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1. Object of Visit

From the interrogation of DreKutzscher of the Electro-
tecustic Kommanditgesellschaft, Kiel, in London some weecks
ago, it was spparent that a considersble amount of work
has been done in Germeny since 1939 on the development of
photoconducting cells for the detection of infra-red
rediation, Development work on such cells had been done
principally by DreKutscher's organisation = they had produced
very sensitive lead sulphide cells which hed been used
operstionally in various forms of detecting apparatus,
Research work had been done mainly at Pragus under Prof,Gudden,
and at GOttingen under Prof, Pohl,

This visit wes mede with the object of obtaining as
mich informstion es possible about the method of manufacture
and properties of these photo-counducting cells,

2, Tergets Visited

The Tollowing targets were lnvestigated:-

(a) Electrodcustic Kommanditgesellschaft,
Weddigenring 7303,
Kiel,

(bj Physikalischen Institut Der
Ung.versitat Gottingen
(G8ttingen, Bunsenstrasse, 9)

The following perscns were lnterrogated;s

Dr. Kutzscher )
Dr, Sommer

¥r. Nickerson
Dr, Hecht

At Kiel

At GOttingen

Prof. Fohl g
Dr. Krenszien

2, Cutlirne of the Work Done in Germany

Dr, Kutzacher of MELACY, while working at the Derlin
Technical High School, discovered thet some Llead suipnidte
ores showed the properties of photoconductivity. In ¢he
years following 1930 tests were made on some 100 avallsb.e
lead sulphide ores, ebout two-thirds of which, however,
showed no sensitivity in the infrae-red regions The ore
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found tc be the most sensitive was the original Galena ore
from the piece of that name. The individual crystals were
found 4o have sensitive spots; and great sensitivity was
obtained if by a complicated optical system light were
focussed on to such a sensitive spot.  Alternatively, a2 cell
could be made up of 4O or 50 such orystals, with the dis-
advantage of having insensitive areas in the celly, The first
cells of this type were made by Dr. Sommer,

iater Dr. Sommer aiscovered that chemically deposited
leaa guiphide layers, if properly tempered, showed the
property of photocenductivity. By a procesas of trial and
error, ELAC have developed cells (in which the lead sulphide
iz chemically-deposited; which are very sensitive. These
cells have found a number of wartime applications, which
have slready been described in 4,0, L. K. Report No, 350/1945.

The photoconductivity of lead sulphide was dlscovered
independently by Prof.Cudden, who apparently also discovered
the photoconducting properties of lead selenids and lead
telluride, Guddents films were mede by an evaporation
process, and =ome comnercial cells of this type were made by
Zeisge=lion, & comparigson of the two types of cell by
ProfyKarclus, of the Phys.Inst., Leipazig, gave the following
results, At room temperature there was little difference
in the sensitivity of the two types, but when cooled to -BOOC,
the sensitivity of the sublimeted type increased three or
four times, while that of the chemical type increased 30 to 40
times, The latter was therefore used in appliceticn work,

Lead sulphide cells have s maximum sensitivity at about
2 A3, and their spectral response curve normally extends up
to sbout 3,5 m, The spectral response curves of lead
salenides =nd’ lesd telluride extend even further into the
infra-red, and for this reason experimental work had been done
on them by ProfsGuddens These cells had, however, not
reached the production stage,

No tneory has so far been put forward which adequately
cxplaing the dependesnce of the properties of these photo-
conducting cells on tempersture and on the method of preparing
the layer. Sxperimsnts have been mzde af thtingen
University by DreKrenzien, working under Prof.Ponl, with the
stjest of obtaining wore precise informstion on these polntss
These experiments have not been completed, snd the Unlversity
have nowr peen told that they must nat 4o eny move wore of
this type in the infra~vel veglon { above }.f.u.}n
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The information obtained from “ELAC" erd from GSttingen
ia deseribed in greater detail in the following paragrephs.

Le Manmufacture of the "ELAC" Lead Sulphide Cells

The Pollowing information regarding the manufecture of
the "Technicel® lead sulphide cells by the ilectro=Acustic
Kommanditgesellschaft was obtained from the following members
of that firms

Mr. Nickerson,

Pr. Bscht,

Dre Futscher,
and Dr. 3Scmmers

Dr. Sommer geve most of the detailee

4ol General Assembly

The cell consists of a2 vessel of the shepe shown in
Figel. The cell is msde of Duren-glass, whicn is
transperent to infra~red rediation of wavelength up %o
about 3.5 M. The sensitive lead sulphide film is
deposited’in the manner described below on the froat
surfaces of the inner cylinder.

The inside cylinder is filled with solid carbon
dioxide, which keeps the temperature of the lead sulphile
£ilm at about -80°C. The spsce betwsen the twe cylinders
is evacusted, and a "Getter" is inserted to absorb any
gas given off by the lead sulphide film. As & result
there is very little conduction of heat from the cuter
cylinder to the inner cneg, and the outer cylindex te not
cooled apprecisbly (this avoids condensation of welsr
on the outer cell). As a further precaution against
gondensation of water on the outer eylindsr, tiis Is
heated electricaily oy a small heeting element il

L2 The Electrodes.

