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SUBJECT USSR / PHYSICS CARD 1/ 6 PA - 1251
AUTHOR VAVILOV, V.S.
TITLE ‘S P{les. (On the Direct Trensformation of Radiation Energy

into Electric Energy with the Help of Photoelements).
PERIODICAL Atomaja Energija, 1, fasc. 3, 107-116 (1956)
Publ. 3 / 1956 reviewed 9 / 1956

Semiconductor thermopiles are mentioned which were suggested by the acad-
emician A.I.IOFFE and were successfully developed in the USSR without, how-
ever, being discussed on this occasion. Semiconductor photoelements with
barrier layer have been known since the valve photoelements have been in-
vented by W.A.ULIANIN (Wied.Ann. 34, 241 (1888), but until recently the
efficiency of these photoelements has never been more than some tenths of
-3 %. By investigating the main properties of gemiconductors, like those of
the mechanism of electrons and the hole conductivity, the 1ife of current
carriers in semiconductor crystals, and the rectification of the current at
the contacts between semiconductors, it was possible to predict the proper-
ties of photoelements from Ge and Si and to attain efficlencies in practice
of up to 11%. Thus it 1g now possible to obtain more than 100 watt of
electric energy per 1 m” of a surface directly irradiated by the sun.

Some properties of semiconductors uged in sun piles: The basis of the
element of the sun pile is a semiconductor crystal which contains two domains
separated by a sharp boundary and having different mechanisms of electric
conductivity. This boundary is called - not quite correctly - "electron-
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hole-transition". Like their nrelative", the diamond, pure Germaniunm and
gilicon without admixtures or structural blemishes act as insulators at
room temperature and at low temperatures. By the addition of extremely small

quantities (10-5%) of atoms of the III. and V. group of the periodic system,
it is possible to control the mechanism of electric conductivity and the
specific resistance in the various domains of the crystal.

If a silicon crystal in one of its nodes contains an arsenic atom with 5
valenze electrons, then 4 of them are occupied by the t"hindings" keeping the
atom in the node, but one of them remains free and wanders about in the
crystal.

If admixtures with 3 valence electrons are used, 8i- or Ge-crystals are ob-
tained in which the electric current is transmitted as by positive charges.
("Hole conductivity"”). This conception of holes is well suited for the de-
scription of the drive- and diffusion processes.

The semiconductors of sun piles are unbalanced by the absorption of solar
radiation, on which occasion an excess of holes or electrons will be found
to oxist. Photons with more than 1,12 eV (i.e. with a wave length that is
shorter than 1,1 micron), give up their energies to the silicon crystal and
thereby liberate bound valence electrons. These electrons diffuse in the
crystal until recombination occurs. The average "diffusion length" covered
by the electrons or holes amounts to L = \/L_r - V/AkT?i? Sufficiently great
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diffusion lengths (several mm) are found only in very perfect monocrystals of
gemiconductors.

Next, the electron-hole-contacts (transitions) between the domains which are
enriched with donors and acceptors are described. On the occasion of the arti-
ficial production of crystals with electron-hole-transition it is not
necessary to do away with the admixture of one of the conductor types in order,
by adding the other admixture, to obtain the necessary conductivity for the
corresponding part of the crystal, for it is quite sufficient to introduce

the admixture necessary for the neutralization of the admixture of the other
type plus a certain surplus. To one donor or acceptor there correspond

107 to 108 atoms of the basic material.

The main property of electron-hole-transitions is the capacity of rectifying
the electric current. This property is based on the existence of a domain

with space charge which forms a potential step for the electrons and holes.
Here a qualitative explanation for the phenomena occurring on the occasion of
the rectification of the current by a semiconductor crystal with electron-
hole-transition is given. The number of liberated "holes" and therefore also
the inverse current declines with declining temperature and with an increase of
the energy E_ which is necessary for the liberation of an eleciron bound with-
in the systeﬁ of "valence binding". This energy amounts to 0,75 eV for Ge and to
-1,12 Vv for Si.
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Sun piles - silicon photoelements with electron-hole-transitions. By the
absorption of photons and production of electron-hole-couples solar erergy
ig transformed direct into electric energy, i.e. into the energy of the
electrons in the crystal. However, without electron-hole-transitions only
the concentration of these charge carriers in the semiconductor (i.e.
photoconductivity) would increase near this absorption. On the basis of a
diagram the phenomena taking place in a semiconductor near the electron-
hole-transition are discussed. Apparently the electrons and the holes are
n"geparated" by the potential barrier of the electron-hole-transition, 1.e.
there is free transition of electrons into the domain of electronic conduc-
tivity, which is thus charged negatively, while the holes wander into the
hole-domain which they charge positively. In consequency of the concentira-
tion of the charge carriers the potential barrier Vk diminishes. If the

a dynamical equilibrium of the primary diffusion
current of the surplus current carriers and of the inverse current which is
caused by the accumulation of the space charge of the holes in the P-domain
and of the electrons in the N-domain, ig established, If the outer circuit
is short-circuited the entire diffusion current passes through and in the
case between these two extremes the current is distributed over the outer
circuit and over the interior of the crystal.

Next, the equivalence scheme of the sun pile is discussed on the basis of

outer circuit is open,

a drawing and computed. The diffusion current ID is equal to the short
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circuit current, and the latter is forked in that one part, nazely I, enters
the load circuit with the l1oad R, and the other, namely In’ is caused by the
inverse passing through of the carriers. The corresponding part of liberated

energy is lost. For the maximum potential difference it applies that
v, = (kT/q)ln((qIDRo/kT) + 1). Here the null resistance R/ igconnected with

the saturation current of the electron-hole-transition as follows: Iosz/qRO

(q denotes the charge of an electron).

Electron-hole-transitions are in considerably more intense in silicon than in
germanium. This difference is due above all to the greater width of the for-
bidden zone of Si (1,12 eV) in comparison with Ge (0,75 3V). The theoretical
efficiency of S4-photocells may, in the case of a direct incidence of solar
radiation and at 25° C, attain 18%. Slight cooling down (as e.g. to 0° ¢) in-
creases the degree of efficiency.

Such "sun piles" were constructed in 1954-1955 they consist of large silicon
monocrystals (4-5 cm per element). The electron-hole-transitions of these
crystals are located rather close to and under the surface to be irradiated.
The production of sufficiently large Si-monocrystals is gtill very difficult.
A further technical difficulty is presented by the problem of mounting the
electrode which is transparent for visible and infrared light on the surface
of the crystal. This and the establishment of the electron-hole-transition in
the desired depth was brought about by the thermal diffusion of the admixture
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electrons. According to D.CHAPIN et al. J.Appl.Phys. 25, 676 (1954) the best
results are obtained by the diffusion of boron (as acceptor) in H-silicon =2t

a temperature that is near the melting point of 5i (1400° C). Different
varieties and details of this procedure are described.

In the silicon photoelements the maximum of the transformation is about

;{ = 0,75 &, on the boundary of the red and infrared spectral domains. To

this wavelength there corresponds nearly exactly the maximum number of photons
in the spectrum of solar radiation. Thus, a silicon photpelement with electron-
hole-transition near the surface causes a nearly perfect transformation of so-
lar energy. Because of the relatively good transmissivity of clouds and fog

for infrared light, sun-piles operate also in dull weather, although, of course,
their efficiency will be somewhat lower.

The d ependence of theelectromotoric force and of the short-circuit current of a
silicon photoelement on light conditions as well as the load characteristic of
such photoelements are shown in a diagram. The load characteristics have their
maxima at ~ 0,3 V in the case of an illumination of 1 milliwatt per cm? and
less. Tperefore, receivers necessitating a constant voltage at the input (e.g.
accumulators) may be used in connection with sun piles within a wide range of
illumination strength. - Within the coming years simple and sufficiently inex-
pensive methods for the production of semiconductor photoelements with large
surface and high degree of efficiency will probably be worked out, so that the
direct transformation of solar energy will be able to occupy the place it de-
serves within the framework of "low power economy".

INSTITUTION:
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fos Jour : Referat Zhur - Fizika, No 5, 1957. 12183

Author : Vavilov, V.S., Smirnov, L.S., Galkin, G.N., Spitsyn, A.V.,
Patskevich, V.M.

Inst : Physics Institute, Academy of Sciences, USSR, Moscow.

Title . Formation of Defects of Crystalline Lattice in Germanium
Upon Bombardment by Fast Electrons.

