Ordering number : EN1965A |

| SANYO Semiconductors
SA///WYO DATA SHEET

CMOS LSI

L C7981 ___Controller for The LC Dot
_ Graphic Display

The LC7981 is a controller LS} for the liquid crystal dot matrix graphic display.
8-bit microcomputer in the display RAM attached externally and generates dot mat
The LC7981 has two modes — the graphic mode, in which each bit of data fro

of applications,
As the LC7981 is fabricated using CMOS process technology, combini
LCD device of low power demand.

Features
1. Liguid erystal dot matrix graphic display controller
2. Display control capacity.
Graphic mode - 512K dots {2" bytes)
Character mode -—- 4096 characters {2'? characters)
3. Character generator ROM - 7360 bits
Character font 5 x 7 dots 160 Wpﬂi? Total 19
Character font5 x 11 dots 32 types
(Extendable to 4K bytes with an external ROM
4. Interfacing allowed with B-bit MPU
Display duty {selectable by program}
From static to 1/256 duty
6. A variety of instruction functions
Scroll, cursor on/off/blink, charactep
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Low power demand
Single +5V power supply
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Package Dimensions 3055A-Q60CIC
{unit:mm}
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LC7981

Absolute Maximum Ratings/T a-zs"c, GND=0V

- unit
Maximum Supply Voltage VDO max —0.3to-+.0 vl
Input Voltage Vi —~0.3toVoo+0.3 W
Output Voltags Vo
Allowable Power Dissipation Pd max Ta=75T
Operating Temperature Topr
Storage Temperature Tstg

Allowable Operating Conditions/T;=—20 to +75°C, GND=0V

Supply Voltage Voo W

input “H"-Level Voltage WIH1 All input, 1/O terminals except fg W

Input “L"-Level Voltage ViLt % - 7 W

Input "H""-Level Voltage ViHz  SYNC, CR v

Input “‘L"-Level Voltage ViLz  SYNC, CR Y

Qutput “H"-Level Voltage VoM | O —{)_BiTiA Voo W
DB0to?, WE. MADt

Output “L"-Level Voltage VoL foL=1.6mA 0.4 v
DB0te?, WE, MA

Output “H"-Level Voltage  ‘Vorz Voo W

QOutput "'L"-Level Voltage 0 0.4 W

Internal Clock Operation
Clock O5C Frequency

g
=
&

External Clock Operation
Clock Frequency 2.5 MHz
Clock Duty 47.5 B0 525 %
Clock Rise Time a0 ns
Clock Fall Time 5 ns

Electrical Characteristi min  tyg  max  unit
Input Leak Curr ovon, TF, E, RS, R/W, RES =g 5 mA
Current Dissipat oscillation, fosc= B00kHz 2 g i,

Current Dissipati ternal clock, fcp=2 5z 3 5 M
Win=GND, DB0t?. RD0tw?, MD{te? 10 20 i
{MNote 2} (Note 3)
Th | Ti
Open R
0. Voo —
Gpan ¢ 0.5vce
0.3Voc
Oscillator CR ?
h-rcp Dhuty = -L =100
Cf=15pF* 5% thep ¥ Th+T|
Rf=332+ 2%
{at fogo=600kHz typ.)
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LC7881

Timing Characteristics
*® Bus read/write operation 1
READ CYCLE

]
AW, G5, RS i

DBa-7

WRITE CYCLE

R/W, 05, RS

080-7

Ta=-—20to+75T. VDD=5%+ 5%, GMND

Mo Itern unit Conditions
1 Address set-up time ns
¢ | Address hold time ns
3 | Data delay time {re 140 ns CL=580pF
4 | Data hold time ns
ns
ns

1.5 =—=—Maasurement point—=— 1.5 }é

The input terminals are driven at 2.4V and 0,45V, Timing is measured at 1.5V,
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LC7981

® Bus read/write operation 2

DATA READ CYCLE
g Ay o

]
)

DATAWRITE CYCLE

Tam—20t04+75T, Voo=SVE5%, GND=0V

Instruction register

'] ltem Symbol | min typ
value

1 Read cycle time tRCY 0 oH

2 | Write cycle time oy rs DEH, 0FH

2 | Write cycle time LAY ns DCH

00H. M H, 02H, 034
ns DdH, 08H, 09H
0AH, DBH

2 | Write cycle time hwCrd

MNotes: {1} In the character mod
the graphic mode, H

{2) Fosc is the oscillari

(3} Al measureme

® Parallel operation {at r

%, GND=(V

g Symbel |  min typ max unit Conditions
1| SYNC delay tim tosy 100 ns
2 | SYNC pulse width ISy 350 ns

