CLAIRPIXEL CP7208 Release Ver 0.1

Confidential

CP7208

Datasheet
T

D1 CMOS IMAGE SENSOR

Version 0.1

Document No. : CP-M-7208

ClairPixel Co., Ltd.

ClairPixel Co.,Ltd
WWW . CXXSZ.com Tel :0755-82796954 Moh:13424239270 Mr.Wu 1



CLAIRPIXEL CP7208 Release Ver 0.1

Confidential
This document contains information on a new product. Specifications and information herein are subject to

change without notice.

Use of this specification for product design requires an executed license agreement from the ClairPixel.

The ClairPixel shall not be liable for technical or editorial errors or omissions contained herein; nor for incidental or consequential damages
resulting from the furnishing, performance, or use of this material. All parts of the ClairPixel Specification are protected by copyright law and
all rights are reserved. This documentation may not, in whole or in part, be copied, photocopied, reproduced, translated, or reduced to any

electronic medium or machine readable form without prior consent, in writing, from the ClairPixel.

How to reach us: #1206, U-Space 1-B, 670 Sampyeong-dong, Bundang-gu, Seongnham-si, Gyeonggi-do, 463-
400, Rep. of Korea

82-31-628-4186

HOME PAGE: http://www.clairpixel.com

Revision History

Issue Rev No. Originator Details of Change Date

1 0.1 limks Initial Version 2015-03-11

ClairPixel Co.,Ltd
WWW . CXXSZ.com Tel :0755-82796954 Moh:13424239270 Mr.Wu 2



CLAIRPIXEL CP7208 Release Ver 0.1

Confidential

Table of Contents
S o 1= o 1 o L o1 SRR 8
2. SYSTEM BIOCK DIBGTAIM ...eiiiiiiiieiiieiee ettt e ettt e e ot e e e st e e e e e aabb e e e e et be e e e abbeeeesbbeeeeabbneeeaae 9
3. PIXEIATTAY SEIUCTUTE ..ottt ekttt e skttt e s kbt e e s bbbt e e e bbbt e e s kbe e e e s bbb et e e sbbe e e s anbneee s 10
O = R - = W O TU L4 o UL A I T 4 1o Y PP 11
LTS VAT =T 4 T L= = Lo = 12
5.1, SYSEM INIIAIZATION. ... eeeeeiitie ettt e e st e et et e e st e e s b e e e e b e et e e aan et e e e s r e e e e b e e e e n e e e nr s 12
5.2, POWEI-DOWN IMOUE......coutiiitie ettt ettt ettt h e ea e ekt h bt e b bt e e hb e e e b bt e e hb e e e et e ea bt e e bt e sab e e sb b e e nan e e anneenane e e 12
L T 2 O 4] (=T 4 7= Yot O T T P TP P PR PP PPN 13
LR 0 B 12 O3 0o o [1 1o ] o FO O PO T PP PP PP PPPRON 13
LR B 2 O IV T3 (=] g @ o= = Vi o o O PO P PP PP PP PPPR 14
Lo e T D2 OS] = Y I @ o 1= = Lo ] o RS STPR 15
5.4, GPIO CONLIOI INTEITACE ... ee ettt e bt e sttt e e s bt e e e b et e e e bt e e e anbb e e e e bbe e e e annneeesnreees 17
SRS =N B N 7o ] 1 (o T TSP PP PP PP OPPPPP PRI 18
O O O T ] £=T = Lo ST RPT PP 19
7. EEPROM BOOt SEOUENCE ...ooiititiii ittt sttt e e e e e e e e et an s e e et e e e tab ot e e e e e e et bt e e e e e e e eestaanneeeaaaes 20
8. TG(TIMING GENEIALONI) ...tetiiiiititie ettt ettt ettt e ettt e e st et e e s b et e e e s kb et e e s kb et e e oabb et e e s bb et e e e aabb e e e e aabb e e e e anbbeeeeannnnee s 21
8.1. ANalog/Digital GaIN CONLION ......eciiuiiiiiiiiee ettt ettt e e et e sttt e e s b e e e abb et e e aabe e e e e bb e e e e anbr e e e annr e e e s nreeas 21
< T N g - o To I 7= 1 o PR O PP PPPPPT PR 21
I R B o [ =1l 1 1 o D PO P PP PP PP PPPRON 22
9. BLC(Black LeVEl COMPENSALION)....ciiiiiiiiiiiiiiieiiiiie ettt ettt sttt ettt e s bb et e e s bbb e e e s bbb e e e s sabbe e e s anneeeeas 24
10. ISP(IMage SigNal PrOCESSING) wuvveeiiiiiiiiieiiiiieteieieeeeeeeeeeeeeseeeeeesessesseessseeseseeaeeasesesassseresesesearsererererrrererrrrrsrnrnnes 25
FI0.1. OVEIVIBW ...ttt ettt ettt e e e e et e e et e oo e et o4 e e et e e e s b e e o4 Ra e e e e es et e e e R et e e e R e e e e e an e e e e R n et e s e e e e e rn e e 25
10.2. LSC(Lens Shading COMPENSALION) ......ccuuitiiiiiieiiitiee ettt ettt e et e e st e e s e e e ae bt e e abee e e s s beeeeasbr e e s s abneeesnnneeeeanbneeenas 26
O T R €T I (o g T PP PP PP PP 26
O IS O O =1 o (= o Vo F TSP UP TP TPPPPPP 26
10.2.3. LSC WEIGNTING. .ttt ittt ettt e h et e ettt e e e b et e ek bt e e e bt e e s bb e e e e bb e e e e e e et as 26
00 T 1t TP 28
10.3.1. Defect Pixel COMPENSALION(DPC) ....ccciiiiiiiiiiie ettt e ettt e e e e e s b b et e e e e e e s asbbe e e e e e e e e aannebeeeaaens 28
OS2 @fo] o] g [ 01 (=14 o To ] - 11T o PP P TP 28
10.3.3. YC NOISE REUUCTION ....ceiiiiiieiiiiee sttt ettt e ekt e e ettt e e e bt e e ek bt e e e bt e e e ek be e e e anbb e e e sabeeeesnneeas 28
10.3.4. EAQE ENNANCEMENT ..ottt ettt e e e e e ettt e e e e e e s bbbt e e e e e e e s anbbbeeeeaee e e e nbbbbeeeaeeeaasnnbbeeeaaens 28
O ST o] (o] g 07 o] =Tt i o] o PP P PRSPPI 28
O A -1 1409 T W O (=Tt i o] o BT PP PP PP PP PP PP 29
O T A = (] = 3 1o T4 1 o1 1 PRSPPI 29
O 1Y TP 30
10.4.1. BIGINESS CONIOL ... .eeiiiitiie ettt b et e e a bt e e st et e e aabe e e e enb b e e e enne e e s nnnes 30
10.4.2. CONLFASE CONIOL ..ottt ettt e st e e e b e e st e esne e 30
O S T @ o @2 g €T [P PRRT 31

ClairPixel Co.,Ltd
WWW . CXXSZ .com Tel :0755-82796954 Moh:13424239270 Mr.Wu 3



CLAIRPIXEL CP7208 Release Ver 0.1

Confidential

O N N o (W= @0 o i o SRR 31

10.4.5. SAUrAtION CONTIOL. ... . .eeeiiiie ettt e e e e ettt e e e e e s aabe et e e e e e e aansbeeeeeaeeesanntaneeeaeeeeaneneees 31

10.4.6. BIACK ENNANCEMENT......c.tiiiiiiiiie ittt ettt e s e enne e 32

10.4.7. Whit€ ENNANCEMENT ..ottt e e e e e ettt e e e e e s tbe et e e e e e e aansbeeeeeaeeesantbeeeeeeeesanennees 32

O 3 T @0 (o] S0 o] o {111 (o] o R RRRP 33

R o 1V = (o YA o o T R E PRSP 34

R T @ V=T - Y SRS 35
13.1. OVErlaY CONTIGUIALION ..eeiiiiiiieiiiiee ittt ettt e et e e et e e et et e e s et e e as et e e eas et e e e ss e e e e annr e e e ann e e e nnneeeeannneeenas 35
13.2. RLE COMPIrEsS COMMEANG .......ouiiiiiiie it e et e e e e e et e e e e e e s ettt e e ee e e s e tabaaeeeeeesaasabtbeeeeeeseanttbeeeeaessassstraneaaeas 36
13.3. Setting poSition and SIZE OF OVEFIAY ........uvviiiiie i e e e e s e e e e e e s e st b e e e e e e s easatraeeeaeas 36

o e o 1 1= (=] (PP PUUPPPPPTPTTTP 38
O R O Y= V=PSRRI 38
o T 1 o D =T | = o OSSPSR 38
B T T T o o (011 T o O O PO PP PP TP P PP OPPPPRURRP 40

ST AN U (o I @ o1 4 o ] I U o o3 1o ¥ o SRS 41
G =0 T3 (=T o 1= 1 14 o Yo PP PPPPPPNt 42
G 1 (= o [T P PP PPT PSPPI 42
18.2. TG, BLC e e e e e e e e e e e e a e e e a e a e e a e e e naa e e e e e aas 46
G0 T 10 TR 48
L84, ISP L s 49
G T 1T TP 52
16.6. PRIVACY ZONE MASK ... s e s e e e s e s e s e e e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e s e e e e e e a e e e e e e ens 54
LB, 7. OV E R LAY e 56
16.8. FORMATTER ..o e e e e e e e e e e e e e e e e e e e e s e e e e e e e e e n e e e e e n e n e n e 59
G TR NV o oo o =Y PSS PR RSP 60

LB, 00, P e 64

17. Spectral RESPONSE Of COlOr Flr ...ouiiiiiiiiiiiiiiiiiieieeeiee ettt e eeeaaesesasssssessssssassssesssssssssssssssnnnnnnes 67
S LYol d o= L O g = 1= Toa €T 1= oSS 68
TR o T 1 o o 0 = Lo o PP 69
20. Typical CirCUit CONTIGUIATTION ... .uiiiiiiiie et e e ettt et e e e s e st et e e e e e e e s e e annbeneeaaaeeaaannes 73
A o (G B 4 1=T 0 1= o ] o EO PP TPUPRPTTN 75

ClairPixel Co.,Ltd
WWW . CXXSZ.com Tel :0755-82796954 Moh:13424239270 Mr.Wu 4



CLAIRPIXEL CP7208 Release Ver 0.1

Confidential

List of Figures

FigUre 2-1 BIOCK DIAGIAMN ......uveeiiiiiieee it ee ittt et e bt e e sttt e e e sa b e e e e e sabe e e e e sabe e e e e aabb e e e e aabbeeeeabbeeeeabnneeeane 9
FIgure 3-1 PiXel ArTay STIUCKUIE ......ccoi it ce et e e e e s et e e e e e e s st e e e e e e s e s s beaeeeeeeessssntnnneeeaeeaannnnes 10
1o [ =N A e oY g0 o = L I3 11 o PSR 11
FIgUre 4-2 VErtiCAl TIMING ..eooiiieeeeiiiiee ettt ettt e sttt e s bttt e skttt e s sbb e e e s anbne e e e annneee s 11
Figure 5-1 System RESEt SCREIME .....ccoiiiiiii e 12
Figure 5-2 System POWEr DOWN SCREMIE ......ccoiiiiiiiiicei et e e e e e e s s s ae e e e e e e e nnnes 12
FIGUIE 5-3 SEAI / STOP .eeieie ettt etttk e e s bttt e skttt e s bbb et e s anb b e e e s annn e e e s annreee s 13
FIGUIe 5-4 ACKNOWIEUGE ...tttk e bbbt e e s bt et e e s anb b e e e s anbre e e s annreee s 13
Figure 5-5 12C Master Wrte OPEIatiON ..... ... 14
Figure 5-6 12C Master Read OPeration.........ccccccoioiiieeiiieiireess s s 15
Figure 5-7 12C Slave Read, WIE OPEIAtION .........cuueiiiiiiiieeiiiiiie ettt st e e e e snneee s 16
FIgure 5-8 PDATA BUS CONIOL.... ... s 18
FIQUre 6-1 MCU MEMOIY MaP ... . s 19
Figure 7-1 EEPROM BOOU SEOUENCE.........ciiiiiiiiieiiiete ittt sttt sttt e et e e s tbb e e e s aebee e e s asbeeeesanbeeeesannneee s 20
Figure 10-1 ISP BIOCK DIBOIAIM.......uuiiiiiiiiie ettt ettt ettt ettt ettt e e st e e s bbe e e e s anbe e e e s sbneeesannneee s 25
FIQUIE 10-2 LSC WIGNTING ... s 27
Figure 10-3 Color CorreCtON IMaLIIX ... .....eeee s s 28
Figure 10-4 GAMMA register and GAMMA VAIUE .........oouuiiiiiiiiiieiiieee e 29
FIQUIe 10-5 SDI EQUALIONS .....uueee s 29
Figure 10-6 ISP2 BIOCK DIagram..... ... s 30
Figure 10-7 CONTASE CONIOI .....eiiiiiiiiii ittt ettt e e st e e s bbbt e e s sabbe e e s sanreee s 30
Figure 10-8 Ch/Cr gaiN CONMIIOL.......uiiiiiiiiiie ittt et e e bt e e s bbb e e e s nbb e e e s annneee s 31
FIQUIE 10-9 HUE CONLIOL ... s 31
Figure 10-10 SAtUration CONIOL..........coiiuiiiiiiiiiii ettt et e e eba e e sanreee s 32
Figure 10-11 Black ENhancement CONTIOI ...........ooiuiiiiiiiiiiieiiiiie et 32
Figure 10-12 White ENhancement CONIOL........ ... 33
Figure 10-13 Applying Gain on Luminance Threshold..............coiiioiiiiii e 33
Figure 10-14 How to set poSition Of PrIVACY ZONE ........ocuuiiiiiiiiiieiiiiee et 34
Figure 10-15 Privacy Zone EXAMPIE..........ooi ittt e e e e 34
Figure 11-1 Overlay DIOCK Iagram ...........eiiiiiiiiiiiei et e e e e s ee e e e e e e e aanes 35
Figure 11-2 Example of LUT CONfIQUIALION.........oiiiiiiiiiiiiiii et 36
Figure 11-3 Setting position and Size of OVEIAY ...........ocuiiiiiiiiiii e 37
(o [ LI D R @ o [0 1Y o To [ PP ST P PPRTT 38
Figure 12-2 RGB565/555 IMOUOE ......cciiiuiiiiiieeie ettt e ettt e e e e e e st b bt e e e e e e s e annnbaeeeeaaeeeaannne 39
Figure 12-3 Bayer 8/10 Dit MOUE.........cooiiiiiiiiiiiie ettt sttt e e e nba e e s nnneeee s 39
Figure 12-4 WindOWING CONTIOL .....c.eiiiiiiiiiiiie ittt e ettt et e e e e e st b bt e e e e e e s e annbeereeaaeeeaannnes 40
Figure 13-1 AutO CONLIOI FUNCLION ...ttt et e e e e et e e e e e e e e e nnbeeeeeaaeeeaannnes 41
Figure 15-1 spectral response of COIOr filter...........uviiiiiie e 67

ClairPixel Co.,Ltd
WWW . CXXSZ.com Tel :0755-82796954 Moh:13424239270 Mr.Wu 5



CLAIRPIXEL CP7208 Release Ver 0.1

Confidential
Figure 17-1 40 PLCC PKG Pin Map(ANAI0Q)......ccuuuuiieieeiiiiiiiiiiie e e e e ssiitieeeee e e s s snntaneeeseessssssnnnnneeseessannnnes 69
Figure 17-2 40 PLCC PKG Pin Map(Digital) ........c.uvuriieieeiiiiiiiiiie ettt ee e e e s s ssteere s e e e e s s ssnvanneese e e e ennnes 71
Figure 18-1 Typical Circuit Configuration(ANGIOG) .......cocurriieiiiiiieiiiiee et 73
Figure 18-2 Typical Circuit Configuration(DIigital)...........cceiiiiuiiiiiee o e e 74

ClairPixel Co.,Ltd
WWW . CXXSZ.com Tel :0755-82796954 Moh:13424239270 Mr.Wu 6



CLAIRPIXEL CP7208 Release Ver 0.1

Confidential
List of Tables

Table 8-1 ANAlog Gain CONEIOl .....ccoiiiiiiiiiie ettt s et r e e e e e s s bbb eeeae e e s e aanbeeeeaaaeesaannnes 21
Table 8-2 Global Analog Gain TaBIE.........cciii i e e e s rrr e e e e e e e nnnes 21
Table 8-3 Digital Gain CONIIOl .........oiiiiiiiie e e e s e rr e e e e e s s s eereaeeesaaanreaneeaeeesannnnes 22
Table 8-4 Digital Gain L TADIE .......eeeiiiiiiiee et e et e e st b e e e s abreeaeaae 22
Table 8-5 Digital Gain 2 TADIE ........oeiiiiiiiii ettt e e st e e b e e 23
Table 11-1 RLE cOMPresSS COMMEANG .....uiiiieeiiiiiiiiireeeeeeiesiitieeeeeeessssssstesseeseesssssnseassaeesssassssssnseesesssnnnsnes 36
Table 15-1 Absolute Maximum RAUNGS ........uuiiiiiiiieee ettt ettt e e et e e e s sbbe e e e anbreeaeaae 68
Table 15-2 Recommended Operating CONAItION ..........uuviiiiiiiiiiiiiiee ittt ee e 68
Table 15-3 POWETr CONSUMPLION ....uuuutitiiititeiiiiiutitiuieinieeaneneaa e nan 68
Table 15-4 DC ChAraCteriSTICS ......uvveeiirreeeiireeeee it e et e st e e s e e s s e e e s s e e e s snre e e s are e e e e srnneeesanreeeeanns 68

ClairPixel Co.,Ltd
WWW . CXXSZ.com Tel :0755-82796954 Moh:13424239270 Mr.Wu 7



CLAIRPIXEL

CP7208 Release Ver 0.1

Confidential

1/4-Inch, CMOS D1 WDR Image Sensor

1. Specification

DESCRIPSION
CP7208 is
sensor that is designed to fit on automotive rear

single—chip video/image camera

view system, which allow video capture in
extremely diverse lighting conditions. CP7208 is
set up with a 720x480 image array, outputs up to
(720x480) per second, and supports
various forms of digital output format and
NTSC/PAL composite output. CP8104 has various
camera control functions, and can be programmed
through a two—wire serial interface.

