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CTBOpeHHMII KOHCOpIiyM 3 HaHOLIBIIMX KOMMaHIN 1
OankiB €Bponu 3 (iHAHCYBaHHS IIOTO TPaHAI03HOTO
OyIiBHHIITBA HA OCHOBI IMapabOJIYHUX KOHIIEHTPATOPIB
COHSYHOTO  BUNPOMIHIOBaHHS I HarpiBaHHs
TEIUIOHOCIST (Macna) 10 MapaMeTpiB, NPUAATHHX O
BHKOPHUCTAaHHS B TypOO-reHeparopax (Tepmoedekr).

Beryn

Y 3B'BKYy 31 3MiHOIO KIiMaTy, CKOPOYEHHSIM
BYIJICBOJIHEBOI CUPOBUHH, (hiHAHCOBOIO i €HEPTeTHYHOIO
KPU30I0 DPI3KO 3pic iHTepec A0 JUKepesa IOHOBIIOBAHOI
eneprii. COHsSYHI €JNIEKTPOCTAHII — 1€ NEepCIeKTUBHUI

HaNpsIMOK PO3BUTKY eHepretuku B XX|-My CTONITTI.
[IparHenHs: 1o30yTHCS €HEPreTHYHOI 3aJIEKHOCTI B
€Bponeiickkomy Coro3i BWIMIOCS Yy pO3pOOJICHUI
HaWbinpmmit  iHBectuiifinuii  mpoekt (DESERTEC)
Baprictio $ 555 wMineapais. IIpoekr mepenbauae
oyniBaUITBO 100 BETUKUX COHSAYHHUX CIEKTPOCTAHINH B
mycreni Caxapa. SIKIo BiH 3MIHCHUTHCS, TO TEHEPOBAHOI
eHeprii Oynme mocratHbO s 3amoBoneHHs 15 - 25%
notped sk €Bpomny, Tak i Bcix kpain [liBHIUHOT Apuki.

JlxepemoM eHeprii COHSYHOTO BHUIPOMIHIOBaHHS
CIIY)KUTh TEPMOSIICPHA PEaKIis - KOKHY CEKyHAYy Ha
Conni ~ 6 10" kr BOmHIO MeEPETBOPIOETHCSA B Teliii.
Hedekt macu nipu 1ipomy craHoBuTh 4000 kr, 1110 3TiAHO
13 cmiBBigHomenusM Ennmreiina E = mc? MIPU3BOIUTH
10 BUALIEHHS 4 10%° JIx eneprii. OCHOBHA YacTHHA ITi€l
€Heprii BUTPAYAETHCA Y BHUIIAMI CICKTPOMArHITHOTO
BUITpOMiHIOBaHHA B miama3oHi 0,2-3 MiMm. OCKiTbKH
noeua maca Comrtst ~ 2 10° kr, BoHO MOXe nepe6yBaTH B
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Puc. 1. Po3niois iHTEHCUBHOCTI ¥ CIIEKTPi COHSIYHOTO BHIIPOMiHIOBaHHI[1].

nocuTh crabinbHOMY craHi moHany 10 mupn. pokiB 3
MOCTIHHUM BUIIJIEHHSIM €HEpTii.

[HTEHCHBHICTH ~ COHSIYHOTO  BUIIPOMIHIOBAHHS Y
BUILHOMY MPOCTOpi Ha BIJICTaHi, PIBHOMY cepeaHii
Bizcrani Mix 3emutero 1 CoHIIEM, HA3UBAETHLCA COHSIYHOIO
cranoo. {i Bemmumma - 1353 Br/m?. Tlpu npoxomkeHHi
4yepe3 arMoc(epy COHSYHE CBITIIO IMOCHaONIOEThCS B
OCHOBHOMY  4epe3 TMOIJIMHAaHHA  1H(pauepBOHOTO
BHUITPOMIHIOBaHHA TapaMH BOJHU, VYJIbTPadioleTOBOrO
BUIIPOMIHIOBaHHS ~ —  O30HOM 1  PO3CiIOBaHHS
BUIIPOMIHIOBaHHS YaCTUHKaMH aTMOC(EpPHOro iy i
aeposzonsimu.  [loka3HUK aTMoc(epHOro BIUIUBY Ha
IHTEHCHBHICTh ~ COHSIYHOTO  BHIPOMIHIOBaHHS, IO
JIOXOUTH JI0 3€MHOI TIOBEPXHi, HA3UBAETHCS " TIOBITPSIHOI
Macor” (AM). AM BU3HAYa€ThCA K CEKAHC KyTa Mik
CoHnnem 1 3enitoM. Ha puc.l moka3aHo cCIieKTpajJbHUI
PO3IIOALT IHTEHCUBHOCTI COHSIYHOT'O BHIIPOMIHIOBAHHS B
pisHux ymoBax. Bepxus kpuBa (AMO) BiamoBimae
COHSIYHOMY CIIEKTPY 3a MeXaMH 3eMHOi aTMochepu
(manpukiam, Ha GOPTY KOCMIYHOrO KOpabJist), TOOTO MpH
HYNbOBIM MOBITpsHIM Maci. BoHa ampokcumyeTbes
po3toaiIoMm IHTEHCHBHOCTI BUIIPOMIHIOBaHHS
abcoroTHO 4YopHoro tima mnpu Temieparypi S800K.
Kpuei AM1i AM2 irocTpyloTh CHEKTPaIbHUI PO3MOALT
COHSIYHOT'O BHUIIPOMIHIOBaHHSI Ha MOBEPXHI 3eMili, KON
Comrire B 3eHiTi 1 mpu KyTi Mixk COHIIEM 1 3€HITOM 600,

Br/m% Cepennsi iHTEHCHBHICTb BHIPOMIHIOBAHHS Ha
3emisi  TpPUOIM3HO  30ira€Tbcss 3 IHTEHCHBHICTIO
BHIIpOMiHiOBaHHs pu AM = 1,5 (Cone - 11ix kyrom 45°
10 ropu3oHty) [1]. Takum YHHOM, TPH BHUKOPHUCTAHHI
BHUCOKOC(EKTHBHUX METOMIB MEPETBOPEHHS eHepril
CoHlle Moke 3a0es3medyBaTH OYpXJIMBO —3pOCTarovi
NoTpedu B Hill MPAKTUYHO BIYHO. Takuii MporHo3 poouTh

oOrpyHTOBaHUMHM Benuki  (iHaHCOBI 3aTpaTH Ha
CTBOpPEHHS HIMPOKOMACINTa0HUX COHSIYHUX
€JICKTPOCTAHITIH.

OmuH i3 OCHOBHMX  HAampsIMiB  NPSIMOTO
MIEPETBOPEHHSI  COHSIYHOI ~ €Heprii B ENEKTPUYHY

peani3yeThcsl 'y HAIIBIPOBIIHUKOBHX (HOTOCTIEMEHTAX
(®PE). o TemepiliHLOro 4acy BHPOOHHIITBO OiIBIIOCTI
KOMEpLIHHUX MOJYIiB COHSYHHX €JIEMEHTIB 3aCHOBaHE
Ha KpucramiuHomy S 3 edekruBnictio n < 20% (I
nokoninasgs @DE) i amopduux TonkomtiBkopux CE 3
Benmukoro miomiero OE 3 Bemmuuuoro 1 ~ 5 — 8% (l1-
nokoninasgs  DE). Koumenmis Ill-mokominas - e
BHUKOPHCTAHHS HAHO- T4 MIKpOCTPYKTYp (MiKpOIpOTIB).
@E 3 mikpoaporamu (Vapor-Liquid-Solid - VLS-meton)
BITHOCATBHCS /IO KJAacy IPUCTPOIB 3  OCOOJIMBHM
KOHCTPYKTUBHMM  BHKOHAHHSIM Ul  OTPUMAaHHS
COPSAMOBAHOIO TpPaHCIOPTY HOCiiB 3apsay (H3) 3a
paxyHOK TeoMeTpii i MaTepiany TaKuX CTPYKTYD.
OCHOBHI BTpaTH COHSYHOI'O BHIIPOMIHIOBaHHS NPHU

BignmoBimHo.  Ilpm  1mpOMy  MOBHAa  IOTYXKHICTh Tpancdopmanii  Horo B €JIEKTPUYHY  EHEpTilo
BUIIPOMIHIOBaHHS — BigmoBimHO mnopsaky 925 i1 691 BU3HAYAIOTHCS  (QYHIAMEHTAIGHHUMU  OOMEXKEHHIMHU
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Puc. 2. 3anexHictb epeKTHBHOCTI pi3HUX (OTOEIEMEHTIB BiJl JOBKHUHU XBUJII COHSTYHOr0 BUNpomiHtoBaHH. AMO i
AM2 - crieKTpajbHi XapaKTePUCTHKH COHIYHOTO BUMPOMIHIOBAHHS TIPH Pi3HUX aTMOoc(hepHuX ymoBax [3].
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Puc. 3. 3amiaHoBaHe KyMYJISTHBHE 3pOCTaHHS COHSAYHOI (hoTOEHEPreTUKH B ¢BiTi 10 2015 poky [6].

¢doroedexry B obumacri iH(ppayepBOHOTrO-
punpomintoBanass  (hv < EQ) 1 B  obmacri
KOPOTKOXBHJIbOBOTO BumpominioBauus (hv >> EQ), a
TaKOXK HHU3BKOIO e(peKTUBHICTIO BUBE/ICHHS
dororeHepoBaHnx HOCIiB 3apsamy 3 o0'emy (C-Si)-
doronepersoproBaua (puc. 2) [2]

Constyni Gatapei (CB) 3HalIuTH 3acTOCYBaHHS B
KOCMOHABTHIIi, Ji¢ 3aiiMaloTh JOMIiHYIOYE ITOJIOKEHHS
cepel IHIIUX JDKEpesl aBTOHOMHOT'O EHEpPIrO>KUBIICHHS.
Ch mocradaloTh  €JIEKTPOEHEPTio amaparypi
CYIYTHUKIB 1 CHUCTEMH XKUTTe3a0e3MeUeHHS KOCMIYHMX
KOpaOJmiB 1  craHmid, a TaKOK  3apsKaroTh
EJIEKTPOXIMIUHI aKyMYJISATOpPH, BHKOPHCTOBYBaHI Ha
TIHBOBUX JisiHKaX opOitu [4]. 3pocTaHHs BUMOr 10
OOpPTOBHX CHCTEM KOCMIYHHX arapaTiB MPHU3BOAUTH JI0
HEeOOXI1THOCTI CTBOPCHHS COHSYHUX Oatapei, 1o
BOJIOMIIOTH ~ OUTBII  BHCOKUMHM  CHEPreTUYHHMHU U
eKCIUTyaTaliiHuMH Xapakrepuctukamu. OCHOBHI 3 HUX —
migBumennss  KITJ[ , 30imbmeHHs pecypcy  ix
ekcruryaranii 1o 15 pokiB Ha reocranioHapHHX opOiTax
B YMOBax MiJBHUIIEHOI pajiamii ¥ MOXIMBOCTI IX
(YHKI[IOHYBaHHS TIPH BUCOKIN KOHIIEHTPALii COHIYHOTO
BUIIpOMiHIOBaHHS. Y KocMiyHux cucremax a0 80%
32CTOCOBYIOTHCS (oromneperBoproBayi 3
MOHOKpHCTaJiuHOro kpemuiro, a 20% - 3 GaAs
CTPYKTYD.

