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Avr'hom o Bx‘oade V. L, Yeremenko V. v., Rashba! E. I .
TITLn 5 Lmourity absorption and luminescence in CdS single crystals

?. ? VPEHIODLCAL: Referatlvnyy zhurnal Fizika no. 5, 1962 33, abstract 5V?°5
Sl {V-sb."Fotoelekir. 1 optich, yavleniya v poluprovodnina&n ,
;hlyev AN USSR 1959 43 52)

TMA“ v On tne basis of- studying absorption spectra of Cdg cvystalo, tnn
, iwpur;tj origin’ of absorption in the: region of narrow lines (20,400 - 206,056
L em” ) wes ~3hown: tnese lines’ are dL’ to electron transitions in the CdS iattice:
near’ its diSLOCdtlonS - ‘Blue ‘luminescence of CdS is caused by light emission

"’from the same absorption centers_to which pertain absorption lines 20,4L0;
20, 525,, 20,575 and ~20, 600 om. 1 : A hypothesis is put forth on the. exiotence
'7 of six Types ‘of defects.“

fAbstracter s note.r Complete translation]

: ;_Cérﬁfl’/ﬁlg, i
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 RASHEA, E.I. | B N -
s}'mme;ryof Tfhi o:ncrg.r'ioxiéu injcfistoll of the wurtzite type.

. Part 1: Symmetry ef senes witheut taking ;pindﬂi?;;interactiom :
' ) A . Piz, tver. tela 1 ne.3zl07-421 Mr G
~ 4inte 'acco@t,, e ve t o (HIBA,IZ:S)

© 1.Institut fiziki AN USSR, Riyev. =
- T (Crystal lattices) 'v(spliconduct.rl)
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Caa(5) }]1 ST sov/56 56 6 12/60
PITLE: = “The Effect of Besona ce Bxcitation Transfer in the Theorj of ‘
.. the large. Radius gxciton (effekt rezonansnoy peredachi vozbuzh-'“
vdeniya v teorii eksitona bol'ehogo radiuaa)

7 PERibﬁiCALt{PZhurnal eksperimental noy 1 teoreticheskoy fiziki, 1959, o
SRR yo1 36, Br 6, PP 1703 —.1708 (ussa) s

":;;AﬁSTRACT}‘f“There are two P "" : ms for. describing exciton

displacement tal. The. first is by Frenkel’ (Ref: 1),
‘assumes resonance interaction, .and consxsts in- principle in: the
fact: that. when excitation vanishes at-on e point of the. crystal,:_
"4t occurs:atb another point, the width of the exciton zone and,
v consequently, ‘also the group velocityvof +he exciton remaining
;ffinite if ‘the overlapping integrals tend. towards zero. The .=
S g to. the.large. radius exciton. theory
developed by Wannier tt (Refs 2,3)) consists inan . .
o electron +-hole displacement; eleotron and hole are. considered
" “to be quasiparticles cbeying a given dispersion Jaw which oo
f{describes the structure of .certain. electron- nd hole-ionesij,“j
R T (o groups) The electron zone fends ‘towards zero. if-the ex—""'
Card:1/24-ﬁ[fchange integrals determining the width of the electron- and N
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The Lffect of Resonance Excitation Transfer in the,A’~f oOV/36 36 6 12/60
Theory of the Large Radius Exciton SR fﬁ

’hole zoue disappear. The first of theee mechanisms is in the S
~following described as resonance mechanism, the second as
. exchange mechanism. Wannier and Mott did not take: generation-
"-and annihilation’ effects into account in ‘their theory. In =
“the- .present . paper annihilation -teras are introduced into thet;“~’
gtheory of the large radius exciton, ‘and tho conclucions re- '
--8ulting herefrom are investigated. The author investigates v
- a dielectric and constructs its electron wave function by means -
of the orthogonal- system of Wannier's quasiparticle functions;
‘notation systenm by Wannier ig- ‘employed. Under certain simpli- -
fying assunptions, the author. goes over to a continuum and
.-obtains an- integro-differentia]l ' equation containing a non- :
rirelativistic contact term. Its solution is ‘briefly discussed and
the contact term for pPlane waves with the quasimomentum ¥ is .
- explieitly written ‘down. The author thanks S. I. Pekar
" for discussing this work There are 13, rexerences, 5 of which
.are Soviet.
ASSOCIATION:_Institut fizzki Akademii nauk Ukrainskoy SSR (Physics Institute,v
“of the Academy ‘of Sclences, Ukrainskaya SSR) - i
_‘September 8, 1958 i

SUBMITTED:’

5 :
G o et
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'f"J24(2)}‘i*ff  R B S - , o
- _AUTHORS: = -~ ;quade;;v;tx.;:Prikhotiko; A. Fey sov/53-57-1-5/12
RRNE L P Rgshb§i¢$. I;%%L" T o S : S '

L i T L '
-~ TIT E;; vff 'ZSome;Problems’of»yhe Luminescence of’Cryatals‘(Nekotoryye

L vbp;oéy”lyuqﬁpstsentéii'k:;stallov)

* PERIODICAL: - ,Uspekhi;fiziéhegkikhvnauk,:1959, Yol 67, Nr 1, PP 99-117 (USSR).
- ABSTRACT: ’ :The’authqfs make{a'COntribﬁtion'to’thevresearch‘of non= P
S ’équilibriﬁm'siates,of‘nonmetéllic,crystnls by the publication a8
'“Qf*a-ca:éfdnycompiled.survey,6f the Lesearch results concern- . -
_ ’ing'grystal-1uminéscence;‘devoting special attention to the =
éxgiton}me@hanismL(Ya;*I,;F:enkel')(nef'1).’Thé‘latter_was'.nﬁ

found'tquelvery3puitéd‘fqr‘describing'excited states of
a'crystals,fin:whichftherevis no photoconductivity. Prohlems .
,likégthé;éxcitatiQQ’énd,etctinctidn-of luminescence are not -
dealt withﬁbeCéuse-fhey and others nave been discussed by
L. Y,7Lev5hinv(Ref,6) in a survey. The entire'experimental» S
'material confirms that in the case of excitation within the T
range of,eigéhabSqrptiqn the 1uminesc§nce spectrum does mot -
“depend on}the_wavelehgth,éf‘the exciting light. The article
B firat;dives-a.shdrt{surveyiof»the/luminescéﬂcé of pure. :
0 Card 1/3 ,-:crystals;,i;é:,of1sﬁchrwixhpug¢structure1_derects and” -

PR, S RS
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| Some Problens of the Luntnescence of Crystals S0V/53-67-1-5/12

, iﬁbu;iﬁiéé,fTa5ié;1Egi#éé;déféQ(v',Az) for

anthracene;jnaﬂﬂhgbene,’hexamethyl.benzene,:hexaethyltbenzéne{_
and_¢f+isq-cyan1ne-for'thejlongest;ane intensive,bands,of.f_; v
,,eigenabsorption”(Refaf11717).:A more'detailed_account is given:
of the luminescence phenomena onAcrystaIS'containing im- -
purities. Among others, the investigations carried out by oo
V. Ye. Lashkarev and yu. M. Karkhanin (Refs 33,42) on semicon-
ductor°0fystalsj(CugO)vanéerning excitation as a result of . -
ehergyitransrer,by_eléctrbn;hole pairs are discussed, and -
numerous:data are given in a table concerning spectra of .
impurity crystals. Thefdata.were'obtained fron publications by
A.;F;TPrikhpt?ko; M.  T. Shpak, E. v, Shpel'skiy, L. A. Klizmova,-
E.yA;'Girdzhiyanskayte'and7A;»V.rSolov'yev.’ : e
Thefnextgchapte:;contains data on the luminescence of crystals -
atflowutemﬁeratures;VHumerous?crystals have particularly bright
1uminéscehce.at110ﬂ;temperaturés, which was in most cases found
‘1o be‘duéftofimpuritiés.'HOWevér, also so-called "pure" '
crystals (v, 4. Arkhangel 'skaya, P. P, Feofilov, Ref 56)
: occasionally ;sho"-‘{lb'righftf lthihescence"and have: certain . L
vcha:acteristic*featd:es'inlthéir spectra, Therfiratvinyestigav _
,timwfofﬁmole¢ulefcry9tals‘atflowrtemperatures'werc carried out .

benzene, napﬁﬁﬁﬂéhé;'

- 013442
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Some Problems of the Luminescence of C“ stals . uOV/S} 67-1- 5/12

‘by I._Y.-Obreimov, A._F. Prikhot'ko, and K. Shaballas (Ref 57)
(anthracene,; 200 K) figure 2 shows this sbsorption- and -
‘luminescence spec*run; which was’ recorded by A. F. Prikhot'ko ﬂ”
and 1. Ya.’ Fugol"(?e- 65). - Figure 1 in a similar manner. f"
shows the absorption ine spectrum ‘and the "blue” luminescence
spectrum of one and‘the same CdS erystal at 209 K. A large
number. of ‘molecule- and semiconductor crystals has already been
_-investigated at low temperatures; the results obtained by these
investigations are discussed in. short « Finally, the quasiequ1-j
libriua distribution in the excited stnte is discussed which'
was investigated on the basis of the example of the optical
and - photoelectr*c properties of cds crystals by nunmerous
~authors- (Ravhba, Broude, Yeremenko, N. N. Chikovani etec.). -
'There ara’2. f1gures,‘2 tables, and 75 references, 55 of whlch
°are Soviet. : ~ . . .

i
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Gonductivity of . s/1e}/66/002/oi/24/055f<;?9f .
contuctivity of - - Shoedkors -

‘ Therﬁ;aiij Siizﬁqlaf ed
‘Semiconductors - i

. not_ahbiAthefhighest’high;temperaturémaximum,wangtudied\inldéfail; From’
‘this the guthors concluded that the.temparature;depehdgnce_of}P and € is

A negligible.j?ig.»} j1lustrates the determinatiqh“of’thé{adhesion level

o from'measuring'points.'e“15 determined by the slope of the straight.
- They yield almost the same values of the activation energy € = 0.34 ev. .

“Flg. 4 shows curves representing the electronfconcentrationfn(T)‘for’thréé,
values of v. As may be seen, there is satisfactory-agreement between' =~

" theory and experiment. The greatest divergencies occurred ‘at the end of

the n{%) gurves3viﬁhinjthgJloq-t?mpérqﬁure range. The dependence on

~n(T) ~ exp (—ﬁ) ‘found ‘in experiments was considerably smaller than -
: that predicted by thory;]Thisfis'prObably:due”to;theffaCt that the
sample had a smaller number of ‘centers the activation energy of which -
was sozewhat below 0.34fev.gIt{yasftheoreticallyffound (eduation'(27))
*/that the recombinationlnearvthé'n(T)'makimum;was'mainly;mbnomolecular, e
~ The authors thank Engineer A. I. Sheretun for having preparédlthe samples. "
There arév4,figurea'and 5'refe:ences;~2fof;which are Soviet. = . . SRS
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: Thermally Stimulated conductiv;ty1§£7'{-t- ' 5/161 6o/ooz/b1/24/055
ST U R 3005/014 ,

: 'Semiconductors-.iﬂ

"ASSOCIATIONx Institut fizik1 AN USéRv.ki L
=t ) ev Ph i
a8 _UkrSsR, Kiyev) el ( , yoice Insm‘"‘e of thet

"_VSUBMITTEDz~‘ April 8, 1959
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: e E5 8/181 60/002/06/51/050 ’
-B006/R036

z+7Wo1‘.,s L o o
ok L R g L T
g TITLEI,i;*"?The Pro crtieo of Seniconductor 'ith ‘Loop ‘of Extreng.m,»',«';b
A ceo 1. G clotron and Combination Keaonancc7&n a lagnetic Field .

‘ '~‘?w,,, f:vThat Tl Ferpcndicular to the Loop Plune : :,:Lj

'fPsnxonchLs ; izikn tverdogo tela, 1960, Vol- 2, HO- 6, pp- 1224 -»1238

v TEXT: In Rot. 1 the .uthor, togothcr '1th V. I. Shekn,, showed that in gﬂf"
‘ semiconductors with wurtszite ‘Jattice a new type of band structure occurs,
in which, in a certain spproximsation; an exiremum is attained, not in RS TR
igolated points of the Brillouin zome, but along s curve (of the extremum -
‘loop); the center of this loop is on a symmetry axis. ‘Sheka found that
‘such a loop may also occur in Sb-type lattices. Gurevich, G. Ye. Pikus,
‘and G. L. Bir also carried out investigations in this direction. It was
the sim of the present paper to investigate the ‘apecific peculiaritiea of
. 'semiconductors having extremum loops, in order to find ways of = .
jdentifying these semiconductors and to detorline their parameters. The -
; follovfng papers alao havo thu uin. Here, the ‘author. describea a IX

VJCard 1/3

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0013442



"APPRQVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R001344.

