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AHHoOTanus. PaccMoTpeHa 0cOBeHHOCTb CUHTe3a IIJIEHOK MeJIH MeTOO0M KaTOJHOT'0 pPacIblleHus . [IpoBeieHO
X OKCUJUPOBaHHE U Ja/lbHelllee BOCCTAHOBIEHHE IIJIPHOK OKCHA 0OpaTHO A0 MeTaIu4ecKorn $a3bl.
BoccTaHOBIEHHe ITPOBOAMIIOCH 60MOapAHPOBKOL aTOMaMU Meiu B aTMocdepe Bogopoaa. Takori crmocob momy-
YeHH S MeTJI/IMYeCKUX IVIEHOK Me/I1 faeT YUy 371eKTPOIIPOBOAUMOCTb. Fi3MepeHbl IIOBEPXHOCTHBIE Y Ie/Ib-
Hble COIIPOTHBI/IEHH S YeTbIPeX30HJ0BBIM MeToioM. HcciemoBaHbl YO-BU-CIIEKTPEI IPOIYCKAHU S U IIOIJIONIe-
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Abstract. The peculiarities of copper films synthesis by cathode sputtering are considered. These films were oxi-
dized and further reduced the oxide films back to the metal phase. The reduction was carried out by bombard-
ment with copper atoms in a hydrogen atmosphere. This method of copper metal films producing provides better
electrical conductivity. Surface resistivity was measured using the four-probe method. UV-vis transmission and
absorption spectra have been studied. Practical applications of the identified dependencies are proposed.
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BBEJAEHUE

ToHKUe IIPOBOASIIHeE [IJIEHKH HUCII0/IB3YI0TCSI B MUKPO-
3JIEKTPOHHON IIPOMBIIIJIEHHOCTH U AJIS YCTPOKCTB
HaHO3/IeKTPOHUKHU. Meb - JOCTYIIHBIN U OTHOCH-
TeJIPHO HeJIOpPOro MeTaJll, [I03TOMY ero yrobHo Ipu-
MeHSTbh, ONHAKO 115 D0jlee KaueCTBEHHOIO IIPUMeHe-
HUs TpebyeTcsi 3y4deHHe CBOMCTB 3TOT0 MeTalsla, 0CO-
6eHHO ero TOHKHUX IUIEHOK. B 1aHHOM paboTe MBI U3y-
YHUM CII0COOBI 10Ty YeHH S IIPOBOASIIMX K HEIIPOBOZS-
IIMX IIJIEHOK. Kak cenars IJIeHKY Harbonee IIpoBo-
ISIIIeH, YTO BAKSIET Ha yBeJIM4YeHHe KN YMeHbIlIeHHe
NPoBOAUMOCTH? OBBeKTOM HCC/IeIOBAHHUS SIBISIETCS
IUIeHKa MeJU U OKCHJa MeAu. Menb U ApyTHe Ipo-
BOJSIIIIMe MeTa/lJInYecKHe TOHKHe IVIeHKH (cepebpo,
HUKeNIb U AP.) UCCIIeAYIOTCS C LIeJIbIO CO3MaHMUS Ha UX
OCHOBe JIJISI IIJIEHOYHBIX 3/IeKTPO/IOB PAa3IMYHBIX 37Ie-
MEHTOB T'MOKOM MUKPO- K HAHOIEKTPOHUKH, B HACT-
HOCTH [IJIsI CO3/IaHU S [IePeMeHHBIX eMKOCTeH.

