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XVI Mixnapoana xondepenuin 3 givwkn i rexnonorii Tonkux naisok ra
uanocucrem (npuessaena nam'uri npodecopa JAmurpa ®peika). Mamepiain.
/ 3a 3ar. pea. npod. Ilpoxonisa B.B. — Isano-®pauxiscsx : [lpukapnarcukuii
Hauionaasuuit ynisepeurer imeni Bacuns Credannxa, 2017, - 388 ¢,

[IpeacraBneHo cyvacHi pesyibTaTit TCOPCTHUHNX | CKCTICPHMCHTAIBHHX
AOCHULKCHD 3 NHTAHbL (BI3MKK 1 TCXHOMOFT TOHKMX IUIBOK T4 HAHOCHCTEM
(MeTanu, HaniBNPOBUIHMKH, ICACKTPHKM, TNPOBUIHI  NOJIMCPH;  MCTO/M
OTPHMAHHR Ta JAOCAIUKCHHA; (DIZHKO-XIMIUHI BAACTHBOCTI, MAHOTCXHOMOTIT i
HAHOMATEePIAIN, KBAHTOBO-PO3MIPHI  CTPYKTYPH, HAHOCJACKTPOHIKA, TOILO.
Marepiaan miarorosicno o apyky Ilporpamunsm komiterom kondepeniii i
NOJIAHO B ABTOPCHKIN pejakuii.

JUna HayKOBHX Ta THACHCPHUX NMPAUIBHHKIB, 1O 3aiMAIOTHCA nPobACMaMit
TOHKOIUTIBKOBOIO MaTepiaZio3HABCTBA T2 MIKPOCICKTPOHIKH.

PEeKOMEHI0BAHO JI0 ZIPYKY HAYKOBO-TEXHIMHOK panolo (Mi3HKO-XIMIYHOrO
inctutyty JABH3 «llpukapnarchkuii nationansnmii ynisepeurer iMmeni Bacuns
Credannkan

XVI International Conference Physics and Technology of Thin Films and
Nanosystems (dedicated to memory Professor Dmytro Freik). Marterials. | Fd.
by Prof. Prokopiv V.V. ~ Ivano-Frankivsk : Publisher Vasyl Stefanyk
Precarpathian National University, 2017, - 388 c.

The results of theoretical and experimental researches in directions of the
physics and technology of thin films and nanosystems (metals, semiconductors,
dielectrics, and polymers; and methods of their investigation: physic-chemical
properties of thin films; nanotechnology and nanomaterials, quantum-size
structures; thin-film devices of electronics, are presented. The materials
preformed for printing by Conference’s Organizational Committee and Editorial
Board. are conveyed in authoring edition.

For scientists and reserchers on the field of thin-film material sciences and
nanoclectronics.
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Electroactivity of Al in Al-Doped ZnO Films
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Transparent conductive oxides (TCO) having a wide band gap, high
transparency and conductivity are necessary material for fabrication the
photovoltaic heterostructure solar cells, transparent conducting electrodes,
window materials, displays, etc. Today, the most widely used TCO are indium
tin oxide (ITO), which has suitable characteristics. However, ITO has some
drawbacks such as the limited deposits of indium in the Earth's crust causes
constant increasing in value of indium, high toxicity and environmental hazard
ITO industrial-scale production. These negative factors are the reason to
replacement ITO on more safe, economically profitable and affordable material.
Zinc oxide doped by donor impurities of Al, Ga or In is a promising material for
future electronics and optoelectronics demands. In economic terms, aluminum is
the most favorable donor impurity.

Al-doped ZnO (ZnO:Al) satisfies all the above mentioned requirements. It is
non-toxic material, with prevalence of raw materials in the Earth's crust, having
high stability to hydrogen plasma and temperature changes. ZnO has a wide
direct band gap (~ 3,34 eV at room temperature) that allows to be highly
transparent (~85-95%) in the wide range of wavelengths (300-1000 nm).
However, the problem of small electroactivity of donor impurities introduced
into ZnO lattice still exists. Therefore, our report devoted to study the influence
of Al content on its electroactivity in ZnO film.

ZnO:Al films were grown on Si and glass substrates by reactive magnetron
sputtering (MS). To improve the crystalline perfection of the ZnO:Al films and
o maintain a constant growth rate we used a new approach in ZnO:Al
magnetron sputtering, namely, the layer-by-layer growth method [1]. It is shown
that our method allows to grow high quality ZnO:Al films [2]. ZnO:Al films
with different concentrations of aluminum impurity were deposited on Si and
glass wafers by changing Al concentration in metallic Zn-Al target as well as at
sputtering by variation of technological parameters of MS. The set of ZnO:Al
films with concentration of Al in the range from 0.2 to 1.2 at.% were grown. For
samples characterization, XRD, EDX analysis, atomic force microscopy and
transmittance measurements were used. The temperature dependences of
clectrical resistivity and Hall coefficient were investigated.

The linear character of temperature dependence of resistivity and the value
of electron concentration more than 7:10'” em™ suggested that all ZnO:Al films
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were degenerate semiconductors. It was shown that with increasing Al impurity
concentration in ZnO its electrical activity was decreased (Fig. 1). The reason
for such behavior of electroactivity is self-compensation effect (the
compensation of introduced donor impurities by generated own acceptor-type
defects) and also dispersion on free carriers. So, even relatively small donor
doping of ZnO within 0.2 -1.2 at.% leads to problem with electroactivity of'
introduced donor elements. Therefore, here we face to hard case: in desire 10
decrease resistivity in ZnO films down to 1-10* Ohm-cm we need introduce #
large amount of donor impurity the most of which is non-electroactive and,
hence, play the role of scattering centers by forming intrinsic defects, even
complex, which significantly decrease the electron mobility that is not large in
wide-gap semiconductors. Hence, the only way to obtain the extra low
resistivity ZnO films to do the best in the technology of Al-doped thin film
deposition and maintain both mobility and electroactivity at a high level. Also,
the relationship between structure and morphology of ZnO:Al thin films and
electroactivity of Al impurity will be discussed.
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Fig.1. Electroactivity of aluminum impurity in ZnO:Al films. (Dashed line
for eye)
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