. Sy i HPRITRITESES A e T T A R N R PR SRR I
T T R i T LAY -'u st - R e P28 GRS T L IS SIG 2L GIckT S0

s b e B

The Properties of Semiconductors With a Loop of : - 8/181/60/002/06/31/050 -

' Extrema. I. Cyclotron and Combination Resonance - B006/B056 - R
- in a Magnetic Field That Is Perpendicular to the Loop Plane - B

~theoretical investigation of the absorption of: radiowaves in semicon- - .
_ductors having an extremus loop. Pormulas are derived for the determina-.
tion of the frequencies and intensities of transitions, and ‘it is shown e
© that, in consequence of spin-orbit coupling, transitions with variation -
of spin (which are excited by the Lorentz force) have a considerable =~
intensity. In part 1 of the paper, which closely follows the lines of .
Ref. 1, and takes over results obtained there as well as the terminology -
introduced, the wave functions and the energy spectra are studied. e
. Extremum loops: occur both when the energy luvels on the symmetry axis in . -
‘the k-space are not split by spin-orbit interaction, and also when such
~ a splitting occurs (in a wurtzite lattice the former case applies to the - -
- points T’y -'r"4,[;A~1 - A4-,,x'1, K,, P, and Py, the latter toI'c, Tgy A‘s, b
‘The author confines his investigations to the first case. Part 2 deals =~~~
- with a perturbation-theoretical investigation of the transitions BN
occurring under the influence of an electromagnetic wave, and in part 3.
; cyclotron;combinatioh resonance and paramagneticfresonance are o

investigated for the following limiting casea: a) Low temperature, ibi

| 981‘32/3 SR ot l)(
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The Properties of Semiconductors With a Loop of -s/1a}/6o/002/06/51/050'ﬁ“ir;
Extrems. I. Cyclotron and Combination Resonance - B006/B056 . - S
~in .r’jr‘rlugneti_c Field That 1Is ‘Perpendicular to the Loop:P;ane'_ S S

" carrier concentration, wesk magnetic fields, b) high temperatures, weak -
- magnetic fields, ¢) strong magnetic fields, d) paramagnetic resonance =
~absorption; it is shown that the paramagnetic resonance is negligibly - -
snall. The author thanks S. I. Pekar for discussion, and 1I. 1. Boyko for: ..
taking part in the calculations. An appendix deals with the determination- -
~ of the effective mass of the carriers. There are 1 table and S
22 references: 13 Soviet, 8 American, and 1 Japanese. o

'ASSOCIATION: Institut fiziki AN USSR, Kiyev (Institute of Physics of the .
L AS UkrSSR, Kiyev) = . . — ! o

 sumamen:  oetover 7,
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" ‘phe Proparties ©of Semiébndu¢téra gith a Loop 58/161 60/002/0b8/02?/q45_ DR
'ofiEx%:ema..II.‘uagnetic supceptibility in-a BOQ6 3065 - G o

i‘;FibIdAPéxpgndioularftov}ggwkoop Plane

a) high t'e'mpei'a‘turjés (A,(:L.k‘]!)‘; b) iéa?'mégngtic t1elde (A2 4&)"“);" <) 1ow 7.

Ttempefaturesg,'eak nagnedic fislds (k7 4 A;‘£m¢<§'VkT8); d) arbitrary

. temperatures) extremely,weak,magnetia ¢ields -+ 0). Ths pext section ,
© deale with the gusoepbibility ofa degenerate electron gas in the sase -
0f weak fields. The."oscillationsﬂfof magnetic gusceptibility are 'L>("
gtudied next for a) 8 lov*carriarfconcentration and b) a high carrier
cdncantratién.'The peculiarities occurring due to the preaenca of a-

. ranga of negative‘effective mass and the existence of iwo close-lying

Ferml gurfaces are then examined. These peculiaritiéa'lead 4o charac-
teristic pulaation phenomenée Such”pulsations are expected to ocour also

‘in’ other cryatala’(notfonly‘in hexagonsl ¢ds, which is under considersa=
t;pn) ad; 9e8es in chamical compounds with netal-type conductivity and
‘degsneTate semiconductorsy d.e€e: 4pn orystals without inversion centers.

~ Mention 18 vads of V. 1. Sheka and L. P iandau. There are 6 references: . ‘
g geviet pnd 1 Britisho . . ~ Sl Al e T
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_AUTHORS - and Rq'rﬁa_ridif y VA PR .
TITLE; ¢ 7';kj1_~_A,"Photyq'elbeét£ié Method Used to Discover the Depth-
Lo 'j‘*?E'InhOmogengityjdffg ngicpgduqtor' B E R

| PERIODICAL: . Pizika tverdogo ‘tela, 1960, Vol. 2, yo. 11, pp. 2689 - 2692

- TEXTs A knowledge of the depthjiphomogeneity;ofﬁsémiconducforé_is of -
- importance for a,number ofjproblems'aa;ve;g;;"forstheVdiffusion,of i :
. impurities. The authors have developed a method for determining the Gy
,'"depth_dependence”'of,the,éarrier'lifetime; Firat,'it'is'shOWh_ , ' :<7L\”

theoretically that by studying the frequency dependence: of ‘the complex

" .amplitude of photocqnduqtiyityb(egpgcigllyfof,reff); theldepth"_ , e

inhomogéheity-of;riday7be‘fouhd_énd stﬁ§iedi fpt_Tefwa)'-igsarb tan1§(aﬂjvi

~ where () is?thekphasefdélay offfHe-phétbc&iiiersfwi6hffe$be¢t to the - c
'exciting’light,‘The‘theoteﬁiqalisolutibn,of;the_probleg;is;restricted to o
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A Photoeleotric Method Used to Dxacover tne o 3/181/60/002/011/004/042
-Depth Inhomogenelty of 8 Semiconductor j;f' '” 3006/8056

 for p-type Ge, into vhich from one side Ni had been diffused in vacuo at f
_800 ¢ within 1.5 min. On the other side there was an Au layer which acted
as a getter., The speclmens were 1.8 mm thick, the lifetime: gradient bezng

' Ld "dlnt/dz~0.2. An inhomogeneous function 1( ) may also-easily be

achieved by using apecimens in whicbﬁt dependa on the time of ~exposure;

”‘rby constant unilateral exposure 7 becomes ‘a function of . zN,Flg '2 shows
ff@n) for homogeneous n-type Ge speclmens of 3 5 mm thickness w1th '

“,,noticeable hyperlinearity vzthin the range “of . low inten31ties,. S
V. Ye. Lashkarev, Member of the 4S: 'UkrSSR, is thanked for his interest ahl o
. ‘advice, and A. N. Kvasnitskaya for' placing the Ge'single crystalq at the:r"f?:
disposala luere are 2 figures and 2 Sov1et references, . 1

';”ASSOCIATIONs Instltut f121k1 AN SSSR Kiyev (Instltute of Physics of the:
£ b ,"AS USSR Klyev) ; R L

5ﬁ‘éuﬁn1T$Eo: gQMay 7, 1960

' Caiﬁfz/éjzvv
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Frequency depe ' e effective duration of photoéji’
Ge specimens with unilaterally diffused nickels ' e

La"to Fig 11
the nickel-containing side, o<ure from the 8! dc

lege
,conductivity for
‘a - ‘exposure from
ithout ‘nickel.
fLegehd to Fig-2: Frequency dependence of < of f
ich is alloyed vith Sb; a) T rf(w)
additional veak exposur

(w) with
with the same exposure from the rear..f~

for a hyperlinear homogengc :

when exposed to weakly .

e from the same -

‘e apecimen wh
'*modulated 1ight; b) 1,
(fr t) side; c) T ff(a0

e e (T

s y, St 14
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v AUTHOR.

vrTITLB;*>Z:i:‘A Method of Experlmentally Verifying:the Possibility of
’ “oo U 'Introducing & Universal Surface Recombination Rate When
Investlgatlng the Kinetics. of Photoelectric Effects

51960, Vol 2, No. 11, pp.,2693 - 2695

uPERIODICAL: F:zika tverdogo‘tela,

",TEXT: Photoelectric processes in a semiconductor are, “in: general, con-
sidered to take place within a neutral region. ‘With an exposure of this
‘region; which varies with the frequencyo;,‘the surface recombinatlon
rates on the boundaries of this region is a. complicated complex
function of & . The introduction of s(w) on the boundaries of the region
“'is trivial if one confines oneself ‘to the study of a single photoelectr1c o
effect with a glven light absorption. coefficient k. This, however, becomes'
. important if s(e) is universal with sufficient accuracy, i.e., if s (w) -
“conincides for various effects and does not. depend - on k, The author- has
~ developed a method of’ investlgating the universality of s(w) for various
'-photoelectric effects in the case of considerable 11ght absorption. The '1

5»Card 1/3
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rm_s ARSHLLS AR BE IV ER

‘A Method of Experimentally Verifying the $/181/60/002/011/005/042
: Possibility of Introducing a Universal - - BO06/B056 . Vel
" Surface Eecombination Rate When:'Investigating the Kinetica of Photo-
electric Effects = - S L PRI et TR

- =D(w)ap'/av. = s(w)p' (D - diffusion coefficient; y - external normal).

© D, 8, u, and T_-are complex functions of w. From the results obtained it

18y be concluded that,” if 8(w) is uniform for the photoelectric effects -

. cvbnsidered, the ratio between two arbitrary complex ‘amplitudes becomes a
complex function of w and does not depend on the state of the surface. = -
and, therefore, remains unchanged when the surface is treated, when

' adsorption occurs, or when an external field is applied. This may be ‘

- checked immediately by way of experiment. V. Ye. Lashkarev, Member of ‘the =
A3 UkrSSRy and V. A. Romanov are thanked for discussions. There are”

‘2 references: 1 Soviet and 1 French.

fASsOCIATIGﬁinhqtifﬁt’fiéiki;AN7UésR7ki&e§'(Institute of Physics of the
S0 . AS UkrSSR, Kiyev) . . | =

SUBMITTED:  May 7, 1960 =

carazfs
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A Method of Experlmentally Verlfying ‘the s/1a1/6o/ooz/o11/005/o42 I
.ViPossibllity of Introducing. 8 Unlversal Surface 3006/305 .
- Becomblnatmn Rate ‘ﬂhen Invest:.gating ‘the Kinetics of Photoelectric :

I Effects i

~~ethod is based upon the general ‘res ults of Refs.-J 2. In a homogenedusﬁi 

. semlconduc.or, ‘the absorptxon of a 1ight- fquantum ‘within the" region‘of' o ;
: intr:msic bsorptio% is accompanled by an electron-hole pair producxic)n:
ap/at = D Ap - vy R n,p,{ ?S) + G(F,t) and an/at = D fn

+u (Vﬁ)n -R (n,p,{flu )'*fc(?'t)51h3r9’135,p( ) is “the rate at which

electrona ‘and holes, respectlvely, fall c;ut of -the conduction band,

G(? t) is the pair production rate, {fiaS is the degree of- occupatmn of‘:

Ca state (of ‘a-th: charge and i-th kind) ofm%ocal ‘centers. Afte
1ntroduclng primed vanables (n = “o the others in an analogous :

" manner, and G(r,t) = G(?)e_' ‘one’ obtains: -
‘D AP - up(g 9)p’ -—_uppo( ') '/T () + G(r) - 0

P

» DnAn +u (ﬁ v)n' 4 unno(VE ) '/1 (o) + G(?) =03

S nto- Q(o')p ; 6p/3t+ﬁp'= an/at*R 'p/1 w)*ﬂ/1 @s o
D(w)Ap "- u(w)(E V)p 5- p! /1 (w) 4 u(r) = 0, and finally the relation' e
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. , N s/1e}/%1 353/004/029/030
/;5) o B102/8209 - - .
‘,”0“3///‘0-//'.»,. R e T |
' Rashbe, E, I. and Boyko, I. I.

s et

~The properties of semiconductors with an extremum loop.- II1I.
- The behavior=in'?..xnagneti_c‘field parallel to the plane of the -

Fizike tverdogo tels, v. 3, no. 4, 1961, 1277-1289 '

PEXT: - This rather ‘comprehensive article is the ‘continuation of two previous .
.papers in which the authors ‘published a theory of cyclotron resonance and oL
‘combined resonance, -as well as of magnetic susceptibility (FTT, 1I, 1224 end ([
1874, 1960) for semiconductors with a loop of extrema (cf. FIT, sb., 11, 162, *
1959) in the casedsa 7-field perpendicular to the loop plene. The same ef- "
fects have been studied for an f-field parallel to the loop plene. The ‘first -
"section of the paper deels with the quasi-clessical ‘wave functions and ‘the -~
conditions of quantization. The authors proceed from the matrix Hamiltonian

f a band electron in the field Ztx lying in the loop plane: . . .
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e SRR AIREH [T M Sy ST el A IR

T ""”22003’“ ‘

s/1s 61/003/004/029/0’0

",propert.xes of v‘ o B102

A(E’ &’)4—3&’ ialz.-.-p,x n
-—iaL-»-BoJ'!_ A(E'-o-k')--B&' P

n ontrast to the case where the field is perpendicular to the loop plane,
ither the ‘spectrum nor the exect wave functions can. be determined in the
ase of a parallel field, and therefore: e quasi- -clagsical treatment of the
two-oomponent) functions is chosen. The P-operators are replaced by

