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Description

The IMX377CQT is a diagonal 7.81 mm (Type 1/2.3) CMOS image sensor with a color square pixel array and
approximately 12.35 M effective pixels. 12-bit digital output makes it possible to output the signals of approximately
12.35 M effective pixels with high definition for shooting still pictures.

It also operates with three power supply voltages : analog 2.8 V, digital 1.2 V, and 1.8 V for I/O interface and
achieves low power consumption.

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

In addition, this product is designed for use in consumer use digital still camera and consumer use camcorder. When
using this for another application, Sony does not guarantee the quality and reliability of the product.

Therefore, don't use this for applications other than consumer use digital'still camera and consumer use camcorder.
In addition, individual specification change cannot be supported because this is a standard product.

Consult your Sony sales representative if you have any questions.

Features

@ CMOS active pixel type pixels
@ Input clock frequency 6 to 27 MHz
@ MIPI Specifications (CSI-2 high-speed serial interface)

@ All-pixel scan mode
Horizontal/vertical 2/2-line binning mode
Horizontal/vertical 3/3-line binning-mode
Vertical 1/3 subsampling horizontal 3 binning mode
Vertical 1/3 subsampling horizontal 2/4 subsampling mode
Vertical 2/9 subsampling binninghorizontal 3 binning mode
Vertical 2/9 subsampling binning horizontal 3 binning mode low power consumption
Vertical 2/17 subsampling binning horizontal 3 binning mode

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

@ Variable-speed shutter function (minimum unit: 1 horizontal period)

@ Low power consumption

@ H driver, V driver and I’C communication circuit on chip

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

4 10-bit/12-bit A/D conversion on chip

@R, G, B primary color mosaic filters on chip

@ All-pixel simultaneous reset supported

4 98-pin high-precision ceramic package

Exmor IH

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 7.81 mm (Type 1/2.3)

@ Total number of pixels
4152 (H) x 3062 (V) approx. 12.71 M pixels

@ Number of effective pixels
- Type 1/2.3 approx. 12.35 M pixels use 14056 (H) x 3046 (V) approx. 12.35 M pixels
- Type 1/2.5 approx. 9.03 M pixels use  : 4152 (H) x 2174 (V) approx. 9.03 M pixels

@ Number of active pixels
- Type 1/2.3 approx. 12.35 M pixels use : 4024 (H) x 3036 (V) approx. 12.22 M pixels diagonal 7.81 mm
- Type 1/2.5 approx. 9.03 M pixels use  :4120 (H) x 2168 (V) approx. 8.93 M pixels diagonal 7.22 mm

@ Number of recommended recording pixels
- Type 1/2.3 approx. 12.35 M pixels use : 4000 (H) x 3000 (V) 12.00 M pixels aspect ratio 4:3
- Type 1/2.5 approx. 9.03 M pixels use  : 4096 (H) x 2160 (V) approx. 8.85 M pixels aspect ratio approx. 17:9
@ Chip size
10.200 mm (H) x 8.000 mm (V) (include scribe area)
@ Unit cell size
1.55 uym (H) x 1.55 ym (V)
@ Optical black

Horizontal (H) direction : Front O pixels, rear 0 pixel
Vertical (V) direction : Front 16 pixels, rear 0 pixel

@ Substrate material
Silicon

Optical Black Array and Readout Scan Direction

(Top View)

L1 A1 (1PIN)

L10 H > A10

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

Optical Black Array and Readout Scan Direction
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Absolute Maximum Ratings

# Supply voltage (Analog) Vaop | —0.3t0 +3.3 Y,
# Supply voltage (Digital 1) Vppp1 2 -0.5t0 +2.0 v
# Supply voltage (Digital 2) Vpopz 2 -0.5t0 +3.3 v
¢ Input voltage (Digital) \ -0.3to Vppp2 + 0.3 V
¢ Output voltage (Digital) Vo —-0.3to Vppp2 +0.3 V
# Guaranteed operating temperature  Topr —10to +75 C
# Storage guarantee temperature Tst6 —30 to +80 ‘C
* tF;erTrlfr?er?;?lTrCee guarantee Tspec —-10 to +60 °C
Recommended Operating Conditions
# Supply voltage (Analog) Vapp | 2.8+0.1 v
¢ Supply voltage (Digital 1) Voop1 2 1.2+0.1 Vv
# Supply voltage (Digital 2) Vo2 ° 1.8+0.1 v
¢ Input voltage (Digital) \ —0.1to Vppp2 + 0.1V
¢ Output voltage (Digital) Vo —0.1to Vppp2 +0.1  V

VADDZ VDDSUB, VDDHCM, VDDHPX, VDDHDA, VDDHCP (2.8 Vv power supply)
Vopp1: VooLCN1 to 2, VppLSC1 to 2, VppLPL1.to 3, VppLIF1 to 2 (1.2 V power supply)
Voppz2: VooMIO (1.8 V power supply)
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USE RESTRICTION NOTICE

This USE RESTRICTION NOTICE ("Notice") is for customers who are considering or currently using the
image sensor products ("Products") set forth in this specifications book. Sony 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.

General-0.0.8
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Pin Configuration

(Bottom View)
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Pin Description

Ei; Symbol 110 A/D Pin description Star?ctjit;/amode Remarks
A3 VopHCM Power A Analog power supply (2.8 V) —

A4 VppHPX Power A Analog power supply (2.8 V) —

A5 VLOADLM (0] A Capacitor connection I(_l\?g\i:ecar?ﬁgrc]fion)
A6 VppHCP Power A Analog power supply (2.8 V) —

A7 VppHDA Power A Analog power supply (2.8 V) —

A8 BIASRES O A Resistor connection I(-l\?g\gec)r?ﬁggfion)
A9 | TEST1 | D | Test '(',ﬁg‘g%r‘]’ﬁ:’c‘tl on)
B3 VRLS (0] A Capacitor connection Pull-down

B4 VRLT (0] A Capacitor connection Pull-down

B5 | VssHPX GND A Analog GND (2.8 V) —

B6 | VssHCP GND A Analog GND (2.8 V) —

B7 VssHDA GND A Analog GND (2.8 V) —

B8 VBGR O A Capacitor connection I(_l\?g\::%r?ﬁzgfion)
B9 | TEST2 | D | Test '(‘ﬁg"czﬁﬁzgtl on)
C1 VppSUB Power A Analog power supply (2.8 V) —

D2 | VssLCB1 GND D Digital GND (1.2 V) —

D9 | 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) —

E9 | VssLCN2 GND D Digital GND (1.2 V) —

E10 | 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) —

F9 | VssLSC2 GND D Digital GND (1.2 V) —

F10 | VppLSC2 Power D Digital power supply (1.2 V) —

G1 INCK | D Input clock —

G3 | VppLPL3 Power D Digital power supply (1.2 V) —

G9 SDA | D I°C communication data input —

G10 | SCL | D I°C communication clock input —

H1 XCLR | D Reset pulse input —

H2 | VssLPL2 GND D Digital GND (1.2 V) —

H3 VppLPL2 Power D Digital power supply (1.2 V) —
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Pin . o State in
No. Symbol 110 A/D Pin description Standby mode Remarks
H4 VopLIF1 Power D Digital MIPI power supply (1.2 V) —
H5 VppLIF2 Power D Digital MIPI power supply (1.2 V) —
H6 | VssLIF1 GND D Digital MIPI GND (1.2 V) —
H7 | VssLIF2 GND D Digital MIPI GND (1.2 V) —
H8 VppMIO Power D Digital power supply (1.8 V) —
If unused XVS,
H9 XVS (0] D Vertical sync signal output — leave open.
(No connection)
Leave open.
H10 | TEST7 O D Test (No connection)
J1 VppLPL1 Power D Digital power supply (1.2 V) —
J2 VssLPLA1 GND D Digital GND (1.2 V) —
. Clock Lane
J3 DCKP O D Digital MIPI output Low Level connection.
- Clock Lane
J4 DCKN O D Digital MIPI output Low Level connection.
- Data Lane 4
J5 DMO4P (0] D Digital MIPI output Low Level connection.
- Data Lane 4
J6 DMO4N (0] D Digital MIPI output Low Level connection.
If unused XHS,
J9 XHS (0] D Horizontal sync signal output — leave open.
(No connection)
Connect with
J10 | TEST6 | D Test either of VopMIO.
Leave open.
K1 TEST3 o D Test (No connection)
Leave open.
K2 TEST4 o A Test (No connection)
- Data Lane 3
K3 DMO3N O D Digital MIPI output Low Level connection.
- Data Lane 1
K4 DMO1N (0] D Digital MIPI output Low Level connection.
- Data Lane 2
K5 DMO2N 0o D Digital MIPI output Low Level connection.
Leave open.
L2 TESTS o A Test (No connection)
- Data Lane 3
L3 DMO3P (0] D Digital MIPI output Low Level connection.
- Data Lane 1
L4 DMO1P (0] D Digital MIPI output Low Level connection.
- Data Lane 2
L5 DMO2P (0] D Digital MIPI output Low Level connection.
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Electrical Characteristics
Electrical characteristics of the IMX377CQT are shown below.
1. DC Characteristics
Current Consumption and Gain Variable Range
(Vaop = 2.9V, Vopp1 = 1.3V, Vopp2 = 1.9V, Tj = 60 "C, Reference Gain (0 dB),
approximately 12.35 M pixels readout (MODEQ), 34.97 frame/s)
Item Symbol Min. Typ. Max. Unit Remarks
Current consumption (Analog) lapD — — 91 mA
Current consumption (Digital 1) Iopp1 — — 256 mA
Current consumption (Digital 2) Ippp2 — — 1 mA
Standby current (Analog) laDDSTB — — 150 MA In the dark
Standby current (Digital 1) Ibbp1sTB — — 40 mA In the dark
Standby current (Digital 2) Ipbp2sTe — — 50 MA In the dark
PGA gain variable range PGAG 0 — 27 dB
Supply Voltage and 1/O Voltage
Item Pins Symbol Min. Typ. Max. Unit
VopSUB,
VopHCM,
Analog VopHPX, Vapp 2.70 2.80 2.90 \Y,
VopHDA,
Supply VopHCP
voltage VppLCNT1 to 2,
Digital 1 xgg'{fﬁ ttg 3? Vo1 1.10 1.20 1.30 \Y
VopLIF1 to 2
Digital 2 | VppMIO Vbop2 1.70 1.80 1.90 \Y
SDA, ViH 0.7 x Vppp2 — 1.9 \
Digital input scL Vi —0.3 — | 03xVoopz | V
voltage XCLR, Vinz 0.65 * Vppp2 — Voopz + 0.3 \
INCK Vi -0.3 — | 035x%Vpopy |V

10
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2. AC Characteristics

INCK, XCLR
1/fiNck
INCK
| tLow ‘
INCK, XCLR AC Characteristics

ltem Symbol Min. Typ. Max. Unit
INCK clock frequency finek 6 — 27 MHz
INCK Low level pulse width twl 5 = — ns
INCK High level pulse width twh 5 — — ns
Clock duty — 40 50 60 %
XCLR Low level pulse width tLow 100 — — ns

11
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I’C Communication

Start Repeated Stop
condition Start condition
condition
SDA
SCL

thp;sTA tr thp;sTa tsu;sTo
I°C Communication Characteristics
I°C Specification
Item Symbol Min. Typ. Max. Unit Remarks
Low level input voltage | Vi -0.3 — 0.3 x Vppp2 | 'V
High level input voltage |V 0.7 x Vppp2 — 1.9 \Y,
Low level output voltage | VoL 0 — 0.2 x Vppp2 V | Vpppz <2 V,Sink 3 mA
. Load 10 pF to 400 pF,
Output fall time tof — — 250 ns |47 x Voopz 10 0.3 X Voo
Input current li -10 —= 10 }JA 0.1 x Vppp2 to 0.9 x Vppp2
Input capacitance of .
SCL/ SDA Ci 10 PF
I°C AC Characteristics

ltem Symbol Min. Typ. Max. Unit
SCL clock frequency fscL 0 — 400 kHz
Hold time (Start Condition) thp:sta 0.6 — — Us
Low period of the SCL clock tLow 1.3 — — us
High period of the SCL clock tHiGH 0.6 — — us
Set-up time (Repeated Start Condition) tsu:sta 0.6 — — us
Data hold time tHD:DAT 0 — 0.9 us
Data set-up time tsu.paT 100 — — ns
Rise time of both SDA and SCL signals tr — — 300 ns
Fall time of both SDA and SCL signals ts — — 300 ns
Set-up time (Stop Condition) tsu:sto 0.6 — — us
Bus free time between a STOP and START Condition | tgur 1.3 — — us

12
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DCKP / DCKN,DMO

Detailed explanation of CSI-2 interface is in following two documents, "MIPI Alliance Standard for Camera Serial
Interface2 (CSI-2) Version 1.1" and "MIPI Alliance Specification for D-PHY Version 1.1".
Four data output Lanes are applied from MIPI Alliance Standard for Camera Serial Interface2 (CSI-2) Version 1.1.

13
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I/0 Equivalent Circuit Diagram

Symbol

Equivalent circuit

VDDLSC1 to2
VopoMIO
VopoSUB

VppLSC1 to 2 are internally connected.

VssLSC

VssLSC1 to 2

VssLSC1 to 2 are internally connected.

VppSUB VppLSC

VDDLCN1 to2

VssLCN 1t02

L1

VssLPLA1

VooLPL1
VesLPLA
VooLPL2 to 3 !
VesLPL2
VoL PL1

[ ]

14
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Symbol Equivalent circuit

VppLPL2 VppLPL3

VgsLPL2 E " E "

VppLIF1 to 2 are internally connected.

VppLIF1 to 2 Py D

VssLIF

VssLIF1 to 2 are internally connected.

VssL|F1 to2

VssLCB1 to 2

VppHPX "
VppHCM

VssHPX

VopHPX VppHCM

VssHPX
VooHDA h
VssHDA
VooHDA
VssHDA

[]

CJExternal pins

15
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Symbol Equivalent circuit
VppHCP K
VssHCP
VppHCP VppHPX
VRLT *
VRLS
VppoMIO
VppoMIO
INCK % AN
VssLSC %
VssLSC
VppoMIO
VppoMIO
A\
XVS VssLSC %
XHS Vsl SC
VssLSC
VppoMIO
P
5o ™
SCL VssLSC _|
VssLSC  VgsLSC

16
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Symbol Equivalent circuit
VopMIO
@ AL —
VssLSC %
XCLR VssLSC
VpplLSC
— i WV
VssLSC
Vool IF impedance |
{_Matching__;
p
DMOxP }_\
(x=1to4) D%?(T:P
DMOxN
(x=1to4)
DCKP DMOXN
DCKN DCKN
VssLIF
VppHPX
VLOADLM D
VssHPX
VppHDA
BIASRES
VBGR D
VssHDA

CJExternal pins
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Description of special symbol

Symbol

Equivalent circuit

EF;IA

e
[
I

d
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Setting Registers Using I>°C Communication

Description of Setting Registers

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

SCL

SDA
Master |« IMX377

Pin connection of serial communication

SLAVE Address
MSB LSB
0 0 1 [ 1 ] o [ 1 | o R/W

* R/W is data direction bit

R/W
R /W bit Data direction
0 Write (Master — Sensor)
1 Read (Sensor — Master)

Pin Connection of Serial Communication Operation Specifications

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

This pin connection of serial communication circuit can be used to access the control-registers and status-registers
of IMX377CQT.

I°C pin description

Symbol Pin No. Remarks
SCL G10 Serial clock input
SDA G9 Serial data communication

19
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Register Communication Timing

In 1’C communication system, register setting can be performed during the period when communication is from the
following figure “VMAX x (SVR + 1) = 32[HMAX]".

