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THE APPLICATION OF A ONE-DIMENSIONAL POSITION-SENSITIVE DETECTOR 
TO A KRATKY SMALL-ANGLE X-RAY CAMERA 

* * T. P. Russell, R. S. Stein, M. K. Kopp f 
R. E. Zedler,? R. .W. Hendricks,f J. S.  in+ 

ABSTRACT 

A conventional Kratky small-angle collimation system has 
been modified to allow the use of a one-dimensional position- 
sensitive x-ray detector. The detector was designed specifi- 
cally for use with a long-slit camera and has uniform sensitivity 
over the entire beam in the slit-length direction. Procedures 
for alignment of the collimation system are given, and a variety 
of tests of the performance of the system are presented. Among 
the latter are measurements of electronic noise and parasitic 
scattering as well as comparisons against samples which were 
also measured on other cameras. The good agreement of these 
comparisons demonstrates the success of the use of a position- 
sensitive detector with the Kratky collimation system. 

I. INTRODUCTION 

An investigation was undertaken to study the small-angle x-ray 

scattering (SAXS) from amorphous polymers. Such systems are inherently 

weak, isotropic scatterers. Preliminary experiments on the ORNL 10-m 

small-angle x-ray scattering camera1 indicated that the parasitic slit- 

edge background scattering precluded the use of this instrument. How- 

ever, the advantages of position-sensitive detectors (PSDS)~-~ are such 

that an alternative collimation system which has the necessary low parasit- 

ic scattering but which is also amenable to PSDs was sought. The Kratky 

* 
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collimation geometry is one of several SAXS geometries noted for both 

high angular resolution and very low parasitic scattering; 5 9 6  This 

report describes our modifications of a commercial Kratky camera f n r  

use with an RC-line encoded one-dimensional position-sensitive detector 

(1DPSD) and illustrates its performance with scattering patterns from 

several well-established scattering systems. Recommendations for further 

modifications are made. 

11. THE DETECTOR 

A. Curls truc t ion 

With the use of a Kratky geometry, the recorded data must often 

be desmeared before proper interpretation can b.e made on an absolute 

level. As shown by   end ricks^ the sensitivity of the detector along the 

slit-length direction is a function that enters into the desmearing cal- 

culations. Therefore, it is desirable to have a position-sensitive 

* detector which has a uniform sensitivity along the slit length, coqse- 

quently.simplifying the calculations. This was accomplished with an RC- 

line encoded.1DPSD specifically designed for use with a slit geometry. 

A diagram of the detector is shown in Fig. 1.   he design of this detec- 

tor differs from some of our previous detectors in that the width of 

the detector window is less than the detectnt diameter. T h i f n r m  x-ray 

absorption was obtained by using a flat beryllium window and a flat 

*1t is to be noted that a one-dimensional position-sensit ive 
detector mounted with the wire along the 28 direction has the slit- 
length direction normal to the wire. 
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Fig .  1. One-dimensional p o s i t i o n - s e n s i t i v e  d e t e c t o r  des igned  f o r  
u s e  w i t h  s l i t  geomet r ies .  

s u r f a c e  machined o p p o s i t e  t h e  window i n  t h e  i n t e r i o r  s u r f a c e  o f  t h e  

3.2-cm-ID c y l i n d r i c a l  aluminum ca thode .  These m o d i f i c a t i o n s  ensured  

t h a t  r a d i a t i o n  e n t e r i n g  anywhere a l o n g  t h e  d e t e c t o r  window would b e  

absorbed w i t h  e q u a l  e f f i c i e n c y .  Consequent ly ,  a  un i fo rm s e n s i t i v i t y  

* a l o n g  t h e  s l i t  l e n g t h  was o b t a i n e d .  . 

A 
An a l t e r n a t e  method of a c h i e v i n g  t h e  d e s i r e d  u n i f o r m i t y  i s  t o  u s e  

e l e v a t e d  p r e s s u r e s  of t h e  f i l l  g a s .  T h i s  is  n o t  d e s i r a b l e  s i n c e  add i -  
t i o n a l  p r e c a u t i o n s  would have t o  b e  t a k e n  t o  c o n t a i n  t h e  g a s ,  h i g h e r  

. o p e r a t i n g  v o l t a g e s  would be  needed,  and g a s  p u r i t y  becomes more c r i t i c a l .  



