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BnuivB BOJHIO HA eJIEKTPUYHI BJIACTUBOCTI KOHTAKTY Sn-p-InSe
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eyn. 1. Binvoe 5, m. Yepnisyi, 58001, Vkpaina

JocnimkeHo BIUIMB iHTEpKAJsALii BOJHEM MOHOCEJCHIAY IHIII0 Ha EJNEKTPUYHI BIACTUBOCTI (HOTOUYTIMBUX
CTPYKTYp Ha HOT0 OCHOBI THITy MeTal-AienekTpuk-HamniBnposigauk (MJIH) Ta nioga Mota (JIM). Beranosneno, 1o
IHTEpKAJIAIisT BOJHEM 0a30BOr0 HAIIBIPOBIMTHHKA MPUBOJIUTH JO IOKpAICHHsA MiomHMX BiactuBocteir MJIH-
CTPYKTYpH, 1 moripmenHs — muist JIM. IIpoBeneHo aHaiiz MexaHi3MiB CTPyMOIIEpEHOCY [UIsl 000X THIIIB CTPYKTYp Ha

OCHOBI X 30HHHX Jiarpam.
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AKTyanpHICTh BOJHEBOi TEMAaTHKH IIOB’s3aHa 3
MEPCIICKTUBOI0 CTBOPEHHA E(QEKTHBHUX T'eHEpPaTOpiB
BOJHIO Ha OCHOBiI BIPOBAKCHHS IPOTOHIB BOTHIO B
KpHCTaliuHy TpaTKy 6a3oBoro marepiany [1].

B  pmamiii poOOTI  MpencTaBIeHO  pe3yabTaTH
JOCTIDKEHHS BIUIMBY BIPOBAJDKEHHS BOAHIO B KPHCTAIH
InSe p-Tumy mpoBimHOCTI B mporieci iHTepKansmii [2] Ha
€JIEKTPUYHI BIACTUBOCTI KOHTAaKTy Sn-p-InSe. [Ipuuomy,
B IIPOLIECI EKCIIEPHUMEHTY BHKOPHCTOBYBAJMCS 1B TUIIH
KOHTaKTiB. B mepmomy Bumagky KoHTakT Sn-p-InSe

CTaHOBUB  COOOI0  TYHENbHY  CTPYKTypy  MeTal-
nienexkrpuk-HamiBnposiguuk  (MJIH), ne B skocri
JeJIeKTpUKa BHKOPUCTAHO IUIIBKY HIMPOKO30HHOTO

In,Se; y-momudikanii, 3 E;= 2,0eB [3] i ToBmuHOI0O
d~150 A. TexHomoriss BHIOTOBJIIEHHS Ta aHaji3
MEXaHi3MiB CTPYMOIIEPEHOCY TaKUX CTPYKTYp HaBEAEHO
B [4]. €QMHOI0 BiMIHHICTIO JOCIHIJKYBaHUX CTPYKTYp
Big omucaHux B [4] OyJl0 BHUKOPHCTaHHS THIJILHOTO
IH/IIEBOTO KOHTAKTY, LII0 TIPU3BOAMIIO JIO TOTO, 1[0 BOJIBT-
amriepHa xapaktepuctuka (BAX) Takoro KOHTakTy
BTpavana JioxHui xapakrep (puc. l, 3amexnicte 1) i
Morja OyTH OIMcaHa B paMKax MOJeli ABOX BKIIOUSHUX
HA3yCTpi¥ OAMH OAHOMY HiofiB [5]. B mpyromy Bumangky
HAaHECEHHS HAIiBIPO30PUX IUTIBOK OJIOBA BTLIIOBAIOCS
METOJIOM BaKyyMHOT'O HalWJICHHS Ha HAITiBIIPOBiTHIKOBI
MiAKIaJUHKA ~ [pU  KIMHATHIE — Temmeparypi, 1o
BUKJIIOUYAJIO TOSIBY OKcHIHOT (a3u Ha moBepxHi p-InSe.
[Ipu pOMy BUTpSAMIIEHHS B TaKOMy KOHTakTi (puc. 2,
3aJIeXHICTh 1) peanizyBanocs 3a paXyHOK YTBOPEHHs Ha
NOBEpXHI 0a30BOro HaIBIPOBIAHUKA BHCOKOOMHOTO
mapy InSe BHacminok audysii onosa [6], TOOTO KOHTAKT
Sn-p-InSe craHoBUB coboro kiacuuHuit Kiogq Mora (M)
[7], w0 1 miATBEpKYBANIOCS MPAKTHYHOIO HE3aIEKHICTIO
€MHOCTI Big MpHKIazeHoro 3mimeHus [7]. B skocti
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THWJIBHOTO CTPYMOBHUBIZIHOTO KOHTaKTy IIPH CTBOPEHHI
TaKAX CTPYKTYp BUKOPHUCTOBYBajiocs cpidmo. [Tpmaomy
OMIUHICTh KOHTakKTy p-InSe-Ag 30epiramacs B ycboMmy
Jiama3oHi JOCIiKYBaHUX TYCTHH CTPYMIiB.

