CMOS TFT-LCD SOURCE DRIVER

HM10S801A

384CH TFT-LCD SOURCE DRIVER

PRELIMINARY

SPECIFICATION

<1/22>



* Description

HMI10S801A is a source driver for offering an ultra low power solution for pixel
inversion LCD modules used in monitor or note PC applications. It accepts 8-bit x 6
dot digital data and provides direct drive, 512 voltage, 384 output, and full 12.6Vp-p
dynamic range to drive 16,777,216 color TFT displays.

* Features

- Source driver LSI for active matrix LCD
- Ultra low power
= Low power driver amplifier
= Optimized for pixel inversion
- The number of LCD driving output is 384 Channel
- 512 Distinct voltages per output
= 256 Gray shade high colors on TFT LCD
= 16,777,216 on TFT displays
- 12.6V Output dynamic range
- High speed data latch
= Up to 37.5Mhz Operation
= Supports 3.3V Data bus
= Dual ports : 6 Data busses
- High speed output drive
= Fast output transitions
= Transition time independent of other outputs
- Slim and fine pitch TCP (Tape Carrier Package)
- Adoption of LTOR port for easy LCD wiring
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* Block Diagram
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[Fig 1] Block diagram of HM10S801A
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* TCP Pin Configuration
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[Fig 2] TCP pin assignment of HM10S801A

NOTICE : This is seen from the front side of the TCP.

Inner lead bonding direction is Face Up as shown below.

The number of dummy pads could be changed according to the situation.

The front side of the chip

The back side of the chip
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* Pin Description

NAME |[OUTPUT
DA[7:0]
gg[;fg] R,G,B 8bit digital video signals
DD[7:0] Input | Dx0: LSB, Dx7 : MSB
[7:0] Data inputs which select one of 256 reference voltages
DE[7:0]
DF[7:0]
Data latch enable.
Start pulse input port of internal shift register
DEIOI1 Input / LTOR =1 LTOR =0
DEIO? Output DEIOI Right shift input Left shift output
DEIO2 Right shift output | [ eft shift input
[Table 1] Relation between LTOR and DEIOx
Shift direction pin (up/down select)
LTOR | Input | [f1TOR =1, then Right shift : Output I — Output 384
=0, then Left shift : Output 384 — Output 1
Data clock pin
DCLK Input Data(Dx[7:0]), POLC, DEIOx input are latched on the rising edge
of this clock.
VDD Analog block voltage source : typically 12 Volts above VSA.
vCC Input Digital block voltage source : typically 3.3Volts above VSS.
VSA Analog block reference voltage, typically 0.0Volts.
VSS Digital block reference voltage, typically 0.0Volts.
High / Low voltage reference for the D/A converter
GHO : The lowest voltage in high voltage region
GLO : The highest voltage in low voltage region
Gxx Input | GH255 : The highest voltage in high voltage region
GL255 : The lowest voltage in low voltage region
GHS8, GH190, GH238, GH254, GL8, GL190, GL238, GL254 :
Intermediate D/A voltage references
Data transfer pin
After ‘tpdDZ’ from rising edge of this input, the latched Data will be
LOAD Input | transferred to buffers and drove to the outputs the previously

acquired analog voltages.(see page 22)
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PIN
NAME

INPUT /
OUTPUT

FUNCTION

POLC

Input

Polarity control pin.
This input pin is set to a digital high or a digital low state and will
select the output polarity as shown below.

POLC OUT Ly, OUT Ly

L GHO to GH255 | GLO to GL255

H GLO to GL255 | GHO to GH255

OUT ,,; : Odd number outputs
OUT , : Even number outputs

[Table 2] Relation between LTOR and DEIOx

The sampling of this pin begins with the rising edge of the DCLK
when LOAD signal is HIGH.

RVRSI
RVRS2

Input

This pin is used to internally reverse the data busses whenever it is
pulled to a logic high state. This results in reversed output gamma
curves.

when RVRSI, 2 = High : data is inverted
when RVRS1, 2 = Low : data is not inverted

Data Bus (DA, DB, DC) XOR RVRS1 = Data used in D/A
Data Bus (DD, DE, DF ) XOR RVRS2 = Data used in D/A
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* Device Description

1) Operation description

HM10S801A device provides a full dynamic range of 12.6V from 13V supplies on 384
outputs. Full range output drive allows direct drive of TFT LCD displays, eliminating the
need for Vcom or supply modulation electronics. This feature significantly reduces power
consumption and component count.

