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ABSTRACT

This note estéblishes the value of obsefvafion_of etch-pit
distributions as a guide 'in the selection of germanium fof‘use in
lithium-drifted germanium detectors. Results afe presented showihg
a very good.correlation between the etch-pit distribution and
detector pérformance for a number of crystals pulled on the 111
axis., It is inferred thatbmechanical strain produced by therméi
conditions in the crystal growing process is the‘major S§Urce.of_

potential charge trapping sites in the final detector.
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I. INTRODUCTION

i
Our own observations, and those made by,other groups, show
that COnventionéi semicondﬁctor matéri?l pabaﬁeters pfévidelno
indiéatioﬁ of the quality of radiatiOngdetectors that can Be made
from difféfént germanium crystals. Since it was recognised.some
years ago that very small amounts of oxygen present in crystals
result in a sefious reduction in lithium drift mobility all
germanium now made for detectors is grown in>eifher’a reducing
atmosphere or vacuum. Furthermore, our general obsefvatién that
detectors made from vacuum grown crystals exhibit low breakdown
voltageS'and very poor chafge collection has led us to growing
crystals in a pure hydrogen atmosphere, exclusively. Conséquéntly;
the following'discussion, for the most part,'conéerns measurements
on.crystals pulled in a pure hydrogen atmosphere on the 111 axis,

but results are also presented for some zone-levelled crystals

grown in forming gas on the 111 axis,

Even with all preéautions taken to eliminate oxygen and other
known sources of problems, wide’variations_in performance are
observed.both bétween-detectors made from different cyrstals, and
between detectors made from different’parts'of,the same crystal.

In de{ectqrs, charge trapping (which may be exégggrated by electric
field non-uniformities) has been shown to be the mechanism ¢éusing
poor performance. The source of thesé traﬁs‘has not been clearly

established, and may vary from crystal to crystal, but recent work
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by Aﬁmantroutl) indicates that the lithium-defect interaction

constitutes one major type of trap. Armantrout has also shown
that the infra-red response of detectors can be used as a guide

to the "detector" quality of germaﬁium. ' C e

As the manufacture of detectors in order to evaluate a crystal

is a time consuming, frustrating and expensive process, it is

important to find a simple measurement which cérrelatesvwith detector
-.performance. We have found that etch-pit distributioné provide é
_virtually infallible guide to crystal quality (vacuum grown crystals
excepted) for detector use. At leést a major source of problems

in detectqu is revealed.by this very simplertechnique, althodgh
- we have accurately disériminated between.crystals from which detectorsr

showing small differences in performance were made.

‘II.° DISLOCATION ETCHING - - T

Almdstvany éhémiéal etch which attacks germaniuﬁ will reveal
screw-axis dislocations on tﬁe 111 face., However, the overall - _‘; _ L
éppearance of the etched faces is greatly variable for most etches. S
Fér example, the commonly used CP-4 etch-produces sharp, small pits
when properly controlled. But if tﬁe etch time is too short,.lap-
ping.damage will be confused with dislocations, and if the etch is
foo long the pits become rounded. Consequently, we selected a
standard etch routine that would be least affected by time-temperature

variations, A standard etch routine has the added feature that
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variations in etch pit size are due to real variations in the energy
disfributicn aréund a dislocation rafher than to e#tepnai'chemicai:
variéblés;.

' The crystal slice is first lapped with BOOlgrit carboruﬁduﬁ
and then polish~etched*;t6 produce a smooth;background with minimum
pit size. Since most of the crystals used have a fairly low dis-
lqcation density wé can deveLOp'the éfch pits to a iarge-size for
unmagnified‘observation. This is done with a 15 minute Billig 2)
etch+which produces large, sharp pits; Biliig étqﬁvdecompoées on
heating in.the presence of germanium, and the saﬁe solution cannot

be used for more than one etching,
The samples are illuminated for photography by placing three
lights at an angle of about €0° to the sample surface, and at 120°

with respect to one another, and the crystal is rotated to achieve

" 'maximum pit brightness.

3 39 6:2:1

t 12g KOH, 8¢ Ky Fe (CH)6 to 100 cc H

* HNO,:HF: Red fuming HNO

2O»ﬁsed'boi'ling
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III. TYPICAL RESULTS - , ' o

[

. The étch-bit photographs fér a number of germanium crystals , o . é
are preéentedvih figs. 1 through 12. These represenf a very émall E
‘ selectionvéut of approximately 300 detectors made from nearly 100
.crystalé (20 commercial and 80 ﬁade_in our laborétory). The

results given here are representative of the larger sample.

