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INTRODUCTICN

The purpcose of this Report is to give information on rectifiers
and semi-conductors. Separate reports on other subjects
investigated by Trip No. 2015 are concerned with:

(1) ferric oxide and ferrites and their application

to radar absorption (by Lt. G.B.Richeardson, R.N.V.R.
and A.C.Iynch)

(2) (jointly with Trip No. 2011) relay contact materials
by N.E.Hyde and others).

A further Report is intended later (see below).

OBJECT OF TRIP

Information was required on the state of technical development
and research work on rectifiers end semi~conductors.

The type of information sought was:
theory of operation of rectifiers;
range of materials known to give rectification;
chemical and physical structure of blocking-layers;
causes of ageing, and methods of life-testing of
rectifiers;

and similar information on semi-conductors, and on related subjects
such as thet of photo-electricity.

Interrogation, in Britain, of Herr Weise suggested that his
lsboratories in Berlin and in Erlangen would be of interest.

A source of supply of germanium was also to be looked for.

CHOICE OF TARGETS

Industrial production of rectifiers has already been reported
on., Except for the A.E.G. evapcoration process, there is little
information new to British practice. Workers in universities and
in industrial research laboratories, however, had not been
adequately interrogated; this opinion was also shared by Col. Ranger,
who,in his CICS report, suggests further questioning of them .

A preliminsry list of "targets", and a questiomnaire in both
English and German, was prepared at the Post OfTice Research Station
by Dr. A,Fairweather in collaboration with iiiss C.ilLoveit and
1r. JeF.P.Thomas, and/ir. H.K.Henisch of R.A.5. The list of
targets included the names of authors of selected papers published
during the last twenty years, and of persons, already interrogated
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by otner investizators, who had shown interest in the subjects
concerned,

Other targets were added as a result of examination of reports
at T4’ headguarters and of suggestions by persons being

interrogated,

P THOD G TREBRROGATI(N ATD REP0RTTHG

o examination of laborvatories was attempted {in most cases
tnis would have been useless, as the
worit hiad been discontinued and the apparatus dispersed;. The
selected individuals were questioned, and, whenever it appeared
desirable, a questionnaire was lef't for written answers to be
supo2lied later. Certain documents fram comuercial firms are also
to he Lorwarded.

‘ne present Report is srepared before most of these replies have
ceen recelved; and a furbner revort, including material derived
from tnem, and attempting to draw conclusions, is intended later.

Yhe cplalons piven in this deport are those of the persons
interrognted, unless othervise shated. Comuenss by tne interrogators
. . . . iy -
nave oeen inserted, where necessary,/in siuare brackets/.

Information obtained, bul not relevant to the main purpose of
tnls deport, nas been collected into a separate saction following
the maln body ol the Report,
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1.1 c1/842, C7/374, €3/941,

Professor SchottlMy came to Pretzfeld in February 19)J, end until
October of that year worked mainly on a thecry of Phosphorescence, He
had earlier been engaged on Luftwaffe research at Graz, 3ilesia,

Papers on Fhosgphorescence were published in June and October 194 in
the Forschungs. fihrer der Luftwaffe. The earlier paper also dealt
witih colour centres in halides, and the movement of the boundary
between the coloured and uncoloured positions of a crystal on the
gpplication of an electric field Zf\fote that this is a continuation of
Prof., Hilsch's pre-war worlc?.

From June to July 1%.4 he worked on some electro-chemical problens
including that of passive layers on iron.,

From Cetober to November 1914 he worked on selenium rectifiers,
taking part in November in the meeting at Pregue of German rectifier
firms and their research workers /see Col. Rangers report on this
meeting for details of the discussion/. A large and complex fund of
information was brought to light at that meeting and Schotthy agreed
that present theory was inadequate to interpret these observations
fully.

His paper (on rectifiers) published in 1942 dealt with capacitance
in rectifiers in some detail, but was only applicable at zero
frequency. _ A new paper "Fundamentals of FKectifier Theory® @s yet
mpublishe;&] cantains a recently edited chapter on capacitwewhich
extends the theory so as to account for the observed variacion of
capacitanewith frequency. The earlier theory had assumed a perfect
berrier layer in which all the impurities were disscciated so that
no change of space-charge could occur: the extended theory takes
inte account actual semi-conductors in which the above condition is
not fully realised. The known variations of capatilsncewith
temperature have also been the subject of theoretical study, and nave
been related to contact potential between the metal and semi conductor
and also to the concentration and distribution of impurity centres,

Work is still in progress on the variation of the resistance of
selenium with frequency, an@l Schottky said the results of experimenta
undertaken on this subject, carried out in Prague,were not satisfactory
due to the shape of sample experimented upon. Prof. Gudden does not
apparently believe wholly in Schottky's theory and that fact has,
according to-Schottky, reduced the value of the work carried out under
his suidance Ehe Prague team under Prof, Gudden were working for
SeAWd': note alse that 5.A.F. Weissendburg are continuing this wor_l_c7.

The resistance of a rod of selenium has been measured at frequencies
from 109 to 108 o/s. The time constant of the barrier layer prevents
contact effects obscuring changes in the resistance of the selenium
itself, but Schottky pointed out that, with a rod-shaped specimen,
electrostatic force lines would not remain within the selenium and that



(especially at the highest frequencies; a considerable radiation
loss would be introduced.

frofs Schoftky has not done much work on selenium rectifiers
since the 1944 meeting, but he plans to continue in Pretzfeld.

The decay of voliage across a rectifier disc when the impreased
voltage is removed has been the subject of an investigation.

schottky considered that physical imperfections in the contact
between front electrode and selenium were the cause of the changes in
resistance of discs when a vressure is applied, but he did not believe
these irregularities to be essential to rectification. He believed
rectifiers could be made with evaporated counter electrodes, but that
this point should be looked into hefore conclusions were drawn,

Schottky does not consider that the camposition of the counter
electrode is of primary importance ~ the effect of Thalium is an
exception. He believes the main factor to be the content, distribution
and migration of non-metallic impurities in the semi-conductor.

Schottky thought there was no evidence {or the suggestion
/oy S.4.F/ that a second barrier layer forms at the base elecirode
and contributes to the ageing of a rectifier.

He has recently done some theoretical work on the mechanism of
conduction in a deficit semi-conductor, and also on the variation of
the work function of a semi-conductor with the concentration of
impurities. Theoretically, the concentration of atomic impurities
should not aff'ect the work function, but Schottky believes the
impurities to be concentrated in groups of colloidal dimensiang.

e has analysed the perlormance of such a system, and succeeded in
explaining the observed variation of work function with concentration.
e was led %o this theory by previous work on oxide-coated filaments.,
He has recently produced a theory of thermo-electric force,

Prof, Schottiky was in poor health when visited, and said that
arter 6 months’ work he usually had a collapse and a few months rest.
Xle wished to De allowed to continue his work in Pretzfeld, but wovld
like to come to HEngland to meet scientists interested in his theories.

o fa ) ? a

LF¥rof. Schottky has a large auuber of papers ready for
publication, and since it was felt that these snould be exasined
- . . om ) 1 L) + 3 —
pefore ne was wuesitioned further, the interrogation vas concluded/ .

1.2 ¢l/844, c7/376, £09/978.

Professor Hilsch has done some work on rectifiers with both
lonic asnd electronic conductivity. auehr rectifiers have wvery thdc:
barrier layers, and it is possible to insert a controlling electrods
in them, In 1940 he was uold to deveuiopn such a rectifisr for



- 1L -

militery application, but this he believed to be impossible, and
thought his experiments were of academic interest only.

He has not worked on commercial rectifiers, and did not offer
opinions on the questions related to them. He has however had some
contacts with Herr Weise, and mentioned his suggestion of a Ti0s
rectifier, Hilsch believes work on selenium rectifiers must be
unsatisfactory in view of the complexity of the problem. He prefers
{0 carry on his fundamental researches with substances of no
technical importence but which can be handled resdily. Zﬁote that
he expressed the same view in the subjects dealt with under
Irrelevant Infonnatioz_17 .

He considered that so many parameters were operative in a
camercial rectifier, that physical imperfections in the contacts
were almost cervainly important and might be the essential feature.
However he suggested that, mathematically, an irregular contact was
less tractable than e space charge theory.



2. CRYSTALLOGRAPHIC AND ALLIED STUDIKS

Professors Brill and Kossel are specialists in crystal structure,
whoe were consulted in 1944 on rectifiler construction.

2.1 g1/843, C7/375, €9/323.

3rill has X-rar apparatus intended for the study of thin layers
of material. It produces a strong beam of monochramatic radiation
by Johannson's method (the rays are focussed, by a concave quartz
crystal, on a snall anerture;.

rill studied sammles supplied by A.i.G. and by S.i.t.  They
consisted of iron or aluminium olates carrying layers of bismuth
(very thin, but visible)} and, on the bismutn, selenium, Yhe X-ray
diffraction pattern showed that after the usual neat-ireatment,
though not before, there was present an additional substance. 3By
comparison with a separate specimen, tnis substance was shown to be
bismuth selenide, Bip Ses.

it is mown that amorphous seleniun consists of loay chain-like
molecules. These probably exist also in liguid selenium, which
therefore solidifies in the amorphous, not the crystalline, state.
Subsequent heating breaiks the chain structure; and thea the selenium
crystallises, The crystals are always nexagonal; il formed at
2009, they are regular, if at 120°C, they are irrefular.

vhe latiice constant of the crystals depends oa the teuperature
and duration of the heat treaanent. Tne difiraction pattern is
hrozdened; toe canse iz lattice distortion (which sives a broadening
oroportional to tan 8§ , wiere & is the Tirags anrle, and not irreplar
particle size {waich would five broadening sroportiuonal to sin & Je

4

The resistivis of the erystal depeads ca tne regularity ol tie

lattice,  rill 41l not investirate its depeadence, i’ any, en the
lattice con=ixz

sbilwing actlon Lere . be some Adlstortion of tne
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The bismuth layer on the base-~plate probably behaves in much the
same way as the counter-electrode; the difference is that the
counter-electrode is not subjected to the heat-treatment.

