


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































11.2.3 Program Module Sample Application (Main Program) 

The flowchart in Fig. 11.4 is an example of sending serial data to 

slave system and receiving it from slave system, performed by the 

program modules in Fig. 11.3. 

Main Program 

L---r __ ...J---{ Initialize W register 

Initialize RAM to be used 

'--_-,. __ ... ----{ Initialize port DO 

L-_-,. __ ... ---{ Initialize pO.rt Dl 

,--_-,. __ ... ---{ Clear SCI interrupt mask 

L-_-,. __ ...J---{ Select transfer/receive moo.e 

___ { Select prescaler divide ratio as .. 2 
,--_-,. __ ", and system clock divide ratio as .. 4 

'--_-,. __ ... ---{ Clear SCI interrupt request flag 

'--_-,. __ ... ---{ Clear SCI interrupt mask 

,--_-,. __ ... ---{ Enable interrupt 

___ { Store ASCII A uppercase 
�r�-�-�~�-�-�~� and Y register 

in B register 

'----,-----' 

existence of 

Fig. 11.4. Program Module Flowchart 

HITACHI 221 



r-___ -::"~~:::;=r---LJ - --- [ Execute SCIMTR 

222 HITACHI 

receiving complete flag 

___ { Load receives data into SCISRU (RAM) 
~-::-::-I"-----, SCISRL (RAM) 

L..----r--...I 

SCI interrupt routine 

___ { Execute SCMTRD and receiving data 
from master system 

Fig. 11.4. Program Module Flowchart (cont.) 

and 



11.3 PROGRAM MODULE DESCRIPTION 

Program Module Name: SCI MASTER 
TRANSFER 

Function: 

MCU: HMCS402C/ 
HMCS404C/HMCS408C 

Label: SCIMTR 

Sends data in Band Y register to slave system using internal clock. 

Arguments: 

Contents 

Entry 

Re­
turns 

Data to 
be sent 

Data to 
be sent 

Description: 

1 digit = 
Storage 
Location 

B 

Y 

1. Function Details 

(1) Argument details 

4 bits 

No. of 
Digits 

1 

1 

Changes in CPU 

Re9:isters and Flags: 

A B 
x x 

X Y 

• x 

SPX Spy 

• • 
W 

• 

CA ST 

• x 

• Not Affected 
x : Undefined 

Result 

Specifications: 

1 word = 10 bits 

ROM (Words): 41 

RAM (Digits): 3 

Stack (Digits): 0 

No. of cycles: 43 

Reentrant: No 

Relocatable: No 

Interrupt OK?: Yes 

B:Y 

{ 
B register: 

Entry Y register 
b7 bO 

~ argument 1 byte data 
('C' =$43) ~ 

b7 bO 
B register, Y register (RAM): SCI data SRU:SRL~ 

register Holds data to be sent to 
slave system. 

(2) Program module SCIMTR execution 
loads entry argument content 
into SRU, SRL and sends it to 

(3) 
slave system. 
SCIMTR calls neither program 
modules nor subroutines. 

Specifications Notes: 

SCKPi~ 
o Output 

SOP~0lllWL 
o t I 

bO b7 

Fig. 11.5. Example of SCIMTR Execution 
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Program Module Name: SCI MASTER MCU: HMCS402C/ Label: SCIMTR ---
TRANSFER HMCS404C/HMCS408C 

Description: 

2. User Notes 

(1) Sets slave receives request signal to low and sets slave receiving 
state before program module SCIMTR execution. 

(2) When using program module SCIMTR, resetting system (in case of power 
on reset, activating power) is performed master reset firstly, then 
reset slave system secondly. 

3. RAM Allocation 

Label 

SCISOK 

SCIMOK 

SCIMTD 

224 HITACHI 

Fig. 11.6. RAM Allocation 

RAM 

b3 bO 

MD(S030) 

b3 bO 

~ 
MD( S031) 

b3 bO • MD(S034) 

Description 

Flag indicating if sending data 

Flag indicating if receiving data 

Flag indicating existence of transfer 
data 



Program Module Name: SCI MASTER MCU: HMCS402C/ Label: ---
TRANSFER HMCS404C/HMCS408C 

Description: 

4. Sample Application 

SEDD 

SEDD 

LMID 

LMID 

LBI 

LYI 

so 
S 1 

$ 3. PMR 

SD. SMR 

$ 6 

S 1 

} ............... Set port DO and Dl high 

............... Select transfer/receive mode 

............... Select internal clock source 

} ............... Load data to be send into entry 
argument 

SCIMTR 

1u.I_c_A..,L_L ____ S_C_I_M_T_R_....JJil ................... Subroutine call program module SCIMTR 

5. Basic Operation 

(1) When slave receives request signal is output, master receives request 
signal may output from slave system with the same timing. Then, 10 ~s 
software timer is executed and master receives request signal is tested 
after slave receives request signal is output. 

(2) Transfers receives serial data if master receives request signal is 
output. 

(3) Goes to the next step after SCI interrupt request flag is set and 
transfer/receive completes. 

(4) When serial data is received, retains transfer request in output 
state until main program processes receives data so that next data 
can not be received. 
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Program Module Name: SCI MASTER MCU: HMCS402C/ ~ SCIMTR 
TRANSFER HMCS404C/HMCS408C 

Flowchart: 

if sending data 

if receiving data 

existence of master receives request 

existence of transfer data 

- - -{ Request to send 

- --{ Exeoute 10 "' .oftware time, 

2 __ { Test if existence of master receives 
request 

----[ Set flag indicating sending data 

---{ Clear flag indicating receiving data 

data in SRU(RAM) and 

---{ Start SCI 
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Program Module Name: SCI MASTER MCU: HMCS402C/ Label: SCIMTR 

Flowchart: 

TRANSFER HMCS404C/HMCS408C 

~-;;::::::::::=r----'----[ Set slave receives request 

- --{ ExeMe 10 "' ,oftwm time, 

'-----r---....I- ---[ Set flag indicating receiving data 
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Program Module Name: SCI MASTER 

RECEIVE 

Function: 

MCU: HMCS402C/ 
HMCS404C/HMCS408C 

Label: SCMTRD 

1. Outputs serial clock and receives data from slave system. 

2. Permits outputting when slave system cannot output serial clock. 

Arguments: 
1 digit = 4 bits 

Changes in CPU Specifications: 

Storage No. of Registers and Flags: 1 word = 10 bits 
Contents Location Digits 

Entry 

Receives SCISRU 1 
Re- data (RAM) 
turns SCISRL 1 

(RAM) 
End of 

SCIMEF 
receives 1 
data 

(RAM) 

Description: 

1. Function Details 

(1) Argument details 
SCISRU,SCISRL(RAM) : 

Contains data received 
from slave. 

SCIMEF(RAM): Indicates 
existence of receives data. 

SCIMEF=O: No data is received 
from slave system. 

SClMEF=l: Data is received 
from slave system. 

A B 

• • 
X Y 

• • 
SPX SPY 

• • 
W 

• 

CA ST 

• • 
• Not Affected 
x : Undefined 

Result 

SCK pin 

CD Input 

SI pin 

ROM (Words) : 24 

RAM (Digits) : 5 

Stack (Digits) : 0 

No. of cycles: 21 

Reentrant: No 

Relocatable: No 

Interrupt OK?: Yes 

lJlJ1JlJlJUlJlr 
IJl1lWL 
o i t 

1 
SCI data 

Bit 0 ~ Bit 7 

reg~ster SRU:SRL o Return SRU: SRL 
argument SCIMEF(RAM) 

1 byte data 
('C'=$43) 

SCIMEF b7 bO 

0~ 

Fig. 11.7. Example of SCMTRD Execution 

Specifications Notes: 1. "No. of cycles" in "Specifications" represents the 
number of cycles needed when having no wait time 
for receiving data. 

2. Reset interrupt requests flag with software in interrupt routine. 
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Program Module Name: SCI MASTER l'ICU: lillCS402C/ Label: SCMTRD -----
RECEIVE ill1CS404C/lillCS408C 

Description: 

(2) Program module SCMTRD execution contains SRU,SRL contents in return 
argument accumulator. 

(3) SCMTRD calls neither program modules nor subroutines. 

2. User Notes 

(1) When program module SCMTRD is executed, set Port Dl and Port D2 to 
1. 

(2) Goes to transfer possible state in slave system before program module 
SCMTRD execution. 

3. RAM Allocation 

Label 

SCISOK 

SCIMOK 

SCISRU:SCISRL 

SCIMEF 

, 
I I I I I I I I t 

o 3 --:--:---t--:--:---i--:---:---l-imTIt-
-~--r--~--:---1--~--~---:----t--~--"'=~:.:..1==~ 

o 4 I 1 I : I I I I I I i 
--t--+--~--~--t--~-~--+--t--~-1--

o 5 I I I I I I I I I I I 

I---j --i--~---t--t--i 
o 6~l-~---L--L-~--~--L-_l __ ~ __ ~~~J,~=I~~I;;J'=-JL 

Fig. 11.8. RAM Allocation 

RAM Description 

b3 bO 

Flag indicating if sending data 

MD($030) 

b3 bO 

~ Flag indicating if receiving data 

MD($031) 

b7 bO 

Stores data sent from slave system 

MD($033,$032) 

b3 bO • MD(S035) 

Flag indicating existence of receives 
data 
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Program Module Name: SCI MASTER 

RECEIVE 
MCU: HMCS402C/ 

HMCS404C/HMCS408C 
Label: SCMTRD ---

Description: 

4. Sample Application 

LOOPl 

LOOP2 

SEDD 

SEDD 

LMID 

LMID 

REMD 

REMD 

SEMD 

TMD 

BR 

BR 

LAMD 

LMAD 

LAMD 

LMAD 

5. Basic Operation 

$ 0 

$ 1 

$ 8, PMR 

S D, SMR 

IFS 

IMS 

} ............ Set port DO and port 01 high 

............ Select transfer/receive mode 

............ Select transfer clock Ratio 

............ Clear SCI interrupt request flag 

............ Clear SCI interrupt mask 

IE ............ Enable interrupt 

$0, SCIMEF) 
L 0 0 P 2 ...... Test if receiving flag 

LOOPl 

SRU 

SCISRU 

SRL 

SCISRJJ 
} Load receives data into accumulator 

A and B register 

(1) Checks slave receives request signal to test if data is received after 
outputting the signal. 

(2) Tests if master receives request signal has been output from slave 
system. 

(3) If output, sets SCI interrupt request flag, and stores serial data in 
return argument after checking that serial data is received. 
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Program Module Name: SCI MASTER MCU: HMCS402C/ 
RECEIVE HMCS404C/HMCS408C I~ SCMTRD 

Flowchart: 

L----r---..J - - -{ Clear SCI interrupt request flag 

L----r---~ ---{ Save register 

----[ Test if sending data 

----[ Clear flag indicating sending data 

----[ Set slave receive request high 

'-----r---... ----[ Clear flag indicating receiving data 

____ [ Read receives data and store 
~ __ ~_~ SCISRU and SCISRL(RAM) 

'---~-';";";;;'" 

it in 

L-;::-::=~;::::==r-----I----[ Set flag indicating receives completion 

"-::::::::c:::::-' 
----[ Restore register 
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11.4 SUBROUTINES 

This application example calls no subroutines. 

11.5 PROGRAM LISTING 

ST-NO OBJECT ADRS SOURCE STATEMENTS 

00001 37E 0000 LLEN 132 
00002 TITLE CLOCKED SYNCHRONOUS SCI (INTERNAL CLOCK) 
00003 * 00004 **** RAM ALLOCATION ******************************* 
00005 * 00006 SCISOK EQU $030 FLAG FOR SENDING DATA 
00007 SCIMOK EQU $031 FLAG FOR RECEIVING DATA 
00008 SCISRU EQU $032 UPPER RECEIVER DATA 
00009 SCISRL EQU $033 LOWER RECEIVED DATA 
00010 SCIMTD EQU $034 SENDING DATA FLAG 
00011 SCIMEF EQU $035 RECEIVING DATA COMPLETE FLAG 
00012 * 00013 **** SYMBOL DEFINITIONS *************************** 
00014 * 00015 PMR EQU $004 PORT MODE REG. 
00016 SMR EQU $005 SERIAL MODE REG. 
00017 SRL EQU $006 LOWER SERIAL DATA REG. 
00018 SRU EQU $007 UPPER SERIAL DATA REG. 
00019 IMS EQU $1. $003 INTERRUPT MASK OF SERIAL 
00020 IFS EQU $0.$003 INTERRUPT REQUEST FLAG OF SERIAL 
00021 IE EQU $O.SOOO INTERRUPT ENABLE FLAG 
00022 ******************************************************** 
00023 * 00024 * VECTOR ADDRESSES * 00025 * * 00026 ******************************************************** 
00027 * 00028 ORG $0000 
00029 * 00030 150 010 0000 JMPL SCIMMN RESET 
00031 150 010 0002 JMPL SCIMMN INTO 
00032 150 010 0004 JMPL SCIMMN INTl 
00033 150 010 0006 JMPL SCIMMN TIMER-A 
00034 150 010 0008 JMPL SCIMMN TIMER-B 
00035 000 OOOA NOP 
00036 000 OOOB NOP 
00037 150 068 OOOC JMPL SCMTRD SERIAL 
00038 ******************************************************** 
00039 * * 00040 * MAIN PROGURAM : SCIMMN 
00041 * * 00042 ******************************************************** 
00043 * 00044 ORG $0010 
00045 * 00046 OFO 0010 SCIMMN LWI $0 INITIALIZE W REGISTER 
00047 lAO 030 0011 LMID $O.SCISOK INITIALIZE RAM 
00048 lAO 031 0013 LMID $O.SCIMOK 
00049 lAO 032 0015 LMID $O.SCISRU 
00050 lAO 033 0017 LMID $O.SCISRL 
00051 lAO 034 0019 LMID $O.SCIMTD 
00052 lAO 035 OOlB LMID $O.SCIMEF 
00053 2EO 0010 SEDD $0 INITIALIZE DO PORT 
00054 2El OOlE SEDD $1 
00055 185 003 001F SEMD IMS INITIALIZE IMS 
00056 lA3 004 0021 LMID $3.PMR INITIALIZE PMR 
00057 lAD OOS 0023 LMID $D.SMR SELECT PRESCALER AS 1/2.SYSTEM CLOCK 1/4 
00058 188 003 0025 REMD IFS CLEAR SERIAL INTERRUPT REQUEST FLAG 
00059 189 003 0027 REMD IMS CLEAR SERIAL INTERRUPT MASK 
00060 184 000 0029 SEMD IE ENABLE INTERRUPT 
00061 206 002B L8I $6 STORE OUTPUT DATA 
00062 211 002C LYI $1 
00063 lAl 034 0020 LMID $1. SCIMTD SET SENDING OAT A FLAG 
00064 160 03E 002F SCIMNl CALL SCIMTR OUTPUT SCI DATA 
00065 lBC 035 0031 TMD $O.SCIMEF TEST RECEIVING COMPLETE FLAG 
00066 335 0033 8R SCIMN2 
00067 32F 0034 8R SCIMNl 
00068 190 007 0035 SCIMN2 LAMD SRU STORE RECEIVE DATA IN RAM 
00069 194 032 0037 LMAD SCISRU 
00070 190 006 0039 LAMD SRL 
00071 194 033 0038 LMAD SCISRL 
00072 33D 0030 PEND 8R PEND END OF PROGRAM 
00073 ******************************************************** 
00074 * 
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00075 * NAME : SCIMTR (SCI MASTER TRANSFER) 
00076 * 00077 ******************************************************** 
00078 * 00079 * ENTRY: B REGISTER.Y REGISTER (TRANSFER DATA) * 
OOOBO RETURNS : NOTHING * oOoBl * 000B2 ******************************************************** 
000B3 1BC 030 003E SCIMTR TMD $0. SCISoK TEST IF SENDING DATA 
000B4 35E OD40 BR SCIM7 
00DB5 1BC 031 0041 TMD $O.SCIMoK TEST IF RECEIVING DATA 
000B6 35E 0043 BR SCIM7 
000B7 2A1 0044 TDD $1 TEST MASTER RECEIVING REQUEST 
OOOBB 347 0045 BR SCIM1 
00089 360 0046 BR SCIM9 
00090 1BC 034 0047 SCIM1 TMD $O.SCIMTD TEST IF SENDING DATA 
00091 34B 0049 BR SCIM2 
00092 35E 004A BR SCIM7 
00093 260 0048 SCIM2 REDD $0 CLEAR SLAVE RECEIVE REQUEST 
00094 230 004C LAI $0 EXECUTE IoMS SOFTWARE TIMER 
00095 2B4 004D SCIM3 AI $4 
00096 350 004E BR SCIM4 
00097 34D 004F BR SCIM3 
00098 2A1 0050 SCIM4 TOO $1 TEST MASTER RECEIVE REQUEST 
00099 353 0051 BR SCIM5 
00100 35F 0052 BR SCIM8 
00101 1A1 030 0053 SCIM5 LMID $l.SCISoK SET SENDING DATA FLAG 
00102 lAO 034 DOSS LMID $O.SCIMTD CLEAR RECEIVING DATA FLAG 
00103 04B 0057 LAB STORE SENDING DATA IN RAM 
00104 .194 007 0058 LMAD SRU 
00105 OAF 005A LAY 
00106 194 006 005B LMAD SRL 
00107 14B 005D SCIM6 STS SCI START 
0010B 010 005E SCIM7 RTN 
00109 2EO 005F SCIMB SEDD $0 SET SLAVE RECEIVE REQUEST 
00110 230 0060 SCIM9 LAI $0 EXECUTE loMS SOFTWARE TIMER 
00111 2B4 0061 SCIM10 AI $4 
00112 364 0062 BR SCIM11 
00113 361 0063 BR SCIM10 
00114 1A1 031 0064 SCIM11 LMID $l.SCIMoK SET RECEIVING DATA FLAG 
00115 150 05D 0066 JMPL SCIM6 
00116 **************************************************************** 
00117 * * 0011B * NAME : SCMTRD (SCI MASTER RECEIVE) 
00119 * 00120 **************************************************************** 
00121 * * 00122 * ENTRY NOTHING * 00123 * RETURNS : SCISRU (UPPER RECEIVED DATA) 
00124 * SCISRL (LOWER RECEIVED DATA) * 00125 * SClMEF (SCIMEF=O:TRUE.SCIMEF=l:FALSE) * 00126 * 00127 **************************************************************** 
00128 188 003 0068 SCMTRD REMD IFS CLEAR SERIAL INTRRUPT REQUEST FLAG 
00129 2FF 006A XMRA $F SAVE A 
00130 1BC 030 006B TMD $O.SCISoK TEST IF SENDING DATA 
00131 36F 0060 BR SCMTR1 
00132 374 006E BR SCMTR2 
00133 lAO 030 006F SCMTR1 LMID $O.SCISoK CLEAR SENDING DATA FLAG 
00134 2EO 0071 SEDD $0 SET SLAVE RECEIVING REQUEST FLAG 
00135 150 OBO 0072 JMPL SCMTR3 
00136 lAO 031 0074 SCMTR2 LMID $O.SCIMoK RECEIVING DATA FLAG 
00137 190 007 0076 LAMD SRU STORE RECEIVE DATA IN RAM 
0013B 194 032 007B LMAD SCISRU 
00139 190 006 007A LAMD SRL 
00140 194 033 007C LMAD SCISRL 
00141 1A1 035 007E LMID $l.SCIMEF SET RECEIVING COMPLETE FLAG 
00142 2FF 0080 SCMTR3 XMRA $F RESTORE A 
00143 011 00B1 RTNI 
00144 
00145 END 
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SECTION 12. LIQUID CRYSTAL DRIVER (HD61100A) CONTROL 

12.1 HARDWARE DESCRIPTION 

12.1.1 Function 

Controls the HD61100A liquid crystal driver and displays "9876543210" 

on an LCD display. 