The following general observations can be made about the

relationship between etch pits and crystal quality:

1. Good.material is always characterized by a uniform
distribution of etch pits,

2. 'No clear relation has been seen between the efch pit
dénsity and quality exceptvin the case of zero dislocation |
crystals which are always poor. o !

3. A ring-shéped areé'depiéted of etéh.pits al;ays;signifies !

:;poor méterial; ‘ | | | - :l }

4, A minor degree of slip does not seem to be detrimental - $  __' ' -;

to detector performance but gross lineage is unacceptable.

The crystals that we have grown have, in genefél, a similar K ' i
evolution of the etch-pit pattern. "~ The seed end of the crystal

generally has a uniform pit distribution often with minor slip.

—TheAslip usually disappears shortly after the full diameter is

reached and a uniform, good qﬁality region of variable length follows,
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The ring structure depleted of etch pits gradually'appears and.the

quality deteriorates. The tail end almost always shows the ring

figure, often with slip,

It is difficult to establish very précise quantitive criteria_
for the quallty of a crystal used for detectors. Fowever, in order
to prov1de the reader with a measure of our criteria, the following
" pough parameters measured on a 0.8 cm thick, full area device are

quoted as representative of a good crystal:

l.. Drift current at 35°C: <10 mA/ch;

2. Breakdown Voltage: >2 kV on final device,

3. Capacity - Voltage relationship after drift (no clean-up
drift): Capacity will increase very little when the
voltage is reduced from i KV to 100 volts.

4. Performance on 60Coly-réys: (1.173 MeV peak):

Full width at half-max:

(quoted for 3 cm dia. slice;| <2 keV at 2 KV applied

) v voltage

slightly worse expected for

>3 cm dia. slice). © 1 <2.5 keV at 500V applied
voltage

Crystals which do not initially meet the drift current and break<
down voltage criteria sometimes do when a skin of material is

removed,
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With these objectives in mind we will now examine the etch pit

photographs in turn:

Fig. l: A slice of a germanium crystal obtained from Hobékeﬁ
in 1966 from which outstanding detectors were produced. We have
insufficient material to provide an etch-pit.distribﬁtion pfofilé
for the whole length of the crystal; a slice from a known good | - o
section is seen here. The etch-pit distribution is reasonably
uniform, ﬁith no apparent pattern, and a fairly low dislocation
density;

Fig;'2: A slice from crystal #u0 .grown at LRL. .The

dislocation density is clearly much higher than that of fig. 1,

but the distribution is reasonably uniform with onl§5é slight hint

of ring structure. Excellent detectors were made from fhiéicrystal;

Fig. 3: A slice from crystal #69 grown at LRL. The O ﬁr:f
dislocation density is uniform, and again this crysfal made an.

excellent detector.

Fig., 4: A Hoboken zone-levelled crystal. The uniformity of
the etch-pit distribution indicates a high Quality crysfal,_and

- +this is borme out by the high performance detectors produced. - ] ' : ;‘?

Fig. 5: Another Hoboken zone-levelled crystal. The pronounced

ring structure indicates a poor quality crystal, and detectors made

from this crystal gave poor performance.
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Fig. 6: A Sylvania zone-levelled. cryStal} The same remarks
apply as in fig. 5, with the detectors. being completely useless

in this case.

Fig. 7: A slice.taken near the middle of crystal #70 grown

at LRL. The pronounced ring structure indicates a poor quallty

crystal, and detectors made from the middle of this cnystal were

not‘acceptable.