ﬁihis interrogatiom, in retrospect, was umsatisfactory. The
pismuth selenide was detected in the absence of any counter-electrode;
end it is not clear whether Brill thought that it constituted the
meterial of the barrier-layer/.

2,2 C1/846, C7/378, C9/979.

Kossel planned work on the orientation of the oxide lattice
formed on a single crystal of copper. He thinks that, in a
comercial rectifier, the random arrangement of crystals superposes a
number of different electrical conditions and thus obscured the
fundamental effects. '

A spherical single crystal of copper was oxidised, and examined
both optically and by X-rays. Both copper and cuprous oxide have
copper atoms arranged on a face-centred cuvic lattice, though with
different lattice constants, On the spherical crystal there were
regions of constant orientation of the oxide crystals, with
discontinuous changes from one orientation to another.

Vo electrical tests were made.

Xossel considers the Schottky theory of rectification to be
satisfactory. Impurities in a semi-conductor produce additional
energy-levels; perhaps a pure material could not be a semi~-conductor.
There must be same broadening of the energy levels into bands
(compare the effect on their natural frequencies of coupling together
a muvber of pendulums;,

Fut when a current is flowing, the conditions within the
gemi~conductor are not a "stationary state®; there is a moving
electron~wave, Xossel has not considered what its velocity might
be, but he sees no mreat difiiculty in the idea.

Xossel agrees that the phenomena at the interface of a semi-
conductor and a metal are analogous both Ho cold emission and to
thermionic emission, but does not think it possible to chooge either
ag the better analopy.

He did not study the effect of mechanical pressure on
rectifiers, and has done no wori on symeetrical non-linear materials.
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2.3 ® 01/847, C7/379, C9/920.

o Prof. Kohlschutter was a colleague of Trof, Wagner, and

Tpr. Bimnler wes formerly Wagnerds sssistant. Wagner's interest had
been in the mechenism of conduction in soiids, rather than in semi~
conductors as such. Himmler worked on the conductivity of silwer
swiphide with amsll admixtures of lead sulphide,

=g C1/848, C7/380, C5/981, _

ws  Himmler formed silver sulpnide from silver foil (ebout 0.1 mm
thick) mounted oa platimm wire supporis, by dipping it in sulphur
maintained at 150%C., The resistance was measured by a low-voltage
4.C. bridge, and the completion of the reaction was thus cbservable.
No great accurscy was aimed at, aus large changes were expected when
lead waas added to the silver. In practice, the presence of lead
made little difference.

The resistivity of silver sulphide at this lemperature is low -
gimilar to that of an electroiyte in solution. Hence electronic
eonductivity is not detectable.

There is no evidence that surface or contact effects cccur in
these experiments. Non-linearity was not observed; neither was
chenge of resistance with time, nor any large change with temperaturs.,
Himmler thought that the resistance might change with mechanical
pressure, but he had not tested this,

2.4 C€1/849, C7/381, C9/982.

Dr. Ott has worked on silicon detectors, bult not on other types
of rectifier.

anterrogation was almost impossible, owing to language
difficulties, but he is to send a report on his werg7.

2.5 ©1/845, ¢7/377, C3/752.

Dr. Joos worked with Zeiss, of Jena, on the production of
artificiel ecrystals. Dr. Ott had collaborated with him,

Joos tried to produce large crystals of silicon for use in
silicon~carbon detectors for an. waves. The method was deposition
from a solution of silicon in molten aluminium. The crystels so,
obtained wers spectroscopically pure g; gurprising statement, but
Joos vas sure of it/., They were aggregations of thin plates.  They
were o replace en existing detector, which Joos never saw, but
which he thought consisted of silicon evaporated on 1o compressed
carven. It was developed by the Phys-Tech. Reichsanstalt, Berlin,
Joos thought that the size required was probably a few sguare mn.
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He measured the D.C. characteristics of a model rectifier
consisting of a metal sphere, limm, in diameter, pressed against the
edge of a crystal. The pressure was of the order of 10 gm, weight,
and & certain value of pressure could be found for which the current-
voliage characteristic was the most sharply curved. The
characteristic curves were satisfactorily reproducible.

Capacitance measurements were begun, but Joos did not know the
results. He did not expect the capacitance to vary with voltage,
end did not know of this effect in selenium rectifiers, The
characteristics of these rectifiers did not change with time, and
Joos had never heard of the "forming" of rectifiers.

an

In({alternative model rectifier, the metal sphere was pressed
against a crystal face. This arrangement gave a less sharply
curved characteristic.

Joos considers that the rectification process in this apparatus
is the same as in the known carbon-silicon detector. There is
perfect contact at a point which under load becomes a small area.
There is no need to assume the presence of any impurities; though
same, such as oxides, may be there., Joos did not try the effect
of inert atmospheres.

Rectification by selenium or by copper-oxide is a different
process, for which the Schottky theory is satisfactory. There is a
layer in the copper-oxide in which the composition is graduvated,
Semi-conduction is always caused by impurities (Joos has discussed
this with Prof. Pohl), which provide intermediate energy-levels. In
selenium, there must be a broadening of the energy-levels into bands;
but this effect is important only with very pure materials-- i,e, in
the laborztory- &ond not in commercial rectifiers. Joos learned in
wimbledon that the impurity in Urdox is titanium. He was not aware
of the use of iodine in selenium rectifiers.

Thermal noise in semi-conductors is greater than in nommal
materials; perhaps through migration of electrons between regions in
which the concentrations of impurity are different.

There is no fundamental reason for the use of any one particular
metal for the counter-electrode of a cammercial rectifier.

2.6 (1/850, C7/382, ©$/983.

Dr. Rothe worked for Telefunken on detectors for cm., waves,
but not on other tyves of rectifier, He found artificial silicon
crystals the most satisfactory.

For He.t's work & point-contact rectifier is necessary, even apart
from the question of capacitance. Only then isjresistance of the
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barrier-layer high campared with that of the remainder of the crystal.
The problem is then to reduce the forward resistance of the rectifier;
a good value would be 100 ohms at zero voltage,

Rothe said that Dr, ‘Gunther had shown the resistance of silicon
to depend mainly on the crystal structure. Also, traces of silver
or tungsten on the surface of the crystal resulted in decreased
forward and increased reverse resistance, Gunther had made about
300,000 of these contaminsted crysval surfaces; the results were
not known to Rothe.

The dependence .of resistivity of silicon on structure rather
than on purity. is analogous to the behaviour of germanium.
"gvaporated” germenium, having very small crystals, can be made to
rectify by gentle heating, which produces larger crystals. This
excludes the possibility that impurities govern both the resistivity
and the crystal size,

Rothe referred to Dr. Kénig's work on polished silicon surfaces.
Rothe (and Knoll, who was also present)} thought that the skin produced
during polishing might cause poor rectification; it would reduce the
number of points of perfect contact required by Schottky's theory.
Only the large crystals were suitable as rectifiers. Knoll said that
the vhoto-electric effect in cadmium sulphide increases with purity
snd with crystel size.

‘The rectifying properties of a surface are destroyed by electron
bombardment; +this may be either a direct effect, or a result.of
heating of the erystal., liechanical pressure causes permanent
damage; the reason is unknown, but Knoll said that,similarly,
mechanical preasure stops fluorescence.

The gilicon is cbtained by reaction of silicon fluoride and
aluminium at 600 = 700°C. in a quartz tube which also contains carbon
rods, The rods absorb the silicon vapour, and releage it on
subsequent heating. The silicon always contains treces of
aluminium, If other metals are desired as impurities in the silicon,
they are put in the tube with the carbon rods.

Attempts to select good spots on crystels before assembly into
finel form failed, possibly beceuse of different conditions of
mechanical préssure.

The contact to the silicon was made by a ring (not a needle) of
tungsten. This was cathode tungsten; the effect of impurities was
not tested. lMolybdenum gave similar results. The vroperties
sought for were strength, resistance to corrosion, and absence of
reaction with silicon. Thermal conductivity had noti been
considered.
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™ie test for mavisfactory crystals was: forward resistance
{tc 5C ¢/s A,C.) less than 200 obms, 2nd reverse resistance greater
than 100,000 ohms: olse s gpecified D.C. cutput from 2 pulse input,
10 watts of 9 . waveaeuuu.

Fatings were determined by expﬁrﬂ'm ant alone., For mixers, a
webtage vating was set at £ or & of thai vhich would cause burn-cut.
Tor seuond detectors, a cwrent rating was set. The increased
rating poasible under pulse conditions resuized from the absence of
heating eflscts.

lioise in detestors was studisd by Dr, Mataré before the wer;
the only paper published during Tve wexr was tnat by Dr. Welker.
The nolse was normally about wwilsc that in a resistor, but in
emceptional cases was as low a: that of & resistor. No correlation
had veen found between the nolse and the other characteristics of a
detector. As the noise might be dug paritly to movements of the
eontact, & large pressure - about 400 gm. wt. - was used, This also
regulted in low forward resistances, without affecting the back
resistance, Experdments onn the hecessary presswure were unfinished,

The relation betweea pressure and curvature of the characteristic
at the origin was shudled,

Tne tempsreture . coefficlent was reproducible,

Other workers on rectifiers stc., included Dr. Hackenberg,
formerly working at GoHttingen on germanium and lead sulphide; and
Prof, Schlede, formerly working in Berlin on flucrescence, and now
in Iondon.

2,7 €1/851, C7/384, €9/984.

Prof, Pohl confirmed that Dr., Kdnig had studied germanium and
silicon rectifiers a% G5ttingsn, without being able to explain ths
mecnsnisn of rectification.

2.6 $1/852, C7/385, €9/985.

