SONY

Diagonal 21.63 mm (Type 4/3) CMOS Image Sensor with Square Pixel for Color

IMX294CJK-C

The IMX294CJK-C is a diagonal 21.63 mm (Type 4/3) CMOS image sensor with a color square pixel array and
approximately 10.71 M effective pixels. 12-bit digital output makes it possible to output the signals of approximately
9.07 M effective pixels (approx. 17:9 aspect ratio) with high definition for moving pictures.

It also operates with three power supply voltages: analog 2.9 V, digital 1.2 V, and 1.8 V for I/O interface and achieves
low power consumption.

Furthermore, it realizes 12-bit digital output for shooting high-speed moving pictures by horizontal and vertical
addition and subsampling. Realizing high-sensitivity, low dark current, this sensor also has an electronic shutter
function with variable storage time.

(Application: Surveillance, FA cameras, Industrial cameras)

Features

€ CMOS active pixel type pixels

@ Input clock frequency 6 to 27 MHz (CSI-2), 72 MHz (SLVS-EC)

€ Both MIPI Specifications (CSI-2 high-speed serial interface) and SLVS-EC interface supported
@ Multi-Aspect (approx. 17:9 and 4:3)

@ All-pixel scan mode (approx. 17:9 and 4:3)
Horizontal/vertical 2/2-line binning mode (approx. 17:9 only)
Vertical 2 binning horizontal 2/4 subsampling mode (approx. 17:9 only)
Horizontal/vertical 2/4 subsampling mode (approx. 17:9 and 4:3)
Horizontal/vertical 3/3-line binning mode (approx. 17:9 only)
Vertical 1/3 subsampling horizontal 3 binning mode (approx. 17:9 only)
Vertical 2/9 subsampling binning horizontal 3 binning mode (approx. 17:9 and 4:3)

@ High-sensitivity, low dark current, no smear, excellent anti-blooming characteristics
@ Vertical and horizontal arbitrary cropping function

@ Variable-speed shutter function (minimum unit: 1 horizontal period)
4 Low power consumption

4 High dynamic range (HDR) function

@ H driver, V driver and serial communication circuit on chip

@ CDS/PGA on chip: Gain +27 dB (step pitch 0.1 dB)

@ 10-bit/12-bit/14-bit A/D conversion on chip

@R, G, B primary color mosaic filters on chip (Quad Bayer structure)
@ All-pixel simultaneous reset supported

@ 248-pin high-precision ceramic package

Sony Semiconductor Solutions Corporation reserves the right to change products and specifications without prior notice.

This information does not convey any license by any implication or otherwise under any patents or other right.

Application circuits shown, if any, are typical examples illustrating the operation of the devices. Sony Semiconductor Solutions
Corporation cannot assume responsibility for any problems arising out of the use of these circuits.
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Device Structure

€ CMOS image sensor (Quad Bayer structure)
Quad Bayer structure is constructed of 4 same color pixels into which 1 pixel of bayer pixel array is divided as
following figure.
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Quad Bayer Structure

HDR function is available by dividing exposure time in the 4 same color pixels into long exposure pixels and short
exposure pixels.

When normal operation, 4 same color pixels are added and made 1 pixel, and output as bayer pixel array.

In addition, a group of divided 4 same color pixels is defined as 1 pixel unit in this product specification.

€ Image size
Diagonal 21.63 mm (Type 4/3) Multi-Aspect (Aspect ratio 4:3 and approx. 17:9)

@ Total number of pixels

- Aspect ratio approx. 17:9
- Aspect ratio 4:3

@ Number of effective pixels
- Aspect ratio approx. 17:9
- Aspect ratio 4:3

@ Number of active pixels
- Aspect ratio approx. 17:9
- Aspect ratio 4:3

€ Number of recommended recording pixels

- Aspect ratio approx. 17:9
- Aspect ratio 4:3

@ Chip size

14200 (H) x 2184 (V) approx
: 3840 (H) x 2840 (V) approx

14168 (H) x 2176 (V) approx
13792 (H) x 2824 (V) approx

14120 (H) x 2168 (V) approx
1 3728 (H) x 2814 (V) approx

14096 (H) x 2160 (V) approx
: 3704 (H) x 2778 (V) approx

24.553 mm (H) x 20.013 mm (V) (include scribe area)

@ Unit cell size
4.63 uym (H) x 4.63 uym (V)

@ Optical black

Horizontal (H) direction : Front O pixel, rear O pixel

Vertical (V) direction

@ Substrate material
Silicon

: Front 16 pixels, rear 0 pixel

. 9.17 M pixels
. 10.91 M pixels

. 9.07 M pixels
.10.71 M pixels

. 8.93 M pixels diagonal 21.56 mm
. 10.49 M pixels diagonal 21.63 mm

. 8.85 M pixels
. 10.29 M pixels
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Optical Black Array and Readout Scan Direction

(Top View)

AAL

Object Lens

Al (1PIN)

™ Optical Black

AA20 >

CMOS Image Sensor

A20

Vertical direction normal readout

Vertical direction inversion readout

Note) Arrows in the figure indicate scanning direction during normal readout in the vertical direction.

Optical Black Array and Readout Scan Direction
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Absolute Maximum Ratings

Item Symbol Ratings Unit
Supply voltage (Analog) Vaop -0.3t0 +3.3
Supply voltage (Digital 1) Vbbb —-0.5t0 +2.0 Y,
Supply voltage (Digital 2) Voop2. —-0.5t0 +3.3 Y,
Supply voltage (Digital 3) Voops' ~0.5t0 +2.0 Y,
Input voltage (Digital) \/ —0.3to Vppp2 + 0.3 \%
Output voltage (Digital) Vo —0.3t0 Vppp2 + 0.3 \%
Guaranteed operating temperature Torr -10to +75 °‘C
Storage guarantee temperature Tste -30 to +80 °C
Performance guarantee temperature Tspec —10 to +60 °C

Recommended Operating Conditions

Item Symbol Rating Unit
Supply voltage (Analog) Vaop 29+01
Supply voltage (Digital 1) Voop1 1.2+0.1 Y,
Supply voltage (Digital 2) Voop2 ° 1.8+0.1 Y,
Supply voltage (Digital 3) Voopa 1.2+0.1 Y,
Input voltage (Digital) \/ —0.1to Vpppz2 + 0.1 \%

1
*2
*3
*4

Vapp: VooSUB, VppHCM, VppHPX, VopHDA, VppHCP (2.9 Vv power supply)

Vpop1: VooLCN, VppLCM, VppLSC, VppLSA, VppLPL (1.2 Vv power supply)

Voop2: VooMIO, VppMPX (1.8 V power supply)
Voops: VooLPLA, VppLPLD, VppLIF (1.2 V power supply)
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USE RESTRICTION NOTICE

This USE RESTRICTION NOTICE ("Notice") is for customers who are considering or currently using the
image sensor products ("Products") set forth in this specifications book. Sony Semiconductor Solutions
Corporation ("SSS") may, at any time, modify this Notice which will be available to you in the latest
specifications book for the Products. You should abide by the latest version of this Notice. If a SSS
subsidiary or distributor has its own use restriction notice on the Products, such a use restriction notice will
additionally apply between you and the subsidiary or distributor. You should consult a sales representative of
the subsidiary or distributor of SSS on such a use restriction notice when you consider using the Products.

Use Restrictions

e The Products are intended for incorporation into such general electronic equipment as office products,
communication products, measurement products, and home electronics products in accordance with
the terms and conditions set forth in this specifications book and otherwise notified by SSS from time
to time.

e You should not use the Products for critical applications which may pose a life- or injury-threatening
risk or are highly likely to cause significant property damage in the event of failure of the Products. You
should consult your sales representative beforehand when you consider using the Products for such
critical applications. In addition, you should not use the Products in weapon or military equipment.

e SSS disclaims and does not assume any liability and damages arising out of misuse, improper use,
modification, use of the Products for the above-mentioned critical applications, weapon and military
equipment, or any deviation from the requirements set forth in this specifications book.

Design for Safety

e SSS is making continuous efforts to further improve the quality and reliability of the Products; however,
failure of a certain percentage of the Products is inevitable. Therefore, you should take sufficient care
to ensure the safe design of your products such as component redundancy, anti-conflagration features,
and features to prevent mis-operation in order to avoid accidents resulting in injury or death, fire or
other social damage as a result of such failure.

Export Control

e If the Products are controlled items under the export control laws or regulations of various countries,
approval may be required for the export of the Products under the said laws or regulations.
You should be responsible for compliance with the said laws or regulations.

No License Implied

e The technical information shown in this specifications book is for your reference purposes only. The
availability of this specifications book shall not be construed as giving any indication that SSS and its
licensors will license any intellectual property rights in such information by any implication or otherwise.
SSS will not assume responsibility for any problems in connection with your use of such information or
for any infringement of third-party rights due to the same. It is therefore your sole legal and financial
responsibility to resolve any such problems and infringement.

Governing Law

e This Notice shall be governed by and construed in accordance with the laws of Japan, without reference
to principles of conflict of laws or choice of laws. All controversies and disputes arising out of or relating
to this Notice shall be submitted to the exclusive jurisdiction of the Tokyo District Court in Japan as the
court of first instance.

Other Applicable Terms and Conditions

e The terms and conditions in the SSS additional specifications, which will be made available to you when
you order the Products, shall also be applicable to your use of the Products as well as to this
specifications book. You should review those terms and conditions when you consider purchasing
and/or using the Products.

General-0.0.9
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Optical Center
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Optical Center
Pin Configuration
A B C D E F G H J K L M N P R T u \ w Y AA
20 VooLSC ~ VooLCM  VooLCN [RL(HE: NC8 NC 8 VooLSC VooLCN ~ VooLCM  VooLSA 20
NC 6 NC_13
19 VssLSC  VssLCM  VssLCN NC 8 NC_8 NC_8 VssLSC VssLCN ~ VssLCM  VssLSA 19
18 NC 5 NC 5 NC 5 NC 5 NC 5 mm 18
17 NC_4 NC_4 NC_5 NC_5 NC_5 NC_5 VooHCM VooSUB  VooHPX SIS VooMIO 17
16 NC.4 NC 4 VooHDA VssLSC | VooLSC [T
15 NC_4 NC_4 VooMPX NC_11 DOM7 DOP7 15
14 NC_4 NC_4 NC_11 | DOM6 | DOP6 14
13 NC_4 NC_4 DOMS5 DOPS 13
12 NC_4 NC_4 VooLIF 38 DOM4 | DOP4 12
DOM3 DOP3
1 NG 4 NC 4 VRLT T O P V I E W AL E oo | ovose [ 11
. DOM2 DOP2
10 NC_3 NC_3 VssHPX [BE VooLIF  VssLIF /DMO2M | /DMO2P 10
9 NC_3 NC_3 A\E D@ VRLT RD VooLPLA VssLPLA DG DCKP 9
8 NC3 | NC3 | VsstDA [VZLDN VooLPLD VssLPLD /'g%':M /SSZ}P 8
DOMO DOPO
7 | Nes | Nes | vssicp (R mm /omosm | /omoze | 7
6 NC_3 NC_3 VooMPX VooLPL  VssLPL ~ VssLSC ~ VooLSC 6
5 NC3 NC3 m VssLPLD 5
4 NC_3 NC_3 NC_2 NC_2 NC_2 VooHCM BLGR LV} NC_10 NC_10 NC_10 VooSUB  VooHPX 4
3 NC_2 NC_2 NC_2 NC_2 NC_2 NC_10 NC_10 NC_10 NC_10 3
2 VssLSC  VssLCM  VssLCN NC_7 NC_7 NC_7 VssLSC NC 9 NC 9 NC 9 NC 9 VssLCN ~ VssLCM 2
NC_1
1 VooLSC  VooLCM  VooLCN NC_7 NC_7 NC_7 VooLSC NC9 NC9 NC9 NC9 NC 9 VooLCN  VooLCM  VooLSA 1
A B C D E F G H J K L M N P R T u Vv w Y AA

The pin whose name is changed by which using CSI-2 or SLVS-EC is assigned both names.
NC pins whose NC_** number is same are connected in the package.

Pin Configuration
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Pin Description

Pin Symbol 1/0 A/ID Pin description Statein Remarks

No. Standby mode

C4 VssHPX GND A Analog GND (2.9 V) —

C5 VLOADCMSF O A Capacitor connection

C6 VssHPX GND A Analog GND (2.9 V) —

C7 VssHCP GND A Analog GND (2.9 V) —

C8 VssHDA GND A Analog GND (2.9 V) —

C9 VssHPX GND A Analog GND (2.9 V) —

C10 | VssHPX GND A Analog GND (2.9 V) —

C11 | VssHPX GND A Analog GND (2.9 V) —

C12 | VssHPX GND A Analog GND (2.9 V) —

Cl4 VBGR2 O A Capacitor connection

C15 | VssHPX GND A Analog GND (2.9 V) —

C1l6 VLOADCMSF O A Capacitor connection

C17 | VssHPX GND A Analog GND (2.9 V) —

D1 VppLSC Power D Digital power supply (1.2 V) —

D2 VssLSC GND D Digital GND (1.2 V) —

D4 VppHPX Power A Analog power supply (2.9 V) —

D5 VLOADLM O A Capacitor connection

D6 VpopoMPX Power D (Digital power supply (1.8 V)) — Leave open.'
(No connection)

D7 VppHCP Power A Analog power supply (2.9 V) —

D8 VppHDA Power A Analog power supply (2.9 V) —

D9 VRLT_RD (0] A Capacitor connection Pull-down

D10 | VRLS (0] A Capacitor connection Pull-down

D11 | VRLT (0] A Capacitor connection Pull-down

D12 | TEST1 o A Test Hi-Z Leave open.'
(No connection)

D13 VEXRES2 (¢] A Resister connection Hi-Z

. Leave open.

D14 | TEST2 o A Test Hi-Z )
(No connection)

D15 VpopoMPX Power D (Digital power supply (1.8 V)) — Leave open.'
(No connection)

D16 VLOADLM O A Capacitor connection

D17 VppHPX Power A Analog power supply (2.9 V) —

D19 | VssLSC GND D Digital GND (1.2 V) —

D20 VppLSC Power D Digital power supply (1.2 V) —

E1l VppLCM Power D Digital power supply (1.2 V) —

E2 VssLCM GND D Digital GND (1.2 V) —

E4 VppSUB Power A Analog power supply (2.9 V) —

E17 VppSUB Power A Analog power supply (2.9 V) —

E19 | VssLCM GND D Digital GND (1.2 V) —

E20 VppLCM Power D Digital power supply (1.2 V) —

F1 VppLCN Power D Digital power supply (1.2 V) —

F2 VssLCN GND D Digital GND (1.2 V) —

F19 VssLCN GND D Digital GND (1.2 V) —

F20 VppLCN Power D Digital power supply (1.2 V) —

K1 VppLSC Power D Digital power supply (1.2 V) —

K2 VssLSC GND D Digital GND (1.2 V) —

K19 | VssLSC GND D Digital GND (1.2 V) —

K20 VppLSC Power D Digital power supply (1.2 V) —

L3 VssHCM GND A Analog GND (2.9 V) —

L4 VppHCM Power A Analog power supply (2.9 V) —

L17 VppHCM Power A Analog power supply (2.9 V) —

10
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Pin Symbol 110 A/ID Pin description State in Remarks
No. Standby mode
L18 | VssHCM GND A | Analog GND (2.9 V) —
Serial communication enable input — When using SLVS-EC
L19 XCE | D -
Connect to 1.8 V power supply — When using CSI-2
| D Vertical sync signal input — When using SLVS-EC
L20 XVS ' ' When using CSI-2
(@) D Vertical sync signal output — If unused XVS, leave
open.
Leave open.
M19 TEST3 | D Test Pull-down .
(No connection)
Leave open.
M20 SDO (@) D Test output Low Level )
(No connection)
N19 | TEST4 | D Test — Leave open..
(No connection)
| D Horizontal sync signal input — When using SLVS-EC
N20 XHS . . When using CSI-2
(0] D Horizontal sync signal output — If unused XHS, leave
open.
P19 XCLR | D Reset pulse input —
P20 SCK | D Serial communication clock input — When using SLVS-EC
SCL | D I°C communication clock input — When using CSI-2
R19 | TEST5 o D TEST Low Level Leave open..
(No connection)
R20 SDI | D Serial communication data input — When using SLVS-EC
SDA 1/0 D I°C communication data input/output — When using CSI-2
T1 VppLCN Power D Digital power supply (1.2 V) —
T2 VssLCN GND D Digital GND (1.2 V) —
T19 | VssLCN GND D Digital GND (1.2 V) —
T20 VppLCN Power D Digital power supply (1.2 V) —
Ul VppLCM Power D Digital power supply (1.2 V) —
U2 VssLCM GND D Digital GND (1.2 V) —
U4 VppSUB Power A Analog power supply (2.9 V) —
Ul7 | VppSUB Power A Analog power supply (2.9 V) —
Ul9 | VssLCM GND D Digital GND (1.2 V) —
U20 | VppLCM Power D Digital power supply (1.2 V) —
V1 VppLSA Power D Digital power supply (1.2 V) —
V2 VssLSA GND D Digital GND (1.2 V) —
V4 VppHPX Power A Analog power supply (2.9 V) —
V6 VppLPL Power D Digital power supply (1.2 V) —
V8 VppLPLD Power D Digital power supply (1.2 V) —
V9 VppLPLA Power D Digital power supply (1.2 V) —
V10 VppLIF Power D Digital power supply (1.2 V) —
Vil VppLIF Power D Digital power supply (1.2 V) —
V12 VppLIF Power D Digital power supply (1.2 V) —
V14 | VEXRES1 O A Resister connection Hi-Z
V15 VBGR1 (0] A Capacitor connection Hi-Z
V16 VppHDA Power A Analog power supply (2.9 V) —
V17 VppHPX Power A Analog power supply (2.9 V) —
V19 | VssLSA GND D Digital GND (1.2 V) —
V20 VppLSA Power D Digital power supply (1.2 V) —
W4 VssHPX GND A Analog GND (2.9 V) —

11
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Pi State i
" Symbol 110 A/ID Pin description aein Remarks
No. Standby mode
When using SLVS-EC
(Pin for 1’c communication) — Leave open.
W5 SLASEL I D .
(No connection)
Slave address control Pull-up When using CSI-2
W6 | VesLPL GND D | Digital GND (1.2 V) —
W8 | VgsLPLD GND D | Digital GND (1.2 V) —
W9 | VesLPLA GND D | Digital GND (1.2 V) —
W10 | VssLIF GND D | Digital GND (1.2 V) —
W11 | VssLIF GND D | Digital GND (1.2 V) —
W12 | VssLIF GND D | Digital GND (1.2 V) —
W16 | VssHDA GND A | Analog GND (2.9 V) —
W17 | VssHPX GND A | Analog GND (2.9 V) —
Leave open.
Y4 TEST6 (@) D Test Low Level .
(No connection)
Y5 | VssLPLD GND D | Digital GND (1.2 V) —
Y6 | VssLSC GND D | Digital GND (1.2 V) —
DOMO O D Digital SLVS-EC output Hi-Z When using SLVS-EC
Y7 . When using CSI-2
DMO3M (@) D Digital MIPI output Low Level .
Data Lane 3 connection
DOM1 (0] D Digital SLVS-EC output Hi-Z When using SLVS-EC
Y8 When using CSI-2
DMO1M 0 D | Digital MIPI output Low Level using .
Data Lane 1 connection
When using SLVS-EC
(Pin for CSI-2) Leave open.
Y9 DCKM (@) D (No connection)
. When using CSI-2
Digital MIPI output Low Level
9l vipd eV Clock Lane connection
DOM2 D Digital SLVS-EC output Hi-Z When using SLVS-EC
Y10 When using CSI-2
DMO2M D | Digital MIPI output Low Level using .
Data Lane 2 connection
DOM3 D Digital SLVS-EC output Hi-Z When using SLVS-EC
Y11 When using CSI-2
DMO4M 0 D | Digital MIPI output Low Level using .
Data Lane 4 connection
Digital SLVS-EC output Hi-Z When using SLVS-EC
V12 DOM4 o D . When using CSI-2
(Pin for SLVS-EC) Leave open.
(No connection)
Digital SLVS-EC output Hi-Z When using SLVS-EC
Y13 DOMS o D When using CSI-2

(Pin for SLVS-EC)

Leave open.
(No connection)

12
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Pi State i
" Symbol 110 A/ID Pin description aein Remarks
No. Standby mode
Digital SLVS-EC output Hi-Z When using SLVS-EC
Y14 DOMS6 o D ' When using CSI-2
(Pin for SLVS-EC) Leave open.
(No connection)
Digital SLVS-EC output Hi-Z When using SLVS-EC
Y15 DOM?7 o D ' When using CSI-2
(Pin for SLVS-EC) Leave open.
(No connection)
Y16 | VssLSC GND D Digital GND (1.2 V) —
Leave open.
AA4 | TEST7 o D Test Low Level Ve op )
(No connection)
AA5 INCK | D Input clock —
AA6 | VppLSC Power D Digital power supply (1.2 V) —
DOPO (0] D Digital SLVS-EC output Hi-Z When using SLVS-EC
AAT7 When using CSI-2
DMO3P 0 D | Digital MIPI output Low Level using
For Data Lane 3
DOP1 (0] D Digital SLVS-EC output Hi-Z When using SLVS-EC
AA8 When using CSI-2
DMO1P 0 D | Digital MIPI output Low Level using
For Data Lane 1
When using SLVS-EC
(Pin for CSI-2) Leave open.
AA9 DCKP (@) D (No connection)
. When using CSI-2
Digital MIPI output Low Level For Clock Lane
DOP2 O D Digital SLVS-EC output Hi-Z When using SLVS-EC
AA10 . When using CSI-2
DMO2P O D Digital MIPI output Low Level
For Data Lane 2
DOP3 O D Digital SLVS-EC output Hi-Z When using SLVS-EC
AAl1l . When using CSI-2
DMO4P O D Digital MIPI output Low Level
For Data Lane 4
Digital SLVS-EC output Hi-Z When using SLVS-EC
AAL2 | DOP4 o D ' When using CSI-2
(Pin for SLVS-EC) Leave open.
(No connection)
Digital SLVS-EC output Hi-Z When using SLVS-EC
AAL3 | DOPS o D ' When using CSI-2
(Pin for SLVS-EC) Leave open.
(No connection)
Digital SLVS-EC output Hi-Z When using SLVS-EC
AA14 | DOPG o D . When using CSI-2
(Pin for SLVS-EC) Leave open.
(No connection)
Digital SLVS-EC output Hi-Z When using SLVS-EC
AAL5 | DOP7 o D . When using CSI-2
(Pin for SLVS-EC) Leave open.
(No connection)
AA16 | VppLSC Power D Digital power supply (1.2 V) —
AA17 | VppMIO Power D Digital power supply (1.8 V) —

13
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I/O Equivalent Circuit Diagram

Symbol Equivalent circuit
VppLSC "
VppMIO
VppSUB
VssLSC
VopSUB VppLSC VopoMIO
*1 *1 *1
VSSLSC
VssLSC1 and VssLSC?2 are internally connected.
*1
VppLCN
VssLCN
VssLCN
*1
VppLPL
VssLPL
VppLPL
VssLPL P|"
*1
VppLPLA
VssLPLA
VopLPLA VppLPLD
VssLPLA 1
VssLPLD E

U External pins

14
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Symbol Equivalent circuit
*1
VppLPLD
VssLPLD
*1
VppLIF
VssLIF
VppLIF
*1
VssLIF P
VssLIF1 and VssLIF2 are internally connected.
VopHPX *1 *1 *1
VpopMPX
VssLCM VssHCM VssHPX
VppHPX VppHCM
VssHPX E *1
VopHCM " t
VssHCM VssHPX
VppHPX
VssHCM
*1
VppHDA
VssHDA
VssHDA

U External pins

15
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Symbol Equivalent circuit
*1
VopHCP
VssHCP
VssHCP
VppLCM b *
VesLCM VssHPX
VpoLCM
VssLCM 1
*1
VooLSA
VssLSA
Vool SA
VssLSA P|"
VppHCP VopoHPX
VRLT i i
VRLT_RD
VRLS D
VooMIO
VpoMIO
INCK )/‘
XCE j7ﬂ\| N\ ]
VssLPLD
VgsLPLD

16
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Symbol

Equivalent circuit

XVS
XHS

VDDM'O VDDMIO
VppMIO

VssLSC

VssLSC
VppMIO

vily

VssLSC

SDI/SDA
SCK/SCL

VppMIO

VssLSC  VssLSC

SLASEL

VppMIO VppMIO

VssLSC

XCLR

VppMIO

VssLSC
VssLSC

VppLSC

VssLSC

[ External pins

17
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Symbol Equivalent circuit
VpopHDA
VEXRES1
VEXRES2
VBGR1 EI
VBGR2
VssHDA
VpopHPX
VLOADLM
VLOADCMSF EI
VssHPX
% VppLIF
_| _| %VDDLIF
DMOXxP DMOXP
DMOxM VpoLIF DCKP
(x=1to4)
DCKP VsstIF DMOXM
DCKM % DCKM
—| —| VgsLIF
VssLIF
VppLIF
_({ ‘CI %VDDL”:
[ ] popx
DOPx VppLIF
DOMXx
(x=0to7) VssLIF
D DOMx
—| —| vssujf
VssLIF

18
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Description of Special Symbol

Symbol

Equivalent circuit

pr;ld

o]
1

19

IMX294CJK-C



IMX294CJK-C

SONY

Peripheral Circuit

03-SAS Joj LaueT ered :ZINOA '2dOd -
D3-SAS 40} 98ueT Bled :9NOQA '9d0d -
03-SAS Jo} GaueT eleq :SWOQ 'SdOA -
03-SATS Joj yaueT ered :yINOA ‘vdOd -
D3-SAIS 10} €aueT Bled :€INOQA ‘€dOd -
03-SAIS Jo} gaueT eleq :2NOA '2dOd -
03-SA1S Joj TaueT ered :TINOA ‘'TdOd -

"(A8°T)?P99A 0} pal 8q ued XdINIA T«

23-SATS 40} 0aUET B1Eq 0NOA ‘0d0d - ﬁ_b =
JSUeTINAINO O3GATS < U
pUe sWeN Uld Usamiaq digsuoneey n_b o %
2-I1SD 10} yaue eled ‘WrOWa ‘dvowa- M
Z-1SD Ioj gaue] Bled :NEONA 'dEOWd - C) o 9
2-1SO 10} ZaueT eled INZOWA ‘dZONd - ~y - E
Z-1S0 o} ToUET BlRA INTOWA 'dTONd - N O H -
BETINANO IS0 IdN  Z & ° e
I A
N
0= AUOOISATS A0 Z-1SO IdIN
uowiwoD &
L & TEEE LTk
=) =) o-Lh Liv =Ll = N
TCS TS TC <€ T cTCT le] 0
m m m|m m m m I+ I+
a [6;}
ﬂ s X
N I X X X X DJ X X DJ XM X X I DI DXDJ D
< < < < s Brol < < < < < | < < < |I<|<|I< <| < < < < <
a8 8 8 8 Z [B50]49 @ 8 @ gl ) ~ (DD | B @ o m| |m @
[ - - - Q PL3I- - I - ol|lx o T |=|r |- O ® T X x T
T T T T A k= wn % @) @] > 10 > |44 | o o 4 Ry 0
- C - >% Ol A > z =2 o o < | Nl = > m m o
v} > 20 S = T ul |n
T o
I = < < o N [
@nm p do
o d | |(av) || 2 _
#d0d I -
= Joln
‘d#OWa 1d T N_hmhuma_m_
‘dMoa \_ L
< sn selg
M W X1 # o607 A Smm_”_ -/ Ja)unod IAA_'ﬁnaOo ——ror—— i
. #NOd /_ ----\ﬁ‘_._@----lcmow
E#OED < rardextge Lttt A ovd
AMOa_| ERE RN -
s s < <
< g g| |s T |2 g s g g g £ 5 )
g o o 2 z = = = = I £ I T Ih
Ly - C o] = [%2) (%] 0 (@] (@] T T o OcC
m o > - (] (e} > z < < x x > oW
bl bl MK X X X bl bl X 2l \1 2l 2l X X
Il ] 4
T«
T3.T3TS $3T ¢ T 43T 43T T4 T T Ty I447T
o8 |8 |k 8 S & = =) = o N o o ~ o = =
c S c S c S S c = =y c oy c c c = c f= [y =
ms Mm-S ms S TN m m M m T T m m m m m m
il il il T \ 4
AT A8'T AT N6'C
€aaap zaaap TAQap AavA

Peripheral Circuit

20



SONY

IMX294CJK-C

System Outline

When using CSI-2

INCK
XCLR

SCL

SDA
SLASEL

DCKP/M
DMO1P/M
DMO2P/M
DMO3P/M
DMO4P/M

XVS

XHS

XCE

DOP#
DOM#

CMOS Image Sensor

4

A

A A A

A 4

VVVYVYY

Open
Open

When using SLVS-EC

I°C for setting
registers

Data Clock
Data Lanel
Data Lane2
Data Lane3
Data Lane4

MIPI
CSI-2

These signals are
optional.

Camera DSP

* 12C communication only can be used when using MIPI CSI-2

System Outline When Using CSI-2

INCK
XCLR
XVS
XHS

SCK

XCE

DOPO/DOMO —— | Data Lane0

DOP7/DOM7 : »| Data Lane?

DCKP/M | Open
DMO#P/M | Open

CMOS Image Sensor

]

SDI

A|| AAAA

XHS and XVS input
are necessary

3 wire signal for
setting registers

] SLVS-EC

Camera DSP

* 3-wire serial communication only can be used when using SLVS-EC

* Sensor Slave operation only

System Outline When Using SLVS-EC
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Electrical Characteristics when using CSI-2

1. DC Characteristics (CSI-2)
Current Consumption and Gain Variable Range (CSI-2)

(VADD =3.0 V, Vpop1 = 1.3 V, Vpop2 = 1.9 V, Vpopz = 1.3 V, Tj =60 oC, Reference Gain (0 dB)
Aspect ratio 4:3, modeO(All pixel scan mode, AD 14bit), 24 frame/s)

Item Symbol Min. Typ. Max Unit Remarks
Current consumption (Analog) lapD — — 187 mA
Current consumption (Digital 1) lobp1 — — 396 mA
Current consumption (Digital 2) lopbp2 — — 1 mA
Current consumption (Digital 3) lobpa — — 36 mA
Standby current (Analog) laDDSTE — — 190 MA In the dark
Standby current (Digital 1) IbbpisTe — — 25 mA In the dark
Standby current (Digital 2) lbbp2sTe — — 20 MA In the dark
Standby current (Digital 3) IbbpasTe — — 4 mA In the dark
PGA gain variable range PGAG 0 — 27 dB

Supply Voltage and 1/O Voltage (CSI-2)

Iltem Pins Symbol Min. Typ. Max. Unit
VpopSUB,
VppHCM,
Analog VppHPX, Vapp 2.80 2.90 3.00 \Y
VppHDA,
VppHCP
VppLCN,
VppLCM,
Supply | pigital 1 | VopLSA, Voot 1.10 1.20 1.30 Vv
voltage VopLSC,
VppLPL
- VpopMIO,
Digital 2 VooMPX VppD2 1.70 1.80 1.90 \Y
VopLPLA,
Dlglta| 3 VppoLPLD, VpbD3 1.10 1.20 1.30 V
VppLIF
SDA, ViH1 0.7 % Vppp2 — Vpopz2 + 0.1 \%
SCL _ _
Digital input Viey 0.1 0.3xVpppz |V
voltage XCLR, e 0.7 X Vppp2 — Voopz + 0.1 v
INCK
SLASEL VL2 -0.1 —_— 0.3 x Vppp2 Vv
Digital output XHS,
voltage XVS. Vhvout — Vbpp2 — \

22
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2. AC Characteristics (CSI-2)

INCK, XCLR (CSI-2)

IMX294CJK-C

- l/fINCK »
0.7 x Vppp2 -
INCK 0.5 x Vpppz
0.3 x VDDDZj
XCLR
-~
tlow
INCK, XCLR (CSI-2)
Item Symbol | Min. Typ. Max. Unit Remarks
INCK clock frequency finck — 27 MHz
INCK Low level pulse width twl — — ns
INCK High level pulse width twh 5 — — ns
Clock duty — 40 50 60 % Criteria is 0.5 X Vppp2
XCLR Low level pulse width tLow 100 — — ns
XHS, XVS (Output) (CSI-2)
E" ““““““““““““““ txvs ———=——m-mmmmmmmm >
XVS
*---= txvs ---- >i
|
. >
XHS
-
tixHs
XHS, XVS Output (CSI-2)
Item Symbol Min. Typ. Max. Unit Remarks
XHS Low level pulse width tixHs 222 ns 16 clk@72MHz
XHS pulse period texHs HMAX™ clk@72MHz
XVS Low level pulse width tixvs tpxHs clk@72MHz
XVS pulse period tpxvs HMAX™ x VMAX™ clk@72MHz

" The value set as HMAX (address 30ACh, bit [7:0] and address 30ADh, bit [7:0])
2 The value set as VMAX (address 30A9h, bit [7:0], address 30AAh, bit [7:0] and address 30ABh, bit [3:0]).
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I°C Communication (CSI-2)

Start Repeated Stop
condition Start condition
condition
V|H - X\ -~"~—~"—"~¥F - -~ =\rFr = =7
SDA
V||_/VO|_ I W A BN
VIH T
SCL
ViL---

tHp;sTA tsu;sTo

I°C Communication (CslI-2)

1°c Specification

Item Symbol Min. Typ. Max. Unit Remarks
Low level input voltage Vi -0.1 — 0.3xVppp2 | V
High level input voltage Viu |0.7 X Vppp2| — Vopp2 +0.1 | V
Low level output voltage VoL 0 — 0.2xVpppz2| V  |Vobp2<2V, Sink3mA
Output fall time tof — — 250 ns I6.07a()j< \1/?);5 :8 g%oxp\':/’DDDz
Input current li -10 — 10 MA 0.1 x Vppp2 t0 0.9 X Vppp2
(SCL, SDA, XCLR, INCK)
Input capacitance of .
SCL/SDA c o o 10 PF
I°C AC Characteristics
Item Symbol Min. Typ. Max. Unit
SCL clock frequency fscL 0 — 400 kHz
Hold time (Start Condition) tHD:sTA 0.6 — — us
Low period of the SCL clock tLow 1.3 — — ps
High period of the SCL clock tHiGH 0.6 — — us
Set-up time (Repeated Start Condition) tsu:sta 0.6 — — ps
Data hold time tHD:DAT 0 — 0.9 us
Data set-up time tsu:paT 100 — — ns
Rise time of both SDA and SCL signals tr — — 300 ns
Fall time of both SDA and SCL signals ts — — 300 ns
Set-up time (Stop Condition) tsu:sto 0.6 — — us
Bus free time between a STOP and START Condition taur 1.3 — — ps

DCKP / DCKM, DMO (CSI-2)

Detailed explanation of CSI-2 interface is in following two documents, "MIPI Alliance Standard for Camera Serial
Interface2 (CSI-2) Version 1.2" and "MIPI Alliance Specification for D-PHY Version 1.2".
Four data output Lanes are applied from MIPI Alliance Standard for Camera Serial Interface2 (CSI-2) Version 1.2.
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Electrical Characteristics When Using SLVS-EC
1. DC Characteristics (SLVS-EC)
Current Consumption and Gain Variable Range (SLVS-EC)
(VADD =3.0 V, Vpop1 = 1.3 V, Vpop2 = 1.9 V, Vpopz = 1.3 V, Tj =60 0C, Reference Gain (0 dB)
Aspect ratio 4:3, modeO(All pixel scan mode, AD 14bit), 24 frame/s)
Iltem Symbol Min. Typ. Max Unit Remarks
Current consumption (Analog) lapD — — 187 mA
Current consumption (Digital 1) lobp1 — — 490 mA
Current consumption (Digital 2) Iobp2 — — 1 mA
Current consumption (Digital 3) lobps — — 69 mA
Standby current (Analog) laDDSTB — — 190 MA In the dark
Standby current (Digital 1) lbbpisTe — — 25 mA In the dark
Standby current (Digital 2) Ibbp2sTe — — 20 MA In the dark
Standby current (Digital 3) lobpasTe — — 4 mA In the dark
PGA gain variable range PGAG 0 — 27 dB
Supply Voltage and I/0 Voltage (SLVS-EC)
Item Pins Symbol Min. Typ. Max. Unit Remarks
VppSUB,
VppHCM,
Analog VopHPX, VapD 2.80 2.90 3.00 \Y
VppHDA,
VppHCP
VppLCN,
VppLCM,
Supply | Digital 1 | VooLSA, Voob1 1.10 1.20 1.30 \Y
voltage VppLSC,
VppLPL
. VppMIO,
Digital 2 VooMPX VbpD2 1.70 1.80 1.90 Vv
VppLPLA,
Digital 3 | VppLPLD, Vppps 1.10 1.20 1.30 \Y,
VppLIF
Digital input YCLR. INCK Vik 0.7 x Voopz _ Voopz + 0.1 v
voltage , ) _ —
SCK, SDI, XCE, |Vt 01 0.3 % Vooz | V
Digital input XHS, XVS (Vi=-0.1to
leakage current I -1.0 - 10 MA | Voos + 0.1 V)
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SLVS-EC Output DC Characteristics (SLVS-EC)

The characteristics of the TX of SLVS-EC are defined in the characteristic at the output pin of the package as shown
in the figure below.

———
>l |

Interconnect
X RX

Definition of the characteristics of SLVS-EC (SLVS-EC)

The details about the SLVS-EC, please refer to the "SLVS-EC Specification".

Item Pins Item Symbol Min. Typ. Max. Unit
Differential
DC Voltage VDIF_DC_TX 160 — 280 mV
Digital Common
DOPO to 7, VCM_TX 160 — 260 mV
\f)oulgggé DOMO to 7 Mode Voltage
Single-ended
Output RSED_TX 30 — 60 Q
Resistance
DOMO to 7

DOPO to 7

DC output for TX of SLVS-EC (SLVS-EC)
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2. AC Characteristics (SLVS-EC)
INCK, XCLR, XVS (input), XHS (input) (SLVS-EC)

finek

<
-

0.7 X Vpppz -

INCK 0.5 % Vppp2 —

0.3 x VDDDzj

XVS XCLR

\4 »\

! tlow ! ! !

| tlow
XHS |

|

\‘ > b\

i theoLy | Low i

-

1 throLY 1

INCK, XCLR, XVS (input), XHS (input) (SLVS-EC)

Item Symbol Min. Typ. Max. Unit Remarks
INCK clock frequency finek — 72.0 — MHz
INCK Low level pulse width twil 5 — — ns
INCK High level pulse width twh 5 — — ns
Clock duty — 40 50 60 % Criteria is 0.5 X Vppp2
Phase noise (100 kHz) PN100K — — -135 dBc/Hz
Phase noise (1 MHz) PN1M — — -140 dBc/Hz
Clock frequency error FERR -300 — 300 ppm
XVS Low level pulse width tLow Affinck — 12/finck us
XHS Low level pulse width tLow A/finek — 12/finek us
XVS fall = XHS fall width tHEDLY 0 — — ps
XVS fall = XHS rise width tHRDLY A/finek — 12/finek us
XCLR Low level pulse width tLow 100 — — ns
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Serial Communication

Serial Control Interface Timing

tSIXCE tHIXCE
"
XCE
tWHXCE

1/fsck

sc N /SN

tHI

SDI DATA * DATA >< DATA ><

tsi

Serial Communication Characteristics (SLVS-EC)

Iltem Symbol Min. Typ. Max. Unit
SCK clock frequency fsck — — 36 MHz
SDI input setup time tsi 7 — — ns
SDI input hold time thi 7 — — ns
XCE input setup time tsixce 10 — — ns
XCE input hold time tHixcE 10 — — ns
XCE High level pulse width twhxce 27 — — ns
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SLVS-EC Output (SLVS-EC)

The characteristics of the TX of SLVS-EC are defined in the characteristic at the output pin of the package as shown
in the figure below

———
>l |

Interconnect
X RX

Definition of the characteristics of SLVS-EC (SLVS-EC)

The details about the SLVS-EC, please refer to the "SLVS-EC Specification".

Item Symbol Min. Typ. Max. Unit Remarks
Differential AC Voltage | VDIF_AC_TX | 140 — 290 my | 100 Q differential
connection
Eye High / Low width THLW_TX 0.2 — — ul 100 Q differential
connection
T 100 Q differential
Deterministic Jitter DJ_TX — — 0.3 ul connection
100 Q differential
Total Jitter TI_TX — — 0.4 ul connection
(BER < 10719
Skew between the lanes | TLSKEW_TX — — 5 Sl
Unit Interval
DOPO to 7 -

VDIF_AC_TX

DOMO to 7
CTHLW._TX

> - > |-

TI_TX /2 TI_TX /2

AC output for TX of SLVS-EC (SLVS-EC)
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Spectral Sensitivity Characteristics (CSI-2 and SLVS-EC)

(Excludes lens characteristics and light source characteristics)
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Image Sensor Characteristics (CSI-2 and SLVS-EC)

(VADD =29 V, Vpopr = 1.2 V, Vpop2 = 1.8 V, Vpopz = 1.2 V, Tj =60 oC, 15 frame/s, Reference Gain (O dB)
MCOVGAIN = 0h (Conversion gain Low) )

. . Measurement
Item Symbol Min. Typ. Max. Unit method Remarks
X 1/30 s integration
G sensitivity Sg 1414 1768 2121 digit ! 1 conversion value
Zone 0
Sensitivity | R Rr 36 - 62 % 1 Zone 0
ratio B Rb 35 — 48 %
Saturation signal | Vsat 4095 — — digit™ 2 Zone Oto II'
Video signal SHg — — 20 % 3 Zone 0 and zone |
shading — — 25 Zone Oto I’
. 1/30 s integration
Dark signal vdt 0 — 0.52 | digit™ 4 conversion value
Zone O to II'
. 1/30 s integration
Dszar]rlgdsiﬁgnal AVdt 0 — 0.71 digit™ 5 conversion value
9 Zone O to II'
. 1/30 s integration
D;;fkerség]gzl VdOB -0.25 — 0.25 digit ! 6 conversion value
Zone O to II'
Line crawl R Ler -3.8 — 3.8 % . . otoll
oneOto II'
Line crawl B Lcb -3.8 — 3.8 %
Conversion Gain
. . MCOVG 4.39 4,54 4.69 — —
high/low ratio

" Shows digit when 12-bit output.

