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Abstract

Custom grown vertical zone melt (VZM) ingots of GaAs have been zone refined and zone leveled. The crystallinity,
impurity concentrations, defect concentrations, and electrical properties of the ingots have been studied. Radiation detectors
fabricated from the ingots have been compared to radiation detectors fabricated from commercially available vertical
gradient freeze (VGF) material. Preliminary results suggest that electrical homogeneity may be a major factor in determining
the performance of GaAs gamma ray detectors. Deep level EL2 concentrations were reduced in the VZM material, however
gamma ray detectors fabricated from the material exhibited inferior resolution. Commercial semi-insulating bulk VGF GaAs
material demonstrated much better resolution than the VZM detectors, giving best energy resolutions of 7.8% FWHM for

122 keV gamma rays and 5% FWHM for 356 keV gamma rays.

1. Introduction

Gallium arsenide (GaAs) is a wide band gap semi-
conductor that has been investigated as a room temperature
radiation detector since the early 1960s [1]. Thin detectors
fabricated from high purity liquid phase epitaxial GaAs
have shown good gamma ray energy resolution at room
temperature [2,3]. Epitaxial detectors are generally only a
few hundred microns thick, which restricts their use to
charged particle and low energy gamma ray spectroscopy.
The obvious solution for increasing gamma ray interaction
efficiency is to use larger crystals, or rather, bulk GaAs
crystals. Semi-insulating (SI) bulk GaAs detectors have
demonstrated acceptably good alpha particle resolution at
room temperature [4,5], but have not performed well as
gamma ray spectrometers.

SI GaAs ingots are produced through a careful balance
between native deep donor defects (EL2) and residual
shallow dopants. Generally, EL2 levels are near 10'®/cm’
with residual shallow acceptor levels near or below 10"/
cm’. It is suggested that EL2 donors may produce space
charge in a reverse biased diode, which may be a con-
tributing factor to the truncated electric fields observed in
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SI bulk GaAs detectors [4,6-8]. Its overall reduction in
concentration could allow for wider active regions at lower
voltages than presently required. Impurity levels must also
be reduced to ensure that the material remains semi-
insulating.

The vertical zone melt (VZM) growth technique allows
for zone refinement (ZR) and zone leveling (ZL) of the
GaAs ingot before its removal from the crucible [9,10].
Zone refinement offers the prospect of reducing the
residual contaminant levels, whereas Ga zone leveling can
reduce the overall EL2 concentration. Reported are results
from detectors fabricated from zone refined and zone
leveled VZM SI bulk GaAs, along with comparisons to
detectors fabricated from commercially available vertical
gradient freeze (VGF) SI bulk GaAs.

2. Fabrication of Schottky barrier detectors

Samples from VZM ingots 6-57-H, 6-65-H, and 6-90-H
were sliced into 1.2 mm thick wafers with a 250 wm thick
I.D. saw [11]. One side of the wafers were lapped with 3
pm alumina grit until 350 pm were removed. Preliminary
polishing was performed on all samples (VZM and VGF
material) with 0.3 pm alumina suspended in a sodium
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hypochlorite solution. Final chemical polishing was per-
formed with 0.25% bromine/methanol solution.

The polished side of the wafers were coated with
PECVD Si,N, at 250°C. The wafers were patterned with
photoresist and the nitride was reactive ion etched (RIE) to
the bare GaAs surface. Si n-type implants were performed,
followed by an anneal in forming gas at 800°C for 15 s.
The wafers were repatterned and Pd/Ge layers were
deposited over the implanted areas to form non-spiking
n-type ohmic contacts [12]. The wafers were annealed in a
tube furnace under N, for 30 min at 250°C. The wafers
were again patterned and Ti/Au layers were deposited
directly over the annealed Pd/Ge contact.

