L A

GALAKYCZRE.
\_/

GC4602 CSP

1/1.8" 4AMega CMOS Image Sensor

Datasheet Preliminary

V0.0

2024-12-30




1/1.8” 4Mega CMOS Image Sensor ﬁ[ﬂYﬂ:llE

Ordering Information
€ GC4602-C59YA
(Colored,59PIN-CSP)

GENERATION REVISION HISTORY

Version. | Effective Date Description of Changes Prepared by

V0.0 2024-12-30 | Beta Version DSC-AE Depit.

Galaxycore Incorporation

Galaxycore Inc. reserves the right to change the contents in this document without prior notice

GC4602-C59YA CSP Datasheet Preliminary V0.0 2/ 36



1/1.8” 4Mega CMOS Image Sensor lﬁlli‘lﬂsﬂ!

Content
L. SENSOT OVEIVIEW ..oiiiiiiiiiiiiiiiiieee ettt ettt ettt e e aeeees 6
1.1 General DESCIPLON ......uuuuiiiiiiiiiiii e esneennne 6
1.2 FRAIUIES ..ttt e ettt e e ettt et e et e e bbb e e e 7
2. Electrical CharaCteriSTiCS ...uuuuuuuuuuuuiiuiiuiiiriiuniiriniettaenenennrnennnennsnnnenerseeeeenrs 9
2.1 Absolute Maximum RatINGS .......ooooiieiieeeeeeee e 9
2.2 0peration CONAItIONS .......ccoeeieeeeee e 9
2.3 DC CharaCteriStiCS......cceeeeeeee e 9
2.4 AC CharaCleriStiCS .....ceee e e e e oo 10
2.5 POWEr CONSUMPLION ..cooiiiieeeeeeeeeeee e 10
3. CSP Package SpeCifiCatioNS.........uiiiiiiieiiieiiiie e e 11
TN R T o I =T ] o] 1o 1= SRS S 11
3.2 Package SPeCifiCation ............ccouviiiiiiiiiiiiiiiiiiieeeeeee e e 14
4. Optical SPECITICAIIONS ....uuuiiiiiiiiiiiiiiiiii e sssaae e asnatbe e eeeee 16
4.1 Readout POSITION .......ccovviiiiiiiiiiiiceeeeeee e i be e 16
4.2 PiXEIAITAY ..coooiiiiiiiiii 17
4.3 Lens Chief Ray Angle (CRA) ...ttt b i 18
4.4 QE Spectral CharaCteriStiCS ... i oaiiiee e e 19
5. Two-wire Serial Bus COMMUNICALION ... .uuuiuereeeeeiieiiiiiiiiniiiiiinninnineeneeennnnnnnnnns 20
o0 R o o] (o o o | 20
5.2 Serial BUS TiMING ouee oot et 21
6. IMIPT TIMIING bttt e e e e e r e e e e e e e annennees 23
6.1 Clock LaN& LOW-POWET ........ccoeiieeeeeeeeeeeeee e 23
5.2  DaAta BUIST. . e it eaaans 24
7. FUNCLION DESCIIPLION ...cciiiiiii e e e 25
7.10peration MO ........cooeeeeeeeeee e 25
722 POWEE ON SEOUENCE ....uuii ettt e e e e e e e e b e e 26
7.3 POWEr Off SEQUENCE ....euiii it 27
7.4 Black Level Calibration ..........oooeiiuiiiiii e 28
7.5 INtegration TiME....coo oo 28
ST YT o [0 T o 29
7.7 Frame SYNC MOAE ..o e 30
7.8 BINNING MOE.......co oo 31
7.9 Frame SHUCIUIE ...ttt e e et e e aa e e e eeenns 31
S TR =0 |13 =T Gl I PR 33

GC4602-C59YA CSP Datasheet Preliminary V0.0 3/36



1/1.8” 4Mega CMOS Image Sensor lﬁlli‘lﬂcﬂ!

Figure Content

Figure 1: BIOCK Diagram ........cccooeiiiiiiii e e e et e e e e e e aaaaaa s 6
Figure 2: AC CharacCteriStiCS.........uuviiiiiiiiiiiiiiiiiieeeeeeeeee ettt 10
Figure 3: CSP Pin TOP VIEW .....cceiiiiiiiii ettt e e e e e e e aaaas 11
Figure 4: Mechanical Drawing VIEW(M) .....couuuiiiiieii et 14
Figure 5: REadOUL POSITION ........coviiiiiiiiiiiiiiiiiieeeeeeeeee ettt 16
FIQUIE 6: PIXEI AITAY ....coiiiiiiiiiiiiieeeeeeeee e 17
Figure 7 CRA INfOrMAatioN..........couuiiiiii e e e 18
FIQUIE 8 QE CUINVE ...ttt e e e e e et e e e e e e e e e aaraa s 19
Figure 9: Write operate (2 bytes address —1byte data format) ...........cccccvvvvvviiiernian. 20
Figure 10: Read Operate (2 bytes address —1byte data format) ...................cvvvnnia 21
Figure 11: Serial BUS TIMING .....couuiiiiiii e eeetee s e e e e e ettt s s e e e e e asaaananennes 21
Figure 12: MIP1 CloCK Lane TIME .....ccoviiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeee e e i e 23
Figure 13: MIPI Data Lane TiMe.......ccoviiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeee et e a et 24
Figure 14: Operation MOGE...........uuuiiiiii it a e e s aa et be s aa s e e b e e eeaeaaaes 25
Figure 15: POWEr 0N TIMING ..oooviiiiiiiiiiiiiiiiiiieiieeeeeeee e she e rrran e e deaae e 26
Figure 16: Power Off TIMING ......cooviiiiiiiiii it bttt tbe e 27
Figure 17: Windowing MOE.............cifoiii i e e 29
Figure 18: Frame Sync Configuration . ....i...uuiieeee e 30
Figure 21: Frame SITUCTUIE ... iiiiiiitieiiiiiieebee ettt 32

GC4602-C59YA CSP Datasheet Preliminary V0.0 4/ 36



1/1.8” 4M

ega CMOS Image Sensor lﬁlli‘lﬂcﬂ!

