HOLTEK

HT44R70

4-bit Microcontrollers

HT44R70 SPECIFICATION

Features

¢ Operating voltage: 3.3V~5V

¢ 16 bidirectional I/O lines

¢ 4 input lines

e 4.bit parallel processor ALU

¢ 2K X9 program memory (PROM)
e 14 x9 option memory (PROM)

¢ 64 x4 data memory (RAM)

* 2 working registers

¢ RC or crystal oscillator

¢  One high driving output line with or
without a carrier

General Description

The HT44R70 is a 4-bit stand alone single chip
microcontroller specifically designed for multi-
ple I/O product applications. The device is par-
ticularly suitable for use in products such as
remote controllers, fan/light controllers, wash-
ing machine controllers, scales, toys and vari-

¢ Input port with latch capability

¢ Halt function to reduce power consumption,
and wake-up feature

o Watch dog timer
e 77 powerful instructions

¢ Up to 2us instruction cycle with 2MHz
system clock at VDD=5V

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

¢ Bit manipulation instruction

¢ All options defined by PROM

ous subsystem controllers. The combination of
a program memory PROM allows the device to
be used for product development. All hardware
options are replaced by ROM code which is
stored in PROM. This can also be electrically
programmed.
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Block Diagram
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Note:
ACC: Accumulator PD,PE,PH,PI: 1/O ports
PC: Program counter PF: Input port
RO,R1: Working registers PROM: Program and option memory
PAO: Output line with or without a carrier
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HT44R70

Pad Description

Pad No.

Pad Name

T/0

ROM Code
Option

Function

PAO

Level output
or 1/2 duty
carrier output

1-bit latch for output only, with high driving
capacity and carrier output capability

The PROM programming identification code is
received serially from this pad. During PROM
programming and code verification, the signal on
PAO is used to generate the programming control
signal (the RES pad must be held low).

VDD

Positive power supply

12
21
11

PHoO
PH1
PH2
PHS3

1/0

CMOS
open drain
pull-high

wake-up

4-bit bidirectional I/0 port

This port can be configurated as a bidirectional
I/0 by instructions. Also can be used to wake-up
the microcomputer from the halt mode. The input
configuration is a schmitt trigger input.

0SCO
OSCI

RC
crystal

OSCI and OSCO are connected to a resistor or
crystal to generate the system clock. The OSCI
pad is the clock for receiving the serial
identification code on the PAO pad and combines
with the PAO pad to generate the programming
control signal (the RES pad must be held low).

VSs

Negative power supply, GND

RES

Input with a pull-up resistor for resetting the
internal LSI

It is used to initialize the processor and activated on
a low-going edge. During the PROM programming
and code verification, the RES pad must be held
low.

22~23
8~9

PI0~PI3

/0

CMOS
open drain

pull-high

4-bit bidirectional 1/0 port

The port can be configurated as a bidirectional
I/O by instructions. The input configuration is a
schmitt trigger input.

10

NC

Test pad
This pad must be left open when the HT'44R70 is
in normal operation.
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HT44R70
Pad No. | Pad Name | I/O R?)ll\;lﬁ(f::lde Function
4-bit bidirectional I/0 port
CMOS The port can be configurated as a bidirectional
PDO~PD3 open drain 1I/0 by instructions. The input configuration is a
13~16 (AD0~AD3) /0 pull-high schmitt trigger input. PD2,PD3 can drive a pair
. of inverted signals (by ROM code option). The
single tone port is the address/data bus (AD0O~AD3) during
the PROM programming and code verification
4-bit bidirectional I/O port
CMOS The port can be configurated as a bidirectional
open drain 1/0 by instructions. The input configuration is a
1720 PEO~PE3 0 ull-hich schmitt trigger input; also can be used to wake-up
(AD4~AD7) I:Nake-f the microcomputer from a halt mode. PE3 has an
timebase (IID)ES) additional time-base option. The port is the
address/data bus (AD4~AD7) during the PROM
programming and code verification
4-bit schmitt trigger input port
. Bit 0 to bit 2 of PF are used for the address bus
a7 ﬁggffgl ol 1 P‘ﬁi‘l‘lgh (AD8~ AD10), bit 0 is used for the data bus (ADS),
VPP) wake-up and bit 3 of PF is the programming supply voltage
(VPP) input during the PROM programming and
code verification
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Pad Coordinates & Position

