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In situ x-ray-absorption spectroscopy study of hydrogen absorption by nickel-magnesium
thin films
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Structural and electronic properties of co-sputtered Ni-Mg thin films with varying Ni to Mg ratio were
studied byin situ x-ray absorption spectroscopy in the NiL-edge and MgK-edge regions. Codeposition of the
metals led to increased disorder and decreased coordination around Ni and Mg compared to pure metal films.
Exposure of the metallic films to hydrogen resulted in formation of hydrides and increased disorder. The
presence of hydrogen as a near neighbor around Mg caused a drastic reduction in the intensities of multiple
scattering resonances at higher energies. The optical switching behavior and changes in the x-ray spectra varied
with Ni to Mg atomic ratio. Pure Mg films with Pd overlayers were converted to MgH2 : The H atoms occupy
regular sites as in bulk MgH2 . Although optical switching was slow in the absence of Ni, the amount of H2

absorption was large. Incorporation of Ni in Mg films led to an increase in the speed of optical switching but
decreased maximum transparency. Significant shifts in the NiL3 and L2 peaks are consistent with strong
interaction with hydrogen in the mixed films.

DOI: 10.1103/PhysRevB.67.085106 PACS number~s!: 61.10.Ht, 78.20.2e, 78.66.2w, 82.30.2b
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I. INTRODUCTION

Switchable mirrors exhibiting variable optical, mechan
cal, and electrical properties due to uptake and remova
hydrogen were discovered by Huibertset al.1 They have sig-
nificant potential for applications in light and heat regulatio
display devices, and optical communication systems.
first generation of switchable mirrors was based on rare e
metals that undergo a reversible metal-insulator transi
when thin films coated with palladium are exposed to H2 .2

van der Sluis, Ouwerkerk, and Duine3 reported that incorpo-
ration of magnesium increased the transparency of
thanide hydride films. The larger optical band gap~3.4 eV!
for Gd0.5Mg0.5H2.5 makes this switchable mirror colorless
contrast to reddish GdH3. Recently Richardsonet al.4,5 re-
ported switchable mirror effects in thin films of Mg and 3d
transition metals~Ni, Mn, Fe, and Co!. These are potentially
more cost effective since they do not require the expen
and reactive rare-earth metals.

A recent report6 on the hydrogenation of 200-nm-thic
Mg films with Pd over-layers by H2 gas at 0.1 MPa and
100 °C showed that magnesium hydride is formed, with2
loading ranging from 2.9 to 6.6 wt %. After 24 h transpare
magnesium hydride was obtained.7 The temperature require
for dehydrogenation decreased with decreasing degre
crystallization. Heating the hydride film led to the formatio
of nanostructured magnesium. H2 absorption leads to lattice
expansion and structural rearrangements, which modify
electronic properties of the films.

Near-edge x-ray absorption fine structure~NEXAFS! and
extended x-ray absorption fine structure~EXAFS! are pow-
erful tools for understanding the electronic and structu
properties of thin films.8–10 These techniques are elemen
specific and capable of probing the short- to medium-ra
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structure around an absorbing atom. Among the experime
techniques employed in determining the valence states
atoms in solids, NEXAFS plays a crucial role due to
simplicity and universal applicability. EXAFS is sensitive
the local structure around an atom and is especially usefu
studying amorphous materials.

X-ray absorption spectroscopy~XAS! and x-ray magnetic
circular dichroism~XMCD! are used to study the electron
and magnetic properties of 3d elements. Theoretical and ex
perimental studies have shown that the band structure of
Ni is different from that of Ni thin films grown on Cu and
Co.11–14 This results in different electronic and magne
properties. The line shapes of XAS and XMCD spectra c
change dramatically for varying film thickness due to ele
tron transfer and hybridization at the interface or due tod
electron correlation effects.15 Srivastavaet al.16 have shown
that the thickness-dependent density of 3d holes for Ni thin
films grown on Cu~001! gives rise to a modified XAS line
shape. Therefore a detailed analysis of NiL2,3 edges~which
is a direct measure of unoccupiedd states! and MgK edge
are a useful approach to study the electronic structure of
samples in the metallic and hydride state.

Here we report an investigation of the structural and el
tronic properties of Ni-Mg thin films with varying Ni to Mg
atomic ratio usingin situ x-ray absorption spectroscopy. Th
mirrorlike metallic Ni-Mg thin films become optically trans
parent due to H2 absorption. We followed the hydrogenatio
processes by recording x-ray absorption spectra at both
Mg K and Ni L edges.

