m DESCRIPTION

SED1351

GRAPHICS LCD CONTROLLER

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 SRAMSs 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.

m FEATURES

® | ow-power CMOS technology
® 8-bit or 16-bit MPU data interface
® Directinterface with 80xx, Z80 and 68xxx MPU

® 4- or 8-bit panel data bus for single panel and
4-bit bus for dual panel

® Supportlogical OR of layers and panel division
® Smooth vertical scrolling
® Virtual screen display up to 1024

® Binary mode (on/off only) generates black &
white images

® Gray mode (on/off and two gray steps) gener-
ates images with 4 gray shades

m SYSTEM BLOCK DIAGRAM

® Maximum number of rows

Binary mode ............ 2048
Gray mode .............. 1024
® Maximum number of rows:
Single panel ............ 1024
Dual panel ............... 2048

® Maximumdisplay sizes when 64K-byte SRAMs
are used:

Binary mode ............ 2048 x 256 / 1024 x 512

Gray mode .............. 1024 x 256 / 512 x 512
® Available models:

SED1351Foa ............ 5V, QFP5-100 pin

SED1351Fs .. .3V,QFP15-100 pin

» | MONO LCD

CLOCK
DATA !
CONTROL
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SED1351

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

SED1351

8284A
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Note:

Example implementation, actual may vary.

199



SED1351

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

68000 UDO~UD3,LDO~-LD3 |
— >
DACK | 2 b READY YD N
LP » MONO LCD
XSCL >
CK 4—‘ FR >
VAL-VA15 »| A0-A14
FC0,1,2 > ‘ »{i0CS VDO-VD7 [ »! 1/01~1/08
A[16-23] »| Decoder VCso » Cs(0)32K *8
— MEMCS » WE
s . » MEMCS VWE WE
MEMRD
RIW Do IORD
»| A0-A14
VD8~VD15 [ - 1/01~1/08
MEMWR o 32K x 8
cs(
M—:: IoWR vest > osw
»| WE
A[1-15] » AB1-AB15
LDS »| ABO
uDs » BHE

Note: Example implementation, actual may vary.
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SED1351

m SUPPORTED RESOLUTIONS

) Maximum Display Size
Display v h 2G | SRAM CPU SRAM
RAM onhochrome rayscale 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 20f 8K x 8 8 bit 8 bit
16 bit 16 bit
24K 512 x 384 384 x 256 30f8Kx8 8 bit 8 bit
32K 512 x 512 512 x 256 4 0f 8K x8 8 bit 8 bit
16 bit 16 bit
10f 32K x 8 8 bit 8 bit
48K 768 x 512 512 x 384 6 of 8K x 8 8 bit 8 bit
16 bit 16 bit
56K 896 x 512 512 x 448 7 of 8K x 8 8 bit 8 bit
64K 1024 x 512 512 x 512 8 0f 8K x 8 8 bit 8 bit
16 bit 16 bit
2 0f 32K x 8 8 bit 8 bit
16 bit 16 bit

m BLOCK DIAGRAM

RESET
READY MPUSEL, MPUCLK

iOCS,LOWR, IORD ) | cControl Redist R1to
MEMCS, MEMWR, MEMRD /O Control ontrol Register R15 LCDENB

A A
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BHE >—+ Address Buffer .
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DBO ~ DB15 Ore—» Data Buffer [ 16 Bits ]
A
Basic Training Eggfessg Display Data UDO ~ UD3
Generation Counter Control LDO ~LD3

I ! ;

osc1 0sc2 VAO ~ VA15 VWE VDO ~ VD15
VCS0 ~ VCs4

Display Timing
Control

VRAM
Control
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SED1351

m ELECTRICAL CHARACTERISTICS
e SED1351F0A

® Absolute Maximum Ratings (Vss = 0V)
Parameter Symbol Ratings Unit
Supply voltage VbbD Vss-0.31t0 7.0 \%
Input voltage Vi Vss—0.3 to Vbp+0.3 \%
Output voltage Vo Vss—0.3 to Vbp+0.3 \%
Output current/pin lo +10 mA
Power dissipation Pb 200 mwW
Supply current Ipp/Iss +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 VbbD 4.5 5.0 5.5 \%
Input voltage Vi Vss — VbD \%
Operating temperature Topr -20 — 75 °C
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SED1351

