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1. Features \%

Low dark current
Auto black level calibration @
Two wire serial interface, 16-bit address and 8-bit data %
Support output format: YCbCr (4:2:2), RGB565, RGB555, RGB444, Raw, CCIR656, an@
Support image size: HD (1280 x 720), and any size from scaling down @

Lens shading correction @
Automatic control functions: Auto-Exposure control(AE), Auto-White Balance(A@%

Including: Sharpness, noise reduction, defect correction, gamma, color satu&&w adjust.
Specical effects included.

Embedded 1.5V regulator for core power

Target module size: 8mm x 8mm

Multi-Sensor Mode for 3D application. g@

2. Key Performance

Parameter Value A{Q\
Array Size 1284?{12\?
Digital 15{2)5%
Power Supply | Analog (@AW~ 3.6V
o o RL7V -~ 3.6V
Pixel Size AN 3.0 um x 3.0 um
Image Area 0207 3852 um x 2172 um
ADC Resolution >QOY | 10 bits
Shutter {(\ Electronic Rolling Shutter
640x369y " 60 fps
Frame rate
wR{@B0x720) | 30 fps
Color Filter Arrays 230N RGB Bayer pattern
Maximum Data N 40Mp/s
Maximum ClogkRate 80MHz
Power Consu \|Jon 215 mW @ HD JPG
Standby: < 10 uA

9
Y
S

AN
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3. General Description \%
The NT99141 is such a high performance image sensor that by incorporating a 1284H x 724V image a;

on-chip 10 bits ADC, and embedded image signal processor all the required image signal processi nctions -
including sharpness, noise reduction, defect correction, gamma, and color saturation adjust - az ault

supported, while its easy controllability and usability are maintained by the two-wire serial intertace)bus.

It is suitable for use in products such as cellular phones and PC cameras. i 2@

4. Block Diagram §
Two-wir& SCLK
~ |Timing | seri ;)
S

Pixel array

control inter

1apooap moy

@

—/

Column decoder \\/
©
&
(&@
N

ital image

<
rocessor
i

A J

A

Analog processing

JPEG

l

RGB
YUV data output
Scaler——»

A4

ADC >

Fig. 1 Block Diagram
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5. Pin Configuration \%

(Top view)

VDDIO VDD VDDIO VSYNC
D1 MCLK @ HREF
C @ @ @ O\: @
SDATA DGND DO % GPI DGND
RESETN SCLK PWRDN . AVDDPIX
AVDD AVDD AGND AGNDPIX

O
§§\ Fig.2 Pin Configuration
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6. Pin Descriptions \%
| = input port @Q

O = output port with normal driving/sinking

I/O = bi-directional port with normal driving/sinking i %@

The Reset column below shows the pin’s default state after a power reset.

Pin No. |Name Type Reset |Descriptions N
Al VDDIO Power - |Digital power for 1/0 X
A2 VDD Power - |Digital core power 2 \V)
A3 D3 ®) - Data output 3 =\

A4 D5 0 - |Data output 5 N
A5 VDDIO Power - Digital power for 1/0O @
A6 D7 0 - |Dataoutput 7 SO
A7 D9 0 - |Data output 9 RN
A8 VSYNC @) - |Vertical synchronization, \
Bl D1 0] - Data output 1
B2 MCLK [ - |system clock input . ()
B3 D2 0] - Data output 2
B4 D4 @) - Data output4 R\
B5 D6 0 - |Data output 6,
B6 PCLK 0 - |Pixel clockelitput
B7 D8 0 - |Data outgi& 8y
B8 HREF 0 - |Horizontapxeference
Cl  [SDATA /0 - [Two-wiRe\Serial interface bus data 1/O
c2 DGND Ground - |DigifalNysound
c3 DO 0 - |Datadutput 0
c7 GPI I - o, [MO)i“sensor function
C8 DGND Ground - KQTgﬁtal ground
QPower on reset, active low
D1 RESETN I Q \ 0: reset
1: normal
D2 SCLK | 0,802~  [Two-wire serial interface bus clock input
% Power down mode select, active high

D3 PWRDN I - 0: normal mode

m@ 1: power down mode
D4 [NC ) - INC
D5 NC RN - INC
D6 NC - - NC
D7 INC XY - - INC
D8 |AVDDPI¥\> |Power - |Pixel power
El AGND~ N\ Ground - Analog ground
E2 AVDD\\)) Power - Analog power
E3 A&@L Power - Analog power
E4 (NS - - INC
E5 ¢4 M@D Power - |Analog power
E6 /Q\NDD Power - Analog power
E7«@7AGND Ground - Analog ground

AGNDPIX Ground - Pixel ground
(@%&[9:0} is 10-bit Raw output(D9: MSB, DO: LSB), D[9:2] is 8-bit YUV/RGB/JPEG output
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7. Package Outline

NT99141

©

N

Symbol | Nominal | _Min. | Nax)
- - _ . Bl
Package Body Dimension X A 5406 5381 @@31
Package Body Dimension Y B 4334 4309 SOU359
Package Height C 780 720 \J) 840
Ball Height C1 160 130 A 190
Package Body Thickness C2 620 5783 665
Thickness of Glass surface to wafer C3 445 425) 465
Ball Diameter D 300 2D 330
Total Pin Count N 37(6NC) | a\)
Pin Count X axis N1 8 S
Pin Count Y axis N2 5 &y
Pins Pitch X axis J1i 620
Pins Pitch Y axis J2 8O0
Edge to Pin Center Distance along X S1 533 503 563
Edge to Pin Center Distance along Y S2 567 537 597

N

S2

]2

Center of BGA
= Center of Package

Bottom View (Bumps Up)

Fig. 3 Package Outline
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8. Reference Circuit

Ul
NT99141
AVDD O AVDD o E2 | A\DD MCLK [22 ¢
ES | ADD PCLK (B —
ES | AVDD HREF %/\/\“ﬂs
E6 A VS
Ds | AVDD VSYNC d% 50
C1 2 3 [a 5 AVDDPIX DO D1
)B3 D2
AuF D.1uF DP.1uF D.1uF ES A3 D3
GNDP f f E1 | AGNDPIX B4 Y
E7 | AGND 4 a4 D5
AGND % D5 [Be Do
GND c2 <} D6 'a6 D7
]
I|b ¥8 1__cs |DGND D7
IR <0 R ) SN b5k s [ B2—bs
D9
5 I).luF 1uF D.1uF ﬁ VDD & SDATA g% 28/2
VDDIO a5 | VDDIO @ SCLK b5 PWDN
VDDIO O 00 PWRDN D] RsT
ZZXZZZ RESETN
AN
N
b R1L 0
& NN
@@ AGND _DbGND
\%4 Reference Circuit
o\%
NOTE: VDDIO should be 2.3V er when using the internal regulator for digital power VDD

®
&

@<§
&
1
g@
NS
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9. Power Sequence @
When power is applied to the NT99141, the following power sequences have to follow up. @
9.1. Power On Sequence with Internal VDD @

T1: > 300 MCLK cycle

T2: = 0
T3: = 0
T4: > 300 MCLK cycle

VDDIO, AVDD & AVDDPIX may

VDDIO ,{:
g é rise in any order
AVDD §<T—2> @ FE: Don

t care

AVDDPIX

1
v

i

k]

Ze

AN

S

Fig.5 Power On Sequ ith Internal VDD

@

9.2. Power On Sequence with E& al VDD

L
H
RESETN
T1: > 300 MCLK cycle
T2: = 0
MCLK T3: =0
T4: = 0

\ T5: > 300 MCLK cycle
VDD, VDDIO, AVDD &
N AVDDPIX may rise in any order
‘\ on t care

&b l:l Valid signal

9]

L
VDDIO T2 @
AVDD (;“g:
NS
AVDDPIX M@ <T4= - -
9\\? TS5

12C &

@ Fig.6 Power On Sequence with External VDD
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9.3. Power Off Sequence with Internal VDD %

T1: 0 Q
T2 =0 XN
VDDIO VDDIO, AVDD & A@' may
fall in any srxde )
AVDD RET\E i%

AVDDPIX H\; @
RN
Fig. 7 Power Off Sequence with Internal VDD @

S

9.4. Power Off Sequence with External VDD %

VDD @Q& -
~N T4

T5:

VIV

VIVIV
o oo

VDDIO VDD, VDDIO, AVDD &

\< AVDDPIX may fall in any order

N
AVDD @@ T4
Q

\\’ \
AVDDPIX g@ ‘—’
T5 |

Fig. 8 PON@W Sequence with External VDD
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9.5. Power Down Sequence @

