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KaHAHnapoa 6.~ .• npHMaTapoaa M.T., 
CTORHOBa 11.C. 

P17 - 12930 

K TeOpHH CBR3aHH~X COCTORHH~ Ha rpaHH~e pa3Aena 
B reTeponepeXOAe Me*AY ABYMR ABYXaTOMH~MH 
nonynpOBOAHHKaMH 

PaccMaTpHBaeTCR OAHOMepHaR MOAenb reTeponepeXOAa Me~AY 
AByxaTOMH~MH nonynpoBOAHHKaMH THna AB-BC c 8-noTeH~HanaMH. 

npeAnonaraeTcR, '-ITO noaepxHOCTb pa3Aena coanaAaeT c nnoc
KOCTb~ aTOMOB, KOTOP~e OAHOBpeMeHHO npHHaAne~aT ABYM KpHc
TannaM. Pa3BHTa TeOpHR CBR3aHH~X COCTORHH~ Ha noaepXHOCTH 
pa3Aena Ha OCHOBe S -MaTpHI.IHOrO nOAXOAa CaKCOHa-XaTHepa. no
ny'-leHO ycnOBHe CYlJieCTBOBaHHR 3THX COCTORHH~, npoBeAeHO ero 
aHanHTHI.IeCKOe HCCfleAOBaHHe H C~OpMynHpOBaH~ COOTBeTCTBy~
lJIHe npaaHna 3anpeTa. 

Ha OCHOBe 4HCneHHOrO aHanH3a AaHa rpa~H'-IeCKaR HHTepnpe-
1 Ta~HR YCflOBHR CylJieCTBOBaHHR CBR3aHH~X COCTORHH~ Ha rpaHH~e 
pa3Aena npH nOMOlJIH KPHB~x B-yo/ B -oTHOWeHHe peweT04H~x 
KOHCTaHT, y 2 - BenH'-IHHa nOTeH~HanbHOrO CKai.IKa Ha noaepXHOCTH 
pa3Aena/. 

Pa60Ta B~nOnHeHa B fla6opaTOpHH TeopeTH4eCKO~ 
~H3HKH 011.1111. 

Coot511l&HHQ 0t5!o&I1HHQHHOrO HHCTHTYT8 R.aepHbiX HCCn&I10B8HHA, .Qyt5Ha 1979 

Kandilarov B.D., Primatarova M.T., 
Stoianova I .S. 

P17 - 12930 

Interface States in a Heterojunction Between 
Diatomic Semiconductors 

The theory of interface states in heterojunctions bet
ween diatomic semiconductors is developed on the basis of 
an one-dimensional model and in the framework of the S -mat
rix approach. The condition for the existence of interface 
states is explicitly derived for the case of AB-BC
-type heterojunctions. Numerical analysis is also performed 
and the general features of the problem are discussed. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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1. BBE.QEHI1E 

reTeponepeXOA~ Me~AY AByXaTOMH~M~ KPHCTannaMH CTanH npeA
MeTOM nOBbiWeHHoro HHTepeca e111e c caMoro Ha4ana HccneAOBaHY!C1 
nonynpOBOAHY!KOB~X reTeponepeXOAOB / 1-4/ . 11HTepec K HYIM He
npecTaHHO yaenYI4HBaeTCR, OCOfieHHO B CBR3YI C YIX npY!MeHeHY!eM 
/HanpYIMep, GaP- GaAs , CdS - CdSe , GaAs- ZnSe 1-1 T. A./ 
B nonynpOBOAHYIKOBOC1 3neKTpOHY!Ke15-? / . 4TO KacaeTCR TeOpHY! 
COCTORHY!C1 Ha rpaHY!~e pa3Aena, TO OHa AOnroe BpeMR orpaHH4YI
aanacb caMbiMYI npOCTbiMYI OAHOMepHbiMH MOAenRMYI 3nY!TaKCY!anbHOrO 
KOHTaKTa Me~AY ABYMR OAHOaTOMHbiMYI KpY!CTannaMY! / 8-10 / Ylnl-1 
Me~AY OAHOaTOMH~M 1-1 ABYXaTOMH~M KpY!CTannoM111 1. HecMOTPR 
Ha TO, 4TO B nocneAHee apeMR 6~nYI B~ABYIHYT~ TeOpl-11-1, KOTOp~e 

