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P Features

[> 656 x 496 total pixel array with
RGB bayer color filters and micro-lens.

> Power supply :
AVDD : 2.8V, AVDD1: 2.8V
DvVDD : 1.5/1.8V,HVDD : 1.5 ~ 3.3V

> Output formats : CCIR656, 8bit YCbCr422,
8bit RGB Bayer, RGB565, RGB444,
8bit Mono.

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

> Max. 30 frames/sec progressiv: sCcn
@ 24 MHz master clock:for, VCA

> Frame size, window size and pozition can
be programmed thrcugh a 2 wire serial
interface bus.

> VGA/Q/CA/CQAVSA/ CIF / QCIF Scaling.

> Hori.ontai! Vertical mirroring.

> 50Hz, 60Hz flicker automatic cancellation.

D> Soft reset.

> High Image Quality and High low light
performance.

[> Large angle response.
> Support Chip scale package.
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[ Fig. 1] PIN Description (DIE)

Total Pixel Array

656 x 496

Pixel Size

3.6 um x 3.6 um

Effective Image Area

2.361mm x 1.785 mm

Clock Frequency

24 MHz

Frame Rate Variable up to 30fps
Dark Signal 28.6 [mV/sec] @60°'C
Sensitivity 1.46 [V/Lux.sec]
Saturation Level 1200 [mV]
66.85 [mW] @ Dynamic
@DVDD 1.5V
Power Consumption
40.68 [uW] @ Standby
@DVDD 1.5V
Operating Temp.
-30'C ~ 70’
(Fully Functional Temp.) s0c~roc
Dynamic Range 50.3 [dB] @60°C
SNR 43 [dB] @60'C

[ Table 1] Typical Parameters

PD-701-026 Rev 0.52
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» PIN Descriptions [ Table 2 ] Pin Descriptions
Pin # Name I/O Functions / Descriptions

1 AVDD1 P Analog VDD1 : 2.8V DC. 0.1uF to AGND1

2 AGND1 P Analog ground1.

3 TESTEN I Chip Test Mode enable. User must connect this terminal. to LT\ D

4 SDAT I/O 2-wire serial interface data bus. N

5 SCLK I 2-wire serial interface clock input.

6 DVDD P Digital vdd for core logic : 1.5V or 1.8V ZC. 0.1cE cepacitor to DGND.

7 MCLK I Master clock input pad.

8 DGND P Digital ground for core circuits. _

9 PCLK (0] Pixel clock. Data can be latched by external devices at the rising or falling
edge of PCLK. The polarity can/scaantrolled.

10 HVDD P Digital vdd for 1/0 : 1.5 ~ 3.3V [XCVol age range for all output signals is
0V ~ HVDD. 0.1uF to DG’

11 DO (0] Bit 0 of data output.

12 D1 (0] Bit 1 of data output.

13 D2 @) Bit 2 of data ouyput.

14 D3 (0] Bit 3 of data output.

15 D4 (0] Bit4 of de a output.

16 D5 (0] Bit5 or uai xautnut.

17 DvDD P Figite 'vdd for core logic : 1.5V or 1.8V DC. 0.1uF capacitor to DGND.

18 HSYNC O }T.IZ& al synchronization pulse. HSYNC is high ( or low ) for the
hori-cntal window of interest. It can be programmed to appear or not
autside the vertical window of interest.

19 DGND P Digital ground for core.

20 HVDD 0 Digital vdd for /0 : 1.5 ~ 3.3V DC. Voltage range for all output signals is

» 0V ~ HVDD. 0.1uF to DGND

21 06 _‘_ 0] Bit 6 of data output.

27 DoNC, | P Digital ground for core.

23 L o O | Bit7 of data output.

24 VSYNC O Vertical sync : Indicates the start of a new frame.

25 STDBY I Power standby mode. When Standby=‘1" there’s no current flow in any
analog circuit branch, neither any beat of digital clock. D<7:0> and PCLK,
HSYNC, VSYNC pins can be programmed to tri-state or all ‘1’ or all ‘0’.
But it is possible to control internal registers through 2-wire serial
interface bus in Standby mode. All registers retain their current values.

26 RSTB I System reset must remain low for at least 16 master clocks after power is
stabilized. When the sensor is reset, all registers are set to their defaults.

27 AGND P Analog ground.

28 N.C No Connection

29 AVDD P Analog VDD : 2.8V DC. 0.1uF to AGND

PD-701-026 Rev 0.52 5/87 Crystallmage & Imaginglnnovation
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» Signal Environment

PO60300K has 3.3V tolerant Input pads. Input signals must be higher than or equal to HVDD but cannot
be higher than 3.3V. PO60300K input pad has built in reverse current protection circuit, which mak >s it
possible to apply input voltage even if the HVDD is disconnected or floating. Voltage rangc. foi=!l ou out
signals is OV ~ HVDD.

» Chip Architecture

PO60300K has 656 x 496 total pixel array and column/row driver circuits'to read ¢t the, pixel data
progressively. CDS circuit reduces noise signals generated from various sc irces mail ly resulting from
process variations. Pixel output is compared with the reset level of its own ana anlv.*lie difference signal is
sampled, thus reducing fixed error signal level. Each of R, G, B pixel nutput can be multiplied by different gain
factors to balance the color of images in various light conditions. Tl e ar.alng signals are converted to digital
forms one line at a time and 1 line data are streamed out colu=in by colur.n. The Bayer RGB data are passed
through a sequence of image signal processing blocks™o finalhveioc'uce YCbCr 4:2:2 output data. Image
signal processing includes such operations as gamma cor. 2ctica.<efect correction, low pass filter, color
interpolation, edge enhancement, color correction, vontrast s retch, color saturation, white balance, exposure
control and back light compensation. Internal functions 2nd-Gutput signal timing can be programmed simply by
modifying the register files through 2-wire sei al interface.

Analog Control sichal

VUil Control Signal v — Standby

- ' < ~— RSTB

8 Tote! Pixel arra 1| Control

@ | = y < :

je :

2 | 656 x 496 1 8 [Control registers

1 B 2 ¢ o 8 . 8bits YCbCr or
= T | |S 3 5 = 7 > 8bits Bayer
| |' i o S SO = > PCLK

<) CDS<0:655> ol S HSYNG

€ m SRRy SR SR
|| § 1T - s > VSYNC

8 ADC<0:655> M [ ﬁg ............. = © 0

< jo2e} =3

> ) S5 S5 NEEETE N I A . ... 388 <> SDAT

© - LO5 ;

@ Column decoder |— '§§§)<_§ SCLK

(\II :

Digital Control signal

.....................................................................................................................................................................................

[ Fig. 2] Block Diagram
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» Frame Structure and Windowing

Origin ( 0, 0) of the frame is at the upper right corner. Size of the frame is determined by two registers :
framewidth( Reg.B-48h, B-49h ) and frameheight( Reg.B-29h, B-2Ah ). One frame consists of francewidth + 1
columns and frameheight + 1 rows. framewidth and frameheight can be programmed to be larger tt.an total
array size. Default window array of 640 x 480 pixels is positioned at ( 80, 8). It is possible t¢c definc= specific
region of the frame as a window. Pixel scanning begins from ( 0, 0 ) and proceeds row Fy aw aawnw? rd, and
for each line scan direction is from right to the left. Hsync signal indicates if the output' s from & pixel that
belongs to the window or not. There are two counters to indicate the present coordiricte ¢” frame scanning :
Frame row counter and frame column counter. Counter values repeat the cy cle of 0 tc frameheight, and 0 to
framewidth respectively. The counter values increase at the pace of pixel cloc.:.(PCL'\), which does not
change as the frame size is altered. The pixel data rate is fixed and is independent of frame size(frame rate).

0.0
|8 03)
- 640
- 3 40 Effective pixel 3 72
719, 277)
727038 I 8
(799, 499) I 4

\- Dummy pixel

Effective window

[ Fig. 3] Default data structure of frame and window. ( Top view )
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» Data Formats

Pixel array is covered by Bayer color filters as can be seen in
the [ Fig. 4 ]. Since each pixel can have only one type of filter \ n it,
only one color component can be produced by a pixei, PC5030.°
provides this Bayer pattern RGB data through an 8bit chcnnel. 1t akes
one PCLK to pass one pixel RGB data to output bi's. but sinice it<s
necessary to know all 3 color components.2,.55, b ‘o produce a color
for a pixel, the other two components n7ust be imarrea from other pixel

data. For example, G component for a L pixel is ¢ llculated as an
[ Fig. 4 ] Bayer Color filter pattern average of its four nearest G neighbors, ar.d.ite<’< component as an
average of its four nearest R neichbhors. This operation of inferring

missing data from existing ones is called the color interpolation. Cr.or "aterpolation produces an
undesirable artifact in image. Sampling nature of color fili~i can lec:*="an interference pattern around
an area with repetitive fine lines. PO6030K adopts a''ow pzss fil 2r to prevent the interference patterns
( called Moire pattern) from degrading the image quality *oo i.iuch. After color interpolation, every pixel
has all three color components. These three colcr. compo ients R, G, B can be routed to 8 bits output
pins in such a way RGB565. It takes two PCLK’s to puss one pixel RGB data to output bus.

It is possible to extract monochrome i, wn=nce data from RGB color components and the conver-
sion equationis : Y = 0.299R + 0'087:> + C 114B where R,G and B are gamma corrected color
components. And the coloi in®orr. ~uon j ; separated from luminance information according to following
equations.

Ch=-0148R-0.291G + 0.439, Cr=0.439R-0.368G —-0.071B

Since I .unan € ves /ure less sensitive to color variation than to luminance, color components can be
suk-<ample ! to reduce the amount of data to be transmitted, but preserving almost the same image
quality PO6030K supports 4:2:2 YCbCr data format

where Cb and Cr components are horizontally
sub-sampled such that U and V for every other

pixel are omitted. PO6030K also support 4:2:2
Cb1| Y1 |Cr1| Y2 |Cb3| Y3 |Cr3| Y4 | ... YUV data format.

[ Fig. 5]14:2:2 YCbCr data sequence.

_______________________________________________________________________________________________________________________________________________________|
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» Data and Synchronization Timing

[ Fig. 6 ] shows the default data sequence of PO6030K. In [ Fig. 6 ] Hsync / PCLK polarity can have any
combinations possible. Data can be latched at the rising or falling edge of PCLK. Hsync can be se¢t to be active
high or active low. The sequence default YCbCr data is [ Cb,Y, Cr, Y, ...] for common even /.odd rws.

The width of Hsync can be programmed by windowx1 / x2( Reg.B-50h, 51h, 54h, 551
and given by

Hsync Width = windowx2 - windowx1
Data value can be selected in Invalid or blanking region . ( Reg.B-74t' ~ 7Bh )

Hsync Width = window x2 — window x1

Hsync /:
MCLK : _\_/ \ e/ \_/_\I_/_\_/—\_/_

POLK _/_\_/_‘,\_/—\_/_\,\_/_\_/_;x/—‘_/_\_/_\_/_‘,«_/—\.\_/_
DATA ABXCbXYXCrXYXCb,sj(__XCbeXCrXYXFF

[ Fig. 6 ] Timing diagram £~} sync, MCLK, PCLK and Data ( default )

The default sequence Bayer (iata’s [RCRG...] for even rows and [GBGB...] for odd rows. The data
order can be changed by regis'<r ( b."/ anr bité of Reg.B-33h).
[ Fig. 7 ] shows the be ter acta sequence of PO6030K. PCLK frequency is MCLK/2 when output data

is bayer data.

Hsync Width = window x2 — window x1

[ Fig. 7 ] Timing diagram for Hsync, MCLK, PCLK and Data ( Bayer )

PD-701-026 Rev 0.52 9/87 Crystallmage & Imaginglnnovation
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In [ Fig. 8 ], Vsync polarity also can have any combinations possible and can be set to be active high
or active low. The width of Vsync can be programmed by vsyncstart / vsyncstop( Reg.B-60h ~ 65h ) and
given by

Vsync Width = ( vsyncstop — vsyncstart ).

The width of Vreference can be programmed by register windowy1 / y2( Reg.B-»2h, 33h, £5h,57h)
and given by
Vreference width = ( windowy?2 - windowy/. ).

Vreference % |
- N

Vreference width = ( window y2 —wiraow 1)

Vsync(def.) %

Vsync width = {\vsyncstop — vsyncstart )

LT L

N
1 line time Hsync Width =
= ( framewidth + 1 ) x puik window x2 — window x1

[7ig. 8. Timing diagram for Vsync and Hsync

(reg_windrw_ <1, rex _window_y1)

minioam = (7, 1) N

N 7

# of columns

# of rows

(reg_window_x2, reg_window_y2 )

[ Fig. 9] Effective Image Size

Effective Image. # of columns = reg_window_x2 - reg_window_x1

Effective Image. # of rows = reg_window_y2 - reg_window_y2
_______________________________________________________________________________________________________________________________________________________|
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VSYNC J \_
HSYNC ﬂﬂﬂNU\ﬂNUWUM JWVVUVWUVUL

[ No scaling case : default ]

HSYNCJ\JU\JU\JU\JL/X NN AN

[ QVGA scaling case ]

VSYNC J : \

[ @2\ 3A scaling case ]

VSYNC J \_

HSYNG f\_f\f\_f\_f\JL_f\_N\_f\_N\_f\ AT

[CIF scaling case]

VSYNC _I/ f \_

wene_ L L VLN ﬂf\ L L |

[QCIF scaling case]

[ Fig. 10] Timing diagram for VSYNC and HSYNC ( scaling modes )
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oLk W f\ﬂﬂﬂﬂ f\f\ 0 fL
DATA ABXUX XVX X— :X_Y_X_U_X—Y_XT/_X_Y_X—U :X_V_V_l L_XT/ Y_X_FF

[ No scallng case: default]

e LUV NUUUAR R MU
e Y UL LW L LU
SN U S S AN B U ) B G

| QVGA/CIF scaling case ]

A VAVAVAVANAY) ﬂﬂﬂfm AN

PCLK —»'L___f—\_ 171 A S Y U A |

DATA ﬁ'a_— X :X v XU '_* .XFF

[ QQVGA/QCIF scaling case ]

[ Fig. 11] Timing diagram for PCLK and Data ( scaling modes )

_______________________________________________________________________________________________________________________________________________________|
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» 2-wire Serial Interface Description

The registers of PO6030K are written and read through the 2-wire Serial Interface. The PO6030K has 2-
wire Serial Interface slave. The PO6030K is controlled by the Register Access Clock (SCLK), which is driven
by the 2-wire Serial Interface master. Data is transferred into and out of the PO6030K through the F =gister
Access Data (SDAT) line. The SCLK and SDAT lines are pulled up to VDD by a 2kQ off-chig.resiswes Either
the slave or master device can pull the lines down. The 2-wire Serial Interface protocol <ciarmii.as wh ch
device is allowed to pull the two lines down at any given time.

Start bit

The start bit is defined as a HIGH to LOW transition of the data line wk.'e the clc ck line is HIGH.
Stop bit

The stop bit is defined as a LOW to HIGH transition of the dat=i=e while the clock line is HIGH.
Slave Address

The 8-bit address of a 2-wire Serial Interface device corsists ¢ 7-Fi of address and 1-bit of direction. A
‘0’ in the LSB of the address indicates write mode, ana 2 ‘1’ \adiZate 5 read-mode.
Data bit transfer

One data bit is transferred during each clock nulse. Th* SCLK pulse is provided by the master. The data
must be stable during the HIGH period of the SCLK : i:.can #nly change when the SCLK is LOW. Data is
transferred 8 bits at a time, followed by an acknowledge bit.
Acknowledge bit

The receiver generates the acknowledg » clock pulse. The transmitter ( which is the master when writing,
or the slave when reading ) releases the uata I ne, and receiver indicates an acknowledge bit by pulling the
data line low during the acknow.'<dge lock pulse.
No-acknowledge bit

The no-acknowledq : bit i.. generated when the data line is not pulled down by the receiver during the
acknowledge clock pulse. ».no-acknowledge bit is used to terminate a read sequence.
Sequence

A typicoimead ¢ writ2 sequence begins by the master sending a start bit. After start bit, the master
sends the slave duvice s 8-bit address. The last bit of the address determines if the request will be a read or a
write, wiirea ‘0 indicates a write and a ‘1’ indicates a read. The slave device acknowledges its address by
sending an acknowledge bit back to the master. If the request was a write, the master then transfers the 8-bit
register address to which a write should take place. The slave sends an acknowledge bit to indicate that the
register address has been received. The master then transfers the data 8 bits at a time, with the slave sending
an acknowledge bit after each 8 bits. The PO6030K uses 8 bit data for its internal registers, thus requiring one
8-bit transfer to write to one register. After 8 bits are transferred, the register address is automatically
incremented, so that the next 8 bits are written to the next register address. The master stops writing by
sending a start or stop bit. A typical read sequence is executed as follows. First the master sends the write-
mode slave address and 8-bit register address just as in the write request. The master then sends a start bit
and the read-mode slave address. The master then clocks out the register data 8 bits at a time. The master
sends an acknowledge bit after each 8-bit transfer. The register address is auto-incremented after each 8 bit
is transferred. The data transfer is stopped when the master sends a no-acknowledge bit.

