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1/1.8=Inch 8 Mp CMOS
Digital Image Sensor

AR0822

General Description

The ARO0822 is a stacked 1/1.8-inch BSI (back side illuminated)
CMOS digital image sensor with an active—pixel array of 3840 (H) x
2160 (V). It captures images in either linear or high dynamic range
modes with a rolling—shutter readout, and includes sophisticated camera
functions such as binning, windowing and both video and single frame
modes. It is designed for both low light and high dynamic range
performance. AR0O822 can combine on chip up to three exposures and
compand to 12-bit HDR output or it could provide line interleaved
output of two exposures to support off chip HDR in an ISP chip. It could
also provide enhanced Dynamic Range from single exposure. The
ARO0822 produces extraordinarily clear, sharp digital pictures, and its
ability to capture both continuous video and single frames makes it the
perfect choice for security applications.

Table 1. KEY PARAMETERS
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Features

4k (8 Mp) at 60 fps for excellent Video

Performance

Fast Full Resolution Video Capture of

3840 x 2160 at up to 30 fps in 3—exposure

eHDR

Advanced On-Sensor embedded High

Dynamic Range (¢HDR) Reconstruct with

Flexible Exposure Ratio Control

Motion detection, auto wake up from

standby mode.

enhanced Dynamic Range (¢eDR) mode to

reach enhanced Dynamic Range yet no

motion artifact from multiple exposures

— eDR mode: enhanced Dynamic Range
from single exposure.

LI-eDR: T1-eDR + T2 output in line—in-

terleaved mode

Two exposure LI-HDR output

Enhanced NIR response

Applications

Security Camera
IoT
Car DVR

Parameter Typical Value
Optical format 1/1.8 inch (8.81 mm diagonal)
Active pixels 3840(H) x 2160 (V)
Pixel size 2.0 um x 2.0 um, BSI
Color filter array RGB Bayer
Chief ray angle (CRA) 10°
Shutter type ERS and GRR
Input clock range 6 ~ 48 MHz
Serial bitrate range 350 Mbps ~ 2 Gbps per lane
Pixel clock range 164.25 MHz
Output Interface 4-lane MIPI-CSI2 (1-lane, 2-lane supported)
ADC resolution 12-bit, on die
Analog gain 0 ~ 24 dB (Linear)
Analog gain range 0 ~ 18 dB (Li-HDR, eHDR)
Digital gain 24 ~ 44.625 dB (Linear)
Digital gain range 18 ~ 44.625 dB (Li-HDR, eHDR)
0 ~ 5.625 dB (eDR)
Subsampling bin2, bin4, skip2, skip4
Output format Linear: 10 bit and 12 bit
eHDR: 10, 12, 14, 16 and 20 bit
Frame rate Linear: 4k @ 60 fps
LI-HDR (2exp): 4k @ 30 fps
eHDR (3exp): 4k @ 30 fps
Responsivity 18 ke-/lux*sec
SNRMAX 39dB

1. 8JAis dependent on the customer module design and should not be used for
calculating junction temperature.
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Table 1. KEY PARAMETERS

AR0822

Parameter

Typical Value

Maximum dynamic range

Linear: 78 dB
eHDR 3-exp: 120 dB

Supply voltage

1/0: 1.8 V (1.7V < Vgypply < 1.9 V) or
2.7V < Vgypply < 2.9 V.

Digital : 1.05 V (1.0 V < Vypply < 1.1 V)
Analog: 2.8 V (2.7 V < Vgypply < 2.9 V)
MIPI: 1.05 V (1.0 V < Vypply < 1.1 V)

Power consumption (typical)
The power consumption is

Linear 30 fps: 223 mW
3-exp eHDR 30 fps: 540 mW

estimated

Operating Temperature
Range (at junction) — T,

-30°C to +85°C (Junction)

Optimal Performance
Temperature Range (at
junction) - T

0°C to +60°C (Junction)

Package options

mPBGA 14 x 9.5 mm
06JA: 31°C/W (Note )
06JB: 19°C/W

1. 8JAis dependent on the customer module design and should not be used for

calculating junction temperature.

Table 2. ORDER INFORMATION

Part Number Description

Orderable Product Attribute

Description

AR0822NPSC10SMTAO-DP

RGB, 10°CRA, mPBGA Packge

Dry Pack with Protective Film

AR0822NPSC10SMTA0-DR

RGB, 10°CRA, mPBGA package

Dry Pack without Protective Film

AR0822NPSC10SMTAQ-DP-E

RGB, 10°CRA, mPBGA Packge

Dry Pack with Protective Film Engineering Sample

AR0822NPSM10SMTAQO-DP

Mono, 10°CRA, mPBGA package

Dry Pack with Protective Film

AR0822NPSM10SMTAO0-DR

Mono, 10°CRA, mPBGA package

Dry Pack without Protective Film

AR0822NPSM10SMTAO-DP-E

Mono, 10°CRA, mPBGA Packge

Dry Pack with Protective Film Engineering Sample

AR0822NPSC10SMTAH3-GEVB

RGB, 10°CRA

Demo3 Headboard

AR0822NPSM10SMTAH3-GEVB

Mono, 10°CRA

Demo3 Headboard

Table 3. 12-bit MODE OF OPERATION AND POWER

Mode Name Mode Description Resolution Frame Rate
Native 4K Linear Full Res 3840 x 2160 60
Native 4K Linear Full Res, Lower 3840 x 2160 30
Frame Rate

eHDR Native 4K eHDR 3exp Full Res 3840 x 2160 30
LI Native 4K LI-HDR 2exp 3840 x 2160 30
WoM bin4skip2 (Note 2) Wake on Motion w/ Streaming 480 x 270 1

Bin2 2MP Linear 1920 x 1080 120
eDR Native (Note 3) 4K eDR 3840 x 2160 30
LI-eDR Native 4K LI-eDR 3840 x 2160 30

2. Actual resolution of sensor is 960 x 270 with every alternate col being dummy pixel output, active resolution is 480 x 270

3. eDR mode could go upto 45 fps

www.onsemi.com
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FUNCTIONAL OVERVIEW

ARO0822 is a progressive—scan sensor that generates a

stream of pixel data at a constant frame rate. It uses on—chip
phase-locked loop (PLL) to generate all internal clocks
form a single master input clock running between 6 and
48 MHz. The maximum data rate is 2 Gbps/lane for MIPI
D-PHY. A block diagram of the sensor is shown in Figure 1.
The ARO0822 has a wide array of features to enhance
functionality and increase versatility. A summary of features
is found below.

