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HD61830 —
LCTC (LCD Timing Controller) /TSR17 -0/

Description Pin Arrangement

The HD61830 is a dot matrix liquid crystal

graphic display controller LSI that stores the Senm cwnmonsa
display data sent from an 8-bit microcontrol- $3339 $3$33¢

ler in the external RAM to generate dot Bl RE]%]
matrix liquid crystal driving signals. It has a (34 mat0
graphic mode in which 1-bit data in the ; e s
external RAM corresponds to the on/off state cR 3T Ma 13
of 1 dot on liquid crystal display and a char- ::3 ? = m:;
acter mode in which characters are displayed cLi [& o2
by storing character codes in the external SYNC 47101
RAM and developing them into the dot pat- - e
terns with the internal character generator &5 [@rD 1
ROM. Both modes can be provided for various aew %‘ ot
applications. The HD61830 is produced by the As AD 4
CMOS process. Thus, combined with a CMOS ma [I® Enl zg:
microcontroller it can complete a liquid crys- ol =1 Bf ro 7
tal display device with low power dissipation. g:: ;;; o zﬁ :7
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Features (Top View)

¢ Dot matrix liquid crystal graphic display
controller
® Display control capacity
—Graphic mode: 512k dots (2! bytes)
—Character mode: 4096 characters (212
characters)
® Internal character generator ROM: 7360
bits
—160 types of 5 X 7 dot characters
—32 types of 5 X 11 dot characters
Total 192 characters
—Can be extended to 256 characters (4k
bytes max.) by external ROM
® Interfaces to 8-bit MPU
@ Display duty cycle (Can be selected by a
program)
—Static to 1/128 duty cycle
® Various instruction functions
—Scroll, Cursor on/off/blink, Character
blink, Bit manipulation
Display method: Selectable A or B types
Internal oscillator (with external resistor
and capacitor)
Operating frequency: 1.1 MHz
Low power dissipation
Power supply: Single + 5 V + 10%
CMOS process
Package: 60-pin plastic QFP (FP-60)
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Block Diagram
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Block Functions
Registers

The HD61830 has the five types of registers:
instruction register (IR), data input register
(DIR), data output register (DOR), dot regis-
ters (DR), and mode control register (MCR).

The IR is a 4-bit register’ that stores the
instruction codes for specifying MCR, DR, a
start address register, a cursor address regis-
ter, and so on. The lower order 4 bits DBO to
DB3 of data buses are written in it.

The DIR is an 8-bit register used to temporar-
ily store the data written into the external
RAM, DR, MCR, and so on.

The DOR is an 8-bit register used to tempo-
rarily store the data read from the external
RAM. Cursor address information is written
into the cursor address counter (CAC)
through the DIR. When the memory read
instruction is set in the IR (latched at the
falling edge of E signal), the data of external
RAM is read to DOR by an internal operation.
The data is transferred to the MPU by reading
the DOR with the next instruction (the con-
tents of DOR are output to the data bus when
E is at the high level).

The DR are registers used to store dot infor-
mation such as character pitches and the
number of vertical dots, and so on. The
information sent from the MPU is written into
the DR via the DIR.

The MCR is a 6-bit register used to store the
data which specifies states of display such as
display on/off and cursor on/off/blink. The
information sent from the MPU is written in it
via the DIR.

Busy flag (BF)

The busy flag = 1 indicates the HD61830 is
performing an internal operation. Instruc-
tions cannot be accepted. As shown in Con-
trol Instruction, read busy flag, the busy flag
is output on DB7 under the conditions of RS =
1, R/W = 1,and E = 1. Make sure the busy flag
is 0 before writing the next instruction.

Dot Counters (DC)

The dot counters are counters that generate

liquid crystal display timing according to the '

contents of DR.