12.1.2 Microcomputer Operation 

The HMCS404C sends display data and control signals from to the 

HD61100A to display graphics on the LCD. Signals M and CLl of the 

HD61100A and signal COMMON of the liquid crystal are controlled through 

port R7. In addition, the HD61100A control signals (signals CLZ' DL) 

are controlled using the clock synchronous SCI (serial communication 

interface) of port R7 to enable sending of display data to the 

HD61100A. 

12.1.3 Peripheral Devices 
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HD61100A LCD Driver: Performs static drive on an 8-segment x 

10-digit LCD. 



12.1.4 Circuit Diagram 

LOokO 

! 

oW 

r--

LCD driver (HD61100A) control circuit is shown in Fig. 12.1. 

.sv 
Meu 
HMes.o~e 

~esulID 
CS~08 

s Ii'"T 
+~v 

112076 l~ " tlD74HC14 vee 81\ SOI8'l~!l88108f8~1 '"' • ..." ~ ~ 
V'LV,.V",V" v ... v .. v ... v .. Liquid 

,ou" ffi .. OSC , ~ Vo '1:. f!!. COMMON crystal 

-·_~or15. . GND I-;-\Ilnn n ooooooe:1 ~ SHL Y, OSC, oM l!! HDell OOA I 
BlpF { GND ~ Fes ~. ~ OOOUUUI)UIJU 

SOA .. M CL, CL, DL (S-segment x lO-digit) 
88 SCK 
80 M 8' ~ ~l 

'-;:;R .. Ru r R,. 
~~1 lrl 

Fig. 12.1. LCD Driver (HD61100A) Control Circuit 
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12.1.5 Pin Functions 

Pin functions at the interface, between the HMCS404C and the 

HD61100A are shown in Table 12.1. 

Table 12.1. Pin Functions 

Pin Name 
(HMCS404C) 

SCK 

SO 

Input/ 
Output 

Output 

Active Level 
(High or Low) 

Output --

output --

Output --

Function 

Pin Name 
(HD61100A 
LCD) 

Outputs alternate signal M 
for LCD driving output 

Resets counter, outputs CLl 
synchronous signal of 
latch clock for display 
data 

outputs shift clock 
for display data 

Inputs display data DL 

12.1.6 Hardware Operation 

Timing chart of the HMCS404C, LCD, and the HD61100A is shown in Fig. 

12.2. 

LCD and HD61100A 
pin names 

COMMO~~ __________________________________ ___ -I 
Controlled 
by I/O ports M 

~.-------------- L 
CL, --'l __________________________________ __ __________ IL 

CIIJr::J QI'; ____ ____ J1JULJ~Uu Controlled b Y{ C L. 
clock 
Synchronous -------~ 

SCI DL ..J~ __ ..JL..J .... _"_.JL..JL_"...J'__I'_....J11....J'_'\....J\....J'I...J,L...IL...JL.._ ~ 
Output 80 bits (10 di9its~------ .1 

Fig. 12.2. Timing Chart of HMCS404C, LCD, and HD61100A 
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12.2 SOFTWARE DESCRIPTION 

12.2.1 Program Module Configuration 

The program module configuration for character display on LCD is 

shown in Fig. 12.3. 

H61MN 

Main 1..£ 
program 

H61DSP 

Display 
L2. 

Character 

Fig. 12.3. Program Module Configuration 

12.2.2 Program Module Functions 

Program module functions are summarized in Table 12.2. 

Table 12.2. Program Module Functions 

No. Program Module Name 

o Main Program 

1 Display Character 

Label 

H61MN 

Function 

Performs static drive on an 
8-segment x lO-digit LCD. 
Initializes control registers and 
data addresses used for the 
interface between the HMCS404C 
and the HD61100A 

H61DSP Performs static drive of LCD 
using the HD61100A and displays 
numerals 
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12.2.3 Program Module Process Flow (Main Program) 
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The flowchart in Fig. 12.4. shows the procedure for displaying 

numerals on or LCD as performed by the program module in Fig. 12.3. 

y- l-+Y 

A-+M 

Y1$F 

Main program. 

-- - - { Ini tialize W register 

- - - {store to SO output pin 

----[Store to SCK output pin 

- ---[Clear Serial interrupt mask 

- - - - [call H61INT 

- - - - [Enable interrupts 

- - - -[ ~, ",="0' ._ ••• " ".ph, _ 

Executes pattern command for 
storing display data in RAM 

- - --[Test if all display data is stored 

SCI Interrupt Routine 

~--~~~~==~--l[ Execute H6lDSP to display numerals on LCD 

Fig. 12.4. Program Module Flowchart 



n 
u 123Y55 n 

I 

Fig. 12.5. Example of H61MN Execution 

8 
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12.3 PROGRAM MODULE DESCRIPTION 

Program Module Name: Display' 
Character 

Function: 

MCU: HMCS402C/ 
HMCS404C/HMCS408C 

Label: H6lDSP 

Sends display data to the HD61100A and displays characters on the LCD. 

Arguments: 
1 digit = 4 bits 

Changes in CPU Speci fications: 

Storage No. of Registers and Flags: 1 word = 10 bits 
Contents Location Digits 

A B ROM (Words) : 57 

Entry Dispaly DDATA 10 RAM (Digits) : 2 • • data (RAM) 
X Y Stack (Digits) : a 

• • No. of cycles: 435 

SPX SPY Reentrant: No 

• • Relocatable: No 

Interrupt OK?: No 
W 

Re- • turns 

CA ST 

• • 
• x : 

Not Affected 
Undefined 
Result 

Description: 

1. Function Details 

(1) Argument details 

DDATA(RAM): Holds 10 digits of 
display data. 

(2) Example of H6lDSP execution is 
shown in Fig. 12.6. If entry 
argument is as shown in part Q) 
of Fig. 12.6. characters are 
displayed as shown in part GD 
of Fig. 12.6. 

Specifications Notes: 
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Q) Entry 
argument 

Display data 
DDATA MD($049-$040) 
( RAM) 

Liquid Crystalt 

Fig. 12.6. Example of H6lDSP Execution 



Program Module Name: Display MCU: HMCS402C/ Label: H61DSP ---
Character HMCS404C/HMCS408C 

Description: 

(3) H61DSP calls neither the program modules nor subroutines. 

2. User Notes 

The following procedure must be performed before H61DSP execution. 

(1) Initializes clock synchronous SCI to send display data. 

(2) Sets bit IE to enable SCI interrupts. 

(3) Clears IMS. 

(4) Executes STS command to generate SCI interrupts. 

3. RAM Allocation 

Label 

DDATA 

CNTR 

MFLG 

o 2 

o 3 

o 4 

o 5 

o 6 
~ 

FIE:DICtBIAt91817t6i514:3:Z:1:0 

: : : : I : 1 : I 1 : I : : I 

--~--~--+--4--~---f--~--~--~--~--~---~--t--~---~--
I I I I I : I I I I I I I 

- -~--r--~ --:--~.~--~~~~I~~~~i~'~~~~~~~ I 1 I I I 

--~----l--i--t I I I I I I I I 

__ ~--~ __ J_-J- __ : __ l __ l __ L __ ~ __ l--~--l--L--
I I I J I i I I I I I I I I 

I I I: l~ I 1 Ll-

Fig. 12.7. RAM Allocation 

RAM Description 

~--------~ 

~--------~ 
Stores display data 

MD($049) 

MD($05E) 

b3 bO 

MD($040) 

Used as Y register pointer to display 
data and as a counter indicating number 
of interrupts 

Used as a test flag indicating 
whether M signal will be high or low 

MD(O,$053) 
Flag Function is shown in Table 12.3. 
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Program Module Name: Display MCU: HMCS402C/ Label: H61DSP ---
Character HMCS404C/HMCS408C 

Description: 

Table 12.3. Flag Functions 

Label 
Bit/Label Function 
Bit 0 

H F L G 0 Indicates M signal is low 

1 Indicates M signal is high 

4. Sample Application 

242 HITACHI 

LMID 

LMID 

REMD 

LMID 

LAI 

LRA 

LAI 

LRA 

SEMD 

LAMD 

LBI 

P 

LMAD 

LAB 

$ I, PMR 

$ B, S MR .................. Initialize SCI 

IMS 

$ 9, CNTR 

$ 7 

$ 2 

S 7 

MFLG 

S 0 4 9 

$ 0 

S 2 

SRL 

Control M signal, CLI signal, common 
signal 

.................. Store segment data in SRL, SRV 

LMAD SRU 

STS 

SEMD I E 

.................. Start SCI 

Enable interrupts 

Store display data 
in display RAM 

ORG 

DC 

$ 2 0 0 

$177, S141, SIBS, SIES, $IC&, 
......... Segment data 

$IE6, $IF6, $143, S1F7, $IE7 



Program Module Name: Display MCU: HMCS402C/ Label: H61DSP 
Character HMCS404C/HMCS408C 

Description: 

5. Basic Operation 

(1) 10 digits of display data are sent to the HD61100A to display numerals on 
an 8 segments x 10 digits LCD. Shift clock and data signal are controlled 
by the block synchronous SCI of the HMCS404C. 

(2) Display data is stored in display of RAM before execution. Each SCI 
interrupt executes display of 1 byte of data. 

(3) Pointer to display RAM and counter for number of interrupts are 
decremented every interrupt. CNTR(RAM) is reinitialized each time 10 
interrupts are executed. 

(4) The first enabling interrupts are performed by the main program. 
From then on, after execute SCI command SCI interrupts are generated 
automatically each time segment data are outputted. 

(5) Indicates MFLG is status of M signal of HD61100A. 

(6) Data stored at the address indicated by Accumulator and B register is 
transferred to Accumulator and B register, using the table look-up 
function of the pattern generation instruction (P). 

(7) Lower 8 bits of word stores segment data. 

Program Content of register Content of ROM 

B A 

LAI $ 1 0 CD l!:Jcec (Notes) 

LBI $ 0 ~$O200 ill 
P $ 2 B A ) I 1 I 

0 IT] I 1 I B L_.J 

After executing a P instruction in the above program sequence, 
$41 is contained in B register and Accumulator. 
($41 is stored in lower 8 bits of word located at $0201). 

(Note) If dotted area (bit 8) is $1 as 
shown above, ROM data is 
transferred to Accumulator 
and B register after executing 
the P instruction. 
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Prosram Module Name: Display MCU: HMCS402C/ Label: H6lDSP 
Character HMCS404C/HMCS408C 

Flowchart: 

244 HITACHI 

CNTR-l 
---> CNTR 

- - - -[ Set SCI interrupt request flag 

Save registers 

---{ Save register 

- - - { Decremeot pointer to dieploy RAM 

___ { Test if interrupt has been executed 
10 times 

{
Reinitialize Y register pointer to display 

--- data and counter for number of 
interrupts 



Program Module Name: 

Flowchart: 

Display MCU: HMCS402C/ ~ H61DSP 
Character HMCS404C/HMCS408C 

____ [ Test whether M signal will be high or 
low 

[ 
CLl signal = High. M signal = Low. 

- - - - COMMON signal = High 

[ 
CLI signal = Low. M 

- - - - COMMON signal = Low 

- - --[ Set MFLG 

signal 

[ 
CLl signal = High. M signal 

- - - - COMMON signal = Low 

[ 
CLl signal = Low. M signal 

- - - - COMMON signal = High 

- - --[ Clear MFLG 

High. 

High. 

Low. 

----[ Reinitialize X register pointer 

___ { Load di"play RAM pointer inro Y reg'"ter 

---- Read segment Data 
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Program Module Name: Display 
Character 

Flowchart: 

MCU: HMCS402C/ ~ H6lDSP 
HMCS404C/HMCS408C 

----[stor" ""","nt data in SRL, SRV (RAM) 

- - - -[ Start SCI 

- - --[Restore register 

- - -- Restore registers 
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12.4 SUBROUTINE DESCRIPTION 

Subroutine Na"lle: Initialize MCU: HMCS402C/ 
HMCS404C/HMCS408C 1 ",bel' 

Function: Stores display data 

Basic Operation: 

(1) Initializes counter, CLl, M, COMMON signal, MFLG and others. 

(2) Executes only once is this routine. 

Progra"ll 110dule Using This Subroutine: 

- - - -[ Initialize counter 

[
CLI signal = High. M signal 

- - - - COMMON signal = High 

[ 
CLI signal = Low. M signal 

- - - - COMMON signal = Low 

----[set MFLG 

Low. 

High. 

Load segment data into SRL, SRV(RAM) 

- - - -[ Start SCI 

H61INT 
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12.5 PROGRAM LISTING 

ST-NO OBJECT ADRS SOURCE STATEMENTS 

00001 011 0000 LLEN 132 
00002 TITLE LIQUID CRYSTAL DRIVER (HD61100) CONTROL 
00003 * 00004 **** RAM ALLOCATION ******************************** 
00005 " 00006 CNTR EQU S05E COUNTER FOR DISPLAY 
00007 MFLG EQU 0.S053 M SIGNAL JUDGMENT FLAG 
00008 " 00009 *~** SYMBOL DEFINITlONS ******~*********.*.********* 
00010 " 00011 PMR EQU S004 PORT MODE REGISTER 
00012 SMR EQU S005 SERIAL- MODE REGISTER 
00013 SRL EQU S006 LOWER SERIAL DATA REGISTER 
00014 SRU EQU S007 UPPER SERIAL DATA REGISTER 
00015 IMS EQU 1. S003 1M OF SERIAL 
00016 IFS EQU 0.S003 IF OF SERIAL 
000l? IE EQU O.SOOO ENABLE INTERRUPT 
00018 ******************************************************** 
00019 * * 00020 * VECTOR ADDRESSES * 00021 " " 00022 ******************************************************** 
00023 * 00024 ORG SOOOO 
00025 * 00026 150 010 0000 JMPL H61MN RESET 
00027 150 010 0002 JMPL H61MN INTO 
0002B 150 010 0004 JMPL H61MN INTl 
00029 150 010 0006 JMPL H61MN TIMER-A 
00030 150 010 0008 JMPL H61MN TIMER-B 
00031 000 OOOA NOP 
00032 000 0008 NOP 
00033 150 023 OOOC JMPL H61DSP SERIAL 
00034 ******************************************************** 
00035 * * 00036 " MAIN PROGRAM-: H61MN * 00037 * " 0003B ******************************************************** 
00039 " 00040 ORG SOOlO 
00041 * 00042 OFO 0010 H61MN LWI SO INITIALIZE W REGISTER 
00043 lAl 004 0011 LMID 1.PMR SELECT SO 
00044 lA8 005 0013 LMID S8.SMR SELECT SCK 
00045 189 003 0015 REMD IMS CLEAR SERIAL INTERRUPT MASK 
00046 160 05F 0017 CALL H61INT 
00047 184 000 0019 SEMD IE ENABLE INTERRUPTS 
00048 219 0018 LYI S9 STORE DESTINATION 
00049 224 001C H61MNl LXI S4 
00050 OAF 0010 LAY 
00051 200 001E L8I SO 
00052 IBl 001F P Sl STORE DISPLAY DATA IN RAM 
00053 000 0020 LMADY TEST IF ALL DISPLAY DATA IS STORED 
00054 31C 0021 BR H61MNl 
00055 322 0022 PEND BR PEND END OF PROGRAM 
00056 ******************************************************** 
00057 " * 00058 " NAME : H61DSP (DISPLAY CHARACTER) * 
00059 " " 00060 ******************************************************** 
00061 " * 00062 " ENTRY : DDATA (DISPLAY DATA) * 
00063 " RETURNS : NOTHING * 00064 " " 00065 ******************************************************** 
00066 188 003 0023 H61DSP REMD IFS SET SCI INTERRUPT REQUEST FLAG 
00067 2FF 0025 XMRA SF SAVE REGISTERS 
00068 068 0026 LASPX 
00069 2FE 0027 XMRA SE 
00070 001 0028 XSPX 
00071 068 0029 LASPX 
00072 2FD 002A XMRA SO 
00073 OAF 002B LAY 
00074 2FC 002C XMRA SC 
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00075 048 0020 LA8 
00076 2F8 002E XMRA $B 
00077 190 05E 002F LAMO CNTR OECREMENT DISPLAY RAM POINTER 
00078 28F 0031 AI SF 
00079 194 05E 0032 LMAD CNTR TEST IF 10 TIMERS SCI INTERRUPT ARE COMPLETED 
00080 347 0034 BR H61DP2 
00081 239 0035 LAI $9 REINITIALIZE POINTER 
00082 194 05E 0036 LMAD CNTR 
00083 18C 053 0038 TMD MFLG TEST MSIGNAL IS HIGH DR LOW 
00084 341 003A BR H61DPl 
00085 235 OD3B LAI $5 
00086 2D7 003C LRA S7 CL1=1.M=0.COMMON=1 
00087 232 0030 LAI $2 CL1=0.M=1.COMMON=0 
00088 2D7 003E LRA $7 
00089 184 053 003F SEMD MFLG SET MFLAG 
00090 236 0041 H6lDPl LAI S6 CL2=1.M=1.COMMON=0 
00091 207 0042 LRA $7 CL2=0.M=0.COMMON=1 
00092 231 0043 LAI $1 
00093 207 0044 LRA $7 
00094 188 053 0045 REMD MFLG CLEAR MFLAG 
00095 224 0047 H6lDP2 LXI $4 REINITIALIZE X REG POINTER 
00096 190 05E 0048 LAMD CNTR LOAD DISPLAY RAM POINTER INTO Y REG 
00097 008 004A LYA 
00098 090 004B LAM READ SEGMENT DATA 
00099 200 004C LBI $0 
00100 IB2 0040 P $2 
00101 194 006 004E LMAD SRL STORE SEGMENT DATA IN RAM 
00102 048 0050 LAB 
00103 194 007 0051 LMAD SRU 
00104 148 0053 STS SCI START 
00105 2FB 0054 XMRA $B RESTORE REGISTERS 
00106 OC8 0055 LBA 
00107 2FC 0056 XMRA $C 
00lD8 008 0057 LYA 
00109 2FE 0058 XMRA $E 
00110 OE8 0059 LXA 
00111 001 o05A XSPX 
00112 2FD 005B XMRA $D 
00113 OE8 005C LXA 
00114 2FF 0050 XMRA $F 
00115 011 005E RTNI 
00116 ******************************************************** 
00117 * * 00118 * NAME : H61INT (START SCI) * 00119 * * 00120 ******************************************************** 
00121 lA9 05E 005F H61INT LMID $9.CNTR INITIALIZE COUNTER 
00122 235 0061 LAI $5 CL1=1.M=0.COMMON=1 
00123 207 0062 LRA $7 
00124 232 0063 LAI S2 CL1=0.M=1.COMMON=0 
00125 207 0064 LRA $7 
00126 184 053 0065 SEMD MFLG SET MFLAG 
00127 190 049 0067 LAMD $049 LOAD SEGMENT DATA 
00128 200 0069 LBI $0 
00129 182 006A P $2 
00130 194 006 006B LMAD SRL STORE SEGMENT DATA IN RAM 
00131 048 0060 LAB 
00132 194 007 006E LMAD SRU 
00133 148 0070 STS SCI START 
00134 010 0071 RTN 
00135 ******************************************************** 
00136 * * 00137 * DATA TABLE * 00138 * 00139 ******************************************************** 
00140 * 00141 ORG $100 
00142 * RAM DATA 
00143 100 0100 DC $100 
00144 101 0101 DC $101 
00145 102 0102 DC $102 
00146 103 0103 DC $103 
00147 104 0104 DC $104 
00148 105 0105 DC $105 
00149 106 0106 OC S106 
00150 107 0107 DC S107 
00151 108 0108 DC $108 
00152 109 0109 DC $109 
00153 * 00154 ORG S200 
00155 * SEGMENT DATA 
00156 177 0200 DC $177 0 
00157 141 0201 DC $141 1 
00158 1B3 0202 DC $lB3 2 
00159 lE3 0203 DC SlE3 3 
00160 1C5 0204 OC SlC5 4 
00161 1E6 0205 DC $lE6 5 
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00162 1F6 
00163 143 
00164 lF7 
00165 lE7 
00166 
00167 
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0206 
0207 
0208 
0209 

* 

DC 
DC 
DC 
DC 

END 

$lF6 
$143 
$lF7 
SlE7 

6 
7 
8 
9 



SECTION 13. HD61830 (LM200) GRAPHIC MODE 

13.1 HARDWARE DESCRIPTION 

13.1.1 Function 

Initializes graphic mode and displays dot graphics on the LM200 

liquid crystal module. 