Operating Modes

The AR0822 works in master and trigger modes. In
master mode, the sensor generates the integration and
readout timing. In trigger mode, it accepts an external
trigger to start exposure, then generates the exposure
and readout timing. The exposure time is programmed
through the two-wire serial interface for both modes.
Window Control

Configurable window size and blanking times allow a
wide range of resolutions and frame rates. Various

CONFIDENTIAL AND PROPRIETARY
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between different readout modes, or to automatically
cycle between different readout modes on a
frame-by—frame basis or at a rate determined and
controlled by the host. Refer to the AR0822 Developer
Guide for details.

Gain

The AR0822 can be configured for a sensor gain up to
44.625 dB, 0.375 dB per step.

MIPI

The AR0822 image sensor supports 4-lane MIPI CSI-2
D-PHY

PLL An on chip PLL provides reference clock
flexibility

Reset

The AR0822 may be reset by a register write, or by a
dedicated input pin.

Temperature Sensor

Motion Detection

enhanced Dynamic Range (¢eDR) mode

analog and digital binning modes are supported, as are ® Test Pattern
vertical and horizontal mirror operations.
Context Switching
Context switching may be used to rapidly switch
Temperature f—— EXTCLK
Analog Core Sensor OTPM Memory e
Boosters ::> Timigg and Control Multi Exposure
Sellerz Combination
Active Pixel Array
Row -
Drivers I_Dlxel Data Pa_th —= MIPI
(Signal Processing)
| Column-amps/ADCs |
References » Pixel Defect Qutput
| Line Memory | ——/ Correction Data Path

Register and Register Bus Interface

| Two-wire Serial
nterface

Figure 1. Block Diagram
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PIXEL ARRAY pixels; odd—numbered rows contain blue and green pixels.
ARO0822 sensor core uses a Bayer color pattern, as shown Even—numbered column contains green and blue pixels;

in Figure 2. The even—numbered rows contain green and red odd-numbered columns contain red and green pixels.

Column Readout Direction

-t

/ACtive Pixel (0,0)

5 -
= R|c|R|G|R|G|R|G
8 G|B|c|B|G|B|G|B
3
[e]
©|.. |R|G|R|G|R|G|R|G
[}
o
= G|B|c|B|G|B|G|B
[e]
[
‘ Rlc|R|G|R|G|R|G

G|B|G|B|G|B|G|B

Figure 2. Pixel Color Pattern Detail (Top Right Corner) Bayer

Default Readout Order When the sensor is imaging, the active surface of the

By convention, the sensor core pixel array is shown with sensor faces the scene as shown in Figure 3. When the image
pixel (0,0) in the top right corner (see Figure 3). This reflects is read out of the sensor, it is presented one row at a time, with
the actual layout of the array on the die. the rows and columns sequenced as shown in Figure 3.

Lens 7 ! -7
Sensor (rear view) e B Scene
R .
) Order

Column Readout Order Pixel (0,0)
Figure 3. Imaging a Scene

www.onsemi.com
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TYPICAL CONNECTIONS
Figure 4 shows the typical AR0822 connections.
Digital Digital
I/0  Core/ PHY Analog
Power!  power! Power!
T 1uF
\ 4 I bypass
to AGN
=
® -
> ) > = VAA2V8_PIX
= 3T F VAA2VS ANA
NG NG °>° o E\ <| 8 g‘
c aYaYaya)
Psi= | 8 d888F S
g aYaYa)a) g
= DATAOP f——mp )
DATAON [——»
DATAIP P—»
(- e—»| SCL DATAI1IN —
DATA2P [——m»
<<+—e———»| SDA DATA2N >
DATA3P [———»
From H05t< ::] RESET N DATA3N [
XSHUTDOWN olkp 4 [ ToHost
-
| ——| SADDRI0:2] CLKN
3
Master Clock ———— | EXTCLK GPIO[0:3]" [&—»
N/C ——— 1 ATESTI1, ATEST
TEST AGND BOOSTER  EXT-OP4V_MIPI——= NC
DGND AGND_ANA )
DGND ANA  AGND_COLS
DGND_MEM  PIX_GND

DGND DGND DGND DGND AGND AGND
Figure 4. Typical Configuration, Four-Lane MIPI
NOTES:
1. All power supplies must be adequately decoupled.
2. onsemi recommends a resistor value of 1.5 kQ, but a greater value may be used for slower two-wire speed.
3. GPIO[3:0] can be left unconnected if not used.
4. onsemi recommends that 0.1 uF and 10 uF decoupling capacitors for each power supply are mounted as close as possible to the

pad. Actual values and results may vary depending on lay-out and design considerations. Refer to the AR0822 demo headboard
schematics for circuit recommendations.

5. onsemi recommends that analog power planes are placed in a manner such that coupling with the digital power planes is
minimized.

6. 1/0 signals voltage must be configured to match VDD_|O voltage to minimize any leakage currents.

7. EXT_OP4V_MIPI can be connected to 0.4 V to use external voltage instead of the internal regulator supplied voltage. Register
setting needs to be changed to use the external voltage instead of the internally supplied SLVS voltage.