The components of t h e  d e t e c t o r  a r e  shown i n  Fig.  1. Apart from 

t h e  mod i f i ca t ions  desc r ibed  above, they  fo l low s tandard  p r a c t i c e  f o r  t h e  

c o n s t r u c t i o n  of p r o p o r t i o n a l  counters  a s  descr ibed  p rev ious ly .2  A s  can 

be seen  i n  Fig. 1, t h e  d e t e c t o r  i s  a  sea led  device .  I n  a d d i t i o n  t o  a  

75  v m  p y r o l y t i c  carbon-coated qua r t z  anode, very  low 'capac i ty  guard r i n g  

s t r u c t u r e s  were made t o  h e l p  achieve l e s s  than  0.5 mm s p a t i a l  r e s o l u t i o n .  

S p e c i a l l y  shaped t runca ted  con ica l  counter  ends were used,  and anode 

c a p i l l a r y  tubes  were i n s e r t e d  t o  an  exper imenta l ly  determised l eng th  

through t h e  guard r i n g  s t r u c t u r e s  t o  minimize d e t e c t o r  end e f f e c t s  and 

opt imize  f i e l d  un i fo rmi ty  f o r  t h e  s l i t  a r e a .  Before s e a l i n g ,  t h e  detec-  

t o r  components were thoroughly cleaned and t h e  assembly degassed under 

h igh  vacuum and then  f i l l e d  t o  1 atm p res su re  w i th  a  p u r i f i e d  mixture of 

97% X e 3 %  cyclopropane. Absorption e f f i c i e n c i e s  of about  50% f o r  17 keV 

x-rays and 100% f o r  8 keV were obta ined .  The f i l l  tube was crimped 

c losed  and sea l ed  w i t h  a  low-melting s o l d e r .  

B. E l e c t r o n i c s  

RC-line p o s i t i o n  encoding and decoding by pulse-shape-analysis 

and crossover  t iming w a s  The e l e c t r o n i c s  used f o r  t h e  d a t a  

a c q u i s i t i o n  were t h e  same a s  those  used by Schel ten  and Hendricks,  a 

diagram of which is  shown i n  Fig.  2.  I n  a d d i t i o n  t o  t h e  p o s i t i o n  de- 

coding e l e c t r o n i c s ,  a  beam monitor9 was a l s o  used. The output  s i g n a l  

from i t s  charge i n t e g r a t o r  was summed wi th  t h a t  from t h e  d e t e c t o r  and 

s t o r e d  i n  t h e  h i g h e s t  few channels  of t he  mult ichannel  ana lyzer .  

An important f e a t u r e  i n  t he  o v e r a l l  des ign  of t h e  d e t e c t o r  sys- 

tem i s  t h e  l o c a t i o n  of t h e  p reampl i f i e r s .  To minimize e l e c t r o n i c  n o i s e  

t h e s e  were placed a s  c l o s e  a s  phys i ca l ly  p o s s i b l e  t o  t h e  d e t e c t o r  so  
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Fig. 2. Analog signal processing electronics for the detector. 
ADC = analog to digital converter; MCA = multichannel analyzer; TAC 
= time to amplitude converter; C = summing amplifier. 
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that the lengths of the output leads from the detector were minimized 
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(Fig. 3). We used hybrid, voltage sensitive preamplifiers with pole-zero 

, 

cancellation in the feedback circuitlo which were designed specifically 

for position-sensitive detectors. In addition, the preamplifiers were dc- 

DETECTOR 

PREAMPLIFIER 

coupled to the detector anode. Thus, our detector anode was operated at 

MAIN 
AMPLIFIER DELAY 

ground potential and a high negative potential was applied to the shell. 

The Teflon standoffs for the detector and the safety shield are shown 

in Fig. 3. 

C. Performance Tests 

The performance of the detector was determined with a 1 mCi 5 5 ~ e  

source (1 cm dia) enclosed in a brass container with a beryllium window, 



Fig. 3. Position-sensitive detector mounted 
on Teflon standoffs. One preamplifier is shown at 
bottom. 



which was capable  of o p e r a t i n g  i n  vacuum. Unless  s p e c i f i e d ,  t h e  detec-  

t o r  was opera ted  a t  -2600 V.  

(a) Energy Resolu t ion  
. . 

