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Block Diagram and Pin Configuration 
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I/O Equivalent Circuit Diagram 
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Spectral Sensitivity Characteristics 

(Excludes lens characteristics and light source characteristics.) 
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Setting Registers Using Serial Communication 

This sensor can write and read the setting values of the various registers shown in the Register Map by 4-wire serial 
communication and I2C communication. See the Register Map for the addresses and setting values to be set. 
Because the two communication systems are judged at the first communication, once they are judged, the 
communication cannot be switched until sensor reset. The pin for 4-wire serial communication and I2C 
communication is shared, so the external pin XCE must be fixed to power supply side when using I2C 
communication. 

 
Description of Setting Registers (4-wire) 

The serial data input order is LSB-first transfer. The table below shows the various data types and descriptions. 
 

Serial Data Transfer Order 

Chip ID Start address Data Data Data … 
(8 bit) (8 bit) (8 bit) (8 bit) (8 bit) (8 bit) 

 
Type and Description 

Type Description 

Chip ID 

02h: Write to the Chip ID = 02h register 
03h: Write to the Chip ID = 03h register 
04h: Write to the Chip ID = 04h register 
05h: Write to the Chip ID = 05h register 
82h: Read from the Chip ID = 02h register 
83h: Read from the Chip ID = 03h register 
84h: Read from the Chip ID = 04h register 
85h: Read from the Chip ID = 05h register 

Address 
Designate the address according to the Register Map. When using a communication method 
that designates continuous addresses, the address is automatically incremented from the 
previously transmitted address. 

Data Input the setting values according to the Register Map. 

 
Register Communication Timing (4-wire) 

Perform serial communication in sensor standby mode or within in the 6XHS period after the falling edge of XVS from 
the blanking line output start time after valid line of one frame is finished. For the registers marked "V" in the item of 
Reflection timing, when the communication is performed in the communication period shown in the figure below they 
are reflected by frame reflection timing. For the registers noted “Immediately” in the item of Reflection timing, the 
settings are reflected when the communication is performed. (For the immediate reflection registers other than 
STANDBY, REGHOLD, XMSTA, SW_RESET, XVSOUTSEL [1:0] and XHSOUTSEL [1:0], set them in sensor 
standby state.) About REGHOLD register only, communication period is different than the other registers. For details, 
see section “Register Hold Settings”. 
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Register Write and Read (4-wire) 
Follow the communication procedure below when writing registers. 

1. Set XCE Low to enable the chip's communication function. Serial data input is executed using SCK and SDI. 
2. Transmit data in sync with SCK 1 bit at a time from the LSB using SDI. Transfer SDI in sync with the falling edge 

of SCK. (The data is loaded at the rising edge of SCK.) 
3. Input Chip ID (CID = 02h or 03h or 04h or 05h) to the first byte. If the Chip ID differs, subsequent data is ignored. 
4. Input the start address to the second byte. The address is automatically incremented. 
5. Input the data to the third and subsequent bytes. The data in the third byte is written to the register address 

designated by the second byte, and the register address is automatically incremented thereafter when writing the 
data for the fourth and subsequent bytes. Normal register data is loaded to the inside of the sensor and 
established in 8-bit units. 

6. The register values starting from the register address designated by the second byte are output from the SDO pin. 
The register values before the write operation are output. The actual register values are the input data. 

7. Set XCE High to end communication. 
 
Follow the communication procedure below when reading registers. 

1. Set XCE Low to enable the chip's communication function. Serial data input is executed using SCK and SDI. 
2. Transmit data in sync with SCK 1 bit at a time from the LSB using SDI. Transfer SDI in sync with the falling edge 

of SCK. (The data is loaded at the rising edge of SCK.) 
3. Input Chip ID (CID = 82h or 83h or 84h or 85h) to the first byte. If the Chip ID differs, subsequent data is ignored. 
4. Input the start address to the second byte. The address is automatically incremented. 
5. Input data to the third and subsequent bytes. Input dummy data in order to read the registers. The dummy data is 

not written to the registers. To read continuous data, input the necessary number of bytes of dummy data. 
6. The register values starting from the register address designated by the second byte are output from the SDO pin. 

The input data is not written, so the actual register values are output. 
7. Set XCE High to end communication. 

 
Note) When writing data to multiple registers with discontinuous addresses, access to undesired registers 
can be avoided by repeating the above procedure multiple times. 

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

XCE

SCK

SDI

SDO

Data established timing

Chip ID Start address N bytes of data  
 

Serial Communication (Continuous Address) 

 

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

XCE

SCK

SDI

SDO

Data established timing

Chip ID Start address N bytes of data

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

Chip ID Start address N bytes of data

 

Serial Communication (Discontinuous Address) 
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Register Write and Read (I2C) 
This sensor corresponds to four read modes and the two write modes. 
 

Single Read from Random Location 

The sensor has an index function that indicates which address it is focusing on. In reading the data at an optional 
single address, the Master must set the index value to the address to be read. For this purpose it performs dummy 
write operation up to the register address. The upper level of the figure below shows the sensor internal index 
value, and the lower level of the figure shows the SDA I/O data flow. The Master sets the sensor index value to M 
by designating the sensor slave address with a write request, then designating the address (M). Then, the Master 
generates the start condition. The Start Condition is generated without generating the Stop Condition, so it 
becomes the Repeated Start Condition. Next, when the Master sends the slave address with a read request, the 
sensor outputs an Acknowledge immediately followed by the index address data on SDA. After the Master 
receives the data, it generates a Negative Acknowledge and the Stop Condition to end the communication. 

 

Previous index value

S
Slave 

Address
[7:1]

0
Register 
Address

[15:8]
A

Register 
Address

[7:0]
A A Sr

Slave 
Address

[7:1]
1 A DATA

[7:0] A P

Index M Index
M+1

Index, value M
From Master to Slave

From Slave to Master

S : Start Condition

P : Stop Condition

A : Acknowledge

A : Negative Acknowledge
Sr : Repeated Start Condition

 
 

Single Read from Random Location 

 
Single Read from Current Location 

After the slave address is transmitted by a write request, that address is designated by the next communication 
and the index holds that value. In addition, when data read/write is performed, the index is incremented by the 
subsequent Acknowledge/Negative Acknowledge timing. When the index value is known to indicate the address 
to be read, sending the slave address with a read request allows the data to be read immediately after 
Acknowledge. After receiving the data, the Master generates a Negative Acknowledge and the Stop Condition to 
end the communication, but the index value is incremented, so the data at the next address can be read by 
sending the slave address with a read request. 