Perform 1°C communication within “FS of next frame - 32[HMAX]” period (recommended serial communication
period) after FE period end to prevent noise. However, for non-picture frames in which noise is ignored (immediately
after power-on or immediately after switching the drive mode, etc.), then register communication can be performed
other than during the recommended serial communication period of those frames.

Recommended serial
communication period

Sensor internal register
: reflection timing :
Communication prohibited period *

v,

Serial communication period

<
<

-3

A

|
|
|
[ 32[HMAX]  \)1AX x (SVR + 1) — 32 [HMAX]
|
|
|

|
|
|
|
1
}
[
Blank | Blank Data line P Data line
line line line | line
[
I
I

Register Communication Timing

20
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I’C Communication Protocol

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

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

1: Read (Sensor — Master)
A : Acknowledge

|:| Direction depend on operation

I’C Communication Protocol

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

Start conditon  MSB LSB

SDA s A7XA6XA5XA4XA3XA2XA1XR/\N>\ACK/<
e T AU U UL

l The data changes while the clock is low ‘

Start Condition

Bus free state

spa (D5 X b4 X.p3 X D2 X D1 X po X Rw X AcK) P

Stop condition

Stop Condition

Start condition s

l The stop condition is not generated. l

Repeated Start Condition

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

SDA.
SDA A2 A1 R/W
Ial

Acknowledge

21
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Register Write and Read

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

Single Read from Random Location

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

. . Index
Previous index value >< Index M >< M+1
Slave Register Register Slave DATA _
$ Address A Address A Address A [Sr| Address 1 17:0] A|P
[7:1] [15:8] [7:0] [7:1] ’

Index, value M
S : Start Condition
Sr : Repeated Start Condition
P : Stop Condition

D From Master to Slave A : Acknowledge

D From Slave to Master A : Negative Acknowledge

Single Read from Random Location

Single Read from Current Location

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

. . Index Index
Previous index value, K >< K+1 >< K+2
Slave Slave
S| Address [1[A D[%f Alp S| Address |1]|A E;?_gf AlP
[7:1] : [7:1] '

|:| From Master to Slave S : Start Condition

A : Acknowledge

D From Slave to Master P : Stop Condition A Negative Acknowledge

Single Read from Current Location
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Sequential Read Starting from Random Location

IMX377CQT

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

Index Index Index

K X X

Previous index value >< Index M >< M+1 (M+L-1) (M+L)
Slave Register Register Slave _
S| Address |0 |A| Address |A| Address |A |Sr[Address|1|A D[7A -g? A ?;‘ -gf A A E[);\ -g]A A|P
[7:1] [15:8] [7:0] [7:1] . . ’
Index, value M L bytes of data

S : Start Condition A : Acknowledge
Sr : Repeated Start Condition

P : Stop Condition

D From Master to Slave

D From Slave to Master A : Negative Acknowledge

Sequential Read Starting from Random Location

Sequential Read Starting from Current Location

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

Index K Index Index Index
K+1 (K+L-1) (K+L)
Slave DATA DATA DATA ~
S Acf;i;e]ss 11A (7:0] A [7:0] A A 7:0] Alp

L bytes of data

S : Start Condition A : Acknowledge

I:l From Master to Slave

A : Negative Acknowledge

I:l From Slave to Master P : Stop Condition

Sequential Read Starting from Current Location
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Single Write to Random Location

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

communication.
Previous index value Index M Index
M+1

Slave Register Register DATA
S| Address |[O[A Address A Address A [7:0] A|P
[7:1] [15:8] [7:0] '
N
Index, value M
l:l From Master to Slave S : Start Condition A : Acknowledge

l:l From Slave to Master P : Stop Condition
Single Write to Random Location

Sequential Write Starting from Random Location

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

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

Slave Register Register
S| Address |0 [A| Address |[A| Address |A D[;\ E? A EE;\ -gil\ A A E;;\ g’;\ AP
[7:1] [15:8] [7:0] : ’ ’
—
Index, value M L bytes of data
D From Master to Slave S: Start Condition A : Acknowledge

D From Slave to Master P : Stop Condition

Sequential Write Starting from Random Location
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Register Map
The register map is given below.
Bit Default | Reflection
Address |assign- . Register name Function Remarks
value timing
ment
. Oh : Normal operation Setting range:
[0l h jImmediately | STANDBY L\ . 5 crall standby Oh to 1h
0h: Normal operation
. 1h: Digital circuit standby other |Setting range:
[ 1h Immediately STBLOGIC than serial communication [0h to 1h
block
3000h [2] Oh Immediately | PLSTMGO1 Drive pulse timing setting 01  [Set to 1h
. 0h: Normal operation Setting range:
[3] Oh Immediately STBMIPI 1h: CSI-2 standby oh to 1h
Oh: Normal operation Setting range:
[4] 1h Immediately STBDV 1h: Frequency demultiplier oh to ?h ge:
standby
[7:5] Oh — Set the default value.
[3:0] Oh — Set the default value.
1822'2?6 \When changing form Oh to 1h: gsttt;nghrange:
3001h [4] Oh . CLPSQRST [Resets the internal clamp .
communicat S . |After the reset, the value is
. “ circuit operation mode .
ion ends automatically returned to Oh.
[7:5] Oh — Set the default value.
3003h | [7:0] 40h K PLSTMGO02 [Drive pulse timing setting 02  [Set to 20h
3004h | [7:0] 45h “ MDSEL1 Set the value accgrdmg to ‘each
readout mode register setting.
3005h | [7:0] 35n “ MDSEL2 Set the value accgrdlng to Ieach
readout mode register setting.
3006h | [7:0] 00h “ MDSEL3 Set the value accc?rdlng to Ieach
readout mode register setting.
3007h | [7:0] 00h “ MDSEL4 Set the value accc_)rdlng to _each
readout mode register setting.
4 Oh: Rolling shutter Setting range:
3008h (01 Oh Qb 1h: Global reset shutter Oh to 1h
[7:1] 00h — Set the default value.
3009h | [7:0] 4 . . Setting range:
“00At 2:0] 000h PGC lAnalog gain setting 000h to 7A5h
[7:3] 00h — Set the default value.
300Bh [7:0] 2nd.frame
0007h after SHR Specifies the integration start  [Setting range is shown
300Ch | [7:0] communicat horizontal period in "Description of Registers”
ion ends
300Dh | [7:0] 0000h 2 SVR Specifies the integration Setting range:
300Eh | [7:0] shutdown vertical period 0000h to FFFFh
Digital gain setting
Oh: 0 dB gain setting value Setting range:
so11h | 1101 oh i DGAIN 1h: +6 dB gain setting value [ '* " gh ge:
2h: +12 dB gain setting value
3h: +18 dB gain setting value
[7:2] 00h — Set the default value.
. . . . Refer to the "Standby Cancel
3018h [1:0] 3h Immediately SYNCDRV Internal setting register Sequence”
[7:2] 28h — Set the default value.
Oh : Vertical direction normal
1 readout Setting range:
301Ah (01 Oh MDVREV 1h : Vertical direction inversion [0h to 1h
readout
[7:1] 00h — Set the default value.
. . ) ) Setting range is shown
302Dh [0] Oh Immediately REGHOLD Register setting hold function in "Description of Registers”
[7:1] 00h — Set the default value.
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Bit Default | Reflection
Address |assign- value timin Register name Function Remarks
ment 9
303%h | [7:0] 0000h “ HTRIMMING_ |Horizontal cropping end Setting range is shown
303Ah [4:0] END position + 1 in "Description of Registers”
[7:5] Oh — Set the default value.
303Eh | [7:0] 0000h “ HTRIMMING_ |Horizontal cropping Setting range is shown
303Fh [4:0] START start position in "Description of Registers”
[7:5] Oh — Set the default value.
0] oh 4 HTRIMMING_ |Horizontal arbitrary Setting range is shown
3040h EN cropping enable in "Description of Registers”
[7:1] 00h — Set the default value.
Setting range:
. ) - . Ohto FFh
3045h | [7:0] 32h Immediately BLKLEVEL Digital black level offset setting 10-bit readout mode: 1 digit/1h
12-bit readout mode: 4 digit/1h
304Eh | [7:0] 00h K PLSTMG31 Drive pulse timing setting 31 |Set to 02h
3057h | [7:0] 47h Immediately | PLSTMG22  |Drive pulse timing setting 22  |Set to 4Ah
3058h {:8} 0E8h Immediately | PLSTMG23  |Drive pulse timing setting 23  |Set to OF6h
3059n [7:2] 00h — Set the default value.
3068h | [7:0] 00h “ MDSEL7 Set the value accqrdlng to Ieach
readout mode register setting.
306Bh | [7:0] 07h Immediately | PLSTMG24  |Drive pulse timing setting 24  [Set to 04h
307Eh | [7:0] “ Set the value according to each
307Fh | [7:0] 0000n MDSELS readout mode register setting.
3080h [7:0] . Set the value according to each
3081h | [7:0] 0000h  [mmediately MDPLSO1 readout mode register setting.
3082h [7:0] . Set the value according to each
3083h | [7:0] 0000h [mmediately MDPLS02 readout mode register setting.
3084h [7:0] . Set the value according to each
3085h | [7:0] 0000h  [mmediately MDPLSO03 readout mode register setting.
3086h | [7:0] . Set the value according to each
3087h | [7:0] 0000h [mmediately MDPLZE% readout mode register setting.
3095h [7:0] . Set the value according to each
3096h | [7:0] 0000h  [mmediately YPorQ readout mode register setting.
3097h [7:0] . Set the value according to each
3098h | [7:0] 0000h [mmediately \LwLS06 readout mode register setting.
3099h [7:0] p Set the value according to each
309Ah | [7:0] 0000h  [mmediately MDPLS07 readout mode register setting.
309Bh [7:0] ) Set the value according to each
309Ch | [7:0] 0000h  [immediately MDPLS08 readout mode register setting.
30BCh | [7:0] . Set the value according to each
30BDh | [7:0] 0000h  [immediately MDPLS40 readout mode register setting.
30BEh | [7:0] . Set the value according to each
30BFh | [7:0] 0000h [immediately MDPLS41 readout mode register setting.
30C0h | [7:0] . Set the value according to each
30C1h | [7:0] 0000h  [immediately MDPLS42 readout mode register setting.
30C2h | [7:0] . Set the value according to each
30C3h | [7:0] 0000h  [mmediately MDPLS43 readout mode register setting.
30C4h | [7:0] . Set the value according to each
30C5h | [7:0] 0000h  [immediately MDPLS44 readout mode register setting.
30C6h | [7:0] . Set the value according to each
30C7h | [7:0] 0000h  [mmediately MDPLS45 readout mode register setting.
30C8h | [7:0] . Set the value according to each
30C9% | [7:0] 0000h  [immediately MDPLS46 readout mode register setting.
30CAh | [7:0] . Set the value according to each
30CBh | [7:0] 0000h  [mmediately MDPLS47 readout mode register setting.
30cch | [7:0] | 00h |immediately| MDPLS48 Set the value according to each
readout mode register setting.
30D0h | [7:0] “ Set the value according to each
30D1h | [7:0] 1008h MDPLSS52 readout mode register setting.
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Bit .
Address |assign- szflil:t R?i:;tlon Register name Function Remarks
ment 9
“ ertical arbitrary cropping Setting range is shown
30D5h (0] Oh VWIDCUTEN enable in "Description of Registers”
[7:1] 00h — Set the default value.
30D6h [750] 000h P VWIDCUT Wldth.Of vertical arbitrary _Se"ttlng rqnge is fshOme )
30D7h [2:0] cropping in "Description of Registers
[7:3] 00h — Set the default value.
30D8h | [7:0] P Sta_rt position qf vert|053l Setting range is shown
[3:0] 000h VWINPOS arbitrary cropping (two's in "Description of Registers”
30D%h ) complement)
[7:4] Oh — Set the default value.
. “ Set the value according to each
30DAh | [7:0] 00h MDREGO1 - h
readout mode register setting.
30EEh | [7:0] 01h “ MDREG02 Set the value accgrdmg to .each
readout mode register setting.
Master mode operation »
0] 1h  |Immediately| XMSTA  [0h: Master mode start Refer to the "Standby Cancel
30F4h : Sequence
1h: Master mode stop
[7:1] 00h — Set the default value.
30F5h | [7:0] “ . . . Setting range is shown
30F6h | [7:0] 0172h HMAX Horizontal drive period length in *Description of Registers”
30F7h | [7:0] . .
30F8h | [7:0] | 00CB2h K VMAX Vertical drive period length ~ [oowind range is shown
in "Description of Registers
30Foh
[7:4] Oh — Set the default value.
0] 1h Immediately STBPL_IF PLL standby control register for Refer to th”e Standby Cancel
IF Sequence
3108Bh [3:1] Oh — Set the default value.
4] 1h Immediately STBPL_AD PLL standby control register for Refer to th“e Standby Cancel
IAD Sequence
[7:5] Oh — Set the default value.
3120h | [7:0] . Input clock frequency setting  [Setting range is shown
3121h | [7:0] 0010h  [immediately PIRN register in "Description of Registers”
3122h | [7:0] 00h Immediately PLRD3 Inpgt clock frequency setting .Se"ttmg rgnge is showp .
register in "Description of Registers
3123h | [7:0] 01h Immediateif PLRD10 Inpgt clock frequency setting .Se”ttlng re.mg'e is showp )
register in "Description of Registers
3124h | [7:0] 01h Immediately PLRD11 Inpgt clock frequency setting .Se”ttlng rqnge is showp .
register in "Description of Registers
3125h | [7:0] 00h IMmediBtely PLRD12 |npl.Jt clock frequency setting .Se”ttlng rqnge is showp )
register in "Description of Registers
3127h | [7:0] 07h Immediately PLRD13 Inpyt clock frequency setting ‘Se“ttlng ra}nge is showp .
register in "Description of Registers
3120h | [7:0] oDh Immediately PLRD2 Inpgt clock frequency setting .Se"ttmg rgnge is showp )
register in "Description of Registers
312Ah | [7:0] 00h Immediately PLRD4 Inpgt clock frequency setting ‘Se“ttlng re.mg.e is showp .
register in "Description of Registers
312Dh | [7:0] 03h Immediately PLRD14 Inpgt clock frequency setting .Se”ttmg rgnge is showp .
register in "Description of Registers
312Fh | [7:0] 03FEh 4 MDSEL9 Set the value according to each
3130h [4:0] readout mode register setting.
[7:5] Oh — Set the default value.
3131h [7:0] 03FAh “ MDSEL10 Set the value according to each
3130n |40 readout mode register setting.
[7:5] Oh — Set the default value.
3145h [1:0] 1h Immediately | PLSTMGO04 |Drive pulse timing setting 04  |Set to Oh
[7:2] 00h — Set the default value.
3202h [E)(])] 066h Immediately | PLSTMG25  [Drive pulse timing setting 25  [Set to 063h
3203h [7:1] 00h — Set the default value.
3236h [?(:)(])] 067h Immediately | PLSTMG26 |Drive pulse timing setting 26  [Set to 064h
3237h [7:1] 00h — Set the default value.
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Bit .
Address |assign- szflil:t R?i:;tlon Register name Function Remarks
ment 9
3304h gfg} 005h  [Immediately| PLSTMG32 [Drive pulse timing setting 32 (Set to 00Bh
3305h [7:4] Oh — Set the default value.
3306h gg} 005h Immediately | PLSTMG33  [Drive pulse timing setting 33  [Set to 00Bh
3307h [7:4] Oh — Set the default value.
337Fh [T(:)(])] 067h Immediately | PLSTMG27  |Drive pulse timing setting 27  [Set to 064h
3380h [7:1] 00h — Set the default value.
338Dh [E(])] 067h Immediately PLSTMG28 Drive pulse timing setting 28  Set to 064h
338Eh [7:1] 00h — Set the default value.
3309h | [7:0] | 00h |immediately| LMRSVRG |nternal setting register g:;i:r?ct:”e Standby Cancel
35100 [T(:)(])] 054h Immediately | PLSTMGO5 |Drive pulse timing setting 05  [Set to 072h
3511h [7:1] 00h — Set the default value.
3528h | [7:0] OEh Immediately | PLSTMGO06  |Drive pulse timing setting 06  |Set to OFh
3529h | [7:0] OEh Immediately | PLSTMGO7  |Drive pulse timing setting 07  [Set to OFh
352Ah | [7:0] 0Eh Immediately | PLSTMGO08 Drive pulse timing setting 08  [Set to OFh
352Bh | [7:0] OEh Immediately | PLSTMGO09 Drive pulse timing setting 09  [Set to OFh
3538h | [7:0] OEh Immediately | PLSTMG10  |Drive pulse timing setting 10  |Set to OFh
353%h | [7:0] OEh Immediately | PLSTMG11 Drive pulse timing setting 11 |Set to 13h
353Ch | [7:0] 04h Immediately | PLSTMG13  |Drive pulse timing setting 13 [Set to 01h
3553h | [7:0] 1Fh Immediately | PLSTMG34  |Drive pulse timing setting 34  [Set to 00h
3554h | [7:0] 1Fh Immediately | PLSTMG35 |Drive pulse timing setting 35  [Set to 00h
3555h | [7:0] 1Fh Immediately | PLSTMG36  |Drive pulse timing setting 36 [Set to 00h
3556h | [7:0] 1Fh Immediately | PLSTMG37 _|Drive pulse timing setting 37 [Set to 00h
3557h | [7:0] 1Eh Immediately | PLSTMG38  |Drive pulse timing setting 38  [Set to 00h
3558h | [7:0] 1Dh Immediately | PLSTMG39.  |Drive pulse timing setting 39  [Set to 00h
3559h | [7:0] 1Dh Immediately | PLSTMG40  |Drive pulse timing setting 40  [Set to 00h
355Ah | [7:0] 1Ah Immediately | PLSTMG41 Drive pulse timing setting 41 [Set to 00h
357Dh | [7:0] 0Ch Immediately | PLSTMG14  |Drive pulse timing setting 14  [Set to 07h
357Fh | [7:0] 08h Immediately | PLSTMG16  |Drive pulse timing setting 16 [Set to 07h
3580h | [7:0] 05h Immediately | ~PLSTMG17  |Drive pulse timing setting 17 [Set to 04h
[2:0] 1h Immediately.|  PLSTMG19 |Drive pulse timing setting 19  |Set to Oh
3583h [3] Oh — Set the default value.
[6:4] 5h Immediately | PLSTMG20 |Drive pulse timing setting 20  |Set to 6h
[7] Oh — Set the default value.
3587h 9 Oh " PLSTMG21  |Drive pulse timing setting 21  [Setto 1h
[7:1] 00h — Set the default value.
35900 gg} 005h Immediately | PLSTMG42  [Drive pulse timing setting 42  [Set to 00Bh
3591h [7:4] Oh — Set the default value.
35BAh | [7:0] OEh Immediately | PLSTMG43  [Drive pulse timing setting 43 [Set to OFh
366Ah | [7:0] 10h Immediately | PLSTMG44  |Drive pulse timing setting 44  |Set to 0Ch
366Bh | [7:0] OEh Immediately | PLSTMG45  Drive pulse timing setting 45  [Set to 0Bh
366Ch | [7:0] 0Ch Immediately | PLSTMG46  [Drive pulse timing setting 46 |Set to 07h
366Dh | [7:0] 0Ah Immediately | PLSTMG47  [Drive pulse timing setting 47 |Set to 00h
366Eh | [7:0] 08h Immediately | PLSTMG48  |Drive pulse timing setting 48  [Set to 00h
366Fh | [7:0] 06h Immediately | PLSTMG49  |Drive pulse timing setting 49  [Set to 00h
3670h | [7:0] 04h Immediately | PLSTMG50 |Drive pulse timing setting 50  [Set to 00h
3671h | [7:0] 02h Immediately | PLSTMG51 Drive pulse timing setting 51 [Set to 00h
3672h gg} 146h Immediately | PLSTMG52  |Drive pulse timing setting 52  [Set to 000h
3673n [7:3] 00h — Set the default value.
3674h {;8} 258h Immediately | PLSTMG53  |Drive pulse timing setting 53  [Set to ODFh
3675h [7:3] 00h — Set the default value.
3676h {;8} 400h Immediately | PLSTMGS54  [Drive pulse timing setting 54  [Set to 1A7h
3677h [7:3] 00h — Set the default value.
3687h | [7:0] 01h Immediately | PLSTMG55  |Drive pulse timing setting 55  [Set to 00h
375Ch | [7:0] 05h Immediately | PLSTMG56  |Drive pulse timing setting 56  [Set to 02h
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Bit Default | Reflection
Address |assign- L Register name Function Remarks
value timing
ment
Oh: Dummy data (00h) is Setting range:
a7o0n | [0 Oh  |Immediately| EBDDATAEN output o 1o ?h ge:
1h: Embedded data is output
[7:1] 00h — Set the default value.
380Ah | [7:0] 09h Immediately | PLSTMG29  Drive pulse timing setting 29  [Set to 0Ah
382Bh | [7:0] 1Eh Immediately | PLSTMG30 |Drive pulse timing setting 30  [Set to 16h
3A41h | [7:0] 04h  |Immediately| MDSEL11 Set the value according to each
readout mode register setting.
. MIPIEBD_TAGE ) . Refer to the "Standby Cancel
3A56h [0] 1h Immediately N Internal setting register Sequence”
[7:1] 00h — 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
Register” on pages 31 to 39.
When changing the mode, the address set designated in “3. Register Settings for Each Readout Drive Mode” on pages
40 to 43 must be written.
For the detailed reflection timing, see “1. Register Value Reflection Timing to Output Data” on page 30.
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1. Register Value Reflection Timing to Output Data