# The IC substrate should be connected to VSS in the PCB layout artwork.

11
e
Os

Ja

6 7 8 0
OoOodo

I o o
- 26 25 24 23 22 21 20 19
18]
17 [
0.0 16 ]
15 []
14 ]
10 111213
[ OOOd

Chip size: 2790 x 3010° (].Lm)2

Unit: um
Pad No. | Pad Name X Y Pad No. | Pad Name X Y
1+ PAO —1190.45 542 .45 15+ PD1 1195.05 | —402.15
2% VDD —1188.75 252.15 16= PDo 1195.05 4.85
3 PHoO -1195.05 —26.25 17 PE3 1195.05 334.05
4% OSCO -1171.75 | -943.55 18+ PE2 1195.05 680.95
5% OSCI —913.85 | —1224.95 19 PE1 964.65 1204.45
6% VSS —-633.25 | -1212.85 20% PEO 782.95 1204.45
7 RES —443.95 | —1200.05 21 PH2 597.95 1204.45
P12 —245.95 | —1204.45 22 PI1 416.25 1204.45
PI3 —58.75 -1204.45 23 PIo 231.25 1204.45
10 NC 237.65 —1248.85 24+ PFO 50.55 1204.45
11 PH3 534.15 —1204.45 25% PF1 —145.85 | 1204.45
12 PH1 733.45 —1204.45 26%* PEF2 -333.05 1204.45
133 PD3 918.45 —1204.45 27* PF3 -592.35 | 1097.45
14+ PD2 1195.05 | -731.35
* These pins must be bonded out for functional testing.
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HOLTEK HT44R70
Package & Pin Assignment
18 Pin DIP package 20 Pin DIP/SOP-C package
PFO/AD8 [ 1 ~ 18 [J PE0/AD4 Pro/aDs L] 1 ~ 20 [ peo/ADA4
PF1/AD9 [ 2 17 [ PE1/AD5 pF1/aD9 O 2 19 1 pPE1/AD5
PF2/AD10 [ 3 16 [J PE2/AD6 Pr2/AD10 ] 3 18 [ PE2/AD6
PF3/VPP [ 4 15 [ PE3/AD7 Pr3/vPP 4 17 3 PE3/AD7
PAO O 5 14 [J PDO/ADO pao 05 16 [ PDO/ADO
vDbD [ 6 13 [3J PD1/AD1 vop 6 15 [ PD1/AD1
osco7 12 [J PD2/AD2 osco O7 14 [ PD2/AD2
osci 8 11 [J PD3/AD3 oscl 8 13 [0 PD3/AD3
vss O o 10 [ RES vss 09 121 PH1
REs Q10 11 [ NC
20 Pin DIP/SOP-A package
24 Pin SOP/SKINNY-A package
PFo/aDs 1 Y~ oh PEO/AD4 -
PF1/aD9 O 2 19 3 PE1/ADS PFo/aDs 1 241 pyy
prz/aD10 03 18 11 PE2/ADSG PF1/aDg ]2 23 [ pE0/AD4
pravpp 4 17 B3 PE3/AD7 PF2/aD10 3 22 [ pE1/AD5
pao 5 16 [ PDO/ADO pra/vpp O 4 21 A pE2/AD6
vbp 6 15 [ PD1/AD1 pao O5 20 [ PE3/AD7
osco O7 14 A PD2/AD2 vbp 6 19 [ PDO/ADO
oscl 8 13 [ PD3/AD3 pHo O7 18 1 PD1/AD1
vss 9 12 1 PHH1 osco8 17 A PD2/AD2
RES ] 10 11 [ PH3 oscidoe 16 [ PD3/AD3
vss 10 15 [ PH1
RES 11 14 [1 PH3
20 Pin DIP/SOP-B package P2 12 1SHNe
\J
pFo/aDs O 1 20 [ PEO/ADA4
PF1/aDo O 2 19 [ PE1/AD5
PF2/aD10 3 18 [J PE2/ADS6
PF3/VPP 4 17 [ PE3/AD7
pao O5 16 [J PDO/ADO
vpp Os6 15 [ PD1/AD1
osco O7 14 [J PD2/AD2
oscl Os8 13 [ PD3/AD3
vss O 9 12 [ PH3
RES ] 10 11 [@ANC
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HT44R70
24 Pin SOP/SKINNY-B package 28 Pin SOP/SKINNY package
PFo/aDs O] 1 ~ ah PIO PFO/ADS [ 1 ~ xh PIO
PF1/aD9 2 23 [ PEO/AD4 PF1/AD9 2 270 PN
PF2/aD10 3 22 [ PE1/AD5 PF2/AD10 O3 26 [ PH2
PF3/vPP 4 21 @ PE2/AD6 PF3/VPP [ 4 25[1 PE0O/AD4
PA0 5 20 [d PE3/AD7 PAO O 5 24 [ PE1/ADS5
vDD [O6 19 [ PDO/ADO vDD Oe6 23 [ PE2/AD6
PHO O]7 18 [d PD1/AD1 PHO 07 22 [ PE3/AD7
osco 8 17 [0 PD2/AD2 0Osco Os 21 [J PDO/ADO
osci 9 16 [d PD3/AD3 oscl Og 20 [ PD1/AD1
vss 10 15 [ PH1 vss O 10 190 PD2/AD2
RES 11 14 [J PH3 RES O 11 18 [J PD3/AD3
PI3 []12 13 [ NC P2 12 17 [ PH1
PI3 13 16 [ PH3
NC 14 15[ NC
24 Pin SOP/SKINNY-C package
PFo/ADs 1 ~ 24 [ pH2
PF1/AD9 ]2 23 A PE0/AD4
PF2/AD10 O3 22 A PE1/ADS
Pr3/vPP 4 21 A PE2/AD6
pao 5 20 @ PE3/AD7
vDD [6 19 [ PDO/ADO
PHo 47 18 [ PD1/AD1
osco [8 17 1 PD2/AD2
oscl O 16 [J PD3/AD3
vss 10 15 [ PH1
RES [ 11 14 [ PH3
PI3 O12 13 [0 NC
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HT44R70
Absolute Maximum Ratings
Parameter Symbol Minimum Maximum Unit
Supply Voltage VoD -0.3 5.5 A\
Input Voltage Vi Vss-0.3 Vpp+0.3 v
Storage Temperature Tsta -50 125 °C
Operating Temperature Top —25 75 °C
D.C. Characteristics (Ta=25°C)
Test Condition
Symbol Parameter Min. | Typ.| Max. |Unit
VpbD Condition
Vob Operating voltage — — 3.3 — 5 Vv
3.3V — 1 2.4 mA
Ipp Operating current No load, fsys=2MHz
5V — 1.5 3 mA
3.3V — — 1 UA
IsT Stand-by current No load, HALT mode
5V — — 2 UMA
3.3V — 0 — | 02Vpp | V
ViL Input low voltage
5V — 0 — | 02Vpp | V
3.8V — 0.8VpD — 3.3 Vv
Vi Input high voltage
5V — 0.8Vpp — 5.0 A%
Tort Port PAO output sink 3.3V | Vor=0.33V 1 — — mA
current 5V |VoL=0.5V 2.5 — — | mA
I Port PAO output 3.3V | Vou=2.97V -1 — — mA
OH1 source current 5V | Vou=4.5V 95 - _ mA
ToLs PD, PE, PH, PI output 3.3V | Vor,=0.33V 1.3 — — mA
sink current 5V | Vor=0.5V 2.5 — — | maA
I PD, PE, PH, PI output 3.3V | Vou=2.97V —0.6 — — mA
OH2 source current 5V | Vou=4.5V 1.3 . . mA
3.8V 20 — 150 KO
Rpu Pull-high resistance gg’ 1;]13, PF, RES,
5V ’ 10 — 75 KO
Vpp Programming supply | gy — 11 |125| 13 \%
voltage
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A.C. Characteristics (Ta=25°C)
Test Condition
Symbol Parameter Min. | Typ. | Max. | Unit
VoD Condition
3.3V 20 — 800 KHz
RC oscillator
5V 20 — 2000 | KHz
fsys System clock
3.8V 20 — 2000 | KHz
Crystal oscillator
5V 20 — 2000 | KHz
tcy Cycle time — | fsys=2MHz — 2.0 — us
tRES Reset pulse width — — 5 — — ms
tvps VPP setup time 5V — 0.2 — — us
Address setup time to —
tas OSCI and PAO 5V - o | = us
tDs Data .setup time to OSCI 5V . 0 o . s
in write cycle
Address hold time after
taH OSCI and PAO v - 002 ) — | — | us
Data hold time after
tDH OSCI in write cycle v - 0.02 - o Hs
Delay between OSCI and
tDLY PAO in address latch period 5V T T o 0.02 Hs
tALP Address latch pulse width 5V — 0.1 — — us
tWRP Data write pulse width 5V — 500 — — us
trRDP Data read pulse width 5V — 0.1 — — us
tBF A/D bus floating time 5V . 0 . - us
in read cycle
Data valid delay from
toD PAO in read cycle 5V T T o 0.2 Hs
Data floating delay after
toF PAO in read cycle v T o T 0.1 Hs
PAO hold time after OSCI
tPAOH falling in programming 5V — 0.02 — — us
mode
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HT44R70
Application Diagram
Crystal system clock for remote controller applications
I/P PORT  OSCI
 —
0sco
I/0 PORT
IO PORT %»
<—>
HT44R70 4%»
<—>
<«E2% /0 PORT VDD
<2
PD2 Infra-red
Piezo B3 N LED
Buzzer = _PD3 |
PAO
O/P PORT 8050
PHO
W I/0 PORT
<+—P
<2y RES <—_|_
2H3,
; 0.1u
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RC system clock for multiple I/0 applications

