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GPIXEL

2.4MP Global Shutter CMOS Image Sensor

GMAX4002

Features

Resolution: 2048(H) x 1200(V)

4 um square pixels

Optical Format: 1/1.7”

Electronic global shutter

High speed and good PLS

Red Fox technology

External triggering

Functions:

»  Vertical sub-sampling

»  Vertical/Horizontal image flipping
»  Vertical ROl with speed boosting
PGA gain: x1.0 - x3.8, step of x0.2
Digital gain: x2 - x15.5

10/12 bit ADC depth

Optional output channel:

> Sub-LVDS

»  MIPI(CSI-2, D-PHY)

On chip sequencer

I2C control

® One Time Programmable(OTP) Memory

Applications

® Machine Vision

® 3D Inspection

® Industrial Bar Code Readers
® Motion Capture and Analysis
® Intelligent Traffic System (ITS)
Description

GMAX4002 is a 1/1.7” optical format image sensor
with 2048 x 1200 effective pixels.

Featuring an advanced charge domain global shutter
pixel, GMAX4002 operates with true CDS for low noise
and high dynamic range. Gpixel’s Red Fox technology is
employed to deliver enhanced QE for NIR applications.

GMAX4002 is configurable through I2C. It integrates
both Sub-LVDS and MIPI interfaces, for frame rates of
344 fps and 166 fps respectively. GMAX4002 supports
2x2 on-chip binning to achieve higher sensitivity and
faster frame rate. It includes an on-chip sequencer and
OTP functions.

Assembled with 74-pin CLCC package, GMAX4002

enables a cost-effective camera solution, easy

integration and high-reliability mass production.

Specifications

Parameter

Value

Photosensitive area

8.2 mm x 4.8 mm

Pixel size

4 um x4 pum

Number of active pixels

Full resolution (2.4MP):
2048 (H) x 1200 (V) Effective
2080 (H) x 1216 (V) Readable
1.6MP:
1312 (H) x 1200 (V) Effective
1312 (H) x 1216 (V) Readable
0.6MP:
1024 (H) x 600 (V) Effective
1040 (H) x 608 (V) Readable

Full well capacity(FWC)

11.6k e- @ 12-bit, PGA gain x1.0
11.0k e- @ 10-bit, PGA gain x1.0

Temporal noise

2.6 e @ 12-bit, PGA gain x3.8
2.9 e @ 10-bit, PGA gain x3.8

Dynamic range

68.0 dB @ 12-bit, PGA gain x1.0
64.4 dB @ 10-bit, PGA gain x1.0

Peak QE

73.7% @550 nm; 37% @850 nm

Parasitic light sensitivity

<-92 dB (angular dependence)

Angular Response

> 15 ° (80% response)

Dark Current

8.3 e-/pixel/s@37 °C die temperature

Input clock rate

20 —-62.5 MHz, recommended 40M

Max. Frame rate

344 fps @ 1.2G Sub-LVDS 10bit

Data rate Max. 1.2G/800Mbps per channel
@Sub-LVDS
Max. 1.2Gbps per lane @ MIPI

Supply voltage 3.3V for analog; 1.8V - 3.3V for IO;
1.2V for digital

Output format 8 pairs of Sub-LVDS data output

1 pair of Sub-LVDS clock output
or

4 lanes of MIPI data output

1 lane of MIPI clock output

Channel Multiplexing

8/4/2/1 @ Sub-LVDS
4/2/1 @ MIPI

Power consumption

<05W

Chroma

Bayer RGB or Mono

Package

CLCC 74 pins
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GPIXEL

2.4MP Global Shutter CMOS Image Sensor

GMAX4002

Revision History

Version Date(dd/mm/yyyy) Comment
V0.0 18/07/2022 First release
1. Update the Optical Format from 2/3” to 1/1.7” of Features;
V0.1 19/07/2022
2. Update the MIPI Data rate from 960M to 1.2G of Applications;
V0.1.1 28/07/2022 1. Update the For More Information due to the office address change.
1. Update the product specifications of Specifications part.
2. Update the Figure 1 Package outline and add the notes under the Figure 1 Package
outline.
3. Delete VDDPIX and VDDDPHY related information.
4. Delete SPI related information.
V0.2 4/11/2022 5. Update Power On/Off Sequence and Reset Sequence.
6. Add minimum exposure mode.
7. Change description of EB to Dummy.
8. Update section Digital Gain.
9. Update the Blemish Specification part.
10. Update the Product Ordering Information part.
V0.2.1 10/11/2022 1. Update the typo in Figure 24 and Figure 26.
1. Add the product description in Description part.
Vv0.2.2 29/11/2022
2. Update the cluster limitation of the Demo grade in Defect limits part.
1. Add Sensor Version Description chapter.
2. Update the Figure 1 Package outline and update the notes below.
3.  Add 2.4MP NS/HS and 1.6MP NS related information, including pixel array, reading out
the sensor, CLK_PIX description etc.
4. Add recommend register map for 2.4MP NS/HS and 1.6MP NS mode.
5. Update detail information for Exposure Time Calculation and Frame Rate Calculation.
6. Updated Power On/Off Sequence and Reset Sequence.
7. Add Y-window setting in Table 33 Categories of GMAX4002 registers.
V0.3 27/2/2023
8. Update information for Minimum Exposure and Digital Gain.
9. Add example for Temperature Readout.
10. Update the max. frame rate with Sub-LVDS interface in Description chapter.
11. Update Specifications chapter according to the latest test results.
12. Add 2.4M HS mode and 1.6M NS in Blemish Specification part.
13. Update Storage Condition, Handling and Soldering
14. Add 2.4M HS and 1.6M NS part numbers in Product Ordering Information part.
15. Update Packing and Tray Specification.
1. Addthe 0.6M normal speed version in Sensor Version Description and update the frame
rate of 2.4MP HS version.
VvV0.3.1 8/8/2023 2. Add 1.6M and 0.6M pixel arrangements in Pixel Arrangement.
3. Update information of PIN-20 and PIN-72 in Table 1 for more accurate description which
has no influence on users.
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GPIXEL

2.4MP Global Shutter CMOS Image Sensor

GMAX4002

4. Add 0.6MP NS specification in section Power Consumption and Key Specification, and
update some typos.

5. Add 0.6MP NS recommended register map in Table 22.

6. Update Table 15 ~ Table 22 for internal construction adjustment.

7. Update 50ms waiting time to 80ms in Figure 29 and Figure 34.

8. Add 0.6MP NS information in section Image Data Output Format and Channel
Multiplexing.

9. Add constraint for 0.6MP NS in section PGA Gain.

10. Update the typo of description in Table 51.

11. Update the note description in section Windowing and Binning Mode.

12. Add 0.6MP NS description in section Sub-Sampling and Windowing.

1. Update the storage temperature in Absolute Maximum Ratings part.

2. Update Defect limits part from “Demo grade” to “Grade 1”.

V0.3.2 9/11/2023
3. Update the part numbers in Product Ordering Information part from “Demo grade” to

“Grade 1”.
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GPIXEL

2.4MP Global Shutter CMOS Image Sensor

GMAX4002

Sensor Version Description

GMAX4002 is offered with 4 versions, main differences of versions are listed below.

Item

Full resolution High

Speed - 2.4MP HS

Full resolution Normal

Speed - 2.4MP NS

1.6MP Normal Speed
-1.6M NS

0.6MP Normal Speed
-0.6M NS

Resolution

2.4MP

2.4MP

1.6MP

0.6MP

2048 (H) x 1200 (V)

2048 (H) x 1200 (V)

1312 (H) x 1200 (V)

1024 (H) x 600 (V)

Speed version

High Speed

Normal Speed

Normal Speed

Normal Speed

Pixel size

4 um x4 um

8 um x 8 um

Support modes

and frame rate

343fps @ 10bit
@1.2G Sub-LVDS

229fps @ 10bit @ 800M Sub-LVDS
195fps @ 12bit @ 800M Sub-LVDS
166fps @ 10bit @ 1.2G MIPI

884fps @ 10bit
@800M Sub-LVDS

Please see the different versions part number in Product Ordering Information.
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GPIXEL

2.4MP Global Shutter CMOS Image Sensor GMAX4002
Absolute Maximum Ratings
Item Symbol Rating Unit Remarks

Supply Voltage (Analog 3.3V) VDDA -0.3t0 4.0 Vv

Supply Voltage (Interface 1.8V to 3.3V) VvDDIO -0.3t0 4.0 Vv

Supply Voltage (Digital 1.2V) VDDD -0.3to 1.7 Vv

Input Voltage VI -0.3 to VDDIO+0.3 Vv Not exceed 4.0V

Output Voltage VO -0.3 to VDDIO+0.3 Vv Not exceed 4.0V

Operation Temperature Topr -40 to 85 °c Junction temperature

Storage Temperature Tstg -40to 125 °C Environment temperature
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2.4MP Global Shutter CMOS Image Sensor GMAX4002
Package Outline
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UNLESS OTHERWISE SPECIFIED
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Figure 1 Package outline
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GPIXEL

2.4MP Global Shutter CMOS Image Sensor

GMAX4002

Note:

1. The center of the optical sensitive area is at (-0.16 + 0.10mm, 0.48 + 0.10mm) relative to the center of the ceramic package.

2. The deviation of the die center relative to the cavity edge of the ceramic package is £ 0.10mm. The rotation angle of the die relative to the cavity edge of the ceramic
package is + 0.3°. The tilt of the die relative to the die attach surface of the ceramic package is less than 0.15mm.

3. The distance from the die surface to the bottom of the ceramic package is 0.85 + 0.205mm.

4. The thermal conductivity of the ceramic package is 14 W/(mK).

5. The thermal expansion coefficient of the ceramic package is 7.1 x 10°/K from room temperature (25 + 5°C) to 400 °C.
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2.4MP Global Shutter CMOS Image Sensor GMAX4002

Optical Center & Temperature Sensor

Unit: um O chip Area B Pixel(0,0) Chip Center (0. 000, 0. 000)
[ Optical Area m Pixel(2079,1215) Optical Center (-160, 480)
@ Chip Center A Pixel Marker
64 64
@ Optical Center B 0TS
N ] Dummy Pixel Area -
o N
1244 8192 ﬁ 1564
1 Dy | eds02,
A Il
<
> |l¢ 73.465
IS
g g
w
o
Q
[a2]
69.625| ¢
~
g B>l o
g v g
I ol <
d i2
s> 13 | 1;35
o 5340 |
(e}
11000
PIN-54 PIN-74
o w
o N
64 64
Figure 2 Optical center(top view)
Note: Figure 2 Optical center is with reference to Chip (silicon die) center, for camera mechanic design, please
refer to Figure 1 for optical center with reference to sensor package.
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2.4MP Global Shutter CMOS Image Sensor

GMAX4002

Pixel Arrangement

2.4MP

1.6MP

A

t & Margin
Effective pixels: 2048(H) x 1200(V)
Readable pixels: 2080(H) x 1216(V)
§ 5 | 5 User defined region: 2080(H) x 1212(V) | &5 §
= = o = =
bk o | © N ool
> =)
_16_ 2048 _16_
2080 R
The first pixel (0,0)
4] Margin
Pin- 74

Pin- 54

Pin- 54

Figure 3 Pixel arrangement in physical (top view)

t & Margin

Th

Effective pixels: 1312(H) x 1200(V)
Readable pixel: 1312(H) x 1216(V)

4 A

= e =
N | 8 Userdefined region: 21312(H) x 1212(V)| X
[e)] o N
1312
e first pi}(el (384,0)
A
i [ Margin

Figure 4 Pixel arrangement in physical (top view)

Pin- 74
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GMAX4002

2.4MP Global Shutter CMOS Image Sensor

0.6MP
t b Margin
Effective pixels: 1024(H) x 600(V)
Readable pixels: 1040(H) x 608(V)
Z . . .
) 2|9 User defined region: 1040(H) x 606(V) o 912’
®, ® |9 @ @,
=) =}
8 1024 8
B 1040 -
The first pixel (0,0) Y
I Margin
Pin- 54 Pin- 74

Figure 5 Pixel arrangement in physical (top view)
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2.4MP Global Shutter CMOS Image Sensor GMAX4002

Bayer pattern arrangement on pixel array

Readable Pixel Array
(2080 x 1216)

Pin- 74
Pixel (0,0)
Figure 6 Bayer pattern on top of pixel array(top view) of 2.4MP
Readable Pixel Array
(1312 x 1216)
Pin- 74

Pixel (384,0)
Figure 7 Bayer pattern on top of pixel array(top view) of 1.6MP
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2.4MP Global Shutter CMOS Image Sensor GMAX4002
Internal Block Diagram and Pin Configuration
Internal Block Diagram
PLL | SEQ -
- «
o <_
L — R
-« ;OU |
e ~2| | =
Pixel Array <5 g
—" “| 3
s “| 7l
|w) <«
g = RN
s Py < |9
s [ & e
[ = -
e G
e + + + Bias
_>
vy [+ < CDS/Column Circuit
o0 Temp 1| 2
%3,' = sensor

Figure 8 Block diagram
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GPIXEL

2.4MP Global Shutter CMOS Image Sensor GMAX4002
Pin Description
Table 1 Pin description
Pin No. 1/0 Symbol Description Type
1 GND GNDD Digital ground Ground
2 Power | VDDD Digital supply Supply
3 1/0 VCPNO Internally generated pixel supply Bias
4 1/0 VCPNI Internally generated pixel supply Bias
5 1/0 VGRSTL Internally generated pixel supply Bias
6 1/0 VTX2L Internally generated pixel supply Bias
7 1/0 VTX1L Internally generated pixel supply Bias
8 GND GNDA Analog ground Ground
9 1/0 VTX2H Internally generated pixel supply Bias
10 1/0 VTX1H Internally generated pixel supply Bias
11 1/0 VGRSTH Internally generated pixel supply Bias
12 1/0 VCPPI Internally generated pixel supply Bias
13 Power | VDDA Analog supply Supply
14 1/0 VCPPO Internally generated pixel supply Bias
15 GND GNDA Analog ground Ground
16 Power | VDDA Analog supply Supply
17 GND GNDD Digital ground Ground
18 Power | VDDD Digital supply Supply
19 Power | VDDA Analog supply Supply
20 GND GNDD Digital ground Ground
21 | VDDIO 10 ring supply Digital input
22 | TEXP External trigger Digital input
23 0 TDIG Digital test signal output Digital output
24 1/0 SDA 12C serial data line Digital input/output
25 | SCL 12C serial clock line Digital input
26 | SLAMODE 12C slave address select Digital input
27 GND GNDA Analog ground Ground
28 Power | VDDIO 10 ring supply Supply
29 | CLK_REF PLL reference clock Digital input
30 | SYS_RST_N System reset signal Digital input
31 Power | VDDA Analog supply Supply
32 GND GNDA Analog ground Ground
33 Power | VDDA Analog supply Supply
34 Power | VDDD Digital supply Supply
35 GND GNDD Digital ground Ground
36 0 OUTN<7> Data negative channel 7 Data output
37 (0] OUTP<7> Data positive channel 7 Data output

16
Confidential




GPIXEL

2.4MP Global Shutter CMOS Image Sensor

GMAX4002

38 (0] OUTN<5> Data negative channel 5 Data output

39 0] OUTP<5> Data positive channel 5 Data output

40 0] OUTN<3> Data negative channel 3 Data output

41 0] OUTP<3> Data positive channel 3 Data output

42 0] OUTN<1> Data negative channel 1 Data output

43 0] OUTP<1> Data positive channel 1 Data output

44 Power | VDDD Digital supply Supply

45 GND GNDD Digital ground Ground

46 (0] CLKN_OUT Clock negative output Data output

47 0] CLKP_OUT Clock positive output Data output

48 0] OUTN<0> Data negative channel 0 Data output

49 0] OUTP<0> Data positive channel 0 Data output

50 0] OUTN<2> Data negative channel 2 Data output

51 0 OUTP<2> Data positive channel 2 Data output

52 0 OUTN<4> Data negative channel 4 Data output

53 0 OUTP<4> Data positive channel 4 Data output

54 Power | VDDD Digital supply Supply

55 0 OUTN<6> Data negative channel 6 Data output

56 0 OUTP<6> Data positive channel 6 Data output

57 Power | VDDD Digital supply Supply

58 GND GNDD Digital ground Ground

59 Power | VDDD Digital supply Supply

60 GND GNDD Digital ground Ground

61 GND GNDA Analog ground Ground

62 Power | VDDD Digital supply Supply

63 GND GNDD Digital ground Ground

64 Power | VDDA Analog supply Supply

65 GND GNDA Analog ground Ground

66 Power | VDDD Digital supply Supply

67 GND GNDD Digital ground Ground

68 0 NC N/A Leave floating

69 1/0 VREF Internally generated voltage reference Bias

70 Power | VDDA Analog supply Supply

71 1/0 RES_EXT_NODE_P Connected to GNDRES through a 12.4KQ resistor Analog input/output
Dedicated on-chip ground and only connected to

72 GND GNDRES Ground
RES_EXT_NODE_P through a 12.4KQ resistor on board

73 GND GNDA Analog ground Ground

74 1/0 VRS Internally generated voltage reference Bias
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Electrical Characteristics
DC Characteristics
Table 2 DC characteristics
Item Pins Symbol Min. Typ. Max. Unit
Analog VDDA 3.2 33 3.4 Vv
Supply voltage VDDD 1.1 1.2 1.3 Vv
Digital
VDDIO 1.7 1.8 3.3 \Y
SLAMODE
SCL VIH 0.8xvDDIO VDDIO VDDIO+0.3V \
SDA
Digital Input
CLK_REF
SYS_RST_N VIL 0 0 0.3 %
TEXP
VOH VDDIO Y
Digital Output TDIG
VOL 0 \Y
CLKN_OUT
VCM 0.9 \
CLKP_OUT
Sub-LVDS Output
OUTN<0:7>
VOD 0.1 0.15 0.2 \
OUTP<0:7>
Note:
1) The characterization results are measured with typical values of all supplies in the above table.
18
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AC Characteristics

1. Digital input reference clock (CLK_REF) waveform diagram

P 1/finck N
tCKR P tCKF N
0.8 x VDDIO ‘ ) - - /
0.5 x VDDIO
0.2 x VDDIO
—/ e ™ >
< 0 >

Figure 9 AC input reference clock

Table 3 AC characteristics for CLK_REF

Iltem Symbol | Min. Typ. Max. | Unit Remarks
CLK_REF frequency finck 20 40 62.5 | MHz
CLK_REF rising edge tekr 5 ns Define with 0.2 x VDDIO and 0.8 x VDDIO
CLK_REF falling edge teke 5 ns Define with 0.2 x VDDIO and 0.8 x VDDIO
CLK_REF duty ratio 45 50 55 % Define with 0.5 x VDDIO

2. Digital input control signal waveform diagram

tr te

0.8 x VDDIO /

0.2 x VDDIO

Figure 10 AC digital input control signal

Table 4 AC characteristics for digital input control signals

Item Symbol | Min. | Typ. | Max. | Unit Remarks
Control signal rising edge tir - 3 5 ns Define with 0.2 x VDDIO and 0.8 x VDDIO
Control signal falling edge tie - 3 5 ns Define with 0.2 x VDDIO and 0.8 x VDDIO

3. Digital Output Signal waveform diagram

P tor tor

0.8 x VDDIO /

0.2 x VDDIO

Figure 11 AC digital output control signal
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Table 5 AC characteristics for digital input control signal

Item Symbol | Min. | Typ. | Max. | Unit Remarks
Define with 0.2 x VDDIO and 0.8 x VDDIO
Digital output signal rising edge tor 0.9 ns
Simulated with 15pF capacitance load
Define with 0.2 x VDDIO and 0.8 x VDDIO
Digital output signal falling edge tor 0.9 ns

Simulated with 15pF capacitance load

Note:
1) Output load capacitance < 18pF.

