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CMQOSIS Vision

Image capture is a key technology
with ever growing number of
applications.

Specific applications require
specific and optimised image
Sensors.
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CMOSIS Mission

Be the leading supplier of image

sensors optimized for industrial,

professional and scientific
applications.
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CMOQOSIS Business Model \

Development, Production,
Qualification and Supply of CMOS
Image sensors

» Standard of-the-shelf products
» Custom(ised) products
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More than 200 customers world wide

Major Markets:

Japan

Europe

« Germany, The Netherlands,
« Switserland, Finland, UK,

« Belgium

USA

Canada

Korea

China
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Technology

Patents (applications): 8 granted patents in total
 New CMOS pixel architectures: 7 / 2 granted patents
*  New on-chip ADC: 4 / 4 granted patents !

« BSI technology: 1/1 granted patent

« CMOS TDI: 1

- Wafer scale imagers: 1 granted patent

« CMOS binning: 1
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- Facilities
Antwerpen

Area: 1100 m*®
» 80 m*= class 100

cleanroom

» 8”7 and 12~
Accretech wafer tester

operational
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Infrastructure (2)

Accretech UF3000 wafer
prober with CMOSIS

inhouse lightsource and test
electronics

Inhouse device test set-up

8” and 12” Nikon
wafer inspection
microscope
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Standard products
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* Global shutter -
— Freeze fast moving object r
— No smear

 High sensitivity with low noise N‘- '
— Need enough image data with short exposure times
— Sensitivity to low light intensity (apply gain if necessary)
— Low parasitic light sensitivity, good shutter efficiency
— NIR sensitivity
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* Low cost
— Minimize overall system cost
— High volume products
« High frame rate
— Take a fast sequence of images to track movement
— Exposure of an image while the previous is read out (pipelining)
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Machine vision market demands

- Ease of use
— Implement on-board features
— Programming of exposure and read-out modes using a SPI
— Small form factor

* No image correction needed

— No image post-processing needed
— Useable RAW image
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Machine vision market demands N

* High resolution
— Capture big field of view with high detail
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Standard products
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CMV family

*Applications
- Machine Vision - Factory Automation
- Broadcast
- Motion Capture
- High End Surveillance
- ID Code Reading
- Intelligent Trafic Systems - ITS

- . CMV20000

CMV12000

CMV300
CMV2000 CMV4000




CMV Family common features

- 8T Pixel

High speed column ADCs

NIR response

Multiple ROI

High dynamic range modes
Digital serial LVDS interface
Integrated sequencer/controller
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CMV Common Features: 8T pixel

« Global pipelined shutter (8T pixel)

 True CDS: Low dark noise and low FPN
— ~10e dark noise

— FPN <0.1% RMS of full swing
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Standard 4T CMOS APS features rolling shutter.

Global shutter pixel needs an in-pixel memory element

In-pixel memory element has a parasitic light sensitivity or PLS

Traditional 5T global shutter pixel has major issues:
— High read noise due to lack of CDS: > 25 e- RMS (kTC noise)

— Poor parasitic light sensitivity (PLS) ~ 1/500 (= 99.8 % shutter efficiency).
Not useable when exposure time << frame read time

— PLS will be even worse in combination with backside illumination.

CMOSIS developed 8-transistor pixel : combines excellent PLS with
low noise through CDS

SCMOSIS



8T specifications \N_

Specifications (measured on 5.5 ym pixel)

— Very good parasitic light sensitivity (< 1/100,000 or 99.999 %
efficiency)

— Full well 13 ke, noise 13 e (10 e- low read noise mode)
— Conversion gain ~ 85 uV/e

— Dynamic range > 60 dB

— Compatible with backside illumination

— QE 60% at 550 nm w/ microlens

— Multi-slope high dynamic range mode

— 8 transistors per pixel. Minimum pitch is ~5.5 pm in 0.18 uym
CMOS
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* High speed column ADCs
— Second CDS stage
— Remove all column non-uniformity
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Architecture W|th column parallel ADC

« Digitalization in column amp

- Digital signals multiplexed
to high-speed LVDS outputs

* High frame rates
— 2048x1080 pixels @ 340 fps, 10 bit
— 2048x2048 pixels @ 180 fps, 10 bit
— Power consumption 600 mW

- Exchange bit resolution vs. speed Column prog. gain amplifier
— 370 kHz line rate in 10 bit AD
— 92 kHz line rate in 12 bit AD mode Column ADC

* Programmable AD gain

* Dual stage CDS

— 1ststage: analog, in PGA
— 2nd stage: digital, in ADC

Pixel array

Row logic
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« Ramp ADC:

* Traditional ramp ADC design

- CMOSIS counting ramp ADC generzor
Counter in column

O ramp CO AN D

Ramp generator
Comparator in each column

Latches in column latch digital value
when comparator toggles

Suffer from variations in latch delays ->
limits speed

Row selection circuits

. Pixel

| array

(clock < 90 MHz)
Does not allow digital CDS

Sample & Hold

V

Y

2 conversion cycles: reset and signal CLK
digital CDS (2" CDS stage)

