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Resume - Une nouvel le  methode e s t  propos6e pour determiner l e  fac teur  de 
s t r u c t u r e  t o t a l  de materiaux amorphes 2 l ' a i d e  d'une technique d'analyse en 
energie des rayons X d i f f r a c t &  (EDXD, methode de l a  longueur d'onde var iab le )  
Cette m6thode e s t  fondPe sur  l ' e v a l u a t i o n  d i r e c t e  du s ~ e c t r e  d 'energ ie du 
faisceau p r ima i re  a p a r t i r  des donnees de d i f f r a c t i o n  sans appl iquer  aucun 
procede i t e r a t i f .  Les facteurs de s t ruc tu re  de p lus ieurs  a l l i a g e s  amorphes 
(9e T i  Zr, N i  Zr  e t  Ni Co Zr )  obtenus de c e t t e  maniere sont compares a ceux 
fourn is  par l a  methode classique de d ispers ion angula i re  (ADXD, methode 
du 20 var iab le ) .  

Abst ract  - A  new method was developed f o r  the  determinat ion o f  the  t o t a l  
s t r u c t u r e  f a c t o r  o f  amorphous mate r ia l s  usina the energy-dispersive X-ray 
d i f f r a c t i o n  technique (EDXD, va r iab le  A-method). It i s  based on the d i r e c t  
eva lua t ion  o f  the  eneroy spectrum o f  the  pr imary beam from the  d i f f r a c t i o n  
data w i thou t  apply ing i t e r a t i v e  procedures. The t o t a l  s t r u c t u r e  f a c t o r  for  
several amorphous al loys(BeTiZr, NiZr and NiCoZr) der i ved  i n  t h i s  way i s  com- 
pared t o  the one obtained from the  anqular d ispers ive  X-ray d i f f r a c t i o n  tech- 
nique (ADXD, v a r i a b l e  28-method). 

I - INTRODUCTION 

The s t a t i c  s t r u c t u r e  fac to r  I ( q )  contains important in format ion on the  topo loa ica l  
and chemical c o r r e l a t i o n s  i n  a  many p a r t i c l e  system. This f a c t  i s  espec ia l l y  t r u e  
f o r  a l l o y s  where the p a r t i a l  s t r u c t u r e  f a c t o r s  have t o  be considered. The l a t t e r  may 
be determined by several methods /I/, however, p rec ise  measurements o f  the  d i f f r a c -  
ted i n t e n s i t i e s  are necessary i n  order t o  ob ta in  meaninaful r e s u l t s .  
I ( ? )  can be evaluated by X-ray d i f f r a c t i o n  as a  f u n c t i o n - o f  the  leng th  o f  the d i f -  
f r a c t i o n  vector  q = 4nsinB/h. This can be accomplished by va ry ing  the s c a t t e r i n g  
angle 28 us ing monoenergetic r a d i a t i o n  (A: wavelength o f  the  X-rays). Such a  method 
i s  c a l l e d  angular d ispers ive  X-ray d i f f r a c t i o n  (ADXD) o r  v a r i a b l e  28-method. Here 9 
def ines the  Bragg- and 20 t h e  scatter ing-angle. Since the development o f  Ge- and 
Si-X-ray detectors  w i t h  h igh energy r e s o l u t i o n  ( rt( 400 eV), a  v a r i a t i o n  o f  the  wave 
vector  q  i s  a lso  poss ib le  by measuring the  i n t e n s i t y  as a  f u n c t i o n  o f  t h e  energy E  
a t  several f i x e d  angles 20. This procedure cons t i tu tes  the  eneray d ispers ive  X-Ray 
d i f f r a c t i o n  (EDXD) o r  the  v a r i a b l e  A-method, as the wave leng th  A  i s  va r ied  i n  or -  
der t o  change q. 
I n  both methods, the  d i f f r a c t e d  i n t e n s i t i e s  have t o  be corrected f o r  absorption, po- 
l a r i s a t i o n ,  mu1 t i p l e  and Compton-scattering. I n  add i t i on ,  the  data must be norma- 
l i z e d  w i t h  respect t o  the s c a t t e r i n a  power per  atom. These cor rec t ions  are s t r a i g h t  
forward, however, i n  order  t o  perform them proper ly ,  the energy spectrum o f  the  p r i -  
mary beam Io (E)  must be known. 
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I 1  - THEORETICAL CONSIDERATIONS 