In addition, the HM10S801A permits very low power consumption for panels using pixel
inversion. Outputs are supported with individual high drive, high slew, operational
amplifier style buffers. A 37.5MHz internal bi-directional shift registers allow use in single
bank full motion video. A total of 512 voltages can be output for an active matrix display
with variable increments between each voltage as shown below.

A

Voltage [NGH255(+,00)

GHO(+, FF)

Example Gamma curve

GLO(-, FF)

GL255(-,00)

>
GHx - GLx Levels

[Fig 3] Waveforms illustrating relationship between input data(Polarity, Dx[7:0])

Digital data inputs to the chip are used to select one of the 512 voltages for driving an
individual output. To implement variations of the existing characteristic curve, 12 external
D/A voltage taps, six in the lower region and six in the higher region, are provided to allow
the user to force voltages on several points in the D/A resistor string.
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DEIO1(LTOR=1, Input)

HM10S801A

HM10S801A

HM10S801A

DEIO2(LTOR=1, Output)
XGA system = 8 drivers

[Fig 4] Output driver control inputs
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Output Range = VDD - 0.4V

VDD
i 0.2V min
GH255
400mV min
GHO N
Vcenter \L
GLO
GL255
i 0.2V min
VSA
VDD - 1V VDD + 1V
2— < Vcenter < 3

[Fig 5] Reference voltage electrical characteristics
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* Characteristic Curve
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Notes :

1. Gamma correction curve is mirrored on the low voltage range extending from
GLO to GL255, ie.. the % voltage of full range is the same for GLx and GHx
in the prototype. This does not have to be the case for a production device.
Mask changes can be made to accommodate nearly any gamma curve for
the upper and lower ranges individually.
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* R ratio for 256 gray

DATAH V node VH R (HGHD) \V/ R (LOW)
OOH 255 9.400 O0.000 O0.200
O1H 254 9.354| 170.318 O.246]1 139.429
o2H 253 9.315] 144.400 0.285]1 118.212
O3 H 252 9.2761 144.400 0.324] 118.212
o4a4H 251 9.237| 146.251 0.364) 119.727
O5H 250 9. 197 146.251 O0.403] 119.727
o6 H 249 9. 149 179.574 0.452]1 147 .007
OoO7H 248 9.100)| 179.574 O0.500] 147.007
Oo8H 247 9.051 181 .425 0.549] 148.522
O9H 246 9.002| 181 .425 0.598] 148.522
O AH 245 8.956| 172.169 0.645] 140.945
oBH 244 8.909| 172.169 O0.691 140.945
oCH 243 8.866| 159.210 O0.734] 130.336
ODH 242 8.823| 159.210 O.777]1 130.336
OEH 241 8.783| 148.102 O.817] 121 .243
OFH 240 8.743| 148.102 O0.857] 121 .243
10H 239 8.706| 138.846 O0.895] 113.665
11 H 238 8.668| 138.846 0.932]1 113.665
12H 237 8.633| 131 .441 0.968] 109.118
13H 236 8.597| 131 _.441 1.004) 109.118
14a4H 235 8.564| 122.185 1.038) 101 .541
15H 234 8.531 122.185 1.071 101 .541
16H 233 8.501 112.928 1.103 95.479
17H 232 8.470| 112.928 1.134 95.479
18H 231 8.4431 101 .820 1.164 89.417
19H 230 8.4151 101 .820 1.193 89.417
1AH 229 8.390 94 .415 1.220 81.839
1BH 228 8.364 94.415 1.247 81.839
1CH 227 8.341 85.159 1.272 75.777
1 DH 226 8.318 85.159 1.297 75.777
1EH 225 8.296 81 .456 1.321 72.746
1FH 2249 8.274 81 .456 1.345 72.746
20H 223 8.254 75.902 1.367 66.684
21H 222 8.233 75.902 1.389 66.684
22H 221 8.214 70.349 1.410 63.652
23 H 220 8.195 70.349 1.431 63.652
24H 219 8.178 64.795 1.451 59.106
25H 218 8.160 64.795 1.470 59.106
26 H 217 8.144 61.092 1.489 56.075
27H 216 8.127 61.092 1.507 56.075
28H 215 8. 111 61 .092 1.525 54.559
29H 214 8.094 61 .092 1.543 54.559
2AH 213 8.079 57.390 1.561 53.044
2BH 212 8.063 57.390 1.578 53.044
2CH 211 8.048 55.538 1.595 51.528
2DH 210 8.033 55.538 1.612 51.528
2EH 209 8.019 53.687 1.628 48.497
2FH 208 8.004 53.687 1.644 48.497
30H 207 7 .990 53.687 1.660 48.497
31H 206 7.975 53.687 1.676 48.497
32H 205 7 .962 49 .985 1.692 46 .982
33H 204 7.948 49.985 1.707 46 .982
34H 203 7 .935 48.133 1.722 43.950
35H 202 7 .922 48.133 1.736 43.950
36 H 201 7.910 44 .431 1.751 43.950
37H 200 7 .898 44 .431 1.765 43.950
38H 199 7 .886 44 .431 1.779 40.919
39H 198 7.874 44 .431 1.792 40.919
3 AH 197 7.863 42.579 1.806 40.919
3IBH 196 7.851 42.579 1.819 40.919
3CH 195 7.840 40.728 1.832 39.404
3DH 194 7 .829 40.728 1.845 39.404
3EH 193 7.819 38.877 1.857 36.373
3FH 192 7.808 38.877 1.869 36.373
40H 191 7.798 38.877 1.882 37.888
41 H 190 7. 787 38.877 1.894 37.888
a42H 189 7. 777 37.026 1.906 34.857
43H 188 7. 767 37.026 1.917 34.857
44H4 187 7.758 35.174 1.929 34.857
45H 186 7.748 35.174 1.940 34.857
46H 185 7. 739 35.174 1.951 33.342
a47H 184 7. 729 35.174 1.962 33.342
48H 183 7.720 33.323 1.973 33.342
49H 182 7.711 33.323 1.984 33.342
4 AH 181 7.702 33.323 1.995 33.342
4BH 180 7 .693 33.323 2.006 33.342
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* Timing Diagram 1
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* Timing Diagram 2

