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Features m  °’Cinterface
m 307,200 pixels, 1/3” lens, VGA / CIF format B Electronic exposure / Gain / white balance control
B Read out - progressive / Interlace ®  Image e_:nhancement - brightness, contrast, gamma,
®m  Dataformat - YCICb 4:2:2, GRB 4:2:2, RGB Original saturation, sharpness, window, etc.
B 8/16 bit video data: CCIR601, CCIR656, ZV port ® Internal /external synchronization scheme
B Video Timing - 525 line, 30 fps ®  Frame expos.ure /line exposu.re F)pt|9n
B Wide dynamic range, anti-blooming, zero smearing 5 Volt operation, low power dissipation.
General Description ®  Video Conferencing
The OV7610 is a single chip digital color video camera ™ Video Phone
device. It incorporates a 640x480 image array, which is capa- ®  Video Mail
ble of operating up to 60Hz interlace or 30Hz progressive. m  Still Image
Baset_:i on the proprietary sensor te_ch_nology, inside the_chlp, ®  PC Multimedia
FPN is fully cancelled, smear is eliminated and blooming is
drastically reduced. All camera functions, such as exposure,
gamma, gain, white balance, color matrix, windowing, are
programmable through 12C interface. OV7110 is the uncol-
ored version for monochrome application.
Array Elements 644 x 484
=z
QOO0OxW_nQ aya) Pixel Size 8.4 x8.4um
ZWpoZaozog10=Z2
Crel0n>0s40>0
L>LLULDNZDNILL Image Area 5.4 x 4 mm
CONONIRELQIY :
Electronic Expo- 500 1
sure
AGND| 7 42 | CHSYNC
AVDD| 8 41 | YO ;
rogressive
PWDN| 9 40 Y1 Scan Mode pin({':’erla(:e
VRS | 10 39 | Y2
VCCHG | 11 38 |Y3
Gamma Correc-
ice | 12 OV7610 37 | cs1/va o 0.45/1.0
VTO| 13 36 | Y5
AVDD| 14 35 [CS2/Y6 Minimum Humi- 20 lux @ f1.4
AGND| 15 34 | CS0/Y7 nation (3000K)
VSYNC | 16 33 | PCLK
FODD | 17 32 | DOVDD S/N Ratio 42 dB
HREF| 18 31 | DGND
ARNNAIAIISRRS Power Supply 5VDC, +5%
5€23I8S35S¢Llg Power Require- 200mW Active
222222225320 ments 100uW Sthy
xxE0
Package 48 pin LCC

OV7610 48 Pin Out Diagram

OmniVision Technologies, Inc. 930 Thompson Place Sunnyvale, CA 94086 U.S.A.

Tel: (408) 733-3030 Fax: (408) 733-3061
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BD Version 1.0, Sep 1, 1998




OMNIVISION TECHNOLOGIES, Inc.

OV7610 CMOS COLOR DIGITAL VIDEO IMAGE IC

1. Pin Assignment

Table 1. Pin Descriptions (pin Type and Default Level:-1: digital input+100k pull up, I-0: digital input+100k pull down, XI/XO: xtal 10,
/S: function set during power up.O/I: digital CMOS level output Bias: power supply bias

Pin # Name Class | Function

1 SVDD Bias Sensing Power (+5V) pins.

8, 14,44 AVDD Bias Analog Power (+5V) pins.

29 DVDD Bias Digital Power (+5V) pins.

32 DOVDD Bias Digital I/0 Power (+5V / +3.3V) pins.

48 SGND Bias Sensing ground connections. Connect to supply common

6,7, 15, 43 AGND Bias Analog ground connections. Connect to supply common

30, 31 DGND Bias Digital ground connections. Connect to supply common

2 FSIN 1-0 External Frame Sync input, rising edge active.

3 AGCEN 1-0 AGCEN =1 enables the Auto Gain Control. AGCEN = 0 disables it. This pin set-
ting is effective when pin IICB = 1.

4 FREX 1-0 Frame exposure control input, effective in progressive scan only. The positive
width of FREX defines the exposure time.

5 VIEQ 1.2v Internal voltage reference. Requires an 0.1uF decoupling capacitor to ground.

PWDN 1-0 PWDN =1 puts chip in power down (sleep) mode.

10 VrS 4.0V Internal voltage reference.

11 VcCHG 2.5V Internal voltage reference.

12 IICB 1-0 IICB = 1 selects the power-up method of programming the internal functions.

IICB = 0 selects the 12C internal register programming method. Results of the
power-up method can only be changed by a new power-up or reset sequence.

16 VSYNC o/l Vertical sync output. This pin is asserted high during several scan lines in the
vertical sync period.

17 FODD (0] Odd field flag. Asserted high during the odd field, low during the even field.

18 HREF o/l Horizontal window reference output. HREF is high during the active pixel win-
dow, otherwise low.

19-26 UV[7:0] o/l Digital output UV bus. These pins are used for 16-bit operation for outputting
chrominance data.

27,28 XCLK1, XCLK2 X0, XI | XCLK1 and XCLK2 are the input/output of the on-chip video oscillator. Nominal

crystal clock frequency is 27MHz. If an external clock is used, input to XCLK1,
leave XCLK2 unconnected.

33 PCLK (0] Pixel clock output.

By default, data is updated at the falling edge of PCLK and is stable at its rising
edge. PCLK runs at the pixel rate in 16-bit bus operations and twice the pixel
rate in 8-bit bus operations.

34-41 Y[7:0] o/l Digital output Y bus. In a 16-bit operation, the luminance data is clocked out of
this bus at the rate of one byte per pixel. In 8-bit operation, the luminance data
and the chrominance data is multiplexed to this bus.

34 CSO0 (shared with Y7) I-0/S | |D configuration bit for the 12C slave ID.

35 CS2 (shared with Y6) I-0/S | ID configuration bit for the 12C slave ID.

37 CS1 (shared with Y4) I-0/S | |D configuration bit for the 12C slave ID.

42 CHSYNC (0] Digital output for either composite sync or horizontal sync signal.
45 SCL ' I 2C Serial clock input with schmitt trigger.

46 SDA o/l I 2C Serial data, output is open-drain, input with schmitt trigger.
47 MID I-0 Multiple | °C slave ID enable.

MID = 1 | 2C slave ID is configurable through power up setting in CS(2:0)
MID = 0 1 %C slave ID is preset to 42H/43H.
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OMNIVISION TECHNOLOGIES, Inc.

OV7610

CMOS COLOR DIGITAL VIDEO IMAGE IC

2. Functional Description

The OV7610, shown in Figure 1, consists of a 1/3-inch VGA format color imaging array, the analog processing, tim-

ing controls, 1°c register controls, dual A/Ds, and digital output port. The output data type is selectable between
YCrCb and RGB. Its array supports either VGA or CIF image size. The digital output format is supports standards

such as CCIR601 16bit, CCIR601 8 bit, ZV Port and CCIR656.
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Figure 1. Block Diagram
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OMNIVISION TECHNOLOGIES, Inc.

OV7610 CMOS COLOR DIGITAL VIDEO IMAGE IC

2.1 Image Data Type

pixel
OV7610 supports four image data type: monochrome, raw color 1234 641642 643 644
pixel, YUV422, and GBR422. 1 |B|Gg|B|lG B | Bl G
The monochrome array is the raw color array before colorations. 2 |G|R|GR G| RIG|R
The raw color array adopts primary Bayer color pattern GR/BG as 5 3 | BIG|BIG
in Figure 2. Two built-in color space converters map the raw color 94 [GRIGR
array to RGB image planes and YUV image planes as shown in raw pixel array 644x484
Figure 3. Y and G planes are each VGA size, U,V and R,B are
each half VGA size. OV7610 can output either original pixel data,
the YUV plane or the RGB planes. In either one, the default image s83 [aTRT o R TRTaR
size is 640x480 pixels, the maximum image size is 644x484 pix- 484
els. B| G/ B| G B| G| B| G

Two ways to obtain the CIF (320x240) image size, one uses the
internal subsampling scheme which reduces the full image to 1/4
size, the other uses window function to crop 1/4 portion of the full
image.