Jlinss BUTOTOBIIGHHST Ha3eMHHX (DOTOENEKTPUIHUX
neperBoproBauis  (OEII)  Haibimpm  mpUAATHUMHA
BBaXKatoThCs HamiBnposiguuku S, CdTe, GaAs, InP.
bnm3bko 91% eneprii majarovoro CBITIIOBOI'O IMOTOKY
MOXKHa TIIEPEeTBOPIOBAaTH B EIEKTPHYHHH CTPyM Y

kpemHuieBux ~@®EIl  npu  posp's3anHi  mpobiemu
BUBIJIBHEHHS  HociiB  3apsagy (H3) i3 ob'emy
HamiBrpoBifHMKAa. Hu3bka  BapTicTh KpeMHilO €
BU3HAYAIILHOIO  Opu  BHOOpi  Marepiamy s
(hOTOCTIEMEHTIB.

BigmoBimHo 3 OOpOKHBOIO  KapToro  [5]

Mixnapoanoro EHepreTuuHoro ATreHTCTBa, CYKYITHA
MOTY)KHICTh COHSYHUX (POTOCTCKTPUUHUX YCTAHOBOK B
cBiti 10 2020 p. mocsarae 200 I'Bt, no 2030 p. - 900 I'Br,
mo 2040 p. - 2000 I'Br, i ckiame 3000 I'Bt mo 2050 p.,
mo BignoBizatuMe 25% rno0asbHOI  MOTYXKHOCTI

eJIEKTPUYHOI eHepril Ha 1iaHeTi. Hai0iapi po3BUHEHMIH
PHHOK (hoTOeIIEeKTPOCHEPT e THKA B KHTIIOBO-
KOMYHaJbHOMY CEKTOpi, IUIAHOBaHUH O0CAT SIKOTO
CTaHOBUTH Om3bk0 10 MIIH. COHSIYHMX HaxiB (cepemms
eHepreTuydHa MOTYXHICTh Jaxy - 3 KBT i cepenHs cBiToBa
nina takoro gaxy - $ 17 000), To6To obGcAr cBiTOBOrO
PHHKY B LIbOMY CETMEHTI CTaHOBHTH JI0 TENEPillIHHOTO
gacy 170 mupn. momapie. Ile mimkoM cgopMoBaHUA,
CerMEHT CBITOBOIO pPHHKY (DOTOSHEPreTUKH  SKUH
IIBHIKO PpO3BHBAETHCS, IPUYOMY 3  3POCTAIOYUM
TeMIIOM.Y JIaHM{d 4Yac COHSYHI Jaxh B OCHOBHOMY
CTBODIOIOTBCSL HA OCHOBI KPEMHIEBUX  COHSYHHX
¢doroneperBoproBauiB. OCHOBHUMH 3aMOBHHUKAMH €
JKHUTEIl MICBKOI Ta CIJIbCHKOi MICHEBOCTI B PO3BUHEHHX
KpaiHax, a TaKoK B JepkaBax 3 BHCOKHM piBHEM
coHsuHOI iHcomsauii. B Ykpaini punox ®EII y sxutinoBo-
KOMYHaJBHOMY CEKTOpi HE iCHY€ B 3B'SI3Ky 3 BiJCYTHICTIO
HAIlIOHANBHOI TPOrpaMH PO3BUTKY (DOTOEHEPTeTHKU 1
3aKOHOJABUOi 0a3H, IIO CTUMYNIOE PO3BHTOK IHOTO
cekropa. OnHAaK TepCHeKTHBAa WOro pO3BUTKY IS
VYkpainu oueBugHa, y 3B'SI3Ky 3 Oe3mepepBHUM
iIBUIIEHHSM IiH Ha eJIEKTPOEHEeprito 1 reorpadiyHuM
posramyBaHHAM Kpaind, ne 3/4 nacenenns (30 muH.
YOJIOBiK) TPOKUBAE€ B pPETiOHAX 3 BHCOKHUM piBHEM
COHSIYHOI pajiarii.

Ha puc. 3 npencraBneno 3amutanoBane jgo 2015 p.
3pOCTaHHs TMOTYXHOCTEH COHSYHOI (POTOSHEPreTHKU B
cBiti [6]. OuikyeThcs, m0 mpoTsaroM Haitbmmkunx 20
POKiB COHsIYHA (POTOEHEPreTHKa CTBOPHUTH OLIbIIIE 2 MITH.
poboUNX Micllb, CKOPOTUTh BUKUAN ITAPHUKOBUX Ta3iB B
atmochepy Ha 350 muH. ToHH COy, IO SKBiBaJCHTHO
synuHIl 150 BYribHUX €IeKTPOCTaHIIIH.

|. demo 3 icTopii ¢poToBOIBTATYHOI
eHepreTUuKN

VYnepmie ¢oroBonbTaiuHmii edexT crocrepiraBcs B
enexTpoiTHuHiil komipui Eamonmom bekkepenem B
1839 p. Ilepmri excriepuMeHTH i3 TBEPAOTUILHUMHU
(OTOENEKTPUIHUMH €IEMEHTaMH Ha OCHOBI CEJICHY
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nposojmtucs Anamcom i Jleem y Jlonmoni B 1876 p. [7].
Binbm sk miBCTONITTS 3HamoOWiIocd UIs TOro, 100
3'sBHIMCS  mepumi  COHsuHI  (oToeleMeHTH 3
e(peKTHBHICTIO, JIeAb He TepeBuIy0uor0 1%. OmHak s
cTapTy (OTOENEKTpUYHOI EHEepreTHKH Oyna moTpiOHa
CYTTEBO OLTBINA e(pEKTHBHICTh. BUPIIIATBEHUM IS I[HOTO
HATPSAMKY 3'SIBUIIOCS CTBOpCHHS KpPEMHI€BHX
¢doroereMeHTIiB 3 p-N-mepexomoMm, mo Manu KIIJ]
ommspko 6% [9]. Ilepine mnpakTHYHE BUKOPHUCTAHHS
KPEMHIEBHUX COHSYHHMX OaTapel JUIsi eHePreTUUHUX IIICH
MaJo Miclue He Ha 3eMJi, a B HaBKOJO3EMHOMY
KocMigHOMY mipoctopi. B 1958 p. Oynu 3amymieni mry4Hi
CYNyTHUKMA 3eMJIi, OCHAIIEHI TaKMMH OarapesMu —

PaASHCHKUIMA » CynyTHuk-3" i aMEepUKaHCHKUI
»ABanrapa-1“.
Crmix  3a3HayWTH, 10 HAyYKOBOKW 0a30[0 Ui

CTBOPCHHS IEPIINX COHSIYHUX OaTapeii crayna po3podOka
Teopii ¥ TEeXHONOril HaIiBIPOBITHUKOBUX MaTepialiB i
CTpYKTYp 3  p-N-mepexomoM. OcHOBHI  oOmacti
3aCTOCYBaHHS ~NPWIAAIB HAa  HamiBIIPOBITHUKOBHX
MaTepiajax y Tod 4ac Gauuiiucs B TEXHilli IEPETBOPEHHS
eNEKTPUYHOI eHeprii (MepeTBOPEeHHs 3MIHHOTO CTPyMY B
MOCTIHHUH, BHCOKOYACTOTHA T'eHepallis, MepeMHUKaHHs 1
T.I.) i B €JIGKTPOHHUX 00OJaHAHHSIX Tepenadi i o6pooku
inpopmarii (pamio, 3B's130k i T.1.). JlogaTtkoBo 10
»KIacHuHuX"  HaIBIPOBIJHUKOBUX  MaTepialiB
repmanito ¥ kpemuiro, 3 1950 p. mowaBcs cuHTE3
Mmatepianie Tuny AIIIBV. Ha mouatky 1960-x pokiB
Oynu cTBOpEeHi W mepiii COHsuHI (hoToeneMeHTH 3 p-N-
MepexoZloM Ha OCHOBI apceHiqy raiilo. YCTymawdd B
epEeKTUBHOCTI KpeMHi€BUM (hOTOEIEeMEeHTaM, apceHi-
rajieBi mpore Oynu 34aTHI TpalfoBaTH HaBITH NpHU
3HAYHOMY HarpiBaHHi. [lepie mpakTHYHE 3aCTOCYBaHHS
BJOCKOHAJICHUX apCEHII-TAJUTIEBUX COHSYHUX Oarapei
JUISl €HEPreTHYHUX Iijield Oyso 1mie OifbIl €K30THYHUM,
YUM Yy BUNAIKy KpeMHieBux Oatapeii. Bonu
3a0e3medyBaiu €NIEKTPOIIOCTAYaHHS pansHChKUX
KOCMIYHMX amapariB, M0 TPalIOIOTh HA OKOJUIISIX
mianetd Benepa (1965p.), a Takok caMOXiJHHUX amapariB
LJlyHoxonm-1“ i, JlyHOX0m-2“, IO JOCHIKYyBaId
noBepxHto Micsiis (19701 1972 pp.).

