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Anotanis B po6oTi OCHOBHY yBary NpHALTEHO MOMIIMBOCTI aKyMyTIOBaHHS IEPETBOPEHOI COHSYHOI

eHeprii 3a JONOMOrOI0 IHTEpKA/SIIHHUX IpOIeciB, a caMe — [ICIHTCpPKAAII€I0 IIPU OCBITJICHHI
IHTEpKaJbOBAHOIO KaTiOHAMH HAIIBIPOBIIHWKA 7 — THIY MPOBIAHOCTI 1 IHTepKamUiel0 iX y
HAITiBIPOBIAHUK p —tuny.  [lpeacraBneHo — eHepreTMYHy  Jiarpamy  iHTepKalsALidHOro

(hOTOCTPYMOYTBOPECHHS Ta HAKOMMYCHHS IEPETBOPECHOI CHEPTii.

Aunortanusi. B pabore OCHOBHOE BHIMaHHE yAEICHO BO3MOKHOCTH aKKYMYJIMPOBAHHS IIPe0Opa3OBaHHOMN
COJIHEYHOH JHEPrHH C MOMOINIBI0 MHTEPKALIIHOHHBIX IPOLECCOB, 3 MUMEHHO — JCUHTEPKALIIUCH HpH
OCBEIICHNH HHTEPKAIMPOBAHHOTO KATHOHAMH MOJYHPOBOJHHKA /1 -THIA IPOBOJIUMOCTH U HHTEpPKAIALHUCH
UX B TIONYNPOBOJAHHMK p -TUma. IIpeiCcTaBICHO BHEPreTHYecKylo JuarpaMMmy HHTEPKaIALHOHHOTO
(hoTOTOKO0OPA30BAHNMS M HAKOILICHHUS IIPE0OPa3OBaHHOM SHEPTUN

Abstract. This article deals with the possibility of transformed solar energy accumulation with use of
lighting deintercalation of inserted cations of n -type semiconductor and its intercalation into p -type
semiconductor. The energetic diagram of intercalation photocurrent formation and accumulation of
transformed energy are presented.

K1040Bi c10Ba: cOHSYHA €HEPTis, IHTepKAIANIHHI IPOIECH.

BCTYII

ChOrosiHi, KOJIM €HEPTOOMAAHICTh BHCTYIAE HAWBAKIIUBIIIOI JIAHKOIO IMPAKTHYHO y BCiX cdepax
€KOHOMIKH, TIpobJieMa €()eKTUBHOTO BUKOPUCTAHHS COHSYHOI €HEepTii OCTae 3 0COONMBOIO akTyalnbHICTIO. CyTh
ii momsArae HEe CTUTPKM y BHUPIMICHHI 3a4adi MiABHIIEHHA KoedimieHTa KopucHOi aii (K.K.X) mporecy
TIEPETBOPEHHS COHSIYHOI €HepTii B eJIeKTPUUHY, CKUIBKH B 3HaXOKEHHI JAEUICBHX CIIOCO0IB il aKyMyJIIOBaHHA i
JIOBTOTpHBAJIOro 30epiraHasg. 3po3yMijio, M0 OCTaHHHOTO MOKHA JOCSATHYTH HUIIXOM 00’€THAHHS B €IUHOMY
npucTpoi (QYHKIIOHAIBHUX MOXIIMBOCTEH IEpeTBOPEHHS 1 OJHOYAaCHOTO (,,in-situ™) aKyMYJTIOBaHHS
mepeTBOpeHoi eHeprii. IHmMmMMH cimoBaMH MoOBa Hae TMpo HHU3BKOSHTPOMIWHHUI (CTPYMOYTBOPIOIOUIIA)
HEOpTraHiuHUN (OTOCHHTES.

