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Introduction

The very promising results which have been obtained
from the gold/arsenic-doped germanium indicated that the ma jority
of the effort during the period covered by thls report be spent
on this problem. A spectral response extending out to 10 microns
has been obtained with the double-doped germanium cooled to liquid
nitrogen temperature., The sensitivity of the materisgl even in
its present state is quite good. It is expected with further work

that this sensitivity can be markedly increased.

&

During this period, 4. J. Cussen, from Naval Ovrdnance
Leboratory, Corona, California, visited RCA to discuss hls measure-
menis on infrared cell AAZUO wiildi had vbeen sent to him Ifor
evaluation, As described im Section V of the last report, the
AA-type cell consists of a gold/arsenic germanium crystal wounted
in a2 1iquid nitrogen dewar., This dewar has a silver chloride
window and, for convenience, is made demountable. A cross-
sectional view of the cell 1s shown in Fig. 1. The crystal is
labelled A; parts B and C sre copper blocks and part D 1s a
copper radiation shield, Fig. 2 snows ths spectral response of
thls cell, C(Cussen was very enthusiastic about the performancs
of this cell and feels that many groups should be interested in
the posslbillties of using this type of material for practical

Infrared detection of radiation out to 10 microns,

i
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I, ;nfrared Detectors

The spectral response at 90 cps (5 cps bandwidth) of
AA206, shown in Fig, 2, gives the E,N.I, as & function of
wavelength, It is ssen that the response is practlcally the
same as had been measured in RCA Labs. for our cell, shown
as AA205 in Fig. 4 of the lsst report., On an adjacent page is
presented a copy of a tentative data sheet on AA206 as compiled

by Cussen, The response of the cell was flat to 1 kecps and
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90 cps, and 0,2 uV at 10 kcps.

As a result of Cussen!s visit, two more cclls of
Tyre AA will be constructed for his evaluation. 1In addition,
he 1s going to calibrate for our use the response of three
germanium crystals in the intrinsic region at room temperature
to ald us In putting our response measurements on an absolute
basis,

Alec, during this perlod, the results of measuremsnts
by H, Levinstein at Syracuse and G. Klingler at Wright Fisid
on cell AA205 werc received and indicate that scmething unknown
nas happened %to this celi, . threshold near 6 microns has bsen
measured by both Levinstein and Klingler, whereas before this

cell was sent out, response was measurable out to 1C microns

(Fig. 4, last report).
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CONDI TIONS OF MEASUREMENT

CELL SENSITIVITY
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Spot Energy:
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90 cps

S cps
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CELL CONSTRUCTION

Type:

Window: AgCl

Ge gold~doped
Electrode Material:
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Cell #AA206 - Germanium
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II. Conductivity Measurements

Tn a continuation of our study of gold/arsenic
germanium, crystal 353L was cut into 14 pleces for conductivity
srnd spectral response measurements, An induction hydrogen
furnace was semi-permanently set up to alloy broad area lndium
contacts into the ends of the cylindrical samples, Crystal
3531, was a gold-doped germanium melt with arsenic added step~
wise three times during the drawing of the crystal, A half-
silhouette of 353L is shown in Fig., 3.

In runs 93 and 95, the dark conductance of eleven
crystals from 3531, was measured asg a functicn of temperature to
4°K, The characteristlc behavior of these crystals is shown in

ig€. 3. The activation energy of the arsenic-free section was
0.048 ev whereas, for the crystals conteining arsenic, it varied

from 6,10 to 0.14 ev,

It is planned to summarize the present results on gold/
arsenic germanium in tne next report.

In order to measure the temperaturs deprendsnce of the
conductance of germanium crystals above room temperature, a
helium furnace was set up. So far, measurements intc the intrinsic

range have only been made on two crystals, both from 353L.
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III. 8pectral Response Measurements

The spectral response of two crystals from crystal
354L was measured at liquid nitrogen temperature. Crystal 354L
is a zinc-doped germanium melt with arsenic added step-wise
threc times, Both crystals exhiblted a much sharper impurity
threshold than the gold/arsenic germanium, Subsequent measure-
ments have indicated the presence of short wavelength scat tered
light In the Leiss at settings of the prism corresponding to the
"response™ descrlibed above; the zinc/arsenic crystals have not

yet been reexamined,
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IV. Preparation of Germanium Samples

In this period the preparation ¢f Ge passed through
several changes,

The first of the Intentionally double-doped crystals
(3491), with Au andé As, was prepared, followlng observations on
the behavior of "chemically pure" gold compared to the extremecly
refined Johnson and Matthey Au,

Since the first crystal had insufficient As, another
(350L) was grown, in which the As was added step-wise, This was
repeated (353L) in an attempt to get the fransition from ®p"
to "n" type occurring in one crystal,

work was done to further the compensation concept by
preparing a ZnAs double-doped crystal (354L) (by step-wise
addition), 1In this case, pserhaps in part due to the volatility
of the Zn, the expected “p" to "n" transition occurred near the
middle of the crystal,.