PD-701-026 Rev 0.52 13/87 Crystallmage & Imaginglnnovation
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» 2-wire Serial Interface Functional Description

Single Write Mode operation

S SLAVE ADDRESS W1l A REGISTER ADR. A DATA AP

Multiple Write Mode (Register address is increased automatically)! operation

S SLAVE ADDRESS Wi| A REGISTER ADR. A LATA A

DATA N DATA A | ” I

Single Read Mode operation

O —

S | SLAVEADDRESS | W | A | REGISTERADR. | A | «rocoorioro e

Sr SLAVE ADDRESS R | A DATA NA| P

Multiple Read Mode (Register address Is 11 civensed automatically)! operation

s | staveappbress |w -!—A—i REGISTERADR. | A | ---oovioeia

T

Sr SLAVE ADDRE ';S | RJ A DATA A DATA A
......... DATA A DATA NA P
J From master to slave From slave to master

—_

S: Start condition. Sr : Repeated Start ( Start without preceding stop. )
SLAVE ADDRESS: write address = DCh =11011100b
read address = DDh = 11011101b
R/W: Read/Write selection. High = read / LOW = write.
A: Acknowledge bit. NA : No Acknowledge.
DATA: 8-bit data
P: Stop condition

Note 1: Continuous writing or reading without any interrupt increases the register address automatically. If the
address is increased above valid register address range, further writing does not affect the chip operation in
write mode. Data from invalid registers are undefined in read mode.

PD-701-026 Rev 0.52 14/87 Crystallmage & Imaginglnnovation
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» Register Tables ( Group A)

# defFult value

e r— register fame e Rr— e tyoe | stage Dezenatian

0 uele] Deioedl H 25 G0 | Q4100000 | RO 0 device &0

1 o9 Dejoedl) L 8 A0 | aaddaaan | RO o]

2 oz Feulivwber i 0 | Qaa0aa0{ | Ao 0 B SO U e

3 03 hamh 1 00| weomad | ALY k) e ster growp selellne

21 15 Fralog comtm! 06 23 17 |oadiod | Al k) Fralog contmd reg. ter e
L) 20 hayer_cortmld_01 53 A5 | adddadod | R 2 hayercontml! egiste 01
145 o hawer cortml 02 16 10| oad{oadn | Al z Aayer ot d my s L7

( Group A : continue )
_______________________________________________________________________________________________________________________________________________________|
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» Register Tables ( Group B)

# . defzult value
dec | Fex register naime dec | fex B fype | stage
256 [ulu] Devicedld H =1 g0 | aH4aaaon | RO o] .

- = deioe [

257 o9 Devicell L 98 A0 | oayaoon | /Ao 0
255 oz Feulivwber i 0 | Qaa0aa0{ | Ao 0 B SO U e
253 03 hamh 1 00| weomad | ALY k) e ster grown selellne
273 i fMicker contml 2 0 0g | Qadooaan | Al 0 Micker mode cortm) ster oo
289 29 o _perod &0k 0 00 | Qaaaoon | AW g Aicker pedod for G0A 0]
230 22 fo_pedod_z2_ 20 S0 | @da00n | AW Ll Aicker pedo, far “OHE N
299 23 o _pedod_a | 192 [ co | H{000000 1 ALY q Mickerpel - d for G, T @)
2z 29 fi_pedod_h k 0 00 | 220000 | AW g T, edou Tor S0HE ()
293 25 fo_pedod_hA & &7 43 [ 0aaandd | AW £l Aickergeod A 50H: 1)
299 26 o _pedod_h | 7d J4 [araooin | AW g Ricker ped. d for S0HT 1)
295 27 fil_pedod_o k 1 of | Gaogaodad | AI F Vicher pedar for CASE © (H)
295 28 fi_pedod_c & 147 [ 93 | 10000t Al i Aeverpencd for CASE C W)
297 23 o _fheight 2 k 1 o | aaaaond | AW g Richer ramekeight for GOHz (H)
298 | 24 fo_fheight_a_ ! 293 | F3 [ N00dd | R Ll Richer fameheight for G0Hz L)
299 | 28 o _fheight bk 1 0 | 20aa0ny | AW q B Richer famekeight for S0Hz (H)
a0 | e fo_fheight_h ! 293 | FR [ 00id | R g T ficker frameheight for S0HT (L)
304 a0 iso fume_O0 255 | FF O[NNI RWY 2 ] I5P comtml egister 00
306 3z ign fuwe_ 2 1 0 | 0aa00d | AW i F5P combml register 02
307 33 iga_fume_ 3 296 | D2 | MHOH000 | Rl e FEP combmol register 03
308 ad i2e_contm! 1 20 A0 |00 | AW L F2C comtml megister 0
3z 38 fomat 0 g | oaaooaca | Al s Crdout Fomrat combmol egister
az0 Ll to comtmd_0 0 o0 | QA0 /L g Test Pattem contml egisher 00
329 4 tn contmd 1 286 | FF | NN W L Test Pattern contml egister 19
322 F2 o comtmd 2 255 | FF | 41444911 | AW 4 Test Patterm contmd egister 02
323 i3 o contmd_ 3 2585 | FF | MOINNM] R Bl Test Patterm contmd egister 03
3249 L) o comtmd_ 4 2585 | FF |0 R k) Test Patterm contml register OF
325 5 o conmtmd_ 5 0 00 PN =TT k) Test Patterm contmd egister 05
328 L] framewidth_k 3 == Tooo oot [ AW i framewidth (H)
529 | 4% Frame width_| 31 | Moo 11| AW g Framewidth (L)
336 | &0 windone 1_k RN T z windaow %1 ()
337 a1 wirdome 1| L7 | 7 aoooii7| Aw 2 wimdom =1 L)
k] 52 wimdamnyd k | L a0 | 220000 | AW 2 wimrdaw ¥ H)
339 53 wirrdomey 1| N 70000t AW 2 wimdow ¥ L)
390 54 Wi mx 2§ R 02 | 00aa0in | AW 2 wirdom 52 (H)
3419 55 wimdonx 2 | 134 g& | fo00dddo | Al 2 wimd owe X2 L)
342 il Wi e S 1 af | 0aannd | AW 2 wimdaw ¥2 (H)
593 | &7 wind ey ! | 230 | £6 | 11100710 AW z window Y2 (i)
357 | &0 wrestad ank 0| o0 | 00000000 | AW g Curtout Vayme Row Stard (4]
353 &1 oy atan, e 12 0c | Qaaadion | AW q Chetout Veyne Row Stad (L)
354 B s TR MKk i o | oagooadd | ALY F Criput Veyme Row Stog ¢H)
355 RN LY Hﬂpﬂj W ! 236 | EC |10 fia0 )] AW Bl Cwtowt Velme Row Stog (@)
356 64 | ua,— columm_k 0 0g | Qaa00aan | ALl k) Crlput Vsyre Colusn Start ()
357 55 wsyrecolaan_| 18 10 | oad{oadn | Al k) Crdput Vsyre Colusr Start (L)
jel=11] 58 Eyrc_cortml 0 0 0g | Qadooaan | Al 2 Svmehmni zation cortml egister Q0
351 53 =wic_coriml 2 02 | oaaooado | Al F Swmehmeri zation cortml egizter 01
a7z 74 EYC_CCiTFF 255 | FF O[NNI RIY Ll COaR datz format FFE
373 75 syrc_oodnid 0 00 | 0aa000 | AW q COHR data format 00k
ard 7& symc_ooiri) 128 [ 80 | 10000000 ALY g COR datz format 80k
ars 77 syrc_ooir il 18 10 [ Q0Q000 | AW £l COaR datz format 10k
376 7a syre_hlamkSA I 182 [ 88 | 10{01a] A g Alamk SAl
3F7 ra swre_hlankeEAl 157 a0 | a0t | Rl F Alank EAL
378 7A syrc_FobivsAl 171 [ A8 | {odoiat | /Al i Fobiwe 5S4V
379 8 swro_aokiveEAl 128 g0 | F000Q000 | Al F Fobive EAL
384 =) soale_x 32 20| oddogaadn | Al z Horzontal! zoale factor ([ 20k =x1)
385 21 soale_ v a2 20 | oddonaadn | Al 2 lYedical seale factor [ 20k =x1)

( Group B : continue )
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

» Register Tables ( Group B)

388 | =4 zephia_ch 192 | o0 | 29000000 AW z Ch sephia
389 | 85 sephiz_cr 64 | 40 | 0000000 | AW z Cr sephiz

397 | =% shatohofsat 1 37 | 20 | 00900000 | AW z soatck offeet |

393 | &% shetchoffeet 2 200 | Ga | 17007000 | AW z soatch offest 2

397 | &4 shatohofset 3 16 | 10 | 00090000 | AW z soatch offest 3

295 | &8 shetohoffzetd 128 | 80 | 10000000 AW Z soatch offa # F

o0 | 20 o5_max 255 | FF | 44434447 | AY 2 wax. color L
07 | 24 yromtE st 64 | 40 | 09000000 | AW E Y comtast

oz | 9z rbightness ] 07 | 00000007 | AW z Brgl ezl
03 | 93 R 254 | FE | 11114970 AW E Y
EFRIES edge_gain 36 | 24 | 00900900 | AW I Sdge Sain

1z | a0 edge_th 16 | A0 | 00090000 | AW g Edge Theelold

F20 | Ad coid =3 38 | odd1aa0 | Al k) Colorcomect an aati= [ 11)
21 A5 ool 165 | A5 |[{0{oddod | A F “olor comect an watis (12)
427 | A8 Y E 13 | 0D | 0000dd0d | AW g Co e come oo matis {98 )
423 | AT coZi 147 | 93 10040071 | RW q Color comection matix [ 27 )
24 | AR ool F5 200 | odadodaay | Al k) Colorcomection aatix [ 22)
425 | A9 ool 51 Q5 | aadooddo | Al k) T Colorcomection aati= (23)
426 | AA codi 131 | 83 | 10000077 | AW I T Colorcomection matis (51 )
427 | A8 coz 170 | A4 | A0d09090 | AW 7 Color comechion matix { 52 )
428 | AC oo 3l i SO ga0daad | /Al < _I_ = Color comection matix [ 33)
43z | B0 gy () 0 | o0 |ooooooon| Al I Gamma v

433 | B4 iy 10| 04 | 00009090 | AW g Gamwa v

437 | Bz oy 2 23 | 7 |oo0iodl| AW | GaFmma vz

435 | 83 q_y 3 36 | 24 | 00900900 | AW g GFmaa ra

4386 | B84 o yd g7 | 2F |o0i0ddid | AN 7 Gamaa rd

457 | 85 q_y5 65 | 47 |odoooo0d | AR 4 Gamwa T

458 | B8 qr_ i g0 | &0 |04 0000 | AW g Camaa v

435 | 87 oy T 103 | &7 09900717 AW q Gamaa v

70 | B8 i yE 119 | 77 v ot RW 7 Gamma v

441 | 89 qr_yD 149 | ool d00 1907 | AW g Gamaa v

442 | BA q_yi0 174 | AE (1010 110 AW q Gamma 10

493 | B8 qar_y i1 197 T |4 000707 | AW g Gammz ril

444 | BG ga_yiz S5 | o doioio | A g Gamma 12

495 | 8D FrE 250 | ED [11401907 | AW I Gaima v

496 | B gy 19 TEE | F | 11144911 AW q Gamna T4

FiE0 G lems_gaimr A Qg | Q200030 | Al k) Fed lers gain

Fi51 GO lems_gaing i g | Qaa00aa0 | A k) Green lens gIin

63 | GF lens Laim 1] 00 | 00000000 | R g Blue lens gain

59 | OO lens doffse h | B | 05 | 0oooodio | AW g lers column offset ()
55 | 04 ors_cofl et | S5 | 5F |d0dddid | AW g lens colume offeet (L)
66 | D2 R 1] 00 | 00000000 | R q /ed lens x oRgin

FEF | O =R ¥ i Q0| Q0000 | A F ed lers ¥ orgin

FE5 | D9l g 7] o0 | 00000000 | R g QrEEn JERE X ORgiT

g6% | D5 | . ng gy 1] 00 | 00000000 | R q GEER IeRE ¥ OAgin

F72 | O8 lems_hx i Qg | Qaa00aa0 | A F hlue lers & afgin

753 | D2 lens Ay i o0 | QAQ00000 | /ALY q hlue lems i ofgin

47§ | OA lens_soale 29 1| oda{aaad | A Bl Ezst et Southdilonth lens seale fackor

( Group B : continue )
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

» Register Tables ( Group C)

