





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SCMTRD
SCMTRD

————| Execute SCIMTR

Test receiving complete flag

Load receives data into SCISRU (RAM)
SCISRL (RAM)

SCI interrupt routine

Receive data

____ Execute SCMTRD and receiving data
from master system

RTNI

and
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Fig. 11.4.

Program Module Flowchart (cont.)




11.3 PROGRAM MODULE DESCRIPTION
Program Module Name: SCI MASTER MCU: HMCS402C/ Label: SCIMTR
TRANSFER HMCS404C/HMCS408C
Sends data in B and Y register to slave system using internal clock.
Arguments: . Changes in CPU Specifications:
-L—-—— 1 digit = 4 bits —ag————c— _P______—_
Storage  No. of Registers and Flags: 1 word = 10 bits
Contents Location Digits
S B ROM (Words): 41
Data to o
Entry be sent B 1 RAM (Digits): 3
X v Stack (Digits): O
Data to -
: 43
SPX SPY Reentrant: NO
W Interrupt OK?: Yes
e N A
turns
CA ST
[ o [ x|
® : Not Affected
x : Undefined
! : Result
Description: B register: 172" po
@® eEntry Y register [+ 5 ]
l. Function Details argument | ] byte data ]
"ot o
(1) Argument details (rct=$43) b7 b0
B register, Y register (RAM): SCI data SRU:SRL-
Holds data to be sent to register
slave system. §CK pin
(2) Program module SCIMTR execution
loads entry argument content () Output 1
into SRU, SRL and sends it to SO pin | l | ||
slave system. 0
(3) SCIMTR calls neither program } ’
modules nor subroutines. b0 b7
Fig. 11.5. Example of SCIMTR Execution

Specifications Notes:
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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

T
1
1
T
i

Fig. 11.6. RAM Allocation

Label RAM Description
b3 b0
SCISOK // Flag indicating if sending data
MD($030)
b3 b0
SCIMOK Flag indicating if receiving data
MD($031)
b3 b0
SCIMTD Flag indicating existence of transfer
data
MD($034)
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Program Module Name: SCI MASTER MCU: HMCS402C/ Label: SCIMTR
TRANSFER HMCS404C/HMCS408C

Description:

4. sSample Application

SEDD $0 } Set t D d Dy high
............... e or an i
SEDD $1 P 0 1 g
LMID $3, PMR croveeeeeeenees Select transfer/receive mode
LMID $D, SMR  creovecerencnns Select internal clock source
LBI $6 .
------------- Load data to be send into entry
LYI 51 argument
[| caLw SCIMTR [ oo 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 us
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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SCI MASTER
TRANSFER

Program Module Name:

MCU: HMCS402C/
HMCS404C/HMCS408C

Label: SCIMTR

Flowchart:

=1

0, SCISOK SCIMIR

0, SCIMOK
=1

SCIMTR

0, SCIMOK=0

0, SCISOK
=0

0, SCIMOK
=0

$1—>SCISOK

I

$0->SCIMTD

B - SRU

Y - SRL

SCIMé I ( )

S T S

SCIM?

R T N

Test if sending data

if receiving data

existence of transfer data

Request to send

Execute 10 Us software timer

Test if existence of master receives
request

Set flag indicating sending data

Clear flag indicating receiving data

Store transfer data in SRU(RAM) and
SRL (RAM)

Start SCI
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Program Module Name: gSCI MASTER

MCU: HMCS402C/ Label: SCIMTR

TRANSFER HMCS404C/HMCS408C
Flowchart:
SCIMs N
1 = Dy ————| Set slave receives request
SCIM9 _
$0 - A

SCIM10

A<S$F

SCIM11 A=3F

$1->SCIMOK

Execute 10 Us software timer

Set flag indicating receiving data
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Program Module Name: gcr MASTER MCU: HMCS402C/ Label: SCMTRD
RECEIVE HMCS404C/HMCS408C

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

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

Arguments: ] es i o )
. 1 digit = 4 bits Changes in CPU Specifications
Storage No. of Registers and Flags: 1 word = 10 bits
Contents : o
Location Digits
A B ROM (Words): 24
[e T o ] ||re cigieer: 5
X Y Stack (Digits): O
SPX SPY Reentrant: NO
W Interrupt OK?: Yes
Receives SCISRU 1
turns SCISRL 1
(RAM)
End o.f SCIMEF CA ST
receives (RAM) 1
® : Not Affected
x : Undefined
! : Result

Description: lll ll l l’
SCK pin
1. Function Details P

@ Input 9

(1) Argument details 1
SCISRU,SCISRL (RAM) : SI pin l l
Contains data received 0

from slave. T T
SCIMEF (RAM) : Indicates Bit 0 Bit 7
existence of receives data. l
SCIMEF=0: No data is received SCI data register SRU:SRL
from slave system. <:) Return SRU: SRL SCIMEF b7 b0
SCIMEF=1: Data is received argument| SCIMEF (RAM) m
from slave system. 1 byte data
('C'=$43)

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 MCU: HMCS402C/ Label: SCMTRD
RECEIVE HMCS404C/HMCS408C

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 D; and Port D) to
1.

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

3. RAM Allocation

Fig. 11.8. RAM Allocation

Label RAM Description
b3 b0
SCISOK V Flag indicating if sending data
MD($030)
b3 b0
SCIMOK Flag indicating if receiving data
MD($031)

b7

b0
SCISRU:SCISRL \\\ N Stores data sent from slave system

MD($033,$032)

b3 b0

SCIMEF Flag indicating existence of receives
data

MD($035)
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Program Module Name: gcI MASTER MCU: HMCS402C/ Label: SCMTRD
RECEIVE HMCS404C/HMCS408C

Description:

4. Sample Application

SEDD 30 } ------------ Set port Dp and port Dj high
SEDD $1
LMID $38, PMR Select transfer/receive mode
LMID $D, SMR Select transfer clock Ratio
REMD IFS e Clear SCI interrupt request flag
REMD IMS e Clear SCI interrupt mask
SEMD IE e Enable interrupt

LOOP1 TMD $0, SCIMEF
BR LOOP2 e Test if receiving flag
BR LOOP1

LOOP?2 LAMD SRU
LMAD SCIsRU | Load receives data into accumulator
LAMD SRL A and B register

LMAD SCISRL

5. Basic Operation

(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/ Label: SCMTRD
RECEIVE HMCS404C/HMCS408C

hart:
SCMTRD
SCMTRD —
0 - IFS — ——+ Clear SCI interrupt request flag
l .
A > MR ($F) ———-l: Save register
0, SCISOK -
-1 0, SCISOK=0 ————| Test if sending data
0, SCISOK L
SCMTR1 =0
$0->SCISOK - —-—-—l: Clear flag indicating sending data
1 — Dy ————| Set slave receive request high
SCMTR2 E
$0->SCIMOK |———~—| Clear flag indicating receiving data
SRU
- SCISRU .
I __ __ | Read receives data and store it in
SCISRU and SCISRL (RAM)
SRL
- SCISRL
$1-SCIMEF |———-| Set flag indicating receives completion
SCMTRS3 |
A <> MR ($F) —————I:Restore register

RTNI
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11.4 SUBROUTINES

This application example calls no subroutines.

11.5 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
00058
© 00059
00060
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074

OBJECT

37€

150

150
150
150
000

150

030
031
032
033
034
03s

003

00s
003

000

034
03E
03s

007
032
006
033
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ADRS
0000

0010

0023
0025

003D

SOURCE STATEMENTS

*

HOKKK

*
SCISOK
SCIMOK
SCISRU
SCISRL
SCIMTD
SCIMEF
%

KKK

L3

LLEN
TITLE

RAM ALLOCATION

EQU
EGU
EQU
EQU
EQU
"EQU

132

CLOCKED SYNCHRONOUS SCI (INTERNAL CLOCK)

$030
$031
$032
$033
$034
$035

SYMBOL DEFINITIONS

FLAG FOR SENDING DATA

FLAG FOR RECEIVING DATA
UPPER RECEIVER DATA

LOWER RECEIVED DATA

SENDING DATA FLAG

RECEIVING DATA COMPLETE FLAG

PMR EQU $004 PORT MODE REG.
SMR EQU $00S SERIAL MODE REG.
SRL EQU $006 LOWER SERIAL DATA REG.
SRU EQU $007 UPPER SERIAL DATA REG.
IMS EQU $1.8003 INTERRUPT MASK OF SERIAL
IFS EQGU $0,$003 INTERRUPT REQUEST FLAG OF SERIAL
IE EQU $0.$000 INTERRUPT ENABLE FLAG
x *
* VECTOR ADDRESSES *
* *
*

ORG $0000
*

JMPL SCIMMN RESET

JMPL SCIMMN INTO

JMPL SCIMMN INT1

JMPL SCIMMN TIMER-A

JMPL SCIMMN TIMER-B

NOP

NOP

JMPL SCMTRD SERIAL
* *
* MAIN PROGURAM : SCIMMN *
* *

K K K K K K K XK K K HOK K K

*

ORG $0010
*
SCIMMN  LWI $0 INITIALIZE W REGISTER

LMID $0.SCISOK INITIALIZE RAM

LMID $0., SCIMOK

LMID $0.SCISRU

LMID $0. SCISRL

LMID $0,SCIMTD

LMID $0, SCIMEF

SEDD $0 INITIALIZE DO PORT

SEDD $1

SEMD IMS INITIALIZE IMS

LMID $3,PMR INITIALIZE PMR

LMID $D. SMR SELECT PRESCALER AS 1/2,SYSTEM CLOCK 1/4

REMD IFS CLEAR SERIAL INTERRUPT REQUEST FLAG

REMD IMS CLEAR SERIAL INTERRUPT MASK

SEMD IE ENABLE INTERRUPT

LBl $6 STORE OUTPUT DATA

LYI $1

LMID $1, SCIMTD SET SENDING DATA FLAG
SCIMNI CALL SCIMTR OUTPUT SCI DATA

™MD $0, SCIMEF TEST RECEIVING COMPLETE FLAG

BR SCIMN2

BR SCIMNI
SCIMNZ  LAMD SRU STORE RECEIVE DATA IN RAM

LMAD SCISRU

LAMD SRL

LMAD SCISRL
PEND BR PEND END OF PROGRAM




0007S * NAME : SCIMTR (SCI MASTER TRANSFER) x

00076 * x
00077 HOKKHKOKHOK * S

00078 * *

00079 * ENTRY : B REGISTER.Y REGISTER (TRANSFER DATA) x

00080 * RETURNS : NOTHING *

00081 * x

00082 HOK KK K KK KK KK K K K K 3K K K K K 3K K KK KK K KK K K KKK

00083 18C 030 003E SCIMTR ™D $0.SCISOK TEST IF SENDING DATA

00084 35E 0040 BR SCIM?

0008S 18C 031 0041 ™D $0, SCIMOK TEST IF RECEIVING DATA

00086 3SE 0043 BR SCIM?

00087 2A1 0044 TOD $1 TEST MASTER RECEIVING REQUEST
00088 347 0045 BR SCIM1

00089 360 0046 BR SCIM®

00090 18C 034 0047 SCIMI TMD $0.SCIMTD TEST IF SENDING DATA

00091 348 0049 BR SCIM2

00092 3SE 004A BR SCIM?

00093 260 0048 SCIM2 REDD $0 CLEAR SLAVE RECEIVE REQUEST
00094 230 004C LAI $0 EXECUTE IOMS SOFTWARE TIMER
00095 284 0040 SCIM3 Al $4

00096 350 004E BR SCIM4

00097 34D 004F B8R SCIM3

00098 2A1 0050 SCIM4 TDD $1 TEST MASTER RECEIVE REQUEST
00099 353 0051 BR SCIMS

00100 3SF 0052 BR SCIM8

00101 1A1 030 00S3 SCIMS LMID $1.SCISOK SET SENDING DATA FLAG

00102 1A0 034 0055 LMID $0.SCIMTD CLEAR RECEIVING DATA FLAG

00103 048 0057 LAB STORE SENDING DATA IN RAM

00104 .194 007 00S8 LMAD SRU

0010S OAF 005A LAY

00106 194 006 00SB LMAD SRL

00107 148 00SD SCIM6 STS SCI START

00108 010 00SE SCIM? RTN

00109 2€0 00SF SCIM8 SEDD $0 SET SLAVE RECEIVE REGUEST

00110 230 0060 SCIMS LAI $0 EXECUTE IOMS SOFTWARE TIMER
00111 284 0061 SCIM10 AI $4

00112 364 0062 BR SCIM11

00113 361 0063 BR SCIM10

00114 1A1 031 0064 SCIM11 LMID $1.SCIMOK SET RECEIVING DATA FLAG

00115 150 0SD 0066 JMPL SCIMé

00116 HHK Hokokk KK KKK KK KKK *
00117 * *
00118 * NAME : SCMTRD (SCI MASTER RECEIVE) *
00119 * x
00120 KRR KKK K K K KK K K K K K K KK K S K 3K K K KK K K K 3K 5K K KK K K K 3K oK K K K K o 3K K K K KK K K XK o KO oK
00121 * X
00122 * ENTRY : NOTHING *
00123 * RETURNS : SCISRU (UPPER RECEIVED DATA) *
00124 * SCISRL (LOWER RECEIVED DATA) *
00125 * SCIMEF (SCIMEF=0:TRUE,SCIMEF=1:FALSE) *
00126 * x
00127 *K KK

00128 188 003 0068 SCMTRD REMD IFS CLEAR SERIAL INTRRUPT REQUEST FLAG
00129 2FF 006A XMRA $F SAVE A

00130 18C 030 0068 TMD $0, SCISOK TEST IF SENDING DATA

00131 36F 006D BR SCMTR1 :

00132 374 006E BR SCMTR2

00133 1A0 030 O0O06F SCMTR1 LMID $0.SCISOK CLEAR SENDING DATA FLAG

00134 2E0 0071 SEDD $0 SET SLAVE RECEIVING REQUEST FLAG
00135 150 080 0072 JMPL SCMTR3

00136 1A0 031 0074 SCMTR2 LMID $0, SCIMOK RECEIVING DATA FLAG

00137 190 007 0076 LAMD SRU STORE RECEIVE DATA IN RAM

00138 194 032 0078 LMAD SCISRU

00139 190 006 007A LAMD SRL

00140 194 033 007C LMAD SCISRL

00141 1A1 035 OO07E LMID $1.SCIMEF SET RECEIVING COMPLETE FLAG
00142 2FF 0080 SCMTR3 XMRA $F RESTORE A

00143 011 0081 RTNI

00144 *

00145 END
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SECTION 12. LIQUID CRYSTAL DRIVER (HD61100A) CONTROL

12.1 HARDWARE DESCRIPTION

Controls the HD61100A liquid crystal driver and displays "9876543210"
on an LCD display.