Example of digit conversion: 1 digit = 0.237 mV when 12-bit output, 1 digit = 0.948 mV when 10-bit output.

1. Zone Definition of Image Sensor Characteristics

Zone definition of image sensor characteristics and reference position during dark signal measurement are shown

below.
v 4168 (H)
122 10\ OB 132 |
I AY 1
\ A f
8
A \VJ
H 2 H
8 8
; R v > - 2824 (V)
H V 2
?_I v Zone 0
Zone | 2
Zone Illand I’ #

=\
P
v % Ignored area
10 4

Effective pixel area

Zone Definition of Image Sensor Characteristics and Reference Position during Dark Signal Measurement
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Image Sensor Characteristics Measurement Method (CSI-2 and SLVS-EC)

1. Measurement Conditions

(2) In the following measurements, the device drive conditions are at the typical values of the bias conditions and
clock voltage conditions.

(2) In the following measurements, spot pixels are excluded and, unless otherwise specified, the optical black (OB)
level is used as the reference for the signal output, which is taken as the value of the Gr/Gb channel signal
output or the R/B channel signal output of the measurement system.

2. Color Coding of this Image Sensor and Readout

The primary color filters of this image sensor are arranged in the layout shown in the figure below. Gr and Gb
represent the G signal on the same line as the R and B signals, respectively. When readout the image, four adjacent
pixels with same color are added and regarded as one pixel, and the Gb signal and B signal lines and the R signal
and Gr signal lines are output successively.

IEIEIES
SEars
P P P

R G- R-{-6r

Color Coding Diagram and Readout Image

3. Definition of Standard Imaging Conditions

# Standard imaging condition I:
Use a pattern box (luminance: 706 cd/m?, color temperature of 3200 K halogen source) as a subject.
(Pattern for evaluation is not applicable.) Use a testing standard lens with CM500S (t = 1.0 mm) as an IR cut filter
and image at F5.6. The luminous intensity to the sensor receiving surface at this point is defined as the standard
sensitivity testing luminous intensity.

# Standard imaging condition 11:
Image a light source (color temperature of 3200 K) with a uniformity of brightness within 2 % at all angles.
Use a testing standard lens with CM500S (t = 1.0 mm) as an IR cut filter. The luminous intensity is adjusted to the
value indicated in each testing item by the lens diaphragm.

€ Standard imaging condition Il1:
Image a light source (color temperature of 3200 K) with a uniformity of brightness within 2 % at all angles.
Use a testing standard lens (exit pupil distance -54 mm) with CM500S (t = 1.0 mm) as an IR cut filter.
The luminous intensity is adjusted to the value indicated in each testing item by the lens diaphragm.

1. G sensitivity, Sensitivity ratio
Set the measurement condition to the standard imaging condition I. After setting the electronic shutter mode with
a shutter speed of 1/640 s, measure the Gr, Gb, R and B signal outputs (VGr, VGb, VR and VB) at the center of
the screen which is zone 0, and substitute the values into the following formula

VG = (VGr + VGb) / 2
Sg = VG x 640/30 [digit]
Rr = VR/VG x 100 [%]
Rb = VB/VG x 100 [%]
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2. Saturation signal

Set the measurement condition to the standard imaging condition 1l. Adjust the luminous intensity to 20 times the
intensity with the average value of the G (= (Gr + Gb)/2) signal output, 1768 digit when 12-bit output (442 digit
when 10-bit output). Measure the minimum values of the Gr, Gb, R and B signals when shooting in rolling
shutter mode.

3. Video signal shading

Set the measurement condition to the standard imaging condition I1l. With the lens diaphragm at F5.6 to F8,
adjust the luminous intensity so that the average value of the G signal output is 1768 digit when 12-bit output
(442 digit when 10-bit output). Then measure the maximum value (Gmax [digit]) and the minimum value
(Gmin [digit]) of the G signal output, and substitute the values into the following formula.

* When 10-bit output

SHg = (Gmax — Gmin) / 442 x 100 [%]
* When 12-bit output

SHg = (Gmax — Gmin) / 1768 x 100 [%)]

4. Dark signal
Measure the average value (Vdt [digit]) of the signal output in zone 0 to zone II' in the light-obstructed state.
Define the average value of the signal output accumulated in 1 frame period (t1v) as Vdt1V and the average
value of the signal output accumulated in the shortest period (1H period: t1h) as VdtlH, and then substitute the
values into the following formula.

Vdt = (VdtLV — VdtiH) / (tlv — t1h) / 30 [digit]

5. Dark signal shading
Following the item 4, measure the maximum value (Vdmax [digit]) and minimum value (Vdmin [digit]) of the dark
signal output, and substitute the values into the following formula.

AVdt = Vdmax — Vdmin [digit]

6. Dark signal difference

Following the item 5, measure the average value of the dark signal output (VdOB [digit]) in zone 0 to zone II'
using the optical black level as a reference.

7. Line crawl
Set the measurement condition to the standard imaging condition Ill. After adjusting the average value of the
G (= (Gr + Gb) / 2) signal output when inserting G filter to 1768 digit when 12-bit output (442 digit when 10-bit
output), measure the average values of the Gr and Gb signal output (GGr, GGb).
After adjusting the average value of the R signal output when inserting R filter to 1768 digit when 12-bit output
(442 digit when 10-bit output), measure the average values of the Gr and Gb signal output (RGr, RGb).
Substitute the values into the following formula.

Ler = {RGr — (GGr / GGb) x RGb} / [{RGr + (GGr / GGb) x RGb} / 2] x 100 [%]

Then, after adjusting the average value of the B signal output when inserting B filter to 1768 digit when 12-bit
output (442 digit when 10-bit output), measure the average values of the Gr and Gb signal output (BGr, BGb).
Substitute the values into the following formula.

Leb = {BGb — (GGb / GGr) x BGr} / [{BGb + (GGb / GGr) x BGr} / 2] x 100 [%]
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Setting Registers Using I°C Communication (When Using CSI-2)

Description of Setting Registers When Using I°C Communication

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

SCL
CMOS
Master SDA Image
SLASEL Sensor

Pin connection of serial communication

The slave address is selectable by pin connection of SLASEL.

SLAVE Address
Slave address
SLASEL (Pin No. W5)
MSB LSB
Low 0 0 1 0 0 0 0 R/W™
High or NC 0 0 1 1 0 1 0 R/W™?
"I R/W is data direction bit
R/W
R /W bit Data direction
0 Write (Master — Sensor)
1 Read (Sensor — Master)

Pin Connection of Serial Communication Operation Specifications When Using 1°C Communication

The pin connection of serial communication method conforms to the Camera Control Instance (CCI). CCl is an I’c
fast-mode compatible interface, and the data transfer protocol is I°C standard.

This pin connection of serial communication circuit can be used to access the control-registers and status-registers
of the sensor.

I°c pin description

Symbol Pin No. Remarks
SCL P20 Serial clock input
SDA R20 Serial data communication
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Register Communication Timing When Using I°C Communication

In 1°C communication system, register setting can be performed during the period when communication is from the
following figure “VMAX x (SVR + 1) — 24 [HMAX]".

Perform I°C communication within “FS of next frame — 24 [HMAX]" period (recommended serial communication
period) after FE period end to prevent noise. However, for non-picture frames in which noise is ignored (immediately
after power-on or immediately after switching the drive mode, etc.), then register communication can be performed
other than during the recommended serial communication period of those frames.

Recommenqed ser_|al Sensor internal register
communication period i reflection timing :

Communication prohibited period + ............................ :

Serial communication period

<« 24[HMAX] \AX x (SVR + 1) — 24[HMAX]

|
-~
Blgnk Blgnk Data line FE Blgnk Bl_ank Data line
line line line line

Register Communication Timing When Using I°C Communication
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I’C Communication Protocol

I°C serial communication supports a 16-bit register address and 8-bit data message type.

Slave R Register Register DATA
S Address /1A Address A Address A [7:0] AlP
[7:1] w [15:8] [7:0] :
D From Master to Slave S : Start Condition R/W=
Sr : Repeated Start Condition 0: Write (Master — Sensor)
D From Slave to Master P : Stop Condition
1: Read (Sensor — Master)

A : Acknowledge
D Direction depend on operation

I’C Communication Protocol

Data is transferred serially, MSB first in 8-bit units. After each data byte is transferred, A (Acknowledge) is transferred.
Data is transferred at the clock cycle of SCL. SDA can change only while SCL is Low, so the SDA value must be held
while SCL is High. The Start condition is defined by SDA changing from High to Low while SCL is High. When the
Stop condition is not generated in the previous communication phase and Start condition for the next communication
is generated, that Start condition is recognized as a Repeated Start condition.

Start condition MSB LSB

SDA s A7XA6XA5XA4XA3XA2XA1XR/\N>\ACKI<
e T UL

| The data changes while the clock is low |

Start Condition

Bus free state

spA (D5 X Da X p3 X b2 X b1 X Do X rRw Y ACK) P

SCL

Stop condition

Stop Condition

Start condition B

—

spa Y ack \[sr L a7 X ae X as X aa X a3 X

| The stop condition is not generated. |

Repeated Start Condition

After transfer of each data byte, the Master or the sensor transmits an Acknowledge and release (does not drive)
SDA.

SDA A2 Al R/W ) ACK

s [\

Acknowledge
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Register Write and Read

This sensor supports to four read operations and two write operations.
In addition, INCK signal must be driven during the I°C serial communication period.

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

. . Index
Previous index value >< Index M >< M+1

Slave Register Register Slave DATA _
S} Address 0O|A Address A Address A|[Sr| Address 1(A [7:0] AP
[7:1] [15:8] [7:0] [7:1] :

Index, value M

I:I From Master to Slave S : Start Condition A : Acknowledge
Sr : Repeated Start Condition
I:I From Slave to Master P : Stop Condition A : Negative Acknowledge

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.

I Index Index
Previous index value, K >< K+1 >< K+2

Slave Slave
s| Address |1[a D[ﬁgf Alp s| Address |1|a D[;\_gf Alp
[7:1] ’ [7:1] ’
I:’ From Master to Slave S : Start Condition A : Acknowledge
I:’ From Slave to Master P : Stop Condition A : Negative Acknowledge

Single Read from Current Location
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Sequential Read Starting from Random Location

IMX294CJK-C

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.

. . Index Index Index
Previous index value >< Index M >< M+1 >< >< (M+L-1) >< (M+L)
Slave Register Register Slave _
S| Address | 0| A[ Address |A| Address |A|Sr|[Address|1|A [EQE]A A [EQE]A A A [EQE]A A|P
[7:1] [15:8] [7:0] [7:1] ' ' '
—

Index, value M L bytes of data
S : Start Condition
Sr : Repeated Start Condition
P : Stop Condition

D From Master to Slave A : Acknowledge

D From Slave to Master A : Negative Acknowledge

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.

Index K Index Index Index
K+1 (K+L-1) (K+L)
slave DATA DATA DATA =
° A?g:rle]ss |° [7:0] A (70 A A [7:0] AP

L bytes of data

l:, From Master to Slave S : Start Condition

A : Acknowledge

l:, From Slave to Master P : Stop Condition 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.

. . Index
Previous index value >< Index M >< M+1

Slave Register Register DATA
S Address 0|A Address A Address A [7:0] A|lP
[7:1] [15:8] [7:0] :
Index, value M
D From Master to Slave S : Start Condition A : Acknowledge

D From Slave to Master P : Stop Condition

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.

. . Index Index Index
Previous index value >< Index M >< M+1 >< >< (M+L-1) >< (ML)

Slave Register Register
S| Address | 0| A| Address |A| Address [A [E;\ gf\ A EE;\ Ef A A [E;\ Ef\ AP
[7:1] [15:8] [7:0] . . :
hd
Index, value M L bytes of data
D From Master to Slave S : Start Condition A : Acknowledge

I:, From Slave to Master P : Stop Condition

Sequential Write Starting from Random Location
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Register Value Reflection Timing to Output Data

The register values established by register communication are reflected to the output data at the following timings.

Reflection timing Explanation
*1 1st frame after The communication contents are reflected to the output data from
communication ends 1st frame after communication ends.
*2 2nd frame after The communication contents are reflected to the output data from
communication ends 2nd frame after communication ends.
Immediately The communication contents are reflected immediately.

For which reflection timing of each register, see “Register Map” on pages 43 to 48.

Register
communication
timing

Register communication
Sensor internal [« VMAX[HMAX]
register reflection timin
g 9 —»! =24 [HMAX]
Sensor internal
V drive
% NS AN\ A\ A\ A\,
% ONNT O 2 0 2 &, % &, %
> | e DA K %. K %. K\ %, K %,
2 2 % % %
Output frame  Valid data FE S vaidsan rd . Valid data__FE . Valid data__FE . Valid data__ FE Valid data FE
1 1 1 1 1

*1 1st frame after communication ends : Reflected to the output data of these periods

Y v

*2 2nd frame after communication ends : Reflected to the output data of these periods

Register Value Reflection Timing to Output Data

Register Hold Setting

Register setting can be transmitted with divided to several frames and it can be reflected globally at a certain frame
by the register REGHOLD for the registers of which reflection timing is frame unit (*1 and *2).
Registers are set when REGHOLD = 1h, and REGHOLD is set to “Oh” during communication period just before the

frame the registers are reflected from.
Register hold function is invalid for the registers of which reflection timing is immediately. Therefore these registers

are reflected immediately when even though REGHOLD = 1h.

REGHOLD Setting

2
Csl-2 (I°C) SLVS-EC . Register ;
Name Bit g Function
Address Address value
Normal communication
Oh Reflecting register setting when register
REGHOLD 302Bh — [] settings are held
1h Register setting hold
[Register setting A | [Register setting B | [Register setting C | [Register setting D |
Reg\sler communication
Sensor internal [«— VMAX[HMAX] 7—J
register reflection timing o] 24 [HMAX]
Sensor internal
V drive 9 N\ @ 3 o N @ ) o
) 8, 8,
>~ , @Qo'% % %% & eo% & ch% &
Output frame  Valid data FE| . Valid data  FE . Valid data  FE. . Valid data_ FE| . Valid data FE . Valid data  FE
REGHOLD ‘
Register A, B, C, D are reflected » -
REGHOLD = 1h REGHOLD = 0h

Example of REGHOLD operation
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Setting Registers Using Serial Communication (When Using SLVS-EC)

Setting Registers Using Serial Communication (SLVS-EC)

Sensor operation is controlled by the register settings. Follow the procedure below and make the register settings by
serial communication.

1. Set XCE Low to enable the chip's serial communication function.

2. Transmit serial data (SDI) synchronized with SCK 1 bit at a time from the lower bits.

3. Transmit the Chip ID (fixed value: 81h) in the first byte.

4. Transmit the address value of the register to be set in the second and third bytes.

5. Transmit the register setting value to the address designated by the second and third bytes in the fourth byte.

6. Transmit the register setting value to the address following the address designated by the second and third bytes
in the fifth byte.

7. Transmit the register setting values to subsequent addresses in order thereafter.

8. Set XCE High to end serial communication.

The sensor clears the Chip ID and address setting data by setting XCE High.

Therefore, the Chip ID and address settings must also be made when the next serial communication is performed.
Continuous write across upper bytes is prohibited. When writing across upper bytes, first complete the above
sequence, and then perform communication again. In addition, when jumping to a discontinuous address, also first
complete the above sequence, and then perform communication again.

Perform serial communication within the 3XHS period (recommended serial communication period) after the fall of
XVS to avoid affecting the image quality.

Settings made by serial communication are basically updated immediately each time 1 byte of setting values is
transmitted. However, in some exceptional cases (electronic shutter setting, etc.), register setting values are updated
immediately before the start of readout immediately after the recommended serial communication period (4th XHS).
For details, see “Register Map” on pages 43 to 48 and “Register Value Reflection Timing to Output Data” on page 42.

Communication is always accepted.

Communication should be completed within the recommended serial communication period to prevent
noise. However, this restriction does not apply during the readout period of non-picture frames in which
noise is ignored (immediately after power-on or immediately after switching the drive mode, etc.), so
register communication can be performed other than during the communication period of those frames.

Note) 1.
2.

Example of Serial Communication Timing 1

xce [ ]
se T [y —
SDI
o 1) 2)s)a]s) e 7 o a2 s a] s e 7o o) 2] a]s) s 7o) o)2] [s]s]7
LSB MSB| LSB MSB | LSB MSB| LSB MSB]
Data established f t 1 1
timing
Chip ID Start address Start address N byte data
(Upper 1 byte) (Lower 1 byte)
Example of Serial Communication 1
Example of Serial Communication Timing 2
XCE | 1 [1 [~
SCK
SDI ofx 7ol 7]o)3] 7ol 7 o1 7JoY1] 7JoY1] 7Jo)1] 7]
LSB MSB| LSB MSB| LSB MSBJ|LSB MSB| LSB MSB|LSB MSB|LSB MSBLSB MSB
Data established t t
t|m|r‘|g I 1 I 1 I 1 I 1 I 1 I 1 I
Chip ID Start address | Start address | M byte data Chip ID Start address | Start address | N byte data
(Upper 1 byte) (Lower 1 byte) (Upper 1 byte) (Lower 1 byte)

Example of Serial Communication 2
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Register Value Reflection Timing to Output Data (SLVS-EC)

The register values established by register communication are reflected to the output data at the following timings.

Reflection timing Description
*1 1st frame after The communication contents are reflected to the output data from the
communication ends V period during which communication was performed.
*2 2nd frame after The communication contents are reflected to the output data from the next
communication ends V period after the V period during which communication was performed.

For which reflection timing of each register, see “Register Map” on pages 43 to 48.

Register
communication
timing
Register communication l
PN
XVS «> > > > <«
[BXHS| BXHY [3XHS 13XHY [BXHS| 3XH:
xts [TTTTTT- e [TTITT- [T [T [T
Sensor internal
V drive 5 A B ~ <
A < ‘&
o | 2 o | A %, % %, % %, ) %
%, N 2, % 5 0 o 5 4 &
< e % o’o S % & 2, S ) S
> > 2 X N\ % 3 A
Valid data output Valid data output Valid data output Valid data output Valid data output
Output frame
*1 1st frame after communication ends

*2 2nd frame after communication ends

Register Value Reflection Timing to Output Data (SLVS-EC)
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Register Map
Addrees assilgt;n- DL Re_f Ie_c e Register name Function Remarks
CSI-2 |SLVS-E t value timing
(’C) c men
B Oh : Normal operation Setting range:
[0 1h Immediately STANDBY 1h : Overall standby Oh to 1h
Oh: Normal operation
. 1h: Digital circuit standby other Setting range:
(1 th Immediately STBLOGIC than serial communication Oh to 1h
block
3000h | 0000h [2] Oh — Set the default value.
: Oh: CSI-2 on CSI-2: set to Oh
(8] | Oh |immediately |~ STBMIPI |\ ~g) 5 standby SLVS-EC: set to 1h
Oh: Normal operation ! .
[4] 1h Immediately STBDV 1h: Frequency demultiplier (S)ﬁtttén%:ange.
standby
[7:5] Oh — Set the default value.
When changing from Oh to 1h: gstttgn%{ange:
[0] Oh Immediately | MDCHGRST |SLVS-EC I/F reset (Training Sequence After th h lue i
Starts) ter the reset, the value is
automatically returned to Oh.
3001h | 0001h [3:1] Oh — Set Fhe defau!t value.
\When changing from Oh to 1h: (S)ﬁtttén%:ange.
" ? .
[4] Oh 1 CLPSQRST ?e:gtsiontgec)dénternal clamp circuit After the reset, the value is
P automatically returned to Oh.
[7:5] Oh — Set the default value.
) Setting range:
0 | oh *1 SSBRK  [whon 5&2339 from Oh to 1h: Ohto 1h .
— 0002h ’ IAfter the interrupt, the value is
Interrupt enable .
automatically returned to Oh.
[7:1] 00h — Set the default value.
[3:0] Oh — Set the default value.
SLVS-EC only
. Oh: 8Lane, 1h: 6Lane, 2h: 4Lane, Setting range:
— | 0003h | [&:4] | 2h " LANESEL i3 51 ane, 4h: 1Lane, Oh to 4h
Others: Prohibited
[7] Oh — Set the default value.

. Set the value according to each
3004h | 0004h | [7:0] 10h *1 MDSEL1 Mode select 1 readout mode register setting.
3005h | 0005h | [7:0] | 35h *1 MDSEL2  |Mode select 2 Set the value according to each

readout mode register setting.
3006h | 0006h | [7:0] | 02h *1 MDSEL3  |Mode select 3 Set the value according to each
readout mode register setting.
3007h | 0007h | [7:0] | Aoh *1 MDSEL4  |Mode select 4 Set the value according to each
readout mode register setting.
Oh: Rolling shutter Setting range:
3008h | 0008h [l oh 1 SMD 1h: Global reset shutter Oh to 1h
[7:1] 00h — Set the default value.
300Ah | 000AN | [7:0] 000h *1 PGC lAnalog gain setting (S)Oe(t)thntgor?zgﬁ:
[2:0]
300Bh | 0008 [7:3] 00h — Set the default value.
300Eh | 000Eh | [7:0] 0000h 9 SVR Specifies the integration shutdown [Setting range:
. ertical perio to
300Fh | 000Fh | [7:0] ical period 0000h to FFFFh
Digital gain setting
[3:0] Oh *1 DGAIN Oh: 0dB, 1h: +6dB, 2h: +12dB, Setting range: Oh to 3h
3012h | 0012h 3h: +18dB, Others: Prohibited
[7:4] Oh — Set the default value.
CSI-2 only p
Refer to the “Standby Cancel
. B XHS/XVS pulse output enable " :
3017h . [1:0] 3h Immediately SYNCDRV Oh: XHS/XVS is output fﬁt%ﬁnce when using XHS/XVS
3h: XHS/XVS is Hi-Z
[7:2] 2Ah — Set the default value.
Oh : Vertical direction normal
readout Setting range:
3019h | 0019h [l oh 2 MDVREV 1h : Vertical direction inversion Oh to 1h
readout
: — et the default value.
7:1 00h Set the default val
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AaliiEss B.'t Default | Reflection " .
CSI2 |SLVS-E [2SS19N- | d1ue timing Register name Function Remarks
t
(°C) c men
) CSI-2 only Setting range is shown
302Bh — [l Oh Immediately REGHOLD Register setting hold function in "Description of Registers”
[7:1] 00h — Set the default value.
302Ch | 002Ch | [7:0] 0005h » SHR Specifies  the integration  start [Setting range is shown
302Dh | 002Dh | [7:0] horizontal period in "Description of Registers”
. . Set the value according to each
3030h | 0030h | [7:0] 77h 1 MDSEL5 Mode select 5 readout mode register setting.
[3:0] Oh — Set the default value.
CSI-2 only
[ | Jmmediarely | XMSTA G Sequencer e
3033h | 0033h 1h: Master mode stop
Master / Slave Switching "
[5] Oh Immediately MSTSLV Oh: Slave mode ggfeur(_}tr?cteh’e Standby Cancel
1h: Master mode d
[7:6] Oh — Set the default value.
0] 1h *1 HOPBOUT_EN |[HOPB output Oh:no output 1:output Setting range: Oh to 1h
3034h | 0034h [ —
[7:1] 00h — Set the default value.
0] oh 1 HTRIMMING_ [Horizontal arbitrary Setting range is shown
3035h | 0035h EN cropping enable in "Description of Registers”
[7:1] 00h — Set the default value.
3036h | 0036h | [7:0] 0000h “ HTRIMMING_ |Horizontal cropping Setting range is shown
3037h | 0037h [5:0] START start position in "Description of Registers”
[7:6] Oh — Set the default value.
3038h | 0038h | [7:0] 0000h 1 HTRIMMING_ |Horizontal cropping Setting range is shown
3039h | 0039h [5:0] END lend position + 1 in "Description of Registers”
[7:6] Oh — Set the default value.
303ch | oozch | 10 | 2h |Immediately | SYS_MODE B SLVSEC T th: MIPIL 728Ghps gggﬁ‘ret’?cteh? send eanee
) ) ) P Setting range: Oh to 1h
[7:2] 00h — Set the default value.
Setting range: Oh to FFh
. . - ) 10-bit readout mode: 1 digit/1h
3042h | 0042h | [7:0] 32h | Immediately BLKLEVEL |Digital black level offset setting 12-bit readout mode: 4 digit/h
14-bit readout mode: 16 digit/1h
3047h | 0047h | [7:0] 00h *1 PLSTMG11 |Drive pulse timing setting 11 Set to 01h
304Eh | 004Eh | [7:0] 1Eh [immediately PLSTMG12 |Drive pulse timing setting 12 Set to 0Bh
304Fh | 004Fh | [7:0] 37h | immediately PLSTMG13  |Drive pulse timing setting 13 Set to 24h
Shutter less mode switch Setting range:
[0] Oh Immediately | LESS_SHUT [Oh: Shutter less mode OFF ’
3061h | 0061h 1h: Shatter less mode ON Ohto 1h
[7:1] 00h — Set the default value.
3062h | 0062h | [7:0] 06h |immediately PLSTMG14 |Drive pulse timing setting 14 Set to 25h
3064h | 0064h | [7:0] 40h | immediately PLSTMG15 |Drive pulse timing setting 15 Set to 78h
3065h | 0065h | [7:0] 0Ch | immediately PLSTMG16 |Drive pulse timing setting 16 Set to 33h
3067h | 0067h | [7:0] 34h |immediately PLSTMG17 |Drive pulse timing setting 17 Setto 71h
3068h | 0068h | [7:0] . . Set the value according to each
3069h | 0069h | [7:0] 001An | immediately MDSEL15 Mode select 15 readout mode register setting.
— 006Eh | [7:0] SLVS-EC only . .
[0] 0AAh *1 SSY\I(\;\IBS:O_L Sets the symbol following the comma gggﬁn?orfggﬁ'
— 006Fh symbol within the sync code
[7:1] 00h — Set the default value.
— 0070h | [7:0] DESKEW SLVS-EC only ) Setting range:
0 060h *1 SYMBOL. Set the s_yr_nbol following the comma 000h to 1EEh
— | oo71n IO symbol within deskew code
[7:1] 00h — Set the default value.
— 0072h | [7:0] . SLVS-EC only Setting range:
. 0073h [O] 000h ! IDLE_CODEL Sets the Idle code 1 symbol 000h to 1FFh
[7:1] 00h — Set the default value.
— 0074h | [7:0] . SLVS-EC only Setting range:
. 0075h [0] ooon ! IDLE_CODE?2 Sets the Idle code 2 symbol 000h to 1FFh
[7:1] 00h — Set the default value.
— 0076h | [7:0] SLVS-EC only Setting range:
. 0077h [0] 00on 1 IDLE_CODES Sets the Idle code 3 symbol 000h to 1FFh
[7:1] 00h — Set the default value.
— 0078h | [7:0] SLVS-EC only Setting range:
. 0079h [O] 0oon 1 IDLE_CODE4 Sets the Idle code 4 symbol 000h to 1FFh
[7:1] 00h — Set the default value.
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e £ Default | Reflection
CSI-2 |SLVS-E assign- EIE timing Register name Function Remarks
t
(°C) c men
3080h | 0080h | [7:0] | OOh *1 MDSEL6  |Mode select 6 Set the value according to each

) readout mode register setting.

. Set the value according to each
3081h | 0081h | [7:0] 01h *1 MDSEL7 Mode select 7 readout mode register setting.
3084h | 0084h | [7:0] - - . Set the value according to each
3085h | 0085h | [7:0] O1E6h 1 HCOUNTL  [Timing setting in 1XHS period 1 readout mode register setting.
3086h | 0086h | [7:0] - A ) Set the value according to each
3087h | 0087h | [7:0] O1E6h 1 HCOUNT2  [Timing setting in 1XHS period 2 readout mode register setting.
3088h | 0088h | [7:0] 0Ch | immediately PLSTMG18 |Drive pulse timing setting 18 Set to 75h
ggggﬂ 882@2 {;8} 011Ch |immediately PLSTMG19 |Drive pulse timing setting 19 Set to 0109h
308Ch | 008Ch | [7:0] 16h | immediately PLSTMG20 |Drive pulse timing setting 20 Set to 61h

Conversion gain switching register ! .
3002h | 0092h | [0 oh *1 MCOVGAIN  [0h: Conversion gain low (S)ﬁttt(')”%ange'
1h: Conversion gain High
[7:1] 00h — Set the default value.

. . Set the value according to each
30A8h | 00A8h | [7:0] 02h 1 MDSEL8 Mode select 8 readout mode register setting.
30A%h — [7:0] . .

— - . CSI-2 only Setting range is shown
S0AAR gg} 001F2h 1 VMAX \Vertical drive period length in "Description of Registers”
30ABh — [7:4] [ ooh — Set the default value.
30ACh — [7:0] CSI-2 only Setting range is shown
30ADh — [7:0] O1E6h 1 HMAX Horizontal drive period length in "Description of Registers”
\Vertical arbitrary cropping Setting range is shown
30DDh | 00DDh [l oh " VWIDCUTEN enable in "Description of Registers”
[7:1] 00h — Set the default value.
SODEh | 00DER | [7:0] | 560, *1 VWIDCUT  |Width of vertical arbitrary cropping ~ [>owond 1ange s shown
30DFh | 00DEh [5:0] in "Description of Registers
[7:6] Oh — Set the default value.
30EOh | OOEOh | [7:0] . Start position of vertical arbitrary [Setting range is shown
30E1h | 00E1h [5:0] 0000h ! VWINPOS cropping (two's complement) in "Description of Registers”
[7:6] Oh — Set the default value.
. ) . Set the value according to each
30E2h | O0E2h | [7:0] 00h *1 VCUTMODE |Mode setting register readout mode register setting.
— 00EAh | [7:0] SLVS-EC only . .
0 003h *1 S;éuggt— Sets the symbol following the comma gggﬁn?orfggﬁ'
— 00EBh [l symbol within the standby code
[7:1] 00h — Set the default value.
SLVS-EC only Setting range:
. CRC insertion at the end of line Oh to 1h
— | ooran | O | On ! CRCEN oh: Without CRC insertion ECCEN and CRCEN cannot be
1h: With CRC insertion used together.
[7:1] 00h — Set the default value.
SLVS-EC only
ECC insertion in lines Setting range:
. Oh: Without ECC (ECC Option = 0) Oh to 2h
— | oorsh | (101 | 2h 1 ECCEN  hih: with ECC (ECC Option =1) ECCEN and CRCEN cannot be
2h: With ECC (ECC Option =2) used together.
3h: Prohibited
[7:2] 00h — Set the default value.
[0] Oh immediately STBPL_IF PLL standby control register for IF ggfqeljr;r? Cteh.,e Standby Cancel
3:1] Oh — Set the default value.
310Bh | 010Bh [ r
[4] Oh immediately STBPL_AD |PLL standby control register for AD Refer to th"e Standby Cancel
Sequence
[7:5] Oh — Set the default value.
SLVS-EC only . .
0114h [4:0] O0Ah *1 Lll:’;l\ll(-Br'_l'H Sets the length of low output period Siﬁ?%zange' 0lhto 10h
- during mode change and initialization )
[7:5] Oh — Set the default value.
— 0115h | [7:0] 007EE SYNC SLVS-EC only Setting range:
— 0116h | [7:0] Fh *1 LENGTH Sets sync code repeat count in training [000001h to 007FFFh
— 0117h | [7:0] sequence UNIT: 4xS]I
DESKEW SLVS-EC only Setting range:
— 0118h | [7:0] 10h *1 INTERVAL Sets idle code repeat count between [03h to FFh
deskew codes in training sequence UNIT: SI
SLVS-EC only Setting range:
— 011%h | [7:0] 10h *1 SEQIN\I(EEJ_ Sets standby code repeat count in[03hto FFh
standby sequence UNIT: 4xSI
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AaliiEss B.it Default | Reflection " .
CSI2 |SLVS-E [2SS19N- | d1ue timing Register name Function Remarks
(°C) c ment
— 011Ah | [7:0] 10h *1 DLEES,\EE.?./X'— glé:ngEeiI?gvl\y code repeat count in gf;]titr:)glzrgﬂge:
training sequence
311Fh | 011Fh | [7:0] 00h | immediately PLRD10 Input clock frequency setting register SS éig?igggg%fiséhg?ggrg
3122h | 0122h | [7:0] 01lh [immediately PLRD2 Input clock frequency setting register ?Séigﬂgﬁgg%}is;ehg?ggrg,
3123h | 0123h | [7:0] 00h | immediately PLRD11 Input clock frequency setting register SS éig?igggg%fiséhg?ggrg
3124h | 0124h | [7:0] 00h | immediately PLRD12 Input clock frequency setting register ?Séigﬂgﬁgg%}isgehg?ggrg,
3125h | 0125h | [7:0] 01lh |immediately PLRD13 Input clock frequency setting register SS éig?igggg%fiséhg?ggrg
3127h | 0127h | [7:0] 02h |[immediately PLRD14 Input clock frequency setting register ?Séigﬂgﬁgg%}isgehg?ggrg,
3129h | 0129h | [7:0] 60h | immediately PLRD3 Input clock frequency setting register SS éig?igggg%fiséhg?ggrg
312Ah | 012Ah | [7:0] 01lh |immediately PLRD4 Input clock frequency setting register ?Séigﬂgﬁgg%}isgehg?ggrg,
312Dh | 012Dh | [7:0] 02h | immediately PLRD15 Input clock frequency setting register SS éig?igggg%fiséhg?ggrg
sorn | _ |59 [om | | opaszey oz e g
[7:6] Oh — Set the default value.
Ban L — {8 Joonn| 1 |weme vie Co2ol e e
[7:5] Oh — Set the default value.
2l — {8 Joan| o [vourse GoZal e e
[7:5] Oh — Set the default value.
giggﬁ 812;? gg} 00A7h *1 tclkpost Global timing register Set to 00AFh
giggﬂ 83?2 {;8} 009Fh *1 thszero Global timing register Set to 00C7h
giggﬂ 8382 {;8} 006Fh *1 thsprepare  |Global timing register Set to 007Fh
giggﬂ 83@2 {;8} 005Fh *1 telktrail Global timing register Set to 006Fh
giggﬂ 81282 gg} 005Fh *1 thstrail Global timing register Set to 006Fh
21‘_2'&2 8£EE gg} 017Fh *1 tclkzero Global timing register Set to 01CFh
gﬂgﬂ 81222 gg} 006Fh *1 tclkprepare  (Global timing register Set to 0077h
giigﬂ 812;2 {;8} 004Fh *1 tlpx Global timing register Set to 005Fh
3146h | 0146h | [7:0] 0lh |immediately PLSTMG10 |Drive pulse timing setting 10 Set to 00h
giggﬂ 81532 gg} 00AOh |immediately PLRD1 Input clock frequency setting register SS étsig?igggg%fisléhg?ggrg
ggggﬁ 832;? gg} 0021h |immediately PLSTMG21 |Drive pulse timing setting 21 Set to 0032h
ggigﬁ 8§jgﬂ gg} 00COh | immediately PLSTMG22 |Drive pulse timing setting 22 Set to 00BCh
gggfﬂ 82222 {;8} 00COh |immediately | PLSTMG23  [Drive pulse timing setting 23 Set to 00BCh
ggggﬂ 82282 {;8} 00COh | immediately PLSTMG24 [Drive pulse timing setting 24 Set to 00BCh
ggggﬂ 82222 {;8} 00COh | immediately PLSTMG25 |Drive pulse timing setting 25 Set to 00BCh
23;22 85;‘;2 gg} 0017h |immediately PLSTMG26 |Drive pulse timing setting 26 Set to 0013h
23;32 8§;$E gg} 0000h |immediately PLSTMG27  |Drive pulse timing setting 27 Set to 001Fh
gg;gﬁ 8§;gﬂ gg} 0000h |immediately PLSTMG28 |Drive pulse timing setting 28 Set to 0030h
gg;gﬂ 8§;gﬂ {;8} 0017h |immediately | PLSTMG29  |Drive pulse timing setting 29 Set to 0013h
ggEE 82;:32 {;8} 0000h |immediately PLSTMG30 [Drive pulse timing setting 30 Set to 001Fh
ggggﬂ 82222 {;8} 0000h |immediately PLSTMG31 [Drive pulse timing setting 31 Set to 0030h
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AaliiEss B.'t Default | Reflection Reqist Functi R K
CSI-2 [SLVS-E|2SSign- | aiie timing egister name unction emarks
2 ment
(®) Cc
3284h | 0284h | [7:0] . . . . .
3285h | 0285h | [7:0] 0017h |immediately PLSTMG32 |Drive pulse timing setting 32 Set to 0013h
3286h | 0286h | [7:0] . ] : - )
3287h | 0287h | [7:0] 0000h |immediately PLSTMG33 |Drive pulse timing setting 33 Set to 001Fh
3288h | 0288h | [7:0] . . . . .
3289h | 0289h | [7:0] 0000h | immediately PLSTMG34 |Drive pulse timing setting 34 Set to 0030h
328Ch | 028Ch | [7:0] . . . . .
328Dh | 028Dh | [7:0] 0017h |immediately PLSTMG35 |Drive pulse timing setting 35 Set to 0013h
328Eh | 028Eh | [7:0] . . . o .
328Fh | 028Fh | [7:0] 0000h |immediately PLSTMG36 |Drive pulse timing setting 36 Set to 001Fh
3290h | 0290h 7:0 . . . . .
32910 | 0291h =0 0000h | immediately PLSTMG37 |Drive pulse timing setting 37 Set to 0030h
32AEh | 02AEh | [7:0 01lh [immediately PLSTMG38 |Drive pulse timing setting 38 Set to 00h
32AFh | 02AFh | [7:0 0lh |[immediately PLSTMG39 |Drive pulse timing setting 39 Set to 00h
32CAh | 02CAh | [7:0 . . .
35CBh 1 02CBh | [7:0 006Dh *2 PLSTMG40 [Drive pulse timing setting 40 Set to 005Ah
332Ch | 032Ch | [7:0] . . Low Power Consumption Period Setting range is shown in
332Dh | 032Dh | [7:0] OOFFh | immediately PSSLVS1 Length 1 "Description of Registers”
332Fh | 032Fh | [7:0] 02h | immediately PLSTMG41 |Drive pulse timing setting 41 Set to 00h
334Ah | 034Ah | [7:0] . . Low Power Consumption Period Setting range is shown in
334Bh | 034Bh | [7:0] OOFFh | immediately PSSLVS2 Length 2 "Description of Registers”
334Ch | 034Ch | [7:0] 02h | immediately PLSTMGO09 |Drive pulse timing setting 09 Set to 01h
335Ah | 035Ah | [7:0 008Ch | immediatel PLSTMG43 |Drive pulse timing setting 43 Set to 0079h
335Bh | 035Bh | [7:0 Y P 9 9 etto
335Eh | 035Eh 7:0 . . . . .
335eh | 035Eh | 17:0 0069h | immediately PLSTMG44  |Drive pulse timing setting 44 Set to 0056h
3360h | 0360h 7:0 . . . . .
33610 | 03610 | 17:0 007Dh | immediately PLSTMG45  |Drive pulse timing setting 45 Set to 006Ah
336Ah | 036Ah 7:0 . . . . .
336Bh | 036Bh | [7:0 0069h | immediately PLSTMG46  |Drive pulse timing setting 46 Set to 0056h
33D6h | 03D6h 7:0 . . . . .
33D7h 1 03D7h | 17:0 008Ch | immediately PLSTMG47  |Drive pulse timing setting 47 Set to 0079h
340Ch | 040Ch 7:0 . . . . .
340Dh | 040Dh | [7.0] 0081h |immediately PLSTMG48  |Drive pulse timing setting 48 Set to 006Eh
3448h | 0448h | [7:0] . . . o )
3449n | 0449h | [7:0] 0091h |immediately PLSTMG49 |Drive pulse timing setting 49 Set to 007Eh
348Eh | 048Eh | [7:0] . . . o .
348Fh | 048Fh | [7:0] 0082h | immediately PLSTMG50 [Drive pulse timing setting 50 Set to 006Fh
3492h | 0492h | [7:0] OFh |immediately PLSTMG51  |Drive pulse timing setting 51 Set to 11h
34C4h | 04Cah | [7.0 006Dh *2 PLSTMG52 [Drive pulse timing setting 52 Set to 005Ah
34C5h | 04C5h | [7:0 P 9 9 etto
3506h | 0506h 7:0 . . . . .
3507h 1 0507h | 17:0 0069h | immediately PLSTMG53  |Drive pulse timing setting 53 Set to 0056h
350Ch | 050Ch 7:0 . . . . .
350Dh | 050Dh | 17:0 0069h | immediately PLSTMG54  |Drive pulse timing setting 54 Set to 0056h
350Eh | 050Eh 7:0 . . . . .
350Fh | 050Eh | 17:0 006Bh | immediately PLSTMG55  |Drive pulse timing setting 55 Set to 0058h
3549h | 0549h 7:0 05h |immediately PLSTMG56 |Drive pulse timing setting 56 Set to 04h
355Dh | 055Dh | [7:0 01lh [immediately PLSTMG57 _ |Drive pulse timing setting 57 Set to 03h
355Eh | 055Eh | [7:0 01lh [immediately PLSTMG58  |Drive pulse timing setting 58 Set to 03h
3574h | 0574h | [7:0] | o69h |immediately | PLSTMG59  |Drive pulse timing setting 59 Set to 0056h
3575h | 0575h | [7:0 Y P 9 9
357Fh | 057Fh | [7:0] | 08h |immediately | MDSEL1l  |Mode select 11 Set the value according to each
readout mode register setting.
3580h | 0580h | [7:0] | 05h |immediately | MDSEL12  |Mode select 12 Set the value according to each
readout mode register setting.
3581h | 0581h | [7:0] | 02h |immediately | MDSEL13  |Mode select 13 Set the value according to each
readout mode register setting.
. ; ; Set the value according to each
3583h | 0583h | [7:0] 51h |immediately MDSEL14 Mode select 14 readout mode register setting.
3587h | 0587h | [7:0] 00h *1 PLSTMG60  |Drive pulse timing setting 60 Set to 01h
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CSI2 |SLVS-E [2SS19N- | d1ue . Register name Function Remarks
2 ment 9
(®) Cc
35B6h | 05B6h | [7:0] . ) Low Power Consumption Period Setting range is shown in
35B7h | 05B7h | [7:0] O0FFh | immediately PSSLVS3 Length 3 "Description of Registers”
35B8h | 05B8h | [7:0] . . Low Power Consumption Period Setting range is shown in
35B9h | 05B%9h | [7:0] OOFAh | immediately PSSLVS4 Length 4 "Description of Registers”
35D0h | 05DOh | [7:0 . . . o )
35D1h 1 05D1h 1 17:0 0071h |immediately PLSTMG61 |Drive pulse timing setting 61 Set to 005Eh
35D4h | 05D4h | [7:0 . . . o .
35D5h | 05D5h | [7:0] 0076h |immediately | PLSTMG62 |Drive pulse timing setting 62 Set to 0063h
. . ) - Refer to the "Standby Cancel
[1:0] Oh immediately CLKDIVEN  [Clock divide enable Sequence”
[2] Oh — Set the default value.
35E5h | 05E5h
. . Refer to the "Standby Cancel
[3] Oh immediately | SYSCLKEN |System clock enable Sequence”
74 9h — Set the default value.
3600h | 0600h | [7:0 . . Set the value according to each
3601h | 0601h | [7:0 0090h | immediately MDSEL16 Mode select 16 readout mode register setting.
366Ah | 066Ah | [7:0 10h | immediately PLSTMG63  |Drive pulse timing setting 63 Set to 1Ah
366Bh | 066Bh | [7:0 OEh | immediately PLSTMG64 |Drive pulse timing setting 64 Set to 16h
366Ch | 066Ch | [7:0 0Ch | immediately PLSTMG65  |Drive pulse timing setting 65 Set to 10h
366Dh | 066Dh | [7:0 0Ah | immediately PLSTMG66  |Drive pulse timing setting 66 Set to 09h
366Eh | 066Eh | [7:0 08h |immediately PLSTMG67  |Drive pulse timing setting 67 Set to 00h
366Fh | 066Fh | [7:0 06h | immediately PLSTMG68  |Drive pulse timing setting 68 Set to 00h
3670h | 0670h 7:0 04h |immediately PLSTMG69 |Drive pulse timing setting 69 Set to 00h
3671h | 0671h 7:0 02h |immediately PLSTMG70 |Drive pulse timing setting 70 Set to 00h
3676h | 0676h | [7:0 . . . . )
3677h 1 0677h 1 170 0400h | immediately PLSTMG73  |Drive pulse timing setting 73 Set to 0383h
3678h | 0678h | [7:0 . . . o .
3679h 1 0679h | [7:0 052Ch | immediately PLSTMG74  |Drive pulse timing setting 74 Set to 0400h
367Ah | 067Ah | [7:0 . . . o )
3678h 1 067Bh | 17:0 0600h | immediately PLSTMG75 |Drive pulse timing setting 75 Set to 052Ch
367Ch | 067Ch | [7:0 . . . . )
367Dh 1 067Dh | 17:0 0700h |immediately PLSTMG76 |Drive pulse timing setting 76 Set to 0600h
367Eh | 067Eh | [7:0 . . . o .
367Fh 1 067En | [7:0 074Ah | immediately PLSTMG77  |Drive pulse timing setting 77 Set to 0700h
3680h | 0680h | [7:0 . . . o )
3681h | 0681h =0 07A6h |immediately PLSTMG78 |Drive pulse timing setting 78 Set to 074Bh
3686h | 0686h | [7:0 . . . . )
3687h 1 0687h | [7:0 0004h |immediately | PLSTMG101 |Drive pulse timing setting 101 Set to 0000h
3690h | 0690h | [7:0 . . . o .
3691h | 06910 | [7:0 000Ah | immediately PLSTMG79  |Drive pulse timing setting 79 Set to 0027h
3692h | 0692h | [7:0 . . . o )
3693h | 0693h =0 0014h |immediately PLSTMG80 |Drive pulse timing setting 80 Set to 0065h
3694h | 0694h | [7:0 . . . . )
3695h 1 0695h | [7:0 000Ah | immediately PLSTMG81  |Drive pulse timing setting 81 Set to 004Fh
3696h | 0696h | [7:0 . . . o .
3697h 1 0697h | [7:0 0014h |immediately PLSTMG82  |Drive pulse timing setting 82 Set to 00Alh
36BCh | 06BCh | [7:0] Low Power Consumption Period Setting range is shown in
36BDh | 06BDh | [7:0 0001h 2 PSSLVSO Length O "Description of Registers”
36BEh | 06BEh | [7:0 ) . . L )
36BFh | 06BEh | [7:0 0000h |immediately | PLSTMG102 |Drive pulse timing setting 102 Set to 0001h
36C0h | 06COh | [7:0 . . . o )
36C1h 1 06C1h 1 17:0 0000h |immediately | PLSTMG103 |Drive pulse timing setting 103 Set to 0001h
36C2h | 06C2h | [7:0 . . . o )
3603n 1 06G3h | [7:0 0000h |immediately | PLSTMG104 |Drive pulse timing setting 104 Set to 0001h
36C4h | 06C4h | [7:0 00h |[immediately | PLSTMG105 [Drive pulse timing setting 105 Set to 01h
36C5h | 06C5h | [7:0 00h [immediately | PLSTMG106 |Drive pulse timing setting 106 Set to 01h
36C6h | 06C6h | [7:0 00h [immediately | PLSTMG107 |Drive pulse timing setting 107 Set to 01h
. . Oh: Without embedded data insertion  [Setting range:
378ch | o7ech | [0 | Oh |immediately | EBDDATAEN 1 with embedded data insertion [oh to 1h
[7:1] 00h — Set the default value.
382Bh | 082Bh | [7:0] 79h | immediately PLSTMG83  |Drive pulse timing setting 83 Set to 68h
3846h | 0846h | [7:0] Set the value according to each
3847h | 0847h | [7:0] 0000h "1 MDSEL9 Mode select 9 readout mode register setting.
384Ah | 084Ah | [7:0] Set the value according to each
384Bh | 084Bh | [7:0 0000h "1 MDSEL10 Mode select 10 readout mode register setting.
3C00h | OCOOh | [7:0 00h [ immediately PLSTMG84  |Drive pulse timing setting 84 Set to 01h
3C01h | 0CO1h | [7:0 00h |immediately PLSTMG85  |Drive pulse timing setting 85 Set to 01h
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1. Description of Register
Total Standby Control (CSI-2 and SLVS-EC)

