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applications

= cellular phones

= picture phones

= toys

= PC multimedia

= digital still cameras

= OV09710-V28A (color, lead-free)
28-pin CSP2

features

= high sensitivity for low-light operation
= ultra low power and low cost

= automatic image control functions: automatic
exposure control (AEC), automatic gain control
(AGC), automatic white balance (AWB), automatic
band filter (ABF), automatic black level calibration
(ABLC)

= programmable controls: frame rate, AEC/AGC
16-zone size/position/weight control, mirror, flip,
cropping, and windowing

= image quality controls: lens correction and defective
pixel canceling

= output support for raw RGB

= supports image sizes: WXGA (1280x800) and
640x400

= support for horizontal and vertical sub-sampling
= support for black sun cancellation

= support for internal and external frame
synchronization

= standard serial camera control bus (SCCB) interface
= digital video port (DVP) parallel output interface

= embedded one-time programmable (OTP) memory
= on-chip phase lock loop (PLL)

= built-in 1.5V regulator for core

key specifications

= active array size: 1280 x 800

= power supply:
analog: 3.0 ~ 3.6V
core: 1.5VDC + 5% (built-in regulator)
1/0: 1.7 ~ 3.6V

m power requirements:
active: 110 mW
standby: 50 pA

= temperature range:
operating: -30°C to 70°C
stable image: 0°C to 50°C
= output formats (10-bit): raw RGB data
= |ens size: 1/4"
= |ens chief ray angle: 25° non-linear
= input clock frequency: 6 ~ 27 MHz

= scan mode: progressive
=  maximum image transfer rate:
WXGA (1280x800): 30 fps
640x400: 60 fps
= sensitivity: 3300 mV/(Lux e sec)
= S/Nratio: 39 dB
= dynamic range: 69 dB
= maximum exposure interval: 826 X trow
= pixel size: 3 pm x 3 um
= dark current: 20 mV/sec @ 60°C
= well capacity: 13 Ke~
= image area: 3888 pm x 2430 um
= package dimensions: 5415 pm x 4415 ym
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1 signal descriptions

table 1-1 lists the signal descriptions and their corresponding pin numbers for the OV9710 image sensor. The package
information is shown in section 9.

table 1-1 signal descriptions (sheet 1 of 2)
B
number name type description I/O status
AVDD power analog power, 3.0 ~ 3.6V
A2 AGND ground ground
A3 ™ 110 test mode input with pull-down input
A4 AVDD power analog power, 3.0 ~ 3.6V
A5 AGND ground ground
A6 XCLK 110 input clock input
B1 VREFN reference reference voltage
B2 PWDN 1/0 power down input with pull-down input
B3 SIOD 1/0 SCCB data
B4 SIOoC 1/0 SCCB clock
B5 VSYNC 1/10 vertical sync output output
B6 HREF 110 horizontal sync output output
C1 VREFH reference reference voltage
c2 Y6 1/0 DVP output bit[6] output
C3 RSTB 110 reset input with pull-up input
C6 Y5 110 DVP output bit[5] output
D1 Y8 1/0 DVP output bit[8] output
D2 Y2 110 DVP output bit[2] output
D3 PCLK 110 pixel clock output output
D4 YO 1/0 DVP output bit[0] output
D5 Y3 110 DVP output bit[3] output
D6 Y7 110 DVP output bit[7] output
El DOVDD power power for I/O circuit, 1.7 ~ 3.6V
E2 Y4 110 DVP output bit[4] output
E3 DGND ground ground
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table 1-1 signal descriptions (sheet 2 of 2)

pin signal pin default
number name type description I/O status

DVP output bit[1] output

E5 DVDD power power for digital core, 1.5V

E6 Y9 1/0 DVP output bit[9] output

figure 1-1 pin diagram
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2 system level description

2.1 overview

The OV9710 (color) CameraChip™ sensor is a low voltage and high performance quarter-inch 1 Megapixel CMOS
image sensor that provides the full functionality of a single-chip WXGA (1280x800) camera using OmniPixel3-HS™
technology in a small footprint package. It provides full-frame, sub-sampled, windowed 8-bit/10-bit images in raw RGB
format via the Digital Video Port (DVP).

The OV9710 has an image array capable of operating at up to 30 frames per second (fps) in WXGA resolution with
complete user control over image quality, formatting and output data transfer. All required image processing functions
including exposure control, white balance, defective pixel canceling, etc., are programmable through the SCCB interface.
In addition, Omnivision CameraChip sensors use proprietary sensor technology to improve image quality by reducing or
eliminating common lighting/electrical sources of image contamination, such as fixed pattern noise, smearing, etc., to
produce a clean, fully stable, color image.

For storage purposes, the OV9710 includes a one-time programmable (OTP) memory.

2.2 architecture

The OV9710 sensor core generates streaming pixel data at a constant frame rate, indicated by HREF and VSYNC.
Maximum pixel rate is 30 Megapixels per second, corresponding to a pixel clock rate of 40~42.5 MHz. figure 2-1 shows
the functional block diagram of the OV9710 image sensor.

The timing generator outputs signals to access the rows of the image array, precharging and sampling the rows of array
in series. In the time between precharging and sampling a row, the charge in the pixels decreases with the time exposed
to the incident light. This is known as exposure time.

The exposure time is controlled by adjusting the time interval between precharging and sampling. After the data of the
pixels in the row has been sampled, it is processed through analog circuitry to correct the offset and multiply the data

with corresponding gain. Following analog processing is the ADC which outputs a 10-bit data for each pixel in the array.

07.01.2008 PRODUCT SPECIFICATION proprietary to OmniVision Technologies

Omn\Sfsion.



0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

figure 2-1 0V9710 block diagram
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figure 2-2
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

2.3 1/0 control

The OV9710 1/O pad direction and driving capability can be easily adjusted. table 2-1 lists the driving capability and
direction control registers of the I/O pads.

table 2-1 driving capability and direction control for I/0 pads

REG5D[5:4]: output drive capability
00: 1x
0x5D[5:4] 01: 2x
10: 3x
11: 4x

output drive capability
control

input/output selection for the Y[9:0] pins:
Y[9:0] I/O control 0x56[1:0], 0x55[7:0] 0:  Input
1:  Output

input/output selection for the VSYNC pin:
VSYNC I/O control 0x56[3] 0:  Input
1:  Output

input/output selection for the PCLK pin:
PCLK 1/O control 0x56[2] 0:  Input
1: Output

input/output selection for the HREF pin:
HREF 1/O control 0x56[4] 0:  Input
1:  Output
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2.4 system clock control

The OV9710 PLL allows for an input clock frequency ranging from 6~27 MHz and has a maximum output clock (CLK2)
frequency of 80 MHz. The PLL can be bypassed by setting register REG5D[6] (0x5D) to 1.

figure 2-3 system control block diagram
REG5C]6:5] REG5C[4:0] REG5DI[3:2] REG11[5:0]
Y Y Y Y

XCLK ——=| PLL pre-divider F <K pLL multiplier <K% pLL divider  EHK3 Sys;fdecelka > SYSCLK
notel CLK1=XCLK/REG5C[6:5]
note2 CLK2=CLK1 x (32-REG5C[4.0])
note3 CLK3=CLK2/(REG5D[3:2]+1)
note4 SYSCLK = CLK3/((REG11[5:0]+1) x 2) 100523

2.5 SCCBinterface

The Serial Camera Control Bus (SCCB) interface controls the CameraChip sensor operation. Refer to the OmniVision
Technologies Serial Camera Control Bus (SCCB) Specification for detailed usage of the serial control port.

2.6 power up sequence

Powering up the OV9710 sensor does not require a special power supply sequence. The sensor includes an on-chip
initial power up reset feature. It will reset the whole chip during power up. Manually applying a hard reset upon power up
is recommended even though the on-chip power up reset is included.

2.7 reset

The OV9710 sensor includes an RSTB pin that forces a complete hardware reset when it is pulled low (GND). The
OV9710 clears all registers and resets them to their default values when a hardware reset occurs. A reset can also be
initiated through the SCCB interface.
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2.8 power down

Two methods are available to place the OV9710 into power down mode:

e hardware power down
¢ SCCB software power down
To initiate hardware power down, the PWDN pin must be tied to high. When this occurs, the OV9710 internal device clock

is halted and all internal counters are reset.

Executing a software power down through the SCCB interface suspends internal circuit activity but does not halt the
device clock. All register content is maintained in standby mode.
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3 block level description

3.1 pixel array structure

The OV9710 sensor has an image array of 1296 columns by 818 rows (1,060,128 pixels). figure 3-1 shows a

cross-section of the image sensor array.

The color filters are arranged in a Bayer pattern. The primary color BG/GR array is arranged in line-alternating fashion.
Of the 1,060,128 pixels, 1,024,000 (1280x800) are active pixels and can be output. The other pixels are used for black

level calibration.

The sensor array design is based on a field integration read-out system with line-by-line transfer and an electronic shutter

with a synchronous pixel read-out scheme.

figure 3-1 sensor array region color filter layout
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3.2 analog amplifier

When the column sample/hold circuit has sampled one row of pixels, the pixel data will shift one-by-one into an analog
amplifier.
3.2.1 gain control

The amplifier gain can either be programmed by the user or controlled by the internal automatic gain control (AGC)
circuit.

3.3 10-bit A/D converters

After passing through the analog amplifier, the Bayer pattern raw signal is fed to two 10-bit analog-to-digital (A/D)
converters, one for the G channel and one shared by the BR channels. These A/D converters operate at speeds up to
20 MHz and are fully synchronous to the pixel rate (actual conversion rate is related to the frame rate).
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4 image sensor core digital functions

4.1 mirror and flip

The OV9710 provides Mirror and Flip readout modes, which respectively reverse the sensor data readout order
horizontally and vertically (see figure 4-1). In mirror, the readout sequence of R/G or B/G is programmable. In flip, the
starting line for VREF must be adjusted. Then, the DSP block will auto detect whether the pixel is in the red line or blue
line and make the necessary adjustment.

figure 4-1 mirror and flip samples
original image mirrored image flipped image mirrored and flipped
image
97100541
table 4-1 mirror and flip function control
function register description
mirror ON/OFF select
mirror 0x04(7] 0:  mirror OFF
1:  mirror ON
flip ON/OFF select
flip? 0x04[6] 0: flip OFF

1. flipON

a.  When using the flip function, the starting line of VREF, {VSTART[7:0] (0x19), REG03[1:0] (0x03)}, must be adjusted.
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4.2 test pattern

For testing purposes, the OV9710 offers one kind of test pattern, color bar

figure 4-2 test pattern

color bar
table 4-2 test pattern selection control
function register description
color bar enable
color bar

0x12[1] 0:  normal image

(yth Pixe! TRgRY) 1:  color bar with pixel overlay

color bar without pixel overlay
0x97[3] 0:  normal image
1:  color bar enable

color bar
(without pixel overlay)

pattern options for color bar without pixel overlay
00: color bar 1 (solid color)
color bar pattern select 0x97[1:0] 01: color bar 2 (fade to gray)
10: color bar 3
11: not allowed
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4.3 AEC/AGC algorithms

4.3.1 overview

The Auto Exposure Control (AEC) and Auto Gain Control (AGC) functions allow the CameraChip sensor to adjust the
image brightness to a desired range by setting the proper exposure time and gain applied to the image. Besides
automatic control, exposure time and gain can be set manually from external control. The related registers are listed in
table 4-3.

table 4-3 AEC/AGC control functions

auto/manual exposure control select
AEC enable 0x13[0] 0:  manual
1. auto

LAEC LAEC[15:8] = 0x3C[15:8]

(!ess than 1 row of exposure {0x3C, Ox1F} LAEC[7:0] = Ox1F[7:0]
time)
. AEC[15:8] = 0x16[15:8]

AEC exposure time {Ox16, 0x10} AEC[7:0] = 0x10[7-0]

. Bit[7]: digital gain
AGC gain b 4 Bit[6:0]: analog gain

auto/manual gain control select

AGC enable 0x13[2] 0:  manual

1. auto

AEC/AGC method select
0x0E[0] 0: average-based AEC/AGC
1: histogram-based AEC/AGC

histogram / average-based
selection

There are two different algorithms that decide whether the current frame is too bright or too dark and determine if the
exposure time/gain should increase or decrease for the next frame. One algorithm, Histogram algorithm, is based on the
statistics of the percentage of high/low luminance pixels, and the other is based on the weighted-average of a frame.

4.3.2 average-based algorithm

The average-based AEC controls image luminance using registers WPT/HisH (0x24) and BPT/HisL (0x25). In
average-based mode, the value of register WPT/HisH (0x24) indicates the high threshold value and the value of register
BPT/HisL (0x25) indicates the low threshold value. When the target image luminance average value YAVG (0x2F) is
within the range specified by registers WPT/HisH (0x24) and BPT/HisL (0x25), the AEC keeps the image exposure.
When register YAVG (0x2F) is greater than the value in register WPT/HisH (0x24), the AEC will decrease the image
exposure. When register YAVG (0x2F) is less than the value in register BPT/HisL (0x25), the AEC will increase the
image exposure. Accordingly, the value in register WPT/HisH (0x24) should be greater than the value in register
BPT/HisL (0x25). The gap between the values of registers WPT/HisH (0x24) and BPT/HisL (0x25) controls the image
stability.
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The AEC function supports both normal and fast speed selections in order to bring the image exposure into the range
set by the values in registers WPT/HisH (0x24) and BPT/HisL (0x25). AEC set to normal mode will allow for single-step
increment or decrement in the image exposure to maintain the specified range. A value of "0" in register FASTEN[7]
(0x13) will result in normal speed operation and a "1" will result in fast speed operation.

Register VPT (0x26) controls the fast AEC range. If the target image YAVG (0x2F) is greater than VPT[7:4] x 16, AEC
will decrease by 2. If register YAVG (0x2F) is less than VPT[3:0] x 16, AEC will increase by 2.

