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1. SCOPE

Product Specifications No.MG121631N000-002

This specification covers the engineering requirements for the G121631N000 liquid

crystal module delivered by Seiko Instruments Ine. to

2. PRODUCT SPECIFICATIONS

2.1

2.2

General

128 x 64 dot matrix

1/64 duty, 1/9 bias drive

4096 x 2 bit display data RAM
8-bit MPU interface

Built-in oseillator circuit

Super New-TN LCD (Gray Mode)
Transflective type

Positive type (Display data "H" : Display ON : Blue, "L" : Display OFF : Gray)

Wide viewing angle type
Wide temperature range type

-

Built in LED backlight (LED ecolor : yellow green)

Dual power supply : Vpp, V¢

Mechanical Characteristies

Item

Characteristic

Dot configuration

128 x 64 dots

Dot dimensions [ mm]

0.4x0.4

Dot spacing [mm ]

0.03

Module dimensions
( Horizontal x Vertical x Thickness, [mm1})

75.0 x52.7 x8.9 max.

Viewing area

( Horizontal x Vertical, [mm] ) 60.0 x 32.5
Active display area '

( Horizontal x Vertical, [mm]) 33.01 x 27.49
Weight [g] 45 Max.

Seiko Instruments Inc.

1/24



2.3 Absolute Maximum Ratings

Product Specifications No.MG121681N000-002

Vgs = 0V
Standard
ltem Symbol Conditions Unit
) Min. Max.
Voo . ~-0.3 7.0 Y
Power supply voltage Ta = 25C
Vic Vpp - 19.0 Vpp +0.3 Vv
50+ 10%RH
Input voltage Vin -03 Vpp +0.3 \"
Operating temperature Topr -20 +70 c
Storage temperature Tstg -30 +80 T
£48 hrs +20 +85 %RH
Storage humidity
<1000 hrs . +20 +65 %RH

2.4 Electrical Characteristics

Vpp = 5.0V 5% Vgs = 0V, T, = —20 ~ 70°C

. Standard
[tem Sym Conditions Unit
bol Min. Typ. Max.
Input voltage |High | V¢ 0.7Vpp - Voo \
(CMOs) ™ Low | Vic 0 - |0.3vpp Y
Input voltage |High | Vit 2.0 - Vpo v
(TTL) "2 Low | Vit 0 - 0.8 v
High Y lon = - 205 24 - - Y
Output voltage™3 g OH | OH A
Low VoL |loL = 1.6mA - - 0.4 \Y
Power supply voltage Vbp 4.75 5.00 5.25 \
(operating voltage) Vic -120| -8.0 -3.0 \)
. . oo Vpp= S.OV,Ta =25°C - 2.0 3.0 mA
Current consumption™4
lc  |Vic= -8.0V,T,=25°C - 1.8 3.0 mA
Frame frequency ferm ' - 71.4 - Hz

*1 Applied to RST

*2  Applied to R/W,D/I,E,CS1, CS2,DBO~DB7
*3 Applied to DBO~DB7
*4 Display pattarn : Checkered pattarn

Seiko Instruments Inc.
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2.5 Optical Characteristics

2.5.1 Optical characteristics

Product Specifications No.MG121681ND0O0-002

1/64 duty, /2 bias, fg v = 71.4Hz, Vopr = Vop - V¢

ltem Symbol Conditions Temp. Min. Typ. Max. Unit
6 =0°
Contrast” C & =0° 25C 2.5 3.5 -
Vopr=13.0V
6 : - - -15
cz20
6, g=0° 25C 15 - -
- Vopr=13.0V
o 62 -6 30 - -
Viewing angie deg.
6 - - -20
c=20
8, & =270° 25C 50 - -
Vopr=13.0V .
6; -6, 70 - -
ton 6 =0 T - - 40 100
=0 25C
: toft Vopr=13.0V : - 100 200
Response time*™™ - ms
ton 6=0 - 630 1000
D=0° -20C
tott | Vopr=14.0V - 2300 3500
Chromaticity™™™ X 6=0° 25C 0.290 B 0.340
Coordinates (x,y) y D=0° 0.320 - 0.360
R Trew 6 = 0° .
Color difference AE 25C - - 5
D =0°
-207TC - 14.0 15.0
Recommanded
. Vopr 25C - 13.0 - Vv
operating voltage
70°C 9.0 10.0 -

( LED backlight : OFF)
Measurement equipment: Canaon illuminometer LC-3S

Seiko Instruments Inc. 3/24



Product Specifications No.MG 12163 1NG00-002

* Contrast measurement
Direct a halogen lamp at the display dot section, receive the reflected light with a
light-receiving element, convert the quantity of reflected light to voltage, and
measure the contrast.