www.onsemi.com
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PACKAGE BALL MAP (TOP VIEW) 75rPBGA 19405
. 2 3 4 s 6 7 s 9 w0 u 2
CI e oATAZ? akp DATALP DATAGP | DVODCORE | VDDIO2VERIVS | GPIO_O 02 | VODIO2ERIVE 8
o VARVGANA | AGND_ANA D6ND DeND DeND baND DaND DGND VDDIO2VERIVS |  DVDD o
e woorozvervs | A% 200STER D6ND oaND o6ND beND oanD o6ND DGND_MEM | DVDD_MEM e
F OVOD_MEM | vAA2V_FLT ATESTL | VAA2VE_ANA r
6 VARVE_PIX | DVDD_ANA PIXGND DGND_ANA | xsHUTDOWN | ExTCLK SADDRO TesT AGNDANA |  DGND_ANA PXGND | DVDD_ANA 6
H baND VAAZVEANA | AGNDANA | AGNDCOLS | DGNDMEM |  RESETN SADDRL SADDR2 | AGNDLCOLS | AGNDANA | VAAVEPIX | VAAZVEANA "
! 2 3 4 s 6 7 s 9 10 u 2
Figure 5. mnPBGA Package Ball Assignment
Table 4. SIGNAL DESCRIPTIONS
Name mPBGA pin Type Description
EXTCLK G6 Input Master Input Clock, 6-48 MHz.
RESET_N H6 Input Asynchronous active low resets. All settings are restored to
factory default.
SCL C11 Input Two-Wire Serial clock input
SDA C12 I/0 Two-Wire Serial data I/0
SADDRO G7 Input Two-Wire Serial address select (LSB)
SADDR1 H7 Input Two-Wire Serial address select
SADDR2 H8 Input Two-Wire Serial address select (MSB)
TEST G8 Input {\_/Iar;ufacturing test enable pin (Tied to GND for normal opera-
ion
GPIO_0 B10 1/0 General Purpose I/0
GPIO_1 A10 I/O General Purpose I/O
GPIO_2 B11 I/O General Purpose I/O
GPIO_3 A1 I/O General Purpose I/O
DATAOP B7 Output MIPI serial data, lane 0, differential P
DATAON A7 Output MIPI serial data, lane 0, differential N
DATA1P B6 Output MIPI serial data, lane 1, differential P
DATA1TN A6 Output MIPI serial data, lane 1, differential N
DATA2P B4 Output MIPI serial data, lane 2, differential P
DATA2N A4 Output MIPI serial data, lane 2, differential N
DATA3P B3 Output MIPI serial data, lane 3, differential P
DATA3N A3 Output MIPI serial data, lane 3, differential N
CLKP B5 Output MIPI serial clock differential P
CLKN A5 Output MIPI serial clock differential N
DGND, DGND_ANA, D4, D5, D6, D7, Supply Digital Ground.
DGND_MEM D8, D9, E4, E5, ES,
E7, E8, E9, E11,
G4, G10, H1, H5

www.onsemi.com
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Table 4. SIGNAL DESCRIPTIONS
Name mPBGA pin Type Description
DVDD DVDD_MEM, A9, A12, D12, E12, Supply Digital power, 1.05 V nominal
DVDD_ANA F1, G2, G12
VDDIO2V8R1V8 B9, B12, D11, E1 Supply Digital I/O power, 1.8 V nominal
AGND_BOOSTER, B1, D2, E2, G9, H3, Supply Analog Ground.
AGND_ANA, H4, H9, H10
AGND_COLS, PIX_GND G3, G11
VAA2V8_ANA A2, D1H:=212, H2, Supply Analog Power, 2.8 V nominal.
VAA2V8_ PIX C1, G1, H11 Supply Analog pixel array power. 2.8 V nominal.
DVDDPHY A8 Supply PHY 1/O power, 1.05 V nominal
DVDDCORE B8 Supply Core Power 1.05 V nominal
XSHUTDOWN G5 Supply Pin to power down to the VDD supply, active low.
VAA2V8_FILT F2 Supply Bypass to AGND with 1 uF capacitor.
ATEST1, ATEST2, F11, C2, B2 Do Not
EXT_0P4V_MIPI Connect
FEATURES interrupt over GPIO pin which could be used to wake up the

For a complete description, recommendations, and usage
guidelines for product features, please refer to the AR0822
Developer Guide. .

3-EXP eHDR

While AR0822 works in linear mode, one can configure
it to eHDR mode. The 3—-exp eHDR sequentially captures
three exposures by maintaining three read and reset pointers
that are interleaved within the within the readout, combines
the three exposure in sensor, and sends out the combined
frame to minimize the data transferred over MIPI and
offload activities on back—end AP. This allows the sensor to
handle 120dB of dynamic range. T1, T2 and T3 are
configured by different registers. The sensor allows one to
choose any exposure ratio by setting the T2 and T3
independently of T1 exposure as long as T2 is less than t1
and T3 is less than T2.

LINE INTERLEAVED HDR (LI-HDR)

In 2-exp LI-HDR mode, the sensor sequentially captures
two exposures. The data will be output as line interleaved
data to enable the offline chip HDR linear combination and
processing. T1 and T2 are also configured by different
registers to allow flexible exposure ratio.

enhanced Dynamic Range (eDR) MODE

ARO0822 can be configured to work in eDR mode, where
sensor can deliver enhanced Dynamic Range. eDR mode has
benefit in motion artifact reduction. AR0822 has eDR mode
as well as the LI-eDR mode, where it outputs an addition T2
information in addition to the eDR output.

WAKE ON MOTION (WOM) MODE

ARO0822 can be configured to work in WoM mode, where
sensor while operating in super low power mode can detect
motion in the scene. On detecting motion it can send an

processor. In WoM mode the sensor can also stream at
bindskip2, 480 x 270 resolution.

SHADING CORRECTION (SC)

Lenses tend to produce images whose brightness is
significantly attenuated near the edges. There are also other
factors causing fixed pattern signal gradients in images
captured by image sensors. The cumulative result of all these
factors is known as image shading. The AR0822 has an
embedded shading correction module that can be
programmed to counter the shading effects on each
individual Red, GreenB, GreenR and Blue color signal.

ONE-TIME PROGRAMMABLE MEMORY (OTPM)

The AR0822 features 164 bytes of one-time
programmable memory (OTPM) available for customer use
for storing module specific information. The user may
program which set to be used. Additional bits are used by the
error detection and correction scheme. OTPM can be
accessed through two-wire serial interface. The AR0822
uses the auto mode for fast OTPM programming and read
operations.

IMAGE ACQUISITION MODE
ARO0822 supports two image acquisition modes:

Electronic Rolling Shutter (ERS) Mode

This is the normal mode of operation. When the AR0822
is streaming, it generates frames at a fixed rate, and each
frame is integrated (exposed) using the ERS. When ERS
mode is in use, the timing and control logic within the sensor
sequences through the rows of the array, resetting and then
reading each row in turn. In the time interval between
resetting a row and subsequently reading that row, the pixels
in the row integrate incident light. The integration
(exposure) time is controlled by varying the time between

www.onsemi.com
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row reset and row readout. For each row in a frame, the time
between row reset and row readout is the same, leading to a
uniform integration time across the frame. When the
integration time is changed (by using the two—wire interface
to change register settings), the timing and control logic
controls the transition from old to new integration time in
such a way that the stream of output frames from the
ARO0822 switches cleanly from the old integration time to
the new while only generating frames with uniform
integration.