13.1.2 Microcomputer Operation 

The HMCS404C transfers display data to the dot matrix liquid crystal 

graphic display controller LSI HD61830 (LCTC) from port R onto the 

LCTC data bus (DBO - DB7), and transmits control signals E, R/W, and 

RS through port D. Port D and port R are controlled by software. 

13.1.3 Peripheral Devices 

HD61830 LCTC: Receives control signals and display data from the 

HMCS404C and in turn controls the HM6116 Display RAM and LM200. 

LM200 Liquid Crystal Module: Receives graphic display data and 

control signals from the HD61830 LCTC. A resolution of 64 x 240 

pixels is provided in LM200 graphic mode. In this application, the 

graphic figure shown in Fig. 13.5 is displayed. 
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13.1.4 Circuit Diagram 

LCTC control circuit is shown in Fig. 13.1. 

lookfl 

+5V 

152076 

1"ID74HC14 

+5v 

+5V 

MCU 
HMCS404C 

(~~g~: ~: g) 
50 TEST 

32 vee 

D, 
D, 

49 RESET D. 
R, 
Rll 
R, 
R, 

R" 

R 

53 GND 

HV LCTC 
HD618.0 

56 
55 
50 
10 

• MAo 
1. MA, 

MA, 

15 MA, 
MA. 
MA, 
MA., 
MAo 

89kll 
MA. 
MA. 

15pF 
MAIo 
MD. 

1. WE MD, 
MD, 
MD, 
MD, 
MD, 
MD, 
MD, 

Liquid crystal module 
LM'OO 

D, VnJ> ' Dl,c=J'io L, 
M V .. 

FLM V .. 

Fig. 13.1. LCTC Control Circuit 
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13.1.5 Pin Functions 

Pin functions at the interface between the HMCS404C and LCTC are 

shown in Table 13.1. 

Table 13.1. Pin Functions 

Pin Name 
(HMCS404C) 

D2 

Dl 

DO 

Active Level 
Input/Output (High or Low) Function 

Output High Enables signal 

Output High Reads data 

Low writes data 

Output High Selects instruction 
register 

Pin Name 
(LCTC) 

E 

R/W 

RS 

Low Selects data register 

RlO Input/Output Data lines DBO 

Rll Input/Output 

R12 Input/Output 

R13 Input/Output DB3 

R20 Input/Output DB4 

R21 Input/Output DBS 

R22 Input/Output 

R23 Input/Output DB? 
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13.1.6 Hardware Operation 

The timing chart for interfacing between the HMCS404C and each signal 

is shown in Fig. 13.2. Q) and @ in Fig. 13.2. show timing for read 

and write. 

Q) Data from LCTC can be read during Q) period. 

@ Data can be written to LCTC at the falling edge of signal E. 

LCTC pin name 

RS. R/W 

E 

DBO - DB7 
(HMCS404C"" LCTC) _____________ ...J 

DBO - DB7 
(HMCS404C + LCTC) 

.254 'H'ITAOHI 

______________________ --J 

Fig. 13.2. HMCS404C LCTC Interface 



13.2 SOFTWARE DESCRIPTION 

13.2.1 Program Module Configuration 

The program module configuration for graphic display on the liquid 

crystal module is shown in Fig. 13.3. 

L2HMN 

Main ~ 
Ptograp! 

L 2 HI NT I L2HMVE L2HWT I 
Ini tialize ~ Move L:.. Write ~ 
LCTC Cursor Data 

Fig. 13.3. Program Module Configuration 

13.2.2 Program Module Functions 

Program module functions are summerized in Table 13.2. 

Table 13.2. Prugram Module Functions 

No. Program Module Name Label Function 

0 Main Program L2HMN Demonstrates graphic display on LM200 

1 Initialize LCTC L2HINT Initializes LCTC for graphic mode 

2 Move Cursor L2HMVE Initializes LCTC cursor address 

3 write Data L2HWT Writes instructions and data to the LCTC 
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13.2.3 Program Module Process Flow (Main Program) 

256 HITAOtil 

The following flowchart (Fig. 13.4) demonstrates the process for 

displaying graphics on the LM200 liquid crystal display, using the 

modules described above. Fig. 13.5 shows this applications display. 

Main program 

~--"'T""---'-----[ Initialize W register 

[
Execute L2HINT to initialize LCTC 

LL __ -.-__ ..IJ ----- for graphic mode 

LL.. __ -,-__ ..u -----[ Execute L2HCLR to clear display RAM 

[
Clear Y register used to count the 

----- number of columns of display data 
~---,-~--' written to the LM200 

.--_.1---.., ----{ Olm pointo< 0' di.play ""C<> 

[

Clear RAM counter used to indicate 
----- the number of rows of display data 

.--_.1-_-.., written to the LM200 

Store entry argument for L2HMVE 
to initialize LCTC cursor address to 
$0084 

LL __ -.-__ ..LJ ----- [ Initialize LCTC cursor address 

r----l...---.-----[ ~:; instruction for display data 
into entry argument of 

Fig. 13.4. Program Module Sample Application 



Yi=5 

~-----[ 

Store display data in entry argument 
of L2HWT 

Write display data to the LCTC through 
the I/O port 

Increment pointer to display data 

[
Increment the counter indicating the 

------ number of columns of display data 
written 

-----[ Test if display data has been written 
for 5 consecutive rows 

L-__ -.-__ ..J----- [ Clear Y register 

Fig. 13.4. Program Module Sample Application (Cont.) 
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Add 30 to cursor address to move to 
next row 

Increment RAM counter indicating how 
many rows of display data written 

if 50 rows of display data have 
written 

Fig. 13.4. Program Module Sample Application (Cont.) 



Fig. 13.5. Result of Program Module Execution 
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13.3 PROGRAM MODULE DESCRIPTION 

Program Module Name: Initialize LCTC MCU: HMCS402C/ 
HMCS404C/HMCS408C 

Label: L2HINT 

Function: Initializes LCTC for graphic mode. 

Arguments: None 

Description: 

1. Function Details 

Changes in CPU 

Registers and FlaSls: 

A B 

x x 

X Y 

• • 
SPX SPY 

• • 
W 

• 
CA ST 
x x 

• Not Affected 
x : Undefined 

Result 

(1) Program module L2HINT has no arguments. 

Specifications: 

1 word = 10 bits 

ROM (Words) : 31 

RAM (Digits) : 2 

Stack (Digits) : 0 

No • of cycles: 1538 

Reentrant: No 

Relocatable: No 

Interrupt OK?: Yes 

(2) After execution of L2HINT, the LCTC enters graphic mode and the LM200 
display screen is cleared. 

(3) L2HINT uses the subroutines shown in Table 13.3. 

Table 13.3. Subroutines Used by L2HINT 

Subroutine Name Label Name Function 

Check Busy Flag L2HBSY Checks LCTC busy flag 

Specifications Notes: 

The number of cycles indicated is the minimum number of cycles required by 
subroutine L2HBSY. 
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Program Module Name: Initialize LCTC MCU: HMCS402C/ Label: --- L2HINT 
HMCS404C/HMCS408C 

Description: 

2. User Notes 

As this routine uses the P instruction (Pattern Generation Instruction), 
pay close attention to the data reference addresses of the data table. 

3. RAM Allocation 

FIE:DICIBIAI9:81716151413:2:110 

: : : : : ; I : I I : I : : I 

--:--:--t--~-:--:---:--:---:-~- -:- -t- -t--
--IL __ ~ __ ~--~--~---~----:--t--~--~--~--i--'l.--

I I I : I I I I I I i I I I I 
--t--f---l--l--t--t-- --:-- + --t---j--:--+ - -~ --,--t--

o 2 

o 3 

04 

o 5 I I I I I I I I I I I I I I I 

--~-~--~--~--~--~--t--+--~--~--:--~--i--t--t-­
~~L-~ __ J-__ L-~ __ ~ __ ~I --~'--ll---I~_~l'==l~~~:~~~l'==JL~Jl-----

Fig. 13.6. RAM Allocation 

Label RAM Description 

b3 bO 

INTA - Holds lower digit of source address 

MD($03A) 

b3 bO 

INTB III Holds upper digit of source address 

MD($03B) 

4. Sample Application 

II CALL L2HINT II ... '" Call L2HINT 
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Program Module Name: Initialize LCTC MCU: HMCS402C/ Label: L2HINT ---HMCS404C/HMCS408C 

Description: 

5. Basic Operation 

(1) The instruction and data elements shown in Table 13.4 must be loaded into 
the instruction and data registers in corresponding pains to initialize 
LCTC. Program module L2HINT loads data shown in Table 13.4. 

(2) RS signal is used to switch between the two registers; 
High: Instruction register, Low: Data register 

Table 13.4. Data to be stored in LCTC 

Instruction Data Function 

$00 $32 Selects Display ON, Master mode and Graphic mode 

$01 $07 Selects 8 bits of horizontal dots per character in 
display 

$02 $lD Selects 30 bytes of horizontal bytes in the graphic 
mode 

$03 $lF Selects 1/32 duty in multiplex display 

$08 $00 Selects display starting address to $0000 

$09 $00 

$OA $00 Selects cursor address to $0000 

$OB $00 

(3) RS, R/W, and E signals are controlled by port DO' port Dl and port D2' 

(4) Initialization data shown in Table 13.4 is previously stored in the 
data table in ROM. 
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Program Module Name: Initialize LCTC MCV: HMCS402C/ Label: L2HINT 

Flowchart: 

HMCS404C/HMCS408C 

-----l~tore address in RAM for the Pattern 

r------L----~ ~nstruct~on 

~~==:;:r_--J 

LL __ ,..-__ .I..J - - - - - [Check LCTC busy flag 

[

Load from RAM the data table address 
-- --- for instructions or data into 

r-----~----~ Accumulator and B register 

L-____ -,-_____ -----[ Set RS signal high 

L-__ ,..-___ ----- [set R/W signal low 

L __ ,..-__ ....J -----[ Set E signal high 

_____ [output instruction through ports Rl 
L------r------J and R2 by the Pattern instruction 

L ____ -.-____ -1-----[set E signal low 

L ____ .,-____ .....J-- --- [Increment data table pointer 

L-____ -,-____ ---l-----[ Set RS signal low 

L-__ -.-__ ....J-----[ Set E signal high 

_____ [output data through ports Rl and R2 
L-____ -.-____ ---l by the pattern instruction 
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Program Module Name: Initialize LCTC MCU: HMCS402C/ Label: L2HINT 
HMCS404C/HMCS408C 

Flowchart: 

'----T"""--.... - - - - - [ Set E signal low 

point 

if initialization complete 
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Program Module Name: Move Cursor MCU: HMCS402C/ 
HMCS404C/HMCS408C 

Label: L2HMVE 

Function: Loads cursor address value stored in DTADDR(RAM) into LCTC cursor 
address counter. 

Ar'2:uments: 1 digit = 4 bits Changes in CPU Specifications: 

Storage No. of Reg:isters and Flags: 1 word = 10 bits 
Contents Location Digits 

(Words) : 29 A B ROM 

Entry Cursor DTADDR 4 x RAM (Digits) : 8 • address (RAM) 
Stack (Digits) : 4 X Y 

• • No. of cycles: 254 

Re-
turns 

Description: 

1. Function Details 

(1) Argument details 

SPX SPY 

• • 
W 

• 

CA ST 
x x 

• Not Affected 
x : Undefined 

Result 

Reentrant: No 

Relocatable: No 

Interrupt OK?: Yes 

DTADDR(RAM): Holds cursor address value to be loaded into cursor address 
counter as 4-digits hexadecimal number. 

(2) Program module L2HMVE loads cursor address value into cursor address 
counter to change cursor address on display. 

(3) Program module L2HMVE calls other program modules and subroutines shown 
in Table 13.5. 

Specifications Notes: 

"No. of cycles" in "Specifications" represents the number of cycles needed 
when subroutine L2HBSY is executed by the minimum cycles. 

I 
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Program Module Name: Move Cursor MCU: HMCS402C/ IL-,' L2HMVE 
HMCS404C/HMCS408C 

Description: 

Table 13.5. Program Modules and Subroutines Called in,L2HMVE 

Program Module/ 
Subroutine Name 

Write Data 
to LCTC 
Check Busy 
Flag 

2. User Notes 

Label 

L2HWT 

L2HBSY 

Function 

Writes data to LCTC through I/O port of the 
HMCS404C 
Checks LCTC busy flag 

The RAM area for storing the 4-digits hexadecimal of the cursor address 
must be allocated. 

3. RAM Allocation 

FIE:DrC:BrA:91817:6i5r4:3:2:1:0 

: : : : : I : : I I : I : : I --:--E::::t3--:--t--;-~~ J~-
__ L __ ~_...J _____ .J__ _ ~ 

1 I : I : : : : 1 : 1 I : : : 

--t--~--~--4--t--~-~--+--t--~-1--+--~--~-i--

o 2 

o 3 

o 4 

I I I I I I I I J I I I I I I 

--~-~--~--~--~--~--t--+--~--~--:--~--i--t--~-­
~~6~l-~--~~--~--~-LI--~' __ lr __ J:-=11~J~~-=~I~' ~~l'~l~~~l'---

o 5 

Label 

DTADDR: DTADDR+l: 
DTADDR+2 :DTADDR+3 

INSTRL: INSTRU 

DATARU:DATARL 
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RAM Description 

b15 bO 

~ 
MD($035, $034, $033, $03.) 

b7 bO 

MD($037, $036) 

b7 bO 

MD($03D, $03C) 

Holds cursor address to be 
stored in the cursor address 
counter; consists of 4 hexa­
decimal digits 

Holds value to initialize the 
LCTC instruction register 

Holds value to initialize the 
LCTC data register 



Program Module Name: Move Cursor MCU: HMCS402C/ ILa~l' L2HMVE 

Description: 

4. Sample Application 

DTADDR EQU 

LMID 

LMID 

LMID 

LMID 

II CA L L 

5. Basic Operation 

$ 0 8 2 

HMCS404C/HMCS408C 

'" Allocate RAM area for storing 
the 4-digit cursor address in 
the user program 

$ o. 

$ o. 
$ 8. 

$ 4. 

DT ADD R+ 1 Load the cursor address stored 
DTADDR } 

... in the user program into entry 
DTADDR+2 arguments 

DTADDR+3 

L 2 HMV E II ... Call L2HMVE 

(1) To effect display at any location on LM200, the cursor address must be 
written before writing display data. 

(2) The cursor address consists of four digits. Program module L2HWT is 
used to first set the lower digit and then the upper digit. 
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Program Module Name: Move Cursor 

Flowchart: 
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~-----[ 
~-----r 
~-----[ 

~----[ 
,....----L----- ----{ 

~-----[ 

M9}: HMCS402C/ . 
HMCS404C/HMCS408C I~ L2HMVE 

Store instruction for writing cursor 
address to the LCTC (lower digits) 
into L2HWT entry arguments 

Store cursor address (lower digits) 
into L2HWT entry arguments 

Write cursor address (lower digits) 
to the LCTC 

Store instruction for writing cursor 
address to the LCTC (upper digits) 
into L2HwTentry arguments 

Store cursor address (upper digits) 
into L2HWT entry arguments 

write cursor address (upper digits) 
to the LCTC 



Program Module Name: Write Data MCU: HMCS402C/ 
HMCS404C/HMCS40SC 

Label: L2HWT 

Function: Writes data or instructions to the LCTC through an HMCS404C I/O port 
under the control of signals RS, R/W and E. 

Ar9:uments: 1 digit = 4 bits Changes in CPU Speci fica tions: 

Storage No. of 
Contents Location Digits 

Registers and Flags: 1 word = 10 bits 

A B ROM (Words) : 22 
LCTC INSTRU 1 

Entry 
instruc- (RAM) x • RAM (Digits) : 4 

tion INSTRL 1 X Y Stack (Digits) : 4 
(RAM) 

LCTC DATARU 1 No. of cycles: 96 • • 
data (RAM) SPX SPY Reentrant: No 

DATARL 1 
(RAM) • • Relocatable: No 

W Interrupt OK?: Yes 

Re- -- -- -- • turns 

CA ST 

x x 

• Not Affected 
x : Undefined 

Result 

b7 bO 
Description: 

CD Entry i A~m-RL !"""" I 0 : c I 
l. Function Details Arguments DATAHU b7 bO 

: IlATAllL I Il : u I 
( IlAM) 

(1) Argument details I 
INSTRU,INSTRL(RAM): Holds value to 

K~ initialize the LCTC instruction 
register ® Result 

bO b7 

DATARU,DATARL(RAM): Holds value to ---initialize the LCTC data register 
Note: Display position is different 

from the cursor address 

Fig. U.S. Example of L2HWT Execution 

Specifications Notes: The number of cycles indicated is the minimum number of 
cycles required by subroutine L2HBSY. 
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Program Module Name: Write Data 

L..
M_C_U_: __ HM __ C_S_4_0_2C_/ ________ ~ IL..L_a_b_e_l_:_L_2_H_WT ______ ~ HMCS404C/HMCS408C . 

Description: 

(2) Fig. 13.8 shows an example of program module L2HWT execution, in which 
display data $BB is written to the LCTC. 

(3) L2HWT uses the subroutines shown in Table 13.6. 

