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TECHNOLOGY AND PERFORMANCE OF
X– AND γ–RAY 32 PIXEL LINE DETECTOR

BASED ON SEMI–INSULATING GaAs

Frantǐsek Dubecký et al
∗

Technology, electrical characteristics and detection performance of a recently developed and fabricated 32-pixel line array
chip for detection of X- and γ -rays named “SAMO” based on semi-insulating GaAs are reported. The chip with dimensions

of 7× 2.4× 0.2mm3 is mounted onto a ceramic holder. A single pixel has an active area of 2000× (120 ÷ 180)µm2 with a

pitch of 220 µm. Current density (300 K) of a single pixel at a bias voltage of 125 V ranges between 9÷ 50 nA/mm2 . The
threshold voltage ranges between 150 ÷ 500 V. Pulse-height spectra in both the side as well as the top irradiation modes
measured using 59.5 keV and 122 keV γ -sources are demonstrated. The best detection performance observed with SAMO
pixel line detector for detection of 122 keV gamma rays at 300 K in the side irradiation reached a charge collection efficiency
85%, relative energy resolution in HWHM 4%, and detection efficiency in the photopeak 50%.
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1 INTRODUCTION

Semiconductor X- and γ -ray detector is the key ele-
ment for digital radiology systems of a new generation.
The most attractive applications (eg on-line process con-
trol, security, medicine) need detectors operated at room
temperature (RT) based on wide band-gap (> 1.2 eV)
compounds where at least one of the constituents has an
atomic number Z larger than 30 [1]. A further important
requirement for detector includes a good enough relative
energy resolution which is for 60 keV photons a value
< 12% in HWHM (half width at half maximum). This
requirement follows from the recently developed “dual X-
ray” image mode [2] giving directly a digital image of
the object density (or Z using corresponding calibration)
and allows selection of a “soft” or a “hard” part from
the integral digital image. Such an image mode needs a
satisfactorily fine energy separation of the detected pho-
tons eg from the broad energy spectrum of an X-ray tube
source [3]. Development and final effective fabrication of
a monolithic detector array based on a suitable semicon-
ductor is the most important task of the present period.
Figure 1 presents the stopping power of the most widely
used semiconductor materials for fabrication of X- and
γ -ray detectors in terms of their attenuation. This pa-

rameter is given for material thickness from 50µm up to
5 mm for three photon energies 30, 60, and 122 keV. The
attenuation A was calculated as the ratio

A =
n

n0
,

where n0 is the number of incident photons per unit area,
and n is the number of stopped photons. Both quantities
relate each other via equation

n = n0e
−µx

or

n = n0e
−

µ

ρ
(ρx)

where µ is the linear attenuation coefficient (in cm−1 ), x
is the thickness of material, and µ/ρ is the mass attenua-

tion coefficient (in gcm−2 ) where ρ is the mass density (in

gcm−3 ). There are three basic mechanisms contributing
to the absorption of the photon energy: (i) photoelectric
effect, (ii) Compton scattering and (iii) pair production.
In our calculation of the stopping power we neglected the
last mechanisms due to the energy range of interest. The
values of coefficients for a particular atom and a given en-
ergy of photons corresponding to each mechanism men-
tioned were taken from [4]. Total attenuation coefficients
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Table 1. Selected information and physical parameters (measured
at room temperature) of the used semi-insulating materials. Both

wafers have crystallographic orientation 〈100〉 .

Material label: A1 A2

Producer AXT AXT
Growth method VGF VGF
EPD, cm−2 5× 103 < 3× 103

Resistivity, Ωcm 8.8× 107 4.6× 107

Hall mobility, cm2/Vs 4.4× 103 6.2× 103

were then calculated by a weighing sum for all atoms in-

cluded in the compound according to the expression

µ

ρ
=

∑

k

µk

ρk
ak ,

where ak is the mass fraction of the k -th element of the

compound. In Fig. 1, a comparison of the attenuation

ability of GaAs, InP, CdTe and ZnCdTe is presented. For

each semiconductor material, the attenuation curves for

photons with energy 30, 60 and 122 keV are shown. The

attenuation curve for photons with energy from the range

30–122keV lies in the area between these two curves.

From Fig. 1, it is clearly visible that for lower energies

of photons the materials do not exhibit large differences

in the stopping power (see eg CdTe and InP), while for

higher energies of photons this effect becomes significant.

