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Introduction

Transparent conductive oxide (TCO) coatings will
underpin the development of the next generation of
photovoltaic solar cells, flat panel displays, and
optoelectronic components. All TCO have semiconducting
properties with a large band gap providing spectrally
selective characteristics and they all have a good
transmission in the visible part of the spectrum together
with high reflection in the infrared part. Indium tin oxide
(ITO) is the material with the highest conductivity and
luminous transmittance (R,=10Q/0 and 7=90 %).
However, there is much interest in the use of alternative,
cheaper coating materials, such as Cd,SnO4 (CTO). The
optical and electrical properties of CTO coatings are,
though, notoriously sensitive to process parameters and
depend on control of film composition, structure,
crystallinity, defect density, surface roughness, and dopant
concentration. Cd,SnOy, films have been produced by many
different techniques including reactive direct current (DC)
magnetron sputtering from segmented metallic targets, and
radio frequency (RF) magnetron sputtering from ceramic
targets.

Reactive magnetron sputtering process is complicated
and depends on many parameters. Deposition of layer on
relatively high temperature substrate (about 300 °C) or
deposition with following annealing is used to manufacture
transparent and conductive Cd,SnO, layers with desirable
properties [1-3], however such process is undesirable in
some ways, particularly when heat-sensitive substrates are
used.

Electrically conductive and optical transparent
Cd,Sn0O, film synthesis process using reactive magnetron
deposition on relatively low temperature (room
temperature) substrate was investigated in this work.

Experimental

The Cd,SnO, films were deposited with DC
magnetron MAG-5 (USSR) installed in vacuum
evaporation system UVN-2M-1 (Russia). Modified power
supply unit BP-196 was used as DC power supply. The
cathode of magnetron (target) was made from the alloy of
Cd,Sn (66,2 % Cd and 33,8 % Sn in mass), sweated on
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copper base. Cd,SnO, films were deposited on glass and
polymer (lavsan) substrate at relatively low temperature
(room temperature) by reactive DC magnetron sputtering.
The equipment used to achieve this process is shown in
Fig. 1.
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Fig. 1. The DC magnetron sputtering system

Substrates were cleaned according to the standard
technology before deposition. Use a lavsan film as
substrate persuaded us that the temperature did not exceed
100 °C during layer deposition, so the formation of
compound took place at a relatively low temperature. The
reactive deposition process conditions are summarized in
Table 1.

The discharge voltage and current, partial pressure of
active gas and total pressure in chamber, the layer
deposition rate were measured during the process.
Electrical sheet resistance R, or specific resistivity and



optical transmittance 7 in wide range of light wavelength
were measured for deposited films.

Table 1. Summary of deposition conditions

Magnetron disk, planar
Area of cathode (target), cm’ 108
Material of the target Cd,Sn
Area of target erosion, cm’ 45
Discharge voltage, V 200 - 500
Discharge current, mA 100 — 1000
Magnetic field near the cathode, A/m 210
Working gases Ar+ 0O,
Initial pressure in chamber, Pa <107
Partial pressure of active gas (O,), Pa 0-2107
Total pressure in chamber, Pa 2107
Distance between the cathode and the 6

substrate, cm

Results

Two modifications of cadmium stannate Cd,SnO, and
CdSnO; are well known. Both modifications of cadmium
stannate are wide gap n-type semiconductor. Cd,SnO,
modification is widely investigated because the thin film of
this material looks promising in fabrication of transparent
electrodes for different optoelectronic devices and thermal
mirrors [3]. The main parameters of layer used in
fabrication of conductive electrodes are sheet resistance R,
and transmittance 7 in visible light range. Sometimes the
figure of merit F = T/R; is used [1]. The transparent
electrode requirements are not less then 80-100 % of light
transparency and not more then 10-100 Q/o of thin layer
sheet resistance.

According to the results of experimental study on
Cd,SnO, layer reactive magnetron deposition at room
temperature the light transmittance 7 and sheet resistance
R, most depend on three parameters of the process:
1) magnetron discharge voltage; 2) work gas O,/Ar
composition, and 3) substrate potential (bias).

The dependence of sheet resistivity of deposited
Cd,SnO, layer on discharge voltage at different
composition of work gas O,/Ar is shown in Fig. 2. The
sharply expressed minimum in R=f(U) diagram can be
seen. The location of minimum depends on work gas
composition. Discharge voltage values at which the
minimum of R is achieved increases with the oxygen
concentration.