METOAbl UCCNIEAOBAHUA

[TonydyeHHe 06pa3loB IJI€HOUYHBEIX 31eKTPOLOB
Ha OCHOBe MeJH OCYILIeCTBJISA/IOCh Ha BAKyyMHBIX
ycTaHOBKaX YBP-3M MeTOJOM KaTOAHOTO PacIIbljie-
HHS. TepMHYeCKUI OTSKHUT IIPOM3BOJUIICS B IIPOrPaM-
Mupyemon nedyu MHUMII-2. [Ias CHATHS CIIeKTPOB
IIPOIYCKAHUS U IIOTJIOIeHU I IPUMeH/ICS YP-BUJ-
cnekTpodorometp Perkin Elmer Lambda 25. [lnist omrpe-
JleJleHHus YAe/NbHOr0 II0OBePXHOCTHOIO COIIPOTHUBIIE-
HUS HcclefyeMble 06pa3siibpl IIOMeIlalKuCch Ha Mpej-
MeTHBIH CTOJIHK, [IPX 3TOM H3MepHTe/bHasl T0JI0BKa
OIlyCKasach akKKypPaTHO BO M3bexkaHHe MeXaHHUYeCKHX
MOBPeXXJIeHHH 30H0B U HUCC/IelyeMOU II0BepXHOCTH,
Jajee B aBTOMaTHUeCKOM pe>KHMe 00K paluch TOKH
Y HampsiKeHHe. FMi3mepeHHe yIe/IbHOIO II0BePXHOCT-
HOTO COIIPOTHBJIEHUS OCYIECTBIISIIOCH IIPEIIM3HOH-
HBIM 4-30HI0BBIM METOJIOM Ha yCTaHOBKe "RMS-EL-Z".

PE3Y/IbTATbI U OBCY)XAEHME
Ha BakyyMHOHU ycTaHOBKe YBP-3M MeTOoIOoM KaTOZHOIO
pacmplieHuUs [1] 6bIIM HaHeceHbI YeThIpe IVIeHKU MeJH.

INTRODUCTION

Thin conductive films are used in the microelectron-
ics industry and for nanoelectronics devices. Copper
is an accessible and relatively inexpensive metal,
so it is convenient to use, but better applications
require studying properties of this metal, espe-
cially its thin films. In this paper, we will study the
methods of producing conductive and non-conduc-
tive films. How to make the film most conductive,
and what affects the increase or decrease of conduc-
tivity? The object of the study is a copper and copper
oxide films. Copper and other conductive metallic
thin films (silver, nickel, etc.) are studied with the
purpose to make on their basis the film electrodes of
various elements for purposes of flexible micro- and
nanoelectronics, in particular for the preparing of
variable capacitances.

RESEARCH METHODS

Samples of copper-based film electrodes were pro-
duced on vacuum units UVR-3M by cathodic sputter-
ing. Thermal annealing was carried out in a program-
mable furnace MIMP-2. UV-vis spectrophotometer
Perkin Elmer Lambda 25 was used to take transmis-
sion and absorption spectra. To determine the specific
surface resistivity, the studied samples were placed on
the object stage, and, carefully lowering the measur-
ing head to avoid mechanical damage to the probes
and the surface under study, currents and voltage
were automatically selected. Measurement of specific
surface resistivity was performed by a precision four-
probe method on the "RMS-EL-Z" unit.

RESULTS AND DISCUSSION

Four copper films were deposited on the vacuum unit
UVR-3M by cathodic sputtering [1]. Preliminary sub-
strates were subjected to ion cleaning in glow dis-
charge (bombardment with argon ions). The first series
of films was obtained, and their images are shown in
Fig.1.
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Puc.1. VicxodHble naeHKu medu cepuu Ne 1
Fig.1. Initial copper films of series no. 1

ITpesBapUTeNIbHO MOAJIOKKHU IOJBEPraluch HOHHOM
OUYMCTKe B T/IefolleM paspsisie (bombaparpoBka HOHAMH
aprosa). Ilony4eHa nepBas cepHs IJIEHOK, BU3yaJ/IbHOe
r306paskeHHe KOTOPBIX [TPeJICTaB/IeHO Ha pPHUC.1.

