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Abstract. The r/-sput.teretl Nife-Si alloy t.11in films were investigated. 
The thickness oft.he films was around 110 nm , t.he velocity of deposition 
was changed from 0.11 nm·s-1 t.o 0.92 nm·s-1

. The coerci\'e force IIc was 
examined by ga.lvauomaguet.ic measurements. It. wa.s found t.hat ll c de­
creases and t.he content of Si increases when the growt.h velocity increases. 
The magnt-t.ic beha\'iour was explained by st.ruct.ural effects during I he film 
growth . 

Pc3IOMc. Ylccne.nona11L1 n;1et1KH N i~-Si. no;1y<Je11111>1e 111eTOJ.lOM pa­

.n11o<JaCTOT1toro pacm>1nem111. Tomu1111a 11 11e110K - OKOJIO 110 um, a 

CKOpOCTh 11am>1J1e111rn H3lllellJl;1aCb OT 0 , l l 1tlll·S-J .no 0 ,92 nm ·s-1. l\1e­

TOJ10M atl•tl•eKTa Xonna onpeJleJ1c11a K03pUHTHUHaH CHJia II c o6pa.:mos. 

C pocTOJ\I c1mpocTH 11an1>1ne11H11 Ile y111 e11b11rnnaeTcJ1 , a. COJlep;1m11He Si 
pacTeT. Mar1111T11oe none.nem1e n11e11KH cn113a110 c CTPYKTYPHhllllH oco-

6e1111ocT11111H npouecca 11anL1ne111111. 

1. Introduction 

The alloy films of t.he transit.ion metals Ni and Fe are well investigated as a soft 
magnetic material and t.hey are usually prepared by a vacuum evaporated technique 
[I].The met.al-metalloid alloys of Ni and Fe with Si , Ge, B, C, P, of a different 
quantity allow to be produced as magnetic materials with a variety of properties 
and structures. The sput.t.ering vacuum film deposition could give an opportunity 
to prepare films wit.h new properties . 

In this paper the coercivity of Ni Fe-Si films wa<> investigated by galvanomagnetic 
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measurements. The films were prepared by 1·/-111agnet.ron sputtering met.hod. The 
coercivity He of the films was measured as a function of the velocity of deposition. 
The important influence of this technological para met.er of the magnetic properties 
oft.he films was shown. 

2. Experimcutal 

The alloy (NisoFe:w)rno-rSir films were prepare<l by 1'/-magnetron sputtering of 
NiFeSi alloy target. by a Z-400 Leybolcl-lleraeus system in Ar-plasma at pressure 
10-1-10-2 mbar. The 1·/-sput.t.ering parameters were: cathode volt.age Ur/ = 1-
2 kV, 1·/-generator's current Ir/ = 120-170mA, 1'f-power applied to the target 
Pr/= 2-8W·rm- 2 . 

The films were deposited ont.o glass subst.rates and onto thermally oxidized Si­
wafers with a thickness oft.he oxide around 500 um. The substrates were cleaned 
chemically and just prior t.o t.he <leposit.ion au ion bombardment wa5 used for final 
cleaning. No int.ent.ional heating was applie<l t.o t.he substrate during the deposition, 
but due to the substrate cont.act with t.he plasma components, the substrate tem­
perature increac;ed to a value of< 100°C. The thickness oft.he samples wa5 about 
110 nm. The obt.ained layers had random orient.at.ion of the easy axis of magne­
tization. The samples were annealed aft.er deposition. The annealing procedure 
consisted of two steps: 

( i) annealing of samples in Hratmospherc at. '1!)0° for 15 min iu order t.o reduce 
the number of dt•fects arised durung the deposit.ion; 

(ii) cooling the samples in IJ'.J-at.mosphere at. an external homogeneous magnetic 
field 8 kA ·m- 1 applied in t.he plane oft.he films [2]. 

The aim oft.his work was t.o find out. the inf11wnr1~ oft.he vclocit.y growt.h v9 on the 
chemical content and the cof"rcivity force of t.hc film samples. The velocity growth 
wa5 changed from O.llnm·s- 1 t.o 0.92nm·s- 1. The samples were prepared with 
reel.angular geometry by means of photolithography. After t.hat the elect.rodes of 
copper wit.h thickness of 60 nm were evaporated. This configuration was convenient 
for the galvanomagnetic measurements. The chemical composition of the samples 
was determined by t.he electron microscope "Philips 515". Their crystal structure 
was observed by an electron diffraction using Carl Zeiss elecron microscope EF-IV. 

The magmetic properties of investigated Ni Fe-Si films were determine<l by two 
galvanomagnet.ic dependences of the planar If all effect. The first. one was the field 
dependence U(H)n:con•t where U is the planar Hall voltage at different. values of 
external magnetic field FI, applied in the film plane at different field directions 
0 with rl.'spect to the long side of the sample. The second one wa5 the angular 
dependence U(O)e:con•t wlwre [! was the Hall rnlt.agc at fixed value of the planar 
·magnetic field H, applie<l in different. angles 0. The measurements were carried 
out. in the homogeneous magnetic fiel<l fl $1.1 kA m- 1 produced by Helmholtz 
coils. The angular rotation of the sample towards the magnetic field direct.ion was 
cont.rnlled wit.bin an accuracy :?0' . 

The st.abilized current. somce ensured a constant. current. density through the 
sample. The changes of the Hall voltage were regist.red by X- Y plotter [3]. 
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3. Conclusions 

The chemical composition measurements determined that the silicon content in 
the films depend essent.ially on the velocity of the film growth. The Si-content 
increased from :J to 29 at .. % when t.he velocity of deposition v9 inc1·eascd as stated 
above (Fig. 1 ). The small silicon content. in t.he film at a low sputtering velocity 
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Fig. 1. Cobrcive f~rce ~nd. silicon co_u.te'1~#ia. fu.!~UO~-~ the vel<>Pity growtb of NiFe::,.Si 
films · .· · . ~-'· . :.· ·, {:_S \ ~.'< · ·::-i,:: ' ... :·., . · · · · · 
could ~ ~xplained ~iii' di~ -Jci'r•1;;e1~ty ot'the SJ>\lf.t~rittg: process of the silico~ :; 
compared to t. h~ v_~klcity ohhe F~*1idN~-sputtering uudedbe same conditions (4]. 
Tl~e diange of th~ sjliron com{lositii>n has a straiig iuftuet~~ both on the electron>. , 
structure ·and c>ti .. the ' don ain walls which reOeets on the He-value. · 

The uystat'.st~tJd~re qf .the (NiFehoo-:rSi"' sample$ was examined by elecroJl · 
diffracti(>lt patterns iu the r~nge of x as previously mentioned. Tile polycrystalline , 
structure ·was observed in t.he films with a silicon cont.ent. of 3 or 7.5at.%. The 
sample$ .·were amorphous when t.he silicon co1it.ent wa.s more than 20 at .%. The 
adhe$ion between t.he fiJms aud the different substrates was good. The value of 
coercivity He <let.ermined by the Ha.11 measurements decreased with the increase of 
the velocity growth (Fig. 1.). 

The h'ehaviour of He could be connected with structural effects. The films 
grown at lower sputtering velocity formed a coarse-grained polycrystalline structure 
det.errnining a higher value of the coercivit.y He. The magnitude of He decreases 
gradually with t.he increase of the velocih oft.he film growth. This is pres!lmably 
connected both with 'a decrease of the size of t1~ grains and wi,t11 begiiling of the 
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amorphou:;: structure due to t.he higher silicon cont1'nt. They bot.It facilitate the 
domain wall mot io11 iu the films. 
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