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A TECHNIQUE FOR DRIFTING LITHIUM INTO GERMANIUM
David A..Jenkins

Inorganic Materlals Research Division, Lawrence Radiation Laboratory,
Universivy of California, Berkeley, California

'A. Introduction

Methods of d?ifting lithium into single crystals of germanium have
been studied in order to explore the techniques of preparing gamma ray
detectors. When lithium is drifted into p-typévgermanium a diode is pro-
duced with a large Intrinsic region between its p aﬁd n layers. A reverse
bias is applied across the device ard when gamma rays eénter the intrinsic
region, they‘lose energy-and produce electroh-hole pairs which are col-
lected at both endslof.fhe diode. A pulse ofvcharge-is thus created which
is proportional in magnitude to the energy of the incident gamma ray. By
Getermining the height of this pulse,'an accurate measurement of the gamma
ray énergy can be>obtaineda | ’

Several groups are nOW'carr§ing out studies of drifting lithium into
germanium for the purpose of making gamma, ray deteétors, and there are pub -
lished reﬁorts on thelr progress.l’2 We have carrled out drifting in a
bath of normal penﬁané‘in the same'mannériused by SaundersAand others.5

' in this paper a éimple éystem is described which has been used suc-
cessiully to drift iithium into germanium, and results of the work with

different samples of germanium are presented.
' s

B. Description of Drifting Operation

The two principle suppliers of high purity germanium single crystals
) : .
are Sy‘lvania+ and Hoboken.5 They supply material doped with either gallium
or indium, and the ingots of the p-type gérmanium have a maximum cross sec-

tion of about 6 cm? and are oriented along the [111] plane. The properties
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of the material varied greatly from ingot to ingot, probably because of
uncontrolled variations of certain imﬁurity concentrations. Oxygen impurity
is especially to be avdided because oxygen is known to inhibit the drifting
of lithium into the sample.6 Impurities’ of gold and copper shculd also be
evolided since these impurities cause largé leakage currents which result
in poor resolﬁtion when the sample is used as a gamms, detector.
| The}germanium is cut into the desiréd size by using eithér a diamond
saw or a wire saw. Befofe cutting, the sample is glued on either a ceramic
or graphite block wiﬁh'a wax,8 and care must be taken in handling the ger-
manium to avoid cracking ﬂhe sample; The'cut should be as smooth as possible
to minimize the subseéuenf polishing (of lapping) time. | |
-.-The lithium is then appliéd to the surface of the germanium, and
diffused a short distance (1 mm) into the p type germanium. Ve used lithium
in en oil sﬁspension which was applied easily to'thé éample,‘and the sides
Cf_the sample,werevcoated with aquadag fo meke certain that lithium would
not come in csntact with the sides of the sample during diffusion.~ Diffusion
was done at 450°C in a furnace which is showﬁ in Fig.-l.9 Nitrogen gas
was slowly péssed through the system dﬁ}ing diffusion to remove oxygen
which could react with the lithium on ﬁhe sanmple,

Since germanium is brittle, carelmﬁst be taken to avoid large thermal
gradients in the sample which ﬁiéht build up internal stresses thaﬁ can
_crack the sample. Thereforeifhe sanple is heated in a two step process,
first by inserting it only a few inches inside the glaséftube where the
temperature gradient is such that this position has a temperature of
about 200°C. At this temperature the rate of diffusion is slow, but the
sample is slowly heated and the oil froﬁ the lithium'suspension is driven

off. After 30 minutes, the sample is placed in the center of the oven for
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5 minutes and the lithium {then diffuses approximately 1 mm into the ger-

maniun.

Following diffhsion, the sample is quenched by moving it back to the
edge of the glass tﬁbe, and the flow rate of nitrogen is increased fo cool
the sample., After ten miﬂuﬁes,‘the sample is removed from the oven and
further cooled by a Jet of air.

The material was lapped on 320 grit-grindihg paper, followed by a
second lap on 400 grip paper and a third lap on 600 grit paper.lo The
purpose Of.lapping is to remove all deep scratchés on the sample which were
introduced‘auring the cutting and earlier handling.v

The lapping operation gives a rough finish to the surface of the
'sample, ané & smooth mirror-like finish is‘obtained by & chemical polish.
Aftér lapping, the sample is ultrasonically cleanea for one minute; washed
ﬂin trichloroethylene, and then rinsed in methyl algohol. At this point'and
hereafter, the sémple is always handled by teflon tﬁeezers. The sample is
then chemically polished (etched) in CP4 solution which is composed of
(all chemical were reagent grade)

15 parts of 50% HF solution

20 parts of concehtrated HNO3

15 parts aceticvacid

3/10 part dbromine
The length of time used for etching depends on how fine a polish is required,
bbut is never greater than twb minutes. The etching is.done by first
pouring enough CPL solution into a plastic beaker to cover the sample.
The sample is theﬁ dropped into the beaker, and the bgaker is slowly agi-
tated by hand o avoid pitting on the sample's surface; When the etch is
completed, the process is qﬁenched by adding methyl élcohol to the etchant,

and the sample is quickly removed from the beaker and placed in methyl
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alcohol, At this point the sample has a very fiﬁe finish, and the finish
is preserved by keeping the sample under ﬁethyl alcohol._
vThe sample is now‘ready for .drifting, and the drifting aﬁparatus