Table 13.6. Subroutines Used by Module L2HWT 

Subroutine Name Label Name Function 

Check Busy Flag L2HBSY Checks LCTC busy flag 

2. RAM Allocation 

Label 

o 2 

o 3 

o 4 

o 5 

o 6 
b---

FIEIDICIBIA I 9!BI7 ' 61514 ' 31211 ' 0 
I I I I I I I I I I 

I I I t I I I I I I 
I I I I I I I I I I I I I I I 

--~--~---1---:--~--_---i-~---i---t---t---
__ ~ __ ~ __ J __ J __ J___ __~ __ ~ __ ~ __ ~ __ : __ 

: I : I ~ : : : : : : I : : : 

--i--+--~ --i--t--{--~-- +- -t---j--:--t - -~--I---t--
I I I I I I I I I I I I I I I 

--~-~--~--~--~--~--t--+--~--~--:--~--i--t--t--
I I I I 1 i- _~, 1 L 1--

Fig. 13.9. RAM Allocation 

RAM Description 

b7 bO 

Holds value to initialize 
the LCTC instruction register INSTRU: INSTRL(RAM) 

DATARU:DATARL(RAM) 
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MD($037. $036) 

b7 bO 

MD($03D.$03C) 

Holds value to initialize 
the LCTC data register 



Program Module Name: Write Data 

Description: 

3. Sample Application 

WORKIU EQU $ 0 3 7 

WORKIL EQU $ 0 3 6 

WORK 2 U EQU $ 03 D 

WORK 2L EQU $ 03 C 

LAMD WORKIL 

LMAD INSTRL 

LAMD WORKIU 

LMAD IN STRI-' 

LAMD WORK2L 

LMAD DATARL 

LAMD WORK2U 

LMAD DATARU 

L_
M_C_U_: __ HM __ C_S_4_0_2C_/ ________ ~IL_L_a_b_e_1_: __ L2_H_WT ______ ~ HMCS404C/HMCS408C . 

Allocates RAM area in the user 

} 
program to store value to 

...... ini~ialize the instruction 
reg~ster 

} 
Allocates RAM area in the user 

...... program to store value to 
initialize the data register 

f Store value to initialize the 
...... instruction register into 

entry arguments 
) 

} 
Store value to initialize 

...... data register into entry 
arguments 

the 

1/ CALL L2HWT u.... _________ JJil ...... Calls L2HWT 
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Program Module Name: Write Data MCU: HMCS402C/ IL.bel' L2HWT 
HMCS404C/HMCS408C 

Description: 

4. Basic Operation 

(1) When writing data to the LCTC, the microcomputer must store data in 
the LCTC instruction and data registers in corresponding pairs. To 
switch between instruction and data registers, the RS signal is used 
(high for instruction and low for data). 

Fig. 13.10 shows the flowchart for writing data to the LCTC. 

~-r---_I""{ 

1L-_S_e_t_R_S_S_i_g,..n_a_l_l_O_W __ ..... I····{ 
I 

I Write data to data 
register I····{ 

Checks whether the LCTC is in 
operation 

Specify LCTC instruction register 

Perform data write when E signal 
changes from high to low 

Specify LCTC data register 

Perform data write when E signal 
changes from high to low 

Fig. 13.10. Procedure for Writing Data to LCTC 

(2) When the LCTC is in operation, the microcomputer cannot write data to 
it. However, LCTC operation can be distinguished by the LCTC busy flag. 
Thus in this case, program module L2HWT calls subroutine L2HBSY to check 
the busy flag and determine whether the LCTC is in operation. 

Busy flag 1: LCTC is in operation, data cannot be written 

Busy flag 0: Data can be written to the LCTC 
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Program Module Name: Write Data MCU: HMCS402C/ I L.be" L2HWT 

Flowchart: 

HMCS404C/HMCS408C 

U-__ ..--__ u-----[ Check busy flag 

1..-__ ,-__ ....1-----[ Set RS signal high 

I..-__ ..--__ ...J -----[ Set R/W signal low 

1..-__ ..--__ ....1 -----[ Set E signal high 

r----""---,----{ Lo"" d.,. Co inib.'i,e "e d.,. regb'er 

I..-__ ..--__ ...J-----[ Set E signal low 

I..-__ ..--__ ...J-----[ Set RS signal low 

1..-__ ..--__ ....1-----[ Set E signal high 

r-""'"'"-;;:-,~,..--,----_l La"" d.c. '0 iniU.H,. "e d.c. regi"er 

1..-__ ,-__ ...... -----[ Set E signal low 
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13.4 SUBROUTINE DESCRIPTION 

Subroutine Name: MCU: HMCS402C/ Label: L2HBSY 
Check Busy Flag HMCS404C/HMCS408C 

Function: 
Checks whether LCTC is in operation and waits for ready state. 

Basic Operation: 

(1) Since the LCTC cannot be accessed by the microcomputer while it is in 
operation, the LCTC busy flag must be checked. 

(2) The RS, R/W and E signals are controlled by port R2 to read the busy flag. 

Program Module Using This Subroutine: L2HWT, L2HINT, L2HMVE 

Flowchart: 

'--__ ,-__ ...J ----- [ Initialize port R2 as input 

'--__ ,-__ ..J-----[ Set RS signal high 

.--_-:--,:;~~=r--...J -----[ Set R/W signal high 

'--__ ,-__ ..J-----[ Set E signal high 

_____ [ Read value of LCTC busy flag into '--__ ,-__ ..J the Accumulator 

'--__ ,-__ ...J-----[ Set E signal low 

CA=l 
----{ Repea' loop =Hl buoy flag io mo 
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Subroutine Name: Clear Display MCU: HMCS402C/ Label: L2HCLR 
HMCS404C/HMCS408C 

Function: Clears the contents of display RAM in the LM200 and clears 
the liquid crystal display. 

Basic Operation: Initializes cursor address to "$0000", calls L2HWT and 
stores "$00" consecutively up to "$0780" in RAM. 

Program Module Using This Subroutine: L2HINT 

Flowchart: 

[
Store instruction "$AO" in 

----- entry argument for writing 
~----~----~ byte of cursor address 

_____ [ Store lower byte of cursor 
~ __ ~~~~~ in L2HWT entry argument 

L2HWT 
lower 

address 

_____ [ Write lower byte of cursor address to 
u-----r------l.I the LCTC 

L2HWT 
upper 

of cursor address to 

minuend "$780" for using in SUB 

_____ [ Store subtrahend "$001" for using in 
.-__ ~==~~ __ ~ SUB 

HMIN:MMIN 
:1HIr#$ooo 

_____ [store the data for transfering to the 
~ ____ ~ ____ ~ LCTC instruction register 

_____ [ write the display data and clears the 
u-____ ~----u display RAM 

u-___ r-_---l.I- - - - - [ Call SUB 

the contents of display 
to $780 
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Subroutine Name: SUB 

Subtract 12 Bits Binary Data 

MCU: HMCS402C/ I~ 
HMCS404C/HMCS408C . 

Function: Performs subtraction of 12 bits binary data in RAM, and stores 
result in RAM. 

Basic Operation: When substraction is performed with 2 or more digits, the same 
operation sequence is repreated for each digit. Subtraction 
result is stored in RAM for minuend. 

Program Module Using This Subroutine: None 

Flowchart: 
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SUB 

SUB I 
1'-__ l_ .... ....,..C_A_--JI----- [ Set CA for borrow process 

I 
I LSUB-+A I [ 

I ----- Subtract lower digits 'and 
subtraction result in RAM lLMIN-A-CAI 

-+LMIN 

store 
for minuend 

I 
l M S U B-+ A I l Subtract midd1ey digits considering 

I ----- CA (borrow) and store subtraction 

I
MMIN-A-CA I result in RAM for minuend 

-+MMIN 

I 
I H S U B-+A I r Subtract upper digits considering 

I ----- CA (borrow) and store subtraction 

I
HMIN-A-crl result in RAM for minuend 

-+HMIN I 

I 
( R T N 



13.5 PROGRAM LISTING 

ST-NO OBJECT ADRS SOURCE STATEMENTS 

00001 100 0000 LLEN 132 
00002 TITLE HD61B30 (LM200) GRAPHIC MODE 
00003 * 00004 **** RAM ALLOCATION ******************************** 
00005 * 00006 COUNTU EQU $030 UPPER DIGIT OF ROW COUNTER 
00007 COUNTL EQU S031 LOWER DIGIT OF ROW COUNTER 
00008 DTADDR EQU S032 CURSOR ADDRESS 
00009 INSTRU EQU S036 UPPER LCTC INSTRUCTION REGISTER DATA 
00010 INSTRL EQU S037 LOWER LCTC INSTRUCTION REGISTER DATA 
00011 DSPCTU EQU S038 UPPER DIGIT OF DISPLAY DATA POINTER 
00012 DSPCTL EQU S039 LOWER DIGIT OF DISPLAY DATA POINTER 
00013 INTA EQU S03A LOWER DIGIT OF SOURCE STARTING ADDR 
00014 INTB EQU S03B UPPER DIGIT OF SOURCE STARTING ADDR 
00015 DATARU EQU S03C UPPER LCTC DATA REGISTER DATA 
00016 DATARL EQU S03D LOWER LCTC DATA REGISTER DATA 
00017 HMIN EQU S03E UPPER DIGIT OF MINUEND 
00018 MMIN EQU S03F MIDDLE MINUEND 
00019 LMIN EQU S040 LOWER DIGIT OF MINUEND 
00020 HSUB EQU S041 UPPER DIGIT OF SUBTRAHEND 
00021 MSua EQU S042 MIDDLE DIGIT OF SUBTRAHEND 
00022 LSU8 EQU S043 LOWER DIGIT OF SUBTRAHEND 
00023 ******************************************************** 
00024 * * 00025 * VECTOR ADDRESSES * 00026 * * 00027 ******************************************************** 
00028 * 00029 ORG SOOOO 
00030 * 00031 150 OlD 0000 JMPL L2HMN RESET 
00032 150 010 0002 JMPL L2HMN INTO 
00033 150 010 0004 JMPL L2HMN INTl 
00034 150 010 0006 JMPL L2HMN TIMER-A 
00035 150 010 OOOB JMPL L2HMN TIMER-B 
00036 000 OOOA NOP 
00037 000 OOOB NOP 
00038 150 010 OOOC JMPL L2HMN SERIAL 
00039 ******************************************************** 
00040 * * 00041 * MAIN PROGRAM : L2HMN * 00042 * * 00043 ******************************************************** 
00044 * 00045 ORG SOO10 
00046 * 00047 OFO 0010 L2HMN LWI SO INITIALIZE W REGISTER 
00048 160 06F 0011 CALL L2HINT INITIALIZE LCTC FOR GRAPHIC MODE 
00049 160 OCl 0013 CALL L2HCLR CLEAR DISPLAY 
00050 210 0015 LYI SO CLEAR COLUMN COUNTER 
00051 lAO 038 0016 LMID SO. DSPCTU CLEAR DISPLAY DATA POINTER 
00052 lAO 039 0018 LMID SO. DSPCTL 
00053 lAO 030 001A LMID SO.COUNTU CLEAR ROW COUNTER 
00054 lAO 031 001C LMID SO.COUNTL 
00055 lAO 032 001E LMID SO.DTADDR STORE CURSOR ADDRESS(UPPER) 
00056 lAO 033 0020 LMID SO.DTADDR+l 
00057 lA8 034 0022 LMID SB.DTADDR+2 STORE CURSOR ADDRESS(LOWER) 
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00058 1A4 035 0024 LMIO $4.DTADDR+3 
00059 160 OA4 0026 L2HMN1 CALL L2HMVE WRITE CURSOR ADDRESS TO LCTC 
00060 lAC 037 0028 LMID $C.INSTRL LOAD INSTRUCTION 
00061 lAO 036 002A LMIO $O.INSTRU 
00062 190 038 002C L2HMN2 LAMD DSPCTU LOAD DISPLAY DATA 
00063 OC8 002E L8A 
00064 190 039 002F LAMD DSPCTL 
00065 182 0031 P $2 PATTERN 
00066 194 030 0032 LMAD DATARL 
00067 048 0034 LA8 
00068 194 03C 0035 LMAD DATARU 
00069 160 08E 0037 CALL L2HWT WRITE DISPLAY DATA TO LCTC 
00070 OEC 0039 REC INCREMENT POINTER 
00071 231 003A LAI $1 
00072 118 039 0038 AMCD DSPCTL 
00073 194 039 0030 LMAD DSPCTL 
00074 230 003F LAI $0 
00075 118 038 0040 AM CO DSPCTU 
00076 194 038 OO~2 LMAD DSPCTU 
00077 05C 0044 IY INCREMENT COLUMN COUNTER 
00078 075 0045 YNEI S5 TEST IF COLUMN COUNTER c5 
00079 32C 0046 BR L2HMN2 
00080 210 0047 LYI SO CLEAR COLUMN COUNTER 
00081 OEC 0048 REC ADD CURSOR ADDRESS TO 30 
00082 23E 0049 LAI SE 
00083 118 035 004A AMCD DTADDR+3 
00084 194 035 004C LMAD DTADDR+3 
00085 231 004E LAI Sl 
00086 118 034 004F AMCD DTADDR+2 
00087 194 034 0051 LMAD DTADDR+2 
00088 230 0053 LAI SO 
00089 118 033 0054 AMCD DTADDR+1 
00090 194 033 0056 LMAD DTADDR+1 
00091 230 0058 LAI SO 
00092 118 032 0059 AMCD DTADDR 
00093 194 032 0058 LMAD DTADDR 
00094 OEC 0050 REC INCREMENT ROW COUNTER 
00095 231 005E LAI Sl 
00096 118 031 005F AMCD COUNTL 
00097 194 031 0061 LMAD COUNTL 
00098 230 0063 LAI SO 
00099 118 030 0064 AMCD COUNTU 
00100 194 030 0066 LMAD COUNTU 
00101 123 030 0068 INEMD S3.COUNTU TEST IF ROW COUNTER -50 
00102 326 006A 8R L2HMN1 
00103 122 031 0068 INEMD S2.COUNTL 
00104 326 0060 8R L2HMN1 LOOP UNTIL DISPLAY END 
00105 36E 006E PEND 8R PEND END OF PROGRAM 
00106 ******************************************************** 
00107 * * 00108 * NAME : L2HINT (INITIALIZE LCTC) * 00109 * * 00110 ******************************************************** 
00111 * * 00112 * ENTRY NOTHING * 00113 * RETURNS : NOTHING * 00114 * * 
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00115 ******************************************************** 
00116 lAO 03A 006F L2HINT LMID $O.INTA STORE LOWER DIGIT OF SOURCE ADDRESS 
00117 1A5 038 0071 LMID $5.INTB STORE UPPER DIGIT OF SOURCE ADDRESS 
00118 160 OE8 0073 L2HITl CALL L2H8SY CHECK LCTC 8USY FLAG 
00119 190 038 0075 LAMD INT8 
00120 OC8 0077 L8A 
00121 190 03A 0078 LAMD INTA 
00122 2EO 007A SEDD 0 RS=l 
00123 261 0078 REDO 1 R/W=O 
00124 2E2 007C SEDD 2 E=l 
00125 000 0070 NOP 
00126 18'1 007E P OUTPUT INSTRUCTION 8Y PATTERN INSTR 
00127 000 007F NOP 
00128 262 0080 REDO 2 E=O 
00129 281 0081 AI $1 INCREMENT ADDRESS 
00130 260 0082 REDO 0 RS=O 
00131 2E2 0083 SEDD 2 E=l 
00132 000 0084 NOP 
00133 181 0085 P OUTPUT DATA 8Y PATTERN INSTRUCTION 
00134 000 0086 NOP 
00135 262 0087 REDO 2 E=O 
00136 281 0088 AI $1 INCREMENT ADDRESS 
00137 194 03A 0089 LMAD INTA 
00138 380 008B 8RS L2HIT2 BRANCH IF INTA=F 
00139 373 008C 8RS L2HITl BRANCH IF INTA/=F 
00140 010 0080 L2HIT2 RTN 
00141 ******************************************************** 
00142 * * 00143 * NAME : L2HWT (WRITE DATA TO LCTC) * 00144 * * 00145 ******************************************************** 
00146 * * 00147 * ENTRY : INSTRU (UPPER HALF OF INSTR TO LCTC) * 00148 * INSTRL (LOWER HALF OF INSTR TO LCTC) * 00149 * DATARU (UPPER DATA TO LCTC) * 00150 * DATARL (LOWER DATA TO LCTC) * 00151 * RETURNS : NOTHING * 00152 * * 00153 ******************************************************** 
00154 160 OE8 008E L2HWT CALL L2H8SY CHECK LCTC 8USY FLAG 
00155 2EO 0090 SEDD 0 RS=l 
00156 261 0091 REDO 1 R/W=O 
00157 2E2 0092 SEDD 2 E=l 
00158 190 037 0093 LAMD INSTRL 
00159 201 0095 LRA 1 STORE DATA WRITTEN TO INSTRUCTION REG 
00160 190 036 0096 LAMD INSTRU 
00161 202 0098 LRA 2 
00162 262 0099 REDO 2 E=O 
00163 260 009A REDO 0 RS=O 
00164 2E2 0098 SEDD 2 E=l 
00165 190 030 009C LAMD DATARL 
00166 201 009E LRA 1 STORE DATA WRITTEN TO DATA REG 
00167 190 03C 009F LAMD DATARU 
00168 202 OOAl LRA 2 
00169 262 00A2 REDO 2 E=O 
00170 010 00A3 RTN 
00171 ******************************************************** 
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00172 ,. ,. 
00173 ,. NAME : L2HMVE (SET CURSOR ADDRESS) ,. 
00174 ,. ,. 
00175 ******************************************************** 
00176 ,. ,. 
00177 ,. ENTRY : DTADDR (CURSOR ADDRESS VALUE) ,. 
00178 ,. RETURNS : NOTHING ,. 
00179 ,. ,. 
00180 ******************************************************** 
00181 lAO 036 00A4 L2HMVE LMID SO.INSTRU STORE INSTRUCTION 
00182 1AA 037 00A6 LMID SA.INSTRL 
00183 190 035 00A8 LAMD DTADDR+3 STORE DATA 
00184 194 030 OOAA LMAD DATARL 
00185 190 034 OOAC LAMD DTADDR+2 
00186 194 03C OOAE LMAD DATARU 
00187 160 08E 0080 CALL L2HWT WRITE LOWER CURSOR ADDR TO LCTC 
00188 lAO 036 00B2 LMID $O.INSTRU STORE INSTRUCTION 
00189 lAB 037 00B4 LMID SB.INSTRL 
00190 190 033 00B6 LAMD DTADDR+1 STORE DATA 
00191 194 030 0088 LMAD DATARL 
00192 190 032 OOBA LAMD DTADDR 
00193 194 03C OOBC LMAD DATARU 
00194 160 08E OOBE CALL L2HWT WRITE UPPER CURSOR ADDR TO LCTC 
00195 010 OOCO RTN 
00196 ******************************************************** 
00197 ,. ,. 
00198 ,. NAME : L2HCLR (CLEAR DISPLAY) ,. 
00199 ,. ,. 
00200 ******************************************************** 
00201 1AA 037 00C1 L2HCLR LMID SA.INSTRL STORE INSTRUCTION 
00202 lAO 036 00C3 LMID SO.INSTRU 
00203 lAO 030 00C5 LMID $O.DATARL STORE LOWER CURSOR ADDRESS 
00204 lAO 03C 00C7 LMID SO.DATARU 
00205 160 08E 00C9 CALL L2HWT WRITE LOWER CURSOR AD DR TO LCTC 
00206 lAB 037 00C8 LMID $B.INSTRL STORE INSTRUCTION 
00207 160 08E OOCD CALL L2HWT WRITE UPPER CURSOR ADDR TO LCTC 
00208 1A7 03E OOCF LMID $7.HMIN STORE MINUEND 
00209 1A8 03F 0001 LMID S8.MMIN 
00210 lAO 040 0003 LMID SO.LMIN 
00211 lAO 041 0005 LMID SO.HSU8 STORE SUBTRAHEND 
00212 lAO 042 0007 LMID $0. MSUB 
00213 1A1 043 0009 LMID $1. LSUB 
00214 lAC 037 OODB L2HCR1 LMID SC.INSTRL STORE DATA 
00215 160 08E 0000 CALL L2HWT WRITE DISPLAY DATA(SOO) TO RAM 
00216 160 OF6 OODF CALL SUB 
00217 120 03E 00E1 INEMD SO.HMIN TEST IF DISPLAY RAM IS CLEARED 
00211;1 3DB 00E3 BRS L2HCRI 
00219 120 03F 00E4 INEMD $O.MMIN 
00220 3DB 00E6 BRS L2HCR1 
00221 120 040 00E7 INEMD SO.LMIN 
00222 3DB 00E9 BRS L2HCR1 
00223 010 OOEA RTN 
00224 ******************************************************** 
00225 ,. 