Table content

Table 1: Absolute Maximum RatiNgS ..........ciiiiieiiiiiiiice e 9
Table 2: Operation CONGItIONS ..........uuuuuiiiiiiiiiii e 9
Table 3: DC CharaCleriSHCS. ... .uuuuuuuiuuiiuiiiiiiiiiiiiiiiiii bbb bbbbbbbsabnaeanennene 9
Table 4: AC CharaCteriStCS ... ...uuuuuuuuuuuuuuuuiuiiiiiiiiiiiiiiiaaebbbeabbb bbb bbbabbebbaeeseseeeernnnes 10
Table 5: POWEr CONSUMIPLION .......uuiiiiiiiiiiiiiiiiiiiiiiei e eeeeeeeneennnes 10
Table 6: PiN DESCHPLIONS. .......uuiiiiiiiiiiiii e beeeeenennne 11
Table 7: Package SPecCifiCatiOns............uuuiiiiii e 15
Table 8: Mirror and Flip INfOrmation............ccc.cooiiiiiiiiiii e 16
Table 9: CRA INfOrMEALION .......ueeii e s 18
Table 10: DEVICE ID.....uuuuiuiiiiiiiiiiiiiiiiiiii b sesasssssssssssssssnssnnsssdneeeee e gdS 20
Table 11: Serial BUS TIMING ..vuuuiiiiiiiceice et e e e 21
Table 12: Operate STALE ...........uuuuuuuiiiiiiiiiiiiiiiiiiieiieiiieibeeeeeeeeeeneeeeeee B annabne e e annsdES 25
Table 13: POWET ON TIMING....uuuuuiiiiiiiiiiiiiiiiiiiei b sssase e ammasbeeeeeees 26
Table 14: Power off TIMiNG.......cooi i s e e e e b 27
Table 15: Shutter TiMe REQISIEN........uuuiiiiiiiiiiiiiiiiiieisssbe s iassnns e dhin e 28
Table 16: WINAOW Set REQISTEN ........uuuuiuediubnnnenbunnn e smsibe eeeeeeeiiieneeeeeneeeeeeenenennnes 29
Table 17: Out WIindow Set REQISIEN ../ oot Tie e e 30
Table 18: BinnNing MOde REQISTEN ... it i e 31
Table 19: Frame Length REQISTEN ....uuuui .. iuuuibuniiiiiiiiiiiiiiiiiieeeeeeeeeee 31
Table 20: Line Length REQISTEI ...uu. .. ieeeeiiiniiiiiiiiiiiiiiiiiiiieeeeeeeeeeeesnennneennnes 32
GC4602-C59YA CSP Datasheet Preliminary V0.0 51/ 36



1/1.8” 4Mega CMOS Image Sensor Ei[jim;n[_

1. Sensor Overview
1.1 General Description

GC4602 is a high quality 4Mega CMOS image sensor, for Smart Home
Systems, loT Cameras, Car Driving Recorders applications. GC4602
incorporates a 2688H x 1520V active pixel array, on-chip 10-bit ADC, and
image signal processor. It is programmable through a simple two-wire serial
interface and has very low power consumption. It provides RAW10 and RAWS8

data formats with MIPI interface.

Figure 1: Block Diagram
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1.2 Features

Optical size:
Pixel size:
Active image size:

Color Filter:

*® 6 6 o o

Output formats:

*

Interface:

*

Power supply requirement:

*

Power Consumption:

Frame rate:

PLL support

Frame sync support (master/slave)
Windowing support
Mirror and Flip support
Binning Mode support
Fast AEC support
AOV support

Quick start support
OTP support

Analog Gain:
Sensitivity:

Dynamic range:

MAX SNR:

L JBR K JZEE JER R JEE JNE 2K 20E N R JEE R R 2

Dark Current:

1/1.8 inch

2.9um x 2.9um BSI

2688 x 1520

RGB Bayer

Raw 10bit/8bit w/o DAG

Raw 10bit/12bit/14bit w/i DAG
MIPI @Full Size

AVDD28: 2.7~2.9V (Typ{ 2.8V)
DVDD: 1.15~1.25V (Typ. 1.2V)
|IOVDD: 1.7~1.9V (Typ. 1.8V)
130mW @Full Size @30fps
250mw @Full Size @60fps
60fps@Full Size

128X(Max)
TBD
TBD
TBD
TBD

GC4602-C59YA CSP Datasheet Preliminary V0.0
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€ Micro lens chief ray angle (CRA):
€ Operation Temperature:

€ Stable Image temperature:

€ Storage temperature:

€ Package:

9°(linear)
-30~85C
-20~60°C
-40~125C
CSP

GC4602-C59YA CSP Datasheet Preliminary V0.0
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2. Electrical Characteristics
2.1 Absolute Maximum Ratings