Microcomputer Operation

The HMCS404C sends display data and control signals from to the
HD61100A to display graphics on the LCD. Signals M and CL1l of the
HD61100A and signal COMMON of the liquid crystal are controlled through
port R7. 1In addition, the HD61100A control signals (signals CLp, DL)
are controlled using the clock synchronous SCI (serial communication

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

12.1.1 Function
12.1.2

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

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

*5v

,
5
8
g

]KISIO'IS

HD74HC14
B o——fof>

MCU
HMCS 404 C

CS402
Csmsg)

-5V

32
Ve

s
S LouF==

o
200Kk82]

ked

L L

4peser

51

22pF
it

i
22pF
d

3

MH: MO

— 8813CK

0sC,

52 0SC,
58,

J.,— GND

351 SO/Rez

89 Rap

Ray
37

[ Rao

av“

Vig, VigVey Vag Vay, VagVay Vag

L
E HD61100A !

M CL, CL: DL

Vec
Yi

Yao

Liquid

comvon Crystal
Y

e
"“‘:"l ':L:L:Il :1 :II
(ANREA NN RIE S

-

\

4

87| 40

41

(8-segment x 10-digit)

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

Pin Name Input/ Active Level (HD61100A
(HMCS404C) Output (High or Low) Function LCD)
R71 Output —— Outputs alternate signal M

for LCD driving output
R72 Output —— Resets counter, outputs CL1

synchronous signal of

latch clock for display

data
SCK Output —— Outputs shift clock CL2

for display data
SO Output —— 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

COMMON—I ______ ~—_J_

Controlled | T |

by I/0 ports M

S I T

Controlled by CL. 1A U4’ K [% |%f% l4 P
J T Jdudddudur Jdudududude

clock

Synchronous ————————
S E30000000ER0CT0T00 080

Output 80 bits (10 digits)

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
program

L]

H61DSP

Display
Character

Fig. 12.3.

12.2.2 Program Module Functions

Program Module Configuration

Program module functions are summarized in Table 12.2.

Table 12.2.

No. Program Module Name Label

Program Module Functions

Function

0 Main Program H61MN

Performs static drive on an
8-segment x 10-digit LCD.
Initializes control registers and
data addresses used for the
interface between the HMCS404C
and the HD61100A

1 Display Character H61DSP

Performs static drive of LCD
using the HD61100A and displays
numerals

HITACHI 237




12.2.3

Program Module Process Flow (Main Program)

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.

Main program.

-—————<|:Initialize W register

$1-+PMR

r
—_ _.—I_Store to SO output pin

— — — —| Store to SCK output pin

— ———| Clear Serial interrupt mask

— — —~—| Call H61lINT

— — ——| Enable interrupts

-

— ———| Load starting address of display RAM

Executes pattern command for
storing display data in RAM

Y- 1—Y
A—M
L
Y#$F : .
— — ——| Test if all display data is stored
Y=$F =

SCI Interrupt Routine

H61DSP

H61DSP
Display
Character

--{ Execute H61DSP to display numerals on LCD
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M
U

23556783

Fig. 12.5.

Example of H61MN Execution
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12.3 PROGRAM MODULE DESCRIPTION

1. Function Details
(1) Argument details

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

(2) Example of H61DSP execution is
shown in Fig. 12.6. If entry
argument is as shown in part
of Fig. 12.6. characters are
displayed as shown in part C)

of Fig. 12.6.

C) Entry

Program Module Name: Display MCU: HMCS402C/ Label: H61DSP
Character HMCS404C/HMCS408C
Function:
Sends display data to the HD61100A and displays characters on the LCD.
Arguments: i ifi i :
g 1 digit = 4 bits Changes in CPU Specifications
Storage Registers and Flags: = :
Contents g N?.'of g g 1 word 10 bits
Location Digits
a B ROM (Words): 57
data (RAM)
X v stack (Digits): O
SPX SPY Reentrant: NO
W Interrupt OK?: No
e 0 — — || ]
turns
CA ST
® : Not Affected
x : Undefined
! : Result
Description:

argument
Display data
DDATA MD($049~$040)

(RAM)

@ Result

Fig. 12.6.

Lofslrfe]s[eleT=]nT0]

Liquid crystal

Example of H61DSP Execution

Specifications Notes:
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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) sSets bit IE to enable SCI interrupts.
(3) Clears IMS.
(4) Executes STS command to generate SCI interrupts.

3. RAM Allocation

Fig. 12.7. RAM Allocation

Label RAM Description
DDATA Stores display data
MD($049) MD($040)
b3 b0,
CNTR Used as Y register pointer to display
N data and as a counter indicating number
MD($05E) of interrupts
b3 bO
MFLG Used as a test flag indicating

whether M signal will be high or low

MD(0,8053)
Flag Function is shown in Table 12.3.
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Store display data
in display RAM

ORG
DC

$200
$1177,

$1E6, $1F6,

$141, $1B3,

$148, $1F7,

$1E3, $1C5,

Segment data
$1E7

Program Module Name: pisplay MCU: HMCs402C/ Label: H61DSP
Character HMCS404C/HMCS408C
Description:
Table 12.3. Flag Functions
Label :;E/gabel Function
MFLG 0 Indicates M signal is low
1 Indicates M signal is high

4. Sample Application
LMID $1, PMR
LMID $ B, SMR cocereveceneenens Initialize SCI
REMD IMS
LMID $9, CNTR
LAI $5
LRA ST Control M signal, CLI signal, common
LAI $2 signal
LRA $7
SEMD MFLG
LAMD $049
LBI $0
P 32

----------------- Store segment data in SRL, SRV

LMAD SRL
LAB
LMAD SRU
STS Start SCI
SEMD IE Enable interrupts
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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) 1Indicates 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 ¢ E ) EXGC”ti (Notes)
LBI  $0 N%zoo = P
P $2 B A 1) [ ]
( [:] III ) LlJ Bf|3
~——— ||

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 $1 as
shown above, ROM data is
transferred to Accumulator
and B register after executing
the P instruction.
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Program Module Name: Display MCU: HMCS402C/ Label: H61DSP
Character HMCS404C/HMCS408C
Flowchart:
H61DSP
H61DSP —
0 = IFS ————| Set SCI interrupt request flag
L —
AMR($F)
SPX — A
A-MR($E)
X e SPX
l — —— — Save registers
SPX — A
AeMR( $D)
Y = A
A<MR($C)
B = MR ($B) ——--l:Save register
CNTR-1 ) to dicol
- CNTR — — —— Decrement pointer to display RAM
CNTR# _ _ _ _ ] Test if interrupt has been executed
10 times
CNTR=0 [ Reinitialize Y register pointer to display
$9 - CNTR ———— data and counter for number of
| interrupts '
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Program Module Name: Display MCU: HMCS402C/ Label: H61DSP
Character HMCS404C/HMCS408C
Flowchart:
Test MFLG

1-MFLG

H61DP1

$6 — R7

$1 — R

0—MFLG

( ) H61DP2!

$ 4 - X

CNTR—A

A—-Y

M— A

$0 — B

Pattern $2

Test whether M signal will be high or
low

CLl signal = High. M signal = Low.
COMMON signal = High
CLl1 signal = Low. M signal = High.
COMMON signal = Low
Set MFLG

[ cLl1 signal = High. M signal = High.
COMMON signal = Low

[ CL1 signal = Low. M signal = Low.
COMMON signal = High

F Clear MFLG

I

Reinitialize X register pointer

Load display RAM pointer into Y register

10

Read segment Data
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Program Module Name:

Display

Character

MCU: HMCS402C/
HMCS404C/HMCS408C

Label: H61DSP

Flowchart:

A — SRL

B — SRU

S TS

I

MR($B) > B

]

MR($C)eA

|

A—Y

-

MR(S$SE)«eA

l

A—-X

X < SPX

l

MR($D)+eA

|

A—-X

|

MR ($F)eA

RTNI

Store segment data in SRL, SRV (RAM)

—

Start SCI

Restore register

Restore registers
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12.4 SUBROUTINE DESCRIPTION

Subroutine Name: Initialize MCU: HMCSs402C/

Label: H61INT
HMCS404C/HMCS408C

Function: Stores display data

Basic Operation:

(1) 1Initializes counter, CL1, M, COMMON signal, MFLG and others.

(2) Executes only once is this routine.

Program Module Using This Subroutine:

H61INT

H681INT
$9—>CNTR - —— —I:Initialize counter
CLl1 signal = High. M signal = Low.
$5 = R — T T 7| COMMON signal = High
CLl1 signal = Low. M signal = High.
$2 > R7 ~ 77| coMMON signal = Low
1 - MFLG — — ——| Set MFLG

MD($049)—A

I

$0 —» B

l

Pattern $2 —_———

I

A — SRL

Load segment data into SRL, SRV (RAM)

B —» SRU

ST S ————| Start SCI
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12.5 PROGRAM LISTING

ST-NO  OBJECT ADRS  SOURCE STATEMENTS

00001 011 0000 LLEN 132
ggg?é TITLE LIOUID CRYSTAL DRIVER (HD61100) CONTROL
%

00004 ok RAM ALLOCATION
0000S *
00006 CNTR EQU $05E COUNTER FOR DISPLAY
00007 MFLG EGU 0.$0S3 M SIGNAL JUDGMENT FLAG
00008 x
00009 HORHKK SYMBOL DEFINITIONS
00010 *
00011 PMR EGU $004 PORT MODE REGISTER
00012 SMR EQU $00S SERIAL MODE REGISTER
00013 SRL EQU $006 LOWER SERIAL DATA REGISTER
00014 SRU EQU $007 UPPER SERIAL DATA REGISTER
00015 IMS EQU 1.8003 IM OF SERIAL
00016 IFS EGU 0.8003 IF OF SERIAL
00017 1E EQU 0.$000 ENABLE INTERRUPT
00018
00019 * *
00020 * VECTOR ADDRESSES *
00021 * *
00022
00023 *
00024 ORG $0000
00025 *
00026 150 010 0000 JMPL H6IMN RESET
00027 150 010 0002 JMPL HE1MN INTO
00028 150 010 0004 JMPL H61MN INT1
00029 150 010 0006 JMPL HE1MN TIMER-A
00030 150 010 0008 JMPL HO61MN TIMER-B
00031 000 000A NOP

- 00032 000 0008 NOP
00033 150 023 000C JMPL H61DSP SERIAL
00034
00035 * *
00036 * MAIN PROGRAM : H61IMN *
00037 * *
00038
00039 *
00040 ORG $0010
00041 *
00042 OF0 0010 H61MN LWI $0 INITIALIZE W REGISTER
00043 1A1 004 0011 LMID 1,PMR SELECT SO
00044 1AB 005 0013 LMID $B, SMR SELECT SCK
00045 189 003 0015 REMD IMS CLEAR SERIAL INTERRUPT MASK
00046 160 OSF 0017 CALL HO1INT
00047 184 000 0019 SEMD IE ENABLE INTERRUPTS
00048 219 0018 LYI 39 STORE DESTINATION
0004% 224 001cC HO1IMN1 LXI $4
00050  OAF 0010 LAY
00051 200 001E LBI $0
00052 181 001F P $1 STORE DISPLAY DATA IN RAM
00053 000 0020 LMADY TEST IF ALL DISPLAY DATA IS STORED
00054 31C 0021 BR HO1IMN1
000SS 322 0022 PEND BR PEND END OF PROGRAM
00056
000s7 * *
00058 * NAME : H61DSP (DISPLAY CHARACTER) *
00059 : x *
00060
00061 * *
00062 * ENTRY : DDATA (DISPLAY DATA) *
00063 * RETURNS : NOTHING *
00064 * *
00065
00066 188 003 0023 H61DSP REMD IFS SET SCI INTERRUPT REGUEST FLAG
00067 2FF 0025 XMRA $F SAVE REGISTERS
00068 068 0026 LASPX
00069 2FE 0027 XMRA $E
00070 001 0028 XSPX
00071 068 0029 LASPX
00072 2FD 002A XMRA $D
00073  OAF 0028 LAY
00074 2FC 002C XMRA $C
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0007S

00081
00082

00088
00089

00096
00097

1A9
235
207
232
207
184

200
182
194
048
194
148
010

100
101
102
103
104
105

107
108
109

177
141
183
1E3
1Cs
1E6

OSE
0SE

0SE
0s3

0s3

0s3
0SE

006
007

0SE

0s3

049

006
007

0020
002E
002F
0031
0032
0034
0035
0036
0038
003A
0038
003C
003D
003E
003F
0041

00SF
0061
0062
0063
0064
0065
0067
0069
006A
0068
006D
006E
0070
0071

0100
0101
0102
0103
0104
010s
0106
0107
0108
0109

0200
0201
0202
0203
0204
0205

TEST IF 10 TIMERS SCI INTERRUPT ARE COMPLETED

LAB
XMRA $8
LAMD CNTR DECREMENT DISPLAY RAM POINTER
Al $F
LMAD CNTR
BR H610P2
LAI $9 REINITIALIZE POINTER
LMAD CNTR
TMD MFLG TEST MSIGNAL IS HIGH OR LOW
BR H610P1
LAI $S
LRA $7 CL1=1,M=0.COMMON=1
LAI $2 CL1=0.M=1.COMMON=0
LRA $7
SEMD MFLG SET MFLAG
H61DP1 LAI $6 CL2=1,M=1,COMMON=0
LRA $7 CL2=0.M=0,COMMON=1
LAI $1
LRA $7
REMD MFLG CLEAR MFLAG
H610P2 LXI $4 REINITIALIZE X REG POINTER
LAMD CNTR LOAD DISPLAY RAM POINTER INTO Y REG
LYA
LAM READ SEGMENT DATA
LBI $0
P $2
LMAD SRL STORE SEGMENT DATA IN RAM
LAB
LMAD SRU
STS SCI START
XMRA $8 RESTORE REGISTERS
LBA
XMRA $C
LYA
XMRA $E
LXA
XSPX
XMRA $0
LXA
XMRA $F
RTNI
* *
* NAME : H61INT (START SCID *

*

*

4K K 3K 3K ¢ K 3K h 2 K K K 3K K KK ¥ K

H61INT  LMID $9.CNTR INITIALIZE COUNTER

LAI $5 CL1=1,M=0,COMMON=1

LRA $7

LAI $2 CL1=0.M=1,COMMON=0

LRA $7

SEMD MFLG SET MFLAG

LAMD $049 LOAD SEGMENT DATA

LBI $0

3 $2

LMAD SRL STORE SEGMENT DATA IN RAM

LAB

LMAD SRU

STS SCI START

RTN
% x*
* DATA TABLE *
% *
x

ORG $100
* RAM DATA

DC $100

oC $101

DC $102

oc $103

DC $104

DC $105

DC $106

oC $107

oC $108

DC $109
x

ORG $200
* SEGMENT DATA

oC $177 0

oC $141 1

DC $183 2

oC $1E3 3

DC $1C5 4

DC $1E6 5
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00162
00163
00164
00165
00166
00167

250 HITACHI

1Fé
143
1F7
1E7

0206
0207
0208
0209

$1F6
$143
$1F7?
$1E7
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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 liguid crystal
graphic display controller LSI HD61830 (LCTC) from port R onto the
LCTC data bus (DBp - 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. 1In 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.