Global Reset Release (GRR) Mode

This mode can be used to acquire a single image at the
current resolution. In this mode, the end point of the pixel
integration time is controlled by an external
electromechanical shutter, and the AR0822 provides control
signals to interface to that shutter. The benefit of using an
external electromechanical shutter is that it eliminates the
visual artifacts associated with ERS operation. Visual
artifacts can arise in ERS operation, particularly at low
frame rates, because an ERS image effectively integrates
each row of the pixel array at a different point in time.

MULTI-CAMERA SYNCHRONIZATION
Trigger/Slave Mode
ARO0822 supports the following Trigger modes:

Table 5. AR0822 TRIGGER MODES

Num Mode Name
1 Slave Integration Start Mode
2 Slave Stream Start at Integration Mode
3 Slave Readout Start Mode
4 Slave Stream Start at Readout Mode

AR0822

Tigger/Slave Mode Timing

Integration start

Integration start

v v

P ez Readout time
Registered integration time

0]

)]
FigLire 6. Slave Integration Start Mode

Integration start
'
i
v
Trigger0 I_

Readout time Readout time

Figure 7. Slave Stream Start at Integration Mode

Readout start Readout start

v

Trigger0
Integration time Integration time

Figure 8. Slave Readout Start Mode

Readout start
'
i
v

Trigger0 |
Integration time Integration time

Figure 9. Slave Stream Start at Readout Mode

FLASH TIMING CONTROL
ARO0822 supports xenon flash timing through GPIO pins.
The timing of Flash Signal is shown in Figure 10.

FRAME_VALID

Flash STROBE

L
/)

|
[

State of Triggered Bit

(ROX3046-7[14])

-/

Figure 10. Xenon Flash Enabled

The flash the flash2 registers allow the timing of the flash
to be changed. The flash can be programmed to fire only
once, delayed by a few frames when asserted, and the flash
duration can be programmed.

Pedestal
ARO0822 adds the wvalue from ROx301E-F
(data_pedestal ) to the incoming value. The data_pedestal

register is read—only by default but can be made read/write
by clearing the reset_register_lock_reg bit in ROx301A-B.

TWO-WIRE SERIAL REGISTER INTERFACE

The two-wire serial interface bus enables read/write
access to control and status registers within the AR0822.The
interface protocol uses a master/slave model in which a
master controls one or more slave devices. The sensor acts

www.onsemi.com
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as a slave device. The master generates a clock (SCLK) that
is an input to the sensor and is used to synchronize transfers.
Data is transferred between the master and the slave on a
bidirectional signal (SDATA). SDATA is pulled up to VDD
off-chip by a 1.5 k€ resistor. Either the slave or master
device can drive SDATA LOW-the interface protocol
determines which device is allowed to drive SDATA at any
given time.

The protocols described in the two—-wire serial interface
specification allow the slave device to drive SCLK LOW; the
ARO0822 uses SCLK as an input only and therefore never
drives it LOW.

PROTOCOL
Data transfers on the two-wire serial interface bus are
performed by a sequence of low- level protocol elements:
1. A (repeated) start condition
2. A slave address/data direction byte
3. An (a no) acknowledge bit
4. A message byte
5. A stop condition
The bus is idle when both SCLK and SDATA are HIGH.
Control of the bus is initiated with a start condition, and the
bus is released with a stop condition. Only the master can
generate the start and stop conditions.

Start Condition

A start condition is defined as a HIGH-to-LOW
transition on SDATA while SCLK is HIGH. At the end of a
transfer, the master can generate a start condition without
previously generating a stop condition; this is known as a
“repeated start” or “restart” condition.

Stop Condition
A stop condition is defined as a LOW-to—HIGH transition
on SDATA while SCLK is HIGH.

Data Transfer

Data is transferred serially, 8 bits at a time, with the MSB
transmitted first. Each byte of data is followed by an
acknowledge bit or a no—acknowledge bit. This data transfer
mechanism is used for the slave address/data direction byte
and for message bytes.

One data bit is transferred during each SCLK clock period.
SDATA can change when SCLK is LOW and must be stable
while SCLK is HIGH.

Slave Address/Data Direction Byte

Bits [7:1] of this byte represent the device slave address
and bit [0] indicates the data transfer direction. A “0” in bit
[0] indicates a WRITE, and a “1” indicates a READ. The
default slave addresses used by the ARO0822 for the
MIPI-configured sensor are 0x20 (write address) and 0x21
(read address) in accordance with the MIPI specification.
Alternate slave addresses can be selected by configuring the
SADDR pads and registers ROx3420 ~ R0x3426.

CONFIDENTIAL AND PROPRIETARY
NOT FOR PUBLIC RELEASE

Message Byte

Message bytes are used for sending register addresses and
register write data to the slave device and for retrieving
register read data.

Acknowledge Bit

Each 8-bit data transfer is followed by an acknowledge bit
or a no—acknowledge bit in the SCLK clock period
following the data transfer. The transmitter (which is the
master when writing, or the slave when reading) releases
SDATA. The receiver indicates an acknowledge bit by
driving SDATA LOW. As for data transfers, SDATA can
change when SCLK is LOW and must be stable while SCLK
is HIGH.

No-Acknowledge Bit

The no—acknowledge bit is generated when the receiver
does not drive SDATA LOW during the SCLK clock period
following a data transfer. A no—acknowledge bit is used to
terminate a read sequence.

TYPICAL SEQUENCE

A typical READ or WRITE sequence begins by the
master generating a start condition on the bus. After the start
condition, the master sends the 8-bit slave address/data
direction byte. The last bit indicates whether the request is
for a read or a write, where a “0” indicates a write and a “1”
indicates a read. If the address matches the address of the
slave device, the slave device acknowledges receipt of the
address by generating an acknowledge bit on the bus.

If the request was a WRITE, the master then transfers the
16-bit register address to which the WRITE should take
place. This transfer takes place as two 8-bit sequences and
the slave sends an acknowledge bit after each sequence to
indicate that the byte has been received. The master then
transfers the data as an 8-bit sequence; the slave sends an
acknowledge bit at the end of the sequence. The master stops
writing by generating a (re)start or stop condition.

