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AHHOTanusi. MeTozoM BobT-(hapa HbIX XapaKTEPUCTUK MCCIIEI0BAaHbI TOHKKE (~ 1 MKM) peaHa-
MEpEHHO HeJlerupoBanubie cion In Al As, Bepamennsie MeTosoM MBE Ha nmomywnsomipyrommeit
nozyoske InP. IToxasano, 4To MccneloBaHHbIe TIPH KOMHATHO#H Temmieparype ciou In Al As umeror
1 — THI IPOBOAUMOCTH. [IpH 3KcrIepuMEHTaIbHOM HCCIIeIOBAHUHN TEMIIEPAaTyPHBIX 3aBUCUMOCTEH
muddepeHnnanbHON MPOBOIMMOCTH 00HAPYKEH LIEHTP JIOKAJIU3aIMK 3apsiia, 3pdekTuBHOE 3HAYe-
HUE DHEPTUHM KOTOPOTO HAXOMWTCA B 3alPEICHHON 30HE TBEpAOTO pactBopa In Al As (x=0.5,
Eg =1.53B) u cocrapnser ~ 0.49 3B 10 Bepxa 30HBI MPOBOAUMOCTH TBEPIOTO PACTBOPA.

KiroueBrble ci1oBa: TBEPAbIC paCTBOPLI, ICHTP JIOKAJIU3alluU 3apsaa, HI/I(i)(l)epeHHI/IaIILHaH mpoBOaAU-

MOCTb, EMKOCTb.

BBEJIEHHUE

MonynupoBaHHO-JIETUPOBAHHBIC TETEPOCTPYKTYPHI
Ha 0CHOBE TBEPBIX pacTBOPoB In Ga, AswmIn Al As
[IUPOKO TIPUMEHSIOTCSI B MEKPO- H ONTOAIEKTPOHHKE
CBEPXBBICOKOUACTOTHOTO AuamnasoHa [ 1, 2] mis mmpo-
KOTIOJIOCHO O€CITPOBOAHOM CBSI3H (CITy THUKOBOM, MO-
OWJILHOM, CIIELIUAIBHOM ), @ TAKKE B BBIYUCITHTEIBHBIX
JIOTHYECKUX cxemax [3, 4]. biaronaps nporpeccy Tex-
HOJIOTMH SITUTAKCHAIBHOTO POCTa AKTUBHO MOSIBIISIOT-
Cs1 HOBBIE THITBI TIOTYTIPOBOTHIUKOBBIX TE€TEPOCTPYKTYP
U MPOBOIATCS MOIUGBUKAIIMKA CYIISCTBYIOIIUX KOHC-
Tpykuuii. llenpro HacTosIeld padOThI SBISCTCS U3Y-
YeHHE IEKTPOHHBIX MPOIIECCOB Ha TPAHUIIE Pa3/erna
B CTPYKTYpax ¢ TOHKHMH CJIOSIMU TIOJIYIIPOBOIHUKOB
CO CTEXHOMETPHUYECKUMHU BAKAHCHUSIMHL.

OIMMCAHUE MCCJIEIYEMOMN
CTPYKTYPbI

B pabore nccnenyercs onuro4nbIi cnok In Al As
TOJIIMHOM 0KoJIo 1 um (yAaseHo npu MpoBeICHUN TeX-
HOJIOTMYECKHX MPOLEIYP U3TOTOBICHHUS KOHTAKTOB —
0.08 um), BeIpamennbiii B HoBocnOupckom MucTHTYy TS
¢uzuku nonynposoguukos CO PAH meromom more-

D4 WKykanus JIMUTpHii AekceeBrY™,
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KYJSIPHO-JTy4€BOM SMUTAKCUN Ha TMOIYU30JIUpYIoIIen
nojutoxkke InP. Cpennuil coctaB TBEpAOTO pacTBOpa
00pas3IoB X N0 JAaHHBIM PEHTTEHOBCKOW AU(PPaKIuN
nopsiaka 0.490 u 0.5235, 9T0 JOKHO OOECTIeYnBaTh
XOPOIIIee COOTBETCTBHE IMOCTOSHHBIX KPUCTAJUINYEC-
KHX PEMIETOK B rerepocTpykrype In Al, As/InP n Bos-
MOYKHOCTH ()OPMHPOBAHUS TETEPOIIEPEX0/Ia C KAYeCT-
BEHHOH T'paHULEH paszena.