Figure 2. Raw Color Array

2.2 Bus Standards
OV7610 uses two closely tied 8 bit

video buses (Y channel and UV chan- Dixel Dbixel

nel) to deliver video stream. 1234 641642643 6a4 123 4 641 642 643 644
In dual channel operation, which Tlvylylyy YIY|Y]Y 1 |ulv|ulv u viulv
includes  standards CCIR601-16bit 2 1YYy YLY[YpY 2 [uvjulv ulviuv
422, ZV-PORT and straight 16bit data |5 ° | Y1 Y Y g3 |[YV|uV

out of A/D, Y channel is either Y image | 4 | "LYIYLY A4 [UV]ULV

plane data, G image plane data, or Odd Y image plane UN image plane

line raw pixel data. UV channel is either

UV image plane data, RB image plane

data, or Even line raw pixel data. 483 [y v vy " EIEE: P CTIEVARTIEY TEVIETIEY
In single channel operation, which 484 [y v vy VEIEIE 484 (O VU MRV

includes standards CCIR601-8bit 422,
CCIR656 422 and straight 8bit data out
of A/D, Y channel is multiplexed data Y UV image planes
stream taken either from Y/U/V image
planes, R/G/B image planes or raw

pixel array. pixel pixel
. 12 3 4 641 642 643 644 12 3 4 641 642 643 644
The data format for dual channels is: L
Gl G| Gla Gl G| Gla 1
YUuva22- 2 |6l GlGla Gl GlGlG o e
R| B|R| B R/ B|R| B
YYYY... 3 | G G|lGlG ; R| B| R| B
3
3
UVUV... ENEEEE g, rB[R B
Raw color array -
GRGR... G image plane R/B image plane
BGBG...
GBR422 -
GGGG... 483 | 6| 6| 6| G 6l clgla 483 [R|B| R B R|B|R|B
BRBR... 484 | gl | G| G G G|G| G 484 Rl B| R B R| B| R| B

R G B image planes

Figure 3. Video Image Mapping (644x484)
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OV7610

CMOS COLOR DIGITAL VIDEO IMAGE IC

2.3  Scan Method

The timing of this device is based on 525 line 60Hz TV
standard. There are up to 480 active scan lines in an
image. OV7610 can operate in either interlace scan or
progressive scan. Interlace scan reads 240 lines in a
field, and takes two fields to complete an image frame,
progressive scan reads all 480 lines in single field, i.e.
each field is an image frame.

Interlace scan, odd line is read in odd field, even line
is read in even field, i.e. rows 1,3,5...,479 are read in
odd field, rows 2,4,6....480 are read in even field.

Progressive scan, this chip implements various read

out schemes to support all image maps.

For Y/UV or RGB image planes, the array is read in
row order, i.e rows 1,2,3...480.

For RAW pixel array, the progressive scan has one-
line scheme and two-line scheme:

One-line scheme reads one row a time, i.e. rows
1,2,3,...,480.

Two-line scheme reads two lines a time using both
Y/UV channels, i.e. the row order for the (Y/UV)
channels are: (2/1),(2/3),(4/3),(4/5),(6/5),(6/
7)...(478/479),(480/479). * In this case, each row is
repeatedly output twice, both contains the same
image information.

2.4  Data Order

OV7610 allows data(pixel) to be reordered, coupling
with various image data types and single/dual chan-
nels output, greatly increase the chip flexibility.

For monochrome application,

BW - to route all pixels to Y channel throughout the
entire signal path, the result is much balanced signal
level.

For RGB application,

YG -to route all ‘G’ data to Y channel, all ‘RB’ data to
UV channels. This feature takes the advantage of
widely used YUV422 postprocessing scheme and
apply to RGB planes to become GBR422.

Other format related features :

XUV - to swap the order of U and V in UV plane, or R
and B in RB plane.

XY8 - to swap the order of Y and UV, or G and RB in
single channel (8bit) operation.

W?720 - to extend the image width to 720 pixels by add-
ing 76 black pixels before the 644 regular pixels.

CIF60 - enable the same CIF image in both even/odd
filed interlace scan, effectively doubles frame rate,

Odd Field
1,3,5,...,479

Even Field
2,4,6,...,480

©)

______ | & ----->
OIS

—————— B ----->
429

—————— ----->

Interlace Scan

1Field =1 Frame
1,2,3,4,...,480

©)

(2)
)

@)

G429

@89

Progressive Scan (YUV. RGB)

channel

UV channel

ml uv

1,3,3,5,...,479

—————— R >

Fyal o

—————— O G

Y channel

2,2,4,4,6,...,480

49417 97 uv

O >y

Progressive Scan (RAW PIXEL)
Two-Line-Scheme

1Field =1 Frame

1,2,3,4,...,480

ceco

48

ED

Progressive Scan (RAW PIXEL)
One-Line Scheme

Figure 4. Scanning Schemes
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OMNIVISION TECHNOLOGIES, Inc.

OV7610 CMOS COLOR DIGITAL VIDEO IMAGE IC

The following table summarize all the available combinations.

Table 2. Data Type & Scan Mode

Interlace Progressive

Resolution 640x480 | 720x480 | 320x240 | 640x480 | 720x480 | 320x240

YUV 16Bit Y Y Y Y Y Y

4:2:2 8Bit Y Y Y Y Y Y
CCIR656 Y Y

RGB 16Bit Y Y Y Y Y Y

4:2:2 8Bit Y Y Y Y Y Y
CCIR656 Y Y

YUV |16Bit

swap?  [8Bit Y Y Y Y

unv Yuv3 Y Y Y Y

swap - rGB Y Y Y Y

YG 16Bit Y Y Y Y Y Y
8Bit

One 16Bit Y Y

Line SBit

25 A/D

The two on-chip 8-bit A/Ds are capable of delivering up to 13.5MS/sec. The operation is fully synchronous to the
pixel rate, the actual conversion rate is determined by the clock prescaler. The operation of A/D is completely auto,
which requires no user intervention.

2.6  Exposure control

The built-in auto exposure algorithm is optimized for normal scene, where the subject is well-lit compared to the
background. Along with the AEC on chip, is the AGC, which can boost to its maximum gain. Since the internal AEC
has a range of 500:1 (progressive) and 1:250 (interlace), for most applications, the camera’s AEC can adjust itself
to match the lighting condition without user intervention. AEC/AGC can be disabled, in this case, manual exposure
and gain setting can be done through programming registers “Exp,Gain”.

2.7  White balance & Color Temperature Correction

OV7610 maintains color consistency by channel balancing. A well balanced channels ensures image is truly white
balanced. The white balance operation can be performed automatically or manually.

Individual registers are available to fine tune the ratio of red and blue components, providing a simple means to
correct the color temperature.

2.8 Clock Prescaler

OV7610 includes a clock prescaler. This allows master clock to be divided down to achieve different frame rate
other than the standard 60Hz under 27Mhz input clock frequency. One application is to slow down internal clock by
in order to increases chip sensitivity. The other application is to adjust frame rate to match with utility power fre-
qguency in order to reduce flickering.

29 Windowing

The windowing feature allows users to size the window for cropping purpose. The window is sizable from 4 x 4 to
644 x 484 and can be placed anywhere inside the image boundary. Referring to window formula described in the
register section.

Note:  This function does not change the frame rate or data rate. It simply changes the assertion of the HREF to match the horizontal and vertical region that is
programmed by the user.

6 Version 1.0 Sep 1, 1998



OMNIVISION TECHNOLOGIES, Inc.

