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Abstract. Methods for determining of thin metal films thicknesses are considered. Thin films of amor-
phous selenium, silver and silver layers on a selenium film are synthesized. Optical transmission spectra
were taken on a UV-spectrophotometer. A technique of thin metal films preparing based on the interfer-
ence effect on certain thicknesses of selenium films is proposed. The appropriate calculations have been
made.
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BBEAEHME

ToHKHe [IJIeHKM - TOHKHe CJIOM MaTepHala, TOJI-
IIMHa KOTOPBIX HAaXOAUTCS B HAIla30He OT JoJIeH
HaHOMeTpa (MHOTOATOMHOTO CJI0$1) 4O HeCKOJIb-
KHX MUKpPOH. MHTepdepeHLIMs CBeTa — IIepepac-
IpefejieHMe HHTEHCUBHOCTH CBeTa B pe3yybTaTe
HaJIO)KeHH S HeCKOJbKHX KOTePeHTHBIX CBeTO-
BbIX BONH. CoBpeMeHHbIe TeHAEeHIIUH B pPa3BU-
THH TOHKOIIJIEHOYHBIX TeXHOJIOTHH U I10JIYIIPOBO-
OHUKOBOM UHAYCTPHUU Hen36eXKHO BeyT K yMeHb"
NIeHHI0 XapaKTePHBIX Pa3MepoOB CO3JaBaeMBbIX
CTPYKTYP. TO IIpeAbsiB/sIeT OBbIIIEHHEIE TPebo-
BaHMUA K aHAJIUTUYECKHUM CPeACcTBaM KOHTPOJIS
[IapaMeTPOB CJIOMCTBIX CTPYKTYP B IIpoljecce UX
IIPOM3BOACTBA: COCTaBa C/I0€B, KPUCTAIIMYECKOTO
COBepIIeHCTBA MaTepHaJIOB H, B IIePBYIO OUepenb,
UX TeOMeTPHUUYeCKHUX XapaKTePUCTHUK ~ TOJIHUH
cnoeB. B faHHOM paboTe paccMaTpHUBaeTCsl BOIIPOC
IpUMeHeHUS MHTepbepeHIIMOHHOTO o PeKTa
B OLI€HKeE TOJIIKH IIJIEHOYHBIX CTPYKTYP.

METOAbI UCCNEAOBAHUSA

Vi3MepeHHe TOJIMHEI [IJIEHKH B IIPoIlecce BaKy-

YMHOI'0O HaIIblJIeHHU I KOHTPOJIUPYETCsI C [IOMOIIBI0

KBapILeBOro pe3oHaTopa.

Vi3MepeHHe TOJIMHBI [IJIEHOK B MHKPO3JIeK-
TPOHUKE II0C/Ie CTAAHUH OCAKAeHHUS U3MePSII0TCs
CIenyIIKUMHA MEeTOLAMHU:

* 3JIMIICOMETPUYECKUH METO;

e H3MepeHHe CTyIeHbKH (TPaHUIIA MeKAY HaIlbl-
JIEHHEeM U IIOJJIO0KKOM) Ha aTOMHO-CHJIOBOM
MHKPOCKOIIE;

* PeHTreHOBCKas GOTO3IeKTPOHHAS CIIEKTPOCKO-
nus u pedieKTOMeTPHS;

e MHTeppepeHIMOHHbIE METOMAbI;

* pasIHYHBIE CIIeKTPOPOTOMETPHUYECKIE METO b
U Ip.

Pa3paboTaHHAs HAa OCHOBE 3THUX METOJOB aHa-
JAHUTHYeCKas allapaTypa 103BOJIsSeT U3MePsSTh
TOJIIIMHY IIJIEHOK OT eJUHHUIL (K Aa’ke MeHee)
HAaHOMETPOB 10 COTeH HaHOMeTpoB (K1 6osee).
HemocTaTKoOM MeTOAOB SIBISeTCS UX LOPOro-
BM3HA M OTHOCHUTe/JbHAS TeXHOJIOTHMYeCcKas
CJIOSKHOCTbD.