II. EXPERIMENTAL PROCEDURE

A. Sample preparation

Ni-Mg films for the present study were prepared by
magnetron cosputtering from 50-mm Ni and Mg~99.98%!
©2003 The American Physical Society06-1
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B. FARANGIS et al. PHYSICAL REVIEW B 67, 085106 ~2003!
targets inclined 22.5° from normal onto silicon nitride mem
brane substrates~Silson Ltd., Northampton, UK!, which
were mounted sequentially on a glass plate to obtain dif
ent Ni to Mg atomic ratios. The base pressure was
31027 Torr, process pressure 2 mTorr, Ni power 24 W, M
power 47 W, and target-to-substrate distance 7.5 cm. De
sition rates ranged from 0.33 to 0.55 nm/s, depending
location of the substrate. Palladium was deposited over
Ni-Mg films to protect them from air oxidation and to pro
mote absorption of hydrogen. The Pd overlayer was app
at 10 mTorr, Pd power 12.4 W, with deposition rate of 0.
nm/s. Film thicknesses and compositions were measure
stylus profilometry and Rutherford backscattering~RBS!.
Mg2Ni ~containing 20% excess Mg! was purchased from Er
genics, Inc.,~Ringwood, NJ! and MgH2 ~nominal purity
90%, remainder Mg! from Aldrich Chemical Co.~Milwau-
kee, WI!. Powder x-ray diffraction patterns~XRD! for these
compounds confirmed their bulk compositions and pur
Only broad x-ray diffraction peaks due to Pd were obser
in all sputtered films.

B. X-ray absorption measurements

The x-ray absorption spectra were measured at beam
6.3.1 and 6.3.2 at the Advanced Light Source, Lawrence B
keley National Laboratory.17 During the measurements, th
synchrotron was typically operated at 1.9 GeV between
and 400 mA. The spectra were recorded at the MgK and Ni
L absorption edges in the bulk-sensitive transmission de
tion mode, in an atmosphere of He using a 4.634.6-mm2

photodiode detector~Hamamatsu, G1127-02!. Hydrogena-
tion of the films was achieved by purging with 4% H2 in He.
The spectra for reference materials Mg2Ni and MgH2 were
measured by total fluorescence yield~TFY! using a 28
328 mm2 windowless detector~Hamamatsu, S3584-06!.
The resolution at the MgK and Ni L edges was better tha
1.5 and 1.0 eV, respectively. The photon energy was c
brated to the first inflection point of the NiL3 edge at 852.7
eV and Mg K edge at 1303.0 eV.18 After calibration, the
spectra were normalized to the absorption edge jumps.8 All
measurements were performed at room temperature.

III. RESULTS AND DISCUSSION

Previous work3 on Ni-Mg thin films showed that the Ni to
Mg atomic ratio and the film thickness are factors in det
mining the speed at which switching takes place between
metallic state and the transparent hydride state. The fre
sputtered films were amorphous by XRD, showing on
weak reflections due to Pd. Codeposition from offset sour
yielded films with position-dependent Ni-Mg atomic rat
and thickness. They absorbed hydrogen rapidly and reac
maximum transparency within a few minutes. When samp
were annealed at 125 °C in dry nitrogen, XRD reflectio
due to Mg2Ni, Mg, and Mg6Pd developed. The anneale
films did not take up H2 readily.

A. Ni L 3,2-edge NEXAFS

Ni L3,2-edge x-ray absorption spectra measured in tra
mission mode in He and in 4% H2 ~balance He! for a pure Ni
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film and two Ni-Mg films are shown in Fig. 1. The spectru
of bulk Mg2Ni powder measured by total fluorescence yie
is included for comparison. The transitions denoted asL3
and L2 , at ;853.5 and;870.8 eV, are from Ni 2p3/2 and
2p1/2 to 3d final states, respectively.15,18,19Exposure of the
pure Ni film to hydrogen had no effect on its spectrum. H
drogen absorption by the mixed metal films caused the p
positions to shift to higher energy by more than 2 eV~Table
I!, with a slightly larger shift in the case of the film wit
higher Mg content. Since it is difficult to prepare bulk Mg2Ni
without an excess of Mg, it may be that not all of the Ni
the stoichiometric film has participated in the hydriding r
action. The intensity of the 6-eV satellites for Ni-Mg film
and Mg2Ni were reduced by a factor of 5 compared to pu
Ni film. Recently Dhesiet al.19,20 assigned this satellite to
transitions to singlet states of the final 2p53d9 configuration.
More recently, Nesvizhskiiet al.,21 based on one-electro
multiple scattering and atomic multiplet calculation
claimed that the effect of the spin-flip transition is negligib
and hence the 6-eV satellite is predominantly due to a m
tiple scattering effect. The reduced intensity for the 6-
satellite observed for Ni-Mg films in the present study
therefore attributed to a decreased multiple scattering du
the presence of Mg and the amorphous character of the fi