0 Halogen lamp

Light-receivin
6 elgement g

** Response time measurement

11

Light to voltage conversion

Use a transmissive panel to measure the response time.
*** CIE 1931 XYZ Color system (Measuring instrument : MINOLTA CR-100)
****CIE 1976 L*a*b* Uniform color space.

Seiko Instruments Inc. ' 4/24



Product Specifications No.MG121631N000-002

2.5.2 Definition of optical characteristies

*Definition of angles & and 6

Light (When reflected)

) Z(0 = 0° Sensor
e O
Y’ (@:180“\ . 1
i

LC panel / \\<; ~
7

. . Z Y (@ = 0°)
Light (When transmitted ) (6 = 90°)
*Definition of contrast C
C= B2 _ Brightness ( reflection) of unselected portion
B1 Brightness ( reflection) of selected portion
:
:
(%) !
. B2|
Bright \ unselected portion brightness curve

' (bias voltage applied)
;
]
|
Brightness !
N\
I
;
selected portion '
brightness curve '

'B1
Dark I
Operating voltage Vop, — (V)

Seiko Instruments Inc. L e "~ 5/24



Product Specifications No.MG121631N000-002

* Definition of viewing angles 81 and 62

Cmax.

Contrast C

2.0

: | : > Viewing angle 6
61 ' 62 (D fixed)

Note : Optimum vision with the naked eye and viewing angle 6 at Cmax
above are not always the same.

* Definition of response time ( Reflective type )

1/f rrm

1 -

B r

Voltage __l

(V)

Unselected state Selected state Unselected state
(display OFF) ( y ON) (display OFF)

/

A
Bright I T T
10%
4

90%

Brightness
g 100% l
Dark l ~——
ton tott
Vopr . Operating voltage [V] ton : Response time (rise) [ms)]
fram @ Frame frequency [Hz) to# : Response time (fall) [ms]

~ Seiko Instruments Inc. 6/24
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2.7 Circuit Block Diagram

DBO~DB7

Product Specifications No.MG121681N000-002

RST,R/W, D/, E

cs2

CS1

Vss

Vop

Vic

Y

Y

BIAS
VOLTAGE
GENERATOR

LEDA

Va: Ve, V4, V¢
-

V. Vi, Ve, V¢ FRM, M, cL2, 01,02 | [ [ ]
NZISZ \} l ZINISNZ
SEGMENT SEGMENT
DRIVER 1 DRIVER 2

; &L
NZ

common  f———IN
64
DRIVER 1 '—1/

128x64 FULL DOT MATRIX LCD

LDEC

\

LED BACKLIGHT

- Seiko Instruments Inc.
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2.8 LED Backlight Characteristics

Product Specifications No.MG121681N000-002

2.8.1 Absolute Maximum Ratings
ftem symbol Standaed Unit
Forward DC current I 200* mA
Reverse DC voitage Vg 8 \
Allowable loss Pp 860 mw
Operating temperature Topr -20~+70 C
Storage temperature Tstg -30~+80 T
*Forward DC current vs. temperature characteristic
B 200 |
|
|
le [ mA i
|
|
50 f---=---=-=- L
i
[}
1
]
-20 25 70 Ta[C]
2.8.2 Electrical and Optical Characteristics
Ta = 25°C
- Standard
[tem Sym Conditions Unit
bol Min. | Typ. | Max.
Forward vo|tage VE lF=90 mA 3.8 4.1 4.4 Y
Reverse current I V=8V - - 0.9 mA
Peak emitting wavelength Ap lF=90mA - 567 - nm
Spectral half-width AA lF=90mA - 30 - nm
2.8.3 Connection of LED
LEDA
U W U . Lenc