An energy spectrum was ob ta ined  wi th  t h e  5 5 ~ e  source  i l l u m i n a t i n g  

t h e  d e t e c t o r  and w i t h  t h e , o u t p u t  of t h e  summing a m p l i f i e r s  (Fig,  2) con- 

nected d i r e c t l y  t o  t h e  mul t ichannel  ana lyze r .  The energy r e s o l u t i o n  f o r  

MnK, (from 5 5 ~ e  source)  and n i c k e l - f i l t e r e d  copper '  r a d i a t i o n  a r e  shown 

i n  Fig.  4 .  The r e s o l u t i o n s  a r e  19 and 2 3 % , , r e s p e c t i v e l y .  The reso lu-  

t i o n  was found t o  be  s e n s i t i v e  t o  t h e  d e t e c t o r  b i a s  v o l t a g e  from -2400 

t o  -2600 V.  A decrease  t o  29% r e s o l u t i o n  was found a t  -2600 V.  

* 
k - 
V) 
z 
W + 
z - 
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Fig.  4. Detec tor  energy r e s o l h t i o n  f o r  5 5 ~ e  (bottom s c a l e )  and 
n i c k e l - f i l t e r e d  C u b  ( top  s c a l e )  r a d i a t i o n .  



It i s  normally expected t h a t  t h e  r e s o l u t i o n  of t h e  h igher  energy 

r a d i a t i o n  (CuK,, 8 .0  keV) would be  b e t t e r  than  t h a t  of t h e  lower energy 

r a d i a t i o n  (MnK,, 5 .9  keV). That such i s  n o t  t h e  c a s e  i n  t h e  r e s u l t s  of 

F ig .  4 can be  accounted f o r  because of t h e  cons iderab ly  broader  energy 

spectrum of t h e  f i l t e r e d  copper r a d i a t i o n ,  a s  opposed t o  t h e  h igh  mono- 

c h r o m a t i c i t y  of t h e  MnK,-MnKp r a d i a t i o n  emi t ted  by 5 5 ~ e .  

(b) S p a t i a l  Resolution 

The s p a t i a l  r e s o l u t i o n  i s  t h e  minimum l e n g t h  of t h e  d e t e c t o r  wi re  

capab le  of being d i s t i n g u i s h e d  a s  a  unique p o s i t i o n .  With a  5 5 ~ e  source  

(MnK, r a d i a t i o n )  i n  f r o n t  of a  Kratky c o l l i m a t i o n  system, t h e  d e t e c t o r  

was p laced  a t  v a r i o u s  d i s t a n c e s  from t h e  c o l l i m a t o r .  The width of t h e  

beam a t  t h e  d e t e c t o r  was determined geomet r ica l ly  from t h e  width of t h e  

e n t r a n c e  s l i t  and t h e  d e t e c t o r  t o  c o l l i m a t o r  d i s t a n c e .  The FWHM of t h e  

peak on t h e  MCA was determined a s  a func t ion  of t h e  phys i ca l  width of 

* 
t h e  beam. When dec reas ing  t h e  beam width d id  no t  dec rease  t h e  FWHM of 

t h e  d i sp l ayed  r e s o l u t i o n  on t h e  MCA, t h e  r e s o l u t i o n  l i m i t  of t h e  detec-  

t o r  was reached.  The s p a t i a l  r e s o l u t i o n  is  390 u m  (Fig.  5 ) ,  i n  agree-  

ment w i t h  t h e  e l e c t r o n i c a l l y  determined r e s o l u t i o n .  (A d e s c r i p t i o n  of 

t h e  e l e c t r o n i c  r e s o l u t i o n  measurement i s  given i n  Appendix I .)  

(c )  Uniformity of De tec to r  Response 

The 5 5 ~ e  sou rce  w a s  placed approximately 1 . 5  rq from t h e  d e t e c t o r  

i n  an  evacuated chamber (Q 5  x t o r r )  i n  o rde r  t o  f u l l y  i l l u m i n a t e  

t h e  d e t e c t o r  w i th  a  uniform i n t e n s i t y .  The r e s u l t i n g  p r o f i l e  of t h e  

k An a l t e r n a t e  approach t o  e v a l u a t e  t h e  s p a t i a l  r e s o l u t i o n  i s  t o  
keep t h e  d i s t a n c e  between t h e  d e t e c t o r  and c o l l i m a t o r  f i x e d  and vary  
t h e  wid th  of t h e  beam by a d j u s t i n g  t h e  en t r ance  s l i t  width.  