Temmu 3pocraHHS (OTOENEKTPUYHOI EHEPIreTHKH,
nounHaroud 3 1990 p. , mepeBunmm 10% i mocriitHO
301IBLIYIOTHCS TPOTATOM OCTaHHIX pOKiB. ¥Yike B 1997 p.
(oTOENEeKTpIYHA EHEepreTUKa 3a TeMIIaMH 3POCTaHHS
Bunepeauna BiTpoBy. Ha kinenp 2000 p. BcraHoBieHa
MOTY)XHICTh  (DOTOGJIEKTPUYHUX YCTAHOBOK B  CBITI
orintoBanacs 8 750 MBT [10] 3 pigaum npupoctom 100 -
120 MBr. Y 2010 p. us uudpa csrayna 14.0 I'Br, a no
2020 p. mae 3poctu g0 200 I'Br, i mo 2030 p. mo 1830
I'Br. [11,12]

1. OcHoBHI npuHUMIK POOOTH
COHSIYHMX €JIEMEHTIiB

Haiinpocrima KOHCTPYKIIiSi COHSYHOTO €JIEMEHTY
(CE) - npunany /sl IepeTBOPEHHS €HEpril COHSYHOTO
BUIIPOMIHIOBAaHHS B €JIEKTPHYHY - IMOKa3aHa Ha puc. 4.
Ha maniii rmuOuHi BiJ MOBEPXHI KPEMHIEBOT IUTACTUHH P
copMoBaHMid  p-N-Tiepexif 3 TOHKUM METaJIeBUM
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KOHTaKkTOoM. Ha THIBHY CTOpOHY IUIAaCTUHM HaHECEHO
cyninpHuN MeTaneBuit kouTakT. Komu CE ocBiTIIIOETHCS,
TIOTJIMHEHI (DOTOHHU T'€HEPYIOTh HEPIBHOBAXKHI €JIEKTPOH-
nIipkoBi mapu. EJEKTpoHH, IO TreHepyroThCs B p-Imapi
nobau3y p-N-mepexony, MiIXOmsITh A0 p- N-mepexony i

ol

n- wap

Pp-wap

Puc. 4. Koucrpykuis cousrunoro enemenTall].

ICHYIOUUM B HBOMY €JIEKTPUYHUM TOJIEM BUHOCSTHCS B
N-061acTh. AHAJIOTIYHO i HAJIMIIKOBI JIIPKH, CTBOPEHI B
N-1api, 4aCTKOBO MEPEHOCAThCS B p-miap (puc. 5a). ¥V
pe3yabTati N-1iap HabyBa€e TOJATKOBOTO HEraTUBHOTO
Ha w™aniii rinuOMHI BiJ TOBEpXHI KpPEMHIEBOI
IUIACTUHH P-TUTY c(OpPMOBAHMH p-N-Tiepexisi 3 TOHKUM
MeTaJeBUM KOHTAakTOM. Ha THJIBHY CTOpOHY ILIaCTHHHU
HAHECEHO CYIUIbHUI Metaneuii koHTakT. Komu CE
OCBITIIIOETHCS, TIOTJIMHEH] (oTOHM  TeHepyIoTh
HEepIBHOBaXXHI €JIEeKTPOH-AipKOBi mapu. Emextponu, mo
TEHePYIOTbCSI B p-lapi  mobnm3y  p-N-mepexony,
MiAXOAATh /0 p- N-TIepexoay 1 ICHYIOUMM B HBOMY
ENEKTPUYHAM  TIOJIEM  BUHOCATBCS B N-00JIACTb.
AHaNoriyHo 1 HaJUTMINKOBI AIpKH, CTBOPEHI B N-miapi,
YaCTKOBO MEPEHOCSThCS B p-map (puc. 5a). V pesynbraTi
N-map HaOyBa€e JOJATKOBOIO HETaTUBHOrO 3apsiy, a p-
map - MO3MTHBHUHA. 3HMKYETHCS MEPBICHA KOHTAKTHA
pi3HULS TIOTEHIIIaJIiB MK p-i N-mapaMu
HAITIBIIPOBI/IHKKA, 1 B 30BHIIIHHOMY JIAHIIIO31 3'SABIISIETHCS
Hampyra (puc. 56). HeratuBHomy mojrocy mkepena
CTpyMY BiAIOBia€ N-1ap, a p-mapy - HO3UTHBHOMY.
Benuunna cranoBnenoi ¢oro - EPC npu ocBiTienHi
MepeXoay BUIPOMIHIOBAHHSIM ITOCTIHHOI iIHTEHCUBHOCTI
OITUCYETHCS PIBHSIHHSIM BOJIT-aMIIEpHOT

xapakrepuctuku (BAX)

kr 'oh~!

U="Tn P g, 1)

q Is
ne |-3aranpHuit cTpyM™, IS-ctpym Hacudenus, a Iph —
¢doroctpy™m,  K-crama  Bombimana, — T-aGcomroTHa

TeMIIepaTypa, g-3apsi eIeKTpoHa.

Jnst  epexTuBHOI pOOOTH COHSAYHUX EJICMEHTIB
HEOOXiTHE JOTPUMAHHS PANY YMOB:

e ONTUYHUN KOe(illieHT IOTJTHHAHHA aKTUBHOTO
IIapy HAMiBIPOBIMHUKA TOBUHCH OYTH JOCTATHHO
BEJIMKHMM, 00 3a0e3MeYnTH TOIVIMHAHHSA 3HAYHOI
YaCTUHHM CHEPTii COHAYHOI'O CBITJIA B MEKaX TOBIIUHH
mapy;

* TEHEPYIOTHCSA TPU OCBITJICHHI CNEKTPOHM 1 JTIPKH
MaTh  e(pekTUBHO  30HpaTHCs Ha  KOHTAKTHHUX
eNIEKTPOax 3 000X CTOpPiH aKTUBHOTO IIAPY;

* COHSYHHI €JIEMEHT IOBHHEH BOJIOMITH 3HAYHOIO
BHCOTOIO Oap'epy B HAIIBIPOBIAHUKOBOMY MEPEXO;
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* TIOBHUH OITip, BKIIOYEHHHA TOCIIOBHO 3 COHSYHUM
eneMeHTOM  (BHKJIIOYArOYd  OIMp  HABAHTAXKEHHS),
MMOBHHEH OyTH MaJIUM JUIsl TOTO, I[00 3MEHIIIUTH BTPATH
MOTYKHOCTI (TEIIo JHKOYIs) B IpoLeci poOoTH;

* CIPYKTypa TOHKOi IUTIBKM TIOBUHHAa OyTH
OMHOPIMHOK MO BCI AaKTHBHIA OOJIACTI COHSAYHOTO
€IEMEHTa, 00 BHUKJIIOYUTH 3aKOPOYYBAHHSI 1 BIUTUB

p-THn

E

p-tan
+44 v 2

hv
/

Ey
Ly L + -
< »le > O e
a) 6)

Puc. 5. 3oHHa MOfIENb PO3IMKHYTOrO P-N-TIEPEXOY: a)

- B IOYATKOBHI MOMEHT OCBIT/JICHHS; 0) - 3MiHa 30HHOI

MOJIENTI i II€F0 MTOCTIHOTO OCBITIICHHS 1| BHHUKHCHHS
doro EPC [1].

LIYHTYIOUHX OMOPIB Ha XapaKTEPUCTHUKU €JIEMEHTY.

BupoOHunTBo CTPYKTYp Ha OCHOBI
MOHOKPHCTAJIYHOTO KPEMHIIO, M0 3a/I0BOJILHSIOTH
JIAHAM BHMOTaM, - TPOIEC TEXHOJOTIYHO CKJIaTHHUH 1
nmoporuii. ToMy yBara Oyia 3BepHEHa Ha TakKi MaTepiaH,
SK CIUIaBM Ha OCHOBi amop¢Horo kpemuioo (&Si: H),
apCeHi] rallito 1 MOMIKPUCTAIYHI HAITIBIPOB THUKH.

CE wmoxHa Ki1acu]iKyBaTd IO IHTEHCHBHOCTI
30MpaHHsA CBiT/Ja, MO XIMIYHOMY CKJIaay, TOBIIUHI W
KPHUCTAJIUHIM CTPYKTYpl IIapiB, KUTBKOCTI CIOJTY4EHHX
Ha OIHIH KA €JIEMEHTIB 1 T.1.

Ilo inTeHcuBHOCTI 30MpaHHS CBITJa COHSYHI
€JIEMEHTH PO3ILISIOTHCS Ha OMHHUYHI /1
koHentpaiiiidi. Onuanyni CE He MaroTh CIieIiaJbHOro
oOamHaHHA IS 30MpaHHs CBIT/JIA 1 MOMIMHAIOTH TLTBKH
Ty KUIBKICTh CBITJIOBOTO IOTOKY, SKa IaJa€ Ha 3aiiMaHy
HUMU IUIOIly ToBepxHi. KoHueHTpamiiiHi CcOHsYHI
€JIEMEHTH MalOTh CIielliajbHe CBITIIOBE 00JaJHaHHS, 110
KoHIIeHTpye (miH3M abo [a3epkajia), sKi J03BOJISAIOTH
301IBIIYBATH MIJIBHICTH CBITIIOBOTIO MIOTOKY Ha TOBEPXHIi
€JIEMEHTIB y KiJibKa pa3. SIK mpaBmiio, KOHIIEHTpaliliHi
€IEMEHTH  BHTOTOBISIIOTBCS 3 JIOPOTHX  CBITIIO
TIOTJIMHAIOYNX MaTepialliB 3 HaHKpalluMU MTOKa3HUKaMHU
(hOTOBOJIBTATYHOTO TEPETBOPEHHS CBiTNIA. Y TO3HAYEHHI
TAKUX COHSYHHMX €JIEMEHTIB OOOB'SI3KOBO BKa3YETHCS
Koe(ilieHT 30UpaHHS CBITJIA, BUMIPIOBAaHHH Y COHIISIX
(suns). KoeoimieHt 30upaHHs MOKa3ye, y CKiIbKUA pas3
30LMBIINTBCS MIUIBHICTH IOTOKY magatouoro Ha CM
BUIIPOMIHIOBAHHS MICIIsi HOro ONTUYHOrO 30MpaHHs
CHCTEMaMH, IO KOHIIEHTPYIOTh.

3a  KpHUCTaJiYHMM  CKJIQJOM  IIOTJIMHAI0YOro
Marepiany CM T APO3 A0 THCS Ha
MOHOKPHCTAJII4HI,MYJIbTUKPUCTATIUHI, TOJIKPUCTATIIYHI,
MIKpPOKpHUCTaIIYHi, HAHOKpHUCTaJi4uHi. MOHOKpHCTAIIYHI
COHSYHI €JIEMEHTH SIBJISIOTH COOOI0 COHSYHI €JIEMEHTH 3
MOrJIMHAYeM Y  BUNIAAI  IUIBHOTO  KpHUCTana
HAITIBIIPOBITHMKOBOI pe4OBUHHU. MyYIbTH-, MOJi-, MIKpO-
i HanokpucraniuHi CE MaioTh y SIKOCTiI ITOIVIMHAIOYOI
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PEYOBMHM CYMIIll HamiBIPOBITHUKOBUX KPHUCTANITIB 3
PI3HOIO OpIEHTAIIIEI0, CTPYKTYPOIO ¥ (hopMoro, po3Mip
SIKMX 1 BU3HA4Ya€ THUI COHSYHOTO €JIEMEHTA TP PO3Mipax
kpuctanitiB Big 1 mo 100 MM peuoBMHY Ha3MBarOTh
MyJIbTHKpUCTATiYHOWO, Bim 1 g0 1000 MM
MOMIKPUCTAIIYHOO, MEHII 1 MKM — MiKpOKpPHCTaIII HHOIO,
menin 1 HM — HaHOKpHUCTamiuHoW [13,14,15].

