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Detectors

Developed a

nd produced in Tomsk, supplied by Dubna

~ 6.5 cm heigth, ~ 6 cm base
_____ 500 wm thickness

30 nm V + 1 um Au metallisation

Segmentation defined by metallisation
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GaAs Detector Material

Gallium arsenide (GaAs)

Compound semiconductor, direct bandgap
Two sublattices of face centered cubic lattice

(zinc-blende type) GaAs

Density 5.32 g/cm?
GaAs grown by Liquid Encapsulated Pair creation E 4.3 eV/pair

Czochralski (LEC). ® Band gap 1.42 eV
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doped by Te or Sn (shallow donor) * Electron mobility 8500 01?2/ Vs
to fill EL2+ trapping centers. Hole mobility 400 em/Vs
C ¢ Dielectric const. 12.9
ompensated by Cr (deep acceptor) to .
. R : e Radiation length 2.3 cm
high-ohmic intrinsic type material.
, AL Ave. Eg, /100 pm
Compensation by thermal diffusion (by 10 MeV e) 70 keV
Ave. pairs/100 um 16000
N> Ng>N g * MPV E,, (MIP) 56 keV

Described in “GaAs as a material for particle detectors”™ Should really check

DOI:10.1016/S0168-9002(02)01455-9 these numbers once more
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Charge transport

Due to the nature of material doping the signal charge is transported
by electrons (low hole mobility and lifetime - due to compensation)

This means maximum CCE 1s ~ 50%
Still the average collected charge for MIP is ~ 7500 e (9200 e for Si)

This also means that material can’t be used for example for
Y-spectrometry as the signal size depends on on the interaction depth

This was checked with a-source measurements.

Described in detail in “GaAs resistor structures for X-ray imaging detectors”
DOI 10.1016/S0168-9002(02)00951-8
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Detector structure

Semi-insulating material => NO p-n junction => No V
=> Resistive behavior (similar to diamond)
Q ~ 10° ohm cm => Typical resistance ~ 0.3 GQ (5x5x0.5 mm pad)

full deplition

NO Vi1 depiition DUt there 1s a saturation of CCE
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Bias voltage, V
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I-V characteristics

Ohmic behavior
Typical currents ~ 1@A
(same 5x5x0.5mm pad)

A Before irradiation

@ After irradiation

Current increases after
irradiation
~ 2x after 1.5 MGy

I, LA

e 05 There is a nonlinear
Field strength, V/um part near oV
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Schottky contacts
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1. V-Au contacts (schottky) The schottky barrier ~ 0.8 ¥V

2. AuGe (ohmic) and V-Au
The field depth ~ 0.5 um

I''. Aiizenmrar, M.A. Jlenekos, B.A. Hosukos, JI.C. OkaeBuu, O.I1. TonbGanos
“TOKONEpEHOC B IETEKTOPAX HA OCHOBE apCEHU/IA TAIUINS, KOMIIEHCUPOBAHHOTO XPOMOM™’
“U3mepeHune BBICOTHI Oaphepa Ha IpaHuUlIe METAII - OIYU30IUPYIOIIUA apCeHU ] Tallus’
dus3nka U TEXHUKA ITOJTYyIPOBOAHUKOB, 2007.
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C-V characteristics
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| dark, nA

1@V at 20°C [wA]

Radiation effects
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Alpha-source
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Alpha-source
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+20dB => ~ 30-40x difference => electron transport - for irradiated too
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Conclusions

We have collected some statistics on GaAs detectors. Is it possibe
to produce some model based on that? Especially concerning
radiation damage.

Some other methods of characterization to complement this data?

To do (short term)

MIP signal saturation vs voltage for irradiated samples
Refine alpha-source measurements (if needed)

Simulate E depositions for GaAs, diamond and Si
for different particles consistently
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