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ABSTRACT 

The val ues for the norma l Ha l l coeff i c i ent  R
0

, e l ectr i ca l res i s t i v i ty 9
and the room temperatu re coeff i c i en t  of res l s t i v i ty g(  for ten . amorphous N i BS i  
a l l oys w i th .meta l !o i d concen t rat i on rang i ng from 2 0  t o  39 at% are reported . R

0 
and c(. con t i nuous l y  decrease wi th i nc reas i ng metal l o i d  conten t or , for the 
f i xed meta l l oi d  con ten t ,  w i th i ncreas i ng s i l i con concentrat i on and cC. changes 
s i gn for 9 � 1 40 pllcm. The val ues of the Fermi wave vecto r deduced from R

0 
(wi th i n the f ramework of the free e l ectron model ) i nd i cate that the transport 
prope rt i es of N i -meta l l o i d  a l l oys can be i n terpreted in terms of the Z i man­
Faber theory. The concent ra t i on dependence of R0 i nd i cates a s i gn i f i c i ant  
charge t rans fer from meta l l o i d  a toms to  the conduct ion band. 

The knowl edge of the e l ect ron i c  propert i es of amorphous N i -meta l l o i d  a l l oys 
can i mp roove the unde rstand i ng of the propert i es of amorphous t rans i t i on meta l ­
-meta l l o i d  a l l oys i n  genera l . I n  N i -metal l o i d  metal l i c g l asses the res i s t i v i ty 

9 i ncrease wh i t e the room temperature coeff i c i en t  of the res i st i v i ty o/.. g 

(l /9) d9/dT decreases wi th i ncreas i ng meta l l o i d  content.  For res i s t i v i t i es c l ose
to 1 50 Jlllcm d. ,  as one wou l d  expect f rom Hooi j  /1 / corre l at i on ,  changes s i gn and 
becomes negat i ve .  I t  i s  argued /2 , 3/ that such a behavi ou r ,  as we l l as the e l ec­
t ron i c  t ransport i n  these a l l oys , can be exp l a i ned i n  terms of the d i ff ract i on 
mode l ( i . e . Z i man-Faber theory) . As the exact va l ues of the Fe rmi wave vector 
kF (necessary for the use of the d i ff ract i on mode l )  were not known , kF has been
taken as an adj ustab l e  parameter. Therefore i t  i s  i n teres t i ng to see whether the 
va l ues for kF ' deduced from R

0 
i n  the free e l ect ron approx i mat ion ,  support the

app l i cab i l i ty of the Z i man-Fabe r theory to N i BS i  a l l oys . We a l so w i shed to f i nd 
out whether a c l ea r  corre l at i on between R

0 
and s> or o( ex i s ts .

The Hal l res i s t i v i ty ( a t  l i qu i d n i t rogen and room tempe rature) , the el ec­
t r i ca l  res i s t i v i ty and the room tempe rature coeff i c i en t  of the res i s t i vi ty were 
measured for . ten amorphous N i BS i a l l oys· wi th the meta l l o i d  concen trat i on rang i ng 
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from -20 to 39 at% .  The a l l oys were p repared by the mel t-sp i nn i ng techn i que /4/. 
The samp l es were r i bbons about t , 5-2 mm w i de and on average 24 ym th i ck .  The 

l arges t e r ror  i n  the Ha l l  res i s t i v i ty a r i ses from the uncerta i n i ty i n  th i ckness 

and i t  amoun ts to about 5 %. The actua l measuremen ts were performed us i ng the 

standard DC techn i que. 

Al l our a l l oys are pa rramagnet l c and the Ha l l  res i s t i v i ty i s  a l i near 

funct i on of magnet i c  f i e l d .  The va l ues for R
0

, for the part i cu l a r a l l oy ,  at

l i qu i d n i t rogen and room temperature a re the same. Th i s  I nd i cate that there i s  
no anoma l ous magnet i c  cont r i but i on to the Ha l l e ffect i n  our  a l l oys . 

The va l ues for R
0

, f and o( for a l l N i 8S i  a l l oys a re l i sted i n  Tab l e  1 .

I n  f i gure 1 we p l otted the va l ues for o(  and R
0 

as a funct i on of e l ectr i ca l  res t -
s t i v i ty.  As expected decreases wi th I ncreas i ng res i st i v i ty and changes s i gn 

for s, � 1 40 JJLlcm. We note that the Ha l  1 coeff i c i en t  .a l so decreases s t rong l y  � i  th 

i nc reas i ng res i s t i v i ty .  

TABLE 1 

Concen tra t i on -R y J.. n 2kF0 a m 

N i  B S i ( 1 0- 1 0m3A- 1 s- 1 ) (µncm) ( l 0 -4K- l ) ( 1 0- t om- 1 ) )

80 

80 
80 
78 
75 
75 

75 

67 

67 

6 1  

1 8  2 1 . 00 83 1 . 80 0 . 65 2 . 46 

1 5  5 0 . 93 87 1 . 80 o .  71 2 . 52 

1 0  1 0  o . 88 85 1 .  70 0 . 76 2 . 56 
1 2  1 0  lh 74 89 1 .  35 0 . 89 2 .  72 
20 5 0 . 76 97 1 . 20 0 . 82 2 . 68 
1 5  1 0  0 , 70 95 1 . 1 0 0 , 9 1 2 .  76 
1 0  1 5  o .  70 1 1 0 1 .  00 0 , 93 2. 76 

33 0 0 , 50 1 22 0 . 22 1 . 1 3 3 . 1 0

22 J 1  o . 49 1 38 6 . 06 1 . 2 1 3 . 1 2

39 0 o . 45 1 60 -0 . 22 1 .  1 7 3 . 20

Data for N i BS i  a l l oys : R
0

, y , o( , the number of conduct i on

e l ectrons per atom na , kF and the numbe r of e l ect rons that the

meta l l o i d  atoms poss i b l y  con t r i bute to the conduct i on band nm.

