XOR A,XH
Machine code

Description

Operation

XOR M,A
Machine code

Description

Operation

Logical Exclusive-OR accumulator with immediate data
00000011 0011dddd

Data in the accumulator is Exclusive-ORed with the immediate data speci-
fied by code. The result is stored in the accumulator. The zero flag is affected.

ACC « ACC XOR”XH

Logical Exclusive-OR accumulator to data memory
11100000

Data in the accumulator is Exclusive-ORed with the memory addressed by
register pair “R1,R0”. The result is stored in the data memory. The zero flag
is affected.

M(R1,R0) < ACC “XOR” M(R1,R0)
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