# . default value
dec | Rex rRgister azie dec | hex hin tipe | stage
51z | o0 Devicell H 98 | &0 | 0100000 | RO 0 :

- = device M0

513 | 04 Device) L 48 | a0 |ooddo000| RO ]
a4 oz Feullumher i o | Q000004 | A0 0 B SO T her
15 03 hamh 1 00| weomad | ALY k) e ster grown selellne
516 04 Fudo_cortml 1 152 | 98 | 10094000 | R 2 Fudo comtml egia =0 01 =
a7 05 Fubo_cortml 2 13 o0 | oaaodad | Al 2 Fubo cortmol mgiste 12
528 | 40 Fe_wim_h 0| o0 | 00000000 | AW g AE win aw . )
529 | 11 Fe_wime_) 37 | 25 |ooiooiod | AW q AE Woo dow X
530 | 12 Fe_WiTy_N o | o0 |oooooooo| AW 7 AT TG e Y )
531 | 13 Fe_wimy ! 28 | C |oooddo0| AW g AE wodan ¥ (L)
537 | 14 Ze_width & 2 | 0z |o00000io| R q AE wirmd w Widdh (=)
533 | 15 Ze_width | 96 | 60 | 000000 AW g AE wimdy w Width (L)
537 | 1% Fe_height K 7 07 | 00000007 | AW g 4E winsow Height (H)
535 | 47 Fe_height | 190 | BE |{0{{1110]| ALY I Al wirdow Height 1)
535 18 Fe_owinrk_k 0 o0 | AAQ02000 | /L q AE Center window = (K]
537 | 1% Ze_cwime_| 229 | ER | 17900907 | AV q B AE Canter wintow & (L)
538 | 14 Fe_cwiny i Q| 00 |oo000000| AW g T 7 T AE Cemter window ¥ (H)
539 | 48 Ze_cwimy ! 185 | &7 | 0000717 | AW g ] AE Center window ¥ (L)
540 | G Fe_cuioth 0| 00 | 00000000 | R ¢ AE Cemter window Width (H)
541 | 10 Ze_cwidth | 160 | A0 | 0900000 | Al a AE Center window Width (L)
542 | 1E Fe_cheight R 0| 00 | 00000000 | AU I AE Center window Height (H)
a3 1F Fe_cheight | 160 | Ad | A0{0ad00 | R T AE Cemter window Height (L)
545 | 249 ext_inime_k 0| 00 | 00000000 R E Extemal itegation Twe (H)
H43 25 ext inkime_i 128 | 80 | 10000000 | £ 4 Extermal itegration Nae (W)
550 | 26 ent_inttime | 0 | o0 |oopooooo| AW, 2 Extemal itegation e (L)
557 | 2% ext_glhg_k 7 07 | o0 o000t | AW z Extermal Globalgain (H)
553 | 29 ext_glag | 0| 00 |00 00000 ]| R E Extemal Glodalgain (L)
556 | MG expgosye 0 el |-.:, Teaa | /Y 2 Cument Exposue (T)
557 | 20 exposime_k ] o ooo pooo [ Al 2 Cument Expocume (H)
558 | I erpOsUE_W 1EB | B0 000 000 | AW z Crment Exposue (W)
EED | 2F expostE_| RN T z Cument Exposure (L)
G567 | a4 winfmbeinht_k 75 | = ooooodd| AW q Wddle FrameHeiokt (H)
565 | a5 aidfmeioht | IENE A R 7 WFddle FrameHeight (L)
556 | a6 madmheight_k N 7| oooooddd | AW g ez FrameHeight (H)
5&7 | ar R AT OF | oo | {00700 ]| R q W FrameHeight (L)
57z | ac miderg t 07 | o0 |ooo00000 | AW g iWddle Exposure (T)
573 | a0 wide A i 21 | aF |oo0addid| AW g Wfddle Exposume (H)
574 | aF wid wo ¢ | 48 | a0 | 00740000 | AW g iWfddle Exposure (W)
576 | 40 mamex | 0| o0 | 00000000 | AW g I Exposure (T)
577 | 91 R 62 | 4E |ooiddiio| AW q e Exposue (H)
578 B wam.co_w 96 | 60 |aiiooooo| AW 7 W Exposure (W)
530 | fa0l ek ] o0 | 00000000 | AW g Wn Exposume (H)
551 | 45 | . exom ] 00 | 00000000 | R q in Exposte 0d)
52z | 48 mirerg_| 12 | OC | 000000 | AW g W Expogume (L)
584 §8 exaFmH H 1 of | aadooadad | Al k) Refereree Exposume FrameReight (H)
585 L exgFmi L 2485 | F3 |40 | AW F Fefereroe Exposume FrameHeight (L)
52 | 4C inttime_H 0| o0 | 00000000 | AW z Irtegration Time (H)
&85 | 40 inttime_ I 128 | 80 | 30000000 | ALY z irtecration Tiwe (W
590 | 49 inttine_L o | o0 |oooooooo| AW Z imtegration Fime (L)
597 | &0 dlohalgain 0| 00 | 00000000 | AW z Globalgain
593 | &1 digitalgain 6d | 40 | 09000000 AW E Digital Gai
596 | &9 Fe_o_weight 3 | 08 |o0000077 | AW z AE Certer Weight
597 55 Fe_up soeed g2 08 | oddodaadn | Al 2 AE upside Speed
538 pal=] Fe_down_speed 12 Q| Qaoad oo | Rl 2 AE downside Speed
523 a7 Fe_look 2 0z | oadooado ] Al 2 AE lock @nge

( Group C : continue )
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PRELIMINARY
PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

» Register Tables ( Group C)

513 5 e i Qg | Qaa00aa0 | /Ao F Firean ()

19 | &8 yarean_| 128 | 80 (0000000 /O g areaw (L)

523 5F wEer Wit 128 | 80 | A0adQ00 [ /i 2 wzer ¥Viamet

558 =) Fuh_mahio 128 | 80 [{oooo0od | AW q AlE ReddGeen Ratio

55 85 Fwh_hgahio 128 | 80 [ {oooooon | AW g AWE BluerGreen Ralio
EqE =1 Fh_lock 2 0z | 200040 | R q AWE lock i nge

B4 7 B7 Fwh_soeed g 08 | 0004000 | /AL q AWE speen

g7 | A0 Wl TRET_TiT i Q0| Q0000 | A 2 i Fed gaic for witite L 2\amee
gr3 | Af Wi ax 285 | FF O[4I | AW 2 max Fed gain & Wi e B3 e
g7 | A2 Wi hgaia_Grie i Qg | Q200030 | Al z mrin Blue g@ic o wahite halamce
575 | Al Wi BgRin_max 255 | FF O[4I | R 2 @ Tiue i a0t white Balance
s576 | A Wwi_main 1553 S0 400030 | Al 2 ~ed gain « orwh = halance
EFF | A5 Wi 1523 SO Aa00aa0 | A 2 Sreen gIin A - white halamce
&r8 | A& wh_hgain 5 F0 | 4200000 | /AL 2 e gin fo, white halanoe
g2z | B4 WEEC_0E 32 20| 0900000 | /ALY 2 L =roodos Latuabion offsst

( Group C : continue )
_______________________________________________________________________________________________________________________________________________________|

PD-701-026 Rev 0.52 19/87 Crystallmage & Imaginglnnovation



PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

» Register Tables (Group D)

# . defFult value
dec | kex register naie dec | kex A type | stage
758 a0 Devicell H 26 G0 [ O91QAQ00 | /O a device 0
759 o Devicel L 48 a0 [ 0a9aqan | /O a
7ro 0z Reulivaher 1 o | QaQ0000{ | RO 0 B SO AL aEr
Frd 03 hark i O | meedd | AN F e Eer muwa L e T
2aF | ES Fwg_r i i RO 0 GEen Irerah
292 | E5 Fug_o i i RO 0 Blue 3we=ge
289 | £7 Fug_A 1] 1] ] ] QW

_______________________________________________________________________________________________________________________________________________________|
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

P Register Tables ( Detailed ) : Group A

Register names are written in slanted characters. To differentiate between decimal, binary, and hexa
numbers, ( d, b, and h ) are appended. The sensor should be reset by RSTB pin set low, after power is
up, for at least 16 master clock periods. This will initialize all of the registers to their default value .

(0-3) DevicelD, RevNumber, Register Selector

# default value
register name type sige Description
dec hex dec hex bin
0 00 DevicelD_H 96 60 01100000 RO 0
device ID

1 01 DevicelD_L 48 30 00110000 R 0
2 02 RevNumber 1 01 00000001 FO | 0 revision number
3 03 bank 1 00 XXXXXX01 I RW | 4 register group selector

Default : 00h( Device_ID_H ) = 60h, 01h( Device .ID_L ) = 30h,
02h( Rev_Number ) = 01h,
03h( Register Selector )= 00h.
Description :
Indicate PO6030K device I[7, rev2rsic 1 number, Register Select.
Common registers of Group. A,00h / B(01h) / C(02h) / D(03h).

Register type
RO : Availab:2 Reaa Only
RW : favai'zhle Rzad and Write
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(21) Analog control 06

# register name default value
dec | hex J dec | hex bin
21 15 analog_control_06 23 17 [ 00010111 | RW 4 analog control register 06

type |stage Description

Default : 15h = 17h

Description :
register name : analog_control_06
register # bit# name default - default(h) 17 deiwult(b) 00010111
7 X 0 X
6 X 0 X
5 0 pad drivability: Cont: ol
00b : x1
pad_drivability 01b : x2
21(d) 4 1 10b : x :(defall'*\
lS(h) b X
3 X 0 X
2 Reserved 1
1 Reserved 1
0 Reserved 1

PD-701-026 Rev 0.52 22/87 Crystallmage & Imaginglnnovation



(144) Bayer Control 01

PLUS

mXEL PIXELPLUS CO., LTD.

PRELIMINARY
PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

# register name default value type |stage Description
dec | hex . dec | hex bin e . P
144 | 90 bayer_control_01 53 | 35 | 00110101 [ RW | 2 bayer control register 01
Default : 90h = 35h
Description :
register name : bayer_control_01
register # bit# name default - default(h) 35 det. ult(b) 00110101
Vertical Mirror (VM)
7 vm 0 ‘0’ : Vertical Mirror disable. ( de.ault )
1" : Vertical Mirror enable.
Horizontal Mirrfr (HED)
6 hm 0 ‘0’ : Horizontal N ‘rre” dise ble. ( default )
‘1" : Horize=*21 Mii_ ar ens Jle.
5 Reserved 1
144(d) 4 Reserved 1
90(h)
3 Reserved 0
2 Reserved 1
1 Reserved )
‘l
0 Re=erved 1

PD-701-026 Rev 0.52
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PRELIMINARY

PLUS

nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(145) Bayer Control 02

# register name default value
dec | hex - dec | hex bin
145 | 91 bayer_control_02 16 | 10 | 00010000 | RW | 2 bayer control register 02

type [stage Description

Default : 90h = 10h

Description :
register name : bayer_control_02
register # bit# name default - default(h) 0 defc ult(b) 00010000
7 0 Clock Divide
000b : x 1 ( default )
001b : x 2/3
6 . 0 010b : x 1/2
clkdiv(2:0) 011b - x 1/3
100b : x 1/4
5 0 101b : x 12
145(d) else :x
91(h) 4 Reserved 1
3 Reserved 0
2 Reserved 0
1 Reserved )
0 Reserved
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(273) Filcker Control 2

# register name default value
dec | hex - dec | hex bin
273 | 11 flicker_control2 0 00 | 00000000 | RW [ O flicker mode control register 02

type |stage Description

Default : 11h = 00h

Description :
register name : flicker_control_2
register # bit# name default - default(h) 0 defa'l—t(b) 00000000
7 X 0 X
6 X 0 X
5 Reserved 0
4 Reserved 0
217]%1(;) 3 manual60 0 Manual ¢ JH; f"_or m:de select
2 manual50 0 Manu.! 50Hz flickzr mode select
Auto Flici ar Detection Enable
1 fd_en 0 2t Disab 2
1 Gnalle
0 Reserved
Moc ¢ Bit3 Bit2 Bitl
(manual60) | (manual50) (fd_en)
Normai 0 0 0
(fhker i2ode off)
l_Mﬂ.a-l@/Hz flicker mode 1 0 0
Mecnual 50Hz flicker mode 0 1 0
| Auto Flicker Detection 0 0 1
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PLUS

mXEL PIXELPLUS CO., LTD.

PRELIMINARY
PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(281-301) Flicker

# register name default value type |stage Description
dec | hex g dec | hex bin P g P
289 | 21 fd_period_60_h 0 00 | 00000000 | RW 4 flicker period for 60Hz (H)
290 | 22 fd_period_60_m 80 50 | 01010000 | RW 4 flicker period for 60Hz (M)
291 | 23 fd_period_60_1| 192 | CO | 11000000 | RW 4 flicker period for 60Hz (L)
292 | 24 fd_period_50_h 0 00 | 00000000 | RW 4 flicker period for 50Hz (H)
293 | 25 fd_period_50_m 67 | 43 | 01000011 | RW | 4 flicker period for 50Hz (M)
294 | 26 fd_period_50_1| 74 | 4A | 01001010 | RW 4 flicker period for 50Hz (L)
295 | 27 fd_period_c_h 1 01 | 00000001 | RW | 4 flicker period for CASE C/)
296 | 28 fd_period_c_m 147 | 93 | 10010011 | RW 4 flicker period for CASE (. (M)
297 | 29 fd_fheight_60_h 1 01 | 00000001 | RW 4 flicker frameheight for ¢ 1z (H)
298 | 2A fd_fheight_60_1| 243 | F3 | 11110011 | RW 4 flicker frar cneigric “ar 60h. /L)
299 | 2B fd_fheight_50_h 1 01 | 00000001 | RW 4 flicker f; imeheight for IHz (r.
300 | 2C fd_fheight_50_1| 243 | F3 | 11110011 | RW 4 flicker i ameheight for 5. Hz (L)
Default : 21h = 00h, 22h = 50h, 23h = COh, 24h = 00h, 25h = 43h, 26h = 4A,.27k= 01h, 28h = 93h,
29h = 01h, 2Ah = F3h, 2Bh = 01h, 2Ch = F3h
Description :

FD Period A : 21h ~ 23h, Exposure pariod 30

FD Period B : 24h ~ 26h, Exposure pericd 50

EN Darind R - 27h ~ 29h Evnner: a narind

I /1 Clivu w . rnni ~Vly, I_I\'JUDU. . HUI oJu

FD Frame Height A : 29h~2Ah, Frame Heig.at for'each state 60
FD Frame Height B : 2Bh~2Ch, Fi ame Height for each state 50
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(304) ISP Function Control 0

# register name default value
dec | hex . dec | hex bin
304 | 30 isp_func_0 255 | FF | 11111111 | RW | 2 ISP control register 00

type [stage Description

Default : 30h = FFh

Description :
register name : isp_function_control_00
register # bit# name default - default(h) FF defa. It(b) 11111111
Color Correction
7 ccr_en 1 ‘0’ : Color correction disable
‘1’ : Color correction enable (default)
6 Reserved 1
Low Pass Filter.
5 Ipf_en 1 ‘0’ : Disable.
‘1" : Enchle. (Cefaiiy
304(d)
30(h) 4 Reserved 1
3 Reserved 1
Edge Eiidiicement
2 edge_en 1 ‘0’ : Disable
‘1’ : Enable (default)
1 X 1 X
0 X 1 X
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PRELIMINARY
PO6030K

PLUS

mXEL PIXELPLUS CO., LTD.

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(306) ISP Function Control 2

# register name default value type |stage Description
dec | hex . dec | hex bin e . P
306 | 32 isp_func_2 1 01 | 00000001 | RW | 2 ISP control register 02

Default : 32h = 01h

Description :
register name : isp_function_control_02
register # bit# name default - default(h) C. defa 1lt(b) 00000001
Sephia
7 sephia_en 0 ‘0’ : Disable (default)
‘1’ : Enable
Sketch
6 sketch_en 0 ‘0’ : Disable (def ult
‘1’ : Enabl~
E.nboscinasirey ae_ysel='0', interpolation Y selection )
b) emboss_en 0 ‘0’ : Disable (defz Jlt)
‘1" : Enchle
Emboss/ g mode
306(d
@ 4 emboss_se 0 ‘U Diclble (default)
32(h)
‘1’ : Enable
Reverse (reg_ae_ysel='3', Y601 selection )
3 reverse ‘0’ : Disable (default)
‘1’ : Enable
—
2 X | 0 X
1
1 X 0 X
Lens Shading Enable
0 lens_vn 1 ‘0’ : Disable
‘1’ : Enable (default)

—_—
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PLUS

mXEL PIXELPLUS CO., LTD.

