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AR0330: 1/3-Inch CMOS Digital Image Sensor

Features

Features

e 2.2 pm pixel with ON Semiconductor A-Pixm™
technology

 Full HD support at 60 fps (2304H x 1296V) for
maximum video performance

e Superior low-light performance

e 3.4Mp (3:2) and 3.15 Mp (4:3)still images

e Support for external mechanical shutter

 Support for external LED or Xenon flash

* Data interfaces: four-lane serial high-speed pixel
interface (HiSPi™) differential signaling (SLVS),
four-lane serial MIPI interface, or parallel.

¢ On-chip phase-locked loop (PLL) oscillator

» Simple two-wire serial interface

* Auto black level calibration

* 12-t0-10 bit output A-Law compression

e Slave mode for precise frame-rate control and for
synchronizing two sensors

Applications

* 1080p high-definition digital video camcorder
* Web cameras and video conferencing cameras
* Security

General Description

The ON Semiconductor AR0330 is a 1/3-inch CMOS
digital image sensor with an active-pixel array of
2304Hx1536V. It can support 3.15 megapixel (2048H x
1536V) digital still image capture and a

1080p60+20%EIS (2304H x 1296V) digital video mode.

It incorporates sophisticated on-chip camera func-
tions such as windowing, mirroring, column and row
subsampling modes, and snapshot modes.

Table 1:

Key Parameters

Parameter

Typical Value

Optical format

1/3-inch (6.0 mm)

Entire Array: 6.09 mm

Still Image: 5.63 mm (4:3)
HD Image: 5.82 mm (16:9)

Active pixels

2304(H) x 1536(V): (entire array):
5.07 mm (H) x 3.38 mm (V)
2048(H) x 1536(V) (4:3, still
mode)

2304(H) x 1296(V) (16:9, sHD
mode)

Pixel size

2.2 umx2.2um

Color filter array RGB Bayer

Shutter type ERS and GRR

Input clock range 6—27 MHz

Output clock maximum 196 Mp/s (4-lane HiSPi or MIPI)
2304 x 1296 at 60 fps

Ut | s |50 T e o
<300 MW (Vcm 0.2V, 98 Mp/s)

Responsivity 2.0 V/lux-sec

SNRmax 39dB

Dynamic range 69.5 dB

1.7-1.9V (1.8 V nominal) or

\/O/Digital 2.4-3.1V (2.8 V nominal)
Digital 1.7-1.9V (1.8 V nominal)
Supply |Analog 2.7-29V

voltage | HiSPi PHY

1.7-1.9V (1.8 V nominal)

HiSPi 1/0 (SLVS)

0.3—0.9 V (0.4 or 0.8 V nominal)

HiSPi I/O
(HiVCM)

1.7-1.9V (1.8 V nominal)

Operating temperature
(junction) -T,

—30°Cto+70°C

Package options

11.4 mm x 11.4 mm CLCC

6.28 mm x 6.65 mm CSP

Bare die

AR0330_DS Rev. U Pub.4/15 EN

©Semiconductor Components Industries, LLC 2015,



http://www.onsemi.com
http://www.aptina.com
http://www.aptina.com

ON Semiconductor”® ~ i '

Ordering Information

Table 2: Available Part Numbers

AR0330: 1/3-Inch CMOS Digital Image Sensor
Ordering Information

Part Number

Product Description

Orderable Product Attribute Description

AR0330CM1CO0SHAAO0-DP 3 MP1/3"CIS Dry Pack with Protective Film
AR0330CM1CO0SHAAO-DR 3 MP1/3"CIS Dry Pack without Protective Film
AR0330CM1CO0SHAAO-TP 3.5MP 1/3"CIS Tape & Reel with Protective Film
AR0330CM1CO00SHKAO-CP 3 MP1/3"CIS Chip Tray with Protective Film
AR0330CM1CO0SHKAO-CR 3 MP 1/3"CIS Chip Tray without Protective Film
AR0330CM1C12SHAAO0-DP 3 MP1/3"CIS Dry Pack with Protective Film
AR0330CM1C12SHAAO0-DR 3MP1/3"CIS Dry Pack without Protective Film
AR0330CM1C12SHKAO-CP 3MP1/3"CIS Chip Tray with Protective Film
AR0330CM1C12SHKAO-CR 3 MP1/3"CIS Chip Tray without Protective Film
AR0330CM1C21SHKAO-CP 3MP1/3"CIS Chip Tray with Protective Film
AR0330CM1C21SHKAO-CR 3MP1/3"CIS Chip Tray without Protective Film
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General Description

AR0330: 1/3-Inch CMOS Digital Image Sensor
General Description

The AR0330 can be operated in its default mode or programmed for frame size, expo-
sure, gain, and other parameters. The default mode output is a 2304 x 1296 image at 60
frames per second (fps). The sensor outputs 10- or 12-bit raw data, using either the
parallel or serial (HiSPi, MIPI) output ports.