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

Reflection timing Explanation

" 1st frame after communication The communication contents are reflected to the output data from 1st frame
ends after communication ends.

"2 2nd frame after communication The communication contents are reflected to the output data from 2nd frame
ends after communication ends.

Immediately The communication contents are reflected immediately.

For which reflection timing of each register, see “Register Map” on pages 25 to 29.

Register
communication
timing
Serial

communication
Sensor internal j+— VMAX[HMAX]
register reflection timing —»! 1 432[HVAX] —»! 14—32[HMAX] —»! 1«32[HVMAX] —»! 1«-32[HVAX] —»! l«32[HVAX]
Sensor internal
V drive B s S o o
% AN 2 % % % % % % %
< ) < 2 Y & < & < 8 <
. | . NN o %, %) %, %) %, K\ %,
@ % % % Kd
Ou(pu( frame Valid data FE Valid data FE; Valid data FE Valid data FE Valid data FE Valid data FE
) ) ) ) )

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

Al

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

Register Value Reflection Timing to Output Data

Register Hold Setting

Register setting can be transmitted with divided to several frames and it can be reflected globally at a certain frame
by the register REGHOLD (address 302Dh,bit [0]) for the registers of which reflection timing is frame unit (*1 and *2).
Registers are set when REGHOLD = 1h, and REGHOLD is set to “Oh” during communication period just before the
frame the registers are reflected from.

Register hold function is invalid for the registers of which reflection timing is immediately. Therefore these registers
are reflected immediately when even though REGHOLD = 1h.

REGHOLD Setting

Register value Function
Normal communication
Oh . . . . .
Reflecting register setting when register settings are held
1h Register setting hold
[ Register setting A | [ Register setting B | [ Register setting C | Register setting D
Serial
communication
RN
Sensor internal |«— VMAX[HMAX]
register reflection timing — ! |32[HMAX] —w! 1«32[HMAX] —»! la32[HMAX] — ! e32HMAX] — ! e 32HMAX]
Sensor internal
V drive S, S, S, S S 8,
> 60”& =R %’s > %’s B %’5’@ K /’o,(,& B %”av
> ON O O O
Output frame ~ Valid data FE, B8 vaiddam e B8 vaiddaa e [ vaiddaa Fe B8 vaiddaa e B vaiddaa _Fe
REGHOLD
\ —

Register A, B, C, D are reflected
REGHOLD = 1h REGHOLD = 0h

Example of REGHOLD operation
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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 3000h, 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

Input Frequency Setting

The input clock frequency can be set arbitrarily by setting input clock setting register PLRD1 (address 3120h, bit [7:0]
and address 3121h, bit [7:0]) , PLRD2 (address 3129h, bit [7:0]) , PLRD3 (address 3122h, bit [7:0]) , PLRD4 (address
312Ah, bit [7:0]) , PLRD10 (address 3123h, bit [7:0]) , PLRD11 (address 3124h, bit [7:0]) , PLRD12 (address 3125h,
bit [7:0]) , PLRD13 (address 3127h, bit [7:0]) and PLRD14 (address 312Dh, bit [7:0]).

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

PLRD1 to PLRD4 and PLRD10 to PLRD14 Setting

Input clock Register value
frequency
[MHz]" PLRD1 | PLRD2 | PLRD3 | PLRD4 | -PLRD10 | PLRD11 | PLRD12 | PLRD13 | PLRD14
6 00FOh 90h 00h 00h
12 00FOh 90h 01h 01h
00h 00h 01h 02h 02h
18 00AOh 60h 01h 01h
24 00FOh 90h 02h 02h

" Consult your Sony sales representative concerning other input frequency settings.

Clamp Reset

The internal clamp circuit operation status is reset by the clamp reset register CLPSQRST (address 3001h, 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 Setting

Register value Function

Changed from Oh to 1h | Resets the internal clamp circuit operation status
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Electronic Shutter Timing

IMX377CQT

The exposure start timing can be designated by setting the electronic shutter timing register SHR (address 300Bh, bit
[7:0] and address 300Ch, bit [7:0]). Designate the lower 8 bits in address 300Bh, and the upper 8 bits in address
300Ch, for a total of 16 bits.
Note that this setting value unit is 1[HMAX]*1 period regardless of the readout drive mode.
In addition, 1 frame period can be extended at VMAX period unit according to the SVR register SVR (address 300Dh,
bit [7:0] and address 300Eh, bit [7:0]). (1 frame cycle is (SVR value + 1) times as long as VMAX period.)

*1

Shutter Setting

Setting value of register HMAX x 72 MHz clock

Register Register Value Function
8 to {(SVR value + 1) Reatliout mode No.0, 1 .
x VMAX value — 4} All-pixel scan mode (12 bits)
All-pixel scan mode (10 bits)
12 to {(SVR value + Readout mode No.1A
1) x VMAX value — 4} | All-pixel scan mode (10 bits) low power consumption drive
Readout mode No.2, 2A
7 to {(SVR value + 1) Horl_zontaI/.vertlcaI .2/2.—I|ne binning mode (horizontal and
x VMAX value — 4} vertical weighted binning)
Vertical 2 binning horizontal 2/4 subsampling (vertical
weighted 2 binning)
8 to {(SVR value + 1) | Readout mode No.3
x VMAX value — 1} Horizontal/vertical 3/3-line binning mode
Readout mode No.4, 5 »
i icl)l\jlf)\(/\lfa\lljcleuf g}” Vertical 1/3 subsampling horizontal 3 binning mode §pemﬂe§ the
SHR Vertical 1/3 subsampling horizontal 2/4 subsampling mode |ntggrat|on start
Readout mode No.6 hor!zontal
4 to {(SVR value + 1) | vertical 2/9 subsampling binning horizontal 3 binning period
x VMAX value - 1} mode
Readout mode No.7
4 to {(SVR value +1) | viertical 2/9 subsampling binning horizontal 3 binning
* VMAX value/4 = 1} || mode (low power consumption drive)
410 {(SVR value +1) \F\/,eerati(i(;:]tZ;:;dseuE;i ling binning horizontal 3 binnin
x VMAX value - 5} Ping 9 9
mode
0 to {(SVR value + 1) | Global reset shutter mode (SMD = 1)
x VMAX value - 1} (12 bits)
0 to {(SVR value + 1) Globgl reset shutter mode (SMD = 1)
x VMAX value - 2} | (10 bits)
Specifies the
SVR | Ohto FFFFh *Note 2. Integration
shutdown
vertical period
Note) 1. See "1. Integration Time in Each Readout Drive Mode” on page 81 for the integration time calculation
formula.
2. The SVR register definition areas are guaranteed as sensor functions,
but the characteristics are not guaranteed.
3. SMD is the electronic shutter drive mode register (address 3008h, bit [0]).
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Electronic Shutter Drive Mode

Global reset shutter operation can be performed by setting the electronic shutter drive mode register SMD (address
3008h, bit [0]). Rolling shutter operation performs pixel reset and integration sequentially in line units. Global reset

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

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

for all pixels.

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

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

SMD Setting

Register value

Function

Oh

Rolling shutter (norm

al shutter mode)

1h

Global reset shutter

Sensor internal

IMX377CQT

register reflection timing

Output frame

Operation
for each line

FE

LAST-3) H
H

LAST-2)
LAST) H

(
ELAST—1) H
(

=0

Reset Integration

Readout

Exposure time |

Rolling Shutter Operation

e, e,

XVS

Output frame

Operation
for each line

Valid data

FE

OH

(
ELAST 1
(LAST) H

' A

Integrati
OPEN

on Integration time

Mechanical shutter operation

et
|
|
|
|
|
|
|
L
I
|

B

Exposure time

CLOSE

\i

Readout

Global Reset Shutter Operation
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Analog Gain

The analog gain value can be set by setting the analog gain register PGC (address 3009h, bit [7:0] and address
300Ah, bit [2:0]). Set the lower 8 bits and the upper 3 bits, for total of 11 bits.

PGC Setting

Register Function

(é)dhtt;),l?&s;:j) Analog gain setting

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

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

27

24

Gain [dB]

///
L—1

0

0 128 256384 512 640 768 896 1024 1152 1280 1408 1536 1664 1792 1920 1957
PGC [dec]

Relationship between Register Setting Value and Set Gain Value
Digital Gain
The digital gain applied to the data after pixel binning can be set by the digital gain setting register DGAIN (address

3011h, 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
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Vertical Direction Readout Inversion

The direction of vertical readout order can be set by the vertical direction readout inversion register MDVREV
(address 301Ah, 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 3045h, 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
00h to FFh Digital black level offset setting

Horizontal Drive Period Length and Vertical Drive Period Length

Horizontal drive period length (Unit: Number of 72 MHz clock) and vertical drive period length (Unit: Number of
horizontal drive period) can be set by horizontal drive period-length setting register HMAX (address 30F5h, bit [7:0]
and address 30F6h, bit [7:0]) and vertical drive period length setting register VMAX (address 30F7h, bit [7:0],
address 30F8h, bit[7:0] and address 30F9h, bit [3:0]).

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

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

For example, in the case of VMAX = 3080d, HMAX = 390d, SVR = 0h, vertical drive period length [s] is as below.
3080 x (0 + 1) x 390/ (72 x 10%) =.0.0167 [s] (59.94 [frame/s]).

See “ (1) Horizontal/Vertical Operation Period in Each Readout Drive Mode” on page 54, 66 and “ (2) NTSC/PAL

Compatible Drive” on page 55, 67 for setting range of HMAX and VMAX in each readout mode, and example of

standard setting.

Vertical Arbitrary Cropping

Arbitrary cropping in vertical direction can be enabled by setting vertical arbitrary cropping enable register
VWIDCUTEN, and arbitrary cropping in vertical direction can be performed by designating cropping position of
vertical direction to setting cropping width of vertical direction register VWINPOS and VWIDCUT. See “3-3. Vertical
Arbitrary Cropping Function” on page 77 for details.