Orig Pub : Zh. tekhn. fiziki, 1956, 26, No 9, 1865-1869

Abstract : Thin {50 microns) platelets of single-crystal p-germanium

with bombardment of monoenergetic electrons with energles
from 400 to 1000 kev. The concentration of the lattice
defects arising thereby was calculated from the variation
in the specific resistivity 7 of the specimens before
and after the irradiation., The threshold value of the

energy wmin’ starting with which 3‘ increases upon
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VAVILOV, V.S..

"The Structural Defects in Germanium Monocrystals Irradiated by Beta~
Particles and Fact Neutrons and the Influence of These Defects on &Zlectron-
Hole Recombination,” V.S. VAvilov, L.5. Smirnov, A.V. Spitsyn, V.M,
Patskevich, M.V. Chukichev, Moscow, USSR

Paper submitted for presentation at the International Conference on
Radioisotopes in Scientific Research, Paris 9-20 Sep 1957.

USSR Acad. of Sciences, Moscow
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AUTHORS: Galkin, G.N. and Vavilov, y.S.
TITLE: Measurement of the Tifetime of Charge Carricrs and their

»

Drift Mobility in Silicon. (Izmereniye vremeni zhizni

nositeley zaryada i ikh dreyfovoy podvizhnosti v kremnii)

PERIODICAL: Privory i Tekhnika Eksperimenta, 1957, No.&4,
pp. 52 - 56 (USSR)

ABSTRACT: Apparatus is descrited by which the lifetine and mobility
of electrons and holes in mono-crystallic silicon can be
measured. The pulse method is used and traps are filled by
illumination of the crystal. Tke apparatus can be used for
measur-ment of lifetimes from 1 usec.

The method is based on the drift under the action of an
applied electric field, of minority carriers introduced into
the semi-conductor by a point contact (emitter) to which is
applied s short pulse (C.3 rsec). After a time lag, a rect-
angular pulsed electric field is applied to the speclmen.
The introduced non-base carriers move along the specimen and
on passing the collector, create an opposition pulse
(collector response) whkick is displayed on an oscillograph.
The block diagram is given in ¥ig.1l and the oscillograph
display in Fig. 2. 3By changing the time leg, 2 different
Cardl/b height of the collector response H can be obtained,

120-4-14/35
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Measurement of the Lifetime of Charge Carriers and their Drift
Mobility in Silicon.

depending on the maximum concentration of he non-base
carriers at the instant they pass near the collector. For
a short emitter pulse and with small deviation from equi-
librium concentration, H is given by:

H~ (IN©) exp (- /% ).

The first factor corresponds to diffusion and the second
to recombination. Here, < 1is the lifetime of the minority
carriers. Log (H{™®) is plotted against & giving a
straight line with a slope equal to -1/%t. The presence of
traps can be detected by the shape of the collector response
(Fig.3). The specimen is illuminated until asymmetry of the
collector response is eliminated.
The injection level can also be judged by the shape of the
collector response, since a large quantity of minority
carriers changes the conductivity of the material and causes
asymmetrical distortion of the pulse (Fig.4). Thus the
method indicates when the traps are filled and when the
concentration of the minority carriers is sufficiently low.
Card2/4 Mo avoid non-linearity of the collector, contact with small
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Measurement of the Iifetime of Charge Carriers and their Drift
Mobility in Silicon.

Car d3/4

APPROVED FOR RELEASE: 08/31/2001

concentrations of the non-base carriers near the collector,
the intensity is jncreased by illumination of the surface near
the collector by white light (Granville and Gibscn method,
Refs 7 and 13).

The mobility u,; Wwas determined by the formula:

ug = i/t . B

where L 1ig the distance between the emitter and the collector,
£ is the time between the application of the pulse and the
reception of the response, £ is the applied field.

The time + 1s found by extrapolation of the graph of H
against t to H= 0 (Fig.?). 1 is measured by a measuring

microscope, and B is found by backing off an oscillograph
displaying the voliage.

The table shows that for measurements T :> % pgec., the error
does not exceed 107%, and down to 0.2 wsec. 100%. The errors of

Ug do not exceed 10% and compare well with values given in

the literature. There are 9 figures and 1% references, 5 of
which are Slavic.
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. Measurement of the Li®time of Charge Carriers and their Drift
Mobility in Silicon.

ASSOCIATION:

SUBMITTED:
AVATLABIE:
Card 4/4

Physics Institute imeni P.N. Lebedev Ac.Sc. USSR.
(Fizicheskiy institut im. P.N. Lebedeva AN SSSR)

March 2, 1957.
Library of Congress

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001859030006-9"



RO P

"APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001859030006-9

SRRl g £ IR ST
S SN L R o ST .3-82:2 .,.-;_

B

V.S. VAVELOV-

"Energy of Ionization by Beta-Partiicles in Crystals of Gerranium ard Iilicon,”
V.S. Vavilov, L.S. Smirnov, V.M4' Patskevich, Moscow, USSR,

Paper submitted for presentation at the International Conlerence on
Radioisotopes in Scientific Research, Paris, 9-20 Sep 195..

Acad. Sci. USSR, Moscow
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Abs Jour : Ref Zhur - Fizika, Mo 1, 1958, 1303

Author : Vul, B.M., Vavilov, V.§., Smirnov, L.S., Gelkin, G.N.,
Patskevich, V.M., Spitsyn, A.V.

Inst -

Title " : 'Transformation of the Energy of 2 particles Into Electric
Fnergy in Germanium Crystals with P-N Junctions.

Orig Pub : Atomn. energiya, 1957, 2, No 6, 533-536

Abstract : The authors report results of an investigation of the di-
rect transformation of the energy of A particles into
electric energy in germanium crystals of the n-type with
p-n junctions, obtained by melting-in indium. The sour-
ces of the /8 particles were the compounds 8r9° -
with activities of 50, 100, and 200 millicurie. The ex-
periments were also performed with artificially-accelera-
ted electrons with energies from 400 to 1150 kev, the in-
tensity of the electron beam reaching values corresponding
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a secondary role. It is indicated that it is possible to
restore the initial properties of crystals by heating
them. Other possible types of semiconducting energy trans-
formations to transform the energy of radicactive decay
into electric energy are considered.
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PA - 2148
Probability of Charge Carriers by Frenkel Defekts in
N-Germanium. '

restitution of the original life. If the number of defects
geouring in the chrystal lattice is compared with the
.attendant circumstance of reduction of 1life the capture
cross-section of the carriers (holes) can be estimated

(by the new-formed recombination-centers). The formula for
the capture crass-section is derived on the assumption that
the number of new recombination-centers is equal to the
number of Frenkel-defects and that all these centers are
filled with electrons. Experimental result for this domain
which must be considered to be the lowest of the actual
value, were approximatively 7°10’17cm . (1 image).

Physical Institute "P.N.Lebedev", Moscow.

1.10.1956
Library of Congress.
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AUTHORS Patskevich,V.M.,Vavilov V.5.,5mirnoy, L.S. 56-)-45/59
TITLE Electron lonizatfon Energy in Silicon Crystals. (Energiya lonizatsis

elektronami v kristallakh krewniya) (Letter to the Editor) .
PERIODICAL  Zhurnal Eksperim.i Teoret.Fiziki,1957,Vol 35,Hr 3,pp Bo4-805(UScit)

ABSTRACT The "multiplication coefficient"” B of the charge carriers was mea-
sured on a silicon monocrystal of the P-type with P-N-transitions.

Irradiation by electrons with an enesrgy of from 10 to 30 keV took

place vertically to the N-type side of the orystal,but parallel to

the P-N-transitions.From the coefficient B measured the quantity £
was determined as 4,2 + 0,6 eV.

There are 2 figures and 5 Slavic references.
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VAVILOV, V.S., MALOVETSKAYA, V.X., GALKIN, G.Ne, LANDSMAM, A.P.
—§TTIcon Solar Batteries as Sources of the Electric Feeding cf Artificial
Earth Satellites
'Kremniyevyye solnedmyye batarel kak istochniki elektricheskogo pitaniya
iskusstvennykh sputnikov zemld. Russian)
Uspekhi Fiz, Nauk, 1957, Vol 63, Nr la, pp 123 - 129 (U.S.S0Ra)

For artificiel earth satellites it is of advantage to use solar batte..
ries in connection with buffer accumulators because they are effective
during the whole time of flight of the satellite (outside of the earth's
shadow).

