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TITLE: Injurious efféct of 660~ and 120-mev protons and the efficacy of
pharmacological and chemical protection

SOURCE: AN SSSR. Otdeleniye biologicheskikh nauk. Problemy kosmiche skoy
biologii, v. 4, 1965, LOL-410

TOPIC TAGS: proton, biologic radiation effect, radiation protection, mouse,
RBE, cobalt, radioisotope, gamma irradiation, antiradiation drug

radiation by determining the RBE of high-energy protons. In this work ~
male white mice weighing 18—21 g were subjected to Coso‘gamma-rays

- (dose power, 264 rad/min) and 120- and 660-Mev protons (dose power,

. 900~ 700 rad). The experiments were also designed to test chemical
agents with a known radioprotective effect against x-rays and gamma-rays
during proton irradiation. The animals were irradiated-in plastic chambers

Card 1/3

ABSTRACT: Efforts continue to partially estimate the biological effects of cosmic

APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2"



"APPROVED FOR RELEASE 08/09/2001 CIA-RDP86-00513R001548710003-2 .

AP O . B ."--.-. - —
L 14290.66 )
ACC MR:  AT600387, : A

in groups of 10—5 controls and § protected mice, The LDsg/3¢9 for Co80
gamma-rays was calculated to be §00 rad, and for 660-Mev protons,

- 900 rad. Thus, the RBE of 660-Mev protons, according to the LDy,
index, is 0,73, The comparative radioprotective effect of various sub-
stances was investigated in experiments, the results of which are shown
in the following table. : - : G

Cob0 gamma-irradiation | Irradiation with 660-Mev| Irradiation with 120-
in dose of 850 r protons in dose of Mev protons in doses of
(01, J. 1170 * 150 rad (DL, 1200 2 1)) rad (DL,
P el LNumber Number glive Number of ' Number . 1]. ve] Nunber ofr Number ali’ve
|- reparation of mice ' by JO:h day mice by 30th day |mice 'by 30th day
Cystamine : 40 80 41 40 24
__AET . 40 30 60 49 40 . 30
__Serotonin 40 24 30 15 40 : 22
~5-methoxytryptamind 40 28 30 L 21 40 ' 28
~ Tryptamine 20 8 20 5 — T e
—5-hydroxytryptophad 20 - 8 20 ) 4 — =
__Control 40 0 160 J 60 2
_Biological control 20 20 60 59 20 20
. ] l l
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Experimental results showed that the RBE of both 660~ and 120-Mev-\/
protons for mice, as compared with electromagnetic radiation, does not
exceed 1. Furthermore, the known radioprotective substances retain
their effect_ive_p_qgs..d_tg‘ip_g‘ix_‘gadi_ajzion with high-energy protons. The authors
bxpress thanks to Corresponding Member of the Academy of Sciznces, SSSR, :
D. I. Blokhintsev, Director OIYaI. Further thanks is extended to Professor !
V. P. Dzhelenov, Director of The Laboratory of MNuclear Probtlems 0IYal,
for making possible the research work with protons. Orig. art. hast
L tables. LATD FRESS: A4091-F] .
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ACC NR: AT6003875 SOURCE CODE: UR/2865/55/004/000/0411/0429
AUTHOR: Razgovorov, B. L.; Morozov, V. S.; Shashkov, V. S.; Antipov, V. V.; érj’
Dobrov, N. N.; Konnova, N. I.; L'vova, T, 5.; baksonov, P. b, 2_1‘{ :

S o
ORG: none /

TITLE: Effect of screening individual parts of the body of animals on changes . !
in radiation reaction on exposure to gamma rays and high-energy protons ;

SOURCE: AN SSSR. Otdeleniye biologicheskikh nauk. Problemy kosmicheskoy
biologii, v. 4, 1965, 411-429

TOPIC TAGS: radiation shielding, RBE, rat, animal rhysiology, gamma irradiation, :
cobalt, radioisotope, proton, irradiation, radiation biologic effect :

ABSTRACT: Previous experiments showed that screening of individual organs or
parts of the body during large doses of x~-rays or gamma rays can change
both the degree of radiation sickness and the number of deaths. In this . o
work experiments were conducted to determine the effect of screening /94 SN
during irradiation-.of animals with gamma rays and 120-Mev protons. ' :
White rats of both.sexes were used, Co60 gamma irradiation with dose

power of 15.5 r/min was used. Proton irradiation was conducted through

Card 1/

-

APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2"



"APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2
ke B S S N D T SR S AN R N T Y SRt SRR TN AT S G L i PRI e - i
= 5 ] . VLR o L A e SR A e s R Y R e el T .

L 14291-66

ACC NR: AT6003875 ) ' (5"

lead-shielded polyethylene blocks to lower the dose (dose power 60 * 10 '

rad/min). During gamma irradiation, parts of the body were screened
with stecl plates {15 cm thick) of different widths. Plexiglas blocks -
12—15 cm thick, which almost completely blocked the proton flux from the
screened part, served as shields during proton irradiafion. The biological
effect of radiation under these conditions was determined by the survival
rate of animals during a 30-day period after irradiation. L.ocalized
shielding during gamma irradiation of rats in a dose of 930 rad produced a
definite increase in the survival rate, which was most effective during
screening of the abdomen (80% survival rate as compared with 6% in the
control). It was concluded that screening of the abdomen lowers the mortality
index to the greatest degree and also is most effective in easing the course
of radiation sickness and lessening the degree of leukopenia. . .
_ In a second series of experiments, the abdomens of rats were shielded ]
“with plexiglas blocks of different widths during irradiation with protons in
_the following dose ranges: 800— 1050 rad and 1100—1300 rad, and with
- gamma rays in doses of 930, 1100, and 1400 rad. It was found that screen-
"ing the abdomen with a block 6 ¢ wide during proton irradiation with

~ Card 2/4
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800— 1050 rad increased the survival rate to ~86.4% (as compared with
'19. 4% in the control). A high survival rate (96. 7—100%) was also observed
when the abdomen was screened with blocks of various widths during gamma
irradiation (930 rad). Screening of the abdomen during proton irradiation
also prevented the development of severe gastrointestinal disease in many
cases and caused rats to lose less weight. Experimental animals re-
covered weight more quickly and even exceeded initial weight ievels.
Weight changes during gamma irradiation followed the same pattern.
Preliminary experiments were aiso conducted to show the effect of
screening under the combined influence of protons and acceleration or
vibration. Results showed that neither 30 min of acceleration (10g) nor
1 hr of vibration (700 cps, amplitude 0,005 min) altered the effectiveness
of screening during proton irradiation (doses 750— 1100 rad and 1050—
1300 rad, respectively). Furthermore, it was found that the effectiveness
of screening the abdomen increases with incréased radiation dose. There

is not yet any adequate explanation of the screening effect although it may
be connected with,retention by the organism of undamaged tissue sections.
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ORG: none

TITLE: Morphological changes in the hematopoietic organs of mice after
irradiation with high-energy protons g, ¥#, & /

——
g

SOURCE: AN SSSR. Otdeleniye biologicheskikh nauk. Problemy kosmicheskoy biologii,
ve 4, 1965, 430-436

TOPIC TAGS: proton, hematopiesis, RBE, morpholog&, irradiation, mouse, gamma _ ‘
irradiation, cobalt, radioisotope, ionizing irradiation, radiation biologic effect:

ABSTRACT: 'Pathological changes in the morphology of the hematopoietic organs of
nale mice were studied after proton and gamma-irradiation. Some animals =
were subjected once to proton irradiation {dose, 830 rad; dose power, 400—
600 rad/min), and others were irradiated from a Co®®source (dose, 650 r;
dose power, 273 r/min). Control animals were not irradiated. The mice
were killed with ether 3, 7, 15, 30, and 60 days after irradiation, and
cells of the spleen, thymus gland, and bone marrow of the femur were”
Card 1/3 _
=

APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2"



"APPROVED FOR RELEASE: 08/09/2001

“' - e PRI R

CIA-RDP86-00513R001548710003-2

cradfnt oot

EA A S W -

L 1429266
ACC MR: AT6003876

examined microscopically. In animals that died from raldiation sickness

(9— 12 days after irradiation), hemorrhages in the lungs and intestine were
frequently observed. Comparison of the weight coefficients of the spleen
and tiymus (both showing a two-phage increase) did not reveal any
statistically reliable differences in the effects of the two different types of
irradiation on these organs. Observation of animals and comparative '
study of hematopoietic “organs show that changes due to irradiation with
protons and gamma-rays are similar. In the first few days after irradi-
ation, the volume of follicles in the spleen decreased, and areas of
myelopoiesis disappeared from the pulp. In the thymus gland, depletion

of the cortical substance of lymphocytes was observed, and in the bone
marrow destruction of the reticular stroma occurred. It must be noted

that changes were less severe during irradiation with protons than with
gamma-rays. However, complete recovery of the spleen did not occur in
either case by the 60th day after irradiation. In general, it was concluded -
that restoratiyve processes in all three structures studied proceeded more
slowly in the gamma-irradiated animals. Previous experiments have '
also shown that there are no noticeable differences in the morphological
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‘reactions of animals to different types of jonizing radiation. The degree of
affliction, however, depends on the physical nature of the form of

radiation, and doses vary. Orig. art. has: 1 table. [ATD PFESS: 4091-F]
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TITIE: Modeling of radiation conditions on a circumlunar trajectory during a
solar flare . :

SOURCE: AN SSSR. Otdeleniye biologicheskikh nauk. Problemy kosmcheskoy
biologii, v. l&,'/q}zgl-']OB

TOPIC TAGS: space flight similation, mouse, radiation protection, lunar flight,
radiation blologle effect, biologic acceleration effect, solar flare, gamma

irradiation, lunar trajectory, radiation belt, antiradiation drug
Ry /
ABSTRACT: The possibility of modeling the biological effect of radiation‘é: a |
»lunar flight which includes a short solar flare was demonstrated, White !
\"mice fed a special food concentration and kept in a biological unit were °
“subjected to gamma-irradiation. Acute irradiation of other animals was’
conducted in plexiglas cages. In all cases the radiation dose was_
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900--920 r. Dose power during acute irradiation was 18 r/min and dur- :
ing "solar flare' a maximum of 2.5 r/min (duration of flare, 24 hr). On?
the simulated lunar trajectory, the animals received a dose of 60--80 r §
while passing through the "radiation belts.'" Before the solar flare, the
mice were injected with the foliowing radioprotective agents: cystamine '
‘dihydrochloride, AET, and 5-methoxytryptamine hydrochloridé.”y

The experimental results showed that the effects of this pharmaco- :
logical protection were slight as compared with unprotected animals.

