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Features

W 656x496 effective pixel array with RGB bayer color filters and micro—lens.

M Output formats : CCIR656, 8bit YCbCr422, 8bit RGB565, 9bit RGB Bayer, 9bit Mono.

M Image processing on chip : lens shading , gamma correction, defect correction , low pass filter, color interpolation ,
edge enhancement , color correction , brightness, contrast, saturation , auto black level compensation , auto
white balance , auto exposure

B Max. 30 frames/sec progressive scan @ 27 MHz master clock for VGA.

M Frame size, window size and position can be programmed through a 2-wire serial interface bus.

HVGA / CIF / QVGA / QCIF / QQVGA Scaling.

M Horizontal / Vertical mirroring.

W 50Hz, 60Hz flicker automatic cancellation.

B Soft reset.

M High Image Quality and High low light performance.

MI2C Master.
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wjﬁﬁ#

WFES |5 /0 S F a5
1 DVDD — |EBRFC4)W)for Core.
2 ) — [GND(FE4L)
3 IPeLK 0 |F—4vmvy
4 IpanD —  [aNDFDAL)
5 HSYNC 0 PRI LA
6 VSYNC O |BERMY LR
7 HVDD —  |BRFCAor 10
8 SDA /0 |l2C SR IF 7F—%
9 SCL | |/ iFomys
10 RSTB | [SRFLARUEINET
11 IpATA7 0 |[FUaLT—4Hh
12 |DATA6 0 |[FUaLT—4Hh
13 IpATAS 0 |[FoanT—atih
14 |pATA4 0 |[FUALT—AiR
15 |DATA3 0 |[FUAT—4iH
16 |DATA? 0 |[FUALT—4HH
17 [paTAt 0 |[FOALT—4iH
18 DATAQ 0 |FTaLT—sHn
19 STDBY | [revrsqE—ramE
20 MCLK | [pr700m95
21 AGND — laND(zas)
22 AVDD —  |[mREF+oY)
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Chip Architecture

NCMO03-V has 656 x 496 effective pixel array and column/row driver circuits to read out the pixel data progressively. CDS circuit reduces

noise signals generated from various sources mainly resulting from process variations. Pixel output is compared with the reset level of its

own and only the difference signal is sampled, thus reducing fixed error signal level. Each of R, G, B pixel output can be multiplied by different
gain factors to balance the color of images in various light conditions. The analog signals are converted to digital forms one line at a time and

1 line data are streamed out column by column. The Bayer RGB data are passed through a sequence of image signal processing blocks to

finally produce YCbCr 4:2:2 output data. Image signal processing includes such operations as gamma correction, defect correction, low pass

filter, color interpolation, edge enhancement, color correction, contrast stretch, color saturation, white balance, exposure control and back

light compensation. Internal functions and output signal timing can be programmed simply by modifying the register files through 2—wire serial

interface.

STDBY
RSTB
MCLK

Analog Control signal

\l/ Digital Control signal 5
B
Timing control < @D
% Effective Pixel array g
3 690 512 9 3
1 3353
i : $2¢g 4
[T 1| |28
_ | | coso:s0e |
Q —_
| TT]
RE ADS<0:808> | o e s
o | 8 g
iw * * * E a § g 2
8 F SR
o | Column decoder I_ L ER
Digital Control signal
Block Diagram
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Frame Structure and Windowing

Origin (0, 0 )of the frame is at the upper right comer. Size of the frame is determined by two registers : framewidth( Reg. A-04h, A-05h )
andframeheight( Reg A—06h, A-07h ). One frame consists of framewidth + 1columns and frameheight + 1rows. framewidthand frameheight can be
programmed to be larger than total array size. Default window array of 640 x 480pixels is positioned at ( 110, 16 )1t is possible to define a specific
region of the frame as a window. Pixel scanning begins from ( 0, 0 )and proceeds row by row downward, and for each line scan direction is from
right to the left. Hsync signal indicates if the output is from a pixel that belongs to the window or not. There are two counters to indicate the
present coordinate of frame scanning : Frame row counter and frame column counter. Counter values repeat the cycle of 0 to frameheight, and 0
to framewidth respectively. The counter values increase at the pace of pixel clock (PCLK), which does not change as the frame size is altered.
The pixel data rate is fixed and is independent of frame size(frame rate). [ Table 3 ] shows windowx, y start/stop( RegA-08h ~ A-OFh )registers

value for default window and maximum window.

Column OBP
(1020) 00
N 8X
8X (10298
640 (110,16) | 8
< -3
8
66 34 ¢ 102 S
480 Row OBP
(749,495)
(7%7,503) il
(7%7511) g% // N
13 $ / \
g \
(857,524)
Effective window Effective Pixel
¢Total Pixel : 656 X 512
(640 x 480) (655 x 496)

Default data structure of frame and window. ( Top view )
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Data Formats

[Fig1] Bayer Color filter pattern

Pixel array is covered by Bayer color fitters as can be seen in the [ Fig. 1 ]. Since each pixel can have only one type of filter on it, only one color
component can be produced by a pixel. NCM03-V provides this Bayer pattern RGB data through an 8bit channel. It takes one PCLK to pass one
pixel RGB data to output bus. But since it is hecessary to know all 3 color components R, G, B to produce a color for a pixel, the other two
components must be inferred from other pixel data. For example, G component for a B pixel is calculated as an average of its four nearest G
neighbors, and its R component as an average of its four nearest R neighbors. This operation of inferring

missing data from existing ones is called the color interpolation. Color interpolation produces an undesirable artifact in image. Sampling nature of
color filter can leave an interference pattern around an area with repetitive fine lines. NCM03-V adopts a low pass filter to prevent the
interference patterns ( called Moire patter) from degrading the image quality too much. After color interpolation, every pixel has all three color
components. These three color components R, G, B can be routed to 8 bits output pins in such a way RGB565. It takes two PCLK"s to pass one
pixel RGB data to output bus.

It is possible to extract monochrome luminance data from RGB color components and the conver—sion equation is : Y = 0.299R + 0.587G +
0.114B where R,G and B are gamma corrected color components. And the color information is separated from luminance information according

to following equations.

U=0492(B-Y) V=0877(R-Y)

Since human eyes are less sensitive to color variation than to luminance, color components can be sub—sampled to reduce the amount of data to
be transmitted, but preserving almost the same image quality.

NCMO03-V supports 4:2:2 YUV data format where U and V components are horizontally sub—sampled such that U and V for every other pixel are
omitted. NCM03-V also supports ITU-R BT.601 YCsCrformat which is a scaled, offset version of YUV. Y is the same in both formats but the

CsCris formed as follows.

Cs=0564 (B-Y)+128
Cr=0.713(R-Y }+ 128

|U1 ‘Y1 |V1 |Y2 ‘UQ |Y3 |V3 ‘Y4 ||

4:2:2 YUV data sequence.
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Data and Synchronization Timing

the default data sequence of NCM03-V. In [ Fig. 2 ] Hsync / PCLK polarity can have any combinations possible. Data can be latched at the
rising or falling edge of PCLK. Hsync can be set to be active high or active low. The sequence default YUV datais [UY, V, Y, --] for

common even / odd rows.

The width of Hsync can beprogrammed by windowx1 / x2( Reg. A-08h, 09h, 0Ch, ODh ) and given by
Hsync Width = windowx2—-windowx1 + 1

Data value can be selected in Invalid or blanking region . ( RegB—AEh ~ B6h )

Hsync Width = window x2 — window x1 + 1(pclk)

v NN I

DATAAB):(U):(Y):(V):(Y):(U :XY);(U):(Y):(

*VXFF

Timing diagram for Hsync, MCLK, PCLK and Data ( YUV mode : default )

The default sequence Bayer data is [RGRG: -] for even rows and [GBGB:-*] for odd rows.

Hsync Width = window x2 — window x1 + 1(pclk)

1
|
)
Hsync /I

A AVAY AYAY AR A VAT AVAWAN

DATAE) _AB X R

DATAQ) _AB X G

Timing diagram for Hsync, MCLK, PCLK and Data ( Bayer mode )

[Fig2]
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In [ Fig 3 ], Vsync polarity also can have any combinations possible and can be set to be active high or active low. The width of Vsync can be

programmed by vsyncstart / vsyncstop( RegA-10h ~ 13h ) and given by

Vsync Width = ( vsyncstop —vsyncstart).

The width of Vreference can be programmed by register windowy1 / y2( Reg A—0Ah, 0Bh, OEh, OFh )and given by

Vreference width = (window Y2 — window Y1)

Vreference %

Vreference width = (window Y2 — window Y1)

Vdync(def.) %

Vsync width = (vsync stop — vsync start)

U L T e

<> <>
1 line time Hsync Width =
=(frame width + 1) X pck Window X2 — window X1

[Fig3]Timing diagram for Vsync and Hsync
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Scaling
* @ —r———r———@ ®  Full image pixel locations
::i::i::i:f:::f:i::i::::E:f:::t:i::i:i:li:. X points = 32 * M
I D O O I I I A Y points = 32 * N
Whrere, M & N is integer (0, 1, 2,..)
R 0
O O DU NV O O DN I O NI O O Scaled image sampling points
::i: :i:]::]::;::[:i:::]::é:;::ﬁ:i: :i:]:: X Sampling points = reg scale_X * P
RN O O O G O Y Sampling points = reg scale Y * Q
‘-_:_ _:":":_:":":_;_:":_:":":_ _:":_" Where, P, Q is integer (0, 1,2, ..)