4. Sub-LVDS Driver Output

CLKP_OUT
CLKN_OUT
CLKP_OUT -
CLKN_OUT
OUTP
OUTN
OUTP -
OUTN
Figure 12 Sub-LVDS driver output
Table 6 Sub-LVDS driver output
Item Symbol Min. Typ. Max. Unit Remarks
Clock Duty Cycle 40 50 60 % DDR clock 400MHz
Data setup time tsy T.B.D. ps Data rate 800Mbps
Data hold time tha T.B.D. ps Data rate 800Mbps
Differential voltage swing Vob 100 150 200 mV
Common mode voltage Vem 0.8 0.9 1.0 Vv

Note:
1) The same AC characteristics applies for clock channel.
2) Output load capacitance < 8pF.
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Power Consumption

Table 7 Power consumption for 2.4MP NS and 1.6MP NS modes

VDDA 3.3 72 84 238 79 81 261 77 87 254
vDDD 1.2 119 175 143 121 122 146 94 138 113
VvDDIO 1.8 <2 <5 <4 <1 <10 <2 <5 <14 <9
Total power
385 409 376
consumption (mW)

Table 8 Power consumption for 2.4MP HS mode and 0.6MP NS mode

VDDA 33 72 73 238 97 99 321
vDDD 1.2 128 128 154 119 121 143
VvDDIO 1.8 <1 <2 <2 <1 <2 <2
Total power consumption
394 466
(mw)
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Image Sensor Characteristics

Key Specification

Table 9 Key performance for 2.4MP/1.6MP NS 12bit mode

PGA gain x1 PGA gain x3.8
Iltem Unit Note
Min. Typ. Max. Typ.
Conversion factor 0.34 1.28 DN/e-
Full well capacity T.B.D 11.6 3.0 ke- 1
Non-linearity error 0.11 T.B.D 0.10 % 2
Max. SNR 40.7 34.7 dB 3
Temporal dark noise 4.8 T.B.D 2.6 e-
Dynamic range 68.0 62.3 dB 4
Peak QE @ 550nm 73.7 % 5
Sensitivity @ 550nm 3.26 x107 e/ ((W/m2)-s)
Dark current 8.3 e-/s 6
DSNU 2.4 T.B.D 2.0 e- 7
PRNU 0.4 T.B.D 0.5 % 7
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Table 10 Key performance for 2.4MP/1.6MP NS 10bit mode (both Sub-LVDS and MIPI)

Conversion factor 0.09 0.33 DN/e
Full well capacity T.B.D 11.1 2.9 ke 1
Non-linearity error 0.04 T.B.D 0.18 % 2
Max. SNR 40.5 34.6 dB 3

Temporal dark noise 7.6 T.B.D 3.0 e
Dynamic range 64.4 60.7 dB 4
Dark current 8.7 e/s 6
DSNU 8.1 T.B.D 3.2 e 7
PRNU 0.5 T.B.D 0.6 % 7
Table 11 Key performance for 2.4MP HS 10bit mode

Conversion factor 0.09 0.33 DN/e
Full well capacity T.B.D 10.8 2.9 ke~ 1
Non-linearity error 0.09 T.B.D 0.19 % 2
Max. SNR 40.3 34.6 dB 3

Temporal dark noise 7.1 T.B.D 2.9 e
Dynamic range 64.6 61.2 dB 4
Dark current 7.8 e/s 6
DSNU 6.8 T.B.D 6.6 e 7
PRNU 0.5 T.B.D 11 % 7
23
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Table 12 Key performance for 0.6MP NS 10bit mode
Item el Unit Note
Min. Typ. Max.
Conversion factor 0.09 DN/e
Full well capacity T.B.D 11.5 ke 1
Non-linearity error 0.07 T.B.D % 2
Max. SNR 40.6 dB 3
Temporal dark noise 10.8 T.B.D e
Dynamic range 60.5 dB 4
Dark current 34.9 e’/s 6
DSNU 9.1 T.B.D e 7
PRNU 0.3 T.B.D % 7
Notes for key specification:
1. Full well capacity (FWC) is calculated by dividing the saturation level (DN) by the conversion factor (DN/e’).
2. Non-linearity error is calculated in range between 5-95% of the saturation level.
3.  Maximum SNR is calculated by square root of the FWC (e7), the unit of dB is 20 x log (SNR).
4. Dynamic range is the ratio of FWC (e”) to temporal dark noise (e’)
5. The measurement result equals to QE x FF (fill factor).
6. Dark current is measured at 25°C, the die temperature for this measurement is around 37°C obtained by calibration of the die temperature sensor.
7. DSNU and PRNU results are both measured with full scale image without defect rows or columns.
8. All measurement methods are based on the EMVA Standard 1288 (Release 4.0) if no special noted.
24
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Temporal Dark Noise Distribution

The curve below shows the cumulative histogram for temporal dark noise distribution with PGA gain x1.0.

Number of pixels with noisezD

Number of pixels with noisezD

1.0E+7

1.0E+6

1.0E+5

1.0E+4

1.0E+3

1.0E+2

1.0E+1

1.0E+0

1.0E+7

1.0E+6

1.0E+5

1.0E+4

1.0E+3

1.0E+2

1.0E+1

1.0E+0

Figure 14 Temporal dark noise distribution for 2.4MP NS 10bit (@ Sub-LVDS)

Temporal dark noise cumulative histogram

0 5 10 15 20 25
Temporal dark noise D (e’)

Figure 13 Temporal dark noise distribution for 2.4MP NS 12bit

Temporal dark noise cumulative histogram

0 5 10 15 20 25
Temporal dark noise D (e’)
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Number of pixels with noisezD

Number of pixels with noisezD

Temporal dark noise cumulative histogram

1.0E+7

1.0E+6

1.0E+5

1.0E+4

1.0E+3

1.0E+2

1.0E+1

10640 | | | | | - |

0 5 10 15 20 25 30
Temporal dark noise D (e’)

Figure 15 Temporal dark noise distribution for 2.4MP HS 10bit

Temporal dark noise cumulative histogram

1.0E+6

1.0E+5

1.0E+4
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Figure 16 Temporal dark noise distribution for 0.6MP NS 10bit
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Spectral Sensitivity Characteristics

The curve below displays the spectral response for spectrum of 300-1100nm for mono and color sensors.

Spectral Response

80

70

60

g 50

w 40

g 30

20

10

0

400 600 700 900 1000 1100
Wavelength (nm)
Figure 17 Spectral Sensitivity Characteristics
The table below shows more details about the QE measurement results.
Table 13 Detailed QE measurement results
Wavelength (nm) Mono Blue Green Red
QE x FF (%) QE x FF (%) QE x FF (%) QE x FF (%)

300 1.79 0.01 0.04 0.04
350 34.44 0.07 5.92 8.39
400 58.01 28.15 5.36 7.15
450 66.41 47.45 3.11 1.59
500 70.75 26.20 53.48 1.68
550 73.70 4.13 60.82 1.86
600 73.16 2.98 36.09 57.50
650 68.76 4.19 13.42 52.20
700 66.12 9.16 26.86 47.68
750 59.02 10.59 31.47 48.17
800 49.84 30.42 35.29 40.06
850 35.21 33.46 33.74 34.29
900 22.66 21.43 21.92 21.84
950 11.53 12.56 12.91 12.75
1000 5.48 5.39 5.50 5.50
1050 1.73 1.89 1.85 1.87
1100 0.39 0.61 0.63 0.65
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Dark Current with Different Die Temperature

Dark current test results with different temperature are shown below. The die temperature is measured with on-
chip temperature sensor. See chapter of ‘Temperature Readout’ for details.

Dark Current vs Die Temperature

10000

1000
’/
A/

100

10 -
1 //

0.1

Dark current(e/s/pix)

0.01

-10 0 10 20 30 40 50 60 70 80 90

Die temperature(°C)

Figure 18 Dark current with different die temperature

The graph below shows the dark current distribution of the sensor tested at -0.5°C of die temperature. The dark
current value with the most pixel counts is around 0.18 e”/s/pix.

Dark current distribution
1.0E+7

1.0E+6

1.0E+5

1.0E+4 \\
1.0E+3 \
1.0E+2 \

1.0E+1 N

Number of pixels

T —
1.0E+0 \

0 50 100 150 200 250

Dark current(e/s)

Figure 19 Dark current distribution

Please note, regarding to 0.6MP NS, dark current is 4 times higher than the figures above.

28
Confidential



GPIXEL

2.4MP Global Shutter CMOS Image Sensor GMAX4002

Angular Response

The sensor response depends on CRA of the incident light. To measure the angle response of the pixels, a pixel array
consists of 20 pixels are selected. At each angle of the light ray, 20 grabbed images are averaged in order to reduce
temporal noise influence. Then the averaged image is averaged over all its pixels. The typical angle response for the
sensor can be seen in the figure below. The data includes the horizontal and vertical angles.

Angular response

100
90
80
70
60 |- — — —
50 — —_ —_
40 ==f==\/ertical

30 = ———==ll=Horizontal 1
20 — — —
10 — — —

Normalized angle response

Degrees

Figure 20 Angular response of the horizontal and vertical directions
Image sensor

Light source

Horizontal Al-pin

Figure 21 Horizontal and vertical definition
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Register Map

Table 14 gives the default register setting after sensor power-on. The recommended register setting for 2.4MP NS
mode is shown in Table 15, Table 16 and Table 17. The recommended register setting for 1.6MP NS mode is shown
in Table 18, Table 19 and Table 20. The recommended register setting for 2.4MP HS mode is shown in Table 21. The
recommended register setting for 0.6MP NS mode is shown in Table 22.

Some of the registers may need to be tuned based on specific applications, i. e. the registers described in section
‘Sensor Configuration’ and ‘Description of Various Functions’. These registers can have digital setting bits separated
in two or more neighbor bytes(Address). In this case, the grouping is always from high to low. For example, register
DOFF is 12-bit shown in Table 52. Its digital bit from high to low is 305C-Bit <3:0> to 305B-Bit <7:0>.

Default register map

Table 14 Default register map after sensor power-on

Address Address Address Address
(hex) Hex value (hex) Hex value (hex) Hex value (hex) Hex value
2E00 02 2E80 05 303B 01 3309 01
2E01 00 2E81 32 303C 01 330A 00
2E02 00 2E82 28 303D 01 3308 01
2E03 07 2E83 FF 303E 01 330C 00
2E04 00 2E84 05 303F 01 330D 01
2E05 0A 2E85 41 3040 00 330E 00
2E06 00 2E86 63 3041 00 330F 01
2E07 01 2E87 84 3042 10 3310 00
2E08 01 2E88 03 3043 00 3311 01
2E09 00 2E89 16 3044 04 3312 00
2EOA 00 2E8A 1B 3045 10 3313 2C
2EOB 01 2E8B 82 3046 00 3314 01
2EOC 00 2E8C FF 3047 00 3315 01
2EOD BE 2E8D FF 3048 00 3316 00
2EOE 04 2E8E FF 3049 00 3317 E2
2EOF 01 2E8F FF 304A 00 3318 04
2E10 00 2E90 FF 3048 00 3319 E2
2E11 14 2E91 FF 304C 00 331A 04
2E12 00 2E92 FF 304D 00 331B E2
2E13 00 2E93 FF 304E 00 331C 04
2E14 BA 2E94 04 304F 08 331D E2
2E15 04 2E95 16 3050 20 331E 04
2E16 00 2E96 1C 3051 02 331F E2
2E17 00 2E97 82 3052 00 3320 04
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2E18 08 2E98 01 3053 10 3321 E2
2E19 00 2E99 02 3054 00 3322 04
2E1A BO 2E9A 19 3055 00 3323 EE
2E1B 04 2E98B 1A 3056 00 3324 02
2E1C 00 2E9C 04 3057 00 3325 EE
2E1D 00 2E9D 16 3058 00 3326 02
2E1E 00 2E9E 1C 3059 00 3327 01
2E1F 00 2E9F 82 305A 00 3328 00
2E20 00 2EAO 14 3058 00 3329 01
2621 00 2EAL 16 305C 00 332A 00
2E22 00 2EA2 80 305D 00 3328 01
2E23 00 2EA3 82 305E 00 332¢C 00
2E24 00 2EA4 16 305F 01 332D 01
2E25 00 2EAS 1C 3060 00 332E 00
2E26 00 2EA6 18 3200 20 332F 77
2627 00 2EA7 FF 3201 07 3330 01
2E28 00 2EA8 01 3202 04 3331 01
2E29 00 2EA9 02 3203 03 3332 00
2E2A 00 2EAA 19 3204 14 3333 E2
2E28 00 2EAB 1A 3205 03 3334 04
2E2C 00 2EAC 01 3206 03 3335 E2
2E2D 00 2EAD 02 3207 03 3336 04
2E2E 00 2EAE FF 3208 14 3337 E2
2E2F 00 2EAF FF 3209 04 3338 04
2E30 00 2EBO FF 320A 07 3339 E2
2E31 00 2EB1 FF 3208 16 333A 04
2E32 00 2EB2 FF 320C 04 3338 E2
2E33 00 2EB3 FF 320D 16 333C 04
2634 00 2EB4 FF 320E OF 333D E2
2E35 00 2EB5 FF 320F 07 333E 04
2E36 00 2EB6 14 3210 11 333F 01
2E37 00 2EB7 00 3211 07 3340 00
2E38 00 2EB8 04 3212 00 3341 01
2E39 00 2EB9 oc 3213 OE 3342 00
2E3A 00 2EBA 03 3214 1B 3343 01
2E3B 00 2EBB 00 3215 03 3344 00
2E3C 00 2EBC 01 3216 28 3345 00
2E3D 00 2EBD 00 3217 04 3346 00
2E3E 00 2EBE 01 3218 00 3347 00
2E3F 00 2EBF 03 3219 07 3348 00
2E40 00 2ECO 00 321A 28 3349 00
2E41 00 2EC1 00 3218 00 334A 00
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2E42 00 2EC2 00 321C 07 334B 00
2E43 00 2EC3 01 321D 04 334C 00
2E44 00 2EC4 28 321E 28 334D 10
2E45 00 2EC5 oc 321F 04 334E 32
2E46 00 2EC6 00 3220 00 334F 54
2E47 00 2EC7 00 3221 07 3350 86
2E48 00 2EC8 00 3222 68 3351 A9
2E49 00 2EC9 00 3223 03 3352 cB
2E4A 00 2ECA 00 3224 00 3353 ED
2E4B 00 2ECB 00 3225 00 3354 7F
2E4C 00 3000 00 3226 68 3355 10
2E4D 00 3001 02 3227 03 3356 32
2E4E 00 3002 00 3228 00 3357 54
2E4F 00 3003 00 3229 00 3358 87
2E50 00 3004 01 322A 11 3359 A9
2E51 00 3005 20 3228 03 335A cB
2E52 00 3006 08 322¢C 1B 3358 ED
2E53 00 3007 00 322D 00 335¢C 5F
2E54 00 3008 00 322 07 335D 00
2E55 00 3009 04 322F OF 335E 00
2E56 00 300A 01 3230 OE 335F 00
2E57 00 3008 00 3231 00 3360 00
2E58 01 300C 01 3232 13 3361 01
2E59 1E 300D OF 3233 07 3362 00
2E5A 00 300E 00 3234 07 3400 00
2E5B 00 300F 01 3235 07 3401 12
2E5C 02 3010 00 3236 07 3402 00
2E5D OE 3011 01 3237 07 3403 00
2E5E 01 3012 00 3238 10 3404 64
2E5F 02 3013 00 3239 07 3405 02
2E60 02 3014 6E 323A 13

2E61 02 3015 08 3238 13

2E62 28 3016 04 323C 0A

2E63 28 3017 00 323D 0A

2E64 02 3018 08 323E 28

2E65 00 3019 07 323F 0A

2E66 03 301A 10 3240 00

2E67 00 3018 07 3241 0A

2E68 24 301C 27 3242 1C

2E69 04 301D 00 3243 20

2E6A 62 301E 0B 3244 13

2E6B 03 301F 09 3245 13
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2E6C 53 3020 05 3246 30
2E6D 85 3021 06 3247 OE
2E6E 12 3022 9% 3248 01
2E6F 3A 3023 c8 3249 20
2E70 49 3024 14 324A 00
2E71 FF 3025 00 3248 00
2E72 FF 3026 00 324C 00
2E73 FF 3027 00 324D 00
2674 44 3028 00 324E 00
2E75 53 3029 00 324F D_TEMP
2E76 46 302A 00 3250 D_TEMP
2677 FF 3028 00 3300 00
2E78 FF 302C 00 3301 00
2E79 FF 302D 00 3302 00
2E7A 01 302E 00 3303 00
2E7B 85 302F 00 3304 00
2E7C FF 3030 00 3305 00
2E7D FF 3031 00 3306 00
2E7E FF 3039 00 3307 01
2E7F FF 303A 01 3308 00
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Recommended 2.4MP NS register map

Table 15 Recommended 2.4MP NS register map with x1 PGA gain for 12bit @ 800MHz Sub-LVDS

Address Address Address Address
(hex) Hex value (hex) Hex value (hex) Hex value (hex) Hex value
2E00 00 2E80 05 303B 00 3309 01
2E01 01 2E81 24 303C 00 330A 00
2E02 00 2E82 FF 303D 01 330B 01
2E03 06 2E83 FF 303E 00 330C 00
2E04 00 2E84 05 303F 00 330D 01
2EQ5 08 2E85 31 3040 10 330E 00
2E06 00 2E86 5C 3041 00 330F 01
2E07 00 2E87 84 3042 10 3310 00
2E08 00 2E88 03 3043 00 3311 DO
2E09 00 2E89 1A 3044 19 3312 07
2EOA 00 2E8A 1F 3045 10 3313 B8
2EOB 01 2E8B 86 3046 00 3314 0B
2EOC 00 2E8C FF 3047 00 3315 F4
2EOD BE 2E8D FF 3048 00 3316 01
2EOE 04 2E8E FF 3049 00 3317 E8
2EOF 01 2E8F FF 304A 00 3318 03
2E10 00 2E90 FF 304B 00 3319 E8
2E11 12 2E91 FF 304C 00 331A 03
2E12 00 2E92 FF 304D 00 331B E8
2E13 00 2E93 FF 304E 00 331C 03
2E14 BA 2E94 04 304F 02 331D AO
2E15 04 2E95 1A 3050 0A 331E OF
2E16 00 2E96 20 3051 02 331F DO
2E17 00 2E97 86 3052 00 3320 07
2E18 08 2E98 01 3053 10 3321 01
2E19 00 2E99 02 3054 00 3322 00
2E1A BO 2E9A 1D 3055 00 3323 01
2E1B 04 2E9B 1E 3056 84 3324 00
2E1C 00 2E9C 04 3057 03 3325 01
2E1D 00 2E9D 1A 3058 00 3326 00
2E1E 00 2E9E 20 3059 01 3327 01
2E1F 00 2E9F 86 305A 00 3328 00
2E20 00 2EAO 19 305B 40 3329 01
2E21 00 2EA1 1A 305C 00 332A 00
2E22 00 2EA2 85 305D 04 332B 01
2E23 00 2EA3 86 305E 00 332C 00
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2624 00 2EA4 1A 305F 00 332D A0
2E25 00 2EAS 20 3060 00 332E OF
2E26 00 2EA6 1C 3200 20 332F E8
2627 00 2EA7 FF 3201 00 3330 03
2E28 00 2EA8 01 3202 04 3331 DO
2E29 00 2EA9 02 3203 03 3332 07
2E2A 00 2EAA 1D 3204 20 3333 03
2E28 00 2EAB 1E 3205 03 3334 00
2E2C 00 2EAC 01 3206 03 3335 A0
2E2D 00 2EAD 02 3207 03 3336 OF
2E2E 00 2EAE FF 3208 16 3337 DO
2E2F 00 2EAF FF 3209 04 3338 07
2E30 00 2EBO FF 320A 00 3339 F4
2E31 00 2EB1 FF 3208 16 333A 01
2E32 00 2EB2 FF 320C 04 3338 3C
2E33 00 2EB3 FF 320D 1A 333C 00
2634 00 2EB4 FF 320E OF 333D B8
2E35 00 2EB5 FF 320F 00 333E 0B
2E36 00 2EB6 2E 3210 11 333F E8
2E37 00 2EB7 1C 3211 07 3340 03
2E38 00 2EB8 1E 3212 00 3341 E8
2E39 00 2EB9 oc 3213 OE 3342 03
2E3A 00 2EBA 03 3214 1B 3343 E8
2E3B 00 2EBB 00 3215 03 3344 03
2E3C 00 2EBC 01 3216 3F 3345 55
2E3D 00 2EBD 00 3217 04 3346 55
2E3E 00 2EBE 01 3218 07 3347 55
2E3F 00 2EBF 03 3219 00 3348 55
2E40 00 2ECO 01 321A 3F 3349 55
2E41 00 2EC1 01 3218 07 334A 55
2E42 00 2EC2 00 321C 00 3348 55
2E43 00 2EC3 01 321D 04 334C 55
2E44 00 2EC4 14 321E 3F 334D 10
2E45 00 2EC5 oc 321F 04 334E 32
2E46 00 2EC6 00 3220 07 334F 54
2E47 00 2EC7 00 3221 00 3350 9A
2E48 00 2EC8 01 3222 14 3351 D
2E49 00 2EC9 01 3223 03 3352 7B
2E4A 00 2ECA 02 3224 00 3353 E8
2E4B 00 2ECB 06 3225 00 3354 6F
2E4C 00 3000 00 3226 3F 3355 10
2E4D 00 3001 02 3227 03 3356 42
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2E4E 00 3002 00 3228 00 3357 95
2E4F 00 3003 01 3229 00 3358 EA
2E50 00 3004 03 322A 06 3359 cD
2E51 00 3005 00 3228 03 335A 3B
2E52 00 3006 08 322¢C 1B 3358 87
2E53 00 3007 10 322D 00 335¢C 6E
2E54 00 3008 00 322 07 335D 00
2E55 00 3009 04 322F 03 335E 00
2E56 00 300A 01 3230 OE 335F 00
2E57 00 3008 00 3231 01 3360 00
2E58 01 300C 01 3232 53 3361 01
2E59 14 300D OF 3233 4E 3362 00
2E5A 00 300E 00 3234 47 3400 00
2E5B 00 300F 01 3235 4c 3401 12
2E5C 04 3010 01 3236 47 3402 00
2E5D 12 3011 01 3237 47 3403 00
2E5E 01 3012 00 3238 50 3404 64
2E5F 02 3013 00 3239 47 3405 02
2E60 02 3014 8E 323A 53