Bunaetscs, mo meprr cucTeMaTHdHi cipoOM BHUpIMIeHHS IIi€l 3amadi Oyiu 3poOieHi TpU AECATHIITTS
TOMy, KOIH aBTOpH poOiT [1-4] 3ampomoHyBamy (HOTOENEKTPOXIMIYHI EPETBOPIOBAdi  COHSIYHOTO
BUTIPOMIHIOBAHHSI B C€JIEKTPUYHY CHEPTil0, SKi 3/IaTHI HAKOIMYIYBAaTH IEPETBOPEHY €HEPrii0 1 MpamioBaTH SK
JDKepella eNIeKTPUYHOI eHeprii y BIICYTHOCTI OCBITJICHHSA. Y HHX IIEpeTBOpEHa €HEprii COHIYHOTO
BUNIPOMIHIOBAHHS HAa MEXI PpO3AUTY HEMMPOKO30HHUI HAIIBIPOBITHUK // E€NEKTPONIT aKyMyJroBajiacs B
CHemiaJbHO BHUTOTOBJICHOMY €JEKTpOoNi HakomwdeHHA. OnHaKk 3amaTeHTOBaHWU (oToakymymsitop [4] MaB
HEBUCOKE 3HA4YCHHS KoedimieHTa KopucHOI nii ~ 1+2%, 3yMOBIEHE BEIHKOIO ITOBEPXHEBOIO PEKOMOIHAIIIEI0
HOCITB B HalliBIPOBITHUKOBOMY Cynbdini kaamito ( CdS ), Ta HU3bKY BiATBOPIOBAHICTh MTapaMeTpiB, BUKJIMKAHY B
OCHOBHOMY CKJIQJHICTIO TiAOOpY €JIEKTPONITY, aHTUKOPO3iMHOI pemoKc-aph 1 eIeKTpoja HaKOIMUYCHHI.

©  @.0. IBAIIUIINH, B.II. BAXMATIOR, I.I. TPHTOPYAR, H.B. BOJMHCHKA , 2009
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[Moanbiuii pO3BUTOK LFOTO HAMPSIMKY 3IIICHIOBABCS MUIIXOM BHKOPUCTAHHS B SIKOCTI ()OTOAKTHBHOTO aHOY
OKCHJIHHMX HAIIBIIPOBITHUKIB 3 MUPOKOIO 3200pOHEHOI0 30HOI0, K BUSABISUIN ce0e K CTiKi (OTOSTCKTPOAM [5
- 6]. Ilpote doTomepeTBOpIOBadi, MO MICTATH HAIIBHOPOBIAHUKN 3 IMUPOKOIO 3a00POHEHOIO 30HOI0 MOXYTh
3a/I0BITFHO BHUKOPHCTOBYBAaTHCS B yIbTpadioneToBii i OmmkHIA yapTpadioneToBiii obmacTi criekTpy i TakuM
YHHOM, BOHM HE € e()eKTHBHMMH JUIsi NEPETBOPEHHS COHSYHOI eHeprii. Binmblie TOro, B TaKMX CHUCTEMAax
HAKOIIMYCHHS TIEPETBOPEHOI €HEePTii COHIYHOTO BUIIPOMIHIOBAHHS Peati3yBajocs Y BUIIISII XIMITHHX MPOIYKTIiB
eJIEKTPOITI3Y, a He Y BUIIISI €NEKTPUIHOT eHepril.

Edextn axymymoBaHHS TepeTBOpEHOi eHeprii MokHa Oyino O peamizyBaru [7 - 8] 3a JOMOMOTOXO
IHTEPKAIAIIMHAX TPOIECiB, a caMmMe — JICIHTEPKASINEI0 MPHW OCBITIEHHI I1HTEPKAJIhOBAHOTO KaTiOHAMHU
HAITIBIIPOBITHMKA 7 — THUITY 1 IHTEPKAJLILIEIO TX Y HAMIBIPOBIAHUK p —THUILY. 3pO3YMLJIO, III0 BOHM OBUHHI MaTH