Time-resolved spectra were recorded at both MgK and Ni
L edges during hydrogen loading of films. NiL3,2 spectra of
Ni0.24Mg0.76Hx at different exposure times are presented
Fig. 2. The spectrum denoted as ‘‘end of hydrogenation’’ w
recorded after exposure to hydrogen for 24 h. Further ex
sure produced no changes in the spectrum. H2 absorption led
to a shift towards higher energy and an enhancement in
tensity. The extent of both effects depended upon expos
time and Ni:Mg ratio. The time required to reach saturatio
corresponding to the optical switching from mirror state
maximum transparency, also depended on the film thickn

FIG. 1. Ni L3,2-edge transmission mode NEXAFS spectra
thin films measured in He:~a! pure Ni ~100-nm film with 20-nm
Pd!, ~b! Ni0.33Mg0.67 ~154-nm film with 11-nm Pd!, and ~c!
Ni0.13Mg0.87 ~232-nm film with 11-nm Pd!; in 4% H2 in He: ~e!
Ni0.33Mg0.67 and~f! Ni0.13Mg0.87. Spectrum~d! Mg2Ni measured by
total fluorescence yield in vacuum. The 6-eV satellite is indica
by arrow. All spectra were normalized to the background. Baseli
were shifted for clarity of presentation.
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TABLE I. Transition energies~E!, integrated areas~A!, full width at half maximum~FWHM!, branching ratios,bR5A3 /(A31A2), total
integrated intensities (A31A2), and intensity ratios (A3 /A2) for Ni L3,2-edge XAS of the samples under this study.

Sample

L3 L2
FWHM

~eV! bR A31A2 ~a.u.! (A3 /A2)E3 ~eV! A3 ~a.u.! E2 ~eV! A2 ~a.u.!

100-nm Ni120-nm Pda 853.5 2.02 870.8 0.66 3.1 0.754 2.68 3.06
154-nm Ni0.33Mg0.67111-nm Pda 853.7 0.88 871.0 0.20 2.0 0.816 1.08 4.40
232-nm Ni0.13Mg0.87111-nm Pda 853.9 1.01 871.1 0.19 2.3 0.840 1.2 5.32
Mg2Ni powderb 853.2 1.70 870.3 0.37 3.2 0.821 2.07 4.60
154-nm Ni0.33Mg0.67111-nm Pdc 856.0 2.55 873.4 0.81 3.9 0.758 3.36 3.15
232-nm Ni0.13Mg0.87111-nm Pdc 856.5 3.07 873.9 0.99 3.6 0.757 4.06 3.10

aXAS measured in transmission mode in He atmosphere.
bTotal fluorescence yield~TFY! under vacuum.
cXAS measured in transmission mode in 4% H2 in He atmosphere.
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Figure 3 shows NiL3,2 spectra for a Ni0.24Mg0.76 film as-
deposited, fully hydrogenated, and dehydrogenated by e
sure to air for 24 h. While the hydriding process is apparen
not completely reversible under these conditions, the film
returned very nearly to its original state.