* 00226 * NAME : L2HBSY (CHECK BUSY FLAG) ,. 
00227 * 

,. 
0022B ******************************************************** 
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00229 230 OOEB L2HBSY LAI $0 
00230 202 OOEC LRA 2 SELECT R2 AS INPUT 
00231 2EO ODED SEDD 0 RS=l 
00232 2E1 OOEE SEDD 1 R/W=l 
00233 2E2 OOEF L2HBYl SEDD 2 E=l 
00234 252 OOFO LAR 2 READ LCTC BUSY FLAG 
00235 262 00F1 REDD 2 E=O 
00236 OA1 00F2 ROTL 
00237 06F 00F3 TC 
00238 3EF 00F4 BRS L2HBYl LOOP UNTIL BUSY FLAG=l 
00239 010 00F5 RTN 
00240 ******************************************************** 
00241 * * 00242 * NAME : SUB (SUBTRACT 12-BIT 8INARY DATA) * 00243 * * 00244 ******************************************************** 
00245 OEF 00F6 SUB SEC SET CARRY 
00246 190 043 00F7 LAMD LSUB 
00247 198 040 00F9 SMCD LMIN SU8TRACT LOWER DIGITS 
00248 194 040 OOFB LMAD LMIN LMIN-LSUB-)LMIN 
00249 190 042 OOFD LAMD MSUB 
00250 198 03F OOFF SMCO MMIN SUBTRACT MIDDLE DIGITS 
00251 194 03F 0101 LMAD MMIN MMIN-MSUB-)MMIN 
00252 190 041 0103 LAMD HSUB 
00253 198 03E 0105 SMCD HMIN SUBTRACT UPPER DIGITS 
00254 194 03E 0107 LMAD HMIN HMIN-HSUB-)HMIN 
00255 010 0109 RTN 
00256 ******************************************************** 
00257 * 00258 DATA TABLE (DATA TO INITIALIZE LCTC) * 00259 * * 00260 ******************************************************** 
00261 * 00262 DRG $0150 
00263 * 00264 200 0150 DC $200 
00265 232 0151 DC $232 
00266 201 0152 DC $201 
00267 207 0153 DC $207 
00268 202 0154 DC $202 
00269 210 0155 DC $210 
00270 203 0156 DC $203 
00271 21F 0157 DC $21F 
00272 208 0158 DC $208 
00273 200 0159 DC $200 
00274 209 015A DC $209 
00275 200 0158 DC $200 
00276 20A 015C DC $20A 
00277 200 0150 DC $200 
00278 20B 015E DC $20B 
00279 200 015F DC $200 
002BO ******************************************************** 
00281 * * 00282 * DATA TA8LE (DISPLAY DATA) * 00283 * * 00284 ******************************************************** 
00285 * 
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00286 ORG $0200 
00287 * 00288 100 0200 DC S100 
00289 100 0201 DC S100 
00290 180 0202 DC S180 
00291 10F 0203 DC S10F 
00292 100 0204 DC S100 
00293 lCO 0205 OC SlCO 
00294 100 0206 DC S100 
00295 lCO 0207 DC SlCO 
00296 llF 0208 DC $llF 
00297 100 0209 DC $100 
00298 lEO 020A DC $lEO 
00299 101 0208 DC $101 
00300 lCO 020C DC SlCO 
00301 llF 020D DC Sl1F 
00302 100 020E DC S100 
00303 IF8 020F DC SlF8 
00304 103 0210 DC $103 
00305 lE7 0211 DC SlE7 
00306 13F 0212 DC S13F 
00307 100 0213 DC S100 
00308 1F8 0214 DC SlF8 
00309 1C7 0215 DC SlC7 
00310 IF8 0216 DC SlF8 
00311 13F 0217 DC S13F 
00312 100 0218 DC S100 
00313 IFC 0219 DC SlFC 
00314 137 021A DC S137 
00315 1CO 0218 DC SlCO 
00316 17F 021C DC S17F 
00317 100 021D DC S100 
00318 1FE 021E DC SlFE 
00319 10F 021F DC SlOF 
00320 180 0220 DC S180 
00321 17F 0221 DC S17F 
00322 100 0222 DC S100 
00323 1FE 0223 DC SlFE 
00324 107 0224 DC S107 
00325 180 0225 DC S180 
00326 13F 0226 DC $13F 
00327 100 0227 DC S100 
00328 IFE 0228 DC SlFE 
00329 103 0229 DC S103 
00330 lC3 022A DC SlC3 
00331 13F 0228 DC S13F 
00332 100 022C DC S100 
00333 IFF 0220 DC SlFF 
00334 183 022E DC $183 
00335 1E7 022F DC SlE7 
00336 13F 0230 DC S13F 
00337 100 0231 DC S100 
00338 IFF 0232 DC SlFF 
00339 1C1 0233 DC SlC1 
00340 12C 0234 DC S12C 
00341 llC 0235 DC SllC 
00342 100 0236 DC S100 
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00343 IFE 0237 DC SlFE 
00344 lEO 0238 DC SlEO 
00345 168 0239 DC S168 
00346 120 D23A DC S12D 
00347 100 0238 DC S100 
00348 17E 023C DC S17E 
00349 170 0230 DC S170 
00350 lCE D23E DC SlCE 
00351 14C 023F DC S14C 
00352 100 0240 DC S100 
00353 13E 0241 DC S13E 
00354 IFO 0242 DC SlFO 
00355 lCC 0243 DC SlCC 
00356 18E 0244 DC S18E 
00357 100 0245 DC $100 
00358 110 0246 DC S110 
00359 1FO 0247 DC SlFO 
00360 10F 0248 DC SlOF 
00361 10F 0249 DC SlOF 
00362 101 024A DC S101 
00363 110 0248 DC S110 
00364 lEO 024C DC SlEO 
00365 187 0240 DC S187 
00366 113 024E DC S113 
00367 101 024F DC SlDl 
00368 110 0250 DC S110 
00369 lEO 0251 DC SlEO 
00370 183 0252 DC S183 
00371 118 0253 DC S118 
00372 102 0254 DC S102 
00373 108 0255 DC S108 
00374 180 0256 DC S180 
D037? 101 0257 DC S101 
00376 10F 0258 DC S10F 
00377 102 0259 DC S102 
00378 108 025A DC S108 
00379 100 0258 DC S100 
00380 100 025C DC S100 
00381 106 0250 DC S106 
00382 102 025E DC S102 
00383 108 025F DC S108 
00384 100 0260 DC S100 
00385 100 0261 DC SlOO 
00386 100 0262 DC S100 
00387 102 0263 DC S102 
00388 108 0264 DC S108 
00389 100 0265 DC SlOO 
00390 100 0266 DC S100 
00391 100 0267 DC S100 
00392 101 0268 DC S101 
00393 110 0269 DC S110 
00394 100 026A DC S100 
00395 100 0268 DC S100 
00396 100 026C DC SlOO 
00397 101 0260 DC SlOl 
00398 110 026E DC S110 
00399 100 026F DC SlOO 
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00400 140 0270 OC $140 
00401 108 0271 DC $108 
00402 101 0272 DC $101 
00403 120 0273 DC $120 
00404 180 0274 DC $180 
00405 lAO 0275 DC $lAO 
00406 184 0276 DC $184 
00407 100 0277 DC $100 
00408 120 0278 DC $120 
00409 100 0279 DC $100 
00410 113 027A DC $113 
00411 1C3 0278 DC $lC3 
00412 101 027C DC $101 
00413 140 027D DC $140 
00414 100 027E DC $100 
00415 10C 027F DC $10C 
00416 1CO 0280 DC $lCO 
00417 101 0281 DC $101 
00418 180 0282 DC $180 
00419 101 0283 DC $10i 
00420 100 0284 DC $100 
00421 1F8 0285 DC $lF8 
00422 103 0286 DC $103 
00423 100 0287 DC $100 
00424 106 0288 DC $106 
00425 1CO 0289 DC $lCO 
00426 1F7 028A DC $lF7 
00427 107 0288 DC $107 
00428 100 028C DC $100 
00429 102 028D DC $102 
00430 13C 028E DC $13C 
00431 lEO 028F DC $lEO 
00432 107 0290 DC $107 
00433 100 0291 DC $100 
00434 101 0292 DC $101 
00435 140 0293 DC $140 
00436 1F8 0294 DC $lF8 
00437 101 0295 DC $101 
00438 100 0296 DC $100 
00439 103 0297 DC $103 
00440 180 0298 DC $180 
00441 1FF 0299 DC $lFF 
00442 103 029A DC $103 
00443 180 0298 DC $180 
00444 107 029C DC $107 
00445 100 0290 DC $100 
00446 1FF 029E DC $lFF 
00447 103 029F DC $103 
00448 180 02AO DC $180 
00449 10F 02A1 DC $10F 
00450 100 02A2 DC $100 
00451 19F 02A3 DC $19F 
00452 103 02A4 DC $103 
00453 1CO 02A5 DC $lCO 
00454 10F 02A6 DC $10F 
00455 100 02A7 DC $100 
00456 10E 02A8 DC $10E 
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00457 100 02A9 DC S100 
00458 1CO 02AA DC SlCO 
00459 10F 02A8 DC S10F 
00460 100 02AC DC S100 
00461 102 02AD DC S102 
00462 100 02AE DC S100 
00463 1CO 02AF DC SlCO 
00464 llF 0280 DC SllF 
00465 100 0281 DC S100 
00466 102 0282 DC S102 
00467 100 0283 DC S100 
00468 lEO 0264 DC SlEO 
00469 11F 0265 DC SllF 
00470 100 0286 DC S100 
00471 103 0287 DC S103 
00472 100 0268 DC SlOO 
00473 lEO 0269 DC SlEO 
00474 10F 026A DC S10F 
00475 1C6 0266 DC SlC6 
00476 107 026C DC S107 
00477 100 0260 DC S100 
00476 lEO 026E DC SlEO 
00479 10F 026F DC SlOF 
00480 1DF 02CO DC SlDF 
00481 liE 02C1 DC SllE 
00482 100 02C2 DC S100 
00483 lEO 02C3 DC SlEO 
00484 1AF 02C4 DC SlAF 
00485 1FA 02C5 DC SlFA 
00486 llA 02C6 DC SllA 
00487 100 02C7 DC S100 
00488 lEO 02C8 DC SlEO 
00489 lEF 02C9 DC SlEF 
00490 1FA 02CA DC SlFA 
00491 llA 02C6 DC SllA 
00492 100 02CC DC S100 
00493 100 02CD DC SlDO 
00494 177 02CE DC Sl77 
00495 1F6 02CF DC SlF6 
00496 llA 0200 DC SllA 
00497 100 0201 DC S100 
00498 lA8 0202 DC SlAB 
00499 176 0203 DC S176 
00500 1F6 0204 DC SlFB 
00501 13F 0205 DC S13F 
00502 100 0206 DC S100 
00503 164 0207 DC S164 
00504 1FD 02DB DC SlFD 
00505 1FF 0209 DC SlFF 
00506 13F 02DA DC S13F 
00507 100 0206 DC S100 
00508 1C2 02DC DC SlC2 
00509 1FE 0200 DC SlFE 
00510 1FF 02DE DC SlFF 
00511 13F 02DF DC S13F 
00512 100 02EO DC S100 
00513 1C2 02E1 DC SlC2 
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00514 1FF 02E2 OC $lFF 
00515 1FF 02E3 DC $lFF 
00516 llF 02E4 DC $llF 
00517 100 02E5 DC $100 
00518 184 02E6 DC $184 
00519 1FF 02E7 DC $lFF 
00520 1FF 02E8 DC $lFF 
00521 llF 02E9 DC $llF 
00522 100 02EA DC $100 
00523 198 02E8 DC $198 
00524 1FF 02EC DC $lFF 
00525 1FF 02ED DC $lFF 
00526 10F 02EE DC $10F 
00527 100 02EF DC $100 
00528 160 02FO DC $160 
00529 1FF 02F1 DC $lFF 
00530 1FF 02F2 DC $lFF 
00531 10F 02F3 DC $10F 
00532 100 02F4 DC $100 
00533 100 02F5 DC $100 
00534 1FE 02F6 DC $lFE 
00535 1DF 02F7 DC $lDF 
00536 107 02F8 DC $107 
00537 100 02F9 DC $100 
00538 * 00539 END 
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SECTION 14. LIQUID CRYSTAL MODULE (CYCLE MEASUREMENT) 

14.1 HARDWARE DESCRIPTION 

14.1.1 Function 

Controls LCD module H2570 and displays "CMOS MCU HMCS400" on the 

liquid crystal display. 

14.1.2 Microcomputer Operation 

(1) Controls HD44780 (hereafter abbreviated LCD-II) data bus through 

ports R4 and R5. 

(2) Controls LCD-II control signals (Signals RS, R/W and E) 

through port D. 

(3) To control LCD-II data bus and control signals by HMCS404C 

software, there are no restrictions in terms of timing. 

(4) From HMCS404C display data is transmitted to LCD-II in the form 

of ASCII code. Liquid crystal driver HD44100 and the liquid 

crystal display are automatically controlled by LCD-II which is 

in turn controlled by the HMCS404C. 

14.1.3 Peripheral Devices 

(1) LCD controller driver HD44780 (LCD-II): Controls dot matrix 

LCD of LCD module H2570. 

(2) LCD driver HD44100: Drives LCD of LCD module H2570. 

(3) LCD module H2570: Provides a display of 16 characters x 1 row. 
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14.1.4 Circuit Diagram 

+5V 

lOOkn 
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1S2076 

HD74HC14 

+SV 

+SV 

MCV 
HMCS404C 

(n~g:~~g) 
Liquid Crystal Module H2570 

r------- - --- -- - ------1 
SoTEiT' R~~3~3--------~7~1~ 

R" 3345 DBo HD.~'18 0 
I"-'--------...;:...H DB, LCD _ I 

RfoZ 36 DBz: 

32 Vee 
R"F--------=-=--l--j DB, 
R 24 DB. 

R" ~: DB~ 
::2: 27 :: 

Do 
D, 

D, 

.---'+--l RS 
~-'-+--l IVW 

I 
I 

E 

Vee 
Vo 
Vss 

HD40·UOO 

L ___________________ _ 

Fig. 14.1. H2570 Control Circuit 



14.1.S Pin Functions 

Pin functions at the connecting interface of HMCS404C and LCD-II are 

shown in Table 14.1. 

Table 14.1. Pin Functions 

Pin Name 
(HMCS404C) 

DO 

Input/ 
Output 

Active 
level Function 

Input/ Low Selects instruction register 

Pin Name 
(LCD-II) 

RS 
Output ---H-i-gh------S-e-l-e-c-t-s--d-a-t-a--r-e-g-i-s-t-e-r---------

R42 

RSO 

RS2 

Low Data writing 
(Microcomputer .... LCD-II) 

High 

High 

Data reading 
(Microcomputer + LCD-II) 

Enable signal 

Data line 

R/W 

E 

DBO 

DB3 

DB4 

DBS 

DB6 

DB7 
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14.1.6 Hardware Operation 

Control signals from both the HMCS404C and LCD-II is performed with 

the timing shown in Fig. 14.2. 

CD Data is written to LCTC at the falling edge of E. 

@ Data from LCD-II can be read during period Tl. 

Pin name (LCD-II) 

RS, IVW 

E 

DBO-DB7 
(HMCS404C->LCD-H) 

DBO-DB7 
(HMCS404C--LCD-H) 

______________________ -J 

______________________ -J 

CD 

Fig. 14.2. HMCS404C ++ LCD-II Interface Timing Chart 
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14.2 SOFTWARE DESCRIPTION 

14.2.1 Program Module Configuration 

Fig. 14.3 shows the program module configuration for performing 

display on the liquid crystal. 

LCDMN 

Main L.£. 
Program 

LCDRES I LCDINT LCDDSP I 
Reset l2:. Initialize l2... Display 12. 
LCD-II LCD-II on LCD-II 

Fig. 14.3. Program Module Configuration 

14.2.2 Program Module Functions 

Outline of program module functions is shown in Table 14.2. 

Table 14.2. Program Module 

No. Program Module Name 

0 Main Program 

1 Reset LCD-II 

2 Initialize LCD-II 

3 Display on LCD 

Functions 

Label 

LCDMN 

LCDRES 

LCDINT 

LCDDSP 

Function 

Main program which conducts 
character display on H2570 

Resets LCD-II according to instructions 

Initializes LCD-II display mode 

Sends ASCII code to LCD-II and 
displays on H2570 

HITACHI 291 



14.2.3 Program Module Process Flow (Main Program) 
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An example of conducting character display on H2570 using the module 

shown in Fig. 14.3 is shown in Fig. 14.4. Execution of the main 

program of Fig. 14.4 results in liquid crystal demonstration display 

as shown in Fig. 14.5. 

LCI'NNl 

Main Program 

'---,---' 
-----[ Initialize W register 

- ------[ Call LCDRES and resets LCD-II 
U-_..,...-_.u 

U-_,-_.u 
------[ Call LCDINT and initializes LCD-II 

[
Load leading address of the data table 

..-__ L.-_--.------ in to the accumulator and B register 

Transfer display data in the data table 
by the P instruction to the accumulator 
and B register 

______ [Test whether transferred data is a or not. 
A=o,B=O If 0, end program 

___ [call LCDDSP and displays characters on 
H2570 

Increment pointer indicating display 
data in data table 

Fig. 14.4. Example of Program Module Sample Application 



0 = =0 r-' r-' r-, r-' r-' r-, r, r-, ,-, r-, r-, r-, r-' r-' r-, r1 
:cnMlioi:si: IIMilcliuli IIH:IMllc::s::40lloll 01 
I II II " II II .. " II II II II II II II II I L_..J L._J L._J L_.J L_J L._J I-._J L_J L_J L_JL_.J L_.JL_.JL_J L_..JL_.J 

0 0 

Fig. 14.5. Example of Liquid Crystal Display 
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14.3 PROGRAM MODULE DESCRIPTION 

Program Module Name: Reset LCD-II MCU: HMCS402C/ 
HMCS404C/HMCS408C 

Label: LCDRES 

Function: Resets LCD-II by instruction. 

