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The room temperature oxidation of ion-implanted copper surface has been studied ex
situ and in situ using ellipsometry. The ellipsometric parameters ¥ and A were measured
at light incidence angle 75° for different wavelength values in the range of 280 to 760 nm
using averaging both over two azimuthal zones and single one. The oxide layer was
removed from the copper surface during the aluminum ion implantation an then the
growth of the newly formed oxide film on the ion implanted surface was studied by
ellipsometry. Basing on the spectroellipsometric data, the oxide film thickness has been
calculated for two types of copper oxides.

IIpoBeneHs! anannIcOMeTPUYECKHE UCCAELOBAHUA OKWCJIEHUA IPY KOMHATHOU TemIiepary-
peé HMOHHO-UMILIAHTHPOBAHHBIX IIOBEPXHOCTEH Mexu. Jununcomerpudeckue mapamerpsr V u
A msmepeHBI IpU yIyie HajeHus cBera 75° nid PaSIMUYHBIX BEJIWYUH AJUHLL BOJHBLI CBETA B
o6iactu 280—760 HM ¢ ycpemgHeHWeM KaK IO ABYM, TaK W IO OJAHOU asUMYTAJIBHBIM 30HAaM.
OkcugHaa NJIeHKa ¢ MOBEPXHOCTH MeIN YAANANACH B IPOIECCE ee UMILIAHTAIIMU MOHAMU
ATIOMUHUSA, a 3aTeM POCT BHOBL YOPMUPYEMOl TJIEHKM OKCHAa MeIU Ha WMIIJIaHTUPOBAHHOMN
TOBEPXHOCTH WCCJIETOBAH SJITUIICOMETPUUECKUM MeTOoAoM. IIpoBefieHBI Ha OCHOBE CIEKTPO-
JITUTICOMETPUUYECKUX AAHHBIX PACUeThl TOJIIIUH TIJIEHOK JJIS ABYX TUIIOB OKCUIOB MEJH.
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Due to its unique physical properties,
copper in modern technology is used in a
wide set of the devices starting from elec-
tric contacts in microelectronic apparatus
(Cu thin films) to bulk mirrors for powerful
laser system for plasma diagnostics [1, 2].
The conductive copper layer used in the ele-
ments of microelectronics is characterized
by thickness of the order of 1 um. That is
why the problem of the layer protection
against corrosion is still actual. The implan-
tation of aluminum and nitrogen ions has
been proposed to that aim. This work is
aimed at solution of a problem connected
with corrosion resistance enhancement of
the copper films by ion bombardment with-
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out deterioration of electrical and optical
characteristics thereof.

Copper was evaporated onto a 7.6 cm di-
ameter single crystalline silicon wafer
coated with approximately 100 nm thick
thermally grown silicon dioxide film. The
copper layer thickness was approximately
400 nm. The pressure during evaporation was
7-1074 Pa. The sample was cut into several
pieces to perform ion implantation by Al ions
(dose: 1.4.1017 jon/em?2, U =140 kV), N2*
ions (dose: 1:1014 ion/em?2, U = 240 kV) and
N,* molecular ions (dose: 5-101% ion/em? and
1-1016 jon/em?2, U = 100 kV). The implanta-
tion was performed using the Heavy Ion
Cascade ion implanter at the KFKI Campus
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Fig. 1. Generated and experimental spectra of
ellipsometric parameters of copper surface im-
mediately after ion implantation (model with
Cu,0 layer): I— Model Fit, 2 — Exp E 75.1°.

in Budapest. The surface properties of cop-
per film were studied using spectral and
angular ellipsometry, atomic force micros-
copy (AFM), and Fourier transform infrared
(FTIR) reflectometry.

The copper surfaces were studied by
means of variable incidence angle spectro-
scopic ellipsometry (VASE, J.A.Woollam,
USA), within the probing photon energy
range hv from 1 to 4.70 eV in rotating ana-
lyzer mode. The ellipsometer was operated
in autoretarder mode as described in [3] for
the case of Fe corrosion studies. The data
were acquired and evaluated by WVASE®
software. The main feature of the ellip-
sometric technique is the measurement of
the change in the polarization state of light
reflected from the sample. This is expressed
by angle A, phase shift between orthogonal
components of the electromagnetic wave re-
flected from the sample, and ¥, azimuth of
the restored linear polarization,
p = tanWexp(iA). Here, p is the ratio of the
complex reflection coefficients for light po-
larized in parallel p(r,) and perpendicular
s(ry) directions to the plane of incidence,
p=ry/rs Details of this technique have
been described elsewhere [4]. The determi-
nation error of the ellipsometric parameters
in our experiments was within the range
+0.25 to £0.15° for A and +0.13 to +£0.07°

for ¥ at 90 % confidence limit.
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Fig. 2. Generated and experimental spectra of
ellipsometric parameters of the same im-
planted copper surface after 11 days later
(model with Cu,O layer):1— Model Fit, 2 —
Exp E 75.1°,
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Fig. 3. Optical conductivity spectra for as de-
posited Cu film (I) and after stay in air at-
mosphere (2).

On the other hand, A and ¥ were ob-
tained within incidence angle of laser beam
from 50 to 85° using single wavelength
(632.8 nm) multiple incidence angle ellip-
sometry.

