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LTPS TFT LCD Driver 132xR 60 with 262K Color
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| 1. GENERAL SPECIFICATION

Item Description

Process 0.18um CMOS process embedded SRAM

Package COG

Function Timing controller ( Embedded SRAM = 132 x RGB x 160 x 6 bit)

1

2. Digital to Analog Driver
3. Level shifter

4. DC to DC inverter

2. FEATURES
< 132 channels source driver output for LTPS LCD panel.
Embedded single 380.16K bits (132 x 160 x 6 bits x RGB) SRAM to

Built-in LCD timing controller

ort singl

Built-in level shifter

Built-in clock generator (VCO) function.
DC/DC Charge pump

Support 4 resolution types: 132x160, 128x
Supply Power Voltage Range VDD2.8=2.
Supply /O Voltage Range VDDIO=1.

S S S R R

<>

< Line/frare inversion supported.
< BM ESD (Handling body mode ) > £2KV , MM (machinery mode) > £200V and Latch up > £200mA
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| 3. BLOCK DIAGRAM
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Source Voltage
2X/3X Charge Pump Regulator VCOM Circuit
AVDD3
VDD2.8 AVDD1 VCOM VCOM
//-"’__"“\\ AVDD3 AVDD2
/ C13A C13B C12A C12B SEL (4.7V) VCOMH VCOML

\\_\_ _// 1
Only for 3X charge pump. — =3
IF use 2X charge pump , please let it open.
4

AVDD3

SEL o
E— AVDD3 Gamma

ANVDDZ
(4.7V) =
= Circuit 1

\ 4.2V =< AVDD3 Gamma
/ =2 Circuit 2
1

. 4
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4. PIN DESCRIPTIONS
Pin Name | Type | Description
Power Supply Pins
VDD2.8 P Power supply voltage for DC/DC converter and analog system
VDDIO P Power supply voltage for interface system
VSS P System ground
Interface Pins
nReset [ Device reset signal. It's active low.
HOSTI[1:0] | Interface type select
HOST1 [ HOSTO Designation
0 0 8080-series system
1 0 6800-series system
0 1 Parallel RGB with 3-wires SPI
1 1 3-wires SPI
nCS I Chip Select or Data Enable
(DE) 8080-series/6800-series:
H: Chip de-select
L: Chip select
Parallel RGB:
H: DATA valid
L: DATA invalid
(If no used, please connect to VD
RS I Command/DATA select
H: DATA
L: Command
(If no used, please connec
nWR I 8080-series: write en
(R/W ~ HS) 6800-series: read
H: read
L: write
Parallel
nRD
(E~VS)
D[17:0] 8 bit'bi=directional display data bus for parallel interface
bit bus use D[15:0](Parallel RGB Mode R:G:B=5:6:5)
bus use D[17:0](Parallel RGB Mode R:G:B=6:6:6)
If no used, please connect to VDDIO or VSS)
MC ixel clock
(If no used, please connect to VDDIO or VSS)
SPl nCS I Serial- peripheral interface enable
(If no used, please connect to VDDIO or VSS)
SC I Serial-peripheral interface DATA transfer clock
(If no used, please connect to VDDIO or VSS)
SDI I Serial- peripheral interface DATA input
(If no used, please connect to VDDIO or VSS)
SDO 0] Serial- peripheral interface DATA output

(If no used, please connect to VDDIO or VSS)
Panel Control Signal Pins

CKH1 O RGB switch control signal
CKH2 O RGB switch control signal
CKH3 O RGB switch control signal
CKH4 O RGB switch control signal
CKH5 O RGB switch control signal
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CKH6 O RGB switch control signal
STV 0 Vertical driver shift register start pulse for panel 1
CKV 0 Vertical driver shift register clock pulse
ENBV O Gate enable pulse
CSv 0] Vertical scan direction control (Controlled by MODE_SEL2[7])

H: normal scan

L: reverse scan
VC1 0
VC2 0
GAS 0 Gate all select
DO[65:0] ©) Pixel electrode driving output
VCOM O VCOM voltage for LCD panel display
VCOMH o] VCOM high voltage output
VCOML O VCOM low voltage output
RI I VCO frequency adjust pin
DC to DC Converter Pins
nPWDN I DC/DC converter control pin

H: enable

L: disable

If no used, please open this pin
DVDD ®) Regulator output for logical system powe
AVDD1 O] Regulator output for analog circuit and panel gontrol i output
AVDD2 ®) Regulator output for VCOM outpu
AVDD3 0 Regulator output for Gamma circuit output ™
AVDD3_SEL I Select AVDD3 voltage 4.7V/4.2V

H(AVDD1): AVYDD3=4.7V

L(VSS):AVDD3=4.2V
XVDD ®) Regulator output for SOP powef supply(AVDD1)
C12A Capacitor connecti 2X.charge pump
C12B Capacitor conne harge pump
C13A Capacitor connect arge pump (If no used, please open this pin)
C13B Capacitor connection fo arge pump (If no used, please open this pin)
CPCLK10 0 Clock output for SOP 2x'charge pump
CPCLK55 ®) Clockoutput for SOP.-1x charge pump
Other Pins
VDDIOOUT ¢ no used, please open this pin
VSSOUT 0 If nolused, please open this pin
TEST Please open this pin
DUMMY .| Please:open this pin
NC | Please open this pin

A N
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| 5. PADS LAYOUT, COORDINATION

5.1 PAD

LAYOUT (Bump View)

-Chip size(excluding scribe lane): 6770 um x 870 um

-Chip thickness: 400 +/- 25.4 um

-PAD coordinate: PAD center CIEEB
-Coordinate origin: Chip center g%
-Au bump size :
Input side: 25 um x 100 um =
Output side: 45 um x 63 um :
Corner Bump: 90um x 90um ;
-Au bump height: 15 +/- 3um ‘
-Au bump hardness: 65 +/- 15 HV ;
-Au bump co-planarity: < 1 um within chip :
-Alignment Mark coordinate :
M1(-3150 » 200) :
M2(3150 + 200) E
-Alignment Mark size =

25 25 25 :
|

25
25 | =—
25

- | 100

-Dummy bump coordin

-Dummy bump size Bump View

45 um x

|
100

63 um i

/ =l

OTPTPSY

OTP7RSY

OTPTPSY
NE

B » Gold Bump MC

&
|

Detail A Detail D
I ™Wa
] oot
O |
S A
= M1 E
, O
Yoo
| -
— —
= M2 |
= "W 5‘
= -
O e i
Detail B Detail C

NC
NC
WVCOM

VCOM
WVCOM

CKV

VCOM
WCOM
VOOM

NC
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Detail A
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Detail C
63 43.5
| 45 [ > (3150 - 360)
15 —
T, .
| 5 . > (3210 - 360)
225
f|\
an » > (3300 - 360)
40
90
50
P o /
30
I
40
90 . > (-3300 - 360)
)
22.5
! 45 . > (-3210 - 360)
l
15
T 45 - > (-3150 - 360)
63 43.5
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5.2 PAD COORDINATION
No. Pin Name X Y No. Pin Name X Y
1 NC -3200 -360 82 VSSOUT 40 -360
2 NC -3160 -360 83 HOST1 80 -360
3 NC -3120 -360 84 VDDIOOUT 120 -360
4 C12B -3080 -360 85 HOSTO 160 -360
5 C12B -3040 -360 86 VSSOUT 200 -360
6 C12B -3000 -360 87 AVDD3_SEL 240 -360
7 C12B -2960 -360 88 VDDIO 280 -360
8 C12A -2920 -360 89 SPI_nCS 320 -360
9 C12A -2880 -360 90 SCK 360
10 C12A -2840 -360 91 SDI 400
11 C12A -2800 -360 92 SDO
12 C13B -2760 -360 93 VDDIO
13 C13B -2720 -360 94 VSS
14 C13B -2680 -360 95 MCLK
15 C13A -2640 -360 96 MCLK
16 C13A -2600 -360 97 nCS(DE)
17 C13A -2560 -360 -360
18 DUMMY -2520 -360 -360
19 DUMMY -2480 -360 -360
20 DUMMY -2440 -360 -360
21 AVDD1 -2400 -360 -360
22 AVDD1 -2360 880 -360
23 AVDD1 -2320 920 -360
24 AVDD1 -2280 960 -360
25 VCOMH -2240 1000 -360
26 VCOMH -2200 1040 -360
27 VCOMH -2160 | 1080 -360
28 VCOML -2120 TEST5 1120 -360
29 TEST6 1160 -360
30 VDDIO 1200 -360
31 VDDIO 1240 -360
32 -360 RIN5[D17] 1280 -360
33 -360 RIN5[D17] 1320 -360
-360 115 RIN4[D16] 1360 -360
-360 116 RIN4[D16] 1400 -360
-360 117 RIN3[D15] 1440 -360
-360 118 RIN3[D15] 1480 -360
-360 119 RIN2[D14] 1520 -360
-360 120 RIN2[D14] 1560 -360
-360 121 RIN1[D13] 1600 -360
-1600 -360 122 RIN1[D13] 1640 -360
-1560 -360 123 RINO[D12] 1680 -360
-1520 -360 124 RINO[D12] 1720 -360
-1480 -360 125 GIN5[D11] 1760 -360
-1440 -360 126 GIN5[D11] 1800 -360
-1400 -360 127 GIN4[D10] 1840 -360
47 VSS -1360 -360 128 GIN4[D10] 1880 -360
48 VSS -1320 -360 129 GIN3[D9] 1920 -360
49 VSS -1280 -360 130 GIN3[D9] 1960 -360
50 VSS -1240 -360 131 GIN2[D8] 2000 -360
51 VSS -1200 -360 132 GIN2[D8] 2040 -360
52 VSS -1160 -360 133 GIN1[D7] 2080 -360
53 VSS -1120 -360 134 GIN1[D7] 2120 -360
54 VSS -1080 -360 135 GINO[D6] 2160 -360
55 VSS -1040 -360 136 GINO[D6] 2200 -360
56 VSS -1000 -360 137 BIN5[D5] 2240 -360
57 VSS -960 -360 138 BIN5S[D5] 2280 -360
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58 VSS -920 -360 139 BIN4[D4] 2320 -360
59 DUMMY -880 -360 140 BIN4[D4] 2360 -360
60 VDD2.8 -840 -360 141 BIN3[D3] 2400 -360
61 VvVDD2.8 -800 -360 142 BIN3[D3] 2440 -360
62 VvDD2.8 -760 -360 143 BIN2[D2] 2480 -360
63 VDD2.8 -720 -360 144 BIN2[D2] 2520 -360
64 VDD2.8 -680 -360 145 BIN1[D1] 2560 -360
65 VvDD2.8 -640 -360 146 BIN1[D1] 2600 -360
66 DUMMY -600 -360 147 BINO[DO] 2640 -360
67 DVDD -560 -360 148 BINO[DO] 2680 -360
68 DVDD -520 -360 149 VDDIO 2720 -360
69 DVDD -480 -360 150 VDDIO
70 VDDIO -440 -360 151 VSS
71 VDDIO -400 -360 152 VSS
72 VSS -360 -360 153 VSS
73 VSS -320 -360 154 RI
74 VSS -280 -360 155 RI
75 nPWDN -240 -360 156 OTP_7P5V
76 nPWDN -200 -360 157 OTP_7P:
77 nRESET -160 -360 158 OTP_
78 nRESET -120 -360 159 NC
79 VDDIO -80 -360 160
80 VDDIO -40 -360 161
81 VSSOUT 0 -360
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No. Pin Name X Y No. Pin Name X Y
162 NC 3210 360 243 DO50
163 NC 3150 360 244 DO51
164 VCOM 3090 360 245 DO52
165 VCOM 3030 360 246 DO53
166 VCOM 2970 360 247 DO54
167 CKV 2910 360 248 DO55
168 STVA 2850 360 249 DO56
169 Csv 2790 360 250 DO57
170 ENBV 2730 360 251 DO58
171 CPCLK10 2670 360 252 DO59
172 CPCLK55 2610 360 253 DO60
173 XvDD 2550 360 254 DO61
174 XvDD 2490 360 255 D062
175 VSS 2430 360 256 DO63
176 VSS 2370 360 257 DO64
177 CKH1 2310 360 258 DO65
178 CKH2 2250 360 259 Dummy
179 CKH3 2190 360 260 GAS
180 CKH4 2130 360 261 VCA1
181 CKH5 2070 360 262 VC
182 CKH6 2010 360 263 VSS
183 GAS 1950 360 264
184 DUMMY 1890 360 26
185 DO00 1830 360
186 DOO01 1770 360 267 VC
187 D002 1710 360 268 NC
188 DO03 1650 360 N
189 DO04 1590 3
190 DOO05 1530