Horizontal Arbitrary Cropping

Arbitrary cropping in horizontal direction can be enabled by setting horizontal arbitrary cropping enable register
HTRIMMING_EN, and arbitrary cropping in horizontal direction can be performed by designating cropping position of
horizontal direction to setting cropping position of horizontal direction register HTRIMMING_START and
HTRIMMING_END. See “3-4. Horizontal Arbitrary Cropping Function” on page 79 for details.

Readout Drive Mode

The readout drive mode of this sensor can be switched by setting the readout drive mode register MDSEL, MDPLS,
MDREG, vertical arbitrary cropping registers, horizontal arbitrary cropping registers, HMAX and VMAX. When
changing the mode, make the setting according to “3. Register Settings for Each Readout Drive Mode” on pages 40
to 43.
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CSI-2 Standby Control
CSI-2 can be standby by CSI-2 standby register STBMIPI (address 3000h, bit [3]).

STBMIPI Setting

Register value Function
Oh Normal operation
1h CSI-2 standby

Embedded Data Output Setting

Sensor internal operation information (readout mode, shutter, gain and so on) can be output as Embedded data
using the register EBDDATAEN (address 3799h, bit [0]). These data are output in 2 lines (1 line data x 2) just before
user clamp area. See Readout Pixel Image Diagram of each mode for detailed output timing. And see pages 50 to 51
“Embedded Data Line” for details of Embedded data.

EBDDATAEN Setting

Register value Function
Oh Dummy data (00h) is output *
1h Embedded data is output

* EBDDATAEN register can only change the output data of Embedded data output period.
Embedded data output period is not disabled by EBDDATAEN register.
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Digital Circuit Standby Control

When power-on, set the digital circuit standby control register STBLOGIC (address 3000h, bit [1]) according to the
standby cancel sequency. This register is valid only when STANDBY = Oh.

STBLOGIC Setting

Register value Function

Oh Normal operation

Digital circuit standby other than

1h . o
serial communications block

Frequency Demultiplier Standby Control

When power-on, set the frequency demultiplier standby control register STBDV (address 3000h, bit [4]) according to
the standby cancel sequence. This register is valid only when STANDBY = Oh.

STBDV Setting

Register value Function
Oh Normal operation
1h Frequency demultiplier standby

PLL Standby Control

When power-on, set the PLL standby control registers STBPL_IF (address 310Bh, bit [0]) and STBPL_AD (address
310Bh, bit [4]) according to the standby cancel sequence: These registers are valid only when STANDBY = Oh.

STBPL_IF and STBPL_AD Setting

Register value Function
Oh Normal.operation
1h Standby

Master Mode Operation Control

When power-on, set the master mode operation control register XMSTA (address 30F4h, bit [0]) according to the
standby cancel sequence. This register is valid only when STANDBY = Oh.

XMSTA Setting

Register value Function
Oh Master mode start
1h Master mode stop
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Readout Drive Pulse Timing

When power-on, set the readout drive pulse timing registers PLSTMG (the following table) according to the standby
cancel sequence.

PLSTMG Setting

Address Bit assignment Default value Register name Register value
3000h [2] Oh PLSTMGO1 Setto 1h
3003h [7:0] 40h PLSTMGO02 Set to 20h
304Eh [7:0] 00h PLSTMG31 Set to 02h
3057h [7:0] 47h PLSTMG22 Set to 4Ah
3058h Hfg} OE8h PLSTMG23 | Set to OF6h
3059h [7:2] 00h Set to Default value
306Bh [7:0] 07h PLSTMG24 Set to 04h
3145h [1:0] 1h PLSTMG04 Set to Oh
[7:2] 00h Set to Default value
3202h [T(:)(])] 066h PLSTMG25 Set to 063h
3203h [7:1] 00h Set to Default value
3236h [T(:)(])] 067h PLSTMG26 Set to 064h
3237h [7:1] 00h Set to Default value
3304h gfg} 005h PLSTMG32 | Set to 00Bh
3305h [7:4] Oh Set to Default value
3306h gfg} 005h PLSTMG33 | Set to 00Bh
3307h [7:4] oh Set to Default value
337Fh [7:0] 067h PLSTMG27 Set to 064h
3380h [0]
[7:1] 00h Set to Default value
338Dh [7:0] 067h PLSTMG28 Set to 064h
338Eh [0]
[7:1] 00h Set to Default value
3510h [{6‘])] 054h PLSTMGO05 | Set to 072h
3511h [7:1] 00h Set to Default value
3528h [7:0] OEh PLSTMGO06 Set to OFh
3529h [7:0] OEh PLSTMGO07 Set to OFh
352Ah [7:0] OEh PLSTMGO08 Set to OFh
352Bh [7:0] OEh PLSTMG09 Set to OFh
3538h [7:0] OEh PLSTMG10 Set to OFh
3539h [7:0] OEh PLSTMG11 Set to 13h
353Ch [7:0] 04h PLSTMG13 Setto 01h
3553h [7:0] 1Fh PLSTMG34 Set to 00h
3554h [7:0] 1Fh PLSTMG35 Set to 00h
3555h [7:0] 1Fh PLSTMG36 Set to 00h
3556h [7:0] 1Fh PLSTMG37 Set to 00h
3557h [7:0] 1Eh PLSTMG38 Set to 00h
3558h [7:0] 1Dh PLSTMG39 Set to 00h
3559h [7:0] 1Dh PLSTMG40 Set to 00h
355Ah [7:0] 1Ah PLSTMG41 Set to 00h
357Dh [7:0] 0Ch PLSTMG14 Set to 07h
357Fh [7:0] 08h PLSTMG16 Set to 07h
3580h [7:0] 05h PLSTMG17 Set to 04h
[2:0] 1h PLSTMG19 Set to Oh
3583h [3] Oh Set to Default value
[6:4] 5h PLSTMG20 Set to 6h
[7] Oh Set to Default value
3587h [0] Oh PLSTMG21 Setto 1h
[7:1] 00h Set to Default value
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Address | Bit assignment Default value Register name Register value
3590h [7:0] STMG s
[3:0] 005h PLSTMG42 et to 00Bh
3591h [7:4] oh Set to Default value
35BAh [7:0] OEh PLSTMG43 Set to OFh
366Ah [7:0] 10h PLSTMG44 Set to 0Ch
366Bh [7:0] OEh PLSTMG45 Set to 0Bh
366Ch [7:0] 0Ch PLSTMG46 Set to 07h
366Dh [7:0] 0Ah PLSTMG47 Set to 00h
366Eh [7:0] 08h PLSTMG48 Set to 00h
366Fh [7:0] 06h PLSTMG49 Set to 00h
3670h [7:0] 04h PLSTMG50 Set to 00h
3671h [7:0] 02h PLSTMG51 Set to 00h
3672h gg} 146h PLSTMG52 Set to 000h
3673 [7:3] 00h Set to Default value
3674h Eg} 258h PLSTMG53 Set to ODFh
3675h [7:3] 00h Set to Default value
3676h Eg} 400h PLSTMG54 Set to 1A7h
3677h [7:3] 00h Set to Default value
3687h [7:0] 01h PLSTMG55 Set to 00h
375Ch [7:0] 05h PLSTMG56 Set to 02h
380Ah [7:0] 09h PLSTMG29 Set to 0Ah
382Bh [7:0] 1Eh PLSTMG30 Set to 16h
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3. Register Setting for Each Readout Drive Mode
The register setting for each readout drive mode available with this sensor is shown in the table below.

3-1. When Using Type 1/2.3 Approx. 12.35 M Pixels (4:3)

Description of Register Setting for Each Readout Drive Mode

Bit Readout mode No.
Address | Assign- Register Name
ent 0 1 1A 2 3 4 5 6 7 8
3004h | [7:0] MDSEL1 00h | 00h | 06h | A2h | 45h | 08h | 09h | 2Ah | oBh 2Ch
3005h | [7:0] MDSEL2 07h | 0th | o1h | 25h | 35h | 35h | 41h | 35h | 35h 35h
3006h | [7:0] MDSEL3 00h | 00h | 00h | OOh | OOh | OOh | 0Oh | 0Oh | 38h 00h
3007h | [7:0] MDSEL4 AOh | AOh | A2h | AOh | AOh | AOh | AOh | AOh | Aoh AOh
200 7 SVR According to exposure time Multiple i
X [
300Eh | [7:0] gfoexp of g1 | XPosure
time
301Ah [0] MDVREV Oh: vertical direction normal /1h: inverted
[7:1] 00h
3039h | [7:0]
o] | HTRIMMING_END | 0000h | 0000 | 1008h. |0000h | 0000h | 0000 | 0000h | 0000 | 0000 | 0000
303Ah |—=—
[7:5] oh | oh oh oh | on | oh | oh | on oh oh
303Eh | [7:0]
o] | HTRIMMING_START | 0000h | 0000h | 0030h | 0000 | 0000h,| 000N | 0000h | 0000 | 0000 | 0000
303Fh '
[7:5] oh | oh oh oh | on | oh | oh | on oh oh
s0don |10 HTRIMMING EN | Oh | Oh 1h oh | oh | oh | oh | on oh oh
[7:1] 00h | 00h | 00h |- 00h-| OOh | OOh | 0Oh | 0Oh | 0Oh 00h
3068h | [7:0] MDSEL7 00h | 00h | o1h--| Ooh | OOh | 0Oh | 00h | 00h | 01h 0oh
zg;E: gg} MDSEL5 0000h | 0000h | 0041h |0000N | 000ON | 000ON | 0000N | 0000 | 0000h |  0000h
3080h | [7:0] OOOFh/
MDPLS01 0000h |-0000h [7°™” | 6000h | 0000h | 0000h | 0000 | 0000h | 0000K |  000ON
. 0040h
3081h | [7:0] .
inverted
0034h
3082h | [7:0] el
MDPLS02 0000h | 0000h | 271 0000h | 0000h | 0000 | 0000 |0000h | 0000h | 0000
3083h | [7:0] verted
00C7h
3084h | [7:0] N
MDPLS03 0000h | 0000h | 27| 0000h | 0000 | 0000 | 0000 |0000K | 0000 | 0000
3085h | [7:0] vortod
3086h | [7:0] 17CA'I"/
MDPLS04 0000h | 000oh | "°"™& F 5000h | 0000h | 0000N | 0000N | 0000K | 0000h |  0000h
17CCh
3087h | [7:0] .
inverted
3095h | [7:0]
3096h | 170] MDPLS05 0000h | 0000h | 191Ch | 0000h | 0000 | 0000N | 0000N | 0000h | 0000h |  0000h
3097h | [7:0]
30980 | [70] MDPLS06 0000h | 0000h | 0001h |0000N | 0000 | 000ON | 0000h | 0000h | 0000h |  0000h
3099h | [7:0]
309An | 70 MDPLS07 0000h | 0000h | 0000h |0000N | 00OON | 000OK | 0000N | 0000 | 0000h |  0000K
309Bh | [7:0]
3090h | 7] MDPLS08 0000h | 0000h | 0000h | 0000N | 00OON | 000ON | 0000N | 0000 | 0000h |  0000K
S0BCh | [7:0] MDPLS40 0000h | 0000h | 0000h |0000N | 00OON | 000ON | 0000N | 0000 | 0000h |  0000h
30BDh | [7:0]
0007h
30BEh | [7:0] i
MDPLS41 0000h | 0000h | V7| 0000h | 0000 | 0000 | 0000 |0000K | 0000 | 0000
30BFh | [7:0] .
inverted
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Bit Readout mode No. '

Address | Assign- Register Name

ont 0 1 A | 2| 3| 4| 5 |6 7 8
30C0h | [7:0]
30C1h [7:0] MDPLS42 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 0000K | 0000K | 0000K 0000h
30C2h | [7:0]

MDPLS43 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 0O00OK | 0000K | 0000K 0000h
30C3h | [7:0]
30C4h | [7:0] :::r':;/
MDPLS44 0000h | 0000h 0042h 0000h | 0000h | 0000h | 0000h | 0000h | 0000N 0000h
30C5h | [7:0] o
30C6h | [7:0] 003'3;/
MDPLS45 0000h | 000oh | """ 1 9000h | 0000h | 0000h | 0000h | 0000N | 0000h | 000K
, 0040h
30C7h [7:0] .
inverted
1898h
30C8h | [7:0] Sormal
MDPLS46 0000h | 0000h 1896h 0000h | 0000h | 000K | 0000K | 0000h | 0000h 0000h
30Ceh | [7:0] vorted
002Fh
30CAh | [7:0] iy
MDPLS47 0000h | 0000h 0030h 0000h | 0000h | 0000h | 0000h | 0000h | 0000N 0000h
30CBh | [7:0] verted
30CCh [7:0] MDPLS48 00h 00h 02h 00h 00h 00h 00h 00h 00h 00h
30D0h 7:0
30D1h {7_01 MDPLS52 0000h | 0000h | 0000h |0000h.| 0000h | 0000h | 000K | 0000NK | 0000h 0000h
30D5h [0] VWIDCUTEN Oh Oh Oh Oh Oh Oh Oh Oh Oh Oh

[7:1] 00h 00h 00h 00h 00h 00h 00h 00h 00h 00h
30D6h 7:0

{20} VWIDCUT 000h | 000h 000h 000h | 000h | 000Oh | 000Oh | O00Oh | 000K 000h
30D7h -

[7:3] 00h 00h 00h 00h 00h 00h 00h 00h 00h 00h
30D8h 7:0

{3'0} VWINPOS 000h | 000h 000h 000h | 000h | 000Oh | 000h | 000h | 000K 000h
30D%h -

[7:4] Oh Oh Oh Oh Oh Oh Oh Oh Oh Oh
30DAh [7:0] MDREGO01 00h 00h 01h 02h 04h 05h 05h 07h 08h 09h
30EEh [7:0] MDREGO02 01h 01h 01h 01h 01h 01h 01h 01h 01h 01h
30FSh | [7:0] HMAX Setting horizontal drive period length (72 MHz clock unit)
30F6h [7:0] ing horiz ive peri gth ( z unit)
30F7h | [7:0]
30F8h [7:0] VMAX Setting vertical drive period length (horizontal drive period length unit)?

[3:0]
30F9h [7:4] Oh Oh Oh Oh Oh Oh Oh Oh Oh Oh
312Fh | [7.0]

[4:0] MDSEL9 0BF6h | OBF6h | OBF6h | 05F4h | 03FEh | 03FCh | 0302h | 0158h | 0158h 00BAh
3130h -

[7:5] Oh Oh Oh Oh Oh Oh Oh Oh Oh Oh
3131h | [7.0]

[4:0] MDSEL10 OBE6h | OBE6h | OBE6Gh | 05F0h | 03FAh | 03F8h | 02FEh [ 0154h | 0154h 00B6h
3132h [7:5] Oh Oh Oh Oh Oh Oh Oh Oh Oh Oh
3A41h [7:0] MDSEL11 10h 10h 10h 04h 04h 04h 04h 04h 04h 04h

*1

See “1. Readout Drive Modes” on page 44 for details of readout mode No.

