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ABSTRACT

Two optical methods, namely crystal facet reflection and etching pits reflection, were used to orient <100> and <111>
high-purity germanium crystals. The X-ray diffraction patterns of three slices that were cut from the oriented <100> and
<111> crystals were measured by X-ray diffraction. The experimental errors of crystal facet reflection method and
etching pits reflection method are in the range of 0.05° - 0.12°. The crystal facet reflection method and etching pits re-
flection method are extremely simple and cheap and their accuracies are acceptable for characterizing high purity de-
tector-grade germanium crystals.
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1. Introduction Based on the structure and crystal growth behavior of
Ge, the optical method that has been used in Si crystals
[14] is used to orient Ge crystals for cutting since it is
extremely simple and effective. Figure 1 shows the
morphology of Ge crystal, which is from the structure
data of Ge crystal [15]. The interfacial angle between
(111) and (100) is 54.72 degrees. The angle between the
normal line of (111) facet and another normal line of
(100) facet is 54.72 degrees. These normal lines are par-
allel to <I111> and <100> directions, respectively. The
interfacial angle between (111) and (117) ((111) or (111) is
70.53 degrees.

Recently, there has been a great deal of interest in sear-
ching for dark matter and neutrinoless double-beta decay
that are so called rare event physics beyond Standard
Model using ton-scale high-purity germanium (HPGe)
detectors with ultra-low internal radioactive backgrounds
[1-8]. The high purity germanium crystal (net concentra-
tion range below 10'%cm®) was grown in pure hydrogen
atmosphere. The divacancy-hydrogen center (V,H) in the
crystal will cause trapping of holes which will degrade
the performance of nuclear radiation detectors. In order
to reduce the impact of V,H center, the dislocation den-
sity must be everywhere between 10° and 10* cm™ [9].
For fabricating detectors, the orientation of the Ge crystal
is important. High-Purity germanium crystals used for
fabricating detectors are usually oriented along <100>
direction [10,11]. Although an accurately oriented seed is
used for growing a crystal, the grown crystal will deviate
from the <100> direction because the seed rod is slightly
off-center in the crucible. Therefore, the grown crystals
should be oriented before fabricating detectors. X-ray
diffraction is an accurate technique to orient crystals
[12,13]. However, the equipment and operation of X-ray
diffraction is complex.

"Corresponding author. Figure 1. The morphology of Ge crystal.
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For Ge crystals, because the atom density of (111)
facet is the largest, the growth speed of (111) is the
slowest one. Therefore, Ge crystals tend to develop (111)
facets. If the axial thermal gradient is lower, three {111}
facets will be formed in the enlarging process after the
dash process. For crystals along <100>, there are four
{111} facets and four crystal edges [110]. For Ge crys-
tals along <111>, there are three facets and three crystal
edges [110]. Therefore, the reflection of crystal facets
can be used to orient the Ge crystals. On the other hand,
because of the dissolution speed difference in (111) and
(100) facets the etching pits reflection can also be used to
orient Ge crystals. In this paper, both crystal facets re-
flection and etching pits reflection in the orientation of
high-purity germanium crystals are discussed.

2. Experimental

2.1. Crystal Facet Reflection Method in
Orientation of <100> Crystal

Figure 2 shows the geometry of orienting a <100> crys-
tal with four {111} facets. Two Metrologic neon (He-Ne)
lasers (632.8 nm) are mounted perpendicularly to a
screen and pass through the holes in the screen. The two
lasers and a graphite plate are then adjusted using a bub-
ble level until paralleling with the optical table. The an-
gle between the lasers and the long edge of the graphite
plate is set to 54.72 degrees. The crystal is mounted on
the graphite plate by placing one facet vertical to the la-
sers until the reflected lasers pass back through the two
holes. The <100> orientation is thus parallel to long edge
of graphite plate.