I n  a f i r s t  approximation the d i f f r a c t e d  i n t e n s i t y  I(E,8) may be described by /2/: 

where ( I )  q  = [2/(?1c)l  . E sine, (2  

E ZE 2 -1 
ql=q[ l  - ( ) sin28 + (- ) sinZ811/2 . [l-(-)sin 01 (3 )  

moc mot "loC 

and E 1 = E .  [I - (+) s i n  2 01 -1 . 
"loc 

E(E) i s  the  de tec to r  e f f i c i e n c y ,  (E,8) as w e l l  as I ~ C ~ ~ ( E , E ' , , B  a re  the mul- 
t i p l e  s c a t t e r i n g  contr ibut ions, Ic(q ) describes the  C mpton- in tens i ty  and I a ( q )  = 
* f >' I ( q )  + < f2 > contains the formfactors < f >B as w e l l  as < f2 > and the 
s t r u c t u r e  f a c t o r  I ( q ) .  The prime a t  q 1  and E '  i nd ica tes  q u a n t i t i e s  s h i f t e d  from q 
and E by t h e  Compton-effect. The expressions f o r  A and P have been discussed i n  de- 
t a i l  elsewhere /2,3/. 
We recognize, t h a t  E(E) . 10(E) should be known i n  equ. (1)  i n  order t o  i n t e r p r e t  t k e  
data c o r r e c t l y .  The task can be acccomplished as fo l lows:  
In t roduc ina  the  var 'ab les q and E ins tead  o f  8  and E and i n  t h e  l i m i t s  o f  E 2 20 keV 
as we1 1 as q 2 5 8-I, we get  (2)/2/:  

I n  t h i s  expression, the  m u l t i p l e  s c a t t e r i n a  con t r ibu t ions  have been omi t ted  f o r  c l a -  
r i ty .  They may be incorporated i f  necessary. The q u a n t i t y  Icorr(E,q) can be der ived 
d i r e c t l y  from the measurement by analyz in? EDXD-data: 

Thus, equ. (5 )  gives c(E)-I0(Eki apar t  from a constant -, i f  considered a t  q  = go= 
const. and i n  the  l i m i t  q  < 5 . The ana lys is  can be performed f o r  severa l  qQ-va- 
lues, p rov id ing  E(E)-Io(E)-curves scaled w i t h  respect  t o  one another by a m u l t i p l i -  
c a t i v e  constant.  This constant i s  the  r a t i o  o f  two expressions def ined by the c u r l y  
brackets i n  equ. (5) .  F ig .  I shows a schematic p l o t  o f  the  s i t u a t i o n .  
The ana lys is  o f  the  ADXD-data (E=const.) can now be done i n  the  usual way, however, 
w i t h  an improved Compton cor rec t ion .  From equ. ( I ) ,  we der ive:  

I ( 0 )  = r .{P(0).A(O).Ia(q(O)) + a(E1 (0)) .P(E1(0),0).A(E'(B),8). Ic(q1(0)} (7  

w i t h  a(E1 ( 0 ) )  = I 0 ( E 1  ( Q ) ) / I o ( E ) .  

With respect  t o  the  ana lys is  o f  the  EDXD-data (20=const.), we have: 

1 ( ) Here, mo denotes the  e lec t ron  r e s t  mass, Ti = h/(Z~r,) w i t h  h the Planck constant 
and c the  v e l o c i t y  o f  l i n h t .  

(2)  I n  the remainder o f  t h i s  paper, we use the u n i t s  E/keV and q/~- l ,  then 2/(Tic) = 
1.0135 (see equ. ( 2 ) ) .  



Fig.  1 - Schematic p l o t  o f  t h e  d i f f r a c t e d  i n t e n s i t y  surface I(E,q) i n  t h e  q-E-plane. 
Several cuts  throunh t h i s  surface as performed by the ADXD (Eo) and EDXD(Bo)-methods 
are ind icated.  he c u t  qo=const. shows the eneray spectrum o f  the pr imary beam as 
lona as qo < 5 i-1. €Imax and Bmin r e f e r  t o  the a v a i l a b l e  anpular ranoe ( h a x  = 900C). 

I n  t h i s  case, the data taken a t  f i x e d  28 cover on ly  a l i m i t e d  q-range (see Fip. I ) ,  
so t h a t  the  r e s u l t s  from several anpular pos i t i ons  have t o  be scaled w i t h  respect 
t o  one another. This can on ly  be achieved w i t h  a proper knowledge o f  c(E) . I0(E) .  The 
q u a n t i t y  E(E) should be known from the detector  spec i f i ca t ion .  

F ig .  2 - The primary beam i n t e n s i t y  I o ( E ) .  the  parameters are the tube voltages U i n  
kV. The tube cur ren t  was s e t  around 14mA. 
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I11  - RESULTS 

With the  help o f  a conventional X-ray eouipment, data have been taken f o r  several 
amorphous a l l o y s  us ing ADXD (20-method) and EDXD (A-method). The de tec to r  was a Ge- 
c r y s t a l  w i t h  an energy r e s o l u t i o n  o f  about 400 eV and an e f f i c i e n c y  o f  E(E) q: 1 over 
the range o f  energies i n t e r e s t i n g  here. Transmission geometry under nonfocussing con- 
d i t i o n s  was app l ied  throughout. The enerFy spectrum o f  the  pr imary beam I o ( E )  f o r  
several values o f  the tube vo l tape was der ived from EDXD-data o f  Be37.5Ti62.5 (45, 
55, 60 kV) and o f  Fe78B13Sig (50 kV) as described above. The r e s u l t s  a re  shown i n  
Fig. 2. 
Data were a lso  taken f o r  the amorphous a l l o y s  Be37.5Ti62.5, Be40Ti5oZrlo,Ni35Zr65 as 
we l l  as N i l 8 C 0 1 7 Z r ~ ~  both i n  the ADXD- and EDXD-modes. Some o f  them are reproduced 
i n  Figs. 3 t o  5. 