As shown in figure 4-3, the AEC/AGC convergence uses two regions, the inner stable operating region and the outer
control zone, which defines the convergence step size change as follows:

4.3.2.1 outside control zone
step size: 2 x (AEC[15:0])

tsTep: tRow X (2 X AEC[15:0])

4.3.2.2 inside control zone
step size: 2 x (AEC[15:0]) + 16)

tSTEP: tROW X (2 X AEC[lSO] - 16)
Once the current value is inside the stable operating region, the AEC/AGC value has converged.
The Step Limit register acts to create a "middle ground" by limiting the maximum step size to 32 rows

(delay time = tgow * 32).

figure 4-3 desired convergence

desired convergence

control zone stable operating region /

9710_DS_4_3
control zone upper limit: {VPT[7:4] (0x26[7:4]), 4'b0000}

control zone lower limit: {VPT[3:0] (0x26[3:0]), 4'h0000}

stable operating region upper limit: WPT[7:0] (0x24)

stable operating region lower limit: BPT[7:0] (0x25)
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table 4-4 AEC control functions

luminance signal / histogram high range for

histogram-based AEC/AGC operation

WPT/HisH 0x24 AEC/AGC value decreases in auto mode
average-based when average luminance histogram is
greater than WPT/HisH[7:0].

luminance signal / histogram low range for

histogram-based AEC/AGC operation

BPT/HisL 0x25 AEC/AGC value increases in auto mode
average-based when average luminance histogram is less
than BPT/HisL[7:0].

fast mode large step range thresholds -

effective only in AEC/AGC fast mode
Bit[7:4]: high threshold

VPT 0x26 Bit[3:0]: low threshold

histogram-based

AEC/AGC may change in larger steps
average-based when luminance average is greater than
VPT[7:4] or less than VPT[3:0].

luminance average - this register will auto

update. Average luminance is calculated

from the B/Gb/Gr/R channel average as
YAVG 0x2F follows:

B/Gb/Gr/R channel average =

(BAVG[7:0] + GbAVG[7:0] + GrAVG[7:0] +

RAVG[7:0]) x 0.25

AEC speed select
FASTEN 0x13[7] 0: normal
1: faster AEC adjustment

For the average-based AEC/AGC algorithm, the measured window is horizontally and vertically adjustable and divided
into sixteen (4x4) zones (see figure 4-4). Each zone (or block) is 1/16th of the image and has a 4-bit weight in calculating
the average luminance (YAVG). The 4-bit weight could be n/16 where n is from 0 to 15. The final YAVG is the weighted
average of the sixteen zones. For more details on adjusting horizontal and vertical windows and weight for each window,
refer to section 4.3.2.3, average luminance (YAVG).

4.3.2.3 average luminance (YAVG)

Auto exposure time calculation is based on a frame brightness average value. By properly setting AHS,AVS, AHW,
and AVH as shown in figure 4-4, a 4x4 grid average window is defined. The average value is the weighted average
of the 16 sections. table 4-5 lists the corresponding registers.
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

figure 4-4 average-based window definition
(0,0) i VTH |
'S X
(HS, VS) ' HW 1 T’
N ! Y
AHW
(AHS, AVS) LU
1 2 3 4 average
window
5 6 7 8 size
VTS VH
AVHI 9 10 | 11 | 12
13| 14 | 15 | 16
valid pixel size
sensor array size
notel sensorarray size (for WXGA, VTH=1296, VT5=818)
valid pixel size (for WXGA, VTH=1280, VTS=800) 97100544

table 4-5 average-based algorithm functions

function register description

section 1 weight = Ox4E[1:0]
section 2 weight = Ox4E[3:2]
section 3 weight = Ox4E[5:4]
section 4 weight = Ox4E[7:6]
section 5 weight = Ox4F[1:0]
section 6 weight = 0x4F([3:2]
section 7 weight = 0x4F[5:4]
section 8 weight = Ox4F[7:6]
section 9 weight = 0x50[1:0]
section 10 weight = 0x50[3:2]
section 11 weight = 0x50[5:4]
section 12 weight = 0x50[7:6]
section 13 weight = 0x51[1:0]
section 14 weight = 0x51[3:2]
section 15 weight = 0x51[5:4]
section 16 weight = 0x51[7:6]

average section weighting Ox4E~0x51
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4.3.3 histogram-based algorithm

The OV9710 histogram-based AEC controls exposure levels based on image histogram distribution and probability.

table 4-6 histogram-based AEC algorithm adjustment controls
BP level 0x72 upper limit of luminance level for B pixels
WP level 0x73 lower limit of luminance level for W pixels

lower limit of probability for B pixels to trigger auto AEC/AGC

BP number 0x76 If B pixel probability > BP number, AEC/AGC will increase
automatically.
lower limit of probability for W pixels to trigger auto AEC/AGC
WP number oxrt If W pixel probability > WP number, AEC/AGC will decrease
automatically.
VBP level 0x74 upper limit of luminance level for VB pixels
VWP level 0x75 lower limit of luminance level for VW pixels
lower limit of probability for B pixels to trigger fast AEC/AGC
VBP number be - If B pixel probability > BP number, AEC/AGC will increase in fast
mode.
lower limit of probability for W pixels to trigger fast AEC/AGC
VWP number 0x79

If W pixel probability > WP number, AEC/AGC will decrease in
fast mode.
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

4.4 AEC/AGC steps

figure 4-5 shows how the AEC and AGC work together to obtain adequate exposure/gain based on the current
environment's illumination. The upper one illustrates the non-banding operation which time unit is based on Tline. The
lower one shows exposure in banding. The x-axis represents the length of exposure in time scale. In normal light
circumstances, the length of exposure will fall into a range from 1 Tline to 1 Tframe. In extremely bright or dark
circumstances, exposure time less than 1 Tline/Tband or greater than 1 Tframe may be required accordingly. In order to
achieve the best signal-to-noise ratio (SNR), extending the exposure time is always preferred, rather than raising the
analog gain, when the current illumination is getting brighter. Vice versa, under dark conditions, the action to decrease
the gain is always taken prior to shortening the exposure time.

figure 4-5 darker illumination situation / brighter illumination situation
.......... A EC/AGC P AECFULL=>AGCon
i (FULL) ~(+1F)  (+2F)  (+3F)  (+7F)
1 16 1frame” 2f 3f 4f 8f
AEC L1AEC IIIIIII IIIIIII AEC nllﬁ"’: """"" %I&I """"" %I%I
(rows) <lrowAEC i slow: +1 row / £1/16 step AF<2:0> selects MAX
1 1(i51716). 1(152/16),.. fast:inc/dec: 2x / 1/2 step FULL (1f, 2f, 3f, 4f, 8f)
smoothed by AGC
AEC/AGC P AECFULL =>AGCon
slow: 1 band (FULL) A+1F)  (+2F)  (+3F)  (+7F
1 fast:inc/dec: 2x / 1/2 AECG i (fram')e"" (+2f ) (+3f ) (+4f ) (+8f )
AEC AEC lll!lll lll!lll III'A‘(": """"" A!‘! """"" %!&!
(banding) ", 108D 1:AEC AECG (AGC) AF<1:0> selects MAX

0:stop @1 band 11(1+1/16),1(1+2/16),.. FULL (1f, 2f, 3f, 4f, 8f)

smoothed by AGC 9710_DS_4_5

4.4.1 auto exposure control (AEC)

The function of the AEC is to calculate integration time of the next frame and send the information to the timing control
block. Based on the statistics of previous frames, the AEC is able to determine whether the integration time should
increase, decrease, fast increase, fast decrease, or remain the same.

In extremely bright situations, the LAEC activates, allowing integration time to be less than one row. In extremely dark
situations, the VAEC activates, allowing integration time to be larger than one frame.

To avoid image flickering under a periodic light source, the integration time step can be adjusted as an integer multiple
of the period of the light source. This new AEC step system is called banding, suggesting that the steps are not
continuous but fall in some bands.

4.4.1.1 LAEC
If the integration time is only one row but the image is too bright, AEC will enter LAEC mode. Within LAEC, the
integration time can be further decreased to a minimal of 1/16 row or so. LAEC ON/OFF can be set in 0x13[3].
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4.4.1.2 banding mode ON with AEC
When banding mode is ON, AEC step, which is also called 'band', increments by an integer multiple of the period of
light intensity. This design is to reject image flickering when light source is not steady but periodical.

For a given operating frequency, band step can be expressed in terms of row timing.
Band Step = 'period of light intensity’ x 'frame rate' x 'rows per frame"'.
The band steps for 50hz and 60hz light sources can be set in registers 0x49~0x4A.

When auto-banding is ON, if the next integration time is less than the minimal band step, banding will automatically
turn OFF. It will turn ON again until the next integration time becomes larger than minimal band. If auto-banding is
disabled, the minimal integration time is one minimal band. Auto-banding can be set in register 0x13[5].

4.4.1.3 banding mode OFF with AEC
When Banding is OFF, integration time increases/decreases by 1/16 of the previous step in slow mode or becomes
twice/half of the previous step in fast mode.

4.4.1.4 VAEC
In extremely dark situations, the integration time must be longer than one frame.

The OV9710 supports long integration time such as 1 frame, 2 frames, 3 frames and 7 frames. This is achieved by
slowing down original frame rate and waiting for exposure. VAEC ceiling can be set in register 0x03[7:5]. VAEC can
be disable by setting register OXOE[3] to 0.

4.4.2 auto gain control (AGC)

Unlike prolonging integration time, increasing gain will amplify both signal and noise or between two gaps of banding
exposure time. Thus, AGC usually starts after AEC is full. However, in same cases where adjacent AEC step changes
are too large(>1/16), AGC step should be inserted in between; otherwise, the integration time will keep switching from
two adjacent steps and the image flickers.

4.4.2.1 integration time between 1~16 rows

When integration time is less than 16 rows, the changes between adjacent AEC steps are larger than 1/16, which
may possibly make the image oscillate between two AEC levels; thus, some AGC steps are added in between. For
example, from AEC = 2 rows to AEC = 3 rows, there are 7 more AGC steps (1+ x/16, x=1~7) inserted, which ensures
every step change is less than 1/16.

4.4.2.2 gain insertion between AEC banding steps

In Banding ON mode, the minimal integration time change is the period of light intensity (10ms for 50Hz, 16.67ms
for 60Hz). For the first 16 band steps, since the change between adjacent steps is larger than 1/16, AGC steps are
inserted to ensure image stability.

4.4.2.3 gain insertion between VAEC steps
Between VAEC steps (e.g., integration time = 1 frame and 2 frames), AGC steps are inserted to ensure no adjacent
step change is larger than 1/16 (6.25%).
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

4.4.2.4 when AEC reaches maximum

When AEC reaches its maximal step while the image is still too dark, the AGC step starts to increase until the new
frame average falls into the no-adjust region or the AGC reaches its maximal step. The AGC step maximum can be
set in register 0x14([7:5].

table 4-7 histogram-based AEC/AGC reference area option

function register description
LAEC ON/OFF select
LAEC ON/OFF 0x13[3] 0: OFF
1: ON
VAEC ON/OFF select
é'zicfrgn':‘é ?FF OXO0E[3] 0. OFF
1. ON
VAEC ceiling
- 001: 1 frame
PAEC ogiling 0x03[7:5] 010: 2 frames

(max integration time) 011: 3 frames

1xx: 7 frames

automatically trigger VAEC when gain is greater

than:
VAEC active point trigger . 00: 2x
option 0x21[5:4] 01: 4x
10: 8x
11:  16x
banding filter ON/OFF select
banding filter ON/OFF 0x13[5] 0: OFF

1: ON

enable AEC below banding value
0:  limit the minimum exposure time to 1/100 or
1/120 second under any light conditions
banding filter option 0x14[3] when banding filter is enabled
1: allow exposure time to be less than 1/100 or
1/120 second under strong light conditions
when banding filter is enabled

max_band 0x22[5:0] max banding steps in terms of row exposure

banding filter value
banding step 0x49~0x4A BDst[9:8] = REG4A[1:0]
BDst[7:0] = REG49[7:0]
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4.5 black level calibration (BLC)

The pixel array contains four optically shielded (black) rows. These rows are used to provide the data for offset

cancellation algorithms (black level calibration).

Digital image processing starts with black level subtraction. The BLC algorithm estimates the offset of the black level from

the data provided by black rows. These offsets of different color channels will be subtracted from values of the color
pixels. If the subtraction produces a negative result for a particular pixel, the value of this pixel is set to "0." By default,

BLC will be triggered when gain is changing.

table 4-8 BLC control functions

function register description

target 0x41[3:0] target black level value that is used in the algorithm
x0: use R/Gr channel offset for all channels

BLC_R,BLC_B 0x43[7:6] 01: use B/Gb channel offset for all channels
11: use all four channel offsets

BLC always ON 0x37[2] BLC offsets are adjusted every frame

MBLC 0x37[3] trigger BLC manually for 64 frames

R offset {Ox48[1:0], 0x44[7:0]} BLC offset for R channel

B offset {0x48[3:2], 0x45[7:0]} BLC offset for B channel

Gr offset {0x48[5:4], 0x46[7:0]} BLC offset for Gr channel

Gb offset {Ox48[7:6], 0x47[7:0]} BLC offset for Gb channel
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

4.6 digital gain

After black level subtraction, multiplication may apply to all pixel values based on an optional digital gain. By default, the
sensor will use analog gain up to its maximum before applying digital gain to the pixels.

table 4-9 digital gain control functions

function register description

range of digital gain
dgain 0x00[7] 0: apply digital gain only if gain > 2x
1: apply digital gain only if gain > 4x

4.7 one-time programmable (OTP) memory

The OV9710 supports 128 bits maximum one-time programmable (OTP) memory to store chip identification and
manufacturing information. Contact your local OmniVision FAE for more details.
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5 image sensor processor digital functions

5.1 ISP top

The main purpose of the ISP Top is to integrate all sub-modules. The ISP should always be enabled.

table 5-1 ISP top registers
default
address register name value R/W description
Bit[0]: ISP enable
0x96 DSP_CTRL_O 1'b1 RW 0: Disable ISP
1: Enable ISP
5.2 pre-DSP

The main purposes of the Pre-DSP module includes:

« adjust HREF, valid, rblue signals and data
*  create color bar image
« determine the window size and location of the pre_window

table 5-2 pre-DSP registers (sheet 1 of 2)

address register name

default
value

Bit[3]:

Bit[2]:

0x97 DSP_CTRL_1 4’h0 RW

Bit[1:0]:

bar_en

0: Disable color bar

1:  Enable color bar

sht_neg

0: Disable delaying the data
HREF/valid clock

1: Enable delaying the data
HREF/valid clock

bar_style - selects type of color

bar to output

Bit[7:0]:

0x98 DSP_CTRL_2 0x00 RW

pre_out_hoff[7:0] - horizontal
offset of the pre_win output (valid
with DSP_CTRL_4[2:0] (0x9A))

Bit[7:0]:

0x99 DSP_CTRL_3 0x00 RW

pre_out_voff[7:0] - vertical offset
of the pre_win output (valid with
DSP_CTRL_4[5:4] (0x9A))
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 5-2 pre-DSP registers (sheet 2 of 2)

default
address register name value R/W description

Bit[7:6]: Reserved

Bit[5:4]: pre_out_voff[9:8] - vertical offset
of the pre_win output (valid with
DSP_CTRL_3[7:0] (0x99))

0x9A DSP_CTRL_4 0x00 RW B3]  Reserved
Bit[2:0]: pre_out_hoff[10:8] - horizontal
offset of the pre_win output (valid
with DSP_CTRL_2[7:0] (0x98))
Bit[7:4]: pre_pad_vrgt - padding the
O0X9B DSP_CTRL 5 0x04 RW column number in pre_win

Bit[3:0]: pre_pad_hrgt - padding the row
number in pre_win

5.3 LENC gain COEF

The main purpose of the LENC Gain COEF is to adjust the parameters used in LENC according to the sensor gain.

figure 5-1 LENC gain coefficient

LENC gain

100%
(0x80)

lenc_coef th
(0x00 - 0x80)

sensor
gain

lenc_gain_threl lenc_gain_thre2
[LENC_CTRL _3[0], LENC CTRL_2[3:0]} {LENC_CTRL_3[1], LENC CTRL 2[7:4]}

97100551

OmrNAMsion.  proprietary to OmniVision Technologies PRODUCT SPECIFICATION version 2.0



table 5-3 LENC gain COEF registers

default
address register name value R/W description

Bit[2]: lenc_gain_coef_en -
enable/disable the
lenc_gain_coef module

0x96 DSP_CTRL_O 1'b0 RW 0:  Disable lenc_gain_coef
module

1:  Enable lenc_gain_coef
module

Bit[7:0]: def_coef_man - manual value of
the lenc_coef gain (effective
when LENC_CTRL_3[2] (OxA1)
is set).