/P PORT OSCI }
0OSCO

/0 PORT

I/0 PORT C%P

HT44R70 <§—:§>

<«P2%| 5 PORT

o PORT [FAS .
4%’ 1/0 PORT
PH2
<2y

0.1
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SYSTEM ARCHITECTURE

Program Counter - PC

This 11 bit binary counter which addresses the
program memory (PROM) is organized from
PCO to PC10 and can specify a maximum of
2048 addresses. The program counter (PC) is
incremented by 1 or 2 with each execution of an
instruction. When executing the jump instruec-
tions (JMP, JNZ, JC, JZ...) or an initial reset,
the program counter (PC) will be loaded with
the corresponding address data. For jump in-
structions and branch instructions the address
space is capable of specifying 2048 addresses
directly (jump bit instructions excluded).

PC10~PCO0: Bits of instruction code
P10~P0: Program location
* is the current page number.

Note:

Program Memory - PROM

The program memory is used to store the exe-
cuted program and non-volatile data. It is organ-
ized into 2048x9 bits and is addressed by the
program counter. The PROM can be electrically
programmed making it a very powerful tool for
product development. There are some special lo-
cations in program memory described as follows:

Location 0:

Activating the RES pin of the processor causes
the first instruction to be fetched from location
0. Care must be taken when preparing the pro-
gram.

Table location:
The look-up table can be located in any ROM
location. The instruction READn MA is avail-

O(E)OH Reset Initial Program
: Program ROM
Look-up Table Area
7Fi:H
9 bits
READO MA [ Page0 (000H-OFFH
READ1 MA | Paget (100H~1FFH
READ2 MA [ Page2 (200H-~2FFH

( )

( )

( )

READ3 MA | Page3 (300H~3FFH)
( )

( )

( )

)

READ4 MA | Paged4 (400H-4FFH
READ5 MA | Page5 (500H~5FFH
READ6 MA | Page6 (600H~6FFH
READ7 MA | Page7 (700H-~7FFH

Look-up Table Areas

Program Memory

able for reading the table and transferring the
table data to the ACC and data memory ad-
dressed by register pair R1,R0. Bit 8 of the table
data cannot be accessed by the table read in-
struction.

Working Registers - R1,R0

The working registers consist of register RO
which is of 4-bits wide and register R1 which is
of 2-bits wide. They are usually used to store
the frequently accessed intermediate results.
Register RO can increment (+1) or decrement
(-1). The register pair R1, RO can be used as
data memory, or effectively used as a data
memory pointer when the data memory trans-
fer instructrion is executed.

Mode

Program Counter

PC10 | PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO
Initial reset 0 0 0 0 0 0 0 0 0 0 0

Jump, Jump carry,
Jump zero

Jump bit * * * p7 P6 P5 | P4 | P3 P2 P1 Po

P10 P9 | P8 | P7 P6 | P5 | P4 | P3 P2 | P1 | PO

Program Counter
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Data Memory - RAM

The static data memory (RAM) is organized
with 64x4 bits and is used to store data. The
data memory can be directly accessed by MOV
A[XXH], MOV [XXH],A and be indirectly ad-
dressed through the working register pair
R1,R0. Each bit of data memory can be set or
reset by instructons which are useful during
data manipulation. The data memory may be
affected by binary addition, logical operations,
increment and decrement operations, data
memory movements, and bit manipulations.