 

Previous index value, K

S
Slave 

Address
[7:1]

1 A DATA
[7:0] A P

Index
K+2

S
Slave 

Address
[7:1]

1 A DATA
[7:0] A P

Index
K+1

From Master to Slave

From Slave to Master

S : Start Condition

P : Stop Condition

A : Acknowledge

A : Negative Acknowledge  
 

Single Read from Current Location 
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Sequential Read Starting from Random Location 

In reading data sequentially, which is starting from an optional address, the Master must set the index value to the 
start of the addresses to be read. For this purpose, dummy write operation includes the register address setting. 
The Master sets the sensor index value to M by designating the sensor slave address with a read request, then 
designating the address (M). Then, the Master generates the Repeated Start Condition. Next, when the Master 
sends the slave address with a read request, the sensor outputs an Acknowledge followed immediately by the 
index address data on SDA. When the Master outputs an Acknowledge after it receives the data, the index value 
inside the sensor is incremented and the data at the next address is output on SDA. This allows the Master to read 
data sequentially. After reading the necessary data, the Master generates a Negative Acknowledge and the Stop 
Condition to end the communication. 
 

S
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Address
[7:1]

0
Register 
Address

[15:8]
A

Register 
Address

[7:0]
A A Sr

Slave 
Address
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1 A DATA

[7:0]
DATA
[7:0]A A DATA

[7:0]A A P

Index M Index
M+1

Index
(M+L)

Index
(M+L-1)

L bytes of data

Previous index value, K

Index, value M

From Master to Slave

From Slave to Master

S : Start Condition

P : Stop Condition

A : Acknowledge

A : Negative Acknowledge
Sr : Repeated Start Condition

 

 
Sequential Read Starting from Random Location 

 
Sequential Read Starting from Current Location 

When the index value is known to indicate the address to be read, sending the slave address with a read request 
allows the data to be read immediately after the Acknowledge. When the Master outputs an Acknowledge after it 
receives the data, the index value inside the sensor is incremented and the data at the next address is output on 
SDA. This allows the Master to read data sequentially. After reading the necessary data, the Master generates a 
Negative Acknowledge and the Stop Condition to end the communication. 
 

S
Slave 

Address
[7:1]

1 A DATA
[7:0] A DATA

[7:0] A A DATA
[7:0] A P

L bytes of data

Index
(M+L)Index K Index

K+1
Index

(K+L-1)

From Master to Slave

From Slave to Master

S : Start Condition

P : Stop Condition

A : Acknowledge

A : Negative Acknowledge  
 

Sequential Read Starting from Current Location 
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Single Write to Random Location 

The Master sets the sensor index value to M by designating the sensor slave address with a write request, and 
designating the address (M). After that the Master can write the value in the designated register by transmitting 
the data to be written. After writing the necessary data, the Master generates the Stop Condition to end the 
communication. 

 

S
Slave 

Address
[7:1]

0
Register 
Address

[15:8]
A

Register 
Address

[7:0]
A A DATA

[7:0]

A
/
A

P

Index MPrevious index value Index
M+1

Index, value M

From Master to Slave

From Slave to Master

S : Start Condition

P : Stop Condition

A : Acknowledge

A : Negative Acknowledge  
 

Single Write to Random Location 

 
Sequential Write Starting from Random Location 

The Master can write a value to register address M by designating the sensor slave address with a write request, 
designating the address (M), and then transmitting the data to be written. After the sensor receives the write data, 
it outputs an Acknowledge and at the same time increments the register address, so the Master can write to the 
next address simply by continuing to transmit data. After the Master writes the necessary number of bytes, it 
generates the Stop Condition to end the communication. 
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S : Start Condition
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A : Negative Acknowledge  
 

Sequential Write Starting from Random Location 

  



IMX385LQR-C 
 

33 
 

Register Map  

This sensor has a total of 1024 bytes (256 × 4) of registers, composed of registers with addresses 00h to FFh that 
correspond to Chip ID = 02h (write mode) / 82h (read mode), Chip ID = 03h (write mode) / 83h (read mode), Chip ID 
= 04h (write mode) / 84h (read mode), and Chip ID = 05h (write mode) / 85h (read mode). Use the initial values for 
empty address. Some registers must be change from the initial values, so the sensor control side should be capable 
of setting 1024 bytes. 
 
The values must be changed from the default value, so initial setting after reset is required after power-on. There are 
two different register reflection timing. Values are reflected immediately after writing to register noted as 
“Immediately”, or at the frame reflection register reflection timing described in the item of “Register Communication 
Timing” in the section of “Setting Registers Using Serial Communication” for registers noted as “V” in the Reflection 
timing column of the Register Map. For the immediate reflection registers other than belows, set them in sensor 
standby state. 
 
STANDBY 
REGHOLD 
XMSTA 
SW_RESET 
XVSOUTSEL [1:0] 
XHSOUTSEL [1:0] 
 
Do not perform communication to addresses not listed in the Register Map. Doing so may result in operation errors. 
However, other registers that requires communication to address not listed above may be added, so addresses up to 
FEh should be supported for CID = 02h, 03h, 04h and 05h. (In I2C communication, address; 3000h to 30FFh, 3100h 
to 31FFh, 3200h to 32FFh, 3300h to 33FFh) 
 
* For the register that is writing " * " to the setting value in description (Indicated by red letter), change the value from 
the default value after the reset. 
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Readout Drive mode 

The table below lists the operating modes available with this sensor. (N/A: Not supported mode) 

Window Mode INCK 
[MHz] 

AD 
conversion 

[bit] 

Output 
bit 

width 
[bit] 

Frame 
rate 

[frame/s] 

Data rate 
Serial LVDS 
[Mbps/ch] 

CSI-2 
[Mbps/Lane] 

2 ch 4 ch 8 ch 2 Lane 4 Lane 

All-pixel 
scan 

1080p-HD 

All 
pixel 

37.125 
74.25 

10 10 
30 / 25 

371.25 185.625 92.8125 371.25 185.625 

12 12 445.5 222.75 111.375 445.5 222.75 

10 10 
60 / 50 

N/A 371.25 185.625 742.5 371.25 

12 12 N/A 445.5 222.75 N/A 445.5 

10 10 120 / 100 N/A N/A 371.25 N/A 742.5 
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Window Mode INCK 
[MHz] 

Frame 
rate 

[frame/s] 

Recording 
pixels Total number of pixels 

1H period 
[µs] H 

[pixels] 
V 

[lines] 

H [pixels] 
V 

[lines] 
LVDS 
CSI-2 
(10 bit) 

LVDS 
CSI-2 

(12 bit) 

All-pixel scan 
1080p-HD All-pixel 37.125 

74.25 

25 

1920 1080 

2640 2640 

1125 

35.6 
30 2200 2200 29.6 
50 2640 2640 17.8 
60 2200 2200 14.8 

100 2640 N/A 8.9 
120 2200 N/A 7.4 
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Image Data Output Format (CSI-2 output) 
Frame Format 

Each line of each image frame is output like the General Frame Format of CSI-2. The settings for each packet 
header are shown below. 
 

