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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but
there is always the possibility that trouble may occur with them. Trouble with semiconductors may lead to persond injury, fire
or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i)
placement of substitutive, auxiliary circuits, (ii) use of nonflammable materia or (iii) prevention against any malfunction or
mishap.

Notes regarding these materias

1

These materials are intended as areference to assist our customers in the selection of the Renesas Technology Corporation
product best suited to the customer's application; they do not convey any license under any intellectual property rights, or any
other rights, belonging to Renesas Technology Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-party's rights,
originating in the use of any product data, diagrams, charts, programs, agorithms, or circuit application examples contained in
these materials.

All information contained in these materials, including product data, diagrams, charts, programs and agorithms represents
information on products at the time of publication of these materials, and are subject to change by Renesas Technology
Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other lossrising from these
inaccuracies or errors.

Please d so pay attention to information published by Renesas Technology Corporation by various means, including the
Renesas Technology Corporation Semiconductor home page (http://www.renesas.com).

When using any or all of theinformation contained in these materials, including product data, diagrams, charts, programs, and
algorithms, please be sure to evaluate al information as atotal system before making afinal decision on the applicability of
theinformation and products. Renesas Technology Corporation assumes no responsibility for any damage, liability or other
loss resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in adevice or system that is used
under circumstances in which human lifeis potentialy at stake. Please contact Renesas Technology Corporation or an
authorized Renesas Technology Corporation product distributor when considering the use of a product contained herein for
any specific purposes, such as apparatus or systems for transportation, vehicular, medica, aerospace, nuclear, or undersea
repeater use.

The prior written approva of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these
materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under alicense
from the Japanese government and cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is
prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.




HD61830/HD61830B

LCDC (LCD Timing Controller)

HITACHI

Description

The HD61830/HD61830B is a dot matrix liquid crystal graphic display controller LS| that stores the
display data sent from an 8-bit microcontroller in the external RAM to generate dot'matrix liquid crystal
driving signals.

It has a graphic mode in which 1-bit data in the external RAM orrespends to the on/off state of 1 dot on
liquid crystal display and a character mode in which charactets are displayed by storing character codesin
the external RAM and developing them into the dot patterns with the internal character generator ROM.
Both modes can be provided for various applications.

The HD61830/HD61830B is produced by the ‘CMOS “process. Thus, combined with a CMOS
microcontroller it can complete aliquid crystaldisplay device with lower power dissipation.

Features

e Dot matrix liquid crystal graphic display controller
e Display control capacity
— Graphic mode: 512k dots (2*° ytes)
— Character mode4096 chafacters (22 characters)
¢ Internal character generator ROM: 7360 bits
— 160 typesofb x 7dot characters
— 32 types of 5% 11 dot characters
Total 192 characters
— Can be extended to 256 characters (4 kbytes max.) with external ROM
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e Interfacesto 8-bit MPU
¢ Display duty cycle (can be selected by a program)
Static to 1/128 duty cycle
e Variousinstruction functions
— Scroll, cursor on/off/blink, character blink, bit manipulation
e Display method: Selectable A or B types
¢ Internal oscillator (with external resistor and capacitor) HD61830
e Operating frequency
— 1.1 MHz HD61830
— 2.4 MHz HD61830B
e Low power dissipation
e Power supply: Single +5V £10%
e CMOS process

»
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Differ ences between Products
HD61830 and HD61830B

HD61830 HD61830B
Oscillator Internal or external External only
Operating frequency 1.1 MHz 2.4 MHz
Pin arrangement Pin 6: C Pin 6: CE
and signal name Pin7: R Pin 7: OE
Pin 9: CPO Pin 9: NC
Package marking A
to see figure
Package Marking
@ 3D13 *—< || Lot'No.
@ HD61830A00
JAPAN
@ 3D13 +—— || Lot No.
HD61830B00
JAPAN
Ordering I nformatien
Type No. Package
HD61830A00H 60-pin plastic QFP (FP-60)
HD61830B0O0H
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Pin Arrangement

S| Jus

4l |mao

3 |ma1

2| ma2

1l |wmas3

60 |ma4

59| |mAs

58|  |mA6

57 |[ma7

56 j MAS

g55 j MA9Q
z
S
=

( )isfor HD61830B
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Terminal Functions