HarmslneHue IIpoM3BOAHIIOCH Ha ITIOKPOBHEIE CTEK/IA
MapKHu K8, IIpoMBIThIE TEXHHUYECKHUM CIIMPTOM U 3aKpe-
IJIEHHBIE B ITO[JIOSKKOAepskaTeste. [1ofIokKoepsKaTe/ib
OBLT YKpeIlJIeH B AepskaTesie 06bekToB. Ha KaTox 6111
IOMeIlleHbI IVTACTUHBI Me 1 99% YHUCTOTHI TAKUM 06pa-
30M, YTO OH ObLJI ITOJTHOCTBIO ITOKPBIT UMH.

KatopHoe pacibl/ieHHe IPOBOAU/IOCh B aTMocdepe
aprosHa npu gasineHuu 10-11 [1a. HampsokeHue Meskay
KaToZOM U1 aHOIoM 6b1/10 paBHO 2 KB. BpeMst HaIlbLIeHHU S
npozgoKkanock 20 MuH [10], TonmKMHA I7eHOoK ~100 HM.
ITonyueHHBbIe [IJIEHKU He IIPOBOAM/IN 3/1eKTPHYeCKUI
TOK. 3aTeM OJlHA I/IeHKa cepruu N2 1 6bl/1a TepMUYeCKU
obpaboTaHa B euu B aTMochepe Bo3/yxa IIPU TeMIIe-
patype 400 °C B TedeHHe 30 MUH, BTOpasi IVIeHKA 6blIa
nozBepskeHa TepMoobpaboTke IIpU JaHHOM pexkUMe
OBasKAbL. [IIeHKH OCTaIMCh 6e3 3/1eKTPOIIPOBOIHMO-
CTH [7151 1 ¥ 2 0ToskKeHHOro obpasia. 3aTeM IIpoBesH
OTXKUT IUIEHKH MeaH IIpU Temrmepartype 550 °C B Teye-
Hye 30 MUH. BplJI0 M3MePeHO yZe/IbHOe [IOBePXHOCTHOe
COIIPOTHBJIEHHE C IIOMOILBIO YeThIPEX30HJ0BOI0 METO/A.
ITosiBU/Iach Hebo/bIIIasi IIPOBOJMMOCTB, 3JIeKTPHUUYeCcKoe
COIIPOTHBJIEHHE COCTaBUIIO 42,6 MOM/KBapar.

Jlanee 6bl70 MpOBeleHO KAaTOJHOe BOCCTAHOBIIE-
HUe IIeHKH Ne 1 (oToxk>KeHa [Ba pa3a) U IJIeHKHU
Ne 2 (He mozBepraBIIasicsl OT>KUIY, PacCMaTpHUBaeTCs
KaK OIIOpHasi). [71s1 9TOro KaTo, 6b1/T IIOTHOCTHIO ITOKPBIT
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The sputtering was performed on K8 cover glasses
washed with technical alcohol and fixed in a substrate
holder. The substrate holder was fixed in the object
holder. Copper plates of 99% purity were placed on the
cathode so that it was completely covered with them.

Cathode sputtering was carried out in argon atmo-
sphere at a pressure of 10-11 Pa. The voltage between
the cathode and anode was 2 kV. The sputtering time
was 20 min [10] and film thickness was ~100 nm. The
obtained films did not conduct electric current. Then
one film of series 1 were heat treated in an oven in
air atmosphere at 400 °C for 30 minutes, the second
film was heat treated at this regime twice. The films
remained without electrical conductivity for 1 and 2
annealed sample. After this, the copper film was
annealed at 550 °C for 30 minutes. The specific sur-
face resistivity was measured using the four-probe
method. A low conductivity appeared and electrical
resistivity was 42.6 MOhm/square.

Next, cathodic reduction of film 1 (annealed twice)
and film 2 (not annealed, considered as a support) was
carried out. For this purpose, the cathode was com-
pletely covered with a copper plate, and film 1 and
film 2 were placed on top of them (Fig.2). Reduction
was carried out in a hydrogen atmosphere. The pres-
sure was ~100 Pa (U=0.30 V).