360

3

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360
210 D025 330 360
211 D026 270 360
212 DO27 210 360
213 D028 150 360
214 D029 90 360
215 DO30 30 360
216 DO31 -30 360
217 D032 -90 360
218 DUMMY -150 360
219 DUMMY -210 360
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220 DUMMY -270 360
221 DUMMY -330 360
222 DUMMY -390 360
223 DUMMY -450 360
224 DUMMY -510 360
225 DUMMY -570 360
226 DO33 -630 360
227 DO34 -690 360
228 DO35 -750 360
229 DO36 -810 360
230 DO37 -870 360
231 DO38 -930 360
232 DO39 -990 360
233 DO40 -1050 360
234 DO41 -1110 360
235 D042 -1170 360
236 D043 -1230 360
237 D044 -1290 360
238 D045 -1350 360
239 D046 -1410 360

240 DO47 -1470 360
241 D048 -1530 360
242 DO49 -1590 360
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‘ 6. POWER ON/OFF SEQUENCE

6.1 POWER ON SEQUENCE

Control Signal

vVDD2.8 «—{ Time when the later signal rises up to 90% of its value
VDDIO if ey =min 1ms

nRESET ___ 1 °r_" _>\1 _;;f]r

nPWDN L__T'n wﬂ /‘

Source Output White
Data
A B c D
10frame | 2frame

R AR DT IS L R TR IR T B P T B ) - R R A [ )

\VYV

Power On Flow

VDD2.2 vDDIO Power On

iﬂ‘

nRESET=1

I

nPWDN=1

beo

Display

VDDZ2.8 VDDIO Power On
Marmal Mode VCO clock start

: Client can start to write command
and SFEAM

CAVDDU/AVDDZ2/AVDDS Power On

: Send 2 white frames
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nReset Operation
LV IH
tresL —
-~k -
Vi IL
/)
tiresL
B
VDDIO=1.6to 3.3V
Item Symbol Min Ty
nReset low width tresL 1 ms
nReset rising time trresL — ns

<<\
>
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6.2 POWER OFF SEQUENCE

t3=+/- no limit
-
VDD2.8 \\
N
N\
VDDIO N\
N
nRESET X(
\= > > _ its=mip. Ons

nPWDN N —

MCLK HS 7

VS DE

D[0:17]

Panel

Control Signal
Source Output White
Data
A B
2frame at least 18frame
/ o
Power Off Flow
nPWDMN=0 A: Send 2 white frames
B: Control signal & source output stop
i:"‘n B AVDD1/AVDD2/AVDD3 Power off
VDD2.8 VDDIO Power Off
VDD2.8 VDDIO Power Off

i

Fower Off

7
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‘ 7. GAMMA VOLTAGE MAPPING

The y-adjustment is controlled by a group of registers to set an appropriate grayscale voltage for the

y-characteristics of a liquid crystal panel. The grayscale voltage is adjusted by the ladder resistors and user
can use nine 4-bit registers to set the nine points of gamma curve.AVDD3_SEL is used to select Gamma

Voltage Table.

Gamma Voltage Tablel1(3.8V Vic)

Gray Level PV NV Gray Level PV NV, |
0 440 | 0.50 32 257 | 2.33
1 4.30 | 0.60 33 254 | 2.36
2 410 | 0.80 34 252 | 2.38
3 3.94 [ 0.96 35 250 | 2.40
4 3.81 [ 1.09 36 248 | 242
5 3.70 [ 1.20 37 4 245 | 2.45
6 3.60 [ 1.30 38 243 | 247
7 351 [ 1.39 39 241 | 249
8 3.43 [ 147 40 239 | 251
9 3.35 [ 155 41 237 | 253
10 329 | 1.61 235 | 255
11 3.23 [ 167 233 | 257
12 3.17 | 1.73 231 | 259
13 3.12 [ 1.78 229 | 2.61
14 3.08 [ 1.82 227 | 2.63
15 3.04 | 1.86 | 225 | 265
16 3.00 [ 1.90 222 | 2.68
17 296 | 1.94 220 | 2.70
18 292 [ 1.98 218 | 272
19 2.89 [ 2.01 215 | 275
20 2.86 | 2.04 52 213 | 2.77
21 2.83 [ 2.07 53 210 | 2.80
22 281 [ 2.09 54 2.07 | 2.83
23 278 | 2.12 55 204 | 2.86
4 275 [ 215 56 2.01 | 2.89

273 | 217 57 1.97 | 293
26 271 [ 219 58 1.93 | 297
268 | 222 59 1.88 | 3.02
266 | 2.24 60 1.82 | 3.08
263 | 227 61 1.68 | 3.22
261 [ 2.29 62 143 | 3.47
31 259 [ 2.31 63 1.10 | 3.80

VR B I E LS LY SR R 2 IR - ] AR [ A TR R T I R e S )
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Gamma Voltage Table2(3.3V Vic)

Gary Level PV NV Gary Level PV NV
0 3.912 | 1.118 32
1 3.881 | 1.149 33
2 3.781 | 1.249 34
3 3.661 | 1.369 35
4 3.525 | 1.505 36
5 3.410 | 1.620 37
6 3.311 [ 1.719 38
7 3.224 | 1.806 39
8 3.150 | 1.880 40
9 3.084 | 1.946 41
10 3.026 | 2.004 42
11 2.973 | 2.057 43
12 2.927 | 2.103 44
13 2.885 | 2.145 45
14 2.846 | 2.184 46
15 2.811 | 2.219 47
16 2.777 | 2.253
17 2.745 | 2.285
18 2.714 | 2.316
19 2.685 | 2.345
20 2.657
21
22
23
24
25
26
27
28
29

VR B I E LS LY SR R 2 IR - ] AR [ A TR R T I R e S )
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| 9. INPUT INTERFACE SELECTION

C1L5-06 provides plentiful input interfaces for the display memory and register access which include
8/16/9/18-bit CPU interface, parallel RGB interface and SPI interfaces. User can base on the available system
architecture to select a suitable input interface to read/write the control registers and display memory. The

input mode selection is determined by the HOST[1:0] pins.

HOST1 | HOSTO Designation
0 0 8080-series system
1 0 6800-series system
0 1 Parallel RGB with 3-wires SPI
1 1 3-wires SPI

9.1 Interface switches between SPI and Parallel RGB
9.1.1.How to Switch
We use HOST1 to switch. HOSTO will be pulled high on FPC and Nis co led by HOST side.

HOSTO=1
HOST1 — e e e s e s e s s m—— o — . H
SPI SPI+Parallel RGB SPI SPI+Parallel RGB
L
B
9.1.2 SPI switches to Parallel RGB
Parallel RGB transfer timin&n to to work before HOST1 goes to low state.
wosT H
SPI SPI+Parallel RGB
L

HS VS
MCLK
D[0:17]

VR B I E LS LY SR R 2 IR - ] AR [ A TR R T I R e S )
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9.1.3 Parallel RGB switches to SPI
We must to change to still mode before HOST1 goes to high state.

|

HOST1 o o E
|

SPI+Parallel RGB | SPI

|
! L
T
| |
| |
| |

HS VS T

MCLK | I

D[0:17] il
| 1
I -‘_-‘-1_""'--._
I T —

Moving Mode ! Still Mode

|

QO
<<\
>

VR B I E LS LY SR R 2 IR - ] AR [ A TR R T I R e S )
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‘ 10. CPU INTERFACE
10.1 8-bit CPU INTERFACE MODE

8-Bit Bus Width CPU interface

Memory Access:

P 1st Transfer Cycle o 2nd Transfer Cycle N

'« > Ll
D7|D6|D5|D4|D3|D2|D1|DO D7|D6|D5 D4|D3|D2|D1|D0

Data Transfer Format

vvvvv¢ \\\\\i

|R5|R4|R3|R2|R1|RO|G5|GA|G3 GZ|G1 G BS|B4|BB|BZ|B1|BO|

Register Access:
|D7|D6|D5|D4|D3|D2|D1|DO|

Address cycle | A7 | A6 | A6 A3 A0

Datacycle | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

Timing Waveform

Example: i80 CPU

RS J J
o LIS ALY

Addr >< Data

Register read Cyclel

EJEJEVENENENE
—(%129)(%12?5)( Y ED ED

Note Memory Read Cycle

2nd
Datatl

2nd
Data1

2nd \
Data2

1st
Data1l

1st
Data2

2nd
Data2

1st
Data1

1st
Data2

DI7:0] :> Addr X Data

Register Write Cycle

Ko Korez X

Memory Write Cycle

Example: M68 CPU
nCS ] [
RS ] |
R/W T |
s _[vfvfe iy e iyl Py e e e vl
O S O O S ) e T e
Register Write Cycle! Register read Cycle! Memory Write Cycle Note Memory Read Cycle

Note:

1. Since the content of memory is latch into output buffer first, the dummy read operation is necessary to let the latch
data send to the output bus when the write cycle is changed to read cycle.