Total Numberof LED=2x10=20

- Seiko Instruments Inc. 9/24



Product Specifications No.MG121631N000-002

2.8.4 Optical characteristics

Standard
ttem Symbol Condition . Unit
Min. Typ. Max.
Surface brightness™1*2*3 Bp Ta=25+3°C 1.0 2.0 - nit
Distribution of brightness*1*2*4 | AB, 30~85%RH - - 40 %

*1 Measurement, 30 minutes after turning on of LED
*2 Measurement equipment : BM -7 (TOPCON)
LED driving conditions : [ =90 mA
LCD driving conditions: Vopr = Optimum operating voltage, friy = 71.4 Hz
LCD display pattern: All OFF display (all data="L")
*3 Initial brightness of LCD panel center
*4 Definition of ABp (Distribution of brightness)
ABp=(Bp(max.)-Bp(min.)) /Bp(max.) x 100 (%)
Bp(max. ) = Maximum brightness of 3 measuring points
Bp(min.) = Minimum brightness of 3 measuring points

3 measuring points

) ] ]
; : : A A
i i i 16.25
| ] ]
_.-._._@-._@_._@._._ ......... J- 325
I 1 ]
A 16.25
i i i Y Y
! ! !
10§ 20 i 20 i 10
60.0 Unit: mm
2.8.5 Life
Standard
ltem Condition™2 Unit
Min. Max.
Life*1 Ta=25+10°C 50000 - hrs

*1 Time until the decreases to half of the initial brightness
*2 LED backlight lighting condition: I = 90 mA

-7 'Seiko Instruments Inc. 10/24




3. RELIABILITY

3.1 Reliability

Product Specifications No.MG1216831N000-002

Test item Test conditions Evaluation and assessment
Op:ra:on 60°C % 2°C No abnormalities in functions**
at hightemperature

9 P 90% RH for 500 hours and appearance™**

and humidity*

Operation

at high temperature”

80°C + 2°C for 500 hours

No abnormalities in functions**
and appearance***

Heat shock*

-30C 27 +80C
Left for 1 hour at each temperature,
transition time 5 min, repeated 10 times

| No abnormalities in functions**

and appearance™**

Low temperature*

~30+2°C for 500 hours

No abnormalities in functions**
and appearance™™*

Sweep for 1 min at 10 Hz, 55 Hz, 10 Hz,

No abnormalities in functions**

Vibration amplitude 1.5mm 2 hrseachintheX, Y, d a e

and Z directions a ppearanc

Dropped onto a board from a heightof | No abnormalities in functions**
Drop shock

30 cm

and appearance***

*

* %k

Evaluation and assessment are decided after 2 hours from each test is finished.
Dissipation current, contrast and display functions

*** Polarizing filter deterioration, other appearance defects
g

3.2 Liquid crystal panel service life

100,000 hours minimum at 25°C +10°C, 65%RH maximum.

3.3 Definition of panel service life

Contrast becomes 30% of initial value

Unusual operation occurs in display functions

Séikd Instruments inc

Current consumption becomes three times higher than initial value

Remarkable alignment deterioration occurs in LCD cell layer

: 11/24




4. OPERATING INSTRUCTIONS

4.1 Terminal Funections

Product Specifications No.MG121631N000-002

Signal No. of Desti - :
name Terminals | VO nation Function
DB0O~DB7 8 /0 MPU Tristate bidirectional data buses.
RST T Input MPU The following registers can be initiarized by
setting RST signal to “0” level.
(1) ON/OFF register 0 set (display OFF)
(2) Display start line register 0 line set.
E 1 Input MPU Operation start signal: The signal activates data write
orread.
At write (R/\W = 0): Data of DBO to DB7is latched
by the falling edge trigger of E.
Atread (R/W=1): Data appears at DBO to DB7
while E="1",
RAW 1 Input MPU Read/Write selection signal.
R/W ="1": Data appears at DB0 to DB7 and can be
read to the MPU when E= “1" and
C51,652="0".
R/W = “0": Data of DBO to DB7 can be written to the
module when C51,(52 = “0”
D/l 1 Input MPU Data/Instruction selection signal
D/i="1": Indicatesthat the data of DBO to DB7 is
display data.
D/l="0": Indicates that the data of DBO to DB7 is
display control data.
CS1,C52 2 Input MPU CSn="1": Non-selected
CSn="0": Selected, read/write enable
(n=1,2)
vDD 1 - Power | Power supply terminal for fogic circuit.
supply
VSss 1 - Power | Ground terminal
supply
VLC 1 - Power | Power supply terminal for driving liquid crystal
supply |display
LEDA 1 - Power | Power supply terminal for driving LED backlight
supply
LEDC 1 - Power Ground terminal for driving LED backlight
supply
FGND*1 1 - *1 Ground terminal for frame

*1:FGND is connected to the LCM metal vesel. Use this FGND terminal to ground the LCM vesel.