Accumulator - ACC

The accumulator is the most important 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 transfers between I/0
ports and memory may also pass through the
accumulator.

Arithmetic and Logic Unit - ALU

This circuit performs arithmetic and logical op-
eration. The ALU provides the following func-
tions ... add with or without carry flag, AND, OR,
Exclusive OR, Complement, Rotate, Increment,
Decrement, Data transfer, Branch decision. The
ALU not only outputs the results of data opera-
tions but also sets the status of the carry flag (CF)
and zero flag (ZF) in some instructions.

Initial Reset

The HT44R70 provides an RES pin for system
initialization. This reset pin has an internal
pull-high resistor. In order to guarantee all cir-
cuits are reset it is combined with an external
0.1uF capacitor to provide an internal reset
pulse. If the reset pulse is generated externally
the RES pin must be held low for at least 5ms.
The RES pin must be held low during PROM
programming and code verification. The reset
performs the following functions...

¢ Sets the program counter (PC) to 000H.

¢ Set all bidirectional pins to tri-state (disable
output).

13

* PAO set to high (level option) or low without
a carrier output (carrier option)

o Watch dog timer starts counting.

Note: During a reset PAO will be inhibited and
a pull-low resistor is added.

Oscillator Circuit

The HT44R70 system clock oscillation circuit
can be a crystal or RC oscillator by ROM code
option. For the crystal oscillator a crystal or
ceramic resonator connected across OSCI and
OSCO provides the feedback and phase shift
required for oscillation. If an accurate fre-
quency is not required a ceramic resonator may
be used in place of the crystal but the external
capacitors must be changed. For the RC oscilla-
tor only a resistor across OSCI and OSCO is
necessary because the IC contains an internal
capacitor. The system clock can be obtained
from the oscillator circuit. Behind the oscillator
circuit there is a 6 stage counter. All the output
can be used as a system clock. In these stages
the first stage is different from others which
has a divide-by-2 or divide-by-3 option. If the
system clock is not obtained from the first stage
different first stages will get various system
clocks. The system clock can be calculated by
the following equation:

XTAL (RC)

System clock = CET—

Where n ranges from 0 to 6 and k can be 1 or 1.5
by ROM code option. If n is selected as “6”, k can
only be 1. XTAL(RC) is the oscillator frequency.
The HT44R70’s machine cycle consists of a se-
quence of 4 states numbered T1 to T4. Each
state lasts for one oscillator period. The system

OSCl OSCl
10pF
R R
10pF
0OSCO 0OSCO
(The value of the ¢y stal Oscillator RC Oscillator
capacitors depend
on the oscillator
frequency)
Oscillator
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HT44R70
ROM code option
0sC el el eded el el 2l e el
A B C D E F G H | J K L
Prescaler
oscillator frequency ranges from 20KHz to Output Line - PAQ
2MHz. The machine cycle is 2us if the system ..
clock is 2MHz. During PROM programming The output line is configured as shown.
an c0(.1e verification the prf)gramming control PAO is bit 0 of port PA. It can be configured as
signal is produced by combining the signal on a CMOS output with or without carrier driving
the OSCI and PAO pins. capacity. The CMOS output is designed spe-
cialy for high current driving application. The
Prescaler carrier option is easy to interface with an infra-
There is one prescaler for the HT'44R70 to gen- { ed (;ilt())deilTlf}tallcarper frequ.ency can be calcu-
erate the system clock, the carrier signal, ated by the following equation.
WDT’s clock and the single tone signal. The ) XTAL (RC)
first stage of the prescaler can be selected /2 or Carrier frequency = T L
/3. The system clock may come from A to G. The 2 *k
clock (?f WDT is derived from J to L. The single where n ranges from 0 to 6 and k can be 1 or 1.5
tone signal may come from H to L. by ROM code option. If n is selected as 6, k can
only be 1. XTAL(RC) is the oscillator frequency.
carrier
A ROM code VDD
carrier signal
(1/2 duty) VD |
B no cartier
S PAO
‘__—D°_| Weak
Data— D Q pull-low
Write PAO—] CLK
S
System Reset l
Output Line PAO
14 5th Oct ’95
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In addition 1/2 duty cycle can be selected. Writ-
ing O to the PAO latch (OUT PA,A, where bit 0
of ACC=0), results in a carrier output. Writing
1 to the PAO latch (OUT PA,A, where bit 0 of
ACC=1), keeps the state of PAO at a normal low
level. If the no carrier option is selected it func-
tions as a normal output line. Writing “0” to the
PAO latch results in a normal low output. Oth-
erwise writing “1” to the PAO latch will keep a
normal high output. No matter what option has
been selected, during a system reset PAO out-
put will be inhibited and a pull-low resistor is
visible. After a system reset, if the carrier op-
tion is selected then PAO will stay at a low level.
On the contrary, if the no carrier option is cho-
sen, the PAO will stay at a high level. In the
PROM programming and code verification
mode PAO is used as an input pin. When the
RES pin is forced low the HT44R70 is ready to
receive serial data on the PAO pin. The serial
data on the PAO pin is clocked by the OSCI
input and used to activate the PROM program-
ming and code verification mode. The serial
data 1011 and 1001 will force the HT44R70 to
program/verify the program PROM and option
PROM respectively. After the PROM program-
ming mode is activated, the PAO pin is com-
bined with the OSCI pin to produce the
programming control signal.