The NT99141 enter power down mode when PWRDN="H". The detail timing sequence, plea ?e

the below. @

9.5.1. Power Down Sequence with Internal VDD @@
Escape power down mode into normal mode Q

PWRDN= H

enter power down mode @s

NN

N
i
i
i
|
i
|
T1 =
MCLK T1 > 1ms
T2 > 300 MCLK cycle
-« &
C: N
12C g/\\

N

Fig.9 Power Down Seque@@h Internal VDD

9.5.2. Power Down Sequence with Exter@DD

PWRDN

A

enter power down moa&
o m Escape power down mode into normal mode
N4
i Qﬁ@
PWRDN S
o
MCLK T1 > 500us

T2 > 1ms

T3
@ -< > T3 > 300 MCLK cycle
& @
Q

@ Fig. 10 Power Down Sequence with External VDD

&
g@’
NS
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10.Function Description \%

10.1. Pixel Array °
The NT99141, a 1/4” CMOS image sensor with resolution of 1280H x 720V pixels, arranges its Cl@color filter

array) as a Bayer pattern, as shown in Fig. 11. i %

QIT|O|T
W O|W|O
QIT|O|D
WONWO
Oln|O|xD
WOW O
QOO |D
®

7

O

Fig. 11 Color Filter Array Layo@

When the image of a scene is projected onto the active surfac sensor, as shown in Fig. 12&5?{! H1E
<

’%ﬁﬁ‘{éi’ﬁ o, the readout direction can be switched by settir@ egister 0x3022 bit[1:0] to modify the image in

10.2. Default Readout Order >§§

such a way that the image becomes mirrored in the horiz@band/or flipped in the vertical direction.

NT99141 Top View @

1 2 ﬁ4 5 6 7 8

54

\ /
\ /’ Sensor Array

@ Fig. 12 Default Readout Order
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10.3. Analog Gain Control \%
The amplifier gain can be programmed through the two-wire serial interface.

10.4. 10-Bit ADC
The pixel output signal is digitized using the on-chip 10 bits ADC. i %

10.5. Image Windowing %

Users can program the window size through the two-wire serial interface bus. T @ 141 output data is
synchronized with the PCLK output. When HREF is HIGH, individual pixel value i tted on the 10-bit data
bus (DO ~ D9) at each PCLK period. The pixel clock runs at a frequency rate de@ned by the sensor’s master
input clock (MCLK) and internal PLL configuration, where the rising edge o LK signal occurs at one-half

of each pixel clock period after the transitions in HREF, VSYNC, and DO See the below: pixel data timing

(5%©

Column Start @ Column End

example / row timing and HREF, VSYNC signals)

N\
] é\ I
Row Start J @Q@ﬁ
Q& Display Area
§§> play
NS
N

N

Row En§§\y

Pixel Data Timing Example: (gl@;efault setting: active high)
%

@E&\ Valid Image Data
o s
PCLK QP\/ 88 |
HREF M\@ 88 -
DOU&@ X PO[0:0] X P1[0:0] X P2[9:0] X X X X 88 X XPn-1[9:O]X PN[9:0] X
@ Fig. 14 HREF Timing
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Row Timing and HREF / VSYNC signals: (VSYNC default setting: active high) Q\ $
VSYNC A Line1 Line?2 Line 3 Line n-1 Linen |_ @
e L LI s%

Lin‘elen;th @
®

O

10.6. Output Format @

m  YCbCr &

Mode Byte | Byte By@,Z @)a
N

Fig. 15 VSYNC Timing

0x32F0[1] = 0 N Y
oxa2Fo[0]=0 | P | i {&%1
OX32FO[1] = 1 W

0x32F0[0] = 0 " ?Z\) i Yiut
0x32F0[1] =0 v N v o
0x32F0[0] = 1 '(\\5 (@? i+1 I
0x32F0[1] = 1 N
0x32F0[0] = 1 @ Cri | Yur | Chb
)

Fig. 1@ tput Format -- YCbCr

RGB565 N

Mode

0x32F0[1] =0
0x32F0[0] = 0

>
N

0x32F0[1] =
0x32F0

O0x32RQ[1= 0
1

Do

\\:0x32F0[0] =1
2
&
RS
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= RGB555

Mode

0x32F0[1]= 0
0x32F0[0] = 0

0x32F0[1] = 1
0x32F0[0] = 0

Fig. 18 Output Format -- RGB555 &
A
53

m  RGB444x

Mode D2

0x32FO0[1]= 0
0x32F0[0] =0 | ond

0x32F0[1] = 1
0x32F0[0] = 0

%
ok< ;2
Fig. 19 Output For@% GB444x
= RGBx444 @
&

Mode Byte | D9 (Bg,” D6
oxa2Fo[1]=0 | 1" | 0 \? | 0
0x32F0[0] = 0
0x32FO[1] = 1
0x32F0[0] = 0
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10.7.

with external devices.

10 Bits:

MSB/LSB Swap Q
The MSB and LSB can be swapped by setting the control register. Fig. 21 shows some examples of c@ ons

MSB D9
D8

D7

D6
D5

D4

D3

D2

D1

LSB DO

External
Device

8 Bits:

Pin  Output
name data

D9 (Data oytput MSB)
D8

D7

D6

D5

D4

D3

D2

D1

DO (Data output LSB)
NT99141

Pin  Output
name data

e

MSB D7
D6

D9 (Data oufput MSB)

D5

D4
D3

D2

D1

LSB DO

External
Device

©

DO,(D4ppsitput LSB)

&
&

Swap

©

i @utput
n data

wap

MSB D9 DO (Data output MSB)
L
x>
D5 N D4
D4 \)? D5
D \ D6
B D7
D1 D8
|(§$0 D9 (Data output LSB)
& ~—/
“Extgrhal NT99141
Device
Pin  Output
name data
MSB D7 DO (Data output MSB)
D6 D1
D5 D2
D4 D3
D3 D4
D2 D5
D1 D6
LSB DO D7
D8
D9 (Data output LSB)
External NT99141
Device

2I—=Examples of Connections with External Devices
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10.8. Special Effects

Negative

Solarization

g@ Fig. 22 Special Effects
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10.9. Gamma Correction
255 Q\%

&

128 &s (-§
. §>
. S
S
32 /-(\\

<
016 64 128 192 256 320 384 S%\/ 40 768 896 1023
32 9%

Fig. 23 @Correction

N
\@6>

10.10. Luminance Acculatim\@de
16 zones with selectable weighting are a%%ab e for luminance accumulation. Each zone can either weighted by

0, 1, 2 or 3, according to different screquests.
@i B imgw
A

/

< @ 1 2 3 4
%&\ imgw>>2

\ 4

imgH>>2

(@ Fig. 24 Luminance Acculation Mode
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11.Two-Wire Serial Interface Bus \%

User can control the register read/write through two-wire serial interface bus. The interface proto s a

master/slave model in which a master controls one or more slave devices. The sensor acts as a sigve device.
transfers.

The master device generates a clock MCLK that is an input to the sensor and used to synchroi

Data is transferred between master and slave on a bi-directional signal SDATA. SDATAWus})be pull up to
VDDIO by a 1.5 k Q resistor. @

Data transfer on the two-wire serial interface bus are performed by a sequence of Io@ protocol elements:
m  a (repeated) start condition

m  aslave address / data direction byte %@

m an (a no) acknowledge bit
m amessage byte ©&
m  astop condition %

The bus is idle when both SCLK and SDATA are “high”. Cost %e bus is initiated with a start condition, and

the bus is released with a stop condition. Only the master

€  Start condition §

A start condition is defined as a high-to ansition on SDATA while SCLK is “high”. At the end of a

nerate the start and stop conditions.

transfer, the master can generate a ndition without previously generating a stop condition; this is
known as a “repeated start” or “r& ondition.

o %

¢  Stop condition @

A stop condition is define@a low-to-high transition on SDATA while SCLK is high.

@

€ Data transfer g%@
Data is trans serially, 8 bits at a time, with the MSB transmitted first. Each byte of data is
followed @nowledge bit or a no-acknowledge bit. This data transfer mechanism is used for the
slave ad@/data direction byte and for message bytes. One data bit is transferred during each SCLK
C|O(@%§ﬁd. SDATA can change when SCLK is “low” and must be stable while SCLK is “high”.

L 4 @e address / Data direction byte

QBits [7:1] of this byte represent the device slave address and bit [0] indicates the data transfer direction.