The principle of the effect of a semiconductor transformer with P-N-
transItions, In the course ol this process the energy of solar radia-
tion Is transformed into electric emergy as follows. A photon is ab-
sorbed and an"electron-hole" pair is produced., In the case of lacking
P-N-transition, however; the concentration of the electrons and holes
in the semiconductor would increase in the vicinity of the absorption
domain of light, The authors here Investigated the diagram of the ener-
gy states of the electrons and holes in the semiconductor in the vici-
nity of the artificial produced P-N.transition., This diagram then supp-
lies information concerning the mode of operation of the photoelement.
Within the domain of the P-N-transition there exists a potential barrier,
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silicon Solar Batteries as Sources of the Electric Feeding of Artificial
Earth Satellites ' 5o-7a-8,13

the height Vk of which can be nearly‘as great as the width Eg of the l

forbidden zone (in the case of silicdh 1,1 ef). The electrons and holes
produced on the occasion of the absorption of light diffuse to P-lN-
_transition: The potential barrier of the P-N-transition then probably
nseparates" the electrons and holes so that the electrons advance free-
1y to the domain of the electronic (N)-conduction of the crystal to
which they then give a negative charge. On the occasion of trangition
into the domain of the hole-conditioned conduction line the holsa charge
the crystal positively. As a result of the change of the concentrations
of the charge carrier the height of the potential barrier decreases, A
diagram shows the dependence of the effective coefficient of a perfect
semiconductor transformer with P-N-transition upon the width of the for-’
bidden zone. The effective coefficient at first increases considerably,
attains its maximum value at a width of 1,3 eV, and then gradually de-
creases again, In none of the known cases was the igeal effective use-
ful coefficiemt of about 22 9/, attained. The authdrs developed a me-
thod for obtaining P-N-transitions in monocrystals of P-silicon by the

card 2/k thermal diffusion of phosphorus from the gaseous phase, Various details
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Eleciric Feeding of Artificial

of this method are discussed. The construction of an experimental sili~-
con photoelement is shown in an fLlustration.

The Volt-ampere characteristics
characteristic of & photoelement with a
0,95 cn® irradiated by sunlight is shown in a diagram.
the domain of the direct

The volt-ampere

volt-amptre characteristic in
48 written down. The optimm

the load characteristic as well as vy computatiqn.
of further increasing

point to the following means
clent of transformation

1o0ad resistance R can

and the charge characteristics:

surtace of

For the darkness
current a formula
be determined from
Thé authors here
the effective coeffi-

1,) Increase of the effective useful coefficient a to one,

2,) Decrease of
3,) Transillumination (making

the resistance %ﬁg «
tr

R which is connected in series (7).
paredt ?) of the surface at R = O«

Lis) Improvement of the shape of the load characteristic by the applica-

tion of material of a lower resistance
fourth possibility requires
The simultaneous increase {rom a
well as the reduction of the reflectlion and of Rser to a minimum make it

The evaluation of the
investigations.
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%1licon Solar Batteries as Sources of the Zlectric reeding of Artificial
Earth Satellites

possible to attain an effective useful coefficient of ~15 %o
f temperature in solar batteries: According to theory the

The behavior.o

electramotoric force developed by a silicon-photoelement must increase
on the occasion of the reduction of temperature; a preliminary investi-
gation resulted in dV/dT = -0,00252 V/%. A diagram attached shows the
dependence of V op temperature within the domain of from — 70 up to + 907
If the solar battery is:tomyield the nighest possible efficiency during
the flight of the earth satellite, a sufficiently low equilibrium tempe-
rature of the solar battery is necessary. Possibilities for the decrease

of equilibrium temperature are given. The experimental results for 8ili-
con solar batteries obtained at conditions prevailing on the earth con-
firm their applicability to earth satellits. (With 6 illustrations).

Not given

Library of Congress
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* _AUTHOR _YAVILOV,V.S., SMIRNOV,L.S., PATSKEVICH,V.M. PA - 2332
TITLE: “Energy of lonization by Electrons in Germanium crystals (Ener-

. gyya ionisatsii elektronami v kristallakh germaniya, Russian).
PERIODICAL: Doklady Akademii Nauk SSSR, 1957, Vol 112, Nr 6, pp 1020 - 1022,

(v.8.5.R.)
Received: 4 / 1957 Reviewed: 5 / 1957

ABSTRACT s The authors carri 4 out experiments on the determination of the
average ionization energy in germanium on the occasion of ex-
citation by electrons with 5 - 15 keV. For these experiments
N-Type crystals with P - N - transitions, into which indium was
melted, were used. Irradiation occurred on the side opposite to the
jndium electrode. The electronscompletely loat their energies with-
in the domain of the N-type. The authors used the following de-
notations: N_ - the number of carrier pairs actually created in the

unit of time, N, - amperage of the electrons, NE - amperage of the

holes. It holes that B, = N,/N, = 12/1 , where corresponds
to the primary current corresponding ta the flux of the fast
electrons. Up to very high intensities of the inciting bundle it
further holds that N =<XN°. Due to recombination on the surface
and in the interior of the crystal it always holds thato { 1. For
the multiplication factor 8 it holds that B = N /N, = B/
[AI,. In the case of the crystals examined fer dld not de-

= I
Card 1/5 penﬁ on1the wave length of the light. This holds good up to such wave
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PA - 2332
Energy of Ionization by Electrons in Germanium crystels.

wave lengths in the case of which a considerable part of the light
does not pass through the crystal but is absorbed in it. For the
measuring of of the authors used light with 2 = 1,05 m which for
the most is absorbed in layers with a maximum thickness of 1,0 &
o« depends greatly on the conditions prevailing on the surface of
the crystals and changes on the occasion of the pumping out of the
device and of bombardment with electrons. For the purpose of a
continuous control of & in the course of meagsurements, the electrons
weare at the same time jrradiated with electrons and %ight. The
tests were carried out at pressures of 10-4 - 2.10°° torr.No
dependence of & (i.es of the energy which must be used for the
production of a carrier pair) on pressure (within the limits

2.10-6 - 104 torr) was noticed. The series of measurements on
the orystals, which were subjected to different surface treatments,
furnished the same value for € . The mean value &= 3,7 + 0,4 eV
was obtained from 4 geries of measurements. In the case of V " 9
to 15 keV £ does not change. This indicetes slight energy losses
of the primary electrons in the superficial oxide film which
ocours on the occasion of the pickling of the germanium. The con-
giderable similarity of the amounts of € on the occasion of

Card 2/3 jonization by electrons and o particles may apparently be ex-

A "
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PA - 2332
Energy of Ionozation by Electrons in Germanium Crystals.
plained by the fact that in the second case a considerable

part of the charge carrier pairs ocours under the effect of
relatively fast g-electrons. (1 illustration)

ASSOCIATION: MNot given.

PRESENTED BY: Member of the Academy D.V.SKOBEL'TSYN.
SUBMITTED: 24.10.1956

AVAILABIE: Library of Congress.
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AUTHORS: Vewilov, V.3., Galkin. G.N., Malovetskaya, V.M. S0V/89--14-6-9/ 30
“~ o ——
TITLE: Investigation of Silicon Photoelsments a3 Comierters of Solar

Radiation (Iagledoraniye kramniysvykh foioelementov kak
pracbrazosaielay solnedinogo izlucheniya)

PERIODICAL:  Atompaya epergiyea. 1958, Vol 4, Nr 6, pp. 57451 (ussR)

ABSTRACT: The P-N-transitions are investigated which are produced in
gilicon of the P-type by ihe thermal diffusion of phosphorus
from ths gassous phase.

I+ was found that P-zilicon with P-N-+transitions can be used

as converier of solar radiation. Thess photoelements have ths

following proparti=s:

1.,) The mirxsnt in the ou%er clrola 1s produced by the forming
of elactrons and holes by the 1ight in the N-iyps apd in
ths P-%yps along the P-N-transiiions

2.) The diffusion length of the elsctrons in the P-range dimin-
4ahes af%sr PN %ransirions haws been obtained to from 20
t0 35 o

3,) The aurface jayer prodused by phosphorthexmodiffusion re-

Card i/2 duces tha raflection cosfficient within the most important
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Inveatigation of Silicon Photoelements as Converters 307/ 89-4-5-9/30
of Jolar Radiadion

rauge of operation from 36 to 30% to 12 to ¢5%. The colleo-
tivs cosfficisnt, on the other hand, is not reduced very
machk. Tha reault is that the short-cdrcuit ourrsnt is com-
paxaiivaly high.,

4.) Silicon photoelamenis operais witn an insolation of up to
0.5 W/ r:uﬁ

Thera ave ] figures and 7 xrefsrences; J of which are Soviet.

SUBMITTED:  Daosmber 14, 1957
> properties 2. Silicon--Applications

1. Silicor--Electrical
9, Photn=miguiorn -Test recults /. Sun--Radiation
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TITLE: On the .eflfc:;an Coelfivi-nts of Jor.anium ané L1i.con vIys
2 is v cermaniya i xrom-
(0 koeffitsiyentakh otra acheniya zrictallov germanlya 3

niya).