Kfmig had tried to £ind why rectification occcurs in sclid
crystals, but not in thin films of germanium. Germanium wes choesen
for experiment because it reciifies even when nearly pure, and can
he deposited froam vapour. If rectifying thin fiims could have been
nade, they would have been of commercial use, because of the sase and
aezonayy of manufacture.

lectron diffraction photograchs showed that the high—
res C"bl"‘.’:.‘tv Tilm first-deposited is nearly amorphous; heating to
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500%, produces & low-resistivity Tilm, stable at room e pef‘atrzmzp
naving a dismond-~type airucture, Both fypes of :“.i“ gs. T c,hm

conduation, e othe fidm iz azm%&?. 4 in khydrogen at 700 - aco® Gay
its thickness mey be up to 0.3 w, but 1t 331l doss nobt rectify wel

- The high resistance of a mass of small corystsls la caused by
had contacts, both crystal - 4o ~ arystal and cr;rsi:«al - to -
raphite. Zéhis wad not borne oul by 3 paper by Walkenhorst, of
’*"ﬂl;ln.,h Kénig supplied a cop

Films of 1 - 20 p thickness can be deposited from gsymanium
shloride vapour reduced in hydrogen at 800 C. The thinner omss
give zynmetricel nom~linesar conduction; e thicker ones rectify,
but are of high resisztancs,

The best method of prepaiing germanlum specinens is 50 cast rods
in grephite moulds of & few mm dlem. - These ral
erystals,

Pure germanivii, io cotehes of about & gn. W hheined from

Dr. Fracke of Frankisa- j
analyses showed {reudc
order of 1 in x.l)') .3:-1‘ i
ractifier materiails us 5
md iron in ailicon, suwdphor o Leed sk.LLuuu.da,

T } .A.-U.f"

in later bests, imparitiss v Yo hiove Dean added - e.5.
cogpper and, silver; which alloy with A The addivion of nona-
2liaying mterials would have beon more 345 &5 they woild
crystalise separately.

The radius of curveiurs of the nzadle mast be small comparod
with the filn thickness - this waz proved hy e:{;_'»-ar:i.mf:‘-n't with vericus
21lm thicknesses. Tungsten, molyndenum, and pletinum ware
satisfactory as Pe%dlehg silver and copper vere too sofb. Theare
wera no avatematic experiments on the cholce f materisal.

There is no reason o think that the swo
different from the main body.

¥onin is inferested in the coniinionm
gurfaces (vﬁlc may consist of a mass of
ne nad not studied reotification in bhar,
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3., GFRMANIUM DETECTORS AMD SUPPLIES OF GERMANTIUM
5,1 (C1/853, C7/3885, C9/986.
Profezsor Kluvius was consuited by Dr. Welker in 1942 for advice

on H.F, detectors. It was Dr, Welker's Job to evolve a detector
with a higher resistance to burn-out than the pyrite one then in use.

Kluvius carried out some experiments and found that the dis-~
coloration rings, formed on the crysital around the point during
burn-out, could be simulated by heat alone. In an attempt to provide
a material resistant to high temperatures, he postulated the
following necessary properties,

1) The substance must be oxidisable only at high temperatures
2 n " * not be decomposed " " "

3) To reduce local heating, the substance should have a

high thermal conductivity.

Hence single crystals of a metal wereneeded, Germanium was
suggested because of the ease with which it could be purified. The
normal method of purification was used; germgnium oxide is
extracted from the ore by nitric acid end reduced with hydrogen.
Arsenic remains, but is readily remoyed. The final impurity
concentration was about 1 part in 10°,

When argyrodite (Ag, Ge, S) could no longer be obtained, the
stocks of germenite held by the Ctavi Mine Co. in Berlin were the
only remaining source of germanium in Germany known to Prof,Kluvius.
Dr. Pranke of Opermplatz, Frenkfurt/Main supplied germsnium to
Dr, Welker during the war, with certificates of his analysis.

Prof, Kluvius had no knowledge of impurities being added %o the.
germenium before use, but some sub-oxide may remain undetected.

Prof, Kluvius was mainly concerned with this work in an
advisory capacity, and has had no other experience of rectifier
research.

['I_’He postulation of a metal as a detector material is rather
surprising, since rectification devends on a contact with a semi-
conductor, The relation between the electrical and themnal .
conductivities of gemmanium and its purity may be worth investigatiog/.

3,2 (©1/857, C7/386.,09/980.

Dr, Welker developed a germanium detector to have a hizher
resistance to burn-out than the pyrite one, As part of this
prograzmune he carried out work on the electrical properties of
germanium, the results of which are to be sent on.

The purest possible germanium was used for the
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detectors, and waes cast into rods, forming a single crystal, about 6"
long: a graphite mould was used for this purpose and .is still in
Welker's possession.

The pressure normally applied by the whisker was bhetween 10
and 20 gms, Itwas found that the forward conductance of the
detector increased as the first power of whisker pressure, while the
reverse conductance increased as the 2nd power, Welker though® the
barrier layer would not be affected by pressure {(wmlocss
structure wasmuptured), and that the main sffect was

of the whisker point and conseguent increase of th= area;
this effect was not observed directly. The effect TUESEULE CR

TNANIL

the selenium rectifier might be more marked than on the o
detector since seleniwn is the softer wetorisl,

The delector procerty ssems to devend on using a very fine
point {of about 10 u diaseter) in contact with a crystal of at
least 2 m.u, thicimess, Crystal detector naterials cmnnot Le used
in plate rectifiers, where a large contact area is associnted with a
small thickness of semi-conductor. The orystal detector has a barvier
layer with a small resistance per square cm, but the arrangeuent of
point ageinst large crystals enables the barrier layer resistaznce
to be made large compared with the spreading resistance from the
point through the crystal,

Various whisker materials were tried, but both molyhdenum and
tungsten oxidised in time. Platinun was too expensive for use, but
it was believed that American silver contacts were a considersble
liprovenent,

No wax was used in the carlridges; pressure alone was relied
upon for mechsnical stability (it has been found that a filler
produced an inaduissable deterioration in the detectors).

Dr, Gimther was said to have worked with many types of
detectors including .i, Ge and synthetic pyrite ones. ile had slsc
tried to use condensed Germaniwn filus; such detectors had a large
reverse current, which Welker believed to be partly due fo small
crystal size {annealing, allowing larger crystals to grow, improved
these detectors). The meny intercrystalline contacts were believed
to introduce resistances which swamped the barrier layer effect.

Dr. Sorgnis of the Teclnische llochschule, Uraz, was to have
measured the condvetivity of a rod of ermoniw: by the douping it
caused in a 12 cm resonant cavity; lhe has carrlied ~ut such
nessurenents on several other substances, welier reanrwed that
detector materials show a very high electron .ooiliiy.

This research was begun in 1942, in rdeh year all the progress
was made; since then, only lsboratory secsle preoduvction has been
possible.
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JIt uay be notsd that the ger: aniwn wag used pure, and not
doved, and that the charscteristics cbiained were sluilar to those
of silicon iLetectox'J.

422 CL/834, C7/389, ©3/%87.

In the hooe of tracing the soree of German zermenium, an attenpt
was made to find Dr. rracke in Opermplatz, renkfurt, which was found
-0 have been destroyed.

T, Franite was md i Erbstadt near Trankiurt: he has & walle
e ulppaed chenical lateretory. He said that he had worked 20 years
2go on alloys of Ge with A8 and I‘b, but denied handliing germaniumm

g the war, As the ore cames from 2.9, Africe, he did not ses
v could be in Germany,

Al tie besis of lnfomation then available, the interrogation
could Le carried no further, 1T was assumed at the time that this
Cr. Frarke, o had cone from Prankfurt, was the perscn referred to
by Duvius, osubsecuent infor.etion from the Otavi Hine Co., and
from EPnic (who -ave Fre:ﬂ.;e‘zs address as G&r"memreﬁ, 41, Frankfurt ),
confirmed irat g Dr, Fronle of Frankiurt nDad anslysed germanium
during the war, oui raised doubts as to whethsr the correct Franke
nad bewn fouwnd, Fint (Frankfurt) wvere 1*e~ques‘.ed to re-interrogate
franke to ascertalr” il Le was Torowerly of Opemplatz, &, Prankfurt,
and  SAL e atill has stocks of g‘emum v

5,0

..

C1/855, _fg’/ﬁﬁ'ﬁ, 09/668,
Tamperery ofiices of the Otavi Rine Co, in Deriin were visited
e Lulor ation absut gerceniuam ore and bo chiack Franke®s statenent.

The Pirw imported germaplte, purifled it in thelr laborztories,
el sold gerasmiun to x\,fm LTI lsfbors.tories in lots of' @bout 5 gms.

holier and Kuvius were undmown to vhe firm; but Dr, Franke of
”‘*erno] atz, 6, Franktort/dain hed boughé gerwanium from the fimm
daring the war; before the war ue nad purchased ore and carried
oat the purification hinself. Slecens-Sthackert were also war-tine
custo.2rs,

o

The leboratories znd ofiices ¢
dozabr 7351 during. tie war, aod the worary office is in the roons
oi' onz ot the mmmloys A iring approximatéy L0 kilos
of 5 ore was found in tne house, Director Johr8der was mentioned
a5 8 source of further informabion.

{ the firm in Berlin were

[}

P

/On the basis of this M.tr:,r‘b’fa.t%on? the request mentioned
uwder Frenke’s interro.ation was medes .

222 CL/8EE; C7/38%, (5/9%%.

(&9
!?.

Tirector schrBicer oF the Otavi ¥ine Co, was interr




i1 Zad Hargburg to obtain more information about germsnium supplies.

This capoer-mining firm haa iuported germanite from 3. W.AfTdea
ebout 20 yesrs sge, and 20 tens of approximately 2%% ove is still
stored in a brunswick warehouse. Until recently, there was little
demand Por the ore. Dr. Franke of Opermplatz, Frankfurt,bought some
hefora the war. When the demand increased,the [irm decided to carry
out the purification and supplied Framke with pure germanivm during
the war,

Ar. the time the Berlin laboratories were destroyed, the
apparatus was being moved to Bad Soxa, and hzs been moved again to
Kellinghausen. Orders have been received from Siemens for small
quentities, and the fimm expects %o be able to supply purified
germenium in 2 to 3 months' time.