Tak kak InAs u AlAs OTHOCATCS K MOJTYTIPOBOJI-
HUKaM C KPUCTAJUTMIECKOI CTPYKTYpOil Tuma cdaie-
puT [5], TO C TOMOIIBIO MOAETBHOTO pacuyeTa METOI0M
WHTEPIOJSAIMOHHBIX CXeM PacCUMTHIBAeTCS MIUPUHA
3anpeIieHHoN 30HbI TBEPOTO pacTBopa In Al As
(tabm. 1). B pabote [6] no0ka3aHo, 4TO /IS ITapaMeT-
pa peeTKy TBEPbIX pacTBOPOB In Al As BbINONHS-
eTcsl SMIIUpHUYecKoe npaBuio Berapaa, 1. e. mpu 3a-
JIaHHOW TeMIIepaType CylIeCTBYET JIUHEHAs 3aBUCH-
MOCTb MEKAY O, [IOCTOSIHHOW KpUCTaJLLIMYECKOH pe-
IIETKH TBEPIOTO pacTBopa A B, cocraBom x. Jlyd-
1ee COOTBETCTBHE TBEPAOTO pacTBopa In Al As ¢
napamerpom pemetku InP (o, = 5.8690 A) BoznuKa-
ernpu x = 0.5 [5, 7].

B Tabn. | npuBeneHb 3HaYCHUS IUPHUHBI 3a1pe-
MIEHHOM 30HBI JUIsI OMHAPHBIX coequHeHUN AlAs u
InAs u3 pabort [5, 7] ¥ IUTUPOBAHHOW B HUX JIUTEPA-
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Taoauua 1. [TapameTpsr 30HHOH CTPYKTYpHI U pacdeTa METOIOM HHTEPIOJSAIMOHHBIX CXEM

[Table 1. Parameters of the band structure for the calculation by the method of interpolation schemes]

In Al As
InAs AlAs 2 InP
x ~0.5235 | X ~ 0.490
o, A 6.0583 | 5.6614 5.8610 5.8690
E (T=0K), 5B
[E (T=0K)eV] 0417 | 3.010 1.535 1.424
g b
E (T=300K),5B
(£} (T =300 K),eV] 0360 | 2914 1.395 1.452 1353
o WS/ 0.276 | 0.885 0.363
[o, meV/K] : : - - .
B, K 93 530 - - 162

Type. [lIupuHa 3anpeieHHoi 30HbI TBEPIOTO PaCTBO-
paln Al As MOXET OBITh paccuMTaHa C y4€TOM KBaJI-
PaTUYHBIX WIEHOB I10 TTApaMeTpy X:

EgAB(x)=x'EgA +(1—x)-EgB —c-x-(1-x), (1)
rne E,, n E , — WIIpUHA 3alIPCIICHHON 30HbI COCIH-
Henuit A u B npu remnieparype (7=300 K), c =0.72 —
napameTp u3ruda 30H.

TemneparypHasi 3aBUCUMOCTb IIUPHUHBI 3arpe-
LIEHHON 30HBI ONMMCHIBAETCS SMIIMPHUUYECKUM BBIpa-
»keHreM BapuiHu:

of?
T+B’
rne E,(7'=0) — mmpuHa 3anpeiieHHOl 30HbI IPH
T — 0K, o u 3 — napameTpbl OMHAPHBIX COSIUHCHHHA,
OTIpECTISIONINE MIMPUHY 3aIlPEIICHHON 30HHI 5, 7].