DATA Type 

Header [5:0] Name Setting register 
(I2C) Description 

00h Frame Start Code N/A FS 
01h Frame End Code N/A FE 
10h NULL N/A Invalid data 
12h Embedded Data N/A Embedded data 
2Bh RAW10 Address: 7Dh, 7Eh 

(337Dh, 337Eh) 
CSI_DT_FMT [15:0] 

0A0Ah 

2Ch RAW12 0C0Ch 
37h OB Data N/A Vertical OB line data 

 

Frame Structure 
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Frame Structure of CSI-2 output 
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Embedded Data Line 

The Embedded data line is output in a line following the sync code FS. 

Tag DataPacket Header

Embedded Data Format
0Ah Tag Data Tag Data Tag Data Tag Data 07h 07h Packet Footer

RAW10 (CSI_DT_FMT = 0A0Ah)
Packet Header 0Ah

RAW12 (CSI_DT_FMT = 0C0Ch)

Tag Data Tag 55h Data Tag Data Tag 55h Data Tag Data 07h 55h Packet Footer

Packet Header 0Ah Tag 55h Data Tag 55h Data Tag 55h Data Tag 55h Data 07h 55h Packet Footer
 

The end of the address and the register value is determined according to the tags embedded in the data. 
 

Embedded Data Line Tag 

Tag Data Byte Description 

00h Illegal Tag. If found; treat as end of Data. 
07h End of Data. 
AAh CCI Register Index MSB [15:8] 
A5h CCI Register Index LSB [7:0] 

5Ah Auto increment the CCI index after the data byte – valid data 
Data byte contains valid CCI register data. 

55h 
Auto increment the CCI index after the data byte – null data 
A CCI register does not exist for the current CCI index. 
The data byte value is the 07h. 

FFh Illegal Tag. If found; treat as end of Data. 
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Specific output examples are shown below. (4-wire: Chip ID = 05h) 

Pixel 
Address 
[HEX] Data Byte Description Value 

 
Pixel 

Address 
[HEX] Data Byte Description Value 

4-wire I2C  4-wire I2C 
1 -  Data Format 0Ah  54    5Ah 
2    

CCI Register Index MSB [15:8] 
AAh  55 ADh 33ADh Fixed to “F0h” F0h 

3   33h  56    5Ah 
4    

CCI Register Index LSB [7:0] 
A5h  57 AEh 33AEh Fixed to “00h” 00h 

5   95h  58    5Ah 
6    5Ah  59 AFh 33AFh Fixed to “01h” 01h 
7 95h 3395h  00h  60    5Ah 
8   

REGHOLD value 
5Ah  61 B0h 33B0h Fixed to “00h” 00h 

9 96h 3396h [0]*  62    5Ah 
10    5Ah  63 B1h 33B1h Fixed to “F0h” F0h 
11 97h 3397h Fixed to “00h” 00h  64    5Ah 
12    5Ah  65 B2h 33B2h Fixed to “00h” 00h 
13 98h 3398h Fixed to “00h” 00h  66   

Gain Setting Value 

5Ah 
14    5Ah  67 B3h 33B3h [7:0]* 
15 99h 3399h Fixed to “85h” 85h  68   5Ah 
16    5Ah  69 B4h 33B4h [15:8]* 
17 9Ah 339Ah Fixed to “03h” 03h  70   

Shutter setting value 

5Ah 
18    5Ah  71 B5h 33B5h [7:0]* 
19 9Bh 339Bh Fixed to “01h” 01h  72   5Ah 
20    5Ah  73 B6h 33B6h [15:8]* 
21 9Ch 339Ch Fixed to “01h” 01h  74    5Ah 
22   

Frame count 
5Ah  75 B7h 33B7h Fixed to “00h” 00h 

23 9Dh 339Dh [7:0]*  76    5Ah 
24    5Ah  77 B8h 33B8h Fixed to “00h” 00h 
25 9Eh 339Eh Fixed to “01h” 01h  78    5Ah 
26   

Black level setting value 

5Ah  79 B9h 33B9h Fixed to “00h” 00h 
27 9Fh 339Fh [7:0]*  80    5Ah 
28   5Ah  81 BAh 33BAh Fixed to “00h” 00h 
29 A0h 33A0h [15:8]*  82    5Ah 
30   

Data format 
RAW10: 0A0Ah 
RAW12: 0C0Ch 

5Ah  83 BBh 33BBh Fixed to “00h” 00h 
31 A1h 33A1h [7:0]*  84    5Ah 
32   5Ah  85 BCh 33BCh Fixed to “00h” 00h 
33 A2h 33A2h [15:8]*  86    5Ah 
34    5Ah  87 BDh 33BDh Fixed to “00h” 00h 
35 A3h 33A3h Fixed to “00h” 00h  88    5Ah 
36    5Ah  89 BEh 33BEh Fixed to “00h” 00h 
37 A4h 33A4h Fixed to “00h” 00h  90    5Ah 
38    5Ah  91 BFh 33BFh Fixed to “00h” 00h 
39 A5h 33A5h Fixed to “00h” 00h  92    5Ah 
40    5Ah  93 C0h 33C0h Fixed to “00h” 00h 
41 A6h 33A6h Fixed to “F0h” F0h  94    5Ah 
42    5Ah  95 C1h 33C1h Fixed to “00h” 00h 
43 A7h 33A7h Fixed to “00h” 00h  96    5Ah 
44    5Ah  97 C2h 33C2h Fixed to “00h” 00h 
45 A8h 33A8h Fixed to “01h” 01h  98    5Ah 
46    5Ah  99 C3h 33C3h Fixed to “00h” 00h 
47 A9h 33A9h Fixed to “00h” 00h  100    5Ah 
48    5Ah  101 C4h 33C4h Fixed to “00h” 00h 
49 AAh 33AAh Fixed to “00h” 00h  102    5Ah 
50    5Ah  103 C5h 33C5h Fixed to “00h” 00h 
51 ABh 33ABh Fixed to “00h” 00h  104    5Ah 
52    5Ah  105 C6h 33C6h Fixed to “00h” 00h 
53 ACh 33ACh Fixed to “00h” 00h  106    5Ah 
      107 C7h 33C7h Fixed to “00h” 00h 
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List of Setting Register for CSI-2 serial output 