All sensor operation is stopped and the standby mode that reduces power consumption is established by setting the
overall standby control register STANDBY to “1h”".

(Standby mode is established immediately after reset.)

The serial communication block operates even in standby mode, so standby mode can be canceled by setting “Oh” in
the STANDBY register.

STANDBY Setting
CSl-2 (°C) SLVS-EC . Register ,
N Bit Funct
ame Address Address ! value unction
Oh Normal operation
STANDBY 3000h 0000h [0]
1h Overall standby

Digital Circuit Standby Control (CSI-2 and SLVS-EC)

When power-on, set the digital circuit standby control register STBLOGIC according to the standby cancel sequence.
This register is valid only when STANDBY = 0Oh.

STBLOGIC Setting

csl-2 (I*c SLVS-EC -
Name () Bit HEElE Function
Address Address value
Oh Normal operation
STBLOGIC 3000h 0000h (1] 1h Digital circuit standby other than serial
communications block

Frequency Demultiplier Standby Control (CSI-2 and SLVS-EC)

When power-on, set the frequency demultiplier standby control register STBDV according to the standby cancel
sequence. This register is valid only when STANDBY = Oh.

STBDV Setting

CSI-2 (I°C) SLVS-EC . Register :
Name Bit Function
Address Address I value Hnet
Oh Normal operation
STBDV 3000h 0000h [4] —
1h Frequency demultiplier standby

Clamp Reset (CSI-2 and SLVS-EC)

The internal clamp circuit operation status is reset by the clamp reset register CLPSQRST. Make this setting
according to the recommended sequence during power-on or when canceling standby mode.
This register automatically returns to “Oh” after the reset process, so there is no need to write “Oh”.

CLPSQRST Setting
csl-2 (°C)| SLVS-EC | _. _ )
Name Bit Register value Function
Address Address
CLPSQRST| 3001h 0001h | [4] | Changed from Ohto 1h | RESEts the internal clamp
circult operatlon status
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Input Frequency Setting (CSI-2 and SLVS-EC)

IMX294CJK-C

The input clock frequency can be set arbitrarily by setting input clock setting register PLRD1, PLRD2, PLRD3,

PLRD4, PLRD10, PLRD11, PLRD12, PLRD13, PLRD14 and PLRD15.

Set this registers according to the recommended sequence during power-on or when canceling standby mode.

Input Frequency Setting Registers

csl-2 (*C)| SLVS-EC | . .
Name Bit Function
Address Address
PLRD10 [7:0] 311Fh 011Fh [7:0]
PLRD2 [7:0] 3122h 0122h [7:0]
PLRD11 [7:0] 3123h 0123h [7:0]
PLRD12 [7:0] 3124h 0124h [7:0]
PLRD13 [7:0] 3125h 0125h [7:0]
PLRD14 [7:0] 3127h 0127h [7:0] | Input clock frequency setting register
PLRD3 [7:0] 3129h 012%9h [7:0]
PLRD4 [7:0] 312Ah 012Ah [7:0]
PLRD15 [7:0] 312Dh 012Dh [7:0]
PLRD1 [7:0] 31E8h 01E8h [7:0]
PLRD1 [15:8] 31E%9h 01E%h [7:0]
PLRD1 to PLRD15 Setting (CSI-2)
Register value
PLRD | PLRD | PLRD | PLRD | PLRD | PLRD | PLRD | PLRD | PLRD | PLRD
1 2 3 4 10 11 12 13 14 15
6 0120h 00h 90h 00h
Input
clock 12 0120h 01h 90h 01h
f 00h 00h 00h 01h 02h 02h
requency | 18 | 00COh | O1h 60h 01h
[MHZz]
24 0120h 02h 90h 02h
" Consult your Sony sales representative concerning other input frequency settings.
PLRD1 to PLRD15 Setting (SLVS-EC)
Register value
PLRD | PLRD | PLRD | PLRD | PLRD | PLRD | PLRD | PLRD | PLRD | PLRD
1 2 3 4 10 11 12 13 14 15
Input
cldock | 72 | ootoh | ooh | och | ooh | oth | oih | oih | ooh | osh | 03
requency
[MHZz]
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Digital Black Level Offset (CSI-2 and SLVS-EC)

The black level offset applied to the data after digital gain processing by the DGAIN register is set by the digital black
level offset setting register BLKLEVEL.

Note that the offset unit changes according to the readout drive mode.

When the output data length is 10-bit output, increasing the register setting value by 1h increases the black level by 1
digit. When the output data length is 12-bit output, increasing the register setting value by 1h increases the black
level by 4 digits. When the output data length is 14-bit output, increasing the register setting value by 1h increases
the black level by 16 digits.

BLKLEVEL Setting

CSI-2 (°C) | SLVS-EC
Name ("C) Bit Register value Function
Address | Address

BLKLEVEL [7:0] 3042h 0042h [7:0] 00h to FFh Digital black level offset setting

Analog Gain (CSI-2 and SLVS-EC)

The analog gain value can be set by setting the analog gain register PGC. Set the lower 8 bits and the upper 3 bits,
for total of 11 bits.

PGC Setting
CSI-2 (I°C)| SLVS-EC . . .
Name Bit Register value Function
Address Address
PGC [7:0] 300Ah 000Ah [7:0] Oh to 7A5h

Analog gain setting

PGC [10:8] | 300Bh 000Bh | [2:0] (0d to 1957d)

In addition, the figure below shows the relationship between the register setting value and the gain value.
When the register setting value is “Oh (0d)”, the gain value is 0 dB (minimum settable value), and when “7A5h
(1957d)”, the gain value is approximately 27 dB (maximum settable value).

Relation Formula
Gain [dB] = —20log{(2048 — PGC [10:0]) /2048}

27

18

Gain [dB]

///
/

L

0 128 256 384 512 640 768 896 1024 1152 1280 1408 1536 1664 1792 1920 1957
PGC [dec]

Relationship between Register Setting Value and Set Gain Value
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IMX294CJK-C

The digital gain applied to the data after pixel binning can be set by the digital gain setting register DGAIN.

DGAIN Setting

Csl-2 (°)C)| SLVS-EC . . .
Name Bit Register value Function
Address Address

Oh Digital gain setting value = 0 dB
1h Digital gain setting value = +6 dB

DGAIN [3:0] 3012h 0012h [3:0] 2h Digital gain setting value = +12 dB
3h Digital gain setting value = +18 dB

Others Prohibited

Conversion Gain (CSI-2 and SLVS-EC)

The conversion gain can be switched from low to high by the conversion gain switching register MCOVGAIN.

MCOVGAIN Setting

CSI-2 (°C)| SLVS-EC
Name (c) Bit Register value Function
Address Address
Oh Conversion gain low
MCOVGAIN | 3092h 0092h [0]
1h Conversion gain high

When using conversion gain high (MCOVGAIN=1), there is following restriction on setting range of analog gain,

Conversion gain A/D Readout Setting range | Setting range of
switching conversion bits mode No. of register PGC | analog gain [dB]
MCOVGAIN=0 — — Oh to 7A5h 0to 27
MCOVGAIN=1 14 0 4D8h to 7A5h 8.07 to 27
12 1, 1A, 1B, 3,4 | 4A5hto 7A5h 7.54 to 27
10 2,2A,5t0 11 608h to 7A5h 12.17 to 27

Followings are other notations when changing conversion gain by the register.

1. Power consumptions not vary with the conversion gain principally.

(But there can be analog/digital power consumption change by the change of output value.)

2. Saturation signal gets smaller according to MCOVG in “Image Sensor Characteristics” on page 31.
3. Noises in dark condition don’t change principally.
So usually set MCOVGAIN=0—1 makes S/N ratio higher in according to MCOVG, but please confirm this
characteristics in your environment since S/N ratio cannot be guaranteed.
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Arbitrary cropping in vertical direction can be enabled by setting vertical arbitrary cropping enable register

VWIDCUTEN, and arbitrary cropping in vertical direction can be performed by designating cropping position of
vertical direction to setting cropping width of vertical direction register VWINPOS and VWIDCUT. See “Vertical
Arbitrary Cropping Function” on pages 90 to 92 and 128 to 130 for details.

VWIDCUTEN, VWIDCUT, VWINPOS Setting

CSI-2 (I’C) | SLVS-EC . .
Name Bit Function
Address Address
VWIDCUTEN 30DDh 00DDh [0] Vertical arbitrary cropping enable
VWIDCUT [7:0] 30DEh 00DEh [7:0]
Width of vertical arbitrary cropping
VWIDCUT [13:8] | 30DFh 00DFh [5:0]
VWINPOS [7:0] 30EOh 00EOh [7:0] Start position of vertical arbitrary cropping (two's
VWINPOS [13:8] | 30E1lh 00E1h [5:0] | complement)

Vertical Direction Readout Inversion (CSI-2 and SLVS-EC)

The direction of vertical readout order can be set by the vertical direction readout inversion register MDVREV. See
“Optical Black Array and Readout Scan Direction” for details of readout image.

MDVREYV Setting
Csl-2 (°’C)| SLVS-EC . . .
Name Bit Register value Function
Address Address
Oh Vertical direction normal readout
MDVREV 3017h 0017h [0]
1h Vertical direction inversion readout

Horizontal Arbitrary Cropping (CSI-2 and SLVS-EC)

Arbitrary cropping in horizontal direction can be enabled by setting horizontal arbitrary cropping enable register
HTRIMMING_EN, and arbitrary cropping in horizontal direction can be performed by designating cropping position of
horizontal direction to setting cropping position of horizontal direction register HTRIMMING_START and
HTRIMMING_END. See “Horizontal Arbitrary Cropping Function” on pages 93 to 94 and 131 to 132 for details.

HTRIMMING_EN, HTRIMMING_START, HTRIMMING_END Setting

2
Name CSI2 ("C) | SLVS-EC Bit Function
Address | Address
HTRIMMING_EN 3035h 0035h [0] Horizontal arbitrary cropping enable
HTRIMMING_START [7:0] 3036h 0036h [7:0] Horizontz_al_ cropping
HTRIMMING_START [13:8] 3037h 0037h [5:.0] | Startposition
HTRIMMING_END [7:0] 3038h 0038h [7:0] Horizont_a_l cropping
HTRIMMING_END [13:8] 3039h 0039h [5:0] | end position +1
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Horizontal Drive Period Length and Vertical Drive Period Length (CSI-2 only)

When using CSI-2, Horizontal drive period length (Unit: 72MHz clock) and vertical drive period length (Unit:
horizontal drive period) can be set by horizontal drive period length setting register HMAX and vertical drive period
length setting register VMAX.

HMAX, VMAX Setting
CSI2 (PC)[ SLVS-EC

Name Adihmes e Bit Function
: 30A%9h — 7:0
VMAX [7:0] [ - ) Vertical drive period length
VMAX [15:8] 30AAh — [7:0] | (uUnit: horizontal drive period)
VMAX [19:16] 30ABh — [3:0]
HMAX [7:0] 30ACh — [7:0] Horizontal drive period length
HMAX [15:8] 30ADh — [7:0] (Unit: 72MHz clock)

Calculating formula of vertical drive period (1 frame) is shown below.

Vertical drive period length [s] = VMAX value x (SVR value + 1) x HMAX value/ (72 x 106)

See “Horizontal/Vertical Operation Period in Each Readout Drive Mode” on pages 79, 86, 105 and 121 for setting
range of HMAX and VMAX in each readout mode, and example of standard setting.

Low Power Consumption Period Length

Register PSSLVSO to 4 enables adjustment of low power consumption period length while readout. To maximize
power saving set calculated value from following constant every time when changing readout mode or VMAX (XVS
period length).

v = VMAX x (SVR value + 1)
VBLK =1V — minimum XVS period  (SLVS-EC)
=1V — minimum VMAX setting (CSI-2)

Set Oh to these registers when no adjustment is used or Vg is too small and some of setting value cannot be
calculated.

Low Power Consumption Period Length Setting

2
Register Name Cié(jzréLsC) iLd\iereEsC Bit | Settting Value
PSSLVS1[7:0] 332Ch os2ch | [7:0] |,
PSSLVS1[15:8] | 332Dh 032Dh | [7:0] | "
PSSLVS2[7:0] 334Ah 034Ah [ [7:0] [,
PSSLVS2[15:8] | 334Bh 034Bh | [7:0] | o
PSSLVS3[7:0] 35B6h osBeh | [7:0] [,
PSSLVS3[15:8] | 35B7h 05B7h | [7:0] | o
PSSLVS4[7:0] 35B8h osBsh | [7:0] [,
PSSLVS4[15:8] | 35B9h 05B9h | [7:0] | o
PSSLVS0[7:0] 36BCh o6BCh | [7:0] |,
PSSLVSO[15:8] | 36BDh 06BDh | [7:0] | ¢

For example, when SLVS-EC output is used, for readout mode No.2 with 1 XVS = 1155 [XHS] and SVR=1,
calculation result is as follows:

1V = 1155 x (1+1) = 2310

Vak = 2310 — 1107 = 1203

Readout Drive Mode (CSI-2 and SLVS-EC)

The readout drive mode of this sensor can be switched by setting the readout drive mode register MDSELL1 to 15,
VCUTMODE, HMAX, VMAX, OPB_SIZE_V, WRITE_VSIZE, Y_OUT_SIZE, PSSLVSO0 to 4 and HCOUNTL1 to 2.
When changing the mode, make the setting according to “Register Settings for Each Readout Drive Mode” on pages
62 to 67.
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When power-on, set the readout drive pulse timing registers, PLSTMGO09 to 104 according to the standby cancel

sequence.

PLSTMG Setting (CSI-2 / SLVS-EC)

55

. CSI-2 (I’)C) | SLVS-EC . Settin . CSI-2 (I°C) | SLVS-EC . Settin

REYEIEr N Addre(:ss ) Address A Valueg REYEIEr N Addre(:ss ) Address A Valueg
PLSTMG11 3047h 0047h [7:0] 0lh PLSTMG50[7:0] 348Eh 048Eh [7:0] 006Eh
PLSTMG12 304Eh 004Eh [7:0] 0Bh PLSTMG50[15:8] 348Fh 048Fh [7:0]
PLSTMG13 304Fh 004Fh [7:0] 24h PLSTMG51 3492h 0492h [7:0] 11h
PLSTMG14 3062h 0062h [7:0] 25h PLSTMG52[7:0] 34C4h 04C4h [7:0] 005Ah
PLSTMG15 3064h 0064h [7:0] 78h PLSTMG52[15:8] 34C5h 04C5h [7:0]
PLSTMG16 3065h 0065h [7:0] 33h PLSTMG53[7:0] 3506h 0506h [7:0] 0056h
PLSTMG17 3067h 0067h [7:0] 71h PLSTMG53[15:8] 3507h 0507h [7:0]
PLSTMG18 3088h 0088h [7:0] 75h PLSTMG54[7:0] 350Ch 050Ch [7:0] 0056h
PLSTMG19[7:0] 308Ah 008Ah [7:0] 0109h PLSTMG54[15:8] 350Dh 050Dh [7:0]
PLSTMG19[15:8] 308Bh 008Bh [7:0] PLSTMG55[7:0] 350Eh 050Eh [7:0] 0058h
PLSTMG20 308Ch 008Ch [7:0] 61h PLSTMG55[15:8] 350Fh 050Fh [7:0]
PLSTMG10 3146h 0146h [7:0] 00h PLSTMG56 3549h 0549h [7:0] 04h
PLSTMG21[7:0] 3234h 0234h [7:0] 0032h PLSTMG57 355Dh 055Dh [7:0] 03h
PLSTMG21[15:8] 3235h 0235h [7:0] PLSTMG58 355Eh 055Eh [7:0] 03h
PLSTMG22[7:0] 3248h 0248h [7:0] 00BCh PLSTMG59[7:0] 3574h 0574h [7:0] 0056h
PLSTMG22[15:8] 3249h 0249h [7:0] PLSTMG59[15:8] 3575h 0575h [7:0]
PLSTMG23[7:0] 3250h 0250h [7:0] 00BCh PLSTMG60 3587h 0587h [7:0] 01lh
PLSTMG23[15:8] 3251h 0251h [7:0] PLSTMG61[7:0] 35D0h 05D0h [7:0] 005Eh
PLSTMG24[7:0] 3258h 0258h [7:0] 00BCh PLSTMG61[15:8] 35D1h 05D1h [7:0]
PLSTMG24[15:8] 3259h 0259h [7:0] PLSTMG62[7:0] 35D4h 05D4h [7:0] 0063h
PLSTMG25[7:0] 3260h 0260h [7:0] 00BCh PLSTMG62[15:8] 35D5h 05D5h [7:0]
PLSTMG25[15:8] 3261h 0261h [7:0] PLSTMG63 366Ah 066Ah [7:0] 1Ah
PLSTMG26[7:0] 3274h 0274h [7:0] 0013h PLSTMG64 366Bh 066Bh [7:0] 16h
PLSTMG26[15:8] 3275h 0275h [7:0] PLSTMG65 366Ch 066Ch [7:0] 10h
PLSTMG27[7:0] 3276h 0276h [7:0] 001Fh PLSTMG66 366Dh 066Dh [7:0] 09h
PLSTMG27[15:8] 3277h 0277h [7:0] PLSTMG67 366Eh 066Eh [7:0] 00h
PLSTMG28[7:0] 3278h 0278h [7:0] 0030h PLSTMG68 366Fh 066Fh [7:0] 00h
PLSTMG28[15:8] 327%h 0279h [7:0] PLSTMG69 3670h 0670h [7:0] 00h
PLSTMG29[7:0] 327Ch 027Ch [7:0] 0013h PLSTMG70 3671h 0671h [7:0] 00h
PLSTMG29[15:8] 327Dh 027Dh [7:0] PLSTMG73[7:0] 3676h 0676h [7:0] 0383h
PLSTMG30[7:0] 327Eh 027Eh [7:0] 001Fh PLSTMG73[15:8] 3677h 0677h [7:0]
PLSTMG30[15:8] 327Fh 027Fh [7:0] PLSTMG74[7:0] 3678h 0678h [7:0] 0400h
PLSTMG31[7:0] 3280h 0280h [7:0] 0030h PLSTMG74[15:8] 3679h 0679h [7:0]
PLSTMG31[15:8] 3281h 0281h [7:0] PLSTMG75[7:0] 367Ah 067Ah [7:0] 052Ch
PLSTMG32[7:0] 3284h 0284h [7:0] 0013h PLSTMG75[15:8] 367Bh 067Bh [7:0]
PLSTMG32[15:8] 3285h 0285h [7:0] PLSTMG76[7:0] 367Ch 067Ch [7:0] 0600h
PLSTMG33[7:0] 3286h 0286h [7:0] 001Fh PLSTMG76[15:8] 367Dh 067Dh [7:0]
PLSTMG33[15:8] 3287h 0287h [7:0] PLSTMG77[7:0] 367Eh 067Eh [7:0] 0700h
PLSTMG34[7:0] 3288h 0288h [7:0] 0030h PLSTMG77[15:8] 367Fh 067Fh [7:0]
PLSTMG34[15:8] 328%h 0289h [7:0] PLSTMG78[7:0] 3680h 0680h [7:0] 074Bh
PLSTMG35[7:0] 328Ch 028Ch [7:0] 0013h PLSTMG78[15:8] 3681h 0681h [7:0]
PLSTMG35[15:8] 328Dh 028Dh [7:0] PLSTMG79[7:0] 3690h 0690h [7:0] 0027h
PLSTMG36[7:0] 328Eh 028Eh [7:0] 001Fh PLSTMG79[15:8] 3691h 0691h [7:0]
PLSTMG36[15:8] 328Fh 028Fh [7:0] PLSTMG80[7:0] 3692h 0692h [7:0] 0065h
PLSTMG37[7:0] 3290h 0290h [7:0] 0030h PLSTMG80[15:8] 3693h 0693h [7:0]
PLSTMG37[15:8] 3291h 0291h [7:0] PLSTMG81[7:0] 3694h 0694h [7:0] 004Eh
PLSTMG38 32AEh 02AEh [7:0] 00h PLSTMG81[15:8] 3695h 0695h [7:0]
PLSTMG39 32AFh 02AFh [7:0] 00h PLSTMG82[7:0] 3696h 0696h [7:0] 00A1h
PLSTMG40[7:0] 32CAh 02CAh [7:0] 005Ah PLSTMG82[15:8] 3697h 0697h [7:0]
PLSTMGA40[15:8] 32CBh 02CBh [7:0] PLSTMG83 382Bh 082Bh [7:0] 68h
PLSTMG41 332Fh 032Fh [7:0] 00h PLSTMG84 3C00h 0C00h [7:0] 01h
PLSTMGO09 334Ch 034Ch [7:0] 0lh PLSTMG85[7:0] 3C01h 0C01h [7:0] 01lh
PLSTMG43[7:0] 335Ah 035Ah [7:0] 0079h
PLSTMGA43[15:8] 335Bh 035Bh [7:0] PLSTMG101[7:0] 3686h 0686h [7:0] 0000h
PLSTMG44[7:0] 335Eh 035Eh [7:0] 0056h PLSTMG101[15:8] 3687h 0687h [7:0]
PLSTMG44[15:8] 335Fh 035Fh [7:0] PLSTMG102[7:0] 36BEh 06BEh [7:0] 0001h
PLSTMGA45[7:0] 3360h 0360h [7:0] 006Ah PLSTMG102[15:8] 36BFh 06BFh [7:0]
PLSTMG45[15:8] 3361h 0361h [7:0] PLSTMG103[7:0] 36C0h 06C0Oh [7:0] 0001h
PLSTMG46[7:0] 336Ah 036Ah [7:0] 0056h PLSTMG103[15:8] 36C1lh 06C1h [7:0]
PLSTMG46[15:8] 336Bh 036Bh [7:0] PLSTMG104[7:0] 36C2h 06C2h [7:0] 0001h
PLSTMGA47[7:0] 33D6h 03D6h [7:0] 0079h PLSTMG104[15:8] 36C3h 06C3h [7:0]
PLSTMGA47[15:8] 33D7h 03D7h [7:0] PLSTMG105 36C4h 06C4h [7:0] 01lh
PLSTMGA48[7:0] 340Ch 040Ch [7:0] 006Eh PLSTMG106 36C5h 06C5h [7:0] 01lh
PLSTMG48[15:8] 340Dh 040Dh [7:0] PLSTMG107 36C6h 06C6h [7:0] 01lh
PLSTMG49[7:0] 3448h 0448h [7:0] 007Eh
PLSTMGA49[15:8] 3449h 0449h [7:0]
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Global Timing Registers
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When power-on, set the global timing registers tclkpost to tlpx according to the standby cancel sequence.

Global Timing Registers (CSI-2)

Rﬁgﬁtgr Ci;-(jzréi:) Bit Setting Value
tclkpost giggﬂ gg% Set to 00AFh
thszero gig?ﬂ gg% Set to 00C7h
thsprepare giggﬂ gg% Set to 007Fh
telktrail giggﬂ gg% Set to 006Fh
thstrail giggﬂ gg% Set to 006Fh
tclkzero gigEE gg% Set to 01CFh
tclkprepare giﬁﬂ gg% Setto 0077h
tipx giféﬂ {;8% Set to 005Fh

PLL Standby Control (CSI-2 and SLVS-EC)

When power-on, set the PLL standby control registers STBPL_IF and STBPL_AD according to the standby cancel
sequence. These registers are valid only when STANDBY = Oh.

STBPL_IF and STBPL_AD Setting

CSl-2 (’C) SLVS-EC , .
Name Bit Function
Address Address
STBPL_IF 310Bh 010Bh [0] | PLL standby control register for IF
STBPL_AD 310Bh 010Bh [4] | PLL standby control register for AD

Master / Slave Switching Control (CSI-2 and SLVS-EC)

When power-on, set the master / slave switching control register MSTSLV according to the standby cancel

sequence.

MSTSLV Setting

Name Cfgdzrg:? iL(j\gSf;;: Bit nglij;er oo
worsw | oo | oo | e
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Sensor internal operation information (readout mode, shutter, gain and so on) can be output as embedded data using
the register EBDDATAEN. When using CSI-2, these data are output in 2 lines just before user clamp area. And when
using SLVS-EC, these data are output in 1 line just before user clamp area. See Readout Pixel Image Diagram of

each mode for detailed output timing. And see “Embedded Data” on pages 74 and 104 for details of embedded data.

EBDDATAEN Setting

CSI-2 (I°C) SLVS-EC . Register .
Name Address Address Bit value Function
Oh Without embedded data insertion
EBDDATAEN 378Ch 078Ch [l 1h With embedded data insertion
CSI-2 Standby Control (CSI-2 only)
CSI-2 can be standby by CSI-2 standby register STBMIPI.
STBMIPI Setting
csl-2 (I*c SLVS-EC -
Name () Bit HEElE Function
Address Address value
Oh Normal operation
STBMIPI 3000h — [3]
1h CSI-2 standby

Master Mode Operation Control (CSI-2 only)

When power-on, set the master mode operation control register XMSTA according to the standby cancel sequence.

This register is valid only when STANDBY = Oh.

XMSTA Setting
CSI-2 SLVS-EC i
Name Bit HEElE Function
Address Address value
Oh Master mode start
XMSTA 3033h — [0]
1h Master mode stop
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The training sequence can be performed manually by setting the register MDCHGRST.
This register automatically returns to “Oh” after the training sequence, so there is no need to write “Oh“.

MDCHGRST Setting
CSl-2 (I*C) | SLVS-EC | _. . .
Name Bit Register value Function
Address | Address
MDCHGRST | — 0001h | [0] | Change fromOhto 1h | /r@ining sequence starts after
communication perlod

Break Mode (SLVS-EC only)

XVS can be subsampled according to SVR. This XVS subsampling operation can be stopped and then restarted
from the start of the exposure period using the break mode register SSBRK.
This register automatically returns to “Oh” after the break process, so there is no need to write “Oh”.

SSBRK Setting
CSI-2 (I°C)| SLVS-EC | _. . .
Name Bit Register value Function
Address Address
SSBRK — 0002h [0] Change from Oh to 1h | Interrupt enable

SLVS-EC I/F Output Lane Number Selecting (SLVS-EC only)

This sensor can set the number of output lanes according to the setting values of the lane number selecting register
LANESEL. When changing the number of output lanes, the training sequence is performed.

LANESEL Setting (SLVS-EC only)

Name Ci('j_jréi? i:\g?ei: Bit nglijéer Function
Oh 8 Lane
1h 6 Lane
LANESEL — 0003h | [6:4] al 4Lane
[2:0] 3h 2 Lane
4h 1 Lane
Others Prohibited
Number of Output Lanes Settings (SLVS-EC only)
Lane No.
LANESEL Remarks
0 1 2 3 4 5 6 7
00h 8 Lane Active | Active | Active | Active | Active | Active | Active | Active
10h 6 Lane Active | Active | Active | Active | Active | Active | Hi-Z Hi-Z
20h 4 Lane Active | Active | Active | Active | Hi-Z Hi-Z Hi-Z Hi-Z
30h 2 Lane Active | Active | Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
40h 1 Lane Active | Hi-Z Hi-z Hi-Zz Hi-Zz Hi-z Hi-z Hi-z
Others prohibited
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The registers ECCEN can set ECC option for payload data error correction. The registers CRCEN can set CRC
option for data transfer error correction. ECCEN and CRCEN cannot be used together. And, change ECCEN or
CRCEN value during initialize communication of standby cancel sequence.

See “SLVS-EC Specification” for details of payload data, ECC and CRC.

CRCEN Setting (SLVS-EC only)

Csl-2 SLVS-EC . Register ;
Name Bit Function
Address Address ! value uncti
Oh Without CRC insertion into packet footer
CRCEN _ 00F4h 0] With CRC insertion into packet footer
1h ECC option and CRCEN option cannot be
used together
ECCEN Setting (SLVS-EC only)
CsSl-2 SLVS-EC i
Name Bit RS Function
Address Address value
Oh Without ECC insertion.
With ECC [parity 2 byte].
1h ECC option and CRCEN option cannot be
used together
ECCEN — 00F5h [1:0] - -
With ECC [parity 4 byte].
2h ECC option and CRCEN option cannot be
used together
3h Prohibited
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Attribute Register and PHY Control Code (SLVS-EC only)

Correspondence of attribute register and PHY control code in “SLVS-EC Specification” to this sensor's registers are
shown below.

Attribute Register (SLVS-EC only)

Attribute . SLVS-EC -
Register Register name Address [bi] Description
Sync Symbol PHY Control Code see Sync Code
Deskew Symbol | PHY Control Code see Deskew Code
Standby Symbol | PHY Control Code see Standby Code
Sync code repeat count in training
) ) sequence
Sync Length | SYNC_LENGTH 81}?258% O116N[7:0], | pefault: 007FFFh
' Setting range: 000001h to
007FFFh
Deskew code repeat count in
training sequence
Deskew Length | DESKEW_LENGTH 011Ah[7:0] Dota 1 oh
Setting range: 01h to FFh
Standby code repeat count in
standby sequence
Standby Length | STANDBY_LENGTH 0119h[7:0] Default: 10h
Setting range: 03h to FFh
Idle code repeat count between
deskew code in training sequence
Deskew Interval | DESKEW_INTERVAL 0118h[7:0] .
Default: 10h
Setting range: 03h to FFh
Low output period during mode
» _ change and initialization
Initial Length INIT_LENGTH 0114h[4:0] Default: 0Ah
Setting range: 01h to 10h
Idle Code PHY Control Code see Idle Code
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PHY Control Code (SLVS-EC only)
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PHY _ SLVS-EC . : :
Control Register name . Description 8b10b symbol configuration
Address [bit]
Code
0072h[7:0] Any symbol
IDLE_CODE1 0:D character
0073h[0] 1:K character
0074h[7:0] Any symbol
IDLE_CODE2 0:D character IDLE IDLE IDLE IDLE
0075h[0] 1:K character CODE CODE CODE CODE
Idle Code 1 2 3 4
0076h[7:0] Any symbol (def (def (def (def
IDLE_CODES3 . D.00.0) | D.00.0) D.00.0) | D.00.0)
— 0077h([0] 0:D character
1:K character
0078h[7:0] Any symbol
IDLE_CODE4 0:D character
0079h[0] 1:K character
Start Code K.28.5 |K.27.7 K.28.2 K.27.7
End Code K.28.5 |K.29.7 K.30.7 K.29.7
Pad Code K.23.7 | K.28.4 K.28.6 K.28.3
006Eh[7:0] Any symbol SYNC
SYNC CODE
Sync Code - . K.28.5
Yy SYMBOL 006Fh[0] 0:D character (def - -
1:K character D.10.5)
0070h[7:0] Any symbol DESKE
w
Deskew DESKEW
- . K.28.5 | CODE — —
Code SYMBOL 0:D character
0071h(0] 1:K character (def
D.00.3)
O00OEAhN[7:0] | Any symbol STBY
Standby | STANDBY_ k285 | CODE - -
Code SYMBOL 00EBh[0] 0:D character <0 (def
1:K character D.03.0)
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2. Register Setting for Each Readout Drive Mode

The register setting for each readout drive mode available with this sensor is shown in the table below. These
registers should be change according to the mode to use. Set the register to the following value.

2-1. When Using Aspect Ratio Approx. 17:9 (Approx. 9.07 M pixels)
Description of Register Setting for Readout Drive Modes 1 to 4 (CSI-2)

Address Bit E— Readout mode No.

(’)C) |Assignment 9 1 1A 1B 2 2A 3 4
3004h [7:0] MDSEL1 1Ah 01lh 02h 1Ah 01lh A8h 0Ah
3005h [7:0] MDSEL2 06h 06h 06h 01lh 01lh 2Ah 26h
3006h [7:0] MDSEL3 00h 00h 01h 00h 00h 00h 00h
3007h [7:0] MDSEL4 AOh: normal /| AOh: normal / | AOh: normal / | AOh: normal / | AOh: normal /| AOh: normal / | Alh: normal /

) A5h: inverted | A5h: inverted | ASh: inverted | ASh: inverted | ASh: inverted | ASh: inverted | A6h: inverted
300Eh [7:0] SVR According to exposure time
300Fh [7:0] (See “Frame Rate Adjustment” )
3019h [0] MDVREV Oh: vertical direction normal /1h: inverted
[7:1] 00h
302Ch [7:0] SHR According to exposure time
302Dh [7:0] (See “Integration Time in Each Readout Drive Mode” )
3030h [7:0] MDSEL5 77h 77h 77h 77h 77h 77h 33h: normal /
66h: inverted
3034h [0] HOPBOUT_EN Oh Oh Oh Oh Oh Oh Oh
[7:1] 00h 00h 00h 00h 00h 00h 00h
3035h [0] HTRIMMING_EN 1h 1h 1h 1h 1h 1h 1h
[7:1] 00h 00h 00h 00h 00h 00h 00h
3036h | [7:0] HTRIMMING_ 30h 30h 30h 30h 30h 30h 30h
3037h [5:0] START
[7:6] Oh Oh Oh Oh Oh Oh Oh
3038h Eg} HTRE\ANI\SNG— 1060h 1080h OF50h 1060h 1080h 1080h 1080h
3039n [7:6] Oh Oh Oh Oh Oh Oh Oh
3068h [7:0]
3069h [7:0] MDSEL15 001Ah 001Ah 001Ah 0044h 0044h 001Ah 001Ah
3080h [7:0] MDSEL6 00h 01h 00h 00h 01h 00h 00h
3081h [7:0] MDSEL7 01h 01h 01h 01h 01h 01h 00h
28222 {;8} HCOUNT1 Set the same value as HMAX
ggg?: gfg} HCOUNT2 Set the same value as HMAX
30A8h [7:0] MDSELS 02h | 02h | 02h | 02h | 02h | 02h | 02h
30A%h [7:0]
30AAh [7:0] VMAX Set vertical drive period length (Unit: HMAX X 72MHz clock)™
[3:0]
30BN T7) oh
ggﬁg: {;8} HMAX Set horizontal drive period length (Unit; 72MHz clock)?
30E2h [7:0] VCUTMODE 00h 00h 00h 00h 00h 02h 03h
312Fh [5:0] OPB_SIZE_V 08h 08h 08h 08h 08h 04h 04h
[7:6] Oh
3130h {18} WRITE_VSIZE 0888h | 0888h | 0888h | 0888h ‘ 0888h ‘ 044Ch ‘ 044Ch
3131h [7:5] on
3132h {18} Y_OUT_SIZE 0880h | 0880h | 0880h | 0880h ‘ 0880h ‘ 0448h ‘ 0448h
813h ) oh
332Ch [7:0]
332Dh [7:0] PSSLVS1 . ) ) )
334AN [7:0] See “Low Power Consumption Period Length” on page 54.
334Bh [7:0] PSSLVS2
357Fh [7:0] MDSEL11 0Ch 0Ch 0Ch 0Ch 0Ch 0Ch 0Ch
3580h [7:0] MDSEL12 0Ah 0Ah 0Ah 0Ah 0Ah 0Ah 0Ah
3581h [7:0] MDSEL13 08h 08h 08h 0Ah 0Ah 08h 08h
3583h [7:0] MDSEL14 72h 72h 72h 75h 75h 72h 72h
35B6h [7:0]
35B7h [7:0] PSSLVS3 . ) ) )
3588 [7:0] See “Low Power Consumption Period Length” on page 54.
35B9h [7:0] PSSLVS4
gggg: {;8} MDSEL16 0090h | 007Dh 0090h 0090h ‘ 007Dh ‘ 0090h ‘ 0090h
ggggﬂ {;8} PSSLVSO See “Low Power Consumption Period Length” on page 54.
gg:gg {;8} MDSEL9 0000h 0000h 0000h 0000h 0000h 0000h 0000h
ggj@ﬂ {;8} MDSEL10 0000h 0000h 0000h 0000h 0000h 0000h 0000h
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Description of Register Setting for Readout Drive Modes 5 to 11 (CSI-2)
g T
GRS AsEiI;n Register Name Readout mode Re,
2 .

