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Photoelectric effect

Photo-electric Effect In the infrared the most used material
for astrophysical imaging is the

compound HgCdTe.

free electron

Photon // By varying the percentage of Hg to Cd
N, },e' Conduction Band the width of the forbidden energy gap is
adjusted = cut-off wavelength is moved

\/ 1.1eV
Hg, Cd,Te

+ Valence Band
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Quantum efficiency / depth of absorption
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Physical dimensions

Epitaxial Silicon

_JEpitaxial Layer 30-50 ohm-cm

10 - 20 microns

| 500 microns

!

Substrate
0.01 ohm-cm

* 4, 5, 6 & 8-inch Diameter Wafers

High quality epitaxial layer (high perfection of
crystal lattice and absence of impurities —
except dopant) is growth on top of a
substrate. Detection takes place in this region.

Substrate (optically tick) provides mechanical
support and electrical groud.

Summer school on Physical Sensing & Processing —V edition, DIFA-UniBo, July 17-21, 2023



Charge collection 1:
p-n junction depletion
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Charge collection 2

Potential Well

potential turns over
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Pixels on CCD 1

CCD Channel Stops
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Pixels on CCD 2

CCD Array Components

1). Vertical Registers
2). Horizontal Registers
3). On-chip Amplifier,

3) DIRECTION OF ACTIVE PIXEL —
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Multi Pinned
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CMOS pixel architectures 1
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CMOS pixel

architectures 2
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Front-illuminated structure

CMOS pixels arrangement 1
(front illumination)

On-chip lens

Color filter

oxide coating

organic microlens

nitride Light receiving surface
Substrate I Spoodtg-

chipworks
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CMOS pixels arrangement 2
(backside illumination)
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Charge measurement
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Correlated Double Sampling CDS
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Charge measurement
architecture 1
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Charge measurement

architecture
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Transfer function
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Photon Transfer function

1

Camera gain constant K = ; (e_/DN)
J SyAccpA1Az
S(DN) =
Poisson statistic
1) Independent events
2 _ 2) Time invariant probability distribution
Os (DN ) = Ft O-RON 3) Probability of an event proportional to
the time small interval
4) Negligible probability of two event in
2 2
Og (DN ) = — + ORON the same small interval of time

(DNZ) = "' O-I%ON
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Photon Transfer: linear fit
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Transfer function: log fit
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Estimators and estimators errors

2 _ S 2
s (DN?) = = T ORON

S(DN) = Z"nS" o5 = j—% n = number of samples
S - n-1 g~ S -1
RN ICESY

Summer school on Physical Sensing & Processing —V edition, DIFA-UniBo, July 17-21, 2023



ixed pattern noise

NOISE, DN

10

10

10

10

Pixel Nonuniformity

1B B RRLLL

] l]ll"l

I

IR BRI LR RALL LR R R g LR AL

o TOTAL NOISE
O SCENE NOISE
& SHOT NOISE

Lill

SHOT NOISE
SLOPE = /2

Lol

|

READ NOISE

SLOPE = 0 FIXED PATTERN NOISE

SLOPE = 1 =
0 N
- - - 0 —
- wanl Pl ool vl ran
10} 10° 10° 10? 10°

SIGNAL, DN

Summer school on Physical Sensing & Processing —V edition,

NON INVERTED

INVERTED



Pixels data analysis strategies

1. Flat fielding
1. Two images subtraction: o tovnats T this
| cinsad ] e SR

the signal 1T —_
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of this frame s EEN] NN ENENE

— =L N T

" Frame 1 Frame 2 Differenced frame
Flat field Flat field Shot noise/(2)° —
» Signal(DN) = Average Signal Level of a Sub-array

of Pixels

« Noise=5tandard Deviation of Differenced Frames —--
||r ll.".l.
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Pixels data analysis strategies

Pixel by pixel statistics on multiple images:

Advantages:
« Characterisation of each pixel measuring chain
* No need for matrix pre- analysis (hot or cold spots
identification) or data normalization (flat fielding)
« Cumulative statistics (many pixel)
 |dentification of matrix defect

Disadvantages: multiple images acquisition (100 - 1000)
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In the lab

SONY IMX425
Monochrome 12 bit camera
~125 Hz max frame rate
~1,3MB/image

DON’T TOUCH THE CAMERA: IT COULD BE VERY HOT UP 70 °C
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In the lab
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