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IIpencrasieno iHdopMmaiiro mpo OCHOBHI BiacTuBOCTi ZnO, TEXHOJNOrii HOro OCaKEHHS Ta MPOTOTHUIH
JIETEKTOPIB yIbTpagioNeTOBOro BUMPOMIHIOBAaHHS HA HOT0 OCHOBI. PO3IIISTHYTO Pi3Hi THUIHN JIETEKTOPIB, TEXHOJIOTIT Ta
MeToau 1X crBopeHHs. [IpoaHanizoBaHO BIUIMB BIacTHBOCTEH IUTBOK ZnO Ha XapaKTEPUCTHKH JETEKTOPIB Ha X
ocHoBi. HaBeneHo mnpobGnemu, 110 MOCTAalOTh NPU CTBOPEHHI JETEKTOpiB Ha OCHOBI ZnO Ta MOXJIMBI IUIIXH
PO3B’sA3aHHS LIUX NPOOIEM.
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BucHoBKkH
Beryn bnu3bkuit NUV 400-300 am
yibTpadioner

IMotpebu MeauiuK, G6ioJorii, BOEHHOI TEXHIKH, CepeﬂHiﬁ MUV 300-200 am
JIOCTI JIKEHHS KOCMIYHHX 00’€KTiB, yabTpadioner
BHCOKOTEMIIEPATYPHUX TPOIECiB Ta 030HOBOTO mapy € | Aanekui FUV 200-100 um
MOTHBAIiEl0  pO3BUTKY  yubTpadiometoBoi  (YO) yabTpadioner
doToenekTpoHikn. OCHOBHOIO 3ajauero OcTaHHboI € | EKCTpeMalbHHil EUV 100-10 am
peectpartisi cnabkoro Y@ BumpoMiHOBaHHS Ha (OHI yabTpadioner
MOTYXXHOTO BUIUMOTO Ta inpayepBoHOrO 3yCTpiyaeThCsl TAKOXK 1HINA KIIACH(IKAIlis:
BUIPOMIHIOBaHHs.  HammiBIpOBIAHUKOBI  JIETEKTOPH, I'mu6okwuit DUV 350-190 um
0COOJINBO JIETEKTOPH 3 MOTEHIIHHUM Oap’€poM, MaroTh yibTpadioser
BUCOKY €()EKTHBHICTh, MaJTy Bary Ta rabapurty, 31aTHICTb VYierpadioner-A UV-A 400-320 um
IHTErpyBaTU CUT Hall, 11O NETEKTY€ThCS. [1]. VYisrpadioner -B UV-B 320-280 um

. Yo BUIPOMIHIOBAHHSI 3aiiMA€ CIICKTPATBHY 00acThb Visrpadioner -C UV-C 280200 1t
B iHTepBam JOBXWH XBWIb A= 10-400 am [2]. Lo
o0nacTe B OUTBIIOCTI BHUMAIKIB MAUIATh HAa HACTYIIHI VYaerpadioner vuv 200-100 M
i Tiama30Hu: BaKyyMHUI1
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s xmacuikariss Mae MUAPOKAH BXXKUTOK.

Jnst peectpanii Y@ BUNIPOMIHIOBAHHS IIHPOKO
BUKOPHCTOBYIOTh Y@ NIETEeKTOPH Ha OCHOBI KpeMHiIo,
MpOTe BOHH MAIOTh TaKUH CYTTE€BUH HEOOTIK SK
YyTJIMBICTH Y BHJMMOMY Jliala3oHi, TOOTO MOCTaEe
HEOOXIHICTh BUKOPUCTAHH: Aoporux ¢uisTpis [3]. 1106
N030yTHCS BiJ] HEJIOMIKIB IIOYaIM BUKOPUCTOBYBATH TaKi
LIMPOKO30HHI HamiBnpoBiguuku sk GaN, anmas, ZnSe,
ZnS ta ZnO [4].

ZnO BUKJIWKAE 3HAYHUH iHTEpEC ISl PI3HOMaHITHUX
MIPUKIIAAHAX 3aCTOCyBaHb. TekcTypoBaHi ImiiBkH ZnO
MOXYTh OyTH 3aCTOCOBaHI SIK BHCOKOS(HEKTHBHI
eNeKTpOHHI aBTOoemiTepu. Kpim Toro meil marepian €
MEPCIICKTUBHUM KaTOI0JIOMIHO(DOPOM. 3aBasKK 3HAYHIM
eHeprii 3B’s13Ky eKcuToHiB (60 MeB) MoxHa criofiBaTHCA
Ha JIOCATHEHHsS e]eKTUBHOI Ja3epHOi reHepauii npu
KiMHaTHIH Temmeparypi [5-7]. Bapro ouikyBatu
CTBOpEHHs1 e()eKTHBHUX CBITJIOBUIIPOMIHIOIOUMX Ta
Jla3epHUX [I0/1iB Ha OCHOBI OKCHIY IHMHKY. 3aBISKH
mupokiit 3aboponeniit 301 (Eg = 3,37 3B), ZnO MmoxHa
BuKopHcToByBaTH Ui peectpanii UV-A (320-400 HM)
BHIIPOMiHIOBaHHA. [IpH CTBOpEHHI TBEpAMX PO3YHMHIB
ZnO 3 MgO (ZnMg;,O), miama3oH (QOTOUYTIUBOCTI
Moke OyTu 3cyHyTHi B obmacti UV-B (280-320 aM) Ta
UV-C (200-280 um).

Bapto 3a3nauntn, mo ZnO npuBepTae 3Ha4Hy yBary
JNOCHITHUKIB ~ JJs  CTBOPEHHS  JETeKTopiB YD
BUIIPOMIHIOBaHHS TOMY, IO caMe I[eid Marepian €
Npo30puM Yy BHOMMIH Ta iH]payepBoHi o00macTax
CIIEKTpY, HEUIKIUTMBUM JUIst HaBKOJIMIIHBOTO
CepeJIoBHUINA, TEPMIYHO Ta XIMIYHO CTIMKMM MaTepiajiom
3 KEpOBaHMMH EJIEKTPUYHUMHU XapakTepucTUKamu [8].
Oxcupg TWHKY Mae Ty X, mo 1 GaN, KpucramidHy
CTPYKTYpPY Ta ONTHYHI BIACTHBOCTI. [IpoTe, MOPiBHIHO 3
GaN, okcua OWHKY XapaKTepHU3YEThCS OLTBII HU3BKIMH
TeMmreparypaMu Ta OiTbII MPOCTHMH TEXHOJOTTYHUMH
npoiiecaMyd Oca/pKeHHs TUIiBokK [9]. BinmmomigHo, mei
MaTepialn Mae HIDKYy BapTicTe. Tpeba 3a3HAYUTH, IO
ZnO € TEXHOJIOTIYHUM MaTepiajJoM, OCKUIbKH ICHYe
6arato MeToJiB Oro OCa/KEHHSI.

B ommsai  mpoananizoBaHa

iHpopMalis  1po
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4+ /n
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(-12-10)

(11-20)
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Puc. 1. Kpucraniuna cTpykTypa OKCHAY LIUHKY.

nabopaTopHi PpO3poOKH JIETEKTOPIB Yo
BUIIPOMIHIOBAaHHS Ha OCHOBI OKCHJIY LIMHKY Ta TBEPAOTO
posumny ZnMg;,O. PosrmayTo TexHomorii - ix
BUTOTOBJICHHS, METOJH CTBOPEHHS AETEKTOPIB DPI3HUX
TUIIB, 11X  XapakTepUCTUKK Ta  IPOBEAEHO  IX
NOpIBHUIbHUK  aHanmi3. HaBenmeno mnpoOmemu, 10
MOCTAIOTh MPU CTBOPEHHI JETEKTOPiB Ha oHOBI ZnO Ta
MOXJIMBI IIJISIXH PO3B’SI3aHHS LIUX MPOOJIEM.

I. OcHoBHi BiaacTuBocTi IIiBok ZnQO

Oxcujy 1MHKY IpU  PIBHOBOXHUX  yMOBax
KPHUCTATI3YEThCS B T€KCATOHAJBHIA CTPYKTYpl BIOPIMTA
(Puc.1), 3 mnepiomamu rpatkn a= 0,3250HM Ta
c=0,5205 am.

3oHa mpoBigHOCTI copMmoBaHa 4s craHamMu iOHIB
Zn*" (cumetpist I'}), a BaNeHTHA 30Ha - 2p CTAHAMH iOHIB
O” ra 3d piBusamu Zn®" (Puc.2(b)). BanentHa 30Ha Mz
€0  KPHUCTANIYHOTO IO Ta  CHiH-OpOiTalbHOL
B3a€EMOIi po3mermoeTbess Ha Tpu mimsorm A (Iy,),
B(I'7y) Ta C(I'3y) (Puc. 2(c)).
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Puc. 2. 3oHHa cTpyKTypa (a), TycTrHA cTaHiB (b) Ta pO3MIEIUICHHS BaJICHTHOI 30HH 3aBIISKU CIIH-OpOITaIbHIN
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(Asp) Ta kpuctamiyHoro moxs (Acg) (¢) B3aemonii B ZnO [10].
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ZnO-neTeKTopy yibTpadioneToBOro BUIPOMIHIOBAHHS (OIJISA)
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Puc. 3. Cnektp peHTreHiBcbkoi Au(pakiii HOpOLIKY
ZnO[11].

[Ipn temmeparypi 4.2 K eHepreTuyHi 3a30pu Mix
HUMH ¥ 30HOIO0 mpoBimHocti (I';)  CKIIAarOTh:
EAr=3,437eB, Egp=3,442eB, Ec=3481e¢B [10].
BinmoBimHO 3 mpaBmiamMu BigOOpy O3BOJCHHMH €
€JIEKTPOHHI Tepexoay 3 BaJCHTHHX 30H A u B y 30HYy
npoBigHOCTI 11t E [ ¢ Ta 3 BanenTHOi 300U C tipu £ // c.

Ha Puc.3 HaBemeHWil CHEKTp PEHTTCHIBCHKOI
mudpakuii  nopomky  ZnO [11]. Haii0inpm
IHTCHCUBHUMH pediekcaMu, xapaktepaumu 1t ZnO, €:
(100), (002), (101).

®isuuni BaactuBocti ZnO B mopiBHsAHHI 3 GaN
HaBeneHi B Taomui 1 [8].

