SONY

Diagonal 9.33 mm (Type 1/1.7) CMOS Image Sensor with Square Pixel for Color
Cameras

Preliminary IMXZZGCQJ'C

For the latest data sheet, please visit www.sunnywale.com

Description

The IMX226CQJ-C is a diagonal 9.33 mm (Type 1/1.7) CMOS image sensor with a color square pixel array and
approximately 12.4M effective pixels. The image sensor can output effective approximately 9.03M pixels signal for
high-definition (4K2K: 4096 x 2160) moving picture at 59.94 frame/s in 10-bit-digital output format.

In addition, sensor supporting horizontal/vertical addition, this is capable of outputting a 12 bit digital for HD1080
(2048 x 1080) -60p moving picture. For still picture imaging, this sensor can output approximately 12.4 M effective
pixels signal in a high-definition 12-bit digital output format. Realizing high-sensitivity, low dark current, this sensor
also has an electronic shutter function with variable storage time.

(Applications: Surveillance cameras, FA cameras, Industrial cameras)

Features

€ CMOS active pixel type pixels
@ Input clock frequency 72 MHz
4 Number of effective pixels (12M) : 4072 (H) x 3046 (V) approx 12.4M pixels
@ Number of effective pixels (4K2K) : 4152 (H) x 2174 (V) approx 9.03M pixels
€ Readout mode
All-pixel scan mode (12 M, 4K2K)
Horizontal/vertical 2/2-line binning mode (4K2K)
@ High-sensitivity, low dark current, no smear, excellent anti-blooming characteristics
@ Variable-speed shutter function (minimum unit: 1 horizontal sync signal period (1XHS))
@ Low power consumption
@ 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 A/D conversion on chip
@R, G, B primary color mosaic filters on chip

Exmor I

* Exmor R is a trademark of Sony Corporation. The Exmor R is a Sony's CMOS image sensor with significantly enhanced imaging
characteristics including sensitivity and low noise by changing fundamental structure of Exmor™ pixel adopted column parallel A/D converter
to back-illuminated type.

Sony 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 cannot assume responsibility for
any problems arising out of the use of these circuits.
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Device Structure

4 CMOS image sensor

@ Image size
Diagonal 9.33 mm (Type 1/1.7)

@ Total number of pixels
4168 (H) x 3062 (V) approx. 12.76 M pixels

€ Number of effective pixels
- Type 1/1.7 (12 M)  : 4072 (H) x 3046 (V) approx. 12.40 M pixels
- Type 1/1.9 (4K2K) : 4152 (H) x 2174 (V) approx. 9.03 M pixels

€ Number of active pixels
- Type 1/1.7 (12M)  : 4024 (H) x 3036 (V) approx. 12.22 M pixels diagonal 9.33 mm
- Type 1/1.9 (4K2K) :4120 (H) x 2168 (V) approx. 8.93 M pixels diagonal 8.61 mm

€ Number of recommended recording pixels
- Type 1/1.7 (12M)  : 4000 (H) x 3000 (V) 12.00 M pixels aspect ratio 4:3
- Type 1/1.9 (4K2K) : 4096 (H) x 2160 (V) approx. 8.85 M pixels aspect ratio approx. 17:9

@ Unit cell size
1.85 pym (H) x 1.85 pm (V)

@ Optical black
Horizontal (H) direction : Front 96 pixels, rear 0 pixels
Vertical (V) direction  : Front 16 pixels, rear 0 pixels

@ Substrate material
Silicon

Optical Black Array and Readout Scan Direction

(Top View)

N1 A1 (1Pin)

N12 H A12

_>

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

# Supply voltage 1 Vaop | -0.3t0 +3.3 \Y
# Supply voltage 2 Vooo1 2 -0.5t0 +2.0 \Y
# Supply voltage 3 Vopp2 > -0.5t0 +3.3 v
+ Input voltage (digital) V, -0.3toVppp2 +0.3 V
+ Output voltage (digital) Vo -0.3toVppp2 + 0.3  V
¢ Guaranteed operating temperature Torr -30to +75 °C
# Storage guarantee temperature Tste -30 to +80 °C
® Performance guarantee temperature  Tspec —10 to +60 °C
Recommended Operating Conditions
# Supply voltage 1 VoD | 29+0.1 Y,
# Supply voltage 2 Voop1 2 1.2£0.1 %
# Supply voltage 3 Voopz 1.8+0.1 Y,
¢ Input voltage (digital) V) —0.1 to Vpppz + 0.1 \%
¢ Output voltage (digital) Vo —0.1 to Vpppz + 0.1 \Y

VADD . VDDSUB, VDDHCM, VDDHVS, VDDHPX, VDDHDA, VDDHCP (29 V power supply)
Vpop1 : VopLCN1 and VppLCN2, VppLSC1 and VppLSC2, VpplLPL (1.2 V power supply)
VDD|;)2 . VDDM|O, VDDMLV1 and VDDMLV2 (18 \ 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 Corporation ("Sony") 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 Sony 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 Sony 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 Sony 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 Sony 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 Sony 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 Sony and its
licensors will license any intellectual property rights in such information by any implication or otherwise.
Sony 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 Sony 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.
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Package Center and Optical Center

Top View
Package center

Optical center

Package reference (H,V)
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SONY

Pin Configuration

(Bottom View)
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SONY IMX226CQJ-C
Pin Description
Pin Symbol I/O A/D Pin description State in Remarks
No. Standby mode
A4 VppHVS Power A Analog power supply (2.9 V) —
A5 VppHCP Power A Analog power supply (2.9 V) —
A6 VppHPX Power A Analog power supply (2.9 V) —
A7 VppHCM Power A Analog power supply (2.9 V) —
A8 VpopHDA Power A Analog power supply (2.9 V) —
A9 | TEST1 0 A | Test Hi-Z '(-ﬁg";gﬁggﬁon)
B4 | VssHVS GND A Analog GND (2.9 V) —
B5 | VssHCP GND A Analog GND (2.9 V) —
B6 VLOADLM (0] A Capacitor connection Pull-down
B7 | VssHPX GND A Analog GND (2.9 V) —
B8 | VssHDA GND A Analog GND (2.9 V) —
B9 | TEST2 0 A | Test Hi-Z '(-ﬁs"c%ﬁﬁggtl on)
c1 | TEST3 | D | Test — '(-ﬁivg)ﬁﬁggtl on)
c2 | TEsT4 | D | Test — '(-ﬁg";gﬁggtl on)
c3 | TEST5 o D | Test Low Level '(-ﬁg";gﬁggtl on)
C4 VRLS (0] A Capacitor connection Pull-down
C5 VRLT (0] A Capacitor connection Pull-down
Cc7 VBGR (0] A Capacitor connection Hi-Z
C8 | VEXRES o A Resistor connection Hi-Z
D1 VppSUB Power A Analog power supply (2.9 V) —
D2 | VssLCB1 GND D Digital GND (1.2 V) —
D11 | VssLCB2 GND D Digital GND (1.2 V) —
E1 VppLCN1 Power D Digital power supply (1.2 V) —
E2 | VssLCN1 GND D Digital GND (1.2 V) —
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Pin State in

No. Symbol I/O A/D Pin description Standby mode Remarks
E11 | VssLCN2 GND D Digital GND (1.2 V) —
E12 | VppLCN2 Power D Digital power supply (1.2 V) —
F1 VppLSCA1 Power D Digital power supply (1.2 V) —
F2 | VssLSC1 GND D Digital GND (1.2 V) —
F11 | VssLSC2 GND D Digital GND (1.2 V) —
F12 | VppLSC2 Power D Digital power supply (1.2 V) —
G1 VpopMIO Power D Digital power supply (1.8 V) —
G2 | XCE | D eS:;i;lecic:]r;lrjrt\unication .
G3 | XVS I D Vertical sync signal input —
H1 XCLR I D Reset pulse input —
Ho SDI | D ﬁ%rlij?l communication data .
H3 | XHS I D Horizontal sync signal input —
H4 VppLPL Power D Digital power supply (1.2 V) —
1 SCK | D ﬁe;)rlifl communication clock -
J2 | spo 0 D | Test output Low Level '(-ﬁg";gﬁggtl on)
J4 VssLPL GND D Digital GND (1.2 V) —
J5 VssMLV1 GND D Digital GND (1.8 V) —
J6 VssMLV2 GND D Digital GND (1.8 V) —
J7 VppMLV1 Power D Digital power supply (1.8 V) —
J8 VppMLV2 Power D Digital power supply (1.8 V) —
K1 INCK I D Input clock —
K2 | VssLSC3 GND D Digital GND (1.2 V) —
K4 | DOBP 0] D Digital LVDS output Hi-Z
K5 | DODP 0] D Digital LVDS output Hi-Z
K6 | VssMLV3 GND D Digital GND (1.8 V) —
K7 | VssMLV4 GND D Digital GND (1.8 V) —

10



SONY IMX226CQJ-C
Pin Symbol I/O A/D Pin description State in Remarks
No. Standby mode
K8 DOHP (0] D Digital LVDS output Hi-Z
K9 DOJP 0] D Digital LVDS output Hi-Z
L4 DOBM 0] D Digital LVDS output Hi-Z
LS DODM 0] D Digital LVDS output Hi-Z
L6 DCKP (0] D Digital LVDS output Hi-Z
L7 DCKM (0] D Digital LVDS output Hi-Z
L8 DOHM (0] D Digital LVDS output Hi-Z
L9 DOJM (0] D Digital LVDS output Hi-Z
M4 DOAP (0] D Digital LVDS output Hi-Z
M5 DOCP (0] D Digital LVDS output Hi-Z
M6 DOEP (0] D Digital LVDS output Hi-Z
M7 | DOFP O D Digital LVDS output Hi-Z
M8 | DOGP O D Digital LVDS output Hi-Z
M9 | DOIP ] D Digital LVDS output Hi-Z
N4 | DOAM ] D Digital LVDS output Hi-Z
N5 | DOCM ] D Digital LVDS output Hi-Z
N6 | DOEM ] D Digital LVDS output Hi-Z
N7 | DOFM ] D Digital LVDS output Hi-Z
N8 | DOGM ] D Digital LVDS output Hi-Z
N9 | DOIM ] D Digital LVDS output Hi-Z

All the pins that do not have description in this table are the N.C. pins. Leave open. (No connection)

11
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Electrical Characteristics
Electrical characteristics of the IMX226CQJ are shown below.
1. DC Characteristics
Current Consumption and Gain Variable Range
(Vapp = 3.0V, Vopp1 = 1.3V, Voppz = 1.9V, Tj = 60 °C, Reference Gain (0 dB),
approximately 12.40 M pixels readout (MODEDOQ), 34.97 frame/s)
Item Symbol Min. Typ. Max. Unit Remarks
Current consumption (Analog) laDD — — 101 mA
Current consumption (Digital) Ibbp1 — — 181 mA
Current consumption (1/0O) Ibbp2 — — 26 mA
Standby current (Analog) lADDSTB — — 150 MA In the dark
Standby current (Digital) Ibbp1sTB — — 5200 MA In the dark
Standby current (I/O) Ibbp2sTe — — 50 MA In the dark
PGA gain variable range PGAG 0 — 27 dB
Supply Voltage and I/O Voltage
Item Pins Symbol Min. Typ. Max. Unit Remarks
VppSUB,
VppHCM,
VppHVS,
Analog VooHPX. Vabp 2.80 2.90 3.00 vV
VppHDA,
VppHCP
Supply VppLCN1,
voltage VopoLCN2,
Digital VppLSC1, Vopp1 1.10 1.20 1.30 \Y,
VppLSC2,
VppLPL
VppMIO,
I/O VooMLV1, Vbbb2 1.70 1.80 1.90 \Y,
VppMLV2
Digital input XCLR. INCK Vi 0.8 x Vbpp2 — Vopp2+ 0.1 \
voltage SCK, SDlI, Vi -0.1 — | 02%xVoopz | V
Digital input i\(/:g XHS, | 10 . 10 A (V1=-0.1to
leakage current H ' : HA | Voppz + 0.1 V)

12
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LVDS Output DC Characteristics
(Termination resistance : 100 Q, LVDS current : 1.5 mA)
Item Pins Item Symbol Min. Typ. Max. Unit Remarks
Amplitude voltage Vob 100 150 200 mV
Vbpp2/2 Vbpp2/2
Common voltage Ve 100 | Vooo2/2 +100 | MV
Common voltage
fluctuation Vos o 20 o mv
Digital | DOAP to DOJP, |High level output voltage | Vonp Vem +50 [Vem + 75| Vem +100 | mV
output | DOAM to DOJM,
voltage | DCKP, DCKM Low level output voltage |Vorp Vem—100 |Vem =75 Vem—50 | mV
Difference between
amplitude voltage Vopp — — 50 mV
channels
Difference between
common voltage Vosp — — 50 mV
channels

LVDS output

DOAMtoDOJM

DCKM

DOAP to DOJP

DCKP

13
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2. AC Characteristics
INCK, XVS, XHS, XCLR

1/fINCK

INCK 0.5 X Vpppp ====rf=r=pfmmmmmmmrmrmmmmm oo s oo oo NG oo P
\ii WLINCK

twixcLr

tWLXVS

XVS 0.8 x Vppp2 ™\

0.2 x Vpppz ==~
XHS 0.2 x Voo
« [HFDLY
< turny >
ltem Symbol Min. Typ. Max. Unit
INCK clock frequency finek 71.0 72.0 73.0 MHz
INCK Low level pulse width twiinck 5 — — ns
INCK High level pulse width twHomck 5 — — ns
Clock duty — 40 50 60 %
XVS Low level pulse width twixvs 4/finck — 12/finck V&
XHS Low level pulse width twixns 4/finck — 12/finck V&
XVS fall — XHS fall width thFDLY 0 — — [V
XVS fall — XHS rise width thrOLY 4/finck — 12/finek [V
XCLR Low level pulse width twixclr 100 — — ns

14
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Serial Communication

Serial Control Interface Timing

tsixce

thixce

IMX226CQJ-C

0.8 x Vppp2
XCE
0.2 x Vppp2
0.8 x Vppp2
SCK
0.2 x Vpppa
0.8 x Vppp2
SDI
02%Vpppg == mmmmmf b N e e e e e e -
Item 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

15
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3. LVDS output

DCKM

DCKR- DCKM

DOxM

DOxP- DOxM

tbosa tposa

DCKR- DCKM
DOxP-DOxM

tDOLHT tDOHLT

Note) "x" stands for the alphabets of A to J and the time chart is specified for all output channels.