Iporec iHTepKasALii 0a30BOr0 HAMIBIPOBIIHUKA B
000X  THNAX  CTPYKTyp  HPOBOJMBCS  METOIOM
“rsiraydoro” enexTpuaHoro mond i3 0,1 N pozuuny HCI,
Npy TOTEeHLialax, SKi He JOCATalTh IIOTEHIary
BIJIHOBJIEHHSI BOJAHIO 13 maHoro po3uuHy (¢ = 0,3 B
BimHOCHO  xyop  cpionoro  (AgCl)  enekTpona).
KoHueHTpanito BIpoBaUKEHUX MPOTOHIB BH3HAYaNU 32
KIJIBKICTIO TPOWIEHOTO EeJIEeKTPUYHOI0 3apsiay uepes
IHTEepKAJILIHHY KOMIPKY, BUMIPIOIOYH TYCTHHY CTPyMY
Ta Yac IHTepKamAdmii. 3  METOW  3amo0iraHHs
MPOHUKHEHHS TPOTOHIB MK HAIMIBIIPOBITHUKOM Ta
MeTalioM (K i3 CTOpOHH Oap’epy, TaK i3 CTOPOHH
TWIBHAX KOHTAaKTiB) po0Oodi TOBEpPXHI CTPYKTYp
HNOKPUBAJIHMCS TOHKUM LIapOM €HOKCHIHOI CMOJIH.

Opnepxani BAX BuXimHHX CTPYKTYp 000X THIIIB Ta
iX BOJHEBHX {HTepKAIATiB 3 KOHIEHTpawieko n; = 2,2-10%
in=8510"cm>, a takox n3=1,44 10*' i n,= 8,43
10* cm™ maBenmeno mHa puc. 1 Ta 2. Jng 000X THUIIB
CTPYKTYp TpsAMEe 3MIIIEHHS peaji3yBajiocsi IIpH
MIIKTIOYSHH] TITI0Ca 30BHIIIHBOTO JDKEpema KUBJICHHS

mo ©0a30BOro HamiBOpOBiAHMKA. SIK BUAHO 13 1HUX
PHCYHKIB, IHTepKaJsLis BOJTHEM 6azoBoro
HAMIBIPOBIHUKA  NPU3BOAUTH 1O  “HOKpaIleHHs

niomHux BiactuBocTelh MJIH 3 THIBHMM 1HIIEBUM
HEOMIUYHMM KoHTakToM (puc. 1, 3amexxHocti 2, 3) Ta
“moripmieHHs” nmiomHuX BiactuBoctedt M (puc. 2,
3anexxHocTi 2, 3). Jns MOsSICHEHHS TaKOTO JiaMeTpallbHO
MPOTHIICKHOTO PE3yIbTATY BILUTHBY IHTEPKANAILIT BOJHEM
0a30BOr0 HAIIBIPOBITHUKA HA €IEKTPUYHI BJIACTUBOCTI
JOCTIKYBaHUX CTPYKTYp CHiJ PO3MISHYTH iX 30HHI



