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B nmamiit po6oTi posrisgHyTO amcopOmiitai BuactuBocti M/IH (MeTan-nieneKkTpuK-HaIiBOPOBiTHUK)
CTPYKTYp 3 IIapaMH ME30MOPUCTOr0 KPEMHII0 Ta Manajito. BH3HAYeHO OCHOBHI MapaMmeTpu MIapiB
Siyesonop 1 AOCTIIKEHO iX BIUTMB Ha aJICOPOLiiHY 3/1aTHICT BUTOTOBIEHNX Ia304yTIUBUX ceHCOpiB. Jlo-
CJIIIKEHO a/IcOpOLiifHYy Yy TJIMBICTh JaHUX CTPYKTYP NPHU B3aeEMOJIi 3 BOAHEMICTKMMHU Mojekynamu (H,,
H,0, C,HsOH). Takox BcTaHoBieHo, mo Pd-M/IH-cTpyTypu 3 m1apoM 4acTKOBO OKHCIIEHOTO ME30IOpPH-
CTOTO KPEMHIIO MPOSIBIISIOTH ITiABUIIEHY aCOPOLifHy Yy TJIMBICTH 710 BOJHEMICTKHX MOJICKYJI. 3aIporio-
HOBaHa (pi3ndyHa MOZENb aacopOLii, sika MOsCHIOE aHOMAJIBHUN XapaKTep 130TepM azicopOLii Ta 3MiHy Ki-

HEeTHYHHX Xapakrepuctuk Pd-M/IH-cTpyTypax.

KurouoBi ciioBa: 6araromaposa ctpykrypa, MJIH-ctpyTypa, amcopOuis, ra309yTINBi CEHCOPH.
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Beryn

[Tpu agcopOuii ra3oBUX MOJEKYJ Ha MOBEPXHI TBEP-
JIOTO TiJla CIIOCTEePIralThes aacopOoeneKTpHyHI eeKTH,
SIKi TIONSTAIOTh B 3apsDKEHHI MOBEPXHI TBEPIOTO Tilla
3aBISKH EJEKTPOHHOMY OOMIHY MiX aacopOOBaHIMH
MOJIeKyJlaMH Ta migkiIagkoro [1]. AmcopOoenexTpudHi
eeKTH MOXYTb NPHUBOAUTH O 3HAYHUX 3MIH €JIEKTPO-
¢izuunnx  mapamerpiB  MH-ctpyktyp — (Mertan-
JlieNIeKTPHUK-HAMIBIPOBIIHUK), K1 JIETKO PEECTPYIOTHCS, 1
MOXYTh OYTH BHKOPHCTaHI Uil CTBOPEHHS Tra304yTiIH-
BUX CEHCOPIB. 3aCTOCYBaHHS B SIKOCTI Ji€JIeKTPUKa 4acT-
KOBO OKHCIIEHUX TOHKHX MIapiB (~1 MKM) Me30IOPUCTO-
ro KpeMHit0 (Siyesonop) 3 MOBEPXHEBUMH KaTaTiTHIHO
AKTUBHUMMU HHiBKaMI/l nana,ui}o MPUBOJUTH 10 3HAYHOT'O
3pOCTaHHsS AKTHBHOI IOBEPXHI TaKMX CHUCTEM 1 IIJBH-
LICHHIO aJICOPOLIAHOI YyTIMBOCTI B IMUPOKOMY Jiaraso-
Hi koHuenTpamiii (10107 + 1 MM pT. CT.) ra30BUX MoJTe-
Kyl B atrMocdepi noitps. HasBHicTs npeagcopboBanux
MOJIEKyJ (30KpeMa KHCHIO) Ha TIOBEPXHI KAaTaTiTHIHOTO
MeTaly i MIOPUCTOTO KPEMHIiI0 MO)Ke 3MiHIOBAaTH XiJ| Ka-
TANITHIHUX PEeakliif, 0 TakoX Oyae CIPHITH IIiBHU-
IEHHIO CEJIEKTMBHOCTI TaKWX CEHCOpiB. TakuM YHHOM,
OaraTomapoBi CTPYKTypH 3 IUIIBKAMH ME30IOPHCTOrO
KPEMHIIO Ta Maiailo € MePCIeKTUBHUMH IS CTBOPEHHS
BUCOKOYYTIIMBUX Ta CCJICKTUBHUX TIa30BUX CeHCOpiB
M/IH-tuny. B naHniii poOoTi NpHBOASATBHCS pe3yJbTaTh
JOCITIJKEHb  a7cOpOOENEeKTPUYHUX e(eKTiB, sSKi BHHH-
katotb B M/IH-cTpykTypax, cOpMOBaHMX Ha OCHOBI
ME30IIOPUCTOr0 KPEMHII0, MpU aAcopOIii BOAHEMICTKIX
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monekyn (H,, HO, C,HsOH). Jocmimxyerbes agcopO-
[iffHa 3JaTHICTH CTPYKTYP B 3QJICKHOCTI BiJ XIMIYHOTO
CKJIaJly Ta MIKPOCTPYKTYPH ME30IIOPHCTOTO KPEMHIIO.