—Example
Free Scaling Reg scale x = 40

Reg scale y =48

( reg window x1, reg window y1 )

minimum = (1, 1)

# of columns

#of rows

( reg window_x2, reg window y2 )
maximum = (648, 488)

Effective Image Size

Effective Image. # of columns = reg window.x2 —reg window_x1 +1

Effective Image. # of rows = reg window y2 —reg window y2 + 1
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VSYNC J \_
N AVAVAVAVAVAVAVAVANEEAVAVAVAVAVAVAVAVAVANES

VGA / CIF scaling case : default

VSYNG .
v A A AN AN AN ANEA N ANV ANYA

QVGA / QCIF scaling case

VSYNC J \_
HSYNC /—\ /—\ /—\_ /—\ /—\ /—\

QQVGA scaling case

Timing diagram for VSYNC and HSYNGC ( scaling modes )
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DATA AB.UXYXVXYE YXUXYXVXYE Y.UXY*VXYEF

DATAA£>:( U XY >:(::>:( Vv X Y XU :X Vv X Y XFF

DATA A;X U X:: Y \ Vv :X Y X: FF

Timing diagram for PCLK and Data ( scaling modes )
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2—-wire Serial Interface Description

The registers of NCM03-V are written and read through the 2—wire Serial Interface. The NCMO3-V has 2—wire Serial Interface slave. The
NCMO3-V is controlled by the Register Access Clock (SSCLK), which is driven by the 2—wire Serial Interface master. Data is transferred into and
out of the NCMO3-V through the Register Access Data (SSDAT) line. The SSCLK and SSDAT lines are pulled up to VDD by a 2k &2 off—chip
resistor. Either the slave or master device can pull the lines down. The 2—wire Serial Interface protocol determines which device is allowed to pull
the two lines down at any given time.

Start bit

The start bit is defined as a HIGH to LOW transition of the data line while the clock line is HIGH.

Stop bit

The stop bit is defined as a LOW to HIGH transition of the data line while the clock line is HIGH.

Slave Address

The 8-bit address of a 2-wire Serial Interface device consists of 7-bit of address and 1-bit of direction. A ,0" in the LSB of the address indicates
write mode, and a , 1" indicates read-mode.

Data bit transfer

One data bit is transferred during each clock pulse. The SSCLK pulse is provided by the master. The data must be sGroup During the HIGH
period of the SSCLK : it can only change when the SSCLK is LOW. Data is transferred 8 bits at a time, followed by an acknowledge bit.
Acknowledge bit

The receiver generates the acknowledge clock pulse. The transmitter ( which is the master when writing, or the slave when reading ) releases the
data line, and receiver indicates an acknowledge bit by pulling the data line low during the acknowledge clock pulse.

No—-acknowledge bit

The no—acknowledge bit is generated when the data line is not pulled down by the receiver during the acknowledge clock pulse. A
no—acknowledge bit is used to terminate a read sequence.

Sequence

A typical read or write sequence begins by the master sending a start bit. After start bit, the master sends the slave device"'s 8—bit address. The
last bit of the address determines if the request will be a read or a write, where a ,0" indicates a write and a , 1" indicates a read. The slave device
acknowledges its address by sending an acknowledge bit back to the master. If the request was a write, the master then transfers the 8-bit
register address to which a write should take place. The slave sends an acknowledge bit to indicate that the register address has been received.
The master then transfers the data 8 bits at a time, with the slave sending an acknowledge bit after each 8 bits. The NCM03-V uses 8 bit data for
its internal registers, thus requiring one 8-bit transfer to write to one register. After 8 bits are transferred, the register address is automatically
incremented, so that the next 8 bits are written to the next register address. The master stops writing by sending a start or stop bit. A typical
read sequence is executed as follows. First the master sends the write—-mode slave address and 8-bit register address just as in the write
request. The master then sends a start bit and the read-mode slave address. The master then clocks out the register data 8 bits at a time. The
master sends an acknowledge bit after each 8—bit transfer. The register address is auto—incremented after each 8 bit is transferred. The data

transfer is stopped when the master sends a no—acknowledge bit.
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2—-wire Serial Interface Functional Description

Single Write Mode operation

| S | SLAVE ADDRESS

|W |A |REGISTERADR |A |DATA |A |P |

Multiple Write Mode (Register address is increased automatically) operation

| s | siave aporess |w [ [recisterADR |a  [oatA [a ]
| Dara | A | | Data | a]P |
Single Read Mode operation
(5 s arms B S
I T L PR M

Multiple Read Mode (Register address is increased automatically ) operation

| s | sLave ApoRess

| wla |reasteraor | A |

| sr | sLave appress [R [ A [Dara NEAS [A ]
| DATA | A | DATA | NA | P |
I:I From master to slave I:I Form slave to master

S: Start condition. Sr : Repeated Start ( Start without preceding stop. )
SLAVE ADDRESS: write address = DCh = 11011100b
read address = DDh = 11011101b

R/W: Read/Write selection. High =read / LOW = write.
A: Acknowledge bit. NA : No Acknowledge.

DATA: 8-bit data

P: Stop condition

Note 1: Continuous writing or reading without any interrupt increases the register address automatically. If the address is increased above

valid register address range, further writing does not affect the chip operation in write mode. Data from invalid registers are undefined in read

mode.

AEBHRRH STV FE TR,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,

Flo. KEBHZ & - T, BN AEICBET 2 TEFTAMEDO RIS, £ OMOMERIC N T 2RIEZBOTZHDOTIIH Y T A,

AR I a ARSI a v RS
Ver : 0.3
13



CONFIDENTIAL
NCMO3-V/4" I VGA 7 Z 1V H ) CMOS T A FEY 2—)L)
Register Tables —A

F Y

NIPPON
CHEMI-CON

Address  |Register name Default  [type  |Description
00 Device ID H 0xAQ RO .
Device ID

01 Device ID L 0x30 RO
02 Rev Number 0x00 RO Revision number
03 Bank 0x40 RW Bank Selector
04 Fi i

rame width H 0x03 RW Frame Width
05 Frame width L 0x59 RW
06 Frame Height H 0x02 RW .

- Frame Height

07 Frame Height L 0x0C RW
08 Window X1 H 0x00 RW ) "

- Window X1 position
09 Window X1 L 0x05 RW
0A Window Y1 H 0x00 RW ) "

- Window Y1 position
0B Window Y1 L 0x05 RW
0C Window X2 H 0x02 RW i "

- Widonw X2 position
0D Window X2 L 0x84 RW
OE Window Y2 H 0x01 RW ) "

Window Y2 position

OF Window Y2 L OxE4 RW
10 Vsyno Start Row H 000 RW Out put Vsync Start position (Row)
1 Vsync Start Row L 0x16 RW
12 \Z Stop Row H 0x01 RW

SYNC Stop Tow X Out put Vsync Stop potion (Row)
13 Vsync Stop Row L OxF6 RW
14 \Z Coll H 0x00 RW

Syne oumn X Out put Vsync Start/Stop position (Column)
15 Vsync Cloumn L 0x10 RW
17 Int time H 0x00 RW ., 4 .

- Integration Time (line)

18 Int time M 0x80 RW
19 Int time L 0x00 RW Integration Time (column)
1A Global Gain 0x00 RW Analog Global Gain
1B Global Gain 0x40 RW Digital Gain
36 AE FWXT H 000 i AE Window x1 position
37 AE FWX1 L 0x05 RW
38 AE FWX2 H 0x02 RW AE Window X2 ppsition
39 AE FWX2 L 0x84 RW
SA AE FWY1 H 000 RW AE Window Y1 position
3B AE FWY1 L 0x05 RW
SC AE FWY2 H 001 a AE window Y2 position
3D AE FWY2 L OxE4 RW
SE AE CWX1 H o N AE Center Window X1 position
3F AE CWX1 L 0xDA RW
40 AE CWX2 H 00} RW AE Center Window X2 position
41 AE CWX2 L OxAF RW
42 AE CWY1 H 000 RW AE Center Window Y1 position
43 AE CWY1 L OxAS RW
A AE CWY2 H 001 RW AE Center Window Y2 position
45 AE CWY2 L 0x44 RW
46 AWB FWXT H 000 RW AWB Window X1 position
47 AWB FWX1 L 0x05 RW
48 AWB FWX2 H 002 RW AWB Window X2 position
49 AWB FWX2 L 0x84 RW
A AWB FWY1 H 000 RW AWB Window Y1 position
4B AWB FWY1 L 0x05 RW
40 AWB FWY2 H 001 RW AWB Window Y2 position
4D AWB FWY2 L OxE4 RW
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Register Tables —A

Address  |Register name Default  [type |Description

e AWB CWX1 H 000 RW IAWB Center Window X1 position
4AF AWB CWX1 L 0xDA RW

%0 AWB CWXZ H 001 RW IAWB Center Window X2 position
51 AWB CWX2 L OxAF RW

52 AWB CWY1 H 000 RW IAWB Center Window Y1 position
53 AWB CWY1 L O0xAS RW

o4 AWB OWY2 H 001 RW IAWB Center Window Y2 position
55 AWB CWY2 L O0x44 RW

59 Pad Control 0x59 RW Pad Control

67 Soft Reset 0x00 RW Soft Reset

68 Clkdiv 0x00 RW Clock Divider

6A Bayer Control 1 0x07 RW Bayer Control Registers
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Register Tables —B

Address  |Register name Default  [type |Description
00 Device ID H 0xAQ RO .
- Device ID
01 Device ID L 0x30 RO
02 Rev Number 0x00 RO Revision number
03 Bank 0x00 RW Bank Selector
04 ISP Func 0 OxF7 RW
05 ISP Func 1 OxFB RW
06 ISP Func 2 0x00 RW ISP Function Control
07 ISP Func 3 OxA1 RW
08 ISP Func 4 0x00 RW
0B TP Control 0 0x00 RW Test Pattern Control
13 Lens Red E 0x51 RW
14 Lens Red W 0x51 RW
15 Lens Red N 0x51 RW
16 Lens Red S 0x51 RW
17 Lens G1 E 0x51 RW
18 Lens G1 W 0x51 RW
19 Lens GI N 0x51 RW
1A Lens G1 S sl RW Lens Shading Compensation Scale
1B Lens G2 E 0x51 RW
1C Lens G2 W 0x51 RW
1D Lens G2 N 0x51 RW
1E Lens G2 S 0x51 RW
1F Lens Blu E 0x51 RW
20 Lens Blu W 0x51 RW
21 Lens Blu N 0x51 RW
22 Lens Blu S 0x51 RW
23 Lens pwl 0 0x80 RW
24 Lens pwl 1 0x82 RW
25 Lens pwl 2 0x84 RW
26 Lens pwl 3 0x88 RW
27 Lens pwl 4 0x8C RW
28 Lens pwl 5 0x90 RW
29 Lens pwl 6 0x94 RW
2A Lens pwl 7 0x98 RW
2B Lens pwl 8 0x9C RW
2C Lens pwl 9 0xAO RW
2D Lens pwl 10 0xA4 RW
2E Lens pwl 11 0xA8 RW
2F Lens pwl 12 OXAC RW Lens Shading Compensation PWL Gain
30 Lens pwl 13 0xBO RW
31 Lens pwl 14 0xB4 RW
32 Lens pwl 15 0xB8 RW
33 Lens pwl 16 0xBC RW
34 Lens pwl 17 0xCO RW
35 Lens pwl 18 0xC4 RW
36 Lens pwl 19 0xC8 RW
37 Lens pwl 20 0xCC RW
38 Lens pwl 21 0xDO RW
39 Lens pwl 22 0xD4 RW
3A Lens pwl 23 0xD8 RW
3B Lens pwl 24 0xDC RW