The dependence of light transmittance (4,=550 nm
and 4,=350 nm) of deposited Cd,SnOy layer on discharge
voltage at work gas O,/Ar composition 0,50 is shown in
Fig. 3. All deposited layers characterize high light
transparency in all interval of deposition parameters while
the electric conductivity varies thousand times. Decrease
of light transmittance is observed only at relatively large
discharge voltage (especially for 4,=350 nm). It can be
supposed that non-stoichiometric layer with oxygen deficit

was obtained at high discharge voltage. The dependence of
main figure of the merit for electrically conductive and
optically transparent layers F on magnetron discharge
voltage at relative oxygen concentration 0,7 is shown in
Fig. 4.
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Fig. 2. Sheet resistance of reactive magnetron deposited Cd,SnOy
film versus discharge voltage at different oxygen concentration
(1-Cp,=0,20;2-0,50; 3 - 0,70) and p = 0,02 Pa, deposition time
100's, 7< 100 °C
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Fig. 3. Variation of optical transmittance at 550 nm and 350 nm of
Cd,SnO, layer versus magnetron discharge voltage (relative
oxygen concentration 0,5, total work gas pressure 2x107 Pa)
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Fig. 4. Variations of the figure of merit F with voltage for
Cd,SnO, deposited by reactive magnetron sputtering of metallic
targets at relative oxygen concentration 0,7; ps=2-107 Pa



The figure of merit is F~40-10° Q' (R,=20Q/o
and 7=85 %) at the 380 V discharge voltage and 70%
oxygen in argon. Analyzing R;=f(U,Cp,), T=1(U Cp,)
and 7= f(U,Cy;) dependences we can see that exist area of
process parameters limited by discharge voltage U and
oxygen concentration Cp, values in which quality layers
with proper characteristics for conductive electrodes can be
formed (see Fig. 5).
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Fig. 5. Area of coating of transparent conductive CTO layer
versus deposition parameters at p = 2x1072 Pa, 7< 100 °C

Dependence of optical transmittance of Cd,SnO, layer
with optimal parameters on light wavelength is shown in
Fig. 6.

100
e 75 L
IS
£ 50
%]
c
©
= 25 ¢

0

200 400 600 800 1000 1200

Wavelength, nm

Fig. 6. Optical transmission spectra of CTO film

It can be seen that these layers (sheet resistance
R=20 Q/o) are enough transparent (transparency 7>50 %)
for wavelength A>400 nm. Interference minimums and
maximums are observed in diagram. Registration of
interference phenomenon in spectral transmittance
dependence gives possibility to obtain refraction index,
absorption coefficient and layer thickness. It is known that
from measurement of 7=f(1) the refractive index can be
expressed from formula [4]

" :[N+(N2 —"12)”2}1/2’

(1)
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where
2
N= 1+ n + an Tl;ax _TTmin (2)
max* min
and layer thickness
_ Mﬂ’llZ (3)
2n(3y = 4y)’

where 7 is the refractive index of layer, M — the number of
oscillations between the first and the second interference
maximum, d — layer thickness, A4, and 4, — wave lengths at
which the interference maximums are observed, 7, and
T,.in — the largest and the lowest value of light transparency
in the region of oscillations.

Analysis of measurement results gives average
refractive index n ~ 2 and thickness d~ 300 nm for the
deposited layers. Measured refractive index is in good
accordance with other author results (z = 1,9) [5].

The plot of (ah v)* versus hv, where « is the optical
absorption coefficient and 4 v is the energy of the incident
photon is shown in Fig. 7. If we consider that Cd,SnO, is a
direct transition semiconductor, « is related the optical
energy band gap E, by [5]

(h Ua)2

Blho-E,) (4)

where [ is a parameter, E, is determined by extrapolating
the straight line portion (ath v)*=0.
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Fig. 7. Variation of (ah V) versus hv

It is determined that band gap E,=3,07¢V for
deposited Cd,SnOy layers (Fig. 7). In literature reported
values are 2,1-29¢eV [5]. Obtained forbidden gap is
wider and this can be explained by Moss-Burstein effect.

Conclusions

Optically transparent and electrically conductive thin
Cd,SnO4 (CTO) layers were deposited by reactive
magnetron sputtering on room temperature substrate.

Properties of deposited layers (light transmittance and
electrical conductivity) depends on reactive magnetron
deposition process parameters to a very large degree.

Optically transparent and electrically conductive thin
Cd,Sn0O, layers with the sheet resistivity R=20 Q/o and