Ox9E LENC_CTRL_O 0x00 RW

O0x9F LENC_CTRL_1 0x80 RW Bit[7:0]: lenc_coef_th

Bit[7:4]: lenc_gain_thre2[3:0] - high
threshold of the LENC gain (valid
with LENC_CTRL_3[1] (OxA1))

Bit[3:0]: lenc_gain_threl[3:0] - low
threshold of the LENC gain (valid
with LENC_CTRL_3[0] (OxA1))

0XAO LENC_CTRL_2 OxF1 RW

Bit[2]:  def_coef_man_en - enable
manual mode of the lenc_coef
gain

Bit[1]:  lenc_gain_thre2[4] - high

0xAl LENC_CTRL_3 0x6A RW threshold of the LENC gain (valid
with LENC_CTRL_2[7:4] (OxA0))

Bit[0]:  lenc_gain_threl[4] - low
threshold of the LENC gain (valid
with LENC_CTRL_2[3:0] (OxA0))
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

5.4 lens correction (LENC)

The main purpose of the LENC is to compensate for lens imperfection. Because of the non-uniformity of light
transparency, the outer areas of the image appear darker than the center area. According to the radius of each pixel to
the lens, the module calculates a gain for the pixel and applies the calculated gain to the respective pixel to compensate
the light distribution due to lens curvature.

For each channel, first adjust the center coordinate, LCC_X and LCC_Y. Then, for each pixel, calculate the distance r to
the center. The further the distance from the center, the greater the gain should be applied to this pixel. The exact
equation is:

Lens Correction Gain = ar? + br + 1, where a and b are coefficients chosen for the correction in which a is a positive
value and b can be either positive or negative. Each channel can choose a separate a and b.

figure 5-2 shows how the LENC module works. Registers 0xA3 to 0xA8 are for blue channel control, registers OxA9 to
OXAE are for green channel control, and registers OxAF to 0xB4 are for red channel control.

figure 5-2 LENC description

center of lens
(LCCX,LCCY)

image area
note R/G/Beach channel can have different center.
R/G/B each channel applies lens correction gains separately.
ris the distance of each pixel to the center. 9710_DS_5_2

For example, in the case of B channel, the values for center, a, and b are determined as follows:

LCC_X = B_X0[10:0] = {OXA5[2:0], OXA3[7:0]}
LCC_Y = B_YO0[9:0] = {OXA5[5:4], OXA4[7:0]}

a= B_Al[GO] X 2(-(B_A2[310] + 0x08))
b = B_B1[6:0] x 2(:(B_B2[3:01 + 0x01)) \yhere B_B1[7] is the sign bit.
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table 5-4

LENC enable 0x96

LENC registers (sheet 1 of 2)

DSP_CTRL_0[3]

LENC correction function enable
0: Disable
1: Enable

manual center

Manually selects the center of the R, G, B

. OxAl LENC_CTRL_3[4] .
operation circle
Determines whether or not to round off
the last two bits of LENC input data
rmd_en OxAL LENC_CTRL_3[3] 0: Do not round off the last 2 bits
1:  Round off the last 2 bits
lenc_off_man OXA2 LENC_CTRL_4[7:0] Black I?vel manual setting for LENC
Range: 0 ~ 255
{LENC_CTRL_7[2:0],
R_XO0 {OxA5, OxA3} LENC_CTRL_S5[7:0]} LCC_X for red channel
{LENC_CTRL_7[5:4],
R_YO {OxA5, 0xA4} {LENC_CTRL_6[7:0]} LCC_Y for red channel
Composed of the first group of factors
R_Al OxA6 LENC_CTRL_8[6:0] used in the LENC correction of the red
color channel.
Composed of the first group of factors
R_A2 OxA8 LENC_CTRL_10[3:0] used in the LENC correction of the red
color channel.
Composed of the second group of factors
R_B1 O0xA7 LENC_CTRL_9[7:0] used in the LENC correction of the red
color channel.
Composed of the second group of factors
R _B2 OxA8 LENC_CTRL_10[7:4] used in the LENC correction of the red
color channel.
{LENC_CTRL_13[2:0],
G_X0 {OxAB, 0xA9} LENC_CTRL_11[7:0]} LCC_X for green channel
{LENC_CTRL_13[5:4],
G_YO {OxAB, OXAA} {LENC_CTRL_12[7:0]} LCC_Y for green channel
Composed of the first group of factors
G_Al 0xAC LENC_CTRL_14[6:0] used in the LENC correction of the green
color channel.
Composed of the first group of factors
G_A2 OXAE LENC_CTRL_16[3:0] used in the LENC correction of the green
color channel.
Composed of the second group of factors
G_B1 OxAD LENC_CTRL_15[7:0] used in the LENC correction of the green
color channel.
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 5-4 LENC registers (sheet 2 of 2)

address register name description

Composed of the second group of factors
G_B2 OXAE LENC_CTRL_16[7:4] used in the LENC correction of the green
color channel.

{LENC_CTRL_19[2:0],

B_X0 {OXBL, OXAF} | Eng CTRL 17[7:0)

LCC_X for blue channel

{LENC_CTRL_19[5:4],

B_Y0 {OxB1, 0xBO} 4 ENc_CTRL_18[7:0])

LCC_Y for blue channel

Composed of the first group of factors
B_Al 0xB2 LENC_CTRL_20[6:0] used in the LENC correction of the blue
color channel.

Composed of the first group of factors
B_A2 0xB4 LENC_CTRL_22[3:0] used in the LENC correction of the blue
color channel.

Composed of the second group of factors
B_B1 0xB3 LENC_CTRL_21[7:0] used in the LENC correction of the blue
color channel.

Composed of the second group of factors
B_B2 0xB4 LENC_CTRL_22[7:4] used in the LENC correction of the blue
color channel.

Lens correction option for sub-sampling
mode. This register should be set during
sub-sampling.
0:  Normal image output (full size
and cropped image)
1:  Sub-sampling output

V_skip 0xB5 LENC_CTRL_23[2]

Lens correction option for sub-sampling
mode. This register should be set during
sub-sampling.
0:  Normal image output (full size
and cropped image)
1:  Sub-sampling output

H_skip 0xB5 LENC_CTRL_23[0]
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5.5 white balance control

The OV9710 provides options for manual white balance control and auto white balance control.

5.5.1 manual white balance control

In manual white balance control mode, the user has full control of the image white balance based on different

preferences. It can be easily interfaced with a backend image processor through SCCB register control.

In manual mode, the OV9710’s internal Red, Green, and Blue channels can be fully controlled by a backend companion

chip.

To enable manual white balance mode, turn off both 0x34[4] and 0x97[4]. Then, adjust the color gain using the following

registers:

¢ Blue[11:0] {0x01[7:0], Ox06[7:4]}
¢ Red[11:0] {0x02[7:0], 0x06[3:0]}
¢ Green[11:0] {Ox05[7:4], 0x07[7:4]}

For example, Blue Gain = Blue[11:0] / 0x400

5.5.2 automatic white balance control

In general, the automatic white balace is done by adjusting the Red, Blue, and Green channels to make the red, blue,

and green averages equal. The automatic mode can be enabled by setting both registers 0x34[4] and 0x97[4].

The main purpose of the AWB is to provide auto white balance correction. The algorithm is based on the Gray World. In

other words, the mean values of red, blue and green in the image are equal.

table 5-5 white balance function related registers (sheet 1 of 2)

AWB gain write options
0:  Manual white balance control

AWB_options 08 COM25[4] 1: ISP automatically controls the white
balance function
AWB enable - ISP automatically judges the
image color temperature and decides how to
AWB_en 0x96 DSP_CTRL_0[4] correct color balance.
0: Disable
1: Enable
{0x01, . . AWB blue channel gain
Blue 0X06} {BLUE[7:0], BRL[7:4]} Blue[11:0] = {OX01[7:0], OX0B[7:4]} / 0X400
{0x02, . . AWB red channel gain
Reg 0x06} {RED[7:0], BRL[3:0]} Red[11:0] = {Ox02[7:0], 0x06[3:0]} / 0x400
{0x05, . . AWB green channel gain
Green 0x07} {GREEN[7:4], GLIT:AL Green[11:0] = {0X05[7:4], 0XO7[7:4]} / 0x400
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 5-5 white balance function related registers (sheet 2 of 2)

function address register name description

AWB gain enable - applies auto white balance
gain according to the ISP results or manual

AWB_gain_en 0x96 DSP_CTRL_0[5] adjustment.
0: Disable
1. Enable
AWB fast mode enable
AWB_fast 0xB6 AWB_CTRL_0[2] 0: Disable
1. Enable
AWB bias enable
AWB_bias 0xB6 AWB_CTRL_0[1] 0: Disable
1. Enable

AWSB bias plus enable - adds AWB bias back
after AWB gain is calculated

0: Disable

1: Enable

AWB_bias_plus 0xB6 AWB_CTRL_0[0]

AWSB stable range 1 - the stable range when
stable_range 0xB8 AWB_CTRL_2[7:0] computing the gain value for R, G, and B in
AWB module.

AWSB stable range 2 - the stable range after the
gain value for R, G, and B is stable. AWB gain
will be recalculated after the values exceed
stable range 2.

stable_rangew 0xB9 AWB_CTRL_3[7:0]

AWB frame count - number of frame count to

AWB_frale_cnt OER AWB_CTRL_4[7:0] apply AWB gain after AWB calculation is done.

AWB delta - number of steps toward stable

delta 0xBB AWB_CTRL_5[7:0] (ange
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5.6 white black pixel cancellation (WBC)

The main purpose of the WBC function is to remove the white/black pixel effect.

table 5-6 WBCregisters

default
address register name value R/W description

Bit[7]:  black_en - black pixel cancel
function can remove the black
pixels introduced because of
sensor defect (default = 1'b1)

0x96 DSP_CTRL_0 OxF9 RW Bit[6]:  white_en - white pixel cancel
function can remove the white
pixels introduced because of
sensor defect (default = 1'b1)
5.7 SMPH

The SMPH function is an option for sub-sampling mode. It should be enabled during sub-samplilng mode.

table 5-7 SMPH registers

SMPH mean enable (sub-sampling
mode options)

0: Disable

1: Enable

SMPH_mean 0x97 DSP_CTRL_1[7]
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

5.8 YAVG

The main purpose of the YAVG function is to determine the average value of Y.

table 5-8 YAVG registers

default

address register name value R/W description
0x9C DSP_CTRL_6 0x00 RW Bit[7:0]: blk_thresh
0x9D DSP_CTRL_7 OxFF RW Bit[7:0]: wht_thresh
0xBD YAVG_CTRL_0O 0xA0 RW Bit[7:0]: yavg_winh
OxBE YAVG_CTRL_1 0xC8 RW Bit[7:0]: yavg_winv

Bit[7:0]: yavg_winofh[7:0] (valid with
OxBF YAVG_CTRL_2 0x00 RW YAVG_CTRL_4[2:0] (OXC1))
0xCO YAVG_CTRL 3 0x00 RW Bit[7:0]: yavg_winofv[7:0] (valid with

YAVG_CTRL_4[5:4] (OXC1))

Bit[7]:  yavg_win_man
Bit[6]: Reserved
Bit[5:4]: yavg_winofv[9:8] (valid with
0xC1 YAVG_CTRL_4 0x00 RW YAVG_CTRL_3[7:0] (0xCO0))
Bit[3]: Reserved
Bit[2:0]: yavg_winofh[10:8] (valid with
YAVG_CTRL_2[7:0] (OXBF))
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5.9 ISP system control

System control registers include clock and reset gated control.

table 5-9 system control registers
default
address register name value R/W description

Bit[7]:  Bypass DVP
(default value = 1'b0)
Bit[6]: Reserved (default value = 1'b0)
Bit[5]:  snr_rst_ctrl for DVP
(default value = 1'b0)
Bit[4]: snr_rst_ctrl for DSP
0xD6 SC_CTRL_O 0x0C RW (default value = 1'b0)
Bit[3]:  DVP gated clock
(default value = 1'b1)
Bit[2]: DSP gated clock
(default value = 1'b1)
Bit[1]:  DVP reset (default value = 1'b0)
Bit[0]: DSP reset (default value = 1'b0)
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6 image sensor output interface digital functions

6.1 digital video port (DVP)

6.1.1 overview

The Digital Video Port (DVP) provides 10-bit parallel data output in all formats supported and extended features including
HREF, CCIR656 format, HSYNC mode and test pattern output.