I. BuroroBJieHHs 3pa3KiB

3pa3kd MOPUCTOTO KPEMHII0 OTPHMYBAIIA METOIOM
€JIeKTPOXIMIYHOTO TpaBlieHHS [2-4] MOHOKpPHUCTAJIYHUX
macTHH KpeMHito (c-Si) nseropanux Gopom (Na=4x10"
cM™) 3 opientaniero (100) mpu rycTHHI cTpyMy j=5
MA/cM?. BukopucToByBaBCsl pO34HH IUIABUKOBOI KHCIIO-
™1 HF(48%) Ta ermnosoro crmpry C,HsOH B cmiBBin-
HomreHHi 4:1 (HF~80%). Ilapn me3omopucToro Kpem-
HiIO Bifpa3y MicCii BUTOTOBJIEHHS OynM BinmayieHi B Iia-
nma3oHi temmepatyp 250+600°C B ci1abOOKHCIIOI0YOMY
cepenoBumi (~20%0,+80%Ar). HdocmimpkeHHs i30TepM
agcopOmii Oyno MpoBeAEHO B [iama30Hi KOHIEHTpPAIii
5+1000 ppm (50107+1 mm pr. ct.) BogHio B aTmMocdepi
TIOBITPS TP KIMHATHIN Temnepatypi. s mocmimkeHHs
a/IcopOLifHUX BJIACTUBOCTEW OaraTollapoBHX CTPYKTYp
3 BIIIAJICHUMH TUTIBKAMH ME30MOPHCTOr0 KPEMHI0 Oyin
BurorosiieHi MJ/IH-koHaeHcaTopH 3 nanaieBUMH €JIeKT-
ponamu (puc.l a). [IniBku mananio TOBIIUHOW ~50 HM
HAHOCWJIN Ha TIIOBEPXHIO OKHCIEHOTO MeE30IOPHCTOro
KPEMHII0 METO/IOM MarHeTpOHHOTO po3mwieHHs. Dikcy-
BaBcsl 3CyB BHcokouyacToTHOI (1 MI'1) BosbT-€MHICHOT
(C-V) xapakTepucCTHKH B3IIOBXK oci Hampyr (AVpg) Ha
piBHI Tiockux 30H (Cgg), SIKHHA criocTepiraBcs HpH il
BOJIHIO, a TAKOXX MApiB BOAM Ta €THIOBOTO CIUPTY (puc.1
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6). Yacosi xapakrepuctuku Cpg(t) crpykryp Pd — SiO —
Siyesonop — €-S1 BUMIpIOBanncs NpH (HiKCOBAHOMY THUCKY
BOoIHIO (~0.5 MM pPT CT.), BOIM Ta €THIOBOTO CHHPTY
(tuck Hacmuenoi mapu H,O mnpu temmeparypi 20°C
ckmaznae 17,5 mm pr. c1., C;HsOH — 44 Mm pT. cT.).

)
15i0:]

20 15 10
Voltage (V)

Puc. 1. Cxema razouytimBoi Pd—SiOx—Sime3omop-c-
Si cTpykTypu — (a), C-V xapakrepuctuka MIH ctpyk-
typu — (6) (1 — B noBiTpi, 2 — TpH Aii BOJHIO HU3BKOI
KOHLEHTpalil, 3 — Ais mapiB BOJAHU, CIHUPTY Ta BOJIHIO
BHCOKOI KOHIIEHTPAIIIT).

ToBmyHM 1IapiB ME30MOPUCTOrO KPEMHIIO Ta maja-
JII0 BU3HAYAIKCSA 3a jornomoror mnpodinomerpy Dektak
3030 auto II. XimigHHit CKNax MTIBOK Siyesonop AOCTIIKY-
BaBcsi MeronoM iH¢ppauepBonoi (IY) cnexrpockomii B
niamasoni 400+4000 cm™' 3a 10MOMOroo CIIEKTpOMETpa
Bruker 3 ®yp’e neperBopeHHsM. JlocmipKeHHST MIKpo-
CTPYKTYpPH IIApiB ME3OMOPUCTOTO KPEMHIIO OYIIO TIpOBe-
JIICHO METOJOM CKaHyIYOl eIEeKTPOHHOI MIKPOCKOIii
(CEM).

II. Pe3yabTaTu Ta 00roBOpeHHS.

Ananiz mexawnizmy (popmysannus me3onopucmozo
Kkpemnuiro. Tlpy aHOTHOMY PO3YMHEHHI MOHOKPHCTAIIY-
HOTO KPEMHIIO P-THITy B BUCOKOKOHIIEHTPOBaHUX PO3YH-
Hax Tu1aBuKoBOi kuciotu (~60+80% HF) dopmyerbes
1ap ME30IIOPUCTOTr0 KPEMHIIO 3TiHO PEaKIii:

Si+4HF +4e" — SiF, +4H"

CJIEKTPOXIMIYHA peaKis

(1)
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SiF, + 2HF — H,SiF, @

Kommneke H,SiFy e cnabkoro KuCIOTOM0, sKa M-

XiMiYHa peaxiis

COIIIFO€ B PO3YHHI:
H,SiF, < H" + HSiF, <2H" +SiF,” (3)

Kucnorui samuuxkn HSiF, € BinsHuMu pajnka-

JIaMH, sIKi MOXKYTb OpaTH ydacTh B JIAHIFOTOBIN peaxilii,
10 IPUBOAUTH IO YTBOPEHHS TiIPHUIHOI ILTIBKM Ha MO-
BEPXHI ME30IIOPUCTOTO KPEMHIIO.