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X~ T, RHENFICET 2 TEFAEOEM ., T OMOMEFNZIWT D HRIEE

BOTHLDOTIIH Y FHEA,

AR I a ARSI a v RS
Ver : 0.3
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CONFIDENTIAL
NCMO3-VA/4"RIVGA 7V Z V7)) CMOS I AT EY 2—)L)

F Y

NIPPON
CHEMI-CON

Register Tables —B

Address  |Register name Default  [type |Description

40 Lens Gain R 0x00 RW

A Lens Ga!n Gl 000 RW Lens Shading Compensation Gain
42 Lens Gain G2 0x00 RW

43 Lens Gain B 0x00 RW

44 Lens RX 0x00 RW

45 LensRY 0x00 RW

46 Lens G1 X 0x00 RW

47 Lens G1 Y 000 RW Lens Shading Compensation Center Position
48 Lens G2 X 0x00 RW

49 Lens G2Y 0x00 RW

4A Lens B X 0x00 RW

4B LensBY 0x00 RW

4E Format 0x00 RW Format Control

54 Led Center 0x00 RW

55 Led Lvth1 0x00 RW

56 Led Lvth2 0x00 RW Led Gontrol Register

57 Led Lvth3 0x00 RW

58 Led Lvth4 0x00 RW

59 Led Frame 0x80 RW

5E Edge Gain 0x20 RW Edge Enhancement Gain
62 CCR M11 0x45 RW

63 CCR M12 0xAQ RW

64 CCRM13 0x85 RW

65 CCR M21. 0x8F RW

66 CCR M22 0x45 RW Color Correction Matrix Value
67 CCR M23 0x96 RW

68 CCR M31 0x84 RW

69 CCR M32 0x94 RW

6A CCR M33 0x38 RW

6D YGM YO 0x00 RW

6E YGM Y1 0x0B RW

6F YGM Y2 0x17 RW

70 'YGM Y3 0x22 RW

71 YGM Y4 0x2E RW

72 'YGM Y5 0x40 RW

73 YGM Y6 0x50 RW

74 YGM Y7 Ox6E RW 'Y Gamma Refarence Registers
75 'YGM Y8 0x88 RW

76 'YGM Y9 OxAE RW

77 YGM Y10 0xCA RW

78 YGM Y11 0xDC RW

79 YGM Y12 OxEC RW

7A 'YGM Y13 OxF6 RW

7B YGM Y14 OxFF RW

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X~ T, RHENFICET 2 TEFAEOEM ., T OMOMEFNZIWT D HRIEE

BOTHLDOTIIH Y FHEA,

AR I a ARSI a v RS
Ver : 0.3
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CONFIDENTIAL

NCMO3-VA/4"RIVGA 7V Z V7)) CMOS I AT EY 2—)L)

F Y

NIPPON
CHEMI-CON

Register Tables —B

Address  |Register name Default  [type |Description

7E CBMY 0 0x00 RwW

TF CBMY 1 0x0B RW

80 CBMY 2 0x17 RW

81 CBMY 3 0x22 RW

82 CBMY 4 O0x2E RW

83 CBMY 5 0x40 RW

84 CBMY 6 0x50 RW

85 CBMY7 Ox6E RW RGB Gamma Reference Regisers
86 CBMY 8 0x88 RW

87 CBMY 9 OxAE RW

88 CBMY 10 OxCA RW

89 CBMY 11 0xDC RW

8A CBMY 12 OxED RW

8B CBMY 13 OxF6 RW

8C CBMY 14 OxFF RW

8F Sketch Offset 0x8C RW  [Sketch Offset

93 Scale X 0x20 RW Scale Gontrol

94 Scale Y 0x20 RW

9D Y Contrast 0x40 RW Y Contrast

9E Y Brightness 0x00 RW Y Brightness

9F Y max OxFE RwW Y max

AF Sync CcirFF OxFF RW

BO Sync Ccir00 0x00 RW

B1 Sync Ccir80 0x80 RW

B2 Sync Ccir10 0x10 RW CCIR656 Control

B3 Sync Blank SAV 0xB6 RW

B4 Sync Blank EAV 0x9D RW

B5 Sync Active SAV 0xAB RW

B6 Sync Avtive EAV 0x80 RW

B8 Sync control 1 0x00 RW Sync Control

FO Fd Period AH 0x00 RW

F1 Fd Period AM 0x83 RW Flicker Period for state A
F2 Fd Period A L 0x45 RW

F3 Fd Period B H 0x00 RW

F4 Fd Period B M 0x9D RW  |Flicker Period state B

F5 Fd Period B L 0x86 RW

Fé Fd Period CH 003 IRW |y er Period for 1/20 sec
F7 Fd Period C M 0x13 RW

Fe Fd theight AH 002 RV | ame Height for ficker State A
F9 Fd Fheight A L 0x0C RW

FA Fd theight B H 002 RV | me Height for ficker State B
FB Fd fheight b L 0x32 RW

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X~ T, RHENFICET 2 TEFAEOEM ., T OMOMEFNZIWT D HRIEE

BOTHLDOTIIH Y FHEA,

AR I a ARSI a v RS
Ver : 0.3
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CONFIDENTIAL

NCMO3-VA/4"RIVGA 7V Z V7)) CMOS I AT EY 2—)L)

Register Tables —C

Address  |Register name Default  [type |Description
00 Device ID H 0xAQ RO .
- Device ID
01 Device ID L 0x30 RO
02 Rev Number 0x00 RO Revision number
03 Bank 0x00 RW Bank Selector
04 Auto Control 1 0x98 RW  |Auto Contorl Registers
0D Ext Inttime H 0x00 RW
OE Ext Inttime M 0x80 RW Manual Integration Time For Exteral AE Mode
OF Ext Inttime L 0x00 RW
10 Ext ghe H 001 RW Manual Lineargain for External AE Mode
1 Ext glbg L 0x00 RW
12 Exposure T 0x00 RW
13 Exposure H 0x00 RW .
Exposure Regisers
14 Exposure M 0x80 RW
15 Exposure L 0x00 RW
16 Exp FrmH H 002 RW Exposure Frame Height
17 Exp FrmH L 0x0C RW
18 Midfrm Height H 0x04 RW
19 Midfrm Height L 0x18 RW
1A Maxfrm Height H 0x08 RW
1B Maxfrm Height L 0x30 RW
1C Minexp H 0x00 RW
1D Minexp M 0x00 RW
1E Minexp L 0x0C RW  |AE Reference Regisers
1F Midexp T 0x00 RW
20 Midexp H 0x20 RW
21 Midexp M 0xCO RW
22 Maxexp T 0x00 RW
23 maxexp H 0x41 RW
24 Maxexp M 0x80 RW
30 AE Weight C 0x0C RW AE Conter Weight
31 AE Weight P 0x34 RW  |AE Peripheral Weight
SA M.ax il 0x70 RW Min/Max Ytarget Reference
3C Min yt1 0x70 RW
48 AE Up Speed 0x08 RW /AE Upside Speed
49 AE Down Speed 0x0C RW IAE Downside Speed
4A AE Lock 0x02 RW  |AE Lock Range
L AWB Reratio 080 RW__ | g Ratio (AWB Target
76 AWB Bgratio 0x80 RW
78 AWB Lock 0x02 RW  |AWB Lock Range
79 AWB Speed 0x08 RW AWB Speed
7B AWB Rgain Min 1 0x00 RW
7C AWB Rgain Min 2 0x00 RW
7D AWB Rgain Max 1 OxFF RW
7E AWB Rgain Max 2 OxFF RW
F AWB Bgain Min 1 0x00 RW
80 ANB Bga!n Min 2 000 RW AWB Min/Max Clamping Reference
81 AWB Bgain Max 1 OxFF RW
82 AWB Bgain Max 2 OxFF RW
83 AWB Cmp th1 H 0x02 RW
84 AWB Cmp th1 L 0x03 RW
85 AWB Cmp th2 H 0x04 RW
86 AWB Cmp th2 L 0x06 RW

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X~ T, RHENFICET 2 TEFAEOEM ., T OMOMEFNZIWT D HRIEE

BOTHLDOTIIH Y FHEA,

F Y

NIPPON
CHEMI-CON

ARSI a3 a7 2 2 R

Ver : 0.3
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CONFIDENTIAL

NCMO3-VA/4"RIVGA 7V Z V7)) CMOS I AT EY 2—)L)

F Y

NIPPON
CHEMI-CON

Register Tables —C

Address  |Register name Default  [type |Description
9D User cs 0x20 RW User cs gain
9E csll1 0x25 RW
9F cs12 0x00 RW .

cs Matrix
AOQ cs21 0x00 RW
Al cs22 0x25 RW

AN FEH STV E TR,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

ARSI a3 a7 2 2 R

Ver : 0.3
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CONFIDENTIAL c:él;l;‘gg"
NCMO3-VU/R VGA T #)VH T CMOS I A TFEY 2—)L)
M DevicelD, RevNumber, Register Selector

Address (Register name Default [type |Description
00 Device ID H 0xA0 [RO )
Device ID
01 Device ID L 0x30 RO
02 Rev Number 0x00 RO |Revision number
03 Bank 0x40 RW [Bank Selector

DevicelD, RevNumber, Register Selector
Indicate PO8030K device ID, reversion number, Register Select.
Common registers of Group A(00h) / B(O1h) / C(02h) / D(O3h).

