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THE DEPENDENCE OF THE LIGHT MESON’S ELECTROMAGNETIC FORM FACTORS ON
THE FACTORIZATION SCALE

8.8. AGAEV, A.I. MUKHTAROYV, Y.V. MAMEDOVA
Baiku State University
Z. Khaliiov, st. 23, Baku, 370148

The psewdoscalar (pion, kaon) and vector (o -meson) mesons electromagnetic form factors Fi (%) are calculated by means of the run-
ning coupling constant and infrared matching metheds. The dependence of the mesons® distribution amplitudes (DAs) ®, (x,Q°) on the
factorization scale O is taken into account. It is demonstrated that both of these methods allow one to evaluate power-suppressed corrections
to Fy (7). In calculations the mesons’ model DAs obtained in the context of QCD sui rules approach are used.

Exclusive elecromagnetic (elm) form factors (ff) are a
source of the information about the structure of hadrons. The
coupling of an elementary particle to the photon is deter-
mined by a few parameters, like its total charge and magnetic
moment. For a composite particle these constant coefficients
are replaced by momentum dependent functions, which we
call form factors, reflecting the internal structure of the parti-
cle [1]. It is well known that elm f¥, at large momentum trans-
fer, can be calculated using methods |

FM(QZ) = i id}‘dy@;(}’r ﬂﬁ)rﬁ(xf ¥y 0%, ﬁﬁ! #ﬁ)‘pu(xr ﬂﬁ)

of the perturbative QCD (pQCD}) [1,2]. In our works [3,4] we
have calculated the pion, kaon and p; - meson elm ff using
the asymptotic and QCD sum rules DAs (only for g, -
meson). In recent paper we extend our investigation of
Fu(QF) by including into consideration the pion, kaon sum
rules DAs and taking into account their dependence on the
factorization scale.

In the framework of pQCD a meson M elm form factor,
due to QCD factorization theorems, can be written as

(D

|
InEq (1) @, (x, yﬁ) is the meson DA, that is the prob-
ability amplitude for finding the meson state with constitu-
ents camrying the longitadinal momenta xp and
(1-X)p, Tu(X,v:0°, ,uﬁ, ,ug} is the hard-scattering
qg' +y*—qq’ amplitude, calculable in the context of

pQCD, 0°=-¢ is the momentum transfer in the process, iz
is the renormalization scale and g, is the scale at which soft
and hard physics factorize, i.e. the factorization scale.

At the leading order Ty does not depend on pﬁ and de-
pends on pﬁ through e, { ,ug }. At the next-to-leading order
‘of pQCD [5] Ty depends on ,u;’ , ,u; explicitly due to terms

proportional to In {Qz/,uﬁ ), In {Qz/,uﬁ). One of the im-
portant problems in pQCD calculations is the proper choice
|

of the factorization and renormalization scales — the choice
which minimizes higher-order corrections to £, (0%},

For the factorization scale ,uﬁ » a natural choice is

=% @

which eliminates the logarithms of 07/ 47 .

We choose the renormalization scale ;.tf; to be equal to
the gluon virtality

BE o= xyQ® L @k = (1 - x(1- )0 ®

depending on the Feynman diagram under consideration.
Then, at the leading order of pQCD for T, we get [2]

TH("‘"' v 0%, as(/-‘:)) = o’

_leac[zai - w0 a - y0?] | 1av0)] L _
3 (1-x)(1-y) 3 rE

- @

Gy | s

Xy

Here a; (1) is the one-loop QCD coupling constant !

afy’) = = 11- 2—3’— , (5)

4r g
Bo 1oy 7 ) " 77

. is the QCD beta-function’s first coefficient, n, is the num-
ber of quark flavors and A is the GCD dimensional parameter

A=0.2 GeV, f

Dr (x) = V3Ex(1 - x) ,

asy

&DF (x} =

asy

The DAs of the pion [6] and longitudinally polarized oy -
meson [7] have the following form

&, (x, uZ) = @2 (xfa + brzx - 1] ®

where (P:;y (x} is the meson M asymptotic DA

V2 . 3£2x(1 - x) . @
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In Egs. (6}, (7) the constants take values: £,=0.093 GeV,

a=0, b=5 (Chermnyak-Zhitnitsky DA), 2 =-0.1821, b = 5.91
(DA from Ref. [8]); £,=0.14] GeVand a =07, b =15

{Ball-Braun DA). The constants a , b in Eq.(6} were found by ¥

n=0

D,(x, 0°) = wrx)z r,c¥ (2%

means of the QCD sum rules method at the normalization
points 4.~0.5 GeV (pion, kaon) [6] and u=1 GeV

{0 - mesen) {7].
The meson’s DAs evolve in accordance with the expres-

sion [2,6]
as ( Q 2 ) ol P
- Y ‘ ®
as(Hy)

where { CI‘:’Z {2x-1)} are the Gegenbauer polynomials, ¥, is the anomalous dimension,

4
= —|1 -
Yn 3[

(n+ 1) (n+ 2)

o+l _1
42 _.] ©

jmz J

In our calculations we need expressions only for the first four Gegenbauer polynomials, which are given by the formulae

[9)
cl/HE) = 1, ¢l = 3¢,

and the corresponding anomalous dimensions take the values

32
Yo =0y, = 9

The DAs (6) can be rewritten in the form (8). But after

c}/%¢) = %(552 -1,

¥ =

Ci/ %) = 5‘5 (7E2 - 3), (10

ﬂr
9 773

314

11
45 (1D

! evolution of &y (x, Q%) on ¢F, for our purposes, it is useful to

defining of the coefficients r,, and taking into account the ) give to the DAs their old form, namely

2! ()lo?)

d'r’M (X,

(@7 )ex - 27].

(12)
Now new cocfficients a (0}, 8(0?) are functions of the factorization scale 07,
ofo’) = a+ 7 [1 - a7, Al0) = payle’)
. , as 02 Yol Bo (13)
_AH(Q)=[(XS g] -
Using the same method for the kaon we find
(I)K(x, QZ)B “y(x)[a +y(ox ~ )+ Blex - 1F + 6(2x - 1)3], »
o) = Zlale) - Al 50) = cale?) @
H . defined in Eg. d 2
equalereagﬂg mb=3e =1 355 n}se? (lligﬂ?lﬁ‘l]).ml?lswgi(ﬁg as(ﬂQz) = % (Q ) (15)

@5, (x) has the same form as @, (x) in Eq.(7), but with

fereplaced by £g=0.112 GeV.
For calculation of Fy (C°} we have to express the running
coupling constant . (1Q°) in terms of as (0°) [10)

1+ (@,0°) B,/en)In 2

Integration in Eq.(1) using Eqgs.{4), (15) generates infra-
red divergences and as a result for £, (Q°) we get a pertur-
bative series with factorially growing coefficients [11]. This
series can be resummed by means of the Borel transformation
[12]



res léxf
fozr,(0?) ——1L _[duexp[ ]B[Q F ) 16)
B s(Q j
where B[Q2 F,, I”) is the Borel transform of the correspond- therefore, here we write down the final expressions,
ing perturbative series. The coefficient C is equal to 1 for the " ( 2) [ 2)
pion, kaon and C = 2 for the p; - meson. B[QzFM](u) - Z[ m\Q >+ n 0 :| amn
The technique for calculation of B[Q Fuk ) and k=1 (k = u) k-u
[Q F,, (Q ]'r has been described in details in Refs. [4,13], [ and
os 16nf,) & mE(QQQ 1i(4*)
r o) - o o) § {— + [n0?) + m(0?) 10 2] =5 as)
B, i k A
|
Here 1i (4*) and A are defined as Indeed, if we switch off the dependence of ¢y (x, 07} on ?
Py dx (that is, put a,=1), then Eq. (17) coincides for a=0, b=5 and
_[j_( k) = pV.{—, A = QQ/AQ_ (19)  N=4 with tesult of Ref[13] for the pion, for a=04, b=3
Inx =125 and N=5 with kaon elm T from Ref[14] and for

0

The values of m, (Q?) and n, (%) for the pion and p; -
meson can be obtained from corresponding formulae of
Ref[4] by replacing a—a, b—f8. For the kaon the func-
tions m; (Q°} and n, (Q?) have rather lengthy expressions
therefore we omit them here.

a=0.7, b=1.5, N=4 with o, -meson f from Ref.[4].

‘We can choose the renormalization scale also by freezing
one of variables x, v in Eq.(3} (for example, {v}=1/2), which
the 0*(1 - x)f2,

' 2
corresponds  to choice u; =

The obtained formula (18) is the generalization of the p: = Q°x[2. Then afier some calculations for the kaon
previous results for the pion, kaon and p, -meson elm ff.; we get
(162£, ) & i)~ 07
el = G ) ) ilE) 5L 2 )

The expressions for 1, (O°} are given in the Appendix. In
the case of the pion and p, -meson the sum in Eq.{20) runs up
to N=4 and the functions 1, (Q?} can be obtained from the
corresponding expressions in the Appendix by taking =0,
&= (for thep; -meson the factor =2 in Eq.(20) has to be
taken into account).

As we have proved in our previous works [3,4] the run-
ning coupling constant method allows us to estimate power-
suppressed corrections to Fy (0?). The infrared matching
scheme 15] also allows one to make such estimation. In the
framework of this method one explicitly divides power cor-
rections from the full expression by introducing moments of

a; at low scales as new non-perturbative parameters. By |

£

|
freezing one of variables ({¥}=1/2 ) in Eq.(4) we can express
OPFy (GF) in terms of moment integrals £, (Q) defined as

£() = -Q% Q[dkkp"fas(k?) |
g

AR

where the functions £, (Q/ JE) have the form [15]

@1)

After some calcualations we get

QQF,_,(QQ) C - 64nf} ZJ—)

k=i

2,{%) =2 [ ) £,(u) + a {1 - I'(1,2xz) + %fj [t - r(2,2x2)] +

. (23)

+ (%’:) [2 - r(3,2x2)] + - - - }

In Eq. (23;) (F2GeV s the infrared matching scale,
.In(Q/JE,u) a; = as(cl /2)and Tin,x} is the
incomplete gamma function.

zZ =

|
The value of the non-perturbative parameter

F» (2GeV)=0.5 is obtainable from the experimental data [16].

For p z 4 we have to use the running coupling constant
method for their calculation. It is not difficult to find that
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£, (2GeV) = 0.347, £5(2GeV) = 0.329, £3(2GeV)=0.322, £1,(2GeV)=~0318 .

1.0 ¢

0.0 Gromg g %0
QH(Gev")
Fig 1. The K* meson elm form factor as a function of 0. The
curve 2 is O°Fy (0) calculated using Eq. (20), the curve
1 iis the same ff, but obtained by neglecting the dependen-
ce of Oy (x, 0°) on Q. The short-dashed curve in frozen

coupling pQCD result (¢ dependence of & (x,Q°) is
u?;kcn into account).

q:.BB

- QOF.M{ Qb}

1 44

1
Q*(GeVv®)
Fig.2. The ,o; -meson fT as a funciion of @7, The curves 1 (solid

and dashed) are found using Eq.(2(),the curves 2-Eq.(18).
The solid curves are obtained by taking into account the

dependence of the p: -meson DA on the factorization

scale @7, the dashed ones —neglecting this dependence, The
short-dashed cueve is ordinary pQCD result, |

1%} = [% + g)(a + f)+ (% + %)(y +
Lie?) = {5+ £

L,e?) =

1,{0%) = -zp(a +1£)

1,07 = %(a vy %ﬂ ¥ %6}

where a, y, 53, & are given in Eqs.(13), (14).

24)

The some results of our numerical calcuiations are shown
in Figs.1, 2. As is seen, the dependence of the mesons’ DAs
on the factorization scale 0° changes the elm form factors
CPFy (P} considerably; in particular, this is true for the
kaon. Indeed, the form factors Q°F, (0?) calculated in the
framework of the running coupling constant method by in-
cluding the dependence of &y (x,0°) on ¢, in the region of
small (7 are larger than the ones obtained meglecting this
dependence and become smaller in the region of large values
of ¢F. The size of these regions depends on the choosen re-
normalization scale (1 or 2 running variables x, ¥) and on the
meson under consideration. Thus, for the kaon in the region
0.7GeV?<(?<1.2GeV’ the ff with 0 dependence is larger
than old one, whereas for the p; -meson (1 running variable
case) this region is 0.5GeV><(?<0,7GeV>. In the both cases
for O larger than upper bounds of these domains, the elm 1f
with @7 dependence are smaller than the old ones. In the case
with two running variables (or u-=¢7 (1-x) (1-y)) the
situation is the same, but the regions under discussion are
shifted towards large values of Q% for example, for the
P -meson now we have: 2GeVZ<p?<4GeV?, The gualita-
tively same picture is valid also for the pion (does not de-
picted).

As we have demonstrated in our works [3,4] (see, also
[13,14]) both of the methods used in this paper allow us to
estimate power-suppressed corrections to Fy(Q?). These
corrections enhance the ordinary pQCD (i.e.,, frozen coupling
constant approximation} predictions approximately two
times. This conclusion is also reliable, when we take into
account ( dependence of the mesons’ DAs.

The more detailed analysis of F}, ({?) requires consider-
ing the next-to-leading order correction to T [5], as well as
the next term in expansion of @5 (AQ?) in terms of as (0°).

These problems will be studied in our forthcoming publica-
tions.

APPENDIX

The functions 1, (0?) for kaon have the following ex-
pressions:

5)+%(a+§ﬂ]+%(2a+ﬁ),

= {£+£](a+5ﬁ)—[§+%}(3}f+75)—§(5a+4ﬁ)—-§(%+%}
4ﬂ(a+§]+[§+%}(y+95)+5[3a+%ﬁ)+%(a+§ﬁ],

y & 2 28 28
— 1 L — — —_ — —
3, 015(3 + 5) 5 By 3 (50: + 15 ﬂ],
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YUNGUL MEZONLARIN ELEKTROMAQNIT FORMFAIéTORLARININ FAKTORIZASIYA MIQYASINDAN
ASILILIGI

Meqalade devisan qarsihqlt tesir sabiti ve infraqumizi in'ikas metodlan vasitesile psevdoskalyar (pion, kaon) ve vektor (o —
mezon) mezonlarm elekiromaqnit formfaktorlan Fy, (Q?) hesablanmisdir. Mezonlann paylanma funksiyalarmn &, (x,0%) faktori-

zasiva migyas: 0°~dan asthligi nezere alnmgdir. Her iki metod @stli azalan diizeliglerin Fy, (0%} —e verdiyi diizoligtori giymotlondir-
moyp imkan verdiyi gosterilmigdir. Hesablamalarda mezonlarim KXD camlemes qaydalar ¢argivesinds alinmig paylanma funksiyala-
nindan istifade olunmusdur.

II,C, Arace, A.H. MyxTapos, E.B. Mamegosa

JABUCHUMOCTD 3JMEKTPOMATHHTHBIX ®OPM-QAKTOPOB JIETKUX ME30OHOB OT MACIHITABA
DAKTOPH3IALINIH

IMEKTPOMATHUATHEIC GOPM-AKTOD Fas (Q°) NCEBIOCKARADHBIX (TTHOH, K4OW) M BEKTODHKIX (0 —MC3OH) ME3OHOB BRIMHCACHRI C
AOMOIHBEY METOI0B Geryieli KOHCTAHTH CBA3H M HHPPAKPackoro 0To0pROKSHHA. YYTCHa 3aBUCHMOCTE MESOHHLD (yHKUHH pacnpeacicHnl
@ (%,0°) o1 MacwTaba paxropksanta &°. TIpoJeMOHCTPHPOBAHO, YTO 008 METOAA IO3BOAAIOT OUCHHTH BKIAA B Fiy (&%) crenenwo-
MOAABAERHLIX NOTPaBoK. [IpH BEINHCICHASX HCNONL30BAHBI MCIOHEBIS QYHKIUH pacnpeAcRcHNs, TIOMYSIEHHEE B PAMKAX [PaPHA CYMM

KX .

Hama nocmyrenwn: 27.06.99 Pedaxmop: H.I'. Qacapapos
op: ap
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[PUMECHBIE COCTOSHIS TEJLTYPA B TBEPABIX PACTBOPAX
TEPMAHHU-KPEMHUH

I'.X. AAKZAPOB, P.3. KABUM3AJIE, H.A. ATAEB, M.A. AKIIEPOB
Hucmumym Duzuxu AH Asepbaiidacana
370143, Baxy, np. I. /Tocasuda, 33

Ha OCHORE XOJIOBCKHX M3MEPCHMI OMPEICICHH 3aKOHOMEPHOCTH HIMCHCHHA DHEPTHH CBA3SH ZOHODHBIX COCTOAHMI 3aMCMAIMAX
aromop TeaTypa (Te,) oT xorueHTpaUMR KpeMHUS B cacTeMe GeySix (0 < x < 0,30). TToxazane, uro B0 BeM pAly TBEPABIX PacTBOPOB
Ge,.,Si, 1 B xpevmin Te, ABIACTCA ABYKPATHBIM [GHOPOM, KoK ¥ B FepManvy, JHEPrik akTHRALAH TIEPBOTO H BTOPOTO NONOPHEIX YPOBHEH
Te, H3MEHAICTCA THHEHHO © COCTABOM kak B MepMaHHEnoRo6HLX (X< 0,15), Tax i KpeMHAenOMOSHEN (100, 15) MATPHLLEX, B COOTBETCTBHE C

MOAGTEID BUPTYANEHOTO KPHCTALIA L TEEPARIX PAcTROPOB.

Tenmyp OTHOCHTCA K paspany TAYGOKHMX MNPHMECHEIX
UEHTPOB B MePMAHMH, KpEMHEU B UX TBEpPIBIX pacTsopax. B
TEPMAHHH, TerHpPOBAHHOM TeTypoM, HAGMONAIOTCA IBa
JIOHOPHEIX YPOBHA C 3HEprHAMA E~0,11 3B 1 £,0,30 3B [1].
KoHLeHTpaLHH 3THX YPOBHEH paBHEL JIByKpaTHOE NOHOPHOE
pelictene Te, AB/ROIMErOCA ANEMEHTOM VI rpymmel nepHo-
AHYECKOH CHCTeMBI, B (3¢ CBABIBAKT ¢ 3AMEIIMOINHMH aT0-
MaMH 3TOi{ IPHMECH, B CODTBETCTBHH ¢ MOACIBIO TETPa2aApH-
YeCKAX KOBAIGHTHBIX CBA3CH KpAcTammiecKkoli peléTKH no-
nynpoBomHAKa. B kpeMHHM ¢ OpHMeCHIO TEMTYpa YETKO BbI-
SBEH TOABKO ONME [OHODHBIA YpoBeHP ¢ JHepried
E, - 0,14 3B [1]. Tlonoxenne BTOPoro ypoBHA, pACHOTONKEH-
Horo Bimke K cepefMHe 3anpeinénHoii 101, TOIHO He Olpe-
zeneno. Hpenrnduxanma >Tx ypopHeil B Si He MpoM3Re-
JleHa. 3HepreTHUecKHe COCTORHHA Telmnypa B cHcreMe Ge-Si
Grini H3yweww pawee B pabote [2]. Hocnenosanua npogeac-
HBEl TOJIBKO B repMaHHenoN00HRIX COCTABAX KPHCTALAOB C CO-
DEpXAHHEM KpemHHA 10 15 ar.%6, JHO 30HbI MPOBOSHMOCTH
KOTOPHIX (POPMHPYETCA MUHHMYMaMH B HanpasJeHmax /111/,
KaK B B TepMAHHH.

Hac'roamaa pa60‘ra NOCcpAINEHA HCCISAOBEHIMIO OCHOB-
HEIX 2HepreTHIcckX coctoamuii Te B Ge..Six (0 < x £ 0,30)
C LUCNEHD orlpenenenua 3axon0mepuomﬁ H3MEHCHHA C COC-
TaBoM (X) 2HEPIHH CBA3A HOHOPHLIX YpoEHeH MPHMECH Kak B
repMaHHE-, TAK H B KPSMHHENONOOHEIX COCTaBaX TBEPABIX
PACTEOPOR, 3 TAOKe HASHTHUKAUMN 3THX COCTOAHHIL.

ONROPOAHBIC KPHUCTAILL TBEPIBIX pacTeopos (Gey.Si, ©
SeKTHBHOR KOHUCHTPALMEH MENKHX axuenToprhix (B)
WAH JOHOPHBIX (Sb) npEmeceit mopamkca 10™+10" cm™ Bripa-
UHMBANACH METOJOM KPHCTAUIH3aunH 13 Gomblioro ofpéma
[3]). Obpazum, pasmepamu (1+2)x(2+3)x(12+15) MM, TIoCHe
COOTHETCTRYIOIEH 06paboTkH W OYHCTKH novepxHocTH [4],
AerHpoBAIM TelwTypoM myttm muddiysrm npu 1050-1125 K,
Yepes rasoByic ¢asy. Bpema wacsimenns obpasiios Tewry-
pom coctasmano 300-400 wacos. TasoTpancroprHoe smme-
HPe, HMEIOMee MECTO B JAHHOH CHCTeMe, MPeRoTBPAANIOCH
noMemeHueM o0pallioR B cpedy H3 MNOPOLIKOoGpazHOTe
kpeMAng [5]. 3akanka KpHCTA/UTOB [OCHE JETHPOBAHUA
OCYIIECTRIIUIACE OIYCKAHHEM AMIYN B NPOTOYHYIO BOLY.
JHepreTHYECKME NOMOMEHHA AOHOPHBLIX cocroAnHid Te
ONPENEIIN HA OCHOBE X(/UIOBCKHX H3MEPCHAN B HHTEPBA-
ne 77-350 K ¢ ncnone3opanmeM DoHELIX paGor [6] mo xonn-
daxropy amexktponoB B ey, Si,. Bee obpasip ¢ snekTpoH-
Hoft MPOBOHHMOCTEIO ¢ HCxOAHON woHUeHTpauxeH Menkoi
nosopHolt npmvec (V) 10'+10cu™ nocne neruposanms
TEUTYpOM H¢ H3MEHAIOT THN TIPOBOANMOCTH. B TeMneparyp-
HLIX 3ABUCHMOCTSX KOHIEHTPAUMH CBOGOJHBIX 3NEKTPOHOB

(n) 3THX KPHCTAJUIOB MpOABIAETCH BEpXHEe NOHOPHOE COC-
tosene Te, IDYHTHPORAHHOE 3NEKTPOHAMU MEJIKHX JOHOp-
HBIX ueHTpop. B ofipaiuax ¢ ACXOAHOHA ABIPOYHOH MpoBOIM-
MOCTEI0 TIOC/E JIETHpoBaHHA Te MpOABAMOTCA BEPXHEE WAH
HIOKHEE QOHOPHBIE COCTOAHHA ¢ PavwIHIAOH CTENeHBIO
KOMITEHCALIMY B 3aBHCHMOCTH OT COOTHOIIEHHA KOHUCHTpa-
MM MekoH aknenTopHoM npuMecu (N;) H atomoe Te.
PesynbraThl Mccnemoanma Oonbioro HaGopa ofpaiuop b
GerSiy<Te> MOKA3HIBAIOT CACAYIOUNE OCOOCHAOCTH: 3aBH-
CHMOCTH 0 OT T, o0ycnoB/icHHBIE HOMH3ALCH NCPBOTO WIH
BTOPOro ACHOPHOTO YPOBHel TelTypa, HE ONHCHIBANTSA B
paMKax JIOKAIBHOTO YPOBHA ¢ onpemenénnod auepruedt
HOHH3ALMH, YBOIMUGHHC CTCNCHH KOMIIGHCALMH YPOBHA
TPUBOIMT K POCTY ero 3hdexTHBHON SHEPrUM AKTHBALHH.
DM 0cODEHHOCTH MMEHOT MeCTo H B CNyuae Jpyri
rIyGOKHX MpUMeCHBIX IGHTPOR B TBEPARIX DPACTROPAX KPHC-
TANNOB (CM., HanpaMep [7,8]) H KOCEEHHD CEUAETENbCTBYIOT
O pa3MLITHH YPOEHEH B Mpenenax onpeacA€HHOTO SHEpreTH-
YecKOr0 MHTEpRAJa.

TIpHYHHON TAKOrQ pa3MbITHI ABIAETCA XaOTHYECKMH Xa-
PaKkTep pachpeneneHud KOMAOHGHTOB B PelUSTRAX TBEPAEIX
PAcTEOPOR KPUCTAILIOB, KOTOPH NPHBOAHT K HECHOeRTAT-
HOCTH B KOMIO3UIHM GmpKalimiero okpyKEHHA MPHMECHOTO
ocToBa [7], YunTHBaA 3TO 06CTONTENBCTEO, U3 AAHHEIX 71 OT
T ONpeOciUIH YCPCOHEHHEIS 3HAUERMA JHEPIAA AKTHMBAUMH
nepeoro (E;) ¥ sToporo { E;) ACHOPHEIX COCTOAHHN TesTypa,
Benuuuna storo mapaMeTpa OUPEHENSSTCA TEM 3HaYSHUEM
E, XOTOpO¢ B YPRBHEHRH 3AEKTpHYeckoH HeHTpalbHOCTH
KPHCTANNa, 1a8T HAWTyVIee COTJIACHE C JKCNEPMMEHTANb-
HEIMA JAHHBIMH MO 3ABUCHMOCTH n OT T B ChMydae ¢
IMYHTHPOBAHHLIM COCTOAHNEM WCCNeMyeMoro yposusa [8). Ha
pHc.] mpencTABTCHB! XapaKkTepHLle 3ABHCHMOCTH n OT T
s ofpasuoe Ge u Gey,Six pazIfuHore CocTaRa, B KOTOPEIX
TIOC/E METHPOBAHMA TENTYPOM MPOABNAETCA TIEpBOE NOHOP-
Hoe COCTOMHHE MPHMECH, ITYHTHPOBAHHOE 3NEXTPOHAMH OT
NOMHOCTEI0 HOHH3HPOBAHHBIX MENKHX NOHOPHEIX LieHTpoB. B
THX KPHCTALIAX YIOBJIETBOPSETCA YCIOBHE Ngpy<<Nr.. B
ofmacTH HUIKHX T 3NEKTPONPOBOIHOCTE 00DasloB ONpede-
JISETCA B QOCHOPHOM MENKHMH SOHOPHBIMH UEHTPaMH, KOH-
nenTpammel mopsmxa 10M+10%cn™. € nopsimennem T poct
KOHUEHTpaiMH CcBOOOMHBIX 3NEKTPOHOB CBA3AH € HOHM3a-
uueit Bepxeerc ypopua Te. Puc.2 AeMOHCTPHPYST 3aBHCH-
Mocti n OT T B kpuctainiax Ge W GepxSiy, B KoTOpHX
NPOABNAETCA BTOPOC KOHOPHOE COCTOAHHBE TEATYPa, IIYHTH-
POBAHHOE MEKTPOHAMH Bepxuero ypoena Te. B arux ofpas-
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Pue. 2. TeMnepaTypHBie 33BUCHMOCTH KOHUSHTPAUMMH CROGOA-
HBIX 3NEKTPOHOB B kpicTainax Ge H Ge,_,Si,, ¢ WyHTH-
POBAHHEIM BTOPHIM NOHOPHBIM YPOBHEM TENLYPa.

AKMX T CBA33HA B OCHOBHOM C IIERTPOHAMH BEpXHETO
ypoBEA Te, Pe3yanTaTsl onpenencHMa 3HaueHuil E; H £,
BLIMENINOKEHHRIM CTIOCOGOM, YKA3BIRAIOT Ha AHHEHHE
XapaKTep HX H3MEHEHHA ¢ COCTABOM (X) KAK B repMagHeno-
OOBHEIX, TAaK M B KPEMHHENONOOHWX xpucrannax. Haiizen-
HBle IHAYEHHA 3TAX MAPAMETPOR OMUCHLIBAINTCH CIemyIomH-
MH YPAaBHEHHAMM;

Ej =E, - (0,1140,92x) 5B
ET =E, - (0,22+0,05%) B
E =E, - (0,30+1,05x) B
E} =E, - (0,41+0,14x) 5B

mpul £x<0,15
mpux > 0,15
npu 0 £x <0,15
npu x > 0,15,

Jis repMaHHenoAoGHEX cocTaBoB (X<0,15) noay4eHHbe
3HaYeHHA E; ¥ E, YAOBNETBOPHTENEHO COMMACYHOTCA C JaH-
HbiMH paHuei paGotn [2]). CornagHO ITOMYMEHHEIM YpaBHE-
HHAM TPAMECHh TEUIYPa BO BCEM pATy TBEPALIX pacTEOpOB
Ge).Si; ABNASTCA ABYKpATHRIM J0HOpOM, Kak H B Ge, J10
CBHJETE/ILCTEYET ¢ CBAIH HCCNCHOBAHHBIX YPOBHGH ¢ 3ame-
matomumMn aromamu Te B kpuetamnax Gey.,Si;. H3 ypasse-
HUll ANA KpeMHENENOAOOHBIX COCTABOB AMEEM CJISAYIOIHE
3HAYEHHA A7A MEPBOTO H BTOPOTO HOHHIANUOHHLIX HOTEH-
LHANOB 3aMelAICIRHX aTOMOB Te B KpeMHUN E; =E . -0,27 3B
H E;=E, - 0,55 3B. 311 3HadeHHs CYMECTRCHAD OTIARYBIOTCH
1O 2HEPTHA OT YpoBBA E. - 0,14 3B, 3renepumMerTaibHO Ha-
fmomaeMoro P KpeMHHH, JETHPOBAHHOM TELTYpoM [1]. Oue-
BHAHO, YpOBeHE E - 0,14 3B He cBAZaH ¢ 3aMeIAIOMMMH
atoMaM Te B Si n umeer mpyryio npupoxy. OTCyTCTBHE
DKCNEPHMENTANBHEIX JIAHHBIX TQ 3HEPTeTHYECKHM COCTOf-
HHAM 3aMeIaomx aTtoMor Te B Si cnegyer oTHECTH K WX
OTHOCHTSNBHO Maneil pacTBODHMMOCTH B 3ITOM IIQIYNpO-
BOJHHKeE, KaK 1 B Ciyvae npumec Cu [8].

Pe3sloMupya pesynbTaThl HCCNENOBAHHA 3HEPTETHYCCKHX
cocToAnHl npumecu Te B cucteme Gey.,Siy, MOKHO coenars
clenylolliee 3aKmoyeHue. JaMELIAIOWHEES ATOMEL TS/UTYPa B
Gey.,Siy H B Si ABIFOTCA ABYKpATHEIMH ZOHODAMH, KAk H B
Ge. DmeprMa c¢Ba3d INepBOTO H  BTOPOrc JOHOPHBIX
cocToAauult Tenmypa pacreT JuHelino ¢ XoHUeHTpaumel
KpeMHH KAK B Te€pMaHHeé-, TAK M B KPEMRHEMOAOOHBIX
cocranax Ge,.,Si,, B COOTBETCTBHH C MOARTLI> BHPTYATLHOTO
KPHCTAITE ANIH TEEPIEIX PACTBOPOB.

[1] 4 Musec. B xH. «[IprMecH ¢ ry6oXKHMH YPOBHAMH B
MNONyTpPOBOXHHRAX», Mockpa, «Mupy, 1977, c. 562.

(2] TX Awdapos, A.C. Fanues, M. Liaxmaxmuncruil.
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[IOTYMPOBOAHHKOBBIX KPHCTAILIOBY, Mocksa,
«Metaunyprum, 1976, c. 368.

4] ¥ Kamiura and F. Hashimoto. Phys. Stat. Sol., 1979,
54(a), p. 697-700,

[5] E. Janzen R. Stedman, G. Grossman, H.G. Grimmeiss.
Phys. Rev. (B), 1984, v. 29, Ne 4, p. 1907-1918.

(6] F.3 Kasumzade ®OTII, 1995, .29, Ne 6, ¢. 1101-1104,

[71 L. Samuelson In Proc. 13th Intern. Conf on Defects in
Semiconductiors, Coronado, CA, 1984; publ. by metal
Society of AIME, Warrendale, PA (1985), p. 101.

[8] X Aoacdapos, P.3. Kasumiade, B.B. Mup-Bazupos.
$TII, 1992, 1. 26, Ne 3, ¢, §53-556,



H.X. Djdarov, R.Z. Kanmzada, N.A. Afiayev, M.O.Okboroy
GERMANIUM-SILISIUM BORK MOHLULLARINDA TELLURUN ASQAR HALLARI

Xoll d¢tnelori asasinda Ge,,Si, (0 < % < 0,30) sistemlerinds qafes diyiinlerinde yerlesan tellur atomlarimin (Te,) donor hallanmin
rabits enerjisinin silisiumun konsentrasiyasmdan asili olaraq deyismesi qanunauygunlugu to’yin edilmisdir. Gdsterilmizdir ki, biitiin
Ge,..Si, berk mehlullan sirasinda ve silisiimda Te, germaniumda oldugu kimi &ziind ikigat donor kimi apanr.

Istor germaniumabenzer (x<0,15) isterse do silisiumabenzat matrislarde Te,—nin birinci ve ikinci donor seviyyelerinin aktivlesme
enerjisi tarkibden asih olaraq xetti deyisir ki, bu da berk mehlullar iiglin virtual kristal modeline uygundur.

G.Kh. Azhdarov, R.Z. Kyazimzade, N.A, Agaev, MLA. Akperov
IMPURITY STATES OF TELLURIUM IN GERMANIUM-SILICON SOLID SOLUTTONS
The relations of donor states activation energies of substitutional Tellurium atoms {Te,) from Silicon concentration in Ge,.,Siy
(0 < x < 0,30) system have been determined on the basig of the Hall measarements. It is shown that in all range of Ge,,Si, solid solutions
and in Si Te, behaves as double acceptor, as well as in Germanium. The activation ¢nergies of the first and second donor states of Te,
change linearly with composition in Ge-like (x<0,15), as well as in Si-like (x>0,15) matrixes due to the model of virtual crystal for solid

solutions.

Hama nocmynnenun: 13.05.99 Pedaxmop: C.H. Mexmueea
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NMNOABIKHOCTD 3JIEKTPOHOB B TEPMOOBPABOTAHHBIX KPHCTAJLJIAX
Gey.:8i; C IPHMECBHIO MEIH

ILTI". AJKTAPOB
Hucmumym Qusuxu AH Azepbationcana,
370143, Baxy, np. I Qucasuda, 33

Heenenosano piHARNE TepMoo0pabOTRY Ha MOJBHAHOCTS MICKTPOHOB B KpHcTawnax Ge,_Si, (0<x<0.13} NerdpoBaHHEX MEXBIY TPH
900°C. KonueHTpauui 3aMellaiomix aroMos npuMecH Meon (Cug) # KOMIEHCHPYIOIDMX MeNKAX AoHOpoB (Sb) B ofpaingx coCTamIana
x10'%xm?, Ha ocmose mimepesui TCMNCPATYPHBIX 3aBHCHMOCTeH koadduumenra Xolia A 3JEKTPONPOBOAHOCTH TOKA3aHO, MTO
ROCASNOBATENLHOE CHIDESHHS TeMNepaTyphl oTxura obpaiuos ¢ 900°C g0 700°C npuboaurr x ymencmenwro xoruerpaypn Cug A pocty
MOABHKHOCTH MIESKTPOHOR (14). FKCMEPHMEHTANEHLES JAHHLIE JABHCHMOCTH Y, 0T T, B umweprane 77-300 K cornacyiorcs ¢ pacueTHuIMH ¢
YHETOM pacCes HIA IMEKTPOHOB Ha (oHoAax, GeCTIOPAAKAX CTNERA U MYNETHINIETHO 3APOKCHHEIX 2TOMAX NPHMECH MEaH.

[NoppHxHOCT, CBOOOAHEIX HOCHTENSH 3apAAa B NONYIIPO-
BOFHMKAX ABNACTCA OAHHM M3 BOKHBIX (HIMMEecKHX mapa-
METPOB, XapaKkTepH3YOLHX MarepHan, Beninaa sroro na-
pameTpa oONpefendeTca KOHKpeTHoH 30HHOH CcTpykTYypolt
MATPHILL ¥ XAPAKTEPOM BIAMMONSHCTBUR IMEKTPOROB {IEI-
POK} C TeMIOBHIMH KOMeSaHUAMH peIleTkH, a TAKKe PAIOM
HeCOBEPIIEHCTR KPHCTAMIHYeCckolt cTpykryphl. Cpead noc-
femHEro pAla OCHOBHYIO DOAL, B GOALUIMHCTRE CNYUAeR,
UTpaeT paccedaHue HOCHTENelH 3apala Ha HOHaX MPIMEeCH.

Hccnenopanmd NGABHAHOCTH 3NMEKTPOHOR W AHPOK B
KPHCTAIIAX CHCTEMBl I'EpMAaHMA-KpEMHKN [pOBOOMINCE pa-
HeC pAEOM aBTopoB (cM., Hanpmmep, [1-3]). OcHoBHOH
nenpio ITHX pador ObUIC YCTEROBRICHHE 3aKOHOMCEPHOCTEH
M3MEHEHHA TIOABHACHOCTH OT TEMICPATYPH NPH JOHOHHOM H
CIVIABHOM pacceiHuAX. JKCICPHMEHTH NpOBOJANHEChE ¢ 06-
paslaMi JeTHPOBAHHLIMM METKHMH NPHMECHBIMH LIGHTPAMIE
¢ koHueHTpaumeri nopamka 10'. 10¥ em®, e ycmormmx
NOMEHWPOBAHUA YKAZAHHEX MEXAHHIMOB PacCeAHm.

Atomut Meru B Ge, Si i B Ge,Si, oTHOCATCH K paspsamy
rIyGOKHX FPHMECHBIX UEHTPOR. YCTAHOBIEHO, UTO 3amMe-
mapmye atoMsl Mead (Cu,) B 3THX KPUCTANNAX SBIAIOTCH
TPeXKPaTHEIMA AKUENTOPaMH, B COOTBETCTBHH C MOJEIBID
TETPAIAPHYECKHX KOBANECHTHBIX CBA3eil [4]). DHepreTideckme
COCTOSHKA NSPBOTD M BTOPOTO AKLENTOPHBX COCTOAHHA Cu,
NIOTAJAIOT B HFKHAKY TIOJIOBHHY 3A0pemeHECH 3086 TpeThe
AKLUEATOPAOS cocToARHE Cu, PACTIONOMEHO B BepXHel moso-
BHHE 3ANMPCLICHHON 30HBl M B ICKTPHUCCKHX HIMEPCHMAX
TPOABIACTCA B KPHCTAIAX € MICKTPOHHOH MpOBOAHMOCTEIO,
KaK TICEBNONOHOpHLINA yposens [5]. 3apamoBoe cocroAHme
Cug ¢ 3aNO/HEHHEIM TPETEHM AKLENTOPALIM YPOBHEM ABNA-
eTcd TPEXKPATHO OTPHUATENLHEIM W OKka3bIBaeT CYLIECTBEH-
HOE RIHSHME HAa paccesHMe odnektpoHoB. H3pectHo, uTo
KOHUEHTpalHEl GHCTPOIHPPYHAUPYIOMICH IPHMECH MEH B
KPHCTAIUTAX MOXKHO YIPABRIATE TIYTEM OTXKHra 00pa3uos NpH
PA3NHYHBIX TeMnepatypax [6). B cuay 3Toro o0CTOATEIbCTES
CHEeMYeT OMAATH OUIYTHMY) KOPPEIMLMIC MEXIY Temuepa-
Typoll OTAUTA FMEKTPOHHBX KPHCTAIOB ¢ MPHMECHIC METH
H NOJBHKHOCTEIO cBOSOAHEIX HOocHTeAeH 3apana,

B macrosmeit paGote npHBoAATCA pesyAbTATR HOCMEAO-
BaHAN BJTHAHMA TIOCASACBATENBHOTO CHWKEHHA TeMIEpaTy-
pel oTxura obpasuos ¢ 900°C xo 700°C pa nompHKHOCTD
WEKTPCHOB B repMaHMenofo0HRIX kpHeTamnax Gey,Sig
(0<x<0.13), nNerHpPORAHHLIX MEeIZBK W  HHTEPNPeTAHA
IKCTICPUMEHTANBHEX MAHHLIX B paMKaX CYIUECTBYIOUIHX
npencTapreHuit.

CIHOPONHBIS KPHCTAIE TBepOEX pacTBopob Gey.Siy
{0sx20.13) ¢ IMEKIPOHHOI NPOBOAHMOCTHIO, OGYCIIOBAEH-
Ho#l Menko#t noHOpHOH NpaMeceio (Sb), ¢ sdderrumrolt Kon-
neaTpannel Ny, =10"%cm™  momywamun MetonoM BHIpaniuBa-
HAA H3 Oompmiore oOwema [7). Jlerupoeanme ofpasuop
MENBI0 MPOHIBOAHAOCH FU(PYIHOHHEIM METONOM NPH TEM-
oepatype ~900°C, oTBewalomieli MakcHManBHON pacTBopH-
MocTi 3Tol mpumecH [8]. B xoae sxcnepumMenTa Temmepa-
TYPY OTXKHIa 00pasLioB NOCHENOBATENBHO CHIDKAIH ¢ LIATOM
100°C, Bpema spnepixka o0pasuoB TIpH KakIoH TeMmepa-
Type cocTapaano 44. 3a 3T0 BpeMA YCTAHABAHBAIOCE PABHO-
BecHoe cocTosHre [9], Tocne kaxmoll cranmn oTxHra HiMe-
PATH TeMNepaTypHble 2aBHCHMOCTH ko3dduimenta Xomna H
AMEXTPONpOoBOAHOCTH. KOHIIEHTpaInio { ;1) HOMIYECKYIo TOM-
BISKHOCTE (#4,) MEKTPOHOR OMPEACNANN U3 SKCTIEPUMEHTARL-
HbIX 3HadeHHi! xesdduuperTa Xomm H XOLIOBCKON MOA-
BIKHOCTH ¢ UCTIONEZOBAHHEM JIRHHWX NO XoMI — dakTopy
snekTpoHoR [10]. B ocHOBY aHanu:a B3KCMEPHMEHTANLERIX
pe3yaeTaToB Oblla 3AM0KEHA CXEMA, YYHUTBIBAOWAd TDEX-
KpaTHOe akuenmopHoe acticrene Cu, H HEHIMEHHOCTE Ng, ¢
T OTKMTa, O0YC/IOBNCHHAR AOCTATOMHO MAICH CKOPOCTEIO
mupdy3ne atomos Sb B maTpiue [6].

Ha ocHoBe XOJANOBCKHX H3MEPEHHH ANA HCCICHOBRHHA
OTOHpANHCE KPHCTAILLKOTOPEIE TIOCNE JIETHPOBAHNA MEJIBI0
apn $0°C He HIMEHANH THI NPOBOAYMOCTH M B KOTOPHX
[POABAAICA TPeTHH AKLETOPHBIN YpoBeHb mpuMeci. Ha
puc.l, npeactasncHa xapakTeprAas WA TakHX 00pa3loB 3aBH-
CHMOCTE N OT T, Ha OpuMepe kpHcTanaa ¢ 6.5a1% 5i, Tam
€ NpHBSACHB! 3aBUCHMOCTH i3 OT T nocne ominra npe §00
u 700°C, a Takke vcxomHoro obpasua ¢ Ngy=3,2-10"en’,
Kak BHaHo B HCXOAHOM 06pasiie KOHUEHTpalHA cBOGOIHEIX
IMEKTPOHOB OCTAeTCA HeHsMEHHOH ¢ T (kpupaa 1), 4To CBS-
3aHO ¢ NoNHOH HoEMIaumel Memkol aoHopHO! npaMecH (Sh)
B paccMaTpuBaemMoli ofnacTe TemmepaTyp. FKCHOHEHUHANE-
HBI pocT n ¢ T MoCAe AerupoBarma o0pasua Mepio (Kpu-
BaA 2) CBUACTENBCTBYET ¢ MAcTHYHON KOMIGHCAUHH BEepX-
Hero ypobHA Cu,, NPOAMIMIONIErocs Kak MCeBIOACHOPHLII
LeHTp. B ofpaze B 5TOM ciydYae BHINOJHAETCA YCIOBHE
2Ny <Ngp<3Ng,. Omrur obpasua mpu 300 u 700°C mpaso-
AMT K pacmafy IepechlllleHHOro pactsopa Cllg B XpHCTaLIe.

Kak sugno m3 puc.] mocne omkyra oSpasta RpH S5THX T
pepxHull ypoBers Cu, B 3aBHCHMOCTAX n OT T daxkTHUecKH
Re MpPOSBNIASTCHA. 3T0 CBA33HO ¢ OTHOCUTENLHO MATHIM 3HA-
ueHueM N, MIYHTUPOBAHHEM BEPXHETro Yporag Clig Menku-



Puc. | TeMnepaTypHsie 29RHCHMOCTH KOHLIEHTDAIMH CBO-
GOIHEX MEKTPOHOB B kpucTanne Ge.,3i, (0,065)
fo (kpapas 1) ¥ N0GNe AETHPOBAHHA MEARES TIPR
900°C (kpupas 2) H NOCAEHYIOMWIX OTHHIEX TIPH
800°C (kpupaa3) u 700°C (kpupas 4) B TeUCHUH 44
CHRONIHEIE THHEH PACUCTHRIC.