60 frames

FEATURES
¢ System-on—-a—chip(SOC)-completely integrated

PARAMETER TYPICAL VALUE
Optical Format 1/4 inch
Optical Pixel Size 5um X 5.6 um
Dimension

Effective Resolution

720(H) X 480(V)

Active Pixel Area

3.600 mm(H) X 2.688 mm(V)

Digital Output

10bit, 8bit RGB Bayer,
YChCr422,
RGB565/555, CCIR656

Analog Output

CVBS(NTSC/PAL) @ 27MHz

Input Clock Frequency

27MHz

Maximum Frame Rate

720x480, 60fps @ (YCbCr)
720x480, 60fps @ (Bayer)

Shutter Type

Electronic Rolling Shutter

camera system Sensitivity 7V [ lux-sec
¢ |Integrated microcontroller for flexibility Dynamic Range 75 dB
¢ +2.5% additional columns and rows for lens SNR 46 dB
alignment ) "
) o Max. Programmable Gain analog (x72), digital (x31.5)
4 CVBS, 8-,10-bit parallel digital output
. . . Pixel |3.3V+10%
4 Lens Shading Compensation, Dead Pixel Com— e i
pensation, Edge Enhancement Supply Voltage Analog |33V« 10%
4 Color Correction, Gamma Correction Digital | 1.5V +10%
¢ Hue/Saturation, Contrast/Brightness Control I/0 3.3V + 10%
4 Integrated lens distortion correction Active |320 mw
¢ Parking Guide, overlay up to 2 plane Power Consumption Standby |[T.B.D] uw
¢ Automatic features : Operating Temperature -40°C ~ 85°C
Auto Exposure, Auto White Balance,
o ) . Package Type PLCC, CLCC
Anti—Flicker, Black Level Calibration
¢ NTSC/PAL encoder with 10bit DAC
¢ 2 channel(Master, Slave) Two—wire serial interface

¢ Integrated temperature sensor

APPLICATIONS
. Automotive
. Machine Visions

. Security surveillance cameras

ClairPixel Co.,Ltd
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2. System Block Diagram

RST_ N .
= »> Line Buffer
EXT_CLK » Reset & Clock
STDBY |
PCLOCK
1 > VSYNC L
Pixel Array TG ity ISP ]y FOrmatter HSYNC
(812x540) >
— PDATA[9:0]
>
i Control BUS T
GPIO Mfsfer/ MCU NTSC/PAL 10Bit Video louT
Encoder » DAC .
Slave
4 y A y
=} s|is|lwn|lwn a —
N~ | | | | = x
o oSl ol S o| u
o AR o o
O
Yy A\

Figure 2-1 Block Diagram

CP7208 is a CMOS D1 Image Sensor in 1/4-inch optical format with 340,000 pixels.
Figure 2-1 is a broad view of the block diagram of CP8104 and the 736x516 pixel array is output
through TG, WDR, ISP, Formatter to the 10-bit digital parallel port, or through NTSC/PAL Encoder, 10-bit

Video DAC to analog composite port.
2 channel (master, slave) two—wire serial interface and 8 channel GPIO are provided for external

interface.
8 bit MCU is built in to provide an overall chip control and flexibility.

ClairPixel Co.,Ltd
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3. Pixel Array Structure
Figure 3—1 shows the pixel array structure of CP7208.
736 x 516 14 Optical Black
14 border
B 720 x 450
4 4
> g
4
>
14
24
(0, 0)

Total number of pixels : 736 x 516
Total active pixels : 720 x 480
boarder : left 4, right 4, top 4, bottom 4

Figure 3-1 Pixel Array Structure

ClairPixel Co.,Ltd
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4. Pixel Data Output Timing

PCLOCK
HSYNC
PDATA[7:0]
. 1440 PCLOCKs ., 276 PCLOCKs
HSYNC j—/ \—F
PDATA[Q:O] ( Invalid X Effective Pixel Data X Invalid Kj
Figure 4-1 Horizontal Timing
Y 525 Lines N
VSYNC \ / \ /
45 Lines
HSYNC — 480 Lines JERVERVERY l
PDATA[7;O] ( Invalid X Effective Pixel Data X Invalid X )

Figure 4-2 Vertical Timing
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5. System Interface

5.1. System Initialization

Figure 5-1 is an outline of the reset scheme which initializes CP7208. When external reset is approved,

Internal Reset Generation is initialized, and the entire system is uninitialized together.

(Note. Reset signal needs to be maintained to 200us or more LOW after Ext Clock has been stabilized.)

POWER
(3.3V &1.5V)
ext ok e UUUUDUUUUUUUUTUIUIUIUUTUTUIUUUUTUTUIUL
_ OSC stable time | _min. 200us _ |
RST_N — —— -

Figure 5-1 System Reset Scheme

5.2. Power-Down Mode

Power—down mode is controlled by the STDBY pin, operates as active high and enters power—down
mode upon HIGH approval. Relevant pin needs to be maintained at low for Normal Operation Mode. For
accurate power down operation, at least 4 clocks of external clock needs to be approved after STOBY

signal input and after 4 clock approval, external clock can be maintained at LOW for reducing power
consumption.

ext_owe UL LUUUTTULEUUTTTTTI

STDBY —

Internal PWDN

)
Al 4

min. 4 clock

Figure 5-2 System Power Down Scheme

ClairPixel Co.,Ltd
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5.3. 12C interface

[2C Master and Slave interface each are built—in CP7208 internally. 12C device address can be modified
through the MCU (system register 0x40086).

* |12C Slave Device Address

Write Device Address 0x76
Read Device Address 0x77

5.3.1. 12C Condition
« Start / Stop Condition

Data Line and Clock Line are maintained at High when Bus is not in use. Start condition is defined as
the time during which Data Line transits from high to low while Clock Line maintains its high position. The

time during when the data line transits from low to high is defined as the stop condition.

N/ /

Figure 5-3 Start / Stop

SDA

SCL

START

* Acknowledge
All addresses and data are continuously transferred or received in 8—bit words to [2C slave. 12C slave

sends 0 as an acknowledgement signal after each word sent. This happens in 9 clock intervals.

SDA OUT

'

'

'

— e e e e oo o oo e

' "
SDA IN !

'

[ ] J
ACKNOWLEDGE

Figure 5-4 Acknowledge
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5.3.2. 12C Master Operation

CP7208 operates as master through 12C interface SCL_M, SDA_M pins. It can be used as an interface

to control various external devices such as AF module control.

* Write Operation
Write operation is composed of three parts including Device Address, Index Address and Write Data
and the success of the communication of each part can be verified through the Acknowledge Bit after
the transmission. 12C master can select the Target Device through the Address of the Device through

which data is to be sent, and a maximum of 5byte data can be sent at once

WRITE 1BYTE

T Trruria T rrruri rrrrriri
S| DEVICE ADDRESS |W| A] INDEX ADDRESS A WRITE DATA Al P
111 1 1 1 I T P N T T |

L M L A
S S S A
B B C

M L M
S S S
B

WRITE 2BYTE

rrrrria T rrrri LIV L rrrririnil
S| DEVICE ADDRESS [W] A] INDEX ADDRESS A WRITE DATA 1 A WRITE DATA 2 Al P
L1 1 1 1 I T I T I T T T

M M
S S

wonr
or>

L L M L M
S S S S S
B B B B B

WRITE 3BYTE

T Trriri I 1T rrrri rTrrrnri rrrrurimid rTrrrinri
S| DEVICE ADDRESS |W| A] INDEX ADDRESS A WRITE DATA 1 A WRITE DATA 2 Al WRITE DATA 3 Al P
111 1 1 I T I T P T T I | Ll 1 11

M M M
S S S

o0
omwnZ
wnr
or»>

L M L L
S S S S
B B B B

WRITE 3BYTE

T T1rrri rTrrruri rrrrrri rrrrriuori T Trrrruri rTrrrriri rrrrrnrid
S| DEVICE ADDRESS |W] A|l INDEX ADDRESS A WRITE DATA 1 A WRITE DATA 2 Al WRITE DATA 3 Al WRITE DATA 4 A WRITE DATA 5 Al P
FEN N A PO T I PRI I | PR T N PR N R P A PR N I

M M M
S S S

wnr
o> >

L M L M L L L
S S S S S S S S S S
B B B B B B B

Figure 5-5 I12C Master Write Operation

* Read Operation
In order to access a random register to read the register value, “ Dummy Write” needs to be
performed. This is because internal address register automatically increases after the transmission is
complete. In order to read data from a certain address register, write index address first to read the
data at the relevant register. The blue dotted line in the figure below shows that in dummy write, STOP
condition may be output after the index address has been sent, or the START condition may be output
without the STOP condition. The function mentioned above is carried out by internal register settings.

I2C master built in CP7208 can read a maximum of 2 Bytes in series.

ClairPixel Co.,Ltd
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READ 1BYTE
s DUMMY WR| il
FTTrlii Frrrrrnrl - FTTTT11 Frrrri
S| DEVICE ADDRES$WY A INDEX ADDRESS| A} P{ S] DEVICE ADDRES} R| A READ DATA Np P
L 1 1 1.1 L1 1 1 1.1 - L1 1 1 1.1 L1 1 1.1
M L M L M L M L A
S S S S S S S S A
B B B B B B B B C
READ 2BYTE
D E——— DUMMYWRIT’_’I_I
FTrrii 1T rriil Frrrilil FTrrril FTrrrril
S| DEVICE ADDRESS|W] Al INDEX ADDRESS P]| S| DEVICE ADDRESS | R] A READ DATA 1 A READ DATA 2 N P
Ll 1L 1 1.1 L 1 1 1. 1.1 L 1 1 1.1 L 1 1 1. 1.1 | T |
M L M L M L M M L A
S S S S S S S S S S A
B B B B B B B B B B C

Figure 5-6 12C Master Read Operation

5.3.3. 12C Slave Operation

CP7208 operates as slave through 12C interface SCL_S, SDA_S pin. Certain registers of CP7208 can be
controlled through the 12C Slave interface. Program data can also be downloaded through the 12C Slave
to the 8051 Program Memory within. MCU Code Memory Data of CP7208 can be saved in byte units, and
MCU is under Reset status while SRAM write takes place through.

* Byte Write
Write operation is composed of three parts including Device Address, Index Address, and Write Data,
and the success of the communication can be verified through Acknowledge Bit after the transmission

of each parts. 12C slave only receives data when the Device Address matches its own.

¢ Random Read

“

In order to access a random register to read the register value “ dummy” byte write needs to be
performed. This is because internal address register automatically increases after the transmission is
complete. In order to read data from a certain address register, write index address first to read the

data at the relevant register.

* Sequential Read
Starts transmission together with initial Byte Read and data gets output continuously without the
transmission of Device Address, Index Address to shorten communication time. 12C Master built in in

CP7208 can read a maximum of 2 Bytes continuously and 12C Slave has no restrictions regarding this.

ClairPixel Co.,Ltd
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Byte Read Operation

Fr1T1ririi F1T 11l
S | DEVICE ADDRESS | R] A READ DATA NLP
L L1 11 L 1 11
M L M L A
S S S S A
B B B B C
Byte Write Operation
I 1T 1T 1T 11 I 1T 111 LI
S | DEVICE ADDRESS W] A INDEX ADDRESS A WRITE DATA AlP
L1 1 L1 1 1 1 1 1 | I |
M L M L M L A
S S S S S S A
B B B B B B C
Random Read Operation
- DUMMY WRI Ti= -
FrrTrrii Frrrriil rrririi Fr1T11l
S| DEVICE ADDRES A INDEX ADDRESS| Al S| DEVICE ADDRES$ | A READ DATA N| P
L1111 L1 11111 L 111 L1111
M L M L M L M L A
s S S S S S S s A
B B B B B B B B C
Sequential Read Operation
FTTrlil FT1T I I T1T1T11n1 I T1TTrhl CTTTTITITTI
S | DEVICE ADDRESS | R READ DATAnN A READ DATAn + 1 |A READ DATANn + 2 |A READ DATAN + x N]P
L1111 L1111 I T O I T SN I O O I
M L M LA M LA M L A M L A
S S S S A s S A S S A S S A
B B B B C B B C B B C B B C

S : Start Condition

P : Stop Condition

MSB : Most Significant Bit
LSB : Least Significant Bit
W : Write (1°b0)

R : Read (1’b1)

A: Acknowledge

N : No Acknowledge

AAC : Auto Address Increment

Figure 5-7 I12C Slave Read, Write Operation
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5.4. GPIO Control Interface

CP7208 provides a maximum of 8 GPIOs and 4 PWMs in order to control the system control interface.

¢ 1/O control (system register 0x401f ~ 0x4023, 0x4055)
/O control is used when sending output signals to external device, or when receiving input signal

from external devices. A maximum of 8 ports can be used, and individual pull up/down control is
possible through relevant registers.

ClairPixel Co.,Ltd
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5.5. PAD Control

« PDATA Bus Control
PCLOCK, VSYNC, HSYNC, PDATA[9:0] pins are tri-state, pull-down control possible depending on
the relevant register conditions, PDATA[2:0], HSYNC, VSYNC, PCLOCK pin output GPIO[7:2] through

register control.

PDATA[9:3]

‘h4054:bit[5:4]
= 2'b10

=2'b01 or 2'b10

GPIO[7] GPIO[3]
1 | . PDATA2/ 1 | . VSYNC/
b, "~ GPIO7 3 >
PDATA[2] |, \/T/ h4054:Dit[5:4] VSYNC 1o \/T/ 14054:bit[5:4] GPIO3
‘h4055:bit[2] i = 210 h4055:bi6] = 2b10
=1'bl 'h4054:bit[5:4] =1’b1 *h4054:bit[5:4]
=2'b01 or 2'b10 =2'b01 or 2'b10
GPIO[6]
1 . PDATA1/

PDATA[1] 0 "~ GPIO6 GPIO[2]

h4054:bil[7:6] —
‘h4055:bit[3] = 210 | . ,. PCLOCK/
=1'b1 ‘h4054:bit[7:6] PCLOCK \/?/ % GPIO2
‘h4054:bit[5:4]

ﬁ_

o

— \ ‘h4054:bit[5:4]
2'b01 or 2'b10 05

‘h4055:bit[7]

=2'b01 or 2'b10

GPIO[5
1 | . PDATA0/
9 " GPIOS5
PDATA[O] |q \/T/ *h4054:bit[7:6]
‘h4055:bit[4] = 2b10
=1'b1 *h4054:bit[7:6]
=2'b01 or 2'b10
GPIO[4
1 | . HSYNC/
9 "~ GPIO4
HSYNC  |g \/T/ *h4054:bit[5:4]
‘h4055:bit[5] = 2b10
=1'b1 *h4054:bit[5:4]

=2'b01 or 2'b10

Figure 5-8 PDATA Bus Control
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6. MCU interface

CP7208 has a 8bit MCU internally embedded. Memory map of the MCU block is as shown below. Code
SRAM 16K byte, Data SRAM 2Kbyte are built in. CP7208 downloads the firmware using 12C master
through an external EEPROM. Also, if no external EEPROM is available, the firmware can be downloaded
through the system register 0x4024 ~0x4026 using 12C slave. Errors in firmware download can be
checked through checksum register(0x4028 ~ 0x4029) or CRC register(0x402A ~ 0x402B). Only system
register area can be accessed using 12C slave, and the other areas can be accessed using indirect mode
when MCU is disabled, but the entire memory area of MCU is accessible. Interrupt Sources include

VSYNC interrupt of internal Sensor and command register write interrupt.

( ( [2KB data SRAM ] hoooo-"horif

‘h0000 4352B Overla ‘h1000~°h20ff
16KB code SRAM  ~
‘h3fff

o [ Systems |'h4000~h4off
: ! G ‘h5000~*h50ff
! Control | BLC |'h5100~"h51ff
| ! Registers LSC ‘h5200~h52ff
| ' DPC, BNR ‘h5400~“h54ff
| i | INTP |'h5500~"h55ff
64K i i 64KB{ | . ColorCorrection [‘h5600~h56ff
| ! | |l GAMMA |'h5700~“h57ff
E E Hue, Sat ‘h6000~*h60ff
! i ! 1| |____ColorSup.  ['h6100~"h61ff
E i E i Reserved ‘h6200~"h62ff
i i ‘h6300~*h63ff
l ! ! i | Overlay |‘h6400~‘h64ff
! i Formatter ‘h6500~h65ff
| | Video Encoder _|'h6600~"h66ff
| i | i AE ‘h7000~‘h70ff
i i AWB ‘h7100~h71ff

Code Area Data Area

Figure 6-1 MCU Memory Map
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7. EEPROM Boot Sequence
Code SRAM 16K byte and Overlay Data SRAM 4352 byte are embedded in CP7208. After initial power

approval, firmware and OSD data is downloaded onto internal SRAM using 12C master through external

EEPROM. Depending on the code written on certain parts of the firmware code, data size that

downloaded 2 type mode can be controlled.

* 16Kbyte Code Only
This mode uses 16K byte to code memory and does not use the OSD data. Of 16K code and address

0x3FFC and ox3FFD area of the write O0xAA and 0x55 to operate in this mode when it is.

* 16Kbyte Code + 4352byte Overlay Data

This mode uses 16K byte to code memory and also uses 4352 byte overlay data. Of 24K code and
address 0x3FFC 0x3ffD area does not have the write OxAA and 0x55 to operate in this mode. Since
16Kbyte data automatically for overlay data is write into SRAM 4352 byte.

0000 : 02
0001 : 00
0002 : 23
0003 : 24
0000 : 02 3ffc : 00
0001 : 00 3”3 © 00 __}— Included overlay data
0002 : 23 3ffe : 00
0003 : 24 3fFf : 00
3ffc : aa fe 1 1
3ffd : 55 16KB Code gg;g : :35 (2KB+2KB+256B) overlay data
: —t (No overlay data) .
3ffe : 12 50fe : 34
3tff : 34 50ff : A8 _|
<16KB Code Only> <16K Code + (2KB+2KB+256B) Overlay Data>

Figure 7-1 EEPROM Boot Sequence

ClairPixel Co.,Ltd
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8. TG(Timing Generator)

TG block controls the overall operation timing of the sensor and has Analog/Digital gain control, Mirror
(Horizontal, Vertical) functions.