3ale)KHO  BiJf TOBIIMHHM  CBITJIOMOIIMHAKOYOIO
Marepialy COHSAYHI C€JIEMEHTH MiAPO3AUIIIOTECS Ha
TOHKOIUTIBKOBI ¥  TOBCTOILIIBKOBi.  TOHKOILTIBKOBI

COHSIYHI €JeMEHTH MalOTh TOBIIMHY B JEKIIbKA MKM,
TOBCTOIUTIBKOBI — Y JIECSTKH 200 COTHI MKM.

3ajexHO BiX CKIaZy MOMIMHAIOYOIO MaTepiaiy
COHSIYHI €JEMEHTH MiJpO3AISIIOTECS Ha KpPEeMHIeBi, Ha
ocHoBi AllIBV HamiBnposiguukis, Ha ocHoBi AlIBVI (B

ocuosHomMy  CdTe), wma  ocmoBi  AIBIICVI2
HAMBIPOBIAHUKIB 1 3MimaHi. Sk npaBwino, s
3pYYHOCTI KOHCTpyKmii # mimBumienns KIIJT CM

MIParHyTh JOOWTHUCS TOTIMHAHHS CBITJIa B OJHOMY 3 HOTO
mapiB. llei map  Ha3WBaIOTh  IMOIVIMHAIOYUM
(mornuuauem). Jpyruii HamiBIPOBIJHUK CIYKHTH JIHIIE
JUIi CTBOPEHHSI IOTEHLIHHOro Oap'epa W 30MpaHHS
TeHEePOBAHKX CBITIOM HOCIiB 3apsmy[16].

[11.doToneperBopoBayi HA OCHOBI
KPeMHilo

4.1 Kpucmaniunuit  Kpemuii.  MOHOKpHUCTANIYHI
kpemHieBi consuni enementr (C-Si CE) BUTOTOBISIOTH 3
kpemuieBux miactiH 0.3 MM (300 MKM) TOBIIMHH
LUIIXOM  JIETYBaHHA IX BIANOBIAHO JOHOPHUMH U
aKIEITOPDHUMHU  JIOMIIIIKAMH,  CTBOPEHHS  OMIYHHX
KOHTakTiB. ICHYIOTb  KiNbKa THIIB  KOHCTPYKII
MOHOKPHCTAJIYHMX  COHSYHUX €JIEMEHTIB, o
BIIPI3HSAIOTBCSA CITOCOOOM (pOpMyBaHHS, CTPYKTYPOIO W
po3TanryBaHHAM KOHTakTiB (puc 6) [17,16].

OCHOBHHUI1 HEJONIK MOHOKPUCTAIIYHUX KPEMHIEBUX

COHSIYHHMX €JIEMEHTIB — BEJIMKa BUTpaTa IOPiBHSHO
JIOPOroro BHCOKOUUCTOTO KPEMHi[0, Oijbllla 4YacThHa
SIKOTO  Bidirpae ponb TnacuBHOI miakimaaku. Coifg

3a3HAYUTH, IO TEXHOJOTiS BUPOOHMITBA COHSIYHHX
€JIEMEHTIB Ha KpUCTaTiYHOMY KpeMHii mnepeOyBae B
Maibke ieaJbHOMY CTaHi W JOCHTh CKJIaJHO 3HANUTH
LUISIXH  [OKPAIIEHHS BXXE ICHYIOUMX TEXHOJOTTYHHX
MIPOLIECIB, BiIPALbOBAaHUX Y MPOTATOM 0araThoX POKiB y
paMKax BUpPOOHHUIITBA MIKPOEIEKTPOHHHUX OO0JIaHAHb.
KpiMm Toro, mocutb m00pe po3pobiicHa  Teopis
(oToranpBaHIYHUX TIEPETBOPEHb Y MOHOKpHUCTAI i Ha il
OCHOBI CTBOpPEHI KOMITIOTEPHI MpPOrpaMu ONTHMi3allii
rapameTpiB MOHOKPUCTAIIYHAX COHSYHHX €JIEMEHTIB Ha
oCHOBi kpemHito [17]. €auuniit nusix ontuMizarii c-Si
CM - ne 3nemeBieHHs BHXiTHOI cupoBuHH. Jlis
3MEHILIEHHS]  COOIBapTOCTI  KPEMHIEBUX  COHSYHHX
€JIEMEHTIB JIOCIIDKYETHCSI MOXKIIMBICTb BUKOPHUCTAHHS
SIK TIOTJIMHAYA TI0JTi- 1 MYJIBTHKPHCTAJIIYHOTO KPEMHIIO.

4.2 Amopgpnuii 2ioposanuii Kpemnii. AMopdHI COHAUHI
€JIEMEHTH BUKOPUCTOBYIOTh SK MOIJIMHAIOUMN 1Iap
amMop(dHi pevyOBHHHM, IO BOJIOMIIOTH TUIBKH OJHM3BKOIO
BIIOPSJIKOBAHICTIO CTPYKTYpH. lneanbHuM amophHUM
MartepiaioM Ui BUKOPUCTAHHS SK MOIJMHA4Ya € &S
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(amopdHuit kpemHiii). 3HaUEHHS HOro 3a00pOHEHOT 30Ha
Moxe OyTH 3MiHEHE IUIIXOM BBEACHHS JIOMIIIKHA BOTHIO
(rigporenizariii). AMopdHHI KpeMHiH, JeroBaHuii
BogHeM (&SitH), € ocHOBOWO aMOp(HHX COHSYHUX
eneMeHTiB. [HOmI KpiM BOAHIO B MOTJMHAIOYOMY
aMop(hHOMY Iapi BUKOPUCTOBYIOTHCSA TaKOXK JTOMIIIKH
repmatiio (a-SiGeH).

VY skocti pobouoro nepexony mit &S CM MOXyTh
BukopucroByBatucs Oap'ep Lorrki , MOII-cTpykTypa,
p-i-n-ctpykTypa(puc.7).

@DOTOENEKTPOHHI BIACTUBOCTI HAMOINIBII BUpaXKeH] B
rigpoBanoMy  amopdHomy  kpemuii  (&S:H) i
Mmikpokpucramiuna (LC-SiiH) i BU3HaYat0ThCsI MIUTBHICTIO
pO3ipBaHMX AaTOMHHUX 3B'sA3KiB. HasBHICTE BOJHIO

MPpU3BOAUTH pa(e] naanauﬁ CIICKTPUIHO AKTUBHUX
a)
KoHTakT
II:-'- el I: Pl [ F——Si0,
n-Si [
p-Si
TunbHKUA
T re e g T e T T R R R R @ LOHTAKT
B
Tvuesnin
KOHTaKT
M sio,
/ \ / NN
\\\\‘*n+=Si
P-Si
p+-Si
Gl
W P g TunsHWiA
KOHTaKT
pis
SiO:
n+
n++
p+
TWUNBHWIA
KOHTaKT
X
KonTakr
AHTUBIOOMBalONE

NOKPUTTS
SiO:
n+-Si

p+-Si

Si0o;

rTMOOKMX PIBHIB 1O MeXKax 3€peH 1 MNepexiJgHux
obnacreit (interfaces) mixk amopdhHOI 1 KpHUCTATiYHOO
¢dazamu B (a&Si)-cTpykTypax 1  acCOIIIOETBCA 3
KOHLIEHTpAIIEI0 PO3ipBaHUX CIIHOBHX 3B's3KiB. BomeHb
JUIs cTadiTizanii CTpYKTypH TIOBHHEH MPOHUKATH Ha BCIO
TJTMOMHY BIPOBA/DKEHHS CyMIIli B MAaTPHIIO KpUCTaa i
nepeOyBaT B MOHOTiApuaHOMY 3'emHanHi Si-H,
OCKIJIbKHM 111 KOH(]irypamisi HaiOinbpm crabinbHa. [Ipu
orpuManHi pC-Si:H HasBHICTh BOIHIO MIOBUHHE PUBECTH
10 (ikcoBaHOI TeoMeTpii HAHOCTPYKTYP 3 OOMEKEHUMHU
po3MipamMu KpuctaiiTiB. e 3a0e3meunTs 30eperKeHHs 1X
HABITh IPH 30UIBIICHUX TEMIIEpaTypax Biamay.
Mirpartiisi BOJHIO B TiJIpOreHi30BaHOMY aMOp(GHOMY
KpeMHIT BU3HAYa€ThCS €Hepriero akTuBanii B oonacti 0,5
2,7 eB. Taka BenMka HEBU3HAYEHICTL BHKJIMKAHA

6)

OHTaKT

&———SiO,

n-Si

p-Si

TunbHwi
e SN e S e R, T TR e " KOHTaKkT

KOHT aKT

l— n+ SiN

— n-Si

— p-Si

Al

BOyaoBaHWi KOHTaKT
SiO:

n+

n++

H p+
~TvnbHmii

KOHTaKT

n+
SiO.