MH JOHODHBIMH LGHTpaMM H [OCTaTO9HO GonbmaM
JHAYCHHEM SHEPIHH CBA3H ITOT0 ypoBHA B 00pasn¢ (E=E.-
0,29aB [5]). DkcnepHMeHTANbHbE AAHHEIC KpuBhx pac.l
AHANM3HPOBANKECH B PAMKaX YPaBHCHHA ITCKTPHUSCKOMH
HEHTPANTLHOCTH € YS€TOM HATHIAA B KpuUCTa/ie npuMeceit
MeiH W ¢ypeMel. CrmomHEre nEMHM, NpPeACTABNCHHBIC HA
puc.], 0TBEuAOT pacyeTHRIM. B pacuerTax HCHONE30BAHBI
panEbie pabot [5, 11] no E ¥ MakcHMALHOH pacTBOPUMOCTH
N, MpH pasAHTHEIX TEMIEPATYPaX.

Ha puc.2 NpeACTAaBICHH TEMMEPaTYPHBIC 2ABHCHMOCTH
OMMWUeckoll TOABHKHOCTH IMEKTPOHOB B obCyxIaeMom ob-
pasre Ao (xpuBad 1) M DOCHe JIETHPOBAHMA MEHRK IIPH
*900°C (kpurad 2), a Takxe oTxHra npH $00°C (xkpusas 3) v
700°C (xpueas 4). KpecTHxaMH H KPY¥KaMH NpeICTaBIEHb
CMEPUMEHTAIEHEIE JaHHBIE. Kak BUIHO W3 PHC.2 NOABHX-
HOCTP 3MeKTPOHOR TOCHE JISTHPOBAHHA MENbI CYIECTBSHHO
YMEHBIIACTCR BO ECEM HHTEpBaNie TEeMOCPATYp MO cpaBHe-
HHIO € MCXOOHBIM 00pasnoM. XOTA KOHUEHTpauua cBoboi-
HBIX 3MCKTPOHOB B 00pasiie mocAe AETHPOBAHAL MEABIO 3HA-
YHTENBHO MOHMKAEECH (CM., pHE.1), omad g, OOBACHACTCA WX
HHTSHCHBHBIM PACCEAHHEM Ha TPEXKpaTHO CTPHIRTCABHO
sapskeHHBIX roHax Cu;. B mexonHoM ofpasiie paccesnne
JIEKTPOROB TIPONCXOOHT, B OCHOBHOM, Ha OOHOKpPATHO
3APAKCHHBIX ATOMaX NPAMECH CypsMbl. OTkur ofpasuon
npx 800 u 700°C OpHEOAHT K YMEHLIIEHHIO KOHUEHTPALMH
Cug H YBeMHUCHHIO 4o OTMETHM, WTO HanbHeduuit orsur
obpasma pn S00°C B TeaeHHM 4 1. GAKTHYSCKH NONROCTEHIO
BOCCTAHABAMBAET NEPBOHAYAILHBIC 3IHAYEHHA [, BO BCCM
HHTEpBAIE TeMIISPATY.

AHANH3 IKCNCPHMEHTANIBHBIX JAHHBIX 3aPHCHMOCTH /i,
OT T NPOBONMIH B TNPEAMONOKEHHH AAIHTHEHOCTH Da3idq-
HEIX MEXAaHHIMOB paccefilms. (OCHOBHBIMH MEXaHH3IMaMH

12

Puc.2 TeMnepaTypHBie 3aBHCHMOCTH [IOABHKHOCTH 3NIEKTPOHOR
(12) B kpCTAMNE G, Siy (x=0,065) ¢ Np—3,2-10'%
zo (1,1 u noce neriposanus Menplo mpu 900°C (2,2') u
TepmoobpaboTrn nipu 8300°C (3,3") u 700°C (4,4) » Tede-
HHH 4 1. CRIomERe THHHE TEOPETHYCCKHE. KpecTHKH 4
KDYHKH JKCTICPHMCHTANBHBIC AaHHbIe. Kpiebic 1-4 — pe-
FYNLTHDPYIOLIAE Hu; 1'-4' + t, PN paccesHAH Ha MOHAX
NpHMECH; 5 - 42, PH PAcCeAHEH Ha koNeBanuaAX perIerku
1 Gecropankax craana [3). Ne,, om™: 2,2' - 82410,
3,3'-3,4-10'% 4,4 - 6,3.10",

paccesHusi B paccMaTpHBaeMoK obrnacTi remmepatyp ABIA-
10TcA OHOHLI, $ecTopsaKd clUlaBa H HOHbl npuMech [3]
TTofBMKHOCTE, OTPAHHICHHYIO PAcceaHHEM JJIEKTPOHOB Ha
NEPBHIX HBYX MEXAHM3Max, MPESACTABNCHHYI0 Ha puc.2
KpuBoit 5, paccUHTHIBANK 10 JAHHBIM paboTsl [3]. BemrauHz)
M. TPH PAacCEAHMH HA WOHAX NPHMECH OMpPEICIANH 10
¢opmyne Bpykca-Xeppumra [12], kotopad yamTHBAET
IKPAHHPOBKY THOIA HOHA CBOCOAHBIMH HOCHTELAMH,

64n’2e?(2kT)? | {24m;k2T23}
o= e In >z
(z Nizz)egme 2 |. e’h'n

3neck ZIN;27 - nonHas KOHUEHTPALIAA 33pANOE ¥ mpuMecel;
Z-3apan ¢QOTBETCTBYIOLIHX HOHOB npuMecH; n-KOHUEHTPA-
UHA MCKTPOHOE B 30HC NMpOBCIEMOCTH, € - ARINSKTPpHUeCKal
NPOHBLGEMOCTD MOMYMPOBOLHAK]; m, - 3{dekTrnHan Macca
[WIOTHOCTH COCTOAHMH 3nexTpoHa, B paccMarTpusacMoM Ha-
MH CTyYae BCe aroMbl MeNKoH TNPHMECH HAXOATTICA B HOHH-
3HPOBAHHOM COCTOSHHH ¢© ONMHOKPaTHO NHOMOXKHTENBHEIM
3aPANIOM, @ TPHMECh MeZH B 33BHCHMOCTH OT TeMIepaTypH -
B COCTOAHHAX ¢ TPEXKPATHO H ABYKPATHC OTPHLATENBHLIMH
sapamaMiLB TOM Cydae Y N2 = ON; + 4NZ + Ny
Hcronb3yn AaHHEIE, BHTEKAIOMEE U3 phc. 1, Gbum paccuuTa-
WKl 3HAYeHHd 4. B oOpasue, noce BCeX Craamit ero ofpa-



6otkn. Ha prc.2 xpubpie 1'-4' AeMOHCTPHPYIOT XOA 4, 0T T
A COOTRETCTRYIOWMX cTandil. CrlolIHele THHHH HA KpH-
BEIX 1-4 ABITOTCH DAcCUETHRIMK PEIYNETHPYIONMME NOA-
BIKHOCTAMH, KaKk BHOHO H3 pHC.2 pPacyeTHBie KpHBHE
AOCTATORHO XOPOUIO OMMCHEBAIOT XOA IKCICPHMEHTANBHEX
HaHHBIX.

PestoMMpys DOMY'eHHBIE IKCNCPHMESHTANbHEIE AAHHBIC
N0 BARSHAIO TepMHucckoft o6paboTkH HA NOABHMKHOCTL
IMEKTPOHOB B TePMARHENOAOOHEIX KpHCTAIAX Ge(,Si,
JCTHPOBAHHBIX MeApro mpH 900°C, MoxHO caenaTs cnemyio-
mee sakmoucHue. [ocnemoparentnoe CHIKEHHE TeMnepa-

TYPH OTKHCA OOPAsLOR ¢ NEKTPOWHOH NMPOBOAHUMOCTRIO €
900°C ne 700°C NMpHBOAMT K YMeHRIIEHHI) KOHLISHTPALAH
Cu, H YBENHYEHHIO MOABMXKHOCTH JIEKTPOHOB. JKCIEPH-
MEHTATbHbIE JAHHBIE 10 TEMIIEPATYPHON 3aBHCHMOCTH NOH-
BIDKHOCTH JJICKTPOHOB B KPHCTAIUIAX B MHATepBane 77-300K
COTNACYIOTCA ¢ PACYETHHIMH C YTeTOM PAacceARHMA HA KOJNE-
Gamiax pemeTky, Jecmopankax CINaBa ¥ HOHAX DPHMECH.
[onyaensble pe3ynbTaTH NOATBEPKAAIT AAXOMKICHHE 3aMe-
AKX ATOMOE MEIH B YMEKTPOHHEIX KPHCTAIAX B EEYX —
H TPeXKPATHO OTPULATE/EHO 3aPKSHHRIX COCTOTHUAX.

[1] MGlicksman Phys. Rev., 1958, v.111, p.125-129.

[2] S.UIshida, E.Otsuka. J. Phys. Soc. Jap., 1968, v.24,
p.509-511,

i3] G.KhAzhdarov, N.A.Agaev, R A Kyazimzade. Sol.State
Commun., 1992, v.84, Ned, p.445-447,

[4] D.Musric. B xu. “TipuMecH ¢ NIyGOKUMH YPOBHAMH B
nonynpopogaAkax’’, Mockea, “Mup”, 1897, ¢.562.

[51 IXAxcoapos, P.3.Kaaumzade, B.B.Mup-Fazupoe,
®TII, 1992. T.26, Ne3, ¢.553-556.
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AH CCCP. Heopr. Marep., 1987, 1.23, Ne3, ¢.368-372.
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J. Appl. Phys., 1984, v.56, Ned, p.936-941.

[10] P.3 Kazumsade. OTII. 1995, 1.29, N6, ¢,1101-1104.
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COCTAaBOM
Mackea,

P.H. Ojdaroy
TERMIK E'MAL EDILMIS MIS ASQARLI GeiSix KRISTALLARINDA ELEKTRONLARIN YUORUKLUYU

S00°C temperaturda misle legire edilmis GeixSix (0<x<0,13) kristallarinda elekironiarin yiriiklilyiine termoc'mahn te'siri tedqiq
edilmiydir. Qefes diyinlerinde yerlesan mis asgarlanmin (Cw) ve kompensasiyaedici xirda donorlarm (Sb) ntmunelorde
konsentrasivas: =10t sm-3 tartibdedir. Xoll emsalinin ve kegiriciliyin temperatur asthiigimin slgilmesi esasinda gosterilmigdir ki,
niimunslorin iabalma temperaturunun ardwl olaraq 900°C-den 700°C-ye qeder endirilmesi Cu; agqarlannin konsentrasiyasimn
azalmasia ve elektronlarin yirikliyiniin {z,) artmasima getirib ¢ixanr. 77-300 K intervabnda g, (T} asihhfinin eksperimental
neticeleri elektronlarin fononlardan, srinti nizamsizhqlanndan ve multiplet yiklonmis mis asgan atomlarindan sapilmalari nazore
alinmagla apanloug hesablamalarla uzlagir,

P.G. Azhdarov

ELECTRON MOBILITY IN HEAT-TREATED Ge,_,Si, CRYSTALS WITH COPPER IMPURITY

The influence of heat-treatment on the electron mobility in Ge,,Si, (0<x<0.13) crystals doped by copper at $00°C has been investigated,
Concentrations of substitutional copper impurity atoms (Cug) and compensating small donors (Sb) in samples were =10'cw™. On the basis
qf the temperature dependences of Hall coefficient and electroconductivity it is shown that the successive decreasing of the sample annealing

temperature from 900°C to 700°C leads to the decreasing of Cug density and increasing of the electron mobility (2). Experimental data of
the g, dependence on T in the range 77-300 K agrees with the calculated data taking into account scattering of electrons on phonons, alloy
disorders and multiplet charged copper impurity atoms,

Homa noemyraennus: 25.06.99 Pedaxmop: M.H. Arues
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BJIMSIHHE HEOHOPOAHOCTH COCTABA HA 3JIEKTPOPNINYECKHE
XAPAKTEPHCTHKH MOHOKPHCTAJIOB Cd,Hg;.,Te

3.®. ATAEB, 3.B. JAMHPOBA, I'.C. CEHAJ/ITH
Hucmumym ®omosrexmponuxu AH Asepbatioxncana
Baxy, 370141, yn. @. Azaeea 355 xeapman

HecnenyloTen aHOMaNMM 3MEKTPHYECKHX W (OTOBNEKTPHYECKHX CBOACTB B UHTeprane Temneparyp §0-300 K s monokpicTaniax
Cd_Hg,..Te B 32BHCHMOCTR OT TOMUHHB 00pajnoa, YCTAHOBNEHO, WTe HaGMOIAEMBIC AHOMANHY ONPEAENAIOTCA KPYNHOMACWTAGHEIME
QIyKTYALHAMM TIOTeHUHANA, CBAAHHOTO OfbpeMHMMHE Kiacrépamd, IToxasamo uTo paspylleHHe CBA3BAHHOCTH KNAGCTEPOBR MOMET

DPORCXOANTE NPH NEPEXOAE K TOHRHM O5PAIAM.

B y3KO30HHBIX MATEPHANAX TOYCHHBHIE H (POTIKEHHLIE
nedexT CTPYKTYPBI, Kak POCTOBLIE, TAaK H BBSACHHBIC BRCIL-
HUM BO3OEHCTBHEM, MOTYT CYIIGCTECHHBIM 06pa3oM BAHATEH
HA IEKTPOQUIHMECKHE XAPAKTCPHCTHKH FOMYNPOBOAHHIA.
X nanGonce cTpyKTYpHO-IYBCTBHTENEHON XapaKTepACTHKE
OTHOCHTCA (JOTOTYBCTBATENBHOCT, ONpeIenieMan cpeaHuM
BpeMeHeM JXH3HH M TTOABIDKHOCTEI0 HocuTeneit sapana [1).

Onpefenmomye 3HAYEHHA A4 OTPAHHIEHAA (POTOUYBCT-
BUTENLRAOCTH MoHOkpucTamnoe Cd,Hg,..Te (KPT) wmoryr
HMEThH NPOTAKSHAbIE JeeKTE CTPYKTYPhl, OPTAHWYECKH
CBA2AHHRIE €O CHELH(MKOH BEIPALIMBAHHA CHOXKHEIX TBESP-
IeiX pacTeopoB. K Takum gedekTaM OTHOCATCA BRMOUEHHA
Bropoit sy {pryma, Tewrypa) [2,3], BakaHCHOHHEIC Kiac-
Tephl, KpYNHOMACIITAGHBIE DIYKTyaUuy cactaea [4] B mnc-
JROKAIMOHHBIE HEJOCTATKH MANOYMoBbIX rpaxvu,. Hekoro-
phie H3 HHX ABMAIOTCA €CTECTBEHHBIMH CTOKAME IUia Hepak-
HOBESCHEIX HOCHTENeHl  3apsna, TMOCKONBKY  CKOPOCTh
pekoMOHHALME B HHX CYIIECTBEHHO BHINIE, WeM B MaTpHLe
KpACTAIIIA, 34 CUeT CYHeHHA LIHPHHBI 3anpeiUeHHol 0HE,
00 TOBBMIEHHS KOHUEHTPAUMH CBODOIHRIX HOCHTEICH
(Mexy3enbHEle aToMBl Hg- AoHOpH). CKOIVIEHHE AKLET-
TopoB (BakaHcHH Hg) yMeHBINAST BPEMA XKI3HH B pesynkTa-
TE YBEIHYCHAA CKOPOCTH MOKNHPHIOBCKOH pekoMGHHALMH.
B pesynbrate HEYNOPAUCYESHHOTO PACTIONOMCHHA 3apANKCH-
nux pedertor B KPT Bo3nmxaer xaoTwveckuil moteHnwan,
4T B CBOM OUepefh NPUBOANT K PA3MEITHIO KpaeB 0H pai-
petueaHerx sHepruii. [TosToMy npencTaBIfeT MHTEpEC HIYUe-
HHe BO3REHCTBUA dTHX HEOHHOPOAHOCTER Ha snexTpodHsH-
JecKHe XapakTepHCTHRH MaTepyana.

C 3710it 11enk0 OTOHHpANH MOHOKPHCTALTHYECKHE IIACTH-
e KPT 0.25<x<0,30 miomamsio 0,1x0,2 cm2. Busrnexue
MaKPOCKONMHECKHX HEOAHOPOAHOCTEH Mo TOMIHWHE NpOMH3-
BOOWIN fIyTeM MOCHOWHOTO YOAIEHHA MaTcpHana NIacTHH
TpagncHueM B cMmecu 8 % Br u 92 % HBr ¢ ¢mxcaumeii
cnextpa GOTONPOBOIHMOCTH MOCAe KakAoro TpaBJicHHA,
ChReKTp (POTOTPOBOAHMOCTH H3YTAACA ¢ NOMOILLIY COEKTPO-
Merpa HKC-21, Ha BHXOOE KkoTOpOrQ pacmosarans 3ep-
KambHBI o0bekTaB, dopMupylomnl Ha NOBEPXHOCTH MIac-
THHBI 30HZ pasMepoM 90 MEM.

Xomnopckue HIMEpeHHA NMPOBOIMINCE HAa CTAHAAPTHOM
yeranopke YHUIITIM-1 koMMeHCAIMOHALIM METOOOM B 10C-
TOAHHEIX MATHWTHHIX H 3NEKTPHUECKMX MOMX, KOTOpHIHA
O0BIMHO KOMOHHHPYIOT C ABYX3OHIOBMIM METOIOM M3MEpE-
HHA YHENBHOI0 CONPOTHENCHHA [TOMYIPOBOAHHEA.

Ha puc.1 npuBeIcHs XapakTepHLIe KPHBHIE 3ABHCHMOCTH
3REKTPONpOROAHOCTH (0) H KodpduuueHta Xosna (R,) or
TeMNCpaTyps I MocnegyeMeix ofpasuos. Kak pHaHO, A
Hexoanore oGpasua (o0pasua ¢ TomuuHo# d=1,0 MM) ¢ poc-

TOM TEeMIOCPATYPbl 3NCKTPOINPOBOOHOCTh YMCHBIIAETCA, a
kosdduument Xoana yeenuuusactca. HaknoH KpHBHIX 3a-
BHCHMOCTEH O (T} W Ry (T) TMPH 3TOM HE NOCTOAHHMINA M ©
POCTOM  TEMNICPETYPhl YMEHBIIAETCA. C  YMCHBIICHHEM
TOIWHAHA H3yJaeMBX 00pasio ot =10 MM go 0,05 mm,
3ABHCHMOCTH (T} H R, (T) Bemyr cefa pavIHYHbIM
ofipazoM. Ha xpuehIx 3aRucHMocTeil o (T) ¥ R, (T) Nofe-
NMOTCA MOYTH NEPHOIYECKHe JKCTPEMYMBL, aMILUTHTY.Aa KO-
TOPHIX 3HAYUTENBHO TPEBHIUACT CKAYKH, OOYC/IOBJICHHBIE
BO3MOKHBIMH NOIPCINHOCTAMHA 3KCIICPHMEHTA.
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Puc. [, 3aBUCHMOCTD 3NEKTPOHPOBOAHOCTH Kpubbie {1-4)
koapduunenta Xoxna { xpupsie 1’-4') or Temnepaty-
pu1 npit paamyBex Tonumanax  Cd,Hg, ., Te, mM:
1-1; 2-0.8; 3-0.5, 4-0,2.
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Puc.2. Criexcrpantioe pacnpeacneHua (hoTonpoBOIHMOCTH
Cdy 3-Hdg 73 Te NpH pazmAYHEI TONLIHHAX d, MM
1=1: 2=0.8: 3=0.5; 4=0.,2.



s yCTaHOBNEHMA NOCTOBEPHOCTH IKCHCPHMCHTANLHBIX
pesYNBTATOR HA PTHX e 00pasnax mpoBoNRTHCH HOTOAIEKT-
prreckUe BiMepeHHA.

Ha puc.2 npHBefeHL! XapakTepHBIe A HCCIERYeMEIX
ofpaston chexTpaILHEle paclpefelesan (oTOTYBCTBHTE b
HOCTH AR OAHOTO I3 o6paiiee NpH pasiHYHEIX TONIUIHHAX.
Kax BMAHO, JA9 HCXONHOTO 0Gpasma zapuchmMocth U (A)
MMEeeT TUIIHUHEI CeNeKTHBHEIN XapaxTep ¢ MAKCHMYMOM B
obmactia A=5, 9 M. nanxuit o8 KOpOTROBONMHOEOI BETEN
3aBACAMOCTH U, (A ) CBROCTCNBCTBYST 00 OTCYTCTBAH KAKX-
o nmoBepxHOCTHHIX 2(pekTOB B YCIOBHAX MPOBEACHHBIX
HaMu m3mepeHuil. [IpH yMeHEIUEHRMH ToNMHS! oOpa3LoB
EIMCHSIOTCA HE TONBKO MONOKEHHS MakCHMYMa Mo IIKame
JOIHHB] BOJHE!, HO M A0COMIOTHHIE 3HAuYeHns ¢OTOYYRCTEM-
TeMBHOCTH MaTepHana. HeoOXODHMO OTMETHTR, YTO 3TH
H3MEHEHH HOCAT HEMOHOTOHHBIE Xapaktep. B pasnHuHRIX
o0pasuax, BHpEe3aHHLEX M3 OJHOM mWAKOH, BHIIEYKAZAHHAA
NEPHOIHYHOCTE MAKCHMYMa (OTOYYBCTBUTEILHOCTH COXpa-
HAETCH: & BH KPHBBIX CMEKTPANEHOIO PACTIPEIENCSHAA OT/iH-
waeTcd. Ha 3THx ke ofpasumax NpoBOARIACh H3MEPEHHA
BPEMEHH XHM3HH HEOCHOBHBIX HocuTenel 3apapa. Pesyms-
TATH 3THX HCCACOOBAHRMH OpHBSACHEI Ha pmc.3. TlopeneHua
o(T) TpH paiNHIHHX TOMOKHAX O00pasuoB AHATOTHIHO
3ABHCHMOCTH {7, (A).
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Pue.3. TeMnepaTypHan JABHCHMOCTE BPSMEHY SKHIHK H pacTipe-
AeneHde OTOTYBCTBUTEREHOCTH II0 TOBEPXHOCTH
CdozHo7:Te T = 30K, A = 3,39 Mxm.

Jns BLUICHERHA [EPHOOMYAOCTE BHYTPEHHHX HEONHO-
POZHOCTEN KPUCTAMIOB, HAMK MPOBEAEHO CKAHHPOBAHHE NO-
REPXHOCTH TAZCTHHEI pasMepod (500x500) MkM® CBETOBLIM
soHnoM, Ing kpuctawior KPT ¢ x=0,27 3TH pesymbTaTtel
nNpuReAeHt Ha puc. 3. BHOHO, YTO HEOTHOPOAHOCTH HMEIOT
o0LeMHRI XapakTep M, ¢ YMEHBEIIGHHeM TONLIMHBI KPHCTATT-
NoB, MaKCHMYM (WOTOCHTHANMA B PA3THIHBIX TOUKAX NOBEpPX-
HOCTH BEIDABHABaeTcA. B TOWKaxX MOBEPXHOCTH KPHCTANNa,
OTCTOAIOMX ZDYT OT Mpyra Ha 100 MKM ONpENeNneHe MaKkcH-
MaNkHOE 3HaYeHHE CTISKTPanbHON 2aBUCHMOCTH (JOTOQYBCT-
BHTC/IBHOCTH. JTH AAHHHE NPHBEACHS] Ha BCTABKE PHC.3 B
Buae TaGMHUEL YCTAHOBIEHO TAaKXE, YTO ¢ YBENHYSHHEM
COCTABA KPHCTANIOE BIHAHHE BHYTPSHHHX HEOOHOPOIHOC-
Telf Ha sneKTpodusiriecke H HoToINEKTPHNECKHE CBONCTBA
ocnabnaerea.

Jna  o0bACHEHHA RONYUCHHRIX 3IKCIEPUMEHTATLHEIX
PE3YIILTATOB HEOGXODHMO OTMETHTE, HTO 5TH aHOMANHM He
CBA3AHLI ¢ HANHUHEM UHBEPCHLIX NMOBEPXHOCTHRIX cioeB (5],
TAK KAK TIOSTOPHBIE TPaBNEHHA HE HIMEHAAH MCXOMHEIE
napaMerphl Matepuana, [IpeanoIaraiocs, 4To B H3YIaeMEIX
KPHCTAINAX CYIMECTBYHOT GNYKTVAIMH KPHCTAUIHIECKOIO
HOTEHIHANA, CPARAHHDBIE ¢ HEOAHOPOIHBIM PacnpeleNCHAEM
npamecel, COGCTBEHHBIX H CTPYKTYPHBIX AethekToB, a TAKe
NOKaNMbHOH BapRIOHHOCTHIO. B  pafote [6] meromom
PEHITCHOBCKOIQ JHEPrOJHCMICPCHOHHOTO AHAIH3A  ObUIO
nokasano, 4Yre B ofpazuax KTP ¢ x=0,2 xapaktepHmii
pasMep GUyKTyauHH cocTaBaAeT 25 MiM. [lockoXeky oTa
BGIHYHAA TNPSBOCXOAMT AAHHY aelpoiinesckodl BONHE #
InuAy cBoGomHoro mpobera HocHTenell 3apafa, Te B Takolt
cxeMe MHKpooOnacTelf nBIKeHHe HOCHTeRel 3apAla MOXHO
CUHTATS KRACCHICCKHM.

B ostx ycnosusx Gonsuan BefimupHa  QyxTyanuu
FIOTeHIlHaNs NPHBOAMT Ha ¢oHe ocHOBHOMl uacTH o6pasida
ofpazoRaHne KIACTEPOB, COEAHHAIOUIMXCA MeXnAy coDoi
TIPOCTPAHCTREHHLIMH TYTAMH DpoTexaHHd. B y3k030HHEIX
NIOMYTIPOBONIRMKAX, kKK GEIIC yka3awo B [7], onHOBpeMEHHO
BOSMOXHO CYIIECTBOBAHHE ABYX OOBEMHBIX B3aUMOMPOHH-
KAlOMHX KIAcTEPCB PASHOTO THIIA NPOBOZHMOCTH, YCJOBHA
NMPOTCKAHHA B KOTOPHX CYIICCTBCHHBIM 00paioM MOTYT
JasHceTh OT BHElIEMX Bo3aclicTeuit. PaspymeHue cBAzan-
HOCTH OfHOTQ H3 KAACTEPOB B NpSAeAax TOHKOTo obpasma
MOXHO NPOBEPHTE IKCICPHMEHTANBHO, T.€. 3TO 3aBHCHT OT
NepHoAa KpYMHOMAcWTaOHBIX (nykTyaunii noTeHunana B
HccTemyeMBIX KpHCTATnax. Oxazanochk, 4To nepuoxn quykty-
audH CHrHana G¢OTONPOBONAMOCTH H BPEMEHM KW3HH B
H3YHASMEBIX KPHCTANMIAX JeXuT B npegenax 70-150 MxM, T.e.
TIPH TaKWX TONKHAX 0GPA3OB MOXHO 0XKIATE paspyllende
CBA3AHHOCTH OHOTO H3 KNACTEPOR B KPHCTALIAX,

[1]
[2]

{3]
{4]

POxc. Kucca. B kn, «QoTONpPHEMHHBKK BMIHMOIC H
HK- ananasotos», M. «Paano u ceasen, 1985, ¢.325.
A.H Bracenxo FO.H.Iaspuniow,B. 3. Jlamyma, E.A. Cane-
xos. TTucema B XOOTP, 1979, 1.5, B.16, ¢.1013-1017,
FO.A. Konyesow. ®TI, 1970, 1.4, 8.6, ¢.1184-1187.
AL A6ounos, IC. Cendnn, E.B. Xotdwpoea. Ui, AH
CCCP, cep. Heoprarmuueckne marepuansl, 1987, 1.23,
B.11, ¢c.1835-1839,

15

[51 W.Scott, RE .Hader
p- 803-808.

[6] J1A Cacunce B.A. Pedepuro, B.H.Cmagpees, B.I1. Ilo-
nomapenro, B.A. Ezopos OTII, 1982, 1.16, B.7,
¢.1256-1259.
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1.9, ATAEB. 3.8, JAMHPOBA, I.C. CEMIIIH
Z.F. Agayey, Z.¥, Damirova, H.S. Seyidli

TORKIBIN QEYRI BIRCINSLIYININ Cd\HgixT¢ MONOKRISTALLARININ ELEKTROFIZiK1
XARAKTERISTIKALARINA TO'SIRI

n-Cd,Hg, ,Te monokristallarmin elektrofiziki ve fotoelektrik xasselorinin anomaliyalari, 80-300 K temperatur intervalinda,
niimunslerinin qalnhigmdan asililif tadqiq edilimigdir.

Gistarilmisdir ki, migahide edilen anomaliyalar, hecmi klasterlerle slagedar olan, potensialin hertarefli fluktuasiyas: ile
miieyyen edilir.

Milayyan edilmisdir ki, nazik niimunalara kegid zamans, klasterlorin baghligi pozula biler.

Z.F. Agayev, Z,V, Damirova, G.S, Seidli

INFLUENCE OF COMPOSITION NONHOMOGENITY ON ELECTROPHY SICAL PROPERTIES OF Cd,Hg,,Te
SINGLE CRYSTALS

Anomalies of electrical and photoelectric characteristics of Cd, Hg,  Te single crystals are investigated in the 80-300 K temperature range
depending on thickness of the samples.

It is established that observed anomalies are defined by large-scale potential fluctuations due to bulk clusters.

It is shown that a destruction of bonding cluster may take place in the course of transition to thin samples.

JHama nocmynnenun; 10.06.99 Pedawmop: J.LL, AGdunoe
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BJIASHHUE HHTEHCHBHOI 3BYKOBOI BOJIHBI HA MEK30HHOE
MATHETOHOIJIOIEHHE B IIOJYIIPOBOJHHUKAX CO CBEPXPEIIETKAMH

I'.b. AbPAT'HMOB
Hucrumym Puzuxu AH Azepbatidscana,
370143, Baxy, np. I. Jxucasuoa, 33

IMoy4ero, MTO R MOf¢ MHTEHCHBHOH 1BYKOBOR BOJMHBI TOMEHO Ra(mIONArscs 3aMETHOC YMCHBIICHME TOTNOWGHHA HA OCHOBHOH
yacrore, JdeHCTeHe 3BYKOBOH BOIHBI NPHBOOHT K BOIHHKHOPCHHIO ACHICIHHTCIBHBX MAKCHMYMOPR B MOTTOWCHHH, CBAIAHHBIX ¢ HATTHTHOM
KBA3MYPOBHEH J0HHEIX COCTOAHMN B HHTCHCHBHOM 3BYKOBOM NONE, IPHUSM IHCPreTHUCCKOE PACCTOAHKE MEKAY COCCAHHMA MaKCHMYMAMH

onpenensierca IMeprueli KpaHTa 3DYKA.

B nmochacnHes BpeMa 3AMETHO BOIPOC HHTEPSC K M3yde-
HHIO B3arMOACHCTBHA 3BYKOBBIX BOJH C NMEKTPOHAME KpHC-
TaLnos [1-3], TOMEIEHHLIX B KBAHTYIOWS: MArHKTHOS NOJe.
Heenenopane BAMAHnA WHTCHCHBHON 3BykoBoll BONHEI Ha
MEK30HHOS MAarHHTONOTNOWEHHe B nomynposogHnkax [1]
MOKAZHIBALT, YTO HpH ONpefeNéHHEX yCAoBHaX dopma Iu-
HUH Ko3d(HLUHEHTa DOINOMEHHA MOXET OMPEAENATECA MO-
neM BHewHeH 3BYkOBOi BonHHL. B pafote [2] nmoxazaxa Bo3-
MOMHOCTL Pe3OHAHCHOTO B3AMMOOSHCTRHA YNKTPasByKa C
AICKTPOHAMN CBepXpeméTkaMB. B Hactogmeid pafoTe pac-
CMATPHBAGTCA BJIMAHKME WHTEHCHBHOH 3BYKOBOH BONHBI Ha
MEXKSOHHBE MarHHTOONTHHECKHE MEPEXOAR B NONYNPOBOA-
HMKOBB X CBEPXpeIieTKAX.
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3nect. E,,E. - KOHCTAHTHI HedOpPpMALTHOHHOTO FMOTSH-
LHATA DNPKH B 3MSETPOHA, COOTBETCTECHIO, Oy - IMIOTHOCTE
CBEPXPEWETKH, V-CKOPOCTh 3BYKa, I- IOTOK JHCPTHH IBYKO-
BOH BOJIHBI, ¢ - BOJIHOBO# BEKTOP 3BYkoBOH BONHE! (gL H).
+ Jma E:(P.) o0bIMHO HCHONBIYIOT MOJSIBHBHA CEKTP B
NPHOTIKSHUH CHIThHOM cBA3H [4]
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CBepxpenicTka HPEANONaracIcs aKyCTHYSCKH OgHO-
pomRol, AMkHa ¢BoGORHOro mpobera HMEKTPOHA MPEREIIACT
INuAy 3Bykosol BonHEL B sToM cmywae m3amMopeHicTBR¢
SMEKTPOHA CO 3BYKOBOH BONHON MOKHO DACCMATPHBAT, KAk
NOrMOWEHHE H HCIYCKAHMe MCKIPORaMH  AKYCTHUECKHX
doroHOB.

B xsanTyiolmeM MarenTHoM none (H[ 02,02 ocw CP)
IMEKTPOHB! LBEPXpeIlieTKH B Mose 3BYKOBOH BONHE! ONMACH-
RAIOTCS YpaBHeHHeM llIpeanHrepa ¢ raMiTbTORAAHOM
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Boauosple PYHKHHM 3NMEKTPOHA B 30HE MPOBOAHMOCTH
HAlIEHH B BHIE PANOKEHHd TO COOCTEEHHRIM HyHKIHAM

Q: (r) omeparopa I,
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The > h B, (t) CBA3AH ¢ MATPHUYHEIM 37IEMEHTOM OXEpaTopa B3au-
MOJACHCTBAR 3ACKTPOHA CO 3BYKOBOH BOJIHOH Ha BOIHOBBIX
QYHKURAX 30HHOTC WIeKTpoHa [3]
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LE.MEPATHMOR

a(K xKzr N) ~KBaHTOBbIC 4MHC/IAa HOCHTENA B KBAHTYIOLISM

MATHUTHOM mione. A TPOCTOTHI, OrPAHHYIDACA DacCMOT-
peHHEM OTTTHYECKHX NEPEX0I0B H3 HYJAEBOTO YPOBHA Jlanjay
BATEHTHOH 30HBI HAa HyNeBoH ypoBeHb JlaHAaY 30HEL NpOBO-
JUMOCTH. |
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Iae Ay~ AMIUIMTY A ANCKTPOMATHHTHON BONMHbBL, P~ MaTpHi-
HBIl 3IEMEHT OfISPaTOPa HMIYABCA HA BOMHOBHIX hyHKIHAX
30HABIX 3MEKTpoHOB, J,(p) -diyHxuan Beccenn peficren-
TEALHOTQ apryMeHTa, V - o0bEM OCHOBHOM o6nacTH Kpuc-
Tanna
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30ech @, = —— -UMKNOTPOHHAS FaCTOTA, @ -HacTOTa 3BY-
He
Ka, ‘u_I = ,u;l + ,u;“, K., H, ->PPexTHBABE MACcChi

IMEKTpOHA H [IHPKH, {2 -44CTOTa CBETA, E -IMPHHA
3ANpeEHHONR 30HBI, I, - CBAZAHO ¢ BEPOATHOCTRIO pacced-
HHA HOCHTeNeH HAa aKyCTHYECKHX KOmeGarHAX KpHCTALIM-
yeckoll pPelETKE H ero YUST HeoOXxonouM AnA yCTpaHEHHA
pacxonuMocTedl BepoATHOCTEH mepexomes, BOIHHKAIOUIMX
H3-3a OCODCHHOCTH TUIOTHOCTH COCTOAHMI HocuTeneil n
KBaATYIOmEM MarAWTHOM nojie. B cayuae ynpyroro pacces-
HuA I, uMeeT BUA [3]
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26COMmOTHAA TeMneparypa.

B pesynrTate ko3QPHUHEHT NOTNOMEHHS CRETa, CBAIAH-
HEIH C NepexonoM H3 HYNERON) VPORHS RANEHTHOH 20HRI HA
HyNeBoil ypoeeHp JIaHZay 3IOHE! NPOMIBOAMMOCTH B MOJC
HHTEHCHBHOM 3BYKOBOU BONHBS, MOMCHO 3aNHCaTh B BHS

¥ Ji(0) Idt exp{ rld - 1}Tt (A cos dk, + Sp)}

Yucno nepexofioB 3MEKTPOHOB WX HYREBOIO YpPOBHA
JlaHnay raneHTHOM 30HE Ha Hynepol yposeHs JIaraay 30HLI
NPOROAWMOCTH B €MHALY BPEMEHH B cOMHHIE 00bSMa C
TIOCTOIIEHHEM CBETA B TIONE 3BYKOBO#H BOJIHbI HMEET BHI
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Ecnn  npeHefipeyr  BRIaMMOAEHCTBMEM JIEKTPOHOR C
KoneOaHHAMH KPHCTANANYeCkoi pewerkn (/.=() H co 3BYy-
KOROH BOMHRI (p=0), TO ({2} COBMAAAeT C BLIPAKEHHEM
Jna xo3prIHeHTa TOCIOIEEHHS CBETA R NONYIPORGAHAKAX
€O CBepXpelIeTKON B KBAHTYIMIEM MATHATHOM MOJNE, IMOmy-
weHHBIM B [5]. g cremyiomux napaMetpor CP: po=5 T/em’,
E=7 5B, E=1 3B, v=3.10° cm/c, o=10"¢", I=1 Briow’,
£ =11 K BnuAHME WMTEHCHBHOMN 3By1<onoﬁ BOMHE! Ha
APOLECCH MEX3IOHHOTO MOTACMEHHT CBETA MOXET OKalaThes
cyllecTeenunIM. Mipectho, aro ¢ymkmua beccenn J(p)
NPHAAMACT MaKCHMAIbHOE 3BaveHue MpH o =0. IlpH 3nage-
AAx p >0,Kak serko BHACTH M3 (8) B mMode HHTEHCHBHOH
3BykoBOH BOJHBI AVUKHC HabNoZarses 3aMETHOE YMEHb- -
IISHHE HA OCHORHON uacToTe.

& (f2) MMeET MAKCHMYMBI NPA 3; = 0 (pasHECEHHBIE N0

4ACTOTe IJIA PAXINYHEIX F), KOTOphIE CBA3AHEl C HAMIHEM
KBA3AypOBHeH B HHTCHCHBHOM 3BYKOBOM IM0Je, NPHIEM
IHEPTETHISCKOS PACCTOAHHS MEKLY COCENHMMH MaKCHMY-
MaMli ompeenaeTca SHepruel KBaHTa 3ByKa.
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H.B. ibrahimov

YARIMKECIRICI IFRATQOFOSLORDD MAQNIT SAHOSINDD ZONALARARASI UDULMAYA INTENSTV

595D

ALGALARININ TO'SIRI

Intensiv sas dalgalan sshesinde fundamental uduimada azalma miigahide olunur. Ses dalgalarinm ta'siri udulmada elave piklarin
yaranmasina gotirir, bu isa ses dalgalar: sahesinde kvazisaviyyslerin olmasi ile elagedardir ve pikler arasinda energetik mesafo sos

kvantmin engjisi ile mieyyen olunur,
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HLB. Ibragimov

INFLUENCE OF SOUND WAVE STRENGTH ON INTERBAND MAGNETOABSORPTION
IN SEMICONDUCTORS WITH SUPERLATTICE

It is obtained that in the field of intensive sound wave must be observed marked decrease of absorption on base frequency. Effect of
sound wave leads to the appearance of additional peak of absorption du¢ to presence of quasi-levels of band states in intensive sound field
and energy distance between neighbor maximums is determined by the sound quantum energy.

Hama nocrmymaenun: 08.04.99 _ Peoarmop: ©.M, Nawsumsade
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BJIMSHUE TIOTEHIHAJLHOI'O BAPBEPA HA TPAHUIIE PA3AEJIA
NOJIYH30JHPYIOMEN APCEHHATAJITMEBOH HOLIOKKH C SIMTAKCHAJILHOM
TLTEHKON HA TOKOIIEPEHOC B HEI

A.J0. TYCEHHOB, ®.J1. KACHUMOB, I'.Il. KEMEPUYEB
Asepbationcarckoe Hayuonaronoe Aspoxocmuueckoe Azenmemeo
370106, baxy, np. Azadnet2 159

TeopeTueckn nokazaHa HeoOXOMUMOCTE YNETa BIMABHA N-V-TIEpEXola MeXIy AOTYRIORHPYIOMEH apceruaranimesodl notnowkott H
IMHTAKCHANBHOH NNCHKOH Ha TOKONEPEHOC B Hell. TIoydeHO AHAIMTIMECKOS BRIDAKEHHE MUIN BEMUC/ICHNA TONIMHE OONAcTH Nepexola B
nnesKe. Pacver A13 peanbHOH CTPYKTYPH NOKA3AT CPABHHMOCTD TOMHHL N-V-11EPEX01a ¢ TOALHHON IMHTAKCHANBHOH MSHKY.

Opga H3 OCHOBHBIX TSHACHLUHHA B TBEPAOTENBHOH MHUKPO-
INEKTPOHHKS COCTOHT B YMEHBISHHH TOMUMHBL HCIIOMR3YE-
MEIX IACHOK. TIpH 3TOM TOKOHEpEHOC B HHX HAYMHACT OTKIC-
HATHCA OT 32KOHOB, CYIIECTBYIOMMX B 00BEMHBIX TOMAX, YTO
CBA3AHO KaK ¢ pasMepHEIME 3¢dexTaMH, korja TOMLHHA
IJIGHKH CpaBHAMA ¢ Kakolf-muOo xapaktepro#l amnaoi [1],
TaK H ¢ BIEAHHeM OONacTH OpOCTPAaHCTBEHHOIO 3apAma
(OI13) Ha ee rpaHuue ¢ moanoxKoil [2]. B xpeMHHepbIX MR-
TARCHANBHEIX CTPYKTYpax, Onaropapa Gonmee  BRHICOKOMY
YASABHOMY CONPOTHENCHHWIO NOANOXKKH, NMEPEXOX TNSHKa-
AOIWIOKKS PACTIONATASTCA, B OCHOBHOM, B nocneRueii, U ¢ro
pPONE CBOANTCA K LIVHTUPORAHMIO MPOTEKAOWIMX B IUIEHKE
ToKOE [3].

B IZpyroM BHOG KPEMHMEBEIX CTPYKTYp n'-n—THMna, 10u-
pOKO TpHMEHSEMBIX TPH H3TOTOBMEHHH CHIOBHIX TONYmpo-
BOOHHKOBLIX NMPHOOPOR H GOTOMPHEMHHKOB, (OHOBLIE Mel-
KO AKIENTOphl, HAXOAAIMECS BONMIM NMOBEPXHOCTH CHITh-
HOMETHPOBAHHEIX MMOLNOMEK, MOTYT CNMOCOGCTBOBATE MOAB-
JIeHHI0 APOCIORKH C MPOBOIHMOCTEX} ABPOYHOTO TRIA [4],

Hnan curyaund Habmogaerca B apCEHMATAUINEBBIX 1101~
nowxax. IToJy4eHHe BBICOKCOMHOH MOMLTOKKH B ITOM MaTe-
pHATE HEeH30EHHO CBAZAHO C MPOULECCAMHM  KOMIIGHCALHMH
LIyOCKHMA LEHTpaMH, 4T0 MPHBOZHT K BHACHIMEHSHHIO
NOTEHLMIBHOTO fIEpeXona K BHay n-v. [TockonbKy 0CHOBHaR
YacTh OTPHUATEABHOIO 3APANA 1-V MEPEX0da COCPeIoTaYHBa-
€1Cs Ha MIyOOKHX LEHTPaX, KOHUIEHTPALHS KOTOPHIX CPaBHU-
Ma ¢ KOHICHTpalHeH nernpylomeR npEMecH B IieHke, OIT3,
HAXOMAINAACA B IUIEHKE, NPAMEPHO pasHa o6nacTH Hakomwae-
HHA B HOAROXKE, %T0 B HTOore Acnaer OII3 cpasHumoil c
TOMMHHOH IVISHKH.

Hanpumep, b [5] H3yyanucs 0coGeHHOCTH BRIDALUHBAHNA
K3 OTPamucHHOTO O0B¢Ma pacTBOpa B PACIVIABE BHCMYTA
IMHTAKCHAIBHEIX CNOSB APCCHHAA T[A/UIHA, NSTHPOBAHHBIX
xpomoM. HecMorps Ha 10, 910 B NOZOOHBIN MNCHKAX IVIOT-
HOCTh AMCIOKAIMI Ha MOPAZOK HIDKE, Y¢M B JOHTAKCHAID-
HBIX CNOAK, MONYICHHEIX B aHATOTHIHEIX pCXXHMaX H3 pact-
BOP2 B Pacillabe IULTHA, OHA BCE ke HOCTATOYHO BRICOKA
(6,5-10%M™), Tommuna i-0671acTH B n'—i-n-CTPYKTYpax B 3a-
BHCHMOCTH OT PA3NTHYHEIX TCXHOTOTHISCKHX YGJ'IOBHﬁ H3ME-
HANTACh OT 5 00 40 MKM., @ 2HEPriA AKTHBAUMH NTyOOKHX J10-
BYIiEK B BRICOKOOMHON ofnactH cocrapmana E;= 0,7 3B n
£,=10,785B.

