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Observe the following as regards the use of the Specification,
1. The contents of the Spacification are subject to change without notice. =
2. Trangcription, duplication, or other uge of the Specification in part or in entirety without W
permission from Suwa Seikasha is strictly prahibited. ’ ‘
3. The Spacification l& not intended for guarantasing implamantation of industrial copyrights
or other rights, or granting permisston for execution thereof.
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1. GENERAL DESCRIPTION

The SED150 Serias is a dot matrix LCD driver LSl, developed for not only character display but meeting
higher degrees of freedom as in graphic and bit image display. Because the SED150 has a buiit-in display
RAM that serves simultaneously as a refresh memory to store data for all pigture elements and a line
memory, the SEL150 can be coupled to a microcomputer or micro-processor. That part of the display
RAM which is not directly used for display can be used as a scratch pad memory for the micro-procesing
unit. The SED150 can be interfaced with either a 4-bit or B-bit micro-processing unit by commands, and
particularly, the limited ports of a 4-bit micro-processing unit can be efficiently used,

The SEM 50 Series has a total of 50 commoen drivers and segment drivers, and a maximum of 1/16
multiplex drives per chip can be selected by a matal master slice. Because up to 544 different pattarns can
be driven per chip, the 3ED160 is suitable to applications involving low-speed, large-capacity display.

The SED150 consumes only a little current because it is dperated by low-frequency clocks so that, by
combining it with a C MQS micro-progessing unit, battery-driven, long-tifa, handy systems can be built at
low cost.

2. FEATURES

2.1 FEATURES

{1} Dot matrix LCD driver capable of bit image and character diaplay.
{2} Dir¢etly cennectable to 4-bit and 8-bit micro-processing units (advantageous to low-end systems).
@& B-bit/4-bit data transmission modes can be selected as desired.
{3} Display data RAM: 42x2 bytes
672 dots maximum or 10 characters + indicator 32 sagments maximum
& Be capable of Read/\Write,
{4} Built<in LCD drivers
Common drivers: 16 maximum, O minimum
Segment drivers: 42 rnaximum, 34 minimum
@ A wide range of variaty within the range of a total of 50 common and segment drivers, selectable
by matal mastar slide, for adaptation to various kinds of LCOs and micro-pracessing units.
(5) Duty ratio selection
Any duty ratios from 1/8 t¢ 1/16 gan be selected. (Matal option)
& 1/18 duty is available in varfations capable of commaon multipla chip compasition.
(6) Maximum display capacity
By product specification

5. BE3-832

is 3

Product | Dut No. of segment | Minimum No. No. of No. of characters
¥ drivers of chips display dots {per chip)

8 characters x 1
SED1500 | 1/8 42 1 338 line + 16 seg
SED18Q1 | 1/1Q 40 1 400

6 characters x 2
SED1502 | 1/16 34 1 544 lines + 64 seg

8 characters x 2
SED1503 | 116 42 2 672x2 lines+ 32 seg

* SED15Q0 can be used for building
ciency. {7 charagters per ling)

(7) CMOS$ Si-Gate process

continuous dot panels of B % 7 characters with high dot effi-
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(8) Logic powear supply: UM -5V battery (Separate power supply necessary for driving LED}
® Etectrical characterisgtics are &s shown In the specifications. Operation on a UM -3V battery ie aleo ,-t)
possible.
. ® Inputand output: TTL (LS) compatibla (where 5V power is usad].
{9) Oscilator circuit built in {CR}).
{10) Operating ternperature ranga: -20°C 10+75°C
(11) BO-pin plastic flat package,

2.2 SED150 SERIES METAL OPTION GUIDE

{1} The following metal options are available for the SED150 Series to meet the specifications that are
fraquently required by users.
Optional specifications
1. Liquid crystal drive duty ratio: 1/n (n=3 10 16)
2. Common output
Gommon single chip configuration [for small-capacity display)
Commen multipiechip configuration (for medium- or large-scale display)
| 3. Type of ogcillator |
. CR oscillator (Standard specification) (j;
Crystaloscillator (32.768 kHz) ' "
(2) Optiomal epecifications vs, praducts

' Commaon signal chip Camrmon multiple chip og%?:fé . CR oscillator
Duty
' retlo | product | o3 | W2 1 Product | e | wenen | Frame Standard osclllating o
hame | Sueet | oML | name [ 2t | otee. | fraquency frequency fosc divicing
{Mote: 2) Ma
1/8 SED1EOD 8 42 4 42 64.0 Hz 32.8 kHz (Rf=1.4) 1/4
1/8 9 41 5 42 68.8 Hz 36.9 kHz (Rf=1.2} . 14
' 1/10 | SED1601 10 40 5 42 68.3 Hz 30.7 kHz (Rt =15} 1/3
1411 1 35 B 42 62,1 Hz 338 kHz (Af=14) 1/3
1/12 12 38 SED1604 B 42 LED Hz 36.9 kHz (RF=1.2) 1/3
113 13 37 7 42 (788 Hz} | 26.6 kHz {Rf=1.8] 112
/14 14 36 7 42 731 Hz 28,7 kHz (Rf=1.6) 1/2
1/15 16 35 8 42 | BB.3Hz | 30.7 kHz (Rf=15) 12 P
1/16 | SEL1502 16 34 SED1503 a8 42 64.0 Hz ) 328kHz (Rf=1.4) 1/2 \)