DINHUICOMETPUYECKHUIH MeTOJ HCCIemoBa-
HHS 3aK/II04YaeTCs B CAeAyloleM: Ha HCCIedye-
MBIF obpaser majgaer IIJIOCKO IIOJSIPU30BaHHAS
BOJIHA, KOTOpas II0CJIe OTPaskeHH sl CTAHOBHUTCS
B 06meM ciy4dae 3JIIMITHUYECKH IIOASPHU30BAH-
HOU. [TapaMeTpBhI 3/IJIUIICA OSIPU3ALHH, TO eCTh
OPHEeHTALIMs ero 0OCeN M 3KCLeHTPUCHUTET, oIlpe-
JeISIFOTCSL OIITHYEeCKUMU CBOMCTBAMHE OTpPaskalo-
e CTPYKTYPHL U YIJIOM IIaJeHHUs CBeTa. B akc-
[IepHUMeHTe U3MepsieTCsl OTHOIIeHHe KOMIIIIeKC-
HBIX KO9POHUIIMEHTOB OTPAsKeHU S AJIsI IBYX THIIOB

INTRODUCTION

Thin films are thin layers of material ranging in thick-
ness from fractions of a nanometre (multi-atom layer) to
a few microns. Interference of light is redistribution of
light intensity because of superposition of several coher-
ent light waves. Modern trends in thin-film technology
and semiconductor industry are inevitably leading to
decrease in size of the structures. This leads to increased
requirements for analytical tools to control the parame-
ters of layered structures during their production: layer
composition, crystalline perfection of materials and,
especially, their geometrical characteristics - layer thick-
nesses. This paper considers the use of the interference
effect in film structures thickness estimation.

RESEARCH METHODS
Film thickness measurements during vacuum deposi-
tion process are controlled using a quartz resonator.

Film thickness measurements in microelectronics
after deposition stage are measured using the following
methods:

« ellipsometric method;

+ step measurement (sputtering-substrate interface) on
an atomic force microscope;

« Xray photoelectron spectroscopy and reflectometry;

« interference methods;

« various spectrophotometric methods, etc.

The analytical apparatus developed based on these
methods makes it possible to measure film thicknesses
from units (or even less than) nanometres to hundreds
of nanometres (and more). A disadvantage of these
methods is their expensiveness and relative technological
complexity.

The ellipsometric method of study is as follows:
a plane-polarised wave is incident on the sample in

Puc.1. TpaHyaebl amopdHO20 ceneHa
Fig.1. Amorphous selenium granules
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Puc.2. MpuHyunuanbHas cxema eakyymHol ycmaHosku YBP-
3M. 1 - pabouyuli obvem, 2 - dupdy3uoHHbIl Hacoc, 3 - popaa-
KyyMHbIU 6aAA0H, 4 — KAANaHHAs KOpobKa, 5 — popeakyymHbil
Hacoc, 6 — 0amyuKU HU3K020 8aKyymd, 7 — 0amYuK 8bICOK020
8akyyma, 8 - KAanaH-omcekameAnb, 9 — KAGNAH HANYCKA 803~
dyxa 8 pabouuli ob6vem

Fig.2. Schematic diagram of UVR-3M vacuum unit. 1 - displace-
ment volume, 2 - diffusion pump, 3 - forvacuum tank, 4 - valve
box, 5 - forvacuum pump, 6 - low vacuum sensors, 7 - high vac-
uum sensor, 8 - shut-off valve, 9 - air inlet valve

MOMSIPU3allUKU CBETOBOM BOJIHBI: B IJIOCKOCTH
najgeHus (p) U MepreHAUKYJISIPHO K HeH (s).

[Tpu ormpene/leHHBIX YCIOBHUAX OTPaskeHHe CBeTa
OT IJIeHOYHOM CTPYKTYPbI COIIPOBOKIAeTCS HHTep-
bepeHIHOHHBIM 30 eKTOM, KOTOPBIH MOXKeT ObITH
KCII0JIb30BAH IS U3MEPeHHU S TOJILHUHEL ee CJI0eB.
J7151 BOSHUKHOBEHHU I HHTepbepeHII MK HeoOX0o MO,
4TOOBI ITafaomIee U3/ydeHHe OTPaskaioch He TOIBKO
OT IIOBEPXHOCTHOIO CJIOSI, HO M OT €ro IpPaHMIIb
C IIOAJIOKKOM. ITO 03HA4UaeT, YTO HAPY KHBIH CIOU
IOJI>KeH OBITh IIPO3PAaYHBIM B HCIIOIb3yeMOM HHTEp-
BaJie AJIUH BOJIH, a OITHUYeCKHe ITOCTOSIHHBIE CJ10S5
B OTOM CIIeKTPa/bHOM JHUalla30He JOJIKHBI OT/IH-
YaThCs OT OIITUYECKUX [IOCTOSIHHBIX ITOJJIOKKHU.