BbiXOART 3a npeAen~ OAHOMepHbiX MOAeneC1 I 12-14/ , He06XOAYIMOCT b 
B y4eTe cne~YI¢YIKYI 3nY!TaKcY!anbHOro KOHTaKTa Me~AY ABYMR ABYX
aTOMH~MI-1 KPYICTannaMY! 3acTaBnReT paCCMaTpY!BaTb MOAenl-1, XOTR 
1-1 OAHOMepH~e, npY! KOTOp~X RBHO Y4HT~BaeTCR HanH4Yie aTOMOB 
ABYX COpTOB B Ka~AOM 1-13 3nY!TaKCY!anbHO-a~palJieHH~X KPYICTannoB. 
B 3TOM cny4ae a aaBY!CHMOCTYI OT ycnoaY~C1 a~palJIY!BaHY!R reTepo- · 
nepexoAa B03MO~H~ ABa TY!na noaepxHOCTYI paaAena: a/ noaepx
HOCTb pa3Aena, onpeAenR~lJiaRCR HAeanY!3Y!pOBaHHOC1 /¢HKTYIBHOC1/ 
noaepXHOCTb~, npOXOARUieC1 Me~AY ~ocneAHeC1 aTOMHOC1 noaepXHOCTb~ 

KpY!CTanna-nOAnO~KI-1 1-1 nepBO~ aTOMHOC1 nnOCKOCTb~ 3nY!TaKCY!anb
HO-a~palJieHHOro Ha Hee1 KpY!cTanna /noeepxHOCTb paaAena I po
Aa/; 6/ noaepxHocTb paaAena, coanaAa~aR c nnocKOCTb~ aTo
MOB, KOTOp~e OAHOBpeMe~HO n~Y!HaAne~aT ABYM KpHCTannaM /no
aepXHOCTb pa3Aena II POAa , ao3HY!Ka~lJiaR, HanpY~Mep, a cny4ae 
reTeponepexOAOB THna GaP-GaAs., CdSe-CdTe . B nocneAHee 
apeMR TeOpY!R COCTORHY!C1 Ha rpaHY!~e pa3Aena B reTeponepeXOAaX 
I POAa 6btna pa3BY!Ta HaMY! / 15 / . 

Uenb~ HacTORl!leC1 pa6oT~ RBnReTcR Y!ccneAOBaHY!e ycnoBY!R cy
lJieCTBOBaHY!R CBR3aHH~X COCTORHY!C1 Ha rpaHH~e pa3Aena B reTe
ponepeXOAaX c paaAenY!TenbHoC1 noaepXHOCTb~ ll poAa /aHanorH4-
HbiC1 cny1.1aC1 reTeponepexOAOB TY!na A- AB , TaKY!X, HanpY!Mep, 
KaK CdSe- Se, paccMoTpeH a pa6oTe 1 16 1/. ,[lnR peweHY!R no
cTaaneHHoC1 aaAa'-11-1 a AaHHOC1 pa6oTe Y!CnonbayeTCR s -MaTpY!4HbiC1 
nOAXOA CaKCOHa-XaTHepa 117 ,18 / . 

2. MO.QEnb 11 BOnHOBbiE ¢YHKL\1111 

PaccMOTPYIM nonynpoaoAHYIKOBbiC1 reTeponepexoA TY!na AB- BC 
I pHc. 1/. KoHTaKT Me*AY ABYMR nony6ecKoHe4H~MYI Kp~cTannaMY! 
xapaKTepHayeTCR HanY~4HeM noTeH~Y!anbHOro cKa4Ka -eV0 

noTeH~HanbHaR 3HeprY!R 3neKTpOHa B nony6eCKOHe4HOM KpY!C
Tanne(x~Q) ecTb 

t 



111 
t2 00 00 

(E } = -a - IU 2 ~ o(x-2na)+ U 
1 
~ o [ x-(2n +l )a]!, 

pot r m r n=O r n=O 

1-1 B nony6eCKOHe4HOM KPI-1CTaJ1Jle ( X < 0) OHa AaeTCR s~pa>KeH~-teM 

bt2 00 

(E )y= - IU£2 ~ o(X+2nb)+UP.t ~ o [x +(2n+l) b] I' 
pot m n= 1 · n=O 121 

np~-t4eM (E pot )p HaAO 1-13MepRTb OT ypOBHR - eV0 , 1-1 AJlR pac
MaTp~-tsaeMoro reTeponepexoAa 

aU r2= bU P2 131 

KoHe4HO, o6~~-tA aTOM B , KOTop~M s cy~HOCTI-1 onpeAenReTCR 
nosepXHOCTb KOHTaKTa, MO>KeT 6~Tb C OA~-tHaKOB~M ycneXOM, 
npl-141-tCJleH K 11~60MY 1-13 ABYX nony6ecKOHe4H~X KPI-1CTa11110B. Ha 
PH C. 1 A11R onpeAe11eHHOCTI-1 OH np~-t41-1C11eH K11 npaBOMy11 Kpi-1CTaJ111y. 