2E61 02 3015 09 3238 53

2E62 28 3016 04 323C 4A

2E63 28 3017 00 323D 4A

2E64 01 3018 08 323E 68

2E65 00 3019 07 323F OF

2E66 02 301A 10 3240 00

2E67 00 3018 07 3241 1A

2E68 24 301C 27 3242 1C

2E69 05 301D 00 3243 04

2E6A 62 301E 0B 3244 13

2E6B 03 301F 09 3245 13

2E6C 46 3020 05 3246 30

2E6D 78 3021 06 3247 30

2E6E 02 3022 01 3248 7D

2E6F 2A 3023 F8 3249 1D

2E70 FF 3024 14 324A 1C

2E71 FF 3025 00 3248 00

2E72 FF 3026 00 324C 00

2E73 FF 3027 00 324D 00

2E74 32 3028 00 324E 00

2E75 64 3029 00 324F D_TEMP

2E76 14 302A 04 3250 D_TEMP

2677 FF 3028 04 3300 00
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2E78 FF 302C 04 3301 00

2E79 FF 302D 04 3302 00

2E7A 01 302E 00 3303 00

2E7B 87 302F 00 3304 00

2E7C FF 3030 00 3305 00

2E7D FF 3031 00 3306 00

2E7E 01 3039 00 3307 01

2E7F 88 303A 00 3308 00

Table 16 Recommended 2.4MP NS register map with x1 PGA gain for 10bit @ 800MHz Sub-LVDS
Address Address Address Address

(hex) Hex value (hex) Hex value (hex) Hex value (hex) Hex value
2E00 00 2E80 05 303B 00 3309 01
2E01 01 2E81 24 303C 00 330A 00
2E02 00 2E82 FF 303D 01 330B 01
2E03 06 2E83 FF 303E 00 330C 00
2E04 00 2E84 05 303F 00 330D 01
2E05 08 2E85 31 3040 10 330E 00
2E06 02 2E86 5C 3041 00 330F 01
2E07 00 2E87 85 3042 10 3310 00
2E08 00 2E88 03 3043 00 3311 DO
2E09 00 2E89 ocC 3044 19 3312 07
2EOA 00 2E8A 13 3045 10 3313 B8
2EOB 01 2E8B 34 3046 00 3314 0B
2EOC 00 2E8C FF 3047 00 3315 F4
2EOD BE 2E8D FF 3048 00 3316 01
2EOE 04 2E8E FF 3049 00 3317 E8
2EOF 01 2E8F FF 304A 00 3318 03
2E10 00 2E90 FF 304B 00 3319 E8
2E11 12 2E91 FF 304C 00 331A 03
2E12 00 2E92 FF 304D 00 331B E8
2E13 00 2E93 FF 304E 00 331C 03
2E14 BA 2E94 04 304F 02 331D AO
2E15 04 2E95 ocC 3050 0A 331E OF
2E16 00 2E96 14 3051 02 331F DO
2E17 00 2E97 34 3052 00 3320 07
2E18 08 2E98 01 3053 10 3321 01
2E19 00 2E99 02 3054 00 3322 00
2E1A BO 2E9A 11 3055 00 3323 01
2E1B 04 2E9B 12 3056 5E 3324 00
2E1C 00 2E9C 04 3057 01 3325 01
2E1D 00 2E9D oc 3058 00 3326 00
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2E1E 00 2E9E 14 3059 01 3327 01
2E1F 00 2E9F 34 305A 00 3328 00
2E20 00 2EAO 0B 3058 10 3329 01
2621 00 2EAL oc 305C 00 332A 00
2E22 00 2EA2 33 305D 04 3328 01
2E23 00 2EA3 34 305E 00 332¢C 00
2624 00 2EA4 oc 305F 00 332D A0
2E25 00 2EAS 14 3060 00 332E OF
2E26 00 2EA6 10 3200 20 332F E8
2E27 00 2EA7 FF 3201 00 3330 03
2E28 00 2EA8 01 3202 04 3331 DO
2E29 00 2EA9 02 3203 03 3332 07
2E2A 00 2EAA 11 3204 20 3333 03
2E2B 00 2EAB 12 3205 03 3334 00
2E2C 00 2EAC 01 3206 03 3335 A0
2E2D 00 2EAD 02 3207 03 3336 OF
2E2E 00 2EAE FF 3208 16 3337 DO
2E2F 00 2EAF FF 3209 04 3338 07
2E30 00 2EBO FF 320A 00 3339 F4
2E31 00 2EB1 FF 3208 16 333A 01
2E32 00 2EB2 FF 320C 04 3338 3C
2E33 00 2EB3 FF 320D 1A 333C 00
2E34 00 2EB4 FF 320E OF 333D B8
2E35 00 2EBS FF 320F 00 333E 0B
2E36 00 2EB6 2E 3210 11 333F E8
2E37 00 2EB7 1C 3211 07 3340 03
2E38 00 2EB8 1E 3212 00 3341 E8
2E39 00 2EB9 oc 3213 OE 3342 03
2E3A 00 2EBA 03 3214 1B 3343 E8
2E3B 00 2EBB 00 3215 03 3344 03
2E3C 00 2EBC 01 3216 3F 3345 55
2E3D 00 2EBD 00 3217 04 3346 55
2E3E 00 2EBE 01 3218 07 3347 55
2E3F 00 2EBF 03 3219 00 3348 55
2E40 00 2ECO 01 321A 3F 3349 55
2E41 00 2EC1 01 321B 07 334A 55
2E42 00 2EC2 00 321C 00 3348 55
2E43 00 2EC3 01 321D 04 334C 55
2E44 00 2EC4 14 321E 3F 334D 10
2E45 00 2EC5 oc 321F 04 334E 32
2E46 00 2EC6 00 3220 07 334F 54
2E47 00 2EC7 00 3221 00 3350 9A
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2E48 00 2EC8 01 3222 14 3351 cD
2E49 00 2ECY 01 3223 03 3352 7B
2E4A 00 2ECA 02 3224 00 3353 E8
2E4B 00 2ECB 06 3225 00 3354 6F
2E4C 00 3000 00 3226 3F 3355 10
2E4D 00 3001 02 3227 03 3356 42
2E4E 00 3002 00 3228 00 3357 95
2E4F 00 3003 01 3229 00 3358 EA
2E50 00 3004 03 322A 06 3359 cD
2E51 00 3005 00 3228 03 335A 3B
2E52 00 3006 08 322C 1B 3358 87
2E53 00 3007 10 322D 00 335C 6E
2E54 00 3008 00 322 07 335D 00
2E55 00 3009 04 322F 03 335E 00
2E56 00 300A 01 3230 OE 335F 00
2E57 00 3008 00 3231 41 3360 00
2E58 01 300C 01 3232 53 3361 01
2E59 14 300D OF 3233 4E 3362 00
2E5A 00 300E 00 3234 47 3400 00
2E5B 00 300F 01 3235 47 3401 12
2E5C 04 3010 01 3236 47 3402 00
2E5D 18 3011 01 3237 47 3403 00
2E5E 01 3012 00 3238 50 3404 64
2E5F 02 3013 00 3239 47 3405 02
2E60 02 3014 8E 323A 53
2E61 02 3015 09 3238 53
2E62 28 3016 04 323C 4A
2E63 28 3017 00 323D 4A
2E64 01 3018 08 323E 68
2E65 00 3019 07 323F 0A
2E66 02 301A 10 3240 00
2E67 00 3018 07 3241 1A
2E68 24 301C 27 3242 20
2E69 05 301D 00 3243 04
2E6A 62 301E 0B 3244 13
2E6B 03 301F 09 3245 13
2E6C 46 3020 05 3246 30
2E6D 78 3021 06 3247 30
2E6E 02 3022 01 3248 7D
2E6F 2A 3023 F8 3249 1C
2E70 FF 3024 14 324A 1E
2E71 FF 3025 00 3248 00
39

Confidential



GPIXEL

2.4MP Global Shutter CMOS Image Sensor GMAX4002
2E72 FF 3026 00 324C 00
2E73 FF 3027 00 324D 00
2E74 32 3028 00 324E 00
2E75 64 3029 00 324F D_TEMP
2E76 14 302A 04 3250 D_TEMP
2E77 FF 302B 04 3300 00
2E78 FF 302C 04 3301 00
2E79 FF 302D 04 3302 00
2E7A 01 302E 00 3303 00
2E7B 87 302F 00 3304 00
2E7C FF 3030 00 3305 00
2E7D FF 3031 00 3306 00
2E7E 01 3039 00 3307 01
2E7F 88 303A 00 3308 00
Table 17 Recommended 2.4MP NS register map with x1 PGA gain for 10bit @ 1.2GHz MIPI
Address Address Address Address
(hex) Hex value (hex) Hex value (hex) Hex value (hex) Hex value
2E00 00 2E80 05 303B 00 3309 01
2E01 01 2E81 24 303C 00 330A 00
2E02 00 2E82 FF 303D 01 330B 01
2E03 06 2E83 FF 303E 00 330C 00
2E04 00 2E84 05 303F 00 330D 01
2E05 08 2E85 31 3040 10 330E 00
2E06 02 2E86 5C 3041 00 330F 01
2E07 00 2E87 84 3042 10 3310 00
2E08 00 2E88 03 3043 00 3311 DO
2E09 00 2E89 oc 3044 19 3312 07
2EOA 00 2E8A 13 3045 10 3313 B8
2EOB 01 2E8B 34 3046 00 3314 0B
2EOC 00 2E8C FF 3047 00 3315 F4
2EOD BE 2E8D FF 3048 00 3316 01
2EOE 04 2E8E FF 3049 00 3317 E8
2EOF 01 2E8F FF 304A 00 3318 03
2E10 00 2E90 FF 304B 00 3319 E8
2E11 12 2E91 FF 304C 00 331A 03
2E12 00 2E92 FF 304D 00 331B E8
2E13 00 2E93 FF 304E 00 331C 03
2E14 BA 2E94 04 304F 02 331D A0
2E15 04 2E95 oc 3050 0A 331E OF
2E16 00 2E96 14 3051 02 331F DO
2E17 00 2E97 34 3052 00 3320 07
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2E18 08 2E98 01 3053 10 3321 01
2E19 00 2E99 02 3054 00 3322 00
2E1A BO 2E9A 11 3055 00 3323 01
2E1B 04 2E98B 12 3056 5E 3324 00
2E1C 00 2E9C 04 3057 01 3325 01
2E1D 00 2E9D oc 3058 00 3326 00
2E1E 00 2E9E 14 3059 01 3327 01
2E1F 00 2E9F 34 305A 00 3328 00
2E20 00 2EAO 0B 3058 10 3329 01
2621 00 2EAL oc 305C 00 332A 00
2E22 00 2EA2 33 305D 04 3328 01
2E23 00 2EA3 34 305E 00 332¢C 00
2E24 00 2EA4 ocC 305F 00 332D AO
2E25 00 2EAS 14 3060 00 332E OF
2E26 00 2EA6 10 3200 20 332F E8
2627 00 2EA7 FF 3201 00 3330 03
2E28 00 2EA8 01 3202 04 3331 DO
2E29 00 2EA9 02 3203 03 3332 07
2E2A 00 2EAA 11 3204 20 3333 03
2E28 00 2EAB 12 3205 03 3334 00
2E2C 00 2EAC 01 3206 03 3335 AO
2E2D 00 2EAD 02 3207 03 3336 OF
2E2E 00 2EAE FF 3208 16 3337 DO
2E2F 00 2EAF FF 3209 04 3338 07
2E30 00 2EBO FF 320A 00 3339 F4
2E31 00 2EB1 FF 3208 16 333A 01
2E32 00 2EB2 FF 320C 04 3338 3C
2E33 00 2EB3 FF 320D 1A 333C 00
2634 00 2EB4 FF 320E OF 333D B8
2E35 00 2EB5 FF 320F 00 333E 0B
2E36 00 2EB6 2E 3210 11 333F E8
2E37 00 2EB7 1C 3211 07 3340 03
2E38 00 2EBS 1E 3212 00 3341 E8
2E39 00 2EB9 oc 3213 OE 3342 03
2E3A 00 2EBA 03 3214 1B 3343 E8
2E3B 00 2EBB 00 3215 03 3344 03
2E3C 00 2EBC 01 3216 3F 3345 55
2E3D 00 2EBD 00 3217 04 3346 55
2E3E 00 2EBE 01 3218 07 3347 55
2E3F 00 2EBF 03 3219 00 3348 55
2E40 00 2ECO 01 321A 3F 3349 55
2E41 00 2EC1 01 3218 07 334A 55
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2E42 00 2EC2 00 321C 00 334B 55
2E43 00 2EC3 01 321D 04 334C 55
2E44 00 2EC4 1E 321E 3F 334D 10
2E45 00 2EC5 oc 321F 04 334E 32
2E46 00 2EC6 00 3220 07 334F 54
2E47 00 2EC7 00 3221 00 3350 9A
2E48 00 2EC8 01 3222 14 3351 cD
2E49 00 2EC9 01 3223 03 3352 7B
2E4A 00 2ECA 03 3224 00 3353 E8
2E4B 00 2ECB 01 3225 00 3354 6F
2E4C 00 3000 01 3226 3F 3355 10
2E4D 00 3001 02 3227 03 3356 42
2E4E 00 3002 00 3228 00 3357 95
2E4F 00 3003 00 3229 00 3358 EA
2E50 00 3004 03 322A 06 3359 D
2E51 00 3005 00 3228 03 335A 3B
2E52 00 3006 08 322¢C 1B 3358 87
2E53 00 3007 10 322D 00 335¢C 6E
2E54 00 3008 00 322 07 335D 00
2E55 00 3009 04 322F 03 335E 00
2E56 00 300A 01 3230 OE 335F 00
2E57 00 3008 00 3231 41 3360 00
2E58 01 300C 01 3232 53 3361 01
2E59 14 300D OF 3233 4E 3362 00
2E5A 00 300E 00 3234 47 3400 00
2E5B 00 300F 01 3235 47 3401 12
2E5C 04 3010 01 3236 47 3402 00
2E5D 22 3011 01 3237 47 3403 00
2E5E 01 3012 00 3238 50 3404 64
2E5F 02 3013 00 3239 47 3405 02
2E60 02 3014 8E 323A 53

2E61 02 3015 09 3238 53

2E62 28 3016 04 323C 4A

2E63 28 3017 00 323D 4A

2E64 01 3018 08 323E 68

2E65 00 3019 07 323F 0A

2E66 02 301A 10 3240 00

2E67 00 3018 07 3241 1A

2E68 24 301C 27 3242 20

2E69 05 301D 00 3243 04

2E6A 62 301E 0B 3244 13

2E6B 03 301F 09 3245 13
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2E6C 46 3020 05 3246 30
2E6D 78 3021 06 3247 30
2E6E 02 3022 9% 3248 7D
2E6F 2A 3023 F8 3249 1C
2E70 FF 3024 14 324A 1E
2E71 FF 3025 00 3248 00
2E72 FF 3026 00 324C 00
2E73 FF 3027 00 324D 00
2E74 32 3028 00 324E 00
2E75 64 3029 00 324F D_TEMP
2E76 14 302A 04 3250 D_TEMP
2677 FF 3028 04 3300 00
2E78 FF 302C 04 3301 00
2E79 FF 302D 04 3302 00
2E7A 01 302E 00 3303 00
2E7B 87 302F 00 3304 00
2E7C FF 3030 00 3305 00
2E7D FF 3031 00 3306 00
2E7E 01 3039 00 3307 01
2E7F 88 303A 00 3308 00
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2.4MP Global Shutter CMOS Image Sensor

GMAX4002

Recommended 1.6MP NS register map

Table 18 Recommended 1.6MP NS register map with x1 PGA gain for 12bit @ 800MHz Sub-LVDS

Address Address Address Address
(hex) Hex value (hex) Hex value (hex) Hex value (hex) Hex value
2E00 00 2E80 05 303B 00 3309 01
2E01 01 2E81 24 303C 00 330A 00
2E02 00 2E82 FF 303D 01 330B 01
2E03 06 2E83 FF 303E 00 330C 00
2E04 00 2E84 05 303F 00 330D 01
2EQ5 08 2E85 31 3040 10 330E 00
2E06 00 2E86 5C 3041 00 330F 01
2E07 00 2E87 84 3042 10 3310 00
2E08 00 2E88 03 3043 00 3311 DO
2E09 00 2E89 1A 3044 19 3312 07
2EOA 00 2E8A 1F 3045 10 3313 B8
2EOB 01 2E8B 86 3046 00 3314 0B
2EOC 00 2E8C FF 3047 00 3315 F4
2EOD BE 2E8D FF 3048 00 3316 01
2EOE 04 2E8E FF 3049 00 3317 E8
2EOF 01 2E8F FF 304A 00 3318 03
2E10 00 2E90 FF 304B 00 3319 E8
2E11 12 2E91 FF 304C 00 331A 03
2E12 00 2E92 FF 304D 00 331B E8
2E13 00 2E93 FF 304E 00 331C 03
2E14 BA 2E94 04 304F 02 331D AO
2E15 04 2E95 1A 3050 0A 331E OF
2E16 00 2E96 20 3051 02 331F DO
2E17 00 2E97 86 3052 00 3320 07
2E18 08 2E98 01 3053 10 3321 01
2E19 00 2E99 02 3054 00 3322 00
2E1A BO 2E9A 1D 3055 00 3323 01
2E1B 04 2E9B 1E 3056 84 3324 00
2E1C 00 2E9C 04 3057 03 3325 01
2E1D 00 2E9D 1A 3058 00 3326 00
2E1E 00 2E9E 20 3059 01 3327 01
2E1F 00 2E9F 86 305A 00 3328 00
2E20 00 2EAO 19 305B 40 3329 01
2E21 00 2EA1 1A 305C 00 332A 00
2E22 00 2EA2 85 305D 04 332B 01
2E23 00 2EA3 86 305E 00 332C 00
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2624 00 2EA4 1A 305F 00 332D A0
2E25 00 2EAS 20 3060 00 332E OF
2E26 00 2EA6 1C 3200 20 332F E8
2627 00 2EA7 FF 3201 00 3330 03
2E28 00 2EA8 01 3202 04 3331 DO
2E29 00 2EA9 02 3203 03 3332 07
2E2A 00 2EAA 1D 3204 20 3333 03
2E28 00 2EAB 1E 3205 03 3334 00
2E2C 00 2EAC 01 3206 03 3335 A0
2E2D 00 2EAD 02 3207 03 3336 OF
2E2E 00 2EAE FF 3208 16 3337 DO
2E2F 00 2EAF FF 3209 04 3338 07
2E30 00 2EBO FF 320A 00 3339 F4
2E31 00 2EB1 FF 3208 16 333A 01
2E32 00 2EB2 FF 320C 04 3338 3C
2E33 00 2EB3 FF 320D 1A 333C 00
2634 00 2EB4 FF 320E OF 333D B8
2E35 00 2EB5 FF 320F 00 333E 0B
2E36 00 2EB6 2E 3210 11 333F E8
2E37 00 2EB7 1C 3211 07 3340 03
2E38 00 2EB8 1E 3212 00 3341 E8
2E39 00 2EB9 oc 3213 OE 3342 03
2E3A 00 2EBA 03 3214 1B 3343 E8
2E3B 00 2EBB 00 3215 03 3344 03
2E3C 00 2EBC 01 3216 3F 3345 55
2E3D 00 2EBD 00 3217 04 3346 55
2E3E 00 2EBE 01 3218 07 3347 55
2E3F 00 2EBF 03 3219 00 3348 55
2E40 00 2ECO 01 321A 3F 3349 55
2E41 00 2EC1 01 3218 07 334A 55
2E42 00 2EC2 00 321C 00 3348 55
2E43 00 2EC3 01 321D 04 334C 55
2E44 00 2EC4 14 321E 3F 334D 10
2E45 00 2EC5 oc 321F 04 334E 32
2E46 00 2EC6 00 3220 07 334F 54
2E47 00 2EC7 00 3221 00 3350 9A
2E48 00 2EC8 01 3222 14 3351 D
2E49 00 2EC9 01 3223 03 3352 7B
2E4A 00 2ECA 02 3224 00 3353 E8
2E4B 00 2ECB 06 3225 00 3354 6F
2E4C 00 3000 00 3226 3F 3355 10
2E4D 00 3001 02 3227 03 3356 42
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2E4E 00 3002 00 3228 00 3357 95
2E4F 00 3003 01 3229 00 3358 EA
2E50 00 3004 03 322A 06 3359 cD
2E51 00 3005 20 3228 03 335A 3B
2E52 00 3006 05 322¢C 1B 3358 87
2E53 00 3007 80 322D 00 335¢C 6E
2E54 00 3008 01 322 07 335D 00
2E55 00 3009 04 322F 03 335E 00
2E56 00 300A 01 3230 OE 335F 00
2E57 00 3008 00 3231 01 3360 00
2E58 01 300C 01 3232 53 3361 01
2E59 14 300D OF 3233 4E 3362 00
2E5A 00 300E 00 3234 47 3400 00
2E5B 00 300F 01 3235 4c 3401 12
2E5C 04 3010 01 3236 47 3402 00
2E5D 12 3011 01 3237 47 3403 00
2E5E 01 3012 00 3238 50 3404 64
2E5F 02 3013 00 3239 47 3405 02
2E60 02 3014 8E 323A 53