The voltage between the cathode and anode was
between 0.8-1 kV. The reduction lasted for 12 min-
utes. The films were reduced to the metallic phase. The
films acquired a dark grey colour and metallic lustre.
Both films showed good conductivity (Fig.3).

The original reduced film 2 had a resistance of
23.5 Ohm/square, which is 2.4 times higher than
annealed reduced film resistance (Fig.3). As we can
see, the annealed reduced film has a lower resistance
than the original reduced film. The same regularity
is observed for annealed and original films without
reduction.

The sputtering of copper films of the second series
was carried out in argon atmosphere at a pressure of
12 Pa. The voltage between the cathode and anode was
2kv. The sputtering time was 30 minutes. Thickness of
the obtained films was ~300 nm. This is due to a more
saturated brown colour than the 1st generation films.

The reduction was carried out in a hydrogen atmo-
sphere. Pressure was 0.29 V. The voltage between the
cathode and anode was in the range of 0.8-1 kV. The
reduction time was 20 minutes. The reduction time
was extended compared to the reduction time of the
1st generation films (12 minutes). The films had an
almost black colour. The annealed restored film no. 1
had a brown colour. The annealed film did not recover
completely, i.e. not all hydrogen atoms replaced oxy-
gen atoms. Only the upper layers were recovered.
However, the original film recovered completely. This
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Puc.2. Kamood, nokpeimeili nAacmuHamu medu, U cmekaa K8
C HAHECeHHbIMU NAeHKamu

Fig.2. Cathode covered with copper plates and K8 glass with
deposited films

IIJIACTUHON Me/IH, a CBepXY Ha HUX ObIIM pa3MelleHbl
IIJIeHKa I1eHKH N2 11 2 (puc.2). BoccTaHOB/IeHHe IIPo-
BOJHJIOCH B aTMocdepe Bomopona. JJaBjaeHue COCTaB-
nsi10 ~100 ITa (U=0,30 B).

HampsiskeHHe MesKIy KaTOLOM M aHOZIOM OBLTIO B ITpe-
nenax 0,8-1 kB. BoccTaHOB/IeHHe OJIHUI0CH 12 MUH.
[IJIeHKYU BOCCTAHOBHUJIMCH 0 METAI/TUUYECKOU da3bl.
[1eHKY IpHUO6peNN TeMHO-CepPHI LIBET U MeTaJlIhve-
CKU 671eck. Y 06eHX IIEHOK MOSBUIACh XOPOLIas ITPO-
BOIHMOCTSH (pHLC.3).

HcxomHasi BOCCTAHOBJIeHHAs IJieHKa Ne 2 umesna
CONpOTHBIeHHUe 23,5 OM/KBaIpart, uTo B 2,4 pa3a bosnblue,
4eM COIIPOTHBJIEHHE OTOXK>)KEHHOL BOCCTAHOBIEHHOM
mieHku (puc.3). Kak BULHUM, OTOKKeHHAs BOCCTa-
HOBJIEHHA$ IVIEHKA MMeeT MeHblIee COIIPOTHUBIIeHHe,
YyeM HCXOAHAasl BOCCTAHOBJIEHHAS ITJIeHKa. Ta »ke 3aK0-
HOMEPHOCTb HAOTI0aeTCs J151 OTOSKSKEHHBIX U UCXO[I-
HBIX ITIJIEHOK 63 BOCCTaHOBJIEHU .

HamnslleHHe IJI€HOK MeAHU BTOPOU CEPUHU IIPO-
BOAUJIOCh B aTMochepe aproHa IIpU JaBie-
Huu 12 [la. HampsskeHHe MeSKAY KaTOOOM M aHO-
OOM cocTaBisiio 2 KB. HanbuieHure giauiocsk 30 MUH.
To/NIKMHA [0JyYeHHBIX IJIEHOK — ~300 HM. 3T0 06%-
sicHsieTcsl 6oyiee HACBIIEHHBIM KOPHYHEBBIM IIBETOM,
4yeM IIJIEHKHU 1-TO ITOKOJIeHU S1.