2, The content of address counter increases automatically based on the interface configuration.

R AR DT IS L R TR IR T B P T B ) - R R A [ )
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10.2 16-bit CPU INTERFACE MODE
16-Bit Bus Width CPU interface
Memory Access:
DataBus|D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |

Byte_Order:00

1st Cycle R5 | R4
2nd Cycle | R8 | R2 | R1 | RO | G5 [ G4 [ G3 | G2 | G1 | GO | B5 | B4 | B3 [ B2 | B1 | BO

DataBus|D15|D14 | D13|D12|D11 |D10| D9 | D8 | D7 | D6 | D5
Byte_Order:01

D4|D3|D2|D1|D0|

1stCycle | R5 | R4 [ R3 | R2 | R1 [ RO | G5 [ G4 | G3 | G2 [ G1 | GO | B5 | B4 | B3 | B2
2nd Cycle | B1 | BO

Data Bus |D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4

[Rs [Ra [R3[R2[R1[RO[G5]ca|Gs][ca][ci|co|Bs[Ba][B3]B2]B1]BO]

O
w
O
N
O
o
o

Reqgister Access:

|D15|D14|D13|D12|D11|D10|D9|D8|D7|D6|D5|D4

O
w
O
N
O
o
o

Address cycle A7 A6 A6 A4 A3 A2 A1 A0

Data cycle D7 | b6 | D5 | D4 | D3 | D2 | D1 DO

Timing Waveform

Example: i80 CPU, 16-bit, Byte _Order=00
ncs ‘

RS J J
nWR } ; } ; ; ; }
" |4 L4 L4 L4 L4 L LE T

. Tst 2nd 1st 2nd Dummy\/Dummy Data1 Data1 Data2 ata

D[7:0] > Addr X Pata Addr X Data X patat A Datat A Data2 A Data2 Read1 >< Read? >< [1:0] [15:0] [1:0] [15:0]

Register Write Cycle; Register read Cyclej Memory Write Cycle Note Memory Read Cycle

Example: M68 CPU, 16-bit, Byte_Order=00
nCcs ‘

RS ] ]
i 1 |

2 I A A A5 A A A I 0 5 A 0 A0

. \ 1st 2nd 1st 2nd Dummy\/Dummy Data1 Data1 Data2 Data2'\}
D[7:0] AAdIr X Data A Addr X Pata A Datat A Data1 A Data2 A Data2 Read1 A\ Read2 A\ [1:0] A\ [15:0] X [1:0] A [15:0]
Register Write Cycle; Register read Cyclej Memory Write Cycle Note Memory Read Cycle
VR EBRR T E IR I PR RS N U A T B R TR+ b IR~ P S £ A ) -
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Timing Waveform

Example: i80 CPU, 16-bit, Byte Order=01

nCS

RS

nWR ; ; ; ; ; ; }

" L 4 EYEYEYEYEYEYE
. 1st 2nd 1st 2nd Dummy\/Dummy\/ Data1 Data1 Data2 Data2
b[7:0] > Addr X Data X~ Addr X Data < Data1 >< Datat A\ Data2 /\ Data2 (Read1 XRead2 ns:0] Ap5:141 A 115:0] A [15:14]

Register Write Cyclel Register read Cyclel Memory Write Cycle Note Memory Read Cycle

Example: M68 CPU, 16-bit, Byte_Order=01
nCS |

RS J J
RW | |
e_ Yy JyJryfyry ey ryryfryryfyry
DI7:0] :> Addr X Data Addr X Data D1af21 D2ar:g1 X D:ai:z Dzar:sz %%i:myX%irg:zyX ﬁ?%} [?g:t?i] ai%m_

Register Write Cyclei Register read Cyclel Memory Write Cycle Note Memory Read Cycle

Example: i80 CPU, 16bit, Byte_Order=1x

nCS
nWR ; ; ; ; ; ; *
" { RN NE
) Addr Data Addr Data Data1 Data2 Data3 Data4 Dummy Data1 Data2 Data3 Data4
D[15:0] > [7:0] [7:0] [7:0] [7:0] [15:0] X [15:0] /\_[15:0] /\ [15:0] _;Fﬂx [15:0] X [15:0] [15:0]X [15:0]

Register Write Cyclei Register read Cycle Memory Write Cycle Note Memory Read Cycle

RS

Example: M68 CPU, 16-bit, Byte Order=1x

nCS
RS J J
RIW |
e _ Y Iy fy /Yy ry iy Yy ryryryfrvfy
D[15:0] \/ Addr Data Addr Data Data1l XDataZ Data3 \/ Data4 Dummy\/ Data1 Data2 Data3\/ Datad
: /N\_L7:01 [7:0] [7:0] [7:01] [15:0] [15:0] [15:0] [15:0] Read [15:0] [15:0] [15:0] [15:0]

Register Write Cycle} Register read Cyclel Memory Write Cycle Note Memory Read Cycle

Note:

1. Since the content of memory is latch into output buffer first, the dummy read operation is necessary to let the latch
data send to the output bus when the write cycle is changed to read cycle.

2, The content of address counter increases automatically based on the interface configuration.

R RN DT E U LY RO A S 2 I R D AR 7 IR SRR R ] M PR RS B
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10.3 9-bit CPU INTERFACE MODE

9-Bit Bus Width CPU interface

Memory Access:

1st Transfer Cycle 2nd Transfer Cycle

<

» »
L Ld

D8|D7|D6|D5|D4|D3|D2|D1|D0 D8|D7|D6|D5|D4|D3|D2|D1|D0

Data Transfer Format

A 4 A 4 \ 4 Y h 4 \ 4 \ 4 A 4
|R5|R4|R3|R2|R‘I|RO|G5|G4

A A 4 \ 4 A 4 \ 4 A \ 4 \ 4 A 4 A
G3|G2|G1|GO|BS|B4|B3|BZ|B‘I|B0

Register Access:

|D8|D7|D6|D5|D4|D3|D2|D1|D0|

Address cycle A7 | A6 | A6 | A4 | A3 | A2 | A1 | AO

Data cycle D7 [ D6 | D5 | D4 | D3 | D2 | D1 | DO

Timing Waveform

Example: i80 CPU

nCS

RS

nWR } } } } } } +
" L4 EJEYEIENENENE
D[8:0] Addr Data Addr Data 1st 2nd 1st 2nd Dummy \/ Dummy 1st 2nd 1st 2nd \
: [7:0] [7:0] [7:0] [7:0] Data1 Data1 Data2 Data2 Read1 Read2 Data1 Data1 Data2 Data2

Register Write Cycle! Register read Cycle Memory Write Cycle Note Memory Read Cycle

Example: M68 CPU

]

. > 1st 2nd 1st 2nd <Dummy Dummy\/  1st 2nd 1st 2nd \\
D[8:0] Addr X Data Addr X Data Data1X Data1 >< DataZX Data2 Read1 XReadZ Data1 Data1 Data2 Data2

Register Write Cycle; Register read Cycle Memory Write Cycle Note Memory Read Cycle

nCS

RS

R/W

Note:

1. Since the content of memory is latch into output buffer first, the dummy read operation is necessary to let the latch
data send to the output bus when the write cycle is changed to read cycle.

2, The content of address counter increases automatically based on the interface configuration.

R RN DT E U LY RO A S 2 I R D AR 7 IR SRR R ] M PR RS B
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10.4 18-bit CPU INTERFACE MODE
18-Bit Bus Width CPU interface
Memory Access:
|D17|D16|D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |

Data Transfer Format

Y A A\ 4 Y Y A Y A 4 y A Y Y y Y Y Y A A\ 4

| R5 | R4 | R3 | R2 | R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | B5 | B4 | B3 | B2 | B1 | BO |
Register Access:
| D17 | D16 | D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 D4 D3 | D2 D1 | DO |
\ ¥ V.V N Yy v
Address cycle A7 | A6 | A6 | A4 [ A3 | A2 | A1 A0
Data cycle D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

Example: i80 CPU

1. Since the content of memory is latch into output buffer first, the dummy read operation is necessary to let the latch
data send to the output bus when the write cycle is changed to read cycle.
2, The content of address counter increases automatically based on the interface configuration.

nCS
RS J J
nWR { } } } } } +
) ENENENENEN
D[17:0 \/ Addr Data Addr Data Data1 Data2 Data3 Data4 Dummy Data1 Data2 Data3 Data4
[17:0] /N\ [7:0] [7:0] [7:0] [7:0] [17:0] [17:0] [17:0] [17:0] Read [17:0] [17:0] [17:0] [17:0]
A
Register Write Cycle | Register read Cycle Memory Write Cycle Note Memory Read Cycle
Example: M68 CPU
nCS
RS J J
R/W |
s _ ey e e el
D[17:0] \/ Addr Data Addr Data Data1 Data2 Data3 Data4 Dummy Data1 Data2 Data3 Data4
. /N\ [7:0] [7:0] [7:0] [7:0] [17:0] [17:0] [17:0] [17:0] Read [17:0] [17:0] [17:0] [17:0]
A
Register Write Cycle i Register read Cycle Memory Write Cycle Note Memory Read Cycle
Note:

F Rl Hik

The information contained herein is the exclusive property of tpo displays corp. - and shall not be distributed -
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10.5i80 CPU INPUT TIMING
eV Vie N
RS
R I'n."l||_ 1'-"IIL }
ez Lay
nCSs - - - -
Vu_ l'i.l"| f"'
nWR Paw ., Puwr - - Ponw . Punr
l'|.l"||-| \'-I'IIH
nRD loverew  lovoler /
I'-."IM
bovmr I
WRITE p[0:17] toawr
DATA ™
VALID
DATA Vi
READ
0 t
paTA D7l —
oH v
VALID
VoL DATA Vo
Normal Write Mode(18/16/9/ DIO=1.6t0 3.3V
Symbol Min Typ Max unit
teveLew 100 — — ns
teveLer 200 — — ns
PWLW 20 - - ns
PWLR 40 - — ns
Pwhw 20 — — ns
Pulse rise/fall time twrr twre — — 25 ns
p time(RS,nCS,nWR,nRD) tas 0 — — ns
Hold time(RS,nCS,nWR,nRD) tan 2 — — ns
Data setup time tbsw 25 — — ns
Data hold time thwr 5 — — ns
Data output setup time toor — — 200 ns
Data output hold time toHR 5 — — ns