The elecirodss mre situabted sl Li.
with the lead sulphias fils oy means of
on the sides of thw loner cylinders

-

ot e Then & 1l

platinum is put on the sidee of tne
several thin layvers; this film is burnt
e 3

jis]

in an electiric oven

°

4 sbout 700°C
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These layers are so put on tnzt they forw iesds uniere
neath the lead sulphide film (vhich is deposited after
the layers have veen burnt on). These layers are
connected with the outside leads il by meene of a special
selder consisting of a mizture of tin, elusinium end
cedmium,

Depositing of the Lead Sulphide Filwm,

The following solutions are reguired:-

(&) An agueous soluticn of lead acctiie,
Pb[02H302)2 o B0, conteining LOC giz. in 1007 cea.
water,

(v) An sguecus solution of thiowures,

CHyeN3S, containing 118 gms, in 1000 cus o< uie

(c) A solution of caustic soda, NaOi,
containing €66 gms, in 1000 ccs. water,

To a vessel containing 40 ces. of water at 45
ars added 10 ces. of the thio-ures solution, 30 ccs. of
the lead acetate solution, end 10 ces, of the caustic
sode solution, in that orders The cell is immersed
in the water before these solutions are added, in the
manner shown in Fige2, The wmixture is stirred quickly
at first, and then more slowly. After a few seconds
the lead gulphide begins to precipitate, The cell
is removed from the solution after exactly 100 secs. s and
the lead sulphide film is slmost immediately washed and
cleaned with a soft brush,

Tempering the Film

After deposition, the film is tempered at 100°C
for sbout 3/i hour, This can be done either in eir
or in a vacuum, but ELAC have generally done it in
vaocuun, This heat treatment causes & very considerable
increase in the sensitivity of the cell, but at the same
time causes an incresse in the resistance of the cells

The ocuter cylinder is then sgsin sealed on to the
imnsr one, and the space beitween thew is evacuated by
meens of a highespesd pump., A& CGetter materizl in the
vacunz ix heated to 300°C during this process, so that
en oosiing it absorbs some of the reameining gases.

/5.



5. Properties of the "ILAC" Cell

5+1 Sensitiviiy

N

The sensitivity of the c¢¢ll is such that a signal=
to-noise ratio of 1 is obtained when

50 - 500 x 104 watts/sq.om

of radiation from a black body at 500°K fall on the cells
This figure apparently espplies when an wiplifier having a
constant response betwesn 10 and 10,000 cycles per
second is used, in conjunction with a shutter rotating

at 800 revs./sec.

Unfortunately, details regarding the slectrical and
other apparstus used in measuring the sensitivity could
not be obtained, The sensitivity measurements wers
made by Dr. Mangold of the Phys.Inst., Leipzig, Linestrssse,
4 (Director Prof,Karolus) and by DreTreu, Phys, Inst.,
Prague, 11 (Directer Prof.Gudden) st the Phys, Inst,,
Prague.

Noise Level

Clearly the signel-to-noise ratio is one of the
most dnportant characteristics of the cell. The signal
voltage must be as high as possible, and the noise voltege
mst b as low as possible, The first condition depends
on uzing the methods of deposition and tempering of the
leed suliphide layer already described,

The condition of low noise level is mainly dependent
on having the proper contacts. Since the cell works as a
resistence cell, through which a2 current is passed, the
noise is made up of two parts,

{a) The noise potentiel in the contacts by mesans of
wnich the current is led into the photosensitive
£ilm, e=nd

() The noise potential in the layer itseif.

The latter potential depends on the structures of the
layer. It is greater in thin leyers than in thick ones,
The nolse potential in the contaots depends on ths method
of making these contects and csn be made very amsll,
Preasure contacts on to the layer itself give poor results,
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but the method, slready described, of depositing the
lead sulphide on a film of platinum and gold, gives
very good results - the ncise potential in the contacts

can be reduced to about Z microvolitis for an applied
potential of mbout 200 volts,

The layer giving the actual resistance is approx=
imately square (end so its resistance is independent of
size), The smaller the cell, the better — the smaller
the threshold sensitivity value., However, the swaller
the cell, the smaller the exciting voltage which can be
allowed, The exciting voltsge is limited to about &0
volts for small cells, and 200 volts for large ones;
larger voltages cause the layer to get hot, so that the
noise level increases; and the threshold sensitivity
falls off.