E (T =300)=E,(T=0)- )

SKCIHHEPUMEHT

Ha o0pas3iis! co cTOPOHBI SMUTAKCHATBLHOTO CIIO0S
HaHeceHbl KOHTakTbl Ge/Au/Ni/Au k o0bemy cios,
MPOILEANINE OTXHT JIJIsl POPMUPOBAHUSI OMHUECKOTO
KOHTaKTa, 1 OapbepHble KOHTaKThI Ti/Au. U3mepenust
B®X rerepoctpykryp In Al As/InP npoBomumnuce na
4acTOTaX TECTOBOTO CHTHaja B quamna3oHe ot 10° 1o
10° Hz npu koMHaTHOH Temiieparype. Pe3ynsrarhl u3-
MEpEeHHI IEMOHCTPUPYIOT BHIPAKEHHYIO MOYJISIIIHIO
3apsiI0BOM 00IaCTH MPH YaCTOTaX TECTOBOI'O CUTHANA
10*-10° Hz. Ha MeHBIINX 3HAYEHUAX YACTOTHI ITPOSIB-

JISIFOTCSI CKBO3HBIC TOKH YTEUKHU. DKCIIEPUMEHTAIbHBIC
JAaHHBIE, PETUCTPUPYEMBIE CaMOITUCIIeM, ObLITH 00pa-
0oTaHbI U MEePEeBe/ICHbI B IIU(PPOBbIC 3HAUCHUSI.

Ha puc. 1 npencrasnenst C—) KpuBble, MOIY-
YeHHBIE TIPU 9acTOTe TecToBoro curHama 10* Hz. Ux
JanpHelIIee uccea0BaHre MPOBOAUIIOCH B (hopmare
1/C%(V). Cnenyetr OTMETHTD, YTO HAKJIOH Ha BCEX 3a-
BucuMOCTsX 1/C*(V) sBNsSeTCS MOCTOSIHHBIM, TO €CTh
B 00yacTu 00eTHeHHSI TPAPUK MIPEICTABIISET MPSIMYIO
JIMHHIO, YTO CBUJICTEIICTBYET O MMOCTOSIHCTBE KOHIICH-
Tpalyu HOCHUTEJICH 3apsa.

WN3BecTHas MeTOIMKa IO HAKJIOHY JUHEHHOTO
yuactka 3aBucumocteit 1/C3(V) [8] mo3Bonser ore-
HUTH 3HaYE€HHE KOHIIEHTPAIIMU MIPUMECH Ha TPaHHIIe
oOactu 00beMHOrO 3apsiza (Tadi. 2):

2 1
N:q_gi_ d(l/Cz)/dV}' @

[Ipu pacuere MCHOAB3YETCS IUANEKTPHUECKAs
MIPOHHUIIAEMOCTH CPEJIbl, COOTBETCTRYIONIAs 3HAYCHUIO
st InP, Tak kak nebaeBckasi AJTMHA SKPAaHUPOBAHMUS B
JAHHBIX CTPYKTypax MPEBBILIAET TOJIIINHY CJIOS TBEP-
noro pacteopa In Al As.

s o6pasna x =~ 0.490 3Ha4eHNsT KOHIIEHTPAIIUN
HOCHUTEIeH 3apsi/ia OKa3bIBAIOTCsI OJIM3KUMHU, a JJIsl 00-
pasuax = 0.5235 He COOTBETCTBYIOT OIIPEACICHHON pa-
Hee metogoM Xoiuta (B maboparopun PAH). MoxHo
MIPEANON0KHUTE, YTO AaHHBIN (akT 00bICHSIETCS 3HA-

Tabauna 2. OueHka KOHIIEHTPAIMU TPHUMECH HCCIIETyeMbIX 00pa3IoB

[Table 2. Estimation of the impurity concentration of the studied samples]

94

In Al, As N, em>
- [N, em™] IIPOBOIUMOCTh
06p?s3 :;Il XleN] 05 BDX MeTox Xoia [conductivity]
P [C-7] [Hall method]
0.5235 1.85-10" 5.20-10' n-THII
0.490 8.21-10'5 6.01-10"5 [n-type]
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Puc. 1. BonbT-(apanbie XapakTepucTuku reTepocTpykTyp In Al As/InP, usmepennsie Ha yactore 10* I':
obpazer x = 0.490 (a), odpazern x = 0.5235 (b)
[Fig. 1. Volt-farad characteristics of In Al,_ As/InP heterostructures measured at a frequency of 10* Hz:
sample x = 0.490 (a), sample x = 0.5235 (b)]

YUTEJIBHBIMUA TOKAMHU YTEYKH U COMYTCTBYIOIIUM HC-
Ka)KEHHEM HU3KO4acTOTHOU C-V XapaKTepuCTUKH, AT
KOTOPOM MTPON3BOAMIICS pacueT KOHIIEHTPAIIHH.