+5V

MCU
+5V HMCS404C
(HMC S402C
HMCS408C
=
+5V
+5v l_
32 e
100k A!52076 g’
s HD74HC14 49 1
RESET Do
gl Rig
83 10uF R
22eF 51| R
¥ 0SCy Rad
kedd _L
Mz 53 1M gﬂ
1t *Zosc; Rog
22pF
f GND

LCTC
HD61830

S
3

Liquid crystal module

LM2 00

(&%

|~
2

J +5V

v 7

{2 o}

oo p |en

Vo |3

100kQ)

Ver

-5V

9
8
T

Display
M

252 HITACHI

13.1.

LCTC Control Circuit




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 Active Level Pin Name
(HMCS404C) Input/Output’ (High or Low) Function (LCTC)
Dy Output High Enables signal E
D31 Output High Reads data R/W
Low Writes data
Do Output High Selects instruction RS
register
Low Selects data register
R1o Input/Output - Data lines DBg
R11 Input/Output - DB)
Ry Input/Output - DB2
R13 Input/Output - DB3
R20 Input/Output - DB4
Rp1 Input/Output - DBsg
R22 Input/Output - DBg
R23 Input/Output - DB7
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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. @ and @ in Fig. 13.2. show timing for read
and write.

@ Data from LCTC can be read during @ period.

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

LCTC pin name

RS, R/W >§ X

DBy - DB7
(HMCS404C + LCTC)

E N
cotoic 11 X (X
(HMCS404C ~ LCTC)
\
6 ®

Fig. 13.2. HMCS404C LCTC Interface
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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
Lo]
Main
Program
L2HINT | L2HMVE L2HWT l
1 2 3
Initialize I— Move L— Write l—
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. Program 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)

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

—
Initialize W register

—Execute L2HINT to initialize LCTC
L2HINT I for graphic mode

L2HCLR | Execute L2HCLR to clear display RAM

[ Clear Y register used to count the
number of columns of display data
written to the LM200

$0—-DSPCTU
| $0— DSPCTL
$0—»COUNTU
Clear RAM counter used to indicate
the number of rows of display data
written to the LM200
$0-COUNTL
$0—-DTADDR
$0-~DTADDR+1 Store entry argument for L2HMVE
to initialize LCTC cursor address to
$0084
$8—>DTADDR+2
$4—DTADDR+3
| L2HMVE I Initialize LCTC cursor address

$C~INSTRL Store instruction for display data

write into entry argument of
L2HWT

Clear pointer of display data

$0->INSTRU

Fig. 13.4. Program Module Sample Application

256 HITACHI



L2HMN2 r
DSPCTU—B
DSPCTL—A
Store display data in entry argument
Pattern $2 |--—---- of L2HWT
A—DATARL
B—DATARU
L2HWT Neooeo Write display data to the LCTC through
the I/0 port
0—CA
$1-A
2%%5%%{%+CA ------ Increment pointer to display data
$0—A
DSPCTU+A+CA
— DSPCTU
l [ Increment the counter indicating the
Y+1oY |=--ec—- number of columns of display data
L written
-
Y#5 Test if display data has been written
for 5 consecutive rows
Y=5 -
-
$0->y |-—--- Clear Y register

Fig. 13.4. Program Module Sample Application (Cont.)
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0—=CA

l

$ E—A

DTADDR+3+A+CA
— DTADDR+3

$1—-A

|

DTADDR+2+A+CA
— DTADDR+2

|

$0-A

1

DTADDR+1+A+CA
— DTADDR+1

$0—A

DTADDR+A+CA
—DTADDR

|

0—>CA

i

$1—-A

I

COUNTL+A+CA
— COUNTL

l

$0—-A

|

COUNTU+A+CA

— COUNTU

COUNTU

COUNTL

COUNTL
=$2

17

Add 30 to
next row

cursor address to move to

Increment RAM counter indicating how
many rows of display data written

Test if 50 rows of display data have
been written
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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

Changes in CPU
Registers and Flags:

® : Not Affected
x : Undefined
! : Result

Specifications:

1 word = 10 bits
ROM (Words): 31
RAM (Digits): 2
stack (Digits): O

No. of cycles:1538
Reentrant: No
Relocatable: No
Interrupt OK?: Yes

Description:

1. Function Details

(1) Program module L2HINT has no arguments.

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

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

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: Tnjtjalize 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

i

T
|

T T —T T 7T T
wx[FEDiciBialolairolsiefaraiilo

02 T
______ | L L1 JE T SN ) e e d oL

I ] [ v 1 I

SR SN S I
""" TTrTTETT [

0 4 o [
—————— g : bt :

05 : ! ! | 1 ! : t !
______ b= '_,_.-}.___l_...____IL_._I__..L__L.__|.___I__._1.__.L..._L__._
06 ! T T R R A A
/___‘___J._Jw

Fig. 13.6. RAM Allocation

Label RAM Description
b3 b0
INTA Helds lower digit of source address
MD($03A)
b3 b0
INTB Holds upper digit of source 4address
MD($03B)

4. Sample Application

" CALL L2HINT || - Call L2HINT
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Program

Module Name: 1Initialize LCTC| | MCU: HMCS402C/ Label: L2HINT
HMCS404C/HMCS408C

(1)

(2)

Description:

5. Basic Operation

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.

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 $1D Selects 30 bytes of horizontal bytes in the graphic
mode

$03 S$1F Selects 1/32 duty in multiplex display

$08 $00 Selects display starting address to $0000

$09 $00

$0A $00 Selects cursor address to $0000

$0B $00

(3)

(4)

RS, R/W, and E signals are controlled by port Dg, port D; and port Dj.

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

MCU: HMCS402C/ L2HINT

HMCS404C/HMCS408C

Label:

Flowchart:

L2HINT

L2HINT

$0—-INTA

$5—-INTB

L2HIT1

L2HBSY

INTB—B

l

INTA—A

1D,

0—D;

1—-D,

Pattern $1

0—-D,

A+$ 1A

0—Dy

1-D;

Pattern $1

Store address in RAM for the Pattern
instruction

[Check LCTC busy flag

Load from RAM the data table address
for instructions or data into
Accumulator and B register

—-

Set RS signal high

Set R/W signal low

Set E signal high

Output instruction through ports Rl
and R2 by the Pattern instruction

Set E signal low
Increment data table pointer

Set RS signal low

Set E signal high

—~
Output data through ports Rl and R2
by the pattern instruction
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Program Module Name: Initialize LCTC

MCU: HMCS402C/ Label:
HMCS404C/HMCS408C

L2HINT

Flowchart:

0—D,

INTA+$1 —INTA

Set E signal low

Increment data table point

Test if initialization complete
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Program Module Name: Move Cursor MCU: HMCs402C/ Label: L2HMVE
HMCS404C/HMCS408(C|

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

Arguments: 1 digit = 4 bits Changes in CPU Specifications:

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

tgits a B ROM (Words) : 29
Entry  Cursor  DTADDR 4 _ RAM (Digits): 8
address (RAM) : L 4

X % Stack (Digits):
SPX SPY Reentrant: No

Interrupt OK?: Yes

w

Re-
turns
CA ST
® : Not Affected
x : Undefined
! : Result
Description:

1. Function Details

(1) Argument details
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.

HITACHI 265




Program Module Name: Move Cursor

MCU: HMCS402C/ Label: L2HMVE
HMCS404C/HMCS408C

Déscription: '

Program Module/
Subroutine Name Label

Function

Table 13.5. Program Modules and Subroutines Called in L2HMVE

Write Data L2HWT Writes data to LCTC through I/O port of the
to LCTC HMCS404C

Check Busy L2HBSY Checks LCTC busy flag

Flag

2. User Notes

must be allocated.

3. RAM Allocation

The RAM area for storing the 4-digits hexadecimal of the cursor address

o]

N —

Fig.
Label

bl5

13.7. RAM Allocation
RAM

b0

DTADDR:DTADDR+1:
DTADDR+2 :DTADDR+3

2

b7

MD($085,80384,$038,$08%2)

b0

INSTRL: INSTRU \\\

b7

MD($037, $036)

b0

DATARU:DATARL

MD($03D, $03C)

Description

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
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Program Module Name: Move Cursor MCU: HMCS402C/ Label: IL2HMVE

HMCS404C/HMCS408C
Description:
4. Sample Application
DTADDR EQU $0382 -+ Allocate RAM area for storing

the 4-digit cursor address in
the user program

LMID $0, DTADDR

LMID $0, DTADDR+1 Load the cursor address stored
’ <+ in the user program into entry

LMID $8, DTADDR+2 arguments

LMID $4, DTADDR+3

CALL L2HMVE -+ Call L2HMVE

5. Basic Operation

(1) To effect display at any location on ILM200, 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 MCU: HMCS402C/ - Label: L2HMVE
HMCS404C/HMCS408C

Flowchart:

L2HMVE

L2HWVE _
$0~INSTRU Store instruction for writing cursor
I ————— address to the LCTC (lower digits)
into L2HWT entry arguments
$A-INSTRL
DTADDR+38
—DATARL
Store cursor address (lower digits)
| ————— into L2HWT entry arguments
DTADDR+2
—DATARU
SHWT Write cursor address (lower digits)
A | A to the LCTC
$0—INSTRU Store instruction for writing cursor
| —_——— address to the LCTC (upper digits)
into L2HWT entry arguments
$B—INSTRL
I -
DTADDR+1
— DATARL o s
Store cursor address (upper digits)
, TT777 into L2HWT entry arguments
DTADDR
— DATARU
L2HW B Write cursor address (upper digits)
T to the LCTC
RTN
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Program Module Name: write Data MCU: HMCS402C/ Label: L2HWT
HMCS404C/HMCS408C]

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

Arguments: 1 digit = 4 bits Changes in CPU Specifications:
Storage No. of Registers and Flags: 1 word = 10 bits
Contents . -
Location Digits
A B ROM (Words) : 22
LCTC INSTRU 1 .
Entry instruc- (RAM) — RAM (Digits): 4
tion INSTRL 1 X Y stack (Digits): 4
(RAM)
: 96
data (RAM) SPX SPY Reentrant: No
DATARL 1 Rel table: No
W Interrupt OK?: Yes
e — — — || OO
turns
CA ST
® : Not Affected
x : Undefined
Result
s INSTRU b7 b0
Description: : INSTRL 0 C
E— @ i“tfy (A [0, C]
1. Function Details TQUMeNts | ragy b7 bO
coatant [ 7 b ]
(
(1) Argument details ‘
INSTRU, INSTRL (RAM) : Holds value to
initialize the LCTC instruction
register
Result
@ resu bo b7
DATARU,DATARL (RAM) : Holds value to e
initialize the LCTC data register

Note: Display position is different
from the cursor address

Fig. 13.8. 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

MCU: HMCS402C/

HMCS404C/HMCS408C

Label: L2HWT

Description:

display data $BB is written to

Table 13.6. Subroutines Used b

Subroutine Name Label Name

the LCTC.

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

y Module L2HWT

Function

(2) Fig. 13.8 shows an example of program module L2HWT execution, in which

Check Busy Flag L2HBSY

Checks LCTC busy flag

2. RAM Allocation

Label R AM

b7 bo

INSTRU : INSTRL ( RAM)

MD($037,$036)

b7 b0

DATARU: DATARL ( RAM)

MD($03D, $03C)

Fig. 13.9. RAM Allocation

Description

Holds value to initialize
the LCTC instruction register

Holds value to initialize
the LCTC data register
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Program Module Name:

Write Data

MCU:

HMCS402C/ Label: L2HWT
HMCS404C/HMCS408C

Description:

3. Sample Application

WORK1U
WORK1L
WORK 2U
WORK 2L

EQU $037
EQU $036
EQU $03D
EQU $03C
LAMD WORKI1L
LMAD INSTRL
LAMD WORK1U
LMAD INSTRU
LAMD WORK2 L
LMAD DATARL
LAMD WORK:2U
LMAD DATARU
CALL L2HWT

Allocates RAM area in the user
program to store value to
initialize the instruction
register

Allocates RAM area in the user
program to store value to
initialize the data register

Store value to initialize the
instruction register into
entry arguments

Store value to initialize the
data register into entry
arguments

Calls L2HWT
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Program Module Name: Write Data

MCU: HMCs402C/ Label: L2HWT
HMCS404C/HMCS408C

Description:

4. Basic Operation

i

Check LCTC busy flag

|

Set RS signal high

|

Write data to
instruction register

|

Set RS signal low

|

Write data to data
register

|

Busy flag

(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.