The full width at half maximum~FWHM! and integrated
area for each band were obtained by fitting the NiL-edge
spectra with Gaussian functions. To exclude the edge ju
asymmetric double sigmoidal functions were also included
the fits. The results, along with branching ratiosbR
5A3 /(A31A2), total integrated intensity (A31A2), and in-
tensity ratio (A3 /A2), are given in Table I. It has been show
that, due to changes in the final-state energies, NiL3,2 tran-
sitions shift towards higher energy by about 1 eV for ea
unit increase in oxidation state.22–25 Since the integrated in
tensity (A31A2) is a ground-state property, it is a quantit
tive and a direct measure of 3d shell vacancies (nh).16,19,22,24

Further, the initial state 3d spin-orbit coupling and the over
lap of 2p and 3d wave functions, the so-called multiple
effects, are said to affect the branching ratio (bR).26,27 An-
other report, however, maintains that multiplet effects do

FIG. 2. Transmission mode NiL3,2-edge NEXAS spectra o
Ni0.24Mg0.76 ~262-nm film with 22-nm Pd! film measured in He
~denoted as ‘‘virgin’’! and in 4% H2 in He ~all other curves! as a
function of time. The curve denoted as ‘‘end of hydrogenation’’ w
recorded after 24 h exposure.
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nate all other interactions.28 Recent reports demonstrate th
one can distinguish the nature of spin states, viz., low s
and high spin for a given oxidation state of Ni, based on
branching ratios (bR) of L3,2 edges.23–25

In the present study, the energy separation (E32E2) be-
tween theL3 andL2 edges, which is due to 2p spin-orbital
splitting, for all the samples is found to be;17.3 eV in
accordance with earlier reports.15,16,19The transition energies
~E! for both L3,2 edges of a Ni film and Ni-Mg films in the
metallic state show a small trend towards higher energy fr
the pure Ni film to a very Mg-rich (Ni0.13Mg0.87) film. The
spectral profile and branching ratio for the pure Ni film are
good agreement with the previous reports on bulk Ni me
and for Ni films grown on Cu~001! and Co/Cu~001!.16,19The
Ni film was therefore utilized as a reference for Ni-Mg film
The total integrated intensity (A31A2) is smaller and thebR

andA3 /A2 are larger for Ni-Mg than for Ni~Table I!. These
results suggest that the addition of Mg produces struct
changes and modification of Ni electronic states. Similar
sults were reported for the Ni film on Cu~001! and Co/
Cu~001! due to charge transfer to Ni.16,19

FIG. 3. Transmission mode NiL3,2-edge NEXAS spectra of
Ni0.24Mg0.76 ~262-nm film with 22-nm Pd! film in He ~solid line!, in
4% H2 after prolonged hydrogenation~dashed line!, and in He after
1 day in air~dotted line!.
6-3
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Hydrogen uptake by Ni-Mg films caused the transiti
energies for bothL3,2 edges to shift significantly toward
higher energy by;2.3 eV for Ni0.33Mg0.67 and;2.6 eV for
Ni0.13Mg0.87. The total integrated intensity and FWHM als
increase. The values forbR and A3 /A2 are comparable to
those for the Ni film. In general, the effective charge trans
from metal to hydrogen is reported to be less for metal
drides than for halides, oxides, etc., where the charge tran
is much greater.29,30 This is supported by the values ofbR

and A3 /A2 for Ni-Mg films in the hydride state, which ar
comparable to those for the Ni film, indicating that althou
Ni is in a higher oxidation state, the effective charge trans
in the hydride is less than in the metal. The values ofbR

suggest that Ni in hydrided Ni-Mg films is in a high-sp
state.23–25Hydriding also leads to the creation of nonequiv
lent Ni sites, which result in larger FWHM’s.

B. Mg K-edge NEXAFS

Mg K near-edge transmission mode spectra of a pure
film ~270 nm! and two extreme compositions of Ni-Mg film
in He and in 4% H2 are shown in Fig. 4. The MgK edge is
shifted to lower energy for Ni-Mg films in the metallic sta
~1302.2 eV! compared to pure Mg film~1303.0 eV!. The
intensity of the spectral profile at 1304.5 eV decreases
Ni0.33Mg0.67 film when compared to Ni0.13Mg0.87 and pure
Mg films. Spectra reported for magnesium halides, mag
sium oxide, and Mg in minerals and disordered syste
show a sharp near-edge peak at;1310 eV due to the 1s to
3p transition whose intensity depends on the degenerac
the 3p states. This feature shifts towards higher energy w
increasing coordination around Mg.31–35In the present study
the transition at 1304.5 eV in pure Mg and Ni-Mg films
assigned to Mg 1s to 3p. The edge shift towards lower en
ergy and reduction in the intensity of the peak with incre
ing nickel content suggest that the coordination around
has decreased, resulting in lowering of the 3p degeneracy.