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

Parameter Symbol Condition Min Typ Max Unit
Static current loos Vin = Voo, Voo = Max,
Vss, lon = lo. =0 - - 100 HA
Vob = 5.5V,
Input leakage current (Type 1) Iu Vi = Voo, -10 — 10 UHA
ViL = Vss
High level input voltage 1 (OSC1) Vin1 Vop = 5.5V 3.5 — — \%
Low level input voltage 1 (OSC1) Vi Voo = 4.5V — — 1.0 \%
High level input voltage 2 (Type 2) Vinz Vop = 5.5V 2.0 — — \%
Low level input voltage 2 (Type 2) Viez Voo = 4.5V — — 0.8 \%
High level input voltage 3 (Type 3) Vs Vop = 5.5V 4.0 — — \Y
Low level input voltage 3 (Type 3) V- Voo = 4.5V — — 0.8 \%
Hysteresis voltage (Type 3) VH Voo = 5V 0.3 — — \%
High level output voltage 1 (Type 4) Vor1 Voo = 4.5V Voo — — \%
lon = —2mMA -04
Low level output voltage 1 (Type 4) VoL lo. = 6mMA — — Vss \%
+04
High level output voltage 2 (OSC2) Vorz Voo = 4.5V Vob — — \Y
low = —=50pA -04
Low level output voltage 2 (OSC2) VoL2 lo. = S0pA — — Vss \%
+04

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

Type 4. DBO ~ DB15, READY, VAO ~ VA15, VCSO ~ VCS4, VDO ~ VD15, VWE, XSCL, LP, WF, YD, UDO ~ UD3, LDO ~ LD3,
LCDENB
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SED1351

e SEDI1351FLA

® Absolute Maximum Ratings (Vss = 0V)
Parameter Symbol Ratings Unit
Supply voltage VbD Vss-0.31t0 7.0 \%
Input voltage Vi Vss—0.3 to Vbp+0.5 \%
Output voltage Vo Vss—0.3 to Vbp+0.5 \%
Output current/pin lo +24 mA
Power dissipation Pb 200 mwW
Supply current Ipp/Iss +40 mA
Storage temperature Tstg —65 to 150 °C

® Recommended Operating Conditions

(Vss=0V)
Parameter Symbol Condition Min Typ Max | Unit
Supply voltage VbD 2.7 — 3.6 \%
Input voltage Vi Vss — VbD \%
Operating temperature Topr -20 — 75 °C
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SED1351

©o DC Characteristics (FLB) (Ta= —20to 75°C)

Parameter Symbol Condition Min Typ Max Unit
Static current Iops Vin = Voo Or Vss, — — 30 UHA
Vop = MAX, lon=loL =0
Vop = MAX,
Input leakage current (Type 1) I Vi = Voo, -1 — 1 UHA
ViL = Vss
High level input voltage 1 (OSC1) Vin1 Vopo = MAX 0.7Vop — — \%
Low level input voltage 1 (OSC1) Vi Voo = MIN — — | 0.2Voo \%
High level input voltage 2 (Type 2) Vinz Vopo = MAX 0.7Vop — — \%
Low level input voltage 2 (Type 2) Viez Voo = MIN — — | 0.2Voo \%
High level input voltage 3 (Type 3) Vs Vopo = MAX 0.8Vop — — \Y
Low level input voltage 3 (Type 3) V- Voo = MIN — — | 0.2Voo \%
Hysteresis voltage (Type 3) VH Voo = TYP 0.3 — — \%
High level output voltage 1 (Type 4) Vor1 Voo = MIN Voo — — \%
lon = =1.5mA -0.3
Low level output voltage 1 (Type 4) Vo1 lo. = 3mA — — Vss \%
+0.3
High level output voltage 2 (OSC2) Vorz Voo = MIN Vob — — \Y
low = —=50pA -04
Low level output voltage 2 (OSC2) VoL2 lo. = S0pA — — Vss \%
+04

