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ABSTRACT

Nickel/Copper (Ni/Cu) nanostructures with constant total hominal thick-
ness were fabricated with different Ni and Cu layers of equal thicknessin
theratio of 1:1 per nanostructure. Throughout the study, the total nominal
thicknesswaskept at 2 400A° whilst the Ni/Cu layerswere varied maintain-
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ing the 1:1 ratio of the Ni and Cu layer thicknesses. The surfaces of the
nanostructures were characterised using the Atomic Force Microscope. It
was found that the surface roughness behaved differently for Ni and Cu
layers less 5A° than that of Ni and Cu layers greater than 5A°.
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INTRODUCTION

Nickel/Copper nanostructuresall oysfabricated by
e ectrodeposition werestudied by Kazeminezhad et d [
and Kazeminezhad. In theresearch the surface pro-
filesof thenanostructureswere studied to seehow the
surface roughness evolveswith changesin the thick-
ness of the nickel and copper layers being deposited
using the e ectrodeposition method.

Surface roughness as we know is alength scale
dependent quantity characterised by aparameter caled
the surface width which isdefined mathematically by
equation (1),

w()= [{(Beo- ooy ) o)

wherew isthe surfacewidth, | isthelength scale
over whichwismeasured, h(x) isthesurface height at
positionxand ( ) denotestheaverage over thearea
measured.

The surfacewidth exhibitsabehaviour that obeys
the conditionsgiven by theequation (2).
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wherew_ isthesaturation surfacewidth, |_isthe
trangition (or cross-over or correlation) length at which
w changesfrom the power |aw dependenceon| tow_,
and H isthe Hurst exponent.

Family® refersto | _asthewavelength of the sur-
facefluctuationswhilst other authorsseel_asbeingin-
dicative of the average mound size®*, The mounds
can be perceived asmicroscopic hillson thefilm sur-
facewith the saturation surfacewidth, w_, giving the
average height of thehillswhilst the cross-over length,
|, givestheaverage basewidth dimension of thehills.

When the surface width graphs coincidefor | <I_
but not for | > | , thenthe surfacewidth is said to ex-
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Figurel: Graphical representation of normal scaling of the
surfacewidth. The graphs of the surface width versusthe
length scale show divergencein thevalue of the saturation
values of the surfacewidth, whilst exhibiting conver gence
beow thecross-over length of thefilm with thesmallest thick-
ness. The dashed lineswith arrowsindicate thew_ and | _
values,
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Figure3: Surfaceroughnessfor Ni/Cu nanostr uctureswith
constant total nominal thicknessand variablerepeat layer
(t,, +1g,) thickness. (v ) Ni = Cu=1.25A°[2.5A°], (~) Ni=
Cu=25A°[5.0A°,(2)Ni=Cu=5.0A°[10A°],(» )Ni=Cu
=10A°[20A°], (¢« ) Ni=Cu=20A [40A°], (¢) Ni = Cu=40A°
[80A°], (m) Ni =Cu=80A°[160A°]. Thenumbersin square
bracketsaretherepeated layer thickness.

hibit norma scaing* with respect tol. Thisbehaviour
isillustrated infigure 1. The surfacewidth can a so ex-

hibit behaviour that differsfrom normal scalingwhich
occurswhenthe entire surface width graphsaredis-
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Figure2: Graphical representation of theanomalousscaling
behaviour of the surfacewidth. The graphs of the surface
width ver susthelength scale do not convergeasfor normal
scaling behaviour. Thedashed lineswith arrowsindicatethe
w_, and|_values.

10 - -_.__—'._

w (nm)

e e
[ {nm)
Figure4: Ni/Cu nanostructureswith layer thicknessesof t,
(=t.,) ={(»)10A°[20A°], (¢ ) 20A°[40A°], (®) 40A°[80A7],
(m) 80A°[160A°]}. Thenumbersin squarebracketsarethe
repeated layer thickness.
placed throughout their entirelength; when this hap-
pens, thesurfacewidthissaid to exhibit anomaloudy
scaing*®. Thisbehaviour isillustrated infigure 2.
Thecross-over (correlation) length, | , featuresin
both thenormal and anomal ous scaling regimes. Some
authors, Jeffrieset al ¥ and Siegert!™, interpret |_asa
boundary between two regimes. One regime charac-
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Figure5: Thegraph of W_, versusrepeated layer thickness
(t, +t.) (W) datapointsfrom TABLE 1and (-) linear fitting
of thelog-log plot of W_, versusrepeated layer thickness.
terized by | << |_occursasaresult of surfacediffusion
effectswhich dow down oncel_hasbeenattained. The
other regime characterized by | >> | _isindicative of
theabsenceof surfacediffusion effectswhichresultin
themoundson the surfacegrowing in height after hav-
ing reached themaximum basesize. Theconcdlusonthat
abovel_thesurfacediffusion effectshavea most ceased
isbased onthefact that in thelength scaesgreater than
the correlationlength, the surface characterization func-
tionsarelateral length scaleindependent whilst below
| they show dependenceon latera length scales.

EXPERIMENT AND RESULT ANALYSIS

Theadloy program, developed K azeminezhad®? by
was used to deposit Nickel/Copper nanostructureswith
activemonitoring of Ni dissol ution and appropriatecom-
pensation. Thereduction of thedeposited Ni and Cu
layer thicknessresulted inthe Ni/Cu nanostructure be-
ing more of an alloy than amultilayer becausethe Ni
and Cu layerswere not distinguishable. The surface
morphology of the Ni/Cu nanostructures was
characterised using theatomic forcemicroscope (AFM)
in contact mode.