(rc) ment 5 6 7 8 9 10 11
3004h [7:0] MDSEL1 A8h 0Ah 0Dh 4Fh 11h 33h 15h
3005h [7:0] MDSEL2 25h 41h 41h 35h 35h 35h 31h
3006h [7:0] MDSEL3 00h 00h 00h 00h 00h 00h 38h
3007h [7:0] MDSEL4 AOh: normal / | Alh: normal / | AOh: normal / | AOh: normal / | AOh: normal / | AOh: normal / | Alh: normal /

) A5h: inverted | A6h: inverted | A5h: inverted | ASh: inverted | A5h: inverted | ASh: inverted | A6h: inverted
300Eh [7:0] SVR According to exposure time Multiple of 8
300Fh [7:0] (See “Frame Rate Adjustment” ) -1
3019h [0] MDVREV Oh: vertical direction normal /1h: inverted
[7:1] 00h
302Ch [7:0] SHR According to exposure time
302Dh [7:0] (See “Integration Time in Each Readout Drive Mode” )
. 33h: normal /
3030h [7:0] MDSEL5 77h 66h: inverted 77h 77h 77h 77h 55h
3034h [0] HOPBOUT EN Oh Oh Oh Oh Oh Oh Oh
[7:1] 00h 00h 00h 00h 00h 00h 00h
3035h [0] HTRIMMING_EN 1h 1h 1h 1h 1h 1h 1h
[7:1] 00h 00h 00h 00h 00h 00h 00h
3036h gfg} TR G~ 30h 30h 30h 30h 30h 30h 30h
3037h 7] oh oh oh oh oh oh oh
3038h gg} HTRlEMNNSNG— 1080h 1080h 1080h 1080h 1080h 1080h 1080h
303%h 7] oh oh oh oh oh oh oh
3068h [7:0]
30690 [7:0] MDSEL15 0044h 0044h 0044h 0044h 0044h 0044h 0044h
3080h [7:0] MDSEL6 00h 00h 00h 00h 00h 00h 00h
3081h [7:0] MDSEL7 01h 00h 01h 01h 01h 01h 00h
3084h [7:0]
3085n [7:0] HCOUNT1 Set the same value as HMAX
3086h [7:0]
3087h [7:0] HCOUNT2 Set the same value as HMAX
30A8h [7:0] MDSELS8 02h 02h 02h 02h 02h 02h 02h
30A%h [7:0]
30AAh [ [7:0] VMAX Set vertical drive period length (Unit: HMAX X 72MHz clock)™
[3:0]
30ABh [7:4] on
30ACh [7:0] . . . . o
30ADN [7:0] HMAX Set horizontal drive period length (Unit: 72MHz clock)
30E2h [7:0] VCUTMODE 02h 03h 04h 05h 06h 07h 08h
[5:0] OPB_SIZE_V 04h 04h 04h 04h 04h 04h 04h
312Fh
[7:6] Oh
3130h {4718} WRITE_VSIZE 044Ch 044Ch 044Ch 02E4h 02E4h 00FCh 00FAh
3131h 7:5) on
3132h {4718} Y_OUT_SIZE 0448h 0448h 0448h 02EOh 02EOh 00F8h 00F6h
3133h [75] on
332Ch [7:0] PSSLVS1
332Dh [7:0] . . ) "
- See “Low Power Consumption Period Length” on page 54.
334Ah [7:0] PSSLVS?2
334Bh [7:0]
357Fh [7:0] MDSEL11 0Ch 0Ch 0Ch 0Ch 0Ch 0Ch 0Ch
3580h [7:0] MDSEL12 0Ah 0Ah 0Ah 0Ah 0Ah 0Ah 0Ah
3581h [7:0] MDSEL13 0Ah 0Ah 0Ah 0Ah 0Ah 0Ah 0Ah
3583h [7:0] MDSEL14 75h 75h 75h 75h 75h 75h 75h
35B6h [7:0] PSSLVS3
35B7h [7:0] u ) ) N
- See “Low Power Consumption Period Length” on page 54.
35B8h [7:0] PSSLVSA
35B9h [7:0]
3600h [7:0]
3601h 7] MDSEL16 0090h 0090h 0090h 0090h 0090h 0090h 0090h
36BCh | [7:0] . ) ) )
36BDh [7:0] PSSLVSO See “Low Power Consumption Period Length” on page 54.
3846h [7:0]
3847h [70] MDSEL9 0000h 0000h 006Ch 0000h 0028h 0032h 003Ch
384Ah [7:0]
384Bh [7:0] MDSEL10 0000h 0000h 0034h 0000h 003Ah 0020h 0034h

"1 See “Readout Drive Modes” on pages 68 to 69 for details of readout mode No.

"2 See “Horizontal/Vertical Operation Period in Each Readout Drive Mode” on page 79 and “ Frame Rate Adjustment” on page 80 for setting range of

HMAX and VMAX in each readout mode, and example of standard setting.
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Description of Register Setting for Readout Drive Modes 1 to 5 (SLVS-EC)
- T
Address Assiltn- Redister Name Readout mode No.
(SLVS-EC) 9 g 1 1A 2 2A 3 4 5
ment
[3:0] Oh
0003h [6:4] LANESEL 1h 1h [ oh | 1h 2h 2h 1h
[7] Oh
0004h [7:0] MDSEL1 1Ah 01lh 1Ah 01lh A8h 0Ah A8h
0005h [7:0] MDSEL2 06h 06h 01lh 01lh 2Ah 26h 25h
0006h [7:0] MDSEL3 00h 00h 00h 00h 00h 00h 00h
0007h [7:0] MDSEL4 AOh: normal / | AOh: normal/ | AOh: normal/ | AOh: normal/ | AOh: normal/ | Alh: normal/ | AOh: normal /
) AS5h: inverted | A5h:inverted | A5h:inverted | A5h:inverted | A5h:inverted | A6h:inverted | A5h:inverted
000Eh [7:0] SVR According to exposure time
000Fh [7:0] (See “Frame Rate Adjustment” )
0019h [0] MDVREV Oh: vertical direction normal /1h: inverted
[7:1] 00h
002Ch [7:0] SHR According to exposure time
002Dh [7:0] (See “Integration Time in Each Readout Drive Mode” )
. 33h: normal /
0030h [7:0] MDSEL5 77h 77h 77h 77h 77h 66h: inverted 77h
0034h [0] HOPBOUT_EN Oh Oh Oh Oh Oh Oh Oh
[7:1] 00h 00h 00h 00h 00h 00h 00h
0035h [0] HTRIMMING_EN 1h 1h 1h 1h 1h 1h 1h
[7:1] 00h 00h 00h 00h 00h 00h 00h
0036h {;8} HTRsl_IMA’\Q_ING— 30h 30h 30h 30h 30h 30h 30h
0037h 7] oh oh oh oh oh oh oh
0038h gg} HTRlEMN’\El)lNG— 1060h 1080h 1060h 1080h 1080h 1080h 1080h
0039h [7:6] Oh Oh Oh Oh Oh Oh Oh
0068h [7:0]
0069h [7:0] MDSEL15 001Ah 001Ah 0044h 0044h 001Ah 001Ah 0044h
0080h [7:0] MDSEL6 00h 01lh 00h 01lh 00h 00h 00h
0081h [7:0] MDSEL7 01h 01h 01h 01h 01h 00h 01h
0084h [7:0] )
0085h [7:0] HCOUNT1 Set XHS period [INCK@72 MHZ]
0086h [7:0] )
0087h [7:0] HCOUNT2 Set XHS period [INCK@72 MHz]
00A8h [7:0] MDSEL8 02h 02h 02h 02h 02h 02h 02h
00E2h [7:0] VCUTMODE 00h 00h 00h 00h 02h 03h 02h
032Ch [7:0] PSSLVS1
032Dh [7:0] . ) ) .,
See “Low Power Consumption Period Length” on page 54.
034Ah [7:0] PSSLVS2
034Bh [7:0]
057Fh [7:0] MDSEL11 0Ch 0Ch 0Ch 0Ch 0Ch 0Ch 0Ch
0580h [7:0] MDSEL12 0Ah 0Ah 0Ah 0Ah 0Ah 0Ah 0Ah
0581h [7:0] MDSEL13 08h 08h 0Ah 0Ah 08h 08h 0Ah
0583h [7:0] MDSEL14 72h 72h 75h 75h 72h 72h 75h
05B6h [7:0] PSSLVS3
05B7h [7:0] . ) ) .
- See “Low Power Consumption Period Length” on page 54.
05B8h [7:0] PSSLVS4
05B9h [7:0]
0600h [7:0]
0601h [7:0] MDSEL16 0090h 007Dh 0090h 007Dh 0090h 0090h 0090h
06BCh [7:0] N . ! .
068D [7:0] PSSLVSO See “Low Power Consumption Period Length” on page 54
0846h [7:0]
0847h [7:0] MDSEL9 0000h 0000h 0000h 0000h 0000h 0000h 0000h
084Ah [7:0]
084Bh [7:0] MDSEL10 0000h 0000h 0000h 0000h 0000h 0000h 0000h
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Description of Register Setting for Readout Drive Modes 6 to 11 (SLVS-EC)
Bit Readout mode No. ™
QUL Assign- Register Name
(SLVS-EC) 9 g 6 7 8 9 10 1
ment
[3:0] Oh
0003h [6:4] LANESEL 2h 2h [ 2h [ 2h 3h 4h
[7] Oh
0004h [7:0] MDSEL1 0Ah 0Dh 4Fh 11h 33h 15h
0005h [7:0] MDSEL2 41h 41h 35h 35h 35h 31h
0006h [7:0] MDSEL3 00h 00h 00h 00h 00h 38h
. Alh: normal/ | AOh: normal/ | AOh: normal/ | AOh: normal/ | AOh: normal/ | Alh: normal/
0007h [7:0l MDSEL4 A6h: inverted | Abh:inverted | A5h:inverted | A5h:inverted | A5h:inverted | A6h: inverted
000Eh [7:0] SVR According to exposure time Multiple of 8
000Fh [7:0] (See  “Frame Rate Adjustment” ) -1
0019h [0] MDVREV Oh: vertical direction normal /1h: inverted
[7:1] 00h
002Ch [7:0] SHR According to exposure time
002Dh [7:0] (See “Integration Time in Each Readout Drive Mode” )
. 33h: normal /
0030h [7:0] MDSEL5 66h: inverted 77h 77h 77h 77h 55h
0034h [0] HOPBOUT_EN Oh Oh Oh Oh Oh Oh
[7:1] 00h 00h 00h 00h 00h 00h
0035h [0] HTRIMMING_EN 1h 1h 1h 1h 1h 1h
[7:1] 00h 00h 00h 00h 00h 00h
0036h gfg} HT'QS'?'A’\Q?G— 30h 30h 30h 30h 30h 30h
0037h - 174 on on on on on on
0038h gg} HTRIEMNI\EI)ING_ 1080h 1080h 1080h 1080h 1080h 1080h
0039h [7:6] Oh Oh Oh Oh Oh Oh
0068h [7:0]
0069h [7:0] MDSEL15 0044h 0044h 0044h 0044h 0044h 0044h
0080h [7:0] MDSEL6 00h 00h 00h 00h 00h 00h
0081h [7:0] MDSEL7 00h 01h 01h 01h 01h 00h
0084h [7:0] )
0085h [7:0] HCOUNT1 Set XHS period [INCK@72 MHZ]
0086h [7:0] )
0087h [7:0] HCOUNT2 Set XHS period [INCK@72 MHZ]
00A8h [7:0] MDSEL8 02h 02h 02h 02h 02h 02h
00E2h [7:0] VCUTMODE 03h 04h 05h 06h 07h 08h
032Ch [7:0] PSSLVS1
032Dh [7:0] . ) : .
See “Low Power Consumption Period Length” on page 54.
034Ah [7:0] PSSLVS2
034Bh [7:0]
057Fh [7:0] MDSEL11 0Ch 0Ch 0Ch 0Ch 0Ch 0Ch
0580h [7:0] MDSEL12 0Ah 0Ah 0Ah 0Ah 0Ah 0Ah
0581h [7:0] MDSEL13 0Ah 0Ah 0Ah 0Ah 0Ah 0Ah
0583h [7:0] MDSEL14 75h 75h 75h 75h 75h 75h
05B6h [7:0] PSSLVS3
05B7h [7:0] ; . ) "
- See “Low Power Consumption Period Length” on page 54.
05B8h [7:0] PSSLVS4
05B9h [7:0]
0600h [7:0]
0601h [7:0] MDSEL16 0090h 0090h 0090h 0090h 0090h 0090h
06BCh [7:0] “ . . \
068D [7:0] PSSLVSO See “Low Power Consumption Period Length” on page 54.
0846h [7:0]
0847h [7:0] MDSEL9 0000h 006Ch 0000h 0028h 0032h 003Ch
084Ah [7:0]
08BN [7:0] MDSEL10 0000h 0034h 0000h 003Ah 0020h 0034h

"I See “Readout Drive Modes” on pages 68 to 69 for details of readout mode No.
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2-2. When Using Aspect Ratio 4:3 (Approx. 10.71 M pixels)

Description of Register Setting for Each Readout Drive Modes (CSI-2)

e Bit Readout mode No.
2 Assign- Register Name
(rc) - 0 1 1A 7 10
3004h [7:0] MDSEL1 00h 00h 00h 0Ch 32h
3005h [7:0] MDSEL2 0Bh 06h 06h 41h 35h
3006h [7:0] MDSEL3 02h 02h 02h 02h 02h
. AOh: normal / | AOh: normal / | AOh: normal / | AOh: normal / | AOh: normal /
3007h [7:0] MDSEL4 A5h: inverted | A5h: inverted | A5h: inverted | A5h: inverted | ASh: inverted
300Eh [7:0] SVR According to exposure time
300Fh [7:0] (See “Frame Rate Adjustment” )
3019h [0] MDVREV 0Oh: vertical direction normal /1h: inverted
[7:1] 00h
302Ch [7:0] SHR According to exposure time
302Dh [7:0] (See “Integration Time in Each Readout Drive Mode” )
3030h [7:0] MDSEL5 77h 77h 77h 77h 77h
3034h [0] HOPBOUT EN Oh Oh Oh Oh Oh
[7:1] 00h 00h 00h 00h 00h
3035h [0] HTRIMMING_EN 1h 1h 1h 1h 1h
[7:1] 00h 00h 00h 00h 00h
3036h gfg} TR G- 30h 30h 30h 30h 30h
3037h [7:6] Oh Oh oh oh oh
3038h gg} HTR'EMN'\QNG— OF00h OF00h OF00h OF00h OF00h
303%h 7 oh oh oh oh oh
3822: {;8} MDSEL15 0044h 001Ah 001Ah 0044h 0044h
3080h [7:0] MDSEL6 00h 00h 01h 00h 00h
3081h [7:0] MDSEL7 01lh 01lh 01lh 01lh 01lh
gggg: gg} HCOUNT1 Set the same value as HMAX
28232 gg} HCOUNT2 Set the same value as HMAX
30A8h [7:0] MDSELS 03h | 02h | 02h | 02h | 02h
30A%h [7:0]
30AAh [7:0] VMAX Set vertical drive period length (Unit: HMAX X 72MHz clock)™
[3:0]
S0ABh 174 oh
ggﬁg: {;8{ HMAX Set horizontal drive period length (Unit: 72MHz clock)?
30E2h [7:0] VCUTMODE 00h 00h 00h 04h 07h
[5:0] OPB_SIZE_V 10h 10h 10h 04h 04h
312Fh 7:6] on
3130h 518} WRITE_VSIZE 0B18h 0B18h 0B18h 0580h 0140h
3131h 73] o0
3132h {4718} Y_OUT_SIZE 0BO08h 0BO08h 0BO8h 057Ch 013Ch
3133h 73] o
332Ch [7:0] PSSLVS1
332Dh [7:0] . ) ) "
334AN [7:0] See “Low Power Consumption Period Length” on page 54.
334Bh [7:0] PSSLVS2
357Fh [7:0] MDSEL11 0Ah 0Ch 0Ch 0Ch 0Ch
3580h [7:0] MDSEL12 09h 0Ah 0Ah 0Ah 0Ah
3581h [7:0] MDSEL13 07h 08h 08h 0Ah 0Ah
3583h [7:0] MDSEL14 51h 72h 72h 75h 75h
35B6h [7:0] PSSLVS3
35B7h [7:0] . ) ) .
3588 [7:0] See “Low Power Consumption Period Length” on page 54.
35B9h [7:0] PSSLVS4
22822 {;8} MDSEL16 0090h 0090h 007Dh 0090h 0090h
gggg: {;8} PSSLVSO0 See “Low Power Consumption Period Length” on page 54.
ggzs: {;8} MDSEL9 0000h 0000h 0000h 0000h 0000h
ggjg: {;8} MDSEL10 0000h 0000h 0000h 0000h 0000h

"1 See “Readout Drive Modes” on pages 68 to 69 for details of readout mode No.

IMX294CJK-C

"2 See “Horizontal/Vertical Operation Period in Each Readout Drive Mode” on page 86 and “ Frame Rate Adjustment” on pages 87 for setting range of

HMAX and VMAX in each readout mode, and example of standard setting.

66



SONY

Description of Register Setting for Each Readout Drive Modes (SLVS-EC)

P Bit Readout mode No. ™
assign- Register Name
(SLVS-EC) 0 1 1A 7 10
ment
[3:0] Oh
0003h [6:4] LANESEL oh | Oh 1h 2h 2h
[7] Oh
0004h [7:0] MDSEL1 00h 00h 00h 0Ch 32h
0005h [7:0] MDSEL2 0Bh 06h 06h 41h 35h
0006h [7:0] MDSEL3 02h 02h 02h 02h 02h
. AOh: normal / | AOh: normal / | AOh: normal / | AOh: normal / | AOh: normal /
0007h (7ol MDSEL4 A5h: inverted | A5h: inverted | A5h: inverted | A5h: inverted | A5h: inverted
000Eh [7:0] SVR According to exposure time
000Fh [7:0] (See “Frame Rate Adjustment” )
0019h [0] MDVREV Oh: vertical direction normal /1h: inverted
[7:1] 00h
002Ch [7:0] SHR According to exposure time
002Dh [7:0] (See “Integration Time in Each Readout Drive Mode” )
0030h [7:0] MDSEL5 77h 77h 77h 77h 77h
0034h [0] HOPBOUT_EN Oh Oh Oh Oh Oh
[7:1] 00h 00h 00h 00h 00h
0035h [0] HTRIMMING_EN 1h 1h 1h 1h 1h
[7:1] 00h 00h 00h 00h 00h
0036h [750] HTRIMMING_ 30h 30h 30h 30h 30h
0037h [5:0] START
[7:6] Oh Oh Oh Oh Oh
0038h gg} HTRlEMNNSNG— OFO00h OFO00h OF00h OFO00h OFO0Oh
0039h [7:6] Oh Oh Oh Oh Oh
0068h [7:0]
0069h [7:0] MDSEL15 0044h 001Ah 001Ah 0044h 0044h
0080h [7:0] MDSEL6 00h 00h 0lh 00h 00h
0081h [7:0] MDSEL7 01h 01h 01h 01h 01h
0084h [7:0] )
0085h [70] HCOUNT1 Set XHS period [INCK@72 MHz]
0086h [7:0] )
0087h 7] HCOUNT2 Set XHS period [INCK@72 MHz]
00A8h [7:0] MDSELS8 03h 02h 02h 02h 02h
00E2h [7:0] VCUTMODE 00h 00h 00h 04h 07h
032¢h [7:0] PSSLVS1
032Dh [7:0] . ) ) )
See “Low Power Consumption Period Length” on page 54.
034Ah [7:0] PSSLVS2
034Bh [7:0]
057Fh [7:0] MDSEL11 0Ah 0Ch 0Ch 0Ch 0Ch
0580h [7:0] MDSEL12 09h 0Ah 0Ah 0Ah 0Ah
0581h [7:0] MDSEL13 07h 08h 08h 0Ah 0Ah
0583h [7:0] MDSEL14 51h 72h 72h 75h 75h
05B6h [7:0] PSSLVS3
05B7h [7:0] . ) ) "
- See “Low Power Consumption Period Length” on page 54.
05B8h [7:0] PSSLVS4
05B9h [7:0]
0600h [7:0]
0601h 7] MDSEL16 0090h 0090h 007Dh 0090h 0090h
06BCh [7:0] w ! . N
068D [7:0] PSSLVS0 See “Low Power Consumption Period Length” on page 54.
0846h [7:0]
0847h [7:0] MDSEL9 0000h 0000h 0000h 0000h 0000h
084Ah [7:0]
084Bh [7:0] MDSEL10 0000h 0000h 0000h 0000h 0000h

"1 See “Readout Drive Modes” on pages 68 to 69 for details of readout mode No.

67

IMX294CJK-C



SONY
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Readout Dri

ve Modes (CSI-2 and SLVS-EC)

1. Readout Drive Modes

The table below describes the readout drive modes that can be used to operate this sensor.
All of the modes listed in the table below support vertical direction inversion operation (MDVREV = 0h/1h).

1-1. When Using Aspect Ratio Approx. 17:9 (Approx. 9.07 M pixels)

Description of Readout Drive Modes

Readout
Mode Readout drive mode Mode description
No.
. All pixels are readout with 12-bit output. This mode can be used
1 All-pixel scan m_ode together with the global reset shutter function according to the
(AD 12-bit, 12-bit length output) h :
SMD register setting.
All-pixel scan mode All pixels are readout with 12-bit output. This mode can be used
1A |(AD 12-bit, 12-bit length output) together with the global reset shutter function according to the
low noise SMD register setting.
All-pixel scan mode horizontal 3840 pixels |All pixels are readout with 12-bit output. This mode can be used
1B |(AD 12-bit, 12-bit length output) together with the global reset shutter function according to the
(CSI-2 interface only) SMD register setting.
All-pixel scan mode All pixels are readout with 10-bit output. This mode can be used
2 AD 10-bit. 10-bit | h together with the global reset shutter function according to the
( -bit, 10-bit length output) SMD register setting.
All-pixel scan mode All pixels are readout with 10-bit output. This mode can be used
2A  |(AD 10-bit, 10-bit length output) together with the global reset shutter function according to the
low noise SMD register setting.
Horizontal/vertical 2/2-line binning Horizontal and vertical direction 2-line weighted binning readout
3 (Horizontal and vertical weighted binning) |of pixels of the same color at the all-pixel scan area.
(AD 12-hit, 14-hit length output) (See the image of binning)
Horizontal/vertical 2/2-line binning Horizontal and vertical direction 2-line weighted binning readout
4 (Horizontal and vertical weighted binning) |of pixels of the same color at the all-pixel scan area.
(AD 12-hit, 12-hit length output) (See the image of binning)
Horizontal/vertical 2/2-line binning Horizontal and vertical direction 2-line weighted binning readout
5 (Horizontal and vertical weighted binning) |of pixels of the same color at the all-pixel scan area.
(AD 10-bit, 12-bit length output) (See the image of binning)
Vertical 2 binning Add 2 i ith weighting in th tical directi t the all-pixel
. . ines with weighting in the vertical direction at the all-pixe
6 Horlz_ontal 2./4 subsgmpllng scan area and 2 of every 4 lines in the horizontal direction are
(Vertical weighted binning) . S
) i output. (See the image of binning)
(AD 10-bit, 10-bit length output)
; ; ; 2 of every 4 lines in the vertical direction at the all-pixel scan
Horizontal/vertical 2/4 subsamplin ) . >
7 AD 10-bit. 10-bit | h piing area are subsampled. Then, 2 of every 4 lines in the horizontal
( -bit, 10-bit length output) direction are output. (See the image of binning)
Horizontal/vertical 3/3-line binning Horizontal and vertical dlrect!on 3-line binning readout of pixels
8 AD 10-bit. 12-bit | h of the same color at the all-pixel scan area.
( -bit, 12-bit length output) (See the image of binning)
. . 1 of every 3 lines in the vertical direction at the all-pixel scan
Ver_tlcal 13 sqbsgmpllng area are subsampled. Then, 3 pixels of the same color in the
9 horizontal 3 binning ; A
AD 10-bit. 12-bit | h horizontal direction are added and output.
( -bit, 12-bit length output) (See the image of binning)
Vertical 2/9 sub ling binni 2 of every 9 lines in the vertical direction at the all-pixel scan
10 her_t|ca I 3qu sampling binning area are added. Then, 3 pixels of the same color in the
(Xlngg-tgit 12|-nbri];r|]gn th output) horizontal direction are added and output.
' g P (See the image of binning)
Vertical 2/9 subsampling binning 2 of every 9 lines in the vertical direction at the all-pixel scan
11 horizontal 3 binning area are added. Then, 3 pixels of the same color in the
Low power consumption horizontal direction are added and output.
(AD 10-bit, 10-bit length output) (See the image of binning)
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1-2. When Using Aspect Ratio 4:3 (Approx. 10.71 M pixels)

Description of Readout Drive Modes

Readout . -
Mode No. Readout drive mode Mode description
. All pixels are readout with 14-bit output.
o  [Alpixel scan mode This mode can be used together with the global reset shutt
i i is mode can be used together wi e global reset shutter
(AD 14-bit, 14-bit length output) function according to the SMD register setting.
. All pixels are readout with 12-bit output.
1 |Albpixel scan mode This mode can be used together with the global reset shutt
i i is mode can be used together wi e global reset shutter
(AD 12-bit, 12-bit length output) function according to the SMD register setting.
All-pixel scan mode All pixels are readout with 12-bit output.
1A (AD 12-bit, 12-bit length output) This mode can be used together with the global reset shutter
low noise function according to the SMD register setting.
2 of every 4 lines in the vertical direction at the all-pixel scan
7 Horizontal/vertical 2/4 subsampling |area are subsampled. Then, 2 of every 4 lines in the horizontal
(AD 10-bit, 10-bit length output) direction are output.
(See the image of binning)
. . I 2 of every 9 lines in the vertical direction at the all-pixel scan
10 Xg'r’itlzf)?:éllisbuiﬁﬁﬁgp“ng binning area are subsampled. Then, 3 pixels of the same color in the
. ; horizontal direction are added and output.
(AD 10-bit, 12-bit length output) (See the image of binning)
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2. Relationship between Arithmetic Processing and the Number of Output Bits in Each Readout Drive
Mode

The table below shows the relationship between the A/D conversion resolution, number of binning pixels, internal
arithmetic processing, and number of output bits in each readout mode.

Note that the number of output bits differs in each mode. In addition the number of output bits is 10 bits. So the
weight of 1 digit is 4 times greater than during 12-bit output, it will be 16 times larger than that at the time of output of
14-bit output.

Relationship between Arithmetic Processing and the Number of Output Bits in Each Readout Drive Mode

. . Total
Readout AD . Ve_rtlcal Horl_zontal Number of 'T“ema! Number of
conversion pixel pixel L arithmetic .
mode No. . . . binning . output bits
resolution processing processing pixels processing
0 14 bits — — — — 10 bits + 4 bits *
1 12 bits — — — — 10 bits + 2 bits
1A 12 bits — — — — 10 bits + 2 bits
1B 12 bits — — — — 10 bits + 2 bits
2 10 bits — — — — 10 bits
2A 10 bits — — — — 10 bits
. - - . 3/6, 1.5/6, 1/6, 0.5/6 . L3
3 12 bits 2 binning 2 binning 4 pixels (weighted binning 5) 10 bits + 4 bits
. - - . 3/6, 1.5/6, 1/6, 0.5/6 . L4
4 12 bits 2 binning 2 binning 4 pixels (weighted binning 5) 10 bits + 2 bits
. - _— . 3/6, 1.5/6, 1/6, 0.5/6 . L4
5 10 bits 2 binning 2 binning 4 pixels (weighted binning 5) 10 bits + 2 bits
. I 2/4 . 3/4,1/4 .
6 10 bits 2 binning subsampling 2 pixels (weighted binning 5) 10 bits
7 10 bits 214 24 — — 10 bits
subsampling | subsampling
8 10 bits 3 binning 3 binning 9 pixels 1/9 10 bits + 2 bits
B 1/3 . . . . . *4
9 10 bits subsampling 3 binning 3 pixels 1/3 10 bits + 2 bits
2/9 X
10 10 bits subsampling 3 binning 6 pixels 1/6 10 bits + 2 bits ™
binning
2/9
11 10 bits subsampling 3 binning 6 pixels 1/6 10 bits
binning

"I A/D conversion is performed with a resolution 16 times that of 10-bit A/D conversion, and the results are output

in 14 bits regarded as a 10-bit integer item and a 4-bit decimal item.

A/D conversion is performed with a resolution 4 times that of 10-bit A/D conversion, and the results are output
in 12 bits regarded as a 10-bit integer item and a 2-bit decimal item.

Division is performed by internal arithmetic processing, then the results are output in 14 bits with the integer
item in the upper 10 bits and the decimal item in the lower 4 bits.

Division is performed by internal arithmetic processing, then the results are output in 12 bits with the integer
item in the upper 10 bits and the decimal item in the lower 2 bits.

See “Binning Image” for details of weighted binning in the following figures.

*2

*3

*4

*5
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R" =(3xR1+R2+15xR3+0.5xR4)/6
Gr =(Grl+3xGr2+0.5xGr3+1.5x Gr4) /6

Gb’ = (1.5 x Gb1 + 0.5 x Gb2 + 3 x Gb3 + Gb4) /6
B =(05xBl+15xB2+B3+3xB4)/6

Horizontal/Vertical 2/2-line Binning
(Horizontal and vertical weighted binning)
Binning Image

B Gb B Gb B Gb

Gr R Gr R Gr R
Gb B
R Gr
B Gb B Gb B Gb
Gr R Gr R Gr R

Horizontal/Vertical 2/4 Subsampling
Binning Image

IMX294CJK-C

' =(3xRL+R2)/4

Gr'=(3x Grl + Gr2) /4
Gb'=(Gb1 + 3 x Gb2) /4
B' =(B1+3xB2)/4

Vertical 2 Binning Horizontal 2/4 Subsampling
(Vertical weighted binning)
Binning Image

R'=(R1+R2+R3+R4+R5+R6+R7+R8+R9)/9
Gr'=(Gr1+Gr2+Gr3+Gr4+Gr5+Gr6+Gr7+Gr8+Gr9)/9
Gb'=(Gb1+Gb2+Gb3+Ghb4+Gb5+Gh6+Gb7+Gh8+Gh9)/9
B'=(B1+B2+B3+B4+B5+B6+B7+B8+B9)/9

Horizontal/Vertical 3/3-line Binning
Binning Image

Note) White letters in the diagram indicate pixels which are not read out.
Bayer 1 pixel in the figure is made up of the same color four pixels of Quad Bayer structure.

Quad Bayer Structure Pixel Output
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R Gr R Gr R Gr R
B Gb B Gb B Gb B G- B Gb

R'=(R1+R2+R3)/3
Gr'=(Gr1+Gr2+Gr3)/3
Gb'=(Gb1+Gb2+Gb3)/3
B'=(B1+B2+B3)/3

R'=(R1+R2+R3+R4+R5+R6)/6
Gr'=(Gr1+Gr2+Gr3+Gr4+Gr5+Gr6)/6
Gb'=(Gb1+Gb2+Gh3+Gb4+Gb5+Gb6)/6
B'=(B1+B2+B3+B4+B5+B6)/6

Vertical 1/3 Subsampling Binning Vertical 2/9 Subsampling Binning
Horizontal 3 Binning Horizontal 3 Binning
Binning Image Binning Image

Note) White letters in the diagram indicate pixels which are not read out.
Bayer 1 pixel in the figure is made up of the same color four pixels of Quad Bayer structure.

Quad Bayer Structure Pixel Output
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Image Data Output Format When Using CSI-2

Frame Format (CSI-2)

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

DATA Type
Header [5:0] Name Description
00h Frame Start Code FS
01h Frame End Code FE
12h Embedded Data Embedded data
2Bh™ RAW10 When output data bit length is 10-bits
2ch™ RAW12 When output data bit length is 12-bits
2Dh ™ RAW14 When output data bit length is 14-bits
37h ™ Optical Black Data Vertical Optical Black line data

*1 When using the HDR function, data type will change in the long-term integration frame and the short-time

integration frame. See the document “IMX294 Application Note Quad Bayer Coding HDR” for details.

Frame Structure (CSI-2)

The figure below shows the image frame structure.
The Embedded data line is output in the 1 lines following the sync code FS.

FS

Packet Header (PH)

FE

Embedded Data Lines (EBD)

Optical Black

Effective pixel area
(effective margin, color processing margin)

—
LL
o
=
—
Q
=
o
(o]
Lo
-
Q
%
©
(oL,

Frame Blanking

Frame Structure (CSI-2)
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Data Output Format (CSI-2)

The figure below shows the data output format.
Output data of the two lines per 1 internal horizontal sync pulse.

|_| Internal H sync pulse

Data

Optical Black (User Clamp) Optical Black (User Clamp)
(Odd line) (Even line)

Internal V sync pulse |_|

Effective Pixel
(Odd line)

Effective Pixel
(Even line)

Line blanking
Line Blanking

T
5
2
@
Q
T
%
&
o

Packet Footer (PF)
Packet Header (PH)

Frame blanking
Data Output Format (CSI-2)

Embedded Data Line (CSI-2)

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

In RAW10 mode, 55h dummy bytes are inserted after outputting 4 bytes of data each.
In RAW12 mode, 55h dummy bytes are inserted after outputting 2 bytes of data each.
In RAW14 mode, 55h dummy bytes are inserted after outputting 4 bytes of data each.

Embedded Data Format
Packet Header .?01] | 5?02] [%?03] . 5?05] | [%?06] [F;?g] ;'[E}%?l 07h | Packet Footer
N

07h End of Data

RAW10 Output

Packet Footer (PF)

Line blanking

Packet Header .?01] [ 5% [ &% | s . £ | B | £ | ssn £ | £0 o7 | ssh | Packet Footer
v\55h Dummy Bytes Padding Characters
RAW12 Output y
Packet Header 5 i 55h | Packet Footer
\ W
55h Dummy Bytes Padding Characters

RAW14 Output

/
Packet Header .?01] | &a | B | 55h l 55h I 55h . &% | 6o | 5% | 55h | 55h 55h | Packet Footer
Yt f =

55h Dummy Bytes Padding Characters

Embedded Data Line Format (CSI-2)
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The each format of 4 Lane is shown below.

a) 4 Lane-RAW10 Output

Sensor

Data Lanel
(DMO1P/DMO1M)

EO0 EO07 E10 E13 E16
PH 70 | 55" | 70 | 0] | (7:0) | 7o)

EIE

Data Lane2

(DMO2P/DMO2M) E17

EO01 E04 E11 El4
PH | 7.0 | oy | 55" | 701 | 7:0] | 701

Data Lane3
(DMO3P/DMO3M)

€02 | Eos | E08 E15 | E18
PH | 7.0 | 0] | @0 | 55" | 7o) | 701

Data Lane4
(DMO4P/DMO4M)

€03 | Eo6 | E09 [ E12 El9
PH | 70 | 7o) | o) | o) | 55" | 701

b) 4 Lane-RAW12 Output

Sensor

Data Lanel
(DMO1P/DMO1M)

E00 | EO3 EO08 | E11
PH I zo) | 7o | %" | o | oy | 550

Data Lane2
(DMO2P/DMO2M)

EO01 E06 E09 E14
PH | 7oy | 5" | a) | o | %" | o

Data Lane3
(DMO3P/DMO3M)

E04 EO07 E12 E15
PH | 55h @0y | 700 | 55N | 7o) | [7:0)

Data Lane4
(DMO4P/DMO4M) E02 | EO5 E10 | E13
PH [ 7.0 | 0] | 55" | o | 7:0) | 55N

c) 4 Lane-RAW14 Output

Sensor

Data Lanel
(DMO1P/DMO1M)

PH E?S] 55h 5?05] 55h [%:131 55h

Data Lane2
(DMO2P/DMO2M)

£01 £06 el [ El2
PH | 7.0 | 55" | 70 | 55" | [7.0] | 0]

Data Lane3

(DMO3P/DMO3M) E08 E13

E02 EO07
PH [ 7.0 | 55" | o) [ @0y | 55" | 7]

Data Lane4

(DMO4P/DMO4M) pH | EO3 | EO4 | o | E09 | oo | El4

[7:0] | [7:0] [7:0] [7:0]

Output Format of Embedded 4 Lane (CSI-2)
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Specific Output (CSI-2)

Output timing bit Transfer data Description
EOO to EO5 [7:0] — (Ignored)
[0] SMD
E06
[7:1] — (Ignored)
EQ7 [7:0]
PGC
[2:0]
EO8
[7:3] — (Ignored)
E09 [7:0]
SHR
E10 [7:0]
E11 [7:0]
SVR
E12 [7:0]
E13to E14 [7:0] — (Ignored)
[3:0] DGAIN
E15 [4] MDVREV
[7:5] — (Ignored)
E16 to E20 [7:0] — (Ignored)
E21 [7:0]
BLKLEVEL
[1:0]
E22
[7:2] — (Ignored)
E17 to E24 [7:0] — (Ignored)
[0] HTRIMMING_EN
E25
[7:1] — (Ignored)
E26 [7:0]
HTRIMMING_START
[5:0]
E27
[7:6] — (Ignored)
E28 [7:0]
HTRIMMING_END
[5:0]
E29
[7:6] — (Ignored)
[0] VWIDCUTEN
E30 [3:1] — (Ignored)
[7:4] — (Ignored)
E31 [7:0]
VWINPOS
[5:0]
E32
[7:6] — (Ignored)
E33 [7:0]
VWIDCUT
[5:0]
E34
[7:6] — (Ignored)
E35 to E143 [7:0] — (Ignored)
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CSI-2 serial Output Setting (CSI-2)
The output formats of this sensor support the following modes.
CSI-2 serial data output 4 Lane, RAW10, RAW12 and RAW 14

The image data is output from the CSI-2 output pin. The DMO1P/DMO1M are called the Lanel data signal, the
DMO2P/DMO2M are called the Lane2 data signal, the DMO3P/DMO3M are called the Lane3 data signal and the
DMO4P/DMO4M are called the Lane4 data signal. In addition, the clock signals are output from DCKP/DCKM of the
CSI-2 pins.

In 4 Lane mode, data is output from Lanel, Lane2, Lane3 and Lane4.

The bit rate maximum value is 1.728 Gbps/Lane.

The formats of RAW10 and RAW12 are shown below.

Bl =]~

RAW10 Format

i PO I P1 ‘ P2 ‘ P3 i PO | PT P2 [ P3| P4 I P5 ‘ P6 ‘
‘ [9:2] ‘ [9:2] | [9:2] | [9:2] ‘[1:0] [1:0]] [3:0] [5:0]‘ [9:2] ‘ [9:2] | [9:2]
i
| RAW12 Format | | | | | | | !
PO P1 PO PL P2 P3 P2 P3 P4 P5
l [11:4] | [11:4] ] [3:0] | [3:0] l [11:4] ‘ [11:4] ‘ [3:0] ‘ [3:0] ] [11:4] | [11:4) ‘
| | | | | | | | |
| RAW14 Format _| | | | | 1 | !
PO P1 P2 P3 PO P1 P1 P2 P2 P3 P4
' [13:6] | [13:6] ‘ [13:6] ‘ [13:6] l [5:0] | [1:0] ’ [5:2] ’ [3:0] ‘ [5:4] [5:0] l [13:6] l

Example of formats of RAW10, RAW12 and Raw14

The each format of 4 Lane are shown below.

a) 4 Lane-RAW10

Sensor

[Fa i [ [ s -

Data Lanel
(DMO1P/DMO1M)

P10 | P13 | P16

)
PH | o2 ©:2] | 92 | [92)

Data Lane2
(DMO2P/DMO2M)

P1 P11 P14 P17
PH | o3 2] | 92 | 1921

Data Lane3
(DMO3P/DMO3M)

PI1[1.0]
PIO[L0]| P15
:2]

P2 PS5 P8 P18
PH | 192] | (92 | [9:2] [PorTo]] [9:2] | [9:2)

Data Lane4

P15[1:0]
(DMO4P/DMO4M)

PH P3 P6 P9 P12 [P14[1.0]] P19
[9:2] | [9:2] | [9:2] | [9:2] [Pi3[T0)| [9:2]
PI2[1.0]

b) 4 Lane-RAW12

sensor Data Lanel B P13
DMO1P/DMO1IM PO [ P3 | [30] | pg | P11 | [3:0]
¢ Dyl PH [12:4] | [11:4) [~ pg | [11:4] | (11:4] [P
[3:0] [3:0]
Data Lane2 B3 PIT
(DMO2P/DMO2M) pH | Py [3O] Ps | P9 |[30] | pia
[11:4] [Pz | [11:4] | [11:4] [ P10 |[11:4]
[3:0] [3:0]
Data Lane3 = )
(DMO3P/DMO3M) pH 30| Pa | P7 | [30] | P12 | P15
PO | [11:4] [ [11:4] [~ pg | [11:4] | [11:4]
[3:0] [3:0]
Data Lane4 P7 P15
(DMO4P/DMO4M) pH | P2 | PS [3:0] | P10 | P13 | [3:0]
[11:4] | [12:4] [ pe | [11:4] | [11:4] [“ P14
[3:0] [3:0]

c) 4 Lane-RAW14

Sensor Data Lanel

PO P5 P10
(DMO1P/DMO1M) Po [[5:0] | ps [I[52] | p1o | [5:4]
[l e [r2 7] P (B B 5 8
[1:0] [3:0] [5:0]
Data Lane2 BT 76
(DMO2P/DMO2M) pH | PL [[52] P |54 | p11 | P12
[13:6] [ p2 | [13:6] [ p7 |[13:6] | [13:6]
[3:0] [5:0]
Data Lane3 =7} B8
(DMO3P/DMO3M) pH | P2 [154 ] p7 | ps |[50]| P13
[13:6] [ P3| [13:6] | [13:6] [ po | [13:6]
[5:0] [1:0]
Data Lane4 7 =)
(DMO4P/DMO4M) pH | P3| Pa |50 Py |52 | pia
[13:6] | [13:6] [ p5 | [13:6] [ P10 | [13:6]
[1:0] [3:0]

Output Format of 4 Lane (CSI-2)
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MIPI Transmitter (CSI-2)
Output pins (DMO1P to DMO4P, DMO1M to DMO4M, DCKP, DCKM) are described in this section.