2

y CBOIli CTPYKTYpi ,,FOCTbOBI ~ TO3ULi, TOOTO XapaKTepH3yBaTHUCS COTOBOIO, KaHAJIBHOIO, YW IIAPYBaTOO
KpHCTaiuyHOI0 OynoBoro. OcTaHHs BUsBHIIACS O HAWOUIBII MPUIATHOIO 3 TOYKH 30pYy JBOXMIpPHOCTI TU(Y3iHHUX
obJacTeil U1l «roCTHOBUX» KOMIIOHEHTIB. B pe3ynbTati Takux mporeciB piBHOBXHUH €JIEKTPOAHUH MOTEHIIaN
n —TUIy HAMIBIPOBiAHKWKA OyIe 3CyBaTHCSA y HOAATHIO CTOPOHY, a p—THITy Y BiI’€MHY BiITHOCHO BOJHEBOTO
CJICKTPOJY MOpPIBHSAHHA. 3MiHEHA IMICIs OCBITJICHHS PI3HMI IMX IOTEHLIaNiB Yy CTaHi piBHOBaru i Oyne
BusHauatu EPC ¢doroakymynsropa y tempssi. 1llo cTtocyeThcst MOxIUBOI OTOKOPO3ii (O SKOT MEHII CTIiiKi
HAaMiBIOPOBIHUKKA p —THITY), TO 1 TTOJOJAHHSI MOXHA JAOCATHYTH KOHKYPYIOUHUMH PEIOKC—IIPOIIeCaMUu — KOJH
KIHETUYHI BJIIACTUBOCTI pEJOKC-TIap eNEKTPOIITY 3a0e3MeuyroTh MBUIKE 3aXOIUICHHS HOCIiB IO Mipi iX BUXOMY
Ha noBepxHio. Lle nmpusBene 10 TOro, 110 KiHETHKa (HOTOCTPYMOYTBOPIOIOYHX HPOLECIB CYTTEBUM YHHOM MOXE
sMmianTHCS. OOHAK, 0 NHOTO Yacy MaHWA aclmekT NpoOJeMH, SK 1 TPYHTOBHE 3 SICyBaHHS KiHETHKH
(oToakyMyIOBaHHS, 3arajoM, HpPakTHIHO He mpoBoawiocs. CrnpoOi yCyHeHHS O3HAaUY€HHX HEIONIKIB 1
MPUCBSYCHA TaHa poOoTa.

METOJUKA EKCIIEPUMEHTY

B excrmepuMenTax (OTOUYTIMBIMH HANIBHOPOBIAHUKAMH n- 1 p—THIYy CIYXIIH MOHOCEICHIIN

BinnoBigHo iHAit0 ([nSe) Ta ramito (GaSe), BupomeHi MeromoMm bpimkmena. B Hux (oTo30ymKkeHHS B
NPUHLUI MOXE NPOXOAUTH 0e3 XIMIYHOTO pO3Kiaxy, OCKUIBKM (oToreHeparisi HOCIiB BinOyBaeTbcs Ha
METAIYHUX [CHTpPaX, CKPaHOBAaHUX BiJ XIMIYHOI B3aEMOMII 3 EJCKTPOJITOM IHEPTHUMHU IUIONMHAMHU
xaJbpKoreHy. EJeKTpOXiMi4HI JOCITI/DKEHHS TNPOBOJAMIMCS B TPHOXEJIEKTPOJIHIM KOMIpIi 3 anpOTOHHUMH
pO3UMHAMH €JEKTpOJITIB. ENeKkTponoM MNOpIBHSHHA CIY)XXUB XJIOp-CpiOHWi enexktpon. [l ocBiTIICHHS
BUKOPHCTOBYBABCSl IMITaTOp COHSYHOIO BHIIPOMIHIOBaHHS NOTYXHicTIo 60 BT 3 TtemioBum ¢iibTpom.
IMIIeIaHCH] BUMipH MPOBOAMINCS B YacTOTHOMY miamasoni (107> +10° I'i) 3a JONOMOTOI0 BHMipIOBANBEHOIO
komiuiekcy  "AUTOLAB PGSTATI100" ¢ipmu  "ECO CHEMIE” (Tommanpisi), YKOMIUIEKTOBaHOTO
koMmm'torepaumu  nporpamamu FRA-2 Ta GPES. IluximigHi BoJBTaMIIEpOrpaMy €IEKTPOXIMIYHUX KOMIpOK
3aMMCyBaJFICh B TEMPSBI 1 IPH OCBITJIEHH] 3i mBHAKICTIO po3ropTku Hampyru 0,005+0,001 B/c y BompTaxHii
o6macti 3,3B + 1,0 B.