Input/Output Ports - PD,PE,PH,PI

There are four physical I/O ports (PD,PE,PH PI)
with different configuration and ROM code op-
tions. These ports all have the same basic struc-
ture option, namely open drain NMOS output,
CMOS output, and internal pull-high resistor.

With this basic configuration, if a line performs
an input function, a TRI instruction can be
invoked (writing “1” to the corresponding tri-
state control latch). This makes the output part
of the input/output port exhibit a floating state
(in the case of no pull-high resistor option) to
minimize the loading effect. After a power on
reset, the tri-state control latch will be 1. It
implies that all I/0 lines are floating or high
level if they have a pull-high resistor option. In
the output application, three configurations
can be selected, namely CMOS, NMOS or open
drain output with or without pull-high resis-

15

tors. They can also drive open collector or open
drain outputs without the need for additional
external pull-high resistors. In the situation
where pull-high resistors are selected and in-
terfaced with an external output circuit, a “1”
must be written to the data latch to turn off the
NMOS. This is to avoid a logical conflict. Bits
0~2 of the PE port are normal type configura-
tions. PE3 has the time-base option and if se-
lected, the input function will differ from other
I/0 line(s). The SET PE.3 and CLR PE.3 are
read-modify-write instructions whose opera-
tion may get different results from those in-
tended if the time-base is selected. PE also has
a wake-up option (by forcing the terminal low)
which may make the HT44R70 escape the
HALT state and resume operation. The CPU
can be used as an S/W timer by polling the
time-base signal to measure its width or period.

Bit 2 and bit 3 of PD have single tone options. If
the single tone is selected, writing a “1” to the
related latch will drive the output stage according
to the internal single tone signal. The single tone
in bit 2 is the inverse of bit 3, which is a useful
feature in differential drive applications. Reading
these two bits will get O if the single tone is
selected. The set-bit or clear-bit instructions will
lose their original specific functions. They can still
be executed but cannot obtain results.

PD and PE are also used as the address/data
(ADO~AD7) bus for PROM programming and
code verification.

Input Port - PF

VDD

1 ROM code option

il B=— wake up  PFO~PF3

read control
internal bus

......

PFO~PF3

latch ROM code option

Input Port PF
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HT44R70
Read Control —L‘
%
' vDD | vDD
Internal [}
Bus |}
7
7 N
7 ROM i ROM code option
é Data code (M .
é Latch option PDO~PD1
7 D Q : PEO~PE2
1 .,_D—| PHO~PH3
7 CKgQ PI0O~-PI3
%
7
‘ !
7 D S Q| | Tri-state
Data WriteJ ck @l Control
System Reset___| Latch .
Tri-state Write wake-up ROM code option
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System Reset——
PE3 Tri-state Write wake-up ROM code option
System wake-up ol
Port PES3
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Ij;single tone)
single tone

‘ option (choose one)
b (no single tone)
am

Internal
Bus

VDD

vDD

- pull-high
¢ ROM code option

PD2 (PD3)

PD2 (PD3) Data Write cK Q
System Reset |

PD2 (PD3) Tri-state Write

Tri-state
Control
Latch

(single tone)

_ (PD3) _

Single Tone

(PD2)

T
t

VDD
j (no single tone)

single tone option
(choose one)

Port PD2(PD3)

The input port (PF) is configured as shown.

PF is an input port with 3 options: pull-high,
wake-up and latch type inputs. If the ROM code
option invokes the wake-up, a low level input
will force the HT44R70 to resume operation
and leave the HALT mode. In the input func-
tion the HT'44R70 offers a normal type input or
latch type input. When the normal type input is
desired the input type control option must se-
lect VSS. If the latch type input is used the PF
CLEAR option must be selected. Normal type
input is the same as most input ports, which
polls the state of the input port by using a CPU
instruction. A latch input stores the port data
by using a hardware latch. When the input is
stimulated by a low-going pulse, the internal
bit will be set to “0”. After an IN A ,PF instruc-
tion is executed and the input returned to “1”,
the internal bit will be reset to “1”. A latch type
input may reduce the CPU loading even if the
expected spike will be caught which is impossi-
ble using software instructions. There are four

17

phases in a machine cycle. If the port is config-
ured as a latch type the processor will read the
data in the latch at the second phase (T2) by
executing the instruction IN A PF. At the
fourth phase (T4) of the same cycle, the proces-
sor will clear the latch port by setting the PF
CLEAR to 0. Attention must be paid to two
improper operations under latch type input
configurations. Firstly if the low-going input
has just occured in the executing input cycle
and produced after phase T2 and ended before
the end of the fourth phase, the input will be
lost. Secondly if the low level duration of the
input signal extends to the end of the input
instruction’s machine cycle the processor does
not clear the latch port properly and the unex-
pected data will still be held in the latch produc-
ing a read error in the second input instruction.
The figure shows examples of reading the data
from the latch port.

During PROM programming and code verifica-
tion, bits 0~2 of PF are used as the address
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Latch point

Clear region T4

CLEAR

EX1: The correct input spike

V/4
77

V/4

Input Signal | |
A

7’

y/A

T2 and T4, so it cannot be caught

EX2: The input signal duration of the low level is between the end of
by the latch port.

7”7

Input Signal

I_ _I e
A I__l ,;/

Input Signal |

EX3: The spike width extends past the end of phase T4, so the processor
cannot clear the latch port properly

y/4
| 77

V/4

A I

{4 |

PF Timing Diagram

(AD8~AD10) buses, with bit 0 of PF used as the
data bus (AD8) and the programming supply
voltage (VPP) as the input from bit 3 of PF.