6.1.2 HREF mode

HREF mode is the default mode of the DVP (see figure 6-1). Each DVP_VSYNC indicates the starting of a new frame.
The OV9710 supports three types of DVP_VSYNC signals (vsync_old, vsync_new, and vsync3) as shown in figure 6-2).
DVP_VSYNC, DVP_HREF, and DVP_PCLK can be reversed using the register settings.

figure 6-1 DVP timing

vertical blanking

h2v dly vsync_width v2h dly line_length

DVP_VSYNC

| |
| |
| |
(HREF mode) " "
| |
| |
| |
| |

DVP HREF
(HSYNC mode) J

notel DVP_PCLK canbe optionally gated when DVP_HREF is low.

notel the typical values are: h2v_dly=256xTp, v2h_dly=16432Tp, line_length=1608Tp.
these parameters are variable when setting changes. 9710.DS_6.1
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

figure 6-2 VSYNC timing

oveHRer [ [ L |_\_]_\_

1

|

. ) programmable:

VSYNC OLD | width |
(vsync3_sel=0 I I |

and vsync_new sel=0) |
|

max 7 cycles 7 cycl
. programmable e mre;x ragrcnzlile
VSYNC NEW I deloy ¥ el

(vsync3 sel=0
and vsync_new sel=1)

SN I AN R

24-bit
programmable —=| =

|
VSYNC3 delay |—|

(vsync3 sel=1) + '

1

|

|

:

| delay

| | [

: T

|

|

9710_DS_6_2

6.1.3 HSYNC mode

In this mode, the line blanking time and VSYNC to the firstimage line are fixed. Also, there are dummy lines when vertical
blanking. The following settings are used to open HSYNC mode (see table 6-2 for the DVP control registers).

1. write OXCB to 0x32 (sets hsync_en = 1)
2. write OxC3 to 0x21 (starts to calculate the parameters for HSYNC mode)

6.1.4 CCIR656 mode

The OV9710 supports standard CCIR656 mode. The sync code can either be automatically generated or by setting
registers 0XC3 to 0xC7. "F" of the sync code can be optionally toggled every frame. To set CCIR656 mode setting:

1.  write OXxC3 to OxAO (sets ccir656_en = 1)
2. write 0xD4 to 0x23 (sets F_log_en = 1)

figure 6-3 CCIR656 timing

N AVaVaVaVaVaVaVaVaVaVaVaVaVaVa

PIXEL _80 X 10 X FF X 00 X 00 X XP XDatX _ XDat X FF X 00 X 00 X XP X 80 X 10

notel XP:{1,FV,H, P[3:0]} 1 F V HP3P2PLPO 1 F V H P3P2P1PO
F:0for field 1; 1 for field 2 1 00 0 0O0O0TGO 11000111
V:0forallelse; 1 for fieldblanking 1 0 0 1 1 1 0 1 11 011010
H: 0 for SAV; 1 for EAV 101 01011 11101100

P[3:0]: protect bits 101 10110 111 100 01
9710_D5_6.3
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6.1.5 DVP timing
figure 6-4 DVP timing diagram

(1)

. ; — 1

)

|
|
T
@ G) W 65 |
| | |
L= =0 |
HREF [ | % |
(6 !_l IA’ '
© I~ 9)
|
ey e _() I i(- : | :(- ( e ——
HSYNC L (7|_| L U 7 U REREREY
l I
| |
| |
D[9:0] invalid data =T =TT =TT 2)8) HE-TT .
table 6-1 DVP timing specifications *

. The timing values
8; ;gg;iet"' tp = 828 lines shown in table 6-1 may
p

vary depending upon
8; ﬁggzt;p register settings.

wxall (5) 256 tp

1280x800 (6) 1280 tp
(7) 408 tp
®) 2741p
(9) 481tp

where 1 pclk =1 tp

(1) 698832 tp = 414 lines
(2) 9944 tp
(3) 13840tp
(4) 1688 tp
(5) 256 tp
640x400 (6) 1280 tp
(7) 408tp
(8) 286tp
(9) 481tp

where 1 pclk = 2 tp
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 6-2 DVP control registers (sheet 1 of 5)

default
address register name value description

Bit[7:6]:

Bit[5]:

Bit[4]:

0xC2 DVP_CTRL_00 0x80 RW Bit[3]:

Bit[2]:
Bit[1]:

Bit[O]:

VSYNC options

00: vsync_old

01: vsync_new

10: vsync3

11:  Invalid

pclk_gate_en - gate dvp_pclk

when there is no data transfer

0: Disable

1: Enable

vsync_gate - gate dvp_pclk when

VSYNC && pclk_gate_en

0: Disable

1: Enable

vsync3_w_sel

0:  VSYNC3 will go low when
SOF

1:  Use vsync_width x 64 as
vsync3_width

pclk_pol

1: Reverse DVP_PCLK

href_pol

1: Reverse DVP_HREF

vsync_pol

0:  VSYNC=1 is frame blanking
time

1:  VSYNC=0 is frame blanking
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table 6-2 DVP control registers (sheet 2 of 5)

default
address register name value description

Bit[7]:  ccir656_en
0: Disable
1: Enable
Bit[6]:  sync_code_sel
0:  Auto generate sync code for
CCIR656
1: UseFS, FE, LS, LE
(registers 0xC4 to 0xC7) as
sync code
Bit[5]:  blk_656
0: CCIR656 data is 0x040 or
0x200
1: CCIR656 datais 0x000 when
blanking
Bit[4]: eav_first
1:  CCIR656 sends EAV first
Bit[3:1]: dvp_data_sequence
000: Y9,Y8,Y7,Y6,Y5,Y4,Y3,Y2,

0xC3 DVP_CTRL_01 0x20 RW Y1.Y0
001: Y1,Y0,Y9,Y8,Y7,Y6,Y5,Y4,
Y3,Y2
010: Y7,Y6,Y5,Y4,Y3,Y2,Y1,YO,
Y9,Y8
011: Reserved
100: YO0,Y1,Y2,Y3,Y4,Y5,Y6,Y7,
Y8,Y9
101: Y8,Y9,Y0,Y1,Y2,Y3,Y4,Y5,
Y6,Y7
110: Y2,Y3,Y4,Y5,Y6,Y7,Y8,Y9,
YO0,Y1
111: Reserved
Bit[0]:  chg_flag - write to 1 will generate
change flag for HSYNC mode.
This bit will auto clear. DVP will
restart to calculate all timing
parameters and output a frame.
0xC4 DVP_CTRL_02 0xAB RW Bit[7:0]: FS for CCIR656
0xC5 DVP_CTRL_03 0xB6 RW Bit[7:0]: FE for CCIR656
0xC6 DVP_CTRL_04 0x80 RW Bit[7:0]: LS for CCIR656
0xC7 DVP_CTRL_05 0x9D RW Bit[7:0]: LE for CCIR656
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 6-2 DVP control registers (sheet 3 of 5)

default
address register name value description

Bit[7]:  blk_tog
1: dvp_data will toggle when
blanking
Bit[6]:  vsync_width_sel
0:  Use vsync_widthx64 as
VSYNC width
OxC8 DVP_CTRL_06 &0 RW 1:  Select 4x line length as
VSYNC width
Bit[5:3]: h2v_dly - VSYNC to HREF delay
for vsync_new
Bit[2:0]: v2h_dly - HREF to VSYNC delay
for vsync_new
0XC9 DVP CTRL 07 0x80 RW Bit[7:0]: vsync_widt.h_l - vsync_width_real
B - = vsync_width x 64
Bit[7:6]: vsync_width_h
Bit[5:4]: sof2h_dly_offset
Bit[3]:  ddr_phase
0:  First pixel is at rising edge
1:  First pixel is at falling edge
OXCA DVP_CTRL_08 0x20 RW Bit[2):  Test pattern options
0:  10-bit
1:  8-bit
Bit[1:0]: Test pattern mode

00: No test pattern
01: 1,2,4,8, ..
100 1,1,2,2, ..
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table 6-2 DVP control registers (sheet 4 of 5)

default
address register name value description

Bit[7]:  sof_rst_en
1: DVP state machine will be
reset by SOF
Bit[6:5]: chg_sel for recalculating DVP
timing for HSYNC mode
00: Select snrchg and manu chg
(manu chg is in register
DVP_CTRL_01[0] (0xC3))
01: Select auto detect chg and
manu chg
10: manu set chg
Bit[4]: hsync_en
0xCB DVP_CTRL_09 0xA6 RW 1:  Enable HSYNC mode (see
figure 6-1)
Bit[3]: hsync_dvp_en
1:  v2h_dly, h2v_dly and
line_length are fixed for each
frame (see figure 6-1)
Bit[2]:  hsync_1st_en
0:  Mask the first frame when in
HSYNC mode
Bit[1:0]: line_length_sel
00: Select line_length_snr
01: Selectline_length_reg
10: Select line_length_auto

Bit[7:4]: FIFO_BUF size
Bit[3:0]: dmy_line_nu - Use CCIR656 first

0xCC DVP_CTRL_0OA 0x40 RW :
- - dummy line number to generate
VSYNC
0xCD DVP_CTRL_0B 0x00 RW Bit[7:0]: eof2v_dly[23:16]
OxCE DVP_CTRL_OC 0x01 RW Bit[7:0]: eof2v_dly[15:8]
OXCF DVP_CTRL_0OD 0x00 RW Bit[7:0]: eof2v_dly[7:0]
0xDO DVP_CTRL_OE OxFF RW Bit[7:0]: line_length[15:8]
0xD1 DVP_CTRL_OF OxFF RW Bit[7:0]: line_length[7:0]
Bit[7:0]: clip_max[9:2] - DVP output data
0XD2 DVP_CTRL 10 OXFF RW should be less than or equal to
- - clip_max (valid with
DVP_CTRL_12[1:0] (0xD4))
Bit[7:0]: clip_min[9:2] - DVP output data
0xD3 DVP_CTRL_11 000 RW should be larger than or equal to

clip_min (valid with
DVP_CTRL_12[3:2] (0xD4))
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 6-2 DVP control registers (sheet 5 of 5)

default
address register name value description

Bit[5]:  f_tog_en
1:  ccir_f will toggle every frame
Bit[4]: ddr_en
1:  DVP will output DDR clock
OxD4 DVP_CTRL_12 0x0 " 4 Bit[3:2]: clip_min[1:0] (valid with
DVP_CTRL_11[7:0] (OXD3))
Bit[1:0]: clip_max[1:0] (valid with
DVP_CTRL_10[7:0] (0xD2))
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/ register tables

The following tables provide descriptions of the device control registers contained in the OV9710. For all registers
enable/disable bits, ENABLE = 1 and DISABLE = 0. The device slave addresses are 0x60 for write and 0x61 for read.

table 7-1 system control registers (sheet 1 of 12)

default
address register name value description

AGC Gain Control
This AGC register combines analog gain and

digital gain
Bit[7]: Digital gain
0x00 GAIN 0x00 RW 0:  apply digital gain only if
gain > 2x
1:  apply digital gain only if
gain > 4x

Bit[6:0]: Analog gain

B Channel Offset MSBs for AWB (LSBs in

0x01 BLUE '} RW register BRL[7:4] (0x06))

R Channel Offset MSBs for AWB (LSBs in

0x02 RED 0x40 RW register BRL[3:0] (0x06))

Register 03

Bit[7:5]: VAEC ceiling
000: 1 frame
010: 2 frames
011: 3 frames
1xx: 7 frames

Bit[4]:  Reserved

Bit[3:2]: Sensor vertical output size LSBs
(MSBs in register AVsize (0x1A))

Bit[1:0]: Sensor vertical output start point
LSBs (MSBs in register VSTART
(0x19))

0x03 REGO03 0x02 RW

Register 04
Bit[7]:  Mirror
0x04 REG04 0x00 RW Bit[6]:  Vertical flip
Bit[5:1]: Reserved
Bit[0]:  Group latch enable

G Channel Offset MSBs for AWB (LSBs in

0x05 GREEN 0x00 RW register GL (0x07))

Bit[7:4]: B channel offset LSBs for AWB
(MSBs in register BLUE (0x01))

Bit[3:0]: R channel offset LSBs for AWB
(MSBs in register RED (0x02))

0x06 BRL 0x00 RW
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 7-1 system control registers (sheet 2 of 12)

default
address register name value description

Bit[7:4]: G channel offset LSBs for AWB
0x07 GL 0x00 RW (MSBs in register GREEN (0x05))
Bit[3:0]: Reserved

Bit[7:4]: H window size offset between
sensor output and DSP output
Bit[3:0]: V window size offset between
sensor output and DSP output

0x08 REG08 0x00 RW

Common Control 2
Bit[7:5]: Reserved
Bit[4]: Chip sleep mode
Bit[3]:  Reset sensor timing when mode
changes
Bit[2:0]: Reserved

0x09 COom2 0x00 RW

O0x0A PIDH 0x97 R Product ID MSBs (read only)

0x0B PIDL 0x11 R Product ID LSBs (read only)

Common Control 3
0x0C COM3 0x00 RW Bit[7:1]: Reserved
Bit[O]: Single frame output

Common Control 4
Bit[7]:  Reserved
Bit[6]: Freeze AEC
Bit[5]:  Initiate BLC calculation manually
Bit[4:2]: Reserved
Bit[1]: Manual mode for tp level

0x0D COomM4 0x01 RW
exposure
Bit[0]:  AEC step control
0:  AEC max increasing step
less than vertical black
1:  AEC max increasing step
has no limit
Common Control 5
Bit[7]:  Reserved
Bit[6]:  BLC line selection
0:  Electrical BLC
1: Optical BLC
Bit[5:4]: Reserved
O0X0E COM5 0x40 RW Bit[3]:  VAEC ON/OFF
0: OFF
1: ON
Bit[2:1]: Reserved
Bit[0]:  AEC/AGC algorithm selection
0:  Average-based
1: Histogram-based
OXOF COM6 0x00 RW Common Control 6