Ta6auus 1

[TopiBHsnbHI XapakTepuctuku ZnO ta GaN [8].
DizuyHUii mapameTp ZnO GaN
MonekynsipHa Bara 81,389 83,729
IMuroma Bara, r/cm’ 5,642 6,11
IIpocToposa rpymna, P6;mc P6;mc
THT TPATKA (Bropur) (Bropuur)
Iepiox rpaTkwy, A a=3,250, a=3,189,

c=5,205 ¢=5,206

Temneparypa 2250 1700
miaBnenns, K
[[MupunHa 3a60poHeHOT
3ouH E,, eB (KT) 3,37 3,39
TK E,, eB/K -8:10™ 610"
Ewneprist 3B’ s13ky
eKCHTOHY, MeB 60 21-28
Edekrusna maca 024 02
eIIeKTPOHY m /m, ’ ’
XOHIBCI)K.a pyxgnBlCTb 120 900
eJIEKTPOHIB, cM /B c
Cratnna 7,40 ma Elc 122
JlieJIeKTpUYHa cTasa 8.49 s E//c )
OnrtuyHa JieJeKTpuyHa 3,68 nsa ELc
crana 3,72 nns E//c 3,33

II. TexuoJorii ocamxeHns mWiIiBok ZnO

BaxnuBol TEXHOJOTIYHOIO 33auel0 Cy4acHOTO
HariBIPOBITHUKOBOI'O MaTepiallo3HaBCTBA € OAEP>KaHHS
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BHCOKOSIKICHMX TOHKOIUTIBKOBHX MIapiB 3 BHCOKHM
CTyIICHEM TTOBTOPIOBAHOCTI eneKTpodI3HIHUX
napameTpiB. Bix MOCKOHAIOCTI TEXHOJIOTIYHHUX TPOIIECIB
HAaHECEHHS TOHKHUX IUIIBOK 3HAYHOIO MIPOIO 3aJieKaTh
HalifHICTh # sKiCTh BHPOOIB Y@ ONTOENEKTPOHIKH,
TEXHIYHUH pIBEHb W EKOHOMIYHI MOKa3HHKH iXHBOTO
BUPOOHUIITBA. SIkicth ILIIBOK BU3HAYAETHCS
CTPYKTYPHHMH BIJIACTUBOCTSIMU (€TiTaKCIHHUN Xapakrtep,
MOJIKPUCTANIIYHICTD, TEKCTypa), JIOCKOHAITICTIO
KPHCTJIIYHOI ~ CTPYKTypH  (BIOIXWJIEHHSM  IEpiofiB
KPUCTATIYHOI TpPaTKH BiJ CTAaHAAPTHUX, HASIBHICTIO
BHYTpPIIIHIX  HAampyXeHb, KOHICHTPAILI€I0 BJIACHUX
CTPYKTYPHHUX Je(DeKTIB), IIOPCTKICTIO, BIAXMICHHSIM BiJl
CTEXIOMETPUYHOIO CKJIaJy, KOHIEHTPAL€E OMIIIOK,
OJIHOPITHICTIO TUIIBKY B TUIOIIHHI i 110 TOBIIXHI.

[Tpu ocajkeHHI IUIIBOK OKCUIYy LMHKY, MiJKJIaaKa
CYTTEBO BIUIMBAE Ha IX CTPYKTYpHi, Mopdosoriuni i
onthuHi BiactuBocTi [12]. Y 3arajgpHOMYy BHIAJAKY
0Ca/DKCHHSI MOXKE BiIOyBaTUCS B PEKHMI CaMOTEKCTYpH
abo emitakcii (NOSCHEHHS IMB. HWXKYe). BaxmiBoro
nepeBaroto ZnO € MOXJIMBICTb OJICP)KYBaTH IUTIBKH
XIMIYHUMH METOAaMH, 1110 HeMoxiuBo it GaN [13].

IIpu ocamkenHi mriBok ZnO 3 ra3oBoi ¢a3u Ha
MAKIAOKH aMOppHOTO THIY WAae picT Mg i€
CaMOTEKCTYpH — HaWOLIbIIa HIBHIKICTH POCTY IUTIBKU
OKCHIly LIMHKY BigOyBa€eTbcs B HANpPSMKY ESHEPreTHYHO
HAMOIIBI BUTIAHOTO KpHUCTAIOrpadiyHOro HaMNpsIMKY
(0001). ATomu TIpUEAHYIOTHCS O TpaHi, BiJIbHA €HEPIis
MOBEPXHI 5IKO1 € MiHIMabHOW. [Ipu IboMy BifOyBa€eThCs
KOHKYPEHTHHH PICT 3epeH y IUTBII: HA IOYaTKOBUX
CTaJisIX POCTY IUTIBKHM 3apOJDKYIOTHCS 3€pHA 3 PI3HUMH
KpucTajorpadiyHUMM Opi€HTalisAMH, ajleé B IpoIeci
KOHKYPEHTHOTO “BIDKHBAaHHSI  PO3POCTAIOTHCA JIHIIE
3epHa 3 ~ HAWOUIBII ~ EHEPreTHYHO  BUTITHUMH
OpI€HTaIliIMH 32  paXxyHOK IIOTIMHAHHS  MEHII
KOHKYPEHTHO CIPOMOYKHHUX CycCiaHIX 3epeH.
BusHauaJbHUM IIpU  LBOMY SIBISIETBCS  JOCSTHEHHS
MIHIMAJIbHOI [TOBEPXHEBOI €HEPrii CKOHICHCOBAHOI
wiBKK. sl OKCHIy LMHKY MOBEPXHEBA CHEPTIS UIs
pisEMX mmommH Mae Benmummy: (0001) — 1,6 /M,
(1120) — 2,0 /™2, (1010) — 3,4 Jix/m [14]. Tomy
NepeBaXHO pPOCTYTh 3epHa B HampsMmky (0001) -
NEePHEeHANKYJISPHO JI0 MiAKIAJKH, CTBOPIOIOYH, TaKUM
YHHOM, [IEPEBaYKHY OPIEHTAIIiI0 KPUCTATITIB Y MBI

Y BUmDAmKy OCaKEHHS Ha MOHOKPHCTAIIYHY
MiAKIAOKy, KpUcTaiorpadidHa Opi€HTalis IUTBKH €
HACNIIAKOM e(eKTy CaMOBIPOPSIKYBAHHS, BUKINKAHOTO
JE0 IBOX CHJI: MiHiMi3amii BUTbHOT IIOBEPXHEBOI eHepril
KpucTtama  (CaMOTeKCTypa) 1  B3a€EMOMIEI0  MiX
0Ca/DKYBaHMM MaTepiajioM 1 TOBEPXHEI MiAKIaIKU
(emiTakcis) [15].

ITpu eMiTaKCIHHOMY pocri aTOMHU Zn
“100yIOBYIOTH” KpPUCTANIIYHY TPATKy IiAKIAIKH, KOTpa 1
BU3HAya€  KpucTajorpadidHy  Opi€HTAIil0  IUIBKH,

nepiofy rpaTku W MeXaHI4HI Hanmpyrd B OCAIPKyBaHHX
TUTiBKaX.

Cepen crmocobiB ocamkeHHS TOHKHX ILTBOK ZnO
BapTO BWJAUIMTH HACTYIMHI: MarHETPOHHE PO3IMHICHHS
(MS - magnetron sputtering) [16], MomexynspHO-
npomeneBa eritakciss (MBE - molecular beam epitaxy)
[17], immynbcue nazephe ocamkenns (PLD - pulsed laser
deposition) [18], xiMiuHe oOcCa/KCHHS 3 MapoBoi (as3u
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(CVD - chemical vapor deposition) [19], mipomni3 (SP -
spray pyrolysis) [20].

MarHeTpoHHE DPO3NWICHHS € METOAOM OCaPKSHHS
IUTIBOK, SIKMH HaHOLIbII HIMPOKO BUKOPHCTOBYIOTH Y
npomucioBocti. [Iporec po3nuieHHs 3AIHCHIOETHCS
HuIsixoM OoMOapayBaHHs MileHI HEOOXiJHOro CKIamy
ioHaMu pobodoro ra3zy ¥ ocampkeHHs mnapiB ZnO y
BHUIIIAI ITUTIBKU HA HArpiTy miakinanky. I[cHye nBa ioro
THIN: PO3MWIEHHS Ha mocTiiiHoMmy ctpymi (DCMS -
direct current magnetron  sputtering) [21] i
pamiogactotHe (RFMS - radio frequency magnetron
sputtering) [22]. OcamxkerHs w1iBoK ZnO IpOBOIUTHCS B
pPEaKTHBHOMY a00 HEPEaKTUBHOMY PEXHUMi. Y Nepiiomy
BHIIAJKY BHKOPHCTOBYIOTH CyMIII Tra3iB KHCHIO Ta
aproHy ¥ MilIeHb i3 METaleBOTO IHUHKY, B APYTOMY -
atMoc(epy aproHy 3 BHKOPUCTaHHSIM KepamidyHOI
mimreHi ZnO. Takoxk 3aCTOCOBYIOTH 3MIilllaHI CXEMHU
HAaITUJICHHS.

MonekynspHo-ipomeneBa  emitakcin  (MIIE) €
HaUCKJIAIHIIMM 1 HaOUTBII BapTicHUM MeTojoM. CyTh
METOMy TOJIsirae B KOHJAEHcalii aroMHuX abo
MOJIEKYJISIPHUX ITYYKiB BUXITHUX PEYOBUH HA IILIKIAMIII
B HaaBHCOKOMY Bakyymi. MIIE mae MOXIUBICTD
OIIep)KyBaTH BHCOKOSKICHI IDTIBKM 3aJaHOi TOBIIWHH,
3a0e3nevye KOHTPOJIb CTeXiOMeTpil W Jae MOMIIMBICTh
JIETYBaHHA B IIPOLIECI OCAIKEHHS.

IMIynbcHe JazepHe ocajKeHHs IUTIBOK Iependadae
BUKOPHCTaHHS BHUIIPOMIHIOBAHHSI IMIIyJIbCHOTO Jiazepa
JUIsL BUTIApy Marepiany i Horo mojainbiuoi KOHAEHcalil Ha
niaknaaky. Yactora iMmynbciB a3oTHoro jazepa 10-20
I'u, a eneprernyHa rycTiHa c()OKYCOBAHOTO JIa3€pPHOTO
npomeHsi Ha MimeHi 6iu3bko 0,5 - 5 Ix/em”. Mimens
3aJaHOTO XIMIYHOTO CKJIaAy Ta MiJKIagKa, Harpita o
temnepatypu 300 - 750°C, mepeOyBatOTh y BaKyyMHii
Kamepi 3 poOOYMM THCKOM aproH-KHCHEBOI Ta30BOi
cymimi 0,01 - 0,1 ITa. Ilpominb na3epa, BBeneHHH B
KaMepy dYepe3 KBapLOBE BIKHO, BHUIIAPOBYE KepamiduHy
ZnO wMimeHb, a NPOAYKTH 3 IUIa3MOBOro (axeny
BUIIAPOBYBaHHSI KOHACHCYIOTBCS Ha HArPITY MiAKIAIKY.

OcamkenHss ZnO MeTOIOM MipoJIi3y 31iHCHIOETHCS
K MpaBWIO IpU arMoc(epHOMY THCKY W BHCOKHX
temreparypax migknaakua (450 - 650°C). Cyts mertomy
mnojsira€e B IyJNbBepu3alii Ha MAKIAAKY —CyMimi
peareHTiB, y pe3yJbTaTi TEPMIYHOTO PO3KJIAJ@HHS SKHX
YTBOPIOETHCSI OKCHJ| LIMHKY.

