SED1351

GRAPHICS LCD CONTROLLER

B DESCRIPTION
The SED1351F is a graphics LCD controller capable of controlling medium to large resolution displays. It
transfers data from MPU to external frame buffer RAM and converts this data to display signals for LCD
drivers. The SED1351F can display images with 4 gray shades and support display duty cycle as high as 1/
1024.
The SED1351F is designed to achieve high efficiency and data throughput to the LCD. it has a cycle steal
mode which allows MPU to access frame buffer RAM without interfering with the display operation. The
SED1351F can directly interface with up to eight 64K-bit SRAMs or two 256K-bit SRAMs.
The SED1351F can operate with either 5V or 3V power supply. The 5V version chipis the SED1351F0A and
the 3V version chip is the SED1351FLB.
R FEATURES
® Low-power CMOS technology ® Maximum number of rows
@ 8-bit or 16-bit MPU data interface Binary mode
® Directinterface with 80xx, Z80 and 68xxx MPU Gray mode ...
® 4- or 8-bit panel data bus for single panel and @ Maximum number of rows:
4-bit bus for dual panel Single panel ............ 1024
® Supportlogical OR of layers and panel division Dual panet ............... 2048
® Smooth vertical scrolling ® Maximumdisplaysizeswhen64K-byteSRAMs
® Virtual screen display up to 1024 are;sed: od 2048x 256/ 1024 x 512
. mode ............ X x
® Binary mode (on/off only) generates black & inary
white images . ?r:: mo:: | ........... 1024 x 256/ 512 x 512
® Gray mode (on/off and two gray steps) gener- Available models: .
ates images with 4 gray shades SED1351Foa ............ 5V, QFP5-100 pin
SED1351FiB eveveenen 3V,QFP15-100pin
B SYSTEM BLOCK DIAGRAM
CLOCK
Y
DATA
CONTROL
MPU > SED1351F »/{ MONO LCD
ADDRESS
80xx J
280 v
68xxx
SRAM
8 of BK xBor
20f32Kx 8
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SED1351

W INTERFACE WITH 8-BIT MPU (Z-80) AND 64K-BIT SRAM (8 of 8K x 8)
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Note: Example implementation, actual may vary.
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B INTERFACE WITH 16-BIT MPU (8086) AND 64K-BIT SRAM (8 of 8K x 8)

SED1351
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Note: Example implementation, actual may vary.
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SED1351

B INTERFACE WITH 16-BIT MPU (68000) AND 256K-BIT SRAM (2 of 32K x 8)

68000

DACK

FC0,1,2
A[16-23]

AS

g

A1-15)
(DS
DS

READY

10cs

MEMCS

MEMRD

IORD

MEMWR
1oWR

AB1-AB1S

AB0

BHE

VA1-VA15
VDO-VD? [
VCso

VD8-VD15
VvCst

UDO-UD3,LD0-L03 |

Yo »
LP » MONOLCD
XSCL .
FR -
AQ~-A14
» 101108
csi0y32Kx8
VWE - WE
»{A0-A1a
1/O1-1/08
CS(I)SZK x8
WE

Note:

Example implementation, actua!l may vary.
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SED1351
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B SUPPORTED RESOLUTIONS

Maximum Display Si
Display "2 'mum P 4yGr'ze — SRAM CcPU SRAM
RAM rome ayse Type Interface Interface
X Y X Y

8K 256 x 256 256 x 128 10f8Kx8 8 bit 8 bit

16K 512 x 256 256 x 256 20f8Kx 8 8 bit 8 bit
16 bit 16 bit

24K 512 x 384 384 x 256 30f8Kx8 8 bit 8 bit
32K 512 x 512 612 x 256 40f8BKx 8 8 bit 8 bit
16 bit 16 bit

10f32Kx 8 8 bit 8 bit

48K 768 x 512 512 x 384 60f8Kx 8 8 bit 8 bit
16 bit 16 bit

56K 896 x 512 512 x 448 70f8Kx8 8 bit 8 bit

64K 1024 x 512 512 x 5612 80of8Kx8 8 bit 8 bit
16 bit 16 bit

20f32Kx 8 8 bit 8 bit

16 bit 16 bit

B BLOCK DIAGRAM

RESET
READY MPUSEL, MPUCLK

I0OCS,LOWR,IORD ; Rito

[

ABO ~ AB1S J XSCL
g >——| Address Bufer } _fn_is}fynming Lp
Control YD
WF
y
DBO~DB15 Data Buiter | 16 Bits
i ]
Basic Training g ;‘gé;gss'; VRAM DisplayData uDo-uUD3
Generation Counter Control Control LDG~ LD3
A Y
I Oscillator | | MPX |<—— MPX
osct oscz VAD ~ VAIS VWE VDO- VD15
VCS0~ VCSa4

This Material Copyrighted By Its Respective Manufacturer - ? I:l 3 E l:l EI q D D D 3 3 7 3 D ].l T - B



SED1351

e

B ELECTRICAL CHARACTERISTICS

® SED1351F0A
® Absolute Maximum Ratings

{Vss =0V)
Parameter Symbol Ratings Unit
Supply voltage Voo Vss-0.310 7.0 v
Input voltage Vi Vs5-0.3 to Vbp+0.3 v
Output voltage Vo Vss—0.3 to Vbp+0.3 A
Output current/pin o +10 mA
Power dissipation Po 200 mwW
Supply current looflss +40 mA
Storage temperature Tstg —65 to 150 °C
Soldering temperature and time Tsol 260°C, 10s (at lead) —
® Recommended Operating Conditions
(Vss = 0V)
Parameter Symbol Condition Min | Typ | Max | Unit
Supply voltage VoD 4.5 5.0 5.5 V'
Input voltage Vi Vss _ Vob \
Operating temperature Topr ~20 —_ 75 °C
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o DC Characteristics (FOA)

SED1351

(Ta= -20 10 75°C)

Parameter Symbol Condition Min Typ | Max Unit
Static current loos Vin = Voo, Voo = Max,
°¢ Vss, lon=lot=0 - - 100 HA
Voo = 8.5V,
Input leakage current (Type 1) M Vi1 = Voo, -10 - 10 HA
ViL= Vss
High level input voltage 1 (OSC1) Vi Voo = 5.5V 3.5 —_ — \
Low level input voltage 1 (OSC1) Vi Voo = 4,5V — — 1.0 Vv
High level input voltage 2 (Type 2) Vinz Voo = 5.5V 2.0 —_ —_ \Y
Low level input voltage 2 (Type 2) Vi Voo = 4.5V — — 0.8 v
High level input voltage 3 (Type 3) V7, Voo = 5.5V 4.0 — v
Low level input voltage 3 (Type 3) Vr- Voo = 4.5V — — 0.8 \'4
Hysteresis voltage (Type 3) ' Voo = 5V 0.3 — — \4
High level output voltage 1 (Type 4) Vom Voo = 4.5V Voo -—_ —_— v
loH = ~2mA -04
Low level output voltage 1 (Type 4) Vou fo=6mA —_ —_ Vss v
+0.4
High level output voltage 2 (OSC2) Vorz Voo = 4.5V Voo — — v
low = —50pA -0.4
Low level output voltage 2 (0SC2) Vouz loL = S50pA — — | Vs v
+0.4

Note:

Type 1. MEMCS, MEMWR, MEMRD, IOCS, IOWR, IORD, MPUGLK, ABO ~ AB15, BHE, MPUSEL, RESET, OSC

Type 2. MEMCS, MEMWR, MEMRD, I0CS, IOWR, IORD, MPUCLK, ABO ~ AB15, BHE, DBO ~ DB15, VDO ~ VD15

Type3. MPUSEL, RESET

Type 4. DBO ~ DB15, READY, VAQ ~ VA15,VCS0 ~ VCS4, VDO ~ VD15, VWE, XSCL, LP, WF, YD, UDO ~ UD3, LDO ~ LD3,

LCDENB
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SED1351
D

® SED1351FLA
® Absolute Maximum Ratings

(Vss = 0V)
Parameter Symbol Ratings Unit
Supply voltage VoD Vs5-0.3107.0 \
Input voltage Vi Vss=0.3 to Voo+0.5 v
Output voitage Vo Vss-0.3 to Voo+0.5 v
QOutput current/pin lo 124 mA
Power dissipation Pp 200 mw
Supply current Ibp/lss +40 mA
Storage temperature Tstg —65 to 150 °C
® Recommended Operating Conditions
(Vss =0V)
Parameter Symbol Condition Min | Typ | Max | Unit
Supply voltage Voo 2.7 — 3.6 v
Input voltage Vi Vss —_ Vob \
Operating temperature Topr -20 — 75 °C
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o DC Characteristics (FLB) (Ta= —20 to 75°C)

Parameter Symbol Condition Min Typ | Max | Unit
Static current lbos Vin = Voo or Vss, —_ — 30 RA
Voo = MAX, lon=lo. = 0
Voo = MAX,
Input leakage current (Type 1) I Vin = Voo, -1 — 1 RA
ViL= Vss
High level input voltage 1 (OSC1) Vi Voo = MAX 0.7Voo | — — v
Low level input voltage 1 (OSC1) Vit Voo = MIN — — |02Vo| V
High level input voltage 2 (Type 2) Vinz Voo = MAX 0.7Voo | — - \
Low level input voltage 2 (Type 2) Vi Voo = MIN — — 0.2V \
High level input voltage 3 (Type 3) Vs Voo = MAX 0.8Vop| — —_ Vv
Low level input voltage 3 (Type 3) Vr- Voo = MIN — — 10.2Voo} V
Hysteresis voltage (Type 3) Vu Voo = TYP 0.3 — —_ Vv
High tevel output voltage 1 (Type 4) Vot Voo = MIN Voo —_ — v
lon = -1.5mA -0.3
Low level output voltage 1 (Type 4) Vot lou = 3mA — — | e v
+0.3
High level output voltage 2 (OSC2) Vorz Voo = MIN Voo — — v
lon = ~50pA -04
Low level output voltage 2 (OSC2) Vorz lou = 50uA — — Vss A
+0.4

Note:

Type 1. MEMCS, MEMWR, MEMRD, IOCS, TOWR, IORD, MPUCLK, ABO ~ AB15, BHE, MPUSEL, RESET, OSC
Type2. MEMCS, MEMWR, MEMRD, IOCS, IOWR, IORD, MPUCLK, ABO ~ AB15, BHE, DBO ~ DB15, VDO ~ VD15
Type 3. MPUSEL, RESET

Type 4. DBO~DB15, READY, VAO ~ VA15, VCS0 ~ VCS4, VDO ~ VD15, VWE, XSCL, LP, WF, YD, UDO ~ UD3, LDO ~ LD3,
LCDENB
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B PIN CONFIGURATION (F0A)

8

SR RRREREBEEIBRESR, | =V

78| pf——y vD10
77— VD8
76] ——— VD8
75| E=——— VD7
74— VD6
73— VD5
72| f/———o VD4
71| f———1vD3
70| ——— vD2
69— VDt
68| ——— vDo
67/ ———IVC5h
66| ——— VCS1
85] F——— V€52
64| F——— V53
63— VC54
62| ——— VA1S
61— VAl4
80— VAI3

SED1351Foa

59| ——— va12
68| ———= vAa11
§7| [ VA10
56| ———— VAS
55| f———1 VA8
S4| =" VA7
§3| ———3 VA6
52| ———vaAs
™

Vss ———]

B PIN CONFIGURATION (FLB)
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SED1351
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B PIN DESCRIPTION

1. System Connector Terminals (at MPU)

" FOA FLB .
Pin Name Type Pin No. Pin No. Drv Description
DBO to DB15 /0 30to45 | 281043 These pins are interfaced with the MPU data bus.
When using an 8-bit MPU, connect DBS8 to DB15 to
VDD.
ABO to AB15 | 141029 | 12t0 27 These pins are interfaced with the MPU address bus.

If multiplexed address signals are used, connectthem
via latch circuits. A control register is selected by ABO
to AB3. Correspondence of the MPU address bus to
the VRAM address bus is such that ABi = VAi (where
i is a pin number).

BHE | 13 " This signal is a bus high enable signal where a 16-bit
MPU is used. It goes “L” (low) when an odd address is
encountered. When using an 8-bit MPU configuration,
connect the BHE pin to VDD.

ioCs | 3 1 This pin selects a control register contained in the
SED1351. It is “L” active, and must be assigned to
MPU 1/O space.

IOWR | 4 2 This signal is used for writing data into a control
register contained in the SED1351. itis “L" active, and
must go “L” when it encounters an OUT instruction
from the MPU.

jORD ! 5 3 This signal is used for reading data from a control
register contained in the SED1351. Itis “L” active, and
must go “L” when it encounters an IN instruction from

the MPU.
MEMCS l 6 4 This signal is used for selecting VRAM. It is “L” active,
and must be assigned to MPU memory space.
MEMWR | 7 5 This signal is used forwriting datato the VRAM. ltis“L”

active, and must go “L” when it encounters a memory
write instruction from the MPU.

MEMRD ! 8 6 This signal is used for reading data from the VRAM. It
is “L” active, and must go “L” when it encounters a
memory read instruction from the MPU.

READY O ] 7 This signal requests the MPU to wait. It goes “L" by the
falling edge of IOCS or MEMCS. It goes “H” by the
rising edge of MPUCLK after completion of the
SED1351 intemal processing. Since READY is not a
tri-state pin, it needed not be pulled up and must be
connected directly to the READY (WAIT) terminal of

the MPU.

MPUCLK | 10 8 This pin accepts an MPU clock. The MPU wait state is
cleared by the rising edge of MPUCLK.

MPUSEL | 12 10 This signal is connected to either VDD or VSS for

selection of an MPU,
MPUSEL = Vss 8-bitMPU(e.g.,Z80, V20,i8088)
MPUSEL = Voo 16-bit MPU (e.g., V30, i8086)

RESET I 11 9 The MPU reset signal comes to this pin. Itis “H” active,
and initializes a control register.
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Combinations of Control Pins

10CS IOWR I0RD MEMCS MEMWR MEMRD Operation
1 * 1 " * Invalid
0 0 1 1 1 1 Write to control register
0 1 0 1 1 1 Read from control register
1 1 1 0 0 1 Write to VRAM
1 1 1 0 1 0 Read from VRAM
Note: Any combination other than those listed above will cause a system error.
1 = “H (high)
0 = “U(ow)
* = Don'tcare
2. VRAM Connector Terminals
" FOA FLB -
Pin Name Type Pin No. Pin No. Drv Description
VDO to VD15 /0O | 68t0o78, | 681083 These pins are interfaced with the VRAM data bus.
81t0 85 For a 16-bit MPU configuration, VDO to VD7 must be
connected to even addresses, and VD8 to VD15 to
odd addresses. For an 8-bit configuration, VD8 to
VD15 must be connected to VDD,
VAO to VA12 o] 471059 | 451049, These pins are interfaced with the VRAM address
52 to 59 bus and chip select pins.
VA13NCS7to| O 60to62 | 60to62 The SED1351 has chip select pins that can directly
VA15/VCS5 control eight 84K SRAMs (8K bytes each) or two
VCSOtoVCS4] O 671063 | 671063 256K SRAMs (32K bytes) in the 64K VRAM space.
See Technical Manual for details.
VWE o] 46 44 This signalis used for writing datatothe VRAM. itis “L”
active, and must be connected to the WE pin of the
VRAM.
3. Oscillator Terminals
. FOA FLB .
Pin Name Type Pin No. Pin No. Drv Description
0sC1 | 99 97 The OSC1 (input) and OSC2 (output) pins gener-
0sc2 [o) 100 08 ate clocks for internal operation. They allow crystal
oscillation and external clock input.
4. Power Terminals
" FOA FLB -
Pin Name Type Pin No. Pin No. Drv Description
Voo — 2,79 51, 100 The power supply pins include two Vops and two
Vss — 1, 80 50, 99 Vsss. Apply 48V or +3V to Voo and OV to Vss, A
capacitor (4.7 uF or more) must be connected near
each pair of Voo/Vss pins.
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SED1351
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5. LCD Connector Terminals

- FOA FLB -

Pin Name Type Pin No. Pin No. Drv Description
UDO to UD3 /O 911094 | 89to 92 LCD dispiay data. UDO to UD3 are the upper panel
LDO/UD4 to fo) 951098 | 931096 display data in the signal panel or double panel
LD3/UD7 drive panel mode. LDO/UD4 to LD3/UD?7 are the iower

panel display data in the double panel drive mode.
UDO0to UD3, and LDO/UD4 to L D3/UD7 are used for 8-
bit data transfer in the single panel drive mode.
XSCL (o) 87 85 This single is a shift clock for display data transfer.
Take the UDO to UD3, LD0/UD4 to LD3/UD?7 display
data into LCDs by the falling edge of XSCL.