Puc. 3. 300pakeHHs TOBEpXHi ¢-Si Micisl CTPaBIIOBAHHS
mapy [1K 3a raHHUMH aTOMHO-CHJIOBOT MiKPOCKOITIT.

Ha puc.2 a, 6 mokazani CEM 300paskeHHs TOBEPXHI
Iapy Me30MOPHCTOro KPEMHII0 1 Horo mepepisy BiAmoBi-
IHO. TIniBKa Siyesonop MA€ JA3€pKaNbHY MOBEPXHIO 1 OMHO-
piIHYy MeXy MoIiuly 3 MOHOKPHCTAJIYHHM KpPEMHIEM.
JBomapoBa CTPYKTYPa Siyesomop (AMB. puc. 2 0)
OB ’s13aHa 3 MPOIIECOM XIMIYHOI B3aEMO/Iii ME30TIOPHCTOL
IUTIBKM KPEMHII0 3 BOJOIO Ta BUIUICHHSM BOJHIO, BHa-
CJIIJTOK YOTO BHHUKAE TPAIIEHT PO3IOALTY MOPUCTOCTI IO
TOBIIWHI TUTIBKH (31 30UIBIIEHHSIM TOBIIWHHU TOPHUCTICTH
3MEHIIIYETHCS).

SiH, +2H,0 = SiO, + 6H, T )

Ha puc. 3 moka3ana moBepxHs ¢-Si MiC/s CTpaBiicH-
HA Siyesonop Mapy. HeoOXimHO Bim3HA4YMTH, 1O MiKpO-
CTPYKTypa IOBEPXHI ME3O0NOPHUCTOI ILIIBKH KPEMHIIO
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(puc.2 a) mocuTh TOYHO BIATBOPIOE Mikpopenbed c-Si
migxranku. CepenHiit po3Mip mop (d=2+5 HM) Ta muTOMa
IJIoma MOBEPXHI Siyesonop (S=500 MZ/F) Oynu oTprMaHi
metogoM BET (bpynayepa, Emmera, Temnepa) mo Hu3b-
KOoTeMIeparypHiil ajcopo6uii azory (puc.4). [lopucricts
Siyesonop  (P=70%) po3paxoByBanach TpaBiMETPHYHHM
MetonoM. Iy imeanizoBaHOi MO PEryysipHO pO3Ta-
HI0OBaHUX IOp KBaApaTHOI'O NEPETUHY BU3HAYAETHCA
BiZICTaHb MDX CycCiaHiMH nopamu . Y Bunaaky ¢ h ma-
€MO CIiBBiIHOIICHHS [5]:

ho1
=" (—-1
q 2(p )
Q)

ae h — ToBmmHA Wapy Siyesonops P — TOPUCTICTB.

g g

b3
=
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Puc. 4. OyHKIiA po3MOaiLTy po3Mipy MOp B 3aJIEKHOCTI
Bix muromoi momti moBepxHi (BET), Ha BcTaBIIi 3amex-
HICTh PO3MIpY KPEMHIEBUX HAHOKPHCTAJITIB BiJi TUTOMOT
IUIOIIII [TOBEPXHI.

OyHKIIiS po3MnoaiTy po3MipiB Si KPUCTANITIB 1O MO-
BEpXHi Moka3zaHa Ha BcTaBii puc.4. OCHOBHI mapaMeTpu
Siyesonop HABEIEH] B TA0M. 1.

Ha pwuc.5 npusexneni IY-cniektpu amst c-Si i cBixkeBH-
TOTOBJIEHUX Ta BiJIMANEHUX Siyesonop MIIBOK. ITOpIBHAHHS
CNEKTPIiB CBIKEBUIOTOBIEHUX Siyesonop 3PA3KIB 3 Biama-
JIeHNMH B Tiana3oHi temneparyp 250+600°C B atmoce-
pi (20%0,+80%Ar) mokasye, 0 HOBEPXHS TLIBKU IO
BUTOTOBJIEHUX Siyesonop I1APIB 3a11ACHBOBAHA BOTHEM.

Ha rtakmx 3pa3zkax CIIOCTEPIraloTbcsi CMYTH ITOTIIH-
HaHHS B iHTepBani 23002000 cM', MOB’A3aHi 3 KOMMB-
HuMu Moaamu Si-H rpym. Si-H 3o0na mo6mmsy 2100 cv™
Moxe OyTu posuierieHa Ha Tpu miku 2098, 2110 i
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Puc. 5. I4-cnexrpu mapy I1K — (a) Ta 3miHa ckiany ox-
CHIIB Ta TiAPU/IB KPEMHIIO Ha TIOBEPXHi IPHU TEPMIYHUX
00poOkax — (0).
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Puc. 6. Criektpu po3moiiy XiMi4YHUAX €JIeMEHTIB 10 TO-
BumHI mapy 1K orpumMaHumu 3a JaHUMH MacCeKTpo-
MeTpii BTOpHHHHUX iOHIB.