Arguments: None Changes in CPU Specifications: 

Registers and Fla9:s: 1 word = 10 bits 

A B ROM (Words) : 26 

x x RAM (Digits) : 0 

X Y Stack (Digits) : 0 

• x No. of cyc1es:33249 

Description: 

1. Function Details 

SPX SPY 

• x 

W 

• 

CA ST 
x x 

• Not Affected 
x : Undefined 

Result 

(1) There are no arguments in LCDRES. 

Reentrant: No 

Relocatable: No 

Interrupt OK?: No 

(2) LCD-II is to be reset without fail, even if power source requirements for 
normal operation of the built-in reset circuit are not being met. 

(3) Program module and subroutines are not being used by program module 
LCDRES. 

2. User Notes: LCDRES is to be executed immediately following turning on of 
LCD-II power source. 

Specifications Notes: 
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L
_p_r_o_g_r_am __ M_o_d_u_l_e_N_am_e_: _R_e_s_e_t_LC_D_-_I_I_--, .... _M_C_U_:_HM_C_S_4_0_2_C_/ ____ -' lL_ab_e_l_: __ L_C_D_RE_S __ ---l HMCS404C/HMCS408C . 

Description: 

3. RAM Allocation 

RAM is not used by program module LCDRES. 

4. Sample Application 

LCD-II power source ON 

II CALL LCDRES /I Call LCDRES 

5. Basic Operation 

(1) LCD-II may, by the process shown in Fig. 14.6, be reset by instruction. 

LCD- II Reset 

Fig. 14.6. Resetting of LCD-II by Software 

(2) Controls RS, R/W and E signals at the I/O port by software and output 
$30. 

(3) By loop processing of software timer which generates a delay time (15 ms), 
and by program which transfers $30, resetting of LCD-II is achieved as 
shown in Fig. 14.6. 
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Program Module Name: Reset LCD-II ~: HMCS402C/ ~ LCDRES 
HMCS404C/HMCS408C 

Flowchart: 

r Load, 2 onto the counter to loop 
L-____ ~----~----L process 3 times 

Execute 15 ms software timer 
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Program Module Name: Reset LCD-II !:!9l,: HMCS402C/ 
HMCS404C/HMCS408C I~ LCDRES 

Flowchart: 

L--_-,-_--' 
---[ Set RS signal low 

L--_-,-_--' 
---[ Set R/W signal low 

L...----r--.......J 

---[ Set E signal low 

L-__ ..,-__ ..J ---[ Set E signal high 

Output instructions of the function set 

'--__ ..,-__ ..1---[ Set E signal low 

'--__ ..,-__ ~---[ Decrement counter 

---[ Test if LCD-II reset complete 
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Program Module Name: 

Initialize LCD-II 

MCU: HMCS402C/ 
HMCS404C/HMCS408C 

Label: LCDINT 

Function: Initializes LCD-II display mode. 

Arguments: None 

Description: 

1. Function Details 

Changes in CPU 

Registers and Flags: 

A B 

x x 

X y 

• x 

SPX SPY 

• • 
W 

• 

CA ST 
x x 

• Not Affected 
x : Undefined 

Result 

(1) There are no arguments in LCDINT. 

Specifications: 

1 word = 10 bits 

ROM (Words) : 18 

RAM (Digits) : 0 

Stack (Digits) : 0 

No. of cycles: 180 

Reentrant: No 

Relocatable: No 

Interrupt OK?: No 

(2) Data in Table 14.3 is to be transferred to LCD-II and initialized in 
display mode. 

Specifications Notes: 
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_p_r_o_g_r_am __ M_o_d __ u_l_e_N_a_m_e __ : ______________ ~ ... M_C_U __ :_HM __ C_S_4_0_2_C_/ ______ ---JlL-a-b-e-l_: __ LC __ D_I_N_T ______ ~ Initialize LCD-II HMCS404C/HMCS408C . 

Description: 

Table 14.3. LCD-II Display Mode Data 

Data Function 

$08 Display OFF 

$01 All display cleared, DDRAM address set to $00 

$07 Cursor movement direction to the right and display shifted 

$90 DDRAM address set to $10 

$18 Select display shift direction to the left 

$OC Display ON 

(3) In program module LCDINT, the subroutine in Table 14.4 is used. 

Table 14.4. Subroutine Used in Program Module LCDINT 

Subroutine Name Label Functions 

Busy check LCDBSY Check the LCD-II busy flag 

2. User Notes 

Resets LCD-II prior to execution of LCDINT. 

3. RAM Allocation 

RAM is not used program module LCDINT. 

4. Sample Applications 

Execute LCDRES and reset 
CALL LCD RES LCD-II 

II CALL LCDINT II· .. ·· .. ·· Call LCDINT 

ORG $ 1 0 0 

} ........ Se=e dato DC $10C table 

DC $ 1 1 8 
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Program Module Name: 

Initialize LCD-II ... 
M_C_U_: __ HM __ C_S_4_02_C_/ ________ ~ II-L_a_b_e_l_: __ LC_D_I_NT ____ ~~ HMCS404C/HMCS408C . 

Description: 

5. Basic Operation 

(1) Performs busy flag check every time before outputting data. 

(2) Set data shown in Table 14.3 into port R4 and R5, control LCD-II signals 
E, R/W and RS through ports DO, 01 and 02, and initialize LCD-II with 
this data. 

(3) Repeat (1) to (2) 6 consecutive times and initialize. 
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Program Module Name: t!9!: HMCS402C/ Label: LCDINT 

Flowchart: 

Initialize LCD-II HMCS404C/HMCS408C 

r-_~~:;:;:;::::;;:r--...J ----- [ Initialize counter 

~o 

_____ [ Execute LCDBSY and check LCD-II 
u-____ ~----u busy flag 

I Load data table address on 
.-__ ....l.. __ ---, -----l accumulator and B register 

'------r----' ----- [ Set RS signal low 

L..... ____ ~----.J ----- [ Set R/W signal low 

'------r----' ----- [ Set E signal low 

'------r----'-----[ Set. E signal high 

to 

[
Transfer instruction at the data table 

----- dis~lay mode to accumulator and B 
~---r---....I reglster 

Output display mode instruction 

'------r---....I-----[ Set E signal low 

-- ----[ Decrement counter 
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Program Module Name: 
Display on LCD 

MCU: HMCS402C/ 
HMCS404C/HMCS408C 

Label: LCDDSP 

Function: Writes ASCII code in DDRAM of LCD-II and displays graphically on 
liquid crystal. 

Arguments: 
1 digit = 4 bits 

Changes in CPU Specifications: 

Registers and Flags: 1 word = 10 bits 
Contents Storage No. of 

Loca- Digits A B ROM (Words) : 13 
tion x • RAM (Digits) : 0 

Entry Display Upper B 1 
data X Y Stack (Digits) : 0 

(ASCII Lower A 1 • • No. of cycles: 29 

code) 
SPX Spy Reentrant: No 

• • Relocatable: No 

W Interrupt OK?: No 

Re- -- -- -- • turns 

CA ST 

• • 
• Not Affected 
x : Undefined 

Result 

Description: 

1. Function Details 

(1) Argument details 

A: Stores the lower 4 b.its of the 
ASCII code of the graphic display. 

B: Stores the upper 4 bits of the 
ASCII code of the graphic display. 

Specifications Notes: 
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B A 

Entry {~ Q 0 
arguments ASCII code I 

('C' $43) t 

{ 
Liquid crystal 

CD Results 0:: III I I I I I I C I 
Fig. 14.7. Example of LCDDSP 

Execution 



Program Module Name: MCU: HMCS402C/ Label: LCDDSP 
Display on LCD HMCS404C/HMCS408C 

Description: 

(2) Fig. 14.7 shows an example of program module LCDDSP. If the entry 
arguments are set in accumulator and B register as in Fig. l4.7-CD , 
ASCII code is written to the current DDRAM address and graphically 
displayed on the liquid crystal. 

(3) In program module LCDDSP, the subroutine shown in Table 14.5 is used. 

Table 14.5. Subroutine Used in Program Module LCDDSP 

Subroutine Name Label Function 

Busy check LCDBSY Checks busy flag of LCD-II 

2. User Notes 

(1) Resets LCD-II. 

(2) Initializes LCD-II display mode. 

(3) Stores entry arguments. 

3. RAM Allocation 

RAM is not used by program module LCDDSP. 

4. Sample Application 

CALL LCD RES ...... Execute LCDRES and reset LCD-II 

CALL LCDINT ...... Execute LCDINT and initialize LCD-II 
display mode 

LAI } ...... Load entry arguments 
LBI 4 

II CALL LCDDSP II ...... Call LCDDSP 

5. Basic Operation 

(1) Checks LCD-II busy flag. 

(2) Controls signals RS, R/W and E by software through port D and outputs 
display data. 
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Program Module Name: MCU: HMCS402C/ ~ LCDDSP 
Display on LCD HMCS404C/HMCS408C 

Flowchart: 

-----l~ Save display data due to use of Accumulator 
~ ____ ~ ____ ~ in subroutine LCDBSY 

u....-----r-----.u-----[ Execute LCDBSY and check busy flag 

'--____ ...,...-____ ~ -----[ Restore display data 

'-------r-----...J -----[ To write display data, set RS signal high 

'-------r-----~ -----[ Set R/W signal low 

'-------r-----...J -----[ Set E signal low 

'-------r-----...J -----[ Set E signal high 

.------..1...------, -----[ Output di'play data to lCD-H 

L-------r-----...J -----[ Set E signal low 
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14 4 SUBROUTINE DESCRIPTION 

Subroutine Name: Busy Check MCU: HMCS402C/ 
HMCS404C/HMCS408C 1 Labol' 

LCDBSY 

Function: Checks if LCD-II is busy and waits for ready state. 

Basic Operation: (1) Since, while LCD-II is in operation, it will not allow 
access from microcomputers, checks must be made on the 
LCD-II busy flag. 

(2) Control of signals RS, R/W and E through port D is 
performed by software together with busy flag check. 

Program Module Using This Subroutine: LCDDSP, LCDINT, LCDRES 

Flowchart: 

'--__ -,-__ ..J-----[ Set RS signal low 

_____ [ Set R/W signal at '--__ -,-__ ..J of busy flag 
high to enable reading 

r-----;;-;:::~~:;:~-----'-----[ Set E signal Low. 

CA= 1 

'--__ .-__ ..J -----[ Initialize port R5 to entry port 

'--__ .-__ ...1-----[ Set E signal high 

[
Read busy flag and test busy flag when 

...-__ J..... __ ..,----- set at highest bit 

'--__ -,-__ ..J-----[ Set signal low 

- -- --[ Test if busy flag check complete 
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14.5 PROGRAM LISTING 

ST-No OBJECT ADRS SOURCE STATEMENTS 

00001 100 0000 LLEN 132 
00002 TITLE LIQUID CRYSTAL MODULE (H2570) CONTROL 
00003 * 00004 **** RAM ALLOCATION **************************************** 
00005 * 00006 LSoUR EQU $020 WORK AREA FOR ACCA 
00007 HSoUR EQU $021 WORK AREA FOR B REGISTER 
00008 **************************************************************** 
00009 * * 00010 * VECTOR ADDRESSES * 00011 * * 00012 **************************************************************** 
00013 * 00014 ORG $0000 
00015 * 00016 150 040 0000 JMPL LCDMN RESET 
00017 150 040 0002 JMPL LCDMN INTO 
00018 150 040 0004 JMPL LCDMN INTl 
00019 150 040 0006 JMPL LCDMN TIMER A 
00020 150 040 0008 JMPL LCDMN TIMER 8 
00021 * 00022 ORG $OOOC 
00023 * 00024 150 040 OOOC JMPL LCDMN SERIAL 
00025 **************************************************************** 
00026 * * 00027 * MAIN PROGRAM : LCDMN * 00028 * * 00029 **************************************************************** 
00030 * 00031 ORG $0040 
00032 * 00033 OFO 0040 LCDMN LWI $0 INITIALIZE W REGISTER 
00034 160 064 0041 CALL LCDRES RESET LCD-II 
00035 160 07E 0043 CALL LCDINT INITIALIZE LCD-II 
00036 230 0045 LAI SO LOAD DATA TABLE STARTING ADDR INTO ACCA 
00037 200 0046 LBI $0 LOAD DATA TABLE STARTING ADDR INTO B REG 
00038 194 020 0047 LCDMNI LMAD LSoUR ACCA ---) LSoUR 
00039 048 0049 LAB 
00040 194 021 004A LMAD HSoUR B REGISTER ---) HSoUR 
00041 190 020 004C LAMD LSoUR LSoUR ---) ACCA 
00042 IB2 004E P $2 MOVE DISPLAY TO ACCA & B REGISTER 
00043 ODB 004F LYA 
00044 2BO 0050 ALEI $0 TEST IF ACCA=O 
00045 048 0051 LAB 
00046 354 0052 BR LCDMN2 IF O. BRANCH TO LCDMN2 
00047 356 0053 BR LCDMN3 IF NOT O. BRANCH TO LCDMN3 
00048 2BO 0054 LCDMN2 ALEI $0 TEST IF 8 REGISTER=O 
00049 363 0055 BR PEND IF O. BRANCH TO PEND 
00050 OAF 0056 LCDMN3 LAY 
00051 160 090 0057 CALL LCDDSP DISPLAY FIGURE ON LCD-II 
00052 190 021 0059 LAMD HSoUR HSoUR ---) B REGISTER 
00053 OCB 005B LBA 
00054 190 020 005C LAMD LSoUR LSoUR ---) ACCA 
00055 2Bl 005E AI $1 ACCA + $1 ---) ACCA 
00056 361 005F BR LCDMN4 BRANCH IF ACCA =$F 
00057 347 0060 BR LCDMNI 
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00058 04C 0061 lCDMN4 18 INCREMENT B REGISTER 
D0059 347 0062 BR lCDMN1 lOOP UNTIL 8 REGISTER = SF 
00060 363 0063 PEND BR PEND 
00061 **************************************************************** 
00062 * .. 
00063 * NAME : lCDRES (RESET lCD-II) * 00064 * 00065 **************************************************************** 
00066 * * 00067 .. ENTRY : NOTHING * 00068 .. RETURNS : NOTHING * 00069 .. .. 
00070 **************************************************************** 
00071 202 0064 lCDRES LBI S2 INITIALIZE LOOP COUNTER 
00072 239 0065 lCDRS1 lAI $9 EXECUTE 15MS SOFTWARE TIMER 
00073 21F 0066 lCDRS2 lYI $F 
00074 002 0067 LCDRS3 XSPY 
00075 21F 0068 LYI $F 
00076 000 0069 LCDRS4 NOP 
00077 000 006A NOP 
00078 ODF 006B DY 
00079 369 006C BR lCDRS4 
00080 002 006D XSPY 
00DB1 ODF D06E DY 
00082 367 006F BR lCDRS3 
00083 28F 0070 AI $F 
00064 366 0071 BR lCDRS2 
00085 260 0072 REDD $0 RS=O 
00086 261 0073 REDO $1 R/W=O 
00087 262 0074 REDO $2 E=O 
00088 2E2 0075 SEDD $2 E=l 
00089 230 0076 LAI $0 
00090 2D4 0077 LRA $4 WRITE INSTRUCTION DATA 
00091 233 0078 LAI $3 
00092 2D5 0079 LRA $5 WRITE INSTRUCTION DATA 
00093 262 007A REDD $2 SET E=O 
00094 OCF 0078 DB DECREMENT lOOP COUNTER 
00095 365 007C 8R LCDRS1 LOOP UNTIL LOOP COUNTER=O 
00096 010 007D RTN 
00097 **************************************************************** 
00098 * .. 
00099 .. NAME : LCDINT (INITIALIZE LCD-II) * 00100 .. .. 
00101 **************************************************************** 
00102 .. .. 
00103 .. ENTRY : NOTHING .. 
00104 .. RETURNS : NOTHING .. 
00105 .. * 00106 **************************************************************** 
00107 215 007E lCDINT LYI $5 INITIALIZE LOOP COUNTER 
00108 160 09D 007F lCDIT1 CALL lCDBSY CHECK LCD-II BUSY FLAG 
00109 OAF 0081 lAY lOAD DATA TABLE ADDRESS INTO ACCA 
00110 200 0082 LBI $0 lOAD DATA TABLE ADDRESS INTO B REG 
00111 260 00B3 REDO $0 RS=O 
00112 261 0064 REDD $1 R/W=O 
00113 262 0085 REDD $2 E=O 
00114 2E2 0086 SEDD $2 E=l 
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00115 
00116 
00117 
OOllB 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
0012B 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
0013B 
00139 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
00147 
00148 
00149 
00150 
00151 
00152 
00153 
00154 
00155 
00156 
00157 
0015B 
00159 
00160 
00161 
00162 
00163 
00164 
00165 
00166 
00167 
0016B 
00169 
00170 
00171 

IB1 
204 
04B 
205 
OAF 
262 
ODF 
37F 
010 

ODB 
160 090 
OAF 
2EO 
261 
262 
2E2 
204 
04B 
205 
262 
010 

260 
2El 
262 
23F 
205 
2E2 
255 
OA1 
06F 
262 
3AO 
010 

10C 
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00B7 
OOBB 
00B9 
OOBA' 
OOBB 
OOBC 
OOBD 
OOBE 
OOBF 

0090 
0091 
0093 
0094 
0095 
0096 
0097 
009B 
0099 
009A 
009B 
009C 

0090 
009E 
009F 
OOAO 
00A1 
00A2 
00A3 
OOM 
00A5 
00A6 
00A7 
OOAB 

0100 

P 
LRA 
LAB 
LRA 
LAY 
REDO 
DY 
BR 
RTN 

Sl 
S4 

MOVE INSTRUCTION TO ACCA & B REG 
OUTPUT INSTRUCTION 

55 

52 

LCDITl 

E-O 
DECREMENT LOOP COUNTER 
LOOP UNTIL LOOP COUNTER=O 

**************************************************************** ,. ,. 
* ,. NAME : LCDDSP (DISPLAY ON LCD-II) * ,. 
**************************************************************** ,. ,. ,. 
,. 
,. 

ENTRY: B REGISTER,ACCUMULATOR (DISPLAY DATA) 
RETURNS :-NOTHING 

,. ,. ,. 
**************************************************************** 
LCDDSP LYA SAVE ACCA 

CALL LCDBSY CHECK BUSY FLAG 
LAY RESTORE ACCA 
SEDD SO RS=l 
REDO 51 RIW-O 
REDO S2 E=O 
SEDD 52 E=l 
LRA 54 OUTPUT DISPLAY DATA 
LAB 
LRA 55 
REDO S2 E=O 
RTN 

**************************************************************** ,. 
,. ,. NAME : LCDBSY (CHECK BUSY FLAG) 

,. ,. ,. 
**************************************************************** 
LCDBSY REDO 50 RS=O 

LCDBY! 

SEDD 51 R/W=l 
REDO 52 E=O 
LAI SF SELECT R PORT AS INPUT 
LRA 55 
SEDD 52 
LAR - $5 
ROTL 
TC 
REDO 
BR 
RTN 

52 
LCDBY! 

E=l 
READ BUSY FLAG 

TEST CARRY 
E-O 
LOOP UNTIL BUSY FLAG-O 

**************************************************************** ,. 
,. ,. DATA TABLE 

,. 
,. ,. 