P ators with ey o o

Fo.y= V— i hE..,; »w.- ]/,,V : n&,. | |

[ ﬁ ] ='~-ie7‘/hc, the commutative relation[’- ~»'f - -1h holds for the :
ew_opera.tom. With the notations m, - %m mB’ G e /m c, b o= fun /2m,

S 20
: (E-gl;x) /foo

_L e r +iZ~ the authors obtain t}‘e Schrodinger eouation '
2
(ﬂ +” b'.'l‘ l/ﬂ _H - ( ))

o HF- ,sF_EF F= ‘&
T Il/ ﬂ+ ;:—(r’-o-r') L e
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TR AT B RN 50 A s | T, S ot ::.-- SIEDEIRSLEFRIRNS S Bk {if:g::‘ R
S | o . - /101 61/f)0/77”1f/0 ';/
Thn propertios of ... o S - B102/3 209

wher“ f1 - e>p (io’/h) e.nd fzﬁ" exp(iQ/fx .-!ith m ih 7;- one finds

"‘

o f’ | 1 d: m a4 :i:‘ ol '”"25’7 ',’_".-i,'._;_-o'z ‘
‘_' it 1(dy\2 ik dY R Y P s B
[b—-t’ I/ 84] e "'f""z(dx,) _T-&:‘?—]e _... i,

ual, 5 avxd ¢ are- e*cpanded in power series 01' 'h/i, which results in a
sequence of systems of equatlons for the determinatlon of "4 and . ’i Set ing

and ;- exp(‘.i-r’ ) one. ob*ains the following so1ut1cm o“ the ze*o_,_ ;
er systems : B I » -

i 17 (d’“) B :.:ff:-i: S o
A z= b 2
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Cmees I [REBA ey s Tie s bim Loviom s B -T2 AR ST rmmmA B T
22063
Lo o : - . s/181 61/003/004/029/030 _ :
"szhe properti«=s of e bl s 3102 209 , N

-Finally, in quasi classical gnoroximation, e

‘ onfir ing themselves, to week magnetic fields (v = O), the auuhors 'uhen E
‘examine the condition under which quesi-classical approximation is 'applicaole :
to ‘some types of classical trajeotories. Moreover, the conditions of. quanti-

ation are discussed; among other things, the authors- obtain a normal* zed
‘qua i classi e,l wave functllon ‘of the following form: '

F:(r“ = -‘/ . ( )cos(;j f*(r)dr —;> (21) ,.
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PRI IETARATES - tal PN . ’ ey e e s e L?"}W

A N RSO S SR

, s/181 61/003/004/029/030
ﬁn‘he propertiea of cee _ . B102/B 209 :

re, 7y1" and 7ry2 are the left and the right pivot, and D- is the class* ca" . ;_

ngular. frequency of the respeotive ‘branches. | ‘I'he second section 18" devoted
to the isoenergetic sufaces. First, the cases E) O and E O are examined.
For E ) 3AFig. 2 shows sections through the isoenergetic surfaces, formed by
intersection with the planes k, = const. In the third section, the authors =

;"*"study the oscillating part / 0BG ‘of ma.gnetic susceptibility at -A\< ( 0 and

J":- 1/2, using the formula. of I. M.»Lifahits and A. M. Kosevich: '

== (=+A)(VT_27+}) '( 3 )’Z Fx

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0013442



"APPROVED FOR RELEASE Tuesday, August 01 2000 CIA-RDP86 00513R001344

L A*WMMBZ‘L LIRS 2

: A i T m,r
~.-

_a_..___.___‘_ SMER __’__r_' PR

22063

Lot L _ s/181 61/003/004/029/030
 The properties of ... = = S - B102 209 e

lcm +c) W—x +1="<-..—:rm+u-.--) (31)
;/Al'l ""’—o- o VIt g et

'k: c(m)_r

For T —) oo, the expression -4 i G
| okl (—:)fﬁ(,:.) B

follovs. ‘The ; fifth section descrlbes an investigation of band-to-band
transitions. By approximation, Al R o

f:;ci»‘

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0013442



"APPROVED FOR RELEASE Tuesday, August 01, 2000 CIA-RDP86 00513R001344

AR ; Rttt i 2 e M DU SRR A A 22 1 S e S o L R 3 8T e 3L T B e O PRI BREE R

e

o : /1e1/61/ooa/oo4/029/030
he properties of ces i . 3102/3209 , )

is obtained. ’I’he respective intersections of the phase trajectories can be
een from F:lg4 The Eqs. - I R

Sf T‘—T—?—‘L' rae "|/ ]/-‘Thk. ‘. ,33.). B
o ST
——__=-——— d
(F-“ Hfr‘) Ichuo V " Vg “Ll* ||l.'| ? (39)

ld ot the intersections oi‘ the tra,jectories. There are 4 figures and 13 ,
ferencess - 1 Soviet-bloc and 2 non-Sovieti- bloc. The most recent- reference ' j},.:- o

o'an English-language publication reads as follows: F. Stern, Je. Phys. 1;.[{?
hems_ 501- 8, 277’ 1959 R B ,'5 . . :'

SOCIATION: Insti?ut fiziki AN USSR &iyev (Institute or Physics, AS uxrssa, [ |
R Kiyev) = . AR : i

UBMITTEDi " October 6, 196

ard‘7/z7
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CUTTE " 0 GYGEIEWRRE - S RRSRIRINER TR R D T T RER TR

e 4 PR

| Feg00
CAINORS:

TUTLEs T

}bRIODICALs;f.FLJQXJ hﬁeri@gcfyéiiy Ve 3. now 6y 196t TRy T

TEXT"V 'e“a*f'cr the oub U-ut'mentidnh& in the vitiv was delivered o0 tow
. -Rourth All-Grion qu'ﬂ“nrﬂv g qunvrnndr°:n*'u‘ ﬁfY; which ToOVE eant A%
"~ Tvilisi on O:toter 22. 1960,  The pres nnt stuiy inocontInGat I vl o

“paper by Rishba (Rﬂl-lt‘ FIT,. II._'dzd, voO) nhere it had torr shown thal
“the exiat ence of 3,Jn~,rb1t 1ntew s tion may l2ad to the possitle apsrarance

of a new. t";u of bard alectron s “on“nce._whi'v,can t2 Jointly ecausad iy
' the electron-vectcr of the h- f eld and a change of electron spin Llevels.
It is thus cexsnc‘edvas‘vombin d ‘resonarce which may arise in seaisen-
“ductors with extreum UL - 10ope- (et Rnf 23 RJShba, Sheka, FIT II. 2,752,
1959}, A taesry of -the ﬂombzned Tesonande of ‘band electrons is gersicpsd
“here for -rys.alu with z*ncblenae».ypb HER 34 iuP, ‘and the angulsr deperdenca
s

‘a.lresonanae ‘18 ra‘uu ated.fa he resu:ts p' ins to a markﬂd anisotrecpy
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. -"divergence" (cauoe by sPin-orbit interecti9:) which is uardly L2as

- In thé aushors!' op- nion,- ‘& study 'rf the censin2d resonance wnu.d zake 3
the

' the 1ntenslt “of the.
-iescnance provw‘.o b*‘;‘near comb‘na.xons of “thetspin’ reuanL;e
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R N AR SR i ¢ T 24 B R

shalng RESSTRAATTORREY I i

/’az /69/0,,,& 46 /;,'

cbmbinea_rosbnan3éj:' - B102/320"

-esonance eftect.; Tna f:equoncies of th

and -of (the cyciotrer: re; eonance. It aa»u.¢"n ro3sible t¢ egtini : _
extent of lLand up.‘t' (whxﬂh is. reiated to the abserce wvi an 1.vsrsion
.- tenter) from mnzsurem&n 3 of thﬂ .Ltenaxby of . the gomblned T2EONALT L S
'erystals with *h grsion Cﬁnter d,op‘av 8 twofoid: uegenerayy ol tue Fanls
‘in-the entire x- space. waile Crystnis. w.thcu’ an inversion conter diggiay
- no ‘3ush band iegeterdcv‘ In the lx::er*'*)stgxs. Lows: v-..,nhe:e,a;;ears;
‘€. 8.y n2ar the senter of ‘the Brll oiln zoug a&-szall put fi ni:e a3

- possible <o find ‘a usable method . of measuring the parameters of &t »
. relat1vst1v band d'vergpnce" The . Pj tuls co“sxd&rod here ( ;z.. la3b,

.-unS) belong to th.»up a sroup T%.~ Ih~ iaml]tonlgn~1s firzt detsfein d:ahdAAvv

ﬂxamlned io-‘the_s,stam concerneu.r It 23T pus in the form H = Hn-hkgrwhero'
an Pr3L20 concsrnad. : 10 ¢ nere

e

T 18 tr= Pauli'catrix, -
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TR AL AT YA T

B e : _ '21,915 j,; s/fa 51/005/005/0.2/031
‘__Comblned reso'lance of oand ;_ L B102 201

A B

”o is the yaramete*'characteuzmg the band divergence; K= kykx
k kz (tne o‘cher components have to be obtained by cyclic permutation)

_'he Operator of the quaaimomentum is relnted to the vector potential in ";'

the usual manners . ¥ = -i + eK/c“ The ‘urther inves’cigation is Trestricted
“to- emall éo, g0 tha\. H me.,,r be regarded as- a’ perturbation. : The absorpticn o

'_‘v‘in the antinode of the electrlc field is described by ‘the imaginary pert ,
i"(w), and by 4"(.) in.the antinode of- the magnetic field. ‘Foraulations -

;for the ‘matrix elemen.,s of the transition are exam*ned next the nagnet(ic :
1ald < 1is- designaued by the polar e.ngle 9 and the - azimuth '», representation
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'—_'—_"-—;,.91"5' o s/1e 61/003/006/012/051
249 3102/220 o

e(50) ia obtained fo” the matrix element, and

("‘“]V ’1"‘> ‘/2 bho 'c: RLE*LT%;V&-&KH%‘H!J) .‘ (31) -
S , N o

'for the angular dependence of the res}onance ef fect. The uni a.ry B;me;frix
;.is given by L - , : S

-_ vlz-:’(lv_inftf—bo-vrlrkcos‘teucesﬁ)iﬂ—lbl (1In‘b—1¢:019cu‘9) «lnﬂcold’
, B::'. %:(cel‘b—rlcoee‘slr.l;ﬁ) 1- (co:@-o-fconﬂsln'b) lln 9 nln@ - (20) R o

vz“ ""e, T f’f‘?;; o ,_.»"f"?“
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vz'ms' S s/1a 61/005/006/012/031

Combined resona"ce of oavxd S '-’102

its elements e.:‘e eyplzcitl./ given by

B(nsa);fQB(xxt) "_B(m) L R A R
E -—cos?tb cos‘29-——sm 2®co|9(2cos'9—-lm‘ 9),'; T e

E(m)= — -B(m) = -- !lm 20) lm 9 lm 29

[cos 2‘P lm 29 t'sm 20 .me (2 cos’ 9 _— sm' 8)], :

S f B(m) -4 [lm 2® sin 9 (1 +cos’ 9)+ i cos 20 sin 29]

e As may be seen’ from (51), transitions with a:
change of the orbitel- quanuum number, by 0,721, end.*2 ere ‘possible ‘in the

combined. resonance Usmg (31), ~m:,» en ula. diagrams of - combined resona'xce'

Card 5/7

for the cage concerned.
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S L e *"s/m 51/005/005/012/031 |
Combiped resonance of band ...'¢:f:'1 . B102 201 :

‘ o

are then ezamined vthe 1ndividual perturbauion onerators. tha distribu-
" tion of the. varlous transitlons in the. combined resonance: according to
the’ types of angular diag“hws 15 represented as”followsx

BN 1R SRS e |
S0 | TR N Y PR R LY R oS

* rfl-f-f-“§' rint E et BRE
-:.v5< L+1_4,-f*—'-»

i1 [t 042 tat (2. Y
=2 | iieg

;Finally, the intenszty of he comblned resonance is’ examined, namely,' ,f
“for a nondegenerate elec.ron gas, 2, for a degenerate one of low. concen-,
‘tration, and 3, for a ‘degenerate one of high .concentration, : The crite*ia
“for the application of this theory are finally discussed ‘briefly.’ There"

‘ are 1 table and 8 =z e‘erences.f 4 Sov1eu-b1°c and 4 non-Soviee-bloc.. ‘( f‘Vf’f
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SRR e N TR IRy S T R A BT TR A £ A AR PN SR R e S ST S| Do

Cmge1s . 5/183/51/G03/006/012/03%
: Comblned resonance of . band ;..q:26915 S T B 02/32u E /, (, :

e ASSOCIATION:' Instltut poluprovodnlkov ‘AN USSR Kl, {in5;itu:e’of',~r
, Semiconductora, AS UkrSSR Kivev) . :

t',SUBMITTEDa f December 29, 1960
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;;AUTHORsi-p'V Rashba, n.vI. and Sheka, Y I.~, f**”*‘-'

'\TiﬁﬁEz B Combined resonance in n-type InSb;