The use of GaAs as the base material for detectors op-

erated at RT presents the best choice from the economi-

cal, as well as the technical points of view (see eg [5–11]

and references therein). Moreover, a multipixel detector

array in the form of a line chip presents the basic element

for a longer X- and γ -ray detection line or a scanner that

offer the lowest cost and fastest way to reach the goal:

digital radiology instrumentation. Further, the detector

line allows its application in both the “top” or “side” ir-

radiation mode, when incident photons are in parallel or

perpendicular to the internal electric field direction, re-

spectively. The side irradiation mode presents a simple

possibility to reach a very long stopping length for pho-

tons even if a relatively thin detector structure is used.

We report for the first time on electrical characteristics

and detection performance of a recently developed and

fabricated 32-pixel line chip based on semi-insulating (SI)

GaAs named “SAMO” using a Schottky barrier active

electrode system. The chip technology was verified using

two various SI GaAs wafers with a thickness of 200µm.
The active area of a pixel is 2000×(120÷180)µm2 . With

the pitch of 220µm between pixels, a spatial resolution

better than 200µm (at about 70µm after precise digital

processing) could be achieved.

Fig 1 Calculated attenuation coefficient vs. material thickness

(50 µm–5 mm) for four semiconductors most widely used for X-
ray detector fabrication.

Fig 2 Picture of the SAMO chip mounted onto a ceramic support.

2 TECHNOLOGY

Detectors were fabricated from two initially undoped
SI GaAs substrates fabricated by AXT (American Xtal
Technology) grown by VGF (vertical gradient freeze)
hereafter labelled A1 and A2. Basic physical parameters
of materials used are summarised in Table 1. The sub-
strates were polished from both sides to a final thick-
ness of 200µm. A silicone nitride passivation layer with
a thickness of 100 nm was sputtered onto the freshly
etched GaAs surfaces. Windows for active electrodes were
opened in the passivation layer by dry etching in the O2

plasma. Further, detectors were symmetrically processed
using both-sided photolithography. The active electrode
consists of a Schottky barrier formed by Ti/Pt/Au metal-
lization (total thickness of 120 nm) using the lift-off tech-
nique. The back contact was formed by evaporation of a
non-alloyed Au/Ge/Ni multilayer producing an “ohmic”
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Fig 3 Room-temperature I-V characteristics of two pixels of SAMO chips fabricated from two various SI GaAs substrates (A1, A2)
produced by AXT.

Fig 4 Pulse-height spectra of Co-57 source (122 keV) detected by SAMO detectors fabricated from the two substrates (A1, A2) measured
at 3 various bias voltages (RT).

Fig 5 Pulse-height spectra of a Co-57 source (122 keV) detected
by the SAMO A2 chip at a bias voltage of −200 V (RT) in the top

(full) and side (dot) irradiation modes.

contact. In the case of the A2 structure, an originally
developed “buffer” was deposited using implantation in
combination with diffusion [12] prior to evaporation of
the metal electrode. Finally, the chip was glued on a ce-
ramic holder by a silver epoxyresin. Individual pixels were
contacted by ultrasonic bonding using an Al wire bonded
directly onto active pixels, without extra bonding pads.
Figure 2 shows a picture of the chip with dimensions of
7×2.4×0.2mm3 mounted on the ceramic holder. A single

step micro-Peltier cooler and IC temperature transducer

(AD590) for temperature control and stabilisation is cur-
rently assembled from the back of the ceramic holder.

The chip is applicable in both top and side irradiation
modes allowing two combinations of stopping length and
spatial resolution: 200µm & (120–180)× 2000µm2 (the

top mode) or 2000µm & 200× (120–180)µm2 (the side
irradiation mode), respectively.

3 DETECTOR TESTING

Current-Voltage characteristics of two selected chip
pixels measured at room temperature (296–301 K) for

the two used SI GaAs materials are presented in Fig. 3.

The current per pixel at a bias voltage of 100 V was
3(+/−0.5) nA, and 11(+/−2) nA for the chips fabricated

from material A1, and A2, respectively. These values cor-
respond to a current density of about 9 to 50 nA/mm2 ,
respectively. The threshold voltage of pixels ranged be-

tween 150–200 V for A1, and 300–500 V for A2 sample.

Pulse-height spectra measured in the top irradiation
mode using 57Co source (peak 122 keV) detected by SI
GaAs pixel detectors at three various bias voltages are

illustrated in Fig. 4. A comparison of the top and side

irradiation modes for the same radiation source at a bias
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Fig 6 Pulse-height spectra of an Am-241 source (59.5 keV) detected by the SAMO chip A2 at three various bias voltages (RT) in the
top (a) and in the side (b) irradiation modes.