OoVv7610 CMOS COLOR DIGITAL VIDEO IMAGE IC
2.10 Interface Support

OV7610’s timing is based on stan- VERTICAL

dard 60Hz TV standard. The compos- LINE TIMING

ite sync timing is available in certain H
package in pin CHSYNC. Odd field
indicator is through pin FODD and

vertical sync timing is in pin VSYNC. FODD ]
HREF, PCLK are required for

- HREF
CCIR601 and ZV-port format. 1] 2l)3l] 4| dsoldao Al

2.11 Multiple Chip Synchronization

VSYNC

L,

Pin FSIN serves as external frame INTERLACE
sync input and is positive edge sensi-
tive. In this operation, OV7600 still
outputs VSYNC, HSYNC and PCLK, VSYNC J H
except VSYNC is in sync with FSIN. wpn
FODD

HREF
1112 |] 3 B39 64 14 2

PROGRESSIVE

HORIZONTAL
PIXEL TIMING
PCLK mwm
HREF \x
Y[7:0] BUS (10 ){( zZ1 X 72 X 10
UV[7:0] BUS C_ B0 X x1 X x2 X _ 80 »

up to 644 byte
DUAL CHANNEL(16BIT)

PCLK MWM_
HREF e

Y[7:0] BUS (80X 10X xa X za X_x2Xz2 X80 Y 10)

up to 644x2 byte

SINGLE CHANNEL (8BIT)

Figure 5. Video Capturing
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OMNIVISION TECHNOLOGIES, Inc.

OV7610 CMOS COLOR DIGITAL VIDEO IMAGE IC

3. External Sync Operation (Slave mode)

By default, OV7600 operates in master mode, i.e. Hsync,Vsync are outputs signals. However, this device can

operates in slave mode, i.e. Hsync, Vsync are inputs. To operate, first switch to slave mode so I/O direction is
switched,

External master provides: Clk, Hsync, Vsync;
Timing requirements: Hsync = 858 CLK, Vsync = 1050 Hsync.
Chip outputs: PCLK, HREF.

1 Telk
CLK rr .. o o .
Ths
Hsync_ I L _ _ _ = _ _ _ _ _ _ _ _ _ I
| |
1 Iine:85§*TcIk
VsyncJ—l_ ____________ ]
! ' Tvs
~ 1 frame = 1050*858*Tclk >
Note: (1) Ths > 6*Tclk (2) Ths < Tvs < 858*Tclk

Figure 6. (Slave Mode) External Sync

4. Multiple chip Synchronize

FSIN is an external frame sync input used to sync multiple camera device together. In this application, OV7610 is
still operated in master mode, but vertical timing is synchronized to an external VSYNC input. A simple example
is to use one OV7610 as a VSYNC provider, and the 2nd camera will be sync to it. This VSYNC is feed to the 2nd
OV7610 FSIN pin, set the 2nd OV7610 COMC4=1, two cameras are automatically in sync. If using other sync
source,to ensure proper operation, the sync trigger pulse must be at least 6 Tsys (system clock period, which is
decided by CLK<5:0> register) and period will be 1050*858*Tsys.

8 Version 1.0 Sep 1, 1998



OMNIVISION TECHNOLOGIES, Inc.

OV7610 CMOS COLOR DIGITAL VIDEO IMAGE IC

5. Image State Output

OV7600 provides image information through Y channel, allowing external controller to implement auto exposure
auto gain and auto white balance algorithm.

1. Line luminance average level - Ylav;

2. Field/frame luminance average level - Yfav;

3. Field/frame Green component average level - Rfav;

4. Field/frame Red component average level - Bfav;

5. Field/frame Blue component average level - Gfav.

If enabled, both line and field image information are available:

5.1 Line State

The pixel data is averaged per line and
attached to the last 4 bytes of the Y
channel video data within each HREF
window. In case of YUV planes, the Y
data is averaged. In case of RGB
planes, G data is averaged.

In CIF size, the last 2 bytes contain the
image information.

5.2  Field State

The line pixel information is still
attached to the last 4 bytes of the HREF
window. Four extra entire image aver-
aged data, Yfav/Rfav/Bfav/Gfav, are
attached to the last four lines of valid
vertical window.

640 Data
HREF [ ~~y
Y6
Y<7:0> H1g{]] ?&Yw%ruo
- Telk | 4*Tclk

Line luminance Average Voltage Output

(Full Resolution YUV 16 Bit
320 Data
HREF [« >
YSV
Y<rO> T 7
l«s| TClk l<s| 2*Tclk

Line luminance Average Voltage Output
(CIF YUV 16 Bit)

Figure 7. Line State Output

-

1 Field/Frame(240/480 line) >‘

VSYNC

[

Y<7:0>

H10

2371
477

2397
479

H10

| | ; 4

- 1Line j 42133/ 480
Yfav AL_Gfav

Rfav Bfav

Figure 8. Field State Output
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6. Registers & Controls

OV7610 is a full digital imaggn, all the controls are through 12C registers, it is useful to understand the registers and
Figdre 10 & Figure 11 shows detail diagrams for the analog processing and the digital data
path blocks. The numbering|system in the diagrams indicate the 12C register address and the individual bits asso-
ciates with each functioal elgment

the internal signal path.

j‘- framerateid
 Ox14<3> contr
fr Ox15<6> contr

bl PCIL

X

C G

htel
b \W
, frlame

polarity.

Figure 9. Main Block

ontrol signal selection

utput sysn signal polarity. (VS, CHSYNC)

nal clock frequency. Range [00] - [3F], if Ox11<5:0>

ill be slow down by 2, if equal 2, then slow down by 3.
rateis 30 frame/s, if 0x11<5:0> = 2, frame rate will be 10

low ?sor exposure will increase and S/N ratio will increase.
bl HREF polarity.
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Oov7610 CMOS COLOR DIGITAL VIDEO IMAGE IC
1% | vrpk(34<3:2>)
& 2 AA g 5 A
s 2] 5]
ACC AWR RGB jﬂ- oV
o —— Matrix — S—
GAM L PF
a 1 I y
?\(/Iatrix 4
6<7:0> . Gamma
) BRT
Pel7:8>

Figure 10. Analog Signal Path Block Diagram

6.4 AGC (Auto Gain Control)

The gain of the circuitsis controlled by R00, R28<1:0> & ROE<7>. The formulais

Gain=(R00<3:0>/16+1)* (R0O0<4>+1)* (RO0<5>+1)* (R28<1>+1)* (ROE<7>+1).

Setting R13<0> & R12<5> to “0” enables manual gain override.

Setting R13<0> & R12 <5>t0 “1" enables auto gain control.

AGC isafeedback control system, R24<7:0> & R25<7:0> control the loop stability vsresponse time. A stable system is:

For interlace scan; R24<7:0>+R25<7:0> > 4Dh

For progressive scan; R24<7:0>+R25<7:0> > 9Ah

6.5 AWB(Auto White Balance)

R01,R02,ROC,R0OD controls white balance. R01 & R02 adjusts the gross red and blue componentsto cancel the circuits vari-
ations and can be auto or manual, ROC and ROD are manual control to bias the red and blue components for finer color tem-

perature control.

Setting R13<0> & R12<2>t0 “1" enables auto AWB, no need to adjust RO1 & R0O2.
ROC and ROD : range of control roughly equals rotating UV by + 30 degree.

6.6 RGB to YUV matrix

YUV matrix is designed to realize the function of RGB to YUV. The formulais

Y=(0.6* G+0.3*R+0.1* B)* R05

U= (B-Y)*R03

V=(R-Y)*R03

6.7 Brightness

Setting R2D<4> to “1” enables auto level control, brightness is defined internally.
Setting R2D<4> to “0” enables manual bightness, use RO06 to adjust the picture brightness by + 100mv

Sep 1, 1998 Version 1.0 11
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Figure 11. A/D & Digital Data Path Block Diagram
6.8 Dual A/D COnverter

6.9

Internal dual 10 bit A/D used for YUV and RGB convertion.

