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Abstract

The structural and mechanical (hardness) properties of thin Ni films of difTer-
enl thicknesses (t=4,10 and 36) nm deposited on coming glass substrate using lon-
beam sputtering (IBS) technique under vacuum <107 Torr have been studied . The
TEM and electron diffraction pattern for all {ilim thicknesses show a polyerystalline
structure with average grain size (2,4,5)nm respectively Lt is atso found that the hard-
ness increases as the [ilm thickness increases give a maximum value of 185 kg/mm® at
=36 nm .

1- Introduction " :_5"’_,_________(1)
The structural properties at thin YoM
films give an imporlant information were Pothe applicd  foree | M the sur-
such as crystalline structure , grain size face arca of mdentation :
and the dyg values . The number ol
Vickers microhardness is obtained by - WL
dividing the applied load in kilograms ol o — s e (2)

: 2sina /2
~ force by the surface area of the in-

dentation in square millimeters com-
puted from the mean of the measured
diagonals of the indentation . It is as-
sumed (hat the indentation is anim-
print of the undeformed indenter 1] .

The Vickers hardness (liyv) number is
computed from the following equation H =1851
[2]: ‘ d”

where d is diagonal of the indentation
when o - 1307

From cquations (1) and  (2) the Ly is
piven by ¢
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The aim of this paper is to report the
relation  between the hardness and
siructural measurements of thin Nickel
films.

2- Experimental Details

Nickel films {INi) were pre-
pared by deposition on coring glass
(silica) substrates from Nickel target
99.99% purily using ion ~ beam sput-
lering  technology (1BS) under vacuum
<107 Torr. Different [ilm thicknesses
of Ni can be obtained using the rate of
deposition curve as shown in Fig.(1).
The deposition rate is in the range
(0.15-2.0)A ‘niin? . The samples for
transmission  electron  microscope
(TEM) were deposited on NaCl crystal
substrates and then the Ni [ilms were
removed by immersing the coated
crystal in deionised waler , the floated
films were brought up by using (Cu-
200 Hexmesh) The bardoess ol the
films were examined by A microin-
dentation hardness test using a cali-
brated machine to force a diamond in-
denter of specific geometry , undera
test load of 1to 1000gt, into the sur-
face of the test material and (o measure
the diagonal or diagonals optically [3] .

3- Results and Discussions
I- TEM and electron dilfraction
studics

Figure(2) shows the trdnsmlssmn elec-
tron microscope (mag 3X10 3y and the
electron diffraction patterns for Ni
films (4,10,36)nm as deposited on
NaCl substrate

The TEM pictures show a polycrystal-
line structure the microcrystals of these
{ilms have a hexagonal {orm associated
with the hexagonal close packed layers
for such layers defining the unitcell
2,=3.5238 A° of FCC structure . The
electron diffraction patlern of these
films shows a polycrystalline structure
the measured interplaner spacing from
the ring radit at the diffraction pattern
is in good agreement with the theoreti-
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cal dy caleulated from FCC structure
of Ni(u,3.5238 A") as shown in Table
(1) which give the values of d- spacing
for the as deposited Ni films at diller-
ent thickness . The missing hkd planes
for these fihus are (024), (026) due to
reorientation of crystaliies during the
deposition processes .

The average wrain size ol these micro-
crystally were measured from Fig.(2)
and  Tound to be tnerease as (il thick-
ness increases Lo varying (2,4,5 nmn)
for (4,10,36 nm) film thickness .

Table (1): The theoretical d- spucing cule wlated frome FCC

structire compeared with meusured d-spacing for the
depusited Ni films at different thickness.

2- Hardness  as a function of
films thickness
From cyn.3 the  varlation ol
hardness vs. lilo thickness is presented
in fig.(3) which shows that as film
thickness ncrease he  icrobardness
increases  ith aximum alue
185 kg,/mm2 at =36 nm . This result
was atlributed to the increase of ihe
grain size with increasing thickness as
shown in TEM which give asmooth
organized film with less vacancics and
high hardness [4-5] .