Functional Overview

The AR0330 is a progressive-scan sensor that generates a stream of pixel data at a
constant frame rate. It uses an on-chip, phase-locked loop (PLL) that can generate all
internal clocks from a single master input clock running between 6 and 27 MHz. The
maximum output pixel rate is 196 Mp/s using a 4-lane HiSPi or MIPI serial interface and
98 Mp/s using the parallel interface. Figure 1 shows a block diagram of the sensor.

Figure 1: Block Diagram

Test Pattern
Ext Generator
Clock 12-bit
i Analog Core Digital Core Output Data-Path
oL Row Noise Correction [« 4% Compression (optional)
Black Level Correction
wv . .
Timing g e Digital Gain
and A || Pixel Array Data Pedestal
Control 2 .
& 12-bit
- 12-bit 100r12-bit
8, 10, or
¢ 12-bit
Two-wire serial I/F v v 7
Parallel |/O MIPI |/O HiSPi |/O
PIXCLK, FV, CLK P/N, SLVS C P/N,
LV, Dout [11:0] DATA [1:4] P/N SLVS [3:0] P/N

Max 98 Mp/s Max 196 Mp/s ~ Max 196 Mp/s
over 4 lanes over 4 lanes
(588 Mbps/lane) (588 Mbps/lane)

User interaction with the sensor is through the two-wire serial bus, which communi-
cates with the array control, analog signal chain, and digital signal chain. The core of the
sensor is a 3.4Mp active- pixel sensor array. The timing and control circuitry sequences
through the rows of the array, resetting and then reading each row in turn. In the time
interval between resetting a row and reading that row, the pixels in the row integrate
incident light. The exposure is controlled by varying the time interval between reset and
readout. Once a row has been read, the signal from the column is amplified in a column
amplifier and then digitized in an analog-to-digital converter (ADC). The output from
the ADC is a 12-bit value for each pixel in the array. The ADC output passes through a
digital processing signal chain (which provides further data path corrections and applies
digital gain).

AR0330_DS Rev. U Pub.4/15 EN
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Working Modes
The AR0330 sensor working modes are specified from the following aspect ratios:
Table 3: Available Aspect Ratios in the AR0O330 Sensor
Aspect Ratio Sensor Array Usage
3:2 Still Format #1 2256 (H) x 1504 (V)
4:3 Still Format #2 2048(H) x 1536 (V)
16:10 Still Format #3 2256 (H) x 1440(V)
16:9 HD Format 2304 (H) x 1296 (V)
The AR0330 supports the following working modes. To operate the sensor at full speed
(196 Mp/s) the sensor must use the 4-lane HiSPi or MIPI interface. The sensor will
operate at half-speed (98 Mp/s) when using the parallel interface.
Table 4: Available Working Modes in the AR0330 Sensor
FPS FPS
Aspect Active Readout Sensor Output (4-Lane MIPI/ (Parallel Sub-
Mode Ratio Window Resolution HiSPi Interface) | Interface) sampling FOV
1080p +EIS 16:9 2304 x 1296 2304 x 1296 60 n/a - 100%
30 30 - 100%
3M still 4:3 2048 x 1536 2048 x 1536 30 25 - 100%
3:2 2256 x 1504 2256 x 1504 30 25 - 100%
WVGA +EIS 16:9 2304 x 1296 1152 x 648 60 60 2x2 100%
WVGA +EIS 16:9 2304 x 1296 1152 x 648 120 N/A 2x2 100%
Slow-motion
VGA Video 16:10 2256 x 1440 752 x 480 60 60 3x3 96%
VGA Video 16:10 2256 x 1440 752 x 480 215 107 3x3 96%
Slow-motion

AR0330_DS Rev. U Pub.4/15 EN 7 ©Semiconductor Components Industries, LLC,2015.
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AR0330: 1/3-Inch CMOS Digital Image Sensor