@ A “0” in bit [0] indicates a write, and a “1” indicates a read. The slave addresses used by the NT99141
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are 0x54 (write address) and 0x55 (read address). \%
€ Message byte

Message bytes are used for sending register addresses and register write data to the jégevice and

for retrieving register read data. The protocol used is outside the scope of the 12C s igation and is
defined as part of the MIPI and CSI. @

€ Acknowledge bit §
Each 8-bit data transfer is followed by an acknowledge bit or a no—ackno@% bit in the SCLK clock
period following the data transfer. The transmitter (which is the master@n writing, or the slave when
reading) releases SDATA. The receiver indicates an acknowledg driving SDATA “low”. As for

data transfers, SDATA can change when SCLK is “low” and mustBg stable while SCLK is “high”.

€ No-acknowledge bit @@

The no-acknowledge bit is generated when the receiv s not drive SDATA “low” during the SCLK
clock period following a data transfer. A no—acknovhsle\ It is used to terminate a read sequence.

¢ Typical sequence 6@?
A typical read or write sequence begins b aster generating a start condition on the
bus. After the start condition, the mast s the 8-bit slave address/data direction byte. The last bit
indicates whether the request is for a% or a write, where a “0” indicates a write and a “1” indicates a
read. If the address matches the@s of the slave device, the slave device acknowledges receipt of
the address by generating an wledge bit on the bus.

0\

If the request was a \A@ﬁe master then transfers the 16-bit register address to which the write

should take places
<

transfer takes place as two 8-bit sequences and the slave sends an

acknowledge bi ach sequence to indicate that the byte has been received. The master then

transfers t s an 8-bit sequence; the slave sends an acknowledge bit at the end of the

sequence. aster stops writing by generating a (re)start or stop condition.

©
If th&%ﬁest was a read, the master sends the 8-bit write slave address/data direction byte and 16-bit
r address, the same way as with a write request. The master then generates a (re)start condition
the 8-bit read slave address/data direction byte, and clocks out the register data, eight bits at a
%me. The master generates an acknowledge bit after each 8-bit transfer. The slave’s internal register

@ address is auto-incremented after every 8 bits are transferred. The data transfer is stopped when the
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master sends a no-acknowledge bit. \%

11.1. Single Read from Random Location °
This sequence (Fig. 25) starts with a dummy WRITE to the 16-bit address that is to be used for{;%EAD. The

master terminates the WRITE by generating a restart condition. The master then sends thei

address/data direction byte and clocks out one byte of register data. The master termi s)the READ by

AD slave

generating a noacknowledge bit followed by a stop condition. Fig. 25 shows how the in@ register address
maintained by the NT99141 is loaded and incremented as the sequence proceeds. @

Previous Reg Address, N >< Re@?g& M X M+1

Reg
Address[15:8]

Read Data Al P

(%]

Slave Address | 0| A A| Reg Address[7:0]] A

7
0
ﬁ
%
(0]
w
(7]
=
>

S: Start condition %
P: Stop condition [ ] Slave to master @

Sr: Restart condition
A: Acknowledge [T Master to sl @
A Not acknowledge @

Fig. 25 Single res

O

11.2. Single Read from Curre%ﬁt% cation

This sequence (see Fig. 26) performs a R using the current value of the NT99141 internal register address.

The master terminates the READ by ge%%\ting a no-acknowledge bit followed by a stop condition. The figure
shows two independent READ sequ@n@

QY

N
Previous Reg Addre :‘Q) Reg Address, N+1 N+2
o
AR
NV
S| Slave Address :\1\>§\ Read Data |A| p S| Slave Address | 1|A Read Data |A| P
N
N\

NS
% Fig. 26 Single read from current location

11.3. %’equential Read, Start from Random Location
Thiuence (Fig. 27) starts in the same way as the single READ from random location (Fig. 25). Instead of
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generating a no-acknowledge bit after the first byte of data has been transferred, the master genera%

acknowledge bit and continues to perform byte READs until “L” bytes have been read.

/RN
Previous Reg Address, N Reg Address, M M+1
@
NS/ )
NS
=4
. Neadosia |
S| Slave Address |0 A Address[15:8] A | Reg Address[7:0]| A| Sr| Slave Address | 1| A Data A
X
AN
N
M+1 M+2 M+3 M+L-2 @f M+L
Q\
"""" N
Read Data A Read Data A Read Data §=A‘-§ Read Data AlS

$
Fig. 27 Sequential read, start from r%ﬁpm location

O

11.4. Sequential Read, Start from Cur ocation

This sequence (Fig. 28) starts in the same way as the @e READ from current location (Fig. 26). Instead of
generating a no-acknowledge bit after the first byt ata has been transferred, the master generates an

acknowledge bit and continues to perform byte R until “L” bytes have been read.

&

Previous Reg Address, N Q&Q N+1 >< N+2 N+L-1 N+L

(@)
U
S Slave Address 1A Read{D(%y A Read Data A Read Data A Read Data Al S

~N
@8 Sequential read, start from current location
11.5. Sin @ite to Random Location
This sequence (Fig=29) begins with the master generating a start condition. The slave address/data direction
byte signals E and is followed by the HIGH then LOW bytes of the register address that is to be written.
The mast ws this with the byte of write data. The WRITE is terminated by the master generating a stop

conditi @
©
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Previous Reg Address, N Reg Address, M 1
@ A
S| Slave Address |0 | A| Reg Address[15:8] |A| Reg Address[7:0] | A Write Data % i
A
O
X

Fig. 29 Single write to random location :Q

11.6. Sequential Write, Start at Random Location @
0}

This sequence (Fig. 30) starts in the same way as the single WRITE to r ocation (Fig. 29). Instead of

generating a stop condition after the first byte of data has been transferre aster continues to perform byte

Previous Reg Address, N @ Reg Address, M M+1
o j i
VaVs 2

~~y -
S| Slave Address (0| A i A | Reg Os[7'0] A Write Data A
Address[15:8] ;
Q
QY
M+1 M+2 3 M+L-2 M+L-1 M+L
_____ G\\
o
| N | | A
Write Data A Writ A Write Data A Write Data s
O A

N
@30 Sequential write, start at random location

@©
&
1
g@’
NS
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12.JPEG Output Timing \%

12.1. Valid Mode @Q

<
0
<
=z
O
L

—~
~—

L
S
5?2';;

.E Valid Data > ! I~

W\
Valid Data |

Fig.31 JPG OutputzO
o

N

12.2. Frame Mode 0 o

)
ol
VSYNC Q

|
| ))
(
HREF ! NN

| Dummy data l Valid Data
Length

Valid Data

@
$ Fig.32 JPG_Output Mode = 1
1
g@
NS
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12.3. Frame Mode 1

—~
~

VSYNC

—~
~

o [UTUUUU U

!

I |
DouT [9:2] %@@@@@ )
| | (

[

4

) ).
(

~—

[
|

<
Valid Data |

Fig. 33 JPG_Output_Mod®&

Dummy da
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13.CCIR656 Output Timing \%

Dummy Line @

\B@g@
re U UUUUUS U UV U U U US UL
&

D9:D2 |FF|00|00|B6|80| 108010 80|10 |FF |00 |00 [aB|80|10| |80]10 PKV
L JIN JC I8 Q\Q
T T T RN
EAV CODE BLANKING SAV CODE None-Active

HREF ) \
S

Fig. 34 CCIR656 Output Timing —@ Line

Active Line °\©
@? Active Area Start Next Line

Line Start @

PCLK S
Y3 Cr|Y FE

D9:D2 |FF|oo|00|9D|80 (10|80 Q(Q\ 10[FF|00|00|80| §| vo|co| va fcoz| vz |cr2 AR

C JIN AN JIe )\ v
| AN | |
EAVD CODE < ING SAVD CODE Active Area

HREF @ |

Q"

XS
é\ﬁg. 35 CCIR656 Output Timing — Active Line

@
&
1
g@’
NS
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14.Control Registers

The device slave addresses are 0x54 for write and 0x55 for read. The detail control registers are Iiste ;;ow.