Brasune Mogynaupm 31oli 081acTH Ha IPoneccht TOKOME-
peHOCa B TOHKHX TUIEHKAX HA MOMAYHIONHPYIOWIEH MOANOKKE
GaAs Hayano UHTEHCHBHO H3Y4aTLeA JHIUE B MOCHeAHee
BpeMa [6,7]. Hanpumep, xopolllo H3BECTHLL IMNTAKCHANBHLIS

namaukn Xompa ([X), H3roTaBIMBA¢MEIR B CTPYKTYpax
InSb-i-GaAs nwm InAs-i-GaAs [7]. Hecnepopanne 4yBcTBH-
tensHocTH [IX B 3aBECHMOCTH OT, KOHCTPYKTHBHO-TEXHOJIO-
FHYECKHX [apaMeTpoR MOKA3amo, YTO ¢ YMEHBLIISHHEM TOI-
IHMHE! STMTAKCHANLHOH IUIEHKH HAKE ONPEACICHHOTO JHAYES-
HAZ YYBCTBHTEILAOCTD JIX HAUKHANA IAATh, BOMPEKH M3Be-

craoft dopmyne

Uy=R —, 1
d 8y

ree I - TOK, B - MaruHTHad MBOYKUHA, R - MOCTOSHHAaA
Xonna, a d-ToNmEHA IMHTAKCHATLHOMN TINeHKH,

ABanorHuHO¢ sBicHMe Habmomanocs H B [8] mpm
veenenosarad JIX B crpyktypax InSh,B,.-i-GaAs. Ilpn
YMEHBIICHHH TONMUMHB IUIEHKH 10 OXHOTO MHKPOHA TYBCT-
BHTENEHOCTE JIX peako manana. B CBAZH C 3THM NpeRcTaB-
JIAET RHTEpEC BHUHCHCHME MPEACHOB ACTYCTHMOrO yMeHb-
IeHHa TOHUNHB! [UISHOK, JO KOTOPEIX UYBCTBHTENBHOCTH
F3TOTABNIMBaeMEX HA HX GCHOBE NpUBopon He MeHseTca.

IIpH paccMOTPEHMH BNHAHMS N-v-TIEPEXOa HA MpOBOIH-
MOCTH TINeHKH oOBIYRO MCTIONBIVIOT YHCISHHBIE METONBI,
an6o BHIpAKEHHA, BHINHCAHHBIE IO AHAIOTHH ¢ p-n-De-
pexomoM [9]. Oamako B cnoe oforamieHHs n-v-Tiepexona
NAOTHOCTE OTPHUATENLHOMD 33apAfa, CO3AABAEMOTC 3amof-
HEHHBIMA THYOOKMMM LEHTPAMU 3aXBaTa B MOANOKKE, HIMe-
HASTCA IHAUYHTEILHO, B OTIHYHE OT OOBITHOTO p-n-tepexona,
B KOTOPOM 3aN0JHEHHE MENKOro aKilenTopa TIOCTOSHHO BO
Beell p-ofnacT. CnenoBaTenbHo, MOrPLIIHOCTD [IPAMEHEHHA
ZHAJIOTHH € p-nN-NepexofloM TAKKe MOXeT OLITH 3IHAYMTENR-
HO#. [ToaroMy B HAcTOAEIell CTATBE MPOBOAWTCA AHAMHTH-
qecxoe pacCMOTpeHHe BMHRHMA N-V-MICPEX0ola Ha TIPOBONH-
MOCTE TLJTEHKH,

PaccMoTpHM HaubGolee MPOCTYI0 MOMENs PE3KON0 n-v-me-
pexoga (puc.l). IlycTk B axTHBHON NJIEHXEe COREPKATCA
MeNKHe IOHOPH ¢ MOCTOARHON KOHIIEHTpanue Ny, a B Nomy-
HIOIHPYIOLLEH NO/Nekke - MEJKHE ROHOPH M KOMITIEHCHPYHO-
e WX rIy0OKHe IEHTPH 33XBaTa ¢ MOCTOAHHON KOHIEHT-
paupedt N, H N, , COOTBETCTBeHHO. Hanpasum ock 0X nep-
NEATMKYIAPHO K TUIOCKOCTH MEPEX0da H3 MOLTOKKH B IUIEH-
Ky B Touky x = (O sniflepeM B IUIOCKOCTH Tiepexoaa. Torma
OpOBOOHMOCTE IICHKH OIPENCAACTCA BblPa’KCHHEM

W o
a7 _[n(x}dx , @
0



CAC g- 3apAA ekTpond, L, W, d - IJIHHA, (THPHHA | TOMILH-
HA NJICHKH, COOTBCTCTBSHHO, M, - NMOIBIDKHOCTB, N — KOH-

LSHTPAHA CBOOOOHEIX JNCKTPOHOB. BOCNONbL3OBABLIHCEH
P4
X
-No
- -

Puc. 1. Jorpas anarpaMma n-v-nepexoia IICHKa-TIORIO0KKA Ha
OCHOBE APCEHHAE TRANIKS,

ypapreHeM IlyaccoHa MW TPaHMuYHRIM  YCIOBHEM U4
HATIDAXEHHOCTH E BHYTPEHHEro 3MeKTPHYECKOro Moid Ha
croGoxHON TpaHMNe NNeHKHM E(d)=0, BeipaxeHHe (2)
MOXHO TIPEACTARHTE B CNeAYIOmeM BHIe:

WN
cr=q’”“—L°(d— Ad) 3

TAe Ad=££,E(0)/qN, (£ - AUBAEKTPHUCCKAA YIPOHHIAE-
MocTE). TakuM 00pazoM, HAMEIWE B [VICHKE CAOA HCTOLEHIMA
N-V-NEPEX0Aa IKBUBANIEHTHO YMEHBIIECHHIO TONLIMHE! IIEHKH
Ha BENMYHHY Ad, ONpeleicMyIo 3HaY¢HHeM £ (Q) Hanpa-
KEHHOCTH 2IEKTPHYECKOrO MONA B IUVIOCKOCTH MEpPEeXond.
{AeHoBaTeNBHO, 34043 CEOANTCA K ONpenseHmo £ (0).

PaccMoTpuM cHadana paBHOBECHBIH n-v-mepexonx B Gea-
rpaHMaHOH cpelle, a 3aTeM MOKaXkeM, YTC BLMUCICHHOS MPH
TAaKOM OpelNOI0KERHE IHANCHHE Ad 0cTaeTed DOCTATOMHO
TOUHRIM M A TOHKHX [VICHOK, XapaKT¢pPHBIX AJIA COBPEMEH-
HOH MEKPOSNEKTPOHHKH, PaBHOBECHBIH N-v-Nepexo oNBCH-
BAeTCA CNEOYIORISH CHCTeMoli ypaBHEHHIl:

Ny _n;_]”“’“'” N
0] |n(0)

N.n,

[ToacTapue BeauduHYy 5 (), DOTYYEHHYID HI 3TOrO
YpaBHeEHa, B (8) MOXEO ompefenwTs E (0). TaxuM ofpa-
30M, NPOlETYpPa HAXOXKMEHHd F () CBOAMTCA K PelIeHHIO
TpaHCUCHIEHTHOrO YpapHeHHs (9). OxHAKo, IMA 3HaueHHH
KOHUSHTPALMI, THIHYHBIX K APCeHHOraIHEBRIX TOHKO-

21

(0)

Nt;NO
RoaMY/ 3o Noe exd 1 —& | .
Nt NO

4 mpu >0 (4)

opu x <0 {5)

roe k - mocrosHHas Bomsimama, a ‘T - abcomoTHas
TCMIICPATYDA,

Qynkuad E (x) W 0 (X) HeMpepbiBHLI B Touke x = 0 W
fpH YAadeHMH OT IVIOCKOCTH Tepexola BITy0h INEHKH H

AOATIONXKA YAOBICTBODAOT YCIIOBHAM

[E-> 0, n -N,

X—> @,

‘ . (6)
E- 0, n -n,

X—r @0

X=>—80, X—>—00

re n; - KOHIEHTpauus <BoGOAHEIX HocHTenedl B rmybume

MOLTOHKH, CBA3AHHAA [+ Ny, Nos YCIIOBHEM
MEKTPOHSATPANLHOCTH. .
Ni:Ne=Nps . )

ITpounTerpuposas (4) H (5) ¢ yaeToM (6), nomywam

EE N
—2E?=n-N,+N,1n—2,

n
g€ n n ®
—2B*=n-n +N In—~N, In—
2kT n, n,

H3 HempepuIBHOCTH 5 M n npa x = 0 choenyer, w0

YPABHEHHE WA 12 {0) MOXKHO IOJYIHTH, NMPAPABHAB [Ipabble
gacTa (8). C yueroM (7) Haxoqum

)

|

TUTCHOYHRIX NPAGOPOR, n {0} MOXHO HAlTH B ABHOM BUNE. B
CaMOM JieJie, P ELINOTHeHHH COOTHOINECHHA

No, N, Nos > 1y, Ne=Npo< Ny < N (10)
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MOKHO OKHIATH, YTO JHAUHTENBHAS YacTh I-v [IEpeXxofa N n Nos/N, H(O)N NN,
pacnonokeHa B AKTHBHON maeéHke H, CNEAOBATENBHO, 0 L A o8 , (11)
n (0} <<N, otkyma ¢ yueroM {10) cnemyer, uro (9) MoxHo n(a) n(0) nN,

TpeACTABHTE B BHAE TI€ © - OCHOBAHHE HATYpalbHBIX Jorapudmos. Pewns (11)

OTHOCHTENbHC N (0}, NOIYHHM

NE - —_ "t
N, \No+N =N, }_ﬁ-:lw_l‘io_;; N No+Ne—Wos
n(0)= & (n; ) — (12)
e - NOS

IKOHIle]-I'I‘pal.[HH: 107 em® < N, €2:107 em?, N, =510 em>,
Nos = 510" ¢M™, n; = 10°eu™.
Brrancnue u3 (12) pemuuny n {0), nerke Haliti E; , 4
| 3aTeM u Ad:

BenuuwHa 1 (3), onpeaensemas ABRHBIM REIpAKEHHEM
(12), npaxTHYeCKH COBMAJALT ¢ BENHYUHOH, NOMYUEHHOR H3
TPAHCIEHIEHTHOTO YpPaBHeHHa {9), npH  clemyomux
TUINHYHEIX JIIA apceHHITalNAeBuX HOpHOOpPOB 3HAYCHHAX
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N
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Puc. 2. TTorpenmocTs pACYSTa MPOBOAHMOCTH IISHKH ¢ YUeTOM
BIMAHHS N=V-NICPEXOAA.

Mpu 7=300 K mwid npHEEJEHHWX Bhillle 3HAYEHHII
KOHIEHTpalUMil Ad cocrarnser npuMepHo 0,05 MkM, Te.
okono (3-4) 1, [1oCKOARKY BOAMOKHOCTE TPHMEHEHHS TIOJTY-
genuol GopMyisl IAM OY€Hh TOHKHX THEHOK He KAEETCH
OYeBMAHBIM, OLIT TPOBENEH THCICHHLIH pacyeT HWa OCHOBA-
HUH YCIOBHS PaBEHCTBA HYMIO MOJNA Ha ¢BOfOIHONA rpaHMne
MIeHxH. Pe3syNETaTH pacdera TIPeACTARNIEHK! HA PHC. 2, H3
KOTOpPOro BUIHO, WTO MOTPEMIHOCTh OpHMEHEHHS GopMyasl
(13) pospacTaeT NpH YMECHBIICHHH TOMIIWHB! IUIEHKH M0
IHAYEHHH B HECKONBKO lp, T.€. 0O TONUIMHK!, CPaBHHAMONA C
Ad, HO Bce e npu 3ToM cocraBmer He Gonee 5%. IIpH
Gonage TONCTHX [UICHKAX NOTPEILHOCTh PacHera NpOBOAHMO-
cte no ¢opMyne (13) CBOAHTCA K HYIO, T.¢. poab oGIacTH
Ad CTAROBMTCH HE3HAMHTENBHOIL.

TakeM 00pazoM, HaMM9#e N-v-NEpexooa Ha TPAHMLE
IVICHKH ¢ NOLIOXKOH NPHBOMAT K YMEHbIIEHHIO I({PEKTHB-
AOW TONMIWHK TINEHKH Ha BenduuMy Ad. IMockonbsky 3Ta
ReIMUHRA BIGJHE CPAREMMA ¢ TONIMIHBOH INEHKH A4 CTPYK-
VP, NPHMEHAEMEIX B COBPEMEHHOH MHKPOSNEKTPOHHES, MO-
OyASAURA Nepexofa B TéX HIW WHBIX YCJIOBHAX MOXKET BHO-
CHTE ONPEAENAIOWHA BKIAd B H3IMEHEHHY JPOBOIMMOCTH
TUICHKH,

[11 @7 Bacc, B.C. Bouxos, HO.I, T'ypeauy. INEKTPOHEI H
{0HOHH B OIPAHMYECHABX NONYTIpOBOOEKKAX, M.
Hayka, 1984, ¢. 278,

B H Jobposonvcxui, B.INTumoevenxo. TlepeHoc
WMCKTPOHOR W AHIPOK Y MOBCPXHOCTH TMONYIPOBOI-
nukoB, Knes; Haykosa Bymxa, 1985, ¢. 191.

W.J Patrick. Solid State Electron, 1966, v. 9, Ne 3,
p.203-211,

B.E Baxpyuswn,  B.A.Onmexosodl,  P.4.Ilamucopey.
Haeects BV3og, Dnextpornka, 1997, No 6, c. 44-48.
A.A Komenegexwii, M Jlvbanan  H.E Maporuyx.
[MoAYH30MAPVIONHE CAOH APCeHHAR Tamuf  ANA
npuGOPOR  MHKPODNEKTPOHHKH, NONyUYeHHBE W3
PACTROPOR B paciyiare BUCMYTa, Te3, mokn, 12-H
Beecowzdoll HAYUROH KOHQEPEHIMH MO MHKPOINEKT-
poruke, TommicH, 1987, u. 7, c. 9-10.

(21

3]
4
151
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(6]
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ApceHn] rawmA B MHKpodIcKTpoHHKe. Ifon ped.
H. Aliscopyka, M: Mup, 1988,c. 553,

MM Mupsabaes, KO Homaenxo, B.H. Tuxonoe u op.
DNHTaKCHANbHBIE ATIHKH XoJIa H WX TPHMCHCHHE,
Tawkent: $an, 1986, ¢. 215.

@ . Kacumos, AFO, Iycedinos. Marankn Xomna ua
OCHOBE BHCMYTCOACPRAIHX TIeTCPO3HTAKCHANBHEIX
OAeHOK aHTHMoHMAa mHmaa, Tpyam 6-if Beepoc-
cufickoll koH)epeHUAH C MEXEYHAPONHBIM YUacTHEM
«AKTyaNnbHLIE NMpoGieMBl TBEPAOTEAbHOMH SIEKTPOHHKE
B MHKpOINEKTpoHuKW, Taraupor-Tenenmuuk, 1999,
c. 118.

J. Honge, G. Pearson. ]. Appl. Phys., 1978, v. 49, Ne 6,
p- 3348-3352.

[8]

[9]



F.C. Qasmov, Y.Yu. Hiiseynov, Q.P. Kemergev

AYRILMA SORHSDDINDD POTENS{AL COPORIN YARIMIZOLD OLUNMUS ARSEN-QALLIUM
ALTLICT UZoRINDOKT EPITAKSIAL ToBoQoNIN ELEKTRIK KECIRICILIYiNG TO'SIRI

Yarmnizols olunmus arsen-gallium althfis ve epitaksial tebege arasmda n-v Xegidinin yiikdasiyicilannin kosiirilmesine te’sirinin
pezere alinmasimin zoruriliyi nezerl olaraq gésteritmigdir. Tebeqede kegid oblastinm gahnhfinm hesablanmasy diglin analitik ifade
alinmigdir. Real strukturun hesabat n-v kegidin qalinlianin epitaksial tabeqenin qahinlifi ile miiqayise olunmasim gistermigdir.

F.D. Kasimov, Ya.Yu. Guseinov, G.P. Kemerchev

INFLUENCE OF THE POTENTIAL BARRIER ON THE BOUNDARY LAYER BETWEEN OF
SEMI-INSULATING GaAs SUBSTRATE AND EPITAXIAL FILM ON THE CARRIER TRANSPORT

The necessity to take into account influence of n-v-junction between semi-insulating GaAs substrate and epitaxial film on the carrier
transport theoretically was shown. Analytical expression for thickness of junction zone in film was obtained. Calculations for real structure
showed, that the thickness of n-v-junction is comparable with thickness of the epitaxial films.

Hama nocmynnenus: 26.03.99 ' Peoaxmop: 3.H. Hexendepsade
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TOMOTPA®PHYECKHM AHAJIN3 JEGEKTHOCTH NOBEPXHOCTH
MOHOKPHUCTAJLIOB Ge,_.Si;

H.M. AJIHEB, P.A. PATHMOBA, 3.H. BEJIHIOJIHH
Hucmumym Dusuxu AH Azepbatioxcana,
370143, baxy, I Ducasuoa, 33

MeToooM NOKATEHOTY ITCKTPOOTPAKEHHA NPOBSACH AHANHI ROBCpPXKHOCTH MoHoxpuctamnos Gey,Si,. OnperencHs pacnpeacacHma
2edeKTOR N0 MORECPXHOCTAM KPHCTANNS B 3aBHCHMOCTH OT 610 OPHEHTAlIVH,

[IpuBeneHB pE3YABTATH TONOTPAUHMECKMX HMCCISNO0BA-  MOHOKPHCTANNOB Gy, Sik MPH BAPHAIHH COCTABOB H KOHLICHTPALIMK
HMH METOBOM TOKAHHOTO SNEKTPOOTpaKeRaa (JO) noepxHoetn  ASHEKTHEX LEHTPOR. AHATHIHPOBAIHCE CSKTPH IO AOKATLHEX
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Puc. Pacnipeaenenne moTHOCTH Ae(hEKTOB B ABYX- H TPEXMEPHEIX KapTax B obpastie Gep g78in 03 (3%3) MM ¢ oprenTanmedi (111) -a
# (110} - 6 nosepxrocTH. YuacTkit 1-8 COUTRETCTRYION IIOTHOCTA Nie(eKTOR ¢ HHTepBaioM 2-10'7-9.10 cw .



offmacreit 80-100 MrM Bcefi mobepxHocTH 0o0paziioE ¢ WArOM
ckanupopagud 200-500 Mrm. O0paloTra CIEKTPOR METOHOM «TPEX
Touek» [1] v oTobpakeHHE TAHHBIX MPOM3BOAKIHCE MOCPCACTBOM
KoMiiekca nporpadm Ha [I9BM IBM PC. Coctas X B KORLEHT-
PAUHA IePeKTHEX UCHTPOR N AnA MukpoolnacTell onpeaeaaTucs c
norpemmocTaMn X=0.005 u AN = 2-10'% e, Hayuenue pacnpene-
neHuA AedexTOB MO TIDBEPXHOCTH KPACTAUIA TPOBONWIOCH [N
IBYX O0pazioB, BLIPEIAMHEIX HI OINHOTO CIHTKA, 0OpaboTaHHBIX
OEPE HIMEPCHHAMH [IPH OIHHAKOBBIX YCNOBHAX M ¢ OPHSHTAUMAMH
nosepxHocTedl no mpockoctam (111) u {118), cooreercrRenno.
PeryNeTaTH TONOTPadMeckoro aHaTHIa 0BpAIION. NPHBSISHE HA
pucyEKe (2, 6). Benmunaa N mxmenserca ot 2-10' no 810" cu™ n
or 210" mo 9107 em® ana opmenrraumit nosepxnocred (111) W
(110}, COOTBETCTBCHHG.

TTocTpocHHBIE TPEXMEPHBIE KAPTEL pacnpefencua Acdexton
TIOKA3LIBAIOT, WTO ROREPXHOCTE ¢ opHentanuel (110) Gomee ge-
dexTRa 9 neoaBopoana no AedexTHOCTH. (OOBACHEHHE 3TOMY
PEIYNBTATY MOMKHO HATE, HCXOIA B3 NPEANOAOKEHHA BOIMOREIIOCTI
Kananuponauma ¢ pasuoll 3pderTHBHOCTEIO BIOME HanNpapTeHAR
[115} n [L10] npr meddy3na aroMor NpEMecE H HIGLITOUHEIX
PEarcHTOB TBEPOOIO PAcTBOPa M HX CKOGNCHMA BIOAb COOTBET-
CTBYIOLIAX KPRCTARAOTPafHISCKHX TUIOCKOCTEH.

Taxas BOIMONHOCTE RPEACTABNACTCA pealnIyeMoll, ecmi
VU9ECTh, YTC KpucTawiorpaduueckue HANPABNECHHA € MAMBIMK
HHAeKkcamMH, Haopumep [111]), [110}, [100] B pemerke anMasa,
ABRAIOTCA HAMPABTCHUAMH KaHaTHpopanHa Gonee adhdextisnono, a
TIDEHMYILECTBAHHEIM ~ HANDABAECHHEM KAHANMPOBAHHA  ABNKETCH
HanpasacHue [110]

[1] D.E Aspres, J.E. Rowe.Phys. Rev. Lett, 1971, v. 27, p. 188,

I.M. Dliyev, R.9. Rahimova, E.I. Valiyulin

Ge1Six MONOKRISTALLARINDA SOTH ORtENTAStYﬁsmm DEFEKTLIY® To'SIRININ TOPOQRAFIK
: TOHL!

Lokal elektrikeksetma disulu ile GeySix monokristallan sethinin topoqrafik tahlili aparilmigdir. Defektlerin paylasma sixlifinin

kristalin seth orientasiyasmdan asilihd1 mileyyen edilmigdir.

J.M. Aliev, R.A. Rahimova, E.L Veliyulin

THE TOPOGRAPHICAL ANALYSIS OF THE SURFACE DEFECTS OF Ge, . Si;. SINGLE CRYSTALS

By the local electroreflectance method the topographic analysis of Ge,.Si, monocrystal surface was performed. The influence of the sur-

face orientation on defects density distribution was found,

Hama nocmynaenun:07.04.99

Peooxmap: MH. Arves
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OCOBEHHOCTH YJIEKTPHMECKHX CBOMCTB TBEPJIBIX PACTBOPOB TlIn;.,Yb,5:(Tey)

M.M. 3APBAJINEB
Asepbaiioxcanckuil Undyempuanouwii Hucmumym
373208, e. Cymzaum, 43-i keapman

PaBoTa nocssilicHa HECMENOBHHIO JCKTPONPOBOIHOCTH, kosdbuuuckTa Xonia, TepMo-3.0.¢. H XoNR0BckoH TOABKHOCTH HocHTeNeH

3apsma B TESPAEIX pacTROpax cactem TIInSy(Tey)-TI-YbS,(Te,).

O6cywuaeTes NPAPOIA BO3PACTAHMA KO3 PdhHIHEHTA XONNA ¢ pOCTOM TEMREDATYPE! A IPOXOMACHHE €T Yepes MaKCHMYM, & TAKOKe B03-

PaAcTAHHE TIPH ITOM IHAYCHHI TEPMO-2.11.C. H 2ICKTPONPOBOTHOCTH.
Beegenne

Qnnott 3 ocofeHHOCTER INSKTPHYECKHX CBOKHCTR TOTY-
TIPOBOLHHKOB ¢ OIHHM THIIOM HOCHTEneH 3apsza ABAACTCA
sozpacrasue koddgguuuenta Xomna (R,) ¢ Temmepatypoti,
KOTOpO€ COOTBETCTEYIOMHM 00pa3oM OKa3EBaeT BIHARHE HAa
ApyTHe KHHeTHieckHe kodxddunuents: [1-5]. OpHako, Hec-
MOTPA HA BHEIIHES CXONCTBO TEMIEPATYPHOTO X0ma R, (T),
duzmIeckas NpUpoRa JAHHOTO ABREHHA MOXET OKajaThed
COBepIIeHHO pazHol. B wacTHocTH, 5T0 MoxeT OHTL oByc-
JIOBEHO BPOBOAMMOCTEIO Mo mpumecHolt zoue [1,2]: mpy-
MecHoi 30HoH, pacnonoxeHHON B 2anpemeHnoi 3ore [3]; co
CHATHEM BHIPOKISHHA DNEKTPOHHOTO rada [4); mpu pacces-
HEH HY HOHMZHPOBAHHLIX NPAMECAX; BINSHUeM Oonee Toxe-
JBIX 30H, PACHONMKCHHBIX BHILI¢ AHA 30HBI NPOBOAHMOCTH
HITH HIDKE NMOTONKA BajeHTHOH 30HH [5,6]; 2 Takke HexBan-
PaTHYHEIM 33KOHOM JIMCMEpCHMH HOCHTeNneld zapsna [4,7).
Jauuas pafora NOCBAIIEHA BLIABRICHHIO TPHYHAL 0COOEHHO-
CTRH JMeXTPHUECKHX cBOMCTB, OOHApYXeHHEIX B TREPABIX
pactropax TiIn,,Yb,S:(Tes): Bo3pacTaHmA R, ¢ TEMOEpaTy-
POl H NPOXOKAEHHA €10 Yepe3 MAKCHMYM, 3ABKIIIIEHHLIX 3Ha-
YEHN MPH TOM K0YDGOHUIHEHT TePMO-3.1.C. ¥ DIEKTPOTPO-
BOAHOCTH. .

Pe3ynbTaTel H HX o6CyKAEHHE,

MeTtoaHka dxcnepUMenTa NoApoSHO onKcaKa s [8].

Ha puc. 1 npeacraBneHsl KpHBLIE R, AJIA TBEPAMX pacT-
popos TlIn,. Yb,5,(Te;), HA KOTOPEIX Y4ETKO BHAHO BO3pAc-
TaHwe Ry ¢ pocTom Temneparypel. Hocnenopanibie odpasip
BO BCEM TEMREPATYPHOM HHTepsaie ofinamann p-THOOM
nposonamocTH, Jina cocrapa T1Ing o3 YboorS: Bospactanue By
HagAHAeTes ¢ 625 K, Mo Mepe 3aMeneHMA aTOMOB HHEMA
4TOMAMH HMTTEpOHE HAYAN0 TEMUEPATYDhl BO3pacTaHMA K,
cMewasTea B 00nacTs Ooee BRICOKHX TEMIIEpATYp. AHAN0-
THYHaA 3aBHCHMOCTB R, (T) BaOmoBaeTca H MAS TBEPABIX
pacteopos Tlin;,Yb,Te; . B KOTOPhIX BO3pACTAHHE R, WA
obpasua ¢ x=0,05 HauMHaeTca ¢ TeMneparyphl 300 K, a nma
x=0,08 - ¢ 525 K. Kak BAgHo, B 060X ¢Ty4Yasdx BO3pacTaHHe
Ry UpOIOMKACTCR IO HEKOTOPOH TEMIEpaTypsl, 3aTeM
MPOHCXOOHT peskoe YObIBAHAE, TO €CTh Ry NPOXOEHT depe3
MaKCHMYM, IPHIEM ¢ POCTOM COLCPRAHHT ATOMOB JAHTAHO-
HOa B ¢ocTabe a3 MAKCHMYM R, CMELIAETCAd B CTOPOHY
Gonee BhicokHx Temnepatyp. Kax Oeute sameseno, HaGmo-
BaeMble OCOOCHHOCTH MOIYT OHITH O0YCTOBNCHB pasIdHEI-
MH npHaHHaMH. [103TOMY, ¢ UENBI0 NPOREPKH NPHIOIHOCTH
TOl M uHOM MOJENK ANA ACCNCIOBAHAEX 00BEKTOB, HeoO-

xogmMo Gonee nmompoC0HO PACKPHITE CYIMHOCTE Kaxkuo H3
nepeuHCAcHHBIX Moaene.

oR K
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Puc. . Temneparypasle 3aBucHMOCTH koddiduitnerta Xonna
TRepAsx pacraopon Tln,. . Yb,S, (a): kpueLe
1~5=0,02; 2 - x=0,05; 3 - x=0,10
A Tiln, Yb,Te; (6): kpubste 1 — x =0,02; 2 — x =0,05;
3— x=0,08,

5 29T 25

B pabore [3] Gruno oGHapyseHo, UTO NpH JECHPOBAHWH
PbTe atomamu namaa mo 1 ar.% In, xonnenTpanma amext-
poHoB BospactaeT go ~0,07 ar.%, a nancHeifimee noGapnenne
HHAHRA Re NPABOMHT K POCTY KOHIEHTPaHH YIeKTPOHOB. 3T0
OTPAIKWIOCH HA TEMIICPATYPHBIX H KOKLCHTPALHOHHBIX 3aBH-
CHMOCTAX 3MeKTpuueckux cpoifere, [Jlma  ofbacHeRus
OAHHOTC ABNCHHA ABTOPAMH ORUIA TPEANONKEHA MONSb,
cornacHo koTopoit aTOME HHIHS B 30He IpoBoAuMOCTH PbTe
CO3NAOT KBATHNOKANEHBIE YPOBHH, ¢ BOIPACTAHHEM KOHIIEHT-
PAalliA KOTOPHX obpa3syercd TNpHMecHad 3oHa. Hauneas ¢
OTpeAeNieHHoll TEMIEPATYPhl, OHH MIPAIOT PONb KIOBYIIEKY
U4 SMEKTPOHOB TPOBOJNUMOCTH, YTO NPHROAHT K YMeHE-
{I€HHK) XOHLUESHTPALUHH 3NeKTPOHOB U PocTy R,, a NpH 6onee
BLICOXMX TEMNEPATYPaX, KONIA BHIIONHAETCA YCAOBME kK T2€,
{&, -IIMpHAA 3aMpeIeHHON 30HBI), KOHUERTPAIHA 37EKTpo-
HOB HAUMHAET PACcTH, YTO M TIPUBOAMT K YMEHBIIEHWIO R,
KapaxtepHolf 0COGCHHOCTEIO KBAMNOKANBHBIX YpoBHel B
30H¢ NPOBOIMMOCTH SABMAETCA TO, TG NpPH AOCTIDKEHMH
ypoeHA DepMH (E7) KBAIHAOKANLHEIX COCTOAHMHA, KOHIIEHT-



palFA 3IEKTPOHOR IPOBOAHMOCTH CTaCHAHIHPYETCH, B Er B
OnpefieNIeHHOM WHTSPBANC TEMIEPATYp OCTaerca NOCTOAH-
Hoil. Januniii MexaHH3M B CHydae HCCHETOBAHHLIX 0OBERTOR
HE MOMET HMETh MeCTa, NOCKONBKY PacTBOPHMOCTE RpHMe-
cell B HUX B VKA3aHHOM HHTEPRANE MMeeT HempepLIBHLI
XAPAKTEP H COOTRSTCTRYIOHIHE YDPOBHH DAcnIOkKeHEl B
JanpeleHHodt 104, a He B BANCHTHOH. KOHUEHTpaIRIOHHAR
3ARUCHMOCTE KHHETHHECKHX K03G@HIMEHTOR H YPOBHH
Oepmu He 06NAAAIOT KAKMMH-NHO0 aHOMANHAMH.

B pabGorax [5,6] MakcuMym Ra R, (T) oOBACHEH HaJH-
YKeM 30HKI TOKENEIX ABIPOK B BANCHTHOM 30HE 0 30HM TAKe-
JIBIX 2IEKTPOHOS B 30HE NPOBOAMMOCTH [6], PacTioNOKEHHbIX
Ha PAacCTOAHAH AE OT TIOTONKA BANEHTHOM 30HBI HIR IHA
30HBl MPOBOOHMOCTH. B 3TOM CIyudae pons BBIDICNEKAIIEX
30H B [POBOIMMOCTH MPOSBIIAESTCA HPH AOCTATOYHO BHICOKHX
KOHIECHTPALMAX HOCHTENEH 3apaia, korna yposeHb ©eEpMH B
30HEe MPOBCAKMOCTH (MIH B BICHTHOH 30HE) NOIXOAHT
OIM3K0 K TAXKC/IBIM 30HAM, OCYIIECTBIACTCA NEPEXON JIETKHX
HOCHTENEH B TAXENbIE 30HBI, 1T0 NPHBOOHT K YMCHBIUCHHIO
KOHUGHTPALMH HOCHTeNell lapama M pocry R, Ilpn
JanbHeineM TOBHIIICHAH TEMIEPAaTYPhl ypoBeHb Pepmnu
BXOAHT B TAKEMBIC 30HBL, NPOHCXOOHT BBIPABHHBAHHE
vpobHell PepMH B o0cAX 30HAX W B HEKOTOPOM HNICpBase
TeMNepaTyp cTabunusupyetca Ep, n (T) u Ry (T}, Toneko ¢
HACTYIVICHHEM COOCTBCHHOH NpoBOAMMOCTH HAYHHAeT Mpo-
HCXOOMTE HIMCHCHHE MTHX NMApaMeTpoB H APYIHX KHHSTH-
yeckux Koaduumentos. Ecnn cobcTrenHan mpoBOauMOCTh
HACTYIACT HC IPH OYEHE BEICOKHX TeMIIepaTypax, TO K]JHBa’I
Ry (T} mpoXomnT wepes ocTpoil MakcimyM. Kazanocs, 4uro
3Ta MOJENE MOMET OMNHCATE H HALIM RaHusle. Ho, Bo-neperix,
B HCCNEAOBAHHLIX KPHCTAINAX YpoBeHB PepMu o BeeM
HCCTeIOBAHHOM HHTEPBAIC TEMIEPATYD M KOHLIEHTpALIIA He
BEIXOAHT H3 JafipelleHHON 20HEL, TO ecTh BEIPOWACHHE
HOocHTeNelf 3apama He HacTyNaeT. Bo BTOpLIX, cBeNgHAA ©
Hamuyae noaobuoli zowsl B paneRTHHRIX 30HaX TlnS, u
TlInTe, OTCYTCTRYIOT. .

HMetoTes JaHHBIE 0 BOIPACTAHMN R, C TEMNRpaTYpoit H B
Y2KOZOHHEIX NONMYTIPOBOAHHKAX [6,7), B xoTopelx ofpameHo
BHUMaHHe HA BIHAHHE CHNAbHOH HEmapaCOMHYHOCTH 3OHEI
npopoauMoOCTH Ha  Xomn  daktop R, (T)=A./ (en).
KohHyecTREHHEIMH pacueTaMy DokazaHe [6,7], 410 B clyuae
paccesHMA AEKTPOHOBR HA AKyCtHUeckUX <¢OHOHAX, A,
CHMLHO 3ABHCHT OT CTENeHH HenllapaGorRocTH B=k,T/6, ¥
TeMIepaTypHoOil 2aBHCHMOCTH 6, (7). B ompemeneHHoM
COUGTAHMH 3THX NAPDAMETPOB 3Ha4eHus A, U R, , NpH
paccesHHH 3ACKTPOHOB Ha 3KYCTHYECKHX (DOHOHAX, PacTYT ¢
TEMMEPATYPOR B ¢ HACTYIUIEHHEM COOCTBEHHON MPOBOINMO-
CTH YMEHBLINAOTCA, TIPOXO0JS uYepes MakcAMyM. Crelyer
MOMYEpKHYTh, UT0 MPSATOKEHHAA MOIENk He MOXeT OBITh
NpHMEHeHa K HAIIMM KpMCTaniaM, Tak KAk HCCHEeNyeMble
KpUCTAIUB! ABMAIOTCH WHPOKO3OHHBIMH.

B [1,2] 6610 NOKa3aHO, 9T0 B KpucTamax GaAs u InP ¢
n =~ 107 cm? BonencTEEE HANMMHA [POBOJMMOCTH B
IpHMecHo# 30He, pacnonckKeHHoli BOIHIH OHA J0HBL IPOBO=-
HHMOCTH H B 3JalNpeUICHHOM 30He, Ha TemneparypHoi
3aBHCHMOCTH R, {T) npy T<100 K HaGnopancch BO3pacra-
HHE R, H TPOXOXACHHE ©ro 4epes MakcHMyM. B 1o xe
Bpema, B obpasuax ¢ n 210" cm” Bo BceM MHTEpBane Tem-
neparyp (2-300 K) R, ocraBancs NMOCTOAHHBIM. Mexanusm
NPOXOXKAEHAA R, MEPE3 MAKCHMYM OIMCHIBAETCH CHEAYHO-
AM O0pa3oM: NOHOPHKIE YPOBHH, paCHON0KEHHRIE HA SHEP-
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FETIECKOM PacCTOHHH JE OT JHA 30HBE TIPOBOLHMOCTH
BenyT ¢¢6d Kak «NOBYIKHY COGCTBEHHLIX 3ASKTPOHOB H B
HATEPBANE TEMIEPATYP, KOrAa yposeRh PepMH BXOIONT B 3TY
30HY, IPOHCXOAUT MPOLECC KIPHAUNANIN) 3NEeKTPoHOB. Tipn
DOCTATOYHO GONBIRON KOHDEHTpPAalMH TakHX yposHel ofpa-
IYeTCHd TMpUMEecHas 30HA, B KOTOPOH OCYHMISCTRIAETCA Ipo-
BOAMMOCTE. TIpM 3TOM NMPOMCXOAHT YMEHBIIEHHE KOHIEHT-
palliK, 4TO MPHUBOAMT K RO3PACTARMIO R,. C JanbHeHIIMM
TOBBINIGHWEM TeMIEPATYPRl NPOHCXOAHT HACKHIMECHHE MOpPH-
MECHEIX YPOBHEI, 2 MPH JOCTIKEHAH YCNOBHA K T2AE Hauu-
HAeTCa “HCIapeque» BNeKTPOHCE © 3THX YpOBHEH R 30HY
OpOBOMUMOCTH, TG €CTh BO3PACTAHNE KOHIIEHTPANNH HOCHTE-
nedt 3apana W yMmeHseHne R,. [TpH 3ToM NpoSBaAmioTcd pai
gpyrix 3¢dexror. B qacTHOCTH, B KPHCTANLIAX THIA A'B'c
BRICOKMME  MOBBICKHOCTAMH  JAEKTPOHOB  HalOMmonaerca
OTpULIATENEHOE MATHHTOCONPOTHBACHHE - AP U NPOXOXKIAE-
HHE ero - Ap (B} 4epe3 MaKCHMYM.

IIpu BLICOKMX KOHLEHTpALHAX' NMpHMeceii 30HA paciern-
JAeTCA, TpHMECHBIE YPOBHH MAPHOGMMXAIOTCA KO NHY 30HBI
MPOBOJIMMOCTH, CITHBAFOTCA C Helf W HCHe3aloT Bce Habmopae-
Mble 0COOEHHOCTH.
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Puc. 2. TeMnepaTypHEE 38BHCHMOCTH 3ncmponpoﬁ0ﬂﬂoc’ru (a)

H TepMO-2.1.¢. (6) TBepasmx pacTBopoB T YbyS;:
xpuesie 1 — 2 =0,02;2- x=0,05; 3 - x=0,10.

Hrak, A3 nepeunCNeHHBIX MOASneH, ONMHCHIBAIOIINK Hab-
modaeMble OCOGEHAOCTH AMEeKTPHYeCKHX CBOHCTB, HanGonee
npHeMaeMoil 1A% HCCNenOBAHHBIX B JaHHoH pabote wmaTte-
pHANOB, ABNSETCA MOCHeaHAd. B 3THX kpucTamax MIHPHH3

1y6Cd o1l

a 5 7 é)
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Pue. 3 TemuepaTypHbIC 3aBHCHMOCTH HIEKTPORPOBOIHOCTH (2)
1 Tepmo-3.2.C. (6) TBepubix pacTeopos THn,  Yb,Tes:
kpussie | — x=0,02; 2— x = 0,05; 3 -x=0,08.
sanpeleHHON 30R JOCTATOYHO BENUKA, KOHUSHTPALMA HO-
careneli 3apama A4 MCXOOHEIX KPUCTAIOR Mana, OHH JIETKD
NerApyOTcAd M HeSonbIIHe OTKIOHSHWA OT CTEXHOMETPHH



M.M. IAPEATHER

TAK¥KE CO3NAIOT AKUCMTOPHLIG YPORHH. JlnA moATBepKACHHA
HANKYHA B HEX aKUenTopHol 30Hb OBUTH MPOaHANHZHPOBAHE
kKpuBHe R, (T) ,a(T) u o(T} (puc. 2,3). o cragaromer
Ya0TH# MaKCHMyMa R, OBLTa BHITHCIICHA WHPHHA 3AlpeIlcH-
Holf somel. B [1,2,6,7] mokasaHo, 410 N0 Bo3lpacTaicmet
YaCTH MAKCHMYMa, HOCAIICH Takke aKTHBALMORHBIH Xapak-
Tep, MOXKHO BEIYHCITHTD JHCPTETHYCCKHH 3a30p MEXTy NpH-
MecHol 30HOH B HOTONKOM BaNeHTHOMH 30AE] (WIH AHOM 30HE

nposcmaMocTy). B TpoiinoM coenunennu TIInS; 1 B TREpALX
pacteopaX Ha e¢ro ocHose TlIn,,Yb,S,(Te;) ana ameprum
AKTHBALGAM MpPAMECHBIX YpoBHell GLUTH momyueHE! 3HaueHUd
0,2+0,06 5B, KoTopHE XOpoll0 COTIACYIOTCA ¢0 SHAYCHHAMH,
NOMYYeHHLIME HA OCHOBAHFH NAHHBIX 3MEKTPUIECKHX
cROYICTE B CHALHBIX MEKTPHIeCKHX monax [8,9].

Aprop Gnarogapur opodeccopa C.A. AJHeBa 33 LeHHbIE
COBETHI TIPH 00CYKIeHHH Pe3y/ETATOR,

[11 C.A.drues .01 Kecamaraw, T.C.Jlazynosa u O HHa-
credos. Phys. Stat. Scl,, 1966, 17, 105.

{2] O.B. Emenvanenxo, T.C. Jlazynoea, JJ.H. Hacnedos u
I'B. Tananarcun. PTI, 1965, 7, c. 1315.

[3] AA Asepxun, B.H. Kaidanocs, P.E. Mexouux. @TII,
1971,5,8. 1, ¢ 91.

[4) BM Acxepos B xa. «Kunmernueckite sddexru B
nonynpobogHukaxy, M., «Haykan, 1970, c. 303,

[5] A.A Audpees, B.H Paduonce. ©TIL1967,1.1,8.1, ¢.183.

[6] CA  Awuwes, A  Bacwpos, CAd  3eiinaros.
Heopranuveckue mateprans, 1988, 1.24, c. 1212,

{71 C.A. Anuves, A.A. Moscymsade, C.C. Pazumos. Fizika,
1998 c. 4, Me 1, c. 8-10.

[8] MM 3apbarues. Fizika, 1997, c. 3, Ne 3, ¢ 30-32,

[9) MM 3apbanues, M. Iodwcaes, B.A. TIadxcues
Heopranmaeckue Marepams, 1980, T1.16,Nell,c.929-
1931.

M.M. Zabaliyev

TlIni- YbxSx(Tez) TORKIBLI BORK MOHLULLARIN ELEKTRIK XASSOLORININ XUSUSIYYOTLORI

Is TIInSATeaTI-YbSy(Te,) sistemlerinin bork mehlullanmn elektrik kegiriciliyi, Holl vo termo —e.h.q. emsallaninm ve yik-

dagiyicilanimn Holl yiiriikliiklarinin tedgiqine hesr olunmugdur.

Holl amsalnm temperatur viikseldikes artmasi ve onun maksimumdan kegmssinin, hemginin bu zaman termo-¢.h.q. ve elektrik
kegiricilivinin yitkselmis giymeis malik olmalarmin sebebleri tehlil olunmugdur,

M.M. Zarbaliyev

SINGULARITIES OF ELECTRICAL PROPERTIES OF SOLID SOLUTIONS TlIn,.,¥b,5;(Te;)

This work is devoted to the analysis of electric conductivity, Halt coefficient, thermoetectromotive force and Hall mobility of charge car-
riers of solid solutions TIInSy(Tes)-Tl-YbS(Te,). It is discussed the nature of the Hall coefficient increase with temperature increase and its
pessage through maximum and also the increase of thermoelectromotive force and eleciric conductivity values.

Hema noomynnernun: 03.12.98

Pedaxmop: B.A. Arues
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H3MEHEHHWE BO BPEMEHH IIOABHXHOCTEN HOHOB OFOUX 3HAKOB
B CMECHAX (SF¢+N2)

A.P. BABAEBA, A M. FAIIIUMOB, P.H. MEXTH3AJIE
Hucmumym Duzuxu AH Aszepbatiosicana,
Baxy, 370143, np. I'. [Ixcaeuda, 33

[IpoBeNeH aHANME HIMEHEHHA BO BPEMEHH NIOIBMEHOCTEN HOHOB 0Gonx 3HaKoB B cMecax (SFg+Ny). Buuncnen napaMerd, XapakTepH-
3YIOWHE MIMEHCHAE TIOJBIAKHOCTH HOHOB B NPOLEcee MX Apetida B snexTprieckoM mone. BHABRRCHO MOHOTOHHOS YMEHBIUCHIES IAPAMETPA

“erapeHUa” HOHOB Co BpeMeHeM Apeiida.