Table 1: Absolute Maximum Ratings

Description Symbol Rating Unit Note
Analogue absolute max | Vavbp max -0.3~3.9 \%
Digital absolute voltages | Vbvbb_max -0.3~1.8 \%
Refer to GND
IO absolute max ViovbD_MAX -0.3~3.6 \Y
Digital input voltages ViF max | -0.3~Viovop+0.3 | V

Note:

2.2 Operation Conditions

Table 2: Operation Conditions

Digital input voltage: XCLK, SBCL, SBDA, XSHUTDOWN, FSYNC

Description Symbol Min. | Typical Max. Unit
Analog power supply Vavbp 2.7 2.8 2.9 \
Digital power supply VbvbD 1.15 1.2 1.25 \
IO power supply Viovbb 1.7 1.8 1.9 Vv
Digital input voltages Vie 0 IOVDD Vv
Test temperature TTEST 21 25 27 T
Note: 1. Digital input voltage: XCLK, SBCL, SBDA, XSHUTDOWN, FSYNC.
2. Test temperature: image quality test condition.
2.3 DC Characteristics
Table 3: DC Characteristics
Characteristics Symbol Min. Typical max Unit
Input voltage HIGH ViH 0.7 X VI - - \%
Input voltage LOW ViL - - 0.3 x ViF Vv
Output voltage HIGH VoH 0.7 X Viovbp - - V
Output voltage LOW VoL - - 0.3 xViovop | V

Note:

Input voltage apply to XCLK, SBCL, SBDA, XSHUTDOWN, FSYNC.

GC4602-C59YA CSP Datasheet Preliminary V0.0
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2.4 AC Characteristics
Figure 2: AC Characteristics

IIKJ‘I

0.7 Viovon

05" Viovoo — — — — 4
03" Viovon — —

Table 4: AC Characteristics
Item Symbol Min. Typ. max | unit
Frequency fsck 6 24 36 MHz
jitter (period, peak-to-peak) Tiitter 600 ps
High level width THIGH 0.4tp 0.6tp ns
Low level width TLow 0.4tp 0.6tp ns
Duty Cycle fouty 40 60 %
2.5 Power Consumption
Table 5: Power Consumption
Item Symbol Min Typ Max Unit
lavDD - 23.5 - mA
Full size @30fps MIPI 2lane Iovbp - 80.0 - mA
liovpbp - 6.5 - mA
lavbp - 1.6 - MA
Standby current lovbp - 650 - MA
llovpp - 7.1 - MA
Power off current ltotal - - 0 MA

Note:

1. All operate current are measured at 24MHz XCLK.

2. Standby current is measured at XSHUTDOWN = L, XCLK=24MHz.
3. We recommend that power should be turned off, when lower power
consumption is required.
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3. CSP Package Specifications

Figure 3: CSP Pin Top View

AVDD28  AGND
DvDD12 DGND
VOTP VDDIO
@ @
AGND VREF

TXLOW DvVDD12

® ©®

DGND  VvDDIO

XSHUTDOWN AVDD28  SGND  SVDD SGND  AVDD28 AGND  AVDD28
NC NC NC DVDD12 DGND
AVDD28  NC RESETB  DGND  VDDIO  VDDIO
MDNO  MDPO MC VDDIO SBDA NC 12C_ID_SEL
MDN2  MVDD  MDP1  MDP3  IN_CLK SsBCL  DVDD12

MDP2  MGND  MDN1  MDN3  PLLVSS. DGND  FSYNC  DGND

ORORONOROIYY o L ORO

3.1 Pin Descriptions

Table 6: Pin Descriptions

Pin Name Type A/D | Description
Al AVvVDD28 Power A | Analog power supply:2.8V
A2 AGND Ground A | Ground for analog

Sensor power down control:
A3 XSHUTDOWN Input D | (floating forbidden)

0: reset & standby; 1: normal work
A4 AVDD28 Power D | Analog power supply:2.8V
A5 SGND Ground D | Ground for digital
A6 SvDD Power D | Digital power supply:1.2V
A7 SGND Ground D | Ground for digital
A8 AVDD28 Power A | Analog power supply:2.8V
A9 AGND Ground A | Ground for analog
A10 AVDD28 Power A | Analog power supply:2.8V
Bl DvDD12 Power D | Digital power supply:1.2V
B2 DGND Ground D | Ground for digital
B3 NC NC NC
B4 / / I
B5 NC NC NC
B6 NC NC NC

GC4602-C59YA CSP Datasheet Preliminary V0.0
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B7 NC NC NC
B8 NC NC NC
B9 DvDD12 Power D | Digital power supply:1.2V
B10 DGND Ground D | Ground for digital
ct| vor Power | D | (10ing avatabie)
C2 VDDIO Power D | I/O Power supply:1.8V
C3 AVDD28 Power A | Analog power supply:2.8V
C4 NC NC NC
C5 MCN Output D | MIPI clock (-)
C6 NC NC NC