Notes: (1) All output terminals are under no load.
{2) All measurement points are at 0.5V pp.
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LC7981

® |nterface with external RAM and ROM

S \
MAad-15 ;:—_
(1]
MOD-7 *
RDO-7
WE
READ CYCLE Ta=—20to=+75C, Vo
Mo Item Conditions
, | MAD-15 fis
read address delay time
2 |07 007 -
WRITE CYCLE %. GND=QV
o typ max | unit Conditions
3 rs
4 ns
5 ns
B ns
7 rs

Notes: {1) All output terminals are under no load.
{2} All measurement points are at 1.5V,
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LC7981

® |nterface with the driver LSI

Ta=—70to-+75C, Voo=5V+ 5%, GND

o Item

Conditions

1| Clock cycle time

2 | Clock phase difference ns
3 | Clock rise/fall time 30 ns
4 ns
& ns
B ns

Mo, 1965-6/10



LC7981

Pin Assignmant

5 | mB
(3] man
EREYY
2] maz
7] ma3
B
58] MAS
58] MAG
[57] ma7
B
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LC7381

23rafald

Block Diagram

WE
efresh address |5
eounter {1} e }
Refresh oddress |!5 §
eounter (2) ™ = 7 G
E b i
Cursor address |18 2 !
™ counter ™ i
! MDOOMDT
- |
L~ 4 § : i
[Row eddress | e £l
counter i : ROM '
Character e
1 genarator i
Cursar ROM :
signal _l I, PR
generator [ ROOWROT
Multiplaxer
Control '
signal al-
ol =l
nyers .
Oscillating _
circuit Serjal-
pu-ﬁm, oz
COMVersion
cr
N
oLz L cPO
Ai

When the ROM is extended, MAD to MA11 are used for RAM addresses and MA12 to MA15 are used for the
extended ROM,
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LC7981

Function of each block

® Register
The LC7981 has 5 types of registers — the Instruction register, data input register, data output register, dot
register, and mode control register,

The instruction register stores such instruction codes as the start address, cursor address
consists of 4 bits, and the lower 4 bits of the data bus, DBO to DB3, are written into it.
The data input register temporarily stores data to be written into the external RA
control register, |t consists of B bits. '

The data output register temporarily stores data to be read from external RA

ification, ete. It

® Busy flag
When the busy flag is “1", the LC7981 is operating intef

can be executed without checking the busy flag.

® Dot counter
The dot counter generates LC display timin

® Refresh address counter
The refresh address counter controls
and is available in two types — refr
upper screen, and the latter for |
address signal for the external RA
row address counter are outp

counter which can be preset by instruction. When data is read from or
| ."erte of display dot data or character codes), the counter retains the
he cursor address counter is automatically incremented by 1 when instructions

The two parallel-s¢rial conversion circuits simultaneously transfer parallel data from the external RAM, character
generator, and extended ROM to the upper and lower LC screen drive circuits as serial data.
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LC7981

Pin Function
Description | Pin No. Function
DBO to 7 21 to 28 | Data bus -~ Three-state /O common terminal, terminal for transmi “‘fifng{receiving data
to/from the MPU.
TS 15 | Chip select - Selection allowed when CS=0
R/wW 17 Read/write ---- R/W=1 - MPU +LC7981
R/W=0 ----- MPU —+ LC7981
RS 18 Register select ----- R5=1 ----- instruction register
RS=0 ----- data register
E 16 Enable ~—- Data is written on the negative tra
Data can be read while E=1,
CR,R,C 6,7,B | Terminals for the CR oscillator
RES 14 Reset -—- Setting RES to 0 selects
MADto15 | 1tod Address output for the displa
40 to 60| CG is output at MA1Z 1o 15
MDO to 7
RDDto 7
WE
cL2
cL1
FLM
MA
MEBE | B & FLC deivesignalie— AC sighal -
D1,D2 | 47 48 | Display dats serial Sufput ---— D7 for the upper screen
D2 —-- for the lower screen
CPO
SYNC or parallel operation ~— Three-state input/output common terminal
Mastermode ---- Sync signal is output,
Slave miode ---- Sync signal is input.