Mote 1: Blanks in the product name columns indicate that product names have not yet been selaoted.
Note 2: Standard oscillating frequencies spply where a frame frequency of 64 Hz is selected.
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3. THEORETICAL CONFIGUARTION AND FUNCTIONS

C) 3.1 PIN ARRANGEMENT AND DIMENSIONS

{1) Pinarrangement diagram

smg:
e e ]
Bg&% d
S3:a3zizaaas T
Bgcguuomuuusqqédqiili a5
QM 127300 37 — —o @
OOMIsEEa 36 6 =3 o
COM 14/5EG 35 O—y f—0 Di
COMIS/ZEG 3 ol —0 O
SEG 33 Qv =0 O
SER 32 O . e
SEQ 3 O] =0 SYNC
2a 5 o SEDI500F -
SEG 28 o] —Q Vs
SEG 27 i WLl
3EG 25 Ol Vit
@ SEG 25 G i
SEG 2] O "V
SEG 23 Vis
8EQ 22 3, 25 [0 050
SE2gReRTmN_SmanenasnaD
33 9 {0 L D oo a GDGGR‘JH_N
rlefrtepsir e e
Note: Terminal (Pin No, 81 - No, §8) can be yead as either SEG or COM terminal.
{2) Actual exaraple of a display
LCD element

JEO150 AMPU
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{(3) Dimengional diagram
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Qer 3. 2
{Mold dimansions}

! | .220.3
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Mote 1: The lead prajection from the corner is below the package hottom.
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3.2 FUNCTIONS OF TERMINALS
Table of Functicns of Terminals
Name of No. of
terminal terminals Input/output Connscted 1o Funetion
Ao~ Ay 4 Inpu MPU Acidrass buses for lower 4 bits of DD RAM, com-
mand regieter. Canngcted te D ~ Da In edco of
1-bus system.

Asto As 3 lnput MPU Address buses for upper 3 hits of DD RAM, com-
mand register. Connected ta D4~ De in casa of 1
bus syatem. .

DotoDs 4 Input, autput MPY Tri-state bidirectional dsta buses for lower 4

: lines. Serve as common huses for upper and
lower 4 bits in 4-bit transfer mode.

Data s * 4 Input, output MPLE Tri-state biclirectional dJdete buses for upper 4
lineg. In 4-bit tranafer mode, input moda is se-
lected and its data is ignored.

RD 1 Ingut MPU Read signal
D = “L" active

Wr 1 Input | MPU M}B signal
WR="L" active

Cs 1 Input MPU Chip select signal
C8 =" active; CB ="H" standby.

Bus: High impedance
0S8y, OSF! 2 Tarminals for connecting internal clock oscillating
’ resistors (or crystal oscillatars),
051 is Tnput terminal for operation by external
cloak.

CL 1 Cutput Slave chip Slave chip driving baslc clock to be connected to
slava chip OSCh,

EA 1 Input Voo or Vss Terminal for selecting master chip/slave chip
operation. Slave chip iz operated by external
cloak,

Master chip...“L"”
Slave chip ... "H"

SYNC 1 Input, output Slave chip Signal for synchronizing slave ship otatug with
magter chip, Input/output terminal for frame sig-
nal with duty ratio of 50%.

E/I="L" output
E/l="H" input

COMo to 1€ max. Qutpirt LcD Comman sign'uls. In case of SED1503 alave ohip,

COMp COMo ~ COM? gchanga 16 COMe ~ COM1E, )

SEGa 10 SEGa 42 max. QOutput LCD Sagment signal. SEGas~SEGa change to COM-
15~ COMa depending on models.

Vi1 to Vie 5 Power supply | LCD driving power supply.

Voo, Vaz 2 Fower supply | Voo = 0V; Vas = -5V {logic power supply) or Voo =
+bV; Vs =0V

Total BD

1
@

5. BET-A32

1/ 3
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3.3 BASIC EXTERNAL CONNECTIONS

(1} Power supply

Fig. 3.3-1 is a basic connection diagram showing the basic logic power supply. LCD driving power supply,
and oscillator sircuits of The SED150 Series. VOD is used in common. The voltage VL5 is adjusted 10 a le-
vel most suitable to the LCD by the temperature compensator circuit. VL5 can be adjusted regardless of
VS5, ‘

¥

. Voo
+ +
- 7T MPU
T. -
GND vss @}'}

T
a8

Temperoturs compansator cirouit

Fig. 3.3-1 Bani¢ Qenneution Diagram

(2) €Examples of LCD system configuration

{a} Example of multi-chip configuration {Example of SED1 501: similar configurations available for
SED1800, SED16QZ)
#® Number of display dots = 10x40xn; n=1 to about 10

0
oMl Len oo R Leo QL
oM 1% M000T 1040007 10X 4000 T
(I 3 7
Wap Voo
BECO REGD i EEQ
wove el Cfif—y aLdm M t;u‘ g6
SO wenisnl Voo SEDI80) _———— sEoisn
oSG u0 f{MASTER} —{ostr e dtELaVE) wogg) MOME
osed] 75, §7 2 NI
45 & Lide s dhr s =18 ghy sk
E] ﬁ [ I
_{]:L ‘ m
[ =T
I E
A/D RD WR
MIGRZ GOMPUTER

(4 BIT MPU)
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(b) Example of common multi-chip configuration (SED1503)

D

w» Number of display dots = 18x42xn, 1/16 duty
The value of n dependg on the load capacity {pleture element area) of LCD and the drive capacity of

Ah:419
104256875824

5. BES-A32
# 5/ 3

the common driver. In case of normal characier display, up to about 10 (n) slaves can be connected.