D¢ PeKTUBHBIN LEHTP FHEPTETUIECKOTO pacTpee-
JICHUS TIOTHOCTH MmoBepXHOCTHOTO cocTostHus (I1C)
OIICHUBACTCS 10 AKCIEPUMEHTAIBHBIM TEMIIEpaTyp-
HBIM 3aBHCHMOCTSM U PepeHIInaTbHOW TPOBOIH-
moctH [9, 10], ©3MEepeHHBIM Ha Pa3TUIHBIX YaCTOTAX
tectoBoro curnana (f'= 10°10%) Hz mo dopmyre:

= LS 1n£,

L-T f
rne AEsHeprus, COOTBETCTBYIOIAasi MAaKCUMYMy B
pacnpenenennu I1C no sueprum, T, (T, T,) — Temre-

)

G *10 5, Om
254 °
°
20 ° °
-]
°
15
1 °
10 °
-3
1 °
o o
5
—T T —Tr—TTT
-60 -40 -20 0 20 40 60

parypa MakcumyMa 3aBucumoctu G(7) mpu dacTore

S0 1)-
3AKJIIOYEHUE

YeranoBieHo, uTo Ha 3aBucumMocTsx G(7) HaOmo-
JA€TCSt MAKCUMYM KPMBOM, OlleHKa napameTpos (7, f)
KOTOPOTO TI0 opMyie (5) COOTBETCTBYET 3HAUCHHIO
sHepruu <~ 0.49 eV. [Ipu yBeaIM4eHUn 4acToThl TECTO-
BOTO CHTHalla MAKCUMYM CMeMIaeTcsi B obnacts 0o-
Jiee BBICOKHMX TeMIleparyp, a npH 3HadeHusx 10° Hz
COBCEM IIPOMA/IaeT, MPEAMOIOKUTETHHO U3-32 HAJIO-
JKEHHUSI CKBO3HOTO TOKa An(epeHInanbHON MTPOBO-
JUMOCTH. B cBsI3u ¢ 3TUM zAenaeTcst 3aKIt0ueHNE, YTO
HaJIM4YUe XapaKTepHOro MaKCUMyMa KpUBOW CBA3aHO

G*10 % Om

504

45

40 i

354

30+ =

1 °

25— 11—
60 40 20 0 20 40 60 80

T.C

Puc. 2. TemneparypHsbie 3aBucuMocTd auddepernuanbaoi nposoaumocti G(7) npu paziudHbIX 4acToTax (f):

(a)2.47 10* T, (b) 4.59 10°T'x
[Fig. 2. Temperature dependences of the differential conductivity G(T) at various frequencies (f):
(a) 2.47 10* Hz, (b) 4.59 10°Hz]
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C IapaMeTpoM LIEHTpa JIOHOPHOI'O THIA, 00yCIIaBIIu-
BAIOIIETO SIBIICHWE TOKOIPOXOXKACHHS B CJIO€ U MPH
MOJIOKUTEIBHOM, U MPU OTPHULATEIBHOM IOTEHIINA-
JIe Ha KOHTAaKTe.

TakuMm 00pa3om, poBeieHHbIE dIEKTpodhu3nIec-
KHe UCCIIeIOBAHMS ITOKA3bIBAIOT, YTO B HCCIICTIOBAHHON
rerepoctpyktype In Al As/InP nabmonaercst moxy-
JSIIMS IPOCTPAHCTBEHHOTO 3apsi/a, & HPOLECChl TOKO-
MIPOXOXKACHUS CBSI3aHBI C HAJTMYMEM B 3alpeIeHHOM
30He TBeporo pacteopa In Al As mryGokoro nent-
pa, b dexruBHas 3Heprus kotoporo = 0.49 eV.