BrivB BOIHIO Ha €JICKTPUYHI BJIACTUBOCTI...
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Puc. 1. Bonbr-amnepHa xapakrtepuctuka npu T =293 K
cTpykTypu Sn-In,Se;-p-InSe-In mo (1) ta micna (2. 3)
IHTepKaIsImii  BoAHEM 0a30BOr0  HAIIBIPOBiTHHKA.
KoHnenTpaiis  BOpOBaPKEHOTO  BOIHIO  CTaHOBWTH
n,=22-10°(2)in,=8,5-10° (3) cm™.
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Puc. 2. Bonpr-ammepra xapakrepuctuka mpu T =293 K
cTpykrypu Sn-i-InSe-p-InSe-Ag mo (1) Ta micnsa (2, 3)
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Puc. 3. 3onna nmiarpama ctpyktypu Sn-In,Ses;-p-InSe-In  Puc. 4. 3onHa miarpama ctpykrypu Sn-i-InSe-p-InSe-Ag
mo (a) Tta micima (0) iHTepkanamii BogHem Oa3zoBoro mo (a) Ta michg (0) iHTepKamsmii BOZHEM 0a30BOTO
HATIBIPOBIIHMKA B yMOBaxX piBHOBard. Bci BeNMWYWHU  HAMiBIPOBIAHWKA B YMOBaX piBHOBAru.

BKa3aHi B CJIICKTPOHBOJIbTAX.

niarpamu (puc. 3a A7 IepInoro BUMAAKY, Ta pUC. 4a Ui
JAM). ITonoxenus pisas @epmi Er B 6azoBomy p-InSe
B3jITO 13 [8] 1 OOyMOBIEHO HAsBHICTIO B IIHOMY
HAaMiBIPOBIIHUKY TJMOOKMX JOHOPHUX pIBHIB, WIO
MicTaAThCs Ha Biggani ~0,6 eB Bix AHAa 30HU MPOBIAHOCTI
[8]. Po3paxyHok BemMYMHHM KOHTAKTHOI  PI3HHUII
MOTEHLIAIIB sl THIBHOTO KOoHTakTy p-InSe-In B8 MJIH
CTPYKTYpPl HPOBOAMBCS 13 BPaxyBaHHSIM 3HAYCHb POOIT
BUXOAY KOHTakTylo4dmx MatepiamiB [7,8]. 3rigao [4]
KOHTakT  Sn-In,Se;-p-InSe 3 OMIUHHUM  THIBHUM
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KOHTaKTOM  CTaHOBHTH  coboto ~ MJIH-ctpykTypy.
Bukopucramas In B SKOCTI THIBHOTO KOHTAKTY
MPU3BOUTE JIO TOTO, IO IpsiMa BiTka Sn-In,Ses-p-InSe-
In € cynepno3uui€ero NpsMoi BITKH CTpyKTypu Sn-In,Ses-
p-InSe Ta obGepHenoi crpykrypu p-InSe-In. OGepHena —
cynepnosutieto npsiMoi BiTku p-InSe-In ta mpsimoi Sn-
In,Se;-p-InSe. B pesynsrari BAX moBHoi Sn-In,Se;-p-
InSe-In CTPYKTypH HE BOJIOJII€ JIIOTHUMH
BIacTUBOCTAMH, a € BAX HeminiitHoro omopy (pwuc. 1,
3anexHIicTh 1). B mporeci iHTepkamamii  BIpoBaIKeHi
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MPOTOHU JePOPMYIOTh KpHCTaNiYHy TpaTKy InSe, mo
MATBEPKYETHCSI PEHTIEHIBCBKUMH JIOCIIDKEHHSIMH 0
VIIUPEHHIO KpWBHX roWganHa Bigbusanasa 0006,
OJIep)KaHUX B CXEMi JBOKPHUCTAJIBHOIO CHEKTPOMETPA.
Jedopmaltisi KpucTaniyHol rpaTKH MPUBOIUTH A0 POCTY
INUTOMOTO OIopy ©0a30BOro HamIBIPOBIAHUKA, LIO B
3araJbHOMY BHIIQJIKy O3Hauae HaOmkeHHs piBHsI Depmi
JI0 JTHa 30HW IpoBimHOCTI p-InSe, a Takox 3MeHIIEHHS
pobotu Buxomy. I, SKIIO Ha ENEKTPUYHI BIACTHBOCTI
MJIH-ctpyktypu Sn-In,Se;-p-InSe Taki 3MiHH HE MarOTh
CYTTEBOTO BIUIMBY, OCKIIbKH BOHH, B OCHOBHOMY,
BH3HAYAIOTHCS MapamMeTpamu JedexTHoro mapy In,Ses,
0 Bimirpae poib mienekTpuka [7], To 30IimKeHHs pooiT
BHUXOJy 0a30BOTO HAIIBIPOBiTHAUKA Ta [n MPU3BOIUTH 10
3MEHIIEHHSI BEJIMYMHN KOHTAaKTHOI Pi3HHMII MOTEHITIaiB
MDK MMM MaTepiajlaMH 1 SK HaCJiJIOK 10 HaOMKEHHS
THJIBHOTO KOHTAKTYy IO OMIYHOCTI, SIK II€ TOKa3aHO Ha
puc. 36. B pesynbrari nboro BAX konrtakry Sn-In,Se;-
p-InSe-In  HabyBae miomHoro xapakrepy (puc. 1,
3anexHocti 2, 3). Jlna Bunanky intepkansuii p-InSe sik
6azoBoro Matepiany B JIM (puc.4a) curyamis He
HaCTUIBKM O/IHO3HAYHA, OCKUIBKM 3MEHIIEHHS po0OTH
Buxofy p-InSe B mponeci inTepkansuii nporonamu H' ne
BIUIMBA€E Ha BUCOTY Oap’epy Vy; cTpykTypHu Sn-i-InSe-p-
InSe [7]. B Toii xe yac 3MeHIIEHHsI pOOOTH BUXOAY p-
InSe He Mano Ou MpUBECTH 0 BiIXWIICHHS BiJf OMIYHOCTI