PE3VJIbTATH TA IX OBTOBOPEHHSA

Ha puc. 1 HaBeneHO eHepreTHUHy Jiarpamy IPOLECIB NEPETBOPEHHS i OJHOYACHOTO aKyMYJIIOBaHHS
NIEPETBOPEHOT B €JIEKTPUYHY COHSYHOI €HEpril, sIKi peali3yBauncs B eNEKTPOXIMIUHIN cucTeMi

n—Li.InSe | IM LiBF, B y-OytuponakroHi | p—GaSe ,
Jie X — KUIBKICTh aTOMIB JITilO, L0 NpHIIaJa€ Ha OAuH aroM aumepy In—In. IlosiBa aHOgHMX

NEIHTEPKAIANIHHAX TIPOIECiB BiAOYBaEThCs 3a y4acTIO (OTOTEHEPOBAHUWX JHUPOK B MEKax ITOTCHINAIIB
1,3 B3 B:

Li.InSe+ xp* — InSe + xLi* @)
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HaBAHTaXCHHA

Puc.1 Eneprernuna niarpama iHTepKaIsniiHOTo (hOTOCTPYMOYTBOPEHHS
1 HAKOTIMYEHHS IEPETBOPEHOT eHepTii

B 3amkHyromy (Ha HaBaHTaxxeHHs R,) koui BuHHMKatoua (orto-EPC 3abe3neuyBarume ¢oroctpym
3apsDKaHHS HEOCBITIEHOro p — GaSe 3a iHTEpPKaIALIMHIM MEXaHi3MOM — BIIPOBADKCHHsL Li' - KaTioHy B Horo

CTPYKTYpY 3amis KoMImeHcamii ¢oroenekTpora (puc. 1), sSKuil TpaHCIOPTYETbcs 3 (oToaHOAy TIO
HaBaHTAXXyBaJbHOMY OIIOPI:

GaSe+ xLi* +xe* — Li,GaSe 2)

[Ipu mpoMy BenmWYMHA aHOTHOTO (DOTOCTPYMY € HEMOHOTOHHOIO (YHKII€I0 moTeHmiamy (puc. 2), a
IpoIiec IHTePKANALIi HEOCBITIIEHOTO p —GaSe 100pe Bi3yai3yeThCsl MOTCHIIOJUHAMIYHO KPUBOIO (pHc.3).

3 HaBeIECHUX 3aJIEKHOCTEH J0Ope BUIHO, IO 3aBXIH MO>KHA BHOpAaTH NMEBHHUN IHTEpBAJI 3HAYEHB X, B
AKOMY OOHM/IBi KIHETHKH OyTyTh B3a€MOBIIIIOBI THUMHU.
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Puc.2. 3anexnicTs aHOAHOTO (HOTOCTPYMY BiJ HOTEHIIANY A LiyInSe
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Puc.3. IlukiiuHa NOTeHIIOJMHAMIYHA KPUBa MIPOLIECY JIITIEBOT IHTEpKAJISALIi HEOCBITIEHOTO p — GaSe , BAMIpsIHA
B TEMPSIBI IIPH MIBUAKOCTI po3ropTku notenuiany 0,001B/c

Sk Bimomo [9], yTBOpeHHS HecTexioMeTpuiHHX (a3 BHpoBajpkeHHs Li,GaSe B mporieci iHTepKaAIIii

JTIEM CYNPOBODKYETHCS 3CYBOM IX €IEKTpOXHOro moTeHmiany (AE ) y Bia’€éMHY BiJTHOCHO XJIOp-CpPiOHOTO
€JICKTPOJY HOPIBHSHHS CTOpoHY. IIpu 1boMy BiH 31aTHHIT OOOPOTHBO IHTEPKAIIOBATHCH JITIEM 10 X = 1, 110
BIJIMOBiae MUTOMIH enekTpuuHiii eMHOCTI G, =181MAron/r. 3mian AE y mporneci (HOoTo3apsKCHHS B

3alIeXKHOCTI Bill KinbkocTi mpomymeroi dortoenexktpuku (Gy) Ta mpu rampaHoctarmuromy ( j =107 A/em?)

po3psizi y TeMpsiBi HaBeseHI Ha puc.4.