M FrameWidth, FrameHeight

Address |Register name Default [type |Description

04 Frame width H 0x03 RW i
Frame Width

05 Frame width L 0x59 RW

06 Frame Height H 0x02 RW )
Frame Height

07 Frame Height L 0x0C [RW

FrameWidth, FrameHeight
FrameWidth is the number of columns to be counted during one line time. FrameHeight is the number of rows. Column (or Row) counter
value is incremented 1 by 1 until it reaches FrameWidth (or FrameHeight), then it is reset to 0. FrameHeight and FrameWidth determines the

frame rate. Frame rate is given as follows.

Frame Rate = freq (PCLK) / ( ( FrameHeight +1) X ( FrameWidth+1 ) )

For example, If Pixel clock ( PCLK ) = 13.5 MHz, FrameHeight = 857d and FrameWidth = 524d, then, the frame rate is 30 fps for CIF Mode. If
you double the Frame Height , you cut the frame rate by half.

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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CONFIDENTIAL
NCMO3-VU/R VGA T #)VH T CMOS I A TFEY 2—)L)
EWindow
Address  |Register name Default  [type |Description
08 Window X1 H 0x00 RW

Window X1 position
09 Window X1 L 0x05 RW
0A Window Y1 H 0x00 RW

Window Y1 position
0B Window Y1 L 0x05 RW
0C Window X2 H 0x02 RW

Widonw X2 position
0D Window X2 L 0x84 RW
OE Window Y2 H 0x01 RW

Window Y2 position
OF Window Y2 L OxE4 RW

Window

Window can be defined by 4 parameters : WindowX1, WindowY 1, WindowX2, and WindowY?2. Serial image data stream out pixel by pixel.

Window specifies the area of pixels that we are interested in. Hsync signal indicates if the image data output is from a pixel that lies within

the window area or not. Output data stream does not stop for pixels lying outside the window : just the Hsync signal is de—asserted. The

actual window position in the frame is given as ,

upper right comer = ( Window X1 + 1, Window Y1)
lower left corner = ( Window X2, Window Y2 -1 )

All the coordinates are with respect to the maximum window origin (0, 0) . Window position and size are with respect to the full sampling

mode. It is not necessary to change the window parameters when sampling mode is switched between one and another.

B Vsync Row Start/Stop, Vsync Column Start

Address  |Register name Default  [type  |Description
10 Vsync Start Row H 0x00 RW
Out put Vsync Start position (Row)
11 Vsync Start Row L 0x16 RW
12 Vsync Stop Row H 0x01 RW
Out put Vsync Stop potion (Row)
13 Vsync Stop Row L 0xF6 RW
14 Vsync Column H 0x00 RW
Out put Vsync Start/Stop position (Column)
15 Vsync Cloumn L 0x10 RW

Output Vsync Generation
Output Vsync Row Start/Stop points and Column Start point

VSNC

Rcount

-1 [
!

Vsync Start

AN FEH STV E TR,

Vsync Start Column

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

ARSI a3 a7 2 2 R
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CONFIDENTIAL
NCMO3-VU/R VGA T #)VH T CMOS I A TFEY 2—)L)
M integration time

Address Register name Default  |type |Description
17 Int time H 0x00 RW
Integration Time (line)
18 Int time M 0x80 RW
19 Int time L 0x00 RW  [Integration Time (column)

integration time

NIPPON
CHEMI-CON

There are 3 bytes of registers to control the photo—charge accumulation interval for each pixel. 17h and 18h registers indicate how many line

times the integration will continue until they are all reset. 19h register further sub—divides one line time into 256 smaller intervals. Total

integration time is the sum of the integral multiple and fractional parts of one line time. As the row counter value is incremented from 0 to

FrameHeight, each line relevant to the row count is selected and all pixel data of that line is read out all at once. The read—out operation

involves pixel reset pulses, so all pixels that are selected and read out are reset to initial states. To control exposure time, there runs another

counter to select and reset a line other than the one that is selected to be read out. The space between the two lines is equal to the number

of integration lines. There are two possible situations conceming the position of selected line and reset line. The 1st case is where the

pre—reset counter runs ahead of read—out counter. And the other case Is just the reverse of the 1st one. The number of integration lines is
different for the two cases as is shown in the left figures. Since the basic unit of integration time for PO8030K is 1/ 256 line time, it is easy to

implement Auto Exposure algorithms without worrying about strong light environment where the image may change abruptly in brightness or
it may even blink

Selected Line

Pre-reset Line

Frame Width

Integration

A 4

Integration

Frame Height

Reset line preceding select line

AN FEH STV E TR,

Integration

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
Flo. KEBHZ & - T, BN AEICBET 2 TEFTAMEDO RIS, £ OMOMERIC N T 2RIEZBOTZHDOTIIH Y T A,

Prereset Line

selected Line

Select line preceding reset line

AR I a ARSI a v RS
Ver : 0.3
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CONFIDENTIAL cﬂéi'ff?%'u
NCMO3-VU/R VGA T #)VH T CMOS I A TFEY 2—)L)
M Global gain
Address Register name Default  |type |Description
1A Global Gain 0x00 RW Analog Global Gain
global gain

GlobalGain has effect on all of R, G, and B pixel outputs. Raw R, G, B data are amplified by a common factor of GlobalGain. The relation

between GlobalGain and amplification factor is shown in the picture below

Maximum value of GlobalGainis 1001111. Gain factors for GlobalGain larger than or equal to 1010000 are not defined.

Gain( x )

32

16 |-

8

4

2 L

]_.
[ I I
o 9 o 9 ~
S 5 & & =
88 38 8 =
S =2 & 3 9
S o = & &
o o o —= 0~

M Digital gain

Address Register name Default  |type  |Description

1B Global Gain 0x40 RW Digital Gain
digital gain

Digital gain has effect on all of R, G, and B pixel outputs. Raw R, G, B data are amplified by a common factor of Digital Gain. The relation
between Digital Gain and amplification factor is shown in below.

amplicationfactor = digjtal gain / 64 [x]

AN FEH STV E TR,
£, AERHZ X~ T,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
RLRAN AT BT 2 LI A MO TR FFEC, € OMOMERIC oW T DIREAEZ RO b DO TIEH Y EHA,

ARSI a3 a7 2 2 R

Ver : 0.3
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CONFIDENTIAL N \ il
NCMO03-V(1/4" I VGA 7~ # )V Hi71 CMOS I A FEY =—/)L)

HEWhite balance gain

Address Register name Default  |type |Description

23 Wwb_rgain 0x5D RW

24 Wb_ggain 0x40 RW White Balance Gain(normalized)

25 wb_bgain Ox5E RW

white balance red/green/blue gain
White Balance Red gain :

RedGainis the multiplication factor for red pixel output. Total gain factor for red pixels is ( gain from GlobalGain) * ( gain from Digitalgain / 64 ) *
( gain from RedGain/ 64 ) .
White Balance Green gain :
G1/G2 pixels which are amplified by this register are those green pixels whose nearest neighbors are red pixels or blue pixels. Green Gain

operates as similar as RedGain.

White Balance Blue gain :

BlueGainoperates as similar as RedGain.
These registers are controlled automatically by AWB function as default.

Gain( x )

- N W N
!

R/G/B Gain

0000000

0100000 [—
1000000 [—
1100000 [—
111111 [~

R / G / B gain can be used for white balance control. Bit7 of R/G/B Gainis weighted by 2, bit6 by 1 and the other consecutive bits are weighted

by 1/2,1/4,1/8, --- respectively. That is, R/G/B gainis a binary number with decimal point between bit6 and bit5.

AN FEH STV E TR,

Flo. KERHZE - T,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
RLRAN AT BT 2 LI A MO TR FFEC, € OMOMERIC oW T DIREAEZ RO b DO TIEH Y EHA,

AR I a ARSI a v RS
Ver : 0.3
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CONFIDENTIAL CHI'E';'I’:ESH
NCMO3-VU/R VGA T #)VH T CMOS I A TFEY 2—)L)
B AE windows
Address  |Register name Default  [type |Description
36 AE FWX1 H 0x00 RW
AE Window x1 position
37 AE FWX1 L 0x05 RW
38 AE FWX2 H 0x02 RW
AE Window X2 ppsition
39 AE FWX2 L 0x84 RW
3A AE FWY1 H 0x00 RW
AE Window Y1 position
3B AE FWY1 L 0x05 RW
3C AE FWY2 H 0x01 RW
AE window Y2 position
3D AE FWY2 L OxE4 RW
3E AE CWX1 H 0x00 RW
AE Center Window X1 position
3F AE CWX1 L 0xDA RW
40 AE CWX2 H 0x01 RW
AE Center Window X2 position
a1 AE CWX2 L OxAF RW
42 AE CWY1H 0x00 RW
AE Center Window Y1 position
43 AE CWY1 L 0xAS RwW
44 AE CWY2 H 0x01 RW
AE Center Window Y2 position
45 AE CWY2 L 0x44 RW
AE windows

(AE FWX 1, AE FWY 1)

(AE CWX1_, AE CWY 1)

/

— |

(AE CWX 2, AE CWY 2)

(AE FWX 2, AE FWY 2)

AE periphery window

AE center window

Full AE window and Center AE window are used to select and differentiate pixel waiting into the AE function for back light compensation.

