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GeAu tipli agqarli yarimkegiricilords hoyacanli maqnit sahslorinin tosiri altinda miioyyan tezlikli termomagnit dalgasi
yaranir. Hidrodinamik harakotlorin siirati dalga vektoruna perpendikulyar istigamatlondirilir. Elektron tutma tezliyi (rekombi-
nasiya zamani) vo desik emissiyasinin tezliyi miioyyan nishatlorlo doyisir. Xarici elektrik sahasi temperatur gradientino per-
pendikulyar yonoldilmisdir. Temperatur qradienti vo xarici elektrik sahasinin digar istigamatlori tigiin hayscanlanmis termo-
magqnit dalgas: forqli bir tezlikdo bas verir. Termomaqnit dalgalarinin geyri-sabitliyi sortlori sabit temperatur gradienti giymo-
tindon vo niimunonin temperaturundan asihidir. GeAu niimunosindoki asqarin odadi giymeti termomagnit dalgalarinin
hoyacanlanmasi {igiin ¢ox vacibdir. Gostarilon problem xarici magnit sahasi olmadan holl edilir. Xarici bir magnit sahasinin
olmasi, siibhosiz ki, termomaqgnit dalgalarinin oyanmasi {igiin sortlori ohomiyyotli doracods doyisdirocokdir. Bu nazariyys bii-
tiin doyison fiziki komiyyatlorin ki¢ik dalgalanmalar Gigiin qurulmugdur. Termoelektrik enerjinin elektron vo desik hissolori
yiik dastyicilarinin yaranmasi vo rekombinasiyasinin xarakterik tezliklori ilo ifads edilir. Termomagnit dalgalarinin hoyacan-
lanmas: tigiin sorait tok vo ikiqat yiiklii morkozlor daha aktiv oldugda nozers alinir. Sarj dasiyicilart tam tok va ikigat monfi
moarkazlarls doyisir. Bu yarimkegiricilords termomaqgnit dalgalar1 goriinonds elektron konsentrasiyalarinin desik konsentrasi-
yalarina nisboti miioyyan giymatlors malik olur.

Acar sozlor: coroyan sixlig1, termomaqnit dalgalari, agqarli yarimkegiricilor, Nernst-Ettingshausen effekti omsal
PACS: 78,55, 73.22.CD, 73.22

GIRIS
PROBLEMIN 9SAS TONLIKLORI
Kegirici miihitlords yiik dastyicilarinin hidrodi-
namik harokotlori doyison maqnit sahasi yaradir ki, bu Niimunonin daxilindo hidrodinamik harokatlorin

da sabit temperatur gradiyenti VT = const oldugda ©olmasi halinda asagidaki formada elektrik sahosi yara-
tezliyo malik termomaqnit dalgalari [1] hoyocanlan- — 1Ir

dirrr w; = —cAkVT (K -dalga vektoru, A-Nerst- E*—E4 [3H]+I(Vn+ _ Vn} (1)
Ettingshausen effekti omsalr). izotrop va anizotrop ke- c el n° n°

cirici miihitlords termomaqnit dalgalart uzununa
El | VT va enino istiqgamatlords yayila bilir kLVT [2].

Asqarli yiikk dasiyicilart zamanla nasil vo ] R ) K
rekombinasiya ilo doyisir vo yarimkegirici qeyri- katlorin siirati, H- hidrodinamik horakotlords yaranan

L . . . . TVny TVn_ . .
barabar va tarazliq veziyyatine kegir. Masalon, GeAu  maqnit sahosi, prin o e daliklarin vo elektronlarin
+

yarimkegciricisinda, qofosdoki qizil (Au) atomlar1 bes 1
yiik vaziyyetinda, neytral, tok monfi yiik vaziyystindo
vo ikiqat monfi ylik veaziyystinds, ii¢lii monfi yik
vaziyyatinda vo miisbat yiik voziyyatinds gablagdirilir.
Xarici soraitdon (elektrik sahasinin mévcudlugu, maq-
nit sahosi, temperatur qiymati v s.) asilt olaraq, bu as-

+

E - xarici elektrik sahosi, - hidrodinamik hars-

konsentrasiyast  doyisdikde  niimuno  daxilinda
hoyacanlanan elektrik saholoridir.