MeTtox XiMIYHOTO OCaKEHHA 3 MapoBOi (Ta30BOi)
(a3u BimoMuil MaBHO ¥ IHTEHCHBHO BHKOPHCTOBYETHCS
JUISL OJIep)KaHHSl TUIIBOK HAIMIBIPOBIIHUKOBUX CIOJYK
A"BY, A"BY!. Cyrs meTony monsrae B nogaui B poGouy
KaMepy BHUXIJIHUX PEareHTiB y ra3onofioHOMy CTaHi,
iXHBOT HACTYNHOI peakuii W oca/JpkeHHI Ha MIAKIAIKY
NPOJYKTIB peakuii, 30KpeMa OKCUAy UMHKY. Takuit
crocio Jae MOXIIUBICTB oJlepKaTH SIKICH1
cTexioMeTpuyHi TuTiBKM ZnO Ha MiOKIagKkax 3HAYHOI
mwiomi. Opmaak y  3BuuaiiHomy mnpomeci CVD
TeMIepaTrypa MiIKJIaIKd HOBHHHA OyTH IOCHTh BHCOKOI
(500 - 700°C), a, kpim Toro, He BCi BHXifHI peareHTH
MOXXHa OTPHMAaTH B Tra3omoniOHoMy craHi. Tomy sk
BUIXITHI pEYOBHHU 3pyuHirie BHKOPHUCTATH
METaJIOOPraHiuHi CIIOJYKH: Y HUX HHU3bKa TeMIleparypa
TEPMIYHOTO pO3Maxy, BOHH HETOKCHYHI ¥ IIOPiBHSHO
HHU3bKOBAPTICHI. Takuii METO HA3UBAETHCSA XIMIYHUM
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Puc. 4. CxemaTnvHe 300pakeHH YCTaHOBKH

METaJOOPTaHIYHOTO XIMIYHOTO OCAIDKCHHS 3 MapOoBOi
(hazu miBok ZnO.

OCaJDKEHHSM 3 mapoBoi (asw 3 BUKOPHCTaHHAM
metanoopraniunux cnoiayk (MOCVD - metalorganic
CVD) [23]. Ichytorh Takox wmoaudikanii MOCVD:
METaJI0OpraHiuHe XIMIYHE OCaJPKEHHS 13 3aCTOCYBaHHSM
wiazmoBoro pospsizy (PEMOCVD - plasma enhanced
MOCVD) [24], i3 3acToCyBaHHSM YJIbTpadioneToBoro
onpomineHHs (Photo-MOCVD) [25] Tta iHmi, MeHII
posmoBcromkeri. [IpuHIMIOBE 300pa)KeHHS yCTAaHOBKH
MOCVD mpuseneno Ha Puc. 4.

Opniei 3 momudikaiiii  METaJ00pPraHiIHOTO
XIMIYHOTO OCa/PKEHHS 3 MapoBol (asu € TEeXHOJIOris
PEMOCVD. Cytp [paHOrO METOXy THOJSITae y
BUKOPHCTaHHI  HU3bKOTEMIIEPATYpPHOTO  IUIa3MOBOTO
PO3psAy MpH XiMIYHOMY ocajkenHi. [1ma3mMoBuit po3psia
SIBJIsIE 0000 C1a00I0HI30BaHMII a3, 0 CKIAJAETLCS 13
cyMmimi 30y/PKEHMX aTOMIiB 1 MOJEKYJ, paauKaliB,
CJIEKTPOHIB ~ Ta  ioHiIB.  HasBHicth y  muiaswmi
BHUCOKOGHEPTeTUYHNUX YACTHHOK, SKi MalOTh BHCOKY
KiHETHYHY CHEpTil0, CTBOPIOE CHPHUSATINBI YMOBH [UIS
MIPOXO/KEHHS XIMIYHUX PEaKIii i 301IbIIye MBUAKICTD
ix MIPOTIKaHHS. Enepris BHCOKOYaCTOTHOTO
SNIEKTPUYHOTO  IIOJIsI  BHUTPAyaeTbcsi HAa  PO3PUB
MOJICKYJIIPHHUX 3B'S3KiB, 32 PaXyHOK 4YOTO 3HMKYETHCS
TeMIepaTypa IpoLecy.

VY Biagini marepianiB QyHKIIOHAIBHOI €IEKTPOHIKU
IIIM poboTH 1O OCaIPKEHHIO TOHKUX ILIBOK ZnO
metogoM PEMOCVD mnowanucs 3 1987 [26, 27]. La
TEXHOJIOTISl € OJHIEI0 3 HANOLIBII NPUBAOIMBHUX JUIS
HHU3BKOTEMIIEPATypHOTO ~ OCA/PKCHHS  BUCOKOSKICHHX
TOHKHX IUTIBOK ZnO, sika BUKOPUCTOBYE HU3BKOBAPTICHI
Ta HETOKCHYHI METAJIOOPTaHIUHI BHXIJHI PEYOBUHH
alleTWI-alleToHaTH.  HemomaBHO MM TOCHIAWIA
CTPYKTYpHi, MOPQOJIOriyHi, EJeKTPUYHI Ta ONTHUYHI
BJIACTMBOCTI YHCTHX Ta JIETOBaHMX IUNBOK ZnO,
OCaJDKCHNX B IIMPOKOMY TEMIIepaTypHOMY Aiala3oHi
[28] Ha pi3HuX minknaakax [29].

OTxe, iCHye 3HAYHA KUIBKICTH METOJIB OCAKCHHSI
miiBok  ZnQO, KOXHHHA 3 SKHX JAa€ MOXKJIUBICTH
OJIEp)KyBaTH IUTIBKM B pPE3YJbTaTi PI3HUX (i3UUHUX
SIBHI 1 XIMIYHHAX pPEaKIiii, Py BUKOPHCTAHHI BHXIJTHUX
PEUOBHH pI3HOTO THIy, HpPU pI3HUX TEMIEpaTypax
MiAKIAAKA W THCKIB y Kamepi ocamkeHHs. OOupaT Toi
abo IHmMIA Tporec MOTPIOHO BUXOISYH 3 BHUMOT [0
miiBok ZnO, ToOTO iX HEOOXITHUX BIIACTHBOCTEH,
oOmacTteil 3acToCyBaHHS 3 BpaxyBaHHSAM  IHIIHX
BaXJTUBUX (haKTOPIB.
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I1I. lerexTopu Y@ BUNIPOMIHIOBAHHS

Pobora HaITiBIIPOBITHUKOBHX JIETEKTOPIB
BUTIPOMIHIOBaHHS TPYHTYETBCA Ha pIi3HUX crocobax
HIePETBOPEHHS ONITUYHOIO CHTHAIY B eJeKTpuuHMit. Jis
i€l METH BUKOPUCTOBYIOTH €(eKT (OTOIPOBITHOCTI,
spuma Ha Oap'epi LlloTTki, p-n- 1 rerepomepexoaax,
(dhororpansucropuuii edexr take in. [30]. Humxue, micus
KOPOTKOT'O OIUCY OCHOBHHUX TEOPii pOOOTH KOHKPETHUX
THUITB JIETEKTOPIB, TNPHBEIEMO IPHUKIAIN CTBOPEHHS
nporotunie  Y® perekropiB Ha ocHoBi ZnO @
Zn,Mg, O, posrisiHeMo BIUIMB (i3UYHHX HapaMeTpiB
wiiBok ZnO Ha BenMnuuMHy (QOTOYYTIMBOCTI Ta
MIBUAKOMIIO JIETEKTOpa, a TaKOX pO3IJITHEMO BIUIUB
TEXHOJIOTIYHUX PEXHUMIiB W 0OpoOOK Ha BIACTHBOCTI
1iBoK ZnO Ta BIACTUBOCTI IETEKTOPA B IIIIOMY.

3.1.

dorope3ucTopu ab0 (HOTOPE3UCTHBHI JCTCKTOPH €
HamiBIPOBITHUKOBIMH CTPYKTypamH, sIKi 3MIHIOIOTh
SJICKTPUYHUIA omip (MPOBIAHICTH) M AI€I0 MMATar0Y0ro
Ha HHX BHUIpPOMiHIOBaHHS. [lpu #oro mornuHaHHI
30yIKYIOTBCS  €NIEKTPOHHO-IIIPKOBI  Tapw, BHACIHIJOK
4Oro 30UIBIIYETHCS SIEKTPOIPOBIIHICTD

doTope3ucropu

AO':e{ n(n—n0)+,up(p—p0)}:e,un{An+bAp}

Jae  Hnp, An=(n-ng), Ap=(p-py) — PYXIMBOCTI Ta
KOHIICHTpAITis 30y IKEHUX BUTIPOMIHIOBaHHSM
HaJIMIIKOBKX €JIEKTPOHIB 1 JIPOK, BiANOBIIHO; b=l,/iy.
Inmekcom 0  mo3HayYeHi  PIBHOB&KHI  3HAYCHHS
KOHLIEHTPAILiif HOCITB CTPpyMY.

Buxignuii curHan (opMyeTbCst y BHIIISIII CTPYMY
dotomposinHocTi (Ipn(P)) abo mamiHHA Hampyrn Ha
HaBaHTAXyBaJIbHOMY pe3uctopi. Lleit curHanm 3py4yHo
aHaJi3yBaTW Yy BHUIIAI BIHOCHOI 3MIHHM CTpymy
(oropesucTopa, 110 HA3UBAIOTh KPaTHICTIO K

K@)=",
d
ne I, —temHOBHUIl cTpyM pesuctopa. dortopesucropu
HaliuacTille MarTh Maly TEeMHOBY TIPOBiHicTh (o< 107
Om'em').  ToMy uIs  CTBOpeHHsS  JETEKTOiB
BUKOPHCTOBYIOTh KOHTAKTH 3 I'pe0iHYacTOI0 CTPYKTYPOIO
(IDE - interdigital electrode) 3i cmiBBiZHOIIECHHIM
I/Iw<<l (w - nHOBXHWHA KOHTAKTHUX €IEKTPONiB, | —
MIDKEJICKTPOIHA BiJICTAHB).

Ha xapakrepuctuku (poTtomerekropa Ha 0CHOBI ZnO
BIUIMBA€ KpHUCTAJliYHA OpIEHTALls, MIKPOCTPYKTypa M
TOBIIMHA IUTBKK ZnO, MICIIpOCTOBa TEMIIEpaTypHa
0o0poOka mmiBok B armocdepi H, abo O,
DoTONPOBIAHICT TAKOXK B3a€MOIOB’sI3aHA 13 poLIECaMU
agcopOwii i aecopOuii KHCHIO Ha MOBEpXHi ILTiBKH ZnO
[31].