2E61 02 3015 09 3238 53

2E62 28 3016 04 323C 4A

2E63 28 3017 00 323D 4A

2E64 01 3018 08 323E 68

2E65 00 3019 07 323F OF

2E66 02 301A 10 3240 00

2E67 00 3018 07 3241 1A

2E68 24 301C 27 3242 1C

2E69 05 301D 00 3243 04

2E6A 62 301E 0B 3244 13

2E6B 03 301F 09 3245 13

2E6C 46 3020 05 3246 30

2E6D 78 3021 06 3247 30

2E6E 02 3022 01 3248 7D

2E6F 2A 3023 F8 3249 1D

2E70 FF 3024 14 324A 1C

2E71 FF 3025 00 3248 00

2E72 FF 3026 00 324C 00

2E73 FF 3027 00 324D 00

2E74 32 3028 00 324E 00

2E75 64 3029 00 324F D_TEMP

2E76 14 302A 04 3250 D_TEMP

2677 FF 3028 04 3300 00
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2E78 FF 302C 04 3301 00

2E79 FF 302D 04 3302 00

2E7A 01 302E 00 3303 00

2E7B 87 302F 00 3304 00

2E7C FF 3030 00 3305 00

2E7D FF 3031 00 3306 00

2E7E 01 3039 00 3307 01

2E7F 88 303A 00 3308 00

Table 19 Recommended 1.6MP NS register map with x1 PGA gain for 10bit @ 800MHz Sub-LVDS
Address Address Address Address

(hex) Hex value (hex) Hex value (hex) Hex value (hex) Hex value
2E00 00 2E80 05 303B 00 3309 01
2E01 01 2E81 24 303C 00 330A 00
2E02 00 2E82 FF 303D 01 330B 01
2E03 06 2E83 FF 303E 00 330C 00
2E04 00 2E84 05 303F 00 330D 01
2E05 08 2E85 31 3040 10 330E 00
2E06 02 2E86 5C 3041 00 330F 01
2E07 00 2E87 85 3042 10 3310 00
2E08 00 2E88 03 3043 00 3311 DO
2E09 00 2E89 ocC 3044 19 3312 07
2EOA 00 2E8A 13 3045 10 3313 B8
2EOB 01 2E8B 34 3046 00 3314 0B
2EOC 00 2E8C FF 3047 00 3315 F4
2EOD BE 2E8D FF 3048 00 3316 01
2EOE 04 2E8E FF 3049 00 3317 E8
2EOF 01 2E8F FF 304A 00 3318 03
2E10 00 2E90 FF 304B 00 3319 E8
2E11 12 2E91 FF 304C 00 331A 03
2E12 00 2E92 FF 304D 00 331B E8
2E13 00 2E93 FF 304E 00 331C 03
2E14 BA 2E94 04 304F 02 331D AO
2E15 04 2E95 ocC 3050 0A 331E OF
2E16 00 2E96 14 3051 02 331F DO
2E17 00 2E97 34 3052 00 3320 07
2E18 08 2E98 01 3053 10 3321 01
2E19 00 2E99 02 3054 00 3322 00
2E1A BO 2E9A 11 3055 00 3323 01
2E1B 04 2E9B 12 3056 5E 3324 00
2E1C 00 2E9C 04 3057 01 3325 01
2E1D 00 2E9D oc 3058 00 3326 00
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2E1E 00 2E9E 14 3059 01 3327 01
2E1F 00 2E9F 34 305A 00 3328 00
2E20 00 2EAO 0B 3058 10 3329 01
2621 00 2EAL oc 305C 00 332A 00
2E22 00 2EA2 33 305D 04 3328 01
2E23 00 2EA3 34 305E 00 332¢C 00
2624 00 2EA4 oc 305F 00 332D A0
2E25 00 2EAS 14 3060 00 332E OF
2E26 00 2EA6 10 3200 20 332F E8
2E27 00 2EA7 FF 3201 00 3330 03
2E28 00 2EA8 01 3202 04 3331 DO
2E29 00 2EA9 02 3203 03 3332 07
2E2A 00 2EAA 11 3204 20 3333 03
2E2B 00 2EAB 12 3205 03 3334 00
2E2C 00 2EAC 01 3206 03 3335 A0
2E2D 00 2EAD 02 3207 03 3336 OF
2E2E 00 2EAE FF 3208 16 3337 DO
2E2F 00 2EAF FF 3209 04 3338 07
2E30 00 2EBO FF 320A 00 3339 F4
2E31 00 2EB1 FF 3208 16 333A 01
2E32 00 2EB2 FF 320C 04 3338 3C
2E33 00 2EB3 FF 320D 1A 333C 00
2E34 00 2EB4 FF 320E OF 333D B8
2E35 00 2EBS FF 320F 00 333E 0B
2E36 00 2EB6 2E 3210 11 333F E8
2E37 00 2EB7 1C 3211 07 3340 03
2E38 00 2EB8 1E 3212 00 3341 E8
2E39 00 2EB9 oc 3213 OE 3342 03
2E3A 00 2EBA 03 3214 1B 3343 E8
2E3B 00 2EBB 00 3215 03 3344 03
2E3C 00 2EBC 01 3216 3F 3345 55
2E3D 00 2EBD 00 3217 04 3346 55
2E3E 00 2EBE 01 3218 07 3347 55
2E3F 00 2EBF 03 3219 00 3348 55
2E40 00 2ECO 01 321A 3F 3349 55
2E41 00 2EC1 01 321B 07 334A 55
2E42 00 2EC2 00 321C 00 3348 55
2E43 00 2EC3 01 321D 04 334C 55
2E44 00 2EC4 14 321E 3F 334D 10
2E45 00 2EC5 oc 321F 04 334E 32
2E46 00 2EC6 00 3220 07 334F 54
2E47 00 2EC7 00 3221 00 3350 9A
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2E48 00 2EC8 01 3222 14 3351 cD
2E49 00 2ECY 01 3223 03 3352 7B
2E4A 00 2ECA 02 3224 00 3353 E8
2E4B 00 2ECB 06 3225 00 3354 6F
2E4C 00 3000 00 3226 3F 3355 10
2E4D 00 3001 02 3227 03 3356 42
2E4E 00 3002 00 3228 00 3357 95
2E4F 00 3003 01 3229 00 3358 EA
2E50 00 3004 03 322A 06 3359 cD
2E51 00 3005 20 3228 03 335A 3B
2E52 00 3006 05 322C 1B 3358 87
2E53 00 3007 80 322D 00 335C 6E
2E54 00 3008 01 322 07 335D 00
2E55 00 3009 04 322F 03 335E 00
2E56 00 300A 01 3230 OE 335F 00
2E57 00 3008 00 3231 41 3360 00
2E58 01 300C 01 3232 53 3361 01
2E59 14 300D OF 3233 4E 3362 00
2E5A 00 300E 00 3234 47 3400 00
2E5B 00 300F 01 3235 47 3401 12
2E5C 04 3010 01 3236 47 3402 00
2E5D 18 3011 01 3237 47 3403 00
2E5E 01 3012 00 3238 50 3404 64
2E5F 02 3013 00 3239 47 3405 02
2E60 02 3014 8E 323A 53
2E61 02 3015 09 3238 53
2E62 28 3016 04 323C 4A
2E63 28 3017 00 323D 4A
2E64 01 3018 08 323E 68
2E65 00 3019 07 323F 0A
2E66 02 301A 10 3240 00
2E67 00 3018 07 3241 1A
2E68 24 301C 27 3242 20
2E69 05 301D 00 3243 04
2E6A 62 301E 0B 3244 13
2E6B 03 301F 09 3245 13
2E6C 46 3020 05 3246 30
2E6D 78 3021 06 3247 30
2E6E 02 3022 01 3248 7D
2E6F 2A 3023 F8 3249 1C
2E70 FF 3024 14 324A 1E
2E71 FF 3025 00 3248 00
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2E72 FF 3026 00 324C 00
2E73 FF 3027 00 324D 00
2E74 32 3028 00 324E 00
2E75 64 3029 00 324F D_TEMP
2E76 14 302A 04 3250 D_TEMP
2E77 FF 302B 04 3300 00
2E78 FF 302C 04 3301 00
2E79 FF 302D 04 3302 00
2E7A 01 302E 00 3303 00
2E7B 87 302F 00 3304 00
2E7C FF 3030 00 3305 00
2E7D FF 3031 00 3306 00
2E7E 01 3039 00 3307 01
2E7F 88 303A 00 3308 00
Table 20 Recommended 1.6MP NS register map with x1 PGA gain for 10bit @ 1.2GHz MIPI
Address Address Address Address
(hex) Hex value (hex) Hex value (hex) Hex value (hex) Hex value
2E00 00 2E80 05 303B 00 3309 01
2E01 01 2E81 24 303C 00 330A 00
2E02 00 2E82 FF 303D 01 330B 01
2E03 06 2E83 FF 303E 00 330C 00
2E04 00 2E84 05 303F 00 330D 01
2E05 08 2E85 31 3040 10 330E 00
2E06 02 2E86 5C 3041 00 330F 01
2E07 00 2E87 84 3042 10 3310 00
2E08 00 2E88 03 3043 00 3311 DO
2E09 00 2E89 oc 3044 19 3312 07
2EOA 00 2E8A 13 3045 10 3313 B8
2EOB 01 2E8B 34 3046 00 3314 0B
2EOC 00 2E8C FF 3047 00 3315 F4
2EOD BE 2E8D FF 3048 00 3316 01
2EOE 04 2E8E FF 3049 00 3317 E8
2EOF 01 2E8F FF 304A 00 3318 03
2E10 00 2E90 FF 304B 00 3319 E8
2E11 12 2E91 FF 304C 00 331A 03
2E12 00 2E92 FF 304D 00 331B E8
2E13 00 2E93 FF 304E 00 331C 03
2E14 BA 2E94 04 304F 02 331D A0
2E15 04 2E95 oc 3050 0A 331E OF
2E16 00 2E96 14 3051 02 331F DO
2E17 00 2E97 34 3052 00 3320 07
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2E18 08 2E98 01 3053 10 3321 01
2E19 00 2E99 02 3054 00 3322 00
2E1A BO 2E9A 11 3055 00 3323 01
2E1B 04 2E98B 12 3056 5E 3324 00
2E1C 00 2E9C 04 3057 01 3325 01
2E1D 00 2E9D oc 3058 00 3326 00
2E1E 00 2E9E 14 3059 01 3327 01
2E1F 00 2E9F 34 305A 00 3328 00
2E20 00 2EAO 0B 3058 10 3329 01
2621 00 2EAL oc 305C 00 332A 00
2E22 00 2EA2 33 305D 04 3328 01
2E23 00 2EA3 34 305E 00 332¢C 00
2E24 00 2EA4 ocC 305F 00 332D AO
2E25 00 2EAS 14 3060 00 332E OF
2E26 00 2EA6 10 3200 20 332F E8
2627 00 2EA7 FF 3201 00 3330 03
2E28 00 2EA8 01 3202 04 3331 DO
2E29 00 2EA9 02 3203 03 3332 07
2E2A 00 2EAA 11 3204 20 3333 03
2E28 00 2EAB 12 3205 03 3334 00
2E2C 00 2EAC 01 3206 03 3335 AO
2E2D 00 2EAD 02 3207 03 3336 OF
2E2E 00 2EAE FF 3208 16 3337 DO
2E2F 00 2EAF FF 3209 04 3338 07
2E30 00 2EBO FF 320A 00 3339 F4
2E31 00 2EB1 FF 3208 16 333A 01
2E32 00 2EB2 FF 320C 04 3338 3C
2E33 00 2EB3 FF 320D 1A 333C 00
2634 00 2EB4 FF 320E OF 333D B8
2E35 00 2EB5 FF 320F 00 333E 0B
2E36 00 2EB6 2E 3210 11 333F E8
2E37 00 2EB7 1C 3211 07 3340 03
2E38 00 2EBS 1E 3212 00 3341 E8
2E39 00 2EB9 oc 3213 OE 3342 03
2E3A 00 2EBA 03 3214 1B 3343 E8
2E3B 00 2EBB 00 3215 03 3344 03
2E3C 00 2EBC 01 3216 3F 3345 55
2E3D 00 2EBD 00 3217 04 3346 55
2E3E 00 2EBE 01 3218 07 3347 55
2E3F 00 2EBF 03 3219 00 3348 55
2E40 00 2ECO 01 321A 3F 3349 55
2E41 00 2EC1 01 3218 07 334A 55
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2E42 00 2EC2 00 321C 00 334B 55
2E43 00 2EC3 01 321D 04 334C 55
2E44 00 2EC4 1E 321E 3F 334D 10
2E45 00 2EC5 oc 321F 04 334E 32
2E46 00 2EC6 00 3220 07 334F 54
2E47 00 2EC7 00 3221 00 3350 9A
2E48 00 2EC8 01 3222 14 3351 cD
2E49 00 2EC9 01 3223 03 3352 7B
2E4A 00 2ECA 03 3224 00 3353 E8
2E4B 00 2ECB 01 3225 00 3354 6F
2E4C 00 3000 01 3226 3F 3355 10
2E4D 00 3001 02 3227 03 3356 42
2E4E 00 3002 00 3228 00 3357 95
2E4F 00 3003 00 3229 00 3358 EA
2E50 00 3004 03 322A 06 3359 D
2E51 00 3005 20 3228 03 335A 3B
2E52 00 3006 05 322¢C 1B 3358 87
2E53 00 3007 80 322D 00 335¢C 6E
2E54 00 3008 01 322 07 335D 00
2E55 00 3009 04 322F 03 335E 00
2E56 00 300A 01 3230 OE 335F 00
2E57 00 3008 00 3231 41 3360 00
2E58 01 300C 01 3232 53 3361 01
2E59 14 300D OF 3233 4E 3362 00
2E5A 00 300E 00 3234 47 3400 00
2E5B 00 300F 01 3235 47 3401 12
2E5C 04 3010 01 3236 47 3402 00
2E5D 22 3011 01 3237 47 3403 00
2E5E 01 3012 00 3238 50 3404 64
2E5F 02 3013 00 3239 47 3405 02
2E60 02 3014 8E 323A 53

2E61 02 3015 09 3238 53

2E62 28 3016 04 323C 4A

2E63 28 3017 00 323D 4A

2E64 01 3018 08 323E 68

2E65 00 3019 07 323F 0A

2E66 02 301A 10 3240 00

2E67 00 3018 07 3241 1A

2E68 24 301C 27 3242 20

2E69 05 301D 00 3243 04

2E6A 62 301E 0B 3244 13

2E6B 03 301F 09 3245 13
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2E6C 46 3020 05 3246 30
2E6D 78 3021 06 3247 30
2E6E 02 3022 9% 3248 7D
2E6F 2A 3023 F8 3249 1C
2E70 FF 3024 14 324A 1E
2E71 FF 3025 00 3248 00
2E72 FF 3026 00 324C 00
2E73 FF 3027 00 324D 00
2E74 32 3028 00 324E 00
2E75 64 3029 00 324F D_TEMP
2E76 14 302A 04 3250 D_TEMP
2677 FF 3028 04 3300 00
2E78 FF 302C 04 3301 00
2E79 FF 302D 04 3302 00
2E7A 01 302E 00 3303 00
2E7B 87 302F 00 3304 00
2E7C FF 3030 00 3305 00
2E7D FF 3031 00 3306 00
2E7E 01 3039 00 3307 01
2E7F 88 303A 00 3308 00
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2.4MP Global Shutter CMOS Image Sensor

GMAX4002

Recommended 2.4MP HS register map

Table 21 Recommended 2.4MP HS register map with x1 PGA gain for 10bit @1.2GHz Sub-LVDS

Address Address Address Address
(hex) Hex value (hex) Hex value (hex) Hex value (hex) Hex value
2E00 00 2E80 02 303B 00 3309 01
2E01 01 2E81 15 303C 00 330A 00
2E02 00 2E82 FF 303D 01 330B 01
2E03 06 2E83 FF 303E 00 330C 00
2E04 00 2E84 02 303F 00 330D 01
2EQ5 08 2E85 1D 3040 10 330E 00
2E06 02 2E86 28 3041 00 330F 01
2E07 00 2E87 43 3042 10 3310 00
2E08 00 2E88 03 3043 00 3311 DO
2E09 00 2E89 0C 3044 19 3312 07
2EOA 00 2E8A 13 3045 10 3313 B8
2EOB 01 2E8B 34 3046 00 3314 0B
2EOC 00 2E8C FF 3047 00 3315 F4
2EOD BE 2E8D FF 3048 00 3316 01
2EOE 04 2E8E FF 3049 00 3317 E8
2EOF 01 2E8F FF 304A 00 3318 03
2E10 00 2E90 FF 304B 00 3319 E8
2E11 12 2E91 FF 304C 00 331A 03
2E12 00 2E92 FF 304D 00 331B E8
2E13 00 2E93 FF 304E 00 331C 03
2E14 BA 2E94 04 304F 02 331D AO
2E15 04 2E95 0C 3050 0A 331E OF
2E16 00 2E96 14 3051 02 331F DO
2E17 00 2E97 34 3052 00 3320 07
2E18 08 2E98 01 3053 10 3321 01
2E19 00 2E99 02 3054 00 3322 00
2E1A BO 2E9A 11 3055 00 3323 01
2E1B 04 2E9B 12 3056 5E 3324 00
2E1C 00 2E9C 04 3057 01 3325 01
2E1D 00 2E9D 0C 3058 00 3326 00
2E1E 00 2E9E 14 3059 01 3327 01
2E1F 00 2E9F 34 305A 00 3328 00
2E20 00 2EAO 0B 305B 10 3329 01
2E21 00 2EA1 0C 305C 00 332A 00
2E22 00 2EA2 33 305D 04 332B 01
2E23 00 2EA3 34 305E 00 332C 00

54
Confidential



GPIXEL

2.4MP Global Shutter CMOS Image Sensor GMAX4002
2624 00 2EA4 oc 305F 00 332D A0
2E25 00 2EAS 14 3060 00 332E OF
2E26 00 2EA6 10 3200 20 332F E8
2627 00 2EA7 FF 3201 00 3330 03
2E28 00 2EA8 01 3202 04 3331 DO
2E29 00 2EA9 02 3203 03 3332 07
2E2A 00 2EAA 11 3204 20 3333 03
2E28 00 2EAB 12 3205 03 3334 00
2E2C 00 2EAC 01 3206 03 3335 A0
2E2D 00 2EAD 02 3207 03 3336 OF
2E2E 00 2EAE FF 3208 16 3337 DO
2E2F 00 2EAF FF 3209 04 3338 07
2E30 00 2EBO FF 320A 00 3339 F4
2E31 00 2EB1 FF 3208 16 333A 01
2E32 00 2EB2 FF 320C 04 3338 3C
2E33 00 2EB3 FF 320D 1A 333C 00
2634 00 2EB4 FF 320E OF 333D B8
2E35 00 2EB5 FF 320F 00 333E 0B
2E36 00 2EB6 2E 3210 11 333F E8
2E37 00 2EB7 1C 3211 07 3340 03
2E38 00 2EB8 1E 3212 00 3341 E8
2E39 00 2EB9 oc 3213 OE 3342 03
2E3A 00 2EBA 03 3214 1B 3343 E8
2E3B 00 2EBB 00 3215 03 3344 03
2E3C 00 2EBC 01 3216 3F 3345 55
2E3D 00 2EBD 00 3217 04 3346 55
2E3E 00 2EBE 01 3218 07 3347 55
2E3F 00 2EBF 03 3219 00 3348 55
2E40 00 2ECO 01 321A 3F 3349 55
2E41 00 2EC1 01 3218 07 334A 55
2E42 00 2EC2 00 321C 00 3348 55
2E43 00 2EC3 01 321D 04 334C 55
2E44 00 2EC4 1E 321E 3F 334D 10
2E45 00 2EC5 oc 321F 04 334E 32
2E46 00 2EC6 00 3220 07 334F 54
2E47 00 2EC7 00 3221 00 3350 9A
2E48 00 2EC8 01 3222 14 3351 D
2E49 00 2EC9 01 3223 03 3352 7B
2E4A 00 2ECA 03 3224 00 3353 E8
2E4B 00 2ECB 01 3225 00 3354 6F
2E4C 00 3000 00 3226 3F 3355 10
2E4D 00 3001 02 3227 03 3356 42
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2E4E 00 3002 00 3228 00 3357 95
2E4F 00 3003 01 3229 00 3358 EA
2E50 00 3004 03 322A 06 3359 cD
2E51 00 3005 00 3228 03 335A 3B
2E52 00 3006 08 322¢C 1B 3358 87
2E53 00 3007 10 322D 00 335¢C 6E
2E54 00 3008 00 322 07 335D 00
2E55 00 3009 04 322F 03 335E 00
2E56 00 300A 01 3230 OE 335F 00
2E57 00 3008 00 3231 41 3360 00
2E58 02 300C 01 3232 53 3361 01
2E59 14 300D OF 3233 4E 3362 00
2E5A 00 300E 00 3234 47 3400 00
2E5B 00 300F 01 3235 47 3401 12
2E5C 04 3010 01 3236 47 3402 00
2E5D 8C 3011 01 3237 47 3403 00
2E5E 00 3012 00 3238 50 3404 64
2E5F 02 3013 00 3239 47 3405 02
2E60 02 3014 8E 323A 53

