HOLTEK

HT44500/445A0/445R0
4-bit Microcontrollers

HT44500/445A0/445R0 SPECIFICATION

Features

¢ Operating voltage: 3.0V~5.0V
1.5V for HT445R0

¢ Two 4-bit input ports

¢ 4.bit output port

e 16 x 3 or 19 x 3 segment LCD driver
¢ Timer input

¢ 2K X 8 program memory ROM

¢ Data memory RAM
64 x 4 size for the HT'44500
128 x 4 size for the HT445A0/445R0

¢ 5 working registers
e LCD segment PLA
¢ RC or crystal oscillator system clock

e Internal 128Hz circuit for LCD driver clock

General Description

The HT44500/445A0/445R0 are three proces-
sors from Holtek’s 4-bit stand alone single chip
microcontroller range specifically designed for
LCD product applications. The three devices
are similar in most ways apart from LCD driver
capability, RAM size and some special features.
Both the HT445A0 and the HT445R0 possess

¢ 8-bit programmable timer with external
clock or built-in frequency sources

¢ External interrupt input

¢ Internal timer overflow interrupt
s 3.0V LCD application

¢ 1/3 duty, 1/2 bias LCD application

* Programmable LCD segment PLA,
compatible with any LCD panel

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

¢ All instructions in 1 or 2 machine cycles
¢ One-level subroutine nesting

o 8-bit table read instruction

watch dog timers while the HT445R0 has the
additional feature of a voltage doubler circuit
giving the advantage of low voltage operation.
All devices are ideally suited for multiple LCD
low power applications among which are calcu-
lators, scales, and hand held LCD products.
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HOLTEK i ‘ HT44500/445A0/445R0

Block Diagram

0561 —O—» () Timer [—O— oLk
0SCO +O—|
INT —Q— Stack
RES —O—» ALU PAQ
THD (1) 40— @ 1T — ] Pa PAs
VDD —Q—¥ PA3
V8S O. » Control PC
TESTI (1) —O— & ::> ACC bso
T128 (1) Q¥ Timing | <: PS1
TEST1 (2) _O—’_ Circuit | | LD PS pan
CIN (2) —O—¥ PS3
COUT (2) —Q—¥] ROM
TEST (3) —Q—| PMO
OSCIC (3) —O—¥ {} RO <: PM % PM1
— O PM2
VLCD > Instruction PM3
<: Decoder R1
R2
@ <:> :‘> H‘I-'rfrseﬂo —@> PX (3)
R i
Watch Dog Timer 8 only O PY (3)
HT445A0/445R0 only R4
] SP
CUPO (3) —O—»| Double Voltage CKT. rRam K —
CUP1 (3) O—p HT445R0 only ll
AV
Programmable Segment PLA
LCD Driver
[ & S
{} I 1 I Note:
SEGO-SEG15/SEG18 ~ COMO0 COM1 comz  (1)HT44500 Only
(2) HT445A0 Only
(3) HT445R0 Only
Note:
ACC: Accumulator PS,PM: Input ports
PC: Program counter SP: Strobe pointer
RO~R4: Working registers SEG0~SEG15 for HT'44500
PA: Output port SEG0~SEG18 for HT445A0/445R0
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HT44500/445A0/445R0
Pad Description HT44500
Pad No.| Pad Name |I/O |Mask Option Function
1 PS3
42 PS2 Pull-high .
41 PS1 I or none 4-bit input port
40 PSo
10 internal
frequency | Input for TIMER clock
2 TMCLK I sources and | TIMER can be clocked by external or ten internal
pull-high frequency sources.
or none
3~6 PMO~PM3 p | Pullhigh it input port
or none
7 TEST1 1 For test mode only
34 T128 /0 — TEST1 is left open in normal operations. T1D
35 T1iD (0] provides a 1/4 fosc output.
8~23 SEG15~SEGO | O — LCD driver outputs for LCD segments
24 VSS 1 — Negative power supply, GND
25 VLCD I — LCD bias power supply
26~28 COMo~COM2 | O 2 or 3 Outputs for LCD commons
connections
29 OSCI I Crvstal or RC OSCI,0SCO are connected to a resistor (RC) or
30 OSCO (o) Y crystal for an internal system clock
31 INT I . Extern?ll interrupt input, pull high, high to low
edge triggered
32 VDD I — Positive power supply
Input to reset an internal LSI
33 RES I — Reset is active on low level.
With an internal pull high resistor
CMOS or
36~39 PAO~PAS (o) NMOS 4-bit output port
open drain
Note:

In the output condition T128 provides a 128Hz frequency output

In the input condition a 128Hz frequency is applied on pin T128 for the LCD clock
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HT44500/445A0/445R0
Pad Description HT445A0
Pad No. Pad Name | I/O | Mask Option Function
Pull-high -
45,1~3 PM0~PM3 1 latch or none 4-bit input port
For test mode only
4 TEST1 I — TEST1 should be left open for normal
operations.
5~23 SEG18~SEGO (0] — LCD driver outputs for LCD segments
24 OSCI I Crvstal or RC OSCI,OSCO are connected to a resistor (RC)
27 OSCO (0] 24 or crystal for an internal system clock.
gg gi)l\IIJT 1 bl?)lrfg?:lg Oscillator built in capacitor
2o0r3
28~30 COM2~COMO (0] . Outputs for LCD commons
connections
31 VLCD I — LCD bias power supply
32 VSS 1 — Negative power supply, GND
33 VDD 1 — Positive power supply
Input to reset an internal LSI
34 RES I — Reset is active on low level. A pull-high
resistor is built-in.
Input (with a pull high resistor) for an
= external interrupt
35 INT I o Activated on a high to low edge trigger
transition
CMOS or
36~39 PAO~PA3 (0] NMOS open | 4-bit output port
drain
Input for TIMER clock
Internal TIMER can be clocked by external clock or
frequency internal frequency sources (IFS).
40 TMCLK I source and system clock
pull-highor |IFS = ——
2n+m
none
where n=0~14, m=0 or 2
Pull-high L
41~44 PS0~PS3 I latch or none 4-bit input port
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HT44500/445A0/445R0
Pad Description HT445R0
Pad No. Pad Name | I/O | Mask Option Function
Pull-high o
2~5 PMO0~PM3 1 latch or none 4-bit input port
For test mode only
6 TEST I — TEST pin should be left open for normal
operation.
7~25 SEG18~SEGO (0] — LCD driver outputs for LCD segments
26 OSCI I Crvstal or RC OSCI,OSCO are connected to a resistor (RC)
28 OSCO (0] Yy or crystal for an internal system clock.
27 OSCIC I Metgl Oscillator built in capacitor
bonding
2o0r3
29~31 COM2~COMO | O . Outputs for LCD commons
connections
32 VLCD I — LCD bias power supply
33~34 CUPo0,CUP1 I — Voltage doubler capacitor
14 internal
35~36 PY,PX (0] frequency Single tone outputs
sources
37 VSS I — Negative power supply, GND
38 VDD I — Positive power supply
Input to reset an internal LSI
39 RES I — Reset is active on low level.
With an internal pull-high resistor.
Input (with a pull high resistor) for an
NG external interrupt
40 INT I o Activated on a high to low edge trigger
transition
CMOS or
41~44 PA0O~PA3 (0] NMOS open |4 bit output port
drain
Input for TIMER clock
Internal TIMER can be clocked by external clock or
frequency internal frequency sources.
45 TMCLK I source and system clock
pull-high IFS=—7——
2n+m
or none
where n=0~14, m=0 or 2
Pull-high .
46~48,1 PS0~PS3 I latch or none 4 bit input port
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HT44500/445A0/445R0
Pad Position HT44500
o000
1 42 41 40 % %I I;I |3:6| EQSSD
32[]
31 ]
o
a4
Os ‘ 29[ ]
(0,0)
28]
e
0> 27
[ls 26 ]
Co
1o 25[]
11 24[]
12 13 15 16 17 18 19 20 21 22 23
OO O O od 0O oo

Chip size: 3070 x 3190 um

* The IC substrate should be connected to VSS in the PCB layout artwork.
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Pad Position HT445A0

OO0 OO OO OO OO O0aOd,

1 45 44 45 4241 40 3 ;W IF B B [
33[]

2

Os 32[]

14 s1d

Os (0,0)

Ose

7 so[]

EZ 29 []

1o 28]

11

12 13 14 15 16 17 18 19 20 21 22 23 24 25 27%

Oo0dooobooodootnd 26

Chip size: 3450 x 3030 um
* The IC substrate should be connected to VSS in the PCB layout artwork.
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Pad Position HT445R0

OO0 ot odoodogd gdd
T 48 47 46 45 44 43 42 41 40 39 38 37
3s[]
35
Elz 34[]
4
s (0.0) 33 ]
Os 32[]
07 31[]
Os 30[]
Cle 29[]
o 28]
ER
Oz
14 15 16 17 18 19 20 21 22 23 24 25 26 27
LeOpoOoooooooooogn

Chip size: 3490 x 3030 um
* The IC substrate should be connected to VSS in the PCB layout artwork.
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Pad Coordinates HT44500 Unit: pm
Pad No. | Pad Name X Y Pad No. | Pad Name X Y

1 PS3 -1369.75 1409 22 SEG1 1159.25 -1359
2@ TMCLK —1404.75 751 23 SEGO 1354.75 -1359
BES PMoO —-1404.75 566 24 VSS 1354.75 —-1096
4 PM1 —1404.75 381 25% VLCD 1354.75 -911

5 PM2 —1404.75 196 26% COMoO 1354.75 587

6 PM3 —1404.75 -187 27 COM1 1354.75 270
T TEST1 —1404.75 372 283 COM2 1354.75 -85
8 SEG15 —1404.75 —557 29% OSCI 1354.75 232
9% SEG14 —1404.75 —742 30 OSCO 1354.75 654
10= SEG13 —1404.75 927 31« INT 1354.75 971
11= SEG12 —1404.75 -1112 32 VDD 1354.75 1156
12* SEG11 -1350.75 -1359 33x* RES 1354.75 1359
13=% SEG10 —-1165.75 -1359 34 T128 1037.75 1359
14= SEG9 —848.75 -1359 35% T1D 792.25 1360
15 SEGS8 —637.75 -1359 36 PAO 491.75 1359
16+* SEG7 —-346.75 -1359 37 PA1 135.25 1359
17= SEG6 -161.75 -1359 38 PA2 -191.25 1359
183 SEG5 155.25 -1359 39 PAS3 —547.75 1359
19 SEG4 340.25 -1359 40 PSo —-814.75 1409
203 SEG3 657.25 -1359 41 PS1 -999.75 1409
21 SEG2 842.25 -1359 42 PS2 —-1184.75 1409

* These pins must be bonded out for functional testing.