FIG. 4. Transmission mode MgK-edge NEXAFS spectra of thin
films in He: ~a! Mg ~270-nm film with 10-nm Pd!, ~b! Ni0.13Mg0.87

~232-nm film with 11-nm Pd!, ~c! Ni0.33Mg0.67 ~154-nm film with
11-nm Pd!; in 4% H2 in He: ~d! Ni0.13Mg0.87 and ~e! Ni0.33Mg0.67.
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The Mg K-edge spectra shift toward higher energy by;2.2
and;2.9 eV for Ni0.33Mg0.67 and Ni0.13Mg0.87, respectively,
when hydrogen is introduced.

The NEXAFS total fluorescence yield~TFY! spectra for
the pure Mg film~270 nm!, for Mg2Ni and MgH2 powder
samples, and a transmission mode spectrum of a thin
film ~45 nm! in the presence of He and 4% H2 are shown in
Fig. 5. The similarity in the spectral profiles and edge po
tions for Mg2Ni and the Ni0.33Mg0.67 film are consistent with
Mg-Ni bonding in the film. Because transmission measu
ments are bulk-sensitive, while TFY probes only to abo
100 nm in depth, the TFY spectrum for the 270-nm Mg fil
reflects both Mg and Mg-Pd interface region and the tra
mission spectrum is dominated by Mg. The transmiss
spectra of the 45-nm@Fig. 5~b!# and the 270 nm@Fig. 4~a!#
Mg films also reflect the presence of different surface a
bulk compositions. The near-surface features may be du
Pd-Mg interaction or to formation of an oxide layer prior
Pd deposition.

In addition, the transitions at higher energies due to m
tiple scattering resonances~see below! were significantly re-
duced by the presence of hydrogen, which scatters we
due to its low mass.36,37 The spectrum of the thick Mg film
showed no significant changes on exposure to H2 for 2 h,
consistent with previous observations of very slow diffusi
of hydrogen in relatively thick Mg films.29 The thin Mg film,
however, exhibited a 3.5-eV shift following overnight soa
ing in 4% H2 at room temperature. This is consistent wi
optical properties of Mg film with Pd overlayer, which sho
that an increase in Mg thickness decreases the optica
sponse to hydrogen exposure.38 The Mg K-edge TFY spec-
trum for bulk MgH2 also shows a shift of;2.3 eV towards
higher energy compared to the Mg film, consistent with t
presence of divalent Mg.

C. MagnesiumK-edge EXAFS

EXAFS data were analyzed using a backgroun
subtraction method39–43 with optimization of the lowr por-

FIG. 5. Mg K-edge NEXAFS spectra of~a! 270-nm Mg film
with 10-nm Pd~TFY!, ~b! 45-nm Mg with 10-nm Pd~transmission
in He!, ~c! Mg2Ni ~TFY!, ~d! MgH2 ~TFY!, and~e! 45-nm Mg with
10-nm Pd~transmission in 4% H2 in He!.
6-4
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tion of the EXAFS, followed by Fourier transformation tor
space. The normalized spectra of the 270-nm Mg film a
two Ni-Mg films are shown in Fig. 6. The magnitude of th
oscillations decreased with increasing nickel concentratio
as-deposited Ni-Mg films due to disruption of the Mg stru
ture. In the hydride state only very weak EXAFS oscillatio
were observed irrespective of Ni content. Comparison
EXAFS for Ni-Mg films in the hydride and metallic state
with bulk MgH2 and Mg2Ni ~Fig. 7! suggests that more o
the magnesium in the Ni0.13Mg0.87 film is hydride than in the
Ni0.33Mg0.67 film, where unreacted Mg2Ni remains. To get
more insight into the structural properties of Ni-Mg th
films, detailed analyses of the experimental EXAFS spe
were conducted by theoretical fits.

Scattering amplitudes and phase shift functions of
Mg-Mg, Mg-Ni, and Mg-O pairs in Mg, Mg2Ni, and MgO
were calculated using the programFEFF ~7.02!.40,41 The pro-
gram FEFFIT ~2.5d!,42 which is based on a nonlinear leas
squares technique, was used to fit the experimentalr-space

FIG. 6. Mg K-edge EXAFS spectra of thin films measured
transmission in He:~a! 270-nm Mg film with 10-nm Pd,~b!
Ni0.13Mg0.87 ~232-nm film with 11-nm Pd!, ~c! Ni0.33Mg0.67 ~154-nm
film with 11-nm Pd!; in 4% H2 in He: ~d! Ni0.13Mg0.87, ~e!
Ni0.33Mg0.67.