PLRIODICAL: Zhurnal Tekbinicheskoy Ficiki, 1958. Vel 28, Nv 2, oppe 250230
(USSR

ABSTRACT: The integrating ap§erc \réfer:n?e °
ing the diffuson- as wel. as Lav ?*a""lﬁv
1izht of Ge or Si within -
1yl A descoristicon of Live L
the measureusn’ of i adtordiag
tne relation o .
re (refercnce
intaengizics 1.
value of H o
pencence ol the
is givern hece:
Hety e, ¢ 72
germaniuu-samn; Lo Geou-al :
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.* AUTHORS: Vuvilov, V. S., 3mirnov, L. S., Spitsyn, A. V., 57-28-5-6/36
Patskevich, V. M., Galkin, G. .
TITLE: On Defects in a Crystal Lattice in n-Germanium (0 defektakh

kristallicheskoy reshetki v germanii N-tipa)

PERIODICAL: Zhurnal Tekhnicheskoy Fiziki, 1958, Vol. 28, Nr 5, pp. 960-
-961 (USSR)

ABSTRACT : In the previous paper the authors communicated the investigat-
jon results of germanium crystals of the n- type subjected to
an electron bombardment with energies ranging from 0,4 to 1 MeV

(Ref 1). There, the experimentally determined modifications
of the specific resistance with respect to thefenergy and the
amount of fast electrons, was opposed to the theory of defect
formation because of an electron dispersion by means of ger-
manium nuclei by Frenkel'. Y. V. Galavanov to whom the authors
are indebted, indicated a num;prical error. This error was
compmitted in the computation 9f the integral coss-sections i
&01ln

of electron dispersion on a nucleus at all angles from =% to
the angle B i, at which the electron transfers the minimum
energy to the nucleus neceasary tor the formation of a defect.
The newly computed theoretical values of corresponding to

Card 1/2 nin
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On Defects in a Crystal Lattice in n-Germanium 57-28-5-6/36

ASSOCIATION:

SUBMITTED :

Card 2/2

a threshold energy of 500 keV as well as the experimentally de-
termined sectionsZ. of center formation, which remove the elec-
trons from the conduction zone are given in the table. From
this follows, thet the experimental values, which have been
obtained in the mentioned paper and which were verified by
subsequent experiments, do not correspond to the conception
that at energies W varying from thekhreshold energy (W =o,5 MeV)
to W = 0,96 MeV the constant defects in n-type germanium are
produced according to the la.wﬁ 'f (W)

&nin
It is intended to conduct in the near future experiments with
n-type crystals with strongly differing Fermi levels and to
determine, whether the difference between theory and experi-
ment is dependent upon the low desree of filling of the capture
centers. There are 1 table and 1 Soviet reference,

Fizicheskiy institut im. P. N. Levedeva AN S53R, Moskva(Physicgl
Ingtitute imeni P. N. Lebedev AS USSR, Moscow)

January 18, 1958

1. Germanium crystals--Analysis
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ntun Yield of the Atonic Photo-Effcct in Gernuniuc

duced by the melting of indiun. ~lsc the 1i T Zourcis used
are siven. VWithin the ultraviolet range the luminezcent ccen-
pound Lunogen with a constant yield of 1umincsccnce) as oW
as the photomultipliex‘(@By—ZS wpore used a3z reccrders fer
vands 366, 313, 289 and 254 n p. Also ite fornula for the
calculation of the guantum yield is given. The total rcflec-
tion coefficient occurring in this fermula was neasured by
means of integral photometer aphere. A diajTan ghous the

curve R(hv ) as well as the values of the suantum yield for
the photo-energies from 0,83 to 4,9 eV conputed by means o
the avove formula. Whis curve clearly shows the important
increase of Q, which, however, does not btegin with the doubnle
minimum work function of the electron (~1,4 eV), but at hish-
er energies. The increase of the quantun yield bocones S~
er with great hy § i.c. the mean cnersy £ yvhich nust be
expended for the production for an electron-hole pair, in-
creages. A certain increase of € was al3o observed in the
investigation of the propagation of fast electrons in fer-
munium with increasing: energy of the eleoctrons. uhere are

1 fizure, and 8 references, 7 of which are Slavic.
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Moscov State University
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ASSOCIATION:
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SUBLII'TED:s November 21, 1957

AVAILABLE: Library of Congress

1. Germznium-Atomic photo effect
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AITHORS: Spitsyn, A. Ve V?ZEESKLMXL S.
TITLES On the Recombination Capturing of Hinority Carriers in

n-Type Germanium by lattice Defects Caused by

Irradiation With Quick Neutrons (o rekonbinatsivnnon it
vate neosnovnykh'nositcley v gernanii n-tipz defaittimi
reshetki, obrazuyushchinisya pri obluchenii byatryui ney-
tronani

PERIODICAL: Zhurnal Eksperimental‘noy i “eoreticheskoy Fiziki, 19958,
' Vol. 34, ¥r 2, pp 530 - 531 (USSR)

ABSTRACT: In 2 previous work by V. S. Vovilov et al. (reference 1)
thwe cross section of the recotbination capture @ of the ni-
narity carricrs by radiation-caused dofects of the cryaztal

gtructure in n-type cermamiun (caused by jrradiation with
quick noutrons; was estinated. The fornmulae usced for the
calculation are ziven. Tor the eg}imution of the nacnitude
0 the values of the mean nunber N, of displaced rernaniun
atons per acattering of a neutron were uded, waich hod been

card 1/3 caleulated by a formula of H. Fan and K. Larx-lorovits {re-
‘——é-— -
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Cr. the Recoabination Capturing of Mincrity Carriers in n-"y7:e Germnlus

by lattice Defects Caused by = Irradiation With Quick Neutrons

feronce 2). In order to prove the correctness of the crlen-
l.tion of N, the authors carried out additional experinenty
on the irragiation of n-rermanium with neutrens. With in-
crecaing dosare of the ncutron irradiation ~enourable chznges
of the specific registance § - o «AQ were found which
were compared with the changes of 1life in the same gamples.
With the dosages of the netron irradiation wvith neutrons
used here it cuan be assumed that the mov ability dces not
change. The change An of the concentration of carriers
with given Ag was determined from the thearetical depen=-

' dence § = f(n) mentioned by il. Prince. These deperdences
are well satisfied by the germaniun monocrystals uced. Using
the data of J. Cleland (reference 4) on the vaues of An,
the concentration ny of defects in 21l jrradiated sauplee
wvere estimated. Fron one of the above-mentiond formulae the
quantity I, was determined for the samples irradiated with
monoenergetic neutrons. The values of the quantity are close
to 260. The data obtained are given in a table. ''he values

Card 2/3 of ® obtained here are greater by one order of marnitude
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On the Recombination Capturing of linority Caerriers in n-Type Geruaniunm
by lattice Defects Caused by ~ - Irradiation With Quick HNeutrons

than the cross sections of the capture of carriers by single
Frenkel' defects forming in the irradiation of electrons.
The dincrease of © obviously is connected with the fact

that one of the recombination levels is situated in the
upper half of the forbidden band. There are 1 table, and

6 references, 2 of which are Slavic.,

ASSOCIATION: Institute of Physics imeni P. !, Lebedev AB USSR
(Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR)

SUBHITTED: November 29, 1957
AVAILABLE: Library of Congress

1. Germanium crystals-Defects 2, Neutron irradiation-Applications
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Yield of the Photo-Ionisution in Silicon

On the Quantun
atsil v yremnii)

TITLE:
(0 kvantovon vykhode fotoioniz
PERIODICAL: Zhurnal eksperinental‘noy 3 teoreticheskoy fiziki, 1958
Vol. 34, Lir 5. ¥P- 1394 - 1399 (USSR)

It was snown in two previous works (Refs 1,2) tuat the gunntun
yield of the internal phcto eifect in germaninm crystala in the
case of gufficiently hicsh photen energies cen rcach considera®ly
higher velues than unity. This tnerense of the quantum yield

can be explained by collision jonigation 0¥ primary electrons OT
holes (which on occasion of the absorption of the photon have
become free and have the necossaTy excess nomentum). A similar
phenonenon could ulso be expected in silicon. For the investiztan
of the photo effect in silicon the author used crystals with
p-ll-trangitions wnich could be expected to occur by therno-
diffusion of phopphorns in silicon of phe p-tyne. To ontnin 2
sufficient sensitivity in the chort-wave ran;e eryntals were
produced in which the depth of the p-l-4ransition

ABSTRACT:

under the

cerd 1/3
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ASSOCTATION: Moskovsliy goshdarstvenny universitet (Moucow State Univers ity)

SUBLITYED: February 27, 1958

1, Silicon crystals--Fhotoconductivity 2. Electrons--Properties
3. Photons-—~Properties
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AUTHOR: Vavilov, V. S.
,"/—”—__—\-
TITLE: Bibliography (Bibliografiya)

PERIODICAL:  Uspekhi £124cheakikh nauk, 1958, Vol. 65, Nr 3, PP- 5,7-548 (USSR)
This is a detailed discussion
under the title: "Problems of
fiziki poluprovodnikov); the book was compl
tion of artioles published in German periodicals under the
editorship of V. L. Bonch-Bruyevich. It was published in 1957
at Moscow and contains 628 pages; price: Rubles 36,20.

of a reference work published

Semi conductor Physics” (Problemy

ABSTRACT:
led from the transla-

1. Physics 2. Semiconductors-—B1bliography
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VAVILOV, V.S.; VUL, Bn“l; GALKIN, G.Ho; FRmMAN, S.A.
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Performance of

mation of energy.