A crystal contalning Ag was prepared, but the behavior
of this doping material atill appeered anomalous.

The additions were mostly made through a § fitting on
the viewing side-arm, in more than 6 crystals this proved very
satisfactory, for additions greater than ~ 5. mgns,

In erder to get a homogeneous melt from winich to draw
the dotible-doped crystals, the seed and -~rystals were rotated
at 100 r.p.m, - well within the range of 15 to saveral hundred

r.p.m, used by other workers, To avoid introduction of foreign

CONFIDENTIAL
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materials, s new type of furnace tubo head was machined from
Teflon.

Toward the end of this period, the furnace in the
"penthouse™ lab was set up 1n preparation for the radiouctive
tracer dopings.

The grinder obtained for cutting radicactive crystals
was put into use on inert ms 2rials to avoid the delay between

preparing and testing cryste.s, which often occurred when others

édid the cutting for us,
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V. Radioactive Tracer Measurements

A. Introduction

The reasons underlylng the cormencement of radioactive
tracer measurements of impurlity concentrations in germanium have
been summarized in Interim Revort No, 14, A brief outline of the
principel steps involved in the determinatlon as planned has also
been presented there. The effort on this problem during the present
period has been concerned with assembling the equlipment necessary
and developing the techniques required for carrying out some of
the steps of the procedure,

In order to glve an ldea of the order of magnitude of
the amount of impurity (antimony in the first experiments) vhich
must be added in order to produce a sultadbly doped crystal, some
11lustrative figures will be given, Suppose it is deslred to grow
a crystal 1n whicn the antimony concentration is ebout lxlo15 em=3
near the seed end of the crystal, From the valus of ths segrega-
tion coefficient for antimony in germanium (5x10'3), the density
of germanium at room temperature (5,35 g/cm3), the atomlc weight
of antimony (121.76) and Avogadrot!s number, a simple calculsion
gives the result that 7,6x10’6 grams of antimony must be present
per gram of germanium in the melt,

A bar, sultable for Hall effect measwements, cut from
this crystal will have a welght of about 0,35 g and will contain
about 1.3x10’8 grams of antimony, If the specific activity of
the tracer antimony used 1s about one curie per gram, then the

totsl number of radioactive disintegrations per second in s Hall

CONFIDENTIAL
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effect sample will be about 500. The actual couating rate to

be expected when the radioesctivity of such a ssmple is measured
will be smaller than this by a factor determined by the geometry
of the counting arraangement and by the efficlency of the counter,

B. Addition of Tracer Antimony to Germanium

The present plan is to add an appropriate amount of
tracer antimony by electrodepositing the antimony upon a plece of
the pure germanium to be doped,

The electrodeposi tion of small amounts of antimony has
been studied using non-radioactivs antimony and a modifica;ion of
the plating method describzed by Norwitz.® The antimony must be
In the pentavalent stete for deposltlon to occur, The oxidation
is accomplished by the wuaddition of a small amount ¢f perchloric
acld to a soluticn 2f antimony chloride or sulfate in HESO4—H01
gelution, The uniformity of deposition 1s improved if hydroxylamine
hydrochloride 1s present in the electrolyte, The electrcdepocsition
i1s carried out using a piatinum anode end a current dengity of
about 1 amp, per sq, Jdm,

Several trial depositions in which the tctal amcunt of
antimony present in the electrolyte ranged from 0.2 to 0.6 mg
were carried oul, Recoverles of from about 30% to about 509 of
the total antimony were observed, There appeasred to be no systema-
tic dependence of efficlemncy uvpon total amount of antimouny present.,

These experiments have demonstrated the feasibility of

this method cf addition of small amounts of antirony to a gsrmenium

melt, There remains tc be demonstrated that no forelgn lmpurlity

#G, Norwitz, Anatéh?ﬂ?ibéa&‘ffhl
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is intrcduced along with the electrodercsited antimony, This will
be investigated by preparing a germanium crystal doped vith inactive
antimony which has been plated out in this manner., A determination
ot the electrical behavior of this crystal should glve an indica-
tion of the presence or absence of at least certain types of
foreign lmpurities. Since the electrolyte contains no non-volatile
cons tituents, the probability of contamination of the deposited

antimony should be small,

C. Determination of aAntimony Concentration in Crystals

The object of the tracer experiment 1s to compare the
charge carrier concentration as determined by measuresment of the
Hall effect In the impurity saturaticn range with the Impurity
concentration as determined by measurement oI the radiocactivity
of the samples upcon which the Hall effect measurements have been
made,