Puc. 6. Pi3Hi THNU COHAYHHMX €JIEMEHTIB Ha OCHOBI
MOHOKPHCTATIYHOrO KPEMHII0: a) MNpocTHii pP-N-
nepexij 6) Metai-izonsrop-n-p-ctpykrypa (MINP) B)
COHSYHUI eneMeHT i3 macupyrounM emitepom (PESC)
T) IBOXJIMIBOBUII COHSYHUH €EeMEHT 1) CTPYKTYpa 3
onHOOIYHUM BOymoBaHUM KoHTakToM (SSBS) )
CTPYKTYpa i3 JBOCTOPOHHIM BOYIOBAaHHMM KOHTaKTOM
(DSBS) k) crpykTypa 3 HAacHBYIOUHM EMIiTEPOM i
JIOKaTbHOMU(D Y31 HHIM TUJIBHAM KOHTaKTOM
(PERL)[18].
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ITO
Pd

a-Si:H

n-a-Si:H

meTan (Mo)

B

CKno

SnO,
p-a-Si:H

a-Si:H

n-a-Si:H

Al/Tl-koHTaKT

a

CKIo

ITO (+)

p-a-SitH
i-a-Si:H/a-SiC:H 100HMm

n-a-Si:H
p-a-Si:H

i-a-Si:H 200HMm

n-a-Si:H
p-a-SiH

i-a-Si:H/a-SiGe:H 100HMm
n-a-Si:H
meTan (-)

CHJIBHOIO 3aJICKHICTIO pyXJauBOCTI H Bim KOHIEHTpamii
CH. Bozxenb Moxxe nudyHayBaTH yepe3 ApiOHI MacTKH, a
3aXOIUTIOBATUCS ~ PO3ipBaHUMH  3BS3KaMu  (IIHMOOKI
mactku). [Ipu Cy ~ Cy (Cy - KoHIEHTpallisi nedeKTiB)
BOJICHb MIIpye TICIS TEPMIYHOrO BHUBUIBHEHHS 3
rmuboknx macrok. [Ipu Cy >> Cy 3 tunoBoro H
KOHIICHTPAILIIE€I0 ~ 10% em® rmGoki macTku 3amoBHeH,
HA/UTMIIKOBUH BOJIEHb MOXXE MIrpyBaTH uepe3 ApiOHi
MACTKHU 3 MAJIOIO €HEpPri€lo aKTUBALii 1 PO3TalIOBYBATHCS
B cepemuHi MeTactabinpHOI KoHbirypamii Si-H-S [20].
OnruyHa muprHa 3a60poHeHol 30uu PC-Si: H 3anexurs
BiJl KOHIIGHTpAIlii MOB'sI3aHUX aTOMIB BOJHIO TaK CaMo,
gk i B (&Si: H)-ctpykTypax. PisHuns B iX BeaumduHax
NoyisArae B Ppi3HIH KOHLEHTpALii IOB'A3aHUX aTOMIB
BOJIHIO. Y 3BHuaiinux 1wiiBkax (a-Si: H) 3 miaBumeHHsm
piBHS JieryBaHHs OOpOM ONTHYHA INIUPUHA 3a00POHEHOI
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ZrO ,

Pd

Si0,

a-Si:H

n-a-Si:H

cTanb

cKno
ITO (+)
p-a-Si:H

i-a-Si:H- bydep

500 Hm
i-a-Si:H

n-a-Si:H

meTan (-)

Puc. 7 - CE Ha ocHOBI aMmop(hHOro KpeMHiro: a) 6ap'ep
Hlortxi 6) MAIT (MUS) — crpykrypa; B) i-n-
cmpykmypa; T) i-N-cmpykmypa 3 Oy(pepHUM IapoM
(omHOMEpeXiqHUIT  €TeMeHT); 1) TPhOXIepexiaHuit

erement (3 p-i-N-cmpykmypu 3 TOCITIAOBHUM
3'ennanHsaM)[18].
30HM IIBHUAKO 3MEHIIYEThCS, LI0 €  CHIBHHUM

OOMEXEHHSIM Yy BHMKOPUCTaHHI IIbOTO Marepiany B
COHSIYHMX eJIeMEHTax. Y TOH ke 4ac 3HaueHHs ONTHYHOI
mmpuHn 3a6opoHenoi 3ouu UC-Si: H (B) 3anumarorses
BHUCOKHMMH Y BChOMY Jlialta30Hi KOHIIEHTpAIi JIeryroqol
nomimku. [lpy BHCOKMX piBHSIX JieryBaHHs Oopom
npoBizicts wiiBok uc-Si: H (B) mocsrae 3nauens 107
CMm / cm. e poOuTh Aanuii MaTepiajl MPUIATHUM [UIS
BUKOPHCTAHHS B COHSYHHX EJIEMEHTaXx B SIKOCTI
MPO30POro MOKPUTTS 3 BUCOKOIO MPOBiHicTIO [19].

VY crBopeHiit cTpykTypi Mictuthes cymim (uc-Si: H
+ aSi: H). IIpu temmeparypi Bigmanxy g0 T ~ 350 — 370
°C 36epirarorbest amopdua dasa i uc-Si: H (B) 3 mammm
po3mipom kpucrainitiB. [Ipu temneparypi Bigmany T >
370 ° C amopdHa (a3za BiANATIOETHCS, 3ATUIIAETHCS LUC-
Si: H (B) 3i 36imbiieHuM po3MipoM KPHUCTAJITIB i TOMY
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BEIMYMHA THMTOMOTO OMNOpYy, Rmin, miaBumyerbes. Lle
BKa3ye Ha Te, IO BJIACTHBOCTI HAHOPO3MIpPHUX CTPYKTYP
OyIyTh BHUYEpNaHi i 3pa3Ku KPEMHil0 HaOyBarOTh BKe
BIJIOMHX BJACTHBOCTEH MIiKpOCTpYKTyp. ILmiBku &S
xCx: H OULIBII TEmIOCTI¥KI B MOpPIBHSHHI 3 IUTIBKAMHU &
Si:H, ockinbku 3B'sa30k C-H OuIbll CWIBHIIMKA YuM
3B'130K Si-H. V ctBOpenux a&-Si: H-ctpykrypax B ¢-Si (P,
N)-KpucTani npyu pagiauiiisiii 06podwi fioro sapamu U

yepe3 TMOMUI HOCITB 3apsmiB B 00JacTi BUTHHIB
CHePreTHYHUX 30H KBAHTOBUX CTPYKTYp IHTEHCHBHA
¢doromoMiHeclieHIlisT  BiACyTHA. g Ha3eMHOro

BukoHanus CE 3 Bucokum KKJI HeoOXimHO MaTH
MepeTBOPIOBaY KOPOTKOXBHJIHOBOI'O BUIIPOMIHIOBAHHS B
JIOBI'OXBUJILOBE 33 PaXyHOK IEPEBUIIPOMIHIOBaHHS 30Ha-
30Ha B &Si: H-ctpykrypi. Busin HociiB 3apsmy 3 obcsary
amopouoi dasu CE (mana pyxmusicte H3) npoBoauTbcs
M0 TIPOBIIHUX KBAaHTOBUX CTPYKTypax Mayloi TJTHOMHU
abo mo BCii TIOMOWHI HHUTOK 300 MxM 0e3
neperBoproBaya YO [20,21]. YV kocMi4HOMY MpPOCTOpi
npu BenmukoMy motoni Y@ 1 pyiHYHOYOro BIUIMBY
epekry Crabnepa-BpoHcbkoro riapoBani amopdHi
CTPYKTYpH HE MOXKYTh OyTH BUKOPUTCTaHI i BUBi HOCIIB
3apsiy NOBUHEH NPOBOJUTHCS APOTAMHU, CTBOPEHUMH Ha
Bcro rubuny CE [22].

4.3 Hanocmpykmypu Hna ochnosi kpemuito CE 3

MIKpO/IpOTaMu (Vapor-Liquid-Solid-VLS-meron)
BITHOCATHCS O KJacy TIPHUCTPOIB 13 OCOOJIMBHUM
KOHCTPYKTHBHHM  BHKOHAHHAM Ui OJEpKaHHS
CIPSAMOBAHOI'O TPAHCIOPTY HOCIIB 3apsny 3a paxyHOK
reoMerpii ¥  Marepiasy ~ Takux  CTpYKTyp. Y
tonkorriBkobomy CE  amopdHi mapu  KpemHio

cunte3yioTbess CVD-meromom 3 rasiB SH; Hp i
BHUPOIIYIOThCS Ha MIOKIAMII 3 METaleBoi (hOJIbry.
3acTOCOBYETBCSI T€OMETpisi 3 HAOOpy MIKPOCTPYKTYp Y
BUTJISIII IPOTIB B KOAKCialIbHIN (OpMi 3 P-N-TIepexoioM.

MacuBM KBaHTOBHX HHTOK Y MOHOKPHUCTaTiYHOMY
KpPEMHIT 3 MaJIUM IHUTOMHM OIOPOM (POPMYIOTHCS IBOMA
pamialiiHUMK TIPOIECAMHA — BHACIIZIOK YacTKOBOTO
PO3pPHBY MDKATOMHHX 3B'SI3KiB IIOTOKOM ITPUCKOPEHUX
€JIEKTPOHIB 1 CTBOPEHHSM JOBTMX CXOBaHHX TpPEKIB Y

HOro CTPYKTYpi 3a paxyHOK TpOICCIB HOHi3aIll,
CTBOpeHHX  Oaratozapsauumu  ioHamu.  CTymiHb
HoHizamii CTPYKTYpH KpHcTana BU3HAYAETHCS

BEIMYMHOIO 3apsOBOI0 CTaHy WOHA W HasBHICTIO
PO3ipBaHUX MIKATOMHHUX 3B'SI3KiB, IO 3HMXKYIOTh CTIK
3apsmy 3 00'eMy HamiBIPOBITHHWKA JUIS BUHUKHEHHS
TEpPMIYHOTO IMiKa ¥ KYJIOHIBCHBKOrO BHOYXY 3 METOIO
301IbIIEHHST TJIMOWHHM  yTBOPY MPOBIIHUX KBAaHTOBHX
CTPYKTYp B 00'€eMi KpPEMHIEBOrO MOHOKpHCTaja.
KpurepieM BHHHKHEHHS CXOBAaHOTO TPEKY BBa)KAa€ThCS
ITiIBUIIEHHST TEMIIEpaTypH JIOKaJIbHOI 00NacTi Kpucrana
no TeMmmepaTypu miaBieHHs (amopona dasza). Ilpu
BHCOKHX BEIMYMHAX BHAUICHHs eneprii (de/dx ~ Z%) [23]
MPOIIECH  TPEKOYTBOPEHHsI, IOCHJICHI  IOMEPEIHIM
neekToyTBOPEHHIM, XapaKkTepHi KOXXHOMY Hony. [lpu
OIIPOMIHEHHI KpUCTaJa JIETKUMH H BaXKKUMH OCKOJKaMHU
simep 28 U [24] 3 Benmunsomo 3apsiny Zy = 38,6, Zr =
53,4 on. VoHi3alisl CTPYKTYpH BHKIHKAE 3MiHY CTaHy
pearylounx nedekri. Momisamis 3MiHIO€ mapamerpu
U y3ii TOMIIIOK, IO MO3HAYAETHCS Ha TIIMOMHI iX 3CYyBY
W YTBOpEHHSI €HepreTUUHHX Oap'epiB mis ocHoBHHX H3.
IMpn mamux ¢uroeHcax #HoHIB Oe3nepepBHI TPEKH He

14

(dopMyIOThCsl, a TiNBKA NeeKTH W KiacTepu dvepes
WIBHAKY  eMiTakCiaJlbHy  peKpUcTamizamii  HaBKOJO
TpaekTopii WoHa. J{J1st omepkaHHs Oe3nepepBHUX TPEKIiB
HeOOXimMHO  mifBuIIyBaTd  (IroeHC — HOHIB IS
HArpoMajpKEHHS! JIOCHTh BEJNUKOi KiNbKOCTI nedekTiB
CTpYKTYypu a00 poOWTH TONIEpeaHE  pamiamiiiHe
neeKToyTBOPEHHS ISl 3pUBY IIPOLIECY PEKpUCTai3arii
obmacreii Onm3pko Tpaekropii HoHa. IlinBuineHHS
¢utoeHCca  OCKOJIKIB ~ TPOBOJAUTHCS 32  PaXyHOK
30inblIeHHsT TepeTuHy (OTOmiIeHHsT snep ypaHy NpHU
mepexoai B 00JIacTh TITaHTCBKOI'O PE30HAHCY 31

301IBIIEHHSIM €HepTii raMMa-KBaHTIB.