2 See* (1) Horizontal/Vertical Operation Period in Each Readout Drive Mode” on page 54 and “ (2) NTSC/PAL
Compatible Drive” on pages 55 to 56 for setting range of HMAX and VMAX in each readout mode, and example
of standard setting.
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3-2. When Using Type 1/2.5 Approx. 9.03 M Pixels (Approx. 17:9)
Description of Register Setting for Each Readout Drive Mode
Bit Readout mode No. '
Address | Assign- Register Name
ment 0 1 1A 2 2A 3 4 6 8
3004h [7:0] MDSEL1 10h 19h 06h B1h B1h 53h 14h 35h 36h
3005h [7:0] MDSEL2 07h 01h 01h 25h 45h 35h 35h 35h 35h
3006h [7:0] MDSEL3 01h 04h 04h 01h 01h 01h 01h 01h 01h
3007h [7:0] MDSEL4 AOh AOh A2h AOh AOh AOh AOh AOh AOh
300Dh 7:0
300Eh {7:01 SVR According to exposure time
301Ah [0] MDVREV Oh: vertical direction normal /1h: inverted
[7:1] 00h
303%h | [7:0]
[4:0] HTRIMMING_END | 0000h | 0000h | OF48h | 0000h | 0000h | 0000h | 0000h | 0000h 0000h
303Ah -
[7:5] Oh Oh Oh Oh Oh Oh Oh Oh Oh
303Eh | [7:0]
[4:0] HTRIMMING_START | 0000h | 0000h | 0030h | 0000h | 0000h | 0000h | 0000h | 0000h 0000h
303Fh -
[7:5] Oh Oh Oh Oh Oh Oh Oh Oh Oh
3040h [0] HTRIMMING_EN Oh Oh 1h Oh Oh Oh Oh Oh Oh
[7:1] 00h 00h 00h 00h 00h 00h 00h 00h 00h
3068h [7:0] MDSEL7 00h 00h 01h 00h 00h 00h 00h 00h 00h
S07ER | [7:0] MDSEL5 0000h | 0800h | 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 000Ch
307Fh | [7:0]
3080h | [7:0]
3081h | [7:0] MDPLS01 0000h | 0000h | 0000h |-0000h | 0000h | 0000h | 0000h | 0000h | 000Ch
3082h [7:0] MDPLS02 0000h | 0000h | 000Oh | 000Oh | OOOOh | 0000h | 0000h | 0000h 0000h
3083h | [7:0]
3084h [7:0] MDPLS03 0000h | 0000h |-0000h | 000Oh | OOOOh | 0000h | 0000h | 0000h 0000h
3085h | [7:0]
3086h [7:0] MDPLS04 0000h | 0000h | 0000h | 000Oh | OOOOh | O00Oh | 0000h | 0000h 0000h
3087h | [7:0]
3095h [7:0] MDPLS05 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 000Oh | 0000h 0000h
3096h | [7:0]
3097h | [7:0]
3098h | [7:0] MDPLS06 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 000Ch
3099h | [7:0]
MDPLSO07 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 000Ch
309Ah | [7:0]
S09Bh [7:0] MDPLS08 0000h | 0000h | 0000h | 000Oh | 00OOh | 000Oh | 0000h | 0000h 0000h
309Ch | [7:0]
S08Ch | [7:0] MDPLS40 0000h | 0000h | O00Oh | 000Oh | OOOOh | O00Oh | 0000h | 0000h 0000h
30BDh | [7:0]
SO0BEN [7:0] MDPLS41 0000h | 0000h | 0000h | 000Oh | OOOOh | 000Oh | 0000h | 0000h 0000h
30BFh | [7:0]
S0con [7:0] MDPLS42 0000h | 0000h | 0000h | 000Oh | OOOOh | 000Oh | 0000h | 0000h 0000h
30C1h | [7:0]
30C2h | [7:0] MDPLS43 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 000Ch
30C3h | [7:0]
4h 7:
30C [7:0] MDPLS44 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 0000h | 000Ch
30C5h | [7:0]
30C6h [7:0] MDPLS45 0000h | 0000h | 0000h | 000Oh | 0OOOh | 000Oh | 0000h | 0000h 0000h
30C7h | [7:0]
30C8h [7:0] MDPLS46 0000h | 0000h | 0000h | 000Oh | OOOOh | 000Oh | 0000h | 0000h 0000h
30C9h | [7:0]
S0CAn | [7:0] MDPLS47 0000h | 0000h | 000Oh | 000Oh | OOOOh | 000Oh | 0000h | 0000h 0000h
30CBh | [7:0]
30CCh | [7:0] MDPLS48 00h 00h 00h 00h 00h 00h 00h 00h 00h
283?: gg} MDPLS52 0000h | OF48h | 0000h | 0000h | 0000Oh | 0000h | 0000h | 0000h 0000h
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Bit Readout mode No.
Address | Assign- Register Name

ment 0 1 1A 2 2A 3 4 6 8
30D5h [0] VWIDCUTEN Oh Oh Oh Oh Oh Oh Oh Oh Oh

[7:1] 00h 00h 00h 00h 00h 00h 00h 00h 00h
30D6h 7:0

{2_01 VWIDCUT 000h | 000h | 00Oh | 0O0Oh | OOOh | 0O0Oh | 00Oh | 000h 000h
30D7h -

[7:3] 00h 00h 00h 00h 00h 00h 00h 00h 00h
30D8h 7:0

{30} VWINPOS 000h | 000h | 00Oh | 00Oh | 0OOh | 00Oh | 00Oh | 000h 000h
30D9%h -

[7:4] Oh Oh Oh Oh Oh Oh Oh Oh Oh
30DAh | [7:0] MDREGO01 00h 00h 01h 02h 02h 04h 05h 07h 09h
30EEh | [7:0] MDREG02 01h 01h 01h 01h 01h 01h 01h 01h 01h
S0FSh | [7:0] HMAX Setting horizontal drive period length (72 MHz clock unit)?
30F6h [7:0] ing horiz ive peri gth ( z unit)
30F7h | [7:0]
30F8h [7:0] VMAX Setting vertical drive period length (horizontal drive period length unit)™

[3:0]
30F9h [7:4] Oh Oh Oh Oh Oh Oh Oh Oh Oh
312Fh | [7:0]

[40] MDSEL9 0886h | 0886h | 0886h | 044Ah | 044Ah | 02E2h | 02E2h | OOFAh | 0086h
3130n [7:5] Oh Oh Oh Oh Oh Oh Oh Oh Oh
3131h | [7:0]

[40] MDSEL10 087Eh | 087Eh | 087Eh | 0446h | 0446h | 02DEh | 02DEh | 00F6h | 0082h
3132h [7:5] Oh Oh Oh Oh Oh Oh Oh Oh Oh
3A41h | [7:0] MDSEL11 08h 08h 08h 04h 04h 04h 04h 04h 04h

*1
*2

See “1. Readout Drive Modes” on page 45 for details of readout mode No.
See “ (1) Horizontal/Vertical Operation Period in Each Readout Drive Mode” on page 66 and “ (2) NTSC/PAL

Compatible Drive” on pages 67 to 68 for setting range of HMAX and VMAX in each readout mode, and example
of standard setting.
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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).

1-1. When Using Type 1/2.3 Approx. 12.35 M Pixels (4:3)

Description of Readout Drive Modes

Readout . L
Mode No. Readout drive mode Mode description
All pixels are readout with 12-bit output.
0 All-pixel scan mode (12 bits) This mode can be used together with the global reset shutter
function according to the SMD register setting.
All pixels are readout with 10-bit output.
1 All-pixel scan mode (10 bits) This mode can be used together with the global reset shutter
function according to the SMD register setting.
All-pixel de (10 bits) All pixels are readout with 10-bit output.
-pixel scan mode its ; .
1A low power consumption drive This mode can pe used together wlth the g!obal reset shutter
function according to the SMD register setting.
Horizontal/vertical 2/2-line binning|Horizontal and vertical direction 2-line weighted binning readout
2 (Horizontal and vertical weighted |of pixels of the same color at the all-pixel scan area.
binning) (See the image of binning on page 47.)
Horizontal and vertical direction 3-line binning readout of pixels of
3 Horizontal/vertical 3/3-line binning|the same color at the all-pixel scan area.
(See the image of binning on page 47.)
1 of every 3lines in the vertical direction at the all-pixel scan area
4 Vertical 1/3 subsampling are subsampled. Then, 3 pixels of the same color in the
horizontal 3 binning horizontal direction are added and output.
(See the image of binning on page 47.)
: : 1 of every 3 lines in the vertical direction at the all-pixel scan area
5 Xgrrité%e::t;g/iugﬁgsgegnﬁn (16:9 cropping) are subsampled. Then, 2 of every 4 lines in the
16:9 croppin piing horizontal direction are output.
) ppINg (See the image of binning on page 47.)
2 of every 9 lines in the vertical direction at the all-pixel scan area
6 Vertical 2/9 subsampling binning |are added. Then, 3 pixels of the same color in the horizontal
horizontal 3 binning direction are added and output.
(See the image of binning on page 48.)
: : - 2 of every 9 lines in the vertical direction at the all-pixel scan area
7 %/gﬁ;%ar:tgll%sbl.;gﬁ%mplmg binning are added. Then, 3 pixels of the same color in the horizontal
low power consumg tion drive direction are added and output.
P P (See the image of binning on page 48.)
2 of every 17 lines in the vertical direction at the all-pixel scan
8 Vertical 2/17 subsampling binning |area are added. Then, 3 pixels of the same color in the horizontal
horizontal 3 binning direction are added and output.
(See the image of binning on page 48.)

See the following pages for the detailed specifications of each mode noted in the table above.

(1)
(2)
©)

Horizontal/vertical operation periods in each readout drive mode
NTSC/PAL compatible drive
Image data output format

Page 54
Pages 55 to 56
Pages 57 to 65
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1-2. When Using Type 1/2.5 Approx. 9.03 M Pixels (Approx. 17:9)

Description of Readout Drive Modes

Readout . o
Mode No. Readout drive mode Mode description
All pixels are readout with 12-bit output.
0 All-pixel scan mode (12 bits) This mode can be used together with the global reset shutter
function according to the SMD register setting.
All pixels are readout with 10-bit output.
1 All-pixel scan mode (10 bits) This mode can be used together with the global reset shutter
function according to the SMD register setting.
All-pixel de (10 bits) All pixels are readout with 10-bit output.
-pixel scan mode its ; .
1A low power consumption drive This mode can pe used together V\{Ith the g!obal reset shutter
function according to the SMD register setting.
Horizontal/vertical 2/2-line binning|Horizontal and vertical direction 2-line weighted binning readout
2 (Horizontal and vertical weighted |of pixels of the same color at the all-pixel scan area.
binning) (See the image of binning on page 47.)
Vertical 2 binning Add 2 lines with weighting in the vertical direction at the all-pixel
2A horizontal 2/4 subsampling scan area and 2 of every 4 lines in the horizontal direction are
(vertical weighted 2 binning) output. (See the image of binning on page 47).
Horizontal and vertical direction 3-line binning readout of pixels of
3 Horizontal/vertical 3/3-line binning|the same color at the all-pixel scan area.
(See the image of binning on page 47.)
1 of every 3 lines in the vertical direction at the all-pixel scan area
4 Vertical 1/3 subsampling are subsampled. Then, 3 pixels of the same color in the horizontal
horizontal 3 binning direction are added and output.
(See the image of binning on page 47.)
2 of every 9lines in the vertical direction at the all-pixel scan area
6 Vertical 2/9 subsampling binning |are added. Then, 3 pixels of the same color in the horizontal
horizontal 3 binning direction are added and output.
(See the'image of binning on page 48.)
2 of every 17 lines in the vertical direction at the all-pixel scan area
8 Vertical 2/17 subsampling binning |are added. Then, 3 pixels of the same color in the horizontal
horizontal 3 binning direction are added and output.
(See the image of binning on page 48.)

See the following pages for the detailed specifications of each mode noted in the table above

(1
(2)
©)

Horizontal/vertical operation periods in each readout drive mode
NTSC/PAL compatible drive
Image data output format

Page 66
Pages 67 to 68
Pages 69 to 76
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1-3. Relationship between Arithmetic Processing and the Number of Output Bits in Each Readout Drive Mode

The table below shows the relationship between the A/D conversion resolution, number of binning pixels, internal
arithmetic processing, and number of output bits in each readout mode.
Note that the number of output bits differs in each mode. In addition the number of output bits is 10 bits. So the
weight of 1 digit is 4 times greater than during 12-bit output.

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

Drive Mode
Readout A/D Horizontal Vertical Total Internal
. : . . . Number of
mode | conversion pixel pixel Number of arithmetic .
! . . L . : output bits
No. resolution processing processing | binning pixels processing
0 12 bits — — — — 10 bit + 2 bit '
1 10 bits — — — — 10 bit
1A 10 bits — — — — 10 bit
3/6, 1.5/6, .
2 10 bits 2 binning 2 binning 4 pixels 1/6,0.5/6 10 bit + 2 bit 2
(weighted binning 3)
. . _— . 3/4, 1/4 . .2
2A 10 bits 2/4 subsampling | 2 binning 2 pixels (weighted 2 binning 3) 10 bit + 2 bit
3 10 bits 3 binning 3 binning 9 pixels 119 10 bit + 2 bit 2
4 10 bits 3 binning s 3 pixels 1/3 10 bit + 2 bit
subsampling
5 10 bits 2/4 . 173 . — — 10 bit
subsampling | subsampling
2/9 .
6 10 bits 3 binning subsampling 6 pixels 1/6 10 bit + 2 bit 2
binning
2/9 .
7 10 bits 3 binning subsampling 6 pixels 1/6 10 bit + 2 bit 2
binning
2117 .
8 10 bits 3-binning subsampling 6 pixels 1/6 10 bit + 2 bit 2
binning

in 12 bits regarded as a 10-bit integer item and a 2-bit decimal item.

item in the upper 10 bits and the decimal item in the lower 2 bits.
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See page 47 “Binning Image” for details of weighted binning.

A/D conversion is performed with a resolution 4 times that of 10-bit A/D conversion, and the results are output

Division is performed by internal arithmetic processing, then the results are output in 12 bits with the integer
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R =3xR1+R2+15xR3+0.5xR4)/6

Gr =(Gr1+3xGr2+0.5xGr3+ 1.5 x Gr4) /6
Gb’ = (1.5 x Gb1+ 0.5 x Gb2 + 3 x Gb3 + Gb4) /6
B’ =(0.5xB1+15xB2+B3+3xB4)/6

R'=(R1+R2+R3+R4+R5+R6+R7+R8+R9)/9
Gr'=(Gr1+Gr2+Gr3+Gr4+Gr5+Gr6+Gr7+Gr8+Gr9)/9
Gb'=(Gb1+Gb2+Gb3+Gb4+Gb5+Gb6+Gb7+Gb8+Gb9)/9
B'=(B1+B2+B3+B4+B5+B6+B7+B8+B9)/9

Horizontal/Vertical 2/2-line Binning Horizontal/Vertical 3/3-line Binning
(Horizontal and vertical weighted binning) Binning Image
Binning Image

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

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

Gr R Gr R Gr R Gr R Gr R
B Gb B Gb B Gb B G- B Gb

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

Vertical 1/3 Subsampling Vertical 1/3 Subsampling
Horizontal 3 Binning Binning Image Horizontal 2/4 SubsamplingBinning Image

[/

R = (3 x R1 +R2) /4
Gr'=(3 x Grl + Gr2) /4
Gb'=(Gb1 + 3 x Gb2) /4
B'=(B1 + 3 x B2) /4

Vertical 2 Binning
Horizontal 2/4 Subsampling
(Vertical Weighted 2 Binning) Binning Image
Note) White letters in the diagram indicate pixels which are not read out.
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R'=(R1+R2+R3 + R4 + R5+R6) /6
Gr'=(Gr1 + Gr2 + Gr3 + Gr4 + Gr5 + Gr6) /6
Gb' = (Gb1 + Gb2 + Gb3 + Gb4 + Gb5 + Gb6) /6
B'=(B1+B2+B3+B4+B5+B6)/6

Vertical 2/9 Subsampling Binning
Horizontal 3 Binning Binning Image

R'=(R1+R2+R3+R4 +R5+ R6)/6
Gr'=(Gr1 + Gr2 + Gr3 + Gr4 + Gr5 + Gr6) /6
Gb' = (Gb1 + Gb2 + Gb3 + Gb4 + Gb5 + Gb6) /6
B'=(B1+ B2+ B3+ B4 +B5 +B6) /6

Vertical 2/17 Subsampling Binning
Horizontal 3 Binning Binning Image

Note) White letters in the diagram indicate pixels which are not read out.
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2. Image Data Output Format (CSI-2)
Frame Format

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

DATA Type
Header [5:0] Name Description

00h Frame Start Code FS
01h Frame End Code FE
10h NULL Invalid data
12h Embedded Data Embedded data
2Bh RAW10 When output data bit length is 10-bits
2Ch RAW12 When output data bit length is 12-bits
37h Optical Black Data Vertical Optical Black line data

Frame Structure
The figure below shows the image frame structure.