PRELIMINARY
PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(307) ISP Function Control 3

# register name default value type |stage Description
dec | hex . dec | hex bin e . P
307 | 33 isp_func_3 216 | D8 | 11011000 | RW | 2 ISP control register 03
Default : 33h = D8h
Description :
register name : isp_function_control_03
register # bit# name default - default(h) [8 defc ult(b) 11011000
7 1
Reserved
6 1
5 0
Reserved
4 1
307(d) Gamma C/ rrectian
33(h) 3 gm_en 1 ‘0’ : L.sable
‘1" : Ena.'e (defual
2 Reserved 0
1 X 0 X
0 X 0 X

]
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PRELIMINARY

PLUS

nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(308) 12C control 1

# register name default value type |stage Description
dec | hex . dec | hex bin e . P
308 | 34 i2c_control_1 80 | 50 |01010000 [ RW | 4 12C control register 01

Default : 34h = 50h

Description :
register name : i2c_control_1
register # bit# name default - default(h) L) defe ult(b) 01010000
7 0
6 1
Reserved
5 0
4 1
3 Reserved 0
308(d) Clock will coici register
34(h) 2 clkoff 0 ‘0’ : Clock xill disable (default)
1’ : Clock :ill enable
Register stanby mode
1 stdby 0 ‘0’ : Off (default)
1":0n
| Register reset mode (Soft reset)
0 rstb ) C ‘0’ : Disable (default)
| ‘1’ : Enable
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1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(312) Format

# register name default value type |stage Description
dec | hex . dec | hex bin e . P
312 | 38 format 0 00 | 00000000 | RW | 2 Output Format control register
Default : 38h = 00h
Description :
register name : format_control
register # bit# name default - default(h) 0C defau 't(b) 00000000
7 0 00h:CBYCRY
6 0 0lh:CRYCBY
02h:YCBYCR
04h : RGRG...GB ;B
312(d) 4 0 05h GBGI:}...RGR
38(h) format_control 06h : GRG'....bGBG
3 0 0710 BGE 5..C0LCR
08h :.25G6B5
2 0 09h :B5USR5
1 0 0Ch : mon.  sensor
¢Oh:YYY! .
0 0 OEi. = R474B4
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nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(320) TP control O

# reqister name default value
dec | hex g dec hex bin

320 | 40 tp_control_0 00000000 | RW Test Pattern control register 00

THEY
NN N\ 2
AN i
TR e S e

type |stage Description

mi}

CAZ

TPC = 16h TPC = 17h TPC = 18h TPC = 19h
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1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(321-324) TP control 1 ~ 4

# register name default value type |stage Description
dec [ hex dec | hex bin
321 | 41 tp_control_1 255 | FF | 11111111 |RW | 4 Test Pattern control register 01
322 | 42 tp_control_2 255 | FF | 11111111 |[RW | 4 Test Pattern control register 02
323 | 43 tp_control_3 255 | FF | 11111111 |RW | 4 Test Pattern control register 03
324 | 44 tp_control_4 255 | FF | 11111111 |[RW | 4 Test Pattern control register™4 ..~

Default : 41h = FFh, 42h = FFh, 43h = FFh, 44h = FFh
Description :
Controls each color registers component of G1, R, B, G2

(328-329) FrameWidth

# register name l— - i, — type [stage Description
dec | hex dec | h ¢ bin
328 | 48 framewidth_h S | 03~ .00n00011 | RW 4 framewidth (H)
329 | 49 framewidth_| 31 | \1F |UL)011111 RW 4 framewidth (L)

Default : 48h = 02!1,'9h =.1Fh Frame Width = 799d
Descriptic
FrameWi iti..is ti=2<iumber of columns to be counted during one line time. Column counter value is
incre miented - by ! until it reaches FrameWidth, then it is reset to 0. FrameHeight and FrameWidth
determii.=s the frame rate. Frame rate is given as follows.
Frame Rate = freq (PCLK) / ( ( FrameHeight +1) X ( FrameWidth+1)) (Bayer)
Frame Rate = freq (PCLK) / ( ( FrameHeight +1) X ( FrameWidth+1))/2 (YCbCr)
For example, If Pixel clock ( PCLK ) =24 MHz, FrameHeight = 499d and FrameWidth = 799d.
then, the frame rate is 30 fps for VGA Mode. If you double the Frame Width , you cut the frame rate by
half.
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1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(336-343) WindowX / Y

# register name default value type |stage Description
dec | hex dec | hex bin
336 | 50 windowx1_h 0 00 | 00000000 | RW | 2 window X1 (H)
337 | 51 windowx1_| 7 07 | 00000111 | RW | 2 window X1 (L)
338 | 52 windowyl_h 0 00 | 00000000 | RW | 2 window Y1 (H)
339 | 53 windowyl | 7 07 | 00000111 | RW | 2 window Y1 (L) Y W
340 | 54 windowx2_h 2 02 | 00000010 | RW | 2 window X2 (H)
341 | 55 windowx2_| 134 | 86 |10000110 | RW | 2 window X2 (L)
342 | 56 windowy2_h 1 01 | 00000001 | RW | 2 window Y2 (H) -
343 | 57 windowy?2_| 230 | E6 11100110 | RW | 2 window Y2 (L) |

Default : 50h = 00h, 51h = 07h, 52h = 00h, 53h = 07h, 54h = 02h, 55h = &%h, 56h = 01> 57h = E6h
Description :

WindowX1 : 50h, 51h

WindowX2 : 54h, 55h

WindowY1 : 52h, 53h

WindowY2 : 56h, 57h

Window can be defined by 4 parameters : WinduiwX1, WirsowY1, WindowX2, and WindowY?2.
Serial image data stream out pixel by pixel. Wir.Jow speciies the area of pixels that we are interested
in. Hsync signal indicates if the image data output i from-a pixel that lies within the window area or
not. Output data stream does not stop for pixels lying outside the window : just the Hsync signal is de-
asserted.

The actual window position ir-the fraiae is given as

upper right corner = (“wirdow X1 + 1, Window Y1)
lower lef cor.ar = (Wirdow X2, Window Y2-1)

All the coordinates a. = witi.respect to the maximum window origin (0, 0) of <Fig. 3>. Window
position and size are w 'h respaoct to the full sampling mode. It is not necessary to change the window
parameters when sa.apling mode is switched between one and another.
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(352-355) VsyncStartrow / VsyncStoprow

# register name default value type |stage Description
dec [ hex dec | hex bin
352 | 60 vsyncstartrow_h 0 00 | 00000000 | RW | 4 Output Vsync Row Start (H)
353 | 61 vsyncstartrow_| 12 | 0OC | 00001100 | RW | 4 Output Vsync Row Start (L)
354 | 62 vsyncstoprow_h 1 01 | 00000001 | RW | 4 Output Vsync Row Stop (H)
355 | 63 vsyncstoprow_| 236 | EC | 11101100 | RW | 4 Output Vsync Row Stop (I8~ o~

Default : 60h = 00h, 61h = 0Ch, 62h = 01h, 63h = ECh
Description :
Output Vsync Row Start points : 60h, 61h
Output Vsync Row Stop points : 62h, 63h

(356-357) VsyncColumn

iz register name default value type |stage Description
dec | hex dec | hex bin
356 | 64 vsynccolumn_h 0 00 | 00000000 | RW 4 Output Vsync Column Start (H)
357 | 65 vsynccolumn_| 16 10 | 00010000 | RW 1 Output Vsync Column Start (L)

Default : 64h = 00h, 65h = 10h
Description :
Output Vsync Column start points

Vsync i o |
Rcount --|||fI||I'J_||||||||'" eIl EEERHENREENES
AV v

Vs’ ncS art VsyncStart_Column VsyncStop
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640 X 480 Pixel Array

(360) Sync control 0

# register name default value type |stage Description
dec | hex . dec | hex bin e . P
360 | 68 sync_control_0 0 00 | 00000000 | RW | 2 Synchronization control register 00

Default : 68h = 00h

Description :
register name : sync_control_00
register # bit# name default - default(h) )0 der ult(b) 00000000
7 X 0 X
Vsync Drop (VD ), sync_drop[1]
6 0 ‘0’ : disable. ( defau!t)
‘1’ : enable.
sync_drop[1:0] Hsync Drop (I'D2;syn :_drop[0]
‘0" : disak'=n( deic ult )
5 0 ‘1" : ent ole.
360(d)
68(h
(h) 4 0
3 0
2 sync_pclkrate 0 pcCIK rate control
1 0
0 0
|
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(361) Sync control 1
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mXEL PIXELPLUS CO., LTD.

PRELIMINARY

PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

# register name default value type |stage Description
dec | hex . dec | hex bin e . P
361 | 69 sync_control_1 2 02 | 00000010 | RW | 4 Synchronization control register 01

Default : 69h = 02h
Description :

register name : sync_control_01

register #

bit#

name

default - default(h) 02 de fault() 00000010

361(d)
69(h)

hiz

0

Output Pad set to Hi inpedance/ HiZ)
‘0’ : disable. ( default )
‘1" : enable.

sync_vsyncPolarity

Vsync Polurity £ hange
‘0’ : disable . (~efau )
‘1" : arnble.

sync_hsyncAllLines

Acivadugiof Hsync All Lines
‘0’ : Disable ( default )
20 Enadie.

sync_hsyncPolarity

Hs) nc Polarity Change
‘°7: Disable. ( default )
‘1’ : Enable.

sync_pclkwindow

PCLK Window
‘0’ : Disable. ( default )
‘1’ : Enable.

sync_ -

1kPolc ity

PCLK Polarity
‘0’ : Disable. ( default )
‘1’ : Enable.

stdby. =vel

Stand by Level
‘0’ : Output level in stand by mode. ( default )
‘1’ : Hiz in stand by mode.
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1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(372-375) Sync CCIR

# ) default value .
dec T hex register name doc T hex b type [stage Description
372 | 74 sync_ccirFF 255 | FF | 11111111 | RW 4 CCIR data format FFh
373 | 75 sync_ccir00 0 00 | 00000000 | RW 4 CCIR data format 00h
374 | 76 sync_ccir80 128 | 80 | 10000000 | RW 4 CCIR data format 80h
375 | 77 sync_ccirl0 16 10 | 00010000 | RW 4 CCIR data format 10h

Default : 74h = FFh, 75h = 00h, 76h = 80h, 77h = 10h
Description :

CCIR data format FFh : 74h

CCIR data format 00h : 75h

CCIR data format 80h : 76h

CCIR data format 10h : 77h

(376-379) CCIR656 Sync Index Value

# register name default value type |stage Description
dec [ hex dec | hex bin
376 | 78 sync_blankSAV 182 | B6 | 10110110 | RW | =« blank SAV
377 | 79 sync_blankEAV 157 | 9D | 10011101 | RW | 4 blank EAV
378 | 7A sync_activSAV 171 | AB | 10101011 | RW | 4 active SAV
379 | 7B sync_activEAV 128 | 80 | 10000000 | RW [ 4 active EAV

Default : 78h = B6h, 79h = 9Dh, 7Ah =22t _7Bh = 80h
Description :
EAV and SAV signals.are iriseried | or synchronization purposes.

BlankSAV : 78h, Blar.- Rar;= Start of Video
BlankEAV : 79h, llank kange End of Video

ActiveSAV/ 7A . Acu e Range Start of Video
Activ :=AV . 73h, /«ctive Range Stop of Video

Vs,nc | 55 I—
iwee | L LI Ly L]

SAV EAV  SAV aEAV aSAV aEAV aSAV EAV SAV
.. 801080 1080 10 80 10FF 00 00 XY FF 00 00 XY 80 10 80 1080 10 80 10
EAV : blank EAV, SAV : blank SAV
aEAV : Active EAV, aSAYV : Active SAV
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1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(384-386) Scale

& register name default value type |stage Description
dec | hex dec | hex bin
384 | 80 scale_x 32 | 20 | 00100000 | RW 2 Horizontal scale factor (20h = x1)
385 | 81 scale_y 32 20 | 00100000 | RW 2 Vertical scale factor (20h = x1)

Default : 80h = 20h, 81h = 20h

Description :
Scale X : 80h, Horizontal scale factor 20h = x1
Scale Y : 81h, Horizontal scale factor 20h = x1

(388-389) Sepia Color : Cb tone / Cr tone

# register name default value type |stage Description
dec | hex dec | hex bin A
388 | 84 sephia_cb 192 | CO | 11000000 | RW | 2 Cb sephia
389 | 85 sephia_cr 64 | 40 [01000000 | RW | 2 _ Cr sephia

Default : 84h = COh, 85h = 40h
Description :
fixed color (Cb / Cr ) data when sepia or color vignette mode.
Cb Color tone : 84h
Cr Color tone : 850

(392-395) Sketch Offset

# register name | gt value type |stage Description
dec [ hex dec | hex bin
392 | 88 sketchoffs ctl <2 | 20 | 00100000 [ RW [ 2 scatch offset 1
393 | 89 sketcho set2 . [ 200 [ C8 |11001000 | RW | 2 scatch offset 2
394 | 8A ~ otchoffset” 1) 716 | 10 [ 00010000 | RW | 2 scatch offset 3
395 | 8B s ‘ew offset. [ 128 ] 80 [ 10000000 [RW | 2 scatch offset 4

Defac't .“28h - 2011, 89h = C8h, 8Ah = 10h, 8Bh = 80h

Descriptivn :
Address Name Description
88h Sketch offset 1 sketch offsets related to sketch effect
89h Sketch offset 2 color
8Ah Sketch offset 3

sketch offsets related to sketch effect
8Bh Sketch offset 4 edge
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nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(400) CS Max

# register name default value type |stage Description
dec | hex . dec | hex bin e . P
400 | 90 CS_max 255 | FF (11111111 |RW | 2 max. color

Default : 90h = FFh
Description :
Color Maximum (Clamping) data. : OxFF = 128
color range in YCbCr : 16 ~ 240
=>cs_max = 112 = OxEO
colorrange in YUV : 1 ~ 254 * 0, 255 : CCIR656 spe :ial numbe .
=>cs_max = 127 = OxFE

(401-402) yContast / yBrightness

# register name default value type [stage Description
dec | hex dec | hex bin
401 | 91 ycontrast 64 40 | 01000000 | RW 2 Y contrast
402 | 92 ybrightness 1 01 | 00000001 | RW 2 Brightness

Default : 91h = 40h, 92h = 01h
Description :
Luminous (Y) = Conversion Y x Ce¢nt ast + Brightness

(403) Y Max
# register n”.ne default value type |stage Description
dec | hex e ! A '_d& hex bin o . ¥
403 | 93 oo_yma " o54 | FE [11111110 [RW 2 max. Y

Default : 93t = 7Eh,
Descr.ptien:
Y Naximum (Clamping) data.
Y range in YCbCr: 16 ~ 235
=>Y Max = 235 = OxEB
Y range in YUV : 1 ~ 254 * 0, 255 : CCIR656 special number.
=>Y Max = 254 = OxFE
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nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(412-415) Edge Enhancement

# register name default value type |stage Description
dec | hex 9 dec | hex bin P 9 P
412 | 9C edge_gain 36 24 | 00100100 | RW 4 Edge Gain
413 | 9D edge_th 16 | 10 | 00010000 | RW | 4 Edge Threshold
Default : 9Ch = 36h
Description :
Edge Gain : 9Ch, (0x04 = x1)

Edge Threshold : 9Dh, Edge enhancement threshold.

(420-428) Color Correc.ion

# register name efault v-ue type |stage Description

dec | hex J dec | 1. X bin R J P

420 | A4 ccll 56 | 38 | 00111000 | RW 4 Color correction matrix ( 11 )
421 | A5 ccl2 105 | A5 | 10100101 | RW | 4 Color correction matrix ( 12)
422 | A6 ccls 13 | OD | 00001101 |RW | 4 Color correction matrix ( 13)
423 | A7 cc2l 147 | 93 | 10010011 | RW | 4 Color correction matrix (21)
424 | A8 022 45 | 2D | 00101101 | RW 4 Color correction matrix ( 22)
425 | A° cCze 6 06 | 00000110 | RW 4 Color correction matrix ( 23)
426 | AA c31 131 | 83 | 10000011 | RW 4 Color correction matrix ( 31)
427 | AB < 32 170 | AA | 10101010 | RW | 4 Color correction matrix ( 32)
428 | AC cc33 77 | 4D | 01001101 | RW | 4 Color correction matrix ( 33)
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(432-446) Gamma Coefficient

# register name default value type |stage Description
dec | hex dec | hex bin
432 | BO gm_y0 0 00 | 00000000 | RW | 4 Gamma YO
433 | B1 gm_yl 10 | OA | 00001010 | RW 4 Gamma Y1
434 | B2 gm_y2 23 17 | 00010111 | RW 4 Gamma Y2
435 | B3 gm_y3 36 | 24 | 00100100 | RW | 4 Gamma Y3
436 | B4 gm_y4 47 | 2F | 00101111 |RW | 4 Gamma Y4 N W
437 | B5 gm_y5 65 41 | 01000001 | RW 4 Gamma Y5
438 | B6 gm_y6 80 50 | 01010000 | RW 4 Gamma Y6
439 | BY gm_y7 103 | 67 | 01100111 | RW | 4 GammaY7? | . o
440 | B8 gm_y8 119 | 77 | 01110111 | RW 4 Gamma Y8
441 | B9 gm_y9 149 | 95 | 10010101 | RW 4 samma .2
442 | BA gm_y10 174 | AE | 10101110 | RW 4 Gamma Y10 .
443 | BB gm_yll 197 | C5 | 11000101 [ RW 4 Gamma Y11
444 | BC gm_yl2 218 | DA | 11011010 | RW 4 Gamma Y12
445 | BD gm_y13 237 | ED | 11101101 | RW 4 ¢ mma Y12
446 | BE gm_yl4 255 | FF | 11111111 | RW 4 Gamma y14

Default : 00h, OAh, 17h, 24h, 2Fh, 41h, 50h, 67h, 77h, 95h, AEh /C5h DAh, EDh, FFh
Description :

Gamma Correction is applied to RGB signal whicirang==7ron 0 to 255 to compensate

non-linear characteristics of display brightness vs inpu‘ brigiiness.