- 1  
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/A-I  F ig .  4 - T h e  same as F ig .  3 
f o r  Ni31jZ.t-65. 

IV - CDNCLUSIONS 

3 

2 
- 

i )  Inspect ion o f  F ia .  2 ind ica tes  t h a t  the  spectrum o f  the  pr imary beam Io (E)  de- 
creases cont inuously  towards h ipher  energies. The t o t a l  i n tegra ted  i n t e n s i t y  
o f  the Bremsstrahlungs-spectrum i s  propor t ional  t o  the  square o f  the tube vo l -  
tage, as was p red ic ted  /4/. 

i i ) T h e  apreement between the I ( q ) - f u n c t i o n s  der ived from ADXD- and from EDXD-data 
i s  convincing. Cer ta in  dev iat ions (peak heinhts, small q-ranae o f  a few o f  the  
EDXD-runs) have s t i l l  be examined. 

u - - 
1 - 

Fig.  3 - I (q ) -da ta  f o r  
0 - - Be40Ti50Zr10 as determined 

by the 20-method (ADXD) and 
the  A-method (EDXD).The over- 

- l - " " " ' " " "  
l a p  o f  the d i f f e r e n t  EDXD- 

0 2 L 6 8 10 12 data sets, taken a t  various 
q ~ A - l  f i x e d  20-posit ions (6O,100, 

200,30°) i s  c l e a r l y  seen. 

- 

- 

'i - 
r B e ~ 0 T i 5 0 Z r 1 0  

- 



Fig. 5 - The same a s  Fig. 3 
f o r  Ni 18C017Zr65 

i i i )  Since Be(Z=4) doesn ' t  show up i n  t h e  a l l o y  Be37.5Ti62.5 i n  X-ray d i f f r a c t i o n ,  
the  Ti-Ti-correlat ions dominate the  measured I ( q ) .  These cor re la t ions  s t r e t c h  
out f a r  in  q-space, pointing towards a well defined next neighbour she l l  ( t en-  
dency t o  form Ti-cl us te r s )  /5 / .  The same i s  t r u e  f o r  t h e  Be40Ti50Zr10-al loy. 
However, the  o s c i l l a t i o n s  show a d i f f e r e n t  period ind ica t ing  a d i f f e r e n t  d i s -  
tance of  t h e  f i r s t  she l l  ( e f f e c t  of  s u b s t i t u t i o n  of  Ti by Zr) .  In t h e  cases of  
Ni35Zrb5 and t h e  s c a t t e r i n g  powers of Zr (Z=40) on one hand and 
of Co(Z=27) as  well as  Ni(Z=28) on the  o ther  hand a r e  not so d i f f e r e n t ,  hence 
both components a r e  seen in I ( q ) .  The s u b s t i t u t i o n  of Ni by Co doesn ' t  change 
the  overal l  s t r u c t u r e ,  s ince t h e  general appearance of  I ( q )  remains t h e  same. 
Therefore, one may be a b l e  t o  separate  Izrzr(q)  from I ~ i ~ i ( q )  by analysina pre- 
c i s e  data  f o r  both t h e  a l loys  

i v )  Covering t h e  f u l l  range ava i lab le  i n  the  E-q-plane with t h e  help of t h e  EDXD- 
method f o r  many f ixed  20-positions wil l  give the  p o s s i b i l i t i e s  t o  der ivea la rqe  
number of I (q ) - func t ions ,  each of them determined a t  a d i f f e r e n t  value E=const. 
In f a c t ,  i f  t h e  de tec tor  resolut ion i s  400 eV and i f  t h e  energy range amounts 
from 20 t o  50 keV, we may obtain a s  many a s  seventy-five iden t ica l  I (q)-curves.  
This multitude may help t o  c l a r i f y  t h e  cor rec t ions  and t o  derive prec i se  I ( q ) -  
data .  F ina l ly ,  i t  should be mentioned t h a t ,  i f  an absorption edge i s  present  
within the  energy ranne ava i lab le ,  one may hope t o  ge t  valuable informations on 
anomalous d i f f r a c t i o n  and eventual ly on p a r t i a l  s t r u c t u r e  fac tors .  
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