Bit[7:0]: Reserved
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table 7-1

system control registers (sheet 3 of 12)

default
address register name value description

Automatic Exposure Control Bit[7:0] (MSBs in

0x10 Ox9A register AECH (Ox16))
Clock Rate Control
Bit[7:6]: Reserved
0x11 CLK 0x00 RW Bit[5:0]: Clock divider
SysClk = CLK3/ (decimal value of
CLK[5:0] + 1) / 2 (see figure 2-3)
Common Control 7
Bit[7]: SRST
1: Initiates soft reset. All
registers are set to factory
default values after which
the chip resumes normal
0x12 COM7 0x40 RW operation
Bit[6]:  VT2-down sample mode vertical
timing
Bit[5:2]: Reserved
Bit[1]:  Array color bar enable
Bit[0]: HT2 — down sample mode
horizontal timing
Common Control 8
Bit[7]:  AEC speed selection
0:  Normal
1:  Faster AEC adjustment
Bit[6]:  AEC step selection
Bit[5]: Banding filter ON/OFF selection
0: OFF
1: ON
Bit[4]: Reserved
0x13 COM8 0x85 RW Bit[3]:  LAEC ON/OFF select
0: OFF
1: ON
Bit[2]:  AGC auto/manual control
selection
Bit[1]: Reserved
Bit[0]:  Exposure auto/manual control
selection
0:  Manual
1:  Auto
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 7-1 system control registers (sheet 4 of 12)

default
address register name value description

Common Control 9
Bit[7:5]: AGC gain ceiling
000: 2x analog gain
001: 4x analog gain
010: 8x analog gain
011: 16x analog gain
100: 16x analog gain plus 2x
digital gain
Bit[4]: Reserved
Bit[3]:  Enable AEC below banding value
0:  Limitthe minimum exposure
0x14 COM9 0x10 RW time to 1/100 or 1/120
second under any light
conditions when banding
filter is enabled
1:  Allow exposure time to be
less than 1/100 or 1/120
second under strong light
conditions when banding
filter is enabled
Bit[2]: Reserved
Bit[1]:  Enable frame drop function
Bit[0:  Reserved

Common Control 10
Bit[7]: HSYNC swap

0:  HSYNC
1: HREF
Bit[6]: HREF pin output swap
0: HREF
1:  HSYNC

Bit[5:4]: Reserved
Bit[3]:  HREF polarity

0x15 COM10 0x00 RW 0:  Output positive HREF
1:  Output negative HREF for
valid data

Bit[2]:  Reserved
Bit[1]:  VSYNC polarity

0:  Positive
1:  Negative
Bit[0]: HSYNC polarity
0:  Positive
1:  Negative
Automatic Exposure Control Bit[15:8] (LSBs in

0x16 AECH 0x01 RW register AEC (0x10))
ox17 HSTART 0x26 RW Sensor Horizontal Output Start Point MSBs

(LSBs in register REG32[2:0] (0x32))
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table 7-1

system control registers (sheet 5 of 12)

default
address register name value description

Sensor Horizontal Output Size MSBs (LSBs in

0x18 AHsize OxA2 register REG32[5:3] (0x32))
Sensor Vertical Output Start Point MSBs
Ox19 VSTART Ox01 RW (LSBs in register REG03[1:0] (0x03))
. Sensor Vertical Output Size MSBs (LSBs in
Ox1A Avsize OxC8 RW register REG03[3:2] (0x03))
0x1B PSHIFT 0x81 RW Pixel Shift
0x1C MIDH OX7F R Manufacturer ID Byte — High
0x1D MIDL 0xA2 R Manufacturer ID Byte — Low
Common Control 11
Ox1E COMIL R 4 Bit[7:0]: Reserved
LSBs for Tp Level Exposure Control when
Ox1F REG1F 0x00 RW exposure is less than one line (MSBs in
register COM28 (0x3C))
Common Control 12
0x20 comi2 08 RW Bit[7:0]: Reserved
Common Control 13
Bit[7:6]: Reserved
Bit[5:4]: Automatically trigger VAEC when
gain is greater than:
0x21 COM13 0x03 RW 00: 2x
01: 4x
10: 8x
11: 16x
Bit[3:0]: Reserved
Common Control 14
Bit[7:6]: Reserved
0x22 comia 0x00 RW Bit[5:0]: Maximum smooth banding steps
in terms of row exposure
Common Control 15
0x23 COM15 0x00 RW Bit[7:0]: Reserved
0x24 WPT 0x60 RW Lumlngnce Signal High Range for AEC/AGC
Operation
OxX25 BPT 0x55 RW Lumlnqnce Signal Low Range for AEC/AGC
Operation
Fast Mode Large Step Range Thresholds —
0x26 VPT 0x92 RW effective only in AEC/AGC fast mode
Common Control 16
0x27 COM16 0x00 RW Bit[7:0]: Reserved
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table 7-1 system control registers (sheet 6 of 12)

default
address register name value description

Common Control 17

0x28 com17 0x00 Bit[7:0]: Reserved

Common Control 18
0x29 comis g " Bit[7:0]: Reserved

Horizontal Tp Counter End Point LSBs (MSBs
Ox2A REG2A G RW in register REG2B (0x2B))

Horizontal Tp Counter End Point MSBs (LSBs
0x2B REG2B P06 RW in register REG2A (0x2A))

Common Control 19
0x2C CONG® 0x50 V 4 Bit[7:0]: Reserved

LSBs for Automatically Inserted Dummy Lines
0x2D REG2D 0x00 RW in Night Mode (MSBs in register REG2E

(0x2E))

MSBs for Automatically Inserted Dummy
Ox2E REG2E 0x00 RW Lines in Night Mode
(LSBs in register REG2D (0x2E))

0x2F YAVG 0x00 RW Luminance Average Value

0x30 REG30 0x08 RW HSYNC Start Point

0x31 REG31 0x20 RW HSYNC Stop Point
Register 32

Bit[7:6]: Reserved
Bit[5:3]: Sensor horizontal output size
length LSBs (MSBs in register

0x32 REG32 0x01 RW AHisize (0x18))
Bit[2:0]: Sensor horizontal output start
point LSBs (MSBs in register
HSTART (0x17))
0x33~
0x36 RSVD - - Reserved
Common Control 24
Bit[7:4]: Reserved
Bit[3]:  Trigger BLC manually for 64
frames
Bit[2]:  BLC select
0x37 COM24 0x02 RW 0:  BLC triggered by gain
change

1: BLCisalways ON, meaning
BLC offsets are adjusted
every frame
Bit[1:0]: Reserved

proprietary to OmniVision Technologies PRODUCT SPECIFICATION version 2.0
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table 7-1 system control registers (sheet 7 of 12)

default
address register name value description

Common Control 25
Bit[7:5]: Reserved
Bit[4]:  AWB_gain write options
0: ISP controls white balance

0x38 COM25 0x10 RW ;
function
1:  Manual white balance
control
Bit[3:0]: Reserved
8;(;? RSVD - - Reserved

MSBs for Tp Level Exposure Control when
0x3C COM28 0x00 RW exposure is less than one line
(LSBs in register REG1F (0x1F))

R Counter End Point LSBs

0x3D RENDL 038 RW (MSBs in register RENDH (0X3E))
R Counter End Point MSBs
Ox3E RENDH " RW (LSBs in register RENDL (0x3E))
Ox3F~
0x40 RSVD - - Reserved
Register 41
Bit[7]: BLC window enable
0x41 REG41 0x82 RW Bit[6:4]: Reserved
Bit[3:0]: BLC target base
Register 42
0x42 REG42 0x14 RW Bit[7:0]: Reserved
Register 43
Bit[7:6]: BLC line selection
00: Not used
01: Onlyselectsredline as BLC
line
0x43 el OxCO RW 10: Only selects blue line as
BLC line
11: Selects both blue line and
red line as BLC line
Bit[5:0]: Reserved
LSBs for BLC Offset of R Channel (MSBs in
Oxds ROFFS 0x00 R register HOFFS[1:0] (0x48))
LSBs for BLC Offset of B Channel (MSBs in
@ BOFFS 0x00 R register HOFFS[3:2] (0x48))
0x46 GIOFES 0x00 R LSBs for BLC Offset of Gr Channel (MSBs in

register HOFFS[5:4] (0x48))
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 7-1 system control registers (sheet 8 of 12)

default
address register name value description

LSBs for BLC Offset of Gb Channel (MSBs in

oxar GbOFFS 0x00 register HOFES[7:6] (0x48))

Bit[7:6]: MSBs for BLC offset of Gb
channel (LSBs in register
GbOFFS (0x47))

Bit[5:4]: MSBs for BLC offset of Gr
channel (LSBs in register
GrOFFS (0x46))

Bit[3:2]: MSBs for BLC offset of B channel
(LSBs in register BOFFS (0x45))

Bit[1:0]: MSBs for BLC offset of R channel
(LSBs in register ROFFS (0x44))

0x48 HOFFS 0x00 R

Banding Step LSBs (MSBs in register

0x49 REG49 0x00 RW REG4A[1:0] (0x4A))

Register 4A
Bit[7:2]: Reserved
Bit[1:0]: Banding step MSBs (LSBs in
register REG49 (0x49))

Ox4A REG4A 0xDO RW

0x4B~

0x4D RSVD — — Reserved

16-Zone Y Average Select
Bit[7:6]: Zone 4
00: Not selected
01: Weight x1
10: Weight x2
11: Weight x4
Bit[5:4]: Zone 3
00: Not selected
01: Weight x1
10: Weight x2
Ox4E REGA4E 0x55 RW 11: Weight x4
Bit[3:2]: Zone 2
00: Not selected
01: Weight x1
10: Weight x2
11: Weight x4
Bit[1:0]: Zone 1
00: Not selected
01: Weight x1
10: Weight x2
11: Weight x4
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table 7-1 system control registers (sheet 9 of 12)

default
address register name value description

16-Zone Y Average Select
Bit[7:6]: Zone 8
00: Not selected
01: Weight x1
10: Weight x2
11: Weight x4
Bit[5:4]: Zone 7
00: Not selected
01: Weight x1
10: Weight x2
0x4F REG4F 0x55 RW 11: Weight x4
Bit[3:2]: Zone 6
00: Not selected
01: Weight x1
10: Weight x2
11: Weight x4
Bit[1:0]: Zone 5
00: Not selected
01: Weight x1
10: Weight x2
11: Weight x4

16-Zone Y Average Select
Bit[7:6]: Zone 12
00: Not selected
01: Weight x1
10: Weight x2
11: Weight x4
Bit[5:4]: Zone 11
00: Not selected
01: Weight x1
10: Weight x2
0x50 REG50 0x55 RW 11: Weight x4
Bit[3:2]: Zone 10
00: Not selected
01: Weight x1
10: Weight x2
11: Weight x4
Bit[1:0]: Zone 9
00: Not selected
01: Weight x1
10: Weight x2
11: Weight x4
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 7-1 system control registers (sheet 10 of 12)

default
address register name value description

16-Zone Y Average Select
Bit[7:6]: Zone 16
00: Not selected
01: Weight x1
10: Weight x2
11: Weight x4
Bit[5:4]: Zone 15
00: Not selected
01: Weight x1
10: Weight x2
0x51 REG51 0x55 RW 11: Weight x4
Bit[3:2]: Zone 14
00: Not selected
01: Weight x1
10: Weight x2
11: Weight x4
Bit[1:0]: Zone 13
00: Not selected

01: Weight x1
10: Weight x2
11: Weight x4
81242; RSVD - - Reserved
Data Pins In/Out Control (1: output; O: input)
Bit[7]: Y7
Bit[6]: Y6
Bit[5]: Y5
0x55 REG55 OxFF RW Bit[4]: Y4
Bit[3]: Y3
Bit[2]: Y2
Bit[1]: Y1
Bit[0]: YO
In/Out Control (1: output; O: input)
Bit[7:5]: Reserved
Bit[4: HREF
0x56 REG56 Ox1F RW Bit[3]: VSYNC
Bit[2]: PCLK
Bit[1]: Y9
Bit[0]: Y8
Register 57
Bit[7:5]: Reserved
Bit[4:2]: DSP output horizontal size LSBs
Ox57 REGS7 0x00 RW (MSBs in register REG59 (0x59))
Bit[1:0]: DSP output vertical size LSBs
(MSBs in register REG58 (0x58))
0x58 REG5S 0xC8 RW DSP Output Vertical Size MSBs (LSBs in

register REG57[1:0] (0x57))
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table 7-1

system control registers (sheet 11 of 12)

default
address register name value description

0x59

REG59

0xAO0

DSP Output Horizontal Size MSBs (LSBs in
register REG57[4:2] (0x57))

Ox5A~
0x5B

RSVD

Reserved

0x5C

REG5C

0x59

RW

Register 5C

Bit[7]: Reserved

Bit[6:5]: PLL pre-divider
ox: +1
10 =2
11: =4

Bit[4:0]: PLL_d - PLL multiplier
CLK2 = CLK1 x (32 — PLL_d)
(see figure 2-3)

0x5D

REG5D

0xC4

RW

Register 5D

Bit[7]:  Reserved

Bit[6]: Bypass PLL

Bit[5:4]: Output drive capability control
00: 1x
01: 2x
10: 3x
11: 4x

Bit[3:2]: PLL_sel - PLL divider control
CLK3 = CLK2/ (PLL_sel + 1)
(see figure 2-3)

Bit[1:0]: Reserved

Ox5E~
0x71

RSVD

Reserved

0x72

REG72

0x60

RW

Upper Limit of Luminance Level for B Pixels

0x73

REG73

0x49

RW

Lower Limit of Luminance Level for W Pixels

0x74

REG74

OxEO

RW

Lower Limit of Probability for B Pixels to
Trigger Auto AEC/AGC

If B pixel probability > REG74, AEC/AGC will
increase automatically

0x75

REG75

OxEO

RW

Lower Limit of Probability for W Pixels to
Trigger Auto AEC/AGC

If W pixel probability > REG75, AEC/AGC will
increase automatically

0x76

REG76

0xCO0

RW

Upper Limit of Luminance Level for VB pixels

0x77

REG77

0xCO

RW

Lower Limit of Luminance Level for VW pixels
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 7-1 system control registers (sheet 12 of 12)

default
address register name value description

Lower Limit of Probability for B Pixels to
Trigger Fast AEC/AGC

0x78 REG78 OxFF RW
If B pixel probability > REG78, AEC/AGC will
increase in fast mode
Lower Limit of Probability for W Pixels to
Trigger Fast AEC/AGC

0x79 REG79 OxFF RW
If W pixel probability > REG79, AEC/AGC will
increase in fast mode