2E61 02 3015 09 3238 53

2E62 28 3016 04 323C 4A

2E63 28 3017 00 323D 4A

2E64 01 3018 08 323E 68

2E65 00 3019 07 323F 0A

2E66 02 301A 10 3240 00

2E67 00 3018 07 3241 1A

2E68 24 301C 27 3242 20

2E69 05 301D 00 3243 04

2E6A 62 301E 0B 3244 13

2E6B 03 301F 09 3245 13

2E6C 23 3020 05 3246 30

2E6D 3C 3021 06 3247 30

2E6E 01 3022 01 3248 7D

2E6F 15 3023 F8 3249 1C

2E70 FF 3024 14 324A 1E

2E71 FF 3025 00 3248 00

2E72 FF 3026 00 324C 00

2E73 FF 3027 00 324D 00

2E74 1E 3028 00 324E 00

2E75 2D 3029 00 324F D_TEMP

2E76 0B 302A 04 3250 D_TEMP

2677 FF 3028 04 3300 00
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2E78 FF 302C 04 3301 00
2E79 FF 302D 04 3302 00
2E7A 01 302E 00 3303 00
2E7B 44 302F 00 3304 00
2E7C FF 3030 00 3305 00
2E7D FF 3031 00 3306 00
2E7E 01 3039 00 3307 01
2E7F 45 303A 00 3308 00
57

Confidential



GPIXEL
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GMAX4002

Recommended 0.6MP NS register map

Table 22 Recommended 0.6MP NS register map with x1 PGA gain for 10bit @800MHz Sub-LVDS

Address Address Address Address
(hex) Hex value (hex) Hex value (hex) Hex value (hex) Hex value
2E00 00 2E80 05 303B 00 3309 01
2E01 01 2E81 12 303C 00 330A 00
2E02 00 2E82 FF 303D 01 330B 01
2E03 06 2E83 FF 303E 00 330C 00
2E04 00 2E84 05 303F 00 330D 01
2EQ5 08 2E85 18 3040 10 330E 00
2E06 02 2E86 32 3041 00 330F 01
2E07 00 2E87 44 3042 10 3310 00
2E08 00 2E88 03 3043 00 3311 DO
2E09 00 2E89 0C 3044 19 3312 07
2EOA 00 2E8A 13 3045 10 3313 B8
2EOB 01 2E8B 34 3046 00 3314 0B
2EOC 00 2E8C FF 3047 00 3315 F4
2EOD BE 2E8D FF 3048 00 3316 01
2EOE 04 2E8E FF 3049 00 3317 E8
2EOF 01 2E8F FF 304A 00 3318 03
2E10 00 2E90 FF 304B 00 3319 E8
2E11 12 2E91 FF 304C 00 331A 03
2E12 00 2E92 FF 304D 00 331B E8
2E13 01 2E93 FF 304E 00 331C 03
2E14 BA 2E94 04 304F 02 331D AO
2E15 04 2E95 0C 3050 0A 331E OF
2E16 00 2E96 14 3051 02 331F DO
2E17 00 2E97 34 3052 00 3320 07
2E18 08 2E98 01 3053 10 3321 01
2E19 00 2E99 02 3054 00 3322 00
2E1A 58 2E9A 11 3055 00 3323 01
2E1B 02 2E9B 12 3056 5E 3324 00
2E1C 00 2E9C 04 3057 01 3325 01
2E1D 00 2E9D 0C 3058 00 3326 00
2E1E 00 2E9E 14 3059 01 3327 01
2E1F 00 2E9F 34 305A 00 3328 00
2E20 00 2EAO 0B 305B 10 3329 01
2E21 00 2EA1 0C 305C 00 332A 00
2E22 00 2EA2 33 305D 04 332B 01
2E23 00 2EA3 34 305E 00 332C 00
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2624 00 2EA4 oc 305F 00 332D A0
2E25 00 2EAS 14 3060 00 332E OF
2E26 00 2EA6 10 3200 20 332F E8
2627 00 2EA7 FF 3201 00 3330 03
2E28 00 2EA8 01 3202 04 3331 DO
2E29 00 2EA9 02 3203 03 3332 07
2E2A 00 2EAA 11 3204 20 3333 03
2E28 00 2EAB 12 3205 03 3334 00
2E2C 00 2EAC 01 3206 03 3335 A0
2E2D 00 2EAD 02 3207 03 3336 OF
2E2E 00 2EAE FF 3208 16 3337 DO
2E2F 00 2EAF FF 3209 04 3338 07
2E30 00 2EBO FF 320A 00 3339 F4
2E31 00 2EB1 FF 3208 16 333A 01
2E32 00 2EB2 FF 320C 04 3338 3C
2E33 00 2EB3 FF 320D 1A 333C 00
2634 00 2EB4 FF 320E OF 333D B8
2E35 00 2EB5 FF 320F 00 333E 0B
2E36 00 2EB6 2E 3210 11 333F E8
2E37 00 2EB7 1C 3211 07 3340 03
2E38 00 2EB8 1E 3212 00 3341 E8
2E39 00 2EB9 oc 3213 OE 3342 03
2E3A 00 2EBA 03 3214 1B 3343 E8
2E3B 00 2EBB 00 3215 03 3344 03
2E3C 00 2EBC 01 3216 3F 3345 55
2E3D 00 2EBD 00 3217 04 3346 55
2E3E 00 2EBE 01 3218 07 3347 55
2E3F 00 2EBF 03 3219 00 3348 55
2E40 00 2ECO 01 321A 3F 3349 55
2E41 00 2EC1 01 3218 07 334A 55
2E42 00 2EC2 00 321C 00 3348 55
2E43 00 2EC3 01 321D 04 334C 55
2E44 00 2EC4 14 321E 3F 334D 10
2E45 00 2EC5 oc 321F 04 334E 32
2E46 00 2EC6 00 3220 07 334F 54
2E47 00 2EC7 00 3221 00 3350 9A
2E48 00 2EC8 01 3222 14 3351 D
2E49 00 2EC9 01 3223 03 3352 7B
2E4A 00 2ECA 02 3224 00 3353 E8
2E4B 00 2ECB 06 3225 00 3354 6F
2E4C 00 3000 00 3226 3F 3355 10
2E4D 00 3001 02 3227 03 3356 42
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2E4E 00 3002 00 3228 00 3357 95
2E4F 00 3003 01 3229 00 3358 EA
2E50 00 3004 03 322A 06 3359 cD
2E51 00 3005 00 3228 03 335A 3B
2E52 00 3006 04 322¢C 1B 3358 87
2E53 00 3007 08 322D 00 335¢C 6E
2E54 00 3008 00 322 07 335D 00
2E55 00 3009 04 322F 03 335E 00
2E56 00 300A 01 3230 OE 335F 00
2E57 00 3008 00 3231 41 3360 00
2E58 02 300C 01 3232 53 3361 01
2E59 14 300D OF 3233 54 3362 00
2E5A 00 300E 00 3234 54 3400 00
2E5B 00 300F 01 3235 47 3401 12
2E5C 04 3010 01 3236 47 3402 00
2E5D 8C 3011 01 3237 47 3403 00
2E5E 00 3012 00 3238 50 3404 64
2E5F 02 3013 00 3239 47 3405 02
2E60 02 3014 8E 323A 53

2E61 02 3015 09 3238 53

2E62 28 3016 04 323C 4A

2E63 28 3017 00 323D 4A

2E64 01 3018 08 323E E8

2E65 00 3019 07 323F 0A

2E66 02 301A 10 3240 00

2E67 00 3018 07 3241 1A

2E68 24 301C 27 3242 20

2E69 05 301D 00 3243 04

2E6A 62 301E 0B 3244 13

2E6B 03 301F 09 3245 13

2E6C 23 3020 05 3246 14

2E6D 3C 3021 06 3247 30

2E6E 01 3022 01 3248 7D

2E6F 15 3023 F8 3249 1C

2E70 FF 3024 14 324A 1E

2E71 FF 3025 00 3248 00

2E72 FF 3026 00 324C 00

2E73 FF 3027 00 324D 00

2E74 19 3028 00 324E 00

2E75 28 3029 00 324F D_TEMP

2E76 07 302A 04 3250 D_TEMP

2677 FF 3028 04 3300 00
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2E78 FF 302C 04 3301 00
2E79 FF 302D 04 3302 00
2E7A 01 302E 00 3303 00
2E7B 45 302F 00 3304 00
2E7C 01 3030 00 3305 00
2E7D FF 3031 00 3306 00
2E7E 01 3039 00 3307 01
2E7F FF 303A 00 3308 00
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GMAX4002

Driving the Sensor

Sensor Setting Flow

Register changes
Shutter

Gain

Other

Start

4

Pin Connection

Power-ON

-
-

4

Config upload for STREAMING

v

Wait for clock stablization

1

STREAM_EN =1

!

Data Interface Training

Config upload for SLEEP
STREAM_EN =0

:

TEXP
input start

TEXP
input stop

A

Wait for image stabilization
>TBD frames

Streaming

A

4

Power-OFF

Figure 22 GMAX4002 setting flow

Registers for ‘STREAM_EN’ is described as below:
Table 23 Register description for ‘STREAM_EN’

Address (hex)

Bit

Name

Description

2E00

STREAM_EN

0: Disable image capture

1: Enable image capture
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Periphery Connections

This section shows the typical examples for hardware connections of GMAX4002. They are provided for user’s
reference, Gpixel does not take any responsibility for use of these circuits.

Analog Power Connections

VDDA J_ 4 19 ) VDDA

22uF 22uF 4.7uE 0.1uF,
1-_ 27 | GNDA

e
4
e
H

L 1

22uF 22uF 4.7uf__ 0.1uF.

*
®
[2]
z2
o
>

T
a

GMAX4002

VDDA . 4 31 ) VDDA

allni
aln

4.7u 0.1uF 4.7uF__ 0.1uF

H

4.7uf__ 0.1uF,

GMAX4002 7

4.7uF__ 0.1uF

M
- ¢

H
- ¢

4.70F_ 0.1uF
pu

GNDA

Figure 23 GMAX4002 analog power/ground connections

Note:

1) Avoid using switching power for analog supplies.
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GMAX4002

Digital Power Connections

L

22uF

GMAX4002

\ 4 i @ VDDD
4.7uF . 1uF
® I @ GNDD
\ 4 \ 4 18 ) vDDD
T
4.7uF___ 0.1uF
T T @ GNDD
\ 4 \ 4 34 ) vDDD
T
4.7uf.
I I @ GNDD
44 ) vDDD
1)
4.7uk
I T @ GNDD
57 ) vDDD
4.7 F-L -L O
7u F.
—vr T @ GNDD
59 ) vDDD
4.7 F-L -L O
Tu
—vr T @ GNDD
@ VDDD
4.7uE
@ GNDD
L 4 66 ) VDDD
T—1 ()
4.7u 0.1uF.
TT () owo
20 ) GNDD
777

22uF

22uF

L
T

Figure 24 GMAX4002 digital power/ground connections

VDDD
@ veoe GMAX4002
22uF 4.7uF.
1
VDDIO
.9.
21 ) vDDIO
GMAX4002
2 ® 28 ) VDDIO
22uF __ 4.7uF-L Fl
1 T
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Array Supply Connections
11 ) VGRSTH VGRSTL( 5 L 4
22uF 22uF __ 4.7uF 0.1uF. L 0.1uF L 4.7uFl ZZUFJ_ZZUF
(10) vian GMAX4002 vt (7 f—¢p—4——4—
22uF 22uF ___4.7uF 0.1uF, 0.1uF 4.7uF 22u0F ~_ 22uF
9 ) VIX2H VTX2L( 6 2
ZZUFJ_ ZZLIF-LAJUF -L 0.1uF-L l 0.1uF -L4.7uF_L 22uF J_zzuF
L 2 12 ) VCPPI VCPNI 4
22uF J_ ZZuFl 4.7uF -L 0.1uF-L O l_[ 0.1uF -LI 4.7uF_L ZZUFJ_ZZUF
GMAX4002
> e V”’”"@ Tt
22uF ZZUFi 4.7uF I O,IUFJ_ _E 0.1uF 4.7uF. 22uF 22uF
Figure 25 GMAX4002 array supply connections
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Bias Pin Connections

J_— VREF

0.1uF

GMAX4002

RES_EXT_NODE_P | 71

3 12.4kQ
; GNDRES | 72

0.22uF

Figure 26 GMAX4002 bias pin connections

Digital 1/0 and Clock inputs

—I>—@ SYS_RST_N ™IG @—l>— —l>— SLAMODE
VDDIO
{ 29 ) CLK_REF T

GMAX4002 2 42 GMAX4002

> W

25 ) SCL

1kQ
‘I:lz}—‘ 24 ) SDA

Figure 27 GMAX4002 digital 10 and clock input connections

Note:
1) For the connection of pin-25 and pin-24, the recommended range of connected resistance value is from 648Q
to 2951Q), and the load capacitance is from 10pF to 400pF.
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Data Outputs

Sub-LVDS output:
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Figure 28 GMAX4002 data output connections
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Power On/Off Sequence

The power supplies should follow the power on/off sequence as illustrated in Figure 29 to avoid current peaks during power on and off. Minimum time delays should be
guaranteed. After power on, user should first upload the sensor register setting” based on section ‘Sensor Configuration’ and ‘Clock System’ then wait for PLL output clock
to stabilize. This can take up to 5ms. Then set PWR_UP_EN to ‘1’ and waiting for minimum 80ms for internal supplies power-on. After this PHY calibration (PHY cal in Figure
29) needs be added. Then STREAM_EN can be set to ‘1’ so the sensor will enter IDLE state. Related registers to control the power-on/off sequence are listed in Table 24.

*: please follow the protocol as shown in Figure 40 when changing category A type registers.

=200ms !
MN L1l L1 1 MIN i 11 1]
value 1 ! msi i ms i value | msi | msi
! !
[ ! ! !
! : :
VBDIO gy | -
RN BRE
! — o |
Vbbb I |
Lo Lo
b el
i 2us - i~
o MIN
SYS_RST_N ' ) 1
- - 2us |
- e
PMIN G : 1
CLK_REF 3 3 !
fous | Lo A A v | Lo 0w
MIN' o : ‘ oo o ‘ : ‘ A VT
1’c « Config Upload < CLK_STABLE_EN = 1< PWR_UP_EN =1 PHYcal >t STREAM_EN = 1t PWR_UP_EN = 03— KPWR_DOWN_EN = 1
' 1.5ms 1 Ous i 1 80ms | ! 1Pns>’L | I 0us 1 Ams)
< 2 « PRl e ey €
MINT TMIN' -7 TMIN] SMINTT | “MIN' TMIN]
! i ! I - ! i ! i SN i ! i i !
! i ! i Pl ! i ! i ~ i ! i i !
Sensor State RESET ‘ P P L - >KIDLE | TIDLE | K RESET
B 1 T 1 T SR 1 T T i
/// » Ims » Ims ims ims ims N

,
_ I MIN | I MIN | I MIN | .
é<3024>73it<5>:0 —(D<3023>_Bit<7:4> ——D<3023>_Bit<0>=1 :‘—KDGM};Q?TQ:D
| ! ! =
i | mipi 1lane: =4'b1000'
mipi 2lane: =4'b1100
mipi 4lane: =4'b1111
Sub-LVDS: =4'b1111

——«D<3024>_Bit<5>=1}

Figure 29 Power-on and power-off sequence
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Table 24 Register description for power-on/off sequence
2E00 0 CLK_STABLE_EN Enable internal clock system
3301 0 PWR_UP_EN Enable internal supplies power on
3302 0 PWR_DOWN_EN Enable internal supplies power down
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Sensor Configuration

All on-chip registers should be programmed to the recommended value before image capture. This section lists
some basic sensor configuration that user may want to change for specific applications. For more options please
refer to section ‘Description of Various Functions’.

Line Time

GMAX4002 readout is always line time based. In each line time, one row of image data will be output from the

output channels. It is always calculated in number of CLK_PIX cycles.

Table 25 Register setting for line time unit length

Address (hex) Bit Name Description

2E5E:2E5D all LINE_TIME Value must be an integer. (140<LINE_TIME<65535)

The line time can be calculated as:

Tune = LINE_TIME x Tcii_pix

where Tcw_pix is the period of CLK_PIX.

Note:

1) Change of Tune may cause shift of image dark offset.

Sub-Sampling

To maintain the same optical format but reduce the amount of sensor output data, GMAX4002 supports sub-
sampling function. This function can also achieve a higher frame rate without losing the basic information of the
captured image. Sub-sampling function can’t be supported in 0.6M NS mode.

Sub-sampling in Y-direction is supported. Users can set the register SUBSMP_SPACE to change the space between
readout rows. Figure 30 and Figure 31 show the sub-sampling for mono sensor and color sensor respectively. For
mono sensor, one row will be selected for readout. For color sensor, two neighbor rows will be selected for readout.
This is set through register COLR_EN. Table 26 gives more detail for this two registers.
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1row

SUBSMP_SPACE =1 SUBSMP_SPACE =3

Figure 30 Y-direction sub-sampling for mono sensor

2 row

SUBSMP_SPACE = 2 SUBSMP_SPACE =6

Figure 31 Y-direction sub-sampling for color sensor

Table 26 Register setting for sub-sampling

2E02 0 COLR_EN 0: Mono sensor

1: Color sensor

2E13 all SUBSMP_SPACE Space between the readout rows

Windowing

Maximum 16 regions of interest can be support in GMAX4002 pixel array (User Defined region, please refer to Figure
3, Figure 4 and Figure 5). The start address, length and width can be set via different register settings. All the 16
regions should have the same x-direction address and width which with the unit of 8 columns. GMAX4002 can also
output electric black rows. The row output sequence of GMAX4002 during image readout is shown in Figure 32.
Firstly, Dummy window will be output and later on user defined(UD) windows. Definition of these windows are
shown in Table 27. The description for related registers of windowing is listed in Table 28.

Table 27 Definition of different windows in GMAX4002
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GMAX4002

general, it is not allowed to readout rows outside the windowing

region shown in Figure 3, Figure 4 and Figure 5.

Symbol Description Size restrictions
Dummy Dummy pixel windows, used to do | Fixed 18 rows.
calibration internal.
ub User defined pixel windows Limitation for the size is depending on the window start address. In

The illustration below shows the image output sequence with windowing operation in 2.4MP mode. Note location

of pixel(0,0) is different from drawing in Figure 3, the drawing here is based on data output sequence coming out

from the output channels.