Kak i3BeCTHO, ONHOH MY BaKWeHumMx 3nexTpodmzHyec-
KX XApakTepUCTHK IHMIEKTPHKA SBIAETCH NOABHKHOCTH
MOHOB. B razo00paiHbIX IHVICKTPHKAX BO3IHUKHOBEHHE,
PA3BHTHE H FALUCHHE JICKTPHYMCCKHX DAsSpAIOB 3AaBHCHT OT
TOABMXHOCTH HOHOB. TI0JBHXKHOCTE HOHOB - BEINYHHA, CBA-

3LIBAIOIEAN APeddOBYI0 CKOPOCTE HOHOB ( 17@ ) ¢ Hamps-

HEAHOCTERIO 3MEeKTpHIeckoro noud (E):
ﬁm =k E, roe k- 0OABHXHOCTE HOHOR.

B HacTosmee BpEMA H3BECTHO HECKOJIBKO SECATKOR METO-
J0B H3MEPEHHA NOOBIKHOCTH HOHOB B rasax [1], oanake no
cBoeil Mace H NPUHUMITY CONBIUHHCTBO H3 3THX METOHOB
MOKHO OTHOCTH K ONHOMY METONYy - MeTomy aApefidonbix
Tpyfok. OcHobHaA HIOeA >TOTO METOS COCTOHT B TOM, YTO
OHPeAeACHHEIC HOHLI TOTO HIM HHOTO 3HAKa, CO3NAHHLIC B
cnemuantHoli xamepe, mpeiidyror moa AeficTBHeM TpHIO-
KEHHOTO NEKTPIYECKOTO MOJS; UIMEpAeTca Bpema apefida
HOHOE B TpyOke, MO KOTOPOMY ONpegelsiorcs Impelidopas
CKOPOCTL H TOABHXHOCTE WOHOB. O6medt weproit merofna
npefibostix Tpy(Gok, Opucylieidl NpaKkTHUECKH BCEM €ro
MOZHGHUKAIMAM, ABIAETCA BO3MOXHOCTE HIMEDATH B OAHH
NPHEM NONBHAHOCTH HOHOB TONBKO JTHIIL OAHOTC 3HAKA.

Hecnegopanwe IOUBHMAHOCTH HOHOB OJOHX 3HAKOB B
cvecax 3nerasa {SF;) ¢ asorom (N,} OpH pasnrdHEIX JABIC-
HWIX CMECH H MPH PasIHYHOM COIepHaHHH € KOMIOHCHTOB,
4 TAKKKE AHAIH3 HIMCHEHMA BO BPEMEHH MOIBIKHOCTEH
HOHOB, MPOBOMIHCE ¢ TOMOLILI> METOAA, OCHOBAHHOIO Ha
HCTIONB3OBAHHH  ABICHHA  HECAMOCTOSTENGHORO  pajpana,
HHHOHHPYEMOTO PacnafoM OTPHIATENLHEIX HOHOE B CHIE-
FBIX 3NEKTPHUECKHX TOmaX [2]. 31oT MeTOM TIO3RONIET HIME-
PATH NOABMKHOCTH HOHOB OGOMX JHAKOB B OIHH NpHEM, YTO
npeactaenserca BaxHOU 3alayeit, ocofeHHo NMpH Hccnegosa-
HUAX DONBYDKHOCTEH MOHOB B rasax ¢ GBICTPOHIMEHAIOIEM-
GH COCTaBOM.

B 3KCHEPHMEHTAX 10 WIMCPEHHIO NOABHXHOCTH HOHOB
HCIOME30BANCA TeXHHuecKull ameras {e3 npensapHTeALHOH
OYHCTKH OT OpHMecel B TEXHAYCCKH YHCTHIA asor (99,9%).
HNaenenne cMecn Bapsmposanocs B mpeaenax (0,3-1,5)10°
Ila, OTHOCHTeNEHOE COAEPIKAHAE 31€TA32 B CMECH - B Mpeie-
nmax {0,03-1,00). DxcnepHMeHTATbHEIE OAHALE O NOJBIGK-
HOCTH HOHOB ODOMX 3HAKOB B CMECAX MEra’a ¢ alomoM U B
BOBAYXE CBHOSTENLLTBYIOT ¢ TOM, WTO B NpeOenax BpeMeH
pelipa moHOB oT 1,0 mo 7,0 MC MAKCHMANBHEIE MOOBHK-
HOCTH HOHOB, Apeiidyrommx Ha GPOHTE CryCcTKa, HE 3aBHCAT
0T BpeMeHH Apeiida, & NOABHAKHOCTH HOHOB B CEPEOVHE
CIYcTKA YMCHBIIAIOTCA ¢ pocToM Bpemenn apefiba. Dro
NPHBOAMT K pach/IbIBAHHIC HAYANBHOIO CrYCTKa HOHOB B
npouecce fpefida B MEXKINESKTPOAHOM NPOMEXYTKE H
¢BA33HO CO “cTapeHHeM” HOHOB B SJIEKTPHYECKOM IONE.

OCLAMIOrpaMMbt TOKA HOHOB, MEOJIYIEHHBE NMPH M3Mepe-
HHH TIONBHKHOCTH WOHOR B YIOMSHYTHIX Ta3ax, CORepKar
HROPMALIMIC HE TOABKO O PaclpeleNcHHH HOHOB N0 IOA-
BHKHOCTAM, HOQ H XapakTepe H3IMCHCHHA NOABHAKHOCTEH
HOHOB MPH Pa3IMYHBIX BpeMcHax HX apeitda. 1o nossonser
MPOHIBOAHTE AHANH3 H3IMCHCHIA MOABHAHOCTH HOHOB ofoHx
3HAKOB INpH pa3AHIHEIX YCIOBRAX. 3aBHCHMOCTE NMOABMXHO-
CTH OT BpeMeHH MpPeACTARIASTCA SMIHpHYeCKod GopMymof

31

M
k(t) = —— ,

N+t ®

rae t - speMa Ipelida voHOoB, M B N — ro3hdAUHEHTDL.
[peobpazya (1), nomyvum:

@)

Croaman B uncanrene ¢opmyns (2) pemuunna M/N
npeacTapAeT coGoi mofpwkHOcTs Hosor mpH =0, Te.
HAYaNBHYIO NOABHKHOCTE HOHOB, a BSIHYHHA N - BpeMsd, B
TEYCHHE KOTOPOro MOJBIKHOCTE HOHOB YMECHBHIACTCA BABOE,
T.e.

, (3

The H = 1. napaMerp “cTapeHHA”, HHCICHHO paBHBIN
N

OGpaTHOH BeNHYHHE BPEMEHH, B TEUEHHe KOTOPOro
[NOOBIGKHOCTD HOHOB YMCHLILIASTCA BABOC,
Hs (3) onpeaeaum ko

ko =k (t) +k (t} Ht

TMoABMAHOCTE HOHOB Ha (PORTE CIYCTKA TMPSACTABIAST
co00il HaYaNBHYIO NOABHAXHOCTE HOHOB Xp. [lompipkHOCTD
HOHOBE B CEpefiWHE CIycTKa k.. YUdTEEBAA kp H ko
3anMiIeM:

Ko = keptkep HE (4)
kep - TEKYILAA TIOABHACHOCTD HOHOB B CEPSIMHHE CTYCTKA,

Hs popmyns (4} onpenienseM H:
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k, - k
H=_9_._"p )
kCP°Tm

TaxuM 06pa3om, NO UIMEPEHHEIM 3HAUCHIAM MO ABHKHO-
CTH ROHOB Ha (pONTE H B CepelMHe CryCrka, a TaKke
BpeMeRH fpeiida HOHOR B CepefIHHE CIYCTKA, MOXKHO pac-
YeTHHM [TyTeM ONpelendTh NapaMeTp H, XapakTepH3yIoLi
yaMeHeHHe TIOZIBIKHOCTH WOHOR B mpoliecce mpeida mx B
INEETPUIECKOM TIONE B PANTHIHLIX YCIOBHAX.

B Tafnmue | mpencTaBAeHB! DOMy4eHHBI® [0 PE3ylh-
TataM OOpaGOTKH (CIULIOrPaMM TOKA HOHOB 3HAYCHHA
TOIBKHOCTEH MOJOMKHTENABHEX W OTPALATENBHEIX HOHOR HA
(poHTe CTYCTKA K, (0)5k - 10) W B €TO CEPEIMHE K. iop), K- (cp)s
Bpemen Jpefifa HOHOR 06OMX 3HAKOB B CEPEAMHE CIyCTKa
Tyqp)t T-apys @ TAKNE BBEIYHCACHHHE [0 (5) 3HaueHusd
mapaMeTpoB H, W H. pnf cMecelf aneraza ¢ a3joroM TpH
obmem

Tal .
JlauKese N0 pesyRsTaTaM 05paBOTKH OCINULNONPAMM TOKA HOHOB O MAPAMETPAX “CTAPCHHA™ HOHOB B cmccsrxmg]PJ::-I}N;).
p=1,1-10°Ta
c 0,03 0,10 0,35 0,90
Kaq0p, MY B.C 1,81 1,49 1,15 0,62
Ry icpy» MY Bc 1,45 1,29 0,88 0,53
T ok 107 ¢ 1,5 L5 LB 26 -
H,,¢" 180 100 168 64
k(o). oM B.e 1.84 1,29 0.83 0.51
K- teon eMY/ B 1,54 1,12 0,73 0,46
7_ apys 107C 1.8 2,2 26 3.8
H, ! 100 68 50 25
meenenmn  oMech P=1,1110° Tla u npu 3maseHMAX Bruironst

OTHOCHTENBHOrO CoOIepkaHMs eraza B cMech (C=0,03;
0,10; 0,35; 0,90).

Kax pugsHo w3 ta0numel 1, ana OTPHUATENBHBIX HOHOB
XApaKkTepHO MOHOTOHHOS YBeNHdcHHe BpemenH apeiida n
ymeHulIeHHe mapameTpa H. C pocTOM OTHOCHUTENELHOTO
COOEPKAHMA 9JIETa3a B CMECH; [UIS DONOMHTENLHEIX HOHOB
HIMEHEHNE BOJHYHH Ty(gpy H H, He HOCHT MOHOTOHHOTO
XapakTepa, OAHAko MW 31ech HAbmopaerca TeHREHUMA K
YBENHYCHMIO BpeMeHA fHpeitda H yMeHBUISHHIO HapaMmeTpa

“craperua”. -

1. TToKa3ano, Y10 B CMECH IEra3a ¢ a30TOM HMEET MECTO
paznifgie B BETHYMHAX NOJBIKHOCTEH HOHOB, ApeidyIoLuX
B NEKTPHYECKOM rofie, 00YCNOBNCHHOE ABJCHAEM “‘CTape-
HHA" HOHOB. )

2. Tlo pesympraraM H3MepeHHH BRIHCICH TapaMeTp,
onpenenmmuﬁ H3MSHESHHS NOABKHOCTH HOHOE B [Tpollecce
ux apeitda.

3. BLsBRNIeH0 MOHOTOHHOE yMeHbIIIEHHS IapaMeTpa “cTa-
peHns” MOHOB CO BpemeHeM apelida.

(11 H Max-Hanuers. Tlponeccrl CTONKHOBEHHE B
WORHIOBAHWRIX razax. M., Mup, 1967, c. 832.
[2] P.H. Mexmusade. TIONBHXHOCTh HOHOB B CMECAX 3Jieraia
c asotom. Jloxn. AH AsepS. CCP, 1977, 1. 33, M3, ¢.
* 14-17.

[3] B.E. flumsurivs. Tpysst MIH “TlpumMeHeHne BRICOKHX
HAMPAKEHHH B MPOMBILUICHHOCTH M JHEpreTnKe”, BhIIL
224, M., 1975, ¢, 93-96.

A.R. Babayeva, A.M., Hosimov, R.N. Mchdizado

QAZ QARISIQLARINDA (SFs+N2) HOR iKi ADLI IONLARIN YURUKLUKLORININ QlyMOTININ
DOYISMaSININ Ta'YiN EDILM3S!

Qaz qansigiarinda (SF¢+N2) her iki adh ionlann yiriikliyiniin zamandan asih olaraq doyigmesi aragdinlmigdir. lonlann elektrik
sahasinde yerdeyismesi il elaqedar olan yiiriiklilylioti xarakterize edon parametr hesablanmusdir. fonlarm yirdkliyiinim azalmast
parametrinin yerdeyisme vaxt ile slagedar olaraq, monoton azalmasi geyde almmigdar.

A.R. Babayeva, A.M. Gashimov, R.N. Meckhtizadeh

THE TIME VARIATION OF BOTH SIGN ION MOBILITIES IN (SF,+ N;) MIXTURES

The analysis of the time variation of the both sign ion mobilities in (SFs + No) mixtures is carried out. Parameter describing the time
variation of ion mobilities in its drift process in electric the field is calculated. Monotonous reduction of ion "aging” parameter during the

drift time is revealed.

Hama nocmynnenus: 27.01.99
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CRYSTAL-FIELD ANALYSIS OF SPLITTINGS OF THE ENERGY LEVELS
FOR THE Nd** CENTRE IN THE GASE CRYSTAL

M.M. BABAEV
Institute of Physics of Academy of Sciences of Azerbaijan
Baku, 370143, pr. G. Javid, 33

The splittings of the 47 energy levels of trivﬁléﬁt neodymium ions in the GaSe crystal are investigated by means of the crystal-field ap-
proach. The crystal-field parameters for the system GaSe:Nd** are determined. The comparison of the calculated encrgy levels with the ex-

perimental data is made,

GaSe layer crystal is. a material of great importance in
fields of both fundamental research and technical applica-
tions because of its structural, optical, elecironic and photo-
electronic properties. It is very nseful to get detailed informa-
tion on energetic parameters of impurity centres in this semi-
conductor in order to obtain high-quality devices [1]. The
impurity levels of different ions in GaSe have been exten-
sively studied recently [1-7].

In the papers [2,3] intrashell photo- and electrolumines-
cence of trivalent neodymium ions in the GaSe and GaS sin-
gle crystals have been observed and the scheme of splittings
of the Nd** energy levels in these crystals experimentally
have been established . The theoretical investigation of the
splittings of the Nd** energy levels in GaS crystal is carried
out and the values of crystal-field parameters for the
GaS:Nd®* system are calculated, what we have already re-
ported [9]. The same theoretical problem for the GaSe:Nd™
system is considered here.

The properties of rare-earth ions in the erystals, such as
the splittings of energy levels in the crystalline electric field, |

its lnminescence eic. strongly depend on the site of rare-earth
ion in the crystal, on its site symmetry and on the natore of
neighbouring ions, The sites of stabilization of rare-earth ions
in the crystal GaSe are studied in the papers [10,11]. It is es-
tablished that the complex, consisted of the trivalent rare-
earth ion and the alkaline metal ion (such as Li" or Na’,
which are employed for the charge compensation) substitutes
the (2Ga)*" covalently bounded pair in the GaSe lattice. In
this case the rare-earth jon is situated in the centre of layer,
while the alkaline metal ion is placed in the interlayer space.

The analysis of excitation and emission spectra [2,8]
shows that the charge compensation has the weak influence
on spectra of rare-earth ion. Therefore, the effect of the
charge compensation on the crystalline electric field may be
neglected. Then, the point symmetry at the site of the Nd**
ion, as well as the symmetry of the crystalline electric field,
which has effect on the Nd** ion can be treated as a hexago-
nal symmetry D;,, and the corresponding crystalline electric
potential Vis taken as [12]

V=B, (322-r?) +B4p (352°-302%r’+3r%) +Bgp (2312%-3152°r?+1052°r*-5r8) +

+Bgs (x°-15x* VA +15x°y ~y®)

where B, are the crystal-field parameters, the centre of the
Nd** ion is taken as the centre of the coordinate system and
the z axis is directed along the C; symmetry axis of crystal.
Under the influence of crystal-field potential (1) the free-
fon energy levels of Nd** are split into several components.
In_this work the crystal-field splittings of Nd*> levels in a|

b20=B2o{x?}, bso=Biolr?),

Here
(2= | Rip(r) r™%ar 3)

where R, (r) is the radial wave-function of the 4£ electron. ,

b= 4160 cm™, bso=-43,6 cm™, beo=-1,94 cm™, bse=-11,5cm™ ,

The point-charge model used to calculate the potential (1)
has several weaknesses[13]. It neglects the finite extent of
charges on the ions, the overlap of the Nd®* jon’s wave func-
tions with those of neighbouring ions, and the screening of
the 4f electrons by the outer electron shells of the Nd*" ion.
Therefore, the point-charge model can’t give the right quanti-

; (1}

first-order approximation of perturbation theory and the ma-
trix elements of potential (1) by means of Steven’s operator
equivalents method are calculated [12,13]. Within this
framework the energy of Stark components are expressed by
four parameters:

bso=Bs{ %, Dss=Bsr®. @)

The simple calculation method for the B, parameters is
the point-charge approximation [13]. In this approximation,
using the values of {+™), which are given in the work [12], for
the Nd** sitvated in the centre of the GaSe layer we have:

“)

ltatiw. results for by, ; the resuits were mostly too large for

the n=2 terms, of the right order of magnitude for the n=4
terms, and an order of magnitude too small for the =6 terms
[14]. However, this approximation may be used to determine
the signs of the b,y , as well as to calculate ratios of terms of
the same degree in the potential (1), since these ratios are



independent of the model used and are determined solely by
the symmetry [13].

In this work the b,, parameters are determined by means
of the comparison of the theoretical results for the splittings
of the 417 levels under the influence of crystal-field potential
(1) with the experimental data [8]. For the signs of by, , as
well as for the ratio of bgs/bgp we have taken the results,
which obtained on the base of the point-charge approxima-
tion (4), that gives bss=3,9bsp. Thus, the fitting is made by
means of the three independent parameters |, |byo and
|b50|. The absolute ]Ilagﬂ.itl.lde of by, by and by, are deter-
mined from the analysis of splittings of the free ion ground
term *I,,, ,as well as the higher term *I,;,,by the method of

least squares J

by=T10em™, b= -63 em’,

These values of crystal-field parameters have the small
differences from the corresponding values of b, parameters
[9] for the system GaS:Nd** (b= 790 cm™,b,=-64 cm’
! be=-34 em™ bs;=-183 cm™). The likeness of the Nd**
spectra in GaSe and GaS [2,8), as well as the small differ-
ences between the obtained values of crystal-field parameters
in these crystals show the similar types of lominescence cen-
tres for Nd** in GaSe and GaS.

We note, that the values of parameters b, in GaSe:Nd>*
are found somewhat smaller than the values of corresponding
parameters in GaS:Nd”™* (excepting the value of bs;s ,which
has the weak influence on the splittings of the terms of Nd**
both in GaSe and GaS). We can explain this result as follows.
The nearest-neighbours of Nd** in the centre of the GaSe (or
GaS) laver are six ions of S¢ (or 8), which are formed the
triangular prism, it being known that three ions of Se (or S)
are situated above, and three ions under the mirror plane. The
distance of Nd-§ in GaS:Nd*" is 0,311am, but the distance of
Nd-Se in GaSe:Nd* is 0,323nm. Under identical other condi-
tions the crystalline: electric field at the Nd** site decreases
with increasing of the distance between Nd®* and nearest-
neighbouring ions and the values of b, in GaSe: Nn:l3+
smaller than those in GaS:Nd*".

The comparison of the experimental [8] and calculated
«rystal-field energy levels, which are obtained with the val-
ues of crystal-field parameters listed in (5} is shown in Table,
In this table the crystal-field energy levels are characterized
with the quantum number 7, (the prajection of total angular
momentum). But in reality we have taken into account that
the nondiagonal (in J,) matrix elements of potential (the term
with bgsin (1)) admixes to given Stark state J, the small part
of the other Stark states, for which J,7=.J, £ 6.

M.M. BABAEY

Since the quanium numbers of crystal-field energy levels
is not established in the experiments [2,8], we must examine
the different variants of order of the crystal-field energy lev-
els of *I,,, and “I;;,» terms and within the every variants
we must determine the set of the b,, parameters. The best set
of by, parameters is that, for which one can obtain the satis-
factory agreement in the description of crystal-field splittings
not only for *Ig,; and *I,;/; levels, but also for the higher
*I,3/2 and ‘F3,, levels, It is necessary to note that the order
of Stark components of the Nd*" terms in GaSe obtained in
this manner is found similar to that in Ga$S. -

The values of by, parameters obtained in this manner for
the system GaSe:Nd** are

beo= =32 CT[I-I, b= -189 cm" (5

: Table. Companson of the calculated energy levels for Nd*

in GaSe with the experimental values {in em™).

Term J; | Experimental | Calculation A
72 0 3 3
9/2 45 42 -3
Toz | 52 215 223 8
172 235 240 5
32 290 217 3] .
1172 1860 1881 21
92 1910 1895 -15
‘Ty100 | 2 1995 1988 -7
572 2055 2067 12
3R 2105 2104 -1
142 2125 L2115 -10
112 3810 3853 43
1312 3930 3878 -52
9/2 3995 3945 -50
13200 | M2 4010 4032 ]
512 4065 4093 28
32 4095 4106 11
12 4110 4197 -3
7 | 12 11105 11087 -18
32 11285 11303 18
1/2 - 12066 -
‘Fspp | 372 12140 12153 13
52 12265 12252 13 |

The satisfactory agreement between the theoretical and
experlmental results shows that the luminescence of
GaSe:Nd** obtaining in the works [2,8] is connected with

Nd**, which is situated in the centre of GaSe layer. :

(11 G Micocei, A Serra and A. Tepore. J.Appl. Phys,
1997, 81, 6200.

2] G.B. Abduilaev, S.A. Abushov, Ch.M. Briskina, V.F. Zo-

lin, V.M. Markushev, G.M. Niftiev and B.G. Tagiev.

Kvantovaya Elektronika, 1984, 11, 606.

S.iilee S.R. Hahn C.H Chung, S.H Yun and W.T.Kim.

Solid State Commun., 1986, 60, 453.

8. Shigetonti, T. Tkari, H. Nakashima and H. Nishimura.

Phys. Status Solidi (a), 1991, 128, K95,

S. Shigetomi, T. Ikari and H. Nishimura. J. Appl. Phys.,

1991, 69, 7936.

B3]
4
[5)
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(6]
(71
(8]

S. Shigetomi, T. Ikari and H. Nakashima. 1. Appl. Phys.,
1993, 73, 4686.

S. Shigetomi, T. Ikari and H. Nakashima. J. Appl. Phys.,
1993, 74, 4125.

B.G. Tagiev, S.A. Abushov, G.M. Nifiiev, Ch M. Bris-
kina, V.F. Zolin, V.M Markushev. and F.Sh. Aidaev.
Phys. Status Solidi (a), 1985, §9, K191.

M M. Babaev, G.M. Niftiev and B.G. Tagiev. Optika i
Spektroskopiya, 1989, 66, 1316,
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[10] A.A. Klimov, V.G. Grachev, S.S. Ishenko, Z.D. Kova- [12] A Abragam and B. Bleaney. Electron Paramagnetic

bruk, S.M Okulov and V.V. Teslenko. Fizika Tverdogo Resonance of Transition Ions, 1970, v. 2 (Oxford: Cla-
Tela, 1987, 20, 28. renidon).

[11] S.8. Isherko and A.A. Kiimov. Fizika Tverdogo Tela, [13] M.T. Hutchings. Solid State Phys., 1964, 16, 227.
1998, 40, 63. {14]) S. Hufner. Optical Spectra of Transparent Rare Earth

Compounds (New York: Academic), 1978.
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M.M. Babayey

GaSe KRISTALINDA Na** IONUNUN ENERJi soviYYoLoRININ KRISTALLIK SAHONIN To'sirt iLo
PARCALANMASININ ToDQIQL

GaSe layh yarunkegiricilerinde kristallik sahonin to’siri ile igvalentli neodim ionlariin 47 enerji soviyyolerinin pargalanmas
todqiq edilmigdir. GaSe:Nd** sistemi {igiin kristallik sahonin parametrieri to"yin olunmugdur. Nezeri hesablantmig enetji soviyyelorinin
tecriibi naticelerle milqayisesi apariinusdir.

M.M. Balacs

PACIIEIIEHHE SHEPTETHUECKHXYPOBHEW HOHA NdV'IIO0J BAUSHUEM KPHCTALIMYECKOTO
OJA B KPHCTAJLIE GaSe _ :

Heenenoato paciliefieHne SHEPreTHYSCKUX YpoRuel 47 TPEXBANEHTHOrO MOHA HSOIHMA TOA BIHSHHEM KPUCTANLNHYECKOTO NORT B
CIOHCTBIX TORYTPOROAHHKAX GaSe. OrmpeeneHil napaMeTphl KPHCTANNMYECKOrO [ONS ANA CHCTEME! GaSe:Nd*". TIpoBeneso cpabBHeHLE
PACCHHTAHHEIX JHEPICTHIECKHX yponﬂeﬁ € IKCICPAMCHTAIIBHBIMH PE3Y IbTATAMA,

Heama nocmyrirenna: 12.04.99 Pedaxmop: ®.M. Nawinnzade
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®OPMUPOBAHHE IVIEHOK INOINKPUCTAJIHYECKOT'O KPEMHHA
HA AMOP®HOH IIOAJT0OKKE

M.TI. ABBACOB, SLIQ. TYCEIHOB, ® 1. KACHUMOB
Asepbaiioocancxoe Hayuwonanvhoe Aaporocmudecroe Aeenmemao
370106, Baxy, np. Asadneie, 159

TMpoBenenc HCCNEROBAHNE BIMAHIA TCXHOMOTHACCKUX PEKHMOB NONYYCHHA NACHOK MONHKPUCTANNHYECKOTO KPEMHUA Ha aMopdHex
Mackax Ha i MOpQONOTHIO W CTPYKTYPY. BEIARACHR! ONTUMANLHEK 06AACTH TEMNEPATYP, KOHUEHTPAUMA COHepMAHMA CHIAUA B TIOTOKE H

CKOPOCTH TIOTOKA JUIA AOMYYEHHA OAHOPOIHEX cTpykTyp 1K/ 0-Si.

Ineuku amopdHore (0-Si) W TMONPAKDHCTALIHMECKOIO
(IIK) xkpeMHAAT WHPOKO HCMOJBIYIOTCH WA MIrOTOBACHHA
HENOPOriX COMHEUHRX eMenToB (C3), Oanaxo, no addexk-
THBHOCTH  NMpeo0pajoBaHHA COMHEYHOH JHEpPIHH oOHA
yerynaior CJ aHaloriiHoll KOHCTPYKUHH Ha MOBOKpHcTan-
nagecknx mnenkax. HauBonee pricokum kna (—12 %) obna-
aaior CD ¢ nepexogom o-Si-[IK [1]. Kax wseectHo, cTpyK-
Typa wieHok ITK n ceasaHHmle © Hell QoToINCKTpHYECKHS H
anekTpodu3HdccKHE cBOHCTBA aMOPHABIX H MONHKPHCTALIH-
HecKHX IDI€HOK B CHVIBROH CTEMEHH 3aBUCAT OT TEXHOJOTH-
YECKHX PemiMOoB MX nomyueHud [2-4]. B ceamm ¢ 3THM
AB/I9€TCA AKTYANBHBLIM BHIABNIEHHE ONTHMATBHBEIX YCIOBHA
TIOTyYeHHT Ha aMopdamix Mackax mneHok ITK c xoMTponm-
pveMoil CTPYKTYpoii.

OcaxpeHre o-5i Tommumod 0,3 MKM NPOHIBONMIACH
METONOM pasnOXeHHs MOHOCHIAaHa B BY Tielowem paspane
opH TemMncparype 250 °C Ha OXMCICGHHBIC KDEMHHEBbIC
TOANCKKY p-THIA TposoaaMocTh, KJ(B-10 ¢ kpucTannorpa-
dukeckoi opueHTammeit (111).

HOas Beibopa omTuManbHOro pexuMa pocta mieHok MK
HCCNEOOBANIOCE BJIIMAHKE TEMISPATYphl pOCTa, KOHIEHTpa-
UMH MOHOCHTaHA B BOJOpOAE H NuHeiiHol CkOpoCTH NMOTOKa
HA MOPdONOrme MOBEPXHOCTHE K CTPYKTYpY cnoeB. Temme-
parypa MeHA1ack B MHTepeame or 650 o 1000 °C,
xoHuexTpauHa SiH, - or 0,1 no 3,5 %, a nuHeliHag cxopocTh
notoka -~ ot 4 go 14 cMm/c.

vl‘
MKM 3.5%
MUH |’
031
0.8%
0.2 0,4%
.//'_’(:2%

700 £00 200 1006 T,°C
Puc. ], 32pHCHMOCTE CKOPOCTH pocTa naenok TTK ot remnepa-
TYPSI TIOANCRKH NPH PAINMIHEX KOHTIEATPALHAX MOHO-

CHIIAHA B TICTORE.

Hecneaosanna noxasaid, 410 TEMIEparypa kKPHCTAIH-
3a0HH A KOHUCHTIPAUHA HCXONHOTO MaTe¢pHala B rasoBoH
daze ABIAOTCA OMPEHETLOLKME TEXHOMOIHYECKHMH [apa-
METpaMH, YOPABMAIOIMMH MNPOLECCOM  KPHCTAJLAH3ANMY,
CKOPOCTEIO pocTa H Mopdonorneit pacrymero cios (pHe.l),
VeenuuenHe TeMOepaTyphl NOMAMOXKKH B IMANAIOHE

700-850°C ang BeeX HCCNEROBAHHBIX KOHUEHTpAUMH raapu-
I3 NPMBOAMNO X NOBRIIEHHIO CKOPOCTH pocra. Takas 3aBH-
CUMOCTh XapaKTepHa ANA MPoNecca THMHTHPYEMOTD MOBepX-
HocTHOM peaxvedt. [Tpu Gonee BEICOKMX TEMIIEPATYPAX

Puc.2. Mopionorus ninesok ITK, sripamensen: wa aMopdnokt
Macke ¢ koHuenTpanuelt SiH,, papHol 0,4 %%, IPH TeM-
nepatypax; a)7=%0 °C; §)T=800 °C.



HA KPHBLIX HAYMHAETCH YUACTOK HACKIIEHHA, YTO 03HAYAET, C.%

YTO MpONece KPUCTAUIMGAIMA OTPAHWYHBASTCE Maccomepe- 5IH,

HOCOM M CKOPOCTE OcawieHus cnalo 3aBHCHT OT TeMmepa-

TYPBL 10} o s
HameHEHHE TeMIepaTyphl KPHCTANIM3AIHE B I -; v ,f, Ny

3HAYHTETHEON MEPE ONpelenane MOpHONOTHIO NOBEPXHOCTH sl = ’j :7/, s

miesok [TK. HccenoBadne Ha PacTPOBOM ICKTPOHHOM ’ A

mrkpockene JEOL nokasano, 4T NpH KH3KAX TEMICPATypax 06 |

{< 750 °C), a rakke Buicoxux (900 °C) wmabmomamack

HESOAHOPOOHOCTL penbeda MOBEPXHOCTH, MHOKECTEO HINIO- 0.4

obpasbix U kynomooGpasHex dumryp (pue.2a), B cpemmedt

o0IIacTH TEMICPATYD POCIH ¢NOM ¢ DARHOMEPHON 3epHHC- 02w

TOCTEIO MOBEPXHOCTH (pic.26). X . _ . . .
Temnepatypa pocT2 Oka3bsIBana BIMAHHE H HA CTRYXTYPY ss0 0 50 200 P

mnenok [1K. CioH, RHIpalneHHbe TPH HASKHX TEMNEPATYPax
(o 650°C), uMenv amopdHYI0 CTPYKTYPY, POCT B HHTEPBANE Pue. 3. OBnactu pocra mnexok ITK ¢ pasmaunoit Mopdomorneit
Temmeparyp 650-850°C npHROAWA X MONHKPHCTALIAYECKOH

X rypss; © - ‘
CTPYKTYpE, 2 NpH JansHelIIeéM MOBHILICHHH TCMICPaTYpbl HrA00GpasKEe =5 ONHOPORHOE 3CPHO;

pocTa CTPYKTYPa CHOeB CTAHOBHAACH Donee COBEPLICHHOH 1 AL Kynonoofpastinie rypsl.
Habmonanocs ynopagodente, GNHIKOE K TERCTYPe NOAKONK- :
KH. IIneuxn, mBuipameHHele B o0NAacTH TEMIEpaTyp o

Hconemoranne BAHARMA KOHICHTPAUMA THApMga npu  KOHOEHTpauui, OrpaHHYEHHBIX obmacteio I, pocin B
TeMnepatrype KpHcTaUiAsaune ~350 °C nokasano, wro yee-  YCNOBAAX MAMLIX nepeHacHIneHHl » Majof NOTHOCTH
JIHYCRHE KOHLIESHTPALHE OPHBOJHT K BO3PACTAHHMIO CKOPOLTH 3apoAbime#, TOITOMY OHA HEOTHOPOJHE! TI0 COCTARY, AMENA
pocTa cnoes (puc.1) K Takke HIMEHAET MOPGONOTHIO HX Mo~  MHOTO HITOOGPASHEIX BRICTYTIOB.
pepxHocTH. HamGonee ogHOponHmle CHOH PpOCIH NpH B ofnactu III, rae HaceliueHne BENHKO H TA¢ FOMOrEK-
KOHLIeHTpalHHA ruapaaa ~0.4 % (puc.26). Heil pacman MoJiekyn SiH, BHOCHT 3aMETHBIK BKNag B Me-

VeenuvueHse THHEHHON CKOPOCTH DOTOXA B MCCNeNoBaH-  XaHH3M DOCTA, NOBEPXHOCTh INICHOK TAaKike HEORHOPOIHA,
HOM HAMH WMATEpBANE IHAYEHWH [PHBONWIO K POCTY cioeB, M30GHIyeT 06pasobaHiaMH KymonoobpasHoit GopMsl.

HO HE BIHANO HA HX CTPYKTYPY H MOP(ONOrHi0 noBepx- TMonyu¢HHbI PesyNLTAT NOMFMMO YKA3aHHONQ BBHINIE
HOCTH, K TOMY %€ CNIOCOGCTBOBANIO YMEHBIIEHMO pasbpoca  MMEET TaKXe NPHKAAHOC 3HAYCHHE ANA JBYXCTamuitoN
IVICHOK 110 TOJIIHHE. TEXHO/OTHH OAHOBPEMCHHOTO BHIPALIHBAHHS IVISHOK NOMNH-

BapbHpy# OCHOBHbIS aPAMETPEI TIPOLIECC KPHCTALINIA- ¥ MOHOKDHCTAUHIMECKOrO kpeMuua [5], B kotopofi Ha
Wi, GbUIa BHISBACHA 00JIACTh ONTHMAMbHBIX TEMICPAaTYp ki TMEPROf  CTAIMM  CHNAHOBOTO mpouecca  opMupyIOTCA
KOHLCHTPAUMH, NPH KOTOPLIX POCIH IUICHKH MK ¢ ogho- 3aTpaBouUHBIE CHOH, OT MOPIPDJIOFHH KOTODRIX 33aRHCHT
poAHoli NMOBEPXHOCTHE), €O CPEAHHM PpPaiMepoM 3epHa 0,2 CTIpYKTYpaH CEOHCTEA BEIPANHBAEMBIX HA HHX B BHICOKOTEM-
MxM. 31a ofnacts I nokasana mpuxoekol Aa prc.3. nepaTypHoM (1200 °C) XJ0pHAKROM NpoLiecce mieHok TTK.

(11 3MSpxceboxusi. DA, «Smextponvkas, Mockea, [4] AC. Typyesuv, B Kpacmapau, HB. Fymax

BHHUTH, 1986, Kel0, c.14-17. MuxkpoanexTpoHiKa, 1993, 1. 22, BEINL 3, €. 91-94.
[2] OA. Fonuxosa. ®TII, 1991, 1. 25, 800, 9, ¢.1517-1534.  [5] A.G. Abdullayev, F.D. Kasimov.Thin Solid Films, 1934,
[3] @4 Kacuwos, 5X. Mamedos. 3nexTpoHHad TEXAWKA, v. 115, Mo 3, p.237-243.

cep.6, Mareprans!, 1984, Bun. 5, . 23-26.
M.Q. Abbasov, Y.Y. Hiiseynov, F.C, Qasinoy
AMORF ALTLIQ UZORINDS POLIKRISTALLIK SILISIUM T9BOQOLORININ FORMALASDIRILMASI
Amorf maskalar iizerinde polikristallik silisium tsbagalerinin alinmasimin texnoloji rejimlerinia hemin tebaqenin morfologi-
yasina va strukturuna ta’siri tadqiq edilmisdir. Bircinsli polikristallik silisium/a-Si strokturlarmin abnmas: iglin optimal temperatur
oblasti, axinda silan terkibinin konsentrasiyasi ve axinin siir’eti agkar edilmigdir.
M.G. Abbasov, Ya.Yu. Guseinov, F.J. Kasimov
THE FORMATION OF SILICON POLYCRYSTALLINE FILMS ON THE AMORPHOUS SUBSTRATE

The influence of technological conditions polycrystalline silicon films formation on the amorphous substrate on their morphology and
structure was investigated. The optimal regions of temperature, silane concentration and flow speed was discovered.

Hama noempnaenun: 26.03.99 Pedamop: 3.H. Hexendepzade
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ON THE POSSIBILITY OF THE QUANTUM YIELD INCREASING OF IR - RADIATION
DETECTORS

AA. ALIEV, SHM. KULIEV, A K. MAMEDOV, R.I. MUKHTAROVA
Institute of Photoelectronics of Academy of Sciences of Azerbaijan
F. Agayev, str., 535 block, Baku 370141

The construction and technological plan of manufacture of IR- radiation detectors that increases the quantum yield is proposed. The
comparative analysis spectral and pulse characteristics of detectors manufactured on the basis Cd, sHg, sTe monocrystals by a traditional
diffused planar process and presented plan is given. The obtained data confinm advantages of the presented construction and technological

plan, that allow to increase a quantum yield up to 20 %.

At the present time the problem of increasing of IR-
radiation photodetector sensitivity on a spectral region > 10
microns is actual one and investigators try to find the addi-
tional resources of its increases. The sensitivity of photode-
tectors of IR-radiation is described by the formula [1]:

R = neur/do (1)
where d - width of a sample, ¢ - conduction, 7 - nonequilib-
rium carrier lifetime, & - mobility, 77 - quantum yield.

One of the method of the sensitivity increase is the use the
factor of its proportional dependence on 7, the value of that is
equal 1 for ideal photodetectors, and for modern hiper-
sensitivity photodetectors - 0,2-0,3 [2]. The semiconductor
materials used for the detector manufacture are relatively
transparent for wavelengths the fundamental absorption edge,
when the absorption coefficient begins to decrease and the
part of radiation transits through a material without any inter-
actions with the crystal, If this part of radiation will be re-
turned to a photodetector, then it will be possible noticeably
to increase its photoelectric parameters. This purpose was
realized in the article [1], by means of the mounting a mirror
behind the photodetector, or the use of integrant cavity pro-
viding the returning scattered photons to a photodetector. In
article [3], the prism form was given to germanium photo-
electric inverse side, so that for the radiation entering through
a leading face the process of total internal reflection took
place. Thus, it is possible to increase value 77 by the different
constructor methods.

Constructions and production process of photoresistors,
mentioned in [4], give us the possibility of applying both
above mentioned methods of increasing of a quantum vield at
of multiple photodetectors of IR-radiation manufacture.

The fact of carrying out the operations of a chemical etch-
ing of semiconductor crystal surfaces with the formed topol-
ogy of the photosensitivity elements is used in this case. It is
known, that in interelement backlashes of the order 0,1
mms the crystal etching velocity gradient that decreases in
the depth of this crystal. This process leads to that the photo-
sensitivity element has the prism form shape not of a paral-
lelepiped with trapezoid form section. As, this surface is in-
verse one, then by drawing on it a reflecting coating, it is
possible to achieve multiple internal reflection of radiation in
volume of a photosensitivity element, that will lead to the
increase of a quantum yield.

We manufactured two photoresistors with four elements
with sizes 0,1x0,]1 mM° and interelement backlashes 0,1 mms
from two half-samples of the same monocrystal
n-Cdy;Hg, s Te. One - on a traditional planar process, second
— on the following technological plan:

s On one of plane surfaces of an initial semiconductor plate
by the photoengraving method the topology of photosen-
sitivity elements is constructed;

» The chemical etching of the semiconductor plate on depth
~ 20 microns is carried out;

¢ The protective coating of the photoresist is brought on all
surface of crystal, except for fiducial points and the addi-
tional etching on the depths ~ 10 microns is carried out;

¢ The photoresistive layer is deleted and on all surface of a
crystal the anodi oxide layer is constructed, and then by
vacuutn raising method the argentum layer with the
thickness ~ 0,3 microns, having reflection coefficient ~99
% is brought;

s The plate is pasted by the manufactured side on a germa-
nium substrate;

* After a desiccation of a glue the thickness of a semicon-
ductor plate is transformed up to the thickness ~ 40 mi-
crons by a method of a chemical-mechanical pelishing;

s The chemical etching of a plate before exposure of fidu-
cial points created earlier on its inverse side is carried out;

» The topology of photosensitivity elements is formed by

the photoengraving and vacuum raising;

The finish machining is catried out on the installation of

ion etching "Imsid", then, on installation of diamond kerf

partitioning off-the-shelf units of photosensitivity ele-

ments are carried out,that have the form given on figure 1.

Figure 1. General view of a photosensitivity element:
1 - permanium substrates; 2- glues; 3- fayer of
argentum; 4 - anodi oxide layer; 5 - bonding contact
pads; 6 - photosensitivity site.
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Further on obtained samples the measurings spectral and
puise characteristics of the photeconduction are made.

As it is known, linear photoconduction for thin samples is
described by the formula [2]:

Aoy~ enutlo{l-exp(-ad)Jh/1 , (2)

where o - absorption coefficient, I, - incident radiant flux
on the photosensitivity site of the detector, h and I are width
and length of a photosensitivity site of the detector.

The obtained results for both photoresistors and spectral
characteristic of a photoconduction of an initial monocrystal
are given in a figure 2. Comparing the obtained results it is

_ —— Safies]
T a-series2
go,s - Series3
508
To4
0,2 4%
0 e e e
2 3 4 6 8 7 & 910 11 12 13 14

wave length, mkm

Figure 2. Relative spectra.
Series 1 — initia! monocrystal;
Series 2 — traditional technology;
Series 3 — presented technology.

possible to note, that the maximum and long-wave boundary
of sensitivity are shifted in more short-wave region respect of
initial monocrystal ones. This fact is connected with absorp-
tion coefficient decrease and it gives to that the long-wave
radiation with absorption coefficient less than 10° cM™ tran-
sits through the semiconductor not interaction with it. At the
same time for a device manufactured on the presented
technological plan, the maximum of sensitivity is shifted
respect of one manufactured on traditional technology on 0,5
mkm, and long-wave decrease of a photoconduction has more
smooth form.

The pulse measurings are carried out on installation as-
sembled on the basis of the CO; laser with the electrooptical
modulator, permitting to gain pulses by duration ~107 - 167
seconds, with front of the increase and decrease no more than
10" seconds. The obtained results are given in a figure 3.
This curves are analyzed according to a procedure and for-
mula given in [2]:

n=2tgp/eual @)

where ¢ - is the angle of the slope of an initial region of a
pulse photoconduction.

Figure 3. Pulse photoconduction.

For exact definition 7, it is necessary also separately to
measure mobility, absorption coefficient and absorbed light
energy. But in our case for the proof that the delivered prob-
lem of the increasing of a quantum yield is reached, it is
enough to obtain the relation tgp,/tge, , where ¢; and @,
are angles of the slope initial sections of the pulse photocon-
duction of elements, manufactured by the presented technol-
ogy, which that is equal ~1.2 e.g. the quantum yield increases
up to ~20 %.

Thus the presented construction and technological plan of
manufacturing IR-radiation detector photosensitivity ele-
ments allows to increase their quantum yield up to 20 %.

11) R.D. Hudson. Jr. Infrared System Engineering, Wiley-
Interscience,New Y ork-London-Sydney-Toronto, 1969.

[2] C.M Poexun. QOTOIEKTPHYECKHE ABIEHHA B
nopynporogsHkax, Psmarrios, Mocksa, 1963,

[3]1 JnHHHOBOAHOBAA HH(PaKpacHas CNEKTPOCKONMA, MO
peaakuneii B.H. Mypiuna, Mup, Mockaa, 1966,

[41 A4A. Aliev, ShM. Kuliev, EK. Guseinov, A.K. Mame-
dov, and R.I. Mukitarova. Instrument and Experimen-
tal Techniques, v. 39, Ne 2, 1996, pp 297-298.

9.0. liyey, §.M. Quliyev, A.K. Mommadov, R.{. Muxtarova

1Q-DETEKTORLARIN KVANT CIXISININ ARTIRMA IMKANI HAQQINDA

[Q-detektorlann kvant ¢ixagmin artirlmasina yonalen konstruksiva ve hazwrlanma texnoloqivast tedgiq olunmugdur. Sn’onovi
planar texnologiyas: ve teqdim edilon hazirlanma sxemi ilo istehsal olunmug Cd,;Hg, sTe osasl detektorlarm spektral ve impuls
xarakteristikalarn miiqahiseli analizi kegiritmigdir. Alinan neticalar tagdim olunan texnoloci sxemin en’enavi planar iexnologiyasm-
dan {istinliyiini tesdigleyerek, kvant ¢rxagimn 20%-deok artirmaq imkanint gdsterir,
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. AA, ALIEV, SHM. KULIEY, A K. MAMEDOV, R.L MUKHTARQVA
AA, Aames, LILM. Kyaner, AK, Mamenos, P.H. MyxTaposa
0 BO3MOXHOCTH YBEJHYEHHS KBAHTOBOT'O BEHIXOJA JETEKTOPOB HK-H3JIYYEHHA

ITpeanoweHa KOHCTPYRUHR H TEXHONOrHYECkad cxeMa maroromnernz aerextopor HK-usmywewus, crocoGCrBylolliad yBeIHIeHIO
KRAETOBOTO BEXOHA. TIpoBeZeH CPARMHTENLHEN] &HANW3 CMIEKTPANRHBIX W MMITYIECHEIX XapaKTEPHCTHK IETEKTOPOB M3NGTORNCHHBIX Ha
ocHOBE MoHOKpHCTATNa Cdg.HgosTe 1m0 TpaAKUMOHHOA HNAHAPHOH TEXHOMOTHH W npeanomeHHoll cxeme. TMomydcHHBIC NaHAEIC

[IOATBEPAKEAOT MPEUMYILECTBA NPELIOKCHHOH KOHCTPYKIHN H TCXHOMOIMIECKOH ¢XEMEl, KOTOpad NMO3BOJIAAR YEBCTHYMTL KBAHTOBH
BaIXo Ao 20%.