BoccTaHOBNIeHHe IIPOBOAMUJIOCH B aTMOC-
depe Bomoponma. [asieHue cocrasisiao 0,29 B.
Hamnps>keHHe MesKy KaToLOM K aHOAOM OBIJIO ITPH-
mepHo 0,8-1 kB. BoccTaHoBIeHHe 3aHA10 20 MUH. BpeMs

OTOX>XXEeHHas MNcxogHas McxoaHas
BOCCTAHOB/IEHHAsA BOCCTAHOB/EHHAs nineHka 3
nneHka l njieHka 2 Initial film 3
fAlnnealed recovered Initial recovered film 2

im1

Puc.3. BHewHul 8ud 06pasuos
Fig.3. Appearance of the samples

may be explained by annealing the films and it is
more difficult for hydrogen atoms to diffuse into its
deep layers. The original film has an amorphous
structure and the annealed film has a crystalline
structure. On cooling, the substance crystallises
and decrease in resistance after annealing may also
be due to the appearance of a crystalline lattice.

After reduction, the films gained lustre and abil-
ity to reflect light very well. Both films became con-
ductive for the first time. Before reduction, films
no. 1 and 2 were non-conductive. The surface resis-
tivity was measured by the four-probe method.
Resistance of the reduced annealed film no. 1 was
equal to 4.1 Ohm/square.

The original reduced film no. 2 resistance was
290.2 Ohm/square. The initial reduced film resis-
tance is 71 times higher than resistance of the
annealed reduced film. The same pattern was
observed for films of series no. 1 - annealed reduced
films have lower resistance.

Films of series no. 3 were synthesised similarly
to films of series no. 1 and no. 2. Cathodic sput-
tering time was ~25 min. Thickness of films of
3 series was ~200 nm. The graph of change in elec-
trical resistivity of heat treated films of series no. 3
at 400 °C for 20 min is presented in Fig.4. It can be
seen from Fig.4 that films resistance is time stable
(no degradation).

Film no. 1 was annealed in a dental oven.
Annealing was carried out similarly at 450 °C for
30 minutes. The oven was preheated from 407 to
450 °C at arate of 10 degrees/min for 4 minutes. The
film turned a reddish shade of brown (Fig.5).

The spectra of obtained films were mea-
sured - initial, after annealing, reduced initial,
reduced annealed. The transmission spectra of
the film after annealing in the short-wave region
are lower than the spectrum of the film without
annealing, and in the long-wave region - higher.
These two spectra intersect at a wavelength equal
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Puc.4. i3meHeHUe conpomugAeHus 06pasua co epeMeHem
Fig.4. variation of sample resistance with time

BOCCTAHOBJIEHHUS 6BIJIO yBeIHUYEHO 10 CPAaBHEHUIO
CO BpeMeHeM BOCCTAaHOBJICHH S IJICHOK 1-TO IIOKOJIeHH S
(12 MmuH). TI/IeHKU UMeIh HpaKTUYECKH qepHLH?I LIBeT.
OTOX>KeHHasl BOCCTAHOBJIeHHAs IIJieHKA Ne 1 uMeria
KOpHUYHEBBIN 11BeT. OTOXXK>KeHHas IIJIeHKa BOCCTAHO-
BHJIACh He II0JIHOCThIO, TO €CTh He BCe aTOMBI BOOO-
poza 3aMeHHJIM aTOMBI KUCJIOpoZa. BoCcCTaHOBUJIMCH
JIMIIb BepXHHUe CJIOH, a UCXOAHa4 IIJIeHKa BOCCTaHO-
BHJIACh IIOJTHOCTBIO0. DTO MOKET OBITh CBSI3aHO C TEM,
YTO OTOK>KeHHAs IIJIeHKA TBephas, U B ee IIybokue
cinou 1UGPYHAUPOBATH aTOMaM BOLOpPOAA CI0KHee.,
HcxonHas IJIeHKa UMeeT aMOpPGHYIO CTPYKTYPY,
a OTOK>KeHHas IJIEHKA — KPUCTaJIZIM4YecKylo. [Ipu
OCTBIBAHUH BeIleCTBO KPUCTAJ/IIM3YeTCSI U YMeHbIlle-
HUe COIIPOTHUBJIEHU S [T0CJIe OTSKUTA TOKe MOSKeT OBITh
CBSI3aHO C [TOSIBJIEHUEM KPHUCTAUIMYECKOM PelleTKH.