IMX294

Data Lane 1

Data Lane 2

Data Lane 3

Data Lane 4

Clock Lane

Relationship between Pin Name and MIPI Output Lane

The pixel signals are output by the CSI-2 High-speed serial interface.

See the MIPI Standard
MIPI Alliance Standard for Camera Serial Interface 2 (CSI-2) Version 1.2
MIPI Alliance Specification for D-PHY Version 1.2

The CSI-2 transfers one bit with a pair of differential signals. The transmitter outputs differential current signal after
converting pixel signals to it. Insert external resistance in differential pair in a series or use cells with a built-in
resistance on the Receiver side. When inserting an external resistor, as close as possible to the Receiver.

The differential signals maintain a constant interval and reach the receiver with the shortest wiring length possible to
avoid malfunction. The maximum bit rate of each Lane are 1.728Gbps/Lane.

| . |
| b
.=> I Y 1
Clock |g_ & |
| »l " N
Lane Control | > ! 6';]
Data and | TX :
Interface Logic
3] E -
>d_
Control _|“ |
|
Lo
Protocol Side Line Side

Universal Lane Module Functions
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Detailed Specification of Each Mode (CSI-2)
1. When Using Aspect Ratio Approx. 17:9 (Approx. 9.07 M pixels)
1-1. Horizontal/Vertical Operation Period in Each Readout Drive Mode (CSI-2)
Horizontal Operation Period in Each Readout Drive Mode (CSI-2)
Horizontal operation period (Number of pixels conversion
Front . . Rear HMAX HMAX
Readout | Front ignored Front e_ffectwe Recommended Rear effectwe ignored register number
mode No.| ignored area of margin for recording margin for area of minimum per
area effective color. pixels color_ effective value H period
. processing processing .
pixel pixel
1 0 24 12 4096 12 0 1122 0.5
1A 0 24 12 4096 12 32 1192 0.5
1B 0 8 12 3840 12 0 1055 0.5
2 0 24 12 4096 12 0 947 0.5
2A 0 24 12 4096 12 32 954 0.5
3 0 12 6 2048 6 16 706 1
4 0 12 6 2048 6 16 706 1
5 0 12 6 2048 6 16 607 1
6 0 12 6 2048 6 16 520 1
7 0 12 6 2048 6 16 520 0.5
8 0 8 4 1364 4 12 520 15
9 0 8 4 1364 4 12 520 0.5
10 0 8 4 1364 4 12 520 1
11 0 8 4 1364 4 12 520 4
Vertical Operation Period in Each Readout Drive Mode (CSI-2)
Number of lines per vertical operation period
(output data 1H conversion) VMAX
Readout : - - - register
mode No.| Eront Frontignore | Front effective |Recommended Rear effective |Rear ignored| minimum
OB area of margin for color | recording | margin for color area of value
effective pixel| processing pixels processing |effective pixel
1 8 8 4 2160 4 0 1111
1A 8 8 4 2160 4 0 1111
1B 8 8 4 2160 4 0 1111
2 8 8 4 2160 4 0 1116
2A 8 8 4 2160 4 0 1116
3 4 4 6 1080 6 0 1148
4 4 4 6 1080 6 0 1148
5 4 4 6 1080 6 0 1148
6 4 4 6 1080 6 0 1148
7 4 4 6 1080 6 0 574
8 4 4 6 720 6 0 1182
9 4 4 6 720 6 0 394
10 4 4 2 240 2 0 300
11 4 2 2 240 2 0 298
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1-2. Frame Rate Adjustment (CSI-2)

The formula for frame rate calculation is shown below.

IMX294CJK-C

Frame rate [frame/s] = (72 x 106) / {HMAX register value x VMAX register value x (SVR register value + 1) }

The frame rate can be changed by changing HMAX and VMAX register values as long as these are set to minimum

value or larger. HMAX changes the line blanking period. VMAX changes the frame blanking period.
The examples of setting for each readout drive mode are shown in the table below. Set HMAX and VMAX

considering ISP image processing time.
The vertical sync signal XVS can be subsampled inside the sensor according to the SVR register. When using SVR =
1h, the frame rate becomes half. See “Electronic Shutter Timing” for details.

Examples of HMAX, VMAX and Frame Rate (CSI-2)

- - NTSC compatible drive PAL compatible drive
Readout |HMAX *|VMAX | Max frame
mode min min frequency HMAX? | VMAX2 VR fFrame HMAX | VMAX2 VR fFrame
No. value | value frame/s requency requency
[ 1] [dec] | [dec] [frame/s] | [dec] | [dec] [frame/s]

1 1122 | 1111 57.76 1200 | 1250 | © 48.00° 1152 | 1250 | O 50.00

1A 1192 | 1111 54.37 1200 | 2002 | © 29.97 1250 | 2304 | © 25.00

1B 1055 | 1111 61.43 1200 | 1250 | © 48.00° 1125 | 1280 | O 50.00

2 947 | 1116 68.13 975 | 1232 | 0 59.94 1000 | 1440 | © 50.00

2A 954 | 1116 67.63 975 | 1232 | 0 59.94 1000 | 1440 | © 50.00

3 706 | 1148 88.84 715 | 1680 | O 59.94 720 | 2000 | O 50.00

4 706 | 1148 88.84 715 | 1680 | 0 59.94 720 | 2000 | O 50.00

5 607 | 1148 103.32 616 | 1950 | O 59.94 625 | 2304 | O 50.00

6 520 | 1148 120.61 520 | 1155 | O 119.88 576 | 1250 | O | 100.00

7 520 | 1155 | O 119.88 576 | 1250 | O | 100.00
520 574 241.22

7 (60fps) 520 | 1155 | 1 59.94 576 | 1250 | 1 50.00

8 520 | 2310 | O 59.94 720 | 2000 | O 50.00
520 | 1182 117.14

8 (30fps) 520 | 2310 | 1 29.97 720 | 2000 | 1 25.00

9 520 462 0 299.70 576 500 0 | 250.00
520 394 351.43

9 (60fps) 520 462 4 59.94 576 500 4 50.00

10 520 462 0 299.70 576 500 0 | 250.00
520 300 461.54

10 (60fps) 520 462 4 59.94 576 500 4 50.00

11 520 298 58.08" 525 572 7 29.97 576 625 7 25.00

*1
*2
*3
*4
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The value set as HMAX (address 30ACh, bit [7:0] and address 30ADh, bit [7:0]).
The value set as VMAX (address 30A9h, bit [7:0], address 30AAh, bit [7:0] and address 30ABh, bit [3:0]).
The frame rate is not compatible for NTSC.
Low power consumption drive (SVR = 7h)



SONY IMX294CJK-C
1-3. Imaging Conditions in Each Readout Drive Mode (CSI-2)
Imaging conditions
ot | b oo o0 [ gy | Mombrat | Wamberl | uyerer

lanes [lane] [bit] recording pixels | recording pixels | 1€60rding piels
1 4 12 RAW12 4096 2160 Spproximately
1A 4 12 RAW12 4096 2160 Spproxmately
1B 4 12 RAW12 3840 2160 Spproxmately
i ) 0 RAWLO 4096 2160 5 M Pixels
2A 4 10 RAW10 4096 2160 'g'_oggol\fg&t;g
3 4 12 RAW14 2048 1080 ’3‘_’;{%‘?&52
4 4 12 RAW12 2048 1080 Spproxmately
5 4 10 RAW12 2048 1080 /szp{"nﬁ'?.iﬁ'sy
6 4 10 RAW10 2048 1080 Azf’zplml\’/‘l";‘ii‘eel'sy
7 4 10 RAW10 2048 1080 ";Pgiol\’;l"giiﬁ'sy
8 4 10 RAW12 1364 720 %‘_’géol\’;l"giite"'l'sy
9 4 10 RAW12 1364 720 %‘_’géol\’;l"giite"'l'sy
10 4 10 RAW12 1364 240 %f’géol\’/‘li?iiﬁ'sy
11 4 10 RAW10 1364 240 %‘f’?f’éol\’/‘l"g&‘eel'sy
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1-4. Image Data Output Format (CSI-2)

(CSI-2) MODEZ1: All-pixel scan mode (12-bit A/D conversion, 12-bit length output)
(CSI-2) MODEZ2: All-pixel scan mode (10-bit A/D conversion, 10-bit length output)

Y 8 User clamp
Y 8 Ignored area of effective pixel
& A 4 Effective margin for color processing
] A k]
) )
£ £
|8 @
o o
s =
gls s =)
=8 3 =
e = =
3 518 gl gl g s 5
R ggl | & & g T
PH E s 2l PF °
3|E E =
s|2 2 -
|0 °
- |o (9]
= =
§ w w
o 4096 S
¢ >
4120
i
4144
i
] Y
A/ 4 Effective margin for color processing
Frame Blanking

Readout Pixel Image Diagram (4096 x 2160)

(CSI-2) MODE1A: All-pixel scan mode low noise

(12-bit A/D conversion, 12-bit length output)
(CSI-2) MODE2A: All-pixel scan mode low noise

(10-bit A/D conversion, 10-bit length output)

B ]L_ 8 User clamp
\ 8 Ignored area of effective pixel
e \ 4 Effective margin for color processing s
M= A =
O j=
£ £
_|a G =
[=% Q)
o o
B 52
=1 =& o
3 S8 =
£(8 8|% =z
< |5 © [>o] o 5= C
@ oL ~ © @ oo @
d slc J & d cls o
PH |£|D 5| 2| PF
B G| ® [}
BIE £lo c
[ @ =
c|g |3 i
c|s S|
D0 O | D
< |2 £l
N w|m™
N N
= 4096 —
4120
Sl 1
4176
gt L
B v B
y 4 Effective margin for color processing
Frame Blanking

Readout Pixel Image Diagram (4096 x 2160)
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(CSI-2) MODE1B: All-pixel scan mode horizontal 3840 pixels (12-bit A/D conversion, 12-bit length output)

Y 8 User clamp
A\ 8 Ignored area of effective pixel
‘ective margin for color processing
= 4 Effectl for col
] k]
j=2] j=2]
k= k=
5|8 @
[}
| @
a8 g
21 s
o|S k] o
Q| o Q =
5| 2 =
< w— O ©o el o (=} c
© o« ~ © © = Il
g slsl & ® & = S
PH |£(D 2l pr | B
T|c I o
3 £ £ c
S| © |53
218 g
o |0 w
N 3840 N
< -
3864
i
3872
l
]
\/ 4 Effective margin for color processing
Frame Blanking

Readout Pixel Image Diagram (3840 x 2160)

(CSI-2) MODE3: Horizontal/vertical 2/2-line binning (horizontal and vertical weighted binning)
(12-bit A/D conversion, 14-bit length output)

(CSI-2) MODE4: Horizontal/vertical 2/2-line binning (horizontal and vertical weighted binning)
(12-bit A/D conversion, 12-bit length output)

(CSI-2) MODES: Horizontal/vertical 2/2-line binning (horizontal and vertical weighted binning)
(10-bit A/D conversion, 12-bit length output)

Embedded Data (EBD)
4 User clamp
A 4 Ignored area of effective pixel
[ y 6 Effective margin for color processing s
M k|
f=
= £
£ a T
3|9 Q| X
X9 8la
2|8 alo
[ >
2|9 5|8 o
s|s S| =
£(8 2le =
o2 Sls c
o 5|8 © I o hal IS [
S e g & 38 5§ o
b PH (8|5, S| Sl 4 22| PF
S| 2 c|© [0}
|3 E|T =
BIE 0|2 3
(5] -
s lo 2|9
2|z 3|5
=) ‘g 2048 R b
~ET Pl
(W ©
©
2060
i L
2088
i 1
M _ ; _ |
6 Effective margin for color processing
Frame Blanking

Readout Pixel Image Diagram (2048 x 1080)
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(CSI-2) MODES®: Vertical 2 binning horizontal 2/4 subsampling (vertical weighted binning)
(10-bit A/D conversion, 10-bit length output)

(CSI-2) MODETY: Horizontal/vertical 2/4 subsampling
(10-bit A/D conversion, 10-bit length output)

Embedded Data (EBD)

4 User clamp
y 4 Ignored area of effective pixel
6 Effective margin for color processing

L4
>
ol

|
>
|

1100
1096
1092
1080

PH PF

Line Blanking

2048 _

12 Ignored area of effective pixel

A 6 Effective margin for color processing
16 Ignored area of effective pixel

2060

v 6 Effective margin for color processing

2088

6 Effective margin for color processing
Frame Blanking

Readout Pixel Image Diagram (2048 x 1080)

(CSI-2) MODES: Horizontal/vertical 3/3-line binning (10-bit A/D conversion, 12-bit length output)
(CSI-2) MODES9: Vertical 1/3 subsampling horizontal 3 binning (10-bit A/D conversion, 12-bit length output)

Y 4 User clamp
A 4 Ignored area of effective pixel
f& A 6 Effective margin for color processing Ll
e Y s
) o
£ £
—|a a2l
2|8 e
ol Sle 1=
2lg] al2 =
8|5 5|8 i~
23 E1f 8
g o2 o|o =
Ul oy HH =
PH |glc =8| PF TS
o = ol 3 —
g glS ]
S|E Elo
s|g 2le
=1 Z|5
2|3 1364 HE
o & [ g FAD
w w
< 1372 ~
1392
i 1
.1 A |
v 6 Effective margin for color processing
Frame Blanking

Readout Pixel Image Diagram (1364 x 720)
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(CSI-2) MODE10: Vertical 2/9 subsampling binning horizontal 3 binning
(10-bit A/D conversion, 12-bit length output)

Embedded Data (EBD)

4 User clamp
y 4 Ignored area of effective pixel
2 Effective margin for color processing

L4
>
ol

|
>
|

=2 j=2]
= £l
|3 K
=g olx
a|8 ol
ol2 Slo o))
z|2 alz c
S5 5|8 =
[s] o=
o sl e 3| e 5ol o B
[ PH |5 |2 [ I R S|° o
©|c | $ (0]
QI'S | = c
(‘E" ol © —
[ ﬂi-c -
IS Elo
Slo ol|o
o> >
212 1364 2|5
S| T2
wlﬁl 1372 L | oy
S 1392 E
.

|-

2 Effective margin for color processing
Frame Blanking

Readout Pixel Image Diagram (1364 x 240)

(CSI-2) MODE11: Vertical 2/9 subsampling binning horizontal 3 binning low power consumption drive
(10-bit A/D conversion, 10-bit length output)

Embedded Data (EBD)

4 User clamp
y 2 Ignored area of effective pixel
2 Effective margin for color processing

L]
>
i

f= j=
£ S\_
T3 A
X|@ o1
a|8 ol
ol Ole >
2|2 Sz c
8|5 5|8 =
=9 olE S
2 ol 8 % g 55| PF e
K9 PH |5|8 I & N g|o m
s =8 o
215 2|5 =
|2 Elg -
[
[
HE gle
2|2 1364 2[5
=3
Do |- P o=
2 1372 ]
® it i
s 1392 <
|

<
L

2 Effective margin for color processing
Frame Blanking

Readout Pixel Image Diagram (1364 x 240)
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2. When Using Aspect Ratio 4:3 (Approx. 10.71 M pixels)
2-1. Horizontal/Vertical Operation Period in Each Readout Drive Mode (CSI-2)
Horizontal Operation Period in Each Readout Drive Mode (CSI-2)

Horizontal operation period (Number of pixels conversion)
HMAX HMAX
Read : ATl Front effective Rear effective| . Rzl ist number
eadout | pFront ignored : Recommended . ignored register
mode No.| ignored | area of Mgl e recording LI el area of | mMinimum per
area effective ro((::(()eI;)srin pixels ro((::(;l;)srin effective value H period
pixel P 9 P 9 pixel
0 0 28 12 3704 12 36 1730 0.5
1 0 28 12 3704 12 36 1034 0.5
1A 0 28 12 3704 12 36 1192 0.5
7 0 14 6 1852 6 18 520 0.5
10 0 10 4 1234 4 12 520 1
Vertical Operation Period in Each Readout Drive Mode (CSI-2)
Number of lines per vertical operation period
(output data 1H conversion) VMAX
Readout - - - - register
mode No.| Front Front ignore Fronlt effective Recommgnde Rear effective |Rear ignored | minimum
OB area of margin for color | d recording | margin for color area of value
effective pixel| processing pixels processing |effective pixel
0 16 8 18 2778 18 2 1444
1 16 8 18 2778 18 2 1444
1A 16 8 18 2778 18 2 1444
7 4 6 1388 6 0 728
10 4 2 308 2 0 368
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2-2. Frame Rate Adjustment (CSI-2)
The formula for frame rate calculation is shown below.
Frame rate [frame/s] = (72 x 106) / {HMAX register value x VMAX register value x (SVR register value + 1) }

The frame rate can be changed by changing HMAX and VMAX register values as long as these are set to minimum
value or larger. HMAX changes the line blanking period. VMAX changes the frame blanking period.

The examples of setting for each readout drive mode are shown in the table below. Set HMAX and VMAX
considering ISP image processing time.

The vertical sync signal XVS can be subsampled inside the sensor according to the SVR register.

When using SVR = 1h, the frame rate becomes half. See “Electronic Shutter Timing” for details.

Examples of HMAX, VMAX and Frame Rate (CSI-2)

<l - NTSC compatible drive PAL compatible drive
Readout [HMAX™|VMAX™“| Max frame
mode min min frequency |HMAX? | VMAX? VR fFrame HMAX | VMAX2 vr I Frame
No. value | value framel/s requency requency
[ 1| [dec] | [dec] [frame/s] | [dec] | [dec] [frame/s]
0 1730 | 1444 28.82 1875 | 1600 | O 24.00° | 1800 | 1600 | © 25.00
1034 1444 48.22 1040 2310 0 29.97 1125 2560 0 50.00
1A 1192 1444 41.83 1232 1950 0 29.97 1250 2304 0 50.00
7 525 1144 0 119.88 576 1250 0 100.00
520 728 190.19
7(60fps) 525 | 1144 | 1 59.94 576 | 1250 | 1 50.00
10 520 385 0 359.64 600 400 0 300.00
520 368 376.25
10(30fps) 520 385 | 11 29.97 600 400 | 11 | 25.00

" The value set as HMAX (address 30ACh, bit [7:0] and address 30ADh, bit [7:0]).
2 The value set as VMAX (address 30A9h, bit [7:0], address 30AAh, bit [7:0] and address 30ABh, bit [3:0]).
" The frame rate is not compatible for NTSC.

2-3. Imaging Conditions in Each Readout Drive Mode (CSI-2)

Imaging conditions
Readout | Number of | Number of A/D Number of Number of
mode No. | \ip| output | conversion bits h horizontal vertical NI 230 3
. RAW12 . : : - recording pixels
lanes [lane] [bit] recording pixels | recording pixels
Approximately
0 4 14 RAW14 3704 2778 10.29 M Pixels
Approximately
1 4 12 RAW12 3704 2778 10.29 M Pixels
Approximately
1A 4 12 RAW12 3704 2778 10.29 M Pixels
Approximately
7 4 10 RAW10 1852 1388 257 M Pixels
Approximately
10 4 10 RAW12 1234 308 0.38 M Pixels
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2-4. Image Data Output Format (CSI-2)

(CSI-2) MODEQO: All-pixel scan mode (14-bit A/D conversion, 14-bit length output)
(CSI-2) MODEZ1: All-pixel scan mode (12-bit A/D conversion, 12-bit length output)

16 User clamp
8 Ignored area of effective pixel
fa A 18 Effective margin for color processing s

2840

PH PF

Line Blanking

Ignored area of effective pixel
Ignored area of effective pixel

36

28
12 Effective margin for color processing
2824
2814
2778
12 Effective margin for color processing

3704

3728

3792

A

y 18 Effective margin for color processing
2 Ignored area of effective pixel

Frame Blanking

Readout Pixel Image Diagram (3704 x 2778)

(CSI-2) MODE1A: All-pixel scan mode low noise
(12-bit A/D conversion, 12-bit length output)

16 User clamp
A 8 Ignored area of effective pixel
M A 18 Effective margin for color processing L]

2840

PH PF

Ignored area of effective pixel
Line Blanking

Ignored area of effective pixel

28
36

3704

12 Effective margin for color processing
2824
2814
2778

12 Effective margin for color processing

3728

Y
y

3792

L
y 18 Effective margin for color processing
2 Ignored area of effective pixel

o

Frame Blanking

Readout Pixel Image Diagram (3704 x 2778)
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(CSI-2) MODETY: Horizontal/vertical 2/4 subsampling (10-bit A/D conversion, 10-bit length output)

Embedded Data (EBD)

4 User clamp
A 4 Ignored area of effective pixel
6 Effective margin for color processing

L]
>
e

=
|
il

1408
1404
1400
1388

PH PF

Line Blanking

1852

Ignored area of effective pixel
Ignored area of effective pixel

A 6 Effective margin for color processing

14

v 6 Effective margin for color processing
18

1864

1896

A
v

6 Effective margin for color processing
Frame Blanking

Readout Pixel Image Diagram (1852 x 1338)

(CSI-2) MODE10: Vertical 2/9 subsampling binning horizontal 3 binning
(10-bit A/D conversion, 12-bit length output)

Embedded Data (EBD)

4 User clamp
y 4 Ignored area of effective pixel
2 Effective margin for color processing

L]
>
i

o
£ 2
T2 A
%2 @|x
alo 2|2
2|2 8|2
3|5 513
oL 5|2 =
E=4ie] Slg c
oo g|o i~
o el g o o ® Pt
I S|5 4 o o 5|% c
3] PH |c|< %] %] %] L w| PF @
o[£ s o
215 £le
a2 =k
3|E Slo o
2 E|2 =
2|2 0|8 g
o8 1234 %9
QO [ Ll
9]
OE—I 1242 EN
- 1264 b Y
e~ L

<
L

2 Effective margin for color processing
Frame Blanking

Readout Pixel Image Diagram (1234 x 308)
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Vertical Arbitrary Cropping Function (CSI-2)

Vertical cropping region of this sensor can be arbitrarily changed by registers.

(1) Register Settings (CSI-2)

Enable vertical cropping with setting vertical arbitrary cropping enable register VWIDCUTEN to 1h, and specify
cropping width by the vertical cropping width register VWIDCUT, and cropping position by the vertical cropping start
position register VWINPOS.
And set the number of total output lines (including VOB) after cropping to the register WRITE_VSIZE, and the
number of effective pixel lines (not including VOB) after cropping to the register Y_OUT_SIZE.

Set VWINPOS negative value (two's complement) when the direction of vertical readout is inverted (MDVREYV = 1h).
Vett indicates the number of effective lines output before cropping (VWIDCUTEN = 0h) in following description.

VWIDCUTEN Setting

Csl-2 (1*C)| SLVS-EC _ _ .
Name Bit Register value Function
Address Address
Oh Vertical arbitrary cropping is disabled
VWIDCUTEN 30DDh — [0]
1h Vertical arbitrary cropping is enabled
VWIDCUT Setting
CSI-2 (I’C) | SLVS-EC _ .
N Bit R 1 I
ame Address Address ! egistervale
VWIDCUT [7:0] 30DEh — [7:0] Specify vertical cropping width
VWIDCUT [13:8] 30DFh _ [5:0] Output height [line] = Veff - VWIDCUT x step
VWINPOS Setting
2
Name CSI-2 (FC)| SLVS-EC Bit Register value
Address | Address
VWINPOS [7:0] 30EOh — [7:0] Vertical cropping start position (two's complement)
VWINPOS [13:8]| 30Elh _ [5:0] New start position (in output image) [line] = VWINPOS x step
WRITE_V_SIZE Setting
CSI-2 (°C) | SLVS-EC . .
Name Bit Register value
Address | Address
WRITE_VSIZE [7:0] 3130h - [7:0] | set the number of total output lines
WRITE_VSIZE [12:8] | 3131h — [4:0] |(including VOB) after cropping
Y_OUT_SIZE Setting
CSI-2 (I°C) | SLVS-EC . .
Name Bit Register value
Address | Address
Y_OUT_SIZE [7:0] 3132h - [7:0] Set the number of effective pixel lines
Y_OUT_SIZE [12:8] 3133h _ [4:0] (not including VOB) after cropping
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Refer to the following table in the value of step.

Vertical Arbitrary Cropping Step

Readout mode No. step value
4,6,11 2
0,1, 1A, 1B, 2, 2A,3,5,7,8,9, 10 4

When vertical readout direction is normal (MDVREV = 0h), relation between register setting values of VWINPOS /

VWIDCUT and cropping region on physical pixel array is shown below.
Register setting values must satisfy following relations. (Setting ranges are within those values which satisfy

following.)
VWINPOS x step =0 (Starting position of readout must be 0 or more)
Vet — VWIDCUT % step = Ve / 2 (Number of readout lines must be 1/2 or more before cropping)

VWINPOSxstep + Ve — VWIDCUTxstep < Ve (End position of readout must be within the area before cropping)

Heit

A Effective pixel area (HexVer)

Effective pixel area of
/ vertical arbitrary cropping mode

,7/—7{ cropping width: Vet — VWIDCUT x step ‘

‘/‘ cropping start position: VWINPOS x step ‘
(VOB)

=0h)

vertical readout direction
(MDVREV:
VE“

\J

<
—

—
H

Relation between Register Settings of VWINPOS / VWIDCUT and Cropping Region on Physical Pixel Array
(Vertical Readout Direction Normal)

For example, when the top 400 lines and bottom 400 lines (totally 800 lines) of aspect ratio approx. 17:9 model
all-pixel scan area is skipped and start cropping readout from the 401st line, setting values are as follows:
VWIDCUT 00C8h (200d) / VWINPOS 0064h (100d) / WRITE_VSIZE 0568h (1384d) / Y_OUT_SIZE 0560h (1376d)
(step = 4 for model)
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When vertical readout direction is inverted (MDVREV = 1h), relation between register setting value of VWINPOS /
VWIDCUT and cropping region is shown below. Register setting values must satisfy following relations also.
Note that VWINPOS must be negative.

| VWINPOS | x step 20 (Starting position of readout must be 0 or more)
Veit — VWIDCUT x step = Vi / 2 (Number of readout lines must be 1/2 or more before cropping)
[VWINPOS|xstep + Veir — VWIDCUTxstep £ Vet (End position of readout must be within the area before cropping)

< Heir »

A

“ cropping start position: | VWINPOS | x step ‘

|
,f——{ cropping width: Ve — VWIDCUT % step ‘
|
Effective pixel area of
/ vertical arbitrary cropping mode

=1h)

vertical readout direction
(MDVREV:
V?N

v Effective pixel area (HexVet)

(VOB)

<
—>

—
H

Relation between Register Settings of VWINPOS / VWIDCUT and Cropping Region on Physical Pixel Array
(Vertical Readout Direction Inverted)

For example, when the top 400 lines and bottom 400 lines (total 800 lines) of aspect ratio approx. 17:9 model
all-pixel scan area (when vertical readout direction inverted) is skipped and start cropping readout from the 401st line,

setting values are as follows:
VWIDCUT 00C8h (200d) / VWINPOS FF9Ch (-100d) / WRITE_VSIZE 0568h (1384d) / Y_OUT_SIZE 0560h (1376d)
(step = 4 for model)

(2) Vertical Minimum Period When Using Vertical Arbitrary Cropping Function (CSI-2)

When using vertical arbitrary cropping function, VMAX minimum value gets smaller according to cropping width.
VMAX minimum value after cropping follows the formula below using Vuaxo (VMAX minimum value before cropping).

VMAX minimum value = Vuaxo — VWIDCUT x step x HMAX number per H period
For example, when using readout mode No.1 of aspect ratio approx. 17:9 model all-pixel scan area (approx. 9.07M

pixels), if you use cropping of VWIDCUT=00C8h(=200d), VMAX minimum value is 1111 — 200 x 4 x 0.5 = 711.
(Vmaxo = 1111 and HMAX number per H period is 0.5)
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Horizontal Arbitrary Cropping Function (CSI-2)

Horizontal cropping region of this sensor can be arbitrarily changed by registers.

(1) Register Settings (CSI-2)

Set horizontal cropping enable register HTRIMMING_EN to 1h to enable horizontal arbitrary cropping function, and
horizontal cropping area are determined by horizontal cropping position register HTRIMMING _START and

HTRIMMING_END.

HTRIMMING_EN Setting

csl-2 (°c)| SLVS-EC . | Register .
Name Address Address Bit value Function Remarks
Oh ?r(())rlz?gtalof;\:rg itrary Send with register
HTRIMMMING_EN | 3035h — 0] Hor‘i)fongt‘al piar| setting for each
1h - Y | readout drive mode.
cropping ON

Horizontal Arbitrary Cropping Position Setting

CSI-2 (PC)

SLVS-EC

Name Address Address Bit Register value Remarks
HST'ISAI\:\QAJIYI[I7NE)3]_ 3036h B [7:0] hori_z_ont*al cropping start o
gﬁim’v[ulg% 3037h B [5:0] postton gglr:d?/:/)l(tek: register setting
HTERl\Ill\IZ/)”\[A;:'?J?_ 3038h — [7:0] hori;pntgl cropping end mgsgfh readout dive
HEE@"P{';’?‘S(];— 3039h — [5:0] | Position”+1

In the readout mode with horizontal binning or subsampling, set the value of HTRIMMING_START and
HTRIMMING_END according to the position before processing horizontal binning or subsampling.

HTRIMMING_START and HTRIMMING_END must satisfy following 3 restrictions.

HTRIMMING_START =48 + N x stepl
HTRIMMING_END = HNUM — M x step2

HTRIMMING_END — HTRIMMING_START = Minimum value.

(M and N are integers equal or more than 0)

Refer to the following tables in the value of stepl, step2, HNUM and Minimum value.

Step value
Readout mode no binnin Horizontal Horizontal Horizontal
Horizontal pixel processing g 2 binning 3 binning 2/4 subsampling
stepl 12 12 12 24
step2 4 24 12 24
Minimum value of HTRIMMING_END — HTRIMMING_START
Readout mode no binnin Horizontal Horizontal Horizontal
Horizontal pixel processing g 2 binning 3 binning 2/4 subsampling
Minimum value 36 72 96 72

HNUM value

Readout mode

(Approx. 9.07M pixels)

When Using Aspect Ratio Approx. 17:9

When Using Aspect Ratio 3:2
(Approx. 10.71M pixels)

No.

1,2 1B

1A, 2A,3,4,5,6,7,8,9,10, 11

0,1,1A,7,10

HNUM

4192 3920

4224

3840
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(2) Horizontal Minimum Period When Using Horizontal Arbitrary Cropping Function (CSI-2)

When using horizontal arbitrary cropping function, HMAX minimum value is as follows:

HMAX Minimum Value When Using Horizontal Arbitrary Cropping Function

Readout mode No. HMAX minimum value

0 1730

1 max(706, [HTRIMMING_END — HTRIMMING_START] x1/4+85.3)
1A 1192
1B max(706, [HTRIMMING_END — HTRIMMING_START] x1/4+85.3)
2 max(520, [HTRIMMING_END — HTRIMMING_START] x5/24+83.2)
2A max(827, [HTRIMMING_END — HTRIMMING_START] x5/24+83.2)
3 706

4 706

5 max(520, [HTRIMMING_END — HTRIMMING_START] x1/8+85.3)
6 520

7 520

8 520

9 520

10 520

11 520

* max (A, B) means the larger value of A and B.
* Fractions should be rounded up.
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Electronic Shutter Timing When Using CSI-2
1. SHR, SVR, SMD Setting When Using CSI-2
1-1. SHR, SVR Setting (CSI-2)
The exposure start timing can be designated by setting the electronic shutter timing register SHR.
Note that this setting value unit is 1[HMAX] ! period regardless of the readout drive mode.
In addition, 1 frame period can be extended at VMAX period unit according to the SVR register.
(1 frame cycle is (SVR value + 1) times as long as VMAX period.)
! Setting value of register HMAX x 72MHz clock
Shutter Control Register (CSI-2)
CSI-2 (I°C) . :
Name P Bit Function
SHR [7:0] 302Ch [7:0] o . i : )
SHR [15:8] 302Dh [7:0] Specifies the integration start horizontal period
SVR [7:0] 300Eh [7:0] o . i ) )
SVR [15:8] 300Fh [7:0] Specifies the integration shutdown vertical period
HMAX [7:0] 30ACh [7:0] . . )
HMAX [15:8] 30ADN [7:0] Horizontal drive period length
VMAX [7:0] 30A9h [7:0]
VMAX[15:8] 30AAh [7:0] Vertical drive period length
VMAX [19:16] 30ABh [3:0]
Shutter Control Register Setting Range (CSI-2)
Register Register Value Function
Readout mode No.0, 1, 1A, 1B, 2, 2A
5 to {(SVR value + 1) x Number of All-pixel scan mode (14 bits, 12 bits, 10 bits)
XHS pulses per frame - 1} All-pixel scan mode (12 bits) low noise
All-pixel scan mode (10 bits) low noise
Readout mode No.3, 5
?(IEIOS{(?J\I/SIZSV al:ref;#)GX_Nlu}mber of Horizontal/vertical 2/2-line binning mode
P P (Horizontal and vertical weighted binning)
Readout mode No.4
i;'os{(su\llsl'\;svagjff;r]ﬁ)ex—Nlu}mber of Horizontal/vertical 2/2-line binning mode
P P (Horizontal and vertical weighted binning)
Readout mode No. 6
5 to {(SVR value + 1) x Number of Vertical 2 binning horizontal 2/4 subsampling (Vertical o
XHS pulses per frame - 1} 3 A Specifies the
weighted binning) ; i
SHR integration start
3 to {(SVR value + 1) x Number of Readout mode No. 7 horizontal period
XHS pulses per frame - 1} Horizontal/vertical 2/4 subsampling
7 to {(SVR value + 1) x Number of Readout mode No.8,
XHS pulses per frame - 1} Horizontal/vertical 3/3 binning
2 to {(SVR value + 1) x Number of Readout mode No.9
XHS pulses per frame - 1} Vertical 1/3 subsampling Horizontal 3 binning
5 to {(SVR value + 1) x Number of Readout mode No. 10
XHS pulses per frame - 1} Vertical 2/9 subsampling binning Horizontal 3 binning
Readout mode No. 11
)S(IEIOS{(S[J\I/sZs\IaIeLII’efr;r]r-])eX/lz\lllimltj}er of Vertical 2/9 subsampling binning Horizontal 3 binning,
p p low power consumption
1 to {(SVR value + 1) x Number of _
XHS pulses per frame - 43} Global reset shutter mode (SMD = 1)
Specifies the
. integration
SVR Oh to FFFFh *Note 2. shutdown
vertical period
Note)
1. See "Integration Time in Each Readout Drive Mode” on page 97 for the integration time calculation formula.
2. The SVR register setting range is guaranteed only as sensor function, characteristics are not guaranteed.

3. SMD is the electronic shutter drive mode register (address 3008h, bit [0]).
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1-2. Electronic Shutter Drive Mode (CSI-2)

Global reset shutter operation can be performed by setting the electronic shutter drive mode register SMD.
Rolling shutter operation performs pixel reset and integration sequentially in line units. Global reset shutter operation

resets all pixels at once and then starts integration after that.

(“Integration” is the state of a pixel between the reset and the readout. Pixels accumulate all the power of input light.)
The mechanical shutter must also be used during global reset shutter operation to make the exposure time the same

for all pixels.

Using XVS output sync signal from sensor as trigger signal is recommended in the case of synchronizing global reset
shutter timing of sensor and mechanical shutter timing outside of sensor is needed for fine adjustment of integration

time.

Consult your Sony sales representative concerning to use XVS output signal.

IMX294CJK-C

SMD Setting
csl-2 (*c)| . . -
Name Bit Register value Function
Address

Oh Rolling shutter (normal shutter mode)

SMD 3008h [0]
1h Global reset shutter

Sensor internal
register reflection timing | | |
Output frame . Valid data FE . Validdata  FE . Valid data FE

Operation
for each line

Sensor internal register

(LAST-3) H
(LAST-2) H
(LAST-1) H
(LAST) H

Reset

S

Integration

e
Readout Exposure time |

Rolling Shutter Operation

reflection timing

Output frame

Operation
for each line

F¥  vaiddaa FE

OH
1H
2H
3H

(LAST-3) H
(LAST-2) H
(LAST-1) H
(LAST) H

Reset

£

T

I ]
Integration!

OPEN

Mechanical shutter operation

Integration time Readout

CLOSE

Exposure time

Global Reset Shutter Operation
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2. Integration Time in Each Readout Drive Mode and Mode Changes When Using CSI-2

2-1. Integration Time in Each Readout Drive Mode (CSI-2)

The integration time for this sensor's output data is set using the electronic shutter timing setting registers SHR and

SVR. The formulas and constants used to calculate the integration time are shown below.

In addition, the frame rate can be reduced by setting the SVR register to “1” or more.

@ Integration time of normal readout drive mode (other than mode No.11)
Integration Time [s] = [{VMAX value x (SVR value + 1) — SHR value}

x HMAX value + Number of clocks per internal offset period] / (72 x 106)

* See the following tables for the numbers of clocks per internal offset period.

* See “Electronic Shutter Timing” on page 95 of the SHR register setting range.

@ Integration time of normal readout drive mode No.11

Integration Time [s] = [{VMAX value x (SVR value + 1) — SHR value x 4}

x HMAX value + Number of clocks per internal offset period] / (72 x 106)

* See the following tables for the numbers of clocks per internal offset period.
* See “Electronic Shutter Timing” on page 95 of the SHR register setting range.

Number of clocks per internal offset period

IMX294CJK-C

Readout
mode No.

0

1A 1B

2 2A

10

11

Number of
clocks per

internal
offset period

551

256

361 | 256

217 | 322

256 | 256

217 | 217

217 | 217

217

217

217

The figure below shows operation when SHR is being changed and REGHOLD is Oh. The F1 and F2 periods in the

figure below are two continuous frames. The SHR value which is set in the recommended serial communication
period ! just before F1 period is updated internally at the end of the communication period and then output data

which reflect the new setting is output in the F2 period. Note that the SHR setting and output are offset by a frame.

" Refer to "Register Communication Timing" on page 35.

Register communication

Internal V sync pulse

Sensor internal
V drive

SHR
change
e —

Recommended serial communication period

VMAX[HMAX] ———

~—TBD [HMAX]
I

7

H
S
% 7,
DN\,
RS
2

S
S
@ e
A ‘S
2

S
'}%
&

Output frame ~ Valid data FE

i Valid data___FE!

S vaiddam FE

BB vaiddam Fe

S vaiddaa e

BB vaiddam FE

F1 period

F2 period

SHR Change Sequence (CSI-2)

97




SONY IMX294CJIK-C

The internal vertical drive period which is set by the VMAX register can be subsampled by the SVR register. Its
period is (SVR value + 1) times as long as VMAX period. Therefore the frame rate is multiplied by 1/ (SVR value + 1).
The figure below shows the operation when the SVR register is being changed from “Oh” to “1h” and REGHOLD is Oh.
The SVR value, which is set in the recommended serial communication period*1 just before F2 period, is updated
internally at the end of the communication period and then applied from the shutter operation in the F2 period. The
output data which reflect the changing of SVR is output in the F3 period.

The image data of the F1 period before the SVR value is changed is output as valid data in the F2 period.

" Refer to "Register Communication Timing" on page 35.

Recommended serial communication period

SVR

Register communication |SVR = 0Oh changed to “1h” VMAX[HMAX] x (SVR + 1)
Internal V I } : =
nternal V sync pulse T VMAXIHMAX] : I I
| | ! - L
T } ;
Sensor internal | | SHR i
drive i S
o % %
> A & | .
N A : -
| AN | |
1 | 1
i 1 ]
Output frame  Valid data FE! B vaiddaa rel WS valio daa e
|*— F1 period F2 period F3 period

SVR Change Sequence (CSI-2)
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2-2. Operation when Changing the Readout Drive Mode (CSI-2)
When changing input INCK or CSI-2 output frequency, follow the below procedure.

1st step: Enter the sensor standby mode
2nd step: Change the frequency during standby mode.
3rd step: Follow the standby cancel sequence to resume the normal operation.

When changing input INCK frequency, don't input pulses whose width are shorter than the High / Low level width in
front and behind of the INCK pulse at the frequency change. If the pulses above generate at the frequency change,
change INCK frequency during system reset in the state of XCLR = Low. Then set the state of XCLR to High,
following the item of "Power on sequence" in the section of "Power on / off sequence" in page 141. Execute “Standby
Cancel Sequence” again because the register settings become default state after system reset.

The following mode change cases are treated as a mode transition on this sensor and one frame of invalid data is
generated.