S

COMO g

| [Re]
Comy  18RARNT

16 42007

LD
16X 42007

=

i

Lco
16X 42007

CGP’IS
0OM

oy pgow Bl ool 'vj.:: ! Seos T oy
—CoM? SEGd| 2. 11] . . sEMM
oEas SEBts |y, 503 &4 01508 w1, .:LE"' £EDis3 COMY
- o ;on_mmcm oscr waziany | —oun :.?;.;‘sm,:, i e GOt
& 3 A 1
[ e = ) ﬂ - 2 =
g SIAEE] | (255 sFREl | (25 b SEE a5 & si2E

gulili

1] Il

I 1

(3} Power switching on sequence

Switch on or off V58 and Vis simultaneously. When using independent switches, be careful of 8 lateh up
which may be rarely inducad by a surge voltage.

3.4 BLOCK DIAGRAM

3 3 &

o
Oz
Da
D
=1}
Dy

Ct A/D HO WH
MICRO COMPUTER
(ROIT MPU)

Ar Ao

Q50 CL-INPUT
08C, COL

-

o0

TRX

L ADDRESS

REGISTER

O5C

|

COMMAND
g —d BEGISTER |
o
=
=
=
)
=
3
=

ADDRESS DECOQOER

=
wr
IS
L
@
= DATA MEMURY
= (aZ x zBytw)
bl
o
a

LCD SOLTAGE

CONTROL

200330 $53430% 91

TIMIKG GEMERATOR

SEGMENT QRIVER

|

v

SEGO SEG3HI
#SEO34-SEQ4

CoMO-GOM7
¥ COMB-COMIS

SYNG
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3.5 DESCRIPTION OF EACH BLOCK

(1) Display data RAM (DD RAM) [
The display data RAM is a C MOS static RAM serving a3 a fragh memory which stores display data for one
picture and a line mamory. Data “0" and ™1" that are written into the DD RAM from data buses DO to D7

are directly displayed on the liquid crystal panel as OFF or ON. Thus, not only characters each cormposed of

5x7 dots but @lso other data, such as bit images and a number of segment patterns can be displayed
through processing by miero-processing units.

The user area of the display data RAM whichis unused for display is open for use as scraich pad memary

for tha micro-processing unit. Be careful, however, becuase the user area varies with tha number caf com-
mons, This is illustrated in Fig, 3.5-1.

(a} DD RAM address
DD RAM address data is: compored of 7 bits, and expressed in hexadagimals.

+~ Upper bit Lower bit —»
As Asg Ay Az Az A, An

\—— Hexsdecimal —" \—ms—e Hoxadecimal —

When exprezeing addregs data in hexadecimals, the most significant bit (A7) is expressad by a 0.
Example: DD RAM address 2AH

0 1 0] 1 0 1 0

L 2 PARN A L

{h) BD RAM addresses versus positions on LCD element
DD RAM address and dot pogitions on the LCD panel correspand to each other 1 to 1. In Fig. 3.6+1, for ex-
ample, the relationship between the hatched dots and DD RAM is as follows,

s
Position an panel DD RAM address
Picture element at ¢rosspaint of SEGss and COMe Bit of address 26+ and data De ‘ {
Data "1™ ON
ngyr OfF
Ne display User area
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,,vSED 1303 {All area)
g comMg [ T T e e 1
1 [ J
2 2 [ i
3] . 3] ’ }
4 * 4 | DD RAM arca -a———| |
5 4 s I I
[ & ‘lm- —————————————————— —_—— e = - L———m—-n—m I
- P ’fSED'IEOO 1 }
o] g ! P!
! s . ___#F _ P
2| . 10 r T T
3] 5 1 |
4| 4 12 SED1502 o) !
r
5 I3 | i I
-] 19 ;
7 16 | L. . ;
r—— —
?;' B _ — $ H ™ h g g g 'Tr'
w
[74]
| @l —~) @l - o e - |~
T w| —| = | —lajal-]-{w|=
deweie — . SE| = =
2o w | www wm -] -
B E-TEA RN aalaneaaln
e Rl A o il i Rt e et Y
Fig.3.5-1 Display Data Araa of DD RAM
{Z) LCE driver

Lo EPSOM EUROPE ELECTR. 42 89 14 5117

AR 419
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The LCD driver circult consists of a maximum of 16 commaon drivers and a maximum of 42 segment drivers
as shown in the table below. The circuit outputs a multi-level, two-frame AG drive waveform ag shown in
Fig.3.5-8, The time for a single frame Is TYP 1/84 sec, and a frame signal is putput from the SYNC termin-

gl
Product name No. of commons MNo. of se Max. No. of
] ) gmeants “driving dota/chip
SED1500 8 432 336
SED1501 10 0 200
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(a} Cormmon multi-chip configuration
The SED134Q3 drives the largest number of dots per chip because 1/16 duty it achioved by twe chips
with sach chip taking care of 1/8 duty of commons.
In this case, ane of the two chips is the magter, and the other the slave. Thar is, the chip for the func-
tion select terminal £/ = “L” bacomes the master chip and outputs a syne signal.