8.1. Analog/Digital Gain Control
8.1.1. Analog Gain

Register Description

Register Name | RW | Bits ] ] o
Field Name Field Description

Global Analog Gain control register (Default 0x03)

A2_GAIN

RW 6:3 Cgain Coarse analog gain
(Reg_0x5009) [6:3] | Ca 99

RW [2:0] Fgain Fine analog gain

Analog gain can be controlled through the registers in

Register Description

Register Name | RW | Bits ] ] o
Field Name Field Description

Global Analog Gain control register (Default 0x03)

A2_GAIN

RW 6:3 Cgain Coarse analog gain
(Reg_0x5009) [6:3] | Ca 99

RW [2:0] Fgain Fine analog gain

Table 8-1

Register Description

Register Name | RW | Bits ] ] -
Field Name Field Description

Global Analog Gain control register (Default 0x03)

A2_GAIN

RW 6:3 Cgain Coarse analog gain
(Reg_0x5009) [63] | Ca g

RW [2:0] Fgain Fine analog gain

Table 8-1 Analog Gain Control

Fgain[2:0]

000 001 010 011 100 101 110 111

0000 x0.63 x0.75 x0.88 x1.00 x1.13 x1.25 x1.38 x1.50
0001 x1.25 x1.50 x1.75 x2.00 x2.25 x2.50 x2.75 x3.00
0010 x1.88 x2.25 x2.63 x3.00 x3.38 x3.75 x4.13 x4.50

S | 0011 x2.50 x3.00 x3.50 x4.00 x4.50 x5.00 x5.50 x6.00
% 0100 x3.13 x3.75 x4.38 x5.00 x5.63 x6.25 x6.88 x7.50
'g 0101 x3.75 x4.50 x5.25 x6.00 x6.75 x7.50 x8.25 x9.00
O | 0110 x4.41 x5.29 x6.18 x7.06 X7.94 x8.82 x9.71 x10.59
0111 X5.00 x6.00 x7.00 x8.00 x9.00 x10.00 x11.00 x12.00
1000 x10.00 x12.00 x14.00 x16.00 x18.00 x20.00 x22.00 x24.00
1001 x15.00 x18.00 x21.00 x24.00 x27.00 x30.00 x33.00 x36.00

ClairPixel Co.,Ltd
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| | 1010 | x30.00 | x36.00 x42.00 x48.00 x54.00 | x60.00 | X66.00 | x72.00 |

Table 8-2 Global Analog Gain Table

8.1.2. Digital Gain

Register Description

Register Name | RW | Bits _ _ __
Field Name Field Description

Global Digital Gain control register (Default 0x00)
D_GAIN
(Reg_0x500A)

[7:5] : Global Digital Gainl control

RW [7:0] D_GAIN [4:0] : Global Digital Gain2 control

Gain = 2"D_GAIN[7:5]*(1 + D_GAINJ[4:0]/32)
Analog gain can be controlled through the registers in

Register Description

Register Name | RW | Bits ) ] -
Field Name Field Description

Global Digital Gain control register (Default 0x00)

D_GAIN

(Reg_OX500A) [7:5] : Global Digital Gainl control

RW [7:0] D_GAIN [4:0] : Global Digital Gain2 control
Gain = 2"D_GAIN[7:5]*(1 + D_GAIN[4:0]/32)

Table 8-3.

Register Description

Register Name | RW | Bits

Field Name Field Description

Global Digital Gain control register (Default 0x00)

D_GAIN

(Reg_OX500A) [7:5] : Global Digital Gainl control

RW [7:0] D_GAIN [4:0] : Global Digital Gain2 control
Gain = 2°D_GAIN[7:5]*(1 + D_GAIN[4:0]/32)

Table 8-3 Digital Gain Control

D_GAIN[7] | D_GAIN[6] | D_GAIN[5] | Digital Gainl Output
0 0 0 x1
0 0 1 X2
0 1 0 x4
0 1 1 x8
1 X X x16

Table 8-4 Digital Gain 1 Table

D_GAIN[4] | D_GAIN[3] | D_GAIN[2] | D_GAIN[1] | D_GAIN[0] | Digital Gain2 Output

ClairPixel Co.,Ltd
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x1.00
x1.03
x1.06
x1.09
x1.13
x1.16
x1.19
x1.22
x1.25
x1.28
x1.31
x1.34
x1.38
x1.41
x1.44
x1.47
x1.50
x1.53
x1.56
x1.59
x1.63
x1.66
x1.69
x1.72
x1.75
x1.78
x1.81
x1.84
x1.88
x1.91
x1.94
x1.97

Rl IRPIPIPIFPIPIPIPIPIFP|IP|FP|lo|lo|lo|lo|lo|lo|lo|lo|o|o|o|o|o|o |o |o
Rrlkrlkr|lFP|P|PP|FP|lo|lojlo|lo|lolololofr |k lF|F|F|F|F|lo|lo|o|o|o|o |o |o
Rrlkr|kr|lr|lojlolo|lor|lkr|ikr|lr|lojlo|lo|lofr ||k |lr|lo|lo|lo|lo|r |~ |~ |+ |Oo|o|o |o
Rl |lolo|r|kr|lo|lor|rlojlojr|lrloloflr|r|lo|lolr|r|lo|lo|r |~ |o|o |+ |+ |o|o
rlo|lr|lo|lr|lolr|lor|lojrlojrlolr|lolrlolr|lolr|lolr|lo|r|o|~ |o]|+ |o |+ |o

Table 8-5 Digital Gain 2 Table
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9. BLC(Black Level Compensation)

Various noises are created at the image sensor which converts light into electric signals. Among those
are offset form noise from heat and noise from analog circuit which processes signals. In order to
measure and remove the offset form noise, create a pixel area (optical black area) which is not affected

by light due to metal blocking, and change the relevant pixel value to true * 0° . Such offset adjustment
work is called BLC(Black Level Compensation).

ClairPixel Co.,Ltd
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10.ISP(Image Signal Processing)

10.1. Overview

AE Flicker

Data.

Digital Output

et Bayer Color Space e RGB Color Space Y Data e Y CbCr Color Space

Figure 10-1 ISP Block Diagram

ISP (Image Signal Processing) carries out a function whereby the 10 bit data input from the sensor is
converted into RGB and image processed to be output again. As shown in Figure 10-1 Figure 10-1
ISP Block Diagram, the input video data is processed together with Y and RGB data for Auto
Exposer(AE) and Auto White Balance (AWB), through LSC and WDR blocks. Bayer format data goes
through interpolation part to be converted to R[9:0], G[9:0], B[9:0].

R, G, B data interpolated are transformed into 8 bit data after color correction and gamma
correction of each R, G, and B, and transformed R, G, B data are then transformed into brightness
signal Y and color difference Cb, Cr signals through RGB2YC block. Therefore the bayer format video
data input from the sensor is transformed into brightness and color difference singals, and that
brightness (Y) and color difference(Cr/Cb) are used to enhance image quality per user request.
Transformed data can be output in either of YCrCb 4:2:2, RGB565 or RGB555, Bayer formats.

ClairPixel Co.,Ltd
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10.2. LSC(Lens Shading Compensation)

As camera modules get smaller by trend, small external lens and large f number optical devices
experience image distortion due to geometrical arrangement of pixel array.

Pixels of image sensor RGB Color Filter Array (CFA) center and edges are subject to light from different
directions. These minute location differences cause illumination differences, and illumination differences
also affect color due to light wave and micro lens curvature differences. As a result, color distortion that
forming FCA and signal size decrease dependant on the pixel location inevitably happens, and this

causes the image quality fall in the original image.

10.2.1. Gain for LSC

Lens shading correction performs correction of a lens shading distortion due to gradual brightness
differences from the center to the edges. Lens shading correction gain uses the ar2 function whereby r is
a distance between the center and the relevant coordinates. Normally, the lens shading correction gain
error increases from center to the edges, this error can be compensated by using gain. Gain control for
adjusting CP7208 distortion can control each of R, Gr, Gb, B of large and small pixels. (LSC register :
0x5204 ~ 0x5207)

10.2.2. LSC Centering
Compensates for the differnece bewween the center of the pixel array and the center of the lens.

CP7208 provides register (LP:0x5201~0x5203) for LSC center.

10.2.3. LSC Weighting

CP7208 has a width:height ratio of 1:1.12 with height being greater. Hence when compensating for
shading, 1.12 of weight needs to be applied on the width or 0.88 of weight on the height. For design
convenience, 1.125 or 1.0625, 1.25 of weight can be applied. Also, different weights for each of width

and height can be applied.

The horizontal axis weight ratio : LSC_CON[2] = 1" b0 => 0%
=if 17 b1 =>12.5%(LSC_CON[4]: * 0" , -12.5%)

The vertical axis weight ratio : LSC_CON[1] = 1" b0 => 0%
=if 1" b1 =>12.5% (LSC_CONI[3]: * 0 , -12.5%)
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(a) Width 12.5% weighting (b) Height 12.5% weighting

Figure 10-2 LSC Weighting
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10.3. ISP1

ISP1 (Image Signal Processingl) receives Bayer format 10 bit data as input, converts it to RGB
or YCbCr and outputs after image processing. Bayer format data passes through interpolation part a
nd is converted into R[9:0], G[9:0], B[9:0]. RGB data is converted into YCbCr data through RGB2

YCbCr block, and the Hue/Saturation block controls Hue, Saturation, Contrast and Brightness.

10.3.1. Defect Pixel Compensation(DPC)
DPC is Blocks that finds defect pixels, and corrects it using the surrounding pixels. DPC used in
CP7208 determines defect pixels by comparing color of pixels in a 5x5 window with the center pixel to

correct it.

10.3.2. Color Interpolation

Color Interpolation is a block which acquires color from surrounding pixels if a pixel only has single
color information. CP7208 Interpolation block, in addition to CP7208 Interpolation function has functions
including YC noise reduction, Edge Enhancement, False Color Suppression, and RGB gain for White

Balance.

10.3.3. YC Noise Reduction
YC noise reduction classifies between the plane section and edge section of a video to blur the plane

section while maintaining the edge to reduce image noise. This function can be set on Register(0x5500).

10.3.4. Edge Enhancement

Edge enhancement function is to increase sharpness of the image. Edge Enhancement of CP7208 is
controlled by 0x550C~0x550D YMGAIN and YHGAIN of register. YMGAIN controls gain of middle
frequency edge of video, YHGAIN controls gain of high frequency edge of video. Corring is to set corring

level to register(0x550A~0x5508) and does not allow an edge value less than corring level on the video.

10.3.5. Color Correction

Color Correction controls of color balance of acquired image to suit the target color checker. When
AWB is performed, the image brightness ingredients changes and color correction needs to be
performed as well.

Rout cc00 cc01 cc02| | Rin
Gout |=|ccl0 ccll1 cc12 \x|Gin
Bout cc20 cc?21 cc?22| | Bin

Figure 10-3 Color Correction Matrix

The above equation is about the color correction. As shown above, the input color signals are adjusted
to each offset values and are transformed by the color correction matrix. Each coefficient of the matrix

can be set as negative value or positive value depending on the sign bit (MSB of each coefficient). In
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case of a negative number, it is in a form of two’ s complement. The coefficients which are expressed in

6bit (except sign and overflow bytes) can be divided into 64, and each coefficient value range is -2 ~
1.984. An appropriate coefficient is found and set depending on each image system lens, IR filter, and
sensor type. When configuring each coefficients, CC_00 - {CC_01 + CC_02}, CC_11 - {CC_10 +
CC_12}, CC_22 - {CC_20 + CC_21} need all to be set as same values to maintain white balance.

With actual CP7208, Color Correction Matrix of each light source are saved on the firmware and

applied depending on the light source.

10.3.6. Gamma Correction
CP7208 supports the following GAMMA MODE. 19 registers are applied for gamma. Gamma control
register is defined in 0x5710 ~0x5722.

CP7208 Gamma Curve

300

s 3,020,256
249

250
96, 241
32,233
68, 225
04, 216
40, 207
200 6,198
256,137 —4—Gamma0.45
192,121
100 128,100
ﬁ
50 32,54

16, 39
8,29
4,21

8bit Output
.
&
S
]
S
7
S

0 6,0
0 200 400 600 800 1000

10 bit Input

Figure 10-4 GAMMA register and GAMMA value

Figure 10-4 shows that 19 points on Y axis are mapped by the value entered in the register.

10.3.7. RGB to YCbCr
RGB to YcbCr block converts RGB to Y, Cb, Cr by below equation.

Y801 0.299*R + 0.587*G + 0.114*B

Cb -0.169*R = 0.331*G + 0.500+B + 128
Cr = 0.500*R -0.419+G - 0.081+*B + 128
R.G.B are in 0~255 range

Y601 is in 0~255 range (0-255, offset=0)

Ch, Cr are in 0~255 range (+/- 127, offset=0)

1]

Figure 10-5 SDI Equations
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10.4. ISP2

ISP2 (Image Signal Processing?) receives output YC format from ISP1 block as input. The input
data is performed to the image quality improvement function such as Brightness, Black Enhancement, W

hite Enhancement, Contrast, Hue, Saturation, Color Suppression according to the user's needs.

. Contrast
Y[7:Q Brightness » Black Enhan. >
White Enhan. Y[7:0]
e
Color m]
Suppression
Cr[7:0]
Cb[7:0] -
. > >
Saturation
Cr[7:0 Hue Control R Control _

Figure 10-6 ISP2 Block Diagram

10.4.1. Brightness Control
Brightness control gives offset to the image luminance to control the brightness of the image, and

the size of the offset can be chosen between -128~127.

10.4.2. Contrast Control

Contrast control block is based on the reference point luminance, and controls the contrast by re
ducing the luminance of areas where luminance is lower than the reference point, and increasing th
e luminance of areas where luminance is above the reference point. Reference point normally used i
s 128, and can be changed depending on the situation. Contrast gain can be applied in 0~2x rang

es.

Yout

Reference Point

Figure 10-7 Contrast control
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10.4.3. Cb/Cr Gain
Cb/Cr gain control moves current color difference information towards Cb axis or Cr axis by apply

ing saturation gain on color coordinates. Cb/Cr gain can be applied in 0~2x ranges.

cr & Cr A

Magenta

‘Mwema

/ Vel\ovyr"\

Yellow

Figure 10-8 Cb/Cr gain control

10.4.4. Hue Control
Hue control is used for global or individual color information change. Hue can be changed betwe

en —45°~+45° in 1° units and uses 2 s complement.

Yellow /

Figure 10-9 Hue control

10.4.5. Saturation Control
Saturation control is used to control the image saturation. Saturation gain can be applied in 0~2x

ranges.

ClairPixel Co.,Ltd
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/ Blue/  ™xo-x2
/ / satyfation Control

Figure 10-10 Saturation control

10.4.6. Black Enhancement
Black Enhancement makes dark areas of the image darker by making Black color level more Black, and
it preserves data in the lighter areas than Contrast Control and can reduce the Minimum Black Level of

the image.

Y_OUT

32code Y_IN

Figure 10-11 Black Enhancement Control

10.4.7. White Enhancement
White Enhancement makes bright areas of the image brighter by making White color level more White,
and it preserves data in the darker areas than Contrast Control and can reduce the Minimum Black Level

of the image.

ClairPixel Co.,Ltd
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Y_OUT y=2><—223

223code Y_IN

Figure 10-12 White Enhancement Control

10.4.8. Color Suppression
11. Color Suppression function is a function to reduce the color component when luminance is too high
or low or if there is unwanted color noise.

12. Threshold value and gain control is possible on each of Cb and Cr.

Cb => threshold low : © h6103 thresold high : © h6101
gain low : © h6104 gain high : * h6102

Cr => threshold low : © h6108 threshold high : * h6106
gain low : © h6109 gain high : * h6107

C gain A
1

| |
| |
- | |
\ | |
A B |
| |

- ! ! >

\/ threshold low threshold hi Luminace

Figure 10-13 Applying Gain on Luminance Threshold
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12.1. Privacy Zone

Privacy zones were designed to protect privacy in using CCTV or other.
Rectangular masks are output instead of the sensor output at user designated locations. As shown in
Figure 10-14 each mask may determine the size by setting the coordinate of the top left, low right, and
can be set for each color to yuv. Up to 8 of these masks can be set, and when the different color masks
overlap, the mask with the smaller internal mask number takes priority.. Figure 10-15 is an example of a

privacy zone set.

¥
MashD_upper_left y (0]

MaskO_upgens_eft_x [O0F
e - Mashl_fowie_right y 10|
Vazan

Maskd)_lowes_rght_x [9:0}

Figure 10-14 How to set position of Privacy Zone

frame 1, Jo0m=1

Figure 10-15 Privacy Zone Example
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13.Overlay

13.1. Overlay configuration

It supports total 3 overlay plane, which uses data converted from original bitmap file to RLE(Run Length

Encoding). lts overlay functions are below;

— Supports overlay data max. 2 KByte(overlay 1,2) and 256 byte(overlay 3)

— Extends max. 360x480 size overlay image to 720x480

— Can set 4 types of alpha blending (25%, 50%, 75%, 100%)

— Supports 8 color palettes for 1 bitmap
— 8 color palettes is composed Y, Cb, Cr 8 bit register
— Overlay positioning possible

— Can be set Overlay location

— Supports blink function with 1~256 frame cycle for overlay 3 image.

— Uses bitmap data

— Uses bitmap data compressed with RLE

— RLE data is expressed with odd line and the color of even line.

— Supports LUT for 4 color patters
— Uses 4 types of command through flag bit
— Available only CCIR656 and NTSC, PAL output.