AN FEH STV E TR,

£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,

AR I a ARSI a v RS
Ver : 0.3
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CONFIDENTIAL CHI'E';'I’:ESH
NCMO3-VU/R VGA T #)VH T CMOS I A TFEY 2—)L)
BAWB windows
Address  |Register name Default  [type |Description
46 AWB FWX1 H 0x00 RW
AWB Window X1 position
47 AWB FWX1 L 0x05 RW
48 AWB FWX2 H 0x02 RW
AWB Window X2 position
49 AWB FWX2 L 0x84 RW
4A AWB FWY1 H 0x00 RW
AWB Window Y1 position
4B AWB FWY1 L 0x05 RW
4C AWB FWY2 H 0x01 RW
AWB Window Y2 position
4D AWB FWY2 L OxE4 RW
AE AWB CWX1 H 0x00 RW
AWB Center Window X1 position
4F AWB CWX1 L 0xDA RW
50 AWB CWX2 H 0x01 RW
AWB Center Window X2 position
51 AWB CWX2 L OxAF RW
52 AWB CWY1 H 0x00 RW
AWB Center Window Y1 position
53 AWB CWY1 L OxAS RW
54 AWB CWY2 H 0x01 RW
AWB Center Window Y2 position
55 AWB CWY2 L 0x44 RW
AWB windows

(AWB FWX 1, AWB FWY 1)

(AWB CWX 1, AWB GWY 1) / AWB periphery window

AWB center window

— |

(AWB CWX 2, AWB CWY 2)

(AWB FWX 2, AWB FWY 2)

Full AWB window and Center AWB window are used to select and differentiate pixel waiting into the AWB function for controlling

insensibility into center area.

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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CONFIDENTIAL ‘ il
NCMO03-V(1/4" I VGA 7~ # )V Hi71 CMOS I A FEY =—/)L)
W Pad control
Address  |Register name Default  [type |Description
59 Pad Control 0x59 RW  |Pad Control
Regiser bit [Name Default  |Description
Regiser stdby on/off
7 stdby 0 1: Stdoy Mode
0:Normal Mode
Data output pad hiz on/off
6 hiz 1 1:hiz
0:not hiz
5 1 stdby data output pad level selector
0x59 T stadby level 0 (1x: hiz. 01 high, 00:low)
clock kill control register
3 clk off 0 1: clock kill
0:not kill
2 X 0 Reserved
1 X 0 Reserved
0 X 0 Reserved

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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NIPPON
CHEMI-CON

CONFIDENTIAL

NCMO3-VU/R VGA T #)VH T CMOS I A TFEY 2—)L)
M Soft reset

Address  |Register name Default  [type |Description
67 Soft Reset 0x00 RW Soft Reset
M Clock divider

Address  |Register name Default  [type |Description
68 Clkdiv 0x00 RW Clock Divider
Clock divider

Clkdiv Divide ratio

00h MCLK

01h MCLK % (2/3)

02h MCLK % (1/2)

03h MCLK % (1/3)

04h MCLK x (1/4)

05h MCLK % (1/8)

else MCLK

AN FEH STV E TR,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
Flo. KEBHZ & - T, BN AEICBET 2 TEFTAMEDO RIS, £ OMOMERIC N T 2RIEZBOTZHDOTIIH Y T A,

ARSI a3 a7 2 2 R

Ver : 0.3
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F Y

NIPPON
CHEMI-CON

M Bayer control 01

Address  |Register name Default  [type |Description
6A Bayer Control 1 0x07 RW Bayer Control Registers
Regiser bit Name Default |Description

Vertical mirror on/off
7 vm 0 0:disable
1:Enable

horizontal mirror on/off

6 hm 0 0:disable
1:Enable

0:6A 5 X 0 Reserved

4 X 0 Reserved

3 X 0 Reserved

2 X 1 Reserved

1 X 1 Reserved

0 X 1 Reserved

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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CONFIDENTIAL
NCMO3-V/4" I VGA 7 Z 1V H ) CMOS T A FEY 2—)L)
Register Tables ( Detailed ) : Group B

MISP function control 0

Address  |Register name Default  [type |Description
04 ISP Func 0 OxF7 RW ISP Function Control
Regiser bit Name Default |Description

Lens Shading Compensation

7 lens_en 1 0:Disable

1:Enable
White Balance

6 awb_en 1 0:Disable
1:Enable

5 X 1 Reserved

0x04

4 X 1 Reserved

3 X 0 Reserved

2 X 1 Reserved

Color Correction

1 cecren 1 0:Disable
1:Enable
0 X 1 Reserved

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

F Y

NIPPON
CHEMI-CON

AR I a ARSI a v RS
Ver : 0.3
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CONFIDENTIAL
NCMO3-VA/4"RIVGA 7V Z V7)) CMOS I AT EY 2—)L)

F Y

NIPPON
CHEMI-CON

MISP function control 1

Address  |Register name Default  [type |Description
05 ISP Func 1 OxFB RW ISP Function Control
Regiser bit Name Default |Description

Chrominance Gamma Correction
7 cgm_en 1 0:Disable
1:Enable

Luminance Gamma Correction

6 ygm.en 1 O:Disable
1:Enable
5 X 1 Reserved
0x05
4 X 1 Reserved

Edge Enhancement

3 edge_en 1 0:Disable
1:Enable

2 X 0 Reserved

1 X 1 Reserved

0 X 1 Reserved

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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MISP function control 2

Address  |Register name Default  [type |Description
06 isp_func_2 0x000 RW ISP Function Control
Regiser bit Name Default |Description
7 X 0 Reserved
6 X 0 Reserved
5 X 0 Reserved
4 X 0 Reserved
0x06

3 emboss_en 0 Embossing Effect Enable/Disable
2 | emboss mode 0 Embossing Effect mode selection
1 sketch_en 0 Sketch Effect Enable/Disable
0 X 0 Reserved

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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M Scale of lens shading compensation

Address  |Register name Default  [type |Description
13 Lens Red E 0x51 RW
14 Lens Red W 0x51 RW
15 Lens Red N 0x51 RW
16 Lens Red S 0x51 RW
17 Lens G1E 0x51 RW
18 Lens G1 W 0x51 RW
19 Lens G1 N 0x51 RW
1A Lens G1 S 0x51 RW
Lens Shading Compensation Scale
1B Lens G2 E 0x51 RW
1C Lens G2 W 0x51 RW
1D Lens G2 N 0x51 RW
1E Lens G2 S 0x51 RW
1F Lens Blu E 0x51 RW
20 Lens BluW 0x51 RW
21 Lens Blu N 0x51 RW
22 Lens Blu S 0x51 RW
lens scale Lens Red N
Lens Greenl N
Lens Green2 N
Lens Blue N
4
Lens Red W Lens Red E
Lens Greenl W Lens Greenl E
Lens Green2 W Lens Green2 E
Lens Blue W Lens Blue E
v
Lens Red S PWL gain
Lens Greenl S lone_pwl 24 1)

AN FEH STV E TR,

£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

Lens Green2 S
Lens Blue S

change value of
scale register

lens_pwl 0
»
lens g > >
2 L distance

center 14 >
1

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,

ARSI a3 a7 2 2 R

Ver : 0.3
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BPWL gain of lens shading compensation

Address  |Register name Default  [type |Description
23 Lens pwl 0 0x80 RW
24 Lens pwl 1 0x82 RW
25 Lens pwl 2 0x84 RW
26 Lens pwl 3 0x88 RW
27 Lens pwl 4 0x8C RW
28 Lens pwl 5 0x90 RW
29 Lens pwl 6 0x94 RW
2A Lens pwl 7 0x98 RW
2B Lens pwl 8 0x9C RW
2C Lens pwl 9 0xA0 RW
2D Lens pwl 10 0xA4 RW
2E Lens pwl 11 0xA8 RW
2F Lens pwl 12 OxAC RW Lens Shading Commpensation pwl gain
30 Lens pwl 13 0xBO RW
31 Lens pwl 14 0xB4 RW
32 Lens pwl 15 0xB8 RW
33 Lens pwl 16 0xBC RW
34 Lens pwl 17 0xCO RW
35 Lens pwl 18 0xC4 RW
36 Lens pwl 19 0xC8 RW
37 Lens pwl 20 0xCC RW
38 Lens pwl 21 0xDO RW
39 Lens pwl 22 0xD4 RW
3A Lens pwl 23 0xD8 RW
3B Lens pwl 24 0xDC RW
ens PWL gain
= E
I
I
I
|
I
I
I
I
I
|
I
lens_pwl 1
lens_pwl 0

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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NCMO3-VA/4"RIVGA 7V Z V7)) CMOS I AT EY 2—)L)

M Lens gain & dark lens gain

Address  |Register name Default  [type |Description
3C Dark lens gainr 0x00 RW
3D Dark lens gaing 1 0x00 RW
Lens Shading Compensation gain (Derk filttering)
3E Dark lens gaing 2 0x00 RW
3F Dark lens gainb 0x00 RW
40 Lens Gain R 0x00 RW
41 Lens Gain G1 0x00 RW
Lens Shading Compensation Gain
42 Lens Gain G2 0x00 RW
43 Lens Gain B 0x00 RW

M Origin control of lens shading compensation

Address  |Register name Default  [type |Description
44 Lens R X 0x00 RW
45 LensRY 0x00 RW
46 Lens G1 X 0x00 RW
47 Lens G1Y 0x00 RW
Lens Shading Compensation Center Position
48 Lens G2 X 0x00 RW
49 Lens G2 Y 0x00 RW
4A Lens B X 0x00 RW
4B LensBY 0x00 RW

Lens shading origin control

Lens center

Lens Ry
Lens Grly
Lens Gr2y
Lens By

] ]

] ]
7Fhi 00h FFh i 80h

\ :

1

Lens Rx
Lens Grix
Lens Gr2x

Lens Bx

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,

£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

F Y

NIPPON
CHEMI-CON

AR I a ARSI a v RS
Ver : 0.3
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B Format
Address  |Register name Default  [type |Description
4E Format 0x00 RW  |Format Control
Regiser bit Name Default |Description
00h : CbYCrY
7 0 01h : CrYCbY
02h : YCbYCr
6 0 03h: YCrYCb
10h : RG/GB (Processed ISP)
5 O |11h: GB/RG (Processed ISP)
12h: GR/BG (Processed ISP)
4 0 |13h:BG/GR (Processed ISP)
OdE Format Gontrol 20h : R only (for test only)
3 0 21h : G only (for test only)
22h : B only (for test only)
2 0 30h : RGB565
31h : RGB565 (byte swap)
q 0 32h : BGR565
33h : BGR565 (byte swap)
41h : DPC bayer
0 0 43h : mono (for mono sensor)
44h Y only

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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Output timing diagrams for format register (1/4)

When formatis00h(Cb . Y . Cr . Y ...)