[1]
[2]

THJIBHOTO CPiOHOTO KOHTAKTY, 5K IIe ITOKAa3aHo Ha puC. 4b
(30HU MoOHOceneHiny iHmi0 B monoxeHHi 1). Tum He
menme, BAX konrakty Sn-i-InSe-p-InSe-Ag BTpauae
nmiomHUA XapakTep ( puc. 2, 3anexHocti 2, 3). Curyamis
CTae 3pO3yMUIOI0, SIKIIO BpaxyBaTh TOH (akt, IO
iHTepKaysilis  (BIOPOB3DKEHHS  JIOMILIOK  IIJISIXOM
IHTepKaJsiLii B IMIapyBaTHi HamiBIPOBIIHUK) HaWOLIbII
IHTEHCHBHO IPOXOJHUTh B NPUIIOBEpXHEBHX Miapax [9].
Tob6ro, KoHuIeHTpaulisi nedeKTiB B NPHUIIOBEPXHEBOMY
mapi, IPWISATalodoMy A0 THIBHOTO CPiOHOTO KOHTAKTY,
HabaraTo Oinblia, HiXK B 00’ €Mi HamiBIpoBinHUKa. OTXKeE,
Ha moBepxHi p-InSe  yTBOprOEThCA miap 3 OLIBIIHM
MUTOMUAM OIIOPOM, SIKHMH, LJIKOM OYEBHIHO, MOXKHA
posrsimatu K nmiom Mota 3 BHCOTOIO Oap’epy Vi,
(puc. 2b, 3051 6a30BOr0 HAIIBIPOBIAHUKA B ITOJOKCHHI
2). Takum umHOM, KOHTAaKT Sn-i-InSe-p-InSe-i-InSe—-Ag
YHOIIOHIOEThCA JOBOM BKIIIOYCHHM HA3yCTpid OIUH
onHoMy niomam Morta, i sk pe3yibrar - BTpara BAX
TaKoi CTPYKTYpu [IIOJAHOTO XapakTepy B Ipoleci
inTepkassuii. Ciigx BIAMITHTH, 110 aHAJOTIYHI MPOLECH
(iHTepkamsiiss HaHOUIBII IHTEHCHBHO MPOXOJHUTH B
NPUIIOBEPXHEBUX MIapax) BiIOyBalOThCS 1 B MepIii
CTPYKTYpi, OZJHAK II€ IPU3BOANTD JIIIE 10 HAOIMKCHHS
IO OMIYHOCTI THJIIBHOTO KOHTAKTy p-InSe-In.
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The influence of hydrogen intercalation on indium monoselenide is investigated measuring electrical properties
of based on it photosensitive structures to metal-insulator-semiconductor (MIS) and Mott diode (MD). It is
established that intercalation of the basic semiconductor with hydrogen leads to the improvement of diodic properties
of the MIS structures whereas those for the DM structure becomes worse. For the both structures current transport

mechanisms are analyzed on the basis of their band diagrams.
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