Y pobori [32] nocmigwivd  BIUIMB — Opi€HTAIii
KPHUCTANITIB y3M0BX HampsaMmkiB <002>, <100> abo
<101> mmiBku ZnO Ha ii ¢porouytnuBicts. [LmiBku ZnO
OCapKyBalld Ha CKISIHY MiAKIAAKY MetomoMm RFMS.

JocnijkyBaii  BIUIMB ~ Opi€HTAIlli KpHUCTAIITIB Ha
BenimunHy  (orompoBigHOCTI.  BeranoBwiam, 1o
HaiiOimba  (OTOYYTIIMBICT  CIIOCTEPIraeThCst ISt

3pasKiB 3 MepeBakHOIO opieHTalieo kpucramitiB (100) i
(110). byna nocsirnyTta HaiOIbIIAa KpaTHICTD K MOPSAKY
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10°. TTniku ZnO 3 OpieHTALi€I0 KPUCTATITIB y3/10BK OCi
¢ Malli MEHIIly YyTJIUBICTh. B naHiit poOOTi BCTaHOBHIIH,
0 BeJIMYMHA (DOTOUYTIIMBOCTI 3al€KHUTh BiJl YaCTOTH
CUT'HANly, IO IIOJAEThCI Ha JeTeKTop. Jlerekrop Ha
ocHOBI MtiBkH ZnO, ocampkeHol Ha aMOpQHY CKISHY
Mi/IKJIa Ky, MaB 3HaYHY 1HEPIIHHICTb.

Jis migBUINEHHS NIBHIKOMAII JETEKTOpa MOTPiOHO
3HW)KYBAaTH KOHLEHTPALI0 IAacToK 1 30UIBIINTH 4ac
JKUTTSL HaUIMIIKOBUX HOCIIB crpymy. Y poboti [31]
emiTakciiiHi miBkM  ZnQO, JeroBaHi a30ToM, OyiH
BuporieHi Ha r-candipoBiit (Al,Os; (1012)) migxmammi
METOIOM MOCVD. Temmeparypa M IKIAIKA
3miHrOBamacs B Mexax Bix 350 °C mo 600 °C. Onepsxanu
wiBkd ZnO 3 MEPEBAKHOI OPIEHTALIEI KPHUCTATITIB
B31oBK HampsMmKy (1120), B mmommai moBepxHi. Ha
mwiBkd ZnO Hadecin oMiuHi Al KinbleBI KOHTaKTH
(ctpykTypa Metan-HamiBnpoBigHuk-metan (MHM)) 3
MDKEJIEKTPOTHOIO BIJICTAaHHIO BiJ 2 MKM J0 16 MKM.
®dotopesucropu Manu (GoTodyTIHBiCTH THOpsaky 400

A/Br mpu A=365mm Ta V=5B (Puc.5) i
MPOJAEMOHCTPYBAIM BUCOKY IIBUAKOJIIO 3 Yacamu
HapocTaHHS W cmagy Omm3pko 1 wMkc # 1,5 Mkc,

BignoBigHo. JleryBanHs 1oiiBkH ZnO aKHeNTOPHOIO
JIOMIIIIKOI0 a30Ty CIPHYHHSE KOMIICHCAII0 JOHOPHUX
BaKaHCiH KMCHIO, IO MiABHUIIYE OIip IUTiBKH ZnO.

T T T T T T T
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Puc. 5. Cniextp dorouyrmmsocti ZnO MHM
JleTeKTopa mpu 3MimmeHHi 5 B [31].

3 METOIO MABUAILIATH MIBUAKOIIIO
(hoTope3ncTHBHOTO JETEKTOpa Ha OCHOBI TWIiBKM ZnO Ha
KBApL, IUTBKM BiamamoBanu mpu Temmeparypi 800 °C
npotsirom 60 xBunmmH B atMocdepi kucHIO [33].
KBaproBi migkmaaku BUOHpald TOMY, IO BOHH MAarOTh
BUCOKY TeMIeparypy IulaBieHHA. Jlns ocamKeHHs
mwriBok ZnO 3actocyBamm meron RFMS. Temmepatypa
migkaagky Oyna kiMHaTHOW. B pesynbrari onepxanu
BUCOKOOMHI IUTIBKH. PEHTreHOCTPYKTYpHI JOCIiIKEHHS
3aCBIAYMIM, 10 KPUCTAIITH MAlOTh OpI€HTAII0 B
HampsIMKy OCl ¢, TIEPHeHIUKYJISIPHO 10 IUIOLIMHU
nigknagky. CriekTp nporyckaHHs niBok ZnO rokasas,
IO Kpail BJIACHOTO TIOTJIMHAHHS 3HAXOAUTHCS MPU
375 M. BeTaHoBIIEHO, IO ONTHUMAaNIbHA TOBIIMHA IUTiBKH
s peectpamii Y@ BHIPOMIHIOBAaHHS CTAHOBUTH HE
menme HiK 200 HM. 3a gonomororo Y@ mitorpadii Ha
wriBmi ZnO dopmyBanu omidHi Al rpeGiHIACTI KOHTAKTH
(w=500mxm, [=3mxMm). Dorope3ucTopu  MajiH
¢dorouytnuBict 18 A/Bt mpu A=365um it V=5B Ta
BHUCOKY MIBHIKOMII0 13 dYacaMH HapOCTaHHSA W cCraxy
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omm3pko 100 HC # 1,5 MKc, BimnmoBigHO. Y mid poOoTi
Oyna  mifBUINEHAa  IBUIAKOMISL  (OTOPE3UCTHBHOIO
JeTEeKTOpa 3a PaxyHOK 3MEHIIEHHS MIiXKeIeKTPOIHOT
BincTadi (/), BUCOKOI PYXJIUBOCTI L, 1 3MEHIIIEHHS OIIOPY
koHTakTy Al-ZnO.

[MpoGnema macuBaiii NOBEPXHEBUX CTaHIB U
agcopOii/mecopOiii ~ kucHIO Ha  moBepxHi  ZnO
BUpilIyBajacs B poOoTi [34] mUIIXOM MOKPUTTS IUTIBKU
ZnO ynpTpaTOHKUM MeTaneBuM mapoMm. Ha ckisny
(Corning glass) migxmanky ocaawiu TpebiHdacTi Pt
koutakt (IDE) (/=300 mxm). Meronom RFMS Ha
OTPHMaHy CTPYKTypy ocamwmu 1oiiBky ZnO. OctasHi
Oy OOHOPITHWMH, MANH BHCOKY IPO30PICTH, BHUCOKY
aare3ito A0 ToOBepxHI mimkimankd. ILmiBkm Manm
MePEeBAKHY OPIEHTALII0 POCTY KPUCTAIITIB Y3[OBX OCI €
(002). Ha crpykrypy ZnO/IDE/ckino  Haneciu
yinpTparonki mapu ((20 um) takux metanis, sik Al, Cu,
Sn, Pb, Au i Te i jgocmiamiam mapameTpu OTPHUMaHHX
crpykryp (Tabmuus 2). Jns crpykrypu Sn/ZnO, y
NOpPIBHSHHI 3 IHIIMMH CTPYKTypaMmu, crocrepiraiacs
HaiibupIa GoToUyTIUBiCTh HOPAAKY 6KB/BT 13 Mamumu
MOCTIMHUMH Yacy HapoCTaHHS i cmamy, 65 mc i 424 mc,
BimnmoBimHO. Edekr  30imbmeHHs  (POTOUYTIMBOCTI
OB’ S3YIOTh i3 TEPEHOCOM ENIEKTPOHIB 3 Sn B ILTBKY
ZnO, TUM caMHM TACHBYIOYH IIOBEPXHEBI CTaHH, IO
MIPUBOJUTS JI0 30UTBILIEHHS! (OTOIPOBIAHOCTI.

Taoauns 2
ITapameTpu GoTOAETEKTOPA HA OCHOBI IBOIIAPOBOT
ctpykrypu 3 ZnO Ta pizaux mertaiis [34].

3pazok | TemHoBuit Yac Yac BonbsToBa
CTpyM Hapoc- | cmamy | doTouyTiu-
Iy (HA) TaHHS (mc) BicTh (MB)
(mc)

Zn0O 0,20 51 69 120
Te/ZnO 0,16 1243 1302 500
Au/ZnO 0,25 836 995 450
Pb/ZnO 0,25 1026 944 400
Cu/ZnO 0,22 436 290 400
Sn/ZnO 320 65 424 800
Al/ZnO 45000 — — —

Jnst TOrO, o6 3MICTUTH MaKCUMyM

¢orouyrmuBocti 3 obmacti UV-A (320 -400 amM) B
obnacti UV-B (280 — 320 am) Ta UV-C (200 - 280 HM)
3aCTOCOBYIOTH TBEpAi PO3UYMHH Ha OCHOBI ZnO
(Eg=3,37eB) 3 MgO (Eg=7,.8¢eB). MoxmuBicts
3HAYHOrO 3CyBY MakcuMyMy QotouytiuBocti (Puc. 6),
LUISIXOM 3MIHM KOHLeHTpauii Mg y TBepaoMy pO34HHI
Mg,Zn; O Oyna mpomemoHcTpoBaHa B poboTti [35]. B
poboti [36] Oyau oOTpHMaHi eMITAKCIfHI IUTIBKH
Mg 34210660 Ha candiposiit (0001) mixknaami MmeTonoM
PLD. Konuenrpaunito Mg y IUliBKax BH3HAYalu
METO/IaMH EHEPreTHYHOI IUCIIEPCiiiHOT CIIeKTPOCKOIIiT
(EDS). IlmiBku Mgp34ZnpeO Mamu  €IeKTPOHHY
MpOBigHICTE. 31  CIEKTpa  TPOMYCKaHHSA  IUIIBOK
Mg 34Zn0 660 BU3HAYMIM BEIWYMHY ONTHYHOI IIUPUHU
3a00pOHEHOI  30HU 4,05eB. [msa crBOpeHHS
BUCOKOSIKICHOTO OMIYHOTO KOHTaKTy Ha OTPHUMaHy
IUTBKY Mg 34Zn¢ 6O Hanmmnu geomaposuid Cr/Au IDE
(w=250mkMm, [=5mMkM 1 TOBHMHOIO 150 HM).
®DoTOUyTIMBICTH OTPUMAHOTO
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Normalized intensity (a.u.)
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Puc. 6. HopmoBani cnekrpu QotouyriuBocti YO
JIETEKTOpPiB Ha ocHOBI Mg,Zn; O [35].