SYNG X X

wswnemmn—{o{ Yo {5\ {5\ o
Slave chip common x 15 }

Fig. 3.5-2 Timing Diagram of Common Multi-Chip Configuration

{3) Oscillator circuit : _

The SED1 50 Series has g built-in oscillator circuit with two terminalg OSC 1 {IN) and OSC2 (OUT).

{a) Using the built-in oscillator eireult as CR oscillator Connact an oscillation resistor Rf to the oscillator
* terminals as shown in Fig.2.5-3 so that the sync signal frequency will ba 32 Hz {typ}.

0S¢ Rf: 1.4 megobrog oo 2%
R fosc: See P2-2
i
08¢, Exsmgla: In case of 1416 duty, fosc

('l 2 32.3 (1.}

Clock for slave chip (fosc)

Fig. 3.5-3 CR Oscillator

* 08C 1 and OSC 2 should be wired as short as possible bacause the oscillating frequency varies with
wire capacity.

1000

W

i 100 "\op=QV

E Tan 280

32768
]
: ——Vag = =5.0V
10 1
I Var=—3.0V
i
T T I el
100k im 142M 10M

Fig. 3.5-4 Rf us. Ozcillating Frequency

10

1273

i



@9-JAM-28E2 14:11 UON:EPSOM EUROPE ELECTR. 42 29 14 5117 Ar: 419 5. @13-6@32
ba= 1- 73161238 o422y (K) EDEREES EEG 10428875624 #1373

{b} Using the built-in oscilletor as crystal oscillator circuit
m With the SED150 Series, a 32 kHz crystal oscillator circuit can be composed by the metal master slice
‘ corresponding to the LCD driving duty, and the local frequency can be supplied to the outside.

0sCi
DSCB é
cL

L 32 xHz

Ce¢
,E:

(c) Operation by external clock

@ Extarnal clack 050y

Open 05C2

% Evan when an external clock is input, the clock CL is output from the slave chip.

th ] |8 _
0.9 V55 ———un
th
@ 05 Vss Duty= e *X100%
' 0.1 Veg
R
—r] treL el

Fig. 35-5 Extermal Clock Timing Charactoristics

1 Y
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(4} Liquid crystal driving power gupply

{a) Voltage diving ratio o v
It is nacessary for achiaving a high level of liquid ¢rystal display to apply various eonstant voltages of
high accuracy in dividing ratio to each of the liguid crystal driving power terminals VL1 to VLG as shown
in the table below. The voltage dividing ratio must be changed aceording to the duty ratio,

1/8t0 (1711} (11210 1/16
1/4 1/5
VDD GND*™ GND
Vit ) 174 Vs : 1/8 VLB
Viz 2/5 Vs
2/4 Vs
Vi3 3/5 Vo
Via 3r4 VIS 4/5Vis
Vie VL5 VL5 )
i
*| GND here mens the GND of SED180, and net necessarily the GND of the whole syster which in-
cludes micro-processing units. In caseof an N MOS8 micro-processing unit, for example, Vss is con-
negted to the system GND.
(b) Liguid crystal voltage supplying method
‘The method of supplying the voltages VL1 ta VLS is illustrated in Fig. 3.3-1 in the paragraph for external
connections. The simpleat way is to supply them by resistance division. The optimum liquid crystal
driving voltage varies with ermbient temperature so that it is necessary to add a temperature compen-
weting sirouit (variableo resistor circuit VR) to the liquid erystal driving power supply.
Yoo
T Yoo
GND Voo Voo -1 GND vob yven - T
-8y VLt ] —5v VL1 &
R aE RE )
VES vLZ vie vos VL2 T
Vi3 £ VL3 p
R 3 E S
seolso we RE
Via R 1 . VLS 3.1
vR Cv . VR Cw
(—6v) ‘ — TV}
{&) 1/4 bias {1/8=1/11 duty) {b} 1/5 hias (1/12-1/16 duty)
Dividing resistance vailue is selectad according to liquid crystal operation margin and power consump-
tion.
R

12
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(c) Liguid crystal drive waveform distortion compengation

Bacauae thu:-. liquid crystal i3 a capacitive load, a large discharging/charging current flow when a liquid
erystal drive waveform changes, causing its distortion. This adversely affects display quality in terms
of lowered brightness and a halftone phenomenon. Waveform distortion can be reduced by lowering
the dividing resistance value and power impedance, but this increases the current flowing to the divid-
ing resistor and thug eurent drain.