Another employee of the firm lives at Herzog Wilhelmstrasse, 27.
Bad Harzburg.

ﬁt has been requested that the germaniim stored in Derlin be
brouzht to the U,K., This is thought to be worth while both beczuse
there is no source of supply of germanium in this country, and because
the characteristics of Cerman germanium detectors are fundanmentally
different from those of Arnerican oneg?



- 26 =

4. COMMERCIAL, RECTIFTIERS

4.1 SIEMENS

k.1l €1/858, €7/390, C9/638.

Dr, Baudisch is the technicel msnager of the Siemens-Schuekert
rectifier plant, including the research laboratories. The Sieens
research organisation was: :

1. Fundementel research -  Prof, Schottky
2. Experimental research - Dr, Waibel
3. Development and pre-production - Hr, Sicbert

Other resesrch workers included Dr, Spenke, Dr. Stenbeck and
Dr, Wasserach. Research was carried on wntil 194,

Siemens had worked on both copper-oxide and selenium rectifiers
since k930, They had elso tried copper sulphide and titanium dioxide,
The copper sulphide rectifier was abandoned 10 years ago because it
hed & very short life. Their titenium dioxide rectifier consisted of
en jiron plate, titenium dioxide and a silver counter-electrode,

The barrier layer occurred at the iron—titanium dioxide surface, Fifty
or sixty samples were made but the work was not continued as they
found the rectifiers too expensive and they aged very bedly.

Bandisch believed wholly in Schottky's theory, but thought much
engineering research was needed before the theory could suocessfully
be epplied to the design of rectifiers (e.f. the gas-discharge theory
and the mercury-are rectifier). The theory was not yet far enough -
advanced to explain all rectifier problems, If any selenide
compound was formed, it had no effect en the barrier layer; mneither
did the crystal structure of the selenium. He had made experiments
to show that the crystal structure was centinuous through the barrier
layer of copper-oxide rectifiers end had remained so after 20,000
hours on load,

The barrier layer of = copper oxide rectifier was situated where
the copper-oxide crvstals grew from the copper plate, i,e., where the
copper oxide was oxygen~free (no irmurities ), Very pure copper (1
part impurity in 106) would not make a good rectifier which led him .
to believe that impurities other than oXygen were important. Sore
non-ionised impurities were rresent in copper oxide but none in
selenium, There were no chlorine impurities in the selenium barrier
layer (c,f. no oxygen in copper-oxide barrier layer), However, '
there were a few metallic lupurities even in the barrier lgyer, which
were not removed by the electric field.

The capacitance of a rectifier depended upon the thiclmess of
the space-charge which, in tum, depended upon the applied voltage.
A% higher frequencies the moveuent of ions and electrons was
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restricted, changing the thickness of the space-charge ana thus

the capacitance, The effect of frequency only became pronounced above
1 Mc/s. Measurements on this had been made by Drs, Vaibel and
Iiitsche. '

Siemens only applied pressure to their rectifier discs in order
to obtain good mechanical contact, e.g., 300 EKg for 50 m.m, copper -
oxide disc,

The curve for resistance against distance from copper pate
for cuprous oxide would be inaccurate, due to the complications of
the experiment - for example, a different urface for each
measurement, small changes in temperature humidity. Therefore no
conclusions could be drawn from such an experiment, DBaudisch had
not made any similar experiments himself,

The ageing of copper oxide rectifiers was due to the
continual formation of more oxide and hence the atmosphere in which
a rectifier worked would affect its ageing. The A,E,G. selenium
rectifier (with an evaporated counter-electrode) had the smallest
ageing and the highest permissible voltage. With en evaporsted
electrode there was a greater contact area snd a closer and uore
uniform contact. This made a swmall difference to the forward
current but not as large a5 was expected. Ageing was' caused by
the counter-electrode peeling off the selenium and thus increesing
the resistance., Copper ozide rectifiers aged less than selenium.

" Baudisch was feamiliar with the effect of mercury vapour on
selenium rectifiers but he could not explain it.

Siemens put the lif'e of their copper-oxide rectiliers at
10 years' continuous running for battery charging work, Lifle tests
were made with a battery-charging load. They had tested copper-
oxide rectifiers for this period and selenium rectifiers from 3 to
5 years. The results obtained after 10,000 hours gave = zood
indication of the expected 1ife, Their critericn of life was 105
drop in voltage in 12 monthsy 0.1 for instrunent rectifiers, Tests
on copper-oxide rectifiers with silver counter-elecirodes on graphite
showed that proncunced ageing oceurred between 3000 and 5000 hours.,
This phenomenon begen slichtly earlier in an atnosphere of czone.

Leéad or a pure copper plate was used for the counter-electrode
of copper-oxide rectifiers, Raudisch described twe methous for
producing high and low resisiance copper-oxide dises., The low
resistance discs were made by heating the copper discs in a fuinace
at 1020°C, cooling to 500°C znd maintaining this temperature for
10 mins, snd then guenchingin an o0il bath, The h%g;—resiséance
discs were cooled to a temperature lower than 5007C, maintained at
this for 20 minutes and then allcwed to cool To room temperaiure.
The former process made a thimmer oxide layer with a different
oxygen content to the high resistance discs. The low resistance
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discs had a reverse voltage of &
& reverse voltage of 10 fo i€ vl
Siemens used copper disc thickuesa
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4,12 €1/839, CG7/3%L1, ¢80,

Tr. WNitsche wes s merber of Siemene' development Laboratory
bt had Deoen associsted with Veibsl on the cepacitance of copper-
exide rectifiers. Heasuremenits mads were over the normal voltege
reage at freguencies from 1 to 1000 o/ on discs from 2 to 20 m,m.
in ameter. The effect of disc ze wos swall but in order to
elinmdnate edie-errors, e had vlotted czpacitance per unit area and
ot cepacitence alcorme, Typical curves -re shown in fig.l

Fig. i C
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Witsche had mede no cespacitance measurcments on selenium
rectifiers as Siemens did not intend to use them for HF, and
measurenent work,

composibion
Niische had found that the counter-electrode(of selenium
rectifiers affected the rectifier resistance, The

reverse resistance depended on the work function of the counter-
electrods metalg: e.g., with cadmium (1arge work-function), a
high resistence, but with bismuth (a smaller work-function), & low
rzsistance, But the elsctrical effect of varying the coumter-
electrode com-osition of manufactured rectifiers was smaller than
expected, The A, E.G, comter-clectrode was a entectic mixture of
tin, bisuth and cadmium (m.p. 105 - 110°C), the Biemens counter-
elestrode & mixbure of tin and csdnium (m.p, 170°C).

Titsehe @34 not know what happened when a selenium rectifier
wss formed but he supoosed it czused a chenge in the distribution of
irmpurity centres, He also thovght that this distribution was
disturted by impurities in the cowmter-electrode,

‘Waibel had made a copper oxide disc with a barrier layer
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/10 m m, thick. He could thus decrsaze the thiclmess of the
barrier layer by eitching with nitric scid, A different forward/
backward current ratio was obiained for each thickness., The
erpariment only showed that the oxygen content of copper-oxide

had some effect on the rectifier charsctieristics, The whole of the
senl—conductor was wade into a blocldng layer by removing excess
oxygan. This was done by heating the dise in a quarisz tvbe in vacuo
at a temperaturs of 800 to QGOOC,

Nitsche explained that 3chottly used special rectifiers for
worik in commection with his theory. These rectilliers were not
formed. One of Schottky's papers published in 1942 contained sone
work on the ¢apacitance of rectifiers,

4,13 €1/814, C7/392, C9/932.

Dr. Irion was with Siemens until the begimming of the
VEaT.

iﬁheﬁ visited at his hore, Selchowstrasse, 12, Wilmersder!
Berlin, he was fco ill to be interrogated, However, -a quest:
was left with him, which he promised to complete =nd return

4.db 1 /560, C7/337, C9/593.

Dy, Jehwdid works for Siemens on carrier systeuns, and i3
concerned with rectifiers only as a user of copper-oxide rectifier
in yi.g-modulators. The old patiem, with contact made by
grephite and lead washers, were not sufficliently uniform to be uasd
without selection. The use of a sprayed couniszsr-electrode of silver
or geld, introduced about 1939 by fdeibel, made selection
unnecessary. Originally the rectifiers were clamped, by a screw
acting on a spring wesher, to a specified pressure., With & sprayed
silver electrode this is unnecessary. The pressure is not kept
off the active area.

_ The rectifiers were artificially aged by heab-treatments
(probebly for about 1 hour, but Schmid did not know the temperature
used ).

The capecitance was tolerable for use up to 1l Ye/s {at which
10-15 db loss occurred with a carrier level of 0.5V). Schrnid was
satisfied with this, and had not yressed {or improvement,

Although copper-oxide rectifiers must be protected from
hmmpidity, they must have access to oxygen.

Thglfirm.of 3.A.T, have anly nade selenium rectifiers and
neither fipphen or*Lauckner had experience of any other typeg of
rectifliesr,

% (1/862, C7/394, C9/995. X c1/861, ¢7/395, C9/994
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They believed the structure of the barrier layer to be more
complex than the simple Schottky theory postulates., For rectifiers
with intermediate varnish films, however, they agreed with Schotiky
that only the points where holes existed in the film, were of
importence. They had measured the distribution of impurity centres

for discs with and without varnish films, by Schottky's capacitance
methed.,

They were of the opinion that imperfections in the contact
between counter electrode and selenium could not be vital tc the
rectification effect since it was possible to make rectifiers with
an evaporated counter electrode: imperfections would then be of
molecular dimensions anly. In view of moisture contamination ete.
they considered such imperfections were only harmful to the rectifier.