Symbol Pin Number 1/O Function
DBO-DB7 28-21 110 Data bus: Three-state I/O common terminal
Data is transferred to MPU through DBO to DB7.
Ccs 15 I Chip select: Selected state with CS = 0
R/W 17 | Read/Write:R/W = 1: MPU « HD61830
R/W = 0: MPU — HD61830
RS 18 | Register select: RS = 1: Instruction register
RS = 0: Data register
E 16 | Enable: Data is written at the fall of E
Data can be read while E is 1
CR 8 | CR oscillator (HD61830), External clock inputy(HD61:830B)
C 6 — CR oscillator to capacitor (HD61830 oanly)
R 7 — CR oscillator to resistor (HD61830.0nly)
CPO 9 0] Clock signal for HD61830.in slave mode (HD61830 only)
CE 6 o] Chip enable (HD61830B only)
CE = 0: Chip enables make ‘external RAM in active
OE 7 0 Output enable (HD61830B,only)
OE = 1: Output epable infarms’external RAM that HD61830B requires
data bus
NC 9 Open Unused terminal, Don’t connect any wires to this terminal
(HD61830B 0only)
MAO-MA15 4-1, 60-49 (0] External RAM address output
In character.mode, the line code for external CG is output through
MA1T2 to MA15 (0: Character 1st line, F: Character 16th line)
MDO-MD7  37-30 1/0 Display/data bus: Three-state I/O common terminal
RDO-RD7 45-38 I ROM-data input: Dot data from external character generator is input
WE 13 (0] Write enable: Write signal for external RAM
CL2 46 O Display data shift clock for LCD drivers
CL1 11 @) Display data latch signal for LCD drivers
FLM 10 0] Frame signal for display synchronization
MA 19 0] Signal for converting liquid crystal driving signal into AC, A type
MB 5 0] Signal for converting liquid crystal driving signal into AC, B type
D1 a7 0] Display data serial output
D2 48 D1: For upper half of screen
D2: For lower half of screen
SYNC 12 110 Synchronous signal for parallel operation
Three-state I/O common terminal (with pull-up MOS)
Master: Synchronous signal is output
Slave: Synchronous signal is input
RES 14 | Reset: Reset = 0 results in display off, slave mode and H,= 6

HITACHI



IHOVLIH
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HD61830/HD61830B

Block Functions

Registers

The HD61830/HD61830B has the five types of registers: instruction register (IR), datainput register (DIR),
data output register (DOR), dot registers (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,
acursor address register, and so on. The lower order 4 bits DBOto DB3 of data buses are writtenin it.

The DIR is an 8-hit register used to temporarily store the data written into the externalRAM, DR, MCR,
and so on.

The DOR is an 8-hit register used to temporarily store the data read from the.externahRAM. 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 externa RAM isread to DOR
by an internal operation. The datais transferred to the MPU by, reading the DOR with the next instruction
(the contents of DOR are output to the data bus when E is at thedigh [evel).

The DR are registers used to store dot information such @s character’pitches and the number of vertical
dots, and so on. The information sent from the MPU isaritten into'the DR viathe 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 iswrittenin it viathe DIR.

Busy Flag (BF)
The busy flag = 1 indicates thesHD61830 is performing an internal operation. Instructions cannot be

accepted. As shown iny,Control _Instruction, read busy flag, the busy flag is output on DB7 under the
conditions of RS = 1, RMi= 1,'and E'= 1. Make sure the busy flag is 0 before writing the next instruction.

Dot Counters(DC)

The dot counters are colnters that generate liquid crystal display timing according to the contents of DR.

HITACHI



HD61830/HD61830B

Refresh Address Counters (RACL/RAC2)

The refresh address counters, RAC1 and RAC2, control the addresses of external RAM, character generator
ROM (CGROM), and extended external ROM. The RACL1 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 bitsin total and stores 192 types of characterdata. A character code
(8 bits) from the external RAM and a line code (4 bits) from the line address, counter are epplied to its
address signals, and it outputs 5-bit dot data.

The character font is 5 x 7 (160 characters) or 5 x 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 begpreset bydmnstruction. 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 datais 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‘addressiand 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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Display Control Instructions

Display is controlled by writing data into the instruction register and 13 data registers. The RS signal
distinguishes the instruction register 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.

During the execution of the instruction, no new instruction can be accepted. Since the busy flag is set
during this, read the busy flag and make sureit is O before writing the next instruction.

1. Mode Control: Code $'00" (hexadecimal) written into the instruction registersspecifies the mode
control register.

Register R/W RS DB7 | DB6 | DB5 | DB4 | B3 [“DB2 | DB1 | DBO
Instruction reg. 0 1 0 0 0 0 0 0 0 0
Mode control reg. 0 0 0 0 Mode data
) Graphic/character
DB5 | DB4 | DB3 | bB2 | DB1 | DBO Cursor/blink CG di
isplay
1/0 1/0 0 0 0 0 Cutsor. off Character display
O] (Character mode)
0 1 Cursor on ©
©
c
1 0 Cursor off, character blink o
c
1 1 Cursor blink
0 0 1 Cursor off
]
0 1 Cursor on o
S|
c
1 0 Cursor off, character blink I3
x
i
1 1 Cursor blink
0 0 1 0 Graphic mode
m g
LL Q
g | o ¢
z = O]
o 3 5 8]
> = = 2 =
= g o S | £ | £
2 | & | = s |88 | €
[a) = om ] O E w

\—> 1: Master mode

0: Slave mode

- 1: Display ON

0: Display OFF
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2. Set Character Pitch: V, 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.