Gamma Out
GC14 —_—
GC13 — —— ——
GC12 —1— —— —
GC11 L
_~ z
GC10 — v
GC9 — / 2
4
GC8

Gamma In

CO
0481216 24 32 48 64 96 128 160 192 224 256

GC : Gamma coefficient

_______________________________________________________________________________________________________________________________________________________|
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(460-474) Lens Shading Compensation

# register name default value type |stage Description
dec | hex dec | hex bin
460 | CC lens_gainr 0 00 | 00000000 | RW | 4 Red lens gain
461 | CD lens_gaing 0 00 | 00000000 | RW 4 Green lens gain
463 | CF lens_gainb 0 00 | 00000000 | RW | 4 Blue lens gain
464 | DO lens_coffset_h 6 06 | 00000110 | RW 4 lens column offset (H)
465 | D1 lens_coffset_l| 95 5F | 01011111 | RW 4 lens column offset (L) N N
466 | D2 lens_rx 0 00 | 00000000 | RW 4 red lens x origin
467 | D3 lens_ry 0 00 | 00000000 | RW | 4 red lens y origin
468 | D4 lens_gx 0 | 00 | 00000000 | RW | 4 green lens x origin’. ®
469 | D5 lens_gy 0 00 | 00000000 | RW 4 green lens y origl.'
472 | D8 lens_bx 0 00 | 00000000 | RW 4 bl iens x ¢ ‘ain
473 | D9 lens_by 0 | 00 | 00000000 | RW | 4 I uelens yorigi.
474 | DA lens_scale 81 | 51 | 01010001 | RW | 4 East/West/{ outh/North lens | cale factor

Default : CCh = 00h, CDh = 00h, CFh = 00h, DOh = 06h, D1h = 5Ek._D2h = 00h, D3h = 00h
D4h = 00h, D5h = 00h, D8h = 00h, D9h = 00h, DAh ={ 1h

Description :
Lens Gain R
Lens Gain G
Lens Gain B
Lens Column Offset
Lens Red XY Origin

Lens Green XY Origin

Lens Blue XY Origin

Lens Scalr

: CCh, Red Lens Shading 3aint.£:20 = x 1 gain.

: CDh, Green Lens Shading 5ain. 0x20 = x 1 gain.
: CFh, Blue Lens Shaa.»aZain. 0x20 = x 1 gain.

: DOh, D1h, L =ns Shading Column Offset

: D2h, DGt ~dow center origin Red XY value

for 'Zeno shaiing compensation
D4i. T5h, Nindow center origin Green XY value for
»ens siiading compensation

- D81.;;,09h, Window center origin Blue XY value for

Lans shading compensation

: DA, East/West/South/North lens scale factor
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640 X 480 Pixel Array

(516) Auto control 1

# register name default value type |stage Description
dec | hex . dec | hex bin e . P
516 | 04 auto_control_1 152 | 98 | 10011000 | RW | 2 auto control register 01

Default : 04h = 98h

Description :
register name : auto_control_01
: _ N
register # bit# name default - default(h) 98 d. fault(v) 10011000
7 Reserved 1
6 Reserved 0
5 Reserved 0
4 Reserved 1
516(d) 3 Reserved 1
04(h) o i
Auto White Balance Register Au W2 da_lance ReglsFer update
2 Undate [ 0’ : Udate by internal function (default)
P ‘1" : Udate by external interface
1 0 Auto Exposure Register update
. 00b : Update by Internal function. (default)
Auto Exposure Register X .
Update | 01b : Update by Exposure reg|ster ‘ _
0 v 10b : Update by External_Inttime & Linear Gain
11b : Update by Inttime & Globalgain register

_______________________________________________________________________________________________________________________________________________________|
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640 X 480 Pixel Array

(517) Auto control 2

# register name default value type |stage Description
dec | hex . dec | hex bin e . P
517 | 05 auto_control_2 13 | OD | 00001101 | RW | 2 auto control register 02
Default : 05h = 0Dh
Description :
register name : auto_control_02
register # bit# name default - default(h) JD de ault(b, 00001101
7 X 0 X
6 X 0 X
5 Reserved 0
4 Reserved 0
517(d) 3 Reserved 1
05(h) _
Dig'tal gain Urdate
2 Digital gain Update X ‘0’ : U, date py user
‘1’ : Up 'ate by auto (default)
1 Reserved 0
0 Reserved 1

PD-701-026 Rev 0.52

45/87 Crystallmage & Imaginglnnovation



PRELIMINARY

PLUS

nXEL PIXELPLUS CO., LTD. PO6030K
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(528-535) AE Window

# register name default value type |stage Description
dec | hex dec | hex bin
528 | 10 ae_winx_h 0 00 [00000000 | RW | 4 AE window X (H)
529 | 11 ae_winx_| 37 | 25 | 00100101 | RW | 4 AE window X (L)
530 | 12 ae_winy h 0 00 [00000000 | RW | 4 AE window Y (H)
531 | 13 ae_winy_| 28 | 1C (00011100 | RW | 4 AE window Y (L)
532 | 14 ae_width_h 2 02 | 00000010 | RW | 4 AE window Width (H)
533 | 15 ae_width_| 96 | 60 [01100000 | RW | 4 AE window Width (L)
534 | 16 ae_height_h 1 01 | 00000001 | RW | 4 AE window Height (H
535 | 17 ae_height_| 190 | BE | 10111110 |RW | 4 AE window Height /)

Default : 10h = 00h, 11h = 25h, 12h = 00h, 13h = 1Ch, 14h = 02h, 15h = 6%n, 1o:.= 0'h, 17h = BEh
Description :

AE window X :10h, 11h

AE window Y :12h, 13h

AE window Width : 14h, 15h

AE window Height : 16h, 17h

(536-543) AE Center Window

# default value

Jec Thex register name Jec Thex o type |stage Description

536 | 18 ae_cwinx_h 0 00 | 00000000 | RW | 4 AE Center window X (H)
537 | 19 ae_cwinx_| 229 | E5 (11100101 |RW | 4 _ AE Center window X (L)
538 | 1A ae_cwiny_h 0 00 | 00000000 | RW | 4 AE Center window Y (H)
539 | 1B ae_cwiny | 135 | 87 |10000111 | W | 4 AE Center window Y (L)
540 | 1C ae_cwidth_h 0 00 | 00000000 | W [ 4 AE Center window Width (H)
541 | 1D ae_cwidth_| 160 | A0 | 10100uuy = *41 4 AE Center window Width (L)
542 | 1E ae_cheight_h 0 00 | 0000N000 |RV | 4 AE Center window Height (H)
543 | 1F ae_cheight_| 160 [ AO [/.0100t ORI/ | 4 AE Center window Height (L)

Default : 18h = 00h, 19h = EJ*, 1A'= 0( n, 1Bh = 87h, 1Ch = 00h, 1Dh = AOh, 1Fh = AQh
Description :

AE Celter window X : 18h, 19h

AF-Cenwr window Y : 1Ah, 1Bh

AE Zei ter Window Width : 1Ch, 1Dh

AE Ce'iter Window Height : 1Eh, 1Fh

Default window width = 640

---------- H Window Start Point

(Window X1 ,

% (X1,Y1) Window Y1)

- ©

£ =(L1)

E 1

35

© ©

oT (X2,Y2)

Window Stop Point C ind

(Window X2 , Window Y2 ) enter window

= (640, 480)
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(548-550) External Integration Time

# register name default value type |stage Description
dec | hex dec | hex bin
548 | 24 ext_inttime_h 0 00 | 00000000 | RW | 2 External Integration Time (H)
549 | 25 ext_inttime_m 128 | 80 | 10000000 | RW | 2 External Integration Time (M)
550 | 26 ext_inttime_| 0 00 | 00000000 | RW | 2 External Integration Time (L)

Default : 24h = 00h, 25h = 80h, 26h = 00h
Description :
Manual external integration time

(552-553) External linear Globalgain

# register name default value type |stage Description
dec | hex dec | hex bin
552 [ 28 ext_glbg_h 1 01 | 00000001 | RW 2 - F «ternal Globalgain (H)
553 | 29 ext_glbg_| 0 | 00 | 00000000 | RW | 2 - " External Globalgain (L)

Default : 28h = 01h, 29h = 00h
Description :
Manual external Globalgain.

(556-559) Exposure Register

# register name I_de‘ault E type |stage Description
dec | hex dec, ex in
556 | 2C exposure_t 2 | o Toooooooo [Rw [ 2 Current Exposure (T)
557 | 2D exposure_h 0 1 00 >2,00000 [RW ][ 2 Current Exposure (H)
558 | 2E exposure_m 128 | 20 [ 10000000 [RW | 2 Current Exposure (M)
559 | 2F exposure_| 0 | 0C [ 00000000 | RW | 2 Current Exposure (L)

Default : 2©h ( E xposui» Register - T ) = 00h
2L ( Expsur:z Register - H) = 00h
2Eh{ Exposure Register - M ) = 80h
2F1+{ =xposure Register - L ) = 00h
Descriptior.
Exposure[31:0] : “Exposure” register means abstract exposure level of sensor. Larger the
value of Exposure, effectively longer exposure time. LSB of Exposure
corresponds to 1/256 line exposure time. User can write Exposure

register only when AE function is disabled.
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(564-567) Middle / Maximum FrameHeight

# register name default value type |stage Description

dec | hex g dec | hex bin yp 9 P
564 | 34 midfrmheight_h 3 03 | 00000011 | RW | 4 Middle FrameHeight (H)
565 | 35 midfrmheight_| 230 | E6 | 11100110 | RW | 4 Middle FrameHeight (L)
566 | 36 maxfrmheight_h 7 07 | 00000111 | RW | 4 Max FrameHeight (H)
567 | 37 maxfrmheight_| 204 | CC | 11001100 | RW | 4 Max FrameHeight (L)

Default : 34h = 03h, 35h = E6h, 36h = 07h, 37h = CCh

Description :

FrameHeight middle value  : 34h, 35h
FrameHeight maximum value : 36h, 37h

(572-582) Middle / Maximum / Minimum Exposure

i register name default value type |stage Description

dec | hex dec | hex bin

572 | 3C midexp_t 0 00 | 00000000 | RW 4 Middle Exposure (T)
573 | 3D midexp_h 31 | 1F | 00011111 | RW | 4 D Middle Exposure (H)
574 | 3E midexp_m 48 | 30 | 00110000 | RW | 4 Middle Exposure (M)
576 | 40 maxexp_t 0 00 | 00000000 | RW 1 Max Exposure (T)
577 | 41 maxexp_h 62 3E | 00111110 | RW 4 iViax Exposure (H)
578 | 42 maxexp_m 96 | 60 | 01100000 | RW 4 Max Exposure (M)
580 | 44 minexp_h 0 | 00 | 00000000 | RW | 4 = Min Exposure (H)
581 | 45 minexp_m 0 00 | 00000000 | "W 4 Min Exposure (M)
582 | 46 minexp_| 12 | OC | 00001100 |t N 4 Min Exposure (L)

Default : 3Ch = 00h, 3Dh = 1Fh, <0h 7 02h, 41h = 3Eh, 42h = 60h, 44h = 00h, 45h = 00h, 46h = 0Ch
Description :
Exposure middle volue : 2Ch ~ 3Eh
Mida! : expocttre time is decided by these registers.
Exposureiiciimu.a value : 40h ~ 42h
M-xin =n exposure time is decided by these registers. If user set these
reielers larger than default frameheight, frame rate is automatically varied.
Sxpos ure vainimum value : 44h ~ 46h
Under auto exposure mode, minimum exposure time of a pixel is set by MinExpTime
register. LSB of MinExpTime corresponds to time for reading 1 / 64 line in each frame.
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(584-585) Exposure FrameHeight

# register name default value type |stage Description
dec | hex dec | hex bin
584 | 48 expFrmH_H 1 01 | 00000001 | RW | 4 Reference Exposure FrameHeight (H)
585 [ 49 expFrmH_L 243 | F3 | 11110011 [ RW | 4 Reference Exposure FrameHeight (L)

Default : 48h = 01h, 49h = F3h
Description :
exposure FrameHeight value.

A

Digital Gain

N\

1 1 ] 1 1
1 1 1 1 1
1 1 1 1 1
A 1 1 Y 1 | 1
Global Gain ' | ' X | X
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 ] 1 1 1 1
1 ] 1 Iﬁ
1 1 1 1 1 1
1 ' 1 1 1 1
1 1 1 1 1
° 1 1 1 1
1 1 1 1 1 1
1 /: 1 1 1 ~
i i i i i "
1 1 1 1 1 1
1 1 1 1 1 1
p o : : : : :
Int. Tim/: ! ! ! ! !
1 1 1 1 1 |
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
Min. ' : : : : :
int.time i ! ! ! ! !
1 1 1 1 1 1 o
1 B 1 " 1 . gl
: Exp.Frame : Max.Frame : Max.
Height Height Exposure
Min. Mid.Frame Mid.
Exposure Height Exposure

_______________________________________________________________________________________________________________________________________________________|
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1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(588-590) Integration Time

# default value

dec T hex register name dec T hex o type |stage Description

588 | 4C inttime_H 0 00 | 00000000 | RW 2 Integration Time (H)
589 | 4D inttime_M 128 | 80 |100000000 | RW 2 Integration Time (M)
590 | 4E inttime_L 0 00 | 00000000 | RW 2 Integration Time (L)

Default : 4Ch = 00h, 4Dh = 80h, 4Eh = 00h
Description :

There are 3 bytes of registers to control the photo-charge accumulation interv il for vach pixel.
4Ch and 4Dh registers indicate how many line times the integration will comunucintiithey are all reset.
4Eh register further sub-divides one line time into 256 smaller intervals. T otal integr ation time is the
sum of the integral multiple and fractional parts of one line time.

As the row counter value is incremented from 0 to FrameHeight, each line relevant to the row
count is selected and all pixel data of that line is read out all at orCc."The read- out operation involves
pixel reset pulses, so all pixels that are selected and read out ar. r='set | o initial states.

To control exposure time, there runs another counter .o select a.id reset a line other than the one
that is selected to be read out. The space between tho.two ines i, equal to the number of integration
lines. There are two possible situations concerxing the pusition of selected line and reset line. The 13t
case is where the pre-reset counter runs ahead oi read-ou . counter. And the other case Is just the
reverse of the 15t one. The number of integration lines is different for the two cases as is shown in the
left figures. Since the basic unit of integrati »n time for PO60300K is 1/ 256 line time, it is easy to
implement Auto Exposure algorithms witho 1 werrying about strong light environment where the
image may change abruptly in bri‘jhtns ss ol it may even blink.

‘idth
F.ame\.

6
| - S .
I =z Integration ,
selected line I % pre-reset line
T Itegration 2
pre-rese ‘ine - —I— - o - selected line
L Integration
Caso !. Reset line preceding select line Case 2. Select line preceding reset line
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1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(592) Globalgain

#

dec |

hex

register name

default value

dec [ hex [ hin

type

stage

Description

592 |

50

globalgain

0

| 00 [ oooooooo

RW

Globalgain

Default : 50h = 00h
Description :

GlobalGain has effect on all of R, G, and B pixel outputs. Raw R, G, B data are.amplitiad by ¢

common factor of GlobalGain. The relation between GlobalGain and amplification = ctor is zhown in

the picture below.

Gain (x)

32 M=:imum value of GlobalGain is
16 P . .
8 “00711" . Gain factors for GlobalGain
‘21 largei than or equal to 1010000 are
1 n:t defined.
. . . . . L> (l'obalGain
o o o o o -
o o o o (=] -
o o o o o -
S 28 2 8 B
S & = +- ©6 o
o o o o ~ -
(593) Digital Gain
i register name efault v-..e type |stage Description
dec | hex 9 dec |1 X bin P 9 P
593 | 51 digitalgain 64 40 | 01000000 | RW 2 Digital Gain
Default : 5th =4)h
Description
Ligital Gain
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1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(596) AE center Weight

# register name default value type |stage Description
dec | hex . dec | hex bin e . P
596 | 54 ae_c_weight 3 03 | 00000011 | RW | 2 AE Center Weight
Default : 54h = 03h,
Description :

Center window weight (CW) for back light compensation.