optical transmittance 7'= 85 % in visible light range (400- 3. Hummel R.E., Guenther K.H. Handbook of optical
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Skaidrios ir laidZios elektros srovei oksidy dangos labai svarbios kuriant naujos kartos saulés baterijas, skystyju kristaly monitorius
ir kitus optoelektronikos elementus. Alternatyva placiai naudojamam indZio oksidui gali biti pigesnés medziagos, pavyzdziui, Cd,SnOy.
Taciau Sios dangos optinés ir elektrinés savybés labai priklauso nuo technologiniy parametry, plévelés sudéties, struktiiros, defekty
tankio, pavir§iaus nelygumo ir priemai$y koncentracijos. Siame darbe eksperimentiskai istirtas reaktyviojo magnetroninio nusodinimo
procesas ir gauta, kad suformuoty pléviy skaidrumas ir elektrinis laidumas labiausiai priklauso nuo magnetrono islydzio itampos,
darbiniy O, + Ar dujy sudéties ir padéklo potencialo (priesjtampio). Esant tam tikroms islydzio jtampoms, gaunama maziausia plévelés
pavir§iné varza, o $ios itampos priklauso nuo darbiniy dujy sudéties. Skaidrumas maziau priklauso nuo islydzio jtampos ir tik esant
didesnéms i8lydzio jtampoms sumazéja trumpesniyjy bangy srityje. Analizuojant tyrimy rezultatus, nustatyta optimaliy technologiniy
parametry sritis, kai gaunamy pléveliy charakteristikos atitinka reikalavimus, keliamus skaidriems laidiems elektrodams. Il. 7, bibl. 5
(angly kalba; santraukos lietuviy, angly ir rusy k.).
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Transparent conductive oxide coatings will underpin the development of the next generation of photovoltaic solar cells, flat panel
displays, and optoelectronic components. As alternative, the cheaper coating material Cd,SnO, (TCO) can be used instead of indium tin
oxide. The optical and electrical properties of CTO coatings are, though, notoriously sensitive to process parameters and depend on
control of film composition, structure, crystallinity, defect density, surface roughness, and dopant concentration. The paper presents
results of experimental study of magnetron deposition process. Transparency and electrical conductivity of deposited films most
depends on magnetron discharge voltage, work gas O, + Ar composition and substrate potential (bias). The minimum of sheet resistance
was obtained at particular voltage, and this voltage depends on work gas composition. Transparency depends on discharge voltage to a
lesser degree and drops only in short wave edge at larger discharge voltage. The area of optimal technological parameters where quality
layers with proper characteristics for conductive electrodes can be formed was determined by analysis of experimental results. Ill. 7,
bibl. 5 (in English; summaries in Lithuanian, English and Russian).
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IIpo3paunble 1 AMEKTPONPOBOASINNE OKCHIHBIC TOKPHITHS OUYCHb BaKHBI TP CO3/IaHUH COJTHEUHBIX OaTapeil HOBOrO MOKOJIEHHUS,
JKUJKOKPUCTAIIBHBIX JHUCIUIEEB U IPYTHX AJIEMEHTOB ONTOIEKTPOHUKU. AJBTEPHATUBOI NIMPOKO NPUMEHSIEMOMY OKCHUJLYy UHIHS MOTYT
cTath Oosee nenieBble MaTepuainsl, HanpuMep, Cd,SnO,. OqHaKo, ONTHYECKHE M AJIEKTPUYECKHE CBOMCTBA ITOTO MaTepHana CHIBHO
3aBUCAT OT TEXHOJOTMYECKHX IIapaMeTpOB, COCTaBa M CTPYKTYpHl IUICHKH, IUIOTHOCTH Ie(EKTOB, HEPOBHOCTH IOBEPXHOCTH WU
KOHIIEHTpaluu mnpuMeceil. B naHHOl pabGoTe 3KCIIEpHMMEHTATbHO HCCIENOBAH NMPOLECC PEAKTUBHOTO MAarHETPOHHOTO OCAXKICHHSA U
OIIPE/IENIEH0, YTO IMPO3PAYHOCTh M 3IIEKTPONPOBOAHOCTH OCAKAAEMBIX IIEHOK HamOojee 3aBHCUT OT HAINpPSHKEHHUS MarHETPOHHOTO
paspsina, coctaBa pabodero raza O, + Ar 1 HOTeHIIMANA MOUTOXKKHY (cMeleHns). HanmeHpIee moBepXHOCTHOE CONMPOTUBIICHHUE TUICHKH
MOTydaeTcs TPH ONpPeeTIeHHBIX HANPHKEHUAX pas3psiia, KOTOPbIE B CBOIO OYEpe/b 3aBHCAT OT cOocTaBa pabouero rasa. [Ipo3padnocts
3aBUCHT OT HANpsDKEHHUS pa3psa B MEHBIICH CTENEHH, M JHIIb B KOPOTKOBOJHOBOM YYacTKe YMEHBINAeTCS MHpH OOJBIINX
HaINpsHKEHUAX. AHAIU3 Pe3yIbTaTOB HCCIEIOBAHUS ITO3BOJIII ONPEIEIIUTh 00JIaCTh ONTHMAIBHEIX TEXHOJIOTHIECKUX IapaMeTpoB, IPH
KOTOpPBIX (hopMUpyeMble TUICHKH OTBEYAIOT TPeOOBAHUSM, NPENBSBIIEMbIM K PO3PaYHBIM MPOBOIIMM uieKTpoaam. M. 7, 6ubn. 5
(Ha aHTIMIICKOM SI3BIKE; pedepaTsl Ha JTUTOBCKOM, aHTTIMHCKOM U PYCCKOM 513.)
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