Working Modes
Figure 2: Typical Configuration: Serial Four-Lane HiSPi Interface
Digital Digital
I/0  Core HiSPi PLL Analog Analog
powerl powerl  power! powerl powerl powerl
« Lo Voo I0 Voo & & = g VAA  Vaa PIX
b 0 T a |
§2% RO g o SLVS0_P 0
n n o | > & -
— — > Q SLVSO_N[—
Master clock > SLVS1 PF——
(627 EXTCLK SIvs1 N|——
MH =o| OE_BAR SWVs2 PL—
TRIGGER -
e SWvs2 NfF—— \ 1o
ScLK SLVS3 PF—— controller
- (HiSPi-serial interface)
From SDATA SIVS3 Nb—on
controller !
——»o| RESET_BAR SLVSC PI—
SLVSC_N [——
FLASH |———
| TEST SHUTTER J
DGND GND_SLVS AGND
Digital Analog
ground ground
VDD_HiSPi_TX VbD_IO VDD VDD_HiSPi  VDD_PLL VAA VAA_PIX

l.opF| 0.1uF lopF| 0.1uf 1.opA 0.1uF| l.opF| 0.1pF 1.0uF 0.1pF 1.0;@ 0.1pA 1.0},@ 0.1uF

Notes: 1.
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in B
Dl
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All power supplies must be adequately decoupled. ON Semiconductor recommends having 1.0uF
and 0.1puF decoupling capacitors for every power supply. If space is a concern, then priority must be
given in the following order: VAA, Vaa_PIX, VDD_PLL, VDD_IO, and VDD. Actual values and results may
vary depending on layout and design considerations.

To allow for space constraints, ON Semiconductor recommends having 0.1uF decoupling capacitor
inside the module as close to the pads as possible. In addition, place a 10pF capacitor for each sup-
ply off-module but close to each supply.

ON Semiconductor recommends a resistor value of 1.5kQ, but a greater value may be used for
slower two-wire speed.

The pull-up resistor is not required if the controller drives a valid logic level on Scik at all times.

ON Semiconductor recommends that analog power planes are placed in a manner such that cou-
pling with the digital power planes is minimized.

TEST pin should be tied to DGND.

Set High_VCM (ROx306E[9]) to O (default) to use the Vbp_HiSPi_TX in the range of 0.4 — 0.8V. Set
High_VCM to 1 to use a range of 1.7 — 1.9V.

The package pins or die pads used for the MIPI data and clock as well as the parallel interface must
be left floating.

The VDbD_MIPI package pin and sensor die pad should be connected to a 2.8V supply as Vbb_MIPI is
tied to the VDD_PLL supply both in the package routing and also within the sensor die itself.

If the SHUTTER or FLASH pins or pads are not used, then they must be left floating.

. If the TRIGGER or OE_BAR pins or pads are not used, then they should be tied to DGND.
. The GND_SLVS pad must be tied to DGND. It is connected this way in the CLCC and CSP packages.

AR0330_DS Rev. U Pub.4/15 EN
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Figure 3: Typical Configuration: Serial MIPI

Digital Digital
1/0 Core PLL Analog Analog
powerl powert powerl  powerl powerl
I VoD 10 VDD - E Var Vma PIX
o o o =
g g o' 5 DAmLP -
n wn (=) o
I > > DATAL_N
Master clock DATA2 P
EXTCLK
(6-27 MHz) DATA2 N |[——
DATA3 P [——
»d OE_BAR DATA3 N [—| 1o
TRIGGER DATA4 P | [ controller
From SSADDR DATA4 _N (MIPI - serial interface)
controller CLK -
SDATA CLK P [——
————»d RESET BAR CLK N [——
SHUTTER [——>
TEST FLASH |——»
J
DGND AGND
Digital Analog
ground ground
1.0yF 0.1;% 1.0uF 0.1}1; 1.0pF 0.1pF]  1.0pF| 0.1 1.0&&

—

Vop_IO VbD Vop_PLL VAA Vaa_PIX
uF

T 3137

Notes: 1. All power supplies must be adequately decoupled. ON Semiconductor recommends having 1.0uF
and 0.1pF decoupling capacitors for every power supply. If space is a concern, then priority must be
given in the following order: Vaa, Vaa_PIX, VbD_PLL, VoD_MIPI, VDD_IO, and VbD. Actual values and
results may vary depending on layout and design considerations.

2. To allow for space constraints, ON Semiconductor recommends having 0.1uF decoupling capacitor
inside the module as close to the pads as possible. In addition, place a 10uF capacitor for each sup-
ply off-module but close to each supply.