LP (o] 88 86 This pin provides both a display data latch pulse and
a scan signal transfer clock. Upon completionof trans-
ferring the LCD data on one line, display data can be
latched or a scan signal transferred by the falling edge

of LP.

WF (o] 89 a7 This pin provides a frame signal used for LCD AC
driving.

YD (o] 90 88 This pin provides a scanning line start pulse. The

signal is “H” active. Allow the scanning line drive IC to
take in YD by the falling edge of LP.

The SED1351 has two lines of retracing; if two scan-
ning line drive ICs are cascade-connected for the
upper and lower panels in the double pane! drive
mode, two lines must be provided between the upper
and lower scanning line drive outputs.

LCDENB (0] 86 84 This pin provides the data which is set in bit 1 (D1) of
the mode register (R1). LCDENB goes “L” when the

system is reset; it can be effectively used for LCD
power control.
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lllustrated below are the display data which are output from the UDO to UD3, LDO/UD4 to LD3/UD7 and the
display on the panel:

UD3 | UD2 | UDY [ UDD .«

up3 [ woz Jupr Juoo [woa [ ee [ o1 oo [.

Dual Panel — Top

8-bit Single Panel
D3 | LD2 | LDV | LDO [e v

Dual Panel — Bottom

o3 [ uoz | uot Juoo [ upa [ uoz [ upt Juoe [. ..

4-bit Single Panel

B LCD PANEL PIXELS

- 640 DOTS >
1-1 | 1-2 1-639 ] 1-640
2-1 | 2-2 - 639 | 2-640
240 LINES UPPER LCD PANEL
l 240-1 [ 240-2 240- 839]240- 640
241-1 [ 241-2 241- 639[241- 640
(TOP VIEW)
240 LINES LOWER LCD PANEL
480-1 [ 480-2 480- 639]480- 640
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B MONOCHROME LCD PANEL INTERFACE

8-Bit Dual Monochrome Panel (i.e. 640 x 480)
L LP : 242 PULSES o
Yo W _ ™ —
v _J 0 I} .- n n__An N ! n__1 ! .
WF oo X
UD[3:0), LD[@:0] __\ (NE 1201 YomiE 22 YoME 3263 Yoneazes )X - - - Yooe mwaroY{one 2o Lwe o ime ne Y
S N —
WF X ool =
L XSCL: 160 CLOCKS .
= N i B O o T i I I T Y o R o I
uD3 ooos X X X------ i6er X
voe ——— K2 e O X K- - - -] X
wl —— oAt T X T X - - - - X
woo —— K X N----- X
LD3 ; L zaesX X N-----) X
Loz R €71 €11 I G CEPRE e X
LD IR €77) €70 S G CEEEEY Y S
Loo IR ) (71 G AR CEEEEE R G ¢
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B MONOCHROME LCD PANEL INTERFACE

4-Bit Single Monochrome Panel (i.e. 320 x 480)

- LP: 482 PULSES -

Yo L - |
(L i N1 f lon.n n fa._.#/ n n

WF o X

ubjzo] D fomei Yumez (oS YTmed X - - - Xone e e am) A )iz )
T N —
WF XZ oot
- XSCL: 80 CLOCKS -
xsob . Pl FLrLrL - i T T e e T O
ubs B a= ax G cum SR X
uoz =S o= can o SEEEEE X
vor =5 Sn G e S X
uDo B S5 S5 SHD G CEEE TS X
8-Bit Single Monochrome Panel (i.e. 640 x 480)
» LP : 482 PULSES -
D 1 . S|
v_fnn._n n non_..n-fa..n-n o a1
WF - — X
uolo) Lofo] N Aot Yoz Yumes omee ) - - -Yume e Xine ) fome Yivez XC
= (R~ N
we X B -
- XSCL: 80 CLOCKS -

XsoL e e e T i W I o W T e L o I
o3 RS-0 S5 GHN SR CERETE X
uo2 . 1RANOX A AT X
. e Y E - - - - ] X
o Y- - - - a3 W -
08— K - - - e X
o2 N = S=r e G SERRRE COC e X
o1 =2 =5 G SEEE X
o —— - — AR T K- - RN S {
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SED1351

B PACKAGE DIMENSIONS
® SED1351F0A

QFP5-100pin Unit: mm

]
@
[
4

0.154 008

Actual Size

® SED1351FLB

QFP15-100pin

Unit: mm
16.0 104

14.0 199

Actual Size
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SED1351Foans
Graphics LCD Controller (GLC)

Technical Manual

S-MOS Systems, Inc.
September, 1995
Version 0.2
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1.0 SED1351F Data Sheet

1.0

1.0

DATA SHEET

B DESCRIPTION

The SED1351F is a graphics LCD controller capable of controlling medium to large resolution displays. It
transfers data from MPU to external frame buffer RAM and converts this data to display signals for LCD drivers.
The SED1351F can display images with 4 gray shades and support display duty cycle as high as 1/1024.

The SED1351F is designed to achieve high efficiency and data throughput tothe LCD. Ithas a cycle stealmode
which allows MPU to access frame buffer RAM without interfering with the display operation. The SED1351F
can directly interface with up to eight 64K-bit SRAMs or two 256K-bit SRAMS.

The SED1351F can operate with either 5V or 3V power supply. The 5V version chip is the SED1351F0A and
the 3V version chip is the SED1351FLB.

B FEATURES

Low-power CMOS technology

Maximum number of rows

® 8-bit or 16-bit MPU data interface Binary mode.............. 2048
® Direct interface with 80xx, Z80 and 68xxx MPU Gray mode ............... 1024
@ 4- or 8-bit panel data bus for single panel and Maximum number of rows:
4-bit bus for dual panel Single panel ............. 1024
® Support logical OR of layers and panel division Dual panel................ 2048
® Smooth vertical scrolling Maximumdisplaysizeswhen 64K-byte SRAMs
® Virtual screen display up to 1024 areBt.Jsed: q 2048 x 256 / 1024 x 512
; inary mode ...... X x
¢ \?V'h"l‘t’;ym']':;:: (on/off only) generates black & Gray mode ......... 1024 x 256 / 512 x 512
® Gray mode (on/off and two gray steps) gener- Available models: .
ates images with 4 gray shades SED1351 FOA........... 5V, QFP5‘1 00 pln
SED1351FLB........... 3V,QFP15-100 pin
B SYSTEM BLOCK DIAGRAM
CLOCK
y
DATA
CONTROL
MPU —| SED1351F (——|| MONOLCD
ADDRESS
80xx A
280 A
68x
= SRAM
Bof 8BKx8or
20f32Kx 8
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1.0 1.0 SED1351F Data Sheet

M INTERFACE WITH 8-BIT MPU (Z-80) AND 64K-BIT SRAM (8 of 8K x 8)

Z80 N SED1351F UDO-UD3LD0-L0G.
AO~A15 ]/ AO~A15 YD -
__ LP »| MONOLCD
DECODER 10CS XSCL
A MPUSEL
MMU (I; FR
DECODER MEMCS VAD-VA12 AO-A12
VDO-VD7 | VOI-U08 g o
VCS0-VCS7 » CS(0)
MEMRQ VWE »| WE
10REQ =] AD~A12
»| 101108
» cs(t)
| WE
| AD~A12
» 101-108
»{ CS(2)
WE
v AD~-A12
l\ »| 101-108
D0-~D7 [ DB0-DB7 cs(®)
I/ WE
RD iORD
__ - AD-A12
101-v08
WR IOWR >l s
_ » WE
» MEMRD s
- »| vO1-v08
MEMWR »{ CS(5)
»| WE
»[A0-AIZ
— vO1~-108
WAIT [ READY Cs(6)
o WE
RESET {>0— » RESET L »lac-A12
»| 101108
CLK »{ MPULCK i

Note: Example implementation, actual may vary.
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1.0 SED1351F Data Sheet 1.0

B INTERFACE WITH 16-BIT MPU (8086) AND 64K-BIT SRAM (8 of 8K x 8)

8086
{Maximum Mode) 8288 SED1351
| MPUCLK | 400-UDJLDC-LD3 .
R T
cix L] Cix WRDC ERRD e  MoNOLCD
— _ —— — xscl,
2 2 o WEMWR FR
8264A _ - —_—
=TS i s_| fore ik
S0 50 Rowe ioWA
VAQ-VAI2 AO-A12
READY READY DEN “5?" V0O-VD7 VOI-08 g g
oTR MPUSEL VWWE %O)
ADY RESET e oe———
nE p—»] AG-A12
V01108
e vos2 52
RESET g282 Decoder MEMCS we |
P ¢—»] Ao-A1Z
— b{—w vO1-108
. ] MO — VCS CS(9)
BHE BHE BHE WE
Atle-Al t—nl A0-A12
9 T > A15-A19 - R Torae
ADO-AD1S " A0-A1S | ABO-AB1S vesa %ﬂ
!—— s™ A
l—» =3 m o ocs +—wl Ao-A12
VDe-VD1S vO1-108
VCS1 <8
wE
8286 y—f J0-A12
o VO1-108
s (=]
DO-015 —\{ bi-De1s W
__ T b 20-AT2
MINMAX —"1 & +—1—] ¥01-108
vess cSs)
WE
RESET L—sa0-A12
L vO1-108
READY ves? S
wE

Note: Example implementation, actual may vary.
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1.0

1.0 SED1351F Data Sheet

B INTERFACE WITH 16-BIT MPU (68000) AND 256K-BIT SRAM (2 of 32K x 8)

68000

DACK |

CK

FC0,1,2
Al16-23}

AS

A[1-15)
LDS
0Ds

Decoder

O

[

Y

READY

10CS

MEMCS

MEMRAD
IORD

MEMWR
IOWR

AB1-AB15
ABO
BHE

VA1-VA15
VDO-VD7
VCS0
VWE

VDB-VD15

VGS1

UDO-UD3,.LD0-LD3_,

YD

k4

LP

XSCL o

FR

MONO LCD

A0-A14
vO1-y08
cs()32K x8
WE

- 2

AD-~-A14

VO1-1/08
CS(1)32K *x8

WE

Note:

Example implementation, actual may vary.
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1.0 SED1351F Data Sheet 1.0

B SUPPORTED RESOLUTIONS

Maximum Display Size
Display Monochrome 4 Grayscale SRAM CPU SRAM
RAM X Y X Y Type Interface Interface

8K 256 x 256 256 x 128 10f8Kx8 8 bit 8 bit
16K 512 x 256 256 x 256 20f8Kx 8 8 bit 8 bit
16 bit 16 bit

24K 512 x 384 384 x 256 30f8BKx8 8 bit 8 bit
32K 512 x 512 512 x 256 40f BKx 8 8 bit 8 bit
16 bit 16 bit

10f32Kx 8 8 bit 8 bit

48K 768 x 512 512 x 384 60of 8K x 8 8 bit 8 bit
16 bit 16 bit

56K 896 x 512 512 x 448 7 of BK x 8 8 bit 8 bit
64K 1024 x 512 512 x 512 8of8Kx8 | 8 bit 8 bit
16 bit 16 bit

20f32Kx 8 8 bit 8 bit

16 bit 16 bit
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1.0 1.0 SED1351F Data Sheet

B BLOCK DIAGRAM

RESET
READY MPUSEL, MPUCLK
,T\ CT\
10CS,LOWR, IORD - N Rito
MEWCS, MEMWR, MEMRD || Y Control > Control Register Ris > LCDENB
A A
ABO -~ AB15 A XscL
BHE O—>»{  Address Buffer Display Timing 5 LP
Control YD
WF
Y
DBO ~ DB15 Ore—» Data Buffer 16 Bits ]
A
Basic Training - ;‘gggssg VRAM Display Data L uDo ~ uD3
Generation Counter Control Control LDO ~ LD3
f vy v 1
Oscillator MPX -t MPX
T NS NS P S
0SsC1 0sC2 VAQ ~VA15 VWE VDO ~ VD15
VCS0 ~ VLS4
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1.0 SED1351F Data Sheet

1.0
B ELECTRICAL CHARACTERISTICS
® SED1351F0A
© Absolute Maximum Ratings (FOA) (Vss = 0V)
Parameter Symbol Ratings Unit
Supply voltage Vbp Vss-0.3t07.0
Input voltage Vi Vss - 0.3 to Vop + 0.3 Vv
Output voltage Vo Vss - 0.3 to Vop + 0.3 \
Output current/pin lo +10 mA
Power dissipation Po 200 mw
Supply current lop/lss 140 mA
Storage temperature Tstg —-65 to 150 °C
Soldering temperature and time Tsol 260°C, 10s (at lead) —
® Recommended Operating Conditions (FOA) (Vss = OV)
Parameter Symbol Condition Min TYP Max Unit
Supply voltage Vop 45 5.0 55 \
Input voltage Vi Vss — Vb \)
Operating temperature Topr -20 — 75 °C

S-MOS Systems, Inc. » 2460 North First Street » San Jose, CA 95131 « Tel: (408) 922-0200  Fax: (408) 922-0238“
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1.0 1.0 SED1351F Data Sheet

o DC Characteristics (FOA) (Ta= —20 to 75°C)
a= —

Parameter Symbol Condition Min Typ Max | Unit

Static current Iobs V'szgﬁg;_{\_/__oﬁj L= lng’ _ —_ 100 | pA
Vop = 5.5V,

Input leakage current (Type 1) ] ViH = VDD, -10 — 10 A

ViL=Vss

High level input voltage 1 (OSC1) ViH1 Vop = 5.5V 3.5 — — Vv

Low level input voltage 1 (OSC1) Viu Vop = 4.5V — — 1.0 Vv

High level input voltage 2 (Type 2) ViH2 Vop = 5.5V 2.0 — — \

Low level input voitage 2 (Type 2) Viz VoD = 4.5V — — 0.8 \

High level input voltage 3 (Type 3) VT4 Voo = 5.5V 4.0 — — \

Low level input voltage 3 (Type 3) VT- VoD = 4.5V — — 0.8 Vv

Hysteresis voltage (Type 3) VH VoD = 5V 0.3 — — A

High level output voltage 1 (Type 4) |  Vors Vop = 4.5V —VODZ — — \Y
lor =-2mA :

Low level output voitage 1 (Type 4)| Vo1 lot = 6mA — —_ +VOSS4 \

High level output voltage 2 (OSC2) VoH2 VDD = 4.5V _ng —_ — Vv
loH = -50pA .

