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applications

= cellular phones

n  toys

= PC multimedia

= digital still cameras

0OV05645-A66A (color, lead-free)
66-pin CSP3

features

= 1.4 pm x 1.4 pm pixel with OmniBSI+™ technology
for high performance (high sensitivity, low crosstalk,
low noise, improved quantum efficiency)

= optical size of 1/4"

= automatic image control functions: automatic
exposure control (AEC), automatic white balance
(AWB), automatic band filter (ABF), automatic
50/60 Hz luminance detection, and automatic black
level calibration (ABLC)

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

= ijmage quality controls: color saturation, hue, gamma,
sharpness (edge enhancement), lens correction,
defective pixel canceling, and noise canceling

= support for output formats: RAW RGB,
RGB565/555/444, YUV422/420, YCbCr422

= support for video or snapshot operations

= support for internal and external frame
synchronization for frame exposure mode

support for LED and flash strobe mode

support for horizontal and vertical sub-sampling,
binning

support for minimizing artifacts on binned image
support for anti-shake

standard serial SCCB interface

dual lane MIPI output interface

embedded 1.5V regulator for core power

programmable I/O drive capability, I/O tri-state
configurability

support for black sun cancellation

support for images sizes: 5 megapixel, and any
arbitrary size scaling down from 5 megapixel

support for auto focus control (AFC) with embedded
AF VCM driver

embedded microcontroller

suitable for module size of 8.5 x 8.5 x <6mm with
both CSP and RW packaging

key specifications (typical)

= active array size: 2592 x 1944

= power supply:
core: 1.5V £ 5% (with embedded 1.5V regulator)
analog: 2.6 ~ 3.0V (2.8V typical)
1/0: 1.8V 2.8V

= power requirements:
active: 130 mA
standby: 20 pA

= temperature range:
operating: -30°C to 70°C junction temperature
(see table 8-2)
stable image: 0°C to 50°C junction temperature
(see table 8-2)

= output formats: 8-/10-bit RGB RAW,

RGB565/555/444, YUV422/420, YCbCr422 output

= |ens size: 1/4"
= |ens chief ray angle: 29.1° (see figure 10-2)

input clock frequency: 6~27 MHz
max S/N ratio: 36 dB
dynamic range: 71 dB @ 8x gain
maximum image transfer rate:

QSXGA (2592x1944): 15 fps

1080p: 30 fps

1280x960: 45 fps

720p: 60 fps
sensitivity: 680 mV/Lux-sec
shutter: rolling shutter / frame exposure
maximum exposure interval: 1964 x trow
pixel size: 1.4 pm x 1.4 pm
dark current: 0.72mV/sec @ 50°C junction temp
image area: 3673.6 pm x 2738.4 ym

package dimensions: 6200 um x 4860 um
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1 signal descriptions

table 1-1 lists the signal descriptions and their corresponding pin numbers for the OV5645 image sensor. The package

information is shown in section 9.

table 1-1

signal descriptions (sheet 1 of 3)

pin pin

number signal name type description

A1 NC - no connect

A2 DVDD power power for digital circuit

A3 DOGND ground ground for I/O circuit

A4 SPI_CLK 110 SPI data clock input

A5 DGND ground ground for digital circuit

A6 FREX 110 frame exposure / mechanical shutter

A7 GPIO1 110 GPIO port 1

A8 DOVDD power power for 1/O circuit

A9 DGND ground ground for digital circuit

A10 NC - no connect

B1 DGND ground ground for digital circuit

B2 DVvDD power power for digital circuit

B3 DOVDD power power for 1/O circuit

B4 AVDD power power for analog circuit

B5 DVDD power power for digital circuit

B6 GPIO3 110 GPIO port 3

B7 GPIO0 1/10 GPIO port 0

B8 DOGND ground ground for I/O circuit

B9 DVDD power power for digital circuit

B10 AVDD power power for analog circuit

C1 DGND ground ground for digital circuit

C2 DOVDD power power for I/O circuit

C3 AGND ground ground for analog circuit

C4 SPI_D1 110 SPI data 1 input

C5 SPI_D0 1/10 SPI data 0 input

C6 STROBE 1/0 strobe output
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table 1-1 signal descriptions (sheet 2 of 3)

pin pin

number signal name type description

c7 GPIO2 110 GPIO port 2

C8 PWDNB input power down (active low with internal pull down resistor)
C9 RESETB input reset (active low with internal pull up resistor)
C10 AGND ground ground for analog circuit

D1 NC - no connect

D10 NC - no connect

E1 NC - no connect

E10 NC - no connect

F1 NC - no connect

F10 NC - no connect

G1 DGND ground ground for digital circuit

G2 SIOD 110 SCCB data

G3 SIOC input SCCB input clock

G4 VSYNC 110 DVP VSYNC output

G5 MCN 110 MIPI TX clock lane negative output

G6 MCP 110 MIPI TX clock lane positive output

G7 DOGND ground ground for I/O circuit

G8 VCMSINK 110 analog /O

G9 VN reference internal analog reference

G10 AVDD power power for analog circuit

H1 DGND ground ground for digital circuit

H2 DVDD power power for digital circuit

H3 DOVDD power power for I/O circuit

H4 MDNO 1/0 MIPI TX first data lane negative output
H5 MDPO 110 MIPI TX first data lane positive output

H6 MDN1 110 MIPI TX second data lane negative output
H7 MDP1 110 MIPI TX second data lane positive output
H8 VCMGND 110 analog 1/0

H9 VCMGND 110 analog /0

H10 AGND ground ground for analog circuit
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table1-1 signal descriptions (sheet 3 of 3)
pin pin
number signal name type description
J1 NC - no connect
J2 DVDD power power for digital circuit
J3 XVCLK input system input clock
J4 SGND ground ground for sensor circuit
J5 EGND ground ground for MIPI TX circuit
Jé EVDD reference power for MIPI TX circuit
J7 PVDD power power for PLL circuit
J8 VCMSINK 110 analog I/0
J9 VH reference internal analog reference
J10 NC - no connect

table 1-2 configuration under various conditions (sheet 1 of 2)

pin

after RESET B

software standby | hardware standby

release
4 .y high-z by default high-z by default
SPILCLK high-z higice (configurable) (configurable)
h . g — high-z by default high-z by default
configurable configurable
A6 FREX high-z high-z i bl fi bl
- - high-z by default high-z by default
configurable configurable
A7 GPIO1 high-z high-z i bl fi bl
% - high-z by default high-z by default
B6 b high-2 high-z (configurable) (configurable)
- — high-z by default high-z by default
B7 GPIQQ high-z high-z (configurable) (configurable)
— - high-z by default high-z by default
c4 OREDATI high-2 high-2 (configurable) (configurable)
- — high-z by default high-z by default
o SPLDATO high-2 high-2 (configurable) (configurable)
— — high-z by default high-z by default
e STROBE high-2 high-z (configurable) (configurable)
— - high-z by default high-z by default
7 GPIO2 high-z high-z (configurable) (configurable)
C8 PWDNB input input input input
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table 1-2 configuration under various conditions (sheet 2 of 2)
pin after RESET_B
number | signal name RESET_B release software standby | hardware standby
RESET_B input input input input
G2 SIOD high-z open drain open drain high-z
G3 SI0C high-z input input high-z
— — high-z by default high-z by default
G4 VSYNC high-2 high-2 (configurable) (configurable)
. . low by default low by default
G5 MCN high Hjgh (configurable) (configurable)
. h low by default low by default
©6 McP high high (configurable) (configurable)
G9 VN high-z high-z high-z high-z
. . low by default low by default
Ha MDNO high high (configurable) (configurable)
: . low by default low by default
HS MDPR high high (configurable) (configurable)
. . low by default low by default
H6 MR high high (configurable) (configurable)
: . low by default low by default
Y & "t high high (configurable) (configurable)
J3 XVCLK input input input input
J9 VH high-z high-z high-z high-z
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figure 1-1 pin diagram
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2 system level description

2.1 overview

The OV5645 color image sensor is a low voltage, high-performance, 1/4-inch 5 megapixel CMOS image sensor that
provides the full functionality of a single chip 5 megapixel (2592x1944) camera using OmniBSI+™ technology in a small
footprint. It provides full-frame, sub-sampled, windowed or arbitrarily scaled 8-bit/10-bit images in various formats via the
control of the Serial Camera Control Bus (SCCB) interface.

The OV5645 has an image array capable of operating at up to 15 frames per second (fps) 5 megapixel resolution with
complete user control over image quality, formatting and output data transfer. All required image processing functions,
including exposure control, gamma, white balance, color saturation, hue control, defective pixel canceling, noise
canceling, etc., are programmable through the SCCB interface or embedded microcontroller. In addition, OmniVision
image 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 and smearing, to produce a clean, fully
stable, color image.

The OV5645 has an embedded microcontroller, which can be combined with an internal autofocus engine and
programmable general purpose /0O modules (GPIO) for external autofocus control. It also provides an anti-shake
function with an internal anti-shake engine. For identification and storage purposes, the OV5645 also includes a one-time
programmable (OTP) memory.

The OV5645 uses serial MIPI port for data transmission.

2.2 architecture

The OV5645 sensor core generates streaming pixel data at a constant frame rate, indicated by HREF and VSYNC.
figure 2-1 shows the functional block diagram of the OV5645 image sensor.

The timing generator outputs clocks to access the rows of the image array, precharging and sampling the rows of the
imaging array sequentially. In the time between precharging and sampling a row, the charge in the pixels decrease with
exposure to incident light. This is the exposure time in rolling shutter architecture.

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 10-bit data for each pixel in the array.
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figure 2-1 0V5645 block diagram
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figure 2-2 reference schematic
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note 1 PWDNB, active low, should be controlled on the system level
note 2 RESETB should be connected to DOVDD outside of module if unused
note 3 FREX should be connected to DGND outside of module if unused
note 4 AVDD is 2.6-3.1V of sensor analog power (clean)
during OTP programming, an AVDD voltage range of 2.5V +10% is required
OTP may use normal AVDD voltage range
note5 DOVDDis 1.7-3.1V of sensor digital 10 power (clean). 1.8V is recommended
note6 DVDDis 1.5V of sensor core power (clean)
sensor internal regulator (no external 1.5V DVDD is needed) is recommended for 1.8V DOVDD
external 1.5V DVDD is recommended for 2.8V DOVDD
note 7 sensor AGND and DGND should be separated and connected to a single point outside PCB (they should not be connected inside module).
note8 DGND and EGND should be two separated nets and only connected at a single point inside the module
note 9 AGND and SGND should be two separated nets and only connected at a single point inside the module
note 10 capacitors should be close to the related sensor pins
note 11 if more space is available, use capacitor of 1pF-0402 between DVDD and DGND
note 12 EVDD/EGND are power/ground for MIPI core
MCP and MCN are MIP! clock lane positive and negative output
MDPO and MDNO are MIPI first data lane positive and negative output
MDP1 and MDN1 are MIPI second data lane positive and negative output
note13 traces of MCP, MCN, MDPO, MDNO, MDP1 and MDN1 should have the same or similar length
differential impedance of the clock pair and data pair transmission lines should be controlled at 100 Ohm
note 14 traces from AF_VCC toL1+and L1-to pin VSINK, and the trace of VGND needs to be wide because of 100 mA high electrical current
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

2.3 format and frame rate

table 2-1 format and frame rate

MIPI (total bit rate, Mbps)

resolution frame rate (fps) methodology Raw10 Raw8 YUV422

5 Mpixel 2592x1944 15 no scaling 840 672 1344
SXGA 1280x960 45 2x2 binning 840 672 1344
1080p 1920x1080 30 cropping 840 672 1344
720p 1280x720 60 cropping + 2x2 binning 840 672 1344

2.4 1/0 control

The OV5645 I/O pad direction and driving capability can be easily adjusted. table 2-2 lists the driving capability and
direction control registers of the I/O pads.

table 2-2 driving capability and direction control for I/O pads (sheet 1 of 2)

function register default value | R/W description
Bit[7:6]: output drive capability
00: 1x
output drive capability control 0x302C 0x02 RW 01: 2x
10: 3x
11: 4x

Bit[3:2]: input/output control for
the CSD[1:0] pins
0:  input
1:  output

CSDI[1:0] I/O control 0x3016 0x00 RW

Bit[3:2]: output selection for the
CSD[1:0] pins
CSD[1:0] output select 0x301C 0x00 RW 0:  normal data path
1:  register-controlled
value

CSDI[1:0] output value 0x3019 0x00 RW Bit[3:2]: CSDI[1:0] output value

CSDI[1:0] input value 0x3050 - R Bit[7:6]: CSDI[1:0] input value

Bit[6]:  input/output control for
the VSYNC pin
0: input
1:  output

VSYNC I/O control 0x3017 0x00 RW
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table 2-2

function

VSYNC output select

register

0x301D

default value

0x00

R/W

description

Bit[6]:

driving capability and direction control for I/O pads (sheet 2 of 2)

output selection for the

VSYNC pin

0:  normal data path

1:  register-controlled
value

VSYNC output value

0x301A

0x00

Bit[6]:

VSYNC output value

VSYNC input value

0x3051

Bit[6]:

VSYNC input value

CSK 1/0O control

0x3017

0x00

Bit[4]:

input/output control for
the CSK pin
0: input
1:  output

CSK output select

0x301D

0x00

Bit[4]:

output selection for the

CSK pin

0:  normal data path

1:  register-controlled
value

CSK output value

0x301A

0x00

Bit[4]:

CSK output value

CSK input value

0x3051

Bit[4]:

CSK input value

GPIO 1/O control

0x3018

0x00

Bit[3:0]:

input/output control for
the GPIO[3:0] pins

0: input

1:  output

GPIO output select

0x301E

0x00

Bit[3:0]:

output selection for the

GPIO[3:0] pins

0:  normal data path

1:  register-controlled
value

GPIO output value

0x301B

0x00

Bit[3:0]:

GPIO[3:0] output value

GPIO input value

0x3052

Bit[3:0]:

GPIO[3:0] input value
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

2.5 system clock control

The OV5645 PLL allows for an input clock frequency ranging from 6~27 MHz and has a maximum VCO frequency of
1000 MHz.

figure 2-3 PLL diagram

PLL1
CLK PAD pre-divider multiplier (4-252) SYS divider0 MIPI divider
XVCLK PRE_DIVO DIV_CNT7B SDIVO MIPIDIV
(0x3037[3:0]) (0x3036(7:0]) (0x3035[7:4]) (0x3035[3:0])
(6-27 MHz) 1/1/2/3/4/1.5/6/  |(4-27 MHz) 0x3037(7]2 (500-1000 MHz) (0:16;1-F) (0:16;1-F)
25/8/1/1/1/1/1/1/1 0x3036(7:1]+2: 0x3035[7:4] 0x3035[3:0]
0x3036(6:0]
[ lMIP\SCLK
PLL R divider
PLLRDIV MIPI.CLK
(0x30374]) MIPLPHY A
1/2 /2
¥
PLL2 BIT divider SCLK divider
o " BITDIV SCLKDIV. SCLK
pre-divider multiplier (0x3034[3:0]) ; (0x3108(1:0]) —
(6-27 MH2) PREDIV SP RDIV SP (0x8: 2; 0xA: 25, 1/2/4/8
(0x303D[5:4]) (0x303D[2]) L— others: 1)
1/1.5/2//3 (6-27 MHz) x1/2 7
PCLK divider SCLK2x divider
v PCLK DIV SCLK2x DIV SCLK2x
multiplier (0x3108][5:4]) (0x3108[3:2]) >
DIV_CNTSB 1/2/4/8 1/2/4/8
(0x303B[4:0])
0x303B[4:0] [
Pgi‘[’)igfr scale divider
e PCLK SCALE DIV DIV PCLK
mipi2lane ? F———
0x3035[3.0} (0x3824[4:0)
20:303530] INT(0x3824(4:0]/2)-Auto
R_SELDS divid
note 1 input clock (XVCLK) range is 6-27 MHz vt (190%3?4%}()
- i Z
note2 clock after predivider for PLL1 is 4-27 MHz, for PLL2 is 6-27 MHz (0;?10/32'3/[21 301)
note3 PLLI output clock range 500-1000 MHz T
note4 PLLADCLK output clock range 190-230 MHz SP divider
note5 PCLK>=1*SCLK if Raw, PCLK >=2*SCLK if YUV SDIV SP
(0x303C|[3:0])
note6 MIPSCLK = (4 or 5)*PCLK if 2-lane; = (8 or 10) *PCLK if 1-lane (160-320 MHz) (0:1;1-F)
note7 changing register 0x3108 (gray blks) is not recommended without OmniVision approval 0x303C[20]
note 8 to run full size and full speed, adclk-200 MHz, sclk-84 MHz
note9 exposure unit line_period = HTS/(sclk), where HTS=0x380C/0x380D
note 10 frame time is line_period * VTS, where VTS=0x380E/0x380F
note 11 MIPI global timing unit (0x4837) should be set based on PCLK 56450523

table 2-3 PLL configurations

register | register | register | register | register | register | register | register

configuration | 0x3034 | 0x3035 | 0x3036 | 0x3037 | 0x3108% | 0x303B | 0x303C | 0x303D

default 0x1A 0x11 0x69 0x13 0x16 0x19 0x11 0x30

MIPI 8-bit 0x18 0x11 0x54 0x13 0x01 0x19 0x11 0x30

a. register 0x3108 shall be kept at 0x01 for all settings due to the relation constraints of the different internal clocks
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2.6 SCCB interface

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

Group write is supported in order to update a group of registers in the same frame. These registers are guaranteed to
be written prior to the internal latch at the frame boundary.

The OV5645 supports up to four groups. These groups share 1 KB RAM and the size of each group is programmable
by adjusting the start address. The group hold start addresses range from 0x40 to 0x7F, where the unit is 16 bytes.

table 2-4 group sharing registers

default
address register name value R/W description

Start Address for Group0

0x3200 GROUP ADDRO 0x40 RW aroup,. S04r0[7.0].410)
0x3201 GROUP ADDR1 Ox4A RW g?&gf:;iﬁ[%f 2?;'8}1
0x3202 GROUP ADDR2 0x54 RW f;:u/;f:;f;;[%f ;?r‘:g}z
0x3203 GROUP ADDR3 OXBE RW Start Address for Group3

{group_addr3[7:0], 4’h0}

The group write function is controlled by register 0x3212.

table 2-5 group write registers

default
address register name value R/W description

SRM Group Access
Bit[7]:  Group launch enable
Bit[6]:  Test mode access group
Bit[5]:  Group launch
0x3212 SRM GROUP ACCESS - W Bit[4]:  Group hold end
Bit[3:0]: Group ID
00xx: Group ID
01xx: Reserved
1xxx: Reserved

SRM Group Status
Bit[7]:  Store default
Bit[6]:  Restore
0x3213 SRM GROUP STATUS - R Bit[5]:  Group hold
Bit[4]:  Group launch
Bit[3]:  Group write
Bit[2:0]: Group select
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

The SCCB will enter group write mode after writing to register 0x3212 with a valid group ID. The subsequent registers
will be held to the buffer specified by the group_id instead of writing to the registers. Make sure the number of registers
does not exceed the capacity of the group. Setting group_hold_end to 1 will exit the group write mode. After that, setting
both group_launch and group_launch_en to 1 will write the buffered values to the real registers. Multiple groups of
registers can be prepared before writing to the real registers but be sure the correct group_id is specified when the group
write is launched.

The following is an example demonstrating the group write operation:

78 3212 00 Enable groupO

78 3600 00 Write registers to be held in groupO
78 3601 01

78 3212 10 End groupO

78 3212 01 Enable groupl

78 3602 02 Write registers to be held in groupl
78 3603 03

78 3212 11 End groupl

......................... Other direct register access

78 3212 02 Enable group2

78 3604 04 Write registers to be held in group2
78 3605 05

@48 2P12912 End group2

78 3212 A0 Launch group0
......................... Other direct register access
78 3212 03 Enable group3

78 3606 06 Write registers to be held in group3
78 3607 07

78 3212 13 End group3

78 3212 Al Launch groupl

78 3212 A2 Launch group2
78 3212 A3 Launch group3
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2.7 power up sequence

Based on the system power configuration (1.8V or 2.8V for I/O power, using external DVDD or internal DVDD, requiring
access to the SCCB during power up period or not), the power up sequence will differ. If 1.8V is used for I/O power, using
the internal DVDD is preferred. If 2.8V is used for /O power, due to a high voltage drop in the internal DVDD regulator,
there is a potential heating issue. Hence, for a 2.8V power system, OmniVision recommends using an external DVDD
power supply. Due to the higher power down current when using external DVDD, OmniVision strongly recommends
cutting off all power, including the external DVDD, when the sensor is not in use in the case of 2.8V /O and external
DVDD.

2.7.1 power up with internal DVDD

For powering up with an internal DVDD and SCCB access during the power ON period, the following conditions must

occur:

1 when DOVDD and AVDD are turned ON, make sure DOVDD becomes stable before AVDD becomes stable
2 PWDNB is active low with an asynchronized design (does not need clock)

3.  PWDNB must be low if SCCB is accessed during the power up period
4

if PWDNB pin is controlled as below, for PWDNB to go high, power must first become stable. System needs
to drive PWNDB to high as the sensor has an internal pull down on PWDNB pin (AVDD to PWDNB = 5 ms)

o

RESETB is active low with an asynchronized design
master clock XVCLK should be provided at least 1 ms before host accesses the sensor’s registers

7.  host can access SCCB bus (if shared) during entire period. 20ms after RESETB goes high, the host can
access the sensor's registers to initialize the sensor
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

figure 2-4 power up timing with internal DVDD

) . power on . power off
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note t,>0ms, delay from DOVDD stable to AVDD stable, it is recommended to power up AVDD shortly
after DOVDD has been powered up
t;2 Oms, delay from XVCLK off to AVDD off
ty2 Sms, delay from AVDD stable to sensor power up stable, PWDNB can be driven high after this point,

XVCLK can be turned on after power on

t32 1ms, delay from sensor power up stable to RESETB pull up
t4>20ms, delay from RESETB pull high to SCCB initialization
tg > 0ms, delay from AVDD off to DOVDD off

tg > 0ms, delay from RESETB pull low to AVDD of f

5640 DS 2 4

2.7.2 power up with external DVDD source

For powering up with an external DVDD source and SCCB access during the power ON period, the following conditions
must occur:

1. when DOVDD and AVDD are turned ON, make sure DOVDD becomes stable before AVDD becomes stable
when AVDD and DVDD are turned ON, make sure AVDD becomes stable before DVDD becomes stable

PWDNB is active low with an asynchronized design (does not need clock), PWDNB must be low if SCCB is
accessed during the power up period

4.  if PWDNB pin is controlled as below, for PWDNB to go high, power must first become stable. System needs
to drive PWDNB to high as the sensor has an internal pull down on PWDNB pin (DVDD to PWDNB = 5 ms)

all power supplies are cut off when the camera is not in use (power down mode is not recommended)
RESETB is active low with an asynchronized design

master clock XVCLK should be provided at least 1 ms before host accesses the sensor’s registers

® N o o

host can access SCCB bus (if shared) during entire period. 20ms after RESETB goes high, the host can
access the sensor's registers to initialize the sensor
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figure 2-5 power up timing with external DVDD source

DOVDD first, then AVDD, followed by DVDD, and rising time is less than 5 ms
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note ty= 0 ms: delay from DOVDD stable to AVDD stable, it is recommended to power up AVDD shortly after DOVDD
has been powered up
t; 20 ms: delay from AVDD stable to DVDD stable
t5>5 ms: delay from DVDD stable to sensor power up stable
t3>1ms, delay from sensor power up stable to RESETB pull up
t4 2 20ms, delay from RESETB pull high to SCCB initialization
t5 >0ms, delay from AVDD off to DOVDD off
te> Oms, delay from RESETB pull low to DVDD off
t7 >0ms, delay from XVCLK off to DVDD off

56400525
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

2.8 reset

The OV5645 sensor includes a RESETB pin that forces a complete hardware reset when it is pulled low (GND). The
0OV5645 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 by setting register 0x3008[7] to high.

Manually applying a hard reset upon power up is required even though on-chip reset is included. The hard reset is active
low with an asynchronized design. The reset pulse width should be greater than or equal to 1 ms.

2.9 hardware and software standby

Two suspend modes are available for the OV5645:

* hardware standby
+  SCCB software standby

To initiate hardware standby mode, the PWDNB pin must be tied to low (while in MIPI mode, set register 0x300E[4:3] to
2’b11 before the PWDNB pin is set to low). When this occurs, the OV5645 internal device clock is halted and all internal
counters are reset and registers are maintained.

Executing a software standby 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 OV5645 sensor has an image array of 2624 columns by 1964 rows (5,153,536 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 5,153,536 pixels, 5,038,848 (2592x1944) are active pixels and can be output. The other pixels are used for black
level calibration and interpolation.

The sensor array design is based on a field integration readout system with line-by-line transfer and an electronic shutter
with a synchronous pixel readout scheme.

figure 3-1 sensor array region color filter layout
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

3.2 subsampling

There are two subsampling modes in the OV5645: binning and skipping. Both are acceptable methods of reducing output
resolution while maintaining the field of view. Binning is usually preferred as it increases the pixel’s signal-to-noise ratio.
When the binning function is ON, voltage levels of adjacent pixels are averaged. In skipping mode (binning function is
OFF), alternate pixels, which are not output, are merely skipped. The OV5645 supports 2x2 binning. figure 3-2 illustrates
2x2 binning, where the voltage levels of two horizontal (2x1) adjacent same-color pixels are averaged before entering
the ADC. See table 3-1 for horizontal and vertical binning registers.

figure 3-2 example of 2x2 binning

2x2 blue pixelsare  2x2 greenpixels are
binned to 1 blue pixel binnedto 1 green pixel

2x2 green pixels are 2x2 red pixels are
binned to 1 green pixel binnedto 1 red pixel

56450532

Sensor timing adjustment is necessary after applying binning. Please consult your local OmniVision FAE for details.

table 3-1 horizontal and vertical binning registers

default
address register name value R/W description

Bit[0]:  Vertical binning

0x3820 TIMING_TC_REG20 0x40 RwW 0:  Disable
1:  Enable

Bit[0]:  Horizontal binning
0x3821 TIMING_TC_REG21 0x00 RW 0: Disable
1:  Enable
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3.3 VCMdriver

figure 3-3 VCM block diagram
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The maximum SINK current can be estimated as:

* ISINK = (Vvem - Vds) / (Rs + Rvem + Rp1 + Rp2)
* Vds is the transistor headroom

* Rp1and Rp2 are the resistance in the current path
* RVCM is the resistance of the voice coil motor.

The OV5645 VCM driver is a single 10-bit DAC with 100 mA output current sink capability. It is designed for linear control
of the VCM. The DAC is controlled via the SCCB interface with clock rates up to 400 Hz. The OV5645 VCM driver
provides three types of output current control modes that allow users to adjust transient response of the sinking current.

3.3.1 output current control mode

The OV5645 VCM driver uses 4 bits (S3, S2, S1, and S0) to control the output current response.

1. S[3:0] = X000: Directly jump mode: code directly jumps to target code. Output current transient
response time (see table 3-2.)

2. S[3:0] = 0001 to 0111: Single step mode: code increases/decreases by a single step. Single step time
durations are 50us, 100us, 200us, 400us, 800us, 1600us, and 3200us, which are
controlled by S2, S1, and SO (see table 3-4.)

3. S[3:0]=1001 to 1111: Multi-code steps mode: Code increases/decreases in multi-code steps. If the
target code and the current code have a difference larger than 128, the 64-code
step is applied first. When the difference in between target and current codes is no
more than 128 but larger than 16, the 16-code step is used. When the difference
is less than 16, it will directly jump to the target code. Single step time options are
50us, 100us, 200us, 400ps, 800ps, 1600ps, and 3200ps, which are controlled by
S2, S1, and SO, (see table 3-5.)
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 3-2

VCM driver control

register description

Bit[3:0]: Current transient response control

current transient 0x3602 x000: mode 0
response control 0001~0111: mode 1
1001~1111:  mode 2
" 0x3603[5:0], 0x3603[5:0]:  D[9:4]
10-bit DAC code 0x3602[7:4] 0x3602[7:4]:  D[3:0]
clock divider 0x3605[3:0], divide external clock to obtain a 20 kHz clock for VCM control block
0x3606[7:0] VCM control clock = external clock / Rdiv[11:0]
table 3-3 VCM control registers

default
address register name value description

Bit[7]:
0x3603 VCM[15:8] 0x01 Bit[5:0]; D[9 4]
Bit[7:4]: D[3:0]
0x3602 VCM[7:0] 0x50 RW Bit[3]:  S3
Bit[2:0]: S[2:0]
0x3605 SLEW[11:8] 0x46 RW Bit[3:0]: Rdiv[11:8]
0x3604 SLEW[7:0] 0x05 RW Bit[7:0]: Rdiv[7:0]
Bit[2:0]: VCM output current control
000: 0.71*Id
001: 0.77 *Id
010: 0.83*Id
0x3606 VCM CURRENT 0x00 RwW 011: 0.91*Id
100: 1.00 *Id
101: 1.11*Id
110: 1.25*Id
11: 143*Id
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table 3-4 single step mode

single step full scale transition
mode S3 S2 S1 SO transition time time (1023 steps)
0 1

0 0 50us 51.15ms
0 0 1 0 100us 102.3ms
0 0 1 1 200us 204.6ms
single step 0 1 0 0 400ps 409.2ms
mode
0 1 0 1 800us 818.4ms
0 1 1 0 1600us 1.637s
0 1 1 1 3200us 3.274s
table 3-5 multi-code step mode
single step full scale transition
mode S3 S2 S1 SO transition time time (22 steps)?
1 0 0 1 50us 1.1ms
1 0 1 0 100us 2.2ms
1 0 1 1 200us 4.4ms
single step 1 1 0 0 400ps 8.8ms
mode
1 1 0 1 800us 17.6ms
1 1 1 0 1600us 35.2ms
1 1 1 1 3200us 70.4ms

a. afull scale transition includes fourteen 64-code steps, seven 16-code steps and one directly jump step.
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

figure 3-4 1/4 to 3/4 scale settling time (directly jump mode, VDD = 3.0V)
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figure 3-5 sink current vs. code (VDD = 3.0V, reg 0x30A5 = 0x05, VCM resistance =
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OV5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology
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4 image sensor core digital functions

4.1 mirror and flip

The OV5645 provides mirror and flip readout modes, which respectively reverse the sensor data readout order
horizontally and vertically (see figure 4-1). In flip, the OV5645 does not need additional settings because the ISP block
will auto-detect whether the pixel is in the red line or blue line and make the necessary adjustments.

figure 4-1 mirror and flip samples
original image mirrored image flipped image mirrored and flipped
image
5645DS 4 1
table 4-1 mirror and flip registers

default
address register name value R/W description

Timing Control
0x3820 TIMING TC REG20 0x40 RW Bit[2]: ISP vflip
Bit[1]:  Sensor vflip

Timing Control
0x3821 TIMING TC REG21 0x00 RW Bit[2]: ISP mirror
Bit[1]:  Sensor mirror
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

4.2 image windowing

The OV5645 uses registers 0x3800 ~ 0x3814 for image windowing. figure 4-2 illustrates how the registers define the
windowing size. Physical pixel size is the total pixel array size we have in the sensor. The ISP input size is the total pixel
data read from pixel array. Typically, the larger ISP input size is, the less maximum frame rate can be reached. The data
output size is the image output size of OV5645. This size is windowed from ISP input size and is defined by x_offset and
y_offset as figure 4-2 shows.

figure 4-2 image windowing
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figure 4-3 shows the windowing configuration when scaling function is enabled. The pre-scaling image size is the ISP

input size subtracted by two times of offsets for both horizontal and vertical.

figure 4-3 image windowing configuration
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table 4-2 image windowing registers (sheet 1 of 2)

default
address register name value R/W description

Y _OUTPUT SIZE
[0x380A, 0x380B}

data output size
(after scaling)

X OUTPUT SIZE
[0X3808, 0x3809)]

5645D5 43

0x3800 TIMING HS 0x00 Bit[3:0]: X address start[11:8]

0x3801 TIMING HS 0x00 RW Bit[7:0]: X address start[7:0]

0x3802 TIMING VS 0x00 RW Bit[2:0]: Y address start[10:8]

0x3803 TIMING VS 0x00 RW Bit[7:0]: Y address start[7:0]

0x3804 TIMING HW O0x0A RW Bit[3:0]: X address end[11:8]

0x3805 TIMING HW 0x3F RW Bit[7:0]: X address end[7:0]

0x3806 TIMING VH 0x07 RW Bit[2:0]: Y address end[10:8]

0x3807 TIMING VH O0x9F RW Bit[7:0]: Y address end[7:0]

0x3808 TIMING DVPHO O0x0A RW Bit[3:0]: DVP output horizontal width[11:8]

0x3809 TIMING DVPHO 0x20 RW Bit[7:0]: DVP output horizontal width[7:0]

0x380A TIMING DVPVO 0x07 RW Bit[2:0]: DVP output vertical height[10:8]

0x380B TIMING DVPVO 0x98 RW Bit[7:0]: DVP output vertical height[7:0]
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 4-2 image windowing registers (sheet 2 of 2)

e e
address register name value description
0x380C TIMING HTS 0x0B Bit[3:0]: Total horizontal size[11:8]
0x380D TIMING HTS 0x1C RW Bit[7:0]: Total horizontal size[7:0]
0x380E TIMING VTS 0x07 RW Bit[7:0]: Total vertical size[15:8]
0x380F TIMING VTS 0xBO0 RwW Bit[7:0]: Total vertical size[7:0]
0x3810 TIMING HOFFSET 0x00 RwW Bit[3:0]: ISP horizontal offset[11:8]
0x3811 TIMING_HOFFSET  0x10 RW Bit[7:0]: ISP horizontal offset[7:0]
0x3812 TIMING VOFFSET 0x00 RwW Bit[2:0]: ISP vertical offset[10:8]
0x3813 TIMING VOFFSET 0x04 RwW Bit[7:0]: ISP vertical offset[7:0]

4.3 test pattern

For testing purposes, the OV5645 offers one type of test pattern, color bar.

figure 4-4 test pattern

color bar

table 4-3 test pattern selection control

default
address register name value R/W description

Bit[7]:  Color bar enable
0: Test disable
1:  Color bar enable

PRE ISP TEST Bit[3:2]: Color bar style
0x503D SETTING 1 0x00 RW 00: Standard eight color bar

01: Gradual change at vertical mode 1
10: Gradual change at horizontal
11:  Gradual change at vertical mode 2
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4.4 50/60Hz detection

When the integration time is not an integer multiple of the period of light intensity, the image will flicker. The function of
the detector is to detect whether the sensor is under a 50 Hz or 60 Hz light source so that the basic step of integration
time can be determined. Contact your local OmniVision FAE for auto detection settings.