- When initial booting, overlay data is downloaded from EEPROM to internal SRAM.

compress—RLE

A S A S,

compress—RLE

EEPROM

F/W code
(16KB)

RLE data 1
(20488B)

RLE data 2

(20488B)

RLE data 3
(256B)

compress—RLE
—————— ‘

Sensor

A

2048B+2048B +2568
overlay buffer

decompress

color & alpha blend |

fromPZM

to TV_ENC

i

Figure 13-1 Overlay block diagram
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13.2. RLE compress Command

RLE is compressed according to bitmap pattern by four commands as shown Table 13-1.

command repetition Command structure
command_0 1pixel 1 O || oddcolor[2:0] || even color[2:0] 1byte
2~32pixel & . e
command 1 LUT pattern 0 || LUT[1:0] Repetition[4:0] lbyte
~B4Di 11 Repetition[5:0]
command_2 2~64pixel or 2byte
Not LUT 1 O || oddcolor[2:0] || even color[2:0]
11 Repetition[5:0]
command_3 65pixel ~ 110 Repetition[10:6] 3byte
ontioiy || 0dd color[2:0] || even color[2:0]

Table 13-1 RLE compress Command

Figure 13-2 is shown an example of LUT configuration including 4 color patters.

LUT color pattern
LUT[1:0] Oddcolor Evencolor

) White(2XH) :000 000 000
i) Blank(HtE)  :001 |:> 01 001 001
i) Black(Q&XH) :010 10 010 010
iv) Red (OIOIXI) :100 1 100 100

Figure 13-2 Example of LUT configuration

13.3. Setting position and size of overlay

Overlay position and size settings can be set as shown below, overlay 1,2,3, setting method is same.
— overlay start point
: Can be set OVERLAY_START_X_H, OVERLAY_START_X_L
OVERLAY_START_Y_H, OVERLAY_START_Y_L register
: X point can be set to 1 pixel increments (0, 1, 2, 3« )
Y point can be set to 2 line increments (0, 2, 4, 6 -+ )
— overlay X length
: Can be set OVERLAY_LENGTH_X_H, OVERLAY_LENGTH_X_L register
: Double set of X size of the overlay image.
— overlay Y length
: Can be set OVERLAY_LENGTH_Y_H, OVERLAY_LENGTH_Y_L register

. Same set of Y size of the overlay image

ClairPixel Co.,Ltd
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overlay start point

: OVERLAY_START_X_H, OVERLAY_START_X_L, OVERLAY_START_Y_H, OVERLAY_START_Y_L register2 &3
: X point £ 1 pixel @212 &3 Jts (0, 1, 2, 3+ )

1Y point £ 2 line @2 &H(0, 2,4, 6 - )

overlay Y length

: OVERLAY_LENGTH_Y_H,
OVERLAY_LENGTH_Y_L
register 2 &3

:overlay 010IXI2 Y size 2

SotH &8

overlay X length
* OVERLAY_LENGTH_X_H, OVERLAY_LENGTH_X_L register & &3
toverlay 010IXIQl X size & & tiz &3

Figure 13-3 Setting position and size of overlay
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14. Formatter
14.1. Overview

Major functions of formatter block are below:

- Bayer 8/10 bit
- YCbCr 4:2:2
- RGB565/555
- CCIR656
- VGA mode
- Vsync/Hsync/pclock polarity control
— Hsync control in VBLANK
— OPB(Optical Black) data output control
- Pixel data sequence control
- Bit position control when the output data is 8 bit
CP7208 receives Y, C data and can output Bayer 8/10 bit, YCbCr 4:2:2 and RGB565/555 format digital
data. Digital data can be output in 720x480, 640x480 modes. In NTSC/PAL mode operation, horizontal,
vertical stretch or CCIR656 output is supported to suit NTSC/PAL output format. In addition the polarity of
Vsync/Hsync/pclock signals can be controlled and the output data sequences can be set in a preferred
order. When in 8 bit output mode, the 8bit data MSB location can be changed.

14.2. Timing Diagram

- YCbCr 4:2:2 mode

CbCr 4:2:2 format data can be output through the PDATA[9:0] port. Since the final output is 8 bit, only 8
port out of the PDATA 10bit port is used and 8 bit data location can be changed using PDATA_CON[1:0]
value. Also, depending on the DATA_FMT_CON[4:3] register value, the data sequence can be changed
as shown in Figure 14-1.

Since Y and Cb or Y and Cr represent a single pixel value, the internal operation clock is to be setting 1/2

of pclock.

S ininipinipinininipipipipininipipinipSninininl

scock [ L[ L L [ L [ L L LI LI L[ L L]

St inininininipipipipipipigigigigigigigipigininly

HSYNC

PDATA[70] DATA_FMT_CON[1:01-00
PDATA[7:0] [+ & = A Yo ) DATA_FMT_CONJ[1:0]=01
PDATA[70] DATA_FMT_CON[1:01-10
PDATA[70] DATA_FMT_CON[10]-11

Figure 14-1 YCbCr Mode
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- RGB565/555

RGB565/555 format data can be output through the PDATA[9:0] port. The final output is 8 bit in case of
RGB565, and 8 or 7 bit in case of RGB555, and thus the output data location can be decided using the
RGB_CONI[1] value of the 10bit port PDATA. Also, depending on the RGB_CONI[O0] register value, the

data sequence can be changed as shown below in Figure 14-2.

EXT_CLK

SCLOCK

PCLOCK

HSYNC
PDATA[7:0] [ ) RGB_CON[0]=0
PDATA[7:0] [ RGB_CON[0]=1
<RGBS565 Mode>
PDATA[T:0) [ RGB_CON([1:0]=00
PDATA[7:0] [~ &~ RGB_CON[L:0]=01
PDATA7:0) [+ 2 RGB_CON[1:0]=10
PDATA[7:0] [ " " RGB_CON[L:0]=11
<RGB555 Mode>
Mode RGB_CONI[1:0] PDATA[7:0]
00 0 R4R3R2R1R¢G4G3
G2G1GoB4B3B,B1Bo
o1 0 B4B3B2B1BoG4G3
GzG160R4R3R2R1R0
RGBSSS " R{ReR:RiR:G1G:G:
G1GoB4B3B,B1B, 0
11 B4B3B2B1BoG4G3G,
G1GoR4R3R;R1R0 0

Figure 14-2 RGB565/555 Mode

- Bayer 8bit/10bit

Bayer 8 bit/10 bit format data can be output through the PDATA[9:0] port. Final output of Bayer 8 bit is 8
bit and so only 8 ports of 10 bit port PDATA is used and 8 bit data location can be decided using the
PDATA_CON([1:0] value. Also, depending on the RGB_CON[3:2] register value, the data sequence can
be changed as shown below in Figure 14-3.

rpininiininigininininininininininininininSnininl
S SipinipipiininipipininipinininininininEninininlnl
petock [ ML LML L L L L L L L L L L L L L L L
HSYNC
PoATA0) 7 D D D D R R 7 ) D D @ E @B @D ¢+ R oMo
PDATA:0) BAYER_CON[1:0}-01
PDATA:0) BAYER_CON[1:01-10
PDATA:0) BAYER_CON[1:0}-10

Figure 14-3 Bayer 8/10 bit Mode

<Bayer Mode>

L
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14.3. Windowing

In 640x480 mode output, windowing function can be used to output the preferred section. Figure 14-4

is an example of a windowing control in 640x480 mode..

720
it e ———
\
\ -+ ‘'hA511 == x point setting '
(0,0
- ——— e ———— — -
&840

> 480

Figure 14-4 windowing control
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15. Auto Control Function

CP7208has auto control functions such as AE, Anti-Flicker, and AWB. These functions are not all
processed in the ISP block, but transfers the information to the MCU that can operate the auto control
algorithm. As shown in Figure 15-1, the brightness(Y) data for Anti—Flicker and RGB data for AWB are
transferred to the MCU and depending on the calculation results of each algorithm, expose time, and
RGB gain are performed.

Auto Control

AE Anti-F!iCker Expose Control
AE Flicker Algorithm Algorithm

RGB Gain Control
>

Figure 15-1 Auto Control Function
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16. Register definition

16.1. System

ADDRESS

(HEX) REGISTER NAME

R/W

DEFAULT
(HEX)

DESCRIPTION

0x4000 PRODUCT_ID1

0x72

Product ID1

0x4001 PRODUCT_ID2

0x08

Product ID2

0x4002 PRODUCT_ID3

0x10

Product ID3

0x4003 | PIXEL_TYPE

|0 |XW |3

OxAO0

bit[7:0] : pixel type and revision number

0x4004 CLOCK_CONFIG

RIW

OxE5

[7] : crystal enable
[6:5] : crystal output drive strength selection
00 : 1mA 01:2mA
10: 4mA 11: 8mA
[4] : soft reset
[3:2] : Sensor Clock
00 : Ext Clock
01 : Ext Clock /2
10 : Ext Clock / 4
11 : reserved
[1:0] : Main Clock
00 : Ext Clock
01 : Ext Clock /2
10 : Ext Clock / 4
11 : reserved

0x4005 DEVICE_CONTROL

RIW

0x02

[7] : sleep

[6] : power down mode selection

[5] : pull down if powerdown at gpio & pbus
[4] : TV out enable

[3] : ISP enable

[2] : TG enable

[1] : MCU reset

[0] : MCU enable

0x4006 I2C_SLAVE_ID

RIW

Ox77

12C Slave Device ID Value
ID = [Value[7:1], R/W Flag[0]]

0x4007 I2C_SLAVE_LAST_INDEX

0x00

12C Last Index address

0x4008 I2C_SLAVE_GLITCH

0x08

12C slave glitch

0x4009 I2C_MASTER_START_REG

0x00

[7:1] : reserved
[0] : i2c master start

0x400A I2C_MASTER_STATUS

0x00

12C Status register
0x00 : IDLE
OxAA : Transmit Success
0xBB : Transmit Fail
0xCC : 12C Line Busy

0x400B I2C_MASTER_CONTROL

R/W

0xCO

I12C Master Control

[2:0] : Transmit Byte Select
000 : 1 Byte Transfer
001 : 2 Byte Transfer
010 : 3 Byte Transfer
011 : 4 Byte Transfer
1xx : 5 Byte Transfer

[3] : Dummy Write On

[4] : Read Restart On

7:5] : 12C Clock Ratio Select

[7:5] Trans act grap

End

3’'b000 10'd100 10'd200 10'd300

10d'400
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3’'b001 10'd150 10'd300 10'd450 10d'600
3'b010 10'd200 10'd400 10'd600 10d'800
3'b011 10'd250 10'd500 10'd750 10d'1000
3'b100 10'd50 10'd100 10'd150 10d'200
3'b101 10'd25 10'd50 10'd75 10d'100
3'b110 10'd12 10'd24 10'd36 10d'48
3b111 10’d6 10'd12 10'd18 10d'24
0x400C I2C_TARGET_ADDRESS R/W 0x00 12C target device id
0x400D I2C_TARGET_INDEX RIW 0x00 12C target Index
0x400E 12C_TARGET_DATA1 R/W 0x00 12C target datal
0x400F I2C_TARGET_DATA2 R/W 0x00 12C target data2
0x4010 I2C_TARGET_DATA3 RIW 0x00 12C target data3
0x4011 I12C_TARGET_DATA4 R/W 0x00 12C target data4
0x4012 I2C_TARGET_DATA5 RIW 0x00 I12C target data5
7:1): d
0x4013 | EEPROM_CONFIG RW | oxop | [7Iireserve
- [0] : eeprom disable
0x4014 I12C_TARGET_RDATA_H R 0x00 12C target Read data[15:8]
0x4015 I2C_TARGET_RDATA_L R 0x00 12C target Read data[7:0]
Interval[3:0] Interval decision value
4'b1111 11'd50
4'b1110 11°d100
4'b1101 11°d150
4’1100 11°d200
4’1011 11°d250
0x4016 LUMP_INTERVAL RIW 0x00 4'b1010 11°d300
4’1001 11°d350
4’1000 11°d400
4'b0111 11°d450
4'b0110 11°d500
4'b0101 11°d550
4’0100 11°d600
4’b0011 11°d700
4’0010 11°d800
4’b0001 11°d900
4’0000 11°d1023
[7:0] : Host command flags
0x4017 HOST_COMMAND_FLAGS w 0x00 When write, it generates MCU interrupt.
When read, it clears MCU interrupt.
0x4018 HOST_COMMAND_DATAOQ W 0x00 [7:0] : Host command data O
0x4019 HOST_COMMAND_DATA1 W 0x00 [7:0] : Host command data 1
0x401A HOST_COMMAND_DATA2 w 0x00 [7:0] : Host command data 2
0x401B HOST_COMMAND_RESULTO Riw 0x00 [7:0] :Command Result 0
0x401C HOST_COMMAND_RESULT1 R/W 0x00 [7:0] :Command Result 1
0x401D HOST_COMMAND_RESULT?2 R/W 0x00 [7:0] :Command Result 2
0x401E HOST_COMMAND_RESULT3 R/W 0x00 [7:0]: Command Result 3
[7:0] : GPIO[7:0] direction control
0x401F GPIO_DIRECTION_CONTROL R/W OxFF .
0 :output 1:input
0x4020 GPIO_IN_OUT_DATA R/W 0x00 [7:0] : GPIO[7:0] input/output data
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0x4021 GPIO_PULL_UD_CON RIW OXEE [7:0]: GP‘IO[Y:O] pull up/down control
0 :disable 1: enable
0x4022 GPIO_PULL_UD_ SEL RIW 0x00 [7:0] : GPIO[7:0] pull up/down selection
0 : pull-down 1: pull-up
[7:6] : GPIO[7:6] drive strength selection
00 : 1mA 01:2mA
10 : 4mA 11:8mA
[5:4] : GPIO[5:4] drive strength selection
00 : 1mA 01:2mA
0x4023 GPIO_DRIVE_STRENGTH_SEL | R/W 0x55 10 4mA . 11:8mA .
- - - [3:2] : GPIO[3:2] drive strength selection
00 : 1mA 01:2mA
10 : 4mA 11:8mA
[1:0] : GPIO[1:0] drive strength selection
00 : 1mA 01:2mA
10 : 4mA 11 : 8mA
0x4024 MEM_ADDR_H R/IW 0x00 [7:0] : High byte of memory address
0x4025 MEM_ADDR_L R/IW 0x00 [7:0] : Low byte of memory address
0x4026 MEM_DATA R/W 0x00 [7:0] : memory data
[7:4] : reserved
[3] : fix index address (“1” -> i2c index address is fixed)
0x4027 | MEM_CON RIW 0x00 [2]: reserved _
[1] : code memory write enable.
[0] : code or data memory selection
0 : data 1: code
0x4028 CHECK_SUM_H RIW 0x00 [7:0] : High byte of code data check sum
0x4029 CHECK_SUM_L R/IW 0x00 [7:0] : High byte of code data check sum
0x402A CRC _H R/W 0x00 [7:0] : High byte of code data CRC
0x402B CRC_L R/W 0x00 [7:0] : Low byte of code data CRC
[7:1] : reserved
0x402C CRC_CON R/W 0x00 [0] : CRC control
0 : disable 1: enable
[7:6] : P_1_0 control
00 : output PDATA[1:0]
01 : floating PDATA[1:0]
10 : floating & pull-down PDATA[1:0]
11 : reserved
[5:4]: P_9_2 control
0x4054 PDATA_CON1 R/W 0XAO0 00 : output PDATA[9:2]
01 : floating PDATA[9:2]
10 : floating & pull-down PDATA[9:2]
11 : reserved
[3] : DAC test mode
[2] : PLL test mode
[1:0]: reserved