Tone Generator

The HT44R70 provides a single tone generator.
The frequency of the tone signal is given by the
following equation:

XTAL (RC)
Ftone = 2(11—11) ‘K
where n ranges from 0 to 4 by ROM code option.
The value of k is determined by the prescaler
option. XTAL (RC) is the oscillator frequency.
The output terminal(s) of the tone generator
depend upon the ROM code option. Bit 3 of port

18

PD (PD3) can be optioned as an output of the
tone generator and bit 2 of port PD (PD2) can
be optioned as an inverting output of the tone
generator. These can be chosen only by PD3 or
both PD2 and PD3. Once PD3 or PD2 are config-
ured as tone outputs, the input/output and
set/clear operation in PD will not function as in
the original spec. When optioned as a tone output
reading the corresponding bit will get a “0”.

If PD2 and PD3 are configured as tone outputs,
writing “1” to PD3 will enable the tone outputs
and writing “0” to PD3 will disable the tone
outputs, and writing “1” or “0” to PD2 will not
affect the tone outputs.
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Watch Dog Timer

This timer is composed of an 8-stage count-up
counter designed to prevent the program from
jumping to an unknown or unwanted location.
This prevents the application circuit from los-
ing control with unpredictable results. The
timer clock comes from the prescaler; also the
carrier frequency option affects the clock. It can
be summarised in the following equation:

WDT clock frequency = XTAL (RC)

o(1-m) g
where n ranges from 0 to 2 by ROM code option,
and XTAL (RC) is the oscillator frequency. The
value of k is determined by the prescaler option.
In normal operation, the application program
will reset this timer by issuing a CLEAR WDT
instruction before the timer overflows. If timer
overflow occurs it implies that the operation is
not under control. The HT44R70 will then per-
form a system reset to initialize the system. It
has another option regarding the CLEAR WDT
instruction — the clearing stage. The two or
four stages in the MSB side or all eight stages
can be optioned to be cleared whenever the
CLEAR WDT is performed. In other word, the
remaining stage(s) will keep its content(s) even
if CLEAR WDT is executed. During the power
on reset period the WDT will be cleared no

matter what the clearing stage option is. After
that the WDT will start counting to function as
a watch dog. The user may disable the WDT by
a ROM code option. The time base uses the
same stage of the WDT, so restraining the WDT
function occurs in the synchronization stage.

Time Base

The time base is used to generate the regular
time base signal. Since it utilizes the same
counter with WDT, the clearing stage option of
WDT will affect the time base option selection.
Normally, the frequency of the time base is the
following:

CLOCK of WDT
o(6-1)

Time base frequency =

If 2 clearing stages of the WDT option are
selected, the lower 6 stages still operate and
n can be any value of 0,2,4 or 6. If 4 clearing
stages of WDT option are adopted, the lower
4 stages operate and n can be 0,2, or 4. In the
case of 8 clearing stages being chosen then n
can only be 0. The time base signal can be
polled in bit 3 of port PE by ROM code option.
With the importing PE operation the user can
check the status of the time base signal. In
that way bit 3 of port PE can no longer reflect
the state of PE3. Only the output function is

Time-base option

4 B

» Time base output

———any
[ ST

WDT CLK

[ S—EY §

u ﬁS-stage
71;.3 G

T

FF FF FF FF FF FF FF FF izati
| | | | | | | | | Sync?irr%rlljlﬁanon L > WOT
rllrllr][r][R]LR]LR]LR overflow
r’_* WDT function
ROM code option
4-stage T T

clearing
option

option
CLRWDT —=*
System reset

VDD_VSS
(without WDT) (with WDT)

* When 8-stage clearing option is selected, the 4-stage clearing option will be selected automatically.

Watch Dog Timer
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available and bit set/clear will be useless. For
I/0 ports operating in output mode, a reading
operation will return the pad state.

main unchanged. The halt state can be termi-
nated by a low level input to PE, PF, or PH
(ROM code option) or a hardware reset.

It should be noted that when the halt state is
terminated by a low level input of PE, PF, or PH
the system will resume and execute the instruc-
tion right after the HALT instruction.

Halt

When the HALT instruction is executed the
system clock will be stopped and the system
driven into a low power consumption state. The
contents of the on-chip RAM and registers re-

Options
Crystal or RC
The system clock equation:
Oscillator System clock = _XTALRC)
2061 4 ko

where n ranges from 0 to 6 by mask option
ko is the k value of the prescaler; if n=6 then ko=1, and
XTAL(RC)=oscillator frequency

CMOS or NMOS open drain

Pull-high resistor or no pull-high resistor

Wake-up (PE,PH); each line of PE and PH can be selected to wake-up the

PD, PE, PH, PI microcomputer from the HALT state.

Time-base input (PE3); the time-base signal will substitute the input
line.

Single tone output (PD2,PD3); the single tone signal will drive the output
stage.

Pull-high resistor or no pull-high resistor latch type

PF Latch type

Wake-up; each line of PF can be selected to wake-up the microcomputer

from the HALT mode.

Carrier frequency eauation:

. XTAL(RC)
Carrier frequency =———————
2(6-1) ke
PAO where n ranges from 0 to 6 by mask option

k¢ is the k value of the prescaler; if n=6 then kc=1, and
XTAL (RC)= oscillator frequency.

With or without carrier option (1/2 duty cycle)
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No watch dog timer

Watch dog timer

The frequency of WD'T’s clock =

where n ranges from 0 to 2 by mask option
XTAL(RC)= oscillator frequency

XTAL(RC)
2(11—n) +k

Clearing stage option; the 2,4,8 can be selected.

Time-base option of WDT.

The frequency of time base =

where n can be 0,2,4 or 6, which is also determined by the clearing stage

CLOCK of WDT
9 (6-n)

input.