Low level output voltage 2 (OSC2) VoL2 loL = 50uA — —_ +Vgs4 \Y;

Note:

Type 1. MEMCS, MEMWR, MEMRD, I0CS, IOWR, IORD, MPUCLK, ABO ~ AB15, BHE, MPUSEL, RESET, OSC
Type 2. MEMCS, MEMWR, MEMRD, |0CS, IOWR, IORD, MPUCLK, ABO ~ AB15, BHE, DBO ~ DB15, VDO ~ VD15
Type 3. MPUSEL, RESET

Type 4. DBO ~ DB15, READY, VAQ ~ VA15, VCSO0 ~ VCS4, VDO ~ VD15, VWE, XSCL, LP, WF, YD, UDO ~ UD3, LDO ~ LD3,
LCDENB
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1.0 SED1351F Data Sheet 1.0
B ELECTRICAL CHARACTERISTICS
® SED1351FLB
© Absolute Maximum Ratings (FLB) (Vss = OV)
Parameter Symbol Ratings Unit
Supply voltage Vob Vss-0.3t07.0
Input voltage ViN Vss -~ 0.3to Voo + 0.5 Vv
Output voltage Vour Vss —- 0.3 to Vop + 0.5 \
Output current/pin lour +24 mA
Power dissipation Po 200 mwW
Supply current Ibp/lss +40 mA
Storage temperature Tstg -65 to 150 °C
® Recommended Operating Conditions (FLB) (Vss = OV)
Parameter Symbol Condition Min Typ Max Unit
Supply voltage Vob 2.7 — 3.6 \
Input voltage Vin Vss - Vbbb Vv
Operating temperature Topr -20 —_ 75 °C
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1.0 SED1351F Data Sheet

1.0

o DC Characteristics (FLB)

(Ta= =20 to 75°C)

Parameter Symbol Condition Min Typ Max | Unit
VIN = VDD or Vss
Static current iobs VoD = MAX — — 30 HA
loH=loL=0
Vbb = MAX
input leakage current (Type 1) I ViH = VDD -1 — 1 LA
ViL=Vss
“H” level input voltage (OSC1) | ViHi Vob = MAX 07Vop| — — Vv
“L” level input voltage (OSC1) ViL Vob = MIN — — |02Voo| V
“H” level input voltage (Type 2) ViHz VoD = MAX 07Vop| — —_ v
“L” level input voltage (Type 2) ViLz Voo = MIN — — 10.2vVoD \
“H” level input voltage (Type 3) VT+ Vob = MAX 08Vop| — — \
“L” level input voltage (Type 3) V- Voo = MIN — — 10.2Vop \
Hysteresis voltage (Type 3) VH Voo =TYP 0.3 —_ — \
“H” level output voltage (Type 4) VOH1 Vop = MIN Vop-03| — — \
loH =-1.5mA
“L” level output voltage (Type 4) VoL1 loL = 3mA — —  |Vss+03| V
“H” level output voltage (OSC2) VoH2 Vop = MIN Voo-04| — —_ A
loH = -50pA
“L” level output voltage (OSC2) VoLz loL = 50pA —_ — |Vss+04| V
Note:
Type 1. MEMCS, MEMWR, MEMRD, I0CS, IOWR, IORD, MPUCLK, ABO ~ AB15, BHE, MPUSEL, RESET, OSC
Type 2. MEMCS, MEMWR, MEMRD, 10CS, IOWR, IORD, MPUCLK, ABO ~ AB15, BHE, DBO ~ DB15, VDO ~ VD15
Type 3. MPUSEL, RESET
Type 4.

LCDENB

DBO ~ DB15, READY, VAO ~ VA15, VCSO0 ~ VCS4, VDO ~ VD15, VWE, XSCL, LP, WF, YD, UDO ~ UD3, LDO ~ LD3,
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1.0 SED1351F Data Sheet 1.0

M PIN CONFIGURATION (FOA)

o OVTON~O
-NoM w0 ON = QUNINBEIK) v= v— v = = (-3 ~ 0
2258858528050 BRBRLIcECaansns

o1t =" P RN PPYRNFREE53230NCE0R58830% | A
vD12 1 |82 49| VA2
VD13 ] |83 48| VAt
VD14 ] |84 47| EC—VAD
LCOENB C———— |88 45 —pB15
XSCL ———] |87 44— DB14
——— |88 43| —0DB13
WF C—] |89 s 16 42| E==pat2
YD —] (90 4| —— 1
ubDg . 91 ED135 OA 401 F——/—1DB10
uplt 3 (92 39| ——pB9
Ub2 ——— (g3 38| ——DB8
uUD3 ———j 194 37| =—™DB7
DO C————1 (95 36| —/—DBs
LDl c—— |98 35 ————DBs
D2 ——— 197 34| E———1DB4
c—— |98 33| f—DB3

0O8C1 1 199 2| ——n
:ﬁ Novworns S ENRIRRrRROCARINENES 3‘::031

1J“UUU“HHH“H”HHH“HHH““UHU“HH“U{w
33 rxpowes gEgzorann
>>EEEEEE§§§§E§<§§§§<§§ﬂgggggg§
= =

B PIN CONFIGURATION (FLB)

N P ] oipnze
588380aablRRL S e esrees
AAAIANAANAn0NANT.,
vD8 RRENCRBEL R8I TS E3GRB3ay Vss
vD9 7T VA4
VD10 78 VA3
vD11 79 VA2
VD12 80 VAt
vD13 a1 VAQ
VD14 82 VWE
VD15 83 DB15
LCDENB 84 DB14
XSCL 85 DB13
Vl\-l'; 86 DB12

ar
YD o SED1351FLB e
uoo 83 DB9
uD1 90 DB8
uD2 91 DB?
uD3 92 DB8
LDO 93 DBS
LDt 94 DB4
LD2 a5 DB3
LD3 96 DB2
8?%; 97 DB1
£ DBO
Vss O AB15
o uﬂﬂMHEBBBDEDDDEDDDDEDDEUU —
m droogo DOE ==
kk’E EaTiE RS e
2 oo
= =2
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1.0 1.0 SED1351F Data Sheet

H PIN DESCRIPTION
1. System Connector Terminals (at MPU)

Pin Name Type Pil:uotﬁo. PiflLl?o. Drv Description
DBO to DB15 I/O | 30to45 | 2810 43 These pins are interfaced with the MPU data bus.
When using an 8-bit MPU, connect DB8 to DB15
to VDD.
ABO to AB15 | 141029 | 121027 These pins are interfaced with the MPU address

bus. If multiplexed address signals are used, con-
nect them via latch circuits. A control register is
selected by ABO to AB3. Correspondence of the
MPU address bus to the VRAM address bus is
such that ABi = VAi (where i is a pin number).

BHE l 13 11 This signal is a bus high enable signal where a 16-
bit MPU is used. It goes “L” (low) when an odd
address is encountered. When using an 8-bit MPU
configuration, connect the BHE pin to VDD.

I0CS | 3 1 This pin selects a control register contained in the
SED1351. Itis “L” active, and must be assigned to
MPU /O space.

IOWR | 4 2 This signal is used for writing data into a control
register contained in the SED1351. Itis “L” active,

and must go “L” when it encounters an OUT
instruction from the MPU.

IORD | 5 3 This signal is used for reading data from a control
register contained in the SED1351. Itis “L” active,

and must go “L.” when it encounters an IN instruc-
tion from the MPU.

MEMCS 1 6 4 This signal is used for selecting VRAM. lt is “L”
active, and must be assigned to MPU memory
space.

MEMWR | 7 5 This signal is used for writing data to the VRAM. It

is “L” active, and must go “L” when it encounters a
memory write instruction from the MPU.

MEMRD I 8 6 This signal is used for reading data from the
VRAM. It is “L” active, and must go “L” when it

encounters a memory read instruction from the
MPU.

m-MOS Systems, Inc. « 2460 North First Street » San Jose, CA 95131 « Tel: (408) 922-0200 « Fax: (408) 922-0238

This Material Copyrighted By Its Respective Manufacturer I 7932909 0003405 UucT N



1.0 SED1351F Data Sheet

1.0

1. System Connector Terminals (at MPU) (continued)

Pin Name

Type

FOA
Pin No.

FLB
Pin No.

Drv

Description

READY

o)

9

7

This signal requests the MPU to wait. it goes “L” by

the falling edge of IOCS or MEMCS. It goes “H” by
the rising edge of MPUCLK after completion of the
SED1351 internal processing. Since READY is
not a tri-state pin, it needed not be pulled up and
must be connected directly to the READY (WAIT)
terminal of the MPU.

This pin accepts an MPU clock. The MPU wait
state is cleared by the rising edge of MPUCLK.

This signal is connected to either VDD or VSS for
selection of an MPU.
MPUSEL = VSS...... 8-bit MPU (e.g., Z80, V20, i8088)
MPUSEL = VDD ..... 16-bit MPU (e.g., V30, i8086)

The MPU reset signal comes to this pin. It is “H”
active, and initializes a control register.

MPUCLK | 10 8

MPUSEL | 12 10

RESET ! 11 9

Combinations of Control Pins

I0CS | IOWR | IORD MEMCS | MEMWR | MEMRD
1 * * 1 * L

Operation

Invalid

Write to control register

Read from control register
Write to VRAM
Read from VRAM

- - { OO
N N ]
- = O | =
Q| Q| = | =
- O = | =
O || = | =t

Note: Anycombination other than those listed above will
cause a system error.

1 “H” (high)
0 “L” (low)
* Don't care

S-MOS Systems, Inc. » 2460 North First Street » San Jose, CA 95131 « Tel: (408) 922-0200 » Fax: (408) 922-0238 |4
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1.0 1.0 SED1351F Data Sheet
2. VRAM Connector Terminals
. FOA FLB .
Pin Name Type Pin No. | Pin No. Drv Description
VDO to VD15 O |68to78, | 681083 These pins are interfaced with the VRAM data bus.
811085 For a 16-bit MPU configuration, VDO to VD7 must
be connected to even addresses, and VD8 to
VD15to0 odd addresses. For an 8-bit configuration,
VD8 to VD15 must be connected to VDD.
VAO to VA12 O | 47t059 | 45 to 49, These pins are interfaced with the VRAM address
52 to 59 bus and chip select pins.

VA13/VCS7to | O 60to 62 | 60to 62 The SED1351 has chip select pins that can directly

VA15/VCS5 control eight 64K SRAMs (8K bytes each) or two

VCSOtoVCS4| O |67t063 | 671063 256K SRAMSs (32K bytes) inthe 64K VRAM space.

: See Technical Manual for details.

VWE o) 46 44 This signal is used for writing data to the VRAM. It
is “L” active, and must be connected to the WE pin
of the VRAM.

3. Oscillator Terminals
. FOA FLB -
Pin Name Type Pin No. | Pin No. Drv Description

OSC1 | 99 97 The OSC1 (input) and OSC2 (output) pins gener-

0SC2 O 100 98 ate clocks forinternal operation. They allow crystal
oscillation and external clock input.

4. Power Terminals
. FOA FLB I
Pin Name Type Pin No. | Pin No. Drv Description

VoD — 2,79 51,100 The power supply pins include two Vbbps and two

Vss — 1, 80 50, 99 Vsss. Apply +5V or +3V to Vpp and OV to Vss. A
capacitor (4.7 uF or more) must be connected near
each pair of Vop/Vss pins.

BEY 5105 Systems, Inc. 2460 North Firt Street« San Jose, GA 95131 « Tel (408) 922.0200 - Fa (405) 922-0238 AR
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1.0 SED1351F Data Sheet 1.0
5. LCD Connector Terminals
. FOA FLB -
Pin Name Type Pin No. | Pin No. Drv Description
UDO to UD3 /O | 91t094 | 8910 92 LCD display data. UDO to UD3 are the upper panel
LDO/UD4 to O |95t098 | 9310 96 display data in the signal panel or double panel
LD3/UD7 drive panel mode. LD0O/UD4 to LD3/UD7 are the
lower panel display data in the double panel drive
mode. UDO to UD3, and LD0/UD4 to LD3/UD7 are
used for 8-bit data transfer in the single panel drive
mode.
XSCL 0] 87 85 This single is a shift clock for display data transfer.

Take the UDO to UD3, LDO/UD4 to LD3/UD7
display datainto LCDs by the falling edge of XSCL.

LP 0] 88 86 This pin provides both a display data latch pulse
and a scan signal transfer clock. Upon completion
of transferring the LCD data on one line, display
data can be latched or a scan signal transferred by
the falling edge of LP.

WF 0] 89 87 This pin provides a frame signal used for LCD AC
driving.
YD 0 90 88 This pin provides a scanning line start pulse. The

signalis “H” active. Allow the scanning line drive IC
to take in YD by the falling edge of LP.

The SED1351 has two lines of retracing; if two
scanning line drive ICs are cascade-connected for
the upper and lower panels in the double panel
drive mode, two lines must be provided between
the upper and lower scanning line drive outputs.
LCDENB (0] 86 84 This pin provides the data which is setin bit 1 (D1)
of the mode register (R1). LCDENB goes “L” when
the system is reset; it can be effectively used for
LCD power control.

WS—MOS Systems, Inc. 2460 North First Street » San Jose, CA 95131 » Tel: (408) 922-0200 « Fax: (408) 922-0238 [
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1.0 1.0 SED1351F Data Sheet

lllustrated below are the display data which are output from the UDO to UD3, LD0/UD4 to LD3/UD7
and the display on the panel:

up3 | upz | ubt Jubo [. .. uoa[uoz|u01!um|w3[LDZ[Lm]LDo]...

Dual Panel — Top
8-bit Single Panel

ws | 2 | b1 [wo |. ..

Dual Panel — Bottom

U3 | upz | ub1 | uno [ upa [ ub2 [ uo [ubo ...

4-bit Single Panel

B LCD PANEL PIXELS

- 640 DOTS >
11 ] 1-2 1-639] 1-640
21 | 2-2 2-639 | 2-640
240 LINES UPPER LCD PANEL
l 240-1 | 240-2 240- 639240- 640
241-1 | 241-2 241- 639 241- 640
(TOP VIEW)
240LINES LOWER LCD PANEL
480-1 [ 480-2 480- 639]480- 640

m S-MOS Systems, Inc. 2460 North First Street » San Jose, CA 95131 ¢ Tel: (408) 922-0200 « Fax: (408) 922-0238m
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1.0 SED1351F Data Sheet 1.0

B MONOCHROME LCD PANEL INTERFACE

8-Bit Dual Monochrome Panel (i.e. 640 x 480)
- LP : 242 PULSES .
YD l‘r_[ o | 1
e _1l |t ] M 1 n__T1 | It N | I —
WF o X
UD[3:0], LD{3:0] __\ INE 17241 JUNE 2242 YUNE 263 YUNE aaa {_ — — - YUNE zasaro {Cne 2ioead), J R O
S
LP r... . _
wr X T -
' XSCL: 160 CLOCKS N
o B I o T e B W I e T o M S o
uD3 - A s X X X-----+ D G D D €7 W X
upz S 63 G G SN CEELEE e e ) W -
. BV G=D G2 D G SERREE S e e W S
Ubo =5 G G G S XXX X
oo L EEER - - XX e, X
LD2 . K2a1-2 2416 X X X------ X X X ) G ) X
LD1 .-  E5ED ETED 4 X X------ X OCX ) ) N £ X
LDO .. fear-s X 241-8( X X------ X X X X_—qu-&o)\_" m

S-MOS Systems, Inc. »2460 North First Street » San Jose, CA 95131 « Tel: (408) 922-0200 » Fax: (408) 922-0238 |
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1.0 1.0 SED1351F Data Sheet

R MONOCHROME LCD PANEL INTERFACE

4-Bit Single Monochrome Panel (i.e. 320 x 480)

LP: 482 PULSES

o T - il
] j Il | 1 N L__1 Nl Il I n_.n_n
WF - ) &
uD[E3:0] __)\ UNET Y une2 Y unEs Y uned X - - - YuNEars {UNE280), foner vz YU
WF X oottt =
- XSOL: 80 CLOCKS .