AET was the most effective radioprotective agent during both "lunar
flight' and acute irradiation. On the lunar flight the animals were sub-
jected to an acceleration of 20 g for 5 min before irradiation and at the
end of the flight, It is suggested that the observed lowering of the bio-
logical effect of radiation during lunar flight (only 33% of the mice dieu,
-as against 90% after acute irradiation) is due not only to the lowered dose’
power, but also to acceleration. It is known that acceleration can alter
the reactivity of an animal to subsequent irradiation, Previous experi-
ments also suggest that preliminary irradiation of 60 r (in the radiation |
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belts) reduced the effectiveness of the subsequeﬁt high dose dwring solar flare.
It was concluded that modeling of radiation conditions for any spaceflight
2 figures and 3 tables.

' trajectory should be possible,

Orig. art. hass
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ORG: none

TITLE: Modeling the biological effect of a depth dose from a monoenergetic proton
flux \

SOURCE: Kosmicheskiye issledovaniya, v. b, no. 1, 1966, 172-174
TOPIC TAGS: corpuscular radiation, radiation effert, RBE, high energy proton

ABSTRACT: Previous experiments suggested that physical protection (shielding) some-
times aggravates the effect of corpuscular radistion¥on living organisms. Unlike
electromagnetic radiation, heavy particles create a higher ionization density along
their path and at the end of their penetration (i.e., linear energy losses increase
with decrease in particle velocity, and RBE likewise increases). Thus, corpuscular
radiation cen have a widely varying biological effect on different parts of an
organism. Experiments were conducted to trace the change in biological effectiveness
of particles during their passage through tissue until they were stopped. Mice were
placed in rows perpendicular to the axis of a monochromatic beam of 120-Mev protons.
Animals were irradiated with a dose of 1600 rad {dose power, 50 rad/min from a
synchrocyclotron). One group of animals received sn intraperitoneal injection of the

UDC: 629.198.621
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antiradiation agent AET (dose, 150 mg/kg) 15--20 min before jrradiation. The survival
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Survival percentage
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Fig. 1..Survival percentage of irradiated
animals depending on the rov occupied

1 - Control; 2 - AFET.

Row of animals

percentage and average length of life of animals dying within 30 days were determin- {
ed (see Fig. 1). It should be noted that AET had no protective effect in the =
3rd—Uth row. Orig. art. has: 3 figures and.1 table, [3s]

SUB CODE: 06/ SUBM DATE:

5% 4 5 65 7 8 8 10

230ct65/ ORIG REF: 003/ OTH REF: 003/ ATD PRESS:
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TITLE: Perspectives of pharmscochemical protection from redioactive
damapge during cosmic flights

{ORG: none

SOURCE: AN SSSR. Otdeleniye biologicheskikh nauk. Problemy
kosmicheskoy biologii, v. L, 1965, 119-126

TOPIC TAGS: astronaut, spsce medicine, radiation biologilc effect,
anmraoiation drug blologic acceleration aeffect, mouar, M/um*o«wml)
?r. ujlu.aﬁo.} atenm Afdu/f&?kf ,/
ABSTRA e authors consilder c,qgmj_g__ngd_j__ajj__qn\a regl dasnger for
astronauts, particulerly during long flights. The work is a survey on
exlsting radioprotectors and a genersl discussion of biologic conditions
in cosmic flight, future reseasrch, and requirements for radioprotectors.
The present chemlcal compounds, Mercamine HCL, its salicylate and
disvlfide, and AET appear sufficiently effective for clinicel use agsinst
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X or gemma rasys. Laboratory tests on mice showed thet some compounds of
the sminothiol series (cystemine, cystesmine, serotonin, AET) exerted
significant protective effect in proton irradistion of 600 and 120 Mev,
In the search for radioprotectors, other factors affecting the satronaut
must slso be taken into account, such as welghtlessness, vibrstion,
scceleration end changes in pressure. Tests on laborstory snimals

sub jected to such conditions prior to irradistion showed no effect on
rediation sickness, but vibrstion sfter irradiation wes apt to prolong
the siclmess., Some of the radioprotectors tested in mice and dogs had
an adverse effect on stability of the organism under vibration and
scceleration. The authors cell for studies to establish s stable
ecologic system in the cabin which can asccompany the astronaut on long
trips, for models simuleting cosmic flight conditions particularly in
regard to radiation dose, and for radioprotective compounds to be
compatible with ell these conditions. Orig. art., has: none,

SUB CODE: 06, 23/ SUBM DATE: none/ ORIG REF: '040/ OTH REF: 028
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: Problems of pharmacochemical protection of the organism against ionizing.
iation on spacaflights [?aper presoented at the Conference on Problems of Space
i

Medicine held in Moscow from 24«27 May 1966/

SOURCE: Xonferenisiya po problemam kosmicheskoy meditsiny, 1966, Problemy
osmicheskoy meditsiay. (Problems of space medicine); materialy konferentsii,
Moscow, 1966, 335-336 :

TOPIC TAGS: radiation protection, phammacology, ionlzing radiation biolegic ’
offect, cotmic radiation biologic effoct, 1ifs support system, radiation tolerance,

space nedicina

{ ABSTRACT: _ _ . ‘ .-
Although sonie pharmacocnemical substances nave a demonstrated

"ability to increase the radioresistance of both numans and animals, they
Jcannot be used uniconditionally in sp‘aceﬂigh't. Spef:ial. features? of the ) .
' cosmic radiation effect which must be considered in the search for effective |
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medicinal form. In addition, radmpro.tectors used in 1p e et : |
damage the nereditary structures or disrupt the physiolog

1inks in the spacgcraft life=support svEte€ms,:
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AUTHOR: Gaydamakin, N. A.; Petrukhin, V. G.; Antipov, V., V.; Saisonov,

27
ORG: none &
TITLE: Psthomorphologicsl changes in hematopoietic orgsns of mice during

the combined’ action of certain types of ionizing radiation .and dynamic
spaceflight factors .

S v
SﬁgRCgi‘- AN SSSR. Izvestiya. Seriya biologichesksya, no. 3, 1966,
346-3

TOPIC TAGS: mouse, : " biologlc acceleration effect, blologic
vibration effect, radiation biologic effect, hematopoiesis, bone merrow,
-|radiastion injury, synergy

ABSTRACT: The synergistic effect of ionizing radiation and vibration or
transverse acceleration on the spleen and bone merrow was investigated :
in 9 series of experiments on 245 male mice. In the 1st end 2nd series |—
|experimental animals were sexposed to a 1-hr vibration (70 cps) period '
1 or 3 days before proton irpadiation with a 830 to 875 rad dose. In
the 3rd and Lth seriles experimental animals wers exposed to the same | —
vibration period 3 or S days following irradiastion. In the Gth series

Card 1/2
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experimental animals were exposed to the sction of transverse
ascceleration applied 10 times over a 30 min period 23 hr before gamma.
i{rradiation with a 700 r dose, and in the 6th series the transverse
accelseration action was applied 2l br following irresdistion. The Tth,
8th snd 9th series served as controls. Animals were observed over a. 60-
day period to determine pathomorphological changes of the spleen and
bone marrow by microscopic investigation. Study dats show that the
combined action of ionizing radiation and vibration or transverse
acceleration markedly changes the degrese end nature of pathomorphological
shifts in - hematopoietic organs. Exposure to vibration 3 days

and particularly 1 day prior, to irrsdiation intensified the depletion
of - spleen and bone marrow and sccelerated the restoration of 8ll the
hematopoletic processes. The effect of vibration epplied 3 days and
particularly 5 days after irradiation markedly increased destructive
changes; during the recovery period necrotic foci appesred in the bone -
marrow and spleen, and reparative processes were prolonged., Transverse
scceleration applied 2l hr. prior to gamma. irradiation reduced depletion
of the hematopoietic organs and accelerated their reparation.