The SED1850 Series has a power impedance lowering circuit such s shown in Fig. 2.6-6 to compen-
sate for charging/discharging distortion. Thus, a little higher resistance than nomal can be selected,

v ’ L
D
b A
Vi ’E_R_ - _.I ¢
£ R ¢
Vip i __3:
A c
| Vi R _ _3:
g ‘ £ R ¢
S g
: ER_ -
(] 4 =
SED 150 Cv T E W {;;1:5?1 ﬁﬁ:ﬁ:
F Rt okn
~7V VRm§ - 250K

Cv=3 = 104F
Fig, 3.6-6 Power Impedanoc Lowaring Circuit '

]
Commaen signal ﬁ X
f D7 Gus [TYP) ———— ey

Cantrol signal Nl _I

_—-I }-— Lew impedanas perlod t on
Ton: BTus{TYP)

Fig. 2.5-7 Low Impedance Timing (whare duty ratin is 1/16, ozcillating frequancy 32 kHz)

i waveform distortion still remains a problem despite the operation of the low impedance cireyit, lower
the R and connect 8 capacitor which is not so large but has a suitable capacitance parallel to tho divid-
Ing resistor R to effectivaly solve the problem. Because a resistance cannot ba simply selected from
tyhe liquid crystal load capacity, it iz necessary to experiméntally determine one as appropoate to the
liquid orystal display element used. In case of using a plurality of SED150, to liquid orystal load can be
shared because any of the glave chips can output a common waveform synchronized with the master
chip (oscillator circuit operating chip). {See Fig. 3.6-8)

13
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L

{p) 1/5 bias, 1/16 duty
Figure 3.5-9
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v
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#

The timing generator circuit generates all timing puises required for LCD driving,. That is, the circuit gener-
ates a BD RAM read gignal and driving signals for commen and segment drivers, and synchronizes whare
two or more chips are used, The operations of the timing genarator circuit ¢an be divided inte master chip
operation and glave chip operation depending on the status of the fungtion and sele¢t terminal E/! as

shown in Tabla 3.5-1.

Table 3.5-1
E/l Operation SYNC terminal SED1503 =
.- | Opsration by logal ¢lock Frame signal output COMo to COM? waveform
(mazter chip) {32 Hz) outputs
reygen Operation by external clock ] ] COMe to COM1s waveform
H (Slave chip) Frame signal input outputs

It takag up to 2 frames (40 ms maximum) for the slave chips to be synchronized with the master chip by a
syne signal after swithing power on. The display is automatically blanked becuase display is meaninglegs
during the non-aynchronized period. This operation is performed regardiess of the status of the command

register,

*1 With the SED1500, SED1501, and SED1502, the slave chips cutput the same gommaon waveform

as the master chip.

16
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3.6 INTERFACE WITH MPU
{1} General

5. B19-832

EEG 104256875624 # 18/ 13

The SED150 Serlas permits slection of any of the four data tansfer mades 5hown in the table below by
means of commands so thar it ean be intarfacad with bath 4- and 8-bit mirco-processing units.

No. of DB bits No. of AB bits Bus canstruction
4 4 DB/AB used ih cemmon
F] 7 DB, AB independent
8 7 DB/AB uged In common
8 7 DR, AR independent

By selecting an appropriate data transfer mode, the SED150 can be connected to the address and data
buses of micre-processing units diractly or via a paripheral interfane [P1A). Examples of direct conmection
to various kinds of micro-processing units are shown below. In eaze of ap 8-bit machine. micro-proecessing
units may be connected via a normally uged interface. It is recommended that the micro-prooessing units
with 1/0 ports should be connected by this port.

(2} Exampla of interfacing with a 4-bit MPU :
* Various kinds of 4-bit micro-processing units are commaercially available so no kinds in particular are spe-

cified.

Quiput port

Input/output port 1

Output port
Cutput post
Qutpurt port

A-hiy MPU

Ap~2 COM [urrrmmrmg
Do~D3a
SEG
c3
wh
RD
SEDISO

To LCD element

17
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(3) Example of intefacing with an 8-bit MPU
{a) Example: Z-80
Ag~ Bg d Ap~Ag
Do ~ Dy g Do~0r
1a CSo M CS COM |—
20 [~ C5i
Z- 80 CPU 10~ 60 H
An - ag ! - Eg'f SED 150 LCD alament
n EN I
A ‘
in EDD' ; ouT-C -
. SEG [=—w
WR s WR
RD T, 4 RE
MRE! !
e Dol 5110 oH—lo ©
2
4] ¢ G l—c
WAIT
=1: L8374 0r (8212, 8255); *2: L87474
Timing example: Bee Fig, 3.6-1 (d)
{h} Example; 6800
Ay~ By Ag~Ag
g ~1~ Da~Dz
o |5 T coM|—
2q}—=T5;
ID~=80 !
An EN —I-E's"v SED 150
vma
¢2 LATCH SEG §—m
RO
Am —
WH
R/'W

18
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{4) Command registers
The SED150 uges 3-bit commands {not code data) for starting internal operations. The commands are as

" follows.

(1) Bus transfer mode change command: (CR1, CR2)
4/8-bit transfer mode sslect: CA1
1-bus/2-bus seloct: CR2

These commands are written exactly in the same way as data is written.in the DD RAM, Thig is, the
cornenands are written in the following addresses of the SED150 via data buses DO to D2 regardiess of

the upper or lower status of the 4-bit mode. The data atored in the command registers cennot be read
out 1o the micro-processing units.

Addrezzes D7 Ds Ds Ds D D2 D Do
FF .

7F

3F : Command Register Composition

(a) "Bus transfer moda change commands
The follawing four kinds of but transfor modea ara available for the SED150. Transfer modes are deslg-
nated by code data (CR2, CR1) to be written vis data busesD1 and D2,

CRz | CRs Addreas Pate Bus gonstrugtion
o 0 4bits | 4bits 1 bus (multi)
1 Q 7 bits 4 bits 2 buses
0 1 7 bits 8 bits 1 bus {multi)
1 1 7 bitg B bits 2 buses

(%) Bus higher poglion/lower position identification

In the 4-bit made, the SED150 jdentifies the highar position/lower position of addragses and data by
counting the decoded outputs of CR1 and CR2 and control signals CS, RD. and WE.