2140 CM'I, sIKI TIOB’SI3aHI 3 BaJICHTHUMH KOJIMBAHHSIMH
SiH, SiH, i SiH; rpymn, BimnoBigHo. IlosiBa oxcHTiApUA-
Hux_O,SiH 30HM Tmpm TepMiyHHX BiAmamax BKa3ye Ha
npouec (opmyBanHs SiH rpym, 3B’S3aHUX 3 OJHHUM,
JnBoMa ab0 TppOMa aTOMaMH KHCHIO 3 THIIOBHM TIOJIO-
sxennsim 2140, 2210 i 2270 oM™, Bignosiguo. Ha T4-
CHeKTpax 3pasKiB, BinnajneHux npu temneparypi 400 i
600°C, 3’aBISIIOTBECS TAKOK MOJH, IIOB’I3aHi 3 KOJIMBAH-
usamu OH-rpyn (3746 cM™), sIKi yTBOPIOIOTHCS BHACTIZIOK
rixpoinizy SiH 3B’SI3KIB.
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Ta6auns 1
OCHOBHI TapaMeTPH ME30MTOPUCTOTO KPEMHIFO.
PexxuM enekTpoxiMiyHOTO MpOoLecy OTpUMaHHS
[TapameTpu 1mapy Me30MOPUCTOTO KPEM- Siesonop
HIIO Shiesonop A /Ci;l ) Cur, % t, min
30 80 15

ToBmMHA Siyesonop, h, HM 10°+2x10*
Hiametp mop, d, M 3+8
ITopucticts, p, % 70
KoedimienT 3anomienns, n 1,75
EdexTuBHa fieeKTpHUHA IPOHUKHICTD, Eqq 3,063

I'igpaToBaHa MOBEPXHA Siyesonop MWapy OH-rpymamm
MEPETBOPIOETBCs 3 TiApodoOHoT Ha riapodinsHy. lLle
NPUBOIMTE 0 MOSBH MHPOKoi cMyru 3000-3800 cm™',
sKa BIJIHOCUTBCS 10 KOJIMBAaHb aJICOPOOBaHUX MOJIEKYII
BOJIM, 3B’SI3aHMUX OJIWH 3 OJHUM BOJHEBHMH 3B’S3KaMHU
[6]. Ha BigmaneHux 3pa3kax 3’SBISAE€THCS CMyTa IMOTIIH-
wanns 1100-1000 cm!, ska noB’s3aHa 3 BaIEHTHUMH
kommBaHHsAME O-Si-O rpyn. AHamiz o0macTi 3 HIKYUMHA
XBIUIbOBAMH unciamu (<1000 cm™') Gimpmn ckiagHmii.
AncopOoBaHi KM 3B’si3aHi 3 KOJHMBaHHAM 3B’S3KiB
(SiFy) B monexynax (SiHFy) B ToMy % camomy xianaso-
Hi, mo 1 qedopmarniitai konuBanaa (SiH,) ycepenuni nux
moekys. ITik Ha wactori 910 cM™ Mu nmpumHCyeMo Kpe-
MHIH propunaum SiF BanenTHUM KonuBaHHsM [7]. Cuig
BIIMITHTH, 1[0 HASBHICTh Yy CIEKTPax IOTJIMHAHHS iH-
TepdepeHLitHNX CMYT B IIMPOKOMY Iiara3oHi JOBXHH
XBWIb (Bix 2,5 MkM 1010 MKM) CBiT4NTH PO PiBHOMIp-
HICTb 110 TOBLIMHI TIOPUCTOTO MAPY Siyesonop 1 HOTO BUCO-
Ky OIHOPIMHICTB. 3a BIICTAHHIO MK MaKCHUMyMaMH iH-
TepepeHIifHNX IKiB MOXXHAa BH3HAYUTH KOe(illie€HT
3asiomsieHHs (n=1.75):

n= /11 '/12
2h-(4 = 4,)
Ie Ay i Ay — TOBKUHH XBWJIb JBOX CYCITHIX MaKCH-
MyMiB, h — TOBIIMHA ME30IIOPUCTOTO HIapy.
KoedimieHT 3a10MIIeHHS Ja€ MOXKIUBICTh BU3HAYH-

TH e(QeKTHBHY IieNeKTPUYHY MPOHUKHICTE (€.4=3.063)
TUTIBKH ME30IOPHCTOI0 KPEMHIIO:

(6)

