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Aluminum oxynitride dielectric films prepared by reactive sputtering

Influence of technological modes of synthesis
of aluminum oxynitride films by a method of
magnetron reactive sputtering on their physical and
chemical parameters is probed. Studied by IR
spectroscopy and Auger electron microscopy and
elemental, phase and structural composition of the
synthesized films. Features of spectral and electro-
physical parameters of films are discussed.
Chemical stability of films is probed. Recommenda-
tions about modes of synthesis of films of electro-
physical parameters of films providing optimization
on the given their operational properties are re-
ceived. References 13, figures 3, table 1.
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Introduction

Wide use of thin-film coverings in optoelectron-
ics, in processing systems and information stor-
ages, laser technology, and also as power effective
coverings results in need of development of metal-
dielectric materials with the given characteristics.
One of the perspective directions of creation of
such materials is formation of composition nanos-
tructural metal-dielectric systems in which nano-
sized metal switching on is distributed in a dielec-
tric matrix [1,2].

However, support of operational stability of
nano-sized metal particles is the actual task (prob-
lem) of development of nano-sized systems. In op-
erations [1], it is shown that stability of such com-
posite systems is defined by properties of a dielec-
tric component (matrix). In this regard, films alumi-
num oxynitride, which is widely used in electronic
technology thanks to its properties, are of special
interest [3,4].

Analysis of modern methods of synthesis of
aluminum oxynitride films gives grounds to prefer
reactive magnetron sputtering, as it allows deposi-
tion at low temperature and ensure good adhesion
to the substrate condensate [5-8]. To date, known
for his work on development of processing tech-
niques produce aluminum nitride films with opti-
mized electrical and frequency characteristics [6,7].
At the same time, the structure and chemical com-
position of these films is not known. There is no
evidence of their thermal and chemical stability, no

recommendations formulated to the selection proc-
ess conditions directed synthesis of aluminum
oxynitride films with desired physical and chemical
properties.

Aim is to study the thermo-chemical resistance,
dielectric strength, optical characteristics, composi-
tion and structure of films based on aluminum
oxynitride depending on the parameters of techno-
logical modes of synthesis by magnetron reactive
sputtering.

Experimental technique and materials

The films were deposited on glass substrates
and single-crystal silicon (plane (100) plates SBD-
7,5) by reactive magnetron sputtering at a constant
current in the argon/nitrogen. Variable parameters
were discharge power (200-500 W), the residual
gas pressure (2:10°-7-10” Pa), substrate tempera-
ture (25-300 °C), while spraying (10-120 min) and
bias potential on the substrate (ground substrate, a
negative voltage (-50 V), high potential of 50 V).

Chemical resistance was evaluated according
to the etching rate of the films and the substrate for
a standard microelectronic technology etchants:
concentrated nitric acid and sulfuric acid, a mixture
of concentrated sulfuric acid and hydrogen perox-
ide in a 3:1 ratio, a mixture of 70% beam nitric acid,
acetic acid and phosphoric acid in a ratio of 1:3:25
mixture of 70% aqueous potassium hydroxide solu-
tion and 3% aqueous sodium orthophosphate 8:1;
concentrated mixture of ammonium fluoride and
10% hydrofluoric acid in a ratio of 3:1 [9].

Measurement of resistivity and dielectric
strength (breakdown voltage) was performed ac-
cording to standard procedures on structures con-
denser type Si — AIN — Al. The thickness and re-
fractive index of the obtained films was calculated
using a standard computer software program data
from the ellipsometric measurement at a wave-
length of 632,8 nm [10].

Elemental analysis for nitrogen, oxygen, alumi-
num films were performed using Auger electron
spectroscopy [11]. The nature of the material of the
films was studied by IR spectroscopy according to
their differential (relative to pure silicon substrate),
the transmission spectra in the 1000-400 cm™ vi-
brations of an Al — O and Al — N [8,11].
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The thermal stability of the films was studied by
changing the spectra after the additional annealing
at a temperature of about 1000° C for 30 min.

Results of measurements and their discussion

The synthesis conditions of the films (thickness
0,5-1,5 mm) and their composition and physical
characteristics measured are shown in Table 1.

Table 1. Electrophysical properties of Aluminum Oxynitride Films

Technological pa- Chemical parameters of a film
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500 | 25 | 710° | 110° | 510° | 1,92 | 55 | 23 1 1,0 | 0,02 | 3,0