- SeikoInstruments Inc.
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Product Specifications No.MG121681NQ00-002

4.2 Basic Operations
4.2.1 Input register

The input register receives 8-bit data from the MPU. The 8-bit data is
distinguished into the instruction data or display data by D/I signal and then
operation starts. Data is received by the falling edge trigger of E signal when the
CS51,CS2 is in the select state and R/W is write state.

4.2.2 Output register

The output register holds the data read from the display data RAM. After
display data is read, the display data at the address now indicated is set in the
output register. After that, the address is incremented or decremented by 1.
Therefore, when an address is set, the correct data doesn't appear at the read of
the first display data. The data at a specified address appears at the second read
of data.

D/ 4
rW L]

E [N N R AU U I SN RO A S D N e |
Address [ N | N+1 [ N+2 |
Output
register | DataataddressN | DataataddressN +1
- Busy | Write Busy |Read Busy Read Busy Data
DBO~D87 check |address | check |data check [dataat | check [ read
N (dummy r:«.zlddress address
N+1

4.2.3 X,Y address counter

The X,Y address counter holds an address for reading/writing display data
RAM. An address is set in it by the instruction. The Y address register is
composed of a 64-bit UP/DOWN counter. The address is ineremented or
decremented by 1 by the read/write operaiton of display data. The UP/DOWN
mode can be determined by the instruction or RST signal. The Y address register

loops the values of 0 to 63 to count. The X address register has no count
function.

Seiko-Instruments Inc. 13/24



Product Specifications No.MG121631N000-002

4.2.4 Display ON/OFF flip flop

The flip flop is set to ON or OFF state by the instruction or RST signal. In the
OFF state, the display data disappears as the latch of display data RAM output is
held reset and the display data output is set to 0. In the ON state, the display
data appears according to the data in the RAM. The display data in the RAM is
independent of the display ON/OFF.

4.2.5 Display start line register

The display start line register holds the 6-bit data that indicates a display start
line. This value is preset to the lower 6 bits of the Z address counter by the FRM
signal. This value indicates the value of the display RAM line displayed at the top of
the screen. ’

4.2.6 Busy flag

After the instruction except Status Read is accepted, the busy flag is set during
internal operations, and reset when the instruction is executed. The value can be
read out on DB7 by the Status Read instruction. _

The LCD module cannot accept any other instructions than the Status Read in the
busy state. Make sure the busy flag is reset before excuting an instruection.

€ A

Busy =T gusy =
1 3
T =Teusy= Tz

F@ is @1, B2 frequency (half of common driver HD61203 oscillation frequency) : (225) kHz typ.

4.2.7 Z address counter

The Z address counter generates addresses for outputting the display data
syncronized with the common signal. This ecounter consists of 6-bit and counts up at
the fall of CL signal. With "1" level of FRM, the contents of the display start line
register is preset at the Z counter.

Seiko- Instruments Inc. 14/24



4.2.8 Display RAM

Product Specifications No.MG121631N000-002

Relationship between data and display RAM of one driver.

comt — A&z | %
com2 —47 7/
comM3 —¥% A %
coms — % v
comMs — 222220 %%
COM6 —F % %,
coM? — ) %
comg —
coms — L L
i ‘s‘_____.—-—‘
]
1
: ]
AT e T
COM62 W
coMe3 — X7
comea— | | [ | |
112(3]4a]s 626364
pso—2—To T 1 [1]0] _~~ " ""Tolol1])
DB1 tjojojoyty 0]of1
DB2 1jojofoqry 0|01
DB3 1{ofojofy 11011 \ =
DB4 L L R 0111 X=0
DBS rvjojojojtf{ 0f{0]1
DB6 rtjojofoj1f 0]0}1
DB7 -1 ojojojojof 0l0]|0
MSBI :ﬁ \___0_0 0//}x=1
1

S

I|| ]

ax : _

f l 47]0[1]0 0}____:::-"‘/0
ojtjojo4o0) 0/0]0 X=7
KK olofo
ofofofofo[ 77T olofo
YoY1Y2Y3 Y, Y61Y52Y63

(Y address)

Seiko " Instruments Inc.