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

0: Data can be written to the LCTC

272 HITACHI




Program Module Name: Write Data MCU: HMCS402C/ Label: L2HWT
HMCS404C/HMCS408C
Flowchart:
L2HWT
L2HWT —
L2HBSY ||----- Check busy flag
l -
12Dy  |-———-- Set RS signal high
I r~
0—»D, |-———- Set R/W signal low
I —
1-D, |————- Set E signal high
INSTRL
—R1
I ————— Load data to initialize the data register
INSTRU
—- R2
0-D; |-———- Set E signal low
0—-Dp —————| Set RS signal low
1-D,  |———— Set E signal high
DATARL
—R1
————— Load data to initialize the data register
DATARU
— R2
02Dy  |————- Set E signal low
RTN
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13.4 SUBROUTINE DESCRIPTION

Subroutine Name: MCU: HMCs402C/
Check Busy Flag HMCS404C/HMCS408C

Label: L2HBSY

Function:

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

Basic Operation:

operation, the LCTC busy flag must be checked.

(1) Since the LCTC cannot be accessed by the microcomputer while it is in

(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:
L2HBSY
L2HBSY —
$0—->R2 |———— Initialize port R2 as input
1-Dy, |—-———- Set RS signal high
1-D;, |———— Set R/W signal high
L2HBY1 —
1-D;,  |————- [ Set E signal high
R2—oA  |——m——m Read value of LCTC busy flag into
the Accumulator
0—=D; |- Set E signal low
Shift
1 bit left
Repeat loop until busy flag is zero

274 HITACHI




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 "$0780" in RAM.
LProgra.m Module Using This Subroutine: L2HINT 1
Flowchart:
L2HCLR
L2HCLR . . " "o
TNSTRL Store instruction "$A0" in L2HWT
$A0— “INSTRU |————— entry argument for writing lower
l byte of cursor address
DATARL |___ __ Store lower byte of cursor address
$00— paTARy in L2HWT entry argument
Write lower byte of cursor address to
L2ZHWT [|===—= the LCTC
I .
[ Store instruction "$B" in L2HWT
$B—INSTRL |—-———- entry argument for writing upper
’ L byte of cursor address
_____ Write upper byte of cursor address to
L2HWT the LCTC
| .
$780M*M1m11¥11?ll:,M]N —=———| Store minuend "$780" for using in SUB
$001—HSUB: | Store subtrahend "$001" for using in
MSUB : LSUB SUB
L2HCR1 l -
Fstore the data for transfering to the
$CINSTRL ~7| LCTC instruction register
L2HWT ||-c—oz Wz.'lte the display data and clears the
| display RAM
SuUB (|- —-—- Call SUB
HMIN:MMIN o B .
:LMIN#$000 TN LAN—S0R> — — — = — Test if clear the contents of display
RAM from $000 to $780
HMIN :MMIN L
: LMIN=5000
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Subroutine Name: MCU: HMCS402C/ Label: SUB

. HMCS404C/HMCS408C
Subtract 12 Bits Binary Data /
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:
S UB
SUB ~
1—-CA —-———-—| Set CA for borrow process
LSUB—A (
] _____ Subtract lower digits and store
— subtraction result in RAM for minuend
LMIN—A-CA
—LMIN
MSUB—A

Subtract middley digits considering
’ ————— CA (borrow) and store subtraction
MMIN-A-CA result in RAM for minuend

—“MMIN
J -
HSUB—A
Subtract upper digits considering
T -——-—| CA (borrow) and store subtraction
HMIN—A-CA result in RAM for minuend

—HMIN

RTN
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13.5 PROGRAM LISTING

ST-NO  OBJECT  ADRS  SODURCE STATEMENTS

00001 100 0000 LLEN 132

00002 TITLE HD61830 (LM200> GRAPHIC MODE

00003 *

00004 HKKK RAM ALLOCATION *

00005 *

00006 COUNTU EQU $030 UPPER DIGIT OF ROW COUNTER

00007 COUNTL EQU $031 LOWER DIGIT OF ROW COUNTER

00008 DTADDR EQU $032 CURSOR ADDRESS

00009 INSTRU EQU $036 UPPER LCTC INSTRUCTION REGISTER DATA
00010 INSTRL EQU $037 LOWER LCTC INSTRUCTION REGISTER DATA
00011 DSPCTU EGU $038 UPPER DIGIT OF DISPLAY DATA POINTER
00012 DSPCTL EGQU $039 LOWER DIGIT OF DISPLAY DATA POINTER
00013 INTA EQU $03A LOWER DIGIT OF SOURCE STARTING ADDR
00014 INTB EQU $038 UPPER DIGIT OF SOURCE STARTING ADDR
00015 DATARU EQU $03C UPPER LCTC DATA REGISTER DATA
00016 DATARL EQU $03D LOWER LCTC DATA REGISTER DATA
00017 HMIN EQU $03E UPPER DIGIT OF MINUEND

00018 MMIN EGU $03F MIDDLE MINUEND

00019 LMIN EQU $040 LOWER DIGIT OF MINUEND

00020 HSUB EQU $041 UPPER DIGIT OF SUBTRAHEND

00021 MSu8 EQU $042 MIDDLE DIGIT OF SUBTRAHEND

00022 Lsus EGQU $043 LOWER DIGIT OF SUBTRAHEND

00023 HoKokk

00024 * *

00025 * VECTOR ADDRESSES *

00026 * *

00027

00028 *

00029 ORG $0000

00030 *

00031 150 010 0000 JMPL L2HMN RESET

00032 150 010 0002 JMPL L2HMN INTO

00033 150 010 0004 JMPL L2HMN INT1

00034 150 010 0006 JMPL L2HMN TIMER-A

0003s 150 010 0008 JMPL L2HMN TIMER-B

00036 000 000A NOP

00037 000 0008 NOP

00038 150 010 000C JMPL L2HMN SERIAL

00039

00040 x *

00041 * MAIN PROGRAM : L2HMN *

00042 x *

00043 *

00044 *

0004S ORG $0010

00046 *

00047 OF0 0010 L2HMN LWI $0 INITIALIZE W REGISTER

00048 160 06F 0011 CALL L2HINT INITIALIZE LCTC FOR GRAPHIC MODE
00049 160 0C1 0013 CALL L2HCLR CLEAR DISPLAY

000S0 210 0015 LYI $0 CLEAR COLUMN COUNTER

00051 1A0 038 0016 LMID $0.DSPCTU CLEAR DISPLAY DATA POINTER

00052 1A0 039 0018 LMID $0.,D0SPCTL

00053 1A0 030 O001A LMID $0,COUNTU CLEAR ROW COUNTER

00054 1A0 031 001C LMID $0. COUNTL

000SS 1A0 032 O0O0l1E LMID $0.DTADOR STORE CURSOR ADDRESS(UPPER)

00056 1A0 033 0020 LMID $0.DTADDR+1

00057 1A8 034 0022 LMID $8.DTADDR+2 STORE CURSOR ADDRESS(LOWER)
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00058 1A4 035 0024 LMID $4.DTADDR+3

00059 160 0A4 0026 L2HMN1  CALL L2HMVE WRITE CURSOR ADDRESS TO LCTC
00060 1AC 037 0028 LMID $C. INSTRL LOAD INSTRUCTION

00061  1A0 036 002A LMID $0, INSTRU

00062 190 038 002C L2HMN2  LAMD DSPCTU LOAD DISPLAY DATA

00063  0C8 002€E LBA

00064 190 039 O002F LAMD DSPCTL

00065 182 0031 P $2 PATTERN

00066 194 03D 0032 LMAD DATARL

00067 048 0034 LAB

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 003D LMAD DSPCTL

00074 230 003F LAI $0

0007S 118 038 0040 AMCD DSPCTU

00076 194 028 0042 LMAD DSPCTU

00077  0SC 0044 IY INCREMENT COLUMN COUNTER
00078 075 0045 YNEI $5 TEST IF COLUMN COUNTER =S
00079  32C 0046 BR L2HMN2

00080 210 0047 LYl $0 CLEAR COLUMN COUNTER
00081 OEC 0048 REC ADD CURSOR ADDRESS TO 30
00082 23 0049 LAI SE

00083 118 035 004A AMCD DTADDR+3

00084 194 035 004C LMAD DTADDR+3

00085 231 004E LAI $1

00086 118 034 004F AMCD DTADDR+2

00087 194 034 0051 LMAD DTADDR+2

00088 230 00S3 LAI $0

00089 118 033 0054 AMCD DTADDR+1

00090 194 033 00Sé LMAD DTADOR+1

00091 230 0058 LAI $0

00092 118 032 0059 AMCD DTADDR

00093 194 032 00SB LMAD DTADDR

00094 OEC 00S0 REC INCREMENT ROW COUNTER
00095 231 00SE LAI $1

00096 118 031 OOSF AMCD COUNTL

00097 194 031 0061 LMAD COUNTL

00098 230 0063 LAI $0

00099 118 030 0064 AMCD COUNTU

00100 194 030 0066 LMAD COUNTU

00101 123 030 0068 INEMD $3,COUNTU TEST IF ROW COUNTER =S50
00102 326 006A BR L2HMN1

00103 122 031 0068 INEMD $2,COUNTL

00104 326 006D BR L2HMN1 LOOP UNTIL DISPLAY END
0010s 36E 006E PEND BR PEND END OF PROGRAM

00106

00107 x *
00108 * NAME : L2HINT (INITIALIZE LCTC) *
00109 * *
00110

00111 * *
00112 * ENTRY : NOTHING *
00113 * RETURNS : NOTHING *
00114 * *

278 HITACHI )



0011S
00116
00117
00118
00119

00124
00125
00126
00127
00128
00129
00130
00131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
00150
00151
00152
001S3
00154

OEB

037
036

03D
03C

006F
0071
0073
0075
0077
0078
0074
0078
007C
007D
007E
007F
0080
0081
0082
0083
0084
008s
0086
0087
0088
0089
0088
008C
0080

L2HINT  LMID $0. INTA STORE LOWER DIGIT OF SOURCE ADDRESS
LMID $5.INTB STORE UPPER DIGIT OF SOURCE ADDRESS
L2HIT1 CALL L2HBSY CHECK LCTC BUSY FLAG
LAMD INTB
LBA
LAMD INTA
SEDD 0 RS=1
REDD 1 R/W=0
SEDD 2 E=1
NOP
P 1 QUTPUT INSTRUCTION BY PATTERN INSTR
NOP
REDD 2 E=0
Al $1 INCREMENT ADDRESS
REDD 0 RS=0
SEDD 2 E=1
NOP
P 1 OUTPUT DATA BY PATTERN INSTRUCTION
NOP
REDD 2 E=0
AI $1 INCREMENT ADDRESS
LMAD INTA
BRS L2HIT2 BRANCH IF INTA=F
BRS L2HIT1 BRANCH IF INTA/=F
L2HIT2  RTN
* *
* NAME : L2HWT (WRITE DATA TO LCTO) *
* *
* *
* ENTRY : INSTRU (UPPER HALF OF INSTR TO LCTC) x
* INSTRL (LOWER HALF OF INSTR TO LCTC) x
* DATARU (UPPER DATA TO LCTC) *
* DATARL (LOWER DATA TO LCTCO *
* RETURNS : NOTHING *
* *
L2HUWT CALL L2HBSY CHECK LCTC BUSY FLAG
SEDD 0 RS=1
REDD 1 R/W=0
SEDD 2 E=1
LAMD INSTRL
LRA 1 STORE DATA WRITTEN TO INSTRUCTION REG
LAMD INSTRU
LRA 2
REDD 2 E=0
REDD 0 RS=0
SEDD 2 E=1
LAMD DATARL
LRA 1 STORE DATA WRITTEN TO DATA REG
LAMD DATARU
LRA 2
REDD 2 E=0
RTN

HITACHI 279




00172
00173
00174
0017S
00176
00177
00178
00179
00180
00181
00182
00183
00184
0018S
00186
00187
00188
00189
00190
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
00208
00209
00210
00211
00212
00213
00214
00215
00216
00217
00218
00219
00220
00221
00222
00223
00224
00225
00226
00227
00228

1A0
1AA
190
194
190
194
160
1A0
1AB
190
194
190
194
160
010
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00A4
00As
00A8
00AA
00AC
00RE
0080
0082
0084
0086
0088
oosA
008C
00BE
00COo

x NAME : L2HMVE (SET CURSOR ADDRESS) *
x x*
b3 *
* ENTRY : DTADDR (CURSOR ADDRESS VALUE) *
* RETURNS : NOTHING x
x %
L2HMVE  LMID $0. INSTRU STORE INSTRUCTION
LMID $A. INSTRL
LAMD DTADDR+3 STORE DATA
LMAD DATARL
LAMD DTADDR+2
LMAD DATARU
CALL L2HUT WRITE LOWER CURSOR ADDR TO LCTC
LMID $0. INSTRU STORE INSTRUCTION
LMID $8, INSTRL
LAMD DTADDR+1 STORE DATA
LMAD DATARL
LAMD DTADDR
LMAD DATARU
CALL L2HWT WRITE UPPER CURSOR ADDR TO LCTC
N
RT K N OK K
* x
* NAME : L2HCLR (CLEAR DISPLAY) *
x *
L2HCLR  LMID $A. INSTRL STORE INSTRUCTION
LMID $0. INSTRU
LMID $0.DATARL STORE LOWER CURSOR ADDRESS
LMID $0. DATARU
CALL L2HWT WRITE LOWER CURSOR ADDR TO LCTC
LMID $B., INSTRL STORE INSTRUCTION
CALL L2HWT WRITE UPPER CURSOR ADDR TO LCTC
LMID $7.HMIN STORE MINUEND
LMID $8, MMIN
LMID $0. LMIN
LMID $0. HSUB STORE SUBTRAHEND
LMID $0. MSUB
LMID $1,LSUB
L2HCR1  LMID $C. INSTRL STORE DATA
CALL L2HWT WRITE DISPLAY DATA($00> TO RAM
CALL sus
INEMD  $0.HMIN TEST IF DISPLAY RAM IS CLEARED
BRS L2HCR1
INEMD  $0.MMIN
BRS L2HCR1
INEMD  $0.LMIN
BRS L2HCR1
RTN
x *
* NAME : L2HBSY (CHECK BUSY FLAG) x