Mo. 1965-8/19



LC7981

® Display control instruction
Display is controlled by writing data into the instruction regnster and 13 data registers. The instruction register
and the data register are distinguished by the RS signal, First, write 4-bit data in the instruction register when
RS=1, then specify the code of the data register. Mext, with RS=0, write B-bit data in the data register, which
executes the specified instruction.,
A new instruction cannot be accepted while an old instruction is being executed, As th
this condition, write an instruction only after reading the Busy flag and making sure that iy

1} Mode control
Write code “00H" {in hexadecimal notation) in the instruction regi

Register RN RS CB? | DB6

Instruction register ] i 1] 0

Mode control register

025 | DB4 | DB3 TG (Graphic/character display
U]
o
=
£
@
® Character display
o
E
g
i
Graphic mode
2
&
&

display ON
: display OFF

MNo. 1865-10/12



LC7981

2) Serting the character pitch

Register R/W | RS | DB7 | DB6 | OB5 | DB4 | DB3 | 082 | OB1 | DBD

Instruction register a 1 0 0 0 0 0

Character pitch register i 0 (Wp— 1) Binary ]

Wp is the number of vertical dots per character. Determine Vp with the pitch b
characters taken into consideration. This value is meaningful only in the character displ
graphic mode.

In character mode, Hp indicates the number of horizontal dots per characte
cheracter to the leftmost part of the next. In the graphic mode, Hp indicates h
appear in a8 1-byte display.

Hp must take one of the following three values.

HF DE2 DB CBo

6 1 0 1 Horizontal character pitch 6
1 1 i} 2 7
B 1 1 1 &

3} Setting the number of characters

Register RAN RS oev DED

Instruction register 0 1

Character number register 1} 0

In the character display mode, Hyy indicat

mode, it indicates the number of bytes in th

on the screen n is given by the formula
n=Hp x Hy.

Even numbers in the range 2 to 256

4) Setting the time division nu

Register 0B | DBL | DB3 | DBZ | OB CBo

Instruction register

Time division regi (Mx— 11 Binary

0Bs | OB4 DBy | OBz | DB Bl=1y]

0 0 ({Cr— 1) Binary

In the character display mode, Cp indicates the line at which the cursor is displayed. For example, when Cp=8
{decimal) is specified, the cursor is displayed beneath the character of the § x 7 dot-font. The horizontal length of
the cursor equals Hp (the horizontal character pitch). Decimal values in the range 1 to 16 can be assigned to Cp.
When the value is less than the vertical character pitch Vp {Cp = Vp), display priority is given to the cursor {provided
the cursor display is ON). The cursor is not displayed when CP<<\/p. The horizontal length of the cursor equals
Hp.

Mo. 49651118



LC7981

6) Setting the display start lower address

Register AN RS | DB7 | DBF | DBS | DB4 | DBE | DB? | OBl | DBO
Instruction register 0 i 0 0 0 0 1
Display start address E
register (lower byte) 0 0 {start address lower byte)

7) Setting the display start upper address

Register RN RS | DBY? | DBE
Instruction register a 1 0 0
Display start address 0 0
register {upper byte)

This instruction writes the display start address value in the display s
is the RAM address at which data to be displayed at the leftmost
The start address consists of 16 bits (upper and lower).

Register R RS oen DB

Instruction register i 1

Cursor address counter
{lower byte) 0 0 ‘ ower byte) binary

Register oe2 DB1 DEQ

Instruction register 0

Cursor address counter
fupper byte}

This instruction writes th

sddress for exchanging
the cursor address is
specified by the cur

lue in the cursor address counter. The cursor address indicates the
ydes with RAM. In other words, data at the address specified by
. In character display, the cursor is displayed at the position

First set the lower address, then the upper.

Always reset the upper address after setting the lower address.

Set the upper address. It is necessary to reset the lower address.

count of the (N + 1)1 t increments by one. Accordingly, when the lower address is set so that the lower MSE
{Bth bit) changes from 1 to 0, the LSB [1st bit) of the upper counter must increment by one. When setting the
cursor address, set the lower and upper addresses as a 2-byte continuous instruction.