1. Changing the readout mode setting

2. Changing the vertical direction readout setting

3. Changing the vertical arbitrary cropping setting

* Changing the horizontal arbitrary cropping setting is not treated as mode transition and no invalid data is
generated.

The figure below shows the mode transition sequence, Mode A to Mode B, in case that the mode transition is
performed in three continuous frames, F1 to F3, and REGHOLD is Oh.

(1) Set the register setting for Mode B in the recommended serial communication period*1 just before F2 period. The
F2 period data is not output.
(2) Valid data which reflect the new setting is output from the next frame (F3 period).

! Refer to "Register Communication Timing"

In addition, note that when the output data length differs between Mode A and Mode B, the new data format is output
from the start of F2 period in which the setting is changed to Mode B.

MODE Recommended serial communication period
Register communication changed to “B”
i D i -—
Inte |V I
niematy sync puise <~ VMAX[HMAX] <~—32[HMAX]
| I I | I
Sensor teral s AR s SHR SH
5 9 &, &, &,
TN\, TN\, G\ %, AN e\ \%,
> CN % (N % % % %) %, % %
AN AN % > %
% % 2 2
Output data format Mode A _data format Mode B _data format
LEIE L [UIEL
O Mode A FE ! Mode A FE! Not output Mode B FE| Mode B FE Mode B FE
utput frame [BS wvode 1 B voce D IS vode B voae 158 vode
~———— Flperiod ——*m——— F2 period —> " F3period — !

Mode Transition (CSI-2)
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Image Data Output Format When Using SLVS-EC

Line Format and Frame Format (Sync Signals and Data Output Timing) (SLVS-EC)

The format of each line and each frame of this sensor are described below.
The horizontal and vertical timing of the output data are controlled by the XVS and XHS sync signals.
Timing control is performed at the falling edge of both the XVS and XHS signals.

Line Format

The figure below shows the line format of each line. 1 Symbol consists of 10 bits regardless of readout drive mode.
Refer to “SLVS-EC Specification” for detail.

XVS m
!

Start Code Packet Header | Payload Data + Lane Staffing Code + Pad Code Patzl;e;izg;)ter Deskew Code
I

Frame | Frame | Line a EBD
Start End valid Line Number s Data ID Reserve ECC
2.304 Ghps E\
Serializer
Byte_Data [7:0] 8B10B Symbol Serial Data
3B4B Data - -
7 ; ! @oviy  [afbJe[d[e[i[f]e[h]J]
g G g Time
F f
[4] . 5B6B
I .
e 1?2 ;
VI I .
o A b
a
Line Format
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Frame Format (SLVS-EC)

IMX294CJK-C

In this section the frame formats in following cases are described.

1. Normal frame

2. Invalid frame (with training sequence)
3. Invalid frame (without training sequence)

1. Normal frame

As an example, the figure below shows XVS timing and contents of the header in each line in the case of
readout mode No. 0, all-pixel scan (14-bit).

Header Info.
6 byte

Frame Start [1 bit]
Frame End [1 bit]
Line Valid [1 bit]
Line Number [13 bit]
EBD Line [1 bit]
Data ID [4 bit]

’— Reserved [27 bit]

Packet Header | Payload Data + Lane Staffing Code + Pad Code

XvVs

Header ECC l Start Code.
7 18 byte

Packet Footer
(Optior) -De;kEW Cme-

| Reserved [ ECC |

[ Reserved [ Ecc| Front dummy(communication period + sensor clamp)

—

Reserved | ECC

Reserved | ECC User clamp

Reserved | ECC Ignored area of effective pixel

Reserved | ECC Effective margin for color processing

Reserved | ECC

Vertical Front
Blanking Period
sl[als[ale]o] [o]e

Reserved | ECC

Reserved | ECC

Reserved | ECC

essing

Reserved | ECC

=[=[=[o]o

Reserved | ECC

Reserved | ECC

Packet Header

H blank

Effective margin for
Ignored area of

2363

Reserved | ECC

Effective margin for color processing

++«—Vertical Non-blanking Period——sf<«——

2864

Reserved | ECC Ignored area of effective pixel

2865

Reserved | ECC

2866

Reserved | ECC

o[o[o]o]e
olo[=[o]e
olo|o]]=

2867

olo]e]o]e

olo|o|o|e

Reserved | ECC

Vertical Read
Blanking Period

Frame Format (Normal frame, in the case of readout mode No.0, All-pixel scan (14 bits))

Contents of Header

Iltem

Function

Frame Start

1 is output when Line Number = 3d. (In all readout drive mode)

1 is output at the top line of vertical blanking period.

Frame End In the case when XVS period is short and XVS pulse is input before Frame End
outputs 1, Frame End = 1 is output at the same line of Line Number = 1.
Continuously outputs 1 during vertical non-blanking period.

Line Valid In the case when XVS period is short and XVS pulse is input before Frame End

outputs 1, Line Valid keeps 1 until the line before the line of Line Number = 1.

Line Number

Line Number is reset to 1 while blanking period in the top of the frame, and
incremented by 1 until next reset timing. Its max value is 8191 and stops incrementing
after reaching max. (Keeps outputting the same value)

EBD Line EBD Line = 1 is output in the line of embedded data.
Data ID = 0 is output with a drive mode other than HDR.
Data ID When use HDR function, see the document “IMX294 Application Quad Bayer Coding

HDR?” for details.

During the recommended serial communication period (3XHS) sequel of the frame before is output, and Line
Number is reset to 1 after that. The timing when Line Number is reset to 1 varies with readout drive mode. (See
Readout Drive Timing)
Frame Start = 1 is output in the line of Line Number = 3. When the register EBDDATAEN = 1, embedded data is
output in the last 2 line of vertical front blanking period (the 2 lines just before the user clamp output). The length of
vertical front blanking period is the same with or without embedded data output.
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2. Invalid frame (with training sequence)

This sensor generates training sequence in standby canceling, mode changing, and so on.
From 1 line after the timing of the line that 1 is output in Frame Start in normal frame, standby sequence, low
period, training sequence, idle codes are output. During this, Start Code, Packet Header and End Code are not

output.
Frame Start [1 bit]
Frame End [1 bit]
Line Valid [1 bit]
—— Line Number [13 bit]
— EBD Line [1 bit]
Header Info. Data ID [4 bit]
6 byte Reserved [27 bit]
- Header ECC
2 Xvs /[ v v 18 byte
3 (TT1 [o[ o] |
i=4
K=N7)
=T s g X
2 % 3% Blanking Data
3
£ ofo]o M 0| 0 | Reserved | ECC
g 0f(0|0 1 0| O Reserved | ECC
© olofo 2 0] 0 | Reserved | ECC
of|o|o 3 o o Reserved | ECC 0
| |
R | |
2
@
o
c
o0
52 |
23
=3
£
£ 1]o]o 3 0] o [ Reserved [ ECC i
S ofoo 2 0| 0 | Reserved | ECC <3 Blanking Data
olo]o 5 0| 0 | Reserved | ECC c 2

Frame Format (Invalid frame with training sequence)

3. Invalid frame (without training sequence)

During XVS-subsampled period by SVR, this sensor generates invalid frame without training sequence. Frame
Start = 1 and Frame End = 1 is not output in this frame, and Line Number is not reset also.

Frame Start [1 bit]
Frame End [1 bit]
Line Valid [1 bit]

Line Number [13 bit]

————— EBD Line [1 bif]

Header Info. ——— Data ID [4 bit]
6 byte Reserved [27 bit]
_-Header ECC
XVS [y y v\ li8byte
LT [o] o] | ?‘—I
0fo|0 N-1 0 0 Reserved | ECC
ojojo N [ Reserved | ECC
ojojo N+1 0] 0 Reserved | ECC

Blanking Data

- Packet Header

Blanking Data

Frame Format (Invalid frame without training sequence)
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Data Output Format (SLVS-EC)

The figure below shows the data output format.
Data output of the two lines in the period of 1XHS.

[ xrs i

Idle Code

V Blanking V Blanking
Embedded Data Embedded Data

Optical Black (User Clamp) Optical Black (User Clamp)
(Odd line) (Even line)

xvs_ ]

Effective Pixel

Effective Pixel
(Even line)

(Odd line)

Packet Header
Deskew Code
Idle Code (H Blanking)

Deskew Code
Idle Code (H Blanking)
Packet Header

=)
g
<
c
©
o
<
@
o
o
(©]
Q@
k=l

V Blanking V Blanking

Data Output Format (SLVS-EC)
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Embedded Data (Information Embedding in Images) (SLVS-EC)

When setting the register EBDDATAEN = 1h, embedded data is transferred in 2 lines just before user clamp area.
Embedded data output format is shown below. Data of 2 line are same each other.

Embedded data consists of 8 bits x 144, but the same encoding format with the image is used by padding 0 to upper
bits as necessary. For example, when output bit length of the image is 12 and RAW12 encoding is used, in
embedded data block, data of 12 bits x 144 in which 8 bits x 144 of EOO to E143 is LSB aligned are output with
RAW12 encoding.

Start Code
I\

Packet Header
A

Packet Footer
Dummy data (option) End Code
L 4

Embedded data
A |

s

[

r
‘ Start Code

oot 0 [0 [ om

1

puao [ reened [ ecc |

\r i !
Dummy Packet Fooler
0] (option)

E00 to E143

Register Map

L

rrrrrrrrrrrrrr
Stat  End  Valid

Line EBD
Number  Line

I

1312 11 10 9 8 7 6 5 4 3 2 1 0

(RAW10) nn mE s W E R . 8 bit Embedded Data

(RAW12) nnnn mo® B “oBEoR [
(RAW14) nnnnnn @ @6 6 @ B2 e

Embedded Data (Information Embedding in Images)

Output timing bit Transfer data Description
E00 %g% LANESEL (Ignored)
EO1 to EQ5 [7:0] — (Ignored)
[0] SMD
E06 [7:1] — (Ignored)
EQO7 [7:0] PGC
E08 [2:0]
[7:3] — (Ignored)
E09 [7:0]
E10 [7:0] SHR
E11 [7:0]
SVR
E12 [7:0]
E13to E14 [7:0] — (Ignored)
[3:0] DGAIN
E15 [4] MDVREV
[7:5] — (Ignored)
E16 to E20 [7:0] — (Ignored)
E2l Hfg} BLKLEVEL
E22 -
[7:2] — (Ignored)
[0] HTRIMMING_EN
E25 [7:1] — (Ignored)
E26 Eg} HTRIMMING_START
27 [7:6] — (Ignored)
E28 Efg} HTRIMMING_END
E29 -
[7:6] — (Ignored)
[0] VWIDCUTEN
E30 [3:1] — (Ignored)
[7:4] — (Ignored)
E3l [7:0] VWINPOS
E32 [5:0]
[7:6] — (Ignored)
E33 [7:0] VWIDCUT
[5:0]
E34 [7:6] — (Ignored)
E35 to E143 [7:0] — (Ignored)




SONY IMX294CJIK-C
Detailed Specification of Each Mode (SLVS-EC)
1. When Using Aspect Ratio Approx. 17:9 (Approx. 9.07 M pixels)
1-1. Horizontal/Vertical Operation Period in Each Readout Drive Mode (SLVS-EC)
Horizontal Operation Period in Each Readout Drive Mode (SLVS-EC)
Horizontal operation period (Number of pixels conversion)
Rear Rear XHS XHS
Readout Front | Frontignored | Front effective |Recommended| effective ignored |minimum|number
mode No. | ignored area of margin for color| recording margin for area of period | perH
area | effective pixel | processing pixels color effective [INCK]™? period
processing pixel
1 0 24 12 4096 12 0 725 0.5
1A 0 24 12 4096 12 32 1192 0.5
2 0 24 12 4096 12 0 520 0.5
2A 0 24 12 4096 12 32 827 0.5
3 0 12 6 2048 6 16 706 1
4 0 12 6 2048 6 16 706 1
5 0 12 6 2048 6 16 520 1
6 0 12 6 2048 6 16 520 1
7 0 12 6 2048 6 16 520 0.5
8 0 8 4 1364 4 12 520 1.5
9 0 8 4 1364 4 12 520 0.5
10 0 8 4 1364 4 12 743 1
11 0 8 4 1364 4 12 520 4

"I Number of clocks in conversion of INCK = 72 MHz.
2 |If XHS period is shorter than the (XHS minimum period + horizontal front blanking), the data from the previous
line may be output during the horizontal front blanking period.

Vertical Operation Period in Each Readout Drive Mode (SLVS-EC)

Number of lines per vertical operation period
(output data 1H conversion)
Readout| : XVS
m|\?c(;j_e V;artical Front OB | Front ignore Front effective Recommended| R€& effective Reg: égngfred enr1iic?ciin[1)lélr-|nS]
ror!t (User area of. margin for.CO|Orrecording piXelsmargln for.color - p
blanking | Clamp) |effective pixel| processing processing pixel
1 24(15XHS) 8 8 4 2160 4 0 1107
1A [24(15XHS) 8 8 4 2160 4 0 1107
2 24(15XHS) 8 8 4 2160 4 0 1107
2A  [24(15XHS) 8 8 4 2160 4 0 1107
3 11(15XHS) 4 4 6 1080 6 0 1115
4 6(9XHS) 4 4 6 1080 6 0 1109
5 11(15XHS) 4 4 6 1080 6 0 1115
6 6(9XHS) 4 4 6 1080 6 0 1109
7 12(9XHS) 4 4 6 1080 6 0 559
8 9(21XHS) 4 4 6 720 6 0 1131
9 12(9XHS) 4 4 6 720 6 0 379
10 [11(15XHS)| 4 4 2 240 2 0 267
11 | 6(27XHS) 4 2 2 240 2 0 257
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1-2. Frame Rate Adjustment (SLVS-EC)

The formula for frame rate calculation is shown below.

IMX294CJK-C

Frame rate [frame/s] = (72 x 106) / { XHS period [INCK] x XVS period [XHS] x (SVR register value + 1) }

The frame rate can be changed by changing XHS period and XVS period as long as these are set to minimum value
or larger. Larger XHS period results in longer horizontal blanking period. Larger XVS period results in longer vertical
blanking period. The examples of setting for each readout drive mode are shown in the table below. Set XHS period
and XVS period considering ISP image processing time.
The vertical sync signal XVS can be subsampled inside the sensor according to the SVR register. When using SVR =
1h, the frame rate becomes half. See “Electronic Shutter Timing” on page 133 for details.

Examples of XHS Period, XVS period and Frame Rate (SLVS-EC)

YHS | XVS min NTSC compatible drive PAL compatible drive
. . XVS XVS
Readout | min period |Max frame . .
. XHS period Frame | XHS | period Frame
mode period | (number | frequency . .
NoO (INCK) | of XHS | [frame/s] period | (number | SVR [frequency| period |(number|SVR frequency
: *1 ulses) (INCK)™ | of XHS [frame/s] |(INCK) ™| of XHS [framer/s]
P pulses) pulses)
1 725 1107 89.71 728 1650 0 59.94 800 1800 0 50.00
1A 1192 1107 54.56 1200 2002 0 29.97 1250 2304 0 25.00
2 520 1107 125.08 520 1155 0 119.88 576 1250 0 100.00
2A 827 1107 78.65 840 1430 0 59.94 900 1600 0 50.00
3 706 1115 91.46 715 1680 0 59.94 720 2000 0 50.00
4 706 1109 91.96 715 1680 0 59.94 720 2000 0 50.00
5 520 1115 124.18 520 1155 0 119.88 576 1250 0 100.00
6 520 1109 124.85 520 1155 0 119.88 576 1250 0 100.00
7 525 572 0 239.76 576 625 0 | 200.00
7 (60fps) 520 559 247.70 525 572 3 59.94 576 625 3 50.00
0 119.88 0 100.00
8 520 1131 12242 520 1155 576 1250
8 (30fps) 520 1155 3 29.97 576 1250 4 25.00
9 520 462 0 299.70 576 500 0 | 250.00
520 379 365.33
9 (60fps) 520 462 4 59.94 576 500 4 50.00
10 243 267 362.94 770 312 0 299.70 800 360 0 | 250.00
10 (60fps) 770 312 4 59.94 800 360 4 50.00
11 520 257 67.35° 525 572 7 29.97 600 600 7 25.00

*1
*2

Number of clocks in conversion of INCK = 72 MHz
Low power consumption drive (SVR = 7h)
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1-3. Imaging Conditions in Each Readout Drive Mode (SLVS-EC)
Imaging conditions
Readout Number of
eadout | g|vS-EC | Number of A/D | Output Number of Number of
mode No. output conversion bits | data bit horizontal vertical recl\(l)l:(;ri]r?er i?(fels
channels [bit] length [bit] | recording pixels | recording pixels gp
[lane]

Approximately

1 6 12 12 4096 2160 8.85 M Pixels
Approximately

1A 6 12 12 4096 2160 8.85 M Pixels
Approximately

2 8 10 10 4096 2160 8.85 M Pixels
Approximately

2A 6 10 10 4096 2160 8.85 M Pixels
Approximately

3 4 12 14 2048 1080 291 M Pixels
Approximately

4 4 12 12 2048 1080 291 M Pixels
Approximately

5 6 10 12 2048 1080 221 M Pixels
Approximately

6 4 10 10 2048 1080 221 M Pixels
Approximately

7 4 10 10 2048 1080 221 M Pixels
Approximately

8 4 10 12 1364 720 0.98 M Pixels
Approximately

9 4 10 12 1364 720 0.98 M Pixels
Approximately

10 2 10 12 1364 240 0.33 M Pixels
Approximately

11 1 10 10 1364 240 0.33 M Pixels

107




SONY IMX294CJK-C

1-4. Image Data Output Format (SLVS-EC)
(SLVS-EC) MODEL1: All-pixel scan mode (12-bit A/D conversion, 12-bit length output)

Front dummy (communication period + sensor clamp) 15XHS

Jaia (EBD] |
(EBD) 1]

8 User clamp

A 8 Ignored area of effective pixel
[ \ 4 Effective margin for color processing
s y s
j=2) j=2
£ £
|8 a
28 2
Q
o o
gls 51
Bl5 5
2l s
[} o o
- = I~ X
3 [s18] e g s 2l 5
- ©|c — — — c| =
N o5 N N N =)
= =< e
g IS IS4
Bl s
== =
55
= =
< |Wd w
N
o 4096 o
4120
i
4144
i
y 4 Effective margin for color processing

Readout Pixel Image Diagram (4096 x 2160)

1[XVS] = 1650[XHS]

Ignored area of Margin of color Margin of color
V directon period User Clamp effective pixel processing Effective pixels processing
rection perio Front dummy 8[H] 8[H] 4 2160[H] AH) Vblanking
24H [15XHS] 4[XHS] 4[XHS] 2[XHS] 1080[XHS] 2[XHS] 1086[H] [543XHS]

Line Valid Valid
=Tzlglal=lalz]a .
LineNumber (deCode) = | o< . |R|3 |8 ls|s|s|.|s|e|s|v|e|s|e]e SRR ..s
SISISIRIRIRIRIR g8

"""""""" 2[H] = 1[XHS] = 728[INCK] T

" J ﬁ J
8b10b Encoding
Before 8010b Encoding HBLK Start Code  Packet Header Payload Data + Lane Stuffing Code + Pad Code End Code - Deskew Code HBLK
period 4[byte] x lane 24[byte] 6224[byte] + Lane Stuffing Code + Pad Code 4lbyte] xlane  4{byte] x lane period
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< 42 9 g
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SLVS-EC i 'g s I o el
6 Lane o |l s[=z[= clg o o~
=l <lolo|u IS Jlo o 222 2wy Ylyl e ww ww
IR 2 D B EE 388 SEEIE A HE R EE AR B EREE
== = i E oo [l
Wiwlo oo (o|m|w|~|o g5 dlale|22(28 (2w |w Wy S ww ww
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Wiy =l = dla o 222 2wy W ww ww
O D EEEE SR B EREE 33|~ 3|8
remarks |:| Ignored Ignored area of effective pixel Effective pixels Payload format MSB Start Code/End Code/Deskew Code & Payload Stuffing
Margin for color processing Payload format LSB I Packet Header Idle Code SN Lane Stuffing
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(SLVS-EC) MODE1A: All-pixel scan mode low noise
(12-bit A/D conversion, 12-bit length output)

- [____Embedded Data {{
i 8 User clamp
A 8 Ignored area of effective pixel
& 4 Effective margin for color processing Ll
i Y N
(=} i=2)
£ £
|3 2|®
2|8 8|x
0|2 gla
2le a2
Bl5 5|3
£3 EIE
o|° Clo| x
< -5 © 0 o 5w =4
] S |L N © © L5 8
< a|c < < b clo| =2
D I'5 ‘D @ aE
21T =l
T |G c|©
8|5 HE
2|2 =
|5 ol
< |2 £l
I ] w|m™
o o
— 4096 —
< >
4120
It L
4176
i L
M A _ _ _ L
\/ 4 Effective margin for color processing

Readout Pixel Image Diagram (4096 x 2160)

1[XVS] = 2002[XHS]

Ignored area of Margin of color Margin of color
X . User Clamp effective pixel processing Effective pixels processing
V direction period Front dummy 8] 8[H] 2160[H] AH) Vblanking
24H [15XHS] 4[XHS] A[XHS] 2[XHS] 1080[XHS] 2[XHS] 1790[H] [895XHS]

ws | INN I IV [ T T o

Line Valid Valid
] BB
LineNumber (Idle Code) “ o< IR
818
: :
5 28

2[H] = 1[XHS] = 1200[INCK]

8b10b Encoding
Before 8b10b Encodin,

o HBLK Start Code  Packet Header Payload Data + Lane Stuffing Code + Pad Code End Code - Deskew Code HBLK

period 4[byte] X lane 24[byte] 6272[byte] + Lane Stuffing Code + Pad Code Albyte] xlane  4[byte] X lane period
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Wiy o 0 |~ olz a2 2ls P 2lyly W _T_:@ w|w ww
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svsec QQEU)EEII o|EB|E8E o322 99'05 a|a(~|a|a
6 Lane wlwle o HEE o Sl (o] [alul S2  [olw| (ol
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remarks |:| Ignored Ignored area of effective pixel Effective pixels Payload format MSB Start Code/End Code/Deskew Code 2 Payload Stuffing
Margin for color processing Payload format LSB PackelHeader idle Code Bl Lane stuffing
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(SLVS-EC) MODE2: All-pixel scan mode (10-bit A/D conversion, 10-bit length output)

Front dummy (communication period + sensor clamp) 15XHS

8 User clamp
y' 8 Ignored area of effective pixel
s ) 4 Effective margin for color processing
& Y L}
2 2
—|a k7
o <}
gls 8
8|5 5
&2 :
b o x
<| |8|8 o @ 9 S| =
% R 8 3 &
N ©|c N N ~ £l =2
~ 0|35 N N N =]
53 i
B|E £
5|2 g
5|8 ks
2 2
<|@ ]
o~
N ) 4096 g N
< >
| 4120 |
- 4144
B ' ]
Y A 4 Effective margin for color processing
Readout Pixel Image Diagram (4096 x 2160)
1[XVS] = 1155[XHS]
Ignored area of Margin of color Margin of color
iracti - User Clamp effective pixel processing Effective pixels processing
V direction period Front dummy 8[H] 8[H) 4H) 2160(H] Al Vblanking
24H [15XHS] 4[XHS] 4[XHS] 2[XHS] 1080[XHS] 2[XHS] 96[H] [48XHS]

=

Line Valid Valid
ols|ole oo g 2lolg|y|e ) 813188 |5|8/88 8|3
LineNumber (ldle Code) N e RN AR 3|88 ..[8/2|F9[(2|F|¢ INEENEENE NSRS @D
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Frame
End

2[H] = 1[XHS] = 520[INCK]
XHS J
8b10b Encoding
Before 8010b Encoding HBLK Start Code  Packet Header  payload Data + Lane Stuffing Code + Pad Code End Code  Deskew Code HBLK
period 4[byte] x lane 24[byte] 5184[byte] + Lane Stuffing Code + Pad Code 4[byte] X lane  4[byte] X lane period
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Uiwlo|d | |m s | = s Q|d|u lm ww w|w = W w ww
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o7 il bl (7R o 2 el Bl el 2 ) K gISEME(E(E|R[315/3]3]2(2| (2|2 ala|~[a|a
remarks D Ignored Ignored area of effective pixel Effective pixels Payload format MSB Start Code/End Code/Deskew Code & Payload Stuffii
Margin for color processing Payload format LSB I Packet Header Idle Code SN L ane Stuffing
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(SLVS-EC) MODE2A: All-pixel scan mode low noise
(10-bit A/D conversion, 10-bit length output)

[____Embedded Data (
“A 8 User clamp
A 8 Ignored area of effective pixel
[ A 4 Effective margin for color processing L]
] A k]

2184
24 Ignored area of effective pixel
12 Effective margin for color processing
2176
2168
2160
12 Effective margin for color processing
32 Ignored area of effective pixel
H blank

4096

4120

A
L]

4176

\ 4 Effective margin for color processing

Readout Pixel Image Diagram (4096 x 2160)

1[XVS] = 1430[XHS]

Ignored area of Margin of color Margin of color
V direction period User Clamp effective pixel processing Effective pixels processing i
! pert Front dummy 8 8[H) ) 2160) a[H) Vblanking
24H [15XHS] 4XHS] 4[XHS] 2[XHS] 1080[XHS] 2[XHS] 646[H] [323XHS]

s i
T e R U I

Line Valid Valid
N als|ale oy 2 oy 8183/18|8/5/8/8|3 28
LineNumber (Idle Code) oo s Q3|8 |Q S 883 ..8|8|F|F/ Q3|99 QIR IRIRIRIRIR|Y 1818
JIY|FIR|YI]IN &’

Frame
{End

""""" 2[H] = 1[XHS] = 840[INCK]
s J J
8b10b Encoding

Before 8b10b Encoding HBLK StartCode  Packet Header EndCode  Deskew Code HBLK

y Payload Data + Lane Stuffing Code + Pad Code -

period 4[byte] x lane 24]byte] ey 16lbyte] + Lane Stfing Cotle + Pad Code albyte] xlane  4[byte] X lane period
W w - S ¥ 2 |w|w W w W w ww
IR A EE: A EEIREE 3|3|-|3|2
CHC] ©lo|a 21222y |y u | S EIEIELE
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SLVS-EC o E
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remarks. |:||gnored Ignored area of effective pixel Effective pixels Payload format MSB Start Code/End Code/Deskew Code + Payload Stuffing

Margin for color processing Payload format LSB Packet Header Idle Code Sl Lane stuffing

Readout Drive Timing
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(SLVS-EC) MODES3: Horizontal/vertical 2/2-line binning (horizontal and vertical weighted binning)
(12-bit A/D conversion, 14-bit length output)

Front dummy (communication period + sensor clamp) 15XHS

4 User clamp
\ 4 Ignored area of effective pixel
6 Effective margin for color processing L]

L]
>

[l
>
=

1096
1092
1080
H blank

2048

1100
12 Ignored area of effective pixel
6 Effective margin for color processing
16 Ignored area of effective pixel

A 6 Effective margin for color processing

2060

L]

2088

A
v

y 6 Effective margin for color processing

Readout Pixel Image Diagram (2048 x 1080)

1[XVS] = 1680[XHS]

Ignored area of Margin of color Margin of color Vblanking
i i User Clamp  effective pixel  processing Effective pixels processing
V direction period Front dummy A S 080 -] 566[H]
11H [15XHS] 4[XHS] 4[XHS] 6[XHS] 1080[XHS] 6XHS] [5E5XHS]

ws ]
oo UL WUHTUTIITII PUUUU Ui g o

LineNumber  (idle Code) EI H . [EI

----- o 2[H) = 2[XHS] = 1430[INCK]

1106

XHS J
8b10b Encoding
Before 810b Encodin
9 HBLK Start Code Packet Header Payload Data + Lane Stuffing Code + Pad Code EndCode  Deskew Code HBLK
period  4[byte] xlane 2abyte] Se6albyte] + Lane Sffing Code + Pad Code 4lpyte] xlane  4[byte] x lane period

uly z s e s |o|s 222 2|y|y w iy = |uyly
DOO 2zl BI5I8 252 o @le|alala|-|2|a I lalal-

a|a|a | 2222|a(a||ala 7 |22

i 1

w ool e ~lolofy|u| |uly @ fulw
vor, |3|3|G|6|6|6(E (2|2 (22 g T g|a|g|-838] Lo |3]3]-

SLVS-EC SE
4Lane w [ e D leluly| [wla] S8 [qfal
fad X

po2 EE A S HEEEE g —|@la|s|-33) Ng |3[3]-

I g

wluwlelala . oz oiel|ulul |yl E lulw
D03 EEL AR A HEEEE %% 5 alzlal-lzla S |2|2].

S alo|a|al|2]|2 SN El=

remarks D lgnored lgnored area of effective pixel Effective pixels Payload format MSB Start Code/End Code/Deskew Code Payload Stuffing
Margin for color processing Payload format LSB I Packet Header dle Code Lane Stuffing

Readout Drive Timing
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SONY

(SLVS-EC) MODE4: Horizontal/vertical 2/2-line binning (horizontal and vertical weighted binning)

1100

(12-bit A/D conversion, 12-bit length output)

Front dummy (communication period + sensor clamp) 9XHS

4 User clamp

4 Ignored area of effective pixel

6 Effective margin for color processing

1096

1092
1080

H blank

12 Ignored area of effective pixel

6 Effective margin for color processing
16 Ignored area of effective pixel

A 6 Effective margin for color processing

2048
2060
1>
P 2088 |
A N

6 Effective margin for color processing

Readout Pixel Image Diagram (2048 x 1080)

1[XVS] = 1680[XHS]

IMX294CJK-C

Ignored area of Margin of color o Margin of color .
V direction period User Clamp effective pixel  processing Effective pixels processing Vblanking
P Front dummy 4[H] AH] H] 1080] 6[H] 571[H]
6H [9XHS] 4[XHS] 4[XHS] 6[XHS] 1080[XHS] 6[XHS] [571XHS]
w7l
ws [ [TUHTUUUUT U
Line Valid Valid
LineNumber ](ldlecude) dlajm|s|w o~ ol |23 (Y339
- [y
(e T
------- - 1[H] = 1[XHS] = 715[INCK] S
XHS J
8b10b Encoding
Before 8b10b Encoding
HB!‘E Start Code Packet Header Payload Data + Lane Stuffing Code + Pad Code End Code Deskew Code
perio 4fbyte] x lane 24[byte] 3136[byte] + Lane Stuffing Code + Pad Code Albyte] xlane  4[byte] x lane
W w ol ~los o~ 212 g9y u Wiy

DOO el Bl = ) o o o|lolalal-|ala
sjlolo|lafla|n|T|T|T|T|T 212121210 |2 oo
Wwiwlolalalm 2| = Q|w |w w|w

vor| |Z|2|BIRIB|E 2| 2 B¢ A EIEIMEE
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4 Lane w|w SHITNISION i | w w|w
el ie v dln|(dlw 2% | (%
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Yibdlelglplelsle|s el g2 ¢ Q|yy ||y
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bos 2|a|h|6|6|6h|T|T T |T|T 22 alalalal |22

remarks D Ignored Ignored area of effective pixel Effective pixels Payload format MSB Start Code/End Code/Deskew Code Payload Stuffing
Margin for color processing Payload format LSB I Packet Header Idle Code Lane Stuffing

Readout Drive Timing
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SONY

IMX294CJK-C

(SLVS-EC) MODES: Horizontal/vertical 2/2-line binning (horizontal and vertical weighted binning)
(10-bit A/D conversion, 12-bit length output)

V direction period

Line Valid

LineNumber

XHS

Before 8b10b Encoding

SLVS-EC
6 Lane

1100

Front dummy (communication period + sensor clamp) 15XHS

4 User clamp

4 Ignored area of effective pixel

e Y 6 Effective margin for color processing L]
= ] k|
j=2)

2 £

£ a 5
T4 o x
Xle Sla
a8 SR
2|5 SE
Bl5 213
L5 olE
5 3 5lel x
w5 © o o =10 ¢
oL = 2 g Slof ©
glgl S| S| S 58| =
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=slo >|c
2|z 3|5
o0 2048 D=
213 =0
N [E W)
W ©

©

2060
Rl L
2088
i L
A : , , 5
y 6 Effective margin for color processing

Readout Pixel Image Diagram (2048 x 1080)

1[XVS] = 1155[XHS]

Front dummy
11H [15XHS]

User Clamp
4

[H]
4[XHS]

Ignored area of Margin of color

effective pixel processing
AH 6[H]
4[XHS] B[XHS]

Margin of color

Effective pixels processing
1080[H] 6[H]
1080[XHS] 6[XHS]

Vblanking
40[H]
[40XHS]

i

IR

(Idle Code) H

=g
w  |lon oo S
N QR 1151
=
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8

B

2[H] = 2[XHS] = 1040[INCK]
8b10b Encoding
HBLK StartCode - paciet Header Payload Data + Lane Stuffing Code + Pad Code EndCode - Deskew Code HBLK
period  4lbyte]xlane " 24fpyte] 3136[byte] + Lane Stuffing Code + Pad Code 4lbyte] xlane - 4[byte] x lane period
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remarks |:| Ignored Ignored area of effective pixel Effective pixels Payload format MSB Start Code/End Code/Deskew Code & Payload Stuffing
Margin for color processing Payload format LSB I Packet Header Idle Code Sl Lane Stuffing
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SONY IMX294CJK-C

(SLVS-EC) MODES®: Vertical 2 binning horizontal 2/4 subsampling (vertical weighted binning)
(10-bit A/D conversion, 10-bit length output)

Front dummy (communication period + sensor clamp) 15XHS

4 User clamp
\ 4 Ignored area of effective pixel
e Y 6 Effective margin for color processing L]
= ] k|
j=2)
2 £
£ 215
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29 S|z
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z|2 5|5
Bl5 213
£(8 °l%
o w5 © N o S|l ¥
3 S(L o g 2 Elc| &
4 SIE = =1 = ool 2
s c|®| T
© £lo
BIE 0|2
= >|o
5|¢ S|
el3 RS
o0 2048 D=
213 Elo
N [E W)
W ©
©
2060
Rl L
2088
i L
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y 6 Effective margin for color processing

Readout Pixel Image Diagram (2048 x 1080)

1[XVS] = 1155[XHS]

Ignored area of Margin of color o Margin of color .
v directi od User Clamp effective pixel  processing Effective pixels processing Vblanking
irection perio Front dummy 4[H] 4[H] 6[H] 1080] 6[H] 46[H]
6H [9XHS] 4[XHS] 4[XHS] 6[XHS] 1080[XHS] 6[XHS] [46XHS]

o TUUTUUUUUPUUUyy Uy

Line Valid Valid
2 = 0 ~
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LineNumber ](ldlecude) -~

1[H] = 1[XHS] = 520[INCK] <
XHS J
8b10b Encoding
Before 8010 Encoding HBLK Start Code Packet Header Payload Data + Lane Stuffing Code + Pad Code End Code Deskew Code
period 4lbyte] x lane 24]byte] 2624[byte] + Lane Stuffing Code + Pad Code 4lboyte] xlane 4[byte] x lane
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remarks Dlgnored Ignored area of effective pixel Effective pixels PayloadformatMSB Start Code/End Code/Deskew Code g Payload Stuffing
Margin for color processing Payload format LSB Packet Header Idle Code ) Lane Stuffing
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SONY IMX294CJK-C

(SLVS-EC) MODE?Y: Horizontal/vertical 2/4 subsampling (10-bit A/D conversion, 10-bit length output)

Front dummy (communication period + sensor clamp) 9XHS

4 User clamp
\ 4 Ignored area of effective pixel
& A 6 Effective margin for color processing L]
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f=
=3 £
£ a 5
|3 8 x
28 alal
0|8 52
= 5|5
HE 8|8
=|8 2l
ol - Sle| x
o w15 © o =} =|0| &
S| 52| gl gl & (5| 2
i g g, =1 =1 - § % T
g £lo
S|E o2
>0
SIS |
2|z =
=) ‘g 2048 2lg
e[ Pl
| ©
©
2060
i L
2088
< >
y . . . B
y 6 Effective margin for color processing

Readout Pixel Image Diagram (2048 x 1080)

1[XVS] = 572[XHS]
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(SLVS-EC) MODES: Horizontal/vertical 3/3-line binning (10-bit A/D conversion, 12-bit length output)

Front dummy (communication period + sensor clamp) 21XHS

4 User clamp
A 4 Ignored area of effective pixel
i 6 Effective margin for color processing k|
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Readout Pixel Image Diagram (1364 x 720)

1[XVS] = 1155[XHS]
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(SLVS-EC) MODEQ: Vertical 1/3 subsampling horizontal 3 binning
(10-bit A/D conversion, 12-bit length output)

4 User clamp

A 4 Ignored area of effective pixel
[ \ 6 Effective margin for color processing k|
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Readout Pixel Image Diagram (1364 x 720)

1[XVS] = 462[XHS]
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(SLVS-EC) MODE10: Vertical 2/9 subsampling binning horizontal 3 binning
(10-bit A/D conversion, 12-bit length output)

Front dummy (communication period + sensor clamp) 15XHS

4 User clamp
A 4 Ignored area of effective pixel
e 2 Effective margin for color processing
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Readout Pixel Image Diagram (1364 x 240)
1[XVS] = 312[XHS]
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(SLVS-EC) MODE11: Vertical 2/9 subsampling binning horizontal 3 binning low power consumption drive
(10-bit A/D conversion, 10-bit length output)

Front dummy (communication period + sensor clamp) 27XHS
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2. When Using Aspect Ratio 4:3 (Approx. 10.71 M pixels)
2-1. Horizontal/Vertical Operation Period in Each Readout Drive Mode (SLVS-EC)
Horizontal Operation Period in Each Readout Drive Mode (SLVS-EC)
Horizontal operation period (Number of pixels conversion)
Rear Rear XHS XHS
Readout Front |Frontignored | Front effective |Recommended| effective | ignored | minimum | number
mode No. | ignored area of margin for color| recording margin for | area of period perH
area |effective pixel | processing pixels color effective | [INCK] re period
processing pixel
0 0 28 12 3704 12 36 1730 0.5
1 0 28 12 3704 12 36 706 0.5
1A 0 28 12 3704 12 36 1192 0.5
7 0 14 6 1852 6 18 520 0.5
10 0 10 4 1234 4 12 520 1

" Number of clocks in conversion of INCK = 72 MHz.
2 1f XHS period is shorter than the (XHS minimum period + horizontal front blanking), the data from the previous
line may be output during the horizontal front blanking period.

Vertical Operation Period in Each Readout Drive Mode (SLVS-EC)

Number of lines per vertical operation period
(output data 1H conversion)
Readout - ] XVS
mode | \ertical | Front OB | Front ignore | Front effective Rear effective [co '9NOre€d minimum
No. front (User area of |margin for colorgig?;]r?]er}gggmargin for color] ef#s;i?/fe period [XHS]
blanking | Clamp) |effective pixel| processing 9p processing pixel

0 24(15XHS) 16 8 18 2778 18 2 1435

1 24(15XHS) 16 8 18 2778 18 2 1435

1A [24(15XHS) 16 8 18 2778 18 2 1435

7 12(9XHS) 4 6 1388 6 0 713

10 |11(15XHS) 4 4 2 308 2 0 335
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2-2. Frame Rate Adjustment (SLVS-EC)
The formula for frame rate calculation is shown below.
Frame rate [frame/s] = (72 x 106) / { XHS period [INCK] x XVS period [XHS] x (SVR register value + 1) }

The frame rate can be changed by changing XHS period and XVS period as long as these are set to minimum value
or larger. Larger XHS period results in longer horizontal blanking period. Larger XVS period results in longer vertical
blanking period. The examples of setting for each readout drive mode are shown in the table below. Set XHS period
and XVS period considering ISP image processing time.

The vertical sync signal XVS can be subsampled inside the sensor according to the SVR register. When using SVR =
1h, the frame rate becomes half. See “Electronic Shutter Timing” on page 133 for details.