00229
00230
00231
00232
00233
00234
0023S
00236
00237
00238
00239
00240
00241
00242
00243
00244
00245
00246
00247
00248
00249
00250
00251
00252
00253
00254
00255
00256
00257
00258
00259
00260
00261
00262
00263
00264
00265
00266
00267
00268
00269
00270
00271
00272
00273
00274
00275
00276
00277
00278
00279
00280
00281
00282
00283
00284
00285

230
202
2E0
2E1
2E2
252
262
0Al
Q6F
3EF
010

OEF
190
198
194
190
198
194
190
198
194
010

043
040

042
03F
03F
041
03E
03E

00EB
00€EC
00ED
OOEE
O00EF
00FO0
00F1
00F2
00F3
00F4
00FS

00F6
00F?
00F9
00FB
00FD
O00FF
0101
0103
0105
0107
0109

0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
015A
0158
01sC
015D
01SE
01SF

L2HBSY  LAI $0

LRA 2 SELECT R2 AS INPUT

SEDD 0 RS=1

SEDD 1 R/W=1
L2HBY1  SEDD 2 E=1

LAR 2 READ LCTC BUSY FLAG

REDD 2 £=0

ROTL

TC

BRS L2HBY1 LOOP UNTIL BUSY FLAG=1

RTN

*HoK -

x* 3
* NAME : SUB (SUBTRACT 12-BIT BINARY DATA) *
* *
sus SEC SET CARRY

LAMD LsuB

SMCD LMIN SUBTRACT LOWER DIGITS

LMAD LMIN LMIN-LSUB->LMIN

LAMD MSUB

SMCD MMIN SUBTRACT MIDOLE DIGITS

LMAD MMIN MMIN-MSUB->MMIN

LAMD HSUB

SMCD HMIN SUBTRACT UPPER DIGITS

LMAD HMIN HMIN-HSUB->HMIN

RTN
x* *
* DATA TABLE (DATA TO INITIALIZE LCTC) *
* x*
4 K K K K K K K K K K R K K K K K K K K K MK
x

ORG $0150
x*

oC $200

DC $232

DC $201

DC $207

DC $202

DC $21D

DC $203

DC $21F

DC $208

DC $200

DC $209

DC $200

DC $20A

DC $200

oC $208

oC $200
* x*
* DATA TABLE (DISPLAY DATA) *
* *
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00286

00287

00288 100
00289 100
00290 180
00291 10F
00292 100
00293  1CO
00294 100
00295  1CO
00296  11F
00297 100
00298 1€0
00299 101
00300 1CO
00301 11F
00302 100
00303 1F8
00304 103
00305  1E7
00306  13F
00307 100
00308 1F8
00309 1C7
00310 1F8
00311 13F
00312 100
00313 1FC
00314 137
00315 1CO
00316 17F
00317 100
00318 1FE
00319 10F
00320 180
00321 17F
00322 100
00323 1FE
00324 107
00325 180
00326 13F
00327 100
00328 1FE
00329 103
00330 1C3
00331 13F
00332 100
00333  1FF
00334 183
00335  1E7?
00336 13F
00337 100
00338  1FF
00339 1C1
00340 12C
00341 11C
00342 100
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$103
$1E7
$13F
$100
$1F8
$1C7
$1F8
$13F
$100
$1FC
$137
$1C0
$17F
$100
$1FE
$10F
$180
$17F
$100
$1FE
$107
$180
$13F
$100
$1FE
$103
$1C3
$13F
$100
$1FF
$183
$1E7
$13F
$100
$1FF
$1C1
$12C
$11C
$100



00343
00344
00345
00346
00347
00348
00349
00350
00351
00352
00353
00354
00355
00356
00357
00358
00359
00360
00361
00362
00363
00364
00365
00366
00367
00368
00369
00370
00371
00372
00373
00374
00375
00376
00377
00378
00379
00380
00381
00382
00383
00384
00385
00386
00387
00388
00389
00390
00391
00392
00393
00394
00395
00396
00397
00398
00399

1FE 0237
1€0 0238
168 0239
120 023A
100 0238
17€ 023C
170 0230
1CE 023E
14C 023F
100 0240
13€ 0241
1F0 0242
1cC 0243
18E 0244
100 0245
110 0246
1FO0 0247
10F 0248
10F 0249
101 024A
110 0248
1E0 024C
187 024D
113 024E
101 024F
110 0250
1E0 0251
183 0252
118 0253
102 0254
108 0255
180 0256
101 0257
10F 0258
102 0259
108 025A
100 0258
100 025C
106 025D
102 025E
108 025F
100 0260
100 0261
100 0262
102 0263
108 0264
100 0265
100 0266
100 0267
101 0268
110 0269
100 026A
100 0268
100 026C
101 026D
110 026E
100 026F

$1FE
$1E0
$168
$120
$100
$17E
$170
$1CE
$14C
$100
$13E
$1F0
$1CC
$18E
$100
$110
$1F0
$10F
$10F
$101
$110
$1E0
$187
$113
$101
$110
$1E0
$183
$118
$102
$108
$180
$101
$10F
$102
$108
$100
$100
$106
$102
$108
$100
$100
$100
$102
$108
$100
$100
$100
$101
$110
$100
$100
$100
$101
$110
$100
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00400 140

00401 108
00402 101
00403 120
00404 180
00405  1A0
00406 184
00407 100
00408 120
00409 100
00410 113
00411 1C3
00412 101
00413 140
00414 100
00415  10C
00416  1CO
00417 101
00418 180
00419 101
00420 100
00421 1F8
00422 103
00423 100
00424 106
00425  1CO
00426  1F7?
00427 107
00428 100
00429 102
00430 13C
00431 1€0
00432 107
00433 100
00434 101
00435 140
00436 1F8
00437 101
00438 100
00439 103
00440 180
00441 1FF
00442 103
00443 180
00444 107
00445 100
00446  1FF
00447 103
00448 180
00449 10F
00450 100
00451 19F
00452 103
00453  1CO
00454  10F
00455 100
00456  10E
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0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
027A
0278
027C
0270
027E
027F
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
028A
0288
028C
028D
028E
028F
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
029A
0298
029C
029D
029E
029F
02A0
02A1
02A2
02A3
02R4
02AS
02A6
02A7
02A8

$140
$108
$101
$120
$180
$1A0
$184
$100
$120
$100
$113
$1C3
$101
$140
$100
$10C
$1CO
$101
$180
$101
$100
$1F8
$103
$100
$106
$1CO
$1F7
$107
$100
$102
$13C
$1E0
$107
$100
$101
$140
$1F8
$101
$100
$103
$180
$1FF
$103
$180

$107

$100
$1FF
$103
$180
$10F
$100
$19F
$103
$1CO
$10F
$100
$10E



00457 100

00458 1CO
00459  10F
00460 100
00461 102
00462 100
00463  1CO
00464  11F
00465 100
00466 102
00467 100
00468  1EO
00469  11F
00470 100
00471 103
00472 100
00473  1EO
00474  10F
00475  1Cé
00476 107
00477 100
00478  1EO
00479  10F
00480  1DF
00481 11E
00482 100
00483  1EO
00484 1AF
00485 1FA
00486 11A
00487 100
00488  1EO
00489 1EF
00490 1FA
00491 11A
00492 100
00493 100
00494 177
00495 1FB
00496 11A
00497 100
00498  1A8
00499 178
00S00 1FB
00501 13F
0002 100
00S03 164
00s04  1FD
00S0S  1IFF
0006  13F
00507 100
00s08 1C2
00509  1FE
00S10  1FF
00511 13F
00s12 100
00s13  1C2

0283
0284

$100
$1C0
$10F
$100
$102
$100
$1C0
$11F
$100
$102
$100
$1E0
$11F
$100
$103
$100
$1E0
$10F
$1C6
$107
$100
$1E0
$10F
$10F
$11E
$100
$1E0
$1AF
$1FA
$11A
$100
$1E0
$1EF
$1FA
$11A
$100
$1D0
$177
$1FB
$11A
$100
$1A8
$178
$1F8
$13F
$100
$164
$1FD
$1FF
$13F
$100
$1C2
$1FE
$1FF
$13F
$100
$1C2
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00514 1FF

00515  1FF
00S16  11F
00517 100
00518 184
00519  1FF
00520  1FF
00521 11F
00522 100
00523 198
00524  1FF
00S25  IFF
00526  10F
00s27 100
00528 160
00529  IFF
00530  IFF
00531  10F
00532 100
00533 100
00534  1FE
0035 10F
00536 107
00S37 100
00538

00539
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$1FF
$1FF
$11F
$100
$184
$1FF
$1FF
$11F
$100
$198
$1FF
$1FF
$10F
$100
$160
$1FF
$1FF
$10F
$100
$100
$1FE
$10F
$107
$100



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

MCU
HMCS404C Liquid Crystal Module H2570
(B Cs4ozc) ____________________
HMCS408C lr‘ 1|
33 1
2 Ru=— SE DBo HD44780 Lo |
1
2" 35 9 gg: LCD -1 |
+5v i F 10 | |
32 R DBy |
vee 24 11 |
J R 25 12 DB, |
152076 Ra DB
ELEE D g £ 3] |pg, |
= 49 peser RoJ2T 19| Ipp, |
4
\[ § S oup== s RS |
2297 s, ,——6{— RW |
i} + 1 M I

7.’ aMHz mn%sz Do }34 +V f Vop I|

¢ osc 55 HD44100
_Z‘sz 2 D, 5 10k T \‘;0 4 |
v ficm D 1 ss }

|
L T J
Fig. 14.1. H2570 Control Circuit

288 HITACHI




14.1.5 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 Input/ Active Pin Name
(HMCS404C) Output level Function (LCD-II)
Do Input/ Low Selects instruction register RS
Output High Selects data register
-Dl—— Low Data writing R/W
(Microcomputer + LCD-II)
High Data reading
(Microcomputer « LCD-II)
Do High Enable signal E
R40 - Data line ' DBO
R41 - DB}
Rq42 - DB2
Rq43 - DB3
R50 - DB4
R5] - DBs
R52 - DBg
R53 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.

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

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

Pin name (LCD-II)

v O X

E
' ~

DBg-DB7 of

(HMCS404C—LCD—1)
\
@ T, ®

DBp-DB7 [

(HMCS404C+ LCD—1) \

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
L]
Main
Program
LCDRES | LCDINT LCDDSP
1 2 . 3

Reset L—- Initialize L—+ Display L—-
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 Functions

No. Program Module Name Label Function
0 Main Program LCDMN Main program which conducts
character display on H2570
Reset LCD-II LCDRES Resets LCD-II according to instructions
Initialize LCD-II LCDINT Initializes LCD-II display mode
3 Display on LCD LCDDSP Sends ASCII code to LCD-II and

displays on H2570

HITACHI 291




14.2.3 Program Module Process Flow (Main Program)

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.

LCDMN Main Program

LCDMN

_____ [ Initialize W register

—————— L Call LCDRES and resets LCD-II

______ [ Call LCDINT and initializes LCD-II

Load leading address of the data table
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 0O or not.
B=o| If 0, end program

A7<0, BA0
LCDMN3

I LCDDSP I
HSOUR—B

Call LCDDSP and displays characters on
H2570

Increment pointer indicating display
data in data table

LCDMN4

PEND

Fig. 14.4. Example of Program Module Sample Application
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Example of Liquid Crystal Display

Fig. 14.5.

HITACHI 293




14.3 PROGRAM MODULE DESCRIPTION

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

Function: Resets LCD-II by instruction.

Arguments: None Changes in CPU Specifications:
Registers and Flags: 1 word = 10 bits
ROM (Words) : 26

RAM (Digits): 0
Stack (Digits): O
No. of cycles: 33249
Reentrant: No

Relocatable: No

9
| X
= 5 >
x99 ] x| x|w
<

Interrupt OK?: No

@]

Hn’ []
1]

IH

Not Affected
Undefined
Result

P

Description:
1. Function Details

(1) There are no arguments in LCDRES.

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

Description:
3. RAM Allocation
RAM is not used by program module LCDRES.
4. Sample Application

LCD-1II power source ON

CALL LCDRES (| - Call LCDRES

5. Basic Operation

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

LCD-II Reset

After resetting,
wait a minimum
15 ms

[ Transfer $30 ]

|

Wait for minimum4|
4.1 ms

l Transfer $30 l

|

Wait for minimum
100 Us

———

| Transfer $30 l

Fig. 14.6. Resetting of LCD-II by Software

(2) Controls RS, R/W and E signals at the I/0 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

MCU: HMCS402C/

HMCS404C/HMCS408C

Label:

LCDRES

Flowchart:

LCDRES

LCDRES

Execute 15 ms software timer

[ Load, 2 onto the counter to loop
"] process 3 times
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Program Module Name: Reset LCD-II MCU: HMCs402C/ Label: LCDRES
HMCS404C/HMCS408C
Flowchart:
0 — Dy ——-[ Set RS signal low
0 — D, ---| Set R/W signal low
| ~
0 = D, —---| Set E signal low
1 — D, ---| Set E signal high
$0—A
A — R4
r --—-| Output instructions of the function set
$ 3—>A
A — Rs
0 — D, ---| Set E signal low
B—1—B ---| Decrement counter
B=0 - -
° 0 --—| Test if LCD-II reset complete
B<<0 -
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Program Module Name:

Initialize LCD-II

MCU: HMCs402C/

HMCS404C/HMCS408C

Function: Initializes LCD-II display mode.

Arguments: None

Changes in CPU

Registers and Flags:

Not Affected
Undefined
Result

P )

Specifications:

1 word = 10 bits

ROM (Words) : 18
RAM (Digits): 0
stack (Digits): O
No. of cycles: 180
Reentrant: No
Relocatable: No
Interrupt OK?: No

Description:

1. Function Details

(1) There are no arguments in LCDINT.

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

Specifications Notes:
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Program Module Name: MCU: HMCS402C/ Label: LCDINT
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

$l8 Select display shift direction to the left

s$ocC 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 LCDRES - LOD-TT
CALL LCDINT [| ceeeeeeee Call LCDINT

ORG $100

DC $10C e Secure data table

DC $118
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Program Module Name:

Initialize LCD-II

MCU: HMCS402C/
HMCS404C/HMCS408C

Label: ILCDINT

Description:

5. Basic Operation

this data.

(3) Repeat (1) to (2) 6 consecutive times and initialize.