VR B A TR U LY R A - 2RSS 3?TIJ?}E'I}§@?FI‘ AR R R R R ] FRI S O
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Parameter | Symbol | Conditions Min. Typ. Max. Unit
Inout sianal V4 0.8*vVDDIO - VDDIO Volt
putsig Vi GND | - |VDDIO"0.2 | Volt
. Vou lop=-0.1mA | VDDIO-0.5 - VDDIO Volt
Output signal = "™ =0.1mA GND | - 0.5 Volt
Note :
1.the functions are okay under these waveform conditions listed below. o
I |1
i
RS [
[ |
cs : i i !'":". — - T _
n N R i : S
| RN P P | P
| ! | ]
| | l
e LTt L
[ |
I |1
nRD

D[17:0] >< Addr >< Data >< ><Dﬂ*a1 ><D“‘32><Da‘“3><nata4>
N\ )7

. | |
s
RS | :
! !
L L
nCS | :
| |
-—L | : r-Jl--| FE== [l [t} p—
nWR T 1 1 .
1 i i i |
T
nRD

Pi17:0] ><Addr >< Data >< ><nata1 ><Data2><nata3><nata4>

VR B A TR U LY R A - 2RSS 3?"[1J?;El}%‘?‘@?ﬁ‘ SN U e iy S R N 1= TR e v L et A R SR TR el IR I
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t.ﬂ\.S [ I tﬁ-.H
= E
RS [
I I
I | | |
nCs | i
I |
I |
| l l
e L i
I |
I |
I 11
nRD

p[17:0] ><,a.dd, >< Data >< ><Data1 ><nataz><nata3><nata4>

A\

QO
<<\
>

VR B I E LS LY SR R 2 IR - ] AR [ A TR R T I R e S )
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Bunl

10.6 M68 CPU Input Timing

RS
( l'I."Iu-l I""IIIH E
R N Vi Vi
Lase Lasn
ncs - b |
Vi Vi
E - Paen - - Pwel
Vin Wil
;I levelew o lovoen TN
WL Vi
N
WR'TE D[G:‘I?] tI'.IHl.'.IE
DATA ™
b
Vi
Ei?ﬁ D[0:17] troRe . toHme
oH v
WALID
VoL DATA VoL
Normal Write Mode(18/16/9/8-Bit Interfal .6to 3.3V
Ite Symbol Min Typ Max unit
write tCYCLEW 100 - - ns
Bus cycle time
read tcycLer 200 - - ns
write 20 — — ns
PweL
read 40 — — ns
write 20 — — ns
I:)WEH
read 40
ter tes - - 25 ns
tasE 0 - - ns
(RS,HCS,E,R/W) tasH 2 - - ns
Data setup time tbswe 25 — — ns
Data hold time torwE 5 — — ns
Data output setup time tDDR — — 200 ns
Data output hold time tDHR 5 — — ns

VR B A TR U LY R A - 2RSS j?"[iJ?{E'l}‘s‘?‘@?‘ﬁ‘ AR R R R R ] FRI S O
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Note :
1.the functions of E and R/W are okay under these waveform conditions list below.
|
t

© T LT

D[17:0] >< Addr >< Data >< Xnataﬁ ><DataZ><DataS><Data4>
-~ N\ D

| | | |
ey b o
RS |
L

I i ir-l-" =5 == Fe==5
ncs 1

o R i HE i i

| | | |

| | |

| |

| |

I
RIW

D[17:0] Addr >< Data >< ><Data1 ><Data2><nata3><nata4>

>

F VR B LD E | |V AR R A - 2RS4 2Rl ?’W}Q@ﬁﬁ » P EEFE R R > T ] RSy R B Y2
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tas | | L tan
i
| |
RS I I
| |
| |
Lo I
ncs | T |
| |
| |
| Lo
E i o
| I
| Lo
! Lol
R/W
D[17:0]
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10.7 SRAM ADDRESS for RGB DATABASE

The display data is written into TPOXX embedded display memory by the CPU or RGB interface. In the RGB
interface mode, only the data of moving picture area is needed to be transmitted to update the display image
and also reduce the power consumption. When writing the display memory, the memory address counter can
increase/decrease automatically by setting SRAM _Control register. The relative registers of display memory
access are listed in the following table.

The PWS_X and PWS_Y registers set the start address of memory access window, and PWE_X and PWE_Y

registers set the end address of memory window. The SRAM_Position_X and SRAM_Positien. Y registers are

the address counters, which will increase automatically for each memory read or write. For
panel resolution is set to 96 x 96, the SRAM_Position_X is reset to zero when 09

SRAM_Position_Y increases one automatically.

Registers Table of Display Memory Access Setting

PWS X X-axis start address of display window

PWS_Y Y-axis start address of display wi ry access
PWE_X
PWE_Y
SRAM_Position_X
SRAM_Position_Y

10.7.1 132 x 160 Mode

LineNo. | # | o F@a | & | O bm | eeene § § §
o O m
.................................... D17.............DO

L1 . ' "H ! 5 “0083"H
“0101"H | .......... “0182"H “0183"H
“0201"H | .......... “0282"H “0283"H
“0301"H | ...l “0382"H “0383"H
“0401"H | .......... “0482"H “0483"H
L155 “9A00"H “OA01"H | ... “9A82"H “9A83"H
L156 “9B00"H “OBO1"H | .......... “9B82"H “9B83"H
L157 “9C00"H “9CO1"H | .......... “9C82"H “9C83"H
L158 “9D00"H “ODO1"H | ... “9D82"H “9D83"H
L159 “9E00”H “OE01"H | .......... “9E82"H “9E83"H
L160 “9F00”H “OFO1"H | .......... “9F82"H “9F83"H
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10.7.2 128 x 160 Mode
: o o o — — — Q S Q N N N
LineNo. | & 0] o o o P T E:' 8 E' E:' 8 E'
D17............. DO | D17............. DO D17............. DO | D17............. DO
L1 “0000”H “0001"H [ .......... “007E’H “007F"H
L2 “0100”H “‘0101"H | .......... “017E’H “017F’H
L3 “0200”H “‘0201"H | .......... “027E’H “027F’H
L4 “0300”H “0301"H | .......... “037E"H “
L5 “0400”H “0401"H | .......... “‘047E"H
L155 “9A00"H “OA0T"H | e
L156 “9B00"H “9B01"H B7F’H
L157 “9C00"H “9C01"H “9C7F’H
L158 “9D00"H “9D01"H “OD7F"H
L159 “OE00"H “OEO01"H “OE7F’H
L160 “OF00"H “OF01"H “OF7F"H
10.7.3 128 x 128 Mode
ele sl edz BB S1818]s]8]8
No. x O m o o M
D17........4.D0:D17............. D17....cc....... DO | D17............. DO
L1 |  “0000"H ™ .| “ .'0001T"H | ....... “007E"H “‘007F"H
‘0101"H | ....... “017E"H “017F’H
“‘0201"H | ....... “027E"H “027F"H
‘0301"H | ....... “037E"H “037F"H
“‘0401"H | ....... “047E"H “047F"H
“7A00’H “TAOT"H | ....... “TATE’H “TATFH
L124 “7B00"H “7BOT"H | ....... “7TB7E’H “7B7F’H
L125 “7CO0"H “7CO1T"H | ... “7C7E’H “TC7F’H
L126 “7DO0’H “7TDO1"H | ....... “7D7E’H “TD7F’H
L127 “7EO00"H “TEOT’"H | ....... “TETE’H “TETF’H
L128 “7FO0’H “TFO1"H | ....... “TF7E’H “TF7FH
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10.7.4 96 x 96 Mode

Line < < < [Te] n Te)

No | | 8|8 |& |8 B [ 21812283

D17............. DO | D17............. DO D17............. DO | D17............. DO

L1 “0000"H “0001"H | ....... “0O05E"H “005F"H

L2 “0100"H “0101"H | ....... “015E"H “015F"H

L3 “0200"H “0201"H | ....... “025E"H “025F"H

L4 “0300"H “0301"H | ....... “035E"H

L5 “0400"H “0401"H | ....... “045E"H

L91 “5A00"H “5A01"H

L92 “5B00"H “5B01"H “SB5F"H

L93 “5C00”H “5C01"H “5C5F"H

L94 “5D00"H “5D01"H “5D5F"H

L95 “5E00"H “5E01"H “5E5F"H

L96 “5F00”H “5F01”H “5F5F"H
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10.8 DISPLAY MODE FUNCTION BLOCK DIAGRAM
10.8.1 Normal Mode

Input
DI0:17] |:‘| N Interface »| SRAM
NCS RS AR nRD Controiler * ' c-?rmier > DHTARSL?TF'UT
Timing
= ST Contraller
5\ Timing Signal
* e :> CPCLK10
| ] Control Shifter G?{?.rlf}lé}sﬂ
Register

N\

1. CPCLK10 - PCLK55 ~ XVDD output

10.8.2 8Color(Dithering) Mode »

Input
DI0:17] [ N Interface »-  SRAM
NCS RS MR nRD Controller # ' c-?rﬁrTc::er > DA.TARSL?TF'UT
Timing
i o [k Controller
5\ Timing Signal
* e :> CPCLK10
L] Caontrol Shifter Ciﬁb’éﬁﬁ
Register
A 4
Note:
1. CPCLK10 . D output
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10.8.3 Partial Mode
Input
D[0:17] N SRAM
nCS RS nWR nRD ‘ZLF nertave 1T [ DaTA RGS
# Controller DATA QUTPUT
Timing
il S Controller
* 5\ Timing Signal
ey > CPCLK10
i CPCLKS5
Caontrol Shifter
™ Register XvDD
v
Note:
1. Only display area, other area no signal and no display
2. When full panel display mode change to partial display mode, AS t scan t rame white data at
non-partial(no display) area.
3. CPCLK10 ~ PCLK55 ~ XVDD output
4.PDS-Y(0x14h)=A" Line, PDE-Y(0x16h)=B" Line »
Non-Partial Area Non-Partial Area
Ath Line
Bth Line

Non-Partial Area Non-Partial Area

Panel SRAM
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10.8.4 Sleep Mode
Input
D[0:17]
Interface » SRAM
nCS RS nWR nRD Controller ol DATA
* Controller
RI VO . Timing
(Stop) Controller
+ 5V
- | evel
Control Shifter
' Register

v 4
Note:
1. SRAM data can be retained. \
2. The VCO is stopped in sleep mode.
3. The power DVDD is not off in sleep mode.
4. CPCLK10 - PCLK55 ~ XVDD off %

O\

Display Image Sleep Mode
nPWDN=0 SLP=normal mode
Register 0x06[6]=0 Register 0x01[1]=1
"H-..__‘\“‘- ___'_,_../-"‘".,..-
SLP=sleep mode nPWDN=1
| Register 0x01[1]=0 Register 0x06[6]=1