KOH®JIUKT UHTEPECOB

ABTOPBI ACKIAPUPYIOT OTCYTCTBHUE SBHBIX H T10-
TEHIUABHBIX KOH(PINKTOB HHTEPECOB, CBA3aHHBIX C
MyOIMKaIuet HaCTOSIICH CTaThH.

BJIATOOJAPHOCTH

ABTOpBI BBIPa)KAIOT UCKPEHHIOI O1arogapHOCTh
BceMy KosiektuBy HoBocubupckoro Mucrutyra du-
3ukH norynpoBogaukoB CO PAH, muuno ['mnmHCcKo-
My Asekcanapy MuxaiiioBrudy 3a NpeoCcTaBICHHbIE
o0pa3ubl 1 BopoHexkckoMy rocy1apcTBEHHOMY yHU-
BEPCUTETY MH)KEHEPHBIX TEXHOJIOTHH 3a MI0I0TBOP-
HOE 00CYy’KI€HHE MONTYy4YEHHbBIX SKCIEPUMEHTAIBHBIX
PE3yIBTaToB.
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Abstract
Purpose. Layers of In Al,_As, grown at the Novosibirsk Institute of Semiconductor Physics of the
Siberian Branch of the Russian Academy of Science that are deliberately unalloyed by means of the
MBE method on a semi-insulating substrate InP are widely used in micro-and optoelectronics of the
microwave range [1, 2] for broadband wireless communication (satellite, mobile), as well as in
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computational logic circuits [3, 4]. The average composition of the solid solution x, according to x-
ray diffraction is 0.490 and 0.5235 (sample C2159 and C2100, respectively), which provides for a
good correspondence of the crystal lattice constants in the heterostructure In Al, As/InP and the
possibility of forming a heterojunction with a qualitative interface. The main purpose of this paper
is to study the structure of In Al _ As at room temperature.

Since InAs and AlAs are semiconductors with crystal structure of sphalerite type [5], the width of
the band gap of solid solution In Al, As is calculated using the model calculation method of
interpolation schemes. In [6] it is proved that the empirical Vegard’s law is satisfied for the lattice
parameter of solid solutions In Al,_ As. The best correspondence of the solid solution In Al,  As with
the lattice parameter InP (o, = 5.8690) occurs when the composition value is x = 0.5 [5, 7].

The paper uses the band gap values for binary compounds AlAs and InAs from [5, 7] and the references
provided in them. The temperature dependence of the band gap is described by Varshni’s empirical
expression.

Methods and methodology. Ge/Au/Ni/Au contacts, annealed to the form a ohmic contact, and Ti/Au
barrier contacts were applied to the epitaxial layer of the samples. C—V curves of heterostructures
In Al As/InP were measured at frequencies of the test signal in the range of 10°~10° Hz at room
temperature. The measurement results demonstrate a pronounced modulation of the charge region
with frequencies of the test signal at 10*-10° Hz. At lower frequencies a steady leakage currents
appear.

The paper presents the C—V curves obtained at different frequencies of the test signal. They were
further studied in the format of 1/C*(V). It should be noted that the slopes on all the dependences of
1/C*(V) are constant, that is, in the depletion region the graph represents a straight line, which indicates
a constant concentration of charge carriers [8].

Results. The effective centre of the energy distribution of the surface state density was estimated
using the experimental temperature dependences of the differential conductivity [9, 10]. The maximum
curve, whose estimate corresponds to the energy value of 0.49 eV, was observed for the dependences
of G(7). As the frequency of the test signal increases, the maximum shifts to higher temperatures. At
10° Hz it completely disappears, presumably due to the application of the through current of differential
conductivity. We may thus conclude that the presence of the characteristic maximum of the curve is
associated with the parameter of the donor-type centre that causes the phenomenon of current flow
in the layer with both positive and negative potential on the contact.

Conclusion. The electrophysical study shows that a modulation of the spatial charge occurs in the
heterostructure In Al, As/InP, and the processes of current passage are associated with the presence
in the band gap of a solid solution In Al,_ As of a deep centre with effective energy is 0.49 eV.

Keywords: solid solutions, charge localization center, differential conductivity, capacity.
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