OX7A~

0x95 RSVD - - Reserved
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table 7-2 DSP control registers (sheet 1 of 12)
default
address register name value R/W description
DSP Control 0
Bit[7]:  black_en - enable black pixel
removal function
Bit[6]:  white_en - enable white pixel
removal function
Bit[5]:  awbg_en - auto white balance
gain function adjusts image gain
according to auto white balance
function result
0x96 DSP_CTRL_O OxF9 RW Bit[4]: awb_en - auto white balance
function scans image color
temperature and determines how
to set white balance
Bit[3]:  lenc _en - enable LENC module
Bit[2]:  lenc_det_en - enable the LENC
gain coef module
Bit[1]:  Reserved
Bit[0]:  isp_en - enable/disable the ISP
DSP Control 1
Bit[7]: smph_mean - enable
computation of mean value
Bit[6:4]: Reserved
0x97 DSP CTRL 1 0x80 RW Bit[3]: bar_en - enable/disable color bar
= N output
Bit[2]:  sht_neg - enable delay of data
HREF/valid clock
Bit[1:0]: bar_style - select type of color bar
to output
DSP Control 2
0x98 DSP_CTRL 2 0x00 RW Bit[7:0]: pre_out_hoff{7:0] - horizontal _
offset of the pre_win output (valid
with DSP_CTRL_4[2:0] (0X9A))
DSP Control 3
0x99 DSP_CTRL 3 0x00 RW Bit[7:0]: pre_out_voff_[7:0] - vertica_l off_set
of the pre_win output (valid with
DSP_CTRL_4[5:4] (0x9A))
DSP Control 4
Bit[7:6]: Reserved
Bit[5:4]: pre_out_voff[9:8] - vertical offset
of the pre_win output (valid with
0x9A DSP_CTRL_4 0x00 RW DSP_CTRL_3[7:0] (0x99))
Bit[3]: Reserved
Bit[2:0]: pre_out_hoff[10:8] - horizontal
offset of the pre_win output (valid
with DSP_CTRL_2[7:0] (0x98))
07.01.2008 PRODUCT SPECIFICATION proprietary to OmniVision Technologies



OV9710

color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 7-2

address

register name

DSP control registers (sheet 2 of 12)

description

DSP Control 5
Bit[7:4]: pre_pad_vrgt - padding the

0x9B DSP_CTRL_5 0x04 RW column number in pre_winc
Bit[3:0]: pre_pad_hrgt - padding the row
number in pre_win
DSP Control 6
0x9C DSP_CTRL_6 0x00 RW Bit[7:0]: blk_thresh - black threshold used
in YAVG
DSP Control 7
0x9D DSP_CTRL_7 OxFF RW Bit[7:0]: wht_thresh - white threshold
used in YAVG
LENC Control 0
O0x9E LENC_CTRL_O 0x00 RW Bit[7:0]: det_coef_man - manual value of
the LENC gain coef
LENC Control 1
O0x9F LENC_CTRL_1 0x80 RW Bit[7:0]: lenc_coef_th
LENC Control 2
Bit[7:4]: lenc_gain_thre2[3:0] - high
threshold of the LENC gain (valid
0xAO0 LENC_CTRL_2 OxF1 RW with LENC_CTRL_3[1] (OxA1))
Bit[3:0]: lenc_gain_threl1[3:0] - low
threshold of the LENC gain (valid
with LENC_CTRL_3[0] (OxAL1))
LENC Control 3
Bit[7:5]: Reserved
Bit[4]:  center_man - manually selects
center of R, G, B circle
Bit[3]:  md_en - signal indicating if the
result is rounded off
Bit[2]: det_coef_man_en - enable
0xAl LENC_CTRL_3 0x0D RW manual mode of the LENC gain
coef
Bit[1]: lenc_gain_thre2[4] - high
threshold of the LENC gain (valid
with LENC_CTRL_2[7:4] (0xA0))
Bit[O]: lenc_gain_threl1[4] - low
threshold of the LENC gain (valid
with LENC_CTRL_2[3:0] (0xA0))
LENC Control 4
OXA2 LENC_CTRL_4 0X00 RW Bit[7:0]: lenc_off_man[7:0] - black level

manual setting for LENC. Range
from 0 to 255.

proprietary to OmniVision Technologies
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table 7-2

address

OxA3

DSP control registers (sheet 3 of 12)

default

register name value R/W

LENC_CTRL_5 0x80 RW

description

LENC Control 5

Bit[7:0]:

R_XO0[7:0] - R_XO is the
horizontal center position in red
color channels. It should be fixed
as the horizontal position of the
image which comes from the
middle of the lens, so it is usually
set as the horizontal position of
the middle pixel of each image.
Range from 0 to 1296. Valid with
LENC_CTRL_7[2:0] (OxA5).

OxA4

LENC_CTRL_6 0x90 RW

LENC Control 6

Bit[7:0]:

R_YO[7:0] - R_YO is the vertical
center position in red color
channels. It should be fixed as
the vertical position of the image
which comes from the middle of
the lens, so itis usually set as the
vertical position of the middle
pixel of each image. Range from
0 to 800. Valid with
LENC_CTRL_7[5:4] (OXA5).

0xA5

LENC_CTRL_7 ox12 RW

LENC Control 7

Bit[7:6]:
Bit[5:4]:

Bit[3]:
Bit[2:0]:

Reserved

R_Y0[9:8] - valid with
LENC_CTRL_6[7:0] (0xA4)
Reserved

R_X0[9:8] - valid with
LENC_CTRL_5[7:0] (OxA3)

O0xA6

LENC_CTRL_8 0x22 RW

LENC Control 8

Bit[7]:
Bit[6:0]:

Reserved

R_AL - composed of the first
group of factors used in the LENC
correction of the red color
channels.

OxA7

LENC_CTRL_9 0xC2 RW

LENC Control 9

Bit[7:0]:

R_B1 - composed of the second
group of factors used inthe LENC
correction of the red color
channels.
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 7-2 DSP control registers (sheet 4 of 12)

address register name R/W description

LENC Control 10

Bit[7:4]: R_B2 - composed of the second
group of factors used inthe LENC
correction of the red color

OxA8 LENC_CTRL_10 0x87 RW channels.

Bit[3:0]: R_A2 - composed of the first
group of factors used in the LENC
correction of the red color
channels.

LENC Control 11
Bit[7:0]: G_XO0[7:0] - G_XO is the

horizontal center position in
green color channels. It should
be fixed as the horizontal position
of the image which comes from
the middle of the lens, so it is
usually set as the horizontal
position of the middle pixel of
each image. Range from 0 to
1296. Valid with
LENC_CTRL_13[2:0] (OXAB).

0xA9 LENC_CTRL_11 0x80 RW

LENC Control 12
Bit[7:0]: G_YO0[7:0] - G_YO is the vertical
center position in green color
channels. It should be fixed as
the vertical position of the image
OxAA LENC_CTRL_12 0x90 RW which comes from the middle of
the lens, so itis usually set as the
vertical position of the middle
pixel of each image. Range from
0 to 800. Valid with
LENC_CTRL_13[5:4] (OXAB).

LENC Control 13
Bit[7:6]: Reserved
Bit[5:4]: G_YO0[9:8] - valid with
O0XAB LENC_CTRL_13 0x12 RW LENC_CTRL_12[7:0] (OxAA)
Bit[3]:  Reserved
Bit[2:0]: G_XO0[9:8] - valid with
LENC_CTRL_11[7:0] (OxA9)

LENC Control 14
Bit[7]: Reserved
Bit[6:0]: G_AL - composed of the first
group of factors used in the LENC
correction of the green color
channels.

OxAC LENC_CTRL_14 0x22 RW
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table 7-2

address

OxAD

DSP control registers (sheet 5 of 12)

default

register name value R/W

LENC_CTRL_15 0xC2 RW

description

LENC Control 15

Bit[7:0]:

G_B1 - composed of the second
group of factors used inthe LENC
correction of the green color
channels.

OXAE

LENC_CTRL_16 0x87 RW

LENC Control 16

Bit[7:4]:

Bit[3:0]:

G_B2 - composed of the second
group of factors used in the LENC
correction of the green color
channels.

G_A2 - composed of the first
group of factors used inthe LENC
correction of the green color
channels.

OxAF

LENC_CTRL_17 0x80 RW

LENC Control 17

Bit[7:0]:

B_XO0[7:0]-B_XO0is the horizontal
center position in blue color
channels. It should be fixed as
the horizontal position of the
image which comes from the
middle of the lens, so it is usually
set as the horizontal position of
the middle pixel of each image.
Range from 0 to 1296. Valid with
LENC_CTRL_19[2:0] (0xB1).

0xBO

LENC_CTRL_18 0x90 RW

LENC Control 18

Bit[7:0]:

B_YO0[7:0] - B_YO is the vertical
center position in blue color
channels. It should be fixed as
the vertical position of the image
which comes from the middle of
the lens, so itis usually set as the
vertical position of the middle
pixel of each image. Range from
0 to 800. Valid with
LENC_CTRL_19[5:4] (0xB1).

0xB1

LENC_CTRL_19 0x12 RW

LENC Control 19

Bit[7:6]:
Bit[5:4]:

Bit[3]:
Bit[2:0]:

Reserved

B_Y0[9:8] - valid with
LENC_CTRL_18[7:0] (0xBO)
Reserved

B_X0[9:8] - valid with
LENC_CTRL_17[7:0] (OXAF)

07.01.2008

PRODUCT SPECIFICATION

proprietary to OmniVision Technologies



0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 7-2 DSP control registers (sheet 6 of 12)

address register name description

LENC Control 20
Bit[7]:  Reserved
Bit[6:0]: B_AL - composed of the first
group of factors used in the LENC
correction of the blue color
channels.

0xB2 LENC_CTRL_20 0x22 RW

LENC Control 21
Bit[7:0]: B_B1 - composed of the second
0xB3 LENC_CTRL_21 0xC2 RW group of factors used in the LENC
correction of the blue color
channels.

LENC Control 22

Bit[7:4]: B_B2 - composed of the second
group of factors used in the LENC
correction of the blue color

0xB4 LENC_CTRL_22 0x87 RW channels.

Bit[3:0]: B_A2 - composed of the first
group of factors used in the LENC
correction of the blue color
channels.

LENC Control 23
Bit[7:3]: Reserved
0xB5 LENC_CTRL_23 0x00 RW Bit[2]:  v_skip[1:0]
Bit[1]:  Reserved
Bit[0]: h_skip[1:0]

AWB Control 0

Bit[7:4]: Reserved

Bit[3]: awb_off_man_en - enable
manual AWB bias
0:  From sensor_bias
1:  From AWB_off_man

Bit[2]: awb_fast - AWB in fast mode

0xB6 AWB_CTRL_O 0x07 RW Bitf1]: awb_bias_on - enable the AWB

bias
0: Disable
1: Enable

Bit[0]:  awb_bias_plus - this signal
decides if the AWB_bias is added
back when the AWB_gain is
finished

AWB Control 1
0xB7 AWB_CTRL_1 0x00 RW Bit[7:0]: awb_off_man - manual value of
the AWB_bias
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table 7-2 DSP control registers (sheet 7 of 12)

default
address register name value R/W description
AWB Control 2
Bit[7:0]: stable_range - the stable range
0xB8 AWB_CTRL_2 0x04 RW when computing the gain value
for R, G, and B in the AWB
module

AWB Control 3
0xB9 AWB_CTRL_3 0x08 RW Bit[7:0]: stable_rangew - range after the
gain for R, G, and B is stable

AWB Control 4
Bit[7:0]: awb_frame_cnt - after AWB,

o ANBCTRLA 0x00 RW AWB can output the gain for R, G,
and B
AWB Control 5
e AWBCTRES 0x20 U Bit[7:0]: awb_delta
WBC Control 0
oee WBC_CTRL R RW Bit[7:0]: Reserved
0xBD YAVG_CTRL_0 0XAO RW YAVG Control 0
- - Bit[7:0]: yavg_winh
OxBE YAVG_CTRL_1 0xC8 RW YAVG Control 1

Bit[7:0]: yavg_winv

YAVG Control 2
OxBF YAVG_CTRL_2 0x00 RW Bit[7:0]: yavg_winofh[7:0] (valid with
YAVG_CTRL_4[2:0] (0xC1))

YAVG Control 3
0xCO YAVG_CTRL_3 0x00 RW Bit[7:0]: yavg_winofv[7:0] (valid with
YAVG_CTRL_4[5:4] (0xC1))

YAVG Control 4

Bit[7]:  yavg_win_man

Bit[6]: Reserved

Bit[5:4]: yavg_winofv[9:8] (valid with
YAVG_CTRL_3[7:0] (0xCO0))

Bit[3]: Reserved

Bit[2:0]: yavg_winofh[10:8] (valid with
YAVG_CTRL_2[7:0] (OXBF))

0xC1 YAVG_CTRL_4 0x00 RW
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 7-2 DSP control registers (sheet 8 of 12)

address register name R/W description

Bit[7:6]: VSYNC options
00: vsync_old
01: vsync_new
10: vsync3
11: Invalid
Bit[5]: pclk_gate_en - gate dvp_pclk
when there is no data transfer
0: Disable
1: Enable
Bit[4]:  vsync_gate - gate dvp_pclk when
VSYNC && pclk_gate_en
0: Disable
1: Enable
Bit[3]:  vsync3_w_sel
0:  VSYNC3 will go low when
SOF
1:  Use vsync_width x 64 as
vsync3_width
Bit[2]:  pclk_pol
1. Reverse DVP_PCLK
Bit[1]: href_pol
1. Reverse DVP_HREF
Bit[0]:  vsync_pol
0:  VSYNC-=1isframe blanking
time
1:  VSYNC=0is frame blanking

0xC2 DVP_CTRL_00 0x80 RW
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table 7-2 DSP control registers (sheet 9 of 12)

default
address register name value R/W description

DVP Control 01
Bit[7]:  ccir656_en
0: Disable
1: Enable
Bit[6]: sync_code_sel
0:  Auto generate sync code for
CCIR656
1: UseFS, FE, LS, LE
(registers 0xC4 to 0xC7) as
sync code
Bit[5]:  blk_656
0: CCIR656 data is 0x040 or
0x200
1: CCIR656 data is 0x000
when blanking
Bit[4]:  eav_first
1: CCIR656 sends EAV first
Bit[3:1]: dvp_data_sequence
0xC3 DVP_CTRL_01 0x20 RW 000: Y9,Y8,Y7,Y6,Y5,Y4,Y3,Y2
Y1,YO
001: Y1,Y0,Y9,Y8,Y7,Y6,Y5,Y4,
Y3,Y2
010: Y7,Y6,Y5,Y4,Y3,Y2,Y1,YO,
Y9,Y8
011: Reserved
100: YO0,Y1,Y2,Y3,Y4,Y5,Y6,Y7,
Y8,Y9
101: Y8,Y9,Y0,Y1,Y2,Y3,Y4,Y5,
Y6,Y7
110: Y2,Y3,Y4,Y5,Y6,Y7,Y8,Y9,
YO0,Y1
111: Reserved
Bit[O]: chg_flag - write to 1 will generate
change flag for HSYNC mode.
This bit will auto clear. DVP will
restart to calculate all timing
parameters and output a frame.