(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, D1 and D2, and initialize LCD-II with
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Program Module Name: MCU: HMCS402C/ Label: LCDINT
Initialize LCD-II HMCS404C/HMCS408C
Flowchart:
LCDINT
LCDINT —
$5 - Y |-————= Initialize counter
—
LCDIT1 -
h LCD-
LCDBSY ||———eem Execute LCDBSY and check LCD-II
busy flag
Y - A
Load data table address on to
[ ———77| accumulator and B register
$0 - B
0—=>Dg |-———- Set RS signal low
0—D; |e———- Set R/W signal low
0 —>Dp |- Set E signal low -
I L
1D,  |—m——— Set E signal high
] [ Transfer instruction at the data table
Pattern $1 |-———- display mode to accumulator and B
] L register
A —> R4
B—»R5 |-———— Output display mode instruction
Y — A
0—>D; |--——- Set E signal low
-
Y=0
@ -———--1 Decrement counter
Y<<o -
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Program Module Name: MCU: HMCS402C/ Label: ' LCDDSP
Display on LCD HMCS404C/HMCS408C

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

Arguments: Changes. in CPU Specifications:
- 1 digit = 4 bits -
Registers and Flags: 1 word = 10 bits
Contents Storage No. of
Loca- Digits a B ROM (Words) : 13
Entry Display Upper B 1 " v Stack (Digits): 0
data
(ASCII Lower A 1 [::::::[:::::] No. of cycles: 29
code) SPX SPY Reentrant: No
W Interrupt OK?: No
e, —  — — || &
turns
CA ST
® : Not Affected
x : Undefined
! : Result
Description:

1. Function Details

B A
» L]
(1) Argument details @ Entry B [ s |

Arguments | xse1r code
A: Stores the lower 4 bits of the ('C' $43)

ASCII code of the graphic display. Liquid crystal

B: Stores the upper 4 bits of the @ Results E[: I'IIIIII
ASCII code of the graphic display.

Fig. 14.7. Example of LCDDSP
Execution

Specifications Notes:
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Program Module Name: MCU: HMCS402C/ Label: L1CDDSP
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. 14.7-() B
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 LCDRES - Execute LCDRES and reset LCD-II

CALL LCDINT e Execute LCDINT and initialize LCD-II
display mode
LAI 3
------ Load entry arguments
LBI 4
CALL LCDDSP || - 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:
Display on LCD

MCU: HMCSs402C/
HMCS404C/HMCS408C

Label:

LCDDSP

Flowchart:

LCDDSP

LCDDSP

A - Y
|

LCDBSY

Y = A

1 — Dy

in subroutine LCDBSY

Execute LCDBSY and check busy flag

Restore display data

E

Set R/W signal low

Set E signal low

Set E signal high

Output display data to LCD-II

Set E signal low

To write display data, set RS signal high

Save display data due to use of Accumulator
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14.4 SUBROUTINE DESCRIPTION

Subroutine Name: Busy Check MCU: HMCS402C/ Label: LCDBSY
HMCS404C/HMCS408C
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:
LCDBSY
LCDBSY _
0 — Dy —-—-—-——| Set RS signal low
Set R/W signal at high to enable reading
1-D, |--———-
of busy flag
0D, |[————- Set E signal Low.
LCDBY1 -
$F>R5 |———=— Initialize port R5 to entry port
12D, |—=——-- [ Set E signal high
Rotate RS
1 bit left
Read busy flag and test busy flag when
| _____ set at highest bit
Test CA
Set signal low
Test if busy flag check complete
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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
0003s
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
000S0
00051
00052
000S3
00054
000ss
00056
00057
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14.5 PROGRAM LISTING

OBJECT

100

040
040
040
040
040

040

064
07€E
020

021
020

090
021

020

ADRS
0000

0000
0002
0004
0006
0008

000C

0040
0041
0043
0045
0046
0047
0049
004A
004C
004E
004F

0055
0056

0060

SOURCE STATEMENTS

LLEN 132
TITLE LIQUID CRYSTAL MODULE (H2570> CONTROL
*

Rk RAM ALLOCATION KKK KKK
* .

LSOUR  EQU $020 WORK AREA FOR ACCA
HSOUR  EQU $021 WORK AREA FOR B REGISTER
2K K KKK * MK KK
x %
* VECTOR ADDRESSES *
x* *
MOKOK K
*
ORG $0000
%
JMPL LCOMN RESET
JMPL LCOMN INTO
JMPL LCOMN INT1
JMPL LCOMN TIMER A
JMPL LCOMN TIMER B
*
ORG $000C
*
JMPL LCOMN SERIAL
2K 0 K 3K K KK HOKOK: K KK
x x
* MAIN PROGRAM : LCOMN *
* x*
2 20 2 K K K K K K K K 3K R K K K K K K K K KKK XK
*
ORG $0040
E3
LCOMN  LWI $0 INITIALIZE W REGISTER
CALL LCDRES RESET LCD-II
CALL LCDINT INITIALIZE LCD-II
LAI $0 LOAD DATA TABLE STARTING ADDR INTO ACCA
LBI $0 LOAD DATA TABLE STARTING ADDR INTO B REG
LCOMN1  LMAD LSOUR ACCA ---> LSOUR
LAB
LMAD HSOUR 8 REGISTER ---> HSOUR
LAMD LSOUR LSOUR ---> ACCA
P $2 MOVE DISPLAY TO ACCA & B REGISTER
LYA
ALEI $0 TEST IF ACCA=0
LAB
BR LCDMN2 IF 0. BRANCH TO LCDMN2
BR LCOMN3 IF NOT O. BRANCH TO LCDMN3
LCOMN2  ALEI $0 TEST IF B REGISTER=0
BR PEND IF 0. BRANCH TO PEND
LCOMN3 LAY
CALL LCDDSP DISPLAY FIGURE ON LCD-II
LAMD HSOUR HSOUR ---> B REGISTER
LBA
LAMD LSOUR LSOUR ---> ACCA
Al $1 ACCA + $1 ---> ACCA
BR LCOMN4 BRANCH IF ACCA =$F
BR LCDMN1



00058 0061 LCDOMN4 18 INCREMENT B REGISTER

00059 0062 BR LCDOMN1 LOOP UNTIL B REGISTER

00060 0063 PEND BR PEND

00061 KKK KKK KK * HOK KKK KKK HOK

00062 *

00063 * NAME : LCDRES (RESET LCD-II)

00064 *

00065 KKK K KHOK *K * HORHKOKK Nk

00066 *

00067 * ENTRY : NOTHING

00068 * RETURNS : NOTHING

00069 *

00070 *K x HAOKK *% KK
00071 202 0064 LCDRES LBI $2 INITIALIZE LOOP COUNTER

00072 239 0065 LCDRS1 LAI $9 EXECUTE 1SMS SOFTWARE TIMER
00073 21F 0066 LCDRS2 LYI $F

00074 002 0067 LCDRS3 XSPY

00075 21F 0068 LYI $F

00076 000 0069 LCORS4  NOP

00077 000 006A NOP

00078 ODF 0068 oY

00079 369 006C BR LCORS4

00080 002 006D XSPY

00081 QDF 006E oY

00082 367 006F BR LCDRS3

00083 28F 0070 AL $F

00084 366 0071 BR LCORS2

0008s 260 0072 REDD $0 RS=0

00086 261 0073 REDD $1 R/W=0

00087 262 0074 REDD $2 E=0

00088 2E2 0075 SEDD $2 E=1

00089 230 0076 LAI $0

00090 204 0077 LRA $4 WRITE INSTRUCTION DATA

00091 233 0078 LAI $3

00092 20s 0079 LRA $5 WRITE INSTRUCTION DATA

00093 262 007A REDD $2 SET E=0

00094 OCF 0078 DB DECREMENT LOOP COUNTER

00095 365 007C BR LCORS1 LOOP UNTIL LOOP COUNTER=0

00096 010 007D RTN

00097 HOKKK KK ok

00098 * *
00099 * NAME : LCDINT (INITIALIZE LCO-1ID *
00100 * *
00101 *x *
00102 * *
00103 * ENTRY : NOTHING *
00104 * RETURNS : NOTHING *
0010S * *
00106 HOKKOKK HOKK K HOKK

00107 215 007E LCDINT LYI $5 INITIALIZE LOOP COUNTER

00108 160 090 O0O07F LCDIT1 CALL LCoOBSY CHECK LCD-II BUSY FLAG

00109 OAF 0081 LAY LOAD DATA TABLE ADDRESS INTO ACCA
00110 200 0082 LB8I $0 LOAD DATA TABLE ADDRESS INTO B REG
00111 260 0083 REDD $0 RS=0

00112 261 0084 REDD $1 R/W=0

00113 262 008s REDD $2 E=0

00114 2€2 0086 SEDD $2 E=1
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00115
00116
00117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130
00131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
00150
00151
00152
00153
00154
00155
00156
00157
00158
00159
00160
00161
00162
00163
00164
0016S
00166
00167
00168
00169
00170
00171

181
204

205
OAF
262
0OF
37F
010

10C
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0090
0091
0093
0094
0095
0096
0097
0098
0099
00%A
0098
009C

0100

P s1 MOVE INSTRUCTION TO ACCA & B REG

LRA $4 OUTPUT INSTRUCTION

LAB

LRA $5

LAY

REDD $2 E=0

DY DECREMENT LOOP COUNTER

B8R LCDIT1 LOOP UNTIL LOOP COUNTER=0

RTN
K KK AOK
* *
* NAME : LCDDSP (DISPLAY ON LCO-II) *
* %
x %
* ENTRY : B REGISTER.ACCUMULATOR (DISPLAY DATA) *
*  RETURNS : -NOTHING x
x* *
K
LCODSP  LYA SAVE ACCA

CALL LCDBSY CHECK BUSY FLAG

LAY RESTORE ACCA

SEDD $0 RS=1

REDD s1 R/W=0

REDD $2 £=0

SEDD $2 E=1

LRA $4 OUTPUT DISPLAY DATA

LAB

LRA $5

REDD $2 E=0

RTN
% %
* NAME : LCDBSY (CHECK BUSY FLAG) *
* *
LCOBSY  REDD $0 RS=0

SEDD s1 R/W=1

REDD $2 E=0
LCOBY1  LAI SF SELECT R PORT AS INPUT

LRA $5

SEDD 32 E=1

LAR = 85 READ BUSY FLAG

ROTL

TC TEST CARRY

REDD $2 E=0

B8R LCoBY1 LOOP UNTIL BUSY FLAG=0

RTN
* b3
* DATA TABLE *
* *
x*

ORG $0100
E 3
$00 oc $10C



00172
00173
00174
00175
00176
00177
00178
00179
00180
00181
00182
00183
00184
00185
00186
00187
00188
00189
00190
00191
00192
00193
00194
00195
00196
00197
00198

118
191
107
101
108

0209
020A

0210

$01
$02
$03
$04
$0S

$00
$01
$02
$03
$04
$0S
$06
$07
$08
$09
$0A
$08
$0C
$0D
$0E
$OF
$10

$118
$191
$107
$101
$108

$0200

$143
$140
$14F
$153
$120
$14D
$143
$155
$120
$148
$14D
$143
$153
$134
$130
$130
$100
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SECTION 15. LOW POWER DISSIPATION MODE AND WATCHING TIMER EXECUTION

USING THE HA1835A

15.1 HARDWARE DESCRIPTION

Enters low power dissipation mode of the HMCS404C MCU and executes
fail safe mode with the HA1835P watchdog timer.

Enters stop mode and standby mode and turns on LED indicating
current mode, and counts down binary counter every second to display
mode elapsed time on a set of LEDs; stop mode is released by reset

input and standby mode by timer interrupt. Controls and outputs

15.1.1 Function
15.1.2 Microcomputer Operation

pulses to the HA1835P through port Dg.
15.1.3 Peripheral Devices
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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 HA1835P in fail safe mode and

executes system run away.



15.1.4

Circuit Diagram

MCU
HMCS 404C
+5v (HMcss02c
HMCS408C
152076
100kQ D74HCL4 +5V
. HD™408  1ED) g0
RESET R ooy ,
k0 S
Swe g HD7406 ) LED4 g300)
Ros 200 Y
v, xQ
1Sa0m| | °C & HR7408  LEDS 62000 |
v 47kQ) sum Rgno ]
25Bes7 MM1s207 Ryt Hp0s § LEDS 62000 |
oz =15V BT we
+ F g w
)
mjiz|10 |s = HD7406  LED9Y 6200
14 58 1GND B2 '
CS Ve Veonr Vout RESET D¢ "ﬂ
k!
HA1885P el J7 HD1408  LEDIO g300)
Ry C;GNDR, Cp |CLK s Ds = b
k!
4 517 1|2
L HD7406
200k B3 'Lo.mp +5V LED1 6200
TT1IT b
0014F 710kQ
l 47kQ0Z o 2000
54 D D+ 300
o kQ
2 sw1 I 2pF
0SCy
S
3 4]
\leQ 55 o 1“ C4MH:z
I swe ! 0scy
52 22pF
k02
\ 56 D2
SW3
L
47kQ3 .
570 p,
;?7 SW4
Fig. 15.1. Low Power Dissipation Mode and HA1835P Control
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15.1.5 Pin Functions

HMCS404C pin functions, switches, LED names and HA1835P pin functions

are shown in Table 15.1.

Table 15.1. Pin Functions

Active
Level Pin Name
Pin Name Input/ (High SW. LED
HMCS404C  Output or Low) Function HA1835P
Do Input High Controls HA1835P SW1
Speci- Low power dissipation mode
fies
Low
D1 Input High Standby mode Sw2
D2 Input High Stop mode SW3
D3 Input High Controls pulses for HA1835P Sw4
D4 Output High Drives LED indicating watchdog timer LED9
mode control
. Drives LED indicating reset of
D O
> utput  High watchdog timer mode LED10
Dr3 -
Dg Output Low rlves.LED during standby mode LED11
execution
D7 Output Low Drives LED during stop mode execution LED12
Controls duty pulse for HA1835P
D O - CL
8 utput CLK pin K
ROO Output High Indicates standby mode execution time. LED1
RO1 Output High Drive LEDs indicating 8 bits binary LED2
counter
RO2 Output High LED3
RO3 Output High LED4
R10 Output High LED5
R11 Output High LED6
R12 Output High LED7
R13 Output High LEDS8
RESET Input Low Controls HA1835P SW5
High Low power dissipation mode
RESET Input High Resets from stop mode. SW6

Resets from HA1835P control
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15.1.6 Hardware Operation

1. Low power dissipation

(a) Standby mode

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

(4

Standby mode l o l

SW input
T1 T2 Ti1 2 Ti T2 T2 T1
L I

=3

-

Standby mode

- —

Program execution
T1l: Standby mode
T2: Program execution

| L
L

.