300 | 100 | 1-10* | 110 | 210" | 2,25 | 55 30 - 1,0 | 0,01 | 3,0

200 | 200 | 5-10* | 510® | 510° | 1,60 | 50 8 25 0 0,02 | 3,0

200 | 200 | 7-10* | 7-10° | 810° | 1,40 | 48 - 44 0 0,05 | 3,0

According to the detected content of aluminum,
nitrogen and oxygen in the films synthesized by a
formula of structure installed. At 55% alumina con-
tent and 23-30% nitrogen, which corresponds to
the ratio Al:N=2:1, the film composition correspond-
ing to the formula AIN, is confirmed that the ob-
tained close to the atomic weight ratio of Al to the
atomic weight of N — 27:14=1,92:1. With a de-
crease in the nitrogen content up to 8% increase in
the oxygen content and up to 25% with 50% alumi-
num ratio of these elements (A1:0:N=6:3:1) indi-
cates the formation of aluminum oxynitride Al;O3N,4
composition, calculated as the ratio of the atomic
weights of the elements this formula
(27%x3:16%3:14=5.8:3.4:1) agrees well with the ex-
perimental data. Also synthesized by a film which
consists predominantly of aluminum (48%) and
oxygen (44%) of a 1:1 ratio with that composition
can be represented by aluminum oxide Al,Oj3 ratio
calculation of atomic weight — 27x2:16x3=1,12:1.
Besides the basic elements (Al, O, and N) accord-
ing to the Auger spectra of the compositions in the
films revealed 3-10 % iron and 5-10 % silicon,
which can be associated with parts of the magne-
tron sputtering unit and the substrate. From the ta-
ble it is also clear that as the oxygen enrichment of

film materials refractive index decreases from 2,25
to 1,40. Similar results were obtained for films of
silicon nitride and silicon oxide [12].

Noteworthy is that the oxygen and Al,O; film
Al;O3N formed at a discharge power of 200 W and
pre-evacuation of the chamber to a pressure of re-
sidual gases 7-10 Pa, while the film of aluminum
nitride AIN — at most 2 times the discharge power
and 10 times fewer residual gas pressure. In this
oxide film and aluminum oxynitride resistivity by 2-3
orders of aluminum nitride films are inferior. At the
same time on chemical firmness, all three film ma-
terials differ among themselves a little.

From the data presented in Fig. 1 and 2 re-
ceived a dependency of specific resistance and
breakdown voltage of the temperature that the
electrical characteristics are significantly improved
when using RF bias on the wafers.

Thus, to obtain the Al,O; film and Al;O3N suffi-
cient vacuum system to evacuate residual gas
pressure of about 7-10* Pa, and sputtering to pro-
duce a discharge at a power of 200 W with the
substrate heated to a temperature of 200° C, and
for the synthesis of AIN films need to pre-
evacuation pressure of at least 7-10° Pa, using an
RF bias potential on the substrate 50 and the dis-
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charge power of 300 W and 500 W, respectively, to
substrate 100, and at a temperature of 25° C.
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Fig. 1. Dependence of the resistivity aluminum oxyni-
tride p-films on the substrate temperature: 1 - high-
bias potential (50 V, 10 MHz) on the substrate 2 -
constant negative potential (-50 V) on the substrate,
3 - substrate grounded
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Fig. 2. Depending on the electric strength of e-
aluminum oxynitride films on the substrate tempera-
ture: 1 - high-bias potential (50 V, 10 MHz) on the
substrate 2 — constant negative potential (-50 V) on
the substrate, 3 - substrate grounded

Fig. 3 shows the IR transmission spectra of the
films studied in the spectral range 1000-400 cm’, a
typical manifestation of the oscillation frequencies
of the tetrahedral [AIO4] and octahedral [AlOg]
groups aluminosilicates, bauxite, spinel and single
crystal , fine [1] and the film aluminum nitride [8,
11,12,13].

Very intense narrow band of 665 cm” range of
aluminum nitride film (Fig. 1-3), according to the
experimental [8] and calculated [12] data refers to
fluctuations in Al — N communication coordination
tetrahedron [AIN4] which is the main structural motif
AIN wurtzite lattice. Discovered the identity of the
position and shape of this band in the spectra of
the film and crystalline aluminum nitride is the basis
to assume that the synthesized AIN films are poly-
crystalline with a regular orientation of the struc-
tural elements. At the same time a very broad in-

tense absorption around 760 and 700 cm™ in the
spectra of oxide films (Fig. 3, 2) and oxynitride (Fig.
3, 3), respectively, aluminum may be indicative of
the amorphous nature of these materials, since the
presence of orientation and/or positional disorder
molecular units of matter leads to a significant
broadening of the spectral bands. Additional data
on the nature of the synthesized film materials are
received also in case of research of their thermal
stability.

Thermal stability is estimated by comparing the
IR spectra of the starting and annealed (1000° C,
30 min) film in a dry atmosphere and the water va-
por. ldentical spectra were obtained for all the an-
nealed films (AIN, Al;O3N, Al,O3), so in Fig. 3, 4
shows a typical spectrum. New spectrum unlike
raw spectra comprises two films intensive high
relative to the spectra of the starting film 800 in
doublets, 775 and 520, 450 cm™', which may be as-
sociated with a transition to a more ordered crystal-
line structure. Probably under the conditions of high
temperature processing films passed their oxida-
tion of modifications to the single-crystal aluminum
oxide. This assumption is supported by the similar-
ity of MK-detected spectra (Fig. 3, 4, 5) and an-
nealed films corundum.