FIG. 7. MgK-edge EXAFS spectra of~a! 270-nm Mg film with
10-nm Pd~transmission in He!, ~b! 45-nm Mg film with 10-nm Pd
~transmission in He!, ~c! Mg2Ni ~TFY!, ~d! MgH2 ~TFY!, and ~e!
45-nm Mg film with 10-nm Pd~transmission in 4% H2 in He!.
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EXAFS data. Phase-corrected Fourier transforms ofx(k) to
r space with ak2 weighting factor and a Hanning window
function (Dk1 andDk250.1) were performed using value
of Kmin , Kmax, r min , andr min of 1.8 Å21, 5.6Å21, 2.1 Å, and
5.1 Å, respectively. The value of the passive electron red
tion factor (S0

2) ~Ref. 43! was deduced from the spectrum
MgO and used for fitting Ni-Mg film spectra.

The Fourier-transformedk2-weighted MgK-edge EXAFS
intensities for Ni-Mg films in their metallic states are pr
sented in Fig. 8 along with theoretical fits. Figure 9 sho
the fitting results ink space. The resultant structural param
eters, coordination number~N!, bond distance~R!, and
Debye-Waller factor (s2) for Mg, Ni0.13Mg0.87, and
Ni0.33Mg0.67 are given in Table II. Attempts were made to
the data using Mg-Mg~first and second shell!, Mg-Ni, and

FIG. 8. Phase-corrected and Fourier-transformed MgK-edge
EXAFS spectra of 270-nm Mg film with 10-nm Pd, Ni0.13Mg0.87

~232-nm film with 11-nm Pd!, and Ni0.33Mg0.67 ~154-nm film with
11-nm Pd! films in the metallic state.

FIG. 9. Fit results ink space for MgK-edge EXAFS spectra o
270-nm Mg film with 10-nm Pd, Ni0.13Mg0.87 ~232-nm film with
11-nm Pd! and Ni0.33Mg0.67 ~154-nm film with 11-nm Pd!; films in
the metallic state.
6-5
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TABLE II. Coordination numbers (NMg), bond distances (RMg-Mg), and Debye-Waller factors (sMg-Mg
2 )

obtained from MgK-edge EXAFS for thin films in metallic state.

Sample

Mg-Mg ~first shell! Mg-Mg ~second shell!

N R ~Å! s2 (1022 Å 2) N R ~Å! s2 (1022 Å 2)

Mg 12.00~66! 3.203~3! 2.21~19! 4.92~97! 4.568~24! 2.63~19!

Ni0.13Mg0.87 8.60~17! 3.098~1! 2.75~7! 2.92~25! 4.465~11! 3.27~7!

Ni0.33Mg0.67 3.33~39! 3.038~6! 1.65~35! 1.70~57! 4.472~35! 1.96~35!
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Mg-O interactions. No significant contributions from Mg-N
and Mg-O were found. There is a decrease in amplitude
the Fourier-transformed intensity on the addition of nick
The nearest-neighbor and next-nearest-neighbor Mg
shells experience a decrease in mean-square relative
placement~MSRD! with increasing nickel concentration. Al
though the Ni-Mg films are amorphous by XRD, there
microscopic ordering up to the second shell~;4.5 Å!, de-
spite decreased coordination numbers and increased dis
with increasing Ni concentration.

The EXAFS oscillations in hydrided films are suppress
for several reasons. The six hydride ions surrounding Mg
MgH2 are weak scatterers. The number of Mg near neighb
~2 at 3.02 Å! is smaller than in Mg~12 at 3.2 Å!, and a
second shell~8 at 3.53 Å! causes overlapping oscillation
Finally, the introduction of hydrogen produces a more dis
dered system. The hydrided 45-nm Mg film shows featu
similar to those in bulk MgH2.6,7 Hydrided Ni-Mg films,
however, resemble Mg2Ni, which suggests that this phas
persists even when the free magnesium is converted
MgH2, and that it dominates the Mg EXAFS spectra. Th
result is also consistent with the lower optical transpare
of films with higher Ni content.

IV. CONCLUSIONS

Cosputtered Ni-Mg films were found to be amorphou
The presence of nickel led to increased disorder and
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