~ 2
E,y RN

(7

Hani mo ximigHOMY cknany [Y-cmekrpomertpii qobpe
Y3TOJUKYIOTECS 3 JAHUMHU Mac-CIIeKTPOMETPii BTOPHHHUX
ioniB (MCBI) (puc.6). Ananiz MBCI cnekTtpiB mokasas,
IO BiANaj€Hi Wapu Siyeonep HPH TeMmeparypi 250°C
BKpHTI Tiipuaamu, GropujaMu Ta OKCHIAMU KPEMHIIO,
KUIBKICTh SIKUX 3MEHIIYEThCS MO TNMOMHI mop. IcHye
takox kopessitist [Y-cnekrpomerpuunux i MBCI nanux
i mo posnoxnity OH-rpyn. MBCI cnekrpu miarBepmxy-
I0Th, IO BIINIAJIN NPHUBOIATH A0 TiAparauii HOBEpXHI i
THOSIBU HA TIOBEPXHI Siyesonop OH-rpym.
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Mexanizm aocopouii 600HemicmKux MojeKyn1 Ha
2iopamoganux noeepxuax Siyeon,p. CTaH TOBEPXHI
Siyesonops @ TAKOXK HAABHICTh KaTaniTuuHoi Pd mniBku
NPUBOJUTH 10 3MiH BiacTuBocteit MJIH-ctpykTypu npu
ancop6mii BomHemicTkux Monekyn (H,, H,O, C,HsOH).
Sx mokazamu Y mociimkeHHs, Bigpa3y MICHA MPOIecy
TpaBJICHHS IIap MOPUCTOTO KPEMHIIO Ma€ TiIpUIHUHA
nokpuB (SiH,), Skl 3 yacoM 3MIiHIOETHCS Ha OKCHIHUI
(Si0y) ta oxcurimpumnuii (O,-SiH). Tepmiuai 0OpoOku
(400-600°C 1 ron. B 80%Ar+20%0,) npuBOASTE 1O Tif-
paTanii NoBEPXHi Siyesonop, AKA 3’ ABIAETHCSA 3ABAAKH HAC-
TKOBOMY OKHCJCHHIO 3B’s3KiB SiH, 1 yTBopeHHs Ha m0-
BepxHi rpyn OH. 3 apyroro 60oky, BiJmanu CHIBHO 3Me-
HINYIOTh KOHLEHTpALIO0 TAPUIHUX rpyn (puc.S); oTxe,
MOBEPXHs cTae OUTBII peakiiiHa Ha IUX JUITHKAX (OCKi-
JIBKY 3BUTBHIOETHCS JICsKa YaCTHHA Si- paJUKaIiB TOMI K
iHIIA X YacTWHa 3allOBHIOEThCS KUCHEM). Bcei mi mepe-
TBOpPEHHS MMOBEPXHEBUX MIAPIB ME30MOPHCTOTO KPEMHIIO
MPUBOAATH 10 cTabimizamii eneKTpoQi3MIHNX BIACTHBO-
creit 6araTormapoBux MJIH-CTpyKTyp Ha OCHOBI IOpHC-
TOTO KPEMHIIO 1 MiABHUIYIOTh X Yy TJIUBICTH 10 agcopOmii
BOJIHEMICTKHX MOJIEKYyJ. 3BiICH BHUIUIMBA€E TaKUil NpUH-
IUTIOBUI BUCHOBOK, IIO TiIpaToBaHi MOBEPXHI € Hak-
OUTBII YYTIUBHUMH 10 aJCOPOIii MOJIEKYJI BOIHIO, BOJIH
Ta eTwioBoro cnupry. Lle moxxe OyTn nmoB’si3ane 3i 31aT-
HICTIO JIaHMX MOJIEKYJI O YTBOPEHHS KOOpPJHMHALiHHUX
3B’s13kiB 3 OH-rpynamu, siki BUCTYNAIOTh SIK LIEHTPH a/1-
copO1ii Ha TOBEPXHI YaCTKOBO OKHUCIICHOTO ME30IOpPHUC-
TOI IUTIBKM KpeMHilo. 30Kpema, TigpaTaiisi NOBEpXHI
Siyesonop TPUBOAUTL 1O TMOsBH Ha IY-crekTpax cMmyrH,
OB ’s13aHi 3 afcOpOOBAHOIO BOMOK0. AICOpOIsl BOOH Ha
TiIpaTOBaHWX TOBEPXHAX OKCHIIB MOXE MpPOTIKATH Y
BIZMOBIZHOCT] OO IBOX MEXaHI3MIB: Ha IMOYaTKOBIH CTa-
Il IpeBaioe MOJIEKYJIISIpHA afACcopOIIisl IO KOOPAMHALIH-
HOMY MEXaHi3My, II0 TiM MOJEKyJspHa aacopOuis Mo
MeXaHi3My BOAHEBHX 3B’s3KiB. Ha wacTkoBo nerimparo-
BaHHMX MOBEPXHSX JIOJATKOBO IPOTIKAE aKTHMBOBAaHA IIH-
comituBHa ajacopOuis. EHepris akTHBallii HOTO MPOLIECY
JUTS. SSIKUX OKCHIIB (Hampukiam, ot SiO;) Moxe OyTu
JIy’K€ BEIUKOIO 1 3ajeaTd He TIIBKHM BiJ NPY>KHOCTI
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mapiB Ta TEMIIEPATypH, ajie i Bill CTyNeHs rifpararii mo-

BepxHi [6].