WWW. CXXSz .com
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[7]: GPIO[2] to PCLOCK
0 : disable 1: enable
[6] : GPIO[3] to VSYNC
0 : disable 1: enable
[5] : GPIO[4] to HSYNC
0 : disable 1: enable
[4] : GPIO[5] to PDATA[O]
0x4055 PDATA_CON2 R/W 0x01 0 : disable 1: enable
[3] : GPIO[6] to PDATA[1]
0 : disable 1: enable
[2] : GPIO[7] to PDATA[2]
0 : disable 1: enable
[1:0] : PDATA drive strength selection
00 : 1mA 01:2mA
10:4mA 11:8mA
0x4080 RESULT_O RIW 0x00 result 0
0x4081 RESULT_1 R/W 0x00 result 1
0x4082 RESULT_2 RIW 0x00 result 2
0x4083 RESULT_3 RIW 0x00 result 3
0x4084 RESULT_4 R/W 0x00 result 4
0x4085 RESULT_5 RIW 0x00 result 5
0x4086 RESULT_6 RIW 0x00 result 6
0x4087 RESULT_7 RIW 0x00 result 7
0x4088 RESULT_8 RIW 0x00 result 8
0x4089 RESULT_9 RIW 0x00 result 9
O0x408A RESULT_10 R/W 0x00 result 10
0x408B RESULT_11 R/W 0x00 result 11
0x408C RESULT_12 R/W 0x00 result 12
0x408D RESULT_13 R/W 0x00 result 13
0x408E RESULT_14 R/W 0x00 result 14
0x408F RESULT_15 R/W 0x00 result 15
0x4090 RESULT_16 R/W 0x00 result 16
0x4091 RESULT_17 R/W 0x00 result 17
0x4092 RESULT_18 R/W 0x00 result 18
0x4093 RESULT_19 R/W 0x00 result 19
0x4094 RESULT_20 R/W 0x00 result 20
0x4095 RESULT_21 R/W 0x00 result 21
0x4096 RESULT_22 R/W 0x00 result 22
0x4097 RESULT_23 R/W 0x00 result 23
0x4098 RESULT _24 R/W 0x00 result 24
0x4099 RESULT_25 R/W 0x00 result 25
0x409A RESULT_26 R/W 0x00 result 26
0x408B RESULT_27 R/W 0x00 result 27
0x409C RESULT_28 R/W 0x00 result 28
0x409D RESULT_29 R/W 0x00 result 29
0x409E RESULT_30 R/W 0x00 result 30
0x409F RESULT_31 R/W 0x00 result 31
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16.2. TG, BLC
ADDRESS DEFAULT
(HEX) REGISTER NAME R/W (HEX) DESCRIPTION
TG (VSYNC SYNCHRONIZED)
7:4]: d
0X5000 | INT_TIME_H RIW oxor | [alvreserved . .
[3:0] : High byte of pixel Integration(Exposure) time
0x5001 INT_TIME_L R/IW OXF8 [7:0] : Low byte of pixel Integration(Exposure) time
0x5002 HBLANK RIW 0x78 [7:0] : Horizontal blank
NTSC : 0x78 PAL : 0x2C
[7:5] : reserved
[4] : High byte of horizontal blank
0x5003 HDUMMY R/W 0x00 NTSC: 0 PAL: 1
[3:0] : Horizontal dummy
NTSC : 0x0 PAL : OxF
7:0] : Odd Field Vertical blank
0x5004 | VBLANK_ODD RIW 0x06 [7:0] ield verticat blan
NTSC : 0x06 PAL : 0x02
0x5005 VBLANK_EVEN RIW 0x06 [7:0] : Even Field Vertical blank
NTSC : 0x06 PAL : 0x02
7:0] : Odd Field Vertical d
0x5006 | VDUMMY_ODD RIW 0x03 [7:0] eld vereat dummy
NTSC : 0x03 PAL : 0x02
0x5007 VDUMMY_EVEN RIW 0x03 [7:0] : Even Field Vertical dummy
NTSC : 0x03 PAL : 0x02
[7:6] : reserved
0x5008 Al _GAIN R/W 0x3F [5:3] : pre-amp gain C2 cap
[2:0] : pre-amp gain C1 cap
[7] : reserved
0x5009 A2_GAIN R/W 0x03 [6:3] : coarse analog gain
[2:0] : fine analog gain
[7:5] : Global Digital Gainl control
0x500A D_GAIN R/W 0x00 [4:0] : Global Digital Gain2 control
Gain = 2°D_GAIN[7:5]*(1 + D_GAIN[4:0]/32)
[7:2] : reserved
0x500B IMG_CON R/W 0x00 [1] : Vertical mirror
[0] : Horizontal mirror
[7:6] : reserved
[5] : Test Image Enable (0 : disable, 1 : enable)
[4] : reserved
[3] : Test Image Data Select
0x5060 TP_IMG_CON R/W 0x00 0:read out address 1 :int. address
[2:0] : Test Image Type
000 : diagonal 001 : horizontal
010 : vertical 011 : single color
100 : color bar 101 : gray chart
[7:6] : High byte of R color for test image
[5:4] : High byte of Gr color for test image
0x5061 TP_IMG_HI R/IW 0x03
X - - X [3:2] : High byte of Gb color for test image
[1:0] : High byte of B color for test image
0x5062 TP_IMG_R_LO R/W 0x00 [7:0] : Low byte of R color value for test image
0x5063 TP_IMG_Gr_LO R/W 0x00 [7:0] : Low byte of Gr color value for test image
0x5064 TP_IMG_Gb_LO R/W 0x00 [7:0] : Low byte of Gb color value for test image
0x5065 TP_IMG_B LO R/W OxFF [7:0] : Low byte of B color value for test image
[7:2] : reserved
[1] : first frame vsync signal mask control
0x5066 SYNC_REG_UP_CON R/W 0x02 0 : mask disable 1 : mask enable
[O] : synchronous register update control
0 : vsync rising time update 1 : immediately update
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BLC (VSYNC SYNCHRONIZED)
[7:5] : Reserved
[4] : OB1 DPC Enable (ABLC, DBLC Area)
3] : Hold Enabl
0x5100 BLC_MODE1 R/W 0x17 [31 9. nave
- [2] : Digital BLC Enable
[1] : RST_CDS Enable
[0] : RST1 Enable
[7:3] : Reserved
0x5101 BLC_MODE2 RIW 0x03 [2] : RST_CDS low value enable (-1)
[1] : DBLC Threshold Enable
[0] : ABLC Threshold Enable
[7:6] : Reserved
[5:4] : dblc moving average frame count
00 : 1frame O01: 8frame 10:16frame 11:32frame
0x5102 BLC_MODE3 R/W 0x00 [3:2] : rst_cds moving average frame count
00 : 1frame O01: 8frame 10:16frame 11:32frame
[1:0] : rst1l moving average frame count
00 : 1frame 01: 8frame 10:16frame 11:32frame
75]:R d
0x5103 | BLC_AREA_STR RIW oxor | [15): Reserve .
[4:0] : BLC area start line
75]:R d
0x5104 | BLC_AREA_END RIW oxto | [1S):Reserved
[4:0] : BLC area end line
0x5105 ABLC_TGT R/W 0x04 [7:0] : ABLC Target
0x5106 DBLC_TGT R/W 0x00 [7:0] : DBLC Target
7:6]: R
0x6107 | RSTL_THR RIW o1 | /6] Reserved
- [5:0] : ABLC RST1 Update Threshold
7:6] 1R d
0x5108 ABLC_THR RIW 0x01 [7:6]: Reserve
- [5:0] : ABLC RST_CDS Update Threshold
76]:R
0x5109 DBLC_THR RIW 0x01 [7:6]: Reserved
B [5:0] : DBLC Update Threshold
7]: R
0x510A | RST_CDS RIW oxgo | L71: Reserved _ n
B [6:0] : RST_CDS Setting or Monitoring
76] R
0x510B | RST1 RIW 0x00 [7:6]: Reserved -
[5:0] : RST1 Setting or Monitoring
76]:R
0x510C | RST2 RIW o0 | IO Reserved. .
[5:0] : RST2 Setting or Monitoring
7:2]: R d
0x510D | DBLC_MAN_OFS_H RIW 0x00 [7:2]: Reserve
- - - [1:0] : dblc manual offset[9:8]
0x510E DBLC_MAN_OFS_L R/IW 0x00 [7:0] : dblc manual offset[7:0]
721 'R
0x510F OB_AVERAGE_H R 0x00 [7:2]: Reserved
- - [1:0] : OB area average[9:8]
0x5110 OB_AVERAGE_L R 0x00 [7:0] : OB area average[7:0]
7:2] 'R d
0x5111 | OB_AVG_FN_L_H R 0x00 [7:2]: Reserved
- - T [1:0] : high byte of final pixel for OB area
0x5112 OB_AVG_FN _L L R 0x00 [7:0] : low byte of final pixel for OB area
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16.3. LSC
ADDRESS DEFAULT
(HEX) REGISTER NAME R/W (HEX) DESCRIPTION
LENS SHADING CONTROL
[7:5] : Reserved
[4] : Y axis Weight Mode
0 : subtract
1:add
[3] : X axis Weight Mode
0 : subtract
1:add
0x5200 LSC_CON R/W 0x00 [2]: Y axis weight
0:0%
1:12.500%
[1] : X axis weight
0:0%
1:12.500%
[0] : LSC enable
0 : Disable
1: Enable
[7:3] : Reserved
0x5201 CENTER_H R/IW 0x01 [2] : High byte of y position
[1:0] : High byte of x position
0x5202 CENTER_X_L R/W 0x68 [7:0] : Low byte of x position
0x5203 CENTER_Y_L R/W OxFO [7:0] : Low byte of y position
0x5204 CLR R/W 0x40 [7:0] : R pixel “c1”
0x5205 C1_GR R/W 0x40 [7:0] : Gr pixel “c1”
0x5206 C1_GB R/W 0x40 [7:0] : Gb pixel “c1”
0x5207 ClL B R/W 0x40 [7:0] : B pixel “c1”
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16.4. ISP 1

ADDRESS

(HEX) REGISTER NAME

R/W

DEFAULT
(HEX)

DESCRIPTION

DPC

0x5400 DPC_CON

R/W

0x24

[7] : Cluster Defect Pattern Detection Enable
[6:2] : Reserved
[1] : Compensation Data Selection
1’ bO0: Neighborhood Similar Data
1' bl: Neighborhood Median Data
[O] : DPC Enable
1" bO: Disable
1" bl: Enable

0x5401 DPC_THR1

R/W

OxFF

[7:0] : DPC Thresholdl

0X5402 DPC_THR2

RIW

0x20

[7:0] : DPC Threshold2

BAYER NOISE REDUCTION

0x5420 BNR_CON

RIW

0x00

[7:6] : Reserved
[5] : Pixel Position Selection
[4] : Line Position Selection
[3] : Red, Blue Pixel Average Type Selection
1’b0 : Average
1’b1 : Center pixel
[2] : Green Pixel Average Type Selection
1’b0 : Average
1’b1 : Center pixel
[1] : G_RB Position Test Enable
1'b0 : Disable
1'b1 : Enable
[0] : Bayer Noise Reduction Enable
1'b0 : Disable
1'b1 : Enable

0x5421 BNR_STR

R/W

0x80

[7:0] : Strength

0x5422 BNR_THR_UPPER

RIW

0x20

[7:0] : Upper Threshold

0x5423 BNR_THR_LOWER

R/W

0x20

[7:0] : Lower Threshold

COLOR INTERPOLATION

0x5500 INTP_CON

R/W

0x00

[7:4] : Reserved

[3] : Interpolation RGB Gain Mode Selection
1'b0 : data*( 1 + (gain/128))
1'bl : data*(0.5 + (gain/128))

2] : Chrominance Noise Reduction Enable

1] : Luminance Noise Reduction Enable

0] : Adaptive False Color Suppression Enable

0x5501 INTP_R_GAIN

R/W

0x00

0X5502 INTP_G_GAIN

R/W

0x00

7:0] : Interpolation G Gain

0x5503 INTP_B_GAIN

R/W

0x00

7:0] : Interpolation B Gain

0x5504 Y_NR_GAIN

R/W

0x00

7:2] : Reserved
1:0] : Luminance Noise Reduction Rate
2’b00 : 100% reduction
2’b01 : 50% reduction
2’b10 : 25% reduction
2’b11 : 12.5% reduction

[
[
[
[7:0] : Interpolation R Gain
[
[
[
[

0x5505 COLOR

R/W

0x00

[7:2] : Reserved
[1:0] : First Color Selection
2'b00: R
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2’b01 : Gr
2’10 : Gb
2’b11:B
72]:R d
0X5506 | RGB_CLIP_H RW oxo3 | [72l: Resene .
[1:0] : High byte of RGB Clip Value
0x5507 RGB_CLIP_L R/W OxFF [7:0] : Low byte of RGB Clip Value
7:2]: R d
0x5508 EDGE_TH_H R/W 0x00 [7:2] .eserve
[1:0] : High byte of Edge Threshold
0x5509 EDGE_TH_L R/W 0x00 [7:0] : Low byte of Edge Threshold
Ox550A Y_MID_COR R/W 0x00 [7:0] : Middle Frequency Luminance Coring Value
0x550B Y_HIGH_COR R/IW 0x00 [7:0] : High Frequency Luminance Coring Value
0x550C Y MID GAIN RIW 0x60 [7:4]: M?ddle Frequency Luminance C.oarse Qain(lnt.eger 4.bit)
-~ [3:0] : Middle Frequency Luminance Fine Gain(Fraction 4bit)
[7]: Reserved
0x550D Y_HIGH_GAIN R/W 0x10 [6:4]: High Frequency Luminance Coarse Gain(Integer 3bit)
[3:0]: High Frequency Luminance Fine Gain(Fraction 4bit)
Ox550E GRGB_OFFSET R/IW 0x00 [7:0]: Gr/Gb Offset
Ox550F FC_MID_SCL R/W 0x80 [7:0]: Middle Frequency False Color Suppression Strength(Edge)
0x5510 FC_HIGH_SCL R/IW 0x80 [7:0]: High Frequency False Color Suppression Strength(Moire)
COLOR CORRECTION
0x5600 coll RIW Oxd0 F?:O] : Coefficie‘nts of l§t row, 1st column
in color correction matrix
0x5601 coL2 RIW 0X00 [7:0]: Coefflme.nts of 1§t row, 2nd column
In color correction matrix
0x5602 P RIW 0x00 [7:0]: Coefﬂme.nts of 1§t row, 3rd column
In color correction matrix
0x5603 ceo1 RIW 0x00 [7:0]: Coefﬁme.nts of 2er row, 1st column
In color correction matrix
0x5604 cc22 RIW 0x40 [7:0]: Coeﬁlme.nts of 2er row, 2nd column
In color correction matrix
0x5605 ccoa RIW 0x00 [7:0]: Coeﬁicie.nts of 2er row, 3rd column
In color correction matrix
0x5606 ceal RIW 0x00 [7:0]: Coeﬁlme.nts of Srfj row, 1st column
In color correction matrix
0x5607 p— RIW 0x00 [7:0]: Coeﬁiciehts of 3r-d row, 2nd column
In color correction matrix
0x5608 coas RIW Oxd0 ‘[7:0] : Coefficie.nts of 3r.d row, 3rd column
in color correction matrix
GAMMA
[7:1] : reserved
0x5700 GAMMA_CONTROL R/W 0x00 [0] : gamma enable
0 : disable 1: enable
0x5710 GAMMA_0 R/W 0x15 [7:0] : gamma 0 (0~4)
0x5711 GAMMA 1 RIW 0x1D [7:0] : gamma 1 (5~8)
0x5712 GAMMA_2 R/W 0x27 [7:0] : gamma 2 (9~16)
0x5713 GAMMA 3 RIW 0x36 [7:0] : gamma 3 (17~32)
0x5714 GAMMA_4 R/W Ox4A [7:0] : gamma 4 (33~64)
0x5715 GAMMA 5 R/W 0x64 [7:0] : gamma 5 (65~128)
0x5716 GAMMA 6 RIW 0x79 [7:0] : gamma 6 (129~192)
0x5717 GAMMA_7 R/W 0x89 [7:0] : gamma 7 (193~256)
0x5718 GAMMA_8 R/W 0x98 [7:0] : gamma 8 (257~320)
0x5719 GAMMA_9 R/W O0xA5 [7:0] : gamma 9 (321~384)
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0x571A GAMMA _10 RW 0xBO [7:0] : gamma 10 (385~448)
0x571B GAMMA_11 R/W 0xBB [7:0] : gamma 11 (449~512)
0x571C GAMMA_12 R/W 0xC6 [7:0] : gamma 12 (513~576)
0x571D GAMMA_13 R/W OxCF [7:0] : gamma 13 (577~640)
0x571E GAMMA_14 R/W 0xD8 [7:0] : gamma 14 (641~704)
0x571F GAMMA 15 RW OXE1 [7:0] : gamma 15 (705~768)
0x5720 GAMMA_16 R/W OxE9 [7:0] : gamma 16 (769~896)
0x5721 GAMMA_17 R/W OxF1 [7:0] : gamma 17 (897~960)
0x5722 GAMMA 18 R/W O0xF9 [7:0] : gamma 18 (961~1023)
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16.5. ISP 2
ADDRESS DEFAULT
(HEX) REGISTER NAME R/W (HEX) DESCRIPTION

HUE / SATURATION / CONTRAST

(VSYNC SYNCHRONIZED)

[7:5]: Reserved
[4]: White Enhancement enable
1’b0: White Enhancement disable
1’b1: White Enhancement enable
[3]: Black Enhancement enable
1’b0: Black Enhancement disable
1’b1: Black Enhancement enable
[2]: Brightness enable

0x6000 HS_CON R/W 0x00 . .
1’b0: Brightness disable
1’b1: Brightness enable
[1]: Contrast enable
1’b0: Contrast disable
1’b1: Contrast enable
[0]: Hue/Saturation enable
1’b0: Hue/ Saturation disable
1’b1: Hue/ Saturation enable
0x6001 HS_REF R/W 0x80 [7:0]: Reference value of Hue/saturation control
0x6002 HS_Y_REF R/W 0x80 [7:0]: Reference value of contrast
0x6003 HS_Y_CONTRAST RIW 0x80 [7:0]: Contrast gain. Range x0(0x00)~x1.992(0xFF)
0x6004 HS_Y_BRIGHT R/IW 0x00 [7:0]: Brightness offset(2’s complement)
0x6005 HS_SAT_CB R/W 0x80 [7:0]: Saturation Cb gain. Range x0(0x00)~x1.992(0xFF)
0x6006 HS_SAT _CR R/W 0x80 [7:0]: Saturation Cr gain. Range x0(0x00)~x1.992(0xFF)
0x6007 HS_SAT_MAG R/IW 0x80 [7:0]: Saturation Magenta gain. Range x0(0x00)~x1.992(0xFF)
0x6008 HS_SAT RED R/W 0x80 [7:0]: Saturation Red gain. Range x0(0x00)~x1.992(0xFF)
0x6009 HS_SAT_YEL R/W 0x80 [7:0]: Saturation Yellow gain. Range x0(0x00)~x1.992(0xFF)
0x600A HS_SAT GRE R/W 0x80 [7:0]: Saturation Green gain. Range x0(0x00)~x1.992(0xFF)
0x600B HS_SAT_CYA R/W 0x80 [7:0]: Saturation Cyan gain. Range x0(0x00)~x1.992(0xFF)
0x600C HS_SAT BLU R/IW 0x80 [7:0]: Saturation Blue gain. Range x0(0x00)~x1.992(0xFF)
0x600D HS _HUE_MAG R/W 0x00 [7:0]: Hue control(Magenta area) Range -45° ~ +45° (2's complement)
0x600E HS_HUE_RED R/IW 0x00 [7:0]: Hue control(Red area) Range -45° ~ +45° (2's complement)
Ox600F HS_HUE_YEL R/W 0x00 [7:0]: Hue control(Yellow area) Range -45° ~ +45° (2's complement)
0x6010 HS_HUE_GRE R/IW 0x00 [7:0]: Hue control(Green area) Range -45° ~ +45° (2's complement)
0x6011 HS_HUE_CYA R/W 0x00 [7:0]: Hue control(Cyan area) Range -45° ~ +45° (2's complement)
0x6012 HS_HUE_BLU R/W 0x00 [7:0]: Hue control(Blue area) Range -45° ~ +45° (2’s complement)
Color Suppression (VSYNC SYNCHRONIZED)
[7:1] : Reserved
0x6100 COLOR SUP CON RAW 0x00 [O] : Color smlJppress enable
- - 1’b0: Disable
1'b1: Enable
0x6101 CB_UPPER_Y_THR R/W 0xDC [7:0] : Upper Threshold of Y for Cb
0x6102 CB_UPPER_SGAIN R/IW 0x20 [7:0] : Upper Suppression Gain for Cb
0x6103 CB_LOWER_Y_THR R/W 0x40 [7:0] : Lower Threshold of Y for Cb
0x6104 CB_LOWER_SGAIN R/W 0x20 [7:0] : Lower Suppression Gain for Cb
0x6105 CR_UPPER_Y_THR RIW 0xDC [7:0] : Upper Threshold of Y for Cr
0x6106 CR_UPPER_SGAIN R/W 0x20 [7:0] : Upper Suppression Gain for Cr
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0x6107 CR_LOWER_Y_THR R/IW 0x40 [7:0] : Lower Threshold of Y for Cr
0x6108 CR_LOWER_SGAIN R/W 0x20 [7:0] : Lower Suppression Gain for Cr
0x6109 GRAY LEVEL RIW 0x00 [7:3] : reserved
- [2:0] : gray level, 111 -> full gray
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16.6. PRIVACY ZONE MASK