- DEIOx and Data latch sequence

DEIOx _I |
1)
(Input) «
0 1 2 3 " 62 63 64
TS T T e O O o N B B
* NOTE1 W
DA[7:0] ><OUT1 /><OUT7 /><0UT13 >< « 0UT367>< UT373><0UT379
XOR RVRS1 OUT379 OUT373 OUT367 n OUTI13 UT7 OUTI
1)
DB([7:0] >< UT2 >< UTS ><0UT14/>< u ><0UT36 ><OUT374><0UT380
XOR RVRS1 OUT380 OUT374 OUT368 ‘Z OUTI14 OUTS ouUT?
(
)
DCJ7:0] ><OUT3 />< UT9 ><0UT15/>< « ><0UT36 ><OUT375><0UT381
XOR RVRSI OUT381 OUT375 OUT369 " OUTI5 oUT9 oUT3
{ —
1)
DD[7:0] ><OUT4 /><OUT10 /><0UT16/>< u X)UT367(><O T376><0UT382
XOR RVRS2 OUT382 OUT376 OUT370 " OUTI16 OUTI10 OUT4
[{§
)
DE[7:0] >< UTS /><0UT11/><0UT17/>< « ><0UT37 ><0 377><0UT383
XOR RVRS2 OUT383 OUT377 OUT37L W OUT17 UTI1 OUT5
i —
1)
DF[7:0] >< UT6 />< UT12/>< UT18/>< « >< UT372>< UT378><0UT384
XOR RVRS2 OUT384 OUT378 OUT3T2 " OUTI8 UTI12 OUT6
[{§
DEIOx
)
(Output) «

*NOTEl: LTOR=1, OUTI
LTOR =0, OUT379
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* Timing Diagram 3

- DEIOx and LOAD operations
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u [\
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* Timing Diagram 4

Row output -1 —/ \

Row output n / \

Row output n+1 / —
LOAD N N\ N\ A

POLC _/ \ / \_

( Output )
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* HM10S801A Electrical Characteristics

1) Absolute Maximum Ratings

Parameter Symbol Limit Units
Analog voltage supply range Note )] VDD -0.3 ~+15 \Y
Digital voltage supply range (Note 1) VCC -0.3 ~+6.0 \'%
GHxx(High range) (Note 1) 1/2VDD-1.0 ~ VDD+0.3 \Y
GLxx(Low range) (Note 1) -0.3 ~ 1/2VDD+0.3 \Y
Input voltage(Digital logic) Vin -0.3 ~VCC+0.3 \%
Output voltage Vout -0.3 ~VDD+0.3 \Y
Operating temperature Top -25 ~+75 C
Storage temperature Tstr -55 ~+125 (¢

[Table 1] Absolute Maximum Ratings

Notes : 1. Absolute voltage referenced to VSS = 0.0V ,VSA=0.0V.