Refresh Address Counters (RAC1/RAC2)

The refresh address counters, RAC1 and
RAC2, control the addresses of external RAM,
character generator ROM (CGROM), and
extended external ROM. The RAC1 is used for
the upper half of the screen and the RAC2 for
the lower half. In the graphic mode, 16-bit
data is output and used as the address signal
of external RAM. In the character mode, the
high order 4 bits (MA12—MA15) are ignored.
The 4 bits of line address counter are output
instead and used as the address of extended
ROM.

Character Generator ROM

The character generator ROM has 7360 bits in
total'and stores 192 types of character data. A
character code (8 bits) from the external RAM
and a line code (4 bits) from the line address
counter are applied to its address signals, and
it outputs 5-bit dot data.

The character font is 5 X 7 (160 characters) or
5X 11 (32 characters). The use of extended
ROM allows 8 X 16 (256 characters max.) to
be used.

Cursor Address Counter

The cursor address counter is a 16-bit counter
that can be preset by instruction. It holds an
address when the data of external RAM is
read or written (when display dot data or a
character code is read or written). The value
of the cursor address counter is automatically
increased by 1 after the display data is read or
written and after the set/clear bit instruction
is executed.

Cursor Signal Generator

The cursor can be displayed by instruction in
character mode. The cursor is automatically
generated on the display specified by the
cursor address and cursor position.

Parallel/Serial Conversion

The parallel data sent from the external RAM,
character generator ROM, or extended ROM
is converted into serial data by two parallel/
serial conversion circuits and transferred to
the liquid crystal driver circuits for upper
screen and lower screen simultaneously.
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HD61830
. T-52-13-
Terminal Functions 3-07
Name Function
DBO~DB7 Data bus: Three-state |/0 common terminal
Data is transferred to MPU through DBO to DB7

[ Chip select: Selected state with CS = 0
R/W Read/Write: R/W = 1: MPU « HD61830

R/W = 0: MPU —» HD61830
RS Register select: RS = 1: Instruction register

RS = 0: Data register
E Enable: Data is written at the fall of E
Data can be read while E is 1

CR,R, C CR osciliator
RES Reset: Reset = O results in display off, slave mode and Hp = 6
MAO—~-MA15 External RAM address output

In character mode, the line code for external CG is output through MA12 to MA15
(O: Character 1st line, F: Character 16th line)

MDO-MD7 Display data bus: Three-state 1/0 common terminal

RDO—-RD?7 ROM data input: Dot data from external character generator is input
WE Write enable: Write signal for external RAM

CL2 Display data shift clock for LCD drivers

CcL1 Display data latch signal for LCD drivers

FLM Frame signal for display synchronization

MA Signal for converting quﬂid crystal driving signal into AC, A type
MB Signal for converting liquid crystal driving signal into AC, B type
D1, D2 Display data serial output

D1: For upper half of screen
D2: For lower half of screen

CPO Clock signal for HD61830 in slave mode

SYNC Synchronous signal for parallel operation
Three-state /0 common terminal (with puli-up MOS)
Master: Synchronous signal is output
Slave: Synchronous signal is input
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T-52-13-07
Absolute Maximum Ratings
item Symbol Value Unit Note
Supply voltage Vee - 0.3t0+ 0.7 v 1,2
E{minal voltage Vr - 0.3toVee + 0.3 A 1,2
Operating temperature Topr —-20t0 + 75 ‘C
Storage temperature Tstg —55t0 + 1256 °C

Notes: 1. All voltages are referenced to GND = Q V.
2. If LSls are used beyond absolute maximum ratings, they may be permanently destroyed. We
strongly recommend that you use the LSls within electrical characteristic limits for normal
operation, because use beyond these conditions will cause malfunction and poor reliability.
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HD61830