FS
Embedded Data Lines (EBD) PF N

Optical Black \

Effective pixel area
(\Ilgnored area of effective,
effective margin of color processing )

Packet Header (PH)

o
=
=
c
T
aa]
[0)
=
3

Packet Footer (PF)

FE .
Frame Blanking

Frame Structure (CSI-2)
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Embedded Data Line

The Embedded data line is output in a line following the sync code FS.
In RAW10 mode, 55h dummy bytes are inserted after outputting 4 bytes of data each.
In RAW12 mode, 55h dummy bytes are inserted after outputting 2 bytes of data each.

Embedded Data Format

/L
E00 | E07 | E02 | E03 [ E04 | E05 | E06 | E07 [ E08 | E09\ET39
Packet Header |°Ah | ol | 701 | m:01 | ol | 70y | 7:01 | 01 | 701 | 01 | [7:00 >[7:0] | °7h| Packet Footer
\

Data Format Code 07h End of Data

RAW10 Output

/L
E00 [ EO1 | E02 E03 | EO04 | E05 | E06 E07 | EO08 | EO09
Packet Header | 0Ah | 70l | 7o | 7o | 55h | 7o | za | 7o | 70 | 55h | o | za | 7o »07h | 55h | Packet Footer
\

Data Format Code 55h Dummy Bytes Padding Characters

RAW12 Output P
Packet Header | 0Ah | 5%’] 55h | 59&1 5?&1 | 55h | 5?31 506‘] 55h | 5%‘5] 5?[?] | 55h > 07h | 55h | Packet Footer
\

Data Format Code 55h Dummy Bytes Padding Characters

Output Format of Embedded Data

The each format of 4 Lane are shown below.
a) 4 Lane-RAW10 Output

Sensor

Data Lane1
(DMO1P/DMO1N) E06 | E09 | E12 | E15
m Y -EOZ -EO 0Ah | 55 | 7q) | 7] | 01 | [7:01
Data Lane2
(DMO2P/DMO2N) E00 | EO3 | 40 | E10 | E13 | E16
[7:0] | (701 [7:0] | (701 | [7:0]
Data Lane3
(DMO3P/DMO3N) E01 | EO04 | EO7 | o | E14 | E17
701 | 701 | [7:01 [7:0] | [7:01
Data Lane4
(DMO4P/DMO4N) E02 | EO5 | EOB | E11 | g | E18
[7:01 | (701 | [7:0] | [7:01 [7:0]
b) 4 Lane-RAW12 Output
Sensg) Data Lane1
B [ o0 DM o fom 55 |5 5o
Data Lane2
(DMO2P/DMO2N) E00 E05 | E08 E13
7o) | " | 7o) | @y | %" | 70
Data Lane3
(DMO3P/DMO3N) E03 | E06 E11 | E14
55h | 1701 | 7o) | 5°" | 7o) | [7:0
Data Lane4
(DMO4P/DMO4N) E01 | E04 E09 | E12
ol [ o | 5" | mo | @0y | 5"

Output Format of Embedded 4 Lane (CSI-2)

Note) By setting EBDDATAEN = Oh output data of this period changes to dummy data (00h).
It is not supported removing this embedded data line period itself.
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Specific output examples are shown below.

O.ut.put bit Transfer data Description
timing
EQO to E05 [7:0] — (Ignored)
[0] SMD
E
06 [7:1] — (Ignored)
EQ7 [7:0] PGC
£08 [2:0]
[7:3] — (Ignored)
E09 [7:0]
E10 [7:0] SHR
E11 [7:0]
E12 [7:0] SVR
E13to E14 [7:0] — (Ignored)
[2:0] DGAIN
E15 [3] MDVREV
[7:4] — (Ignored)
E16 [7:0] BLKLEVEL
E17 to E24 [7:0] — (Ignored)
[0] HTRIMMING_EN
E25 [7:1] — (Ignored)
E26 [7:0] HTRIMMING_START
E27 [4:0]
[7:5] — (Ignored)
E28 [7:0] HTRIMMING_END
E29 [4:0]
[7:5] — (Ignored)
[0] VWIDCUTEN
E
30 [7:1] — (Ignored)
E31 [7:0] VWINPOS
E32 [3:0]
[7:4] — (Ignored)
E33 [7:0] VWIDCUT
E34 [2:0]
[7:3] — (Ignored)
E35t0 E139 | [7:0] — (Ignored)
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CSI-2 serial Output Setting

The output formats of this sensor support the following modes.
CSI-2 serial data output 4 Lane, RAW10 and RAW12

The image data is output from the CSI-2 output pin. The DMO1P/DMO1N are called the Lane1 data signal, the
DMO2P/DMO2N are called the Lane2 data signal, the DMO3P/DMO3N are called the Lane3 data signal and the
DMO4P/DMO4N are called the Lane4 data signal. In addition, the clock signals are output from DCKP/DCKN of the
CSI-2 pins.

In 4 Lane mode, data is output from Lane1, Lane2, Lane3 and Lane4.

The bit rate maximum value is 1.440G bps/Lane.

The formats of RAW10 and RAW12 are shown below.

DEIRE

RAW10 Format

PO[PO[PO[PO[PO[PO[POJPOPI[PT[PI[PI[PT|[PT[PT[PT[P2[P2]P2[P2[P2[P2]P2]P2 P3|P3|P3 P3[P3[P3[P3[P3[PO[PO[PTI[PT[P2[P2[P3[P3]|
R @@ s e m] e e e e @] s e ] o] e e e E] @] E]e ] e ]e]e]E] @] s ]e] o] e e[ o]m|o]m]o]m
RAW12 Format

PO[PO[PO[PO[PO[PO[PO[PO]PT [P |PT[PT[PT]PT]PT]PT Polpolpolpo PT[PT[P1[PT]P2 PzIlePz PZ[P2[P2[PZ[P3[P3[P3[P3[P3[P3[P3[P3]...
4] | [5] | [6 AOL[11][ [4] | (51 [ 6] | [7] | [8] | [9) [[10]][11] MR E o ffr @] [sfellfl|el o114 |51 [6]](7[[8][I[e]|[10][[11]

The example of formats of RAW10 and RAW12

The each format of 4 Lane are shown below.
a) 4 Lane-RAW10

Sensor Data Lane1
(DMO1P/DMO1N) PO [P2] P13 | P16
m 19:2] [P[ 192] | [0:2]
PO
Data Lane2
(DMO2P/DMO2N) =i =i || i
[9:2] [9:2] | [9:2]
Data Lane3 —
(DMO3P/DMO3N) p2 | p5 | p8 [Fiomol P15 | P18
[9:2] | [9:2] | [9:2] [Po[T0]| [9:2] | [9:2]
Data Lane4 il
(DMO4P/DMO4N) P3 | P6 | Po | P12 [Praro] P19
[9:2] | [9:2] | [9:2] | [9:2] [Pi3[10]| [9:2]
P12[1:0]
b) 4 Lane-RAW12
Sensor Data Lane1 3 513
(DMO1P/DMO1N) PO [ P3 | [30] | P8 | P11 | [3:0]
mmm [11:4] | [11:4] [~ P& | [11:4] | [11:4] P72
[3:0] 13:0]
Data Lane2 53 BT
(DMO2P/DMO2N) P1 [ 301 | Pe | Po | [30] | P14
[11:4] [~P2 | [11:4] | [11:4] [ P10 | [11:4]
[3:0] [3:0]
Data Lane3 BT )
(DMO3P/DMO3N) 30] | P4 | P7 | 130 | P12 | P15
PO | [11:4] [ [11:4] [ Pg | [11:4] | [11:4]
[3:0] [3:0]
Data Lane4 57 515
(DMO4P/DMO4N) P2 [ Ps | [30] | P10 | P13 | [3:0]
[11:4] [[11:4] [~ 6| [11:4] | [11:4] [ P14
[3:0] 13:0]

Output Format of 4 Lane (CSI-2)
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MIPI Transmitter

Output pins (DMO1P to DMO4P, DMO1N to DMO4N, DCKP, DCKN) are described in this section.

IMX377

DMO1P
Data Lane 1

DMO1N

DMO2P
Data Lane 2

DMO2N

DMO3P
Data Lane 3

DMO3N

DMO4P
Data Lane 4

DMO4N

DCKP
Clock Lane

DCKN

Relationship between Pin Name and MIPI Output Lane

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

See the MIPI Standard

* MIPI Alliance Standard for Camera Serial Interface 2 (CSI-2) Version 1.1
= MIPI Alliance Specification for D-PHY Version 1.1

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

The differential signals maintain a constant interval and reach the receiver with the shortest wiring length possible
to avoid malfunction. The maximum bit rate of each Lane are 1.440 Gbps/Lane.

! | De

- | > 4
< Clock > | (P-Tx |
N X

Lane Control | ! 6';]
<E> -~ | x|
Interface Logic | — :

ﬁ I

Control i HS-Tx |
L _I
Protocol Side Line Side

Universal Lane Module Functions
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3. Detailed Specification of Each Mode
3-1. When Using Type 1/2.3 Approx. 12.35 M Pixels (4:3)
(1) Horizontal/Vertical Operation Period in Each Readout Drive Mode
Horizontal Operation Period in Each Readout Drive Mode
Horizontal operation period (Number of pixels conversion)
Readout . Front Fror_]t Rear Rear HMAX
mode _Front ignored effe(?tlve Recommgnded offective ignored area minimum
No. lgnored| area of margin for recording margin for color | of effective | value
area | effective color pixels . .
. . processing pixel
pixel processing
0 48 14 12 4000 12 18 655
1 48 14 12 4000 12 18 551
1A 48 14 12 4000 12 18 276
2 24 8 6 2000 6 8 260
3 16 6 4 1332 4 6 260
4 16 6 4 1332 4 6 260
5 24 8 6 2000 6 8 295
6 16 6 4 1332 4 6 260
7 16 6 4 1332 4 6 260
8 16 6 4 1332 4 6 260
Vertical Operation Period in Each Readout Drive Mode
Number of lines per vertical operation period (output data 1H conversion)
Readout . Front Fror_1t Rear Rear VMAX
mode | Front | '9n0red | effective - Recommended| g e ignored area [Minimum
No. | opp | areaof 1| margin for recording margin for color | of effective | value
effective color pixels rOCEsSin ixel
pixel processing P 9 P
*1
0 16 2*2 18 3000 18 4 3100
5"
1 16 6 2 18 3000 18 4 3100
*1
1A 16 g "2 18 3000 18 4 6200
2 4 4 6 1500 6 4 3080
*1
3 4 52 6 998 6 4 3104
2"
4 4 172 6 1000 6 2 1058
2"
5 4 172 6 750 6 2 808
6 4 2 2 332 2 2 726
7 4 2 2 332 2 2 700
8 4 2 2 174 2 2 390

*1

When vertical direction normal readout.
When vertical direction inverted readout.
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(2) NTSC/PAL Compatible Drive

IMX377CQT

This sensor can be used with a frame frequency that supports NTSC or PAL by using the recommended horizontal
operating period (H period) and recommended vertical operating period (V period) for each readout drive mode
shown in the table below.

Recommended H Period and V Periods (NTSC/PAL Compatible)

Readout NTSC compatible driveFrame PAL compatible drive —
o | MUk | RS | reuenoy | NATRSERT | NI | requency
0 660 3120 34.97 750 3200 30.00
1 572 3150 39.96 625 3600 32.00
1A 280 8580 29.97 288 10000 25.00
2 390 3080 59.94 375 3840 50.00
3 273 4400 59.94 288 5000 50.00
4 273 1100 239.76 288 1250 200.00
5 325 924 239.76 320 1125 200.00
6 264 910 299.70 300 800 300.00
7 429 700 29.977 300 1200 25.00°
8 273 400 659.34 300 400 600.00

and address 300Eh, bit [7:0]).
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The value set as HMAX (address 30F5h, bit [7:0] and‘address 30F6h, bit [7:0]).
The value set as VMAX (address 30F7h, bit [7:0], address 30F8h, bit [7:0] and address 30F9h, bit [3:0]).
When performing a low power consumption drive, ( multiple of 8 ) - 1 is set to SVR (address 300Dh, bit[7:0]
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Imaging Conditions in Each Readout Drive Mode (NTSC/PAL Compatible Drive)

Imaging conditions
Readout Number of Number of | Number of
mode MIP'}Ing]tbﬁ; I%fnes A/D RAW10/ | horizontal | vertical Number of
No. [|aﬁe] conversion | RAW12 | recording | recording recording pixels
bits [bit] pixels pixels
0 4 12 RAW12 | 4000 3000 12.00 M Pixels
1 4 10 RAW10 | 4000 3000 12.00 M Pixels
1A 4 10 RAW10 | 4000 3000 12.00 M Pixels
2 4 10 RAW12 | 2000 1500 3.00 M Pixels
3 4 10 RAW12 | 1332 998 ppsoximately
4 4 10 RAW12 | 1332 1000 Approximately
5 4 10 RAW10 | 2000 750 1.50 M Pixels
6 4 10 RAW12 | 1332 332 fpproximately
7 4 10 RAW12 | 1332 332 fpproximately
8 4 10 RAW12 | 1332 174 Ppioximately
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(3) Image Data Output Format
The output format in each readout drive mode is as follows.