ﬁ1665’: 1676*73

'PERIODICAL.‘ Fizika tverdogo uela, v. 3, no.,6 1961,
55‘TEXT. The presenu paner formed the subject of a" lecture delivered on
,‘Octobor 22, "1960 at the’ Fourth All Union Conference on Semiconductor ,
" .Theory : ‘held at Tbilisi.. ihe paper: ‘is in contxnua;ion of an earlier j_ :
paper (Ref. 1: FTT, III, 6, 1732, '1961)in which a report was given on

“the investigations'vf the combined resonanc® of the ‘band carriers-in
- ‘crystals having zinc blende type of latgice.; There it was ‘assumed that =
" 'the’ extremum of the band is reached at Kk = 0.’ This, for ‘exanple, is the _

" ‘case in n-type-InSb to:which the resulis of Ref.,1 are applied with 8 :
- view particularly to estimating ‘the intensity of the conbined resonance:
.-dn this lattice. Pirst, the Hamiltonian of the band electrons and the -

- determination of various constants are discussed.: Next, the intensities -
- of the combined resonance and .the paramagnetxc resonance are compared.-

' Fig. 2 shows the scheme of the electron transitions in InSb for the

7’ijard 1/5 ,}
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SECTRESISPTEER EE YA e

T
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S T o ‘s/19 61/005/006/027/0}1 R
o Combined resonance in.o. o 26930 B102 B214 -

['combined resonance (A), the cyclotron resonance (B), and the paramagnetic
~ .resonance (C). The distance between the nearest lévels with opposite - .
. quantum numbers ¢ is 14" = 2m /guf times smaller than the distance between

bfsfthe Landau levels. , The ratio of the intensities of combined and paramng-
| ‘)‘_e"' Yo.ress)
L . S E S : &l "dTmp res ) .
o I e s e g 60“;“ c\2. "
In In.xb m/m Cm 0 013 /ﬁ- -0 33,»_ e.' - 17, and L = -—r (T- 10 o

'netic resonance is determined by the formula 1) (a,d Aj C

;g".l‘he following special cases ‘are now investigated. . 1)Nondegenera.e
'electron gas.“ a) High temperature, MQ ::_; S , ; T

s sl m(c, A})-— V'r: ) — ' ll e l ﬁ, H
holdst The intens‘ity of the combined resonance. is always substantially

.~ higher than that of the paramagnetic resonance., b) Low temperature k))1.'»-
- The- intensity ratio is given by - R S

i*fcard "/5
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. Combir“ed resonance in oo 2{,930 [ ‘ B102/BZ1

- (s ). e

"11(3 ﬁj) -7_W-(o,,.+a, __,e Xlﬁ‘l)> ( ).’_&amu (12) e
rnu ) CE

: For AJ - 0 y (o 0) = 9/15 i.‘e. the combined resonance exceeds the s

L paramagnetic resonance 28; 10, ‘and 125 times: for asvaluesy. '1,.2,::

~+and 3. For' Aj = 2 and ¢ = n=1(1,2) « 310, 330, and 230. In the- L

: remaining cases the combined resonance is weaker’ than the paramagnetic ’

:.one when X is not toc amall 2) Degenerate electron gas.a ‘Low concen- - -
tratlon. One has L N SRR

‘ L >—< >2<->... o ‘,

It ia 1ound (notations ka's iabove) that'q (1 0) -.3, 1
o =100, 110, and 78; 5=1(-1 2) 154, 0, ‘end 34
‘ gae..High concentratlon. One has .

,and14;1) (1 2)---
3) Degenerate electron

A -cS' :

11(7 A], C)

: | Cgrd 3/5 : l I rp (_— A/) (1 -+ 30, !—sl)l
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Combined,resonance in.,.ﬁ,; _" ‘} [¢; [‘ +,B3102/B214
The intensi vy of the combined resonance is alwaya higher than that of
the paramagnetic resonance., The table gives the intensity ratios. for a'
Uegenerate electron gas' for maximum values of the coefficients B(a,0q, AJ)
Finally, the results are briefly discussed and .compared -with those. of

© Bemski. The authors thank XK. B. Tolpygo for discussions.;,l There are-

. -3 figures, 2 tablea, and 9 ‘references: 2 Soviet-bloc and. 7 non-Soviet--m o
bloc. -The most 1mpor»ant references to English~1anguage publications:jj )
read as follows: L. M. Roth, B. .Lax, S. Zwerdling. ' Phys. Rev., 114, 90,
1959'; B. Welker, H. Weiss, Solid State Phyﬁics, 1J 1, 1956; G. Bemski,;‘.'

‘. Phys. ReV. Letto’ _[L, 62' 1960. »1.:
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,_i}79oo (//10 /39{//91) soefiece

: Broude, V. L.rand Rashba, E. I.

;Anxciton absorption in mixed molecular crystals fli,
7 RO

'f;-"izika vvercovo tela, v.-3,_no. 7, 1961, 1941 - 1949 1

EXT: THe - authors attempted £0 develop a. 31mp1if1ed theory of the.ff.;f?“‘;
excitonic ‘1ight absorption.in molecular m*xed crystals.  In ‘previous. i
“papers the authors had developed a'theory of the impurity. ebsorptlon of}n;;'
light in molecular crystals for the case that the impurity. absorption T
+band lies near the regidn of exciton ebsorption: of the solvent crystal. - -
They also studied experimentally the ebsorntion spectra of crystelline = .
solutions of the deutero-substitutes ‘of benzene. The results of these .- -

studies are. utilized in {his naper. . The authors consider a crystalline B
substitution solution. ' They assume molecules of different kinds to be: -
‘present in a fixed position. in. the lattice 51tes.‘1 denotes the kind,«._'
‘n counts tae.unit. cells, and o ‘the molecules’ thereln, N'is the. number of -
'fcells in\ the’ crystal. ~lne authors confine themselves to solutions of f;a»
'moleoulesrﬂn which one or. several a+o~s are. subsu1tuted by lsotoons,Alv
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‘_—Lxciton absorption e e T 3102/3202

fthis case it" can - be assumed apnroximately thau the integrals of reeonant S
'interaction between the molecules M het; m are independent of the. isouopic .
'comnosition, n denouee the eycltation energy of the mblecules n! Dnu mﬂ
T

“the’ change ‘of the excitatlon energy of 'a nu,molecule on its 1ncorporation

“into the crystal caused by -interaction with e mp molecule. - With these = - _
'deeignations the excitation emplitudesfan- of the moleculee ere dntermined E
'by minimizin@ the energy functional ufftv ‘:f 5_,;. G R

[ll

| G . E=Z(‘-:+§D- l’)ldu' -+, H-”q..u__’c-’

']"4"

tand by satisfylng the nornalization conditlonz: , l :- ﬁ. ror ‘a one-fg'ﬂ A;
frcomponent system (1) nasses into the corres’ponding formula by A S Devydov. :
' is then 1ntroduced as the new exc:utation ampli“ude; anoc- h iL" o

i
A ﬁwhich is en a:nroximation substant ete" by expe"imental facts.,. Tnus,

; ""Card 2/e
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'.,xc:.ton .absorp ion cew " S 13102/3202 ' e :

E——- Zf( [ll "'ZDUf}] ’a{. |’+ Z at.flM;{‘a[’

fls ob ained ‘where. fi is" the rnlatl"e concentration of ths comuonenfs;
Z f - 1), "n.th tgi- norn“hzavlon covmlt:.onz fil am[ = Pere

m’ ‘{3 and D j ,f,,—j’p&ln,”y 1£ a J. nt\', si tes corftain molecules of
fthe kind 1, all others sucz o’j ne kznd J. The system of equations ql

E) a,, "'@M ;flalg

As de*ived-‘herefrom. (E ) aﬂi - b ! follovs frow (5) and from tne

o*thogonallty conc}.ltlon, 1.-e., the excitation amolitude in molecules of :
‘ ;different kinds is. inversel,y' nrouortlonal uO “he dlstance o; their s,ev'ms .
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- 26! |
S T e T . 5/181/51/003/007/002/025
* Exciton absorptlon e ‘,f-_‘; v B102/3202

ff.'from ‘the absorption band (’t numbers the eigenvectors of the syatem (3))
~"Thus, ‘the order of (3) cen be ‘reduced to.an . order which is,equal to the -
nutbexr f: of tne mo}gculgs :.rre. unlt »c‘ell., 2; (.LG [3 ' v‘.‘.‘b ; g - Z i/(B - cj)» :

"jthis system is equal to.en analogous system in the theory of pure crystals,» 5
: but witk, ..ne dif ergnce the.‘c tne transitlovz eqerg:y is equal to E.. :

e e

rls found for the transi’c* on probability under the action of light (w‘mSe o

.-electricel vector is polarized along'i) by using the square of the matrl\c o

~ _element of the component of thé dipole moment of the transition elong 1, S
“as referred %o the unit. cell. f’l‘he following relations are also given'

\ o e .. ol U 4 -
‘)(:b"\‘)’, ,65’ + z__&i and £= "x:._°— (75) - Func \.io'x

Card»‘4‘/8 o -
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xcirton absorptzon ...‘_» 8 R '~B102 202

)[EL Al

(E+ ;)t"'(;....)-i ;

»can be used in the ‘orm o"

dmpared withvthe experimental ‘ones under simpler assumptions. Usin %
formulas (13) and (15), the authors found the results shown in Tables

1 and 2° (which are compared with those of Ref. 6) assuming that the"’
concentration of the i-th component ‘tends to zero and tha frequency of the
bands corresponding to it goes o ci,'and that D J is a linear function A
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Exciton abso*p+ion o ’f;m, p,ff,fF , ;“, B102
7of the deuberon atoms in “the’ J-molecules. Ref. 6: C K. Ingold et 31'1- L
J. Chem, Soc. (L.), 971,:1936; C. K." ‘Ingold ‘et al. J. Chem. Soc. (L.),~ -
‘406, 1948. .There ‘are 2 flgures, 2: tables,and 6 references: 5. boviet-bloc

uand 1 non-aovzet—a’oc.i,~ S P : BT U e e gy

‘:ASSQCIATION: Inet" txjxt fiziki A\' USSR (Instltute of Physics of the AS
Instituu polup“ovodn*kov A’\' USSR Kiyev (Insti ute __o;,
'Vbemiconductors As: UkrSS‘{ Kiyev) e _ S

"-ao

SUBLIITTED: o _: Januar,' 4, 1960
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‘jﬁlr '7706 (;:3«, //wf //co) o B102/B202
AUTHORS: = = Rashba, E. I.i and Sheka, VoI, o :

"TITLEif“ff;’ Properties of semiconductors with extremum loops.

SRR B Angular dependence of combined resonance: in a strong
: ’magnetic field L

-PERIODICAL.l _Fizika tverdogo tela, v._3, no. 8, 1961, 2369 2576

TEXT The author devi sed a theory of combined resonance in: semiconductors Lo
with' extremum loops in a strong magnetic field in: order to determlne the f;ju.’ o
angular: dependence of -the resonance’ intensity. If the depth A-of the loop

- is sufficiently large: and if the chsracteristic ‘energy of the electrona

‘contribut ting to’ the; various: effec ts is” 1ower than O or of the  same order o" L
‘magnitude, a large number of methods exists for determining the enstence ':
‘of an exiremum loop and also for determining A (cyclotron resonance,- ‘,,'}f:><:
magnetic susceptibility, galvsnomagnetlc effect, optical ‘properties: etc.)y»?» .
if L CE S

char’

‘resonance which has been predicted by Rashba.” In strong magnetic fields k

However.‘only one .methed can be. applied Study of combined
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o Propertiesfof_segiéonduptors oael SRS - - .B102/B202 - - S
spin-orbit;boupiihg isfaésiidyédiif;iﬁé Zeeman ener,
than the spin-orbit sepaigtion‘of1ph

P sonant frequency an absorption which ig induced by the “Ef 7'
electric‘vectorabf‘thefhff;field ' ; 1 amagnetic

- directlygdetermined'froh_its;intensity._'The'authorélﬁow:determine.thev' A
- angular dependencs of combined resonance by a method that had been devised - -
‘in'a previous paper'(FTT;CIII;'1735521961).TfThe_desiéhAtionsvéré-taken R
from this previous pape:;and;from-nef.,3,(Rashbg,'FTT;’II,,1224, 1960)
‘[Abstraéter’s,note:‘ubefthi5<reason,1thevéuthor‘omits-thé'formulaS'oB-
-tained;j{In'ordérftojbe;ablé;to:follbwﬂthe’thepreticalfCOnSiderations the o
mentioned.previousvpapers;should;be(kndwn ; 'Ifﬁthe_Zéeman3energy.is'vefyf'g ¢_ #
high'comparediwith;thg‘bharaqtgrigticfbgndﬁSQParation'AbharVCOmbined Te- VAT

"sphancejpah‘béiobservéd;if;Byi)ﬁA{
‘:mégneﬁiéfwéié;; Witﬁfil?fi01j ev can be

/'étﬁd;ed{F.TbéIShift_ofjiheﬁceiiiﬁg;ofﬁthe;yaléﬁderbandffrog.kfg”Q Sy 1Qf4§§f
tard2/y i e e et IR L

where v is the frequency of the electr64 fra. :
‘¢bs éémic§ndﬁctqfs witth_é{1O-5
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o Prop'ertie‘s ‘of ,semigopd}zjcto;.s',"'_,j4:,,; AR -~ Bl02/Bz02 | & =

'f°r'IHSb’brfthfout?ihé,imbéiiéﬁcéEof}ihisprange7bff¢éiues."In crystals

"7 consigting of light ‘elements A may bevcbnsiderab1y sma11er;>lIf‘v is in~"
_ creased by tranaition;intbﬂthe;fa:,infrared, the A range can be extended. o
- In.crystals with large g factor y can be ‘strongly increased without ex-

.. tension bayohd.the-rangeldf:practicallyfattainable magnetic fields, In Loy
- n-type ‘InSb, where the extremum is not shifted from ki='0, the spin-orbit R
’ coup1ing:mayfbe;destroyediandfthe'limiting case of combined: resonance can-

~be observed at any frequency y if the carrier .concentrations and the

"témpergtures'are sufficien£1y low;"fA*limitation'ié:giyen only by the '];><;i'
finiteness of the'relaxatibn“timé.inhe'inthSity‘ratiojbf combined and . ¥ ¥ .