45 AEC/AGC algorithms

The auto exposure control (AEC) and auto gain control (AGC) allows the image 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 4-4.

table 4-4 AEC/AGC algorithm functions

default
address | register name value description

Exposure Output

0x3500 AEC PK EXPOSURE 0x00 Bit[3:0]: Exposure[19:16]
0x3501  AEC PK EXPOSURE 0x02 Rw  Exposure Output
Bit[7:0]: Exposure[15:8]
Exposure Output
Bit[7:0]: Exposure[7:0]
0x3502 AEC PK EXPOSURE 0x00 RW Lower four bits are a fraction of a

line; they should be 0 since
0OV5645 does not support
fraction line exposure

AEC Manual Mode Control
Bit[1]:  AGC manual
0:  Auto enable
0x3503 AEC PK MANUAL 0x00 RW 1:  Manual enable
Bit[0]:  AEC manual
0:  Auto enable
1:  Manual enable

Real Gain
0x350A  AEC PK REAL GAIN 0x00 RW Si(10) Real gain(o:8]
0x350B  AEC PK REAL GAIN 0x10 RW Real Gain
Bit[7:0]: Real gain[7:0]
AEC VTS Output
0x350C  AECPK VTS 0x00 RW B0 \YS[15:8]
0x350D  AEC PK VTS 0x00 Rw  AECVTS Output

Bit[7:0]: VTS[7:0]
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

4.5.1 average-based algorithm

The average-based AEC controls image luminance using registers (0x3A0F), (0x3A10), (0x3A1B), and (0x3A1E). In
average-based mode, the value of register (0x3A0F) indicates the high threshold value, and the value of register
(0x3A10) indicates the low threshold value. The value of register (0x3A1B) indicates the high threshold value for image
change from stable state to unstable state and the value of register (0Ox3A1E) indicates the low threshold value for image
change from stable state to unstable state. When the target image luminance average value AVG READOUT (0x56A1)
is within the range specified by registers (0x3A1B) and (0x3A1E), the AEC keeps the image exposure and gain. When
register AVG READOUT (0x56A1) is greater than the value in register (0x3A1B), the AEC will decrease the image
exposure and gain until it falls into the range of {0x3A10, 0x3AO0F}. When register AVG READOUT (0x56A1) is less than
the value in register (0x3A1E), the AEC will increase the image exposure and gain until it falls into the range of {0x3A10,
0x3A0F}. Accordingly, the value in register (0x3AOF) should be greater than the value in register (0x3A10). The gap
between the values of registers (0x3A1B) and (0x3A1E) controls the image stability.

The AEC function supports both manual and auto speed selections in order to bring the image exposure into the range
set by the values in registers (0x3A0F) and (0x3A10). For manual mode, the speed supports both normal and fast speed
selection. AEC set to normal mode will allow for the slowest step increment or decrement in the image exposure to
maintain the specified range. AEC set to fast mode will provide for an approximate ten-step increment or decrement in
the image exposure to maintain the specified range. For auto mode, the speed step will automatically be adjusted
according to the difference between the target and present values. The auto ratio of steps can be set by register bits AVG
READOUT (0x56A1); thus, the AEC speed can be adjusted automatically by the image average value or controlled
manually.

Register (0x3A11) and register (0x3A1F) controls the fast AEC range in manual speed selection made. If the target image
AVG READOUT (0x56A1) is greater than (0x3A11), AEC will decrease by half. If register AVG READOUT (0x56A1) is
less than (0x3A1F), AEC will double.

As shown in desired convergence, the AEC/AGC convergence uses two regions, the inner stable operating region and
the outer control zone, which defines the convergence step size of fast and slow conditions.

figure 4-5 desired convergence

desired convergence

control zone stable operating region /

5645 DS 4.5
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As for auto mode, the AEC will automatically calculate the steps needed based on the difference between target and
current values. So, the outer control zone is meaningless for this mode.

table 4-5 AEC functions

default
address register name value description

Stable Range High Limit (enter)

0X3A0F AEC CTRLOF 0x78 BHOE WP
0x3A10 AEC CTRL10 0x68 RW Stas"i't??';?:ngg ;gw Limit (enter)

OX3A11 AEC CTRL1 0xDO RW Steézt?gf"o’]f’a'v'rt‘if\zh':a“ Zone High Limit
0x3A1B AEC CTRL1B 0x78 RW &3;1?725]‘{‘93\/';% Limit (go out)
0X3A1E AEC CTRL1E 0x68 RW Stagbilt([e;;e]l:ngg IF;_CIJ_\év Limit (go out)

0x3A1F AEC CTRL1F 0x40 RW Step Manual Mode, Fast Zone Low Limit

Bit[7:0]: vpt_low

For the average-based AEC/AGC algorithm, the measured window is horizontally and vertically adjustable and divided
by sixteen (4x4) zones (see figure 4-6). 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.

4.5.1.1 average luminance (YAVG)

Auto exposure time calculation is based on a frame brightness average value. By properly setting x_start, x_end,
y_start, and y_end as shown in figure 4-6, a 4x4 grid average window is defined. It will automatically divide each
zone into 4x4 zones. The average value is the weighted average of the 16 sections. table 4-6 lists the corresponding
registers.
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

figure 4-6 average-based window definition

sensor array size X

'S X
start | HW | T)

5 6 7 8 average

window
VH 9 10 | 11 | 12 size

sensor array 13 14 15 16
sizeY

| end

564505 4 6

note 1=window0,0/2=window0,1/3=window0,2..... 16 =window 3,3

table 4-6 timing control functions (sheet 1 of 2)

default
address register name value description

0x3810 TIMING HOFFSET 0x00 Bit[3:0]: ISP horizontal offset[11:8]
0x3811 TIMING_HOFFSET 0x04 RW Bit[7:0]: ISP horizontal offset[7:0]

0x3812 TIMING VOFFSET 0x11 RW Bit[3:0]: ISP vertical offset[11:8]

0x3813 TIMING VOFFSET 0x11 RW Bit[7:0]: ISP vertical offset[7:0]

0x3808 TIMING DVPHO 0x07 RW Bit[3:0]: DVP output horizontal width[11:8]
0x3809 TIMING DVPHO 0x98 RW Bit[7:0]: DVP output horizontal width[7:0]
0x380A TIMING DVPVO 0x0B RW Bit[3:0]: DVP output vertical height[11:8]
0x380B TIMING DVPVO 0x1C RW Bit[7:0]: DVP output vertical height[7:0]
0x501D ISP MISC 0x00 RwW Bit[4]:  Average size manual enable

Bit[3:0]: X start[11:8]
Horizontal start position for average

0x5680 X START 0x00 RW window high byte, valid when
0x501D[4]=1
Bit[7:0]: X start[7:0]
0x5681 X START 0x00 RW Horizontal start position for average

window low byte, valid when
0x501D[4]=1
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table 4-6

timing control functions (sheet 2 of 2)

default
address | register name value description

Bit[2:0]: Y start[10:8]
Vertical start position for average
0x5682 Y START 0x00 RW . )
window low byte, valid when
0x501D[4]=1
Bit[7:0]: Y start[7:0]
0x5683 Y START 0x00 RW V_emcal start posmon_ for average
window low byte, valid when
0x501D[4]=1
Bit[3:0]: Window X[11:8]
0x5684 X WINDOW 0x10 RW Horizontal width for average window
high byte, valid when 0x501D[4]=1
Bit[7:0]: Window X[7:0]
0x5685 X WINDOW 0xA0 RwW Horizontal width for average window
low byte, valid when 0x501D[4]=1
Bit[2:0]: Window Y[10:8]
0x5686 Y WINDOW 0x0C RW Vertical height for average window high
byte, valid when 0x501D[4]=1
Bit[7:0]: Window Y[7:0]
0x5687 Y WINDOW 0x78 RW Vertical height for average window low
byte, valid when 0x501D[4]=1
Bit[7:4]: Window 01 weight
0x5688 WEIGHT00 0x11 RW Bit[3:0]: Window 00 weight
Bit[7:4]: Window 03 weight
0x5689 WEIGHTO01 0x11 RW Bit[3:0]: Window 02 weight
Bit[7:4]: Window 11 weight
0x568A WEIGHT02 0x11 RW Bit[3:0: Window 10 weight
Bit[7:4]: Window 13 weight
0x568B WEIGHTO03 0x11 RW Bit[3:0]: Window 12 weight
Bit[7:4]: Window 21 weight
0x568C WEIGHT04 0x11 RW Bit[3:0]: Window 20 weight
Bit[7:4]: Window 23 weight
0x568D WEIGHT05 0x11 RW Bit[3:0]: Window 22 weight
Bit[7:4]: Window 31 weight
0x568E WEIGHT06 0x11 RW Bit[3:0]: Window 30 weight
Bit[7:4]: Window 33 weight
0x568F WEIGHT07 0x11 RW Bit[3:0: Window 32 weight
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color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

4.6 AEC/AGC steps

The AEC and AGC work together to achieve optimal exposure and gain based on the environmental illumination. In order
to achieve the best signal-to-noise ratio (SNR), extending the exposure time is always preferred to raising the analog
gain when the illumination level is decreasing. Similarly, with increasing illumination, decreasing the gain prior to
shortening the exposure time is preferred.

4.6.1 auto exposure control (AEC)

The function of the AEC is to calculate the 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.

To avoid image flickering under a periodic light source, the integration time can be adjusted in steps of integer multiples
of the period of the light source. This new AEC step system is called the banding filter, suggesting that the exposure time
is not continuous but falls in some steps.

4.6.1.1 banding mode ON with AEC
In Banding ON mode, the exposure time will fall in steps of integer multiples of the period of light intensity. This
design is to reject image flickering when the light source is not steady but periodical.

For a given light flickering frequency, the band step can be expressed in units of row period.
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 {0x3A08[1:0], 0x3A09[7:0]} and
{0x3A0A[1:0], 0x3A0BJ[7:0]}, respectively.

When auto-banding is ON, if the next integration time is less than the minimum band step, banding will automatically
turn OFF. It will turn ON again when the next integration time becomes larger than the minimum band. If auto banding
is disabled, the minimum integration time is one band step. Auto banding can be set in register bit 0X3A00[5].

4.6.1.2 banding mode OFF with AEC
When banding mode is OFF, integration time increases/decreases as normal. It is not necessarily multiples of band
steps.

4.6.1.3 night mode

The OV5645 supports long integration time such as 1 frame, 2 frames, 3 frames, 4 frames, 5 frames, 6 frames,

7 frames, and 8 frames in dark conditions.This is achieved by slowing down the original frame rate and waiting for
exposure. Night mode ceiling can be set in register bits {0x3A02[7:0], 0x3A03[7:0], 0x3A14[7:0], 0x3A15[7:0]}. Night
mode can be disabled by setting register bit 0x3A00[2] to 0. Also, when in night mode, the increase and decrease
step can be based on band or frames, depending on register 0x3A05[6]. The minimum increase/decrease step can
be one band. The step can be based both on bands and frames.

4.6.2 manual exposure control

To manually change exposure value, you must first set both 0x3503[0], where 0x3503[0] enables manual exposure
control. In auto exposure mode, the extra exposure values (larger than 1 frame) in registers 0x350C/0x350D
automatically change. In manual exposure mode, these registers will not automatically change. The manually set
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exposure in registers 0x3500~0x3502 must be less than the maximum exposure value in {0x380E, 0x380F} +
{0x350C,0x350D}. The exposure value in registers 0x3500~0x3502 is in units of line*16 - the low 4 bits (0x3502[3:0]) is
the fraction of line, the maximum value in {Ox380E + 0x380F} + {0x350C, 0x350D} is in unit of line. If the manually set
exposure value is less than one pre-defined frame period (e.g., 1/15 second in 15fps), there is no need to change
0x380E/0x380F. If the exposure value needs to be set beyond the pre-defined frame period; in other words, if the frame
period needs to be extended to extend exposure time, then the maximum frame value in 0x380E/0x380F needs to be
set first, then the exposure can be set in registers 0x3500~0x3502 accordingly.

4.6.3 auto gain control (AGC)

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

4.6.3.1 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.

4.6.3.2 gain insertion between AEC banding steps

When banding mode is ON, the integration time changes in step of the period of light intensity. For the first 16 band
steps, since the exposure time change between adjacent steps is larger than 1/16, AGC steps are inserted to ensure
image stability.

4.6.3.3 gain insertion between night mode steps
Between night mode 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.

4.6.3.4 when AEC reaches maximum

When AEC reaches its maximum while the image is still too dark, the gain starts to increase until the new frame
average falls into the stable range or AGC reaches its maximum. The AGC ceiling can be set in {0x3A18[9:8],
0x3A19[7:0]}.

4.6.4 manual gain control

To manually change gain, first set register bit 0x3503[1] to enable manual control, then change the values in
0x350A/0x350B for the manual gain. The OV5645 has a maximum of 64x gain.
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

4.7 black level calibration (BLC)

The pixel array contains several optically shielded (black) lines. These lines are used as reference for black level
calibration. There are three main functions of the BLC:

* combining two ADC data paths into one data path
» adjusting all normal pixel values based on the values of the black levels
« applying multiplication to all pixel values based on digital gain

Black level adjustments can be made with registers 0x4000 through 0x4013.

table 4-7 BLC control functions

default
address register name value description

BLC Control 00

0x4000 BLC CTRLOO 0x89 B0}  BLC enable

Bit[7]: Format change enable

0x4002 BLC CJRLOZ 0x45 RW BLC update when format changes

Bit[7]:  BLC redo enable
Write 1 into it will trigger a BLC redo N
0x4003 BLC CTRLO3 0x08 RW frames begin, N is 0x4003[5:0]
Bit[6]:  BLC freeze
Bit[5:0]: Manual frame number

Bit[1]:  BLC always update
0x4005 BLC CTRLO05 0x18 RW 0:  Normal freeze
1:  BLC always update

0x4009 BLACK LEVEL 0x10 RwW Bit[7:0]: BLC black level target at 10-bit range
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4.8 light frequency selection

The OV5645 can detect the light flickering frequency. When this function is enabled, the sensor can detect the light
frequency and select the corresponding banding filter value. To remove banding, the banding filter should be turned on
and the banding filter value should be set to the appropriate value.

table 4-8 light frequency registers

default
address register name value R/W | description

Bit[7]:  Band manual enable
0x3C01 5060HZ_CTRL1 0x00 RwW 0: Auto
1:  Manual

Bit[2]:  Band value manual setting

0x3C00 5060HZ_CTRL2 0x00 RwW 0: 60 Hz light
1: 50 Hz light

Bit[0]:  Band50/60
0x3C0C 5060HZ_CTRLC - R 0: 60 Hzlight
1: 50 Hz light

4.9 digital gain

The OV5645 supports 1/2/4 digital gain. Normally, the gain is controlled automatically by the automatic gain control
(AGC) block.
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

4.10 strobe flash and frame exposure

4.10.1 strobe flash control

The strobe signal is programmable. It supports both LED and Xenon modes. The polarity of the pulse can be changed.
The strobe signal is enabled (turned high/low depending on the pulse’s polarity) by requesting the signal via the SCCB
interface. Flash modules are triggered by the rising edge by default or by the falling edge if the signal polarity is changed.
It supports the following flashlight modes (see table 4-9).

table 4-9 flashlight modes

xenon one-pulse no no
LED 1 pulse no no
LED 2 pulse no yes
LED 3 continuous yes yes

4.10.1.1 xenon flash control

After a strobe request is submitted, the strobe pulse will be activated at the beginning of the third frame (see
figure 4-7). The third frame will be correctly exposed. The pulse width can be changed in Xenon mode between 1H
and 4H, depending on register 0x3B00[3:2], where H is one row period.

figure 4-7 xenon flash mode
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4.10.1.2 LED 1 & 2 mode

Two frames after the strobe request is submitted, the third frame is correctly exposed. The strobe pulse will be
activated only one time if the strobe end request is set correctly (see figure 4-8). If end request is not sent, the strobe
signal is activated intermittently until the strobe end request is set (see figure 4-9). The number of skipped frames

is programmable using registers {0x3A1C, 0x3A1D}.

figure 4-8 LED 1 & 2 mode - one pulse output
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figure 4-9 LED 1 & 2 mode - multiple pulse output
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

4.10.1.3 LED 3 mode
In LED 3 mode, the strobe signal stays active until the strobe end request is sent (see figure 4-10).

figure4-10  LED 3mode
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4.10.2 frame exposure (FREX) mode

In FREX mode, all pixels in the frame start integration at the same time, rather than integrating row by row. After a
user-defined exposure time (either by external control in mode 1 or registers {0x3811, 0x3B04, 0x3B05} in mode 2), the
mechanical shutter should be closed, preventing further integration, and then the image begins to read out. After the
readout finishes, the shutter opens again and the sensor resumes normal mode, waiting for the next FREX request.

The OV5645 supports two modes of FREX (see figure 4-11):

* mode 1 - frame exposure and shutter control requests come from the external system via the FREX pin. The sensor
will send a strobe output signal to control the flash light.

* mode 2 - frame exposure request comes from the external system via the SCCB register 0x3B08[0]. The sensor will
output two signals, shutter control signal through the FREX pin and strobe signal through the STROBE pin.

figure4-11  FREX modes

mode 1

<—— FREX
sensor
—> STROBE

mode 2

— FREX
SCCB <=—>{ sensor
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In mode 1, the FREX pin is configured as an input while it is configured as an output in mode 2. In both mode 1 and mode
2, the strobe output is irrelevant with the rolling strobe function. When in rolling shutter mode, the strobe function and
this FREX/shutter control function do not work at the same time.

4.10.3 FREX strobe flash control

See table 4-10 for FREX strobe control functions.

table 4-10 FREX strobe control functions (sheet 1 of 2)

default
address | register name value description

Strobe Control
Bit[7]:  Strobe request ON/OFF
0: OFF/BLC
1:  ON
Bit[6]:  Strobe pulse reverse
0x3B00 STROBE CTRL 0x00 RW Bit[3:2]: width_in_xenon
Bit[1:0]: Strobe mode
00: Xenon
01: LED1
10: LED 2
11: LED3

0x3B01 FREX EXPOSURE 02 0x00 RW Bit[7:0]: FREX exposure time[23:16]

0x3B02 FREX SHUTTER DELAY 01 0x08 RW Bit[4:0]: Shutter delay time[12:8]

Bit[7:0]: Shutter delay time[7:0]

0x3B03 FREX SHUTTER DELAY 00 0x00 RW .
Unit: 64x sclk cycle

0x3B04 FREX EXPOSURE 01 0x04 RW Bit[7:0]: FREX exposure time[15:8]

Bit[7:0]: FREX exposure time[7:0]

0x3B05 FREX EXPOSURE 00 0x00 RW o
Unit: Tline

Bit[7:4]: FREX frame delay

0x3B06 FREX CTRL 07 0x04 RW Bit[3:0]: Strobe width[3:0]

Bit[1:0]: FREX mode selection
00: FREX strobe mode0
01: FREX strobe mode1
1x:  Rolling strobe

0x3B07 FREX MODE 0x08 RW

0x3B08 FREX REQUEST 0x00 RW FREX Request

0x3B09 FREX HREF DELAY 0x02 RW FREX HREF Delay
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 4-10 FREX strobe control functions (sheet 2 of 2)

default
address | register name value R/W description

Bit[2:0]: FREX precharge length

000: 1/16 Tline

001: 1/8 Tline

010: 1/4 Tline
0x3BOA FREX RST LENGTH 0x04 RW 011:  1/2 Tline

100: 1 Tline

101: 2 Tline

110: 4 Tline

111: 8 Tline

0x3B0B STROBE WIDTH 0x00 RwW Bit[7:0]: Strobe width[19:12]

0x3B0C STROBE WIDTH 0x3D RwW Bit[7:0]: Strobe width[11:4]

4.11 one time programmable (OTP) memory

The OV5645 has a total of 256 bits (32 bytes) of embedded one time programmable (OTP) memory. It can be
programmed through a normal SCCB write and read back through a normal SCCB read. The AVDD voltage range during
OTP programming is 2.5V+5% and during OTP read, there is no such restriction.

The first 5 bytes (0x3D00~0x3D04) are reserved for OmniVision and the remaining 27 bytes (0x3D05~0x3D1F) can be
used by users including module vendors.

table 4-11 OTP control functions (sheet 1 of 2)

default
address | register name value R/W description

Bit[7]:  OTP program busy
Bit[1]:  OTP program speed
0x3D20 OTP PROGRAM CTRL? 0x00 RW 0: Fast
1:  Slow
Bit[0]:  OTP program enable

Bit[7]:  OTP read busy
Bit[1]:  OTP read speed
0x3D21 OTP READ CTRL? 0x00 RW 0: Fast
1:  Slow
Bit[0]:  OTP read enable

0x3D00 OTP DATA00P 0x00 RW OTP Dump/Load Data00
0x3D01 OTP DATA01? 0x00 RW OTP Dump/Load Data01
0x3D02 OTP DATA02P 0x00 RW OTP Dump/Load Data02
0x3D03 OTP DATA03P 0x00 RW OTP Dump/Load Data03
0x3D04 OTP DATA04? 0x00 RW OTP Dump/Load Data04
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table 4-11 OTP control functions (sheet 2 of 2)

default
address | register name value description

0x3D05 OTP DATAO05 0x00 OTP Dump/Load Data05
0x3D06 OTP DATA06 0x00 RW OTP Dump/Load Data06
0x3D07 OTP DATAO7 0x00 RW OTP Dump/Load Data07
0x3D08 OTP DATA08 0x00 RW OTP Dump/Load Data08
0x3D09 OTP DATA09 0x00 RW OTP Dump/Load Data09
0x3D0A OTP DATAOA 0x00 RW OTP Dump/Load Data0a
0x3D0B OTP DATAOB 0x00 RW OTP Dump/Load DataOb
0x3D0C OTP DATAOC 0x00 RW OTP Dump/Load DataOc
0x3D0D OTP DATAOD 0x00 RW OTP Dump/Load DataOd
0x3DOE OTP DATAOE 0x00 RW OTP Dump/Load DataOe
0x3DOF OTP DATAOF 0x00 RW OTP Dump/Load Data0f
0x3D10 OTP DATA10 0x00 RW OTP Dump/Load Data10
0x3D11 OTP DATA11 0x00 RW OTP Dump/Load Data11
0x3D12 OTP DATA12 0x00 RW OTP Dump/Load Data12
0x3D13 OTP DATA13 0x00 RW OTP Dump/Load Data13
0x3D14 OTP DATA14 0x00 RW OTP Dump/Load Data14
0x3D15 OTP DATA15 0x00 RW OTP Dump/Load Data15
0x3D16 OTP DATA16 0x00 RW OTP Dump/Load Data16
0x3D17 OTP DATA17 0x00 RW OTP Dump/Load Data17
0x3D18 OTP DATA18 0x00 RW OTP Dump/Load Data18
0x3D19 OTP DATA19 0x00 RW OTP Dump/Load Data19
0x3D1A OTP DATA1A 0x00 RW OTP Dump/Load Datala
0x3D1B OTP DATA1B 0x00 RW OTP Dump/Load Data1b
0x3D1C OTP DATA1C 0x00 RW OTP Dump/Load Datalc
0x3D1D OTP DATA1D 0x00 RW OTP Dump/Load Data1d
0x3D1E OTP DATA1E 0x00 RW OTP Dump/Load Datale
0x3D1F OTP DATA1F 0x00 RW OTP Dump/Load Data1f

a. AVDD must be 2.1V £ 5% when writing/programming OTP, otherwise there will be reliability issues. There is no
such limitation when reading OTP under normal operating conditions.

b.  0x3D00~0x3D04 are reserved for OmniVision internal use only
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The following sections provide instructions on how to program the OTP (can only be done once) and how to read back
the OTP (can be done multiple times). Before read/write, make sure all sensor powers are properly provided and the
sensor is up and running. The OTP module is at default enabled state, 0x3000[4] is 0 and 0x3004[4] is 1.

4.11.1 OTP program

An example of programming OTP addresses 0x3D0OC~0x3DOF is shown below. Make sure non-programmable memory
addresses, 0x3D00~0x3DO0B, are at default value of 0 to avoid accidental programming to other OTP addresses.

78 3D20 00

78 3D21 00

78 3DOC 20

78 3DOD 41

78 3DOE 41

78 3DOF 11

78 3D20 01 // program the above 4 byte data
#delay 10ms

78 3D20 00

Note that the procedure shown above can only be performed once for each sensor.

4.11.2 OTPread

After programming and at any time after the sensor is powered on, use the procedure shown below to read back the OTP
values. Before each read, the user can clear 0x3D00~0x3D1F registers first if just finished write.