PE3VY/IbTATbI U OBCY)XXAEHUE

CesneH - cepbll, C MeTa/UIMYeCKUM O71eCKOM XPyII-
KUK HeMeTass1 (puc.l). IIpu aTMochepHOM ZaBiie-
HHUH CyIIleCTByeT HEeCKOIbKO AeCsTKOB MogudHuKa-
LUK ceneHa. Haubosiee cTabuiieH cephlll celleH,
y-Se, c rekcaroHaJIbHOM pelleTKoM (a = 0.436388 HM,
c = 0.495935 um). Temnepatypa mnaaBaeHus 221 °C,
KkUneHud 685 °C, mIoTHOCTh 4,807 kr/om3. TIJIOTHOCTh
SKUAKOTO ceneHa mnpu 221 °C - 4,06 kr/pm3. Cepblr
cejleH IMOJYy4aloT U3 APYTUX GOpPM ATHTeIbHEIM
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question, which after reflection becomes in general an
elliptically polarised wave. Parameters of the polarisation
ellipse, i.e. the orientation of its axes and eccentricity,
are determined by the optical properties of the reflecting
structure and the angle of light incidence. In the
experiment, the ratio of complex reflection coefficients
for two types of light wave polarisation is measured: in
the plane of incidence (p) and perpendicular to it (s).

Under certain conditions, reflection of light from a
film structure is accompanied by an interference effect,
which can be used to measure thickness of its layers.
For interference to occur, the incident radiation must be
reflected not only from the surface layer, but also from its
boundary with the substrate. This means that the outer
layer must be transparent in the wavelength range in
use and the optical constants of the layer in that spectral
range must differ from those of the substrate.

RESULTS AND DISCUSSION

Selenium is a grey, metallic, brittle non-metal (Fig.1).
At atmospheric pressure, there are several dozens of
modifications of selenium. The most stable is grey sele-
nium, y-Se, with a hexagonal lattice (a = 0.436388 nm,
c = 0.495935 nm). Melting point is 221 °C, boiling point
is 685 °C, density is equal to 4.807 kg/dm?. Density of lig-
uid selenium at 221 °C is 4.06 kg/dm?. Crey selenium is
obtained from other forms by prolonged heating and slow
cooling of selenium melt or vapour. Its structure consists
of parallel helical chains.

The experimental samples were amorphous selenium
films, selenium films and silver deposition films.
Sputtering was carried out on UVR-3M glass substrates
in a vacuum apparatus at a pressure of 102-1073 Pa. The
substrates were preliminarily subjected to ion cleaning
in a glow discharge (argon ions). The working diagram of
the installation is shown in Fig.2.

A Lambda 25 UV/Vis spectrophotometer was used
in our experiment. The spectrophotometer and data
acquisition was carried out by means of a personal
computer equipped with the UV WinLab software.
In this device as sources of radiation deuterium lamp
and halogen tungsten lamp is used, which allowed to
examine the samples in the wavelength range from 190
to 1100 nm [1, 2]. Figures 4-7 show transmittance spectra
of amorphous Se, Ag and Ag+Se films.

Note that the interference effect with corresponding
interference maxima is observed in selenium films. Due
to the dependence of refractive index on wavelength
the interference maxima in the Ag+Se films spectra are
shifted as compared to those of pure Se films.
Determination of the order of the maximum:

A,m=2dn(},)
Am(m+1)=2dn(},) m=
MmA))A,1

(Am(m+1))/n(\,) = \,m/n(},)
A/(n(A)/ [(n(hy)/
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Puc.3. Cxema HanbineHus 06pas3uo6 naeHok Se, Ag, Ag+Se
Fig.3. Diagram of spraying Se, Ag, Ag+Se film samples

HarpeBaHHeM M MeJJIeHHBIM OXJIakKJeHHeM pac-
IIJlaBa HJIM I1apOB cejeHa. Ero CTpyKTypa COCTOUT
M3 [TapaJ/l/leJIbHBIX CIIMPAJIPHBIX LIelleH.