Chip reset control:  (floating forbidden)
Cc7 RESETB Input D | 0: chipreset

1: normal work
C8 DGND Ground D | Ground for digital
C9 VDDIO Power D | I/O Power supply:1.8V
C10 VDDIO Power D | I/O Power supply:1.8V
D1 AGND Ground A | Ground for analog
D2 VREF Power A Internal power supply.
D3 MDNO Output D |-MIPI data <0> (-).
D4 MDPO Output D. | MIPI data <0> (+).
D5 MCP Output D . | MIPI clock (+)
D6 VDDIO Power D | I/O power supply:1.8V
D7 SBDA Input/Output D | Two-wire serial bus, data
D8 NC NC NC
D9 NC NC NC
D10 | 12C_ID_SEL Input D 5?6;'52% 1(:2;’;3”9 forbidden) .
El TXLOW Power A | Internal power supply.
E2 DvDD12 Power D | Digital power supply:1.2V
E3 MDN2 Output D | MIPI data <2> (-)
E4 MVDD Power D | Digital power supply:1.2V
E5 MDP1 Output D | MIPI data <1> (+).
E6 MDP3 Output D | MIPI data <3> (+)
E7 IN_CLK Input D | Sensor input clock
ES8 SBCL Input D | Two-wire serial bus, clock
E9 DvDD12 Power D | Digital power supply:1.2V
E10 NC NC NC
F1 DGND Ground D | Ground for digital
F2 VDDIO Power D | I/O Power supply:1.8V
F3 MDP2 Output D | MIPI data <2> (+)
F4 MGND Ground D | Ground for digital

GC4602-C59YA CSP Datasheet Preliminary V0.0
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F5 MDN1 Output D | MIPI data <1> (-).
F6 MDN3 Output D | MIPI data <3> (-)
F7 PLLVSS Ground D | Ground for PLL

F8 DGND Ground D | Ground for digital
F9 FSYNC Input/Output D | Frame sync control
F10 DGND Ground D | Ground for digital

GC4602-C59YA CSP Datasheet Preliminary V0.0
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3.2 Package Specification

Figure 4: Mechanical Drawing View(um)

A
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Table 7: Package Specifications

Nominal Min Max
Description symbol
Millimeters
Package Body Dimension X A 9.1834 9.158 9.208
Package Body Dimension Y B 5.6437 5.619 5.669
Package Height C 0.710 0.650 0.770
Ball Height C1 0.150 0.120 0.180
Package Body Thickness C2 0.560 0.525 0.595
Thickness from top glass surface to wafer C3 0.345 0.330 0.360
Glass Thickness C4 0.300 0.290 0.310
Ball Diameter D 0.300 0.270 0:330
Total Ball Count N 59(10NC)
Ball Count X axis N1 10
Ball Count Y axis N2 6
Pins pitch X axis J1 0.660
Pins pitch Y axis J2 0.660
BGA ball center to package center offset. in X 0.000 -0.025 0.025
X-direction
BGA ball center to package center! offset in Y 0.000 -0.025 0.025
Y-direction
BGA ball center to chip center offset in X-direction X1 0.000 -0.025 0.025
BGA ball center to chip center offset in Y-direction Y1l 0.000 -0.025 0.025
Edge to Pin Center Distance along X1 S1 1.6217 1.5917 | 1.6517
Edge to Pin Center Distance along Y1 S2 1.17185 1.14185 | 1.20185

Note: The package center, optical center, and BGA center of the chip are not
coincident. If setting the package center as the origin (0, 0), the BGA center
coordinate is (0, 0), the optical center coordinate is (-2.052, -4.95), with um

unit.
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4. Optical Specifications

4.1 Readout Position

GC4602 default status is readout from the lower left corner with pin Al

located in the upper left corner. The image is inverted vertically and

horizontally by the lens, so proper image output results when Pin Al is located

in the upper left corner.

Figure 5: Readout Position

Lens

o L b

Hanzontal Mugor Honzontal Mirror and Vertical Flip

Readout direction can be set by the registers.

—

Table 8: Mirror and Flip Information

i E—

Yerbcal Flip

Function Register Address Register Value | First Pixel
Normal 0x022c 0 Gr
Horizontal mirror 0x022c 1 R
Vertical Flip 0x022c 2 B
Horizontal Mirror
and Vertical Flip 0x022¢ 3 Gb
GC4602-C59YA CSP Datasheet Preliminary V0.0 16 / 36




1/1.8” 4Mega CMOS Image Sensor fil:ﬁﬂslll\
~—_

4.2 Pixel Array

Pixel array is covered by Bayer pattern color filters. The primary color
GR/BG array is arranged in line-alternating way.

If no flip in column, column is read out from 0 to 2687. If flip in column,
column is read out from 2687 to 0.

If no flip in row, row is read out from 0O to 1519. If flip in row, row is read out
from 1519 to O.

Figure 6: Pixel Array

.\

y pixels:10 pixels Effective pixel 2708(H) X 1540(V)

A

dummy pixels:10 pixels

4

A

dummy pixels:10 pixels
dummy pixels:10 pixels

(0,0)

Pixel readout

\
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4.3 Lens Chief Ray Angle (CRA)

CRA(deg)

Figure 7 CRA Information

GC4602 CRA

40 60%

Image Height(%)

Table 9: CRA Information

Image Heigh (%) Image Height (mm) CRA (degree)
0 0.000 0

10 0.448 0.9

20 0.896 1.8

30 1.343 2.7

40 1.791 3.6

50 2.239 4.5

60 2.687 5.4

70 3.134 6.3

80 3.5682 7.2

90 4.030 8.1

100 4,478 9.0
GC4602-C59YA CSP Datasheet Preliminary V0.0 18 / 36
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@

4.4 QE Spectral Characteristics

The optical spectrum of QE is below:

Figure 8 QE curve

TBD
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5. Two-wire Serial Bus Communication

GC4602 Device Address:

Table 10: Device ID

ID_SEL Slave address write mode Slave address read mode
O(default) 0x62 0x63
1 0x20 0x21

NOTE: When IDSELO/IDSEL1 is “High”, it means connect to IOVDD. When
IDSELO/IDSEL1 is “Low”, you should connect it to DGND.