If the request was a READ, the master sends the 8-bit
write slave address/data direction byte and 16-bit register
address, the same way as with a WRITE request. The master
then generates a (re)start condition and the 8-bit read slave
address/data direction byte, and clocks out the register data,
eight bits at a time. The master generates an acknowledge bit
after each 8-bit transfer. The slave’s internal register address
is automatically incremented after every 8 bits are
transferred. The data transfer is stopped when the master
sends a no—acknowledge bit.

Single READ from Random Location

This sequence (Figure 11 on page 10) starts with a dummy
WRITE to the 16-bit address that is to be used for the
READ. The master terminates the WRITE by generating a
restart condition. The master then sends the 8-bit read slave
address/data direction byte and clocks out one byte of
register data. The master terminates the READ by

www.onsemi.com
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maintained by the AR0822 is loaded and incremented as the

sequence proceeds.
>< X M+1

generating a no—acknowledge bit followed by a stop
condition. Figure 11 shows how the internal register address

Previous Reg Address, N Reg Address, M

S | Slave Address |0 |A| Reg Address[15:8] |A| Reg Address[7:0] |A| Sr| Slave Address [1|A Read Data AlP
S = start condition
P = stop condition
Sr = restart condition
A = acknowledge l:l slave to master
A = no-acknowledge D master to slave
Figure 11. Single READ from Random Location
SINGLE READ FROM CURRENT LOCATION master terminates the READ by generating a

no-acknowledge bit followed by a stop condition. The
figure shows two independent READ sequences.

>< N+2

A

This sequence (Figure 12) performs a read using the
current value of the AR0822 internal register address. The

X

A

Previous Reg Address, N Reg Address, N+1

P

—_

Read Data P S| Slave Address A Read Data

—_

Slave Address A

Figure 12. Single READ from Current Location

SEQUENTIAL READ, START FROM RANDOM LOCATION

This sequence (Figure 13) starts in the same way as the
single READ from random location (Figure 11). Instead of
generating a no—acknowledge bit after the first byte of data

has been transferred, the master generates an acknowledge
bit and continues to perform byte READs until “L” bytes

have been read.

Previous Reg Address, N

X

Reg Address, M

>Q/I+1

S | Slave Address | 0| A| Reg Address[15:8] |A| Reg Address[7:0]|A| Sr| Slave Address|1|A Read Data A
M+1 >< M+2 ><M+3 M+L-2 >< M+L-1 X M+L
Read Data |A Read Data |A Read Data  |A Read Data |A| p

Sequential READ, Start from Current Location

This sequence (Figure 14) starts in the same way as the
single READ from current location (Figure 12 on page 10).
Instead of generating a no—acknowledge bit after the first

byte of data has been transferred, the master generates an
acknowledge bit and continues to perform byte READs until

Figure 13. Sequential READ, Start from Random Location

“L” bytes have been read.

Previous Reg Address, N

X

N+1

N+2

X

S

Slave Address

1A

Read Data

A

Read Data

A

Read Data

A

Read Data

Figure 14. Sequential READ, Start from Current Location

www.onsemi.com
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Single WRITE to Random Location then LOW bytes of the register address that is to be written.
This sequence (Figure 15) begins with the master The master follows this with the byte of write data. The
generating a start condition. The slave address/data WRITE is terminated by the master generating a stop

direction byte signals a WRITE and is followed by the HIGH condition.

Previous Reg Address, N >< Reg Address, M M+1

S Slave Address 0|A Reg Address[15:8] |A| Reg Address[7:0] A Write Data

Figure 15. Single WRITE to Random Location

Sequential WRITE, Start at Random Location has been transferred, the master generates an acknowledge
This sequence (Figure 16) starts in the same way as the bit and continues to perform byte WRITEs until “L” bytes
single WRITE to random location (Figure 15). Instead of have been written. The WRITE is terminated by the master
generating a no-acknowledge bit after the first byte of data generating a stop condition.
Previous Reg Address, N >< Reg Address, M>Q/I+1

S | Slave Address A| Reg Address[15:8] |A| Reg Address[7:0] |A Write Data A

M+1 >< M+2 ><M+3 M+L-2 >< M+L-1 X M+L

Write Data A Write Data A Write Data A Write Data 2 P
Figure 16. Sequential WRITE, Start at Random Location

o S o . M [
| | | |
N N I .
SoaTA | | | | | | | |
LY LY Ll | I

= - |~ H | I
[ . | | L L
(A ek ey t tsupar || I | Al ety |
f | LOW r > < | | HD STA r I | BUF I |
| ]
L [ L I .
L] L1 L L
S ] b
L] L1 L I
Loy ! ' - I L I |
| | e | | e | |

» | tHD;STA - - tsu.sTA ol tsu:sTo -

s | Yopar  HIGH S | p g |
LS ] | LS| AN

Note: Read sequence: For an 8-bit READ, read waveforms start after WRITE command and register address are issued.

Figure 17. Two-Wire Serial Bus Timing Parameters

www.onsemi.com
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Table 6. TWO-WIRE SERIAL BUS CHARACTERISTICS
fEXTCLK = 27 MHz; VDD = VDD_PHY = VDD_PLL =1.05V; VDD_IO = 1.8V, VAA =VAA PIX= 2.8V; T =25°C

Standard Mode Fast Mode Fast Mode Plus
Parameter Symbol Min Max Min Max Min Max Unit
M_ScLk Clock Frequency fscL 0 100 0 400 0 1000 KHz
ScLk High 8*EXTCLK 8*EXTCLK us
+ ScLk rise + EXTCLK
time rise time
ScLk Low 6*EXTCLK 6*EXTCLK us
+ SgLk rise + SgLk rise
time time

Hold time (repeated) START condition. tHp:sTA 4 - 0.6 - 0.26 - us
After this period, the first clock pulse is
generated
LOW period of the M_S¢ k clock fLow 4.7 - 1.2 - 0.5 - us
HIGH period of the M_S¢, k clock tHIGH 4 - 0.6 - 0.26 - us
Set-up time for a repeated START con- tsu:sTA 4.7 - 0.6 - 0.26 - us
dition
Data hold time tHD;DAT 0 3.453 0 0.93 0 - us
Data set-up time tsu;paT 250 - 100 - 50 - ns
Rise time of both M_Spata and M_Sg ik t - 1000 20 + 300 20 + 120 ns
time (10-90%) 0.1Cb 0.1 Cb