(Termination resistance : 100 Q, load capacitance : 0 pF)

Item Symbol Min. Typ. Max. Unit Remarks

DO skew time

(including jitter) tbosa — — 361 ps Data rate 288 MHz DDR
DO setup time toos 420 — — ps Data rate 288 MHz DDR
DO hold time tooH 420 — — ps Data rate 288 MHz DDR

o Simulated value with
DO rise time tooLw o 500 - PS | load capacitance (4 pF)

. Simulated value with

DO fall time toorr o 500 o ps load capacitance (4 pF)
DCK duty cycle Docbek 45 50 55 %

16
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I/O Equivalent Circuit Diagram

Symbol Equivalent circuit
< ) C
VDDSUB @‘1
VssLSC
VooMIO
@*1
VssLSC
XCLR
VopLSC VssLSC
AW
VssLSC
VbbMIO
XCE VDDIO
SCK
SDI
XHS D
XVS
INCK VssLSC
VssLSC
VDDMIO %]”
VssLSC
VbbMIO
VooMIO
SDO ’{ A % D
VssLSC %
VssLSC

17
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Symbol Equivalent circuit
VDDLCN1 "
VDDLCN2

VssLCN

VssLCN1 and VsSsLCN2 are internally connected.

VDDLCN

VSsSLCN1 S
VssLCN2 ,1
: L]

VDDLSC1 and VDDLSC2 are internally connected.

VDDLSC1 t D
VDDLSC2 "

VssLSC

VsSLSC1, VssLSC2 and VSsSLSC3 are internally connected.
VppLSC

VssLSC1 o
VssLSC2 .
VssLSC3 1 A

VssSLCB1 and VssSLCB2 are internally connected.

VssLCB1 VooLSC

VssLCB2 T
;
[ ]

t [ ]
VDDHCM qg;lm

VssHPX

O : External pins
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Symbol Equivalent circuit
VDDHPX @’1
VssHPX
VDDHPX
VssHPX !

[E[] ]
VDDLPL *

VssLPL

VobLPL

VssLPL *1
[ ]

< -

VDDMLV1 and VDDMLV2 are internally connected.
VDDMLV1 < ]
VDDMLV?2 @'1

VssMLV

VssMLV1, VssMLV2, VssMLV3 and VssMLV4 are internally connected.

VsSMLV1 VeouLY

VsSMLV2 T
VssMLV3 P
VssMLV4 1 ﬂ

O : External pins
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Symbol Equivalent circuit
VoboMLV
VoMLV External
pins
B — D DOXP,DCKP
DOxP(x=A to J)
DOxM(x=A to J) vy
DCKP VDDMLV External
DCKM — — pins
|:| DOxM,DCKM
VssMLV
VssMLV

VppHPX
VLOADLM ]

VssHPX

VDDHDA
VEXRES
VBGR D

VssHDA
VDDHDA I;II’;I"1

VssHDA

VbpbHDA
VssHDA *1

20
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Symbol Equivalent circuit
VDDHCP @,1 L
VssHCP
VDDHCP
VssHCP *1
VDDHVS @*1
VssHVS
VDDHVS
VssHVS [%Iw
VssHVS
VRLS
VRLT 1

Description of special symbol

Symbol Equivalent circuit

i} e

-

21
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IMX226CQJ-C

Spectral Sensitivity Characteristics

(Excludes lens characteristics and light source characteristics)

1.0

0.8

0.6

0.4

Relative response

0.2

0.0

/76 N\

/

/

| N/

N

400 450 500 550

Wavelength [nm]
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S ONY IMX226CQJ-C
Image Sensor Characteristics
(VADD =29V, Vppp1 =12V, Vopp2 = 1.8V, Tj = 60 °C, Reference Gain (0 dB))
Iltem Symbol Min T Max Unit Measurement Remarks
4 ’ ye. ’ method
G sensitivity Sg 1052 1405 digt 1 lgi?/zrlsr;:;g\rlztlfg
(209) (280) (mV) 12-bit output
Sensitivity Rr 0.36 — 0.62 1
ratio Rb 0.35 — 0.55 1
. . 4066 digit .
Saturation signal Vsat (810) — — (mV) 2 12-bit output
. . 20 Zone 0 and zone I
(the figure below)
Video signal
shading SHg % 3 Zone 0, zone |,
— — 25 zone Il and zone II'
(the figure below)
. 05 digit 1/30's |n.tegrat|on
Dark signal Vdt — — ©0.1) (mV) 4 conversion value
’ 12-bit output
. 1/30 s integration
Dark signal shading AVdt — — (8':2) (dr:‘il/t) 5 conversion value
’ 12-bit output

Note)
1.
2.

Example of digit conversion: 1 digit = 0.7967 mV when 10-bit output, 1 digit = 0.1992 mV when 12-bit output.
The video signal shading is the measured value in the wafer status (including color filter) and does not
include characteristics of the seal glass.

1. Zone Definition of Video Signal Shading

Zone definition of video signal shading and reference position during dark signal measurement are shown below.

4152 (H)
16 VOPB 16
- : nall
/3 B
6
Y
10
H H
8, 8 3046 (V)
Zone 0 and | 4
/—t Zone lland II’ i
*

Ignored area

Effective pixel area

Zone Definition of Video Signal Shading and Reference Position during Dark Signal Measurement
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Image Sensor Characteristics Measurement Method

1. Measurement Conditions

(1) 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. The Gb signal and B signal lines and
the R signal and Gr signal lines are output successively.

Gb| B | Gb| B

Gb| B | Gb| B

Color Coding Diagram

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.

4 Standard imaging condition II:
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.

4 Standard imaging condition IlI:
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 - 30 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
witha shutter speed of 1/100 s, measure the Gr, Gb, R and B signal outputs (VGr, VGb, VR and VB) at the center
ofthe screen, and substitute the values into the following formula.

VG = (VGr + VGb) /2
Sg = VG x 100/30 [mV]
Rr = VRIVG
Rb = VBIVG

2. Saturation signal
Set the measurement condition to the standard imaging condition II. Adjust the luminous intensity to 20 times the
intensity with the average value of the G (= (Gr + Gb) / 2) signal output, 280 [mV].
Measure the minimum values of the Gr, Gb, R and B signals when shooting in rolling shutter mode.
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3. Video signal shading
Set the measurement condition to the standard imaging condition 1l. With the lens diaphragm at F5.6 to F8,
adjust the luminous intensity so that the average value of the G signal output is 280 [mV] .
Then measure the maximum value (Gmax [mV]) and the minimum value (Gmin [mV]) of the G signal output,
and substitute the values into the following formula.

SHg = (Gmax — Gmin) / 280 x 100 [%]

4. Dark signal
Measure the average value (Vdt [mV]) 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 Vdt1H, and then substitute the
values into the following formula.

Vdt = (Vdt1V — Vdt1H) / (t1v —t1h) / 30 [mV]
5. Dark signal shading
Following the item 4, measure the maximum value (Vdmax [mV]) and minimum value (Vdmin [mV]) of the dark

signal output, and substitute the values into the following formula.

AVdt = Vdmax — Vdmin [mV]
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Setting Registers by Serial Communication

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

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

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

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

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

Transmit the register setting value to the address designated by the second and third bytes in the fourth byte.
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 IMX226CQJ 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 6XHS 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 (7th XHS).
For details, see “Register Map” on pages 27 to 30 and “1. Register Value Reflection Timing to Output Data” on page
31.

o0k wN =

Note) 1. Communication is always accepted.

2. 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.

3. Communications with the following registers should always be performed within the same recommended
serial communication period. Do not communicate with the 3 registers other than during communication
period, even in non-picture frames in which noise is ignored.

€ PGC register (address 0009h, bit [7:0] and address 000Ah, bit [2:0])
€ APGCO1 register (address 0352h, bit [7:0] and address 0353h, bit [0])
€ APGCO2 register (address 0356h, bit [7:0] and address 0357h, bit [0])

Example of Serial Communication Timing 1

XCE | |
ScK U'I_I'I_I'LI'I_I'I_I'I_I'LPU'I_I'I_I'I_I'I_I'I_I'I_I'LP Ly
SDI |
0X1X2X3X4X51617 IIIIIB IIIE o2 [sYe)]
LSB SB| L MSB MSB| LSB MSB
Data established t t t
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 [ U] I
SDI o[ 7] o] 7]o)4] 7]o]1] 7 o3 7Jo]1] 7JoI1] 7Jo 1
LSB MSB| LSB MSB LsB MSB LSB MSB LsB MSB|LSB MSB|LSB MSB|SB MSB
Data established ' t t ' 1 1
timing f 1t f 1t 1t 1t

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 Map
The register map is given below.
Bit Default Reflection Register .
Address assignment | value timing name Function Remarks
. Oh : Normal operation Setting range:
[0 1h Immediately | STANDBY 1h : Overall standby Oh to 1h
Oh: Normal operation
0000h : 1h: Digital circuit standby other [Setting range:
(1 1h Immediately | STBLOGIC than serial communications [0h to 1h
block
[7:2] 01h — Set the default value.
Setting range:
\When changed from Oh to 1h:  |0h to 1h
[0] Oh Immediately DCKRST [Fixes the LVDS clock output IAfter fixing the LVDS clock output
phase phase, the value is automatically
returned to Oh.
0001h [3:1] Oh — Set the default value.
Communication \When changed from 0Oh to 1h: gﬁttt(l)n?hrange:
[4] Oh end frame” CLPSQRST Resets_ the internal clamp circuit After the reset, the value is
operation mode automatically returned to Oh.
[7:5] Oh — Set the default value.
Setting range:
* \When changed from Oh to 1h:  |0h to 1h
0002h o on SSBRK Interrupt enable IAfter the interrupt, the value is
automatically returned to Oh.
[7:1] 00h — Set the default value.
Oh : 10 ch
. “ 1h: 8 ch IAllowable setting values are Oh,
(301 Oh STBLVDS 31 4 ch 1h, 3h, and Fh.
Fh : All channel standby
Number of LVDS output
0003h ;
channels selection .
[6:4] 4h “ CHSEL loh: 10 ch IAllowable setting values are Oh,
. 1h, and 3h.
1h:8ch
3h:4ch
[7] Oh — Set the default value.
0004h [7:0] 2Ah “ MDSEL1 Set the value according to each

) readout mode register setting.

. “ Set the value according to each
0005h [7:0] 1Ch MDSEL2 readout mode register setting.

. 4 Set the value according to each
0006h [7:0] 00h MDSEL3 readout mode register setting.