(Yc x CW) +(Yp x (16 -CW)) Yc : Center windov. Y mean

Bright mean =

16 Yp : Periphery Y inea
(597-598) Auto Exposure Speed
# register name default value type [stage Description

dec | hex Y dec | hex bin P 9 P
597 | 55 ae_up_speed 8 08 | 00001000 | RW 2 AE upside Speed
598 | 56 ae_down_speed 12 | 0OC | 00001100 | RW | 2 ~ | \E downside Speed

Default : 55h = 08h, 56h = 0Ch

Description :

AE up Speed : AE speed applivd when e, nosure is decreasing.
AE down Speed : AE speed applie I wher exposure is increasing

(599) Auto Exposure Lock

# register name default value ty e ISI e Description
dec | hex g dec Jhex [ 72 Y = P
599 | 57 ae_lock 2 02 [ 0000070 [ R\ 2 AE lock range
Default : 57h = 02h,
Description :

set m¢ gin o1 .\uto Exposure function.

(618-619) Y meen

# “ar nam default value type [stage Description
dec | hex : q'; dec | hex bin P g P
618 | 6/ y near_h 0 00 | 00000000 | RO 4 Ymean (H)
619 | 6B \ oy 2an_| 128 | 80 | 10000000 | RO 4 Ymean (L)

Default : 3Ah = J0h, 6Bh = 80h
Description .

Brightness Mean
(623) User wYt

# register name default value type |stage Description
dec | hex . dec | hex bin P : ¥
623 | 6F user_wyt 128 [ 80 | 10000000 | RW | 2 user Y target

Default : 6Fh = 80h
Description :

User weight Y target offset

_______________________________________________________________________________________________________________________________________________________|
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640 X 480 Pixel Array

(644-645) AWB R/B ratio

i register name default value type |stage Description
dec | hex dec | hex bin
644 | 84 awb_rgratio 128 | 80 [ 10000000 | RW 4 AWB Red/Green Ratio
645 | 85 awb_bgratio 128 | 80 | 10000000 | RW | 4 AWB Blue/Green Ratio

Default : 84h ( AWB R ratio ) = 80h
85h ( AWB B ratio ) = 80h
Description :
Red mean target = Evaluate Green mean x R ratio / 128
Blue mean target = Evaluate Green mean x B ratio / 12¢

(646) Auto White Balance Lock

# register name default value type |stage Description
dec | hex . dec | hex bin o = _ P
646 | 86 awb_lock 2 02 [00000010 | RW | 4 AWB lock range

Default : 86h = 02h,

Description :
QAat immnmvmmiiim ~f A b WALt DAalac o £ovim ~dia.
o€l margin 01 AULO vvnilte Dailanc = 1uncuor S
(647) Auto White Balance Speed
# register name default value | ty e [stage Description
dec | hex - dec [ hex [~ bin, b . i
647 | 87 awb_speed 8 08 | 00007J0C{ RV/ [ 4 [AWB speed ( target AWB step numbers : 16 steps need to approach at One Time )

Default : 87h = 08h,
Description :
Auto White Baiunce evaluate speed.

(672- 675) nvhite Ealarce RGB gain MIN/MAX

# : regic er na. e default value type |stage Description
dec | hex . @ dec | hex bin
672 | AO wb_ig 'n_min 0 00 | 00000000 | RW | 2 min Red gain for white balance
673 | Al ‘h_rgain_max 255 | FF | 11111111 [RW | 2 max Red gain for white balance
674 | A2 wb_bgain_min 0 00 | 00000000 | RW | 2 min Blue gain for white balance
675 | A3 whb_bgain_max 255 | FF | 11111111 |RW | 2 max Blue gain for white balance

Default : AOh ( Red_in_min ) = 00h
A1h ( Red_in_max) = FFh
A2h ( Blue_in_min ) = 00h
A3h ( Blue_in_max ) = FFh
Description :
RGB input data range for AWB compute
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(676-678) White Balance R/G/B gain

& register name default value type |stage Description
dec | hex dec | hex bin
676 | A4 wh_rgain 64 | 40 | 01000000 | RW | 2 Red gain for white balance
677 | A5 wb_ggain 64 | 40 | 01000000 | RW 2 Green gain for white balance
678 | A6 wb_bgain 64 40 | 01000000 | RW 2 Blue gain for white balance

Default : A4h = 40h, A5h = 40h, A6h = 40h
Description :
White Balance Red gain : A4h
RedGain is the multiplication factor for red pixel output. Tota' gain factor iaor red pixels is
( gain from GlobalGain ) * ( gain from RedGen ).
White Balance Green gain : A5h
G1/G2 pixels are those green pixels whose nearest neighbors are red pixels or blue pixels.
White Balance Blue gain : A6h

Gain (x)
4 s : I G 4B4ain can be used for white balance
3T coni ol. Bit7 of R/G/B Gain is weighted by 2, bit6
2 vy 1 and the other consecutive bits are weighted
r by 1/2, 1/4, 1/8, ... respectively. That is, R/G/B

RIGI> Cein gain is a binary number with decimal point
between bité and bits.

00000000
01000000 [~
10000000 [~
11000000 [~
1111111 |-

(692) User color satu. ation

# register | ame —I-— default value type |stage Description
dec | hex . _ dec | hex bin o = P
692 | B4 _'ser_cs | 32 | 20 | 00100000 [ RW [ 2 User color saturation offset

Defe 't: B4h = 22h
Descripion.
CS =CS xuser_cs

(997-999) Average R/G/B

i register name default value type |stage Description
dec | hex dec | hex bin
997 | E5 avg_r 0 00 RO 0 Red average
998 | E6 avg_g 0 00 RO 0 Green average
999 | E7 avg_b 0 00 RO 0 Blue average
Description :

Monitoring R/G/B Average
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1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

P Electrical Characteristics

Absolute Maximum Ratings *

HVDD,AVDD Supply Voltage
DVDD Supply Voltage

-0.3V to 4.5V
-0.3V to 2.5V

DC Voltage at any input pin
DC Voltage at any output pin

-0.3V to HVDD+0.3V
-0.3V to HVDD+02V

Storage Temperature

Table 4. DC Characteristics

-40°C to + 125 °C

Symbol Descriptions M'n Typ Max LIJtn
Vbbb Digital VDD voltage relative to GND( DGND) level. 1.35 ig 1.98 \%
Vbbpa Analog voltage relative to GND(AGND) level. —I— 2.52 2.8 3.08 \%

D 1.5
HVpp High VDD(HVDD) voltage relative to GND(DGNL . level 1.35 ;2 3.63 \%
33
Supply current at 30 fps. Currents are programmac e throug! 2-
wire serial interface.

Inoo DVDD=1.5V(1.8V) | 7.0(9.2) mA
AVDD=2.8V 16.0 mA
HVDD=3.3V B 35 mA

Toos JS)t\a/Igilgy:i?\gtylgf)-/e‘m\%Dr 2 8V/HVDD=3.3V 14.6(15.6) uA

Vi Input voltage LC*V Eel 0.2*HVDD v

Vi Input volteZe £ "GH 1ovel 0.8*HVDD v

Vi Inj o Volt'a;(;v‘ wevel for rClk, rData. 0.2*HVDD \Y%

Vi Inpu‘_vo. age IGH level for rCIk, rData 0.8*HVDD v

Cn \ Inpet.n a capacitance 10 pF

Vo Ou nut Voltage LOW 0.1*HVDD v

Voui Output Voltage HIGH 0.9*HVDD \Y

Vora Output Voltage LOW level for rClk, rData. 0.2

Vo Output Voltage HIGH level for rData. HVDD-0.2 A"

Iy Input leakage current 0.005 1 uA
Ior Output leakage current 0.005 1 uA

* Excessive stresses may cause permanent damage to the device.
_______________________________________________________________________________________________________________________________________________________|

PD-701-026 Rev 0.52 55/87

Crystallmage & Imaginglnnovation




PRELIMINARY
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1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

Table5. AC Characteristics (In case of HYDD=2.8V)

Cload=16pF
Symbol Descriptions Min Typ Max Unit
fymeLk Master clock Frequency 24 MHz
duty Master clock duty cycle 50 %
tl Master clock rise/fall time 5 ns
t2 PCLK rise/fall time 9.67 ns
t3 PCLK rising edge to HSYNC 2033 ns
t4 PCLK rising edge to digital output 21.3. ns
t5 MCLK rising edge to PCLK rising edge 15.23 ns
t6 PCLK rising edge to VSYNC 21 ns
t1 t1
3 —> —
MCLK =
t5

PCLK 7L_\ /_\mwm\_ - __7L_\_/—\_
HSYNC 7L ------------ j—

t4 :
e T X T XX
Output R S N

ML : ==

7\ N\t _F
PCLK U —_———- i

6 — {2 t6 ;

N -\
VSYNC 7
Digital X >< X X
Output  ——/———— - TTTTT° ~TT=---

Fig. 13 Timing diagram of Clock, Data, and VSync
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Table 6. Electro-Optical Characteristics ( @ 60degree)

Symbol Parameter Notes Min Typ Max I Unit
Sens Sensitivity 1) 1.46 \ |7‘ IX.Sec
Vsat Saturation Level 2) 1.2 | \Y
Vdrk Dark Signal 3) 28.0 mV/sec

DR Dynamic range 4) 5C 3 )\ dB
Notes :

1) This value comes from the wafer test. The calculation sec lelice s as follows.

(1) read the saturation level from evaluation pad

(2) calculate One LSB.

(3) Read output signal of Green pixels under illuniinatienvith output signal equal to 50% of
saturation signal.

(4) Read the Luminance and Integration Time:when/30% of saturation signal.

(5) Calculate the sensitivity using (1)~(4)
= (the signal of Green pixels * on» LSB ) / (luminance * integration time)

2) Read the value of evaluation mau“her all pixels are saturated in condition
3) Measured at the zer illuiinaticns

) read the dark signe! ave.ace of all pixels for minimum integration time

) read the dark @ gnal czerage of all pixels for maximum integration time

) [Dark sign2'.@ rnaximum integration time] — [Dark signal @ minimum integration time]
) convert 1> miv/zec unit

Me
(1
(2
(3
(4

4) For frame rate=/.0 fps
20 _ea [Saturation Signal /Dark signal] [dB]
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Power-On Sequence

DVDD _—’, +tl
HVDD —=2 12

AVDD 4EJ
merk  — 4 TUUL - U U U UL LA I UL

1
RSTB '

|
I
>

7' t8

SCLK,
SDATA

Sensor initialization X

I
DATA<T7:0>,

=17 T \
HSYNC, '

I‘—.’l - P — (1

VSYNC, PCLK Output=Hi-Z Normal operation E Output=Hi-Z "
I
]

= — = = ot — —

1
:
1
unknowg

———
STDBY Standby Mode

(1) To make output Hi-Z state in power-down | 10de, set Reg.B-69h[1] to ‘1’ before starting power-down mode

Power-Off Sequence

DVDD
HVDD "—!_
- :_ l1t6

AVDD T 7 e s

Tabi>. Recommended Power-On/Off sequence

Symbol Descriptions Min Typ Max Unit
tl From DVDD rising to HVDD rising 0 ns
t2 From HVDD rising to AVDD rising 0 ns
t5 From AVDD falling to HVDD falling 0 ns
t6 From HVDD falling to DVDD falling 0 ns
t7 From HVDD rising to initial mclk rising 0 ns
t8 Minimum reset time 16 x MCLK period

PD-701-026 Rev 0.52 58/87 Crystallmage & Imaginglnnovation



PRELIMINARY

PLUS

nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

» Application Note

- Revision Number

Reg. Addr. (Hex) Read Value (Hex) Register Name Descriptions

02 01 RevNum Revision Number of PO6030K

- Register Groups

PO6030K has four Register Groups (Register A, B, C & D). So, you must be « areful and i1ake sure that the correct

register group is firstly selected before you access registers .

Register Group can be selected by Setting Reg.03h.

Address (Hex) Write Value (Hex) Register Name "4 Descriptions
03 00 RegisterSel I_: slect Register Group A
01 Select Register Group B
02 Select Register Group C
03 Select Register Group D

Ex) When you want to write (or read) the value ‘o Reg.04h in the Register Group A,
=>  [8t> Write 0x00 to Reg:?3b
2nd >Write (or Read) th valuato Reg.04h
When you want to write { )t read) ‘he value to Reg.04h and 05h in the Register Group B,
=> 1> Write (x01/0 Reg.u3h

2 >Wiite(or t2a) the values of Reg.04h and 05h

< Notav'on >

We will use the following notation in this application note to separate registers according to the Register Group

which they belong to.

Register Group Notation Example
A A- A-10 : Reg.10h in Register Group A
B B- B-4C : Reg.4Ch in Register Group B
C C-
D D-
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- Image Output Size
PO6030K support VGA, QVGA, QQVGA, CIF, QCIF
- VGA mode (640x480)

mXEL PIXELPLUS CO., LTD.

1/6.2 inch VGA Single Chip CMOS Image Sensor with

640 X 480 Pixel Array

PRELIMINARY
PO6030K

Address (Hex) Setting value (Hex) Register Name Default Vale (Hex) Descriptioi.
B-51 07 WindowX1 (L) 07 Window. Positicn
B-53 07 WindowY1 (L) 07
B-54 02 WindowX2 (H) 02
B-55 86 WindowX2 (L) 86
B-56 01 WindowY2 (H) 01
B-57 E6 WindowY2 (L) "6
B-61 (o]0 VsyncStartRow(L) 0\_ o
B-63 EC VsyncStopRow(L) E>
B-80 20 ScaleX 20
B-81 20 ScaleY 20
B-82 01 Reserve' 04
B-68 Refer to PCLK rate Sylveen 2ln 00

in page 70
C-11 25 ljWir <(L) 25 AE Window
C-13 1C AE—V\IinY L) 1C Position
C-14 2 -AEWinWidth (H) 02
C-15 60 AEWinWidth (L) 60
C-16 4 _( 1 AEWinHeight (H) 01
~17 \N _BE AEWinHeight (L) BE
C-1: \ E5 AECenterWinX (L) E5 AE Center Window
C-1B 87 AECenterWinY (L) 87 Position
C-1D AO AECenterWidth (L) A0
C-1F AO AECenterHeight (L) A0
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640 X 480 Pixel Array

1/6.2 inch VGA Single Chip CMOS Image Sensor with

- QVGA mode (320x240)

Address (Hex) Setting value (Hex) Register Name Default Vale (Hex) Description l
B-51 04 WindowX1 (L) 07 Window ositien. |
B-53 04 WindowY1 (L) 07
B-54 01 WindowX2 (H) 02
B-55 43 WindowX2 (L) 86
B-56 00 WindowY2 (H) 01
B-57 F3 WindowY2 (L) E6
B-61 (o]0 VsyncStartRow(L) re
B-63 EC VsyncStopRow(L) I‘:\_ o
B-80 40 ScaleX 2
B-81 40 ScaleY 20
B-82 01 Reserved 04
B-68 Refer to PCLK rate SyncConrol0 00

in page 70
C-11 12 AEWiINX () 25 AE Window
c-13 0E | . 0 1c Position
c-14 01 AE—vvinWidth (H) 02
c-15 30 § AEWinWidth (L) 60
C-16 00 AEWinHeight (H) 01
c17 4 _E - AEWinHeight (L) BE
~-19 \ " 72 AECenterWinX (L) E5 AE Center Window
C-1T_ \ 43 AECenterWinY (L) 87 Position
C-1D 50 AECenterWidth (L) A0
C-1F 50 AECenterHeight (L) A0

]
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PLUS

mXEL PIXELPLUS CO., LTD.