2ouanbas 1ndino adew

9ouanbas 1ndino aew

Pin - 54 Pin-74
Pixel(0,0) j 2080 ' Dummies !
-
1
g i ROI_1 F
¢,,t"; ,,,,,,,,,, XWN N
] ]
~F
|
§ i ROI_2 F
¢,,z"; ,,,,,,,,,, XWIN N
= | !
N I I
S } . }
i 5 i
I I
| . |
I I
I I
ot
I
§ i ROL_16 F
D P — XWIN R
B 7\ I
! a) full UD array image output sequence !
I I
I I
I I
Pin-54 Pin-74 !
I X - windowing Dummies I
I i !
! i
I
§ i ROI_1 F
I
PR B XWIN N
o
I
h g i ROI_2 F
§- *,,a"; ,,,,,,,,,, XWIN. ______________ N
)
£ °
pl L]
oa
L]
ef
I
§ i ROI_16 F
R — XWIN N

b) regions of interested image output sequence

Figure 32 Image output sequence with windowing operation

Table 28 Register setting for windowing operation
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Address (hex) Bit Name Description
2E57:2E56 all WIN16_L Number of readout rows in UD window 16
2E55:2E54 all WIN16_S Start row address in UD window 16. Should be set between 0 and 1211
2E53:2E52 all WIN15_L Number of readout rows in UD window 15
2E51:2E50 all WIN15_S Start row address in UD window 15. Should be set between 0 and 1211
2EAF:2EAE all WIN14_L Number of readout rows in UD window 14
2E4D:2EAC all WIN14_S Start row address in UD window 14. Should be set between 0 and 1211
2E4B:2E4A all WIN13_L Number of readout rows in UD window 13
2E49:2E48 all WIN13_S Start row address in UD window 13. Should be set between 0 and 1211
2E47:2E46 all WIN12_L Number of readout rows in UD window 12
2E45:2E44 all WIN12_S Start row address in UD window 12. Should be set between 0 and 1211
2E43:2E42 all WIN11_L Number of readout rows in UD window 11
2E41:2E40 all WIN11_S Start row address in UD window 11. Should be set between 0 and 1211
2E3F:2E3E all WIN10_L Number of readout rows in UD window 10
2E3D:2E3C all WIN10_S Start row address in UD window 10. Should be set between 0 and 1211
2E3B:2E3A all WIN9 L Number of readout rows in UD window 9
2E39:2E38 all WIN9_S Start row address in UD window 9. Should be set between 0 and 1211
2E37:2E36 all WINS_L Number of readout rows in UD window 8
2E35:2E34 all WIN8_S Start row address in UD window 8. Should be set between 0 and 1211
2E33:2E32 all WIN7_L Number of readout rows in UD window 7
2E31:2E30 all WIN7_S Start row address in UD window 7. Should be set between 0 and 1211
2E2F:2E2E all WING6_L Number of readout rows in UD window 6
2E2D:2E2C all WIN6_S Start row address in UD window 6. Should be set between 0 and 1211
2E2B:2E2A all WIN5_L Number of readout rows in UD window 5
2E29:2E28 all WIN5_S Start row address in UD window 5. Should be set between 0 and 1211
2E27:2E26 all WIN4_L Number of readout rows in UD window 4
2E25:2E24 all WIN4_S Start row address in UD window 4. Should be set between 0 and 1211
2E23:2E22 all WIN3_L Number of readout rows in UD window 3
2E21:2E20 all WIN3_S Start row address in UD window 3. Should be set between 0 and 1211
2E1F:2E1E all WIN2_L Number of readout rows in UD window 2
2E1D:2E1C all WIN2_S Start row address in UD window 2. Should be set between 0 and 1211
2E1B:2E1A all WIN1_L Number of readout rows in UD window 1
2E19:2E18 all WIN1_S Start row address in UD window 1. Should be set between 0 and 1211
> E10:2E0F Al NR_MIN Minimum readout rows for frame readout. This registers can be used to limit the
frame rate.
3006 3:0 Number of readout columns in UD window.
Should be multiple of 8.
WIN_X_L In 2.4MP HS/NS, should be set between 8 and 2080.
3005 7:0
In 1.6MP NS, should be set between 8 and 1312.
In 0.6MP NS, should be set between 8 and 1040.
3008 3:0 WIN_X_S Start column address in UD window.
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In 2.4 MP HS/NS, should be set between 0 and (2080 — WIN_X_L).
3007 7:0 In 1.6 MP NS, should be set between 384 and (2080 — 384 — WIN_X_L).
In 0.6 MP NS, should be set between 0 and (1040 — WIN_X_L).

Suppose we define Nw_sum the summation of output rows in Dummy and User defined pixel windows which is:

Nw sum = WINL_L+WIN2_L +... + WIN16_L+ 18

The number of row readouts for each frame will be:
NR_MIN + 2, Nw_sum + 4 < NR_MIN
Nrow = {NWJUM +6, Nw_sum + 4 = NR_MIN

Nrow is an important parameter in frame rate calculation.

Note:

1) The selected readout rows in each window should take sub-sampling related registers into account. For example,
set WIN1_S =1000, WIN1_L =4, COLR_EN =0, SUBSMP_SPACE= 2 will select Row 1000, 1003, 1006, 1009.

2) Vertical window overlap is allowed, however, due to destructive readout, the 2" readout of the overlapped
rows will output dark image data.

3) The windowing function stops as soon as the readout rows in a specific window is set to 0. For instance, if
WIN2_L set to 0, then all selected rows in WIN3_L, WIN4_L, etc... will be invalid.

4) In 0.6MP NS, for vertical windowing, WIN1_S/2, WIN2_S/2... represent the row address of the image in Figure
5. For horizontal windowing, WIN_X_S represents the column address of the image in Figure 5.

Frame Number and Exposure Setting

For internal exposure, the exposure time and requested frame number are set by uploading the relevant registers.
For external exposure, the exposure time is set by pulse width of TEXP. Only one frame will be output with the
trigger signal in external exposure. The registers related are listed below. For info on exposure time please refer to
section ‘Exposure Time Calculation’.

Table 29 Register setting for exposure control

Address (hex) Bit Name Description

2EOC:2EOB all FRAME_NUM 65535: Continous image capture

Others: Number of frames

2EO3 0 INT_EXP_EN 0: External exposure

1: Internal exposure

2E07 all EXPO_F Fine setting for exposure time

2EOA:2E08 all EXPO_C Coarse setting for exposure time
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Clock System

The clock system of GMAX4002 is illustrated in Figure 33. There are two clock inputs: SCLand CLK_REF. SCL is needed
for I12C programming. CLK_REF is input to PLL to generate the on-chip high speed clock CLK_SER. This clock is used
to control most of the functional blocks such as Sequencer, ADC, Sub-LVDS/MIPI outputs etc.

GMAX4002
Data
Formating
Sub-LVDS CLK DDR ¢ E
CLK_REF CLK_SER CLK_PIX Driver = » 3 %
> PLL DIV ——p> Or CSI-2(MIPI) O 5
J — ™ _
Q
c
SCL 1c Sub-LVDS — 5
EE—— Driver 6
Or CSI-2(MIP1) 8
©
[a)
Figure 33 The block diagram of clock management
Table 30 Clock system in GMAX4002
Clock Symbol Type Description
CLK_REF Fincik Input Clock input for on chip PLL
SCL FscL Input 12C clock
CLK_PIX Feik_pix Internal In 2.4MP NS and 1.6MP NS mode:
Fc|_|(7p|x = FCLK;ER/12 for 12-bit Sub-LVDS
Fc|_|(7p|x = FCkasER/lo for 10-bit Sub-LVDS
Fc|_|(7p|x = FCkasER/lo/Z for 10-bit MIPI
In 2.4MP HS mode:
Fc|_|(7p|x = FCkasER/lo/Z for 10-bit Sub-LVDS
In 0.6MP NS mode:
Fc|_|(7p|x = FCkasER/lo for 10-bit Sub-LVDS
CLK_SER Feuk_ser Internal On chip high speed clock
CLK_DDR Feik_oor Output Clock output from sensor clock channel, Fcik_ppr= Feik_ser/2

CLK_PIX is GMAX4002 internal pixel clock, the relation between CLK_PIX and CLK_SER is shown in Table 30. CLK_DDR

is a double data rate clock output to the external system, which can be used for pixel data sampling.

The frequency of the internally generated high-speed clock CLK_SER can be calculated by the PLL multiplication
factor(Mx) and PLL dividing factor(Dy, and Dyo), as shown below:
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My

Fek ser= Felk Rer X —————
- - Dy x Dyo

Where 20MHzs Feiy rer$62.5MHz, 20MHz< "S5 <62 5MHZz and 800MHz<F¢ i ser X Dyp<1200MHz. Details for

Y1

PLL register settings are shown in Table 31.

Table 31 Registers for PLL setting

Address(hex) Bit Name Description

2EC6 3:0 PLL_DIV_IN Set PLL dividing factor Dy,
0:Dy =1
1: Dy =2
2:Dy =3

14. Dy| =15
15: Dy| =16

2EC4 6:0 PLL_MULT Set PLL multiplication factor My
0~ 11: not defined

12: Mx =12

13: Mx =13

126: Mx =126
127: My =127

2EC2 1:0 PLL_DIV_OUT Set PLL dividing factor Dyo
0:Dyo=1
1:Dyo=2
2:Dyo=3
3:Dyo=4
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Reset Sequence

The sensor reset sequence is shown in Figure 34. All the signals in the figure should follow the corresponding
minimal time delays for correct reset operation. All programming registers will be reset to their default value when
SYS_RST_N is set to ‘0’ It is necessary to reconfigure the registers before image capture. If different CLK_PIX
frequency is required while the sensor running, the sensor reset sequence must be executed.

| | | | | |
) 2us Ous | 80ms | I 1ms | !

I MIN MmN <pNt <aint |

I 2us | MIN MIN MIN i MIN |
— I |

MIN | ! !

| |

I I

|
|
1
| |
= | |
SYS_RST_N ! |
L :
CLK_REF ! ! |
i b 1
1 i |
i | |
I L
| )

:/ PHY_cal \:

! I
| ! |
rc ! Config Upload >/ 1 CLK_STABLE_EN = 1}  PWR_UP_EN=10—— —STREAM_EN = 1)
| ! | | | 2z N |
| - ~ |
! == i
Sensor State FOT/FRD/IDLE X RESET -~ < < IDLE

L-tms  1ms

- ! ! ! iy Ims iy Ims iy Ims AN
- I I I I I I ~
= I MIN | I MIN | | MIN | . I MIN | I MIN | -
Py N . . /ﬁ : >\ . . P
@3024>J.t<5>=o\1 {(D<3023>_Bit<7:4>) (D<3023>_Bit<0>=1) ‘ <302_32>.B?'1K2 > (D<3024>_Bit<s>=1> «D<3023>_Bit<2>=0
‘ ‘ ‘ = ‘ ‘ ‘

|
i | mipi 1lane: =4'b1000'
mipi 2lane: =4'b1100
mipi 4lane: =4'b1111
Sub-LVDS: =4'b1111

Figure 34 Sensor reset sequence
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Register Communication Timing

After the sensor power on, all registers will be reset to default state. Some of the registers need to be re-configured
before proper operation of the sensor. The read and write of these registers are through the 12C interface. Details
about the read and write operation is explained below.

I2C Communication Operation

With the PIN-26 SLAMODE, GMAX4002 can be used two kinds of slave address with common 12C bus as shown in
Table 32.
There is a R/W bit follows SLAVE address. R/W bit is set to O indicates I12C write and 1 indicates I2C read.

Table 32 SLAMODE address
SLAMODE SLAVE Address (7 bit) Description
0 001_0000 Address 1
1 001_1010 Address 2

12C WRITE

After a write request with designating slave address, the master sets the address to M which is the designating
address. Then the master can write the data in address M. After successful written, the master generates the stop
condition to end the communication. The sensor address and data flow in write operation is shown in Figure 35.
After each data byte is transferred, A(Acknowledge) or R(Negative Acknowledge) is transferred from slave to
master.

Previous Address X Address M >< Address M+1

S Slave Address o Register Address J Register Address A
[7:1] [15:8] [7:0]
et Address M: :
- From Master to Slave S = Start Condition A = Acknowledge
D From Slave to Master P = Stop Condition A= Negative Acknowledge

Figure 35 I°C single write

GMAX4002 also support sequential write as shown in Figure 36.

Address o Address
Previous Address X _Address M >< M+1 X o X M+L-1 X Address M+L

Slave Register Register T
S Address OfA Address i\  Address ! ! A A

[7:1] [15:8] [7:0] : :

;d_Address M—> - L bytes of data >

- From Master to Slave S = Start Condition A = Acknowledge
D From Slave to Master P = Stop Condition A= Negative Acknowledge

Figure 36 1°C sequential write
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Data is transferred serially with MSB first. Serial data is transferred through pin SDA and serial clock is transferred

through pin SCL. They share the same pin-24 and pin-25 respectively, but with different peripheral connection. As

shown in Figure 37, serial data(SDA) is transferred at serial clock(SCL) cycle. During data transferred phase, SDA

must be held while SCL is high. SDA could be changed only when SCL is low. The SCL has a maximum frequency of

400kHz.

As shown in Figure 37, the start condition ‘S’ is defined as SDA changing from high to low while SCL is high, and stop

condition ‘P’ is defined as SDA changing from low to high while SCL is high. Repeated start condition ‘Sr’ is defined

as a start condition, when it is generated, the stop condition has not been generated in the previous communication

phase.
SDA
Start State
SCL
SDA
Stop State scL
SDA
Repeated Start State
SCL
12C READ

Start condition
\ SLAVE address

0@@@@@0@
A
L__ U
The data valid while the clock is at low level
Stop condition

<o 5 0 03 02 01 X 00 DN P B ree

Start condition
I SLAVE address

% } Qooﬂo S = start condition
| | P = stop condition
} ‘ } Sr = repeated start condition
The Stop State not happened

Figure 37 1°C operation timing

Before reading the data, the master must set the designating address first.

Figure 38 and Figure 39 describe single read and sequential read respectively.

Previous Address >< Address M X Address M+1

S Slave Address 0 Register Address [l Register Address | Slave Address Data i p
[7:1] [15:8] [7:0] [7:1] [7:0]
g Address M: :
- From Master to Slave S = Start Condition P = Stop Conditi A = Ack led,
l:l From Slave to Master Sr = Repeated Start Condition A= Negative Acknowledge
Figure 38 I°C single read
Address. Address

Previous Address

>< Address M ><_ M+1 X ___:>C M+L-1 Address M+L

NEE Register
S Address Address A

[7:1] [15:8]

Register Slave
Address  [YSr  Address 1 I[:;agz; [D;‘I)? I[:;agz;
[7:0] [7:1] :

f~ -Address M

. From Master to Slave S = Start Condition

Lt} -t L bytes of data:

P = Stop Condition A = Acknowledge

l:l From Slave to Master Sr = Repeated Start Condition A= Negative Acknowledge

Figure 39 12C sequential read
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Synchronization of Registers

GMAX4002sensor on-chip registers are categorized into two types with the unit of byte. Although all of the registers
will be uploaded into the sensor with 12C write operation, some of them will not be functional until a trigger moment.
Descriptions of these registers are listed in Table 33.

Table 33 Categories of GMAX4002 registers

Type Trigger Moment Address (hex) Description
A End of FOT 305C:305B Black level offset value setting
3002 Horizontal flip enable
3008:3005 X window setting
2ECY PGA gain setting
3043:3042 Digital gain setting
B Rising edge of TEXP and 2E07 EXPO_F
end of FOT 2EOA:2E08 EXPO_C
Rising edge of TEXP 2EOC:2EOB FRAME_NUM
End of FOT 2E57:2E18 Y window setting
Immdiately after 12C write Others

Category A type registers will be reflected at the falling edge of TEXP with a fixed delay and globally controlled by
the register REG_HOLD. Setting REG_HOLD=1 at the start of register communication period prevents the registers
that are set thereafter from reflecting at the frame TEXP falling edge. After registers uploaded, setting REG_HOLD
= 0 and designating registers will be reflected at the falling edge of TEXP in the next frame.

TEXP
REG_HOLD_EN
Category A Register Upload Register Upload
Category A Register Refresh —I
Figure 40 Category A register refresh timing
Table 34 register setting for group hold
Address (hex) Bit Name Description
2E01 0 REG_HOLD 0: invalid
1: valid (register hold)
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Category B type registers will be reflected as shown in Table 33 when the communication is performed. Then the

state of sensor will be changed. It’s strongly recommended to reconfigure this type registers under the IDLE state

when pixel is neither exposure nor reading out.

Sensor State IDLE IDLE Active
Category B Register Register Register
Upload & Refresh Upload Upload

Figure 41 Category B register refresh timing
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Requesting Frames

After sensor power on sequence and register configuration, GMAX4002 will enter the IDLE state and wait for
external trigger signal for image capture. The sensor starts exposure when high state of TEXP is detected. Once the
exposure finishes, the charges collected in the photodiode will be transferred and stored in the memory cell inside
each pixel. This period is named as frame overhead time(FOT). After this, the sensor enters frame readout state(FRD)
and the image signals can be readout row by row. A second frame exposure can start when the sensor is in FRD
state. The sensor enters IDLE again once frame readout is finished. When pin ‘SYS_RST_N’ is pulled low, the sensor
will enter RESET state, with all on-chip registers reset to their default value. GMAX4002 will not response to any
external trigger signal in RESET state. The four operation states is described in Table 35.

Table 35 Operation states of GMAX4002

Operation State Description

RESET When pin ‘SYS_RST_N’ is pulled low, sensor is in RESET phase. The sensor will not response to any

external trigger in this state.

IDLE In this state, the sensor configuration is ready. It waits for external trigger signal to start image

capture. GMAX4002 is in IDLE state whenever it is not in RESET, FOT and FRD state.

FOT Frame Overhead Time, in this state, the image signal are transferred globally in the storage node

inside each pixel.

FRD Frame Readout, in this state, the stored image signal is readout row by row

GMAX4002 sensor supports both internal and external exposure control. Details of them are described in below
section.

Note:
1) The pulse width of external trigger signal TEXP must be at least 1 CLK_PIX cycles.

Internal Exposure Control

When GMAX4002 is working with internal exposure control, the exposure time is set through on-chip registers.
Please refer to section ‘Frame Number and Exposure Setting’ for the relevant registers. GMAX4002 will start
exposure when the high state of TEXP is detected.

Figure 42 shows the request of two frames with internal exposure. Figure 42(a) shows frame request when exposure
time is shorter than the readout time. In this situation, the exposure of the second frame starts during the readout
and ends immediately once readout is finished. Figure 42(b) shows frame request when exposure time is longer
than readout time. In this situation, the second frame exposure starts with a fixed delay after FOT of the previous
frame.
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TEXP m
State IDLE ’ FOT ‘ FRD ‘ FOT ‘ FRD IDLE
Exposure 4{ FEXP_FRM1 }—{ FEXP_FRM2 }
(a)
TEXP m
State IDLE ‘ FOT ‘ FRD ‘ IDLE ‘ FOT ‘ FRD IDLE
Exposure —{ FEXP_FRM1 H FEXP_FRM2 }
(b)
Figure 42 Frame request with internal exposure control
Note:

1)

Frame exposure always extends into FOT state, details please refer to section “Exposure End Delay”.

It is possible that before the frame readout of previously requested frames, a second TEXP pulse is triggered as like

shown in Figure 43. In this case, after frame readout of current frame, new frames will be requested. This new

trigger will also update the exposure time and number of frames. Refer to section ‘Synchronization of Registers’ for

more info.

TEXP

State

Exposure

3 frames requested 2 frames requested

IDLE ‘ FOT ‘ FRD ‘ IDLE ‘ FOT ‘ FRD ‘ FOT ‘ FRD ‘ FOT ‘ FRD
4{ FEXP_FRM1 H FEXP_FRM2 FEXP_FRM4

Figure 43 Trigger before readout of previous requested frames
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External Exposure Control

When GMAX4002 is working with external exposure control, only one frame can be output each time. Figure
44(a) shows one frame requested when the sensor is in IDLE state. Exposure starts immediately after detection of
high state in TEXP signal, and it stops when a low state is detected.

Starting exposure in the FOT phase of previous frame is not allowed, otherwise the image sensor will not work
properly.

Ending exposure after FRD of the previous frame is recommended, otherwise the exposure end will be delayed, as
illustrated in Figure 44(b).

|

N

TEXP

State IDLE ‘ FOT ‘ FRD ‘ IDLE ‘ FOT ‘ FRD IDLE
Exposure 4{ FEXP_FRM1 } FEXP_FRM2
(a)
|
‘ Delay !

|
TEXP ‘

1
State IDLE ‘ FOT ‘ FRD ‘ FOT ‘ FRD IDLE

|
Exposure 4{ FEXP_FRM1 H FEXP_FRM2

(b)

Figure 44 Two frame requests with external exposure
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Exposure Delay

The real exposure of GMAX4002 will always have a delay compared with external trigger signals. They are described
in more detail below.

Note:
1) There is a maximum uncertainty of 1 CLK_PIX cycles for detection of the external trigger signal.

Exposure Start Delay

a. Internal Exposure

With internal exposure, the exposure start delay depends on the status of the sensor. We only provide the equation
for this delay with trigger in IDLE state.

TDexps_int = 2 X Tyng - min (EXPO_F x4 x Tex pix, Tune - Tewk_pix) 5 (Trigger in IDLE)
b. External Exposure

The exposure start delay also depends on the sensor status with sensor in external exposure mode, as calculated
below:

1D _ {0 or (2 x Tyne), (Trigger in IDLE)
EXPS_EXT™ 12 x T\ nes (Trigger in FRD))

Register detail with TDexps_ext triggered in IDLE is shown in Table 36. Please note when TDexps_ext=2 X Tung, the pulse
width of external trigger signal TEXP should be at least (2 x Tune + 1 X Tewk_pix)-

Table 36: Register setting for External Exposure

Address (hex) Bit Name Description

2E06 2 EXT_|DLE_EXP_DELAY 0: TDEXPS_EXT =0 (trigger in |D|_E)

1: TDEXPS_EXT =2 x Tune (trigger in |D|_E)

Exposure End Delay

The exposure time always extend into part of the FOT state both in internal exposure and external exposure mode.
The exact exposure end moment will be 240 CLK_PIX cycles delayed after start of FOT.
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i Exposure End
TEXP E— i
State i IDLE FOT FRD IDLE
Exposure =~ ——— FEXP_FRM1 i
e
Delay

Figure 45 Exposure delay for GMAX4002 sensor

Exposure Time Calculation

For internal exposure, the exposure time can be calculated as:
Texpint = EXPO_C x Ty yg + min (EXPO_F x 4 x Tewk_pixs Tune - TCLK_PIX) +240 xTeyg_pix
For external exposure, the exposure time can be calculated as:
Texpext = Ter w + 240 X Teyk pix

With TFR_W the pulse width of TEXP. When TDExps_EXT=0, TFR_W must be at least (1 X Tc|_|(_p|x). When TDExps_EXT=2 X
Tune, TFR_W must be at least (2 XTune+1X TCLK_PIX)- Please refer 'Exposure Start DeIay' for TDExps_EXT.
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Frame Rate Calculation

If exposure time is longer than the readout time of GMAX4002, the frame rate will depend on the exposure time.
The frame readout(FRD) time is equal to:
Trp = Nrow > TUNE
FOT time is equal to:
2.4MP NS and 1.6MP NS mode,
Tror= 21 % Tyne
2.4MP HS and 0.6MP NS mode,

Tror =22 x Tyne

Then frame time(Internal Exposure Mode) can be calculated as:

Tro + Trors Nrow2Texp + 4

T ={
FRM™ (Texp +4) * Tune + Teor, Nrow<Texp + 4

where Texp = EXPO_C
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Reading Out The Sensor

GMAX4002 supports two types of data output interfaces: Sub-LVDS and CSI-2(MIPI). Register can be used to select
the output interface, please refer to Table 37.