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

There are three H,, values (Table 1).

Register R/W RS DB7 | DB6 | DB5 | DB4 | bDB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 0 0 0 0 0 0 0 1
Character pitch reg. 0 0 (V, = 1) binary 0 (Hy= 1) binary

Table1 H, Values

H, DB2 DB1 DBO Horizontal Character Pitch
6 1 0 1 6
7 1 1 0 7
8 1 1 1 8
HITACHI
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3. Set Number of Characters: H, indicates the number of horizontal characters 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 asn,

n =H,xHy

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

Register R/W | RS DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 0 0 0 0 0 0 1 0
Number-of-characters reg. 0 0 0 (Hy — 1) binary:

4. Set Number of Time Divisions (Inverse of Display Duty Ratio): N, indicates the number of time
divisionsin multiplex display.

1Ny isthe display duty ratio.

A value of 1to 128 (decimal) can be set to N.

Register R/W | RS | DB7 | DB6 [\ DB5,|"DB4 | DB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 0 0 0 0 0 0 1 1
Number-of-time-divisions reg. 0 0 0 (Ny — 1) binary

5. Set Cursor Position: C, 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 C, =
8 (decimal). The cursor horizontalr|engthiiS'equal to the horizontal character pitch H,. A value of 1 to 16
(decimal) can be set toC,,. If @ smaller value than the vertical character pitch Vp is set (C, < Vp), and a
character overlaps with'the,cursor, the cursor has higher priority of display (at cursor display on). If C, is
greater than Vp, no cursor isdisplayed. The cursor horizontal length is equal to H,,.

Register R/W | RS DB7 | DB6 | DB5 | DB4 | bDB3 | DB2 | DB1 | DBO

Instruction reg. 0 1 0 0 0 0 0 1 0 0

Cursor position reg. 0 0 0 0 0 0 (C,— 1) binary
HITACHI
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6. Set Display Start Low Order Address: Cause display start addresses to be written in the display start
address registers. The display 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 hits of high order address (DB3-DB0) 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 | bDB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 0 0 0 0 1 0 0 0
Display start address reg. 0 0 (Start low order address) binary

(low order byte)

Set Display Start High Order Address

Register R/W | RS DB7 | DB6 | DB5 | .oB4 | ‘DB3'| DB2 | DB1 | DBO
Instruction reg. 0 1 0 0 0 0 1 0 0 1
Display start address reg. 0 0 (Starbhigh order address) binary

(high order byte)

7. Set Cursor Address (Low Order) (RAM Write L ow Onder Address): Cause cursor addresses to be
written in the cursor address counters. The cursor. address indicates an address for sending or receiving
display data and character codesto or from the RAM.

That is, data at the address specified oy the cursor address are read/written. In the character mode, the
cursor isdisplayed at the character specified By, the cursor address.

A cursor address consists of the low=erder address (8 bits) and the high-order address (8 bits). Satisfy the
following requirementS'setting the cursor address (Table 2).

The cursor address counter 1S @l6-bit up-counter with set and reset functions. When bit N changes from 1
to 0, bit N + € is.incremented by 1. When setting the low order address, the LSB (bit 1) of the high order
addressisincremented by 1 if the MSB (bit 8) of the low order address changes from 1 to 0. Therefore, set
both the low order address and the high order address as shown in the Table 2.

Register R/W | RS DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 0 0 0 0 1 0 1 0
Cursor address counter 0 0 (Cursor low order address) binary

(low order byte)

HITACHI
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Set Cursor Address (High Order) (RAM Write High Order Address)

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

(high order byte)

Table2 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 an
order address.

he high

When you want to rewrite only the low order address.

Do not fail to set the
setting the low o

dress again after

When you want to rewrite only the high order address.

Set the high ss. You do not have to set
the lo i

HITACHI
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8. Write Display Data: After the code $'0C” iswritten into the instruction register with RS = 1, 8-bit data
with RS = 0 should be written into the data register. This data is transferred to the RAM specified by the
cursor address as display data or character code. The cursor addressis 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 0 1 1 0 0
RAM 0 0 MSB (pattern data, character code) LSB

9. Read Display Data: Data can be read from the RAM with RS = 0 after writing code $‘0D” into the
instruction register. Figure 1 shows the read procedure.

This instruction outputs the contents of data output register on the data busy(DBO to.DB7) and then
transfers RAM data specified by the cursor address to the data output register, alse.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 . BDB4 [“DB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 0 0 0 0 1 1 0 1
RAM 1 0 MSB (pattern data, character code) LSB

RIW o 1 L

RS | o L I N S
DB —{ B oA} N [+ B [HoB[Ny [ B oD * [ B HM)H B [

Busy, |Cursor |Cursor | Busy |Cursor |Cursor | Busy Data |Dummy| Busy ([N Busy |N+1
check Jaddress|low check |address|high check | read [read check |address| check [address
set order set order mode data data
mode |address mode |address read read
write write
Cursor _ N, N N+1 | N+2 [N+3
address
Data output I N address data| N + 1 address data| N+2
reglster

14

Figurel 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, respectively.
The position of the bit in a byte is specified by Nz and RAM address is specified by cursor address. After
the execution of the instruction, the cursor address is automatically increased by 1. Ng is a value from 1 to
8. Ng = 1 and N = 8 indicates LSB and M SB, respectively.