which was used is shown in Fig. 2. The‘pentane bath is used to maintain

a constant temperature at the pentane boiling point of 36°C. Other solu-
tions have been considered as a bath, but pentane seems to be best because
of its low boiling point énd zero dipole - moment which minimizes its inter-
action with the sample, The sample is first removed from the methyl alcohol
and sandwiched between two coépe; plates, The whole assembly is held to-
gether by nylén screws, and between the copper and sample is a thin layerv
of indium which was ultrasonically soldered to the copper. After the
assembi& is“blown dry in nitrogeﬁ and immefsed in the pentane bath, a po-
.tential is slowly applied across the sample by means of a rheostat on the
pover suéply and the polarity of tﬁe éotentiai is such that, the sample is
reverse bilased. Our samples were génerally'l cm thick by 2 cm2 and would
hold a 500 volt poteﬁtial while drawing 15 ﬁilliamps of current, but the
maximum potential which the sample would hold varied_g;eatly with differeht
initial materials, We sometimes found that the sample would hold‘only a
few hundredv§olts at the begihning of drift, but after 24 hours a 500 volt
potential could be applied without breakdown (no longer hold voltage). The’
current in‘the heating mantle sufrounding the pentane flask was controllead
by a rheostat, and it was adjusted such that the pentane was held at a

slow boil. With this arrengement we found that the sample could be drifted
for periods up to ten days.without breakdown. Occasionally the sample
wogld breakdown, but this was remedied by cieaning the sample with the CP4

etchant. A second etch was also useful if the sample would not hold voltage

at the beginning of drift.
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Two tests were found useful while working wifh the sample. One weas
a hot point probe which indicates wheiher the sample is n type or p type,
and we found that a satisfactory reading was obtained by placing the probe
across a micrpammeterﬁ Wé elso used copéer plating to determiné the drift
depth of lithium into germenium. The samplé is reverse biased and placed
in a 25 gm/liter solution of CuSO, such that 25 milliamps flows through the
sample. When reméved from the plating solution, a thin»coéper line can be

observed along the Junction between the drifted lithium and the n type

.germanium.
C. Results

- We attemptgd to arift lithium into:three diffefent samples of germanium.
These sémples are humbered I, II, and III, end their froperties are liéted‘
in Table I. Was were unable to drift lithium into sample I, so we anal&zed
the samplé by toth neutron activatioh and infrared absorption for the
presence of oiygep. ‘Fox has demoﬁstrated that oxygen impurities in germanium
will inhibit the driftihg of lithium, and he'suggestéd a Lib+ complex was
forrmed which makes the lithium immobile.6’ The results ;f the neutron
activation analysis are given in Table II, and the presence of a high con-
centratiQn of oxygen was cohfirmed_in,the infrared aﬁsorption analysis.A We
were able to drift lithium into sémple II, but the‘fate of drift was very
slow and after two weeks the drift was only 3 rm., Sample III wasveasily
‘drifted, and depthsAqf,S mn were attained after 10 days.

To speed the drift raté, wé tried to drift.at a higher temperature by

using a benzene (boiling point of 80°C) bath. But at this‘temperature, the
sample became intrinsic apd would not hold a reverse bilas. . It is possible

that this techni@ue would be useful if the bath could be maintained at a
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lower temperature.

D. Conclusions

We have found a large variation in the perfofmance of samples teken
froﬁ different ingots. TFor a given ingot we were able to obtain the seame
results.with different samples, so we attribute the fluctuations in per-
formance fo the original ingot and not to variations in our technigues of
fabrication. Different ingots have different:composiiions of impuriiies,
ané the lithium drift mechanism must be very sensitive to the presence of
these impurities.  Consequently when purchasing an ingot of germanium from
the manufacturers, one can farely be certain that it will make a good
detector until a sample of the ingot has been suécessfully drifted.
Therefore it is suggested that in fgture tests, crystal growth and doping‘
be carried out in the laboratory in order to assdre uniform gquality in

material.
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Table I. Comparison of sample properties
(A1l samples were gallium doped (p type))

Sample | - I ' II ITX
Supplier v - . Sylvania Hoboken Sylvania
Lot number - 667 E-T 6782 67877

Resistivity (Q-cm)

Maximum ' 18.5 - ‘ 30 13.5
Minimum | 10.5 o 8.8
ﬁifetime (usec) N | 100 520 - 80
Dislocation density- ' , | .
(pits/cm2)
Maximum - o '. 1200 S T00 1600

Minimun a 600 - 500 1100
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Quahtitativevanalysis of

Taﬁle IT.
- o .sample I
Impurity Amount Presénﬁ
- Oxygen T3¥22 parts per million (neutrén
'i._ activation) - '

Iron 1b#3 yuem/em (chemicél analysis}
Nickel Vb.1210.63 ngm/gn |
Copper: < 0,011 uém/gm.
Silver < 6.1X107° ugn/gm

Gold

3

(6.8 0.5) X 10"~ ugm/gm
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/
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Section A-A

XBLETI-6

Oven used to diffuse lithium into germanium. The sample was

placed in the pyrex tube by removing the rubber stopper.
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v : Light bulbs
S

Vo!tmeter Teflon

“\Distitlation
column

Ammeter

supply

2 tliter flask containing
0-500 volts, 200milliamps

' l Variabte voltage powar
f pentane

See section A

« soldered to copper
plates

Sample

» [}
] + diom rod

__Copper plate, 1"x2"

Nylon
bolts (3)- }
Section A _
(detai! of mounting for sample) ' XBLET1-7

Fig. .2, Apparatus used for drifting lithium into germanium.
: The light bulbs were used as high impedance resistors
to aveid large current surges _through the sample if
the sample should become conducting.
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