PE3 input option; the time-base signal can be monitored in the PE3

Tone

The frequency of tone =

where n ranges from 0 to 4 by mask option
XTAL (RC)= oscillator frequency

XTAL(RC)

o(11-n) ,

PD2 and PD3 output option; the tone signal can be exhibited in PD2
and/or PD3 with different phases.

Software Tools

The HT44R70 is similar to the HT447K0 and
HT447P0 in most ways apart from size of ROM
and RAM, number of I/O ports, the architecture of
I/O ports and carrier option for PAO. The HT44R70
can be programmed and verified by using the
HT44R70 writer provided by Holtek. The
HT44R70 writer can perform the programming,
verification, blank checking, ROM code check sum
and option code reading tasks for the HT44R70.
All of the ROM code files developed by the
HT447KO0 and HT447P0 can be converted into the
HT44R70 version by using the utility files of the

21

HT44R70 writer. Note that the 1/2 duty carrier
option is available for the HT44R70, HT447K0
and HT447P0. The 1/4 duty carrier option is
available only for the HT447K0 and HT447P0.
For I/O ports operating in output mode, a reading
operation will return the value in the output register
and pad state for the HT447K0/HT447P0 and
HT44R70 respectively. The maximum system
clock frequency of the HT44R70 is 2MHz, and that
of the HT'447K0/447P0 is 4MHz.
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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 \/ Y
ADD M,A Add ACC to data memory 1 1 NN
ADC AM Add data memory with carry to ACC 1 1 N A
ADC M,A Add ACC with carry to data memory 1 1 \/ \/
ADD A XH Add immediate data to ACC 1 1 R \/
ANC A XH Add immediate data to ACC with CF not affected 2 2 — |
CPL A Complement ACC 1 1 — |
CPLR1 Complement R1 1 1 — | W

Logic operation

AND AM AND data memory to ACC 1 1 — | W
AND M,A AND ACC to data memory 1 1 — | W
AND AXH AND immediate data to ACC 2 2 — | A
OR AM OR data memory to ACC 1 1 — | W
OR M,A OR ACC to data memory 1 1 — | W
OR AXH OR immediate data to ACC 2 2 — v
XOR AM Exclusive—OR data memory to ACC 1 1 — | W
XOR M,A Exclusive—OR ACC to data memory 1 1 — | W
XOR AXH Exclusive—OR immediate data to ACC 2 2 — | W

Increment &

Decrement
INC RO Increment register RO 1 1 — | W
INCM Increment data memory 1 1 \/ \/
DEC RO Decrement register RO 1 1 — |
DECM Decrement data memory 1 1 R v

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 A,Pi Input port—i to ACC, port—i=PD,PE PF PH,PI 1 1 — |
OUT Po,A Output ACC to port—o, port—o=PD,PE PH PI 1 1 — | —
TRI Pn,A Output ACC to tri-state latch of port-n, port-n= 1 1 — | —
PD,PE,PH,PI
OUT PAA Output ACCO to port A 1 1 — | —
22 5th Oct ’95
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Mnemonic Description Word | Cycle | CF | ZF
Data Move
MOV A RO Move RO to ACC 1 1 — | v
MOV RO,A Move ACC to RO 1 1 — | —
MOV AR1 Move R1 to ACC 1 1 — \/
MOV R1,A Move ACC to R1 1 1 — | —
MOV AM Move data memory to ACC 1 1 —
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 — v
MOV [XXH]A Move ACC to data memory directly 1 1 — | —
Branch
JMP addr Jump unconditionally 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 — | —
JB A.iaddr Jump on A.i=1 2 2 — | —
JB Pm.i,addr Jump on Pm.i=1, Pm=PE 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.iaddr 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 Read page 0~7 of ROM code to M(R1,R0) & ACC 1 2 — v
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 PI 1 1 — | —
CLR Pn.i Clear bit of Pn.i, Pn=PD,PE PI 1 1 — | —
Watch Dog
CLEAR WDT Clear watch dog timer 1 1 — | —
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Instruction Definitions

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
000100000

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 flags are affected.

ACC « ACC+M(R1,R0)+CF

Add accumulator and carry to data memory
000000000

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 data memory. The carry and zero flags are affected.

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

Add data memory to accumulator
000110000

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 flags are affected.

ACC « ACC+M(R1,R0)

Add immediate data to accumulator
00111dddd

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

ACC « ACC+XH

Add accumulator to data memory
000010000

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 flags are affected.

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

Description
Operation
AND AM

Machine code

Description

Operation

AND A,XH
Machine code

Description

Operation

AND M,A
Machine code

Description

Operation

CLEAR WDT

Machine code

Description

Add immediate data to ACC with CF not affected
00000dddd 000000011

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
000010011

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
000000011 00010dddd

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

011000000

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 watch dog timer
011100001
The watch dog timer is cleared. The zero flag is not affected.
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CLRC
Machine code
Description

Operation

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 carry flag
011100010
The carry is reset to zero.

CF«0

Clear bit of data memory
00011i3i21i11i0

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~i10=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 00010i3i21i11i0
PE 0000013121110
PI 10010i3i21i11i0

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~i10=1110.

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

Complement accumulator
000111111

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

ACC « ACC

Complement R1
011110001

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
000001111

Data in the data memory specified by the register pair “R1,R0” is decre-
mented by one. The carry and zero flags 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
000011111

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

RO < RO-1

Enter halt state
000110101

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

Input port to accumulator
PD 000101001
PE 000001001
PF 000101100
PH 000100101
PI 100101001

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

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

Description

Operation

INC RO
Machine code

Description

Operation

JB A.i,address

Machine code

Description

Operation

JB Pm.i,address

Machine code

Description

Operation

Increment data memory
011000001

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

M(R1,R0) « M(R1,R0)+1

Increment register RO
011010001

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
0110001il1li0 Oaaaaaaaa

i0,il indicate which bit of accumulator will be detected. For example, i0=11=0
means that if bit 0 of accumulator=1, the jump will be executed.