3. ON Semiconductor recommends a resistor value of 1.5k, but a greater value may be used for
slower two-wire speed.

4. The pull-up resistor is not required if the controller drives a valid logic level on ScLk at all times.

5. ON Semiconductor recommends that analog power planes are placed in a manner such that cou-
pling with the digital power planes is minimized.

6. TEST pin must be tied to DGND for the MIPI configuration.

7. ON Semiconductor recommends that GND_MIPI be tied to DGND.

8. VDD_MIPI is tied to VDD_PLL in both the CLCC and the CSP package. ON Semiconductor strongly rec-
ommends that VDb_MIPI must be connected to a Vbb_PLL in a module design since Vob_PLL and
VDD_MIPI are tied together in the die.

9. The package pins or die pads used for the HiSPi data and clock as well as the parallel interface must
be left floating.

10. HiSPi Power Supplies (VDD_HiSPi and VbD_HiSPi_TX) can be tied to ground.
11. If the SHUTTER or FLASH pins or pads are not used, then they must be left floating.
12. If the TRIGGER or OE_BAR pins or pads are not used, then they should be tied to DGND.

AR0330_DS Rev. U Pub.4/15 EN 9 ©Semiconductor Components Industries, LLC,2015.
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Figure 4: Typical Configuration: Parallel Pixel Data Interface
Digital Digital
1/0 core PLL Analo% Analo%
powerl powerl powerl powerl power
< < Vop_I0 Vob z = VAA  VaA_PIX
; ; [
902G g 3
n S > 8
o >
Master clock EXTCLK DouT [11:0] :>
(6-27 MHz)
OE_BAR PIXCLK f—
TRIGGER LINE VALD |——» (* 10
SADDR FRAME_VALID |—» | controller
SHUTTER
Controller L RESET BAR
TEST
DGND AGND
Digital Analog
ground ground
VoD_I0 VDD VoD_PLL VaA Vaa_PIX
1.0uE ;; J 1.0uE 0.1|;F 1.0 ;E UJ-..IJZ 1.0pF| 0.1 ; 1.O|.|.E|:0»11
Notes: 1.

All power supplies must be adequately decoupled. ON Semiconductor recommends having 1.0uF
and 0.1pF decoupling capacitors for every power supply. If space is a concern, then priority must be
given in the following order: VAA, Vaa_PIX, VDD_PLL, VDD_IO, and VDD. Actual values and results may
vary depending on layout and design considerations.

To allow for space constraints, ON Semiconductor recommends having 0.1pF decoupling capacitor
inside the module as close to the pads as possible. In addition, place a 10uF capacitor for each sup-
ply off-module but close to each supply.

ON Semiconductor recommends a resistor value of 1.5kQ, but a greater value may be used for
slower two-wire speed.

The pull-up resistor is not required if the controller drives a valid logic level on Scik at all times.

ON Semiconductor recommends that analog power planes are placed in a manner such that cou-
pling with the digital power planes is minimized.

TEST pin should be tied to the ground.

The data and clock package pins or die pads used for the HiSPi and MIPI interface must be left float-
ing.

The Vbb_MIPI package pin and sensor die pad should be connected to a 2.8V supply as it is tied to
the VDD_PLL supply both in the package routing and also within the sensor die itself. HiSPi Power
Supplies (Vbb_HiSPi and Vbp_HiSPi_TX) can be tied to ground.

If the SHUTTER or FLASH pins or pads are not used, then they must be left floating.

10. If the TRIGGER or OE_BAR pins or pads are not used, then they should be tied to DGND.

10
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HiSPi Power Supply Connections

The HiSPi interface requires two power supplies. The VDD_HiSPi powers the digital logic
while the VDD_HiSPi _TX powers the output drivers. The digital logic supply is a nominal
1.8V and ranges from 1.7 to 1.9V. The HiSPi drivers can receive a supply voltage of 0.4 to
0.8Vor1.7to 1.9V.

The common mode voltage is derived as half of the VDD_HiSPi _TX supply. Two settings

are available for the output common mode voltage:

1. SLVS mode. The VDD_HiSPi_Tx supply must be in the range of 0.4 to 0.8V and the
high_vcm register bit ROx306E[9] must be set to “0”. The output common mode volt-
age will be in the range of 0.2 to 0.4V.

2. HiVCM mode. The VDD_HiSPi_Tx supply must be in the range of 1.7 to 1.9V and the
high_vcem register bit ROx306E[9] must be set to “1”. The output common mode volt-
age will be in the range of 0.76 to 1.07V.