Address 
bit Register Name 

Initial 
Value 

CSI-2 serial 

Remarks 
2 / 4 lane 4 lane 

4-wire I2C 
25 

[frame /s] 

30 

[frame /s] 

50 

[frame /s] 

60 

[frame /s] 

100 

[frame /s] 

120 

[frame /s] 

Chip ID: 02h 

05h 3005h [0] ADBIT 0h 0h / 1h 0: 10 bit, 1: 12 bit 

07h 3007h 

[0] VREVERSE 0h 0h / 1h 0: Normal, 1: Inverted 

[1] HREVERSE 0h 0h / 1h 0: Normal, 1: Inverted 

[7:4] WINMODE 0h 0h All-pixel scan 

09h 3009h 
[1:0] FRSEL 1h 2h 1h 0h  

[4] FDG_SEL 0h 0h / 1h 
0: LCG mode, 
1: HCG mode 

18h 3018h [7:0] 

VMAX 465h 465h  19h 3019h [7:0] 

1Ah 301Ah [0] 

1Bh 301Bh [7:0] 
HMAX 0898h 14A0h 1130h A50h 898h 528h 44Ch H direction designated 

1Ch 301Ch [5:0] 

44h 3044h 
[1:0] ODBIT 1h 1h In CSI-2, fixed to “1h”. 

[7:4] OPORTSEL 0h 0h In CSI-2, fixed to “0h”. 

54h 3054h [0] SCDEN 1h 0h CSI-2 setting 

5Ch 305Ch [7:0] INCKSEL1 18h 28h / 18h Set according to INCK 

5Dh 305Dh [7:0] INCKSEL2 10h 10h / 00h Set according to INCK 

5Eh 305Eh [7:0] INCKSEL3 20h 20h Set according to INCK 

5Fh 305Fh [7:0] INCKSEL4 10h 10h / 00h Set according to INCK 

60h 
to 

FFh 

3060h 
to 

30FFh 

[7:0] 
to 

[7:0] 
Set register value that described on item “Register map”. 

Chip ID = 03h 

00h 
to 

FFh 

3100h 
to 

31FFh 

[7:0] 
to 

[7:0] 
Set register value that described on item “Register map”. 

Chip ID = 04h 

00h 
to 

FFh 

3200h 
to 

32FFh 

[7:0] 
to 

[7:0] 
Set register value that described on item “Register map”. 
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Pixel Array Image Drawing in All-pixel scan mode (Serial LVDS output) 
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1945
19381944
1939

(Number of Data in 1 Line) : 30, 60, 120 frame/s: 2200 [DATA] / 25, 50, 100: 2640 [DATA]
* Number of data when 1ch output, 1/2 when 2ch output, 1/4 when 4ch output
  and 1/8 when 8ch output (average)

(1 Frame)  1125 [lines]XVS

XHS

8

Line No. during 
normal operation 1 3 16 17 1104252

Line No. during 
inverted operation

1

24

1 3 162

14

1113 1106

8

1105 26

1080

1105 1113

25 17

9 VB2
3 [lines]

: Frame information line

: Ineffective OB / Blanking

: Effective OB

: Effective pixel side ignored area

: Margin for color processing

: Recording pixel area: Dummy area

: Sync code

HB : Horizontal blanking

Normal

Inverted

2c
h 

ou
tp

ut CH1 / DLOP/M D
CH2 / DLOP/M E
CH1 / DLOP/M D
CH2 / DLOP/M E

1 5 9
16 1936

17 1937 1945
1946

1947
1950

1951
19522

4 2 2 4 960 4 2 2 4 HBHB

3
4

7
6 8 10

15
18

1935
1938 1948

1949

1
2

3
4

19491947
19481946 18

1937
1936

19 17 9
8

7
1950

1951
195216 6

5

1943
1944

11
10

984 DATA

Normal

Inverted4c
h 
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ut

CH1 / DLOP/M D
CH2 / DLOP/M E
CH3 / DLOP/M C
CH4 / DLOP/M F
CH1 / DLOP/M D
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CH4 / DLOP/M F

1
2
3
4

1
2
3
4

5

7
6

8

1949

1947
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1946

9
10
11
12

13
14
15
16

1945
1944
1943
1942

1941
1940
1939
1938

17
18
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1937
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1941
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1943
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15
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13
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1950
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5

HB 4 1 1 1 12 2480 4 HB
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Normal

Inverted

8c
h 
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Drive Timing Chart for All-pixel scan mode (Serial LVDS output) 
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Pixel Array Image Drawing in All-pixel scan mode (CSI-2 serial output) 

 

(Number of Data in 1 Line) : 30, 60, 120 frame/s: 2200 [DATA] / 25, 50, 100: 2640 [DATA]
* Number of data when 1ch output, 1/2 when 2ch output, 1/4 when 4ch output
  and 1/8 when 8ch output (average)

* It outputs in the format of RAW10 or RAW12.

(1 Frame)  1125 [lines]XVS

XHS

8

Line No. during 
normal operation 3 16 17 110425

Line No. during 
inverted operation

1

24

3 16

14

1113 1106

8

1105 26

1080

1105 1113

25 17

9 VB1
2 [lines]

: Embedded data

: Ineffective OB / Blanking

: Effective OB

: Effective pixel side ignored area

: Margin for color processing

: Recording pixel area

: Dummy area

: Packet header / Packet footer

HB : Horizontal blanking

1 1

Horizontal pixel output image 
normal operation 1 4 5 8 9 16 193617 1937 19451946 1949195019511952

1 4 589171937 181938194519461949 195019511952

4 4 8 1920 9 4 3 HB

: NULL

: FS / FE

Horizontal pixel output image 
inverted operation

 

 

Drive Timing Chart for All-pixel scan mode (CSI-2 serial output) 
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The example of window cropping setting is shown below. 
The frame rate is maximum setting as each image format. For adjust the frame rate, please extend the VMAX or 
the number of lines per frame. 