—
~

Standby instruction I

:

execution timing

\_..___T_.._..__l___‘

Timer interrupt |

1

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
| I

osein1ator [T " / (U T
Internal clock__J—L__I]__J ! Kumﬂmﬂ L__Il__Jq___rL__J]___rL___
9 R

RESET {f
| |

tres

Stop instruction More than stabilization time: tge

execution

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.

System run away

HA1835P pin
CLKm—l_m— 2@ -—|_[—]_.J_-|_
RESET
ro
; 10
'130ms F _
Automatic reset signal
—

Watchdog timer
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

HA1835P and low power dissipation mode is shown in Fig. 15.5.

LWPMN
- (o]
Main
Program
LWPMOD I LWPWCH}
1 2

Low Power Control l“
Dissipation HA1835P

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

Demonstrates low power dissipation and

0 Main Program LWPMN HA1835P control
L i issipa-
1 9w ?oweF LWPMOD Tgsts operation of low power dissipa
Dissipation tion mode
i £ tchd ti
2 Control HA1835D LWPWCH Tests operation of watchdog timer

using HA1835P

HITACHI 315



15.2.3 Program Module Process Flow (Main Program)

The flowchart in Fig. 15.6. is anvexample of low power dissipation

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

LWPMN Main Program

LWPMN —
$0-W |-—————- Initialize W register
| -
___| select prescaler divide ratio as
0 =~ TMA |==== + 2048
0 - IMTA |——————— Clear interrupt mask
1 > IE ———————| Enable interrupt
—

Test if low power dissipation mode
operation or HA1835P control

D=0 —
Test operation of low power dissipation
LWPMOD ||-—————- mode
LWPMN2 (Hote) —-T t ti f tchd ti
——— ____| Test operation of matchdog timer
LWPWCH using HA1835P
(Note) - .
(Note) Actually loops within the
module
LWPCNT Timer A interrupt routine
LWPCNT
LED counter |———————— Count up at every 1 sec. interrupt

RTNI

Fig. 15.6. Program Module Sample Application'

316 HITACHI



15.3 PROGRAM MODULE DESCRIPTION

Program Module Name: MCU: HMCS402C/ Label: LWPMOD
Low Power Dissipation HMCS404C/HMCS408C

Function: Tests operation of low power dissipation mode.

Arguments: NONE Changes in CPU Specifications:
Registers and Flags: 1 word = 10 bits
A B ROM (Words) : 34
RAM (Digits): 7
X v Stack (Digits): 4
II!::] No. of cycles: 23
SPX SPY Reentrant: No

Interrupt OK?: Yes

w

® : Not Affected
x : Undefined
{1 : Result

Description:
1. Function Details

(1) LWPMCD has no arguments.

(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.

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/ Label: LWPMOD
Low Power Dissipation HMCS404C/HMCS408C

Description:
(3) Initializes timer.

3. RAM Allocation

Y T T T T T T T i T T T T T :
w,X FIE/D/CI/BIA}91817]6]514}8!2}1}0
0 T 1 T T T T T ' T T T
02 [ e S T T A T A B
-1 B NN [ e e s e s s
03 [ i [ 1
L2 77 - \1\ :___:.__:___1_..4'_.__';___',___i___L__:___1
04 ! ! R R
| H | 1 I 1 I 1
b _—————t L
i ! ! T I ! | ! ! I | ! | | 1
05 | ! 1 ! | ! 1 ! | ] ' ! I |
______ ..__}__._.._1___l___l_____.+_...:__..J.-_L____'_.__l___l.__.t.__l___
08 P ' Lo Co |
L—" ! ) s

Fig. 15.7. RAM Allocation

Label RAM Description
b3 b0
r
ERRAM1 /
MD($03F) Stores data indicating whether
- operation starts after activating
b3 b0 power on or returns from stop mode
ERRAM:?
MD($03E)

b3

b0
CNTRL \1
N\

MD($03C)
Uses upper and lower counter for
M counting up every 1 sec.
b3 b0
CNTRH \
MD($03B)
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Program Module Name: MCU: HMCS402C/ Label: LWPMOD
Low Power Dissipation HMCS404C/HMCS408C

Description:

4. Sample Application

LAI $0 Store prescaler divide ratio
LMAD soo0s [ as + 2048

REMD 8, $001  ceeeeeeeens Clear interrupt mask flag
SEMD 0, $000  coeeeeeeeens Enable interrupt

CALL LWPMOD ([ -eoooveeeees Call LWPMOD

5. Basic Operation

(1) 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

MCU: HMCS402C/

Label: LWPMOD
HMCS404C/HMCS408C

EFlowchart:

LWPMD1

LWPMOD

LWPMOD

$5=ERRAM1

$C=ERRAM2

1 — D,

$5—>ERRAMI1

$C—»ERRAM2

LWPMD3

[

LWPMD2

D,=1

STOP

Stop mode is cancelled
by resetting the MCU

Test whether operating starts

after activating power or returns
from stop mode

L
Turn on LED indicating return
from stop mode

(.

Store check data to test if returns
is ‘caused by stop mode

Test whether operating enters
stop mode

Enter stop mode

L
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Program Module Name: MCU: HMCS402C/ Label: LWPMOD
HMCS404C/HMCS408C

Low Power Dissipation

Flowchart:

————| Test whether operating the standby mode

Store lower digit data indicating LED
[ — 7~ 7 7| counter in port RO and light LED
A —RO
| -
CNTRH—A Store upper digit data indicating LED
l —_ — | counter in port R} and light LED
A —R1
LWPMD 5 —
0 — D, —— ——| Turn off LED indicating stop mode
1 — Do ————| Turn on LED indicating standby mode
l -
S BY ————| Enter standby mode
i r
0 — D¢ ————| Turn off LED indicating standby mode
—
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Program Module  Name: MCU: HMCS402C/ Label: LWPWCH
Control HA1835p HMCS404C/HMCS408C

Function: Tests watchdog timer operation using HA1835P.

Arguments: NONE Changes in CPU Specifications:
Registers and Flags: 1 word = 10 bits

ROM (Words) : 35
RAM (Digits): 3
Stack (Digits): 4

I:)< In’
I"< Im

No. of cycles: 27
SPX SPY Reentrant: No
Relocatable: No

Interrupt OK?: Yes

BsH

CA ST
Not Affected

Undefined
: Result

I

“«~> X @

Description:

1. Function Details

(1) LWPWCH has no arguments. Output pulse
from port Dg

(2) Controls HA1835P under switch
control. ON
Switch 4
(a) When switch 4 is OFF, outputs OFF
pulses from port Dg.

Fig. 15.8. Example of LWPWCH

(b) When switch 4 is ON, stops execution

outputting pulses causing system
MCU run away.

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: MCU: HMCS402C/ Label: LWPWCH
Control HA1835P HMCS404C/HMCS408C

Description:
2. User Notes

Call LWPWCH after clearing RAM.

3. RAM Allocation

Y IDICIBI 18171615 ,418312: 1.1
W,X F‘LEIDILC:BIIA 9:8!7:6{514&:3£2|1:0
02 o : P Lo P | ! !

b ——— + RSN AR SN NS DU U U S R A T

T ~ al
03 RN o i oo
————— I e e B e B BT
0 4 ! I
SE—— R SR S DRSS S PN EUPI VRPN KPP PN SN SIS RN S SRS S
1 T | T ] ] | ] ] | | T h | |
05 | | i 1 1 i 1 | | \ H | | H I
______ SRR S A g N S G Sy S,
| [ | 1 1 i 1 [ 1 | 1 | ) |
I B e S N N U B AN A
L—" | N S SR BN S

Fig. 15.9. RAM Allocation

Label RAM Description

b3 b0 )

ERRAM1 \\ N
\ Store check data indicating whether
MD($03F) operation starts after activating

power on or returns from watchdog

b3 b0 timer error

ERRAM:2 \\
MD($03E)
b3 b0 '

D8FLAG / Set status of port D8

MD($0,$03D)
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Program Module Name: MCU: HMCS402C/ Label: LWPWCH
Control HA1835P HMCS404C/HMCS408C

Description:

4. Sample Application

CALL LWPWCH || e Call LWPWCH

5. Basic Operation

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

(2) wWhen 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:
Control HA1835P

MCU: HMCS402C/ Label: LWPWCH

HMCS404C/HMCS408C

Flowchart:
LWPWCH
LWPWCH
1 - Dy
$C=ERRAM1
$
ERRAM1
$C=
ERRAM1
$5=ERRAM?2
$55+
ERRAM2
BR
LWPWH1 $5=
ERRAM?2
$C—oERRAM1
$5>ERRAM?2
1 - Ds
LWPWH 2

~
Turn on LED indicating watchdog
L timer mode

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

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

[ Turn on LED indicating reset after

“|watchdog timer error

Test whether watchdog timer error

switch is on.
If ON, pulse output cannot be performed
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Program Module Name:

Control HA1835P

MCU: HMCS402C/

HMCS404C/HMCS408C

Label: LWPWCH

Flowchart:

$F —> Y

LWPWH3 [

$F - B

LWPWH4

l_.._____

B—1 — B

;

B#0

B=0
Y

-1 > Y

1

0—>D8FLAG

NG

e Tor >
Y=0
Test D8 FLAG

D8FLAG=1 @
D8 FLAG=0
1 — D,
1—»D8FLAG
LWPWH 5
0 — Dy

1T

Test

Execute 1 ms

port Dg

software timer

status

Output 1 ms pulse to HAl835P
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15.4 SUBROUTINE DESCRIPTION

Subroutine Name: LED Counter MCU: HMCS402C/ Label: LWPCNT
HMCS404C/HMCS408C
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:
LWPCNT
LWPCNT
0—->IFTA -———|:C1ear interrupt request flag
AMR($F) ————[ Save Accumulator
1—-C A
$0—>A
CNTRL+A+CA—A | ————| Increment lower digits
A—-CNTRL L
| -
$0—>A
l Add upper digits considering CA generated
CNTRHHA+CA—A | =~ ~~| py addition of lower digits
A->CNTRH L
MR($F)eA ————[Restore Accumulator
RTNI
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15.5 PROGRAM LISTING

ST-NO  OBJECT ADRS SOURCE STATEMENTS

00001 100 0000 LLEN 132

88882 TITLE LOW POWER DISSIPATION MODE AND HA1835P CONTROL
3 *

00004 aokkok  RAM ALLOCATION  o0kokokokokok kKKK K KoK

00005 *

00006 ERRAM1 EQU $3F WATCHDOG DATA RAM AREA

00007 ERRAMZ  EQU $3E

00008 D8FLAG EQU $0.,3%03D D8 PORT FLAG

00009 CNTRL EGU $3C LOWER 1S COUNTER

00010 CNTRH EQU $38 UPPER 1S COUNTER

00011 *

00012 HOKHKOK SYMBOL DEFINITIONS

00013 *

00014 ™A EQU $008 TIMER MODE REGISTER A

00015 IFTA EqQu 2,8001 IF OF TIMER A

00016 IMTA EQU 32,8001 IM OF TIMER A

00017 IE EQU 0.3%000 ENABLE INTERRUPT

00018 N —

00019 * x

00020 x VECTOR ADDRESSES *

00021 * *

00022 oK HOKAK * HOKKHAKHK KKK

00023 x

00024 ORG $0000

0002S *

00026 150 100 0000 JMPL LWPMN RESET

00027 150 100 0002 JMPL LWPMN INTO

00028 150 100 0004 JMPL LWPMN INT1

00029 150 158 0006 JMPL LWPCNT TIMER-A

00030 150 100 0008 JMPL LWPMN TIMER-B

00031 000 000A NOP

00032 000 0008 NOP

00033 150 100 000C JMPL LWPMN SERIAL

00034 *K KAKAKOK HHKK XK KK

0003s * X

00036 x MAIN PROGRAM : LWPMN *

00037 * *

00038 HAKHKHKK

00039 *

00040 ORG $0100

00041 *

00042 OF0 0100 LWPMN LWI $0 INITIALIZE W REGISTER

00043 1A0 008 0101 LMID 0. TMA SELECT PRESCALER AS 1/2048

00044 184 001 0103 REMD IFTA INITIALIZE IFTA

00045 188 001 0105 REMD IMTA INITIALIZE IMTA

00046 184 000 0107 SEMD IE ENABLE INTERRUPTS

00047 2A0 0109 LWPMN1 TOD $0 TEST IF LOW POWER DISIIPATION MODE OR HA1835P MODE

00048 30F 010A BR LWPMN2

00049 160 137 0108 CALL LWPMOD EXECUTE LOW POWER MODE

00050 150 109 0100 JMPL LWPMN1

00051 160 113 O010F LWPMN2 CALL LWPWCH EXECUTE HA1835P MODE

00052 150 109 0111 JMPL LWPMN1

00053 KKK HORAHAK

00054 * *

000SS * NAME : LWPWCH (CONTROL HA1835P) *

00056 * x

00057 SRR KKK AR HK KK H KKK KA KK K HHK KA KK KK A K
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000s8
00059
00060
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075