T I

Sleep Mode Display Image

R ER AR A TGS LS il VR A A 2RSS 2l F (PSR > P HARE L R R A ] PRI ey B R
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10.8.5 Deep Sleep Mode
Input
D[0:17] i SRAM
nCS RS nWR nRD C" E‘t E'Ife 1 DATA cannot be retained DATA
ntroller g
onirore * Controller

VCO Timing
RI __'@ e Controller

* 5V
- Level
Control Shifter
' Register
\ 4 A
Note:
1. SRAM data can’t be retained.
2. The VCO is stopped in sleep mode.
3. The power DVDD isn’t off in sleep mode.
4. CPCLK10 ~ PCLK55 ~ XVDD off
Ay
Sleep Mode

« | |
Display Image
Deep Sleep Disable
| | Register 0x70=0
-‘-N-N"‘-\_‘__.___,-""/H-

nPWDN=0 { ’/I/—/'

Register 0x06[6]=0
SLP=normal mode

! | Register 0x01[1]=1
SLP=slee mode { /‘7

Register 0x01[1]=0
| | Update SEAM DATA
-‘""‘--..__\“‘- -."‘,r’__.--"

Deep Sleep Enable {/!7

Register 0x70[0]=1
nPWDN=1
| Register 0x06[6]=1
W
Deep Sleep Mode “*“-J.\_,,.J-f""

Display Image
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10.9 OUTPUT TIMING CHART

10.9.1 Vertical Timing CSV=H/L

tvdisp=n
ty

-

[/

[/

[ 1

]
]

IS
[

=BV | o i
U0 HEREEaEEEN
CHEL | Wit it i S | e
| e i i1 ol I
DO0~65 . -
Do D1 1 2 3 n2 n1 n DO 0 DA 1 2
VC1
VC2 /’ /
N™ frame N+1"™ frame
STV STV
CKV CKY
VCO“ VCOM
VCA1 WVCA1
VC2 VC2
R B Fl—“%ln I pLY '"F' WEAE - RS R ?’El}‘y@ﬁﬁ » DB AR T W] - RSy H st .
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10.9.2 Horizontal Timing CSV=H/L

STV
CKV
ENBV
VCOM
CKH1
CKH2
CKH3
CKH4
CKHS
CKHE
DOO0

DO
|

DO64
DOB5

VC1
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[ [ [ [ [ [
| 1 [ [ [ [
CKH1 i P P P P P
| I 1 L1 1 L1 L1
N N N N N N
oKH2 B | N N N N
[ [ [ [ [ [
K3 | | | | | |
i Lo Lo P Lo Lo
[ 1 [ | [ [
s = s L | L L
[ [ [ [ | [
[ 1 [ [ | [
ik L L . . | i
[ 1 [ [ [ [
[ 1 [ [ [ |
CKHG [ [ [ [ [ |
= - — = — ——
DOn Ban i >< Banst i >< Gan i E>< Ganet i : Ran i E>< Ranes i E><
1 14 1 14 1 14 ::14 L d4 ':1414_

— — ! e —
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10.10 CPU INTERFACE VCO FREQUENCE
10.10.1 128(132)X160 Mode

Item Symbol Conditions Min. Typ. Max. unit
Clock frequency o 1.77 1.82 1.87 MHz
Clock time teik 566.4 | 549.5 | 534.76 ns

High time tok H — 0.5 tgi — ns

Low time to L — 0.5 t — ns

10.10.2 128X128 Mode

ltem Symbol Conditions unit
Clock frequency fok 1.55 MHz
Clock time teik 645.2 ns
ngh time tclk_H - ns
Low time tclk_L 0.5 to i ns
10.10.3 96X96 Mode
Conditions Min. Typ. Max. unit

0.87 0.9 0.93 MHz

1.15 1.1 1.08 us

- 0.5 to i ns

- 0.5 o - ns

R RN DT E U LY RO A S 2 I R D AR 7 IR SRR R ] M PR RS B
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10.11 CPU INTERFACE TIMING COUNT
10.11.1 128(132)X160 Mode
Item Symbol Conditions Min. Typ. Max. unit
Horizontal Period th — 176 — ok
Active tHdisp - 128 - tc:Ik
Vertical Period ty — 172 — tH
Active tVdsip - 160 - tH
10.11.2 128X128 Mode
Item Symbol Conditions . . . unit
Horizontal Period tH 1 — tok
Active tHdisp — 128 - tclk
Vertical Period ty — 140 — tH
Active tVdSip 128 - th

10.11.3 96X96 Mode

Item Min. Typ. Max. unit
Horizontal — 140 — ok
- 96 — tok
Vertical - 108 - ty
- 96 — ty
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10.12 OUTPUT TIMING CHARACTERISTIC
10.12.1 128(132)X160 Mode
No. Min Typ. Max. unit Note
1 — 352 — to
2 — 176 — tok
3 — 163 — tok
4 — 13 — tei
5 — 16 — toik
6 — 14 — tok
7 — 7 — toik
8 — 5 — toik
9 — 41 —
10 — 5 —
11 — 2 —
12 — 176 —
13 — ty —
14 — 2 —
15
16

10.12.2 128X128 Mode

Note

16 — 176 — tei
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10.12.3 96X96 Mode
No. Min Typ Max unit Note

1 — 280 — tok

2 — 140 — toik

3 — 127 — tok

4 — 13 — tok

5 — 13 — toik

6 — 14 — tok

7

8

9

10

1"

12

13

14 |

15

16
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‘ 11. REGISTER DESCRIPTIONS

There are two interfaces for registers access, which are CPU interface and SPI interface. In the CPU mode,
the registers access timing is similar to the memory except to the polarity of control signal RS. Please refer to
the “CPU Interface Mode” section for the detailed timing and access sequence. In the RGB mode, the SPI

interface is used to access the control registers, and the access timing is shown as following diagram.

Address Register/ Reset Meaning Comment
Bit Name Value

CHIPID [7:3]REVID (read only)

[2:0]CHIPID (read onl
0x00 EooTPIE Y

001:TP119

MODE_SEL1 0000-001x |[ 7:6]Panel resolution select el
00: 128 x 160 (Default)
01: 128 x 128
10:96 x 96
11:132x 160

[5]VCOM output mask on-pa reain
partial mod
0: Normal (u

0x01

MODE_SEL2 [7:6]Scan direction

[7]

0 : CSV pin=1( V normal scan) (Default)
1: CSV pin=0 (V reverse scan)

[6]

0 : CSH=1(H normal scan) (Default)

1: CSH=0(H reverse scan)

[5]Line or frame inversion driving select
0 : Line inversion (Default) ;

1 : Frame inversion

[4]x

[3]STV signal output

0 : STV output (Default)

1: STV NO output

[2:1]Non-partial area data output control
00 : GND output

01 : VCOM output(Default)

1x : Hi-Z

VR B I E LS LY SR R 2 IR - ] AR [ A TR R T I R e S )
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MODE_SEL3 0000-xxxx |[7:6]Input data selection

00 : 8 bit mode (Default)

01 : 16 bit mode

10 : 9 bit mode

11 : 18 bit mode

0x03 [5:4]BODR : 16 bit data access control

00 : 1 cycle transfer only 2 bit data and 2nd cycle
transfer 16 bit data (Default)

01 : 1™ cycle transfer 16 bit data and 2nd cycle
transfer only 2 bit data

1x : Transfer 16 bit data (R:G:B = 5:6:5)

MODE_SEL4 0000-xxxx |[7]RGB interface mode selection

0 : DE(Default)

1:VS+HS

[6]SYNC polarity

0 : Negative(Default)

1 : Positive

[5]Input data mapping selection

0 : 18 bits(Default) (R: G :

1:16 bits (R : G : B = 5:6:

[4]Input mode selection

0 : moving mode(Default)

1 : still mode

VCO_Mode xxx0-1000 |[4:3]VCO bias mo

Only for
Parallel

for

0x04 SPI Mode

:6:6)

0x05

45x%x3/4 MHz
:1.5/2 MHz
:0.9 MHz
1,100:0.9x 3/4 MHz
0,101:0.9/2 MHz
[7]InPWDN signal select
0 : Input pin PWDN

1 : Internal register ( [6] ) (Default)
[6linternal nPWDN control :

0 : nPWDN-=L(Default)

1: nPWDN=H

[5:4]DAC bias select

00:100% (Default)

01:80%

10 : 60%

0x06 11:50%

[3:2]Vcom bias select

00 : -20% x normal

01 : normal (Default)

10 : 20% x normal

11 :40% x normal

[1:0]RGB loading select

00 : Loading 1

01 : Loading 2 (Default)

10 : Loading 3

11 : Loading 4
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0x07 VCOMH_CTRL x111-0100 |[6:0]VCOM_H output Voltage control Note2
step = 2.1V/128 = 0.0164V  (Default = 4.0V)
(VCOM_H=2.1V in settting x000-0001 )
VCOML_CTRL x001-0010 |[6:0]VCOM_L output Voltage control Note2
0x08 step = 2.1V/128 = 0.0164V (Default = 0.295V)
(VCOM_L=0V in setting x000-0000 )
SRAM control
0x09 |PWS-X 0000-0000 |[7:0]: Write SRAM window start X point
0x10 |PWS-Y 0000-0000 |[7:0]: Write SRAM window start Y point
0x11 |PWE-X 0111-1111 |[7:0]: Write SRAM window end X point
0x12 |PWE-Y 1001-1111 |[7:0]: Write SRAM window end Y point
0x14 |PDS-Y 0000-0000 |[7:0]: Partial Display start Y point
0x16 |PDE-Y 0001-1111 |[7:0]: Partial Display end Y point
SRAM _Control xxxx-0000 |[3]if X or Y position is set over range,
0 : Ineffective writing. X or Y position are n
changed. (Default)
[2JACX (SRAM X Address Counte
0 : SRAM X position + 1 (Defa Note 3
ox17 1: SRAM X position — 1 [3] register
[1JACY (SRAMY Addre alwag S0
0 : SRAM Y position + 1 y
1: SRAMY position —1
[OJACXY (SRAM
osition (Default)
0x18 |SRAM Position X| 0000-0000
0x19 |SRAM Position Y| 0000-0000
Ox1A Th 0001-0010 / step [0 ~ 255] Only for
Parallel
RGB
Mode
max) : 1t, / step [0~31] Only for
Parallel
RGB
Mode
Note4
Note4
Note4
Note4
Note4
Note4
ma adjust 7 [7:4]: PV53
[3:0 NV53 Note4
Gamma adjust 8 [7:4]: PV59
0x28 [3:0F NV59 Note4
Gamma adjust 9 [7:4]: PV62
0x29 [3:0 NV62 Note4
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Notel: The timing of partial display is showed as below figure.