1.2 1

1.0 ancop6uist H, Konaencauis H,O
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Puc. 7. I3orepma ancopOuii BOAHIO B Jiana3oHi KOHIEH-
Tpauiit 5-1000 ppm (moOynoBaHa B pi3HIX KOOPIUHATAX:
a— C~f(P), 6 — C'~f(P"").

Crig Tako)X BIAMITUTH, SIK BKJIMBUN (PaKTOp, AKUAN
BIUIMBA€E Ha MEXaHi3M aJcopOliii BOXHEMICTKIX MOJEKYII
Ha nopuctomy Si, 1ie HecyuinbHicTh Pd rutiBku (pu He-
BCIMKMX WOro TOBIIMHAX) HA TMOBEPXHI MOPHUCTOrO
Siyesonops 110 TPUBOAUTH JO MOXJIHUBOCTI 3alOBHEHHS
a/1IcopOLIHUX LIEHTPIB HE TIIBKKM HAa MEXI MOy MeTai-
JIEeTIEKTPHK, ajle i Ha IOBEpXHi JieJIeKTpUKa B mopax. B
00J1acTi HU3bKHUX KOHIIEHTpPALiil BOAHIO B ra30Bild cymimii
(5-100 ppm) ancopO1ist BOAHIO BiIOyBa€eThCs MEPEBasKHO
Ha noBepxHeBUX Pd aTomax, TOOTO 30BHIIIHIHM TOBEpXHi.
Crmpatounich Ha TOW (hakT, IO i30Tepma amcopOmii y
OpOMY  [iala3oHi  KOHIEHTpamii  BOOHIO  1o0pe
alPOKCUMYETBCSI TPAMOI0 B  KOOpJAMHATax v opt?
(puc.7 a, 6, obmacte 1), MOkHA 3pOOUTH BUCHOBOK, ITI0 B
obacri HU3BKHX KOHIICHTpAIii azcopOIiiHa
YyTJIMBICT CTPYKTYp TOJOBHUM YHHOM BH3HAYAETHCS
JMCOLIIaTHBHOIO ~ aAcopOLi€l0 BOAHIO Ha TIOBEpPXHI
HaJIaIifo i BU3HAYAETHCS 130TepMOro BUay [8]:

V)=V, [apP% (1+a,P" )} ®)

ae a,~exp(0,/2kT), ©, — Temnorta agcopOuii Ha oaHY
MOJIEKYTTY, Vi=0.5 B, P — mapriameHuii THCK IOCITi-
JUKEHHX MOJIEKYJ B aTMocdepi HOBITpsI.
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Puc. 8. Yacogi 3anexxHocTi afcopOuii BoHIO, TapiB BOJIU
Ta CApTy. AACOPOIIist BOAHIO IPH KOHIIEHTpAIisx 50
ppmi 1 % — (a) Ta mapiB Bogu Ta cnupty — (0).

Ha puc. 8 a moka3aHi KiHETHYHI 3aJICXKHOCTI afcop-
OoenekTpuyHOro eeKTy HpU B3a€MOIl 3 BOJHEM B at-
Mocdepi moBiTps mpu KoHmeHtparisx 50 ppm i 10000
ppm. Ilpu HU3BKIH KOHIEHTpALil BoaHIO (~50 ppm) cro-
CTEpIraeThCsl YaCTKOBE BiHOBJICHHS O€3 BUBEICHHS BO-
JHIO 3 BHUMIploBanbHOI Kamepu. Lle, HMoOBipHO,
OB’ 5I3aHO 3 XIMIYHOIO PEaKLI€l0 MK aIcOpOOBaHUMH Ha
MOBEPXHI METaly BOAHEM Ta KHCHEM i YTBOPEHHSM MO-
JIEKyJIM BOJIM, sIKa JIeCOpOYEThCS, B pPE3yibTaTi 4oro,
aTOMM BOJHIO, aJcopOoBaHi Ha MeEXi MOy MeTal-
JIeTeKTPUK MIBUAKO_TU(YHIYIOTh Ha MOBEPXHIO METAIY,
JIe 3HOBY BCTYHAIOTH B PEAKIiI0 3 aIcOpOOBaHUM KHC-
HeM. Ilpu GiibIn BUCOKIH KOHIIEHTpAIIii BOJHIO B aTMOC-
tepi moBiTps (~10000 ppm) Takoro epeKkTy HEe CrIocTepi-
ramocs. CKIagHUN XapakTep KIHETUYHOI 3aJICXKHOCTI
AVgg mpu agcopOrii MOJIeKys BOAM MH TOB’S3yEMO 3
ICHYBaHHSIM TaK 3BaHOT0 IHKyOaliifHOro mepiony, SKui
HPOSABIIAETHCA IIPH AACOPOLIT Tra30BUX MOJIEKYJ Ha IIOPH-
CTUX CTPYKTypax i OOyMOBJICHHWI HOCTYNOBHM 3aIlOB-
HeHHsIM 00’emy 1op (puc. 8 0). AncopOuist mapiB Boxu
NpUBOJUTE N0 3cyBy C-V XapakTepHCTHKH B3ZOBX OCI
emHoctel (puc.l 0). 3armoBHEHHs 00’€My IOp MOJIEKY-
JaMu BOJAM, SKI MalOTh 3HA4YHO OUIBbIIY JiCNICKTPUYHY
NPOHUKHICTD B TOPIBHAHHI 3 TOBITPAM  (Enopirps=1,
€mp0=381), BUKIIMKae 3pocTaHHS e(PEeKTUBHOI TieNeKTpH-
HOI IPOHUKHOCTI MOPUCTOTO KPEMHIIO, IO TPUBOIUTH 110