Register 0x12<3> select YUV data or RGB raw data output.

Register 0x34<7:6> control A/D reference level and relative output level.

A/D gain equals: [00] is 1, [01] is0.9, [10] is0.84, [11] is0.75
Digital Aperature Correction

DAC block is luminance edge enhencement block.

Register 0x20<4> is enabl e/disable edge enhencement.

Register 0x26<7:4> control edge enhence strength. 0x26<7:6> select edge enhence
threshold value. Only neighbour pixel luminance signal differenceislarger than this
threshold, this edge can be enhenced. [00] set threshold is8 mV, [01] set 16 mV,

[10] set 32 mV, [11] set 64 mV. The bigger threshold, the less the edge will be enhenced.
0x26<5:4> control edge enhence strength. If one edge islarger than threshold, then one
component will be added to this edge. [00] and [01] select this component will be half of
the luminance difference. [10] will be the same difference, [11] will add two times of the

luminance difference.

6.10 Formatter

Formatter select different output mode.

Register 0x12<4> select 8 bit output, sequency isYUYV...

Regisrer 0x12<3> select RGB raw data output

Register 0x28<7> select RGB raw data output format is One Line output. Only for
Progressive Scan Mode. Only use Y <7:0> output port and every line time only
output this line data.

Register 28<2> select RGB raw data output G component from Y <7:0> port and B/R data
from UV<7:0> port

Register 0x15<0> control U/V sequency. 0 - VUVU; 1- UVUV

Register 0x20<7> select 720 pixel output mode. Add 80 black pixel before 640 active pixel.

Register 0x16<7:0> control field/frame output selection. Can select all field/frame, even field
or odd field output only and drop some of field/frame output.

12
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OV7610 CMOS COLOR DIGITAL VIDEO IMAGE IC

Register 0x17<7:0> and 0x18<7:0> select output horizontal window size.
Register 0x19<7:0> and 0x1A<7:0> select output vertical window size.
6.11 Output Buffer
Data output buffer block control drive ability.
Register 0x20<0> double output drive current.
Register 0x38<6> double output drive current.
Register 0x13<2> tri-state all data output port.
Register 0x28<6> select B/W mode and only use Y <7:0> port and tri-state UV <7:0> port.
Register 0x13<5:4> only enable Y <7:0> port and tri-state UV <7:0> port.
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7. I1°C Bus

Pin IICB = 0 selects the I°C access. The OV7610 is an I2C slave device that supports 400 kbps, 7-bit address data
transfer protocol as shown in Figure 12. on page 14.

“Restart” feature is not supported here. Within each byte, MSB is always transferred first. Read/write control bit is

the LSB of the first byte. Standard 1°c requires only two pins: SCL and SDA. SDA is configured as open drain for
bidirectional purpose. A HIGH to LOW transition on the SDA while SCL is HIGH indicates a START condition. A
LOW to HIGH transition on the SDA while SCL is HIGH indicates a STOP condition. Only a master can generate
START/STOP conditions. Except these two special conditions, the protocol requires SDA to be stable during the
HIGH period of the clock SCL. Each bit can only change state when is SCL LOW. See Figure 13. on page 15.

7.1 I>C Bus Protocol

The I°C access is enabled only if pin IICB = 0. The OV7610 is a slave device that supports 400 kbps, 7-bit address
data transfer protocol.

1STBYTE 2ND BYTE 3RD BYTE
< S > < >
S| SLAVEID(7BIT) |RW|A | SUBADDRESS (8BIT) | A DATA (8BIT) Al P
JSB L'SB=0 ATCK ATCK
STOP
START
MASTER TRANSMIT, SLAVE RECEIVE (WRITE CYCLE)
1STBYTE 2ND BYTE
< S >
S| SLAVEID(7BIT) |RW|A | SUBADDRESS (8BIT) |A | P
JSB L'SB=0 ATCK
STOP
START
MASTER TRANSMIT, SLAVE RECEIVE (DUMMY WRITE CYCLE)
1STBYTE 2ND BYTE 3RD BYTE
< > < > < >
S| SLAVEID (7BIT) |RW| A DATA (8BIT) A DATA (8BIT) 1| P
JSB L'sB=1 ATCK T ;TOP
START NO ACK IN
MASTER RECEIVE. SLAVE TRANSMIT (READ CYCLE) LAST BYTE
SLAVE ID - 010??2?21X S — START CONDITION D — SLAVE TRANSMIT
??? —CS2,CS1,CS0 A — ACKNOWLEDGE BIT
X — RW BIT, 1: READ, 0:WRITE D — MASTER TRANSMIT
P — STOP CONDITION

D — MASTER INITIATE

Figure 12. |2C Bus Protocol Format

Note that the restart feature is not supported here. Within each byte, MSB is always transferred first. Read/write
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control bit is the LSB of the first byte. Standard 1°c requires only two pins: SCL and SDA. SDA is configured as
open drain for bidirectional purpose.

A HIGH to LOW transition on the SDA while SCL is HIGH indicates a START condition. A LOW to HIGH transition
on the SDA while SCL is HIGH indicates a STOP condition. Only a master can generate START/STOP conditions.
Except these two special conditions, the protocol requires SDA to be stable during the HIGH period of the clock
SCL. Each bit can only change state when is SCL LOW. See Figure 13. on page 15.

>
SDA _ >
DATA |  DATA
ALLOWED
SCL L
\ 4 \ 4 \ 4

Figure 13. Bit Transfer on the 1°C Bus

OV7610 reserves CS[2:0] for the slave ID configuration, which makes eight combinations. In I1°C operation, the
master must do the following operations:

B Generate the start/stop condition
B Provide the serial clock on SCL

B Place the 7-bit slave address, the RW bit, and the 8-bit subaddress on SDA

The receiver must pull down SDA during the acknowledge bit time. During the write cycle, the OV7610 returns the
acknowledgment and during read cycle, the master returns the acknowledgment except when the read data is the
last byte. If so, the master does not acknowledge the last data byte, so that the read cycle can be terminated.

RW
DA — SLAVE ID SUB ADD DATA I
- T E
! ! \
SCL
s |\ /\/\ N T,

Figure 14. Data Transfer on the 1°C Bus

The OV7610 1°C supports multi-byte write and multi-byte read. The master must supply the subaddress. in the
write cycle, but not in the read cycle. Therefore, the OV7610 takes the read subaddress from the previous write
cycle. In multi-byte write or multi-byte read cycles, the subaddress is automatically increment after the first data
byte so that continuous locations can be accessed in one bus cycle. A multi-byte cycle overwrites its original sub-
address; therefore, if a read cycle immediately follows a multi-byte cycle, you must insert a single byte write cycle
that provides a new subaddress.

The OV7610 supports single slave ID (pin MID=0) and multiple slave ID (pin MID=1). In single, ID is preset to 42/
43. In multiple, ID is configured by setting pin CS[2:0] (high or low) to one of the eight combinations listed below at
reset or power up.
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Multiple Slave ID

CS[2:0] 000 001 010 011 100 101 110 111
WRITE ID(hex) 42 46 4A 4E 52 56 5A 5E
READ ID (hex) 43 47 4B 4F 53 57 5B 5F

In the write cycle, the second byte in I°C bus is the subaddress for selecting the individual on-chip registers, and
the third byte is the data associated with this register. Writing to unimplemented subaddress is ignored. In the read
cycle, the second byte is the data associated with the previous stored subaddress. Reading of unimplemented sub-
address returns unknown.

7.2 Register Set

Table 3. 12C Registers

Subad-
. Default | Read/ .
dress Register . Descriptions
(hex) Write
(hex)

GCJ[5:0] — Gain setting.
00 Gain[5:0] 00 RW gain =(GC[5]+1)*(GC[4]+1)(GC<3:0> /16 +1)
GCJ[7:6] - unimplemented bit, returns ‘X’ when read.