@ If the internal source is configured, TMCLK is not bonded out.
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HT44500/445A0/445R0
Pad Coordinates HT445A0 Unit: pm
Pad No. | Pad Name X Y Pad No. | Pad Name X Y
1 PM1 -1592.5 | 1274.75 24 OSCI 669 -1324.75
2 PM2 -1592.5 602.75 25 CIN 835.5 -1324.75
3 PMs3 -1592.5 417.75 26 couT 1542.5 -1324.75
4 TEST1 -1592.5 232.75 27 0SCO 1542.5 -1178.75
5 SEG18 -1592.5 47.75 28%* COM2 1542.5 -912.75
6% SEG17 —-1592.5 —137.25 29% COM1 1542.5 —-595.75
T SEG16 -1592.5 | —322.75 30 COMoO 1542.5 -332.75
8% SEG15 -1592.5 | -509.75 31* VLCD 1542.5 226.75
O SEG14 —-1592.5 —694.75 32 VSS 1542.5 508.75
10 SEG13 -1592.5 | -879.75 33 VDD 1542.5 865.75
11 SEG12 -1592.5 | —1064.75 34 RES 1542.5 1119.25
12+ SEG11 —-1552 —-1324.75 35% INT 1344.5 1274.775
13 SEG10 -1367 -1324.75 36 PAO 1090 1274.75
14 SEG9 -1182 —1324.75 37 PA1 809 1274.75
15% SEGS8 -997.05 | -1324.75 38 PA2 528 1274.775
16+ SEG7 -812 -1324.75 39 PA3 247 1274.75
17+ SEG6 627 —1324.75 40@ TMCLK -9.5 1274.75
18+ SEG5 —442 —-1324.75 41 PSo —326.5 1274.775
19+ SEG4 257 -1324.75 42 Ps1 -511.5 1274.75
20 SEG3 72 -1324.75 43 Ps2 —-828.5 1274.75
21 SEG2 113 —1324.75 44 PS3 -1013.5 1274.75
22 SEG1 298 —1324.75 45% PMo -1330.5 1274.75
23 SEGO 483 —1324.75
* These pins must be bonded out for functional testing.
@ If the internal source is configured, TMCLK is not bonded out.
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Pad Coordinates HT445R0 Unit: pm
Pad No. | Pad Name X Y Pad No. | Pad Name X Y
1 PS3 —1610.75 | 1274.25 25 SEGO0 364.25 | —1320.25
2% PMoO —-1610.75 525.25 26 OSCI 540.25 | -1325.25
3% PM1 -1610.75 360.25 27 OSCIC 705.25 | -1325.25
4 PM2 -1610.75 195.25 28 0SCO 1610.75 | —842.75
PM3 -1610.75 30.25 29 COM2 1610.75 | —687.75
6 TEST -1610.75 | —134.75 30 COM1 1610.75 | -515.75
7% SEG18 -1610.75 | —299.75 31 COMo 1610.75 | —360.75
8 SEG17 -1610.75 | —468.75 32 VLCD 1560.75 | —153.25
9 SEG16 -1610.75 | —633.75 33 CUPO 1560.75 89.75
10= SEG15 -1610.75 | —798.75 34 CUP1 1560.75 441.25
11 SEG14 -1610.75 | —963.75 35 PY 1560.75 701.25
12= SEG13 -1610.75 | -1128.75 36 PX 1560.75 961.25
13= SEG12 -1610.75 | -1293.75 37 VSS 1260.25 | 1274.25
143 SEG11 -1340.75 | -1320.25 38 VDD 1095.25 | 1274.25
15= SEG10 —-1185.75 | -1320.25 39 RES 930.25 1274.25
16= SEG9 —-1030.75 | -1320.25 40 INT 633.25 1274.25
17 SEGS8 -875.75 | -1320.25 41 PAO 407.75 1274.25
18« SEG7 —720.75 | —-1320.25 42 PA1 146.75 1274.25
19= SEG6 -565.75 | —1320.25 43 PA2 —-113.25 | 1274.25
20 SEGb5 —410.75 | -1320.25 44 PA3 —374.25 | 1274.25
21+ SEG4 -255.75 | —1320.25 45@ TMCLK —600.25 | 1274.25
22 SEG3 —100.75 | —1320.25 46 PSo —897.25 | 1274.25
23 SEG2 54.25 —1320.25 47 PS1 —-1075.25 | 1274.25
24 SEG1 209.25 —-1320.25 48 PS2 —1372.25 | 1274.25

*: These pins must be bonded out for function testing.
@: If the internal source is configured, TMCLK is not bonded out in the package.
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Package & Pin Assignment

HT44500
40 Pin DIP-A package 42 Pin DIP package
PA2 1 ~ 404 PA1 PA2 O] 1 ~ 423 PA1
PA3 ]2 39[1 PAO PA3 2 41 PAO
Pso 3 381 T1D pso 3 401 T1D
ps1 4 373 T128 ps1 4 391 T128
Ps2 5 361 RES ps2 5 381 RES
PMo 6 351 VDD ps3 e 373 vDD
PM1 O 7 340 INT T™MCLK O 7 361 INT
PM2 [ 8 331 osco Pvo O 8 351 OSco
PM3 O 9 323 oscl Pm1 9 34[1 OscCl
TEST1 O 10 31 comz2 pmM2 4 10 330 comz2
SEG15 O 11 30 com PM3 ] 11 32[1 coMm1
SEG14 12 291 COMO TEST1 [ 12 31[1 como
SEG13 [ 13 281 VLCD SEG15 [ 13 301 vLCD
SEG12 14 273 vss SEG14 [ 14 291 vss
SEG11 15 261 SEGO SEG13 [ 15 28[1 SEGO
seEG10 O 16 251 SEG1 SEG12 ] 16 271 SEG1
SEG9 [ 17 24 SEG2 SEG11 17 26[1 SEG2
sEG8 [ 18 23] SEG3 SEG10 18 25[1 SEG3
SEG7 O 19 22[] SEG4 SEGY [ 19 24[] SEG4
SEG6 [ 20 211 SEGS5 SEGs [ 20 281 SEGS5
SEG7 [ 21 22[1] SEG6
40 Pin DIP-B package
PA2 []1 ~ 40 PA1
PA3 []2 391 PAO
Pso 3 38[J T1D
Ps1 4 37 T128
pPs2 Os 36| J RES
TMCLK 6 35[J vDD
PMo O7 340 NT
PM1 s 333 0sco
PM2 g 327 Oscl
TEST1 10 313 com2
SEG15 [ 11 303 COM1
SEG14 12 290[d como
SEG13 13 28/ VLCD
SEG12 [ 14 273 vss
SEG11 [ 15 26| SEGO
SEG10 16 251 SEGH
SEGS 17 241 SEG2
SEG8 [ 18 23:| SEG3
SEG7 19 22[1 SEG4
SEG6 oo 21|39 SEG5
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48 Pin DIP package 48 Pin SSOP-A package
PA2 1 ~ 48 pa1 PA2 O 1 ~ 48[ pPA1
PA3 [ 2 47 Pao PA3 ] 2 473 Pao
pso O 3 461 NC pso O] 3 461 NC
Ps1 ] 4 451 T1D Ps1 ] 4 451 11D
ps2 5 447 T128 ps2 ] 5 441 T128
Nc Os6 43 NC NC Os 431 NC
ps3 7 42[1 RES ps3 7 421 RES

TMCLK [ 8 413 vDD TMCLK [ 8 413 vbD
PMo O 9 40 INT PMo O 9 40 INT
PM1 [ 10 390 osco PM1 O 10 391 0sco
PM2 ] 11 380 NC PM2 [ 14 381 NC
PM3 O 12 373 osci PM3 O 12 373 osci