Transverse acceleration applied 2 hr after ipradiation did not affect |—
radiation injuries of the hemstopoietlic organs. Orig. art. has:? 6 '

e

[06]
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ACC HR AP6019602 GOURCE COPE: URJ0293/66/004/003/0482/0491
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AUTHOR: Davydov, B. I.; Antipov, V. V.§ Kozlov, V. A.; Saksonov, F. P} e
Shashkov, V. S. A i

ORG: none ; L)

TITLE: The problem of using radioprotective pharmacological agents under spaceflight
conditions

SOURCE: Kosmicheskiye issledovaniye, v. &, no. 3, 1966, 482-491

TOPIC TAGS: wmanned spaceflight, radiation protection, cystamine,
methoxytryptamlne, acceleration, animal physiology

ABSTRACT: In tests on mice (exposed three times to 44.4 G, 1.4 G/sec accelera-
tions, with 5 min per exposure and 5 min between exposures on a centrifuge with a
4.25 m arm length) and guinea pigs (exposed twice to 22.0 G, 0.7 G/sec with 5 min
between exposures), lowered resistance to acceleration was noted after injections
of cystamine (80—150 mg/kg), AET. (15—150 mg/kg), S-methoxytryptamine (75 mglkg) s
serotonin (50 mg/kg), and aminazine (1—10 mg/kg). A change in resistance after
injections of phenatine (2—10 mg/kg) and strychnine (0.05 mg/kg) was insignificant.
Thirty min after the combined injection of phenaiine (5—10 mg), strychnine
(0.5—1.0 mg), and aminazine (2.5 mg), the EKG's and respiration of dogs exposed to
6—8 G (0.2—0.3 G/sec) did not differ from those of control centrifuged animals.

Card _1/2 UDC: 615.7.035.1:614.876(202)
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*: It was ccncluded that extreme caution should be exercised in recommending radio-

protectors, expecially AET, cystamine, and S-methoxytryptamine, for use on space-
flights. The authors thank §. N. Komarov for his active participation in the study.

orig. art. has: 5 figures and 3 tables. (cp]

SUB CODE: 06,22/ SUBM DATE: 28Feb66/ ORIG REE: 017/ OTH REF: 013/ ATD §§ESS:
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SHASHKOV, V.S.; FEDOSEYEY, V.M.; BURKOVSKAYA, T.Ye.; SAKSONOV, P.P.; ANTIFOV, V.V.;
YRVDOKIMOV, Yu.N.

tec thesized
Study of the radioprotective activity of some newly syn
thimzoline derivatives. Radiobiologi® 4 no.6:927 '64. {MIRA 18:7)

1. Moskovskiy gosudaratvennyy nniversitet im. M.V.Lomonosova,
khimicheskiy fakul'tet.
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1. SHASHKOV, YE. P.

2, SSSR (600}

L4, Furnpaces

Lining pyrite furunaces of the "G* type.
Pum, prom. 27 No. 9, 1952

7.

9. Monthly List of Russian Accessions, Library of Congress, February 1953, Unclassified.
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START, ACAD. B
Fusion

Refractometric method of investigating fusions. Dokl. A 333R 85 no. 1, 1952.

Monthly List of Russian iccessions, Library of Uongress, November 1952. UHNCLASSIFIED.
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ThnskH . U 137-58-5-9457
Translation from: Referativnyy zhurnal, Metallurgiya, 1958, Nr 5, p 92 (USSR}

AUTHORS: Petrov, D.A.. Kekua, M.G., Khvostikova, V.D., Shashkov,
Yu. M., Suchkova, A.D. - e

TITLE Prc;ci:xcing Single Crystals of Silicon (O poluchenii mono-
kristallov kremniya)

PERIODICAL: V sb.: Vopr. metallurgii i fiz. poluprovodnikov. Moscow,
AN SSSR, 1957, pp 41-46

ABSTRACT: The production of single crystals of Si by drawing from a
melt and vertical floating-zone refining is déscribed. Drawing
was performed in an apparatus consisting of 3 parts: a vacuum
circulation chamber connected with an evacuation system and
equipped with electrical leads and mechanism for raising and
rotating the crucible; a working chamber consisting of a metal
water-cooled cylinder with viewing window; and heads with a
mechanism for raising and rotating the seed crystal. The fusion
of the Si in a quartz crucible mounted on a graphite base was
done by a slit heater made of spectrally pure graphite, with
graphite screens around it. Smelting was in vacuum (107 -10-5

Card 1/2 mm Hg). Si produced by the Beketov method was employed in
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137-58-5-9457
Producing Single Crysials of Silicon

the drawing. After the Si was fused, a thermal regime that assured crystal-
iization of the mclt from its center was chosen. The seed was immersed in
the melt, and drawing began after it was {used. Single crystals were obtained
after the material had been drawn 1, 2, or 3 times. It is noted that the pre-
sence of a film on the melt and poor contact between the seed crystal and the
melt may cause the crystal drawn to be a polycrystalline. Vertical floating-
zone refining was performed 1n an apparatus consisting of a vacuum chamber
in which a Si bar, produced by drawing. was mounted vertically. A Ta heater,
creating a zone of fusion within the specimen, moved aiong the specimen at a

rate of w2 mm/min, It was found that a given degree of superheating of the
zone was a condition {or the production of a single crystal by this method. In
a polycrystalline specimen a monocrystalline portion was produced only after
several passes, while this was accomplished on the first pass when a mono-
crystalline seed crystal was employed. Single crystals of $1 with resistivities
of 15-60 ohm/cm were produced on these apparatus.

1 Single crystals--Growth 2. 3ingle crystals--Resistivity

Card 2/2
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Translation irom: Reterativnyy zhurnal, Metalinrgiya 1958

AUTHORS: Petrov. D. A.  Shashkov, Yu.M., Akimchenke, L P.
o —
TITLE: Diffusion of Aniimony and Germanium in Silicon [Diifuziye sur -
my i germaniys v kremnit)

PERIODICAL: V sb.: Vopr. metallurgit i {iz. poluprcvodnikov. Mascew AN
SS5SR, 1957, pp 130-132

ABSTRACT: The radioactive isotopes Sbl24 4nd Ge’! were used to deter-
mine the coefficient of diffusion D ¢t Sb and Ge in Si. Diftfusicn
was perfcrmed in large crystalline specimens having resistivi-
ties of tenths of an ohm/cm. These were ot the p-type., cut trans-
versely from bars cbtained by extraction from the melt by the
Chokhral'skiy method. A thin layer of Sbl24 znd Ge?! was spraved
on the specimens in vacuum. Annealing was performed in quartz
ampcules filled with Ar, these in turn being housed in evacuated
ampoules. The temperature of annealing was maintained to with-
in £5°, Distribution of the concentrations ot the diffused elements
through the specimen was determined by the radiocactivity of the
abraded laver and the radioactivity of the specimen. It was tound

Card 1/2 that the Dgp at 940-1300° cculd be described by the equat:on:
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Diffusion of Antimony and Germanium in Silicon

0.112 exp(~66, 000/RT) cm®/sec_and the Dg at 1150-13500 b .
2" th . .
6.26- 10° exp (-121 .820/RT) cm?/sec. y the equation:

- . . .. . o~ . - Y'. '
L Antimony--Germanium--Diffusion 2. Silicon--Applications - sh
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AUTHCRS: Pecrov, D.A. end Sheshkov, Yu. M. (Moscow).,  24-5-12/25

TITLE: Device for growing crystals of high activity metals directly
from powder without a crucible. (Ustanovka dlys
bestigel®nogo vyrashchivaniya kristallov vysokoaktivnykh
metallov neposredstvenno iz poroshka).

PERIODICAL: "Izvestiya Akademii Nauk, Otdeleniye Tekhnicheskikh Nauk"

(Bulletin of the Ac.Sc., Technical Sciences Section),
1957, No.5, pp.102-103 (U.S.S.R.)

ABSTRACT: This paper was presented at the First All Union-Conference
on apparatus for semi-conductor metallurgy held at the
Institute of Hetallurgy, Ac.Sc. U.S.S.R. (Institut Metallurgii
AN S38R). The design is based on the principle proposed by
Verneuil, M.A. in 1904 (1) for growing precious stones by
feeding meterial from the top onto a molten end of a seeding,
lowering the seeding away from the heating zone at a speed
cCrresponding to the speed of feeding-in new mesterial. A
sxetch of the device is given in Pig.1l. The melting of the
Lop end of the specimen is effected directly by means of a
5 Me 15 #W osciliz%or. Such hizh frequency heating excludes

eny possibllisy of contsminstion by the heating substance

= 1
(€3 TiECE
od

&3 * instence, in a&n snalogous device

heck ov 211l (2)., A photo of the device
wiils: P oz,3 shows a photo of a specimen

CIA-RDP86-00513R001548710003-2
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SHASHKOV, Yu.M.

Nekotorye voprosy zonnoy plavki.

report submitted for ths 5th Physical Chemical Conference on
Stael Production.

i
IVchL;;yv _ bcjmmﬂ
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Zlekiroprovodnosty titanosodenzhashchikh shlakov.

report submitted for the 5th rPhysical Chemical Conference on
Steel rroduction,

APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2"



CIA-RDP86-00513R001548710003-2

08/09/2001

"APPROVED FOR RELEASE:

2%

SRS

e

"
SN

. 25(8) PHASE I BOOK EXPLOITATION sov/2117
uoqo-:o:nnnu- po ekaperimental’

noy tekhnike 1 metodam vysckotempera~
.+ turnykh issledovaniy, 1956

issledovaniy pri vysokikh tem-

nr-vcunnnnnnw.ahus tekhnika 1 u-ngwm
Xperimental Techniques and

peraturakh; trudy soveshchaniya
Rethods of Investigation at High' Temperatures; Tranasaciicns of the
Conference on Experimental Techniques and Methods of Investigation
at High Teoperatures) Moscow, AN 3SSR, 1959. 789 p, (Serien:
Akademiys nauk 8SSR. Institut metallur, 11, Komisaiya po fiziko~
khimicheskim osnovam prolzvodstvya atall 2,200 coples printed.

z-.v.nnl A.A. Samarin, neﬁ.nuvo:n»:w Member, USSR Academy of
Selences; RXd. of Publishing House: A.L. mnnki.n-:..

PURPOSE: This dook is intended for metallurgists and metallurgleal
shgineers .