ITocsie BOCCTAHOBJIEHH I IJIEHKU ITpHobpenu bieck,
CII0COOHOCTH OYEHb XOPOIIO OTPasKaTh CBET. Y 0beux
[IJICHOK BIIePBhIe IIOSBU/IACh IIPOBOAHMMOCTD. [0 BOC-
CTAHOBJIEHHUS IJIeHKH N2 1 1 N2 2 6Bl HellpoBo-
OAIIMMHU. BBII0 M3MepeHOo IMOBePXHOCTHOE COIIPOo-
THUBJIeHHE 4-30HI0BBIM MeToA0M. COIIPOTHUBIICHHE
BOCCTAHOBJICHHOM OTOKKeHHOHM IIeHKU Ne 1 6b1710
paBHO 4,1 OMm/kBazpaTr. COIPOTHUBIIEHHE HMCXO[-
HOM BOCCTAaHOBJEHHOHN IJIeHKHU N¢ 2 6BIIO
paBHO 290,2 OM/kBazgpaT. COPOTHBIIEHHE UCXOJHOM
BOCCTAHOBJIEHHOM IIJIEHKH B 71 pa3 bosbire compo-
THUBJIEHUS OTOKKeHHOM BOCCTAHOBJIEHHOM IIJIEHKH.
Takasi >ke 3aKOHOMEPHOCTb HabI0manacey y maeHoK
cepuH Ne 1 - 0TOK>KeHHBIe BOCCTAHOBJIEHHbBIE IVIEHKH
MMeIOT MeHbIIIee COIIPOTUBJIeHHE,

[IneHku cepuu Ne 3 CHHTEe3UPOBAJIKCh aHAJIO-
THUYHO IIJIEeHKaM cepuﬂ Ne1wm Ne 2. BpemMs KaTOZHOIO

HAHO MHAVCTPUA Tom 17 Ne1 2024

Puc.5. MaeHku cepuu Ne 2, a - nocae omxuza,; b — ucxooHas
nAeHKa
Fig.5. Series 2 films, a - after annealing; b - initial film

to 653.6 nm. The results are presented in Fig.6 and
Fig.7.

Absorption spectra for film 1 before and after
annealing were also plotted.

The absorption spectra of the annealed films are
placed above the spectra of the original films to the
left of the isobestic point, and below to the right. In
our case, the wavelength of the isobestic point is
653.6 nm. This arrangement of spectra is characteris-
tic for samples of copper films [2].

CONCLUSIONS

The films made of Se, Ag+Se, Ag (reference) were syn-
thesised by thermoresistive deposition in vacuum.
Transmission spectra were plotted. It is applicable in var-
ious technical processes in the field of micro- and nano
electronics. Annealing of the films reduces films resis-
tance due to crystallisation. The film melts, then crystal-
lises. It becomes dense. The original film without anneal-
ing isamorphous, it has air cavities between clusters, and
air does not conduct current, so the film is not conductive.
So, after crystallisation the film becomes solid, as a result
of this process the annealed reduced films have many
times lower resistances than the original reduced ones.
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Puc.6. Cnekmpbl nponyckaHus nneHok cepuu Ne 2
Fig.6. Transmission spectra of films of series no. 2

pacobiieHuss ~25 MHUH. TONI[MHA IIJIEHOK CePUU
Ne 3 coctaBuiio ~200 HM. Huske mpeacraBsieH rpapuk
KM3MeHEeHHU S 3IeKTPUYECKOT0 COIIPOTHUB/IEHM I TEPMHU-
yecKH 00paboTaHHBIX IIJIEHOK CepUH N2 3 IpU TeM-
neparype 400 °C B TeueHue 20 MUH. M3 prc.4 BULHO,
YTO COIIPOTHUBJIEHHE IIIEHOK CO BpeMeHeM CTabuIbHO
(0TCYTCTBHe Aerpajaliuu).