“cyclotron resonaan isa¢fjjhe,order;of-Q/Eché;afor Acharvé.hf.. There.aréViff,

'English;language,pﬁblicationsfread‘as;followggﬁvR, c. 06591135:Phy8}'RBV.f ﬂ>4”

r12'referen¢és;59}Soéief4bl°?vAnaf31non:Soviet-bloc;' The three references to .

’Lett"'i'577.?1950;“Wffshocfley.ephgsi;ngég,2giﬁ491,1955; S 5 Chytan ot

al. J. Opt. Soc. 'k, 47, 240, 1957.. -
ithitut;ﬁalﬁpiovbahikdifAN USSRfkiyev;(znstituté.afvSemi;-fi

ASSOCIATION: Ingt: |
ST conductors AS -UkrSSR, Kiyev) - =

cara 3/4
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PEKAR, S. I.; Fw SHEKA, V. I.
' "Combined resonance on impu.rity centers énd in inhomg_eneous magnetic‘ f'ields.‘"

”.report submitted for Intl Conf on Physics of Semiconductors B Pa.ris ) 19-2&
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CAUTHORS: ~ Rashba, E. I., Tolpygo, K. B.

TITLE: Fourth Conference on the Theory of Semiconductors

. PERIODICAL: Uspekhi fizicheskikh nauk, v. 74, nmo.:1, 1961, 161-175

7 TEXft'”Thia?iérgvrépor£3§n¢fﬁé?IfoéésdiuZhdyeiSoyésthgniye po teorii S
‘poluprovodnikov (4th All-Union Conference on the Theory of Semiconductors). - .

“which .took place from October 17-22, 1960. This conference had been convened =~
by the komissiya po poluprovodnikam AN SSSR -(Comission of .Semiconductors AS . = =, -
USSR) in cooperation with the AN Gruz. SSR(AS Gruzinskaya SSR) and Tbilisskiy. /
gosuniversitet im. Stalina (Tbilisi State University imeni Stalin). Over 250 :
experts-and representatives of Soviet 25 cities took part.. Over 80 lectures . ¢
"were given and discussed during the general meetings, the section meetings, -

and the seminars. . The chairman of the organizing committee, S, I. Pekar. -

- dedicated ‘his address in memory of -the late Academian Abram Fedorovich Ioffe.” '

E. L. Andronikashvili, Academian of - the AS Gruzinskaya SSR, described the role ..
of A. F. Icoffe, which he had played in éreating a large number of Institutes .
of Physics and Institutes of Physics ‘and Technology in many cities of the oo
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Fourth Confarence on:':i;' . BHi1/B212.

. USSR and alao his role in the education of young scientists.g K.* B. Tolpyzo,z;

- A I. Gubsanov, G. G. Taluts, V A. Myamlin, reported on. interestlng papers of ~ .

.. foreign participants read at ‘the International Conference.on Semiconductor =

< Physics. This ‘conference took’ ‘place in Prague: from August 28 to. September 2, oo

<1960 and-about 600 persons from 24 countries took part in it. Most of ‘the paf‘ﬂvi -
i 4pers submitted for’ dianﬂsion dealt vith the investigations of optical prOper—'i“

© o bienof semlconductors: S.014 Pekar, M.:S. Brodin, B. Ye, Tsekava- MOptical. Y

.av’anlsotropy of cubic crystals, additional ‘1ight waves in crystals, and their j o
~‘experimental iientification."‘ R. F. Kazarinov, O.-V._Konstantinov' "Doppler.
shift of absorption lines of ‘excitons." Ye. F. Gross, B. P. Zakharchenya, =~ 7
0. V. Konstantinov: "Inversion effect. of a magnetic field in the absorption"" ’
spectrum of excitons of the Cds crystals." A..A. Demidenko: "Micro- theory .
of the Frenkel'exciton ‘with and without taking into account the. delay in:
" cubic crystals." V. 'S. Mashkevich: "Electromagnetic waves in a medinm- bav-
ing a continuous energy spectrum (taking into account spatial dispersion)."”
V. L. Strizhevskiy:" "Analysis of various. properties of dispersion ‘and ab- .
: sorption of 1light by an exciton in- crystals "oV T, .Cherepanov . and V..S.
“Galishev: "Anisotropy of quadrupole type- absorption of 1light by an execiton - - ..
“in cubic crvstals."' Ye. F.;Gross, A G. Zhilich, B. P, Zakharchenva, A A, oot

Card 2/9
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;eFourth Conference on .. e;y . . B117 3212

e Kap1yanskiy""Effect of a’ magnetic field and ‘a” crystal deformation on the g
",exciton ground state of: Cu20."' S. A loskalenko: "The energy spectrum of

. rexcitons in non—deformable ion crystals." V.M. Agrynovich "Theory of"
.’::excltons in molecule crystals.?' I. G.-Zaslavskaya- "Calculation of the :
- energy of excited ‘exciton states during an intermediate binding." 5. Vs C
- .Vonsovskiy, P. S. Zyryanov, A. N. Petrov, G. G. Taluts: "The effect of elec-
tric and magnetic fields on the form of exciton absorption lines." L. E.
Gurevich, I, P. lpatova: "Theory of long-wave absorption of light by crys- ;
tals," -V; M. Agranovich and V.. L. Ginzburg: "Dispersion of X-rays in crys- - fo
-tals by forming excitons." L. N. Ovander: "Raman effect in crystals." ';/'T'
E. I. Adirovich: "The. Exciton ‘as a wave for phase transformation." 2. S.
‘;‘Kachlishvill' "Elastic: scatter1ng of ‘a non-localized exciton on impurity
icenters." A. S. Selivanenko:: "Calculat1on of -the dispersion cross section:
of free excitons at lattice. defects of a molecule crystal.” A. A. Vorob'yevs-
"Self-absorption 'and ‘additional absorptlon in.ion crystals and the energy-of-
" the lattice.". V. N Agranovich, E. I Bashba, I. B. Levinson, I. M. Lifshits.~:ef
M. I. Kaganov, V., I. ‘Perel', A. G._Zhilich, 'S. I..Pekar, S. A. Moskalenko, . = -
L. N. Demidenko, V. L. BOnCh-Brutulbh‘&va part in the'discussion. The R
-:Vfollowing references were quoted Ref. 2 Ye._F.-Gross, A £ Kaplyans?iy, o
”A,Card 3/9 T e s ; S o ;
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:Fourth Con erence on' e

;Fizika tve"dogo tela‘ 2 579 (1960), Ref )x I. S. Gorban‘ vy B. Timofeyev, Ty

- Doklad na XIII VseSOJUZnom soveshchanii po-. spektroakopii, Leningrad, iyul?ﬁ;f"
1960 g.; Ref.6: V. M, Buymistrov, S, I. Pekar, ZhETF 32, 1193 (1957), >

7 V. M. Buymistrov,- Ukr..fiz.vzh. 3, Pril I. 21 (1958). The following papers. . . .
‘dealt with the analysis of ‘the band structure of semiconductors: - 0. V. i

Kovalev: MDegeneracy of- ‘electron energy levels in a- erystal.” T. I. Kucher"‘f -
‘"Hole.bands in alkalimetal ‘chlorides." F. M. Gashimzade, V. Ye. Khartsiyev.;oi,u
"Analysis of . the energy. structure of several’ semiconductors. Ye. I. ‘

- .Cheglokov, " V. Ao Chaldyshev- "Symmetry of ‘the ‘solutions for Hartree Fock
- equatlons for.crystals." .A. Ye. Glauberman, A. M. Muzychuk, M. A. Ruvinskiy,
7 ‘L. V. Stasyuk: "Problems: of the multiple-electron theory for: solid and
" . liquid semiconductors." A. I. ‘Gubanov: "Various theories of amorphous semi-
: ,conductors." L. D.,Dudkin.?"Problems of 'the chemical bonding of 'semiconduc-
tor compounds of tran91t10n metals.,"”: AL -D. Chevychelov~ “Energy Spectrum . L
. of the elctron for 'a polymer-chain model." - The following: persons took part ﬁ‘ff?
in the ‘discussionss I ‘B Levinson. K..B.- Tolpygo, N. N. Kristoffel!, el
P. N. Nikiforov. E. I, Rashba, 'S. 1. Pekar, A. Ye. Glauberman, B L. R
Nagayevy V. M. Agranovich. The following papers dealt with transfer proper- =
‘ties: G. YL. ‘Pikus,; G, L..Bir{ E. -S. Normantas-'"Theory of the deformation.Tg

":Card 4/9
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: Feurthkubnferenee’”‘f

“potential and the. dispersion of carriers in eemiconductors ehowing a degen- S
~erate band,*" " Ye. P. Pokatilov: "Interaction of free electrons with ultra- = .
sonics in-silicon-and germanium." Ve Ly uurevich, Yu. A. Firsov: "Theory s

- of the electrical conductivity of. semiconductors in a magnetic field on-in-
elastic scattering.ﬂ“ AJ: T, Ansel'm, 'B. M. Askerov: "Thermomagnetic phenom- s

- ena in metalloids  exposed 'to a strong magnetic field." L. E. Gurevich, G.iM.-
Nedlin: "Contribution of. electrons to ‘thermal conductivity due to entra1ne- R =

' ment of phonons."” I. Ya. Korenblit.~"Galvanomagnetic phenomena in BiQTe5

: F. G. Bakeht~:"Faraday effect at free carriers in BlzTej exposed toa weak

::fmagnetic field."f G. I. Kharus, I. M._Tsidil'kovskiy. “Anisotropy of photo-?*

magnetic effects in cubic’ crystale."" N. P Keklidze""Several electrOphysi—i*

"~ cal properties of - germanium and silicon at low - temperatures "V, B. Fiks:
‘"Entrainement.of ions by electrons in sem1conductorea - I. M, Dykman, P. M.,
‘Tomchuk""Electrlcal conduct1v1ty and thermionic emission in ‘semiconductors’ :

P, M. Tomchuk: "Variational- method for determlnlng the electrical condact1v-a"'

- ity and taking into account also. the Coulomb interaction of carriers." Sh.’

M. Kogan, V. B. Sandomirskiy:. "Theory of the external ‘emission of hot elec-

. trons from semiconductors;; Yo A Chuyenkov: "Ponductxvity of germanlum 1n;’
VCard 5/9 DR . : . : :
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11n atrong electric fields at low‘temperatures.” V. P. Shabanskiy: "Non-
: equilibrium processes “in 1mpurity semiconductors." 0. N, Krokhin, Yu. M.

"~ Popov: "Slowingodown time of non-equilibrium “carriers in semiconductors.”

" The following persons took: part in the discussions: V. A. Chuyenkov, G. L.

= "Bir, T. Mo Lifshits, Gy M. Nedl1n, 0. V.VKonstantinov. M. 1.:Kaganov, F. G,

© . Bass,; V. L. Bonch- Bruyev1ch, I. M..Dykman, E. I. Rashba, 2. S. Gribnikov.
- Phe following papers:dealt with resonance ‘and oscillation effects: I. M.
Lifshits, V. M. Nabutovskiy, A. A, Slutskin: j"Phenomena of the mobility of -
charged quasi particles near. singular points of- inoenergetic surfaces or or-ﬁﬁjl
- bits." M. Ya. Azbel': "i new resonance effect”" and "Quasi classiecal quanti-g’j“
.zation near particular classical orbits and quanta oscillations of thermody- .-
“namlc quant1t1es.ﬂ” E. I, Rashba, I.. I Boyko, Ve 1. Sheka: "Cyclotron and
- combined resonance"and: suaceptlbillty of various semiconductors.” V. L, ° =
';Gurevich, V. G. Skobov, Yu. A. Flrsovxl"Giant oscillations :of . sound. absorp-i»[A
" tion." : M. F. Deygen, A. B. Royt81n: "Paramagnetic resonarce with arbitrary =
‘gizes of & gatic magnetlc field in ‘electrons localized . in semiconductors."’ o
V. Ya, Zevin: "Theory of the’ spln—lattlce relaxation of ‘electron localiza~ -~ "~

tion centers in non-metallic crystals." Yu. V. Chkhartishvili: "Electron . ...

spin resorance .at: the F- center in, KCl+NaCl ¢rystals." - The following personSwfle”
took part. in: the discu351ons: V. Leo Bonch-Bruyev1ch RESH X L1fqhits, K. B.f-wr,
"Card 6/9 e : L : -
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‘,;Tolpygo, V Ya. Zevin.;The follo'ing papers were devoted ‘to the theory of
" local certers and polarons:-K. K.  Rebane, 0.:1, '841'd: "Method of momenta :
" in the theory of electron oscillation transitions." V. M. Buymistrov""Vap
iational principle for- the transitions probability."' S..V. Tyablikov, .V..