TEST1 O 13 363 com2 TEST1 [ 13 360 comz

SEG15 O 14 35 coMm1 SEG15 ] 14 351 com1

SEG14 [ 15 349 como SEG14 [ 15 341 como

SEG13 [ 16 331 vLCD SEG13 [ 16 33 vLcD

SEG12 [ 17 32| vss SEG12 [ 17 323 vss

SEG11 [ 18 313 SEGO SEG11 [ 18 31 SEGO

NC [ 19 303 NC NC [ 19 30 NC
SEG10 [ 20 290 SEG1 SEG10 O 29 20 SEG1
SEG9 [ 21 280 SEG2 SEG9 [ 21 280 SEG2
SEG8 [ 22 273 SEG3 SEG8 [ 22 270 SEG3
SEG7 [ 23 26/ SEG4 SEG7 [ 23 26 SEG4
SEG6 [ 24 25 SEGS SEG6 [ 24 251 SEGS
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HT445A0
48 Pin DIP package 48 Pin SSOP-A package
PSo [ 1 b 48[ TMCLK Pso[ 1 ™ 48[ TMCLK
PS1[ 2 470 PA3 PS1[] 2 470 PA3
PsS2[] 3 46 PA2 PS2[] 3 46 PA2
PS3[] 4 450 PA1 PS3[] 4 451 PA1
PMo ] 5 44 PAO PMo [ 5 441 PAO
PM1[]e 433 TNT PMi[]e 43[JNT
NC 7 42[QRES NC[O 7 42[1RES
PM2[] 8 413 vDD PM2[] 8 411 vDD
PM3[] o 401 vss PM3[] 9 401 vss
TESTI[] 10 39[J VLCD TESTI [ 10 39[] VLCD
SEG18[] 11 38 JNC SEG18[] 11 38[ NC
SEG17[ 12 370NC SEG17[] 12 37O NC
SEG16 [ 13 3sNC SEG16] 13 36[0 NC
SEG15 14 351 COMO SEG15[ 14 35[] COMO
SEG14 15 34[7 coMm1 SEG14[ 15 34[] COM1
SEG13[ 16 33l COM2 SEG13[ 16 33 COM2
SEG12E 17 32[Q NC SEG12E 17 32[QNC
SEG11 [ 18 31[g 0sco SEG11 18 31[7 OSCO
SEG10 19 300 OSCI SEG10[ 19 30[7 OSCI
SEGS [ 20 29[ SEGO SEG9 [ 20 29[ SEGO
SEG8 [ o4 2g[] SEG1 SEG8 [ 21 28| SEG1
SEG7 O 22 273 SEG2 SEG7 O 22 270 SEG2
SEG6 [ 23 o6[ SEG3 SEG6 [ o3 26/ SEG3
SEG5 [ 24 25/ SEG4 SEGS5 [ 24 5[] SEG4
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HT445R0
48 Pin DIP package 48 Pin SSOP-A package
Lo
TMCLK ] 1 48[ PA3 TMCLK ] 1 ™ [ PA3
Ned 2 47[dPa2 NC[O 2 470 PA2
Pso[] 3 460 PA1 Pso 3 48[ PA1
PS1] 4 453 PAO PsS1 4 45 PAO
Ps2 s 44NT Ps2C 5 44 NT
PS3] 6 43 RES PS3[ 6 43 RES
PMO ] 7 42 vDD PMO L 7 4230 vDD
PM1[] 8 41 vss PM1[ s 41[AVvss
PM2[] 9 403 Px PM2 9 40 PX
PM3 [ 10 39[d PY PM3[] 10 39 PY
TEST O 11 38 CUP1 TESTO 11 3s[d CuP1
SEG18[ 12 371 CUPO SEG18[ 12 370 CUPO
SEG17[ 13 3s[d VLCD SEG17[] 13 3s[d vLCD
SEG16[] 14 35[0 como SEG16[] 14 35[1 COMO
SEG15 15 341 COM1 SEG15 15 34[J COM1
SEG14[ 16 33| COM2 SEG14[ 16 33 COM2
SEG13[] 17 32[10SCO SEG13[] 17 32[d 0sco
SEG12[] 18 313 0SCl SEG12[ 18 311 OScClI
SEG11[ 19 30 SEGO SEG11 [ 19 30/ SEGO
SEG10[] 29 29[ SEGH1 SEG10[ g 29[ SEG1
SEG9 [ 24 28| SEG2 SEGO [ 21 2g[d SEG2
SEG8 [ 2o o7 SEG3 SEG8 [ 2 27 1 SEG3
SEG7 [ o3 261 SEG4 SEG7 [ o3 26 SEG4
SEG6 [ 24 25 SEG5 SEG6 [ o4 25[1 SEGS
68 Pin PLCC package
—
TV VT Cg) TITITIHS <
p=d p=d Z o zZ=z
z33z88223222753z23
o 1 o o 0 o o B o o o o
®
Nc 10 600 NC
Nc O [ NC
NC O [ NC
Nec O 1 NC
Nc O (] PX
PMo [ [ Py
PM1 [ [1 CUP1
PM2 [ [1CcuPo
PM3 [ []vLCD
TEST [ [] como
SEG18 []20 50Hd com1
SEG17 [ ] comz
SEG16 [] 0SCO
SEG15 [ NC
SEG14 [ 1 NC
SEG13 [ [ NC
SEG12
- 30 40 H NG
| N N N N N N N )
R L L EETER
OO RO Onmoon3
:SLOCXJ\IOO‘IAQJI\J—AO—
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HT44500/445A0/445R0
Absolute Maximum Ratings
Parameter Symbol Minimum Maximum Unit
Supply Voltage Vob -0.3 6 Y
Input Voltage Vi Vss—0.3 Vpp+0.3 Vv
Storage Temperature Tsra -50 125 °C
Operating Temperature Top 0 70 °C
A.C. Characteristics HT44500/445A0 (Ta=25°C)
Test Condition
Symbol Parameter Min. Typ. Max. | Unit
Vpbp Condition
3V 32 — 800 KHz
RC oscillator

5V 32 — 2000 | KHz
fsys System clock

3V 32 — 2000 | KHz

Crystal oscillator

5V 32 — 4000 | KHz

3V — 128 — Hz
fLep LCD clock _

5V — 128+ — Hz
tcoMm LCD common period — — — (1/fLcp)x3 — s
tcy Cycle time — — — (1/£sys)x4 — ms

3V 0 — 400 KHz
frimgr | Timer I/P frequency —

5V 0 — 800 KHz
tRES Reset pulse width — — 5 — — ms
tINT Interrupt pulse width — — 1 — — us

* In general, ficp is selected and optimized by Holtek according to fsys and the operating voltage.
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A.C. Characteristics HT445R0 (Ta=25°C)
Test Condition
Symbol Parameter Min. Typ. Max. | Unit
Vbbp Condition

RC oscillator — 32 50 KHz
fsys System clock 1.5V

Crystal oscillator — 32 50 KHz
fL.cp LCD clock 1.5V — — 128+ — Hz
tcoM LCD common period 1.5V — — (1/fLcp)x3 — s
tcy Cycle time 1.5V — — (1/fsys)x4 — ms
fTIMER Timer I/P frequency 1.5V — 0 — 50 KHz
trRES Reset pulse width 1.5V — 5 — — ms
tINT Interrupt pulse width 1.5V — 1 — — us

+ In general, ficp is selected and optimized by Holtek according to fsys and the operating voltage.
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D.C. Characteristics HT44500 (Ta=25°C)
Test Condition
Symbol Parameter Min. | Typ. | Max. | Unit
VpDp Condition
A% Operating voltage — — 2.4 — 5.5 A\
3V | No load — 360 800 UA
IpD1 Operating current £ I\;IH
5v |fsys=1MHz — 700 | 1500 | pA
3V | No load crystal - 10 50 HA
Ipp2 Operating current foven ’KH
5v |lsys=32KHz — 30 100 | pA
3V | No load — — 1 UA
IsTB Stand-by current ’
5v |HALT mode _ _ 9 pA
3V — 0 — 0.2VDD A%
V1L Input low voltage
5V — 0 — | 02Vpp| V
3V — 0.8VDD — 3 A%
Vi Input high voltage
5V — 0.8VDD — 5 A%
ToLt Port A output sink 3V | Vpp=3V, VoL=0.3V 15 3.4 — mA
current 5V | Vpp=5V, VorL=0.5V 4 8 — mA
Tom Port A output source 3V | Vpp=3V, Vou=2.7V 0.7 -1.5 — mA
current 5V | Vpp=5V, Vou=4.5V 2 | 85| — | mA
Tots Segment 0~2 output 3V | Vicp=3V, VoL=0.3V 150 300 — HA
sink current 5V | Vicp=5V,VorL=0.5V | 400 | 700 - pA
TomHs Segment 0~2 output 3V | Vicp=3V, Vou=2.7V -80 -150 — LA
source current 5V | Vicp=5V, Vou=4.5V | -150 | 400 | — HA
Tors Segment 3~15 output 3V | Vicp=3V, Vor=0.3V 80 140 — HA
sink current 5V | Vicp=5V,VorL=0.5V | 150 | 300 — uA
Toms Segment 3~15 output 3V | Vicp=3V, Vou=2.7V —-40 —80 — HA
source current 5V |Vicp=5V,Vou=4.5V | -80 | -180| — pA
3V
Rpu Pull-high resistance gf/icil\,/}l{’ INT, RES, 30 — 300 KQ
5V
Vicp LCD supply voltage — — 2.5 3 3.5 \
Vwiep=3V,
ILep LCD supply current 3V all segments on — — 120 UA
18 4th Mar ’97
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D.C. Characteristics HT445A0 (Ta=25°C)
Test Condition
Symbol Parameter Min. | Typ. | Max. | Unit
VbD Condition
Vob Operating voltage — — 2.4 — 5.5 v
3V | No load — 300 1000 UA
IpDp1 Operating current favan ll\;IH
5V |fsys=1MHz — 500 | 2000 | pA
3V — 10 50
InpD2 Operating current fNo lgad,I;:II_'Iystal ua
5v |fsys=32KHz — 30 100 | pA
3V | No load — — 1 HA
IsTB Stand-by current ’
5v | HALT mode o o 9 HA
3V — 0 — 0.2VDpD A%
ViL Input low voltage
5V — 0 — 0.2VpD A%
3V — 0.8VpD — 3 Vv
Vig Input high voltage
5V — 0.8VDpD — 5 A%
I Port A output sink 3V | Vpp=3V, VoL=0.3V 1.2 2.6 — mA
OL1
current 5V | Vpp=5V, VoL=0.5V 3.6 6.5 — mA
I Port A output source 3V | Vpp=3V, Vou=2.7V -0.4 -1 — mA
OH1
current 5V | Vpp=5V, Vou=4.5V 0.9 -2 — mA
I Segment 0~15 output | 3V | VLcp=3V, VoL=0.3V 50 120 — LA
OL2 .
sink current 5V |Vicp=5V,Vor=0.5V | 130 | 260 — pA
I Segment 0~15 output | 3V | Vicp=3V, Vou=2.7V —30 —60 — HA
OH2
source current 5V | VLcp=5V, Vou=4.5V -60 -160 — UA
3V | — 150 — 650 KQ
RES
5V 50 — 500 KO
Rpu1 Pull-high resistance
3V
PS, PM 30 — 300 KQ
5V
3V | — 40 90 200 KQ
Rpua Pull-high resistance INT, TMCLK
5V 20 50 100 KQ
Vicp LCD supply voltage — — 2.5 3 3.5 Vv
Vicp=38V,
Incp LCD supply current 3V all segments on — — 120 UA
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D.C. Characteristics HT445R0 (Ta=25°C)
Test Condition
Symbol Parameter Min. | Typ. | Max. | Unit
VDD Condition
VoD Operating voltage 1.5V — 1.2 1.5 1.7 Vv
Inp Operating current 1.5V | No load, fsys=32KHz — 5 10 HA
IsTB Stand-by current 1.5V | No load, HALT mode — — 0.5 UA
ViL Input low voltage 1.5V — 0 — 0.2VDpD A%
Vin Input high voltage 1.5V — 0.8Vpp | — VDD A%
ToL Port A output sink |y 5y |y 1 5V Vor=0.15v | 500 | 700 | — | uA
current
Port A output source _ _
ToH1 current 1.5V | Vpp=1.5V, Vog=1.85V -160 —200 — UA
Tore Segment 0~18 output | ; 5y |y gy Vo1 =03V 80 130 — HA
sink current
Segment 0~18 output _ _
Ton2 source current 1.5V | VLcp=3V, Vor=2.7V -10 —65 - HA
lIos | PYoutputsink |y 5y iy, —0.15v 500 | 800 | — | pA
current
PX, PY output source _
Ious current 1.5V | Vog=1.35V -160 300 — HA
RpH1 Pull-high resistance 1.5V | PS, PM, INT 100 — 500 KO
RpH2 Pull-high resistance 1.5V |RES 30 — 300 KQ
RpH3 Pull-high resistance 1.5V | TMCLK 200 — 600 KO
Vwicp LCD supply voltage 1.5V | VLCD 24 3 34 \%
20 4th Mar 97
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Application Diagram