IIneHKka N2 16p1/1a OTOXKKEHA B CTOMATOIOT MUeCKOM
ne4yu. OTKUT IIPOBOAHIICS aHAJIOTHYHO IIpu 450 °C
B TeueHue 30 MUH. IIpeABapUTEIbHO [1€Yb HarpeBa-
nack ¢ 407 mo 450 °C co ckopocThio 10 rpagycoB/MHUH
B TeueHHe 4 MUH. [IleHKa npuobpesia KPaCHOBATHIH
OTTeHOK KOpPHUHeBOro (puc.5).

H3MepsaNKuCh CHEKTPHl IOJYYEHHBIX IIJe-
HOK — MCXOJHBIe, II0CJIe OTKHMIa, BOCCTAHOBJIEH-
Hble MCXOMHBIE, BOCCTAHOBJIEHHbIE OTOK>KeHHEIE.
CreKTphl HNPONYCKAHUSA IIJIEHKH II0C/Ie OTXKHra
B KOPOTKOBOJIHOBOM 06/1aCTH JIeXKUT HHUKe CIIeKTpa
maeHKHY 6e3 OTKUTa, a B JJIMHHOBOJIHOBOH — BBIIIE.
OTH [ABa CIEKTpa IIepeCceKaTCd IPHU JJIHHEe BOJTHEI
paBHOHM 653,6 HM. Pe3ynbTaThl IpefCcTaB/IeHE
Ha pUC.6 k7.

Tak>Ke ObIIM IOCTPOEHBI CIIEKTPHI MOIJIOIEeHH S
JULs TIeHKY Ne 1 10 ¥ IToC/Ie OT>KMra.

CIeKTphI IIOIVIOLIEHH I OTOK KeHHBIX IIJICHOK JIeBee
1306eCTUYeCKOM TOUKH JIESKAT BBIIIE CIIEKTPOB UCXO[I-
HBIX IIJICHOK, a IIpaBee — HIKe. B HalleM ciay4ae
IIJIMHA BOJIHBI M300eCTHYEeCKOU TOUKU paBHa 653,6 HM.
JlaHHOe pacIIoIo’KeHHe CIIeKTPOB BJISIeTCS XapaKTep-
HOM /151 06pas1ioB IUIEHOK MenH [2].

BblBO/Lbl

TepMOpe3UCTHBHBIM OCakKJeHHEM B BaKyyMe CHH-
Te3HMPOBaHBI IIIeHKHU Se, Ag+Se, Ag (3TajoH).
[Tony4eHBI UX CIIeKTPBL MPONycKaHUs. OHA MpH-
MeHHMa B pa3/IMUYHBIX TexIlpoleccax B obia-
CTH MHUKPO- U HAHO3TeKTPOHUKHU. OTKUT IIJIeHOK
yMeHbIIaeT COIPOTHUB/IeHHe [IJIEHOK H3-3a KPHCTaJl-
nu3anuu. [I7eHKa IIaBUTCS, 3aTeM KPUCTAIH3Y-
eTcsl, CTAHOBUTCS IIOTHOM. McXonHas e MJIeHKa
6e3 oTKUTra sIBAsieTCSI aMOPOHOM, OHA HMeeT BO3-
AyIIHBIe IIOJIOCTH MeXXAy KlacTepaMu, BO3[yX He
IIPOBOAUT TOK, IIO3TOMY U IIJIeHKAa He IIPOBOJS-
masi. 9To 03HA4YaeT, YTO [OC/Ie KPUCTAIAU3ALKHU
IIJIeHKA CTAHOBUTCS CILJIOIIHOM, B Pe3yJbTaTe uero
OTOK>KeHHBble BOCCTAHOBJIEHHBIe IIJIEHKU HUMEIT
B pa3bl MeHbIlIMe COIIPOTHUBIEHUS, YeM HCXOJHble
BOCCTaHOBJIEHHBIE.
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CneKTpbl NPOMyCcKaHMs MCXOAHBIX MIeHOK
80 Transmission spectra of the initial films
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= Transmission spectra:of annealed films
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CneKTpbl MPONYCKAHNSA BOCCTAHOB/IEHHbIX MIEHOK
Transmission spectra of recovered films
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MneHka 1 ncxogHasa

