


 Photo-diode

e Reverse bias the junction (leakage current == dark current)
Light creates hole-electron pairs

h-e pairs immediately recombine in P+ and N regions

h-e pairs in the depletion region are swept to the P+ and N

regions
2 * Holes = V-, Electrons 2 V+ = increase in reverse current
V_
Z Z V+
P+ A 2 | dark || photo
depleted |h+
| +
N e- ={| v v
l V+
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 Photo-diode

* Depletion region is not very large - limited performance

 PIN diode

* Add an intrinsic region to increase the h-e generation volume

>

V-

+ A

intrinsic |

V+
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ELE 4142

 Photo-diode

Material Properties Sensitivity Usage
Silicon low dark current, high speed | 400 and 1000 nm visible
Germanium ACEEE G 1] 900 and 1600 nm

speed
Indium Gallium . .

low dark current, high speed [ 1000 and 1400 nm infrared

Arsenide Phosphide

Indium Gallium
Arsenide

low dark current, high speed

900 and 1700 nm
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* Passive Pixel Sensor

e Simple and small
e Poor performance

Row (select)

= Column (sense)
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* Active Pixel Sensor (APS)

e Reset — fully charges the parasitic capacitance

* Light — discharges proportional to the intensity and length
of exposure

Source follower

Reset“ /A

\% Row (select)

Column (sense)
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* Active Pixel Sensor (APS)

* 4T structure
* Allows an electronic shutter (S/H)

/\ Sample
Hold Source follower

Reset“ J_ /\

= Row (select)

Column (sense)
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* Active Pixel Sensor (APS)

Anatomy of the Active Pixel Sensor Photodiode

Microlens

Amplifier P AL Transistor
Transistor ————— v ' stwt
: elec
CoBI::;nn Bus
Transistor
Silicon
Substrate
Potential
5 Well
Figure 3

Src: http://micro.magnet.fsu.edu/
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* Active Pixel Sensor (APS)

ter Mosaic Array and Underlying Photodiodes

rF

0

o

Bayer C

Src: http://micro.magnet.fsu.edu/
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* Active Pixel Sensor (APS)

Analog-to-DigItaI Conversion

Mosaic
Filters

Processing

CMOS 2
Active Pixel Sensor. At Clock
[ REL L and
Timing
Control

Lol B B B B h i K
.- - - - . LR »
9 - - L e - - »

Pad Ring

Digital Logic (Interface, Timing, Processing, Output)
Src: http://micro.magnet.fsu.edu/
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* Active Pixel Sensor (APS)

SEMSE AMPS

MEMORY

¥ ¥

T

TOP ADGs
DIGITAL =
“ONTROL
\
\ PIXEL ARRAY
2
ok
BOTTOM ADCs

ELE 4142

Src: micron

TN
Photo J
Detector o
Il)PG_‘vl
¥
VRST P
11

Per Column Processing

T
ADC. -
Calbration| DAC .

Bl
" B R =
WP —
Sample | — E\ FE-\'\—"T—F- ADCc B
& Hold . f,r"_”\ AT
Buffer ) "' .
WLND

Offset
NWREFZ-VCLAMP3)Y20




* Active Pixel Sensor (APS)

'U
IG‘.I
=

PIXEL ARRAY
g | =
—_—t—pl O] O .
ROW 11 g z o
(=]
o o 1 1
A
LogicRST \/S’H Y
Row
RowSTRT Timing » ADC ADC ADC
Block #1 #2 #1280
RowDone
Y v
Sample
I 1280 x 10 SRAM
> ADC Register
Data Shift / SRAM Shift Y
Read Read 1280 x 10 SRAM
Control Output Register
| :
'-=| Column Decoder ‘
Pads
12 Src: micron
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* Active Pixel Sensor (APS)

e Dark Noise

Src: exclusive architecture
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* Active Pixel Sensor (APS)

* Fixed Pattern Noise
* Especially sensitive diodes

Src: exclusive architecture
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* Active Pixel Sensor (APS)

* Banding Noise
* Readout electronics patterns

Src: exclusive architecture
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* 120Mpixel Imager

Src: smarttechnologynow
ELE 4142 16 © tj
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