ADDRESS DEFAULT
(HEX) REGISTER NAME R/W (HEX) DESCRIPTION
PRIVACY ZONE (VSYNC SYNCHRONIZED)
[7] : mask7 enable ( lowest priority)
[6] : mask6 enable
[5] : mask5 enable
4] : k4 bl
0x6300 PRIV_ZONE_CON R/W 0x00 [4] - mask4 enable
[3] : mask3 enable
[2] : mask2 enable
[1] : maskl enable
[0] : maskO enable ( highest priority)
0x6301 MASKO_UP_LEFT_X R/IW 0x00 [7:0] : X-coordinate of the upperleft position of the mask0 (low)
0x6302 MASKO_UP_LEFT_Y R/IW 0x00 [7:0] : Y-coordinate of the upperleft position of the maskO (low)
0x6303 MASKO_LO_RIGHT_X R/W 0x00 [7:0] : X-coordinate of the lowerright position of the maskO (low)
0x6304 MASKO_LO_RIGHT_Y R/IW 0x00 [7:0] : Y-coordinate of the lowerright position of the mask0 (low)
[7:6] : Y-coordinate of the lowerright position of the maskO (high)
0x6305 MASKO POS HI RIW 0x00 [5:4]: X-coord.lnate of the lowerright po.s.mon of the mask0 (hlgh)
- - [3:2] : Y-coordinate of the upperleft position of the mask0 (high)
[1:0] : X-coordinate of the upperleft position of the maskO (high)
0x6306 MASK1 _UP_LEFT_X R/W 0x00 [7:0] : X-coordinate of the upperleft position of the mask1 (low)
0x6307 MASK1 UP_LEFT_Y RIW 0x00 [7:0] : Y-coordinate of the upperleft position of the mask1 (low)
0x6308 MASK1_LO_RIGHT_X RIW 0x00 [7:0] : X-coordinate of the lowerright position of the mask1 (low)
0x6309 MASK1 LO_RIGHT_Y RIW 0x00 [7:0] : Y-coordinate of the lowerright position of the mask1 (low)
[7:6] : Y-coordinate of the lowerright position of the mask1 (high)
0x630A MASK1 POS HI RIW 0x00 [5:4] : X—coord‘inate of the lowerright po-s‘ition of the maskl (high)
- - [3:2] : Y-coordinate of the upperleft position of the mask1 (high)
[1:0] : X-coordinate of the upperleft position of the mask1 (high)
0x630B MASK2_ UP_LEFT_X R/W 0x00 [7:0] : X-coordinate of the upperleft position of the mask2 (low)
0x630C MASK2_UP_LEFT_Y R/W 0x00 [7:0] : Y-coordinate of the upperleft position of the mask2 (low)
0x630D MASK2_LO_RIGHT_X R/W 0x00 [7:0] : X-coordinate of the lowerright position of the mask2 (low)
Ox630E MASK2_LO_RIGHT_Y R/W 0x00 [7:0] : Y-coordinate of the lowerright position of the mask2 (low)
[7:6] : Y-coordinate of the lowerright position of the mask2 (high)
0x630F MASK2 POS Hi RIW 0X00 [5:4]: X-coord.lnate of the lowerright pO.S.ItIOI’l of the mask2 (hlgh)
- - [3:2] : Y-coordinate of the upperleft position of the mask2 (high)
[1:0] : X-coordinate of the upperleft position of the mask2 (high)
0x6310 MASK3 _UP_LEFT X R/W 0x00 [7:0] : X-coordinate of the upperleft position of the mask3 (low)
0x6311 MASK3 UP_LEFT_Y R/W 0x00 [7:0] : Y-coordinate of the upperleft position of the mask3 (low)
0x6312 MASK3_LO_RIGHT_X R/W 0x00 [7:0] : X-coordinate of the lowerright position of the mask3 (low)
0x6313 MASK3 LO RIGHT_Y R/W 0x00 [7:0] : Y-coordinate of the lowerright position of the mask3 (low)
[7:6] : Y-coordinate of the lowerright position of the mask3 (high)
0x6314 MASK3 POS HI RIW 0x00 [5:4]: X—coord.inate of the lowerright po's.ition of the mask3 (high)
- - [3:2] : Y-coordinate of the upperleft position of the mask3 (high)
[1:0] : X-coordinate of the upperleft position of the mask3 (high)
0x6315 MASK4_UP_LEFT_X R/W 0x00 [7:0] : X-coordinate of the upperleft position of the mask4 (low)
0x6316 MASK4 UP_LEFT_Y R/W 0x00 [7:0] : Y-coordinate of the upperleft position of the mask4 (low)
0x6317 MASK4 LO_RIGHT_X R/W 0x00 [7:0] : X-coordinate of the lowerright position of the mask4 (low)
0x6318 MASK4_LO_RIGHT_Y R/W 0x00 [7:0] : Y-coordinate of the lowerright position of the mask4 (low)
[7:6] : Y-coordinate of the lowerright position of the mask4 (high)
0x6319 MASK4_POS_HI R/IW 0x00 [5:4] : X-coordinate of the lowerright position of the mask4 (high)
[3:2] : Y-coordinate of the upperleft position of the mask4 (high)
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[1:0] : X-coordinate of the upperleft position of the mask4 (high)
O0x631A MASK5_UP_LEFT_X R/W 0x00 [7:0] : X-coordinate of the upperleft position of the mask5 (low)
0x631B MASK5_UP_LEFT_Y R/IW 0x00 [7:0] : Y-coordinate of the upperleft position of the mask5 (low)
0x631C MASK5_LO_RIGHT_X R/W 0x00 [7:0] : X-coordinate of the lowerright position of the mask5 (low)
0x631D MASK5_LO_RIGHT_Y R/IW 0x00 [7:0] : Y-coordinate of the lowerright position of the mask5 (low)
[7:6] : Y-coordinate of the lowerright position of the mask5 (high)
O0X631E MASK5_POS_HI RIW 0x00 [5:4]: X-coord‘inate of the lowerright po.s‘ition of the mask5 (high)
[3:2] : Y-coordinate of the upperleft position of the mask5 (high)
[1:0] : X-coordinate of the upperleft position of the mask5 (high)
Ox631F MASK6_UP_LEFT_X R/IW 0x00 [7:0] : X-coordinate of the upperleft position of the maské (low)
0x6320 MASK6_UP_LEFT_Y R/W 0x00 [7:0] : Y-coordinate of the upperleft position of the maské (low)
0x6321 MASK6_LO_RIGHT_X R/IW 0x00 [7:0] : X-coordinate of the lowerright position of the mask6 (low)
0x6322 MASK6_LO_RIGHT_Y R/IW 0x00 [7:0] : Y-coordinate of the lowerright position of the maské (low)
[7:6] : Y-coordinate of the lowerright position of the maské (high)
0x6323 MASK6 POS HI RIW 0x00 [5:4]: X-coord.lnate of the lowerright po.s.mon of the mask6 (hlgh)
- - [3:2] : Y-coordinate of the upperleft position of the mask6 (high)
[1:0] : X-coordinate of the upperleft position of the maské (high)
0x6324 MASK7_UP_LEFT_X R/W 0x00 [7:0] : X-coordinate of the upperleft position of the mask7 (low)
0x6325 MASK7_UP_LEFT_Y R/IW 0x00 [7:0] : Y-coordinate of the upperleft position of the mask7 (low)
0x6326 MASK7_LO_RIGHT_X R/IW 0x00 [7:0] : X-coordinate of the lowerright position of the mask7 (low)
0x6327 MASK7_LO_RIGHT_Y R/IW 0x00 [7:0] : Y-coordinate of the lowerright position of the mask7 (low)
[7:6] : Y-coordinate of the lowerright position of the mask7 (high)
0x6328 MASK? POS_H RIW 0x00 [5:4] : X-coord‘inate of the lowerright po.s‘ition of the mask7 (high)
[3:2] : Y-coordinate of the upperleft position of the mask7 (high)
[1:0] : X-coordinate of the upperleft position of the mask7 (high)
7:4] : Mask1 color : Y
0x6329 | MASKO1 COLOR Y RIW 0x00 [7:4] - Mask1. color
- - [3:0] : MaskO color : Y
7:4] : MaskO color : C
O0x632A | MASKO_COLOR_C RIW 0x88 [7:4]: MaskO color : Cr
- - [3:0] : MaskO color : Cb
7:4] : Mask1 color : C
0x632B | MASKL COLOR_C RIW 0x88 [7:4]: MaskL color : Cr
- - [3:0] : Mask1 color : Cb
7:4] : Mask3 color : Y
0x632C | MASK23_COLOR_Y RIW 0x00 [7:4] : Mask3 color
- - [3:0] : Mask2 color : Y
7:4] : Mask2 color :
0x632D | MASK2_COLOR_C RIW oxgg | /4] Maskz color: Cr
- - [3:0] : Mask2 color : Cb
7:4] : Mask lor:
0x632E | MASK3_COLOR_C RIW oxgg | /4] Mask3 color: Cr
- - [3:0] : Mask3 color : Cb
7:4] : Mask lor:Y
0x632F MASK45_COLOR_Y R/W 0x00 [7:4]: Masks color
B - [3:0] : Mask4 color : Y
7:4] : Mask4 color :
0x6330 | MASK4_COLOR_C RIW oxgg | /4] Maska color: Cr
- - [3:0] : Mask4 color : Cb
7:4] : Mask lor:
0x6331 | MASK5_COLOR_C RIW oxgg | /4] Masks color Cr
- - [3:0] : Masks5 color : Cb
7:4] : Mask?7 color : Y
0x6332 MASK67_COLOR_Y R/W 0x00 [7:4]: Mask7 color
B - [3:0] : Mask6 color : Y
7:4] : Maskeé color : C
0x6333 | MASK6_COLOR C RIW 0x88 [7:4]: Mask6 color : Cr
- - [3:0] : Mask6 color : Cb
7:4] : Mask?7 color : C
0x6334 | MASK7 COLOR C RIW 0x88 [7:4]: Mask7 color : Cr
- - [3:0] : Mask7 color : Cb
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16.7. OVERLAY

ADDRESS DEFAULT
(HEX) REGISTER NAME R/W (HEX) DESCRIPTION
FORMATTER (VSYNC SYNCHRONIZED)
[7] : reserved
[6] : overlay 2 blink control
0: disable 1: enable
[5:4] : overlay 2 alpha blending control
00 : 100% 01:75%
10 : 50% 11: 25%
0x6400 OVERLAY_CON R/W 0x00 [3:2] : overlay 1 alpha blending control
00 : 100% 01:75%
10 : 50% 11: 25%
[1] : overlay 2 display enable
0 : disable 1:enable
[0] : overlay 1 display enable
0 : disable 1: enable
7:2]: d
0x6401 OVERLAY1_START X_H RIW 0x00 [7:2] reserve .
[1:0] : High byte of overlay 1 start X position
0x6402 OVERLAY1_START_X_L R/IW 0x00 [7:0] : Low byte of overlay 1 start X position
7:2]: d
0x6403 OVERLAY1_START_Y_H RW 0x00 [7:2] reserve o
[1:0] : High byte of overlay 1 start Y position
0x6404 OVERLAY1_START_Y_L R/IW 0x00 [7:0] : Low byte of overlay 1 start Y position
7:2]:
0x6405 OVERLAY1 LENGTH_X H R/W 0x00 [7:2] re.served
- - [1:0] : High byte of overlay 1 X length
0x6406 OVERLAY1_LENGTH_X_L R/W 0x00 [7:0] : Low byte of overlay 1 X length
7:2]: d
0x6407 OVERLAY1_LENGTH_Y_H R/W 0x00 [7:2] rgserve
- -~ [1:0] : High byte of overlay 1 Y length
0x6408 OVERLAY1_LENGTH_Y L RIW 0x00 [7:0] : Low byte of overlay 1Y length
7:2]: d
0x6409 OVERLAY2_START_X_H R/W 0x00 [7:2] rgserve .
- - [1:0] : High byte of overlay 2 start X position
Ox640A OVERLAY2_START_X_ L R/W 0x00 [7:0] : Low byte of overlay 2 start X position
0x640B OVERLAY2_START_Y_H R/W 0x00 [7:2]: re_serVEd .
- - - [1:0] : High byte of overlay 2 start Y position
0x640C OVERLAY2_START_Y_L R/W 0x00 [7:0] : Low byte of overlay 2 start Y position
[7:2] : reserved
0x640D OVERLAY2_LENGTH_X_H R/W 0x00
- - - [1:0] : High byte of overlay 2 X length
Ox640E OVERLAY2_LENGTH_X_L R/W 0x00 [7:0] : Low byte of overlay 2 X length
Ox640F OVERLAY2_LENGTH_Y_H R/W 0x00 [7:2]: rgserved
- -~ [1:0] : High byte of overlay 2 Y length
0x6410 OVERLAY2_LENGTH_Y_L R/W 0x00 [7:0] : Low byte of overlay 2 Y length
0x6411 OVERLAY1_PALETTE_0_Y R/W 0x00 [7:0] : Y value of overlay 1 palette O
0x6412 OVERLAY1 _PALETTE_0_CB R/W 0x00 [7:0] : Cb value of overlay 1 palette 0
0x6413 OVERLAY1_PALETTE_0_CR R/W 0x00 [7:0] : Cr value of overlay 1 palette 0
0x6414 OVERLAY1 _PALETTE_ 1 Y R/W 0x00 [7:0] : Y value of overlay 1 palette 1
0x6415 OVERLAY1 PALETTE_1 CB RIW 0x00 [7:0] : Cb value of overlay 1 palette 1
0x6416 OVERLAY1_PALETTE_1_CR R/W 0x00 [7:0] : Cr value of overlay 1 palette 1
0x6417 OVERLAY1 _PALETTE_2_Y R/W 0x00 [7:0] : Y value of overlay 1 palette 2
0x6418 OVERLAY1_PALETTE_2 CB R/W 0x00 [7:0] : Cb value of overlay 1 palette 2
0x6419 OVERLAY1 _PALETTE_2 CR R/W 0x00 [7:0] : Cr value of overlay 1 palette 2
O0x641A OVERLAY1_PALETTE 3.Y R/IW 0x00 [7:0] : Y value of overlay 1 palette 3
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0x641B OVERLAY1_PALETTE_3_CB R/W 0x00 [7:0] : Cb value of overlay 1 palette 3
0x641C OVERLAY1_PALETTE_3 CR R/W 0x00 [7:0] : Cr value of overlay 1 palette 3
0x641D OVERLAY1_PALETTE_4_Y RIW 0x00 [7:0] : Y value of overlay 1 palette 4
Ox641E OVERLAY1_PALETTE_4_CB R/W 0x00 [7:0] : Cb value of overlay 1 palette 4
0x641F OVERLAY1_PALETTE_4_CR RIW 0x00 [7:0] : Cr value of overlay 1 palette 4
0x6420 OVERLAY1_PALETTE_5_Y R/W 0x00 [7:0] : Y value of overlay 1 palette 5
0x6421 OVERLAY1_PALETTE_5_CB R/W 0x00 [7:0] : Cb value of overlay 1 palette 5
0x6422 OVERLAY1_PALETTE_5_CR RIW 0x00 [7:0] : Cr value of overlay 1 palette 5
0x6423 OVERLAY1_PALETTE_6_Y R/W 0x00 [7:0] : Y value of overlay 1 palette 6
0x6424 OVERLAY1_PALETTE_6_CB RIW 0x00 [7:0] : Cb value of overlay 1 palette 6
0x6425 OVERLAY1_PALETTE_6_CR R/W 0x00 [7:0] : Cr value of overlay 1 palette 6
0x6426 OVERLAY1_PALETTE_7_Y RIW 0x00 [7:0] : Y value of overlay 1 palette 7
0x6427 OVERLAY1_PALETTE_7_CB R/W 0x00 [7:0] : Cb value of overlay 1 palette 7
0x6428 OVERLAY1_PALETTE_7_CR R/W 0x00 [7:0] : Cr value of overlay 1 palette 7
[7:6] : reserved
0x6429 OVERLAY1_LUT_O RIW 0x00 [5:3] : overlay 1 odd line color of LUT O

[2:0] : overlay 1 even line color of LUT 0

[7:6] : reserved
0x642A OVERLAY1_LUT_1 RIW 0x00 [5:3] : overlay 1 odd line color of LUT 1
[2:0] : overlay 1 even line color of LUT 1

[7:6] : reserved
0x642B OVERLAY1_LUT_2 RIW 0x00 [5:3] : overlay 1 odd line color of LUT 2
[2:0] : overlay 1 even line color of LUT 2

[7:6] : reserved

0x642C OVERLAY1_LUT_3 RIW 0x00 [5:3] : overlay 1 odd line color of LUT 3
[2:0] : overlay 1 even line color of LUT 3