Register R/W | RS DB7 | DB6 | DB5 | DB4 | bDB3 | DB2 | DB1 | DBO

Instruction reg. 0 1 0 0 0 0 1 1 1 0

Bit clear reg. 0 0 0 0 0 0 0 (Ng — 1) binary
Set Bit

Register R/W | RS DB7 | DB6 | DB5 | DB4 | DB3y DB2'| DB1 | DBO

Instruction reg. 0 1 0 0 0 0 1 1 1 1

Bit set reg. 0 0 0 0 0 0 0 (N — 1) binary

11. Read Busy Flag: When the read mode is set with RS:=)1, thesbusy 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 bé aceepted when busy flag = 1. Before executing an
instruction or writing data, perform a busy flag check to makesure the busy flag is 0. When data is written
in the register (RS = 1), no busy flag changes..Ihus, ne busy flag check is required just after the write
operation into the instruction register with R3="1.

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

Register RW )RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB | DBO
Busy flag 1 1 1/0 *
HITACHI
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Hp
RDO RD7
M | | [ | ] ] [ | ] | | [
(D] [ [ (| [
EOOORCOCORCOOEOO Uooeoodn
IDDDIDDDIIIIDDD FO{]
= [ [ 11 [ [ (i | (O] | O
EOOOECOOEooOomd © |
[ (| [ [ [ || | | [
I I O
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o
o
(I
g ! CURA
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oooopood o e
W | | [
[ (IO [
[ (IO [
|II] [
IO
[ (B[O [
| | | [
I O
I
Hy (digit)
Symbol  Name Meaning Value
Hp Horizontahcharacter pitch ~ Horizontal character pitch 6 to 8 dots
Hyn Number of horizontal Number of horizontal characters per 2 to 128 digits
characters line (number of digits) in the character  (an even number)
mode or number of bytes per line in
the graphic mode
Vp Vertical character pitch Vertical character pitch 1to 16 dots
Cp Cursor position Line number on which the cursor 1to 16 lines
can be displayed
Ny Number of time divisions Inverse of display duty ratio 1to 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/V, = Number of display lines
CosVp

Figure2 Display Variables
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Display Mode

Liquid Crystal
Display Panel

0N -

-

Hp: 6,7, or 8 dots

RAM

Display Data
from MPU
Character code

(8 bits)

b7 b6 b5 b4 b3 b2 bl b0

0{1{0|0|0f0f0|1
0(1|0|0|0f0f1]|0

b3

b7 b6 b5

0{1|0|1|0f1({0|1
1(1(1j1f1)1f1|1

/

Start

address

Display pattern

(8 bits)

Display Mode

Character
display

Graphic

HITACHI
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Internal Character Generator Patternsand Character Codes

18
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Example of Correspondence between External CGROM Address Data and

Character Pattern
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HD61830/HD61830B

Example of Configuration

Graphic Modeor Character Mode (1) (Internal Character Generator)

MPU

HD61830B

HD61830

MDO0-MD7

J'

RAM

Character Mode (2) (External Character Generator)

MPU

RDO-RD7

¢

\

HD61830

HD61830B —‘

J'

MA12-1
MA15

Y

ROM

MDO-
MD7

HITACHI

Liquid crystal
display module

MAO-MA15 at graphic mode,
MAO-MAL11 at character mode




HD61830/HD61830B

Parallel Operation (HD61830)

(Master)

MPU

HD61830 (1)

CPO|SYNC ¥ ¢

Liquid crystal
display module (1)

Liquid crystal
display module (2)

RAM

cs
L~CR SYNC

Driving both of two
module by same
common signal

HD61830 (2)

cs (Slave) 1y

RAM

Parallel Operation (HD61830B)

MPU

(Master)

HD61830B (1)

SYNC Y 4

RAM

cs
~ISYNC
HD61830B (2)

CS (Slave)

HITACHI
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HD61830/HD61830B

HD61830 Application (Character Mode, External CG, Character Font 8 x 8)

HD6800 HD61830
A0 RS WE WE OE o L WE OE[ ],
A0 RAM(D) [ ] A0 RAM(2)
ﬁ%g MtoA o = to  HM6116 N\ ;> to  HM6116
Al4 cs MA10 A — Am&
A15 1 T
VMA MA11 [>o
Do DBO “’{’312
E‘)‘; to MA14
DB7 MA15 | »
22 E MDO
to
RW RIW MD7 Vi
AO-A2 A3-A10
w0l 100 eow’ o
ro7 N1, HN462716 C_E%r
D1 D1
FLM FLM
= MB M
~{SYNC
Open -cpo CL1 CL1
v REs CL2 CL2 LCD module
cc —| D2 D2
MA +5V
R C CR GND
L|c -5V
R VO
+5V
GND —
-5V j
HD61830 Application (Graphic Mode
——