PRELIMINARY
PO6030K

640 X 480 Pixel Array

1/6.2 inch VGA Single Chip CMOS Image Sensor with

- QQVGA mode (160x120)

Address (Hex) Setting value (Hex) Register Name Default Vale (Hex) Description l
B-51 03 WindowX1 (L) 07 Window ositien. |
B-53 02 WindowY1 (L) 07
B-54 00 WindowX2 (H) 02
B-55 A2 WindowX2 (L) 86
B-56 00 WindowY2 (H) 01
B-57 79 WindowY2 (L) E6
B-61 (o]0 VsyncStartRow(L) re
B-63 EC VsyncStopRow(L) I‘:\_ o
B-80 80 ScaleX 2
B-81 80 ScaleY 20
B-82 01 Reserved 04
B-68 Refer to PCLK rate SyncConrol0 00

in page 70
c-11 09 AEWiInX () 25 AE Window
c-13 07 | . 0 1c Position
c-14 00 AE—vvinWidth (H) 02
c-15 )8 3 AEWinWidth (L) 60
C-16 00 AEWinHeight (H) 01
c-17 4 _E r AEWinHeight (L) BE
~-19 \N > 39 AECenterWinX (L) E5 AE Center Window
C-1T_ \ 21 AECenterWinY (L) 87 Position
C-1D 28 AECenterWidth (L) A0
C-1F 28 AECenterHeight (L) A0
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PLUS

mXEL PIXELPLUS CO., LTD.

PRELIMINARY

PO6030K

640 X 480 Pixel Array

1/6.2 inch VGA Single Chip CMOS Image Sensor with

- CIF mode (352x288)

Address (Hex) Setting value (Hex) Register Name Default Vale (Hex) Description l
B-51 16 WindowX1 (L) 07 Window ositien. |
B-53 05 WindowY1 (L) 07
B-54 01 WindowX2 (H) 02
B-55 75 WindowX2 (L) 86
B-56 01 WindowY2 (H) 01
B-57 24 WindowY2 (L) E6
B-61 OE VsyncStartRow(L) re
B-63 EB VsyncStopRow(L) I‘:\_ o
B-80 35 ScaleX 2
B-81 35 ScaleY 20
B-82 01 Reserved 04
B-68 Refer to PCLK rate SyncConrol0 00

in page 70
C-11 16 AEWiINX () 25 AE Window
c-13 10 | . 0 1c Position
c-14 01 AE—vvinWidth (H) 02
c-15 HF § AEWinWidth (L) 60
c-16 01 AEWinHeight (H) 01
c-17 4 _C o AEWinHeight (L) BE
=19 N _8A AECenterWinX (L) E5 AE Center Window
C-1—L \ 51 AECenterWinY (L) 87 Position
C-1D 60 AECenterWidth (L) A0
C-1F 60 AECenterHeight (L) A0
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PLUS

mXEL PIXELPLUS CO., LTD.

PRELIMINARY
PO6030K

640 X 480 Pixel Array

1/6.2 inch VGA Single Chip CMOS Image Sensor with

- QCIF mode (176x144)

Address (Hex) Setting value (Hex) Register Name Default Vale (Hex) Description l
B-51 oC WindowX1 (L) 07 Window ositien. |
B-53 03 WindowY1 (L) 07
B-54 00 WindowX2 (H) 02
B-55 BB WindowX2 (L) 86
B-56 00 WindowY2 (H) 01
B-57 92 WindowY2 (L) E6
B-61 0D VsyncStartRow(L) re
B-63 EC VsyncStopRow(L) I‘:\_ o
B-80 6A ScaleX 2
B-81 6A ScaleY 20
B-82 3E Reserved 04
B-68 Refer to PCLK rate SyncConrol0 00

in page 70
C-11 0B AEWiINX () 25 AE Window
c-13 08 ljwn [ (L) 1C Position
c-14 00 AE—vvinWidth (H) 02
c-15 137 3 AEWinWidth (L) 60
c-16 00 AEWinHeight (H) 01
c17 4 _s 0 AEWinHeight (L) BE
~-19 \N " 45 AECenterWinX (L) E5 AE Center Window
C-1T_ \ 28 AECenterWinY (L) 87 Position
C-1D 30 AECenterWidth (L) A0
C-1F 30 AECenterHeight (L) A0
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

- Flicker Free Mode
(1) Manual Flicker Free Mode
-Related Registers : Reg.B-11h, Reg.C-04h, Reg.B-21h ~ A-26h

Reg. Addr. (Hex) Register Name Default Value (Hex) Setting value Des riptions
B-21 fd_period60 (H) 00 S0Hz flic er
B-22 fd_pediods0 (M) 50 256+ MCLK Freq./(Frame Widtl *2) ! P© igd
120
B-23 fd_pediod60 (L) Co
B-24 fd_period50 (H) 00 50Hz flicker
i 2 eriod
B-25 fd_periods0 (M) 43 256* MCLK Freq./(Fieme Widh*2) | P
100
B-26 fd_period50 (L) 4A
Reg. Addr. (Hex) Register Name Default Value (Hex) Settinz Value Descriptions
B-11 FdControl2 00 ap Normal mode (flicker free disable)
08 60Hz manual flicker free enable
04 50Hz manual flicker Free enable

- Flicker Period Control Register | etti*2
ex) 60Hz flicker, MCL(I = Z4.4Hz
Frame Width = Frame Width {<eg B-48h,B-49h) + 1 = 800d.
= Period60 = 256*24000000 / (800 * 2)) / (60*2) = 32000d = 7D00h.
- fd_oerioc 60 ("1, = 00n, fd_period60 (M) = 7Dh, fd_period60 (L) = 00h.
ex) 50Hz licker, 1 1ClK = 24MHz
mame \/idti.= Frame Width (Reg B-48h,B-49h) + 1 = 800d..
> tarioaud = 256*(24000000 / (800 * 2)) / (50*2) = 38400d = 9600h.
-2 fd_period50 (H) = 00h, fd_period50 (M) = 96h, fd_period50 (L) = 00h.
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(2) Auto Flicker Detection Mode

PO6030K support auto flicker detection mode.

Reg. Addr. (Hex) Appropriate value Register Name Default Descrirtions
Value (Hex)
B-19 256*256*4 Reserved 0C
B-1A 60Hz flicker period (line) Reserved co
B-1B 256*256*4 Reserved OF
B-1C 50Hz flicker period (line) Reserved -
B-20 Appropriate Value fd_th 10 " licker Detection Threshold
B-21 fd_period60 (H) 50 Flicker Period for 60Hz flicker
1 %
B-22 256% MCLK Freq./(Frame Width *2) fd_periods0 (M I co
120 t
B-23 fd_perid60 (L) 00
B-24 fa_neriod50 (H) 00 Flicker Period for 50Hz flicker
. 4 *
B-25 256* MCLK Freq./(Frame Widti. * 2) fd_peri 'd50 (M) 43
100
B-26 7endiiod50 (L) 4A
B-27 . fd_periodC (H) 01 Period (line) for CASE C
MCLK Freq./(FrameWic h*2)
B-28 20 fd_periodC (L) 93
Reg. Addr. (Hex) Se. g Ve te (He ) Register Name Default Value Descriptions
(Hex)
B-11 32 FdControl2 00 50Hz / 60Hz flicker
Auto Detection

- Flicker Detec 0. Conun''Kegisters Setting
eX) Frane "Vidth = Frame Width (Reg A-48h,A-49h) + 1 = 800d, MCLK = 24MHz
(1) Peric60 (buHz flicker) = 256*(24000000 / (800 * 2)) / (60*2) = 32000d = 7D00h.
- fd_period60 (H) = 00h, fd_period60 (M) = 7Dh, fd_period60 (L) = 00h.
(2) Periods0 (50Hz flicker) = 256*(24000000 / (800 * 2)) / (50*2) = 38400d = 9600h.
- fd_period50 (H) = 00h, fd_period50 (M) = 96h, fd_period50 (L) = 00h
(3) PeriodC = (24000000 / (800 * 2)) / 20 = 750d = 2EEh.
- fd_periodC (H) = 02h, fd_periodC (L) = EEh
(4) Reg.B-19h ~ 1Ah = 256*256*4 / (Period60 / 256) = 256*256*4 / 125 = 2097d = 831h
- Reg.B-19h = 08h, Reg.B-1Ah = 31h
(5) Reg.B-1Bh ~ 1Ch = 256*256*4 / (Period50 / 256) = 256*256*4 / 150 = 1748d = 6D4h

- Reg.B-1Bh = 06h, Reg.B-1Ch = D4h
|
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PLUS

mXEL PIXELPLUS CO., LTD.

PRELIMINARY
PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

- Output Format

1) YCbCr422 (8 Bit, Y range : 16 ~ 235, Cb & Cr range : 16 ~ 240 ) — CCIR.601

Reg. Addr. (Hex)

Setting value (Bin)

Register Name

Default Value (Hex) | Descri tions

B-38

XXxx0000

XXxx0001

XxXxx0010

XxXxx0011

Format

00

CbYlry...

CrYCbY...

YCbYCr..

YCrYCb...

Reg. Addr. (Hex)

Setting value (Hex)

Register Name

I :fault Value (Hex)

Descriptions

B-90 EO CS Max | FF CbCr range
B-91 37 Y Conti st i 40 Y range
B-92 10 Brightness 01

B-93 EB Y Mc FE

B-68 Refer to PCLK rate in page 79 | SyncControl0 00

2) YUV422 (8Bit, Y range : 1 ~204, U& Vrange:1~254)

Reg. Addr. (Hex)

setting violue (Bin)

Register Name

Default Value (Hex)

Descriptions

B-38

Xx.2xx0000

XXxx0001

XxXxx0010

XxXxx0011

Formar

00

uyvy..

vVyYuy..

YUYV..

YVYU..

Reg. Addr. (Hex)

Setting value (Hex)

Register Name

Default Value (Hex)

Descriptions

B-90 FF CS Max FF CbCr range
B-91 40 Y Contrast 40 Y range
B-92 01 Brightness 01

B-93 FE Y Max FE

B-68 Refer to PCLK rate in page 70 | SyncControl0 00
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

3) RGB565 ( 8 Bit)

Reg. Addr. (Hex) Setting value (Bin) Register Name Default Value (Hex) Descriptions

B-38 xxxx1000 Format 00 R5G3, G3BS...
Xxxx1001 B5G3, G3i 5...

B-90 FF CS Max FF (T’)r rany

B-91 40 Y Contrast 40 Jrange

B-92 01 Brightness 0+ \

B-93 FE Y Max FE o

B-68 Refer to PCLK rate in page 70 | SyncControl0 Nl

4) Raw RGB Bayer ( 8 Bit)

Reg. Addr. (Hex) Setting value Register Name ' "efal t Value (Hex) Descriptions

B-38 xxxx0100(b) Format —I 00 RGRG...GBGB...
xxxx0101(b) ' GBGB...RGRG...
xxxx0110(b) GRGR...BGBG...
xxxx0111(b) BGBG...GRGR...

B-30 03(h) ISPControl0 FF Color Correction / Edge

Enhancement Off

B-31 XXXXXxCI(b) ISPControll FF

B-32 xxyA\'xxo—\If)_ ISPControl2 01 Lens shading Off

B-33 XX XO0XX.00) ISPControl3 D8 Gamma Off

B-90 | Fr CS Max FF CbCr range

B-91 { /N 40 Y Contrast 40 Y range

B-92 \ W, 01 Brightness 01

S-28 \ FE Y Max FE

B-6¢ ‘ Refer to PCLK rate in page 70 | SyncControl0 00

5) Mono ( 8 Bit)

Reg. Addr. (Hex) Setting value (Hex) Register Name Default Value (Hex) Descriptions
B-38 oD Format 00 YYYY...
B-91 40 Y Contrast 40 Y range
B-92 01 Brightness 01
B-93 FE Y Max FE
B-68 Refer to PCLK rate in page 70 | SyncControl0 00
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PRELIMINARY
PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

- PCLK rate
Reg. Addr. (Hex) Setting value (Bin) Register Name Default Value (Bin) Descriptions
B-68 xxxx0001 SyncControl0 xxxx0000 RGB Bayer, VG/
XXxx0011 Morno CIF
XXxx0011 ’)VGA‘
XXxx0100 QCT
XXxx0111 QQVGA
XXxx0000 YUV422, VGA
xxxx0001 T CIF
RGB565

XXxx0001 QVGA
XXxx0010 QCIF
XXxx0011 QQVGA
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K
1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array
- AE Control

(1) Internal AE Control

Related Registers : Int.Time(Reg.C-4Ch ~ C-4Eh), GlobalGain(Reg.C-50h), AutoControl1(Reg.C-04h),
MidFrmHeight(Reg.C-34h, C-35h), MaxFrmHeight(Reg.C-36h, C-37h), Mid=xp/Reg.C -3Ch ~
C-3Eh), MaxExp (Reg.C-40h ~ C-42h), MinExp(Reg.C-44 ~ C-46h), ExpFrmHdight(key, C-48
~49h), AELock(Reg.C-57h)

If bit[1..0] of AutoControl1(Reg.C-04h) register is set to “00”, IntTime(Reg.C+C n +C-4.h), GlbGain(Reg.C-
50h) registers are automatically controlled by ISP to adjust overall brightness ¢ [ sensor imge. During auto
exposure process, the average brightness of image is adjusted to get close to Tcrget Exp. v alue with the margin
set by AELock(Reg.C-57h) register. IntTime registers are controlled, at first. If Intcgratiali Line is limited to the
MaxFrmHeight(Reg.C-36h, C-37h), then Global Gain is controlled. Variation of GIbGain and IntTime registers
are limited by MaxExp, MidExp, MinExp and MaxFrameHeight regis'ers ¢ .scribed in the figure below.

Bright IntTime =>0

—  IntTime => MinExp, Globo!'Gain == 1X

Int.Line conti ol range (Frame rate is fixed to Max.Frame Rate .)

—1— IntTime = > ExpFran.eHeight , GlobalGain => 1X

N l Aun gain control range (Frame rate is fixed to Max.Frame Rate
|_1nd Global Gain is controlled.)

/
— - . ImTime => ExpFrameHeight, GlobalGain => ( MidFrmHeight / ExpFrmHeight )

“4

| ~ | Auto frame control range (Frame rate is changed.)

7

IntTime => MaxFrmHeight / ( MidFrmHeight / ExpFrmHeight ),
GlobalGain => (MidFrmHeight/ExpFrmHeight) X

Auto gain control range (Frame rate is fixed to Min.Frame Rate
and Global Gain is controlled.)

IntTime => MaxFrmHeight / (MidFrmHeight / ExpFrmHeight),

GlobalGain => (MidExp / IntTime) X

DigitalGain => (MaxExp / (GlobalGain * IntTime)) X
_______________________________________________________________________________________________________________________________________________________|
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

Auto Frame Control Method can be used to get brighter image in dark condition. Frame rate is automatically
controlled by ISP between Max.Frame Rate and Min.Frame Rate.

Max. Frame Rate = (MCLK frequency) / (Frame Height * Frame Width * 2)
Min. Frame Rate

= (MCLK frequency) / ((MaxFrmHeight / Mid. Global Gain)* Frame Width ~2)
Max. Int. Time = MaxFrmHeight / Mid. Global Gain - 1)
Min. Int. Time = MinExposure 0 - @)
( Frame Height = FrameHeight + 1, Frame Width = FrameWidth=~1

Min. Frame Rate is controlled by MaxFrmHeight register. MaxFrmHeight 1 ust be bigs er than ExpFrmHeight and
MidFrmHeight.( MaxFrmHeight >= MidFrmHeight >= ExpFrmHeight )
2) Auto Gain Control

Auto Gain Control Method can be used to get brighter image in/ fark ~ondition. Global gain is controlled
automatically by ISP between Max.Global Gain and Min.Global G 4.

Max. Gain = Max. Global Gain * Max. vigita, Gain

Max. Digital Gain = (MaxExp / (Max. Glob.! Gai.=" Max. Int. Time)) X =~ --—--- ®3)
Max. Global Gain = (MidExp / Maa. Int. Tim) X ceeeee %)
Mid. Global Gain = (MidFrmHeight / SxoFrziHeighy X~ - 5)
Min. Global Gain=1X . 6)

MaxExp must be bigger than MaxFrmHeiy &MaxExp >= MaxFrmHeight) and MidFrmHeight must be bigger
than MaxFrmHeight (MidFrmHe gnc- = Me xFrmHeight).

Digital Gain 4 !

1 |
| 1
| |
1 1
I I
| |
| |

(“\ -------------- T TTTTAT T T T T T T T o A~
| | |

| 1 1 »

I I
| |
1 |
| 1
| |
1

i
1
1
1
Glob'd Gan A 1
1
1
1
1

“®
®)
(6)

Int. Time A

@)

v

&)

v

Max.Frame
Height 1 Exposure
Min. Mid.Frame Mid.