 

Example of Window cropping Mode Setting 

Image 
size 

INCK 
[MHz] 

Output 
Resolution 

[bit] 

Frame 
rate 

[frame/s] 

Number of 
recording pixels 

Register setting 
[DEC] 
(HEX) 

Horizontal Vertical FRSEL HMAX VMAX WINPH WINPV WINWH WINWV 

VGA 
37.125 
74.25 

10/12 63.9 

640 480 

2 
4400d 

(1130h) 
520d 

(208h) 
640d 

(280h) 
300d 

(12Ch) 
656d 

(290h) 
496d 

(1F0h) 
10/12 129.8 1 

2200d 
(898h) 

10 259.6 0 
1100d 
(44Ch) 

CIF 
37.125 
74.25 

10/12 102.9 

352 288 

2 
4400d 

(1130h) 
328d 

(148h) 
784d 

(310h) 
396d 

(18Ch) 
368d 

(170h) 
304d 

(130h) 
10/12 205.8 1 

2200d 
(898h) 

10 411.6 0 
1100d 
(44Ch) 

 
* These settings are when the ignored OB line is 2 lines and effective OB line is 14 lines. 
* When the CSI-2 output, set the value that is set to register WINWV to register PIC_SIZE_V. 
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Pixel Array Image Drawing in Window Cropping mode (Serial LVDS output) 
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(Number of Data in 1 Line) : 30, 60, 120 frame/s: 2200 [DATA] / 25, 50, 100: 2640 [DATA]
* Number of data when 1ch output, 1/2 when 2ch output, 1/4 when 4ch output
  and 1/8 when 8ch output (average)

(1 Frame) 9 + WINWV_OB + WINWV + Vx [lines]XVS

XHS

8

Line No. during 
normal operation 1 3 162

Line No. during 
inverted operation

1

1 3 162

WINWV_OB - 2 Vx
(Arbitrary value)

2

: Frame information line

: Ineffective OB / Blanking

: Effective OB

: Effective pixel side ignored area

: Margin for color processing

: Recording pixel area

: Sync code

HB : Horizontal blanking

Normal

Inverted
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h 
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Drive Timing Chart for Window Cropping mode (Serial LVDS output) 
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Pixel Array Image Drawing in Window Cropping mode (CSI-2 serial output) 

 

(Number of Data in 1 Line) : 30, 60, 120 frame/s: 2200 [DATA] / 25, 50, 100: 2640 [DATA]
* Number of data when 1ch output, 1/2 when 2ch output, 1/4 when 4ch output
  and 1/8 when 8ch output (average)

* It outputs in the format of RAW10 or RAW12.

(1 Frame) 9 + WINWV_OB + WINWV + Vx [lines]XVS

XHS

8

Line No. during 
normal operation 3 16

Line No. during 
inverted operation

1

3 16

Vx
(Arbitrary value)

1

: Embedded data

: Ineffective OB / Blanking

: Effective OB

: Effective pixel side ignored area

: Margin for color processing

: Recording pixel area

: Packet header / Packet footer

HB : Horizontal blanking

1 1

Horizontal pixel output image 
normal operation 1 4

1 4

4 4 4 HB

: NULL

: FS / FE

Horizontal pixel output image 
inverted operation

WINWV

WINPV

WINPV

WINWH - 8

WINPH

WINPH

WINWH

WINWV_OB - 2

 
 

Drive Timing Chart for Window Cropping mode (CSI-2 serial output) 
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XVS

XHS

XHS
XHSLNG = 0

XHSLNG = 1

XHSLNG = 2

XHSLNG = 3

SAVDataOut
System delay

XVSLNG = 1d: 2H width

XVSLNG = 0d: 1H width

XVSLNG = 2d: 4H width

XVSLNG = 3d: 8H width

XVS

XHS

 
 

XVS/XHS output waveform in sensor master mode 

 

List of XHSLNG Register 

 LVDS serial output 

DCK 445.5 
[Mbps / ch] 

371.25 
[Mbps / ch] 

222.75 
[Mbps / ch] 

185.625 
[Mbps / ch] 

111.375 
[Mbps / ch] 

92.8125 
[Mbps / ch] 

XHSLNG = 0 48 bit 40 bit 24 bit 20 bit 12 bit 10 bit 
XHSLNG = 1 96 bit 80 bit 48 bit 40 bit 24 bit 20 bit 
XHSLNG = 2 192 bit 160 bit 96 bit 80 bit 48 bit 40 bit 
XHSLNG = 3 384 bit 320 bit 192 bit 160 bit 96 bit 80 bit 
 
The XVS and XHS are output in timing that set 0 to the register XMSTA. If set 0 to XMSTA during standby, the XVS 
and XHS are output just after standby is released. The XVS and XHS are output asynchronous with other input or 
output signals. In addition, the output signals are output with a undefined latency time (system delay) relative to the 
XHS. Therefore, refer to the sync codes output from the sensor and perform synchronization. 
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Gain Adjustment Function 
The Programmable Gain Control (PGC) of this device consists of the analog block and digital block. The total of 
analog gain and digital gain can be set up to 72 dB by the GAIN [9:0] register setting. The same setting is applied in 
all colors. The value which is ten times the gain is set to register. 
 
Example) 

When set to 6 dB: 6 × 10 = 60d; GAIN [9:0] = 3Ch 
When set to 12.8 dB: 12.8 × 10 = 128d; GAIN [9:0] = 80h 

 
 

List of PGC Register 

Register 
name 

Register details (Chip ID = 02h) 
Initial 
value 

Setting 
value 

Remarks 
Register Address 

( ): I2C bit Setting 
range 

GAIN [9:0] 
GAIN [7:0] 14h 

(3014h) [7:0] 
000h 000h-2D0h 

(0d-720d) Setting value: Gain [dB] × 10 
GAIN [9:8] 15h 

(3015h) [1:0] 

 
Gain Reflection Timing is changed by the set value of GAINDLY as shown below. 

