SED1352Foa

GRAPHICS LCD CONTROLLER

W DESCRIPTION

The SED1352 is a high duty cycle, graphic display LCD controller capable of displaying a maximum of 16
levels of gray shade on single and dual scan Liquid Crystal Displays. A 16x4 lookup table is provided to allow
remapping of the 16 possible gray shades displayed on the LCD panel. The SED1352 can interface to
MC68000 microprocessor, 8/16 bit ISA Bus, and 8/16 bit MPUs with READY (WAIT#) signal with minimum

external “glue” logic. This chip can directly control up to 128 Kbytes of static SRAM.
Optimized for cost and power savings, the SED1352 can operate from 2.7 Volt to 5.5 Volt and from 5 Mhz

to 25Mhz.

8 FEATURES

16-bit 16 Mhz MC68000 MPU interface
8/16-bit ISA data bus interface bus

8/16bitMPU interface controlled by a READY
(or WAIT#) signal

Option to use built-in index register or direct-
mapping to access one of fifteen internal
registers

2-terminal crystal input for internal or external
crystal oscillator

8/16 bit SRAM interface configurations
Two software power-save modes

Low power consumption

Virtual display support

Packed pixel mode support

Display modes:

2 bit/pixel, 4-level gray-scale display
4 bit/pixel, 16-level gray-scale display

B SYSTEM BLOCK DIAGRAM

Display memory interface:

One 1 Mbit SRAM(64Kx16)

One or two 32Kbyte SRAM(s)

One or two 8Kbyte SRAM(s)

One 8Kbyte and one 32Kbyte SRAM

LCD panel configurations:
Single-panel, single-drive display
Dual-panel, dual-drive display
Maximum number of vertical lines:
1,024 lines (single-panel, single-drive

display)
2,048 lines (dual-panel, dual-drive
display)
Split screen display support at single-panel
mode

QFPS-100-S2 package
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B INTERFACE OPTIONS

Interface with 16-bit MC68xxx MPU and 16Kbytes SRAM (2 of 8K x 8)
MCEBxxx SED1352
:ég :: :(2:? | Decoder p————— ol MEMCS
A16.A14 vD8-~15
___ VDO-7
- Decsder 10CS e
A1010 AT9
Alto A9 AB1-AB19 WE WE
DO to D15 DBO-DB15 64 Kbit 64 Kbit
DTACK READY Cs cs
(DS AB
UDS BHE  VCS0
AS|— +{IOR VCSt |—————]
RW - » IOW  VA0~12

Note: Example implementation, actual may vary.

interface with 8-bit Z80 MPU and 16Kbytes SRAM (2 of 8K x 8)

Z80 SED1352
MPU [ Decoder - —»/ MEMCS
8]
MREQ JA10to A15 . o iocs vD0-7
* VWE
iORG
A0 to A15 —»{ ABO~AB15 WE WE
DO to D7 [+— DB0-DB? 64 Kbit 64 Kbit
WAIT READY cs cs
WR MEMW 3) j
RD t. MEMR VCS0
iOR VCS1
= IOW VA0-12
RESET |[——————>— RESET

Note: Example implementation, actual may vary.
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Interface with 16-bit 8086 MPU and 64Kbytes SRAM (2 of 32K x 8)
8086
{Maximum mode) 8288 SED1352
L >| OLK - > O RBE »| MEMA
— — > ~7
READY READY §1 s1 Arg;% -~ %Eﬁmw V?;/E
RESET RESET SO » SO AIOWG oW
RDY DEN fol
8284A ~— DT/R WE
—ALE 256 Kbit
A16~A19 AB16~AB18 cs
Decoder ?
— VCS0
M/i0 ABO-AB15 VAO.14
BHE ATS »{ BHE »{ BHE -
ADO-AD15 AD~A16 » MEMCS
L STB »| I0CS WE
256 Kbit
DO-D1§ DBO-DB15 &
Ls{>_i c el ]
OE VCSi
RESET VD815
#| READY

Note: Example implementation, actual may vary.