HasiBHICTh KBaHTOBUX JPOTIB JO3BOJISIE PO3B'S3aTH
mpo0JIeMy, IO BUHHWKAE MPH TPAAMUIIHHOMY CIOCOOI
(hoTOCTIEMEHTIB,

BUPOOHULITBA sKa TOB'S3aHa 13

n-Si:H(n)

n-type
Au,Ni

p-type
e

Puc. 8. Cxema (apxiTexTypa) KpPEMHIEBOTO
(doTonepeTBopioBaUya BEPTUKAIBHOI KOHpirypamii 3
mikpoaporamu (California Ingtitute of Technology,
USA),1 — QpoHTaIbHUM  KOHTaKT, 2 —  THJIbHHH
KOHTakKT,L — ToBIIMHA KOMipKHU (oToreperBoproBayual3].

MPOLIECOM TOIJIMHAHHS COHSYHOIO BUIIPOMIHIOBAHHS B
CTPYKTYpi MaTepially i 3 BHUBENEHHSIM HOCIiB 3apsmy 3
foro 00'emy (OTOCTIEMEHT BEJIHKOI  TOBIIUHH
3abe3neuye TIOBHE TTOTJTMHAHHS COHSIYHOTO
BUIIPOMIHIOBAaHHS, B TOW Yac SIK TOHKHU ()OTOEIEMEHT
3abe3neuye edekTuBHUHA 30ip HOCIiB 3apsmy. JloBri
KBaHTOBI HUTKU CTBOPIOIOTH CIIPSMOBAaHHMH pyX HOCIIB
3apsay 3 00'€eMy KpEMHIIO, a TIPU ONTUMI3allii TOBIIUHH
p-n-ctpyktyp ~ 3a0e3neyaTb  OJEp)KAaHHA  BHUCOKOL
eeKTUBHOCTI MIepETBOPEHHS COHSIYHOTO
BUIIPOMIHIOBAHHSI B €IIEKTPHYHY €HEPTIIO.
[lepcrieKTHBHUM € TaKOX METO/ BEPTHKAJIbHUX
MYJIBTHIIEPEX OB, pO3TaIIOBaHUX napaienbHoO
nagarodoMy cBiTay (puc. 8, puc. 9), sKuil 103BOJIE
HeocHOBHMM H3 nocsiratn p-N-miepexomy, IiJBHIIUTH
epekruBHicTh DE ¥ 3axuWIneHicTh BiX paiamiiHOrO
pyHHYBaHHS, 10 BaXKJIWBO Ui BHKOPUCTaHHS B
KOCMiuHHX yMoBax [25]. Bemuka KilbKicTh BUOYYBaHUX
MIKPOJIPOTIB  CTBOPIOE  MOXKJIUBICTH  30UIBIICHHS
BHUBEJCHHSA Ha Kkoyektop H3 i3 maior audys3iiHONO
JOBXHHOIO. JliaMeTp MiKpoIpoTy MOBHHEH CTaHOBUTH
HE MEHII JICKIJIbKOX COTE€Hb HAaHOMETPIB, JOBXKHMHA ii
TIOBUHHA CTAHOBHUTH JIECATKH MIKPOHIB IS HAHOUTBIIIOTO
norjauHaHHA (OTOHIB i3 COHs;yHOro cmekrpa. Jls
BUPOIIYBaHHS MIKPOJPOTIB BHKOPUCTOBYEThCS VLS
Meron (vapor-liquid-solid) 3 METaJICBUMU
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Puc. 9. TunoBuit npuknag Si-MiKpoapoTiB, BUPOIICHUX Ha 0cHOBI SiH4,
(ctpykrypu ®E 3 p-n-nepuxogamu B KoakciansHoMy Bukonanti), California Ingtitute of Technology, USA[3].

KaTaJli3aToOpaMH.

s BuBenenHst H3 nponoHyeTbcsi BAKOPUCTOBYBATH
copMOBaHi BUIPOMIHIOBAaHHSM MPOBIJHI KBAaHTOBI
IpoTH 3 MIKpo- 1 HaHOCTpykTyp. H3 3 Maioro
PYXJIHMBICTIO, TeHEpOBaHi (OTOHAMHU HIMPOKOTO CIIEKTpa
COHSIYHOTO BHIIPOMIHIOBAaHHS, BUBOAATHCI 3 00'eMy
KpeMHieBOro  (oTolepeTBopioBaya 10  MPOBiTHUM
kBaHTOBUM JpoTaM (Main.10), cTBOpeHHMMH METOIOM
KyJIOHIBCbKOro BHOYXY. Ockinbku auy3is TOMILIOK B
aMmop¢Hiii (a3l 3HAYHO BHINA, YUM Yy KPHCTATIYHINA
CTPYKTYpi, OTXKE, KJIacTepHi 00'€HAHHS], 3MII[AI0YUChH
BiJl LIEHTPY CXOBAaHOI'0 TPEeKy Ha nepudepito, CTBOPATH
HAHOPO3MIpPHI HUTKH 31 30UIBIICHOI0 KOHIIEHTPALIEO
nomimku.  [lpu  3HWKeHHI  pekpucramizamii  Ha
eniTakcialbHOMy Mapi Matpumi ob6macte p'(N’) Gyme
PO3IIUPIOBATHCS B CTPYKTYpY P(N).

,'L " ®
" L
DLC

i)
a-Silm)
n-tun =
p-in
a-Silm) -
-Silg)

Puc. 10. Cxema (apxiTexTypa) KpPEMHIEBOTO

¢doromepeTBoproBaya B IUIAHAPHOMY BUKOHAHHI 13
npoBiguumu  kBaHToBMMH HuTkamu (NSC KIPT,
Kharkov, Ukraine),1 — ¢poHrampHuii KOHTaKkT, 2 —
TUJIBHUI KOHTAKT,L — ToBIIMHA KOoMipkH, 3, 4 — popma
KBAaHTOBOI HHUTKM B N-i P-CTPYKTypaxX KpEMHIE€BOTO
¢oronepersoproBayal 3.

V. CoHsiuHi eJIeMEeHTH HOBOI'O
MOKOJIIHHSA

5.1 Kackaoui conauni enemenmu

Binpuricte cywacuux CE Bomomitors omHuM pP-n-
nepexozoM. Y TakoMy €JEeMEHTI BiJbHI HOCIT 3apsmy
CTBOPIOIOTBCS TUTBKM THUMH (DOTOHAMHM, €HEpPTis SKUX
Oinpiie abo JOpIBHIOE INUPUHI 3a00pPOHEHOI 30HH.
[HIIIMMA CITOBaMH, boToeneKTpUIHUIA BIZITYK
OITHOIIEPEXITHOTO €JeMEHTa OOMEXKCHHH YaCTHHOIO
COHSYHOTO CIEKTpa, CHEpris SKOro BHIA IIHPHUHU
3a00pOHEHOI 30HW, a (OTOHM MCHIIOK CHEPrii He
BHUKOPHCTOBYIOTBCsS.  [lomomat  me  OOMEXEHHS
JIO3BOJISIFOTH OaraTolapoBi CTPYKTYpH 3 JBOX i Oinblie
CE 3 pi3HOIO IIUPUHOIO 3a00poHEHOI 30HHM. Taki
eleMeHT! HAa3MUBAIOTHCS OararonepexiIHUMHU,
KackaJHUMHU abo TaHmemHumu [26, 27]. OCKiIbKH BOHH
MPAIIOIOTh 31 3HAYHO OIIBIIO YACTHHOK COHSYHOTO

| | Eg3

Puc.11. [Tpunnmn noOymoBu OararonepexiaHoro
COHSYHOTO enemeHTall].

CIEKTpa, e(peKTUBHICTh (hOTOEIEKTPUIHOTO
MIEPETBOPEHHS Y HUX BUIIIE.

Y  rtumoBomy OaraTomepexiiHOMy COHSYHOMY
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eJIeMEHTI (puc.11) OIMHOYHI ¢doroereMeHTH
pO3TaIIOBaHI O/IMH 32 OJIHUM TaKUM YHMHOM, IO COHSYHE
CBITJIO CIIOYATKY MOTpaILIsie Ha eIeMEHT 3 HahOiIbIIo
LIMPUHOIO 3200pOHEHOT 30HH, MPH IIbOMY HOTITHHAIOTHCS
¢oToHn 3 Haiibinbmo eHepriero. [Iponyieni BepxHiM
mapoM (OTOHM MPOHUKAIOTH B HACTYITHHH €JIEMEHT 3
MEHIIOI ITMPHHOIO 3200pOHEHOT 30HU 1 T.1.

lMNpocBiTniooYe NOKpUTTA

/

AU-KOHTaKT
alnP BepxHin
enemeHT
P alnF
P ar TyHenbHUA
e io
n*t-GaAs Aon
n-AlGaAs
QF HukHin
enemeHT
P-GaAs
pt-GaAs } Nigknaaka

Puc.12. Kackanuuit enement[1].

OCHOBHUIM HampsIMOK JOCIIDKEHh B 00JIacTi
KacKaJHUX €JIEMEHTIB ITOB'SI3aHO 3 BHMKOPUCTAHHSIM
apceHiy Talif0 B SKOCTI OJHOrO abo  KIIBKOX
KOMITOHEHTIB. EQEKTHUBHICTh INepeTBOpeHHsT MOAiOHMX
CE nmocsrae 35%. KpiM Toro B KackaJHUX €JIE€MEHTaX
IIMPOKO 3aCTOCOBYIOTHCS aMOP(hHHI KPEMHIid, Ta CIIIaBU
Ha #oro ocHOBi (&Si1xCiH, aSiiGe:H), a Takox
CulnSe;.