Hama nocmymnrerus: 24.02.99 o Pedaxmop: J.LL. A6dunca
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JMJEKTPHYECKHAE CBOHCTBA H MOJEKY/IPHOE CTPOEHHE PACTBOPOB
HUTPOMETAHA, N-METHJI®OPMAMHAIA H NN-THMETRJIAIIETAMHIA
B THOKCAHE

3.P. KACUMOB, C.T. A3A130B, 4.0. KATTKAP, P.M. KACUMOB
Hucmumym DPomosnexmponuru AH Azepbatiddcana
Baxy, 370141, ya. ®. Aeaesa, xeapman 555

Hceneaorankl AHIREKTPHYECKHE CBOHCTRA PacTBOPOB HUTpOMeTaHa, NN-aumMeTsnaneTaMua, N-metiidopuaMiia b AHOKCAHS B ANAMA-
30He CBY M YCTAHOBIEHO CYIICCTBORAHYE B ITHX TOMAPHBIX KHAKOCTEX W PacTBOPAX ABYX NHCMEPCHOHKLIX o6nactell penakcanuy 1ebach-
CKOTO THNA, U3 KOTOPEIX HHIKOTACTOTHAY OMPEICICHA MPOLRSCCAMH DACTIANA MONEKYRAPHAN KOMIUIEKCOB RMIIONEHBX MONSKYN. B 3T
pacreopax HaGalonanca >@QerT Ge0TPAKATENEHOTD TOMTOWEHR ISKTPOMATHHTHOTO HITYHCHHA.

B pa6ote [1] Bccme noBanKCs CBOUCTBA GOPMAMHIA H I~
MeTrndopMaMula B IAOKCaHe B JHamasoHe CBY, Beuto ye-
TAHORJIEHO, YTO B AHANAIOHE CAHTHMETPOBMX H MHLIHMET-
POBEX PaiHOBONH AHRIEKTPHUECKHE CBOHCTBEA aMHAOB M HX
PACTBOPOB B HENOJADHOM JHOKCAHE NOCTATOMHO XOpOILIO
OMMCHIBAIOTCS B TEPMHHAX IBYX pEeNaKCAlNOHHBIX MPOLEc-
COB, KOTOpbIE OTPEASIAOTCA NPOLUECCaMH Pacnafa BOIOpOL-
HOCEA3AHHBIX KOMILIEKCOB MOMEKYN aMAAOB | penakcainel
cBOGOAHNIX AMNOABHEIX MONeKyln. KpoMme Toro, necnemosa-
HHAMY XAPaKTEPHCTHK OTPAKSHUA MHKPOBOH OT peryIHpyc-
Mol TOMIHHLL CNOA PA3BEACHHBIX PACTROPOB AMHROR OHINO
ofHapyXeHO CYLIECTBOBAHNE B HHX NMPH ONMPEASICHHBIX KOH-
LEHTPAUHAX TOIAPHOrO KOMIOHEHTa >(dekra Gesorpaka-
TEABLHOTO [OCNOWCHHA B HHX NAJaloIero 3NeKTPOMarHHTHO-
ro Hyryyenua, Bee >TH ABNCHHA NENANH HHTEPECHBIM TaNb-
Helilipe HeCNEeNORAHMA B AUANAOHE MUKPOBOJIH AHBNEKTPH-
YeCKHX CBOHCTB H XapaKTéPHCTHKH OTpAakeHHA PacTBOPOB B
AHOKCARe APYTHX MOME3HLIX BEMIECTB, MONCKYTEl KOTOPHIX
HMSIOT KOHGATYpausio GIMAKYIo K KOHOHTYPALHH MOJIEKYN
$opmamuzra H AEMeTIIHOPMAMHTA.

B Hactoameii pafote NpuBefeHsl peIyNETaTE HCCTIEI0Ba-
HHA QMIJIEXTPHYECKHX CBOHCTR M XAPaKTEPHCTHK OTPaXKeHH

paHee HEM3YYeHHBIX GuHapHBIX pacTBopos N-metundopma-
MHAa 1 NN-guMeTInaneTaMHaa, a Taloke HATpoMeTasa. He-
CIIeOBAHAA NPOBOAKCH TIPH TeMnepatype 20°C 1 AmHHaX
BomH A=1,5 cM 1 A=8,] 5 MM ¢ HCIIONB30BAHMEM ITAHODAMHBIX
RIMepHTeNeH CToAueH BonHEl No Hanpmxenmo P2-66, PP-67
H HHAMKATOPHOrO ycTpoiictsa A2P-67, ¢ koTopbiMA OBUM
CBN3aHB KOPOTKOJAMKHYTBIC HA KOHIE HIMCPHTEAbHBIC BOA-
HoponHbie sdefiky. [Tocneanue TepMOCTATHPOBANHCE H MMe-
JIH MPHCOOCOOICHHA A pelyAHPOBKE TOMIIMHb OTPaKAaio-
BISF0 CHIOf PacTBOpa. B KadecTBe KOMIOHEHTOB HCCICHYS-
MbIX PacTBOPOB HCHIONB3CBANHCE HETpOMETaH, N-meTundgop-
mamug, NN-gumeTunaneTamMug i aHokcad mapkw XYA.
ONpPEHeNeHiA AHACKTPHYeCKOH MPOHHLACMOCTA & H
DMMEKTPHYECKAX [OTEPh & HHAHBEAYAILHBIX TOMAPHELX
EHAKOCTEH N HX PacTBOPOB B JHOKCAHE HCTIONE3OBAICH ME-
TOA, OCHOBAHHBIK HAa HIMEPSHHH K03(QOULMEHTOR cTOAUCH
BOJIHB! 7] H TONIIMHE 1 OTPaXKRAOLIETO CNOA BEILCCTBA, MPH
KOTOPBIX aMIUTHTYIB omameuﬂoﬁ BOJIHH HOCTHIrAKT CBOHX
MHHHMANBHBIX 3HadchMl [2]. PesynsTaTnl 3THX M3MepcHUMA
mpeacTapneHn B ralnume 1.

TaGmaua 1.

JIH3IEKTPHUECKHE NPOHKLACMOCTH & H MMCKTPHYLCKUE TIOTEPH &/ pacTBopos BuTpoMeTana, N - merundopmamnaa u
NN-mumerruhopMaMuia B AMOKCAHE NpH TeMIieparype 20° C u anrrax BoaH 4=1,5 cm 1w A=8,15 mm.
OfbeMHBIE KOHLESHTPAINE @ NOIAPHOTG KOMNIOHEHTa B Y4,

N — MeTHI
¢ HutpoMeTaH-IHOKCAH NN-OUMETHAAUSTAMIEN= AHOKCAH opMaMBL-INOKCaH
%
ofineM A=15cmu A=8,15 MM A=1,5em A=8,15 mm A=1,5¢m
st 8” sl 8” g.r _§’f 6.[ SH' &.I Sﬂ'
100 30,2 i5,1 19,2 18,1 14,1 14,9 5,80 8,01 29,7 52,9
80 269 13,6 16,3 16,1 12,2 11,5 521 5,61 16,7 29,5
60 2.7 11,3 12,3 12,3 9,92 8,24 4,53 3,85 10,2 14,0
50 19.8 9.7 11,2 11,2 8,70 6,55 4,24 3,19 8,33 9.86
40 16,3 1.5 9,41 8,59 7.45 5,10 392 2,49 6,90 6,84
30 12,5 5,35 7,70 6,27 6,29 3,65 3,54 1,82 581 4,63
20 8,92 3,45 6,04 425 4,98 2,40 3.20 1,19 4,68 2,37
10 5,50 1,70 4,23 1,92 344 - 1,10 2,80 0,75 3,26 0,87
0 2,28 - 2,28 - 2,28 - _ 228 - 2,28 -

Tt npeABapUTENBHOTO CYAKISHUA O MONEKYIIAPHOH IpH-
POZE a30TOCOASPRKALLIX NOMAPHBIX RAZKOCTSH H HX pacTBo-
POB B HEMONAPHOM PAcTBOPHTENE NPOBCACHA OLIEHKA MEKMO-
JIKY/APHBIX KOPOTKOHSHCTBYWIOMX CHA B WHCTEIX KHJA-
KOCTAX C HCOONE30BAHNEM  MapamMerpa  KOppeNsalEau

g = ,ui / pﬁ , THE jt, U fir - SHAYEHAL QUTOJIEHRIX MOMEH-

TOB MOJIEKYN, ONPERENICHHBIX COOTBETCTBEHHO B KHIKOH H
razoeoil daszax. B kavecTBe i HCIONBIOBANKCE 3IHAUSHMA
OHNONLHEIX MOMEHTOB HCCNeTYEMBIX BCIISCTSR, NOTY9ICHHBIC
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o JAHMEIM paGoTsl [3] B rasonoli dase. JIJis HAXOKOEHUA [£,
HCHOALIOBATICE JIMTEPATYPHBIE NAHUBLIE HHIKOYACTOTHRIX
HIMepeHUll paBHOBECHOH JHAAEKTPHICCKOW MPOHUIAEMOCTH
&, [4]. Beuvcnenue sz, MPOBOJUIACE N0 YPABHEHMIO OH30TE-
pa-Kupkeyna-Dpenuxa, BHBOOHMOIG M3 CTaTHUeCkoi Teo-
PHE MONApH3anMH 5]

£ = (£, — €. N2¢, :ew) . 9KT o
&,(e, + 2) N,

rae T - abcomoTHat TeMNEPaTyYpa; Ny - MOCTORHHaA ABOrat-
Po; K - mocTosHHas BonbuMaHa.

Bxomuryo B (1) BeAHIAHY BHICOKOYACTOTHOTO NpeAena
NH3MEKTPHIECKOH NPOHHIAEMOCTH £, OMPSOEIAIH H3 Ypas-
Herua Knansiyca-MoccoTn

e, -1 n -1
= = 1,05—2—-—
&, + 1 nt o+ 2
[A€ n - ONTHYECKHH MoKasaTeAb MPETOMICHNIA BEILECTRA; KO-
»dbmsent 1,05 yyurTeibaeT bIIAK aTOMHON NOMAPH3ALKH B
£4 [5].

. @
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PeaynbTaThl NPORSICHHRIX PACETOB fh M ¢ HCCAEAOBAH-
HHIX TNOAAPHBIX KANKOCTEH GPEACTABICHB B Tabmaue 2. Y
BCEX M3 HHX TONBKO Y HHUTPOMETaHa BenMdnHa g ONH3Ka K
COHHANE M, KaK IOKA3bIBAlOT PacueThl, NPOBEACHHBIC MPH
NPYFHX TEMOEPATYpax, OHa NPaKTHYECKH HE 3ABHCHT OT TCM-
neparypsl. Taxoe mNoBeleHHe ¢ YKA3HWBAET Ha TO, 470
HHTPOMETaH XapakTepPH3YeTCA XAOTHYECKHM DacTpeacineHy-
eM AMnoNbHBIX Moaekyn. Y NN-1HMeTHIaLEeTaMuia H
ocobento y N-MetmidopMaMuia BEMMIHHA ¢ OKasHIBaCTCA
BbliIe eNUHMLBI. JITO CBHACTENBCTBYET, KaKk H B Ciydae
dopMamena 1 auMeTandopmamuaa [1], o Gonsimol xop-
PENIAUAH MONEKY/ JTHX BEIECTB, 00yCnOBISHHOA HanIueM
¥ ITHX MONGKYH BOZOPOHHBIX cBaleH. CyllecTROBaHNE
NOCHSAHHX TPHBOAWT K 00pascBaHmIO LEMOYETHHX acco-
URATOR JAMIONBHBIX MOJCKYA ¢ NapalICABHLIM pacnono-
#eHHeM B EuX munoncH. Jelictome BomopoaHex cBasefi,
BOSAHKAOMHUX MeOy aTOMaMH BOIOPpoJa H a30Ta COCCOHHX
MONEKY], TO-BHOMMOMY 4acTAaHe Onokupylorca y NN-
AMMETIWIALCTAMHAA, Onaroapa HaMMYMI0 B aMEHTpynne
ABYX METHIbHLIX PafHKanoB. JITHM MOMHO OOLACHUTE
CHIDKEHME mapaMeTpa koppensunm g y NN-mimMetunanera-
MU3 N0 cpaBAcHHIO ¢ N-MeTHAGOpMaMuIOM.

Tabnuua 2.
D deKTHEHBIE TUNOALHLIE MOMENTE! fiy M KOPPENALHOHHEIE APAMETPRI ¢ KCCAEHOBAHHBIX NOAIPHE KHAKOCTCH
ApH TeMneparype 20°C.
NN Bemecrea £ Ex Hyg D o, D g
1| N-merumhopmamun 190.5 2,20 1.00 3.0 5.44
2 NN-IUMEeTHIALETaM KA 38,93 2,10 4,34 3,79 1,31
3 | Hurpomeran 38,57 1,97 3,39 3,50 0,94

YACTOTHBIE 3ABMCHMOCTH £° M & YHCTOrO HHTPOMETAHA
MpH TeMneparype 20°C xopomo anopokCHMHPYIOTCA YPaB-
HeHisaMH Je0ad MpH NONyICHHH HE3HAYMTEABHOrO pacmpe-
NENEHHA BPEMEHH PEMakcaund BOMM3A HanGonee BEPOATHONO

~ ¥ - N 80 - Eoo
€ =& -1 =&, + — T 3)
1+ (ior
PA¢ ¢ - NAPAMETP PACTIPSACICHHS BPEMEH PeNakcaliHy 4]
¢ '
LU
o
i . _
VA R R s

Puc. 1. Tuarpamme leGas-Koyna pactaopon HETPOMETaH-NH0-
xcan npn Temneparype 20°C u npH oSBEMHEX KOHIEH-
Tpanum HiuTpoMerana 10(1); 20(2); 30(3); 40(4); 50(5);
60(6); T(7); BO(8);, 90{9); m 100(10) % * NO DZHHEM
paborrl [4].

a0

DRCTIEpHMEHTANbHEBIC 3HA9CHHA & H &7 HHTpOMETaHa,
HaliieHHbIC DK PANTHYHEIX JHHaX BOAH H HAHECCHHEIC Ha
INOCKOCTH KOOPAMHAT [£7, £7] NeKaT Ha OKPYRKHOCTH, LEHTD
KOTOpOH pacronoien HECKONbKO HIEE ocH adcumce (oM.
puc.l). XapakTepHBIM A4 HMTPOMETAHA ABAACTCA TO, UTO
BRICOKO9JACTOTHHN MPEASH &» €0 ARCHEPCHOHHOH 0BMACTH,
onpefieNaeMpll 3KcTpanoAaAlted ASHHBIX MHKPOBOMHOBEIX
H3MCpeHRH, AOCTATOYHO XOpOINO SHCACHHO ¢ormacyerca ¢
BEJHMHHOMN &, , PACCHUTaHHOMN No ypaeueHmo (2). Ilpu pas-
(GaBNeHMH HHTPOMETAHA AETIOJAPHBIM JHOKCAHOM XapakTep
noseacH HyHkumil £ 0T €7 COXPAHACTCA TakHM Ke, Kak B
cIIyqae 4HCTOr0 HHTPOMETaHa, HO ¢ HeOONBILHM YBEMICHH-
éM MapaMeTpa @ MPH CPSJHHX KOHUEHTPALMAX IOAAPHOTO
KOMMAOHEHTA (oM. pHe.1).

Pe3yabTaTH PacyeTa No YpaBHeHMIO (3) BPEMEH penakca-
IMH T B NapaMeTpa paclpeaciicHHs BpEMeH Pelakcaldd o,
npusegeHHsle B Tabnnue 3, ykasplaroT Ha cnaboe H3MEHEHHE
BEJIMYMHE! T ¢ YMEHbIIEHHEM KOHLEHTPALMY HHTPOMETAHA B
PacTBOpE. JTC MOATBEPIKAACT CHCNAHHOE BRIME MPEAIIONIO-
’KEHHE O XAO0THHECKOH OpPHESHTAUMH MOIEKYJI HHTPOMETaHa H
CBHJETENECTBYET O TOM, YTO JHCTICPCHA HHIPOMETaHA M €ro
pacIBOpPOB B NHOKCAHE MOM¥eT GHITE OMpeacncHa penakca-
OHedi MpOCTHX KMHETHYCCKHX ¢IHHHL, 8 HMCHHO — Pelak-
canHeli HECOPHEHTHPOBAHHBIX MEKMOMCKYJAPHLMH CHIAME
OTACNBHBIX MONEKY HETPOMETAHA,



Tatnuua 3.

BpeMmena peNakcalldd 7, OTHOCKTENBHBIC BRIALE HHIKOYACTOTHOH AHCIEpCHH C1 M HapaMeTPhl o paclpelencHia BpEMCH PEaaKCaliH
PACTROPOD HHTpOMeTaHa, N-Metundopmamuia, NN- ziMeTuraneTaMAaa B AHOKCAHE,
OfneMHaT KOHIEHTPAITHS TOMAPHONO KOMIOHEHTA B Yo,

P HurpoMeTaH-gH0KCaH N - METI-(IOpMAMHA-AHOKCAH NN-aHMeTHIANETAMEA- AHOKCAH
%
F 12 2

cOpem rm“ o 1_11c::‘ c £y rlm rzml Ci £,
100 4,40 0,01 24.2 0.96 12.3 13,1 9.98 0,86 5,50
80 4,63 0,03 24,2 - 0,96 7.0 12,2 7,83 0,84 5,06
60 4.80 0,04 23,2 0,94 5,3 11,3 6,26 0,81 4,30
4 4,69 0,03 20,7 0,90 43 10,4 5,91 0,74 31.80
20 4,48 0,02 17,9 0,86 34 9.80 4,50 0,64 3,10

Y N-metandopMamuga 1 NN-gaMeTHIAUETAMMB/LA Xapak-
Tep AUCTICPCHOHHBIX H afcopOUHOHHBIX 3aBHCHMOCTe! B 06-
JACTH MEKPOBOJNIH CYIIECTECHHO OTAHYACTCA OT AHATOTHY-
HBIX 23BHCHMOCTEH 1A HHTpomeTaHa. H3menenne £"H &7 ¢
yacTOTON YKa3sHBAeT Npekae BCETs Ha T0, UTO PeNaKcalion-
HBI¢ TIPOLIECCHl B HUX HE MOTYT OBITH ONHCAHBE B PaMKax
OpeACTaBIeHHH O eAHHCTBEHHOM BpPEMEHM AMNONLHOH pe-
MAKCALMM, 3 Takke CHMMETPHUHOTO WIH ACHMMETPHYHOTO
pacTipefeneHRd BpeMeH penakcaluu (cM. puc.2,3). ARamu3

T

[-"] ]

4 " [ o

w  o® do

Puc.2. Nuarpammo! JleGasn-Koyna pacteopos N-metundopma-
MM -AHOKCAH TIpH TemIiepatype 20°C n nps ofbeMHRX
xomneaTparpx N-metungopmanmza 20(1); 30(2);

S0(3); 280(4); 100{5) % e o panHEM pabote! [4].

IKCNEPUMEHTANBHEIX NAHHBIX TOKAIAA, 4TO OH3NEKTPHYeC-
kue csolictsa N-meTrwidopmamuta 1 NN-gHMeTHIALE TAME-
ha Jydle BCeTO ONMCRBAIOTCH B TEPMHHAX ABYX HE3aBHCH-
MbIX DPENAKCANHOHHHX MPOUECCOB. B ITHX caydadX peab-
HBIE YaCTOTHbIE 3aBHCHMOCTH £ H & BELIECTBA MpeacTaB-
JAKTCA YPARHSHHAMH BHAa

£-&, _ _C C,

g -6, 1+l 1+ o1l @
& erc or,C, :

£, -8, 1+tat? 1+or1]

rae 3,42, C; 1 C; — COOTBETCTBEHHO, BPpeMEHA PEIakcalliy H
OTHOCHTEIIEHBE BRIAIE ABYX Ancnepckii [4], B ofwem ciy-
qa¢ pacder T, 2, Cy, C; MO ypaBHeHHAM (4) Tpebyer nph-
MCHCHNAA CHISLHATBHEIX METONOE pacHeTa. B Tabauue 3 npu-
BSACHSI PE3YNETATH BHYHCIEHHH MapaMeTpoB ABYX OHCUEP-
CHOHHEIX ofyacTedt ¢ mpuMeneHHeM omHcanHo# B [4] meTo-
OVKH pacueTs.

41

B cooTBeTcTBHN ¢ JAHHWMM HU3KOYACTOTHBIX W3IMepe-
AUl £;, MOJKHO CUHTATL, YTO HH3KOYACTOTHAA AHUCNEPCHOH-
Has 06NacTL AMMAOB onpejeneHa NPOLECCAMH PAcnaia Boao-
poanoceasannnix uenovek, Ilpn aroM BemwumHa, ofpatHat
BpEMEHN peNiakcalldH >Toll AMCTIEPCHA XapaKTepH3yeT Bepo-
ATHOCTE PAipLIBa BOMOPOJHBIX cBa3eil. Penakcaims sxe Mo-
HOMEPHBIX MOEKYN H MOJIEKYl HA KOHUAX Lenodex onpene-
AACT CYMECTBOBAHME HA MHKPOBONHAX BTOPOH BHICOKOYac-
TOTHOH JUCTIEpCHOHHOH 06NACTH.

VMeHBIleHHe 3HAYEHWA T OCHOBHOI JMCTIepCHOHHOW
obnacTi WN-TUMeTHIALIETAMHAA [0 CPARHEHMO ¢ N-MeTHI-
dopMaMuIoOM onpezendeTcd GNOKUPYIOIMMH ASHCTBHIMH
METHARHLIX [PYAN, CHIKAIOLIHX BO3MOXHOCTE §OpPMHPOBE-
HMA MOTEKYIZPHSIX ACCONUATOR, 00pasyeMeIX 33 CYeT BOAO-
pPOMHKIX cRA3eil. XapakTepHO, 4TO HECMOTPA HAa pa3NivHA B
MOBEAEHHY OCHOBHBIX JHCIIEPCHOHHRIX ofUtacTeil y aMHIOB,
BpeMeHa peNlakcallii i OTHOCHTE/bHBIE BKOAAB HX BTOPHIX
arcnepcuit Gau3Ks MeK Iy coGoM.

TsnexTpudeckoe NoBefcHHe pacTBopoB N-Metmndop-
MaMuaa 1 NN- 1UMETIIIALETAMBAA B IHOKCAHE B H3YIEHHOM
MHTEPBAE KOHIEHTpauAl GIM3ke K noseJeHHIO MHCTBIX I10-
NAPHEIX KOMIOHEHT (pHC.2) TaK ke, KAk H B CIydaé YACTHX
NOJAPHBIX aMBI0B MONYICHHEIC PE3IY/NBTATHI HE YKIAILIBA-
IOTCA B PaMKH MpEAcTABNCHHI 0 CYIIECTBOBAHKH B PAcTBO-
pax CHMMETPHYHOTO HWIH GCHMMETPIHOTO PacnpeaeneHH
ppemMeR penakcanmit. Jlywmee nprGimikente AaeT MEXAHHIM
ABYX peNaKCALHOHHBIX NPOUECCOB, KOTOPHIN, Mo-BHIANMOMY,
COXpaHAET CBOI 3HATHMOCTH H NPH pazlaBNeHHH AMEIOR He-
NOJAPHBIM PACTBOPHTENIEM,

B pacteopax N-metHadopMaMuaa ppemMa pelakcalf 7,
onpeaendiolmee B GopMaMHie H ero pacTBOpax HHIKOYAcToT-
HYI0 JHCTIEPCHOHHYIDO 0ONacTh YMEHBILASTCS O BEITMIHHE ¢
YBENMUACHHEEM CONSPKAHNA MHOKCaHA (cM. Tabn.3). 2ot pe-
3YNETAT YKa3bIBAET HA TO, YTO TIPH PacTBOPEHHH N-MeTHII-
dopMaMHia MPOUCXONMT pa3pyilieHHe O6pazyeMEIX ¢ MOMO-
MIBIO BODOPOIHEIX CBA3ell HeMoUeTHEIX KOMILTEKCOR MOJIEKYT
dopMamuzia; 3T0 NPHBOANT K YMEHLIIEHHIO TIPOICIIKHTENk-
HOCTH XW3HH 3CCOLMATOR, A TAKKE CPEIHErO pasMepa TAKMX
accoumatoB Monekyn opmaMnia. C pocToM EOHUEHTPALUHH
AEOKCAHA MPOMCXOAHT BOIPACTAHHE B PACTBOpPE HHCIA CBG-
GOoMHEX MOHOMEPHBIX Monekyn N-MeTundopmaMuna v mone-
Kyl Ha XOHNAX LEenoYeK. JKCOEPHMERTANLHO 3TO NOATBEP-
KOAETCA TEM, 4T ¢ pazfaBncHneM N-merundopMaMuna TH-
OKCAaHOM YMEHBILASTCA OTHOCHTE/MBHEIN BKAAN C; HH3K0Yac-
TOTHOH AHCIEPCHOHHOR 06NaCcTH. CXOMHbIA Pe3yNsTaT OTME-
yaercd W B pacTopax NN-auMeTHIaleTaMHA-THOKCAH:
YMEHBIICHNE BEJIHYHNR BPEMEHH pellakcalliu 7; pacTBOpOB
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¢ POCTOM B HHX HENOJLIPHOrO AFOKCAHA COMPOBOMAAETCA
BO3PACTAHMEM NOJIH BTOPHX JIMCTICPCHOHHEIX obnacrell; npa
3TOM BQIMYHHA 7, COXPAHACTCA MPAKTHYSCKH HE3ABHCHMON
0T KOHUEHTPalNH Auokcana (cM. Tabn. 3, puc. 3).

13 * il L7 "0 ‘:

FPuc.3. Nuarpammel Jeban-Koyna pacteopor NN-auMeTHIALE-
TAMII ~ TIHOKCAH NPH TeMneparype 20°C 1 mpH 06beM-
HBIX KOHUCHTpauHax NN-aumerunanetamuga 10(1);
20(2); 30(3); 40(4); 50(5); 60(6), a 80(7) » 100(8)

B % e no naurem paboru (4],

IMonygersmie 3KCNEPIMERTANBHEIE 3HAYeHHS & H &7
PacIBOpOB PAINHUABIX KOHUEHTPALMi OLUIH HCOONE30BAHE!
VA HAXOXIEHAA IpadoaHaTHTHIECKHM CIoco00M pesoHaHC-
HBIX KOHIGHTPAIMH NOMAPHHIX KOMIIOHEHTOR PACTROPOB, NMPH
KOTOPBIX cNenorano Gkl OXMOATE MOABIEHHE MPATHOMPYE-
Moro 3ddexTa 0e30TPAXATENLHOIO NOTNOWIEHHA TCKTDO-
MATHMTHOTO HUTYYEHNA 3AHAHHOH THHE BOIHEI M IPH H3-
BECTHBIX Pa3MEPax BOJHOBOJHOA HANPABIAIOIIEH CHCTEMBI
[1]. Hecnone3ys >1H Zandsie Obmu npoBeacHbl FKCTIEPHMEHTHI
0 OPAMOMY HAXOMISHHE) Pe3OHAHCHBIX KOHUEHTpauuh
NGAAPHOTO KOMIOHEHTA B MCCACZYSMHMX pactBopax. C 3tol
USBI0 CHHMAIHCh KOHUEHTPALMOHHEIE 3aBHCHMOCTH KOdd-
$uLHCHTA OTPAKEHIA BONHBI 7 ROCKENOBATENLHO [ANA KaXkK-
IOTO ouepeHOro Homepa N MuHMMYMa QyHKLAH o (1), Pe-
3YNBTATHL ITHX SKCIIEPHMEHTOR oTpaxedn Ha puc.4,5. [Tomy-
YEHHBIE [0 THM 3ABACHMOCTAM Pe30HAHCHEIE KORUEHTPALH
MOMAPHEIX KOMNOHSHTOB PacTBOPOB (MH3KH K MX pacieTHBIM
3HAYEHHAM M OaHB! B Tabmune 4. OHA HONONHHTENBHO NOA-
TBEPKAAIOT BHCKA3AHHBIC B pabore Npeanmonokenns ob
ofmeM xapakTepe BO3HHKHOBeHWA ddexTa bezoTpaxarens-
HOT'0 ODOTNOMICHNA JMCKTPOMArHHTHOrO HITYYCHHA B IOMAP-
HBIX PAcTEOPaX: 3TOT 2bdekT MoxeT o6HApPYKHBATHCH TIPAK-
THYeCKH B mo00oM pacTBOpe MONMAPHOTO BOINCCTBA B HEMO-
NAPHOM PACTBOPHTENE MpR Moboil TeMnepatype T H 3acTOTE
HATyHEHMs £, HO TIPH YCIOBHY CYIIECTBORAHAA NPH >TUX T N
£ AUCTIEPCHH BOMTH B H3YSAEMOM PACcTBOpE.

1] 20 V}:
Puc. 4. DKCNEPUMEHTANEHLIE JABICHMOCTH MOAYNE kosddn-
LHEHT OTPAXEHUA BONHEI 0 0T 0beMHON KOHLICHTPa-
HH @ MONAPHOFD KOMMOHERTA PACTROPOB HUTPOMETAH-
AnoKcaH (2); N-meTundopMamua -auokxcan (); NN-an-
METHITALETAMIS, - ZHOKCAH (¢) IPH JTHEE BOTHE!
A=1,5 ¢M u Temneparype 20°C.

al

og

] *» *'ﬁrpz

Puc. 5. DXCepHMEHTANLHEIE TABUCHMOCTH MOLYAA kosdhdu-
IHENTA OTPAKEHHS BOJHE P OT 065LeMHON KOHIEHTPA=
LIl ¢ DOAAPHOTO KOMIICHEATA DACTBOPOB HHTPOMCTAH-
onokcan (a); NIN-AHMETHIAUETaMHA - AHOKCAH (B) HpH
anuue potHE A=8,15 MM K TemnepaType 20°C.



Tabnuuoa 4.
DKCICPHMEHTANLKBIE PE3OHAHCHEIE SHATCHHA 0FHEMHLIX KOWLICHTPAUHH ¢ NIONAPHHX KOMIOHEHTOR PACTROPOR MUTpOMeTaHA (1),
N-mernngopmasug (2) 1 NN-aumerinaneramun (3} B AMOKCAHE npu Temeparype 20°C.

Kpuriveckax Homep
JinksHa BOJAR | AMHHA BOJHED AYEBOT0 1 2 3
A, oM B BOTHOBOOE, | MHHHMYMA, p,% P, % e.%
CM L
1 14,6 23,0 234
2 27 4,7 8,5
1.5 23 3 1.4 0,4 38
4 - - 2,5
5 - - 1,3
6 - - 0,9
1 11,8 31
2 7,0 9,7
0.815 1,44 3 2.5 32
4 1,5 28
5 1,0 2,0 .
6 0,75 1,1 |
7 0,50 0.8
8 0,5

[1] 3.P. Kacumos, C.T. Asusos, 4.0. Kadacap, P.M. Kacu- [4] AFO. Axados. [manextpudeckye cvoficTea GHEapHBIX

nmo6. Dnsvika, 1998, 1. 4, Ne 1, c. 30-33, pactopos. M., Hayka, 1977, ¢. 400.
[2] P.M. Kacumoe. Metpomorma, Ne 7, 1987, c. 45-51. [5] MH Llaxnaporos. MeTonb HCCICAOBAHHA ABHKCHMA
[31 O.A OCcunos, B.H Munxun. CipaBodHHK MO ZHNONb~ MOJIeKYN cTpocHna xugkocTel, M,, MV, 1963,

HBIM MoMecHTaM, M., Bucmas mxoma, 1965,
E.R. Qasunov, 8. T. 9zizov, C.0, Qacar, R.M., Qasunov

NITROMETANIN N-METILFORMAMIDIN V8 NN-DIMETILASETAMIDIN DIOKSAN MOHLULUNDA
DIELEKTRIK XASSOLORI Vo MOLEKULYAR GURULUSU

Infrayiksek tezlikler diapazonunda N-metiformamidin, NN-dimetitasetamidin ve nitrometann dioksan mehlulunda dispersiya
spektri tedqig olunmus ve bu polyar maye mohlullarda Debay tipli relaksasiyamin iki dispersiya sahesinin olmast migahide
edilmigdir, onlardan ancaq tezliklisi hidrogen olaqesinin te’siri ile omele gelen polyar molekullarm paylanmasi proscsleri ilo toyin
olunur. Bu mohlullards elektromaqnit dalgalannin eksetditilmedsn udulmaq sertleri tapilmgdir,

E.R. Kasimov, 8.T. Azizov, Ch.Q. Qadjar, R.M. Kasimov

DIELECTRIC PROPERTIES AND MODULAR STRUCTURE OF NITROMETANE, N-METILFORMAMIDE AND
NN-DIMETILACETAMIDE SOLUTION IN DIOKSAN

Dielectric properties of nitrometane, N- metilformamide, NN-dimetilacetamide selution in dicksan were studied in microwave region,
and two dispersion region of Debay's type relaxation were observed. Law frequency dispersion region was explained by process of dissocia-
tion of dipole molecular complexes.

In these solutions the effect of reflectionless absorption of microwave radiation was observed.

Hama nocmynaenug: 05.05.99 : Pedmemop: MK Kepumos
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n-GaAs QUALITY DIAGNOSE FROM SHALLOW IMPURITIES PHOTOELECTRIC
SPECTROSCOPY LINE SHAPES DEPENDENCE ON ELECTRIC FIELD

0.Z. ALEKPEROV
Institute of Physics of Academy of Sciences of Azerbaijan
370143, Baku, H. Javid av., 33

It is established experimentally that the low temperature photoelectrical spectra line width of shatlow impurities depends not only on
charged impurity concentration N;=2N, and degree of samples compensation K=N,/Np as it was believed earlier. To a great extent it de-
pends on the impurity distribution inhomogenity also. For samples with homogeneous and inhomogeneous distribution of impurities line
width dependence on external electric ficlds, smaller than breakdown one, are different. This broadening mechanism allows to control the

quality of samples with nearly equal impurity concentrations.
1. INTRODUCTION

Shallow impurities photoelectric spectroscopy (SIPS) of
hydrogen like impurities consist in arising of lines in photo-
conductivity spectta (PS} of semiconductor, when electrons
localized on impurities are photo excited resonantly. It is an
effective method for investigations of SI in semiconductors
{1], and semiconductor structures, such as hetergjunctions [2]
and quantum dots [3]. Considerable information can be ob-
tained from the investigations of the line broadening mecha-
nisms [4-6] and experimental line width. Convenient for this
purpose are eptically allowed transition lines from the ground
state of S1 {1s) to excited Zeeman states 2p_; and 2p,, formed
in magnetic field H. Even for available purest samples of Si,
Ge, GaAs, InP the low temperature dominant broadening
mechanism of 31 photoexcitation lines is congentration
mechanism (inhomogeneous broadening). This broadening is
a result of optical transition (for example /s—2p.;) energy
differences for all impurity atoms from that of isolated impu-
rity atom owing to their interaction with swrrounding impuri-
ties. In particular, in compensated semiconductors (K20. 1)
with charged impurities concentration N;=2KN, comparable
with Np, at moderate magnetic fields

{y = h%* ~ 1,ha_-cyclotron energy, ‘ERr -
¥

effective Ridberg ), quadrupole-electric field gradient broad-
ening for Is—2p, lines is negligible[4], and broadening of
1s—2p,; line arises from the quadratic Stark effect shift of
levels by charged impurities eleciric field E. Then the line
shape would be determined by distribution of E at the neu-
tral donor center, which in turn depends on charged impurity
distribution in semiconductor. These SI line broadening
mechanisms take place at impurity concentrations
Np<10"em™® when each impurity atom can be considered as
an isolated one. In n-GaAs at high magnetic fields there ex-
ists SIPS at sufficiently higher concentrations also
Np<10™em™ close to Mott transition case. It is natural that in
this situation the line broadening mechanisms would depend
on such a parameters as an impurity band width and potential
of fluctuations,

Distribution of charged impurities around the optically ac-
tive neutral donors depends on two factors. The first is the
distribution of impurity atoms in semiconductor, which is
mainly determined by growing technology (we consider the
residual SI only). The inhomogeneous in impurity distribu-

tion causes an additional increase of the random potential in
semiconductor, which is the potential of fluctuations. The
influence of this potential on cyclotron resonance line shape
was established in [7-8] and it was used for quality control of
semiconductor samples with nearly equal neutral and charged
impurity concentrations [9]. The second is how the electrons
are distributed on impuritics. In the case of high temperature
limit (T=e} it is a random distribution. But in the zero tem-
perature limit the distribution is comelated, providing the
Coulomb interaction energy of system of charged acceptors,
donors and electrons to be minimized [10]. In the random
electron distribution case the fs—»2p.; transition line width
depends on charged impurity concentration N, only, inde-
pendently on sample compensation K=N,/N; [4-5]. In the
correlated distribution case acceptors are charged taking elec-
trons from nearest donor [10]. Then with the same value of N,
the line width is smaller and strongly dependson X .

Distribution of electrons transforms from the comelated to
the random at temperatures {11]

e
kT >> ———
E, * I

(1.1

(ro= (47/3N;) /% is the mean distance between charged
impurities, &~ static dielectric constant, ks - the Boltzman
constant), In the case of strong inhomogeneous impurity sys-
tem they are collected into the clusters, which have higher
ionized impurity concentration (because of the pure regions
are between them) than the mean value for sample, deter-
mined from Hall measurements. Note that only these clusters
are optically active for the impurity absorption of radiation.
So, strong inhomogeneous in the impurity distribution must
cause an additional broadening mechanism for impurity ab-
sorption lines.

The distribution can be changed from correlated to ran-
dom not only with heating, but under any external perturba-
tion increasing the energy, for example, an electric field.

It is well established (see for example [4]) that in n-GaAs
at magnetic fields higher than 20 kOe excited state 2p.,
crosses N=0 Landau level and after the ls—2p.; transition
electrons tyrn out isoenergetically in conduction band as in-
dicated in fig 1. For this reason there is not the necessity to
invoke other processes (field induced tunneling from excited
2p.; state or impact ionization from it by free electrons ) to
explain the ling generation mechanism in PS. Nevertheless in



this situation, as in the case when 2p., state is below the con-
duction band, mechanism of photocenductivity can be con-
sidered as a photothermal one. Because of photosignal
AU~Ag=euAn, and under the radiation free carriers concen-
tration An=G,;_y-p'T., Where photoexited carriers capture
time 7, in turn is depend on thermal ionization {and capture)
coefficients from states below the N=0 Landau level.

This work devoted to experimental investigations of the
SIPS Is-2p.; line broadening mechanisms caused by SI in-
homogeneous distribution in n-GaAs epitaxial layers with SI
concentrations N,>10"cm™. Some of the vesults obtained
already were used as a semiconductor quality analysis meth-
ods [12].

2, EXPERIMENT

The Is—2p,; transition line shape of residual donors
were investigated in n-GaAs using the laser magnetic photo-
electric spectroscopy method at moderate magnetic fields up
to ¥ ~1. Photoconductivity spectra (PS) of samples were reg-
istered at fixed far infrared H;O and DyO -lasers radiation at
wavelengths ~119 1 and ~84 p as a function of magnetic
field in the intervals {35+ 37) kOc and (60+62) kOe respec-

tively. PS were measured at different electric fields- from
linear region of current voltage characteristics (CVYC) up to SI
break down electric figld values B, At eleciric fields smaller
than the break down one the constant voltage regime
(R1ssa<<Rsamp1s) and at the break down the constant current
regime (Roump1o<<Risas) Was used. In order the true line
shape to be registered the precaution was taken the photocon-
ductivity, which is proportional to the change of sample con-
ductivity Ao, to be linear to radiation intensity in both re-
gimes., Parameters of samples and growth technology are
given in table 1, Samples of n-GaAs obtained by liquid phase
epitaxy (LP) and vapor phase epitaxy (VP). The thickness of
epitaxial layers were 20-100p. Hall measurements of samples
carried by authors of [13], in where the ways of determina-
tion of Np, K and g, from temperature dependencies of

conductivity and Hall-factor of samples are described. The
photoconductivity measurements were carried out by cross-
modulation method with modulation frequency 750 Hz of
radiation intensity. The experiments were made in Voight and
Faraday geometries of incident radiation and magnetic field
directions and all results given here not depend on geometry.

n-GaAs samples parameiers and widths of fs—2p., donots lines at linear region of CVC

Samples | Ny10™, em® | E=Na/No | 12107%, co™V-s | 4E;, (meV) | Eiz(meV)

ILP 43 0.52
2LP 7.3 0.65
LP 87 0.53
4LP 15.0 0.38
5LP 4,22 0.36
6LP 4.3 0.52

TLP high purity -

Table 1
H=36 kO¢ 61 kOe

10 0.064 0.07
73 0.07 0.08
73 0.15 0.16

5.7 0.085 0.09
8.6 0.136 0.14
10 0.062 0.065
- 0.012 0.008

For investigated samples, according to (1.1), the random
distribution of electrons takes place at temperatures 7=20K.
It is known that at T>20K more than 50% of neutral shallow
donars are ionized, and SIPS disappears in GaAs. It means
that at temperatures when SIPS does exist the distribution of
electrons is always ¢lose to correlated one. So we suppose
that at measurements temperature 7=4,2K in the linear region
of CVC the distribution of electrons is nearly correlated.

3. RESULTS AND DISCUSSIONS

The results of 1s—2p., line shape investigations for dif-
ferent n-GaAs samples are given in Table 2. The width AE

was measured st the half height of the line in magnetic field
unites AH and then it was transformed into energetic unites

oK
AE = {M] - AH . The rapidity of Is—2p.;

OH
transition  energy increasing in  magnetic  field
BE
—%w.lsmevme was determined from the two
H

magnetic field positions (as indicated in fig 2} of this line at
different laser quantum energies &;;,~10.45 meV and
354314.71 meV.

Samples | N, 10", cm? | E=Na/Np | & meV
ILP 4.5 0.52 0.215
2LP 9.6 0.65 0.271
3LP 9.0 0.53 0.269
4LP 11.0 0.38 0.295
SLP 3.0 0.36 0.194
6LP 4.5 0.52 0.214

First we will analyze the Js—2p., line shape at small
electric fields far from the break down one. The main results
are given below.

45

Table 2
fAE]_/_g '5)\ ] meV 6/45} S ,6 (%)
-0.145 307 -36
-0.191 3.39 -40
-0.109 1.68 45
0,205 3.28 -38
-0.054 1.3% 50
-0.149 3.29 38

1. As seen from tablel it is hard (except the purest sample
7) to find any correlation between the line width and SI con-
centration, on the one hand, and degree of compensation on
the other hand, in the intervals Ny~ 10-10" cm™ &~ 0.3-0.7.
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As a rule samples obtained by LPE technology have rela-
tively narrower SI Js—2p., photoexitation lines than those
obtained by VPE technology. For example in spite of higher
charged impurity concentration and compensation degree
than in sample 1, sample 5 has almost twice broader /s—2p.,
donor line in the linear CVC region. This fact can be ex-
plained by more inhomogeneous distribution of SI in sample
5. The quantities N; and K, usually determined from Hall
measurements temperature dependence, are mean values for
all sample vohune. When impuriiies are distributed homoge-
neously then N, and X values in any part of sample equal to
the mean values obtained from Hall measurements given in
table 1.In the strong inhomogeneous distribution case in the
optically active parts of sample, where absorption of radiation
takes place, the impurities form clusters with higher concen-
tration than its mean value. It is obvious that this will cause
to broaden the lines.

2. Except the purest, all samples have symmetric line
shape as they are shown for two of them in figure 1.

t
!

3K

1]
\
ot

|
J
&

dA~—1s

= ; >
0 %

Fig.1. Shallow donor and N=0, 1 electron Landau states for
GaAs at y=1. Conduction band bottom at H= 0 corres-
ponds to zero of energy.

3. High purity sample’s line shape is asymmetric (fig.3),
having nearly all width at lower energy (or higher magnetic
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field) side, as it must be for quadratic Stark effect broadening
mechanism. Narrowing of the 7s—2p., line with increasing
of magnetic field in this sample also is the result of quadratic
Stark effect broadening mechanism in pure samples, Narrow-
ing of /s—2p.; donor's lines with magnetic field increasing
was also observed in [14] for very pure n-GaAs samples .

Fholo resp., st un.