RESOLUTION = 390pm 

WIDTH OF BEAM 
Fig. 5. 'Spatial resolution of the detector as determined by vary- 

ing the width of a well-collimated incident beam. A FWHM of 1.0 channel 
(horizontal line) defines the observable resolution with a given MCA 
setting. For the data shown here, 512 channels were used. 

uniformity or homogeneity of the detector is shown in Fig. 6. All subse- 

quent scattering experiments must be corrected for nonuniform response 

using these data. We have chosen to scale the data of Fig. 6 to a mean 

value of unity and then to divide each scattering curve by the resultant 

normalized sensitivity run channel by channel. The maximum correction 

factor amounted to 10%. 

(d) Homogeneity Across the Detector Face 

The detector was designed to yield a uniform collection efficiency 

across the detector window normal to the wire direction. This was veri- 

fied by moving a thick narrow slit (0.5 x 64 x 5 mm thick) oriented paral- 

let to the detector wire across the face of the detector. Care was taken 
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Fig.  6 .  Detec tor  homogeneity a s  determined by measuring a  5 5 ~ e  
sou rce  a t  1 .5  m. 

t o  minimize t h e  d ivergence  of t h e  beam. F igure  7 d i s p l a y s  a  super- 

pos i t ion  of s e v e r a l  runs  a t  va r ious  p o i n t s  a c r o s s  t h e  window of t h e  

d e t e c t o r .  A s  can be seen ,  t h e  runs  a r e  i n d i s t i n g u i s h a b l e .  Therefore,  

t h e  d e s i r e d  uniform c o l l e c t i o n  e f f i c i e n c y  was achieved.  

The reason  t h a t  F igs .  6 and 7 a r e  not  of i d e n t i c a l  shape is' a  

r e s u l t  of t h e  p o s i t i o n  of t h e  5 5 ~ e  source  i n  each t e s t .  For t h e  l a t t e r  

t e s t  t h e  source-to-detector  d i s t a n c e  w a s  much smal le r  i n  order  t o  i n c r e a s e  

t h e  i n t e n s i t y .  However, t h e  divergence i n  t h e  d i r e c t i o n  normal t o  t h e  

w i r e  was minimized by us ing  a  t h i c k  s l i t  (5 mm). 
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F i g .  7 .  Homogeneity a c r o s s  d e t e c t o r  window a s  determined by 
moving a l o n g ,  narrow (64 x 0.5 mm) s l i t  a c r o s s  t h e  d e t e c t o r  f a c e  w i t h  
t h e  l o n g  dimension p a r a l l e l  t o  t h e  d e t e c t o r  w i r e .  

( e )  L i n e a r i t y  

The l i n e a r i t y  of t h e  d e t e c t o r  was determined i n  a  manner i d e n t i -  

c a l  t o  t h a t  of S c h e l t e n  and   end ricks.^ With t h e  s o u r c e  approx imate ly  

1 . 5  m from t h e  d e t e c t o r ,  a  l e a d  mask c o n t a i n i n g  s i x t e e n  1-mm s l o t s ,  

s e p a r a t e d  by 6 . 1  mm from s l o t  c e n t e r  t o  s l o t  c e n t e r ,  was p l a c e d  immedi- 

a t e l y  b e f o r e  t h e  d e t e c t o r .  The p r o f i l e  r e s u l t i n g  from t h i s  i s  shown 

i n  F i g .  8. The c e n t r o i d s  of t h e  maxima were  determined a s  a  f u n c t i o n  

of c h a n n e l  number and a r e  p l o t t e d  v e r s u s  t h e i r  r e a l - s p a c e  s e p a r a t i o n  

i n  F i g .  9 .  These d a t a  were  f i t t e d  w i t h  v a r i o u s  polynomials  t o  c a l i b r a t e  



CHANNEL NUMBER 
Fig .  8. L i n e a r i t y  test a s  determined by record ing  a  5 5 ~ e  spectrum 

w i t h  a  mask c o n s i s t i n g  of 1 5  narrow ( 1  mm) sl i ts  normal t o  t h e  d e t e c t o r  
l e n g t h  i n  f r o n t  of t h e  d e t e c t o r .  

t h e  MCA w i t h  r e a l  space.* The b e s t  f i t  was found t o  be a  quadra t i c  

polynomial of t h e  form 

where Y r e p r e s e n t s  t h e  d i s t a n c e  i n  r e a l  space from t h e  o r i g i n  corre-  

sponding t o  a  channel X. These r e s u l t s  demonstrate t h a t  t h e  d e t e c t o r  

was reasonably  l i n e a r  over  i t s  u s e f u l  l eng th .  