XSGL o W T T e I I e T o o B
uD3 o os X X X-----1 L D S S 12 W X
uD2 (2 X e X X X------ G D SN D €= W X
D1 5D G50 G G SR - e e 1 U S (
oo ——— K X XX Y- S G SN G C-) W X

8-Bit Single Monochrome Panel (i.e. 640 x 480)

LP : 482 PULSES

!

[
il

YD | _ - [
w1 Il [l N n Mn__d N N fl N 0l I
WF _l X
UD(3:0], LD[3:0] __\ UNET N LINE2 ) UNE3 X UNEs X~ — ~ XUNE 479 UNE 480\ A UNET Y unez
S S —
wr X Tt '
o XSCL: 80 CLOCKS =
xse. ____ il i i W W M o I
PO === = ' e SOR o o e == W
uD2 . [ EETD (D G CEE R D G D G =) W LX
uD1 .. (s Yoau X X X------ XXX Xsesy X
uDo = X ) X X-----1 C O X X ey X
e - - - - O e X
o =S € e S G - - - > U -
9 D G0 i s R e s e =5 W e
0o e Yome U T X-----1 D SR SR G €7 W X
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1.0 SED1351F Data Sheet 1.0

B PACKAGE DIMENSIONS
® SED1351F0A

QFP5-100pin Unit: mm
25.6 104

20%04

Actual Size

® SED1351FLB

QFP15-100pin 16,0404 Unit: mm
~ 14.0 20 l

14.0to01
16.0 104

0.125 005

Actual Size

S-MOS Systems, Inc. #2460 North First Street » San Jose, CA 95131 » Tel: (408) 922-0200 « Fax: (408) 922-023m
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1.0 1.0 SED1351F Data Sheet
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2.0

Pin Description
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2.0 Pin Description 20-21.1

2.0 PIN DESCRIPTION

21 SED1351Foa
2.1.1 Pinout Diagram

w=§88s8358358@@%@@3233222”“223
§§>>>>>>>>>>> > (> >>>>>>>§§>>>
81
vD11 C——— F——1VA3
VD12 .—C———— VA2
VD13 —— VA1
VD14 ————] ———1VAD
VD15 C——————] I VWE
LCDENB —— ———1DB15
XSCL ————— ——J1DB14
P ——— ————1D8B13
Vva —— ————DB12
D /] ————1DB11
upo —— SED1351Fa ——bB10
U1 ——— [————DB9
Ub2 c———— ————pB8
Uops — o— a2y 4
Lbo ———— ———DB6
LDl —— ———JDB5S
b2 ————I ————_—10B4
Lb3 —— ———DB3
osc1i ——| © ——— bB2
QOSC2 T—T—— —DB1
100 31
1JHHHHHHHHH““”H“HHHH“H““““HHHHtW
2 3mc 0> SoARL DO ORO AT NG
AR AR B R
© & EEEE < < < <{ <( <
= = =
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2.1.2 2.0 Pin Description
2.1.2 SED1351Fa Pin Description Table
Pin Pin Name /0 Pin Pin Name /0 Pin Pin Name I/0
1 | Vss(GND) — 35 | DB5 110 69 | VD1 o)
2 | Vo — 36 | DB6 /O 70 | VD2 1/0
3 |IOCS I 37 | DB7 110 71 | vD3 I/0
4 | [OWR | 38 | DB8 110 72 | VD4 110
5 |IiORD | 39 | DB9 110 73 | VD5 1/O
6 | MEMCS | 40 | DB10 1/0 74 | VD6 I/0
7 | MEMWR I 41 | DB11 I/0 75 | VD7 110
8 | MEMRD | 42 | DB12 IO 76 | VD8 I/0
9 | READY o 43 | DB13 I/O 77 | vD9 110
10 | MPUCLK I 44 | DB14 /O 78 | VD10 1/O
11 | RESET | 45 | DB15 /0 79 | Voo —
12 | MPUSEL I 46 | VWE o] 80 | Vss(GND) —
13 | BHE I 47 | VAO 0 81 | vD11 IO
14 | ABO ! 48 | VA1 o) 82 | VD12 11O
15 | AB1 | 49 | VA2 0 83 | VD13 I/0
16 | AB2 [ 50 | VA3 o} 84 | VD14 I/
17 | AB3 | 51 | VA4 o} 85 | VD15 11O
18 | AB4 | 52 | VA5 o} 86 | LCDENB o}
19 | AB5 | 53 | VA6 o} 87 | XSCL o}
20 | AB6 | 54 | VA7 o} 88 |LP o
21 | AB7 | 55 | VA8 0 89 | WF 0
22 | AB8 I 56 | VA9 o} 90 |YD o]
23 | AB9 | 57 | VA10 o} 91 | UDO 0
24 | AB10 | 58 | VA11 0 92 | UD1 o)
25 | AB11 | 59 | VA12 o} 93 |UD2 o]
26 | AB12 I 60 | VA13 o 94 | UD3 o
27 | AB13 | 61 | VA14 0 95 | LDO 0
28 | AB14 | 62 | VA15 o} 96 | LD1 0
29 | AB15 | 63 | VCS4 o] 97 |LD2 0
30 | DBO 110 64 | VCS3 o} 98 |LD3 0
31 | DB1 o] 65 | VCS2 o) 99 | OSC1 I
32 | DB2 110 66 | VCS1 o} 100 | OSC2 o
33 | DB3 I/0 67 | VCSO o)
34 | DB4 110 68 | VDO 110

MMOS Systems, Inc. ¢ 2460 North First Street « San Jose, CA 95131 » Tel: (408) 922-0200  Fax: (408) 922-0238
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2.0 Pin Description

22-221

22 SED1351Fws
2.2.1 Package Layout

5882585
I

WLTON~O

sPBABsEssE2es

>555>53>5>>

AT,

A7

(-3
ss

SED1351FLB

50
—vss
I va4
VA3
F—— VA2
VAl
—VAO
I VWE
— DB15
——DB14
F—DB13
—1DB12
— DB11
—1DB10
F—1pB9
——1DB8
1 DB7
—1DBs&
[—DB5
—DB4
—— DBR3
1 DB2
1 DB
1 DBO
™ AB15
"“T..—l AB14
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22.2 2.0 Pin Description
2.2.2 SED1351F.s Pin Description Table
Pin Pin Name /O Pin Pin Name /0 Pin Pin Name 11O
1 | 1OCS I 35 | DB7 110 69 | VD1 1/0
2 | IOWR | 36 | DB8 110 70 |vD2 110
3 | IORD I 37 | DB9 I/0 71 | vD3 I/0
4 | MEMCS I 38 | DB10 110 72 | VD4 110
5 | MEMWR ! 39 | DB11 IO 73 | VD5 110
6 | MEMRD I 40 | DB12 110 74 | VD6 o]
7 | READY 0 41 | DB13 110 75 | VD7 110
8 | MPUCLK | 42 | DB14 110 76 | vDs8 I/0
9 | RESET | 43 | DB15 110 77 | VD9 I/O
10 | MPUSEL I 44 | VWE o] 78 | vD10 110
11 | BHE I 45 | VAO ) 79 | VD11 I/0
12 | ABO I 46 | VA1 o 80 | VD12 110
13 | AB1 I 47 | VA2 o} 81 | vD13 IO
14 | AB2 I 48 | VA3 o) 82 | VD14 110
15 | AB3 I 49 | VA4 o) 83 | VD15 I10
16 | AB4 | 50 | Vss(GND) —_ 84 | LCDENB o}
17 | AB5 | 51 | Voo — 85 | XSCL 0
18 | AB6 ! 52 | VA5 o} 86 |{LP o)
19 | AB7 I 53 | VA6 o) 87 | WF o}
20 | AB8 I 54 | VA7 o) 88 |YD 0
21 | AB9 | 55 | VA8 0 89 | UDO o
22 | AB10 | 56 | VA9 o} 90 | UD1 o}
23 | AB11 I 57 | VA10 o) 91 |UD2 0
24 | AB12 | 58 | VA11 o) 92 |UD3 0
25 | AB13 I 59 | VA12 o) 93 | LDO o}
26 | AB14 ! 60 | VA13 0 94 | LD1 o}
27 | AB15 I 61 | VA14 0 95 |LD2 o
28 | DBO 170 62 | VA15 0 96 |LD3 o}
29 | DB1 110 63 | VCS4 o] 97 | OSC1 |
30 |DB2 110 64 | VCS3 0 98 | 0SC2 o)
31 | DB3 110 65 | VCS2 o] 99 | Vss (GND) —
32 |DB4 110 66 | VCSI o] 100 | Voo —
33 | DB5 I/O 67 | VCSO o
34 |DB6 IO 68 | VDO I/0

ES-MOS Systems, Inc. + 2460 North First Street » San Jose, CA 95131 » Tel: (408) 922-0200 » Fax: (408) 922-0238
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2.0 Pin Description 23-24
23 SYSTEM INTERFACE
Table 1. MPU Interface Control Signal Functions
IOCS | IOWR | IORD MEMCS MEMWR MEMRD Operation
1 * * 1 * * Invalid
0 0 1 1 1 1 Write to control register
0 1 0 1 1 1 Read from control register
1 1 1 0 0 1 Write to VRAM
1 1 1 0 1 0 Read from VRAM
* READY

2.4

S-MOS Systems, Inc. » 2460 North First Street » San Jose, CA 95131  Tel: (408) 922-0200  Fax: (408) 922-0238 [

MPU “wait” request output. It goes “L” on the falling edge of IOCS or MEMCS. It goes “H” the on
the rising edge of the first MPUCLK after completion of SED1351F internal processing. READY
is connected directly to the READY (or WAIT) terminal of the MPU.

MPUCLK
MPU clock input

MPUSEL
This input selects an 8- or 16-bit MPU interface.
* MPUSEL=0: 8-bit MPU interface (Z80, V20,i8088)
¢ MPUSEL=1: 16-bit MPU interface (V30,i8086)
RESET
MPU reset imput. This active high signal initializes R1, the system Mode Register.

VRAM INTERFACE
VD0-VD15

These pins are connected to the VRAM data bus. For 16-bit MPUs VD0-VD7 are connected to
the data bus of even byte addresses and VD8-VD15 to the data bus of odd byte addresses. For
8-bit MPUs, VD8-VD15 must be tied to VDD.
VAO0-VA12,VA13/VCS7-VA15/VCS5,VCS0-VCS4

These pins are connected to the VRAM address bus and chip select lines.

The SED1351F provides select signals that can directly control eight 64 Kbit SRAMs (8 Kbytes
each) or two 256 Kbit SRAMs (32 Kbytes) in the 64 Kbytes VRAM space.

VWE

This outputis used for writing data to the VRAM. It is active low and is connected to the WE input
of the SRAMS.

I 7932909 0003420 7?bhL WH
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25-26 2.0 Pin Description

2.5 LCDINTERFACE
* UDO0-UD3,LD0/UD4-LD3/UD7

LCD display data output lines. UD0-UD3 provide the upper panel display data in single- or dual-
panel LCD modes. LDO/UD4-LD3/UD7 provide the lower panel display data in dual-panel, dual-
drive LCD mode. UD0-UD3, LD0/UDA4-LD3/UD?7 are used for 8-bit data transfer in single-panel,
single-drive LCD mode.

* XSCL

Display data shift clock output. Data is shifted into the LCD X-drivers on the falling edge of this
signal.

. LP

Display data latch clock output. One line of data is latched into the LCD X-drivers on the falling
edge of this signal. LP can also be used to shift the Y-drive active line down by one.

* WF
LCD AC-drive signal output.
* YD

Active high start-of-frame pulse output. If this signal is shifted through the Y-drivers by LP, it
provides the Y-drive active line signal.

« LCDENB
LCD enable signal output controlled by R1:D1.

26 OSCILLATOR
e 0OSCt
External clock input or internal oscillator external feed back resistor (Rf) connection.
e 0OSC2

Ifthe internal oscillator is used, connect the external feed back resistor, Rf, to this pin. If an external
clock is used, leave open.

S-MOS Systems, Inc. » 2460 North First Street » San Jose, CA 85131 « Tel: (408) 922-0200 « Fax: (408) 922-0238
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2.0 Pin Description 2.6

(a) Crystal Oscillator

o—} g » 0SC1
c |
= xtal R SED1351F
C
— |- * . 0SsCc2
C = 30pF Rf = 1IMQ

Note: Connect C, Rf and X'tal near pins.

(b) External Clock Input

Clock
Generator

» OSCH

Open +— 0OSC2

Figure 2. External and Internal Oscillators.
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3.0

Electrical Characteristics

S-MOS Systems, Inc. »2460 North First Street » San Jose, CA 95131 « Tel: (408) 922-0200  Fax: (408) 922-0238

B 7932909 0003424 301 WN

This Material Copyrighted By Its Respective Manufacturer



THIS PAGE INTENTIONALLY BLANK

sl S-MOS Systems, Inc. »2460 North First Street » San Jose, CA 95131 s Tel: (408) 922-0200 » Fax: (408) 922-0238m

B 7932909 0003425 24s mE

This Material Copyrighted By Its Respective Manufacturer



“

3.0 Electrical Characteristics

3.0-3.1.2
3.0 ELECTRICAL CHARACTERISTICS
3.1 SED1351Foa
3.1.1 SED1351Foa Absolute Maximum Ratings
Vss = 0V
Parameter Symbol Rating Unit
Supply voltage Voo Vss=0.3107.0
Input voltage ViN Vss — 0.3 to Voo + 0.3 \'
Output voltage Vour Vss — 0.3 to Voo + 0.3 \
Output current/pin lout +10 mA
Power dissipation PD 200 mwW
Supply current Ioo/lss +40 mA
Storage temperature Taig -65to 150 °C
Note: Supply current is equivalent to maximum current into or out of a particular power pin.
3.1.2 Recommended Operating Conditions Ves = OV
Parameter Symbol Min Typ Max Unit
Supply voltage Voo 45 5.0 5.5 \
input voltage ViN Vss — Voo Vv
Operating temperature Topr —20 — 75 °C
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3.1.3 3.0 Electrical Characteristics

3.1.3 SED1351Foa DC Characteristics (Ta =20 to 75°C)

Parameter Symbol Condition Min Typ Max Unit Pin
Static current loos Vin = Voo, Vss —_ —_ 100 HA
Voo = MAX
fon=lo.=0
Input leakage current W Voo = MAX =10 —_ 10 MA Note 1
Vin = Voo
Vi = Vss
“H” level input voltage (1) Vin Voo = MAX 3.5 — — Vv OSC1
“L” level input voltage (1) Vi Voo = MIN — o 1.0 \'2
“H” level input voltage (2) Ving Voo = MAX 2.0 — — \'/
“L” level input voltage (2) Vie Voo = MIN —_ — 0.8 Vv Note 2
“H” level input voltage (3) Vr. Voo = MAX 4.0 — — \
“L” level input voltage (3) Vr- Voo = MIN — — 0.8 \' Note 3
Hysteresis voltage VH Voo = TYP 0.3 — —_ \2
“H" level output voltage (1) Vort Voo = MIN Voo —- 0.4 — — \ Note 4
“” level output voltage (1) Vour | lon=15mA _ — Vss + 0.4 Y
loL = 3mA
“H" level output voltage (2) Vorz Voo = MIN Voo —-0.4 — — \ 0sc2
“L” level output voltage (2) | Vo= | lon=-50uA — — | Vss+0.4 v
loL = 50pA

Notes:

1. MEMCS, MEMWR, MEMRD, I0CS, iOWR, IORD, MPUCLK, ABO-AB15, BHE, MPUSEL, RESET, OSC1
2. MEMCS, MEMWR, MEMRD, 10CS, IOWR, IORD, MPUCLK, ABO-AB15, mE, DBO-DB15, VD0O-VD15

3. MPUSEL, RESET
4

. DBO-DB15, READY, VA0-VA15, VCSO0, VCS4, VD0-VD15, VWE, XSCL, LP, WF, YD, UD0-UD3, LD0-LD3, LCDENB
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3.0 Electrical Characteristics 3.1.4-3.1.4.1