~ Y ~

Cb ...)

AEBHRRH STV FE TR,

Flo. KEBHZ & - T, BN AEICBET 2 TEFTAMEDO RIS, £ OMOMERIC N T 2RIEZBOTZHDOTIIH Y T A,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,

AR I a ARSI a v RS
Ver : 0.3
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Output timing diagrams for format register (2/4)

When format is 10nh(ISP Bayer , RGRG,GBGB. . . )

1 1
1 1
HREF / ! !
1 1

Y AVAYAVAUAW

PCLK

-

|

:

DATAE) _AB X R : G X

S-S
(@]

S>>

(=]

o

DATA(O) _AB X G X R X

o]
>
0
>
oo
=3

When format is 11h(ISP Bayer, GBGB. RGRG. . . )

1

1 1

HREF /! ! !
I I

AV AWAWAWAW AW

PCLK

-

|

:

DATAE) _AB X G X B A

v3]
S -=
(o]
o

DATA(O) _AB X R X G X

-0
>
[9]
>
[S]
=]

When format is 12h (ISP Bayer GRGR. BRBR. . . )

1

1 1

HREF / ! !
1 )

=W AWAWAWVAWAW
\

PCLK

-

|

S

DATAE) __AB X G X R X

S-S
-0

> =

(o]

o

DATA(O) _AB X B X G X

(o8}
>
[@]
>
[=]
=3

When format is 13h(ISP Bayer BGBG. GRGR. . .)

1 1
1 1
HREF /! ! !
I I

AV AWAWAWAW AW

-

:

PCLK . ! \ /: \ I):/ !
DATAE) _AB X B : G X X B X G X 80
DATA(O) _AB X G X R X X G X R X 80

AEBHRRH STV FE TR,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
Flo. KEBHZ & - T, BN AEICBET 2 TEFTAMEDO RIS, £ OMOMERIC N T 2RIEZBOTZHDOTIIH Y T A,

ARSI a3 a7 2 2 R

Ver : 0.3
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Output timing diagrams for format register (3/4)

When format is 30n(R5G3. G3BS5. . .

HREF —/l 1 1 1 1 1 1 1 1

AW AVAWAWAWANERYAWAWAWAWAWAW

STAAWAWAWAWAWANEENYVAWAWAWAW WA

1
| 1 1 1
DATA AB XR5G3 X. G3B5 X. R5G3 X.GSBS X. :X X.RSG3 X. G3B5 X.R5G3 A

When format is 31(G3B5, R5B3. . . )

HREF /
] ] ] ] ] ] ) ]

AW AVAWAWAWANESYAWAWAYAWAWAN

STAAWAWAWAWAWANESIAWAWEWAW WA

1 1 1 1 1
! 1 1 1 1 1 1 !
) )
DATA AB XG.SBS XRSGS X. G3B5 ><. R5G3 ><. x XGBBS X.RSBS XGSBS X, RSBSX 80

When format is 32h(B5G3. G3R5)

HREF /
] ] ) ] ] ] ] ]

WAV AWAVAWASENYEAWAWAWAWAW AW

AW AWAWAWAWANESVAWAWAWAWAWAN

DATA AB ).( B5G3 ).( G3R5 ).( B5G3 >.< G3R5 >.< x >.< B5G3 >.< G3R5 >.< BSG3>K G3R5 ).( 80

When format is 33h(G3R5. B5G3)

HREF —/I 1 1 1 1 1 ] ] ]

AV AVADAWAW LNV AWAWAWAWAW AW

TV AWAWAWRAWIANENAWAWAWAWAWAS

I
!/
DATA AB ).( G3R5 ).( B5G3 ).( G3R5 >.< B5G3 >.< x >.< G3R5 >.< B5G3 >.< G3R5 ).( B5G3 ).( 80

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,

£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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Output timing diagrams for format register (4/4)

When format is 41h (DPC Bayer)

1 1 1

1 1 1

weer ] ! ! !
1 1

W AVAVAVAWANENAWAWAWAWAW AW

A

I
DATA(E)_AB X G : B X ) G

DATA(O) _AB X R X G X X R

When format is 43h(form mono sensor)

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,

£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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NCMO03-V(1/4H VGA = #Z LS CMOS 1 A FF 0 2 — L)

LED1 PAD
A
__________ Y
0 1 1
1 1
1 1
Data led
Reg led Ivth3 Reg led Ivth4
LEDO AD
A
______________________________ A 4
1 1
1 1
1 1
Data led
Reg led Ivthi Reg led Ivth2
bwled
A
______________________________ A4
1 1
1 1
1 1
Data led

Reg led Ivth1 Reg led Ivth2

data_led is analog to digital conversion data of ambient light sensor.
When bwled is 1b, output image is black & white.

When bwled is Ob. output image is hormal.

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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NCMO03-V(1/4" I VGA 7~ # )V Hi71 CMOS I A FEY =—/)L)
M Edge gain

Address  |Register name Default  [type |Description

5E Edge Gain 0x20 RW Edge Enhancement Gain

M Color correction matrix

Address  |Register name Default  [type |Description

62 CCRM11 0x45 RW

63 CCRM12 0xAO RW

64 CCRM13 0x85 RW

65 CCR M21. Ox8F RW

66 CCR M22 0x45 RW Color Correction Matrix Value
67 CCR M23 0x96 RW

68 CCR M31 0x84 RW

69 CCR M32 0x94 RW

6A CCRM33 0x38 RW

AN FEH STV E TR,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,

AR I a ARSI a v RS
Ver : 0.3
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WY gamma coefficient

F Y

NIPPON
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Address  |Register name Default  [type |Description
6D 'YGM YO 0x00 RW

6E 'YGM Y1 0x0B RW

6F YGM Y2 O0x17 RW

70 YGM Y3 0x22 RW

ul YGM Y4 Ox2E RW

72 YGM Y5 0x40 RW

73 'YGM Y6 0x50 RW

74 YGM Y7 Ox6E RW Y Gamma Refarence Registers
75 'YGM Y8 0x88 RW

76 'YGM Y9 OXAE RW

77 YGM Y10 OxCA RW

78 YGM Y11 0xDC RW

79 YGM Y12 OXxEC RW

TA YGM Y13 OxF6 RW

B YGM Y14 OxFF RW

Y gamma coefficient

Y Gamma Correction is applied to luminance signal which ranges from 0 to 255 to compensate non—linear characteristics of display

brightness vs input brightness. In many cases, power function of 0.45 is used as gamma function for CRT display.

AN FEH STV E TR,

Gamma Out

GC3

GC2

GC1

GCOo

0481216 24 32 48 64 96 128 160 192 224 7256

GC : Gamma coefficient

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

ARSI a3 a7 2 2 R

Ver : 0.3
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B RGB gamma coefficient

Address  |Register name Default  [type |Description
TE CBM YO0 0x00 RW

F CBMY 1 0x0B RW

80 CBMY 2 0x17 RW

81 CBMY 3 0x22 RW

82 CBMY 4 0x2E RW

83 CBMY 5 0x40 RW

84 CBMY 6 0x50 RW

85 CBMY 7 Ox6E RW RGB Gamma Reference Regisers
86 CBMY 8 0x88 RW

87 CBMY 9 OxAE RW

88 CBMY 10 0xCA RW

89 CBMY 11 0xDC RW

8A CBMY 12 OXED RW

8B CBMY 13 OxF6 RW

8C CBMY 14 OxFF RW

RGB gamma coefficient

RGB Gamma Correction is applied to chrominance signal which ranges from 0 to 255 to compensate non—linear characteristics of display

color vs input color.

B Sketch offset

Address Register name Default  [type |Description
8F Sketch Offset 0x8C RW  [Sketch Offset
M Scale control
Address  |Register name Default [type  |Description
93 Scale X 0x20 RW
Scale Control

94 Scale Y 0x20 RW
Scale control
scale_x: Horizontal scale factor, 20h = x1
scale_y: Vertical scale factor , 20h = x1
WY contrast & brightness
Address  |Register name Default  [type |Description
9D Y Contrast 0x40 RW Y Contrast
9E Y Brightness 0x00 RW Y Brightness

Y contast & brightness

Luminance (Y) = Conversion Y x reg y_contrast + reg v _brightness
Brightness =[7] : [6:0] = Sign : Magnitude

AN FEH STV E TR,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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B CCIR656 control
Address  |Register name Default  [type |Description
AF Sync CcirFF OxFF RW
BO Sync Ccir00 0x00 RW
B1 Sync Ccir80 0x80 RW
B2 Sync Ccir10 0x10 RW
CCIR656 Control
B3 Sync Blank SAV 0xB6 RW
B4 Sync Blank EAV 0x9D RW
B5 Sync Active SAV 0xAB RW
B6 Sync Avtive EAV 0x80 RW
sync_ccirFF
CCIR data format FFh
sync_ccir00
CCIR data format 00h
sync_ccir80
CCIR data format 80h
sync_ccir1l0
CCIR data format 10h

ccir696 sync index value

EAV and SAV signals are inserted for synchronization purposes.