. “ Set the value according to each
0007h [7:0] 00h MDSEL4 readout mode register setting.
0008h [7:0] Oh — Set the default value.
0009h [7:0] . . . Setting range:

S00nt (2:0] 000h Immediately PGC /Analog gain setting oh to 7A5h
[7:3] 00h — Set the default value.
000Bh [7:0] Next frame
0007h after SHR Specifies the integration start  |Setting range is shown
000Ch [7:0] communigation horizontal period in "Description of Registers”
end
000Dh [7:0] 0000h "2 SVR Specifies the integration Setting range:
000Eh [7:0] shutdown vertical period Oh to FFFFh
000Fh [7:0] 0000h 2 SPL Specifies the integration start  [Setting range:
0010h [7:0] \vertical period Oh to FFFFh
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Bit Default Reflection Register .
Address lassignment | value timing name Function Remarks
Digital gain setting
X Oh : 0 dB gain setting value Setti .
0011h [1:0] Oh ! DGAIN  [1h : +6 dB gain setting value 0;“ té”ghrange-
2h : +12 dB gain setting value
3h : +18 dB gain setting value
[7:2] 00h — Set the default value.
* Oh: (INCK x 4) MHz-DDR output Setting range:
0012h [l Oh FREQ 1h: (INCK x 2) MHz-DDR output Oh to 1h
[7:1] 00h
4 Oh : Vertical direction normal readout Setting range:
001Ah [0 Oh MDVREV 1h : Vertical direction inversion readout  [Oh to 1h
[7:1] 00h — Set the default value.

. “ Set the value according to each
0026h [7:0] 74h MDSEL13 readout mode register setting.

. 1 Set the value according to each
0027h [7:0] 74h MDSEL14 readout mode register setting.

. 1 Set the value according to each
0028h [7:0] 74h MDSEL15 readout mode register setting.

Setting range: Oh to FFh
0045h [7:0] 32h Immediately | BLKLEVEL |Digital black level offset setting [10-bit readout mode : 1digit/1h
12-bit readout mode : 4digit/1h
[3:0] Oh Set the default value.
004Dh [5:4] Oh Immediately | PLSTMGO1 |Drive pulse timing setting 01 Set to 1h.
[7:6] Oh Set the default value.
0054h [7:0] 05h Immediately | PLSTMGO2 |Drive pulse timing setting 02 Set to 04h.
0057h [7:0] 25h Immediately | PLSTMGO3 |Drive pulse timing setting 03 Set to 24h.
007Eh [7:0] - Set the value according to each
007Fh [7:0] 0000h MDSELS readout mode register setting.

. ; Set the value according to each
0080h [7:0] 00h Immediately | MDPLS01 readout mode register setting.

. ; Set the value according to each
0081h [7:0] 00h Immediately | MDPLS02 readout mode register setting.

. ; Set the value according to each
0082h [7:0] 00h Immediately | MDPLS03 readout mode register setting.

. : Set the value according to each
0083h [7:0] 00h Immediately | MDPLS04 readout mode register setting.

. : Set the value according to each
0084h [7:0] 00h Immediately | MDPLS05 readout mode register setting.

. : Set the value according to each
0085h [7:0] 00h Immediately | MDPLS06 readout mode register setting.

. : Set the value according to each
0086h [7:0] 00h Immediately | MDPLS07 readout mode register setting.

. : Set the value according to each
0087h [7:0] 00h Immediately | MDPLS08 readout mode register setting.

. : Set the value according to each
0095h [7:0] 00h Immediately | MDPLS09 readout mode register setting.

. : Set the value according to each
0096h [7:0] 00h Immediately | MDPLS10 readout mode register setting.

. : Set the value according to each
0097h [7:0] 00h Immediately | MDPLS11 readout mode register setting.

. ; Set the value according to each
0098h [7:0] 00h Immediately | MDPLS12 readout mode register setting.

. ; Set the value according to each
0099h [7:0] 00h Immediately | MDPLS13 readout mode register setting.

. ; Set the value according to each
009Ah [7:0] 00h Immediately | MDPLS14 readout mode register setting.

. ; Set the value according to each
009Bh [7:0] 00h Immediately | MDPLS15 readout mode register setting.

. : Set the value according to each
009Ch [7:0] 00h Immediately | MDPLS16 readout mode register setting.
00B6h | [7:0] 00h | Immediately | MDSEL6 Set the value accarding to each

readout mode register setting.
00B7h | [7:0] 00h | Immediately | MDSEL7 Set the value accarding to each
readout mode register setting.
00B8h | [7:0] 00h | Immediately | MDSELS8 Set the value according to each
readout mode register setting.
00Boh | [7:0] 00h | Immediately | MDSEL9 Set the value according to each
readout mode register setting.
00BAh | [7:0] 00h | Immediately | MDSEL10 Set the value according to each
readout mode register setting.
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Bit Default Reflection Register .
Address lassignment | value timing name Function Remarks
00BBh | [7:0] 00h | Immediately | MDSEL11 Set the value according to each
readout mode register setting.

. : Set the value according to each
00BCh [7:0] 00h Immediately MDPLS17 readout mode register setting.

. . Set the value according to each
00BDh [7:0] 00h Immediately MDPLS18 readout mode register setting.

. . Set the value according to each
00BEh [7:0] 00h Immediately MDPLS19 readout mode register setting.

. ; Set the value according to each
00BFh [7:0] 00h Immediately MDPLS20 readout mode register setting.

. ; Set the value according to each
00COh [7:0] 00h Immediately MDPLS21 readout mode register setting.

. ; Set the value according to each
00C1h [7:0] 00h Immediately MDPLS22 readout mode register setting.

. ; Set the value according to each
00C2h [7:0] 00h Immediately MDPLS23 readout mode register setting.

. ; Set the value according to each
00C3h [7:0] 00h Immediately MDPLS24 readout mode register setting.

. ; Set the value according to each
00C4h [7:0] 00h Immediately MDPLS25 readout mode register setting.

. ; Set the value according to each
00C5h [7:0] 00h Immediately MDPLS26 readout mode register setting.

. ; Set the value according to each
00C6h [7:0] 00h Immediately MDPLS27 readout mode register setting.

. ; Set the value according to each
00C7h [7:0] 00h Immediately MDPLS28 readout mode register setting.

. ; Set the value according to each
00C8h [7:0] 00h Immediately MDPLS29 readout mode register setting.

. ; Set the value according to each
00C9h [7:0] 00h Immediately MDPLS30 readout mode register setting.

. ; Set the value according to each
00CAh [7:0] 00h Immediately MDPLS31 readout mode register setting.

. : Set the value according to each
00CBh [7:0] 00h Immediately MDPLS32 readout mode register setting.

. : Set the value according to each
00CCh [7:0] 00h Immediately MDPLS33 readout mode register setting.
00CEh [7:0] 00h 1 MDSEL12 Set the value according to each

’ readout mode register setting.
0210h [F)(])] 000h Immediately | PLSTMGO04 [Drive pulse timing setting 04 Set to 00Ah.
0211h [7:1] 00h — Set the default value.
0212h [7:0] . . - .

0] 1FFh Immediately | PLSTMGO5 [Drive pulse timing setting 05 Set to 131h.
0213n [7:1] 00h — Set the default value.
021¢h [F)(])] 08Bh Immediately | PLSTMG22 [Drive pulse timing setting 22 Set to 064h.
021Dh [7:1] 00h Set the default value.
021Eh [7:0] . . - .

0] 12Bh Immediately | PLSTMGO6 [Drive pulse timing setting 06 Set to OEFh.
021Fh [7:1] 00h — Set the default value.
0222h [E)(])] 12Ch Immediately | PLSTMG23 [Drive pulse timing setting 23 Set to 130h.
0223n [7:1] 00h — Set the default value.
0313h [4:0] 00h Immediately | PLSTMGO7 [Drive pulse timing setting 07 Set to 10h.

[7:5] Oh — Set the default value.
0352h [7:0] . . . Setting value is shown in
P~ 0] 03Ch Immediately APGCO01 |Analog gain setting 01 “Description of register”.

[7:1] 00h — Set the default value.
0356h [7:0] . . . Setting value is shown in
P 0] 03Bh Immediately APGCO02 |Analog gain setting 02 “Description of register”.

[7:1] 00h — Set the default value.
0366h [0] Oh Immediately | PLSTMGO08 [Drive pulse timing setting 08 Set to 1h.

[7:1] 00h — Set the default value.
0371h [1:0] 2h Immediately | PLSTMGO9 [Drive pulse timing setting 09 Set to 1h.

[7:2] 00h — Set the default value.

4:0 11h Immediatel PLSTMG 10 |Drive pulse timing setting 10 Set to OFh.
0528h y P g seting

[7:5] Oh — Set the default value.

4:0 11h Immediatel PLSTMG 11 |Drive pulse timing setting 11 Set to OFh.
0529h y P g seting

[7:5] Oh — Set the default value.

29




SONY IMX226CQJ-C
Bit Default Reflection Register .
Address lassignment | value timing name Function Remarks
052Ch [4:0] 00h Immediately |PLSTMG 12 |Drive pulse timing setting 12 Set to 1Fh.
[7:5] Oh — Set the default value.
052Dh gg} 259h Immediately | PLSTMG13 |Drive pulse timing setting 13 Set to 401h.
052Eh [7:3] 00h — Set the default value.
0534h [7:0] 00h Immediately | PLSTMG24 |Drive pulse timing setting 24 Set to 10h.
057Ah [E)(])] 005h Immediately | PLSTMG14 [Drive pulse timing setting 14 Set to 00Bh.
057Bh [7:1] 00h — Set the default value.
057Dh [4:0] 10h Immediately | PLSTMG15 |Drive pulse timing setting 15 Set to 0Ah.
[7:5] Oh — Set the default value.
057Eh [3:0] 3h Immediately | PLSTMG16 [Drive pulse timing setting 16 Set to Oh.
[7:4] Oh — Set the default value.
0582h [2:0] 1h Immediately | PLSTMG17 |Drive pulse timing setting 17 Set to 7h.
[7:3] 00h — Set the default value.
[3:0] Oh — Set the default value.
0617h [4] Oh Immediately | PLSTMG18 [Drive pulse timing setting 18 Set to 1h.
[7:5] Oh — Set the default value.
0650h [0] 1h Immediately | PLSTMG19 [Drive pulse timing setting 19 Set to Oh.
[7:1] 00h — Set the default value.
065Ch [4:0] 03h Immediately | PLSTMG20 [Drive pulse timing setting 20 Set to 07h.
[7:5] Oh — Set the default value.
0700h {4718} 1918h | Immediately |PLSTMG21 [Drive pulse timing setting 21 Set to 1919h.
0701h [7:5] Oh — Set the default value.
Note) « The “Default value” column indicates the initial value set in each register in the status before register

communication is performed after start-up or after the reset signal XCLR is set to Low to reset the sensor.
» Operation is not guaranteed when using register settings other than noted in these specifications.
Do not access addresses not noted in the table above, and do not set register values other than those
noted in “2. Description of Registers” on pages 32 to 39
* When changing the mode, the address set designated in “3. Register Settings for Each Readout Drive
Mode” on pages 40 to 41 must be written.
» For the detailed reflection timing, see “1. Register Value Reflection Timing to Output Data” on page 31.
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1. Register Value Reflection Timing to Output Data

IMX226CQJ-C

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

Reflection timing

Explanation

*1.

Communication end frame

The communication contents are reflected to the output data from the
V period during which communication was performed.

2.

Next frame after
communication end

The communication contents are reflected to the output data from the next
V period after the V period during which communication was performed.

For which reflection timing of each register, see “Register Map” on pages 27 to 30.

Serial
communication

Register
communication
timing

L

XVS

[
XHS|

|
XHS|

[
XHS

>
XHS(

—>
XHS|

XHS|

XHS

Sensor internal
V drive

>

\%o

6

d‘,}(/

@

Valid data output

Valid data output

Valid data output

Valid data output

Valid data output

Output frame

>

*1 Communication end frame: Reflected to the output data of these periods

*2 Next frame after communication ends: Reflected to the output data of these periods
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2. Description of Register
Total Standby Control

All sensor operation is stopped and the standby mode that reduces power consumption is established by setting the
overall standby control register STANDBY (address 0000h, bit [0]) 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

Register value Function
Oh Normal operation
1h Overall standby

Digital Circuit Standby Control

Sensor digital circuit operation other than the serial communication block is stopped by setting the digital circuit
standby control register STBLOGIC (address 0000h, bit [1]) to "1h". This register is valid only when STANDBY = Oh.
(Standby mode is established according to the STANDBY register initial value immediately after a reset.)

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

STBLOGIC Setting

Register value Function

Oh Normal operation

Digital circuit standby other than

1h s o
serial communications block

32



SONY

LVDS Clock Output Phase Fixed

The clock phase relative to the sync code start data in the LVDS data output is fixed by the LVDS clock output phase
fixing register DCKRST (address 0001h, bit [0]). Make this setting according to the recommended sequence during

power-on or when canceling standby mode.
This register automatically returns to “Oh” after the phase fixing process, so there is no need to write “Oh”.