MNo. 1965-12/19
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10} Writing display data

Regisiter RN RS DB? | DBE | DBS | OE4 | OB2 | DE?2 | OAY DB
Instruction register 0 1 0 0 )] 0 1 1 0 0
RAM 0 0 MSB (pattern data, character code)

Write code “OCH" in the instruction register. Then, write 8-bit data with RS=0, and the.
as display data or character codes at the address specified by the cursor address cou
of the cursor address counter increments by 1.

11} Reading display data

Register RAN RS | DB? | DBs§
Instruction register ] 1 a 0
RN | 0 MSE (pattern data

Write “ODH" in the instruction register. Then, establish the
read. The procedure for reading data is as follows:

This instruction outputs the contents of the data ou
by the cursor address to the data output register
correct data cannot be read in the first read oper
Accordingly, a dummy read operation must be

ansfers the RAM data indicated
address by 1, which means that
tput in the second read operation.
ata after setting the cursor address.

12} Bit clear
Register Ry DB3 oBz DBE1 DEJ
Instruction register 0 1 1 1 0
Bit clear 0 0 {Me=—1) Binary
13) Bitset
Register DBE4 D3 DEZ2 | DB oo
Instruction regist 0 1 1 1 1
0 0 ] 0 0 (MNe— 1) Binary

14) Reading the BU

lUction and 1 for the bit-set instruction. The RAM addrm is specified by the

tically incremented by 1 at the completion of the instruction. NB is a value in the
icated by Ng=1, and the MSE by Ng=8.

Register

R

RS

DBy

DB6 | DB5 | DB4 | DB3 [ DB2 [ DB1 | DBO

Busy flag

170

*
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The busy flag is output to DB7 when read mode is established with RS=1, The busy flag is set to 1 while any
of the instructions 1) through 13) is being executed. It is set to 0 at the completion of the execution, allowing the
next instruction to be accepted. No other instruction can be accepted when the busy flag is 1. Accordingly, before
writing an instruction and data, it is necessary to ensure that the busy flag is 0, However, the next instruction can
be executed without checking the busy flag when the maximum read cycle time or the write éycle time has been
exceeded after execution of the previous data read instruction or the data write instruction.
The busy flag does not change when data is written into the instruction register {RS=
flag need not be checked immediately after writing data into the instruction register.
Specification of the instruction register is unnecessary to read the busy flag.

The relation between the LCD panel display and Hp, Hp, Vp, Cp, and Nax.

He

RD?

8

Symbol Value

Hp 6 to 8 dots

Even digits in the
range 2 to 256

1 to 16 dots

1 to 16 lines
1 to 266 lines

Note)
When the number | al dots on the screen is m and that of horizontal dots is n,
1/m = 1/Nx = display duty
n=HpxHy
m/Vp = number of display lines
Cp=Vp

Mo, 1965-14/10
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Display mode
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Sample application circuit (1)

+ &Y
———— Voo
[51=2]
]
— S
e BVW
LC7981 4

LCD moduls

for products described or contained herein stipulate
1 f the described products in the independent state,
Haracteristics, and functions of the described products
ipment. To verify symptoms and states that cannot be
tomer should always evaluate and test devices mounted

S to supply high-quality high-reliability products. However, any
some probability. It is possible that these probabilistic failures

product/technology improvement, etc. When designing equipment, refer to the "Delivery Specification"
for the SANYO Semiconductor product that you intend to use.

B Information (including circuit diagrams and circuit parameters) herein is for example only; it is not
guaranteed for volume production. SANYO Semiconductor believes information herein is accurate
and reliable, but no guarantees are made or implied regarding its use or any infringements of
intellectual property rights or other rights of third parties.
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Sample application circuit {2) [Compasition of graphic display and character display]

T

MAG—10

AQ—10

LO3%16

<:> VoA

AW

0-10

LC3se

1400 —g

=1 RW

{Chracter)
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Examples of configuration

® Graphic mode

WEU

® Character display mode (1) (built-in character generator)

MPU

Lovga

MDOte7

MADwIS

Rk

® Character display mode (2) {ext

LCTo81

LCD module

MDOm7

LCD module

LCD module (1) :

LCD module {2)

oS {Slave)

Common signal shared

RAM

Mo, 1965-18/19
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Built-in character generator
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