A N

Non-Partial Area Partial Area Non-Partial Area .___Elanking Area
STV
[/ [/
- [/ | _
CKV | {
- i
_____ - I - - d- L S
veoMm | | | R P
N U__!  L__ .' L Lo Lo
F=1r=1r=Ifr=I =i r= 1= —qlr=" 1r=1ir-Ir-1IrT1ra Fr=1r=1r=-
ENB1||"Irl I 11 L Il 11 | | IJEJEJ J JEJEII | 11 Il 11 11 {1 | | I |
on o i e[l SR TR U N O N ENIENE
- D12 S all I i n D
CKH T T e e e H H H H "H” ”H” H H H”H i TTTUR TR T T I T TITTTRTITIT
W e e fe aene wne W ey, | LT T T I W T
L L 1 O R U I\ i i i
E E \
DOO~65 & || Partial Area Data G
C C
= =
] ]
VC1 }
_ / [ ]
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Note 2: The following table shows the VCOMH and VCOML voltage mapping to register step setting

Digital Input VCOMH Output (V) Digital Input VCOML Output (V)
(Decimal) (Decimal)
127 4.184 127 2.084
126 4.167 126 2.067
125 4.151 125 2.051
124 4134 124 2.034
123 4.118 123 2.018
122 4.102 122
121 4.085 121
120 4.069 120
119 4.052 119
118 4.036 118

117 4.020
116 4.003
115 3.987
114 3.970
24 2.494
23 2477
22 2.461
21 2.445
20 2.428
19 2.412

18 .
17 17 0.279
16 16 0.263
15 15 0.246
14 14 0.230
13 13 0.213
12 12 0.197
11 11 0.180
10 0.164
9 0.148
8 0.131
7 0.115
6 0.098
5 0.082
4 0.066
3 0.049
. 2 0.033
1 2.1 1 0.016
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Note3: Addressing mode supported for CPU interface

> > 2 > > 2
0l0|Q Scan Types 0109 Scan Types
x| <|% x| <|%
XO ) XO+n XO ) X0+n
Y, | ———> Y, ) ] l I
ojojo l ,,,,,, 0l01
You | =——> Youn
X, ——> X, X, ——> X,
Y0+n TS ) Y0+n \
010 T e 0| 1]1 T
Y, | —————p Y, K \
177010
177110
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Note 4:
The two type gamma circuits are switched by AVDD3_SEL and the default value of 0x21h to 0x2%h is
decided by AVDD3_SEL. The 3.8V Vic Gamma voltage adjusted range is show as below table.

4 Bit Adjustable Level » PV

0000 | 408 | 398 | 3.28 | 2.91 | 264 | 239 | 1.78
0001 | 412 | 402 | 332 | 295 | 268 | 243 | 182
0010 | 416 | 406 | 3.36 | 299 | 272 | 247 | 1.86
0011 | 420 | 410 | 340 | 3.03 | 276 | 251 | 1.90
0100 | 424 | 414 | 344 | 3.07 | 280 | 255 | 1.94
0101 | 428 | 418 | 348 | 311 | 284 | 259 | 1.98
0110 | 432 | 422 | 352 | 315 | 288 | 263 | 2.

0111 | 436 | 426 | 356 | 319 | 292 | 267 ‘& 0
1000 | 440 | 430 | 360 | 323 | 296 | 271 | 2.10 88 | 143

1001 4.44 4.34 3.64 3.27 3.00 2.7 14 ? 1.47
1010 | 4.48 4.38 3.68 3.31 1 1.51

200 | 155

1011 4.52 4.42 3.72 3.35
1100 | 4.56 4.46 3.76 3.39 2.04 1.59
1101 4.60 4.50 3.80 343 2.08 1.63
1110 | 4.64 4.54 3.84 3.47 2.12 1.67
1111 4.68 4.58 3.88 3.51 2.16 1.71
4 Bit Adjustable Level » NV
0000 0.82 0.92 1,62 1.99 26 2.51 3.12 3.34 3.79
0001 0.78 0.88 1. 5 22 2.47 3.08 3.30 3.75
0010 0.74 0.84 1.54 1. 2.18 2.43 3.04 3.26 3.71
1 87 2.14 2.39 3.00 3.22 3.67
46 3 2.10 2.35 2.96 3.18 3.63

42 1.79 2.06 2.31 2.92 3.14 3.59
1.75 2.02 2.27 2.88 3.10 3.55
1.34 1.71 1.98 2.23 2.84 3.06 3.51
1.30 1.67 1.94 2.19 2.80 3.02 3.47
1.26 1.63 1.90 2.15 2.76 2.98 3.43
1.22 1.59 1.86 2.1 2.72 2.94 3.39
1.18 1.55 1.82 2.07 2.68 2.90 3.35
1.14 1.51 1.78 2.03 2.64 2.86 3.31
1.10 1.47 1.74 1.99 2.60 2.82 3.27
1.06 1.43 1.70 1.95 2.56 2.78 3.23
1.02 1.39 1.66 1.91 2.52 2.74 3.19
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The 3.3V Vlc Gamma voltage adjusted range is show as below table.

4 Bit Voltage Adjustable Level » PV

Value PVO PV1 PV6 PV11 | PV17 | PV26
0000 3.592 | 3.851 | 3.101 | 2.798 [ 2.625 | 2.417
0001 3.632 | 3.861 [ 3.131 | 2.823 | 2.645 | 2.432
0010 3.672 | 3.871 | 3.161 | 2.848 [ 2.665 | 2.447
0011 3.712 | 3.881 | 3.191 | 2.873 | 2.685 | 2.462
0100 3.752 | 3.891 | 3.221 | 2.898 | 2.705 | 2.477
0101 3.792 | 3.901 | 3.251 | 2923 | 2.725 | 2.492
0110 3.832 | 3.911 | 3.281 | 2.948 | 2.745 | 2.507
0111 3.872 | 3.921 [ 3.311 | 2.973 | 2.765 | 2.522
1000 3.912 | 3.931 | 3.341 | 2998 | 2.785
1001 3.952 | 3.941 | 3.371 3.023 | 2.805
1010 3.992 | 3.951 | 3.401 3.048 | 2.825
1011 4.032 [ 3.961 | 3.431 3.073 | 2.845
1100 4.072 | 3.971 | 3.461 3.098 | 2.865
1101 4112 [ 3.981 | 3.491 3.123
1110 4.152 | 3.991 | 3.521 3.148
1111 4192 | 4.001 | 3.551 3.173

1.887 [ 1.484
1.897 | 1.494
1.907 | 1.504

4 Bit Voltage Adjustable Level » NV
Nvg NV26 | NV53 | NV59 | NV62
4 2.613 3.090 3.273 3.676
.385 2.598 3.080 3.263 3.666
.365 2.583 3.070 3.253 3.656
2.345 2.568 3.060 3.243 3.646
2.325 2.553 3.050 3.233 3.636
2.305 2.538 3.040 3.223 3.626
2.285 2.523 3.030 3.213 3.616
2.265 2.508 3.020 3.203 3.606
2.245 2.493 3.010 3.193 3.596
2.225 2.478 3.000 3.183 3.586
2.205 | 2.463 | 2.990 | 3.173 | 3.576
2.185 2.448 2.980 3.163 3.566
2.165 2.433 2.970 3.153 3.556
2.145 | 2.418 | 2.960 | 3.143 | 3.546
2.125 | 2.403 | 2.950 | 3.133 | 3.536
2.105 | 2.388 | 2.940 | 3.123 | 3.526
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| 12. SPI & PARALLEL RGB I/F |
12.1 SERIAL PERIPHERAL INTERFACE(SPI)

C1L5-06 provides SPI interface to read/write registers and write the display memory. The HOST[1:0] pins are

used to select the input interface. When writing the registers, the input data of SDI is latched on the rising

edge of SCK; reading the register data, the system can latch output data on the rising edge of SCK.

12.1.1 3-Wire SPI Interface Timing

R~
Write Timing{Command Mode)
SPI_nCS % '
SCHK
SO T T\e_s_o /Moo /T N XmXEEEE Y N EEEEE@EE
S00

Read Timing(Command Mode)

SPI_nCS % T

sD0 or X0 05,04 XD2 X0 X1 X120 )
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Write Timing({Data Mode R:G:B=5:6:5)

SPI_nCS ™, PR

Read Timing(Data Mode)
SPI_nCS Y, £
SCK
501 1 1 o @ 01 1 1

MISB SB

S00 SEIDIE G IR DG GG GO G G G D G D)

Write Timing({Data Mode R:G:B=6:6:8)

SPI_nCS ™, e

sck (A A AR ATAT R A (AL ET AR A & —

]

EEXEYEEE T

Read Timing(Data Mode)

SPI_nCS %, '

SO0 1 1 %D @ 01 1 1

M5B

spD0 S G G G 0 R @ﬁ@@@@@

=
D D DD D o ), C) A () C) (O (D 0 O .00 )

R:G:B = 5:6:5 |m|u|u|n1|nn|ﬂs|m|ns| Iﬂzlﬂilmlmlmlmlm |Bu|
1 PIXEL

ReG:B = 668 [ s [ra [ [ra oo Jro [ [ ] [ssfoa]e]aa]oiJae [ [x] [Bs T ma o Jou o Joo ]« ]|
1 PIXEL
- -
T

Continue Transfer Timng

iy M By I _—

SCK

SO0 [euwereyee Jf avmvess M oo W oassess JoDaw | EEEE ER LR LT

IL
15t Command Znd Command

sS00 ITI IT' ........ |muHmuHmanu-| ........
L

JL i
Tt Command 2nd Command Dummy Raad
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+ tcsa + _." tcshd +

SPI_nCS i

\ [
SCK N

dse
SDI ><|
N
=D X
—

tsud

ltem Min Typ Max unit

Serial colock cycle time cyc 40 d
40 us

20 ns

taw 20 ns

20 ns

toe 20 ns

ns

fese 20 ns

tesha 20 ns

tase 10 ns

tahd 10 ns

ut setup time tsod 10 ns

Data output hold time tsoh 10 ns
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12.2 Parallel RGB SINAL AC TIMING CHARACTERISTIC

VS
.tﬁg. .tvhd-
\ /
HS
| thsuy | | thhd, N
\\ /
ot tql_“ - }
MCLK T [
< Lok H \ _/
N
D[17:0] / \ ,:
.tdﬂgl 'tdhd.
_'.\ 7;!_
DE / \
L tghdl \
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12.2.1 128(132)X160 Mode
Item Symbol Conditions Min. Typ. Max. unit
Clock frequency fo 1.7 1.82 2.1 MHz
Clock time teik 588 550 476 ns
Clock high duration tek_n 40 60 %
Data Setup time tesu 20 — — ns
Enable Hold Time tona 20
Hsync Setup time thsu 20
Hold Time thig 20
Vsync Setup time sy 20
Hold Time tuhg 20
data Setup time tasu 2
Hold time

12.2.2 128X128 Mode

Item Max. unit

Clock frequency 1.65 MHz
Clock time 606 ns
Clock high duration 60 %
Data Setup time — ns
Enable Hold Time — ns
Hsync thsu 20 — — ns
thna 20 — — ns
Vsync tusu 20 — — ns
tha 20 — — ns
tasu 20 — — ns
tahd 20 — — ns
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12.2.3 96X96 Mode
Item Symbol Conditions | Min. Typ. Max. unit
Clock frequency fo 0.83 0.9 1 MHz
Clock time teik 1.2 1.1 1 us
Clock high duration tek_m 40 60 %
Data Setup time tesu 20 — — ns
Enable Hold Time tena 20
Hsync Setup time thsu 20
Hold Time thig 20
Vsync Setup time sy 20
Hold Time tuhd 20
data Setup time tasu 20
Hold time tang 0
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| o
| |
| | |
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12.3 Parallel RGB INPUT SIGNAL TIMING CHART
| | |
: I [ [
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VS Tvdisp L £ Tyep ] | Tvds Ly _L:‘ Vdisp
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If VS falling edge and HS rising edge are at same time, it is in the margin and not surely which is the

first valid data line. So we want it to cause the first valid data line to delay 1 t.