Please do not switch the output interface during operation, or the imaging characteristics cannot be guaranteed.

Table 37: Register setting for data output interface selection

Address (hex) Bit Name Description
3000 0 OUT_MODE_SEL Output interface selection:
0: Sub_LVDS
1: CSI-2(MIPI)

Sub-LVDS Output

There are eight Sub-LVDS data channels in total. Together with the data channel, GMAX4002 has one Sub-LVDS
clock channel. The clock channel can be used to sample the image data.

» 8data channels
» 1clock channel

The data channels are used to transport the image data to the receiving end of the surrounding system. The clock
channel outputs a Double Data Rate(DDR) clock which can be used at the receiving end to sample the image data.
It is synchronous to the data channels with minimum skew.

Data Interface Training

For correct data receiving, it is recommended to train the output data interface(data channels) before image
capture. It is possible to use the DDR clock channel to directly sample the data channel. Normally only word
alignment is needed for this training process.

Described in section ‘Sensor Setting Flow’, a known training pattern(TP) will be output continuously on all data
channels after STREAM_EN release to state ‘1’. With this TP output, word alignment is possible.

Registers detail with data interface training are shown in Table 38.

Table 38 Register setting for data interface training

Address (hex) Bit Name Description
3015 3:0
Training Pattern Training pattern at channel output
3014 7:0
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SYNC Code

Sync code is added in the image sensor output to indicate the correct pixel data. The Sync code length is 40-bit and

48-bit for 10-bit out and 12-bit out respectively . So always 4-word in serial. There are four types of Sync codes used
in GMAX4002 sensor. They are listed below in Table 39 and Table 40.

Table 39 Types of SYNC codes in GMAX4002 sensor

Sync code Description
SOF Start of Frame: Beginning of Image
EOF End of Frame: End of Image
SOL Start of Line: Beginning of horizontal line
EOL End of Line: End of horizontal line

Table 40 Details of the SYNC codes
Syne code First word Second word Third word Fourth word
10-bit 12-bit 10-bit 12-bit 10-bit 12-bit 10-bit 12-bit

SOF 3FFh FFFh 000h 000h 000h 000h 200h 800h
EOF 3FFh FFFh 000h 000h 000h 000h 274h 9DOh
SOL 3FFh FFFh 000h 000h 000h 000h 2ACh ABOh
EOL 3FFh FFFh 000h 000h 000h 000h 0D8h B60h

Figure 46 illustrates the image data output format for GMAX4002 sensor. TP code is data word based and placed
any moment when SYNC code and valid data are not output. The sensor will always output Dummy window,

followed by UD window as described before in section ‘Windowing’.
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TEXP

Note:

DATA
DATA
DATA

EB/effective pixel
EB/effective pixel
EB/effective pixel

EB/effective pixel
TP
2 Please refer to the following note
for TP Row Number

EB/effective pixel
EB/effective pixel

EB/effective pixel
EB/effective pixel

EB/effective pixel
EB/effective pixel
EB/effective pixel

EB/effective pixel

Figure 46 GMAX4002 image data output format

1) TP Row Number =4 when exposure starts during readout.

2) TP Row Number = 0 when exposure does not start during readout.
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Image Data Output Format

GMAX4002 array data output is split in 8 blocks. Figure 47, Figure 48 and Figure 49 show the column address and
data word sequence in different Sub-LVDS channels.

rl rl rl rl
R o = R 0 S S R
— — — — " =
— - — —
— e

10-bit pixel data

ENENENEN ST
12-bit pixel data
ot (oo ] 1]
10-bit pixel data
o onoen 1] T

TP Line/Word

1-bit digital data

—_ - — —
- —_—— —
0uT<0> TP : i T 0 8 16 24 32 : ; 2064 | 2072 ™ : ; ™
ouT<1> w [ 0| ™ 1 9 17 | 25 | s | |y | 208 | 20 w | | ™ . Row output
I
| w4 e | w [ 0] e
out<7> w3 7 [ as | s | s [ | ) a0 | 0 vl |:| Pixel Output Word
4 R 260 4
| >ie > >
. SYNC Code of EOF/EOL
L0 onven [+ o] ENEN
- 1 10
@HLO_ORDER=0 - SYNC Code of SOF/SOL

@10 ORDERD ERENES N

TP Line/Word

DDR Clock
Line Output
OUT<0> T : i ™ 8 16 24 32 : ; 1296 ™
0UT<1> T : i T 9 17 25 33 : : 1297 P . Row output
|
| w : i w : : L
ouT<7> T : i T 15 23 31 39 : : 1303 T l:‘ Pixel Output Word
164
. SYNC Code of EOF/EOL
12-bit pixel data -n
— 1
@HLO_ORDER=0 B svccodeof sor/so

12-bit pixel data

@HLO_ORDER=1 1-bit digital data
10-bit pixel data

@HLO_ORDER=1 nnn

DDR Clock

Figure 48 Data output format in 1.6MP NS mode
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r r r r

_ —_—
- - - = —
T TT TT
ouT<0> ™ol 0 8 16 [ 24 | 32 | || | 1024 | 1032 L IR B
)1 )| !
OUTI<1> ™| : ™ 1 9 17 [ 25 | 33 | : 1025 | 1033 ™| : ™ . Row output
| ™ J, 1| ™ : | ™ : [
OUT<7> hd Jl : TP 7 15 23 31 39 : : 1031 1039 ™ : ; ™ D Pixel Output Word
B 4 P 130 Jle 4 5l
k g > 1
/ . SYNC Code of EOF/EOL
10-bit pixel data
@HLO_ORDER=0 RN [ o [ e ] B srccodeorsorssoL
10-bit pixel data
R EEEEN EE B e unomwor
DDR Clock . 1-bit digital data

Figure 49 Data output format in 0.6MP NS mode

In Sub-LVDS output mode, the MSB and LSB sequence could be configured with register HLO_ORDER, please refer to
Table 41.

Table 41: Register setting for data output interface selection

3010 0 HLO_ORDER Sub-LVDS ouptut mode:
0: MSB output first
1: LSB output first
CSI-2(MIPI) output mode:
Must be set to 1

Channel Multiplexing

With the default setting, GMAX4002 use 8 channels to output the 12/10-bit image data. It supports to readout the
full frame with reduced number of output channels. In this case, the register of LINE_TIME, refer to section Line
Time, is needed to adjusted proportionally and the frame rate will be reduced proportionally. All the Sub-LVDS

channels unused will automatically be switched off to save power.

Table 42 and Table 43 give more detailed information for channel multiplexing setting with register CHAN_NUM. For
example, when CHAN_NUM is set to 2 in 2.4MP NS 12bit mode, OUT <0:3> will be used to output the full image,
with each channel output 520 pixels per row and the LINE_TIME should be set larger than 548. Figure 50, Figure 51
and Figure 52 give the number of pixels output by each channel in one line time.

Table 42 GMAX4002 channel output info with different setting for CHAN_NUM

3009 3:0 | CHAN_NUM 4 OUT <0:7> 260 164 130
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2 OUT <0:3> 520 328 260
1 OUT <0:1> 1040 656 520
0 OUT <0> 2080 1312 1040

Table 43 GMAX4002 LINE_TIME info with different setting for CHAN_NUM

4 OUT <0:7> 274 280 140 140
CHAN_ 2 OUT <0:3> 548 560 280 280
3009 3:0
NUM 1 OUT <0:1> 1096 1120 560 560
0 OUT <0> 2192 2240 1120 1120
Line Output
- -
TT TT TT
OuT<0> w® | j | ™ 0 8 16 24 | 32 | g | 2084 L IR A
s OUT‘<1> w || 1 9 7 | 2 | s [ ) [ wes w | 0| e . Row output
Channels | g : i L : : J : i i
ouT<7> ™ : i ™ 7 15 | 23 | 3 | 39 : : 2071 ™ : i ™ I:I pixel Output Word
> 260
) )
. SYNC Code of EOF/EOL
TT TT TT
0OuUT<0> ™ il i 0 4 8 12 16 )1 2072 g it g
1t 1 r ) E . SYNC Code of SOF/SOL
4 OouT<1> ™ il TP 1 5 9 13 17 1l 2073 TP it ™
Channels 0ouT<2> TP : ; TP 2 6 10 14 18 : ; 2074 ™ : ; TP
10 il )t . TP Line/Word
OUT<3> L il L 3 7 1 15 19 || 2075 ® ) ™
520
s P
2 OUT<0> R : i ™ 0 2 4 6 8 ! : 2076 i ! ; T
Channels ouT<1> ™ lLi TP 1 3 5 7 9 | : 2077 ™ 1 ; T
< 4 1040
RS T
1 T
channels  0UT<0> ll.n 0 | 1 | 2 | 3 | 4 | 1 | 2078 | 2079 ll.
< »le 2080 »le 4

Figure 50 Pixel mapping with channel multiplexing in 2.4MP NS/HS mode
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rl rl rl rl
- - T == —_
— — — —
- - - — — —_
OouT<0> ™ i i L 0 8 16 24 32 |‘ ‘| 1296 | 1304 i : } i
. OUT‘<1> w | g | ™ 1 o | v | s | s | )1 [ 2297 105 R . Row output
17 I I
Channels | g il P |‘ | i : { uJ
10 | ) [
ouT<7> ™ i o 7 15 23 31 39 |y | 1303 | 131 ™| | o™ D Pixel Output Word
4 164 4
1€
. SYNC Code of EOF/EOL
TT TT TT
OuT<0> ™ il T 0 4 8 12 16 )1 1304 | 1308 TP it ™
1F ) ) E . SYNC Code of SOF/SOL
a OUT<1> ™ il TP 1 5 9 13 17 1l 1305 | 1309 hd it hd
Channels OouT<2> ™ : i TP 2 6 10 14 18 |‘ ; 1306 | 1310 TP : ; ™
11 ] 1 ) . TP Line/Word
OUT<3> ™ il ™ 3 7 1 15 19 1| 1307 | 1311 ™ ) ™
4 328 4
r I r
2 OUT<0> R : | ™ 0 2 4 6 8 ! | | 1308 | 1310 ™ ’ t T
Channels ouT<1> ™ l i T 1 3 5 7 9 | ‘| 1309 | 1311 i 1 ; T
< 4 656 4

w0 [T SENENENENEAENEY ___ EIsiEa
4 € 1312 e 4 I
1

Figure 51 Pixel mapping with channel multiplexing in 1.6MP NS mode

- T ——

ouT<0> T i i T 8 16 24 32 |‘ ‘| 1024 | 1032 TP : } T
2 1§ I
s OUT‘<1> T il T 9 17 25 33 11| 1025 | 1033 g it T . Row output
17 I I
Channels | P il ™ I‘ | TP : i TP
11 1 [ ) r
ouT<7> ™ il L 15 23 31 39 )i | 2031 | 1039 b 1 b D Pixel Output Word
130
. SYNC Code of EOF/EOL
TT TT TT
0OuUT<0> ™ il hd 4 8 12 16 )1 1032 | 1036 g it g
1f ) f ) . SYNC Code of SOF/SOL
a OuT<1> g il TP 5 9 13 17 1l 1033 | 1037 TP it ™
Channels ouT<2> ™ : i TP 6 10 14 18 |‘ ; 1034 | 1038 P : ; TP
1 [ ] ) . TP Line/Word
0OUT<3> i il g 7 11 15 19 Il 1035 | 1039 ™ ) ™
260 »le
r I I
2 0ouT<0> TP : | TP 2 4 6 8 ! | 1036 | 1038 i ’ { TP
Channels  gyre> ® l i ™ 3 5 7 9 | ‘| 1037 | 1039 i 1 ; T
520

s o> [ EENERENENRINEDED E3EUE
4 € 1040 e 4 3
1

Figure 52 Pixel mapping with channel multiplexing in 0.6MP NS mode

MIPI Serial Output

In MIPI output mode, GMAX4002 has 4 lanes for data and 1 lane for clock.

» 4datalanes
» 1clocklane
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The data lanes are used to transport the 10 bit image data to the receiving end of the surrounding system. The clock
lane outputs a Double Data Rate(DDR) clock which can be used at the receiving end to sample the image data. It is

synchronous to the data channels with minimum skew.

Image Data Output Format

The image data output format with 4 lanes output is shown in Figure 53. Blank(B) code is data word based and
placed any moment when packet header/footer code and valid data are not output.

In 4lane MIPI output mode, the register HLO_ORDER listed in Table 41 must be set to 1.

[
L | [T o N D
LI

Row
output

i

Il
0 [ 1 IU llml 1043

lanes § iy y Co<10> o105 C07210> C2073<10> N
0uUT<2> €2<9:2> €5<9:2> C8<9:2> £10<1:0> C11<1:0> 2074<1:0> C2075<1:0> €2079<9:2>
~ N N ¥ =8 § €2076<1:0> C2077<1.0>
" " " c8 c8 c8 c8 c8 c8 c8 c8 9 c9 C11 | c11

CSI-2(MIPI) clock lane

. Blank rows . Packet header D
1-bit digital data

] Row output of efective pixels B Ficket footer

[] F—
Column output of effective pixels

Figure 53: Image data output format of 4lane 10bit(CSI-2 serial output) in 2.4MP NS mode

I M
Row
0 [ 1 l | | llD“Z l 1043 IOMI 1045I | | I 1214 I 1215
output
L L
0ouT<0> C0<9:2> | aa [ €7<9:2> | €10<9:2> [ [ C1306<9:2> | C1309<9:2>
G Gt
lanes ¥ iy ¥ Ce<10> o105 CI304<10> C1305<10> y
0uT<2> €2<9:2> €5<9:2> €8<9:2> £10<1:0> C11<1:0> C1306<1:0> C1307<1:0> C1311<9:2>
N 0 ) C1308<1:0> C1309<1:0>

CsI-2(MIPI) clock lane

. Blank rows . Packet header D
1-bit digital data

] Row output of efective pixels B Ficket footer

(] F—
Column output of effective pixels

Figure 54: Image data output format of 4lane 10bit(CSI-2 serial output) in 1.6MP NS mode
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With register LANE_NUM and MIPI_CHN_EN configured at the same time, GMAX4002 also supports 2lane and

1lane mode. In this case, the register of LINE_TIME, refer to section Line Time, is needed to adjusted

proportionally and the frame rate will be reduced proportionally. See Table 44 for more information of the

registers.

Table 44 Register setting for lane number of MIPI mode

Address (hex) Bit Name Description

3004 1:0 LANE_NUM Oh: 1lane, the minimum value of LINE_TIME is 1160
1h: 2lane, the minimum value of LINE_TIME is 580
3h: 4lane, the minimum value of LINE_TIME is 290
Others: prohibited

3023 7:4 MIPI_CHN_EN 8h: 1lane, the minimum value of LINE_TIME is 1160
Ch: 2lane, the minimum value of LINE_TIME is 580
Fh: 4lane, the minimum value of LINE_TIME is 290

Others: prohibited

The image data output format with 2 lanes output is shown in Figure 55.

Row
output

2csi2(mipy) Wi
lanes
0ouT<1>

8-bit digital pixel data Glalalalalal]a]a aa GG
Falt Clgha’plel day <2 | <3| <a> | <55 | <6> | <7> | <> | <9> <0> | <1> <0> | <1>

€sI-2(MIPI) clock lane
. Blank rows. . Packet header D
1-bit digital data

D Row output of effective pixels . Packet footer

D Cmeans column
Column output of effective pixels

Figure 55: Image data output format of 2lane 10bit(CSI-2 serial output) in 2.4MP NS mode

Row
output

ERERi|sE T[] |

lanes

C1<9:2> [ €3<9:2>

i clo|alalalalala o[ o G o
sacos e (N 21 212122225 M S [ S s 55

CS1-2(MIPI) clock lane

. Blank rows . Packet header D

1-bit digital data
D Row output of effective pixels . Packet footer .

0J Cmeanscolumn
Column output of effective pixels

Figure 56: Image data output format of 2lane 10bit(CSI-2 serial output) in 1.6MP NS mode

T R
— e v =
aer  [Teew ] “wer  [Teea [ |[[] cmer [SESEES

y : [T - : -
2csi2mip) ) OUT<O> 092> ‘ <025 oavaae ] cs<9:2> ‘ ‘ w92 l 3192
“or e | o [Gmmems
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The image data output format with 1 lane output is shown in Figure 57.

Row
output

1Csl-2(MIPI) Co<1.0> CI<10 C2076<1.0> 207 i
{ane ouT<0> €0<9:2> C1<9:2> C2<9:2> 392> | oaraan | ca<o2> €2078<9:2> €2079<9:2> Tty B

=]
<3>

=]
<7>

i di [ a [ C [ G [ G
CSI-2(MIPI) clock lane

W e [~ [— 0
. 1-bit digital data

D Row output of effective pixels . Packet footer

| Cmeansclum
Column output of effective pixels

Figure 57: Image data output format of 1lane 10bit(CSI-2 serial output) in 2.4MP NS mode

[ I I )
<a> | <5 | <6>

Row

output .

1Csl-2(miIpI) CI308<1,0> C130
{ane ouT<0> €0<9:2> C1310<9:2> C1311<9:2> Crete ]
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Figure 58: Image data output format of 1lane 10bit(CSI-2 serial output) in 1.6MP NS mode
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Description of Various Functions

Minimum Exposure

With external exposure, GMAX4002 can be configured to capture image with exposure time smaller than the one
specified in section ‘Exposure Time Calculation’. Registers related are listed in Table 45. The delay for exposure
start will be 32 Tcik_pix, and for exposure end is 2 Tcik_pix. Triggering is only allowed when sensor is in IDLE state.
The sensor enters FOT state right after detecting the falling edge of TEXP pulse.

Table 45 Register setting for working with minimum exposure

Address (hex) Bit Name Description

2E04 0 MIN_EXP_EN 0: Disable minimum exposure mode
1: Enable minimum exposure mode

2EO3 0 INT_EXP_EN 0: External exposure

1: Internal exposure

2E6F:2E6C all MIN_EXP_TIMING FFFFFFFFh: minimum exposure mode

Default: others

For minimum exposure, the exposure time is calculated by:
Texpmin = Trr w = 30 X Tek pix

With Ter_w is the pulse width of TEXP, which should be larger than (1us + 30 x Tcik_pix) in minimum exposure mode.

Pins for Status Monitoring

Pin TDIG(pin-23) can be used to monitor the sensor status. User needs to set the correct registers for status

monitoring.
Table 46 Register setting for status monitoring with digital output pins
Address (hex) Bit Name Description
2E62 all TDIG 6h: FOT
2Ch: State’0’
Others: N/A
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Gain Adjustment

Digital Gain

The digital gain (GDIG) is set with the 2-bit coarse gain (DIG_GAIN_C) and 4-bit fine gain (DIG_GAIN_F) registers
shown in Table 47, expressed as:

GDIG = (2AHEX2DEC(DIG_GAIN_C)) x (1+HEX2DEC(DIG_GAIN_F)/16)

HEX2DEC() represents converting the hexadecimal number into a decimal number.

Figure 59 shows the supported gain steps.

When DIG_GAIN_C = 0h and DIG_GAIN_F = Oh, digital gain function is off. Set DIG_GAIN_SELN to 1h.

When DIG_GAIN_C = [1h,3h] and DIG_GAIN_F = [Oh,Fh], digital gain function is on. Set DIG_GAIN_SELN to Oh.
Other settings for DIG_GAIN_C and DIG_GAIN_F are forbidden in GMAX4002.