00086
00087

00094
00095

00113
00114

03F
03E

03F
03E

03D

03D

030
122

03F
03E

03F
03t

* *
* ENTRY : NOTHING x
* RETURNS : NOTHING *
* *
LWPWCH  SEDD $4 TURN ON LED FOR WATCH DOG
INEMD $C. ERRAM1 POWER ON RESET OR WATCH DOG RESET?
BR LWPWH1
INEMD $5.ERRAM2
BR LWPWH1
SEDD $5 TURN ON LED FOR WATCH DOG TIMER RESET
BR LWPWH2
LWPWH1 LMID $C.ERRAM1 LOAD DATA FOR POWER ON RESET
LMID $5,ERRAM2
SEDD $5
REDD $4
LWPWH2  TDD $3
BR LWPWH2 TEST IF WATCH DOG TIMER ERR OR SWITCH IS ON
REDD $S
LYI $F EXECUTE 1MS SOFTWARE TIMER
LWPWH3  LBI $F
LWPWH4 0B
BR LWPWHS
DY
BR LWPWH3
TMD D8FLAG READ 08 PORT CONDITION
BR LWPWHS
SEDD $8 QUTPUT PULSE TO HA1835P EVERY 1MS
SEMD DBFLAG
BR LWPWHé
LWPWHS  REDD $8
REMD D8FLAG
LWPWH6  JMPL LWPWH2
* *
* NAME : LWPMOD (LOW POWER DISSIPATION) x
* *
* *
* ENTRY : NOTHING *
* RETURNS : NOTHING *
* *
LWPMDD  REDD $4
INEMD $S. ERRAM1 POWER ON RESET OR STOP MODE RESET?
BR LWPMD1
INEMD $C.ERRAM2
BR LWPMD1
SEDD $7 TURN ON LED FOR STOP MODE RESET
BR LWPMD2
LWPMD1 LMID $S, ERRAM1 LOAD DATA FOR STOP MODE RESET
LMID $C.ERRAM2
LWPMD2  TDD $2 TEST IF STOP MODE EXECUTION
BR LWPMD3
BR LWPMD4
LWPMD3 STOP
LWPMD4 TDD $1 TEST IF STANDBY MODE EXECUTION
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0011S
00116
00117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130
00131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143

18A
2FF
OEF
230
118
194
230
118
194
2FF
011

03¢
038
144

148

001

03C
03C

038
03B
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olse
015A
0158
01sC
01sD
01SF
0161
0162
0164
0166
0167

BR LWPMDS

LAMD CNTRL TURN ON LED

LRA $0

LAMD CNTRH

LRA $1

JMPL LWPMD2
LWPMDS REDD $7 TURN OFF LED FOR STOP MODE

SEDD $6 TURN OFF LED FOR STAND BY MODE

SBY EXECUTE STANDBY MODE

REDD $6 TURN OFF LED FOR STAND BY MODE

JMPL LWPMD4
* *
* NAME : LWPCNT (INCREMENT COUNTER) x
* *
LWPCNT REMD IFTA CLEAR INTERRUPT REQUEST FLAG

XMRA $F SAVE ACCA

SEC INCREMENT LSD OF COUNTER

LAI $0

AMCD CNTRL

LMAD CNTRL

LAI $0 INCREMENT MSD OF COUNTER

AMCD CNTRH

LMAD CNTRH

XMRA $F RESTORE ACCA

RTNI
*

END
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Symbols and Abbreviations

a~>b
a<+>b
X
npn
no
LSB
MSB

I+ ®c o

DIRECT
REGISTER
I/E

PC

SP

ST

CA

>

SPX

SPY

UFU%IZ

Transfer from "a" to '"b"
Exchange between "a" and "b"
Logical negation (NOT)
"High'" level

"Low" level

Least Significant Bit

Most Significant 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/0 pin or data register

Discrete I/0 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 O O O O
m RAM (MR) digit and port selection @) e} O O

by 4 bits
P Replacement of contents of PC O @) O O
by 4 bits
a Replacement of contents of PC O x O O
by 6 bits
b Replacement of contents of PC (@) x O O
by 8 bits
d Replacement of PC or RAM direct O X O O
address by 10 bits
i Immediate data by 4 bits (Note) O O O O
u u=p+d (14 bits) O x (o) O
D: Decimal HD: Hexadecimal B: Binary
QO .... Can be used X «... Cannot be used

(Note) 1In case of LWI instruction,
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Immediate Instruction

WOR
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS CoLe
Load A from immediate LAl 10001 1i3izi1io i—sA 1/1
Load B from Immediate LBl i 100000i3izirio i—sB 1/
Load Memory from Immediate LMID id g; J 3; 33’ :1: 3 io —M 2/2
Load Memory from Immediate, IncrementY | LMIIY i 10100 1Tiziziio [I-MY+ 1Y NZ 11

Register-to-Register Instruction

OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS WXE
Load A from B LAB 0001001000 B—A 11
Load B from A LBA 00 1001000 A—B 1,1
Load A from Y LAY 0010101111 Y—A 171
Load A from SPX LASPX 0001101000 SPX—A \Val
Load A from SPY LASPY 0001011000 SPY—A i1
Load A from MR LAMR m 100 1 1 1 mamamimo| MR(m)—A 11
Exchange MR and A XMRA m 101 1 1 1 mamamimo| MR(m)—A 11

RAM Address Instruction

OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS WXE
Load W from Immediate LWI i 00111100i,i, i—W 11
Load X from Immediate LXt i 100010i3i2i1i0 i—X 171
Load Y from Immediate Lyt i 100001 izizirio i—Y 1/1
Load X from A LXA 0011101000 A—X 171
Load Y from A LYA 0011011000 A—sY 171
Increment Y Y 0001011100 Y+1-Y Nz 11
Decrement Y DYy 0011011111 Y-1-Y NB 11
AddAtoY AYY 0001010100 Y+A-Y . OVF 11
Subtract A from Y SYy 0011010100 Y-A-Y NB 1,1
Exchange X and SPX XSPX 0000000001 X-SPX 11
Exchange Y and SPY XSPY 0000000010 Y~SPY 11
Exchange X and SPX,Y and SPY XSPXY 0000000011 | X+SPX,Y—SPY i1
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RAM Register Instruction

OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS ?m
Load A from Memory LAMXY) |00100100yx | M=A, (555 1,1
0110010000
Load A from Memory LAMD d do ds d7 de ds de d3 02 1 do M—A 2/2
Load B from Memory LBM(XY) 00010000y x M-B, (5:551,3) 1,1
Load Memory from A LMA(XY) [00100101yx A-M, (¥30%) 1,1
Load Memory from A LMAD ¢ [0110010100 A—M 2,2

do dg d7 ds ds da d3 d2 d1 do
Load Memory from A, Increment Y LMAIY(X) 1000101000 x |A—M,Y+1-Y(X--sPx) NZ 11

Load Memory from A, Decrement Y LMADY(X) [001101000x |A-M,Y~-1-Y(x--SPX) NB 11

Exchange Memory and A XMA(XY) |00100000vy x M—A, (¥30% 11
0110000000 M<A

Exchange Memory and A XMAD d o e o G O O G O 2/2

Exchange Memory and B XMB(XY) |00110000vyx M«B, (y}{:sspv{) 1/1

Note) (XY) and (x) have the meaning as follows:
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.)

MNEMONIC [y | x FUNCTION
LAM 0.0
LAMX 0 1 X+ SPX
LAMY 1.0 YoSPY
LAMXY  [1 ! 1 X <SPX, Y ©SPY

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each. (example of LMAIY (X) is given below.)

MNEMONIC x FUNCTION
LMAIY 0
LMAIYX 1 X ©SPX
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Arithmetic Instruction

OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS Vy
CYCLE
Add Immediate to A Al i 101000isizitio A+i—A OVF | 11
Increment B 18 0001001100 B+1—-B NZ 11
Decrement B DB 0011001111 B-1-8B NB 121
Decimal Adjust for Addition DAA 0010100110 1,1
Decimal Adjust for Subtraction DAS 0010101010 11
Negate A NEGA 0001100000 A+1A 1,1
Complement B comB 0101000000 B-B 11
Rotate Right A with Carry ROTR 0010100000 1/1
Rotate Left A with Carry ROTL 0010100001 1/1
Set Carry SEC 0011101111 1-CA 11
Reset Carry REC 0011101100 0-CA 11
Test Carry TC 0001101111 CA 1/1
Add A to Memory AM 0000001000] M+A-A OVF | 11
Add A to Memory AMD d [91999934993] M+a-A OVF | 2,2
Add A to Memory with Carry AMC 0000011000 Mgc;fé;“ ovE | 11
Add A to Memory with Carry AMCD d | 9100011000 Mg\;‘;fé;‘\ ovF | 2,2
Subtract A from Memory with Carry | SMC 0010011000 |MEB-TIAl N | 1
Subtract A from Memory with Carry | SMCD d 99&‘1178585 (‘h 33929'2) M N S__’g‘:“‘A NB 2,2
OR A and B OR 0101000100 AUB—A "1
AND Memory with A ANM 0010011100 ANM—A NZ 11
AND Memory with A ANMD d [§1 100111001 AnM—A Nz | 2,2
OR Memory with A ORM 0000001100| AUM—A NZ 1,1
OR Memory with A ORMD d [Q10000Q1 10 AUM—A NZ | 2,2
EOR Memory with A EORM 0000011100 A@M—A NZ Yz
EOR Memory with A EORMD d | 9 A 0 09 1 A ‘11 90 ADPM—A NZ 2/2
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Compare Instruction

ORD,
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS AE
immediate Not Equal to Memory INEM i 00001 0izizirio i#M NZ Ve
Immediate Not Equal to Memory INEMD id |Q 1! gg j 0 ] ig i #M NZ 2,2
A Not Equal to Memory ANEM 0000000100 AxM NZ 1,1
A Not Equal to Memory ANEMD d [9100000100 1 aAsm NZ | 2,2
B Not Equal to Memory BNEM 0001000100 B#M NZ 121
Y Not Equal to Immediate YNE! i 00011 1izizirio Y#i NZ 11
Immediate Less or Equal to Memory | ILEM i 00001 1izizirio isM NB 1,1
Immediate Less or Equal to Memory ILEMD id 9 3 33 ; ;"03 :,1 3 i isM NB 22
A Less or Equal to Memory ALEM 0000010100 AsM NB 1,1
A Less or Equal to Memory ALEMD d [§100010519% ] Asm Ne |22
B Less or Equal to Memory BLEM 0011000100 BsM™M NB i1
A Less or Equal to Immediate ALEl i 10101 Vizizivio A< i NB 11
RAM Bit Manipulation Instruction
WOR
OPERATION MNEMONIC | OPERATION CODE | FUNCTION |STATUS %LE
Set Memory Bit SEM n 00100001 ning 1-M(n) 1,1
Set Memory Bit SEMD nd (0110000 Lf;,;"!o 1—M(n) 2,2
Reset Memory Bit REM n 00100010nno| O—M(n) 11
Reset Memory Bit REMD n.d g (11 a]g 2 g‘g gzg:"f 0—M(n) 2,2
Test Memory Bit TM n 0010001 1ning M(n) 1,1
Test Memory Bit T™MD nd [Q17100011 o M) [ 272
ROM Address Instruction
WOR
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS &LE
Branch on Status 1 BR b | 11 bsbebsbabababibo 1 11
Long Branch on Status 1 BRL u g 1 g 31 ]1 3 %’%’%“p" 1 2,2
Long Jump Unconditionally JMPL v |3, L!g,ﬁ,uib.ugu;d.'ggpo 2/2
Subroutine Jump on Status 1 CAL a [0 111 asasazazaiao 1 1,2
Long Subroutine Jump on Status 1 CALL u 99; 37 6}53594%3‘3125:&’ 1 2,2
O90sdydsds dsd3dadi do
Table Branch TBR p |00 1011 p3pzpipo 1,1
Return from Subroutine RTN 0000010000 1/3
1-I/E
Return from Interrupt RTNI 0000010001 CA RESTORE ST 1/3
Input/Output Instruction
TWORD,
OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS /
YCLE
Set Discrete /0 Latch SED 0011100100 1-D(Y) 11
Set Discrete 1/0 Latch Direct SEDD m |1 0 1 1 1 0 mamamimo| 1-D(m) 11
Reset Discrete I/0 Latch RED 0001100100| 0-D(Y) 11
Reset Discrete I/0 Latch Direct | REDD m |1 0 O 1 1 O mamzmimo| O—D(m) 11
Test Discrete I/0 Latch TD 0011100000 D(Y) 11
Test Discrete |/0 Latch Direct TDD m |1 01 0 1 O mammmo D(m) 11
Load A from R-Port Register LAR m |1 0010 1 mmmme| R(m)—A 11
Load B from R-Port Register LBR m (100100 mmmme R(m)—B 1,1
Load R-Port Register from A LRA m (101 10 1 mmmmme| A—R(m) 1,1
Load R-Port Register from B LRB m |1 0 11 0 0 mmamme| B—R(m) 11
Pattern Generation P p |01 101 1 papapipo 1/2
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Control Instruction

OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS woy
CYCLE
No Operation NOP 0000000000 11
Start Serial STS 0101001000 11
Stand-by Mode SBY 0101001100 11
Stop Mode sToP 0101001101 11
Op-Code Map

R8 [} 1
rolNJo[1[2[3]s[s][e[7][8[s[a[B][c[o[e[F[o]1[2][3]a[5]6]7]8[s[A[B]c[D[E]F

0 |NopixsexsPy X3P [AK AM ORM AND (omo

1 RTNRTN] ALEN| AMC| Jeok iewo) fawco ot

2 INEM i) INEMD i(4)

3 ILEM il4) ILEMD i4)

4| LBM(XY) [oNEM LAB ) cm| __— [OR[ _— [s1s|__— | sav[stoe

5 [LMAIV(X) AVY P Y JMPL p(4)

6 |Nel RED Iz T CALL pld)
ol? YNEI i(4) BRL pl4)

8] XMA(XY) SEM n(2) REM n(2) ™ n(2) SEMD n(2) [ REMD n(2) TMD n(2)

9 LAMKXY) LMA(XY)  [sMc] [ANM ™

A WE/LDMDAS[/LW LMID i(4)

8 TBR p(4) P pl4)

C[ xmBxy) [ LBA [

D [LMADY(X] sYY YA oY AL at6)

E|TD SED LXA REC SEC

Fl wii(2)

o L8l i(4)

1 X7 it4)

2 X1 i(4)

3 LAI i(4)

a LBR m(4)

5 LAR m(4)

6 REDD m(4)

7 LAMR m(4) oR b(8)
118 Al i(4)

9 LMY i(4)

A TDD m(4)

B ALE! i(4)

c LRB m(4)

D LRA m(4)

E SEDD m(4)

F XMRA m(4)

... 1-word/2cycle (R 1-word/3-cycle r—J- RAM Direct Address 2-word/_2-cycle
Instruction Instruction Instruction instruction
(2-word/2-cycle)
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