Fig.'8: and Fig. 9: ' These figures illus{retekfhe.ohanges
that can occur along the length of a'crysfal‘(LRL.#68). Near
the head eod (fig. 8), some>slip is visible but the etch-pit distri-
bution is reasonably uniform, and an excelient detector Qas.made
from this‘slice. Half-way along the length of the crystal (fig. 9)
a pronounced ring Structure is present and detectofs made from this

region are worthless, The region between figs, 8 and 9 did produce

an excellent coax detector although some rlng Structure was present,

An interesting observatlon is that we have made good coax detectors

from other crystals having a ring structure, although planar

detectors made from similar material were quite poor,

Fig. 10, Fig, 11 and Fig. 12: These figures show the. behaviour '
along thebwhole length of a crystal (LRL #58), The performance of

detectors made from this crystal precisely match the_prediotions

based on the etch-pit distributions; the detector made from the head

is excellent, detectors from the middle are very poor,-whiie those

from the bottom are worthless.
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IV, DISCUSSION _ ' o o

While these results avre representative of a very useful teehnique,'
and they are presented here‘in that light, it is interesting to
speculate on the physical mechanisms involved in the rather'direct
pelationehip between the etch-pit distribution and cfystal quality

for detectors. ' ' o S : |

We do know that the etch-pits reveal dislocations; and the ) o
migration ef these dislocatione,voccufring while the crystal is '
still in the plastic temperature range,.is governed by mechanical E
strain. One can therefore assume fhat built-in mechanical sfrain in‘   : |
the crystal is being observed. The observation of the ring pattern !
and slip can be related to the work of Billig 2) énd others who
discuss the effect of the shape of the liquid-solid interfaqe and ,
élastic’deformations during crystal growth. Our results are similar ‘
and indicate that fubthef work on thermal profiles in the crysfal

growing apparatus is necessary.

It has been a general observationvthatvdisloeation free crystals ' ‘

are unsuitaﬁle for detectors. It is likely that dislocations act _;'v: -i
|

as low energy sites to nucleate ffeezing during crystal growth, and i
that dislocation free»cgystals are poor because these low energy . v .': j;-i
sites are produced by vacancy clusters.?ééne can also speculate that

in crystals containing dislocations, the vacancies are condensed on

a defect of very small cross-section, while in dislocation free : .
a : : i
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crystals, the vacancies are mobile and may combine with a diffusing
lithium ion, a phenomena which can be linked :o:the work of

1)

Armantrout™ °,

Since dislocatiopé can only m6ve‘thr§ugh fhe motion of vacancies,
~ it may be tﬁat the crystals with the ring structure:indicatingVstréin,i
(i.e., crYstals.in_which the dislogations_have ﬁoved) have a high
densify of unbound vacancies oeracancy clusters. kThis_mighf suggest5?
“that cryétals with the ring figure would behave likevdisl§§ation frée;y
crystals on‘lifhium drifting. This line ofvérgumehtiis supported

)

3 ‘ v < s . .
by -the work of Brock ° on anomalous X-ray transmission ln germanium.
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FIGURE CAPTIONS

Fig. 1. A'Hoboken crystal from which outstanding detectors were
prodﬁced; The etch-pit'eistribution is reasonably unifdrm

- . |
with no apparent pattern. ' |

Fig. 2. Crystal #40 groWn at LRL‘from which outstanding detectors
: were produced The dislocation den81ty is clearly much

hlgher than that of fig, 1, but the dlstrlbutlon is reasonably

unlform.

- Fig. 3. Crystal #69 grown at LRL from whlch an outstandlng detector

was made, Again note the uniform dislocation denSLty.

Fig, 4, A Hoboken zone-levelled crystal. The Uniformity of the
etch-plt dlstrlbutlon lndlcates a high quality crystal and

thlS lS borne out by the hlgh performance detectors produced.

Fig. 5. A Hoboken zone-levelled crystal. The'proﬁounced ring -
~ structure indicates a poor quality crystal, and detectors

made. from this crystal gave poor performance.

Fig. 6. A Sylvania zone-levelled crystal. The pronounced ring

structure indicates a poor quality crystal, and detectors

made from this crystal were worthless.

Fig. 7. A slice taken near the middle of crystal #70 grown at LRL.

The pronounced ring structure'indicétes a poor quality crystal,
and detectors made from the middle of thlS crystal were not

acceptable.‘
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8. Head end of crystal #68 grown at LRL., Some slip is visible

but the_etch-pit distribution is reasonably uniform, and an

~excellent detector.was made from this slice,

3, Middle of crystal #68., A pronounced ring structure is

present and detector made from this region are worthless.

10, Head end of crystal #58 grown at LRL. An excellent

detector was made from this slice.

11. Middle of crystal #58. A very poor detector was made .

from this slice.

12, Tail end of crystal #58. Detectors made from this regioﬁ

are worthless.
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