Nanostructuresof Ni/Cu with constant total nomi-
nal thicknessand variablerepesated | ayer thicknesswere
deposited and then characterised using theAFM. The
repest layer (t, +1_,) wasvariedwhilst mantainingthe
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TABLE 1: Showssurfacemor phology par ameter sobtained
fromfigure4.

tnittou (A)  Wer(nm)  lc(nm)  H (eq. 4.1)
20 6.46+0.03 120+3 0.75+0.02

40 8.10+0.04 159+3 0.78+0.02

80 9.17+0.04 158+3 0.78+0.01

160 10.70+0.05 17543 0.78+0.01
AveH - 0.77+0.02

Ni:Curatio of 1.1; that is, t, equdl to t_. The total
nomina nanostructurethicknesswas held constant by
varyingthenumber of repests. TheNi/Cu nanogtructures
witht (=t,) =1.25A° andt (=t ) =2.5A° were
found to have higher surface roughness than other
samplesin the set. Figure 3 shows the set of Ni/Cu
nanastructureswithfixed total nomind thickness; inthis
figurewe seethe Ni/Cu nanostructureswitht, (=t )
=1.25A° andt (=t ) =2.5A°; (that is, repesat layer of
2.5A° and 5.0A° respectively) showing larger surface
roughnesswhilst nanostructureswitht (=t ) greater
than 2.5A (repeat layer greater than 5.0A°) show an
increasein roughnesswith increasing repeated layer
thickness. Thegraphsinfigure 3withrepeet |ayer thick-
nessgreater than 10.0A° areshowninfigure4 andthe
surface roughness parametersfor these samples are
giveninTABLE 1.

TheNi/Cunanostructureswith repeated |ayer thick-
nessesof 2.5A° and 5.0A° show higher surfacerough-
ness as measured by the surfacewidth. The observed
anomay that isexhibited by the Ni/Cu nanostructures
withrepesat layersof 2.5A° and 5.0A° can beexplained
inpart by the nature of the surface that result fromthe
deposition. When the Ni layer isdeposited, duetoit
be ng inadequateto cover the deposition surface, result
intheformation of mound that are spread over theen-
tiresurface. When the Culayer getsdeposited, it tries
tofill thevalleysthat were created during the Ni depo-
sition; however, theaffinity betweentheNi and Cure-
sultinthemoundsgrowingin height whilst thevalleys
arenot filling up asanticipated.

Theother Ni/Cu nanostructureswith repeat layers
of 10A° to 160A° show theexpected scaing behaviour,
wherethe surfaceroughnessincreaseswithincreasing
deposited layer thickness. Thisparticul ar observation
tendsto point to thefact that the system treatsthere-
peat |ayer thickness asthe de-facto thicknessthat can
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be used in theanalysis of the nanostructures’ surface
profile. Following thislineof thinking, nanostructures
that follow the expected scaling behaviour have been
extracted and their graphsplotted infigure 4.

Thedatarepresented infigure4 wasused to cal cu-
latetheentriesof TABLE 1.

Thevalues of therepeated (t,; +t_ ) layer thick-
nessand the saturated surfacewidth (W_,) were used
to plot figure 5 fromwhich thevalueof 3 *wasdeter-
mined using equation (4) and thedynamic scaling ex-
ponent (z’) was cal cul ated using equation (6) which
turned out to be 0.24+0.02 and 2.9+0.3 respectively.
Usingthevauesof |_fromnTABLE 1 andequation(5) z
wascd culatedtobe6.1+2.2; thisva ueisdifferent from
theva ueobta ned using equation (6). Equation (5) can-
not be applied in thisstudy becausethetota film thick-
nessisconstant.

CONCLUSION

Thisstudy hasshown that scaling laws can be ap-
plied to nanostructureswith constant nomind thickness
when considerationislimited to the thickness of the
repeat layers; which in thiscase werethe Ni and Cu
layers. It can beargued that thisisinappropriate; how-
ever, cons deration would haveto be made of thefact
that continuity of deposition can bestretched to apply
to therepeat |ayersbeing deposited. Thisbeing so be-
cause thelast repeat layer to be deposited is seen as
being deposited on a substrate that isformed by the
previoudy deposited layers.

ACKNOWLEDGEMENT

| would like to acknowledge theimmense assis-
tancethat | got from Walther Schwarzacher and the
el ectrodeposition group at the University of Bristol dur-
ing the period that thisstudy was undertaken.

—= Ful] Paper
REFERENCES

[1] Irgy Kazeminezhad, H.J.Blythe, W.Schwarzacher;
Applied, Physics Letters, 78, 1014 (2001).

[2] Irg Kazeminezhad; Growth and characterization of
Ni Cu,-x alloy films, Ni Cu,-x/Ni Cu, multilayers
and nanowires, Ph D Thesis, University of Bristol,
(2001).

[3] FFamily; Physica, A., 168, 919900 561.

[4] W.Schwarzacher; Journal of Physics: Condensed
Matter,R, 16, 859 (2004).

[5] R.Cecchini, J.J.Mallett, W.Schwarzacher; Electro-
chemical and Solid-State letter, C., 6, 103 (2003).

[6] J.Lapujoulade; Surface Science Reports, 20, 191
(1994).

[7] M.E.R.Dotto, M.U.Kleinke; Physical Review, B.,
65, 245323 (2002).

[8] JH.Jeffries, J.K.Zuo, M.M.Craig; Physical Review
Letters, 76, 4931 (1996).

[9] M.Saitou; Physical Review, B., 66, 073416 (2002).

[10] S.Vilain, J.Ebothé; Material Science and Engineer-
ing, C., 15, 199 (2001).

[11] FFamily, T.Vicsek; Journal of Physics A: Math-
ematical and General,L., 18, 75 (1985).

[12] M.Siegert; Physical Review,E., 53, 3209 (1996).

flano Science and flano Technology

7 e T ot