(dhoromerekTopa ckiana 1200 A/Bt (V=5B, A =308 am
i notyxHicte onpominenHs — 0,1 MxBT). CnekrpanbHa
3aJICKHICTh  (DOTOUYTIUBOCTI JETEKTOpa Ha OCHOBI
Mg 3420960 HaBemeHa Ha Puc.7. MakcuMaibHy
¢orouytnuBicts  cmoctepiramu  mpu A =308 HM.
Bignomennss ¢orouyrnuBocti npu A =308 HM 10
tdorouyrmuBocti mpu A =400 am (S308/S400) ckmamo
Oimprn  HDK 4 TOpAOKH, TOOTO  NETEKTOpH
MPOJAEMOHCTPYBAIM  BHCOKHH CTYIIHBb CIIMOTH [0
BUIIIMOTO  BUIIPOMiHIOBaHHS. DOTOpE3UCTOpH Masu
BUCOKY UIBHJKOIIO i3 YacaMHM HApOCTaHHS W cramy

6mm3bko  100HC 1 1,5 Mkc, BignoBimHo OTtpumani
napaMeTpu JETEKTOpa CIIBPO3MIpPHI 3 3HAYCHHSIMH IS
ZnO [31].
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Puc. 7. Criextp dotouyriauBocti Mg 3421960 YD
nerekropa (mpu S5 B). Ha BcTaBmi mokasaHna 3aj1eHICTh
(dhoTouyTIMBOCTI sIK QYHKIIT HApyTy 3mitieHHs mpu 308
uM, 0,1 MxBT YO onpominenss [36].

Kpim mmpoko BimoMux MeToaiB, Oyiam crpodu
CTBOpIOBAaTH (OTOPE3UCTOPU 3 BUKOPUCTAHHSAM IHIIHMX
TexHoJoriit. Y poboti [37] Oynu ocamkeni wiiBku ZnO
Ha candipoBy (0001) migkmazky METOZOM 30JIb-Tellb
cuHTe3y. OTprMaHi IUIBKYM HE BignairoBaid. JleTeKkTopu
Ha IX OCHOBI IPOJEMOHCTPYBAJIM BHCOKY IHEpUiHHICTH
(Puc. 8). Cnabka QOTOUyT/INBICTh 1 BUCOKA IHEPIIHHICTD
TIOB'sI3aHi 3 HASBHICTIO Ie(EKTHUX CTaHIB Y 3a00pOHCHIH
30Hi, IO MiATBEPHKYETHCSA HASBHICTIO 3€JIEHOI CMYTH B
criekTpax (HOTOIFOMIHICIEHIIIT.

1106 3MICHTH HIOJIOKECHHSA MaKCUMyMY
(doTouyTIMBOCTI B 001aCTh OLIBLIMX €HEpriil, B mpoueci
ocajpkeHHst iiBku ZnO seryBamu 5 % Al [3] (3cyB
bypiureiina-Mocca). [lniBku ocamkyBanm Ha Si(1 1 1)
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Puc. 8. Cag porouyrimmBocti ZnO nerextopa [37].

MiAKIAIKA METOJIOM 30IIb-TeNb CHHTE3Y 1 BiINalFOBaIH
npu  Ttemmeparypi 550 °C  mporsrom 60 XBHIHH.
PeHTreHOCTpYKTYpHI  JOCHI/DKSHHSl  CBiuyarh, IO
KpHcTaiTh B 1iiBui ZnO pocTyTh B HANpsMKy oci ¢. Al
3amimye Zn B mwiiBui ZnO siK JTOHOpHA JoMimika 0Oe3
yrBopenHs iHmwMX (a3. Crnextp PJI miBku ZnO:Al mae
qume ofauH ik (352 uM). Iy ojepkaHHS JETEKTOpa
Y® BunpomiHioBanHs Ha 1WIiBKY ZnO:Al Hanecwin Au
rpedinuacti koHTaktu. Jocmimmkenas BAX mnokasano,
mo Au € OMIYHMM KOHTakToM [0 IuIiBKH ZnO:Al
3HayeHHs TEMHOBOIO CTpyMy CKiajano 18 MKA mpu
Hampy3i 3MimeHHs 6 B, a 3HaueHHs (oTocTpymy -
58,05 MKA pu A=350 HM™m. CrnekrtpanbHy
XapaKTePUCTHKY (OTOMPOBIMHOCTI 3HIMAIM IS JBOX
3paskiB: mmiBkn ZnO:Al i umeroi mmmiBkm ZnO,
OCAaIKEHOI IpU TaKUX e yMoBax. BusiBmwiocs, 1o
neryBatHsi Al miiBok ZnO He3HAYHO 3PYIIYE MOI0KEHHS
MakcUMyMy (OTOYyTIMBOCTI B 00JacTh OUIBIIMX
eHepriii. Y wuiii po0Oori He Oyyo BHpillleHEe 3aBIaHHS
HiABUILEHHST ()OTOYYTIUBOCTI MPU BUKOPHCTAaHHI 30Jb-
reJb  METOAy, a IHEpUIiMHICTb JeTeKTopa  He
JIOCIIIKyBaIacs.

3.2. JlereKTOpH Ha OCHOBI p-n- Ta
rerepomnepexoain

dorouyTIMBUM eneMeHTOM ¢Qoromiona € p-n- abo
rereporiepexin.  KBaHTH  BHIIpOMiHIOBaHHA, IO
MOTJIMHAIOTBCSA, TEHEPYIOTh EJIEKTPOHHO-TIPKOBI IapH.
Jus 1i€i MeTH BUKOPUCTOBYIOTH BIIACHE MOTJIMHAHHS
YyTIMBOTO eJIEeMEeHTa JeTeKTopa. SIKIIo TeHepawis
BiIOyBaeThcs Ha  BiacTaHi  audys3iiHOT  TOBXKHHU
HaJUIMIIKOBHX HOCIiB 3apsioy BiJ NEpeXony, elNeKTpHIHE
MoJie, IO YTBOPIOETBCA Ha p-n- abo reTeporepexoi,
3aBASKH HAsBHOCTI KOHTAKTHOI PI3HHIN IOTEHINAIB,
MPOCTOPOBO PO3IiNIAE EICKTPOHUM © Jipku. Peakiis
JETEeKTOpa Ha OCHOBI p-n- abo rereporepexony Ha
BUIIPOMIHIOBAHHS TOJISATae B 30UIBIICHHI CTPYyMy depes
IETeKTOp Ha BeMMYHHY HOTOCTPYMY pno.

Po3pi3HsaroTh qBa pekUMHU poOOTH (POTOTIOIB:
BEHTWIBHUHA, KOJXM 10 (OTOIETEKTOpa HE
NPHUKIaJal0Th HALIPYTY.

— QoTomionHuUl, KOJIH B ENEKTPUYHOMY JIAHIIO3i
¢doroniona TpHCYTHIE 30BHIIIHE JDKEPENO HAIPYrd
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(V #0), BBiMKHEHE Yy 3BOPOTHOMY HAIPSIMKY.

AxrtuBHuii Matepian ¢orogioga Ha ocHOBi ZnO
MOBUHEH MaTH 3HAa4YHY KBAHTOBY €(EKTHBHICTh 1 MaJi
pekomOiHariiHi BTpati. Maja KOHIIEHTpallisi JOMIIIOK B
aKTHBHIN oOyacTi i Maja TyCTHHA CTaHIB Ha TIpaHMLI
PO3IiTy HAMIBIPOBIIHUKIB 3MEHIIYIOTh PEKOMOIHAIIIHI
BTpatH. [ns p-n- abo rereporepexony € Ba)IIMBOIO
BUCOKa SKICTb Mexi po3ainy (iHtepdeiicy) Mik
HATIBIPOBITHUKOBIUMH Matepianamu. {1 MigBUICHHS
(hOTOUYTIMBOCTI TaKOX TIOBHHHI OyTH ONTHUMi30BaHi

TEOMETPUYHI  IapaMeTpu (dotomiona. 3okpema
KoHpirypamis ¢oromiona TOBHHHAa 3abe3ledyBaTH
NPOXO/DKEHHS ~ MAJAlodoro  BUIPOMIHIOBaHHA [0
aKTMBHOI 30HM 3 HaWMEHIIMMH BTparamu. Po3mip

aKTUBHOI 30HM OOMEXY€EThCS po3Mipamu  30imHEHOT
obmacti W JOBXUHOIO IUQY3ii HaUIMIIKOBHX HOCIB.
ToBmIMHA aKTHUBHOrO LIapy BUOUPAETHCS TaKo, 100
3a0€3MEYNUTH TOBHE TMOTJIMHAHHS KBAHTIB Maar0uoro
BUIIpOMiHIOBaHHs.  [lnsg  3MeHIIeHHS — KoedimieHTta
BiIOWTTS BiJ AaKTHBHOI TOBEpPXHI (OTOIETEKTOpA
MOTPiOHO 3aCTOCOBYBATH MPOCBITIIIOIOYI TOKPUTTS.
CrtBopeHHst  p-n-poromiomoB Ha OocHOBI ZnO
YIPYIHEHO B 3B'SI3KY 3 HECTAOUIBHICTIO P-THITY LHOTO
HaniBnposinauKa [38]. YV pobori [39] OyB BUTOTOBIICHHIA
¢doromion Ha p-n-nepexoxi. IlmiBky ZnO ocamunu Ha
GaAs (001) nigxnaaky meromom RFMS. IlniBku pociu
MepeBaXHO B HampsMKy oci c. [lpoemu Bianman npu
temrnepatypi 600 °C mpotsirom 60 xB. As nudyHIyBaB
npu upoMy B ZnO, NPUBOASYM IO YTBOPEHHS Iapy p-
ZnO. Ha orpumanuii map p-ZnO ocaguiu IUIBKY
ZnO:Al i HaHeCIM OMIYHI KOHTAKTH 3 iHIi10. OTprUMaHUiA
p-n  mepexix mnokazanuii Ha Puc.9. ®Poroxmion
MIPOJIEMOHCTPYBAB XapaKTepHY TIOAHY BOJIbT-aMIIEpHY

o
Semicomdwetor

|parameter anulyzer| Light source

r" "‘F-F-l:\'pl.‘ ZnO film

[m]
p=lvpe Zn0 Nilm

[Semi-insulating GaAs substrate

Puc. 9. Cxemarnune 300pakeHHS P-N-IIEPEXOAY B IUTIBKOBii

cTpykTypi ZnO [39].
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Puc. 10. BAX st ¢poTocTpyMy Ta TEMHOBOTO CTPyMY p-n-
nepexony ZnO y Bunanky Buaumoro (A =400 — 700 um) ta

Y@ onpominenss (A=325 um) [39].