COVERAGE: This collection of sclentific papers is divided into six

R rarts: 1) thermodynamic activity and kinetics of high-tezperature
processes 2) constitution diagram atudies 3) physieal propertiea
of liquid metals and slags 3) new analytieal methoda and pro-
duction of pure metals 5) pyrometry, and 6) general questions,
Por more specific ao<2..m¢.nnaﬂnupoonno_._na:n-.

\m:.a:woq. Tu.”,
[} 8

Rethod of Measuring Electrical Conductivity 106

—
“Mkitin, Yu.P., and O.A. Yeain, Merauren:
Denaity of Liquid Metal in Contact With Slag 313

ent of Surface Charge

-oEﬂ:n«u. Yu.A,, and A .M, w.ru.hu.»:. U-Shaped Taest Specimen
for Determining Fluidity of Alloys 318
c:..:mﬂ»nr. N.G., and Yu.A., Nekhendzi. Solidification and

Related Phenomena as Functions of Physicochemical Constants
of Alloys

351
g
E.a:pun..\m.:.. and N.A, Trubitayn. Measurement of Linear
3hrinkage and Resistance to Hot—Crack Pormation in Steel 367

A versatile new instrument was developed for determining

free linear shrinkage, hindered (or retarded) shrinkage,

forces developing during bindered shrinkage, and reaistance

of the metal to the formation of hot cracks. By means of

this instrument 1t was shown that steel with a peritectic

oomposition {(about 0,2 percent C) exhiblts raximum resistance

$o the forration of hot cracks. This resistance falla
sharply bdoth with a decrease and an increaase in carbon
sontent., But with an increase the renistance falls only
until a content of 0.5 percent C has been reached; with
greater amounts of carbon the resistance begins to riase
again. The effect of manganese content and teenming tesperaw
ture on hot-crack formation were also inveatigated,

—
Prenov, A.P, Investigation of the Froperties of Steel in the
Liquid State and at the Tezperature of Crystallization 384

o -
Bratechikov, S$.6., and V.v. Mikhaylov,
the fleat of Porzmation of Slag and the H
Combined Water in Iron Ores

Card 13/ 32
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Methods or Determining
eat of Evaporation of
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PHASE 1 BOOK EXPLOITATION S0V/4966
Soveshchaniye ps poluprovednikevys satarialam, Moscow, 1957

tall! 18 1 £iatki poluprovodaikov; trudy 3-go soveahchaniya.
covﬂuwﬂnln »Mﬁu:- Mstallurgy and Physics of Semiconductors; Transactions of
the third Confersnca) Moscow, lsd-vo AN 55858, 1959. 129 p. Errsta slip
inserted. 3,200 coples printed. .

Akadamiya nauk 533R. [Inatitut wetallurgil lmeni
mvawu.an.nuronﬂm. Resp. E«.. ®. Kh. Abrikosoy, Dogtor of Chemical Sciencesy

%d. of Publishing Housst P. F. Zolotov.

URPGSE llection is intanded for tachnical and sclentific peraannal
f nog“"“howm'w the investigation and production af seaiconductor msterials.
It may also be used by students in schoola of matallurpy.

The collection contaips reporta sutmittod at the Third Confersnce
gwnu”unnum:mnon Materials, held at the Institule of Vetallurgy lrzeni
A. A. Bagykov, AS USSR, Momacw, in May 1957, The reports deal with probleza
of obtaining and lnvestigsting germaniua, silicon, and seniconductor com-
pounda, The collection vas first editad by D. A. Patrov, Doctor of
Techrdeal Sci Rafer mozt of the reporta.

Galcvanov, V. ¥. ©On the Problem of the Role of Same Pactors 1o the
Tocess of Single Crystala From a Melt

Tolpygo, L. B. Inveatigatlon of Hola Zonea of Diamond-Type Crystals
“arrzu-BaTTuf-the Hullislectron Theory

Szlgeti, Academiclan {Acadery of Salences, Huniwrian Peopla's Hepudlic).
Concerning the Problen of Semicocductor Folnt-Contacta

¥Yajovaki, Z. {Inatitute of Basic Temchnical Probleas, Polish Acadezy of
cnnqwm-.mT.dv.wo»: of P-R junciions in Cerzanium Single Cryatals
¥ithdrawn Pres the Melt by Pulling

Sosnovaki, L. (Institute of Physice, Pollah Acadeay of Selences).
“Krfect o tha Introduction of Minority Current Carriers on Light Re-
flection From Cerzaniua

Bugay, . A., V. Ye. Kogerko, and Ye, G. Miselyuk. Diffusios and Selu~
TBLITCy oF 1rcn and SIIVer [n Gerzanl3

Vyatkin, 4. F,, and ¥, A. Presngy, lavealigation of Molatening of
Senlcondustors With Tmelt

Tasilevskaya, V. M., and Yo, G. Misalpuk.—Jnvesiigaticn of Jagresstton
.é»w»v& of 3oze lzmpurities ln Germaniua Durigy Crystallizaticn

Trousil (Instisute of Technical Physics, Czeshoslovak Acadeny of
Sciences). Problea of Obialning Purs 3ilicon

Patrov, O. A., Tu. M, Shaabkor, V. V. Aozhdestvanakays,
|.||M...n »

TR YA ShrsRabins . D. Kivoatikova, “itehing of 31licon 3ingle
Trystals - .

Heiung Tou-ching {Inatitute of Appliad Physica, Chiness Pacple's
Republic), Importance of Using Pure Water for Waahing Materials Csed
in Senlconductor Engineering

Abdullayey, G, 8., M. 1. Allyev, A. A. Bashataliyav, and G. M. Allyer,
“EfTect of faiids I=purltlss on the Phyalcal vav:um: of Selaniua

Abdallayer. G B., G. A, Axhucdov, A, A, fullyev, and Z. A. Aliyarova.
On the Diffusion of Certaln Metals in Polyerystalline Seleafus

.E»u.r.u..L.nhn:.»:.»vn;nuof135.5&?.—?&»;”5“_37
qucTor Allors o L
Mizetaiavs, I. B., N, 1. Vitrikhovakly, aod 7. D, Pursank It 14
TFouwth Condlt{ons of $irgle Cryatals of GdS sl Cdie o Toets bhporoos
Properties g ry atd 'Cd3e ‘on Thatir Physleal

wnﬂnF-E».v..-gn»n&u?aE.xon.e\.aa

. G, A, _Fedorua. foct of Tempwring and Cart

JMIHEHW«... on the Dark Hmslstance and Photosanaftivity un\n& .SHMK-.:..
rystals

1E1rlﬁuu»:=w. of Technizal Physics, Crechaslovax Ac 4
mn».um.-v. Semlconductor Compounda With an mun.:u of One of Mm“swo““
ponants ’ i

—dTBArvY. »M«v nE.n.nn of Surface Coudition un tha Eleetrical Properties

of Tyrpe aid onpounds

Presnov, 7. A., M. A. Krivov, V. X Yertoprakicy, 4. G, Gri '

22 > 2 ol d - U NFAganigavs
th\nu.nmums.xwmm.u“o;? Frodust1oh and Invastigation of New Sezison-
AVAILABLE: Llibrary of Congress
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+LUTHORS: ~§EEEEEEXL_£2LE4 and Savitskiy, I.V.
TITIE: Horizontal Zone-melting cf Silicon (Gorizontal'nsysa
zonnaya plavka kremniya)

PERIODICAL: Tsvetnyye HMetally, 1559, Hr 3, ©Dp 49 - 5% (USSR
p

ABSTRACT: It is possible to obtain silicon with a high ific
resistance by horizontal zone-nelting if the purity of
the quartz boat is high and there is no boron in the
initial silicon. Ordinsry apparatus cannot be used as
cracking of the silicon specimen occurs whiist pzassing
a zone aiong it and during cocling éue to the differsrce
in the coefficients of exgansion for silicon and guartz.
The present work descrites apparatus which ensbles multiple
zone-meiting of siliccn in a boat without cracking znd
the construction of a teat wiich allows the silicon %o
cool without cracking. All parts of tze voat and “The
silicon specigen are maintained at a temperature nigher
than 800-900 "C similar to the method used by Taft and
Horn (Ref 1). The whole apparatus is evacuated TC

10™% mm Hg. It is skown in Figure 1, the mair z

beingz: 1) the basic beater; 2) the additionsl L
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Zorizontal Zone-melting of Silicon 80V/136-59-3-12/21
and, 3) the boat with the siliccn. The basic heater is
made of tantalum plate and is borse-shkoe shaped {bottem
right-hand corner of Figure 1). The speed of trsverse of
the boat can be varied from several hundredths to six mm
per minute. There is a transfer of mategial to the last%
zone; therefore, the boat is sloped 5-7° to the hori-
zontal. Cooling is carried out in one oi the additional
heaters but even so cracking of the specimen could still
occur. This can be overcome by weakening the boat. Taft
did this by decreasing the wall thickness but the present
authors produced the same effect by making sectional hcats
which enables free movement of the silicon specimen. The
absence of wetting of guartz by silicon and its high surface
tension prevent the silicen Fem running belween the
individual sections. Results showed that no transverse
cracks occurred in the specimen using this principle.
Longitudinal cracks were avcided by cutting sll the sections
inte two parts. In this way & whole specimen without any
cracks can be obtained. The cticral teat principle could
be applied wo other cases. Irn tre presenit cass tre
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Horizontal Zone-melting of Silicon

resistance of silicon increases. The change in electrical

resistance along the length of the specimen after five

passes is shown in Figure 3. Curve 1 is after zone-

melt%ng and Curve 2 after an additional heat treatment at

600 °C for 2 hours. The first zone has much higher

resistance than the last.