©

14.1. Sensor Control Registers (0x3000) o
<
Address Register Name Bits R/W szﬁﬁ: Descriptions \@//j\/
Chip_Version [15:0] \J)
0x3000 Chip_Version_H 7:0 R 0x14 bit[15:4] is chip number @
0x3001 Chip_Version_L 70 R 0x10 Dit[3:0]is version M@
X_Addr_Start [10:0] t /é%
0x3002 X_Addr_Start H 20 R/MW 0xO0 The first column of vis@p&els to be read out.
0x3003 X_Addr_Start L 70 RMW 0x00 Evenonly. (minimunisetting 0x02)
Y_Addr_Start [1G:0]5
0x3004 Y_Addr_Start H 1:0 R/MW 0x00 The first row visﬁle pixels to be read out.
0x3005 Y_Addr_Start L 70 RMW O0xoo Evenonly (fmuiimum setting 0x02)
X_Addr_Enei10:0] t
0x3006 X Addr End H 20 R/MW 0x04 The umn of visible pixels to be read out.
0x3007 X_Addr End L 70 RW OxFF @ddnly. (maximum setting 0x505)
é dr_End [10:0] T
0x3008 Y_Addr_End_H 1.0 RW 0x e last row of visible pixels to be read out.
0x3009 Y Addr End L 70 RMW Odd only. (maximum setting 0x2D5)
RA@ Line_Length_Pck [15:0] T
0x300A Line_Length Pck_H 7:0 0x08 The number of pixel clock periods in one line (row)
- -~ time. This includes visible pixels and horizontal
0x300B Line_Length_Pck_L 70 0x24  planking time.
O Frame_Length_Line [15:0] T
0x300C Frame_Length_Line H V%@“ RMW 0x04 The number of complete lines (rows) in the output
- - - frame. This includes visible lines and vertical
0x300D Frame_Length_Lineﬁ_L\@?:O R/W  0xCO blanking lines.
N%X X_Output_Size [10:0]
0X300E X_Output_Siz o@ 20 RMW 0x05 Setoutput size of x direction for display image. The
- - & ' maximum size is (X_Addr_End - X_Addr_Start + 1).
0x300F X_Output_S;j 7.0 R/W 0x00 |fthe Scaling down is disable, this size is final size.
A Y_Output_Size [10:0] 1
0x3010 Y Out@;e H 1:0 R/MW O0Ox02 Setoutput size of y direction for display image. The
- - ' maximum size is (Y_Addr_End - Y_Addr_Start + 1)
0x3011 Y_‘Qgt;%t_SiZE_L 7.0 R/W 0xDO |f the Scaling down is disable, this size is final size.
M@% Integration_Time [15:0] T
0x301 gration_Time_H 7.0 R/MW 0x00 i
Tex = (Exposure [15:0] + 1) * Row_time
0x3(1£§ tegration_Time L 70 RMW 0x01
: ) Digital gain
@@ DG X 1:0 RMW OX00 (it 11 + 1) * (bit [0] + 1) * Analog gain.
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AGain = Gainl * Gain2
0x3015 AGain_R 6:0 R/MW 0x00 Gainl= (1 + bit[6]) *(1 + bit [5]) * (1 + bit [4]) \
Gain2 = (1 + (bit [3:0] + 1) / 16) O
. _ o Digital gain @
AGain = Gainl * Gain2 @‘
0x3017 AGain_Gr 6:0 R/MW 0x00 Gainl = (1 + bit [6]) *(1 + bit [5]) * (1 + piN4])
Gain2 = (1 + (bit [3:0] + 1) / 16)
. ) Digital gain
0x3018 DGain_Gb 1.0 R/W 0x00 (bit [1] + 1) * (bit [0] + 1) * Analogrgain.
AGain = Gainl * Gain2 N
0x3019 AGain_Gb 6:0 RMW 0x00 Gainl= (1 + bit[6]) *(1 + i @ (1 + bit [4])
Gain2 = (1 + (bit [3:0] + 1
. ) Digital gain @
AGain = Gainl * Gaij
0x301B AGain_B 6:0 R/W 0x00 Gainl=(1+bi *+ bit [5]) * (1 + bit [4])
Gain2 = (1 + (bit 0T+ 1) / 16)
: ) Digital gain
0x301C Global DGain 1.0 R/W 0x00 (bit [1] + 1) m 0] + 1) * Analog gain.
. ) Writing a irto this register is equivalent to writing
0x301D Global AGain 6:0 R/W 0x00 code tg-each’gain.
N
Ox301E - - = - Res
<
0x301F - - - . Réed
0x3020 - - - - rved
Y/
0x3021 Reset_Register 7.0 RW Ox@/

"\, Output bit swap, swap MSB and LSB.

Output_Bit_Swap 7 RMW % 0: Disable
QO

1: Enable.

N Clock output Tri-state
Q 0: Output clock pin will keep the last status before
Clock_Output_TriState m 1  sensor standby mode.
N 1: Output clock pin will be tri-stated during standby
03% mode.

O
Data_Output_TriSta

> Data output Tri-state
0: Output data pins (VSYNC, HREF) will keep last
5 R/W 1 status before sensor standby mode.

% 1: Output data pins will be tri-stated during standby
/z°<\Q mode.
- ;{@ 4:2 - - Reserved
N Output mode select (Start)
Outputf}/\‘) el 1 R/W 0 1: Streaming.
1 0: Standby
N4 Reset
R@% 0 R/W 0 Hardware clear. Setting this bit to initiates a reset
@ sequence.
OXSOZZ/@d Mode 0 7.0 R/MW 0x24
k’@)\3 Increment applied to even addresses in Y (row)

NS

Y_Even_lInc 75 R/W 1 direction
1: Normal readout
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Increment applied to even addresses in X (colu%

X_Even_Inc 42 R/MW 1  direction
1: Normal readout q(\
Horizontal mirror
Mirror_Horizontal 1 R/W 0 0: Normal readout
1: Mirror readout @
Val
Vertical flip @@
Flip_Vertical 0 R/W 0 0: Normal readout
1: Flip readout
<
0x3023 Read Mode 1 7.0 R/MW 0x24 M@
Increment applied to od@Neddresses in Y (row)
direction 1
1: Normal readout %
Y_Odd_Inc 75 R/MW 1 3 1/2x @
5: 1/3x %
7. 1/4x
Increment ap%d Yo odd addresses in X (column)
direction i@
1: Norm ut
X _0dd_Inc 42 R/W 1 3 12
5:1/3
7. 1@
- 1 - - gg%v/ed
le analog binning in X directions.
X_Bin_En 0 R/W 0 en set, X_0Odd_Inc must be set to 3. X _Even_Inc
(NX\=Y Even Inc=Y Odd Inc=1.
0x3024 Read_Mode_2 7.0 RW ‘82&
@ Show vertical dark pixel
. 0: Don't show dark pixel.
Show_Vert_Dark_Pix 6 @ 0 1% Show dark pixel.
& \ The VREF is asserted early.
- 5@% R 0 Reserved
SRR PCLK edge selection
Pclk_Edge_Sel &3 R/W 0 0: Data valid on PCLK rising edge
((\ 1: Data valid on PCLK falling edge.
@Q PCLK output selection
PcIk_Output_SgI 6 2 RMW 0 0: PCLK always output
RN 1: PCLK output qualified by HREF.
?'%V VSYNC inverse
VSync_Inve@ 1 R/W 0 0: Active high
(-(\\ 1: Active low
X7 HREF inverse
HREFE rse 0 R/W 0 0: Active high
\\\: 1: Active low
0x3025 _pAR&R_Mode 70 RMW 0x10
: 7:4 - - Reserve
@)’ Pattern select
Pattern_Mode_Sel 30 R/MW 0 0: Normal operation: no test pattern
%@ 1: Reserve
—_—
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2: 100% Color bars
3: PN10 \
4: Reserve Q
Pattern size depend on @ nd

X_Output_&f
Y Output_Size.
0x3026 PN10_Value 7:0 R/MW 0x10 PN210_Value [9:0] @a
N/
- 7:4 - - Reserved \%
PN10_Value H 1.0 R/W 0x00
0x3027 PN10_Value L 7:0 R/MW 0x00 When PN10 is enabled, this by@andom value.
N
0x3028 PLL_CTRL1 5:0 R/  OxOf M@
PLL_M 5.0 RMW OxOf PLL_M A
)
0x3029 PLL_CTRL2 50 RMW- 0x10 RN
7
PLL N 54 RW 1 PLLN D
- 3 R 0 Reserved
PLL_P 20 RW 0 PLLP L
0x302A PLL_CTRL3 6:0 R/W 0x20 @@Q
0: Normal™
PLL_Rst 6 R/W 0 1: ReséRRLL
Wh ting Output_Mode Sel = 1 (stream out),
PLL_Pwdn 5 rw 1 B0 bIgPWd”ZO
able
“YNormal (Internal clock using PLL_PCLK)
PLL_Bypass 4 RIW QQ@JJ Bypass (External clock using Ext PCLK)

> 0: PCLK = (PLL_CKOUT)
_ 1: PCLK = (PLL_CKOUT) /2
PLL_PCLK 32 R@@ O 2:PCLK = (PLL_CKOUT) /4
qf\ 3: PCLK = (PLL_CKOUT) /8
External clock setting

N
\\ 0: PCLK = (CLK_SRC)