//OTP Read

78 3D20 00

78 3D21 00

78 3D21 01 //Load data to registers
#delay 1lms

79 3D0OC ; read back OTP data

79 3D0OD ; read back OTP data

79 3DOE ; read back OTP data

79 3DOF ; read back OTP data

#delay 10ms

78 3D21 00
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5 image sensor processor digital functions

5.1 ISP general controls

The ISP module provides lens correction, gamma, de-noise, sharpen, auto focus, etc. These functions are enabled by

registers 0x5000 ~ 0x5005.

table 5-1 ISP general control registers (sheet 1 of 3)

default
address register name value description

ISP Control 00

Bit[7]:  LENC correction enable
0: Disable
1.  Enable

Bit[5]: RAW gamma enable
0: Disable
1:  Enable

0x5000 ISP CONTROL 00 0x06 RW Bit[2]: B.Iack pixel cancellation enable

0:  Disable
1:  Enable

Bit[1]:  White pixel cancellation enable
0: Disable
1.  Enable

Bit[0]:  Color interpolation (CIP) enable
0: Disable
1:  Enable

ISP Control 01

Bit[7]:  Special Digital Effects (SDE)
enable
0:  Disable
1:  Enable

Bit[5]:  Scaling enable
0: Disable
1:  Enable

0x5001 ISP CONTROL 01 0x01 RW Bit[2]: UV average enable

0:  Disable
1:  Enable

Bit[1]:  Color matrix enable
0:  Disable
1:  Enable

Bit[0]:  Auto white balance (AWB)
enable
0: Disable
1:  Enable
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 5-1 ISP general control registers (sheet 2 of 3)
default
address register name value R/W description

ISP Control 03
Bit[2]: Bin enable

0: Disable
1:  Enable
0x5003 ISP CONTROL 03 0x08 RW Bit[1]: D.raw V\{indow for AFC enable
0:  Disable
1:  Enable
Bit[0]:  Solarize enable
0: Disable
1:  Enable
ISP Control 05
Bit[6]:  AWB bias manual enable
0:  Disable
1:  Enable
Bit[5]:  AWB bias on enable
0: Disable
1:  Enable
Bit[4]:  AWB bias plus enable
0: Disable
0x5005 ISP CONTROL 05 0x36 RW 1:  Enable
Bit[2]:  LENC bias on enable
0:  Disable
1:  Enable
Bit[1]:  GMA bias on enable
0: Disable
1:  Enable
Bit[0]:  LENC bias manual enable
0: Disable
1:  Enable
0x501E ISP MISC 0x00 RW Bit[6]:  Scale ratio manual enable
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table 5-1 ISP general control registers (sheet 3 of 3)
default
address register name value R/W description
RGB Dither Control
Bit[6]: Dither register control selection
enable

0:  From register control
1:  From system control
Bit[5:4]: R channel register control when
0x501E[6] = 0
00: Not allowed
01: RGB444
10: RGB565/555
11:  Not allowed
0x5020 DITHER CTRL 0 0x00 RW Bit[3:2]: G channel register control when
0x501E[6] =0
00: Not allowed
01: RGB444
10: RGB565/555
11:  Not allowed
Bit[1:0]: B channel register control when
0x501E[6] = 0
00: Not allowed
01: RGB444
10: RGB565/555
11:  Not allowed
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5.2 lens correction (LENC)

The lens correction (LENC) algorithm compensates for the illumination drop off in the corners due to the lens. Based on
the radius of each pixel to the lens, the algorithm calculates a gain for each pixel and then corrects each pixel with the
calculated gain to compensate for the light distribution due to the lens curvature. The LENC calculation is based on
sensor gain and therefore automatically adjusts with sensor gain. Also, the LENC supports the subsample function in
both horizontal and vertical directions. Contact your local OmniVision FAE for lens correction settings (registers
0x5800~0x5849).

table 5-2 LENC control registers (sheet 1 of 2)

default
address register name value R/W description

Bit[7]:  LENC correction enable

0x5000 ISP CONTROL 00 0x06 RW 0: Disable
1:  Enable
0x583E MAX GAIN 0x40 R/W Bit[7:0]: Maximum gain
0x583F MIN GAIN 0x20 R/W Bit[7:0]: Minimum gain
0x5840 MIN Q 0x18 R/IW Bit[6:0]: Minimum Q

Bit[3]:  Add BLC enable
0: Disable BLC add back function
1:  Enable BLC add back function
Bit[2]:  BLC enable
0: Disable BLC function
1:  Enable BLC function
Bit[1]:  Gain manual enable
Bit[0]:  Auto Q enable
0:  Used constant Q (0x40)
1:  Used calculated Q

0x5841 LENC CTRL59 0x0D R/W

Bit[2:0]: br h scale[10:8]
Reciprocal of horizontal step for BR
channel. BR channel in whole image
is divided into 5x5 blocks. The step
is used to point to the border of the
adjacent block

0x5842 BR HSCALE 0x01 RW

Bit[7:0]: br h scale[7:0]
Reciprocal of horizontal step for BR
channel. BR channel in whole image
is divided into 5x5 blocks. The step
is used to point to the border of the
adjacent block

0x5843 BR HSCAL 0x2B RW
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table 5-2 LENC control registers (sheet 2 of 2)

default
address register name value description

Bit[2:0]: br v scale[10:8]
Reciprocal of vertical step for BR
channel. BR channel in whole image
is divided into 5x5 blocks. The step
is used to point to the border of the
adjacent block

0x5844 BR VSCALE 0x01 RW

Bit[7:0]: br v scale[7:0]
Reciprocal of vertical step for BR
channel. BR channel in whole image
is divided into 5x5 blocks. The step
is used to point to the border of the
adjacent block

0x5845 BR VSCALE 0x8D RwW

Bit[2:0]: g h scale[10:8]
Reciprocal of horizontal step for G
channel. G channel in whole image
is divided into 6x6 blocks. The step
is used to point to the border of the
adjacent block

0x5846 G HSCALE 0x01 RW

Bit[7:0]: g h scale[7:0]
Reciprocal of horizontal step for G
channel. G channel in whole image
is divided into 6x6 blocks. The step
is used to point to the border of the
adjacent block

0x5847 G HSCAL Ox8F RwW

Bit[2:0]: g v scale[10:8]
Reciprocal of vertical step for G
channel. G channel in whole image
is divided into 6x6 blocks. The step
is used to point to the border of the
adjacent block

0x5848 G VSCALE 0x01 RwW

Bit[7:0]: g v scale[7:0]
Reciprocal of vertical step for G
channel. G channel in whole image
is divided into 6x6 blocks. The step
is used to point to the border of the
adjacent block

0x5849 G VSCALE 0x09 RW
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5.3 auto white balance (AWB)

The purpose of the auto white balance (AWB) block is to avoid unrealistic colors so that objects that appear white to the
human eye are rendered white in the final image or video. This image sensor supports manual white balance and both
simple and advanced auto white balance. Advanced AWB takes into account the color temperature of a light source. For
advanced AWB settings, contact your local OmniVision FAE.

table 5-3 AWB control registers (sheet 1 of 2)

default
address register name value R/W | description

Bit[0]:  Auto white balance enable
0x5001 ISP CONTROL 01 0x01 RwW 0: Disable
1:  Enable

Bit[7:6]: Step local
Bit[5:4]: Step fast

0x5181 AWB CONTROL 01 0x58 RW Bit[3]:  Slop 8x

Bit[2]:  Slop 4x
Bit[1]:  One zone
Bit[0]:  AVGall
Bit[7:4]: Maximum local counter
0x5182 " NGOTWROL 02 Ox11 RW Bit[3:0]: Maximum fast counter
Bit[7]:  AWB simple enable
0:  AWB advance
1:  AWB simple
Bit[6]: YUV enable
0x5183 AWB CONTROL 03 0x90 RW 1. Simple YUV enable
Bit[5]:  AWB preset
Bit[4]:  AWB simf
Bit[3:2]: AWB win
Bit[7:6]: Counter area selection
Bit[5]: G enable
o184 AWB CONTROL 04 0x25 RW Bit[4:2]: Counter limit control
Bit[1:0]: Counter threshold
Bit[7:4]: Stable range unstable
Threshold for unstable to stable change
0x5185 AWB CONTROL 05 0x24 RW Bit[3:0]: Stable range stable
Threshold for stable to un-stable change
0x5186~ AWB CONTROL - - Advanced AWB Control Registers
0x5190
0x5191 AWB CONTROL 17 OxFF RW Bit[7:0]: AWB top limit
0x5192 AWB CONTROL 18 0x00 RW Bit[7:0]: AWB bottom limit
0x5193 AWB CONTROL 19 0xFO RW Bit[7:0]: Red limit
0x5194 AWB CONTROL 20 0xFO RW Bit[7:0]: Green limit
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table 5-3

AWB control registers (sheet 2 of 2)

default
address register name value R/W | description

0x5195 AWB CONTROL 21 0xFO Bit[7:0]: Blue limit
Bit[5]: AWB freeze
Bit[3:2]: AWB simple selection
00: AWB simple from after AWB gain
01: AWB simple from after RAW GMA
0x5196 AWB CONTROL 22 0x03 RW 10:  AWB simple from after AWB gain
11:  AWB simple from after RAW GMA
Bit[1]:  Fast enable
Bit[0]:  AWB bias stat
0x5197 AWB CONTROL 23 0x02 RW Bit[7:0]: Local limit
Bit[3]:  Local limit select
0x519E AWB CONTROL 30 0x00 RW Bit2  Simple stable select
0x519F AWB CURRENT R - R Bit[3:0]: Current R setting[11:8]
GAIN
ox51a0  AWBCURRENTR - R BI[7:0]: Current R setting[7:0]
GAIN
0x51A1 AWB CURRENT G - R Bit[3:0]: Current G setting[11:8]
GAIN
0x51A2 AWB CURRENT G - R Bit[7:0]: Current G setting[7:0]
GAIN
0x51A3 AWB CURRESATR - R Bit[3:0]: Current B setting[11:8]
GAIN
0x51A4 AWE S © — R Bit[7:0]: Current B setting[7:0]
GAIN
0x51A5 AWB AVERAGE R - Bit[7:0]: Average R[9:2]
0x51A6 AWB AVERAGE G - Bit[7:0]: Average G[9:2]
O0x51A7 AWB AVERAGE B - R Bit[7:0]: Average B[9:2]
Bit[5]: R large
Bitf[4]: G large
0x51D0 AWB CONTROL74 - R B3 B large
Bit[2:1]: Current type
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5.4 raw gamma

Gamma correction converts the linear response data of the image sensor to compensate for properties of human vision.
It maximizes the use of digital data relative to how humans perceive light and color. Higher gain is added at low light
levels and lower gain at higher light levels. This non-linear function can be described by the power function, whose
exponent value is called gamma. This module is designed to implement the gamma curve correction in piece-wise linear
segments. Gamma is done in the RAW domain.

table 5-4 raw gamma control registers
PP P
address register name value R/W description
Bit[5]:  Raw gamma enable
0x5000 ISP CONTROL 00 0x06 RW 0: Disable GMA
1:  Enable GMA
Bit[7]:  Special digital effect enable
0x5001 ISP CONTROL 01 0x01 RW 0: Disable
1:  Enable
0x5481 GAMMA YSTO00 0x26 RwW Bit[7:0]: Y yst 00
0x5482 GAMMA YSTO1 0x35 RW Bit[7:0]: Y yst 01
0x5483 GAMMA YST02 0x48 RW Bit[7:0]: Y yst 02
0x5484 GAMMA YSTO03 0x57 RwW Bit[7:0]: Y yst 03
0x5485 GAMMA YST04 0x63 RW Bit[7:0]: Y yst 04
0x5486 GAMMA YSTO05 Ox6E RwW Bit[7:0]: Y yst 05
0x5487 GAMMA YSTO06 0x77 RW Bit[7:0]: Y yst 06
0x5488 GAMMA YSTO07 0x80 RW Bit[7:0]: Y yst 07
0x5489 GAMMA YSTO08 0x88 RwW Bit[7:0]: Y yst 08
0x548A GAMMA YST09 0x96 RW Bit[7:0]: Y yst 09
0x548B GAMMA YSTOA 0xA3 RW Bit[7:0]: Y yst 0A
0x548C GAMMA YSTOB OxAF RwW Bit[7:0]: Y yst0B
0x548D GAMMA YSTOC 0xC5 RW Bit[7:0]: Y yst0C
0x548E GAMMA YSTOD 0xD7 RW Bit[7:0]: Y yst 0D
0x548F GAMMA YSTOE OxE8 RwW Bit[7:0]: Y yst OE
0x5490 GAMMA YSTOF 0xOF RW Bit[7:0]: Y yst OF
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5.5 defect pixel cancellation (DPC)

Primarily due to process anomalies, pixel defects in the sensor array will occur, generating incorrect pixel levels and color

values. The purpose of the defect pixel cancellation (DPC) is to remove the effects caused by defective pixels. To

correctly remove defective pixels, the proper threshold should first be determined. Additionally, there are special

functions available for those pixels located at the image boundary.

table 5-5

default
address register name value R/W description

0x5000

DPC control register

ISP CONTROL 00

0x06

RW

Bit[2]: Black pixel cancellation

enable
0: Disable
1:  Enable
Bit[1]: ~ White pixel cancellation
enable
0: Disable
1:  Enable

5.6 color interpolation (CIP)

The CIP functions include de-noising of raw images, RAW to RGB interpolation, and edge enhancement. In sensor RAW
format, each pixel will be either R, G or B. CIP will calculate the other two color values using neighboring pixel. Thus, we
get the full RGB information for each pixel. For edge enhancement, the OV5645 provides both manual and auto modes.

table 5-6

CIP control registers (sheet 1 of 2)

default
address register name value description

Bit[0]:  Color interpolation enable

0x5000 ISP CONTROL 00 0x06 RW 0: Disable
1:  Enable
CIP SHARPENMT Color Interpolation Sharpen MT
0x5301 THRESHOLD 2 0xa8 RW " Threshold 2
CIP Sharpen MT Offset1
0x5302 CIP SHARPENMT OFFSET1 0x18 RW (Y edge mt manual setting when
0x5308[6]=1)
0x5303 CIP SHARPENMT OFFSET2 Ox0E RW CIP Sharpen MT Offset2
0x5304 CIP DNS THRESHOLD 1 0x08 RW CIP DNS Threshold 1
0x5305 CIP DNS THRESHOLD 2 0x48 RW CIP DNS Threshold 2
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table 5-6 CIP control registers (sheet 2 of 2)

default
address register name value description

CIP DNS Offset1
0x5306 CIP DNS OFFSET1 0x09 RwW (DNS threshold manual setting when
0x5308[4]=1)

0x5307 CIP DNS OFFSET2 0x16 RW CIP DNS Offset2

Bit[6]:  CIP edge MT manual enable
0x5308 CIP CTRL 0x25 RW Bit[4]:  CIP DNS manual enable
Bit[2:0]: CIP threshold for BR sharpen

CIP SHARPENTH
0x5309 THRESHOLD 1 0x08 RW CIP Sharpen TH Threshold 1

CIP SHARPENTH

0x530A THRESHOLD 2 0x48 RW CIP Sharpen TH Threshold 2
CIP Sharpen TH Offset1

0x530B CIP SHARPENTH OFFSET1 0x04 RwW (Sharpen threshold manual setting when
0x5308[6]=1)

0x530C CIP SHARPENTH OFFSET2 0x06 RW CIP Sharpen TH Offset2

0x530D CIP EDGE MT AUTO - R CIP Edge MT Auto Read

0x530E PIRNS WARESHOCD - R CIP DNS Threshold Auto Read

AUTO
0x530F £ FSHARPBINHRESHOLD - R CIP Sharpen Threshold Auto Read

AUTO
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5.7 color matrix (CMX)

The main purpose of the Color Matrix (CMX) function is to cancel out crosstalk and convert color space. Given the color
correction matrix, CCM, and RGB to YUV conversion matrix, RGB2YUV, the combined matrix is:

cmx00 cmx01  cmx02 1 -0.25 0.75
CMX =

cmx10  cmx11 cmx12:| =RGB2YUV x CCM x |:1 -0.25 -0.25

cmx20 cmx21  cmx22 1 075 -0.25

R Rg
where | G =CCM Go
B By

The CMX is then normalized by 20x539413:0]

table 5-7 CMX control registers

default
address register name value R/W description

Bit[1]:  Color matrix enable
0x5001 ISP CONTROL 01 0x01 RW 0: Disable
1:  Enable
Bit[1]:  CMX precision switch
0x5380 CMX CTRL 0x00 RW 0: 1.7 mode
1: 2.6 mode
0x5381 CMX1 0x20 RW Bit[1]:  CMX1 for Y
0x5382 CMX2 0x64 RW Bit[7:0]: CMX2 for Y
0x5383 CMX3 0x08 RW Bit[7:0]: CMX3 for Y
0x5384 CMX4 0x30 RW Bit[7:0]: CMX4 for U
0x5385 CMX5 0x90 RW Bit[7:0]: CMX5 for U
0x5386 CMX6 0xCO0 RW Bit[7:0]: CMX®6 for U
0x5387 CMX7 0xA0 RW Bit[7:0]: CMX?7 for V
0x5388 CMX8 0x98 RW Bit[7:0]: CMX8 for V
0x5389 CMX9 0x08 RW Bit[7:0]: CMX for V
0x538A CMXSIGN 0x01 RW Cmxsign

Bit[0]:  CMX9 sign

Cmxsign
Bit[7]:  CMX8 sign
Bit[6]:  CMXZ7 sign
Bit[5]:  CMX6 sign
0x538B CMXSIGN 0x98 RW Bit[4]:  CMX5 sign
Bit[3]: CMX4 sign
Bit[2]:  CMX3 sign
Bit[1]:  CMX2 sign
Bit[0]:  CMX1 sign
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5.8 UV average

The main function of the UV average is to average the U/V channel value using special filters.

table 5-8 UV average register

default
address register name value R/W description

Bit[2]: UV average enable
0x5001 ISP CONTROL 01 Ox4F RW 0: Disable
1:  Enable

5.9 scaling

The main purpose of the scaling function is to zoom out the image. According to the new width and new height of the
new image, the module uses the values of several pixels to generate the values of one pixel. The values of some pixels
are divided and used in two or more adjacent pixels. The scaling function supports up to 32x scale.

table 5-9 UV average register

default
address register name value R/W description

Bit[5]:  Scale enable
0x5001 ISP CONTROL 01 0x01 RW 0: Disable
1:  Enable

Bit[6:4]: HDIV RW
DCW scale times
000: DCW 1 time
001: DCW 2 time
010: DCW 4 time
100: DCW 8 time
101: DCW 16 time
Others: DCW 16 time

0x5601 SCALE CTRL 1 0x00 RW Bit[2:0]: VDIV RW
DCW scale times
000: DCW 1 time
001: DCW 2 time
010: DCW 4 time
100: DCW 8time
101: DCW 16 time
Others: DCW 16 time

0x5602 SCALE CTRL 2 0x02 RW XSC High Bits

0x5603 SCALE CTRL 3 0x00 RW XSC Low Bits

0x5604 SCALE CTRL 4 0x02 RW YSC High Bits

0x5605 SCALE CTRL 5 0x00 RW YSC Low Bits

0x5606 SCALE CTRL 6 0x00 RW Bit[3:0]: Voffset
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5.10 UV adjust

The main function of the UV adjust is to adjust the U/V channel value according to sensor gain. It supports both manual

and auto modes.

The UV adjust function is integrated in SDE. The main function of the UV adjust is to adjust the U/V channel value
according to sensor gain. It supports both manual and auto modes

5.10.1 manual mode
By setting SDE CTRL 0[1] (0x5580) to 1 and SDE CTRL 8[6] (0x5588) to 1, UV adjust is controlled only by register
SAT U[7:0] (0x5583) and SAT V[7:0] (0x5584) for U and V gains, respectively.

5.10.2 auto mode

When the UV adjust is set for auto mode (0x5580[1]=1 and 0x5588[6]=0), the UV adjust curve parameters (see

figure 5-1) should be entered into the corresponding registers. The UV adjust parameters, UV adj th1, UV adj th2, and
offset low, offset high should be entered into the registers to set the curve. To get these values, first set the values of UV
adj th1, UV adj th2, offset low and offset high. Then, calculate the values of a and k as follows:

k = (offset high - offset low) / (UV adj th2 - UV adj th1)
a = offset high + (offset high - offset low)/(UV adj th2 - UV adj th1)
Registers to be changed:

* UV adj th1[8:0] = registers 0x5589[7:0]

* UV adj th2[8:0] = registers {0x558A[0], 0x558B[7:0]}

» offset high = register 0x5583[7:0] (when 0x5580[1]=1 and 0x5588[6]=0)
» offset low = register 0x5584[7:0] (when 0x5580[1]=1 and 0x5588[6]=0)

figure 5-1 UV adjust graph

offset_high
£
k7 y=a-kx
=
o
©
>
=
offset_low
UV adjthl UV adjth2
AGC gain 5645055 1
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5.11 special digital effects (SDE)

The special digital effects (SDE) functions include hue/saturation control, brightness, and contrast. SDE also supports
negative, black/white, sepia, greenish, blueish, redish, solarize and other image effects.

table 5-10 SDE control registers

default
address | register name value R/W | description

Bit[7]:  Special digital effect enable

0x5001 ISP CONTROL 01 0x01 RW 0: Disable

1:  Enable
0x5581 SDE CTRLA1 0x80 RW Bit[7:0]: Hue cos coefficient
0x5582 SDE CTRL2 0x00 RW Bit[7:0]: Hue sin coefficient

Bit[7:0]: Saturation U when 0x5580[1]=1 and
0x5588[6]=1, max value for UV adjust when

0x5583  SDECTRL3 0x40 RW 0x5580[1]=1 and 0x5588[6]=0; or fixed U
when 0x5580([3]=1
Bit[7:0]: Saturation V when 0x5580[1]=1 and
0x5588[6]=1, min value for UV adjust when
0x5584  SDEHQRL 0x40 RW 0x5580[1]=1 and 0x5588[6]=0: or Vreg
when 0x5580[4]=1
Bit[7:0]: Yoffset for contrast when 0x5044[3]=1; or
0x5585 SDE CTRL5 0x00 RW fixed Y when Ox5580[7]=1
0x5586 SDE CTRL6 0x20 RW Bit[7:0]: Y gain for contrast
0x5587 SDE CTRL7 0x00 RW Bit[7:0]: Y bright for contrast
Bit[6]: UV adjust manual enable
Bit[5]:  Sign5 for hue V, cos
Bit[4]:  Sign4 for hue U, cos
Bit[3]:  Sign3 Y bright sign for contrast
0:  Keep Y bright sign
1:  Negative Y bright sign
0x5588 SDE CTRL8 0x01 RW B2l  Sign2
Y offset sign for contrast when 0x5044[3]=1
0:  Keep Y offset sign
1:  Negative Y offset sign
Bit[1]:  Sign1 for hue V, sin
Bit[0]:  SignO0 for hue U, sin
Bit[7:0]: UV adjust threshold 1
0x5589 SDE CTRL9 0x01 RW Valid when 0x5580[1]=1
Bit[0]: UV adjust threshold 2[8]
0x558A SDE CTRL10 0x01 RW Valid when 0x5580[1]=1
Bit[7:0]: UV adjust threshold 2[7:0]
0x558B SDE CTRL11 OxFF RW Valid when 0x5580[1]=1
0x558C SDE CTRL12 - R Bit[7:0]: UV adjust value read out
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5.12 ISP format

table 5-11 ISP format control registers

default
address | register name value R/W | description

Format MUX Control
Bit[2:0]: Format selection
000: ISP YUV422

FORMAT MUX 001: ISP RGB
OX801F  oNTROL 0x00 RW 010: ISP dither
011: ISP RAW (DPC)
100: SNR RAW

101: ISP RAW (CIP)

5.13 draw window

The draw window module is used to display a window on top of live video. It is usually used by autofocus to display a
focus window.

table 5-12 draw window registers (sheet 1 of 2)

default
address | register name value R/W | description

Bit[1]:  Draw window for AFC enable
0x5003 ISP CONTROL 03 0x08 RW 0: Disable
1:  Enable

Bit[2:0]: Format select
000: ISP YUV422

001: ISP RGB
0x501F  FORMAT MUX CONTROL 0x00 RW 010: ISP dither

011: ISP RAW (DPC)

100: SNR RAW

101: ISP RAW (CIP)

Bit[0]: Draw window control

0x5027  DRAW WINDOW CONTROL00  0x02  RW 0:  Nofixed Y
1:  FixedY

0x5028 gg/s\mvovrlxjNgc?er;g_T 0x04  RW Bit[3:0]: Draw window left[11:8]

0x5029 ?g@ﬁ&”g%k@? 0x90  RW Bit[7:0]: Draw window left[7:0]

0x502A DRAW WINDOW RIGHT 0x05 RW Bit[3:0]: Draw window right[11:8]

POSITION CONTROL
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table 5-12 draw window registers (sheet 2 of 2)
default
address | register name value R/W | description
DRAW WINDOW RIGHT o . ) .
0x502B POSITION CONTROL 0x90 RW Bit[7:0]: Draw window right[7:0]
DRAW WINDOW TOP o . .
0x502C POSITION CONTROL 0x03 RW Bit[2:0]: Draw window top[10:8]
DRAW WINDOW TOP P . .
0x502D POSITION CONTROL 0x6C RW Bit[7:0]: Draw window top[7:0]
DRAW WINDOW BOTTOM e . )
0x502E POSITION CONTROL 0x04 RW Bit[2:0]: Draw window bottom[10:8]
DRAW WINDOW BOTTOM o ’ .
0x502F POSITION CONTROL 0x2C RW Bit[7:0]: Draw window bottom[7:0]
DRAW WINDOW HORIZONTAL Bit[3:0]: Draw window horizontal
0x5030 BOUNDARY WIDTH CONTROL 0x00 RW boundary width[11:8]
DRAW WINDOW HORIZONTAL Bit[7:0]: Draw window horizontal
08031 BoUNDARY WIDTH CONTROL %14 RW boundary width[7:0]
DRAW WINDOW VERTICAL Bit[2:0]: Draw window vertical boundary
0x5032 BOUNDARY WIDTH CONTROL 0x00 RW width[10:8]
DRAW WINDOW VERTICAL Bit[7:0]: Draw window vertical boundary
0x3033  BOUNDARY WIDTH CONTROL X4 RW width[7:0]
0x5034 DRAW WINDOW Y CONTROL 0x80 RW Bit[7:0]: Fixed Y for draw window
0x5035 DRAW WINDOW U CONTROL 0x2A RW Bit[7:0]: Fixed U for draw window
0x5036 DRAW WINDOW V CONTROL 0x14 RW Bit[7:0]: Fixed V for draw window

Omn\ Hsion.
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6 image sensor output interface digital functions

6.1 system control

System control registers include clock, reset control, and PLL configure. Individual modules can be reset or clock gated
by setting the appropriate registers.

table 6-1 system control registers (sheet 1 of 3)

default
address register name value description

Reset for Individual Block

(0: enable block; 1: reset block)
Bit[7]:  Reset BIST
Bit[6]: Reset MCU program memory
Bit[5]:  Reset MCU

0x3000 SYSTEM RESET00 0x30 RW B4  Reset OTP
Bit[3]: Reset STB
Bit[2]:  Reset D5060
Bit[1]:  Reset timing control
Bit[O0]: Reset array control
Reset for Individual Block
(0: enable block; 1: reset block)
Bit[7]:  Reset AWB registers
Bit[6]:  Reset AFC
Bit[5]: Reset ISP
0x3001 SYSTEM RESETO1 0x08 RW Bi4]  Reset FC
Bit[3]: Reset S2P
Bit[2]:  ResetBLC
Bit[1]:  Reset AEC registers
Bit[0]:  Reset AEC
Reset for Individual Block
(0: enable block; 1: reset block)
Bit[7]:  Reset VFIFO
0x3002 SYSTEM RESET02 0x1C RW Bitf5]  Reset format
Bit[1]:  Reset format MUX
Bit[0]: Reset average
Reset for Individual Block
(0: enable block; 1: reset block)
Bit[5]:  Reset digital gain compensation
0x3003 SYSTEM RESET03 0x00 RW Bit[]:  Reset SYNC FIFO

Bit[3]:  Reset PSRAM
Bit[2]: Reset ISP FC
Bit[1]: Reset MIPI

Bit[0]: Reset SPI_RX
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table 6-1 system control registers (sheet 2 of 3)

default
address register name value description

Clock Enable Control

(0: disable clock; 1: enable clock)
Bit[7]:  Enable BIST clock
Bit[6]:  Enable MCU program memory

clock
0x3004 CLOCK ENABLEOO OxCF RW Bit[5]:  Enable MCU clock

Bit[4]:  Enable OTP clock
Bit[3]:  Enable STROBE clock
Bit[2]: Enable D5060 clock
Bit[1]:  Enable timing control clock
Bit[0]: Enable array control clock

Clock Enable Control

(0: disable clock; 1: enable clock)
Bit[7]: Enable AWB register clock
Bit[6]:  Enable AFC clock
Bit[5]:  Enable ISP clock

0x3005 CLOCK ENABLEO1 OxF7 RW Bi4:  Enable FC clock
Bit[3]:  Enable S2P clock
Bit[2]: Enable BLC clock
Bit[1]:  Enable AEC register clock
Bit[0]: Enable AEC clock
Clock Enable Control
(0: disable clock; 1: enable clock)
Bit[7]: Enable PSRAM clock
0x3006 CLOCK ENABLEO2 OxE3 RW Bi6]  Enable FMT clock
Bit[1]:  Enable format MUX clock
Bit[0]:  Enable average clock
Clock Enable Control
(0: disable clock; 1: enable clock)
Bit[7]: Enable digital gain compensation
clock
Bit[6]:  Enable SYNC FIFO clock
0x3007 CLOCK ENABLEO3 OxFF RwW Bit[5]:  Enable ISPFC SCLK clock
Bit[4]:  Enable MIPI PCLK clock
Bit[3]: Enable MIPI clock
Bit[2]:  Enable SPI_RX SCLK clock
Bit[1]:  Enable VFIFO PCLK clock
Bit[0]:  Enable VFIFO SCLK clock
System Control
0x3008 SYSTEM CTROLO 0x02 RW Bit[7]:  Software reset
Bit[6]:  Software power down
Bit[6:4]: PLL charge pump control
0x3034  SCPLL CONTRLO Ox1A RW Bitf3:0]: - MIPI bit mode

0x8: 8-bit mode
0xA: 10-bit mode
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table 6-1 system control registers (sheet 3 of 3)

default
address register name value R/W description

Bit[7:4]: System clock divider
Slow down all clocks
0x3035 SC PLL CONTRLA1 0x11 RW Bit[3:0]: Scale divider for MIPI
MIPI PCLK/SERCLK can be
slowed down

Bit[7:0]: PLL multiplier (4~252)
0x3036 SC PLL CONTRL2 0x69 RW Can be any integer for 4~127 and
only even integer for 128~252

Bit[4]:  PLL root divider

0:  Bypass
0x3037 SC PLL CONTRL3 0x03 RwW 1:  Divided by 2
Bit[3:0]: PLL pre-divider
1,2,3,4,6,8
0x3039 SC PLL CONTRL 5 0x00 RW Bit[7]:  PLL bypass
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6.2 microcontroller unit (MCU)

The MCU firmware can be downloaded by writing to registers starting from 0x8000. A total of 6 KB of program memaory
can be used for program storage. Before downloading the firmware, the user must enable the MCU clock by setting
register 0x3000[5] to 1'b1. After downloading the firmware, set register 0x3000[5] to 1’b0 to enable the MCU. The MCU
interrupts are triggered by several internal signals for firmware development.

table 6-2 MCU control registers (sheet 1 of 2)

default
address | register name value description

Bit[0]: MCU soft reset
1:  Reset MCU

0x3F00 MC CTRL 00 0x00

MaskO for Interrupt
(0: disable interrupt bit; 1: enable interrupt bit)
Bit[7:6]: Not used
Bit[5]: ISP end of frame
0x3F01 MC INTERR SR 0x00 RW Bit[4]: ISP start of frame

MASKY Bit[3]: AFC done
Bit[2]:  AWB done
Bit[1]:  VFIFO full
Bit[0]:  VFIFO empty
Mask1 for Interrupt
(0: disable interrupt bit; 1: enable interrupt bit)
Bit[7]:  AEC done
Bit[6]: ISP average done
MC INTERRUPT Bit[5]:  AEC trigger
O3FOZ ™ \jasKi 0x00 RW Bit[4:  Not used
Bit[3]:  SRM operation start
Bit[2]:  SRM operation done
Bit[1]:  DVP frame counter change
Bit[0]:  BLC start of frame
MC READ INTERRUPT Bit[7:0]: Set high byte for SCCB address that
Qr8F03 ADDRESS 0x70 RW will trigger interrupt when read
MC READ INTERRUPT Bit[7:0]: Set low byte for SCCB address that
0x3F04 ADDRESS 0x00 RW will trigger interrupt when read
MC WRITE INTERRUPT Bit[7:0]: Set high byte for SCCB address that
0x3F05 ADDRESS 0x70 RW will trigger interrupt when written
MC WRITE INTERRUPT Bit[7:0]: Set low byte for SCCB address that
0x3F06 ADDRESS 0x04 RW will trigger interrupt when written
InterruptO Status Indicator
Bit[5]: ISP EOF
MC INTERRUPTO Bit[4]: ISP SOF
O3FOC  graTUS 0x00 RW Bi2: AWB done
Bit[1]:  VFIFO full
Bit[0]:  VFIFO empty
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table 6-2 MCU control registers (sheet 2 of 2)

default
address | register name value R/W description

Interrupt1 Status Indicator
Bit[7]:  AEC done
Bit[6]:  Average done
0x3FOD '\SATC A!I_I\LTSERRUPH 0x00 RwW Bit[5]:  AEC trigger
Bit[3]:  MIPI turn around
Bit[2]:  MIPI low power contention detect
Bit[0]:  BLC SOF

6.3 frame control (FC)

Frame control (FC) is used to mask some specified frames by setting the appropriate registers.

table 6-3 FC control registers

default
address | register name value R/W description

Control Passed Frame Number
When both ON and OFF numbers are set to

0x4201 FRAME CONTROL 00 0x00 RW .
0x00, frame control is in bypass mode
Bit[3:0]: Frame ON number
Control Masked Frame Number
0x4202 FRAME CONTROL 01 0x00 RW When both ON and OFF numbers are set to

0x00, frame control is in bypass mode
Bit[3:0]: Frame OFF number
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6.4 format description

Format control converts the internal data format into the desired output format including YUV, RGB, or RAW.

table 6-4 format control registers (sheet 1 of 5)

default
address | register name value R/W | description

Format Control 00
Bit[7:4]: Output format of formatter module

0x0: RAW
Bit[3:0]: Output sequence
0x0: BGBG.../ GRGR...
0x1: GBGB.../ RGRG...
0x2: GRGR.../BGBG...
0x3: RGRG.../ GBGB...
0x4~0xF: Not allowed

0x1: Y8
Bit[3:0]: Does not matter

0x2: YUV444/RGB888 (not available for
full resolution)
Bit[3:0]: Output sequence
0x0: YUVYUV...
GBRGBR...
0x1: YVUYVU..., or
GRBGRSB...
0x2: UYVUYV.., or
BGRBGR...