(Note 4) (Note 4)
Fall time of both M_Spata and M_S¢ k 1 - 300 20 + 300 20 + 120 ns
time (10-90%) 0.1 Cb 0.1 Cb

(Note 4) (Note 4)
Set-up time for STOP condition tsu;sTo 4 - 0.6 - 0.26 - us
Bus free time between a STOP and tBUF 4.7 - 1.3 - 0.5 - us
START condition
Capacitive load for each bus line Cb - 400 - 400 - 500 pF
Serial interface input pin capacitance Cin_sl - 3.3 - 3.3 - 3.3 pF
M_SpaTta max load capacitance CLoAD_sD - 30 - 30 - 30 pF
M_Spata pull-up resistor Rsp 1.5 4.7 1.5 4.7 1.5 4.7 kQ

Two-wire control is 12C compatible.

No ok~

This table is based on 12C standard (v2.1 January 2000). Philips Semiconductor.

applications, but should be checked if below minimum fall times and rise times are required.

10.Cb = total capacitance of one bus line in pF.

www.onsemi.com
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All values referred to Viymin = 0.9 Vpp 10 and Vi max = 0.1 Vpp |0 levels. Sensor EXCLK = 27 MHz.
A device must internally provide a hold fime of at least 300 ns for the SDATA signal to bridge the undefined region of the falling edge of SCLK.
The two-wire standard specifies a minimum rise and fall time for Fast-Mode and Fast-Mode Plus modes of operation. This specification
is not a timing requirement that is enforced on onsemi sensor’s as a receiver, because these receivers are designed to work in mixed systems
with std-mode where no such minimum rise and fall times are required/specified. However, it’s the host’s responsibility when using fast edge
rates, especially when two-wire slew-rate driver control isn’t available, to manage the generated EMI, and the potential voltage undershoot
on the sensor receiver circuitry, to avoid activating sensor ESD diodes and current—clamping circuits. This is typically not an issue in most

The maximum typ.pat has only to be met if the device does not stretch the LOW period (t_ ow) of the Sc k signal.
A Fast-mode 12C-bus device can be used in a Standard-mode 12C-bus system, but the requirement tsy.par 250 ns must then be met. This
will automatically be the case if the device does not stretch the LOW period of the Sg) i signal. If such a device does stretch the LOW period
of the S¢| k signal, it must output the next data bit to the Spara line t, max + tgy.pat = 1000 + 250 = 1250 ns (according to the Standard-mode
I2C-bus specification) before the Sgk line is released.
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Table 7. TWO-WIRE SERIAL REGISTER INTERFACE ELECTRICAL CHARACTERISTICS
fEXTCLK = 27 MHz; VDD = VDD_PHY = VDD _PLL = 1.05 V; VDD_|O = 1.8 V; VAA = VAA_PIX = 2.8 V; Tp = 25°C

Standard Mode Fast Mode Fast Mode Plus
Parameter Symbol Condition Min Max Min Max Min Max Unit
Input HIGH voltage ViH 0.7* - 0.7* - 0.7* - \%
Vbpio Vbbio Vbpio
Input LOW voltage ViL - 03* - 0.3* - 0.3* \%
Vbpio Vobio Vbbio
Output LOW voltage VoL Vppio=(1.7V - 0.4 - 0.4 - 0.4 \
~1.9V)
loL=3mA
VoL Vbpio = (2.6 V - 0.2* - 0.2* - 0.2* \Y
Output LOW voltage -3.0V) Vooio Vooio Vooio
loL=3mA

www.onsemi.com
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POWER-ON RESET AND STANDBY TIMING

Power-up Sequence

The recommended power—up sequence for the AR0822 is
shown in Figure 18.

The available power supplies
(VAA2VS,VAA2VS_PIX,VDDIO2V8R1VS8,VDDIO2VS
R1V8_AHM,DVDD, DVDD_DPLL, DVDD1_PHY) must
have the separation specified below.

1. Turn on XSHUTDOWN signal at t = 0.

2. Turn on external 2.8 V power supply after t1.
3. After t2, turn on extenal IO power supply.

4. After t3, turn on external 1.05 V supply.

AR0822

5. After the last power supply is stable, enable
EXTCLK.

6. If RESET N is in a LOW state, hold RESET N
LOW for at least 1ms. If RESET N is in a HIGH
state, assert RESET N for at least 1 ms.

7. Toggle Stream ON for minimum 2 ms and then off
(ROx301A<2> =1 and 0).

8. Wait 160000 EXTCLKSs (for internal initialization
into software standby).

9. Configure PLL, output and image settings to
desired values.

10. Wait 1 ms for the PLL to lock.
11. Set streaming mode (ROx301A<2> =1).

XSHUTDOWN

External 2.8V tl

External 10
Supply t2

—2—

External 1.05 V | t3 /

N T I

EXTCLK
| t4
RESET N |
t5 |
Stream On/Off
(0x301A<2>) t6

t7

Software PLL
Stdby lock

Internal

e e Streaming
Initialization

Figure 18. Power-up Sequence

www.onsemi.com
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Table 8. RECOMMENDED POWER-UP TIMING
Timing Min Typ Max
t1 10 us 100 ps -
t2 10 us 200 us -
13 10 us 300 us -
t4 500 us 1ms -
t5 - t4+1ms -
t6 - t5 + 1600000 -
EXTCLK cycles
t7 2ms - -
Power-Down Sequence 5. Turn off external 1.05 V supply
The recommended power—down sequence for the 6. Turn off external IO supply
ARO0822 is shown below. The available power supplies must 7. Turn off External 2.8 V supply
have the separation specified below. 8. Turn off External Clock
1. Disable streaming if output is active by setting 9. From power down to next power (power down and

standby ROx301A[2] = 0.
2. Pull RESET N signal low.
3. Pull XSHUTDOWN signal Low
4. The soft standby state is reached after the current

row or frame, depending on configuration, has
ended.

up of the 2.8 V supply as a reference), one has to
wait at least 100 ms. All decoupling caps from
regulators must be completely discharged.