"gtomic" sources of current with dou?le transfor-
. ot 1. 1 n0.5:826-827 “Y 59.
Piz.tver.tela (IR Loeh)

1. Pizicheskiy institut im. P.N. Lebedeva.
(Semiconductors)
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sapecific resistance
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(MIRA 12:10)

tion of silicon having hi
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Infraret e rpradiation dafects. Fiz. tver.

and containing
. SSSR
1, Figicheskiy institut im, P.N. Lebedeva Akademii nauk ,
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Malovetskaya, V. M-» Vavilov, V. S.» sov/1e1-1-a-'e/32

AUTHORS:
Galkin, G. n.

TITLE: On the Reflection coefficients of a Clarified gurface of 5ilicon
Photocells}

PERIODICAL: Pizika tverdogo tela, 1959, Jol 1, Nr 8, PP 1201-1204 (USSR)

ABSTRACT: The efficlency of solar energy transformation7may be considerably

increased if the surface reflection of a photocell js reduced

by clarifying and if in this case gurface the recombination

rate is not raised. For this clarifying & £ilm of the required
optical properties is applied to the surface. Reflection i8
reduced by jnterference of the light reflected from the film
and from the material under the film. The conditions for &
removal of light reflection at the dielectric are given. For
this clarifying of optical materials mainly oxides like
TiOz, Zr02, Th02, 8102, Sn02, etc are used. The refractive

indices of these compounds are 1isted in a table. Various
reasons explained in the papeT justify the application of
8102 films in clarifying although these films because of their

high refractive index must have gomewhat worse clarifying

2T et
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on the Reflection Coefficients of a Clarified s0v/181-1-8-8/32
surface of Silicon Photocells

properties than the other substances mentioned atove. The
Siozﬁfilm is usually applied from the cthyl ether of

octosilicic acid. pecause of the lacks of this method,
however, the authors prepared the 8102 fi1lm from oxidation of

a pure silicon gurface. The reflection coefficient was
measured in the range 0.45-2.2 p by means of a reflecting
monochromatic jlluminator with glass prism. In the range of
wavelengths from 1,00 to 2.00 p reflection coefficients were
determined by direct measurcment of the regulsr reflcction for
small angles of jncidence. In both cases measurement was
carried out with modulated light. The reflection coefficient
curves taken in the spectral ranges 0.45-1.00 p and 1,00-2.20
£it well to one another. The maximum error was 34 of the
quantity measured. In the range 0.45-2.2 1 reflection on
gilicon with film is considerably less than on pure

silicon. The minimum value of the reflection coefficient is

7/4 instead of 30 to 32%. By varying the £ilm thickness by
proper choice of the working method, the minimum may be
ghifted into the desired spectral range. Two figures show the

APPRO :
VED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001859030006-9"
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families of reflection cu
by oxidation in air and W

in an oxygen atmosphere.
curves could be found. S
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SOV/181-1-8-8/32

rves on silicon with a film produced
jth another one produced by oxidation
Yo difference between these spectral
10 which forms by reduction of.SiO2 ’

is unstable under the conditions investigated. Since the Si02

film is transparent for the

gpectral range under investigation,

reduction of silicon-photocell surface reflection increages
carrier pair production which in turn raises the photo-
clectric current. The second table contains the values of the

short-circuit current of the pho

In order to attain a s

h and without film.
n solar-.

energy transformers it ig necegsary for the clarifying film
to remsin conastant over a long period. The properties of this
film practicnlly do not vary for psix months. There are '
4 figures, 2 tables, and ¢ references, 5 of which are Soviet.

ASSOCIATION: Fizicheskiy institut im.

(Phxsi,c_s_.I&&LiE_U_t_Z.}.ETBE_-.&_E:.-,PEPP.Q?X. of the_

card 3/4
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Surface of Silicon Photocells
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AUTHORS 1 .!gzéigzi~!;_§:l_Smirnov, L. S5 patskevich, V. 5.

92/
On the piffusion Length of Chazge Cgrrierﬁ}in cilicon

TITLE:
_photoelements )\

PERIODICAL:  Fizike tverdogo tela, 1959 Yol 1, Nr 9 PP 1465 - 1467 (USSR

ocedure applied in the production of silicon
photoelements jeads to 8 decrease in the diffusion 1ength L
rtain aifficulties, discussed in the 1

of the carriers. Ce

duction, occur in the determination of 1L and the carrier
1ifetime in the case of a p-type 1ayer being gituated b2lo¥
an n-type layer. The authors therefore nade other experiments

in order ‘o determine the diffusion 1engths, offering results
which are jndependent of the method; the influence of the
traps, and the surface reconbination. A gemiconductor crystal
with p-n junction and nonrectified contacts A and B (cf.
figure 1) is considered. The light jncident upon the surface
is characterized by its reflecticn coefficients R and the
gurface recombination rate 8§ it induc#a clectron—hole pair
production in the crystal- if x a (x - absorpticn coeffi-
Card 1/2 cient, 4 - thickness of the p-type layer), practically all

ABSTRACT:: The thermal PT

/ /
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1.
00 pritsyn, K of the
2454 yavilov, Ve S ature Dependence
AUTgoBS: trai‘ and the Tempe
Speo n
on the SBT 14 in 811100 o
TITLE! quantum Nr 10,

1
ogo teiz: 1959 Vol T

yverd
pPERIODICALI i;z§2;9 11631 (UsSR)

ABSTRACT ;bsorp"m: (;; s ccompanie

eas®e on
of photo in the cas® congiderﬂbiinzers 1nterp1’°t°ti
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66345
and the Temperature pependence® of 80V/181~1—10—20/21

On the Spectral-
in Silicon

the Quantus Yield
ascending pranches beginjg the yield increas®
asooner, the higher the temperature! at 400°K the ascend ing
pranch begins at 2.95 evs at 100°K onlYy at 3.4 eve
temperature dependence of the quantum yie
range °f impact jonization. This dependence i

to be due to & temperature-dependent
of the forbidden band. AR adﬂitional ghift of the impact
a energies nay ve

jonization range towards lower photo
connected with an increasée of the relative pumber of win-
oton participation with

direct” electron ¢ransitions with ph
The authors f£inally thank S-

rising temperature.
nikov, B. M. Vul, M. N. AlentseV, and V. A
valuable comments . There are 2 figures and 6 references,

of which are Soviet .
kva (Phy-

ASSOCIATION: Fizioheakiy institut im. p. N. Lebedeva AN SSSR Yos
sics Institute jmeni P. N- Leb edeY of the AS USSRk, Moscov) .