The physical mechenism of rectification in the copper-oxide and
selenium rectifiers is essentially the same, and the Schottky theory
desls with the salient factors in each case. However, the theory is
only applicable in the reverse direction for =mall voltages. An
explanation of the decrease of reverse resistance at higher voltages
was given in genersl terms - the barrier layer is not perfect, and
contains a few "St8rstellen®; the distance between them is large
compared with the thiclmess of the barrier layer, but at high field
strengths, the resistance of these weak spots becomes smell, and
large local currents flow., Thus the reverse characteristic can

"be gplit into two phencmena. a) The Schottky effect - the barrier
layer increases in width end resistance with increazse of reverse
voltage.

. b) The resistanece of the weak spots
falls under high field strengths, and causes the overall resistance
of the barrier layer to fall,

The barrier layer in the copper oxide rectifier was believed to
be oxygen-free oxide, They doubted the decrease of resistivity of
the oxide as the barrier layer is approached, and ccould not explain
such an effect: no work has been done on this subject.

Measurements have been carried out on the charge held on the
selenium surface with a given current flowing, To do this, 3
electron beams were made to fall perpendicularly on the selenium
surface of a rectifier disc that had no counter-electrode. The
charge held on the surface was measured by the deflection of an
electron beap that passed across the surface. When no current was
being supplied to the disc, the measuring beam was parallel to the
selenium surface; when a current was flowing, the beam became
deflected upwards. ﬁhe significance of this experiment was not
apparent. Some comnection may exist between this work, the
secondary emission experiments of Prof. Knol_l]

The capacitance exhibited by a rectifier was said to be due to
three things, 1) imperfections in the conteact,
2) the space charge barrier layer,
3) imperfectiions in the selenium layer.
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Of these, the second was assumed to be the most isportant since the
Schottky theory gave the right order of capacitance, "Stekstellen”
distribution was, in fact, estimated by capacibpemeasurement s,

Small pressures produce reversible changes in selenium rectifiers,
large pressures destroy them. This was believed to be due to a
destruction of the crystalline form of the selenium, Heavy pressure
thus produces more imperfections in the selenium, lowers its
resistance, and decreases the break-down voltage,

Ageing and creep are mainly due to migration of ions in the
selenium. Formation of a second barrier layer, between the selenium
and the back plate is thought to contribute to ageing, Differences
between creep phenomena in selenium and copper oxide rectifiers had
not been observed.

Experiment is in progress to reduce the noise in selenium
rectifiers by means of varnish films,

Kipphan and Lauckner made three points about the effect of
humidity on selenium rectifierss

a) Damage to rectifier dises by humidity was due to a surface
film of water by-passing the barrier layer.

b) Changes in the relative humidity of the air were believed to
be the cause of seasonal variations in the quality of
rectifier production. This problem is under investigation at
the present time. =

c) Selenium dioxide, used for fuming the dises, attracts water
vapour from the sir if the humidity is greater than 65%.

The selenium is fumed with selenium dioxide vapour before the
counter electroue is added to small discs to reduce the forming
time, The method camnot be used for large discs since the increased
Torward resistance that results would cause over=heating of the
dises in operation. It was suggested that = thin oxide film forms on
the selenium surfzce even without fuming, but that a thicker one is
praduced by the above method. [This is the first reference to such
an oxide film and its effect on the rectifier resistancg

The effect of mercury vapour on selenium rectifiers was
attributed o a film of mercury byepassing the selenium layer at its

edges,

An alternating current was used for forming discs;the frequency
had to be between 10 and 1000 c¢/s to be effective,

They had done a considerable amomt of experimental work on the
variation of rectifier resistance with frequency which they studied
by meens of the following equimilent circuit.
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Lo 33 03./659, C7/393, 08/723,

| Pr. Bosch worked in Berlin on resesrch and ci:vej,njﬂﬂnc.,

| lis notes a.nd rec,grrls were sll lost there, and he spoke only from
I memory. He had often discussed rectifiers with Prof .Juhotfm' He
\ thinks that a single theory canmot cover all types of rectifier.

|

\

The A E.G, process was: o o an sluninitam plate there were

veporated a thin layer of bismuth (io' ensure asdhesion of the
ﬁermuum}, and toen = layer of salenmiwm. The temperature and spesd
of depositicii of the selenium were imperbant; tnere Was a risk of
overheating by the latent heat of the condensing seienium. For the
heat~treatment, wide limits of temperaturs were permissible. The
cowter-slectrode wes sprayed on after the vectifier had been
exposed fto selenium dioxide vapour. DBosch doubis whether the dicxide
| was desirable (perticularly as it is hygroscopic ) but this process
| waz slweys inciuded. For forming, s heavy current (e, s, 124 for a
| 0,34 rectlfler: was passed for a short time (leab than 1 m_nuue‘i

The purity of the materials is important., Pure selanium is
lsss useful than commercial selenium, or than selenivm plus iodine.

Ne specisal
particular appli

heat~treatments were used to produce rectifisrs for
e
f rectifiers,

ationg, probably there were no requests for such

AR, G‘r.’: life test wag full-losd conditicns for 4 months, during
vihich the efficiency wes not to fall more then 107, The ﬂrm 37 (u’hn.ch
tock the sntire cutput) did not encourage atte gipta to producs
rectifisrs with longer lives, No sccelerated test hai been devised;
30% over-voltage reduced the life greatly, but net in a knowm re t:Lo.,
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The voltage rating was about 20 %o 23V R.M.o., sxcess voliage
cazused shorier life, or sowstimes brezkdown. Excess current melted
the seleniui,

net in Berlin, bu® at Belecke,

Ageing wes studied by .
3 b t probably by Telefunken.

Soise was oot stuadied by

H\d

ARG
L E. G,

The effe c‘t of mechanical pressure was nof conalidered, and in
AaBieG, rectifiers the active ares was undsr pressure.

Mercury vapour reaching either the selenium or the counter-
electrole destroys a rectifier rapidly (eege, in 2 days) and
peringnently; possibly by producing a closer contact between the

selenium and the backing-plate, ut on one occasion only, Bosch
found that a selenium photo-cell had been temporarily sensitised tc
infra-red (as far ss 11000°A); he cannot explain this.

ZPosch had worked on the effects of various all oys in the
counter-electrode and of intermediate layers betwsen the counter-
electrode and the selenium,

As small edditions to the counter-electrode, he tried lead,
cadmius, i, thelliun, indium and cermanium, The work was
incomplete, J_nd.lllm r‘ave a good sharply curved lo.,—vol'La;J
characteristic.

As invermediate layers he tried phenol-formaldehyde regin,
,JOlf:-tjl"ellc, polyvinyl chioride (dissolved in uet*‘n-hjd.ro-iuranﬁ)
wator-glass, sulphur and amorphous selerium.,  Of these, the last
two had no usei‘ul erfect, Of polystyrene and phenol-f‘omzal&ehyrie,
one (Bosch forgets which) zave =z good Low-voltage characteristic,
the otler gave a reduced cepacitance and a higher breakdown voltage,
The effect of the phenol-formeldehyde was probably due partly to
traces of water introduced by it, Hydrogen selenide would then be
formed, and would attack the counter-elecirode to produce metal
selenides,

Cne object of using inter.ediate layers was to e:luce the

capacitance, which gorresponds to that of & dielectric film of
thicimess about JD"'G er 10~5 1 m. (Zosch For eis tie exact firure).
ihe values of the components in }

the equivalent circuit were &

neasured by using a ranse of 7 —
freguendies; internediate T 9
layers were found to reduce C 2

C and increase R, F— é»

» I
C1/863, c’?/:sgs £9/1C00,

D, :{Prbecl: was foruerly Soseht's assistamt,
records were lost in Berlin.
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She had been particularly concerned with the use of inter- _
mediate layers between selenium and counter-electrode, working with
styrene, polystyrene, phthalein, "resinol" and also (bu‘t
msuccessfully) sulphur. She did not use amorphous selenium.

Layers of evapcrated metals (bismuth, gold, etc.,) were also used.
Dr. Herbeck spoke of these as if they were equivalent to the lacquer
films.

If both an insulating and a metal layer were to be used,
Dr, Herbeck found it better to place the insulating layer next to
the seleniwn,  The films were usually deposited from a 15 solution,

The object of the investigation was to reduce capacitance,
increase breakdown voltage and {with the metal layers) to improve
the low-voltage characteristic.

Sinell permittiviiy might have been the desirable property in
the intermediate layer but paraffin wax was found to be nc use.
ohe thought the effect was both mechanical and chemical, the film
completely separating the selemium surface from the counter-electrode.

The ageing of rectifiers during the first few days after
manufacture suggests either chemical change or diffusion between
the seleniuwm and the counter-electrode. Ageing (after the first few
days during which she made no tests) was less for rectifiers with
intermediate layers, which mey perhapsmrevent chemical reaction or
diffusion.

She believed her best products were comparsble with Philips
rectifiers which she_ thought made use of intermediate lavers,

Dr. Herbeck thought thez: 10} chenge of characteristics during a
1000-hour life-test was reasonable for & normal rectifier. Owing
to a bad war-time mains supply, A.E.G. could not conduct continuous
tests; in any case, the continuous loading of small rectifiers
. was not considered worth observmc,, as it was not a practical
condition of use,

L33 c1/864, C7/397, C9/999.

Dr. Koch said he understood only part of the mechanism of
rectification., He thought that Schottky's theory was not exactly
true as it discusses only part of the mechanism and cannot expla:m )
the blocking action at higher voltages. Koch believed that some other
effect was superposed on zchottky's 'space charge' but he did not
know whether it was a surface or body effect. He thought that ,
both the body of the semi-conductor and the counter-electrode surface
would be involwved.