5.1 Protocol

The host must perform the role of a communications master and GC4602

acts as either a slave receiver or transmitter. The master must do:
¢ Generate the Start(S)/Stop(P) condition
¢ Provide the serial clock on SBCL

Figure 9: Write operate (2 bytes address —1byte data format)

1 Q
| Start : Sensor write address |ACKI Register High Bit |ACK

I |
an | LLAOOOOOOOOL XXX

MSB 1s8  ImsB Lsg!

I
| I
in! |
SBCL | | |
| I

I

—_————ee— e e — 4

|
ot 100000000 ........ |

IMSB LSB : |MSB Lss!

|
|
|
|
| | | |
SBCL | I\ : :
|
| |
2

———— e — o P
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Figure 10: Read Operate (2 bytes address —1byte data format)

________________ -

»le

Register High Bit

—>< >
seoA 0000000

I
| | |
| | |
| | |
SBCL ! ' : :
| | |

:;ta_rt} | Sensor write address IéC;' ¢ ,-; ‘ACK,
< > |
|
1 X X X Xt Ko Ko Ko )

| |
0! '
son 1 KX XX XX XX
|
|
| |
| |
, | 1! I
SBCL | ! i\l |
| |

4

SBDA

SBCL

5.2 Serial Bus Timing

Figure 11: Serial Bus Timing

Table 11: Serial Bus Timing

Parameter Symbol | Min | Typ. | Max | Unit
SBCL clock frequency Fscl 0 -- | 400 | KHz
Bus free time between a stop and a start touf 1.3 | - - us
Hold time for a repeated start thdsta | 0.6 | -- - us
LOW period of SBCL tiow 1.3 | -- - us
HIGH period of SBCL thigh 06 | - - us
Set-up time for a repeated start tsusta | 600 | -- -- ns
Data hold time thd;dat 0 -- 1900 | ns
GC4602-C59YA CSP Datasheet Preliminary V0.0 21/ 36
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Data Set-up time tsudat | 100 | -- -- ns

Rise time of SBCL, SBDA tr -- -- | 300 | ns

Fall time of SBCL, SBDA tr -- -- | 300 | ns

Set-up time for a stop tsusto | 0.6 | -- - us
Capacitive load of bus line (SBCL, SBDA) Cb -- -- | 100 | pf

GC4602-C59YA CSP Datasheet Preliminary V0.0
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6. MIPI Timing

6.1 Clock Lane Low-power
Figure 12: MIPI Clock Lane Time

CLK-PRE

TCLK~POST

o Bosmd o3 § 0. &

v

1

L S : :
! " CLK-TRAIL ' v hsexim i )

¢ ' | | Tf;iS»F:REPARE: TCLKI-ZERO ! !

1

——p! i [ > H '

e L TEOT ! TLPX ! { ! 1

CLK-MISS CLK-SETTLE ' THS’PREP’A

—>
HS-SETTLE

Notice:

€ Clock must be reliable during high speed transmission and
mode-switching.

€ Clock can go to LP only if data‘lanes are in LP (and nothing relies on it).

€ In Low-Power data lanes are.conceptually asynchronous (independent of
the high speed clock).

® Tcik Hs_PREPARE.  Setting by Register 0x0122

® TcLk zERO: setting by Register 0x0123
® TcCLK_PRE: setting by Register 0x0124
® Tcik_posT: setting by Register 0x0125
® TcLk_TRAIL setting by Register 0x0126

GC4602-C59YA CSP Datasheet Preliminary V0.0 23/ 36
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6.2 Data Burst
Figure 13: MIPI Data Lane Time
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1
1
1 1 HS LEAD
| ! T
T
1

vy
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1
1
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1
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1
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l
1
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[}
]
[}
I
I
I
|
!

1
] ]
: LP-00 i
! ) capture & 3
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Notice:

€ Clock keeps running and samples data lanes (except forlanes in LPS).
€ Unambiguous leader and trailer sequences.required to distill real bits.
€ Trailer is removed inside PHY (a few bytes):

€ Time-out to ignore line values during line state transition.

® Tipx: setting by Register 0x0121
® Ths prepare:  Setting by Register 0x0129
® THs zErO: setting by Register 0x012a
® THs TRAIL: setting by Register 0x012b
® Ths EXIT setting by Register 0x0127
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7. Function Description

7.1 Operation Mode
Figure 14: Operation Mode

Power on
XSHUTDOWN high

Power on and
XSHUTDOWN low \

\
Power off \
XSHUTDOWN |o¢v

Hardware

/ - standby
s /
| s /
'| / XSHUTDOWN low |
/
\
|
\ | Software
N standby
\ \
NN PLL disable Stream on
NN Stream off ! PLL ghable
N N
SO <
Table 12: Operate State
Power state Description Activate
Power off Power supplies are turned off None

Hardware No communication with sensor, low
standby /| level on XSHUTDOWN XSHUTDOWN low

Two- wire serial communication with Stream mode off

i?:r\:é%re sensor is possible, pll is ready for fast | PLL disable
y return to streaming mode XSHUTDOWN high
Streaming Sensor is fully powered and streaming All Pad Enabled

image data on the MIPI CSI-2 bus
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7.2 Power on Sequence