Moskovskiy gos.Uﬁive:sitet,.Fizicheskiy fakvl'ttet (Mos co¥
State University, pepartnent of Physics)

SUBMITTED: March 24, 1959
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AUTHORS: vavilovy V. S0 cippiuss As Aes sov/56-37-1-3/64

S
GorshkoV, M. M.y Kopylovskiy, R Do

TITLE: Radiation combination in Germaniu® crystals subjected to 2
Bombardnent by Fast Electrons (Izluchatel'naya rekom‘ninatsi—
ya v kristallakh germaniya, podvergnutykh bombardirovke

bystrymi elektronami

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fizikis 1959,
vol 3Ty W& Vv pp 25-26 (USSR)

ABSTRACT: The authors descrive the results obtained by inveatigations of
the jnfrared gpectra accompanying the recombination of elec-
trons and poles in germanium monocrystals.. Three gamples were
invea‘t.igza.’cedv ijn which radintion was excited py the jnjection
of holes by means of various ndium contaots} the third gample

firast approximation {{ may Pe assumed that the concentration
of recombination centers formed in irradiation is equal to
card 1/3 that of the effective acceptor levelss The spectra of all
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manium crystals SOV/56-37-1-5/64

by Fast Flectrons

{gsion band (Fig 1) with 8 paximum a8t
n 1.67T » (0.74 ev)

is pand

nation in Ger
Bombardment

ghowed &n en
1.85 (0.67 ev) at

Radiatioh combi
Subjected to &

t 78° K. The displacement
corresponds well toO the variation of the width of
den band of germanium. The yemperature coefficient was
determined as amounting to 3. .10‘4 ev/degrees, which agrees
well wi the results obtained bY other authors (Refs 1,T)-
rigure 1 ghows th shifting © the natural radiation band ©
Ge in the case © a temperature yariation © 300 perT K.
Figure 2 ghows the spectra of t he jmpurity- and natural

f the Ge-samples at 78° K figure > the gpectrum

the N-type without

pum a8t 2:39 P (0.53 ev).
um aamples

m
78° K (irradiation occur-

igure 4 shovw
1rradiated vy 0.7 MeV electrons at
temperature); also the curve foT the aensitivity
thin the game A -range 4g showne

um of the natural

nt J (100 pa):
other +hings»

P B T
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Radiation Ccombination in Cermanium Crystals SOV/56—57-1-5/64
Subjected to a Bombardment by Fast Electrons

ghowed that an increase in the concentration of the Frenkel
defects caused by fast electron bombardment causeés an increase
in the concentration of the rolativeixmenaity of the emisaion
band (maximum at 2.35 u). The authors finally thank B. M. Vul
for his interest in this investigation, and M. V. Fok and

M. H. Alentsev for their critique and valuable remarks; they
also thank L. M. Silonov for his assistance. There are 4
figures and 9 references, 1 of which is Soviet.

ASSOCIATION: Fizicheskiy institut im. P. N. Lebede?a pkademii nauk SSSR
(Physics Institute imeni P. H. Lebedev of the Academy of
Sciencea, USSR)

SUBMITTED: January 29, 1959
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as well as about the magneto-optical properties of excitons. -
In the second part of this article the author speaks about

scientific work carried out in the USA in the field of
semiconductor physics.
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svsorption of Infrared Redistion vy Free s/181 60/002/02/51/033
carriers in silicon B006/B0O6T
L= 6.85 and 7.65 A&} these bands were independent of the tyve of con-
ductivity, and are probably connected with lattice OT inactive jppurities
ystals with hole concentrations of

vibrations (not oxygen). For p-type °T
8-1015 to 3-1017 cm‘5 the absorption co¢
wavelength 8s L}/z. On the basis of experimental resu
nole mass 18 estimated as m: - 3.6-10'28 g. In the renge o
g o increases for p- $ = 0.007 ohm.cm) ¥
the wuvelength 88 a}.BS. Considerable deviation .law were

observed in p-type samples wit
of the n-type crystals ghowed 2 beh
Curve 2 in Fig. 1 shows the spectral dependence
jatic of such 8 crystal; the sample had an electron
4‘1017 cm'5 Also in these samples the absorption coefficient jncreased
with given wavelength with the carrier concentration. Fig. 2 shows the
oncentration of p-type and n—typevy(

ratic between absorption and carrier C

fficient jncreases with the

1ts, the effective

£ nigh hole
type crystals ( ith
s from the A

1 -
h hole concentrations ¢ 510 > cm 3. None

avior corresponding to this lav.
on ¢« that is character-

concentration of

conoentration
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red Radiation by Free s/181 60/002/02/}1/055
B006/BO6T

Absorption of Infra

Carriers {n Silicon
at the absorption coefficient of n-type

¢ the electron concentration led to the

conclusion that the absorption g due to electronic interaction in
the conduction band. In conclusion,_the guthor thanks B. M. VYul and
Y. A. Chuyenkov for discussions,-and Yyu. A. KolotoV for assistence.

There are 2 figures and 7 references! B L, end

2 Soviet, ¢ Britis
2 Apmerican.
ASSOCIATIONS Fizicheskly institut im. p. N. Lebedeva Moskva (Institute
of Physics jmeni P. H- Lebedev Mogco¥W
S

SUBMITTED:

. The fact th

crystals at A = 4
samples was 8 linear function ©

September 11, 1959
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8253bL
rhe Effect of Fast Electron sombardment on s/181 60/002/007/009/042
the Electrical conductivity of silicon and B006/B0TO
the Dependence of the Rate of Defect Formation
on the Orientation of the crystal Relative to
the Electron Beam
Bombardment and the subsequent measurement of potential distribution were

done at room temperature. The crystals were water—cooled during the
bombardment. Measurements of the Hall effect showed that the carrier
mobility changed only glightly as 2 result of pombardment. To investigate
the depth distribution of the defects produced, a comparison was made
between the potential gistribution curves along the direction of the
incident beam for irradiated and unirradiated gamples. Fig. 1 shows the
curves ¢(x) for three samples bombarded in the directions 111y, £110)
and €100, respectively, x denoting the depth of penetration of the
electron beamde The maximum depth of penetration for which 8 change in
could be established, was 0.6 mo jrrespeztive of the orientation. On
bombardment jn the SRR direction, the surface of the sample showed
a larger change in resistivity ypan for the other two directions.
Further, the experimental and theoretioal values of the minimum eloctron
energy are compared. Two theoretical values are investigated;
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phe Effect of Fast Electron Bombardment on s/1a1/6o/ooz/oo7/oo9/042

the Electrical Conductivity of Silicon and B006/B0T0

the Dependence of the Rate of Defect Formation

on the Qrientatxon of the crystal Relative to

the Electron Beam

Eﬁin -~ 280 kev (Ref, 1) and E&in . 149 kev (Ref. 2 and the present Lk//

paper). A comparison with the experiments of the authovs (Fig. 2) shows
that there is a much petter agreement with the Epin curve. For

B'in ~ 145 kev, tne rate of defect formation 18 Ad(0)==2.9 cn~', and the
rate of removal of the holes 18 Ap(O)sﬁ1.4°10‘3cm’1. Hence,
Ap/Adc:5.1O‘4 ig the average number of grapped carriers correspondlng 1o

the theoretically calculated value of defect concentration. The effects
observed are finally giscussed. The authors thank T. e Kopylove for her

————

calculations. Phere are 2 figures and 10 references: 3 Soviet and 7 US-

ASSOCIATION: Fizicheskiy institut im. Po Ne Lebedeve AN SSSR Yoskva
(Institute of Physics im. Po_No Lebedev of the AS USSR
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TITLE: The Effect of a Strong Electric Field on Light Absorption in
gilicon 1.\ —
/‘ ;‘
PERIODICAL: Fizika tverdogo tela, 1960, Yol. 2, No. 8, PP 1937 - 1939
on and the field-

g on light absorpti
first mentioned by

V. Keldysh. The

jments concerning the effect of
e silicon. gilicon hes

and the effective
mple used for thesé

cm at T = 100°k (experi-

neutron bombardment in a

the present pape
on light absorption in po

is much gmaller than Do
ds resistivity of about 1011ohm.
ture). This had been effected by
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1 and priefly
nonic transitions

The Effect of a Strong Electric Field on Light

Absorption in Silicon

arrangement js shown in Fig.

1 region corresponding to pho

from the valency band to the conduction pand there was a considerable

ghift of the absorption edge by 150 A at E = 5.104v/cm (Fig- 2). It may

pe seen from Fig. 2 that the application of a field entails 8 considera-

ble increase in the absorption coefficient in the wavelength range of

0.8 - 0.9}#. The amount of the shift observed, AN, and jts dependence on L)<:
trength in the sample aTe€ in good agreement with theoretical

the field s
predictions. The strength of the effect and the slight change in con-
i ure field effect.

ductivity seem to justify t
The measurements were made at k L. V. Keldysh,
M. N. Alentsev, s. G- Kalashnikov, and B. M- Yul for their discussions.