Interface with 8-bit ISA Bus and 40Kbytes SRAM (1 of 8K x 8 and 1 of 32K x 8)

8-Bit ISA Bus SED1352
REFRESH —
.. 9, -
5A16.5A13 MEWCS vov?N ;
SWEMW MENW
SWEMR MEMR O
IOCHRDY READY WE
§D0-SD7 DBO-DB7 c_e: Kbit
SA0-5A19 —— s ABC-AB1O
SA10-SATS SA(104) 0 SAS
> J— R
N e 2 : s vos|—t
o — ow  Vveo-1
0A iOR
RESET Optonal AESET WE
R - 258 Kbit
cs

owWs : Decoder 3
: D Vst

Note: Example implementation, actual may vary.
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Interface with 16-bit ISA Bus and 128Kbytes SRAM (1 of 128K x 8)

16-Bit ISA Bus SED1352
AEFRESH —
SMEMW ——» MEMW
SMEMR ———»{ MEMR
IOCHRDY |« READY 1-Mbit
SD0~SD15 DBO~DB15
SA0-SA10 ABO-AB19
SA10-SA15 Decoder > SA(1or4) 10 SA9 . veso — JiB
AEN D _ Vesi | U8
ow IOW
_IoR IoR
_SBHE BHE  vao-1s »{ A0-15
RESET |- . ---m RESET
[ VDO-7 [e—-—» 11O 18
i0Cs16 <] | Decoder
1 - VDB-15 |¢———»{ (109~16
LA17~LA23
MEMCS16 ‘_—ﬁil ] Decoder
Note: Example implementation, actual may vary.
B SUPPORTED RESOLUTIONS
Example Display Size
Display o po —sP ‘1’ SRAM CcPU SRAM
RAM s ra€ f Gra); S Type Interface Interface
8 Kbyte 256 x 128 128 x 128 1 of 8Kx8 8-bit 8-bit
16 Kbyte 320 x 200 200 x 160 2 of 8Kx8 St 8-bi'16-bit
16-bit 16-bit
32 Kbyte 512 x 256 256 x 256 1 of 32Kx8 8-bit 8-bit
40 Kbyte 512 x 320 320x256 | 10f8KxBand 8-bit 8-bit
yt 1 of 32Kx8 '
64 Kbyte 512x 512 512 x 256 2 of 32Kx8 8-bit 8-bi/16-bit
16-bit 16-bit
128 Kbyte 1024 x 512 512 x 512 1 of 64Kx16 16-bit 16-bit
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B BLOCK DIAGRAM

[, ‘ Control Registers
iOR, iOW, IOCS,
MEMCS, MEMR, f I 3
MEMW, BHE
AB[19:0] Port
s?us | Decoder Sequence LCDENB
gna; Controfler : LCD uD[3:0]
Translation Memory [ » Look-up Panel b+ LD 3.'0
READY < "@4 "_Table [} | ertace LP'[Y-D?
WF
. Data Bus Address
DB[15:0] Converslon
v Display
CPU/CRT Data
Selector Formatter
Timing Generator
Power Save
t !
[o] 8 § < <K <
@ 2 2
2 2 sRgE 8
<2 k=1
3
B DC SPECIFICATIONS
® Absolute Maximum Ratings
Parameters Symbol Rating Units
Supply voltage Voo Vss —0.3 to +6.5 \
Input voltage Vin Vss-0.3 to Voo +0.3 \
Output voltage Vour Vss-0.3 to Voo +0.3 \
Ambient temperature Ta ~55t0 125 °C
Storage temperature Tstg ~65 to 150 °C
Solder temperature/time Tsou 260 for 10 sec. max at lead °C
® Recommended Operating Conditions
Parameter Symbol Conditions Min. Typ Max. Units
Supply voltage Voo () Vss = OV 45 5.0 5.5 \
Supply voltage Voo (2) Vss = OV 2.7 3.0 3.3 \
Input voltage Vin Vss — Voo \
Junction temperature Ti 0 — 115 °C
Operating temperature Topr 0 25 70 °C
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@ Input Specifications

Parameter Symbol Conditions Min. Typ Max. Units
Low level input voltage
CMOS inputs Vo Voo = Min 1.0 Vv
TTL inputs 0.8 Vv
Low level input voltage
CMOS inputs Vin Voo = Max 3.5 Vv
TTL inputs 2.0 Vv
Positive going threshold
CMOS Schmitt inputs Vre Voo=5.0 4.0 v
TTL Schmitt inputs 2.4 Vv
Negative going threshold
CMOS Schmitt inputs V- Voo= 5.0 0.8 A
TTL Schmitt inputs 0.6 v
Hysteresis voltage
CMOS Schmitt inputs VH Voo=5.0 0.3 A
TTL Schmitt inputs 0.1 \"
Voo = MAX
Input leakage current hz Vi = Voo -1 1 pA
Vi = Vss
Input pin capacitance Cn 4 pF
Pull down resistance HReo | Y0=S0V 50 | 100 180 KQ
Vi = Voo
Pull down resistance LRm | Vo=38V 9 | 180 360 KQ