HD6800
MPU

DB0-DB7

22

HD61830

16 kbits
CMOS

T ]
vy
| Segment | _____________ Segment
| | driver driver
|
!
|
| LCD
|
|
' | segment] Segment
| driver driver
- [
| 1 ! J
! | vi-ve
Power supply for
GND 4|—> liquid crystal
' display drive
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HD61830B Application (Character M ode, External CG, Character Font 8 x 8)

HD6303 HD61830B i
A0 RS WE ! WE o8 WE o
MAO || A0 RAM (1) L ~JA0o RAM(2)
AL _ to —>lto HM6116 ,;%@ L — o HMe116
Al cs MA10 A10 = AL0 =
CE ™
Decoder CE
DO DBO MA11 —\
to to MA12 1 o
D7 DB7 to
MA15
E E MDO
to
RIW RIW MD7 U
AO-A3 A4—ATL
RDO DO —
o K—to AT E
RD7 D7 E
D1 D1
FLM FLM
JE— MB M
Open =<+— SYNC cL1 cL1
— cL2 cL2
Vec —{ RES D2 b2 LCD module
MA by
Elxtekrnal+ CR GND
cloci Bv
VO
+5V
GND ——
-5V ]

HD61830B Application (Graphic M ode

DB0-DB7
HD6303 .
MPU CSE contry

RS RIW

16 kbits
CMOSs

GND
VDD (5V)

Vee (-5 V)

—
'
T | |
— |
oy | Segment | Segment |
driver |
| .
| |
| LCD |
| |
| !
Segment | _______________ Segment |
| driver driver '
'

" [ ] |
T i J '
' \ V1-V6 |
| Power supply for H

—— | liquid crystal
display drive |
%_I_p !
%‘ |
| '
S |

HITACHI
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HD61830/HD61830B

HD61830 Absolute Maximum Ratings

Iltem Symbol Value Unit Notes
Supply voltage Ve -0.3to +0.7 \% 1,2
Terminal voltage VT —0.3t0 V. +0.3 \% 1,2
Operating temperature Toor —-20to +75 °C
Storage temperature T -55to0 +125 °C
Notes: 1. All voltages are referenced to GND =0 V.
2. If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed.
We strongly recommend that you use the LSls within electrical characteristi for normal
operation, because use beyond these conditions will cause malfunction a iability.

24
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HD61830/HD61830B

HD61830 Electrical Characteristics (V.. =5V £10%,GND =0V, T,=-20to
+75°C)

Iltem Symbol Min Typ Max Unit Test Condition Notes
Input high voltage (TTL) VIH 2.2 — Ve \% 1
Input low voltage (TTL) VIL 0 — 0.8 \% 2
Input high voltage VIHR 3.0 — Vee \ 3
Input high voltage (CMOS) VIHC 0.7V, — Ve v 4
Input low voltage (CMOS) VILC 0 — 03V, V 4
Output high voltage (TTL) VOH 2.4 — Ve \% —lgy = 0:6 mA 5
Output low voltage (TTL) VOL 0 — 0.4 \% lop = 1.6 MA 5
Output high voltage (CMOS) VOHC V., .-04 — Vee Y/ —lop=0.6MA 6
Output low voltage (CMOS) VOLC O — 0.4 Vv lsi = 0.6 mMA 6
Input leakage current I -5 — 5 HA VIN =0 -V 7
Three-state leakage current lsL -10 — 10 HA VOUT=0-V, 8
Power dissipation (1) Pyl — 10 15 mW  CR oscillation 9
f... = 500 kHz
Power dissipation (2) Pw2 — 20 30 mW  External clock 9
fo, = 1 MHz
Internal clock operation fosc 400 500 600 kHz C,;=15pF+5% 10
(Clock oscillation frequency) R; =39 kQ +2%
External clock operation fg 100 500 1100 kHz 11
(External clock operating frequency)
External clock duty Duty. 47.5 50 52.5 % 11
External clock rise time - — — 0.05 us 11
External clock fall time teo — — 0.05 us 11
Pull-up current (1. 2 10 20 WA VIN=GND 12

Notes: The I/Q terminalsthave the following configuration:

1. Applied to inputterminals and I/O common terminals, except terminals SYNC, CR, and RES.
Applied toinput terminals and I/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-MD7.
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.

© N o s wDd
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HD61830/HD61830B

9. 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.

The relationship between the operating frequency and the power dissipation is given below.

c 50
n.; Max
40
30 Typ
20
10
0 =~
250 500 750 1000 1250 », 1500

fosc (kHz)

10. Applied to the operation of the internal oscillatorwhen oscillation resistor R, and oscillation
capacity C, are used.