p 1-1 C • 1 • 0AHOMepHaR 
MOAe11b reTeponepe
XOAa MelKAY ABYMR 
AByXaTOMH~MI-1 nony
npOBOAH~-tKaM~-t C pa3-
Ae11~-tTe11bHOA nosepx
HOCTb~ II POAa. 
PeweT04Hble KOH
cTaHT~ Kp~-tcTa1111os 

cyTb 2a 1-1 26,a se-
111-14~-tHbl uji I j = r ' p ; 
i =1 ,21- xapaKTe

p~-tCT~-tKI-1 nOTeHLI~-ta-

1108 COOTBeTCTBy~
~1-tX aTOMOB. 

-d 

Uu 

-· 
I 

I 
u,1 

• £ ,., 
I 
I 

r~ 
0 -- "~---·--- ' I ; I I 

I 
u't1 

I 

Uu 

06~ee peweH~-te ypasHeH~-tR WpeA~-tHrepa A11R "npasoro" 1-1 "11e-
soro" Kp~-tcTa1111a aan~-tweM s B~-tAe 11~-tHeA HoA cynepno3~-tll~-t~-t ABYX 
11~-tH eA Ho-He3aB~-tCI-1M~X 6110XOBCKI-1X B011H ¢ , ¢*, pacnpOCTpaHR~-
~1-tXCR Hanpaso 1-1 Ha11eBO COOTBeTCTBeHHO / 17, 18 / 

• ¢ * (x) ¢ / x) 

1/Jr (X)=a2 ¢* (0) + (32 ¢ r (O) ' 

141 
r 

' 
¢ (x ) ¢l' (x ) 

p + f3 ----· 
1{1 E ( x) = a 1 ¢ (0) 1 ¢ * (0) 

e r 

2 

p 1-1 C • 2 • nosepxHOCT b pa3AeJla 

KaK pacce~-tBaTeJlb. 

a1 1-1 a2 1 {3 1~-t f32 I cyTb 
aMnJl~-tTy~~ BXOAR~HX 1~-tCXOAR

~~-tXI BOJlH. 

ol.--t 

ft-t 

oLI. 

fl2 

x-o 

3AeCb KOHCT.aHT~ a i lcoOTBeTCTBeHHO f3 i I CBR3aH~ c aMn11~-tTyAaM~-t 
BXOAR~~-tx l~-tcXOAR~~-txl BOJlH I p 1-1 c. 2 I. 

BbrpalKeH~-te A11R $yHKLII-11-1 1/Jr (x) , no11y4eHHOe B 1191 , B Haw~-tx 
0603Ha4eHI-1RX 1-tMeeT BHA 

1{1 (x) = 
r 

-2i all 2iall 
¢ ;!' (0)[ e sin kx- sin k(x-2a)] +Or¢* (a)[ sin k(x+ a)- e sin k(x-a)] 

= a2 . -t 

¢ * (0)sin2ak +Or ¢* (a)(l + e
2

IaJl )sinak 
r r 

2 i al1 - 2i aJl 
¢ (0)[ e sin kx - sin k(x-2 a)l +o r¢ ( a)[ sin k(X+a)-e sin k(x-a)l 

+ f3 _r_______ ----
2 2. 

. , 
¢ (O)sin2ak +o .P (a)(l +e - laJl ) sinak 

r r r 

rAe Mbl nOJlOlKI-1111-1 0 r = Ur1 / Ur2 , a 3Ha4eHI-1R $yHKLII-11-1 cp (x) 
r 

B T04KaX X =0 I-1X=a CBR3aHbl COOTHOWeH~-teM 

-i a Jl 
¢ (0) = ¢ (a) ___2os a/1 e ·---

r r au 
cos a k + __ r L sin a k 

k 

151 

161 

B 151 til eCTb KBa3~-ti-1MnyJlbC 3JleKTpOHa, 1-1 AJlR ero 3Hepr~-t~ 
E ~ ~-tMeeM 

E = t2
k2 

~ 171 

AnR $yHKL1~-t~-t V' p (x), ~-tcnonb3YR BbrpalKeH~-te 611oxoscKoA B011-
Hbr, pacnpocTpaHR~~eAcR BA011b 6ecKOHe4HOA OAHOMepHoA AByx
aTOMHOA peweTK~-t 1 17 / , aHanor~-t4Hoe 151, M~ no11y4aeM 
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.Pe (x) = 

¢ f (O)[sin,\ (x-t2b)- e -
2

i lJI/ sin ,\ x] + Dp ¢p ( -b)(e 2 i b l' sin ,\(x+b)- sin -\(x-b)] 

¢p (0) sin2b -\ + op ¢e (-b)(1 +e 2ibv ) sin b A 
+ 

= a 1 

!8! 