AL €grymenxko, I'.B. Jlamkapsos, B.J. Jlazopenxko, B.A. Kapruua, B.JI. XpaHoBchKuii

Ime
4 Zn0
Al

£

gﬂ_

T5) 300um
1
e L

Y
e
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ZnO/p-NiO:L/ITO-Au VY®  perekropa. Ilmoma
noBepxHi Me3acTpykTypu 300x300 mMxm” [4].
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Puc. 12. BAX niony 6e3 ocitnenss (Y® - BUMKHEHO)
ta g YO onpominenHsM (YO - BBIMKHEHO, 3araibHa
ryctuHa notyxsocrti: 0,33 Briem™) [4].
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Puc. 13. Criektp (OTOUYTIMBOCTI JioAy TpH Pi3HUX

3BOPOTHHX HAIPyTax 3MimeHHs [4].
xapakrepuctuky (BAX). IlpoBigHicTh pgeTekropa B
pexumi  doromioga He 3MiHIOBaJacd Mg €O
BunpominioBanas A =400 - 700 um, a mpu A =325 HM 1
MIPUKJIAJICHOMY  3BOpPOTHOMY  3MimieHHI V =-5B
¢doroctpym crmamgap Ommszpko 2 MA  (Puc. 10). Taxum
YMHOM,  JI€TeKTOp €  CIINHUM /0  BHIMMOIO
BHUITPOMIHIOBaHHA U IyTIUBUM 10 Y @ BUIIPOMiHIOBaHHS.
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InepmiitaicTs QoToi0oNa HE Oya BUMipsHA.

PosrnsHemo  ¢oromiomw  Ha  TETEPONEPEXOIi.
AKTHBHOIO 30HOIO TAKOTO JIETEKTOpA € HAIBIPOBIIHUK 3
MEHIIOK IIUPUHOIO 3a00pOHEeHOi 30HH. Y poboTi [4]
CTBOpWIN JeTeKTop Y@ BUIPOMIHIOBaHHS Ha OCHOBI
rereponiepexoqy p-NiO/n-ZnO. TpumapoBa crpykTypa
ZnO/NiO/ITO Oyna BupomeHa Ha miaknanm ZrO,:Y
(111), sixa € npo3zoporo s Y@ BunpominroBanus. s
onepkanHss p-tury NiO, y mporeci ocapkeHHs Horo
neryBas Li. ITO Bukopucramym B SIKOCTI IPO30pPOTO
mpoBigHoro koHTakTy mo NiO:Li. Ha Puc. 11 HaBenena
(otorpadist marepanbHOI KOHCTPYKIii nerekropa. Ilik
nornuHanHs ZnO/NiO/ITO crpykrypu niepedyBae B YO
obuacti (~3 eB), TOOTO aKTMBHUM MarepiaJioM Yy Takii
cTpykTypi € miiBka ZnO. doTonio] NpoAEeMOHCTPYBaB
nmiongny BAX (Puc. 12). Makcumanbha (oTouyTimBicTh
nerekropa ckiaana ~0,3 A/Bt npu A =360 am ta V =-6 B
(Puc. 13). Inepuiiinicts doToaiona He Oya BUMIpsHA.

VY pobotax [40-42] oxepkainu GOTOMIONM HA OCHOBI
rereporiepexoy ZnO 3 HamiBOPOBIIHUKAMH 3 MEHLIOI
mmpuHOI0 3aboponeHoi 30Hu (Si, a-Si:H, InP, p-SiC).
®doTomiony  MPOAEMOHCTPYBAJIM JOCTaTHHO BHCOKY
(hOTOUYTIUBICTh 1 KBAaHTOBY €(QEKTHBHICTH y BHIUMIi
obmacri criektpy (400 — 700 HM).

HaitommkauM dacoM BapTo OUIKyBaTH CTBOPEHHS
YO  ¢doromiomiB Ha  OCHOBI  I'eTEPOICPEXOJIiB
ZnO/Mg,Zn;,,O [43] abo MgZn;,O/Mg,Zn; ,O 3
PI3HOIO KOHIIEHTpaIli€l0 Mg, a, TAKOXK, 3 BUKOPUCTaHHIM
IHIIMX HAIIBIPOBIAHMKOBUX MarepiajliB 3 OLIbLIOIO
NIMPUHOIO 3a00pPOHEHOT 30HH, Hik B ZnO, HANPHUKIAI,
AlGaN, anma3y ToIo.

3.3. JleTeKTOpH Ha OCHOBI KOHTAKTY
IoTTKi

Hiogn HIOTTKI DIMPOKO BHKOPUCTOBYIOTH B SIKOCTI
YO pgerekTopiB, OCKUTBKM 001acTh  MOTJIMHAHHS
KOPOTKOXBHJIBOBOTO  BHIIPOMIHIOBaHHS  mepeOyBae
MoOJIM3y TIOBEPXHI HAITIBIIPOBiTHHUKA, Y IIapi 00'eMHOTO
3apsay, e € MPHUCYTHIM CHIIbHE BOYIOBaHE eIEKTPHYHE
moje i, OTKe, MOBEpXHEBAa PEKOMOIHAIliS iCTOTHO HE
BIUIMBAaEe Ha mporec (orojekrporneperBopeHts. Jlionu
orTki mpamoioTe y QoromiogHomy pexumi. Skiio
JIETEKTOP HE Mia€ThCsl OMPOMIHEHHIO, CTPYM 3BOPOTHO
3MileHOro 0Oap'epa JOPIBHIOE TEMHOBOMY CTPyMY.
Bucora ineansHoro Oap'epa IlloTTki e@p Ha OCHOBI
HaliBIPOBIIHHUKIB, Y SKHX T'YCTUHA MIOBEPXHEBHX CTaHIB
Majia, BU3HAYAETBCS POOOTOI0 BHXOMY EJIEKTPOHIB 3
mertairy @, 1 CHOPIJHEHICTIO HaIiBIPOBIIHUKOBOTO
MaTepiany 0 eICKTPOHY ¥s:

eQp,= D (s (U1 HANIBIPOBIZHMKA N-TUILY),

ePp,=Fq- Dyt s (1151 HAMIBIPOBIHUKA P-THITY).

@®oTOouyTIMBICTE JETEKTOPIB Ha OCHOBI Oap'epa
HIOTTKI BU3HAYAETHCS:

1) mepexoIoM  ENEKTPOHIB 3  MeTaly B
HAIBIPOBITHUK IPU hv>eg,
2) TeHepali€l0  EIeKTPOHHO-JIPKOBHX Iap B

HAIBIPOBIMHUKY U TMOILIOM X ToeM 00'€MHOTO 3apsay
npu eHepriax Goronis hv> E,.

Hpyruit mporec Oiumbml € OUTBII ICTOTHHM, HIX
nepmmii. ToMy MeXa CHEKTPaTbHOTO  PO3IOALTY
(hoTOUYYTIMBOCTI € ONU3BKOI O MIMPUHH 3a00POHEHOT
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Jnst 3MEHILeHHS ONTHUYHHMX BTPAT y METaJeBOMY
€NIEKTPOJli, HOTO BUI'OTOBILIOTH Y BHUIVISII Ay’Ke TOHKOT
(~10 M) HAIBIPO30POI IUTIBKH.

Herexropu IlloTTki Ha ocHOBi ZnO mnpuBEpTaOTh
IHTepeC JOCHITHHUKIB 3aBISKA MOXKIIUBOCTI CTBOPCHHS
MPUJIA/IiB 3 OUTBIIO MIBUIKOIIEI W HU3bKUMH IIIyMaMH,
HDK y BuUmaaky ¢orope3nuctopiB. Jliast cTBOpeHHS
nerekropa Illortki Ha ocHOBI ZnO 3 BHCOKHUMH
poOOYMMH  XapaKTEpPUCTUKAMH BaXKJIMBO OCAPKyBaTH
gKicHi mrBka ZnO, gytinuBi o Y@ BHIIpOMiHIOBaHHA
(Bumoru muB. B po3mimi 3.1). [Ipu 30inpImIeHHAI BHCOTH
Oap'epa e@p TEMHOBHIA CTPyM 3MEHINYeThca. Ha BHCOTY
Oap'epa, kpiM poOOTH BHXOIY €NEeKTpoHA 3 MeTany D,
BIUIMBAIOTH HasBHICTh NOBEPXHEBUX CTaHIB, 3a0pyAHEHb
(Hanpukinaa, ByrieneM) 1 TOBEPXHEBUX Je(eKTiB.
Bigznaunmo  crnabky — TemieparypHy — cTaOUIBHICTH
koHTakTiB llloTTKi Ha miBkax ZnO [44].

B pobori [45] Oyno nmetaqbHO PO3MIISHYTO BILTUB
00poOKM TIOBEpXHI IUTIBOK OKCHIY IIMHKY KHCHEBOIO
TUIA3MOIO Tepe]l HaHEeCeHHSIM Au KOHTakTiB. MerogaMu
PEHTIeHIBChKOI (DOTOENEKTPOHHOI CHEKTPOCKOMil OyIo
MOKa3aHo, IO i3 30UIbIIEHHSM dYacy oOOpoOKH B
atMocdepi KHCHEeBOi masMu map Tigpookucy (OH)
3HHMKa€e, MO pe3ynbTye B mepexinm BAX Big omiuxOoi
nmoBeIiHKH (0e3 00pOOKK KHCHEBOIO T1a3MOK0) Au—ZnO—
In MHM crpykTypu, mo Bumpsmaouoi (o6poOka B
KUCHEBI 1ia3mi  mporsirom 30 xBwinH).  Bapto
3a3HAYUTH, L0 [IPU TAKUX PEKHMaxX 0OPOOKH KHUCHEBOIO
IUIa3MOI0  KpPHCTaJiuHa CTPyKTypa Ta MopQooris
MOBepXHi TWIBOK ZnO 3anuinanucs HE3MiHHHMH, IO
3aCBIAYMIM  PEHTTCHOCTPYKTYpPHI  JOCHIJDKEHHS  Ta
JIOCJIIIPKEHHS TTOBEPXHi 3a pornomoroo ACM.

ABtopu poborn [46] cTBOpMIM W Jochiannn
IETeKTop Ha OcHOBI Zn(O, BHUKOPHCTOBYIOUH AU 5K
MotTki KOHTAKT. [TniBku ZnO Oynu
MOJIIKPUCTATIYHUMHU. Criextp (hoTouyTIHBOCTI
npuBeneHo Ha Puc. 14. JleTekTop npoaeMOHCTpPYBaB
MIBUAKOMAIO 3 TMOCTIHHUMH dYacy pocTy U craay
¢oromporinHocti 20 Mkc i 30 Mkc, BianoBigHo. Huzbky
KBaHTOBY e(eKTHBHICTh (1 = 1%) 1 cnabKy IIBUIKOIIIO
MOSICHIOIOTh  HAsIBHICTIO BEJIMKOI KIIBKOCTI IIEHTPIB
pexomOiHanii B mosikpucTaniynii miismi ZnO.

SkicHy emiTakciiiny 1wiiBKy ZnO onepxkamn Ha R-
candiposiii migkmagm merogom MOCVD [47]. 11106

NacuBYBaTH  MOBEPXHIO  IUIBKM ¥ BHOAIUTH
3a0pyaHEHHS, TpoBOAWIH O0OpoOKy 1miiBoK ZnO
KHCHEBOIO Ima3Mor0. Sk koHTakTH LOTTKI Hammmsum
rpebinuacti  Ag  enekrpoxu.  Jlerekrop — MaB

¢dorouytnuBicts 1,5 A/BT 1 TeMHOBHII CcTpyM OJHM3bKO
1 HA mpu 3mimenHi -5 B. Jlerekrop npojeMOHCTpyBaB
BUCOKY IIBHIKOMIIO 13 YacaMH HapOCTaHHS U crany
ommsbko 12Hc Ta 50HC, BignosimHo. CrekTp
¢dorouyTnuBocTi HaBeaeHo Ha Puc. 15.