* 
The p o s i t i o n  of t h e  o r i g i n  on t h e  MCA i s  a r b i t r a r y .  During t h i s  

experiment zero w a s  s e l e c t e d  a s  t h e  p o s i t i o n  of t h e  f i r s t  maximum, 
occu r r ing  a t  channel number 26. 
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Fig.  9 .  Detec tor  l i n e a r i t y .  

111. MODIFICATIONS OF THE KRATKY COLLIMATION SYSTEM 

The e s s e n t i a l  f e a t u r e  of t h e  Kratky c o l l i m a t i o n  system i s  t h e  use  

of a  U-block and br idge .  5 y 6  These components u l t i m a t e l y  d e f i n e  t h e  main 

beam p r o f i l e ,  t h e  amount of p a r a s i t i c  s c a t t e r i n g ,  and t h e  angular  

r e s o l u t i o n .  Although no t  s o  common t h e s e  days a s  t h e  camera w i t h  a  

moveable tank  which i s  equipped w i t h  an a d j u s t a b l e  narrow s l i t  f o r  s tep-  

scanning wi th  e l e c t r o n i c  d e t e c t o r s ,  Kratky cameras have a l s o  been 

equipped w i t h  r e c e i v i n g  s l i t s  some 10  x 50 mm f o r  use  w i t h  f i l m  cas- 

s e t t e s .  Sine-e, l i k e  f i l m ,  t h e  lDPSD a c q u i r e s  t h e  e n t i r e  s c a t t e r i n g  

p r o f i l e  s imul taneous ly ,  t h e  vacuum tank  f o r  a  system u t i l i z i n g  t h e  PSD 

must be  geomet r ica l ly  s i m i l a r  t o  t h e  f i l m  camera. Therefore ,  t h e  



commercially a v a i l a b l e  camera ( schemat ica l ly  shown i n  F ig .  10)  had t o  be 

modif ied.  The e x t e n t  of mod i f i ca t ion  depends upon t h e  s p a t i a l  reso lu-  

t i o n  of t h e  d e t e c t o r  and t h e  des i r ed  angular  r e s o l u t i o n .  I n  t h i s  

p r e s e n t  ca se ,  a  system w a s  des i r ed  which had an  angular  r e s o l u t i o n  of 

0.2 mradianlchannel .  With t h e  400 um s p a t i a l  r e s o l u t i o n  of t h e  d e t e c t o r ,  

t h i s  r equ i r ed  a  f l i g h t  p a t h  (sample-to-detector d i s t a n c e )  of 1 .6  m. The 

c o l l i m a t i o n  system parameters  f o r  t h e  new camera a r e  given i n  Table 1. 

I n  t h e  modified camera (Fig.  l l ) ,  t h e  normal f l i g h t  pa th  (approximately 

200-215 mm) was r ep laced  by a  l eng th  of aluminum tubing  i n  which t h e  

d iameter  was doubied partway along i t s  l eng th .  The f i r s t  s e c t i o n  was 

36.5 cm long  (8.9-cm inne r  diameter)  and t h e  second s e c t i o n  was 93.4 cm 

long  (19.1-cm i n n e r  d i ame te r ) .  The l a r g e  diameter s e c t i o n  was r equ i r ed  

t o  avoid i n t e r c e p t i n g  t h e  main beam by t h e  inne r  w a l l s  of t h e  tub ing .  * 

Both s e c t i o n s  were l i n e d  w i t h  0.04-cm-thick l e a d  s h i e l d i n g  t o  e l imina te  

any s m a l l  r e f l e c t i o n s  o r  d i f f r a c t i o n  e f f e c t s  from t h e  aluminum wa l l s .  