If the indicated bit of accumulator is set to 1, control passes to the specified
address; otherwise proceed with the next instruction. Note that the branch
destination is available only in the current 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/0 port is set

PE 01100111110 Oaaaaaaaa

i0,i1 indicate which bit of port PE will be detected. For example, i0=11=0
means that if bit 0 of port Pm=1, the jump will be executed.

If the indicated bit of port PE is set to 1, control passes to the specified
address; otherwise proceed with the next instruction. Note that the branch
destination is available only in the current 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
PC < PC+2, if bit i of Pm=0, Pm=PE

28 5th Oct ’95

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



HOLTEK ; ‘

HT44R70

JB M.i,address

Machine code

Description

Operation

JC address
Machine code

Description

Operation

JMP address
Machine code

Description

Operation

JNB A.l,address

Machine code

Description

Operation

Jump if bit of data memory is set
0111001il1li0 Oaaaaaaaa

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 be
executed.

If the indicated bit of data memory addressed by register pair “R1,R0” is set
to 1, control passes to the specified address; otherwise proceed with the next
instruction. Note that the branch destination is available only in the current
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

alll0l1l0aa Oaaaaaaaa

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

PC < address, if CF=1
PC « PC+2, CF=0

Direct jump

allllllaa Oaaaaaaaa

Bits 0~10 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
0110101i1i0 Oaaaaaaaa

i0,il indicate which bit of accumulator will be detected. For example, i0=11=0
means that if bit 0 of accumulator =0, the jump will be executed.

Ifthe indicated bit of accumulator is reset to 0, control passes to the specified
address; otherwise proceed with the next instruction. Note that the branch
destination is available only in the current 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, ifbiti of ACC=1
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JNB M.i,address

Machine code

Description

Operation

JNC address
Machine code

Description

Operation

JNZ address
Machine code

Description

Operation

JZ address
Machine code

Description

Operation

Jump if bit of data memory is not set

0111101i1i0 Oaaaaaaaa

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 be executed.

If the indicated bit of data memory addressed by register pair “R1,R0” is
reset to 0, control passes to the specified address; otherwise proceed with the
next instruction. Note that the branch destination is available only in the
current page. (Only bits 0~7 of program counter is replaced by the destina-
tion 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
alllllO0aa Oaaaaaaaa

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

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

Jump if zero flag is not set
all0l10aa Oaaaaaaaa

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

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

Jump if zero flag is set
all0010aa Oaaaaaaaa

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

PC « address, if ZF=1
PC « PC+2, if ZF=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
000111001

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
000000101

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
000000110

The content of register R1 is moved into the bit 0 and 1 of the accumulator.
The bit 2 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
00110dddd

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

ACC «—XH

Move data memory to accumulator directly
m5100m4 m3 m2ml mO
m5~mO: address of data memory

The content of the data memory directly addressed by code is moved to the
accumulator. The zero flags is affected. If the content of the data memory is
zero, the zero flag will be set.

ACC < M(m5~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
000111010

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
000010101
The content of accumulator is moved into the register “R0”.

RO« ACC

Move accumulator to the register R1

000010110

The bit 0 and 1 of the accumulator are moved into the register “R1”.
R1«+ ACC

Move data memory to register RO
000100110

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

RO « M(R1,R0)

Move immediate data to register RO and R1
dol1oddddd

The 6-bit data specified by code is loaded in the register pair “R1,R0”. No
flags are affected.

R1 « XH (high nibble)
RO « XH (low nibble)
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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
m5101m4 m3m2mlmo
mb5~mO0:address of data memory

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

M(@m5~m0) <« ACC

No operation
011110000
No operation is performed. Execution continues with the next instruction.

PC <« PC+1

Logical OR data memory to accumulator
000100011

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
000000011 00001dddd

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
011010000

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 Output accumulator data to port A
Machine code 000111100
Description The bit 0 on the accumulator is transferred to the output port PAO for no

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

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

OUT Po,A Output accumulator data to port
Machine code PD 000101010

PE 000001010

PH 000110110

PI 100101010

Description The data on the accumulator is transferred to the “Po” port.
Operation Po < ACC; Po=PD,PE,PH,PI

READNn MA Read ROM code to data memory and accumulator

Machine code nl111011nn

nnn: page number (0~7)

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

Operation 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
011110011

The contents of the accumulator are rotated left one bit. Bit 3 replaces the
carry bit; the carry bit is rotated into the bit 0 position.

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

Rotate accumulator right through carry
011110010

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
011100011
The carry flag is set to one.

CF«1

Set bit of data memory
00011i3i2il11i0

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 i3~10=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 00010i3i21i11i0
PE 0000013121110
PI 10010i3i21i11i0

i0~i3 are determined by operand i. The correponding bit will be “1” if the bit
i of port Pn is set to 1. For example, if i=0 then i3~10=0001

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

Output accumulator to tri-state latch
PD 000001100
PE 000011100
PH 000101111
PI 100001100

Data in the accumulator is transferred to the tri-state latch of port “Po”. The
“1” written to the tri-state latch makes the corresponding output part
become floating. Writing “0” to the tri-state latch will force the related I/0
bit to operate in output mode.

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

Logical Exclusive—OR data memory to accumulator
000110011

Data in the accumulator is Exclusive—ORed with the data memory ad-
dressed 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
000000011 00011dddd

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
011100000

Data in the accumulator is Exclusive-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 “XOR” M(R1,R0)
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