Electrical Characteristics T-52-13-07
(Vec=5V *+5% GND =0V, T. = — 20 to +75°C)
Item Symbol Min Typ Max Unit Test Condition Note
Input high voltage (TTL) Vin 2.2 — Vee A% 1
Input low voltage (TTL) ViL 0 - 0.8 \% 2
Input high voltage - VR 3.0 - Vce \ 3
Input high voltage (CMOS) ViHe 0.7Vee — Vee v 4
Input low voitage (CMOS) Vile 0 - 0.3Vee V 4
Output high voltage (TTL) Vo 2.4 — Vee V% —lon =06mA 5
Output low voltage (TTL) VoL 0 - 0.4 \ loo = 1.6 mA 5
Qutput high voltage (CMOS)  Vouc Ve ~ 0.4 — Vee A -loh =06mA 6
Qutput low voltage (CMOS}  Vp(c 0 - 0.4 \ oL = 0.6 mA 6
Input leakage current N -5 - 5 uA Vin = 0—Vee 7
Three-state leakage current lrsL - 10 - 10 HA Vout = 0—-Vce 8
Power dissipation (1) Pw1 - 10 15 mwW  CR oscillation 9

fosc = 600 kHz
Power dissipation (2) Pw2 — 20 30 mwW External clock 9

fcp = 1 MHz
Internal clock operation
Clock oscillation frequency  fose 400 500 600  kHz Cf-15pF £5% 10

Rf = 39kl + 2%
External clock operation
Extomal clock operating  fwp 100 500 1100 kHz T
frequency
External clock duty Duty 47.5 50 52.5 % 11
External clock rise time ticp — - 0.05 us 11
External clock fall time toep - - 0.05 uS 11
Pull-up current lpr 2 10 20 uA Vin = GND 12

Note: The I/0 terminals have the following configuration:
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Input Terminal

Applicable terminal: CS, E, RS, R/W, RES, CR
(Without pull-up MOS)

T-52-13-07
Output Terminal

Applicable terminal: CL1, CL2, MA, MB, FLM,

CPO, D1, D2, WE, OE, CE, MA0O—-MA15

Vee
ﬁ? PMOS
o—.
LE‘E NMOS

PMOS

NMOS

Applicable terminal: RDO—RD7 (With pull-up
MOS)

Vee Vee
#—I%] PMOS {—H}F PMOS
O-
(Pull-up MOS)
NMOS

HITACHI
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1/0 Common Terminal

Applicable terminal: DBO—DB7, SYNC (with
pull-up MOS), MDO—MD7 (without pull-up

MOS)
Vee Vee
HEﬁ PMOS ,_|E:..| PMOS
{Pull-up MOS) -
L_I r— Enable
t
o— _ % NMOS i
' Data
{Input circuit) :
i
|
J
{Output circuit)
(Three state)
Notes: 1. Applied to input terminals and /0 common terminals, except terminals SYNC, CR, and

RES.

. Applied to input terminals and 1/O common terminals, except terminals SYNC and CR.

. Applied to terminal RES.

. Applied to terminals SYNC and CR.

. Applied to terminals DBO—DB7, WE, MAO—MA15, and MDO—-MD?7.

Applied to terminals SYNC, CPO, FLM, CL1, CL2, D1, D2, MA, and MB.

Applied to input terminals.

Applied to 1/0 common terminals. However, the current which flows into the output drive

MOS is excluded.

. The current which flows into the input and output circuits is excluded. When the input of
CMOS is in the intermediate level, current flows through the input circuit, resulting in the
increase of power supply current. To avoid this, input must be fixed at high or low.

© WNOUHRWN

The relationship between the operating fre-
quency and the power dissipation is given

below.
% 50
2 max
o.
40 //
. P
30 typ
e
20 e
10
//
Q //
250 500 750 1000 1250 1500
fosclkHz}
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10. Applied to the operation of the internal oscillator when oscillation resistor Rt and oscillation
capacity Cr are used.