¢f\' (0)[ sin ,\ (X+2b)- e
2

ib v sin,\ x] +Dp¢y* ( -b)[ e - 2i bVsin A(X+b)- sin ,\(x-b)l 
+~ 1 ' 

¢ * (0) sin 2b ,\ + op ¢* (-b)(1+ e - 2i b v ) sin b.\ e e 

rAe h1· eCTb KBa31111Mny11bC 311eKTPOHa, ABHmy~erOCR B 11eBOM 
KPHCTa1111e, 11 Mbl no110m111111 op =Up 1 .' U p2 • A11R 3Ha4eHHi1 <IJYHK4HH 
¢e ( X) B T04KaX X = 0 11 X=-b HMeeM 

ib V 
cpf (0)= ¢p (-b)-COSb vebU ----, /9/ 

cos bA + __k sin bA 
,\ 

a 3HepreTH4eCKI1e napaMeTpbl A 11 k CBR3aHbl COOTHOWeHHeM 

A
2

=k
2

+ (2meV0 ) / h 2 • /10/ 

Tenepb Mbl yme B COCTORHI-111 nOCTPOHTb COOTBeTCTBy~~y~ S
/111111 R-/ MaTPH4Y pacceRHHR Ha reTeponepexoAe 11 TeM caM~M 
n011Y411Tb YC110BI1e cy~eCTBOBaHHR 110Ka111130BaHHbiX COCTORHI-1~ Ha 
rpaH114e pa3Ae11a a TepMHHax R -MaTPH4bl. 

3. nOCTPOEHHE R-MATPHUW rETEPOnEPEXOAA H KPHTEPHA 

CYmECTBOBAHH~ CB~3AHHWX COCTO~HHA HA rPAHHUE PA3AEnA 

KaK xopowo H3BeCTHO, yc110B11e cy~ecTaoaaHHR CBR3aHH~x 
COCTORHI1i1 3KB11Ba11eHTHO yC110811~ CI1Hry11RPHOCTI1 COOTBeTCTBy~
~ei1 S-MaTP114bl coaMeCTHO c orpaHH4HTe11bHbiM yC110BHeM o no11o
iKHTe11bHOCTH MHHMOi1 4aCTH KBa3H11Mny11bca ' 17/ /eM. TaKme 1~ 0 1 1. 
TaKHM o6pa30M, YC110BHe cy~ecTaoaaHHR "KOHTaKTHblx" cocToR
HH i1 , 110Ka11H30BaHH~x Ha rpaH114e pa3Ae11a, onpeAe11ReTcR yc11o
BHeM CI1Hry11RPHOCTI1 S -MaTPI-14~ reTeponepeXOAa np~-1 AOn011HH
Te11bHOM YC110BI111, 4T06bl n011y4eHH~ i1 TaKI1 M 06pa30M ypOBeHb 
HaXOA1111CR B 06~e i1 3Hepre TI14eCKOi1 ~e1111 ABYX, 3nHTaKC11a11bHO 
caR3aHHbiX Kp11cTa1111oa 18,15 / • B caMOM Ae11e, BMecTo S -MaTPH4bl 

4 

(:[ (
811 812\( a 1 ) 

S 21 S 22} a 2 

/11/ 

YA06Hee n011b30aaT bCR T. H. R - MaTp114ei1 

(~~ = (R 11 
a R 21 

\ 

R12X a 1) 

R 22 f1 1 

/12/ 

CBR3aHHOi1 C S -MaTPI14ei1 B3aHMHO-OAH03Ha4HbiM COOTHOWeHH c M 

(

-R 21 -1 

S = R 22 detR ~ 12) /13/ 

~CHO, 4TO yC110BHe CI1Hry11RPHOCTI1 S -MaTpl-14~ 3KBI1Ba11eHTHO 
YC110BI1~ 

R 22 =0 , /14/ 

a orpaHI1411Te11bHOe YC110BI1e, HaK11aAb1BaeMOe Ha KBa31111Mny11bC, 
MOmHO 3anHCaTb B BHAe 

11 = nr " ·' 2a + i ~; f. > 0, 

v ~n y" .' 2 b + iry ; '7 > 0, 

n = 1· 2 r ' , . .. , 

n e = 1,2 ' ... . 
/15/ 

3AeCb 4epe3 n r 11 np o6o3Ha4eHbl HOMepa 3HepreTH4eCKHX ~e11ei1 
/11aKyH/ ABYX KPI1CTa11110B. 