BLU[7:0] — blue channel balance value.

01 Blue{7:0] 80 RW “FFh”- highest, “00h"-lowest

. REDI[7:0] — red channel balance value.
02 Red[7:0] 80 RW “FFh”- highest, “00h"-lowest
03 Sat 80 RW SAT[7:0] — saturation adjustment.

“FFh”- highest, “00h"-lowest
04 Rsvd04 80 RW reserved

CTRJ[7:0] - Y signal contrast adjustment.
“FFh”-highest, “00h"-lowest

BRTI[7:0] - Y signal brightness adjustment.
“FFh”-highest,“00h"-lowest

SHP[7:0] — sharpness adjustment,
07 Shp 80 RW “00h- highest, “FFh"- lowest.
* for this to be effective, set COME[5] =1

08 - OB Rsvd08 ~ 0B - - reserved

BBSI[5:0] — blue channel bias value.
“3Fh"-highest, “00h"-lowest

RBS[5:0] — red channel bias value.
“3Fh"-highest, “00h"-lowest

GAM][7] - additional 2x gain enable
GAM][6] - disable color filter compensation, in BW application, set this bit to “1”
GAM[4:3] - S-AWB control

00-0.2

01-0.4

10-0.6
OE Gamma Coeff 8C RW 11-0.8
GAM[2] — “1” selects value 0.45, “0” selects value 0.5, effective when COMCJ[2]=1
GAM][1:0] — gamma curve fine tune.

00 - 95%

01 - 90%

10 - 85%

11 - 80%

05 Cnt 00 RW

06 Brt 80 RW

ocC Blue Bias 20 RW

oD Red Bias 20 RW
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Subad . Default | Read/ o
dress Register . Descriptions
(hex) Write
(hex)
RWBJ[7} - AEC method 1
RWBI[6] - AEC method 2
RWBJ[5:4] - ALC black level
00 - 1.20v
01 - 1.24v
10 - 1.26v
11-1.28v
RWBJ[3:2] - S-AWB upper level limit
OF WB Range 05 RW 00 - 70%
01 - 80%
10 - 90%
11 - 100%
RWBJ[0:1] - S-AWB lower level limit
00 - 10%
01 - 20%
10 - 30%
11 - 40%
ECI7:0] — Manual exposure setting.
Valid range: interlace 00h~7Fh: proaressive 00-FFh
formula for exposure time:
Texposure = TLine X EC[7:0]x2; where T\ \g = Frame Time/525.
The actual time of a scan line is determined by the clock rate divider.
7E( This registgr is o_nIy e_ffective when opgrated in manualzadjust mode (COMBJ0] = 0). Never-
10 Exp FF(P) RW theless, this register is always accessible through the 1°C bus. It generally takes no more
than two fields for the image to reach the intended exposure after changing the setting.
** This register must be initialized to the default value when switching
between scan modes, initialization must be done in manual exposure
setting.
CLK]J5:0] - system clock prescaler; formula for pixel clock rate:
clock rate = (CLK_input / ((CLK<5:0> + 1) / 2)
SYN[7:6] - polarity for sync timing outputs
00: HSYNC, CHSYNC, VSYNC =*--+*“
11 Clock 00 RW 01: HSYNC, CHSYNC, VSYNC =*---*

10: HSYNC, CHSYNC, VSYNC = “+ - +“
11: HSYNC, CHSYNC, VSYNC =“- + + “

The effect of the change is immediate, however, it generally takes about two fields for the image
to reach the stable state.

COMA[7] - “1” initiates the chip soft reset, the reset takes place after the acknowledge bit is
issued, the effect is the same as powerup the chip, the chip is initialized to a default
state, all registers including I2C’s contents are set to default, this bit is self cleared
after the reset.

COMA[6] - “1” selects mirror image.

12 Common A 24 RW COMA[5] - “1” enables AGC, for it to take effect, COMBO must be set.

COMA[4] - “1” swaps Y/UV data in 8 Bit operation, data order YUYV...

COMA[3] - “1” selects RGB image plane, “0” selects YCrCb image plane

COMA[2] - “1” enables auto channel balance, for it to take effect, COMB[0] must be set.

COMA[1] - “1” Color Bar Test pattern.

COMA[0] - “1” select Line BLC, “0” enables field BLC.

COMBJ7:6] - rsvd.
COMBJ5] - “1” enable 8 bit operation, Y bus is active, UV bus is tri-stated.
COMBJ4] - “1” enables CCIR656 bus operation, Y bus is active, UV bus is tri-stated.
COMBJ3] - selects a timing signal to pin CHSYNC;
“1" is composite sync, “0” is horizontal sync.
COMBJ2] - “1” puts Y and UV buses in tri-state.
COMBJ1] - “1” initiates the single frame transfer, for this function to work, field drop mode

13 Common B 01 RwW (FD<1:0> in REG 16) must set to “OFF”. See Figure 15. on page 21, after this bit is set,
HREF is only asserted for consecutive two fields beginning at Odd field. This bit is
cleared automatically at the end of this frame. Clearing this bit in the middle of active
frame has no effect to the assertion of the current HREF.

COMBJ0] - main auto adjust mode enable.
Once enabled,Reg(00,01,02,10) are set by internal auto control, read of them returns
auto set value, write is ineffective because internal control will overwrite itl.
COMCI7:6] - rsvd
COMCI5] - “1" selects CIF (320x240) image, the image is subsampled from the full VGA frame.
COMCI4] - selecting timing signal to output pin VSYNC
14 Common C 00 RW “1" - frame sync, vertical sync is asserted in every odd field,

“0"- field sync, vertical sync is asserted in every field.
COMCI3] - Inverting HREF polarity
COMCI2] - “1” gamma value set by GAM[2]; “0” gamma value is 1.0.
COMCI1:0] - rsvd
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Subad-
dress
(hex)

Register

Default
(hex)

Read/
Write

Descriptions

15

Common D

00

RW

COMDI7] - rsvd
COMDI6] - inverting PCLK polarity,
“1" - video data change on rising edge
“0” - video data change on falling edge, this is the default setting.
COMDI5:1] - rsvd
COMDI0] - exchanges U V order;
“1"-V UV U... 16Bit operation, V'Y U Y... 8 Bit operation;
“0"- UV U V... 16Bit operation, U Y V Y... 8 Bit operation.

16

Field Divide

03

RW

FD[7:2] - Field interval selection. See Figure 16. on page 22. The feature, together with FD[1:0],
divides the video signal into a programmed number of time slots in units of field, and
HREF is active only in one field during the period. This function does not affect the
video data or pixel rate. Only one bit can be set and the valid combinations and func-
tions are as follows:
“000001” — Divide to 2 slots. HREF is asserted every 2 fields.
“000010” — Divide to 4 slots. HREF is asserted every 4 fields.
“000100” — Divide to 8 slots. HREF is asserted every 8 fields.
“001000" — Divide to 16 slots. HREF isasserted every16 fields.
“010000” — Divide to 32 slots. HREF is asserted every 32 fields.
“100000” — Divide to 64 slots. HREF is asserted every 64fields.
FD[1:0]- field mode selection.
Interlace scan:
“00” - OFF mode; HREF is not asserted in both fields, one exception is the single fame
transfer operation (see the description for the register 13)
“01” - ODD mode; HREF is asserted in odd field only.
“10" - EVEN mode; HREF is asserted in even field only.
“11” - FRAME mode; HREF is asserted in both odd field and even field.
Progressive scan:
“00” - OFF mode; HREF is not asserted in both fields, one exception is the single frame transfer opera-
tion (see the description for the register 13)
“01,10” - SLOT mode; HREF is asserted in frame according FD<7:2>.
“11” - FRAME mode; HREF is asserted in every frame. FD<7:2> useless

17

Horizontal Window
Start

38

RW

HSI[7:0] - selects the starting point of HREF window, each LSB represents 4 pixels, this value is
set based on an internal column counter, which consists of two ranges, the default
value corresponds to the first available pixel, valid ranges:37--D5h : HS+1< HE. See
Figure 17. on page 23.