Film L initial

MneHka 3 ncxogHas

Film 3 initial

lMneHka 1, otoxkeHHasa npu 450 °C
Film 1 annealed at 450 °C

MnexHka 1, oToxokeHHas npu 450 °C aga pasa (7 aHer cnycTs)
Film 1 annealed at 450 °C twice (7 days later)

lMneHka 2, otoxkeHHasa npu 450 °C, oAnH pa3
Film 2 annealed at 450 °C once

MneHKka 2, oToxkeHHas npu 550 °C (5 gHen cnycTs)
Film 2 annealed at 550 °C (5 days later)

MneHka 1, oToxokeHHas npun 450 °C ABa pasa, BOCCTAHOB/EHHASA
Film 1 annealed at 450 C°C twice recovered

Puc.7. Cnekmpbl nponyckaHus nneHok cepuu Ne 3
Fig.7. Transmission spectra of films of series no. 3

__ MornouieHune naeHKN 1 B UCXOAHOM COCTOSIHUM
Absorption of film 1 in initial state

__ Mornoulerve nneHku 1, 0ToxoKeHHOM npm 450 °C
Absorption of film 1 annealed at 450 °C
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Puc.8. Cnekmpsbl nponyckaHus nAeHok cepuu Ne2
Fig.8. Transmission spectra of films of series no. 2
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MneHka 2 ncxogHasa

Film 2 initial

MnexHka 3 ncxogHas (15 gHen cnycrs)
Film 3 initial (15 days later)

MneHka 1, oto)okeHHas npu 450 °C aBa pasa
Film 1 annealed at 450 °C twice

MneHka 1, oToxokeHHas npu 450 °C aga pasa (12 gHew cnycTa)
Film 1 annealed at 450 °C twice (12 days later)

MneHka 2, oto)okeHHas npu 550 °C
Film 2 annealed at 550 °C

MneHka 2, oToxxkeHHas npu 550 °C (aBa pasa cpasy)
Film 2 annealed at 550 °C (two times at once)

MneHKa 2, 0ToXKeHHas npu 550 °C ABa pa3a, BOCCTAHOBNEHHASA
Film 2 annealed at 550 °C twice recovered
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NHOOPMALL1A O PELLEH3UPOBAHUK

Penakiys 671aroqapuT aHOHMMHOTO pelleH3eHTa (peLieH-
3eHTOB) 3a UX BKJIa/l B pelleH3UPOBaHUe 3TOH paboTsl,
a TaK>Ke 3a pa3sMellleHHe CTaTed Ha caHTe KypHaja
U I1epefavy Ux B 3/IeKTpoHHOM Bu/ie B HOE eLIBRARY.RU.

Jexkaapauus o KoHpAuKme uHmepecos. Asmopsl 3as84atom 06
0MCymcmauu KOHPAUKIMO8 UHMEpecos UAL AUMHLIX OMHOUWEHUL,
Komopble MozAu bbl nosAUAMbL Ha pabomy, npedcmasAeHHyk 8 0aHHOLL
cmanbe.
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