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i Types of detectors

Integrating detectors Photon counting
detectors (PCD)

Accumulate reaction to  |React to (almost) every
incoming radiation over |incoming photon and
time produce digital count

Example: photographic Example: photomultiplier
plate, CCD

10/26/2011



i Common parameters of detectors

= Quantum efficiency = Modulation Transfer

(QE) Function (MTF)
= Spectral response - Co§metics
« Linearity = Noise

_ = Shot noise

= Gain = Read-out noise
= Dynamic range = Dark current
= Saturation level = Memory
= Cosmic ray = Flatness

sensitivity
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Charge Coupled Device
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Critical data flow properties

Parallel CTE

CCD

Temperature
control
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Logarithmic
amplifier
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Digital signal
ADUs
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ADC 12 or 16 bits
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Quantum Efficiency

Quantum efficiency ( UVES BLUE CCD §YS TEM)

100
a0
30 1 —
70 ,/ \\"‘\
/ RS
60 - <]
0 -] N
~N
40 <
b
30
20 N
10 s
S - .
0 + Quantum Efficiency as a Function of Temperature
300 350 400 450 500 550 600 &50 700 750 8OO 850 900 950 1000 1050 1100 T T T — 75 O
Wavelenght [nm] | B : | — 0O
. —— 250
— | = ¢
- ____.-—\_._\_‘_‘_ TR -
. ""---._\___\_l-.‘_"""‘—‘ﬂ G0 O
£ 804 - \ |
o S ~
g .,
@ B0~ : - : s
=
& 40 . S -
: N
20+ : \ i
] h.A
0 T T T
10/26/2011 600 800 1000

Wavelength {nm)



i Improving spectral range

= QE drops in the blue because the top layer is
too thick and non-transparent. One way to
improve it is the remove extra silicon
substrate from the back (thinning) and use
this side to detect the light (back-
illumination).

= QE drops in the red because photons have
too low energy. Warming up CCD improves
response in the red but also increases the

noise.
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i Dark current

Crark current {electron/pog's)
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Fringing

A=650 nm
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i Linearity

CCD full well is the number o

of electrons which can be . voromarty baga > f
stored in one pixel (height o :
of energy barrier between < 2000
pixels). 1

Typical values are between 2

30000 and 1000000 which 10900 .

also where the CCD goes

non-linear. 00
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‘L Modulation Transfer Function

MTF characterizes interplay between contrast
and spatial sampling
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http://www.astro.ku.dk/~ijaf/mtf/mtf670.ps.Z

‘L Charge Transfer Efficiency

= This is examined by measuring the amplitude of
bright points left by a y—ray source. Amplltude
dependence in the direction &
of parallel read gives parallel
CTE, while the other direction
reflects serial CTE. Good CTE
is >0.99999.

= The same experiment
establishes the relation between
ADU and number of photoelectrons (galn) Same
CCD may use more than one gain (e.g. 1.1 and 9).
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i CCD noise

= Shot noise (Poisson distribution o ~v/N)

= Dark current is proportional to time,
depends on temperature

= Readout noise, depends on the
temperature, read spgag
used

= Cosmic rays destroy
content of a few pixel

------
N
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i NIR detectors

= NIR detectors are similar to
CCDs

= Special non-silicon layer is used
to generate photoelectrons: HgCdTe (Hawaii) and

InSb (Indium Antimonide, “insbe”, taddin) are
sensitive between 0.9 and 25 microns.

= Silicon electronics is well Detector hybrid <
developed, therefore we o B %
use hybrid systems HgCdTe___

= Working temperatures: -

30-60 K s
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Hybrid Imager Architecture

lllumination i i Light :
! i detecting material '
i Junction i Junction E Junction
Indium Indium Indium
bump burm, burn,
/_ RoIC Switch
Detector array Bus to read out amplifier signal

This amplifier contains one or more MOSFETs

MOSFET = metal oxide semiconductor field effect transistor

Indium __
interconnects dS|||00n
read-out array - i
: H4RG-10 »” 4
Multiplexed 4096x4096 pixels
output 10 micron pixel pitch

HyViSlI silicon PIN

Photo courtesy of 'f ;‘f'f“";“'f
Raytheon Vision Systems ) LA

Mature interconnect technique:

* Over 16,000,000 indium
bumps per Sensor Chip
Assembly (SCA)
demonstrated

* >99.9% interconnect yield

Teledyne Imaging Sensors



Thermal InfraRed detectors

Raw frame Reduced frame
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http://www.not.iac.es/technical/astronomical/instruments/notcam/v361raw.jpg

i Thermal IR

= HgCdTe (“mercad”) arrays depending
on the exact structiire are sencitive in

1-17 micron range.

s Detector needs
to be cooled down
to 5-10 K

= Main problem is
thermal,emission:

)
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i backgroun

Cooling the whole
Instrument

(1024, 1024 (102410243

Chopping
and nodding

(10241024

the telescope
Non;destructive readout

x
(11
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http://www.eso.org/instruments/isaac/images/opticalLayout.gif
http://www.eso.org/instruments/isaac/images/phot-46a-98-preview.jpg

Non-destructive readout

ilicon multiplexor can measure accumulated
charges in each pixel without dumping the charges

This can be done several times before the dark
current of detector catches up with the shot noise

of the signal

Instead of using each
individual frame we
measure how charges
grow (linear regression) :

Typically we can make
16-64 readout before
the array must be reset
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ut & Shot Moi1se of Rockwell 1B824x1824 MCT Array
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Advanced integrating

‘L detectors

High-resistivity fully depleated CCDs with =0 readout noise!

J-phase
CCD structure

Poly gate
electrodes
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‘L High-resistivity CCDs

First large format CCD made at LBNL
2k x 2k, 15 pm pixels.

1980 x 800, 15 pm pixels.

Courtesy Lawrence Berkeley National Lab

The first 2kx2k results:

e Read-out at 10 MHz with readout noise of 0.2 e-
e QE at 950 nm > 80%

e Excellent charge transfer efficiency

e At 1 MHz can be also used as a PCD device
10/26/2011
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i CMOS detectors

= The idea is borrowed from the IR
detectors

= The integrating part is made out of
silicon

= CMOS multiplexor allow non-destructive
readout, partial readout etc.
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i PCD

= Photomultiplier

= Multi-anode
microchannel
array (MAMA)
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http://elchem.kaist.ac.kr/vt/chem-ed/optics/detector/graphics/pmt.gif

i PCD properties

= Noise sources: shot noise and dark current
= No readout noise (since there is no ADC)

= Cosmic rays are minor concern — detector of
choice for many space missions

= Limited dynamic range (why?)
= Linearity problem

= Can easily be tuned to any spectral range, no
need for thinning or other risky operations

= Maximum QE is about 50% (why?)
= MAMA allows reading 2D frames
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Comparison

CCDs

+ Large dynamic range
» Large QE

+  Extremely linear

+ Large sizes (4kx4k)

+ Sensitivity drops sharply
in the blue and the red

+ Readout noise
+ Cosmic rays
+ Cooling
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PCD

+ Digital output in real time
+ No readout noise

+ Insensitive to cosmic rays
+ No need for deep cooling

+ Much easier to make and
therefore much cheaper

»  Small dynamic range
+ Small QE
» High voltages
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Space:

Test detectors as much as
possible and as many as possible

Think of high radiation
background and large
temperature variation

Think of detector aging

Think of cooling (active and
passive)

Automate calibration procedures

Store all original calibration data
in case you want to go back

10/26/2011
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http://www.gsfc.nasa.gov/gsfc/spacesci/pictures/20020806ngst/AL-TRW- Close up of telesco.mpg