Fig 7 Pulse-height spectra of a SI GaAs SAMO pixel detector
with demonstration of interesting interaction regions used for the

calculation of the detection efficiency — DE.

voltage of −200 V is illustrated in Fig. 5. In Fig. 6, pulse-
height spectra using 241Am source (59.5 keV) for both,
the top (a) and the side (b) irradiation modes are demon-
strated. The samples were measured at room tempera-
ture in darkness in the voltage range of 80–500 V. De-
tection performance of the detector was tested using a
standard front-end (F-E) electronic chain consisting of a
charge sensitive preamplifier (Canberra Model 2003 BT),
shaping amplifier (EG&G, ORTEC Model 572), analog-
to-digital converter (EG&G, ORTEC Model 800) and a
multichannel analyser. The time constant of the shap-
ing amplifier was set to 0.5µs. Electronic noise of the
used F-E chain tested by a pulsar presents 15 channels
HWHM. Bias voltage polarity on the irradiated pixel was
negative, ie the top of the detector.

Estimation of the detection efficiency of the tested de-
tectors was performed by using a radiation source 57Co
emitting mostly γ -photons with energy of 122 keV. The
number of incident γ -photons to the detector pixel with
area S was determined from the known duration of irra-
diation t , activity of radiation source A , and its distance
y from the detector according to the relation

I = A
S

4πy2
t .

Table 2. Summary of the observed electrical characteristics and
detection performances (122 keV, RT) of the SAMO X- and γ -ray

detectors based on semi-insulating GaAs.

Detector series label: A1 A2

Saturation dc current (bias 125 V), nA 3± 1 14± 3

Threshold voltage∗ , V 210 500

CCE∗ , % 50 85

HWHM∗∗ , % 9.5 4

Peak to valley ratio∗ 2/1 3.5/1

* Maximum observed value
** Minimum observed value

The activity of the radiation source was 1.02× 107 Bq
(here, the decay period of the 57Co source 269.8 days
was taken into account). Dimensions of the tested pixel
detector were: thickness 0.2 mm, length 2 mm, and width
0.16 mm. The distance between the detector and the radi-
ation source was 8 mm for the top irradiation and 13 mm
for the side irradiation. The collection time was 240 s.
The number of incident γ -photons calculated form mea-
sured photon counts IT = 9.7× 105 , and IS = 3.7× 104

was observed for the top and side irradiation, respec-
tively. Detection efficiency — DE calculated from detec-
tor thickness and atomic number of GaAs material was
pT = 3.4%, and pS = 29% for the top and side irradia-
tion, respectively. The number of γ -photons that interact
within the detector pixel during 240 s therefore is:

U = Ip .

For the top irradiation, UT = 3.3 × 104 and for the side

irradiation, US = 1.1×104 . Two values of a relative quan-
tity of events registered by the detector pixel in terms of
DE were estimated: DE in the photopeak and the total
DE including photopeak and Compton events. Figure 7
shows a typical spectrum of a detector pixel using the
57Co radiation source with demonstration of the two se-
lected energy regions of interesting interactions. The es-
timated values of DE at different bias voltages for both
the top and side irradiation modes are demonstrated in
Fig. 8.
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4 DISCUSSION

Two dashed lines drawn in Fig. 1. correspond to the
stopping length of SAMO single pixel: (i) 200µm for the
top mode, and (ii) 2000µm for the side mode. It is clearly
seen in the figure that the calculated attenuation for pho-
ton energy ≤ 30 keV in the topmode is higher than 74%.
On the other hand, attenuation in the side mode presents
a value of about 85% for the photon energy of 60 keV.
These values confirm the applicability of a GaAs detec-
tor in the considered energy regions including eg digital
mammography application even in the top mode where
the optimum photon energy is about 18 keV (see [8] and
references therein) or medical image in general using the
side mode, ie a long stopping length. The most impor-
tant advantage of the line detector array is a possibility
of the detector to operate in the side irradiation oper-
ation mode. This is impossible to use in the case of a
full area pixel detector (eg presently developed array of
125 × 125 pixel array with 150µm pitch within the EC
project MEDIPIX).