Cy=15pF 5%
R Ry=39kQ + 2%
{when fosc =
R . [ ¢ 500kHz typ)
CR
The relationship among oscillation frequency,
R¢ and Ct is given below.
fosc (kHz) Ta=25C Vee=5V
800—+
600 \\ \
\\
400 \\\
\
200 Ci= 10pF
— Ci=15pF °
0 40 60 80 100 120 140 160 180
11. Applied to external clock operation.
— Ty, T
QOpen R
0.7Vcc
Open C 0.5Vee
0.3V,
o T
=T
I T Duty cycle= T4T x 100%

trop tiep

12. Applied to SYNC, DBO—-DB7, and RDO—RD7.
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Timing Characteristics T-52-13-07
MPU Interface
Item Symbol Min Typ Max Unit
Enable cycle time teve 1.0 - - us
Enable pulse width  High level WEH 0.45 - — us

Low level tweL 0.45 — - us
Enable rise time ter — - 25 ns
Enable fall time s — - 25 ns
Setup time tas 140 - - ns
Data setup time tosw ‘225 - - ns
Data delay time (Note) tooR - — 225 ns
Data hold time tH 10 — - ns
Address hold time tAH 10 - — ns
Data hold time toH 20 — - ns

Note: The following load circuit is connected for specification:

Vee

Test

point
RL.=2.4kQ
R =11kQ
C = 130pF

Diodes D, to Ds : 152074®)
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HD61830 1-52-13-07
teve
j——— tWEH — o tywp
. 2.2v -1—3\ zf——
0.8V
= tg, = o .

—»t-1as [*— tan
— F2.2v
€S, R/W, RS
0.8V
tosw et
DB,—DB, ¥2.2v
(MPU—HDE1830) 0.8V

—y tpoR g
DBo—~DBy 2.4v
{MPU<—HD61830) 0.4V
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HD61830

External RAM and ROM Interface 1-52-13-07
{tem Symbeol Min Typ Max Unit
SYNC delay time tpsy — - 200 ns »
SYNC pulse width  High level twsy 900 - - ns
CPO cycle time tccro 900 - - ns
CPO pulse width High level twCPOH 450 — - ns

Low level tweeoL 450 — - ns
MAO to MA15 refresh delay time tomAR - — 200 ns
MAO to MA15 write address delay time tomaw — - 200 ns
MDO to MD7 write data delay time tomow - — 200 ns
MDO to MD7, RDO to RD7 setup time tsmp 900 - — ns
Memory address setup time tsmaw 250 — - ns
Memory data setup time tsMOW 250 — — ns
WE delay time towe — - 200 ns
WE pulse width (low level) twwe 450 - - ns

AW
X

tomar tomMaR—= |= . ToMaw —e{ |+t tsmaw

2.2V {2.2v 2.4v
L0.8V 0.4V
tomow ’ tsmow

MDo—MD;

tsmp *
s r
2.2V
RDy—RD; o8V >§ X

WE V.cv /

0.4V 7

towe
twwe

Notes: 1. No load is applied to all the ohtput terminals.
2. "*x" indicates the delay time of RAM and ROM.
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LCD Driver Interface
Item Symbol Min Typ Max Unit
Clock pulse width {high level) twett 450 - - ns
Clock delay time _ toeLz - - 200 ns
Clock cycle time tweiz 900 — - ns
Clock pulse width High leve! tweH 450 - - ns

Low level twel 450 — — ns
MA, MB delay time tmp - - 300 ns
FLM delay time tor - — 300 ns
Data delay time top — — 200 ns
Data setup time tsp 250 - - ns

Note: No load is applied to all the output terminals (MA, MB, FLM, D1, and D2).

tweLs —

cL TVee N

ooz twele

cu‘/_\_ 7 Vee _“/ 5\_

tweH ~wre— twer -

MA, MB

4
7 Vec
e tom tor —o
FLM
1
tpo tsp —

X

HITACHI
430  Hitachi America, Ltd. « Hitachi Plaza » 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 « (415) 589-8300




HITACHI/ (MCU/MPUD

S50E D

HD61830

Display Control Instructions

Display is controlled by writing data into the
instruction register and 13 data registers. The
RS signal distinguishes the instruction regis-
ter from the data registers. 8-bit data is
written into the instruction register with RS
= 1, and the data register code is specified.
After that, the 8-bit data is written in the
data register and the specified instruction is
executed with RS = 0.