HT44500/445A0
OUTPUT  COMO < [ PA0 4— OUTPUT  COMO > 43
PORT COM1 » LoD PA1 4—] PORT CcOoM1 » co
Ccomz »| Pattern PA2 4— comz P! Pattern
(1/2 Bias, PA3 €4—] (1/2 Bias,
inpuT SEGMENT [ N 1/3 Duty) SEGMENT [Xny ) 1/3 Duty)
OUTPUT - PMO OUTPUT
PORT —O 00— INPUT
- PM1
HT44500: n=16 e Rl HT44500: n=16
HT44500 | HT445A0: n=19 ] HT44500 | HT445A0: n=19
il
HT445A0 1 oo HT445A0
777
— 3PSO \\puT —3"6 S0 | \\pyr
¢35 PS1{poRT ¢— 3651 { poORT
= PS2 = PS2
¢35 PSO| o = PSS |
777 777
} oscl VLCD |[4— LCD ‘ oscl VLCD [€— LCD
QOscillator Power supply Oscillator Power supply
see below 0SCO see below 0SCo
—»{ T RES 4—_|_ —»{ T RES 4—_|_
** —— TMCLK ;0.1“4;1 ** ——] TMCLK ;0‘1;1—-1}1
. Crystal Oscillator
RC Oscillator oscl
0scl -
0SCO
o 77 737

Note:

The RC oscillator resistor value depends upon the required oscillator frequency. The range is from

5K to 700K

The timer clock input TMCLK may come from an external clock or from an internal frequency source

21 4th Mar 97

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



HOLTEK i ‘ HT44500/445A0/445R0

Application Diagram

HT445R0
OUTPUT  COMO P oxs PAO «— OUTPUT ~ COMoO M oxs
PORT COM1 » LcD PA1 €4—— PORT COM1 » oD
COoM2 Pl Pattern PA2 4— CoMm2 P Pattern
(1/2 Bias, PA3 €4— (1/2 Bias,
INPUT SEGMENT [ x 19 } 1/3 Duty) SEGMENT [ x 19 )} 1/3 Duty)
OUTPUT N OUTPUT
PORT @ PMO| \\puT
 3%s PM1 ] poRT
PXI—_ ¢ PM2 PX
HT445R0 C Piezo )
| T Buzzer . e PM3 HT445R0 3 Piezo
PY 757 Py | T Buzzer
- PSO - PSO
5o e | NPUT cuPo [ oo, | NPUT  CUPO |
&5 PS1) poRT 0l Ty 35 PS1 1 poRT .
"5 _PS2 _-r s PS> _-r
I = pss CUP1 | = pss CUP1
777 777
VLCD q VLCD 41
Oscillator oscl 0.1p~1p Oscillator oscl 0.1p~1p
see below 05cO ;; see below 0SCo ;;_
—>| TNT RES ‘—_l_ —> T RES 4—_|_
» —— TMCLK ;J;OJ}MH » —— TMCLK ;;o_mq“
Crystal Oscillator
RC Oscillator oscl
OSCI =
0OSsCO
- 7y
Note:

The RC oscillator resistor value depends upon the required oscillator frequency. The range is from
5K to 700K

The timer clock input TMCLK may come from an external clock or from an internal frequency source
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SYSTEM ARCHITECTURE

Program Counter - PC

This counter addresses the program ROM and
is arranged as an 11-bit binary counter from
PCO to PC10 whose contents specify a maxi-
mum of 2048 addresses. The program counter
increments by 1 or 2 with each execution of an
instruction.

When executing the jump instruction (JMP,
JNZ, JC, JTMR, etc.), a subroutine call, an
initial reset, an internal interrupt, an external
interrupt or returning from a subroutine, the
program counter (PC) is loaded with the data
corresponding to each instruction.

For the JMP instruction, branch instructions
and subroutine call instructions, the address
space is capable of directly specifying 2048 ad-
dresses.

Note: P10~PO: Instruction code bits

S10~S0: Stack register bits

Program Memory - ROM

The program memory is used to store ex-
ecutable program instructions. It is organized
into 2048x8 bits and is addressed by the pro-
gram counter (PC).

There are four special locations in the program
memory.

Location 0

HT44500/445A0/445R0
000H
Reset initial program
004H
Timer interrupt subroutine
008H

External interrupt subroutine > Program ROM

700H
7FFH

Table Map

8 bits

Program Memory

Activating the RES pin of the processor causes
the first instruction to be fetched from location 0.

Location 4

Contains the timer interrupt resulting from a
TIMER overflow. If the interrupts are enabled, it
causes the program to jump to this subroutine.

Location 8

Activating the INT input pin of the processor
with the interrupts enabled causes the program
to jump to this location.

Location 700H to 7FFH

The last 256 bytes of program memory ad-
dressed from 700H to 7FFH can also be used as
a look—up table. Instructions such as READ
R4A and READ [SP] are available for reading
the table and transferring the table data to the
ACC and R4 or to the LCD latch.

Therefore the first instruction to be executed
after initialization is stored in location 0. The
instruction word of a timer service routine is

Program Counter

Mode PC10 | PC9 | PC8 | PC7 | PC6 |PC5|PC4| PC3 | PC2 | PC1 | PCO
Initial reset 0 0 0 0 0 0 0 0 0 0 0
Internal interrupt 0 0 0 0 0 0 0 0 1 0 0
External interrupt 0 0 0 0 0 0 0 1 0 0 0

Jump, Branch instruction P10 | P9 | P8

P7 | P6 | P5 | P4| P3| P2 | P1 | PO

Pio | P9 | P8

Subroutine call

P7 | P6 | P5 | P4| P3| P2 | P1 | PO

S10 | S9 | S8

Return from subroutine

S7 S6 | S5 | S4 | S3 S2 | S1 | SO

Program Counter
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stored in location 4, and the first instruction of
an external interrupt service subroutine is
stored in location 8 and the lookup table is in
location 700H to 7FFH.

Stack Register - STACK

The stack register is a group of registers used
to save the contents of the program counter
(PC) and is arranged in 11 bitsx1 level. Each
subroutine call or interrupt causes the contents of
the PC to be stored onto the stack register. At the
end of a subroutine or an interrupt (indicated by
a return instruction RET), the contents of the
stack register are returned to the PC.

Working Registers - R0O,R1,R2,R3,R4

There are 5 working registers (RO,R1,R2,R3,
R4) usually used to store the frequently ac-
cessed intermediate results. Using the instruc-
tions INC Rn and DEC Rn the working
registers can increment (+1) or decrement (-1).
The JNZ Rn (n=0,1,4) instruction makes effi-
cient use of the working registers as a program
loop counter. Also the register pairs RO,R1 and
R2,R3 are used as a data memory pointer when
the memory transfer instruction is executed.

Data Memory - RAM

The static data memory is arranged in a 64x4 bit
format for the HT44500 and in a 128x4 bit format
for the HT445A0/445R0. It is used to store data.
All of the data memory locations are indirectly
addressable through the register pair R1,R0 or
R3,R2; for example MOV AJ[R3R2] or MOV
[R3R2],A. The relationship between the data
pointer RAM locations is shown in the table.

Accumulator - ACC

The accumulator is the most important data
register in the processor. It is one of the sources
of input to the ALU and the destination of the
results of the operations performed in the ALU.
Data to and from the I/0 ports and memory also
passes through the accumulator.

Arithmetic and Logic Unit - ALU

This circuit performs the following arithmetic

24

HT44500/445A0/445R0
HT44500 Data Pointer RAM
R1 (R3) RO (R2) Location
0000 0000 00H
0000 0001 01H
0001 0000 10H
0011 1111 3FH

HT44500 RAM Pointer

HT445A0/445R0 Data

Pointer RAM
Location

R1 (R3) RO (R2)
0000 0000 00H
0000 0001 01H
0001 0000 10H
0111 1111 7TFH

HT445A0/445R0 RAM Pointer

and logical operations ...

¢ Add with or without carry

¢ Subtract with or without carry

¢ AND, OR, Exclusive-OR

¢ Rotate right, left through carry

s BCD decimal adjust for addition

¢ Increment, decrement

¢ Data transfers

¢ Branch decisions

The ALU not only outputs the results of data
operations, but also sets the status of the carry
flag (CF) in some instructions.

Timer Counter

The HT44500/445A0/445R0 all contain a pro-
grammable 8-bit count-up counter which can be
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HT44500/445A0/445R0

used to count external events or as a clock to
generate an accurate time base.

If the 8-bit timer clock is supplied by an exter-
nal source from pin TMCLK then synchroniza-
tion problems may occur when reading the data
from the timer. It is therefore suggested that
the timer is stopped before retrieving the data.

The Timer/Counter may be set and read with
software instructions and stopped by a hard-
ware reset or a TIMER OFF instruction. To
restart the timer, load the counter with the
value XXH and then issue a TIMER ON in-
struction. Note that XX is the desired start
count immediate value of the 8 bits. Once the
Timer/Counter is started it increments to a
maximum count of FFH and then overflows to
zero (OOH). It then continues to count until
stopped by a TIMER OFF instruction or a reset.
The 8-bit counter will increment on the rising
edge of the clock whether it is internally or
externally generated.

The increment from the maximum count of
FFH to a zero (00H) triggers a timer flag TMFG
and an internal interrupt request. The inter-
rupt may be enabled or disabled by executing
the EI and DI instructions. If the interrupt is
enabled the timer overflow will cause a subrou-
tine call to location 4. The state of the timer flag
is also testable with the conditional jump in-
struction JTMR. The flag is cleared after the
interrupt or the JTMR instruction is executed.