The f r o n t  s e c t i o n  of t h e  f l i g h t  path was mounted onto a  f l ange  t h a t  was 

compatible  wi th  t h e  i n i t i a l  s e c t i o n  of t h e  f l i g h t  pa th  of t he  commercially 

a v a i l a b l e  camera. Therefore ,  t h e  t i l t i n g  mechanism of t h e  o r i g i n a l  

camera could be r e t a i n e d  f o r  alignment purposes.  An aluminum f l ange ,  i n  

which a 1 x 18 cm v e r t i c a l  s l o t  was c u t ,  was mounted wi th  an O-ring on 

t h e  r e a r  of t h c  new f l i g h t  pa th .  The s l o t  was sea led  wi th  a  shee t  of 

0.05-cm-thick be ry l l i um on t h e  outs . ide s u r f a c e  of t h e  f l ange  a s  shown 

i n  Fig.  1 2 ( a ) .  This  was epoxied i n  p l a c e  s o  t h a t  i t  was below t h e  sur -  

f a c e  l e v e l  of t h e  e x t e r n a l  f ace .  For alignment purposes t he  r e a r  f l a n g e  

* ~ n  e a r l i e r  des ign ,  i n  which only 8.9-cm-dia tub ing  was used, had 
a p a r a s i t i c  s c a t t e r i n g  some 1000 t imes above t h a t  of t h e  p re sen t  des ign .  
This  was determined t o  be s c a t t e r i n g  and f luo rescence  caused when t h e  
o u t e r  edges of t h e  d ive rg ing  main beam touched t h e  tube  wa l l s .  



Fig. 10. Schematic of normal Kratky camera. 

Table 1. Kratky Camera Collimation System parameters* 

Slit Width 
Value Parameter 
(mm) 

Slit Length 
Value 

Parameter 

* See Fig. 10 for definition of variables. 
 he value of L in the slit-width direction is from the 
sample to the wire, while in the slit-lmg~ll direction 
it is from the sample to the machined edge of the 
detector window. 



~ i g .  =(a) Photograph of apparatus; (b) schematic of system with 1DPSD. 





contained two p a i r s  of pins perpendicular t o  each other so that  the 

s l o t  could be or iented e i t h e r  p a r a l l e l  or  penpendicular t o  the  incident 

beam. A tungsten beam stop (polished t o  within 4 x cm tolerance 

l imi t s )  w a s  held across t h i s  s l o t  by an adjustable  mounting on the 

internal* face of the  flange a s  shown i n  Fig. 12(b). Careful machining 

ensured t h a t  the  beam stop w a s  mounted perpendicular t o  the s l o t .  The 

in t e rna l  face was covered with 0.04 cm lead shielding t o  prevent any 

back re f lec t ions  of t he  incident beam. Two s l i d e s  fo r  adjusting the 

pos i t ion  of the  detector  along the s l o t  and fo r  mounting various t e s t  

equipment were placed on the external face of the  flange pa ra l l e l  t o  the 

s l o t .  

I n  addit ion t o  these modifications t h e  camera w a s  equipped with 

vacuum bellows from the bridge collimator t o  t he  sample chamber t o  the 

beam f l i g h t  path, an automated balanced f i l t e r  assembly and an incident 

beam monitor. A l l  of these have been described elsewhere. 9 3  l2 

Combining these modificataons with t he  1DPSD pemdtted the  aea- 

surement of sca t te r ing  pa t te rns  down t o  0.7 mradian of angle with a 

minimwm amount of p a r a s i t i c  and a i r  scat ter ing.  One point that should 

be emphasized is that there  is a s ign i f ican t  l o s s  in recorded in tens i ty  

because of the  extended f l i g h t  path. Since the  a c t i v e  area of the  

detector  i n  the slit length d i rec t ion  was l h i t e d  t o  1 an, due t o  the  

divergence of the  beam i n  t h i s  d i r ~ c t 4 s n  She i n t ens i ty  1 0 ~ 8  af any 

sca t t e r ing  angle 20 is 1550/220 = u7- 

* 
It is eseent ia l  t o  mount the  tungsten berun s top on the  in t e rna l  

face  of t h e  flange so  t h a t  t he  indicent x-ray beam d m  nor impinge upon 
the  beryllium window. Strong di$fraction maxima can be seen i f  the beam 
s top  is placed a f t e r  t he  beryllium 



I V .  ALIGNMENT OF THE KRATKY CAMERA WITH A lDPSD 

The alignment procedure descr ibed  i n  t h i s  r e p o r t  is  t h a t  which 

was developed f o r  t h e  p re sen t  camera geometry. The nomenclature used 

fo l lows  t h a t  of Anderegg e t  a l .  l 3  The extended f l i g h t  pa th  placed 

severe  l i m i t a t i o n s  on us ing  t h e  normal procedures  of alignment s i n c e  i t  

had t o  remain a t t ached  t o  t h e  camera dur ing  t h e  f i n e  adjustments .  It 

was found t h a t  i f  t h e  camera was f i n e l y  ad jus t ed  without  t h e  f l i g h t  pa th  

us ing  t h e  normal alignment procedures  then  when t h e  f l i g h t  pa th  was 

mounted t h e  alignment was d i s tu rbed  simply due t o  i t s  s i z e  and mass. 