T-52-13-07
During the execution of the struction, no
new instruction can be accepted. Since the
busy flag is set during this, read the busy flag
and make sure it is 0 before writing the next
instruction.

1. Mode control

Code $“00" (hexadecimal) written into the
instruction register specifies the mode con-
trol register.

Register R/W RS DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 0 0] 0 (o] 0 [¢] o] 0
Mode control reg. o] o] 0 o) Mode data
DBS | DB4 | DB3 | DB2 | DB1 | DBO | Cursor/blink CG | Graphic/character
display
1/0 /0 0 o] 0 0 Cursor off Character display
(U] (Character mode)
0 1 Cursor on S
[+]
c
1 (o] Cursor off, character blink ,"lc:’
1 1 Cursor blink
(o] 0 1 Cursor off
Q
0 1 Cursor on L"_u
£
1 (o] Cursor off, character blink g
w
1 1 Cursor blink
o] o] 1 0 Graphic mode
&
T | 3 £ 3
(s} w ~ .
> = = g £
K] 2 o £ o <
g 8| 2| B |88
=) = ] O |0E o
L——> 1: Master mode
0: Slave mode
1: Display on
0: Display off
HITACHI
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2. Set character pitch

Vp indicates the number of vertical dots per
character. The space between the vertically-
displayed characters is included in the
determination. This value is meaningful only
during character display {in the character
mode) and becomes invalid in the graphic
mode.

Hp indicates the number of horizontal dots
per character in display, including the space
between horizontally-displayed characters.
In the graphic mode, the Hp indicates the
number of bits of 1-byte display data to be
displayed.

There are three Hp values (table 1).

Register R/W RS DB7 ; DB6 | DB5 | DB4 | DB3 | DB2 | DB1 DBO
Instruction reg. 0 1 0 0 o] o] [¢] o] 0 1
Character pitch reg. o] o] (Vo — 1) binary 0 (Hp — 1) binary
Table1 H; Values
Hp DB2 DB1 DBO Horizontal character pitch
<] 1 0 1 6
7 1 1 (o} 7
8 1 1 1 8
HITACHI
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3. Set number of characters

Hy indicates the number of horizontal char-
acters in the character mode or the number of
horizontal bytes in the graphic mode. If the
total sum of horizontal dots on the screen is
taken as n,

T-52-13-07
n = Hp X Hn

Hy can be set to an even number from 2 to
128 (decimal).

Register R/W RS DB7 | DB6 | DB5 | DB4 | DB3 DI§2 DB1 | DBO
Instruction reg. [¢] 1 0 0 o] 0] 0 o] 1 o]
Number-of-characters reg. o] 0 0 {Hn —1) binary

4. Set number of time divisions (inverse
of display duty ratio)
Nx indicates the number of time divisions in

multiplex display.
1/Nx is the display duty ratio.
A value of 1 to 128 (decimal) can be set to Nx.

Register R/W RS DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction reg. o] 1 0 o] 0 o] 0 0 1 1
Number-of-time-divisions 0] 0 0] {Nx — 1) binary

reg.

B. Set cursor position

Cp indicates the position in a character
where the cursor is displayed in the character
mode. For example, in 5 X 7 dot font, the
cursor is displayed under a character by
specifying Cp = 8 (decimal). The cursor hori-
zontal length is equal to the horizontal char-
acter pitch Hp. A value of 1 to 16 (decimal)

can be set to Cp. If a smaller value than the
vertical character pitch Vp is set (Cp = Vp),
and a character overlaps with the cursor, the
cursor has higher priority of display (at cursor
display on). If Cp is greater than Vp, no cursor
is displayed. The cursor horizontal length is
equal to Hp. :

Register R/W RS DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 0 0 0 0 0 1 0 0
Cursor position reg. 0 0 0 0 (o] 0] {Cp — 1) binary

6. Set display start low order address

Cause display start addresses to be written in
the display start address registers. The dis-
play start address indicates a RAM address at
which the data displayed at the top left end
on the screen is stored. In the graphic mode,

the start address is composed of high/low
order 16 bits. In the character display, it is
composed of the lower 4 bits of high order
address (DB;—DBo) and 8 bits of low order
address. The upper 4 bits of high order
address are ignored.