MaTpi14Hble 311eMeHT~ R-MaTPI14bl reTeponepexoAa Mbl no11y411M, 
KaK 06bi4HO, 113 rpaHI14HbiX YC110BI1i1, HaK11aAb1BaeMbiX Ha B011H0Bble 
<IJYHK41111 11 I-IX npOI13BOAHble Ha rpaH114e pa3Ae11a X = 0 • 

1/Jp (0) = 1/J r (0), 

I/J'(O) - Iji ,;(0) = 2 aU 
2

1/1 (0). 
r t r r 

TorAa yc110BHe /14/ Mbl MomeM 3an11caTb a B11Ae 

,\ sin 2 b v 

bU et 
(1 + --- tg bA) sin 2b,\ 

,\ 

k sin 2 a11 

au 
(1 + _!:!,. tg a k ) Sin 2 a k 

k 

/16/ 

/17/ 

npeo6pa3yeM Aa11ee /17/, 11Cn011b3YR COOTHOWeHHe KpOH11ra-neHHI1 
B C11y4ae ABYXaTOMHOrO Kpi1CTa1111a: 
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aU aU 
col- a 11 = (cos a k + ..:.:::.u__ sin ak) (cos a k + __ r2- sin a k), 

k k /1,3/ 

bU £ bU £2 
cos2b v = (cos b.\ + --1 sinbA ) (cosbA + -- sinbA), 

,\ ,\ 

HMeR B BHAY npH 3TOM,4TO fL 1-1 1/ npHHaAJle>KaT COOTBeTCTBYIOlJIHM 
3HepreTH4eCKHM lJieJlRM, T,e, 4TO B~nOJlHRIOTCR TaK>Ke yCJlOBHR 
/15/. nepeXOAR K HOB~M nepeMeHH~M 1-1 HOB~M napaMeTpaM 

X= a k . 2 
A ri =-a Uri 

Y =a A A Pi 2- b 2 U Pi . 
i = 1 . 2 . 

/19/ 

B=b/ a, 

rAe Ari , A pi npHHaAne>KaT HHTepsany /0, 1/, npeACTaBHM /17/ 
B BHAe 

W ± ( By , A p 1 , A y2 ) = - B W + ( x, A r 1 , A r2 ), 

W ± (By , APt , A p2 ) = - B W ± ( x , A r
1

, A r
2 

). 

B~pa>KeHH R AnR <I>YHK~H~ W± cneAY~He: 

W±(z, A j 1 ,Aj 2 ) =(-1)nj ( z-A j
2

tg z) x 

xy Ai 1 Aj 2 - z
2
-z(Ai 1 + ~i2 )ctgz 

(z-A 1 tgz) ( z -A 2 tg z ) 
J .I 

/20a/ 

/206/ 

/21/ 

3AeCb j =r npHBOAHT K Z= X ; j = f - K Z=By 1-1 <)>yHK~HR W+ 
COOTBeTCTByeT 4eTH~M 3Ha4eHHRM n / j=r , f) , a W_- He4eT-
H~M. T aKHM o6pa3oM , paseHCTBO /20a/ AaeT noKanH30BaHH~e ypos
HH Ha CT~Ke ABYX 3anpel!leHH~X 30H C npOT"'BOnOJlO>KHOR 4eTHOCTbiO 
/ ypOBHH THna E.3pTCa / 8 / /, a paBeHCTBO /206/ - COOTBeTCTByiO
l!IHe ypOBHH Ha CT~Ke ABYX 3anpel!leHH~X 30H C OA"'HaKOBOH 4eT
HOC TbiO. TaK"'M o6pa30M, /206/ onpeAenReT noKan"'3oBaHH~e ypos
HH 11 He3pTCOBCKOr011 THna, 1-1 Mbl OC060 OTMeTHM, 4TO H ~Jll-1 4He 
060HX THnOB COCTORHHH BCTpe4aeTCR TaK>Ke np"' reTeponepeXOAaX 
Me>KAY ABYMR ABy x aTOMHbiMH nony npOBOAH"'KaMH C pa3AeJ1HTeJlbHOR 
nosepx HOCTbiO I POAa 1 15 1 . 