DCKRST Operation Setting

Register value

Function

Changed from Oh to 1h

Fixes the LVDS clock output phase

Clamp Reset

IMX226CQJ-C

The internal clamp circuit operation status is reset by the clamp reset register CLPSQRST (address 0001h, bit [4]).
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 Operation Setting

Register value

Function

Changed from Oh to 1h

Resets the internal clamp circuit operation status

Break Mode

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 (address 0002h, bit [0]). This register

automatically returns to “Oh” after the break process, so there is no need to write “Oh”.

SSBRK Setting

Register value

Function

Changed from Oh to 1h

Interrupt enable
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subLVDS Standby Control

This sensor can set the subLVDS to standby mode according to the setting value by setting the subLVDS standby
control register STBLVDS (address 0003h, bit [3:0]).

STBLVDS Setting

Register value Function
Oh 10 ch
1h 8 ch
3h 4 ch
Fh All channel standby

subLVDS standby control is shown below.

dec | bin [hex| Funcion | A | B [ ¢ [ b [ E [ock[ F [ 6 [ H [ 1 [
STBLVDS [3:0]
0d | 0000b | Oh 10 ch Active | Active | Active | Active | Active | Active | Active | Active | Active | Active | Active
1d | 0001b | 1h 8 ch Active | Active | Active | STBY | Active | Active | Active | STBY | Active | Active | Active
3d |0011b | 3h 4 ch STBY | STBY | Active | STBY | Active | Active | Active | STBY | Active | STBY | STBY
15d | 1111b | Fh | All Standby | STBY | STBY | STBY | STBY | STBY | STBY | STBY | STBY | STBY | STBY | STBY

Number of LVDS Output Channels Selection

This sensor can set the number of output channels according to the setting value by setting the number of LVDS
output channels selection register CHSEL (address 0003h, bit [6:4]).

CHSEL Setting

Register value Function
Oh 10 ch
1h 8 ch
3h 4 ch

Number of LVDS channels control is shown below.

dec| bin |hex| Function | A | B | C | D | E |DCK| F | G | H | | | J

CHSEL [2:0]

od 0000b | Oh 10 ch Active | Active | Active | Active | Active | Active | Active | Active | Active | Active | Active
1d | 0001b | 1h 8 ch Active | Active | Active | {X®9 | Active | Active | Active | (X9 | Active | Active | Active
34 | 0011b | 3h 4 ch Fixed | Fixed | aqive | FIXed | active | Active | Active | X80 | Active | Fixed | Fixed
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Electronic Shutter Timing

The exposure start timing can be designated by setting the electronic shutter timing register SHR (address 000Bh, bit
[7:0] and address 000Ch, bit [7:0]). Designate the lower 8 bits in address 000Bh and the upper 8 bits in address
000Ch, for a total of 16 bits.

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 (address 000Dh, bit [7:0] and
address 000Eh, bit [7:0]). The vertical sync signal period is treated as SVR + 1 inside the sensor.

When setting the electronic shutter during the vertical sync signal subsampling period, the SPL register (address
000Fh, bit [7:0] and address 0010h, bit [7:0]) is available.

Shutter Setting

Register Register value Function
8 to {(SVR + 1) x Number of XHS Readout mode No.0, 1, 2, 3, 4 Specifies the
pulses per frame — 4} All-pixel scan mode (12 bits/10 bits) . ? .
SHR in egratn_)n
10 to {(SVR + 1) x Number of XHS Readout mode No.5, start horizontal
pulses per frame — 4} Horizontal/vertical 2/2-line binning mode period
Specifies the
* integration
SVR Oh to FFFFh *Note 2. shutdown
vertical period
Specifies the
* integration
SPL Oh to FFFFh *Note 2. start vertical
period

Note) 1. See “Integration Time in Each Readout Drive Mode” on page 55 for the integration time calculation
formula.
2. The SVR and SPL register definition areas are guaranteed as sensor functions, but the characteristics are
not guaranteed.
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Example of Electronic Shutter Operation 1

IMX226CQJ-C

sV SVR
Serial changed to "1" Communication Communication
communication [ prohibited prohibited
XVS B6XHS BXHS 6XHS 6XHS 6XHS 6XHS
XHS (TN - (AT - (TITFFFTTTm - (T -~ (T - M
S int |
ensor |\r} zl;?\?e ) \ SHR ) ?HR . EHR .
% S %, ! %, %,
> < %, % °<,, ¢ %, 90,0(7 o,@ l/,@
Output frame Valid data output Valid data output Valid data output

«——V1 period ——

——V/2 period ——»

—— V3 period ——»

t———\/4 period ——w«——V5 period ———|

Example of SVR operation

Example of Electronic Shutter Operation 2

SPL

ol |SVR=1
Serial changed to “1” Communication Communication
communication ] prohibited | | prohibited
Xvs 6XHS 6XHS H 6XHS H 6XHS m 6XHS H 6XHS
XHS [ |||‘... m— i -
Sensor i\r}tzrr?vael HR 2 SHR SHR
P> S B 2 S A
N ) 4(//? eo,o 6(/& O /5% 8‘90'
X S L S D) S| %

Output frame

Valid data output

Valid data output

Valid data output

Valid data output

+— V1 period

V2 period

V3 period—*4——V4 period —*<*——V5 period—**—— V6 period —|

Example of SVR and SPL operation

Note) In vertical sync signal subsampling periods (Electronic Shutter Operation Example 1: V3 and V5 periods,
Electronic Shutter Operation Example 2: V4 and V6 periods), communication is prohibited during the normal
communication period (the 6XHS period after the vertical sync signal XVS is input), except in the following

case.

e When stopping vertical sync signal subsampling using the break mode register SSBRK.
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Analog Gain

IMX226CQJ-C

The analog gain value can be set by setting the analog gain register PGC (address 0009h, bit [7:0] and address
000ANh, bit [2:0]). Set the lower 8 bits in address 0009h and the upper 3 bits in address 000Ah, for a total of 11 bits.
In addition, change APGCO01 (address 0352h, bit [7:0] and address 0353h, bit [0]) and APGCO02 (address 0356h, bit
[7:0] and address 0357h, bit [0]) linked with the analog gain register PGC. Communications with PGC, APGCO01 and
APGCO02 should always be performed within the same recommended serial communication period. Do not
communicate with the 3 registers other than during communication period, even in non-picture frames in which noise

is ignored.

The values to be written are different with PGC setting and readout drive mode. See the following "APGCO01 and
APGCO02 setting"for the detailed specifications.

PGC Setting

Register value

Function

Oh to 7A5h
(0d to 1957d)

Analog gain setting

APGCO01 and APGCO02 Setting

Modes other than readout drive mode Readout drive mode No.0,2,3
PGC setting No.0,2,3
APGCO01 setting APGCO02 setting APGCO1 setting APGCO2 setting
Oh to 146h 1Eh 1Dh
147h to 400h 20h 1Fh
401h to 52Ch 25h 24h
3Ch 3Bh
52Dh to 696h 27h 26h
697h to 74Bh 2Bh 2Ah
74Ch to 7A5h 2Fh 2Eh

*1.

See “1. Readout Drive Modes” on pages 42 for details of readout mode No.

In addition, the figure below shows the relationship between the register setting value and the set 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).

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

27

24

18

Gain [dB]

0

L—

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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Digital Gain

The digital gain applied to the data after pixel binning can be set by the digital gain setting register DGAIN (address
0011h, bit [1:0]).

DGAIN Setting

Register value Function
Oh Digital gain setting value = 0 dB
1h Digital gain setting value = +6 dB
2h Digital gain setting value = +12 dB
3h Digital gain setting value = +18 dB

Output Format

The LVDS-I/F output frequency can be set by the output format setting register, FREQ (address 0012h, bit [0]).
The readout drive mode in this data sheet is specified under the condition of FREQ = Oh. The data rate and the frame
frequency are the half of the described values when set to FREQ = 1h.

FREQ Setting

Register value Function
Oh (INCK x 4) MHz-DDR output
1h (INCK x 2) MHz-DDR output

Vertical Direction Readout Inversion

The direction of vertical readout order can be set by the vertical direction readout inversion register MDVREV
(address 001Ah, bit [0]).

MDVREYV Setting

Register value Function
Oh Vertical direction normal readout
1h Vertical direction inversion readout

Digital Black Level Offset

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 (address 0045h, bit [7:0]).

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.

BLKLEVEL Setting

Register value Function

Oh to FFh Digital black level offset setting
*Use with values shown below is recommended.

10 bit output: 32h ( 50 digit)

12 bit output: 32h (200 digit)

Readout Drive Mode

The readout drive mode of this sensor can be switched by setting the readout drive mode register MDSEL1 to
MDSEL15 and MDPLS01 to MDPLS33. When changing the mode, make the setting according to “3. Register
Settings for Each Readout Drive Mode” on pages 40 to 41.
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Readout Drive Pulse Timing

The drive pulse timing is set by readout drive pulse timing registers PLSTMGO01 to PLSTMG24.

PLSTMGO1 to PLSTMG24 Setting

Address Bit assignment | Default value | Register name Register Value
[3:0] Oh Set the default value.
004Dh [5:4] Oh PLSTMGO01 1h
[7:6] Oh Set the default value.
0054h [7:0] 05h PLSTMGO02 04h
0057h [7:0] 25h PLSTMGO03 24h
0210n [{6?] 000h PLSTMGO04 00Ah
0211h [7:1] 00h Set the default value.
0212h [7:0] 1FFh PLSTMGO05 131h
0213h [0]
[7:1] 00h Set the default value.
021Ch [7:0] 08Bh PLSTMG22 064h
021Dh [0]
[7:1] 00h Set the default value
021Eh [7:0] 12Bh PLSTMGO06 O0EFh
021Fh [0]
[7:1] 00h Set the default value.
0222h [7:0] 12Ch PLSTMG23 130h
0223h [0]
[7:1] 00h Set the default value.
0313h [4:0] 00h PLSTMGO07 10h
[7:5] Oh Set the default value.
[0] Oh PLSTMGO08 1h
0366h [7:1] 00h Set the default value.
0371h [1:0] 2h PLSTMGO09 1h
[7:2] 00h Set the default value.
[4:0] 11h PLSTMG10 OFh
0528h [75] oh Set the default value.
[4:0] 11h PLSTMG11 OFh
0529h [7:5] oh Set the default value.
[4:0] 00h PLSTMG12 1Fh
052Ch [7:5] oh Set the default value.
052Dh [750] 259h PLSTMG13 401h
052Eh [2:0]
[7:3] 00h Set the default value.
0534h [7:0] 00h PLSTMG24 10h
057Ah [7:0] 005h PLSTMG14 00Bh
057Bh [0]
[7:1] 00h Set the default value.
[4:0] 10h PLSTMG15 0Ah
057Dh [7:5] Oh Set the default value.
[3:0] 3h PLSTMG16 Oh
057Eh [74] oh Set the default value.
[2:0] 1h PLSTMG17 7h
0582h [7:3] 00h Set the default value.
[3:0] Oh Set the default value.
0617h [4] Oh PLSTMG18 1h
[7:5] Oh Set the default value.
[0] 1h PLSTMG19 Oh
0650h [7:1] 00h Set the default value.
[4:0] 03h PLSTMG20 07h
065Ch 75 Oh Set the default value.
0700 750 1918h PLSTMG21 1919h
0701h [4:0]
[7:5] Oh Set the default value.
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3. Register Setting for Each Readout Drive Mode

IMX226CQJ-C

The register setting for each readout drive mode available with this sensor is shown in the table below.