Ext_PCLK o E@R/\N 0 1:PCLK =(CLK_SRC)/2
@ 2: PCLK = (CLK_SRC) / 4
A 3: PCLK = (CLK _SRC) /8
N
0x302B - @% - - -  Reserved
0x302C - ij - - - Reserved
Y
0x302D - Y . - Reserved
O0x302E - @ = - - Reserved
O0x302F - = QQ - - - Reserved
0x3030 - A\ - - - Reserved
0x3031 - N\ . - Reserved
A\
0x3032 (\72@2)) - - -  Reserved
0x303'3((;}\\\7y - - - Reserved
\9)
OXBO%\K—) - - - Reserved
Qx@ - - - -  Reserved

—
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0x3036 - - - - Reserved %%
0X3037 - - - - Reseved DD
0x3038 - - - - Reserved oY
0x3039 - - - Reserved N4
0x303A - - - - Reserved %
0x303B - - - - Reserved “\\@
0x303C_ - - - - Reserved R
0x303D_ - - - - Reserved RN
0X303E - - - - Reserved 2
0x303F - - - - Reserved 7
0x3040 Calibration_Control_0 20 R/MW 0x02 N
LSC_Clamp_En 2 RMW (1) Einsaaaf &
o o ComE S
; 0 R - Reserveu‘&@v
0x3041 Calibration Control 1 4.0 R/W 0x00 /\\
- 4 R - Respieg
BLC_Sampled_Pixel 32 RW 0 Naymber of pixel to be sampled for ABLC and
DBLC_En 1 R/W

yital black level calibration enable
“Disable
K 1: Enable
N

ABLC_Manual_En 0 R@

Manual calibration enable
0: Auto calibration
1: Manual calibration

0x3042

ABLC Thr_Top 7:0 %%@V 0x50 Top threshold for black level

0x3043

ABLC_ Thr_Bottom 7%\\m 0x14 Bottom threshold for black level

oSO

ABLC Ofs R [9:0]

0x3044 ABLC Ofs R H @y\\xﬁo RW  0x02
@ DAC offset cancellation: x [9:0]
0x3045 ABLC_Ofs R | 6 0 RMW 000
ABLC_Ofs_Gr [9:0]
Q
0x3046 ABLC f@_ 1.0 RMW 0x02
DAC offset cancellation: x [9:0]
0x3047 AE@Fgfs_Gr_L 7.0 R/W 0x00
> ABLC_Ofs_Gb [9:0]
\Z
Oxs@LC_Ofs_Gb_H 1:0 R/MW 0x02 DAC offset cancellation: x [9:0]

NS
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0x3049 ABLC_Ofs_Gb_L 7:0 RM  0x00 \%
AN

ABLC_Ofs_B [9:0] /K\K
%
0x304A ABLC_Ofs B H 1.0 R/MW 0x02 @
DAC offset cancellation: x [9:0] @i
0x304B ABLC Ofs B L 7.0 R/W 0x00
0x304C ABLC_Avg R 7:0 R - Black level average of R pixels ((Q\
0x304D ABLC_Avg_Gr 7:0 R - Black level average of Gr 9&(@
0x304E ABLC_Avg Gb 7:0 R - Black level average of G
0x304F ABLC_Avg B 7:0 R - Black level average of Ws
_ Optical Black Threshotg
0x3050 OB_Top_Thr 70 RMW  OxFF If (pixel value < OB\ ThY), take this pixel into account.
0x3051 - - - - Reserved
0x3052 Optical_Black_Weight 0 7:0 R/W O0xFO &K
ABLC_GainW 74 RMW OxF Avg= A\/@/{(@Lc_eainw +1)/16
- 3.0 R- 0 Reser%
. . V
0x3053 Optical_Black_Weight 1 7:0 R/MW 0x10 \

- 76 R 0 Bg%évéd
: 5 R @%@rved

OB_MUL 40 R/W oxa@\\ﬁ%e multiplier of optical black
0x3054 OB_OFS 70 RW O OB Offset
0x3055 - - &(@V Reserved
0x3056 - - [&\% - Reserved
0x3057 - ;\\xv - Reserved
0x3058 - A - ~ Reserved
0x3059 - Q§@ - - Reserved
Ox305A - C(v\\\ﬂ - - Reserved

0x305B OB_AVG_R ~ @ (7;) 7:0 R - Optical Black Average of R
0x305C OB_AVG_GR OAC x 7:0 R = Optical Black Average of Gr
0x305D OB_AVG GB%/\\ 7:0 R - Optical Black Average of Gb
0x305E OB_AVG_/B@ 7:0 R - Optical Black Average of B
0x305F - (& @) - - - Reserved
0x3060 Reg JAMe_CtrI 1:0 R/W 0x00 Activate setting for specified registers. Auto Clear
0x3061 - /N\F - - -  Reserved
0x3062 @ - - - Reserved
0X306® - - - Reserved
Ox - 5 - Reserved
(@% - - - - Reserved
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0x3066 - - - - Reserved %%
0x3067 - - - - Reserved [(\\
0x3068 Pad_Config_Serial 10 7.0 R/MW 0x00 ((\\
- 72 R 0 Reserved N
Output driving @
0:2mA %
Sio_Odrv 10 RW 0 1:4mA Q
2: 6 mA
3:8 mA RN
0x3069 Pad_Config_Pix_Out 70 RW 0x0 DO-D9, VSYNC, HREF ("
) 7:2 R 0 Reserved //\%
Output driving \)
0: 2mA %
PixOut_Odrv 10 RW 0 1L4mA @
2: 6 mA %
3:8mA
0x306A Pad_Config_PCLKt 7.0 RW 0x0 PCLK N
R 7:2 R 0 ReserveW
Output driving
0:2
Pclk_Odrv 10 RW 0 L

T New register values are accepted by enabling LOAD bit in

0x3060.
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14.2. SOC Control Registers (0x3200) %%
Address Register Name Bits R/W 52.3? Descriptions
0x3200 Mode_Control_0 50 RMW 0x10 @Q
Lens shading correction enable
LSC_En 5 R/W 0 0: Disable @
1. Enable QA
Gamma correction enable \)u
Gamma_En 4 R/W 1  0O: Disable
1: Enable
Color gain enable @V
Color_Gain_En 3 RMW 0 O: Disable &
1: Enable N
Color accumulation e@/
Color_Accmu_En 2 RMW 0 0:Disable
1. Enable
Luminance accs@on enable
Lum_Accmu_En 1 RW 0 0:Disable
1: Enable
0x3201 Mode Control 1 6:0 R/W OxOF G/(@

o

Scaling dows enable
Scaling_Down_En 6 R/W 0 Dis

posure enable
AE_En 5 RMW fi?@able
nable
uto-white balance enable
AWB_En 4 0: Disable

1: Enable
Noise reduction enable
Noise_Reduction_En 3 & 1  0: Disable
QS 1: Enable
AN Edge enhancement enable

Edge_Enhance_En NQNV 1  O: Disable
06%’ 1: Enable

% Color correction and transform enable
Color_Correct_En 1 RW 1 0: Disable
1: Enable