Two prior naming conventions have also been used with the VbD_HiSPi and

VDD_HiSPi _TX pins:

1. Digital logic supply was named VDD_SLVS while the driver supply was named
VDD_SLVS_TX.

2. Digital logic supply was named VDD_PHY while the driver supply was named
VDD_SLVS.
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Pin Descriptions

AR0330: 1/3-Inch CMOS Digital Image Sensor
Pin Descriptions

Table 5: Pin Descriptions
Name Type Description
RESET_BAR Input Asynchronous reset (active LOW). All settings are restored to factory default.
EXTCLK Input Master input clock, range 6 -27 MHz
OE_BAR Input Output enable (active LOW). Only available on bare die version.
TRIGGER Input Receives slave mode VD signal for frame rate synchronization and trigger to start a GRR frame.

SADDR Input Two-wire serial address select.

SCLK Input Two-wire serial clock input.

SDATA 1/0 Two-wire serial data 1/0O.

PIXCLK Output | Pixel clock out. Dourt is valid on rising edge of this clock.
DouT[11:0] Output | Parallel pixel data output.
FLASH Output | Flash output. Synchronization pulse for external light source. Can be left floating if not used.
FRAME_VALID Output | Asserted when Dourt data is valid.
LINE_VALID Output | Asserted when Dout data is valid.
VDD Power | Digital power.
Vbp_IO Power 10 supply power.
VbD_PLL Power PLL power supply. The MIPI power supply (VDD_MIPI) is tied to VbD_PLL in both packages.
DGND Power | Digital GND.
Vaa Power | Analog power.
Vaa_PIX Power | Pixel power.

AGND Power | Analog GND.

TEST Input Enable manufacturing test modes. Tie to DGND for normal sensor operation.
SHUTTER Output | Control for external mechanical shutter. Can be left floating if not used.
SLVSo_P Output | HiSPiserial data, lane 0, differential P.

SLVSO_N Output | HiSPi serial data, lane 0, differential N.
SLVS1 P Output | HiSPi serial data, lane 1, differential P.
SLVS1_N Output | HiSPi serial data, lane 1, differential N.
SLVS2 P Output | HiSPiserial data, lane 2, differential P.
SLVS2 N Output | HiSPi serial data, lane 2, differential N.
SLVS3_P Output | HiSPiserial data, lane 3, differential P.
SLVS3_N Output | HiSPi serial data, lane 3, differential N.
SLVSC_P Output | HiSPi serial DDR clock differential P.
SLVSC_N Output | HiSPiserial DDR clock differential N.
DATA1_P Output | MIPI serial data, lane 1, differential P
DATA1 N Output | MIPI serial data, lane 1, differential N
DATA2_P Output | MIPI serial data, lane 2, differential P
DATA2_N Output | MIPI serial data, lane 2, differential N
DATA3 P Output | MIPI serial data, lane 3, differential P
DATA3_N Output | MIPI serial data, lane 3, differential N
DATA4_P Output | MIPI serial data, lane 4, differential P
DATA4 N Output | MIPI serial data, lane 4, differential N
CLK_P Output | Output MIPI serial clock, differential P
CLK_N Output | Output MIPI serial clock, differential N

AR0330_DS Rev. U Pub.4/15 EN
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Table 5: Pin Descriptions (continued)
Name Type Description
VDD_HiSPi Power | 1.8V power port to HiSPi digital logic
VDD_HiSPi_TX Power | 0.4V-0.8V or 1.7V - 1.9V Refer to “HiSPi Power Supply Connections” on page 11.
VAAHV_NPIX Power Power supply pin used to program the sensor OTPM (one-time programmable memory). This pin
should be open if OTPM is not used.

Table 6: CSP (HiSPi/MIPI) Package Pinout

1 2 3 4 5 6 7 8
A VAA VaaHV_NPIX AGND AGND VAA VbD TEST DGND
B DGND NC Vaa_PIX DGND Vbp_IO TRIGGER RESET_BAR EXTCLK
C VbD SHUTTER DGND SLVSC_P SLVS3_P SLVS3_N SLVS2_N SLVS2_P
D SADDR SCLK SDATA FLASH SLVSC_N SLVS1_P VDD_HiSPi_TX VDD_HiSPi
E Vop_IO Vop_IO CLK_N CLK_P DcGND SLVS1_N SLVSO_N SLVSO_P
F DGND VoD_IO DGND DGND DATA4 P | DATA1_N DATA_1P VbD_PLL
G Vop_IO VDD DGND Vop_IO DATA4 N DATA3_N DATA2_N VDD
H DGND VbD_IO Vbp_IO DGND VbD_PLL DATA3 P DATA2_P VbD_PLL

Note: NC = No Connection.
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Figure 5: CLCC Package Pin Descriptions
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Note: Pins labeled NC (Not Connected) should be tied to ground
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Sensor Initialization

Power-Up Sequence

AR0330: 1/3-Inch CMOS Digital Image Sensor
Sensor Initialization

The recommended power-up sequence for the AR0330CS is shown in Figure 6. The
available power supplies (VDD_IO, VDD_PLL, VDD_MIPI, VAA, VAA_PIX) must have the
separation specified below.