Readout mode No.™

Address | oegignment Name o [ 1 23|45
[0] STANDBY Oh
0000h 1] STBLOGIC Oh
[7:2] 01h
[3:0] STBLVDS Oh Oh 1h 3h Oh 3h
0003h [6:4] CHSEL Oh Oh 1h 3h Oh 3h
[7] Oh
0004h [7:0] MDSEL1 00h | 00Oh | 80h | 80h | 80h | 89h
0005h [7:0] MDSEL2 07h | O1h | 47h | 47h | 41h | 4Dh
0006h [7:0] MDSEL3 00h | 00h | OOh | OOh | OOh | 0Oh
0007h [7:0] MDSEL4 00h | 00h | OOh | OOh | OOh | 0Oh
000Dh [7:0]
SVR According to exposure time
000Eh [7:0]
[0] MDVREV Oh: vertical direction normal/1h:inverted
001Ah
[7:1] 00h
0026h [7:0] MDSEL13 74h | 74h | 74h | 74h | 74h | 74h
0027h [7:0] MDSEL14 74h | 74h | 74h | 74h | 74h | 74h
0028h [7:0] MDSEL15 74h | 74h | 74h | 74h | 74h | 74h
007Eh [7:0]
MDSEL5 0120h|{0120h{0120h|{0120h|0120h|0120h
007Fh [7:0]
0080h [7:0] MDPLSO01 00h | OOh | OOh | OOh | OOh | 0Oh
0081h [7:0] MDPLS02 00h | O0h | OOh | OOh | OOh | 0Oh
0082h [7:0] MDPLS03 00h | OOh | OOh | OOh | OOh | 0Oh
0083h [7:0] MDPLS04 00h | OOh | OOh | OOh | OOh | 0Oh
0084h [7:0] MDPLS05 00h | OOh | OOh | OOh | OOh | 0Oh
0085h [7:0] MDPLS06 00h | OOh | OOh | OOh | OOh | 0Oh
0086h [7:0] MDPLS07 00h | OOh | OOh | OOh | OOh | 0Oh
0087h [7:0] MDPLS08 00h | OOh | OOh | OOh | OOh | 0Oh
0095h [7:0] MDPLS09 00h | OOh | OOh | OOh | OOh | 0Oh
0096h [7:0] MDPLS10 00h | OOh | OOh | OOh | OOh | 0Oh
0097h [7:0] MDPLS11 00h | OOh | OOh | OOh | OOh | 0Oh
0098h [7:0] MDPLS12 00h | OOh | OOh | OOh | OOh | 0Oh
0099h [7:0] MDPLS13 00h | O0h | OOh | OOh | OOh | 0Oh
009Ah [7:0] MDPLS14 00h | OOh | OOh | OOh | OOh | 0Oh
009Bh [7:0] MDPLS15 00h | O0h | OOh | OOh | OOh | 0Oh
009Ch [7:0] MDPLS16 00h | O0h | OOh | OOh | OOh | 0Oh
00B6h [7:0] MDSEL6 47h | 47h | 47h | 47h | 47h | 67h
00B7h [7:0] MDSEL7 00h | O0h | OOh | OOh | OOh | 0Oh
00B8h [7:0] MDSELS8 00h | O0h | OOh | OOh | OOh | 0Oh
00B9h [7:0] MDSEL9 00h | O0h | OOh | OOh | OOh | 0Oh
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Address assigl;gri:nent Rr?griﬁtaer 0 1Read02ut mod: No_ 4 5
00BAh [7:0] MDSEL10 00h | OOh | OOh | OOh | OOh | OOh
00BBh [7:0] MDSEL11 00h | OOh | OOh | OOh | OOh | OOh
00BCh [7:0] MDPLS17 00h | OOh | OOh | OOh | OOh | OOh
00BDh [7:0] MDPLS18 00h | OOh | OOh | OOh | OOh | OOh
00BEh [7:0] MDPLS19 00h | OOh | OOh | OOh | OOh | OOh
00BFh [7:0] MDPLS20 00h | OOh | OOh | OOh | OOh | OOh
00COh [7:0] MDPLS21 00h | OOh | OOh | OOh | OOh | OOh
00C1h [7:0] MDPLS22 00h | OOh | OOh | OOh | OOh | OOh
00C2h [7:0] MDPLS23 00h | OOh | OOh | OOh | OOh | OOh
00C3h [7:0] MDPLS24 00h | OOh | OOh | OOh | OOh | OOh
00C4h [7:0] MDPLS25 00h | OOh | OOh | OOh | OOh | OOh
00C5h [7:0] MDPLS26 00h | OOh | OOh | OOh | OOh | OOh
00C6h [7:0] MDPLS27 00h | OOh | OOh | OOh | OOh | OOh
00C7h [7:0] MDPLS28 00h | OOh | OOh | OOh | OOh | OOh
00C8h [7:0] MDPLS29 00h | OOh | OOh | OOh | OOh | OOh
00C%h [7:0] MDPLS30 00h | OOh | OOh | OOh | OOh | OOh
00CAh [7:0] MDPLS31 00h | OOh | OOh | OOh | OOh | OOh
00CBh [7:0] MDPLS32 00h | O0h | OOh | OOh | OOh | OOh
00CCh [7:0] MDPLS33 00h | O0h | OOh | OOh | OOh | OOh
00CEh [7:0] MDSEL12 OEh | OEh | OEh | OEh | OEh | OEh

" See “1. Readout Drive Modes” on pages 42 for details of readout mode No.
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IMX226CQJ-C

Readout Drive Modes

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).

Note that some readout drive modes need different (1) register settings and (2) vertical front blanking when vertical
readout direction is normal and inverted.
See “3. Register Setting for Each Readout Drive Mode” on pages 40 to 41 for the register setting, and “Minimum
Vertical Operation Period in Each Readout Drive Mode” on pages 47, and “Image Data Output Format” on pages 49
to 54 for the vertical front blanking.

1-1. Description of Readout Drive Modes

n'?ggg?\lu;. Readout drive mode Mode description
0 '(A’Illéﬁ/il),(eAl/SDﬁaanriT?‘(]jg ch output) All pixels are readout with 12-bit output.
1 ﬁ'gﬂf%gﬁ%"bﬂ:ﬁ’g ch outputy | All Pixels are readout with 10-bit output.
2 '&”Igéelsgig nt;ict),dse ch output) All pixels are readout with 12-bit output.
3 '&”lgéeﬁgigngﬁdf ch output) All pixels are readout with 12-bit output.
4 a”,g,’éf’ﬁg% nt;ii),d?o oh outputy| All Pixels are readout with 10-bit output.
5 It;|i?]rri]izr§)gntallvertical 2/2-line Horizontal and vertical direction 2-line binning readout of pixels
(4K2K. AID10 bit, 4 ch output) of the same color (See the image of binning on page 43)
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1-2. 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 that during 12-bit output.

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

Reatot | comversion | prel | Vericalpiel | TR TR | e | Number o
No. resolution processing processing pixels processing output bits
0 12 bits — — — — 12 bits
1 10 bits — — — — 10 bits
2 12 bits — — — — 12 bits
3 12 bits — — — — 12 bits
4 10 bits — — — — 10 bits
5 10 bits 2 binning 2 binning 4 pixels 1/4 10 bits + 2 bits "’

*1

item in the upper 10 bits and the decimal item in the lower 2 bits.

R'=(R1+R2+R3+R4)/4
Gr' = (Gr1 + Gr2 + Gr3 + Gr4) / 4
Gb' = (Gb1 + Gb2 + Gb3 + Gbd) / 4
B'=(B1+B2+B3+B4)/4

Horizontal/Vertical 2/2-line Binning Image

43
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2. Sync Signals and Data Output Timing

IMX226CQJ-C

The figure below shows the sync signal and data output timing during 12-bit length serial output for this sensor.

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. The data is output in order from the start sync code
(SAV) after the horizontal front blanking period after the falling edge.
See “Minimum Horizontal Operation Period in Each Readout Drive Mode” on pages 47 for the detailed blanking

length and number of OPB pixels. The length of horizontal front blanking pixels varies greatly according to the mode
as described in “Minimum Horizontal Operation Period in Each Readout Drive Mode” on pages 47, so using the sync

code as the trigger is recommended for the recording pixel start timing.
The sync code details are shown below.

In addition, the length of horizontal rear blanking changes when the XHS period is changed.

Horizontal front blanking Start sync code (SAV) pixel data
XVS
XHS
ook _[UMUMUTUL. Ui ooy
bo [11]--+[0] [11]-++[0] [11]-++[0] [1]-++[0] [1]-++[0] [11]-++[0]
SAV1 SAV2 SAV3 SAV4 OPB ignored | OPB ignored
pixel data End sync code (EAV) ngizontal rear blankifg
XVS
XHS —,_
I
ook [y Ut
Do [11]+-[0] [11]-+-[0] [11]-+-[0] [11]+-[0] [11]+-[0]
Effective ignored EAV1 EAV2 EAV3 EAV4
Sync Signal and Data Output Timing
O N S T N A A O I
1st 1st 1st 1st 1st 1st 1st 1st 1st 1st 1st 1st
DOAPDOAM | iy | oy | o0 | @ | o | 61 | & | @ | @ | & | m | o
DOJP/DOJIM 1st 1st 1st 1st 1st 1st 1st 1st 1st 1st 1st 1st
1 | o | 8] 7 6] 5] [4] 3] 2 1 o]
Sync Signal and Data Output Timing
et I I R R O O I R I
DO DO DO DO DO DO DO DO DO DO DO DO
DOAP/DOAM 11 | po 191 8] 7 6] 5] [4] 3] [2] [ [0]
D9 D9 D9 D9 D9 D9 D9 D9 D9 D9 D9 D9
DOJPIDOIM pi oo | @ | @ | m | e | s | @|e | 2| mn| o

Serial Data Details (Sync Code Block)

44



SONY IMX226CQJ-C

Sync code details

LVDS output bit No. Sync code (4 words)
12-bit output 10-bit output | 1stword | 2nd word | 3rd word | 4th word
11 9 1 0 0 1
10 8 1 0 0 0
9 / ! 0 0 v (1) Eiillg?gI!\:iing line
8 5 1 0 0 H | 0: Star yne coce
7 5 1 0 0 P3
6 4 1 0 0 P2
Protection bits
5 3 1 0 0 P1
4 2 1 0 0 PO
3 1 1 0 0 0
2 0 1 0 0 0
1 — 1 0 0 0
0 — 1 0 0 0
Protection bits
\Y H P3 P2 P1 PO
0 0 0 0 0
0 1 1 1 0 1
1 0 1 0 1 1
1 1 0 1 1 0

Sync code details (hexadecimal notation) 12-bit output

1st word 2nd word 3rd word 4th word

Start sync code (SAV) ABOh
Blanking line

End sync code (EAV) B60h

FFFh 000h 000h

Start sync code (SAV) 800h
Except blanking line

End sync code (EAV) 9DO0h

Sync code details (hexadecimal notation) 10-bit output

1st word 2nd word 3rd word 4th word

Start sync code (SAV) 2 ACh
Blanking line

End sync code (EAV) 2D8h

3FFh 000h 000h

Start sync code (SAV) 200h
Except blanking line

End sync code (EAV) 274h
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3. Output Range of LVDS Output Data

IMX226CQJ-C

The table below shows the decimal point position, output bit length and output range of the output data in each
readout mode. Note that the value of the first word of the sync code (3FFh, FFFh) and the maximum data value do

not overlap in any readout mode.

Data output range in each readout mode

Readout LVDS output
mode No. Decimal point position Output bit length [bit] Output range [hex]
0 2 12 001h to FFEh
1 0 10 001h to 3FEh
2 2 12 001h to FFEh
3 2 12 001h to FFEh
4 0 10 001h to 3FEh
5 2 12 001h to FFEh

Output value during horizontal blanking period is fixed to Low (all 0).

Horizontal sync signal

- L

Horizontal blanking ~ SAV

[Horizontal blanking]
Fixed Low

N

Pixel data

[Pixel data]

12 bits: 001h to FFEh
10 bits: 001h to 3FEh

Readout Drive Timing
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EAV Horizontal blanking

[Horizontal blanking]
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4. Detailed Specification of Each Mode
(1) Minimum Horizontal/Vertical Operation Period in Each Readout Drive Mode

Minimum Horizontal Operation Period in Each Readout Drive Mode

. Minimum horizontal operation period
Horizontal . . XHS
Readout Data rate front Front (Number of pixels conver3|on)R minimum
mode No. [MHZ] blanking Front ron Recommended ear Rear period
DCcK] 22 | opg| Cffective | o rding pixels | _STective | opp | [INCK]?
pixel margin 9p pixel margin
0 976 ., | 34810 353| 96 36 4000 36 0 644
(288DDR’")
1 (2885078R*1) 34810 353| 96 36 4000 36 0 536
2 (2885078R*1) 34810 353| 96 28 4096 28 0 811
3 (2885078R*1) 34810 353| 96 28 4096 28 0 1608
4 (2885078R*1) 34810 353| 96 28 4096 28 0 546
5 (2885078R*1) 35410 359| 48 14 2048 14 0 407

DDR : Double Data Rate

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.