2.2. Etching Pits Reflection Method in
Orientation of <100> and <111> Crystals
During etching by etchant (H,O,:HCI:H,O = 1:1:4), the
dissolution speed of (111) is faster than that of the (100)
plane. Therefore, for the side wall of the etching pits,

only the (111) facet will be left. The bottom of the etch-
ing pit is parallel to (100) or (111) [14].
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Figure 2. The geometry of <100> crystal orientation.
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For (100) and (111), the etching pits are square and
triangular, respectively (as shown in Figure 3). The op-
tical system was built to determine the crystal orientation
along <100> and <111>. Usually, the etching pits (dislo-
cation) density should be larger than 500/cm’. First, the
grown crystal was cut along the direction perpendicular
to the seed direction. The obtained surface was polished
with waterproof sandpaper until a mirror-like surface was
obtained. Then the crystal was rinsed in acetone and de-
ionized water and blown dry by nitrogen gas. The ob-
tained surface was etched by H,O,:HCI:H,O = 1:1:4 for
7 minutes ((100) sample) and 5 minutes ((111) sample).

Figure 4 shows the screens for <100> and <111>
crystals. In these pictures, the red points are a hole with
diameter 2 mm. For <100> crystal, there are two white
lines that intersect at the center of the hole with angle 90°.
For <111> crystal, there are three white lines that inter-
sect at the center of the hole with angle 120°. The laser is
perpendicular to the screen and goes through the hole on
the screen (as shown in Figure 5). The graphite plate is
parallel to the laser. The crystal was placed on the graph-
ite plate. The etched surface was facing to the laser. The
reflected laser beam was projected on the screen. Figure
6 shows the light patterns of laser beams reflected from
(100) and (111) surfaces of a Ge crystal. The experimen-
tal light patterns of laser beams reflected from the (100)
and (111) surfaces of Ge crystal are shown in Figure 7.
The crystal was adjusted to make the center of the re-
flected laser beam coincide with the marked lines on the
screen. Then the crystal was fixed on the graphite plate
with wax. The <100> or <111> orientation is parallel to
long edge of graphite plate.

(GEED) (100) (111)

(111)
(111) ‘ 1)

Figure 3. The etched pit diagrams of <100> (left) and <111>
(right) crystals.
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Figure 4. The screens for orientation of <100> (left) and
<111> (right) crystals.
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Figure 5. The geometry of crystal orientation for etching
pitsreflection method.

Figure 6. The light patterns of laser beam reflected from
(100) and (111) surface of Ge crystal.

Figure 7. The experimental light patterns of light pattern of
laser beam reflected (100) and (111) surface of Ge crystal.

3. Results and Discussion

The X-ray diffraction method was used to verify the ac-
curacy of the oriented crystals. The X-ray diffraction pa-
tterns of three slices that were cut from the oriented
<100> and <111> crystals were measured by X-ray dif-
fraction using a Rigaku Ultima IV X-ray diffractometer
(as shown in Figure 8). Table 1 shows the comparison
of the experimental and reported results of XRD. For
<100> crystal, the crystal facet reflection method is more
accurate than etching pits reflection method. The ex-
perimental errors of crystal facet reflection method and
etching pits reflection method are in the range of 0.05° -
0.12°. The experimental errors are related to the diameter
of the laser beam, the dimensional tolerances of the
graphite plate and the experimenter’s ability to “eyeball”
the laser alignment. However, crystal facet reflection and
etching pits reflection methods are extremely simple and
cheap and their accuracies are acceptable for character
izing high purity detector-grade germanium crystals. The
facet reflection method can be used for orienting the
<100> crystal with four facets grown from lower thermal
gradient and the etching pits reflection method can be

Copyright © 2013 SciRes.
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Figure 8. (a) The X-ray diffraction of (400) that was ori-
ented by crystal facet reflection method; (b) The X-ray dif-
fraction of (400) that was oriented by crystal etching pits

reflection method; (c) The X-ray diffraction of (222) that
was oriented by crystal etching pitsreflection method.

used for the <100> or <111> crystal with dislocation
density larger than 500/cm’.
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Table 1. Comparison of experimental and reported results
of XRD.

Face (400) (222) Ref.
Ge powder 65.997° 27.281° [16]
Ge crystal 65.94° °65.88" 27.38° This work
Difference 0.057° 0.117° -0.099°

“Crystal facet reflection method; bCrystal etching pits reflection method.
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