There are 3 figures and 1 English reference.
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AUTHORS : Shashkov, Tu. M., Akimchenko, I. P. 50V/20-128-5-20/67
TITLE: Diffusion of Lithium Into Silicon
PERIODICAL: Doklady Akademii nauk SSSR, 1959, Vol 128, Nr 9, pp 937-939 (USSR)
ABSTRACT : The preparation of monocrystalline silicon alloyed with

1ithium became interesting. Owing to the chemical aggressiveness
of lithium the diffusion of lithium into monocrystalline
silicon presents the most suitable method of producing the
alloy. This is also favored by the large value of the
coefficient of the diffusion of lithium into silicon. The
distribution of the admixture in the sample can be calculated
with sufficient accuracy provided the diffusicn coefficient
of the admixture in the sample is known. Refezence is made to
a number of pertinent preliminary papers. It was of interest
to examine existent data on the diffusion coefficient of lithium
into silicon as a function of the perfection of the silicon
crystals. This problem is aiso of theoretical interest. The
dependence of the coefficient of the diffusion of lithium into
gilicon on the number of structural deficiencies in the
crystal may be regarded as a criterion proving diffusion to

Cerd 1/4 proceed along the interspaces between the lattice nodes as

e
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Diffusion of Lithium Into Silicon SOV/20-128-5-20/67
well as verifying the mechanism of the dependence of the
diffusion coefficient on the degree of structural perfection.
In doing so, the existence of stoms between the lattice nodes
and of substituting atoms is assumed. Substitution took place
out of a thin sheet of metallic lithium applied to the
surface of the sample after this had been cut and etched with
an aqueous KOH solution. The upper side of the lithium sheet was then
covered by a second sample. The execution of the experiments
is briefly described. 2 Types of semples were used for these
experiments, differing widely in the number of grooves formed
in the etching process. They are purely monocrystalline and
contain a great number of twins and dislocations. In the
latter case diffusion took place perpendicular and parallel
to the extension of the twins and dislocations. The samples
were cut out of cast pieces, wliich had been prepared by a
special method. A table listing the following data is in-
cluded: characteristic properties of the samples, their
resistance, the tzmperatures of diffusion-annealing, and

the values obtained for the diffusion coefficient. These

values are illustrated by a diagram on the coordinates/
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logD - 1/T. The experimental points on this curve form a
straight line, which for the temperature interval 400 to 800°
may be defined by the equation U = 2.2,10"Jexp(-16200/RT) cm? fsec.
The data given in the papers by Fuller, Severiens, et al

(Refs 1, 2) are in good agreement with results obtained in the
present investigation. The data obtained by the present
investigation indicate that the diffusion rate of lithium is
independent of the structural perfection of the gilicon
crystals., This confirms that lithium diffuses through the
interspaces between the nodes only. Furthermore, this data
indicates the validity of the mechanism of the dependence of
the diffusion rate on the structural perfection of the
crystals, according %o which diffusion proceeds at the lattice
nodes and also in between. There are 2 figures, 1 table, and

¢ references, 1 of which is Soviet.

Institut metallurgii im. A. A. Baykova Akademii nauk SSSR
(Institute of Metallurgy jmeni A. A. Baykov of the Academy of
Sciences, USSR) L
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PHASE T BOOK EXPLOITATION SOV/3541

Shashkov, Yuriy Mikhaylovich

Metallurgiya poluprovodnikov (Metallurgy of Semiconductors) Moscow, Metal-
lurgizdat, 1960. 212 p. Errata slip inserted. 5,200 copies printed.

Reviewers: B. A. Krasyuk, Doctor of Technical Sciences, Professor, and A. A.
Rudnitskiy, Doctor of Chemical Sciences; Ed. of Publishing House: O. M.
Kamayeva; Tech. Ed.: P. G. Islent'yeva.

PURPOSE: This bcok is intended for technical personnel engaged in the development
and production of semiconductors and semiconductor devices.

COVERAGE: The book deals with current problems in the metallurgy of semiconductors
(germanium and silicon). Attention is given to physical, chemical, eleetrical,
end optical properties of germanium and silicon, chemical and metallurgical
purification, growth of single crystals, heat treatment, alloying, obtaining of
electrically heterogeneour structures, and etching. The author thanks the fol-
lowing persons for their assisitnce in preparing the manuscript: N. V. Ageyev,

Card 1/7

APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2"



"APPROVED FOR RELEASE: 08/09/2001

CIA-RDP86-00513R001548710003-2

Metallurgy of Semiconductors SOV/ 3551

Corresponding Member, Academy of Sclences USSR; N. Kh. Abrikosov, Doctor of
Chemical Sciences; D. A. Petrov, Doctor of Technical Sciences; B. A. Krasyuk,
Doctor of Technicel Sciences; and A. A. Rudnitskiy, Doctor of Chemical Sciences.
There are 293 references: 61 Soviet, 203 English, 19 German, 4 Japanese, 3
French, 2 Czech, and 1 Polish.

TABLE OF CONTENTS:
Preface

Ch. I. Physicochemical, Electrical, and Optical Properties of
Germanium and Silicon
Physicochemical properties of germanium and silicon
Electrical properties of germanium and silicon
Optical properties of germanium and silicon

Ch. II. Chemical Methods of Purifying Germanium and Silicon
Production and purification of metallic germanium
Production and purification of metallic silicon
Acid rinsing of silicon
Production of silicon by zinc reduction of silicon tetrachloride
(Beketov's method)
Todide methed of cbtaining silicon

Card 2/7

APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2"



"APROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2

i3 DG Ih B

¥etallurgy of Semicoaductors

Silane method of obtalning silicon
Trichlorosilane method of obteining silicon
Production of silicon by hydrogen reduction of silicon tetra-

chloride
Other methods of obtaining high-purity silicon

Ch. III. Metallurgical Methods of Purifying Germanium and Silicon
Principle of purifying by localized melting, gradual withdrawal of
single crystals from melts, and oriented crystallization

Theory of distribution of impurities in gradual withdrawal of single
crystals from melts, in oriented crystallization, and in localized

melting
Distribution of impurities in graduel crystal withdrawal and

in oriented erystellization
Distribution of impurities in locelized melting

Volatilization of impurities during melting and erystal withdrawal
in vacuum
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Metallurgy of Semiconductors 30V/3541

Coefficlent of distribution
Equipment used for purifylng germanium and silicon by metallurgical
methods
Process of purifying germanium and silicon by metallurgical methods
Purifying of germanium
Purifying of silicon
Utilization of reaction be'ween gaseous and liquid phases

Purifying by extraction

oh. IV. Growlng Moncerystals of Germanium and Silicon
Methods of growing single crystals of germenium and silicon
Growing of single crystals by gradual withdrawval -from relts
Method of horizornital localized melting
Method of vertical non-crucible localized melting

Other methods of growing single crystals of germanium and silicon

Crystaliographic orientation and the shape of growing monocrystals
Macro- and microdefects in monocrystals of germanium and silicon
Macrodefects
Microdefects
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Metallurpy of Semiconductors S0v/351%

Effect of growth conditions

Characteristie features of installations for growth of single erysials

Ch. V. Heat Treatment of Germanium and Siiicon
Heat treatment of germanium
Heat treatment of silicon

Ch. Vi. Diffusion of Impurities in Germanium and Silicon
Methods of measuring the diffusion coefficients of impurities irn

germanium and silicon

Diffusion of impurities in solid germanium and silicon

Ch. VII. Alloying of Germanium and Silicon
Alloying by introducing addition alloys into the melt
Crystal-withdrawal method
Localized-melting method
Preparation of the addition alloy
Alloying with elements in the gaseous phase
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Motallurgy of Semiconductors SOV/ 3548

Distribution of impurities in & growing crystal
Alloying with elements in the gaseous phase

Alloying by diffusion of addition elements. Some other methods of
alloying

n. VIII. Production of e Heterogeneous Electrical Structure in Mono-
Crystals of Germaniam and Silicon and Prepsration of Ohmic
Contacts
Production of electrically heterogeneous structures during the
growth of monocrystals

Production of zlectrically heterogeneous structures during local~

jzed melting as a result of the temperature gradient

Production of electrically heterogeneous structures during partial
melting of monocrystals

Production of electrically heterogeneous structures by fusing on
other metals or alloys

Production of electrically heterogeneous structures resulting from
diffusion of addition elements in the solid phase
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Metallurgy of Semiconductors
Preparation of contacts
Ch. IX. Etehing of Cermanium and Silicon
Manifestation of macro- and microdefects and orientation of
monocrystals
Etching of germanium
Etching of silicon

tching of semiconductor devices
Bibliography

AVAITABLE: Library of Congress
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S/180/60/000/004/025/027
E193/E483

AUTHORS ;5 Abrikosov, N.Kh.,, Lyan-Tszun'-U, Shashkov. Yu,M,

(Moscow) lﬂ' —Z-m_“mmm
TITLE 3 On the Volatility of Boric Oxide in Helium’ and
{kﬂxdrogen in the Presence of Water Vapour

PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh
nauk. Metallurgiya i toplivo, 1960, No.4, pp.156-159

TEXT: The rate of evaporation of boric oxide in dry and wet
helium and hydrogen, at temperatures between 800 and 1400°Cp was
studied by the dynamic method. The results are reproduced in
Fig.2 to 6. Fig.2 shows the temperature dependence of the vapour
pressure p of BZ°3° Fig.3 (plotted in the logarithmic scale) .
shows the decrease in weight of B203 , per unit area (A, mg/<cm2 )
as a function of rate of flow of helium (V, 1/h) of dry (broken Uxf
curves) and wet (continuous curves) at various temperatures,. the
partial water vapour pressure in wet helium being Py,o = 0.03513
atmospheres, Fig.4 illustrates the same relationship for dry
{curve 1) and wet {(curves 2 to 5) hydrogen. In Fig.5 the degree
of saturation of wet helium with HBO, vapour is plotted against the
rate of flow of the helium-water mixture at various temperatures,
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On the Volatility of Boric Oxide in Helium and Hydrogen in the
Presence of Water Vapour