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

Type 4. DBO ~ DB15, READY, VAO ~ VA15, VCSO ~ VCS4, VDO ~ VD15, VWE, XSCL, LP, WF, YD, UDO ~ UD3, LDO ~ LD3,
LCDENB
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SED1351

m PIN CONFIGURATION (FOA)

—
o
YA ]
SYA — |25
OVA C—] |€S
VA — |5
VA C—] |s§
6YA C— |95
OTYA T——1J5
TIVA — |85
ZIVA C—1 /6§
ETYA — |09
YIVA ——— |19 <
STVA 1 |29 (e}
7SOA —— |9 o)
E£SOA ———1 |%9 1
2SOA —— |59 0
ISOA ——— |99 9
0SOA —— |19
0aA ——] 89 D
TaA —— |69 w
2aA —— |oL 0
€N — |1L
YaNT— |z
SN — |eL
9N T— |t
LaN —— |52
80N — |o/
6aAN C— |22
0TAA —— |8,
QAN C—1 |62
SSA |
=)
&

m PIN CONFIGURATION (FLB)

—Vss
49 —— VA4
48] —— VA3
471 — VA2
46) — VAL
45| —— VAQ
44 —— VWE
43 —1 DB15
42| — DB14
41| —— DB13
40| — DB12
39 —— DB11
38| —— DB10
371 —— DB9
36| —— DB8
35| —— DB7
34| —— DB6
33 —— DB5
32 —— DB4
31 —— DB3
30| —— DB2
29| —— DBl
28/ —— DBO
27| —— AB15

? AB14

SED1351FLB

VD8

VD9 — |77
VD10 — |78
VD11 — |79
VD12 ] |80
VD13 —— |81

VD14 — |82
VD15 ] |83

LCDENB 1 |84
XSCL — |85
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SED1351

e
® PIN DESCRIPTION

1. System Connector Terminals (at MPU)

FOA FLB

Pin Name Type Pin No. Pin No. Drv Description
DBO to DB15 1/0 30to45 | 28t043 These pins are interfaced with the MPU data bus.
When using an 8-bit MPU, connect DB8 to DB15 to
VDD.
ABO to AB15 | 14t029 | 12to 27 These pins are interfaced with the MPU address bus.

If multiplexed address signals are used, connect 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 | 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. It is “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 instruction from

the MPU.
MEMCS | 6 4 This signal is used for selecting VRAM. Itis “L” active,
and must be assigned to MPU memory space.
MEMWR | 7 5 This signal is used for writing data to the VRAM. Itis “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 (0] 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.

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 = Vop 16-bit MPU (e.g., V30, i8086)

RESET | 11 9 The MPU reset signal comes to this pin. Itis “H” active,
and initializes a control register.
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SED1351

Combinations of Control Pins

I0CS IOWR IORD MEMCS MEMWR MEMRD Operation
1 * * 1 * * Invalid
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 = "L” (low)
* = Don't care

2. VRAM Connector Terminals

) FOA FLB -
Pin Name Type Pin No. Pin No. Drv Description
VDO to VD15 1/0 68to 78, | 681to 83 These pins are interfaced with the VRAM data bus.
81to 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 (0] 471059 | 4510 49, These pins are interfaced with the VRAM address
52t0 59 bus and chip select pins.
VA13/VCS7to| O 60to 62 | 60 to 62 The SED1351 has chip select pins that can directly
VA15/VCS5 control eight 64K SRAMs (8K bytes each) or two
VCSOtoVCS4| O 67t063 | 671to 63 256K SRAMs (32K bytes) in the 64K VRAM space.
See Technical Manual for details.
VWE (0] 46 44 This signal is used for writing data to the 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
OSC1 | 99 97 The OSC1 (input) and OSC2 (output) pins gener-
0SC2 0 100 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 Voos and two
Vss _ 1,80 50, 99 Vsss. Apply +5V or +3V to Voo and OV to Vss. A
capacitor (4.7 pF or more) must be connected near
each pair of Voo/Vss pins.
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SED1351

5. LCD Connector Terminals

) FOA FLB -
Pin Name Type Pin No. Pin No. Drv Description
UDO to UD3 1/0 91to94 | 89to92 LCD display data. UDO to UD3 are the upper panel
LDO/UD4 to o) 951098 | 931to 96 display data in the signal panel or double panel
LD3/UD7 drive panel mode. LDO/UD4 to LD3/UD7 are the lower

panel display data in the double panel drive mode.
UDOto UD3, and LD0/UDA4 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, LD0O/UD4 to LD3/UD7 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 completion of 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 87 This pin provides a frame signal used for LCD AC
driving.