0 . 85 

t .  1 5  

t . 40 

1 . 92 
1 . 48 

t .  84 

1 . 92 
2 . 2 1 

2 . 43 
2 . 06 

I n  orde r to exp l ore i n  more deta i l how the t ransport p ropert i es of our 

a l l oys depend on the meta l l o i d  concen t rat i on we p l otted in  f i gu re 2 (a) and 2 (b )  
al. and R as a funct i on of s i l i con to  the total  meta l l o i d  content rat i o. From 

0 
these f i gures i t  can be conc l uded that , for f i xed s i l i con to boron rat i o ,  both 

o{ and R
0 

dec rease w i th i ncreas i ng tota l meta l l o i d  conten t as we l l  as that ,
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for f i xed n i ckel concent ra t i on , both o( and R
0 

decrease i f  boron i s  subs t i tuted
by s i  I i con . 

Havi ng assumed that the use of the free e l ect ron model  for the descr i p t i on 

of the e l ect r i ca l  t ransport  i n  our N i -meta l l o i d  a l l oys i s  J us t i f i ed /5/ we 

ca l cu l ated from R
0 

the numbe r of e l ect rons pe r  atom na · The resu l ts are g i ven

ln Tab l e  1 and f i gu re 2 (c) . We see that  na i ncreases w i th i ncreas i ng meta l l o i d

concent ra t i on and , for f i xed n i cke l concent ra t i on ,  wi th i ncreas ing  s i l i con 
concent ra t i on as wou l d  be expected from the va lenc i es of boron and s i l i con i n  
a s i mp l e  cha rge t ransfe r  mode l . 
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Fi g . 1 .  R
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and o{ as a func t i ons of the res i s t i v i ty i n

amorphous N i BS i  a l l oys l i s ted i n  Tab l e  1 .
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(a )  (b )  (c )  

Fi g . 2 .  o(, (a) , R (b)  and a number of the conduct i on e l ectrons 
0 

per atom n (c) as a funct i on of s i l i con to the tota l me ta l l o i da 
content rat i o  e r. � i i s  n i cke l concent rat i on .

cN i

e 80
O 78
a 75
• 67
V 6 1

From the conduct i on e l ect ron dens i ty we a l so ca l cu l ated the va l ues ' of the 
Fe rmi wave vector kF (Tab l e  1 ) .  The concen tra t i on dependence of k� i s  s i mi l a r
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to that of na (f i g . 2 (c) ) .  2kF I ncreases from 2 . 46 1 0- l Om- l i n  N i
80e

1 8
s t

2 
a l l oy

to 3 . 20 1 0- 1 0m- l i n  N i
6 1

e
39 

a l loy .  At the same t i me  the pos i t i on of the f i rst
peak k i n  the stat i c st ructure factor S (k) of amorphous N i -meta lo i d a l l oys l s  

p
pract i ca l l y  i ndependent of the concent rat i on I n  th i s  concent ra t i on range /6/ 

.; 1 0 - 1  and amoun ts to  3 . 0-3 . 2  1 0  m • From the above we can concl ude that the depen-
dence of the res i st i v i ty and of the temperature coeff i c i en t  of the res i st i v i ty 
on compos i t i on i n  amorphous N i BS i  a l l oys can be i n terpreted i n  terms of � i man­
Fabe r theory . I n  agreement wi th th i s  theory t he res i st i v i ty  i ncreases wi th 
I ncreas i ng kF and a negat i ve temperature coeffi c i en t  of the res i st i v i ty above
the Debye tempe ratu.re occu rs when S (2kF) > 1 i . e .  when 2kF approaches kp .

Furthe rmore we est i mated wha t  i s  the number of e l ectrons ( i f  the s impl e  
p i cture of  the charge t rans fer i s  assumed) that the meta l lo i d a toms con tr i bute 
to the conduct i on band.  For th i s  est i mate we have assumed that the n umber  of 
conduct i on e l ectrons that comes from n i ckel Is equa l to 0 . 6  e l ectrons per 
n i cke l atom. The number  of e l ectrons that the metal lo i d a toms contr i bute to 
the conduct i on band nm i s  l i s ted I n  Tab l e  1 .  We note that nm i ncrease s i gn i ­
f i c i an t l y  wi th i ncreas i ng meta l lo i d o r  s i l i con concentra ti on .  S�ch compos i t ion 
dependence of nm may I nd i cate that as the d-band i s  bee i ng f i l l ed ,  more
e l ectrons from the meta l lo i d atoms enter the conduct ion band. 

I n  concl us i on ,  a corre l at ion between R ,  o and o(. i n amorphous N i BS I  a l l oys
0 . � 

have been found .  The val ues for kF (deduced from R0 i n  the free e l ec t ron mode l )
are cons i stent w i th the i n terpre tat i on of the e l ectr i ca l  res i s t i vi ty of 
N i - meta l lo i d a l l oys in terms of Z iman-Faber theory .  We a l so note that the 
number  of the conduct i on e l ec.t rons i n  these a l l oys s i gn i f i c i an t l y i ncreases 
w i th i ncreas i ng meta l l o i d  concentrat ion .  
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