AN FEH STV E TR,

Address Name Descriotion

B3h Blank SAV Blank Range Start of Vide

B4h BlankEAV Blank Range End of Video

B5h ActiveSAV Active Range Start of Video

B6h ActiveEAV Active Range End of Video
Vsync

w140

Flo. KERHZE - T,

SAV EAV SAV

aEAV  aSAV

---.80 10 80 10 80 10 80 10FF 00 00 XY

n—_
L]

aSAV EAV SAV

aSAV

FF 00 00 XY 80 10 80 10 80 10 80 10

EAV:blank EAV SAV:blank SAV aE:AVActive EAV aSAV:Active SAV

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
RLRAN AT BT 2 LI A MO TR FFEC, € OMOMERIC oW T DIREAEZ RO b DO TIEH Y EHA,

ARSI a3 a7 2 2 R

Ver : 0.3
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M Sync control 1

Address  |Register name Default  [type |Description
B8 Sync control 1 0x00 RW Sync Control
Regiser bit Name Default |Description
7 X 0 Reserved
6 | Sync Vsync Polarity 0 Vsync Polarity Change
5 |Sync Hsync Al Lines| 0 Hsync Output All Lines Enable(Black and Active
4 | Sync Hsync Polarity 0 Hsync Polarity Change
088 3 Sync pclkwindow 0 Pclk Window

2 | Sync Pclk Polarity 0 Pclk Polarity Change
1 X 0 Reserved
0 X 0 Reserved

AN FEH STV E TR,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

ARSI a3 a7 2 2 R

Ver : 0.3
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M Sync control 1

Address  |Register name Default  [type |Description
E6 Flicker Control 1 0x00 RW Flicker Control
Regiser bit Name Default |Description

7 X 0 Reserved

6 fden 0 Flicker Enable

5 X 0 Reserved

4 X 0 Reserved

OxE6

3 manula A 0 Manual A

2 manula B 0 Maunal B

1 X 0 Reserved

0 X 0 Reserved
M Flicker control registers
Address  |Register name Default  [type |Description
FO Fd Period A H 0x00 RW
F1 Fd Period AM 0x83 RW Flicker Period for state A
F2 Fd Period A L 0x45 RW
F3 Fd Period BH 0x00 RW
F4 Fd Period B M 0x9D RwW Flicker Period state B
F5 Fd Period B L 0x86 RW
F6 Fd Period CH 0x03 RW

Flicker Period for 1/20 sec
F7 Fd Period CM 0x13 RW
F8 Fd fheight A H 0x02 RW
Frame Height for flicker State A
F9 Fd Fheight A L 0x0C RW
FA Fd fheight B H 0x02 RW
Frame Height for flicker State B

FB Fd fheight b L 0x32 RW

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X~ T, RHENFICET 2 TEFAEOEM ., T OMOMEFNZIWT D HRIEE

BOTHLDOTIIH Y FHEA,

AR I a ARSI a v RS
Ver : 0.3
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NCMO3-V/4" I VGA 7 Z 1V H ) CMOS T A FEY 2—)L)
Register Tables ( Detailed ) : Group C

(04) AUTO control
Address  |Register name Default  [type |Description
04 Auto Control 1 0x98 RW
Auto Contorl Registers
05 Auto Control 2 0x05 RW

Auto control 1

Regiser bit Name Default |Description

7 X 1 Reserved

6 X 0 Reserved

5 X 0 Reserved

4 X 1 Reserved

3 X 1 Reserved

0x04

2 AWB mode 0 1:Manula mode 0:Auto mode

: 0 00:Auto Exposure mode
01:Manula Exposure mode 1(exposure writing mode)

——  AE mode

0 0 10:Manual Exposure mode 2(extemal mode)

11:Manual Exposure mode 3 (direct writing mode)
Auto control 2
Regiser bit Name Default |Description

7 X 0 Reserved
1:LG&CS auto fitting Enable

6 | LG/CS fitting 0
0:Disable

5 X 0 Reserved

4 X 0 Reserved

0x05

3 X 1 Reserved
1:Auto digital gain calculation mode

2 |digital gain mode| 1
O:manual digital gain mode

1 X 0 Reserved

0 X 1 Reserved

LG/CS fitting (bit6)

LG/CS fitting (bit6) is enable bit for lens gain and CS matrix auto fitting function.
If disable this function, user can control CS matrix (Reg.C-9Eh"A1h) and Lens gain(Reg.B—40"43h) directly.

digitalgain mode (bit2)
digitalgain mode (bit2) is selection bit for digitalgain mode. When auto_control 2[2] is 1b, digitalgain (Reg. A-1Bh) is calculated by auto
exposure block. When auto_control_2[2] is Ob, you can write digitalgain (Reg. A—1Bh) by using I2C. digitalgain mode is operated only auto
exposure mode (auto_control_1[1:0] = 00b).

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
Ver : 0.3
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M Manual integration time for external AE mode

Address  |Register name Default  [type |Description
0D Ext Inttime H 0x00 RW
OE Ext Inttime M 0x80 RW Manual Integration Time For External AE Mode
OF Ext Inttime L 0x00 RW
ext_inttime

When auto_control _1[1:0] (Reg. C-04h) is 10b, you can control integration time by writing external integration time registers. (ext_inttime_h &

ext inttime_m) is line of external integration time. ext_inttime_| is column of extemal integration time.

Set auto_control_1[1:0] to 10b, before writing extemal integration time.

M Manual lineargain for external AE mode

Address  |Register name Default  [type |Description
10 Ext glbg H 0x01 RW
Manual Lineargain for External AE Mode
1 Ext glbg L 0x00 RW
ext_glbg

When auto_control_1[1:0] (Reg. C—04h) is 10b, you can control globalgain by writing external linear globalgain registers. Globalgain is
calculated by external linear globalgain and reference gain (Reg. A-1Dh"21h) in manual exposure mode2. Set auto_control 1[1:0] to 10b,

before writing external integration time. For more information, refer to reference gain (Reg. A—1Dh™21h).

M Exposure
AEEHRRfE ST E ARSI,

£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,

AR I a ARSI a v RS
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Address  |Register name Default  [type |Description
12 Exposure T 0x00 RW
13 Exposure H 0x00 RW
Exposure Regisers

14 Exposure M 0x80 RW
15 Exposure L 0x00 RW

exposure

B AE reference registers
AEBHRRH STV FE TR,

When auto_control_1[1:0] (Reg. C—04h) is 00b, exposure registers are calculated by auto exposure block. Exposure registers are used in

calculating integration time, globalgain and digital gain.

When auto_control_1[1:0] is 01b, you can write exposure registers. Set auto_control_1[1:0] to 01b, before writing exposure registers.

For more information, refer to auto exposure reference registers (Reg. C—16h"24h).

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

ARSI a3 a7 2 2 R
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Address  |Register name Default  [type |Description
16 Exp FrmH H 0x02 RW
Exposure Frame Height
17 Exp FrmH L 0x0C RW
18 Midfrm Height H 0x04 RW
19 Midfrm Height L 0x18 RW
1A Maxfrm Height H 0x08 RW
1B Maxfrm Height L 0x30 RW
1C Minexp H 0x00 RW
1D Minexp M 0x00 RW
AE Reference Regisers
1E Minexp L 0x0C RW
1F Midexp T 0x00 RW
20 Midexp H 0x20 RW
21 Midexp M 0xCO RW
23 maxexp H 0x41 RW
24 Maxexp M 0x80 RwW

AN FEH STV E TR,

AE reference registers

When auto_control_1[1:0] is 00b or 01b, integration time, globalgain and digitalgain is calculated using exposure registers and auto exposure

reference registers.

AE weight

Flo. KERHZE - T,

Digital gain 4

h

1)

Global gain

(10)

)

Integration time

®

0]

, ©€xposure

m @ ® @ ®) ®)

(1) minimum exposure

(2) frame height for exposure

(3) mid frame height for exposure
(4) max frame height for exposure
(5) mid exposure

(6) max exposure

(7) mid integration time = (2)

(8) max integration time = (4)/(9)
(9) mid globalgain = (3)/(2)

(10) max globalgain =(5)/(8)

(11) max digital gain = (6)/{ (10y%(8) }

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
RLRAN AT BT 2 LI A MO TR FFEC, € OMOMERIC oW T DIREAEZ RO b DO TIEH Y EHA,

AR I a ARSI a v RS
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Address  |Register name Default  [type |Description

30 AE Weight C 0x0C RW AE Conter Weight

31 AE Weight P 0x34 RW  |AE Peripheral Weight

ae weight_c & ae_weight p

ae_weight_c is AE center weight for back light compensation. ae_weight_p is AE peripheral weight for back light compensation. Y mean is

calculated by below formulas.

ymc=3C ymp=2F
NC NP

Where,

YMC is Y mean in AE center window.

SC is summation of Y data in AE center window.
NC is number of pixel in AE center window.

YMP is Y mean in AE peripheral window.

SP is summation of Y data in AE peripheral window.

NP is number of pixel in AE peripheral window.

YMCx AE Weight C+YMPxAE Weight P
AE Weight C+ AE Weight P

Ymean=

Y mean calculated by upper formulas is used in y mean extension function.

ae_weight_c and awb_weight p should be,
ae_weight_c + awb_weight_p = 64d

B Min/Max Y target reference

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
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Address  |Register name Default  [type |Description
3A Max yt1 0x70 RW
Min/Max Ytarget Reference
3C Min yt1 0x70 RW
M AE speed
Address  |Register name Default  [type |Description
48 AE Up Speed 0x08 RW AE Upside Speed
49 AE Down Speed 0x0C RW AE Downside Speed

ae_up_speed & ae_down_speed

ae_up_speed is auto exposure upside speed. ae_down_speed is auto exposure downside speed. Setting range of both register is 01h to 10h. If

ae_up_speed and ae_down_speed have high value, auto exposure speed will be faster. However, high ae_up_speed and ae_down_speed value

may cause AE oscillation.

B AE lock range

Address  |Register name Default  [type |Description
4A AE Lock 0x02 RW AE Lock Range

ae_lock

ae_lock control auto exposure lock range (margin between brightness mean of image and target brightness). Setting range of ae_lock is 00h

to FFh. If ae_lock has low value, auto exposure lock range will be smaller. However, small value of ae_lock may cause AE oscillation.