Resistance

The reasistance of the finished cell (cooled to
-80°C) lies between 50,000 and 500,000 ohms, depending
on the tempering time, The resistance varies slightly
in the deys following manufacture, because of an ageing
process, The most suiteble resistance from the electrical
point of view is 100,000 ohms, The maximum efficiency
ig obtained if the resistance R in the amplifying circuit
(See Figa3) is equal to the resistance Z of the cell, snd
in the ELAC apparatus R was made about 100,000 ohms,

Feproducibility

It is very difficult to mass-produce these lead
sulphide cells. FLAC have found that they can obtein cells
having reasonsbly similar characteristics if they meke
them singly, as described above, in exactly similar
vessels, If different shapes of vessel are used, the
proeperties of the cell are changed very greatly presumably
tecause the effect of stirring is different. Similarly,
if you try meking a number of cells at 2 time in a large
bathn, the stdrring rete will usually vary from ons cell to
ansther, and the finished cells will have different properties,

Similarly {ne cells ers more sensitive whsn tempered
aiz, then when heseted in 2 vacuum, but are less re~
dieible, In penersl a compromise has to be made betwesn
ting the highest sensitivity and the best reproducibility.
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5.5 Effect of Tempereture

According ‘o Dr, Sommnsr, the resistence of the gell
increases contlnuously as the ifemperaturs ils lowsred, but
thie nolse lsvel dsoreagea, He stated thst the threshold
sensitivity increadeg conlinuousgly as the temperature is
lowered, tnough the increase in sgensitivity on cooling to
valow ~80°C 18 not great. I am, however, doubtful whethep
these statements sre correct, as D, Sommer appearsd o
hove very littls svidence on which to base such stetements.

5.& Reagon for Using Varioud Sizes of Cell

Ad stated sbove, the best resulis are Cbsained with
q’L-“.maxl;.‘t celld.  However, the early ELAC cells wvere developed
for ude with very large receiving mivrors, and the optics

of these wad such that ths redisticn #as focussed on an
area about 3 em squers. Consequeatly 30 mm. cells were
made. When gmaller receiving mirrors were used, however,
it became advigable tc use szaller cells, and eventuslly
a 5 owp, ong wag developed,

Lead Telluride Cellg

DreKrenzien hag begen doing some work on lead telluride
cells, at the Faysikelischen Institut Der Universtitit,
GBttingen (Dirsctor Prof.RewW,Pohl),  This work nas not besn
completed, but the following imformation has so far been
obtained,

Driirenzien states that the photoconduction is dependsnt
on the prescace of OXygeTe If lend sulphide or lead telluride
is evaporated in a vacuum, no photo=-sensiitivity is apparent.

Ee states thet if these substances are Geposited chemically and
thew tempersd in a vacuum, the absorbed oxygen is sufficient

to csuse the effect, In the case of lead telluride, the
optinuu sensitivity i3 obtained by tempering the film in oxygen
&t about AOO~450009 The ¢ell is twice =3 sensitive if cooled
$0°C 23 et -809C, but the greatest sensitivity (2 or 3
that at =190°C) is ebteined at some unknovm intermediste
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temperaturs, Dre Hrenzien thinks that the sffect of tempering
in sxygen may be to produce lszd tellurate, bui there is no
rzal gvidence to support thisz thzorye

bed The mlectrodes

Pletinum and gold zre not suiteble Tor the electrodes
in the case of lead tezlluride cells, becsuse they oxidise

in the tempering process, For this rzason carbon slactrodes

about L/20 omy, thick navs hain used

Ld. ERAENE AR I S R g
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Spectral Sensitivity Curve

The shape of the spectral sensitivity curve depends
on the temperingz temperature and on the temperature st
wigich the cell is used, If the cell is tempered at about
410 = 420°%C in oxygen, its spectral sensitivity curve when
used at «190°C extends up to about 64, and bas & maximum
at sbout 4.5 A, However, such cells are very insensitive
when used at (say) -S0°C.  Cells tempered at mbout
456G =~ LEOOC have & spectral sensitivity curve extending up
to only about 4 or S 4 when used at -19000; when they are
used at =-30°C, their sensitivity curve extends to 3 or
L, and the peak sensitivity is atout half the corresponding
value for the same cell at -190°C, Tyvpical spectral
sensitivity curves sre shown in Figssd and 5,

Response Tinme

The response time of the lead telluride cells is of
the order of 1/10 sec. at ~190°C, but it falls off rapidly
&3 the tempersture ia raised, It has been found that cells
having a long response time are in general the most
sensitive,

Windows

The most suitsble substance for the windows in lead
telluride cells is synthetic sepphire, which is trans-
parent up to 6 This substance waes made by I.G.
Ferbenindustrie, Bitterfeld, and can be msde by careful
warming with molten molybdenum glass.

Condlusionz and Recommendstions,

The Germens have developed very sensitive photoconducting

cells for the detection of infrae-red rediation, but clearly do

rnot understand the physical basis of the photoconducting sffect,
It is suggested that some fundamental work on the behaviour

of lead sulphide, lead seleniuve and lesd telluride photoconducting
films should be undertaken in thi: country,
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