B po6ori [48] nocmigumu MHM netektop Ha OCHOBI
0ap’epy LIOTTKi, BHKOPHCTOBYIOYH B SKOCTI KOHTAaKTiB
Ag, Pd Tta Ni. Merogom BY MIIE orpumann
TeKCTypoBaHy IDIBKY ZnO (ToBmHOIO | MKM) 3
OpIEHTAIlIEI0 KPUCTATITIB MEPIEHANKYISIPHO cardipoBiii
(0001) T KT 1T [lmiBka  mpomeMoHCTpyBasa
IHTEHCHBHY EKCHUTOHHY JIOMiHeceHlito (375 HM) Ha
(hoHi c1abKo1 eMicil 3 TOHOPHO-aKIENTOPHUX map (477
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Puc. 15. Cnextp dporouyrnmmBocti ZnO mioma [loTTki 3

rpebiHYACTOI0 CTPYKTYPOIO CPiOHHX enekTpoiB [47].

JED

HM) Ta BHCOKY PyXJIHBICTb eleKTpoHiB — 26,4 cm”/B-c.
[lepen HaHeCeHHSM KOHTaKTHUX EJIEKTPOJIB, ILTIBKY
ZnO oymcTWIIM B ameToOHI Ta MeTaHoni. Hanecnn
rpebiHYacTi eNeKTPOaM 3 3a30POM MK KOHTaKTaMu 8
MKM. MakcuManbHa (QOTOuyTIaMBicTh Wit Ag-ZnO-Ag,
Pd-ZnO-Pd Tta Ni-ZnO-Ni nmeTexTopiB BiAMOBIIHO
ckiana 0,066, 0,051 ta 0,09 A/Bt (mpu DOBXHHI XBWII
nmajaroyoro BunpoMintoBaHHs 370 HM Ta 3MmimeHHi | B),
110 BiANOBigae KBaHTOBIH edekruBHocti 17,3 %, 11,4 %
ta 23,8 %. ExBiBanentHa mnotyxHicte mymy (NEP)
cTBOopeHHX aerekTopiB 3 Ag, Pd ta Ni enexrpomamu
ckrama  6,8:10", 1,13:10"” Tta 6,410 Br, wo
BiJINIOBia€ BHsIBHIN 3matHOCTI (D*) 1,04'1012, 6,25'1011
Ta 1,1'1011 oM T'u?/Br. I1i 3HaYeHHsT BUABHOI 34aTHOCTI
Buii, HiX y MCM nerektopiB Ha ocHoBi GaN Ta ZnSe
[49]. Tlopiearoroun 3 Pd-ZnO-Pd Ta Ni-ZnO-Ni, Ag-
ZnO-Ag nerexTop MPOAEMOHCTPYBAaB HaWKpaIly BUSBHY
3MaTHICTB, TPOT€ B LI pPoOOOTI HE IOCTiAWIH
TEeMIepaTypHy CTaOUIBHICTh €NEKTPOMIB Ta HIBHUIKOMIIO
CTBOPEHHMX MPOTOTHUIIIB JETEKTOPIB Ha OCHOBI Oap’epy
HloTTki.

Bupinryroun npobiemy TemrepaTypHoi CTadlIbHOCTI
konrakty Ilortki g0 ZnO, y poboti [50] wmix
TUIATHHOBUM €JIeKTPOAOM 1 IUIiBKOW ZnO HaHOCWIIU
toHku# (5 HM) map SiO,. [TniBku ZnO ocamxyBaiu Ha
candiposiit (0001) mimknmammi mommdikoBanum MIIE
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MeTofoM. JlocmipKyBanu CTPYKTypH, HaBelEHI Ha
Puc. 16. JInst mOMIMIIEHHS KPUCTAIIYHOI SIKOCTI IUTIBKH
ZnO BHPOUIYBAIH CIIOYATKy HHU3BKOTEMIIEPATypHHUHA
6ydepruit map npu Temmeparypi miakmagka 400 °C, a
motiMm - BHcokoTemneparypuuii npu 650 °C. Ilicis
OCQ/DKEHHsSI TUIBOK iX BIANAIIOBAIN  in-situ TpU
temneparypi 750 °C. PeHTIeHOCTPYKTYpHi J0CTiIKEHHS
CBiI4aTh, IO IUIIBKM POCTYTh IEPEBAXHO B HAIPIMKY
oci ¢. CrekTp (OTOMOMIHECHIEHINT Ma€ TITBKA OJIHMH
MakcuMyM nipu 379 HM. Ilepen HaHeCeHHSIM KOHTAKTiB,
wiBk ZnO ounmand B aneroHi W MeraHoimi. Sk
koHTakTH loTTKi HaHOoCcWim Pt rpeGiHuacTi emekTpoam
(w =180 MKM, /=10 Mxm). TemHOBwHiIA CTpyM
¢doroaerextopa npu A =370 um it V = -5 B s MHM Ta
M/ crpykryp ckmama 4,11°'107A rta 2,22:107'°A,
BignoBigHo. [Ipu A =370 um it V = -5 B, kpartHicTh Oyiia
K=2,910* i K=3,2:10" wis ZnO MHM ta MJII
¢doronerekTopiB, BiAMOBiAHO. DOTOUYTIUBOCTI IS
MHM Tta MJII ¢oronerextopiB ckmamamu 0,089 Tta
0,0083 A/Bt, BiamosigHo. Cnektp QorouyTinuBocTi
HaBezeHuil Ha Puc. 17.

Ockinpku Ru Mae BUCOKY TpOBimHICTB, XIMIUHY ¥
TEpMiUHy CTa0impHICTH, Oyma 3polOiieHa  crpoba
BHUKOPHCTATH Horo s ctBopeHHs Oap'epa [lorTki [51].
Meronom MBE onepxanu emitakciiini miiBku ZnO Ha c-

cangipoBiii  (ALO; (1120)) migkmaaumi. [TniBky
Bigmanumn npu Temneparypi 700 °C B armocepi KicHIO.
Criextp (doToOMIHECTICHTIIT npu KiMHATHIN

TEeMIIepaTypi CKJIAJaBCcs 3 JBOX IIKIB MPH JIOBKHHAX
xBWwIb 383 HM 1 447 uM. XoJUTiBChbKa KOHIICHTpAIlS i
PYXIMBICTh HOCIIB y muiiBKax ckmanana 4,16°10' cv™ u
423 CMZ/BC, BIAIIOBIIHO. Kontakramu IMoTTki
cryryBamd Ru rpebingacti enekrpomu (w =200 MM,
/=10 mxm). TemHOBHI CTpyM (HOTOAETEKTOpa CKIIa/IaB
810% A, a mpu ompominenni doroctpym - 1,8:107 A.
byna pocsirayta HaiiGinbma kparHicte K =225 mpu
ornpominenHi D, nammoto. [Tocriitna yacy cnany — 13 Mmc.

3.4. JleTeKTOpPH HA OCHOBI TOHKOILIIBKOBHX
TPaH3UCTOPiB

TpaH3ucTopH, 1I0 BUKOPHCTOBYIOTh JUIsl peecTpaii
BUIIPOMIHIOBaHHS, Ha3UBalOTh (hoToTpaH3ucropamu. Bin
3BUYalHUX TPaH3UCTOPIB BOHM BIIPI3HAIOTHCS TaKOIO
TEOMETPUYHOI0 KOH(Irypalli€ro, sika 3a0e3neuye T0CTyI
BUIIPOMIHIOBaHHS bi (6] AKTHBHOTO Mmarepiary
¢dororpansucropa. YHINoysipHi (I0JBOBI) TPaH3UCTOPH
MAaloTh OLIbIIY IIBUIKOJIIO B TOPIBHAHHI 3 OiMOJISIpHUMH
TPAaH3UCTOpPaMH. 3aBISKHA BHYTPIIIHBOMY ITiJCHIJICHHIO
TPaH3UCTOpPa BOHH MAalOTh BHCOKY (POTOUYTIHBICTH. B
MOpiBHAHHI 3 QoTomiomamu ¥  QoTOpe3uCTopamu,
TEXHOJIOTis BHUT'OTOBJICHHS (hoToTpaH3UCTOPIB
ckinaaHima. BoHn MaroTe Ouiblly MUIOHLY, IO 3HHIKYE
mIBHIKOMIF0. IcHYye psia pobit [52-55] mo cTBOpeHHIO i
onTuMizalii poOOYMX MapaMeTpiB  TOHKOIUTIBKOBHX
TpaH3UCTOPiB Ha OCHOBI ZnO Ta IOCTIKCHHIO IX
CTab1IbHOCTI.

ABtopu pobotu [56] HaHOcwnm Bk ZnO Ha
SiOy/p-Si meromom RFMS. [lns cTBOpeHHS CTOKY i
BUTOKY TPaH3UCTOpPa BUKOPUCTOBYBaNd Al enekrpond.
Crpykrypy Al-ZnO/SiO,/p-Si  00pobnsimn  MeTomoM
IIBUAKOTO TePMIYHOTO Binmairy mpu Temmepatypi 350 °C
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npoTsirom | XB B atMocepi cymimi ra3i Ho/N, (1:10).
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Puc. 16. Crpykrypu (a) ZnO MHM Ta (b) ZnO M/I1
¢doronerexTopis [50].
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Puc. 17. Cnextpu dotouymimsocrti (a) ZnO MHM Ta
(b) ZnO MJIT portonerekropis [50].