6 

\ 

PHc.3. rpa<)>HK 
<I>YHK~HH W± .Cnnow
HaR /nyHKTHpHaR/ 
JlHHHR COOTBeTCTBy
eT s~6opy napaMeT

pos A j1 =0, 750 1-1 

a. ~. a. " 

A j2 =0 , 125 I A i1 = 
=0, 125 1-1 Aj-.2 = 

=0, 750/. a 1 "' b1 
RBJlRIOTCR HHlKHeH 

"' sepxHeH rpa
HH~aMH nepBOH 
3anpelJieHHOH 30-
H~ COOTBeTCTBeH
HO, a a2 1-1 TT -BTO
pOH. 

6 

6 

Wt(%) 

It 

2 

_, 

_., 

-6 

-e 

., .... --- .... "' 
I 

,"' 

Qe 1.0 u 

I 
I 
1 r 

I 
I 

I 
/ 

~ ... 

A , 

u 
2: 

;:!.0 

~CCJleAyeM Tenepb noBeAeHHe <)>yHK~HH W± • nerKO noKa3aTb, 
4TO 

lim W+ (z,A .1 , Aj2 )=yA .1An -z 2-z(A .
1 

+ A .
2 

). 
Z ... TT J J .r- J J /22/ 

04eBHAHO, 3TO B~pa>KeHHe HHBapHaHTHO OTHOCHTeJlbHO 3aMeH~ 
Ail ... A i2 . B paccMaTpHBaeMOM HaMH cny1.1ae W+ HMeeT TOT >Ke 
caM~H BHA, 4TO "' B cny4ae pa3AenHTenbHOH nosepxHOCTH I POAa 
/eM. paseHCTBO /23/ B pa6oTe 1 15 1 I. 

I 

~CnOJlb3yR COOTHOWeHHR KpOHHra-neHHH /18(, MO>KHO onpeAeJlHTb 
3HaK <)>yHK~HH W+ 1-1 W_ • nocKOJlbKy 3TOT 3HaK COBnaAaeT (0 3Ha

n· 
KOM Bbrpa>KeHHFi (-1) J (z-A j 2 tgz) , MO>KHO pa3rpaHH4HTb CJleAyiO-
l!IHe cny4aH. 

1. nycTb n i - He4eT Hoe , TOrAa HJlH a/A i l < A i 2 "'• cneAo sa-
TenbHO, W ( z, A .1 , A .o ) > 0 , V1 n"' 6/A .1> A .2 H\V (z A .

1 
A .2 ) < 0 

- J J"' J J - • J . J 
2. nycTbn j -4eTHOe , TOrAa <I>YHK~"'R w (z A .l A . ) scerAa 

nono>K"'TenbHa. + ' J • J 
2 

noseAeH"'e <)>yHKLI"' j;i IV+ no Ka3aHO Ha p"' C . 3 AJ1R KOHKpeT HbiX 
3Ha4eH"'i:1 napaMeTpOB A i~ ( j = r . r ; i = 1 . 2 ). 
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B~AHO, TaK~M o6pa3oM, 4TO ~3 ypasHeH~R /206/ Ha caMoM Aene 
TOnbKO 

W_ ( By, Ae1 . Ae2 ) z-BW_ ( x ,Arl , Ar 2 ) /206/ 

~MeeT peWeH~R. C $~3~4eCKO~ T04K~ 3peH~R 3TO 03Ha4aeT, 4TO 
s cny4ae o6~e~ 3anpe~eHHO~ 30H~, B03H~Ka~~e~ ~3 ABYX He-
4eTH~x naKyH, B03MOmHO Cy~eCTBOBaH~e COCTORH~R Ha nosepx
HOCT~ pa3Aena ~ 4TO B paccMaTp~saeMOM 3AeCb cny4ae 11 3anpeT 
3pTCa11 AeikTByeT TOnbKO no OTHOWeHI~~ 11 KOHTaKTa 11 ABYX 4eTH~X 
3anpe~eHH~x 30H. 

YcnOB~e cy~eCTBOBaH~R CBR3aHH~X COCTORH~~ Ha nosepXHOCT~ 

pa3Aena /20/ RBnReTCR cn~WKOM HeyA06H~M AnR HenocpeACTBeH
HO~ $~3~4eCKO~ ~HTepnpeTa4~~, ~ M~ paCCMOTp~M ero Ha OCHOBe 
B- y2 COOTHOWeH~R, rAe 

Y 2 =- a2meV ' h 2 0 ; . 

8 COOTBeTCTB~~ C /23/ paBeHCTBO /10/ np~MeT B~A 

Y2,x2_ 2 y 2. 