3poctaHHs MakcuManbHOi emHOCTI MJIH-cTpykTypn
(puc.1 0).



AncopOrisi BOTHEMICTKIX MOJIEKYJI B 0araTomapoBHX CTPYKTYpax 3 IUTIBKAMH OPUCTOTO KPEMHIIO Ta Manajiito

Puc. 9. Mexani3m ancop0Orii BogHio Ha Pd—-SiOx—
Simezomop-c-Si crpykrypi: H2, O2 Ta H20 — monexymu
BOJIHIO, KUCHIO Ta Boau; Ha Ta Oa — afgcopOoBaHi aToMu
BOJIHIO Ta KHCHIO Ha moBepxHi Pd ta SiOx, Hi — axcop-
0oBaHi aTOMHU BOIHIO Ha MEXI MOJUTYy METaJl — JlielieK-
TPUK.

Jnst TosICHeHHS! MEXaHI3MIB CIIOCTEPEKYBAHUX SIBUILL
B pe3yNIbTaTi MPOBENCHOTO aHAIl3y OTPUMAHHUX EKCIIe-
PUMEHTAIBHUX [aHWX, Oyja 3alpoIlOHOBAaHA HACTYIHA
¢dizmuna mozens (puc. 9). [lpu aucomiaTuBHINA amcopOii
BOJIHIO, TIapiB BOJM Ta CITUPTY B 00IACTI HU3BKUX THUCKIB
BiOyBa€ThCS YTBOPEHHS IUIOIBHOTO mapy aacopOoBa-
HUX aTOMIB BOJHIO Ha MEXI1 MOALUTY Mmaiagiii-aieleKTpHuK,
10 TMPUBOJAUTH O 3MiHM POOOTH BUXOIy Malailo i, SIK
HACJIJIOK, crocrepiraerbesi 3cyB C-V xapaKkTepuCTUKU
BIOBX oci Harpyr (kpuBa 3 puc.l 6.). [Ipu Ginbin Buco-
KHX KOHIEHTpauisx Boauio (~10* ppm) pasom 3 3cyBom
C-V XapaKTepUCTUKH BJIOBX OCi HANpyTr CIIOCTEPIraeTh-
cst Takox 3cyB C-V KpHUBOI 1 BZOBX OCi EMHOCTEH, KNI
MOB’sI3aHUH 31 3MIHOI0 MaKCHUMaibHOI eMHOCTI MJIH-
CTPYKTypH. Bizomo, mo mpu KiMHATHIN TeMIiepaTypi Ha
MOBEPXHI OKCHAY KPEMHII0 MOJIEKYJIIPHUHA BOJICHD IPaK-
THYHO He aacopOyetbes [9]. [lpu mepexomni mo aromap-
HOTO BOJIHIO KapTHHA Pi3K0O 3MiHIOEThCS. [Ipu xemocop-
O11ii BOAHIO Ha aTOMApPHO-YMCTHX TOBEPXHIX KPEMHIIO
moyatkoBui Koedimient mpuaumanas H, (k) cTaHOBUTH
~ 2x10. Jlyist aToMapHOTO BOIHIO BelmumHa k, GIm3bKa
0 ~1, ToOTO aTomMapHUIA BOAEHB aKTHBHO XeMOCOpOY-
€TBCS, JIETKO YTBOPIOIOYM HA aTOMapHO-YUCTHX TOBEPX-
HSX MOHOULIAP. AHAJIOTIYHI SIBHIIA CIIOCTEPIraroThes i Ha
peanbHux nosepxusax SiO, [10]. B namomy Bumaaxy
aTOMapHUIl BOJICHb BUHHMKAE Ha IOBEPXHI Najailo Npu
JquconiaTuBHiM ancop6uii H,. Jlami, BHachinok edekry
criyioBepy (IIepeHocy aToMiB BOJHIO 3 ITOBEPXHI Hajla o
Ha noBepxHIO Si0,), BimOyBaeTbCs HOTO XeMOCOpOIIis Ha
SiO, i crae MOXIJIMBOIO XiMiYHA peakiis Ha MOBEPXHIi
OKHCIICHOTO TOPHUCTOT0 KPEMHII0 MK aacopOOBaHUMH
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BOJIHEM Ta KHCHEM 3 YTBOPCHHSIM MOJIEKYJIH BOJH, SKa
necopOyeThes B 00°eM Top.