18

Horizontal Window
End

03

RW

HE[7:0]- selects the ending point of HREF window.

19

Vertical Window Start

05

RW

VSJ[7:0] - selects the starting row of vertical window, valid range: 05h ~ F5h, VS < VE

Interlace scan: each LSB represents 1 scan line in one field.

Progressive scan: each LSB equals 2 scan line in one frame. In CIF (COMC5=1), itis 1 scan
line.

See Figure 17. on page 23.

1A

Vertical Window End

Fa

RW

VE[7:0] - selects the ending row of vertical window.

1B

Pixel Shift

34

RW

PS[7:0] - to shift the output pixel timing relative to that of HREF, it physically shifts the video data
output time early or late in unit of pixel clock as shown Figure 18. on page 23. This
function is different from changing the size of the window as defined in registers HS &
HE. The default corresponds to zero shift timing, lower value results in early pixel,
higher value results in late pixel. If the amount of shift is beyond the physical image
boundary, the black data will be used to filled the missing pixels. Lower than default
number shifts the pixel in early(right) direction, since the lowest value is “00h”, there
are maximum 52 early pixels as 34h-00h = 52. Higher than default number shifts the
pixel in delay(left) direction, the highest number is “FFh”; so maximum shift number is:
Early: 52 pixels; Late: 204 pixels.

1C

Manufacture ID
(high)

7F

MIDH[7:0] — Read only. Always returns ‘7F'.

1D

Manufacture ID (low)

A2

MIDL[7:0] — Read only. Always returns ‘A2’.

1E

Test A

C4

rsvd

1F

TestB

04

rsvd

18
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Subad-
dress
(hex)

Register

Default
(hex)

Read/
Write

Descriptions

20

Common E

00

RW

COME?7 - HREF pixel number selection. "1" - HREF include 720 PCLK and first 76 pixel data are
black reference level, HE[7:0] and HS[7:0] should be kept at default value; "0" - HREF width
decided by HS[7:0], HE[7:0] and COMA3=0.

COMES6 - Every line luminance average level and Field/Frame luminance, red, blue and green
component average level output enable. "1" - Average level will be output from Y channel.
"0" - disable average level output.

COMES - reserved

COMEA4 - "1" aperture correction enable. Correction strength and threshold value will be decided
by COMF[7:4]. "0" - Disable

COMES3 - S-AWB enable, effective only when COMB0=1 and COMA2=1

COME?2 - AWB method selection , effective only when COMB0=1 and COMA2=1. Enable con-
dition is set by GAM[7:5].

COME1 - AWB fast/slow mode selection. "1" - fast AWB, "0" - slow AWB.

When AWB enable, COMA2=1, fast AWB (power up) then slow AWB.
COMERQO - Digital output driver capability. "1" High drivability for digital output. "0" low drivability.

21

Y Offset

80

RW

Y channel manual offset adjustment, effective when COMG[2]=1
YOF[7] - sign bit, “1” increase, “0” - decrease
YOF[6:0] - Y channel offset

22

UOffset

80

RW

U channel manual offset adjustment, effective when COMG[2]=1
UOF[7] - sign bit, “1” increase, “0” - decrease
UOFI[6:0] - U channel offset value

23

Rsvd23

40

rsvd

24

ECW

18(1)/
2E(P)

RW

Exposure white level setting for AEC.

** This register must be initialized to the default value when switching
between scan modes, initialization must be done in manual exposure
setting. The following equation must be satisfied to ensure stable AEC.

AEW<7:0> + AEB<7:0 > [4D] - Interlaced;
AEW<7:0> + AEB<7:0 > [9A] - progressive

25

ECB

3FQ)/
7C(P)

RW

Exposure black level setting for AEC.

** This register must be initialized to the default value when switching
between scan modes, initialization must be done in manual exposure
setting. The following equation must be satisfied to ensure stable AEC.

AEW<7:0> + AEB<7:0 > [4D] - Interlaced;
AEW<7:0> + AEB<7:0 > [9A] - progressive

26

Common F

80

RW

COMF[7:6]: - digital aperture correction coring level
[00] - 8 mV
[01] - 16 mV
[10] - 32 mV
[11] - 64 mV.
COMF[5:4]: digital aperture correction gain
[00] - 0%
[01] - 50%
[10] - 100%
[11] - 200%.
COMF3 - reserved.
COMF2 - swap MSB <-> LSB, default is bit7 = MSB.
COMF1 - "1" enables A/D self-calibration.
COMFO - reserved.

27

Common G

80

RW

COMG(7:4] - rsvd, set to “C” for normal operation

COMGJ3] - rsvd, set to “0” for normal operation

COMG[2] - “1" disable Y & U & V auto offset adjustment, Y or U or V offset can be manually set
in Reg21 and Reg22 and Reg2E.

COMG[1] - “1” disable CCIR601 range clip, data range extends to 01h ~ FEh.

COMGJ[0] - rsvd

28

Common H

00

RW

COMH][7] - enable one-line output, valid in progressive scan

COMH][6] - enable BW feature.

COMH][5] - enable progressive scan

COMHT[4] - stop AEC/AGC, camera retains the last exposure/gain values.
COMH][3] - stop AGC, camera retains the last gain value.

COMH][2] - enable YG feature.

COMH][1] - enable a fixed 2x gain in addition to the AGC control
COMHIO] - higer AGC, “1” extends the AGC upper limit by 2x

29

Common |

00

RW

COMI[7] - stop AEC, camera retains the last exposure value.

COMI[6] - enable external sync (slave) mode, hsync,vsync becomes input.
COMI[5:4] - rsvd

COMI[3] - “1” center exposure algorithm, “0” - area exposure algorithm
COMI[2] - rsvd

COMI[1:0] - version ID, read only
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Subad-
dress
(hex)

Register

Default
(hex)

Read/
Write

Descriptions

2A

Frame Rate H

00

RW

EHSH?7 - Frame Rate adjustment enable bit. "1" Enable.

EHSH<6:5> - Highest 2 bit of frame rate adjust control byte. see explanation below.
EHSH4 - "1" - UV component delay 2 pixel. " 0" no 2*Tp delay.

EHSHS - Y channel brightness adjustment enable. When COMF2=1 active.
EHSH2 - Always "1"

EHSH1 - Always "0"

EHSHO - Always "0"

2B

Frame Rate L

00

RW

EHSL<7:0> - Lowest 8 bit of frame rate adjust control byte. Frame rate adjustment resolution is
0.12%. Control byte is 10 bit. Every LSB equal decrease frame rate 0.12%. Range is 0.12%
- 112%. IF frame rate adjustment enable, COME7 must set to "0".

2C

ALC

88

RW

EXBK[7:4] - Auto Level Control high level comparator selection.Range is 0.08% - 1.3%
EXBK[3:0] - Auto Level Control step selection. Range is 0.08% - 1.3%.

2D

Common J

00

RW

COMJ7 - AEC update rate selection, “1” slow , “0” faster .

COMJ6 - CIF 60 frame/s selection. "1" Only Odd field in Interlace Mode data output, "0" Odd/
Even field data output, frame rate is 30 Frame/s.

COMJ5 - ALC update rate selection. “1” slow, “0” fast.

COMJ4 - Enable Auto Level Control.

COMJ3 - reserved

COMJ2 - Band filter enable. After adjust frame rate to match indoor light frequency, this bit
enable a different exposure algorithm to remove light band seen under fluorescent light.

COMJ1 - Always "1".

COMJO - Always "1".