There are 2 figures and 5 Soviet references.

defects. The experimental
described. In the gpectra

ASSOCIATION: Moskovskly gosudarstvennyy universitet Fizicheskiy fakul'tet
Kafedra poluprovodnikov (Mosco¥ State Universit Department
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AUTHORS: galkin, G. Ny Bzyova, F. S.» Vavilov! V. S; N
RN N rooY
TITLE! Volume Recombination £ Current Carriersiin n-Type gilicon
Containing adiative Structural_Defects
PERIODICAL? Fizika tverdogo tels, 1960, Yol. 2, No. 9, PP 2025-2030

7EXT: The authors experimentally checked G. K. Werthein's agata (Refs.
to a method suggested by S. G- KalashnikoV and N. A. Penin

% 4). According
(Ref. 6), the change in the parameters of the p-n junction,
i was investigated i{n dependencé

changed 1ifetime of the minority carriers,
on Ythe alternating voltage applied. Fig. 1 shows the shape of samples made
h aluminum had been melted.
sr? 0

from n-type gsilicon single crystal, into whic
The samples were jrradiated sith beta particles of an Sr/7 - Y
preparaticn at r The lifetime T was obtained a8 a function

of the injection 1 o within the range of 150 - 440%K.
t(1+8p/no)=f(8p/no) develops linearly within @ large injection—level range

(Fig.Z). From ln(TO/TB/Z)-f(1/T) at high temperatures:

caused by the

the distance DE
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Volume Recombination of Current Carriers S/181/60/002/GO9/002/056
in n-Type Silicon Containing Radiative B004/B0O56

Structural pefects

of the recombination level Et from the edge of one of the bvands was de-

termined . AE w®as found to be 0.16_+_.0.01 ev. BY investigating the temperature
dependence of 7 [z, it vas determined in which half of the forbidden

pand the recomblnation level was 1ocated. 1f the jatter is found to ve in
the lower half, it is necessary that, at 2 critical temperature Py - n,

and By - E, = B, - F (F = Feromi level). In the gamples investigated

E, - Fis about 0.16 ev at 24o°x,geo°/¢o 2t this temperatur® equaled 10.

Thus, this temperature sas not the critical one. The recombination level

of the radiative defects was in the uppeT nalf of the forbidden pand: Frod

the values T.q and T q the trapping ¢r0s® sections for electrons (dn) and V(/
holes (op) were calculated as functions of 7 (Fig: 3), and from these the
dependence of T on 1/T was determined (Fig. 4). At 300°K, it was true

that o_ = 15,01()"1 cm2, 0y = 1-10"15 cm2. Fig. 5 shov® the temperature de-

pendence of n/no (ratio of the electron concentration in the jrradiated
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PERICDICALs Optils 3 s polctroskopiy®s 1960, Vol 8, Nr 6, PP g61-867 (USSR)

gth apd tcnperttur; dependences

ABSTRAGT{ The paper reports data on the wavelen
of the quantum yield (pumber of electron hole pairs generated by one

o of photons with energies up to 4.9 oV in silicon.
~gype Si with yn junctions produced by thermal diffusion

of phosphorus (Fig 1) the of foct of capture (trspping) centres WAS
avoided. The short-circuit current I in the extornal circui® (Pig 1) LX/
between the n-type and p-type regions (which is produced by weak
excitation in the fundsmental ablorption-btnd regi.on) is pxjopottionll

to the number, I, of gonorttod slectron-hole peirss 1 = &g, vhere

q is the electronic charge- The coefficient O 45 smeller than uplty

and is & function of the geametry of the crystal, the diffusion

lengths of the charge carriers, the rate of surface recanbination,
the carrier mobilitles and the abaorption cosfficient of light (Ref 9).
The quantus ylold. Q, c&n be found froms

Q= [OOSR
.

(1 - R
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On the Process of Photoioniszation in Silicon
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where Ry is the reflectivity of silicon (shown in Fig 2) snd Ny,
is the number of photons per second which is measured by means

of & calibrated thermal pile (the apparatus is shomn in Fig 3).
1+t was found that the quantum yield, Q, depends on tenperature ) E
only in the region where collision ionirzation is produced by
carriers liberated on absorption of photons (Fige 8 8nd 9). On
increase of tesperature the collision-ionization region is shifted
towards the lower photon energies which is partly due to reduction
of the forbidden band in silicon. Acknowledgnents are made to
B.M. Vul, 8.G. Kalashnikov, M.N. Alentsov and VoA, Chuyenkov for
their advice. There are 9 figures and 14 references, b of which
are Soviet, 3 Buglish, 3 Czechoslovak, 1 German and 2 translations
into Russian.
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murnuitds Chukichev, M. V. and vavilov, Ve S.

vormation of lattice defects in gilicon
jrradiation with thermal neutrons in a

1961, 1522-15217

single crystals by

TITLE:
nuaelear rcantor

PERIODICAL: Fizika'tverdogo tela, V. Dy DOe 5y
estimated the number of lattice defects

jgh thermel neutrons from the heavy-

AS USSRe The mean numbeT of dislocsted atoms per
on is calculated from the mean energy of the recoil

nucleus obtained by radiative capture. The recoil energy in ev) trans-
the nucleus by gomma guanta is given by the formula

ferred to
- 5%;(hv)2 (1), where A is the atomic weight of the recoil nucleus
The mean recoil energy \;%‘-

B
rec
and hv the energy of the gamme quanta (in Mev).
averaged over all gamma transitions is found to pe 780 ev. At such ener-
gles (elastic scattering), the mean number of dislocated atoms ig given by

calculated and

TEXTs The authors
by jrradiation ¥

formed in gilicon
water reactor of the
captured the
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Formation of lattice defects 1B «ee p108/B209
= Erec .
¥="5%. (2), where Ed is the threshold energy of displacement of

5i atoms from lattice nodes into the interstice. On the pagis of deta
from the exposure of Si to fast electrons, Ed mny be assumed to bave a

yalue of 13 ev (Ref. 41 Je Jdo Loferski and P. Rappaport. journ. of Loole
Phys., 30s 8 1296, 1959). In this way, the authors caleulated ¥ = 24 and
found that about 20 displaced atoms are formed per 100 thermal neutrons

jneiding upon 1 cm3 of silicon. The n-iype gamples were ultrasonicilly
cut to small oblong platoes. All the neasurements were made at room temper-
ature in 8 megnetic field of 4000 gouste The thermal neutron [lux vas

8.7-1012 neutrons/cmz.sec. The integral rodiation dose wos 1°10 > und

6.3°1017 neutrons/cm ’ respectively, for the twWoO gets of jrradiated
samples. In order 1o make 8 digtinction petween the action of thernal and
that of fast neutrons, pert of the gamples were jrradiated througn un

0.5 mm thick cadmium gcreen. The experiments ghowed that approximutely

4.5 conduction electrons are displeced peT 100 neutrons impinging upon 1 ca
card 2/3
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Pormation of lattice defects in ... B108/B209

of silicon. This number is about four times’ leas than the number of dis-
placed atoms as calculated by the formule n; = (nvt)Nev (3), where (nvt)

is the integral radiation dose (neutrons per cm2), N the number of silicon
atoms per cma,and e the total cross section of radiative capture of thermal
neutrons in Si. The authors thank B. M. Vul', -Corresponding Member

AS USSR, for a discussion of the results. There are 4 figures, 1 table,
and 5 referencest 2 Soviet-bloc and 3 non-Soviet~hloce.

ASSOCIATION: Moskovskiy khimiko-tekhnologiahaskiy.institut imeni
Dy I. Mendeleyeva (Moscow Institute of Chemical Technology

o imeni D. I Mendeleyev ). Fizicheqkiy,institut im,
P, N: Lebedeva AN SSSR (Institate of Physics imeni
P, Hl. Lebedev , AS USSR) .