2H,+0,=H,07 o)

Ane B 00’eMi IOPH BHACTINOK KaMIAPHOTO €PEKTY
BiIOyBa€ThCSA KOHACHCAIlIS IUX MOJIEKYJ BOJAH, IO IPH-
BOJIUTH 110 3MiHU €(DEKTHBHOI Ii€JIEKTPUYHOI TPOHUKHO-
CTi YacTKOBO OKHCIEHOTO ME30MOPHUCTOTO KPEMHII0 i1
JIOIATKOBOTO 3cyBy C-V KpHBOI B3I0BX OCi €MHOCTEH,
MOB’S3aHOTO 31 30UIBIICHHSIM MaKCHMaJIbHOI €MHOCTI
(xpuBa 2, puc.1 0).

BucHoBku

[Tokazano, 1110 TepMOOOPOOKHU MTIBOK ME30IMOPUCTO-

ro KpeMHito B niana3oHi Temmeparyp 400-600°C mpuso-
JIITh JIO OKHCJICHHS Ta YacTKOBOI 3aMiHM TiAPHIHOTO
MOKPUTTSI Ha OKCHJHE, a TaKOX IO TigpaTaiii IoBepXHi
OH-rpynamu. Beranosneno, mo Pd-MJ/IH-ctpykrypu,
chopMOBaHi Ha OCHOBI BiJIaJICHUX ILTIBOK ME30IOPHC-
TOTO KPEMHIIO, IPOSBISIOTH IiJBHIIECHY aJCOpOLiHHY
Yy TJIHMBICTH 10 BOOHEMICTKUX MOJIEKYJ B IOPIBHSAHHI IO
CTPYKTYp 3i CBIKEBUTOTOBIEHHMMH Siyesonop. LIAPAMH.
3anporioHoBaHa (i3UYHA MOJETH, KA TOSCHIOE aHOMa-
JBLHUN XapakTep i30TepM aacopOIii i 3MiH KiHETUYHHX
XapaKTepUCTHK, SIK pe3ynapTar Aii ABOX MexaHi3MiB: (1)
JTUCOIIIaTUBHOI aAcopOIlii BOAHEMICTKHX MOJEKYNI Ha
aTomax Pd npu HM3BbKMX KOHIIEHTPALISX JOCHTIIPKYBaHHX
MOJIEKYJI 1 (2) nmpu NiABUIIEHUX KOHUEHTpALsX BOJHE-
MICTKHX MOJIEKYJl 3allOBHEHHsIM HOp (MIKpOKamisipiB)
KOHJICHCOBAHOIO BOJIOIO, SIKa YTBOPIOETHCS NP XiMI4HIN
B3aeMOJIiT aIcOpOOBAaHUX aTOMIB BOJHIO 1 KHCHIO Ha II0-
BEPXHI YaCTKOBO OKHCIJICHOTO ME30IOPHCTOI0 KPEMHIIO.
BHacmigok mepmioro MexaHi3My 3MIiHIOETBCS poboTa
BHXOZy MaJIaifo i e MPUBOAUTE 10 3cyBy C-V xapakre-
PUCTHKH B3IOBXK oci Hanpyr (abcuuc). B obmacti Oinbmr
BHUCOKUX KOHIEHTpaliii BOAHEMICTKUX MOJIEKYJ B aTMO-
cdepi cnocrepiraerbesi opHodacHuid 3cyB C-V kpuBoi i
BJIIOBX OCI €MHOCTeH (OpJuHAaT), OB’ I3aHHI 31 3MIHOIO
e(peKTUBHOI JIIeNIeKTPUYHOT IPOHUKHOCTI TIPH KOHJAEHCa-
1ii mosiekyst H,O B 00’emMi 1iop (3aBISIKH BUCOKOMY 3Ha-
YEeHHIO €ypo—81). BU3Ha4yeHi oCHOBHI mapaMeTpu mapisB
SiMS}OHOp'
Poboma 6yna suxonana 6 pamxax npoexmie Axademii
nayx HAH Vkpainu Ne 51, Ne 52 ma npu niompumyi
Hepoicasnozo @pondy ynoamenmanvrux 00CaiodiCeHb
(npoexm @7/274 — 2001).

Topoanrwox T.I. — HayKOBU CHIIBPOOITHHUK;
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BiJJHUI HAYKOBHI CIIBPOOITHHK;
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Adsorption of Hydrogen Containing Molecules in the Multi-layers Structures
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Based on the Porous Silicon and Palladium Films
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The adsorption properties of MIS (metal-isolator-semiconductor) structures based on the mesoporous silicon
layers (Sijeso) With the thin Pd films have been investigated. The main parameters of Siy, layer have been obtained
and then influence on adsorption ability of the MIS — structures have been studied. The adsorption sensitivity of these
structures was investigated under the action of the hydrogen containing molecules. It was also found that the Pd-MIS-
structures with the partially oxidized mesoporous silicon possess of anhanced adsorption sensitivity to H,, HyO,
C,H50H action. The anomalous characters of the adsorption isotherms have been explained in the frame of the pro-
posed physical model.
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