Exposure Height Exposure

Exp.Frame Max.

1
1
1
1
1 Height
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

(2) External AE Control
1) Exposure Control Mode

Related Registers : AutoControll (Reg.C-04h), Exposure (Reg.C-2Ch ~ C-2Fh)

If you turn off internal AE function of PO6030K, you can control Integration line and Global grin thice th
Exposure (Reg.C-2Ch ~ C-2Fh) registers for implementing external Auto Exposure funct‘on:Intlime (Re 3.C-4Ch ~
C-4Eh) and GlobalGain (Reg.C-50h) registers aren’t accessible by user. Exposure (Reg. >-2Ch ~C-2Fh) registers

aren’t controllable while internal AE is working.

- Disable Internal AE Function for This Mode

Reg. Addr. (Hex) Register Name Descriptions
C-04 AutoControll Set bit [1..0] to “01” to turn off /1tern-. AE function and control it by Exposure
registers.
C-55 AEUpSpeed Set this registen to 00} D™
C-56 AEDownSpeed Set this register to Lh

- Registers for External AE Control

Reg. Addr. (Hex) Register Name Descriptions
Cc-2C Exposure(T) | ZXpo: ure register
C-2D Exposure(i —l
C-2E Exposurc ‘M)
C-2F Exp.sure(L)

(1) Min.=»n <Ejposue < FrameHeight ( Int.Line Control Range )
(= wrmHe ght : Exposure < MidExp ( Global Gain Control Range )

(2) FraneHeight < Exposure < MaxFrmHeight ( Frame Rate Control Range )

Current Frame Rate = (MCLK freq.) / (Exposure — (MidExp + FrameHeight)) * Frame Width * 2)
Min. Frame Rate is limited by MaxFrmHeight.

(3) MaxFrmHeight < Exposure < MaxExp ( Global Gain Control Range )

Current Global Gain = (MidExp / FrameHeight) * (Exposure / MaxFrmHeight) X
Max.Gain is limited by MaxExp.
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PRELIMINARY
PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

2) Manual External IntTime and Global Gain Control Mode
Related Registers : AutoControll (Reg.C-04h), ExtIntTime (Reg.C-24h ~ 26h), ExtLGIbG (Reg.C-28h, C-29h)

If you turn off internal AE function of PO6030K, you can control Integration line and Global gain thrc 1gh
ExtIntTime (Reg.C-24h ~ C-26h) and ExtGIbG (Reg.C-28h, C-29h) registers for implementii.z extarnal Auto
Exposure function. IntTime (Reg.C-4Ch ~ C-4Eh) and GlobalGain (Reg.C-50h) registers aren’t acessiblc by user.

ExtIntTime and ExtGIbG registers aren’t controllable while internal AE is working.

- Disable Internal AE Function for This Mode

Reg. Addr. (Hex) Register Name Descripticas

C-04 AutoControll Set bit 1& 0 (AEr) to “10” to turn ~*%internal AE function & control it by External
Int. Time & External Global Gail .

C-55 AEUpSpeed Set this register to 00h

C-56 AEDownSpeed Set this register t¢ 20h

- Registers for External AE Control

Reg. Addr. (Hex) Register Name Descriptions
C-24 ExtIntTime(H) Exte nal Integration Time
C-25 ExtIntTime(M)
C-26 ExtIntTimc ‘L) J_
C-28 ExtLGIES(H) External Global Gain ( 1X : Reg.C-28h = 01h, Reg.C-29h = 00h (Min.)
c-29 Exc 31bG(L) 16X : Reg.C-28h =10h, Reg.C-29h = 00h (Max.) )

(1) IntTime = Extlpimn 2

(2) EXtLGIbC

“lobai Gain

e T R

30m [ ..................... .......................................... ......................................

20h

10h

1.0 2.0 4.0 8.0 T g0 | EXGIG
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

- AWB Control

(1) Internal AWB Control

Related Registers : RGain(Reg.C-A4h), GGain(Reg.C-A5h), BGain(Reg.C-A6h), AWBRratio(Reg.C-84.)),
AWBBratio(Reg.C-85h),

If bit[2] of AutoControl1(Reg.C-04h) register is set to ‘1’, RGain(Reg.C-A4h) and BGain/Reg.C A6h) r¢ sisters
are automatically controlled by ISP to control the RGB ratio of sensor image. The ratia of ave.age of R, G, B
components can be controlled by AWBRratio and AWBBratio registers. Thog< ratiociare J=fined according to

the following relation,

_ AWBBratio _ _ AWBRratio _
B =—"——x6 R =—"——""x60
128 12&
(2) External AWB Control

If you turn off internal AWB function of PO6030K, you van cuiirol R| G and B gains through R, G and B Gain
(Reg.C-A4dh ~ C-A6h) registers for implementing external Avo Wuite Balance function. R and B gain registers

aren’t controllable while internal AWB is working.

- Disable Internal AWB Function

Reg. Addr. (Hex) Register Name | Descriptions

[ St bit[2] to ‘0’ to turn off internal AWB function.

C-04 AutoControll

Registers for external AWLE conti >’

Reg. Addr. (Hex) I Rey 'ster Name Default Value (Hex) Descriptions
C-/* -_.< Ge» 40 1X R Gain = 0x40 ( 2X = 0x80 )
C-A5- Z'sain 40 1X G1 Gain = 0x40
B C-2 \ B Gain 40 1X B Gain = 0x40
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

- Backlight Compensation

Related Registers : AECenterWinX (Reg.C-18h, 19h), AECenterWinY (Reg.C-1Ah, 1Bh),

AECenterWinWidth (Reg.C-1Ch, 1Dh), AECenterWinHeight (Reg.C-1Eh, 1Fh), AECenterWeight (Reg.C-54h)
1) Weight Window

Reg. Addr. (Hex) Register Name Default Value (Hex) Descrintion
C-18 AECenterWinX (H) 00 Minimum :
WindowX1/"eg.o 70h, =*h)
Cc-19 AECenterWinX (L) ES5
C-1A AECenterWinY (H) 00 Maximun .
WindowX2(keR-F7n, 55h)
C-1B AECenterWinY (L) 87
c-1C AECenterWinWidth (H) 00 Mini-aum :
Widow (1(Reg.B-52h, 53h)
C-1D AECenterWinWidth(L) A0
C-1E AECenterWinHeight (H) 00 | flaximum:
—WindowY2(Reg.B-56h, 57h)
C-1F AECenterWinHeight (L) A0 |

(WindowX1, WindowY1)

(AECenterWinX| AECenterWinY)

\ECenter.VinY + AECenterWinHeight)

(AE%SIL 2rWinX + AECenterWinWidth,

(WindowX 2, Wi'ido1:Y?)

2) Wrinht Factor
Weig.t Facwor is controlled by AECenterWeight register (Reg.C-54h).
0000b < Weight Factor < 1111b

Min. Max.

0000b (1X ) 1000b (8X) 1111b (15X)
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PRELIMINARY

PLUS
nXEL PIXELPLUS CO., LTD. PO6030K

1/6.2 inch VGA Single Chip CMOS Image Sensor with
640 X 480 Pixel Array

- Brightness /'Y Contrast

-Related Registers : Brightness (Reg.B-92h), YContrast (Reg.B-91h)

Y reault=7Y * (Ycontrast / 64) + Brightness

(1) Brightness

Brightness is controlled by Brightness register (Reg.B-92h). The default value of this regi. ter is O1h.
Min. Default. "lax.

80h (-128) 01h (1) 7Fh (+127)

* Brightness : 2’s compliment

(2) Y Contrast
Contrast is controlled by Y Contrast register (Reg.B-21h). The default value of this register is 40h.
Min. Default. Max.
| ] |
I I 1
00h 40h FFh
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- Color Correction Matrix

Related Registers : ColorMatrix11 (Reg.B-A4h) ~ ColorMatrix33 (Reg.B-ACh)

Color correction can be accomplished by color transform registers (Reg.B-A4h ~ B-ACh) by means of ' the
following equation, where CC is 3x3 color correction matrix.

CT0 CT1 CT2 = m00 m0l m02 = 32*CC
CT3 CT4 CT5 ml0 mll ml2
CT6 CT7 CT8 m20 m21 m22

*m00 ~m22 : (bit7) | (bit6 ~ bit0) = sign digit | magnitude

<Ex.>
m00 m0l mo02 =32% 1.7396  -1.'34+ 04048
ml0 mll ml2 -0.6039 1.4137 0.1902
m20 m21 m22 -0.1725  -1.094 24119
= ( 5.6672  -36.6208 12.9536 = 38h  AS5h 0Dh
| -19.3248 452384  6.0864 93h 2Dh 06h
|\ -3.28 -41.9008  77.1808 83h AAh 4Dh

- Sharpness Contr.l

Related Registers : [ =de:Gein (Reg.B-9Ch), EdgeThreshold (Reg.B-9Dh)

Shai, ness is chntretled by EdgeGain (Reg.B-9Ch) and EdgeThreshold register (Reg.B-9Dh). All three values
have tti> foues ing Min. and Max. value.

00h < EdgeGain < 3Fh
00h < EdgeThreshold < FFh

The lowest sharpness level can be gotten by setting registers as follows.
EdgeGain = 00h, EdgeThreshold = FFh

And, the highest sharpness level can be gotten by setting registers as follows.
EdgeGain = 3Fh, EdgeThreshold = 00h

But, we recommend to set EdgeThreshold register value greater than 01h.
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- Vertical / Horizontal Mirror

Related Registers : BayerControl01(Reg.A-90h), SyncControl0(Reg.B-68h)

(1) Vertical Mirror
Vertical Mirror is controlled by VM bit (Bit 7 of Reg.A-90h).

Set bit[6..5] to “11” (Reg.B-68h)
Set VM bit to ‘1’ or ‘0’ (Bit 6 of Reg.A-90h)

Y

Wait 1 (preview) frame time

;

Set bit[6..5] to “00” (Reg.B-68h’

(2) Horizontal Mirror
Horizontal Mirror is controlled by HM bit (Bit 6 of kea.A-9%n).

Set bit[6..5]W¢ “*%.(Reg.B-68h)
Set HM bit-4+1” or * (Bit 7 of Reg.A-90h)

Y

Vit (preview) frame time

Y

Set bit[6..5] to “00” (Reg.B-68h)
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- Special Effect
(1) Color Effect

Related Registers : ISPFunc2 (Reg.B-32), CbTone (Reg.B-84h), CrTone (Reg.B-85h)

Reg. Addr. (Hex) Setting value (Hex) Register Name Default Value (Hex) | L 'ascrip;it ns
B-32 81 ISPFunc2 01 T
B-84 Appropriate Value CbTone 20
B-85 Appropriate Value CrTone 0

Green (Reg.B-84h : COh, Reg.B-85h : COh)

Aqua (Reg.B-84h : 20h, Reg.B-85h : COh)

Red (Reg.B-84h : 00h, Reg.B-85h : 50h)
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Cool (Reg.B-84h : 50h, Reg.B-85h : COh) Warm (Reg.B-84h : 90h, Reg.B-85h : 30h)

BW (Reg.B-84h : <Q\- : 00h) Antique (Reg.B-84h : 90h, Reg.B-85h : 10h)
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(2) Negative Effect

Related Registers : ISPFunc2 (Reg.B-32h), Reserved (Reg.C-5Ah)

Reg. Addr. (Hex) Setting value (Hex) Register Name Default Value (Hex) Descr otions
C-5A 02 Reserved 03
B-32 09 ISPFunc2 01 |

Negative
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(3) Embossing Effect

Related Registers : SketchOffset2 (Reg.B-89h), ISPFunc2 (Reg.B-32h), Reserved (Reg.C-5Ah)

Reg. Addr. (Hex) Setting value (Hex) Register Name Default Value (Hex) Descril tions
C-5A 01 Reserved 03 \
B-89 80 SketchOffset2 cs NS 7
B-32 21 ISPFunc2 [ Embossing mode 0
B-32 31 ISPFunc2 71 B Embossing mode 1

Embossine mcie 0 Embossing mode 1
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(4) Sketch Effect

Related Registers : ISPFunc2 (Reg.B-32h), SketchOffsetl (Reg.B-88h), SketchOffset2 (Reg.B-89h),
SketchOffset3 (Reg.B-8Ah), SketchOffset4 (Reg.B-8Bh), Reserved (Reg.C-5Ah)

Reg. Addr. (Hex) Setting value (Hex) Register Name Default Value (Hex) | Descr otions
C-5A 01 Reserved 03 \
B-32 41 ISPFunc2 01
B-88 Appropriate Value SketchOffsetl 20
B-89 Appropriate Value SketchOffset2 c8 \
B-8A Appropriate Value SketchOffset3 1
B-8B Appropriate Value SketchOffset4 80

Sketch imeae 1 Sketch image 2
Sketcl Offs ¢t1 : 1'Fh SketchOffset1 : FFh
ChotehC fset?: FFh SketchOffset2 : FFh
Skatci Offset3 : 08h SketchOffset3 : 08h
SketchOffset4 : FFh SketchOffset4 : 80h
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Sketch image 3 Sketch image 4
SketchOffset1 : FFh ¢ ketchOffset1 : 20h
SketchOffset2 : 80h SketchOffset2 : 80h
SketchOffset3 : 08h SketchOffset3 : 08h
SketchOffset4 : FFh SketchOffset4 : FFh
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(5) Sketch Effect with Color Effect

Related Registers : ISPFunc2 (Reg.B-32h), CbTone (Reg.B-84h), CrTone (Reg.B-85h),
SketchOffset (Reg.B-88h ~ 8Bh), Reserved (Reg.C-5Ah)

Reg. Addr. (Hex) Setting value (Hex) Register Name Default Value (Hex) | Descr otions
C-5A 01 Reserved 03 \
B-32 C1 ISPFunc2 01
B-84 Appropriate Value CbTone co
B-85 Appropriate Value CrTone 40
B-88 00 SketchOffsetl 20
B-89 00 SketchOffset2 cs
B-8A 08 SketchOffset3 . 10
B-8B FF SketchOffset4 80

orateh vith S epia tone Sketch with Green tone

‘Reg.B-34 .'A0Oh, Reg.B-85: 20h) (Reg.B-84h : COh, Reg.B-85h : COh)

Please reier to the color effect chapter to use more variety color effect.
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- PC Board Layout Considerations

It is important that care be given to the PC board layout to reduce power noise. <Fig.A-1> & <Fig.A-2> show the
recommended connection diagram for the PO6030K.
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< Fig. A-2 > PO6030K module typical connection diagram (COB)
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Ground Planes

The ground plain should connect to the regular PCB ground plane at a single point This ground plane also
has two distinct power planes, one for analog pins and one for digital pins. The analog ground plane s!ould
encompass AGND pin, and the digital ground plane should encompass DGND & HGND pin.

Power Planes

The PC board layout should have the distinct power plane for PO6030K. This.gzcvar plane shoud have the
separate regulator or be connected to the regular PCB power plane(VCC) at a'single poiat. Ti'is power plane
also has four distinct power planes, two for analog pins, one for digital pins a. d one for I') pins. The analog
power planes should encompass each AVDD pins, the digital power plane shou'd encompass DVDD pin and
10 power plane should encompass HVDD pin.

Supply Decoupling

Noise on the PO6030K power plane can be reducedby the use ~Tmultiple decoupling capacitors. Optimum
performance is achieved by the use of 0.1uF ceramic cap.<itors for F VDD, DVDD & AVDD. Each of the
power pins should be individually decoupled to ground. Thi: shouid be done by placing the capacitors as close
as possible to power pins with the capacitor leads a..short as 1 ossible, thus minimizing lead inductance.

- Stand-by method

1. Standby pin (Hardwvare Metiiod)
= You can control stend-by niode by using STDBY pin.

LOW : nornt ' mod»
HIGH : stand-Hy ‘pow >r-d_wn) mode

2. 2-wize saricl interface Stand-by (Software Method)
= Y can control stand-by mode by setting STDBY bit (bit 1) of Reg.B-34h.
= STDLY pin must be connected to DGND

‘0’ : normal mode
‘1’ : stand-by (power-down) mode
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