3.1.4 SED1351F. AC Characteristics
3.1.41 IOWR Timing (MPU Write Data to Control Register)

MPUCLK
tcrM
tolk

_ 1
locs N o
[e—ticw r————— tRic
iOWR ) f
ticRL
q —— taiw

< t
READY WA g

\T"—

tROIW

+——— two —}
DB0O~DB15 e Valid P

ABO~AB15 Y taw ‘_‘“‘k
_ Valid
BHE =

(Ta=-2010 75°C)

Parameter Symbol Min Typ Max Unit

MPUCLK toix 80 — 1000 n

MPUCLK “H” pulse width tHoLk 20 1/2 x tewk — ns
MPUCLK “L” pulse width troik 20 1/2 x tak — ns
IOCS address setup time tac 0 — — ns
IOWR address setup time taw 0 — — ns
IOCS! — IOWRI tiow 0 — — ns
IOWRJ — data valid two — — 1.5 X tosc ns
IOCS! — READY! ticre — —_ 30 ns
IOWR! — READYT tiwnL 2 X tosc — 4 x tosc ns

+ touk

MPUCLKT — READYT terH — — 20 ns
READYT — IOCST hold time tric 0 — — ns
READYT — IOWRT hold time trw 0 _ — ns
Write data hold time trow 0 — — ns
Address hold time tra 0 — — ns
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3.1.4.2

3.0 Electrical Characteristics

3.1.4.2 IORD Timing (MPU Read Data from Control Register)
tHewk
MPUCLK
fox tcrH
m \7: tew y /
tciR —» e tac ———»
m ticRL N :
RIR »
READY Yy
le—— tirDA <+— {pRIA —— iy
DB0~DB15 o —% Valid %—
ABO-~AB15 il E— '“‘“"k
ﬁ Valid
(Ta=-20 to 75°C)
Parameter Symbol Min Typ Max Unit
MPUCLK tork 80 — 1000 ns
MPUCLK “H” pulse width tHoLk 20 1/2 X towk — ns
MPUCLK “L” pulse width tiok 20 1/2 x tax — ns
IOCS address setup time tac 0 — — ns
IORD address setup time tair 0 — — ns
lIOCS! - IORD{ ticm 0 —_— — ns
IOCS| — READY{ ticRL — — 30 ns
IORD{ — READY?T tirRL 2 X tosc — 4 x tosc ns
+ toik
MPUCLK! — READYT terH — — 20 ns
IORD{ — data valid tiroa 2 X tosc — 4 % tosc ns
data valid > READYT toRIR 0 — - ns
Read data hold time tiroH 0 —_ — ns
READYT — IOCST hold time trc 0 — — ns
READYT — IORDT hold time trr 0 — — ns
Address hold time tra 0 — — ns
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3.0 Electrical Characteristics 3.1.4.3
3.1.43 MEMWR Timing (MPU Write Data to Video Memory)
tHeLk
MPUCLK
tcRH
_ fcik tou /
MEMCS N /
—tmemw re——— {RMC ————]
MEMWR ) /
tMCAL DE—
READY {i v ¢
e two tRoMw
DB0~DB15 o :k Valid 4:/L
(input Data) T s
ABO~AB15 | : k
ﬁ X Valid
(Ta=-20 to 75°C)
Parameter Symbol Min Typ Max Unit
MPUCLK ok 80 — 1000 n
MPUCLK “H” pulse width tHow 20 1/2 x tok — ns
MPUCLK “L” pulse width ok 20 1/2 % tewx — ns
MEMCS address setup time tamc 0 — — ns
MEMWR address setup time tamw 0 — — ns
MEMCS! - MEMWR. tmemw 0 — —_ ns
MEMWRJ — data valid tvwo —_ — 1.5 x tosc ns
IOCS! — READY! tmeAL — — 30 ns
MEMWRT — READYT tmwaL 2 x tosc — 4 x tosc + ns
tok
MPUCLKT — READYT tcrH — — 20 ns
READYT — MEMCST hold time trme 0 — — ns
READYT — MEMWRT hold time tAmw 0 — — ns
Write data hold time twrmw 0 — — ns
Address hold time tra 0 — — ns
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3.1.4.4

3.0 Electrical Characteristics

3.1.44 MEMRD Timing (MPU Read Data from Video Memory)

tHetk
MPUCLK
tox tcAH
MEMCS o v
TLWCMR [ tAamg ——>
MEMRD ) 4
tMCRL PEEr—
READY ) e W
r—— tMRDA <+—tpAMR — by
DB0O~DB15 T Valid
(Output data) — o
ABO-AB15 p _ &
ﬁ y Valid
(Ta=-20t0 75°C)
Parameter Symbol Min Typ Max Unit
MPUCLK towx 80 — 1000 ns
MPUCLK “H” pulse width tHoLk 20 1/2 % towx — ns
MPUCLK “L” pulse width tieix 20 1/2 x tewk — ns
MEMCS address setup time tamc 0 — — ns
MEMRD address setup time tamn 0 — — ns
MEMCS! —» MEMRD! tmomR 0 — — ns
MEMCS! — READY. tmeRL —_ — 30 ns
MEMRD! — READYT tmrRL 2 x tosc — 4 x tosc ns
+ ok

MPUCLKT — READYT teRH — — 20 ns
MEMCS. — data valid tmRDA 2 x tosc — 4 x tosc ns
Data valid - READYT tormR 0 — — ns
Read data hold time tMROH 0 — — ns
READYT — MEMCST hold time trmc 0 — — ns
READYT — MEMRDT hold time tavr 0 — —_ ns
Address hold time tan 0 —_ — ns
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3.0 Electrical Characteristics

3.1.45-3.1.4.5.2

3.1.45 VRAM Interface Timing

3.1.4.5.1 Write Data to VRAM

0SC1

VAO~VA15
VCS0~VCS4

VWE

VDO-~VD15

tosc

Input >—

3.1.4.5.2 Read Data From VRAM

0OSsCt

VAQ~VA15
VCS0~VCS4

VDO~VD15

X_
Input >_
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3.0 Electrical Characteristics

3.1.4.5.3

3.1.4.5.3 Timing

(Ta=-20to 75°C)

Parameter Symbol Min Typ Max Unit
0SCA1 tosc 80 — 500 ns
OSC1 “H” pulse width tHosc — 1/2 x tosc —_ ns
OSC1 “L” pulse width tLosc — 1/2 x tosc —_ ns
VWE address setup time tvavw 1/2 x tosc | 1/2 X tosc — ns

-20
VWE address setup time tvwva 0 — —_ ns
VWE “L” pulse width tvwe 1/2 x tosc | 1/2 X tosc — ns
-10
VWE data setup time tvows 1/2 x tosc | 1/2 x tosc —_ ns
~25
VWE data hold time tvwoH 0 —_ 20 ns
VRAM address cycle time tva tosc — —_ ns
VRAM address access time tacc — — tosc — 20 ns
VRAM read data hold time tvap 0 — — ns

S-MOS Systems, Inc. »2460 North First Street » San Jose, CA 95131 » Tel: (408) 922-0200 « Fax: (408) 922-0238

This Material Copyrighted By Its Respective Manufacturer

BN 7932909 0003433 314y WA



—

3.0 Electrical Characteristics 3.1.4.6 -3.1.4.6.1
3.1.4.6 LCD Interface Timing
3.1.4.6.1 Mode 1 (4-Bit transfer)
tosc
tHosc
0SC1
xout ttosc
XSCL M NN

LP

txsLP1 —>I "* tepxst
tHLPt

toxsi
txsp1 Invalid
UDO~-UD3 D:)C:XDQ%CX:X X XXX XX XXX

(Ta =-20to 75°C)

Parameter Symbol Min Typ Max Unit
OSCi1 tosc 80 — 500 ns
OSC1 “H” pulse width thosc 1/2 x tosc — — ns
-10
OSC1 “L” pulse width tosc 1/2 X tosc —_ — ns
-10
XSCL txscL1 —_ — — ns
XSCL “H” pulse width tHxs 1/2 x tosc - —_ ns
-10
XSCL “L” pulse width txs 1/2 % tosc — — ns
-10
XScL! - LPT txsLp1 -10
LPL - XsSCLT tiexst tosc — 10
Data setup time toxs1 1/2 x tosc — — ns
-10
Data hold time txsp1 1/2 % tosc —_ —_— ns
-20
LP “H” pulse width (Note 1) tHLp (2n-1/2) x — — ns
tosc — 20

Note 1: “n” is the value of LWP
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3.1.4.6.2 3.0 Electrical Characteristics

3.1.4.6.2 Mode 1 (8-bit transfer), Mode 2, Mode 3 (4-bit transfer), Mode 5

tosc
tHosc
0SC1 "\ o
tose
L tixsz
XSCL N/ S —
lixs2 [ "_t—’cxswz 4—>'lu=x&
LP J’ _
tc»@:[—> .
XSD2 Invalid
L’L%%:lﬂgg —X X 1 — XXX XXX X )
(Ta =-20to 75°C)
Parameter Symbol Min Typ Max Unit
0SC1 tosc 80 — 500 ns
OSC1 “H” pulse width tHosc 1/2 x tosc — — ns
-10
OSC1 “L” pulse width tLosc 1/2 x tosc —_ — ns
-10
XSCL txscu 2 x tosc-20 — — ns
XSCL “H” pulse width thxs2 tosc — 10 — — ns
XSCL “L” pulse width tixsz tosc — 10 — — ns
XscLl — LPT txstez 1/2 x tosc — — ns
-10
LP! — XSCLT tLpxsz tosc — 10 — — ns
Data setup time toxsz tosc — 10 — — ns
Data hold time txsp2 tosc — 20 — — ns
LP “H” pulse width (Note 1) tHLp2 (2n-1/2x — — ns
tosc — 20
LP “H” pulse width (Note 2) (4n-1/2) x — — ns
tosc — 20

* “n"is the value of LWP
Note 1. Mode 1 (8-bit transfer) and Mode 2
Note 2. Mode 3 (4-bit transfer) and Mode 5
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3.0 Electrical Characteristics 3.1.4.6.3

3.1.4.6.3 Mode 3 (8-bit transfer, Mode 4, Mode 6

tHosc

g txscia > trosc
b thxsa —»
XSCL
le— 1 xs4 txstps | tipxss
tHLP1

LP ) N
ftoxsa—b N
e lxsp4 Invalid
UDo-o3 — N 22 —
(Ta =-20to 75°C)
Parameter Symbol Min Typ Max Unit

OSC1 tosc 80 — 500 ns

OSC1 “H” pulse width tHosc 1/2 x tosc — — ns
-10

OSC1 “L" pulse width tiosc 1/2 % tosc — —_ ns
-10

XSCL txscu4 4 x tosc-20 — — ns

XSCL “H” pulse width tHxs4 2 xtosc-20 — — ns

XSCL “L” pulse width tixss 2xtosc-20 — — ns

XscLl —» LPT txsLra 1.5 x tosc — —_ ns
-10

LPd — XSCLT tiexss tosc — 10 — — ns

Data setup time toxsa 2 x tosc-20 — — ns

Data hold time txso4 2 xtosc-20 — — ns

LP “H” pulse width (Note 1) tHLpe (4n-1/2) x — — ns

tosc — 20

Note 1. “n" is the value of LWP.
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3.1.4.6.4 3.0 Electrical Characteristics

3.1.4.6.4 Sync Timing

tHTD
YD ) g }
¢—————typLpL ttevo

LP
r—tvDLPH tLewr
. I
(Ta=-20to 75°C)
Parameter Symbol Min Typ Max Unit
YD “H” pulse width | (Note 1) thvo (m +n) 2 x tosc— 20 — — ms
(Note 2) (m + n) 4 tosc - 20 — — ms
YDT — LPT (Note 1) tvoLeH 4.5 x tosc — 20 — — ms
(Note 2) 5.5 x tosc — 20 — —_ ms
YDT - LP{ (Note 1) tvoLpL (n+2)2xtosc—-20 — — ms
(Note 2) (n + 5/4) 4 x tosc — 20 — —_ ms
LP! - YDI (Note 1) tevo (m—2) 2 x tosc — 20 — — ms
(Note 2) (m — 5/4) 4 tosc — 20 — — ms
LPL WFTL tewrr -100 — — ms

* “‘m”is the value of C/R
* “n” is the value of LPW
1. Mode 1, Mode 2
2. Mode 3, Mode 4, Mode 5, Mode 6.
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3.0 Electrical Characteristics

3.2~-3.2.2
3.2 SED1351Fws
3.2.1 SED1351F.s Absolute Maximum Ratings
Vss = OV
Parameter Symbol Rating Unit
Power voltage Voo Vss ~0.3t0 7.0 \
Input voltage Vin Vss —0.3 to Voo + 0.5 \'
Output voltage Vour Vss —0.3 to Voo + 0.5 \'
Output current/pin lour +24 mA
Allowable loss Po 200 mwW
Power current loo/lss +40 mA
Storage temperature Tsta —65 to 150 °C
Note: Power current: Allowable current input to or output from power terminal Voo or Vss.
3.2.2 Recommended Operating Conditions Ves = OV
Parameter Symbol Min Typ Max Unit
Power voltage Voo 2.7 — 3.6 \'
Input voltage Vin Vss — Voo A
Operating temperature Torn =20 — 75 °C
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3.2.3 3.0 Electrical Characteristics

3.2.3 SED1351F.e DC Characteristics (Ta = 20 to 75°C)

Parameter Symbol Condition Min Typ Max Unit Pin
Static current toos Vin = Voo, Vss —_ — 30 HA
Voo = MAX
lon=loL=0
Input leakage current I Voo = MAX -1 — 1 HA Note 1
Vi = Voo
ViL = Vss
“H” level input voltage (1) Vist Voo = MAX 0.7 Voo — — \ 0SC1
“L” level input voltage (1) ViLi Voo = MIN — — 0.2 Voo \2
“H” level input voltage (2) Vire Voo = MAX 0.7 Voo — — \ Note 2
“L” level input voltage (2) Vi Voo = MIN — — 0.2 Voo \
“H” level input voltage (3) V1. Voo = MAX 0.8 Voo — — \'J
“L” level input voltage (3) Vr- Voo = MIN — — 0.2 Voo \) Note 3
Hysteresis voltage Vu Voo =TYP 0.3 — — \'J
“H” level output voltage (1) Vont Voo = MIN Voo — 0.3 — — \'4 Note 4
“L” level output voltage (1) Vou | lon=-1.5mA — —  |Vss+0.3 v
loL = 3mA
“H” level output voltage (2) Vomz Voo = MIN Voo — 0.4 —_ —_ A 0sc2
“L" level output voltage (2) Voz | lon=-50pA —_ — Vss + 0.4 Y
loL = 50pA

Notes:

1. MEMCS, MEMWR, MEMRD, IOCS, IOWR, IORD, MPUCLK, ABO-AB15, BHE, MPUSEL, RESET, OSC1
2. MEMCS, MEMWR, MEMRD, I0CS, IOWR, IORD, MPUCLK, ABO-AB15, WE, DBO-DB15, VD0O-VD15

