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1 transistor per pixel
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3 transistors per pixel
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Pixel size: 20.4 μm
Pixel type: photogate

Array size: 2
Timing contrPixel type: photogate

Fill factor: 21%
Technology: HP 1.2 μm

n-well

Timing, contr
FPN suppres
Motion detec
Window readn-well Window read
Program. inte
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56x256
rol CDS

Conv. Gain: 10.6 μV/e-
Saturation: 800 mVrol, CDS

ssion
ction
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Saturation: 800 mV
Noise: 13 e- rms
FPN: 0.15% sat
Dyn range: 76 dBdout

egration time
Dyn. range: 76 dB
Power: 3 mW
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Kodak/JPL PPKodak/JPL PP

• Pinned photodiode CMOS AP
• No poly obscuration
• Good blue response
• Lower dark current
• 256 x256 element sensor

P. Lee, R. G

D CMOS APSD CMOS APS

PS

Pinned photodiode (PPD) APS pixels

Gee, M. Guidash, T. Lee, and E. Fossum, 1995
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CMOS APS LowCMOS APS Low 

Single 5V supply opera
Low capacitance on-chLow capacitance on ch
Pixel amplifier activate
C l ll l i lColumn-parallel signal
frequency and low curr
Digital output simplifies
Total chip power 10-50p p

Power AdvantagePower Advantage
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hip loadship loads
ed only for readout

h i t t l chains operate at low 
rent bias (<10 μA)
s off-chip drivers
0 mW
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176x144 ELEMENTS
PIXEL ARRAY

176x144 ELEMENTS
PIXEL ARRAY

tal CMOS APStal CMOS APS 

176x144 elements
20 μm pixel pitch 
Single-slope ADC per 
column
176 ADCs per chip
8 bit resolution
35 mW at 30 Hz
3.5 volt supply

Mendis, Inglis, Dickinson, and Fossum 1995
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Bit-slice image 
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Forchheimer, Ingelhag, and Jansson 1992
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JPL MultiresoJPL Multireso
Process:

Pixel pitc
No. pixel
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ain: 8 uV/e-
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<3 mV p-p
<2.5 %
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Full resolution image
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Kemeny, Panicacci, Pain, Matthies, Fossum 1995
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AnalogAnalog

Pixel ArrayPixel Array

DigitalDigital

TimingTiming

DigitalDigital

ed CMOS APSed CMOS APS

128x128 elements
Photodiode active pixels
16 μm pixel pitch 
Analog output (top)
1-bit Digital output (bottom)
8,000 frames per second, p
On-chip timing and control

Panicacci, Jones, Fossum 1994
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FabricatioFabricatio
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Miniaturized CMMiniaturized CMMOS APS CamerasMOS APS Cameras
Technology demonstration cameraTechnology demonstration camera
• 256x256 CMOS APS Camera
• Full digital interface
• Electronic pan and zoom

Next demonstration camera
• On-chip ADC
• Automatic exposure control• Automatic exposure control
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CMOS APS has aCMOS APS has a
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CMOS image senCMOS image sen
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