Addresses and data must be input in the following sequence as shown in Fig. 3.6-1.

Addresses (lower position = higher posltion) — data (lower position — higher pesition)

(6) Initializing SED150 by MPU

Because the status of the command registers in the SED150 is unknawn after switching power on, it iz

necessary to initlaiize the micre-processing units into the desire data trangfer mode. To properly initialize,

thefollowing four cycles must be exscuted regerdiess of the transfer mode of the | mMicro-procaessing units.

1. Changa C& from "1" to “0".

2. Write command register address FF {or 3F, 7F, BF} three times consecutively. In case of the 2-bus
system, command data are alse simultaneously written in from data buses,

3. Write command data (1, 1,1, 1, 1. CR2, CR1, O} onoe. !

- Command reglster setting completed

NOTE 1: In case of the 4-bit 1-bus system, the SED150 ignores the upper address bits (A4, A5, A8).
But pull them up to address input terminals A4, A5, AG.
NOTE 2: For an initialization example, see Fig. 3.6-2.

{7} Changing data transter mode after initialization

The SED150 can be Used in a changed data transfer mode even in the process of operation. For example, a
thanhge frotn the 8-bit 2-bus mode to the 4-bit 2-bus mode, or vice versa can be made, In this case, access
tg the DD RAM immediately after setting commands inte the command registers must ba made after
changing TS to high. Unless this step is taken, the contents of the command registars might ba destroyed.

19
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Fig. 3.6-1 Timing Saquence Examples

N )
Alo; Address Lower Position
AHl:  Addrass Higher Position
{a) Addross 4-bit/data 4-bt 1 -bus gystom PLer Data Lower Position
DHi: Data Higher Position
(3
T M I
WH
I 5‘1 M 71| | T
" N
Intermel state ALo AHi DLy DHi " Alo AHi blo DHi
D8 X oaw X oaw X oe X owi X X Ao X ani oo om}
| | -
! Write Cycle ! : Read Cycle !
%
{b) Address 7-bit/data 8-bit 1-but system "
T8 ey — —
e B ]
7]
intarnal stivta A b A D
oe X A X5 XA (X
| - |
[ Write Cycla l fread Cyelo o
(¢} Address 7-bit, data 4-bit 2-bus system O
=T
WR
RD
Internz| state
a__ X XX X
R —
I -] J
| Wiite Cycle | ] Rend Cycla | .

20
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a (d) Address 7-pli, data B—bﬁ 2-bus system
[a] —nan
I T e W
WR
L |

Ab

L
o X X X X
B8 X vaid ¥ Vaid )\

Cycla Cyole

% Fig. 3.6-2 Examples of Initialization
{a) 4-bit 1-bus system, Writing command data {1, g, @, 0) = 8u

&= .
e T o I o O e O

DB A X F X F X X

(b) B-bit 2-bus gystem, Writing command data {1, 1,1, 0)=Eu
= [~
WR
9 I
AB X fFF X e X e X fF X
DB X FF X X rf Y /Y ~

Fig, 3.6-3 Example of Data Transfer Mode Change
DLe; Data Lovwer Poaition

Pata Higher Position

vy~ - — I_l j_l [—I I_l r_ ' g::nm Command
AR X X ) { X Bl o

DB X oo X omi X comm X & X O X
-‘ 4.bit 2-bus $\r!il'em_+_‘8-h51 R-busg gyatern

2
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{7} DD RAM access va. liquid crygtal display
Access 10 the DD RAM can be made from the micro-pracessing unit completaly regardleas of LCD timing ﬂ
because address selegtion from the micro-processing unit and address selection from LCD arae indepandent E
of each gther in tarms of eircuitry. ' -
In cage of writing the DD RAM for a long time (more than about 1 mS), such as in writing the DD RAM all
aver, blank it once by means of a display command, and then write it. The blank signal directly controls the
dieplay drivers s that the display can be unconditionally Blanked.

(6) Connecting SED150 to LCD panel’

COIMn

CcoOmy
SED1500

SE,GD

!

|
S5EGa

Address

Fig. 3.6-4¢ Example of Displaying 8 Characters of 5x 7
Dots x 1 Line + Indicater {1/4 bias, 1/8 duty)

52
BF

& %

.
Nz

]_.._,. DD RAM am-“—-J l——-—"lJﬁer arua-—u——-l

NOTE: Addrass A7 ="0" is expressed in hexadacimals.
(The same expression is used hareunder.)

SOMo ‘
|
|
COMg
SED1EMN
SElﬁo ________ fr— -'— i
l
ok
Fig. 3.6-5 Example of Displaying Bit lmage of 10 x 40 Dota
{1/4 bias, 1/10 duty}
Addrnaan s 2 = w
3 ,,;;,-' P e e | ] s
N\
i e

e DIy RAM 00 — Lz areti——en]

S. Bed-832
# 2473
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— B |
COMo
COMn
BED1502
SEGoe
SEas
Fig. 4.6-8 Example of Displaying Bit Image
of16 x 24 Dots
{1/% bias, 1/16 duty)
’@ Address § b g o @
Do
[ L~
o B
67 o = P

e—DD RAM ares—sd |=—DD FAM srea—e

I 3
aYNG = .—_._.-,«...i
COMy
COM~ COME
SEDTS503
SED1603 |Slave)
IMaszter) COMis
P s
SESo SEGo
SEGa

SEGH

Fig. 3.8.