0x642D OVERLAY2_PALETTE_0_Y R/W 0x00 [7:0] : Y value of overlay 2 palette 0
0x642E OVERLAY2_PALETTE_O_CB RIW 0x00 [7:0] : Cb value of overlay 2 palette 0
Ox642F OVERLAY2_PALETTE_O_CR RIW 0x00 [7:0] : Cr value of overlay 2 palette O
0x6430 OVERLAY2_PALETTE_1.Y RIW 0x00 [7:0] : Y value of overlay 2 palette 1
0x6431 OVERLAY2_PALETTE_1 CB R/W 0x00 [7:0] : Cb value of overlay 2 palette 1
0x6432 OVERLAY2_PALETTE_1_CR R/W 0x00 [7:0] : Cr value of overlay 2 palette 1
0x6433 OVERLAY2_PALETTE_2_Y R/W 0x00 [7:0] : Y value of overlay 2 palette 2
0x6434 OVERLAY2_PALETTE 2 CB R/W 0x00 [7:0] : Cb value of overlay 2 palette 2
0x6435 OVERLAY2_PALETTE_2_CR RIW 0x00 [7:0] : Cr value of overlay 2 palette 2
0x6436 OVERLAY2_PALETTE_3_Y R/W 0x00 [7:0] : Y value of overlay 2 palette 3
0x6437 OVERLAY2_PALETTE_3_CB RIW 0x00 [7:0] : Cb value of overlay 2 palette 3
0x6438 OVERLAY2_PALETTE_3 CR R/IW 0x00 [7:0] : Cr value of overlay 2 palette 3
0x6439 OVERLAY2_PALETTE_4_Y R/W 0x00 [7:0] : Y value of overlay 2 palette 4
0Xx643A OVERLAY2_PALETTE_4_CB RIW 0x00 [7:0] : Cb value of overlay 2 palette 4
0x643B OVERLAY2_PALETTE_4_CR R/W 0x00 [7:0] : Cr value of overlay 2 palette 4
0x643C OVERLAY2_PALETTE_5_Y RIW 0x00 [7:0] : Y value of overlay 2 palette 5
0x643D OVERLAY2_PALETTE_5_CB RIW 0x00 [7:0] : Cb value of overlay 2 palette 5
0Xx643E OVERLAY2_PALETTE_5_CR R/W 0x00 [7:0] : Cr value of overlay 2 palette 5
Ox643F OVERLAY2_PALETTE_6_Y R/W 0x00 [7:0] : Y value of overlay 2 palette 6
0x6440 OVERLAY2_PALETTE_6_CB RIW 0x00 [7:0] : Cb value of overlay 2 palette 6
0x6441 OVERLAY2_PALETTE_6_CR RIW 0x00 [7:0] : Cr value of overlay 2 palette 6
0x6442 OVERLAY2_PALETTE_7_Y R/W 0x00 [7:0] : Y value of overlay 2 palette 7
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0x6443 OVERLAY2_PALETTE_7_CB R/W 0x00 [7:0] : Cb value of overlay 2 palette 7

0x6444 OVERLAY2 _PALETTE_7_CR R/W 0x00 [7:0] : Cr value of overlay 2 palette 7
[7:6] : reserved

0x6445 OVERLAY2_LUT_0 R/W 0x00 [5:3] : overlay 2 odd line color of LUT 0O
[2:0] : overlay 2 even line color of LUT 0
[7:6] : reserved

0x6446 OVERLAY2_LUT_1 R/W 0x00 [5:3] : overlay 2 odd line color of LUT 1
[2:0] : overlay 2 even line color of LUT 1
[7:6] : reserved

0x6447 OVERLAY2_LUT_2 R/W 0x00 [5:3] : overlay 2 odd line color of LUT 2
[2:0] : overlay 2 even line color of LUT 2
[7:6] : reserved

0x6448 OVERLAY2_LUT_3 R/W 0x00 [5:3] : overlay 2 odd line color of LUT 3
[2:0] : overlay 2 even line color of LUT 3

0x6449 OVERLAY2_BLINK_TIME R/W OXOF [7:0] : overlay 2 blink time set
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16.8. FORMATTER
ADDRESS DEFAULT
(HEX) REGISTER NAME R/W (HEX) DESCRIPTION
FORMATTER (VSYNC SYNCHRONIZED)
[7:5] : reserved
[4:3] : YCbCr Output Order Control
00 : YCbYCr 01:YCrYCb
10 : CbYCrY 11 : CrYCbY
0x6500 DATA_FMAT_CON R/W 0x00 .
[2:0] : DATA Format Selection
000 : YCbhCr 4:2:2 001 : RGB565
010 : RGB555 011 : Bayer 8 bit
100 : Bayer 10 bit 101 : CCIR656
[7:4] : reserved
[3:2] : Bayer Output Order Control
00 : RGr-GhB 01: GrR-BGb
0x6501 RGB_CON RIW 0x00 10 : GbB-RGr 11 : BGb-GrR
[1] : RGB555 Bit Position Control
[0] : R/B Swap Control
0: RG-GB 1:BG-GR
0x6502 YC2RGB_RGB_MAX R/IW OXFF [7:0] : RGB maximum
0x6503 YC2RGB_RGB_MIN R/W 0x00 [7:0] : RGB minimum
[7] : ccir656 Vsync enable
[6] : Hsync enable for Vblank
[5] : OPB output enable (0 : disable, 1 : enable)
[4] : pclock polarity inversion
0x6504 FMAT_PDATA_CON R/IW 0x00 [3] : Vsync polarity inversion
[2] : Hsync polarity inversion
[1:0] : Bit Position Control
00 : xxPDATA[7:0] 01 : xPDATA[7:0]x
1x : PDATA[7:0]xx
0x6505 VGA_WIN_CON R/W 0x08 [71: VGA ml.).de enable (.6 40x480)
- - [6:0] : x position start point
[7:4] : reserved
[4] : TV Format Selection
0:NTSC 1:PAL
[3:0] : TV Out Line Delay Control
0x6506 TV_DATA_CON R/W 0x04 0000 : -4 line delay 0001 : -3 line delay
0010 : -2 line delay 0011 : -1 line delay
0100:0line delay  0101: 1 line delay
0110 : 2 line delay 0111 : 3 line delay
1000 : 4 line delay
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16.9. TV Encoder

ADDRESS | pEGISTERNAME | Rw | DEFAULT

(HEX) (HEX) DESCRIPTION

NTSC/PAL  (VSYNC SYNCHRONIZED)

[7:3] : reserved

0x6600 VER_STS R 0x01
[3:0] : VERID

[7] : reserved
[6] : Subcarrier phase reset Control
0 : Subcarrier Reset Disable
1: Subcarrier Reset Enable
(Reset to “0” at the beginning of every 4(8) field)
[5] : NTSC/PAL selection
0:NTSC 1:PAL
[4] : Pedestal setup control
0 : Pedestal SETUP Disable
(NTSC-J, PAL-BDGHI, PAL-Nc, PAL60)
1: Pedestal SETUP Enable (7.5 IRE)
(NTSC-M, NTSC4.43, PAL_N, PAL-M, NTSC50)
[3] : Burst Level Control
0: BURST Level 40 IRE
(NTSC-M, NTSC-J, NTSC4.43, PAL-N, PAL-M, NTSC50)
1: BURST Level 42.86 IRE
(PAL-BDGHI, PAL-N, PAL-Nc, PAL-M, PAL60)
[2] : Sync Level Control
0: Sync Level 40 IRE
(NTSC-M, NTSC-J, NTSC4.43,PAL-N, PAL-M, NTSC50)
1: Sync Level 43 IRE
(PAL-BGDHI, PAL-Nc, PAL60)
[1] : Vsync Width Control
0:VSYNC 25 Line
(NTSC-M, PAL-BDGHI, PAL-Nc, NTSC50)
1:VSYNC 3 Line
(NTSC-J, NTSC4.43, PAL-N, PAL-M, PAL60)
[0] : 525/625 line format
0: 525 line format
(NTSC-M, NTSC-J, NTSC4.43, PAL-M, PAL60)
1: 625 line format
(PAL-BDGHI, PAL-N, PAL-Nc, NTSC50)

0x6601 MD_CTLO RIW 0x10

[7:2] : reserved
[1:0] : Chroma Frequency Selection
00 : 3.579545455MHz (NTSC-M, NTSC-J)
01 : 4.43361875MHz (NTSC4.43, PAL-BDGHI, PAL-N, PAL60)
10 : 3.57561189MHz (PAL-M)
11 : 3.58205625MHz (PAL-Nc)

0x6602 MD_CTL1 R/W 0x00

0x6603 IF_CTLO R/W 0x19 7:0] : reserved

0x6604 IF_CTL1 R/W 0x0B 7:0] : reserved

7:6] : reserved
5:4] : High byte of Vertical Line Count Number per Frame
(Real Number -1)
[3:0] : High byte of Horizontal Count Number Status (Real Number -1)

[
[
[
[

0x6605 IF_STSO R 0x00

[7:0] : Low byte of Vertical Line Count Number per Frame

0x6606 IF_STS1 R
-STS 0x00 (Real Number -1)

0x6607 IF_STS2 R 0x00 7:0] : Low byte of Horizontal Count Number Status (Real Number -1)

0x6608 IF_STS3 R 0x00 7:0] : Current Field Count Number

7:5] : reserved

0x6609 DAC_CTLO R/W
- 0x10 4] : Video DAC power down control

[
[
[
[
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0 : active 1: power down
[3:2] : High byte of DAC data
[1:0] : Encoder output selection

00 :CVBS 01 : 0x000

10 :Ox3FF 11 : DAC data

0x660A DAC_CTL1

R/W

0x00

[7:0] : Low byte of DAC data

0x660B ConBr_CTLO

R/W

0x80

[7:0] : Brightness Control, 2’s Compliment

0x660C ConBr_CTL1

R/W

0x00

[7:0] : Contrast Control, Max Gain = 255/128

0x660D SatGn_CTLO

R/W

0x80

[7:0] : Cb Gain Control, Max Gain = 255/128

OX660E SatGn_CTL1

R/W

0x80

[7:0] : Cr Gain Control, Max Gain = 255/128

0x660F HUE_CTLO

R/W

0x00

[7:0] : Hue Control, 1 LSB = 1.40625°

0x6610 HUE_CTL1

R/W

0x00

[7:1] : reserved
[0] : Video Mute Control
0 : Normal Operation 1 : Video Mute Enable

0x6611 M_PAT_CTL

RIW

0x00

[7:2] : reserved

[1] : Internal Pattern Selection
0: 100% Color Bar

[0] : Internal Pattern Control
0 : Internal Pattern Disable
1 : Internal Pattern Enable

1:75% Color Bar

0x6612 FLTSEL_CTLO

RIW

0x00

[7:6] : reserved
[5:3] : UV Filter Control

0 : Wide Bandwidth

4 : Narrow Bandwidth
[2:0] : Y Filter Control

0 : Wide Bandwidth

4 : Narrow Bandwidth

0x6613 FLTSEL_CTL1

R/W

0x03

[7:4] : reserved
[3] : Sync Filter Control

0 : disable 1: enable
[2:0] : Sync Filter Selection

0x6614 DTO_OS_CTLO

R/W

0x00

[7:0] : Low byte of FSC Offset Control

0x6615 DTO_OS_CTLO

RIW

0x00

[7:0] : High byte of FSC Offset Control

0X6616 M_FSC_CTLO

RIW

0x00

Manual Chroma Frequency Control.

This register s are only effective when M_FSC_CTL3[7] = ‘1’
FSCDTO = int(Fsc / CLK * 232 +0.5)

[7:0] : Fsc[7:0]

0X6617 M_FSC_CTL1

RIW

0x00

[7:0] : Fsc[15:8]

0x6618 M_FSC_CTL2

R/W

0x00

[7:0] : Fsc[23:16]

0X6619 M_FSC_CTL3

R/W

0x00

[7] : Chroma Subcarrier Frequency Control
0 : Automatic Chroma Subcarrier Frequency Control Mode
1: Manual Chroma Subcarrier Frequency Control Enable
[6:0] : Fsc[30:24]

OX661A SINX_CTL

R/W

0x01

[7:0] : reserved

0x661B MY_CTLO

R/W

0x5D

[7:0] : Low byte of Manual Y gain
MY = int( VMax/( 219 * VFULL) * 2718 +0.5)

0x661C MY_CTL1

R/W

0x02

[7:3] : reserved

[2] : Manual Gain Control Enable (when YCbCr to YUV Conversion)
0 : Automatic Color Space Conversion
1: Manual Color Space Conversion

[1:0] : High byte of Manual Y gain

0x661D MCb_CTLO

R/W

0x04

[7:0] : Low byte of Manual Cb gain
MCb = int(VMax*0.492*1.772/(VFULL*224)*2"18 +0.5)

*VMax = 100% White Voltage Level (NTSC-M/PALM/N=0.661, NTSC-
J=0.714, PAL=0.7),

*VFULL=DAC Full Scale Output Voltage

0x661E MCb_CTL1

R/W

0x02

[7:2] : reserved
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[1:0] : High byte of Manual Cb gain

[7:0] : Low byte of Manual Cr gain

OXGO1F Mcr_CTLo RIW 0xD8 MCr = int(VMax*0.877*1.403/(VFULL*224)*2/18+0.5)
0x6620 | MCr_CTL1 RIW 0x02 [7:2]: reserved _
[1:0] : High byte of Manual Cr gain
[7:3] : reserved
[2] : Manual Sync Level Control
0 : Automatic Sync Level Control
1: Manual Sync Level Control Enable
Ox6621 MLVL CTL RIW 0x00 [1] : Manual Burst. Level Control
- 0 : Automatic Burst Level Control
1 : Manual Burst Level Control Enable
[0] : Manual Pedestal Set-up Level Control
0 : Automatic Pedestal Set-up Level Control
1 : Manual Pedestal Set-up Level Control Enable
[7:0] : Manual Sync Level Control . This register s are only effective
when MSYNC_CTLA1[0] = "1”
M_SyncLevel = int( VSync/ VFULL * 2710 +0.5)
0x6622 MSYNC_CTL RIW OxEO *VSync = Sync Voltage Level (NTSC-M/J/PALM/N=0.286,
PAL=0.3)
*VFULL=DAC Full Scale Output Voltage
[7:0] : Manual Burst Level Control. This register s are only effective
when MBBST_CTL1[0] ="1”
NTSC : M_ Burst = int( VBurst/ VFULL * 2”9 +0.5)
0x6623 MBST_CTL R/W 0x70 PAL  :M_ Burst =int( VBurst/ VFULL * 29 * 27-0.5 +0.5)
* VBurst = Burst Voltage Level (NTSC-M/J/PALM/N=0.286,
PAL=0.299)
*VEULL=DAC Full Scale Output Voltage
[7:0] : Manual Pedestal Set-up Level Control.
This register s are only effective when MSUP_CTL1[0] ="1" &
0x6624 MSUP_CTL R/W 0x2A SETUP="1"
M_SetUpLevel = int( 7.5*0.00715/ VFULL * 2”10 +0.5)
*VFULL=DAC Full Scale Output Voltage
[7:0] : Manual HSYNC Width Control. This register s are only effective
0x6625 MHSWd_CTLO R/W 0x40 when MHSWd_CTL1[0] ="1"
CLK/2 * (M_HSWd+1)
[7:1] : reserved
0X6626 MHSWd CTL1 RIW 0%00 [0] : Manual HSYNC Width Corltrol
- 0 : Automatic HSYNC Width Control
1 : Manual HSYNC Width Control Enable
[7:0] : Manual Burst Start Control. This register s are only effective
0x6627 MBWd_CTLO R/W 0x40 when MBWd_CTL1[0] ="1"
CLK/2 * (M_ BurstSt +1)
[7:1] : reserved
[0] : Manual Burst Width Control
0x6628 MBWd_CTL1 RIW 0x00 0 : Automatic Burst Width Control
1 : Manual Burst Width Control Enable
[7:0] : Low byte of Manual Burst End Control
0x6629 MBWd_CTL2 R/W 0x40 This register s are only effective when MBWd_CTL1[0] ="1”
CLK/2 * (M_ BurstEnd +1)
0X662A | MBWd_CTL3 RIW oo | L1 reserved
- [0] : High byte of Manual Burst End Control
[7:0] : Manual Horizontal Active Start Control
0x662B MHAV_CTLO R/W 0x79 This register s are only effective when MHAV_CTL1[0] ="1"
CLK/2 * (M_ HAVSt +1)
[7:2] : reserved
[1] : Slave HAV & VAV Timing Control
0X662C MHAV_CTL1 RIW 0%00 1: HAV & VAV Timing is controlled by Input Timing