MODEQ: All-pixel scan mode (12-bit A/D conversion, 12-bit length output)

Embedded data (EBD)  §
Embedded data (EBD)
A 16 User clamp

6 Ignored area of effective pixel *1

18 Effective margin for color processing

3062
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4000

4024

4056

12 Effective margin for color processing

18 Ignored area of effective pixel

18 Effective margin for color processing

y 4 Ignored area of effective pixel
Frame Blanking

\ll

A A

[ 4104
*1 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)
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SONY IMX377CQT

MODEZ1: All-pixel scan mode (10-bit A/D conversion, 10-bit length output)
MODEZ1A: All-pixel scan mode low power consumption drive
(10-bit A/D conversion, 10-bit length output)

Embedded data (EBD)  §
Embedded data (EBD)  §
A 16 User clamp

6 Ignored area of effective pixel *1
18 Effective margin for color processing

(o)) o
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| 2|®
X|g g|.x
Qo (s}
0|2 Slo
2|2 o> 2
3|5 5|8 £
(l i) oL
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@ 2l's 5|9 £
S| c|© 4
T E £l
Qo ol 2
2|2 28
o|5 =
< |5 £ o
Jjw w|®
~ 4000 ~
- -
4024
4056
18 Effective margin for color processing
y 4 Ignored area of effective pixel

Frame Blanking

\ll

[l 4104
*1 When vertical direction normal readout : 1 shaded area, 5 aperture area
When vertical direction inverted readout : 6 aperture area

A A

Readout Pixel Image Diagram (4000 x 3000)
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MODE2: Horizontal/vertical 2/2-line binning mode
(horizontal and vertical weighted binning)
(10-bit A/D conversion, 12-bit length output)

Embedded data (EBD) §
Embedded data (EBD) §
A 4 User clamp

4 Ignored area of effective pixel
6 Effective margin for color processing
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=] 6 Effective margin for color processing
y 4 Ignored area of effective pixel

Frame Blanking

A
A4

2052

Readout Pixel Image Diagram (2000 x 1500)
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MODES3: Horizontal/vertical 3/3-line binning mode
(10-bit A/D conversion, 12-bit length output)

Embedded data (EBD)
Embedded data (EBD)
Y 4 User clamp

4 Ignored area of effective pixel *1
6 Effective margin for color processing

Line Blanking

1332

1022
6 Ignored area of effective pixel
6 Ignored area of effective pixel

1340

V¥ 4 Effective margin for color processing

1352

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

Y

Frame Blanking

Ll

A
Y

| 1368
*1 When vertical direction normal readout : 4 aperture area
When vertical direction inverted readout : 1 shaded area, 3 aperture area

Readout Pixel Image Diagram (1332 x 998)
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MODE4: Vertical 1/3 subsampling horizontal 3 binning mode
(10-bit A/D conversion, 12-bit length output)

Embedded data (EBD)
Embedded data (EBD)
A 4 User clamp

2 Ignored area of effective pixel *1
6 Effective margin for color processing

Line Blanking

1332

1020
6 Ignored area of effective pixel
6 Ignored area of effective pixel

1340

¥ 4 Effective margin for color processing

1352

6 Effective margin for color processing
\ 2 Ignored area of effective pixel

Frame Blanking

[
- 1368
*1 When vertical direction normal readout : 2 aperture area
When vertical direction inverted readout : 1 shaded area, 1 aperture area

Y

Readout Pixel Image Diagram (1332 x 1000)
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MODES5: Vertical 1/3 subsampling horizontal 2/4 subsampling mode 16:9 cropping
(10-bit A/D conversion, 10-bit length output)

Embedded data (EBD)
Embedded data (EBD)
A | 4 User clamp
2 Ignored area of effective pixel *1
6 Effective margin for color processing
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1 6 Effective margin for color processing L)
\j 2 Ignored area of effective pixel

Frame Blanking

- 2052
*1 When vertical direction normal readout : 2 aperture area
When vertical direction inverted readout : 1 shaded area, 1 aperture area

aa

Readout Pixel Image Diagram (2000 x 750)
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MODES®: Vertical 2/9 subsampling binning horizontal 3 binning mode
(10-bit A/D conversion, 12-bit length output)

Embedded data (EBD)
Embedded data (EBD)
y 4 User clamp

2 Ignored area of effective pixel
2 Effective margin for color processing
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Frame Blanking
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1368

Readout Pixel Image Diagram (1332 x 332)
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MODE?Y: Vertical 2/9 subsampling binning horizontal 3 binning mode
Low power consumption drive
(10-bit A/D conversion, 12-bit output length)

Embedded data (EBD)
Embedded data (EBD)
y 4 User clamp

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

344
Line Blanking

ﬁctive margin for color processing
Y6 Ignored area of effective pixel
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2 Effective margin for color processing
Y 2 Ignored area of effective pixel

Frame Blanking

1368

Readout Pixel Image Diagram (1332 x 332)
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MODES: Vertical 2/17 subsampling binning horizontal 3 binning mode
(10-bit A/D conversion, 12-bit length output)

Embedded data (EBD)
Embedded data (EBD)
\ 4 User clamp

2 Ignored area of effective pixel
2 Effective margin for color processing
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Readout Pixel Image Diagram (1332 x 174)
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3-2. When Using Type 1/2.5 Approx. 9.03 M Pixels (Approx. 17:9)
(1) Horizontal/Vertical Operation Period in Each Readout Drive Mode
Horizontal Operation Period in Each Readout Drive Mode
Horizontal operation period (Number of pixels conversion)
Readout Front Front Rear Rear HMAX
mode Front | ignored effective | Recommended effective ignored | minimum
No ignore | area of | margin for recording margin for area of |
' area | effective color pixels color effective value
pixel processing processing pixel
0 48 14 12 4096 12 18 669
1 48 0 12 3840 12 0 527
1A 48 0 12 3840 12 0 264
2 24 8 6 2048 6 8 260
2A 24 8 6 2048 6 8 260
3 16 6 4 1364 4 6 260
4 16 6 4 1364 4 6 260
6 16 6 4 1364 4 6 260
8 16 6 4 1364 4 6 260
Vertical Operation Period in Each Readout Drive Mode
Number of lines per vertical operation period
(output data 1H-conversion)
Readout Front Front Rear Rear VMAX
mode | - | ignored | effective | Recommended | effective ignored | Minimum
No. area of | margin for recording margin for area of value
OPB | effective color pixels color effective
pixel processing processing pixel
*1
0 8 22 4 2160 4 0 2220
*1
1 8 g *2 4 2160 4 0 2220
*1
1A 8 g *2 4 2160 4 0 4440
2 4 6 4 1080 4 0 2234
2A 4 6 4 1080 4 0 2234
*1
3 4 S 4 720 4 0 2252
6,
4 4 5 2 4 720 4 776
6 4 2 2 240 2 0 538
8 4 2 2 124 2 0 306

When vertical direction normal readout.
When vertical direction inverted readout.
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(2) NTSC/PAL Compatible Drive

IMX377CQT

This sensor can be used with a frame frequency that supports NTSC or PAL by using the recommended horizontal
operating period (H period) and recommended vertical operating period (V period) for each readout drive mode
shown in the table below.

Recommended H Period and V Periods (NTSC/PAL Compatible)

Readout NTSC compatible drive PAL compatible drive
mode Number of Number of Frame Number of Number of Frame
4 2 frequency *{ *2 frequency
No. HMAX VMAX [frame/s] HMAX VMAX [frame/s]
0 672 3575 29% 720 4000 25.00
1 528 2275 59.94 576 2500 50.00
1A 264 4550 59.94 288 5000 50.00
2 264 2275 119.88 288 2500 100.00
2A 264 2275 119.88 288 2500 100.00
3 264 2275 119.88 288 2500 100.00
4 264 910 299.70 300 800 300.00
6 264 650 419.58 288 625 400.00
8 264 325 839.16 300 320 750.00

*1

*2

The value set as HMAX (address 30F5h, bit [7:0] and address 30F6h, bit [7:0]).
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SONY IMX377CQT
Imaging Conditions in Each Readout Drive Mode (NTSC/PAL Compatible Drive)
Imaging conditions
“ode | Numberor | Numberof | | Number of | Number of | mber of
No. | MIPI O[lugﬁgi[ lanes conversion | RAW12 | recording | recording | recording pixels
bits [bit] pixels pixels
0 4 12 RAW12 4096 2160 Apg%ogkﬂn%tsg|s
1 4 10 RAW10 3840 2160 Apgaogkﬂn?:’tﬁg|3
1A 4 10 RAW10 3840 2160 Apg;og”%&'é’ls
2 4 10 RAW12 2048 1080 Apzp_g)']Xil{/lnla:;[ie)(léS
oA 4 10 RAW12 | 2048 1080 | ARproximately
3 4 10 RAW12 1364 720 Apé), E;oé( Kﬂn%tsgls
4 4 10 RAW12 1364 720 Ap&gogkﬂn%tie)gg|s
6 4 10 RAW12 1364 240 Ap()p_go:’i(il{‘lln?:’tiexlés
8 4 10 RAW12 1364 124 Ap(g)_t]OYXil\r}lq?:’tiGXléS
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(3) Image Data Output Format

The output format in each readout drive mode is as follows.
MODEQ: All-pixel scan mode (12-bit A/D conversion, 12-bit length output)

Embedded data (EBD) 4

Embedded data (EBD) 4§

A 8 User clamp

6 Ignored area of effective pixel *1

4 Effective margin for color processing
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12 Effective margin for color processing

y 4 Effective margin for color processing

Frame Blanking

18 Ignored area of effective pixel

' 4200
*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)
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MODEZ1: All-pixel scan mode (10-bit A/D conversion, 10-bit length output)
MODEZ1A: All-pixel scan mode low power consumption drive
(10-bit A/D conversion, 10-bit length output)

Embedded data (EBD)
Embedded data (EBD)

A 8 User clamp

A 6 Ignored area of effective pixel *1

A 4 Effective margin for color processing

2182
12 Effective margin for color processing

12 Effective margin for color processing

\ 4 Effective margin for color processing
Frame Blanking
- 3912 >

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

Readout Pixel Image Diagram (3840 x 2160)
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MODE2: Horizontal/vertical 2/2-line binning mode
(horizontal and vertical weighted binning)
(10-bit A/D conversion, 12-bit length output)

Embedded data (EBD)
Embedded data (EBD)
Y 4 User clamp

6 Ignored area of effective pixel
4 Effective margin for color processing
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Readout Pixel Image Diagram (2048 x 1080)
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MODEZ2A: Vertical 2 binning horizontal 2/4 subsampling mode
(vertical weighted 2 binning)
(10-bit A/D conversion, 12-bit length output)

Embedded data (EBD)
Embedded data (EBD)
Y 4 User clamp

6 Ignored area of effective pixel
4 Effective margin for color processing
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Readout Pixel Image Diagram (2048 x 1080)
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MODES3: Horizontal/vertical 3/3-line binning mode
(10-bit A/D conversion, 12-bit length output)

Embedded data (EBD)
Embedded data (EBD)
A 4 User clamp

6 Ignored area of effective pixel *1
4 Effective margin for color processing

738
6 Ignored area of effective pixel

V4 Effective margin for color processing

1]

y 4 Effective margin for color processing

Frame Blanking

[
[ 1400
*1 When vertical direction normal readout : 6 aperture area
When vertical direction inverted readout : 1 shaded area, 5 aperture area

Al

Readout Pixel Image Diagram (1364 x 720)
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MODE4: Vertical 1/3 subsampling horizontal 3 binning mode
(10-bit A/D conversion, 12-bit output length)

Embedded data (EBD)
Embedded data (EBD)
y 4 User clamp

6 Ignored area of effective pixel *1
4 Effective margin for color processing
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4 1400
*1 When vertical direction normal readout : 6 aperture area
When vertical direction inverted readout : 1 shaded area, 5 aperture area

Y

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

Embedded data (EBD) §
Embedded data (EBD) {
A 4 User clamp

2 Ignored area of effective pixel

2 Effective margin for color processing
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?6 Ignored area of effective pixel
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Y 2 Effective margin for color processing
Frame Blanking
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Readout Pixel Image Diagram (1364 x 240)
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MODES: Vertical 2/17 subsampling binning horizontal 3 binning mode
(10-bit A/D conversion, 12-bit length output)

Embedded data (EBD) §
Embedded data (EBD) %

4 User clamp
2 Ignored area of effective pixel
2 Effective margin for color processing
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Readout Pixel Image Diagram (1364 x 124)
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3-3. Vertical Arbitrary Cropping Function
Vertical cropping region of this sensor can be arbitrarily changed by registers.
(1) Register Settings

Enable vertical cropping with setting vertical arbitrary cropping enable register VWIDCUTEN (address 30D5h, bit [0])
to 1h, and specify cropping width by the vertical cropping width register VWIDCUT (address 30D6h, bit [7:0] and
address 30D7h, bit [2:0]), and cropping position by the vertical cropping start position register VWINPOS (address
30D8h, bit [7:0] and address 30D9h, bit [3:0]).

And set the number of total output lines (including VOB) after cropping to the register MDSEL9 (address 312Fh, bit
[7:0] and address 3130h, bit [4:0]), and the number of effective pixel lines (not including VOB) after cropping to the
register MDSEL10 (address 3131h, bit [7:0] and address 3132h, bit [4:0]).

Set VWINPOS negative value (two's complement) when the direction of vertical readout is inverted (address 301Ah,
bit[0], MDVREYV = 1h)

Vet indicates the number of effective lines output before cropping (VWIDCUTEN = 0h) in following description.

VWIDCUTEN Setting

Register value Function
Oh Vertical arbitrary cropping is disabled
1h Vertical arbitrary cropping is enabled

VWIDCUT Setting

Register value Function
Specify vertical cropping width
0to 2047 Veff - VWIDCUT x 2 [line]

VWINPOS Setting

Register Function
VWINPOS Vertical cropping start position (two's complement)

When vertical readout direction is normal (MDVREYV = 0Oh), relation between register setting values of VWINPOS /
VWIDCUT and cropping region on physical pixel array is shown below.
Register setting values must satisfy following relations. (Setting ranges are within those values which satisfy

following.)
VWINPOS x 220 (Starting position of readout must be 0 or more)
Vet — VWIDCUT % 2 = Vi / 2 (Number of readout lines must be 1/2 or more before cropping)
(VWINPOS x 2) + Ve — VWIDCUT x 2 < Ve (End position of readout must be within the area before cropping)
HeH
A Effective pixel area (Hef*Ves)
A

S A

8= Effective pixel area of

1; '>? & / vertical arbitrary cropping mode

I

23| O > I

5= | &

% { cropping width: Ves — VWIDCUT x 2 ‘

: |

A‘ cropping start position: VWINPOS x 2 ‘
(VOPB)

<
—»
<]

Relation between Register Settings of VWINPOS / VWIDCUT and Cropping Region on Physical Pixel Array
(Vertical Readout Direction Normal)
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For example, when the top 400 lines and bottom 400 lines (totally 800 lines) of all-pixel scan area is skipped and start

cropping readout from the 401st line, setting values are as follows:
VWIDCUT 190h (400d) / VWINPOS 0C8h (200d) / MDSEL9 8D6h (2262d) / MDSEL10 8C6h (2246d)

When vertical readout direction is inverted (MDVREV = 1h), relation between register setting value of VWINPOS /
VWIDCUT and cropping region is shown below. Register setting values must satisfy following relations also.
Note that VWINPOS must be negative.

| VWINPOS | x22=0 (Starting position of readout must be 0 or more)
Veit — VWIDCUT x 2 2 Vg / 2 (Number of readout lines must be 1/2 or more before cropping)
(| VWINPOS | % 2) + Ve — VWIDCUT % 2 < Ve (End position of readout must be within the area before cropping)

Heff

.
-

LY

~ | cropping start position: | VWINPOS | x 2

I
— cropping width: Ve — VWIDCUT x 2
I

Effective pixel area of
/ vertical arbitrary cropping mode

(HOPB)
Veff

(MDVREV=1h)

vertical readout direction

-l
-«

y Effective pixel area (Hef*Ves)

(VOPB)

<
—>

—>
H

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

For example, when the top 400 lines and bottom 400 lines (total 800 lines) of all-pixel scan area (when vertical
readout direction inverted) is skipped and start cropping readout from the 401st line, setting values are as follows:
VWIDCUT 190h (400d) / VWINPOS F38h (-200d) / MDSEL9 8D6h (2262d) / MDSEL10 8C6h (2246d)

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

When using vertical arbitrary cropping function, VMAX minimum value gets smaller according to cropping width.
The table below shows VMAX minimum value after cropping when VMAX minimum value before cropping is
represented as Vuaxo.

VMAX Minimum Value When Using Vertical Arbitrary Cropping Function

Readout mode No. VMAX minimum value
0,1,4,5 Vmaxo — VWIDCUT x 2
1A, 2,2A,6,7,8 Vuaxo — VWIDCUT x 4
3 Vmaxo — VWIDCUT x 6
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3-4. Horizontal Arbitrary Cropping Function

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

(1) Register Settings

Set horizontal cropping enable register HTRIMMING_EN (address 3040h, bit [0]) to 1h to enable horizontal arbitrary
cropping function, and horizontal cropping area are determined by horizontal cropping position register
HTRIMMING_START (address 303Eh, bit [7:0] and address 303Fh, bit [4:0]) and HTRIMMING_END (address 3039h,
bit [7:0] and address 303Ah, bit [4:0])

HTRIMMING_EN Setting

Register value Function Remarks

0 Horizontal arbitrary cropping OFF

Send with register setting for each readout drive mode.
1 Horizontal arbitrary cropping ON

Horizontal Arbitrary Cropping Position Setting

Register Function Remarks

HTRIMMING_START | horizontal cropping start position '+ 48 Unit: pixel

Send with register setting for each
readout drive mode.