0x3: VYUVYU.., or

0x4300 FORMAT CONTROL O0xF8 RW RGBRGB...

00 Ox4: UVYUVY..., or
BRGBRG...
0x5: VUYVUY..., or
RBGRBG...
0x6~0xE: Not allowed
OxF: UYVUYV..., or
BGRBGR...

0x3: YUV422
Bit[3:0]: Output sequence
0x0: YUYV...
0x1: YVYU...
0x2: UYVY...
0x3: VYUY...
0x4~0xE: Not allowed
OxF: UYVY...
0x4: YUV420
Bit[3:0]: Output sequence
0x0: YYYY../YUYV...
0x1: YYYY../YVYU...
0x2: YYYY.../UYVY...
0x3: YYYY.../VYUY...
0x4: YUYV.../YYYY...
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table 6-4 format control registers (sheet 2 of 5)

default
address | register name value R/W | description

0x5: YVYU.../YYYY...
0x6: UYVY../YYYY..
0x7: VYUY.../YYYY...
0x8~0xE: Not allowed
OxF: YYYY.../UYVY...
0x5: YUV420 (for MIPI only)
Bit[3:0]: Output sequence
0x0~0xD: Not allowed
OxE: VYYVYY.../
UYYUYY...
OxF: UYYUYY.../
VYYVYY...
0x6: RGB565
Bit[3:0]: Output sequence
0x0: {b[4:0],9[5:3]},
{9[2:0],r{4:0]}
0x1: {r[4:0],9[5:3]},
{9[2:0],b[4:07}
0x2: {g[4:0],r[5:3]},
{r[2:0],b[4:0]}
0x3: {b[4:0],r[5:3]},
{r{2:0],9[4:0}
0x4: {g[4:0],b[5:3]},
{b[2:0],r[4:0]}
0x5: {r[4:0],b[5:3]},
{b[2:0],9[4:0]}
0x6~0xE: Not allowed
OxF: {g[2:0],b[4:0]},
{r4:0],9[5:3]}
0x7: RGB555 format 1
Bit[3:0]: Output sequence
0x0: {b[4:0],9[4:2]},
{g[1:0],1'b0,r{4:0]}
0x1: {r[4:0],g[4:2]},
{g[1:0],1'b0,b[4:0]}
0x2: {g[4:0],r[4:2]},
{r[1:0],1'b0,b[4:0]}
0x3: {b[4:0],r[4:2]},
{r[1:0],1'b0,g[4:0]}
0x4: {r[4:0],b[4:2]},
{b[1:0],1'b0,g[4:0]}
0x5: {g[4:0],b[4:2]},
{b[1:0],1'b0O,r[4:0]}
0x6~0xE: Not allowed
OxF: {g[1:0],1'b0,b[4:0]},
{r[4:0],94:2]}
0x8: RGB555 format 2
Bit[3:0]: Output sequence
0x0: {1'b0,b[4:0],9[4:3]},
{9[2:0],r{4:0}
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table 6-4 format control registers (sheet 3 of 5)

default
address | register name value R/W | description

: {1'b0,r[4:0],g[4:2]},
{9[2:0],b[4:0]}

0x2: {1'b0,g[4:0],r[4:2]},
{r[2:0],b[4:0]}

0x3: {1'b0,b[4:0],r[4:2]},
{r[2:0],9[4:0T}

0x4: {1'b0,r[4:0],b[4:2]},
{b[2:0],9[4:0]}

0x5: {1'b0,g[4:0],b[4:2]},
{b[2:0],r[4:0]}

0x6: {b[4:0],1'b0,g[4:3]},
{9[2:0],r[4:0T}

0x7: {r[4:0],1'b0,g[4:2]},
{9[2:0],b[4:0]}

0x8: {g[4:0],1'b0,r[4:2]},
{r[2:0],b[4:0]}

0x9: {b[4:0],1'b0,r[4:2]},
{r[2:0],9[4:0T}

OxA: {r[4:0],1'b0,b[4:2]},
{b[2:0],9[4:0]}

0xB: {g[4:0],1'b0,b[4:2]},
{b[2:0],r[4:0]}

0xC~0xF: Not allowed

0x9: RGB444 format 1
Bit[3:0]: Output sequence

0x0: {1'b0,b[3:0],2'h0,g[3]},
{g[2:0],1'b0,r[3:0]}

0x1: {1'b0,r[3:0],2'h0,g[3]},
{g[2:0],1'b0,b[3:0]}

0x2: {1'b0,g[3:0],2'h0,r[3]},
{r[2:0],1'b0,b[3:01}

0x3: {1'b0,b[3:0],2'h0,r[3]},
{r[2:0],1'b0,g[3:0]}

0x4: {1'b0,r[3:0],2'h0,b[3]},
{b[2:0],1'b0,g[3:0]}

0x5: {1'b0,g[3:0],2'h0,b[3]},
{b[2:0],1'h0,r[3:0]}

0x6: {b[3:0],1'b0,g[3:1]},
{9[0],2'h0,r[3:0],1'b0}

0x7: {r[3:0],1'b0,g[3:1]},
{9[0],2'h0,b[3:0],1'b0}

0x8: {g[3:0],1'b0,r[3:1]},
{r[0],2'h0,b[3:0],1'b0}

0x9: {b[3:0],1'b0,r[3:1]},
{r[0],2'h0,g[3:0],1'b0}

OxA: {r[3:0],1'b0,b[3:1]},
{b[01,2'h0,9[3:0],1'b0}

0xB: {g[3:0],1'b0,b[3:1]},
{b[01,2'h0,r[3:0],1'b0}

0xC~O0xE: Not allowed
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table 6-4 format control registers (sheet 4 of 5)

default
address | register name value R/W | description

0xF: {g[0],2'h2,b[3:0],1'b1},
{r[3:0],1'b1,9[3:11}
0xA: RGB444 format 2
Bit[3:0]: Output sequence
0x0: {4'b0,b[3:0]},
{9[3:0],r3:01}
0x1: {4'b0,r[3:0]},
{9[3:0],b[3:0}
0x2: {4'b0,b[3:0]},
{r[3:0],9[3:01}
0x3: {4'b0,r[3:0]},
{b[3:0],9[3:01}
0x4: {4'b0,g[3:0]},
{b[3:0],r[3:0]}
0x5: {4'b0,g[3:0]},
{r[3:0],b[3:0]}
0x6: {b[3:0],9[3:0],2'h0},
{r[3:0],b[3:0],2'h0,
g[3:0],r[3:0],2'n0}
0x7: {r[3:0],9[3:0],2'h0},
{b[3:0],r[3:0],2'h0,
g[3:0],b[3:0],2'h0}
0x8: {b[3:0],r[3:0],2'h0},
{g[3:01,b[3:0],2'h0,
r[3:0],9[3:0],2'h0}
0x9: {r[3:0],b[3:0],2'h0},
{g[3:0],r[3:0],2'h0,
b[3:0],9[3:0],2'h0}
0xA: {g[3:0],b[3:0],2'h0},
{r[3:0],9[3:0],2'h0,
b[3:0],r[3:0],2'h0}
0xB: {g[3:0],r[3:0],2'h0},
{b[3:0],9[3:0],2'h0,
r[3:0],b[3:0],2'h0}
0xC~0xF: Not allowed
0xB~0xE: Not allowed
OxF: Bypass formatter module (not
recommended)
Bit[3:0]: Output format
0x8: Raw
0x9: YUV422
OxA: YUV444
OxE: VYYVYY.../UYYUYY
OxF: UYYUYY../VYYVYY
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 6-4 format control registers (sheet 5 of 5)

default
address | register name value R/W | description

Format Control 01
Bit[1:0]: YUV422 UV control

o FORMATENTROL g0 o e e
10:  Not valid
11:  U/V generated from second pixel

0x4302 YMAX VALUE 0x03 RW Bit[1:0]: 'Y max clip value[9:8]

0x4303 YMAX VALUE OxFF RW Bit[7:0]: Y max clip value[7:0]

0x4304 YMIN VALUE 0x00 RW Bit[1:0]: Y min clip value[9:8]

0x4305 YMIN VALUE 0x00 RW Bit[7:0]: Y min clip value[7:0]

0x4306 UMAX VALUE 0x03 RW Bit[1:0]: U max clip value[9:8]

0x4307 UMAX VALUE OxFF RW Bit[7:0]: U max clip value[7:0]

0x4308 UMIN VALUE 0x00 RW Bit[1:0]: U min clip value[9:8]

0x4309 UMIN VALUE 0x00 RW Bit[7:0]: U min clip value[7:0]

0x430A VMAX VALUE 0x03 RwW Bit[1:0]: V max clip value[9:8]

0x430B VMAX VALUE OxFF RW Bit[7:0]: 'V max clip value[7:0]

0x430C VMIN VALUE 0x00 RW Bit[1:0]: V min clip value[9:8]

0x430D VMIN VALUE 0x00 RW Bit[7:0]: V min clip value[7:0]

0x4310  VSYNC WIDTH 000  RW Bit[7:0]: :;St::‘r‘ncs ‘gﬁ:es

0x4311  VSYNC_WIDTH H 0x04 RW Bit[7:0} ?ﬁ:ﬁ% "(‘)’ifd;?x[;fﬂmbers

0x4312  VSYNC WIDTH L 0x00 RW Bit[7:0]: VSYNC width[7:0]

In terms of pixel numbers

Bit[7:5]: Debug mode

Bit[4]:  VSYNC polarity
0x4313 VSYNC CTRL 0x00 RW Bit[3:2]: VSYNC output select

Bit[1]:  VSYNC mode 3

Bit[0]:  VSYNC mode 2

0x4314 VSYNC DELAY1 0x00 RW Bit[7:0]: VSYNC trigger to VSYNC delay[23:16]
0x4315 VSYNC DELAY2 0x00 RW Bit[7:0]: VSYNC trigger to VSYNC delay[15:8]
0x4316 VSYNC DELAY3 0x00 RW Bit[7:0]: VSYNC trigger to VSYNC delay[7:0]
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6.5 mobile industry processor interface (MIPI)

The OV5645 provides one clock lane and two data lanes for the communications link between sensor (transmitter) and

receiver in a mobile device. It follows MIPI specifications D-PHY 0.89 and above and CSI2-V1, and supports all
mandatory MIPI features. Most of the optional features (e.g., LP transfer mode) are not supported unless otherwise

specified in this specification. For any further questions, contact your local OmniVision FAE for more details.

table 6-5 MIPI transmitter registers (sheet 1 of 3)

default
address | register name value R/W | description

MIPI Control 00

Bit[5]:  Clock lane gate enable
0:  Clock lane is free running
1:  Gate clock lane when no packet to
transmit
Bit[4]:  Line sync enable
0: Do not send line short packet for each
line
0x4800 MIPI CTRL 00 0x04 RW 1:  Send line short packet for each line
Bit[3]:  Lane select
0:  Use lane1 as default data lane
1:  Use lane2 as default data lane
Bit[2]: Idle status
0:  MIPI bus will be LPOO when no packet to
transmit
1:  MIPI bus will be LP11 when no packet to
transmit
MIPI Control 01
Bit[4]:  PH bit order for ECC
0:  {DI[7:0],WC][7:0], WC[15:8]}
1. {DI[0:7],WC[0:7],WC[8:15]}
0x4801  MIPI CTRL 01 O0XOF RW Bit[3]: g:H b?&;’,{,‘fj&;gjﬁ
1:  {DLWC_hWC_I}
Bit[2]:  PH byte order2 for ECC
0: {DIL,WC}
1.  {wWC,Dl}
Bit[7]:  MIPI lane1 disable
1:  Disable MIPI data lane1
Lane1 will be LPOO
Bit[6]:  MIPI lane1 disable
1:  Disable MIPI data lane1
0x4805 MIPI CTRL 05 0x10 RW Laned will be LP0O
Bit[5]: LPX Global timing select
0:  Auto calculate t_Ipx_o in pclk2x domain,
unit clk2x
1:  Uselp_p_min[7:0]
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0V5645

Omn\ Hsion.

color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 6-5 MIPI transmitter registers (sheet 2 of 3)
default
address | register name value R/W | description
Bit[2]:  Bit order reverse
MIPI DATA Bit[1:0]: Bit position adjust
Ox480A  5RpER 0x00 RW 01: {data[7:0],data[9:8]}
10: {data[1:0],data[9:2]}
0x4818 MIN HS ZERO H 0x00 RW ngh Byte of Minimum Value of hs_zero
Unit ns
0x4819  MINHSZEROL  0x96  Rw  -ow Byteof Minimum Value of hs_zero .
hs_zero_real = hs_zero_min_o + Tui*ui_hs_zero_min_o
MIN MIPI HS High Byte of Minimum Value of hs_trail
Ox48IA TRAILH 0x00 RW™ " Unitns
MIN MIPI HS Low Byte of Minimum Value of hs_trail
04818 rpalLL 0%9R RW s trail_real = hs_trail_min_o + Tui*ui_hs._trail_min_o
MIN MIPI CLK . -
0x481C ZERO H 0x01 RwW High Byte of Minimum Value of clk_zero
MIN MIPI CLK Low Byte of Minimum Value of clk_zero
0x481D ZERO L 0x86 RW clk_zero_real = clk_zero_min_o + Tui*ui_clk_zero_min_o
MIN MIPI CLK High Byte of Minimum Value of clk_prepare
0481 PREPARE H 000 RW ynitns
MIN MIPI CLK Low Byte of Minimum Value of cIk_.prepare
0x481F 0x3C RW clk_prepare_real = clk_prepare_min_o +
PREPARE L il :
Tui*ui_clk_prepare_min_o
0x4820 MIN CLK POST H 0x00 RW ngh Byte of Minimum Value of clk_post
Unit ns
0x4821  MINCLKPOSTL  0x56 Rw  LowByteof Minimum Value of clk_post .
clk_post_real = clk_post_min_o + Tui*ui_clk_post_min_o
0x4822 MIN CLK TRAIL H 0x00 RW ngh Byte of Minimum Value of clk_trail
Unit ns
0x4823  MINCLKTRAILL  0x3C Rw  ow Byte of Minimum Value of clk_trail o
clk_trail_real = clk_trail_min_o + Tui*ui_clk_trail_min_o
0x4824  MINLPXPCLKH  0x00  Rw g Byte of Minimum Value of Ipx_p
Unit ns
0x4825  MINLPXPCLKL  0x32 Rw  -owByte of Minimum Value of lpx_p .
Ipx_p_real = Ipx_p_min_o + Tui*ui_Ipx_p_min_o
MIN HS High Byte of Minimum Value of hs_prepare
0x4826  PREPARE H 0x00 RW" Unitns
MIN HS Low Byte of Minimum Value of hs_prepare
0x4827 PREPARE L 0x32 RW hs_prepare_real = hs_prepare_min_o +

Tui*ui_hs_prepare_min_o

proprietary to OmniVision Technologies
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table 6-5 MIPI transmitter registers (sheet 3 of 3)

default
address | register name value R/W | description
0x4828 MIN HS EXIT H 0x00 RW ngh Byte of Minimum Value of hs_exit
Unit ns
0x4829 MIN HS EXIT L Ox64 RW Low Byte of Minimum Value of hs_exit

hs_exit_real = hs_exit_min_o + Tui*ui_hs_exit_min_o

Minimum Ul Value of hs_zero

0x482A MIN HS ZERO/UI 0x05 RW .
Unit Ul

Minimum Ul Value of hs_trail

0x482B MIN HS TRAIL/UI 0x04 RW .
Unit Ul

0x482C  MIN CLK ZERO/UI  0x00 Rw  Minimur Ul VGIIBREClRyzero

Unit Ul
MIN CLK Minimum Ul Value of clk_prepare
0x482D  pREPARE/I 0x00 RV Unitui

Minimum Ul Value of clk_post

0x482E MIN CLK POST/UI 0x34 RW .
Unit Ul

Minimum Ul Value of clk_trail

0x482F MIN CLK TRAIL/UI 0x00 RW .
Unit Ul

0x4830 MIN LPX PCLK/UI 0x00 RW Minimum Ul Value of Ipx_p(pclk2x domain)

Unit Ul
MIN HS Minimum Ul Value of hs_prepare
0x4831  pREPARE/I &% RW " Unit Ul
0x4832  MIN HS EXIT/UI 0x00 rw  Minimum Ul Value of hs_exit
Unit Ul
0x4837 PCLK PERIOD 0x10 RW Period of Pixel Clock, pclk_div = 1, and 1-bit Decimal
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7 register tables

The following tables provide descriptions of the device control registers contained in the OV5645. For all registers
enable/disable bits, ENABLE = 1 and DISABLE = 0.

7.1 systemand IO pad control [0x3000 - 0x3052]

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

default
address register name value description

Reset for Individual Block

(0: enable block; 1: reset block)
Bit[7]: Reset BIST
Bit[6]: Reset MCU program memory
Bit[5]:  Reset MCU

0x3000 SYSTEM RESET00 0x30 RW Bit4:  Reset OTP
Bit[3]: Reset STB
Bit[2]:  Reset D5060
Bit[1]:  Reset timing control
Bit[0]: Reset array control
Reset for Individual Block
(0: enable block; 1: reset block)
Bit[7]:  Reset AWB registers
Bit[6]:  Reset AFC
Bit[5]: Reset ISP
0x3001 SYSTEM RESETO1 0x08 RW Bit4]  Reset FC
Bit[3]: Reset S2P
Bit[2]:  ResetBLC
Bit[1]:  Reset AEC registers
Bit[0]:  Reset AEC
Reset for Individual Block
(0: enable block; 1: reset block)
Bit[7]:  Reset VFIFO
0x3002  SYSTEM RESET02 0x1C RW Bit[6]:  Debug mode

Bit[5]:  Reset format
Bit[4:2]: Not used

Bit[1]:  Reset format MUX
Bit[0]:  Reset average

Reset for Individual Block
(0: enable block; 1: reset block)
Bit[7:6]: Debug mode
Bit[5]:  Reset digital gain compensation
0x3003 SYSTEM RESET03 0x00 RW Bit[4]:  Reset SYNC FIFO
Bit[3]:  Reset PSRAM
Bit[2]:  ResetISP FC
Bit[1]:  Reset MIPI
Bit[0]:  Reset SPI_RX
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-1 system and 10 pad control registers (sheet 2 of 7)

default
address register name value description

Clock Enable Control

(0: disable clock; 1: enable clock)
Bit[7]: Enable BIST clock
Bit[6]:  Enable MCU program memory

clock
0x3004 CLOCK ENABLEOO 0xCF RW Bit[5]:  Enable MCU clock

Bit[4]:  Enable OTP clock
Bit[3]:  Enable STROBE clock
Bit[2]: Enable D5060 clock
Bit[1]:  Enable timing control clock
Bit[0]: Enable array control clock

Clock Enable Control

(0: disable clock; 1: enable clock)
Bit[7]: Enable AWB register clock
Bit[6]:  Enable AFC clock
Bit[5]:  Enable ISP clock
Bitf4]:  Enable FC clock
Bit[3]:  Enable S2P clock
Bit[2]:  Enable BLC clock
Bit[1]:  Enable AEC register clock
Bit[0]:  Enable AEC clock

0x3005 CLOCK ENABLEO1 OxF7 RwW

Clock Enable Control
(0: disable clock; 1: enable clock)
Bit[7]: Enable PSRAM clock
0x3006 CLOCK ENABLEOQ2 O0xE3 RW Bit[6]:  Enable FMT clock
Bit[5:2]: Debug mode
Bit[1]:  Enable format MUX clock
Bit[0]: Enable average clock

Clock Enable Control

(0: disable clock; 1: enable clock)
Bit[7]:  Enable digital gain

compensation clock
Bit[6]:  Enable SYNC FIFO clock
0x3007 CLOCK ENABLEO3 OxFF RW Bit[5]:  Enable ISPFC SCLK clock

Bit[4]: Enable MIPI PCLK clock
Bit[3]:  Enable MIPI clock
Bit[2]:  Enable SPI_RX SCLK clock
Bit[1]:  Enable VFIFO PCLK clock
Bit[0]:  Enable VFIFO SCLK clock
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table 7-1 system and 10 pad control registers (sheet 3 of 7)

default
address register name value description

System Control

Bit[7]:  Software reset
Bit[6]:  Software power down
Bit[5]:  Debug mode

0x3008 SYSTEM CTRLO 0x02 RW Bit[4]:  SRB clock sync enable
Bit[3]:  Isolation suspend select
Bit[2]: MIPI reset mask
Bit[1]:  MIPI suspend mask
Bit[0]: MIPI reset select

MIPI PCLK Divider Control
Bit[7]:  MIPI PDIV separate
1:  MIPI PCLK divider

0x3009 MIPI PCLK DIVIDER CTRL 0x01 RW )
separate setting from MIPI
serial clock
Bit[5:0]: MIPI PCLK divider
0x300A SENSOR CHIP D HIGH 0x56 R Chip ID High Byte
BYTE
0x300B SENSOR CHIP ID LOW 0x45 R Chip ID Low Byte
BYTE
SDIV
SYSTEM DIVIDER Bit[7]: Debug mode
0x300C CONTROL 2 0x22 RW Bit[6:4]: For div mc clock

Bit[2:0]: Forr_sdiv

Bit[7:5]: Debug mode

Bit[4]:  Option for MIPI dis data lane

Bit[3]:  Option for MIPI clock lane
Bypass clock lane latch in MIPI
PHY

Bit[2]:  Pull down MIPI clock lane

Bit[1]:  Pull down MIPI data lane2

Bit[0]:  Pull down MIPI data lane1

0x300D MIPI CTRLO 0x00 RW
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-1 system and 10 pad control registers (sheet 4 of 7)

default
address register name value description

MIPI Control 00

Bit[7:5]:

mipi_lane_mode

001: One lane mode
010: Two lane mode
Others: Debug mode

Bitf4]:  MIPI TX PHY power down
0: Debug mode
1:  Power down PHY HS TX
Bit[3]: MIPI RX PHY power down
0: Debug mode
0x300E MIPI CONTROL 00 0x58 RW 1- Power down PHY LP RX
module
Bit[2]:  mipi_en
0: DVP enable
1:  MIPl enable
Bit[1]: MIPI suspend register
MIPI system suspend register
0: Debug mode
1:  Suspend
Bit[0]:  Lane disable option
0x300F~
0x3015 DEBUG MODE - - Debug Mode
Input/Output Control (0: input; 1: output)
Bit[7:2]: Debug mode
0x3016 PAD OUTPUT ENABLE 00 0x00 RW Bl  Strobe output enable
Bit[0]:  SIOD output enable
Input/Output Control (0: input; 1: output)
Bit[7]: FREX output enable
0x3017 PAD OUTPUT ENABLE 01 0x00 RW Bit[6]. - VSYNC output enable
Bit[5]: Reserved
Bitf4]:  CSK output enable
Bit[3:0]: Debug mode
Input/Output Control (0: input; 1: output)
0x3018 PAD OUTPUT ENABLE 02 0x00 RW Bit[7:4]: Debug mode
Bit[3:0]: GPIOO output enable
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table 7-1 system and 10 pad control registers (sheet 5 of 7)

default
address register name value description

Pad Output Value
Bit[7]: MIPI data lane option
Bypass latch in MIPI PHY
Bit[6]:  MIPI lane2 state in sleep mode

0: LPOO
1. LPM
Bit[5]: MIPI lane1 state in sleep mode
0x3019 PAD OUTPUT VALUE 00 0xFO RW (1) II:I2(1)$
Bit[4]:  MIPI CLK lane state in sleep
mode
0: LPOO
1. LPM
Bit[3:2]: Debug mode
Bit[1]:  Strobe
Bit[0]:  SIOD
GPIO Output Value 01
Bit[7]: FREX
0x301A PAD OUTPUT VALUE 01 0x00 RW B!t[G]: VSYNC
Bit[5]:  Reserved
Bit[4]: CSK
Bit[3:0]: Reserved
GPIO Output Value 02
0x301B PAD OUTPUT VALUE 02 0x00 RwW Bit[7:4]: Reserved

Bit[3:0]: GPIO0[3:0]

Output Selection for GPIO
Bit[7:4]: Debug mode
0x301C PAD SELECT 00 0x00 RW Bit[3:2]: 10 CSD[1:0] select
Bit[1]: 10 strobe select
Bit[0]: 10 SIOD select

Output Selection for GPIO
Bit[7]: FREX select
Bit[6]: VSYNC select
Bit[5]:  Reserved
Bit[4]: 10 PCLK select
Bit[3:0]: Reserved

0x301D PAD SELECT 01 0x00 RW

Output Selection for GPIO
0x301E PAD SELECT 02 0x00 RW Bit[7:4]: Reserved
Bit[3:0]: Chip revision

0x301F DEBUG MODE - - Debug Mode
Bit[7:4]: Process
0x302A CHIP REVISION 0xBO R gi’g ;?I
Bit[3:0]: Chip revision
0x302B DEBUG MODE - - Debug Mode
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-1 system and 10 pad control registers (sheet 6 of 7)
default
address register name value description
Pad Control
Bit[7:6]: Output drive capability
00: 1x
01: 2x
10: 3x
0x302C PAD CONTROL 00 0x02 RW 1 ax

Bit[5]: pd_dato_en
Bit[4:2]: Reserved

Bit[1]: FREX enable
Bit[0]:  STROBE IN enable

0x302D~ System Control Registers
0x3034 SYSTEM CONTROL | RW Changing these values is not recommended

Bit[7:4]: System clock divider
Slow down all clocks
0x3035 SC PLL CONTRL1 0x11 RW Bit[3:0]: Scale divider for MIPI
MIPI PCLK/SERCLK can be
slowed down

Bit[7:0]: PLL multiplier (4~252)
Can be any integer from 4~127

0x3036 SC PLL CONTRL2 0x69 RW )
and only even integers from
128~252
Bit[7:5]: Debug mode
Bit[4]:  PLL root divider
0: Bypass
0x3037 SC PLL CONTRL3 0x03 RW 1 Divided by 2
Bit[3:0]: PLL pre-divider
1,2,3,4,6,8
Bit[7]:  PLL multiplier debug enable
0x3038 SC PLL CONTRL 4 0x00 RW Bit[1:0]: PLL multiplier1 debug control
bits
Bit[7]: PLL bypass
0x3039 SC PLL CONTRL 5 0x00 RW Bit[6:0: Debug mode
Bit[7]:  PLLS bypass
0x303A SC PLLS CTRLO 0x00 RW Bit[6:0: Debug mode
0x303B SC PLLS CTRL1 0x19 RW BI[7:5): - Debug mode

Bit[4:0]: PLLS multiplier

Bit[7]:  Debug mode
0x303C SC PLLS CTRL2 0x11 RW Bit[6:4]: PLLS charge pump control
Bit[3:0]: PLLS system divider
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table 7-1 system and 10 pad control registers (sheet 7 of 7)

default
address register name value description

Bit[7:6]: Debug mode
Bit[5:4]: PLLS pre-divider

00: M
01: /1.5
10: /2
1: /3
Bit[3]: Debug mode
0x303D SC PLLS CTRL3 0x30 RW Bit[2]:  PLLS root divider
0 N
1. /2
Bit[1:0]: PLLS seld5
00: M
01: /M
10: /2
11: /2.5
0x303E~ System Control Registers
0x304F SYSTEM CONTROL B N Changing these values is not recommended
Read Pad Value
Bit[7:6]: CSD[1:0]
Bit[5]:  Debug mode
0x3050 10 PAD VALUE 3 R E:I{g}; N
Bit[2]:  Debug mode
Bit[1]:  SIOC
Bit[0]:  Debug mode
Read Pad Value
Bit[7]:  OTP memory out
Bit[6]: VSYNC
0x3051 10 PAD VALUE - R Bit5)  Debug mode
Bit[4]: CSK
Bit[3:0]: Debug mode
Pad Input Status
0x3052 10 PAD VALUE - R Bit[7:4]: Debug mode

Bit[3:0]: GPIO1
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

7.2 SCCB control [0x3100 - 0x3108]

table 7-2 SCCB controlregisters

default
address register name value R/W description

0x3100 SCCB_ID 0x78 SCCB Slave ID

0x3101 DEBUG MODE - - Debug Mode

Bit[7]:  Debug mode
Bit[6]:  MIPI SC reset
Bit[5]:  SRB reset

Bit[4]:  SCCB slave reset

0x3102 SCCB SYSTEM CTRLO 0x00 RW .