Koch said he was well acguainted with Schottiky's work but not
with Davydov's or Mott's., But he had obtained a V - I curve of the
shepe predicted by Davydov with selenium and a sprayed pure bismuth
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counter-electrode,

The thiclness of the barrier layer was a finction of applied
potential and the barrier layer defined the capacitance of a
rectifier. The charge at the surface of the counter-electrode must
equal the charze in the whole volume of the barrier layer. The
current was a function of this space charge and the nature of the
surfaces, Koch had izde soze capacitence mensvre.ents and had
obtained curves as shown in

Fig. 4+ | c

v oy

The curves showed that working with too high a voltage ¢ ..:sed
the space charge zone to break down and capacitance to fall off, In
the forward direction a rectifier only hes a capacitance at very small
voltages. The variation of czpacitance with frequency was only
wcasured over the range 50 - 2500 cycles/sec., Koch thought the
dependence of capacitance on frequency was due to an ionic effect.

He had found that capacitance also varied with the composition of
the counter-electrode., He likened the capacitance off a rectifier
to the capacitance "sheets™ around a probe electrode {(Lengmuir).

Koch Believed that a greater number of impurity centres were
present near the border of semi-conductor and counter-electrode but
he did not know whether this was due to migration of impurity '
centres or the effect of the counter-electrode., Xoch had found that
the commter-electrode conbined with the selenium and the chemical
ecvion was different for sprayed and evaporsted electirodes., IHe
disgolved away the selenium with scdiwm sulphide and studied the
colours gaused by the chemical action of the selenium on the counter-
electrode surface. Ile found that these colours were o funciion of
the tine of contect of selenium with coumter-electrode, i.e., a
function of the age of the rectifier, e had used tinmes ranging from
a fewv nintes to several hours, This work was carried oubt in 1942
and described in a report - "Aufbau der Selen Sperrschichi" written
by Xoch and hids collaborators. Zﬁoch only had a si.gle copy and
arrangeients llave been made with 'T' Yorce for its duplicetion/.
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Ageing was due to the migration of impurity centres. With a
large electrolytic compenent present, impurity centres would meve
sut of the selenium bowards the electrodez and the rectifier
resisgtence would increase. Mebzl atoms of the counter-elecirode
would alsc diffuse into the selenilwa. FKoch said the azbove report
comtained work on the distribution of inpurity centres ncar a counter~
electrode containing thalliuvm, He had found that a good rectirier
was obtained if the theilium content of the counter electrelie was
low, Thailivm diffused vary readily into the seleniun. Meroury,
however, diffused evan wore casily and destroyed the rectifier,
ra"cior;- of the mere mobile

crvyatel structurs,

Creep vos caused by the femporary ms
inpurity centres end was alsoc a question of

[
L]
“l
:‘i

Eoch had “ovnd that mechanical pressure affected the selenium
layer by destroying crysitals at the selenium surfece but he thought
the effect neithzr important now useful. The only condition showld
be that the applied pressure must not be too high,

The 1ife of o rectifier was = gquestion of impuritiss and crystal
structure, e,g,, a short life if too muech bromine impurity.

The life of a rectifier also depended upon the formirg process
and was a function of the working temperature (a greatsr diffusion
of counter-electroie particles at higher temperatures), The
temperature of a rectifier determines its rating end should nct
excead 65°C,

Koch exploined that the reverse voltage of a rectifier could be
incressed by building in the impurities in a definite mammer. To
do this the temperature at whigh crystallisation takes place, the
structure of the sslenium and,( pr essure applied during manufasture of
the plates. must be taken into account. Such a rectifier would have
a reverse voltage of 30-4C volis and would not need forming., He
had iade a few of these wnits,

. -]

When cuestioned about A.E.G.s evaporation process, Kock replied
thet the possibilities of this method were greater than any pressaurs
processd Oven temperature and base-plate temperature had o be
carefully controlled owing to the large latent heat of se"l.a*:.um.,

The base plate temperature was held to within 110 - 130 Ca; and
the process carried oubt in vaecuw,

4 film of seleniun Aloxide was alterwards evaporated on to the
selenium surface at room tanperature. This increased the reverse
voltage by 2 ¢ 3 volts., The counter-electrode { a eutectic mixture
of tismuth, cadmium end tin, m,p.103 - 105 “c. ) was then sorayed on.

in the evaporuotion process there was an atomic building~in of
immurities as opposed to o mechanical building-in in the pressure
nrocess, Thne evaporstion process therefore gave a more stable
product and was the only process which could be used for making
rectiffier discs for experimental work,
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Koch had done sove work on varnish inter-filmsduring the war
and this was included in "Aufbau der Selen Sperr schieht® a varnish
film lowered the number of i.purity centres near the barr: er layer,
The electric force at the barrier layer was therefore lowered and
hence the reverse current decreased. The main difficuldlty in the
work was that the forward resistance of the rectifier was increased
by the varmish layer. DPut Koch found there was a smell range of
thicknesses where this was not so, and he used this range for his
test rectifiers.

434 /865, C7/398, £9/998.

Dr. Ralkmer is head of the A.E,G. leboratory in Berlin,
He is not a specialist in rectifiers. Work on rectifiers is now
tremsferred to their factory at Belecke/M8hne; research there is
directed by Dr. Kochhnd Dr. Brunke,

The 4.E.G, manufactumng process is evaporation first of
bismuth, then of selenium, on to large metal sheets, {This was
done in tanks of mercury-vapour rectifier pattern). Other
vrocesses cannot be used for large sheets, These larce sheets are
then stamped into discs, the dises having closely similar pronerties.

There is no reason to fear damage in stamping; but any derects
caused would be burnt out by the over-voltage which is applied as
a teszt,

An artificizl ageing process prevents subsequent chences and
gives a more uwniform prodvct. Kellmer thinks this is in sddition
to the forming process, and that it includes the nassare of a
current.

A, 2,6, rectitiers were intended for use at low frequencies,
end capacitance was therefore unimportant. The life of the
rectifiers had not yet been measured; ©but it is kmovm to te
shortened at temperatures over 50°C.

Yechanical pressure on the active surface produces no
measurable difference in the characteristics.

L.h OSRAM €1/787, C7/39%, €9/997.

Jr. Friederich was in charge of Osram research on rectiliers
and semi-conductors. Many of his records were destroyed or are now
in Russian hands.

[’”med erich's interrogation was wnsatisfactory, sAlthough he
eppeered to speak freely, he spoke of withholding inf ormation
from previous investisators., s excursions intvo theory oare very
uconvineins

Osram Porserly made currous-iodide rectifiers, They were
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abandened tecause of poor lire; tuils was provably due to thickening
of' the barrier layer by continued chemical reasction with the lead
counter-electroie. The ageing of these rectif'iers was probably due
to the swme cause, and could be reduced by a filn of lead sulphate
on the lead, The 1life of the rectifiers was zbout 1000 hours,
depending on the rumning tenperature, widich therefore I'ixed the
current rating. “wxcess reverse velitage reduced the life, fersllel
cormection wes not permidssible. There was no lmown nethod of
accelerating a-lile test.

the conductivity of cuprous iodide depends on the presence of
excess lodine (of the order of 0,1%). Cuprous iodiie will absorb
this iodine from the vapour phase, and in Csram's preiuction nroccss
copper plates were lef't for 2 days in an atmospihcre of iodine Tor
tne films to form. The purity of the copper and lesd is
unimportant, and conviercial materials were adequste,

Cuprous iodide is an electronic concustor, thousih ith few
electrons; 1lead lodide, forumed where it touched ithe crunter-
electrode, is an insuletor, These conditions are zuficient o
cause rectification; corpare the action of 2 "concentration coll™,
in which a voltage is set up bebween two sivdlor sleciro’es ii:.orsed
in solutions of differing concentretion sevorated by a nprous
barrier, Probebly there will nrove to Le corresvonding layers in w
seleniun rectilier,

Yor enother exmmple of the spontencous formetion of thin
suriace films, compare the films on boron cristols, widch csuse itse
resistivity to appear high in ordinary tests, alilsuzn 1t ds low 3
messured by ediy-current methods,

schottky's theory mey be rizht, but it is teo mathienmatical to
be directly useful, and its main use is for excluding erperimental
work in certain directions.

Priederich canmot explain the veristion of coppcitunce with
applied voltage.

Osram also tried sulphide rectifiers, but without success,
Another Berlin firm had merketed a (? ferrousz) sulphide rectifier
for a time, but its life was short.

Cuprous bromide gives an irregular voltage-current curve,
since it is an Jonic conductor having a decomposition threshold
voltage,

¥

Carborundum would be the perfect rectifier material becavse of
its permanence,
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5.  NO-GHIC RESISTORS

5.1

Dr. Priederich sa2id that Osram had found true non-ohmic resistors
not consistent enough, and had done no serious work on them, Thyrite
was the best of those available, The characteristic feature of their
composition was the mixing of a conductor and a non-conductor (e.g.
3ilit contains 300 AlpOs).

Urdox gives a temperature effect only. The name had been
retained when uranium oxide was replaced by a mixture of oxides of
magnesium and titanium. /The notes on this interview refer,
surprisingly, to ©iy0z. This requires confirmatiog « About 14 of
the oxygen was removeg and many alternatives to magnesium and
titanium were tried.

The manufacturing process was to mix the oxides, together with
a binder; to press and fire at 1000%c. in air; to cut to the
required size; to dip the ends in a molybdenium=-containing solution;
to fire at from 1400 to 1700°C. in hydrogen in an alundum furnace;
to it molybdeniun wires as end-connections; and to dip the ends in
molten copper to metallise them and attach the wires, ''here was no
difficulty over purity of materials, and no added impurities were
reguired,

The resistances of 70» of the units so made were within
comsercial tolerances (say + 20x). The rejects could be heat-
treated again to bring them within limits, as the temperature of the
second firing governed the properties of the finished product.
Variations of properties were probably due to bad temwerature control,
wrong porosity, or wrong grain size,

Thin, translucent, films were made by Weise (who was
Friederich's assistant) using a cellulose binder. These films could
be used as bolometers cepable of detecting the heat of the human
head at 10 metres. Z’fhe size of reflector, if any, was not
ment ione_d7 .

leyer's work on non-ohmic resistors was published in Zeits. fur
Elektrochemie, 1942 {or 1945).