R Cs = 15 pF 5%
R¢ = 39 kQ £2%
Ry C (when fosc =
c _|: 500 kHz typ)
f
CR

The relationship ameng oscillation frequency, R;and C; is given below.

fosc (kH2) Ta=25°C, Ve =5V

800 '\
600 \
N\

\\\
400
\
200 — Ci=10pF
Ci=15pF
0

40 60 80 100 120 140 160 180
R¢ (kQ)

HITACHI
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11. Applied to external clock operation.

Open

Open

Oscillator

CR

0.7 Ve
0.5 Ve

0.3 Vee jﬁ

— - |-—

trep

12. Applied to SYNC, DB0-DB7, and RDO-RD?7.

HITACHI

tfcp

*

»

T
Duty cycle =
ty cy T

h

T x 100%
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HD61830/HD61830B

Input Terminal

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

Vee
PMOS
NMOS
Applicable terminal: RDO-RD7 (with pull-up MOS)
Vee Vee
+ $ PMOS
O -
(Pull-up MOS)

HITACHI
28



HD61830/HD61830B

Output Terminal

Applicable terminal: CL1, CL2, MA, MB, FLM, D1, D2, WE, CPO, MAO-MA15

Vee

PMOS

NMOS

1/0 Common Terminal

Applicable termina: DBO-DB7, SYNC, MDO-MD7 (MDO-MD?7 have no p )
Vee Vee ‘
3+ g] PMOS
(Pull-up MOS) ‘ % ~—— Enable
PMOS }_J |
O— ! !
‘ ; Data

s 31

Output circuit
(Three state)

¥

HITACHI
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Timing Characteristics

HD61830 MPU Interface (V. =5V +10%, GND =0V, T, = —20 to +75°C)

Item Symbol Min Typ Max Unit
Enable cycle time teve 1.0 — — us
Enable pulse width High level twen 0.45 — — us
Low level twee 0.45 — — us
Enable rise time te, — — 25 ns
Enable fall time te — — 25 ns
Setup time tas 140 — — ns
Data setup time tosw 225 — — ns
Data delay time toor — — 225 ns *
Data hold time tonw 10 — — ns
Address hold time tan 10 — — ns
Output data hold time ton 20 - — ns
Note: * The following load circuit is connected for specifieation:
feyc |
tweH tweL |
22N\
- \
0.8V
— ter L=
tAS &»
__ 2.2V
CS, R/W, RS
0.8V
DSW_| | tow
DB0-DBY7 22V
(MPU—HD61830) 0.8V
| Lloor toH
DB0-DB7 24V .
(MPU«HD61830) 04V
Vee
p1= R
Test point
D2 R =24k
R C R =11 kQ
l Bz C =130 pF (C includes jig capacitance)
Diodes D1to D4: 1S2074®

HITACHI
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HD61830 External RAM and ROM Interface (Vo =5V £10%, GND =0V, T,=-20t0 +75°C)

Iltem Symbol Min Typ Max Unit
SYNC delay time tosy — — 200 ns
SYNC pulse width Low level tuwsy 900 — — ns
CPO cycle time tecro 900 — — ns
CPO pulse width High level twepon 450 — — ns
Low level tweroL 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 tompw — — 200 ns
MDO to MD7, RDO to RD7 setup time tovo 900 — — ns
Memory address setup time tomaw 250 — — ns
Memory data setup time tsmow 250 — — ns
WE delay time towe — — 200 ns
WE pulse width (low level) towe 450 — — ns
SYNC %Vcc
tosy_| | twsy | tccpo
twepol ‘ twepon
MAO-MA15 :(Z)i x ><
oMar i {OMAR —= L tomaw —=| | tsmaw
f22V 22V 2.4V
MDO-MD7 >§T 0.8V 0.8V >i 0.4V
tsmp e, tomow =1 tsmpw
RDO-RD7 ég x ><
i tsmp
WE X@
towe —
twwe

Notes: 1. No load is applied to all the output terminals.
2. “*”indicates the delay time of RAM and ROM.

HITACHI
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HD61830 LCD Driver Interface (Voc=5V +10%, GND =0V, T, =-20t0 +75°C)

Iltem Symbol Min Typ Max Unit
Clock pulse width (high level) twenr 450 — — ns
Clock delay time tocLz — — 200 ns
Clock cycle time twelz 900 — — ns
Clock pulse width High level twen 450 — — ns

Low level twer 450 — — ns
MA, MB delay time tom — — 300 ns
FLM delay time tor — — 800 ns
Data delay time too — — 200 ns
Data setup time tso 250 — — ns
Note: No load is applied to all the output terminals (MA, MB, FLM, D1, and D2).