. A. Moskalenko: "Application of field- theoretical methods to the theory of ,“Ef‘

Vmultiplevphonon ‘transitions." Yu. Ye. Perlin, A. Ye Marinchuk, V. A. e
" Kovarskiy: "Application of ‘the perturbation theory of Wigner- Weinopf to-the = =
- problems of electron-phonon interaction in-crystals.” - A. M. Ratner, G. Ye., . . -
Zil'berman:."Theory ‘of luminescence. of crystals’ having luminescent impurity’ :

© centers." A, A. Tsertsavadze: "The: meohanism of light ‘absorption by F-cen- °

" ters and excitons in alkali-halide cryatnls. '~ A+ G Chebans "Theory of
-w“>thermal ionization of F'-centers.": 'D. I.” Abakarov, Yu. M. Seidov: "Theory . ..
of the. wusceptibility of polaron gas." Vi L. Vinetskiy: "The ground state = " .

. of the. bipolaron." “Re"Re- Dogonadze, A. ‘A Chernenko: "Electrical conduc~’

, tivity of semiconductors with a short. length of path of the carriers." The /
following persons participnted ‘in the discussions: K. K. ‘Rebane, E. I. . st

© Rashba,; K. N. Kristoffel', B. K. Tolpygo, M. I. Kaganov, S. I. Pekar, Yu.

. Ye, Perlin, A. M. Ratner, M. F. Deygen. Only . a few papers dealt with the .
theory.of -the: crystal lattice' K. B Tolpygo- "Fars reaching Coulomb: forces

= Card 7/9 S AR
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;-Fourth Conference on :

in the dynanics of homeopolar crystak of the dfamond " type." V. s. Oakotskb.
A. L. Efros: "Theory of crystal: lattices having a non—central interatomic - 7
Ainteractinn.", B. Ya. Yurkov:t"Theory of the annealing of radiative defecta"~=~{
-~ Ms Ya. Deuhevskiy, M. S Mirganovskaya: "The growth and structure of

. IIISb monoorystals."‘ The following persons ‘were mentionedz Te-I.. Kucher
“and Z..A. Demidenko. The following papers were devoted to the phenomeno-'
-logical theory of semiconductors: I. A Mutrskhulava~‘“Anelysis of loecal L
~ trapping centers by continuous excitation of the semiconductor with;light.".

. E. I. Adirovich: "Kinetics of impurity photoconductivity and a new method .
" of . determlnﬂg the’ effective cross sections of local centers.” “Yu. V,° s
" Gulyayev: "Statistics of ‘electrons and holes in semiconductors showing dis--
'locations.ﬁb Ve Mo Fridkin- “Phenomenologlcal theory of the photoelectret
state of ﬂrystals."' G. M. Guro:. MEnergy structure of.a surface layer formed
by space. eharges in semiconductors.” - Yu. I.” Gorkun:: WEffect ‘of current e- el
“lectrodes’on magnetic ‘resistance.” - Yu. A. Vdovin,,B. Mo Grafov, V. A,
- Myamlin, 7. G. Levich:."Properties of the two- -phase boundary electrolyte .
- semiconductor."  The theory of semiconducter devices was treated in the fol-
lowing papers: V. M. Val'd-Perlov, Al V..Krasilov, M. Ye._Lisogorskiy and
V. L. Aronov~."Parametric diodes. Calculation of parameters." D. A. Aronov, -
jCard 8/9
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- P. S Karlgeorgiy-Alkalayev-Q"A possibility to explain the inverse current
increase with increasing. potential in-a ‘semiconductor’ diode.” "M, I o = e
: Markovich, K. M. Royzini:" “’fect of the: geometry of the transistor base. on
{ts junction Characteristics A L Zekharov""Theoretical ‘analysis of
: current-potential characteristics of .the. injection into the blocking layer."
‘Yu. S. Rgabinkinz tElectric -field’ in ‘sem iconductors hetween junctions accord-
~ing to.the type: of conductlvity" and "Effect of the: diffusion of carriers
. on the’ transfer coefflcient ‘of the: pin—field transistor.ﬂ V. A, Chuyenkov
was mentioned. The. following. persons took part in the discussions. Z. S« RaRS
Gribnikov and V. B.,Sandomirskiv. §. 1. -Pekar noted in his final speech that
. great . success has ‘been: achieved in the research of semiconductors. In the
"participants name . ‘'he thanked the members of the organlzing committee from. _
Tbilisi which were under the direction of A.. ‘I. Gachechiladze (deceased),” for g
" the excellent preparation and organizatlon of -the conference. ‘A’ resolution ;"*“

" by the conference noted a’ strong trend toward centralization: of investiga-.:

e It was recommended to “hold “the next’ conference in’ Klshinev in 1962. here

“tions on semiconductor theory in Moscow, Lenlngrad,'and hiyev, ‘and stressed gy
‘the need of extending this. activity to republic capitale and other cities."

. are 20 r-ferencesz 14 Soviet—bloc and 6 non-Sov1et bloc.
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AUTHORS: Broude, v..L., Rashba, E.»I., and Sheka, Ye. F..

’ TI‘I‘LE: ,ﬁAnomalous impurity absorption near exciton bands cf
: S molecular crystals LI ~ :

. ”P;:rixobicAi.‘@_

Akademya nauk sssa. 'lJolélady,’_v. 13’9,- ;no.' 5,.1961, 1085-
1088 S e

- TEXTs II, in a’ molecular crystal, the distance £ of an impuri 'y level
. from, tne “edge of the exciton ‘band " is" smaller than, or is of the same -
‘order of magnitude of the width M of the excitoh band, an’ absorptlon of
“light within the range of the 1mpur1ty ‘band will lead to the formetion -
-of quantum states, in whlch not -only-the impurth mo;ecule, bui also'the

- adjoining ‘molecule’ of ‘the . ‘solvent will be excited. For £4M, the :
‘dimensions of the. ‘regions in which the excltatlon is' concentrated, are
~-larger than-the -lattice- ‘constant. ~The structure of the -axciton band | v

. near its:edge- displays an influence upon the characteristics of impurity

: absorption., If, in this case, the *mpurity molecule: does not differ-
from a mclecule of the solvent except by & sbif of energy leveis, .

 carda 1/4
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:Anomalous impuelty abeorption near .;.f}v ~B104/B

: 1mpur1ty abaorption w111 diminlah as 6 / 1f an. optical uransition to

. forhidden, or will grow as E }/2 if: such a transition is. allowed. Thus, S
the coefficients of . these relations are sharplj dependent upon £, and so -

- are the - ‘polarization relations; for E££M, ‘€ itself is a function of the

~ distance 2f between the levels of ‘the molecule of the solvent and the
impurity molecules.- Thus, :the; charactarlstics of impurity. absorption
permit conclusions to be’ drawn regarding the structure .of exciton bands, -
Objects suited for these inveetigations are molecular crystals, in which -
~ the molecules of the: solvent do not differ from the impurity molecules
except by their 1sctopic composition,. Sclutions of -ordinary naphithalene
(c 10 8) in octadeuteronaphthalene (010 8) ‘and in tetradeuteronaphthalene

E“eﬂ(lﬂc1o 4 " and,ﬂ 010 434) have been .tudied., These preparatione were

;'eupplied to the authors: by Professor Ao I Shatenshteyn, ‘and ‘had been’
_prepared in his ‘laboratory ‘at the Institut fizicheskoy khimii 1m. L. A.

"~ Karpova (Institute of Physlca‘ Chemlstry imeni L. A, Karpov) "The

‘nephthalene concentration amounted t6 some percents, The effects observed
- - .are in sgreement witn tnose tneoreticallJ pred;cted by E. I. Ras“ba
- Card 2ﬁ1 - : i RN T
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: Anomalous impurlty absorption near'{.}' - B104/B

: ‘(Optlka i spe«troskoplya, 2 568 (1957), Dokl. na X: soveshch. po

L spektrcskopil, L'vov, 1yul' 1956., Fiz. sborn. L'vovsk gos. univ., v. 3,

-1, 140,.1957). A close’ examlnatlon of the spectra revealed that whenever
- an’anomaly appeared in the. 1nten81ty of the impurity bands, also the

, ’interval between the impurity absorptlon bands varied at the same time.

- It is inferred that the A-component of the Davidov doublet corresponds.

- to a transition to the bottom of ‘the A= -band of ‘the crystal., This allows
~“the’ conulu51on to be drawn on the strength of a well- known selection’ rule

" that the p01nt =.0'lies on the bottom of the A-band, and the e:fective .
v'.mass ‘of ‘the exclton in: th:.s range 1s positive. There are 2 flgures, 2
_tables,. and 9’ references: -8 'Soviet and 1 non-Sovxet. The . reference to - o
: English»language publicatlons rnads as follows: D. S. McClu*g, J. Chem. =

Phys-v .,.4.1 1668 (1954) R ' : ‘

: ASoOCIATION: 1Inst1tut flzlki Akademll naua USaR (Instztute of Pnjsics,
: © 7 pcedemy of Sciences UKrSSR) . -
Institut: poluprovodnlkov Axademli nauk USSR (Instltuue of
'Semlconductovs, Academy of Sc*ences UkrSSR)

:‘ic%rﬁli/{?A{;i

S e S e ST AP CERCILRSLE I S Y SR LY LTI ) SR R0 .

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0013442



" narrow absorpt¢on ‘bands. sefore this range. This series is called the

"APPROVED FOR RELEASE Tuesday, August 01, 2000 CIA-RDP86 00513R001344.‘

LR LR R TR -y

3102/3104

fAUTHdKSﬁ Rashb ELvi., ana uur&enlshv111, G. E._'
TiTLE: v”n the tneory of edge absorution in se*iconductorv
H':?EﬁiébiﬂAL:‘ :1z‘ ka. *verdogo uela, v.,;, no. 4,, 362, 102971031

‘T:‘T.;.Aany seﬂlconaucto‘s, e33601p11y tnose whose ranbe of intense -
“‘intrinsic Jb°o*ntion,bpslns with-an exciton series, show a. geries of

g"zore-snectrum" 7-an absorytzon 1n~~h1s "fore~spectrum", which is

. ~10 3 -2 ev distant from the’ exc1ton bands,.depends consléprablj on. Lhe
1'defects of the serlconauctor, its 1nten91ty varies within a wide range, . v"

. “butis sone ordeLs oI’muwnltude'~0ner than the intensity of the exciton T
‘bands. Ix 1t is- assumed that fdnffex; the ca’culaued defecg concentratxon ,:'j

are. 1ncon51svent nltn the meaSu gd.ones.- Iv is now shonn that 42 £

"'anu'the anomalously hlgn Value of f 1s'exp1ained.~_f is the oscillator

?,fst*ength fo‘ .ne absornt¢on in ‘he “*ore spectru*"_fex that c;lthe

”'{Card 1/2
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v‘axcxton ,rdnait on.‘?‘ne vnyslcal nature ‘of this effect is the same as of

-the anomaly in impuritj absorption 1n'uolecule crdstals near the exeiton -

- i spektr. 2, 568,.1957; DAN SSSR, 139, 1084, 1961)." Under
-~ several. simsllfjlng aﬁsuuptions and: conqlderinp the ‘exciton as a .
quSxpdrtlcle moving as a whole in the field of the defucts, f mlc!

' bands {ost.

11‘ also -he frey uean dl’zevence between EXCIth band and "fora-spectrum“ '
'is nc&;ected.~
o "hé'féé&liin;
is of: tho order of some nv dnd 1E{ of some 107 =3 av, f

"4-/ orders oA'nabnltude. Thougn for tne Hott exciton 5876'79 f

‘.Assoch+‘ LR
,E_E;ﬂ L Thilisi (Inst‘uute of 'Pn131cs AS: GrUZinskaya“SSR}’Tbiliéi)}*’ N
SUBHITTZD:

- December,Q),A.351
CCard 2/z. R

0/18}/02/u04/064/0 /0£2ff”

t‘-" :

(.'