Elektronlarin vo daliklerin cari sixligi formaya
malikdir:

=0 E -o[EA]-a VT -a [VTH]

garliq soviyyolori az, vo ya ¢ox doracods aktivdir. )
Otaq temperaturunda Ge-do tok vo iki dofs monfi qizil j, = U+|§* +o! [E*ﬁ ]+ aﬁT +al [ﬁTH”]
cirklori daha aktivdir [2]. GeAu birlosmoasindaki geyri- T,
sabit voziyyatlor [3, 4, 5]-do nozari cohotdon daha at- J=1 =) @)
rafl 6 ilmigdir. Tabii ki, GeAu tipli mkegiriCi- - -~

1 Oyronilmigdir. Tabii ki, GeAu tipli yarimkegiri - C otf 4

lorde termomaqnit dalgalarinin hoyscanlanmasi elmi
maraq dogurur.

Bu nozari igds sabit temperatur qradiyenti olduq-
da iki n6v yiik dastyicist (elektron vo desik) olan ya- o -
rimkegiricilordo termomagnit dalgalarmim hoyocanlan- ~ €nerji, a, -desik vo elektron Hall termoenerjisi, H-
mast sortlorini dyronacayik. Yiikdastyicilarin generasi-  hidrodinamik horokotls hoyscanlanan maqnit sahasi-
yasini vo rekombinasiyasmni nozors alaraq, GeAu tipli ~ dir.

A
o4-desik vo elektron kegiriciliklor, ai'-desik vo elek-
tron Hall kegiriciliklori, ay-desik va elektron termo-

yarimkeciricilordo geyri-sabit termomagqnit dalgalari- Problemi xarici magnit sahesi olmadan nozerden
nin hoyacanlanmasi zamam xarici elektrik sahosinin  Kkeciririk vo buna gorodoH=H', H, = 0..
dayisma intervalini vo generasiya ilo rekombinasiya (4)-5 (1-3) avaz etsok

tezliklori arasinda olageni tapirigq.
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E =—M+A’[VTH]+LrotH MU LIRS ER ©)
c 4o el n; n-
alariq. Burada o=0, +0_, A= & _ diferensial termogiic, A’ = w - Nernst-Ettingshausen effektinin
o o

omsali
(El’ H I) - ei(l&—wt)

oH
—— = —CrotE 6
- (6)

H’=%[IZI§’]

Yik dasiyicilarinin rekombinasiyast vo generasiyast mévcud olduqda, elektronlar vo doliklor iiclin da-
vamliliq tonliyi formaya malikdir.

Dy divj._ = (alj ;M ding, = (GL] %
ot ot ), ot ot ),
on_ on
E = 7/7(0)nlfo - 7_(E)an ’ at+ = 7+(E)nl+N - 7+(O)n—Nf (8)
0 Eg)N°
Burada N - bir dofo monfi morkoz, N_- iki dofo monfi morkez, n,, = L)N‘Onf, n_ = %n? - ta-
7+(EO)N 7/7(0)N—
razliq vaziyystindo konsentrasiya.
NOZORiYYD
Dispersiya tanliyini alds etmok ti¢iin (5-6-7-8) va tonliyi birlikds holl etmaliyik.
ON_ (on on_
7{?) [7) ©
r r
N =N + N_ =const (10)

Asagidaki xarakterik tezliklori toqdim edirik
V7:7—(E0)N0’ V+:7+(O)N9 7+(E0) y vo(0)=7y_ ( )nlvv+(0):7+(0)n2

Biitiin (E',H',n;)~ei(l&fm)deyisenlsri nozors alaraq (5-10) tonliyindon E’ve nj ticiin asagidaki iki
tonliyi asanhqla alds edirik.

—ion,, +dlv{l9 n, +n%ulE + == +ﬂ+ [9 H ]+| o Tk[—0 n—5J+n2uf+[|§0H—’]+iIZa+n’+}:
e M- (11)
v, (0! —v_n" ,
=i %—h(o)m
. - 0 oz, n° y n°u°T o(n.
—ion’ +divi-39.n. —n’u’E - == |9 H] i———k|l - |+ n%u [EO ]—Ika n’
& mon (12)

_y (0)V+(0)”'+——V—”'—

ivo-Q

’

