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Introduction

At University Centre of Electron Accelerators in Trenčín, Slovakia
by 5 MeV electrons: 
❖ Detector distance from accelerator window: 95 cm
❖ Beam scanning width: 40 cm
❖ Beam scanning frequency: 0.25 Hz
❖ Beam diameter at sample: 8 cm
❖ Beam repetition rate 10 Hz 
❖ Average beam current 8 A
❖ Base: 1 cm thick aluminum board
❖ Irradiated in thirteen steps to

 a cummulative surface dose of 2000 kGy.

❖ Recent progress in radiation technology applications (nuclear power plants, hadron therapy, 
space applications, research accelerators) brings new requirements for the radiation 
hardness of used devices: 
o Electronics in the spacecraft is exposed to electrons with energies of a few MeV and 

fluences up to 1010 cm–2day–1sr–1 [1].
o The future electron-positron collider planned in Europe [2] will be exposed to electron-

positron pairs from bremsstrahlung of a dose of about 1 MGy per year.

❖ We have studied the effect of 5 MeV electrons on properties of SI (semi-insulating) GaAs 
detectors [3]:
o We observed that the registered number of counts in photo-peak during measuring 

gamma spectra of 241Am increases with cumulative dose induced by high energy electrons.
o We assumed that it is only an apparent increase of detection efficiency in fact caused by 

the enlargement of detector active area caused by radiation induce defects in GaAs 
material leading to problems with collecting field distribution.

o Alpha particles are ideal particles for proof of our 
theory, the are absorbed in the surface layer 
(17 m) of detector substrate. The collecting 
field spreading should be observed as an 
increase of detected counts in alpha spectrum.

o The spreading of collecting field in non-degraded
SI GaAs with REVERSE APPLIED VOLTAGE was
 observed to be linear both to depth and to the sides [4-6]:

• Does the collecting field spreading occur
also with APPLIED DOSE? 

Conclusions
• We have employed the alpha spectrometry to reveal the behaviour of SI GaAs detectors after radiation 

degradation by 5 MeV electrons to reveal the electric field distribution in detector substrate. 
• The electric field spreads behind the Schottky contact edges not only with increasing applied reverse 

bias but also with rising cumulative dose of radiation degradation up to 100 kGy.
• The collecting field extension (Ex) is larger for doses up to 600 kGy than before degradation and for 

doses over 1000 kGy, the field is smaller than initial before degradation. 

Da-diameter of the active area of the detector, D -physical diameter of the top Schottky contact
N - total count in peak, NR - total count in peak at 50 V before degradation (reference value)

Integrated counts in peak of alpha spectra as a function of reverse bias voltage for different 
cumulative doses:
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The alfa spectra measurements were performed with an 
241Am alpha source with 5.5 MeV alpha particles after 
irradiation to doses of 24-2000 kGy. 
• With increasing voltage higher charge collection 

efficiency  and better homogeneity of collecting field 
were observed.

• With increasing dose the charge collection efficiency 
decreases but the number of detected counts rises up 
to 100 kGy.
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Substrate SI GaAs (230 m)

VGF SI GaAs - (CMK Ltd. Žarnovica, Slovakia)

Full area back contact Ni/AuGe/Au (30/50/90 nm)

Top contact Ti/Pt/Au (10/35/90 nm)

• VGF SI GaAs substrate made by CMK 
Ltd. Žarnovica, Slovakia
Resistivity @ 300K: 2 × 107 Ωcm 
Hall mobility @ 300K: 7219 cm2/Vs

• Top Schottky contact:
circle:  1 mm: Ti/Pt/Au

• Back ohmic contact:
full-back-side: Ni/AuGe/Au Prepared 
at:
Institute of Electrical Engineering SAS 
in Bratislava, Slovakia
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SI GaAs Detectors
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Schottky contact:

 to depth

 to sides

depth (m) = 24 + (0.7 U(V))

lateral ex (m) = 7.95 + (0.33 U(V))
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Reverse bias voltage (V)

Trajectories of 5 MeV electrons in 2 mm of GaAs (CASINO).

Integrated counts in peak of alpha spectra as
a function of applied cumulative dose for different 

reverse voltages applied (50 to 200 V).

The absolute field extension (Ex) of active 
detector area behind the Schottky contact 

edge as a function of applied reverse voltage 
for various degradation doses of electrons.

• Number of registered counts in peak increases with both applied reverse bias and the cumulative dose 
(up to 100 kGy ). 

• At low reverse voltage (50 V) the number of counts in peak rises with dose more steeply than at higher 
reverse bias.

• For doses in the range 100 – 600 kGy the number of counts in peak decreases but still is higher than 
initial value before degradation.

• For doses in the range 600 – 2000 kGy the number of counts in peak decreases mor intensively and is 
below the initial value before degradation.

Schottky contact 
 1mm

Top view  at the SI GaAs detector with Schottky 
contact on GaAs substrate with field extension 

display.

Active area =
Collecting field of detector

Ex =field 
extension

0.5 mm

References:
[1] Ts. P.  Dachev et al.: J. Atmos. Sol.-Terr. Phys. 99, 150 (2013).     [2 ]International Linear Collider, ILC reference design report. Volume 4 — Detectors, http://www.linearcollider.org/about/Publications/Reference-Design-Report [3] A. Šagátová et al.: JINST 11, C12078 (2016).                            
[4]  A. Castaldini et al.: Nucl. Instr. and Meth. A410, 79 (1998).       [5] N. Kurucová et al.: Experimental analysis of small pixel effect in SI GaAs detectors via alpha particles (IWORID2023-poster)         [6]  A. Perďochová-Šagátová: Nucl. Instr. and Meth. A563, 187 (2006).