JKCIepUMeHTalbHBIMHU oOpa3naMu SIBIS-
JIUCh IJIEHKHX aMOpQHOro cejieHa, IJIEHKH cejieHa
U IJIEHKH C ocakJeHHueM cepebpa. HamblneHue
OCYILIeCTBAAI0Ch Ha CTeKJSHHBIE IMOIJIOXKKHU
MapKH YBP-3M Ha BaKyyMHOM YCTaHOBKe IIpH
naBineHHH 1072-1073 Ila. [IpenBapHTeNIbHO IOA-
JIOKKHU IOJBeprajauch HOHHOM OYHUCTKe B TJIEIO-
meMm paspsije (MOHaMM aproHa). Pabouas cxema
YCTAaHOBKM IIOKa3aHa Ha pHC.2.

B xo/ie 9KkcIleprMeHTa 6blI HCII0/Ib30BaH CIIEKTPO-
dorometp Lambda 25 UV/Vis. YrrpaB/ieHHe CIIeKTPO-
doTOMETPOM M IOJIyUYeHHE AaHHBIX OCYLIeCTBIs-
JIOCh IIPH IIOMOINM IIePCOHAJIBHOIO KOMIIBIOTEpaA,
OCHAIleHHOIr0 MpOorpaMMHBIM obecrneueHuem UV
WinLab. B zaHHOM mpubope B KauecTBe HCTOYHHUKOB

Determination of Se film thickness:

A\,=739,51 nm

\;=946,07 nm
n(\,)=2,385+168385/A2,=2,385+168385/546875,04=2,693
n(A;)=2,385+168385/A%;,=2,385+168385/895048,45=2,573
m= A,/(n(\,)/(n(A;)/(AyA=739,51/216,2=3,42
d=mA,/2n(}A,)=3,42739,51/22,693=468,4 nm

Determination of Ag+Se thickness:

\,=725,66 nm
A;=932,41 nm
d=m),/2n(\,)=4725/22,8=517,9 nm

Calculations of Ag film thickness by subtraction
method: d(Ag)=d(AgSe)-d(Se); d(Ag)=50 nm -
calculated; d(Ag)~54 nm is obtained from the
calibration diagram.
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Puc.4. Cnekmp nponyckaHus nAeHok Se
Fig.4. Transmission spectrum of Se films

Puc.5. Cnekmp nponyckaHus naeHok Ag+Se
Fig.5. Transmission spectrum of Ag+Se films
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Puc.6. Cnekmp nponycKkaHus nAeHKu cepebpa
Fig.6. Transmission spectrum of silver film

H3JIydeHHUs PUMeHSeTCs JeHTepheBas jJaMIia
U rajioreHoBas BoJbdpaMoBasi jTaMIia, YTO I103BO-
JIMUIO KCCIIeloBaTh 0Opa3Iibl B AHAIIa30He IJIMH BOIH
0T 190 o 1100 uM [1, 2]. Huske Ha puc.4-7 mpeacTaB-
JIeHBI CHSITHIE CIIeKTPBI IIPOIIyCKaHU S IJIEHOK aMOpPd-
HOTro Se, IJIeHOK Ag 1 Ag+Se.

OTMeTHM, YTO Ha IIJIeHKAX cejeHa HablomaeTcs
HHTepdepeHIIMOHHBIN 3deKT C COOTBETCTBYIOLIUMHU
HHTepbepeHIIMOHHBIMH MaKCUMyMaMHU. 3a cyerT
3aBHCHMOCTH [I0Ka3aTesis IIpeJIOM/IeHU S OT AJIMHBI
BOJIHBI [IPOMCXOOUT CMeIlleHUue UHTepPepeHIIMOH-
HBIX MAaKCUMYMOB B CIIeKTpax IJIEHOK Ag+Se I10 CpaB-
HEHHIO C [IJIEeHKaMH YUCTOTO Se.