2E

VOffset

80

RW

V channel manual offset adjustment, effective when COMG|[2]=1
VOF[7] - sign bit, “1” increase, “0” - decrease
VOF[6:0] - V channel offset value

2F

Array Bias

50

RW

Array bias adjustment, use factory setting only

30

Red Matrix

31

RW

RMX][7:0] - rgb matrix red coeff

31

Green Matrix

61

RW

GMX][7:0] - rgb matrix green coeff

32

Blue Matrix

DC

RW

BMX[7:0] -rgb matrix blue coeff

33

Rsvd33

80

RW

rsvd

34

Bias Adjust

69

RW

BAJ[7:6] : A/D reference level adjustment. [00] - 110% internal full signal range;
[01] - 120%, [10] - 130%, [11] - 140%.
BAJ[5:4]: UV low-pass-filter bandwidth selection.
[00] - 0.4MHz, [01] - 0.8 MHz, [10] - 1.2MHz, [11] - 1.6 MHz.
BAJ[3:2]: signal peak level adjustment.
[00] - 70% of full range, [01] - 80%, [10] - 90%, [11] - 100% of full range.
BAJ[1:0]: clip voltage selection.
[00] - 2.4v, [01] - 2.6v, [10] - 2.8v, [11] - 3.0V

35

Common L

54

RW

COML[7:5] - Y channel delay time selection relative to UV channel
COMLI[4] - enable UV Filter 1

COMLJ3] - enable UV Filter 2

COMLJ2] - Y signal algorithm selections .

COML[1] - Always "1".

COMLJO0] - reserved.

36

Rsvd36

RW

rsvd

37

Rsvd37

RW

rsvd

38

Common K

81

RW

COMK?7 - HREF edge selection w.r.t PCLK
“1" - PCLK falling edge
"0" - PCLK rising edge.

COMKS - High driveability for digital output pin.

COMKS5 - reserved.

COMKA4 - ZV port Vertical timing selection. "1" VSYNC output ZV port vertical sync signal. "0"
normal TV vertical sync signal.

COMKS3 - Quick stable mode when camera mode change. (CIF, 8 Bit output, CCIR 656 mode
and Progressive Scan Mode). After relative control bit set, the first VS will be the stable
image with suitable AEC/AWB setting. "0" - slow mode, after mode change need more field/
frame to get stable AEC/AWB setting image.

COMK?2 - reserved.

COMK1 - AWB settle time selection for slow AWB operation.

"1" - fast
“0” - slow.
COMKO - Always "1"

20
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Fobob L[] 1 B
VSYNC_]| [ 1 [ 1 [ [ [
1 FRAME
FD<1:.00
&
12C BIT CLEAR
COMB1 I ——
< W, A
I2C BIT SET ENDOEFRAME  12CBITSET  I°CBIT CLEAR
HREF | N B
Interlace Scan
VSYNC [ [ [ [
1 FRAME
FD<1:0x— 1
I’C BIT CLEAR I2C BIT CLEAR
COMB1 I A
< < L
I2C BIT SET ENRPELRAME 12C BIT SET I2C BIT CLEAR
HREF — .
Progressive Scan

Figure 15. Single Frame Transfer Example
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Oov7610
FODD I e N S e R
<« HREF ‘ ‘
é EVEN MODE - -
O [P<ra>=000010 | slot1 slot2 slot3 sIot4‘ slot1 slot2 slot3 slot4
@  HREF ‘- ‘
2  oDD MODE ‘ ‘
O FD<7:2>=000001 slot 2 slotl slot2 slot 1 slot 2 slotl slot2 slot 1
FD<1:0>=01
Interlace Scan
1 frame
vewne I I feefl 1 [ [
w
S
ST N B N
B FD<7:2>=000001 slot2' slotl slot2 ! slot1l slot2! slotl slot2 ! slot1l
FD<1:0>=01
Progressive Scan
Figure 16. Field Division Example
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HREE Es | ¢
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—
47\ OSh‘ 12
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|
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|
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Figure 17. Window Sizing

Note 1. Valid End value must be “higher than “Start value for both VE/VS and HE/HS. At minimum, (VE-VS)=1 equals 4 rows, (HE-
HS)=1 equals 4 pixels. Horizontal counter has two region, the counter wraps back to 00h after reaching D6h.
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Figure 18. Pixel Shift Example

Note: pixel shift feature does not affect the order of video data in Y and UV bus.
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OV7610 CMOS COLOR DIGITAL VIDEO IMAGE IC

8. Specifications

Table 4. Electrical parameters (0°C to 70 °C, all voltages referenced to GND)

Symbol Descriptions Max Type Min Units
Supply
Vob Supply voltage (VDD, DVDD) 55 5.0 45 v
Vppo Supply voltage (DOVDD) 3 - 5.5 \%
Ibp1 Supply Current in VDDs 25 - - mA
Ipp2 Supply Current in DOVDD @ 50pf load at digital - 40 - mA
output
Ibp3 Standby supply current (CMOS level @ inputs) 100 - - uA
Digital input pin
Vi Input voltage LOW 0.8 - - \
\m Input voltage HIGH - - 2.0 \%
Cin Input capacitor 10 - - pF
tn & Digital input rise/fall time 25 - - ns
Digital output - standard load 50pf, 1.2kWto 3.0volts
VoH Output voltage HIGH - - 24 \%
VoL Output voltage LOW 0.6 - - \%
Video bus - (@ 60Hz fps)
tpoLk PCLK cycle time - 74 - ns
tp PCLK pulse width - 32 - ns
tps data to PCLK set up time - tp - 10 - ns
toH data to PCLK hold time - tp - 10 - ns
12c
fsel SCL clock frequency 400 - - kHz
tf SDA fall time 300 - 20 + ns
0.1Cgq,
tidle Bus idle time - - 1.3 us
thdsta START hole time - - 0.6 us
tstps STOP set up time - - 0.6 us
tys SDA set up time - - 100 us
tah SDA hold time - - 0 us
Clock input / Crystal Oscillator
fosc Resonator frequency 3 27.000 30 MHz
Load capacitor - 10 - pF
Parallel resistance M w
Rise/fall time for external clock input - 5 - ns
Duty cycle for external clock input 60 40 %
Misc. timing
tsync External FSI cycle time - 2 - frame
tpu Chip power up time 100 - - us
tpp Power up delay time - 10 - us
tpz Power up low-z delay - 1000 - ns

VTO analog video output parameters

V1o-p video peak signal level - 1.9 - \%
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OV7610 CMOS COLOR DIGITAL VIDEO IMAGE IC

Table 4. Electrical parameters (0°C to 70 °C, all voltages referenced to GND) (Continued)

Symbol Descriptions Max Type Min Units
Vio-B video black signal level - 1.0 - \
Vsyne Y video sync pulse amplitude - 0.6 - \%
Ro Video output load - 75 - Ohm
th horizontal line width pclk
tHsyne horizontal sync width 858 pclk
tHBK horizontal blank width 64 pclk
ty vertical field width 262.5 ty
tysyne vertical sync width 3 th
tvr1 field 1 vertical front equalization width 3 ty
tve1 field 1 vertical back equalization width 3 ty
tyek1 field 1 blank line outside equalization region 11 th
tyro field 2 vertical front equalization width 35 ty
tyg2 field 2 vertical back equalization width 3 ty
tvek2 field 2 blank line outside equalization region 11.5 ty

Table 5. Sensor Characteristics (temperature 27 °C, illumination 3200 °K, pixel leakage doubles every 10 °C )

Parameter Value Units Descriptions
Parameter Value Units Descriptions
Sensitive 20 (color) lux AGC 4x, g=1, lens f1.4,
2 (BW) CM500 t=1mm IR (color)
measured rms value at 50 IRE signal level
Dynamic Range 72 dB AGC off, g=1, AEC on
Random Noise -38(color) dB AGC 4x, g=1
-40((BW) measured rms value at 75% signal illumination
level vs full scale
Fix pattern Noise -42(color) dB AGC 4x, g=1
-42(BW) measured rms value at 75% signal illumination
level vs full scale
Smear <0.03 %
Blooming <0.01 %
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OvVv7610 CMOS COLOR DIGITAL VIDEO IMAGE IC
Normalized Spectrum Response
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Figure 19. Spectrum Response
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Figure 20. Video Timing Diagram
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OV7610 CMOS COLOR DIGITAL VIDEO IMAGE IC