" Number of LVDS output signal DCK clock

Minimum Vertical Operation Period in Each Readout Drive Mode

Number of lines per minimum vertical operation period (output data 1H conversion) XVS
Readout Vertical front Front Fropt Recommended Rear effective Rear m|n|mum
mode No. blankin OPB effective recording pixels ixel margin OPB period
9 pixel margin 9p P 9 [XHS]
T
0 1%2 16 24 3000 22 0 3079
T
1 %2 16 24 3000 22 0 3079
T
2 %2 8 10 2160 4 0 2199
T
3 %2 8 10 2160 4 0 2199
T
4 %2 8 10 2160 4 0 2199
9 (20XHS) 4 10 1080 4 0 2216

When vertical direction normal readout
When vertical direction inverted readout
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(2) Recommended Horizontal/Vertical Operation Period in Each Readout Drive Mode

Recommended H Period and V Periods

Readout XHS H period |V period Frame
mode period (number | (number frequency
No (INCK) ™ Oof XHS | of XHS [frame/s]

) pulses) pulses)

0 660 1 3120 34.97

1 585 1 3080 39.96

2 1092 1 2200 29.97

3 2184 1 2200 14.99

4 546 1 2200 59.94

5 528 2 2275 59.94

Number of INCK conversion clocks
Number of XHS pulses required to output the data for one sensor line

Imaging Conditions in Each Readout Drive Mode

Imaging conditions
Number of | Number of
Readout LVDS A/D Outpult Number of Numt?er of Number of
Data rate . data bit | horizontal vertical .
mode No. output conversion . ) recording
[MHZz] channels bits length recording recording ixels
[ch] [bit] [bit] pixels pixels P
0 (2827D?3R) 10 12 12 4000 3000 12.00 M pixels
1 (2827D?3R) 10 10 10 4000 3000 12.00 M pixels
2 (2827D?3R) 8 12 12 4096 2160 8.85 M pixels
3 (2827D?3R) 4 12 12 4096 2160 8.85 M pixels
4 (28§E%R) 10 10 10 4096 2160 8.85 M pixels
5 (28§E%R) 4 10 12 2048 1080 2.21 M pixels
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5. Image Data Output Format
The output format in each readout drive mode is as follows.

MODERQO : All-pixel scan mode
(12M, 34.97 framel/s, 12-bit A/D conversion, 12-bit length output, 10 ch output)

Front dummy (communication period + sensor clamp)
17XHS (When vertical direction normal readout), 16XHS (When vertical direction inverted readout)
A 16 User clamp
6 Ignored area of effective pixel '
18 Effective margin for color processing

O =2l
2 15
—|a B
3| 2|3
4R 3| =
al8 glel
2|9 52
Bl 5|8
(Sl e IR
@ 5 8 8 5
o Sl =8
Q o 5| L5
=3 o ®|c c|lm
@ 215 B &
$ Cla G| ©
oIlE E|lO
HE 2|8
2|2 2|2
5|8 I
i Iy
o 4000 o
4024
4072
18 Effective margin for color processing
A\ 4 Ignored area of effective pixel
V blank
- >
4168 !
“! When vertical direction normal readout : 1 shaded area, 5 aperture area
When vertical direction inverted readout : 6 aperture area
Readout Pixel Image Diagram (4000 x 3000)
1[XVS] = 3120[XHS]
Front dummy Tenoredarea Tenoredarea
[Communication of effective Meargin for Meargin for of effective
period + User clamp ixel Jolor processing. Effective pixels Solor processing. pixel VBLK
nsor clamp] 1 16H[16XHS] 6H[6XHS] 1 8H[18XHS] 1 8H[18XHS] H[4XHS] period %2
XHS I I
- HEIEHR HREEEH
00 Na‘ 8(8|e|s |g‘§§§ |s§s§%§
10H]= 1[XHS) = 660[INCK] = 2640(DCK]
Ignored Ignored|
HOPB  area of Margin for Margin for area of
HOPB ignored  effective  Color Color effecti
Number of DCK clock HBLK period Synccode  ignoreq HOPB el processing Effective pixels processing  pixel  [Sync code
(@288MHz]| 348 to 353 24 18 30 12 12 12 2400 5, 2 24
XHS
DCK
(288MHz)
REEE REE
LVDS output bon HEHE EIEE
10ch 126it serial HEEE FEE

SAV1
SAV2
SAV4

SAV1
102
112
122

SAV1

sAv2| | savz| [ sav2
103]
113]

sAv3| [ sava| | savs| [ sava
sAV4| [ sava| [ sava

SAV1
14

SAV1
SAV4)

106

SAV1
(19 |18 | [ 17 | 116 | 115 | 194 |[18 | [ 112 |
126

sAv2| [ savz| | savz| [ savz

sAv3| | sava| [ savs

SAV1
107,
117
127

sAv4| [ sava| [ sava

SAV1
SAV3
18
128

SAV1
SAV2
SAV3
SAV4
119
(129 | [ 128 |

=]
<]
m

soasamy 0 L] LI LT LT LT 117865 Whon verial rastio normalaadout

X= UL 16XHS : When vertical direction inverted readout
6IDCK] *Detected both edge. #241XHS : When vertical direction normal readout

42XHS : When vertical direction inverted readout.

Do

Readout Drive Timing
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MODEL1 : All-pixel scan mode

IMX226CQJ-C

(12M, 39.96 frame/s, 10-bit A/D conversion, 10-bit length output, 10 ch output)

Front dummy (communication period + sensor clamp)
17XHS (When vertical direction normal readout), 16XHS (When vertical direction inverted readout)
16 User clamp
6 Ignored area of effective pixel '1
18 Effective margin for color processing

3062

foal
o
(o}
T
o}
<

24 Ignored area of effective pixel
12 Effective margin for color processing
12 Effective margin for color processing
24 Ignored area of effective pixel

4000

4024

4072

18 Effective margin for color processing
4 Ignored area of effective pixel

4168

"1 When vertical direction normal readout : 1 shaded area, 5 aperture
When vertical direction inverted readout : 6 aperture area

Readout Pixel Image Diagram (4000 x 3000)

1[XVS] = 3080[XHS]

area

Front dummy Ignoredarea Ignoredarea
[Communication of effective Margin for Margin for of effective
period User clamp pixel Color processing. Effective pixels olor processing. pixel VBLK
bgnsor clamp] *1 16H[16XHS] 6BH[6XHS] 18H[18XHS] 3000H[3000XHS] 18H[18XHS] 4H[4XHS] period ¥2
xvs i
XHS U g rrypruvuruvupgu vy g rvypuvururyy oy
s|o|eln = Q 2 < Rgg“ S%B%g“
Do ° Ilele|= |8N§21~ ‘3«)3«‘ ‘gg 2 818|8|8 8
1[H] = 1[XHS] = 585[INCK] = 2340[DCK]
Ignored Ignored
HoPB areaof  Margin for Margin for area of
HOPB ignored effective Color Color effective|
Number of DCK clock| HBLK period Synocode  ignoreq HOPB pixel processing Effective pixels processing pixel  [Sync code
[@288MHz] 34810353 20 15 2 10 ], 10 2000 1 20
XHS L I
DCK
(288MHz)
BREE HRREE
LVDS output ooa 21z|2|z|=|2|8|8|2|2|8|=|8|8|8[2| 8|8 HEIHHHE
10ch 10bit serial slo|a|o SlS|ujwjujw
NEIEIE slzlsls T 213
DOB z|z| 2|2 | =S| =5 5|5 <|[=|5|8|c|8|2 ] o) |z
B 5| BB s 5|5
NRREE o[z
o
G| 3| BB 5 |3
NEIEIE o|q
DOD z|z|z|z|ol2(R] 3|23 3|8 3[8]2]8 z
B|B| 5|5 ]
HHHE slzls S
DOE <2z = I3
HEEIES MEIRIRIEIBIE IR R 3
BHEES
©ol|yg
0oF - 222?|m9£8£‘$‘8|2|8‘8|§;5-
BB 5| B
NEIEIE glelg
DOG ole|g|lglelglgle ©
HHEE SEIEEIEIE I
BRI
NN
oon - |33§5|>2&R'§BGRBES:Q-
B|B|B| B
NEIEIE gl 2| g
pol ol g|g|2lglslels 2| g
HEIELES {82 B B|R|B B &
BREE
2
oo - 2222|m2a|%$%%2|8‘8|§;$-
B|B|B| B
DCK(288MHz) f #1 17XHS : When vertical direction normal readout
- 1 16XHS : When vertical direction inverted readout
55 clelsTs R X1= f l 2 1XHS : When vertical direction normal readout
0o SISSSEISISESS 2XHS : When vertical direction inverted readout
<|lz|lz |z T2 |= “
5 155155 155165 1S5 15 1S5 155 |15 5[DCK] *Detected both edge.
I

Readout Drive Timing
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MODE?2 : All-pixel scan mode
(4K2K, 29.97 frame/s, 12-bit A/D conversion, 12-bit length output, 8 ch output)

Front dummy (communication period + sensor clamp)
17XHS(When vertical direction normal readout), 16XHS(When vertical direction inverted readout)
A 8 User clamp
6 Ignored area of effective pixel *1
4 Effective margin for color processing

2182
48 HOPB

T
X
a
o
=3
8
=
o
k]
@
o
@
o
2
s
2
gy
©

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

o
£
@
?
4
s}
4
s
5
<}
3
8
£
=
S
£
o
=
g
=
w
~

A

A\ ] 4 Effective margin for color processing
- >
4248 '
*1 When vertical direction normal readout : 1 shaded area, 5 aperture area
When vertical direction inverted readout : 6 aperture area
Readout Pixel Image Diagram (4096 x 2160)
1[XVS] = 2200[XHS]
Front dummy lgnored area
[Communication of effective  Margin for Meargin for
riod User clamp pixel  Color processing Effective pixels Color processing  VBLK
sensor clamp] *1 8H[BXHS] 6H[BXHS] 4H[4XHS] 2160H[2160XHS] | 4H[4XHS] period *2
Xvs 0 I
XHs Upu vvvupgy uupruuuvupuuy] guprrryyr vy
ANGERE
DO o |- © |~ | o e[ [R[e=]|=|2 EEEE[RR
STSIESIESISIS]
1[H] = 1[XHS] = 1092[INCK] = 4368[DCK]
Ignored " red
HOPB areaof  Margin for Wé!éollf")r"’f égg‘of
HOPB ignored effective  Color processing. syel ¢ HBLK period
Number of DCK clock| HBLK period Sync code ignored  HOPB pixel  processing Effective pixels Pixel sync code
[@288MHz) 34810 353 2 18 36 18 ] 12,] 12 3072 812, 2
XHS
bok XK
(288MHz)
NENES I P e R I Y
DOA z‘:zone §|s‘$| |z ﬁ|8|88|§§‘§l :w|§32‘ ‘3
5|5 |5|5 <S9SS
SISISE o [
DOB HEHEHEHE G S HEERENEEE RS
5 |5 |5 |
NNEN v
poc HEHEHENEE SR BN R
5 |5 | |5
NENER
FEE R ] [EEEREEF
LVDS output
8ch 12bit serial NNEN o
DOF HEHEHEEE SN 8|2|§|§|§|§|:
5 |5 |5 |5
SISIEE blelelzls - szl
©0|2S S8 [=
DOH HESEE SIR(5(2 (BR|BIB[SE[E
NEER
5|5 |5 |5
NNEN o
poJ HEHANEEEEE 2|5 (88 [2
5 |5 |5 |
DOK(288MHz) || | *117XHS : When vertical direction normal readout
16XHS : When vertical direction inverted readout
bo *2 1XHS : When vertical direction normal readout
gRCKIDstoced bothlec! 2XHS : When vertical direction inverted readout

Readout Drive Timing
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MODES3: All-pixel scan mode
(4K2K, 14.99 frame/s, 12-bit A/D conversion, 12-bit length output, 4 ch output)

Front dummy (communication period + sensor clamp)
17XHS(When vertical direction normal readout), 16XHS(When vertical direction inverted readout)
A 8 User clamp
6 Ignored area of effective pixel *1
4 Effective margin for color processing

[ O
£ £
T3 23
x| 9 QX
alg Sla
0| 2 gleo
>| o =354
=1 |2
3|2 o9
m 5 8 3 =
o o 5|8 5)e
1) o o|& L10
S * 183|5 5|8
f= O
= G5 25
B|E 3
‘5 i o5
o|z 2|8
58 8lo
© b & ©
< |y w=
N N
- &
- o
vy 4 Effective margin for color processing
V blank
-} >
4248 '
*1 When vertical direction normal readout : 1 shaded area, 5 aperture area
When vertical direction inverted readout : 6 aperture area
Readout Pixel Image Diagram (4096 x 2160)
1[XVS] = 2200[XHS]
Front dummy Ignored area
[Communication of effective Margin for Meargin for
period + User clamp pixel Color processing Effective pixels Color processing VBLK
sensor clamp] 1 BH[BXHS] BH[BXHS] |4H[4XHS] 2160H[2160XHS] [4HI4XHS] period *2
xvs I I
xHs U vy rrrrvrurrryrer i (U U A U [ I
- T [FFF) EEEERERE BHBHGE
1[H] = 1[XHS] = 2184[INCK] = 8736[DCK]
Ignored Vrgin or Ignored
HoPB HOPB oo Vet or Coor doaive
Number of DCK clock| HBLK period Sync code ignored HOPB. ignored pixel processing Effective pixels processing pixel Sync code HBLK period
[@288MHz])| 348 to 353 24 36 72 36 24 18 6144 18 24 24
xHs |
=== 0=0=Y X<
(288MHz)