If the timer is configured with an external
source, the internal timer overflow interrupt is
also used to wake up the processor from a halt
state. It should however be noted that the timer
clock overflow interrupt and wake up function
are determined by mask option.

If an internal source is used the frequency is

fsvs 12N = Timer
(8 stages)
| .-{1/4
TMCLK
n=0~7 for the HT44500
n=0~14 for the HT445A0/445R0

Timer Configurations

25

determined by the system clock and the pa-
rameter n as defined in the equation.

system clock
Frequency of TIMER clock = ———

2 n+m

where m=0 or 2 selectable by mask option. The
parameter n ranges from 0 to 7 for the HT'44500
or 0 to 14 for the HT445A0/445R0.

Interrupt

The HT'44500/445A0/445R0 provide both inter-
nal and external interrupt modes. The DI and
EI instructions are used to disable and enable
the interrupts. When the INT pin is triggered
on a high to low transition in the enable inter-
rupt mode and the program is not within a
CALL subroutine, the external interrupt is ac-
tivated. This causes a subroutine call to loca-
tion 8 and resets the interrupt latch.

Likewise when the timer flag is set in the en-
able interrupt mode and the program is not
within a CALL subroutine the internal inter-
rupt is activated. This causes a subroutine call
to location 4 and resets the timer flag. If both
external and internal interrupts arrive at the
same time, the external one will be serviced
first.

When running under a CALL subroutine or DI
the interrupt acknowledge is on hold until the
RET or EI instruction is invoked. The CALL
instruction should not be used within an inter-
rupt routine as unpredictable behaviour may
occur. If within a CALL subroutine both inter-
nal and external interrupts occur, no matter
what order they arrive in the external inter-
rupt, will be serviced first after leaving the
CALL subroutine. This also applies if the two
interrupts arrive at the same time.

The interrupts are disabled by a hardware re-
set or a DI instruction. They remain disabled
until the EI instruction is executed.

Whether the internal timer overflow interrupt
can be activated or not is decided by mask
option.
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Initial Reset

The HT44500/445A0/445R0 provide an RES
pin for system initialization. This pin is
equipped with an internal pull high resistor
and in combination with an external 0.1u~1puF
capacitor, provides an internal reset pulse of
sufficient length to guarantee a reset to all
internal circuits. If the reset pulse is generated
externally, the RES pin must be held low for at
least 5ms. Normal circuit operation will not
commence until the RES pin returns high.

The reset performs the following functions:

e Sets the program counter PC to 000H
¢ Disables the interrupt mode

e Stops the timer

¢ Resets the timer and carry flag

¢ Turns off all LCD segments

¢ Sets Port A high or floating

¢ Clears the watch dog timer
(for the HT445A0/445R0 only)

Halt

This special feature interrupts the chip’s nor-
mal operation to reduce power consumption.
When a HALT is executed the following hap-
pens ...

¢ The system clock will be stopped.

¢ The contents of the on-chip RAM and regis-
ters remain unchanged.

e The VLCD voltage remains on all of the
LCD segments and commons, so the differ-
ential voltage is zero and the LCDs are
blank.

¢ Thewatch dog timer resets to zero and stops
counting - HT'445A0/445R0 only.

The halt status can be terminated by an exter-
nal interrupt, a hardware reset or timer over-
flow.

For a timer overflow to wake up the processor
from a HALT state, it has to be driven by an
external clock. In addition a mask option has to
be chosen to allow a timer overflow to wake-up
the processor.

26

For the HT445A0 and HT445R0 series the
watch dog timer will begin counting when the
halt status is terminated.

When the halt status is terminated by an exter-
nal interrupt, the following procedures take
place ...

Case 1: If the system is in an interrupt-disable
state before entering the halt state:

¢ The instruction HALT is executed and the
system enters a halt state.

e A falling edge transition on INT will
awaken the system and return to the main
program instruction following the HALT
command.

¢ The interrupt signal will be held until the
system receives an enable interrupt com-
mand at which point the held interrupt will
be serviced.

Case 2: If the system is in an interrupt enable
state:

o The instruction HALT is executed and the
system enters a halt state.

e A falling edge transition on INT will
awaken the system and execute the exter-
nal interrupt subroutine.

Tone Generator

The HT445R0 provides a tone generator to gen-
erate differential driving single tone signals. A
control register located at the address AOH of
data memory is used to control the tone out-
puts. The tone output pair, PX and PY, can be
used as level output lines or tone output pair by
controlling the control register.

The bit 2 of control register is an S/W switch
used to select the level output or tone output
function. If the bit 2 of control register is set to
“1”, the level output function is selected; other-
wise the tone output function is selected in-
stead. Once the level function is selected, the
bit 0 and bit 1 states of control register will
respond to the tone output pair, PY and PX.

The tone output can be turned off or on by
setting the bit 3 of control register to “1” or “0”
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respectively. If the tone output function is se-
lected and the bit 3 of the control register is set
to “0”, the PX and PY will output the differen-
tial driving signals. Note that the bit 3 of con-
trol register is used to control the tone signals
only. The function of control register and the
tone generator configuration are described in
the following.

Tone generator control register (AOH)
Bit 0 This bit stores the level output
values of PY.
Bit 1 This bit stores the level output
values of PX.
The level output function is selected
Bit 2 | if this bit is set to “1”; otherwise the
tone output function is selected.
The tone frequency is enabled or
Bit 3 | disabled by setting this bit to “0” or
“1” repectively.
Bito D Q '\ljl Py
oyt
Bit1 —D Q M
re) u
—CK Q PX
X
o—D‘ B
Bitz —{D Q
—CK Q
Bita —D Q
—fck Q@
fTONE
n+m n: 1~12
fsys 172" m:0or2

The tone frequency is derived from the internal
frequency sources. A choice of 14 tone frequen-
cies are available. The following equation
shows the tone frequency options.

fsys

n+m
2

froNE =

... where n ranges from 1 to 12 and m=0 or 2.

The following diagram shows the application of
pulling the voltage of PX or PY output.

27

VDD

Lx [ Piezo
Buzzer

TX

PX or PY 9013

Strobe Pointer - SP

When executing the WRITE [SP], READ [SP]
instructions to transfer display data, the LCD
latch is addressed by the strobe pointer. The
contents of the strobe pointer can be trans-
ferred to the accumulator and vice versa. The
strobe pointer can be affected by the following
instructions:

Instruction Description

MOV SP,A | Move ACC to strobe pointer
MOV A,SP | Load ACC from strobe pointer
INC SP Increment strobe pointer
DEC SP Decrement strobe pointer

Note that the strobe pointer defines only the
lower 3 bits with the MSB of the pointer always
set to zero. For example if the SP is set to 8 by
instruction MOV SP,A and the SP value read
again using MOV A SP, the value in the accu-
mulator will be 0 instead of 8.

LCD Driver Output

The number of LCD driver outputs is 16x3 for
the HT44500 and 19x3 for the HT445A0 and
HT445R0. The output waveforms of the com-
mon outputs and segment outputs are designed
to drive a 1/2 bias, 1/3 duty LCD device. Either
2 or 3 Common connections can be chosen by
mask option. All the LCD segments are blank
during a reset and a halt. The waveforms of the
common and segment outputs are shown in the
diagram.
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Data Bus
Accumulator Segment PLA
(ACC) >
> LCD
Latch MPX
Data Memory ircuit |—p
L 5 Circuit & —» LCD
(RAM) i
x 57 Driver OUTPUTS
or Circuit
X 48
Strobe Strobe >
Pointer (SP) [ | Decoder "
Segment PLA

During a Reset Pulse:
COMO,COM1,COM2

All LCD driver outputs

Normal Operation Mode :
COMoO

COM1

CcOoM2

LCD segments on COM
0,1,2 sides being unlit

Only LCD segments on
COMO side being it

Only LCD segments on
COM1 side being it

Only LCD segments on
COM2 side being lit

LCD segments on
COMO, T sides being lit

LCD segments on
COMO0,Z sides being lit

LCD segmentson
COM1,2 sides being lit

LCD segmentson =
COMO, 1,2 sides being lit
Halt Mode:

COMO0,COM1,COM2

All LCD driver outputs

LCD Driver Output
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SP2~SP0 DB7 DB6 DB5

DB4 DB3 DB2 DB1 DBO

000

001

010

011

10-2 12-1

100

101 9-2

8-0

110

111

2-2 4-2

PLA Mask Option Setup Table

Segment PLA Circuit

The block diagram shows the operation of the
LCD driver when the WRITE [SP] instruction
is executed.

The contents of the accumulator and data mem-
ory are stored in the latch circuits specified by
the strobe pointer. For the HT44500 with its 16
segment drive capability, there are 48 latches
i.e. 3x16 or 3 latches per segment. For the
HT445A0/445R0 with its 19 segment drive ca-
pability there are 57 latches i.e. 3x19.

The data bus has eight outputs from DBO to
DB7, and six decoder outputs from PSTO to
PST5 generated from SP0O, SP1 and SP2 giving
a total of 8 combinations. The input data to the
latch is provided by DBO to DB7 while the clock
signals of the latch are provided by PSTO to
PST5. The segment PLA allows any combina-
tion of these lines to be selected by mask option.

Of the 64 signals obtained by combining DBO to
DB7 and PSTO to PST5, 48 signals can be selected
for the HT'44500 and 57 for the HT445A0/445R0
by programming the above mentioned segment
PLA. The diagram shows the hardware configu-
ration of the PLA. The READ [SP] instruction
allows the ROM data whose address is specified
by page 7, the accumulator and the RAM, to be
transferred to the LCD latch.

Since the latch input and the latch clock are
selected with the segment PLA, combination of
the segments in the LLCD driver output is flexible.

29

The PLA configuration table gives an example
of how the PLA is setup. This table has to be
filled in before IC manufacture, to enable
Holtek to configure the PLA correctly.

In the table each single code of the three SP
lines are used as a pointer to specify up to 8
LCD latch registers. The value in these latches
is controlled by the value on the data bus of the
corresponding bit. The accumulator controls
the data in the upper nibble of this data bus
value, and the data in the memory location set
by R1RO controls the lower nibble. The WRITE
[SP] instruction is used to write this data to the
LCD latch and to illuminate the correct seg-
ments. Note that the values in the table are
supplied in a two number format SEG-COM
where SEG represents the segment number
and COM the common number.