After the Hall measurements have been made on a given
sample, the electrodes will be removed, the sample will be weighed
and will then bse brought into solution for measurement of the
radiocactivity. Reproducibillity of the counting geometry, it is

felt, will be more satisfactory if measurements are made unon a

(o)

solution of the sample rather than upon the scolid samnle itself,

A tentative procedure for dissolving the samples under condi tions
such that no loss c¢f either germanium or arntimony occurs has been
developed, The sample 1s dissolved by means of a HF-HNO3 mixture

in the presence oif an amount of iithium fluoride sufficient to

convert the germanlum to LigoGeFg and the antimony to Lisbly,
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The excess HF and HN03 are removed by evaporation to dryness and
the solids are redissolved by adding a definite amount of water,
The entire operation will be carried out in a Teflon cup which
will serve also as the container to be used in measuring the
radioactivity of the solution. This will involve counting of
gama rays emitted by sbl24 by means of a scintillation counter
employing a thallium activated sodium iodide crystal,

D. Calibration of Radicactivity Measurement

In order to deter-ine the total amount of antimony present
in n sample whose radiocactivity has been measured, the specific
activity of the radicactive Sb124 preparation used must be known.,
Two steps are Involved in the determiination of this quantity,

(1) The radloactivity, determined under the same conditions of
volume and amount of germanium as those employed in the measure-
ment of the Hall effect samples, must be measured upon an aliquot
of the sbl24 preparation used, (2) A quantitative chemical
enalysis of an aliquot of the sblcd preparation for total antimony
must be made,

An analytical me thod based upon procedures described

by Prederick®™ and Maren®* has been developed in a form suitable

o

for use with r

with radicacti ve antimony selutions, Tn summary, the
method involves ihe formation of a colored complex between pen-
tavalent antimony and the dys Rhodamine B, This complex is

soluble Iin solvents such as benzene or tolusne in which the

#W. G. Frederick, Ind. Eng. Chem, Anal., Ed., 13, 922 (1941),
=4+T. H. Maren, Anal., Chem., 19, 487 (1947). -
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dye itself is insoluble, The complex 1s formed in an aqueous
phase in the presence of an excess of dye and 1s then subsequently
extracted by equilibration with a definite volume of arganic
solvent, The optical transmission of the organic solution of the
comp.ex is then measured in a simple photoelectric filter photometer,
The method 1s calibrated by determination of the transmission of
a series of samples containing known amounts of antimony., This has
been done for amounts of antimony up to about 30 micrograms, From
the scatter of the callbration points sbout a line drawn through
them, the precision of the method hus been estimated to be about
2% for amounts of antimony in tne range between 5 and 30 microc-
grams,

One point wnich will have an, at present, unknown effect
on the overall precilision of the radiocactive determination of the
ant imony concentration in the doped germanium should be mentioned.
As Indicated in section A, a doped germanium sample whose radio-
actlivity is to be moasured wlll contain about 159 grams of
antimony, In arder to eliminate any possible non-linearity of
the radioactive count with amount of antimeny., the calibration
radicactivity measurement of Section D(1l) should be made uvon a
sample contalning about the same amount of Sb124 a5 do the unknowns.
Since, however, the cclorimetric antimony determination canno®
ve used below the microgram range, the chemical analysis must
be made at a concentration level about two orders of magnitude

higher than that at which the radioactivicy is measured, Although

-

no serious difficulty is expected in going from the microgram to
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the sub-microgram level, the possibility of radlocolloid forma-

125

tion or of sdsorption of significant amounts of antimony upon

the walls of the containing vessels must be kept in mind as

possible sources of error,
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VY. TEquipment

l, Infrared Detector, Type AA

The detector shown in Fig, 1 was originally designed
for use with a parabolic mirror as a means for testing *ths .aseful-
ness of the gold/arsenic germanium crystals under near-practical
conditions, Becaugse of the difficulties encountersd wlith spurlous
signals from the chopper blade, as described in Section V of the
last report, this phase of the work has been discontimued,

However, a more compact cell holder for use at liquid
nitiogen temperatures 1s being designed for use with gold/arsenic
germanium, The f-number of tnls holder will be smaller to enable
it to be used more readlly for laborstory measurements., This will
result in more officient shielding of the crystal, Two of these
cells will go to Cussen at N.0.L., one to the Army Engineer Board
and one will be used in this laboratery. Demountable construction

will permit the evaiuation cf different crystals under identical

conditions.

2. Far Infrared

As a result of a visit to the Ohio stats University
Research Fow lation, a metal dewar system for operation with
liquid helium in thelr grating spectrometer was designed and is
now being wuilt for the purpose of making spectral response
measurements in the region from 40 microns to 140 microns.,

3. Optical and Electrical

An angle iron frame table has been designed and 1s

under construction in the Mcdel Shop for use as a bench for slil
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the infrared ontical equipment (Leiss monochromator, standard
blaclk body, dewar) end associated electrical equlpment., A high
vacuum line using an oil diffusion pump is also being installed
on the table as a dynamic system for the evacuation of the
various dewars to be used for the infrared measurements at low
temperatures,

The me tal dewar for measurements of photoconductive
response and transmission at 4°K describsd in the Eleventh Interim
Report was recelved from the Model &hop. Some time was spent

in lesk testing and re-soldering several joints,

eb
1/21/54
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