The calculated A{g) and ¥(¢) curves for
non-implanted sample were obtained using
three different optical models. In the first
model, the number of free parameters dur-
ing fitting procedure was only one, the
Cu,0 film thickness. In the second model, a
physical mixture of copper and voids was
supposed to be the film material. The num-
ber of free parameters was two, the film
thickness and the percentage of void volume
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Fig. 4. The atomic force microscopy data (a, ¢) and the averaged profile (b, d) on the probed surface for
Cu films before the ion irradiation (a and b respectively) and after the irradiation by N2* ions (c, d).

therein. The Bruggeman effective medium
approximation was applied to calculate the
effective dielectric function of the film. The
third model was based on the assumption
that the film on the surface consists of
Cu,0 and Cu. The number of free parame-
ters was two, the film thickness and the
percentage of Cu in the Cu,O material. The
film thickness was obtained to be 4.4 nm
and the film composition, 91 % Cu,O and
9 % Cu. For this optical model, the meas-
ured and the calculated A(¢) and Y(o)
curves show an excellent agreement.

From spectro-ellipsometric measurements
of A and ¥ performed on the non-implanted
sample, the thickness values of CuO and
Cu,0 oxide layers were evaluated as 5.7 nm
and 4.0 nm, respectively.

After finishing the aluminum ion im-
plantation, the native oxide layer formed
before on the copper surface was sputtered
of. This was found from evaluation of spec-
tra A(A) and ¥(A) measured on ion-im-
planted Cu sample immediately after the
sample removal from the implantation
chamber. Evaluations evidenced a rather
low thickness values of CuO and Cu,0O oxide
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layers (0.08 and 0.04 nm, respectively (Fig.
1)). This means that the very high dose ion
implantation removed the native oxide layer
film from the surface of Cu film.

11 days later, spectro-ellipsometric meas-
urements performed on the same implanted
sample have shown that the thickness of
CuO and Cu,O oxide layers amounted
2.2 nm and 1.5 nm, respectively (Fig. 2).
These values provide a thickness estimation
of the native oxide layer formed during
11 days. Thus, owing to Al ion implanta-
tion, the native oxide layer on copper sur-
face is smaller than that on non-implanted
sample.

Optical conductivity spectra for as-depos-
ited Cu film and after its storage in air are
shown in Fig. 3 (E is the photon energy). It
is seen that optical conductivity of Cu sam-
ple stored in air decreases within the ultra-
violet region at least 2 times in comparison
to those for as-deposited Cu film due to
formation of thin oxide layer on the sur-
face.

It has been shown by calculations that
the penetration depth for N2* ions of the
above-specified energies is 440 nm, it corre-
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Fig. 5. Spectra of the reflection in IR region
for unirradiated (curve 1) and irradiated
(curve 2) areas of the Cu film surface.

sponds to the copper/SiO, interface. Using
the AFM technique, it was determined that
the films are rough. The roughness parame-
ters are the same for irradiated and unirra-
diated Cu films (Fig. 4). This evidences the
optimal choice of the N2* ion energy to pro-
vide the high adhesion level of such films
on the Si substrates without significant
modification of their surface. However, it
was determined that the Cu films are not
continuous as it was obtained using optical
microscopy technique, because the absorp-

tion bands at of 2844 and 2926 cm™! are
observed by means of the IR reflection tech-
nique. These bands correspond to IR absorp-
tion by the SiO, substrate (Fig. 5).

Thus, when modeling the subsurface re-
gion of ion implanted copper, two layers,
such as a native copper oxide and 250 um
thickness ion implanted layer, must be
taken into consideration. Due to ion implan-
tation, the native oxide layer on copper sur-
face is smaller than one on non-implanted
sample.
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EaxincomeTrpuuHi IOCHiIKeHHS iOHHO-IMILJIAHTOBAHOL
MOBepPXHi Migi Ta il OKMCHEHHS NMPH KiMHATHIN
TeMIeparypi

JI.B.Ilonepenkxo, T.Jonep, B.C.Cmawyk,
H.K.I'anx, M.B.Binniuenko, I.B.IOpzenesuu,
E.P.lllaaban, J].B.Hocau

ITpoBemeno enincomerpuuHi mocaigKeHHs OKMCHEHHS IPU KiMHATHiN Temmeparypi iomuHo-
iMmnianToBaHuX nOBepXoHb Mini. Eaimcomerpumuni mapamerpu ¥ 1 A Bumipsamo mpm KyTi
nagiuua cBiTiaa 7H° gy pisHMX BeJIUUYUH AOBMKMHM XBUJL cBiTna B obaacti 280-760 um 3
ycepeTHEHHAM AK 34 ABOMAa, TaK i 3a oAHie0 asuMyTambHUMM 30HaMu. OKcugHa TIIiBKa 3
noBepxHi Mini posnmiioBayach y mporteci i1 immianTanii iomamu amiominito, 1 HacTynmHMH
picT HOBOI IUTIBKM OKCUAY MiAl Ha iMIJIaHTOBaHifl MOBepXHI AOCHiAMKEeHO eNilCcOMETPUYHUM
metomoM. Ha OCHOBI CHeKTpoesinmcoMeTpUUYHWX JaHWUX PO3PAXOBAHO TOBIIMHY IJIiBOK IJs

ABOX THWITIiB OKCHUIIB Mifi.
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