[0] : Manual Horizontal Active Start and End Control
0 : Automatic Horizontal Active Start and End Control
1 : Manual Horizontal Active Start and End Control Enable
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[7:0] : Low byte of Manual Horizontal Active End Control
0x662D MHAV_CTL2 R/W 0x49 This register s are only effective when MHAV_CTL1[0] ="1"
CLK/2 * (M_ HAVENd +1)
OX662E | MHAV_CTL3 RIW 0x03 [7:3] : reserved
- [2:0] : High byte of Manual Horizontal Active End Control
[7:0] : Manual Vertical Active Start Control
Ox662F MVAV_CTLO R/W 0x12 This register s are only effective when MVAV_CTL1[0] ="1”
(M_ HAVSt +1) From Vsync
[7:1] : reserved
[0] : Manual Vertical Active Start and End Control
0x6630 MVAV_CTL1 R/W 0x00
- X 0 : Automatic Vertical Active Start and End Control
1 : Manual Vertical Active Start and End Control Enable
[7:0] : Low byte of Manual Vertical Active End Control
0x6631 MVAV_CTL2 RIW 0x02 g This register s are only effective when MVAV_CTL1[0]
(M_ VAVENd +1) From Vsync
[7:1] : reserved
0x6632 MVAV_CTL. R/W 1
CTL3 0x0 [0] : High byte of Manual Vertical Active End Control
0x6633 VBIE_CTL R/IW 0x00 [7:0] : reserved
0x6634 VBI_STS R/W 0x00 [7:0] : reserved
0x6635 CCF1D_CTLO RIW 0x00 [7:0] : reserved
0x6636 CCF1D_CTL1 R/W 0x00 [7:0] : reserved
0x6637 CCF2D_CTLO R/W 0x00 [7:0] : reserved
0x6638 CCF2D_CTL1 RIW 0x00 [7:0] : reserved
0x6639 VBIGN_CTL R/W 0x00 [7:0] : reserved
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16.10. CCP
ADDRESS DEFAULT
(HEX) REGISTER NAME R/W (HEX) DESCRIPTION
AE (VSYNC SYNCHRONIZED)
[7:2] : Reserved
0x7000 AE_WINO1_SEL R/W 0x00 [1] : AE window1 display enable (1:0n)
[O] : AE window1l enable
[7:2] : Reserved
0x7001 AE_WINO2_SEL R/W 0x00 [1] : AE window?2 display enable (1:0n)
[O] : AE window?2 enable
[7:2] : Reserved
0x7002 AE_WINO3_SEL R/IW 0x00 [1] : AE window3 display enable (1:0n)
[0] : AE window3 enable
[7:2] : Reserved
0x7003 AE_WINO4_SEL R/W 0x00 [1] : AE window4 display enable (1:0n)
[0] : AE window4 enable
[7:2] : Reserved
0x7004 AE_WINO5_SEL R/IW 0x00 [1] : AE window5 display enable (1:0n)
[0] : AE window5 enable
7:4] : Left value of AE window 1
0x7005 AE_WINO1_LR R/W OxOF [7:41 . .
[3:0] : Right value of AE window 1
07006 AE WINOL UD RIW OXOF [7:4] : Up value of AE Wlnd.ow 1
B - [3:0] : Down value of AE window 1
0x7007 AE WINO2 LR RIW OXOF [7:4]: Lgft value of AE Wln.dow 2
B - [3:0] : Right value of AE window 2
0x7008 AE_WINO2_UD RIW OXOF [7:4] : Up value of AE WIndFJW 2
[3:0] : Down value of AE window 2
0x7009 AE WINO3 LR RIW OXOF [7:4]: L(?ﬂ value of AE WIn-dOW 3
- - [3:0] : Right value of AE window 3
Ox700A AE WINOS UD RIW OXOF [7:4] : Up value of AE Wlnd‘0W 3
- - [3:0] : Down value of AE window 3
0x700B AE WINO4 LR RIW OXOF [7:4]: L(?ﬂ value of AE WIn-dOW 4
- - [3:0] : Right value of AE window 4
0X700C AE WING4 UD RIW OXOF [7:4] : Up value of AE Wlnd‘0W 4
- - [3:0] : Down value of AE window 4
0x700D AE WINOS LR RIW OXOF [7:4]: L(?ﬂ value of AE WIn-dOW 5
- - [3:0] : Right value of AE window 5
OX700E AE_WINOS5_UD RIW OXOF [7:4] : Up value of AE wmd.ow 5
[3:0] : Down value of AE window 5
75]:R
OX700F | AEO1_SUM3 R oo | /9] Reserved o
- [4:0] : Summation of Y data out in AE window 1[28:24]
0x7010 AEO01_SUM2 R 0x00 [7:0] : Summation of Y data out in AE window 1[23:16]
0x7011 AEO01_SUM1 R 0x00 [7:0] : Summation of Y data out in AE window 1[15:8]
0x7012 AE01_SUMO R 0x00 [7:0] : Summation of Y data out in AE window 1[7:0]
7:5]:R d
0x7013 | AE02_SUM3 R 0x00 [7:5]: Reserve _ ,
- [4:0] : Summation of Y data out in AE window 2[28:24]
0x7014 AE02_SUM2 R 0x00 [7:0] : Summation of Y data out in AE window 2[23:16]
0x7015 AE02_SUM1 R 0x00 [7:0] : Summation of Y data out in AE window 2[15:8]
0x7016 AE02_SUMO R 0x00 [7:0] : Summation of Y data out in AE window 2[7:0]
7:5]:R d
0x7017 | AEO3_SUM3 R 0x00 [7:5]: Reservex _ ,
- [4:0] : Summation of Y data out in AE window 3[28:24]
0x7018 AE03_SUM2 R 0x00 [7:0] : Summation of Y data out in AE window 3[23:16]
0x7019 AE03_SUM1 R 0x00 [7:0] : Summation of Y data out in AE window 3[15:8]
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0x701A AE03_SUMO R 0x00 [7:0] : Summation of Y data out in AE window 3[7:0]
0x701B AEO04_SUM3 R 0x00 [7:5] Reserve_d . .
- [4:0] : Summation of Y data out in AE window 4[28:24]
0x701C AE04_SUM2 0x00 [7:0] : Summation of Y data out in AE window 4[23:16]
0x701D AE04_SUM1 0x00 [7:0] : Summation of Y data out in AE window 4[15:8]
0x701E AE04_SUMO 0x00 [7:0] : Summation of Y data out in AE window 4[7:0]
Ox701F AE05_SUMS3 R 0x00 Elg} zjrsner:/;i(i)n of Y data out in AE window 5[28:24]
0x7020 | AEO5_SUM?2 0x00 [7:0] : Summation of Y data out in AE window 5[23:16]
0x7021 AEO05_SUM1 0x00 [7:0] : Summation of Y data out in AE window 5[15:8]
0x7022 AEO05_SUMO 0x00 [7:0] : Summation of Y data out in AE window 5[7:0]
AWB  (VSYNC SYNCHRONIZED)
[7:4] : reserved
[3] : white count zone 1 disable(1:0ff)
0x7100 WB_BOUND_EN R/W 0x00 [2] : white count zone 2 disable(1:0ff)
[1] : Using pixel display enable(1:0n)
[0] : AWB window display enable
0x7101 WB_WIN_X_START R/W 0x00 [7:0] : X position start value of AWB window
0x7102 WB_WIN_X_END R/W 0xB3 [7:0] : X position end value of AWB window
0X7103 WB_WIN_Y_START RIW 0x00 g]:d]rf\s(e;cl)z::ion start value of AWB window
Ox7104 WB_WIN_Y_END RIW Ox77 g]:o.]r:e\s(ep:\(/)ziion end value of AWB window
0x7105 WB_WZONE1_P1_X RIW 0x4B [7:0] : White pixel zone 1 P1_X
0x7106 WB_WZONE1_P1_Y R/W OxAA [7:0] : White pixel zone 1 P1_Y
0x7107 | WB_WZONE1_P1_X_0OS R/W OXOF [7:0] : White pixel zone 1 P1_X Offset
0x7108 WB_WZONE1_P1_Y_OS R/W 0x09 [7:0] : White pixel zone 1 P1_Y Offset
0x7109 WB_WZONE1_P2_X R/W 0x60 [7:0] : White pixel zone 1 P2_X
0x710A WB_WZONE1_P2_Y R/W OX7E [7:0] : White pixel zone 1 P2_Y
0x710B WB_WZONE1_SLOPE R/IW 0xAO0 [7:0] : White pixel zone 1 Slope
0x710C WB_WZONE2_P1_X R/W 0x5C [7:0] : White pixel zone 2 P1_X
0x710D WB_WZONE2_P1_Y R/W 0x74 [7:0] : White pixel zone 2 P1_Y
0x710E | WB_WZONE2_P1_X_OS R/W Ox1F [7:0] : White pixel zone 2 P1_X Offset
0x710F WB_WZONE2_P1_Y_OS R/W 0x06 [7:0] : White pixel zone 2 P1_Y Offset
0x7110 WB_WZONE2_P2_X R/W 0x82 [7:0] : White pixel zone 2 P2_X
0x7111 WB_WZONE2_P2_Y R/W 0x64 [7:0] : White pixel zone 2 P2_Y
0x7112 WB_WZONE2_SLOPE R/W Ox1A [7:0] : White pixel zone 2 Slope
0x7113 WB_WZONE3_P1_X R/IW 0x50 [7:0] : White pixel zone 3 P1_X
0x7114 WB_WZONE3_P1_Y R/W Ox6A [7:0] : White pixel zone 3 P1_Y
0x7115 WB_WZONE3_P2_X RIW 0x56 [7:0] : White pixel zone 3 P2_X
0x7116 WB_WZONE3_P2_Y R/W 0x62 [7:0] : White pixel zone 3 P2_Y
0x7117 WB_WZONE4_P1_X RIW 0x50 [7:0] : White pixel zone 4 P1_X
0x7118 WB_WZONE4_P1_Y R/W OXAE [7:0] : White pixel zone 4 P1_Y
0x7119 WB_WZONE4_P2_X R/W 0x58 [7:0] : White pixel zone 4 P2_X
O0x711A | WB_WZONE4_P2_Y R/W OxA4 [7:0] : White pixel zone 4 P2_Y
0x711B | WB_SAT_UP R/W OxFB [7:0] : Up Threshold of RGB Data
0x711C WB_SAT_DN RIW 0x20 [7:0] : Down Threshold of RGB Data
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0x7120 WB_RSUM3 R 0x00 [28:24] : Summation of raw Red data out in WB window
0x7121 WB_RSUM2 R 0x00 [23:16] : Summation of raw Red data out in WB window
0x7122 WB_RSUM1 R 0x00 [15:8] : Summation of raw Red data out in WB window
0x7123 WB_RSUMO R 0x00 [7:0] : Summation of raw Red data out in WB window
0x7124 WB _GSUM3 R 0x00 [28:24] : Summation of raw Green data out in WB window
0x7125 WB_GSUM2 R 0x00 [23:16] : Summation of raw Green data out in WB window
0x7126 WB_GSUM1 R 0x00 [15:8] : Summation of raw Green data out in WB window
0x7127 WB_GSUMO R 0x00 [7:0] : Summation of raw Green data out in WB window
0x7128 WB_BSUM3 R 0x00 [28:24] : Summation of raw Blue data out in WB window
0x7129 WB_BSUM2 R 0x00 [23:16] : Summation of raw Blue data out in WB window
Ox712A | WB_BSUML1 R 0x00 [15:8] : Summation of raw Blue data out in WB window
0x712B | wWB_BSUMO R 0x00 [7:0] : Summation of raw Blue data out in WB window
0x712C WB_WCNT2 R 0x00 [18:16] : Count of white pixel in WB window

0x712D WB_WCNT1 R 0x00 [15:8] : Count of white pixel in WB window

0x712E WB_WCNTO R 0x00 [7:0] : Count of white pixel in WB window
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17.Spectral Response Of Color Filter
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Figure 17-1 spectral response of color filter
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18.Electrical Characteristics
Symbol Parameter Rating Units
VDDIO Supply Voltage for 10 4 Y,
VDDP 4 \%
VDDL Supply Volt for Anal 4 v
u Oltage 1or Analo
VDDA PPy g g 4 \%
VDDN 4 \%
T Storage Temperature -50 to 125 C
Table 18-1 Absolute Maximum Ratings
Rating
Symbol Parameter Units
MIN TYP MAX
VDDIO Supply Voltage for 10 2.97 3.3 3.63 \Y
VDDP 2.97 3.3 3.63 \%
VDDL 2.97 3.3 3.63 \%
Supply Voltage for Analog
VDDA 2.97 3.3 3.63 \%
VDDN 2.97 3.3 3.63 \Y
T Commercial Temperature Range 0to 70 -
A Industrial Temperature Range -40 to 105
Table 18-2 Recommended Operating Condition
Symbol Parameter Condition MIN TYP MAX Unit
IDDS Quiescent Current VDDIO = 3.3V [T.B.D] mw
. VDDIO = 3.3V
IDD Dynamic IDD EXT CLK = 27MHz [T.B.D] mw
Table 18-3 Power Consumption
VDDIO = 3.3V+£10% :
ltems Unit
MIN TYP MAX
VIL 0.35*VDDIO
Y,
VIH 0.7*vDDIO
IH -5 5
HA
liL -5 5
VOL (PAD) 0.4
\Y,
VOH (PAD) VDDIO-0.4
Schmitt trigger L to H Threshold 1.74 1.92 \%
Schmitt trigger H to L Threshold 1.26 1.46 \%
Table 18-4 DC Characteristics
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19.Pin Information
Figure 19-1 and Figure 19-2 are pin maps when packaging CP7208 in 40 pin PLCC. Depending on the

package kind, pin maps may change.
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Figure 19-1 40 PLCC PKG Pin Map(Analog)
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Loc NF;'::_ PIN Name - Description Note
B 1 NC -
o) 2 REXT - External Reference Resistor
T 3 |cowmp ~ | Compensation Pin
3 4 | I0UTB A | 10bit DAC Negative Output Analog PAD
5 |louT A | 10bit DAC Positive Output Analog PAD
6 VSSN G | Analog Ground for 10bit DAC
7 VDODN P | Analog Power for 10bit DAC
8 GPIO7 I/0 | GPIO 7 port
R 9 GPIO6 I/0 | GPIO 6 port
('3 10 GPIO5 I/O | GPIO 5 port
H 11 VSS G | Digital ground for core
T 12 | NC -
13 VSSIO G | Digital ground for 10
14 VDDIO P | Digital power for 10
15 GPIO1 I/0 | GPIO 1 port
16 GPIO0 I/0 | GPIO 0 port
17 GPIO4 I/0 | GPIO 4 port
18 GPIO3 I/0 | GPIO 3 port
19 GPIO2 I/0 | GPIO 2 port
g 20 | VSS_ref G | Digital ground for core
P 21 VOOD_ref O | Digital power reference
22 STDBY | Standby input port
23 RST_N | Reset input port
24 XIN | External Clock input port
25 XOUT O External Clock output port
26 SCL_S | Slave Serial Clock port
27 SDA_S I/O | Slave Serial Data port
28 SDA_M I/O | Master Serial Data port
. 29 SCL_M O | Master Serial Clock port
E 30 | VSSIO G | Digital ground for 10
_'IZ_ 31 | VDDIO P | Digital power for 10
32 VDDL P PLL Power
33 VSSL G | PLL Ground
34 | VMONO A | Internal signal monitoring 0 Analog PAD
35 | VMONT A | Internal signal monitoring 1 Analog PAD
B 36 VDDP P | Analog Power for Pixel
o 37 VSSP G | Analog Ground for Pixel
$ 38 VDDA P Analog Power for Core
3 39 VSSA G | Analog Ground for Core
40 NC -

Table 19-1 40 PLCC Pin Information(Analog)
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Figure 19-2 40 PLCC PKG Pin Map(Digital)
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Loc NF;'::_ PIN Name - Description Note
5 1 PDATA9 O | Pixel Data[9] output port
o 2 PDATAS O | Pixel Data[8] output port
T 3 | PDATA7 O | Pixel Data[7] output port
3 4 PDATAB O | Pixel Datal6] output port
5 PDATAS O | Pixel Data[5] output port
6 PDATA4 O | Pixel Data[4] output port
7 PDATA3 O | Pixel Data[3] output port
8 PDATA2 O | Pixel Data[2] output port
9 PDATA1/ e Pixel Data[1] output port/ Default Pixel
R GPIO6 GPIO 6 port data[1]
I PDATAO/ Pixel Data[0] output port/ Default Pixel
6| * |crios 70| 610 5 port data[0]
T 11 VSS G | Digital ground for core
12 NC -
13 VSSIO G | Digital ground for 10
14 VDDIO P | Digital power for 10
15 GPIO1 I/0 | GPIO 1 port
16 GPIO0 I/0 | GPIO 0 port
17 HSYNC O Horizontal Sync output port
18 VSYNC O | Vertical Sync output port
19 PCLOCK O | Pixel Clock output port
g 20 VSS_ref G | Digital ground for core
P 21 VDD_ref O | Digital power reference
22 STDOBY | Standby input port
23 RST_N | Reset input port
24 XIN | External Clock input port
25 XOUT O External Clock output port
26 SCL_S | Slave Serial Clock port
27 SDA_S I/O | Slave Serial Data port
28 | SDA_M I/O | Master Serial Data port
. 29 SCL_M O | Master Serial Clock port
E 30 | VSsIO G | Digital ground for 10
_'IZ_ 31 VDDIO P | Digital power for 10
32 VDDL P PLL Power
33 VSSL G | PLL Ground
34 | VMONO A | Internal signal monitoring 0 Analog PAD
35 | VMONT A | Internal signal monitoring 1 Analog PAD
B 36 VDDP P | Analog Power for Pixel
o} 37 VSSP G | Analog Ground for Pixel
$ 38 VDDA P Analog Power for Core
3 39 VSSA G Analog Ground for Core
40 NC -

Table 19-2 40 PLCC Pin Information(Digital)
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20. Typical Circuit Configuration

Figure 20-1 and Figure 20-2 are examples of circuit diagrams when CP7208 is packaged in 40 pin PLCC.

Depending on the package kind, circuit diagrams may change.

DVDDIOH |— AVDDH1 AVDDH2 AVDDH3 AVDDH4
Ci12
Ra [ DGND
EEPROM ras o - i 5. B( % z = Cl1l1
< a | |
. oS S g8 ¢ = = = &
SDAl— s 7 > >
RIZ COMP
lan! . SCL_M
[ SDA_M
— SCL_S
[ SDA_S
(D RST_N
[ STDBY
Il T XIN
C13 O3wr
Il T XOUuT
L cu4
DGND IoUT >
1ouTB L
SRS
REXT
] a < a z
o o0 a0 o0 0 R6
0w u 2] [ n un
> > > 3 >3
E A4
DGND AGND
DVDDIOH AVDDH1 AVDDH2 AVDDH3 AVDDH4
ci c2 c3| c4 c5| C6 c7| c8 co9 | C10
DGND AGND AGND AGND AGND

RI,R2,R3, R4 =1.3KQ

R5 =75Q

R6 = Variable resistor(~15KQ)
R7 = 1MQ
C1,C3,C5,C7,C9,C11 = 0.1uF
C2,C4,C6,C8,C10 = 10uF
C12 = 1uF
C13,C14 = 8pF(C,

: 9pF)

Figure 20-1 Typical Circuit Configuration(Analog)
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DVDDIOH FT AVDDH1 AVDDH2 AVDDH3

DGND
EEPROM L R4 P = o < o
R33 = g 2 a fa) a
scL IS 8 o o g 8 g
SDA— | R22 > 8 4
Rl::
(e SCL_M
o SDA_M PCLOCK ———— >
(I SCL_S VSYNC %
< SRR HSYNG b [
= RST_N PDATA[9:0] ————— T[>
— STDBY
T XIN
Cl10 O sgrs
—L XouT
= Ci11
T
DGND
] 0O < o
0 un 0n 0 on
0 u 0w 0 u
> > > > >
= A4
DGND AGND
DVDDIOH AVDDH1 AVDDH2 AVDDH3
ci c2 c3| c4 C5| C6 c7| c8
DGND AGND AGND AGND

R1I,R2,R3,R4 = 1.3KQ
R5 =1MQ

C1,C3,C5,C7 = 0.1uF
C2,C4,C6,C8 = 10uF

C9 = 1uF

C10,C11 = 8pK(C, : 9pF)

Figure 20-2 Typical Circuit Configuration(Digital)
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