Mrg/bg ratio

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
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54



F Y

NIPPON
CHEMI-CON

CONFIDENTIAL
NCMO3-VU/R VGA T #)VH T CMOS I A TFEY 2—)L)
Address  |Register name Default  [type |Description
75 AWB Rgratio 0x80 RW
rg/bg Ratio (AWB Target)

76 AWB Bgratio 0x80 RW
B AWB lock range & speed
Address  |Register name Default  [type |Description
78 AWB Lock 0x02 RW AWB Lock Range
79 AWB Speed 0x08 RW AWB Speed

awb_lock

awb_lock is control register for auto white balance lock range (margin between current R, B gain and target R, B gain). Setting range of

awb_lock is 00h to FFh. If awb_lock has low value, auto white balance lock range will be smaller. However, small awb_lock value may cause

AWB oscillation.

awb_speed

awb_speed is auto white balance speed. Setting range of awb_speed is 01h to 10h. If awb_speed has high value, auto white balance speed will

be faster. However, high awb_speed value may cause AWB oscillation

B AWB gain min/max clamping reference
AERHTREH SO E TR ST,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

ARSI a3 a7 2 2 R
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Address  |Register name Default  [type |Description
B AWB Rgain Min 1 0x00 RW
7C AWB Rgain Min 2 0x00 RW
7D AWB Rgain Max 1 OxFF RW
7E AWB Rgain Max 2 OxFF RW
7F AWB Bgain Min 1 0x00 RW
80 AWB Bgain Min 2 0x00 RW
AWB Min/Max Clamping Reference
81 AWB Bgain Max 1 OxFF RW
82 AWB Bgain Max 2 OxFF RW
83 AWB Cmp th1 H 0x02 RW
84 AWB Cmp th1 L 0x03 RW
85 AWB Cmp th2 H 0x04 RW
86 AWB Cmp th2 L 0x06 RW

AWB gain min/max clamping reference

F Y
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This product provides AWB gain clamping function by exposure. Below diagram shows method of AWB gain clamping function.

AWB R gain min/max clamping reference registers should be,

Where, minexp is register value. (Reg. C—1Ch~1Eh). maxexp is register value. (Reg. C—22h"24h)

00h < awb_rgain_min1 < awb_rgain_max1 < FFh
00h < awb_rgain_min2 < awb_rgain_.max2 < FFh

minexp < awb_cmp_th1 < awb_cmp_th2 < maxexp

AWB B gain clamping function is equal to AWB R gain clamping function.

awb_rgain_min/max1 should be use fitting out door AWB condition.

Muser cs & CS matrix

AN FEH STV E TR,

£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,

AR I a ARSI a v RS
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Address  |Register name Default  [type |Description

9D User cs 0x20 RW User cs gain

9E csll1 0x25 RW

9F cs12 0x00 RW

cs Matrix
AOQ cs21 0x00 RW
Al cs22 0x25 RW

Electrical Characteristics
KRERHIFREH SN T ETHBEEIL, KB TERSEETLIZENHV ETOTITEAT I,
Fo, KEBHZ L o T, Rl EICBIT 5 LEMAHEDFTMFFH. FOMOMERNICI-WT ARFEERO - b DO TIEH D £ A,

AR I a ARSI a v RS
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Absolute Maximum Ratings *

HVDD,AVDD Supply Voltage : —0.3V to 4.5V

DVDD Supply Voltage : —0.3V to 2.5V

DC Voltage at any input pin : —0.3V to HYDD+0.3V
DC Voltage at any output pin : —0.3V to HYDD+0.3V

DC Characteristics
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Symbol Descriptions Min Typ Max Unit
'VDDD Digital VDD voltage relative to GND leve 1425 18 1.89
VDDA Analog voltage relative to GND level 2.66 28 294
High VDD voltage relarive to GND level 2.66 28 294
HVDD HVDD must be higher than or equal to DVDD
DVDD=1.8V 7.8 mA
AVDD=28V 165 mA
IDDD HVDD=2.8V 4 mA
Standby supply current
IDDS DVDD=1.8V,AVDD=2.8VHVDD=2.8V 4.3 uA
VIL1 Input voltage Low level 0.2¥HVDD \
VIH1 Input voltage High level 0.8*HVDD
VIL2 Input voltage Low level for rClk , rData 0.2xHVDD V
VIH2 Input voltage High level for rClk , rData 0.8*%HVDD
CIN Input pin capacitance 10 pF
'VOL1 Output Voltage Low 0.1xHVDD v
'VOH1 Output Voltage High 0.9¥HVDD
'VOH2 Output Voltage Low level for rClk , rData 0.2
VOL2 Output Voltage High level form rData HVDD-0.2
N Iput leakage current 0.005 1 uA
[OT Output leakage current 0.005 1 uA

AC Characteristics (In case of HYDD=2.8V)

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,

£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
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Symbol Descriptions Min Typ Max Unit
fMCLK Master clock Frequency 27 MHz
duty Master clock duty cycle 50 %

t1 Master clock rise/fall time 6.5 ns
t2 PCLK risexfall time 6 ns
t3 PCLK riseing edge to HSYNC 176 ns
t4 PCLK rising edge to digital output 176 ns
t MCKL rising edge to PCLK riseing edge| 128 ns
t6 PCLK rising edge to VSYNC 18 ns

t1 <L

50%_
MGLK

PCLK

HSYNC

Digital
Output

MCLK

PCLK

VSYNC

Digital
Output

Power—On Sequence

AN FEH STV E TR,

BRI-DTERSEETDLILRHY ETDOTITEKTIUY,
Flo. KEBHZ & - T, BN AEICBET 2 TEFTAMEDO RIS, £ OMOMERIC N T 2RIEZBOTZHDOTIIH Y T A,

ARSI a3 a7 2 2 R
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t1

1

DVDD

-+
N

’
1

HVDD

AVDD

MCLK

RSTB

Yl

)

Sensor inttialization /\ Output Hi~Z release
(RegB-1A[3]-0

SCL,SDA |
]
l
]

oo XXX N\

e —mmm - - -

HSYNG : .

unknown T P .
VSYNC < Output = HirZ v T Normal operation 8
PCLK 1

OutpuEHi-Z

STDBY Standby Mode

(1) Output state is Hi-Z in default. To release output Hi—Z state, set Reg A-59h[6] to ,0"

(2) To make output Hi-Z state in power—down mode, set Reg A-59h[7] to ,1" before starting power-down mode

Power—On Register

Address Register Value
03 0x00
59 0x00
5E 0x18
60 0x40
63 0x02

Power—Off Sequence

DVDD

HVDD 116

AVDD J e ts
RSTB e t8

Symbol  |Descriptions Min Typ |[Max |Unit
t1 From DVDD rising to HVDD rising 0 ns
t2 From HVDD rising to AVDD rising 0 ns
144] From AVDD falling to HVDD falling 0 ns
t6 From HVDD falling to DVDD falling 0 ns
t7 From HVDD rising to initial mclk rising 0 ns
t8 From RSTB falling to AVDD falling 0 ns
t9 Minimum reset time 8 X MCLK period

BRUHKL SFEFIR

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,

Flo. KEBHZ & - T, BN AEICBET 2 TEFTAMEDO RIS, £ OMOMERIC N T 2RIEZBOTZHDOTIIH Y T A,

AR I a ARSI a v RS
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FAASED 21— )UTEFHESEAHAA A ZEGT SN -2 D T, CFERIZHT->CIT T IEREB o C BB -2kt
FToTLEELY,

1) BMERE
HENEREEA B EREEBAGLEIIZLTTEL,

2) CMOS iRfgFRF DM
AIEHALE D& D FCRERHMEALLZLTEEWN 7o F v THS— T4 E—DHIEIZEY | S BB L RF T e
HYFET  ERilEARE COREE R OB RE I RE BRELLET

3) BYFHTAER
FNASED1—)LOIEEISRENEEE TIIHYEE A BEBRANTHTORNZIZ. B TIORAMIEICCERETELY,

TR
ANASED 21— )UISEEAT / A RDEFERIELLLFRRD BV IR VE SRR LET
DIEES. (EEREHENDORITEBE TN UKGEL T, HEXDRESEHELIICLTTILY,
OB TEEIERO T — RN\ REEFRALTTALY,
OEFAY ZAE. 5. . ZIXIFFENLDEFALTTE,
@EYIRLEF ZIFAFF A —FI L DBREEBRELET,

5) HIHASRE
FNASED 21— )USHEENRFERTY . BEOHIBITEEE 520\ LS, BVIRWSFE+2EEL TR,
Ff=, L XOREIZTIWOENAMIELENLSEEL T,

6) SMiE. SuE
SMEOUEFDMIIEITHENT TN, SMEOBEFD NI E T oGS SIE—UIDFREEEL V- LEE A,

7) RERUE
FAAFED1—LITHTRETHY . REFEDIRL I ToTHYF R A TS TREFIRETIFL TV EEFT T LIBROLET

8) K&t
Lt FRE. EREEORLIZSEH TEYET A MR F RSB L VEIEL VS A BYET .
FNASED21—IVEFERWVIEUIGE, DATED2—/LOREHEOHIEI LY, £dh- ME-BENMRESN S EDENSIIZ,
BABRIDOER LT, BRDORERETEITOEEBRALLET,

9) FERE~DER
FNASED21—)US—EEFHRR QU E1—5. /=Y F LR, B, FHAMKRS. EXRADRYh, RERGE) [CHEAShD
CEERRLTVEY,
FAICERE SN ERSN., ZOBIEORE N ERAREENLIZY . MAIZREZRIFTENDH MR (RFHHIEEEE.
FZEEERtES. SRR, STRIE SRR, PRGN, EERER. RIERERE (CHAYHL(UT. FERREL V) [FBRLTEL T,
FERFEL TEBYF A, ANATED 21— )L E SEERR AT 5813 BEHOBEH BV TITHERAVVECEIEROLES .

10) MRSETHRERAT
AMEHEEREHI I TRYEE A,

12)ERBRVSRA
FNASED21—)VEENDES RAB SV BRI LY EE - REEEZILSN TV B ISASRI TR S ETHRFEE A,

ARG SN TOWETHEEIL, WRTEDTERSELTDHZENHY ETOTI THEFIV,
£, AERHI X - T, RENFICHET 2 TEFRAEOFEMIHET, TOMOMERNZI T HHRIEZROI DO TIIH Y TX A,

AR I a ARSI a v RS
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