3. MPUSEL, RESET
4

. DB0-DB15, READY, VA0-VA15, VCS0~VCS4, VDO~VD15, VWE, XSCL, LP, WF, YD, UD0~UD3, LDO-~LD3, LCDENB
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3.0 Electrical Characteristics 3.24-3.24.1
3.2.4 SED1351F.s AC Characteristics
3.2.4.1 IOWR Timing (Write to the Control Register)
tHCLK
MPUCLK
tax tcaH
IO_CS N ek ) /
LHCIW [e— tRic ——>
IOWR /
b [+ tRiw ——>
READY hwm.gj V
o tROw
DB0~DB15 e : Valid @
ABO-AB15 L — = '““&
SHE X Valid
(Ta=-20to 75°C)
Parameter Symbol Min Typ Max Unit
MPUCLK cycle tok 100 —_ 1000 ns
MPUCLK “H" pulse width tHowk 20 1/2 x tewk — ns
MPUCLK “L” pulse width tLok 20 1/2 x tok — ns
IOCS address setup time tac 0 — — ns
IOWR address setup time taw 0 — — ns
IOCS! — IOWRJ{ ticw 0 — — ns
IOWR! — written data determination two — — 1.5 x tosc ns
IOCS! — Not Ready ticRL 8 —_ 39 ns
IORD{ — Not Ready period tiwaL 2 x tosc —_ 4 x tosc ns
+17 + 85 + tew
MPUCLKT — READY tcan 7 — 20 n
READYT — IOCS hold time tric 0 — — ns
READYT — [OWR hold time trw 0 — — ns
READYT — Written data hold time trow 0 — — ns
READYT — Address hold time tra 0 — — ns
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3.24.2 3.0 Electrical Characteristics

3.2.4.2 10RD Timing (Read from Control Register)

thHox
MPUCLK
o tcrH
Ges ) ok VA
\t‘tICIR —»] [ tric ———»
m ficRL ) N
- triR >
READY ) e J
tiroa > foriR > oH
DB0O~DB15 o J( Valid L
ABO-AB15 L — ‘_‘R“‘g(
B—H_-E Valid
(Ta = —20 to 75°C)
Parameter Symbol Min Typ Max Unit
MPUCLK cycle fork 100 — 1000 ns
MPUCLK “H” pulse width thok 20 1/2 x tex — ns
MPUCLK “L” pulse width tLoLk 20 1/2 % tewk — ns
IOCS address setup time taic 0 — — ns
IORDaddress setup time tam 0 — — ns
IOCS! — IORD{ ticin 0 — —_ ns
IOCS! — Not Ready ticre 8 — 39 ns
IORDY{ — Not Ready period tiRAL 2 x tosc — 4 x tosc ns
+17 + 85 + tok
MPUCLKT — Ready tomm 7 — 36 ns
IORD{ — Read data determination tiroa 2 x tosc — 4 x tosc + 50 ns
Read data determination — READYT toriR 0 — — ns
IORDY — Read data hold time tiroH 0 — — ns
READYT — IOCS hold time tac 0 — — ns
READYT — IORD hold time triR 0 — — ns
READYT — Address hold time tra 0 - — ns
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3.0 Electrical Characteristics

3.2.4.3

3.24.3 MEMWR Timing (Write to the VRAM)

tHewk
MPUCLK
tcRH
TN Lok o
MEMCS
Ltmcmw — tamc f
MEMWR ) (
tMCRL | A 4
READY ) i W
et tRoMW
DB0~DB15 s —% Valid 1
(Input Data) T s <
AB0O~AB15
BHE >§ Valid g(
(Ta=-201t0 75°C)
Parameter Symbol Min Typ Max Unit
MPUCLK cycle tox 100 — 1000 ns
MPUCLK “H” pulse width tHok 20 1/2 x tek — ns
MPUCLK “L” pulse width tok 20 1/2 % towk — ns
MEMCS address setup time tamc 0 - — ns
MEMWR address setup time tamw 0 —_ —_ ns
MEMCS! - MEMWRJ{ tmomw 0 — — ns
MEMWRY{ - Written data determination tvwo — — 1.5 X tosc ns
MEMCSJ! — Not Ready tmeRL 8 — 39 ns
MEMWRJ — Not Ready period twRL 2 X tosc — 4 x tosc + ns
+17 85 + towk
MPUCLKT — READY tcan 7 — 36 ns
READYT — MEMCS hold time truc 0 — — ns
READYT — MEMWR hold time trvw 0 —_ — ns
READYT — Written data hold time tromw 0 — — ns
READYT — Address hold time taa 0 — — ns
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3.244 3.0 Electrical Characteristics

3.24.4 MEMRD Timing (Read from the VRAM)

tHelk

MPUCLK
tcRH
_ o tek
MEMCS Ve
tMeMR [ tRMg ——>
[PS— N ) S
MEMRD y
tMCRL
[——— tRMR ————
— L ——
READY MRRL w
tMRDH
[¢—tMRDA ——®|<¢——tDRMR —|
DB0~DB15 : ’1 Valid
(Output data) A

ABO~AB15 N R '_'““k
P Valid
BHE =

(Ta =20 to 75°C)

Parameter Symbol Min Typ Max Unit
MPUCLK cycle tok 100 — 1000 ns
MPUCLK “H” pulse width tHeik 20 1/2 x tok — ns
MPUCLK “L” pulse width teik 20 1/2 x tok — ns
MEMCS address setup time tamc 0 — — ns
MEMRD address setup time tamr 0 — — ns
MEMCS! — MEMRD! tmemR 0 — — ns
MEMCSJ! — Not Ready tmeRL 8 — 39 ns
MEMRDJ — Not Ready period tvRRL 2 x tosc —_— 4 x tosc ns
+17 + 85 + toik
MPUCLKT — Ready tcrH 7 — 36 ns
MEMRDJ! — Read data determination tmRDA 2 x tosc — 4 x1osc+ 76 ns
Read data determination — READYT torMA 0 — R ns
MEMRDT — Read data hold time tmRDH 0 - _ ns
READYT — MEMCS hold time truc 0 — — ns
READYT — MEMRD hold time truR 0 — - ns
READYT — Address hold time tRa 0 — — ns
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3.0 Electrical Characteristics 3.24.5-3.2.45.2

3.24.5 Timing of Interface with VRAM
3.2.4.5.1 Write to the VRAM

tosc
tHosc
0sct
VAO-VA15 ><
VCS0~VCS4
VWE
VDO-VD15 Input >—-

3.2.4.5.2 Read from the VRAM

e tosc '

VAO-VA15 o '
_VAO-VATS b X
VC80-VCS4
tvap
tacc
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3.0 Electrical Characteristics

3.2.4.5.3

3.2.4.5.3 Timing

(Ta=-20to 75°C)

Parameter Symbol Min Typ Max Unit
0OSC1 cycle tosc 100 — 500 ns
OSC1 “H” pulse width tHosc — 1/2 X tosc — ns
OSC1 “L” pulse width tiosc — 1/2 x tosc — ns
VWE address setup time tvavw 1/2 xtosc | 1/2 x tosc — ns

-20
VWE address hold time tvwva 0 - —_ ns
VWE “L” pulse width tivwe 1/2 xtosc | 1/2 x tosc — ns
-10
VWE data setup time tvows 1/2 x tosc | 1/2 x tosc — ns
-25
VWE data hold time tywon 0 — 20 ns
VRAM address cycle time tva tosc - — ns
VRAM address access time tacc —_ — tosc — 20 ns
VRAM read data hold time tvap 0 — — ns
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3.0 Electrical Characteristics 3.2.4.6 -3.2.4.6.1

3.24.6 LCD Interface Timing
3.2.4.6.1 Mode 1 (4-Bit transfer)

tosc
tmw@‘m
0SC1 NN N N N U
txcLt tLosc
XSCL L IV NI NN
st ixsun—bl EE ey 3 |‘“LPXS|
LP .
toxst
txsp1 Invalid
UDO~UD3 XXX XX
(Ta =—-20to 75°C)
Parameter Symbol Min Typ Max Unit
OSC1 clock cycle tosc 1000 — 500 ns
OSC1 “H” pulse width tHosc 1/2 X tosc — — ns
-10
OSC1 “L” pulse width tosc 1/2 x tosc —_— — ns
-10
XSCL cycle txscia — — — ns
XSCL “H” pulse width trxs1 1/2 x tosc — — ns
-10
XSCL “L” pulse width txst 1/2 x tosc — —_— ns
-10
xscLd — LPT txsLp1 -10
LPY — XScCLT texst tosc — 10
Data determination — XSCL{ toxst 1/2 x tosc — — ns
-10
XSCLJ — Data hold time txso1 1/2 X tosc — — ns
-20
LP “H” pulse width (Note 1) tHpt (2n-1/2) x — —_ ns
tosc — 20

Note 1: “n” indicates the LPW value (unit: number of characters)
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3.2.4.6.2 3.0 Electrical Characteristics

3.2.4.6.2 Mode 1 (8-bit transfer), Mode 2, Mode 3 (4-bit transfer), Mode 5

tosc
tHosc
O0SC1 """/
txscLz
- tLosc
tixse
XSCL ~ N/ NS N __ Y \__’_T‘_ﬂ
tixse |« txsLp2 rxs2
tHipe |
LP J’

toxsz
txsp2 Invalid
uDO~UD3 f
LDO-LD3 X X J( XXX XXX X X

(Ta =—20 to 75°C)

Parameter Symbol Min Typ Max Unit
0OSC1 clock cycle tosc 100 — 500 ns
0OSC1 “H” pulse width tHosc 1/2 X tosc — —_ ns

-10
OSC1 “L” pulse width tosc 1/2 X tosc — — ns
-10
XSCL cycle txscL2 2 xtosc-20 — — ns
XSCL “H” pulse width thHxs2 tosc — 10 — — ns
XSCL “L” pulse width tixs2 tosc — 10 — — ns
XscLl — LPT txsipz 1/2 x tosc — — ns
-10
LP{ —» XSCLT tLpxs2 tosc — 10 —_ — ns
Data determination — XSCL{ toxsz tosc — 10 — — ns
XSCL! — data hold time txso2 tosc — 20 — — ns
LP “H” pulse width (Note 1) tHLp2 (2n-1/2 x — — ns
tosc — 20
LP “H” pulse width (Note 2) (4n-1/2) x — — ns
tosc — 20

Notes 1 and 2; “n” is the LPW value (unit: number of characters).

Note 1: Applies to display mode Nos. 1 (8-bit transfer) and 2.
Note 2: Applies to display mode Nos. 3 (4-bit transfer) and 5.

20 S-MOS Systems, Inc. » 2460 North First Street » San Jose, GA 95131 « Tel: (408) 922-0200 « Fax: (408) 922-0238 |IARGE)

This Material Copyrighted By Its Respective Manufacturer - ? l:] 3 E l:l U q U U u 3 q q ? :] D l:l -



3.0 Electrical Characteristics 3.2.4.6.3
3.2.4.6.3 Mode 3 (6-bit transfer), Mode 4, Mode 6
tosc
thosc
osc1
f txscLa { tLosc
_f,m
XSCL
tHp
LP ) S
besa—' X
" e Ixspe Invalid
RS — s = =
(Ta =-20 to 75°C)
Parameter Symbol Min Typ Max Unit
OSC1 clock cycle tosc 100 — 500 ns
OSC1 “H” pulse width tHosc 1/2 X tosc — — ns
-10
0OSC1 “L” pulse width trosc 1/2 x tosc — — ns
-10
XSCL cycle txscue 4 x tosc-20 — —_ ns
XSCL “H” pulse width tHxsa 2 xtosc-20 — — ns
XSCL “L” pulse width tixss 2 x tosc-20 — — ns
XscLl - LPT txsira 1.5 x tosc — — ns
-10
LPd — XSCLT tLpxsa tosc—10 — — ns
Data determination — XSCL{ toxss 2 X tosc - 20 — — ns
XSCLJ — data hold time txspa 2 x tosc-20 —_ — ns
LP “H” pulse width (Note 1) tHLPa (4n-1/2) x — — ns
tosc — 20

Note 1. “n” indicates the LPW value (unit: number of characters).
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3.2.4.6.4 3.0 Electrical Characteristics

3.2.4.6.4 Sync Timing

tuto |

vw____ ) }
tYDLPL >+ pvp

LP

l—tvoLPH j["LF'WF
WF

(Ta=-20to 75°C)

Parameter Symbol Min Typ Max Unit
YD “H” pulse width | (Note 1) thvo (m +n) 2 x tosc — 20 — — ns
(Note 2) (M + n) 4 x tosc — 20 — — ns
YDT — LPT (Note 1) tvoLeH 4.5 X tosc — 20 — — ns
(Note 2) 5.5 x tosc— 20 — — ns
YDT - LPL (Note 1) tvoLeL (N +2)2x tosc—20 — — ns
(Note 2) (n +5/4) 4 x tosc — 20 — — ns
LPl -5 YDI (Note 1) tLevo (m-2)2xtosc—20 — — ns
(Note 2) (m — 5/4) 4 tosc —- 20 — — ns
LP! —» WFT] tLpwe -100 — 100 ns

“m” indicates the C/R value (unit: number of characters)
“n” indicates the LPW value (unit: number of characters)
1. Applies to display mode Nos. 1 and 2.
2. Applies to display mode Nos. 3, 4, 5 and 6.
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4.0

Internal Registers
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4.0 Internal Registers 40-41

4.0 INTERNAL REGISTERS

The SED1351F is configured and controlled via an internal 14-register set, mapped into the MPU’s
I/O space. The address of each register is defined by ABO-AB3.

41 SUMMARY
Table 3. Control Registers

Type of Register /0 Address Data
RW ti
No. Name A3A2A1 A0/ D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Function
R1 {Mode register 0O 0 O 1(DISP|REV |PANEL| OR |GRAY| 4/8 |LCDE |RAMS | W |Sets SED1351 basic operational
mode.
R2 |LineByteCount |O O 1 0 C/R W | Sets number of horizontal display
register characters per line.
R3 | Horizontal sync 0 0 1 1 LPW W | Sets width of LP pulse.
pulse width
register
R4 | Total display 01 0 O SLTL W | Setstotalnumberof displayedlines
Rs |line countregister| g 1 g 1 - * - . . - SLTH w | (the low-order 8 bits in SLTL and
the high-order 2 bits in SLTH).

R6 [Screentdisplay O 1 1 0 SAD1L R/W { Sets start address of screen 1 (the
R7 |startaddress o 1 1 1 SAD1H R/W | low-order 8 bits in SAD1L and the
register high-order 8 bits in SAD1H).

R8 |Screen2display |1 0 0 0 SAD2L R/W | Sets start address of screen 2 (the
Rg |start address 1 0 0 1 SAD2H R/W | low-order 8 bits in SAD2L and the
register high-order 8 bits in SAD2H).

R10 [Screen1display {1t 0 1 0 SLIL W | Sets number of displayed lines in
R11 |line countregister| ¢ g {1 1 . * . " * - SL1H w |screen 1 (the low-order 8 bits in

SL1L and the high-order 4 bits in
SL1H).
R13 | Address pitch 1 1 0 1 APADJ W | Setwhen a virtual screenis config-
adjustment ured.
register
R14 [Grayscaleregis- [1 1 1 0 GSHt W |Sets gray level for gray-scale
R15 | ters conversion 1 1 1 1 GS2 w | display.
(C1,C0)=(0,1) -» GS1
(C1,C0)=(1,0) > GS2
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42-421 4.0 Internal Registers

42 REGISTER DESCRIPTION
4.2.1 R1 Mode Register
This register determines the basic configuration of the SED1351F.

Table 4. R1: Mode Register

1/0 Address Data RIW
A3 | A2 | A1 | AO D7 D6 D5 D4 D3 D2 D1 Do
0 0 0 1 DISP REV | PANEL OR GRAY 4/8 LCDE | RAMS | W

DISP
* DISP = 0: Display OFF
* DISP = 1: Display ON

Selects display on/off. DISP goes to 0 on RESET. If inverse video is selected (R1:D6=1)
then setting the display OFF causes data 1’s to be output to the LCD.

* REV
* REV = 0: Normal display
* REV = 1: Inverse display

Selects normal/inverse display. REV goes to 0 on RESET. If back lit LCDs are used in the
system REV should be set to 1.