VS

HS

T

HS | | 1_|' L[ 17 1] 2 ] 3 | 4

VS
Y
HS f
|
» QU Y\ 7
VS I

HS | ] [T L2 L3 L 4L 5

” v
HS ﬂi

VS |

HS ] L

[
=
-
s
-
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12.4 Parallel RGB OUTPUT SIGNAL TIMING CHART \
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12.5 DE MODE INPUT SIGNAL TIMING CHARACTERISTIC
12.5.1 132X160 Mode
Iltem Symbol | Conditions | Min. | Typ. | Max. | unit
Period th 166 | 176 | 182 | tux
Horizontal
Active tHdisp 132 132 132 ok
Period ty 167 | 172 | 182 th
Vertical
Active tVdsip 160 160 160 ty
12.5.2 128X160 Mode
Item Symbol | Conditions | Min. | Typ uni
Period th 166 182
Horizontal
Active tHdisp 1 128 8 te
Period ty 167 72 | 1 th
Vertical
Active tVdsip 160 th
12.5.3 128X128 Mode
ltem bol | Conditio Min. | Typ. | Max. | unit
Perio 166 | 176 | 182 | tu«
Horizontal
ive 128 | 128 | 128 | t.«
eri ty 135 | 140 | 150 | ty
Verti
tvasip 128 | 128 | 128 | ty
12.5.4 96X96 Mode
ltem Symbol | Conditions | Min. | Typ. | Max. | unit
Period th 134 | 140 | 144 | to«
rizontal
Active tHdisp 96 96 96 o
Period ty 103 | 107 | 115 th
Vertical
Active tVdsip 96 96 96 ty
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12.6 HS+VS MODE INPUT SIGNAL TIMING CHARACTERISTIC
12.6.1 132X160 Mode

Item Symbol | Conditions | Min. | Typ. | Max. | unit
Period th 166 | 176 | 182 | tux
. Active tHdiSp 132 132 132 tclk
H tal
orizona Display start thds 18 — — teik
Front porch thio 16 — — tei
Period ty 167 | 172 | 182 th
Vertical . Active tvasip 160 | 160 | 160 f
Display start tvas
Front porch tuip
12.6.2 128X160 Mode
Iltem Symbol | Conditions
Period th
Horizontal — Active thaisp
Display start tHds
Front porch thfp
Period tv
Vertical : Active tvasip
Display start tvds
Front porch tuip
12.6.3 128X128 Mode
Item S ol | C itions | Min. | Typ. | Max. | unit
Peri ty 166 | 176 | 182 | tux
. ive 128 | 128 | 128 | tex
H tal
orizonta Di b 13 — — e
ont porch tio 20 | — — | ta
io ty 135 | 140 | 150 th
Verti ! tvasip 128 | 128 | 128 tH
Disp art tvas 6 — — th
ont porch tuip 1 — — th
12.6.4 96X96 Mode
Iltem Symbol | Conditions | Min. | Typ. | Max. | unit
Period ty 134 140 144 o
orizontal : Active tHdiSp 96 96 96 o
Display start thds 18 — — tok
Front porch thip 20 — — teik
Period ty 103 | 107 | 115 ty
Vertical : Active tVdsip 96 96 96 ty
Display start tvas 6 — — th
Front porch tup 1 — — th
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12.7 DE MODE OUTPUT TIMING CHARACTERISTIC
12.7.1 128(132)X160 Mode

Item Symbol [ Conditions | Min. | Typ. | Max. | unit | Note
DE to CKH3 toe_ckH3 — — 4 — toi

CKH1 H time tokrt w — — 16 - toi

CKH3 to CKH2 | tcknt_ckhe - — 5 - toi

CKH2 H time tokma_H — - 16 - tai

CKH2 to CKH3 tCKH2_CKH3

CKH3 H time tekms H

CKH3 to CKH4 tCKH3_CKH4
CKH4 H time tCKH4_H
CKH4 to CKH5 tCKH47CKH5
CKH5 H time tekms_H
CKH5 to CKH6 thHs_CKHG
CKH6 H time tCKH67H
CKH6 to VC1/2 | tekme_ ve
ENBV L time teney L
ENBV to CKH1 | tensv_ckhi
VCOM to CKH1 tVCOM_ CKH1
STV to CKH1 tSTV7 CKHA1
CKV to CKH1 tCKV_ CKH1

12.7.2 128X128 Mode

Item Min. | Typ. | Max. | unit | Note
DE to CKH3 - 4 - toi
- 16 - toi
- 5 — to
- 16 - toi
— 5 - toi
tekma_H — — 16 — to
tokHs_ckHa — - S - Lo
tekma_H - — 16 - toi
tekHa_ckHs - - 5 - to
tokms_H - - 16 — Lok
KH5 to CKH6 | tckms_ckhe — — 5 — to
KH6 H time tckme_H - — 16 — toi
CKHG6 to VC1/2 | tekmes_ ve — - 3 - toi
ENBYV L time tENBV_L - - 13 - tc:Ik
ENBV to CKH1 | tensv ckni — — 6 — toi
VCOM to CKH1 | tycom_ ckh1 - — 12 — tei
STV to CKH1 tsTv_ckhi - - 19 - toi
CKV to CKH1 tekv_ ckH — - 14 - toi
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12.7.3 96X96 Mode

Item Symbol [ Conditions | Min. | Typ. | Max. | unit | Note

DE to CKH3 toe_ckH3 — — 4 — toi

CKH1 H time tCKH1_H - - 13 - t(:Ik

CKH3 to CKH2 | tcknt_ckhe - — 3 - toi

CKH2 H time tokma_H — - 13 - tai

CKH2 to CKH3 tCKH2_CKH3
CKH3 H time tCKHS_H
CKH3 to CKH4 tCKH3_CKH4
CKH4 H time tCKH4_H
CKH4 to CKH5 tCKH47CKH5
CKH5 H time tekms_H
CKH5 to CKH6 thH5_CKH6
CKH6 H time tCKH67H
CKH6 to VC1/2 | tekme ve
ENBV L time teney L
ENBV to CKH1 | tensv_ckhi
VCOM to CKH1 tVCOM_ CKH1
STV to CKH1 tSTV7 CKH1
CKV to CKH1 tCKV_ CKH1
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12.8 HS+VS MODE OUTPUT TIMING CHARACTERISTIC
12.8.1 128(132)X160 Mode

Item Symbol [ Conditions | Min. | Typ. | Max. | unit | Note
DE to CKH3 toe_ckH3 — — 4 — toi

CKH1 H time tokrt w — — 16 - toi

CKH3 to CKH2 | tcknt_ckhe - — 5 - toi

CKH2 H time tokma_H — - 16 - tai

CKH2 to CKH3 tCKH2_CKH3

CKH3 H time tekms H

CKH3 to CKH4 tCKH3_CKH4
CKH4 H time tCKH4_H
CKH4 to CKH5 tCKH47CKH5
CKH5 H time tekms_H
CKH5 to CKH6 thHs_CKHG
CKH6 H time tCKH67H
CKH6 to VC1/2 | tekme_ ve
ENBV L time teney L
ENBV to CKH1 | tensv_ckhi
VCOM to CKH1 tVCOM_ CKH1
STV to CKH1 tSTV7 CKHA1
CKV to CKH1 tCKV_ CKH1

12.8.2 128X128 Mode

Item Min. | Typ. | Max. | unit | Note
DE to CKH3 - 4 - toi
- 16 - toi
- 5 — to
- 16 - toi
— 5 - toi
tekma_H — — 16 — to
tokHs_ckHa — - S - Lo
tekma_H - — 16 - toi
tekHa_ckHs - - 5 - to
tokms_H - - 16 — Lok
KH5 to CKH6 | tckms_ckhe — — 5 — to
KH6 H time tckme_H - — 16 — toi
CKHG6 to VC1/2 | tekmes_ ve — - 3 - toi
ENBYV L time tENBV_L - - 13 - tc:Ik
ENBV to CKH1 | tensv ckni — — 6 — toi
VCOM to CKH1 | tycom_ ckh1 - — 12 — tei
STV to CKH1 tsTv_ckhi - - 19 - toi
CKV to CKH1 tekv_ ckH — - 14 - toi
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12.8.3 96X96 Mode

Item Symbol [ Conditions | Min. | Typ. | Max. | unit | Note

DE to CKH3 toe_ckH3 — — 4 — toi

CKH1 H time tCKH1_H - - 13 - t(:Ik

CKH3 to CKH2 | tcknt_ckhe - — 3 - toi

CKH2 H time tokma_H — - 13 - tai

CKH2 to CKH3 tCKH2_CKH3
CKH3 H time tCKHS_H
CKH3 to CKH4 tCKH3_CKH4
CKH4 H time tCKH4_H
CKH4 to CKH5 tCKH47CKH5
CKH5 H time tekms_H
CKH5 to CKH6 thH5_CKH6
CKH6 H time tCKH67H
CKH6 to VC1/2 | tekme ve
ENBV L time teney L
ENBV to CKH1 | tensv_ckhi
VCOM to CKH1 tVCOM_ CKH1
STV to CKH1 tSTV7 CKH1
CKV to CKH1 tCKV_ CKH1
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12.9 PARALLEL RGB OPERATION MODE
12.9.1 Moving(Normal) Mode