HTRIMMING_END | horizontal cropping end position ' + 48 + 1

" In the readout mode with horizontal binning or subsampling, set the value of HTRIMMING_START and

HTRIMMING_END according to the position before processing horizontal binning or subsampling.
HTRIMMING_START and HTRIMMING_END must satisfy following 3 restrictions.
HTRIMMING_START =48 + N x step
HTRIMMING_END = HNUM — M x step

HTRIMMING_END — HTRIMMING_START = 240
(M and N are integers equal or more than 0)

Refer to the following tables in the value of step and HNUM.

step value
Readout mode no binning o o
) ) ) ) 2 binning 3 binning
Horizontal pixel processing 2/4 subsampling
step 12 8 12
HNUM value
Type 1/2.3 approx. 12.35 M pixels Type 1/2.5 approx. 9.03 M pixels
Readout mode
No.0 to 8 No.0, 2, 2A,3t0 8 No.1, 1A
HNUM 4104 4200 3912
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(2) Horizontal Minimum Period When Using Horizontal Arbitrary Cropping Function

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

HMAX Minimum Value When Using Horizontal Arbitrary Cropping Function

Readout mode No. HMAX minimum value

0 max (507, [HTRIMMING_END - HTRIMMING_START] x 3/20 + 46.2)
1 max (260, [HTRIMMING_END - HTRIMMING_START] x 1/8 + 44.0)
1A max (260, [HTRIMMING_END - HTRIMMING_START] x 1/16 + 22.0)
2 260
2A 260

3 260

4 260

5 max (260, [HTRIMMING_END - HTRIMMING_START] x 1/8 + 41.0)
6 260

7 260

8 260

* max (A, B) means the larger value of A and B.
* Fractions should be rounded up.
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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 and
SVR. The formulas and constants used to calculate the integration time are shown below.
In addition, the frame rate can be reduced by setting the SVR register to “1” or more.

¢ Integration time of normal readout drive mode

Integration Time [s] = [{VMAX value x (SVR value + 1) — SHR value}
x HMAX value + Number of clocks per internal offset period] / (72 x 106)

* See the following tables for the numbers of clocks per internal offset period.
* See “Electronic Shutter Timing” on page 32 of the SHR register setting range.

# Integration time of low power consumption drive mode (Mode No.7)

Integration Time [s] = [[VMAX value % (SVR value + 1) — SHR value x 4}
x HMAX value + Number of clocks per internal offset period] / (72 x 106)

* See the following tables for the numbers of clocks per internal offset period.
* See “Electronic Shutter Timing” on page 32 of the SHR register setting range.

Number of clocks per internal offset period

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

Number of clocks per

. . 174 | 17 | M7 | M7 | M7 | 17 | 117 | M7 | M7 | 117 | 117
internal offset period

The figure below shows operation when SHR is being changed and REGHOLD is Oh. The F1 and F2 periods in
the figure below are two continuous frames. The SHR value which is set in the recommended serial
communication period*1 just before F1 period is updated internally at the end of the communication period and
then output data which reflect the new setting is output in the F2 period. Note that the SHR setting and output are
offset by a frame.

" Refer to "Register Communication Timing" on page 20.

SHR Recommended serial communication period
Serial change -

communication n—
|«— VMAX[HMAX]
—»| l«32[HMAX] —»! |« 32[HMAX] —»! l=-32[HMAX] —»! | =-32HMAX] —>! |+-32[HMAX]
! | ! | ! | ! | ! |
i i \
Sensor internal !
V drive | §H | 3 D 3
S, [ ) I S, A S5, A S5, I
% () % % () %, () 2,
- | & i K2 &, i %, i % % | i & %. | i o
| 4 2 | % 1 Xy
| | | | |
Output frame  Valid data FE i Valid data FE| _ Valid data FE . Valid data FE . Valid data FE . Valid data FE
‘ ‘

44— F1 period —»™——— F2 period———"»

SHR Change Sequence
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The internal vertical drive period which is set by the VMAX register can be subsampled by the SVR register. lts
period is (SVR value + 1) times as long as VMAX period. Therefore the frame rate is multiplied by 1/(SVR value

+1).

The figure below shows the operation when the SVR register is being changed from “Oh” to “1h” and REGHOLD is
Oh. The SVR value, which is set in the recommended serial communication period*1 just before F2 period, is
updated internally at the end of the communication period and then applied from the shutter operation in the F2
period. The output data which reflect the changing of SVR is output in the F3 period.

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

" Refer to "Register Communication Timing" on page 20.

SVR
Serial SVR = Oh changed to “1h”
communication i >
VMAX[HMAX]

Recommended serial communication period

VMAX[HMAX] * (SVR + 1) —»=|
—»

[+-32]HMAX]

32[HMAX] —!

Sensor internal
V drive

Output frame  Valid data FE . Valid dataFE

. Valid data_FE

. Valid data FE

F1 period

F2 period

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

When changing input INCK or CSI-2 output frequency (register SYS_MODE), follow the below procedure.
1st step : Enter the sensor standby mode
2nd step : Change the frequency during standby mode.
3rd step : Follow the standby cancel sequence to resume the normal operation.

When changing input INCK frequency, don't input pulses whose width are shorter than the High / Low level width in
front and behind of the INCK pulse at the frequency change. If the pulses above generate at the frequency change,
change INCK frequency during system reset in the state of XCLR = Low. Then set the state of XCLR to High,
following the item of "Power on sequence" in the section of "Power on / off sequence" in page 84. Execute “Standby
Cancel Sequence” again because the register settings become default state after system reset.

The following mode change cases are treated as a mode transition on this sensor and one frame of invalid data is
generated.
1. Changing the readout mode setting
2. Changing the vertical direction readout setting
3. Changing the vertical arbitrary cropping setting
* Changing the horizontal arbitrary cropping setting is not treated as mode transition and no invalid data is
generated.

The figure below shows the mode transition sequence, Mode A to Mode B, in case that the mode transition is

performed in three continuous frames, F1 to F3, and REGHOLD is Oh.

(1) Set the register setting for Mode B in the recommended serial communication period*1 just before F2 period.
F2 period data is not output.

(2) Valid data which reflect the new setting is output from the next frame (F3 period).

" Refer to "Register Communication Timing" on page 20.

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

MODE Recommended serial communication period
Serial | | changgd to “B”‘ | | | |
S | A
communication ) [ — P

1<32[HMAX]|

<1 VMAX[HMAX]

Sensor internal
V drive

" n ) "
Output data format Mode A _datd fofmat Mdde B _data forrhat
T T

T
Wode A FE! [ B8 woden FE 1 Notoutput | |8 Modes FE| IS Mode B FE|
3<7 F1 period 4’“7 F2 period 4’“7 F3 period ——|

Output frame

Mode Transition
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Power-on/off Sequence

1. Power-on Sequence

Vooo1 (1.2 V)

Vbpp2 (1.8 V)

| |
AR
://:I 0.8%Vppp+

-TT

Iy

Master clock

I
I
—r--7
| | | -3
I I
Vaop (2.8 V) : | | :I 0.8%Vapp
| | | -
| I I T
| | | :
I I
Lo |__2100ns !
Reset signal : : L*J—Z]Oﬁ_ns_zz
XCLR | | 2100 ns
1
I
I
I

|

1

|

|
20 us : -l
| *INCK must not belover Voo, ! 1

t

|

|

|

|

|

|

INCK |
l i !
| ! I
| 20 ps ' >100ns
SCL I !
|
|
|
SDA
Status 1) (2)

|
|
| '1—‘—»
; I
. . |
20 ps ! =2100ns ' | 20 us
el gl
| 220 ps :
|
|
[
[

Power-on Sequence

Period name

Remarks

(1) Power stabilization
period

All input signals are set to Low level.
There are no constraints of the power-on sequence with Vapp, Vbbbt and Vpppa.

(2) Register
communication
period for standby
cancel

Wait 100 ns after the last power supply in Vapp, Vbbbt and Vpppa.
Then set XCLR to “H” and start the standby cancel sequence.
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2. Slew Rate Limitation of Power-on Sequence

IMX377CQT

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

power-on sequence.

— —— — '_l_ — —
| Vo1
Voooe | : ——l xoooz
gyt ADD
I
Vaop | : ov
Slew rate of power supply
ltem Symbol Power supply Min. Max. Unit Remarks
VDDD1 (1 2 V) — 25 mV/us
Slew rate SR Vpppz (1.8 V) — 25 mV/us
VADD (2.8 V) = 25 mV/us

85



SONY IMX377CQT

3. Power-off Sequence

Make sure that all input signals are set to LOW level in the area of (2).

c-
Voop1 (1.2V) 0.8 x Vpoos f\
|

Vbop2 (1.8 V) 0.8 x Vppp2

Vaop (2.8 V) |

Reset signal :<T}.|5:—'—>!
XCLR S0ps !
- - T
. 20ps |
Master clock | I
INCK . =0ps |
* INCK must not be:over Voop2
o
2 I
o TN .
' I * SCL and SDA must not be over Vppp,
|
Status (1) : (2)
I
Power-off Sequence
Period name Remarks
(1) Pixel output period Pixel signal output period
Turn the power supplies off after all input signals are set to "Low" level except
SCL and SDA.
(2) Power-off period Set SCL and SDA to "Low" level at the same time with turning off the power
supply of Vpppa.
There are no constraints of the power-off sequence with Vapp, Vbop1, and
Vbop2.

86



SONY IMX377CQT

Standby Cancel Sequence

After the power-on start-up sequence is performed, this sensor is in standby mode. The standby cancels sequence is
described below. Also perform this same sequence when canceling standby mode after shifting from normal
operation to standby mode.

1. After performing the power-on start-up sequence, make the following register setting.
- Set address 3123h, bit [7:0] to “00h” (PLRD10 register = 00h).
- Set address 3124h, bit [7:0] to “00h” (PLRD11 register = 00h).
- Set address 3127h, bit [7:0] to “02h” (PLRD13 register = 02h).
- Set address 312Dh, bit [7:0] to “02h” (PLRD14 register = 02h).
- Set address 3125h, bit [7:0] to “01h” (PLRD12 register = 01h).
Set the following registers to the appropriate value according to INCK's frequency.
Refer to “Description of Register” of “Register Map” on page 31.
- Address 3120h, bit [7:0], Address 3121h, bit [7:0] (PLRD1 register).
- Address 3129h, bit [7:0] (PLRD2 register).
- Address 3122h, bit [7:0] (PLRD3 register).
- Address 312Ah, bit [7:0] (PLRD4 register)
Initialize communication
Set all registers of PLSTMG settings in "Readout Drive Pulse Timing" on pages 38 to 39 (other than
PLSTMGO01). Register communication can be performed even when STANDBY register is 1h and there
is no restriction on the communication order.

2. After the 1 stabilization period, make the following register setting.
- Set address 3000h, bit [4:0] to “16h” (STANDBY register = Oh, STBLOGIC register = 1h,
PLSTMGO1 register = 1h, STBMIPI register = Oh as default, STBDV register = 1h).
- Set address 3018h, bit [1:0] to “2h” (SYNCDRYV register = 2h).
- Set address 3399h, bit [7:0] to “01h” (LMRSVRG register = 01h).
- Set address 310Bh, bit [7:0] to “11h” (STBPL_IF register = 1h, STBPL_AD register = 1h).
- Set address 3A56h, bit [0] to “Oh” (MIPIEBD_TAGEN register = Oh).

3. After the 2" stabilization period of 10 ms-or more, make the following register setting.
- Set address 310Bh, bit [7:0] to “00h” (STBPL_IF register = Oh, STBPL_AD register = Oh).

4. After the 3" stabilization period of 0.3. ms or more, make the following register setting.
- Set address 3000h, to “04h” (STANDBY register = Oh, STBLOGIC register = Oh,
PLSTMGO1 register = 1h, STBMIPI register = Oh, STBDV register = Oh).

5. After the 4" stabilization period of 6.7 ms or more, make the following register setting in the order ofa -> b -> c.
-a. Readout drive mode registers
Set the mode registers of the "Register Setting for Each Readout Drive Mode" on pages 40 to 43.
Furthermore, set the required shutter and gain registers.
-b. Set address 3001h, bit [4] to “1h” (CLPSQRST register = 1h)
-c. Set address 30F4h, bit [0] to “Oh” (XMSTA register = Oh).

Power-on

Analog ization period [ Standby cancel sequence Il Normal operation
XCLR J (/
, y
(SCL/SDIAC) \ o >t L 2l
T ZO0ms " Z10ms 1 =03ms’ | Z67ms |
PLRD10=00h  STANDBY =0h STBPLIF=0h | STANDBY =0h a. Readout drive mode registers
PLRD11=00h  STBLOGIC=1h STBPL_AD=0h | STBLOGIC=0h  |b.CLPSQRST=1h
PLRD13=02h  PLSTMGO1 = 1h PLSTMGO1=1h  ic. XMSTA=0h
Serial communication PLRD14=02n  STBMIPI = 0h STBMIPI = 0h .
PLRD12=01h  STBDV = 1h STBDV = 0h Please send in the order of a > b > .
PLRD1 ! SYNCDRV = 2h
PLRD2 ! LMRSVRG = 1h
PLRD3 ! STBPL_IF = 1h
PLRD4 ™! STBPL_AD = 1h
PLSTMG * MIPIEBD_TAGEN = Oh Recommended serial corhmunication period
N [ Initialize communication e
// [ ax ——] +—32[HMAX]
) NN, =N = )
Sensor internal e SHR SHR SHR
V drive AN AN Al 2
EONZ ENNZ o, %
> ONS OND NS %
NN 2N 2N %
()
Output frame (( No output B8 vaid e B vaid FE S Vaid
"' Set the register value according to INCK’ s frequency < Frame1 > Frame2 e Frame3 >
according to “Description of Register” in Register Map.

"% PLSTMG settings in "Readout Drive Pulse Timing"
on pages 42 to 43 (other than PLSTMGO1).

Standby Cancel Sequence
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Peripheral Circuit Diagram
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Peripheral circuit diagram

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 a common impedance and may result in unexpected
trouble.
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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)
. 150to 180 °C
1. Preheating 6010 120 s
2. Temperature up (down) | +4 °C/s or less (- 6 °C/s or less)
Over 230 °C
3. Reflow temperature 10t030s
Max. 5 °C/s
4. Peak temperature Max. 240 £ 5 °C
Temperature
Peak 240 £5°C | ————————— -
230°C [--—--------————m—
Max. 5 °C/s
180°C === -6 °C/s or less
150 °C |-----------
+4 °Cls
orless 60to 120's
CT// Preheating Reflow Reflow profile
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.

Material_No0.14-0.0.6
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Package Outline
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Relation between Image Height and target CRA

CRA vs. Image height

6.0°

5.0°

4.0° //
3.0°

20° /
1.0°

CRA

0.0° T T T T 1
0 20 40 60 80 100
Image  height [%]
Relation between image height and target CRA
Image
height:100%
= normal =9 Image height
©
§ e optical axis
Image height:0%
Marginal Ray (+)
4024 (H)
v Chief Ray lens
Marginal Ray () Image surface

Image height Incident ray angle
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List of Trademark Logos and Definition Statements

Exmoar Id

* 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.

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