Image sensors:
real device implementations



my favorite (but now old) CCD ...

CCD IMAGING DIVISION

CCD 222 |
488X 380-Element
Area Image Sensor

FEATURES

a 185,440 sensing elements on a single chip

m Available horizontal resolution: 380 elements perline
® Available vertical resolution: 488 lines

m No lag, no geometric distortion

| A gamma of unity

= High dynamic range — typically > 1,000:1 at 25°C

(excluding dark signal non-uniformity)
m Low light level capability, low noise equivalent
exposure '
Video data rates up to 20 MHz, frame rates to 90 Hz
Sample-and-hold video output
Low power dissipation, solid-state reliability and
small size
Standard TV aspect ratio (4:3)
Satisfies NTSC resolution standards
Two-phase register clocking
Digitally-controlied readout
Special selections available — consuilt factory.
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CCD222 488X380 Element Area Image Sensors are
also included in Fairchild Weston's series of solid-
state television camera systems.
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image sensors
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Kodak KAF-400 CCD specs

PARAMETER NOMINAL FIGURE

Cptical form factor 100%%
wensitwity @ 550 nm 740000 e7/plfem?2

. 27000 e fpWicm?

= 146 m A 5w

G 445 keflux
Chtput Charge to Woltage Conversion Factar (CVE) 10 pWie must mean fOI‘
Elue quantum efficiency @ 400 nm 0.03 1/20 SeCOnd
Green gquantum efficiency @ 550 nm .55 eXposure tlme
Fed quantum efficiency @ 700 nm 0.40
Mear IE. quantumn eficiency @100 nm 0,08
Eeading noise 13 electrons
Darle current density @ 25°C 10 pAsom?
Darl: signal a0 e fpixelfs
signal level at saturation 011 plfcm:
Dwnatic range fa dB
Mon-lineanty 1%
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pixel size, signal, & signal-to-noise

» charge accumulates at a rate proportion to
light intensity per unit area of pixel

» capacitance is proportional to pixel area

» so for a given light intensity, exposure time,
and cell depth, the signal voltage
(accumulated charge / cell capacitance)
IS iIndependent of cell area

» but signal-to-noise improves with larger
accumulated charge, hence with cell area
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additional reading

iIn our AFS readings directory:
® SENSORSO02 05-image _sensors.pdf

m apparently from somebody’s course

B encompasses biological and electronic systems

m | found it on the web

m | don’t remember where & can't find it again ...
# sensorsCaptureAttention.pdf

m comprehensive article on CMOS image sensors
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other (not CCD) kinds of
modern image Sensors



CID: charge injection device
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image sensors

* CCDs are inherently
serial readout: no way to
address an individual
pixel

* could realize better
dynamic range,
electronic zooming, etc.,
if could address
individual pixels

* CID has been
promising “around the
corner’” possibility for
~20 years
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CMOS image sensors

* uses same

)hv technology as

\ standard memory
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Foveon: color-film in silicon

(with lots of
material
processing
compromises
to achieve
correct filtering
and decent
transmission)
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special purpose
hybrid devices
e.g., "night vision”,
“Image intensifiers”
etc
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X-ray image intensifier
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similar hybrid methods used in “night vision scopes” (Russian = cheap)
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