DVP Control 02

0xC4 DVP_CTRL_02 O0xAB RW BIt[7:0]: FS for CCIR656

DVP Control 03

0xC5 DVP_CTRL_03 0xB6 RW Bit[7:0]: FE for CCIR656

DVP Control 04

0xC6 DVP_CTRL_04 0x80 RW BIt[7:0: LS for CCIR656

DVP Control 05

0xC7 DVP_CTRL_05 0x9D RW BIt[7:0]: LE for CCIR656
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OV9710

color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 7-2 DSP control registers (sheet 10 of 12)

address register name R/W description

DVP Control 06
Bit[7]:  blk_tog
1: dvp_data will toggle when
blanking
Bit[6]:  vsync_width_sel
0:  Use vsync_widthx64 as
0xC8 DVP_CTRL_06 0x00 RW VSYNC width
1:  Select 4x line length as
VSYNC width
Bit[5:3]: h2v_dly - VSYNC to HREF delay
for vsync_new
Bit[2:0]: v2h_dly - HREF to VSYNC delay
for vsync_new

DVP Control 07
0xC9 DVP_CTRL_07 0x80 RW Bit[7:0]: vsync_width_I-vsync_width_real
=vsync_width x 64

DVP Control 08
Bit[7:6]: vsync_width_h
Bit[5:4]: sof2h_dly_offset
Bit[3]:  ddr_phase
0:  First pixel is at rising edge
1:  First pixel is at falling edge

OxCA DVP_CTRL_08 0x20 RW Bit[2]:  Test pattern options
0:  10-bit
1:  8-bit

Bit[1:0]: Test pattern mode
00: No test pattern
01: 1,2,4,8, ..
10: 1,1,2,2, ..

proprietary to OmniVision Technologies PRODUCT SPECIFICATION version 2.0



7-23

table 7-2 DSP control registers (sheet 11 of 12)

default
address register name value R/W description

DVP Control 09
Bit[7]:  sof_rst_en
1: DVP state machine will be
reset by SOF
Bit[6:5]: chg_sel for recalculating DVP
timing for HSYNC mode
00: Select snr chg and manu
chg (manu chg is in register
DVP_CTRL_01[0] (0xC3))
01: Select auto detect chg and
manu chg
10: manu set chg
Bit[4]:  hsync_en
1: Enable HSYNC mode (see
figure 6-1)
Bit[3]:  hsync_dvp_en
1:  v2h_dly, h2v_dly and
line_length are fixed for
each frame (see figure 6-1)
Bit[2]:  hsync_1st_en
0:  Maskthefirst frame whenin
HSYNC mode
Bit[1:0]: line_length_sel
00: Select line_length_snr
01: Selectline_length_reg
10: Select line_length_auto

0xCB DVP_CTRL_09 O0xA6 RW

DVP Control 0A
Bit[7:4]: FIFO_BUF size
0xCC DVP_CTRL_OA 0x40 RW Bit[3:0]: dmy_line_nu - Use CCIR656 first
dummy line number to generate
VSYNC

DVP Control 0B

0XCD DVP_CTRL_0B 0x00 RW BU70]: eof2v._dly[23:16]

DVP Control 0C

OXCE DVP_CTRL_0C 0x01 RW BI7:0]: eof2v. dly[15:6]

DVP Control 0D

OXCF DVP_CTRL_0D 0x00 RW BU70]:  eof2v_dy[7:0]

DVP Control OE

Oxbo DVF_CTRL_0OE OXFF RW Bit[7:0]: line_length[15:8]

DVP Control OF

0xD1 DVP_CTRL_OF OXFF RW BH70]: line. length(7:0]
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 7-2 DSP control registers (sheet 12 of 12)

address register name description

DVP Control 10
Bit[7:0]: clip_max[9:2] - DVP output data
0xD2 DVP_CTRL_10 OxFF RW should be less than or equal to
clip_max (valid with
DVP_CTRL_12[1:0] (0xD4))

DVP Control 11
Bit[7:0]: clip_min[9:2] - DVP output data
0xD3 DVP_CTRL_11 0x00 RW should be larger than or equal to
clip_min (valid with
DVP_CTRL_12[3:2] (0xD4))

DVP Control 12
Bit[5]:  f_tog_en
1:  ccir_f will toggle every
frame
Bit[4]:  ddr_en

-4 QPFCTRL_12 088 v 1:  DVP will output DDR clock
Bit[3:2]: clip_min[1:0] (valid with
DVP_CTRL_11[7:0] (0xD3))
Bit[1:0]: clip_max[1:0] (valid with
DVP_CTRL_10[7:0] (0xD2))
0xD5 RSVD - - Reserved

SC Control 0

Bit[7]: Bypass DVP

Bit[6]:  Reserved

Bit[5]:  snr_rst_dvp
0xD6 SC_CTRL_O 0x0C RW Bit[4]: snr_rst_dsp

Bit[3]:  dvp_sclk_gate

Bit[2]:  dsp_sclk_gate

Bit[1]: dvp_rst

Bit[0]:  dsp_rst

0xD7~

OXFE RSVD - - Reserved
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8 electrical specifications

table 8-1

parameter

absolute maximum ratings

stable operating temperature

absolute maximum rating?

0°C to +50°C

operating temperature

-30°C to +70°C

ambient storage temperature

-40°C to +95°C

ambient humidity TBD
Vpp.a 4.5V
supply voltage (with respect to ground) Vpp.c 3V
Vbp-io 4.5V
human body model 2000V
electro-static discharge (ESD)
machine model 200V

all input/output voltages (with respect to ground)

-0.3Vto VDD-|0 + 1V

lead-free temperature, surface-mount process

245°C

a. exceeding the absolute maximum ratings shown above invalidates all AC and DC electrical specifications and may

result in permanent damage to the device.
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 8-2 DC characteristics (-30°C < Ty < 70°C)

parameter

Vpp.a supply voltage (analog) 3.0 3.3 3.6 \
Vbp-D supply voltage (digital core) 1.425 15 1.575 \
Vop-10 supply voltage (digital 1/0) 1.7 1.8 3.6 \%
Iob-A TBD 25 TBD mA
Ibp-D active (operating) current TBD 6 TBD mA
Ioo-10 TBD 8 TBD mA
Iops-sces TBD 250 TBD HA
standby current
IDDS-PWDN TBD 50 TBD HA

digital inputs (typical conditions: AVDD = 3.3V, DVDD = 1.5V, DOVDD = 1.8V)

Vi input voltage LOW 0.54 \
V4 input voltage HIGH 1.26 \Y
Cin input capacitor 10 pF
Vou output voltage HIGH 1.62 \Y
VoL output voltage LOW 0.18 \Y
V2 SCL and SDA -0.5 0 0.54 \
Vi SCL and SDA 1.26 1.8 2.3 \

a. basedon DOVDD =1.8V.
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table 8-3 AC characteristics (Tp = 25°C, Vpp-p = 2.8V)

parameter

ADC parameters

B analog bandwidth 30 MHz
DLE DC differential linearity error 0.5 LSB
ILE DC integral linearity error 1 LSB
setting time for hardware reset <1 ms
setting time for software reset <1 ms
setting time for WXGA/640x400 mode
change ¢ ms
setting time for register setting <300 ms
table 8-4 timing characteristics

parameter

oscillator and clock input

fosc frequency (XCLK) 6 24 27 MHz

t t clock input rise/fall time 5 (10®) ns

a. ifusing the internal PLL
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9 mechanical specifications
9.1 physical specifications

figure 9-1 package specifications
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c2 glass _ die C3
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‘A—L‘—v—v—v—v—v—v—’—ﬁ
C1 c4 _| C
side view 9710.DS_9.1

table 9-1 package dimensions (sheet 1 of 2)

I AT T AR R T

package body dimension x 5390 5415 5440

package body dimension y B 4390 4415 4440 pum
package height C 845 905 965 pum
ball height C1 150 180 210 pUm
package body thickness Cc2 680 725 770 pUm
cover glass thickness C3 390 400 410 pum
airgap between cover glass and sensor c4 37 41 45 pum
ball diameter D 320 350 380 pum
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

table 9-1 package dimensions (sheet 2 of 2)

I T T T I

total pin count

pin count x-axis N1 6
pin count y-axis N2 5
pins pitch x-axis Jl 800 pHm
pins pitch y-axis J2 750 pum
edge-to-pin center distance analog x S1 678 708 738 pum
edge-to-pin center distance analog y S2 678 708 738 pum
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9.2 IRreflow specifications

figure 9-2
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table 9-2

condition exposure

IR reflow ramp rate requirements
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reflow conditions

average ramp-up rate (30°C to 217°C)

9710_CSP_DS_9_2

less than 3°C per second

>100°C

between 330 - 600 seconds

>150°C

at least 210 seconds

>217°C

at least 30 seconds (30 ~ 120 seconds)

peak temperature

245°C

cool-down rate (peak to 50°C)

less than 6°C per second

time from 30°C to 245°C

no greater than 390 seconds
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0oVv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology
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10 optical specifications
10.1 sensor array center

figure 10-1  sensorarray center

3888 pm
Al A2 A3 A6 first pixel readout
(2252 pm, 1268 pm)
array center

2430 pm i -IK'Z (308 ym, 53 pm)

package center

-~ sensor - | (Qpm, 0 pm)

" array B S N S N
0v9710
top view

note 1 this drawing is not to scale and is for reference only.

note 2 as most optical assemblies invert and mirror the image, the chip is
typically mounted with pins Al to A6 oriented down on the PCB. 9710_DS_10_1
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

10.2 lens chief ray angle (CRA)

figure 10-2  chief ray angle (CRA)
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table 10-1 CRA versus image height plot (sheet 1 of 2)

field (%) image height (mm) CRA (degrees)
0.00 0.000 0.0
0.05 0.113 2.4
0.10 0.226 4.7
0.15 0.340 7.0
0.20 0.453 9.3
0.25 0.566 116
0.30 0.679 13.8
0.35 0.792 16.0
0.40 0.906 18.0
0.45 1.019 19.9
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table10-1  CRA versus image height plot (sheet 2 of 2)

field (%) image height (mm) CRA (degrees)
0.50 1.132 21.6
0.55 1.245 23.0
0.60 1.358 24.0
0.65 1.472 24.7
0.70 1.585 25.0
0.75 1.698 25.0
0.80 1.811 25.0
0.85 1.924 24.9
0.90 2.038 24.9
0.95 2.151 24.9
1.00 2.264 25.0
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revision history

version 1.0

version 1.1

07.01.2008

09.17.2007

initial release

02.12.2008

in table 1-1 on pages 1-1 and 1-2, added /O status descriptions to pins A3, A6, B2, B5, B6, C2-D6,
E2, E4, and E6.

in table 1-1 on page 1-1, changed pin type VREFH pin (C1) from “I/O” to “reference”

in table 1-1 on page 1-1, changed description of AVDD pins (Al and A4) from “3.3V power” to
“analog power, 3.3V”

in table 1-1 on page 1-1, changed description of DOVDD pin (E1) from “3.3V / 1.8V power” to
“power for 1/O circuit, 1.7~3.6V”

in table 1-1 on page 1-2, changed description of DVDD pin (E5) from “1.5V power” to “power for
digital core, 1.5V"

in subsection 2.2 on page 2-1, changed the first sentence from “... indicated by YHREF and
YVSYNC." to “... indicated by HREF and VSYNC.”

in subsection 2.2 on page 2-1, changed the second sentence from “Maximum pixel rate is

30 Megapixels per second, corresponding to a pixel clock rate of 40 MHz" to

“Maximum pixel rate is 30 Megapixels per second, corresponding to a pixel clock rate of 40~42.5
MHz.”

on page 2-3, modified figure 2-2, reference design schematic

in subsection 2.4 on page 2-5, deleted second sentence, “SysClIk is the input clock of the OV9710”
and modified figure 2-3

in subsection 2.4 on page 2-5, changed first sentence from “... and has a maximum VCO frequency
... to “... and has a maximum output clock (CLK2) frequency ..."

in figure 2-3 on page 2-5, replaced figure with completely redrawn block diagram

in subsection 3-1 on page 3-1, changed fourth sentence of the second paragraph from “... for black
level calibration and interpolation.” to “... for black level calibration.”

in subsection 4.1 on page 4-1, add “of R/G or B/G” to second sentence.

in subsection 4-1 on page 4-1, changed third sentence from “Then, the ISP block will ...” to “Then,
the DSP block will ...”

in table 4-1 on page 4-1, added table footnote a

in table 4-2 on page 4-2, added “(with pixel overlay) to function of first row and “...with pixel overlay”
to description of “0” and swapped descriptions for 0 and 1 in row 1 description

in table 4-2 on page 4-2, added two rows for color bar without pixel overlay and pattern options for
color bar without pixel overlay

in table 4-3 on page 4-3, changed LSB register in second row from 0x10 to Ox1F under register and
under description

in table 4-3 on page 4-3, changed LSB register in third row from 0x1F to 0x10 under register and
under description
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

. in table 4-3 on page 4-3, changed description from “AGC[7:0] = 0x00[7:0]” to “Bit[7]: digital gain and
Bit[6:0]: analog gain”

. in table 4-3 on page 4-3, changed register in sixth row from 0x14[0] to OXOE[0]
. in table 4-4 on page 4-5, added column for AEC / AGC method

. in table 4-4 on page 4-5, changed description of VPT (third row) from “... is greater than VV[7:4] or
less than VV[3:0]" to “... is greater than VPT[7:4] or less than VPT[3:0]"

. in the paragraph directly following table 4-4 on page 4-5, changed the first sentence from “... and
divided by sixteen ..." to “... and divided into sixteen ...”