Display pattern

Driver output
Y1~Yeq

Data in display RAM
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4.3 Timming Characteristics

Product Specifications No.MG121681N000-002

Item Symbol Min. | Typ. |[Max.| Unit | Note

E cycletime teye 1000 - -] ns 1,2
E high level width PweH 450 - - ns 1,2
E low level width PWEL 450 - - ns 1,2
Erise time t, - - 25 ns 1,2
E fall time tf - - 25 ns 1,2
Address setup time tas 140 - -1 ns 1,2
Address hold time tAH 10 - -j ns 1,2
Data setup time tosw 200 - -] ns 1

Data delay time tpoR - - 320 ns 2,3
Data hold time at write toHwW 10 - - ns 1

Data hold time at read tOHR 20 - - ns 2

Note 1: Datawrite from MPU to module Note 2: Dataread from module to MPU
| - cve > = -~ teve >
E 26?:V1CPWEL :7 < Pwen _’L ty E *ﬁf’w&_> < Pwen _,\'L
> t, o] : P t, e
2.0V 7 20v¥y
R/W 0.8V 4 RIW 0.8 <ty tan —> Xﬁ_
tA —p tAH tA tAH . -
CS1,C52 2.0V j§< CS1,CS52 2-°V>< 7
D/I 0.8V, b tosw D/I 0.8V/%_ -
<Lpouw - topR - n
DBO~DB7 — DBO~DB7 aag oy
Note 3: DBO to DB7 load circuits
b, SR RL = 2.4kQ
Test point R =11kQ
C R 8; C =130pF
l Da Diodes D1 to D4 are all 152074®

Seiko -Instruments Inc.
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Product Specifications No.MG 12168 1N0G0-002

4.4 Reset

The system ecan be initielized by setting RST terminal at "0" level when turning
power ON (Display OFF, set display start line register 0 line). While RST is in "0"
level, any instruction except Status Read cannot be accepted. Therefore, carry
out other instructuons after making sure that DB4="0" (clear RESET) and DB7="0"

(Ready-) by status read instruetion. The conditions of power supply at initial power
up are as follows.

Item Symbol Min Typ. Max Unit
Reset time trsT 1.0 - - 73
Rise time tr - - 200 ns
4.5V
Voo
— t,
RST /1~ 0.3Vpp

Do not fail to set the system again because RESET during operation may destroy
the data in all the register except ON/OFF register and in RAM.

Seiko Instruments Inc. 17724



Product Specifications No.MG121631N000-002

4.5 Instruction

4.5.1 Read/Write display data
MsSB LSB
R/W D/1 7 6 5 4 3 2 10
1 1 (Display data) Read (MPU —<— LCD module)
0 1 (Display data) Write (MPU —>LCD module)

Sends data to or receives data from the display RAM addressed in advance.
However, the dummy read may be required for reading display data. (See 4.2.2
Output register)

4.5.2 Display ON/OFF
MSB LSB
R/W D/I 7 6 5 4 3 2 10
0 0 0 0 1 11111 Display ON
0 0 0 0111 110 Display OFF
Controls the ON/OFF of display. RAM data is not affected.

4,5.3 Set X address

MSB LSB Y address
C 1 ceveer sz 63

R/W D/I 7 6 5 4 3 2 10 000 LM Page 0

0 0 10111 AAA 001 | Page 1
L

X address AAA (binary) of the display 010 |, Page 2
data RAM is set at the X address L

. et . 011 Page 3
register. After that, writing or reading X M

to or from MPU is excuted in this address g tn Page 4
specified page until next page is set. L

101 Page 5
M
L

110 M Page 6

111 LM Page 7

Display Data RAM of one driver.