Finally the temperature dependence of the vapour pressure of HBO 5
at PHgO = 0,0313 atm is shown in Fig.6, The latter relationship
in the 1133 to 1637°k temperature range is described by

log Pypo, = 5.043 - ’*35322 ] p

The conclusion reached was that the rate of evaporation of B0,
in helium and hydrogen increases considerably in the presence ot
water vapour, There are 6 figures and 15 referencess 1 Soviet,
11 English, 1 French and 2 German,

SUBMITTED: March 22, 1960
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AUTHORS - Shashkov  Yu }M,. end
TITLE: Electrical Conductivi
Semiconductor Systems
PERIODICAL: Akademiya nauk SSSR.
Trudy, No.%&, 1960. ¥
TEXT: Rapid progress in the

devices brought about an increase

and oxides. Successful applicata
understanding of the elfect of th
properties. electrical properties
present authors was to analyse pu
this basis to formulate certain 1
electrical conductivity i1n binary
particular refercnce to systems f

shown by

1t has been
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Electrical Conductivity I=zotherms c¢f Binary Semiconductor Systems

addition of a compeonent which. on dissclution forms current
carriers identical with those present 1t the solvent materaal.
brings about an 1ncrease in tonductivity whercas a decrease of
conductiviiy 15 causcd by addition of compenents of sign opposite
to that of the intrinsic carriers of the solvent,. In cases where
both excess elertrons and holes are prezent 1n equal quantities,
electrical conductivity of the sclvent 15 1ncreased by the
addition of any compenent capable of 1ntreasing the carrier
concentration of eithe«r =fign. This appears o be a general law.
as 1s 1llustrated by data given in Fig 1, where the logarithm of
electrical conductivity (X, ohm™lem 1) ot N1O thole conductivity),
Zn0 (electron conductivity) and CuQ (i1ntrinsi. tonductivity) is
plotted against Li1;0 and Crp03 content (mol -%). Regarding the
systems formed by ¢ompcunds with 1denti<al valency cations which
usually form a serites of sclid solutions analyszia of the
electrical conductivity 1sotherms of systems of the Alp03-Cro03.
Feo03-Crp03. MgO-CoO N10-MgO sysiems shows 1hat electrical
conductivity of systems of thi3s type rhange<s monotonically from

Card 2/ 7
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Electrical Conductivity Isotherms of Binary Semiconductor Systems

one component to another. except for very narrow composition ranges
near each end of the system where sometimes minima may be present

on the conductivity isotherm. The same applies to heterogeneous
systems such as Ca0-Zro,, Al505-5105, Ti05-Si0,, except that the
isotherm will pass through a sharp maximum at compositions
corresponding to compounds formed by the two components. This case

is illustrated in Fig.2, where the resistivity (o. ohm.cm) at

1000 °C is plotted against the composition of ths Zn0p-Cal system.
When the electrical conductivity isotherms are compared with the ,
constitution diagrams of the corresponding systems, the former

curves frequently show minima and maxima whose presence cannot be D(
explained in terms of changes in the constitution of the system
studied. The Ca0-Crp03, MgO-NiO, Al1503-Cro05 systems provide

typical examples of this effect. The presence of these extrema may
sometimes be incidental, being caused for instance by predominance

of the surface conductivity at certain compositions (the A1203-

Cry03 system) or by the effect of one component being compensated

by the impurity present in the other component . In some cases,

Card 3/ 7
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Electrical Conductivity Isotherms of Binary Semiconductor Systems

however, the minima and maxima of electrical conductivity
constitute an intrinsic property of the system which is associated
with the nature of conductivity of semiconductors. Ca0O-L120
(Fig.3) and Ca0-Y203 (Fig.4) systems represent two such cases.
The curves on Figs. 3 and 4 represent conductivity (X, ohm~itecm>1)
curves constructed for the CaO-rich ends of the systems from
measurements carried out at 100 and 10~% mm Hg at which CaO
{amphoteric semiconductor) has electron and hole conductivity,
respectively. In general, increasing the Lis0 and Y203 content
causes variation of the electrical conductivity of CaO in
accordance with the law discussed at the beginning of the present
paper; i.e. the conductivity is either increased or decreased,
depending on the sign of the carriers in CaO and in the other
component. However, in both systems, the isotherms showing the
variation of conductivity for the case when this property 1is
decreased by the addition of the other component. have minima.
Analysis of changes taking place in this case shows that when
electrical conductivity 1s reduced the number of current carriers
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Electrical Conductivity Isotherms of Binary Semiconductor Systems

of one type decreases up to a certain limit, characterlzed by the L
minimum of conductivity, after which the sign of the carriers- |
changes (i.e. electron conductivity changes into hole conductivity
and vice versa) and their number increases. This means that in
this case, the presence of minima on conductivity isotherms is not°
associated with the formation of a new phase but is caused by
changes of the mechanism of conduction due to dissolution of the
solid compounent. In the final paragraph, the difference between
the shape of electrical conductivity isotherms of binary semi-
conductor and metal systems is discussed. -In contrast to metals,
addition of a second component to a scmiconductor in systems in
which substitional solid solutions are formed may not only decrease

[aH

conductivity isotherm for a binary semiconductor system, forming a
series of solid solutions, has no minimum. In addition, when a
compound is formed in a binary semiconductor system, the
electrical conductivity does not increase, but decrcases.

There are 4 figures and 15 references: 6 Soviet and 9 non-Soviet.
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ABRIKOSOV, N-Kh. (Moskva), LYAN TSZUN'-U [Liang Tsun-wa]; SHASHKOV, Yu.M.
(Moskva)

Oxygen solubility in molten silicon. Izv. AN SSSH. Ott%;ﬂ;ikga.i]?@)k-
Met. i topl. no.6:65-68 ¥~D '60. :
(S51licon—Oxygen content)
(Liquid metals—Oxygen content)
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5/137/62/000/005/006/150
RO06/A101
Snashkev, Yu. M.

" Electric conductivity of titaniuwm containing slags

PERfG?IﬂAL: Referativayy zhurnal, Metallurgiya, no. 5. 1962, 10-11, abstract
5A66 (V sb.. "Fiz-khim. osnovy proiz-va staii", Moscow, AN SSSR,
1961, 262 -265)

TEYT: The suthor studled electric conductivity of slags in sysiem Ti0z -
Si0s - Alp03 - ca0 - Mg0. The experiments were carried out under reduction
conditions, The slag resistance between the central Mo-electrode and the
grapitite erucible, arranged co-acially, was measured. 1In the slags investigated,
Lhe Tinog/Tioz patio was 0.1 - 0.3 and did practically not change during the
moasurenents, The results obtained show a considerable influence of the slag
composition on jts conductivity. Tt 1s assumed thab the structure, revealed in
titanium slags in solld state, is also reserved in liquid condition. This
predetermines the semiconductor nature of the melt conductivity. Changes in the
electric conductivity at a varying ratioc and quantity of slag components are
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P . . an 1
Electric conductivity of titanium containing slag ACOB/AL01L )

explained by changes in the portion and type of oxides, disscciated into

icns,
Yu, Nikidin

Complete translation]

[Abstracter's note:

L
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ADOS/ALGE

AUTHOR: Shaznkzv, Yu. M.
TIiTLE- Some problems of zonal melting of metals

VEHIODICAL- Hererativnyy zhurnal, Metallurgiya, no. 6, 1Qve, i, abstract 6A84
iTn collection: "Fiz.-khim. osnovy proiz-va shali”, Moscow, AN SSSR,

1551, 315 - 319)

THEXT: Tne author attempted to estimate theoretically itnc erfect of the
ipsazacticoe of metal refined by zonal melting in a crucible and the crucible
matsriai, upon the distribution cf admixtures over the ingot length after pas-
«hys bhrough the zone. Some factors are pointed out which should be taken into
acrount waen developing a unit for the zonal melting of metal.

T. Kolesnikova z//

[Abstrdcter s nune; Complete translation]
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SHASHKOV, Yu.M., LYAN TSIN-U {Tiang Ch’ing-wu]

Kinetics of the heterogenous reaction bstween silicon melts and
a mixture of hydrogen vapor and hellium vapor. Izv, vys. ucheb.
zav,; chern. met. 6 no.7:27-32 163, (MIRA 16:9)

1. Gosudarstvennyy nsuchno-issledovatel'skiy proyektnyy institut
redkometallicheskoy promyshlennosti, Moskva,
(Vapor-liquid equilibrium) (Silicon alloys——Testing)
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. AUTHOR: Sheshkov, Yu. M.; Kolesnikova, T. P.

PR ——————

TITIE: Surface tension"of semiconductor silicon 7'7

SOURCE: Zhurnel fizicheskoy khimii, v. 37, no. 6, 1963, 1397-1399 : ' oo

. TOPIC TAGS: surface tension, oxygen, boron, phosphorus, quertz, silicon,
. semiconductor ) St

ABSTRACT: e effect %Tﬂle surface tension of silicon of semiconddeting .
| .purity of oxygen, boron (acceptor), phosphorus (donor), end qusrtd S IR
| evaluated by the method of weighing drops of molten silicon falling from the end & .
. o a cylindricel bar. O (10 sup 16 to 10 sub 18 atoms/cu cm) had little effect on: *
~ the surface tension; B (to 10 sup 20 atoms/cu cm) elso hed little effect; while P .
" hed s tendency to lower the surface tension and quartz increased it slightly. B
. (0, B, P are quertz impurities in Si.). "In conclusion the authors consider it - . @ -
. their duty to express appreclation to Liang Tsun for help in the experimentel .
. work." Orig. art. has: 1 teble and 1 equation.