Bit[3]:  rst_pon_sccb

Bit[2]:  Debug mode

Bit[1]: MIPI PHY reset

Bit[0]:  PLL reset

PLL Clock Select

Bit[7:2]: Debug mode

Bit[1]:  Select PLL input clock
0x3103 SCCB SYSTEM CTRL1 0x00 RW 0:  From pre divider

clock modulator
1:  From PLL

Bit[0]:  Debug mode
0x3104~ SCCB Control Registers
0x3107 pOCB SERIBM CTRLO - RW Changing these values is not allowed

Pad Clock Divider for SCCB Clock
Bit[7:6]: Debug mode
Bit[5:4]: PCLK root divider
00: PCLK = pll_clki
01: PCLK = pll_clki/2
10: PCLK = pll_clki/4
11:  PCLK = pll_clki/8
Bit[3:2]: sclk2x root divider
0x3108 SYSTEM ROOT DIVIDER 0x16 RW 00: SCLK2x = pll_clki
01: SCLK2x = pll_clki/2
10: SCLK2x= pll_clki/4
11 SCLK2x= pll_clki/8
Bit[1:0]: SCLK root divider
00: SCLK = pll_clki
01: SCLK = pll_clki/2
10: SCLK= pll_clki/4
11:  sclk= pll_clki/8
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7.3 SRB control [0x3200 - 0x3211]

table 7-3 SRB control registers

default
address | register name value description

0x3200 GROUP ADDRO 0x40 SRAM Group Address0

0x3201 GROUP ADDR1 O0x4A RW SRAM Group Address1

0x3202 GROUP ADDR2 0x54 RW SRAM Group Address2

0x3203 GROUP ADDR3 0x5E RW SRAM Group Address3

0x3204~ GROUP WRITE _ RW Group Write Registers

0x3211 CONTROL REGISTERS Changing these values is not recommended

SRM Group Access
Bit[7]:  Group launch enable

Bit[6]:  Test mode access group
Bit[5]:  Group launch
0x3212 SRM GROUP ACCESS - W Bit[4]:  Group hold end

Bit[3:0]: Group ID
00xx: Group ID
01xx: Reserved
1xxx: Reserved

SRM Group Status

Bit[7]:  Store
Bit[6]:  Restore
0x3213 SRM GROUP STATUS - R Bit[5]:  Group hold

Bit[4]:  Group launch
Bit[3]:  Group write
Bit[2:0]: Group select

7.4 powerkeep domain AWB gain control [0x3400 - 0x3406]

table 7-4 powerkeep domain AWB gain control registers
default

address | register name value R/W description

0x3400 AWB R GAIN 0x04 RW Bit[3:0]: AWB R gain[11:8]
0x3401 AWB R GAIN 0x00 RW Bit[7:0]: AWB R gain[7:0]
0x3402 AWB G GAIN 0x04 RW Bit[3:0]: AWB G gain[11:8]
0x3403 AWB G GAIN 0x00 RW Bit[7:0]: AWB G gain[7:0]
0x3404 AWB B GAIN 0x04 RW Bit[3:0]: AWB B gain[11:8]
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table 7-4 powerkeep domain AWB gain control registers
default

address | register name value R/W description
0x3405 AWB B GAIN 0x00 RW Bit[7:0]: AWB B gain[7:0]

Bit[7:1]: Debug mode

AWB MANUAL Bit[0]:  AWB gain manual enable
03406 conTROL 0x00 RW 0:  Auto
1:  Manual

7.5 AEC/AGC control [0x3500 - 0x350D]

table 7-5 AEC/AGC controlregisters (sheet 1 of 2)

default
address register name value R/W description

Exposure Output
0x3500 AEC PK EXPOSURE 0x00 RW Bit[7:4]: Debug mode
Bit[3:0]: Exposure[19:16]

Exposure Output
0x3501 AEC PK EXPOSURE 0x02 RW Bit[7:0]: Exposure[15:8]

Long Channel Exposure Output
0x3502 AEC PK EXPOSURE 0x00 RW BIt[7:0: Exposure[7-0]

AEC Manual Mode Control
Bit[7:2]: Debug mode
Bit[1]:  AGC manual

0:  Auto enable

0x3503 AEC PK MANUAL 0x00 RW 1+ Manual enable
Bit[0]:  AEC manual
0:  Auto enable
1:  Manual enable
0x3504~
0x3505 DEBUG MODE - - Debug Mode
_ Bit[7:2]: Debug mode
0x3506 AEC REAL GAIN READ R Bit[1:0]: AEC real gain output[9:8]
0x3507 AEC REAL GAIN READ - R Bit[7:0]: AEC real gain output[7:0]
0x3508~
0x3509 DEBUG MODE - - Debug Mode
Real Gain
0x350A AEC PK REAL GAIN 0x00 RW Bit[7:2]: Debug mode
Bit[1:0]: Real gain[9:8]
0x350B  AEC PK REAL GAIN 0x10 Ry  RealGain

Bit[7:0]: Real gain[7:0]
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table 7-5 AEC/AGC controlregisters (sheet 2 of 2)

default
address | register name value description

AEC Add VTS Output

0x350C AEC PK VTS 0x00 Bit[7:0]: Add VTS[15:8]

AEC Add VTS Output

0x350D AEC PK VTS 0x00 RW Bit[7:0]: Add VTS[7:0]

7.6 timing control [0x3800 - 0x3821]

table 7-6 timing control registers (sheet 1 of 2)

default
address | register name value description

Bit[7:4]: Debug mode

0x3800  TIMING HS 0x00 Bit[3:0]: X address start[11:8]
0x3801 TIMING HS 0x00 RW Bit[7:0]: X address start[7:0]

Bit[7:4]: Debug mode
0x3802 TIMING VS px00 RW Bit[3:0]: Y address start[11:8]
0x3803 TIMING VS 0x00 RW Bit[7:0]: Y address start[7:0]

Bit[7:4]: Debug mode
0x3804 = TIMING T 0x04 RW Bit[3:0]: X address end[11:8]
0x3805 TIMING HW 0x3F RW Bit[7:0]: X address end[7:0]

Bit[7:3]: Debug mode
0x3806  THATRQYH 0x07 RW Bit[2:0]: Y address end[10:8]
0x3807 TIMING VH O0x9F RW Bit[7:0]: Y address end[7:0]

Bit[7:4]: Debug mode
0x3508_NauuMING DAMRHO 0x0A RW Bit[3:0]: DVP output horizontal width[11:8]
0x3809 TIMING DVPHO 0x20 RW Bit[7:0]: DVP output horizontal width[7:0]

Bit[7:3]: Debug mode
0x380A (" \JMING DVPVO 0x07 RW Bit[2:0]: DVP output vertical height[10:8]
0x380B  TIMING DVPVO 0x98 RW Bit[7:0]: DVP output vertical height[7:0]

Bit[7:5]: Debug mode
0x380C  TIMING HTS 0x08B RW Bit[4:0]: Total horizontal size[12:8]
0x380D  TIMING HTS 0x1C RW Bit[7:0]: Total horizontal size[7:0]
0x380E TIMING VTS 0x07 RW Bit[7:0]: Total vertical size[15:8]
0x380F  TIMING VTS 0xBO RW Bit[7:0]: Total vertical size[7:0]
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table 7-6 timing control registers (sheet 2 of 2)

default
address | register name value R/W description
Bit[7:4]: Debug mode
0x3810  TIMING HOFFSET 0x00 RW Bit[3:0]: ISP horizontal offset[11:8]
0x3811 TIMING_HOFFSET 0x10 RW Bit[7:0]: Horizontal offset[7:0]
Bit[7:3]: Debug mode
0x3812 TIMING VOFFSET 0x00 RW Bit[2:0]: Vertical offset[10:8]
0x3813 TIMING VOFFSET 0x04 RW Bit[7:0]: Vertical offset[7:0]
0x3814 TIMING X INC 0x11 RW B!t[7:4]: Hor!zontal odd subsample |r?crement
Bit[3:0]: Horizontal even subsample increment
Bit[7:4]: Vertical odd subsample increment
0x3815 TIMING Y INC L RW Bit[3:0]: Vertical even subsample increment
Bit[7:4]: Debug mode
0x3816  HSYNC START o0 RW Bit[3:0: HSYNC start point[11:8]
0x3817 HSYNC START 0x00 RW Bit[7:0]: HSYNC start point[7:0]
Bit[7:4]: Debug mode
0x3818 HSYNC WIDTH 0x00 RW Bit[3:01: HSYNC width[11:8]
0x3819 HSYNC WIDTH 0x00 RW Bit[7:0]: HSYNC width[7:0]

Timing Control
Bit[7:5]: Debug mode
Bit[4]:  Blackline vflip
0x3820 TIMING TC REG20 0x40 RW Bit[3]: ISP vflip
Bit[2]: ISP vflip
Bit[1]:  Sensor vflip
Bit[0]:  Vertical binning enable

Timing Control
Bit[7:6]: Debug mode
Bit[5]:  Not used
0x3821 TIMING TC REG21 0x00 RW Bit[4:3]: Debug mode
Bit[2]: ISP mirror
Bit[1]:  Sensor mirror
Bit[0]: Horizontal binning enable
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7.7 AEC/AGC power down domain control [0x3A00 - 0x3A25]

table 7-7 AEC/AGC power down domain control registers (sheet 1 of 4)
default
address | register name value R/W description
AEC System Control (0: disable; 1: enable)
Bit[7]:  Debug mode
Bit[6]:  Less one line enable
Bit[5]:  Band function enable
0x3A00 AEC CTRL0OO 0x78 RW Bit[4]:  Less 1 band enable
Bit[3]:  Start selection
Bit[2]:  Night mode
Bit[1]: New balance function
Bit[0]:  Freeze
0x3A01  AEC MIN EXPOSURE  0x01 RW MinimCRgyExposure Output Limit
Bit[7:0]: Minimum exposure
AEC MAX EXPO 60Hz Maximum Exposure Output Limit
0x3A02 goHz) 0x3D RY Bit[7:0]: Maximum exposure[15:8]
AEC MAX EXPO 60Hz Maximum Exposure Output Limit
0x3A03  goHz) 0x80 RN Bit[7:0]: Maximum exposure[7:0]
0x3A04 DEBUG MODE - - Debug Mode
AEC System Control 2
Bit[7]: Debug mode
Bit[6]:  frame insert
0:  In night mode, insert frame disable
1:  In night mode, insert frame enable
0x3A05 AEC CTRL05 0x30 RW Bit[5]:  Step auto enable
0:  Step manual mode
1:  Step auto mode
Bit[4:0]: Step auto ratio
In step auto mode, step ratio setting to
adjust speed
AEC System Control 3
Bit[7:5]: Debug mode
0x3A06 AEC CTRLO6 0x10 RW Bit[4:0]: Step manual setting 1
Step manual
Increase mode fast step
AEC Manual Step Register
Bit[7:4]: Step manual setting 2
0x3A07 AEC CTRLO7 0x18 RW Step manual, slow step
Bit[3:0]: Step manual setting 3
Step manual, decrease mode fast step
50Hz Band Width
0x3A08 AEC B50 STEP 0x01 RW Bit[7:2]: Debug mode
Bit[1:0]: B50 step[9:8]
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table 7-7 AEC/AGC power down domain control registers (sheet 2 of 4)

default
address | register name value R/W description
0x3A09  AEC B50 STEP ox27  Rw O0HzBandWidth

Bit[7:0]: B50 step[7:0]

60Hz Band Width
0x3A0A AEC B60 STEP 0x00 RW Bit[7:2]: Debug mode
Bit[1:0]: B60 step[9:8]

60Hz Band Width
0x3A0B AEC B60 STEP 0xF6 RwW BI7:0]: B60 step[7:0]
Bit[7:4]: E1 max
O0X3A0C AEC CTRLOC OxE4 RW Decimal line high limit zone

Bit[3:0]: E1 min
Decimal line low limit zone

60Hz Max Bands in One Frame
0x3A0D AEC CTRLOD 0x08 RW Bit[7:6]: Debug mode
Bit[5:0]: B60 max

50Hz Max Bands in One Frame
0x3A0E AEC CTRLOE 0x06 RW Bit[7:6]: Debug mode
Bit[5:0]: B50 max

Stable Range High Limit (Enter)

0x3A0F AEC CTRLOF 0x78 RwW BI7:0: WPT
Stable Range Low Limit (Enter)
0x3A10 AEC CTRL10 0x68 RW Bit[7:0]: BPT
Step Manual Mode, Fast Zone High Limit
0x3A11 AEC CTRL11 0xDO0 RW BI7:0]: VPT high
0x3A12 DEBUG MODE - - Debug Mode
Bit[7]: Debug mode
Bit[6]:  Pre-gain enable
0x3A13 AEC CTRL13 0x40 RwW Bit[5:0]: Pre-gain value
0x40 = 1x
AEC MAX EXPO 50Hz Maximum Exposure Output Limit

0x3A14 0x0E RW Bit[7:4]: Debug mode

(50H2) Bit[3:0: Max exposure[11:8]

AEC MAX EXPO 50Hz Maximum Exposure Output Limit
OBATS  50n2) 0x40 RW Bit[7:0]: Max exposure[7:0]
0x3A16  DEBUG MODE - - Debug Mode
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table 7-7 AEC/AGC power down domain control registers (sheet 3 of 4)

default
address | register name value R/W description
Gain Base When in Night Mode
Bit[7:2]: Debug mode
Bit[1:0]: Gain night threshold
0x3A17 AEC CTRL17 0x01 RW 00: 00
01: 10
10: 30
11: 70
Gain Output Top Limit
0x3A18  AEC GAIN CEILING 0x03 RW Bit[7:2]: Debug mode

Bit[1:0]: AEC gain ceiling[9:8]
Real gain format

Gain Output Top Limit
0x3A19 AEC GAIN CEILING 0xEO RW Bit[7:0]: AEC gain ceiling[7:0]
Real gain format

Reserved Default Value for This Register

Ox3ATA - AEC DIFF MIN 0x04 RYY Bit[7:0]: Difference minimal

O0X3A1B AEC CTRL1B 0x78  RW Staé’i'ff%??givﬂ?? Limit (Go Out)

0x3A1C  LED ADD ROW 0x06 RW EXgﬁF;‘;ﬁ:Va/L”;é t\gge: d\:jwr‘:vr;[?g%']’e s On
0x3A1D  LED ADD ROW 0x18 RW Exgﬁﬁ;:avak;é f.;’ﬁ,e;’ d\gvrr‘sv’;[?fg]’be s On
0X3A1E  AEC CTRLIE 0x68 RW StaBbi't‘[a%?:"gg'F;?‘g Limit (Go Out)

0x3A1E AEC CTRLAF 0x40 RW Step Manual Mode, Fast Zone Low Limit

Bit[7:0]: VPT low

Bit[7:3]: Debug mode
0x3A20 AEC CTRL20 0x20 RwW Bit[2]:  Strobe option
Bit[1:0]: Debug mode

Bit[7]:  Debug mode
0x3A21 AEC CTRL21 0x78 RW Bit[6:4]: Insert frame number
Bit[3:0]: Debug mode

0x3A22~

0x3A24 DEBUG MODE - - Debug Mode

Bit[7:5]: Debug mode
0x3A25 AEC CTRL25 0x00 RW Bit[4:2]: Freeze counter
Bit[1:0]: Debug mode

0x3A50 AEC READ 50 - R Bit[7:0]: Average readout

Bit[7:2]: Debug mode

Ox3AST AEC READ 51 - R Bit[1:0]: Current state readout
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table 7-7 AEC/AGC power down domain control registers (sheet 4 of 4)

default
address | register name value R/W description
Bit[7:3]: Debug mode
Ox3A52 AEC READ 52 B R B!t[2]: Increase current
Bit[1]:  Decrease current
Bit[0]:  Balance current
Bit[7:6]: Debug mode
Bit[5]:  AEC update
Bitf[4]:  Ch
0x3A53 AEC READ 53 - R Bit[3]: Ch3
Bit[2]: Ch2
Bit[1]:  Ch1
Bit[0]:  ChO
P Bit[7:4]: Debug mode
0x3A54 AEC READ 54 R Bit[3:0]: Step[11:8] readout
0x3A55 AEC READ 55 - R Bit[7:0]: Step[7:0] readout
0x3A56 AEC READ 56 - R Bit[7:0]: e tmp[31:24] readout
0x3A57 AEC READ 57 - R Bit[7:0]: e tmp[23:16] readout
0x3A58 AEC READ 58 - R Bit[7:0]: e tmp[15:8] readout
0x3A59 AEC READ 59 - R Bit[7:0]: e tmp[7:0] readout
0x3A5A AEC READ 5a - R Bit[7:0]: e tmp pg[31:24] readout
0x3A5B AEC READ 5b - R Bit[7:0]: e tmp pg[23:16] readout
0x3A5C AEC READ 5c¢ - R Bit[7:0]: e tmp pg[15:8] readout
0x3A5D AEC READ 5d - R Bit[7:0]: e tmp pg[7:0] readout
0x3A5E AEC READ 5e - R Bit[7:0]: AEC VTS[15:8] readout
0x3A5F AEC READ 5f - R Bit[7:0]: AEC VTS[7:0] readout
Bit[7:4]: Debug mode
Bit[3]: LED add dummy
0x3A60 AEC READ 60 - R Bit[2]:  LED model2
Bit[1]: 5060 new
Bit[0]: 5060
B Bit[7:5]: Debug mode
Ox3A61  AEC READ 61 R Bit[4:0]: Max 1 frame[12:8]
0x3A62 AEC READ 62 - R Bit[7:0]: Max 1 frame[7:0]
B Bit[7:1]: Debug mode
0x3A63 AEC READ 63 R B0 Sensor gain[8]
0x3A64 AEC READ 64 - R Bit[7:0]: Sensor gain[7:0]
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7.8 strobe control [0x3B0O0 - 0x3B0OC]

table 7-8 strobe registers (sheet 1 of 2)

default
address | register name value description

Bit[7]:  Strobe request on/off
0.

o Off
1:  On
Bit[6]: Strobe pulse reverse
Bit[5:4]: Debug mode
0x3B00 STROBE CTRL 0x00 RW Bit[3:2]: width_in_xenon
Bit[1:0]: Strobe mode
00: Xenon
01: LED1
10: LED2
11: LED3
0x3B01 FREX EXPOSURE 02 0x00 RW Bit[7:0]: FREX exposure time[23:16]
FREX SHUTTER Bit[7:6]: Debug mode
0x3B02 g Ay 01 0x08 R Bit[5:0]: Shutter delay time[13:]
FREX SHUTTER Bit[7:0]: Shutter delay time[7:0]
0x3B03  pEp Ay 00 R, W Unit: 64x SCLK cycle
0x3B04 FREX EXPOSURE 01 0x04 RW Bit[7:0]: FREX exposure time[15:8]
0x3B05  FREXEXPOSURE00  0x00  RW BIt[7:0): - FREX exposure time[7:0]
Unit: Tline
0x3B06  FREX CTRL 07 0x04 RW Bi[7:4]: - FREX frame delay

Bit[3:0]: Strobe width[3:0]

FREX Mode Selection
Bit[1:0]: FREX mode
0x3B07 FREX MODE 0x08 RW 00: FREX strobe mode0
01: FREX strobe mode1
1x:  Rolling strobe

0x3B08 FREX REQUEST 0x00 RW FREX Request

0x3B09 FREX HREF DELAY 0x02 RW FREX HREF Delay

Bit[7:3]: Debug mode
Bit[2:0]: FREX precharge length
000: 1/16 Tline

001: 1/8 Tline
010: 1/4 Tline
0x3BOA FREX RST LENGTH 0x04 RW 011: 12 Tline
100: 1 Tline
101: 2 Tline
110: 4 Tline
111: 8 Tline

05.10.2013 PRODUCT SPECIFICATION proprietary to OmniVision Technologies  OMNTEASION.
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table 7-8 strobe registers (sheet 2 of 2)

default
address | register name value R/W description
0x3B0B STROBE WIDTH 0x00 RwW Bit[7:0]: Strobe width[19:12]
0x3B0OC STROBE WIDTH 0x3D RwW Bit[7:0]: Strobe width[11:4]

7.9 50/60Hz detector control [0x3C00 - 0x3C1E]

table 7-9 5060Hz detector registers (sheet 1 of 2)

default
register name value R/W

address description
Bit[7]:  Debug mode
Bit[6]: Inverse SCLK
Bit[5]:  Time counter threshold divisor enable
Bit[4]: Low limit enable
Bit[3]:  Debug mode
0x3C00 5060HZ CTRLOO 0x00 RW Bit[2]:  Band50 default value
Bit[1:0]: Time counter threshold
00: 1s
01: 2s
10: 4s
11: 8s
Bit[7]:  Band manual enable
Bit[6]: Band begin reset enable
Bit[5]:  Sum auto mode enable
0x3C01 5060HZ CTRLO1 0x00 RW Bi4]  Band counter enable
Bit[3:0]: Band counter
Counter threshold for band change
Bit[7:6]: Debug mode
0x3C02  5060HZ CTRLO2 0x00 RW BifS:0]: Low light threshold
No detection under low light
Bit[7:6]: Low light limit mode
0x3C03 5060HZ CTRLO3 0x00 RW Bit[7:0]: Counter threshold for low light
0x3C04 5060HZ CTRLO4 0x20 RW Bit[7:0]: Threshold for low sum
0x3C05 5060HZ CTRLO5 0x70 RwW Bit[7:0]: Threshold for high sum
LIGHT METER1 it )
0x3C06 THRESHOLD 0x00 RW Bit[7:0]: Lightmeter1 threshold[15:8]
LIGHT METER1 Lo .
0x3C07 THRESHOLD 0x00 RW Bit[7:0]: Lightmeter1 threshold[7:0]
LIGHT METER2 it 1 .
0x3C08 THRESHOLD 0x01 RwW Bit[7:0]: Lightmeter2 threshold[15:8]
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table 7-9 5060Hz detector registers (sheet 2 of 2)

default
address | register name value R/W description
0x3C09 'II'LG‘;;S':I(E)IEDRZ 0x2C RwW Bit[7:0]: Lightmeter2 threshold[7:0]
0x3CO0A SAMPLE NUMBER Ox4E RW Bit[7:0]: Sample number[15:8]
0x3C0B SAMPLE NUMBER Ox1F RW Bit[7:0]: Sample number{7:0]
Bit[7:4]: Band counter
Bit[1]:  Sign bit of sum50/60

0x3C0C SIGMADELTA CTRLOC - R Bit[0]:  Band50/60

0:  60Hz light

1:  50Hz light
oo s R L 3 A
0x3COE SUM 50 - R Bit[7:0]: Sum50[23:16]
0x3COF SUM 50 - R Bit[7:0]: Sum50[15:8]
0x3C10 SUM 50 - R Bit[7:0]: Sum50[7:0]
oact suwe RN
0x3C12 SUM 60 - R Bit[7:0]: Sum60[23:16]
0x3C13 SUM 60 - R Bit[7:0]: Sum60[15:8]
0x3C14 SUM 60 - R Bit[7:0]: Sum60[7:0]
0x3C15 SUM 50 60 - R Bit[7:0]: Sum50/60[15:8]
0x3C16 SUM 50 60 - R Bit[7:0]: Sum50/60[7:0]
0x3C17 BLOCK COUNTER - R Bit[7:0]: Block counter[15:8]
0x3C18 BLOCK COUNTER - R Bit[7:0]: Block counter[7:0]
0x3C19 B6 - R Bit[7:0]: B6[15:8]
0x3C1A B6 - R Bit[7:0]: B6[7:0]
oscr uomierERoUr R S pemne
0x3C1C LIGHTMETER OUTPUT - R Bit[7:0]: Light meter output[15:8]
0x3C1D LIGHTMETER OUTPUT - R Bit[7:0]: Light meter output[7:0]
0x3C1E SUM THRESHOLD - R Sum Threshold
0x3C1F 5060HZ CTRL1F - R 5060Hz Register 0x1F
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7.10 OTP control [0x3D00 - 0x3D21]

table7-10  OTP control functions (sheet 1 of 2)

default
address | register name value R/W description

0x3D00 OTP DATA00 0x00 RW OTP Dump/Load Data00
0x3D01 OTP DATAO1 0x00 RW OTP Dump/Load Data01
0x3D02 OTP DATA02 0x00 RW OTP Dump/Load Data02
0x3D03 OTP DATAO03 0x00 RW OTP Dump/Load Data03
0x3D04 OTP DATA04 0x00 RW OTP Dump/Load Data04
0x3D05 OTP DATAO5 0x00 RW OTP Dump/Load Data05
0x3D06 OTP DATA06 0x00 RW OTP Dump/Load Data06
0x3D07 OTP DATAOQ7 0x00 RW OTP Dump/Load Data07
0x3D08 OTP DATAO08 0x00 RW OTP Dump/Load Data08
0x3D09 OTP DATA09 0x00 RW OTP Dump/Load Data09
0x3D0A OTP DATAOA 0x00 RW OTP Dump/Load Data0a
0x3D0B OTP DATAOB 0x00 RW OTP Dump/Load DataOb
0x3D0C OTP DATAOC 0x00 RW OTP Dump/Load DataOc
0x3D0D OTP DATAOD 0x00 RW OTP Dump/Load DataOd
0x3DOE OTP DATAQE 0x00 RW OTP Dump/Load DataOe
0x3DOF OTP DATAOF 0x00 RW OTP Dump/Load DataOf
0x3D10 OTP DATA10 0x00 RW OTP Dump/Load Data10
0x3D11 OTP DATA11 0x00 RW OTP Dump/Load Data11
0x3D12 OTP DATA12 0x00 RW OTP Dump/Load Data12
0x3D13 OTP DATA13 0x00 RW OTP Dump/Load Data13
0x3D14 OTP DATA14 0x00 RW OTP Dump/Load Data14
0x3D15 OTP DATA15 0x00 RW OTP Dump/Load Data15
0x3D16 OTP DATA16 0x00 RW OTP Dump/Load Data16
0x3D17 OTP DATA17 0x00 RW OTP Dump/Load Data17
0x3D18 OTP DATA18 0x00 RW OTP Dump/Load Data18
0x3D19 OTP DATA19 0x00 RW OTP Dump/Load Data19
0x3D1A OTP DATA1A 0x00 RW OTP Dump/Load Data1A
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table 7-10

default
address | register name value description

OTP control functions (sheet 2 of 2)

0x3D1B OTP DATA1B 0x00 OTP Dump/Load Data1B
0x3D1C OTP DATA1C 0x00 RW OTP Dump/Load Data1C
0x3D1D OTP DATA1D 0x00 RW OTP Dump/Load Data1D
0x3D1E OTP DATA1E 0x00 RW OTP Dump/Load Data1E
0x3D1F OTP DATA1F 0x00 RW OTP Dump/Load Data1F
Bit[7]: ~ OTP program busy
Bit[6:2]: Debug mode
0x3D20  OTP PROGRAM CTRL 0x00 RW Bit[1]: gTP program speed
1:  Slow
Bit[0]:  OTP program enable
Bit[7]:  OTP read busy
Bit[6:2]: Debug mode
0x3D21  OTP READ CTRL 0x00 RW Bil[1]:  OTP read speed
0: Fast
1. Slow
Bit[0]:  OTP read enable

7.11 BIST control [0x3EOOQ - 0x3EFF]

table 7-11

default
address | register name value description

BIST registers (sheet 1 of 2)

0x3E00 BIST_START_ADDRESS 0x00 Bit[7:0]: Specify BIST start address[15:8]
0x3E01 BIST_START _ADDRESS 0x00 RW Bit[7:0]: Specify BIST start address[7:0]
0x3E02 BIST_END_ADDRESS 0xOF RW Bit[7:0]: Specify BIST end address[15:8]
0x3E03 BIST_END_ADDRESS 0xDB RW Bit[7:0]: Specify BIST end address[7:0]
BIST Option Count
Bit[7:5]: Byte select in read only mode
0x3E04 BIST_R4 0x14 RW Bit[4:0]: BIST option count
Specify BIST operation number
It can be set from 5'h02 to 5'h14
BIST Special Data
0x3E05 BIST_R5 0x00 RW Bit[7:0]: Specify data written into memory in
special mode
0x3E06 BIST_R6 0x03 RW SRAM Select Specify SRAM Select
05.10.2013 PRODUCT SPECIFICATION proprietary to OmniVision Technologies
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-11 BIST registers (sheet 2 of 2)

default
address | register name value R/W description

Bit[7]:  BIST start specifies BIST start
It should first be high, then low
Bit[6]:  Specify BIST restart
Bit[5]:  BIST mode specifies BIST test mode
0x3E07 BIST CTRLO7 0x20 RW 0:  Manual mode
1:  Auto mode
Bit[4]:  Special BIST special mode
Bit[3]:  Specify read only mode
Bit[2:0]: Debug mode

Bit[4]:  BIST busy specifies BIST busy

status
Ox3E0C BIST CTRL12 1 R Bit[2:0]: BIST error byte specifies BIST error
type
BIST Test Result00 (0: BIST pass; 1: BIST error)
0x3EOD BIST RESULT00 0x00 RW Bit[7:1]: Debug mode
Bit[0:  mc_pram
BIST Test Result01 (0: BIST pass; 1: BIST error)
Bit[7]: SRM
Bit[6]:  PFIFO2
Bit[5]:  PFIFO1
0x3EOE BIST RESULTO1 0x00 RW Bit[4]:  VFIFO
Bit[3]:  spi_rx
Bit[2]:  Scale2
Bit[1]:  Scale1
Bit[0]: DPC4
BIST Test Result02 (0: BIST pass; 1: BIST error)
Bit[7]: DPC3
Bit[6]: DPC2
Bit[5]: DPC1
0x3EQF BIST RESULT02 0x00 RW Bit[4]:  CIP3
Bit[3]:  CIP2
Bit[2]:  CIP1
Bit[1]: AWB

Bit[0]: MCU IRAM
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7.12 MC control [0x3F00 - 0x3FO0D]

table 7-12 MC registers (sheet 1 of 3)

default
address | register name value R/W description

Bit[7:5]: Debug mode
Bitf4]:  DW8051 manual reset enable
Bit[3]: DW8051 manual reset
Bit[2]: IRAM manual reset enable
Bit[1]: IRAM manual reset
Bit[0]:  Soft reset MCU

0: Debug mode

1:  Reset MCU

0x3F00 MC CTRL0OO 0x00 RW

Bit[7:0]: MaskO for interrupt
0x3F01 MC INTERRUPT MASKO 0x00 RW 0:  Disable interrupt bit
1:  Enable interrupt bit

Bit[7:0]: Mask1 for interrupt
0x3F02 MC INTERRUPT MASK1 0x00 RW 0:  Disable interrupt bit
1:  Enable interrupt bit

OGF0S  aonress 00 Rw B et en e
OGFO4  aonress 000 Rw o e e
OGF0S  aonmmss 00 Rw et o it
oartn  WOWRIENIERRUT oy gy OO Seiowyefor SO0 s b

Bit[7:6]: Interrupt1[7] source selection
0x: AEC done
10: Debug mode
11: DVP HREF falling edge
Bit[5:4]: Interrupt1[6] source selection
00: ISP average done
01: FREXrising edge
10: Debug mode
MC INTERRUPT 11:  DVP VSYNC falling edge
Ox3F08 ~ SOURCE SELECTION1 0x00 RW Bit[3:2]: Interrupt1[5] source selection
00: AEC trigger
01: FREX falling edge
10: MIPI frame end
11: DVP VSYNC rising edge
Bit[1:0]: Interrupt1[4] source selection
0x: JEPG over size
10:  MIPI line end
11:  DVP HREF rising edge
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0V5645

color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-12 MC registers (sheet 2 of 3)

default

address | register name value R/W description

Bit[7:6]: Interrupt1[3] source selection

Omn\ Hsion.