H, kDe

Fig.2. Photoconductivity as a function of magnetic field for
sample | (lower PS) and sample 2 (upper PSYat Aw 119
(left) and A= 84 p (right) wavelengths radiation. Applied
voltage is about 1V,

Photo resp., arb. ue.
o

A

37 38

k-

H, kOe

Fig. 3PS of different donors of high quality sample 7 (A=119 ).
The line width is not depends on applied voltage, as in the
case of [14].



4, It is also notable that the line widths of all samples (ex-
cept the purest) with ¥5>10" cm™ do not decrease with mag-
netic field value as it can be seen from the comparison of PS
at different magnetic ficlds for two samples shown in figure 2
and for all samples in table 1. On the contrary there are some
line width increasing tendency with increasing of magnetic
field. But for both knowing inhomogeneous (quadratic Stark
and quadrupole-gradient) broadening mechanisms in the in-
dicated regions of magnetic fields the js-»2p,, line width
must decrease with increasing of magnetic field.

All the above given experimental results show that there
is an additional inhomogeneous line broadening mechanism,
Let we consider the possibility of the influence of the poten-
tial fluctations on the /s—2p.; line broadening. Note that
this would be possible only at high impurity concentrations
when impurity states broaden and form an impurity band first
for the excited states and then for the ground one. In order the
impurity band width would to give a contribution to SIPS line
width it is necessary to suppose that parallel with the intra
impurity the transitions and transitions between impurities
(from the ls state of a given neutral donor to the empty ex-
cited 2p.; state other charged donor) are to take place. At
high SI concentrations it becomes possible because of SI ex-
cited states wave functions are partially everlapped. It is ab-
vious that this broadening mechanism cannot take ptace in
the framework of the inter impurity absorption of radiation. It
was shown in [15] that the distribution of this potential when
charged S1 randomly disiributed in semiconductor has a form

1 2 .2
ke e}f; ) a1

Flep) =

with I = 0.42 . efnﬁ?x”‘sg‘ being mean square
value of the potential energy fluctuations. If to substitute

I’ = 257 the expression (3,1) would be in usual Gaus-
sian form with the line width

I
I == =
J2

The energy of fluctuations I increases with increasing of
impurity concentration and compensation degree and in n-
GaAs at concentrations Ny>10™ ¢m™ it becomes SIPS lines
dominant broadening mechanism. The values of § for sam-
ples investigated with £=12.5 are given in table 2. Being the
same order of magnitude as the AE they are about 1.5 and 3
times greater than the experimental /s—2p.; lines width for
VP and LP samples respectively. To demand that the & must
to have the same value as an experimental line width AE
means to neglect intra impurity transitions at all, and to sup-
pose that between impurity transitions takes place not only
between adjacent impurities, but with equal probability, be-
tween any of them. Note also that (3.1) and (3.2) takes into
account only random distribution of impurities, Inhomogene-
ous impurity distribution would cause the more local concen-
tration Np in the optically active parts of sample and as a con-
sequence the more value of & and hence the line width, con-
nected with inhomogeneous distribution of impurities. Be-
cause of the potential fluctuations depend not only on impu-

0.29 - ’NY k" ;' . (32)
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rity concentration, but on distribution character of SI also,
this broadening mechanism can be used in quality control of
samples [12]. Tt is clear that the values of AE as well as A5-6
can to serve as a measure of SI distribution inhomogeneous
degree in samples with nearly equal values of Ny and X, so
that the smaller them the more are the quality of samples.
One can put a question. Is it possible to compare the SI in-
homogeneous distribution of samples with much different N,
and X? It is obvious that if the sample with higher charged SI
concentration has smaller or equal line width then it has the
more homogeneous distribution of SI. But in arbitrary case
the value of 5/AE is suitable parameter for such a compari-
son as it seen from table 2, so that the higher §/AE the higher
is the quality of samples from SI homogeneous (or random)
distribution point of view.

This conclusion is in accordance with the results of inves-
tigations of line width dependence on electric field. It was
found that at electric fields smaller than the break down the
dependence of /s—2p.; SIPS line width on electric field is
different for different samples. In figure 4 this dependence is
shown for two samples with most inhomogeneous (sample 5)
and homogeneous ST distribution (sample 1). With increasing
of applied electric field smaller than break down, it was ob-
served both- increasing as well as decreasing line widch
(curves 1 and 2 in fig.4). For other samples the changes of
lines width (AE-AE.,4) AR, ,»=f are given in table 2. There
is seen a good correlation between this value and 8/AE
which is the SI distribution homogeneity measure of samples.
At the current avalanche increase region of CVC for all sam-
ples the drastic narrowing of }s—2p,, SIPS lines takes place
[16]. The narrowing at break down ig the result of screening
of charged impurity Conlomb potential by free electrons aris-
ing in result of theirs avalanche throwing from the part of
neutral donors into the conduction band.

If consider electric fields smaller than break down, the
experiments show that only in inhomogeneous samples we
have a gradual narrowing of Is—2p.,; SIPS lines with in-
creasing of electric field, as it indicated in fig.d {curve 1)
This can be explained in the following way. Far wings of line
in PS correspond to those neutral donors which are placed at
high potential fluctuations and as a consequence around them
the charged impurity concentration is higher than the mean
value for sample. External voltage applied on inhomogeneous
sample will distributed inhomogeneously creating more elec-
tric field values in parts of sample with higher charged impu-
rity concentration, On the other hand in clusters with high
impurity concentration the potential of ionization must be
lowered (for example in Mott transition case, when
Np-ap 20.25, for n-GaAs taking place at N;>2-10' em? the
SI break down potential is zero because all denor electrons
already are free [17] ). For this reason with increasing of
electric field the neutral donors in clusters with high impurity

concentration (which cause the photoconductivity signal far
from the line center) must to be ionized the first. In turn this
would canse narrowing of /s—2p., line.

For samples with homogeneous SI distribution at fields
E<Ep; the ls—2p.; line width increases with electric field.
The typical ls—2p,; line width dependence on applied volt-
age for VP samples is shown in fig.3 (curve 1). Our compari-
son of theories for uncorrelated [5] (T=<9) and correlated [6]
(T=0) electron distribution the quadratic Stark broadening
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Fig 4. Electric field dependence of Ls—2p,, line width of two
samples (=119 ) 1 - samplel; 2 - sample5; 3 - CVC of
samplel at ELH and H=36.5 kOe.Sample 5 has nearly the
same CVC. Distance between contacts is about 3 mm.

calculations for n-GaAs sample with N,=4-10" cm” and
E=0.5 shows that in the first case the charged impurities elec-
tric field distribution function P(E?) gives the /s—2p., line
45 times broader. In the first case we take

2 -]

P(Ez) = ZE*fax . x- exp(— B x%) . sin(sz)
F 4 0

after the analogy of Holtzmark distribution, where electric

| %
field £ - in units of [e{"i /|, and p=22(2a?. 50,
¢ 15

we believe that at T=42K an external electric field can
change the electron distribution towards to uncorrelated, so
that to explain the 1.5 times broadening of the Is—2p,, line,
as it was observed for LP sample 1. As it is seen from the
curve 1 of fig. 4 a strong increase of ling width takes place
near the break down field. Note that near the break down
field electron distribution changes must to be strong.

Another experiment directly shows that the external elec-
tric field smaller than E,s changes the distribution of elec-
trons on donors appreciably. If there are different kinds of SI
in semiconductor with comparable concentrations, as it is
shown in PS of samples land 6, the real ground state would
be the 1s state of the donor having maximal chemical shift
value {the first line in the PS in magnetic field). As a result of
this, at low temperafure, when electron distribution is corre-
lated, the acceptors must to be charged, basically, on account
of donors having minimum central cell correction (chemical
shift) value (the last line of PS in magnetic field). In fig.5 the
dependence on electric field is shown for the relation of in-
tensities of these lines (5;/5,) indicated as 1 and 2 in the PS
shown in the sketch. The difference in ground state energy
for these donors obtained from magnetic field positions of
corresponding lines (AH~0.6 kOe) is about 0.1 meV. As seen
from fig.5 the relative population of donors 1 by electrons-
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(5:/S») increases with increasing of electric field about 10%.
This result is not depend on how would be determined the
lines intensities; S;-as integrated from the right side line
width for line 1 (see sketch of fig.5 ) and, S, from left side
line width for line 2 or as a PC peek intensity. Sample 6 as it
seen from the sketch of fig. 5 has very similar PS as the sam-
ple 1 in fig.2, which was taken from the same ingot. They
have two donors with nearly equal concentrations. For this
reason the influence of two lines to one another is the same,

2
s, I A
H. kOa

L l

5 10
-—-—h

E, vem' .

Fig.5. The electric field dependence of two shallow donors
1s=+2p. ; lines intensity relation 5;/ 2, which ground
states energy difference is ~ 0.1 meV .The PS is shown in
sketch (sample 6).

There are one more consequences of the fluctuation
broadening mechanism.Substituting (KND)% = (Nifz)}é |
in (3.2) the & can be written in the form

T
e‘N7?
4 =0.23 =

7 = c:'.23e?1\rf,/3:s'1 (3.3)
K 1280

since for the samples used X 2 0.36 all of k%17 values are
between 0.92 and 1. So for fluctuation broadening mecha-
nism there is not such a strong line width dependence on

charged 51 concentration as N fg (for quadratic Stark) or N;
(for quadrupole-gradient} as in cases [4-6]. The line width
also practically does not depend on K on the contrary to a
strong K dependence in [6]. If to compare LP samples only
grown in the same conditions (samples 1, 2, 4 and 6 in table
2) one can see that Ny dependence of the lines width is much
weaker than the linear and there does not any X dependence
for them. In fig.6 the curve shows the dependence (3.3). In
order to compare the N~-dependence of samples line width
with (3.3) their experimental line width A were linked with
& via sample 1 (placing corresponding point on curve), which



experimental line width about 3 times greater than & As seen
from this comparison the AE dependence on Ny is very close
to (3.3).
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Fig.6. The dependence of & on charged impurity concentration
N; from relation (3.3). Points correspond to sample 1,2,4
and 6 which lines widths are linked to & via the sample 1.

The growth technology for LP n-GaAs films on p-GaAs
bulk samples requires substantially higher temperature, at

which SI are more randomly distributed than for the VP sam-
ples. It may be that this is the reason why LP samples in
comparison with the VP ones have more homogeneous SI
distribution.

4. CONCLUSION

A new broadening mechanism of 7s—2p.; SIPS lines
were established which takes place in n-GaAs samples with
N,>10" em? and connected with the potential fluctuations.
Because of this potential depends not only on charged SI
concentration but on SI inhomogeneous distribution also, an
additional broadening of lines arises as a result of SI distribu-
tion inhomogenity. At E<E,, homogeneous and inhomoge-
neous SI distribution in samples causes the different depend-
ence on external electric field for the line width., The results
obtained extends the cpportunity of n-GaAs samples quality
control by SIPS method. In particular, they allows to diag-
nose SI distribution and to check more homogeneous sample
among those having nearly equal Ny or Nyand K.
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0.Z. Slakbaroy

DAYAZ ASQARLARIN FOTOELEKTRIK SPEKTRLORININ X@TLORI FORMASININ ELEKTRIK
SAHOSINDON ASILILICGI VASITOSI 11O n-GaAs-NIN KEYFIYYOT DIAQNOSTIKASI

Gosterilmisdir ki, agaf1 temperaturlarda dayaz agqar fotoelekirik spektrleri xetlerinin eni tekce agqar ionlarmn konsentragiyasi
N;=2KN, vo kompensasiya deracesinden K=N,/N, asth deyildir. Xatlerin eni daha gox aggarlarin qeyri-bircinsli paylanmasindan asi-
Lidir. Agqariarm bircinsli ve qeyri-bircinsli paylanmass hallarmdan xatlerin eninin elektrik sahesindon asiihiy mixtelifdir. Xetlorin
bu genislenme mexanizmi kompensasiyanm ve konsentrasiyanin yaxin giymotlerinde yarimkegiricilerin keyfiyyotini diaqnozlagdin-

maga imkan verir,
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0.2 ALEKPEROY

0.3. Aneknepos

JHATHOCTHEA KAMECTBA n-GaAs H3 3ABHCHIMOCTH $0PMbI JIHHHH ©OTO3JNEKTPHIECKHX
CNEKTPOB MEJKHX MPHMECEH OT EKTPHYECKOTO ITOJA.

DKCIEPHMEHTANEHO YCTAHOBRIEHO, YTO WHPHHA HHBKOTEMIICPATYPHEIX JNHHME (JOTOMIEKTPHMYECKHX CNICKTPOB MENKHX TpPHMEceH
3ARMCHT HE TOMLKO OT KOHUCHTPAIMH WOMHIUPOBAHMEI NpHUMEcsl Np=2XN; U CTENCHH KOMOSHCAURH K=N, /N, Kak CUHTATOCL paHes.
IInpHHa NHHUA B Gonbmel cTeneH JaBHCHT OT CTeNeHH HEOAHOPOAHOCTH pacnpencneHud MelTkHx npumecedt. Jima ofpasuon ¢
OMHOPOAHEIM B HCOAHOPOJHBIM PACHPEICHCHHAME NPHMECEH 3ABHCHMOCTE WIMPHHB JMHHA OT INCKIPHUSCKOTO MoNR pasHad. JauHeH

MEXaHHIM YIIHPEHHA [O3BOANCT KOHTPOAHPOBATE KaueCTBO 00pajuoe ¢ GAMIKHME 3HAMCHHAMH KOHNCHTPauHi MEAKHX DpHMecci M
CTETIEHM HX KOMITEHCALHM.

Hama nocmynaenua: 02.12.98 Peodarmop.: @M. Mauumsade
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OPOBOSHUMOCTD ITOBEPXHOCTH TBEPAOTO PACTBOPA Bijy 358bo.1s

I'.3. BATHEBA, J1.3. AXMEJOBA, H.b. MYCTADAEB
Hucmumym Qomoanexmponury AH Asepbaiidrncana
370141, 2. Baxy, yr. D. Azaesa, 555 xeapman

Hccenonantl 3ARUCHMOCTH TIOBEPXHOCTEA NMPOBORHMOCTH MOHOKPHCTAUNIMECKHX H IKCTPYAHPOBAHHBIX 00PA3LOB TBEPACTO PACTBOPa
BipgsShy s 0T pasnaanbix ofpaboTok, 0FBEMHON NPOBOAHMMOCTH H COCTABA OKpYxAatollch cpeasl. HaMepeHHA MPOBCIUNHCE B HHTEpBaNe
Temmeparyp 77 — 300 K. Briacieno, 4Te MOBEPXHOCTHAA NPOBOAMMOCTE OBGPAIIOB HEIHATUTENLHO JABUCHT OT YKASAHHLIX (AKTOPOB. 310
D5YCTOBAEHD TEM, YTO MOBEPXHOCTS CPE3a B STOM TBEPAOM PACTBOPE HAPYWICHA RE3HAMATENLHO H 3TOT HAPYIICHHEIR CIIoK 10 CTPYKTYPE H

COCTABY HE OTIHMYIETCH 0T NOMHMKPHCTAILIHMECKOTO COCTABA 0GPalLIos.

Kpucrawm Teepaplx pacTeopoB  cuctemn  Bi-Sb
0ONANAIOT BEHICOKHMH TepPMO- H MATHATOTEPMOSNEKTpHUE-
ckoill n0GpOTHOCTAME TIpH TemuepaTypax Hmke ~200 K.
[MoaroMy 3TH KpHCTaUibl, oGNafalolue D-THNOM Mpo-
BOOUMOCTH, ABBHOICA B OAHHEIA MOMEHT He3aMeHHMEIMH
BEICOK03)PEKTHRHEIMYE MaTepHaNaMH A TATbBAHOMATHHT-
HBIX 3MEKTPOHHLIX OXIAAWTeneif, a Takke TS N-BeTBed
TEPMO- H MACHHTOTEPMOSNIEKTPHUCCKHX Npeobpazopareneti.
B coepemeHHOl TeXHHke Onaronaps peikoMy YMEHLIISHHID
ra(apHToB TEPMOIIEMEHTOB, MEPEXCAY K MHKDOMOAYNAM H
[UICHOYHBIM CXE€MaM, POJib NOBEPXHOCTHRIX ABACHHA B pa-
60Te MEKTPOHHBIX OXAaguTencH, H ApyrHx mpeobpazopate-
nel HeMsMepumo Baspocia. [102ToMy HaydHTECT YNpaBiAlh
JICKTPOHHEIMH TIPONSCCAaMH HA TIOBSPXHOCTH — 3ajaua mep-
BocTelieHnol BaXHOCTH 1A COBpeMeHHOH RONYNMPOBOAHH-
KOBOH TeXWHKH, YUHTHIRAA 3T0, HAMH OBNA MCC/IENOBAHA
NOREPXHOCTHAL — TIPOBOIMMOCTE  TREPARIX  DPAcTBOPOR
BiggsSbg,s. IIpy 3TOM yaEnanock RUWMAHHE 3aBHCHMOCTH
TIOBEPXHOCTHOW MPOBOIMMOCTH OT UCXOTHOTO MarepHana. C
aTol membl> OELNA HCCTENOBAHA MOBEPXHOCTHAA NPOBONE-
MOCTh MOHOKPHCTAILTHICCKHX 00pasfoB TBEPACTC PacTEOpa
Bi 258by 15, MOMy9eHHBIX MeTONOM YoXpanEcKoro,a TAKKe He-
NErUPOBAHHE IKCTPYAHPOBAHHBIX 00paslop AaHHOrO TBEpP-
AOLO pacTBOPA, NACTHPOBAHHEIX AKUENTODHBIMH TMPHMECAME
CBHHILIA.

g

g s;,chM

} 1 |
200 TK 300
Puc. I TemnepaTypHElE 3ABUCAMOCTH &5 H gy YUCTOTO TREPIO-

ro pacTeopa BipysSby ps ¢ 0,005 K 0,05 ar.% Pb ot Temne-
parypeL 1'— 1 qicraitt Big g5Sby 355 2' — 2 Taepawiii pacr-
Bop Bip3sSby 5 ¢ 0,005 ar.% Pb; 3' - 3 tepaeiil pacTeop

1 —

00

Bio.SSSbD.]S ¢ 0,05 ar% Pb . _

3000 S-CMoM 5000

N e 1o -39T
201 R g
R0
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Puc.2. 3anBCHMOCTE IPOBOJAHMOCTH MOBEPXHOCTHOTO £Iog of-
PA30OB TBEPAOTO pacTropa Biy gs5by 15 OF MX 0bBeMuoi
nposoamMocT pr 77 K (1) m 300 K (2).

Obpasipt GbUTA BEIPE3AHE METOAOM 3JICKTPO3PO3HOHHOH
peskH H3 MOHOKPACTALIHYESKMX H  OIKCTPYAHPOBAHHEIX
SpycKkoB YKa3jaHHOTO TBEPEOTO PacTBOpa. JKCTPYAHpOBAH-
Hele obpasupl TEepoTo pacTeopa BiyssSbhy ;s mpomnu nocne-
skcTpy3HOHHLI oTxEr mpu ~503 K B Teuenwe 5 4acoB B
oTkayaHHEX 10 ~107 [Ta naBnenua obbemax.

YaensHoe CONMPOTHBJICHAS HIMepAnoch MetomoM [1,2], a
MOBEPXHOCTHAL NPOBOJMMOCTE - MeTONOM "knuua" [3). Hpu
HiMepesHaxX ofpaliaiock 0co00e BHEMAHHE HA ORHOPOI-
HOCTHL ODPAIMOE, M HA TO, YTO KOHTAKTHI METALI-NOMYPO-
BOIHXK B MeCTaX TOABOAR Toka Oeimd ommyeckamn. Jind
obecneyeHHA OMHYHOCTH  KOHTAKTOB  HCOOJNB3OBANHMCH
KOHTAKTHbIE CILTaBH, paspaborannbie B [4],

DECIEPAMENTANBHEIE  PE3YABTATE  MIPSACTABNCHE  HA
pucyHkax 1 1 2, QTMETHM, 4TQ EKTPIMECKHe MapaMeTphl
NIOMY9eHHLIX M MCCNEefOBAHABIX HaMH ofpasuop XOpouo
COBIANAIOT ¢ AHTEPAaTYPHEIMH JaHHLIME [5-8].

ObpalaloT Ha cebg BHUMaHNKE CHeAYIOHAE 0COGEHHOCTH
TeMneparypHoli 3aBACHMOCTH 08beMHOH Ov, B MOBEPXROCT-
HOM 05 YHCTOTO TBEPAOTO PacTROPa BigesShy,s ¥ TREpIOre
pacteopa BipssSho,s ¢ 0,005 n 0,05 ar% Pb ot Tem-
NepaTyphl, 8 TAIOKE 3ABHCHMOCTH &% 0T o Npd 77 U 300 K:

- CpefHHe 3HATCHMA O OT Oy MOHOKPHCTANIAIECKHX H
SKCTPYAMpOBAHHRX ofpasuoB  BiggsSby s  ommmMakoskie,
XOPOIIO CORNANAIOT C IUTePaTYPHEIMH TAHHEIMY,

~ NMOBEPXHOCTHAL MPOBOAAMOCTR o MOHOKpWCTANTHYeC-
KHX W DKCTPYIHPOBAHHEIX 0OPA3loB MOYTH HE 3aBHCHT OT
TeMNeparyphl B @HTEPBaNE 0T 77 10 300 K;

- AKUENTOPHBME NPUMECH CBWHUA CHABHO RIMAIOT HA
ofheMHYI0 TIPOBOAMMOCT ¢, 00pasnos, ONHAKO Ha HX
NOBEPXHOCTHYO OPOBOAHMOCTE BIEAIOT HESHAYHTEBHO;
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- TIPH H3MEHEHHR ¢ oT ~700 OM™'em™ 110 ~1500 OM™om™!
mpu 77 K u or ~1700 mo ~6000 Om'em™ mpn 300 K
MOBEPXHOCTHAA MPOROIMMOCTE 0Opa3LoB TBEPLOLC PACTBOPa
BigzsSbo 15 CYIECTBEHEO He H3MEHASTCH,

Ilpu 3KCTPYINHM CHHTEIMPOBAHHOIO TBEPAOIC pacIBOpa
BigssSby s BO3HMKAST aKcHANBHA% TekeTyps [9], T.e. vacTh
3¢peH B MATEPHANE OPHCHTHPYETCA TaK, WTO HX TPHIO-
HANBHAA OCH CTAHOBHTICA MAPAENbHOH ocH KCTpyzni. IIpu
IKCTPYIHM, B pe3ynbTaTe TUTacTHueckol Aedopmanum, Bo3-
HHKAIOT H pasipHLe CTPYKTYpHBIE OedekTr B oGpasie.
[ocneakeTpy3aoHaRil oTiur npH 303 K B TeueHHe B MEHEe
5 4acos TPHBOIAMT K 32J€YHBAHAN0 CTPYKTYPHBIX ACQKTOB
IKCTPY3HH, H ofpasell MO CIPYKTYPE H INMCKTPHYECKHM
CBOHCTBaM MpUOIHAAETCA K MOHOKPACTA/IMYECKOMY.

YkcTelit TBEpABIT pacTeop BigasSby. s mpH TeMneparypax
HHKE KOMHATHOH ABJIRCTCA NMPHMECHBIM NONYTPOBOIHHKOM
n-THna. IToaToMy € pocTOM TEMOSPATYPH 38 CUST HOHHIAMH
npumecelf ov pacrer. OnBako, NOBEPXHOCTHAA NpPOBOIH-
MOKCTh Or KAk MOHOKPHCTALTHYCCKHX, Tak H 2KCTPYRHPO-
BaHHEIX 06[9&3].],03 ONpEeOenACTCA MCIKHMH NOBEPXHOCTHEIMH
COCTOAHHAMH, KOTOPHIE HOHNIHPOBaNH npu ~77 K.IIpu >toM
KOHUCHTPaUHA TOBCPXHOCTHEIX COCTOSHET CYICCTBEHHO
NPEBOCKOMUT  KOHUEHTPAIMIO MEKTPOHOE B OOheMe.

L3.BATHEBA, 13, AXMETORBA, HE MYCTAGAER

BcaencTBEE 2TOr0, aKLENTODHBIE MpuMecH ¢BuHUa 00 0,05
aT.% He A0 KOHUA KOMOCHCHPYIT Hx., BosMoxno ewe H TO,
YT MOBEPXHOCTHLIE COCTOAHMA HOCAT AKUENTOPHEIN Xapak-
TEP.
QipaboTka NOBEPXHOCTH Cpe3a o6pasnon HNeKTPOXHMH-
YeCKHM CNOCOGOM MOKAZaNa, 4TO MOBEPXHOCTHAA OPOBOIH-
MOCTL TBEpAOTO pacTBopa BiggShg s He 3amMcur ot obpa-
HoTkH. OHa TAKKE MATOYYRCTBUTENEHA K OKPYXKAIOMEH cpe-
ne.

DTH JaHHBIE [IOKASHIBAKOT, YT0 OpM pe3ke olpaslios u3
cnuTka obpasyommiicd MOBEPXHOCTHELA COofi Ha MOBEpX-
HOCTH cpe3a BiggsSby s M0 ¢TeXHOMETPHH B COCTaBY He
OT/IINACTCA OT OCHOBHOrO obbeMa. CH AHLIL NO CTPYKTYpe
TONHKPHC TAIUIYECKHI,

TakuM 06pa3oM, KOMIIGKC MCCAEADBAHHN MOBEPXHOCT-
HOHM  MpOBOAMMOCTH TBEpHOro  pactBopa  BigssSbos,
npobeNcHHEIN B 06pastiax ¢ paznuaHOM YIENEHOH MpoBOAH-
MOCTBEO B PasAHYHBIX aTMOCEpaX MOKAILIBALT, UTO NOBEPX-
HOCTE Cpe3a B ITOM THEEPIOM pacTROpe HApYIICHA HElHa-
YHTENALHO, B 3TOT HAPYIUEHHLIA cholf mno CIpykKType H
COCTABY HE OTIHYAETCS OT DONAKPHCTAILIHYECKONO COCTaBA
Big.gsSbo,i3.
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G.Z. Bagiyeva, C.Z. ©hmadova, N.B. Mustafayev

BioasSbe.is BORK MOHLULUN SOTH KECIRICILIVI

Bio.ssSbo.1s bark mehlulu monokristal vo ekstruziya olunmug niimunalarinin seth kegiricilivinin sathin islonmasi, hacmi kegiricilik
ve otraf mihitin terkibinden asililifh 77-300 K intervahinda tedqig edilmisdir. Miieyyen olunmugdur ki, seth kegiricilivi gbsterilon
faktorlardan ¢ox az asihidir. Buna sobeb strukturca polikristal quruluga malik seth tobeqesinin terkibce hecminden forglenmemesi-

dir.

G.Z. Bagieva, D.Z. Ahmedova, N.B. Mustafayev

SURFACE CONDUCTION OF Big3sShe,s SOLID SOLUTIONS

Dependence of surface conduction of mono-crystalline and extruded samples of BiggsSby, 15 solid solutions on different kind of treatment,
bulk conduction and ambient composition have been investigated. Measurements were made from 77 to 300 K. It is found that surface con-
duction of samples weakly depends on mentioned factors. It is due to the fact that a cutting surface of this solid solutions is weakly distorted
and this distorted layer does not differ by structure and composition from polycrystalline samples.

Hama nocmynnenusn: 16.02.99
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PHOTOCONDUCTIVITY OF AuiGasSey SINGLE CRYSTALS

N.F. GAKHRAMANOV, 8.8, SADULOVA, E.S. GARAEY
Baku State University
Z. Khalilov, st. 23, Baku, 370148

The photoconductivity spectrums at different temperatures as well as the temperature dependences of the photocurrent in AusGasSe,
compound have been investigated in the present paper. The band gap and its temperature coefficient have been determined from the photo-
conductivity specttum. The lifetime of nonequilibrium carriers of the current has also been determined.

In [1] the phase analysis has been carried out and the
character of interaction the quasibinary AuGaSe;-Ga,Se; sys-
tem has been considered. The technology of synthesis and
growth of single crystals of a new compound semiconductor
AuyGasSe, has been developed. The materials for ohmic con-
tact have been chosen and certain electrical, optical and ther-
mal properties have been investigated. The main fundamental
semiconductive parameters of Au;Ga,Se, compound have
been determined.

The results of studying the photoelectric properties of
Au;GasSe, single crystals are shown in the present paper.

The spectral dependence of the photocurrent in AusGasSe,
samples has been investigated in steady-state conditions at
light intensity modulation at the frequency of 82 Hz.

The light pulse duration is usually several times higher as
compared to generstion and recombination time of nonequili-
brium carriers. The photoconductivity spectra of AusGasSes
crystal at temperatures of 100, 300 and 420 K are shown in
Fig. 1. The curve 1 denotes the photoconductivity spectrum at
100 K. The sensitivity region of the photoconductivity spec-
trum is at 1.4-2.4 ¢V of the radiation quantum energy.
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Fig. 1. The photoconductivity spectrum of AuyGasSes single
crystals at different temperatures: T, K: 1 - 100,
2-300,3 -420.

The energy gap at 100, 300 and 420 K has been deter-
mined according to the Mol’s criterion and is equal to 1.5,
1.45 and 1.38 eV, respectively. With increasing temperature
the photocurrent maximum shifts toward the lower energies.

At 300 and 420 K the photoconductivity spectrum covers the
quantum energy region narrower than at 100 K, while in the
high energies region the curves drop sharply that as usual is
attributed to increase of surface recombination with increas-
ing temperature.

The energy gap coefficient of-Au;GasSe, compounds is
B(AE,) /3T ~-2.5-10% eV/K.
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Fig. 2. The temperature dependences of photocutrent it (wo
AusGasSeg crystals,
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Fig. 3. Relaxation curves of photocurrent in Au;GasSeg at dif-
ferent temperatures: 7, K: 1 — 100, 2300, 3 - 420,

The temperature dependences of the photocurrent in two

AusGa;Se, crystals are shown in Fig. 2. As seen in Fig. 2, at
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low temperatures ( T<250 K) the samples are nearly not sensi-
tive to radiation. Then with increasing temperature the photo-
current also increases. In Au;GasSey crystals the stepped re-
gions are observed in the Ip (T) dependences. It is known
that the photocurrent is determined by quantum yield, the
radiation intensity, the relaxation time and the absorption
coefficient [2]. As the first two values are con-

stant in our experiments, the behaviour of the I, (T) de-
pendences is attributed to the temperature dependence of the
lifetime and the absorption coefficient. To study the tempera-
ture dependence of the lifetime, r(T), the relaxation curves
of the photocurrent have been taken after the excitation of
samples by light pulses of the ISSh-100 lamp. The light
pulse duration is no less than 5usec. The time dependences of

the photocurrent in Au;Ga,Se; compound are shown in Fig.
3, The lifetime 7 of nonequilibrium carriers of current at tem-
perature of 100, 300 and 420 K has been determined from the
linear regions and is equal to 3.2, 4.3 and 7.9 usec, respec-
tively. It is seen that with increasing temperature the t value
increases.

The results of measuring ¢ in different crystals show that
in the temperature region of 100-410 K the r value increases
no more than 2.5 times, but the photocurrent increases nearly
by two orders. Thus, the behaviour of the curves of I, (T)
dependence is greatly characterized by the temperature de-
pendence of the absorption coefficient. Hence, the steps ob-
served in the temperature dependence of the photocurrent,
Ion. {T), are due to the impurity absorption.

[i1 N.F. Gakhramanov lzv. BGU, ser. phys.-math., Baku,
1998, Mo 1, p. 59-65,

[2] V.E. Lashikaryev, A.V. Lyubchenko, M K. Sheinkman.
In book “Nonequilibrium processes in semiconductors”,
Naukova Dumka, Kiev, 1981

N.F. Qahramanov, S.S. Sadulova, E.S, Qarayev

AmGasSes MONOKRISTALININ FOTOKECIRICILEYi

lsde AusGasSes birlegmesinin miixtelif temperaturlarda fotokegiricilik spektri ve fotocersyann temperatur asihhgs tadqiq
olunmugdur, Tectiibi neticolerden qadagan olunmug zonammn eni, onun temperatur omsali ve qeyri-tarazliq viikdagiyicilarinin

yasama miiddoti te yin edilmigdir.

H.®. Caxpamanos, C.C. Cagynopa, 3.C. 'apaes

OOTONMPOBOINMOCTS MOHOKPHCTAJUIORB Au;GasSey

B paBoTe HCCNEROBANT ClIEKTPh! GOTONPOBOAHMOCTH NDH PANIHYKLIX TEMNEPATYPAX H TEMNICPATYPHBIC 3ABHCHMOCTH doroToka
COSTHHEHHA AlsGasSes. Ha criextpa GOTONPOBOIHMOCTH OTPEASNEHE IIMPHHA 3ANPEUICHHON 30HB H ¢¢ TeMmepaTyplibif kodpdrmuent.

Oﬂpenencﬂo BPeMA WHIHH HEPAPHOBECHBIX HoCHTEACH TOka.

Hama nocmynrenun: 26.11.98
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HCCJIEJOBAHHAE HCKPOBOTI'O HCTOUHHKA HOHOB

Y.M. IKYBAPJIBI, I'M. KEPUMOB, 3.K. HYPYBENH
Hucmumym Dusuxu AH Asepbaiioxcana
370143, 2. Baxy, np. I'. Iicasuoa, 33

HavdeHRl pesAME! Palpsia HCTOYWHHKA HOHOB C HCKPOBRIM DA3PANOM. ONPLICHCHHO MEAIEKTPOIHOE DACCTOARNE, 00SCTIe1HBAIOLIEE
MAKCHMATEHYID HPQEKTHBHOCTE HOH000Pa3oBanuA. [TokazaHo, 410 ANA JOCTENKCHHA BEICOKHX TSXHHYSCKHX MOKAsaTench HOHHO-OTITHYSC-
KOM CHCTEMBI HCTOUHEK3 HEOOGXOMAMO YCTAHOBHTE ONTHMATEHBIN Yrod pacnonokenns o5pasia OTHOCHTENEHO ONTHIECKOH OCH CHETEMEL,

Mpy pewenmu pana npofneM B HexkoTophiX ofmacTax
HAYKH H TEXHUKH YacTO CTABHTCA 34/1aYa KOAHYECTREHHOI®
OmpeleNeHHs CONEPRAaHUd HMEMEHTOR B HCCNEmyeMOM of-
paine. [TprMeHAeMble B HAacTOSIIeE BpeMs METOABL, TAKUE
KaK pamuoOMETPHYECKHH, CNEKTpanbHEL, IPaBHMETPHIECKHE
H OPYIHE He Beerfa MOryT o0ecledMTh HEoOXoAuMYylo ToY-
BOCTh, MYBCTBHTEABHOCTH H TpeGyembl mpenmen oGnapyxke-
HHA
Ompnm m3 MyTell pelleHMA TAaxHX 38839 MO#eT ObITh
NMPHMEACHAS MACC-CNEKTPOMETPHYECKOTO GHANM3A ¢ TIPHMe-
HeHHeM BAKYYMHOTG MCKPOBOTO pa3paza M4 HOHH3ALMH o6-
pasua.

BO3sMOXHOCTS ONHOBPEMEHHOTO ONPENeieHHA HecKoNk-
KUX AecATKOB TpHMeEceid, Biomouad razooOpatyiciide, Ha
yporne 10°+107 % macce, a Taloke ompexeneHye npHMecel
Ha MOBEPXHOCTH M MONMyJyeHwe npoduneil MX pacnpensnerHa
B TOHKHX CIOAX MATEPHANOB CTABHT MAcc - CNEKTPOMETPHIO
€ MCKPOBbIM MCTOYHHKOM HOHOB HA OZHO H3 IAABHBIX MECT B
KOMIDICKCE METOAOR OTIPEACIICHIA NMPAMECHOTO COCTABA 0CO-
60 YHCTHIX BELIECTB.

Onnako, Opelentl ofHapykcHUA mpumMecelf IpH Mekpo-
BOM crocofie HOHI3IBUHH He BCETfa yAoBIeTBOpAIOT Tpebo-
BaHUAM PAZY MATCPHATOR AN MUKPO- H ONTOINEKTPOHUKH.
370 B Mepeyl> OUYepelh CBS3AHO C OTPAHEUEHHEM JHCHEp-
CHOHHBIX XApPaKTePHCTHK aHMaNH3aTopa, COYCTOBNECHHHIM
IHEPreTHYECKHM pa3bpocoM 0GpazoBarUInXcA WOHOE. C ApY-
ro#t cTopout Goneioll Yron pasnera HOHOB NpH KpoGoe pas-
PAIHOTO DPOMEXKYTKA YCIOKHAET NOMIyYeHHe MAPAKCHANb-
HOI'0 HOHHOTO MMYMKa.

B pane paGor onWcaHB MeTOAH YCTPAHSHHA BBIICYKA-
3QHHBIX HEAOCTAaTKOB MyTeM BHIOODA KOHCTPYKIHE 2/€KT-
porob [1,2] u pesxumos paspaga [3]. Onmaxo, npn pernernun
aHAMMTHYeCKON 3amadn, IO TpefyeTcd HAZEKHOC Ompele-
JICHHE COACPYKAHHA JNEMEHTOB Ha YpPoBHe 103107 % mac-
csl, HEOOXOOHMO 0GeCTIeYHTh CTACHNBHOCTD PEEHMa H BOC-
MPOH3BOAHMOCTE PE3YAETATOR Ha PAAY C BRICOKHMH HOHHO-
ONTUUECKHMH MOKAATSMIMH HCTOUHHKA,

ITH HEOOCTATKH, a Taxke HeycToWuMBOCTE 3ddhexTHR-
HOCTH MOHH3ALHH 0GYCIOBHNH HCClenoBaHHA HCKPOBOTO
ACTOYHHKA HOHOB., JKCTIPHMEHTbl NPOBOAWIACL Ha Bpe-
MANPONETHOM Macc-cnexTpomerpe MX 1302, Koncrpykuma
Pa3spALHOTO TPOMEKYTKA H HOHHO-ONTHYCCKOH CHCTEMBL
HCTOYHAKA MpPHBENSHEI Ha PHC. 1. DkenepiMeHTH MpoBO-
NWIHCh TPH DPAdIYHBIX HanpmkeHwAX npobos (Up) Ama
PadIHMHBIX PAacCTOAHMH MEKINCKTPOAHONO MPOMEHKYTKA.
Mesxay vonno-onTHueckol cHcTemoli i obpasioM Ha pac-
croaanH 15 MM GBI YCTAHOBNEH BBHITATHEAIOIIME 2NEKTPOR
(B3). DnexTpolpl HCKPOBOTO MNPOMEXYTKA TMHTATHCE OT
TeHepaTopa UMIYABCOR C MOMOIIBIO NAPAINENLHO COEJHHEeH-

HbIX K HEM HHAYKTHBHOCTH (L = 1,5 MI'H} M emkocTH (€ =50
nd}.

1000 B

Pkf?’-auI}B

_ X ||_|“
~

Puc.§. DxcnepumenTAIEHAS YCTAROBKA

3To no3BongI0 B TeueHnH 10° ¢ HakamiMeaTs 3HEPrUIO 10
50 3B.

Hckpa BOIHHKANA [IPH JOCTIKCHHH HaNPUKEHAA MEXKZY
INEKTPOACM H AHTHIACKTPOAOM, TIPEBHIIAIOWETO Up, (A4
OOpEACIHCHHOTO [JABCHHA OCTaTO9YHGre rasa B KaMcpe
HcTodrdKa). Kak H cnenoBano oXuaaTe, ¢ YMEHBIICHHEM
MEEITEKTPOAHOrO NMPOMEKYTKa Npobol BakyyMa INMPOHCXO-
aun npu Gonee HI3KOM Upy, (pHe. 2), 910 MOXKHO COBACHHTE
BHICOKOH HAAPMKSHHOCTRIO MO, He0OX0AMMON A BOSHHK-
HOBCHHS aBTOVICKTPOHHOM aMHCCHH, KOTOPAA ABNASTCA TIPH-
quHON “BIPLIBA” HA KATOAE. 3TO CONPOBOXAALTCH MOABJICHH-
&M MMITY/IECA HOHHOTO TOKA Ha BRIXCIE aHAIH3ATOpA.
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Pue2 1.p=35107; 2.p=102

MHOTOUHCACKHBIE SKCIECPHMEHTH TIOKA3AIA, YTO NPH
PACCTOAHHW MEKAY JNekTpodaME meHee 0,1 MM m Hanmpa-
KEHHH HA MICKTPOAAX, MPEBHINAKOILEM Uy, , Ha BHIXOAS aHa-
JH3ATOpa MOABARIOICA 2-3 HMIIYIIb¢A ¢ YMEHBIDACLIHMHCH
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B A

(2+5)x10® ¢. Tocnemyroumti BrsyanbHE ananus obpasia
0] MHKPOCKOMOM TIOKa®aN, YTO KONHYECTEO MMITYJILCOB HA
BLIXOJIE B DONBIIHHCTBE CIYHAGR COBNAMNAET C KOMMHMECTBOM
YUACTKOB BIPHIBOR (KPaTEPOL).

B nutepatype NPHBOIATCH NAHHHE O PAa3DYIICHHH ICKT-
POIIOB RCKPOBHIM PaipsaoM. [IPHBOIATCA PE3yJBTATH HCCHe-
AOBAHHA KPATEPOB HA IIOEEPXROCTH 00pasMoOB MPH PasiHg-
HHX HanpoxeHWAX npoGos [4]. Himepas Bpema moasneHHA
THX HMIYNBCOB H OTCTABAHHE MEEOY HHM HaM YIanoch
YCTAHOBHTE KOPPEALMIO MEXKIY LHKIAMM BLICOKOMACTOT-
HOTO TEHEPATOpa H NOABJIEHAEM HMITYALCOB. Y CTAHOBNEHO,
yTo KaxK AR mepsLilt kpatep obpasyeTcs B KOHUE LHKNA 33
ppema ne Gomee 107 ¢. YactoTa oBpa3opanus MOCHeAYIOIIMX
KpaTepoB XOPOINO KOPPeNUpYeT ¢ YacToToH LWKIA.

HecneloBaHAA MOHHOTO TOKA, MPOXOIAIIErC 4epe3 aHa-
nu3aTop kak GyHKUMH oT U, OT PACCTOAHMA H OT JaBJeHns
TIO3BONWTH, € OIHOM CTOPOMEI, OIEHHTh P(heKTHBHOCTD
WOHOOOPA30BAHIA B HCKPOBOM paspiale, ¢ ApYrol — onpene-
NHTE ONTHM@IBHBIA PEXHMM paipama, NpH KOTOpoM oT0op
HOHOB M3 ofNacTH HOHH3AUMH MaKckMancH. CeMeHlcTRO Kpu-
BuIX I=f (Un,) MpenctasneHo Ha puc. 3. Ha ocHoBe pesynn-
TAaTOB 3TCH CEPHH H3MEPEHHH MOKHO OTIpEASNHTh Hanbonee
GNATOTIPHATHEIA pPeKIM pa3pAma.
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0 10 20 30 40 0 60 Uy xB
Puc3 1-d=04,2-0,3;3-0,154-0,1 mm.

Kak moxaseiBacT x0a kpMBBIX I (Upp), mna Gonkiimx
YIIIOB HAKIOHA TUIOCKOCTH 00pasua k Sonpux U, HECMOT-
pa Ha Soapluoli BeIGpoc MaTepunana oOpasma, KOAHIECTHO
HOHOB, AOMIGAIINX AC ASTEKTOpPA, YMSHBIIAETCA C YBeauHe-
HHeM U, 2T0 NO3BONACT CAENATE BEBOA O TOM, YTO Belle-
c180 npofibi B HOHHOM HCTOYHHKE HCIONE3YETCH C HanboJE-
wed nomp3oil, ecnH obecmeveHH YCNOBHA MHEHMATLHOIO
IKPAHHPOBAHMA HOHHOMG TOKA BIEKTPOAAMM, M AHANHS Be-
JeTCA NPH HEBLICOKOM HAIPAKEHHU npofon.

JUis HCCNEenoBaMHd MOHMIAIH BEMECTBZ MW EPEHOCA
HOHOB Yepe3 aHATH3ATOP MPOBOAHINCE CNIELHANBHEIC 3KCTIE-
PUMEHTRI ONA OTpeAencHHA 3(GQSKTHBHOCTH KOHHO-ONTH-
4ecKOH CHCTeMEI (DHC. 4).

B nurepatype wacTo oueHuBaior Koaddmupent yddex-
TABHOCTH HOHHO-ONTHYECKOM CHCTeMBl FCTOYHHKA KAk
A=1/n, DaBHBIN YHCITY ATOMOB, KOTOphle HeoOXomAMOe
PACTIRJIATE B HCTOHMHHUKE A4 TOTO, YTO0H OOHH HOH HOCTHI
perexropa [5]. Bennanna ;7 3aBHCHT OT THIA Macc-CNEKTpO-
METpa, WHPHHE BBIXCAHON LIGHH HOHHOMO WCTOYHUKA,
HANPABJICHHOCTH UOHHOTQ ITYYKa H, €CTECTBCHHO, pacnpee-

56

JIEHHA 3MEKTPOCTATHYSCKONG TIGAA HA BCEM NYTH NBHXCHHA
HOHA N0 JETeKTOpA.
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JIns uCCneacBaHuA 77 OT PekHMa paspana Obil HIMEDEH
TOK HMOHOB 00pasua 1o Macc-COeKIPOMETPY U PacCYHTHIBAN-
¢A pacxon Matepnana ¢fpasua moe o6heMy kpatepor Ha 06-
pazue no dopMyne;

PN

M

n v

rI€ p - IWIOTHOCTL o6palla, M - aToMHEIH Bec ofpasua, V -
o0beM Kpatepa, N, - 9HcIo Aporanpo. Okasamochk, 4To ¥
YMERBIIIETCS ¢ POCTOM Upp. DTO MOXET OHITh BBI3BAHO ABY-
MA TIpDHIHHAMH. BO-NEPEWIX, NPH BEICOKEX HMITYJIBCHEIX
HADpAXEHHAX JHeprerHueckuit paibpoc roHor, ofpasyio-
IIMXCA B HCTOMHHKE CTAHOBHTCA OOJIBIIHM, BO BTOPHIX. HE
HCKJIOYEHO, YTO YBeNMHMEHHE Pa3pAlla BbI3IBAST NOBBILUCH-
HO¢ PacIbUIeHKE HellTpanbHBIX HacTHIl, BCICACTBHE Yero na-
paeT xoaddunmerT HouHsamuH [6] .