Ha puc.12 300pakeHa kackamHa Oatapest, B SIKii
BEPXHIM €JIEMEHTOM CITYXKHTh CTPYKTypa Ha OCHOBI
GalnP ¢ n-AlInP sk BikHa, qaji Wae TyHEIBHHN Ti0d Ha
GaAs mis TPOXOPKEHHS HOCITB MK €JIEeMEHTaMH 1

HWKHIN eteMenT 3 GaAS.

Jyxe mepcnekTuBHI  Kackaaui Oarapei, 110

p-a-Si:H

i-a-Si:H

n - a-Si:H
p-a-5iGe:H

i-a-SiGe:H

n - a-SiGe:H
p-a-S5iGe:H

i - a-SiGe:H

n - a-5iGe:H
ZnO
Ag

Crans

Puc. 13. TproxkackaJHUI COHIYHUI €IEMEHT Ha
OCHOBI cmutaBiB &SiGeH[1].

CKJIaZIAIOThCS 3 TPHOX EJIEMEHTIB 3 PI3HOI0 HIMPUHOIO
3aboponeHoi 30uu (puc. 13) [26,27]. Bepxwiii map, 1o
MOTJIMHAE ~ KOPOTKOXBHJIBOBY ~ OOJIACTh  COHSIYHOTO
criekTpa, chopMoBaHHil i3 crulaBy Ha ocHOBi &SitH 3
mupuHOI0 onthyHol minuau 1,8 eB. [ns cepenunHOro
eNIeMEHTA B SKOCTI MIAPY i-TUIYy BUKOPUCTAHUI CIUIaB &
SiGeH 3 Bwmictom repmanito ~ 10-15%. Illupuna
ONTHYHOI IiMHK JaHoro mapy (1,6 eB) imeansHa mis
NOIVIMHAHHA 3€JIeHOI 00JacTi COHSAYHOIO  CIEKTpa.
Hwxkus vactuna CE morninHae TOBrOXBHILOBY YaCTUHY
CIIEKTpa, JUIsl IOrO0 BUKOPHUCTOBYeThCs-miap a-SiGeH 3

Tabanus
TeoperudHi, ouikyBaHi Ta nocsaruyTi 3HauenHs KKJ] kackaguux conssunux enemenTis[29,30] .
KK1,%
CriekTp consIHOro KinbKicTs p-N-niepexomis B Kackami
BUIIPOMIHIOBAHHS
3HayeHHA 1 > 3 2 5
B ymoBax HaBKOJI03eMHOT'O Teoperuine 28 33 38 42 45
kocMmocy (AMO) OuikyBaHe 23 28 33 36 38
PeanizoBane 21.8 27.2 29.3 — —
VY HazeMHHX yMOBax Teoperiane 30 36 42 47 49
(AM1.5) OuikyBaHe 27 33 38 42 44
PearnizoBane [28] 25.1 30.3 31.0 — —
VY HazeMHHX yMOBax Teoperuune 35 42 48 52 54
3 koHteHTparien (AML1.5) OuikyBaHe 31 38 43 47 49
PeanizoBane [28] 27.6 311 34.0 — —
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KoHLeHTpauiero repmanito 40-50%. He mnornuHene
CBITJIO BiIOMBA€ThCS BiJ| 3aTHHOI'O0 KOHTAKTY Ha OCHOBI
AQ/ZNnO. Bci Tpu eneMeHTH KacKaJaHOi COHSYHOI OaTapei
IOB's3aHI Mi’K COOOI0 CHJIBHO JICTOBAHUMH IIApaMH, IO

YTBOPIOIOTh  TYHEJBHI NEPEXOMM MK  CYCITHIMH
eJIeMCHTaMU.

5.2 Enemenmu i3 KOHYEHMPOBAHUM  COHAUHUM
BUNPOMIHIOBAHHAM

Jlo cux mip MU HE pO3TJIAAAIH IIE OJHY MOKIHBICTh
JUTSt 301IBIIICHHS KK (hOTOETICKTPUUHOTO
MEPETBOPCHHA. MmeThes mpo mepexia 0 MepeTBOPEHHS
rornepeHbO CKOHIIEHTPOBAHOT'0 COHSYHOT'O

a
Y v 1
CF 1 7Zl 7z F A 7 |
1 LK
2

75 mm

CTTTITIIIIT JLLTTrT

Fa? u? p b#

TIIIIIIII

7 27 47

Puc. 14. a — momepedHuil po3pi3 KOHIICHTPYHOUOTO
Momyas: 1 — ocHOBa JIiH30BOI MaHENi, BUKOHAaHA 31
cKiIa; 2 — Mikponpusmu JiH3 ®peHens, BUKOHaHI 3
cuiTikoHy;, 3 — cQOKycoBaHiI COHsYHI TpomeHi, 4 —
COHSYHHUU €JIEMEHT, 3MOHTOBAaHMN Ha MeTaJeBii

OCHOBI;, 5 — ocCHOBa IIaHell COHAYHHUX EJIEMEHTIB,
BUKOHaHA 31 CKia. b — cucremMa 3 BTOPUHHUMH
MIHUTIH3aMU TS 301JIbIIEHHS KpaTHOCTI

KOHIICHTPYBAHHSI COHSYHOTO BUMPOMiHIOBaHHS [4].

BHITPOMIHIOBaHHS. ['paHWYHA PO3PaxXyHKOBA KPATHICTH
KOHIICHTPYBaHHsS BHIIPOMIHIOBAHHS Ha BIJCTaHi Bif
Comrrs, sika Bimnosimae opOiti 3emti, craHoBuTh 46200
X.

Te, o rereponepexiaHi COHAYHI (POTOCIEMEHTH Ha
OCHOBI apCeHiay Tajit0 MOXYTh €()EKTHBHO IpaIfOBATH
npu 3HauyHoMy (B COTHI 1 HaBiTh THCAYI pas3iB)
KOHIICHTPYBaHHI ~ CBITJIOBOI'O  IMOTOKY 1  BHUTITHO
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BiJIPI3HSIOTBECS B I[bOMY BIJIHONIEHHI BijJi KPEMHIi€BHX,
Oyno Bim3HaueHo mie Ha pyoexi 1970-x-1980-x pokis.
Jlo uporo wuacy BiTHOCATBCS TIIepmi JOCTIAM MO

i cse i iRGnuMEwT e e aR s

-

Puc. 15. ExkcnepumeHTampHUN  (OTOENEKTPUUHHNA
MOIYNb Ul TIEPETBOPEHHS  KOHILEHTPOBAHOTO
COHSIYHOT'O BHUIPOMIHIOBaHHS 3 maHeuto 3 48 miH3
DOpenens [4].

CTBOPEHHIO KOHIIEHTPYIOUUX (DOTOEIEKTPUUHUX MOAYIIB
3 CWIBHOTOYHMMH  rerepodoroenementamu  [31].
I'enepoBanmii  QoTocTpyM  3pocTaB  JiHIHHO 31
301IBIIEHHSIM CBITJIOBOTO MOTOKY, a BUXiJHA Hampyra B
CBOIO Uepry 3pocraia 3i 30UIbIIEHHSM CTpyMy 3a
Jorapu(MidYHAM 3aKOHOM. TakMM YHHOM, BHXIIHA
MOTY)KHICTh pOCia HAIIHINHO TIPH KOHLEHTPYBaHHI
BUIIPOMIHIOBaHHS Ta €(DEKTHBHICTH (POTOEIEKTPHYHOTO
MIepeTBOPEHHS 301JIbITyBaIaCs.

3 moyarky 1990-x pokiB y TpakTHI CTBOPEHHS
COHSIYHMX KOHILIEHTPATOPHUX CHCTEM BHHHK HOBHUH
HampsiM, 110 0a3yeThcsl Ha KOHLEMIii MaJopo3MipHHX
MOJIYJIiB, III0 MAlOTh BCi MEPEIyMOBH UIsi 3a0€3IeUeHHs
BHUCOKOE(EKTHBHOTO 1 E€KOHOMIYHO  BHIIPaBIaHOTO
(OTOENEKTPHYHOT O MIepETBOPEHHS COHSIYHOTO
BunpominroBanus [32-37].

Cnixg 3a3HauWTH, IO TPH PO3MIISALI IEPCIIEKTHUB
BEJIIMKOMACIITa0HOI ~ COHSYHOI  EJEKTPOSHEPreTUKU
BuTpata  Oyab-fKMX, HaBiThb CaMHX 3BHYaHHHX,
KOHCTPYKLIHHUX MarepialiB Moxe OyTH EKOHOMiYHO
BUNIpaBAaHU{ JIMIIE TIPH  BHCOKIH  e(eKTHBHOCTI
MIEPETBOPEHHSI B PO3paxyHKy Ha BCIO (OTOMPHIMANbHY
noBepxHio. lle MoB'A3aHO 3 HEOOXIJHICTIO MOKPUBATH
3HAYHI IUIOLII 3€MHOi IOBEPXHI JUIS IIePEeXOIUICHHS
BUIIPOMiHIOBaHHS pu BUpPOOJIEHHI BEJTMKHUX
MOTYKHOCTEH.

OueBUIHO, IO MPHUCTPOi MEPETBOPEHHS ITOBHHHI
Oyru 3axumieHi Big aTMoc(epHHX BIUIMBIB  JUIs
3a0e3nedyeHHs iX JOBrocTpokoBoi (mporsrom 20-30
poOKiB) mparie3aTtHocTi. Masopo3mipHi JiHzu DpeHens
TyT 00'€qHaHI B IHTErpajbHy NaHenb. Y MaHelb
o0'ennani Takok i 3mMoHTOBaHi Ha ToHkuX (0.5 MMm)
MeTaJeBUX TEIJIOB1ABEACHHS KOHIIEHTPYIOUi
¢doroenemenTn. OOMIBI 1 MaHeNi CKPIIUIEHI CKISTHUMHU
OOKOBHUMH CTiHKaMH, TaK II0 BHYTPIIIHIM 00'eM MoOmys
repmeruzoBanuii (puc.14, puc.15). Ilpu meperBopeHHi
KOHLIEHTPOBAHOI'0  COHSYHOI'O  BHIIPOMIHIOBAaHHSA 3
epexruBHicTIO Onmu3pko  40% 3 BUKOPUCTaHHSIM
OPUCTPOIB [UIA CTEXEHHS 3a COHIleM, muToMa (Ha
OJTMHUIIO TUTOIIIH ) MIepEeTBOPEHOI KIJIBKOCTI
eJIeKTpOoeHeprii 301IblIyeThest B 2-2,5 pa3u B OpiBHSIHHI
3 YCTaHOBKOIO Ha oOcCHOBI kpemuieBux @OEII, mro
MIEPETBOPIOIOTH NPSIME COHSIYHE BUTIPOMIHIOBAHHS.