Figure 15: Power on Timing

State Power Off H;;:]Véz;e Software Standby Streaming (Active)
10VDD(1.8V) ©
1
DVDD(1.2V)
AVDD28(2.8V)
t2
XSHUTDOWN
t3
RESTB
t4
XCLK |
(Free running)
(Gated)
Y [5i —
L0
L A
/ LP11(1.2Vv)
MCP(N)CLK Hifz ;\ W
(0.1~0.3V)
R y / LP11(1.2V) \ \
@103
Table 13: Power on Timing
Parameter Description Min. | Max. | Unit
t0 From IOVDD power on to DVDD power on us
t1 From DVDD power on to AVDD28 power on us
t2 From power on to XSHUTDOWN pull high us
From XSHUTDOWN pull high to RESETB
t3 pull high 0 us
t4 XSHUTDOWN rising to first 12C transaction | 50 us
Minimum No. of XCLK cycles prior to the
t5 first 12C transaction 1200 XCLK

Note: 1. The suggested sequence is IOVDD powered on first, then DVDD12, and
AVDD28 last.
2. Register should be reloaded before works.
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7.3 Power off Sequence
Figure 16: Power off Timing

Hardware
Standby

State Streaming (Active) Software Standby Power Off

IOVDD(1.8V)

DVDD(1.2V) -

AVDD28(2.8V) ot

]

XSHUTDOWN t2

RESTEB

XCLK
(Free running)

XCLK
(Gated)

Y
XCLK can be either free running or gated , the requirement is that XCLK must be active for
time t4 after that last 12C transaction or aftqr MIPI frame end

t4 t5
SBDA - -t -
SBCL
LP11(1.2V)
GRG0 000000000006 Hi-2

LP11(1.2V)

[
T

Frame End
MDP(N)DATA

Table 14: Power off Timing

Parameter Description Min. | Max. | Unit
t0 From DVDD power off to IOVDD power off 0 - us
t1 From AVDD28 power off to DVDD power off | 0 - us
t2 From XSHUTDOWN pull down to power off 0 - us
From RESTEB pull down to XSHUTDOWN

t3 0 - us
pull down

4 Enter Software Standby command — Device 0 i S
in Software Standby mode H
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t5

Minimum number of XCLK cycles after the

last transaction or MIPI frame end code. 2000

XCLK

Note: 1.I10VDD/DVDD12/ AVDD28 may fall in any order. The suggested sequence
is AVDD28 first, then DVDD, and IOVDD powered off last.
2. If the sensor’s power cannot be cut off, please keep power supply, then set
XSHUTDOWN pin low. It will make sensor standby.
3. If the standby sequence needs to be modified, please contact FAE of
Galaxycore Inc.

7.4 Black Level Calibration

Black level is caused by pixel characteristics and analog channel offset,

which makes poor image quality in dark condition and color balance, to reduce

these, sensor automatically calibrates the black level every frame with light

shield pixel array.

7.5 Integration Time

The integration time is controlled by the shutter time registers. When you

want to set an exposure value that is bigger than the current frame length

value, you should first set a new frame length and make sure that it's bigger

than the exposure value you'd like to set.

Table 15: Shutter Time Register

Addr. Register name Description
0x0202 _ [5:0] shutter time[13:8]
Shutter time :
0x0203 [7:0] shutter time[7:0]
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7.6 Windowing

GC4602 has a rectangular pixel array 2688 x 1520, it can be windowed by
output size control, the output image windowing can be used to adjust output

size, and it will affect field angle.

Figure 17: Windowing Mode

Pixel Array

A

Output imag

Table 16: Window Set Register

Ur. Register name Description

0x034a _ _ [3:0] win_height[11:8]
win_height : :

0x034b [7:0] win_height[7:0]

0x0348 _ _ [3:0] win_width[11:8]
win_width : :

0x0349 [7:0] win_width[7:0]

0x0346 [3:0] row_start[11:8]
Row start

0x0347 [7:0] row_start [7:0]

0x070d [2:0] col_start[10:8]
Col start

0x070c [7:0] col_start[7:0]
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Table 17: Out Window Set Register

Addr. Register name Description
0x009a _ [3:0] out_win_x1[11:8]
out_win_x1 :
0x009b [7:0] out_win_x1[7:0]
0x0098 . [2:0] out_win_y1[10:8]
out_win_yl :
0x0099 [7:0] out_win_y1[7:0]
0x0094 _ _ [3:0] out_win_width[11:8]
out_win_width : -
0x0095 [7:0] out_win_width[7:0]
0x0096 _ _ [3:0] out_win_height[11:8]
out_win_height : :
0x0097 [7:0] out_win_height[7:0]

7.7 Frame Sync Mode

GC4602 can support hardware frame sync for dual camera application. It
can be set both master and slave sensor. When use this mode, the two
sensor's FSYNC pin must connect to each other.

Figure 18: Frame Sync Caonfiguration

SBCL/SBDA
FSYNC Output ISP
Master GND Slave e
Output
: >

Master Mode:

When GC4602 operates as a master device, it controls vertical
synchronous timings and outputs synchronous signal called Vsync signal or
Fsync signal from the FSYNC pin.

Slave Mode:

GC4602 can be worked as a slave and automatically synchronized within
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a certain VSYNC time period. It is important to control two image sensors’

rolling shutters with the same timing.

7.8 Binning Mode

GC4602 has Binning mode which support a lower resolution output with
high frame rate. The row or col can be independent controlled. However, only
the row binning can increase frame rate.