**************************************************************** 
* 
,. 
SOD 

ORG 50100 

DC $10C 



00172 118 0101 $01 DC $118 
00173 191 0102 $02 DC $191 
0017" 107 0103 $03 DC $107 
00175 101 0104 $04 DC $101 
00176 108 0105 $05 DC $108 
00177 * 00178 DRG $0200 
00179 * 00180 143 0200 $00 DC $143 
00181 14D 0201 $01 DC $14D 
00182 14F 0202 $02 DC $14F 
00183 153 0203 $03 DC $153 
0018" 120 0204 $04 DC $120 
00185 140 0205 $05 DC $140 
00166 143 0206 $06 DC $143 
00187 155 0207 $07 DC $155 
00188 120 0208 $08 DC $120 
00189 148 0209 $09 DC $148 
00190 140 020A $OA DC $140 
00191 143 0206 $08 DC $143 
00192 153 020C SOC DC $153 
00193 134 020D $00 DC $134 
00194 130 020E $OE DC $130 
00195 130 020F $DF DC $130 
00196 100 0210 $10 DC $100 
00197 * 00198 END 
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SECTION 15. LOW POWER DISSIPATION MODE AND WATCHING TIMER EXECUTION 

USING THE HA1S35A 

15.1 HARDWARE DESCRIPTION 

15.1.1 Function 

Enters low power dissipation mode of the HMCS404C MCU and executes 

fail safe mode with the HA1S35P watchdog timer. 

15.1.2 Microcomputer Operation 

Enters stop mode and standby mode and LUL-ns o:n LED i:ndicating 

current mode, and counts down binary counter every second to display 

mode elapsed time on a set of LED,s; stop mode is released by reset 

input and standby mode by timer interrupt. Controls and outputs 

pulses to the HA1S35P through port DS. 

15.1.3 Peripheral Devices 

310 HITACHI 

SW3: Sets stop mode in low power dissipation mode. 

SW2: Sets standby mode in low power dissipation mode. 

SW4: Stops output of pulses to the HA1S35P in fail safe mode and 

executes system run away. 



15.1.4 Circuit Diagram 

+5V 

MCU 
HMCS40<C 

(}Mgtg~~) 

D. 

D. 

D, 

LED5 620n 

\ LED8 6200 

LED 9 6200 

LEDll 620n 

LEDl2620n 

Fig. 15.1. Low Power Dissipation Mode and HA1835P Control 
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lS.l.S Pin Functions 

Pin Name 
HMCS404C 

DO 

Os 

ROO 

ROI 

R02 

R03 

RIO 

R12 

RESET 

RESET 
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HMCS404C pin functions, switches, LED names and HA1S3SP pin functions 

are shown in Table lS.l. 

Table lS.l. Pin Functions 

Input/ 
Output 

Input 

Active 
Level 
(High 
or Low) 

High 

Spcci-
fies 
Low 

Input High 

Input High 

Input High 

Output High 

Output High 

Output Low 

Output Low 

Output 

Output High 

Output High 

Output High 

Output High 

Output High 

Output High 

Output High 

Output High 

Input Low 
High 

Input High 

Function 

Controls HA1S3SP 

--..:1-lllUUt::: Lew power dissipation 

standby mode 

Stop mode 

Controls pulses for HA1S3SP 

Drives LED indicating watchdog timer 
mode control 
Drives LED indicating reset of 
watchdog timer mode 
Drives LED during standby mode 
execution 

Drives LED during stop mode execution 

Controls duty pulse for HAlS35P 
CLK pin 

Pin Name 
SW. LED 
HA1S3SP 

SWl 

SW2 

SW3 

SW4 

LED9 

LEDIO 

LEDll 

LED12 

CLK 

Indicates standby mode execution time. LEDI 

Drive LEDs indicating S bits binary LED2 
counter 

Controls HAlS3SP 
Low power dissipation mode 

Resets from stop mode. 
Resets from HAlS3SP control 

LED3 

LED4 

LEDS 

LED6 

LED7 

LEOS 

SWS 

SW6 



15.1.6 Hardware Operation 

1. Low power dissipation 

(a) Standby mode 

Timing chart in standby mode is shown in Fig. 15.2. 

Standby mode ~--------------~~~--~ 
SW input ----~ 

Tl T2 Tl T2 Tl T2 T2 Tl 

Standby mode ! "'1"1' l 'I' -1--'" ', .. ,' -I 
Program execution-----;t -- -- -- ~ r--------
T1: Standby mode 
T2: Program execution 

r- I r-: -I r---1f , ""---1 
I 1 

, I 
I I I 

I I 
I I I 

I I 

Standby instruction 1 I I 
I I 

I I HI I 
execution timing I I I I I 

I 1 I 1 I 
I I 1 I I 

Timer interrupt I I I if I I 
timing 

Fig. 15.2. Timing Chart in Standby Mode 

(b) Stop mode 

Timing chart in stop mode is shown in Fig. 15.3. 

Stop mode 

I" 

Inte::~~:::: ",~rmIlITTTTIlIITTTTIIIITmllllrmIIlTmIIlI""1II ~ 

Stop instruction 
execution 

More than stabilization time: tRC 

Fig. 15.3. Timing Chart in Stop Mode 
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2. HA1835P control 

Timing chart of pulse output and reset pin for watchdog timer 

is shown in Fig. 15.4. 

HA1835P pin 

eLK 
RESET 

System run away .. , 

~JUlfl 
i .. I~~r.~ I 
'130ms ms ~ 

Automatic reset signal 

Watchdog timer l1 ____ _ 
Error output ----------------~ 
switch 

Fig. 15.4. Timing Chart of Pulse Output 
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15.2 SOFTWARE DESCRIPTION 

15.2.1 Program Module Configuration 

Program module configuration for switch board controlling of the 

HA183SP and low power dissipation mode is shown in Fig. 15.5. 

LWPMN 

Main ~ 
Program 

I 
LWPMOD I LWPWCH I 

Low Power ~ Control l3.. 
Dissipation HA183SP 

Fig. 15.5. Program Module Configuration 

15.2.2 Program Module Functions 

Program module functions are summarized in Table 15.2. 

Table 15.2. Program Module Functions 

No. Program Module Name Label Function 

0 Main Program LWPMN 
Demonstrates low power dissipation and 
HA183SP control 

1 
Low Power 

LWPMOD 
Tests operation of low power dissipa-

Dissipation tion mode 

2 Control HA183SP LWPWCH 
Tests operation of watchdog timer 
using HA183SP 
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15.2.3 Program Module Process Flow (Main Program) 

The flowchart in Fig. 15.6. is an eXample of low power dissipation 

and HA1835P control performed by the program module in Fig. 15.6. 

Main Program 

~ __ .,.-__ .... - ___ ---[Initialize W register 

'-----;-_ .... 
______ {select prescaler divide 

-;- 2048 

.... __ -r-__ .... -------[Clear interrupt mask 

ratio as 

...-_______ =:::::::::::;:r--...... -------[Enable interrupt 

Do= 1 
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u-_--;-:-_ .... 

[
Test if low power dissipation 

--- ---- operation or HA1835P control 
mode 

_______ [Tedst operation of low power dissipation 
mo e 

_______ [Test operation of matchdog timer 
using HA1835P 

(Note) Actually loops within the 
module 

Timer A interrupt routine 

~--"T"--~--------[ Count up at every 1 sec. interrupt 

Fig. 15.6. Program Module Sample Application' 



15.3 PROGRAM MODULE DESCRIPTION 

Program Module Name: MCU: HMCS402C/ 
HMCS404C/HMCS408C 

Label: LWPMOD 
Low Power Dissipation 

Function: Tests operation of low power dissipation mode. 

Arguments: NONE 

Description: 

1. Function Details 

(1) LWPMCD has no arguments. 

Changes in CPU 

Registers and Flags: 

A B 

x • 
X Y 

• • 
SPX SPY 

• • 
W 

• 

CA ST 
x x 

• Not Affected 
x : Undefined 

Result 

Specifications: 

1 word = 10 

ROM (Words) : 

RAM (Digits) : 

Stack (Digits) : 

No • of cycles: 

Reentrant: 

Relocatable: 

Interrupt OK?: 

(2) Executes standby mode, stop mode by switch control. Turns on LED 
indicating execution of standby mode. 

2. User Notes 

(1) Executes only one mode at a time. 

(2) Selects only one mode switch. 

bits 

34 

7 

4 

23 

No 

No 

Yes 

Specifications Notes: "No. of cycles" in "Specification" represents the number of 
cycles required when data is not stored in SBRAM(RAM) and 
each mode is not executed. 
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Program Module Name: MCU: HMCS402C/ 
Low Power Dissipation HMCS404C/HMCS408C 

1 Label , LWPMOD 

Description: 

(3) Initializes timer. 

3. RAM Allocation 

Fig. 15.7. RAM Allocation 

Label 

ERRAMI 

ERRAM2 

CNTRL 

CNTRH 
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RAM 

b3 bO 

~ 
MD( $03F) 

b3 bO 

MD($03E) 

b3 bO 

~ 
MD($03C) 

b3 bO 

~ 
MD($03B) 

Description 

Stores data indicating whether 
operation starts after activating 
power on or returns from stop mode 

Uses upper and lower counter for 
counting up every 1 sec. 



Program Module Name: 
Low Power Dissipation 

Description: 

4. Sample Application 

LAI 

LMAD 

REMD 

SEMD 

II CALL 

5. Basic Operation 

so 
SO 08 

3. $ 0 0 1 

o. $ 0 0 0 

LWPMOD 

MCU: HMCS402C/ 
HMCS404C/HMCS408C IL.bol' LWPMOD 

} ............ Store prescaler divide ratio 
as .;. 2048 

Clear interrupt mask flag 

Enable interrupt 

II Call LWPMOD 

(l) Enters stop mode by setting signal stop mode switch to high, returns 
with stop mode switch set to low and with RESET switch to on. 
Software checks whether operation starts after activating power on or 
returns from standby mode. 
When operation returns from stop mode, turns on LED; if not, stores 
comparison data in ERRAM{RAM). 

(2) Enters standby mode by setting signal standby mode switch to high, 
returns with standby mode switch set to low. 

Returns at every timer interrupt and executes interrupt routine. 
When standby mode switch is low, enters standby mode after interrupt. 
Whether or not operation is returned at every timer interruption can be 
confirmed by LED counter incremented after return. When setting standby 
mode switch to high, turns on LED indicating standby mode and executes 
standby instruction. When low, returns from standby mode and turns off 
LED indicating standby mode. 
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Program Module Name: 
Low Power Dissipation 

Flowchart: 

stop mode is 
by resetting 
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MCU: HMCS402C/ 
HMCS404C/HMCS408C 1"_" LWPMOD 

Test whether operating starts 
after activating power or returns 
from stop mode 

____ [ Turn on LED indicating return 
from stop mode 

1 Store check data to test if returns ----l is caused by stop mode 

____ I Test whether l stop mode 

operating enters 

----[ Enter stop mode 



Program Module Name: MCU: HMCS402C/ Label: LWPMOD 

Low Power Dissipation HMCS404C/HMCS408C 

Flowchart: 

----[Te't whethe, operating the 'tandby mode 

[
Store lower digit data 

-- - - counter in port RO and 

[

Store upper digit data 
__ __ counter in port Rl and 

indicating LED 
light LED 

indicating LED 
light LED 

- - - -[ Turn off LED indicating stop mode 

---- [ Turn on LED indicating standby mode 

-- -- [Enter standby mode 

---- [ Turn off LED indicating standby mode 
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Program Module Name: MCU: HMCS402C/ 
HMCS404C/HMCS408C 

Label: LWPWCH 

Control HA1835P 

Function: Tests watchdog timer operation using HAlS35P. 

Arguments: NONE 

Description: 

1. Function Details 

Changes in CPU 

Registers and Flags: 

A B 

• x 

X Y 

• x 

SPX Spy 

• • 
W 

• 
CA ST 
x x 

• Not Affected 
x : Undefined 

Result 

Specifications: 

1 word = 10 bits 

ROM (Words) : 35 

RAM (Digits) : 3 

Stack (Digits) : 4 

No. of cycles: 27 

Reentrant: No 

Relocatable: No 

Interrupt OK?: Yes 

(1) LWPWCH has no arguments. 

(2) Controls HAlS35P under switch 
control. 

Output pulse 
from port DS JULJlJl 
Switch 4 0:: ____ .... , .... 1----(a) When switch 4 is OFF, outputs 

pulses from port DS. 

(b) When switch 4 is ON, stops 
outputting pulses causing system 
MCU run away. 

Fig. 15.8. Example of LWPWCH 
execution 

Specifications Notes: "No. of cycles" in "Specifications" represents the number of 
cycles required when data is stored in ERRAM(RAM) and an 
pulse generation is selected by switch. 
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Program Module Name: 

Control HA1835P 

Description: 

2. User Notes 

Call LWPWCH after clearing RAM. 

3. RAM Allocation 

MCU: HMCS402C/ 
HMCS404C/HMCS408C I~bel' LWPWCH 

Fig. 15.9. RAM Allocation 

Label RAM 

ERRAMI 

MD(S03F) 

b3 bO 

ERRAM2 R 
MD(S03E) 

D8FLAG 

MD(SO.S03D) 

Description 

Store check data indicating whether 
operation starts after activating 
power on or returns from watchdog 
timer error 

Set status of port D8 
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Program Module Name: MCV: HMCS402C/ 
Control HA1835P HMCS404C/HMCS408C IL-" LWPWCH 

Description: 

4. Sample Application 

ull_C_A_L_L ___ I_' W_P_W_C_H~II ............ Call LWPWCH 

5. Basic Operation 

(1) Turns on LED indicating watchdog timer mode, after main switch is 
activated. 

(2) When watchdog error switch is turned off, outputs pulse by 1 ms software 
timer. When turned on, stops pulse output and enter eternity loop. 

(3) When turning off watchdog timer error switch, re-calls program after 
reset. If data in ERRAM(RAM) and decision data are the same, turns on 
LED indicating reset by watchdog timer error. 

(4) Stores check data if it is not stored in ERRAM(RAM). 
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Program Module Name: 

Flowchart: 

LWPWHl 

Control HAl835P 

$<¥ 
ERRAMl 

$5+ 
ERRAM2 

$5= 
ERRAM2 

1 -+ D. 

LWPWH2;-._-..JL.-._--. 

D3 = 1 

MCU: HMCS402C/ Label: LWPWCH 
HMCS404C/HMCS408C 

___ [Turn on LED indicating watchdog 
timer mode 

Test if reset is performed by main 
switch activation or by watchdog 
timer according to contents of RAM 

___ I Store check data in RAM to test l resetting from watchdog timer error 

[ Turn on LED indicating reset after 
--- watchdog timer error 

lTest whether watchdog timer error 
___ switch is on. 

If ON, pulse output cannot be performed 
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Program Module Name: MCU: HMCS402C/ Label: LWPWCH 
Control HA1835P HMCS404C/HMCS408C 

Flowchart: 

LWPWH3 

LWPWH4 
~_-..l.. __ .., 

Execute 1 ms software timer 

y 

LWPWH5 Output 1 ms pulse to HA1835P 

326 HITACHI 



15.4 SUBROUTINE DESCRIPTION 

Subroutine Name: LED Counter ~ HMCS402C/ 
HMCS404C/HMCS408C IL~l' LWPCNT 

I Function: Increments LED counter. 

Basic Operation: (1) This subroutine is called for each 1 sec. timer interrupt. 

(2) Increments 1 byte counter each second. 

Program Module Using This Subroutine: None 

Flowchart: 

L----r---.... ----[ Clear interrupt request flag 

L----r---... ----[ Save Accumulator 

Add upper digits considering CA generated 
by addition of lower digits 
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15.5 PROGRAM LISTING 

ST-NO 

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 

08JECT 

100 

150 100 
ISO 100 
150 100 
150 158 
150 100 
000 
000 
ISO 100 

OFO 
lAO 008 
18A 001 
18B 001 
184 000 
2AO 
30F 
160 137 
ISO 109 
160 113 
ISO 109 
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ADRS 

0000 

0000 
0002 
0004 
0006 
0008 
OOOA 
OOOB 
OOOC 

0100 
0101 
0103 
0105 
0107 
0109 
010A 
OIOB 
DIDO 
OIOF 
0111 

SOURCE STATEMENTS 

,. 
**** ,. 
ERRAMI 
ERRAM2 
D8FLAG 
CNTRL 
CNTRH ,. 
**** ,. 
TMA 
IFTA 
IMTA 
IE 

132 LLEN 
TITLE LOW POWER DISSIPATION MODE AND HAI835P CONTROL 

RAM ALLOCATION **************************************** 

EQU 
EQU 
EQU 
EQU 
EQU 

$3F 
$3E 
$0.$030 
$3C 
$3B 

SYM80L DEFINITIONS 

EQU $008 
EQU 
EQU 
EQU 

2.$001 
3.$001 
0.$000 

WATCHOOG DATA RAM AREA 

08 PORT FLAG 
LOWER IS COUNTER 
UPPER IS COUNTER 

************************************ 

TIMER MODE REGISTER A 
If OF TIt-1ER A 
1M OF TIMER A 
ENABLE INTERRUPT 

**************************************************************** ,. ,. 
,. VECTOR ADDRESSES ,. ,. ,. 
**************************************************************** ,. 
,. ORG $0000 

JMPL 
JMPL 
JMPL 
JMPL 
JMPL 
NOP 
NOP 
JMPL 

LWPMN 
LWPMN 
LWPMN 
LWPCNT 
LWPMN 

LWPMN 

RESET 
INTO 
INTI 
TIMER-A 
TIMER-B 

SERIAL 
**************************************************************** ,. ,. 
,. ,. MAIN PROGRAM : LWPMN ,. ,. 
**************************************************************** ,. 
,. 
LWPMN 

LWPMNI 

LWPMN2 

ORG $0100 

LWI 
LMID 
REMD 
REMD 
SEMD 
TOD 
BR 
CALL 
JMPL 
CALL 
JMPL 

$0 
O.TMA 
IFTA 
IMTA 
IE 
$0 
LWPMN2 
LWPMOD 
LWPMNI 
LWPWCH 
LWPMN1 

INITIALIZE W REGISTER 
SELECT PRESCALER AS 1/204B 
INITIALIZE IFTA 
INITIALIZE IMTA 
ENABLE INTERRUPTS 
TEST IF LOW POWER DISIIPATION MODE OR HAI835P MODE 