Register R/W RS DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 [¢] 0] [¢] 0 1 0 [¢] o]
Display start address reg. 0 0 (Start low order address) binary

{low order byte}

HITACHI
Hitachi America, Ltd. » Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 » (415) 589-8300 433




HITACHI/ (MCU/MPU) S50E D MB 449L204 0025757 DAA WEHIT3
HD61830
T-52-13-07
Set display start high order address
Register R/W RS DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 DBO
Instruction reg. o] 1 0 (o} 0 o] 1 8] o] 1
Display start address reg. 0 (o] (Start high order address) binary
{high order byte)

7. Set cursor address (low order) (RAM
write low order address)

Cause cursor addresses to be written in the
cursor address counters. The cursor address
indicates and address for sending or receiv-
ing display data and character codes to or
from the RAM.

That is, data at the address specified by the
cursor address are read/written. In the char-
acter mode, the cursor is displayed at the
character specified by the cursor address.

A cursor address consists of the low-order

address (8 bits) and the high-order address (8
bits). Satisfy the following requirements set-
ting the cursor address (table 2).

The cursor address counter is a 16-bit up-
counter with set and reset functions. When
bit N changes from 1 to O, bit N + 1 is in-
clemented by 1. When setting the low order
address, the LSB (bit 1) of the high order
address is inclemented by 1 if the MSB (bit 8)
of the low order address changes from 1 to O.
Therefore, set both the low order address and
the high order address as shown in the table
2.

{high order byte)

Register R/W | RS | DB7 | DB6 | DBS5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 (o] 0 0 0 1 (o] 1 (o]
Cursor address counter 0 0 (Cursor low order address) binary
(low order byte) ’

Set cursor address (high order) (RAM write high order address)
Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction reg. o] 1 (0] 0 0 (o] 1 o] 1 1
Cursor address counter o] o] (Cursor high order address) binary

Table 2 Cursor Address Setting

Condition

Requirement

When you want to rewrite (set) both the low order
address and the high order address.

Set the low order address and then set the high
order address.

When you want to rewrite only the low order
address.

Don't fail to set the high order address again after
setting the low order address.

When you want to rewrite only the high order
address.

Set the high order address. You don’t have to set
the low order address again.
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8. Write display data

After the code $"OC”" is written into the
instruction register with RS = 1, 8-bit data
with RS = 0 should be written into the data

T-52-13-07
register. This data is transferred to the RAM
specified by the cursor address as display
data or character code. The cursor address is
increased by 1 after this operation.

Register R/W RS DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 DBO
Instruction reg. 0 1 0 0 0 0o 1 1 0 0
RAM o] [o] MSB (pattern data, character code) LSB

9. Read display data

Data can be read from the RAM with RS = 0
after writing code $“OD" into the instruction
register. Figure 1 shows the read procedure.

This instruction outputs the contents of data
output register on the data bus (DBO to DB7)

and then transfers RAM data specified by the
cursor address to the data output register,
also increasing the cursor address by 1. After
setting the cursor address, correct data is not
output at the first read but at the second one.
Thus, make one dummy read when reading
data after setting the cursor address.