Table 18: Binning mode Register

Addr. Register name Description
0x0218 Row Bin2 [4] Row Binning enable
0x0077 Col Bin2 [3] Col Binning enable

7.9 Frame Structure

Frame structure is controlled by line length, frame length, window height,

window width.
Frame length control:

Frame length is controlled by window height, minimum VB and shutter

time.
€ Frame length depend shutter time.
® Minimum frame length = window height + 24 +VB (VB_min = 0)

® |[f shutter time < minimum frame length: Actual frame length =

minimum frame length

® If shutter time > minimum frame length: Actual frame length = shutter

time + 8 (recommended).

Table 19: Frame Length Register

Addr. Register name Description
0x0340 [5:0] frame length[13:8]
Frame length
0x0341 [7:0] frame length[7:0]
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Line length control:

Line length control for internal set, and not recommended to be modified.

Table 20: Line Length Register

Addr. Register name Description

0x0342 _ [7:0] Line length[15:8]
Line length :

0x0343 [7:0] Line length[7:0]

Blank time control:
Line blank time is controlled by line length.
Frame blank time = frame length — out window height

Figure 19: Frame Structure

A
-
2 Image Data Frame HB
@
)
>
«Q
=
VB
\
-t -
Line length
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8. Register List

System Register:

Address Name Default | R/W Description
0x03f0 | Sensor_ID_HIGH 0x46 | RO | Sensor_ID

0x03fl | Sensor_ID_LOW 0x02 | RO | Sensor_ID
Analog & CISCTL.:

Address Name Default | R/IW Description
0x0200 | Exposure_T2[13:8] 0x00 | RW | [5:0] Exposure_T2[13:8]
0x0201 | Exposure_T2[7:0] 0x04 | RW | [7:0] Exposure_T2[7:0]
0x0202 | Exposure[13:8] 0x00 | RW | [5:0] Exposure[13:8]

0x0203 | Exposure[7:0] 0x10 | RW | [7:0] Exposure[7:0]

0x0342 | CISCTL_hb[15:8] 0x07 | RW | [7:0] CISCTL_hb[15:8]
0x0343 | CISCTL_hb[7:0] 0x80 | RW | [7:0] CISCTL_hb[7:0]

0x0346 | CISCTL_row_start[11:8] 0x00 | RW | [3:0] CISCTL row. start[10:8]
0x0347 | CISCTL_row_start[7:0] 0x02. ¢ RW | [7:0] CISCTL_row_start[7:0]
0x070c | CISCTL_col_start [7:0] 0x00 | RW | [7:0] CISCTL_col_start [7:0]
0x070d | CISCTL_col_start [10:8] 0x00 | RW | [2:0] CISCTL_col_start [7:0]
0x034a | CISCTL_win_height[11:8] | 0x05 | RW | [3:0] CISCTL_win_height[10:8]
0x034b | CISCTL_win_height[7:0] 0x18 | RW | [7:0] CISCTL_win_height[7:0]
0x0348 | CISCTL_win_width[11:8] 0x09 | RW | [3:0] CISCTL_win_width[11:8]
0x0349 | CISCTL_win_width[7:0] 0x0c | RW | [7:0] CISCTL_win_width[7:0]
0x0340 | Framelength[13:8] 0x07 | RW | [5:0] Framelength_high[13:8]
0x0341 | Framelength[7:0] 0x0d | RW | [7:0] Framelength_low[7:0]
0x0212 | CISCTL_vs_st 0x20 | RW | vs_st

0x0213 | CISCTL_vs_et 0x04 | RW | vs_et

0x0214 | CISCTL_vs_st8 0x10 | RW | vs_st8

0x0215 | CISCTL_vs_et8 0x10 | RW | vs_et8

0x0222 | CISCTL_hdr_mode ox00 | rw | [6Yhdrall_out

[0] hdr_en
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CSI/PHY1.0

Address Name

Default

R/W

Description

Lane_Ena
ULP_Ena
Line_sync_mode
MIPI_Ena

0x0100

0x20

RW

[3] Lane_Ena
[2] ULP_Ena
[1] Line_sync_mode
[0] MIPI_Ena

0x0180 | DPHY_analog_model

0x06

RwW

[6] mipi_en
[5:4] disable_set
[3:0] mipi_diff

0x0181 | DPHY_analog_mode2

0x00

RwW

[7] dphy_data3 _en
[6] dphy_data2_en
[5] dphy_datal _en
[4] dphy_data0_en
[3] data3delayls
[2] data2delayls
[1] dataldelayls
[0] dataOdelayls

0x0182 | DPHY_analog_mode3

0x00

RwW

[6:4] datallp_drv
[3]. dphy_clklane_ p2s_sel
[2:0] dataOlp_drv

0x0183 | DPHY_analog_mode4

0x55

RW

[7:6] data3ctr
[5:4] data2ctr
[3:2] datalctr
[1:0] dataOctr

0x0184 | DPHY_analog_mode5

0x55

RwW

[7:6] dat3hs_ph
[5:4] dat2hs_ph
[3:2] datlhs_ph
[1:0] datOhs_ph

0x0185 | DPHY_analog_mode6

0x00

RwW

[7] data3lp_drv_2
[6] data2lp_drv_2
[5] datallp_drv_2
[4] dataOlp_drv_2
[0] dphy_clk_en