/23/ 

/24/ 

npemAe 4eM nepe~T~ K ~HTepnpeTa4~~ ycnOB~R /20/ Ha OCHOBe 
4~cneHHoro aHan~3a, CAenaeM e~e HeKoTopble o6~~e BbiBOAbl. TaK, 
ecn~ 3Ha4eH~R X COOTBeTCTBY~T 3Hepr~RM ~3 nepBO~ 3anpe~eH
HO~ 30H~ npasoro Kp~cTanna ~ ecn~ s~nonHReTCR HepaseHCTBO 
A rl > Ar 2 , TO AnR Toro, 4T06bl cy~eCTBOBan~ CBR3aHHble coc
TORH~R C 3T~M X , a/ KOrAa By /3tiepr~R 3neKTpOHa B neBOM 
Kp~cTanne/ np~HaAnem~T nepso~ 3anpe~eHHO~ 30He, Heo6xoA~Mo 
e~e B~nonHeH~e HepaseHCTBa A etf Ar2 < B ~ 1/ A r2 ' ~ 6/ KOrAa 
By np~HaAnem~T BTOPO~ naKyHe, Heo6XOA~MO e~e 0 < B< 1 / Ar2 
Ecn~, OAHaKo, x np~HaAnem~T nepso~ naKyHe, HO Ar1 < Ar 2, 
TO By MomeT np~HaAnemaTb TOnbKO nepso~ 3anpe~eHHO~ 30He ~ 
AnR cy~eCTBOBaH~R CBR3aHHbiX COCTORH~~ He06XOA~MO e~e B~

nonHeH~e ycnos~R 0 < B < Af1 / Ar2 . CooTBeTCTBeHHO AnR 3Ha-
4eH~~ x , np~HaAnema~~x BTopo~ 3anpe~eHHO~ 30He, ~ np~ npo
~3BOnbHOM COOTHOWeH~~ MemAy Ben~4~HaM~ Arl~ Ar 2 sen~4~Ha 
B y MomeT nemaTb TonbKO B nepso~ 3anpe~eHHO~ 30He nesoro 
Kp~cTanna ~ Heo6xoA~Mo s~nonHeH~e ycnoB~R O< B < A f l I A.r 2 
1~ se3Ae y4~T~Ban~, 4TO A e2 = B A r 2 , CM. /3/ I. 

4. 4HCnEHHWn AHAnH3 H 06CYmAEHHE PE3YnbTATOB 

B cooTBeTCTB~~ c yme ycTaHosneHHO~ npaKT~Ko~ rpa$~4ecK~ 

~HTepnpeT~POBaTb ycnOB~R cy~eCTBOBaH~R COCTORH~~ Ha rpaH~4e 

8 

• 

., 
~ 

~ 

.... ., 

.. 
\, 
~ 

~------------------------------------+-~0 

-.1 

_ ... 

' lO 

to- '0 II) ... 

c:Q 

I') ... ... 0 

.... 
I 

"" 
I -===----. """' '-, I o 

.., 
........ 
10 

.... '() ., ... 
tQ 

., .. ~ 0 

.... 
' 

... 
' 

., 
' 

1 

'? 

.. 
'-

I 
~ 0 
::0 c 
J: 
3 
0 
1:; 0:: 
c 10 

U ·~CD 

'-:s: 
lOa. 

oo:.: 
U'\N 
0"1'-'-
~ lO 

0 Q 
II :s: ·~ 

J:O 
-~~ 
~ J: ~ 

<co~ 
10 

:s: a. II 
lJ'\ >. >< 
N I 
~ 0:: 
~ ~ 1:; 

o::oc:t 
II J: 

0.1 
:s: ~ 

C\l ..... N
"'~ 
<J:o::~ 
~>.co 11 

0 C CD 
lJ'\ :s: >< 
r-eo c. 
~ :.: 0:: 

0 ~ 1:; 
II '- 10 c:t 

10 
.-40 .., I 
"'N 0 

<t:'-O"'N 
:s:2oo:: 
a. :S: II 10 
C J: CD 

~ >< :s: 
0:: J: a. 
:S: CD 0:: !>!: 
J: 10 1:; 
~a.c:tco 
3 >. 
0 
J: 
1-
0 
0 
u 

<ll 
1- J: 0 
2~0"1 
>. :J' ~ 
CD >. N 
1- 1:; 
u 0 

CJ ~c>< 
;>... CD~ 
I 1-

a:l 0 
0 
u 

0:: 
0:: 1:; 
10 c:t 
Ill 
:s: 10 

:s: a. J: 
u :s: :.: ~ 

J: :J' 

~ 

:s: :s:' >. 
0... 1:; 10 1:; 