600 400

Fig. 3. Infrared transmission spectra of films: 71 -
AIN, 2 - Al,O3, 3 — Al;O:N, 4 — AIN after annealing at
1000° C, 5 - potassium bromide tablet corundum (a-
Al;03)
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Thus, with the help of IR spectra shows that the
aluminum nitride AIN films are polycrystalline and
are identified by a narrow intense band about 665
cm”, and the oxide film Al,O3 and aluminum oxyni-
tride Al;O3N form a disordered structure and char-
acterized by IR spectra in a broad intense band re-
spectively at 760 and 700 cm™.

Conclusions

The method of magnetron reactive direct cur-
rent sputtering by a variation of technological
modes of synthesis created films of different com-
position: AIN aluminum nitride, Al3OsN aluminum
oxynitride and Al,O3 aluminum oxide.

The assessment of the received films on unit
resistance, breakdown strength, and coefficient of
refraction, chemical stability and thermal stability is
carried out.

It is shown (TABLE [) that the maintenance of
the phase AIN in films can be raised in a directional
way by change of technological parameters a ratio
of reactive gases, capacities of discharge, tem-
perature of a substrate and bias voltage given on it.

Synthetizing of a film can beat are recom-
mended for use in electronics as browning and in-
sulation layers and to formation on their basis of
composition coverings with the given optical char-
acteristics.
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LdieneKTpu4Hi NNiBKM OKCUHITPMAY antoOMiHit0O OTPpUMaHi peakKTUBHUM
pPO3NUIIeHHAM

Bug4eHo ennue Ha enekmpoi3uyHi ma XiMiyHi enacmueoymi diefleKmpuYHUX MIiBOK OKCUHIMpPUdy
arnrMiHIl0 MexHO02IYHUX PeXumie iXHb020 ¢hopMy8aHHS MemMOOOM peakmueHo20 MagHempoOHHO20 Ha-
nuneHHs. focnidxeHo memodom I4-cnekmpockonii, OXKE-cnekmpockonii ma enekmpoHHOI MIKpocKonii
efleKmpPOoHHUL ma cmpyKmypHuUl cknad cuHmesosaHux niigok. Ob2080peHO erracmueocmi criekmparb-
HUX ma enekmpohi3UYHUX rnapamempie (MUMOMO20 Oropy, €esIeKMPUYHOi MiYyHOCMI, MepPMIYHOI
cmabinbHocmi ma XiMid4Hoi cmilikocmi) nnieok. HadaHo pekomeHOauii Wodo pexumie cuHmMe3sy niieoK 3
Mmemoro 3abesrnedeHHs: onmumisauii enekmpoghisudyHux rapamempie Ha 3alaHi ekcryamauilHi
enacmusocmi. bibn. 13, puc. 3, Tabn. 1.

KnrouoBi cnoBa: rnsiieku oKCUHImMpudy antoMiHito, MagHemMpPOHE peakmueHe PO3MNUSIEHHS;, eleKmpuy-
Ha MiyHicmb; XiMidHa cmilikicmb, mepMidHa cmabinbHicmeb.
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ﬂuaneKTpuqecme NeHKN OKCUHUTpuaa alntoMmmMHuUA nosnyvyeHHble pe-
aAKTUBHbLIM pacnblyieHnem

U3yyeHo enusiHue Ha anekmpoghuduydeckue U xumudeckue ceolicmea OU3TEKMPUYECKUX MIEHOK OK-
cuHumpuda antMUHUSI MEXHOI02UYECKUX PEXUMO8 UX (hopMUpO8aHUsT MeEMOOOM peakmugHo20 MazHe-
mpoHHO20 pacrbineHusi. UccriedosaH memodom UK — cnekmpockonuu, OXKE — criekmpockonuu U arek-
MPOHHOU MUKPOCKOMUU 311eMEeHMHbIU U CmpYyKmMypHbIU cocmae cuHme3uposaHHbix rieHok. O6cyxoeHb!
ocobeHHOCMU criekmparsibHbIX U 371IEKmMpoghu3u4eckux napamempos (yoeribHo20 COnpomuesIeHuUsl, /1eK-
mpuy4eckol nMpoYHOCMU, MepMuYecKol cmabusibHOCMu U XUMUYECKoU ycmoulvyueocmu) rreHoK. [aHbi
pekomMeHdayuu pexumos cuHmesa ieHokK, obecriequsarowux onmuMuU3ayuio 371eKmpou3uveckux na-
pamMempos nieHoK Ha 3adaHHble 3KCrlyamayuoHHbie ceolicmea. buon. 13, puc. 3, Tabn. 1.

KnioueBble crnoBa: MIeHKU OKCUHUmMpuOa ammoMUHUS;, MagHempOHHOe peakmueHOoe pacribiieHUe;
afiekmpuyeckas MpPoOYHOCMb, XUMUYECKas ycmoul4ueocmb, mepmMmudeckasi cmabusibHOCMb.
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