—v_n
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I Q 2,2 T ' o oo
(szT &K . ck ]E,:ik[ni_n_J+2AVTyEOE,

e \n® n°

(13)-i (11-12) ilo avoz edorak, aliriq

E
|:—Ia)+lk19 ﬂ*Tk —k2a++v+(0)+v_+v—(o) +(pkE}
e lwo—Q
0 2 E 0
n, Tk u Vv n, =
+| = - =+ u, —~¢kKE, In_ =0
{n? e o0 n9¢k X} -
0 2 0
n® Tk?u, v_(0,(0) n’ -
— i KE, |n} +
|:n3 e ia)—Q :Ll— S¢l X +
. 2
+|:—|a)—|kl9—ﬂ‘Tk +ka_+v_ (0 u (plkEX}n’ =
e io—Q
2ik9y  2igy, ck? 2ikdy 2 ck?
(0=1 0 Hit — (01=1+ 0+ H —
am U, a aw U a‘w
isara etsok
Q, = |IZ§+ —|IZ§1+ —k?a, +v,(0)
Q. =-ik9 —ik9_+k2a_+v
0] —(0
+ = v;.((z )' = —vk(z) olduqda, dispersiya tonliklori (15-16)

[—ia)(ia)—Q)+ o,(io-Q)+v,(OWE + k&thAJr(la)—Q)}ﬁr +

0 _ o 0
+[:—gk91+(ia) Q) ik, I A+(ia)—Q)+v+Ev}n’:0
n® -~ . n®
—T K (iw-Q)-v_(0),(0)+ikI , —A (iw-Q)+vEv_|n, +
n, n+
+Fivlio-0)+ o io-0)-v (0. ~K9,A (lw-Q)h =0
kimi yazaqg.
2 = . o .
Burada Egix=“iE1k (1+ ZAOVZTEOJ, o, =+ik9, -k 3., At:1+i2k'9°+i
%1 Eo aw

Vv

(13)

(14)

(15)

(16)

a7

(18)

(19)

L v (0) [v.(0)F?
kK Lvy, > pu,, —=|—"~| , Eo L VT olduqda, (18-19)-dan asagidak: dispersiya tonliklarini aliriq

Vi

—(b+ib )x° +(d +ip)x* = (@ +i6 )% +(y +iy )X* +(r+ir)x-u=0

O 4o by = ck g+,917k
ck ck 20 ¢k ck

X=

dof kP Q. 89 gk Q8 ng9,

+
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g o @r Ao Q. 25 or 4G,
1= t=>%2 T3 2
o ck ck n, ¢

_dor%S 20009, 2009 8. 0§ 4.k
0= 3 + 3 + 3 0
c’k c’k c’k n, 4mc

o298 Q4K G K _n 209 8,
4otk Amc dmc n, ¢k

_40f98, 9.8, 28,
c’*k?  167°c* n, ¢°

o285, 2% 5, (2+ n ] L 2.a

c’o c n, c

2009 8. 88K

c2ck 4acko

n= 2a)T ‘91—'91+a+ _n_— '91—'91+k

c3k n, 4scto

4% a0
- 2
C

X = cﬂk A X=Xy+iX, X <<X, ovaz etsak, (20)-dan
w=w+ Wy =— X = o
o T @, Wy 3 Or, X 4
alariq vo geyri-sabitlik {i¢iin aliriq
40c; > 3ck6, (21)

n_ _2mroa, 22)

n, ok
Ey > 21 (23)

_ _cavr]s
[Zﬁmuf]%

o )2
Eqg <E| A'VT —

E

ck ) c
AVT H - c
o El(z‘/Eﬂ-HuE)}é

Beloliklo, GeAu tipli yuxarida gostorilon agqar-  termomaqnit dalgast hoyocanlanir. Xarici elektrik sa-
It yarimkegiricilords, hidrodinamik horokotlor natica-  hosi miioyyen bir intervalda doyisorse, termomaqnit
sinda sabit temperatur qradiyenti olduqda, geyri-sabit  dalgasi hoyacanlanir.
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Waves in the GeAu Semiconductors with

E.R. Hasanov, Sh.G. Khalilova, R.K. Mustafayeva
THERMOMAGNETIC WAVES IN IMPURITY SEMICONDUCTORS

In impurity semiconductors of type of GeAu, thermomagnetic wave with a certain frequency appears under the

influence of excited magnetic fields. The speed of hydrodynamic motions is directed perpendicular to the wave vector k. The
frequency of electron capture (at recombination) and the frequency of hole emission vary with certain ratios. The external
electric field £, is directed perpendicular to the temperature gradient. For other directions of the temperature gradient and the
external electric field, the excited thermomagnetic wave occurs with a different frequency. The conditions for instability of
thermomagnetic waves depend on the value of the constant temperature gradient and on the temperature of the sample. The
numerical values of impurities in a GeAu sample are very important for the excitation of thermomagnetic waves. The stated
problem is solved without an external magnetic field. The presence of an external magnetic field, for sure, will significantly
change the conditions for the excitation of thermomagnetic waves. This theory is constructed for small fluctuations of all
variable physical quantities. The electron and hole parts of the thermoelectric power are expressed by the characteristic
frequencies of generation and recombination of charge carriers. The conditions for the excitation of thermomagnetic waves
are considered, when singly and doubly charged centers are more active. Charge carriers change with fully singly and doubly
negative centers. The ratio of electron concentrations to hole concentrations has certain values when thermomagnetic waves
appear in these semiconductors.