Register R/W RS DB7

DB6

DB5 | DB4 | DB3 | DB2 | DB1 | DBO

Instruction reg. 0 1 0

0] 0 0 1 1 0 1

RAM 1 0

MBS {(pattern data, character code) LSB

B 4496204 0025758 Tiy EEHIT3

s _| LT I S e H
ps  —8 oA{N - B} osH{Nu}{ e oo = H B [H{im[ & ™))

Busy |Cursor [Cursor | Busy |Cursor |Cursor | Busy Data | Dummy | Busy N Busy [N+1
check |address [low check |address|high check .| read |read check check
sat set order mode deta

data

address
write

mode mode

write

read read

Cursor
address

]

N |IEER N+2

In+3

Data

output
register

[ ada
]N

Al R

Figure 1 Read Procedure
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10. Clear bit

The clear/set bit instruction sets 1 bit in a
byte of display data RAM to 0 or 1, respec-
tively. The position of the bit in a byte is
specified by N and RAM address is specified

T-52-13-07

by cursor address. After the execution of the
instruction, the cursor address is automati-
cally increased by 1. Np is a value from 1 to 8.
Np = 1 and Np = 8 indicates LSB and MSB,
respectively.

Register RW | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

Instruction reg. o] 1 0 0 o] [o] 1 1 1 ]

Bit clear reg. (o} 0 0 0 o] 0o 0 {Ng — 1) binary
Set bit

Register R/W | RS DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO

Instruction reg. 0 1 0 0 o] 0 1 1 1 1

Bit set reg. o] o] 4] 0 o] 0 0 {Ng — 1) binary

11. Read busy flag

When the read mode is set with RS = 1, the
busy flag is output to DB7. The busy flag is set
to 1 during the execution of any of the other
instructions. After the execution, it is set to 0.
The next instruction can be accepted. No
instruction can be acceped when busy flag =
1. Before executing an instruction or writing
data, perform a busy flag check to make sure

the busy flag is 0. When data is written in the
register (RS = 1), no busy flag changes. Thus,
no busy flag check is required just after the
write operation into the instruction register
with RS = 1. '

The busy flag can be read without specifying
any instruction register.

Register R/W RS DB7 | DB& I'DBS ] DB4 ’ DB3 ’ DB2 } DB1 I DBO
Busy flag 1 1 1/0
HITACHI
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CInimis] (n(m{al 1 | | sl \BOmO0000
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l|= HN (digit}
Symbol Name Maeaning Value
He Horizontal character pitch Horizontal character pitch 6 to 8 dots
Hn Number of horizontal Number of horizountal characters per line {number 2 to 128 digits
characters of digits) in the character mode or number of bytes (an even num-
per line in the graphic mode. ber)
Vp Vertical character pitch Vertical character pitch - 110 16 dots
Co Cursor position Line number on which the cursor can be displayed 1 to 16 lines
Nx Number of time divisions Inverse of display duty ratio 110 128 lines
Note: if the number of vertical dots on the screen is m, and the number of horizontal dots is n,
1/m = 1/Nx = display duty ratio
n = Hp X Hn, m/Vp =Number of display lines
Co = Vo

Figure 2 Display Variables
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Display Mode
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Internal Character Generator Patterns and Character Codes T-52-13-07
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Application (Character Mode, External CG, Character Font 8 X 8)
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Application 2 (Graphic Mode) T-52-13-07
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Configuration Examples
Graphic Mode

Liguid crystal
display module

MPU HD61830

MDo—MD; MA,—MA 5

RAM

Character Mode (1) (Internal Character Generator)

MPU HD61830 Liquid crystal
display module

MDp—MD, MAG—MA,

RAM

Character Mode (2) (External Character Generator)

Liquid crystal
MPU HD61830 display module
MA, -~
RDO—RD7 MA15 MA()_MAH
ROM RA
Ol MDo— M
MD,
Parallel Operation
{Master)
Liquid crystal Liquid crystal
mMPU _ HDB1830(1} display module{1)| display module (2)
€S JcrolSYN Driving both of two
RAM module by same
common signal
L JCR SYNC
HD61830(2)
$ (Slave)
RAM
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