1104 1

External 1.05 V ! ' '
1103 | ; ;

XSHUTDOWN———v—I< - ‘ ‘

' 1102 ' ' '

JUUT== IR

EXTCLK - - - ' ‘ ‘ ‘
RESET_N 1101 } } }

Figure 19. Power-down Sequence

Table 9. RECOMMENDED POWER-DOWN TIMING

Symbol Min Max Unit
t101 0 us
t102 0 - us
t103 0 - us
t104 0 -
t105 0 -

www.onsemi.com
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HARD STANDBY SEQUENCE
The recommended hard standby sequence for the AR0822
is shown below.
1. Disable streaming if output is active by setting
standby R0x301a[2] =0

2. Do a hard reset by pulling down RESET_N.

3. Disable the EXTCLK after 100us.

4. Assert the XSHUTDOWN pin after 100 us. At this
time, make sure EXTCLK should be 0.

e [\

RESET N

XSHUTDOWN ] \
Hard Standby

Hard Réset
|

Figure 20.

XSHUTDOWN signaling is ACTIVE LOW.
Note: The difference between Hard reset and Hard

connected to all power supplies. The latter will make sure
the leakage current through VDD and VDD_PHY is

standby is that the former will power down all the circuits minimum.
Table 10. RECOMMENDED HARD STANDBY TIMING
SN Definition Symbol Min Typ Max
1 RESET_N to EXTCLK 0 100 us - -
2 EXTCLK to XSHUTDOWN 11 100 us - -

SOFT STANDBY AND SOFT RESET

The AR0822 can reduce power consumption by switching
to the soft standby state when the output is not needed.
Register values are retained in the soft standby state. Once
this state is reached, soft reset can be enabled optionally to
return all register values back to the default. The details of
the sequence are described below and shown in Figure 21 on
page 17.

3. The soft standby with external clock disabled
retains register values, uses minimum power, and
allows faster power—up.

Soft Reset

1. Follow the soft standby sequence list above.

2. Set software_reset = 1 (R0x0103) to start the
internal initialization sequence.

3. After 16000 EXTCLKSs, the internal initialization
sequence is completed and the current state returns
to soft standby automatically. All registers,
including software_reset, returns to their default
values.

Soft Standby
1. Disable streaming if output is active by setting
mode_select = 0 (R0Ox0100).
2. The soft standby state is reached after the current
row or frame, depending on configuration, has
ended.

www.onsemi.com
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| ——] [ I
| next row/frame | | | |

mode_select + +

ROX0100 Logic“t” | Logic“o” | (I I
I I — I
I I | I

software_reset i i — i

R0x0103 | Logic “0” | || Logic “1” | Logic “0”
I I | I
| | [s00 | 16000 EXTCLKp
| | EXTClKs |
I 1 1

Streaming | Soft Standby I Soft Reset I Soft Standby

| ! !

| I I
Figure 21. Soft Standby and Soft Reset

QE: AR0822 RGB
100

90

80 /\\ —Green QE %
N
AR e

TN TN
30I‘\
iR
TN N [~ N

SN _

0
350 450 550 650 750 850 950 1050 1150

WAVELENGTH (nm)
Figure 22. AR0822 Quantum Efficiency vs. Wavelength
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QE: AR0822 Mono

100
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>_
(Z) 60
u
S}
t 50
L N
:E)
z
=
] 30
20 \\
10 \
0
400 500 600 700 800 900 1000 1100
WAVELENGTH (nm)
Figure 23. AR0822 Quantum Efficiency vs. Wavelength
Image Height CRA
CRA vs. Image Height Plot (%) | (mm) (deg)
0 0 0
AR0822 CRA Characteristic 5 0.220 0.50
12 10 0.441 1.00
11 15 | 0.661 1.50
10 20 0.881 2.00
25 1.101 2.50
9 30 [1322| 300
8 35 1.542 3.50
3 7 40 | 1.762 4.00
z 45 1.983 4.50
< 6
v 50 2.203 5.00
© 5
55 | 2.423 5.50
4 60 2.643 6.00
3 65 |2.864 6.50
5 70 3.084 7.00
75 3.304 7.50
1 80 |3525| 8.00
0 85 | 3.745 8.50
0 10 20 30 40 50 60 70 80 90 100 110 % 396 9.00
Image Height (%) 965 i
95 4.186 9.50
Figure 24. Chief Ray Angle - 10° 100 | 4.406 10.00
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Table 11. 1/O TIMING CHARACTERISTICS (1.8 V Vpp_lO)
VvDD_I0O=1.8V
Symbol Definition Condition Min Typ Max Unit
fExToLK Input clock frequency PLL Enabled 6 - 50 MHz
tEXTCLK Input clock period PLL Enabled 20 - 166 ns
ITTER Input clock jitter - - 1 ns
Table 12. MIPI HIGH-SPEED TRANSMITTER DC ELECTRICAL CHARACTERISTICS
Symbol Definition Condition Min Typ Max Unit
VDD HS transmit digital voltage 140 - 270 mV
VCMTX HS transmit static common mode voltage 150 - 250 mV
AVOD VOD mismatch when output is Differential-1 or Differen- - - 14 mV
tial-0
AVCMTX(1,0) [VCMTX mismatch when output is Differential-1 or Differen- - - 5 mV
tial-0
VOHHS HS output HIGH voltage - - 360 \
Z0S Single-ended output impedance 40 - 62.5 fi
A Z0OS Single-ended output impedance mismatch - - 10 %
Table 13. MIPI HIGH-SPEED TRANSMITTER AC ELECTRICAL CHARACTERISTICS
Symbol Definition Condition Min Typ Max Unit
Data bit rate - - 1971 Mb/s
trise 20-80% rise time - 185 — ps
tfall 20-80% fall time - 176 - ps
Table 14. MIPI LOW-POWER TRANSMITTER DC ELECTRICAL CHARACTERISTICS
Symbol Definition Condition Min Typ Max Unit
VOL Thevenin output low level - - 50 mV
VOH Thevenin output high level 0.85 1 1.3 \%
ZOLP Output impedance of LP transmitter 110 - -
Table 15. LOW-POWER TRANSMITTER AC ELECTRICAL CHARACTERISTICS
Symbol Definition Condition Min Typ Max Unit
trise 15-85% rise time - - 25 ns
tfall 15-85% fall time - - 25 ns
Slew Slew rate (CLOAD 5-20 pF) - - 200 mV/ns
Slew Slew rate (CLOAD 20-70 pF) - - 150 mV/ns
Table 16. ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Minimum Maximum Unit
VSUPPLY (2.8 V) Power supply voltage 2.8 V -0.3 3.5 \Y
VSUPPLY (1.8V) Power supply voltage 1.8 V -0.3 2.6 \Y

www.onsemi.com
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Table 16. ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Minimum Maximum Unit
VSUPPLY (1.05 V) | Power supply voltage 1.05 V -0.3 1.7 \Y
ISUPPLY Total power supply current - 1500 mA
IGND Total ground current - 1500 mA
VIN DC input voltage -0.3 VDD _10 +0.3
VOUT DC output voltage -0.3 VDD _10 +0.3
TSTG (Note 11) Storage temperature -40 150 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

11. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

12.To keep dark current and shot noise artifacts from impacting image quality, keep operating temperature at a minimum.

www.onsemi.com
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Table 17. DC_ELECTRICAL DEFINITIONS AND CHARACTERISTICS
fEXTCLK = 27 MHz; VAA2V8_ANA = 2.8 V; VAA2V8_PIX = 2.8 V; DVDD = 1.05 V; DVDD_MEM = 1.05 V; DVDD_ANA =1.05V;
DVDDPHY = 1.05 V; VDDIO2V8R1V8 = 1.8 V; TJ = 25C for typical; Ty = 60°C for max.

CONFIDENTIAL AND PROPRIETARY
NOT FOR PUBLIC RELEASE

Symbol Parameter Condition Min Typ Max Unit
VDDIO I/O Digital Voltage 1.7 1.8 1.9 \Y
VAA, VAA_PIX Analog, Pixel Voltage 2.7 2.8 2.9 \Y
VDD_PHY, VDD | PHY/Digital Voltage 1.0 1.05 1.1 \
OPERATING CURRENT
IDD_IO I/O Digital Current 3840x2160 - 21.2 - mA
IAAIAA_PIX | Analog/Pixel Current 3-exp eHDR @30fps - 91.2 - mA
IDD_PHY/IDD PHY/Digital Current - 234.5 - mA
IDD_IO I/O Digital Current 3840x2160 - 15.7 65 mA
IAAIAA_PIX | Analog/Pixel Current Linear mode @60fps - 743 | 125 mA
IDD_PHY/IDD PHY/Digital Current - 151.8 290 mA
IDD_IO I/O Digital Current 3840x2160 - 9.6 - mA
IAAIAA_PIX | Analog/Pixel Current Linear mode @30fps - 40.93 - mA
IDD_PHY/IDD PHY/Digital Current - 86.78 - mA
IDD_IO I/O Digital Current 1920x1080 - 15.6 - mA
IAAIAA_PIX | Analog/Pixel Current Binning Linear mode @120fps - 69.5 - mA
IDD_PHY/IDD PHY/Digital Current - 115.3 - mA
IDD_IO I/O Digital Current 3840x2160 - 15.8 - mA
IAAIAA_PIX | Analog/Pixel Current 2-exp LI-HDR mode @30fps — 68.0 - mA
IDD_PHY/IDD PHY/Digital Current - 189.4 - mA
IDD_IO I/O Digital Current 3840x2160 - 15.59 - mA
IAAIAA_PIX | Analog/Pixel Current €DR 3-exp mode @30fps - 70.16 - mA
IDD_PHY/IDD PHY/Digital Current - 266.2 - mA
IDD_IO I/O Digital Current 3840x2160 - 19.1 - mA
IAAIAA_PIX | Analog/Pixel Current LI-eDR mode @30fps - 88.0 — mA
IDD_PHY/IDD PHY/Digital Current - 242.9 - mA
IDD_IO I/O Digital Current 480x270 (no streaming) - 0.4 - mA
Motion Detection Mode
IAA/IAA_PIX Analog/Pixel Current - 1.62 - mA
IDD_PHY/IDD PHY/Digital Current - 11.82 - mA
IDD_IO 1/O Digital Current 480x270 (streaming) 0.38 mA
Motion Detection Mode
IAA/IAA_PIX Analog/Pixel Current 2.59 mA
IDD_PHY/IDD PHY/Digital Current 11.95 mA
IDD_IO I/O Digital Current eDR_3840x2160_30fps 15.59 mA
IAA/IAA_PIX Analog/Pixel Current 70.16 mA
IDD_PHY/IDD PHY/Digital Current 243.25 mA
STANDBY CURRENT
IDD_IO I/O Digital Current Reset_N Low & XSHUTDOWN Signal - 0.05 2 mA
High (EXT_CLK on
IAA/IAA_PIX Analog/Pixel Current oh (EXT_ ) - 0.06 5 mA
IDD_PHY/IDD PHY/Digital Current - 2.53 57 mA

www.onsemi.com
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Table 17. DC_ELECTRICAL DEFINITIONS AND CHARACTERISTICS

fEXTCLK = 27 MHz; VAA2V8_ANA = 2.8 V; VAA2V8_PIX =2.8 V; DVDD = 1.05 V; DVDD_MEM = 1.05 V; DVDD_ANA = 1.05V;

DVDDPHY = 1.05 V; VDDIO2V8R1V8 = 1.8 V; TJ = 25C for typical; T; = 60°C for max.

Symbol Parameter Condition | Min | Typ | Max Unit |
STANDBY CURRENT
IDD_10 I/O Digital Current Reset_N & XSHUTDOWN Signal Low - 0.05 0.15 mA
IAA/IAA_PIX | Analog/Pixel Current (EXT_CLK on) - 006 | 035 | mA
IDD_PHY/IDD PHY/Digital Current - 0.02 0.48 mA
IDD_IO I/O Digital Current Standby Current When asserting - 0.02 5 mA
IAA/IAA_PIX Analog/Pixel C ROX301A[Z] = 0 1.08 2 A
AA/IAA | nalog/Pixel Current (EXT_CLK off) - . m
IDD_PHY/IDD PHY/Digital Current - 1.6 27 mA
IDD_10O I/O Digital Current Standby Current When asserting - 0.04 2 mA
IAA/IAA_PIX Analog/Pixel C ROX301AL2] = 0 1.08 A
AA/IAA | nalog/Pixel Current (EXT_CLK on) - . 5 m
IDD_PHY/IDD PHY/Digital Current - 6.24 60 mA
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