For example in the table if segments 9-2 and 8-0
are to be illuminated, the corresponding latch
register, SP, will be 5 or 101. The high nibble of
the data bus, which is controlled by the accumu-
lator, should be given the value 2, and the low
nibble, controlled by the M(R1,R0) register,
should be given the value 8. So ACC=2 and
M(R1,R0) = 8. A WRITE [SP] instruction then
illuminates these two segments. Subsequently to
turn off these two segments, the SP is again equal
to 5 and an other WRITE [SP] with ACC=0 and
M(R1,R0) = 0 should be issued.

HT445A0/445R0 Watch Dog Timer
Both the HT445A0 and HT445R0 possess an
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internal watch dog timer which is used to reset RAM port | Address Operation

the controller at a defined interval. Note that -
the HT44500 has no watch dog timer. It can be 1 FOH~FFH | Clear timer

used to examine the application program to see 2 EOH~EFH | Start timer

if it has jumped to unknown locations or not. .
There are three RAM ports to control the timer 3 DOH~DFH | Stop timer

operation. Whenever the specified RAM port is accessed
the corresponding action is implemented. For

SP2 SP1  SPO DB7-rmemwemrerees DBO
SP

SP
Decoder Decoder

Latch Circuit

D
(COMO)
CLK

T

D

(COM1) SEG
CLK N

7

D
(COM2)
CLK

7

D
(COMO)
CLK

7

D
(COM1)
CLK

SEG
N+1

7

D
(COM2)
CLK

7

PST5PST4  PST3~PSTO

Segment PLA
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HT44500/445A0/445R0
example if the application program needs to Metal b°“d\
clear the watch dog timer, it can execute the . o / 0SC
following instructions: /
/1 {
MOV [R1R0],A where R1IRO = FOH~FFH | | &g/ | [ i g
or MOV A [R1R0] \ 11/ ﬁw
MOV [R3R2],A where R3R2 = FOH~FFH COUT
or MOV A [R3R2]
O O
where A can be any value. oscl . 0sco
RC Oscillator
The following three Watch dog configurations _— = 030
are selectable by mask option: /\
. \
¢ No watch dog timer | e B
. . . il
¢ Watch dog timer with clear function only \ / —l_l—||'l_l—|
e Watch dog timer with all three functions N couT
For the last two options the watch dog timer is
. . o) o)
cleared and starts counting during a power on oscl 0SCo
reset. If the HALT instruction is executed, the Crystal without internal capacitors
watch dog timer resets to zero and stops count- 0SCo
. . OSCl CIN
ing. It starts re-counting when the system has /
been waken up by an initial reset or an external
interrupt. 7ol N
During normal operation, the application pro- § / _@
gram will reset the timer before overflow oc- couT
curs. If timer overflow occurs then the program
is not under control. The controller will perform O(S>CI O(SJCO

a reset to initialize the system.

The watch dog timer is made from an 8-stage
T-FF counter which can be scaled by the value
2" where n has a range from 7 to 17 by mask
option. The duration of the watch dog timer can
be calculated by the following equation:

2 (n+m+8)

Ti duration=——"—"—"—"H/—+
imer duration system clock

... where n=7~15 and m=0 or 2 by mask option.
{ 0SscCl
0Sco

RC Oscillator

0OSClI
oL

WWv

°T

L
i

0sCo

Crystal Oscillator

Oscillator Configurations

31

Crystal with internal capacitors

HT445A0 Oscillator Metal Bonding

HT445R0 Voltage Doubler

The HT445R0 posseses an internal voltage dou-
bler circuit which takes the low power supply
voltage of the device and doubles it to provide a
3V voltage supply to allow operation with
LCD’s. For the voltage doubler to operate effec-
tively a capacitor must be connected between

CUPO and CUP1 and between VLCD and VSS.

Oscillator Circuit

The system clock oscillation circuit can be se-
lected to be a crystal or RC oscillator by mask
option.

A crystal or ceramic resonator connected be-
tween OSCI and OSCO provides the feedback

and phase shift required for oscillation. Using a
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ceramic resonator will give reduced accuracy
and will require different capacitor values. For
the HT44500/445A0 the value of C will be
0~10p for the crystal oscillator and from
30p~180p for the ceramic resonator depending
upon the frequency. The HT445R0 is different
due to its low voltage operation. For a crystal
frequency of 32KHz the capacitor values should
be a nominal 13pF and the "crystal without
capacitor” option selected.

For the RC oscillator a resistor is connected
between OSCI and OSCO. The value of the
resistor ranges from 5K to 700K.

A machine cycle consists of a sequence of 4 states
numbered T1 to T4. Each state lasts for one oscil-
lator period. For the HT44500/ 445A0 the system
oscillator frequency ranges from 32KHz to 4MHz
and for the HT445R0 the oscillator frequency can
be up to 50KHz.

Metal bonding option for the HT445A0
oscillator

The following table shows the oscillator bond-
ing options.

Oscillator type Bonding method
Bond OSCI to CIN only.

RC oscillator OSCO not bonded to
COUT.

Crystal without | OSCI and OSCO not

capacitors bonded to CIN and COUT

Crystal with Bond OSCI to CIN

capacitors Bond OSCO to COUT

HT44500/445A0/445R0
Metal bond
oscl L Hfoscic] [osco
O @]
oscl 0sCo
RC Oscillator
osCl oscic] (©sco
NV

@) O
050l 0sCo
Crystal without internal capacitors
OsCl osco
O O
oscl 0SCO

Crystal with internal capacitors

HT445R0 Oscillator Metal Bonding

ing options.

Using two internal capacitors the HT445A0 has 3
ways to provide the oscillator circuit: an RC oscil-
lator, a crystal oscillator without the built-in ca-
pacitor and a crystal oscillator with the built-in
capacitor. The built-in capacitors are connected to
pads CIN and COUT. The following diagram
shows the pad connections for OSCI/OSCO and
CIN/COUT. Placing a metal bond across a pair of
pads connects the corresponding pad to the inter-
nal capacitor.

Metal bonding option for the HT445R0
oscillator

The following table shows the oscillator bond-

32

Oscillator type Bonding method

. OSCI not bonded to
RC oscillator 0SCIC
Crystal without |OSCI not bonded to
capacitors OSCIC
Crystal with | 3 0sCI t0 OSCIC
capacitors

Using an internal capacitor and the HT445R0 has
3 ways to provide the oscillator circuit: an RC
oscillator, a crystal oscillator without the built-in
capacitor and a crystal oscillator with the built-in
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Basic timing ...

Second IN Cycle ] »

Machine Cycle ] »

_— Clear region T4

CLEAR il /L
7/ |

The correct input pulse ...

System Clock

Latch point

//

Input Signal —l—J 7/
a1

//
//
The input signal low level duration is between the end of T2 and T4, so it cannot be caught by the latch port ...
/[
I_J 7/
A [T

Input Signal

//
//
The pulse width exceeds the end of phase T4, so the processor cannot clear the latch port properly ...
Input Signal —‘ ’7///
//
7/
A

HT445A0/445R0 Input Port Timing

capacitor. The built-in capacitor is connected to vices in that no latch option is offered.
pad OSCIC. The following diagram shows the . . .
d . . For both ports a mask option is available to
pad connections for OSCI and OSCIC. Placing ] he i be of -hich
a metal bond across a pair of pads connects the select the input to be of a pull-high type or non

corresponding pad to the internal capacitor. pull-high type.

For the HT'445R0 it is recommended that a crys- VDD
tal oscillator of 32KHz is used for the system :
clock. If this is the case then external capacitor
values of 13p should be chosen and the “crystal
without capacitor” option must be selected.

......

imask option

HT44500 Input Ports - PS,PM PS0-PS3

PMO~PM3
The input ports PS,PM of the HT44500 are
configured differently from the other two de-

HT44500 Input Ports - PS,PM
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CLEAR—E B
Input type control mask option

HT445A0/445R0 Input Ports PS, PM

Port-M also can be used as the conditional jump
test input when the JPMn instruction is exe-
cuted.

HT445A0/445R0 Input Ports - PS,PM

The input ports of the HT445A0/445R0 differ
from the HT44500 in that a latch option is
offered on each pin in addition to pull high
resistors. For normal functioning non-latch
type the mask option should select VSS, but for
latch type operation the CLEAR option is se-
lected. The normal type input is the same as the
HT44500 where the processor polls the state of
the input line to determine its logiclevel. In the
latch type an input pulse on the input line will
be latched which can then be read at any time
by the processor. This option allows input
pulses to be detected and reduces the processor
loading time.

There are 4 phases in a machine cycle. If the
port is configured as a latch type, the processor
will read the data in the latch port at the second
phase T2 by executing the instruction “IN A Pi”
where Pi = PS,PM. During the 4th phase of the
same cycle, the processor will clear the latch
port by setting the CLEAR to 0. Attention must
be piad to two improper operations which may
occur with latch type configurations. The first
is:if a low going input occurs after the T2 phase
and ends before the end of the T4 phase, the
pulse will not be seen by the processor. The
other is: if the low level duration extends to the
end input instruction’s machine cycle, the proc-
essor will not clear the latch and the data will

34

HT44500/445A0/445R0
vDD VDD
R
..... mask option mask option
~ nternal —
Bus —ck QO PAO~PA3

Output Port PA

still be held in the latch giving a false reading
the next time the input latch is read. The dia-
gram gives more details.

Output Ports - PA

The output port, PA, is configured in the follow-
ing way.

The mask option to selects the output configu-
ration to be of a standard CMOS output type or
an open drain NMOS output type. At the initial
clear mode the output ports are at the VDD
level if they are of CMOS types. However, the
output ports are in a floating state if they are of
NMOS types.

Mask Options

The following either/or options are available by
mask option which the user must select prior to
manufacture.

¢ 4-bitinput ports PM and PS with or without
a pull high resistors

¢ 4-bit input ports PM and PS with or without
latch option for the HT445A0, HT445R0 only

¢  Output port PA to be CMOS or open drain
NMOS

¢ 8-bit programmable timer with an external
clock or internal frequency source

¢ Timer clock overflow interrupt enable

¢ Processer can be waken-up from a halt state
by a timer overflow if an external timer
clock is used.
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¢ Watch dog timer options for the HT445A0,
HT445R0 only

¢ PLA configuration
¢ RC or crystal oscillator

¢ Crystal oscillator with or without an inter-
nal capacitor

e 2 or 3 common connections

e Tone frequency options for the HT445R0
only

Software Tools

To ease the programming task and reduce de-
velopment time, Holtek supplies a development
system for the HT44500/445A0/445R0. The sys-
tem runs under an IBM PC-XT/AT environ-
ment and consists of both a hardware
emulation board and a suite of programs in-
cluding powerful debug functions. The user can
download the code from the PC to the emula-
tion board for verification. The main features of
the system are as follows.