Bin migBumrye mpoBigHicTh TwiiBKE ZnO BHACTIIOK
JIeTYBaHHS BOJHEM, 1 3MeHIIye ormip KoHTakTy Al-ZnO. 3
HIKHBOI CTOPOHM HaHECHIM In KOHTaKT 3aTBOD
(dboToTpanzucropa. CxeMaTu4He 300paKeHHS
MOMEPEeYHOro po3pi3y TPaH3UCTOpa INPEICTABICHO Ha
Puc. 18. JocnimxyBanu (doToeneKTpuyHi
XapaKTEepPUCTUKU  (OTOTPAH3UCTOPA, BUKOPHUCTOBYIOUU
Oriel Optical System (Hg (Xe) umamma 500 Br,
MoHoxpomarop (250 - 670 am)). [ToTyxHiCTH TTaar040r0
Ha (doToTpaH3uCTOp Yo BUIPOMIHIOBaHHS
KOHTPOJIIOBAJIM IETEKTOPOM Ha OCHOBI Si. MakcumasibHe
3Ha4eHHs Goroctpymy (Iph,) cknano 50 MkA (Vg =40 B,
Vps=40B, A=340HM), mO Ha TOPSIOOK BHIIE
MaKCHMAJIbHOTO 3HAY€HHsS TEMHOBOro crpymy. I[lpu
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Vs =0 B u remHOBHI cTpyM oTOoTpaH3UCTOpa OYB

Light ( hv)

Vos
ZnO{ 100nm)
Si0, (200nm)
p-5i
In
"‘IU
Puc. 18. 300pakeHHs ~ TOMEPEYHOTO  PO3pi3y

TOHKOILTIBKOBOTO TpaH3UCTOpa Ha OCHOBI ZnO mif
ompoMiHeHHsIM [56].
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Puc. 19. (a) [,-V, XapakTepUCTHKU TOHKOILTIBKOBOI'O

TpaH3ucropa Ha ocHOBI ZnO 6e3 orpomiHeHHs (a) Ta

nig YO (340 um, 1,26 MBt/cm?) onpominenns (b) [56].
menute, HiX 50HA (Puc.19). BcranoBneno, mo
MakcUMajibHa ()OTOUYTIHMBICTE (HOTOTPAH3MCTOpPA HA
ocHOBI ZnO criocTepiraeTbesi B pexxiMi BUCHaXkeHHst. Ha
Puc. 20  mpencraBieHa ~ CHEKTpallbHA  3aJICKHICTH
kpatHocTi  (K=I,no/lq). Hailbinema ¢orodyTnuicTs
(K~10°%) crioctepiraetbes mpu A =254 uM Ta A = 540 am
(Vg=-40B, Vps=30B). Ilik ¢orouyrnmBocTi mpu
A=540 HM aBTOpHM pPOOOTH BIAHOCATH IO HASBHOCTI
BEJIMKOI TYCTHHH TOYKOBHX Ne(EeKTiB (BaKaHCiii KHCHIO
Ta/abo Zn B MIDKBY3ISX) y NOJIKPUCTAIIYHIN IUTiBII
ZnO. TlomimmenHs skocTi MmiiBoK ZnO MOBHHHO
MIPUBECTH i (o) MIPOAABJICHHIO (boTOUyTIMBOCTI
¢dororpansucropa y  3eieHiii  oOmacTi  cmekrtpa.
HIBunkoxnito pororpanzucropa He OYII0 JOCHIIIKEHO.

Vpg=30V
Vg=-40V (depletion mode)
E  normalized light power densll)|'=lii.sam't'\|'|'t:m2

Iphoto! ldark (normalized arb. units)

1 L L 1 L 1 L 1
300 400 500 600 700

wavelength (nm)
Puc. 20. CnexTp (OTOYYTIHBOCTI SIK 3aJICKHICTD
kpaTHOCTI (Ipno/la) mpu Vg = 30 B, Vg = -40 B) [56].

BucHoBku

BnacruBocti nmerekropa Y® BUNPOMIHIOBaHHS B
mepury d9epry 3ajexarb Bill SAKOCTI  aKTHBHOTO
(oTtouyTnuBOrOo Marepiany - mwriBok ZnO i Mg,Zn; 0.
byno  BcraHOBiEHO, 1[I0 HAa  XapaKTEPHCTHKU
(doromerexkTopa Ha OCHOBI ZnO BIUIMBAa€E KPHCTaJiYHA
Opi€eHTallis, TEKCTypa, MIKPOCTPYKTYypa (cepeHiii po3mip
3epHa, MIOPCTKICTh), HASABHICTH TOYKOBHX Ae(EKTiB i
MOBEPXHEBUX CTaHiB, TOBHIMHA IUIBKH ZnO, sKi
BU3HAYAIOTh BEJIMYMHY PYXJIMBOCTI HOCIIB CTpyMY i yac
KHUTTS HEOCHOBHHX HOCIIB. 3alie)kKHO BiJi METOIY
OJiCp)KaHHS IUTIBOK, Ha SKICTh BIUIMBA€E MICISIPOCTOBA
TemrepaTypHa oopobka miiBok ZnO B armocdepax H,,
0, abo noBiTps. Takok Ba)JTUBI TEXHOJOTIYHI METOIH
OUWIICHHS W TAacWBalii MOBEPXHI Tepen HaHEeCCHHSIM
KoHTakTiB. Ha  BemmumHy  (QoTompoBimHOCTI  Ta
napaMeTpy LIBUAKONIT JETEeKTOpa BIUIMBAIOTH HASBHICTH
B arMocdepi JeTekropa mapiB BOAM Ta MPOLECH
azcopOIil i necopOIil KUCHIO HA MOBEPXHI MIiBKA ZnO.
BaxnuBuMH TapaMeTpaMd € T€OMETPUYHI POo3Mipu
JIETEKTOpA.

Cepen nerextopiB Ha ocHoBi ZnO © Mg,Zn; O
HaWOIIBIy HINIy MOCTIDKEHb 1 pO3pOOOK 3aiiMaloTh
(otopesuctopu. BoHu mpocTi y BUTOTOBJICHHI i MarOTh
3HauHy ¢oTtouyTiausicTs (400 - 1200 A/BT) npu 3Ha4Hii
MBUAKOMII  MOYMHAOYM  Bix  MikpocekyHn. Jmsa
MOJINIIEHHST poO0YMX  XapaKTEPHUCTHK 3MEHIIYIOThH
MDKETIEKTPOIHY BifIcTaHbh y TPeOiHYACTHX CTPYKTypax i
HAMararThCsl 3MEHIIUTH Omip KOHTakT-1uiiBka ZnO.
®doropesucropn Ha OCHOBI Mg,Zn; O 103BOJISIOTH
3MICTHTH TOJIOKEHHSI MakCHUMyMy (OTOYYTIHBOCTI B
obnacti UV-B (280 - 320 um) Ta UV-C (200 - 280 HM).
CTBOpEHI MPOTOTHUITH JICTEKTOPIB € COHSIUHO-CIIITUMH.

Jis Toro mo0 30LIBIIMTH HIBHAKOMIIO JETEKTOpa
Y® BunpOMiHIOBaHHS 3aCTOCOBYIOTH JETEKTOPH Ha
Oap'epi Llorrki. @OTOYYTIMBICTE LUX JAETEKTOPIB
HIDKYa, HDK y ¢QotopesucropiB (0,1 - 1,5 A/Br), ane
MIBUIKOMISA (Yach HApOCTaHHS ¥ cmamxy Onmu3pko 12 HC i
50 ue, BimmopimHo) Buma. CTOiTh 3amada OJepKaHHS
sxicHoro KoHTakTy IlloTTKi 1O TUTiBKE ZNnO, 301IbIICHAS
BUCOTH TOTEHILIWHOro Oap'epa 1 ¥oro TeMmmneparypHol
CTabLIBHOCTI.

CTBOpEHHsI JIETEKTOPIB Ha p-N- Ta reTeporepexoaax
Ha ocHOBI ZnO MiCTUTh OuIblIe TEXHOJOTIYHMX
orepariii i NpuioMiB, HiXK CTBOPEHHS (POTOPE3UCTOPIB 1
nerextopis Ha Gap'epi lloTTki. CkiamHoO oznepKyBartu p-
TUO mpoBigHOCTI B TwiBkax ZnO. Lli mpobmemu
3MEHIIYIOTh 1HTEpeC A0 PO3POOKM JETEKTOpiB Ha p-n-
nepexoxi Ha ocHOBi ZnO. IcHye psin poOiT 31 CTBOpEHHS
JIETeKTopiB Ha rerepomnepexoni. Jerekrop Ha p-NiO/n-
ZnO rereporepexoi MPOAEMOHCTPYBAB MaKCHMAIbHY
tdotouytmusicts 0,3 A/Bt pu A = 360 aM. [HEpUilHICTD
LBOTO JIeTeKTOpa He Oyna mociimkeHa. HaitOmmxunm
4acoM BapTO OYIKYBaTH CTBOpPEHHs JjabopaTopHux YD
(doromioniB Ha ocHOBI rerepornepexonis ZnO/Mg,Zn; O
abo MgyZn, xO/Mg,Zn, 4O 3 pi3HuUM BMicTOM Mg.

[MopiBHiotoun 3 QoroniogamMu W GoTopesnucropamu,
(oTo TpaH3UCTOPU MaKOTh CKJIAaJHYy KOH(Irypamioo i
Ol TeOMETPUYHI PO3MipH, IO 3HIKYE IMIBUAKOMIIO.
OpHak 3aBASKM BHYTPIIIHBOMY IIJICHJICHHIO CaMOro
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TPaH3UCTOpPa BOHU MAIOTh BHCOKY (OTOUYTIHBICTb.
doToTpaHzucTop MPOJIEMOHCTPYBAaB BHCOKY
dorouyrmusicts (K ~10°), ane pearyaB Takox Ha
BUJMME BUIPOMIHIOBAHHS 4yepe3 HasBHICTh Ne(eKTiB y
wriBi  ZnO. IHepuidHICTH JOeTeKTopa He Oyia
JOCITIKEHA.

Takum yuHOM, ZnO i fioro TBepauii po3unn 3 MgO €
MEepCIIeKTUBHUMU ~ MarepiajamMu Uil CTBOPEHHS
JIETEKTOPIB BUNPOMiHIOBaHHS BChoro Y ® mianaszoHy.

PoGota wactkoBO mpodiHaHCOBaHA 3a MPOCKTOM

HaHOMAaTepiai, HAHOTEXHOJIOT 1.

€Esmymenxo A.I. — actipaHr;
Jawxkapvoe I'.B. — nipodecop, nokrop ¢i3.-MaT. HayK,

KEepIBHMK  BiqaLly  MarepianiB  (QyHKIIOHAIBHOI
€JIEKTPOHIKHU Ta KPIOTEHHHUX JIOCIIPKEHb;
Jazopenko B.H. — xangumat TeX. HayK, CTapiidi

HAyKOBHH CIIIBPOOITHHK;

Kapnuna B.A. — Monoqunii HAyKOBUH CHIBPOOITHUK ;
Xpanoecokuii B./]. = MOJIO AN HAyKOBUI
CHiBPOOITHHK.
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A.L Tevtushenko, G.V. Lashkarev, V.I. Lazorenko, V.A. Karpyna, V.D. Khranovskyy

Zn0O-Based Detectors of Ultraviolet Radiation (Rewiew)

Institute for Problems of Material Science, National Academy of Sciences of Ukraine,
3 Krzhizhanovskyy str., Kiev, 03680, Ukraine, E-mail: a.ievtushenko@ipms.kiev.ua

The information about main ZnO properties, its deposition technologies, as well as prototype of ZnO-based
ultraviolet detectors are presented. Different types of detectors and their designing are considered. The influence of
ZnO film properties on characteristics of UV detectors on their base is analyzed. The problems appeared at
development of ZnO detectors are reviewed and feasible ways to overcome these troubles are given.

Key words: ZnO, detector, technology.
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