EXECUTE LOW POWER MODE 

EXECUTE HA1835P MODE 

**************************************************************** ,. ,. ,. NAME : LWPWCH (CONTROL HA1835P) 
,. ,. 
,. 

**************************************************************** 



0005B * * 00059 * ENTRY : NOTHING * 00060 * RETURNS : NOTHING * 00061 * * 00062 **************************************************************** 
00063 2E4 0113 LWPWCH SEOO 54 TURN ON LED FOR WATCH DOG 
00064 12C 03F 0114 INEMD SC.ERRAMl POWER ON RESET OR WATCH DOG RESET? 
00065 31C 0116 BR LWPWHl 
00066 125 03E 0117 INEMD S5.ERRAM2 
00067 31C 0119 BR LWPWHl 
0006B 2E5 OllA SEDD S5 TURN ON LED FOR WATCH DOG TIMER RESET 
00069 322 011B BR LWPWH2 
00070 lAC 03F OllC LWPWH1 LMID SC.ERRAMl LOAD DATA FOR POWER ON RESET 
00071 lAS 03E 011E LMID 55.ERRAM2 
00072 2E5 0120 SEDD S5 
00073 264 0121 REDO S4 
00074 2A3 0122 LWPWH2 TOO S3 
00075 322 0123 BR LWPWH2 TEST IF WATCH DOG TIMER ERR OR SWITCH IS ON 
00076 265 0124 REDO S5 
00077 21F 0125 LVI SF EXECUTE lMS SOFTWARE TIMER 
0007B 20F 0126 LWPWH3 LBI SF 
00079 OCF 0127 LWPWH4 DB 
OOOBO 327 012B BR LWPWH4 
OOOBl ODF 0129 DY 
000B2 326 012A BR LWPWH3 
000B3 lBC 030 012B TMD DBFLAG READ DB PORT CONDITION 
000B4 332 0120 BR LWPWH5 
000B5 2EB 012E SEDD SB OUTPUT PULSE TO HA1B35P EVERY lMS 
00066 lB4 030 012F SEMD DBFLAG 
000B7 335 0131 BR LWPWH6 
OOOBB 26B 0132 LWPWH5 REDO SB 
000B9 lBB 030 0133 REMD DBFLAG 
00090 150 122 0135 LWPWH6 JMPL LWPWH2 
00091 **************************************************************** 
00092 * * 00093 * NAME : LWPMOD (LOW POWER DISSIPATION) * 00094 * * 00095 **************************************************************** 
00096 * * 00097 * ENTRY : NOTHING * 0009B * RETURNS : NOTHING * 00099 * * 00100 **************************************************************** 
00101 264 0137 LWPMOD REDO S4 
00102 125 03F 013B INEMD S5.ERRAMl POWER ON RESET OR STOP MODE RESET? 
00103 340 013A BR LWPMDl 
00104 12C 03E 013B INEMD SC.ERRAM2 
00105 340 0130 BR LWPMDl 
00106 2E7 013E SEDD S7 TURN ON LED FOR STOP MODE RESET 
00107 344 013F BR LWPMD2 
0010B lAS 03F 0140 LWPMDl LMID S5.ERRAMl LOAD DATA FOR STOP MODE RESET 
00109 lAC 03E 0142 LMID SC.ERRAM2 
00110 2A2 0144 LWPMD2 TOO S2 TEST IF STOP MODE EXECUTION 
00111 347 0145 BR LWPMD3 
00112 34B 0146 BR LWPMD4 
00113 140 0147 LWPMD3 STOP 
00114 2Al 014B LWPMD4 TOO Sl TEST IF STANDBY MODE EXECUTION 
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00115 352 0149 BR LWPMD5 
00116 190 03C 014A LAMD CNTRl TURN ON LED 
00117 2DO 014C LRA $0 
00118 190 038 014D LAMD CNTRH 
00119 2D1 014F LRA $1 
00120 150 144 0150 JMPL LWPMD2 
00121 267 0152 LWPM05 REDD $7 TURN OFF lED FOR STOP MODE 
00122 2E6 0153 SEDD $6 TURN OFF LED FOR STAND BY MODE 
00123 14C 0154 SBY EXECUTE STANDBY MODE 
00124 266 0155 REDO $6 TURN OFF LED FOR STAND BY MODE 
00125 150 148 0156 JMPl LWPMD4 
00126 **************************************************************** 
00127 * * 00128 * NAME : LWPCNT (INCREMENT COUNTER) * 00129 * * 00130 **************************************************************** 
00131 18A 001 0158 LWPCNT REMD IFTA CLEAR INTERRUPT REQUEST FLAG 
00132 2FF 015A XMRA $F SAVE ACCA 
00133 OEF 015B SEC INCREMENT LSD OF COUNTER 
00134 230 DISC LAI $0 
00135 118 03C 015D AMCD CNTRl 
00136 194 03C 015F LMAD CNTRL 
00137 230 0161 LAI $0 INCREMENT MSD OF COUNTER 
00138 ll8 03B 0162 AMCD CNTRH 
00139 194 03B 0164 LMAD CNTRH 
00140 2FF 0166 XMRA $F RESTORE ACCA 
00141 011 0167 RTNI 
00142 * 00143 END 

330 HITACHI 



INSTRUCTION SET 





• 

Symbols and Abbreviations 

a -+ b 

a ....... b 

"I" 

"a" 
LSB 

MSB 

NZ 

NB 

OVF 

n 
u 

G.> 
". 

DIRECT 

REGISTER 

I/E 

PC 

SP 

ST 

CA 

A 

B 

W 

X 

SPX 

Y 

Spy 

M 

MR 

R 

D 

Transfer from "a" to lib" 

Exchange between "a" and fib" 

Logical negation (NOT) 

"High" level 

"Low" level 

Least Significant Bit 

Most Signif icant Bit 

None Zero 

No Borrow } Status is set when NZ, NB, or OVF occurs 

Overflow 

AND 

OR 

Exclusive OR 

Not Equal 

Less than or Equal 

Addressing by the instruction operand in the ROM code 

Addressing by the contents of Address Register 

Interrupt enable flag 

Program counter 

Stack pointer 

Status flag 

Carry flag 

Accumulator 

B register 

W register 

X register 

SPX register 

Y register 

SPY register 

Memory (RAM) 

Memory register 

Data I/O pin or data register 

Discrete I/O pin or discrete latch 
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Symbolic Operands Used with Instruction Set Mnemonics 

Symbol Contents Label D HD B 

n RAM digit selection by 2 bits 0 0 0 0 

m RAM (MR) digit and port selection 0 0 0 0 
by 4 bits 

p Replacement of contents of PC 0 0 0 0 
by 4 bits 

a Replacement of contents of PC 0 x 0 0 
by 6 bits 

b Replacement of contents of PC 0 x 0 0 
by 8 bits 

d Replacement of PC or RAM direct 0 x 0 0 
address by 10 bits 

i Immediate data by 4 bits (Note) 0 0 0 0 

u u = p + d (14 bits) 0 x 0 0 

D: Decimal HD: Hexadecimal B: Binary 

o . . .. Can be used x .... Cannot be used 

(Note) In case of LWI instruction, 2 bits. 

• 
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Immediate Instruction 

wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
VClE 

Load A from Immediate LAI i 10001 1 i, i,;, io i~A 1/1 

Load B from Immediate LBI i 1 00 000 i, i, i, io i--B 1/1 

Load Memory from Immediate LMID i,d ~ d.J ~ J ~ d' d' d',:f. i---+M 2/2 

Load Memory from Immediate, Increment Y LMIIY i 101001;' i, i, io i~M,Y+1~Y NZ 1/1 

Register-to-Register Instruction 

wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
VClE 

Load A from B LAB 0 0 0 1 0 0 1 0 0 0 B~A 1/1 

Load B from A LBA 0 0 1 1 0 0 1 0 0 0 A~B 1/1 

Load A from Y LAY 0 0 1 0 1 0 1 1 1 1 Y~A 1/1 

Load A from SPX LASPX 0 0 0 1 1 0 1 0 0 0 SPX~A 1/1 

Load A from SPY LASPY 0 0 0 1 0 1 1 0 0 0 SPY~A 1/1 

Load A from MR LAMR m 1 0 0 1 1 1 m3m2mlmO MR(m)~A 1/1 

Exchange MR and A XMRA m 1 0 1 1 1 1 m3m2m,mO MR(m)-A 1/1 

RAM Address Instruction wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
VClE 

Load W from Immediate LWI i 001 1 1 1 00 i, i, i--W 1/1 

Load X from Immediate LXI i 1 00 0 1 0 i, i, ;, io i~X 1/1 

Load Y from Immediate LYI i 100001;,;,;,io i~Y 1/1 

Load X from A LXA 0011101000 A~X 1/1 

Load Y from A LYA 0011011000 A~Y 1/1 

Increment Y IY 0001011100 Y+1~Y NZ 1/1 

Decrement Y DY 0011011 1 1 1 Y-1~Y NB 1/1 

AddAtoY AYY 0001010100 Y+A~Y ,OVF 1/1 

Subtract A from Y SYY 0011010100 Y-A~Y NB 1/1 

Exchange X and SPX XSPX 0000000001 X-SPX 1/1 

Exchange Y and SPY XSPY 0000000010 V-Spy 1/1 

Exchange X and SPX,Y and SPY XSPXY 0000000011 X-SPX,Y-SPY 1/1 
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RAM Register Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
WOR~ 

ZLE 
Load A from Memory LAM(XY) 00100100yx M---+A. (~::~~~) 1/1 

Load A from Memory LAMD d 0110010000 M---+A 2/2 d, d, d, d, d, d. d, d, d, do 
Load B from Memory LBM(XY) 00010000yx M---+B. (~:~m 1/1 

Load Memory from A LMA(XY) 00100101yx A---+M. (~:~m 1/1 

Load Memory from A LMAD d 0110010100 A---+M 2/2 
d,d,d,d,d,d.d,d,d, do 

load Memory from A. Increment Y LMAIY(X) 000101000x A---+M.Y + I---+YIX"sp'I NZ 1/1 

load Memory from A. Decrement Y LMADY(X) 001101000x A---+M.Y -1---+YIX"SP'I NB 1/1 

Exchange Memory and A XMA(XY) 00100000yx M~A. (~:~~~) 1/1 

Exchange Memory and A XMAD d 11:1110000000 M-A 2/2 
d, d, d, d, d, d. d. d, d, do 

Exchange Memory and B XMB(XY) 00110000yx M-B. (~:~p~) 1/1 

Notel (XYI and (xl have the meaning as follows: 
(11 The instructions with (XYI have 4 mnemonics and 4 object codes for each. (example of LAM (XYI is given below. I 

MNEMONIC y x FUNCTION 

LAM 0 0 
LAMX 0 : 1 X"SPX 

LAMY 1 : 0 Y"SPY 
LAMXY 1 : 1 X"SPX Y"SPY 

(21 The instructions with (xl have 2 mnemonics and 2 object codes for each. (example of LMAIY (XI is given below.! 

MNEMONIC FUNCTION 

LMAIY 

LMAIYX X"SPX 
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Arithmetic Instruction 

Z OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Add Immediate to A AI i 1 0 1 0 0 0 i3 i, ;, io A+i-A OVF 1/1 

Increment B IB 0001001100 B+1-B NZ 1/1 

Decrement B DB 0011001111 B-1-B NB 1/1 

Decimal Adjust for Addition DAA 0010100110 1/1 

Decimal Adjust for Subtraction DAS 0010101010 1/1 

Negate A NEGA 0001100000 A+1-A 1/1 

Complement B COMB 0101000000 II-B 1/1 

Rotate Right A with Carry ROTR 0010100000 1/1 

Rotate Left A with Carry ROTL 0010100001 1/1 

Sat Carry SEC 0011101111 1-CA 1/1 

Resat Carry REC 0011101100 O-CA 1/1 

Test Carry TC 0001101111 CA 1/1 

Add A to Memory AM 0000001000 M+A-A OVF 1/1 

Add A to Memory AMD d ~.J.~,&~.&J ~ ~,lL M+A-A OVF 2/2 

Add A to Memory with Carry AMC 0000011000 
M+A+CA-A OVF 1/1 OVF .... CA 

Add A to Memory with Carry AMCD d U~'~'~5lJ,~,~, ~D 
M+A+CA-A 

OVF 2/2 OVF .... CA 

Subtract A from Memory with Carry SMC 0010011000 M-A-CA-A NB 1/1 NS .... CA 

Subtract A from Memory with Carry SMCD d g.l3,g,g.3J,g,g, & M-A-CA-A NB 2/2 NS .... CA 
ORAandB OR 0101000100 AUB-A 1/1 

AND Memory with A ANM 0010011100 AnM-A NZ 1/1 

AND Memory with A ANMD d ~.H~~J.J J,~,g AnM-A NZ 2/2 

OR Memory with A ORM 0000001100 AUM-A NZ 1/1 

OR Memory with A ORMD d & do~,~.~, & J, J, ~,lL AUM-A NZ 2/2 

EOR Memory with A EORM 0000011100 A$M_A NZ 1/1 

EOR Memory with A EORMD d ~J.~,~.~,lU~'~n A<a;JM-A NZ 2/2 
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Compare Instruction 

2 OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Immediate Not Equal to Memory INEM i o 0 0 0 1 0 i, i, ;, io i #M NZ 1/1 

Immediate Not Equal to Memory INEMD i,d ~ ~.~.~ ~ ~.~ ~ ~,~ i 1M NZ 2/2 

A Not Equal to Memory ANEM 0000000100 A'/'M NZ 1/1 

A Not Equal to Memory ANEMD d ~ J'~7~'~ ~j J,~,~o AIM NZ 2/2 

B Not Equal to Memory BNEM 0001000100 BIM NZ 1/1 

Y Not Equal to Immediate YNEI I o 0 0 1 1 1 i, i, i, io Yi-i NZ 1/1 

Immediate Less or Equal to Memory ILEM i 0000 1 1 ;, i, i, io i~M NB 1/1 

Immediate Less or Equal to Memory ILEMD i,d ~,J~,~.J J.~ ~ ~ ~ i ~M NB 2/2 

A Less or Equal to Memory ALEM 0000010100 A::;M NB 1/1 

A Less or Equal to Memory ALEMD d ~.J.~,i~·Jj J ~,~.o. A::;M NB 2/2 

B Less or Equal to Memory BLEM 0011000100 ts~M Nt! 1/1 

A Less or Equal to Immediate ALEI i 1 0 1 0 1 1 i, i, i, io A~ i NB 1/1 

RAM Bit Manipulation Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION Z STATUS 
CYCLE 

Set Memory Bit SEM n 001 0000 1 n,no 1-M(n) 1/1 

Set Memory Bit SEMD n,d 01 1 0000 1 n,no 
d.d d,d,d d.d d d, do l-M(n) 2/2 

Reset Memory Bit REM n 00 1 000 1 0 n,no O-M(n) 1/1 

Reset Memory Bit REMD n,d ~.J J,~,~~J3~,a,'gg O-M(n) 2/2 

Test Memory Bit TM n 00100011n,no M(n) 1/1 

Test Memory Bit TMD n,d ~.~. ~7 ~.~,~. ~3~' ~;~g M(n) 2/2 

ROM Address Instruction wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCLE 

Branch on Status 1 BR b 1 1 b,bebeb.b,b,b,bo 1 1/1 

Long Branch on Status 1 BRL u ~. ~ ~,~ J J ~~'~:~~ 1 2/2 

Long Jump Unconditionally JMPL u o 1 0 1 0 1 ~,p,p,po 
d.d d,d d d.d d,d,do 2/2 

Subroutine Jump on Status 1 CAL a o 1 1 1 a5a.a,a,a,ao 1 1/2 

Long Subroutine Jump on Status 1 CALL u ~. J.~, J, J,~. ~:g:~,'~g 1 2/2 

Table Branch TBR p o 0 1 0 1 1 P,P,P,Po 1/1 

Return from Subroutine RTN 0000010000 1/3 

Return from Interrupt RTNI 0000010001 l-I/E ST 1/3 CA RESTORE 

Input/Output Instruction 

OPERATION MNEMONIC wZ OPERATION CODE FUNCTION STATUS 
YClE 

Set Discrete I/O Latch SED 00 1 1 1 00100 1-D(Y) 1/1 

Set Discrete I/O Latch Direct SEDD m 1 0 1 1 1 0 m3m2mlmO 1-D(m) 1/1 

Reset Discrete I/O Latch RED 000 1 1 00100 O-D(Y) 1/1 

Reset Discrete I/O Latch Direct REDO m 1 o 0 1 1 0 mlm2mlmO O-D(m) 1/1 

Test Discrete I/O Latch TO o 0 1 1 1 o 0 000 D(Y) 1/1 

Test Discrete I/O Latch Direct TOO m 1 0 1 0 1 0 mlm2mlmO D(m) 1/1 

Load A from R-Port Register LAR m 1 0 0 1 0 1 mlm2m,mO R(m)-A 1/1 

Load B from R-Port Register LBR m 1 00100 m3m2m,mO R(m)-B 1/1 

Load R-Port Register from A LRA m 1 0 1 1 0 1 m3m2m,Mo A-R(m) 1/1 

Load R-Port Register from B LRB m 1 0 1 1 o 0 m3m2m,mO B-R(m) 1/1 

Pattern Generation P p 0 1 1 o 1 1 P3P,P' Po 1/2 
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Control Instruction 

OPERATION MNEMONIC OPERATION COOE FUNCTION STATUS ~ CYCLE 

No Operation NOP 0000000000 1/1 

Start Serial STS 0101001000 1/1 

Stand-by Mode SBY 0101001100 1/1 

Stop Mode STOP 0101001101 1/1 

i"-
R9 

0 

, 

Op-Code Map 

R8 0 , 
;N;. °1'12131415IeI718IsIAIBlcloIEIF o I 1 I 2 I 3 I 4 I 5 I 8 I 7 I B I S I A I B1 C I 0 I ELF 

o NOf\xSp~IISPYJXS:.,IAr .. 1 __ -IAMI ~ORML __ ___ . f-.l ___ TIMD1 __ -r-t __ 
, RT~RTNI1 ________ llEN! __ IAMC! ___ IEalli __ ___,....1 __ -JiMc~ __ -I'-l __ 
2 IN EM ;141 INEMO ~41 

3 ILEM ;141 ILEMO ;141 

4 LBMIXY) JaNEM ____ -IUBL ____ -liB L __ -1...______ lOR I ___I STS L ___ I SlY ISTlfI ________ 

5 LMAIYIX)~IAYYL __ -lIMIt __ -IIY L __ JMPL p(4) 

e INEGAl__ IlEDL __ l~ -- -I TC CALL P(4) 

7 YNEI ;(41 BRL P(4) 

B XMAIXY) SEM n(2) I REM n12) I TM n(2) ~ ___ T SEMO n(2) J REMO n(2) J TMO nl21 

S LAMIXY) I LMAIXY) ISMC! __ IANM! __ 
-J __ -j[MIIi __ -,.cg ___ -r-l __ 

A Ml1llflO1lL""""---- IDML.-----: L~-=--= lLAY LMIO ;(4) 

B TBR p(4) P P(4) 

C XM8(XY) .. ENL __ JLBAl ---- JOB 
'0 LMADYIX~ svvL __ I LVAL -- lOY 

CAL 1(8) E ToL __ SEDL __ ILXAL __ -IIIEC~ISEC 

F LWI ;(2) 
0 LBI ;(4) , LYI ;(4) 

2 LXI ;141 

3 LAI ;(4) 

4 LBR m14) lL' 
5 LAR ml41 V 
8 REDO m(4) 

7 LAMR m{41 
BR b(8) 

8 AI ;(4) 

S LMIIY ;(4) 

A TOO m{41 

B ALEI ;(4) 

C LRB m(4) 1/ 
0 LRA m14) lL' 
E seoo m14) 

F XMRA m14) 

D ... l-word/2-cycle 
Initruction 

D ... l-word/3-c:ycle 0 .. · RAM Direct Addre" D ... 2-word/2-cycle 
I nstruction Instruction Instruction 

(2·word/2-c:ycle) 
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