Haydenne XapakTepUCTHK HMIMYJECOB HA BLIXOZE aHANH-
3aTOPa TIOKA3AN0, YI0 ¢ YBenMueHHeM U, AmHTeNbHOCTE
HOHHOTQ TOKAa YBCNHIHBACTCA, OJHOBPEMCHHC C 3THM YMEHD-
IDaeTed BLICOTA HMOYNbCa. 310, MO Beel BepoATHOCTH,
BBI3BAHO TeM, YT0 OpH SoMbmAX Uy BeIAS/AEMAT SHEPTHA He
YCNMEBAET NPOrpeTh obpasell, TacTs ATOMOB HE YCNEBAeT
HOHH3MPOBATECH, 4 YacTh HMeeT GonpIoll 3HepreTHyecKHii
pasfpoc, YTO CHIDKAET HX NMPOXOAHMMOCTE Uepes aHANHIATOD.
06 3TOM CBMAETEALCTBYIOT RIMTENBHOCTH HMMITYITECOB TO-
KoB: ecnu MpR U, =30kB, z = 6x10%¢c, 10 mpn Uy, =50 kB,
r =4x107¢. -

Takmm o6pasoM, HCMONEIOBAHHE HCKPOBOTO  HCTOYHEHKA
HOHOE B MACC-CIIEKTPOMETIPHE JNA aHAnH3a npAMeced B
TBEPIOM BELIECTBE TO3BOJNAET MONTYIHTH EBICOKYIO afico-
FIOTHYK) YYBCTBHTENBHOCTE H NOCTATOUHOE paspeileHHe
NpH NPaBHIbHOM BRIGOpDE peXHMa Paspada, KOHCTPYKIIHH
3MEKTPOJOB, HX BIAAMHOTO PACTIGNIONEHHA H HOHHO-ONTH-
S9eCKON CHCTeMBL, MHOTOUHCHCHHDIE DKCISPHMEHTRE OKA3bI-
BAIOT, 9TO 3¢HpeKTHBHOCTE BAKYYMHOM HCKDhI TaKKe 3aBHCHT
OT pACHONOKeHK oOpasiia OTHOCHTEALHO ONTHUECKOH OCH,
cobupaiomeil W GoKycHpYIOMEH MEXTPUIECKAE CHCTEME, H,
And MAKCHMANBHOTO OT60pa HOHOB M3 0o0macTH paspaia,
YTOIl MEWEY HOPMA/LIO IOBEPXHOCTH 00pa3na H OTITHYECKOH
OCBI0 CHCTeMH He JOJKeH MpessnmaTe 45 YFINOBRIX

rpamycoB.



HCCAEJORAHHF. HCKFOROTO HCTOYHHAKA HOHOR

1] C.B. Kupuenro.“Kypuan Texnuaeckolt OGmurn” Ne 55, [4] M.C Ynacuw, I'H. Pavendtx. “KypHan aHanuTH-4¢C-
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1985, Ko xuMun™ , Ne 35, 1980,

2] A Ipeuro, C.I. Byuwes, M.B. Hlampos. “Xypuan [5] J.S. Halliday et al. In: “Advance Mass-specirometry”,
AHAMTHYECKON XHMuu™ |, Ne 45, 1990. V. 13, Paris, 1985.

[3] B.B. Tuxomupos E.B. Oneiinuxos. ‘KypHan awami- [6] MC  HYynaxuw, O.H  Kpiovukoes, I'H. Pamenoux.
TEeckoH XMMHH” , Ne 43, 1988, AHanHTHIECKHE  BOIMOXHOCTH  MCKpOBOH  Macc-

coeKTpoMetTph, M., 1950,
C.M. Cuvarh, Q.M. Korimov, Z.K. Nurubeyli
QIGILCILMLI BOSALMA ARALIGINA MALIK 1ON MONBOLORININ ToDQIQI
Is be'zi kitle-spekirometrlorindo istifade olunan q:flcimh bosalma arahifina malik ion menbelerinin tedqigine hesr olunub,
Gasterilir ki, ion menbeyinde yaranan ion paketinin enerjiyo gdre dafimqlifs istor elektrik bogalmasimn rejiminden, isterso do
elektrodlann konstruksiyasi va qarsiligh veziyystlarinden kaskin asthdir. Degilme garginliyinin béylik givmetlerinde analizatorun
guaginda ahman ionlarin migdan koskin azalir ve cihazin dispersiya xasseleri pislesir. Analizatorun hessashfin ve quilcimin effekt-
liyini artirmag ligiin niimunenin sethinin normals ion-optik oxu ile 45 bucaq emele gatirmelidir.
Ch.M. Djuvarly, G.M. Kerimov, Z.K. Nurubeyly

INVESTIGATION OF THE SFPARK ION SOURSE

The discharge modes of the ion source by spark discharge are investigated. The interval betwesn electrodes ensuring as much as possible
efficiency of the ion generation is determined. It is shown, that for achievement of high technical parameters of the ion-optical system of a

source it is necessary to establish an optimum angle between the sample position and optical axis of system.

Hama nocmynaenus: 08.04.99 Pedaxmop: M., laxmaxmuncruié
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INMEKTPOSHIHUECKHE CBOMCTBA PbyyGey;Te, JETHPOBAHHBIX HHAUEM

C.JI.P3AEB, A A. HCMAWIOB, T.C. MAMEJIOR, T.I'. MAMEIOB
Hucmumym Qusuxu AH Asepbaticoicana
370143, Baxy, np. I. Jxcasuoa, 33

HcceaORANO BAMSHHE ATOMOB WHAMS Ha KAHeTHRecKHe choficTha PbyoGe, Te. Veranoenewo, uwro opr T=12B K kpucTaanml
NPETEPNEBAKNT CTPYKTYPHEIR (PajoBEIH Mepexod, KOTOPHH HCIE3IAET BPH ISTHPDOBANHYE HHAKEM.

Coemuuenua AVBY! #t Toeparie pactropm Ha Hx ocHoBe
COCTABJAIOT MATEPHANBHYIO OCHOBY CO3ZABAEMEIX B HACTOS-
mee BpeMs npAeMHEKoE HK-UamyueMua u nepectpauBaeMEx
AA3EPOB, MEpeKphIBAICIIIX IHPOKYI 00JacTh MIHH BONH
HK-cnertpa (2.5+32 mxm). BrarompuarHeie YCHOBHS A
NpuUMeHeHH] YKA3aHHBIX MAaTePHANOB CO3LACT TO, YTO HA WX
OCHOBE MOXHO C03[aTh PalTWIHEIE reTepocTPYKTYph! ¢ Hal-
fionee COBEDIIEHHBIMH TEPEXONHBIMU cnosmu. TMocnenxee
00YCTOBNEHO TEM, UTO COCTAB eTePONap MOXHO IU1ABHO H3-
MEHATL H JOCTHYbL HanGosce GNM3KHX BENHYHH NOCTORHHOMN
PELIETKH, YTO B CBOIO OYEPElb TNO3BONNET 3HAYHTENLHO
YAyMWHTs CTPYKTYPHOE COBEPIICHCTBO NEPEXOAHBIX OB
reTepoCTPYKTYD H TeM CaMbIM YAYYIIHTE AX MieKIpodmsu-
UeCKHE NapaMeTphl H MOBBLICHTD HAACKHOCTD B IKCIUTYaTa-
1AM,
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Puc.l. TemneparypHad 3aBHCHMOCTE TCPMO-3I¢ (X — YHCTHIH

kpecTann; o - PbygeGey Te +0.3 ar.% In;
-Pby 00Ge,  Te + 0.5 ar.%In; D-Pbyg oGeg  Tet+1 ar.% In).

Hapaay ¢ 3THM, cBOCcTBAa 3THX MATEPHAIOB MOMKHO
H3MEHATH B WHPOKHX NPHIENaxX JErHpOBaHHEM Pa3/MHBIMH
npuMecamB. HanGonsuHif HATEPE: BbIIbIBAST ACTHPOBABHE
STHX MATCPHAIOB HHIHEM, FIOCKONBKY OH B HRX MPOABIACT
OOHOpHEE CBOMCTRA M CO3OaeT KBAIMIOKANBHBIE YPOBHH,
OpoAENAeT aMPOTEPHOCTE, a TAIGKE CO3MAET raybokue ypoB-
HH B 3anpemensol soue PbySn,Te [1,2]. Tak, HanpumMep, B
TBepabIX pactBopax Pby,Ge,Te Ha ocHOBaHMH 3KCHEpH-
MEHTANEHBIX. JAHHEIX HAREXKHO YCTAHOBMISHO HANMKMUME CTPYK-

TypROTO asoBoro nepexoaa (CPID) [3.4], npr koropom
HIMEHIOTCA MIEKTPONPOBOAHOCTE, EMKOCTE P-N MIEPEXOaa B

~

<
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200 K

T ——a

Puc. 2. TemneparypHan 3aBRCHMOCTE KOHCTAHTR Xomna.
{x — 4HcTbiH KpHCTAIUT; 0 - PbypGen Te + .3 ar.% In;
2-Phby5Gey Te+0.5 at1.% In; D -Pby 0Geg \ Te+1 a1.% In).

SMEKTPOOHIMISCKHe NAapaMeTps! MaTepuana. HurepecHo o1-
METHTB, 9TO K TAKHM Pe3yIbTaTaM NPHBOAHT JETHpOBAHHE
HHAMEM TMOYTH BeeX XalbkoremdnmoB csunma [1]. [Tosromy
npe,ucranme'r HHTEpeC HCCNeNOoBaHHE BIHAHAA HHAHA Ha
anexTpodusmdeckie ceoficTea Pby,Ge,Te u ocofeHHO B
obnacta COIL.

B paloTe ApOBEACHD IKCHEPHMEHTANBHOE HCCICA0BAHAS
ko3dpunpenTor Xomna (R,) 1 1epMo-3ac {a} B obpaiuax
Py osGeg 1 Te, BHPAMIEHHRIX METOAOM BpHIKMEHA B TeMme-
paTypHoM AHanazone 77+ 300 K. B HenernpoBaHHEIX ofpaz-
Iax Ha 3aBHCUMOCTH @ {T) B HHTepBane 77+128 K nabmo-
DAeTCd PocT & ¢ YBeNHdeHHeM TemmepaTypsl (Puc.l), ure
CRA3AHO ¢ YMeHBIDEHHeM KOHUEHTPAmdH IHpox. O 3ToM
CRUMIETEALCTBYET TAKXKe POCT B 3TOi 061acT¥# TeMmeparyp
noctoaurol Xomwrma (R,) (Puc.2). ITpn T~128K Ha 3aBm-
cuMocT¥ « (T} HabmoaaeTcd WHBEpPCHA Xoma kpuBod |

(Puc.1).



B paGotax [3,4] Ha OCHOPAHHHM 3IKCTICPHMEHTAJIBHBIX
IOaHHBIX BOCTOBEPHO YCTAHOBJICHO, TC HHBSPCHA HA 3aBHCH-
MocTn @ (T) ofycnosnena cTpykTypHo-QasoBBIM MeEpexo-
JoM B TBEpARIX pacTBOpax Pbi.Ge,Te. Tak »e nokazaHo,
9710 TeMneparypa CPII MoxkeT CHILHO HIMEHATHCA B 3ABACH-
MOCTH OT X,

Kax suaso 13 puc.2 (xpusax 1), 3aBHCHMOCTS R, (T) apn
T,=~128 K mocruraer MakchMyma ampd T > 128 K yMeHs-
WASTCA,HTO YKA3bIBACT HA POCT KOHLCHTPALMA JRIPOK ¢ TEM-
nepaTypoi. '

Takoe noseascane R, (T), DO-BHAMMOMY, CBA3AHO C
H3MEHCHHEM 3HAKA TeMnepaTypHOH 3aBHCHMOCTH ILHPHHBI
sanpeltiesHol sonsl ipn CPIN, a mMerHO NMpH T<T. HMEEM
OB 0T >0 u FE,/PT <0 mpn T>T, Ha ocHoaHMM
BHIICCKAZAHHOTO MOXHO YTBEPXIATh, uTO0 B PbysGey Te
npH 7=128 K DpoORCXOAAT CTPYKTYPHO-a30BLIH Mepexon.
3apacHMocTH @ (T) | R, (T) g ofpasuoB PbygsGey Te,
NETHPOBARHEIY MMAHEM, OTAHUACTCH OT HENETHPOBAHHEIX.
IIpn Nz, 2 0.3 ar% uEBepcHs Ha 2aBucHMOCTH Q{T)
ncwesaeT (Pue. 1, kpuebie 2 B 3) M yxe npu Ny, 20.5 at. %
cTaHOBHTCA nuueiinoll (Puc. 2, xpusas 3). HcuesHoBeHue

HMHBEPCHHE Ha KPUBRIX & (T) H R, (T) CBHACTENLCTBYET O
TOM, YTO JNETHpOBAHWE TEEpPAWX pacTeopoB Pby Ge,Te
aroMaMmH HHIOuA ycrpandgeT CPTI.

PanoM astopos [3-5] COII B Pb,,Ge,Te obbiacHAeTCH
JICKaNBHOM HEYCTOHMHBOCTEIO ATOMOB G B PeNIETKE YKA3aH-
HBIX coeanncHAR. CornacHo (6], HeycToMMHBOCTD aTOMOB Ge
NPHBOIHT K MOAAPH3ALNY PeIleTKH, KoTopad obycnapnnsast
nepecTpoliy PeLicTKH. YCTAHORICHHLIC B HacToAmleH paGo-
Te QaKTH DAIOT OCHOBAHHE CACHATEH BEIBOI O TOM, UTO STOMM
HHAHA 3aKpCrULAIOT ATOMEBI Ge B PCLICTKE TBCPABIX pacT-
ropoB Pby;Ge,Te, BCIGACTBES 9€ro NpeIOTBPAINAETCA ONS-
pHALHA PEINETKH M TeM CAMBIM YCTPaHASTCA BOIMOKHOCTE
CoIl.

Taxpm ofpasoM y¢TAHOBNEHO, 9TO 3JABMCHMOCTH & (T) B
R(T) B HenerupoBaHHRIX TEEpAMX pactsopax Pb,.,Ge,Te
npy T=128 K nperepnepaor umsepcmo. Habmonmaembre
HWHBCPCHH B 3aBHCHMOCTAX & (T)H R, (T) OOYCNORNEHEI CTPYK-
TypRO-pasoBbiM mepexoaoM B Phy.,Ge,Te, Boisacoo, yro
NerHpoBaHie TBepARIX pacTeopoR Pb.GeTe wunmmem
yetpanget COI

[1] B.H. Kaiidanos, 10.H, Paeun. YOH, 1985, 1.145, 8. 1,
c. 51-86.

[2] CI. Pages, T.C. Mamedos HIA Aruxanos. 3T,
Marepranm, 1938, B. 4, ¢. 62-65.

[3] §. Taraoka K. Murase. Phys. Rev. B, 1979, v. 20, Ne 7,
p. 2823-2833.

[4) I'B. Jdowxapros, A.B. Bpodoeotr, CHO. Jdemouenxo,
MB. Paowenrxo, EH Crunoxo, B.II ®Dedopuenro
OTIL, 1987, B. 10, ¢, 1921-1923,

T. Suski, S. Taraoka, K. Ishii, X Murase. J. Phys. C;
Sol. St. Phys., 1984, v. 17, p. 2181-2192,

B.E. Byemeiicmep, KJ. Munuyx. YOH, 1985, 1. 146,

B. 3, ¢. 459-491,

[5]
[6]

S.Q. Rzayev, A.A. Ismayilov,T.S. Mammadov, T.Q. Msmmadov

INDIUMLA ASQARLANMIS PbossGeoaTe -UN ELEKTROFIZIK! XASSOLORININ YRONILMaS1

PbossGesaTe -un kinetik xasselorine indivm atomunun te’siri Syrenilib. Gésterilib ki, bu kristalda =128 K-de struktur faza

kecidi bag verir vo kristal indium ils agqarladigda o yox olur,

5.G. Rzaev, A.A, Ismailov, T.S, Mamedov, T.G. Mamedov

ELECTROPHYSICAL PROPERTIES OF PhygGe;Te DOPED BY INDIUM

The influence of In atoms on kinetic properties of PbyecGeg jTe was investigated. It was established that at T=128 K these crystals un-

dergo structure phase transition, which disappear at the doping.

Hama nocmynrenus: 02.02.99

Pedaumop: C.4. Aruee
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OOTOUYYBCTBATEJBHBIE KOMIIO3UTDI HA OCHOBE IIBA®D-CdS

M.A. KYPBAHOB
Hucmumym Qusuxu AH Azepbandncana
370143, Baxy, np. I'. Ixcasuoa, 33

HH. OPYIXKEB, M.K. KEPHMOB, M.M. AXMEZIOB
Cexmop Paouayuonnwix Hecneoosanuti AH Asepbaiioncarna
370143, Baxy, np. I'. Qxcaguda, 31°

Hocnenosans  GoToSnekIpldeckne  ¢BolicTBA, COEKTPANBHEIC M BOIBTAMICDHRS XSPAKTEPHCTHKA KOMIO3UTOB MHa OCHOBE
ronaavmumisendropuaa # CdS. Tokasano, 4TO MOMyMEHHElE KOMIOIHTE! TPH COOTBETCTRYIOMEM PEIGODE COOTHOLICHHWA KOMIOHEHTOR
MOTYT CIYKUTE B KAUeCTBe NHPeKTHBHBIX (OTOYYRCTRHTENLHE MATEPHANCE.

MomyyeHne 3pHekTHBHBIX GOTOTYBCTBHTENBHBIX MaTe-
PHANIOB HA OCHOBE MPOCTHIX # 3KOHOMHYHBIX TEXHONOTrHI
HMeET BakHOe 3HAYCHHC JNA PasTMIABIX PCArHPYIOLIHX
¢pen, npeobpasoBatesieil # MPHEMHUKOR H3TyyeHHH. OaHIM
M3 myTell co3gaMHA HOBBIX SPPekTHBHBIX (POTCAKTHBHBIX
MATEPAANOR ABNAETCA pa3paloTka KOMIOIHTOB THIIA MOMH-
Mep-noaynpoeoiruk [1]. B Hacrosmedi paGoTe neenemopaHsl
¢otopezucTHEHE 3¢deKT, BONBTAMAEPHRIE M CIEKTPATS-
HblE XAPAKTEPHCTHKE (OTOUYBCTBHTENBHBIX KOMIO3WTOB B
3aBHCHMOCTH OT 00BeMHOTO COJEPKAHNA KOMTIOHEHTOR.

DOTOUYICTEHTENALENE KOMIIO3HTH MONYJaNH HAa OCHOBE
TEPMOTUIACTHYECKOTO TIONAPHOTC NONHMEPE — NONHBHHMIH-
nendrropupa (ITBI®} # doronpoominka CdS myTem
rOpsYero TPECCOBAHHA TOMOTEHHON CMecH HOpOMIKOB
KOMNOHEHTCB. TIONyueHHBIH KOMIO3HT JaKIIYAICA MEeXIY
ABYMSA MCTALIHZHPOBAHHEIMHM KBAPLEBbIMM TTACTHHKAMH,
HA/IEKHBIH KOHTAKT KOTOPBIX C KOMIIO3HTOM OCYLIECTB/IAICH
TaKke IYTEM TOPAYErD INPECcCOPAHHA NPH TeMICpAType
MIBNCHHA MNonumepHol $asel. Himepenna  ¢(oToTOKOB
MPOBONWIACE ¢ HCTIONE30BAHHEM GOClOTO CBETd HMHTCH-
cHpHOCTSIO 40 MKBT/cM?, OTHOICHHE TEMHOBOTG CONPOTUR-
fleHHd R; K CBETOBOMY K. B 3aBACAMOCTH 0T COOTHOGHIGHHA

KOMIOHEHTOB HaXOOMNOCh B MPeASAax Re/R. =10%+10% uto

NpAGANINTENIEHO HA TOPAROK MEHLIG MO CPARHGHEIO ¢
qucThIM obpazmom CdS,

Ha pac.la nDpABeacHR! TEMHOBLIC BONLTAMOEPRHE
xapaxrepuctakn  (BAX) kommosura TIBIA®D+CdS mpu
pazmsaHoM obBeMHOM colepxanun (&) wgactrn CdS. [lpa
Beex 3HaTeHHAX ¢ BAX HMeIOT HeCKONBKO XapakTepHEIX
VIACTKOR, 00YCHORNIEHHEIX HEeONHOPOIHOCTHIO MATEpHANA, B
KOTOPOM TONYIPOROAHHKOREIE 4acTHIEI CdS OKpYXeHEl
NPOCACUKAMY U HENPOBOAAILETO MoNkMepa. B 3ToM cimyvae
INEXTPHYECKOe MOMe, MpRIOKeHHOe K 0OpasLy, cocpenoTa-
YHRPAETCH, B OCHOBHOM, MEXIOy XOPOWO MNPOROIAIMMH
yyacTkaMy, 06pazopaHHEIMA YacTHNAMH CdS. [ToyroMy, HpH
OTHOCHTENFHO HH3KHX 3HAYEHAAX INEKTPHECKOTO NoJA Hab-
MOIASTCA OMHYECKAN YYacTOK MWpOBOAMMOCTH, 00ycnoB-
NEHHBIA TEPMMMECKH [€HEPHPOBAHHBIMH HOCHICIAMH B
nonuMepe. C NOBLIEHHEM HANPAXKEHHOCTH HIEKTPHYSCKOrO
NIONZ HAMHHACTCA HEKEKLNAA HOCHTEACH M3 MOMYNPOBOAAHKA
B 00bEM MMONHMEpPA, YTO NPUBOIHT K H3MEHEHHIO HaKNOHA
BAX (puc.la) Hocne HEKOTOPOro 3HAUCHHA HATIPMAKCHAA HA
o0pasle KOHMUCHTpAaUMA HHKCKTHPOBAHHEIX HOCHTENeH
CTAHOBHTCA OONblne, MeM TePMEMECKH TeHSPHPOBAHWRIX.
Ipu >toM mabmopaerca TOII3, omucLiBaemul «moByIEY-
HbIMY KBAZPATHIHLIM 3aKOHOM.

152' o- fﬂ-fr- ‘5'
- -3
07 {0
-5
{56- .:k.\w 5
S =7
o~
<& !g w10+
-
:fc {Bﬂ? 0 r
i 1 ‘-3'-
fo '. 1 . ]

z (V)

w2 ' 00 w0t w0t 0°

62 o w0 W e w0
U(v)

Puc. 1. TeMHOBHIE (a) Y CBETOBHIE (6) BAX komnosuta [IBAG+CAS npn pasmrinoM ofeeMuoM conepianyy CdS:

1 ~20 %; 2 — 40 %; 3 — 60 % 06. CdS.



Ilocne 3apeplieHys 3aNOTHECHUA BCEX JOBYIIEK HaOmo-
AAETCA YUACTOX TIOUTH BEPTHKANKHOTO pocTa Toka. Hampsawe-
H¥E, COOTRETCTRYIONIeE NMPEACNEHOMY IAMONHEHHIO JTOBYIIEK
Upnay MOIBOJACT OMPENETNTE KOHIEHTPALMIO YPOBHEL IpHIR-
mamna 1o gopmyne [2]:

g U
N=1.1.10° ""—If‘miﬂcu*,

THe &gy — AMBIEKTPHICCKad MPOHHIAEMOCTE GOTOKOMIIO3HTA,
L — tonnmHa ofpaiua. Kak eumwo m3 puc.la Uy €
VBENHIEHHEM & cMemaeTca B CTOpoHy §oaee HUIKHX HANpA-
xenmi. OpHako, MPH 5TOM £y, BO3PACTAET TAK, YTO MPOHI-
BEICHHS Sp-Upgy A BCEX OGPAsLIOB NPHMEPHO OFHHAKOBO.
HaltneHnoe 3HaueHye N 0Ka3anoch pasHeiM ~2-10™ oM™,

Hp.'ﬂ OCBCIICHIH oﬁpaauoa KX BO/MBTAMIICPHBIC XapaKTe-
PHCTHKH CYIIeCTBEHEO HaMeHAoTeA (puc, 16): HaGmonacmbrit
yEe IpH HeGOMBIIHX HANP/KEHUAX YYaCTOk CBepXnHHCHHOMN
ABHCHMOCTH Jp=U, © n=1,3 noxaIwBaeT, YTo KOHUEHT-
palfA T¢HePHPOBAHHEIX CBETOM HOCHTSNCH NPEBLINIAET KOH-
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USHTPAINIO PABHOBECHHWX HocHTenedl Toxa [3.4] Manee
AawuHaeTcA TOIT3 Gamskni k kBanparmuol Jy=1 (U) —3a-
BHCHMOCTH, Mepexomanmif K kyOmueckomy ywactxy. Ilpn
GONBUIMX HANPAXCHHXX Takke Hal/mogaerca NOYTH BEPTH-
KaJbHBY pOCT ToKA. OTMETHM, YTO NOKA3ATENH 11 HA BCEX
Tpex YYaCTKaX BO3PEcTaloT ¢ YBENHYEHHeM (O0beMHOTO <o-
HepXaHHA HANONHMTENA, a HANPAKCHAA, NPH KOTOPHIX
NPOHCXOHHT NEPEXOI OT CAHOTO YYACTKa K APYTOMY, CMELIA-
OTCA B CTOPOHY 00/ee HUSKHX 3HaY¢HHUIT

Cpapieie BAX ofpasuoB mokaibiBaeTt, uTe (oTOTOK
YBEIHYHBAETCA ¢ HanpskeAneM B Gonpluell cTemeHm, HeM
TeMHoBOH Tok. Ha pHe.Z mpHBeAcHBI 3aBHCHMOCTH OTHO-
weHH JOTOTOKA Jy K TEMHOBOMY TOKY Jp OT HANPLAKSHHA
Ha ofpasue. BraHo, ¥Te NPH MaEX HADPAKEHHAX Jy /Jy
MEQCHHO BO3PACTAET ¢ POCTOM HANPDKSHWA, 3aT€M HA
YYaCTKAaX ¢ n=2 0 =3 3aBHCHMOCTh OTHOIICHHA J,/J; oT
BeNHMEHBL {7 pesko YBCAHYHEASTCA H npH U=Uppy HOCTHTEET
MakcHMyMa. JlanpReHmee yBeNHYCHME HAIPAACHAA HA
YHaCTKe BEPTHKAABHOTO POCTA TOKA NPHBOAHT K OLICTpOMY
YMEHBIICHHIO OTHOLICHHA Jp /J,

ry i L J i
03 0% 95 06 o7 08 99 (0 {f

A (Hn)

Puc.2. ) 3aPHCHMOCTD OTHOWEHHA JOTOTOKA K TEMHOBOMY TOKY OT HANpPS#eHHA Ha obpasue: 1 ~ [IBJId+20% 06.CdS;

2 - TIBA®+40% o6.CdS; 3 - IIBJd+60% 06.CdS. 6 OmocHTe sHas Cim

octe CdS w komnoswra [TBIG:

1 -CdS; 2 - IBAD+20 %06, CdS; 3 - [IBAD+40% 06.CdS; 4 - IBAD+60% 06.CdS; 5§ - TIBA®+80% of.CdS.

Ha pac 3 (@ m 6) NpencTaRneHH COEKTPAIBHBbIE
XapaKTePHCTHKR Jp=f (4) a1 koMnosuTos IIBIM-CAS ¢
00BeMHEIM COpepHEaHHeM $oTonpoBomHuka 60 B 80 %,
COOTBETCTBEHHO, NMPH PATTHYHBIX 3HAYCHHSX HANPKECHHA.
Buaro, 9T¢ s obpasuos ¢ 60% o06. CdS mpa U=30 B n 50
B HalmonaroTca gBa MakcuMyma B obmacTH 550 u 550 Hm,
KOTOpBIE OTCYTCTBYWOT B oOpasuax ¢ 80% 06.CdS. Kpome
TOro, KaK CNeAyeT H3 PHCYHKA, ¢ YBEIHMCHHEM CONEPXAHHA
CdS maxcHMyM CHEeKTpanbHOH 4YyBCTBHTENBHOCTH CMELLA-
€TcA B CTOPOHY GONBIIMX AJIHH BOJIH.

H3 npuBeseHANX PHCYEKOB 3, (8 H §) MyTeM moCTpoeHHA
3aBHCUMOCTEH THNa (Jpha) 1/?=F (hw) MoXHO ONpenensTs
NOporoBble 3Hepru Bo3OyxaeHus ¢oToTOKA B HCCneao-
BaHAHX KoMmo3HTax [5). Kak mokasarno Ha puc. 4 (a u §),
3HaYeHHe MOPOTOBOH SHEPTHH YMEHBILACTCA ¢ TIOBBIHCHHCM
SRCKTPHYCCKOTO HAMpPMECHHA Ha ofpasiue; KpoMe TOro, 310

61

3HAYEHHE JABHCHT OT 00BEMHOTO COACPKAHMA HANUIHATENA.
Hcxomd M3 MOMYYEHHBIX 3aBHCHMOCTEH MOKHO Opeanonro-
HHTh, YTO 3HAUSHHA MOPOrOBHX YHepriii GoTOTOKA CBA3AHLL
¢ BETHMHHOH SHepreTHecknX Gapsepos, CpOpPMHPOBAHHBIX B
Mexk(azHoM <0e Ha TPaHULE TNONHMED-NONYTPOEOIHIE,
BHeLiHee NeKTPHYEcKoe NONE MOIYIHpYeT BHICOTY Gapse-
POB, YMCHEIIAA €¢ ¢ pOocTOM NonA. [locTpoenmeM 3aBH-
CHMOCTH Ag=f (UF/?) npH sxcTpanonsuay U K HyIFO MOKHO
onpenentrs BoicoTy Gapbepa Ha rpaHune CAS-TIBA®D. s
KOMIIO3HTOB ¢ 00beMARIM copepxkanuem CdS 60 u 80 %
3HAYEHHA BHICOTRI (ApsepoB OKAa’anHch paBHBIMH 1,63 M
1.28 3B, ¢coOTBETCTBEHHO.

TpuBenecnibIe PesYNBLTATE CBHACTENBCTBYIOT ¢ MPAHIH-
NMHATLHOM 3HAYCHHE TPAHHUE! Pasicna MmosiamMep-(poTompo-
POOHHK B GOpMHPOBaHHH ¢$oTOpe3HCTHBHOTO ddekra B
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Puc.3. Criexrpansheie XapaxrepuctHxn komnosytos [IBID+60% 06.CdS (a) n TBLP-+80% 06.CdS (6) npu pasnHYREIX H3MEPHTEL-
HEDX HanpsokeHnax: 1 —15B; 2 -30B:; 3 -50B;4-80B; 5-120 B,
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Puc. 4.a) 3aBUCHMOCTH (Jphe) /2 ot dHeprHn Boaby KIAOMIX KBAHTOB V1N KOMIIO3HTOB ¢ 60 06.% (1-3} 1 80 06.% (4-6) CdS npu
H3MEpHTEIEHOM Hanpsmxents 50 B (1,4); 30 B (2,5); 100 B (3,6}. 6) 3asicnmocTH noporonoit anepriy GoTONpOROAMMOCTH 0T

U'72 ana obpasuon ¢ 60 % (1) n 80% (2) o6. CdS.

KoMno3Tax, Hamquve noMHMEpPHOTO CHoA B OKPYXEHHH
$OTOMPOBOAHNMKA MOMKET OKAZHIBATH CYIIECTBEHHOE BITHAHHE
Ha OpolleccH TEHEPALMHM M MepeHoCa HOCHTeNel Toka monm
neticTeieM cpeta. Tax, nongpHule rpymmis Monexyns [TB @
¢ CONLUINM AHMTONLHHIM MOMEHTOM MOHOMEPHOTO 3BEHA —

62

CH,-CF,» HHZVIHPYIOT B MHKpPOOKpYWeHHM wacTinl CdS
SnekTpudeckoe Tiome penmwumbol = 10° B/ (6], kotopoc
criocofeTayeT AHCCONMALINH YAEKTPOHHO-ALIPOMHON MAphl K
yRenudeHmio GoToToKa B KOMIOSHYE. JIeHCTBHTENBHO, KOM-
FIO3NTHL Ha OCHOBE MonapHoro INBJd nMeiOT CYLIECTBEHHO



g -

GonpbiHe 3HAYCHAA GOTOTOKA MO CPABHEHHIO ¢ KOMITO3HTAMH
#3 HEMOMAPHBIX MONKITWIEHA HNK NOMHNPONIICHA IPK Mpo-
YHX PaBHBIX YCIOBAAX.

Xota MexaHn3M (OTOMPOEROAHMOCTH B TAKHX reTeporeH-
HEIX CHCTEMAX, KAaKHMU SRISIOTCA HCCNNOBAHHEIC HAMH
KOMIIO3UTE], €€ HY}XAaeTcA B ASTANBHOM HIYUCHMH, TEM He
MéHee MEPBHMHBE KCTIEPHMEHTANLHEIE PE3YABTATH CRHJE-
TENLCTBYIOT O MEpPCNeKTHBHOCTH MOAOGHRIX KOMITOZHLUMOH-

HbIX MATEpHAJIOB B KadecTBe (JOTOAKTHBHEIX cpedl. ¥ aauHbIH
BhIOOP KOMNOHEHTOD H HX COOTHOIIeHWT MOXKeT obecmeyuTs
JOCTATOUHO BRICOKYHY (OTOMYBCTEHTEALHOCTE KOMIO3HTOB,
2 eCHH K 3ToMY A002BHTE Takoke TEXHONOTHMECKYIO NPOCTOTY
HX MITOTORNEHRA, TO MOKHO PACCUHTHIBATE H3 WX MPak-
THUECKOE IPUMEHEHUE B PasNHIHBIX (}0TO- H ONTOMIEKTPOH-
HBIX YCTPOHCTRAX.

[1] B kn. «CseTOMyBCTBHTENLHEE TONHMEPHRIE MAaTepHA-
nei», Mol pegakuedt A.B Ensmoza, J1 «XaMua», 1985,
C. 296.

21 MA Jlamnepm, T. Mapr. B kH. «<HIKeKUHOHHBIE TOKH
B TBEpABIX Tenax», M., «Mupy, 1973, c. 416,

[3] B.C. Muabatxos. B kA «PoTONpOBOAHMOCTS MOMHME-
pob», JL., «Xamma», 1990, ¢, 240,

[4] A. Poyi B kH. «OCHOBH TeopHH (POTONPOBOEHMOCTH,
M., «Muap», 1966, c. 192,

[5] M. Hoyn Y Ceenbepe. B KH. «ONEKTPOHHBIE MPOLECCEL
B OpPraHHYeCcKHX KpHeTamax», M., «Mapn, 1985, 1.2, ¢
462,

[61 M. Bpodxepcm, I Hzsuc. «llbelc- B NHpOICKTPHIEC-
kue ceolictean, B xH. «Dnekrpersiy, M., «Mup», 1983,
¢c. 357-399.

L.N. Orucov, M.9. Qurbanov, M.K. Korimov, M.M. Ohmadov

PVDF-CdS ©SASINDA FOTOHOSSAS KOMPOZITLOR

Polivenildenfiorid (PVDF) ve CdS esasinda kompozitlerin fotoclektrik, spektral ve volt-amper xarakteristikalan todqig
edilmisdir. Gasterilmisdir ki, alinmig kempozitler komponentlorin miiayyen nisbetinde effektiv fotohessas material kimi istifade

oluna bilar.

LN. Orudzhev, M.A. Kurbanov, M.K. Kerimov, M.M. Akhmedov

PHOTOSENSITIVE COMPOSITES ON THE BASE OF PVDF-CdS.

Photoelectric properties, spectral and volt-ampere characteristics of composites on the base of potyvinylidene fluoride (PVDF) and CdS
are investigated. It is shown that the obtained composites in corresponding choice of the components can serve as atreffective photosensitive

materials.

Hama nocmynaenun: 05.05.99

Pedaxmop: C.H Mexmuesa
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TEMIIEPATYPHBIE TAPAMETPBI KOMIIPECCHOHHO-TEPMO2JIEKTPHYECKHX
CHCTEM B PA3JIMYHBIX SKCTPEMAJILHBIX PEXHMAX

®.K. ATECKEPOB
HIIO «Ceneny» Hucmumyma Quzuxu AH Azepbaiioncana
370143, 2. Baxy, yn. . Azaesa, 14

B paBote paccMOTPEHEI BOMPOCH ONTUMHIALHY TEMICPATYPHEIX NAPAMETPOE KOMIPSCCHOHHO-TEPMOBICKTPIHSCKIX CHCTEM (TKO) »
PASTHUHER DKCTPEMANGHEIX pexcMax. CNpOCKTUPORAHK KOMNPECCHOHAO-TEPMOGNISKIPHYECKHE OXNARHTENH B PEKHMC MAKCHMATLHOrO
MONHAEHMA Temneparypsl. [IpH 3ITOM ONTHMANEHLIE SHAMCHHA TEMNEPAaTYPE (Tn) TCINIDBOID CONMPIKEHIA KacKaaos (TEMICpaTypa
HCTIAPHTENA KOMIPECCHOHHOIO ACPEraIa) OKASHBAIITCA OTIHYHAMMA 0T 3Ha9eHAfl T INA peKHMMA MAKCHMAIRHOTO XOMOAHILHOIO
xoaddrmuenra TKC, Halinennsie pacactrbie GopMyns! sna perreaeHuA Ty Guini HONOMEI0BAHEL NPH KOHCTPYHPOBAHAN KOMIIPECCHOHHO-

TEPMOIACKTPHIECKHK OXTATHTECH.

H3pecTHR  TONYAPOBOOHAKOBBE TEPMODIEKTPHIECKHE
xaMeps! [1], npepHazHAYEHHBIE AJIA TEMMEPATYPHBIX HCIbl-
TaHHA paimmHoli anmaparypsl B 1a0opaTOpHBIX YCIOBMSX,
[lonynpoBOAHMKOBEIM KaMepaM MNpUCYI PAfl OOI0KHTENb-
HEIX Ka4eCTB: HeGONbIIAE rafapHThl, BO3MOKHOCTh HCIOMbL-
30BaHHL B JabOpaTOpPHBIX YCMOBHAX, NPOCTOTA M YI00CTBO
yrpapineHnsi 1 ofcryxnpanna [2]. H3 panssix [2] cnemyer,
9YT0 HCNOAB3OBAHWE B MaNoTalapHTHBIX TEPMOKAMEpaX Kac-
KaIHOTO TEpMOMNEKTpHYeckoro oxnakachua {T0) tpelyer
BCACOCTBHE MAJIOTO XOJIOAWTbAOTO Kod(duuyenTa Gonbmoi
yaenbHoll notpebmeMori  moumocts  (~150  Br-am™),
PAlHOHATBHEM e, BHAHMO, SBAIETC NPHMEHeHHe KoMOU-
HEPOBAHHBIX KaCKANHBIX YCTAHOBOK, PealHIYIOUWIMX Padjiiy-
Hble PHINUECCKYE PHHLHAND 0XMaMACHHA,

ManoraGapHTHEE T¢PMOKAMEPEL O0BIYHO BHITIONHAOTCA B
BHI¢ ©NUHOrO arperata, B KOTOPHIf BXOJAT coBeTBEHHO
KaMepa, XOMOAMNALHBIE arperar M BCTIOMOTaTensHoe obopy-
HOBAHUE.

H3pecTHO npuMeHeHHe BOSAYIIHBIX  XONOJWILHEIX
MaAlMH B KAMEpaX ¢ MEHHMANLHON TeMnepaTypoii 10 MUHYC
100 °C, mia Gonee HUZKMX TeMNePaTyp NMPHMEHAIOT Ta30RbIE
XONOMMNLHLIE MAIIHHEL, padoTaiomne No UMKy CTHpITHMATA,
B KOTOPLIX paGounM TenoM fengercd rennii {3,4].

W3 nuTepatypHbLIX TaHHLIX CHEAYeT, YTO WA 3HaUeHHH
pabouux o6beMoB nopsaka 20-60 1M’ H TETNIOBBIX HATPY3OK
B HECKOMBKO NECATKOB BATT OTCYTCTBYIOT ManorabapuTHbIe,
HAJEKHBIE, MPOCTRIE B YKCIUTYATALHA CHCTEMBL OXJTAKICHHA,
cnocobHele o0ecnedKTh MOHHKEHHE TEMNEPaTyphl B ofbeme
oo Musyce 50 °C. PAn NpeHMYIIECTE TEPMOMIEKTPHYECKOT0
OXNAXIEHHA, TAKHX KAK MPaKTH4ECKH HEeOrpPaHUHMEeHHBIA
pecypc  paboTocnocoGHOCTH, GeciIyMHOCTb, OTCYTCTBHE
OBHAYUIHXCA “MacTe, XONOAWNBHOTO areHTa, IWIABHOCTE H
AIPOCTOTA PEYAHPOBAHEA XOMOIONPOH3BOANTENEHOCTH, Bbl-
COKdA TOYHOCTh TOMASP:K2HMA 3afarHOH TeMNepaTypm B
oGbene, ONpeaemoT HENeCOOGPaHOCTD er0 MPHMEHCHTLA,

Jns poCTHEEHHA TeMnepaTyphl MEHYC 30-60 °C B ofpe-
Max B 20+60 1M’ ONTHMANBHOH CHCTEMOM ABIAOTCA KOM-
GHHHPOBAHHBIE KOMIPECCHORHC-TEPMOMEKTPHICCKHE X010~
AWIBHBIE YCTAHUBKH.

TaxuM obpasoM, HEOOXOIMMOCTE MPOBEACHAA WCCASHO-
BaHuil Mo ONTHMU3ALMH CHCTEM, CBOOALIMXCA K BRIAB/ISHHIO
yCHoBRN HamBeiCufeH TeMnepaTypHo->HepreTrueckoll 5¢-
$eKTHBHOCTH NPH 2a)aHHOM TemnooTRoasmel ¢nocoGHOCTH
HCCEDYyeMOTO ATPETaTa, He BLHIBIBATA COMHEHHH.

PaccMOTPHM HECKONEKO BapHAHTOR oTrTHMAsanyy KTC:

1. MakcuManbHbIH XonoaHNbEHLIA KO3 PHIIHEHT TPH peany-

3AMUH TEMOEPATYPHOTO PEKHMA, YAOBICTBOPAIOIETO YC-

(min)

. fmdr} g fmim) imin}
ok T > T, > TK,T , roe Ty a Ty

IHAYEHRd HEKHHX NpeleloR TeMIepaTyPHRIX YPOBHEH,
obecneqnBaeMbIX, COOTEETCTBEHHO, B HCHAPHTENe KOM-
NPeCCHORHOrO arperata H Ha pagyaropaX XONOZHBIX
caeg Tepmobatapeti (TH).

2. MpoexkTHpoBaHHE YCTPOHCTE, OOECTICYHBAIOIIHK MAKCH-
MANBHOS MOHKEHHE TEMOEPATYPSI MPH  TEIIOBHIX

Harpy3kax, CBEICHHMX K MUHHMYMY.

max min
3. Pempmpl MEXIY £ B Tpp .

naA

XonopuneHei#l kK03QGUUHEHT £
no GopMmyne;

KTC onpenemsercs

o
@
w* + W™

Ege

TE
TAC O, - BAIXOAHaA XOAOZHNBHAA MOMHOCTE KOMIIPECCHOH-
HO-TEPMOIEKTPHUSCKON CHCTEMB!, PaBHAg XONOHALHOH

K
MolmHOocTH Tb; W H W . MOIIHOCTE, NOTpeGnaeMas
KOMIPECCHOHHBIM arperarom u Th.
TipomsBeas HECNOKHBIC MpcoOpazoBARHA, MOMKHO NONY-
YHUTh

& &g
g + Klg, +1)°

(1)

Exr

rae X -koxpHUMeHT TEMIOBONO 3amaca 00BIIHO IPHHHMAE-
MEIA papHERS 1.1+1.2 B onpeaengeMblii U3 YCIOBHS

K
= g—&; @

W3 ypasnermn (1} cmegyer, 49TO IAA  peanM3amuu
HauGonee 3KOHOMHAHON paloTH KOMOPECCHOHAO-TEPMO-
MEKTPHUECKOH TepMokaMeps! crenyer ofecmedmBath, BO-

(EPBRIX, peXHM £, TepMobaTapen, B, BO-BTOPBIX, paboty
KOMAPECCHOHHOrO Arperara MpH HEeKOTOpOH ONTHMANBHOH
MpoMexyTOuHOH TeMnepaType.