Examples of XHS Period, XVS period and Frame Rate (SLVS-EC)

i NTSC compatible drive PAL compatible drive
XHS [XVS min
Readout | min period |Max frame XVS XVS
mode period | (number | frequency | XHS period Frame | XHS | period Frame
No. (INCK) | of XHS | [frame/s] period | (number | SVR ffrequency| period |(number| SVR (frequency|
T 7| pulses) (INCK)™ | of XHS [frame/s] |(INCK) | of XHS [framer/s]
pulses) pulses)
0 1730 1435 29.00 1875 1600 0 24.00? | 1800 1600 0 25.00
1 706 1435 71.07 715 1680 0 59.94 720 2000 0 50.00
1A 1192 1435 42.09 1232 1950 0 29.97 1250 2304 0 25.00
7 525 1144 0 119.88 576 1250 0 100.00
520 713 194.20
7 (60fps) 525 1144 1 59.94 576 1250 1 50.00
10 520 385 0 359.64 | 600 400 0 | 300.00
520 335 413.32
10 (30fps) 520 385 11 29.97 600 400 11 25.00
" Number of clocks in conversion of INCK = 72 MHz
2 The frame rate is not compatible for NTSC.
2-3. Imaging Conditions in Each Readout Drive Mode (SLVS-EC)
Imaging conditions
Number of
Readout | g|vS-EC | Number of A/D | Output Number of Number of Number of
mode No. output conversion bits | data bit horizontal vertical recording pixels
channels [bit] length [bit] | recording pixels | recording pixels 9p
[lane]
Approximately
0 8 14 14 3704 2778 10.29 M Pixels
Approximately
1 8 12 12 3704 2778 10.29 M Pixels
Approximately
1A 6 12 12 3704 2778 10.29 M Pixels
Approximately
7 4 10 10 1852 1388 257 M Pixels
Approximately
10 4 10 12 1234 308 0.38 M Pixels
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2-4. Image Data Output Format (SLVS-EC)
(SLVS-EC) MODEQ: All-pixel scan mode (14-bit A/D conversion, 14-bit length output)

Front dummy (communication period + sensor clamp) 15XHS
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Readout Pixel Image Diagram (3704 x 2778)
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(SLVS-EC) MODEL1: All-pixel scan mode (12-bit A/D conversion, 12-bit length output)

Front dummy (communication period + sensor clamp) 15XHS

data (EED) |
(EBD) ]

16 User clamp
A 8 Ignored area of effective pixel
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Readout Pixel Image Diagram (3704 x 2778)

1[XVS] = 1680[XHS]

Ignored area of  Margin of color Margin of color  Ignored area of
o . User Clamp effective pixel processing Effective pixels processing  effective pixel
V direction period Front dummy 16[H] 8[H) 18[H] 2778 18[H] 2[H \Vblanking
24H [15XHS] 8[XHS] AXHS] 9XHS] 1389[XHS] IXHS] [XH: 490[H] [245XHS]

=T

I U e T I i I I R T T I T U T

Line Valid Valid

2861
2862
2863
2864
2865

LineNumber (idle Code) -

2[H] = 1[XHS] = 715[INCK]
XHS J
8b10b Encoding
Before 8100 Encoding HBLK Start Code  Packet Header Payload Data + Lane Stuffing Code + Pad Code End Code — Deskew Code HBLK
period  4fbyte]xlane  24fbyte] 5696[byte] + Lane Stuffing Code + Pad Code 4fbyte] xlane  4fbyte] X lane period
iyl ln (ool H B 2(2/912uy ul |uly iy |y
poo R 3 e A EEREEE ala|-|a|a
& &
w |w = © 2(gelg|y w ww T w|w ww
vor \3|3|56556 I s HEREHE BN B EREE
> —
= olc + 9 [ [ | & T T [N | o |
Wiy fo|ala oy = SIS h2lyly wiw| T W w w W
D02 el el F= ) = Z ez (2] |22 © (2122
cjg|o oo |0 |* £ 212 4 3|22 gg.cg oo a|a
= o [wlw] & @ [w [ [w [
ww = < e 212 (22w |w W W @ ww W w
oo |3|3|B(5|6 5|2 glzgaglze| 38| Vg [28]-8]2
SLVS-EC ® g
8Lane wluwle|la = 2121218 |y lul |uly S wiw| |y
2% 2|2 ks
DO4 ala & S %\ 6 o olalal-3|a = alal-lala
2|25 |5 |5 N 2122213 |3| (3|2 ala|~|ala
= oo © (ol lwlel [olwl
wlwlo ala 22 (2|2|y|u T w|w ww
s, 13|3|5 56 & ¢ B HEEEE EIAEE
3
>3 o (o Tw (o [w | (o Tl
ww o 22 2|2y |y wlw ww W w
vos 13|3|55556 = |22 2|23 -3 HEBEE
= oidly [Tl lwle | [olwl
ww 212 ¢ 2|uylul |uly wiw| |y
DO7 ala 2 2 %\ 6 o olalal-3|a alal-lala
z|2(6(6|5|5 g 2|2 |a|nls|a|-(a|a ala|~|ala
remarks |:| Ignored Ignored area of effective pixel Effective pixels Payload format MSB Start Code/End Code/Deskew Code & Payload Stuffing
Margin for color processing Payload format LSB I Packet Header Idle Code Bl Lane Stuffing

Readout Drive Timing

124



SONY IMX294CJK-C

(SLVS-EC) MODE1A: All-pixel scan mode low noise
(12-bit A/D conversion, 12-bit length output)
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Readout Pixel Image Diagram (3704 x 2778)

1[XVS] = 1950[XHS]
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(SLVS-EC) MODE?Y: Horizontal/vertical 2/4 subsampling (10-bit A/D conversion, 10-bit length output)

Front dummy (communication period + sensor clamp) 9XHS

4 User clamp

4 Ignored area of effective pixel

6 Effective margin for color processing

1408
Ignored area of effective pixel

1404
1400
1388

Ignored area of effective pixel
H blank

14

A 6 Effective margin for color processing

v 6 Effective margin for color processing

A

1852
)
—
1864
1896
il

6 Effective margin for color processing

Readout Pixel Image Diagram (1852 x 1388)

V direction period

1UXVS] = 1144[XHS]
Ignored area of Margin of color Margin of color )
User Clamp  effective pixel  processing Effective pixels processing Vblanking
Front dummy 4[H| 4H) 6[H] 1388[H] 6[H] 862[H]
12H [9XHS] 4[XHS) 4XHS] 6[XHS] 1388[XHS] 6[XHS] [431XHS]

Xvs J

wo U]

Line Valid

Uy oy

LineNumber

Valid
dlalolt|o|en|alalolg wlo|n|o g138 2/18/8|8
(idle Code) clafole SiN@lsieiels(e|a|R(R Q18|88 555|888
55
£ a

2[H] = 1[XHS] = 525[INCK]

XHS J
8b10b Encoding
Before 8b10b Encodiny
9 HBLK Start Code Packet Header Payload Data + Lane Stuffing Code + Pad Code End Code  Deskew Code HBLK
period 4[byte] X lane 24]byte] 2384[byte] + Lane Stuffing Code + Pad Code Albyte] xlane  4byte] x lane period
= = = = = o o ]
S fal ~lols ols|ols s|s = = 5 SRR 8 olalala|S]|2 (2|8 |w |y ww = |w|w
voo| |3|3|G|G|G|G|E |2\ |2 |22 EEIRIE | HHEEE AR EEREE T 3|3
I — — S
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Yidle|g|alele|a|e|a|e|al=]= s |3 = 5 oo o2 Qwfw ww 8 |ulw
I A A AR R EIHE HEHEIEE 81881812 T |al2|2]-|2]2 Ig ala|-
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w oo |a|e |« === 80z = S = olalalnlg| O 2wyl |uy w |y
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remarks |:|\gnared Ignored area of effective pixel Effective pixels Payload format MSB Start Code/End Code/Deskew Code il Payioad Stuffing
Margin for color processing Payload format LSB Packet Header idle Code ZR Lane Stuffing

Readout Drive Timing
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(SLVS-EC) MODE10: Vertical 2/9 subsampling binning horizontal 3 binning
(10-bit A/D conversion, 12-bit length output)

Front dummy (communication period + sensor clamp) 15XHS

Dedded Data (EED] |
[__Embedded Data (EBD) |

4 User clamp
A 4 Ignored area of effective pixel
2 Effective margin for color processing

"
>
=

320
Ignored area of effective pixel
316
312
308
Ignored area of effective pixel
H blank

1234
1242
1264

ﬁfective margin for color processing

y 12

L 10
4 Effective margin for color processing

o
|~

A4 / 2 Effective margin for color processing

Readout Pixel Image Diagram (1234 x 308)

1IXVS] = 385[XHS]

Ignored area of Margin of color Margin of color Vblanki
V directi d User Clamp effective pixel processing Effective pixels processing lanking
rection perio Front dummy 4H) 4H) H 308H] 2 - SO
11H [15XHS] 4[XHS] XHS] XH 308[XHS] XH: [50XHS]

U WU

N
Eﬁ

2[H = 2[XHS] = 1040[INCK] T e

Line Valid

LineNumber

XHS H
8b10b Encoding
Before 8010b Encoding HBLK StartCode  packet Header End Code  Deskew Code HBLK
period Abyte] X lane 24lbyte] Payload Data + Lane Stuffing Code + Pad Code 4[byte] X lane  4[byte] X lane period
1904[byte] + Lane Stuffing Code + Pad Code
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remarks |:| Ignored Ignored area of effective pixel Effective pixels Payload format MSB Start Code/End Code/Deskew Code 4 Payload Stuffing
Margin for color processing Payload format LSB I Packet Header Idle Code 2l Lane Stuffing

Readout Drive Timing
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Vertical Arbitrary Cropping (SLVS-EC)

Vertical cropping region of this sensor can be arbitrarily changed by registers.

(1) Register Settings (SLVS-EC)

Enable vertical cropping with setting vertical arbitrary cropping enable register VWIDCUTEN to 1h, and specify
cropping width by the vertical cropping width register VWIDCUT, and cropping position by the vertical cropping start
position register VWINPOS.
Set VWINPOS negative value (two's complement) when the direction of vertical readout is inverted (MDVREYV = 1h).
Vett indicates the number of effective lines output before cropping (VWIDCUTEN = 0h) in following description.

VWIDCUTEN Setting

2
Name CSI-2 (FC)| SLVS-EC Bit Register value Function
Address | Address
Oh Vertical arbitrary cropping is disabled
VWIDCUTEN — 00DDh [0]
1h Vertical arbitrary cropping is enabled
VWIDCUT Setting
2
Name CSI2 (FC)| SLVS-EC Bit Register value
Address | Address
VWIDCUT [7:0] — 00DEh [7:0] Specify vertical cropping width
VWIDCUT [13:8] _ 00DFh [5:0] Output height [line] = Veff - VWIDCUT x step
VWINPOS Setting
CSI-2 (I’C) | SLVS-EC . .
Name Bit Register value
Address | Address
VWINPOS [7:0] — 00EOh [7:0] Vertical cropping start position (two's complement)
VWINPOS [13:8] _ 00E1h [5:0] New start position (in output image) [line] = VWINPOS x step
Refer to the following table in the value of step.
Vertical Arbitrary Cropping Step
Readout mode No. step value
4,6,11 2
0,1,1A,1B,2,2A,3,5,7,8,9,10 4
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When vertical readout direction is normal (MDVREV = 0h), relation between register setting values of VWINPOS /
VWIDCUT and cropping region on physical pixel array is shown below.
Register setting values must satisfy following relations. (Setting ranges are within those values which satisfy

following.)
VWINPOS x step =0 (Starting position of readout must be 0 or more)
Vet — VWIDCUT x step = Ve / 2 (Number of readout lines must be 1/2 or more before cropping)

VWINPOSxstep + Vet — VWIDCUTxstep < Vet (End position of readout must be within the area before cropping)

Heit

A Effective pixel area (HefXVer)
5 Y
8= Effective pixel area of
g g / vertical arbitrary cropping mode
o £|
R
% ,,——f{ cropping width: Ves — VWIDCUT x step ‘
’ |

A - ”
\ ‘ cropping start position: VWINPOS x step ‘
\4 (VOB)
—
H

Relation between Register Settings of VWINPOS / VWIDCUT and Cropping Region on Physical Pixel Array
(Vertical Readout Direction Normal)

For example, when the top 400 lines and bottom 400 lines (totally 800 lines) of mode No.1 of aspect ratio approx.
17:9 all-pixel scan area (approx. 9.07M pixels), all-pixel scan area is skipped and start cropping readout from the
401st line, setting values are as follows:

VWIDCUT 00C8h (200d) / VWINPOS 064h (100d) (step = 4 for model)
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When vertical readout direction is inverted (MDVREV = 1h), relation between register setting value of VWINPOS /
VWIDCUT and cropping region is shown below. Register setting values must satisfy following relations also.
Note that VWINPOS must be negative.

| VWINPOS | x step 20 (Starting position of readout must be 0 or more)
Veit — VWIDCUT x step = Vi / 2 (Number of readout lines must be 1/2 or more before cropping)
[VWINPOS|xstep + Veis — VWIDCUTxstep £ Vet (End position of readout must be within the area before cropping)

< Hert »

A

“ cropping start position: | VWINPOS | x step ‘

|
,f——{ cropping width: Veis — VWIDCUT x step ‘
|

=1h)

(MDVREV.
Vert

Effective pixel area of
/ vertical arbitrary cropping mode

vertical readout direction

' Effective pixel area (HeixVeir)

(VOB)

<
—

—
H

Relation between Register Settings of VWINPOS / VWIDCUT and Cropping Region on Physical Pixel Array
(Vertical Readout Direction Inverted)

For example, when the top 400 lines and bottom 400 lines (total 800 lines) of model all-pixel scan area (when
vertical readout direction inverted) is skipped and start cropping readout from the 401st line, setting values are as
follows:

VWIDCUT 00C8h (200d) / VWINPOS F9Ch (-100d) (step = 4 for mode1l)

(2) Vertical Minimum Period When Using Vertical Arbitrary Cropping Function (SLVS-EC)

When using vertical arbitrary cropping function, XVS minimum period gets smaller according to cropping width.
XVS minimum period after cropping follows the formula below using Vuaxo (XVS minimum period before cropping).

XVS minimum period = Vmaxo — VWIDCUT x step x XHS number per H period
For example, when using readout mode No.1 of aspect ratio approx. 17:9 all-pixel scan area (approx. 9.07M pixels),

if you use cropping of VWIDCUT=00C8h(=200d), VMAX minimum value is 1107 — 200 x 4 x 0.5 = 707.
(Vmaxo = 1107 and XHS number per H period is 0.5)
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Horizontal arbitrary cropping function (SLVS-EC)

Horizontal cropping region of this sensor can be arbitrarily changed by registers.

(1) Register Settings (SLVS-EC)

Set horizontal cropping enable register HTRIMMING_EN to 1h to enable horizontal arbitrary cropping function, and
horizontal cropping area are determined by horizontal cropping position register HTRIMMING_START and

HTRIMMING_END.

HTRIMMING_EN Setting

Name Cié'jréi? %Ala\{jsregg Bit ngliier Function Remarks
Horizontal arbitrar . .
HTRIMMMING_EN — 0035h [0] on ﬂoppi”g OFF ' f&?ﬂf flg; o
1h Cr%l;?)?:éag?\ll'bltral’y readout drive mode.
Horizontal Arbitrary Cropping Position Setting
Name Cicli-dzrgssc,:) ila\{jsregg Bit Register value Remarks
HST'ISAI\:\QAJIYI[I7NE)3]_ — 0036h [7:0] hori_z_ont*al cropping start o
gﬁim’v[ulg% — 0037h [5:0] postton gglr:d?/:/)l(tek: register setting
HTERl\Ill\IZ/)”\[A;:'?J?_ _ 0038h [7:0] hori;pntgl cropping end mgsgfh readout dive
Hgﬁg"mg‘g— — 0039h [5:0] | Position”+1

In the readout mode with horizontal binning or subsampling, set the value of HTRIMMING_START and
HTRIMMING_END according to the position before processing horizontal binning or subsampling.

HTRIMMING_START and HTRIMMING_END must satisfy following 3 restrictions.

HTRIMMING_START =48 + N x stepl

HTRIMMING_END = HNUM — M x step2
HTRIMMING_END — HTRIMMING_START = Minimum value
(M and N are integers equal or more than 0)

Refer to the following tables in the value of stepl, step2, HNUM and Minimum value.

Step value
Readout mode no binnin Horizontal Horizontal Horizontal
Horizontal pixel processing g 2 binning 3 binning 2/4 subsampling
stepl 12 12 12 24
step2 4 24 12 24
Minimum value of HTRIMMING_END — HTRIMMING_START
Readout mode no binnin Horizontal Horizontal Horizontal
Horizontal pixel processing g 2 binning 3 binning 2/4 subsampling
Minimum value 36 72 96 72

HNUM value

Readout mode

When Using Aspect Ratio Approx. 17:9

When Using Aspect Ratio 3:2

No.

(Approx. 9.07M pixels)

(Approx. 10.71M pixels)

1,2

1A, 2A,3,4,5,6,7,8,9,10,11

0,1,1A,7,10

HNUM

4192

4224

3840
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(2) Horizontal Minimum Period When Using Horizontal Arbitrary Cropping Function (SLVS-EC)

When using horizontal arbitrary cropping function, XHS minimum period is as follows:

XHS Minimum Period When Using Horizontal Arbitrary Cropping Function

Readout mode No. XHS minimum period [INCK]
0 1730
1 max(706, [HTRIMMING_END — HTRIMMING_START] x 1/6+34.0)
1A 1192
2 520
2A 827
3 706
4 706
5 520
6 520
7 520
8 520
9 520
10 max(520, [HTRIMMING_END — HTRIMMING_START] X 1/6+46.0)
11 520

* max (A, B) means the larger value of A and B.

* Fractions should be rounded up.
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Electronic Shutter Timing When Using SLVS-EC

1. SHR, SVR Setting (SLVS-EC)

The exposure start timing can be designated by setting the electronic shutter timing register SHR.

Note that this setting value unit is 1XHS period regardless of the readout drive mode. In addition, the vertical sync
signal XVS can be subsampled inside the sensor according to the SVR register. The vertical sync signal period
inside is (SVR value + 1) times as long as XVS signal period.

Shutter Setting (SLVS-EC)

Name ?AIH\GSreEsC Bit Function
SHRT7:0] | 002Ch 7:0 o . . . .
SHR [15:8] 002Dh =0 Specifies the integration start horizontal period
SVR [7:0] | OOOEh 7:0 o . . . .
SVR [15:8] | 000Fh =0 Specifies the integration shutdown vertical period

Shutter Control Register Setting Range (SLVS-EC)

Register

Register Value

Function

5 to {(SVR value + 1) x Number of
XHS pulses per frame - 1}

Readout mode No.0, 1, 1A, 2, 2A

All-pixel scan mode (14 bits, 12 bits, 10 bits)
All-pixel scan mode (12 bits) low noise
All-pixel scan mode (10 bhits) low noise

5 to {(SVR value + 1) x Number of
XHS pulses per frame - 1}

Readout mode No.3, 5
Horizontal/vertical 2/2-line binning mode
(Horizontal and vertical weighted binning)

3 to {(SVR value + 1) x Number of
XHS pulses per frame - 1}

Readout mode No.4
Horizontal/vertical 2/2-line binning mode
(Horizontal and vertical weighted binning)

5 to {(SVR value + 1) x Number of
XHS pulses per frame - 1}

Readout mode No. 6
Vertical 2 binning horizontal 2/4 subsampling
(Vertical weighted binning)

Specifies the

integration

SHR 3to {(SVR value + 1) x Number of | Readout mode No. 7 ;
XHS pulses per frame - 1} Horizontal/vertical 2/4 subsampling ;t;l;ggonzontal
7 to {(SVR value + 1) x Number of | Readout mode No.8,
XHS pulses per frame - 1} Horizontal/vertical 3/3 binning
2 to {(SVR value + 1) x Number of | Readout mode No.9
XHS pulses per frame - 1} Vertical 1/3 subsampling Horizontal 3 binning
Readout mode No. 10
?(IEIOS{(SuYsZQ/ algrt_af;rlrzeX_Nf}mber of Vertical 2/9 subsampling binning
P P Horiéontal 3é)inning
Readout mode No. 11
iﬁos{(slj\lls%;/alg;ef:arlgexll;llu_mlb}er of Vertical 2/9 subsampling binning
p P Horizontal 3 binning low power consumption
1to {(SVR value + 1) x Number of —
XHS pulses per frame - 43} Global reset shutter mode (SMD = 1)
Specifies the
SVR 0h to FFFFh *Note 2. niegration
vertical period
Note)

1. See "Integration Time in Each Readout Drive Mode” on page 135 for the integration time calculation

formula.

2. The SVR setting range is guaranteed as sensor functions, characteristics are not guaranteed.

3. SMD is the electronic shutter drive mode register (address 0008h, bit [0]).
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2. SVR Operation (SLVS-EC)

Example of Electronic Shutter Operation when using SLVS-EC is shown below.

SVR e
Serial SVR=0 , , chaTged‘ o1 Communication , , Communication | |
communication Ll o prohibited Ll prohibited ! !
XVS 3 3XHS 3 3XHS [ axns 3 3XHS = axns 3 3XHS
XHS TTTTTITT ) I [TTTTTIT -~ [T - [T [T -
I PN I I I I I i h
Sensor\llnltjenr‘?eal ; i SHR | 5 i i i i i . i i i i
%, % | Lo g | Lo
g ol % X ! P ol | b
% ‘ g
| AN
Output frame 1 Valid data output 1 Valid data output i 1 Valid data output i
*— V1 period —><*—— V2 period‘“‘:‘i V3 period ——*r<———V4 period 4"“7 V5 period ———

Example of SVR operation

Note) In vertical sync signal subsampling periods (Example of SVR Operation: V3 and V5 periods), communication is
prohibited during the normal communication period (the 3XHS period after the vertical sync signal XVS is
input), except in the following case.

*When stopping vertical sync signal subsampling using the break mode register SSBRK.

3. Electronic Shutter Drive Mode (SLVS-EC)

Global reset shutter operation can be performed by setting the electronic shutter drive mode register SMD. Rolling
shutter operation performs pixel reset and integration sequentially in line units in sync with the XHS signal. Global
reset shutter operation resets all pixels at once and then starts integration after that.

(“Integration” is the state of a pixel between the reset and the readout. Pixels accumulate all the power of input light.)
The mechanical shutter must also be used during global reset shutter operation to make the exposure time the same

for all pixels.
SMD Setting
SLVS-EC . . .
Name Address Bit Register value Function
Oh Rolling shutter (normal shutter mode)
SMD 0008h (0] 1h Global reset shutter
xvs | | |
xes [ 1L [T
: %. % %
1H
2H
. 3H
Operation
for each line

(LAST*Z)H
(LAST-1) H
LAST) H
( ) P A

Reset Integration Readout Exposure time i

Rolling Shutter Operation

XVS | | |
xws [N (1 (1
OH ....
1H
2H
Operation 8H *\\\
for each line T
(LAST-3) H
(LAST-2) H
(LAST-1) H
(LAST) H T '.-l\
Reset Integ;ration Integration time ‘ Readout
OPEN
Mechanical shutter operation CLOSE |
Exposure time

Global Reset Shutter Operation

134



SONY IMX294CJIK-C

4. Integration Time in Each Readout Drive Mode and Mode Changes When Using SLVS-EC
4-1. Integration Time in Each Readout Drive Mode (SLVS-EC)

The integration time for this sensor's output data is set using the electronic shutter timing setting registers SHR, SVR
and SPL. The formulas and constants used to calculate the integration time are shown below.
In addition, the frame rate can be reduced by setting the SVR register to “1” or more.

@ Integration time of normal readout drive mode (other than mode No.11)

Integration Time [s] = [{Number of XHS per XVS period x (SVR value + 1) — (SHR value)}

x Number of clock per XHS Period + Number of clocks per internal offset period]
/ INCK frequency [Hz]

* See the following tables for the numbers of clocks per internal offset period.
* See “Electronic Shutter Timing” on page 133 for the SHR register setting range.

@ Integration time of normal readout drive mode No.11

Integration Time [s] = [{Number of XHS per XVS period x (SVR value + 1) — (SHR value) x4}

x Number of clock per XHS Period + Number of clocks per internal offset period]
/ INCK frequency [Hz]

* See the following tables for the numbers of clocks per internal offset period.
* See “Electronic Shutter Timing” on page 133 for the SHR register setting range.

Number of clocks per internal offset period (SLVS-EC)

Readout
mode No. 0 1 1A 2 2A 3 4 5 6 7 8 9 10 11

Number of
clocks per

internal offset
period

551 | 256 | 361 | 217 | 322 | 256 | 256 | 217 | 217 | 217 | 217 | 217 | 217 | 217

The figure below shows operation when changing SHR.

The V1 and V2 periods in the figure below are two continuous XVS periods. The SHR value set within the first 3XHS
periods (recommended serial communication period) of V1 is updated internally at the end of the 3XHS periods, and

then output data which reflect the new setting is output in the V2 period. Note that the SHR setting and output are
offset by 1XVS period.

SHR

change
Serial

communication Rl !
XVS [« 3XHS [« 3XHS [+ 3XHS

!
[« 3XHS [—>1 3XHS [<—13XHS

XHS T - [T [TTTTTIT, [T - [T -~ ITTTT -
Sensor internal
Vdriva . SHR | . SHR . SHR | . SHR | . SHR | .
% R %, % % % %, % % P %
- . R 0N N @“"o'% %, 090'% %, é"90'% %, 6)"o'% &,
Output frame Valid data output Valid data output Valid data output Valid data output Valid data output

V1 period V2 period

SHR Change Sequence (SLVS-EC)
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The vertical sync signal XVS can be subsampled inside the sensor according to the SVR register. The vertical sync
signal period inside the sensor is (SVR value + 1) times as long as XVS signal period. Therefore the frame rate is
multiplied by 1/(SVR value + 1) according to the SVR value.

The figure below shows the operation when changing the SVR register. The example in the figure below shows the
update timing when the SVR value is changed from “0” to “1". The SVR value set within the first 3XHS periods
(recommended serial communication period) of V2 is updated internally at the end of the 3XHS periods, and then
applied from the shutter operation in the V2 period. Readout operation is not performed in the V3 period, and output
data which reflect the changing of SVR is output in the V4 period.

The image data of the V1 period before the SVR value is changed is output as valid data in the V2 period.

In addition, note that communication is also prohibited during the first 3XHS periods (recommended serial
communication period) of the V3 period (the frame during which readout operation is not performed)

SVR

Serial SVR=0 changed fo "1 Communication ! Communication !
communication prohibited ! prohibited !
XVS 1 3XHS 1 3XHS 1 3XHS 1 3XHS
xHS TTTTTTTT - I - T - [T -
T T
Sensor internal I AR I
V drive Ky I s I
4(/ f | | A '50 f | |
% { | | (! % { | |
N ol | % s, | [
b b Lo [ % Lo [
i i l i i i 4 4 i i i
w w N w N w
: : AN : AN :
n n n n
Output frame || Valid data output |1 Valid data output !  Valid data output ! ]
— —T - T - T
i i

|<—— V1 period —**——— V2 period——><——— V3 period —*>*———V4 period —><—— V5 period —>}

SVR Change Sequence (SLVS-EC)
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4-2. Operation when Changing the Readout Drive Mode (SLVS-EC)

The following change cases are treated as mode transition on this sensor.

1. Changing the readout mode setting

2. Changing the vertical direction readout inversion setting

3. Changing the vertical arbitrary cropping setting
4. Changing the horizontal arbitrary cropping setting

A training sequence is generated automatically from 1 to 3. In 4 a training sequence must be generated by manually

set MDCHGRST to 1. In both cases effective data output stops for 1 frame.

IMX294CJK-C

The figure below shows the mode transition sequence (Mode A to Mode B). The output of the frame changed to
Mode B (V1 period) is the training sequence of Mode B. Valid data is output from the next frame (V2 period). If XHS
period varies between Mode A and Mode B, set XHS period in the timing shown in the figure below (head of V1

period)

Serial
communication

XVS
XHS

Sensor internal
V drive

>

stream A

Output data format

Output frame

Set the SHR for
¥ MODE = B here.

MODE

changed to “B”
3XHS XHS 3XHS 3XHS 3XHS 3XHS
TT{TTT TTTT 1] — TT{TTT TTTT] TT{TT] TT{TT]
SHR SHR SHR SHR SHR SHR 6)\%
D b s ) $s, o s, ® “,
N %, &Go, 2, 8, 8, %, 8, 6(/0 )
%, %. % %, 0, % %) S %)
2 a4 2 2) 2\ P
Mode A data format Maqde B data format
Training
Mode A Mode A e‘ Mode B Mode B Mode B
V1 period 2 period-

Mode Transition (SLVS-EC)
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SONY

4-3. Recommended Global Reset Shutter Operation Sequence (SLVS-EC)

The recommended global reset shutter operation sequence is shown below. Operation in this mode spans plural
XVS periods. Global reset shutter is performed in the first XVS period, and the data is output in following other XVS
periods.

The exposure time can be adjusted by varying the XVS input period. However, the minimum XVS period is 15 XHS
periods. In addition, the mechanical shutter must also be used to make the exposure time the same for all pixels. See
“Electronic Shutter Timing” on page 133 for the SHR register setting range.

Recommended Operating Sequence for Global Reset Shutter (SLVS-EC)

Description Explanatory diagram
When performing global reset shutter
partway through rolling shutter operation
When performing global reset shutter

operation continuously

Operation item

Normal Global reset shutter normal operation

Continuous Global reset shutter continuous operation

Normal Operation (SLVS-EC)

Operation when performing global reset shutter + all-pixel scan (12 bits) one time partway through rolling shutter
operation is shown below.

Vertical 2/9 subsampling binning horizontal 3 binning mode is described as a typical example of rolling shutter
operation, but the transition operation is the same for all modes that use rolling shutter.

V1 to V4 in the figure below are the four continuous XVS periods. When the global reset shutter settings (SMD = 1h,
register setting for all-pixel scan mode (12 bits) ) are made within the first 3XHS periods (recommended serial
communication period) of the V1 period, integration starts simultaneously for all pixels at the end of the 3XHS period.
Global reset shutter readout data is output during the V2 period.

Communication to return to the original mode (SMD = 0Oh, register setting for vertical 2/9 subsampling binning
horizontal 3 binning, SHR should also be changed as necessary) is performed at the start of the V3 period.

The output data for the frame immediately after that (the V3 period in the figure) are invalid.

Note that communication is also prohibited during the first 3XHS periods (recommended serial communication
period) of the V2 period. The two tables below shows the possible length of XVS period in integration frame (V1) and
the integration start time in the exposure start XVS period (V1).

Output frame

Serial
communication

SMD=1 (Global reset shutter)
set SHR
MODE: All-pixel scan, 12bit

communication
rohibited

SMD=0 (Rolling shutter)
set SHR
MOD

m

ertical 2/9 subsampling bi

XVS '~ 3xHs

3XHS

3XHS

XHs T -

Sensor internal SHR
V drive

%,
> KNG
N .

-
SHI

=

shutter

7
Capy
e

%,
&,

—  vertical 2/9 = —t

Fraining }

Framing

vertical 2/9

raining |

‘Al pixel scan, 12 bit

raining |

vertical 2/9

period

period

Global Reset Shutter Normal Operation (SLVS-EC)
Possible Length of XVS period in Integration Frame of Global Reset Shutter (SLVS-EC)

Possible Length of XVS period in Integration Frame
Without the training sequence > 15 XHS periods
With the training sequence > 3 XHS periods + 43000 [INCK] " and > 15 XHS periods
"I Number of clocks in conversion of INCK = 72 MHz
2 When SLVS-EC parameters are default.

Condition

Integration Start Time of the Exposure Start Period (SLVS-EC)

Readout mode No. Integration start time of the exposure start period (XVS reference)
0 Approx. 417 [INCK] after the (3 + SHR) XHS period ends *
1, 1A, 3, 4 Approx. 351 [INCK] after the (3 + SHR) XHS period ends *
2, 2A, 510 11 Approx. 337 [INCK] after the (3 + SHR) XHS period ends *
Number of clocks in conversion of INCK = 72 MHz

*1
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Continuous Operation (SLVS-EC)

Operation when continuously performing global reset shutter + all-pixel scan (12 bits) is shown below.

V1 to V3 in the figure below are three continuous XVS periods. When the global reset shutter + all-pixel scan (12 bits)
settings (SMD = 1h, register setting for all-pixel scan mode (12 bits)) are made within the first 3XHS periods
(recommended serial communication period) of the V1 period, integration starts simultaneously for all pixels at the
end of the first 3XHS period of the V1 period. The training sequence is output in V1 period, and the all-pixel scan (12
bits) data is output in the V2 period. Note that communication is also prohibited during the first 3XHS periods
(recommended serial communication period) in the V2 period.

The operation during V1 and V2 periods is then repeated each time XVS is input until the mode setting is changed
next. However the training sequence is not output from the second time.

See the previous section for a description of the procedure when changing from continuous operation to a different
readout mode.

SMD=1 (Global reset shutter)

set SHR (Global reset shutter operation is in the
Serial communication n
communication MODE: All-pixel scan, 12bit onibited next period even when SMD is not set here)
Xvs 3XHS 3XHS 3XHS 3XHS 3XHS
xHs T 7 MMTTTTI TTTTTTTTT TTTTTTT TTTTTTTTI
Sensor internal SHR |\ N SHR SHR
V drive & Y =
B Vg g ) g P
S g 2 El )
> > \J\ H oy 2 o
AN
T ——
Output frame vertical 2';?""”_ IR [ All-pixel scan, 12 bit no data output) All-pixel scan, 12 bit
— o (CET Gl
V1 period 2 period 3 period

Global Reset Shutter Continuous Operation (SLVS-EC)
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4-4. Interruptive Mode Change (SLVS-EC)

The sensor mode can be changed using interrupts in all modes.

When changing the mode using an interrupt, the mode can be changed by inputting XVS in sync with XHS after 15
XHS periods or more ™" have elapsed from the start of the frame, and transmitting the mode setting register value
within the communication period. In addition, the data output before the interrupt mode change is cut off at the timing
of the interrupt mode change. This case is shown in the figure below: “Frame Format of Interruptive Mode Change”.
Frame End = 1 is output at the 4th XHS period, and after that training sequence starts.

" When the mode before the change (Mode A in the figure below) is readout mode No.11 (low power consumption
drive), wait 51 XHS periods or more from the start of the frame.

Set the SHR for
MODE = B here.

TBD XHS or more MODE

Serial F -
communication (1XHS incrementg changed to “B’
Xvs 3XHS 3XHS 3XHS
s JTTJTT] T TT T 1717
%
Sensor internal SHR (/%
V drive < e
A Tss A
> % % ol
o% R o(/,
Output data format Mode A datp format Mdde B data format
H Training |
ouputframe Mode A ! ;:‘:ﬁ ] Mode B Mode B Mode B
Interrupt
timing

Interruptive Mode Change (SLVS-EC)

Frame Start [1 bit]
Frame End [1 bit]

Line Valid [1 bit]
Line Number [13 bit]
EBD Line [1 bit]
Header Info. —— Data ID [4 bit]
6 byte L Reserved [27 bit]
o — _~Header ECC
° XVS v ¥ v / \ 18 byte
$ LT [T 1 l
o
<
=R%)
® L : e Invalid Data Output
% oJo]o N-L 0] 0 [ Reserved | ECC E P
g of1]o N 0| 0 | Reserved | ECC I Blanking Data
£ ojojo N+1 0| 0 | Reserved | ECC i
8 T Hiz
[oJoJo] N+x  ToJ o [ Reserved [ ECC

Low

Idle Code

Frame Format of Interruptive Mode Change
(With Cutting Off of Previous Line Data)
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Power-on/off Sequence when using CSI-2

1. Power-on Sequence (CSI-2)

i
}—‘L 0.8XVppp3
-+
I /o
I
} } 0.8%Vapp
T =T
I
I
I
I

Voopa(1.2 V)

|
|
|
! I
! |
! |
! |
1
| |
Vaoo(2.9 V) | !
; T
| |
} | I =500 ns |
| | ' >500ns |
Reset signal } } } >500ns _4
XCLR | | I 2500 ns Z
| ' ' I
} | I |
Master clock } } } 20ps }
INCK | ! ! ! 7
} } } } } f<>4 220ns
| + + | —
scL } 2l0ns | ! 2500ns ! i 20ps | \
| A I :
} : i } } 220 ps L
} | + t } T
SDA | 2l0ns | | 2500ns J 1 20ps \\
! .
M } } 220 ps | N
| |
SLASEL } 20ns |~ T =500ns i :
(only when H is assigned) | | | ; ;
| | |
Status 1) 2)
Power-on Sequence (CSI-2)
Period name Remarks
(1) Power stabilization All input signals are set to Low level.
period There are no constraints of the power-on sequence with Vapp, Vopp1, Voooz and Vppps.

(2) Register
communication period for
standby cancel

Wait 500 ns after the last power supply in Vapp, Voop1, Voopz and Vppps.
Then set XCLR to “H” and start the standby cancel sequence.

2. Slew Rate Limitation of Power-on Sequence (CSI-2)

Conform to the slew rate limitation shown below when power supply change 0 V to each voltage (0 % to 100 %) in
power-on sequence.

VDDDl
Vobp3
VDDD2

VADD

Iltem Symbol Power supply Min. Max. Unit Remarks
Voopz (1.2 V) — 25 mV/us
Voooz (1.8 V) — 25 mV/us
Slew rate SR Vooos (1.2 V) — 25 mV/us
Vaop (2.9 V) — 25 mV/us
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3. Power-off Sequence (CSI-2)

Make sure that all input signals are set to LOW level in the area of (2).

N
|
Vo1 (1.2 V) 0.8 x Vppp1 TN

-7
N |
| |
Voop2 (1.8 V) 0.8 x VDDD2T I |
| |
i D T
N | |
| |
Voops (1.2 V) 0.8 x VDDDSi\ ! !
| | |
— T T
| | |
| |
Vaop (2.9 V) N I :
0.2 X Vapp _ 4 | | |
-t T T I
. =20ps 1 ! ' '
I >Qps !
Reset signal I 0 “s i : ‘: :
le=YHs | )
XCLR I > I | I I
— d | | |
| ] |
Master clock ! | |
> |
* INCK must not be over Vppp»
Lo |
I°C signals Lo |
SCL, SDA, o 20wt
SLASEL™ | *SCL and SDA must not be over Vppps
“Lwhen it is driven to H ! I : :
Status @ @

Power-off Sequence (CSI-2)

Period name Remarks

(1) Pixel output period Pixel signal output period

Turn the power supplies off after all input signals are set to "Low" level except SCL and
SDA.

(2) Power-off period Set SCL and SDA to "Low" level at the same time with turning off the power supply of
Vbbp2.

There are no constraints of the power-off sequence with Vapp, Voop1, Voop2 and Vppps.
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Standby Cancel Sequence when using CSI-2

After the power-on start-up sequence is performed, this sensor is in standby mode. The standby cancels sequence is
described below. Also perform this same sequence when canceling standby mode after shifting from normal
operation to standby mode.

1. After performing the power-on start-up sequence, make the following register setting.
- 1-1. Set address 3033h to 30h (XMSTA register = 1h, MSTSLYV register = 1h)
- 1-2. Set address 303Ch to 1h (SYS_MODE register = 1h)
- 1-3. PLL Setting
Set the following registers to the appropriate value according to INCK'’s frequency.
Refer to “Description of Register” of “Register Map” on page 50.
Address 31E8h, hit[7:0] and Address 31E9h, [7:0] (PLRD1 register)
Address 3122h, bit[7:0] (PLRD2 register), Address 3129h, hit[7:0] (PLRDS3 register)
Address 312Ah, bit[7:0] (PLRD4 register), Address 311Fh, bit[7:0] (PLRD10 register)
Address 3123h, bit[7:0] (PLRD11 register), Address 3124h, bit[7:0] (PLRD12 register)
Address 3125h, bit[7:0] (PLRD13 register), Address 3127h, bit[7:0] (PLRD14 register)
Address 312Dh, bit[7:0] (PLRD15 register)
- 1-4. Standby Cancel
Set address 3000h to 12h (STANDBY register = Oh, STBLOGIC register = 1h,
STBMIPI register = Oh, STBDV register = 1h).
- 1-5. PLL release
Set address 310Bh to 00h (STBPL_IF register = Oh, STBPL_AD register = 0h).
- 1-6. Initialize communication
1) Set all registers of PLSTMG settings. (See "Readout Drive Pulse Timing" on page 55)
2) Set all of Global Timing Registers. (See page 56)
Register communication can be performed even when STANDBY is 1h
and there is no restriction on the communication order.
- 1-7. Set Readout drive mode registers
Set the mode registers of the "Register Setting for Each Readout Drive Mode" on pages 62 , 63 and 66.
Furthermore, set the required shutter and gain registers.

2. After the 1% stabilization period of 10 ms or more, make the following register setting.
- 2-1. Set address 3000h to 02h (STANDBY register = Oh, STBLOGIC register = 1h,
STBMIPI register = Oh, STBDV register = Oh).
- 2-2. Set address 35E5h to 92h (CLKDIVEN register = 2h, SYSCLKEN register = 0h)
- 2-3. Set address 35E5h to 9Ah (CLKDIVEN register = 2h, SYSCLKEN register = 1h)
- 2-4. Set address 3000h to 00h (STANDBY register = Oh, STBLOGIC register = Oh,
STBMIPI register = Oh, STBDV register = 0h).

3. After the 2™ stabilization period of 7.0ms or more,
- 3-1. Set address 3033h to 20h (XMSTA register = 0h).
- 3-2. Set address 3017h to A8h (SYNCDRYV register = 0h) (when using XHS and XVS output)

Power-on sequence I

XCLR | /
re \ I Il (I

(SCL/SDA) =10 ms =7.0ms

1-1. MSTSLV = 1h 2-1. STBDV = 0h 3-1. XMSTA = Oh

1-2. SYS_MODE = 1h 22. CLKDIVEN =2h | (3-2. SYNCDRV = 0h %)
1-3. Set PLRD1 to PLRD15 ™ 2-3. SYSCLKEN = 1h
Serial communication 1-4. Standby release 2-4. STBLOGIC = 0h
-STANDBY = 0h

Analog stabilization period I Standby cancel sequence i Normal operation

-STBLOGIC = 1h
~STBMIPI = Oh
-STBDV = 1h

1-5. PLL release
-STBPL_AD = 0h
+STBPL_IF = 0h

1-6. Initialize communication
(PLSTMG, etc...) Recc serial corhmunication period

1-7. Readout drive mode registers

\ (Each mode setting) &L»
;/ l<—32[HMAX]
\ —— \

Sensor internal
V drive
>|

Output frame (( No output B vaid Fe B8 vaid_Fe B8 vaid
<«— Framel —»<— Frame2 —»<— Frame3 —»

9 2
() é% %o'
2N %

"L Refer to the table “PLRD1 to PLRD15 Settifhg”
in the section “Description of Register” of the datasheet.
"2 Set the register value when using XVS and XHS output.
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Power-on/off Sequence when using SLVS-EC

1. Power-on Sequence (SLVS-EC)
Make sure that both XVS and XHS must be set to LOW while XCLR is LOW.

Voop1(1.2 V)

1 0.8xVppp2

—‘L 0.8xVppp3

1
|
|
-——t
|
|
|
|
T
|
|
|
t

Voopz(1.8 V)

Voops(1.2 V)

Vaoo(2.9 V)
2500 ns |
> 500 ns !
Reset signal 2500 ns _/'\
XCLR 2500 ns IZ

Master clock
INCK

|
|
|
|
|
|
|
t
|
|
|
|
T
|
|
|
|
|
|
I
+
|
|
|
|

3-wire serial input signals

1
|
|
+
|
|
|
|
T
|
|
|
|
1
|
|
|
|
L
|
T
|
|
|
T
1
|
|
|
|
|
+
|
|
|
L
|
1
|
|
|
I
|
|
|
|
L
|
|

|
| I
T |
XCE 20ns 20ns } 20ups S‘
/} } 220 s i
d I L
SCK 20ns y 20ns } »} L
/\F } 220 ns
| l
SDI 20ns / 20ns }
4‘ |
20 ns ‘ if
Sync signal input signals /
XVS, XHS \
Status (1) @)
Power-on Sequence (SLVS-EC)
Period name Remarks

All input signals are Low level.