MC INTERRUPT

OX3F09 SoURCE SELECTION2

0x00

0x:

11:

Bit[5:4]:
Ox:

11:

RW Bit[3:2]:
0x:

11:

Bit[1:0]:
0x:

11:

Debug mode
SRM operation start

Interrupt1[2] source selection

Debug mode
SRM operation done

Interrupt1[1] source selection

Debug mode
DVP frame counter change

Interrupt1[0] source selection

BLC SOF
Debug mode

MC INTERRUPT

Ox3FOA SOURCE SELECTION3

0x00

Bit[7:6]:
00:

01:

10:

11:

Bit[5:4]:
Ox:

10:

11:

RW Bit[3:2]:
00:

01:

10:

11:

Bit[1:0]:
00:

01:

10:

11:

InterruptO[7] source selection

JFIFO over flow
ISP end frame
SFIFO end of frame
JFIFO end frame

Interrupt0[6] source selection

JFIFO end of image
F1 FIFO write
VFIFO ready

InterruptO[5] source selection

ISP end of frame

SFIFO end of frame
JFIFO end of frame
VFIFO end of frame

Interrupt0[4] source selection

ISP start of frame

SFIFO start of frame
JFIFO start of frame
VFIFO start of frame

proprietary to OmniVision Technologies
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table 7-12 MC registers (sheet 3 of 3)

default
address | register name value R/W description

Bit[7:6]: InterruptO[3] source selection
Ox: AFC done
10: HREF falling edge
11: BIST done
Bit[5:4]: Interrupt0[2] source selection
00: AWB done
01: ISP start of frame
10: SFIFO start of frame
11:  JFIFO start of frame
MC INTERRUPT . .
0x3F0B 0x00 RW Bit[3:2]: InterruptO[1] source selection
SOURCE SELECTION4 00: VFIEO full
01: ISP FC SOF
10: f2_fifo_wr
11:  Write a specific address
Bit[1:0]: Interrupt0[0] source selection
00: VFIFO empty
01: ISP line
10: ISP end of frame
11: Read a specific address

MC INTERRUPTO . e
0x3F0C STATUS - R Bit[7:0]: InterruptO status indication

MC INTERRUPT1 . e
0x3FOD STATUS - R Bit[7:0]: Interrupt1 status indication

7.13 BLC control [0x4000 - 0x4033]

table 7-13 BLC registers (sheet 1 of 4)

default
address | register name value description

BLC Control 00 (0: disable; 1: enable)
Bit[7]:  BLC median filter enable
Bit[6:4]: Debug mode
0x4000 BLC CTRLOO 0x89 RW Bit[3]:  ADC 11-bit mode
Bit[2]:  Apply2blackline
Bit[1]: Black line average frame
Bit[0]:  BLC enable

Bit[7:6]: Debug mode

0x4001 BLC CTRLO1 0x00 RwW Bit[5:0]: BLC start line

05.10.2013 PRODUCT SPECIFICATION proprietary to OmniVision Technologies  OMNTEASION.



0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-13 BLC registers (sheet 2 of 4)

default
address | register name value R/W description
Bit[7]:  Format change enable
BLC update when format changes
Bit[6]:  BLC auto enable
0x4002 BLC CTRLO2 0x45 RW 0:  Manual
1. Auto
Bit[5:0]: Reset frame number
Frame number BLC do after reset
Bit[7]:  BLC redo enable
Write 1 to this bit will trigger a BLC
redo N frames begin, where N is
0x4003 BLC CTRLO3 0x08 RW 0x4003([5:0]
Bit[6]:  BLC freeze
Bit[5:0]: Manual frame number
0x4004  BLC CTRLO4 0x08  RW Bi{7:0J: - BLC line number

Specify the line number BLC process

Bit[7:2]: Debug mode
Bit[1]:  BLC always update
0x4005 BLC CTRLO5 0x18 RW 0:  Normal freeze
1:  BLC always update
Bit[0]:  Debug mode

Bit[7:6]: Debug mode
0x4006 BLC CTRLO7 0x00 RW Bit[5]:  Black line number manual enable
Bit[4:0]: Black number manual

Bit[7:5]: Debug mode
Bit[4:3]: Window selection
00: Fullimage
01: A windows not contain the first
16 pixels and the end 16 pixels
10: A windows not contain the first
1/16 image and the end 1/16
image
11: A windows not contain the first
1/8 image and the end 1/8
image
Bit[2:0]: Bypass mode
0000: Bypass input data after limit to
[10:0]
0001: Bypass input data[11:0]
0010: Bypass input data[12:1]
0011: Bypass debug data bbrr
0100: Bypass debug data gggg

0x4007 BLC CTRLO7 0x00 RW

OmnNAMsion.  proprietary to OmniVision Technologies PRODUCT SPECIFICATION version 2.01
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table 7-13 BLC registers (sheet 3 of 4)

default
address | register name value R/W description
BLC Control (0: disable; 1: enable)
Bit[7:4]: Debug mode
0x4008  BLC CTRLO8 0x00 RW Bit[3]:  Flip image manual enable
Bit[2]:  Flip image manual
Bit[1]:  Flip black line manual enable
Bit[0]:  Flip black line manual
0x4009 BLACK LEVEL 0x10 RW Bit[7:0]: BLC black level target at 10-bit range
0x4009 BLACK LEVEL 0x10 RW Bit[7:0]: BLC black level target at 10-bit range
0x400C  BLC MANO 0x00 RW Bit[7:0]: BLCman0[15:8]
0x400D  BLC MANO 0x00 RW Bit[7:0]: BLCman0[7:0]
0x400E  BLC MAN1 0x00 RW Bit[7:0]: BLCman1[15:8]
0x400F  BLC MAN1 0x00 RW Bit[7:0]: BLCman1[7:0]
0x4010  BLC MAN2 0x00 RW Bit[7:0]: BLCman2[15:8]
0x4011 BLC MAN2 0x00. RW Bit[7:0]: BLCman2[7:0]
0x4012  BLC MAN3 0x00 RW Bit[7:0]: BLCman3[15:8]
0x4013  BLC MAN3 0x00 RW Bit[7:0]: BLCman3[7:0]
0x402C  BLACK LEVEL0O 0x00 RW Bit[7:0]: - Blacklevel00[15:8]
With 3 decimal
0x402D  BLACK LEVELOO 0x00 RW Bit[7:0]:  Blacklevel00[7:0]
With 3 decimal
Ox402E  BLACK LEVELO1 0x00 RW Bit[7:0]:  Blacklevel01[15:8]
With 3 decimal
0x402F ~ BLACK LEVELO1 0x00 RW Bit[7:0]: Blacklevel01(7:0]
With 3 decimal
0x4030  BLACK LEVEL10 0x00 RW Bit[7:0]: Blacklevel10[15:8]
With 3 decimal
0x4031 BLACK LEVEL10 0x00 RW Bit[7:0]: - Blacklevel10(7:0]
With 3 decimal
0x4032  BLACK LEVEL11 0x00 RW Bit[7:0]: - Blacklevel 11[15:8]
With 3 decimal
0x4033  BLACK LEVEL11 0x00 RW Bit[7:0]:  Blacklevel11[7:0]
With 3 decimal
0x4050 BLC MAX OxFF RW Bit[7:0]: BLC max black level
0x4051 STABLE RANGE Ox7F RW Bit[7:0]: BLC stable range
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Omn\ Hsion.

color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-13 BLC registers (sheet 4 of 4)

default
address | register name value R/W description
Bit[7:0]: BLC one channel use the average of
0x4052 ONE CHANNEL 0x00 RW 4 channels as black level for 4
channels
0x4060 BLC BR THREO 0x00 RW Bit[7:0]: BLC br thr 0
0x4061 BLC BR THRE1 0x00 RW Bit[7:0]: BLC br thr 1
0x4062 BLC BR THRE2 0x00 RW Bit[7:0]: BLC brthr2
0x4063 BLC BR THRE3 0x00 RW Bit[7:0]: BLC br thr 3
0x4064 BLC BR THRE4 0x00 RW Bit[7:0]: BLC br thr 4
0x4065 BLC BR THRE5 0x00 RW Bit[7:0]: BLC brthr 5
0x4066 BLC G THREO 0x00 RW Bit[7:0]: BLC gthr0
0x4067 BLC G THRE1 0x00 RW Bit[7:0]: BLC g thr 1
0x4068 BLC G THRE2 0x00 RW Bit[7:0]: BLC gthr2
0x4069 BLC G THRE3 0x00 RW Bit[7:0]: BLC gthr3
0x406A BLC G THRE4 0x00 RW Bit[7:0]: BLC gthr4
0x406B BLC G THRE5 0x00 RW Bit[7:0]: BLC gthr5
0x406C BLC BRG COMP EN 0x00 RwW Bit[7:0]: BLC brg compensate enable

7.14 frame control [0x4201 - 0x4202]

table7-14  frame controlregisters

default
value R/W description

Control Passed Frame Number
When both ON and OFF number set to 0x00,
frame control is in bypass mode

address | register name

0x4201 FRAME CTRLO1

0x00 R/IW

Bit[7:4]:
Bit[3:0]:

Debug mode
Frame ON number

0x4202 FRAME CTRLO2

0x00 R/W

Control Masked Frame Number
When both ON and OFF number set to 0x00,
frame control is in bypass mode

Bit[7:4]:
Bit[3:0]:

Debug mode
Frame OFF number

proprietary to OmniVision Technologies
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7.15 format control [0x4300 - 0x430D]

table 7-15  format control registers (sheet 1 of 5)

default
address | register name value R/W | description

Format Control 00
Bit[7:4]: Output format of formatter module
0x0: RAW
Bit[3:0]: Output sequence
0x0: BGBG.../ GRGR...
0x1: GBGB.../ RGRG...
0x2: GRGR.../BGBG...
0x3: RGRG.../ GBGB...
0x4~0xF: Not allowed

0x1: Y8
Bit[3:0]: Does not matter

0x2: YUV444/RGB888 (not available for
full resolution)
Bit[3:0]: Output sequence
0x0: YUVYUV.., or
GBRGBR...
0x1: YVUYVU..., or
GRBGRB...
0x2: UYVUYV..., or
BGRBGR...
0x3: VYUVYU..., or

RGBRGB...
0x4300 FORMAT(LCONROL 0xF8 RW 0x4: UVYUVY..., or

00 BRGBRG...
0x5: VUYVUY..., or
RBGRBG...
0x6~0xE: Not allowed
OxF: UYVUYV.., or
BGRBGR...

0x3: YUV422
Bit[3:0]: Output sequence
0x0: YUYV...
0x1: YVYU...
0x2: UYVY...
0x3: VYUY...
0x4~0xE: Not allowed
OxF: UYVY...
0x4: YUV420
Bit[3:0]: Output sequence
0x0: YYYY.../YUYV...
0x1: YYYY../YVYU..
0x2: YYYY.../UYVY...
0x3: YYYY.../VYUY...
0x4: YUYV.../YYYY..
0x5: YVYU.../YYYY..
0x6: UYVY.../YYYY..
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-15  format control registers (sheet 2 of 5

)
default
address | register name value R/W | description

0x7: VYUY.../YYYY...
0x8~0xE: Not allowed
OxF: YYYY.../UYVY...
0x5: YUV420 (for MIPI only)
Bit[3:0]: Output sequence
0x0~0xD: Not allowed
OxE: VYYVYY.../
UYYUYY...
OxF: UYYUYY.../
VYYVYY...
0x6: RGB565
Bit[3:0]: Output sequence
0x0: {b[4:0],9[5:3]},
{9[2:0],r[4:0T}
0x1: {r[4:0],9[5:3]},
{9[2:0],b[4:0]}
0x2: {g[4:0],r[5:3]},
{r[2:0],b[4:0]}
0x3: {b[4:01,r[5:3]},
{r[2:0],9[4:0T}
0x4: {g[4:0],b[5:3]},
{b[2:0],r[4:0]}
0x5: {r[4:0],b[5:3]},
{b[2:0],9[4:0]}
0x6~0xE: Not allowed
OxF: {g[2:0],b[4:0]},
{r4:0],9[5:3]}
0x7: RGB555 format 1
Bit[3:0]: Output sequence
0x0: {b[4:0],9[4:2]},
{g[1:0],1'b0,r{4:0]}
0x1: {r[4:0],g[4:2]},
{g[1:0],1'b0,b[4:0]}
0x2: {g[4:0],r[4:2]},
{r[1:0],1'b0,b[4:0]}
0x3: {b[4:0],r[4:2]},
{r[1:0],1'b0,g[4:0]}
0x4: {r[4:0],b[4:2]},
{b[1:0],1'b0,g[4:0]}
0x5: {g[4:0],b[4:2]},
{b[1:0],1'b0,r4:0]}
0x6~0xE: Not allowed
OxF: {g[1:0],1'b0,b[4:0]},
{r[4:0],9[4:2]}
0x8: RGB555 format 2
Bit[3:0]: Output sequence
0x0: {1'b0,b[4:0],g[4:3]},
{g[2:0],r[4:0T
0x1: {1'b0,r{4:0],9[4:2]},
{9[2:0],b[4:0]}
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table7-15  format control registers (sheet 3 of 5)

default
address | register name value R/W | description

: {1'b0,g[4:0],r[4:2]},
{r[2:0],b[4:0]}

0x3: {1'b0,b[4:0],r[4:2]},
{r[2:0],9[4:0T}

0x4: {1'b0,r[4:0],b[4:2]},
{b[2:0],9[4:07}

0x5: {1'b0,g[4:0],b[4:2]},
{b[2:0],r[4:0]}

0x6: {b[4:0],1'b0,g[4:3]},
{g[2:0],r[4:0]}

0x7: {r[4:0],1'b0,g[4:2]},
{9[2:0],b[4:0]}

0x8: {g[4:0],1'b0O,r[4:2]},
{r[2:0],b[4:0]}

0x9: {b[4:0],1'bO,r[4:2]},
{r[2:0],9[4:0]}

OxA: {r[4:0],1'b0,b[4:2]},
{b[2:0],9[4:0]}

0xB: {g[4:0],1'b0,b[4:2]},
{b[2:0],r[4:0]}

0xC~OxF: Not allowed

0x9: RGB444 format 1
Bit[3:0]: Output sequence

0x0: {1'b0,b[3:0],2'h0,g[3]},
{g[2:0],1'b0,r[3:0]}

0x1: {1'b0,r[3:0],2'h0,g[3]},
{g[2:0],1'b0,b[3:0]}

0x2: {1'p0,g[3:0],2'h0,r[3]},
{r[2:0],1'b0,b[3:0]}

0x3: {1'b0,b[3:0],2'h0,r[3]},
{r[2:0],1'00,g[3:0]}

0x4: {1'b0,r[3:0],2'h0,b[3]},
{b[2:0],1'b0,g[3:0]}

0x5: {1'b0,g[3:0],2'h0,b[3]},
{b[2:0],1'n0,r[3:0]}

0x6: {b[3:0],1'b0,g[3:1]},
{g[0],2'h0,r[3:0],1'b0}

0x7: {r[3:0],1'b0,g[3:1]},
{g[0],2'h0,b[3:0],1'b0}

0x8: {g[3:0],1'b0,r[3:11},
{r[0],2'h0,b[3:0],1'b0}

0x9: {b[3:0],1'b0,r[3:11},
{r[0],2'h0,g[3:0],1'b0}

OxA: {r[3:0],1'b0,b[3:1]},
{b[0],2'h0,g[3:0],1'b0}

0xB: {g[3:0],1'b0,b[3:1]},
{b[0],2'h0,r[3:0],1'b0}

0xC~OxE: Not allowed

0xF: {g[0],2'h2,b[3:0],1'b1},
{r[3:0],1'b1,9[3:11}
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-15  format control registers (sheet 4 of 5

)
default
address | register name value R/W | description

0xA: RGB444 format 2
Bit[3:0]: Output sequence
0x0: {4'b0,b[3:0]},
{9[3:01,r[3:0T}
0x1: {4'b0,r[3:0]},
{9[3:0],b[3:0]}
0x2: {4'b0,b[3:0]},
{r(3:0],9[3:01}
0x3: {4'b0,r[3:0]},
{b[3:0],9[3:0]}
0x4: {4'b0,g[3:0]},
{b[3:0],r[3:0]}
0x5: {4'b0,g[3:0]},
{r[3:0],b[3:0]}
0x6: {b[3:0],9[3:0],2'h0},
{r[3:0],b[3:0],2'h0,
9[3:01,r[3:0],2'h0}
0x7: {r[3:0],9[3:0],2'h0},
{b[3:0],r[3:0],2'h0,
g[3:0],b[3:0],2'h0}
0x8: {b[3:0],r[3:0],2'h0},
{9[3:01,b[3:0],2'h0,
r[3:0],9[3:0],2'h0}
0x9: {r[3:0],b[3:0],2'h0},
{9[3:0],r[3:0],2'h0,
b[3:0],9[3:0],2'h0}
OxA: {g[3:0],b[3:0],2'h0},
{r[3:0],9[3:0],2'h0,
b[3:0],r[3:0],2'h0}
0xB: {g[3:0],r[3:0],2'h0},
{b[3:01,9[3:0],2'h0,
r[3:0],b[3:0],2'h0}
0xC~0xF: Not allowed
0xB~0xE: Not allowed
OxF: Bypass formatter module (not
recommended)
Bit[3:0]: Output format
0x8: Raw
0x9: YUV422
OxA: YUV444
OxE: VYYVYY../UYYUYY
OxF: UYYUYY../VYYVYY

Format Control 01
Bit[1:0]: YUV422 UV control

FORMAT CONTROL 00: U/V generated from average
0x4301 01 0x00 RW 01: U/V generated from first pixel
10:  Not valid

11:  U/V generated from second pixel
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table7-15  format control registers (sheet 5 of 5)

default
address | register name value R/W | description

Bit[7:2]: Debug mode

0x4302 YMAXVALUE 0x03 Bit[1:0]: Y max clip value[9:8]
0x4303 YMAX VALUE OxFF RW Bit[7:0]: 'Y max clip value[7:0]
Bit[7:2]: Debug mode
0x4304  YMIN VALUE 0x00 RW Bit[1:0: Y min clip value[9:8]
0x4305 YMIN VALUE 0x00 RW Bit[7:0]: Y min clip value[7:0]
Bit[7:2]: Debug mode
0x4306 UMAX VALUE 0x03 RW Bit[1:0]: U max clip value[9:8]
0x4307 UMAX VALUE OxFF RW Bit[7:0]: U max clip value[7:0]
Bit[7:2]: Debug mode
0x4308  UMIN VALUE 0x00 RW Bit[1:0]: U min clip value[9:8]
0x4309 UMIN VALUE 0x00 RW Bit[7:0]: U min clip value[7:0]
Bit[7:2]: Debug mode
0x430A  VMAXVALUE s R’ Bit[1:0]: V max clip value[9:8]
0x430B VMAX VALUE OxFF RW Bit[7:0]: V max clip value[7:0]
Bit[7:2]: Debug mode
0x430C VMIN VALUE & RW Bit[1:0]: V min clip value[9:8]
0x430D VMIN VALUE 0x00 RW Bit[7:0]: V min clip value[7:0]
0x4310  VSYNC_WIDTH 0x00 RW BI7:0): - VSYNC width
- In terms of lines
0x4311  VSYNC_WIDTH H 0x04  RW Bit[7:0]:  VSYNC width[15:8]
In terms of pixel numbers
0x4312  VSYNC WIDTH L 0x00 RW Bit[7:0]: VSYNC width{7:0]

In terms of pixel numbers

Bit[7:5]: Debug mode

Bitf4]:  VSYNC polarity
0x4313 VSYNC CTRL 0x00 RW Bit[3:2]: VSYNC output select

Bit[1]:  VSYNC mode 3

Bit[0]:  VSYNC mode 2

0x4314 VSYNC DELAY1 0x00 RW Bit[7:0]: VSYNC trigger to VSYNC delay[23:16]
0x4315 VSYNC DELAY2 0x00 RW Bit[7:0]: VSYNC trigger to VSYNC delay[15:8]
0x4316 VSYNC DELAY3 0x00 RW Bit[7:0]: VSYNC trigger to VSYNC delay[7:0]
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

7.16 VFIFO control [0x4600]

table7-16  VFIFOregisters

default
address | register name value R/W | description

VFIFO Control 00
Bit[7:5]: Debug mode
0x4600 VFIFO CTRLOO 0x80 RW Bit[4]:  Test pattern enable —
incremental pattern
Bit[3:0]: Debug mode

7.17 MIPI control [0x4800 - 0x4837]

table 7-17 MIPI transmitter registers (sheet 1 of 5)

default
address | register name value R/W | description
MIPI Control 00
Bit[7:6]: Debug mode
Bit[5]:  Clock lane gate enable
0:  Clock lane is free running
1:  Gate clock lane when no packet to
transmit
Bit[4]: Line sync enable
0: Do not send line short packet for each line
0x4800 MIPI CTRL 00 0x04 RW 1:  Send line short packet for each line

Bit[3]:  Lane select
0: Use lane1 as default data lane
1:  Use lane2 as default data lane
Bit[2]:  Idle status
0:  MIPI bus will be LPOO when no packet to
transmit
1:  MIPI bus will be LP11 when no packet to
transmit
Bit[1:0]: Debug mode
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table 7-17 MIPI transmitter registers (sheet 2 of 5)

default
address | register name value R/W | description
MIPI Control 01
Bit[7]: Long packet data type manual enable
0:  Use mipi_dt
1:  Use dt_man_o as long packet data
Bit[6]:  Short packet data type manual enable
1:  Use dt_spkt as short packet data
Bit[5]: Short packet word counter manual enable
0:  Use frame counter or line counter
1:  Select spkt_wc_reg_o
Bit[4]:  PH bit order for ECC
0:  {DI[7:0],WC][7:0], WC[15:8]}
1: DI[0:7],WC[0:7], WC[8:15]}
0x4801 MIPI CTRL 01 OxOF RW B3  PH b;te order for ECC
0:  {DILWC_I,WC_h}
1:  {DLWC_hWC_I}
Bit[2]:  PH byte order2 for ECC
0: {DIL,WC}
1:  {WC,Dl}
Bit[1]:  MARK1 enable for data lane1
1:  When resume, lane1 should send
MARK1
Bit[0]: = MARK1 enable for data lane2
1:  When resume, lane2 should send
MARK1
Bit[7]:  Hs_prepare select
0:  Auto calculate T_hs_prepare, unit pclk2x
1:  Use hs_prepare_min_o[7:0]
Bit[6]:  Clk_prepare select
0:  Auto calculate T_clk_prepare, unit pclk2x
1: Use clk_prepare_min_o[7:0]
Bit[5]:  Clk_post select
0:  Auto calculate T_clk_post, unit pclk2x
1:  Use clk_post_min_o[7:0]
Bit[4]:  CIk_trail select
0:  Auto calculate T_clk_trail, unit pclk2x
0x4802  MIPI CTRL 02 0x00 RW 1. Useclk_trail_min_o[7:0]

Bit[3]: Hs_exit select
0:  Auto calculate T_hs_exit, unit pclk2x
1:  Use hs_exit_min_o[7:0]

Bit[2]:  Hs_zero select
0:  Auto calculate T_hs_zero, unit pclk2xtxie
1:  Use hs_zero_min_o[7:0]

Bit[1]:  Hs_trail select
0:  Auto calculate T_hs_trail, unit pclk2x
1:  Use hs_trail_min_o[7:0]

Bit[0]:  Clk_zero select
0:  Auto calculate T_clk_zero, unit pclk2x
1:  Use clk_zero_min_o[7:0]
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-17 MIPI transmitter registers (sheet 3 of 5)

default
address | register name value R/W | description
0x4803~
O0x4804 DEBUG MODE - - Debug Mode

Bit[7]: MIPI lane1 disable
1:  Disable MIPI data lane1
Lane1 will be LPOO
Bit[6]:  MIPI lane1 disable
1:  Disable MIPI data lane1
0x4805 MIPI CTRL 05 0x10 RW Lane1 will be LP0O
Bit[5]:  LPX global timing select
0:  Auto calculate t_Ipx_o in pclk2x domain,
unit clk2x
1:  Use lp_p_min[7:0]
Bit[6:0]: Debug mode

Bit[7]:  PRBS enable

Bit[6]:  MIPI test enable

Bit[5]:  MIPI low power output option
Bit[4]:  Two lane manual enable
Bit[3]:  Two lane manual

Bit[2:0]: Debug mode

0x4806 MIPI TEST CTRL 0x28 RW

0x4807~
0x4809 DEBUG MODE - - Debug Mode
Bit[7:3]: Debug mode
Bit[2]:  Bit order reverse
0x480A gl;égsm 0x00 RW Bit[1:0]: Bit position adjust
01: {data[7:0],data[9:8]}
10: {data[1:0],data[9:2]}
0x480B~
0x4817 DEBUG MODE - - Debug Mode

High Byte of Minimum Value of hs_zero

0x4818 MIN HS ZERO H 0x00 RW .
Unit ns

Low Byte of Minimum Value of hs_zero

0x4819 MIN HS ZERO L 0x96 RW _ . e .
hs_zero_real = hs_zero_min_o + Tui*ui_hs_zero_min_o

0x481A !I\'AIIQI\,LI'\IZHEI HS 0x00 RW Eirf;i?nZyte of Minimum Value of hs_trail

0x4818 !\I'All?'\,ill\lil II_PI " 0x3C RW hzivtrgi);t_erecgl'\iiEisriijrr;I\_/fnl::1e_gf+h'T'G?£3iil_hs_trail_min_o
0x481C g;’;gﬁl CLK 0x01 RW High Byte of Minimum Value of clk_zero

0x481D ;AIIE';('\)A II_PI o 0x86 RW tﬁ(vjz?erzigal}ﬂlni:w(ir;e\l'/:ﬁsir?ig II:—'I?Lil:*clji_clk_zero_min_o
Ox481E 'I\DAIIQI\IIEI';AAIEECI:K 0x00 RW Eir?i:lnzyte of Minimum Value of clk_prepare
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table 7-17 MIPI transmitter registers (sheet 4 of 5)

default
address | register name value R/W | description

Low Byte of Minimum Value of clk_prepare

MIN MIPI CLK _ -
0x481F PREPARE L 0x3C RW clk:prepare_real = cIK_prepare_mln_o +
Tui*ui_clk_prepare_min_o
0x4820 MIN CLK POSTH  0x00 RW High Byte of Minimum Value of clk_post

Unit ns

Low Byte of Minimum Value of clk_post

0x4821 MIN CLK POST L 0x56 RW clk_post_real = clk_post_min_o + Tui*ui_clk_post_min_o

High Byte of Minimum Value of clk_trail

0x4822 MIN CLK TRAILH  0x00 RW .
Unit ns

Low Byte of Minimum Value of clk_trail

0x4823 MIN CLKTRAILL - Ox3C RW clk_trail_real = clk_trail_min_o + Tui*ui_clk_trail_min_o

High Byte of Minimum Value of Ipx_p

0x4824 MIN LPXPCLKH  0x00 RW g
Unit ns
0x4825  MINLPXPCLKL  0x32 Rw  LowByte of Minimum Value of Ipx_p .
Ipx_p_real = Ipx_p_min_o + Tui*ui_Ipx_p_min_o
MIN HS High Byte of Minimum Value of hs_prepare
0x4826  pREPARE H 0x00 RW™ Unitns

MIN HS Low Byte of Minimum Value of hs_prepare
0x4827 PREPARE L 0x32 RwW hs:pn.'epare_real = hs._prepare_mln_o +
Tui*ui_hs_prepare_min_o

High Byte of Minimum Value of hs_exit

0x4828 MIN HS EXIT H 0x00 RW 8
Unit ns

Low Byte of Minimum Value of hs_exit

0x4829 MiBsiS EAQL 084 RW hs_exit_real = hs_exit_min_o + Tui*ui_hs_exit_min_o

Minimum Ul Value of hs_zero

0x482A MIN HS ZERO/UI 0x05 RW .
Unit Ul

0x482B  MIN HS TRAIL/UI  0x04 Rw  Minimum Ul Value of hs_trai

Unit Ul
0x482C ;AIIE,\IIRSILUKI 0x00 RW ICJ/Irl]r:tanLIJm Ul Value of clk_zero
0x482D ,I\DAII?,\IIEIS,L_EEM 0x00 RW Itj/lrllr:tlTJtIJm Ul Value of clk_prepare
0x482E ,;’AIONS'CI':/bPT 0x34 RW [JA;TterTm Ul Value of clk_post
O0x482F "\I{IFI{’\/I-\IIC_}_LE 0x00 RW IL\J/IrI]r:tITJLIJm Ul Value of clk_trail
0x4830 '\P/ICI)’\II_IPEITJ)I( 0x00 RW IL\J/I'l1rl1t|nL11L|1m Ul Value of Ipx_p(pclk2x domain)
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-17 MIPI transmitter registers (sheet 5 of 5)

default
address | register name value R/W | description
MIN HS Minimum Ul Value of hs_prepare
0x4831  pREPARE/I 0x04 RW" Unitur

0x4832  MINHSEXIT/UI  0x00 rw  Minimum Ul Value of hs_exit

Unit Ul
0x4833~
0x4836 DEBUG MODE - - Debug Mode
0x4837 PCLK PERIOD 0x10 RW Period of Pixel Clock, pclk_div = 1, and 1-bit Decimal

7.18 ISP frame control [0x4901 - 0x4902]

table 7-18 ISP frame control registers

default
address | register name value R/W | description

Control Passed Frame Number
When both ON and OFF number set to 0x00, frame control
0x4901 FRAME CTRLO1 0x00 RW is in bypass mode
Bit[7:4]: Debug mode
Bit[3:0]: Frame ON number

Control Masked Frame Number
When both ON and OFF number set to 0x00, frame control
0x4902 FRAME CTRL02 0x00 RW is in bypass mode
Bit[7:4]: Debug mode
Bit[3:0]: Frame OFF number
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7.19 SPlreceiver control [0x4B00 - 0x4B12]

table 7-19 spirx control registers

default
address | register name value R/W | description

Bit[7]: Debug mode
Bit[6]:  SPI_rx selection
0: SPI2.0
1. SPI3.0
Bit[5]:  Debug mode
Bit[4]: Line start manual enable
Bit[3]:  Debug mode

0x4B00 SPI RX CTRL0O 0x06 RW B2  byte_order

0: LSB first

1:  MSB first
Bit[1]:  bit_order

0: LSBfirst

1:  MSB first

Bit[0]:  Data high/low byte swap

Bit[7]:  CSKreverse
Bit[6]:  Debug mode
0x4B01 SPI RX CTRLO1 0x0A RW Bit[5]: Raw8 enable
Bit[4]: = SRAM_test1
Bit[3:0]: SRAM_rm

Bit[7:6]: Debug mode

0x4B02  SPIRXCTRLG {f Oyl RW Bit[5:0]: Line start manual[13:8]

0x4B03 SPI RX CTRLO3 0x40 RW Bit[7:0]: Line start manual[7:0]

Bit[7:4]: Debug mode
Bit[3]: CRC request
Bit[2:1]: CRC flag option
Bit[0]: Debug mode

0x4B04 SPI RX CTRL04 0x10 RW

0x4B05 ~ SPIRX CTRLO5 - R Bit[7:0]: data_id[7:0]

0x4B06  SPIRX CTRL06 - R Bit[7:0]: image_width[15:8]

0x4B07  SPIRX CTRLO7 - R Bit[7:0]: image_width([7:0]

0x4B0O8  SPIRX CTRLOS - R Bit[7:0]: image_height[15:8]

0x4B09  SPIRX CTRL09 - R Bit[7:0]: image_height[7:0]

A DEBUGMODE - —  Debug Mode

0x4BOF  SPIRX CTRLOF - R 222{2:01: Eﬁaﬂsnﬁo g

0x4B10 SPI RX CTRL10 - R Bit[7:0]: Debug mode for internal use only
0x4B11  SPIRX CTRL11 - R Bit[7:0]: SPI CRC 16[15:8]

0x4B12  SPIRX CTRL12 - R Bit[7:0: SPI CRC 16[7:0]
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

7.20 ISP top control [0x5000 - 0x5063]

table 7-20 ISP top control registers (sheet 1 of 5)

default
address | register name value R/W | description
Bit[7]:  LENC correction enable
0: Disable
1:  Enable
Bit[6]: Debug mode
Bit[5]: RAW GMA enable
0: Disable
1:  Enable
Bit[4:3]: Debug mode
0x5000 ISP CONTROL 00 0x06 RW Bit[2]:  Black pixel cancellation enable
0: Disable
1:  Enable
Bit[1]:  White pixel cancellation enable
0: Disable
1:  Enable
Bit[0]: Color interpolation enable
0: Disable
1:  Enable
Bit[7]:  Special digital effect enable
0: Disable
1:  Enable
Bit[6]:  Debug mode
Bit[5]:  Scale enable
0: Disable
1:  Enable
Bit[4:3]: Debug mode
0x5001 ISP CONTROL 01 0x01 RW Bit[2]: UV average enable
0: Disable
1:  Enable
Bit[1]:  Color matrix enable
0: Disable
1:  Enable
Bit[0]:  Auto white balance enable
0: Disable
1:  Enable
0x5002 ISP CONTROLO02 0x80 RW Bit[7:0]: Debug mode

OmnNAMsion.  proprietary to OmniVision Technologies PRODUCT SPECIFICATION version 2.01



table 7-20 ISP top control registers (sheet 2 of 5)

default
address | register name value R/W | description
Bit[7:3]: Debug mode
Bit[2]: Bin enable
0: Disable
1:  Enable
0x5003 ISP CONTROL 03 0x08 RW Bit[1]: D_raw wjndow for AFC enable
0: Disable
1:  Enable
Bit[0]:  Solarize enable
0: Disable
1:  Enable
0x5004 ISP CONTROL 04 0x00 RW Bit[7:0]: Debug mode for internal use only
Bit[7]: Debug mode
Bit[6]:  AWB bias manual enable
0: Disable
1:  Enable
Bit[5]:  AWB bias ON enable
0: Disable
1:  Enable
Bit[4]:  AWB bias plus enable
0: Disable
1:  Enable
0x5005 ISP CONTROL 05 0x36 RW B3  Debug mode
Bit[2]:  LENC bias ON enable
0: Disable
1:  Enable
Bit[1:  GMA bias ON enable
0: Disable
1:  Enable
Bit[0]:  LENC bias manual enable
0: Disable
1:  Enable
82832" DEBUG MODE - - Debug Mode
Bit[7]:  Debug mode
Bit[6]: SDE AVG manual enable
0x501D ISP MISC 0x00 RW Bit[5]: AWB YUV2CBCR enable
Bit[4]:  Average size manual enable
Bit[3:0]: Debug mode
0x501E DEBUG MODE - - Debug Mode

05.10.2013 PRODUCT SPECIFICATION

proprietary to OmniVision Technologies

Omn\ Hsion.