1. Turn on VDD_PLL and VDD_MIPI power supplies
2. After 100us, turn on VAA and VaA_PIX power supply.
3. After 100us, turn on VDD power supply.
4. After 100us, turn on VDD_IO power supply.
5. After the last power supply is stable, enable EXTCLK.
6. Assert RESET_BAR for at least 1ms.
7. Wait 150,000 EXTCLK periods (for internal initialization into software standby.
8. Write R0x3152 = 0xA114 to configure the internal register initialization process.
9. Write R0x304A = 0x0070 to start the internal register initialization process.
10. Wait 150,000 EXTCLK periods
11. Configure PLL, output, and image settings to desired values.
12. Wait 1ms for the PLL to lock.
13. Set streaming mode (ROx301A[2] = 1).
Figure 6: Power Up
Voo_PLL, :
Voo_MIP| (2.8) _/ito
i
Vaa PIX, 1 ]
Vaa (2.8) VL
e
Voo (1.8) Y
Voo_lO (1.8/2.8) L
P ‘
I e W U e U e W o U e W
; 13 ' : : g : |
RESET_BAR i ) 1 i i : :
Hyy e— s e
t : " [ ——— ] )
g ; i Internal | Rocts2-oxan14 1 Internal i Software i i )
{ HardReset | initialization } ROSO4ADX™ ! initialization | Standby | -0 | Streaming
Notes: 1. Asoftware reset (ROX301A[0] = 1) is not necessary after the procedure described above since a Hard
Reset will automatically triggers a software reset. Independently executing a software reset, should
be followed by steps seven through thirteen above
2. The sensor must be receiving the external input clock (EXTCLK) before the reset pin is toggled. The

sensor will begin an internal initialization sequence when the reset pin toggle from LOW to HIGH.
This initialization sequence will run using the external input clock. Power on default state is soft-
ware standby state, need to apply two-wire serial commands to start streaming. Above power up
sequence is a general power up sequence. For different interface configurations, MIPI, and Parallel,
some power rails are not needed. Those not needed power rails should be ignored in the general
power up sequence.

AR0330_DS Rev. U Pub.4/15 EN

1 5 ©Semiconductor Components Industries, LLC,2015.



ON Semiconductor”® & i '

AR0330: 1/3-Inch CMOS Digital Image Sensor

Sensor Initialization

Table 7: Power-Up Sequence

Definition Symbol Min Typ Max Unit
VDD_PLL, VDD_MIPI to VAA/VAA_PIX3 t0 0 100 - ps
VAA/VAA_PIX to VDD 11 0 100 - us
VoD to VDD_IO t2 0 100 - us
External clock settling time tx - 30t - ms
Hard Reset 3 1° - - ms
Internal Initialization t4 150000 - - EXTCLKs
Internal Initialization t5 150000 - - EXTCLKs
PLL Lock Time t6 1 - - ms

Notes: 1. External clock settling time is component-dependent, usually taking about 10 —100 ms.
2. Hard reset time is the minimum time required after power rails are settled. In a circuit where Hard
reset is held down by RC circuit, then the RC time must include the all power rail settle time and

Xtal settle time.

3. ltiscritical that VDD_PLL is not powered up after the other power supplies. It must be powered
before or at least at the same time as the others. If the case happens that Vbp_PLL is powered after
other supplies then sensor may have functionality issues and will experience high current draw on

this supply.

4. VpD_MIPI is tied to VDD_PLL in the both the CLCC and CSP packages and must be powered to 2.8 V.
The Vbp_HiSPi and VbD_HiSPi_TX supplies do not need to be turned on if the sensor is configured

to use the MIPI or parallel interface.

AR0330_DS Rev. U Pub.4/15 EN
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Power-Down Sequence

AR0330: 1/3-Inch CMOS Digital Image Sensor
Sensor Initialization

The recommended power-down sequence for the AR0330 is shown in Figure 7. The
available power supplies (VDD_IO, VDD_HiSPi, VDD_HiSPi_TX, VDD_PLL, VDD_MIPI, VAa,
Vaa_PIX) must have the separation specified below.