¢ Can incorporate the user’s text editor or
word processor with Holtek’s cross assem-
bler to form an integrated development sys-
tem

35

*  Supports mouse functions with its window
based human interface

¢ Performs stand-alone operation for demon-
stration purposes

* Auto-executes self test function at every
power on reset

¢ Provides symbolic debugging capabilities
¢ User defined mask options

o RC with variable resistor or crystal system
clock provided

¢ Displays and modifies registers, carry flag,
timer, port output level and internal RAM

¢ Single instruction stepping

¢ Jumps unconditionally to any address and
halts any time during execution

¢ Provides up to 8 breakpoint settings

¢ Real time 255 forward step or 256 backward
step trace

After program verification on the emulation
board, the customer supplies Holtek with the
verified code prior to manufacture.
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INSTRUCTION SET
Instruction Set Summary

Mnemonic Description Byte | Cycle | CF

Arithmetic
ADD A,[R1R0] Add data memory to ACC 1 1 v
ADC A[R1RO0] Add data memory with carry to ACC 1 1 v
SUB A,[R1R0] Subtract data memory from ACC 1 1 v
SBC A,[R1RO0] Subtract data memory from ACC with borrow 1 1 v
ADD A XH Add immediate data to ACC 2 2 \/
SUB A XH Subtract immediate data from ACC 2 2 \/
DAA Decimal adjust ACC for addition 1 1 y

Logic operation

AND A,[R1RO0] AND data memory to ACC 1 1 —
OR A,[R1RO] OR data memory to ACC 1 1 —
XOR A,[R1R0] Exclusive-OR data memory to ACC 1 1 —
AND AXH AND immediate data to ACC 2 2 —
OR A XH OR immediate data to ACC 2 2 —
XOR A XH Exclusive-OR immediate data to ACC 2 2 —

Increment &

Decrement
INC A Increment ACC 1 1 —
INC Rn Increment register, n=0~4 1 1 —
INC [R1RO] Increment data memory 1 1 —
DEC A Decrement ACC 1 1 —
DEC Rn Decrement register, n=0~4 1 1 —
DEC [R1RO0] Decrement data memory 1 1 —

Rotate
RLCA Rotate ACC left through the carry 1 1 \/
RRC A Rotate ACC right through the carry 1 1 \/
Input & Output
IN A,Pi Input port-i to ACC, port-i=PM,PS 1 1 —
OUT PAA Output ACC to port-A 1 1 —
36 4th Mar ’97
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HT44500/445A0/445R0
Mnemonic Description Byte | Cycle | CF
Data Move
MOV A Rn Move register to ACC, n=0~4 1 1 —
MOV Rn,A Move ACC to register, n=0~4 1 1 —
MOV A)[R1RO] Move data memory to ACC 1 1 —
MOV A[R3R2] Move data memory to ACC 1 1 —
MOV [R1ROLA Move ACC to data memory 1 1 —
MOV [R3R2]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 2 2 —
MOV R3R2,XXH Move immediate data to R3 and R2 2 2 —
MOV R4,XH Move immediate data to R4 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 —
JTMR addr Jump on timer out 2 2 —
JPMn addr Jump on Port-M bit n=1, n=0~3 2 2 —
JZ Ajaddr Jump on ACC is zero 2 2 —
JNZ A,addr Jump on ACC is not zero 2 2 —
JNZ Rn,addr Jump on register Rn not zero, n=0,1,4 2 2 —
Subroutine
CALL addr Subroutine call 2 2 —
RET Return from subroutine and interrupt 1 1 —
Flag
CLC Clear carry flag 1 1 0
STC Set carry flag 1 1 1
EI Enable interrupt 1 1
DI Disable interrupt 1 1 —
NOP No operation 1 1 —
Timer
TIMER XXH Set 8 bits immediate data to TIMER 2 2 —
TIMER ON Set TIMER start count 1 1 —
TIMER OFF Set TIMER stop count 1 1 —
MOV A, TMRL Move low nibble of TIMER to ACC 1 1 —
MOV A,TMRH Move high nibble of TIMER to ACC 1 1 —
37 4th Mar ’97
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Mnemonic Description Byte | Cycle | CF
Table Read
READ R4A Read page 7 of ROM code to R4 & ACC 1 2 —
READ [SP] Read page 7 of ROM code to LCD latch 1 2 —
WRITE [SP] Write ACC & data memory to LCD latch 1 1 —
MOV A,SP Move strobe pointer to ACC 1 1 —
MOV SP,A Move ACC to strobe pointer 1 1 —
INC SP Increment strobe pointer 1 1 —
DEC SP Decrement strobe pointer 1 1 —
Miscellaneous
HALT Enter power down mode 2 2 —

The following table is provided for the HT445A0/HT445R0 devices only.

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

Mnemonic Description Byte | Cycle | CF

Watch Dog
MOV [R1R0LA 1 1 —
MOV A,[R1RO0] Clear watch dog timer, where R1RO,R3R2=FOH~ 1 1 —
MOV [R3R2]A FFH. A can be any value. 1 1 —
MOV A,[R3R2] 1 1 —
MOV [R1ROLA 1 1 —
MOV A,[R1RO0] Start watch dog timer, where R1R0,R3R2=EOH~ 1 1 —
MOV [R3R2],A EFH. A can be any value. 1 1 —
MOV A[R3R2] 1 1 —
MOV [R1ROLA 1 1 —
MOV A,[R1RO0] Stop watch dog timer, where R1R0,R3R2=DOH~ 1 1 —
MOV [R3R2],A DFH. A can be any value. 1 1 —
MOV A,[R3R2] 1 1 —
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Instruction Definitions

ADC A,[R1R0]
Machine code

Description

Operation

ADD A,XH
Machine code
Description

Operation

ADD A,[R1R0]
Machine code

Description

Operation

AND A, XH
Machine code

Description

Operation

AND A,[R1RO0]
Machine code

Description

Operation

Add data memory contents and carry to accumulator
00001000

The contents of the data memory location addressed by the register pair
“R1,R0” and the carry are added to the accumulator. Carry is affected.

ACC « ACC+M(R1,R0)+CF

Add immediate data to accumulator

11110001 0000dddd

The specified data is added to the accumulator. Carry is affected.
ACC « ACC+XH

Add data memory content to accumulator
00001001

The contents of the data memory location addressed by the register pair
“R1,R0” are added to the accumulator. Carry is affected.

ACC « ACC+M(R1,R0)

Logical AND immediate data to accumulator
11110011 o0000dddd

Data in the accumulator is logically ANDed with the immediate data speci-
fied by the code.

ACC « ACC “AND”XH

Logical AND accumulator with data memory
00001100

Data in the accumulator is logically ANDed with the data memory location
addressed by the register pair “R1,R0”.

ACC « ACC “AND” M(R1,R0)

39 4th Mar 97

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



HOLTEK i ‘

HT44500/445A0/445R0

CALL address

Machine code

Description

Operation

CLC
Machine code
Description

Operation

DAA
Machine code

Description

Operation

DEC A
Machine code
Description

Operation

DEC Rn
Machine code

Description

Operation

Subroutine call
1110laaa aaaaaaaa

The program counter bits 0~10 are saved in the stack. The program counter
is then loaded from the directly-specified address.

Stack < PC+2
PC < address

Clear carry flag
00000000
The carry flag is reset to zero.

CF <0

Decimal-Adjust accumulator
00110110

The accumulator value is adjusted to BCD (Binary Code Decimal) code, if
the contents of the accumulator is greater than 9 or CF (Carry flag) is one.

If ACC>9 or CF=1 then
ACC < ACC+6,CF « 1

esle

ACC «+— ACC,CF «CF

Decrement accumulator
01111111
Data in the accumulator is decremented by one. Carry flag is not affected.

ACC « ACC-1

Decrement register
0001lnnnl

Data in the working register “Rn” is decremented by one. Carry flag is not
affected.

Rn < Rn-1; Rn=R0O,R1,R2,R3,R4, for nnn=0,1,2,3,4
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DEC SP Decrement strobe pointer

Machine code 00111101

Description The contents of the strobe pointer is decremented by one.

Operation SP « SP-1

DEC [R1RO0] Decrement data memory

Machine code 00011011

Description Data in the data memory specified by the register pair “R1,R0” is decre-
mented by one. Carry flag is not affected.

Operation M(R1,R0) « M(R1,R0)-1

DI Disable interrupt

Machine code 00011111

Description Internal time-out interrupt and external interrupt are disabled.

El Enable interrupt

Machine code 00011110

Description Internal time-out interrupt and external interrupt are enabled.

HALT Halt system clock

Machine code 00110010 XXXXXXXX

Description Turn off system clock, and enter power down mode.
x represerts a don’t case condition.

Operation PC « PC+2

IN A,Pi Input port to accumulator

Machine code PM 00101100

PS 00110000
Description The data on port “Pi” is transferred to the accumulator.

Operation ACC « Pi; Pi=PM or PS
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INC A
Machine code
Description

Operation

INC Rn
Machine code

Description

Operation

INC SP
Machine code
Description

Operation

INC [R1RO]
Machine code

Description
Operation
JC address

Machine code

Description

Operation

JMP address
Machine code

Description

Operation

Increment accumulator
01000001
Data in the accumulator is incremented by one. Carry flag is not affected.

ACC « ACC+1

Increment register
0001nnnoO

Data in the working register “Rn” is incremented by one. Carry flag is not
affected.

Rn < Rn+1; Rn=R0,R1,R2,R3,R4 for nnn=0,1,2,3,4

Increment strobe pointer
00111100
The contents of the strobe pointer are incremented by one.

SP « SP+1

Increment data memory
00011010

Data in the data memory specified by the register pair “R1,R0” is incre-
mented by one. Carry flag is not affected.