D017 Input
HS W5 DE MCLK > Interface e SRAM
o DATA RGB
SPI_nCS RS SCK 5DI SDO Controller | Controllar > DATA Output
Timing
Controller
sy Timing Signal
1‘ Level CPCLEA0
. CPCLKSS
Control Shifter
— Register Xvon
4
Note:
1. RGB DATA always input.
2. Operation clock is based on external MCLK signal.
3. CPCLK10 -~ PCLK55 ~ XVDD output.
12.9.2 Still(Idle) Mode
D[0:17] Input
HS WS DE MCLK | > Interface e SRAM
o DATA RGB
SPI_nCS RS SCK 5DI SDO Controller T Contraller > DATA Oulput
. . Timing
Ri HVCO | Confroller
5V Timing Signal
1‘ Level CPCLKA0
. CPCLKSS
Control Shifter
— Register XvoD
B 4
Note:
1. Parallel RGB interface is used for the SRAM update and internal operation clock is based on VCO clock.
2. CP. 10 VDD output
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12.9.3 Moving(Normal) Mode and Still(Idle) Mode Switching

Moving Mode Idle Mode
Set ldle Mode Send Input Timing
Register 0x04[4]=1 more than 1+a Frames
|
-‘_‘\\_‘_‘_\\\_!‘._,"f
Keep Sending Input Timing Set Moving Mode
Wait more than 1+a Frames Register 0x04[4]=0 ~

| |
W W

Still Mode Moving Mode
12.9.4 Partial Mode PR &
D[B17] Input
HE WS DE MCLK ™ Interface = SR AM DATA RGE
SPI_NCS RS SCK SDISDO C ontroller I " ontroller DATA Output
Timing
Caontraller
Timing Signal
* L:rel CPCLKID
| g C ontral Shifter ¢ ;i;gﬁﬁ
R egister
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12.9.5 Sleep Mode

Input
SPI nCS RS SCK SDI sDO Interface = SRAM DATA
Controller
¢ Controller
e
Rl VCO | i . Timing L
: (Stop) : Caontroller
S Ei T 3,
—= Level
| . C-::ur!trol Shifter
Register

N

1. SRAM data can be retained.

2. The VCO is stopped in sleep mode.

3. The power DVDD is not off in sleep mode.
4. CPCLK10 - PCLK55 ~ XVDD off

s .

Display Image Sleep Mode
\""‘\_‘____,..r"“ff _— —
nPWDN=0 SLP= normal mode
Register 0x06[6]=0 Register 0x01[1]=1
|
‘-__\“‘“- ___,...-"‘"."‘r
SLP= sleep mode nPWDN=1
Register 0x01[1]=00 Register 0x06[6]=1
|
W
1 Sleep Mode Display Image
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] 13. Tearing Effect Output
| |
TE t'\a"dl I'n.;‘ﬂll

I

STV :_‘ / '/'QD oy
[ =
|

2]
<
e
|1 -_'_"“‘"—-..
— 1
]
— 1|

r
L

U

CHEG i i HH”

IENERE
NIV TTNTHE \\u i [l

—

o
|
——
-7
|

—
 —

__________ | : R |
DOG-~85p D1i 1 2 3 n2 n-1 n | DO DU‘H D1i 12
|
| | T
1 ] alinlily
| l ' |
- | / i /] ,5
; ./ | N i
| | |
l | l
I | |
| | |
Symbol
tvan
tval

|

0.8"DDID
|
|

|
I
I
0.8"DDIO
|
I
[

0.2*vDDIO |

0.2*vVDDIO

The rising time and falling of TE are stipulated to be equaled to or less than 15 ns.
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13.1 Writing Speed of MPU is Faster than Panel Read

MPU to Memory

1 frame 1 frai[me 1 frame

TE

Memory to LCD

1 frame frame 1 frame 1 frame

n____
[l — — — —

|
|
|
|
=]

Data to be sent

Image On LCD
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13.2 Writing Speed of MPU is Slower than Panel Read

| | | | |

| | | | 1

MPLU to Memaory [ [ I | I

[ [ I | I

I ] | | |

I I I 1 frAme I 1

[ | [ | | |

I I I | 1
| |
TE | |
| |
T T

[ | [ | | |

[ | [ | | |
Memory to LCD :
|

1 frame | frame , | 1 fréme I 1 frame

[ | [ | | |

[ | [ | | |

[ | [ | | |

a b (i d o f

Data to be sent

d e f
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’ 14. OUTPUT VIODEO WAVEFORM
WVCOMH
LO L63
L1 LB2
L&2 L1
LG3 LD
VCOML
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15. ANALOG OUTPUT DYNAMIC CHARACTERISTIC
R,G,B output characteristic(128(132)*160)
Item symbol Conditions Min. Typ. Max. Unit
Rise time t1 1% - 99% — — 3 us
fall time t2 99% - 1% — — 3 us
R.G,B output characteristic(128*128)
Item symbol Conditions
Rise time 1 1% - 99%
fall time t2 99% - 1%
R,G,B output characteristic(96*96)
Item symbol Conditions
Rise time t1 1% - 99%
fall time t2 99% - 1%

VCOM output characteristic

Item symbol Conditions Max. Unit
Rise time 1 4 us
fall time t2 4 us
VC1 and VC2 output characteristi
Iltem Max. Unit
Rise time 5 us
fall time 5 us

symbol
t1
t2
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‘ 16. ELECTRICAL CHARACTERISTIC
16.1 MAXIMUM RATING at Ta=25"C
Item Symbol Rating Unit
Power supply voltage VDD2.8 -0.3to +4.6 \%
Input Voltage Vit -0.3 to VDDIO+0.3 \%
Operating temperature Topr -20~ +70 C
Storage temperature Tstg -40 ~ +125 C
16.2 OPERATION CONDITION at Ta=25C
Parameter Symbol Conditions
VDD2.8 Input Voltage for DC/DC
DVDD Logic Power
AVDD1 Analog Power
DC/DC Voltage | AVDD2 VCOM Power

Gamma Circuit Power
(Select by AVDD3_SEL)

VDDIO Input Voltage for I/O

AVDD3
4.20 | 4.25 | Volt

2.8 3.3 | Volt
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17. LEVEL SHIFT ELECTRICAL CHARACTERISTIC
17.1 MAIXMUM RATING at Ta=25C

Symbol | Conditions | Min. | Typ. | Max. | Unit
VSS -0.3 | -- | +0.3 | Volt
AVDD1 -0.3 | -- +6 | Volt
DVDD -0.3 | -- | +2.8 | Volt

17.2 DC ELECTRICAL CHARACTERISTIC
VDD2.8=2.5V~3.3V, Topr=-20~ 70C

Paramenter Symbol Condition Min.
STV CKV ENBV CSV GAS Von lout(maxy=10UA 0.9xAVDD1
CKH/1/2/3/4/5/6 CPCLK55/10 VoL loutmary="10UA 0.1xAVDD1
VOH VC 1.05xVCH
VC1/2*
VoL 0 0.05xVCH

*VCH is the high level voltage of VC1 and VC2. The VCH VVC1/2 Control(0x7A)[5:3].

17.3 AC ELECTRICAL CHARACTERISTIC
Control Signal output characteristic
STV CKV ENBV CSV GAS CKH/1/2/3/4/

ITEM TYP. MAX. UNIT
Rise tim 65 115 ns
Fall tj 65 115 ns
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| 18. DC/DC CONVERTER
18.1 POWER SEQUENCE

111 |
11| |
nPWDN SR
11| |
AVDD1 A :
VDD A '
ol I
11| |
AVDD2 e :
AVDD3 F: I
11| |
11| |
(|
CPCLK10 VDD, stable My r"{
i1 |
PCLK5 1f o
CPCLKSS rame i : | +
L I
ol I
11| |
] |
| |
I I \
[| l
APWDN P :
. o
| | ! |
AVDD1 t = i :
XVDD : : | |
| | : :
AVDD2 : : ' !
AVDD3 : : : :
| |
| | I !
CPCLK10 : i
| |
| - f
| | |
CPCLK55 | | |
: | |
P : I
GAS ' ! |
| | | |
L : |
Panel Control Signal : :
DO0~65 P il
| |
| |
» L} I |

L

VR BRI E LS LY R R 2 PRI ] AR [ A TR kT I RIS S gt -
The information contained herein is the exclusive property of tpo displays corp. - and shall not be distributed -
reproduced - or disclosed in whole or in part without prior written permission of toppoly optoelectronics corporation.



Z

tpo
¥ F ?”FJ?':F ¥ {F £ C1L5-06 ASIC customer specification PPl 0.02 FI%: 84/85
Document No. Document Title: C11.5-06 ASIC customer specification Rev.: 0.02 Page No.: 84/85
| |
L. 2 frame |
nPWDN \xqq =
|
| |
AVDDA :
VDD | [
[ I GMND
I |
AVDD2 i :
AVDD3 ' |
| | GND
I !
GAS ! | f’
[ : GMND
[
|
CPCLK10
GMND
CPCLKSS
GND
Panel Control Signal
DO0~65 Whit
e GND
|
l |
< \VY
) Remove Power Suddenly
|
AVDD1 -‘ﬂ?f;j ___________________________________
XVDD |
|
|
GAS
GND
CPCLK10D
GND
CPCLK55
GND
STV CKV C5Y ENBY
CKH1/2/3/4/5/6
GMD
VCOM
V12
GND
DO0~65
GND
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’ 19. APPLICATION CIRCUIT
19.1 APPLICATION CIRCUIT

NL-X3
1UF/B.3VIXER | | e 4
1uF/B. Sw% C12Axd

T —— C138%3
1uE/B.3VIX5R

TuFB. 3NVINER
[IER WS

{l_‘l.uEiﬁ.MﬁE{_| | E—— DWDIDw4
ZEV o 3.3V DLIMMY 1
Cr L 02,

TE <}
1.6V 10 3.3V ] ovDDx3
C VDDIOx2
nPWDN q VSSx3

If no use please let it open ARESET > nRESETx2
VDDICx2

19
=
25
=
=8

HOST[1:0] HOST1
H=vDDIO
s HOSTD

00

AVDDS_ SEL SPI_nCs
H=AVDD1 SS%T
L=vss

TE

nis(
If no use please let it open l‘l"-'"-"ﬁ FE-"I'[-E Eﬁ?‘i

U0 (O

TESTSx1
VBDIOK?
»— .

D1 7IRING|x2
D16 RN |2
D1 5[Rin3]x
D1 4{Rin2|x2
01 3Rin1]x2
D1 2Rind|x2
D1 1[Gin5|x2
D1 D GEind]x2
Eﬂ N
DE|GEin]=2
O7[GinT]x2
DG GinC]«

UAALUALA ALY

42 VSSx3
Dk ahm1 5 YW—— Rlxz

OTF TR5WVR3
MCx3

Bump View
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