Mensured d- spuunl,
hkl Theoretical d-spacing
4nm | J0am | 36nm
| 20340 2050 ;| 2050 | 2050
T (002) 17619 1776 | 1776 | 1765
(022) l 2460 1.292 | 1.254 1.237
RUEHE 1.0023 1087 | 1070 | 1074
(222} 1.72 1.015 1 1.0135 1.016
o4y o 08810 0486 | 0.806 | 086y
(I3§_L 9 808D 0.8U75 0 i:()'i ] (l B(Ih
28y | o780 - X XX
(224) 67190 0711 0711 | 0721
333 T 06780 0.666 1 0.660 1 0.663
L5 FRER PR
[ ©4m | o690 10 634 1 0.635 | 0.6
L (135) | 03960 0,592 | 0.592 | 0690
o) | 05870 | 0576 0576 W57
| (o26) | 05570 X L X 1 X
L (335 | . 03370 0533 10,535 | 0531
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4-Conclusion

From the above results we cun
conclud that the structure and me-
chanical properties were affected the
film thickness as follows :

1- All [ilms shows as polyerystal-
line structure with aveye grain
size increase us film thickness
increases .

2-The  microhiurdness  measure-

ments show  that when il thick-

ness increases the hardness of the

film increase .
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Fig. {1) : The variation of thickness vs. time for
Ni films

Hardness{kg/mmjvs. Thickness(A)

[4s}
(=}

RS ES P

Hardnessd&glmﬁi)

-~ o oo

o =l

[ T e R 6

S -

o O

/

Thickness(!\‘)

0 50 100 150 200 250 300 350 40U

Fig.(3} : The reiation between the film

thickness and Hardness for Ni Films

309



Um-Salama Science Journal Yol 2 (2) 2005

References

1. ASTM . 1984 . Standard test 4. Hedengvist, P S.Jaconson
method for microhardness of and S.Hogmark (1997 . Thirbologt-
materials : 723 . _ cal PVD  coatings characterization

2 Bolton ,W. 1998 . Engineering of Mechanical properties , Surlace
materials technology, 31 Jid. and coatings technology .97 :212-
55-59 . 217.

3. Al-Ani, S.K. Al-Haddad ,R.M. 5. Poppeller, M. and Abermann,
and Th.IKCAL-Ani . 2002 A study R. 1997 . Intlucnce of substrate
and  comparsion of hardness for propertics on the prowth flns
thin Al, Se , ITO films,lragi J. Sci Thin Solid Films | 295 :60-66 .
1(3):69.

5canall 4l (Ni) JSaill Apsdy Asitsaall g LS 3 (ual 3
o) il Ay

gLl jada Glia® Al Jaanx Jlas ) g™
ot (il p3le gi*** ) el e il (5 S3*

4 jeafiveal) dzaladl — agixll 4308 — oLy JRY pud*
Sk Araly — aslll A0S — L300 pud
A g 533N Awalad) — 4 gall dausin pud *H
dattall

i ey KLE IS 050 Y LSS 5 LS Gl 53 Gy Bl 2 Sl 138 5
e U iy 1 b 301 BN Zi e plasialy 3l Rla ) Bl le (4,10.30)nm
. 107 1o
(TEM) il s SN gaell iluld gl Jaiy Ol gadl oda Ao s Laall e il &l 0 5
e Jina (s b are CaS B Lgd of landl DAL 5 JS 52V (BDP) gl daes Al 0
Ak soly) Ao sl 52%ha Ol LSSl bl cug lias, Nl e (2,4,5mm sl
. 185 kg__g/l'nm2 (S5 36NM hass 53 JSall oliad saleall ad del o g el e

310



	116.jpg
	115.jpg
	114.jpg
	113.jpg