071 . 0.7 a
O B ;
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Puc.4. ®otozapsan GaSe (a) i po3psia yrBopeHOro GoTOIHTEpKATAHTY Li,/nSe B TeMpsiBi (0)

JeranpHuii  aHani3 KIHETMKM aHOAHOTO (OTOACIHTEPKAIALIHHOTO CTPYMOYTBOPEHHS METOAOM
iMIIeZIaHCHOT CIIeKTpocKomii moka3as, mo agiarpamu HaiikBicta (puc.5), n10o0pe MOAENIOIOTHCS €JIEKTPUYHOO
€KBIBAJICHTHOIO CXEMOI0, 300pake€HOI0 Ha pHC. 6, a BU3HAYEHI 3a JIOTIOMOTOI0 KOMIT FOTepHOT nporpamu ZView-
2 KiHETHYHI TapaMeTpH MpejacTaBieHi B Tabn. 1. B maHiii cxemi:

e  Ry— omip, 0 BigoOpaxae omip eIeKTPOIIITY;

e mapanensHa R,C;— JTaHKa MOZIEIIOE TPOLECH MEpEeHECeHHs 3apary depe3 Mikpazny Mexy B Li.InSe,
0 3HAXOIUTHCS B TeTepoda3sHOMy CTaHi;

e mapanenbHa R,C,— JaHKa BifoOpakae Npolec NepeHeceHHs 3apsay i3 enekTpoiity B 00’em LicInSe.
Tyr R,— omip cranii mepeHeceHHs 3apsy i3 €JNEKTpPONiTY B 00’€éM akTUBHOro marepiaiy, C,— €MHICTb
MOJBIHOTO €NEKTPUIHOTO MIapy MEX1 PO3IUTY HAIliBIIPOBITHUK/EIICKTPOIIIT;

e  R;— pernakcauiiHui Omip iHTEpKaIbOBaHOI MATPUILI;
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e CPE - BimoOpakae mgemio po3moiiieHy («CIMOTBOpPEHY») Iudy3ito

IHTepKaJIbOBaHil MaTpHIIi

20000 -

TOCTHOBOTO KOMIIOHCHTa B
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15000 - T200 4
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rec. / 12001 /-_,. T
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0 17000 24000 36000 48000 £0000 0 3000 6000 9000 12000 15000 18000
Z', Om Z', Om
a) &)
Puc.5. [liarpamu Haiiksicra (E=1,6 B) mys Li,InSe B TempsiBi (a) i Ha cBiTii (0)
RJ
1111
R, G -R; £,
" [
% | . 3 L
CPE
Puc.6. ExBiBajieHTHa €JIEKTpUYHA CXeMa JUIsl IIpolieciB (pOToIHTEepKaIsLii- GpoToneiHTepKasLil
Tabmuns 1.
KineTnuHi mapameTpu nporuecy JeiHTEpKaIOBaHHs Liy/nSe : @ — B TEMpsIBi; O — IPU OCBITIIEHHI
CPE
RO R1 R2 R3 C1 C2 CPE-T | CPE-P
KOMm kOm kKOMm kOm ) d
a 1,737 23,258 33,432 18,553 6E-4 2,6E-7 6,8E-8 0,456
6 0,4638 7,582 7,118 4,807 1,4E-3 2,2E-7 | 1,66E-5 0,43