STsTeTs STsTeTs
voc HHHHEREARARRBENEEEE | HEHE
SHHHENOONBENO0 OEEE GHHH

VDS oupat 3|5|3]5 2l 58|58
4ch 12bit serial clo o [z c(alels
HHEHENOORAANECF BEEE | HHHH
on HEEHERN 2| - B 2 |a =] o[ e g HEHE
3|5|3]5 o N =l MHEE

*117XHS : When vertical direction normal readout

DCK(288MHz) 16XHS : When vertical direction inverted readout

|

#2 1XHS : When vertical direction normal readout

oo e R = AN Bftedutimpricrcibiocrt
22 EEEEeEsE X
221222222322 6[DCK] *Detected both edge.
5|5 | |5 |0 | @ |B | |0 |@ |05 |6

Readout Drive Timing
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MODEA4: All-pixel scan mode
(4K2K, 59.94 frame/s, 10-bit A/D conversion, 10-bit length output, 10 ch output)

Front dummy (communication period + sensor clamp)
17XHS(When vertical direction normal readout), 16XHS(When vertical direction inverted readout)
A 8 User clamp
6 Ignored area of effective pixel *1
4 Effective margin for color processing

j=J j=
< 2
—|@a @ | —
3|3 1]
-1k} 8|X
S8 oS
His (2
8|5 5|38
(Sl el oo
o HE 8|5
o ol =9
) o 5| L5
< I clc c|lm
& |5 5|8
2 S| 5| ©
B|E 4
2le 0|2
2|z 2|8
58 gl
ol e
o~ o~
L.
A\ ] 4 Effective margin for color processing
V blank
-t >
4248 !
*1 When vertical direction normal readout : 1 shaded area, 5 aperture area
When vertical direction inverted readout : 6 aperture area
Readout Pixel Image Diagram (4096 x 2160)
1[XVS] = 2200[XHS]
Front dummy Ignored area
[Communication of effective  Margin for Margin for
period + User clamp pixel  Color processing Effective pixels Color processing  VBLK
sensor clamp] 1 8H[BXHS] BHIEXHS] | 4H[4XHS] 2160H[2160XHS] AH[4XHS period *2
Xvs 1
XHS Uy rvrupyr rrpuruururpuuy IR
0o LY O O P e I = R N CERRIZ
Ss|s|s|s|S
1[H] = 1[XHS] = 546[INCK] = 2184[DCK]
lgnored Ignordd
HOPB areaof Margin for Margin for area
) HoPB ignored effective  Color Color _effectife
Number of DCK clock HBLK period Sync code ignored  HOPB pixel  processing Effective pivels processing  Piel gyn; code
[@288MHz) 34810 353 20 15 25 10,],10, 2045 10 20
XHS
DCK
(288MHz)
SISI2E ol
DOA z|z[z|z(o[2[&[8(2(8 |3 (= (8(8|2[2[8
5 |5 |5 |5
NEES
5|55 |5
NEES Sl
poc HEHEHEAN IR Sy
5|55
NEES
=222 oo (2[R
o | 2|1
oee - ‘g :(n % 5) | |g| ‘ | |S | —-
NNES C
DOE 22|z [z|[= 3(3|3|T
LVDS output K
10ch 10bit serial SHES 5
DOF HEEEHEEN |ﬁ |3 8(2
5 |5 |5 |5
SISI212 ©
DOG z|z|z|z|o[2[s[8|2 (8|8 ]e|8|8[E[2
5 |5 |5 |5
NEES
5|55 |5
NEES
5|55
SISISE 2|o
blo|z|z|2|z]e 2
DoJ HEEE 32|33 R(BB|2|=

data from previous line

DCK(288MHz) *1 17XHS : When vertical direction normal readout

16XHS : When vertical direction inverted readout
X = T *2 1XHS : When vertical direction normal readout
2XHS : When vertical direction inverted readout

5[DCK] *Detected both edge.

Do

SAV[O]

Readout Drive Timing
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MODES5 : Horizontal/vertical 2/2-line binning mode
(4K2K, 59.94 frame/s, 10-bit A/D conversion, 12-bit length output, 4 ch output)

Front dummy (communication period + sensor clamp) 20XHS

IMX226CQJ-C

A 4 User clamp
6 Ignored area of effective pixel
4 Effective margin for color processing
j= j=2l
£ k)
—|@ @ |—
[CAR%] 0|l o
X 8 8 X
Ql Q
o8 2lo
2|2 ez
] 8|8 5|8
o o 9 Q
= o 5| o o3
) 5|L 2|5
% HE £ls
j= j=
N &5 Sls
o|E £lo
5le 2(5
8|2 2|2
58 S|
© ,ﬁ I-i ©
© ©
|
A\ 4 Effective margin for color processing
V blank
-¢ >
2124
Readout Pixel Image Diagram (2048 x 1080)
1[XVS] = 2275[XHS]
Front dummy 20XHS Ignored area
[Communication of effective Margin for Margin for
period + User clamp pixel Color processing Effective pixels Color processing VBLK period
sensor clamp] 4H[BXHS] 6H[12XHS] 4H[BXHS] 1080H[2160XHS] 4H[BXHS] 59XHS
XHs U rvvyprrvyrrrprrrrirrrvirpurrrrurprry ryuvprururrrrpuuy ruruy
slslslels s
bo ofc|a|o|s]w olo|e|s|ale|s|e HERERERERE:
1[H] = 2[XHS] = 1056[INCK] = 4224[DCK]
Ignored Ignored
HOPB  areaof  Margin for Margin for area of
) HOPB ignored _ effective  Color Color  effective
Number of DCK clock| HBLK period Sync code jgnored  HOPB pixel  processing Effective pixels processing  Pixel gunccode  HBLK period
[@288MHz] 354 to 359 24 18 36 18 12 12 6| 12 24
XHS L LT [
bk XX
(288MHz)
SISISE
DOoC <|<|<|<C
I|o|o(S
DOE
LVDS output
4ch 12bit serial SNHES
o2
boF 5(5[5 |5
NNEE
DOH EF 2|z [~ [2
DD () )
DCK(288MHz) f
o [TEekteeEeEEe | X= AL
Zzz 222222222 6[DCK] *Detected both edge.
HHREIERE IR [BCKIRDetecerboihiecon

Readout Drive Timing
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Integration Time in Each Readout Drive Mode and Mode Changes

1. Integration Time in Each Readout Drive Mode

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

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

* See the following table for the numbers of clocks per internal offset period.
* See “Electronic Shutter Timing” on page 35 for the SHR register setting range.

Constants Used to Calculate the Integration Time

Readout mode No. 0 1 2 3 4 5

Number of clocks per
internal offset period 201 149 201 201 149 149

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 6XHS periods (recommended serial communication
period) of V1 is updated internally at the end of the 6XHS 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
XVS

XHS

Sensor internal
V drive

>

Output frame ] | Valid data output | | Valid data output | | Valid data output | | Valid data output Valid data output
—T —T T T

}
[+——— V1 period —®#——— V2 period —®
| B |

SHR Change Sequence
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The vertical sync signal XVS can be subsampled inside the sensor according to the SVR register. The vertical
sync signal cycle is treated as (SVR value + 1) inside the sensor. In addition, the frame rate changes to 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 SPL = 0 and the SVR value is changed from “0” to “1”. The SVR value set within the first
6XHS periods (recommended serial communication period) of V2 is updated internally at the end of the 6XHS
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 6XHS periods (recommended serial
communication period) of the V3 period (the frame during which readout operation is not performed).

SVR

SVR=0 changed to “1”
Serial SPL=0 |, ‘ ! ‘ Communication , , Communication
communication H -~ prohibited [ prohibited !
Xvs [ exts | 6XHS * 6XHS [ exts * 6XHS | 6XHS
| | ] ]
XHS T~ T, T T 100000 TR
Sensor internal R 1 A SR i ST i [
V drive SHR LR ] ] ]

> O,
% i “«
|
|
! ! —
Output frame || Validdataoutput | | Valid data output ! || Valid data output !
V1 period } V2 period : V3 period t V4 period : V5 period
| |

SVR Change Sequence

When the internal vertical sync signal is subsampled by the SVR register, the SPL register can be used to set the
shutter in the vertical sync signal subsampling periods (the V2, V4 and V6 periods in the figure below).

The figure below shows the operation when changing the SPL register. The example in the figure below shows the
update timing when SVR =1 and SPL is changed from “0” to “1”. SVR = 1 and SPL = 0 in the continuous frames of
the V1 and V2 periods, so shutter operation is performed in the V1 period and the corresponding data is output in
the V3 period. (See the aforementioned description of operation when SVR = 1.)

The SPL value set within the first 6XHS periods (recommended serial communication period) of V3 is updated
internally at the end of the 6XHS periods, and then applied from the shutter operation in the V3 and V4 periods.
Readout operation is not performed in the V4 period, and output data which reflect the SPL change is output in the
V5 period. The image data of the V1 and V2 periods before the SPL value is changed is output as valid data in the
V3 period.

In addition, note that communication is also prohibited during the first 6XHS periods (recommended serial
communication period) of the V4 period (the frame during which readout operation is not performed).

The SPL register cannot be used in readout mode No.6: Vertical 2/9 subsampling binning mode (low power
consumption drive), so use the SHR register when setting the shutter in the vertical sync signal subsampling
period.

SVR=1 SPL wqn
Serial |spL=0| cha‘nge‘d to ™1 Communication Communication

communication | [P prohibited Lo prohibited
XVS T 6XHS | [ exHs " 6xHs —"6xHs [ 6xHs

Sensor internal
V drive

0

> o(/(

T T y y

Output frame |_Valid data output | T_Valid data output_! T_Valid data output_! |_Valid data output
-+—— /1 period 0 V2 period V3 period ! V4 period V5 period 0 V6 period —»!
I i i | i i |

SPL Change Sequence
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2. Operation when Changing the Readout Drive Mode

One frame of invalid data is always generated when changing the readout drive mode.

In addition to when changing the readout mode setting, this same sequence also results when the vertical direction
readout inversion setting is changed.

The figure below shows the mode transition sequence (Mode A to Mode B). The output data is invalid in the frame
(V1 period) in which the setting is changed to Mode B. Valid data which reflect the new setting is output from the next
frame (V2 period). If the XHS period for Mode A and Mode B differs, change XHS period at the timing shown in the
figure below (V1 head).

In addition, note that when the output data length or the output data rate differ in Mode A and Mode B, the new data
format is output from the start of the 7th XHS of the frame (V1 period) in which the setting is changed to Mode B.

Set the SHR for
x MODE =B here.

MODE
Serial ch‘anged‘to B
communication -
XVS B6XHS 6XHS 6XHS 6XHS B6XHS B6XHS
xis (TN - T (T TOgy - Wy W -
Sensor internal
I\/drive : SR < | I i i i
ﬂ,@ %0
> %) %,
%
Output data format ; Mode A i data format ] 3 Mode B§ data format .
Output frame h Mode A h Mode A WM h Mode B h Mode B h Mode B
| | [———— V1 period —#{*——— V2 period ——*| |

XHS period
change timing

Mode Transition

57



SONY IMX226CQJ-C

3. Interrupt Mode Change

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
18XHS 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.

Set the SHR for MODE = B here.

MODE

18XHS or more changed to "B"
T
i

| (1XHS increments) |

Serial i > i i
communication - - - - -
xvs GXHS‘ 6XHS| B6XHS B6XHS ‘ B6XHS |
xis [T LR R A LA LA (TTTTTITT T
Sensor internal - > > -
V drive SHR § |
I I 5 I i I I
I % . I
| | | | | |
. Lo Lo
i )
Output data format Mode A data format | Mode B data format
T
Output frame Mode A Mode B Mode B

timing
Interrupt Mode Change

4. Data Clock (DCK) Change Timing

When switching the data clock (DCK) frequency by the output format setting register FREQ, hazard may occur in the
1 clock immediately after it.

Do not use the DCK immediately after the change. Note that normal DCK is output one or before the data start sync
code.

XHS \\h \\ ‘\\ \
\ W | i |
o JUTUUNLTUUUY \ _BEE -

\
|

[
Communication period | |

- Normal 1st 2nd 3rd 4th
DATA B6XHS

[ o
7] > ’/’/ Undetermined DCK 2 1 clk
! 1clk

Sync code (SAV)

DCK Change Period
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Power-on/off Sequence

1. Power-on Sequence

>30 us
la—»!
m oA
VopD1 (1.2 V) : : [0.9 x \/DDD1
T T =30 ps
l—»)

I
VDDD2 (1.8 V) :/1'

___________4_
===
\g
M !
'«>A
X
S
o
o

VADD (2.9 V)
1> 100 ng
——
Reset signal H—lm:
XCLR 12100

3-wire serial input signals
XCE/SCK/SDI

Sync signal input signals
XVS/XHS

Master clock
INCK

Status

Power-on Sequence

Period name Remarks

All input signals are at Low level.
(1) Power stabilization time | There are no constraints of the power-on sequence with Vapp,
Vooo+, Voppz.