Frame FrameFrame FrameFrame Frame

Time base

Communication period
Register Communication

XVS

Frame

GAIN = 3ChGAIN = 00h

GAINDLY 
= 08h

Output Signal

0dB
6dB

GAIN = 00h

Frame

GAINDLY
= 09h 0dB

6dB

 

Gain Reflection Timing 

0.0 

6.0 

12.0 

18.0 

24.0 

30.0 

36.0 

42.0 

48.0 

54.0 

60.0 

66.0 

72.0 

0h

1E
h

3C
h

5A
h

78
h

96
h

B
4h

D
2h F0
h

10
E

h

12
C

h

14
A

h

16
8h

18
6h

1A
4h

1C
2h

1E
0h

1F
E

h

21
C

h

23
A

h

25
8h

27
6h

29
4h

2B
2h

2D
0h

G
ai

n 
[d

B]

Register setting value [Hex]

Analog Gain

Analog + Digital Gain
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Black Level Adjustment Function 
The black level offset (offset variable range: 000h to 1FFh) can be added relative to the data in which the digital gain 
modulation was performed by the BLKLEVEL [8:0] register. When the BLKLEVEL setting is increased by 1 LSB, the 
black level is increased by 1 LSB. 
 
Use with values shown below is recommended. 
10-bit output: 03Ch (60d) 
12-bit output: 0F0h (240d) 

 

List of Black Level Adjustment Register 

Register name 
Register details (Chip ID = 02h) 

Initial 
value Setting value 

Register Address 
( ): I2C bit 

BLKLEVEL [8:0] 
BLKLEVEL [7:0] 0Ah 

(300Ah) [7:0] 
0F0h 000h to 1FFh 

BLKLEVEL [8] 0Bh 
(300Bh) [0] 
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Shutter and Integration Time Settings 
This sensor has a variable electronic shutter function that can control the integration time in line units. In addition, this 
sensor performs rolling shutter operation in which electronic shutter and readout operation are performed 
sequentially for each line. 
 
Note) For integration time control, an image which reflects the setting is output from the frame after the setting 
changes.  
 

Example of Integration Time Setting 

The sensor's integration time is obtained by the following formula. 

 
Integration time = 1 frame period - (SHS1 + 1) × (1H period) 

 
*1 The frame period is determined by the input XVS when the sensor is operating in slave mode, or the register 

 VMAX value in master mode. The frame period is designated in 1H units, so the time is determined by  
(Number of lines × 1H period). 

*2 See “Operating Modes” for the 1H period. 

 
In this section, the shutter operation and storage time are shown as in the figure below with the time sequence on the 
horizontal axis and the vertical address on the vertical axis. For simplification, shutter and readout operation are 
noted in line units. 

 

Time base
XVS

Sensor

XHS

Last line
Last-1 line
Last-2 line

4 line

1 line
2 line
3 line

Output
blanking effective signal blanking effective signal

Chip bottom side

Shutter timing

Readout timing

blanking

Integration time

N frame N+1 frame

Chip top side

CSI-2
Packet

FS (Frame Start)

FE (Frame End)

Blanking

Embedded line

N frame N+1 frame

Vertical scan
direction

 
 

Image Drawing of Shutter Operation 
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Signal Output 
Output Pin Settings 

The output formats of this sensor support the following modes. 
 
Low voltage LVDS serial (2 ch / 4 ch / 8 ch switching) DDR output 
CSI-2 serial (2 Lane / 4 Lane, RAW10 / RAW12) output 
 
The switching for serial interface is made by the OMODE pin. Establish the OMODE pin status before canceling 
the system reset. (Do not switch this pin status during operation.) Each mode is set using the register OPORTSEL. 
The table below shows the output format settings. 
 

List of Interface Switching 

Pin name Pin Interface Remarks 

OMODE pin 
Fixed to Low CSI-2 serial High: OVDD 

Low: GND Fixed to High Low voltage LVDS serial 
 

List of Output Interface Setting Register 

Register name 

Register details 
(Chip ID = 02h) Initial 

value 
Setting 
value Description Address 

( ) : I2C bit 

OPORTSEL [3:0] 44h 
(3044h) [7:4] 0h 

Dh Low voltage LVDS serial 2 ch DDR 
Eh Low voltage LVDS serial 4 ch DDR 
Fh Low voltage LVDS serial 8 ch DDR 
0h CSI-2 serial 2Lane 
0h CSI-2 serial 4Lane 

SCDEN 54h 
(3054h) [0] 1h 

0h Sync code Disable  
(In CSI-2, must set to 0h.) 

1h 
Sync code Enable  
(Low voltage LVDS serial, must set to 
1h.) 

 
* In CSI-2 output, set registers that described in section “CSI-2 output setting”. 
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Each output pin is shown in the table below when setting low-voltage LVDS serial 2 ch / 4 ch / 8 ch output. 
 

Output Pins for Low voltage LVDS Serial 

DLOP/DLOM 
Low voltage LVDS serial DDR output 

2 ch 4 ch 8 ch 

DLOMH Hi-Z Hi-Z Ch8 / M 
DLOPH Hi-Z Hi-Z Ch8 / P 
DLOMG Hi-Z Hi-Z Ch6 / M 
DLOPG Hi-Z Hi-Z Ch6 / P 
DLOMF Hi-Z Ch4 / M Ch4 / M 
DLOPF Hi-Z Ch4 / P Ch4 / P 
DLOME Ch2 / M Ch2 / M Ch2 / M 
DLOPE Ch2 / P Ch2 / P Ch2 / P 
DLOMD Ch1 / M Ch1 / M Ch1 / M 
DLOPD Ch1 / P Ch1 / P Ch1 / P 
DLOMC Hi-Z Ch3 / M Ch3 / M 
DLOPC Hi-Z Ch3 / P Ch3 / P 
DLOMB Hi-Z Hi-Z Ch5 / M 
DLOPB Hi-Z Hi-Z Ch5 / P 
DLOMA Hi-Z Hi-Z Ch7 / M 
DLOPA Hi-Z Hi-Z Ch7 / P 
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The each formal of 2 Lane and 4 Lane are shown below. 