32

twerl
cL1 1y
2 CcC \
1
tocLs ] welL?
cL2 ﬂj %VCC L /—\; / N
twepd | twer
MA, MB 1y
! 2 cC
tom IbF —» |-—
FLM
D1 ><%Vcc
too o] | tsp |
D2 ><%Vcc
HITACHI
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HD61830B Absolute Maximum Ratings

Iltem Symbol Value Unit Notes
Supply voltage Ve -0.3to +0.7 \% 1,2
Terminal voltage VT —0.3to V. +0.3 \% 1,2
Operating temperature Toor —-20to +75 °C
Storage temperature T -55to0 +125 °C
Notes: 1. Allvoltage is referred to GND =0 V.
2. If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed.
We strongly recommend that you use the LSls within electrical characteristi for normal
operation, because use beyond these conditions will cause malfunction a iability.

HITACHI
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HD61830B Electrical Characteristics (V. =5V +10%, GND =0V, T,=-20to
+75°C)

Iltem Symbol Min Typ Max Unit Test Condition Notes
Input high voltage (TTL) VIH 2.2 — Ve \% 1
Input low voltage (TTL) VIL 0 — 0.8 \% 2
Input high voltage VIHR 3.0 — Ve \% 3
Input high voltage (CMOS) VIHC 07Vee — Ve v 4
Input low voltage (CMOS) VILC 0 — 03V, V 4
Output high voltage (TTL) VOH 2.4 — Ve \% —loy=0.6MA 5
Output low voltage (TTL) VOL 0 — 0.4 \% lop= 1.6 mA 5
Output high voltage (CMOS) VOHC Vee—04 — Ve \% —loy=0.6 MA 6
Output low voltage (CMOS) VOLC 0 — 0.4 Vv Ig= 0.6 mA 6
Input leakage current In -5 — 5 HA VIN =0 -V 7
Three-state leakage current lsL -10 — 10 nA VOUT=0-V 8
Pull-up current Ip 2 10 20 UA Vin = GND 9
Power dissipation Py — — 50 mW  External clock 10
f,, = 2.4 MHz

Notes: 1. Applied to input terminals and I/O common terminals, except terminals SYNC, CR, and RES.

Applied to input terminals and 1/O c6mmo6n terminals, except terminals SYNC and CR.

Applied to terminal RES.

Applied to terminals SYNC andjCR.

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

Applied to terminals SYNC, FkM<CL1, CL2, D1, D2, MA, and MB.

Applied to input terminalss

Applied to I/O commonterminals. However, the current which flows into the output drive MOS is

excluded.

9. Appliédto SYNC, DB0-DB7, and RDO-RD?7.

10. The current which flows into the input and output circuits is excluded. When the input of CMOS is
in thelintermediate 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.

© N oA~ WD
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Input Terminal

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

Vee
ﬁ %] PMOS
o
L{ % NMOS
Applicable terminal: RDO-RD7 (with pull-up MOS) 0

Vee Vee
3 ? PMOS Q
O .

(Pull-up MOS)

MOS

HITACHI
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Output Terminal

Applicable terminal: CL1, CL2, MA, MB, FLM, D1, D2, WE, OE, CE, MAO-MA15

Vee

PMOS

NMOS

1/0 Common Terminal

Applicable terminal: DBO-DB7, SYNC, MDO-MD7 (MDO-MD7 have no

(Pull-up MOS) |

07
Data

Output circuit
‘ 6 (Three state)

HITACHI
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Timing Characteristics

HD61830B Clock Operation (V.. =5V £10%, GND =0V, T,=-20t0 +75°C)

Item Symbol  Min Typ Max Unit Notes
External clock operating frequency  f, 100 — 2400 kHz 1
External clock duty Duty 47.5 50 52.5 % 1
External clock rise time tep — — 25.0 ns 1
External clock fall time tep — — 25.0 ns 1
SYNC output hold time thsvo 30 — — ns 2,3
SYNC output delay time tosy — — 210 ns 2,3
SYNC input hold time thew 10 — — ns 2
SYNC input set-up time tesy — — 180 ns 2

Notes: 1. Applied to external clock input terminal.

o S
T

—_— Duty cycle = h__ % 100%
T,+T

trep ticp ht

\

2. Applied to SYNC terminal.

~ A

CR

| thsy

SYNC
(Output:
at master
mode)

SYNC
(Input:
at slave
mode)

3. Testing load circuit.

Test point Oﬁ
C_=30pF

CL
; (C_ includes jig capacitance)

HITACHI
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HD61830B MPU Interface (V. = 5V £10%, GND = 0V, T, =-20to +75°C)

Iltem Symbol Min Typ Max Unit

Enable cycle time teve 1.0 — — us

Enable pulse width High level twen 0.45 — — us
Low level twe 0.45 — — us

Enable rise time te — — 25 ns

Enable fall time te — — 25 ns

Setup time tas 140 — — ns

Data setup time tosw 225

Data delay time toor —

Data hold time tonw 10

Address hold time tan 10

Output data hold time ton 20

Note: * The following load circuit is connected for specificat

E
CS, R/IW, RS
DBO—DB?‘ 2.2V
(MP. 1 0.8V
| |toor toH
DB 2.4V
(MPU 830B) 0.4V
Vee
pi= R