M(R1,R0) « M(R1,R0)+1

Jump if carry is set
11000aaa aaaaaaaa

Bits 0~10 of the program counter are replaced with the directly-specified
address, if the CF (Carry flag) is set to one.

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

Direct jump
11100aaa aaaaaaaa

Bits 0~10 of the program counter are replaced with the directly-specified
address.

PC < address
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JNC address
Machine code

Description

Operation

JNZ A,address
Machine code

Description

Operation

JNZ Rn,address

Machine code

Description

Operation

JPMn address
Machine code

Description

Operation

Jump if carry is not set

1100laaa aaaaaaaa

Bits 0~10 of the program counter are replaced with the directly-specified
address, if the CF (Carry flag) is set to zero.

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

Jump if accumulator is not zero

10l11laaa aaaaaaaa

Bits 0~10 of the program counter are replaced with the directly-specified
address, if the accumulator is not zero.

PC « address, if ACC20
PC « PC+2, if ACC=0

Jump if register is not zero

RO 10100aaa aaaaaaaa

R1 10101laaa

aaaaaaaa
R4 11011laaa aaaaaaaa

Bits 0~10 of the program counter are replaced with the directly-specified
address, if the register is not zero.

PC < address, if Rn#0; Rn=R0,R1,R4
PC « PC+2, if Rn=0

Jump if port PM bit n is set
100nnaaa aaaaaaaa

Bits 0~10 of the program counter are replaced with the directly-specified
address, if the port PM bit n is set.

PC < address, if PM bit n=1
PC « PC+2, if PM bit n=0

43 4th Mar 97

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



HOLTEK i ‘

HT44500/445A0/445R0

JTMR address
Machine code

Description

Operation

JZ A,address
Machine code

Description

Operation

MOV A,Rn
Machine code
Description

Operation

MOV A,SP
Machine code
Description

Operation

MOV A, TMRH
Machine code
Description

Operation

MOV A,TMRL
Machine code
Description

Operation

Jump if time-out

11010aaa aaaaaaaa

Bits 0~10 of the program counter are replaced with the directly-specified

address, if the TMFG (Timer flag) is set to one.

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

Jump if accumulator is zero

10110aaa aaaaaaaa

Bits 0~10 of the program counter are replaced with the directly-specified

address, if the accumulator is zero.

PC < address, if ACC=0
PC « PC+2, if ACC#0

Move register to accumulator
0010nnnl
Data in the working register “Rn” is moved to the accumulator.

ACC < Rn; Rn=R0O,R1,R2,R3,R4, for nnn=0,1,2,3,4

Move strobe pointer to accumulator
00111110
The contents of the strobe pointer are loaded to the accumulator.

ACC « SP

Move timer to high nibble accumulator

00101011

The high nibble data of the timer counter is loaded to the accumulator.
ACC « TIMER (high nibble)

Move timer to low nibble accumulator
00101010
The low nibble data of the timer counter is loaded to the accumulator.

ACC < TIMER (low nibble)
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MOV A XH
Machine code
Description

Operation

MOV A,[R1R0]
Machine code

Description

Operation

MOV A,[R3R2]
Machine code

Description

Operation

MOV R1R0,XXH

Machine code

Description

Operation

MOV R3R2,XXH

Machine code

Description

Operation

Move immediate data to accumulator

0111dddd

The 4-bit data specified by the code is loaded to the accumulator.
ACC «XH

Move data memory to accumulator
00000100

Data in the data memory specified by the register pair “R1,R0” is moved to
the accumulator. The watch dog timer can also be accessed by this instruc-
tion with the specified RAM port. This applies to the HT445A0/445R0 only.

ACC <« M(R1,R0)

Move data memory to accumulator
00000110

Data in the data memory specified by the register pair “R3,R2” is moved to
the accumulator. The watch dog timer can also be accessed by this instruc-
tion with the specified RAM port. This applies to the HT445A0/445R0 only.

ACC < M(R3,R2)

Move immediate data to R1 and RO
0101dddd 0000dddd

The 8-bit data specified by the code is loaded to the working register R1 and
RO, the high nibble of the data is loaded to R1, and the low nibble of the data
is loaded to RO.

R1 « XH (high nibble)
RO <« XH (low nibble)

Move immediate data to R3 and R2
0110dddd 0000dddd

The 8-bit data specified by the code is loaded to the working register R3 and
R2, the high nibble of the data is loaded to R3, and the low nibble of the data
is loaded to R2.

R3 < XH (high nibble)
R2 « XH (low nibble)
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MOV R4,XH
Machine code
Description

Operation

MOV Rn,A
Machine code
Description

Operation

MOV SP,A
Machine code
Description

Operation

MOV [R1R0], A

Machine code

Description

Operation

MOV [R3R2], A

Machine code

Description

Operation

NOP
Machine code

Description

Move immediate data to R4

0100dddd

The 4-bit data specified by the code is loaded to the working register R4.
R4 « XH

Move accumulator to register
0010nnnoO
Data in the accumulator is moved to the working register “Rn”.

Rn < ACC; Rn=R0O,R1,R2,R3,R4, for nnn=0,1,2,3,4

Move accumulator to strobe pointer
00111010
The contents of the accumulator is moved to the strobe pointer.

SP « ACC

Move accumulator to data memory
00000101

Data in the accumulator is moved to the data memory specified by the
register pair “R1,R0”. The watch dog timer can also be accessed by this
instruction with the specified RAM port. This applies to the HT445A0/445R0
only.

M(R1,R0) < ACC

Move accumulator to data memory
00000111

Data in the accumulator is moved to the data memory specified by the
register pair “R3,R2”. The watch dog timer can also be accessed by this
instruction with the specified RAM port. This applies to the HT445A0/445R0
only.

M(R3,R2) <+~ ACC

No operation
00001111

Do nothing, but one instruction cycle is delayed.
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OR A,XH
Machine code

Description

Operation

OR A,[R1R0]
Machine code

Description

Operation

OUT PAA
Machine code
Description

Operation

READ R4A
Machine code

Description

Operation

Logical OR immediate data to accumulator
11110101 0000dddd

Data in the accumulator is logically ORed with the immediate data specified
by the code.

ACC «+— ACC “OR’XH

Logical OR accumulator with data memory
00001110

Data in the accumulator is logically ORed with the data memory location
addressed by the register pair “R1,R0”.

ACC <+ ACC “OR” M(R1,R0)

Output accumulator data to port PA

PA 00101101

The data in the accumulator is transferred to port PA and latched.
PA < ACC

Read ROM code to R4 and accumulator
00111000

The 8-bits of ROM code addressed by page 7, ACC and M(R1,R0) are moved
to the working register R4 and the accumulator. The high nibble of the ROM
code is loaded to R4 and the low nibble of the ROM code is loaded to the
accumulator. The address of the ROM code is specified by the following
description:

Page 7 - ROM code address bit 10~8 are “111”

ACC — ROM code address bit 7~4

M(R1,R0) —» ROM code addres bits 3~0

R4 < ROM code (high nibble)
ACC < ROM code (low nibble)
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READ [SP]
Machine code

Description

Operation

RET
Machine code
Description

Operation

RLC A
Machine code

Description

Operation

RRC A

Machine code

Description

Operation

Read ROM code to LCD latch
00111001

The 8-bits of ROM code addressed by page 7, ACC and M(R1,R0) are moved
to the LCD latch. The LCD latch is specified by the SP (strobe pointer). The
address of the ROM code is specified by the following description :

Page 7 — ROM code address bit 10~8 are “111”

ACC — ROM code address bit 7~4

M(R1,R0) - ROM code address bit 3~0

LCD latch [SP] < ROM code [Page 7, ACC, M(R1,R0)]

Return from subroutine and interrupt
00101111
The program counter bits 0~10 are restored from the stack.

PC « Stack

Rotate accumulator left through carry
00000011

The contents of the accumulator are rotated one bit left. 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
00000010

The contents of the accumulator are rotated one bit right. Bit 0 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
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SBC A,[R1R0]
Machine code

Description

Operation

STC
Machine code
Description

Operation

SUB A,XH
Machine code

Description

Operation

SUB A,[R1R0]
Machine code

Description

Operation

TIMER OFF
Machine code

Description

TIMER ON
Machine code

Description

Subtract data memory content and carry from ACC
00001010

The contents of the data memory location addressed by the register pair
“R1,R0” and the complement of the carry are subtracted from the accumula-
tor. Carry is set, if a borrow does not take place in subtraction; otherwise
carry is cleared.

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

Set carry flag
00000001

The carry flag is set to one.
CF «1

Subtract immediate data from accumulator
11110010 0000dddd

The specified data is subtracted from the accumulator. Carry is set, if a
borrow does not take place in subtraction; otherwise carry is cleared.

ACC « ACC+XH+1

Subtract data memory contents from accumulator
00001011

The contents of the data memory location addressed by the register pair
“R1,R0”is subtracted from the accumulator. Carry is set, if a borrow does not
take place in subtraction; otherwise carry is cleared.

ACC « ACC+M(R1,R0)+1

Set timer stop counting
00011101

The timer counter stops counting, when the “TIMER OFF” instruction is
executed.

Set timer start counting
00011100

The timer counter starts counting, when the “TIMER ON” instruction is
executed.
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TIMER XXH
Machine code
Description

Operation

WRITE [SP]
Machine code

Description

Operation

XOR A,XH
Machine code

Description

Operation

XOR A,[R1RO0]

Machine code

Description

Operation

Set immediate data to timer counter

00111011 dddddddd

The 8-bit data specified by the code is loaded to the timer counter.
TIMER «+ XXH

Write accumulator and data memory to LCD latch
00101110

The accumulator and data memory M(R1,R0) are moved to the LCD latch.
The LCD latch is specified by the SP (strobe pointer). The contents of the
accumulator are loaded to the high nibble of the LCD latch, and the contents
of the data memory M(R1,R0) is loaded to the low nibble of the LCD latch.

LCD latch [SP] «— ACC (high nibble)
LCD latch [SP] <« M(R1,R0)

Logical XOR immediate data to accumulator
11110100 0000dddd

Data in the accumulator is Exclusive-ORed with the immediate data speci-
fied by the code.

ACC « ACC XOR”XH

Logical XOR accumulator with data memory
00001101

Data in the accumulator is Exclusive-ORed with the data memory location
addressed by the register pair “R1,R0”.

ACC « ACC “XOR” M(R1,R0)
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