241| (242

H10

80

(B) VERTICAL TIMING

Y1
VO

YO0
uo

H10
80

479| 480

V2N VA N/ I /A A VA W/ /A U/ N/ N/ N N
\J
Y638 <__Y639
U638 X__V639
(A) HORIZONTAL TIMING
3 239 |240

XCLK1

FODD
HREF

PCLK
HREF
Y<7:0>
uv<7:0>
HSYNC
VSYNC

Figure 21. Digital Data Bus Timing
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Oov7610 CMOS COLOR DIGITAL VIDEO IMAGE IC
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Figure 22. 1°C Bus Timing
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Figure 23. Configuration Pin Setting at Power Up
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oVv7610 CMOS COLOR DIGITAL VIDEO IMAGE IC
+0.010
|- 0.440 +0.005 »| o 5. [0.060 -0.005 NOTES:
= TYP. :
31‘0‘ 0.040 £0.003 42 | 004040007 1) All dimensions ininches
30 43
48
Bottom View
0.020 +0.003
»‘ “TYP.
19 6
R 0.0074 18 R 0.0075 7
4 CORNERS 48 PLCS -«—>»|0.085 +0.010
[7710.003
710.003
~—~(0.065 +0.007
+0.012
0.560 SQ. -0.005 | 900883 -~
L .
0.430 SQ. +0.005 0. 0.015 £0.002
z ‘ | 0.350 SQ. +0.005 | ‘ |1<0.020 £0.002
42 | | 31
E TR B T W s p W W e W
o
S
43 42 31 30
30
¢ 5 43 % ‘ ‘ —
Side View
48
1 [
[
[
[
[
6 6 19 19 I
7 18
L~ _—~ ]
- 71 115,006 MAX. 18
Top View 0.002 TYP.

Figure 24. Package Mechanical Data
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OovVv7610 CMOS COLOR DIGITAL VIDEO IMAGE IC
/ 11! )
(Array Center) DIE
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\\\>Array
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Figure 25. OV7610 Sensor Array Location (in inches)

Ordering Information

Part Number Description Comments
OoVv7610 Color Digital Sensor 48 pin LCC
Oov7110 Monochrome Digital Sensor 48 pin LCC
OV7610A Color Digital camera evaluation board Contact Factory

OmniVision Technologies, Inc. reserves the right to make changes without further notice to any product herein to improve reliability, function, or
design. OmniVision Technologies, Inc. does not assume any liability arising out of the application or use of any product or circuit described
herein; neither does it convey any license under its patent rights nor the rights of others. No part of this publication may be copied or repro-
duced, in any form without the prior written consent of OmniVision Technologies, Inc.
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OV7610 CMOS COLOR DIGITAL VIDEO IMAGE IC
Appendix
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Figure 26. Referencing digital camera design

32 Version 1.0 Sep 1, 1998



OMNIVISION TECHNOLOGIES, Inc.

OV7610

CMOS COLOR DIGITAL VIDEO IMAGE IC

NC

AGND
AVDD
PWDN
VRS
VCCHG
AVDD
AGND
VSYNC
HREF
uv7

NC

z
Oxidiiaa oo
LwoOwnnZ<canZ
rroOuw>000>00
Su<rhnnnc<>
7
8 38
9 37
10 36
11 35
12 OoVv7620 24
13 33
14 32
15 31
16 30
29
17 FIAINIILLR 28
OULTMHANAOA NN
>>>>2>22>22>2X XA
5555555545
00n
X X

NC

Y1

Y2

Y3

Y4

Y5

Y6

Y7
PCLK
DOVDD
DOGND

NC

44pin package pin out diagram

Sep 1, 1998

Version 1.0

33



OMNIVISION TECHNOLOGIES, Inc.

OoVv7610 CMOS COLOR DIGITAL VIDEO IMAGE IC
ZV PORT Timing:

The ZV Port is a single- . Odd Field 1(FODD=1)

source unidirectional video VSYNC / \ _I_ _‘,4_ Even Field(FODD=0)

bus between a PC Card ' t8|\
socket and a VGA controller. | |
The ZV Port complies with

| 1] - — —
CCIR601 timing to allow CHSYNC | 6 | —
NTSC decoders to deliver >| = t |.,! t7
real-time digital video straight I\_/—\_/—\LZ/_\_
into the VGA frame buffer |PCLK 0 :::‘ . A A WA
from a PC Card. OV7600 sup- Ty Tend

Thd |

| |
port ZV Port Timing, which ' <+
output signal can be output to |Y<7:0>/ le :>_ - 7

a PC Card directly, then to |YV<7:0> l@— Valid Data >
i\r/SA controller.ZV Port Tim- Horizontal Timing
VSYNC [ | [ 1
|
|
| Tvs < 1Line 1 Tve |
P <>
Yoy T - — '
uv<7:.0> > Tline
-

Vertical Timing

Notes: ZV Port format output :
signal include Table Al: ZV Port AC Parameter

VSYNC: Vertical sync pulse.
CHSYNC: Horizontal sync pulse. Symbol Parameter Min. Max.
PCLK: Pixel clock used to clock valid data and CHSYNC —
into ZV Port. Default frequency is 13.5MHz when use tl PCLK fall timing 4ns 8ns
27MHz as system clock. Rising edge of PCLK is used t2 PCLK low time 30 ns
to clock the 16 Bit data. ——
Y<7:0>: 8 Bit luminance data bus. 3 PCLK rise time 4ns 8ns
UV<7:0>: 8 Bit chrominance data bus. t4 PCLK high time 30 ns
Note: In Interlaced Mode, thgre are Even/Odd field dn‘fer.ent 5 PCLK period 74 ns
(t8). When In Progressive Scan Mode, only frame tim-
ing same as Even field(t8). t6 Y/UV/ICHSYNC setup time 10 ns
t7 Y/UV/CHSYNC hold time 20 ns
Thd is the pixel number between 1st valid data and 1st PCLK ris- 18 VSYNC setup/hold time to 1us

ing after CHSYNC rising edge. When in default horizontal window CHSYNC
setting, Thd = 142*t5, which is changed with register HS<7:0>.
HS<7:0> increase 1, Thd increase 4 pixel clock.

Tend is the pixel number between last valid data and 1st PCLK
rising edge after CHSYNC falling edge. When in default horizon-
tal window setting, Tend = 10*t5, which is changed with register
HE<7:0>. HE<7:0> change 1, Tend change 4 pixel clock.

After VSYNC falling edge, OV7600 will output black reference level, the line number is Tvs, which is the line number between the 1st CHSYNC
rising edge after VSYNC falling edge and 1st valid data CHSYNC rising edge. Then valid data, then black reference, line number is Tve, which
is the line number between last valid data CHSYNC rising edge and 1st CHSYNC rising edge after VSYNC rising edge. The black reference
output line number is dependent on vertical window setting.

When in default setting, Tvs = 14*Tline, which is changed with register VS<7:0>. If in Interlaced Mode, VS<7:0> change 1 step, Tvs increase
1 line. If in Progressive Scan Mode, VS<7:0> step equal to 2 line.

When in default setting, Tve = 4*Tline for Odd Field, Tve = 3*Tline for Even Field, which is changed with register VE<7:0>. If in Interlaced
Mode, VE<7:0> change 1 step, Tve increase 1 line. If in Progressive Scan Mode, VE<7:0> step equal to 2 line.

In Progressive Scan Mode, Tve = 3*Tline and Tvs = 35*Tline.
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