The wafers were mounted ohmic contact down and 400
pwm were lapped and polished from the opposite side as
previously described. PECVD nitride was deposited over
the freshly polished wafer and patterned for liftoff. The
nitride was etched to the bare GaAs using RIE. The surface
was treated with a light chemical etch, following by
vacuum deposition of a thin Ti/Au Schottky contact. The
detectors were cleaved from the wafers and bonded into
BN collars.

3. Fabrication of AlGaAs heterostructure barrier
detectors

MOCVD was used to grow a 1 wm thick p-type AlGaAs
layer on a commercial semi-insulating (SI) VGF GaAs
wafer. The AlGaAs layer was coated with PECVD nitride
and the wafer was mounted AlGaAs side down. The
opposite side of the wafers were polished with 0.3 pm
alumina grit suspended in sodium hypochlorite solution,
followed by chemical polishing with 0.25% bromine/
methanol solution. Si n-type implants were performed on
the polished surface and annealed at 800°C for 15 s.

Photoresist was used to protect the nitride covering the
p-type contact locations. The nitride and AlGaAs layers
were reactive ion etched around the contact areas to the
bare GaAs surface, leaving behind mesa AlGaAs struc-
tures. The p-type AlGaAs contact areas were patterned and
the protecting nitride was etched to the bare AlGaAs
surface. Au/Be/Au p-type ohmic contacts were vacuum
deposited, followed by an anneal at 410°C. Pd/Ge layers
were vacuum deposited over the Si implanted areas to
form non-spiking n-type ohmic contacts. The contacts
were annealed as described in the previous section. Ti/Au
layers were subsequently deposited over the Pd/Ge con-
tact. The detectors were cleaved from the wafers and
bonded into BN collars.

4. [-V measurements

Reverse leakage currents were measured from the bulk
GaAs detectors, and diodes with different contact areas and
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Fig. 1. Charaqteﬁstic reverse bias /-V curves for several GaAs
diodes of different thicknesses. Shown are the reverse bias leakage
current densities measured at room temperature (20°C). The
diodes are listed by barrier type, material type, contact area, and
total thickness.

thickness were investigated. Most of the diodes demon-
strated robust characteristics, withstanding over 1 to 2 V
per micron of thickness. The p-AlGaAs barrier detector has
what appears to be higher leakage current than many of the
other detectors, yet from Fig. 1, it has a comparable or
lower leakage current density. It appears that the p-AlGaAs
structure provides a low leakage barrier. The p-AlGaAs
barrier diode was biased to 1000 V with a maximum
leakage current density of only 3.5 nA/ mm?. Most of the
Schottky diodes fabricated from the VZM material demon-
strated low leakage current densities as well. The /-V
curves (and pulser measurements) indicated that shot noise
was not a significant factor in determining the resolution
for most of the detectors tested. One small area Schottky
barrier detector fabricated from VGF material had a much
higher leakage current density than average (shown in Fig.
1), however the small detector had surprisingly better
resolution than the other detectors.

5. Radiation measurements

Schottky barrier detectors fabricated from the commer-
cial VGF material demonstrated considerably better
gamma ray resolution than the detectors fabricated from
the zone refined and/or zone leveled VZM material. Poor
resolution was observed from most of the detectors fabri-
cated from the VZM material, regardless of the growth
process. A 116 pm thick Schottky barrier detector (area =
12.5 mm?) fabricated from zone leveled VZM material
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Fig. 2. Room temperature (20° C) *’Co gamma ray spectrum taken
with a Schottky barrier detector fabricated from ZL VZM GaAs
material. The detector was 116 pm thick, had a contact area of
12.5 mm?, and was biased at 100 V. The energy resolution for 122
keV gamma rays is 49% FWHM.

demonstrated a typical resolution of 49% FWHM for 122
keV gamma rays (Fig. 2). Charge collection efficiency
(CCE) for the ZR, ZL, and ZR/ZL GaAs detectors was
25% or lower, which is considerably lower than generally
reported in the literature for GaAs detectors of similar
thicknesses [1].