0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-20 ISP top control registers (sheet 3 of 5)

default
address | register name value R/W | description
Format MUX Control

Bit[7:4]: Debug mode

Bit[3]:  Fmt vfirst

Bit[2:0]: Format select

FORMAT MUX 000: ISP YUV422

O801F conTROL 0x00 RW 001: ISP RGB

010: ISP dither

011: ISP RAW (DPC)
100: SNR RAW

101: ISP RAW (CIP)

Bit[7]: Debug mode
Bit[6]: Dither mux
0x5020 DITHER CTRL 0 0x00 RW Bit[5:4]: R dithering
Bit[3:2]: G dithering
Bit[1:0]: B dithering

0x5021~

0x5026 DEBUG MODE - - Debug Mode
Bit[7:1]: Debug mode

DRAW WINDOW Bit[0]: Draw window control

08027 CONTROL 00 02 RW 0: Nofixed Y

1. FixedY

DRAW WINDOW R

0x5028  LEFT POSITION 0x04 RW g::g;g}; Bf:x%mga oRE11:8]
CONTROL oF :
DRAW WINDOW

0x5029  LEFT POSITION 0x90 RW Bit[7:0]: Draw window left[7:0]
CONTROL
DRAW WINDOW N

0x502A  RIGHT POSITION 0x05 RW g:tgjg%j gfak’w”%v?]zg‘jv ghi{11:8]
CONTROL ok gnitt:
DRAW WINDOW

0x502B  RIGHT POSITION 0x90 RW Bit[7:0: Draw window right{7:0]
CONTROL
DRAW WINDOW R

0x502C  TOP POSITION 0x03  RW ::g;g} Bf:wugﬁgijv ool 10:6]
CONTROL ok pLE:
DRAW WINDOW

0x502D TOP POSITION 0x6C RW Bit[7:0]: Draw window top[7:0]
CONTROL
DRAW WINDOW R

Ox502E  BOTTOMPOSITION  0x04  RW g:g;g} g?:wu?/v::zgjv bottom(10:6]
CONTROL Ok :
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table 7-20 ISP top control registers (sheet 4 of 5)

default
address | register name value R/W | description
DRAW WINDOW
0x502F BOTTOMPOSITION 0x2C RW Bit[7:0]: Draw window bottom[7:0]
CONTROL
ESIA;Y%VAI#ADLOW Bit[7:4]: Debug mode
0x5030 BOUNDARY WIDTH 0x00 RwW Bit[3:0]: ‘IADI:'::;[\;\qEOW horizontal boundary
CONTROL '
DRAW WINDOW
HORIZONTAL o L . . .
0x5031 BOUNDARY WIDTH 0x14 RW Bit[7:0]: Draw window horizontal boundary width[7:0]
CONTROL
DRAW WINDOW
VERTICAL Bit[7:3]: Debug mode
0x5032 BOUNDARY WIDTH 0x00 RW Bit[2:0]: Draw window vertical boundary width[10:8]
CONTROL
DRAW WINDOW
VERTICAL P . ) . .
0x5033 BOUNDARY WIDTH 0x14 RW Bit[7:0]: Draw window vertical boundary width[7:0]
CONTROL
DRAW WINDOW Y Y .
0x5034 CONTROL 0x80 RwW Bit[7:0]: Fixed Y for draw window
DRAW WINDOW U [P, .
0x5035 CONTROL 0x2A RW Bit[7:0]: Fixed U for draw window
DRAW WINDOW V [, .
0x5036 CONTROL 0x14 RW Bit[7:0]: Fixed V for draw window
0x5037~
0x503C DEBUG MODE - - Debug Mode
Bit[7]:  Pre ISP test enable
0: Testdisable
1:  Color bar enable
Bit[6]:  Rolling
Bit[5]:  Transparent
Bit[4]:  Square BW
Bit[3:2]: Pre ISP bar style
PRE ISP TEST 00: Standard 8 color bar
0x503D SETTING 1 0x00 RW 01: Gradual change at vertical mode 1
10: Gradual change at horizontal
11:  Gradual change at vertical mode 2
Bit[1:0]: Test select
00: Color bar
01: Random data
10: Square data
11: Black image
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0V5645

Omn\ Hsion.

color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-20 ISP top control registers (sheet 5 of 5)

default
address | register name value R/W | description
822825 DEBUG MODE - - Debug Mode
0x5061 ISP SENSORBIAS | — R ISP Sensor Bias |
0x5062 ISP SENSOR GAINI - R ISP Sensor Gain |
0x5063 ISP SENSORGAINIT - R ISP Sensor Gain |

7.21 AWB control [0x5180 - 0x51D0]

table7-21 ~ AWBregisters (sheet 1 of 5)

default
address | register name value R/W | description

0x5180 AWB CONTROL 00 OxFF RW Bit[7:0]: AWB B block

Bit[7:6]: Step local
Bit[5:4]: Step fast
Bit[3]:  Slop 8x
Bit[2]:  Slop 4x
Bit[1]:  One zone

0x5181 AWB CONTROL 01 0x58 RW

Bit[0]:  AVGall
Bit[7:4]: Max local counter
0x5182 AWB CONTROL 02 0x11 RwW Bit[3:0: Max fast counter
Bit[7]:  AWB simple enable
0:  AWB advance
1:  AWB simple
Bit[6]:  AWB advance
0x5183  AWBCONTROL03 ~ 0x90  RW 0: YUVenable

1:  Simple YUV enable
Bit[5]: AWB preset
Bit[4]: AWB SIMF
Bit[3:2]: AWB win
Bit[0]:  AWB FD select

Bit[7:6]: Count area selection
Bit[5]: G enable

Bit[4:2]: Count limit control
Bit[1:0]: Counter threshold

0x5184 AWB CONTROL 04 0x25 RW

Bit[7:4]: Stable range unstable
Threshold for unstable to stable change

0x5185 AWB CONTROL 05 0x24 RwW Bit[3:0]: Stable range stable
Threshold for stable to unstable change
proprietary to OmniVision Technologies PRODUCT SPECIFICATION version 2.01



table 7-21 AWB registers (sheet 2 of 5)
default
address | register name value R/W | description
0x5186 AWB CONTROL 06 0x10 RW Bit[7:0]: AWB's
0x5187 AWB CONTROL 07 0x10 RW Bit[7:0]: AWB ec
0x5188 AWB CONTROL 08 0x10 RW Bit[7:0]: AWB fc
0x5189 AWB CONTROL 09 0x40 RW Bit[7:0]: AWB x0
0x518A AWB CONTROL 10 0x40 RW Bit[7:0]: AWB y0
0x518B AWB CONTROL 11 0x00 RW Bit[7:0]: AWB kx
0x518C AWB CONTROL 12 0x00 RW Bit[7:0]: AWB ky
0x518D AWB CONTROL 13 0x00 RW Bit[7:0]: Day limit
0x518E AWB CONTROL 14 0x00 RW Bit[7:0]: A limit
0x518F AWB CONTROL 15 0x20 RW Bit[7:0]: Day split
0x5190 AWB CONTROL 16 0x20 RW Bit[7:0]: A split
0x5191 AWB CONTROL 17 OxFF RW Bit[7:0]: AWB top limit
0x5192 AWB CONTROL 18 0x00 RW Bit[7:0]: AWB bottom limit
0x5193 AWB CONTROL 19 0xFO RW Bit[7:0]: Red limit
0x5194 AWB CONTROL 20 0xFO RW Bit[7:0]: Green limit
0x5195 AWB CONTROL 21 0xFO RW Bit[7:0]: Blue limit
Bit[7:6]: Debug mode
Bit[5]:  AWB freeze
Bit[4]:  Debug mode
Bit[3:2]: AWB simple selection
00: AWB simple from after AWB gain
0x5196 o WQCONTROLGAS  0x03 RW 01: AWB simple from after RAW GMA
10: AWB simple from after RAW GMA
11:  AWB simple from after AWB gain
Bit[1]:  Fast enable
Bit[0]:  AWB bias stat
0x5197 AWB CONTROL 23 0x02 RW Bit[7:0]: Local limit
Bit[7:4]: Debug mode
0x5198 ':AVXII?IURA(LBAIN 0x00 RW Bit[3:0]: AWB R gain manual[11:8]
Function when 0x5196[7]=1
AWB R GAIN Bit[7:0]: AWB R gain manual[7:0]
0x8199 \jANUAL 0x00 RW Function when 0x5196[7]=1
Bit[7:4]: Debug mode
OX519A QVXESAEA'N 0x00  RW Bit[3:0]: AWB G gain manual[11:]
Function when 0x5196[7]=1
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-21 AWB registers (sheet 3 of 5)

default
address | register name value R/W | description
AWB G GAIN Bit[7:0]: AWB G gain manual[7:0]
OS19B  \ANUAL 0x00 RW Function when 0x5196[7]=1

Bit[7:4]: Debug mode
0x519C aﬁﬁgAfAlN 0x00 RW Bit[3:0]: AWB B gain manual[11:8]
Function when 0x5196[7]=1

AWB B GAIN Bit[7:0]: AWB B gain manual[7:0]
OS19D yANUAL 0x00 RW Function when 0x5196[7]=1

Bit[7:4]: Debug mode
Bit[3]:  Local limit select

0x519E AWB CONTROL 30 0x00 RW B2  Simple stable select
Bit[1:0]: Debug mode
AWB CURRENT _ Bit[7:4]: Debug mode
OBI9F R GAIN R Bit[3:0]: Current R setting[11:8]
AWB CURRENT P ) .
0x51A0 R GAIN — R Bit[7:0]: Current R setting[7:0]
0x51A1 AWB CURRENT B R B!t[7:4]: Debug mode .
G GAIN Bit[3:0]: Current G setting[11:8]
AWB CURRENT T . .
0x51A2 G GAIN — R Bit[7:0]: Current G setting[7:0]
AWB CURRENT _ Bit[7:4]: Debug mode
OSlg° B GAIN R Bit[3:0]: Current B setting[11:8]
AWB CURRENT o ) )
0x51A4 B GAIN - R Bit[7:0]: Current B setting[7:0]
0x51A5 AWB AVERAGE B - R Bit[7:0]: Average R[9:2]
0x51A6 AWB AVERAGE B - R Bit[7:0]: Average G[9:2]
0x51A7 AWB AVERAGE B - R Bit[7:0]: Average B[9:2]
0x51A7 AWB AVERAGE B - R Bit[7:0]: Average b[9:2]
0x51A8 AWB RED SUM - R Bit[7]: R sum[32]
0x51A9 AWB RED SUM - R Bit[7:0]: R sum[31:24]
0x51AA AWB RED SUM - R Bit[7:0]: R sum[23:16]
0x51AB AWB RED SUM - R Bit[7:0]: R sum[15:8]
0x51AC AWB RED SUM - R Bit[7:0]: R sum[7:0]
0x51AD DEBUG MODE - - Debug Mode
0x51AE AWB G SUM - R Bit[7]: G sum[32]
0x51AF AWB G SUM - R Bit[7:0]: G sum[31:24]
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table 7-21 AWB registers (sheet 4 of 5)

default
address | register name value R/W | description
0x51B0 AWB G SUM - R Bit[7:0]: G sum[23:16]
0x51B1 AWB G SUM - R Bit[7:0]: G sum[15:8]
0x51B2 AWB G SUM - R Bit[7:0]: G sum[7:0]
0x51B3 DEBUG MODE - - Debug Mode
0x51B4 AWB B SUM - R Bit[7]: B sum[32]
0x51B5 AWB B SUM - R Bit[7:0]: B sum[31:24]
0x51B6 AWB B SUM - R Bit[7:0]: B sum[23:16]
0x51B7 AWB B SUM - R Bit[7:0]: B sum[15:8]
0x51B8 AWB B SUM - R Bit[7:0]: B sum[7:0]
0x51B9 DEBUG MODE - - Debug Mode
0x51BA DEBUG MODE - - Debug Mode
e AwAGNT - R BT Coamede
0x51BC AWB A CNT - R Bit[7:0]: A count[15:8]
0x51BD AWB A CNT - R Bit[7:0]: A count[7:0]
0x51BE DEBUG MODE - - Debug Mode
oo awsowEGT - n oS08 ke
0x51C0 AWB CWF CNT - R Bit[7:0]: CWF count[15:8]
0x51C1 AWB CWF CNT - R Bit[7:0]: CWF count[7:0]
0x51C2 DEBUG MODE - - Debug Mode
oica awowrONT - R DS Do
0x51C4 AWB DAY CNT - R Bit[7:0]: Day count[15:8]
0x51C5 AWB DAY CNT - R Bit[7:0]: Day count[7:0]
0x51C6 DEBUG MODE - - Debug Mode
BEICT  AWBALLONT - R e
0x51C8 AWB ALL CNT - R Bit[7:0]: All count[15:8]
0x51C9 AWB ALL CNT - R Bit[7:0]: All count[7:0]
0x51CA AWB RED CENTER - R Bit[2:0]: R center[10:8]
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-21 AWB registers (sheet 5 of 5)

default
address | register name value R/W | description
0x51CB AWBRED CENTER - R Bit[7:0]: R center{7:0]
0x51CC  AWB G CENTER - R g:gg} geé’e”ngter:‘[?g;]
0x51CD  AWB G CENTER - R Bit[7:0]: G center[7:0]
OX51CE  AWB B CENTER - R g:gg} gibe‘:ge'?[?g%]
0x51CF  AWB B CENTER - R Bit[7:0]: B center{7:0]
Bit[7:6]: Debug mode
Bit}5]: R large
0x51D0  AWB CONTROL74 kL R g:g} S.'ZTS:

Bit[2:1]: Current type
Bit[0]:  Debug mode

Bit[7:5]: Debug mode
0x51D1 AWB SRAM CTRL O0x0A RW Bit[4]: SRAM test
Bit[3:0]: SRAMrm

7.22 CIP control [0x5300 - 0x530F]

table 7-22 CIP control registers (sheet 1 of 2)

default
address register name value description

CIP SHARPENMT Color Interpolation Sharpen MT
QR0 THRESHOLD 1 0x08 Threshold 1

CIP SHARPENMT Color Interpolation Sharpen MT
0x5301 THRESHOLD 2 0x48 RW " Threshold 2

CIP Sharpen MT Offset1
0x5302 CIP SHARPENMT OFFSET1 0x18 RwW (Y edge mt manual setting when
0x5308[6]=1)

0x5303 CIP SHARPENMT OFFSET2 0x0E RW CIP Sharpen MT Offset2
0x5304 CIP DNS THRESHOLD 1 0x08 RW CIP DNS Threshold 1
0x5305 CIP DNS THRESHOLD 2 0x48 RW CIP DNS Threshold 2

CIP DNS Offset1
0x5306 CIP DNS OFFSET1 0x09 RwW (DNS threshold manual setting when
0x5308[4]=1)
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table7-22  CIP controlregisters (sheet 2 of 2)

default
address register name value description

0x5307 CIP DNS OFFSET2 0x16 CIP DNS Offset2
Bit[7]: Debug mode
Bit[6]: CIP edge MT manual enable
0x5308 CIP CTRL 0x25 RW Bitl4:  CIP DNS manual enable
Bit[2:0]: CIP threshold for BR sharpen
CIP SHARPENTH
0x5309 THRESHOLD 1 0x08 RW CIP Sharpen TH Threshold 1
CIP SHARPENTH
0x530A THRESHOLD 2 0x48 RW CIP Sharpen TH Threshold 2
CIP Sharpen TH Offset1
0x530B CIP SHARPENTH OFFSET1 0x04 RW (Sharpen threshold manual setting when
0x5308[6]=1)
0x530C CIP SHARPENTH OFFSET2 0x06 RW CIP Sharpen TH Offset2
0x530D CIP EDGE MT AUTO - R CIP Edge MT Auto Read
0x530E CIP DNS THRESHOLD - R CIP DNS Threshold Auto Read
AUTO
0x530F CIP SHARPEN THRESHQED - R CIP Sharpen Threshold Auto Read

AUTO

7.23 CMX control [0x5380 - 0x538B]|

table 7-23  CMX control registers (sheet 1 of 2)

default
address register name value description

Bit[7:2]: Debug mode

Bit[1]:  CMX precision switch
0x5380 CMX CTRL 0x00 RW 0: 1.7 mode

1: 2.6 mode

Bit[0]:  Debug mode

Bit[7:2]: Debug mode
0x5381 CMX1 0x20 RW Bit[1]:  CMX1 for Y

Bit[0]:  Debug mode
0x5382 CMX2 0x64 RW Bit[7:0]: CMX2 for Y
0x5383 CMX3 0x08 RW Bit[7:0]: CMX3 for Y
0x5384 CMX4 0x30 RW Bit[7:0]: CMX4 for U
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table7-23 ~ CMX control registers (sheet 2 of 2)

default
address register name value description

0x5385 CMX5 0x90 Bit[7:0]: CMX5 for U

0x5386 CMX6 0xCO RW Bit[7:0]: CMX6 for U

0x5387 CMX7 0xA0 RW Bit[7:0]: CMX7 for V

0x5388 CMX8 0x98 RW Bit[7:0]: CMX8 for V

0x5389 CMX9 0x08 RW Bit[7:0]: CMX9 for V
Cmxsign

0x538A CMXSIGN 0x01 RW Bit[7:1]: Debug mode

Bit[0]:  CMX9 sign

Cmxsign
Bit[7]:  CMXS8 sign
Bit[6]:  CMX7 sign
Bit[5]:  CMX®6 sign
0x538B CMXSIGN 0x98 RW Bit[4]:  CMX5 sign
Bit[3]:  CMX4 sign
Bit[2]:  CMX3 sign
Bit[1]:  CMX2 sign
Bit[0]:  CMX1 sign

7.24 gamma control [0x5480 - 0x5490]

table7-24 _ gamma control registers (sheet 1 of 2)

default
address register name value description

Bit[7:2]: Debug mode
0x5480 GAMMA CONTROLO00 0x00 RW Bit[1]:  YSLP15 manual enable
Bit[0]:  Bias plus on

0x5481 GAMMA YST00 0x26 RW Bit[7:0]: Y yst 00
0x5482 GAMMA YSTO1 0x35 RW Bit[7:0]: Y yst 01
0x5483 GAMMA YST02 0x48 RW Bit[7:0]: Y yst 02
0x5484 GAMMA YSTO03 0x57 RW Bit[7:0]: Y yst 03
0x5485 GAMMA YST04 0x63 RW Bit[7:0]: Y yst 04
0x5486 GAMMA YST05 Ox6E RW Bit[7:0]: Y yst 05
0x5487 GAMMA YST06 0x77 RW Bit[7:0]: Y yst 06
0x5488 GAMMA YSTO07 0x80 RW Bit[7:0]: Y yst07
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table7-24  gamma control registers (sheet 2 of 2)

default
address register name value description

0x5489 GAMMA YSTO08 0x88 Bit[7:0]: Y yst08
0x548A GAMMA YSTO09 0x96 RW Bit[7:0]: Y yst 09
0x548B GAMMA YSTOA 0xA3 RW Bit[7:0]: Y yst 0A
0x548C GAMMA YSTOB OxAF RW Bit[7:0]: Y ystOB
0x548D GAMMA YSTOC 0xC5 RW Bit[7:0]: Y yst0C
0x548E GAMMA YSTOD 0xD7 RW Bit[7:0]: Y yst 0D
0x548F GAMMA YSTOE OxE8 RW Bit[7:0]: Y ystOE
0x5490 GAMMA YSTOF O0xOF RW Bit[7:0]: Y ystOF

7.25 SDE control [0x5580 - 0x558C]

table 7-25 SDE control registers (sheet 1 of 2)

default
address | register name value R/W | description

Bit[7]:  Fixed Y enable

0: Disable

1:  Enable
Bit[6]: Negative enable

0: Disable

1:  Enable
Bit[5]:  Gray enable

0: Disable

1:  Enable
Bit[4]:  Fixed V enable

0: Disable

0x5580 SDE CTRLO 0x00 RW . 1. Enable

Bit[3]: Fixed U enable

0: Disable

1:  Enable
Bit[2]:  Contrast enable

0: Disable

1:  Enable
Bit[1]:  Saturation enable

0: Disable

1:  Enable
Bit[0]: Hue enable

0: Disable

1:  Enable

0x5581 SDE CTRLA1 0x80 RwW Bit[7:0]: Hue cos coefficient
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-25  SDE controlregisters (sheet 2 of 2)

default
address | register name value R/W description

0x5582 SDE CTRL2 0x00 Bit[7:0]: Hue sin coefficient

Bit[7:0]: Saturation U when 0x5580[1]=1 and
0x5588[6]=1, max value for UV adjust

0x5583 SDECTRL3 0x40 RW when 0x5580[1]=1 and 0x5588[6]=0
or fixed U when 0x5580[3]=1
Bit[7:0]: Saturation V when 0x5580[1]=1 and
0x5588[6]=1, min value for UV adjust
0x5584  SDECTRL4 0x40 RW when 0x5580[1]=1 and 0x5588[6]=0
or Vreg when 0x5580[4]=1
Bit[7:0]: Y offset for contrast when 0x5044[3]=1;
0x3585  SDECTRLS >R ) or fixed Y when 0x5580[7]=1
0x5586 SDE CTRL6 0x20 RW Bit[7:0]: Y gain for contrast
0x5587 SDE CTRL7 0x00 RW Bit[7:0]: Y bright for contrast
Bit[7]:  Debug mode
Bit[5]:  Sign5 for hue V, cos
Bit[4]:  Sign4 for hue U, cos
Bit[3]:  Sign3'Y bright sign for contrast
0: Keep Y bright sign
1:  Negative Y bright sign
0x5588 SDE CTRL8 0x01 RW Bit[2]:  Sign2
Y offset sign for contrast when
0x5044[3]=1
0: KeepY offset sign
1:  Negative Y offset sign
Bit[1]:  Sign1 for hue V, sin
Bit[0]:  Sign0 for hue U, sin
0x5589 SDE CTRL9 0x01 RW Bit[7:0]: UV adjust threshold 1

Valid when 0x5580[1]=1

Bit[7:1]: Debug mode
0x558A SDE CTRL10 0x01 RW Bit[0]: UV adjust threshold 2[8]
Valid when 0x5580[1]=1

Bit[7:0]: UV adjust threshold 2[7:0]

0x558B SDE CTRL11 OxFF RwW Valid when 0x5580[1]=1

0x558C SDE CTRL12 - R Bit[7:0]: UV adjust value read out
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7.26 scale control [0x5600 - 0x5606]

table 7-26 scaleregisters

default
address | register name value R/W | description

Bit[7:6]: Debug mode
Bit[5]: UV drop
YUV444 to 422 drop mode vs. AVG mode select
0:  AVG mode
1:  Drop mode
Bit[4]:  Debug mode
Bit[3]:  Hround
DCW hrounding
0:  No horizontal rounding
1:  Horizontal rounding
Bit[2]:  Hdrop
DCW drop mode
0:  Horizontal average mode
1:  Horizontal drop mode
Bit[1]:  Vround
DCW vrounding
0:  No vertical rounding
1:  Vertical rounding
Bit[0]: ~ Vdrop
DCW drop mode
0:  Vertical average mode
1:  Vertical drop mode

0x5600 SCALE CTRL O 0x10 RW

Bit[7]: Debug mode

Bit[6:4]: HDIV RW
DCW scale times
000: DCW 1 time
001: DCW 2 time
010: DCW 4 time
011: DCW 8 time

0x5601 SCALE CTRL 1 0x00 RW 1xx: DCW 16 time

Bit[2:0]: VDIV RW
DCW scale times
000: DCW 1 time
001: DCW 2 time
010: DCW 4 time
011: DCW 8 time
1xx: DCW 16 time

0x5602  SCALECTRL2  0x02 RW Bit[7:0]: XSC[15:8]
0x5603  SCALECTRL3  0x00 RW Bit[7:0]: XSC[7:0]
0x5604  SCALECTRL4  0x02 RW Bit[7:0]: YSC[15:8]
0x5605  SCALECTRL5  0x00 RW Bit[7:0]: YSC[7:0]

Bit[7:4]: Debug mode

0x5606 SCALE CTRL 6 0x00 RW Bit[3:0]: Voffset

05.10.2013 PRODUCT SPECIFICATION proprietary to OmniVision Technologies  OMNTEASION.



0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

7.27 AVG control [0x5680 - 0x56A2]

table 7-27  AVGregisters (sheet 1 of 2)

default
address | register name value R/W | description

Bit[7:5]: Debug mode

Bit[4:0]: X start[11:8]
Horizontal start position for average window
high byte, valid when 0x501D[4]=1

0x5680 X START 0x00 RW

Bit[7:0]: X start[7:0]
0x5681 X START 0x00 RW Horizontal start position for average window
low byte, valid when 0x501D[4]=1

Bit[7:3]: Debug mode

Bit[2:0]: Y start[10:8]
Vertical start position for average window low
byte, valid when 0x501D[4]=1

0x5682 Y START 0x00 RW

Bit[7:0]: Y start[7:0]
0x5683 Y START 0x00 RW Vertical start position for average window low
byte, valid when 0x501D[4]=1

Bit[7:4]: Debug mode

Bit[3:0]: Window X[11:8]
Horizontal width for average window high
byte, valid when 0x501D[4]=1

0x5684 X WINDOW 0x10 RW

Bit[7:0]: Window X[7:0]
0x5685 X WINDOW 0xA0 RwW Horizontal width for average window low byte,
valid when 0x501D[4]=1

Bit[7:3]: Debug mode

Bit[2:0]: Window Y[10:8]
Vertical height for average window high byte,
valid when 0x501D[4]=1

0x5686 Y WINDOW 0x0C RW

Bit[7:0]: Window Y[7:0]
0x5687 Y WINDOW 0x78 RwW Vertical height for average window low byte,
valid when 0x501D[4]=1

Bit[7:4]: Window 01 weight

0x5688  WEIGHTO0 0x11 RW Bit[3:0]: Window 00 weight
OG89 WEIGHTO! Ot RW ik Window 03 weoht
0684 WEIGHTO? Ot RW Gl Window 10 weigh
05688 WEIGHTO3 Ot RW Ok Window 12 waeht
e WEIGHTOS ot A Bit[7:4]: Window 21 weight

Bit[3:0]: Window 20 weight
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7-55

table 7-27  AVGregisters (sheet 2 of 2)

default
address | register name value R/W | description
Bit[7:4]: Window 23 weight
0x568D WEIGHT05 Ox11 RW Bit[3:0]: Window 22 weight
Bit[7:4]: Window 31 weight
0x568E  WEIGHTO6 Ox11 RW Bit[3:0: Window 30 weight
Bit[7:4]: Window 33 weight
0x568F  WEIGHTO7 Ox11 RW Bit[3:0]: Window 32 weight
Bit[7:1]: Debug mode
0x5690  AVG CTRL10 0x01 RW Bit[0]:  AVG option

0: Sum = (4*B+9*G*2+10*R)/8
1:  Sum = (B+G*2+R)

0x5691 AVG WIN 00 - R Bit[7:0]: Average of win 00
0x5692 AVG WIN 01 - R Bit[7:0]: Average of win 01
0x5693 AVG WIN 02 - R Bit[7:0]: Average of win 02
0x5694 AVG WIN 03 - R Bit[7:0]: Average of win 03
0x5695 AVG WIN 10 - R Bit[7:0]: Average of win 10
0x5696 AVG WIN 11 - R Bit[7:0]: Average of win 11
0x5697 AVG WIN 12 - R Bit[7:0]: Average of win 12
0x5698 AVG WIN 13 - R Bit[7:0]: Average of win 13
0x5699 AVG WIN 20 - R Bit[7:0]: Average of win 20
0x569A AVG WIN 21 - R Bit[7:0]: Average of win 21
0x569B AVG WIN 22 - R Bit[7:0]: Average of win 22
0x569C AVG WIN 23 - R Bit[7:0]: Average of win 23
0x569D AVG WIN 30 - R Bit[7:0]: Average of win 30
0x569E AVG WIN 31 - R Bit[7:0]: Average of win 31
0x569F AVG WIN 32 - R Bit[7:0]: Average of win 32
0x56A0 AVG WIN 33 - R Bit[7:0]: Average of win 33
0x56A1 AVG READOUT - R Bit[7:0]: High 8 bits of average value
0x56A2 g\L/J(I\;/I WEIGHT R Bit[7:0]: Average weight sum
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

7.28 DPC control [0x5780 - 0x57FF]

table 7-28 CMX control registers (sheet 1 of 2)

default
address register name value description

DPC Control (0: disable; 1: enable)
Bit[7]:  Tail enable
Bit[6]:  satenable
Bit[5]:  Cluster enable
0x5780 DPC CTRLOO 0x1C RW Bit[4]:  Same color channel enable
Bit[3]: Different color channel enable
Bit[2]:  Smooth enable
Bit[1]: Black/white sensor mode enable
Bit[0]:  Man mode enable

Bit[7:5]: Debug mode
Bit[4]:  Color line enable
Bit[3:2]: Debug mode
Bit[1:0]: Edge option
0x5781 DPC CTRLO1 0x13 RwW 00: Padding 10
01: Padding 1FFF
10: Padding 13FF
11:  Padding 2 pixel on the left and
right edge

Bit[7:2]: Debug mode
0x5782 DPC VNUM 0x03 RW Bit[1:0]: Maximum number of the relating defect
pixel in vertical line

Bit[7]:  Debug mode
0x5783 DPC WTHRE 0x08 RW Bit[6:0]: Threshold value for detecting white
pixel

Bit[7]: Debug mode
0x5784 DPC BTHRE 0x20 RwW Bit[6:0]: Threshold value for detecting black
pixel