* ASSOCIATION: None
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ACCESSION NR: ATL035157 $/2765/64/000/000/0372/0375
AUTHOR: Shashkov, Yu. M.
TITLE: Dynamic alloying from the gas phase

SOURLE: Konferentsiya po fiziko-khimicheskim osnovam proizvodstva stali. 6th,
1961. Fiziko~khimicheskiye osnovy¥® proizvodstva stali (Physicochemical basis of
steel aroduciion); trudy® konferentsii. Moscow, lzd-vo “'Mauka,” 1964, 372-375

TOPIC TAGS: steel, alloying, dynamic alloying, gas phase alloying, silicon anti-
mony fusion, siiicon phosphorus fusion, semiconductor alloying, admixture
distributicn

Vi sathor describes the principles and techniques of dynamic alloying
tha mathematical treatment for a quantitative calculation of the con-
cantration and distribution of admixtures in the ingot during alloying from s

the process of zonal fusion. 1In a typical process, the vaporized
aitoying clement is conveyed in 3 high-vacuum assembly from a vaporizer through

a heated tubs €4 the fused zone. From the amount of admixture fed into the fusion

zone, 8p®@ (ﬂ. . (' )

gas phase

Card 1/2
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where /9 is rhe coefficient of accomudation, @ is the coefficient of losses due

to geometrical facters, P is the addition input irom the vaporizer tube and t is
time, the avthor derives a series of equations for the factors acting on the cone
centiation of : admixture in the zone (vaporization, melting, crystallization)
and arrives a inai 2quations which allow technical estimates of the required
anounts of siioying =lement and control of its addition. The representive process
of ;zizcor-anc|moﬁ= and stlicon-phosphorus fusing is discussed and the apparatus
used is desaribed. Orig. art. has: b Figures and 15 formuias.

ASSOCIATION:  npone

SUBMITTED: Q¢ DATE ACQ: 30Apréb ENCL: 00
SUB CODE; MM NO REF SQV: 001 OTHER: 004
Card 272
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AUTHORt Shashkov, Yu. M.; Rozhdestvenskaya, V. V.

TITLE: Growth of si{licon carbide crystals from the gaseous phase

SOURCE: AN SSSR, Institat kristallografii. Rost kristallov, v. 4,
1964, 117-121

TOPIC TAGS: silicon carbide, single crystal growth, silicon carbide

erystal, crystal growth equipment, vapor phase growth, silicon car=-
bide sublimation e
AGSTRACT: Growth of silicon carbide single crystals by deposition
from the vanor phase on a silicon carbide substrate has been analyzed
from the standpoint of vapor supersaturation,.a factor not considered
in earlier studies. The a-type crystals were grown in an argon
atmosphere in a specially built vacuum furnace under a temperature
gradlient excluding the effect of heat radiation on the growth process,
Details of the furnace, & graphite crucible, and an {inner perforated
graphite c¢ylinder containing the powdered substrate are presented

Card /2

APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2"



"APPROVED FOR RELEASE: 08

C ACCESSION Hk: AT4040557

 schematically, 1t was shown experimentally that the effeet of vapoxr '
'supersa;uracion is determined by the diameter of perforations and
: the temperature (height) of the substrate, The linear dimensions of .
fa crystal reach a maximum at certain values of the diameter of per-
. forazions and the hetght of the substrate. In the early stage
. of erystallization, the crystal volume {pcreases proportionally to the
i cube of the time of growth; then, it increases proportionally to the
“time. The slowing of the Browth rate is interpreted in terms of

the leveling of the Supersaturation; the smaller the perforations,
- the eatlier the leveling occurs, i,e, there {s no longer a direct
. dependence of the growth rate on supersaturation., Thus, besides
‘- Supersaturation {n the vapor phase near the substrate, the mogt
i important factors in the growth process are the dimensions of the
. erucible and the charge? oOrig. art. has: 6 figures.

! ASSOCIATION: aone
- SUBMITTED: 00 . DATE ACQ: 02Jul6é ENCL: 00

" SUB CODE: NO REF SOvV: 000 OTHER: Q04
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ACCESSION NR, AP4034927

AUTHOR: Shashkov, Yu, M.; Shushlebina, N. Ya.
TITLE:t Growing silicon cerbide from a silicon melt
SOURCE: Fizika tverdogo tals, v. 6, no. 5, 1964, 1449-1452

TOPIC TAGS: silicon carbide, silicon carbide growing, silicon,
silicon melt, single crystal, single crystal growing

ABSTRACT: The growing of B-51C single crystals from a S{ melt has |
becn atudied at the State Scientific Resesrch and Design Institute |
of the Rare-Metals Industry, Moscow. This work was done because i
the growing of SiC from metal melts may lower considerably the temp-:
erature of the growing and facilitate the doping of S1iC single crys-?
tals. Single~crystal Si with an electrical resiscivitx of i0-20 {*_
ohm*cm was melted in a graphite crucible in vacuum (10" " mm Hg) i{n a:
resistance furnace similar to furnaces used for pulling Si{ single T
crystals. The furnace was equipped with a Ta heating element and a
device which wmade. it possible-to lower ‘and:.- rotate the crucible aee gt

APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001548710003-2"
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and raise and lower the seed. The temperature was controlled by a
thermocouple placed at the bottom of the crucible. The moment of
melting was observed visually. To measure the temperature gradient
in the melt, an additional thermocouple was lowered into the melt,
The experiment was carried out as follows: the Si sample (about
3 g) was placed in the crucible, The, furnace was evacuated, and
the heat was turned on. After the Si had melted, the melt was
superheated to a predetermined temperature and held at that temp-
erature for a definite amount of time. During that time the St
evaporated markedly, Then the furnace heat was turned off, and the
melt crystallized rapidly. Rapid cooling was selected after special.
experiments which showed that crystal growth proceeds almost exclu-
sively by the transfer of the SiC formed from the hot zone to the
colds, After removal of the crucible from the furnace, the Si was

- leached out with a mixture of HF and HNO;., The S5iC crystals obtained
ware transparent single crystals yellowish in color.and cubic, col-

umnar prismatic, octohedric, and lamellar in shape, The crystals
could be divided into three fractions according tc size. The largest

‘ Cord 2/3.
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‘crystals were 0,1-0.,5 mm thick and 1.5-2 mm long, The large-size
fraction consisted mainly of columnar crystals elongated along the
prism axis, Goniometric measurements showed that the principal
plane forming the crystals is the (ill) plane. The replacement of |
the vacuum with argon, which lowers Si evaporation to practically :
zero, had no noticeable effect on the shape of the growing crystals, !
Hence it is concluded that the main role in the determinatfion of the
character of crystallization is played by the temperature factor.

- Orig, art. has: 3 figures and 1 table.

ASSOCIATION: Gosudarstvenny*y nauchpno-i{ssledovatel'skiy 1
proyektny*y institut redkometallicheskoy :promyshlenennosti, Moscow
(state Scientific Research and Design Institute of the Rare~Metals

§ Industry) .

| i

| SUBMITTED: 29Nov63 DATE ACQ: 20May6é ENCL: 00 |

l
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A.ccsssmn NR: AP5002164 slouole&/ooo/oo&/msolo151

'AUTHOR: Abayev, B¢ 1.3 Bezobrazov. N. T.: Shaahkov, Yn. H.‘w L f
TITLE- slit graphitel heater for single—eryatl&)' groutns deviceg' _,9
SOURCE° Pribory { tekhnika eksperlmentafno. 6, 1966, 150-151

TOPIC TAGS: single crystal. single crystal gtoving. cingle crys:al
growing device . .
1 . o
| ABSTRACT: The State Scientific Research and Planning In'sl:i.tute' of
! the Rare Metals Industry has designed and buflt a furnace for growing
fsingle crystals of semiconductor materials. The furnace has a spe=-=:
t efal graphite heater with vertical slits ‘which permit the direct
- heating of materfal by an HF field (see Fig. 1l of the Enclosure).
| The graphite block acts as a transfornet creating inside the cruci- -
ble a high-frequency field which ensures an intenaive stirring of che!
‘molten material, The ‘g¥aphite’ block algo acty “asg”a Yadiatfon’ heatet.~
- The new device requires 30X less power and makes it posslble to L=
- increase the pulling speed,which attains 10 mm/min {ia. pulltng -“- R
: silicon single crystals 10 ; mm An diaactet. Orls. ar:. _hass 2 ££3urc¢
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EAUTHOR: Shashkov, Yu, M.; Grishin, V P.

itk

v i
‘TITLE: Rate of silicon growth from melt
h 4

- '§OURCE: Zhurnal fi.zlcheskoy khimil, v. 38, no. 12 1966; 2992-2995

" 'TOPIC TAGS: silicon singletcrystal . single crystal growth, silicon
dengdrite, melt grown crystal, maximum growth ra:e, rate molecular

.constant

ABSTRACT' The maximum rate of growth of 511icon dendrites from a
supercooled melt was measured at supercoolings of 4~—15K in ordet to
determine the molecular constant (k) of the growth rate of stlicon
gingle crystals,\bThe experimental determination of k was desirable
because of the wide discrepancy in theoretical values and the 1mpotc-
ance pf k in estimating various factors in the growth of single.
crystEls. Silicon was vacyum melted and, after szeding, the dendrlte
was pelled out at amn iner asing pulling rate until {t dwindled to ‘the
shape of a needle. The p 1ling rate, corresponding to the moment. at
which ‘the needle breaks away, was taken as a maximunm grovth rate

Card 1/2
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(V,) of the needle at a given supercooling.- The needles consisted
of 'twins.  Calculation of k was carried out, using the formulas
derived by D, Ye. Temkin (Dokl., AN SSSR, 132, 1307, 1960) ‘and the
experimental Vy vulues. The curvature radius of-the top end of the
'needle was also calculated from the Temkin formulas, . Calculations .
. based on the k value for silicon, which was found to be 0.64 cm/secedeg,
.and o n t h e Temkin formula gave the Vy values which were in o
agreement with the experimental V,, data over the entire raunge of _
‘supercoolings, The sources of error in the determination of k were
. discussed. The k values obtained were compared with those for ger~
- --manium, The need was stressed for ‘further study of the growth proces
.. of dendrites and for application of the Czochralski method to produce
a more accurate k value,: -Orig. ‘art., has} 2 figures and 4 formulas,

. ASSOCIATION: crxzbﬁzr,f°

I3

 SUBMITTED: 010ct63 ENCi: - 00 - -

- SUB CODE: MM, S5
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SHASHKOV, Yu.M.i SHUSHLEBINA, N.Ya.