PANEL
* PANEL = 1: Dual LCD panei drive
* PANEL = 0: Single LCD panel drive

Selects the LCD panel configuration. PANEL goes to 0 on RESET.
* OR
» OR = 1: Single display of ORed data
* OR = 0: Display split into two screens
Selects one of two display modes in a single LCD system (PANEL = 0).

(@) The display is split into two screens, with each screen being allocated a block of data in
display memory (Set by SAD1 and SAD2. See description of R6, R7, R8 and R9).

(b) A single screen is generated, made up of a bit-wise OR of the data in block 1 with that in
block 2.

OR goes to 0 on RESET. If PANEL = 1, the contents of OR are ignored.
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4.0 Internal Registers 4.2.1

¢ GRAY
* GRAY = 1: Gray scale display
* GRAY = 0: “B&W" display

Selects between 2-level “B&W” or 4-level gray-scale display. GRAY goes to 0 on RESET.

When a gray-scale display is selected, two bits of video memory data are used for the
display of each pixel, using the conversion specification setby the contents of R14 and R15.

* 4/8
* 4/8 = 1:8 bit data transfer
* 4/8 = 0:4 bit data transfer
Selects between 4- and 8-bit display data widths for the LCD, in “B&W", single LCD mode.

Gray-scale or dual LCD modes force 4-bit data width, irrespective of the contents of 4/8.
4/8 goes to 0 on RESET.

* LCDE
* LCDE =0: LCDENB = Vss, and the LCD power is off.
* LCDE = 1: LCDENB = Vop, and the LCD power is on.

This bit sets the output of the LCD control line, LCDENB. LCDE goes to 0 on RESET.

This control bit, and its associated line, are intended for use in systems that implement
LCD DC voltage protection, but LCDE can ben used for other purposes if required.

* RAMS
* RAMS = 0: Addressing for 8K x 8 SRAM's
* RAMS = 1: Addressing for 32K x 8 SRAM’s

Configure the video memory address lines. RAMS goes to 0 on RESET.
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422-4.24 4.0 Internal Registers

4.2.2 R2 Line Byte Count Register
This register sets the number of bytes per display line.

Table 5. Line Byte Count Register

R /O Address Data RIW
No.| A3 |A2 (A1 (A0 | D7 | D6 | D5 | pa | b3 | b2 [ D1 | Do
ReRloJo]|1]o C/R W

The contents of R2 are given by C/R = (No. of bytes) — 1

Since the maximum value of C/R is FFH, the maximum number of pixels in one display line is

» 256 x 8 =2048 in “B&W” mode
* or256 x 4 = 1024 in gray-scale mode

4.2.3 R3 Horizontal Sync Pulse Width Register

This register sets LPW, the width of the horizontal sync pulse (LP), which is output at the end of every
line. LPW has units of “time per byte”, ts, and the contents of R3 are given by LPW = (Pulsewidth)

— 1. “time per byte” is 2/fosc for single LCD, single screen configurations, and 4/fosc for all other
configurations.

Note that LPW partially determines the period of one line, and hence affects the frame period.

Table 6. Horizontal Sync Pulse Width Register

R I/O Address Data RIW
No. A3 |A2 A1 (A0 | D7 | D6 | Ds | ba | p3 | b2 | b1 | Do
R:Ifolof1]o LPW W

4.2.4 R4, R5 Total Display Line Count Registers

This register sets the number of display lines on an LCD panel. The data s 10 bits long. The low order
8 bits are contained in R4, the high order 2 bits in R5.

Table 7. Total Display Line Count Register

R I/0 Address Data

No. A3 A2 [A1 A0 | D7 | D6 | D5 | bpa [ ba | D2 | o1 | bo |V
Re{ o[ 1]o]o SLTL W
Rs| o | 1 | o] 1 =~ =7 77T s W
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4.0 Internal Registers 424-4.26

The contents of R4 and R5 are given by SLT = (No. of lines) — 1. Since SLT sets the number of display
lines on one LCD, in dual panel mode the actual number of display lines is twice the value of (SLT).
Note that SLT partially determines the frame period, and hence affects the display duty cycle. The
display duty cycle is 1/ (SLT + VR) where VR, the vertical retrace period, is equal to 2. It is during
the vertical retrace period that the polarity of the LCD drive waveforms are inverted.

4.2.5 R6, R7 Screen 1 Display Start Address Registers

These registers set SAD1, the start address in video memory, of screen 1. The data width is 16 bits.
The low-order byte is contained in R6, the high-order byte in R7.

Table 8. Screen 1 Display Start Address Registers

R I/0 Address Data

RIW
No. . A3 | A2 |A1|A0 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do
Re| o [ 1 [ 1] 0 SAD1L R/W
R7J o 1 [ 1] SAD1H RIW

Screen 1 is the upper screen in 2-screen and dual-panel, dual-drive LCD mode, or the top layer in
ORed mode.

4.2.6 R8, R9 Screen 2 Display Start Address Registers

These registers set SAD2 the start address, in video memory, of screen 2. The data width is 16 bits.
The low-order word is contained in R8, the high-order word in R9.

Table 9. Screen 2 Display Start Address Registers

R /O Address Data

No.l A3 |A2 |A1 | A0 D7 | D6 | D5 | D4 | D3 [ D2 | DI | Do AW
Re| 1 o[ o] o SAD2L R/W
Re| o | 1] 1] 1 SAD2H R/W

Screen 2 is the lower screen in split screen and dual LCD-panel modes, or the bottom layer in ORed
mode.
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427 -4.28 4.0 Internal Registers

4.2.7 R10, R11 Screen 1 Display Line Count Registers

These registers set the number of display lines on screen 1. The data width is 10 bits. The lower 8
bits are contained in R10, the upper 2 bits in R11.

Table 10. Screen 1 Display Line Count Register

R I/0 Address Data

No.[A3 [A2 [A1[A0| D7 | D6 | D5 | D4 | D3 | D2 | D1 | po | W
Rio] 1 Jo[1]o SLiL w
Ri1| 1 | o | 1| 1 =~ ~ ]~ 7 71 ] sLH w

The contents of R10 and R11 are given by SL1= (No. of lines)-1. The contents of these registers are
only meaningful in single-panel, single-drive LCD mode and when R1:0R=0, beieng otherwise

ignored. Note that single screen mode can be forced by setting SL1=SLT in single LCD-panel mode,
as well as by setting R1:0R=1.

4.2.8 R13 Address Pitch Adjustment Register

The contents of this register set the numerical difference between the last address of a display line,
and the first address in the following display line.

Table 11. Address Pitch Adjustment Register

R /0 Address Data RIW
No. A3 |A2 |A1 (A0 | D7 | D6 | D5 | D4 | D3 | b2 | D1 | DO
Ri3l 1 [ 1 ]o]o APADJ w

If APADJ is notequalto zero, then a virtual screen with aline length of (C/R+APADJ) bytes is created,
with the display reflecting the contents of a window (C/R+1) bytes wide. The position of the window
on the virtual screen is determined by SAD1 and SAD2.
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4.0 Internal Registers 4.2.9

4.2.9 R14, R15 Gray-Scale Conversion Registers

The contents of these registers determine the two intermediate gray levels, GS1 and GS2,
associated with the bit patterns (0,1) and (1,0) respectively, when the display is in 4-level gray-scale

mode.

Table 12. Gray-Scale Conversion Register

R I/0 Address Data

No.l A3| A2 |A1|A0| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO AW
R4 1 [ 1] 1]o0 GS1 W
Ris| 1 | 1] 1] 1 GS2 w

Table 13. Gray Scale Display

C1 co Contents of Display
0 0 Display off
0 1 Gray display based on GS1 conversion code
1 0 Gray display based on GS2 conversion code
1 1 Display on

Note that intensity differences are produced by turning off a particular pixel during selected frames
in an 8 frame cycle. Each bitin GS1 and GS2 corresponds to 1 frame in this 8 frame cycle, and if the

bit is zero, the pixel will be off for that frame.

l 8 frames |
F >
DO D1 D2 D3 D4 D5 D6 D7
0 1 0 1 1 0 1 1
ON D =t
OFF
GSn = DAH

Figure 3. Gray Scale Display Implementation
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5.0 Display Modes 5.0-5.1

5.0 DISPLAY MODES

The SED1351F has six basic oprational modes, Mode 1 to 6, which are configured by the contents
of R1, the Mode Register.

Table 14. Display Modes

Mode Mode Register (R1) Configuration
No. |D7|D6|D5|D4|D3|D2|D1|D0|N=LCD’s| Screen | Video Output Data Width
*t*1o0jo0|O0|O]|*]|* 4 bit
1 B
*I*1ojo0of(o |1 }{*]|* Split W 8 bit
2 *{*(ojo| 1| X}|*|* ] Gray 4 bit
*frjo|t|{ojof*]|* 4 bit
3 *1*1o1 10| 1| *|* OR B&W 8 bit
4 POl 1t X))t Gray 4 bit
5 * * 1 X 0 X * * 1 per B&W .
4
6 [ " -1 x[i[x[~[] 2 LCD [ Gray bt
*: Don't care
X: Ignored
51 MODE1
» Single-panel, single-drive LCD
» Split display
* B&W display
Table 15. Display Mode 1
Mode register (R1)
D7 D6 D5 D4 D3 D2 D1 DO
DISP REV PANEL OR GRAY 4/8 LCDE RAMS
* * 0 o 0 * * *
An example setting for a 640 pixel x 200 line LCD panel is:
» C/R=4FH * SAD2 = 3E80H
» LPW=75H * SL1=0063H
e SLT=00C7H * APADJ =0Q0H

e SAD1 =0000H
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5.1

5.0 Display Modes

D7/D6|D5|D4(D3|D2|D1|{D0O Video Memory
ilolo|l1lol1]1}0 le C/R = 4FH |
; "
/| 0000H oo4FH | 1
SL1
1EFOH 1F3FH| ¢
100 Lines Screen 1 ,«L ~_
e o
| 3E80H 3ECFH
100 Lines Screen 2
. SLT = SL1
}4—— 640 Pixels———|
.| sD70H 5DBH
FFBOH FFFFH
| .
L /R +APADJ = 50H

Figure 4. Display vs. VRAM: Mode 1
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5.0 Display Modes

5.1

Mode 1 basic timing:

VRAM | cPU

h 4

fOSC
(OSC1)

XSCL
(4 bits)

XSCL
(8 bits)

t cycle

Figure 5. Basic Timing: Mode 1

A basic cycle consists of two cycles of fosc; during the first cycle data is read from video memory by
the controller, during the second cycle data is prepared for CPU access to VRAM.

The period of 1 horizontal line is given by tn =2/ fosc x (C/R + LPW) and the period of 1 frame is given

by trr = th x (SLT + 2).
For example:

trr = 16 msec (frr = 62.5 Hz)

» fosc=5Hz
then
16 x 1073 = th x (200 + 2)
stw= 7.92x 1058
7.92x10°5 = 2 x (80 + LPW)
5x 108
~. LPW = 118 characters (75H)

Note that it is possible to fix LPW and then calculate fygc. If this
between fogc and the VRAM access time, must hold.

1

c S ———8M—
fosc (MHz)

—20ns

is done the relationship below,
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5.2 5.0 Display Modes

5.2 MODE 2
* Single-panel, single-drive LCD
* Split display
» Gray-scale display

Table 16. Display Mode 2

Mode register (R1)

D7 D6 D5 D4 D3 D2 D1 DO
DISP REV PANEL OR GRAY 4/8 LCDE RAMS
* * 0 0 1 * * *

An example setting for a 640 pixel by 200 line LCD panel is:
* C/R=9FH s SL1=00C7H
e LPW=18H * APADJ = 60H
* SLT=00C7 * GS1=29H
*+ SAD1=1350H * GS2 =DAH

* SAD2 = XXXX

m S-MOS Systems, Inc. 2460 North First Street » San Jose, CA 95131 « Tel: (408) 922-0200 » Fax: (408) 922-0238
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5.0 Display Modes 5.2

D7|De 05104 Da]Dz D1|DO
1 101 oo 1]/0 o

Video Memory
320 Pixels

-
20 Line{ 0000H |<‘ . 9F—>| O0OFFH

13504 13EFH

SL1
00C7

200 Lines Screen 1

Y4

! DA4FH DAEFH ~~

b))

- FEOOH FFFFH

|<— C/R + APADJ = FFH *,{
le—————— 640 Pixets _—} Note: * Although OR = 0, because SL1 = SLT

there is no screen 2.

* Because APADJ = 0 the video
memory can be used as a virtual
screen. In this case it is 1024 pixels
wide by 256 lines high.

Figure 6. Display vs. VRAM: Mode 2

Mode 2 basic timing: See mode 1

For example:

* trr=12.5 msec (frr = 80 Hz)
¢ fosc =6 MHz

12.5x107° = t,, x (200 +2) 6.19%10° = —2 x (160 + LPW)

) 6x10°
sty =6.19x107%s -.LPW = 26 characters (19H)

S-MOS Systems, Inc. ¢ 2460 North First Street « San Jose, CA 95131 » Tel: (408) 922-0200 » Fax: (408) 922-0238“
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5.3 5.0 Display Modes

53 MODE3
* Single-panel, single-drive LCD
* ORed layer display
* B&W display

Table 17. Display Mode 3

Mode register (R1)
D7 D6 D5 D4 D3 D2 D1 Do
DISP REV PANEL OR GRAY 4/8 LCDE RAMS
* * O 1 0 * * *

An example setting for a 640 pixel by 200 line LCD panel is:

» C/R=4F » SAD1=0000H
o LPW=12H e SAD2 = 3ES80H
e SLT=00C7 e APADJ = 00H

S-MOS Systems, Inc. = 2460 North First Street » San Jose, CA 85131 » Tel: (408) 922-0200 » Fax: (408) 922-0238
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5.0 Display Modes 5.3
Video Memory

L C/R = 4FH N
[~ "

.1 000OH 004FH

SLT=C7H
Layer 2
"*~-.. | 3E30H 3E7FH
‘| 3E80H 3ECFH
Layer 1
Yy
7CBFH 7CFFH
200 lines Screen = Layer 1 OR Layer 2 L

/‘L, [

k2 FFBOH FFFFH

l—\

640 pixels

'
1

T[T [T s 3

Screen

["Tolel1 o]olo[7]

Layer 2

OR
1]0/110j0|110]1
D7 |D6{D5D4|D3|D2|D1|D0O

Layer 1

C/R = APADJ = 4FH

Figure 7. Display vs. VRAM: Mode 3
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53 5.0 Display Modes

Mode 3 basic timing:

Panel No. 1 Panel No. 2

u

VRAM CPU VRAM

< ;ll

|
[
- s B s N e Y Yy Ny IO
(4 bits)
XSCL I ‘
(8 bits)

CPU

e

3
h 4

. A B

tcycle

Figure 8. Basic Timing: Mode 3

For an ORed display one gasic cycle is required for each layer, that is 4 cycles of fosc are required
for 1 basic period. The period of 1 horizontal line is given by th = (4 / fosc X (C/R + LPW) and the period
of 1 frame by trn = (fi) X (SLT +2).