\) Special effects enable
Special__ Effec 1  0: Disable
1: Enable

@
&
1
g@’
NS
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14.3. SOC Lens Shading Correction Registers (0x3210) %%
Address Register Name Bits RMW (oo Descriptions @\
) ) N
0x3210 LSC_R_Gain0 6:0 RMW 0x00 Gain0 of R @)
0x3211 LSC_R_Gainl 6:0 RMW 0x00 Gainlof R Ao
0x3212 LSC_R_Gain2 6:0 RMW 0x00 Gain2of R N
4
0x3213 LSC_R_Gain3 6:0 RMW 0x00 Gain3of R )
0x3214 LSC_Gr_Gain0 6:0 R/W 0x00 Gain0 of Gr N
0x3215 LSC_Gr_Gainl 60 RMW 0x00 Gainl of Gr DD
. : =/
0x3216 LSC_Gr_Gain2 6:0 RMW 0x00 Gain2 of Gr N
0x3217 LSC_Gr_Gain3 60 RMW 0x00 Gain3 of Gr YY)
0x3218 LSC_Gb_Gain0 6:0 RMW 0x00 Gain0 of Gb D
0x3219 LSC_Gb_Gainl 60 RMW 0x00 GainlofGb ,_ N7
0x321A LSC_Gb_Gain2 6:0 RMW 0x00 Gain2 of Gb 0\
0x321B LSC_Gb_Gain3 6:0 RMW 0x00 Gaind of GhAY
) \W)
0x321C LSC_B_Gain0 60 RMW 0x00 Gain0 of Bas
0x321D LSC_B_Gainl 6:0 RMW 0x00 Gainlgrs,
0x321E LSC_B_Gain2 60 RMW 0x00 Gaif2%fB
0x321F LSC_B_Gain3 60 RMW 0x00 &indof B
A«&é@_CenterX_R[Q:O]
0x3220 LSC_CenterXx_ R _H 1.0 RW N . . . .
- - = The X-dimension of the brightest point of R
0x3221 LSC_CenterX_R_L 7.0 RMW ,&4
@&@ LSC_CenterX_Gr[9:0]
0x3222 LSC_CenterX_Gr_H 1.0 Q0x01 . . . .
The X-dimension of the brightest point of Gr
0x3223 LSC_CenterX_Gr_L TR 0x40
o @%\? LSC_CenterX_Gb[9:0]
&
0x3224 LSC_CenterX Gb H R/W  0x01
- - - The X-dimension of the brightest point of Gb
0x3225 LSC CenterX Gb L 7:0 R/W  0x40
O ~
w LSC_CenterX_B[9:0]
0x3226 LSC_CenterX 1.0 R/W 0x01 . . . .
The X-dimension of the brightest point of B
0x3227 LSC_Centeryx 7.0 R/MW 0x40
~
A LSC_CenterY_R[8:0]
\W)
0x3228 LSC nt R H 0 R/W  0x00 . . . .
- -~ The Y-dimension of the brightest point of R
0x3229 LSGC(CenterY R L 7.0 R/MW O0XB4
N
((77“V LSC_CenterY_Gr[8:0]
U
0x322A __CenterY_Gr_H 0 R/W  0x00 . . . .
The Y-dimension of the brightest point of Gr
0x3228 WSC CenterY Gr L 7.0 R/W 0xB4
N
;> LSC_CenterY_Gb[8:0]
N7
2832/08/01 -38- Confidential

With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,
fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such

information.



@ NGVATEK

NT99141
0x322C LSC CenterY_Gb H 0 R/W  0x00
X —Emery_=h_ X The Y-dimension of the brightest point of Gb \%
0x322D LSC_CenterY_Gb L 70 R/MW 0xB4
LSC_CenterY_B[8:0] f(\\
N4
0x322E LSC_CenterY_ B_H 0 R/W  0x00
X - - ** The Y-dimension of the brightest point of@
0x322F LSC_CenterY_B_L 7.0 RMW 0xB4 Ve
0x3230 Reserved “\\@
N4
0x3231 LSC_EV_Bot 7:0 R/W O0xCO LSC bottom EV boundary ~
0x3232 LSC_Shf_Ctrl 7.0 RMW OxC3 RN
LSC_Shf_Slope 76 RMW 3  Slope shift bit )
LSC_Shf_Gain 20 RMW 3 Gain Shift bit Q)
&
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14.4. SOC Statistic Registers (0x3250) %%
Address Register Name Bits R/W 52.3‘3 Descriptions @
N
0x3250 Color_Acc_Ctrl 7.0 RMW 0x80 @
CA Zone_En 7 R/W 1  Enable color acc zone mode .
Zone mode Y
CA_Zone_Mode 6 R/W 0 0:when CA_Zone Cnt=0, keep cu etting
1. when CA Zone Cnt =0, statisti hole image
- 5:0 R - Reserved N
0x3251 - - - - Reserved @
=
0x3252 - - - = Reserved AR
0x3253 - - - - Reserved x@
0x3254 - - 5 - Reserved . (\\\>
0x3255 - = . = Reserved @J/
0x3256 - . - - Reserved N
0x3257 CA_Y_Top_Thr 7.0 R/MW O0xD0O Top boundafysgMuminance
N4
0x3258 CA_Cnt_Ctrl_1 7.0 R/MW 0x05 5“%
- 7:5 R - Reser@
CA_Y_Bot_Thr 4:0 R/W 0x05 Bw(t\@z)undary of luminance
>
N
«©
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14.5. SOC Gamma Registers (0x3270) Q@
Address Register Name Bits R/W \R/zﬁg Descriptions T Q\
0x3270 Gamma Tab 0 7:0 R/MW 0x00 Gamma correction table register O D a
0x3271 Gamma Tab 1 7.0 R/MW 0x1F Gamma correction table register 1 %C%U
0x3272 Gamma Tab 2 7:0 R/MW 0x2D Gamma correction table register 2\)(/
0x3273 Gamma_Tab_3 7:0 R/MW O0x3F Gamma correction table registe{@
0x3274 Gamma_Tab_4 7:0 R/MW O0x4E Gamma correction table regi@
0x3275 Gamma Tab 5 7:0 R/MW 0x5A Gamma correction table rfé@r 5
0x3276 Gamma Tab 6 7:0 R/MW O0x6E Gamma correction table&@gtem
0x3277 Gamma Tab 7 7.0 R/MW 0x7E Gamma correction @@gister 7
0x3278 Gamma_Tab_8 7:0 R/MW O0x8E Gamma correc@g register 8
0x3279 Gamma_Tab 9 7:0 R/MW 0x9C Gamma correggicﬁable register 9
0x327A Gamma_Tab_10 70 RMW 0xB4 Gamma (;,or(@\\t{un table register 10
0x327B Gamma_Tab_ 11 7:0 RMW 0xC9 Gamma Bé@\\cjjﬂon table register 11
0x327C Gamma Tab 12 7:0 R/MW 0xDD Gamm@rrection table register 12
0x327D Gamma Tab_ 13 7:0 R/ OXxEE Q@\r@%orrection table register 13
0x327E Gamma_Tab 14 7:0 R/MW OxFF %@m correction table register 14
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14.6. SOC Auto-White Balance Registers (0x3290) %%
Address Register Name Bits RMW (oo Descriptions @\
WB_Gain_R [9:0] @N
0x3290 WB_Gafn_R_H 1.0 R/MW 0x01 AWB Gain R @
0x3291 WB_Gain_R_L 7.0 R/MW 0x00 &
WB_Gain_B [9:0] t N
0x3296 WB_Gain_B_H 1:0 R/MW 0x01 WB_Gain_B @
0x3297 WB_Gain_B_L 7:0 RMW 0x00 )
0x3298 CA_Result R 7:0 R - Color accumulation result S
0x3299 CA_Result G 7:0 R - Color accumulation resq{@
0x329A CA _Result B 7:0 R - Color accumulation r@i\bB
0x329B AWB_Control 0 7:0 R/W 0x00 &j
AWB_Conve_Range 24 RW o AwB convergenceyange

IR-G|< rangg\and IB — G| <range.

- 3:0 R 0 Reserve@@w
~N

0x329C AWB_Control_1 7.0 R/MW O0x4A

yonuN
AWB_Fine_Tune_Thr 73 RW 9 If od|ffé@ke less than this register, into fine tune

I

e tune adjustment step, value from 0 to 7
AWB_Fine_Tune_Step 2.0 R/W 2 : IOV?III‘;ect.
(,@\7: Quickly.

N
0x329D AWB_Fast_Tune_thrl  6:0 R/W @}5«3 Fast speed
0x329E AWB_Fast Tune_thr2 6:0 Rw@g Middle speed

0x329F AWB_Fast_Tune_thr3 6:0 W@OxOF Slow speed

0x32A0 AWB_Fast_Tune_Step 7@% 0x78 AWRB fast tune adjustment step
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14.7. SOC Auto-Exposure Registers (0x32B0) QL
Address Register Name Bits RMW (oo Descriptions @\
0x32B0 LA _Wgt _Ctrl0 7.0 RMW 0x55 @V

LA Wgt 0 76 R/MW 1 Weighting of Zone 0. a
LA Wgt 1 54 R/W 1  Weighting of Zone 1. \@//)U
LA_Wgt_2 32 RW 1 Weighting of Zone 2. \)
LA_Wgt_3 10 RW 1 Weighting of Zone 3. ((\
0x32B1 LA _Wgt_Ctrll 70 RMW 0x55 QO
LA Wgt 4 76 R/W 1 Weighting of Zone 4. (\W
LA_Wgt_5 54 R/W 1 Weighting of Zone 5. &\J
LA Wgt 6 32 R/W 1 Weighting of Zon&@@
LA_Wgt_7 1:0 RW 1 Weighting of Z
0x32B2 LA Wgt Ctri2 7:0 RMW Ox55 N
LA Wgt 8 76 R/MW 1 Weighting,;@ﬁ)e 8.
LA Wgt 9 54 R/W 1 Weightfi@/&bZone 9.
LA_Wgt_10 32 RW 1  WeigHtingbf Zone 10.
LA_Wgt_11 1.0 RW 1 ﬂqlﬁ&%g of Zone 11.
0x32B3 LA _Wgt_Ctrl3 7:0 R/ 0x55 N
LA Wgt_12 76 RW ;((\%ighting of Zone 12.
LA_Wgt 13 5:4 R/W Aﬁ%\ Weighting of Zone 13.
LA_Wgt_14 3:2 RM@ Weighting of Zone 14.
LA_Wgt_15 1.0 R%\/l Weighting of Zone 15.
0x32B4 - - \K% - Reserved
0x32B5 - AN V - Reserved
0x32B6 - QZQ@ S - Reserved
0x32B7 - ((’\\\y - - Reserved