1.
2.

N oA w

Figure 7: Power Down
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Table 8: Power-Down Sequence
Definition Symbol Minimum Typical Maximum Unit
Vbb_HiSPi _TXto Vbp_10O to 0 - - us
VpD_10 to VbD and VDbD_HiSPi 1 0 - - us
VDD and VDD_HiSPi to Vaa/Vaa_PIX 2 0 - - us
Vaa/VaAA_PIX to VDD_PLL 13 0 - - us
PwrDn until Next PwrUp Time t4 100 - - ms
Note: t4 is required between power down and next power up time; all decoupling caps from regulators

must be completely discharged.
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Electrical Characteristics

Table 9: DC Electrical Definitions and Characteristics (MIPI Mode)
fexrcLk = 24 MHz; VDD = 1.8V; VDD _IO = 1.8V; VAA = 2.8V; VAA_PIX = 2.8V; VDD_PLL = 2.8V,
Output load = 68.5pF; T) = 60°C; Data Rate =588 Mbps; 2304x1296 at 60 fps

Definition Symbol Min Typ Max Unit

Core digital voltage VDD 1.7 1.8 1.9 \

I/O digital voltage Vbp_IO 1.7 1.8 1.9 \Y

2.4 2.8 3.1 \"

Analog voltage Vaa 27 2.8 29 \

Pixel supply voltage Vaa_PIX 27 2.8 29 Vv

PLL supply voltage Vbp_PLL 27 2.8 29 \

MIPI supply voltage VbD_MIPI 2.7 2.8 29 \
Digital operating current I(VDD) 114 136 mA
I/O digital operating current I(Vbp_IO) 0 0 mA
Analog operating current 1(Vaa) 41 53 mA
Pixel supply current I(VAA_PIX) 9.9 12 mA
PLL supply current I(VbD_PLL) 15 27 mA
MIPI digital operating current I(VDD_MIPI) 35 49 mA

Table 10: DC Electrical Definitions and Characteristics (HiSPi Mode)
fexreLk = 24 MHz; VDD = 1.8V; VDD_10 = 1.8V; VAA = 2.8V; VAA_PIX =2.8V; VDD_PLL =2.8V; VDD_HiSPi =
1.8V, VbD_HiSPi_TX = 0.4V; Output load = 68.5pF; T) = 60°C;
Data Rate =588 Mbps; DLL set to 0; 2304x1296 at 60 fps

Definition Symbol Min Typ Max Unit
Core digital voltage VDD 17 1.8 1.9 Vv
I/O digital voltage Vbp_IO 1.7 18 1.9 \%
2.4 2.8 3.1 Vv
Analog voltage Vaa 2.7 2.8 29 \%
Pixel supply voltage Vaa_PIX 27 2.8 29 \%
PLL supply voltage VbD_PLL 2.7 2.8 29 Vv
HiSPi digital voltage VDD_HiSPi 17 1.8 1.9 Vv
HiSPi I/O digital voltage VDD_HiSPi_TX 0.3 0.4 0.9 \%
1.7 1.8 1.9 Vv
Digital operating current I(VoD) 96.3 137 mA
I/O digital operating current I(Vbp_lO) 0 0 mA
Analog operating current I(Vaa) 45.1 53 mA
Pixel supply current I(VAA_PIX) 10.5 12 mA
PLL supply current I(VDD_PLL) 6.4 11 mA
HiSPi digital operating current I(VDD_HiSPi) 21.8 36 mA
HiSPi 1/0 digital operating current I(VDD_HiSPi_TX) 223 40 mA
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Table 11: DC Electrical Definitions and Characteristics (Parallel Mode)
fexrcLc = 24 MHz; VDD = 1.8 V; VDD_10=1.8V; VAA=2.8 V; VAA PIX=2.8V;VDD PLL=2.8
v;
Output load = 68.5 pF; Ty = 60°C; 2304 x 1296 at 30 fps

Definition Symbol Min Typ Max Unit
Core digital voltage VDD 17 1.8 1.9 \Y
1/0 digital voltage Vbp_IO 1.7 1.8 1.9 \Y
2.4 2.8 3.1 \'%
Analog voltage Vaa 27 2.8 29 \Y
Pixel supply voltage Vaa_PIX 2.7 2.8 29 \
PLL supply voltage VDbD_PLL 2.7 2.8 29 v
Digital operating current I(VoD) 66.5 75 mA
1/0 digital operating current I(Vbp_IO) 24 35 mA
Analog operating current 1(VAA) 36 44 mA
Pixel supply current I(VAA_PIX) 10.5 18 mA
PLL supply current I(VbD_PLL) 6 11 mA