For example:

* tru= 116 msec (frr = 62.5 Hz)
e fosc =5 MHz
16x107° =t,, x (200 +2)
oty =7.92x10%s

7.92x107° = 5 ><41 o5 % (80+LPW)

-~ LPW =19 characters (12H)
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5.0 Display Modes 5.4

54 MODE4
» Single-panel, single-drive LCD
* ORed layer display
* Gray-scale display

Table 18. Display Mode 4

Mode register (R1)
D7 D6 D5 D4 D3 D2 D1 DO
DISP REV PANEL OR GRAY 4/8 LCDE RAMS
* x O 1 1 * * *

An example setting for a 640 pixel x 200 line LCD panel is:

* C/R=9FH * APADJ = 00H
* LPW=18HSLT =00C7H e GS1=29H
* SAD1 =0000H * GS2=D5H

e SAD2 =7D0OCH

FIARES S-MOS Systems, Inc. s 2460 North First Street ¢ San Jose, CA 95131 « Tel: (408) 922-0200 = Fax: (408) 922-0238 S
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5.4

5.0 Display Modes

200 lines

Layer 2

Layer 1

)

Screen = Layer 1 OR Layer 2

A
|

640 pixels

D7

D&

D5

D4

D3

D2

Dt

DO

Video Memory
| OR=9FH
|
-T 0000H 009FH T
SLT = C7H
| 780K 7CFFH
| 70004H 709FH
F960H FOFFH
o ~_
T T
FFE0H FFFFH

C/R = APADJ = 9FH

L1

GRAY LEVEL

GS1+ GS2

Gs2

GS1

Figure 9. Display vs. VRAM: Mode 4
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5.0 Display Modes 54-55

Mode 4 basic timing: See Mode 3
For example:

* trrn=14.3ms (fra=70 Hz
» fosc =10 MHz

14.3x10° =1, % (200 + 2)

1, =7.08x107%s

4
12x10°

6.19%x107° = x (160+LPW)

~.LPW =17 characters (10H)

55 MODES5S
* Dual-panel, dual-drive LCD
* BA&W display

Table 19. Display Mode 5

Mode register (R1)
D7 D6 D5 D4 D3 D2 D1 DO
DISP REV PANEL OR GRAY 4/8 LCDE RAMS
* * 1 X 0 X * *

An example setting for two 640 pixel x 200 line LCD panels is:

* C/R=4FH * SAD1 =0000H
* LPW=12H * SAD2 = 3E80H
* SLT =0047H * APADJ = 00H

ARV S-MOS Systems, Inc. »2460 North First Street » San Jose, CA 95131 » Tel: (408) 922-0200  Fax: (408) 922-0238m
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5.5 5.0 Display Modes
|<7 640 Pixels ——.1 Video Memory
L C/R = 4FH !
B S e ——— | b
0000H 004FH | ¢
200 Lines Screen 1 SLT =00C7H
(Upper LCD)
3E30H 3E7FH R
v 14 3E8OH 3ECFH
N
_ /
X [T
200 Lines Screen 1
(Upper LCD) |7cBrH 7CFFH
A A
X
FFBOH FFFFH
| |
D7 |D6|D5|D4|D3|D2 |D1|DO B 7
Upper Screen Data C/R + APADJ = 4FH
1{1j0f(0|3|1l0]|0O

D7

D6

D5|D4|D3|D2|D1| D0

Lower Screen Data

Figure 10. Display vs VRAM: Mode 5
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5.0 Display Modes 5.5

Mode 5 basic timing:

le Panel No. 1 ole Panel No. 2 ol

L VRAM | CPU l VRAM | CPU J

[~ T T o gl
s B S R D O I

XSCL l l

t cycle o

Figure 11. Basic Timing: Mode 5

With a dual LCD-panel display chosen, one basic cycle is required for each of the panels, that is 4
fosc cycles. The line and frame periods are the same as for Mode 3.

For example:

* trr =16 msec (frr = 62.5 Hz)
* fosc=5MHz

16x107 = t,, x (200 + 2)

oty =7.92x107%s

4

7.92x107° = -
5x10

x (80 + LPW)

"-.LPW =19 characters (12H)

S-MOS Systerns, Inc. »2460 North First Street » San Jose, CA 95131 + Tel: (408) 922-0200 » Fax: (408) 922-0236 o)
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5.0 Display Modes

5.6

5.6 Mode 6

* Dual-panel, dual-drive LCD

* Gray-scale display

Table 20. Display Mode 6

Mode register (R1)

D7 D6 D5 D4 D3 D2 D1 DO
DISP REV PANEL OR GRAY 4/8 LCDE RAMS
* * 1 X 1 X * *

An example setting for two 640 pixel x 200 line LCD panels is:

* C/R=9FH

* |PW=18H

* SLT =00C7H
* SAD1 =0000H

SAD2 = 7DO0OH
APADJ = 00H
GS1=29H
GS2 = D5H

m S-MOS Systems, Inc. *2460 North First Street » San Jose, CA 95131 » Tel: (408) 922-0200 » Fax: (408) 922-023@
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5.0 Display Modes 5.6
}4——— 640 Pixels ——.l Video Memory
L C/R=9FH |
. [~ 1
s (r I B
0000H C09FH
200 Lines Screen 1 SLT =00C7H
(Upper LCD)
7B60H 7CFFH
R e T | 7D0OH 7D9FH
\ P
. /
A P
200 Lines Screen 1
(Upper LCD) B F960H FOFFH
- ~_ ~o
/,' 2 [ 4
. A
FFE0H FFFFH
D7|D6|D5({D4|D3|D2|D1|DO }g '}
Upper Screen Data C/R + APADJ = SFH
i|jo0f(o0ojof1]0|0f0O
1|10 j1[(1]1][0]1
Lower Screen Data
D7|D6|D5{D4 (D3 |D2 D1 {DO

Figure 12. Display vs. VRAM: Mode 6

S-MOS Systems, Inc. *2460 North First Street » San Jose, CA 95131 » Tel: (408) 922-0200 « Fax: (408) 922-0238 [EX

B 7932909 0003476 70T WA
This Material Copyrighted By Its Respective Manufacturer



E

5.6

5.0 Display Modes

Mode 6 basic timing: See Mode 5
For example:

* trrn=14.3 msec (fra = 70 Hz)
¢ fosc =10 MHz

14.3x107° =1, x (200 + 2)

oty =7.08x107s

4
12x10°8

6.19%10° = x (160 +LPW)

-.LPW =17 characters (10H)
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6.0
MPU Interface
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6.0 MPU Interface 6.0 - 6.1

6.0 MPU INTERFACE

6.1 8-BIT MPU INTERFACE

Example: Z80
280 SED1351F
AO~A15 ™ ABO~AB15
—/
1 DECODER fOCS
4
DECODER » MEMCS
@)
MREQ
iORQ
D e N DB0-DB7
0-~D7 -
q —
RD » [ORD
WR » [OWR
» MEMRD
MEMWR
WAIT |- READY
RESET @[> » RESET
L] » MPULCK
i MPUSEL
Reset
CLK

Figure 13. SED1351F/Z80 Interface
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6.0 MPU Interface

6.2

6.2

16-BIT MPU INTERFACE

Example: i8086 (Maximum Mode)

8086
(Maximum Mods)

8284A
CLK
READY |
RDY  RESET
k

CLK
S2
§i
S0
READY
RESET
BHE
A16-A19
ADO~AD15
MIN/MAX

8288 SED1351F
L— | MPUCLK
» CLK MRDC »| MEMRD
» 52 AMWC »| MEMWR
»| 51 iORC »| IORD
»| 50 AIOWC —»-| IOWR
DEN
DT/R P MPUSEL
— ALE
MEMCS
»| IO
»| BHE BHE
& A16~A19
AQ-~A15 ™ ABO-AB15
I-» STB
H 1" focs
> D0~D15 ——————"{ DB0-DB1S
L+
j, —>0-» OF
»| RESET
READY

Figure 14. SED1351F/i8086 Interface
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7.0
Video Memory Interface
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7.0 Video Memory Interface 70-71

7.0 VIDEO MEMORY INTERFACE

7.1 64 KBIT SRAM/8-BIT MPU

SED1351F
VWE T T |
B T (R i
WE WE WE
64 Kbit 64 Kbit e o o 64 Kbit
CS (0) CS (1) CS (2)
VCS0
VCS1
[ ] [}
[ ] [}
VCS7
VAO~VA12

Figure 15. 8-bit MPU/64 Kbit SRAM Interface
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7.1 7.0 Video Memory Interface
Table 21. 8-bit MPU/64 Kbit SRAM Address Assignment
VRAM
SED1351 VRAM Terminals M M .

Address Bus Chip Select emory Wapping
VAO A0
VA1 A1
VA2 A2
VA3 A3
VA4 A4
VA5 A5
VA A6
VA7 A7
VA8 A8
VA9 A9
VA10 A10
VA11 A1
VA12 A12

VA13/VCS7 VCS7 EOOCH to FFFFH

VA14/ VCS6 VCS6 CO00H to DFFFH

VA15/VCS5 VCS5 AOOOH to BFFFH

VCs4 VCs4 8000H to 9FFFH

VCS3 VCS3 6000H to 7FFFH

VCs2 VCSs2 4000H to 5FFFH

VCSi VCSH 2000H to 3FFFH

VCS0 VCS0 0000H to 1FFFH

m S-MOS Systems, Inc. »2460 North First Street » San Jose, CA 95131 » Tel: (408) 922-0200 » Fax; (408) 922-0238
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7.0 Video Memory Interface

7.2

7.2

256 KBIT SRAM/8-BIT MPU

SED1351F

VWE
VDO~VD7

VCS0
VCS1

VAO~VA14

!

L

WE
256 Kbit
Cs (1)

B

Figure 16. 8-bit MPU/256 Kbit SRAM Interface
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7.2 7.0 Video Memory Interface
Table 22. 8-bit MPU/256 Kbit SRAM Address Assignment
VRAM
SED1351 VRAM Terminals Memorv Mapoin
Address Bus Chip Select ry Wapping
VAQ A0
VA1 Al
VA2 A2
VA3 A3
VA4 A4
VA5 A5
VA6 A6
VA7 A7
VA8 A8
VA9 A9
VA10 A10
VA11 A1l
VA12 A12
VA13/ VCS7 A13
VA14/ VCS6 Al4
VA15/ VCS5
VCS4
VCS3 Not used
VCS2
VCS1 VCS1 8000H to FFFFH
VCS0 VCSO0 0000H to 7FFFH

MMOS Systems, Inc. *2460 North First Street » San Jose, CA 95131 » Tel; (408) 922-0200  Fax: (408) 922-0238
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7.0 Video Memory Interface 7.3

7.3 64 KBIT SRAM/16-BIT MPU

|

<

CS
CS
CS
CS

~

<
(4]

|

<

33
.
Z Oa—!

<

N SNE

G

E
___64 Kbit ___64 Kbit 64 Kbit
CS (1) CS (3) ()

:
? S I
i 1

o]

4 Kbit
7

SED1351F
VWE
1 T 11 1
VDO-VD7 @ ﬁ g @ é if
WE WE WE WE
—_64 Kbit 64 Kbit 64 Kbit 64 Kbit
TS (0) CS (2) CS (4) CS (6)
PN N Py
VCS0 —? ?
VCS2
VCS4
VCS6
VAO-~VA12
WE
CS

)

=

vD8~VD15

i

er

Figure 17. 16-bit MPU/64 Kbit SRAM Interface
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7.3

7.0 Video Memory Interface

Table 23. 16-bit MPU/64 Kbit SRAM Address Assignment

VRAM
SED1351 VRAM Terminals Memory Mapping
Address Bus Chip Select Address Odd/Even
VAO At2
VA1 AO
VA2 A1
VA3 A2
VA4 A3
VA5 A4
VA6 A5
VA7 A6
VA8 A7
VA9 A8
VA10 A9
VA11 A10
VA12 A1l
VA13/VCS7 VCS7 Odd address
VA14 /VCS6 VCS6 C000H to FFFFH T Sdress
VA15/VCS5 VCS5 8000H 1o BEFFH QOdd address
VA16/VCS4 VCS4 Even address
VCS3 VCS3 4000H to 7FFEH Odd address
VCS2 VCS2 ° Even address
VCS1 VCSH1 0000H to 3EFFH QOdd address
VCSO0 VCSO0 ° Even address

WS-MOS Systems, Inc. ¢ 2460 North First Street » San Jose, CA 95131 » Tel: (408) 922-0200 » Fax: (408) 922-0238
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7.0 Video Memory Interface 7.4

7.4 256 KBIT SRAM/16-BIT MPU

SED1351F

VWE
VDo~VD7

256 Kbit
CS (0)
J I
VCSO0
VA1~VA15
VCS1 T
N
WE
256 Kbit
(1)

VD8~VD15

Figure 18. 16-bit MPU/256 Kbit SRAM Interface
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7.4

7.0 Video Memory Interface

Table 24. 16-bit MPU/256 Kbit SRAM Address Assignment

VRAM
SED1351 VRAM Terminals Memory Mapping
Address Bus Chip Select Address Odd/Even
VAQ Not used
VA1 AO
VA2 Al
VA3 A2
VA4 A3
VA5 A4
VA6 A5
VA7 A6
VA8 A7
VA9 A8
VA10 A9
VA11 A10
VA12 A1
VA13/VCS7 A2
VA14 /VCS6 A13
VA15/VCS5 Al4
/VCS4
VCS3 Not used
VCS2
VCS1 VCS1 0000H to FEEEH Odd address
VCS0 VCSO0 ° Even address
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8.0
LCD Interface
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8.0 LCD Interface 8.0-8.2

8.0 LCD INTERFACE

8.1 DC PROTECTION

The LCD panels will be damaged if Vicois applied to the LCD panel before Voo is applied. To prevent
this the LCDENB line should be connected to the enable imput of the Vico control circuitry in the LCD
module and the following startup procedure used.

* Set up the control register as required, with LCDE (R1:D1) set to “0”.
» Set LCDE to “1” to apply Vico.

When shutting down the system, set LCDENB to “0” to switch off Vi.co before removing Voo from the
LCD panel.

8.2 Y-DRIVERS IN DUAL-LCD PANEL MODE

The SED1351F has a two line vertical retrace period, so when cascaded Y drivers are used to drive
two LCD panels, two lines should be left disconnected beween the upper and lower panel.

C1
Upper Panel
C100
ciot |
Y-Driver ] Open
ci02 "
C103
> Lower Panel
C202

Figure 19. Cascaded Connection of Y-drivers
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8.3 -8.3.1 8.0 LCD Interface

8.3 OUTPUT DATA FORMAT
8.3.1 Single LCD/4-bit data

))
[S8
abcd efgh ijkli nmop )
(C
2 ~Z LCD Panel
) )
Q8
uUD3 a e i m
ub2 - b o f > ] » " L+ Sequence of Data
UD1 c g k 0
uDo d h | p
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8.0 LCD Interface 8.3.2

8.3.2 Single LCD/8-bit data

> )

— (

abcdefgh|ijkimnop qrs... ’y

[§¢

~ ~~ LCD Panel

))

((
ub7 a i q

Ube b S o f » Sequence of Data

uD5 c k s
UD4 d | t
uD3 e m u
ubD2 f n v
UD1 g o] w
UDO h o] X
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8.3.3 8.0 LCD Interface
8.3.3 Dual LCD
))
. (€

abed efgh ijkl mnop 'y

(C
~ = (Upper)

s
'y LCD Pane!
<

ABCD |EFGH | IJKL |MNOP '
S8

= - (Lower)

))
Q8

up3 a e i m

ub2 o P f o o " » Sequence of Data

uD1 c g k o

uDo d h | p

LD3 A E i M

LD2 B F . N » Sequence of Data

LDt C G K (o)

LDO D H L P
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9.0

Package Dimensions
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9.0 Package Dimensions 9.0-9.1

9.0 PACKAGE DIMENSIONS
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9.2 9.0 Package Dimensions

9.2 SED1351Fws

Plastic QFP15-100 pin Unit: mm
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1.0

S-MOS assumes no responsibility or liability for {1) any errors or inaccuracies contained in the
information herein and (2) the use of the Information or a portion thereof in any application,
including any claim for (a) copyright or patent infringement or (b) direct, Indirect, special or
consequentlal damages. There ara no warranties extended or granted by this document. The
information herein is subject to change without notice from S-MOS.

September 1995 ® Copyright 1995 S-MOS Systems, Inc. Printed In U.S.A. 271-0.2
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