‘° = 2‘2“/V /& , ‘= ’2ml /&, v iq trne un1v-cnll :olume. e
oo (= a2 5 oLo2t2lm\2/3
l) = : : ‘rce E'“'“J
fex? o - m Vi g
d exceeds f by '

ralat‘ons read ” -( /f

t

'Cdﬂ reach";

ta

Inst;tuv'p0¢uprovoun;$ov nJ»USSH'niyeﬁz(;nstitﬁtefof S e
Semiconductors iS UkrSSR, Xiyev). Institut fiziki AN GSSH
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!/161/62/004/01 1/037/049 L
3100/5102 '

‘AﬁTHéﬁl;u7’ Rashba. E. I.;.tjf

“7T11n5;3;~: Theory of i-purity .baorption nesr. the exciton banda in" i
Rl cases of iSOtopic aubatitution )

'ZA'PERIODICAL: Flzika tverdogo tela, v. 4. nos 115 1962. 3501 - 3320

:TEXT:_’TO find out more ueta1ls of the change in polarization and 1ntensity

of the impurity absorption bands in nolecular crystals when the impurity .
levels approach the ‘exciton band. of the crystal (Opt. i spektr., 2, 568, ;f* s
"1957), the author studied this effect for the. case of-isotopic substitu- /
tion. Particular attention is: paid to the 1ong-range ‘interaction. The ' ///
vconductivity oi an. 1dea1 crystal is :

, ,(.,, In)—é—‘vN‘Jt zﬂes (w(s,. II)O),,B(A- —o—h- -~ ,) (21)

,;“where the I are. sunmed up over all polea of the function <B (E - H)
. The- Ham11tonian H is considered to be a perturbation that accounts for}

i,:iCard 1/2
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_Theory of 1mpur1ty absorption near... - B108/B102 : ‘

:tthe basic transverse ield of a plane electromagnetic wave passlng tnrOugn;lefbu
the crystal. -The above ormula is then used for analyzing the impurity -
"absorption: with the aid of ‘the heitler- London model. In the case of

.fully determined by the oens1ty of states in. exciton bands with long-.ange
~interaction. .By estimating fhe parameters of the’ theory it is possible to-
get information:on .the' structure of -the. exciton bands by comparing the- : §
experimental results on- impurity absorption with the theory. The results'\?'>
.~ obtained with ‘the Be1t1er-London model are geuer.lized, yielding: the con-‘f>a
i’ductivity in the form_ ‘ , SR

| et s o
: c(ﬂ)—-— gt ; 3.._.. : . '
v WE"W(*“ -)P ; " S

'here 7lls the 1mpur1ty concentration.:‘

‘.ASSOCIATIOhtffInstitut poluprovodnikov AN Ussn, Kilov (Inatitute of Seui—f?ﬁ“
o ?,conductors AS UkrSsm, Kiyev) , S

. 'SUBMITTBDs;v May 17, 1962 (initially) - » 1
. - Card 2/21.5:_;Ju1y ", 1962;(after revision)
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RASHBA E. 1.; GURGENISHVILI G. E

s mpmmaremar

T ,'Theory of edge abaorption in eemiconductora. Fiz, tver. tela 4
| no.4s1029-1031 Ap le2. (MIRA 15:30)

j‘f ,,'} 1 Institut poluprovodnikov AN UkrSSR Kiyev i Institut fiziid
AN szinskoy SSR Tbilisi. b :

(Semi conductors) N Crystallography)
(Absorption
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HASHEA, E. I.

E. I. ﬁashba, ";zesonance Phenomenons 1n °emconductor¢‘." P
W AT S

. Jreport ‘sutmitted for the Coni‘erence on Sohd %ate Theory, held 1n “oscou,
"December 2-12, 1063, Sponsored by the Sov:.et Academ) of Scn.enceo.
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0 '_Raahba’ E" I. jf ‘

-,4g:;Analysis of ‘the exciton band struoture on the baais of
iaﬂselectron vibrational speotra : S

leERIODI(Aﬁ: Fizika tverdogo tela, v. 5. no. 4, 1963, 1040 - 1045

B

e

imay be determined from the multiplet position in the absorption spectrum
and- the ‘band edges from the anomalous impurity absorption near the exciton
“bands.  The author.of the present paper suggests using the spectra that -
~arise on optical transitions between: vibrational and exciton bands for
determiuing the exciton band ‘structure in molecule crystals. The method
allows of caloulating the total width of the exciton energy bands, the:
position of the critical points (k-o), the existence of gaps, etc.
“Additionhal poesibilitiee as to ‘the exciton kinetics arise when together
with tha eleotron-vibrational ‘absorption spectra the luminescence speotra
,are-meauured. "A theoretical relation between the frequency dependences of
;-lumines~ence and absorption is derived 'bich 15 valid when the two spectra

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0013442

- f"4"he optical speotra are, up to now, the only source of information | -
on the i2xciton band structure of- ‘molecule crystals; thus, the: exciton energy
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v

{are in quaaiequilibrium, the temperature dependence of the lumineecence
:spectral distribution has to be verified experimentally. If the Heitler-
London: approximation is’ applicable in the case of a narrow vibrational
band, the state density distribution in the exciton energy spectrum may 'be
l"directly measured. 'In this’ case the’ speotral distributions of absorption f
uminescence are’ directly related with the diapersion law. TR B

ASSOCIATION: Inst:.tut poluprovodnikov AN USSR Kiyev (Institute of Semi-..‘;r.;.; .- :
i conductora As UkrSSR, Kiyev) , R el
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Characteristics of the penetration of an selectric current mgoagh
-an intrinsically anlsotroplc semicorxductor. F‘iz. tver, tela

no.ll 3247-3?50 N '64. ' (MIRA- 18 1)

1.,Inqtitnt poluprovodnikov Alt UkrSuR, ‘\iyev.
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- Plectron-vibrationa luminescence of 1mpur1ty centers of large

R A
Fizika tverdogo tela; v. 7,_no..7, 1965, zogu 2097

'TOPIchAuS. 1uminescence spectrum, 1mpurity center, 1mpur1ty 1eve1, i

vibration spectrum, deuterium compouna

: r work (FTT v. 5, 2361,,,
11963 ¢ ding ), 1 ' n molecular cry-. .
istals.'.; the. nve ; n the d the spectra:
|of ‘electron- ~vibrationa ’ .

‘|the exciton bands.’ It 1s-shown that in such states, the excitatlon.:
l4n-the molecular crystals. ‘is not. 1oca11zed entirely on the impurity
{molecule, ‘but encompasses also near-lying host molecules, SO that the
' eotron-vibrational luminescence spectrum: contains simultaneously
and ecrresponding to transition 8 to the vibrational levels of bot

A "
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" Gt Dember effect, transverse Dember effect electron mo‘bility, hole
lity,*’gmiaotropic semiconductor - :

ce in the anisotropy of electron and hole mobility in macroscopic - i
emiconductors. ‘The theory attributes the emergences of nonequilibrium e
“the specimen's rear side to- the influence of the field of the trans-
)electrcmotive force. . InySe specimens consisting of single crystals i
_ £ olume were used to: detect experimentally the transverse Dember’ effect
1is vas' selected because: of its structural anisotropy (the 1attice of o
Se’is’'di amond-shaped (Dzn) vith parameters a = 4.065 R, b = 12.24 R,7¢c ="15.23 X)'. s
and its. phcrtosensitivity. .The type of conductivity of the specimens was detemined
-’from tbe 8l gn of the thermal emt and the Ha.ll erfect, and rrom the sign ot photo
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Srdrks oi: M

i : ‘ 1nt tungsten probe. Investigations vere ma.de Of
e - specimens withp~ m?.lo an_q pin] 103 ohm. cniand hole~type specimens St
. ' 0 ohme cm.: -The electron mo'bili.ty in low “ohmi¢ electron-type InjSe spnc-.r
'imens at room temperature was of the order. of 500 ‘em?/visec. ~The hole mobility at
-room’ tempwrature was_smaller by cab o least - one ‘order. -. During jllumination of & A,
plate cutj out at a 45° angle to the ‘a-axis and containing & b-axis (1ight beem in- =
'tensity a3 x 1015 ‘quanta/sec) & ‘photo- emf of: several millivolts wes observed in the =
mf of the ‘same order vwas also observed -

rectionv-perpendicular to axis b.i A photo emf
= 457 ang e-twthgams“bchontaining_aAc—axis. No photo :

nnminatr f“facerperpendicular o-the b-axis. . The
oto onductivity and” transverse ‘photo ‘emf’ coin—
re 1 = 0.1—0.k4 ysec. Thus,. at !
frect by anisotropic thermal emf * %
-Origs: a.rt hes: 13 formulas and
- . [JA] ,

| cided’ a.né for various n- and p-type specimens ve
such small 1 the’ contri'bution 't6 the transverse e

caused by the hea.t1nq of specimens is neg].igibhe. :

e ‘SﬁB,CODE:> ss,EMv
-~ ATD PRESS: 4037 - i
RTINS SR i
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’ AUTHOR: Bayko, I- I., M'ko, 1. P., Rashba, E. I., M,J,,A. Y
' Occurrence or non-equilibrim cmiers vhen current pesses through elasti-

here it g
8! "7s This 18 a contimmtion or earlier work (FTT v. 6, 32’07, 1964), L
Awﬁrﬁgrm +hat under certain ‘conditions current flowing through homogeneous oiga.nic .
| erystals with anisotropic electric conduchivity can give rise to non-equilibriwm

8 coxriers and to a nonlinear volt-ampere characteristic. The present 1nveatigan on
was devoted to an experimental observation of this effect. The relation between g
. |.4he #eld intensity and the current density is derlived theoreticelly for this caae,__:
‘ i The ‘experiments, performed on high-resistivity germsnium (0 n-cm 8t )ociz),h--nn- —
! which 'the anisotropy s produced by homogenecus conpression, resu_;rd jhi;‘l ; ..... i
: ‘teristlco which were 've;ry: similar todthose derived theoretically. . The aw 2y
- 'thank Y. Yoo Lo.shlm'ﬂ‘r” G, Ye, Pikug; and M, K Shey'nkngm ;og ;Y d ncussion and ¥,
:2.5%, Pakhomov for pe.rbicipaﬁng 111 the calcuﬁfio—nﬁ 1‘g. . tigm-es
"':'md}fomﬂ.u o S o

Ccrd 1/ 2

i
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[
o
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*Péy IJP(c)/RAJM(i)/nSD(t)/ESD(gs)/SSD/AFWL/

;pg§§519mfng: Apsooozsz ?;jf”‘?jffﬁ;,‘s/ooss/64/047/oos/1927/1932

hurnal eksperimencel'noy 1 teote:icheskoy fiztkl. Ve 67.
LY 1927-1932 . . « e

: t[jcombined reeonance, paremngnetic teuonance, eemiconductor,?5”
erystal combined resonance,’ crystal paramagnetic resonance, ferro- s
magneric admixture, entiferromagnettc admixture :

ABSTRACT: A new type of combined resonance which takes place in semi~-
conductors in inhomogeneous static magnetic flelds 1s described and
_analyzed. Specifically, spin transitions of current carriers csused by
the eleetric field of electromagnetic waved- were studied fa this con~'
‘_nectlon. ‘Mixing of movements in coordinate and spin degrees of free-:
| dom :in sitch cases is not due to apln-orbit coupling, but to inhomo=- |
_;geneity vf the static magnetic field, This f{nhomogeneity may be in~-
“herent iu the field, or stem from apontaneoua fields of ferro- or
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gnetica. or from magne:ic admixtures in the subatance of
;the semiconductor.1 The combined resonance was studied under condi~ ,
homogeneity and in the spontaneous fleld of ferro=
. ferromagnetics. The. analysis shows that in both these cases :the
. ;omb1ned!resonnnce coinciding in ftequency with the paramagnetic
.resonancf - can, be conaidetably more intense than the latter, reaching
‘a ratio’ uf 102 to 103 over the paramagnetic resonance ln the case of
‘inherent; 1nhomogene1ty. and a ratio of the order of 10% in the .
pontanequs fields of ferto~ and. antiferromagnetica. Thus, the
}paramagnutic resonance can ‘be screened ‘out by the conbined resonance.
‘Combined resonance due to inherent {nhomogeneity of the. magnetic !
“field ‘cap- develop not only 1n {ntraband current carriers but also &n {
‘local elnctron centers. -0t art. has: 9 formulas. v ’;

5ASSOCIAT10N:' Inatitut poluprovodntkov Akademii nauk Ukrainskoy SSR.i
E(Instituve of Semlconductors. Academ ‘ e

..Esunm'nzo: 21Hay610 E zucm oo . SUB CODEf S8, B
'.'}no REF suv' 004 omza: "oo's ~ ATp PRESSt  3LS
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Rashba,_ oy ; 'E'-, ST B /@7 , ~ ':
'edistribution of ca.rriers among the va.'l.‘!.eys in an electric ﬁeld ) B "7' N B
A rnal eksperimenta.].'noy iv teoret:lcheskoy fizild, he h8 no. 5, 1965,

1bution, 1nteva.uey redistri- ?