YD (0] 20 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 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 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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SED1351

lllustrated below are the display data which are output from the UDO to UD3, LD0O/UD4 to LD3/UD7 and the
display on the panel:

UD3 | UD2 | UD1 [ UDO |. .. UD3‘ ubD2 ‘ uD1 ‘ uDo ‘ LD3 ‘ LD2 ‘ LD1 ‘ LDO ‘ -

Dual Panel — Top

8-bit Single Panel

Dual Panel — Bottom

UD3‘ UDZ‘ UDl‘UDO‘UD3‘ UDZ‘ UDl‘UDO ‘

4-bit Single Panel

m LCD PANEL PIXELS

- 640 DOTS >
1-639 | 1-640
2-639 | 2-640

240 LINES UPPER LCD PANEL
l 240-1 |240-2 240- 639]240- 640
241-1|241-2 241- 639|241- 640

(TOP VIEW)

240LINES LOWER LCD PANEL

l 480-1 ] 480-2 480- 639]480- 640
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SED1351

= MONOCHROME LCD PANEL INTERFACE

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

LP : 242 PULSES

- -
YD o
LP ] N ] ] lL__1 ] ] ] ] I L
WF o X
UDI3:0], LD[3:0] A LINE 11241 NLINE 2/242 XLINE 31243 XUNE 41244 Xi - - *:XL\NE zag/m)(uue 240/480)\ A LINE 1/241  LINE 2/242
LP W o 1
WF X o _C
- XSCL: 160 CLOCKS o

xscL e el el I T e T O e

U =0 (= G G SRR X
S =5 =5 G G SR X
PO G=5 G=5 GHb GI SEEEE X
O =5 =5 G G SR X
R = = s G SEEEEE X
Y = ¢~ G G SRR X
Y = =) G G SRR X
O = ¢ G G SRR X

211



SED1351

= MONOCHROME LCD PANEL INTERFACE

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

LP : 482 PULSES

- >
YD [ 1 o 1
(S, | | | S | S | S | S | | S| S | S | S | S | |
WF o X
Ub[@o] _\_ fumer)uwes - - NowearoXumeaso)  fumen X umez O
P R —
WF X Ll =

-

xseb Pl e e e T e

UD3 B GE G0 SIS CEEEEY R G ¢
up2 e L Xe X X X- - X
up1 U =D =2 S S CEEE L X
UDo B ETD GTD S S CEEE LY X

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

LP : 482 PULSES

- >
YD

- 1
w0 oo fnofonononoqn
wr o X

UDl30], oo ) e ez e Yer X - - e, [
-_—
LP [j‘ o ﬁ
we X Il .
- XSCL: 80 CLOCKS =i
xseL S o W e B e o RO I B e MR
Y G =5 G G G SRS, X
O =5 = G G SRS X
o =5 €T Gl G SRS X
00 =S =5 G G SRR X
s D=0 =5 i G SR X
OO &= =T G G SRR X
o D EEC - X
oo G0 =15 G G SR X
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SED1351
]

m PACKAGE DIMENSIONS
e SED1351F0A

QFP5-100pin Unit: mm
| |
HﬁHHWHHHHHHHHHHH (.

Actual Size
e SED1351FLB
QFP15-100pin Unit: mm
) 16.0 +04
14.0 +01
75 51
[A0ONANROINA0ANACDNNAAN
76 = =50
% Index § § é
e d =

25

.5 £0.1 0.18 £01
l—————

f e %0_125
e Actual Size

1.0

QH RO
PN

0.125 +005
-
1.4 o
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