Address

O-—-9

L

7 Examplie of Displaying 14 Characters of 5 x 7 Dots & 2 Lines
{1/5 bias, 1/16duty, running digplay ppssible)

Q0H

g 8 B &

] o2

|——- oD RAM area_--——l ' I-'—DD RAM area_"‘|

¥ 25/ %
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Example of Digplay where Matrix Arrangement is Changed
(1/4 bias, 178 duty) Fig. 3.6-8
SEGn SEGe
SEGae SEGa
COMo COMs
COMy coMm:
SEG1 500 SED1500
{Master) (Blave)
3EGy — SEG:
syng  SEGe SEGm o
— )
4. ELECTRICAL CHARACTERISTICS
4.1 AS8S0LUTE MAXIMUM RATINGS (Voo =0V)
Item Symbol Rsquiraments Unit Remarks
Source voltage (1) ves Voo -7.0 ~ Vob +0.3 \'
Source voltage {2) VU = VIS | VOD=13.0 ~ VDB +0.3 Vv
Input voltage Vi V8S~0.3 ~ VDD +0.3 v
Dperating temperature range Topr -20 ~ 76 C
Storage temperaturs rangs Tstg -65 ~ 125 ‘C

NOTE 1: Use of tho LSl under aonditions axceeding the absolute maximum ratinga can cause not only
faulty operation but permanent destruction. Even if the LS| properly operates for a time under

such conditiony, its reliability can seriously fall,

NOTE 2: Tha power supply relationship of VDD & V01 £ VL2 £ VL3 £ VL4 = VL5 must be maintained for
driving the liguid crystal display These voltages are independent.of Vss.

24
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#4.2 ELECTRICAL CHARACTERISTICS ([Vobo=0V, Ta=25'C)

Measurin Requirements
1team Symhol mn:;g; nﬂ Unit M:ﬁmﬂnn A‘pplicabie
Minimum | Typical | Maximum ' erming
Operasng voltage {1) Ivss] o =3.0] | voo-5al | Ivoo-60l | v
Operating voltage (2) Vsl Ivoo -3.5 | Woo—6.0| |IVoo—t00] | v
Mamory hold voltage Ivon| oo =20l Woo60l | v
Do~Dy
?2;‘1"" fnput Viur Voo 2.0 Voo+03 | V | Fg6 |_Ai-As_
. CE. RD. WR
= | Lowlavel autput ) D~ D7
ViLy Vss =03 v55+0.8B v Fig. 7 __Ap=ha
s vaoltage oA
e el output vont | VETABY, L -1.0 ma | Fig.10 | Do-oo
Low laval output V&5 =—1.5V, i
current (1} VOLT | an = Ves 4+6.4 20 mA | Fig. 11 Do~ D
SYNC
?z';mfl inpurt Vike Voo —0.6 Voo+ld | V Fig. 6 0S¢
ge (2 Ef
SYNC
cidid Vie V=03 vissos | v | Fg7 | Osc
g High level outpur VBE =w=d,.BY, . S¥YNC
£ | current (2) fone Vi = Vinp 0.8V -300 A Fia. 10 CcL
Low level cutput Vss=—4.5Y, EYNG
St (2) lowe | YREZGERY: oy 300 w | Fgn | SO
E.'P,.Z!ﬁ"(%‘,"”‘““‘ lona | VEE=TASYL ov -80 ws | Fig.10 0SCz
Low lavel output Veg ==4.5Y,
currant {3} IO | oy~ ves-O6v 80 HA Fig. 11 OSCa
::l‘:.lprumétnl;;utﬂut taak I WYi= VoD ~ Vss 1o b, Fig. 14 tg:u?g;;
V5e=-558V,
CS="H"E/l="L
Diynimic curront drain (1) lor | Vism—10.0V, 80 100 A Fig. 14 Voo
Rf=1.0M{2
Cutput gpan
ves =-5.8V,
Cyelo tirma= 1.0 uc .
Dynamis current drain (2) lorz | Wis==10.0V, 2 |- ma Fig. 14 Vop
Rf=1.0M{2
Qutput open
=5.40V,
= 080 ="H",
Static current drain loL Vig==~10V, 1.0 HA Flg. 14 voo
= IILII
Qutput opan
'§ Voo lovet VoL 500 mv | Fig.12 | COMowss
E Vu level VEiH Yis =—3.5V, 100 mvV Fig. 13 COMob w15
2 veir |l vss=—-4.5v 400 mv Fig. 12 COMe~ 13
) S | Vit level Ve |[ Terminal load 400 mv Fig. 13 COMo -~ 15
a g Vear || Ru=40 ifYdriver ‘100  |'rv | Fig 13 | COMo~1s
ﬁ: & | VLB level Veesn 500 L mV Fin. 13 COMo~ 15
F B
2| % [Vootevel VoL 400 |mv | Fig.12 | 5EGa~as
- | +
2 [Vizlevel Vszn || Vs =-3.5V, 240 mv [ Fig.13 SEGo ~a4
5| = vszl || vss=-a.5v, 240 mv | Big.1z ] 3EGa-a
1 81V level Vain Tennlnal load 240 v Fig. 13 EEGo a1
o
= VaaL Ru=40 %Q/5 drivers 240 mv | Fig.13 SEGo~ a1
i’ Vis kevel Vs56H 400 mV Fig. 13 SEGD~ a1