Seiko Instruments Inc. 18/24



Product Specifications No.MG1216B1N000-002

4.5.4 Set Y address

MSB LSB
R/W D/1 7 6 5 4 3 2 1 0
0 [ 0 1 A A A A A A

Y address AAAAAA (binary) of the display data RAM is set at the Y address
counter. After that, Y address counter is inecremented by 1 every time the data
is written or read to or from MPU.

4.5.5 Display start line
MSB LSB
R/W D/I. 7 6 5 4 3 2 1 0
0 0 1 1 AAAAGAA

Z address AAAAAA (binary) of the display data RAM is set at the display
start line register and displayed at the top of the screen. Fig.1 and 2 are the
examples of display (1/64 duty) when the start line=0-3. The data of total line
number of LCD screen, from the line specified by display start line instruction,
is displayed.

Seiko Instruments Inc. 19/24



Product Specifications No.MG121681N000-002

comr — e | 7,
com2 — 7/ 7
coM3 — A %
coma —7 % 47
coms — % %%
coM6 — % %
coM? — % /
coms —
COM9 —— . P

: ST 77>

i ;//A - —_’//
COM62 % %
COM63 — V4 0 Y%
comea— | [ [ | [

Startline =0

comt —7 A %
coM2 — A 7
coM3 — A 477
coMs — %%
coMs — %, %
come — %, 7
com7 ——
comg —
coms — V74 | 0

]

L

e [T
come2 —2 2007 %Y
com63 —]
covesa — VA | %

Startline =1

Fig.1 Relation between Start Line and Display

Seiko Instruments Inc.
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Product Specifications No.MG121631N000-002

comt — 7/ %
com — A T 27
coM3 — V200 . %Y
coms —7 , %
coms — %, %
comMe —

comM7 —

CoM8 B, U
comy —7 A___ g
B e

:

: : f / \\ /’

W 7% 7/ R
COM62
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Fig.2 Relation between Start Line and Display
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4.5.6 Status read

MSB LSB

R/W-D/I 7 6 5 4 3 2 10

1 0 B OO RO OC 0O
U F E
I
Y

o T
N

BUSY: When BUSY is "1", the LSI is in internal operation. No instructions
are accepted while BUSY is "1", so BUSY="0" should be made sure
before writing the next instruction.

ON/OFF: This bit shows the liquid erystal display condition is ON or OFF.
When ON/OFF is "1", the display is in OFF condition.
When ON/OFF is "0", the display is in ON condition.

RESET: RESET="1" shows that the system is being initialized. In this
condition, any instructions except Status Read instruction cannot be

accepted. RESET="0" shows that initializing has finished and the
system is in the usual operation.
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5. NOTES

Safety

If the LCD panel breaks, be careful not to get the liquid crystal in your mouth. If
the liquid erystal touches your skin or clothes, wash it off immediately using soap
and plenty of water.

Handling.
+ Avoid static electricity as this can damage the CMOS LSI.
+ The LCD panel is plate glass; do not hit or erush it.
Do not remove the panel or frame from the module.

* The polarizing plate of the display is very fragile; handle it very carefully

Mounting and Design

* Mount the module by using the specified mounting part and holes.

* To protect the module from external pressure, place a transparent plates (e.g.

acrylie or glass), leaving a small gap, over the display surface, frame, and polarizing
plate.

wExample

Module Small gap Transparent plate Exterior surface

| /)
Y A=
\‘ k S\ L._me

I Ll

A -

Pt

[T

Screw

Design the system so that no input signal is given unless the power-supply voltage is
applied.

Keep the module dry. Avoid condensation, otherwise the transparent electrodes may
break.
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Storage

* Store the module in a dark place where the temperature is 25°C $10°C and the
humidity below 65% RH.

=+ Do not store the module near orggnic solvents or corrosive gases.
* Do not crush, shake, or jolt the module (including accessories).
Cleaning
+ Do not wipe the polarizing plate with a dry cloth, &s it may scratch the surface.
 Wipe the module gently with a soft cloth soaked with a petroleum benzine.

+ Do not use ketonic solvents (ketone and acetdne) or aromatic solvents (toluene and
xylene), as they may damage the polarizing plate.

6. OPERATION PRECAUTIONS .

Any changes that need to be made in this specification or any problems arising from it
will be dealt with quickly by discussion between both compeanies.
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