Before     1000kGy   2000kGy

SI GaAs

135 nm

Reverse bias  voltage

Ohmic contact

200V

100V
20V

300V

3
8

 
m

1
7

 
m

a a a aaaaaa 5485 keV

4887 keV

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
0

1

2

3

4

0 00

N
u
m

b
e
r 

o
f 
fu

n
c
ti
o
n
a
 d

e
te

c
to

rs
 (

o
u
t 
o
f 
4
)

Dose (MGy)

Dose rate (kGy/h):

 20

 40

 80

- 100 V - 200 V - 300 V

230 m

360 m

500 m

200

400

600

800

1000

Y
 (


m

)

 

 

 

 

0

1800

 

 

018,0036,0054,0072,0090,00108,0126,0144,0162,0180,0198,0216,0234,0252,0270,0288,0306,0324,0342,0360,0378,0396,0414,0432,0450,0468,0486,0504,0522,0540,0558,0576,0594,0612,0630,0648,0666,0684,0702,0720,0738,0756,0774,0792,0810,0828,0846,0864,0882,0900,0918,0936,0954,0972,0990,0100810261044106210801098111611341152117011881206122412421260127812961314133213501368138614041422144014581476149415121530154815661584160216201638165616741692171017281746176417821800

200

400

600

800

1000

1200

Y
 (


m

)

 

 

 

 

0

1800

 

 

018,0036,0054,0072,0090,00108,0126,0144,0162,0180,0198,0216,0234,0252,0270,0288,0306,0324,0342,0360,0378,0396,0414,0432,0450,0468,0486,0504,0522,0540,0558,0576,0594,0612,0630,0648,0666,0684,0702,0720,0738,0756,0774,0792,0810,0828,0846,0864,0882,0900,0918,0936,0954,0972,0990,0100810261044106210801098111611341152117011881206122412421260127812961314133213501368138614041422144014581476149415121530154815661584160216201638165616741692171017281746176417821800

300 600 900 1200
200

400

600

800

1000

Y
 (


m

)

X (m)

 

 

300 600 900 1200

X (m)

 

 

300 600 900 1200

X (m)

0

1800

 

 

018,0036,0054,0072,0090,00108,0126,0144,0162,0180,0198,0216,0234,0252,0270,0288,0306,0324,0342,0360,0378,0396,0414,0432,0450,0468,0486,0504,0522,0540,0558,0576,0594,0612,0630,0648,0666,0684,0702,0720,0738,0756,0774,0792,0810,0828,0846,0864,0882,0900,0918,0936,0954,0972,0990,0100810261044106210801098111611341152117011881206122412421260127812961314133213501368138614041422144014581476149415121530154815661584160216201638165616741692171017281746176417821800

Pixel size 

Applied voltage

0 50 100 150 200 250
0

200

400

600

800

1000

1200

1400

1600

1800

2000

C
o
u

n
ts

 p
e

r 
C

h
a

n
n

e
l

Channel

Rev. bias:

 20 V

 30 V

 40 V

 50 V

 100 V

 150 V

 200 V

Dose:  0 kGy 241Am a

0 50 100 150 200 250
0

200

400

600

800

1000

1200

1400

1600

1800

2000

C
o
u

n
ts

 p
e

r 
C

h
a

n
n

e
l

Channel

Rev. bias:

 20 V

 30 V

 40 V

 50 V

 100 V

 150 V

 200 V

Dose:  300 kGy 241Am a

0 50 100 150 200 250
0

200

400

600

800

1000

1200

1400

1600

1800

2000

C
o
u

n
ts

 p
e

r 
C

h
a

n
n

e
l

Channel

Rev. bias:

 30 V

 50 V

 100 V

 150 V

 200 V

 250 V

 300 V

Dose:  1000 kGy 241Am a

0 50 100 150 200 250
0

200

400

600

800

1000

1200

1400

1600

1800

2000

C
o
u
n
ts

 p
e
r 

C
h
a
n
n
e
l

Channel

Rev. bias:

 20 V

 30 V

 40 V

 50 V

 100 V

 150 V

 200 V

Dose:  600 kGy 241Am a

0 50 100 150 200 250 300

4000

6000

8000

10000

12000

14000

16000

C
o
u

n
ts

 i
n
 p

e
a

k

Reverse bias (V)

Dose:

 0 kGy

 100 kGy

 136 kGy

 200 kGy

 300 kGy

 400 kGy

 500 kGy

 600 kGy

 1000 kGy

 1500 kGy

 2000 kGy

Dose: 100 - 2000 kGy 241Am a

0 50 100 150 200 250 300 350

4000

6000

8000

10000

12000

14000

16000

Dose:

 0 kGy

 24 kGy

 40 kGy

 56 kGy

 71 kGy

 86 kGy

 101 kGy

 116 kGy

C
o

u
n

ts
 i
n

 p
e

a
k

Reverse bias (V)

Dose: 0 - 100 kGy

241Am a

1 10 100 1000

4000

6000

8000

10000

12000

14000

16000

C
o
u

n
ts

 i
n

 p
e

a
k

Dose (kGy)

 50 V

 100 V

 150 V

 200 V

0 kGy

241Am a

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2017

D
o
s
e

 (
k
G

y
)

Year of degradation

2014

Accumulative dose applied to detectors:

2016 2018 2019 20192014

0 500 1000 1500 2000
0

5

10

15

20

25

30

35

S
lo

p
e
 (

1
/V

)

Dose (kGy)

Counts in peak to reverse bias slope

The slope  of counts in peak as a function of 
applied reverse bias for various degradation doses 

of electrons, representing improvement of 
detection efficiency with increased bias applied.
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The absolute field extension (Ex) of active 
detector area behind the Schottky contact 

edge as a function of applied reverse voltage 
for various degradation doses of electrons.
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