Pormation of nondislocated silicon single crystal.; 2232227111;;6?2?
13 7. AN SESR, Neorg. mst, 1 no.>: s

rates of pulling. lzv, AN R g St 18010)

1. Gosudarstvemnyy nsuchno—issledovatellskiy i proyekitnyy institut

redkometallicheskoy promyshlenncsti, Moskva.
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. AUTHOR: §‘|uhkov, Yu, M.; Crishin, V. P. BRI 7» 59

 TITLE: Structure \zf stuconﬂendri.tes

. SOURCE: AN SSSR. Doklady, v. 162, no. 6, 1965. 1349;1551, and 1nae:£‘fac1ng.p;”t
1341 , B ' ' o

TOPIC TAGS: silicon dendrite, cgstal grovth, dendtite structure, gemni.m
dendrite Rt

ABSTRACT: Dendrites grown from a aupercooled sillcon melt vere acudi.ed. Btchi.ng

was done with + HF (1:1). The cross gection was studied by breaking the

- dendrites and & etching. . After a series of expeti.mem:s, an ‘etchant of -
the composition HF + HNO, (1:2) was chosen,’ As in the case. of gemnimn den=" -
drites, the broad planes” of gilicon dendri.tes are the (111) planes, and the .
rowth of dendrites proceeds in the (112) di.rection. The broad planes ‘usually -

£ dtslocacions along the dendrite: a ‘central-band- (d!.sloclti.on :

density 10%-106 cm” 2) and two more diffuse lateral bands (103 2) The dis= |
tribution of dislocations is deacribed, An examinntion of the cross aecti.on

l icad V2
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-art, has: 3 figures,
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showed that in most of the dendrites, twinaning planes pass through the entire

dendrite, and that there are usually two twinning planes separated by a di.st'ancé. B
. of 7-10u. The impurity distribution in the cross section has an H-shaped ‘

character, as in germanium dendrites. The transition region between the needie
and the dendrite, as well as the needle itszlf are described in terms of thick- .|

ness, dislocation bands,|'and twinning planes. The study shows that the structure| . -
of silicon dendrites and their segregation characteristics are similar to thoge | ..
of germanium dendrites, From a comparison of the structure of the needles and . |

dendrites and of the transition region, it is concluded that the growth of -
silicon dendrites, like that of germanium dendrites, occurs in two .stages. orig.|

ASSOCIATION: Gosudarstvennyy naixchno-isaledbv&tel'bkiy 1 proyektnyy institdt - -

CIA-RDP86-00513R001548710003-2

redkometallicheskoy promyshlennosti (State Sclentific Research and Planning In-~ =

stitute of the Rare Metal Industry). . =
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TITLE: Supercooling at the crystalhzation front durmg the growth of gilicon monoi-
crystals b% the Czochralski method ‘27

SOURCE: AN SSSR. Doklady, v. 163 no. 4, 1965, 942-944 SR

TOPIC TAGS: silicon single crystal, germatuum smgle crystal smgle crystal
growth, supercoolmg, crystalhzation Sy o ‘ ;

ABSTRACT Supercoolmg at the crystalhzatlon front during the growth of 5i- 111
monocrystals was determined by two methods. Temperature changes during f
crystal growth were measured in the melt (I) at the meniscus (II) and in the crys- T
tal (III). The temperature gradient was least in I and greatest in I, but was !
| constant within each segment of the curve, Supercooling, determined directly at -
the point of intersection of II and Il was 2. 4 C for a crystal growth rate of '

_ cthg cry. 3stal drawmg and when the drawmg was stopped Supercoolmg was then
-1 Car 1 )

2 mm/min. Temperatures at the melt-meniscus interface were measured dufmg o
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A determined from the equation .

i

57.‘.0;"
[ ="S R

To-i-AT

+vad

where S is crystal cross section; A -= heat conduct1v1ty of the melt Tg -=Si
| erystallization temperature; T and Tyo-=temperatures under meniscus durmg 1
crystal drawing and when drawing was shut down; hj and hg -~ height of inter- L
.face rise during crystal drawing and during shut-down; A T-~-supercocling at the. i
interface; v-=rate of drawing; L-~heat of crystallization and d--density of the

melt. Supercooling was 2.35 + 0.21C when ¢+ = 2mm/min, Supercooling at the -
cpystal-melt interface increased sharply as increased from 1-3 mm/min, and |
increased much less when 2~> 4 mm/min, while keeping the crystal diameter -
constant, There was no notlceable change in the supercooling when the crystal = |
diameter was increased from 10-26 mm while maintaining = constant. It wag ~ =
concluded the crystallization mechanisms in Ge and Si are similar in view of the
agreement’of supercooling values between these crystals. Orig., art. has: 2 fig-~
ures and 1 equation : : e

eara 2/3 .
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TITLE: Effect of surface
y the Chokhral’skiy method

surface tef-~——
growing of semiconductor single crzstals

SOURCE: Zhurnal fizicheskoy khimii, v.‘39, no. 10, 1965, 2559-2560
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TOPIC TAGS: single crystal growth, germanium single crystal, silicon single crystal,

surface tension, crystallization, semiconductor single crystal
3 {

tallization front over gilicon and germanium melts

ABSTRACT: The position of the crys
The melts were heated by electron bom

was measured under various pulling conditions.

bardment at 10"5 — 10-% om Hg, and the height of ascent h of the melt was photo-
graphed during growth of a crystal of constant diameter. Changes in thermal condi-
tions associated with changes in pulling rate, ingot diameter, and rotation rate (L.e.
with temperature gradients in the ingot and in the melt near the crystallization .
front) were found to have virtually no effect on the height of ascent of the melt.
The height of ascent does VAary in regular fashion with the diameter of the growing

crystal, rising sharply at first, then tending toward a constant value; it is lower l
he surface tension has 28 ma jor .

{um than for silicon. The data show that t
the height of ascent of the crystallization ¢ront. High-s
2000 frames/sec) ghowed that the angle between the surface

influence on peed motion-
picture photography (up to
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of the growing crystal and the melt fluctuates both with time and with the crystalli-
zation front, and amounts to an average of 15 to 20° during growing of constant-dia-
meter ingots. Orig. art. has: 3 figures,
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{TITLE: Thermal conductivity of silicon in the solid and liquid states close to the !
melting point :

SOURCE: Fizika tverdogo tela, v. 8, no. 2, 1966, 567-569

'TOPIC TAGS: heat conductivity, silicon, phase transition, heat balance, single
lerystal , crystal growth, temperature gradient, melting point

ABSTRACT: The authors studied the thermal conductivity of silicon close to the
;melting point by measuring the thermal balance at the crystallization front during
crystal pulling by the Czochralski method. The equipment and procedure used in the-
experiment are briefly described. The curve for the change in temperature during
grovth of the crystal shows three sections which are close to linear. The first secs o
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tion has the lowest temperature gradient and corresponds to the variation in tem-
perature in the melt. The second section has an intermediate temperature gradient .
and corresponds to the meniscus due to surface tension. The section with the steep-
est temperature gradient corresponds to the crystal. There is a considerable dif- :
ference between the temperature gradient of the melt and the meniscus which is in
direct contact with the crystallization front. It is found that the temperature
gradient in the meniscus is a linear function of the temperature gradient in the
crystal. Metallographic analysis showed that the crystallization front in these ex-
periments was close to linear. The thermal conductivities were found to be £.07% t
* 0.007 cal/cm/sec/deg for the solid phase and 0.16 * 0.02 cal/cm/sec/deg for the
liquid phase, Orig. art. has: 2 figures,
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VLilr Surface phenomena in puliing single crystials by the Czochralski method

SOURCED Def, zh. Fizika, Abs., 0A40+4

Ruam SOURCHE: Bb. Poverkhnosin, yavieniya v rasplavakh i voznikayushchikh iz
aikh tverd, fazakn. Nal'chik, 1965, 585-589

TOPIC VA0S eryslallography, crystal growth, semiconductor crystal, crystal
suliing, Coocirciski method, germanium crystal, silicon crystal

ABSTRACT: A study was made of the eifects of the parameters of pulling

uwn and silicon single erystals with a constant cross section on the rise of .
de melf up to the erystallization boundary. It was found that the height of pulling !
is practicatly independent of the rate of pulling and speed of rotation of the crystal :
oeing pulled. In excluding the pulling mechanism of the crystal by varying the
temperalure, one can change tae rise which affects the diameter of the crystal.
The curve showing the dependence of the rise on the crystal diameter lies —
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