X



t
IprpaBHKBaA HYH0 MPOU3BOAHYIY £.,, MOKHO HaHTH
yCIOBHA paboThl KOMIPECCHOHHO-TEPMOMIEKTPHGECKOH CHe-
TEMBL B PeXKUME £ . ©

B & _ K-g,
gr(gn- + 1) (ﬁc + K) © &g

3)

B 4acTHOCTH, ypaBHeHHE (3) MNO3BONAST OMPEICNHTh
ONTHMATBHYID TEMNeparypy T, TEIIOBOTO COOpAACHHS
KOMITPE€CCHOHHOI'O arperaTta.

JAaBHCHMOCTH  XONONWABHBIX  KO3(ppHIMEeHTOR &
XONOAHNLHOR (3 M 3NEeKTPHUECKON N MOIRHOCTH OT t, IIA
PaINHYHBIX arperaros BRIYACHEHE W MpHBENEHH B pabore
asTopa [5] manHoff crathM. C JMOCTATOUHO BHICOKOMN
TOTHOCTEI0 MOYCHO NOMOMKHTE

&) = d,T, + b,

4
Qi) = a1, + b, @

Tae 3HAaueHWA d,,d,,b, W b, AN BhIIEYKAZAHHLIX
ATperaToB, BHYHCAEHHBIE ABTOPOM, NPHBENEHE! B {5].

IIpennonarad, 9T0 MakCHMaJbHBIe pexiMBl pabotel T 1
TKC, 10 ¢c1p

(TE} = I . MTO - Tn
nax *
T -T, (M+1)

]

3)

MOKHO NONYHHTD HOCHe BHIMHOHM Au(epCHLMPOBAHHA
no T, :

or-n.m K
(ML, -T)-(MT -T) (4T +5)-{47, + b, + K)
(6)

Pemaq ypapHEeHue (6) OTHOCHTENBHO T}, HalieM:

i1 1-M, . .1
Tn=—1-[li\/ L 3), ™
i, _ i}

TIpH DpeABapHTENBLHLIX PacyeTaX MOMXKHO HCXONHTh M3

TOTO, 4T0 Tc', = T,+10K.

Tloaromy ypasrernue (7) MokeT GLITE HCITONL3ORAHO N4
OLEHKH ONTHMAMLHOTO JHAYCHHA TEMNEPaTyYPRl HCTIADHTNA
KOMIPECCHOHHOrG ArperaTa MpH NMpoeKTHOM Nondope ero H
OCYIEeCTANCHUY HATANOYHLIX paboT.

B MpPAKTHEE BeChbMa YaCTO BOIHHKAST 33434a obecnege-
HHf MAKCHMAILHOTO NOHWKKGHHA TEMIepaTypsl ofLexkTa B
MATEIX 00BbeMaX MpH OTCYTCTBMU TENAOBHIIeReHHi, [Ipoek-
THPOBAHHE AN 3THX LeNel KOMIPecCHOHHO-TEPMO3NeKTpH-
YeCKOro OXJAMHTEN MPOMIBOLHTCA HA peknM AT.,. , TIpH
3TOM OMTHMANEHEIS 3HAYEHHA T, OKAILIBAOTCA OTAHUHLIMH

(KT)
max ‘'

JeficteutentHo, 13 pacyera TE B 3TOM cimyuas Ha pexHM
ATy, cHEAYET:

OT 3Ha49cHHH T, B4 pEXAMa &

ne’

o =
! R

3, 1
R ey, i | L , @
[211 z(n O)] ()

rae & — Ko>3(pPHUHEHT TEPMOIAC LeNH; z — TEePMOIREKTPH-
ueckad >PPeKTHRHOCTE, R — JIEKTPHUECKOS COMPOTURNSHHE
BETBH TEPMOMJIEMEHTa; 1 — IHCO TepMO3NeMeHTOB B Gata-

'th'maau (2) u (4), nomyuum:
2
K= [21"2 -ig - To):| = d,T, + b, (10)
Z

Peman ypapaeHne (10) OTHOCHTENBHO T, TIONYYEHM:

T, =-CJ—-[1-—\]I—4'52 'C°],(11)
2c, c:

rae
2

¢, = k=27, - b,;

2
n
CI=Kiz+do;
2
¢, =2kt
2" R

rae Tak Kak BRIpAsKEHNHE
= - - 2 - -
o, =4d, -ler - (M - 1)+ rv] 0 <P G 4 a2
H.?=Tods'[K_bs'(M2_I)] 1
o, =r, - [(Mz - l] . b, - (b + K) . Kd MOT] T0, HCIIONIB3YA paznokeHEe B paa Teilnopa
@
1-4-cz-ca%=l&£.4-c2-co__£ 4-¢,-¢Y .
c? 2 ci 4 C, ’
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DK AJECKEPOR

OOAY4HM, npeHefperas 3-M WISHOM ¢ TOTPEILHOCTHI0, HE
npepsimatomett 7-10%:

D62

K

n 2
ne
K

zT, - _bQ

(14)

z + d,

Vpasuerma (10) © (14) 6w ®CnoaL30BaHE! IIPH
NpeHBAPHTENLHEIX  PACUeTAX  KOMCTPYKIMIA  PAITIIHRIX
EApRAHTOB KOMOPECCUOHHO-TEPMOAIEKTPHUSCKHK XONOAHIE-
HIKOE B 00beMe Jo 60 IM® H TeMnepaTyp 10 Munyc S0°C.

[1] FO.H Ligemxos, Al H{epbuna, E.I Moxopusiii, AI1.Ca-
ourca, @ Oemem, AA  Bepoun. XonoguwnbHax
TeXHHKa, 1971, Ne 1, ¢. 6-8.

[2]1 H.B. 3opun, 3. 3opuna. B xH. «TepMO3EKTPHIECKAE
XONOAWIbHUKH ¥ reHepaToper?, JI. «3Jmepria», 1973,
c. 136,

[4] A.M. Apxapos, K.C. Bymixecuy. B kH. «TexHnka HH3KHX
TeMueparypy, M., «3ueprisi», 1976, ¢. 511,

[5] @K Anecxepos. AuccepramMoHHax paboTa
«ManoraGapnTHMe KacKAJHEIE H KOMIOPECCHOHHO-
TEPMOVIEKTPHYESCKIE TEPMOCTATRl  IMIA  TEMISpATyp
MuHYe 50 — mmoc 80°C.», 1987, ¢. 158,

[3] B4 Baiinumeiin, BM  Kawmoposuy. B En.
«Hu3KkOTeMNepaTypHEE XOJNOSHABHLIG YCTAaHOBKIY, M.,
«ITHmesas NPOMBIIIEHHGSTER, 1972, ¢. 351,

¥ K. Blaskarov

KOMPRESSION-TERMOELEKTRIK SISTEMI SOYUDUCULARIN MUXTALIF EKSTREMAL REJIMLORDO
TEMPERATUR PARAMETRLORI

Meqalode kompress-termoelektrik sistemlorin miixtelif ekstremal rejimlerde temperatur parametrlerinin optimize meselelori
dyrenilmigdir. Maksimum asa@ temperatur rejiminde kompression-termoclektrik soyuduculart hesablanmigdir. Bu zaman kaskadlar
aras1 temperaturun optimal qiymetlori (T, T, -nin maksimum soyutma emsali rejimindeki qiymetlerinden forglidir. Temperaturan
(T, hasablanmasi Ggiin tapilmug formulalar kompression-termoelektrik soyuduculann yaradilmasinda istifade edilmigdir.

F.A. Aleskerov

TEMPERATURE PARAMETERS OF COMPRESSIONAL-THERMOELECTRIC SYSTEMS AT DIFFERENT
EXTREME REGIMES

Problems of the optimization of temperature parameters of compressionat-thermoelectric systems (CTS) are constdered at different ex-
treme regimes, Compressional-thermoelectric coolers have been projected at the regime of the maximom temperature lowering. Then opti-
mum values of the temperature ( T,,) of the thermal integration of cascades (the temperature of the evaporator in the compressional set) differ
from values T for the regime of the maximum cooler coefficient of CTS. Obtained formulas for the calculation of values T were used at
designing of compressional-thermoelectric coolers.

Hama noemynaenun: 03.03.99 Pedaxmop: M.H. Anuee
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PACYET YACTHYHLIX MPOBOAUMOCTEN MEXKAY KOILIAHAPHBIMH
IJEKTPOJAMH HU3KOTEMIIEPATYPHOI'O KOMITO3HITHOHHOT'O
INEKTPOOBOI'PEBATEJIAA

T.M. XAJTHHA
Anamaiicxuii Focyoapemeennviii Texnuveckuti Yuusepcumem
656099, Poccus, 2. bapnayn, yn. Jenuna, 46

C uensio Gonce OBOCHOPAHHOFO MPOEKTHPOBAHMA HHIKOTEMIEPETYPHEIX KOMMOGHIHOMHLIX 0Gorpesareneli MeTonOM KOHPOPMHOTO
OTOBPAKEHHA M HEMOCPERCTBEHHOND OMpPEAeNeHHA HATPMKEHHOCTH INEKTPHYECKOTO [OJ BHNOMHEH TOYHGIA PacteT “acTHYHBIX

NPOROAMMOCTEN MeX(Ly KOMNAHAPHBIMH YTCKTpOnaMi oGorpepaTenei.

IlpH npoeKTHPOBARAA HUIKOTEMIIEPATYPHEIX KOMIO3H-
OAOHHHX 3AeKTpoofiorpepareneit AoMUMO nNpoBoduMocTed
MEKIY KOIUIAHADHEIMH MICKTPOAaMH (PHCYHOK, 3), Haiinen-
Heix B pabore [1], HeoGXoauMO 3HATE H SACTHYUELIC MPOBO-
AHMOCTH G}z, G 3 MEKAY BHCOKOMOTCHIHATEHBM ICKTPO-
ZoM 1 v yuacTaMu Aglp;, AgzA;, COOTBETCTBEHHO, (PHCY-
HOK, 6}. 3T0 n03B0NAET ONPeNeNUTh JOKANLHEE PacTpeaene-
HiA noTpebageMoli MOIHOCTH (TeMNepaTyphl) 3mexrpoobor-
peBaTeNA [0 WNMPHHE MEXTpomoB. [l TouHOro pacuera
DPHMEHHM MeTOl KOH(popMHOTO oTo0pakeHHs B Henocpen-
CTBEHHOTO OTIPENeNeHNd HAMPMXEHHOCTH TIONA C YYETOM Ma-
TeMATHYECKON AHATOTHH MEXTY NMOTeHUHAMLHBIMM IIOAMH
[2]. TIpHHSAB 3AIITPHXOBAHHYI) O0NACTh 34 YaCTh IVIOCKOCTH
KOMIUIEKCHOTO TEPEMERHOrD Z, KoH(OPMHO 0TOGpasHM ee
Ha BEPXHIOID MOJYIUIOCKOCTE HOBOTO KOMIREKCHOIO Iepe-
MEHHOre £ Takium oBpasoM, 9Tolh cofmoaanocs Cnesyromes
COOTBETCTBYE TOYEK YKA3AHHBIX IUIOCKOCTEH:

TO9KH B INIOCKOCTH
z c
0 : [
F(l-a) +a,
t(1-a+d) ::‘:a;
#(1-43) | #af
+1 Fa,
*1+4h Fa,
jh oo

Jauuoe orofpakeHHe OCYIECTBISTCA CASHYIOUIEH

dyHruReit [2] :

zZ
g = aisn(Ko -l— ’ ka], (1

a

rae k, = —L . MOmyAb MOMHOTO SMMANTHIECKOTO HHTEr-
a2

pana nepeoro pofa K, ONMPEAEIAeMOro COOTHOWICHAEM

L}

b 5*0‘. 2
Kﬂ

’
K, « monMeiii >1MATHYECKHH WHTEIPAd NEPBONG PoXa ¢
y1 - kZ;

Z
sn[K o I ’ ko) - SMIKITHYECKHH CHHYC.

AOTIOMHATEALHLIM MOAYNeM K, =
IMpu Z = (.I - a)
l-a

§ =a, = alsn(Ko —}.-_’ ko),

OTCKIA

a 1 -
- = sn(Ko S kﬂ]. 3)
a, 1

AHATOTHYHO HAXO0JHM:

% - sn(Ko L-a +A,ko); @
a, 1

L .1 -
-a'i = SD{KG _‘41- ’ ka)- (5)
é; 1

TakuM o0pa3oM, TeOMETPHYECKAd HacTh 303941 NOIyaeT
TOYHOE pelleHne ¢ IOMOUIBIO KOHDOpMHOTO 0To0paNeH .

YuMTsiBad, 9TO NPH KOH(OPMHBIX OTOOPaKEHHAX TIPOBO-
IHMOCTH MEXAY COOTBETCTBYIOUIHME 3/CKTPOJAMH COXpa-
HAIOTCA, I0CTATOTHO HafiTH NPoBOJHMOCTE B CHCTEME SIIEKT-
poaos, NMpHBENeHHON HA PHCYHKS, 6.

Mogylib HATPAKEHHOCTH MOAA E CHCTEMBL 1EKTPOAOB B
oTobpake RO WIOCKOCTH NpR 77 = O ¥ pasHOCTE MOTeHLEA-
noB AU wmexuay DnactuHamu 6san onpedenensl B [1] n
HMEIOT BHA:

A

2 _ 2flez _ ik (©
Jer - alle -

dy dg

= 2A|—Lee . (9
!V(af - &) - &)

E, ., =

AU
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Tok I;; Ha ysactke ApA), MeKTpoma 2 Ha SAMHMAY
ANUHEL oTIpefeisieTcs To hopMyne

L ) d
I, = ya.[E"Ff’dg = yAaj J(‘fz _ aziaz _ ‘f_zj
(8

rac y -YOGIBHAi 3NEKTPOTIPOBONHOCTL  PE3HCTHBHOTO
MaTepHana.

Mpueeas B (7) H (8) JUIMATHYECKHE MHICTPANBI K
HopMansiol QopMe {3] n noaenks (8) ra (7), momyunM
CNEAYIDILEE BbIPAXEHHE A YACTHIHON NPOBOAHMOCTH Gip

Ha eJIMHHLLY JUTHHEL
F( , !

G,., = =
2 2K(k)

&)

rze K (k) ICTHELH INABNTIYECKHN HHTEMPAT IEPBOTo poLa
¢ MOTyNIEM

a)

-\ E\" \

o e
-‘.l'o & o

CAy A‘\R&‘,

)

Pue. CHCTeMa ¢ KOMIIABAPHEIMY CKTPOAAMY: & - HCXONHAN CHCTeMa; §— paceTHAA MOAENb; B~ CHCTEMA B oTo0pakeHHOA TMIOCKOCTH;

n

l-a

’ ka) (10)

F(p, k') - nenonmuili snammmirieckuii MHTerpan nepeoro
poza ¢ MoIyneM

k¥ = 1 - k?

an

W apTYMEHTOM

¢ = arcsin

68

1.2 - BHCOKONOTEHIHANLHBIH H HHIKOTOTCHIRANLHBIF JACKTPOAR; 3 — PE3HCTHBREHA MaTCPHATL.

B KOTOpOM 2, / aE, HAXOAHTCA H3 OTHOIIEHAA BhipaxkeHutt {3)
n(4)

Ecm 4, = 0,84 = a,108, = @ = & M KK
4

cnexyer uwz (12), ¢ = - 1§ REpaKeHUe MII PacucTa
2

NPOBOAMMOCTH G MEKAY YIEKTpomaMu 1 M 2 coBrafaeT ¢
opMysnoil, npuseaenHod B [2]



(14)

Jng BeOOpPa ONTHMAMEHBIX Pa3MepoB TEXHHUECKUX
YCTPOHCTB, pPeanH3yIOUMX pPaccMOTPeRHYI0 pacueTHYHo
MOJEeNb, YAOGHEe NMONRICBATRCA OTHOCHTENBHON YACTHMHOHR
MpoBOaMMOCTEIO.  [logenHR JeBHE M MpaBhle  YacTH
BrIpaXcHNH (9) 1 (14), moayqIM -

Gy _ F(f,D, k')
= o (15}
G K(x')
C 1IeABID COMOCTABNEHHA NpeNeNbHbIX  3HaueHuH
YACTHIHEIX npoBonAMocTeH RaiineM HACTHUHYIO

NPOBOIMMOCTE MEXIY MEKTpoaoM | n yuactkoM AEZA; u
COOTBETCTBYIOMYIO TAaCTAYHYEO NpOBOIMMOCTE G,; B
HCXOHOM MockocTH. Tak kak Tok I, ; Ha eAVHHLY MIHHB

Ha YuacTKe A:JZA; onpenenaeTca no Gopmyne

A ﬂ'—(ﬂrk’)
ﬂs‘z %

(16)
TO HCKOMas YacTHYHAA MPOBOAHMOCTS G;; HA SIHAMHY K-
HbI

7.[%0 ”J(

17y

rae F((DI, k') - HENMOMHBHI JJUIANTHYECKHME HHTerpan
MEPBOTO POIA ¢ MOAYNEM k' H apTYMEHTOM

(18)

LY

Tlo AHATOTHA c OTHOCHTERBHOH HACTHHHOH
MPOBOOUMOCTREY  G:,/G  HA ocHoBanuu (17), (14) Hatinem

OTHOCHTEJIBHYIO YaCTHUHYIO NPOBOAHMOCTh G)3/G, KoTopas
onpefemerca no gopmyne

Gis — F(‘?’N kr) ) (19)

G (k')

Ecnd Ap=A;, , T. 8. A4 4+ A, = a,T0 a; = a; W,
OUeBHIHO, NOUKHO BLINONHATECA CASAYIOIEe PABEHCTED!

G = G, + Gyye (20)
IToncrasus B (20) npassie vacth gopmyn (14), 9y u (17),

TIOIYYHM
K(k') =

Flp, k') + Flp,, k). (D

69

(21)
ctgy, = ktge,noITomy cnpabeannBa ¥ Qopuyna (20).
@opMyis (9) 1 (17) NOKA3LIBAIOT, 9TO Y4CTHYHEIE [IPOBOAL-
MOCTH CHCTEMB JOBONBHO CIOXKHBIM 00pa3zoM 3aBHCAT OT €6
TEOMETPHMECKHX XAPAKTEPHCTHK, T. K. MOMYMEHEI A

TowaccTBo BRIIOJIHAETCH, Tak kak  [4]

NPOHIBOAbHEIX  PA3MEPOB  JNCKTPOAOB. LEm  y4acTkH
INEKTPONOB A K A; MaNk, TO YKA3aHHLIEC BRIPAKEHNA MOWKHO
CYIECTBEHHO YTIPOCTHTD, MPHBEAA HX K BMAY, YA0GHOMY nas
AHANH3A H Pacy<Ta. Y KalaHHaA [eJIk NOCTHIaeTCA IyTeM pas-
NOoKeHHA BCeX (YHKUHMI, 4epes KOTophle ONpeHenaoTca
OPOBOAMMOCTH, B PALH [3] HpH ¢oXpaHeHHH B NOCHCOHHX
OJHOTO HIH ABYX YICHOB,

JInA aHanuza pachpeleneHnA YacTHYHEIX NIpOBOXAMOCTeH
B cHeTeMEe oCO0HI HHTEpec NPEACTABIAET OTHOLIEHHA
HACTHYHBIX NPOROAMMOCTEH, B KOTOPBIX TOKH
OACMHTHIBAIOTCA HAa KpalHFX YyyacTkax, T. € (12/Gps

BoteesieM  npubmikeHHYl0  pacueTHy:o  QopMymy

a 1
YKa3aHHOTO C<iydad Npe A=Ay , — << 1,; > I R
1
A
-— e 1,
a

IMoacnus nesblc H OpabMe dactH dopmyn (9) u (17),
[OTYIAM

Gy, - F(Q?, k') 22)
Gis F’((;)I, k')
a A " >
Takkak <= << 11+ << 1,10 Bl - 3,

Torma us (12) u (18) cnemyer, uro

’1 — a’/a;
~ 1 - az/az )(23}
0 1

@ << 1 H@; << 1,CneIoBare/ibHO, F((@J, k') & P,
a F(@I , k') = @, u nosromy Buipaerme (22) mpumer
credyronmi NpHGIFKEHHEIH BH]

l-ao/
oy 24
1}1—%2/2 (24)

Hcnonksys npabnna npuOMLKEHAEIX BHIACHCHHH B

@
Gys ¢,

1
— » 1 ®H

1

a, l-a i2ge2 &

— = s K k| = kK
'{" '“] 2 12

; (25)
a, 1
-a—°-=sr[K01-a+A)ﬁl—£k;Kg[a AJ 26)
8, 1



LM XATHHA

5 1-4 1 £
3';_ = SJ{KOT,I(OJ ~ I-Ekffi'f @

Hopcraeman  (25) - (27) B (24) nocne pAma
npeofpaoBaHyii M YNPOIIEHWA HAXOAMM HpPHOMKEHHOS
BEIPAKCHHE [UIA PACICTA ACKOMOTO OTHOUICHES

512 2a
= . (28)
Ecm, ramprmep, 4fa = 0,1, To éuféu = 4,5,

T. €. YaCTHYHAS OPOBOIUMOCTL Gy MPEBHIINAST YACTUIHYIO
NpOBOIHMOCTE G 3 B 4,5 pasa.

3TOT BHIBOA  NOATBEPXAASTCA M YHCHEHHBIMM
3HAYEHUAMH OTHOCHTENBHBIX YACTUMHBIX IPOBOIEMOCTEN
G2/ G, paccCUMTaHHEIMA HAa 3BM no Tounol dopmyne (15).
Kag cnemyer w3 HONyYeHHRX NAHHLIX, Ha YJacTke A,A,, C
OTHOCHTENRHON mHpuHOH A/a =0,1=10% cocpemoTOIEHH

CNenyIye IHAMCHHA OTHOCHTE/IbHBIX YACTHYUHBIX

a
npoBoAEMOCTell G;2/G B 3aBRCHMOCTH 0T OTHOWECHHA — M
1

1l
;1 =] (3HAMCHIA CleBa) H ; =5 (3HAYCHNA CTIpaBa):

29-36 30-48 33-57

G
=< % 36-64

a
- 0,2 0,4 0,6 03

B Toxe BpeMA HA Y4YacTKEe AgA; ¢ TakoH ke
oTHocuTenRHON uwmpmHoRt A, [2=0,1=10% 3Hauemms

OTROCHTENBHBIX  YACTHYHBRIX  MpoBOAMMOCTefl  G;3/G,
PAcCUHTAHHEIE Ha OCHOBE dopmynal (20), nMel0oT moBONBHO

MEUIBIG IHAYCHA:
"
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H3 npuBEACHHBIX JAHHBIX HETPYJIHO MOICHYHTATH, 4TO C
a

YBIHYCHHEM  OTHOLICHAA E OTHOWIGHME  Gp2/Gi3
a I
YEEeNTHYMBaeTCa oT 4,6 {mpu — = 0,2; ; = 1) Ao 320 pa3
1
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ABaNOrHvHEIe FAHHBIC NOMYYeHH H MpH — —1 0 ~>>1
h

a
OKe NpH E«-l. Hanpumep, npu A/a=AI/a=0,1; i=0,9;
1 a G 6
—=5 (—=0,18) 3HaueHHA —2 =679, —2=0,1%, a
h 1 G G

12 a
=670. C yMCHBIICHHEM OTHOIDCHHA — OTHOIICHHE
h
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G

—iZ  pomwkaercs u, manpmmep, mpr dfa =AI/a=0,l;
Gy3

a 1 Gy,

—=0,5, —=5 oTHOWIEHHNe¢ —= =32, T.¢. B ITOM CJay4ae
h h Gs

PABHOMEPHOCTb PacNpeleieHHA NPOBOAHMOCTH N0 IIHPHHE
ACKTRPONOB YBO/IHYHBACTCA. Ha AAHHBEIX pacdctra CacayeT

a 1
TaKke, IT0 mpy — ~l m —>>1 Ha yuacTke Aply; ¢ Manoil
1 h

MUpHHOE A cocpefloTOYEHa PAKTHYECKH BCA MPOBOAHMOCTE
i
a
cucteMbl. Hampumep, npa — =08 u ;=5 HA YUacTEe Apdo;
1

¢ OTHOCHTENbHOE [MHPHHOH /_‘If a =30% cocpeaoToteHo %

NPOBOAHMOCTH CHCTeMH. Herpyano noacumraTe, Y10 Ha
OCTAMBHOM YUacTOK AgyA; © OTHOCHTENBHOM IIHPHHOM
4; /a =70%, uro cocTapaaeT AI=0, 561, IPHEIOMHTCA BOETO
10 % npoBOZHMOCTH CHCTeMBL, T.e. Ha Goasinel nonopHAe
cucteMbl (56 %) Ha yuacTke Ap,A; MpaKTHuecK# He Gyner
MPOTEKATh WEKTPHYECKHA TOK W, CNefoBAaTENbHO, OHA He
OyaeT HarperaTeCA.

Bonge GnaronpHATHHE YCIOBHA MOAYHEHBE JJIA CIY4Yaa

1
;»1 npa %«1 131015 0,15350,9. B oM cmyyae, Kak
h
a bl
cnemyeT M3 JAHHEIX pacueTa, Hanpuwep, mpH —=0,5; ';‘1=5
h

Ha YyacTke A/ a=0,5 cocpenoroueno 91,2 % NpoROIUMOCTH
CHCTEMBl, @ Ha OCTAIBHYK) YacTh CHCTEMAI € IMHPHHOH
A;=0, 051 npoxomurea 8,8%. B IromM ciydac TONBKO Ha

A
yHacTke AgA; ¢ OTHOCHTENLHON umpuEON —=5% He
1

1
Oyaer npoTexkars TOK, INPHHMEM NPH OTHOHIEHHH *};25

YKa3aHHBIH OPOUEHT SyAeT Nanark.
Takmm  ofpasom, it Gonee  paBHOMEPHOro
pacnpegeneHAd TPOBOIHMOCTH MO IMUPHHE JJEKTPOROB H

YMEHBUIEHHS 30H, B KOTODHIX NPOBOJUMOCTE H,
ClIed0BaATeNbHO, TOK H nm‘peﬁn 1eMan MOITHOCTD
EKTPpooborpeBaTeia MaJTL, CAeAyET  YMEHBLIATH

a a
OTHOLOCHHA — HWIH —.,

1 h
JaHHBle pacdeTa, COBMECTHO c topmynolt  (20),
NO3BOJIAIOT  OTpefeliMTh OTHOCHIGABHYKY TO[PEILHOCTh
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bopmyner (28), kotopas npm —<0,3, E50,1 H ;122 He
& h

npeeemaeT 17%.

TMpr  Beo6XxoaumocTH  pacieTa  NPHOMIDKCHHBIX
&
OTHOCHTENBHBIX 3HATEHAH JACTHIHLIX NPOROAMMOCTeil --{-&
G
&y .
u - NpHOMIDKCHAY? NPOBOJIMMOCTE G MOXKHO
[ -
onpenenHTh no dopmyne [1]
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y (.. 2n. 2h @)
4 21(1 + = 1In —J
zl 7a

G

Tounsle 3HaueHHa Oe3pasMEpHOH MPOBOAHMOCTH —

¥

MOTYT OBITP MCOIONLIOBAHB IS ONOpEHAENEHMA TOYHHX

IHAYCHAN YaCTHIHLIX MPOBCAAMOCTEH Gip, a ¢ YueTOM (20) H
YACTHUHBIX [IPOBOAHMOCTEH Gt 3 CHOTEMBI,

MMorysentble TouHble W mpHOMKeAHbIC GOpMyIR M

BHIBONBI, @ TakKe MACCHE YHCHACHHBIX  3HAuEeHHH
MPOBOIMMOCTEH NO3BOJIAST Gonee 06ocHoRAHEO
NPOCKTHPOBATh  HMIKOTEMMEpaTypHEE  KOMITOZHLHOHHLIE
MEKTpooborpeBaTeny.

[11 M Xasun. Dnextporexnnka, 1996, Ne 6, c. 56 - 59.

[21 {0.A. Hocceno, 3.C. Kovwanos, MI. Cmpynckuih. Pac-
qeT MICKTPHIecKol eMKocTH, J1.; DHerns, 1981, ¢, 288,

(31 HC  Ipadwmeiin, HM  Powcux, TaBma
HHTETPAIOB, CYMM, PAXOB W NpomiBemeHmd, M.
DmaMarri, 1963, c. 1100,

[4] P.F. Byrd MD. Friedman Handbook of elliptic inte-
grals for engineers and physicists, Berlin, Gottingen,
Heidelberg: Springer-Verlag,1954, p. 650.

T.M. Xalina

ALCAQ TEMPERATURLU KOMPOZISIYALI QIZDIRICILARIN KOPLANAR ELEKTRODLARI
ARASINDAKI QisMi KECIRICILIYIN HESABATI

Algaq temperaturlu kompozisiyah qizdinicilarm optimal layihelegdirilmesi meqgsedile ¢lektrik sabesinin bilavasite te 'yin edilmosi
vo konform oks olunma metodu ilo qizdineinin koplanar elekirodlan arasindaki qgismi kegiriciliyin deqiq hesabati yerine yetiril-

migdir.

T.M. Khalina

CALCULATION OF PARTIAL CONDUCTIVITIES BETWEEN THE CO-PLANAR ELECTRODES OF THE LOW
TEMPERATURE COMPOSITION ELECTRICAL HEATER

With the purpose of more reasonable designing of low temperature composition electrical heaters the calculation of partial conductivity
between the co-planar electrodes of heaters is carried out by the method of conform reflection and immediately determination of the electri-

cal field intensity.

' AHama rnocnmynnenun: 16.09 98
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OFMEHHOE B3AUMOJENUCTBHUE MEXY HOHAMM Ni * B Ni-Cr- Sb-K/y-ALO;
KATAJAN3ATOPE B 3ABHCHIMOCTH OT TEMIIEPATYPHI IIPOKAJIKH

C.A. JUKAMAJIOBA, |0.H, HOBPY30B, A.A. KACUMOB, C.A. 3EITHAJIOBA,

X.A. AMPAXOBA
Huemumym wegbmexumuneckux npoyeccos AH Asepbaiioxcana
- Baxy, ya. H. Paguesa, 30

B uacroxmeﬁ CTarbs npenc'rannenm peay.rlm:a:ru uccne,monaﬁuii BIMAHHA MATHHTHOMG COCTOSAHHR OKCHOOB IEMEHTOR, BXOAALIMX B
¢OCTaPp Ra'ra.rmsarropa, Ha WX KATATHTHYECKYIO AKTHBHOCTE B JAPHCHMOCTH OT TeMIICPATYPR NPOKENKA.

YCTaHOBNEHO, HTO YREIHYEHHE TEMIEPATYPE! MPOKANKH KaTanusarepa Ac 600 °C BsrisipaeT pocT OOMEHHOTO E3AHMONCHCTEHA MEKLY
HouaMH Ni** #, KaK CAEACTRHE, IOBLIHICHAS AKTHBHOCTH KaTANK3aTOpa, Beiwe TeMNepaTyp npokaikk karamusaropa 600 °C nabmonaerca
cTalanmiaps  oOMCHHOTO HHTCIpana, 4TO OOBACHAETCA 3apcpcHueM QOPMHPORSHHA CTPYKTYPH KATANM3ATOPA B TIPOLECce €ro

MPOKARHBAHMA,

B pesynnTate HMccaefoBaHWA BAMAHMA MATHHATHOTO coC-
TOSHHA OKCHAOB MEPEXONHEIX 2MEMEeHTOB HAa HX KATANMTH-
4eCKYI0 aKTHBHOCTh, YCTAHORNEHO, 410 YBEJWHEHHE TeMre-
PaTypH MPOKANKH KaTaMM3atopa OO ONPENciCHHOrO npeneia
EBI3BIBAET POCT 00MEHHOTO B3aNMMOALHCTBAA MEXKAY HOHAMHE
Ni®* ¥, KaK CNSACTBHE, aKTHBHOCTb KATANM3AaTOPa NOBBILA-
eTc. F3MeHeHHe MarHHTHOTO COCTOARHA KaTanH3aTOpOB H
MX 3EKTPOHHRIX CBOHCTE XapakTepAsyeTca 00MeHHbIM B3aH-
mopgericTsreM (OB) HOHOB METAANOB B COSTHHCHMAX.

OKCHAB MEPeXOAHBIX METALIOB ABIAIOTCA COCTABHOM
YacTHI0 MHOTHX Karanmsatopos. HspectHo, dro dmsmko-
XHMHUECKHE CBOMCTBA TBEPABIX TGN, B JACTHOCTH KaTalH3a-
TOPOB, 3ABHCAT OT MATHHTHOIO COCTOAHNA, Tak, IpH nepexo-
A CTEXHOMETPHYSCKOH JAKHCH HHKENIA M3 aHTH- B TIApPaMar-
HHUTHO® cocTofuHe BOMMIM Toukn Heens (Ty) wabmomaercs
aHOMaNLHOe H3MeHeHHe KOMMpUIHEHTA TEIIOBOI'G PACKIH-
PCHES, MATHWTHON BOCIIPHMMYHBOCTH (), VAensHoMH Termmo-
eMKOCTH, 3/IeKTPONPOBORHOCTH H pALia ApyriX choticTa,

B awreparype HMeloTes pabots [1], cprmeTenbeTByIOMME
0 TOM, TTC HIMEHEHHC KOHOUrypalluM CNHHOE B peImeTxe
TBEPAOTO TENA MOTYT ONMpeASNeHHBIM 06paloM BANATL HA ero
KATANTH4ecKHe CBOlCTRA.

Jnst 3axicH AAKeNA OOHAPYMEHB! HIMEHEHHSA B KHHETHKE
KATANATHIECKOTO OKHCNeRud okucH yrneponz (CO) H mo-
TOMHOTo o0MeHa kUCNOpoaa. B Toxke Bpems, B Apyrux pabo-
TaX He GBUIH YCTAHOBTEHM KaxHe-TAO0 W3MEHeHHA B KHHETH-
YeCKHX XapaKTepRCTHKAX OKHCTeHNns CO B OKPECTHOCTH Ty.

IIpOTHEOPEMHBOCTE PE3YAETATOR OTIEABHEIX paoT BEI-
3bIBAET, HA HAWI B3JSAA, HEOOXONHMOCTh HPOBENCHHA HCCii~
DOBAHKH BAMAHWA MArdMTHOIO COCTOSHHA OKCHIOB HEpe-
XONHBIX 37€MCHTOB Ha HX KATAIHTHIECKYH) AKTHBHOCTD,

HUseectHo [1,2), wTo anTudeppoMarAATHOS B3anMonei-
CTBHE MEXEY FOHAMH Ni* 8 NiO #nH OpyrHxX okcHmax
OCYUIECTRIAETCA uepes noH O 1o, Tak HAsHBAEMOMY, MeXa-
HH3IMY KOCB¢HHOTO o0MeRa Kpamepca-Axgepceera. Beenenue
OOCTOPOHHMX HOHOB B NiQ MOMeT NpHBECTH K pe3koMYy
HIMcHeHWI0 00MERHOTO B3auMoaclictsus [1], uto BasEBacT
CMEIISHHE TOYKH NEPEX0la b CTOPOHY HH3KHX TeMIEpaTyp.
DHCOCPHMCHTANBHO BaKHBIM MAPAMETPOM NS OLEHKH
0OMEHHOTO B3aHMOASHCTBHA B aHTHEPPOMATHCTHKAY ARIA-
eTCH HIMEHEHUE MATHETHOH BOCTIPHMMTHBOCTH B TOUKe
Heens (7)) u npu teMnepatype Beifcea [2,3). Jina oueHku
obmeunoro saauMonetictang B NiO mo Ty B y (Ty ) ynobHo

acnonsaosaTe Meron Bere-Tlaktepca-Beficca (BITB), B kotTo-
pom oBmennsifi uaTerpan | J| onpenemserca hipaxenneM

|7l

X " Z;I(TN) »

= I'(z, S) - C,

roe k - mocrosuuas Bomsmmana (1.39-107 Txx'); z —»
JAHHOM ¢Iywae, 4Hcno Ommkaliiux coceell HoHOB Nit2
Cw — MonapHan nocroannas Kiophw; y(Ty) — marsnTHas
BOCIIPHAMYHBOCTE B TOYMEKC Hec:m; & — CIIHH Ha OOHH ATOM.

@(Z;S) = .g.z_s(s_'_l);
oo oA o

4. (z-1D-s5-(s+1)

rie z - ¢yukuua Jlawkesena, 3Havenua ¢yskupi ¢ m I
maum B pabote Kk, Cwmapta [4] wia pazmuaeix z B 5. Jaa
TpaHeUCHTPHpPOEAHHOH  KyOMWeckOH  pellleTKH  MOKHO
NPUHATE =6, 3 0GBEMHO-LICHTPHpOBaHHOM pemeTkH z =8.

MoxHo paccMATPHBaTh CNTyval, KOTAZ MMESTCA TOJLKO
IBa OCHOBHBIX B3aHMOJCHCTBHA:

- plamMofelicTBe ¢ mepBoil  KOOPAMHALMOHHOM
chepoli - Jy;

- B3aEMoOpeHcTBHe ©0 BTOpOH  XOOPIRHALMOHHOMN
cipepoii - 7.

Hpu pacuere oOMeHHOrO  B3aMMOJEHCTBHA — MB

OrpaHHdUNuCE: BIAUMOACHCTEAEM NHIME ¢ TNEPRO KOOp-
auHauHouHol cpepoil. JIng okcHna HAKens ORUIG MPMHATO
3= 1, a cpefHee 3HaueHue pynkuMe & (z,s) =0.125.
KaTana3aTopos, CHHTEIHPOBAHHNYX B YCIOBHAX MOHIDKEHHOTO
AABNEHHS, C YBETHYSHUEM TeMNePaTYPh! BPOKAIKH o7 673 o
873 K pacret 3HaueHUe TemmepaTypsl Heena ¢ 493 no 543 K
(cM. Tabn. 1). Jdanereiilee noBHIIEHWE TEMIICPATYPB! BbI-
3L[BAET HEKOTOPYHD CTA0MNHIANMIO HIMEHEHHA BETHTHHEI
TeMOepaTypst Heens u yxe npe Temmeparype Beime 923 K
HaOmonaerca ee crmaa (Puc.1).

JHEPrHA MATHHTHOTO B3ZHMOACHCTEHA HECKOMICHCHPO-
BAHHKMX CMHHOB COCEAHHX ATOMOB IPH KOMHaTHOH TeMnepa-
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Puc. ] Hamenenue 3nauenns remneparypsl Heema { Tw) oT npo-
KankH { Top, ).

Type MeHbIDe BEMHYHHB! E<kT, MOTOMY CTHHEL OpPHEHTH-
POBAHLL MOYTH AHTHNAPANNEALHO M HaBmomaerca aHTH(ep-
poMarseTuaM. ONHAKO, 3HepTHH paBHOR kT JOCTaTOUHO,
4ToOH BEHI3BaTh HEKOTOPEE (UIYKTYALHEM CYMMApPHOTO Mar-
HHUTHOTO MOMEHTA CHCTeMbl HecHapeHHBIX CTIHHOB. Brrme
TeMiepaTypsl Heels 3HepruA MarHuTHOro E3auMoneticTeus
cTaHoBUTCA §onbmIe kT M NpH 3TOM aHTH)EppPOMATHETHIM
PAIPYIIAETCA M CHCTEMA CTAHOBHTCA NAPaMarHATHOM.

C POCTOM KOHIUEHTPALWM NMApaMATHRTHRIX LIGHTPOB (#)
pacTer WHCAD, HENAPHEIX 3MEKTPOHOB B COOTBETCTBHH ¢

x = n - (n + 1), [ 17 — YHCAO HEMapHBIX JEKTPO-

HOB.
Tabnmaa 1
OueHka 0GMECHHBX B3AEMOACHCTBRY MEXTY HOHEMH HHKENA B
Ni-Cr-5b-Kiy-ALO; KaTanM3arops B 3aBRCHMOCTH
OT TEMNEPATYPEE POKATkH ( Trpox ).

*) . pacyer pexen no Merony EITB.
Topor s K Ty, K Ik,

673 493 61.625

773 503 62.875

823 523 65,375

873 543 67.875

923 541 67875

973 538 67.250

CMelueHHe ToKH Heels B CTOPOHY BBICOKHX TEMIEPATYD
C PpOCTOM TEMIEPATYPHI IPOKAAKH YXa3bIBAET HA TO, 4YTO

NPOHCXOUHT YCWIEHNe CTeOeHH aHTH(eppoMarHUTHOrO
BIaMMoneiicTBu 8 Karamusarope. Kak cnemyeT n3 prc.2, o6-
MEHHBIH HHTEFPaN pacTeT N0 TeMneparyps npokaikx 873 K
10 BeawuHHb 67.9. 3atem Ao 923 K Heckonbko cTafwinsHpy-
eTcA, a Beime 923 K CHHKaerca, 9To No-BHAMMOMY CBA3AHO ¢
GopMHpOBaHHEM CTPYKTYPBl KaTamH3aTopa B OpOLEcce
OpoKaIHBaHHA. OOHAKO, HAAO0 OTMETHTR, YTO IIPH TEMIIE-
paTypax MpOKANEM Bbile TeMmacpaTyphl Heemn kaTanuzatop
OCPEXOOUT B MapaMariHTHOC COCTOAHHE H, CNeJOBATCNBHO, B
KATAIH3ATOPE NMPOUCXOZAT NEPEX0oa OT CHALHO OTpULATENb-
HBIX AHTHEPPOMATHHTHHX B3auMoAcHCTBHE 10 <mabbIx
NAPAMArHAUTHEIX,

#81

v
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Puc. 2. Hamenenne ofMenHoro Baaumoneiicrara (J/ k) My
noraMH HREeNS (Ni2*) B Ni-Cr-Sb-K/»ALO; katanusa-
TGP H €10 BKTHEHOCTE B PEAKTIMY JErHIPHPOBAHHS
NpOMaHa B 3aBHCHMOCTH 0T TEMIEPATYPBI POKAIKH

(Tip.)

B puny Tore, 9T0 Ha JARHOM KATANH3ATOPE HCCHETyeMBIA
MPOLECE HRrRAPHPOBAHEA NPONAHA MPOROAAT MPH TEMMEPa-
Typax Belme 500 °C, 1o ecTh OpH TeMmepaTypax 3HAUH-
TCIBHC BRIOE Ty H, CICAOPATENLHO, KAk HA IOBEPXHOCTH
KaTal3aTopa, Tak B B 00beMe 3BKHCH HHKEIA HAXOIHTCA B
MapaMarHHTHOM COCTCAHMH, [IpHYeM aKTHBHOCTE KaTanH3a-
TOpa4 NPH TeMNepatype mpokxamkn Bbime 500 °C pacter #,
CIENOBATENBHO, POCT aKTHBHOCTH KaTalH3aTopa ofycaoBnen
POCTOM MapaMAaTHHTHEIX LigHTPOB BEINe TemnepaTypsl Heems

(Puc. 2).

[1] JA. Pople, A.G. Segal. ).Chem.Phys.,1987,v.47, p.158

[21 AA PKozones, B.B. Bowos. B xkH. «MeTomsl,
ANTGPHTMBl H MPOTPaMMbl A/IA KBAHTOBO-XHMHMECKHX
pacietoB monekys», Haykopa JIymka, Knes, 1976,

[31 D.W. Kiark, HS. Hush, JR. Jandle. ]. Chem, Phys.,
1972, v. 57, p. 3503,

[4] Hwc.Cmapm. B ¥H. «DpdexTHBHOE mone B TEOpHH
MarHeTH3Mar, M, 1968, ¢. 271,

$.0, Camalova, A.©. Qasimov, S,H, Zeynalova, X.0. Omrahova

KOZORMD TEMPERATURUNDAN ASILI OLARAQ Ni-Cr-Sb-K/y-ALO3 KATALIZATORUNDA Ni2+
IONLARI ARASINDA QARSILIQLI T9'SIR MUBADILOSI

By meqalade katalizatorlann terkibinde olan elementlarin oksidlerinin maqnit halmm onlarin katalitik aktivliyine te’sirinin

tedgiginin neticeler gosterilib.

Miieyyen olunmusdur ki, kézertme temperaturunun 600 *C-e qoder artmas: NiZ* ionlan arasmda qarsahgh te’sir milbadilesinin
biyimesine, bunun da neticesinde katalizaterun aktivliyinin artmasina sebab olur.

Kézortmo temperaturunun 600 “C-de oldugda deyigen inteqrahin stabillogmesi migahide olunvr ki, bu da katalizatorun
kizartme prosesinde onun qurulusunun tam formalagmasinin basa ¢atmasi il izah olunur.



8.A. Jamalova, A.A. Kasimov, S.A. Zeinalova, Kh,A, Amrakhova

EXCHANGE INTERACTION BETWEEN Ni** IONS IN Ni-Cr-Sb-K/-AL,0; CATALYST DEPENDING ON
CALCINATION TEMPERATURE

The result of study of determination of the effect of magnetic state of oxides of the catalyst elements on their catalytic activity depending
on calcinations temperature are presented in the article.

It has been established that the increase of the catalyst calcinations temperature to 600 °C leads io the growth of exchange interaction be-
tween Ni** ions and consequently to increase of catalyst activity.

At temperature higher than catalyst calcinations temperature at 600°C the exchange integral stabilization is observed and this is ex-
plained by completion of catalyst structure formation during its calcination.

Hama nocmynaenun: 11.06.99 Pedarmop: T.P. Mexmues
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