@ Output Specifications

Parameter Symbol Conditions Min. Typ Max. Units
Low level output voltage
Type 2 - TS2, CO2, TS2D1 ) lo. = 6 MA
Type 3 - TS3 o lou = 12 mA Vss+ 04| V
Type 4 — TS4, OD4 lo. = 24 mA

High level output voltage

Type 2 - TS2, CO2, TS2D1 lou = -2 mA
Type 3-TS3 Vou loo=—4ma |Voo-04 v
Type 4 — TS4, OD4 lo. = -8 mA
Voo = MAX
Output leakage current loz Von = Voo -1 1 HA
VoL = Vss
Output pin capacitance Cour 6 pF
Bidirectional pin capacitance Csio 10 pF
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W SED1352 PIN OUTS
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B PIN DESCRIPTION

Key
A = Analog
| = Input
O = Output
IO = Bi-directional
P = Power
Bus Interface
Pin Name | Type Pin # Description

DBO-DB15 | IO | 94 -100, |These pins are connected to the system data bus. In 8-bit bus mods,
1,4-11 DB8-DB15 must be tied to VDD.

ABO | 12 in MC68000 MPU interfacs, this pin is connected to the Lower Data Strobe
(LDS#) pin of MC68000. In other bus interfaces, this pin is connected to
the system address bus.

AB1-AB19 | 13- 31 These pins are connected to the system address bus.
BHE# | 91 In MC68000 MPU interface, this pin is connected to the Upper Data Strobe
(UDS#) pin of MC68000.

In other bus interfaces, this pin is the Bus High Enable input for use with
16-bit system. In 8-bit bus mode, tie BHE# input to VDD.

10CS# | 84 Active low input to select one of fifteen internal registers.
IOW# | 85 In MC68000 MPU interface, this pin is connected to the R/W# pin of
MC68000.

This input pin will define whether the data transfer is a read (active
high) or write (active low) cycle. In other bus interfaces, this is the
active low input to write data into an internal register.

IOR# | 86 In MC688000 MPU interface, this pin is connected to the AS# pin of MC68000.
This input pin will indicate a valid address is available on the address
bus. In other bus interfaces, this is the active low input to read data
from an internal register.

MEMCS# | 87 Active low input to indicate the attempt to access the display memory.

MEMW# I 88 Active low input to write data to the display memory.

MEMR# | 89 Active low input to read data from the display memory.

READY (e} 90 For MC68000 MPU interface, this pin is connected to the DTACK# pin of
MC68000 and will be driven low whenever a data transfer is complete. in other
bus interfaces, this output is driven low to force the system to insert wait states
when needed. READY is released to high-Z after the transfer is completed.

RESET ! 32 Active high input to force all signals to their inactive states.
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Display Memory interface

Pin Name | Type Pin # Description

vDO-vD15 | 1/O 44-51, These pins are connected to the display memory data bus. For 16-bit
54-61 intertace, VDO-VD7 are connected to the display memory data bus of even
byte addresses and VD8-VD15 are connected to the display memory data bus
of odd byte addresses. The output drivers of these pins are placed into a high-
Z state when RESET is high. On the falling edge of RESET, the values of VDO-
VD15, each with internal pull-down resistor, will be latched into the chip to
configure various hardware options.

VAO-VA15 o 33-43, | These pins are connected to the display memory address bus.

62-66
VCS1# (o) 69 Active low chip-select output to the second or odd byte address SRAM.
See display memory interface section for details.
VCSO0# o} 68 Active low chip-select output to the first or even byte address SRAM.
See display memory interface section for details.
VWE# (o] 67 Active low output used for writing data to the display memory.
This pin is connected to the WE# input of the SRAMs.
VOE# o 83 Active low output to enable reading of data from the display memory.
This pin is connected to the OE# input of the SRAMSs.
LCD Interface
Pin Name | Type Pin# Description

UD3-UD0 (0] 70-73 | Upper panel display data for dual panel mode. For single panel mode,
these bits are the most significant 4 bits of the 8 bits output data to the
pane! (PD[4:7]).

For 4-bit signel panel mode, these bits are the 4 bits of output data to the panel.
LD3-LDO o] 74 -77 | Lower panel display data for dual panel mode. For 8-bit single panel
mode, these bits are the least significant 4 bits of the 8 bits output data
to the panel (PD{0:3}).

For 4-bit signel panels, these bits are driven O (low state).

XSCL o 81 Display data shift clock. Data is shifted into the LCD X-drivers on the falling
edge of this signal.

LP o] 79 Display data latch clock. The falling edge of this signal is used to latch a row
of display data in the LCD X-drivers and to turn on the row driver (Ydriver).

WF o 80 LCD AC-drive signal output.