Jlist BUnazky OocBiTIIEHHS Mexi po3finy GaSe 3 €NeKTPONITOM JOMIHYIOUHM IPOLIECOM BHCTYHATUME
¢dorozapsupkeHHs: monsiitHoro enekrpuyHoro mapy (IIEIL) 3i crioBiIbHEHOIO KIHETHKOIO, KOHTPOJIHOBAHOO
LIBHJKICTIO (OTOXIMIYHMX peakliii Ha noBepxHi enekTpony. CHiBBIZHOLIEHHS MDK 11 BEJIMYMHOIO Ta
LIBUJKOCTAMHU TeHepalii 1 pexomOiHanii HepiBHOBaXHHX (DOTOHOCIIB BH3HA4YaTHME IIBUJIKICTH HApOCTaHHS
pizHumi moteHmiamiB A wmix oOkmaakamu [IEII. TpuBamicTs AOCSATHEHHS HEIO MaKCHMAJIBHOTO 3HAYCHHS
3aJIeKUTh, SIK BUSCHIUIOCA, BiJ X 1 MOKE CKJIaJaTH COTHI XBWJIMH, SK II¢ MOKa3aHO Ha PHC.6 UII BHITAIKY
ceneHigy ramito. [Ipn 1mpomy ocobiauBoi yBarm 3aciyroBye HemMoHOTOHHa 3MiHa ¢(oro-EPC Li.GaSe 3i
30uTbIIeHHAM X (3a0e3nedyeHe iHTepKaALiHHUMU (oToocTpymamu) (puc.8), 3yMOBIeHa HaHiMOBipHilIE
MIOJIOXKCHHSAM MOTEHIlally IIOCKHUX 30H M1 GaSe B monmaTHiA obnacti moTeHmiamiB (i [nSe y Bin eMmHiil).
Toni B mporeci inTepkamoBanus 10 0,6 Kin ans GaSe 30HUM 11e OUTbIe 3aTMHAIOTHCS, a B 00JacTi criaiaHHs
Es . (0,6-0,84Ku1) piens depmi MOBEPTAETHCS IO BUXITHOTO TOJI0KEHHS (30HU BHIIPSIMIISIOTHCS).
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Puc.7. XpoHomnoreHuiorpama GaSe TPOLECY OCBITJICHHS HA BIAKPUTOMY KOJIi
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Puc.8. 3anexHicTh §.e.p.c. Li,GaSe BiN 3HAYSHHS X

OcaiTiieHHs 7 — [nSe B aHAJOTIYHIM €NEKTPOXIMIYHIA CUCTEMI MPU3BOAUTH a0 maniHHs ¢oto- EPC B
JOCIIKeHIH o0JlacTi KOHIEHTpaliii BIPOBaKEHOro JIiTiI0o Maibke mo Hynmsa. lLle mo Bciit #mMoBipHOCTI
BUKJIMKAaHO 3CYBOM EJICKTPOJHOTO MOTEHIIaly y BiJl’€MHY 00JIacTh, 10 B CBOIO YEpry MPH3BOAMTH 10 Maiike
MOBHOT'O BHIPSIMIICHHSI 30H 4Yepe3 3CyB IToJioxkeHHs piBHA Depmi y Bii’emMHy ob6nactb. JloOuTHCS 3MilleHHS
€JIEKTPOJIHOTO TMOTEHIialy JUIsi CeJeHiAy IHAII0 B JIOAATHIO CTOPOHY MOJKHA JIETYBaHHSAM 3 HACTYIHUM
(oToiHTEpKAIIOBaHHAM HOro ioHamu | 3 po34MHY BiANOBITHO 10 PiBHSIHHS:

InSe+xI” +xp* — InSel, 3)

Sk yxe 3a3HaYaNOCs ISl TOIOJIaHHS (POTOKOPO3IHHUX MPOIIECiB HEOOXiAHE 3aCTOCYBAaHHS PEIOKC-TIap.
B pesynbraTi mpoBeIeHUX MTOCIiKEHb BCTAHOBIICHO, IO JUTA JAOCITIIKYBAaHUX CHCTEM HailOiaplI eheKTHBHUMH
emapu S/S;° ta I"/I3. B nepuioMy BHNaAKy eleKTpOXiMiuHa cucTeMa 3abesneuyBana 3HadeHHs $hoto-EPC
0.55B, a pospsanoro Qortoctpymy (Hanmpukian, nmpu FE= 0,33 B) ~ 38 uA/em’. B mpyromy mocsramocs
MaKCUMalbHOTO 3HaueHHS Fy Ha 0.05B MeHmoro, Hixk B mepiiomy, mpoTe po3psiaHuil poTocTpy™m 3pic OibIie,
SIK BJIBIYI.

Takum guHOM, B POOOTI AocmimkeHo mporec (ortomeinTepkansmii Li,/nSe, SKANA MOXKE CIYXKUTH
dboroanomom st iHTepKammii GaSe nmo x=1, mo BiamoBimae Cp;=181MAxrom/r. IlokazaHo 3HaYHE
MOKpAIIeHHs KIHETUIHHUX TTapaMeTPiB mporecy GoToaeinTepkasiii B 3-4pa3u
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