. in table 4-7 on page 4-10, added a row for VAEC active point trigger option
. in table 4-7 on page 4-10, changed function and description in second row to banding filter ON/OFF

. in table 4-7 on page 4-10, changed function in fourth row from “auto banding” to “banding filter
option” and changed description to:
enable AEC below banding value
0:  limit the minimum exposure time to 1/100 or 1/120 second under any light
conditions when banding filter is enabled
1: allow exposure time to be less than 1/100 or 1/120 second under strong light
conditions when banding filter is enabled

. in subsection 4.5 on page 4-11, deleted fourth sentence of second paragraph.
. on page 4-12, changed subsection 4.6 heading from “digital gain / even odd” to “digital gain”

. in table 4-9 on page 4-12, changed register for dgain function from “0x00[7:6]” to “0x00[7]” and
changed description to:
range of digital gain
0: apply digital gain only if gain > 2x
1: apply digital gain only if gain > 4x

. in subsection 5.1 on page 5-1, added “The ISP should always be enabled.”
. in subsection 5.3 on page 5-2, added figure 5-1

. in table 5-3 on page 5-3, added “(effective when LENC_CTRL_3[2] (0xA1l) is set) to description of
register LENC_CTRL_O (0x9E)

. in subsection 5.4 on page 5-4, added “Because of the non-uniformity of light transparency, the
outer areas of the image appear darker than the center area.” to the first paragraph

. in subsection 5.4 on pages 5-4, added everything between the first paragraph and table 5-4
(including figure 5-2

. on page 5-5, replaced table 5-4

. in subsection 5.4 on page 5-4, changed third sentence to “According to the radius of each pixel to
the lens, the module calculates a gain for the pixel, connecting each pixel with its gain calculated to
compensate for the light distribution due to lens curvature.”

. in table 5-4 on page 5-4, changed description of register bit LENC_CTRL_3[3] (0xAl) to:
rnd_en - determines whether or not to round off the last two bits of the LENC input data
0: Do not round off the last two bits
1: Round off the last two bits

. in table 5-4 on page 5-6, changed references from red to blue in the descriptions of In table 5-4 on
page 5-7, changed description of register LENC_CTRL_23 (0xB5) to:
Bit[2]: v_skip
Bit[0]: h_skip

. in table 5-5 on page 5-7, added row for register COM25 (0x38)
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. in table 5-5 on page 5-8, changed description of register bit AWB_CTRL_0[0] (0xB6) to:
awb_bias_plus - enables AWB_bias to add back after AWB_gain is calculated
0: Disable
1: Enable

. in table 5-5 on page 5-8, added “effective when AWB_CTRL_0[3] (0xB6) is set)”

. on page 5-7, changed title of subsection 5.5 to white balance control and added subsection 5.5.1,
manual white balance control and subsection 5.5.2, automatic white balance control

. on pages 5-7 and 5-8, replaced table 5-5
. in table 5-6 on page 5-9, removed row for register WBC_CTRL_0 (0xBC)
. on page 5-9, replaced table 5-7

. on page 6-3, added subsection 6.1.5, DVP timing (which includes figure 6-4 and
table 6-1).

. in table 6-2 on page 6-4, changed description of register bits DVP_CTRL_00[7:6] (0xC2) to:
VSYNC options
00: vsync_old
01: vsync_new
10: vsync3
11: Invalid

. in table 6-2 on page 6-6, changed description of register bit DVP_CTRL_08[2] (OxCA) to:
Test pattern options
0:  10-bit
1: 8-bit
. in table 7-1 on page 7-1, removed “(for long exposure in HDR)” from description of register 0x00
and changed “Bit[7:6]" to “Bit[7]"
. in table 7-1 on page 7-1, changed default value for register 0x03 from “0x00” to “0x02” and
changed description of register bits REG03[7:5] (0x03) to:
VAEC ceiling
000: 1 frame
010: 2 frames
011: 3 frames
Ixx: 7 frames

. in table 7-1 on page 7-1, changed description of register bit 0x04[3] to “Reserved”

. in table 7-1 on page 7-2, changed RW type for registers 0x0A and 0x0B from “RW” to “R” and
changed default value for register 0x0B from “0x10” to “Ox11”

. in table 7-1 on page 7-2, changed description of register bit COM5[3] (Ox0E) to:
VAEC ON/OFF
0: OFF
1: ON

. in table 7-1 on page 7-3, changed description of register bit CLK[6] (0x11) to “Reserved”

. in table 7-1 on page 7-3, changed description of register bits CLK[5:0] (0x11) to
“SysClk = CLK3 / (decimal value of CLK[5:0] + 1) / 2 (see Figure 2-3)"

. in table 7-1 on page 7-3, added “0: OFF and 1: ON” to description of register bit COM8[5] (0x13)

. in table 7-1 on page 7-3, changed description of register bit COM8[3] (0x13) to “LAEC ON/OFF
select” and added “0: OFF and 1: ON”

. in table 7-1 on page 7-3, added “0: Manual and 1: Auto” to description of register COM8[0] (0x13)
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0Vv9710 color CMOS WXGA (1.0 Megapixel) HD CameraChip™ sensor with OmniPixel3-HS™ technology

. in table 7-1 on page 7-4, changed description of register bits COM9[7:5] (0x14) to:
Bit[7:5]:  AGC gain ceiling
000: 2x analog gain
001: 4x analog gain
010: 8x analog gain
011: 16x analog gain
100: 16x analog gain plus 2x digital gain

. in table 7-1 on page 7-4, changed description of register bit COM9[3] (0x14) to:
Enable AEC below banding value
0:  Limit the minimum exposure time to 1/100 or 1/120 second under any light
conditions when banding filter is enabled
1:  Allow exposure time to be less than 1/100 or 1/120 second under strong light
conditions when banding filter is enabled

. in table 7-1 on page 7-4, changed default values for registers 0x17, 0x18, and 0x19 to “0x26",
“0xA2”, and “0x01", respectively

. in table 7-1 on page 7-5, changed default value for registers 0x1B, 0x21, 0x24, 0x25, 0x26, Ox2A,
and 0x2C to “0x81", “0x03", “0x60", “0x55", “0x92”, “0x9B”, and “0x50", respectively

. in table 7-1 on page 7-5, changed description of register bits COM13[5:4] (0x21) from “Reserved”

to:
Bit[5:4]:  Automatically trigger VAEC when gain is greater than:
00: 2x
01: 4x
10: 8x
11: 16x

. in table 7-1 on page 7-5, changed description of register bits COM14[5:0] (0x22) to “Maximum
smooth banding steps in terms of row exposure”

. in table 7-1 on page 7-5, removed “(for long exposure in HDR)” from description of registers 0x24,
0x25, and 0x26

. in table 7-1 on page 7-6, changed default value of register 0x32 to “0x01”

. in table 7-1 on page 7-6, changed description of register 0x32 from “Reserved” to:
Common Control 24
Bit[7:4]: Reserved
Bit[3]: Trigger BLC manually for 64 frames
Bit[2]: BLC select
0: BLC triggered by gain change
1: BLC is always ON, meaning BLC offsets are adjusted every frame
Bit[1:0]: Reserved

. in table 7-1 on page 7-6, changed register name, default value, and RW type of register 0x37 to
“COM24", “0x02", and “RW”, respectively

. in table 7-1 on page 7-6, changed register name, default value, and RW type of register 0x38 to
“COM25", “0x10", and “RW”, respectively

. in table 7-1 on page 7-6, changed default value of register 0x41 to “0x82"
. in table 7-1 on page 7-7, changed default value of register 0x42 to “0x14”

. in table 7-1 on page 7-7, changed RW type for registers 0x44, 0x45, 0x46, 0x47, and 0x48 from
“RW 10 “R”

. in table 7-1 on page 4-8, changed description of register bits REG4A[7:2] (0x4A) to “Reserved”

. in table 7-1 on page 7-8, removed “(for long exposure in HDR)” from description of registers Ox4E
and Ox4F and changed default values for registers 0x4E and 0x4F to “0x55”
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. in table 7-1 on page 7-9, removed “(for long exposure in HDR)” from description of registers 0x50
and 0x51, and changed default values for registers 0x50 and 0x51 to “0x55”

. in table 7-1 on pages 7-10 and 7-11, changed default values for registers 0x58, 0x59, and 0x5C to
“0xC8", “0xA0", and “0x59”, respectively

. in table 7-1 on page 7-11, changed description of register bits REG5C[4:0] (0x5C) to PLL_d - PLL
multiplier

. in table 7-1 on page 7-11, changed description of register bits REG5C[4:0] (Ox5C) to “CLK2 = CLK
1 x (32 - PLL_d) (see Figure 2-3)"

. in table 7-1 on page 7-11, changed description of register bits REG5D[3:2] (Ox5D) to “CLK3 = CLK2
/ (PLL_sel + 1) (see Figure 2-3)"

. in table 7-1 on page 7-11, changed RW type for register 0x73 from “~" to “RW"

. in table 7-1 on page 7-11, changed description of register REG72 (0x72) to “Upper Limit of
Luminance Level for B Pixels”

. in table 7-1 on page 7-11, changed description of register REG73 (0x73) to “Lower Limit of
Luminance Level for W Pixels”

. in table 7-1 on page 7-11, changed description of register REG74 (0x74) to:
Lower Limit of Probability for B Pixels to Trigger Auto AEC/AGC

If B pixel probability > REG74, AEC/AGC will increase automatically

. in table 7-1 on page 7-11, changed description of register REG75 (0x75) to:
Lower Limit of Probability for W Pixels to Trigger Auto AEC/AGC

If W pixel probability > REG75, AEC/AGC will increase automatically

. in table 7-1 on page 7-11, changed description of register REG76 (0x76) to “Upper Limit of
Luminance Level for VB Pixels”

. in table 7-1 on page 7-11, changed description of register REG77 (0x77) to “Lower Limit of
Luminance Level for VW Pixels”

. in table 7-1 on page 7-12, changed description of register REG78 (0x78) to:
Lower Limit of Probability for B Pixels to Trigger Fast AEC/AGC
If B pixel probability > REG78, AEC/AGC will increase in fast mode
. in table 7-1 on page 7-12, changed description of register REG78 (0x78) to:
Lower Limit of Probability for W Pixels to Trigger Fast AEC/AGC
If W pixel probability > REG79, AEC/AGC will increase in fast mode
. in table 7-1 (previously on page 7-11), deleted the two rows for registers “0x96~0xDD” and

“OxDE~OxFF”

. in table 7-2 on page 7-13, changed description of register bits DSP_CTRL_1[5:4] (0x97) to
Reserved

. in table 7-2 on page 7-14, changed description of register bits LENC_CTRL_3[7:5] (OxAl) to
Reserved

. in table 7-2 on page 7-19, changed description of register LENC_CTRL_23 (0xB5) to:
LENC Control 23
Bit[7:3]: Reserved
Bit[2]: v_skip[1:0]
Bit[1]: Reserved
Bit[0]: h_skip[1:0]
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. in table 7-2 on page 7-19, changed description of register bits WBC_CTRL_0[7:0] (0xBC) to
Reserved

. in table 7-2 on page 7-21, changed description of register bits DVP_CTRL_00[7:6] (0xC2) to:
VSYNC options
00: vsync_old
01: vsync_new
10: vsync3
11: Invalid

. in table 7-2 on page 7-23, changed description of register bit DVP_CTRL_08[2] (0xCA) to:
Test pattern options
0:  10-hit
1: 8-hit
. in table 7-2 on page 7-24, added (last) row for register “OXD7~0xFF”"
. inerlay

. in table description to:

version1.11 03.28.2008

. in the cover, changed title from “1/4" CMOS 1.0 Megapixel (1280x800) CameraChip™ sensor with
OmniPixel3™ technology” to “1/4" CMOS 1.0 Megapixel (1280x800) HD sensor with
OmniPixel3-HS™ technology”

. in the key specifications section on page iii, changed specification for sensitivity from “TBD” to
“3300 mV/(Lux e sec)”

. in figure 2-2 on page 2-3, changed power after R1 from “AVDD” to “DOVDD”

. in table 6-1 on page 6-3, changed timing for WXGA from:
(1) 1331424 tp = 828 lines
(2) 6432 tp (4 lines)

(3) 16406 tp
(4) 1608 tp
(5) 22514 tp
(6) 1280 tp
(7) 328 tp
(8) 262 tp
(9) 481tp

to:

(1) 1397664 tp = 828 lines
(2) 33584 tp
(3) 13832 tp
(4) 1688 tp
(5) 256 tp
(6) 1280 tp
(7) 408 tp
(8) 274 tp
(9) 481tp

where 1 pclk =1 tp
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version 2.0

07.01.2008

in table 6-1 on page 6-3, changed timing for 640x400 from:
(1) 665712 tp = 414 lines
(2) 3216 tp

(3) 16406 tp

(4) 1608 tp

(5) 3218 tp

(6) 1280 tp

(7) 328 tp

(8) 262 tp

(9) 481tp

to:

(1) 698832 tp = 414 lines
(2) 9944 tp

(3) 13840 tp

(4) 1688 tp

(5) 256 tp

(6) 1280 tp

(7) 408 tp

(8) 286 tp

(9) 481tp

where 1 pclk = 2 tp

in table 9-1 on page 9-1, changed min, typ, and max of cover glass thickness (C3) and airgap
between cover glass and sensor (C4)

07.01.2008

changed document from Preliminary Specification to Product Specification

in the features section on page iii, changed ordering part number from OV09710-VL1A to
OV09710-V28A

in the key specifications section on page iii, changed power requirements (active) from TBD to 110
mA and power requirements (standby) from TBD to 50 pA

in the key specifications section on page iii, changed sensitivity from TBD to
3300 mV/(Lux @ sec)

in the key specifications section on page iii, changed S/N ratio from TBD to 39 dB

in the key specifications section on page iii, changed dynamic range from TBD to 69 dB

in the key specifications section on page iii, changed dark current from TBD to 20 mV/sec @ 60°C
in the key specifications section on page iii, changed well capacity from TBD to 13 Ke~

in the key specifications section on page iii, deleted fixed pattern noise (FPN) specification

in table 8-2 on page 8-2, changed typ value for active (operating) current (Ipp_a) from TBD to 25
in table 8-2 on page 8-2, changed typ value for active (operating) current (Ipp_p) from TBD to 6
in table 8-2 on page 8-2, changed typ value for active (operating) current (Ipp_ o) from TBD to 8
in table 8-2 on page 8-2, changed unit for standby current (Ipps.sccg) from mA to pA

in table 8-2 on page 8-2, changed typ value for standby current (Ipps.sccg) from TBD to 250

in table 8-2 on page 8-2, changed typ value for standby current (Ipps_pwpn) from TBD to 50

in table 8-2 on page 8-2, changed catagory text from “digital inputs (typical conditions: AVDD =
2.8V, DVDD = 1.5V, DOVDD = 1.8V)" to “digital inputs (typical conditions: AVvDD = 3.3V, DVDD =
1.5V, DOVDD = 1.8V)”
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