If a d e t e c t o r  of higher  s p a t i a l  r e s o l u t i o n  were used, then  t h e  f l i g h t  

pa th  could be shortened cons iderably ,  making normal alignment methods 

more f e a s i b l e .  

A. Tube Power 

During. t he  course  of alignment t h e  s p e c i a l  Siemens Kratky tube 

(2.7 x 7 mm f o c a l  spu t )  was opera ted  a t  30'kV and 1 mA. The reasons  

f o r  such low power s e t t i n g s  a r e  twofold. F i r s t  of a l l ,  t h e  low power 

avoids  t h e  use  of t h i c k  n i c k e l  a t t e n u a t o r s  t o  reduce t h e  power of t h e  

beam, thus  avoid ing  t h e  inc reas ing  amount of hard r a d i a t i o n  i n  t h e  energy 

spectrum. Secondly, t h e  lower power reduces t h e  chance of des t roy ing  

t h e  carbon coa t ing  on the  qua r t z  wire  e i t h e r  by evapora t ion  of t h e  coat-  

i n g  o r  by decomposi t ion.of  t h e  quenching gas w i th  subsequent depos i t i on  

on t h e  wire .  Both w i l l  s e r i o u s l y  a f f e c t  t h e  response of t h e  d e t e c t o r .  

One problem t h a t  can a r i s e  from t h e  use of lower power s e t t i n g s  

dur ing  t h e  alignment s t a g e  i s  t h a t  u l t i m a t e l y  t h e  power must be  increased  

f o r  experimental  use.  This  can e a s i l y  cause a  h e a t i n g  of t h e  f o c a l  spo t  



and, consequent ly ,  t h e  rocking  curve can be  d i s tu rbed .  This  can lead  t o  

e i t h e r  a  r e d u c t i o n  o r  a n  i n c r e a s e  i n  t h e  r e s o l u t i o n  by changing t h e  f i r s t  

moment of t h e  i n c i d e n t  beam p r o f i l e .  Nei ther  of t h e s e  can be t o l e r a t e d  

f o r  p r e c i s e  work. Therefore ,  an independent i n v e s t i g a t i o n  was conducted 

us ing  a  normal s tep-scanning Kratky appara tus  where t h e  rocking curve 

was determined a s  a f u n c t i o n  of power s e t t i n g .  Provided s u f f i c i e n t  time 

w a s  allowed f o r  t h e  f o c a l  s p o t  t o  e q u i l i b r a t e ,  t h e  rocking curve 

remained cons t an t  w i th  t h e  c e n t e r  of g r a v i t y  ( i . e . ,  t h e  f i r s t  moment) 

changing by a t  most 2.0 x mradian. 

B. I n i t i a l  R a i l  Alignment . . 

A b r idge  system w i t h  t h e  d e s i r e d  en t r ance  s l i t  width was placed 

a t  t h e  f r o n t  of t h e  r a i l  and a  c a l i b r a t e d  f l u o r e s c e n t  s c reen  (suppl ied  

w i t h  t h e  camera) was mounted approximately 10  cm behind t h e  br idge .  

'Using Vi t h e  v e r t i c a l  p o s i t i o n  of t h e  r a i l  was roughly s e t  so  t h a t  t h e  

beam was v i s i b l e  on t h e  f l u o r e s c e n t  sc reen .  I f  t h e  beam was not  perpen- 

d i c u l a r  t o  t h e  marks on t h e  sc reen ,  then  t h e , b r i d g e  t i l t i n g  micrometer, 

T I ,  was ad jus t ed  t o  compensate f o r  t h i s .  With t h e  beam perpendicular  

t o  t h e  markings and roughly maximized, t h e  symmetry of t h e  beam about 

t h e  c e n t e r  of t h e  r a i l  was determined. I f  t h e  symmetry was poor HI and 

H2 were ad jus t ed  u n t i l  s a t i s f a c t o r y  symmetry was obta ined .  