YD (o] 78 Vertical scanning start pulse. A logic ‘1’ on this signal, sampled by the LCD

module on the falling edge of LP, is used by the panel row driver (Y driver)
to indicate the start of the vertical frame.

LCDENB o] 82 LCD enable signal! output. it can be used externally to turn off the panel
supply voltage and backlight.
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Clock Inputs
Pin Name | Type Pin# Description
0SC1 | 92 This pin, along with OSC2 is the 2-terminal crystal interface when using a 2-

terminal crystal as the clock input. If an external oscillator is used as a clock
source, then this pin is the clock input.

oscz2 0O 93 This pin, along with OSC1 is the 2-terminal crystal interface when using a 2-
terminal crystal as the clock input. If an external oscillator is used as a clock
source, then this pin should be left unconnected.

Power Supply

Pin Name | Type Pin# Description
Voo P 3,53 Voltage supply.
Vss P 2,52 Voltage ground.
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llustrated below are the display data output which are output from the UDO to UD3, LDO/UD4 to LD3/UD7

and the display on the panel:

UD3|uD2|UD1{UDO

Dual Panel — Top

LD3 (LD2 LD1ILDO

Dual Panel - Bottom

UD3|uD2|UD1 IE;I].DEEDZILN ILDﬂ

8-bit Single Panel

UDS]UD2]GD1 IUDOIUDIZIUD2 uD1 IUDOI

4-bit Single Panel

LCD PANEL PIXELS

. 640 DOTS >
1-1 1-2 1-639 | 1-640
2-1 2-2 2-639 | 2-640
240 LINES UPPER LCD PANEL
240-1 | 240-2 240- 639| 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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@ MONOCHROME PASSIVE STN LCD PANEL INTERFACE

LP : 240 PULSES LP : 4 PULSES
YD 1 o |
el T n_n n__1 N nJn n fn
WF o X
UD[3:0] _ ) UNET JUNE2 Y UNE3 Y UNE4 X - ~ - YLINE 298 UNE 240 ) Lot X unez X
N
we ) DIl
» XSCL: 80 CLOCK PERIODS .
g -
N B e W Y e B I Y e MR o
ups —— - (X s X~ X X------ C X () L X
up2 ———— A X X X - - SN SR S S €773 W S (
D1 D E=3 G=2 GED G CEEREE OO @ X
UDo —— - (e X s X X X------ C (T T =y X

Exampie timing for 320 x 240 single panel
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‘e
B MONOCHROME PASSIVE STN LCD PANEL INTERFACE

L LP : 480 PULSES . LP 4 PULSES
[ L
YD . —
(S | N | N n i n-_sn 1 n n _n n
WF o X
UD{3:0), LD[3:0) DY UNE1 Y UNE2 X LNE3 X UNE4 X - - - XUINE 475 (LINE 480 ) A uned X unez X
LP e ‘ﬁ
WF SoooC
XSCL: 80 CLOCK PERIODS |
xseb [l IALrure o Lrerre e e
P G=0 =D SIS SR CEELE C T ). X
SO €5 GE1) SIS GIED CEPREE C X .. X
D) ————— SN EXT SN D CEEE D D G SN G 3 N S {
UDo —— - =D EE7) Gl G SRR C X G L X
PO =5 G=1) G S CREPEE S S G G 2 U G
PSSR G5 GETS SR G CERREE S G S G () U G
PSR G=5 GET SR G CEEEES O X
PSSR G0 G Sl Gl CEEPEE S S (7 U G (

Example timing for 640 x 480 panel
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# MONOCHROME PASSIVE STN LCD PANEL INTERFACE

LP : 240 PULSES LP: 2 PULSES
YD .
L | I | n 1 n..ai-n n n n [ 0"
wF _oo X
uD{3:0), LD[3:0] 3 UNE 1241 e 2242 INE 3240 e zea ) — ~ = Yune zoars )T 2icmo), ACme vzen Y ove 2202 X
WF SIoIT "

XSCL: 160 CLOCK PERIODS )
£SO N o IS LS S I R B
PR G=1 = G S CEEEED OO G .. X
up2 e AT X - - S G S S =) W G {
P €= =7 S S SEEEES C X G X
000 - K X XX X - - - - C O T .. X
[P 71=) €77 S S CEEEE COC T s . X
02 U £71) €727) (NS SHD CEEEES OO O el X
. BN C7E) €752 G G SEREE S S G G 1= W G ¢
0o N CI=) €15) Gl SR CEEREE C OO e, X

Example timing for 640 x 480 panel
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Unit; mm

14.0 + 04

17.2 £ 004