16.000x

14.000x

12.000x

10.000x

8.000x

Actual gain (GDIG)

6.000x

Digital Gain

4.000x
2.000x M

Oh 1h 2h 3h 4h 5h 6h 7h 8h Sh Ah Bh Ch Dh Eh Fh
Fine gain setting(DIG_GAIN_F)
—=@=DIG_GAIN_C=1h ==@=DIG_GAIN_C=2h DIG_GAIN_C=3h
Figure 59: Digital gain setting
Table 47 Register for digital gain setting in GMAX4002
Address (hex) Bit Name Description
3043 1:0 DIG_GAIN_C Digital coarse gain adjustment.
3042 3:0 DIG_GAIN_F Digital fine gain adjustment.
303D 0 DIG_GAIN_SELN When disable digital gain, DIG_GAIN_SELN must be set to 1h.
When enable digital gain, DIG_GAIN_SELN must be set to Oh.
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PGA Gain

The PGA gain of the sensor can be adjusted by the register PGA_GAIN. More information for the register is shown
in Table 48 and Table 49.

Table 48 Register for PGA gain setting in GMAX4002

Address (hex) Bit

Name

Description

2ECO 3:0

PGA_GAIN

PGA gain setting

Table 49 Mapping of PGA gain and register value

Register value(hex) Gain (dec) Register value(hex) Gain (dec)

F 3.8 7 2.2
E 3.6 6 2.0
D 3.4 5 1.8
C 3.2 4 1.6
B 3.0 3 1.4
A 2.8 2 1.2
9 2.6 1 1.0
8 2.4

Note:

1)
2)

In 2.4MP NS/HS and 1.6MP NS, x1 to x3.8 PGA gain are supported.
In 0.6MP NS, x1 to x2 PGA gain are supported.
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Image Flipping

Horizontal

GMAX4002 supports image flipping horizontally as shown in Figure 60. Please note that when register FLIP_H as
listed in Table 50 is enabled, the pixel mapping needs to be adapted as well. Figure 61, Figure 62 and Figure 63 give
an example of pixel mapping when FLIP_H is enabled in Sub-LVDS output mode. Figure 64 and Figure 65 give an
example of pixel mapping when FLIP_H is enabled in MIPI output mode.

Figure 60 Image horizontal flipping

Table 50 Registers for image horizontal flipping

Address (hex) Bit Name Description

3002 0 FLIP_H 0: Disable image horizontal flipping

1: Enable image horizontal flipping

Line Output

vl rl rl rl
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EEECN

EEECN

SYNC Code of EOF/EOL

SYNC Code of SOF/SOL
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Figure 61 Pixel mapping when horizontal flipping is enabled in 8-channel Sub-LVDS in 2.4M NS/HS mode

. . . .
1 L
— \\\
— —— _
— — —

_—

Row output

Pixel Output Word

SYNC Code of EOF/EOL

SYNC Code of SOF/SOL

TP Line/Word

Figure 62 Pixel mapping when horizontal flipping is enabled in 8-channel Sub-LVDS in 1.6MP NS mode
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T r r| r
— - —_—
— — —
_ — - —_ . Row output
— —~ —
— - —
— - —
—~ - —— .
ik ik ik D Pixel Output Word
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Figure 63 Pixel mapping when horizontal flipping is enabled in 8-channel Sub-LVDS in 0.6M NS mode
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Figure 64 Pixel mapping when horizontal flipping is enabled in 4-lane MIPI in 2.4MP NS/HS mod
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Figure 65 Pixel mapping when horizontal flipping is enabled in 4-lane MIPI in 1.6MP NS mode

D Row output dummy pixels

|:| Row output of effective pixels

Vertical

Image vertical flipping, as shown in Figure 66, can be enabled through register FLIP_V.

e
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EE——
Figure 66 Image vertical flipping
Table 51 Registers for image vertical flipping
Address (hex) Bit Name Description
2E05 0 FLIP_V 1: Enable image vertical flipping
0: Disable image vertical flipping
Note:
1) Only rows in UD region of pixels can do vertical flipping, refer to Figure 3, Figure 4 and Figure 5.
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Black Level

The black level for readout can be tuned by DOFF. The black level offset changes linearly with this number.

Table 52 Registers for dark offset setting of GMAX4002

305C

3:0

305B

all

DOFF

Dark offset tunning.
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Test Image

GMAX4002 can be configured to output a test image for users to debug the surrounding system. The related
registers to configure GMAX4002 is described in Table 53. The data of pixel(X, Y) is calculated by:

DNT| = (X +Y) % DNMAX

Where DNmax is 4096 for 12-bit and 1024 for 10-bit. The test image for 12-bit is shown in Figure 67.

Table 53 Registers setting for GMAX4002 to output test image

3001 0 TEST_IMG_EN 1: Test image out

0: Image capture

PIX(0,0)

Figure 67 Test image output(12-bit)
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Binning Mode

GMAX4002 supports 2x2 binning mode in which about x2 frame rate is achieved. The related registers are described
in Table 54. When binning mode is enabled, BINNING_EN should be set to 1, COLR_EN set to 0 and SUBSMP_SPACE

set to 1. Sub-sampling is not supported in binning mode.

Table 54 Registers setting for binning mode

Address (hex) Bit Name Description
323E 7 BINNING_EN 0: Disable binning mode
1: Enable binning mode
2E02 0 COLR_EN 0: Mono sensor
1: Color sensor
2E13 all SUBSMP_SPACE Space between the readout rows

Note:

1) Sub-sampling is not supported in binning mode.

2) Binning mode is not supported in 0.6MP NS.

3) When binning mode enable, WIN1_S/2, WIN2_S/2... represent the row address of the binning image and

WIN_X_S represents the column address of the binning image. Please refer Table 28 for the detail of WIN1_S,

WIN2_S... and WIN_X_S. Please note that to keep the same view after binning mode enable, the value of

WIN_X_S should be set to half.
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Temperature Readout

The temperature sensor locations on chip are shown in Figure 2. The readout of digital temperature sensor is
through register D_TEMP. An example for the output of this temperature sensor (DN) versus the chip temperature
is shown in Figure 68. The temperature of the sensor can be obtained by using this fit line.

Temperature Calibration Cure
100
80

60 o
y=0.4232x-334.83 -
40

R?=0.9995 T
20 -

-20 i

Die Temperature (°C)

-40 &

650 700 750 800 850 900 950 1000

Temperature sensor output (DN)

Figure 68 Calibration curve of the digital temperature sensor

Note:

1) The fitting of the temperature output curve may be different from sensor to sensor, the user is advised to make
calibration on individual sensor for best accuracy.

2) The curve has high correlation with CLK_REF frequency(40MHz in default), when a change of CLK_REF happens,
this curve needs to be re-characterized

3) The I?C address of D_TEMP is 3250:324F.
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OTP Memory Readout

Reading out the OTP memory data occurs via the I12C interface. Figure 69 shows the readout timing to read out the OTP memory in I2C.
e OTP Readout is initiated by writing the desired OTP address to I1°C address 3401h.
e Next, reading address 3402h sends out the data on the programmed OTP address of the I2C register.

e To jump to another OTP address, a new OTP address has to be uploaded to IC address 3401h. Repeat @ in Figure 69 would to sequential readout the memory

data.
SYS_RST_N ||
ddress 3401h | OTP address N repeatfd star dd 2t e g OTP data storage in N
: | SlAVEaddress | ~—Address[1s:a]j ;Address[mj DATA<0> confition :

SDA [N\ KA e > o <X 07 5 o6 >—— o0 SRR 07 X 06 >—< 00 3Eepx 07 X 06 500 XG> " b N T

— ! ~ . 7 - 7 — . . -
SCL ! % ! 7 ") 7 Y % 2] \ )\ 4| 7 7

) o > o >

Figure 69 Readout of OTP data in I2C
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OTP Data Description

The OTP address and data description please refer to the table below.

Table 55 OTP map look-up table

) . e OTP MAP data (HEX value, 'x' stands for any data)
Bitaddress | Bitwidth OTP MAP name Description Example
<237:222> <221:206>
<237:206> 3 Sensor name It should be decoded to DEC number. The family name |GMAX4002 0 FA2
) is excluded. GMAX4002 FA2 X
OTP MAP data (HEX value, 'x' stands f dat
Bit address Bit width OTP MAP name Description Example ata ( value, 'x' stands for any data)
<157:155> <154:152> <151:149>
High speed mode 0 0 1
High speed mode 0 1 X
) High speed mode 1 X X
<157:149> 9 Sensor test mode Sensor test mode for sensor final tests.
Normal speed mode 0 0 2
Normal speed mode 0 2 X
Normal speed mode 2 X X
. . L. OTP MAP data (HEX value, 'x' stands for any data)
Bit address | Bitwidth OTP MAP name Description Example
<139:138>
2.4MP 0
<139:138> 2 Sensor resolution version  |The version of the sensor resolution. 0.6MP 1
1.6MP 2
) . L. OTP MAP data (HEX value, 'x' stands for any data)
Bit address Bit width OTP MAP name Description Example
<137:106> <105:74>
AM 0 4D4A1
L The sensor type variation should be decoded by ASCIl |AM 4D41 X
<137:74> 64 Sensor variation
code. AC 0 4341
AC 4341 X
. . L. OTP MAP data (HEX value, 'x' stands for any data)
Bit address | Bitwidth OTP MAP name Description Example
<73:58> <57:42>
It should be YYABB format which can be referred to YYABB =23104 0 5C44
<73:42> 32 Sensor lot number
the look-up-table. YYABB =23104 5C44 X
OTP MAP data (HEX value, 'x' stands for any data
Bit address Bit width OTP MAP name Description Example ( AL L i )
<41:27> <26:12>
S/N = 00095 0 SF
<41:12> 30 Sensor serial number The serial number should be decoded to DEC number. /
S/N = 00095 5F X
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Sensor lot number <73:42>, as the format of YYABB (6+4+6, MSB to LSB), please see below look-up table
Table 56 Sensor lot number look-up table
YY(6bit) A(4bit) BB(6bit)

Number MAP data Number MAP data Number MAP data Number MAP data Number MAP data
23 010111 0 0000 01 000001 oM 010110 18 101011
24 011000 1 0001 02 000010 ON 010111 19 101100
25 011001 2 0010 03 000011 00 011000 1A 101101
26 011010 3 0011 04 000100 oP 011001 1B 101110
27 011011 4 0100 05 000101 0Q 011010 1C 101111
28 011100 5 0101 06 000110 OR 011011 1D 110000
29 011101 6 0110 07 000111 0 011100 1E 110001
30 011110 7 0111 08 001000 oT 011101 1F 110010
31 011111 8 1000 09 001001 ouU 011110 1G 110011
32 100000 9 1001 0A 001010 ov 011111 1H 110100
33 100001 A 1010 0B 001011 ow 100000 1 110101
34 100010 B 1011 0C 001100 0X 100001 1 110110
35 100011 C 1100 0D 001101 oy 100010 1K 110111
36 100100 D 1101 OE 001110 0z 100011 1L 111000
37 100101 E 1110 OF 001111 11 100100 M 111001
38 100110 F 1111 0G 010000 12 100101 1IN 111010
39 100111 OH 010001 13 100110 10 111011
40 101000 ol 010010 14 100111 1P 111100

0J 010011 15 101000 1Q 111101
0K 010100 16 101001 1R 111110
oL 010101 17 101010 1S 111111
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Blemish Specification

GMAX4002 outgoing test will be performed with the following sensor configuration.

Table 57 Sensor configuration

Sensor version Test Configuration Channels PGA gain Defect limit area
2.4MP High speed 10-bit @1.2G Sub-LVDS 8CH
12-bit @ 800M Sub-LVDS 8CH Monochromatic sensors: Area A
2.AMP Normal speed 10-bit @800M Sub-LVDS 8CH Bayer RGB color sensors: Area B
10-bit @ 1.2G MIPI 4CH
PGA gain x1
12-bit @ 800M Sub-LVDS 8CH
Monochromatic sensors: Area C
1.6MP Normal speed 10-bit @800M Sub-LVDS 8CH
Bayer RGB color sensors: Area D
10-bit @ 1.2G MIPI 4CH
0.6MP Normal speed 10-bit @800M Sub-LVDS 8CH Area E
IN Dummy
= Margin
Area A, 2048 x 1200 (1695,1207) (2063,1207)
Area B, 1988 (1695,1177) (2033,1177)
< <
% Effective pixels: 2048(H) x 1200(V) %
5 =
16 16
(46,38) (384,38) Area D, 1312 x 1140
(16,8) (384,8) Area C, 1312 x 1200
0 Margin
Pin- 54 Pin- 74
Figure 70 Defects controlled area Ato D
N Dummy
N Margin
Area E, 1024 x 600 (1031,603)
< <
% Effective pixels: 1024(H) x 600(V) %
5 =
8 8
(8,4)
» Margin
Pin- 54 Pin- 74

Figure 71 Defects controlled area E
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Test images

Test images as listed in Table 58 are grabbed with GMAX4002 final tester at room temperature, under the illumination
of a white LED light source with uniformity better than 98% across the image area, and the F number is 16. No image
correction algorithm is applied.

Table 58 Test image Definition

Test Images Description
‘ 2 images grabbed at shortest integration time in dark environment; per pixel average is performed
Dar
on these images to form the test image.
2 images grabbed at a typical integration time (T) to reach half-saturation in light environment; per
Grey
pixel average is performed on these images to form the test image.
2 images grabbed at an integration time of 2xT in light environment; per pixel average is performed
Saturation
on these images to form the test image.

Defect definitions

Table below describes the definition of defects.
Table 59 Defect definitions

Defect Name Description

Any pixel deviates more than +/-5% of the full swing (2 from the mean value of the Dark
Bad pixel in Dark image
image.

Bad pixel in Grey image Any pixel deviates more than +/-20% from the mean value of the Grey image.

Bad pixel in Saturation image Any pixel deviates more than -20% from the mean value of the Saturation image.

Total defect pixels The total number of non-overlapping bad pixels in Dark, Grey and Saturation image.
Cluster Horizontal and vertical consecutive defect pixels are considered as a cluster.
Any cluster with size of N defect pixels is considered as cluster (N). For color sensors, the rule
Cluster (N) is applied within each color plane (R, Gr, B, Gb).
Any row/column with its mean value deviating more than +/-3% of the full swing from the
mean value of the Dark image.
Any row/column with its mean value deviating more than +/-5% from the mean value of the
Defect Row/Column Grey image.

Any row/column with its mean value deviating more than -5% from the mean value of the

Saturation image.

Or a row/column with more than 100 defect pixels.

() Swing is equal to the difference between the mean value of the Saturation image and the mean value of the Dark image.

@) For color sensors, the rule is applied within each color plane (R, Gr, B, Gb).
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Defect limits
Maximum allowed defect numbers are indicated below.
Table 60 Defect limits (1)
Item Grade 1
Maximum # of defect pixels 200
Maximum # of defect row and column 0
Maximum # of Clusters 2-3 10
Maximum # of Clusters size 24 0
(1 For color version sensor, the acceptable cluster size is applied within each color plan (R, Gr, B, Gb).
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Storage Condition, Handling and Soldering

Handling Guideline

CMOS image sensors require delicate handling, ESD can cause sensor malfunction or even damages; many external
elements, like dust, oil and scratches etc., can contaminate sensor glass lid and degrade sensor’s performance. To
reduce the risk of sensor damages, here Gpixel presents general guidelines and basic techniques for CMOS image
sensor proper handling.

ESD Damage Prevention

To prevent ESD damage, Gpixel recommends following general procedures:

Ensure the ESD protective working area is properly setup.

Make sure the operator is grounded prior handling the sensors.

Using ESD safe gloves to handle sensors.

Ground all tools and mechanical components that come in contact with the sensors.

vk wih e

Gpixel also recommends using antistatic solutions and air ionizers to prevent static charge buildup.

Storage Condition

GMAX4002 uses UV cured epoxy for glass lid attachment. Sensor using UV cured epoxy to seal glass window must
be stored in dry condition before baking and soldering. When exposed to air, the UV cured epoxy absorbs moisture,
which will be vaporized rapidly during reflow soldering process, causing failure of the epoxy or leakage of the sealed

sensor cavity.

To avoid seal failure after soldering, it is very important to minimize the contact of un-soldered sensor to moisture.
We recommend the following storage condition,

1. Open the sealed moisture barrier bag ONLY before assembly;

2. Re-seal the moisture barrier bag with desiccant for un-used sensors;

3. In case of 1QC, the inspection should be carried out in a humidity controlled environment with minimal

time, and the sensors should be re-sealed with desiccant after inspection.
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Soldering Guideline

Table 61 Soldering Profile

Package Temperature —

Pre-heat

™~

Profile Feature Pb free alloy
Ramp-up rate Max 3°C/s
Pre-heat & Duration 140-160 °C for 60-100s
Ramp up to peak 3°C/s
Peak temp. & Duration 240 +/- 5°C for 10-30s
Ramp-down rate 4°C/s
Peak temp.
<3 °C/sec
~.
Peak temp.
Preheat duration

*— duration

/

< 4°Clsec

<3 °Clsec

Time

Y

Following instruction shall be strictly followed.

1.

GMAX4002 shall be kept unopened in original MBB (moisture barrier bag) when put in storage, re-sealed the

un -soldered sensors follows section “Storage Condition”;

Upon opening the MBB, please check immediately the HIC (humidity indication card).

- A.In case the HIC's 10% and 60% RH spot indicate dry, the sensor can enter into reflow soldering process

always respecting maximum 72 hours of floor time under environment condition of < 30 °C /60% RH.

- B. In case the HIC's 5% RH spot indicate wet, and 10% RH spot NOT indicate dry, sensors are exposed to

excessive level of moisture. Sensors shall be re-baked once for 48 hours at 125 °C before enter into reflow

soldering.

The upper surface of the package that UV epoxy glue attached should be face away from the heat source during

soldering and keep its temperature under 245 degree;
Perform soldering ONLY ONCE for each device.
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Product Ordering Information
Part number Blemish Grade Description Marking Code

GMAX4002-AM-H

GMAX4002-AVM-HCV-AU1 Grade 1 . .
Full resolution Serial number
Microlens, ceramic 74 pins LCC, Sealed D 263°® T eco glass without AR coating.
GMAX4002-AVC-HCV-AU1 Grade 1 344fps @ 10bit 8 x 1.2G Sub-LVDS. GMAX4OOZ-AC-H
Serial number
Full resolution GMAX4002-AM
MAX4002-AVM-NCV-AU1 1
G 00 Cv-AU Grade Microlens, ceramic 74 pins LCC, Sealed D 263°® T eco glass without AR coating. Serial number
229fps @ 10bit 8 x 800M Sub-LVDS
195fps @ 12bit 8 x 800M Sub-LVDS GMAX4002-AC
GMAX4002-AVC-NCV-AUL Grade 1 166fps @ 10bit 4 x 1.2G MIPI Serial number
1312 (H) x 1200 (V) GMAX4002-AM-W
MAX4002W-AVM-NCV-AU1 1
N 00 CV-AU Grade Microlens, ceramic 74 pins LCC, Sealed D 263°® T eco glass without AR coating, Serial number
229fps @ 10bit 8 x 800M Sub-LVDS
195fps @ 12bit 8 x 800M Sub-LVDS GMAX4002-AC-W
GMAX4002W-AVC-NCV-AUL Grade 1 166fps @ 10bit 4 x 1.2G MIPI Serial number
1024 (H) x 600 (V)
GMAX4002B-AVM-NCV-AU1 Grade 1 Microlens, ceramic 74 pins LCC, Sealed D 263® T eco glass without AR coating, GMAX4002-AM-B

884fps @ 10bit 8 x 800M Sub-LVDS

Serial number
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Packing and Tray Specification

GMAX4002 packing specification with Gpixel packing labels is packed as following.

JEDEC Tray Restraint

Quantity/Tray Quantity/Bag Strap Bag

62 sensors 1 tray+1 cover tray 2 Rubber bands 1 Antistatic bag + 1 moisture-barrier bag

Note:
1. Partial filled tray can be accommodated for order less than 62pcs.

2.  GMAX4002 JEDEC tray is directional. The distance from the raised label on the short side of the tray to the
corners is different. So please pay attention to stacking during use. If stacking, keep the upper and lower trays
in the same direction, Figure 72 (b).

3. No sensor is placed in position marked “x” in the tray. Sensor and the handle of protection film is placed in
same orientation, Figure 72 (c).
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Figure 72 Tray, protection film and sensor top view
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2.4MP Global Shutter CMOS Image Sensor
Rights

GMAX4002

Gpixel reserves the right to change any information contained herein without notice.
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2.4MP Global Shutter CMOS Image Sensor GMAX4002

For More Information

Gpixel Microelectronics Inc. Gpixel Microelectronics Gpixel NV Gpixel Japan Co., Ltd.
Hangzhou Inc.

Building #5, Optoelectronic Room 3101-3109, 31/ F, Huaye  Copernicuslaan 60, 4t floor, 2-4-32 Aomi,
Information Industrial Park, Development Center, No. 599, 2018 Antwerp, Belgium  Kotoku, Tokyo, 135-
#7691 Ziyou Road, Changchun,  Jianye Road, Binjiang District, 0064, Japan

Jilin, China. Hangzhou China.

TEL. +86-431-85077785 TEL.+86-571-87718606-888 TEL. +32-33034442 TEL. +81-03-5962-1600
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