5.2  €1/868, C7/400, C9/627.

A

[_‘Eerr vleise had been interrogated in U.K. and it_was hoped to

examine his records and apparatus with his a.ssistanc_e7 .

During welse's stay in sEngland his Lab. was dispersed. Some
of his boxes remain in Rathsberg, but they contain no scientifiic
documents or apparatus. It was believed that most of his documents
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a - 3
had been removed to ileidenheim, and the director of Osrams research
laboratories, Dr. Tfeleis should nave taem,

Tt was suggesied that Dr. Isensee (wno works in Osram, 3. Berlin)
might help find Weise's documents in Berlin.

iEt has been requested that an attempt be made to trace
Weisels laboratory reports and his experimental Jonsen Rahbek
relay§7 .

5.3 C1/867, €7/401, C9/98(a).

Flarmann was employed at llemens-Halske, He worked on semi-
conductors undsr schottky between 1936 - 1938. Previocusly he bkad
worked for a year on rectifiiers After 1933 he worked on aluminium
oxide for electrolytic condensera.

-Klarmenn had worked on thin ©ilms of silica and varnish, He
had found that it was not necessary Cor the varnish {ilms to nave
holes. The conductivity of silica films depended on the applied
voltage and Onm's Law was only true at small voltages.  This work
had been done with de Boor and was published in the Siemens Journal
f'OI‘ 1935.

Of the voltage-denendent type of non=linear resistor, he had
worked with silicon carbide and boron carbide. Temperature -
dependent types included cuprous oxide, titanium dioxide, zinc oxide,
aluminivm oxide, nickel oxide, cobalt oxide, zirconivm oxide,
vanadium pentoxide end yttrium oxide, The latter, in practice a
miixture of rare eartns, was noit constant either in vacuunm or air.

{larmann had also tried mixtures of ewual molecular parts of
nickel and cobalt oxides, cadmium and zinc oxides, titanium dioxide
and magnesium oxide.  With_the latter he claimed he had obtained a
resistance rangs of O - 10%° ohms by reducilon to varicus extents.,
‘the titaniun dioxide dissolved in the macnesium oxide, Osram had
already done same woric on this mixture and claimed that they had
produced A resistor with a nositive temoerature cosefficient but
Klarmann vas aoubtful of this claim. Yith this nixture each
resistance velue had a different temperature coefficient (unliks

auorous oxlde whose temperature .coefiicient is constant). The
conductivity of the titenium dioxude-magnesiuvm oxide mixture was
less than that of pure titaniwn dicwide for the same temperature of
reduction. Klarmann used reduction temperatures of 50060 in
hrdrogen athnosonere and 120¢°7. in vacuun, "he latfer reduction
temmerature gave a temperature - ceocefficient of zero. Klarmann
thought the time of reducticon was not important; he usually used

a half hour period.
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The smallest size of resistor made by Siemens was a.2mm thick,
the usual Osram size being 1 cm, TDtanium dioxide resistors were
first introduced as substitutes for uranium oxide., Osram then used
it entirely, because of the bad ageing property of uranium oxide.
Siemens however had a process which cured this bad ageing so that they
continued to make uranium oxide resistors. Ageing was due to ionic
conduction, caused by the presence of excess oxygen (U0 3 instead of
UOsj. It was prevented by heating the resistors to 600%3, for two
hours, nassing a direct current whose direction was reversed every
five minutes. After this treatment the D.C, resistance remained
constant with time, Before treatment, although the A.C. resistance
was constant, D.C. resigtance decreased with time of apolication of
the voltage.

Uranium oxide was reduced at 1500°C in a hydrogen atmosphere.
The changes which took place were much more complicated than in the
reduction of titanium dioxide. Klarmann pointed out that uranium
oxide resistors were very sensitive to oxygen and traces of oxygen
in the hydrogen reducing atmosphere caused the conductivity to drop.
Uranium oxide was also liable to absorb oxygen when cool.

Of other meteriels, Klarmann had used, cuprous oxide had a
conductivity of 1000 ohm "% em =1, at 800°C,  If allowed to cool
quickly to room temperaturs the conductivity fell to zero. If it
cooled slowly for ten hours in an oxygen atmosphere, the
conductivity fell only to 100.

1

The smallest time constant Siemens had ever obiained was 1000
second. This was obtained with a small crystal of semi-conductor
embedded in Wood's metal so that it cooled down guickly when the
current was switched off. The frequency used was above 1 kc/s.

Temperature dependent types of resistor were linear with voltape
when the contact at the ends wes well made, 'The best way of
making the contact was to apply a paste of gilver oxide. This was
reduced to silver by heating at the time of reduction of the semi-
conductor,

5.4 C€1/868, C7/402, C9/996.

In 194t Dr. Rother observed that a ceramic with a blue
discolopration had a low resistance (few ohm - cam). The ceramic
contained cerium oxide, whlch in the absence of an adequate oxygen
supply (i.e. when the ceramic was in a reducing vart of the furnace)
partially reduced the TiOg. A Ffiring temperature of about 1330°¢.
was used Zﬁote that wWelse's semi-conducting material, which does not
contain cerium oxide, is fired at a much higher temperature/. He has
made up about 3000 semi~conducting samples; these contain a variety
of rare earths, but they had mot been tested electrically. To show
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the effect of some ingredients, the following example was given,

A mixture of 95+ Rudiox and 5% lenthanum carbonate III gave a
semi-conducting ceramic, but a mixture of 92 Rudiox and 8%
lanthanur carbonete H showed no signs of reduction despite the fact
that it was fired in the same part of the furnace and at the same
time as the other mixture., This difference was beliewved to be dus
to the fact that lanthanum carbonate IIT is extremely pure, while
lanthanum carbonate H contains 134 NdpOz and Ui Pry03 : one of these
may have inhibited the reductiom.

Rother believes that semi-conducting ceramics might be developed
into economical rectifiers with advantage in view of Germanys present
rawv-material situation. He had not considered the fact that the
ionic conduct1v1ty in his ceramics would be & disadvantage in a
rectifier Lnor did ne seem to be awere of the work Osram have done
on T‘O?. ligl semi conductorg? .

A rutile ceramic was exhibited which contained 7 » barium
carbonate and 5. zirconium oxice and whose surface turned blue while
exposed to light.  Apparently no further work has been done on
light-sensitive ceramics.

Rother has worked en Cuy0 and Se vhoto~electric cells. He has
also worked on mapnetic ceramlcs Zi& Richardson R.N.V.R. covered
his work in this fie;§7, including saue with additions of cuprous
oxide.

To meke a ceramic with a very high resistance (e.g. for use in
his H.,T. machine - for whicir see Col Hﬁpcez s report) he used o, phee of.
T30, = the possibility of reduction was) ‘eliminated.

Hother undertiocok to send results of his measurements on semi-
conducting ceramics to the U.X., as soon as they were completed.
He {further expressed the desire to come t0 fZngland to continue his
researches since in Germany he was handicapped by a shortage of
raw materials.
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6. SECONDARY ELISSTCN

5.1 (¢1/869, C7/410, C9/1001.

ZEraf von Schulenberg was believed to have worked with Professor
Knoll on an image converter tube for which one semi-conducting
mosalc was supplied by Herr Weise: it was hoped to trace a model of
this tube/.

Schulenberg had worked on secondary emission from materials such
ag CdS and ZnS, but noit from Ti0p. He had already given full
details to an English comnission.

Although secondary emission depends on the conductivity electrons,
he did not expect any relation between it and semi-conduction.

Schulenberg has done no other fundamental work on rectifiers or
semi-conductors,

%2 /870, C7/409, C9/1002.

Dr. Randtner alsoc worked under Prof. Knecll. He worked on
television screens and long after-glow tubes and also tried to
correlate the suitability as a detector of a point on the surface of
a semi-conductor with its secondary emission. It had been hoped to
use this oroperty in the assembly of detectors. He also worked en
ionoscopes, no models of which remain.

& Tilm of lead sulphide, placed inside a cathode-ray tube, was

scanned in 2 dimensions by an electron beam (see #ig.5 ). Variations
in secondary

common <o

>

oy t Lt
amplhifier m:daul "
grid fecondary
PLS filen emission
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emissicn current were used to modulate the brilliance of a second
CeKeT. wWhose scan was syncaronised with the Tirst. The ©ilm was then
removed rrom the C.R.Y. and its surface was examined with a 0.1 mm point
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at 1 mm intervals., [The back to front ratic of observed resistance
for & given voltage was teken as the measure of rectifying efficiency.
The two sets of results obtained were found to be reproducible, but
could not be correlated, It has been expected that points suitable
for use as detectors would have a large secondary emission.

Surface irregularities in the newly cut crystal caused
complications in the secondsry emission picture, while if these
were removed by polishing no rectification was cbserved, To
explanation of this effect could be given.

Similar experiments to the above were carried out on selenium
discs. Discs consisting of back plate and selenium deposit were cut
in half. Part was made into a rectifier by the addition of a
counter electrode and the total secondary emission was measured for
the otner part. Again no correlation was found between the
"goodness" of a rectifier and the magnitude of the secondary emission
from the surface of its semi conductor derhags the secondary
emission could have been correlated with some one feature of the
rectifiers properties rather than with the back to front ratio;
again the voltage used in the rectifier part of the experiment may be
importaq£7.

Some details were then given of the iconoscope designed to use
the titanium dioxide film screen prepared by Weise., It was found
tnat the smallest rise in temperature of the screen which could be
detected varied between 0,0l and 0,1°C. The former value was
thought satisfactory, but all models could not be made so sensitive.
Randtner claimed tne iconcscope to be sensitive to longer wavelengths
than one using a CdS mosaic.

Thinner films were not thought to offer a possible improvement
since they became transparent to electrons and of too small a
resistance. (Welse made films 20 u thick), A further limit was
set to the sensitivity by the fact that the scanning beam iocnised
the £ilm and so varied its resistance.