Table 12: Standby Power
fextcLk = 24 MHz; VoD = 1.8 V; VDD_10 = 1.8 V; VAA = 2.8 V; VAA_PIX=2.8V;
VDD_PLL = 2.8 V; Output load = 68.5 pF; Ty = 60°C

Power Typical Max Unit
Hard Standby (CLK OFF) Digital 19.8 35.8 pA
Analog 5.8 7.0 pA
Soft Standby (CLK OFF) Digital 23.5 39.7 pA
Analog 5.4 5.9 pA
Soft Standby (CLK ON) Digital 15700 16900 pA
Analog 5.5 5.7 pA

Caution Stresses greater than those listed in Table 13 may cause permanent damage to the device.
This is a stress rating only, and functional operation of the device at these or any other con-
ditions above those indicated in the operational sections of this specification is not implied.

Table 13: Absolute Maximum Ratings

Symbol Definition Min Max Unit
VDD_MAX Core digital voltage -0.3 24 Vv
VDbD_I0_MAX 1/0 digital voltage -0.3 4 v
Vaa_MAX Analog voltage -0.3 4 Vv
VaA_PIX Pixel supply voltage -0.3 4 \
VboD_PLL PLL supply voltage -0.3 4 \
VDD_MIPI MIPI supply voltage -0.3 4 \Y
VDD_HiSPi_MAX HiSPi digital voltage -0.3 24 \Y
VbD_HiSPi_TX_MAX HiSPi I/O digital voltage -0.3 24 \Y
tor Storage temperature -40 85 °C

Note: Exposure to absolute maximum rating conditions for extended periods may affect reliability.
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Two-Wire Serial Register Interface

AR0330: 1/3-Inch CMOS Digital Image Sensor

Electrical Characteristics

The electrical characteristics of the two-wire serial register interface (SCLK, SDATA) are
shown in Figure 8 and Table 14.

Figure 8: Two-Wire Serial Bus Timing Parameters
Note: Read sequence: For an 8-bit READ, read waveforms start after WRITE command and register
address are issued.
Table 14: Two-Wire Serial Bus Characteristics
fEXTCLK = 27 MHz; VbD = 1.8V; VDD_|O = 2.8V; VaA = 2.8V; VaA_PIX =2.8V;
VDD_PLL = 2.8V; Ty = 25°C
Standard Mode Fast Mode
Parameter Symbol Min Max Min Max Unit
Scik Clock Frequency fscL 0 100 0 400 KHz
Hold time (repeated) START condition
After this period, the first clock pulse is tHD.sTA 4.0 - 0.6 - us
generated
LOW period of the SCLK clock tLlow 4.7 - 13 - us
HIGH period of the SCLK clock *HIGH 4.0 - 0.6 - us
Set-up time for a repeated START tSu;STA 4.7 - 0.6 - us
condition
Data hold time tHD;DAT o* 3.45° 0° 0.9° us
Data set-up time tSu;DAT 250 - 100° - ns
Rise time of both SDATA and Scik signals t - 1000 20 +0.1Cb’ 300 ns
Fall time of both SDATA and Scik signals i - 300 20 +0.1Cb’ 300 ns
Set-up time for STOP condition tsy;sTO 4.0 - 0.6 - us
Bus free time between a STOP and START tBUF 4.7 - 13 - us
condition
Capacitive load for each bus line Cb - 400 - 400 pF
Serial interface input pin capacitance CIN_SI - 33 - 33 pF
SDATA max load capacitance CLOAD_SD - 30 - 30 pF
SDATA pull-up resistor RSD 1.5 4.7 1.5 4.7 KQ

Notes: 1. This table is based on IC standard (v2.1 January 2000). Philips Semiconductor.
2. Two-wire control is 12C-compatible.
3. Allvalues referred to V|ymin = 0.9 VDD and V| max = 0.1VDD levels. Sensor EXCLK = 27 MHz.
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AR0330: 1/3-Inch CMOS Digital Image Sensor
Electrical Characteristics

A device must internally provide a hold time of at least 300 ns for the SDATA signal to bridge the
undefined region of the falling edge of Scik.

The maximum tHD;DAT has only to be met if the device does not stretch the LOW period ((LOW) of
the Scik signal.

A Fast-mode 12C-bus device can be used in a Standar