9 



pa3Aena ~ 3AeCb BOCnOnb3yeMCH T.H. B-y 2 COOTHOWeH~HM~, 
KOTOp~e AaAyT HaM B03MO~HOCTb CaM~M ecTeCTBeHH~M o6pa30M 
CBH3aTb Kp~Tep~~ Cy~eCTBOBaH~H C TaK~M~ OCHOBH~M~ xapaKTep~c-
T~KaM~ reTeponepexoAa, KaK sen~4~Ha noTeH~~anbHoro cKa4Ka 
Ha nosepXHOCT~ pa3Aena y 2 ~ OTHOWeH~e peweT04H~X KOHCT2HT 
B =b / a . TaK~M o6pa3oM, ~cnonb3YH /20/ ~ /24/, AnH Ka~
AOro $~KC~pOBaHHOrO 3Ha4eH~H X M~ MO~eM nony4~Tb COOTBeT
CTBYIO~ee B-y 2 COOTHOWeH~e. To, 4TO Mbl nony4aeM, eCTb Ha 
CaMOM Aene MHO~eCTBO reTeponepeXOAOB, AnH KOTOpbiX Cy~eCTBy

eT CBH3aHHOe COCTOHH~e Ha rpaH~~e pa3Aena C B~6paHH~M 3Ha-
4eH~eM X. CneAOBaTenbHO, ecn~ AaHHOe COCTOHH~e Ha nosepx
HOCT~ pa3Aena, xapaKTep~3yeMOe COOTBeTCTBYIO~e~ 3Hepr~e~, 
cy~eCTByeT B AaHHOM KOHKpeTHOM reTeponepeXOAe, xapaKTep~-

3yeMOM co csoe~ cTopoHbl 3Ha4eH~eM nap~ ( B, y 2) ~ napa
MeTpos Aji , TO T04Ka (B,y2) AOn~Ha ne~aTb Ha Kp~so~ B-y 2, 
npOBeAeHHO~ AnH TOrO ~e 3Ha4eH~H X ~ np~ COOTBeTCTBYIO~~X 

3Ha4eH~Hx A ·i (j=r, f; i =1,2). 
Ha p~c.4 ~ p~c.5 npeACTasneHbl B-y 2 

COOTHOWeH~H AnH 
reTeponepeXOAa Me~AY ABYMH AByXaTOMHbiM~ nonynpOBOAH~KaM~ 

np~ KOHKpeTHOM s~6ope napaMeTpos A ji . Ha p ~ c . 4 a ~ p ~c. 5 a 
npeACTaBneHbl B-y 2 COOTHOWeH~H AnH 3Ha4eH~~ X , np~HaAne
~a~~X nepso~ naKyHe npasoro Kp~cTanna, a Hap~c.46 ~ p~c.56 

~.2 

o.a 

(a} 
T T 

/ I 

b 
..,"1' : I ., _,. I 

o.~t ~-:_-_-_------------- ... II ..," -----------------
0.0 

P~c. 5. B-y 2 cooTHO-
weH~H AnH Art=O, 125, 
Ar2 =0,750 ~Aft 
=0,950. CnnowH~e n~- 1.2 r 
H~~ onpeAeneH~ ypas
HeH~eM /20a/, a nyHK- ~ 
T~pH~e - ypaBHeH~eM b 
/206/; a/Kp~s~e 1 -
AnHx=0,90, 2- AnH Qlot 

-~ 
_., 

-~ -2 -1 

I''-

eli 

X =1 ,40; 6/Kp~B~e 1- -
- AnH x =2 90· 2 -AnH 

' ' QO x=3,14. --1 0 -1 2 ~ 

r' 
10 

0 -1 

't 5 
• 

Te ~e caMble cooTHOWeH~H AnH 3Ha4eH~~ x , np~HaAne~a~~x ero 
BTOpO~ 3anpe~eHHO~ 30He. HaAO OTMeT~Tb, 4TO C $~3~4eCKO~ 
T04K~ 3peH~H oco6~~ ~HTepec npeACTasnHeT y3K~~ ~HTepsan 3Ha-
4eH~~ OKOnO T04K~ 8 =1 , TaK KaK npaKT~4eCK~ OCy~eCTBnHeMble 
cny4a~ 3n~TaKc~anbHOro Bblpa~~BaH~H OAHOro KP~CTanna Ha APY
rOM pean~3yiOTCH np~ pa3n~4~~ peweT04H~X KOHCTaHT, COCTaBnHIO
~eM He 6onee 4eM HeCKOnbKO npo~eHTOB. 
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