OrmpefeneHue ropsifka MakKCHMyMa:

A,m=2dn(A,)
A m(m+1)=2dn(A,)

(Am(m+1))/n(A;) =A,m/n(\,)
m=A,/(m(A})/ /(nA)/(nA))A,1

OnpeneneHre TONIIMHBI IVIEHKH Se:

\,=739,51 HM

A\;=946,07 HM
n(A,)=2,385+168385/\2,=2,385+168385/546875,04=2,693
n(A;)=2,385+168385/A%;=2,385+168385/895048,45=2,573
m= A,/,)(((A) /(A A =739,51/216,2=3,42
d=mA,/2n(A,)=3,42-739,51/2-2,693=468,4 HM

OmnpeneneHue TONIMHBI [ITIEHKHU Ag+Se:
\,=725,66 HM

A;=932,41 HM
d=mA\,/2n(A,)=4-725/2-2,8=517,9 HM
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Puc.7. KoagpuyueHm nponyckaHust naeHku cepebpa 8 Makcu-
MyMe nponyckaHus [2] om moAwuHbl naeHKuU (KaAu6po8oYHbil
2paduk, 83asmblii c nameHmHoll 6a3bl)

Fig.7. Transmission coefficient of silver film at maximum transmit-
tance [2] from film thickness (calibration graph taken from patent
database)

CONCLUSIONS

Reference Se, Ag+Se, and Ag films were produced by
thermoresistive vacuum deposition. Transmission
spectra of these films were obtained. From the inter-
ference maxima the Se and AgSe films thicknesses
were calculated. By subtraction of film thicknesses,
the value of silver films thickness was determined.
The proposed technique can be used as a new indirect
method for determining thin film thicknesses of dif-
ferent metals and is relatively simple and inexpen-
sive. It can be applied in various technological pro-
cesses in the field of micro- and nanoelectronics.
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BhIYHC/IeHHUEe TOJNIIUHBI IIJIEHKU Ag MeTo-
noMm BeiuHTaHuA: d(Ag) =d(AgSe)-d(Se);
d(Ag)~50 HM - BeIuKciaeHHOe; d(Ag)~54 HM - IOy~
YeHHOe U3 KaJTubpoBoYHOro rpaduka.

BbIBO/1bl

TepMOpe3UCTHBHBIM OCa’kJeHHEeM B BaKyyMe
CHHTe3HPOBaHBHI IIJIeHKU Se, Ag+Se, Ag (3TaJIoH).
[TosydeHBl CIOEeKTPHl MponyckaHus. I[Io HHTep-
bepeHLIMOHHBIM MaKCHMyMaM BBIUYKC/IEHBI TOJ-
INMHEL IIJIEHOK Se U AgSe. BrlUMTaHHEM TONILUH
IIJIEHOK OIlpefie/ieHa TOJIIMHA IIJIeHKHU cepebpa.
[IpenioskeHHasi MeTOAHMKA MOKET ObITh HMCIIONb-
30BaHa B KaueCTBe HOBOIO KOCBEHHOIO MeToza
omnpefesieHUs TOJLUMH TOHKHUX IJI€HOK pa3anuy-
HBIX METaJIJIOB U SIBJISIETCS OTHOCHUTEIPHO IIPOCTOM
Y HeJJOpOroi MeToAHuKoM. OHa IpHUMeHHMa B pas-
JTUYHBIX TeXHOJIOTMUYeCKHUX IIpolieccax B obnacTu
MHUKPO- U HAHO3JIeKTPOHHUKH.
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THHECKHE NpodieMbl, peliacMble B 1abopaTopHAX NPOMBIIICHHBIX TPCANTPHATHA, B CCTECTBCHHOHAYMHBIX H TCXHHMECKHX
YVUPCHIEHHAR, 3 TAKHKE NpofieMbl H3YICHHA H 3AHTH OOBEKTOR OKPYAHAIMEA cpeibl. B KHUIC NPeicTanieHa mupoKan
raAMMa CYMECTRY MK METOIOB HCCISMOBAHNA, & TAKAKE NEPEICHb NPUGOPOR ¢ PYKOBOICTEOM 10 MX NPHMEHEHMID,

echnosphera.ru
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