0x0186 | DPHY_analog_mode7

0x53

RW

[6:4] datallp_drv
[3] dphy_clk_enl
[2:0] dataOlp_drv

0x0111 | LDI_set

0x2b

RwW

[7:6] vc_idT1
[5:0] data type raw10/8

0x010e | LWC_set[15:8]

0oxod

RW

[7:0] LWC_set_1

0x010d | LWC_set[7:0]

0x20

RW

[7:0] LWC_set_2

0x0112 | MIPI_Raw_mode

0x01

RwW

01: Rawl0 00:Raw8

0x0114 | MIPI_Lane_num[1:0]

0x03

RwW

[1:0] 00: 1lane O01:2lane 10:4lane
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0x0115 | DPHY_mode [7] mipi para invar when div2
[6] DATA lane gate
0x10 | RW | [5] all_lane_open_mode
[4:2] switch_msb_mode
[1:0] clklane_mode
0x0116 | LP_set 029 | RW [7:6] hi-z |
[5:4] use define
0x0120 | T_init_set 0x80 | RW | [7:0] T_init_set
0x0121 | T_LPX set 0x10 | RW | [7:0] T_LPX_ set
0x0122 | T_CLK_HS_PREPARE_set| 0x05 | RW | [7:0] T_CLK_HS_PREPARE_set
0x0123 | T_CLK_ zero_set 0x20 | RW | [7:0] T_CLK_zero_set
0x0124 | T_CLK_PRE_set 0x02 | RW | [7:0] T_CLK_PRE_set
0x0125| T_CLK_POST _set 0x20 | RW | [7:0] T_CLK_POST _set
0x0126 | T_CLK_TRAIL_set 0x08 | RW | [7:0] T_CLK_TRAIL_set
0x0127 | T_HS_exit_set 0x10 | RW | [7:0] T_HS_exit_set
0x0128 | T_wakeup_set 0xa0 | RW | [7:0] T_wakeup set
0x0129 | T_HS_PREPARE_set 0x06 | RW | [70] T_HS_PREPARE_set
0x012a | T_HS_Zero_set Ox0a | RW | [7:0] T_HS Zero set
0x012b | T_HS_TRAIL_set 0x08 ' | RW | [7:0] T_HS TRAIL_set
0x012c | T_ULP_set 0x10 ['RW [ [6:0] T_ULP_set
ouT
Address Name Default | R/IW Description
0x008c | Test image 0x10 | RW | [2] input test image
0x0098 | out_win, y1[10:8] 0x00 | RW | [3:0] out_win_y1
0x0099 | out_win_y1[7:0] 0x00 | RW | [7:0] out_win_y1
0x009a | out_win_x1[11:8] 0x00 | RW | [3:0] out_win_x1
0x009b | Out_win_x1[7:0] 0x00 | RW | [7:0] out_win_x1
0x0096 | Out_win_height[11:8] 0x06 | RW | [3:0] out_win_helght[11:8]
0x0097 | Out_win_height[7:0] 0x82 | RW | out_win_helght[7:0]
0x0094 | Out_win_width[11:8] 0xOb | RW | [3:0] out_win_width[11:8]
0x0095 | Out_win_width[7:0] 0x90 | RW | out_win_width[7:0]
0x009c | Win_mode 0x01 | RW | Win_mode
[3:0] Out_win_offset
0x008e | Out_win_offset 0x05 | RW | for auto_updown[3:2] out_offset_y1=2
for auto_mirror[1:0] out_offset_x1=2
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OB OFFSET

Address Name Default | RIW Description
0x0038 | WB_offset_Gr 0x40 | RW | WB_offset_Gr

0x0039 | WB_offset_R 0x40 | RW | WB_offset R

0x003a | WB_offset_B 0x40 | RW | WB_offset B

0x003b | WB_offset_Gb 0x40 | RW | WB_offset_Gb

0x003c | WB_offset_Gr_T2 0x40 | RW | WB_offset Gr_T2
0x003d | WB_offset R_T2 0x40 | RW | WB_offset R_T2
0x003e | WB_offset B_T2 0x40 | RW | WB_offset B T2
0x003f | WB_offset_Gb_T2 0x40 | RW | WB_offset_ Gb_T2
0x0060 | pregain_offset 0x00 | RW | pregain_offset

Gain

Address Name Default | RIW Description
0x0064 | Auto_pregain[13:8] 0x04 | RW | [3:0] Auto_pregain[13:8]
0x0065 | Auto_pregain[7:0] 0x00 | RW | [7:0] Auto pregain[7:0]
0x02a9 | Analog_PGA_gain[13] 0x00- | RW | [0] Analog. PGA_gain[13]
0x02aa | Analog_PGA gain[12:8] 0x00 | RW | [3:0] analog_gain[12:8]
0x02ab | Analog_PGA gain[7:0] 0x01 | RW | [7:0] analog_gain[7:0]
0x0293 |Analog_PGA_gain_T2[13:8]| 0x00 | RW | [4:0] analog_gain_T2[13:8]
0x0294 | Analog_PGA_gain_T2[7:0]| 0x01 | RW | [7:0] analog_gain_T2[7:0]
0x00a8 | Col_gain[13:6] 0x01 | RW | [5:0]col_gain[11:6]
0x00a9 | Col_gain[5:0] 0x00 | RW | [5:0]col_gain[5:0]
0x00aa | Col_gain_T2[13:6] 0x01 | RW | [5:0]col_gain_T2[11:6]
0x00ab | Col_gain_T2[5:0] 0x00 | RW | [5:0]col_gain_T2[5:0]
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