0x32B8 AE_DetcRange_l{Q@»\ 7:0 R/MW 0x48 AE detect range upper
0x32B9 AE DetcRangg&@’ 6:0 R/W 0x38 AE detectrange lower

0x32BA LA _Result N 7:0 R - Luminance accumulation result [7:0]
0x32BB AE Contrg&& 7.0 RMW 0x87
AE_S[@d\“\/ 7:4 R/MW 0x08 OxF is fast, Ox0 is slow
~ If enable.
7 . Minimum exposure line = AEC_Flicker_Base
A@ﬁ_icker_All_En 3 R/W 0 0: Disable
& 1: Enable
%? Anti-Flicker enable
% E_Anti_Flicker_En 2  RMW 1 0O: Disable
1: Enable

NS

2012/08/01 _43- Confidential
With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,
fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such
information.



@ NGVATEK

NT99141

AGC enable %
AE_AGC_En 1 RW 1 (135 E:\s:lgf &
AEQ enable ©\
AE_AEC_En 0 RMW 1  0: Disable
1: Enable o>
0x32BC AE_Target Lum 7.0 R/MW 0x40 AE target luminance & Y
0x32BD AE_ConvRange Upper 7:0 R/W 0x44 AE convergence range upper @v
0x32BE AE_ConvRange Lower 7:0 R/W 0x3C AE convergence range lower (((\
0x32BF AEC_Min_ExpLine 7.0 R/MW 0x40 mg‘s':zg?ﬁzss:;l_';ﬁm'”
0x32C0 AEC_Max_ExpLine 7.0 RMW 0x80 AE_Max_ExpLine for Ag\@
0x32C1 - - S - Reserved DN
0x32C2 - - 5 - Reserved &j
0x32C3 AGC_Min_Limit 6:0 R/W 0x00 AE_AGC_MiHIQLm
0x32C4 AGC_Max_Limit 6:0 RMW 0x20 AE_AGC, Max\bimit
0x32C5 - = = - Reserve
0x32C6 - . . . Resered®
0x32C7 AE_Control_1 7:0 RMW 0x00 A‘;\@
AEC Ficker Base H 76 AW 0 (Rl SREIRE o egster
AE_EV_A H 5 RW ®\\/E_EV_A[8]
AE_EV_B_H 4 RW @ AE_EV_B[8]
AE_EV_C_H 3 r O AE_EV C8)
AE_EV D _H 2 “@3 0 AE_EV_D[g]
AE_EV_E_H 1\%\7\/ 0 AE_EV E[8]
AE_EV_H o, O% R - AE_EV[8]
0x32C8 AEC_FIicker_Base_L[((\ RW ~ 0x3C gstfy;:lkg(; g)éﬁ):osru rl(illg](‘)9 !Zicg]this register.
0x32C9 AE_EV_A_L QO;) 7:0 RMW 0x58 AE_EV_A[7:0]
0x32CA AE_EV_B_L OAC§ 7.0 RMW 0x68 AE_EV_B[7:0]
0x32CB AE_EV_C L % 7.0 RMW 0x7C AE_EV_C[7:0]
0x32CC AE_EV_DA% 7.0 RMW 0x84 AE_EV_D[7:0]
0x32CD AE_E\(EE 7.0 RMW 0x98 AE_EV_E[7:.0]
X/
0x32CE - o (| - - - Reserved
0x32CF OW - - - Reserved
0x32Do/®ﬁeActlve Flag 0 R/W 0x01 Setregister as 1, AE will re-Active.
§U
O
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14.8. SOC Scaler Registers (0x32E0) %%
Address Register Name Bits R/W 52.3? Descriptions @\
Scaler_Out_Size X [10:0] T @Q

0x32E0 Scaler_Out_Size_X_H 2:0 R/W 0x05 Output horizontal size (Even size only)

0x32E1 Scaler Out Size X_L 70 RM  Ox00 Minimun width is 56. «C%
Scaler_Out_Size_Y [100] T &))"

0x32E2 Scaler_Out_Size_Y_ H 1.0 R/MW 0x02 Output vertical size (Even size @

Ox32E3 Scaler Out Size Y L  7:0 RMW 0xpo Minimun heightis 42. A
0x32E4 HSC_SCF | 4:0 R/W 0x00 Integer part of horizontal s@&@;ﬂfactor’r
0x32E5 HSC_SCF 7:0 R/MW 0x00 Fraction part of horizom@g@ling factor t
0x32E6 VSC_SCF_| 4:0 R/W 0x00 Integer part of vertica%%}ing factor t
0x32E7 VSC_SCF 7:0 R/MW 0x00 Fraction part ofg‘i@gcaling factor t

T New register values are accepted by enabling LOAD bit in register 0x3060. @
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14.9. SOC Output Format and Specical Effects Registers (0x32FO0) %%
Address Register Name Bits RMW (oo Descriptions @\
N
0x32F0 Output_Format 7.0 R/W 0x00 @
Output format
0: YCbCr Q )
1: RGB565 <
2: RGB555 Q
Output_Format_Sel 74 RN 0 3: RGB444x
4: RGBx444 @
5: Raw-10 bits @
6: CCIR656
7. JPEG /f\%
Raw-10 bits mode only N\
0: R start
Raw_Output_Ch_Sel 32 RMW 0 1:Grstart @
2: Gb start %
3: B start N
R and B sw&
0: Disabl
RB_Swap 1 RW 0 1:in YC%% ode, swap Cb and Cr. In RGB mode,
swap Red and Blue.
Outpy ‘~, swap
Oosle
Output_Byte_Swap 0 RIW 0 » CbCr mode, swap chroma and luminance
/In RGB mode, swap odd and even byte.
0x32F1 Special Effect 0 4:0 R/W 0x,c(Q\@7
QOO: Data value from O to 255.
Output Limit ] % 01: Data value from 1 to 254.
put_ 4:3 RQ@/@ 10: Y data from 16 to 235; C value form 16 to 240.
11: Reserved.
Q 000: Normal
\ 001: Black and White
\ 010: Sepia
. N 011: Negative
Effect_Option 3@;@? RIW 0 100: Solarization
101: User define and Hue adjust enable
© 110: Reserved
Ql 111: Reserved
0x32F2 Y_Componen;{@@ 7:0 R/W 0x80 Y component.
0x32F3 Chroma_Cory,@&xﬁt 7:0 R/MW 0x80 Cb/Crcomponents. For special effect.
0x32F4 Cb_Ofs /f\\\» 7.0 RMW 0x80 Cb offset. For special effect.
0x32F5 Cr_Off V 7:0 R/MW 0x80 Cr offset. For special effect.
—/
0x32F6 SQQO(I\atEff/ect_l 7.0 R/W 0x00
- /(W 7:6 - - Reserved
nvert R/W 0 Special effect: Solarization.
g@@ert 4 RMW 0 Special effect. Negative.
Cb/Cr component enable in color component
(@ Se_C_Component_En 3 RW 0 gidtment
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0: Disable

1: Enable \

Y component enable in color component adjus@\)
Se_Y_Component_En 2 RMW 0 0:Disable