No apparatus remains, but a full description was published in

Q:3  1/719, ©7/408, C9/809.

Professor Knoll had no further information to offer sbout his
work with Randtner; he had been engaged on it fram 1942 to 19LL,
Some of his remarks at his joint interrogation with Rothe are
reported in under 2.6, others are included in the miscellaneous
information,
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T LISCRLLANEQUS INTRERVIEWS

cl{aoe c7/407, C9/1003.

ey ﬁr. eutschmann worked on rectifiers under Prof,
Schottky before 1930, but not since that time. He was therefore
not interrogated further,

015'714 c7/406, C9/811.
1.2 14 was not possible to interrogate Professor Kluge, but

a guestionnaire was left for him. :

glgs'?l C7/405, C9/1004.
. )

r. Jehner has done no work on rectif'lers or semi-
conductors.

87 C7/404, C9/1005.
01872, CT/404, <3/

chniedermsn was encountered by chance and provided soume
inf'ormation about the addresses of his 3iemens colleagues. 3ince
he had been interrogated on rectifiers while in rngland, he was not
guestioned further.

£1/873, C7/403, C9/1006. \ . .
7.5 The Direcfor of COsram Researcn laboratory at Heidenheim

(br. Teleis?) was concerned only with lamps., No research on
rectifiers or semi-conductors was in progress, but would soon be
started in Erlangen. He gave informaation on the preseat location
of certain former research workers.
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8. IRRELEVANT INFORLATICN OBTATLNED INCIDENTALLY

Prof. Brill studied films of caesium and caesium-oxide, as used
in photo-electric cells. He measuredthe variation of work-funotion
of caesium when it was illuminated by monochromatic light of various
wavelengtis, both for pure caesium and after the introduction of
kns m small emounts of oxygen. The graph of work-functian against
wavelength is a curve whose peak is shifted towards longer wave-
lengths by the admission of oxygen. There are many campounds of
caesium and oxygen; one, probably Cs~0, has a minimum work-function
which is therefore the apparent work~function of the caesium-oxygen
system.

Prof. Kossel studied oxide layers used as protection for
aluminium mirrors, These films are amorphous when formed, but
crystallise if heated to 700°C.

Dr, Himmler is now working on the speed of corrosion of metals,
and on the use of a glass electrode for pH measwrements.

Dr. Schaéfer, of Frankfurt University, works on oscillators of
211 types.

During the war, Siemens introduced a range of synchronous driven
switch rectifiers which Baudisch thought would eventually replace
metal rectifiers for heavy current work., A typical rectifier was
rated for 10,000 amps, 400 volts; weight 80C Kg, efficiency 97%.

A copper oxide rectifier of the same rating would weigh ten times ag
ruch, Other wodels were made for heavy currents and low voltages

(S volts). A big advantage of these rectifiers was their close
regulation obtained by the use of saturated cores. Such regulation
was not possible with metal rectifiers. Details of these

rectifiers had previously been obtained by Mr. Thomson of G.E.C. and
Mr. Wool of English Electric. they are thought to be similar to
those developed by F.Koppelman: see 3,I.0.3., Final Report No. 8,

Ttem No. 21, pp.6, 16 and 17 and the report of B.I.0.S. Party No. 1875/

Dr, Welkder has been engaged on a theory of super-conductivity
/2 paper on this subject will be published in the second report/.,

Dr. Wehner has worked on "Plasma" oscillations dee Japrbuch
1942 Ger deutschen Luffahrtforschung S ITI 24/33/,

Dr, Bambz of Herrsching has worked on crystal oscillators.

Prof. Schlede of the Technisches Hochschule, Bln,has worked on
fluorescence.

Prof. Hilsch has been engaged on light absorbtion by films of
CusS containing excess sulphur. The effect of temperature has been
found and the experiments were extended to liquid helium temperatures,
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For this purpose a modified Simon Imuwefier was used with quartsz
windows, and external controls to enable the sample to be removed
from or replaced at the cold spot. This work is almost ready for
publication.

Prof. Hilsch has also worked on super-conductivity, which he
believes also devends on impurities. Justi of the Teclhnisches
Physicalisches labs, Bln., produced NbN with a transition point of
15°K and later attained a value of 229,  Iixtures of NbN (metal)
and HNboll (insulator) have been made with transitign points as high
as 100°%K' . These mixtures were prepared at 12007C. in an electric
light bulb, Interesting as these abnormally high values are, Hilsch
believes they have little value from a theoretical viewpoint because of
the complexity of the systems used. He prefers to work with
CupS, Cus mixtures /see nis exveriments on light absorbtio§7.

It has been shown by Shalikox that the transition points for
pure metals are fixed quantities; for tin for example, the value is
3.7%. Hilsch has shown however, that if a tin. deposit be found
on a quartz plate at a few’X, the trensition point is raised by at
least 1°K. vwarming the deposit destroys the effect irreversibly.
It was u¢lso noted that, contrary to expectation, the sharpness of
the transition point decreases with crystal size.

Prof', Hilsch has a very well laid ocut low temperature laboratory
and uses an air liguefier of his own design. Air at 10 atmospheres
pressure is blown into a tube at right angles to its axis. The jet
is offset laterally so that the air stream enters the tube tangentially
“he tube is approximately 1 om in diameter and 30 cms long. The
inlet is about 10 cms from one end and an orifice is fitted inside
the tube adjacent to the inlet and between it and the nearer end of
the tube, Hot air emerges {rom the remote end of the tube and cold
air from the near end (this air having passed through the orifice),

A tap near ithe open end of the hot half of the tube controls the
ratio in which the air stream is divided between the two halves, and
s0 controls the temperatures of the two streams; when this tap is
correctly set, the cold air is at a temperature of about -15°C,

The size of the jet and of the orifice were stated not to be critical,
but an insert has been fitted to the tube opposite the jet and this
has the effect of giving the spimlling air stream an inward velocity.

th is Telt that Hilsch's apparatus should be worth closer study
and it has been requested that working drawingsof and details of
experiments concerned with the design of his air liquifier be
obtained from hi{'g’ .

This tube is mounted in a cylindrical steel case about 40 cms
long and 10 o 15 cms in diemeter. Details of the remainder of its
contents are not know, but they are believed to consist in heat
interfchangers only. Liquid air can ve drawn oif from this apparatus
by means of a tap at the bottom of the cylinder, 10 minutes after
the compressed air has been turned on.
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DORVATICNH CBTATED DURILIG TTARROGATIONS O LOCAYWION O
QIR THCHNICAL WORKSKHS.

TABLE W
Iocation or other "1 Source of informa-
Person informaticn tion
® Dr. Krebs l'alteserstrasse 5, Bonn Prof. Kohlschutter
Dr. Hammer became farmer before ‘ v
193¢
Dr. Hauffe entered industry before "
1935; probably Deggussa,
Frankfurt
Dr, CGundermann deceased "
Dr. R.Bauer Siemens-Halske, Zlerlin Siemens-dalske

(Wernerwerke 17)

® Dr. Brunke AJE.G., Belecke/idhne Aafeliey Berlin
Dr. Spenke Inst fir Virusforschung, Prof, Schottky
3ielbeck hntinslolstein
x Dr., Waibel Kachandelwer 11b, n
Charlottenbury $, Berlin
Dr, Rompe Wilhelmstrasse o3, u
Berlin W.6
Dr. W.Hartmann | Deceased Dr., Schniedermann
¥ Dr. K.iaier Stutiparterstrasse 9, -
Eislingen/Fils
Dr. H.Neldel Te Ka De, Nirnberg Dr. Schniedermsnn
Dr.H.Schweickert Augustenstrasse 2, Sed.F., Nirnberg
Nitrnberg
Dr. Klein Bismarckstrasse 15, . on
Nurnberg.
® Dr. Justi Karburg (but mey take Dr. Priederich

post in Techn. Hochschule,
Hannover)
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13
Person Location of other information Source of
Information
¥ Dr. Krauz Larburg
¥ Dr. Lammgchen Ilildesheim RIAT Forward
Dr. Hackenberg Berlin (possible working Gottingen
for Telefunken) miversity.

¥ If opportunity arises, these persons shovld be interrogated;
so also should Dr. Noldge, Inst., Tir ingewandte Thysik der
lanseatischen Univ., amourg, who was not visited by toe
oresent party.

How in U.S.A.:

Prof. C.Wagner, br, ilass,

Now in Russia:

Dr. Stenbeck

Believed to be in Russian zone:

Dr. FJiJlmller, Dr, J.oeyer, Dr. Scneibe {(and all stafl of
Fhys. ‘tecin. Reichsanstalt;, Dr. A.ichmidt (woriing for
Telefunken), )
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TENTATIVE, CONCLUSIONS

ZT:hes»a are liable to modification when reports of researches
are to hang7.

It is generally felt that there have been few war time
developments of note in Germany concerned with rectifiers and non-
linear resistors and tnat this is due to three main reasons:

(1) Concentration of effort on production of standard
articles to meet an overwhelming demand.

(2) Disruption of experimental work by air raids and the
continual necessity of evacuating laboratories to
new sites,

(3) Drafting of research workers to other sukbjects or
into the armed f'orces.

Several interesting points were however unearthed and it is
hoped that some of these may be followed up either in this country
or in peace-time Germany. In the latter case, facilities should
be provided for the results of German research to be made available
in this country. At the moment, the facilities for the
publication of scientific work in Germany and especially in the
American Zones, are far from adecuate. }Meny workers such as
Prof., Schottky have several papers ready for publication, but with
no prospect of their getting into print for some time to come.

It is felt that it would be an assistance to workers in this country
if publication were made easier in Germany and if it were possible for
German scientists to publish their works in English journals.

In general no difficulty was experienced due to lack of
co~operation on the part of scientists interrogated, but in sSoms cases
it was felt that the standard of research work was not very nigi -
due no doubt, in fact to the reasons mentioned at the beginning of
these conclusions.
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