SUBMITTED: November 19, 1960
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AUTHORS: Galkin, G. Noy

Nolle, B« Ley and Vavilov, V. S.
e e e AT T

Recombination levels in p-type silicon oceurring at high-

TITLE:
temperature treatment

PERIODICAL: Fizika tverdogo tela, V. Jy DO 8, 1961, 2355-2361

TEXT: Heat treatment of silicon at temperatures above 1200°C leads to a
strong increase of the suface recombination rate. The 1ifetime of the non-
equilibrium carriers decreases to velues of the order of 1 psec and less.
The nature of the recombination centers ocecurring in this connection has

pitherto not been explained. In & previous paper (Galkin, FTT, 11, 1, 8 :><\\ -
that in p-type silicon the dependence of the “'
i

level (with injection 1evels of

Read law. The recombination
level is at 2 gistance of 0.1% ev from the valence vand. At higher injec-
tion levels, however, no linear dependence could be observed. Hence the
authors assumed that another level participates in recombination. This
problem ig studied in the present paper. The authors gtudy the dependence
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Recombination levels in p-type -=° B102/B202 ;K:\

of the 1ifetime ON the injection level in a wide range of the jnjection
levels, the position of the recombination levels (generated by heat treat-
ment) in the forbidden band and also their natureé. First, they theoretical-
1y study recombination by local 1evels which jie in the forbidden vand.
They experimentally study the dependence of the lifetime of the non-equi-
librium carriers on temperature and injection 1evel in p-type single
crystals with p-n junction by the nfrequency” method of S. G. Kalashnikov
and N. A. Penin (ZhTF, XXV, 1111, 1995). The P~ junction was produced bY
4iffusing phosphoT into p-type Si (20 min, 12300C). This ¥as made in
quartz ampuls. Under the. sameé conditions part of the specimens had been
previously subjected to weat treatment (30 min - ohr) in order to increase
the concentration of the recombination levels. Ohmic contacts were obtained
by melting Ag onto the n-type side and Al onto the p-type gide. In order
to keep the current which is due to surface generation and which passes
through the p-n junction l1ow, the junction area was chosen gufficiently

large (0.12 cmz) and etehed prior to the measurement. The lifetime was
determined between -70 and +185°C and the injection levels between 0.01 and
0.6 ev. The ipitial carrier 1ifetime was at 50 psec, resistivity was

card 2/5
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10 ohmecm. The ratio between diffusion current and generation current
‘component vwas determined from the volt-ampere characteristics of the
current in forward direction. The characteristics (v = £(log Ig) have
two linear sections of different slope. The first one (0.26 ev) corre-
gponds to the current due to generation in the space-ocharge region, at
higher voltages, current occurs due to diffusion. The majority cerrier
concentration p, was determined from the Hall-emf. It was conatantly

' equal to 7.5'1014 cm-3 in the entire temperature range. It became constant

after a.2.5 hour neat treatment (within the 1imits of measurement accuracy

* which indicates a low concentration of the introduced centers. The curves
‘ 1(1+An/po) = f(bn/po) of specimens with annealing times of less than 1.5 hr

were not liner. They corresgmuhdapproximately to formula

———— e e e ey T

-1
N . 1 1 Lt
1(1+;g)=‘——-——z,-+———-—;:_} : ()
. *ox""mt‘;o‘ T0r ¥ Tt Ty
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£ the electrons (minority carriers), P, that of
the holes (majority carriers), T the 1ifetime of the latter; the subscripts
o and o Trefer to en infinitely amall Qr infinitely lares injootion lavei,

- 9 and 2 number the two existing recombination jevels. Only with specimuns
that had been subjected to heat treatment for moTe than two hours these

exceeding 1200°C 8130

S curves were linear. Heat treatment at temperatures
.= leads to the generation of two donor-type recombination levels at distances

of 0.1-0.2 and 0.35 £ V. rom the valence band. The concentration of
the centers with the level Et2 = 0.3) ev increases with jnereasing tine of
nt so that - in the case of long-lasting heat treatment - T¢-
by the first level can be neglected. The level Et2 = 0,39 ev
ained by the presence of gold atoms in the crystal which,
o Collins et al., form donor levels in p-type Si which are at a
0.02 ev from the valence band. According to Bemski the
heat treatment for 2.5 hours, should
ght be the quarts
The authors thank

An is the concentration O

' heat‘treatme
combination

may be expl
according 1t
distance of 0.3% +

gold concentration in S subjected to
4his gold impurity mi

cm-a. The reason of
the heat treatment.

amount to 10
tained the si during

ampul which con
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B, M. Vul, Corresponding Member AS USSR, and E. I. Adirovich for advice,
B. Ya. Yurkov for help. There are 7 figures and 11 references: 4 Soviet
and 7 non-Soviet. The three most important references to English-language
publications read as follows: M. Lax. Phys. Rev., 119, 1502, 19603

C. B. Collins et al. Phys. Rev., 103, 1168, 19573 G. Bemski. Phys. Rev.,
111, 6, 1515, 1958- ,

ASSOCIATION: Fizicheskily ijngtitut im. P. N. Lebedeva AN 3SSR Moskva
(Physics Institute imeni P. N. Lebedev AS USSR, Moscow)

SUBMITTED: March 10, 1961 l><
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AUTHORS: yavilov, V. S Plotnikov, A. F.
e ——
TITLE: Photoconductivity of neutron-irradiated p-type gilicon
PERIODICAL: Fizika tverdogo tela, V. Dy DO 8, 1961, 2459-2457

TEXT: The authors discuss the spectral dependence of photoconductivity and
the energy vand acneme of p-type gilicon with radiation defects. The
measurements wer "n-doped silicon with 5.10'9 cm™/ oxygen atoms

at most and @ resistivity ot approximately 100 ohm-cm. The fast-neutron

flux was approximately 1013 n/cm3. According to the theory of Kinchin - Piz

the concentration of displaced atoms Was assumed to be 1014 cm‘3. The

hole concentration in the valence pand which was determined bY electric

o be 8-1013 cm~? at @ temperature of approximately L>(/

gurements are ghown in Fig. 1. (o - conduc-

vivity, B9 - conductivity change upon action of 1ight) The nedges” which

correspond to a gavelength of 4.1y 33> and 2.8 p are directly related to
i.e., tO the transitions of

the miniaum energies of photoionization,
electrons from the valence band to the i complete HwelsEv+0.§0, E, +

card 1/4
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‘
.
It
,
-,

Ev + 0.45 ev. At 100°K the Fermi level was at a distance ol 0.2 to 0.3 ev
from the valence band. The sharp decline at 3.8 n ig due to light abgorp-
tion. The energy band schemes by which Fig. 1 can be explained is shown in i
Fig. 2. The existence of the level Ev + 0.35 is not proved. The value of %‘

the level Ec - 0.16 ev which is an efficient electron trap and whose posi-

tion was determined from the values of photoionization constants approxi-
mately agrees with that which had pbeen chtained by G. ¥. Galkin, N. S.
Rytove, V. S. Vavilov (ZhFTT, 1L, 9, 1960) by another method. The electrons
promoted jnto the conduction band as a result of illumination do not shortien
the relaxation time of conductivity due to the large electron-capture cross
gection of the centers (approximately 10°13 cm2). The concentration in the
electron traps in the crystals investigated does not exceed 108 cm~>. Never
theless, it is possible that the centers %o which the levels mentioned
belong may be combinations of an oxygen atom and of a radiation defect ac-
cording to the spin resonance method of Uotkins, Korbett, and Uolker. The
aguthors thank V. Antonov, G. N. Galkin, and L. gmirnov for valuable help.
There are 2 figures and 4 references: 1 soviet and ) non-Soviet.
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AUTHORS: Britsyn, K. I., and Vavilov, V. 3.

TITLE: Effect of a high-frequency electric field upon the edge of
the fundamental pand of optical absorption by silicon

PERIODICAL: Fizika tverdogo tela, v. 5, no. 8, 1961, 2497 - 2499

TEXT: The effect of an outer electric field causes the edge of the
fundamental band to be plurred; in the experiment, this appears as 8 nghift"

of the edge. FoT silicon and in fields of an order of 105 v/cm, this shift
must have 8 value of the order of ALY 100 % in the region where the
absorption coefficient drops sharply. In addition, it exceeds the Stark
effect by two orders of magnitude. In theoretical studies, this electro-

y low inertia, unlike
ahsorption ilibri i in semiconductor crystals.
In Ref. 4 ( . d given the results of
experiments -optical effect in silicon single crystals
was observed i i The aim of the present work was to study
the same effect in i i . Measurements were performed at
Card 1/4
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about 100°K, with the silicon gingle erystals being placed in a vacuum of
10—6 mm Hg; the resistivity of the crystaln was 10! onm.cm (et 100%K). and

the period of b - ¢ oscillations was 10771 sec. yonochromatic 11ght

(A = 0.9};0, passed through the crystal and modulated by the variable
field, fell upon & photomultiplier. 5 double-TaYy pulsed oscilloscope
visualized the change in light intensity as & function of E. The oscillo-

grams showed that the pulse-front corresponding to the decrease in trans-

missivity of the crystal delay did not exceed 2-10-'8 gec with respect to the K
front of the voltage applied. By interpreting the oscillograms, the authors -
found abtsorption in silicon to change sharply with changing wavelength 1in #

the spectral round 1 1t is finally observed that, apart from the .
possibility of h - § light modulation in & semicconductor by & field, this JK;
result i8 significant ag it confirms trat the skift of the edge is rot

caused by temperature aeffecta OT other effects connected with the carriers. v
L. V. Keldysh (Ref- 1: ZhETF, 34, 1138 1958) 1is nentioned, There are 3

figures and 4 references: 3 Soviet and 1 non—Soviet.
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