Fig. 3 shows spectra taken with a 380 um thick
p-AlGaAs barrier detector (area = 12.5 mm?) fabricated
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Fig. 3. Room temperature (20° C) gamma ray spectra taken with a
380 wm thick p-AlGaAs heterostructure barrier detector fabricated
from commercial VGF bulk GaAs. Shown is a *’Co spectrum with
energy resolution of 17.7% FWHM for 122 keV gamma rays. The
contact area of the device was 12.5 mmz, and the bias voltage
during operation ranged between 400 and 450 V.
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Fig. 4. Room temperature (20° C) *’Co gamma ray spectrum taken
with a 130 wm thick Schottky barrier detector fabricated from
commercial VGF bulk GaAs. The energy resolution is 7.8%
FWHM, and both the 122 keV and the 136 keV gamma ray peaks
are clearly visible. The contact area of the device was 0.48 mm’,
and the bias voltage during operation was 450 V.

from commercial VGF SI bulk GaAs. The detector demon-
strated room temperature energy resolution for ¥Co 122
keV gamma rays of 17.7% FWHM. Although the detector
is over three times thicker than the ZL VZM detector in
Fig. 2, it has much better resolution and charge collection
efficiency. The spectrum deviates from typical low energy
tailing, demonstrating instead a flared base in both the high
and low energy directions. Gamma rays were detected
from '*’Ba at room temperature, in which the 356 keV
peak was observed.

A small area (0.48 mmz) Schottky barrier detector
fabricated from commercial VGF SI bulk GaAs demon-
strated room temperature energy resolution for *’Co 122
keV gamma rays of 7.8% FWHM (Fig. 4). Both the 122
keV gamma ray peak and the 136 keV gamma ray peak are
clearly visible. Additionally, the same detector yielded
good room temperature energy resolution for '*’Ba gamma
rays, demonstrating a resolution of 5% FWHM for 356
keV gamma rays. The small detector had a much higher
leakage current and leakage current density than most of
the other detectors tested, yet demonstrated significantly
better resolution. The capacitance of the detector is only a
bit less than the other detectors tested, hence the improved
resolution is not thought to be related to reduced capaci-
tance effects.

6. Conclusion
Radiation detectors fabricated from custom grown ingots

of VZM SI bulk GaAs have been investigated and com-
pared to detectors fabricated from commercial VGF SI
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bulk GaAs. The leakage currents observed from detectors
fabricated from both VZM and VGF material were com-
parably low, indicating similar device parameters. How-
ever, the detectors fabricated from the VGF material
routinely outperformed the detectors fabricated from the
VZM material. Good energy resolution for '*'Ba 356 keV
gamma rays (5% FWHM) was observed from a small area
VGF detector, although the detector operated with a
relatively high leakage current density near 60 nA/mm’.

Since the VGF material produced better detectors than
the VZM material, some material differences should be
noted. The VZM material had noticeably lower EL2
concentrations than the VGF material, in some cases being
near 10'*/cm’. The VZM material did remain semi-in-
sulating, indicating that the average residual impurity
concentrations were low enough to maintain compensation.
However, measurements indicate large variations and
inhomogeneities in electrical characteristics across some of
the VZM samples [11], which can understandably degrade
the detector performance. It is possible that non-uniform
electrical characteristics may be reduced through post
growth annealing and will be considered in future work.

Additionally, X-ray diffraction crystal rocking curves of
the material tend to show slightly broader peaks for the
VZM material than the VGF material, which may be due to
problems with the crystal mosaic or even residuals effects
from the wafer polishing procedure. Smaller detectors
appear to perform much better than larger detectors for
both VGF and ZL/ZR VZM material. Should significant
nonuniformities in the electrical characteristics be present,
one would expect smaller area detectors to outperform
larger area detectors. Production of VZM bulk GaAs with
improved electrical homogeneity after the zone refinement
or zone leveling process may help resolve the issue.
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