J.P. I'acanos, II1.I'. Xanuaosa, P.K. Mycradaena

TEPMOMATI'HUTHBIE BOJIHbI B IPUMECHBIX ITOJYITPOBOJHUKAX

B mpumecHsix momynpoBogaukax tana GeAu BimsHHEM B030YyXJaeMBIX MAarHUTHBIX IOJEH MOSBISIETCS TepMOMar-
HHUTHAsI BOJIHA C OTIpeeN¢HHOI 9acToToi. CKOpOCTh THAPOIMHAMUYECKIX ABIKCHUH HAIPaBIIeHA IEPIEHANKYISIPHO BOJIHO-

N
BOMY BEKTOpPY k .Yacrora 3axBara OJIEKTPOHOB (l'lpl/l peKOM6I/IHaL[I/II/I) 1 4acTOoTa UCITYCKAaHHUS JIbIPOK MEHAIOTCA C onpe}lenéH-

HBIMH COOTHOIIEHUMU. BHelHee anekrpudeckoe nose £y HanpaBleHO NEPIEHAUKYIIPHO K IpaJueHTy TeMneparypsl. [lpu
JIpYTHX HAIPaBICHUSIX TPAAUCHTA TEMIIEPATyPhl U BHEITHETO 3IEKTPUIECKOro MO, BO30yXKaaeMasi TepMOMarHuTHAS BOJIHA
MPOMCXOAUT C APYroi 4acTOTOM. Y CI0BHSI HEYCTOHUYMBOCTH TEPMOMArHUTHBIX BOJIH 3aBUCUT OT 3HaYEHHsI IOCTOSHHOI'O Ipa-
JMEHTa TeMITepaTyphl U OT TeMIepaTypsl obpasiua. UncieHHble 3HaueHne npumeceil B oopasne GeAU NMEIOT OYeHb BaXKHBIS
3HAUSHHUs JUIsl BO30Y)KJIEHHUs TEPMOMAarHUTHBIX BOJH. [locTaBlieHHas 3a/aya pemieHa 6e3 BHEHIHETO0 MarHUTHoro mouisi. Ha-
JMYHe BHEIIHETO MarHUTHOTO MOJIs, HaBepHsKa, OyIeT CYIIECTBEHHO M3MEHSThH YCIIOBUS BO30YXKIACHHS TEPMOMAarHUTHBIX
BOJH. JlaHHAS TEOpHs MOCTPOEHA MPH MANBIX (IIYKTyallsX BCEX NMEPEeMEHHBIX (PU3NUECKUX BEIWIHH. DICKTPOHHOH U JbI-
pOdYHAst YaCTh TEPMOSAC BHIPAKAIOTCS XapaKTEPHBIMI YaCTOTAMH T€HEpalny M peKoMOMHAIMN HocuTenel 3apsaa. Paccmar-
PHBAIOTCS YCIIOBUS BO3OY)KAEHHSI TEPMOMArHUTHBIX BOJH, KOT/Ia OJJHOKPATHO U JABYKPAaTHO 3apshKEHHBIC IIEHTPHI SBIISIOTCS
Oosiee akTUBHEIME. Hocutenn 3apsja MEHSIOTCSI ¢ TOTHOCTBIO OMHOKPATHO U IBYKPATHO OTPHIATENBHEIME IeHTpamu. OTHO-
IEHNs] KOHIICHTPAINi{ SJIEKTPOHOB K KOHIIEHTPAIMSAM ABIPOK HMEET ONpeeIEHHBIC 3HAUCHNUS IIPY MTOSBIICHHH TePMOMATrHUT-
HBIX BOJIH B YKa3aHHBIX MTOJYIPOBOAHUKAX. 3HAYCHUSI YaCTOTHI BO30Y)KAaeMbIX TEPMOMArHUTHBIX BOJIH OOJIBILIE, YEM 4acTo-
Ta B030YXaeMbIX TEPMOMArHUTHBIX BOJIH B OOBIYHBIX IOJYPOBOJHNKAX 03 MPUMECHBIX YPOBHEH.
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