Clock delay errors are compensated ->
can run much faster
(@ 480 MHz clock)

counter

|
l I: N bits
|
|
|

Column selection circuits
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* NIR enhanced sensitivity
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CMV Family Common Features

* High dynamic range modes 1:

— Dual exposure: odd lines have different exposure time compared to
even lines

Linear Dual exposure (after interpolation)

Exposure time even rows:
T_EXP1 : | P

Exposure time odd rows—

T_EXP2

Frame_REQ |_|
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* High dynamic range mode 2:

— PLR (piecewise linear response) to get higher intra scene dynamic
range

Kneepoint 1
™
2
p=J
@
H =
a Kneepoint 2

#of electrons

Linear PLR
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CMV Fam”y Common Features P

 Digital serial LVDS interface
— Transport image date from image sensor to FPGA over up to 2m
— Data channels
— Sync channels with frame and line information
— Clock to sync with DDR memory

« On-chip digital temperature sensor
* Integrated sequencer/controller

— SPI register control
— Control over exposure modes, gain, shutter modes, ROI, ...
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CMV Family Overview

300

2000

4000

12000

20000

7,4

T

9,9

5,5

6,4

Optical

Format

1/3"

2/3"

1”

@ 28,1 mm
“APS”-like

“35 mm’-like
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180
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Specification CMV300 CMV2000, CMV4000, CMV12000 CMV20000

Pixel size

Full Well charge
Sensitivity

Dark noise

Conversion factor
Dynamic range

SNRmax

Parasitic light sensitivity
Dark current

Fixed pattern noise

Power consumption

7.4 um
20,000 e-
6 V/lux.s (550nm)
20 e-
0.20 LSB/e-
60 dB
44 dB
1/ 50,000
100 e-/s (@23 degC)
<0.1 % of full swing

<300 mW

5.5um
13,500 e-
4.64 V/lux.s (550 nm)
13 e-
0.075 LSB/e-
60 dB
41.3 dB
1/ 50,000
125 e-/s (@23 degC)
<0.1 % of full swing

600 mW (CMV2000-CMV4000)
3000 mW (CMV12000)

6.4 um
15,000 e-
8.29 V/lux.s (550 nm)
8 e-
0.075 LSB/e-
66 dB
41.8 dB
1/ 50,000
125 e-/s (@23 degC)
<0.2 % of full swing
1100 mW
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VGA resolution — 648 (H) x 488 (V)
7.4 x 7.4 um pixel - 1/3” optical format
High speed - 480fps
Small form factor (6.9mm x 7.4mm) — 58-pins CSP BGA
LVDS and parallel CMOS outputs
— Same device can do either parallel or LVDS

Applications:
— High speed machine vision
— Motion control
— High speed inspection




CMV2000

2.2MP resolution — 2048 (H) x 1088 (V) - HDTV
9.5 x 5.5 um pixel - 2/3” optical format

High speed (340fps)

93-pins uUPGA

16 LVDS outputs

Applications: ; e
— High speed machine vision = '
— Broadcasting
— Traffic monitoring




CMV4000 \_~

2.2MP resolution — 2048 (H) x 2048 (V)
5.5 x 5.5 um pixel - 1”7 optical format
High speed (180 fps)

93-pins UPGA — pin compatible with CMV2000
16 LVDS outputs

Applications:
— High speed machine vision
— Traffic monitoring
— Motion capture
— Life sciences
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CMV12000

« 12MP resolution — 4096 (H) x 3072 (V) — HD+ / 4k

« 5.5 x 5.5 um pixel - APS optical format

« High speed (150 fps -> 300 fps Q4 2013)

« 237-pins uPGA

* 64 LVDS outputs

* Applications:
— High speed machine vision
— Motion capture

— Traffic monitoring
— Broadcast / Cinematography
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20MP resolution — 5120 (H) x 3840 (V)
6.4 x 6.4 um pixel - >35mm optical format
30 fps

97-pins PGA

16 LVDS outputs

Applications:
— High resolution machine vision
— High resolution surveillance

Note: Use in traffic applications is forbidden
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Summary \N_

* Machine vision requires high end image sensor solutions

« CMOSIS has an dedicated CMV product family covering the machine
vision image sensors needs:

— Excellent global shutter
— High resolution
— High speed
— HDR, NIR sensitivity
« CMOS image sensors benefits over CCD technology:
— No blooming, smear
— High speed
— More logic on-chip

SCMOSIS



Standard products
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CHR Family: CHR70M

T CHR70M

Resolution 10000 x 7096

Pixel size 3.1um x 3.1um

Frame rate 3fps

Windowing Moving window

Output 8 analog @ 30 MHz
Programming Over SPI interface
Temperature control On chip temperature sensor
Sequencer On chip timing generation
Package Ceramic PGA package (65 pins)
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CHR70M - Sensor specifications \'| -

Specification ___ value | Unit

Full Well charge 13 Ke-

Dark noise 7 e
Conversion factor 63 uVl/e

DR 63 dB

Dark current 3.2 e’/s (@ room temp)
Fixed pattern noise <0.09 %

Power consumption 360 mW
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« Document scanning
 Aerial surveillance
* |Inspection systems

* Note: Use in biometric applications is forbidden
}CMO%N