1) Power stabilization time . .
@ There are no constraints of the power-on sequence with Vapp, Vbop1, Voop2 and Vppps.

(2) Standby cancel register | Wait 500 ns after the last power supply in Vapp, Voop1, Voopz and Vppps.
communication Then set XCLR to “High” level and start the standby cancel sequence.

2. Slew Rate Limitation of Power-on Sequence (SLVS-EC)

Conform the slew rate limitation shown below when power supply change 0 V to each voltage (0 % to 100 %) in
power-on sequence.

100% __ |

VDDDl
Voop2 SR = AV/At
VADD

VDDD3

OV el e

Iltem Symbol Power supply Min. Max. Unit Remarks
Vopoz (1.2 V) — 25 mV/us
Voooz (1.8 V) — 25 mV/us
Slew rate SR Vooos (1.2 V) — 25 mV/us
Vaop (2.9 V) — 25 mV/us
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3. Power-off Sequence (SLVS-EC)

Make sure that all input signals for the 3-wire serial interface and other signals are LOW in the period of (2)
and both XVS and XHS must be set to LOW while setting XCLR to LOW.

Master clock
20ps
INCK - .
* INCK must not be over Vpppz

Voop: (1.2 V) 0.8 x VDDDlT !
|
R
. |
AN |
Voop2 (1.8 V) 0.8 x VDDDZT ! !
| |
S SN
N | |
| |
Voops (1.2 V) 0.8 x VDDDSE ! !
| | |
I T T
| | |
|
Voo (2.9 V) I | |
0.2 x Vapp _ AT | |
_____ T T T
o 20us | i J
! 20ps | ! !
Reset signal DY) “s T t >
XCLR o |
o 20ps o
|
|
|

T
|
3-wire serial input signals : >0ps :
XCE, SCK, SDI \; 1
!
Sync signal input signals , !
XVS, XHS \:‘ 20ps o
! |
I
! |
Status 1) 2)

Power-off Sequence (SLVS-EC)

Period name Remarks
(1) Pixel output period Pixel signal output period
Turn the power supplies off after Low level is set to all input signals.
(2) Power-off time There are no constraints of the power-off sequence with Vapp, Voob1, Voop2 and
Vpbps.
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Standby Cancel Sequence (SLVS-EC)

After the power-on start-up sequence is performed, this sensor is in standby mode. The standby cancel sequence is
described below. Also perform this same sequence when canceling standby mode after shifting from normal
operation to standby mode.

1. After performing the power-on start-up sequence, make the following register setting.
- 1-1. Set address 0033h to 10h (XMSTA register = 1h, MSTSLYV register = Oh)
- 1-2. Set address 003Ch to 00h (SYS_MODE register = 0Oh)
- 1-3. PLL setting
Set the following registers to the appropriate value according to INCK’s frequency.
Refer to “Description of Register” of “Register Map” on page 50.
Address 01E8h, hit[7:0] and Address 01E9h, [7:0] (PLRD1 register)
Address 0122h, bit[7:0] (PLRD2 register), Address 0129h, hit[7:0] (PLRDS3 register)
Address 012Ah, hit[7:0] (PLRD4 register), Address 011Fh, bit[7:0] (PLRD10 register)
Address 0123h, bit[7:0] (PLRD11 register), Address 0124h, bit[7:0] (PLRD12 register)
Address 0125h, bit[7:0] (PLRD13 register), Address 0127h, bit[7:0] (PLRD14 register)
Address 012Dh, bit[7:0] (PLRD15 register)
- 1-4. Standby cancel
Set address 0000h to 1Ah (STANDBY register = Oh, STBLOGIC register = 1h,
STBMIPI register = 1h, STBDV register = 1h).
- 1-5. PLL release
- Set address 010Bh to 00h (STBPL_IF register = Oh, STBPL_AD register = 0Oh).
- 1-6. Initialize communication
Set all registers of PLSTMG settings.
See "Readout Drive Pulse Timing" on page 55. Register communication can be performed even
when STANDBY is 1h and there is no restriction on the communication order.

2. After the 1% stabilization period of 10.0 ms or more, make the following register setting.
- 2-1. Set address 0000h to OAh (STANDBY register = Oh, STBLOGIC register = 1h,
STBMIPI register = 1h, STBDV register = Oh).
- 2-2. Set address 05E5h to 92h (CLKDIVEN register = 2h, SYSCLKEN register = 0h)
- 2-3. Set address 05E5h to 9Ah (CLKDIVEN register = 2h, SYSCLKEN register = 1h)
- 2-4. Set address 0000h to 08h (STANDBY register = Oh, STBLOGIC register = Oh,
STBMIPI register = 1h, STBDV register = Oh).

3. After the 2™ stabilization period of 7.0ms or more,
- 3-1. Set address 0001h to 11h (MDCHGRST register = 1h, CLPSQRST register = 1h).
- 3-2. Readout drive mode registers
Set the mode registers of the "Register Setting for Each Readout Drive Mode" on pages 64, 65 and 67.
Furthermore, set the required shutter and gain registers.
In addition, when using the V3 period data after canceling standby mode, transmit the mode select register required
for normal operation during the communication period of V2 period.

Power-on sequence — n n -
a I Analog stabilization period Il Standby cancel sequence i Normal operation

XCLR
XCE JéJ L] ] ] ] ]

>10ms =7.0ms
1-1. MSTSLV = 0h 2-1. STBDV = 0h 3-1. MDCHG_GL = 1h
1-2. SYS_MODE = 0h 2-2. CLKDIVEB = 2h 3-2. CLPSQRST = 1h
) o 1-3. PLRD1 " to PLRDxx 2-3. SYSCLKEN_2 = 1h 3-3. Set Readout drive
Serial communication 1-4. Standby release 2-4. STBLOGIC = 0h mode registers

+STANDBY = 0h
-STBLOGIC = 1h
+STBMIPI = 1h
-STBDV = 1h

1-5. PLL release
-STBPL_AD = 0h
-STBPL_IF = 0h

| 1-6. Initialize communication

(PLSTMG, etc---)

|
|
Register communigation period

| | | |
1 1 1 1
| | | |
| | | | |
XVS ) 3XHS 3XHS 3XHS 3XHS |1‘> 3XHS
XHS 4 IR TR T, I 1R
Sensor internal R R SHR SNR
V drive 8, ‘o) S5, % 3 ) 8, )
. )) ) “, 6%(// “, ca%(// %, e%(// %, e%(//

Training
Output frame [( Seq.

Training
Seq.
4—— V1 period —P4— V2period —P4— V3period —Pp4— V4period —Pp!

"I Set the register value according to INCK’ s frequency
according to “Description of Register” in Register Map.

Valid data output Valid data output Valid data output
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Spot Pixel Specifications

(Mapp =2.9V, Vppp1 = 1.2V, Vopp2 = 1.8 V, Vpppz = 1.2V, Tj = 60 °C, 15 frame/s, reference gain 0 dB,
MCOVGAIN = 0h (Conversion gain Low))

Maximum distorted pixels Measure-
Type of distortion Level in each zone ment Remarks
0 ‘ | | 1 ‘ " | OB ‘ 1l method
B_Iack_ pixels at 30%< D Np eyaluatlpn 1
high light " criteria applied
A
White pixels at o < No evaluation
high light 30%=< D criteria applied L

14.1 digit< D < 27.3digit
White pixels in the B Np eyaluatlpn 2 1/30 s integration
dark criteria applied

27.3digits D

D < 3118 digit ct No evaluation 3
criteria applied

Black pixels at
signal saturated

Note) 1. Shows digit when 12-bit output.

2. Spec of the sum of A, B and C is 2318 pixels.

3. D...Spot pixel level. Black pixels at signal saturated are prescribed at the signal output in spot pixel part.
4. Zone definition is illustrated in the figure below.

5

1 digit = 0.237 mV when 12 bits output, 1 digit = 0.948 mV when 10 bits output,

Spot Pixel Zone Definition

= oB (4192,16).
2 ZONE Il
118 ZONE I
(Z57.139) ZONE Il
142
(571,281 ZONE |
430
(1417,711) ZONE 0
1433
314 846 1434 854 303 | 185 |24
(2850,2143
432
(3704,2575
142
(4007,2717
118 (4192,2835)
5 (4216,2840
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Notice on White Pixels Specifications

After delivery inspection of CMOS image sensors, particle radiation such as cosmic rays etc. may distort pixels of
CMOS image sensors, and then distorted pixels may cause white point effects in dark signals in picture images.
(Such white point effects shall be hereinafter referred to as "White Pixels".)

Unfortunately, it is not possible with current scientific technology for CMOS image sensors to prevent such White
Pixels. It is recommended that when you use CMOS image sensors, you should consider taking measures against
such White Pixels, such as adoption of automatic compensation systems for White Pixels in dark signals and
establishment of quality assurance standards.

Unless the Seller's liability for White Pixels is otherwise set forth in an agreement between you and the Seller,

Sony Semiconductor Solutions Corporation or its distributors (hereinafter collectively referred to as the "Seller")

will, at the Seller's expense, replace such CMOS image sensors, in the event the CMOS image sensors delivered

by the Seller are found to be to the Seller's satisfaction, to have over the allowable range of White Pixels as set forth
above under the heading "Spot Pixels Specifications", within the period of three months after the delivery date of
such CMOS image sensors from the Seller to you; provided that the Seller disclaims and will not assume any liability
after you have incorporated such CMOS image sensors into other products.

Please be aware that Seller disclaims and will not assume any liability for (1) CMOS image sensors fabricated,
altered or modified after delivery to you, (2) CMOS image sensors incorporated into other products, (3) CMOS
image sensors shipped to a third party in any form whatsoever, or (4) CMOS image sensors delivered to you

over three months ago. Except the above mentioned replacement by Seller, neither Sony Semiconductor Solutions
Corporation nor its distributors will assume any liability for White Pixels. Please resolve any problem or trouble arising
from or in connection with White Pixels at your costs and expenses.

[For Your Reference] The Annual Number of White Pixels Occurrence

The chart below shows the predictable data on the annual number of White Pixels occurrence in a single-story
building in Tokyo at an altitude of O meters. It is recommended that you should consider taking measures against
the annual White Pixels, such as adoption of automatic compensation systems appropriate for each annual
number of White Pixels occurrence.

The data in the chart is based on records of past field tests, and signifies estimated number of White Pixels
calculated according to structures and electrical properties of each device. Moreover, the data in the chart is

for your reference purpose only, and is not to be used as part of any CMOS image sensor specifications.

Example of Annual Number of Occurrence

White Pixel Level (in case of storage time = 1/30 s)
. Annual number of occurrence
(Tj= 60 C)
5.6 mV or higher 8.9 pcs
10.0 mV or higher 5.8 pcs
24.0 mV or higher 3.0 pcs
50.0 mV or higher 1.7 pcs
72.0 mV or higher 1.3 pcs

Note 1) The above data indicates the number of White Pixels occurrence when a CMOS image sensor is left
for a year.

Note 2) The annual number of White Pixels occurrence fluctuates depending on the CMOS image sensor storage
environment (such as altitude, geomagnetic latitude and building structure), time (solar activity effects)
and so on. Moreover, there may be statistic errors. Please take notice and understand that this is an
example of test data with experiments that have being conducted over a specific time period and in
a specific environment.

Note 3) This data does not guarantee the upper limits of the number of White Pixels occurrence.

Material_No0.03-0.0.10
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Measurement Method for Spot Pixels

1. Black or white pixels at high light

After adjusting the luminous intensity so that the average value of the G channel signal output is 1768 digit when 12
bits output (442 digit when 10 bits output), measure the local dip point (black pixel at high light, Vsr, Vec and Vgg) and

peak point (white pixel at high light, Vkgr, Vke and Vkg) in each channel signal output. Substitute the values into the
following formula.

Spot pixel level = (Vi (or) Vei)/Vi x 100 [%] (i = R, G, B)
White pixel )
VBi
Vki | /

K *"/]f‘ E’ Vi(i=R, G, B)

VG = 442 digit when 10 bits output
(1768 digit when 12 bits output)
' <— OB output

Black pixel

Signal output waveform of R/G/B channel (Black or White Pixels at High Light)

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 in each of the R, G and B channels using the
OB output with sensor as a reference.

[y

Black pixel Vsat (MIN = 974 digit when 10 bits output)
Level D (3895 digit when 12 bits output))
y I |

— - «— OB output

Signal output waveform of R/G/B channel (Black Pixels at Signal Saturated)
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Spot Pixel Pattern Specifications

For patterns of white pixels in the dark (27.3 digit < D), black pixels at signal saturated (D < 3118 digit), white pixels at
high light (30 % < D) and black pixels at high light (30 % < D), the following table is applied.

Maximum distorted pixels in
Type of distortion each zone Remarks
o [+ [ | w] os I

(1) Three adjacent pixels in
the horizontal direction with 0 spot
the same color

No evaluation
criteria applied

(2) Three adjacent pixels in No evaluation

the vertical direction with the 0 spot o .
same color criteria applied
(3) Two adjacent pixels in the

horizontal and two adjacent 0 spot No evaluation
pixels in the vertical with the P criteria applied

same color

(1) Example of three adjacent pixels in the horizontal direction with the same color

Gb| B |Gb| B [Gb| B Gb| B [Gb| B |Gb| B
R|Gr| R|[Gr| R [Gr R[Gr| R|[Gr| R |Gr
Gb| B |Gb| B [Gb| B Gb| B [Gb| B |Gb| B
R|Gr| R|[Gr| R |Gr R|Gr| R |[Gr| R | Gr

Grl R|Gr| R Gr| R|Gr| R
B [Gb| B | Gb B |Gb| B | Gb
Gr| R |[Gr| R Gr| R [Gr| R
B [Gb| B | Gb B |Gb| B | Gb
Gr| R |[Gr| R Gr| R [Gr| R
B [Gb| B | Gb B |Gb| B | Gb

(3) Example of two adjacent pixels in the horizontal and two adjacent pixels in the vertical with the same color

R |Gr| R | Gr R | Gr| R | Gr Gb| B |Gb| B
Gb| B |Gb| B Gb| B |Gb| B R |Gr| R | Gr
R |Gr| R | Gr R | Gr| R | Gr Gb| B |Gb| B
Gb| B |Gb| B Gb| B |Gb| B R | Gr| R | Gr

D indicates spot pixels
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Relation between Image Height and target CRA
IMX294CJK CRA.VS. Image height
90°
80°
70°
6.0° /
é 50° /
30° /
20° /
10°
00 ° T T T T 1
0 20 40 60 80 100
Image height [%]
Image
eight:100%
oo | =+ el
SE e

height:0%

4120 (H)

3728 (H)

normal
optical axis

Marginal Ray (+)

Chief Ray lens
Marginal Ray (-)
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Marking

2-dimensional code

A B C D E F G H J K L M NP R T U V W Y AA
4 oIy o \
1 XX XX"XX'X XXX XXX XXX’ X
2 XX XX"XX" XX XX XX XX XXX
s | ocroo00000R00020000QQ00
+| ocovoo000ROROROR0R0R20Q®
s[| oo~ o000 |
s | o000 Xy,
1| eooo 2000
s | o000 2000
.| o000 IMX294CJK 2000
| o000 o000
| ocooo o000
2| o000 XXX
3| 200 1234567 Y XX
w| cooeo Xy,
5| oooo ey
ey o200 |
o xxryxxxxxxxxxyxxxxxyx:
KXy xryxxyxxyxxxxx,
s| oooooooooo000200)
2 Noooo020022020 000

1.Code Format:Data Matrix (ECC200)
2. Matrix size(2-dimensional code) :18x18

The 2-dimensional code format for serial number

3.The details of serial number for the 2-dimensional code

The serial number for the 2-dimensiona
between 18 digits and 24 digits

(the full digits of serial number is 25
4.8erial number consists of numbers only.

(EX.) In the case of No.631(serial number),

100000000000000000,0000631,0,
I | T

code uses the 7 digits

digits.)

describe’ 0000631".

unnecessary
serial number

unnecessary

5.Alphanumeric one character is put to the W-Zpart. (no plating)

DRAW
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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) lonized 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 Profile (at part side surface)

110to 130 °C
60t0 90 s

2. Temperature up (down) | +4 °C/s or less
150 °C or Greater

1. Preheating

3. Reflow temperature 20to 50 s
Max. 5 °C/s
4. Peak temperature Max. 180 +5 °C
Temperature

Peak 180 £5 °C |~ =—=-==m == m oo

150 °C or Greater [--———---———--————————————————

130°C -
110°C |----------~
60t0 90 s
% Preheating Reflow
Time

(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 185 °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) 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_No0.13-0.0.6
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List of Trademark Logos and Definition Statements

* STARVIS is a trademark of Sony Corporation. The STARVIS is back-illuminated pixel technology used in CMOS image sensors
for surveillance camera applications. It features a sensitivity of 2000 mV or more per 1 ym? (color product, when imaging
with a 706 cd/m’ light source, F5.6 in 1 s accumulation equivalent), and realizes high picture quality in the visible-light and

near infrared light regions.
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Revision History

Data of
change

Revision

Page

Contain of change

2016/04/20

0.1

First edition

2016/12/07

0.2

All

Updated references of page number
Change: Quad Bayer structure name

Correction: Chip Size 24.553mm(H)x20.013mm(V)

10

Change: D6, D15 VppMPX Remark — Leave open. (No connection)

12

Correction: Pin Description, column “A/D”, W16 VssHDA, W17 VssHPX D — A

20

Change: VDDMPX connecting to VDDD2—No connection
Addition: Note, *1 VppMPX can be tied to Vppp2

21

Correction: System Outline When Using SLVS-EC, *INCK and XHS should be
synchronized — (deleted)

31

Addition: Image Sensor Characteristics, measurement condition TBD frame/s—
30 frame/s

Addition: Item Value of G sensitivity, Sensitivity ratio, Saturation signal,
Video signal shading, Dark signal, Dark signal shading,
Dark signal difference, Line crawl R, Line crawl B

Addition: Item Conversion Gain high/low ratio

32-33

Addition: Image Sensor Characteristics Measurement Method, exit pupil distance,
shutter speed, luminous intensity.

35

Addition: recommended serial communication period, TBD [HMAX] — 24 [HMAX]

43-48

Addition: Register Map, registers PLSTMG10 to 85, 101 to 104

Correction: 3017h SYNCDRYV 2h: XHS/XVS is output — Oh: XHS/XVS is output
Correction: 3017h[7:2] Default value 28h — 2Ah

Addition: 3034h HOPBOUT_EN

Addition: 3068h MDSEL15

Delete: 00DBh, 00DCh WAKEUPIF, SLEEPIF (Low power drive is performed
automatically)

Delete: 3111h SLEEP (Low power drive is performed automatically)
Correction: 0114h Register Name INTI_LENGTH — INIT_LENGTH
Change 3134h to 3143h Register Name PLSTMGO01 to 08 —
tclkpost, thszero, thsprepare, tclktrail, thstrail, tclkzero, tclkprepare, tlpx
- Function Drive pulse timing setting 01 to 08 —Global timing register

Correction: 332Ch PSSLVS1, 334Ah PSSLVS2 “(SLVS-EC only) Timing Setting for
SLVS-EC” — Low Power Consumption Period Length (not SLVS-EC
only)

Addition: 357Fh to 3583h MDSEL11,12,13,14

Correction: 35B6h PSSLVS3, 35B8h PSSLVS4 “(SLVS-EC only) Timing Setting for
SLVS-EC” — Low Power Consumption Period Length (not SLVS-EC
only)

Correction: 35E5h/05E5h CLKDIVEN/SYSCLKEN, Address, 355Eh/055Eh —

35E5h/05E5h

Addition: 36BCh PSSLVSO0

Delete: 3F00h to 3FFAh
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Data of
change

Revision

Page

Contain of change

2016/12/07

0.2

52

Addition: Description of Register, Conversion Gain, notes on setting range of analog
gain and others.

54

Addition: Description of Register, Low Power Consumption Period Length
Correction: Readout Drive Mode, MDSEL1 to 10 — MDSEL1 to 15
PSSLVS1 to 4 — PSSLVSO to 4

55

Delete: Readout Drive Pulse Timing PLSTMGO1 to 08

(Their function(global timing) is opened, their names are changed and moved to
page 56)
Addition: PLSTMG10 to 85, 101 to 104

56

Addition: Global Timing Registers

59

Delete: Description of Register, SLVS-EC I/F Standby Control

62 to
67

Addition: Description of Register Setting for Each Readout Drive Modes, 3034h to
3039h HOPBOUT_EN, HTRIMMING_EN, HTRIMMING_START, HTRIMMING_END

Addition: 3068h MDSEL15
Addition: 357Fh to 3583h MDSEL11,12,13,14
Addition: 36BCh PSSLVSO0

62

Correction: Description of Register Setting for Each Readout Drive Modes(CSI-2),
SHR, address, 302Ch, 303Ch — 302Ch, 302Dh

Addition: 332Ch PSSLVS1, 334Ah PSSLVS2, 35B6h PSSLVS3, 35B8h PSSLVS4

63

Correction: Description of Register Setting for Each Readout Drive Modes(CSI-2),
SHR, address 302Ch, 303Ch — 302Ch, 302Dh

Addition: 332Ch PSSLVS1, 334Ah PSSLVS2, 35B6h PSSLVS3, 35B8h PSSLVS4
Correction: 3846h Register name MDSEL8 — MDSEL9
Correction: 384Ah Register name MDSEL9 — MDSEL10

64

Correction: Description of Register Setting for Readout Drive Modes (SLVS-EC)
SHRaddress 002Ch, 003Ch — 002Ch, 002Dh

Correction: MDSELS8, address, 008Ah — 00A8h

65

Correction: Description of Register Setting for Readout Drive Modes (SLVS-EC)
SHRaddress 002Ch, 003Ch — 002Ch, 002Dh

Correction: MDSELS8, address, 008Ah — 00A8h

66

Correction: Description of Register Setting for Readout Drive Modes (CSI-2)
SHRaddress 302Ch, 303Ch — 302Ch, 302Dh

Addition: 332Ch PSSLVS1, 334Ah PSSLVS2, 35B6h PSSLVS3, 35B8h PSSLVS4

67

Correction: Description of Register Setting for Readout Drive Modes (SLVS-EC)
SHRaddress 002Ch, 003Ch — 002Ch, 002Dh

Correction: MDSELS8, address, 008Ah — 00A8h
Correction: 0846h, Register name, MDSEL8 — MDSEL9
Correction: 084Ah, Register name, MDSEL9 — MDSEL10

79

Correction: Horizontal Operation Period in Each Readout Drive Mode,
Front ignored area — 0

HMAX register minimum value, updated in all modes

Addition: column “HMAX number per H period”
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Data of Revision Page Contain of change
change
Correction: Examples of HMAX, VMAX and Frame Rate
80 HMAX register minimum value, Max frame frequency — updated in all modes
Correction: NTSC compatible drive, modelB, note RN (delete)
82 to . . .
85 Change Readout Pixel Image Diagram of all modes, Front ignored area — (delete)
Correction: Horizontal Operation Period in Each Readout Drive Mode,
86 Front ignored area — 0
HMAX register minimum value updated in all modes
Addition: column “HMAX number per H period”
Correction: Examples of HMAX, VMAX and Frame Rate
g7 HMAX register minimum value, Max frame frequency updated in all modes
Change: NTSC compatible drive, mode0, 29.97 frame/s — 24.00 frame/s *3
Addition: note *3 The frame rate is not compatible for NTSC
88 to . . .
89 Change: Readout Pixel Image Diagram of all modes, Front ignored area — (delete)
92 Addition: Vertical Minimum Period When Using Vertical Arbitrary Cropping Function,
formula and example of calculation (table was deleted)
93 Correction: Table HNUM value, mode No. 0,1,2A,7,10 — 0,1,1A,7,10
Addition: Table HMAX Minimum Value When Using Horizontal Arbitrary Cropping
94 .
Function, all modes are updated from TBD
2016/12/07 0.2 Correction: Shutter Control Register Setting Range (CSI-2), Readout mode No.11
95 | 5to {(SVR value + 1) x Number of XHS pulses per frame - 1} — 5 to {(SVR value +
1) x Number of XHS pulses per frame / 4 - 1}
97 Addition: Table Number of clocks per internal offset period, all modes are updated
from TBD
(100) Delete: Low Power Consumption Drive in Integration Time When Using Rolling
Shutter Operation (Low power drive is performed automatically)
Correction: Horizontal Operation Period in Each Readout Drive Mode,
Front ignored area — 0
XHS minimum period updated in all modes
Addition: column “XHS number per H period ”
105 | Correction: Vertical Operation Period in Each Readout Drive Mode
- Vertical front blanking: updated in all modes, and both H number and XHS number
are noted.
- XVS minimum period: mode4 1108—1109 / mode6 1108—1109 / mode8 1126—
1131/ mode10 265—267 / mode11 258—255
Delete: Table “H Period and Number of XHS Pulses, V Period and XVS Pulses”
- XHS number in H period is added to the table “Horizontal Operation Period in Each
Readout Drive Mode* on pagel05.
106

Correction: Examples of XHS Period, XVS period and Frame Rate
- XHS minimum period and max frame frequency: updated in all modes
Addition: model1, note *2 Low power consumption drive (SVR = 7h).
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Data of Revision Page Contain of change
change
108 | Change: Readout Pixel Image Diagram of all modes, Front ignored area — (delete)
to Vertical front blankings are updated in all modes
120 | Addition: Readout Drive Timing to all modes
Correction: Horizontal Operation Period in Each Readout Drive Mode,
Front ignored area — 0
XHS minimum period updated in all modes
121 Addition: column “XHS number per H period ”
Correction: Vertical Operation Period in Each Readout Drive Mode
- Vertical front blanking: updated in all modes, and both H number and XHS number
are noted.
- XVS minimum period, mode10, 331—335
Delete: Table “H Period and Number of XHS Pulses, V Period and XVS Pulses”
- XHS number in H period is added to the table “Horizontal Operation Period in Each
Readout Drive Mode" on pagel21.
122 Correction: Examples of XHS Period, XVS period and Frame Rate
- XHS minimum period and max frame frequency: updated in all modes
Correction: frame frequency, mode0, 29.97 — 24.00 *2
Addition: note *2 The frame rate is not compatible for NTSC.
123 | Change: Readout Pixel Image Diagram of all modes, Front ignored area — (delete)
to Vertical front blankings are updated in all modes
127 | Addition: Readout Drive Timing to all modes
2016/12/07 02 130 Addition: Vertical Minimum Period When Using Vertical Arbitrary Cropping Function,
formula and example of calculation (table was deleted)
131 | Correction: Table HNUM value, mode No. 0,1,2A,7,10 — 0,1,1A,7,10
Addition: Table HMAX Minimum Value When Using Horizontal Arbitrary Cropping
132 .
Function, all modes are updated from TBD
Correction: Shutter Control Register Setting Range (SLVS-EC), Readout mode
133 No.11
5 to {(SVR value + 1) x Number of XHS pulses per frame - 1} — 5 to {(SVR value +
1) x Number of XHS pulses per frame / 4 - 1}
135 Addition: Table Number of clocks per internal offset period, all modes are updated
from TBD
138 Addition: Table “Integration Start Time of the Exposure Start Period” TBDs are
updated
139 Delete: Low Power Consumption Drive in Exposure of Global Reset Shutter
Operation Sequence (Low power drive is performed automatically)
140 Correction: Figure Frame Format of Interruptive Mode Change
- HiZ period is added before Low period
(141) | Delete: Polygon 1st Curtain Electronic Shutter Mode
141 Addition: Figure Power-on Sequence(CSI-2), restrictions when SLASEL is to be
driven to H.
142 Addition: Figure Power-off Sequence(CSI-2), restrictions when SLASEL is driven to

H.
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Data of
change

Revision

Page

Contain of change

2016/12/07

0.2

143

Change: Standby Cancel Sequence when using CSI-2 (whole), replaced partial bit
notation to whole byte notation.

Correction: 1-1, Register name XMASTA — XMSTA

Correction: 2-2, address 355Eh — 35E5h

Correction: step 2-2, 2-3

- explicitly write the order of CLKDIVEN=0—2 and SYSCLKEN=0—1.
(These 2 settings must be done separately)

Correction: note within figure, *1 Register Map — datasheet

146

Change: Standby Cancel Sequence when using SLVS-EC (whole), replaced partial
bit notation to whole byte notation.

Correction: 1-1 Register name XMASTA — XMSTA
Correction: step 2-2, 2-3

- explicitly write the order of CLKDIVEN=0—2 and SYSCLKEN=0—1. (These 2
settings must be done separately)

Correction: 3-1,3-2 combined 2 writing to the same address 0001h.
Correction: Within figure, Register name CLKDIVEB — CLKDIVEN
Correction: Within figure, note *1 Register Map — datasheet

2017/04/24

E17405

22

Added: Current Consumption and Gain Variable Range (CSI-2)
Max Current consumption and Max Standby current are added.

25

Added: Current Consumption and Gain Variable Range (SLVS-EC)
Max Current consumption and Max Standby current are added.

30

Addition: Spectral Sensitivity Characteristics

48

Addition: Address 3600h / 0600h, register MDSEL16
Address 36C4h / 06C4h to 36C6h / 06C6h, register PLSTMG105 to PLSTMG107

54

Addition: Low Power Consumption Period Length
Add a note “or Vg« is too small and some of setting value cannot be calculated”

55

Addition: Address 36C4h / 06C4h to 36C6h / 06C6h
register PLSTMG105 to PLSTMG107

62 to
67

Correction: Description of Register Setting for Readout Drive Modes 1 to 4
non-used bit of address 3039h / 0039h: [6:5] — [7:6]
Addition: register MDSEL16 (address 3600h / 0600h)

66

Correction: Description of Register Setting for Each Readout Drive Modes (CSI-2)
model, MDSEL16(3600h) 007Dh — 0090h
modelA, MDSEL16(3600h) 0090h — 007Dh

67

Correction: Description of Register Setting for Each Readout Drive Modes
(SLVS-EC)

model, MDSEL16(0600h) 007Dh — 0090h
modelA, MDSEL16(0600h) 0090h — 007Dh

68

Correction: Description of Readout Drive Modes
mode No. 1A, 2A: Low power consumption — low noise

69

Correction: Description of Readout Drive Modes
mode No. 1A: Low power consumption — low noise

161




SONY

IMX294CJK-C

Data of
change

Revision

Page

Contain of change

2017/04/24

E17405

73

Changed: Table “DATA Type”

Node *1, changed document’'s name: IMX294 Application Note Digital Overlap HDR
— IMX294 Application Note Quad Bayer Coding HDR

79

Correction: Horizontal Operation Period in Each Readout Drive Mode

Rear ignored area of effective pixel

mode No. 1A, 2A: 24 — 32 / mode No. 3to 7: 12 — 16 / mode No. 8 to 11: 8 — 12
XHS minimum period updated in all modes

HMAX number per H period, mode No. 11: 1 — 4

Vertical Operation Period in Each Readout Drive Mode, XVS minimum period
mode No.11: 255 — 257

80

Correction: Examples of XHS Period, XVS period and Frame Rate, XHS minimum
period

mode No. 1: 1098 — 1122 / mode No. 1B: 1030 — 1055/ mode No. 2: 925 — 947 /
mode No. 2A: 930 — 954 / mode No. 5: 583 — 607
Max frame frequency, mode No. 1: 58.97 — 57.76 / mode No. 1B: 62.86 — 61.43 /

mode No. 2: 69.67 — 68.13 / mode No. 2A: 69.30 — 67.63 / mode No. 5: 107.39 —
103.32

NTSC compatible drive, HMAX, mode 5: 600 — 616
NTSC compatible drive, VMAX, mode 5: 2002 — 1950

82

Correction: Readout Image Diagram, mode No.1A, 2A,
low power consumption — low noise

Horizontal total output pixels: 4168 — 4176

Horizontal rear igonored area of effective pixels: 24 — 32

83

Correction: Readout Image Diagram, mode No.3, 4, 5,
Horizontal total output pixels: 2084 — 2088
Horizontal rear igonored area of effective pixels: 12 — 16

84

Correction: Readout Image Diagram, mode No.6, 7,
Horizontal total output pixels: 2084 — 2088

Horizontal rear igonored area of effective pixels: 12 — 16
Correction: Readout Image Diagram, mode No.8, 9,
Horizontal total output pixels: 1388 — 1392

Horizontal rear igonored area of effective pixels: 8 — 12

85

Correction: Readout Image Diagram, mode No.10, 11,
Horizontal total output pixels: 1388 — 1392
Horizontal rear igonored area of effective pixels: 8 — 12

86

Correction: Horizontal Operation Period in Each Readout Drive Mode,
HMAX register minimum value, mode No. 1: 1010 — 1034

87

Correction: Examples of XHS Period, XVS period and Frame Rate,
HMAX register minimum value, mode No. 1: 1010 — 1034
Max frame frequency, mode No. 1: 49.32 — 48.22

PAL compatible drive, mode0: XHS period = 1600, XVS period = 1800 — XHS period
= 1800, XVS period = 1600

88

Correction: modelA, low power consumption — low noise
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95

Correction: Shutter Control Register Setting Range (CSI-2), Register Value
Readout mode no.1A, 2A: low power consumption — low noise

101

Changed: Table “Contents of Header”, Data ID

changed document’s name IMX294 Application Note Digital Overlap HDR — IMX294
Application Note Quad Bayer Coding HDR

102

Correction: Frame Format (Invalid frame with training sequence)
After Standby Sequence HiZ period is added.

105

Correction: Horizontal Operation Period in Each Readout Drive Mode, Rear ignored
area of effective pixel

mode No. 1A, 2A: 24 — 32 / mode No. 3to 7: 12 — 16 / mode No. 8 to 11: 8 — 12
XHS minimum period updated in mode No. 1A to 11

Vertical Operation Period in Each Readout Drive Mode, XVS minimum period
mode No.11: 255 — 257

106

Correction: Examples of XHS Period, XVS period and Frame Rate, XHS minimum
period, Max frame frequency

mode No. 1: 706 — 725 / mode No. 10: 709 — 743 / mode No. 11: 590 — 520
XVS minimum period, mode No. 4, 6: 1108 — 1109 / mode No. 8: 1126 — 1131
mode No. 10: 265 — 267 / mode No. 11: 258 — 257

NTSC compatible drive, XHS period, mode No. 1: 715 — 728

mode No. 10: 715 — 770

XVS period, mode No. 1: 1680 — 1650

mode No. 10: 336 — 312

PAL compatible drive, XHS period, mode No. 10: 720 — 800

XVS period, mode No. 10: 400 — 360

model 92.13 — 89.71 / mode4 92.04 — 91.96 / mode6 124.97 — 124.85
mode8 122.97 — 122.42 / mode10 383.21 — 362.94 / modell 59.12 — 67.35

107

Correction: Imaging Conditions in Each Readout Drive Mode
Number of horizontal recording pixels, mode No.8 and 9: 1376 — 1364

108

Correction: Readout Drive Timing, XVS Period 1680 — 1650
XHS Period 715 — 728

109,
111

Correction: mode description: low power consumption — low noise

Correction: Readout Image Diagram, Horizontal total output pixels: 4168 — 4176
Horizontal rear igonored area of effective pixels: 24 — 32

Correction: Readout Drive Timing

Horizontal output part (lower half) is revised

112 to
116

Correction: Readout Image Diagram, Horizontal total output pixels: 2184 — 2188
Horizontal rear igonored area of effective pixels: 12 — 16

Correction: Readout Drive Timing

Horizontal output part (lower half) is revised

117 to
120

Correction: Readout Image Diagram, Horizontal total output pixels: 1388 — 1392
Horizontal rear igonored area of effective pixels: 8 — 12

Correction: Readout Drive Timing

Horizontal output part (lower half) is revised
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122

Correction: Examples of XHS Period, XVS period and Frame Rate, XHS minimum
period

model0: 331 — 335

PAL compatible drive, mode0: XHS period = 1600, XVS period = 1800 — XHS period
=1800, XVS period = 1600

Correction: Examples of XHS Period, XVS period and Frame Rate (SLVS-EC), Max
frame frequency

model0 418.31 — 413.32

125

Correction: mode description: low power consumption — low noise

132

Correction: XHS Minimum Period When Using Horizontal Arbitrary Cropping
Function

mode No. 0: 706 — 1730

mode No. 1:

1192 — max(706, [HTRIMMING_END — HTRIMMING_START] x1/6+34.0)
mode No. 1A: 520 — 1192 / mode No. 2: 827 — 520/

mode No. 2A: 706 — 827 / mode No. 4: 520 — 706 /

mode No. 10: ...+14.0 — ...+46.0

mode No. 11:

max(520, [HTRIMMING_END — HTRIMMING_START] X 5/36+11.0) — 520

133

Correction: Shutter Control Register Setting Range (SLVS-EC), Register Value
Readout mode no.1A, 2A: low power consumption — low noise

Changed: Shutter Control Register Setting Range

Global reset shutter mode (SMD=1): TBD — 43

138

Changed: the minimum XVS period is TBD XHS — 15 XHS

Changed: Possible Integration Time Range of Global Reset Shutter —
Possible Length of XVS period in Integration Frame of Global Reset Shutter
and values are updated.

140

Changed: “after TBD XHS or more” — 15 XHS
Note *1 (mode No. 11), “wait TBD XHS periods or more” — 51 XHS

143

Added: setting step 1-6.
Set all registers of PLSTMG — 1)
Set all registers of PLSTMG and 2) Set all of Global Timing Registers

146

Correction: setting step 2

period of 7.0 ms or more — period of 10.0 ms or more
Correction: In the timing chart below

Training Sequence are added at V1 period and V2 period.

147

Correction: Level, Black pixels at signal saturated, 3277 digit — 3118 digit

149

Correction: Black pixels at signal saturated, in the figure,
MIN=1023 digit — 974 digit (10 bits output), 4097 digit — 3898 digit (12 bits output)

147
to
150

Added: Spot pixel specifications are updated
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Correction: level of black pixels at signal saturated, 3277 digit — 3118 digit
150 | level of while pixels at high light, 13 % — 30 %,
2017/04124 E17405 level of black pixels at high light, 13 % —> 30 %
152 | Added: Marking
20 Correction: peripheral circuit
31 Correction: frame rate 30 frame/s — 15 frame/s
Saturation signal 4097 — 4095
Correction : Description of Register Setting for Each Readout Drive Modes (CSI-2)
62 Mode2, MDSEL16(3600h) 007Dh — 0090h
Mode2A, MDSEL16(3600h) 0090h — 007Dh
2475 Correction : Embedded data line format
’ Data format code OAh deleted
Correction :ModelB NTSC setting
80 HMAX 1040 —1200
VMAX 1155 —1250
Frame frequency 59.94 —48.00
2017/09/07 E17405A79 - - - - -
920 Correction: Vertical arbitrary cropping function (CSI-2)
to VWIDCUT: Veff — VWIDCUT x 2 — Veff — VWIDCUT x step
92 | VWIDPOS: VWINPOS x 2 — VWINPOS X step
128 | Correction: Vertical arbitrary cropping function (SLVS-EC)
to VWIDCUT: Veff — VWIDCUT x 2 — Veff — VWIDCUT x step
130 | vWIDPOS: VWINPOS x 2 — VWINPOS X step
141 Correction: Power-on sequence (CSI-2) INCK input timing
INCK can be input earlier than XCLR = H
144 Correction: Power-on sequence (SLVS-EC) INCK input timing
INCK can be input earlier than XCLR = H
147 | Correction: frame rate 30 frame/s — 15 frame/s
149 | Correction : Signal output waveform of R/G/B channel figure 3898 — 3118
Correction: DMOxP, DMOxM, DCKP, DCKM
18 Circuit diagram is corrected to the one with protection diode
Correction: DOPx, DOMx
Circuit diagram is corrected to the one with protection diode
Changed: AC Characteristics(CSI-2), INCK Low level pulse width (twl)
Criteria 10% — 0.3xVpobb2
2017/12/25 | E17405B7Z 23 Changed: AC Characteristics(CSI-2), INCK High level pulse width (twh)
Criteria 90% — 0.7xVpbp2
Addition: AC Characteristics, Clock duty, Remark, Criteria is 0.5XVbpp2
Changed: Supply Voltage and I/0O Voltage(SLVS-EC), Digital input voltage
25 Vi1 Min.: 0.8xVoop2 — 0.7xVobb2
Vit Max.: 0.2xVopp2 — 0.3%VbDpbD2
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27

Changed: AC Characteristics(SLVS-EC), INCK Low level pulse width (twl)
Criteria is changed from 10% to 0.3%Vbbb2

Changed: AC Characteristics(SLVS-EC), INCK High level pulse width (twh)
Criteria is changed from 90% to 0.7%Vbbb2

Addition: AC Characteristics, Clock duty, Remark, Criteria is 0.5%XVppp2

144

Correction: Power-on sequence (SLVS-EC) XVS, XHS timing
XVS, XHS can be set to H earlier than XCLR = H

145

Correction: Power-off sequence (SLVS-EC) XVS, XHS timing
XVS, XHS can keep H after XCLR=L

148

Changed: Notice on White Pixels Specifications
cosmic radiation — particle radiation such as cosmic rays etc.
Sony Corporation - Sony Semiconductor Solutions Corporation

“The annual number of White Pixels occurrence at an altitude...” - (removed)

155

Correction: Package Outline note 4 (17.05, 14.10) — (17.50, 14.10)
(The value 17.05 is unintentional error only in ver. E17405 and . Ver. E17405A79 and

previous versions have correct value. (=17.50) )
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