Bit[7]:  Debug mode
Bit[6:0]: Used in recovery

0x5785 DPC THREA 0x10 RW Used to select the normal pixel during
recovery
Bit[7]:  Debug mode
0x5786 DPC THRE2 0x08 RW Bit[6:0]: Used in recovery
0x5787 DPC THRE3 0x10 RW Bit[7:0]: Used in check-below module
Bit[7]: Debug mode
0x5788  DPC THRE4 0x10 RW Bit[6:0]: Used in detection
DPC WTHRE Bit[7]:  Debug mode
05789 170 0x08 RW Bit[6:0]: List for white pixel threshold calculation
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table7-28  CMX control registers (sheet 2 of 2)

default
address register name value description

Ox578A EIZ%WTHRE 0x04 S::EZ]O]: E.z? ?0?’ wt?:tj: pixel threshold calculation
0x5788 EIZ?ZW THRE 0x02 RW E:IES]O] E:? ll‘Jo% vn\:t?icti: pixel threshold calculation
0x578C EIFS?:?\»N THRE 0x02 RW E:I{E]O] E.z:) ltlo% vn\:t?i?: pixel threshold calculation
0x578D DPC BTHRE LISTO 0x0C RW S:IEE]O] Eltse:) ?ogr rt:Zg: pixel threshold calculation
Ox578E DPC BTHRE LIST 0x06 RW S::Eg]O] Ezf ltjo?' rt?lgglf pixel threshold calculation
Ox578F DPC BTHRE LIST2 0x02 RW S::EZS]O] E:? ltjo?' Egg: pixel threshold calculation
0x5790 DPC BTHRE LIST3 0x02 2 S:I{Q]O] EZ? ?o?’ rt?lgg: pixel threshold calculation
0x5791 DPC SAT OxFF RW Bit[7:0]: DPC sat

Go7A)  DPCREADO - R gyigr cont ol

Ox57A1 DPC READ 1 3 R g::g]O] \?V?\ti)tl::gtr:?gg:old read

Go7Az  DPCREADZ = R g pel T read

v oporEwos. < R S owmme

0x57A4 DPC READ 4 - R Bit[7:0]: Threshold2 read

0x57A5 DPC READ 5 - R Bit[7:0]: Threshold3 read

0x57A6  DPC READ 6 - R Bitl7]: ~ Debug mode

Bit[6:0]: Threshold4 read
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

7.29 LENC control [0x5800 - 0x5849]

table 7-29 LENC control registers (sheet 1 of 6)

default
address register name value description

Bit[7:6]: Debug mode

0x5800 GMTRX00 0x10 Bit[5:0]: Green matrix 00
oe0r GMTRNO! 00 RW G Groon matixor
ootz GMTRXOZ 00 RN el Greon mavixo2
mess  GuTRXDS 00 RW Bl Groon mawix03
Ds0s GMTRXDS 00 RW Gl Groonmauix0d
oes0s GMTRX0S 00 RW Gl Groonmauix0s
oss0s - GMTRX10 00 RW Bl Groon mawix08
oet07 - OMTRXTH 008 RW Bl Groenmawixo7
0x5808 GMTRX12 0x08 RW S!I{ES} g(:::r? nT;t?i?( 08
mes0s  GMTRX13 08 RW Gl Groonmauixo9
Des0A GMTRX1 B8 RW gl Greon mavixoA
mes0s GMTRX1S 00 RW Gl GroonmawixoB
oet0c  GMTRXCD 00 RW gl Green maix00
mesD  GuTRK! B8 RW Gl GreonmauixoD
Des0E GTRX22 B0 RW Gl Groon mavixoE
oesOF GMTRX B0 RW Gl Groon mavixOF
OX5810 GMTRX24 0x08 RW Bit[7:6]: Debug mode

Bit[5:0]: Green matrix 10
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table7-29  LENC control registers (sheet 2 of 6)

default
address register name value description

Bit[7:6]: Debug mode

0x5811 GMTRX25 0x10 Bit[5:0]: Green matrix 11
DBz GMTRX3D 010 R el reen maui 12
DoB13 GMTRKS! 008 W el reenmaui 13
0x5814 GMTRX32 0x00 RIW g:tggi Broor mati 14
oBts  GHTRKG: D00 RW - gUCo Creen mavi 15
oste GMTRKGM 008 RW  CUCol Creen mavi 10
05817 GMTRX3S 010 RW. gl Grean mat 17
oB1s GMTRKAD 010 RW ol Green mai 18
oeEt9 GMTRNGT D08 RW - guCol Cren mavix 19
T 008 RW GO Cren mavi 1A
DesIE GHTRNAS 008 RW  CUCOE Green mavi 18
DoBIC  GUTRNG D08 R Gl reenmani 1C
DEBIE GTRAS 010 RW gl Green maix 10
OEBIE GMTRXSD 00 RW o Green ma 1E
OBIF | GMTRST 00 RW gl Cren ma 1F
B820  GMTRKS? 00 RW o Creen mavix20
0x5821 GMTRX53 0x10 RIW Eﬁggi Cromm mate 21
ootz GTRKSS 010 RW ol Creen mai 22
Ox5823 GMTRXES 0x10 RIW Bit[7:6]: Debug mode

Bit[5:0]: Green matrix 23
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-29  LENC control registers (sheet 3 of 6)

default
address register name value description

Bit[7:4]: Blue matrix 00

0x5824 BRMATRX00 Bit[3:0]: Red matrix 00
D625 BRMATRXO1 DM RW Bk Reamarm ot
D626 BRMATRXO2 DA RW Bk Red marioz
0x5827 BRMATRX03 OxAA RW 2!1{23} Rod meti 05
D625 BRMATRXDS OAA RN Reamet0d
D829 BRMATRXDS OAA RN Rea me o5
0x582A BRMATRX06 0x99 RW S!I{ES} rBegf nT:ttr:I))(((()Jg
D828 BRMATRXO? 005 RN G Reamaor
0552 BRMATRXDS 005 RN G Reamaoe
062D BRMATRXD9 OAA RN Rea met 00
DSS2E BRMATRXZ0 oAA RN G Reamet 20
Os62F  BRMATRK21 09 RW Gl Red mariet
06830 BRMATRXZ2 068 RN Reame 22
D831 BRMATRXZS 000 RN Reamezs
Dot BRMATRX2S OAA RN Reame2e
0x5833 BRMATRX30 OxAA RW SII{Q‘S} E:; ?:ttrr.z(gg
Dosn BRUATRNGH 00 RW. Gk Red mari st
D835 BRMATRX32 005 RN G Reamen sz
OX5836 BRVATRX33 0x99 RW Bit[7:4]: Blue matrix 33

Bit[3:0]: Red matrix 33
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table7-29  LENC control registers (sheet 4 of 6)

default
address register name value description

Bit[7:4]: Blue matrix 34

0x5837 BRMATRX34 Bit[3:0]: Red matrix 34

Bit[7:4]: Blue matrix 40

0x5838 BRMATRX40 OxAA R/W Bit[3:0]: Red matrix 40

Bit[7:4]: Blue matrix 41

0x5839 BRMATRX41 OxAA R/W Bit[3:0]: Red matrix 41

Bit[7:4]: Blue matrix 42

0x583A BRMATRX42 OxAA R/W Bit[3:0]: Red matrix 42

Bit[7:4]: Blue matrix 43

0x583B BRMATRX43 OxAA R/W Bit[3:0]: Red matrix 43

Bit[7:4]: Blue matrix 44

0x583C BRMATRX44 OxAA R/W Bit[3:0]: Red matrix 44

Bit[7:4]: LENC b offset

0x583D LENC BR OFFSET 0x88 R/W Bit[3:0]: LENC r offset

0x583E MAX GAIN 0x40 R/W Bit[7:0]: Maximum gain

0x583F MIN GAIN 0x20 R/W Bit[7:0]: Minimum gain

Bit[7]:  Debug mode

0x5840 MIN Q 0x18 R/W Bit[:0]: Minimum Q

Bit[7:4]: Debug mode
Bit[3]:  Add BLC enable
0: Disable BLC add back function
1:  Enable BLC add back function
Bit[2]:  BLC enable
0x5841 LENC CTRL59 0x0D R/W 0: Disable BLC function
1:  Enable BLC function
Bit[1]:  Gain manual enable
Bit[0]:  Auto Q enable
0:  Used constant Q (0x40)
1:  Used calculated Q

Bit[7:3]: Debug mode
Bit[2:0]: br h scale[10:8]
Reciprocal of horizontal step for BR
0x5842 BR HSCALE 0x01 RW channel. BR channel in whole image
is divided into 5x5 blocks. The step
is used to point to the border of the
adjacent block

Bit[7:0]: br h scale[7:0]
Reciprocal of horizontal step for BR
channel. BR channel in whole image
is divided into 5x5 blocks. The step
is used to point to the border of the
adjacent block

0x5843 BR HSCAL 0x2B RwW
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-29  LENC control registers (sheet 5 of 6)

default
address register name value description

Bit[7:3]: Debug mode
Bit[2:0]: br v scale[10:8]
Reciprocal of vertical step for BR
0x5844 BR VSCALE 0x01 RwW channel. BR channel in whole image
is divided into 5x5 blocks. The step
is used to point to the border of the
adjacent block

Bit[7:0]: br v scale[7:0]
Reciprocal of vertical step for BR
channel. BR channel in whole image
is divided into 5x5 blocks. The step
is used to point to the border of the
adjacent block

0x5845 BR VSCALE 0x8D RW

Bit[7:3]: Debug mode
Bit[2:0]: g h scale[10:8]
Reciprocal of horizontal step for G
0x5846 G HSCALE 0x01 RW channel. G channel in whole image
is divided into 6x6 blocks. The step
is used to point to the border of the
adjacent block

Bit[7:0]: g h scale[7:0]
Reciprocal of horizontal step for G
channel. G channel in whole image
is divided into 6x6 blocks. The step
is used to point to the border of the
adjacent block

0x5847 G HSCAL 0x8F RW

Bit[7:3]: Debug mode
Bit[2:0]: g v scale[10:8]
Reciprocal of vertical step for G
0x5848 G VSCALE 0x01 RwW channel. G channel in whole image
is divided into 6x6 blocks. The step
is used to point to the border of the
adjacent block

Bit[7:0]: g v scale[7:0]
Reciprocal of vertical step for G
channel. G channel in whole image

0x5849 G VSCALE 0x09 RW is divided into 6x6 blocks. The step
is used to point to the border of the
adjacent block

0x5850 LENC READOUT - R LENC X Offset

0x5851 LENC READOUT — R LENC X Offset

0x5852 LENC READOUT - R LENC Y Offset

0x5853 LENC READOUT - R LENC Y Offset
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table7-29  LENC control registers (sheet 6 of 6)

default
address register name value description

Bit[7:6]:

Debug mode

Bit[5]:  Flip

0x5854 LENC READOUT - R

Bit[4]:
Bit[3:2]:
Bit[1:0]:

Mirror
Y skip
X skip

Bit[7:4]:
Bit[3]:
Bit[2]:
Bit[1]:
Bit[0]:

0x5855 LENC READOUT - R

Debug mode
Overflow gh
Overflow brh
Overflow gv
Overflow brv

0x5856 LENC READOUT - R

LENC m nq

7.30 AFC control [0x6000 - 0x603F]

table7-30  AFC control registers (sheet 1 of 5)

default
address register name value description
AFC Control 00
Bit[7:5]: Debug mode
Bit[4]:  Edge filter enable
0:  afc_edge module will not update
1:  afc_edge module will update
Bit[3]:  Edge filter b select
Edge b filters select
0x6000 AFC CTRLOO OxFF RW 0:  Edge selects b2
1:  Edge selects b1
Bit[2:0]: Edge filter a select
Edge a filters select
001: Edge selects a1
010: Edge selects a2
100: Edge selects a4
101: Edge selects a5
AFC Control 01
0x6001 AFC CTRLO1 OXFF RW Bit[7:0]: Edge window0 left
This window coordinate
Others: Edge selects a1
AFC Control 02
0x6002 AFC CTRLO2 OxFF RW Bit[7:0]: Edge windowO0 top
This window coordinate
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-30  AFC controlregisters (sheet 2 of 5)

default
address register name value description

AFC Control 03
0x6003 AFC CTRLO3 OxFF RW Bit[7:0]: Edge windowO right
This window coordinate

AFC Control 04
Bit[7:0]: Edge window0 bottom
This window coordinate
This bottom must be larger than any other

0x6004 AFC CTRLO4 OxFF RW

AFC Control 05
0x6005 AFC CTRLO05 OxFF RW Bit[7:0]: Edge window1 left
This window coordinate

AFC Control 06
0x6006 AFC CTRLO6 OxFF RW Bit[7:0]: Edge window1 top
This window coordinate

AFC Control 07
0x6007 AFC CTRLO7 OxFF RW Bit[7:0]: Edge window1 right
This window coordinate

AFC Control 08
0x6008 AFC CTRLO8 OxFF RW Bit[7:0]: Edge window1 bottom
This window coordinate

AFC Control 09
0x6009 AFC CTRL09 OxFF RW Bit[7:0]: Edge window? left
This window coordinate

AFC Control 10
0x600A AFC CTRL10 OxFF RW Bit[7:0]: Edge window?2 top
This window coordinate

AFC Control 11
0x600B AFC CTRL11 OxFF RW Bit[7:0]: Edge window?2 right
This window coordinate

AFC Control 12
0x600C AFC CTRL12 OxFF RW Bit[7:0]: Edge window2 bottom
This window coordinate

AFC Control 13
0x600D AFC CTRL13 OxFF RW Bit[7:0]: Edge window3 left
This window coordinate

AFC Control 14
0x600E AFC CTRL14 OxFF RW Bit[7:0]: Edge window3 top
This window coordinate

AFC Control 15
0x600F AFC CTRL15 OxFF RW Bit[7:0]: Edge window3 right
This window coordinate
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table7-30  AFC controlregisters (sheet 3 of 5)

default
address register name value description

AFC Control 16
0x6010 AFC CTRL16 OxFF RW Bit[7:0]: Edge window3 bottom
This window coordinate

AFC Control 17
0x6011 AFC CTRL17 OxFF RW Bit[7:0]: Edge window4 left
This window coordinate

AFC Control 18
0x6012 AFC CTRL18 OxFF RW Bit[7:0]: Edge window4 top
This window coordinate

AFC Control 19
0x6013 AFC CTRL19 OxFF RW Bit[7:0]: Edge window4 right
This window coordinate

AFC Control 20
0x6014 AFC CTRL20 OxFF RW Bit[7:0]: Edge window4 bottom
This window coordinate

AFC Control 21
0x6015 AFC CTRL21 - R Bit[7:6]: Debug mode
Bit[5:0]: WindowO filter a[29:24]

AFC Control 22

Pene ArecTRLzz $ R Bit[7:0]: WindowO filter a[23:16]
AFC Control 23

e ArecTRL - S Bit[7:0]: WindowO filter a[15:8]

0x6018 AFC CTRL24 - R AFC Control 24

Bit[7:0]: WindowO filter a[7:0]

AFC Control 25
0x6019 AFC CTRL25 - R Bit[7:6]: Debug mode
Bit[5:0]: WindowO filter b[29:24]

AFC Control 26

e eSO - R Bit[7:0]: WindowO filter b[23:16]
AFC Control 27

- Oy “R - R Bit[7:0]: WindowO filter b[15:8]

0x601C AFC CTRL28 _ R AFC Control 28

Bit[7:0]:  WindowO filter b[7:0]

AFC Control 29
0x601D AFC CTRL29 - R Bit[7:6]: Debug mode
Bit[5:0]: Window1 filter a[29:24]

AFC Control 30

0x601E AFC CTRL30 - R Bit[7:0]: Window1 filter a[23:16]

AFC Control 31

0x601F  AFC CTRL3f - R BI7:0]: Window? filter a[15:]
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

table 7-30  AFC controlregisters (sheet 4 of 5)

default
address register name value description

AFC Control 32

0x6020 AFC CTRL32 B Bit[7:0]: Window1 filter a[7:0]

AFC Control 33
0x6021 AFC CTRL33 - R Bit[7:6]: Debug mode
Bit[5:0]: Window1 filter b[29:24]

AFC Control 34

pene ArCCTRE - R Bit[7:0]: Window1 filter b[23:16]
AFC Control 35

ore0zs AFCCTRLSS - g Bit[7:0]: Window1 filter b[15:8]

0x6024 AFC CTRL36 ! R AFC Control 36

Bit[7:0]: Window1 filter b[7:0]

AFC Control 37
0x6025 AFC CTRL37 - R Bit[7:6]: Debug mode
Bit[5:0]: Window?2 filter a[29:24]

AFC Control 38

00020 R - R Bit[7:0]: Window2 filter a[23:16]
AFC Control 39

oozt o G i R Bit[7:0]: Window?2 filter a[15:8]

0x6028 AFC CTRL40 - R AFC Control 40

Bit[7:0]: Window?2 filter a[7:0]

AFC Control 41
0x6029 AFC CTRL41 - R Bit[7:6]: Debug mode
Bit[5:0]: Window?2 filter b[29:24]

AFC Control 42

0x6024 AFC CTRL42 B R Bit[7:0]: Window?2 filter b[23:16]
AFC Control 43

06028 AFC CTRL43 - R Bit[7:0]: Window?2 filter b[15:8]

0x602C  AFC CTRL44 - R AFC Control 44

Bit[7:0]: Window?2 filter b[7:0]

AFC Control 45
0x602D AFC CTRL45 - R Bit[7:6]: Debug mode
Bit[5:0]: Windowa3 filter a[29:24]

AFC Control 46

o0z AFC CTRLAS - R Bit[7:0]: Windows3 filter a[23:16]
AFC Control 47

oro02F AFC CTRLAT - R Bit[7:0]: Windowa3 filter a[15:8]

0x6030 AFC CTRL48 _ R AFC Control 48

Bit[7:0]: Windows3 filter a[7:0]
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table7-30  AFC controlregisters (sheet 5 of 5)

default
address register name value description

AFC Control 49
0x6031 AFC CTRL49 - R Bit[7:6]: Debug mode
Bit[5:0]: Windowa3 filter b[29:24]

AFC Control 50

pens AFC CTRESD - R Bit[7:0]: Window3 filter b[23:16]
AFC Control 51

Peoss ArC CTRLST - R Bit[7:0]: Windowa3 filter b[15:8]

0x6034 AFC CTRL52 _ R AFC Control 52

Bit[7:0]: Window3 filter b[7:0]

AFC Control 53
0x6035 AFC CTRL53 - R Bit[7:6]: Debug mode
Bit[5:0]: Window4 filter a[29:24]

AFC Control 54

00038 AFCCTRLSA - R Bit[7:0]: Window4 filter a[23:16]
AFC Control 55

oSt AFC CTRLSS - S Bit[7:0]: Window4 filter a[15:8]

0x6038 AFC CTRL56 _ R AFC Control 56

Bit[7:0]: Window4 filter a[7:0]

AFC Control 57
0x6039 AFC CTRL57 - R Bit[7:6]: Debug mode
Bit[5:0]: Window4 filter b[29:24]

AFC Control 58

0x603A AFC CTRLS8 - R Bit[7:0]: Window4 filter b[23:16]
0x603B AFC CTRL59 < R AF;t[Cﬁg]t:mIV?/?ndom filter b[15:8]
0x603C  AFC CTRLEO - R AFIgitg?g]t:rOIV?/?ndow4 filter b[7:0]
0x603D AFC READS8 - R AF;tE?a? 5\?Vindow4 filter b[23:16]
0x603R AFC READS9 - R AF;E?(;? 5\?Vindow4 filter b[15:8]
OX603F AFC READ60 - R ArE Rl

Bit[7:0]: Window4 filter b[7:0]
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8 operating specifications

8.1 absolute maximum ratings

table 8-1 absolute maximum ratings
ambient storage temperature -40°C to +125°C
Vpp-a 4.5V
supply voltage (with respect to ground)b Vbp-D 3V
Voo 4.5V
human body model 2000V
electro-static discharge (ESD)
machine model 200V
all input/output voltages (with respect to ground) -0.3Vto Vpp,o + 1V
1/O current on any input or output pin +200 mA
peak solder temperature (10 second dwell time) 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. Exposure to absolute maximum rated conditions for extended periods
may affect device reliability.

b.  for negative voltage with respect to ground, Vpp.a (-4.5V), Vpp.p (-3V), Vpp.io (-4.5V)

8.2 functional temperature

table 8-2 functionaltemperature
operating temperature?® -30°C to +70°C junction temperature
stable image temperatureb 0°C to +50°C junction temperature

a. sensor functions but image quality may be noticeably different at temperatures outside of stable image range

b. image quality remains stable throughout this temperature range
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

8.3 DC characteristics

table 8-3 DC characteristics (-30°C<T;<70°C)

symbol parameter

power supply

Vbp-a supply voltage (analog) 2.6 2.8 3.0 \Y
Vppp? supply voltage (digital core) 1.425 1.5 1.575 Vv
Vpp-po supply voltage (digital 1/0) 1.71 1.8 3.0

internal DVDD, EVDD short to DVDD, MIPI output, AVDD = 2.8V, DOVDD = 1.8V

lop-A operating current 35 45 mA
o500 2592 x 1944 @ 15 fps YUV 95 120 mA
Iop-A operating current 35 45 mA
Ibb-00 1080p @ 30 fps YUV 388 15 mA
Ibp-a operating current 35 45 mA
o500 720 @ 30 fps YUV 65 85 mA
external DVDD, EVDD short to DVDD, DVP output, AVDD = 2.8V, DOVDD = 1.8V

Ipp-A 35 45 mA
boo . S v o0 s ma
Ipp-po 1 2 mA
e standby current? 20 %0 HA
Ibps-PwDNB 20 50 HA
digital inputs (typical conditions: AVDD = 2.8V, DVDD = 1.5V, DOVDD = 1.8V)

ViL input voltage LOW 0.54 \
\m input voltage HIGH 1.26 \Y
Cin input capacitor 10 pF
VoH output voltage HIGH 1.62 \
VoL output voltage LOW 0.18 \
Vi SIOC and SIOD -0.5 0 0.54 \Y
Vi SIOC and SIOD 1.26 1.8 3.0 \Y

a. using the internal DVDD regulator is strongly recommended for minimum power down current
b. standby current is based on room temperature
c. based on DOVDD =1.8V.
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8.4 AC characteristics

table 8-4 AC characteristics (Tp = 25°C, Vpp-a = 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
settling time for hardware reset <1 ms
settling time for software reset <1 ms
settling time for resolution mode change <1 ms
settling time for register setting <300 ms

table 8-5 timing characteristics

parameter

oscillator and clock input

fosc frequency (XVCLK)?

24 54

MHz

to t clock input rise/fall timeP

5 (109

ns

a. forinput clock range 6~27 MHz, the OV5645 can tolerate input clock period jitter up to 1ns peak-to-peak,
for input clock range to 54MHz, the OV5645 can tolerate input clock period jitter up to 500ps peak-to-peak

b. ifthe PLL is bypassed, the delay from input clock to output clock is approximately 4~5 ns

c. if using the internal PLL
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

figure 8-1 SCCB interface timing
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table 8-6 SCCB interface timing specifications®

fsioc clock frequency 400 kHz
tLow clock low period 1.3 us
thicH clock high period 0.6 us
taa SIOC low to data out valid 0.1 0.9 us
tgur bus free time before new start 1.3 us
tHp-sTA start condition hold time 0.6 us
tsu-sTA start condition setup time 0.6 us
tHD:DAT data in hold time 0 us
tsu:DAT data in setup time 0.1 us
tsu-sTo stop condition setup time 0.6 us
tr, tr SCCB riseffall times 0.3 us
toH data out hold time 0.05 us

a. SCCB timing is based on 400kHz mode
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9 mechanical specifications
9.1 physical specifications

figure 9-1 package specifications
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ru J ’7 ] 1] VFV ot fV(VaftOV?I' I;lro?jlfgtd\elersionlﬂ ’
Ay vi - year part was assemble
ﬁ Y - month part was assembled
Z - wafer number
E side view ¢ ¢ ABCD - last four digits of lot number 5645.C5P3.05.91
table 9-1 package dimensions
parameter symbol min typ max
package body dimension x A 6175 6200 6225 um
package body dimension y B 4835 4860 4885 um
package height C 700 760 820 um
ball height C1 100 130 160 um
package body thickness C2 585 630 675 um
cover glass thickness C3 425 445 465 um
image plane height C4 260 315 370 um
ball diameter D 220 250 280 um
total pin count N 66 (10 NC)
pin count x-axis N1 10
pin count y-axis N2 9
pins pitch x-axis J1 600 um
pins pitch y-axis J2 500 um
edge-to-pin center distance along x S1 370 400 430 um
edge-to-pin center distance along y S2 400 430 460 um
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ technology

9.2 IR reflow specifications

figure 9-2 IR reflow ramp rate requirements
260.0
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The OV5645 uses a 2000 V. \
. reflow N\
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SJ 1600 / T . |
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time (sec) 5645 CSP3.DS 9.2
table 9-2 reflow conditions®®
ramp up heating from room temperature to 150°C temperature slope < 3°C per second
soaking heating from 150°C to 200°C 90 ~ 150 seconds
reflow temperature higher than 217°C 30 ~ 120 seconds
peak maximum temperature in SMT 245°C
cooling cooling from 217°C to room temperature temperature slope < 6°C per second

a. maximum number of reflow cycles = 3

b. N2 gas reflow or control 02 gas PPM<500 as recommendation
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10 optical specifications
10.1 sensor array center

figure10-1  sensorarray center
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notel this drawingis nottoscale andis for reference only.

note2 as most optical assemblies invert and mirror the image, the chip is
typically mounted with pins A1 to A10 oriented down on the PCB. 5645 CSP3DS 10 1
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0V5645 color CMOS QSXGA (5 megapixel) image sensor with OmniBSI+™ 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
field (%) image height (mm) CRA (degrees)
0.00 0.00
0.10 4.6
0.20 9.2
0.30 13.7
0.40 17.8
0.50 21.7
0.60 24.9
0.70 27.3
0.80 28.7
0.90 291
1.00 28.9
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revision history

version 1.0

version 1.1

version 1.11

version 1.12

05.10.2013

06.07.2012

initial release

07.17.2012

changed all instances of PWDN to PWDNB throughout entire datasheet

in table 1-1, changed pin description for pin A7 to" GPIO port 1", pin B6 to" GPIO port 3" and pin A7
to "GPIO port 2

on page i, under key specifications, added "RGB565/555/444, YUV422/420, YCbCr422" to output
formats

in section 2, updated figures 2-1 and 2-4

in section 2.7.1, changed list number two description from "...active high..." to "...active low..., list
number three description "...must go high..." to "...must be low...", list number four from "...to go
low..." to "...to go high..." and added "System needs to drive PWNDB to high as the sensor has an
internal pull down on PWDNB pin"

in section 2.7.2, changed list number three description from "...is active high...must go high..." to
"...is active low...must be low...", list number four description from "...to go low..." to "...to go high..."
and added "System needs to drive PWNDB to high as the sensor has an internal pull down on
PWDNB pin"

in section 2.9, changed section description from "...pad must be tied to high...pin is set to high..." to
"...pad must be tied to low...pin is set to low..." in first sentence of second paragraph

in section 4.11, removed "FAE used" from last sentence of section description
in sub-section 4.11.1, changed "3D10" to "3D20" in seventh line of code
in sub-section 4.11.2, changed "0x3D05" to "0x3D00" in second sentence of section description

in section 5.2, changed third sentence of section description to "The LENC calculation is based on
sensor gain and therefore automatically adjusts with sensor gain"

in section 5.3, added "and advanced" to second sentence and changed "Advance" to "Advanced"
in third sentence of section description

in table 8-5, removed row for symbol fpc; k

01.10.2013

in chapter 2, updated figure 2-4 power up timing with internal DVDD and figure 2-5 power up timing
with external DVDD source

02.13.2013

in table 4-6 and table 7-27, changed description of register bits 0x5684[3:0] to "Horizontal width for
average window high byte..."

in table 4-6 and table 7-27, changed description of register bits 0x5685[7:0] to "Horizontal width for
average window low byte..."
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version 1.2

in table 4-6 and table 7-27, changed description of register bits 0x5686[2:0] to "Vertical height for
average window high byte..."

in table 4-6 and table 7-27, changed description of register bits 0x5687[7:0] to "Vertical height for
average window low byte..."

03.29.2013

in features, deleted "support for data compression output”

in key specifications, changed dynamic range from TBD to 71 dB @ 8x gain, sensitivity from TBD to
680 mV/Lux-sec, and dark current from TBD to 0.72mV/sec @ 50°C junction temperature

in table 6-2, changed description of register bits 0x3F01[7:6] to Not used and register bit 0x3F02[4]
to Not used

in table 7-6, changed description of register bit 0x3821[5] to Not used
in table 7-16, changed description of register bit 0x4600[5] to Debug mode

in table 8-3, removed rows for "internal DVDD short to DVDD, DVP output, AVDD = 2.8V,
DOVDD = 2.8V"

in table 8-3 under "internal DVDD, EVDD short to DVDD, MIPI output, AVDD = 2.8V, DOVDD =
1.8V", removed rows for operating current 2592 x 1944 @ 15 fps, and operating current 1080p @
30 fps

in table 8-3 under "internal DVDD, EVDD short to DVDD, MIPI output, AVDD = 2.8V, DOVDD =

1.8V", changed typ and max for operating current 2592 x 1944 @ 15 fps YUV (Ipp.a) from TBD to
35 and 45, respectively

in table 8-3 under "internal DVDD, EVDD short to DVDD, MIPI output, AVDD = 2.8V, DOVDD =
1.8V", changed typ and max for operating current 2592 x 1944 @ 15 fps YUV (Ipp.po) from TBD to
95 and 120, respectively

in table 8-3 under "internal DVDD, EVDD short to DVDD, MIPI output, AVDD = 2.8V, DOVDD =
1.8V", changed typ and max for operating current 1080p @ 30 fps YUV (Ipp.a) from TBD to 35 and
45, respectively

in table 8-3 under "internal DVDD, EVDD short to DVDD, MIPI output, AVDD = 2.8V, DOVDD =
1.8V", changed typ and max for operating current 1080p @ 30 fps YUV (Ipp.po) from TBD to 88
and 115, respectively

in table 8-3 under "internal DVDD, EVDD short to DVDD, MIPI output, AVDD = 2.8V, DOVDD =
1.8V", changed typ and max for operating current 1280 x 960 @ 30 fps YUV (Ipp.a) from TBD to 35
and 45, respectively

in table 8-3 under "internal DVDD, EVDD short to DVDD, MIPI output, AVDD = 2.8V, DOVDD =
1.8V", changed typ and max for operating current 1280 x 960 @ 30 fps YUV (lpp.po) from TBD to
65 and 85, respectively

in table 8-3 under "external DVDD, EVDD short to DVDD, DVP output, AVDD = 2.8V, DOVDD =
1.8V", changed typ and max for operating current 2592 x 1944 @ 15 YUV (Ipp.a) from TBD to 35
and 45, respectively

in table 8-3 under "external DVDD, EVDD short to DVDD, DVP output, AVDD = 2.8V, DOVDD =
1.8V", changed typ and max for operating current 2592 x 1944 @ 15 YUV (Ipp.p) from TBD to 90
and 115, respectively

in table 8-3 under "external DVDD, EVDD short to DVDD, DVP output, AVDD = 2.8V, DOVDD =
1.8V", changed typ and max for operating current 2592 x 1944 @ 15 YUV (Ipp.po) from TBD to 1
and 2, respectively

proprietary to OmniVision Technologies PRODUCT SPECIFICATION version 2.01



* intable 8-3 under standby current (Ipps.sccg), changed typ and max from TBD to 20 and 50,
respectively

» intable 8-3 under standby current (Ipps_pwpng). changed typ and max from TBD to 20 and 50,
respectively

version 2.0 05.02.2013

. changed datasheet from Preliminary Specification to Product Specification

. in features, changed standby power requirements to 20 pA

version 2.01 05.10.2013

. in chapter 2, changed RESETB timing to start low and go high in figure 2-4 and figure 2-5
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