1: Enable

i} 1:0 - - Reserved @ 4
OX32F7 - - - - Reserved oo
0x32F8 - - - - Reserved \)
Ox32F9 - - - - Reserved RN
OX32FA - - - - Reserved o
0x32FB Hue_Angle_Shift 70 R/MW Ox5A gh',EfIf jf‘;tecct’(p;'g”jzol)lo (\W —Angle_Shift for hue
0x32FC Brt_Ofs 7.0 RMW 0 Brightness offset(l 27)
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14.10. Image Quality Control Registers (0x3300) %%
Address Register Name Bits RMW (oo Descriptions @\
. N
0x3300 Noise_Enh_Param 7.0 R/MW 0x12 @
Edge Enhancement H 76 R/ 0 Edge_Enhancement [9:8] o
Noise Reduction Val : W 2 Noise reduction %%jj
- - 50 R Ox1 Set rbw and gw in the same time \
0x3301 Edge Enhancement L 7.0 R/MW 0x80 Edge Enhancement [7:0] \))
Matrix_RR [10:0] R
. NV
0x3302 Matrix RR_H 20 RMW 0x00 _ O
) Color correction and trans atrix
0x3303 Matrix_RR_L 7.0 RMW 0x4D o\
Matrix_RG [10:0] o\
0x3304 Matrix_RG_H 2.0 R/W 0x00 . :
) Color correctio sform matrix
0x3305 Matrix_RG_L 7.0 R/W 0x96
. ~
Matrix_RB [16%]
B ~
0x3306 Matrix_RB_H 2.0 R/W 0x00 Q _
} Color cor and transform matrix
0x3307 Matrix_RB_L 7.0 R/W 0x1D A
MatppQGR [10:0]
. [
0x3308 Matrix_GR_H 20 RW O0X07 02 |
) correction and transform matrix
0x3309 Matrix_GR_L 7.0 RMW OxD5(0OXNS
atrix_GG [10:0]
0x330A Matrix_GG_H 20 RW %ﬁ? . .
] Color correction anmd transform matrix
0x330B Matrix_GG_L 7.0 RayCoxRB
A Matrix_GB [10:0]
~N
0x330C Matrix_GB_H 2:0 0x00 . _
] Color correction and transform matrix
0x330D Matrix_GB_L TANR/W  0x80
&w Matrix_BR [10:0]
0x330E Matrix_BR_H Q\\2?o RAW  0x00 _ _
} Color correction and transform matrix
0x330F Matrix_BR_L ~ R/W  0x80
e \ Matrix_BG [10:0]
0x3310 MatriX_BG_H&é%\ 2.0 RMW 0x07 _ _
} Color correction and transform matrix
ox3311 Matrix_BG_ELD 70 RMW 0x95
/f:: Q Matrix_BB [10:0]
0x3312 Matrlx 2.0 RMW 0x07 . .
Color correction and transform matrix
0x3313 |V| B_L 7.0 R/W OxEB
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14.11. JPEG Encoder Registers (0x3400)
Address Register Name Bits R/W \R/zﬁg Descriptions @“
0x3400 JPEG_Ctrl 3:0 RMW 0x00 Ca
Reset JPEG core %‘”
Jpg_Reset 3 RW 0 0:Normal Q
1: Reset.
- 2:1 R 0 Reserved
JPEG core active @
Jpg_Active 0 RW 0 O: Disable.
1: Enable.
JPEG Quantization Ql&%ﬁfcalmg Factor
(1) 0 ~ 127:
Linear quality scat or for JPEG quantization.
Value 0 indicat est image quality (the worst
0x3401 Quant_Factor 7:0 R/MW O0x4E compressed imagessize), while value 127 means the
best compre &image size (the worst image
quality). s‘
(2) 128 ~
Use default quantlzatlon table.
0x3402 Num_MCU_H 40 R 0x00 Tote}iﬂ@&d Count High byte
<
0x3403 Num_MCU_L 70 R 0x00 JgtalWCU Count Low byte
rt Interval High byte
) € number of MCU between two Restart Markers.
0x3404 Num_RSTR_H 40 RW 0@/alue 0 means to disable Restart Marker Insert for
R the following scan.
0x3405 Num RSTR L 7.0 RW 0 Restart Interval Low byte
0x3406 Byte CTR H 3:0 ,@ 0x00 Compressed Image Size High Byte Register
0x3407 Byte CTR M 7:0 \QRV 0x00 Compressed Image Size Second Byte Register
~ Compressed Image Size Low Byte Register
0x3408 Byte CTR_L o ﬁ@; R 0x00 If the output stream size is over an image size, it will
AN insert OXFFDY at the end of bitstream.
0x340B Img_Width H [@o R 0x00
0x340C Img Width L 7 0 R 0x00
0x340D Img_Height H, 6\ 70 R 0x00
OX340E Img_Height L2 7:0 R 0x00
0x340F 70 R 0x00 Reserved
JPEG Output Mode
0x3410 (Q&Dt Mode 10 RW oxgo O vaildmode

gy

1: Frame mode with valid length information

2: Frame mode

~N

N

L

&

NS
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15. Chief Ray Angle \%
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16.Electrical Characteristics

16.1. Absolute Maximum Ratings

VDD Supply Voltage -0.3
VDDIO / AVDD / AVDDPIX Supply Voltage ~ -0.3
Operating Ambient Temperature -20°C
Storage Temperature -40°C
Comment

to
to
to
to

+2.0V
+3.9V
+70°C
+85°C

Stresses above those listed under "Absolute Maximum Ratings" may cause permang@mage to this device.
These are stress ratings only. Functional operation of this device at these or a@ conditions above those

indicated in the operational sections of this specification is not implied or in@ . Exposure to the absolute

maximum rating conditions for extended periods may affect device reliabili

16.2. DC Characteristics

<

O

Symbol Parameter Min. Typ. Max. “RWUnit [Conditions
VDD 3'9”""' Logic  Supply| 4 455 | 15 /’L%\' Vv
oltage X
M)
VDDIO I/O Interface Supply 17 33 % 6 Vv
Voltage NS
AVDD Analog Supply Voltage 3.0 3.3(7(\:9 3.6 \Y
AVDDPIX  |Pixel Supply Voltage 3.0 @ 3.6 \Y
Operating Power i )
Prun Consumption 4&&5 mW (30fps @ HD JPG (external 1.5V)
lvoo Digital - Logic  Operatingl ~ &:\Dhs 57 | . | ma |30fps @ HD JPG (external 1.5v)
Current =S
lvppio /O Operating Current &Y | 10.24 - mA |30fps @ HD JPG (external 1.5V)
Laopsavooe Analog Operating Currentq@? 40.08 - mA |[30fps @ HD JPG
. I X
\/ Input High Voltage °{Z\WDDIO - - Y,
0.3 x
Vi Input Low Voltage (&ﬂ - - VDDIO \Y
Output Driving C _ i .
lon VDDIO = 3.3Vx - 4.5 - mA |Vou=VDDIO-0.3V, 4mA setting
Output Sinkj ‘Qﬁ)?ent _ .
loL VDDIO = 3. N - 6.4 - mA [Vo,.=GND+0.3V, 4mA setting
Output D urrent _ i .
lon VDDIO/AR - 2.6 - mA |Vou=VDDIO-0.3V, 4mA setting
Out irking Current _ .
loL VDIQEE{%?V - 3.6 - mA Vo .=GND+0.3V, 4mA setting
los ﬁ%ﬁﬁte Output Leakage i i +1 uA
R
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16.3. AC Characteristics QL

Symbol |Parameter Min. Typ. Max. | Unit |Conditions (f\\

Fosc Frequency MCLK 6 24 27  |[MHz AN
Duty cycle 45 - 55 % )

Horizontal Timing \@//_g@

Symbol |Parameter Min. Typ. Max. | Unit |Conditions N

Tsu Output data setup time - 9.5 - ns |vVDDIO=3.3V

Thd __ |Output data hold time ; 1 T [ ns |PCLK=48MHEN

@V

PCLK
”\QQ\)&
&
Tsu o@
- -
N>
¥
Output data @ byte
Two-wire Serial Interface Timing \Q
Symbol |Parameter A~RMin. Typ. | Max. | Unit [Conditions
Teck  |Serial Interface Input @l%}’ ] ] 200 | Kz
Frequency XN

. High Period of The@k
Thign Clock > 0.6 - - us
Tiow Low Period of The S8t Clock | 1.3 - - us
Terrsy  |Start Setup Time o) 06 - - us
Tsmrup  |Start Hold Timed > 0.6 ; : us
TSTP:SU Stop Setup Tlﬁe\ 0.6 _ _ us
Tparsu  |DATA S@tumﬁ% 0.1 - - us
Toarnp  |[DATA H@a ﬁm/e 0.2 - - us
T Bus. Freé—Time between a 13 i i

BUF ST START Condition ' Hs

2t
&
NS
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15. SMT Reflow Profile (5%©

|
|
I
Tsclk /i
|
|
|
1
|
|
|
[

TSTR:HD

<5

)

&

K——

TBUF

A B c < E F
N
Pre-heat i It point Peak point
Ramp Ramp S’(\ P P Ramp
up ] up i . down
Temp. Time NFemp. | Time Temp. Time
N
Max 60~70 60 ~70 20..25 Max
New Reflow Profile - 150 ~ 200'C S ﬁ%ec 2170 i 235~ 240'C . 6'Clsec
3'C/sec
0@ E (peak time)
A
QV
85 Fig. 37 SMT Rwflow Profile
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