he- characteristics of the electron conductivity

of wded semiconductor &gg‘ 1esﬂcut from a many-valley semiconductor such as n-type
. whii.h the conductivity characteristics are affected by the intervalley re- | .
str:lb\rt;i‘:n of the carriers. in the surface region, - ‘Factors governing the magni-
" of this effect are also considered. It is. shown in. particular. that weakly ...
_oscmntions, acccmpanied by . lea.kage ‘of electrons between valleys, may pro- ;
1-:3uch ‘semiconductors when. certain’ relationships exist tatween the electric
ithe free trensit time.- At low temperatures,. whén the mean free path of =~
‘the carr s agsociated with the intervalley. scattering ig sufficiently long, the v.’l. LT
conditionef for the contimxi.ty of the electron current in each of the valleys lead .
to 8- strmg departure from the equilibrimn electron distribution a.mong the vaJ.leys s
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i SErd

; o . . . | ce .
:in the su rface 1ayer 3 this maké e valleys'c cmsiderably enriched vith electrons g
~a.nd the others depleted. : When the' free {ransit time associated with the intervals : .- . |
'1ey scattering is ~ 10‘9 5€Cy . considera'ble redistri’oution of ‘the carriers takes Lz

1P place in fields on the order of several V/cm, and ab depths up to ~ 10 p. This
.;results 1n anisotropy of the conductivity. orige arte hes: 17 formulaa. '

: ABSOCIATJON. . Institut’ polupwvodnikov Akademii na.uk UkrSSR (Institute oi‘ Semicon-
g ductors, Academy of. Scie es Q)
sumurmo' o!mecék ;

SUB conn-'_ 8 ,EM :
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. JHADYKO, I.F.s EASHSA, E.I,; ROMANDY, V.h.; STAKHIRA, I,M.; TOVSTYUK, K.D,
N " ;A‘nisotrdpy’bf the electric and photoela-z:ti“iTc'r:zoperti_es of
‘In,Se, Pz, tver., tela 7 no.5:1777-1782 Je '65.
e — R (MIRA 1836)
1. Institut poluprovednikov, AN UkrSSR, Kiyev., :
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ATTNR:AF6018699 e

‘. -‘swgcz_‘ccn;: UR/0586/66/005/0D/0'4§9/0h3’* ‘

ORG: :Institute of Physics, Academy of Sclences Ukrainian S8R (Institut fiziki Alm-@ -
demiirauk Ukrainskoy BSR) | - - . . o

'+ Eroude, V. L; Rashba, E. I.; Sheke, Ye. F:' '~

cliective effects in vibron spectra of moleculsr crystals = .

Zhurnal ‘eks.périxhenté.i‘ncy,1,1;‘éorqt1cheakgy' fizikl, Pis'ms v redaktsiyu,

‘SOURCE?: .
_Prilozheniye, V. 3, no. 11, 1966, 429-k3h " » -
'TOPIC.TAGS: light absorption, sbsorption spectrum, electron transition, naphthalene, | -
-paraffin wax, deuterium, vibration spectrum, particle interaction, exciton Dy
'ABSTRACT: To check on a hypothesis recently advanced by one of the authors (Rashba,
ZhETF v. 50, 1164, 1966) that two-particle ebsorption plays an important role in the
‘interpretation of electron-vibrational (vibron) transitiong in the absorption spectra
-of molecula.r‘}cqstals, the authors measured the absorption spectra of pure and
‘deuterated naphthalene and paraffin in the region of the first vibron transition
“and confirmed the presence of & two-particle band in the spectrum vwhich is shifted
4o the long-wave side relative to the moximum of the state density of the pure-
“electronic exciton band. The experiments also disclosed the presence of two addi- - ..
“tional vibron bands corresponding to vibrational excitation at the impurity molecule.
| and in its vicinity. These agree well with Rashba's hypothesis and confirm the

" strong influence of collective effects (decay processes) on the vibron spectrum and
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he. presence in this spectrum of two branches corresponding to single- and two- . | o
,particle absorption. The latter is estimated to reach 50% of the total vibron
:transition. It is proposed that the two-particle absorption can play an important -
“role in the interpretation of the ‘known structure background of the absorption of

“‘molecular crystals and the determination, from this :!.nterpretation, of many new
pa.ramaters of- exciton ba.nds. Orig. a.rt has: 2 figures.

UB coma- 20/ '";onm REF:. 010/ om REF: 001 - -
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1L 36386-66 M(l)/’r IJP(c) G0/AT/WH o
ACC_NRs AP601hoh7 RN ~ SOURCE CODE: ua/0056/66/050/ooh/106h/)._080 g

AUTHOR Rashba, E- I.

‘1 ORG: I T&‘ﬂ ute of Semiconductors AN UkrSSR J_Institut poluprovddnikov ‘Axademii’ nauk i
' Ukralnskoy §SR) ' . : . S

TITLE" T‘neory of . electron-vibration spectra of molecularm

OURCE 7 Zhurnal eksperimental noy i teoreticheskoy fiziki, v. 50, no. L, 1966

TOPIC TAGS" molecular crystal, electron vibratlon, electron spectrum. phonon inter-
“action, l1ght absorptlon, excitatmn energ, absorption band vibration, phonon,.
exciton : ) . : :
ABSTRAGD' A t‘neory of" electmn-nbratlon-liggt-absomtion spectra of molecula.r S
crystals’ correspondmg to: the ‘gimultaneous appeara.nce of electron and intrmolecular
vibravional excitations: has been’ developed. ‘The basic exciton-phonon - ‘interaction
: mechanism is assumed to be the change Av of v1brat1on frequencies during exc1tat10n
i of the molecule. For values of Av, w}uch are not too sma all in the ‘energy- spectrum R
of ‘the crystal, it was found that along with two particle excitations, a region of i__-
single particle excitations arises throughout the k-space or in part of it. Equatlomz :
jtion and intenmty of- ds related to single ‘particle ex- »3—_ :

citations as functions of ‘the: structure of the- exciton ‘and phonon bvands and exc1ton R I
and phonon coupling constants vere obtained. The physical mechanisms which prlmari]y
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3 AUTHOR; Gl’ibnikov, Z. So,» OCholap, v. l"l.; Rashca, b. Iu Av i ' !.( ‘ :

ORG Institute -of . aemiconductors, Ad UkrSSR, iev (Institut poluprovodnikov AN erSSR) R

"‘ITIE: Donain ..tructure of a multitrough semiconductor during passager of strpng

f‘curronts

\_‘,

VSOURCE: mzika tvordogo tela, »»8, no. 8 1966, 2’#79-21&81

"TOPIC mGax semiconductor band structure, semiconductor carrier

: ’AESTEACT! X..:my sumiconductor and semimetals havo ‘& mul til:rough bnnd struc.,ure, and i
vity in_ sach of the troughs, fluxas_ »‘~‘

‘bocause’ of the anlsotropy. of the olectnc conductivi i
of clcctrons belonging to various troughs are or:.onted at an anglo to tho total cur~...t
derably exceeds the 1ntratrough re= .t

‘rent. If the intartrough relaxation time v consi
fi bo determined from a ‘sys—

'laxation ‘time, the spatial ‘distribution’ of the carriers ca v
iﬂh theo scattering batweon troughs a and- ﬁ‘p o

¥

[ tem of ‘associated diffusion equat;ons in hh

15 descrited by lerms of the type (n, ~ng :;"" Under these:conditions, an essential S

. {part is played oy the’ characteristiculength ) -»\,_—r .. The characteristic field is L. .
, E~ = E/eL, whero € = kT and €7 respectivel_{ for a nondugonerato ‘and 2 degonorate pas. » ;
Ar.aljsis of the Jimiting case where B Ep,is. g:wcn. An infinite pla’c.o of a° monopo;ar -
semiconductor with thickness’ 2d (-d £v&. ‘d4)is. considered to which an electric field s

is a'*pl‘ ed in o:rection Ox. ‘I'he ooundary conditions for elect.ron fluxes of each of

APP :
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i the troughs are written down by introducing: surface velocitios of intertrough scats P
© Y tering Sq3+ The' case where 2d:1s considerably smaller than the drift length -
A Lg = LE/EL i8 analyzed by means -of diffusion equations with E>>Ep." The case ‘where '
) 2d > Lg 15 also analyzed. A characteristic feature of ‘almost all the cases considered |-
is the appearance inside the plato at E-so of singular points (domain boundaries) at
‘which the electron concentrations and the electric fields are differont; the position

of theso points is determined by the conditions of the generation-recombination = -
balance. - Ordg, art. hass i figure apd,z";foxyfmu_la:“.‘v [ ' '

[ oo /ot vutss oprasss] ans e ooy
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APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0013442



"APPROVED FOR RELEASE Tuesday, August 01, 2000 CIA-RDP86-00513R001344.

L 08176 67 : )
:ACC WR ﬁmoahaz}a ‘“j‘*_f“ifff“*"fiir"‘ - L T s

?fects wnlch appoar in many—valley unxpolar uCMlCOﬂdUCtOYu in utron$ 1écéric'f;e;is‘ ,
<-Ennd give rise to the’ splitting of. platns into domains are: nonilnnarity'o; the vdLL4§
. ampere characterlstlc, 1he appearance ‘of.a transver se electric flui(, & consideradbie
j-rise in the transverse resistivity, zeculflcatlon of the current in the ease wi- b
|~equal scattering rates and unequal slopes of “the valleys, anisofropy of the conduatis
:vity, and partial or- complete deletlon of °ome ‘electron valleys, Edch domain neuuu‘nu>v~73
tias 'a rule only the electrons fhnt bclonp +to'one valley, their nurber beiny such as 4o’ e

.ensure electric neutrality. The nvnber of damains is equal Lo oF loss Hhnn whc anoer,_“i
Jiof valleys; if ‘there are fewer: domalns than VPlch&, the electrons nod included in the
~“domains are alwajs concentrated in & thin layer next o one of the surfaccs of the AR
“plate and the surfmce electron. den31ty is:greater than the equiiivriuwa valve. The ,}
| sequential order of ‘the’ ‘domains is governed by the angles thai the prineipal axes. of: ]
;|:the electric conduct1v1ty tneaors, corregpondlng to: the different valleys, make with | .

‘the surface of the plate, ' The number of domains and the positions of their- bouncarle»‘jgﬁf{
;depend on the ratio of the intervalley scattering - rates in the interior and on tne- P
|“surface of the plate. -The extent to which the simplifying assumptions made are satis- L
{.fied is discussed. It is ‘suggested in conclusion that the splitting of semiconductors '

‘into domains ‘may cause other effects not considered in the paper; as well a&s appreci- | .
“able changes in the galvanomngnetic properties.; Orig. art. has. 6 figurea, 6k for- { -
.fmulas, and 2 tables. S e R '. _ R b

ao/ sum mrz.u 51Jan66/ onmrmp ook 'om""m*:. oop: L o
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Broudc, V. L., Raqhba, E._I., Gheka,rE F..3,

\w-—-.—-.

' souncrr Phgsica status solidi, v 19, no. 1 1967 395 406

TOPIC TAGS. crystal absotpt ootk;xciton = na h Elene mol cu1 t 1 choerf
Mu‘\—k-‘w c-i,-wfr AA& ! S 2 ?F p ! ecnar. crys a

“ Crystal - abaorption spectra are considered in the light of ‘a recently developed
| theory whizh assumes the presence of interactions. between :the vibrational,
. Il electronic, and vibrational-electronic.. (vibronic) excitations in particular
-kl a decay of vibronic: intramolecular. excitations into pure electronic and ’
ik incramolecular—vibrational excitations of separate mlecules [E. I. Rashba,
(. Zh. E. T. F., v. 50, 1966, 1064-——1080, transl. Soviet- ‘Physics JETP, v. 23,
: 708—718].. These’ interactions affect the distribution ‘of one-partide R
|/ excitations (concurrent propagation of an exciton and a ‘phoron) “and two-particle - -l
“ §| ‘excitations - (independent propagation of the exciton and photon). These R
S ! collective. processes are illustrated by means of simplified models. Their" ’ ,
11 influence cn absorption spectra is investigated the most important effect” e
: Vbeing regarded as a reduction of the vibrational Erequency of the’ molecule S
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Clinical aspects o 8 o 15, 230y

-, 1 1z 7-y Moskovskoy gorodskoy bol'nitsy (glavnyy vrach N.G.

' Zaleskvnr, nauchnyy rukovoditel' - prof. K.V, Bunin)
- (BOTULISM)
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Methods’ for the ilohtion ot duo:yribonucloic acid from Bucteriml
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1. Gray matter of s of the ceatrsl nervous system of
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A braam. Hsochem.  LhEVE7NG. "‘,» ]

Codbectvawe e the onler s gy atter of the spinal o,
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are dess than i the athier paste. Total N contente de

cirase in the order: cenddual cottex, cortes cveetwth and
miis bedds candatus, spinal cord; crcaline: swtey ceeelwlll,

Smwheus cainbatus, oriclaal costes, spingd send . The,
quotits orcatine Nilotul N oare: cntes cervbelli 4.9,
- ocets candatus 304, spinal cond 3,42, caclnal vrtes
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