The obtained difference in the current density (Fig. 3)
is explicable by the different quality of used substrates,
including impurity, defect density, structural and space
charge inhomogeneities [13], and finally, the particular
electrode technology applied. The used substrates were
grown by the VGF method which is known to yield low
dislocation density materials (etch pitch density, EPD <

104cm−3 ). From a comparison of the basic physical char-
acteristics (mainly the Hall mobility and dislocation den-
sity) of the two SI GaAs wafers used for SAMO chip fab-
rication (Table 1), it can be concluded that material la-
belled A2 shows better quality. Also, as we observed from
a detail material analysis [13], A2 has a lower content of
chemical impurities, mainly metals (Cu, Fe, Ti) creating
deep acceptor-like levels in the material and space-charge
inhomogeneities. These defects lower the carrier lifetime,
which results in higher trapping, ie lowering of the CCE of
a radiation detector. The evaluated difference in material
quality correlates with the measured I–V characteristics
and detection performance, in particular the lower val-
ues of the saturation current and estimated CCE of A1
detector are related to a higher trapping.

The best performance observed (at RT) for SI GaAs-
based SAMO pixel detector present: (i) charge collection
efficiency — CCE 85%, (ii) HWHM 5.5% (122 keV) and
12% (59.5 keV) including the electronic noise of redaout
chain, (iii) detection efficiency — DE in photopeak 50%
(from the theoretical value), and (iv) peak to valley —
P/V ratio 3.5 (122 keV) and 15 (59.5 keV). The observed
energy resolution was improved to a value of about 4%
and 9% HWHM at 122 keV and 59.5 keV, respectively,
after the electronic noise extraction from the spectra. The
CCE, signal to noise and P/V ratio increases with the
increasing bias up to a threshold voltage according to ex-
pectation. The observed electrical characteristics and de-
termined parameters of tested detectors are summarised
in Table 2. Better detection parameters were observed
with A2 sample having the highest value of the threshold

voltage (Fig. 3b). This is explainable by a larger distance
of the saw cutting trace from the pixel edges (at about
100µm) and by the influence of the buffer layer placed
between the wafer and the back metallization.

The sample A2 pulse height spectra observed for the
top and side irradiation modes are demonstrated in Fig. 5
(122 keV) and Fig. 6 (59.5 keV). The estimated counting
rate in terms of DE for a pixel is higher for the side

irradiation mode due to about 10 times longer stopping
length (note that the results presented in Fig. 5 and Fig. 6
were obtained at a larger distance of the radiation source
from the detector in the side irradiation mode). As it
follows from the results, A2 sample gives a better DE
in the side irradiation mode, 98% and 50% for the total
and photopeak DE, respectively. Sample A1 shows nearly
the same dependence of DE vs. bias until a breakdown
voltage (about 200 V) as follows from Fig. 8. Such a
low value of the breakdown voltage can be explained by
placing the cutting saw trace at a very short distance
from the pixel edges (at about 25µm). Moreover, in A1
technology, no buffer layer was placed under the back
metallization. From Fig. 8 it can be concluded that the
value of the threshold voltage is of key importance due to
the control of the distribution of the electric field inside
the detector, ie its actual active volume.

It summarised from our study that the most critical
points of the technology include the “buffer” layer placed
between the substrate and metallization of the back elec-
trode [12], and cutting or cleaving a wafer into single
chips. The distance of the cutting saw trace from the face
of pixels plays a key role in control of the surface leak-
age current, as well as the threshold voltage. The most
critical situation is for the two edge pixels in the line.

The shape of the photopeak as well as low noise ob-
served prove the good performance of the developed SI
GaAs-based pixel detectors and their applicability in X-
and γ -ray digital radiology systems of a new generation.
Compatibility of the SAMO monolithic linear array with
a multichannel readout chip (XRD-TO1) based on C-
MOS technology [14] is presently being tested for detec-
tion performance. The readout chip accepts dc coupling
of a single pixel with the channel input up to about 50 nA
dc current. Preliminary results are promising and will be
published elsewhere.

5 CONCLUSIONS

The technology of a new device — semiconductor sen-
sor consisting of a monolithic 32-pixel linear array based
on bulk SI GaAs applicable for the detection of X- and
γ -rays — was developed. Electrical characteristics and
detection performance of radiation detectors fabricated
from 2 various standard quality bulk GaAs materials
using Co-57 and Am-241 photon sources were demon-
strated. The promising results obtained confirm the appli-
cability of SI GaAs-based radiation detectors in the field
of digital radiology. The developed technology presents
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Fig 8 The dependence of the estimated detection efficiency at various bias voltages for SAMO pixel detectors in the top (a) and the side

(b) irradiation modes.

the simplest and lowest cost processing that could finally
be used for small or medium scale production, after opti-
misation of a few resting critical steps is achieved.
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[12] DUBECKÝ, F.—DARMO, J.—PELFER, P. G. : Patent pend-
ing.
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