5.3 Conauni enemenmu na OCHOGI ceHCUOINI306aHUX
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oapenuxamu  nanienpogionuxie (CBCE). CBCE
MIPE/ICTABISIOTE COOOI0 HAHOIHKCHEPHUH IPHUCTPIH B
SIKOMY, 3aBISIKM BJIIAJIOMYy MO€IHAHHIO BIIACTUBOCTEH
MaTepiaiiB, BJaIoCs peanizyBaTH  (OTOBOJbTAIUHE
NepeTBOpeHHs, 0araTo B YoMy OJM3bKe 10 (POTOCUHTESY.
3acTocyBaHHA HEAOPOTMX TEXHOJNOTIH Ta MaTepiatiB
BIJIKPUBAE MOXIIMBICTh HIMPOKOTO BHPOOHHMITBA Ta
OXOIUIGHHs PHUHKY. Benudesnuil mporpec, TOCATHYTHM

CKJIO

S$no, : F
Kamanizamop

eleKkmponim ——
bapenux :

HIT

Puc. 16. Cxema xkommonysauus CBCE[38].

OCTaHHIM YacoM y po3poOli  HAHOMUCIEPCHHX
MaTtepiajiiB 3aJaHoi MopoJIorii, J03BOJISIE MPOTHO3YBATH
301IbIICHAS €PEKTHUBHOCTI Ta IMiJBUINCHHS CTaOiIBHOCTI
xapakrepuctuk CBCE. Inmest QoroenekrpoximiuHoro
eyieMeHTa Ha OCHOBI CEHCHO11I130BaHOTO
HAHOAMCIIEPCHOTO TIOKCH/Y TUTaHY OyIia 3amaTeHTOBaHA
B 1990 p. [39], i po3uHyTa B cepii pobit [40-43]. B
skocTi podbouoro Matepiany s CBCE 3acrocoByeTbest
ceHcUO1TI30BaHHI 0apBHUKOM HAHOUCTICPCHU
OKCHUIHMI  HAMiBOPOBIMHWK;  TOTIMHAHHA  BHIIPO-
MIHIOBaHHS Ta TPAHCIOPTYBaHHS (HOTOreHepOBaHUX

HOCITB  BifOyBaeTbCs Yy pi3HUX  (PYHKIIOHATBHUX
cepeloBHUINAaX, IO JO3BOJSIE THYYKO KEpPYBaTH IIMMHU
TpOLIECaMHU.

Cxema xkommnonyBanHs CBCE Tta  miarpama
ENIEKTPOHHHUX  [EpexXOfiB B HBOMY IIpPEJCTaBIIEHI
BIJIIOBIAHO Ha puc.16. OxkcugHa IUTIBKA

HaHOKpHUcTaniuHoi Mopdororii (muroma moBepxus 60-
150 m*/r, TnoBa mopucticts 50-65%, cepenmiii po3mip
gactuHok 10-30 HM, cepemuiii posmip mop 15 HM),
MOKpPUTa  MOHOIIAPOM  OpraHiyHOro  OapBHHKA,
XapaKTEePU3YEThCS IIMPOKOIO 00J1acTiO moriauHaHHs (Bin
Y® po 6mmwkaboi 1Y obmactell cHekTpy) i I03BONISE
3aXONUTH 70-90% (doTOHIB COHSAYHOT'O
BUIPOMiHIOBaHHS.

[ornuMHuaroun QoOTOH, MoOJeKyla OapBHHUKA-CEHCH-
OimizaTopa, XeMOCOpPOOBAaHOTO Ha TIOBEPXHI HAHO-
JIUCIIEPCHOTO ITMPOKO30HHOTO OKCHAHOI'O HAIIBIPOBIA-
uuka (HIT) n-tumy, mepexomuTs B 30yMKEHHH CTaH, 1[0
BIi/ITIOB1/Ia€ MEPEHOCY ENEKTPOHA 3 HAWBHIIOI 3aIIOBHEHOT
MOJICKYJISIpHOI OpOiTajai Ha HaWHIWKYY HE3alOBHEHY
opOitans. Penakcanisi 30ymKeHOro CTaHy MOJEKYIH
OapBHUKa BiIOYBAa€ThCs 4epe3 IHXKEKINIO EJIEKTPOHA B
3oHy mnposigHocti HII, skwit BucTymae B poi
TpaHcnoptHoro cepeaoBumia. 3 HII  enextponu
MepexoiiaTh Ha KOJEKTOp 3apsifiB — (pOHTAIBHHI
€NIEKTPOJ, SKUM CIY)KHTh CKJISHAa IDIACTHHKA, HMOKPUTa
npoBigHUM mpo3opuM  okcuaoM (SnO,: F, SnO,: Sb,
IN;O3). OMiyHMI KOHTAKT MK TPOBITHAM HIapOM Ha
BHYTPIIHIN TMOBEpPXHI (pOHTAIBHOIO eNeKTpoJa Ta
Me3omopucToro IwiiBkoro HIT  jmocsraeTscss  IIISIXOM
npoxkaproBaHHs pu Temneparypi 350-450 °C. Ilepenoc
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3apsay B 30HI mpoBigHocTi HIT BinOyBaeThcs HUIIXOM
mudy3ii  eNEeKTPOHIB 0 (POHTAIBHOIO EIEKTPONY.
OxKucIeHi MOJIeKy/Tn OapBHHKA BiTHOBIIIOIOTHCS HIJISIXOM
Mepexoay  eNEeKTpoHa 3 EIEKTpONiTy.  Peakinis
BIIOYBA€THC TMOOJMU3Y TMPOTUEICKTPOAA, IOKPUTOTO
nrapoM kartamizatopa (P, rpadit), Ha skuii uepes
30BHIIIIHE HABAHTAXKEHHSI, 3aMHUKAIOUH KOJIO, IEPEXOAUTH
€NeKTPOH 3  (POHTAIBHOTO  eNeKTpoAa.  Pi3HuIA
MOTEHIIaJIiB, [0 TEHEPYETHCS TIPH OCBITIICHH] JOPiBHIOE
pizHuni Mk piBHeM Depmi IS HAHOJAMCIEPCHOTO
OKCULY i PEIOKC-TIOTEHIIaJIOM EJIEKTPOIITY.
HailinommpeHimmiA THIT eIeKTpONiTy — OpraHiYHUH
PO3YMHHHK, IO MICTHTh pEIOKC-IApH WOIUTY Ta

Tpuiiomury ' /s

BucHoBkn

1. Tloka3aHO IO COHSIYHA CHEPTiS € KIHOYOBHM
YUHHUKOM  PO3BHUTKY  CHEPreTHYHOI  ramysi 3
BUPOOHMITBA MOOYTOBHX COHSYHHMX OaTapeid, a TaKoXK
3pOCTalO4MM iHTEpECcOM 10 BHPOOiB (poToBONMBTAIKM IS

KOCMOHABTHKH, TEJIEKOMYHIKalii Ta [MOPTAaTHBHHX
JOKEpEIT YKUBJIEHHS.
2. BcarnosieHo, 1o OCHOBHI 3YCHILIS

JIOCITIJTHUKIB 30CEpEKEeH] Ha TiIBULIEHHs e()eKTHBHOCTI
(OTOENEKTPUYHOTO MEPETBOPEHHS, 3HIDKEHHSI BapTOCTI
MarepiadiB 1 BHPOOHHUIITBA, MIiJBUINCHHI HAMIHHOCTI
NIPUJIaZIiB, HA BIIPOBA/PKEHHI HOBUX TOHKOILTIBKOBHX Ta
HAHO TEXHOJIOTIH pPa3oM 3 MOHO- i IOJIIKPUCTATIYHUMHU
TEXHOJIOTISIMH.

3. IIposenenoananiz @®EIl cousyHoi eHeprii Ha
OCHOBI KpUCTaJIIYHOTO 1 aMOp(HOro KpeMHilo, 3BEpHEHO
yBary Ha crnocodn ix QopMyBaHHS 1 CTpYKTYpYy,
MIPOBEACHO OCHOBHI TX XapaKTEePUCTUKH.

4. TlokazaHo mo GpopMyBaHHS KBAaHTOBHX JIPOTIB Yy
MaTpHIli KPUCTAIIB KPEMHIIO y 3HAYHIH Mipi pO3Bs3yE

mpo0jeMy 13 MPOIECOM TMONVIMHAHHA  COHSYHOTO
BHITPOMIHIOBaHHS 1 BUBEICHHIM HOCITB 3apsay 3 00" emy
CTPYKTYpH.

5. 3acrocyBaHHS HAaHOTEXHOJIOTIH y BUPOOHHIITBI
CE BimkpuBae MOXIIMBOCTI 301NIbIIEHHS! €()EeKTHBHOCTI
MIEPEeTBOPEHHSI COHSYHOI €Heprii B €JIeKTpUYHYy 1
CYTTEBOOTO 3MEHIIECHHS BHTPATH HaIliBIIPOBITHUKOBOT'O
Martepiaiy.

Poboma euxonana npu @inancyeanni 6 pamkax
Oeparcorodocemnoi memu Ne01100000144 minicmepcmea
oceimu i HayKu, MoO00i ma cnopmy Vkpainu

@Dpeik /.M. —3acayKeHnH 1159 HaAyKH 1 TEXHIKA
VYkpainu, JOKTOp XiMIYHHX HayK, IPO(ecop, AUPEKTOP
®Di3UK0-XIMIYHOT0 IHCTUTYTY, 3aBiqyBau Kadeapu
(i3uKH 1 XiMil TBEpOro Tia,

Yooaniok B.M. — xagunat ¢i3.-Mat. HayK, JOIIECHT,
HPOPEKTOD;

Tanywax M.O. — nokrop (i3MKO-MaTeMaTHYHUX HaYK,
HPOPEKTOD;

Kpunuyskuii O.C. —acnipaHr;

Mameik I' /]. — kanauaat Qpi3MKO-MaTeMaTHYHUX HaYK,

JOIICHT .
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The analysis of developmentsin the field of photovoltaic conversion of solar energy into electricity. The main
attentionis paid to the principles of solar cells on monocrystalline and amorphous silicon, nanostructures.
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