Sensor

P0 P1

a) 2 Lane-RAW12

P2 P3 PH…
P0

[11:4] P0
[3:0]

P1
[11:4]

P1
[3:0]

P2
[11:4] P2

[3:0]

P3
[11:4]

P3
[3:0]

…

DMOPA/DMOMA

PH

P4
[11:4] P4

[3:0]

P5
[11:4]

P5
[3:0]

P6
[11:4] P6

[3:0]

P7
[11:4]

P7
[3:0] …

DMOPB/DMOMB

Sensor

P0 P1

b) 2 Lane-RAW10

P2 P3 PH…
P0

[9:2]
P0[1:0]

P1
[9:2]

P1[1:0]
P2

[9:2]
P2[1:0]

P3
[9:2]

P3[1:0]

…

DMOPA/DMOMA

P4
[9:2]

DMOPB/DMOMB

PH

P8
[9:2]

P4[1:0]

P5
[9:2]

P5[1:0]
P6

[9:2]
P6[1:0]

P7
[9:2]

P7[1:0]

…
P9

[9:2]

Sensor

P0 P1

c) 4 Lane-RAW12

P2 P3 PH…
P0

[11:4]

P0
[3:0]

P1
[11:4]

P1
[3:0]

P2
[11:4]

P2
[3:0]

P3
[11:4]

P3
[3:0]

…

DMOPA/DMOMA

PH

P4
[11:4]

P4
[3:0]

P5
[11:4]

P5
[3:0]

P6
[11:4]

P6
[3:0]

P7
[11:4]

P7
[3:0]

…

DMOPB/DMOMB

DMOPC/DMOMC

DMOPD/DMOMD

PH

PH

P8
[11:4]

P8
[3:0]

P9
[11:4]

P9
[3:0]

P10
[11:4]

P10
[3:0]

P11
[11:4]

P11
[3:0]

P12
[11:4]

P12
[3:0]

P13
[11:4]

P13
[3:0]

P14
[11:4]

P14
[3:0]

P15
[11:4]

P15
[3:0]

…

…

Sensor

P0 P1

d) 4 Lane-RAW10

P2 P3 PH…
P0

[9:2]
P0[1:0]

P1
[9:2]

P1[1:0]

P2
[9:2]

P2[1:0]

P3
[9:2]

P3[1:0]

…

DMOPA/DMOMA

P4
[9:2]

DMOPB/DMOMB

PH

P8
[9:2]

P4[1:0]

P5
[9:2]

P5[1:0]

P6
[9:2]

P6[1:0]

P7
[9:2]

P7[1:0]

…

P9
[9:2]

DMOPC/DMOMC

DMOPD/DMOMD

PH

PH

P10
[9:2]

P11
[9:2]

P8[1:0]
P9[1:0]
P10[1:0]
P11[1:0]

P12
[9:2]

P13
[9:2]

P14
[9:2]

P15
[9:2]

P12[1:0]
P13[1:0]
P14[1:0]
P15[1:0]

P16
[9:2]

P17
[9:2]

P18
[9:2]

P19
[9:2]

…

…

 
 

2 Lane / 4 Lane Output Format 
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Sensor Setting Flow 
Setting Flow in Sensor Slave Mode 

The figure below shows operating flow in sensor slave mode. 
For details of "Power-on" to "Reset cancel", see the item of "Power-on sequence" in this section. 
For details of “Standby cancel" until "Wait for image stabilization", see the item of "Standby mode". 
Standby setting (power save mode) can be made by setting the STANDBY register to “1” during “Operation”. 

 

Power-on

System clear
XCLR pin : Low      High

Register settings

Wait for internal regulator stabilization

Wait for image stabilization

Operation

 INCK input

XVS and XHS input start 

Standby cancel
STANDBY=0 Standby setting

(power save mode)
STANDBY=1

Register changes
Shutter
Gain
Other

Pin settings

Start

XVS and XHS input 
stop

 

 
Sensor Setting Flow (Sensor Slave Mode) 
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Setting Flow in Sensor Master Mode 

The figure below shows operating flow in sensor master mode. 
For details of "Power-on" to "Reset cancel", see the item of "Power on sequence" in this section. 
For details of “Standby cancel" until "Wait for image stabilization", see the item of "Standby mode". 
In master mode, “Master mode start” by setting register XMSTA to “0” after “Waiting for internal regulator 
stabilization”. 
“Standby setting (power save mode) can be made by setting the STANDBY register to “1” during “Operation”. 
This time, set "master mode stop" by setting XMSTA to "1". 

 

Power-on

Register settings

Standby cancel
STANDBY=0

Wait for image stabilization

Operation

 INCK input

Master mode start
XMSTA=0

Standby setting
(power save mode)

STANDBY=1

Master mode stop
XMSTA=1Wait for internal regulator stabilization

XVS and XHS output start 

Pin settings

Start

System clear
XCLR pin : Low     High

Register changes
Shutter
Gain
Other  

 
Sensor Setting Flow (Sensor Master Mode) 
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Peripheral Circuit 

Power Pin 

1.0uF 0.1uF

GND

4.7uF

4.7uF0.01uF

10uF0.1uF

GND

10uF 0.1uF

10uF 0.1uF

10uF 0.1uF

GND

Analog
3.3V

Digital
1.8V

0.01uF

VSSLPL2

VDDLPL1

VDDLCN

VSSLCN

VDDLIF

VSSLIF

VSSLSC

VDDLSC

1.0uF 0.1uF

1.0uF 0.1uF

4.7uF 0.1uF

4.7uF 0.1uF

1.0uF 0.01uF

1.0uF 0.01uF

4.7uF0.1uF

4.7uF0.1uF

4.7uF0.1uF

4.7uF0.1uF

GND

Digital
1.2V

VDDHAN

VSSHAN

VDDMIF

VDDHCP

VSSHCP

VDDHPX

VSSHPX

GND

VDDLPL2

VSSLPL1

4.7uF 0.1uF

4.7uF0.1uF

4.7uF0.1uF

4.7uF

4.7uF0.01uF

0.01uF

N3

M3

L12

L11

F12

H12

K12

F11

H11

K11

J4

K4

H3

J3

K3

L3

D4

E4

F4

E9

F9

G9

D3

E3

G3

E10

F10

G10

J6

K6

J7

K7

J5

K5

J8

K8

A7

B7

A8

A9

A10

B8

B9

A4

B4

VDDLCN

VDDLCN

VSSLCN

VSSLCN

VDDLIF

VDDLSC

VDDLSC

VDDLSC

VDDLSC

VSSLSC

VSSLSC

VSSLSC

VSSLSC

VSSLSCVSSLSC

VDDLSC

VSSLIF

VSSLIF

VSSLIF

VDDMIF

VDDMIF

VDDMIF

VSSMIF

VSSMIF

VSSMIF

VSSMIF

VDDHAN

VDDHAN

VSSHAN

 

 

Application circuits shown are typical examples illustrating the operation of the devices. 
Sony cannot assume responsibility for any problems arising out of the use of these circuits or for  
any infringement of third party and other right due to same. 
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Measurement Method for Spot Pixels 

After setting to standard imaging condition II, and the device driver should be set to meet bias and clock voltage 
conditions. Configure the drive circuit according to the example and measure. 
 