Test point
D2 R =24k
() D3 R =11kQ
l D4 C =130 pF (C includes jig capacitance)
Diodes D1to D4 : 1S2074®

HITACHI
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HD61830B External RAM and ROM Interface (Vc =5V £10%, GND =0V, T, =-20t0 +75°C)

Iltem Symbol Min Typ Max Unit Notes
MAO-MA15 delay time toun — — 300 ns 1,23
MAO-MA15 hold time thma 40 — — ns 1,2,3
CE delay time toce — — 300 ns 1,2,3
CE hold time thce 40 — — ns 1,2,3
OE delay time tooe — — 300 ns 1,3
OE hold time thoe 40 — — ns 1,3
MD output delay time tomo — — 150 ns 1,3
MD output hold time thmow 10 — — ns 1,3
WE delay time towe — — 150 ns 1,3
WE clock pulse width tome 150 — - ns 1,3
MD output high impedance time (1) t e 10 — — ns 1,3
MD output high impedance time (2)  t o 50 - — ns 1,3
RD data set-up time tsro 50 — — ns 2

RD data hold time thro 40 — — ns 2

MD data set-up time tsvo 50 — — ns 2

MD data hold time thvo 40 — — ns 2

Notes: 1. RAM write timing

Ty T
SHEAWAWA S WY AW S W YA
= \
MAO—MA15:>< ><

toma~]
trma ]

itxtiﬁ

tboe
__ HoE ™y
OE 7
WE tzmoR| |
tomp
MDO-MD7 (High impedance) oy
(output) Sov

T1: Memory data refresh timing for upper screen
T2: Memory data refresh timing for lower screen
T3: Memory read/write timing

HITACHI
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2. ROM/RAM read timing

| Tl | T2 | T3 | Tl
[ [ [ [
w0 SAVAYAVAVAVAWE
| | | a
a o b > =tk | [=Toce | =t
(*1) o |- tice = [ thce —+ rjftHE}?EE
__ 2.4V *
° c2) oov 2k
OE 0.6V
- toma —+  =—Toma -+ =—Ttoma
- tma — [+ thma - tHmA | =thva
\ J \
2.4v A f
MAO-MA15 Address for upper screen X the l((j)cjvr:rs 2c$eren (*3)
0.6V 1h 1
\ tswmp tsmp tsmp
) tam v
2.2V for th W Data for ) .
MDO-MD7 0.8V Data for the upper screen eSO scrieh (*4)
(input) : L ]
P t t
SRD -SRD
tyrD thrD
s \f
2.2V
RDO-RD7 Data for the upper screen X Data for the Invalid data
0.8V /Y AN lower screen
*1 This figures shows the timing for H, = 8.
For H, = 7, time shown by “b" becomes zero. For H, = 6, time shown by “a” and “b”
become zero.
Therefore, the number of clock pulses during T1 become 4, 3, or 2 in the case of H, = 8,
H, =7, or H, = 6;iespectively.
*2 The waveform forinstructions with memory read is shown with a dash line. In other cases,
the waveform shown with a solid line is generated.
*3 When aniinstruction with RAM read/write is executed, the value of cursor address is
output. In other,cases, invalid data is output.
* When an instruction with RAM read is executed, HD61830B latches the data at this timing.

Inyother cases, this data is invalid.

3. Test load circuit

40

Vee
p1= Rt
Test point
D2 R =24kQ
R C D3 R=11kQ
l D4 C =50 pF (C includes jig capacitance)
Diodes D1to D4: 1S2074®)
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HD61830B L CD Driver Interface (Ve =5V £10%, GND =0V, Ta=-20to +75°C)

Iltem Symbol Min Typ Max Unit Notes
Clock cycle time twerz 416 — — ns 1,3
Clock pulse width(high level) t,, 150 — — ns 1,3
Clock pulse width(low level) t,., 150 — — ns 1,3
Data delay time too — — 50 ns 1,3
Data hold time ton 100 — — ns 1,3
Clock phase difference (1) teus 100 — — ns 1,3
Clock phase difference (2) tews 100

Clock phase difference (3) tes 100

MA, MB delay time tom —-200

FLM set-up time ter 400

FLM hold time te 1000

MA set-up time tsma 400

MA hold time thma 1000

HITACHI
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Notes: 1.
twere
twen twer |
/0.7 Vee JR
cLz /| 03Vce
tora ter teis
cL1 0.7 Vee l\
0-3Vee tyen | R
- | top toH
0.7 Vee
D1, D2 0.3 Ve
— -
MA, MB
2.
cL1
the |
\
FLM \
tHma |
MA
3. Testlo irc
t t
1 c_ CL=100pF
; (C. includes jig capacitance)
HITACHI
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