(2) Standby cancel register | Start the standby cancel sequence after the last power supply in
communication Vaop, Vooo1, Vobbpz.

2. Slew Rate Limitation of Power-on Sequence

Conform the slew rate limitation shown below when power supply change 0 V to each voltage (0 % to 100 %) in
power-on sequence.

Item Symbol Power supply Min. Max. Unit
VDDD1 (1.2 V) — 25 mV/us
Slew rate SR VDDD2 (1.8 V) — 25 mV/us
VADD (2.9 V) — 25 mV/us
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3. Power-off Sequence

Make sure that all input signals for the 3-wire serial interface and other signals are at Low level in the area of (2).

|

VD1 (1.2 V) _ﬁl
0.8 x VDDD1 | |
|

S
| |
VoDD2 (1.8 V) 05 VDDDZ‘ "7
. | | |
R

|

VADD (2.9 V) \\ :
- |

0.2 x VADD N

ot

|

Reset signal
XCLR \: 20ps | : |
R
i o
3-wire serial input signals ' :
XCE/SCK/SDI \ 20us Lo Lo
! L
T
| R
Sync signal input signals |<—>:_>._=_>:
XVS/XHS \5 >0 ps [

| |
| |
I I
| |
| |
| =I
T |

|

|

|

|

|

‘ |
MaSterﬁ\I%::(( - >0ps | | :
* INCK must not be over Vbbp2 |

T

|

|

l
@

Status (1)

Power-off Sequence

Period name Remarks

(1) Pixel output period Pixel signal output period

Turn the power supplies off after "L" level is set to all input signals.
(2) Power-off time There are no constraints of the power-off sequence with Vapp,
Vbobp1, Vbppe.
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Standby Cancel Sequence

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, set address 0000h, bit [1:0] to "2h"
(STANDBY register = Oh, STBLOGIC register = 1h). When initialize communication is performed before the
register communication period in the V1 period, there are no restrictions on the communication order.
Register communication can be performed even when STANDBY = 1h.

2. After a stabilization period of 1 ms or more, set address 0000h, bit [1:0] to “Oh”
(STANDBY register = Oh, STBLOGIC register = 0Oh).
In addition, when using the V4 period data after canceling standby mode, transmit the mode select register
required for normal operation during the communication period of V2 period. Transmit the shutter setting and
other settings during the communication period of V1 or V2 period.

3. After an analog stabilization period of 16 ms or more, set "1h" in the LVDS clock output phase locking register
DCKRST (address 0001h, bit [0]) and “1h” in the clamp reset register CLPSQRST (address 0001h, bit [4]) during
the register communication period of the next frame (the V2 period).

Note) 1. Vertical and horizontal sync signal can be input during initialize communication.
2. The V1 period requires a time of 16 ms or more.

Power-on sequence M ‘ Analog stabilization period ‘ ‘ Standby cancel sequence ‘ ‘ Normal operation
XCLR
XCE
| -
1421ms . >16ms »
i
Serial STANDBY =0 STBLOGIC =0 CLPSQRST =1
communication STBLOGIC =1 DCKRST =1
(mote select)

Register communication period
| —=disier communieaton
[

XVs P P
6XHS I oxuis 6XHS 6XHS

Sensor internal

I
V drive }SH o SHR . SHR % SHR o
A . % %y, % & . G
> ! @90 S. @‘90' . % S $o¢o &
| % XHS period % | % | @
| change f |
)

Output frame B R R e Valid data outpt Valid data output

- al—V/1 period—pm V2 period—w-«—\/3 period—p-f—V4 period—p
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SONY

Peripheral Circuit Diagram
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Note) Locate a bypass capacitor for each pin. Note that even when pins have the same voltage, connecting the

power supply wiring before these capacitors produces common impedance and may result in unexpected

trouble.
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Spot Pixel Specifications

(VAD[) =29 V, Vpop1 = 1.2 V, Vpop2 = 1.8 V, Tj =60 cC, reference gain 0 dB)

Maximum distorted pixels Measure-
Type of distortion Level in each zone ment Remarks
o[t[n]w]os] 1 method
Black pixels at o No evaluation
high light 30%< D criteria applied 1
White pixels at 30%< D 60 No evaluation 1
high light 0= criteria applied
White pixels in the No evaluation . .
dark 56mV<s D 950 criteria applied 2 1/30 s integration
B_Iack pixels at D < 648 mV 0 Np e_valuatpn 3
signal saturated criteria applied

Note) 1. D...Spot pixel level. Black pixels at signal saturated are prescribed at the signal output in spot pixel part.
2. Zone definition is illustrated in the figure below.

Spot Pixel Zone Definition

(113,1) 3
16y OB (4232,16)
(97,17) 6% ZONE 11
(113,23) 106l ZONE II’
A
(283,129) b ZONE Il
156
A
(599,285) i ZONE |
472
A
(1389,757) } ZONE 0
1568
16{ 170| 316 790 1568 790 316 | 170 16
y(2956,2324
A
472
y (3746,2796)
A
156
y (4062,2952)
A
106y (4232,3058)
A
4y (4248,3062)
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Notice on White Pixels Specifications

After delivery inspection of CMOS image sensors, cosmic radiation 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 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 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 if 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 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 0 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 5.5 pcs
10.0 mV or higher 3.6 pcs
24.0 mV or higher 1.9 pcs
50.0 mV or higher 1.1 pcs
72.0 mV or higher 0.8 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.

For Your Reference:

The annual number of White Pixels occurrence at an altitude of 3,000 meters is from 5 to 10 times more than that
at an altitude of 0 meters because of the density of the cosmic rays. In addition, in high latitude geographical areas
such as London and New York, the density of cosmic rays increases due to a difference in the geomagnetic
density, so the annual number of White Pixels occurrence in such areas approximately doubles when compared
with that in Tokyo.

64



SONY IMX226CQJ-C

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 280 [mV],
measure the local dip point (black pixel at high light, Vsr, Ve and Ves) and peak point (white pixel at high
light, VkRr, Vke and Vka) in each channel signal output. Substitute the values into the following formula.

Spot pixel level = (Vki(or) Vsi) / Vi x 100 [%] (i = R, G, B)

ylte pixel Vi

Vki | ( ¢’/
el Vi(i=R, G, B)
Black pixel VG =280 mV

Y <— OB output

Signal output waveform of R/G/B channel

. 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.

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.

Iy

Level D Black pixel Vsat (Mln =810 mV )

' —— 7Y <«— OB output

Signal output waveform of R/G/B channel

65



SONY

IMX226CQJ-C

Spot Pixel Pattern Specifications

The white pixel and the black pixel are counted as follows

List of Spot Pixel Pattern

It provides by color filter : . . . .
No. Pattern array described in the left, White pixel / Black pixel / Bright pixel
1 o |0 Same color Rejected
2 ([ J @ | Same color
3 ( JN J Different color Allowed
(]
4 Same color
(]
(]
5 ([ J Different color
Note) 1. @:lt shows the position of black pixels and white pixels. Black pixels and white pixwls are separately
counted.
(Example: Even if black pixel is adjacent to white pixel like No. 1, it is not counted as a pattern. They are
not rejected.)
2. “Rejected” means that it is rejected as a sensor with 1 piece of spot pixel to select.
3. “Allowed” means that it is not selected to be rejected. It is included in the number of allowable spot pixels
by zone and is counted.
4. All spot pixels of the pattern other than the described above is included in the number allowable spot

pixels by zone.
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Stain Specifications
Total
Zone Allqwable allowable Size Level Remarks
pixels .
pixels
0 1
I 5 3<L<10lines 4<R<8% > 200 lines
3
1l 3 4 <L <20lines 4<R<8% Overlap permitted

For a stain extending over two or more zones, the largest zone is applied to count.

Stain Zone Definition

Stain Measurement Method

2824

ISES

<

2H-V

IN'S

ZONE |

ZONE Il

Bl<

3782

In the following measurements, set the measurement condition to the standard imaging condition I, set the lens
diaphragm to F16, and adjust the luminous intensity so that the average value of the G channel signal output is 280
[mV]. Measure the local dip in the average value of the R, G and B channel signal output (VigL), and then calculate
the stain level (R) as the ratio of Vig_ to the average value of the R, G and B channel signal output (Vi).

R=ViL/Vi*x100[%] (i=R, G, B)

At the same time, the size (L) of the area where the stain level is 4 % or more is determined by line number

conversion.

The distance from one center of a stain to another is the stain interval, and is also determined in the same way
by line number conversion.

Vi x 0.04

ViBL

Signal output waveform of R/G/B channel
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Marking

2-dimensional code

AAB C D E F G H J K/L M N

Qoo
Qoo
Q0o
Qoo

® N o o~ w N —
\

(& B}

© @

Qo
Q0o
X78%

N

Qo000 D
Qoo
Qoo

Qoo

226C

i

2
@

Qoo
Qoo

Q000
Q000

Qoo
Qo000
Qo0
Qoo

Note:Following characters enter into "W, and”"X". (No Au coat)

Wiln English upper case character,. One character

X Number, single number
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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)
. 150 to 180 °C
1. Preheating 60 t0 120 s
2. Temperature up (down) | +4 °C/s or less (- 6 °C/s or less)
Over 230 °C
3. Reflow temperature 10t0 30s
Max. 5 °C/s
4. Peak temperature Max. 240 £5 °C
Temperature
Peak240 £5°C |-——-——-——-mmmm o
230 °C [f--—-mmmmmmmmmm ooy
Max. 5 °C/s
180 °C f=-===--=mmmmmmmm e oo -6 °C/s or less
150 °C |[-===-------
+4 °C/s
or less 60to 120's
7‘[?/ 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 245 °C.

(b) Perform the reflow soldering only one time.

(c) Finish reflow soldering within 72 h after unsealing the degassed packing.
Store the products under the condition of temperature of 30 °C or less and humidity of
70 % RH or less after unsealing the package.

(d) Perform re-baking only one time under the condition at 125 °C for 24 h.

(3) Others

(a) Carry out evaluation for the solder joint reliability in your company.

(b) After the reflow, the paste residue of protective tape may remain around the seal glass.
(The paste residue of protective tape should be ignored except remarkable one.)

(c) Note that X-ray inspection may damage characteristics of the sensor.

5. Others

(1) Do not expose to strong light (sun rays) for long periods, as the color filters of color devices will
be discolored.

(2) Exposure to high temperature or humidity will affect the characteristics. Accordingly avoid storage
or use in such conditions.

(3) This product is precision optical parts, so care should be taken not to apply excessive mechanical
shocks or force.

(4) Note that imaging characteristics of the sensor may be affected when approaching strong
electromagnetic wave or magnetic field during operation.

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

Version Date Page Contain of Change
Rev.0.2.0 | 2013/09/27 ALL First edition
Rev.0.3.2 | 2013/12/10 1 Update “Description”
Rev.0.3.2 | 2013/12/10 33 Update “Break Mode”
Rev.0.3.2 | 2013/12/10 38 Update “BLKLEVEL Setting”

26,30,31,

35,37,38,
Rev.0.3.2 | 2013/12/10 414244, Update of the reference page

55

Rev.0.4.0 | 2013/12/18 40,41 Update “Register Setting for Each Readout Drive Mode”
Rev.0.4.0 | 2013/12/18 63 Update “Spot Pixel Specifications”
Rev.0.5.0 | 2014/02/03 7 Update of the title “Package Center and Optical Center”
Rev.0.5.0 | 2014/02/03 23 Update “Image Sensor Characteristics”
Rev.0.5.0 | 2014/02/03 24, 25 Update “Definition of Standard Imaging Conditions”
Rev.0.5.0 | 2014/02/03 47 Update “Minimum Horizontal Operation Period in Each Readout Drive Mode”
Rev.0.5.0 | 2014/02/03 63 Update “Spot Pixel Specifications”
Rev.0.5.0 | 2014/02/03 64 Update “The Annual Number of White Pixels Occurrence”
Rev.0.5.0 | 2014/02/03 65 Update “Measurement Method for Spot Pixels”
Rev.0.5.0 | 2014/02/03 66 Update “Spot Pixel Pattern Specifications”
Rev.0.5.0 | 2014/02/03 67 Update “Stain Specifications”
Rev.0.5.0 | 2014/02/03 68 Update “Marking”

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