Device operation above the parametric values listed may cause device damage.
Functional operation of the device at these or any other conditions beyond those listed in
the “DC operating Condition”section of this specification is not implied.

2) DC Operating Conditions

[Table 2] show electrical characteristics for typical operating conditions for the
HM10S801A.

Parameter Symbol | Condition | Min Typ Max [Unit
3.3V Logic supply range VCC - 3.0 33 3.6 \Y4
Input high voltage VIH - 0.7vCC — - \Y
Input low voltage VIL - - — 03VCC| v
Output high voltage VOH | IOH=0.5mA 2.8 - - \Y%
Output low voltage VOL | IOL=0.5mA - - 0.5 \Y
Logic current consumption (Note 1) |ICC 3.3V - - 1.1* - mA
Input leakage ITH y,gfjfy - - 10 uA
Input leakage 1L zlcl\?j{,év - - 10 uA

[Table 5] Logic Section Electrical Characteristics

Note: 1. GH255=12.8V, GL255=0.2V, DCLK frequency=37.5MHz, VSA=0.0V, VDD=13V,
Line time=20us.

* This value is the only simulation result.
The exact value will be modified after measuring values of silicon samples.
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Parameter Symbol Condition Min  Typ Max _[Unit
Supply voltage range VDD - 11.0 12.0 13.0 \%
Supply current consumption IDD VDD=13V - 20/56* — mA
Power dissipation MNote ) | PWD - —  260/730* — mW
Output voltage range Vour VDD=13V 0.2 - 12.8 A%
Output current Tout - - 2.0% - mA
Output absolute error mote2) |  Verr |Vout,exp - Vout,meas| — 5 - mV

[Table 3] Output drivers electrical characteristics

Notes :

Power On sequence : VCC -> Input signals -> VDD -> GHxx,GLxx.
Power Off sequence : GHxx, GLxx -> VDD -> Input signals -> VCC.

1. Power dissipation configuration

: GH255=12.8V, GL255=0.2V, DCLK frequency=

37.5MHz, VSS=0.0V, VSA=0.0V, VCC=3.3V, VDD=13V, Load =8K%2/180pF, Line

time=20us.

This is equivalent to an all black display.

2. Power dissipation = [VCC*ICC]+[VDD*IDD]

This parameter is from output to output and from driver to driver and represents one
sigma(standard deviation)

* These values are the only simulation results.

The format is as follows: the Value without LOAD Condition / the Value with LOAD Condition.
Load Conditions are R=8%2 and C=180pF.

The exact values will be modified after measuring values of silicon samples.
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* Switching Characteristics

Supplies : VDD = 12.0V, VSA = 0.0V

Parameter Symbol | Cond Min Typ Max | Unit
Data Clock Frequency MNote 1) [ DCLK - - - 37.5|MHz
DCLK Pulse Width High mote 1) | tCWH - 8 - - ns
DCLK Pulse Width Low mote 1) | tCWL - 8 - - ns
Enable Setup Time tsDI - 4 - - ns
Enable Hold Time thDI - 4 - — ns
Data(Dx[7:0], RVRSx) Setup Time tsDD - 4 - - ns
Data(Dx[7:0], RVRSx ) Hold Time thDD - 4 ns
LOAD Setup time tsDL - 4 - - ns
LOAD High Duration twDL - I B
LOAD to Enable Input Duration ~ (Note2) | tsLDI - 2 - - Egﬁ
LOAD to Enable Output Duration tsLLD2 _ 1 - - EC%I;
POLC Setup Time tsDP - 4 - - ns
POLC Hold Time thDP - 4 - - ns
Enable Output Delay Time tpdDO |Load=25pF - - 10 | ns
Output High-Z Time tpdDZ - - 49 - |
Output Delay Time 1 tpdDE (Note 3, 5) - - 3 us
Output Delay Time 2 tpdDX | (Note4,s) - - 7 us

[Table 6] VCC =+3.3V, VSS=0.0V switching characteristics

Notes : 1. DCLK Rise/Fall=2.0ns max. (10%~90%)
2. Does not need to be synchronous to clock.
3. Target output voltage X 0.9
4. Target output voltage = AVO
5. Load condition of analog output pin is shown in [Fig 6].

8 R
= _\I\/\'_| R = 8KQ
S c = C = 180pF

T

[Fig 6] Load conditions of analog output pin.
The values of R and C could be changed according to the situation.
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[Fig 7] Timing diagram for cascaded devices with free-running DCLK.

Notes :
1. Most of signals need setup time due to Flip-flop setup time satisfaction
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