1. Black or white pixels at high light 
After adjusting the luminous intensity so that the average value VG of the Gb / Gr signal outputs is 1175 mV, 
measure the local dip point (black pixel at high light, ViB) and peak point (white pixel at high light, ViK) in the Gr / 
Gb / R / B signal output Vi (i = Gr / Gb / R / B), and substitute the value into the following formula. 
 
Spot pixel level D = ((ViB or ViK) / Average value of Vi) × 100 [%] 
 

White pixel

ViK

ViB

Vi (i = R, G, B, VG = 1175 mV )
Black pixel  

 
Signal output waveform of R / G / B channel 

 
2. White pixels in the dark 

Set the device to a dark setting and measure the local peak point of the signal output waveform, using the 
average value of the dark signal output as a reference.  
 

3. Black pixels at signal saturated 
Set the device to operate in saturation and measure the local dip point, using the OB output as a reference. 

 

Level D Vsat (Min = 1210 mV )Black pixel

OB output  
 

Signal output waveform of R / G / B channel 
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Marking 
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Notes On Handling 

  

 1. Static charge prevention 
 Image sensors are easily damaged by static discharge. Before handling be sure to take the following 
 protective measures. 
  (1) Either handle bare handed or use non-chargeable gloves, clothes or material. 
   Also use conductive shoes. 
  (2) Use a wrist strap when handling directly. 
  (3) Install grounded conductive mats on the floor and working table to prevent the generation of static 
   electricity. 
  (4) Ionized air is recommended for discharge when handling image sensors. 
  (5) For the shipment of mounted boards, use boxes treated for the prevention of static charges. 
 
 2. Protection from dust and dirt 
 Image sensors are packed and delivered with care taken to protect the element glass surfaces from 
 harmful dust and dirt. Clean glass surfaces with the following operations as required before use. 
  (1) Perform all lens assembly and other work in a clean environment (class 1000 or less). 
  (2) Do not touch the glass surface with hand and make any object contact with it. 
   If dust or other is stuck to a glass surface, blow it off with an air blower. 
   (For dust stuck through static electricity, ionized air is recommended.) 
  (3) Clean with a cotton swab with ethyl alcohol if grease stained. Be careful not to scratch the glass. 
  (4) Keep in a dedicated case to protect from dust and dirt. To prevent dew condensation, preheat or 
   precool when moving to a room with great temperature differences. 
  (5) When a protective tape is applied before shipping, remove the tape applied for electrostatic 
   protection just before use. Do not reuse the tape. 
 
 3. Installing (attaching) 
  (1) If a load is applied to the entire surface by a hard component, bending stress may be generated 
   and the package may fracture, etc., depending on the flatness of the bottom of the package. 
   Therefore, for installation, use either an elastic load, such as a spring plate, or an adhesive. 
  (2) The adhesive may cause the marking on the rear surface to disappear. 
  (3) If metal, etc., clash or rub against the package surface, the package may chip or fragment and 
   generate dust. 
  (4) Acrylate anaerobic adhesives are generally used to attach this product. In addition, cyanoacrylate 
   instantaneous adhesives are sometimes used jointly with acrylate anaerobic adhesives to hold 
   the product in place until the adhesive completely hardens. (Reference) 
  (5) Note that the sensor may be damaged when using ultraviolet ray and infrared laser for mounting it. 
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 4. Recommended reflow soldering conditions 
 The following items should be observed for reflow soldering. 
  (1) Temperature profile for reflow soldering 

Control item

1. Preheating

2. Temperature up (down)

3. Reflow temperature

4. Peak temperature

Profile (at part side surface)

150 to 180 °C
60 to 120 s

Over 230 °C
10 to 30 s
Max. 5 °C/s

Max. 240 ± 5 °C

+4 °C/s or less (– 6 °C/s or less)

Temperature

Peak 240 ± 5 °C

230 °C

Max. 5 °C/s

– 6 °C/s or less

+4 °C/s 
or less

180 °C

150 °C 10 to 30 s

60 to 120 s

Reflow
Time

Preheating

 
  (2) Reflow conditions 
   (a) Make sure the temperature of the upper surface of the seal glass resin adhesive portion of the 
    package does not exceed 245 °C. 
   (b) Perform the reflow soldering only one time. 
   (c) Finish reflow soldering within 72 h after unsealing the degassed packing. 
    Store the products under the condition of temperature of 30 °C or less and humidity of  
    70 % RH or less after unsealing the package. 
   (d) Perform re-baking only one time under the condition at 125 °C for 24 h. 
  (3) Others 
   (a) Carry out evaluation for the solder joint reliability in your company. 
   (b) After the reflow, the paste residue of protective tape may remain around the seal glass. 
    (The paste residue of protective tape should be ignored except remarkable one.) 
   (c) Note that X-ray inspection may damage characteristics of the sensor. 
 
 5. Others 
  (1) Do not expose to strong light (sun rays) for long periods, as the color filters of color devices will 
   be discolored. 
  (2) Exposure to high temperature or humidity will affect the characteristics. Accordingly avoid storage 
   or use in such conditions. 
  (3) This product is precision optical parts, so care should be taken not to apply excessive mechanical 
   shocks or force. 
  (4) Note that imaging characteristics of the sensor may be affected when approaching strong 
   electromagnetic wave or magnetic field during operation. 

(5) Note that image may be affected by the light leaked to optical black when using an infrared cut 
 filter that has transparency in near infrared ray area during shooting subjects with high luminance. 

 
Material_No.14-0.0.6 
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Package Outline 

(Unit: mm)  

  

Sales: Shenzhen Sunnywale Inc，www.sunnywale.com , awin@sunnywale.com ， Wechat: 9308762
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