@
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4.3 OSCILLATION CHARACTERISTICS (CR OSCILLATION) (Voo=0V, Ta=25'C)

I Maacsuring Requiremonts Unit Meaguring | Applicabla m
tam Symbol condition . n cikguit tarminal
Minimum | Typlical | Maximum
Oscillsning frequency fosc | geac-BOW -16% 45 +16% | KMz
Declllation salf-start
voltage Vara |RF=1.0M32 -2.9 v
Oscillation stap verr | Rf= 1.0 M -20 v
Frequency deviatian _ b - 5.5V)— Toax (=A.) V
(Voltaga charactaristic) I R R 4 10 %
Frequency deviatian _ fonc [T = fotw 125°C}
{Temperatura chatacteristicl] ©=F | = =i iea) 3 0 *
Ipvzinrt celmnk .

g fracuancy =8 ) for e G0 fa forw1.16 | KHE
g Input clock duty ~-- | Du 45 B0 L %

! | Clock rige time troL 0.3 Hs
3 | Clock fail time teL 0.3 us

* fosc and L are approximately 32.8 kHz regardless of the LCD drive duty ratio. For details, see ltem (2}
of the SED 15600 Series Metal Option Guide, P2-2.2, @
* Crystal ascillation charactaristics will be determined by discusgion with indlvidual users.
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Terminal Construction

Tersminal construction Remarks l-\t;;?::::i?‘glle
Fig.1 Inputterminal Cs,
EA
0S80
[,
O 1~
Fig. 2 Inputterminal . . Ao ~ Az
Control sigral ' m RD
0
Fig.3 Output terminal _ CL, O5C2
1
o} <
hat
Fig. 4 Input output terminal Do ~ Dy
SYNC

Gonsrol sianal

O e Input

L,}" Output

Tri-gtate

27
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Flg. & Inputvoltage

Vob

3

IVSS

Fig. 7 Input voltage

v3s

Fig. 8 "L" fevel input currant

{7 VDD

L vag

Fig. & "H" lavol input ourvant

VDo

{
L.

Fia. 10 Input currant

l vas

Fig. 11 Output currant

I ®

L

S wss

Fig. 12 H-side CL ounput voltage

vou vix

VR%

R

AL

Fig. 13 L-side LC ouiput voliage

Voo

Fig. 14 Currem dtain

28
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44 TIMING CHARACTERISTICS
{a) Read operation
Symbol Item Condition MIN | TYP | MAX | Unit
TRC Read cycle time 1000 ns
tA1 | Access time 1 Vin=Von= Voo ~2.0V 800 [ ns
tao Read input — valid data output time ViL = VoL = Vss +0.8V 800 re
tRx Read input -+ data output time CL=100pF+1TTL 160 N3
101D | QOutput disable time 30 ns
toHA | Output hold time VEE = =BV £ 10% 20 ns
tas Address set pulse width Ta=-20 ~ +75'C 200 ns
tAH | Address hold time 100 ns
s Port setup time 200 ns

{h) Write operation

Symbol [tem Condition MIN [ TYP | MAX | Unit

we | Write recovery time 1000 ns
tw Write time 800 ne
tPs Port setup time 200 ns
tAw | Address setup time VIN=VOH=VDD -2 OV o] ns
tWR | Write recovery time ViL= VOL= V55 +0.8V 200 ns
tobw | Quiput disable time CL=100pF+1TTL 0 ns
oS Data setup time Vss=-5V = 10% 300 - s
toH Data hold time Ta=-20 ~ +75°C 100 ns
tas Address set pulse width 200 ns
tad | Addrese hoid time 100 ns

29
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{c} Truth table

. r--!!' o
— Din !
TS | AD |WR| Ao ~ A; A: ~ As Dout Mode j’
Do ~ Aa Da ~ D7 Do ~ Da Ds ~ D7
H - " - - - " ngh High
impedance | impedance Standby
LiLlH Stable Stabler | . 'igh _ High Data Data Aead
impadance | impedance output output* | gycle
L|H| L| Stable | Stable** | Stabls | Stable* High 1  High | Write
Impedance | impedance | cycle
*“H" or "L" “* High impedance in 4-bit mode
Read Oparation
= [T
®)
1BUS DATA X | ADDRESS VALID VALID
s tAH - A
wR —_\ LAH OTD
- tPg g
ey s *-1 o —— \_..____/_._—
E A
e | v
ADDRESS >
2 BUS —_ v
RD _q‘tﬁb'l
'.‘l‘ﬂ e F!DHA
Bour HHGH Z
--—mj —— v,
Write Operation @
cs \ /
1BUS DATAW ) ADDRESS DATAVAUD X X DATAVALID
— L tAH, | | tOH,
WR / /
|
AW tAQ w3 iw tro i
s
A\
e
ADDRESS X
e w WA
zes| W AW
- e e fo- o2 DH iy
DATAN X \._._).}
oW |
Faun
\ DATAoUT o HIGH Z