T h e ' f l u o r e s c e n t  screen was moved f u r t h e r  back on t h e  r a i l  

(approximately 40 cm from t h e  br idge)  and t h e  symmetry was checked.. 

Again, i f  i t  was n o t  s a t i s f a c t o r y ,  H1 and H2 were ad jus t ed  accordingly.  

The sc reen  w a s  then  r e tu rned  t o  t h e  i n i t i a l  p o s i t i o n  and symmetry was 

rechecked. Measurements of bo th  s e t t i n g s  were repea ted  u n t i l  symmetry 

was obta ined  a t  bo th  p o s i t i o n s  without  moving t h e  r a i l .  



More q u a n t i t a t i v e  adjustments  can be made a t  t h i s  p o i n t  w i th  a  

non-pos i t ion-sens i t ive  d e t e c t o r  mounted i n , t h e  h o r i z o n t a l  scanning dev ice  

(suppl ied wi th  t h e  camera). With t h e  d e t e c t o r  equipped wi th  a  p inhole ,  

t h e  v e r t i c a l  p o s i t i o n  of t h e  d e t e c t o r  was ad jus t ed  t o  opt imize t h e  count 

r a t e .  Hor izonta l  scans  were then  made a t  10  and 40 cm from t h e  b r idge  

system. These scans  provided q u a n t i t a t i v e  information r ega rd ing  t h e  sym- 

metry, homogeneity and width of t h e  beam. One of t h e s e  scans  i s  shown 

i n  Fig.  13. Adjustments were then  made on T1, H1 and H2 so  t h a t  t h e  

r e s u l t i n g  p r o f i l e  had t h e  r equ i r ed  t r a p e z o i d a l  shape. 

The width of t h e  beam can be q u a n t i t a t i v e l y  determined a t  va r ious  

p o s i t i o n s  a long  t h e  r a i l  and can be compared t o  t h e  geometr ica l ly  ca l -  

' cu la ted  width. S imi l a r ly ,  once t h e  beam width is  known a t  v a r i o u s  posi-  

t i o n s  on t h e  , r a i l ,  t h e  f o c a l  spo t  l eng th  can be c a l c u l a t e d  and compared 
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Fig. 13. Hor izonta l  beam scans.  



to the known (7 mm) length. If either method produces erroncous 

results, then the focal spot is not parallel to the collimation system. 

Once satisfactory agreement has been found by rotation of the x-ray 

tube and movements of H1 and H2, the sample chamber can be mounted on 

the rail so that it does not interfere with the main beam. 

With the beam stop removed from the rear flange, the vacuum 

flight path was mounted and the system was evacuated to 2.5 x torr. 

The detector was attached to the rear flange perpendicular to the inci- 

dent beam. By adjustment of the micrometer Dr, now mounted on an external 

stand with 1-cm-thick A1 plates as adjustable shims for coarse adjust- 

ment, the beam, attenuated with copper foils, was brought to midrange 

on the MCA. The detector was now in a position to receive any radiation 

coming through the bridge system. 

C. Tilt of the Bridge Collimator 

The bridge collimation system.was set parallel to the focal spot 

by determining the tilt at which a minimum traverse distance through 

the beam using V1 was obtained.* For a given tilt setting the focal 

spot was scanned using V1 noting the settings of V1 corresponding to an 

arbitrary count rate on either side of the focal spot. The difference 

between these readings corresponds to an effective focal spot width. 

This difference was plotted as a function of the  tilt of t he  callimatnri 

and the minimum determined the tilt at which the bridge collimation sys- 

tem was parallel to the focal spot. These data, along with the tilt 

* 
This procedure differs from that of ,Anderegg et a1. who used 

a narrow slit positioned at various distances along the focal spot. 
Because of inhomogeneities of the focal spot, it was concluded that the 
present procedure gives a better average alignment. 



s e l e c t e d ,  a r e  given i n  Fig.  14. (Note: The s p e c i a l  locking  b o l t  on t h e  

t i l t  rnechanfsm descr ibed  by   end ricks" must be t i gh tened  t o  a  cons tan t  

torque a t  each d i f f e r e n t  t i l t  s e t t i n g  t o  ensure  r e p r o d u c i b i l i t y . )  

D. V e r t i c a l  Pos i t i on ing  of t h e  Bridge 

The f o c a l  spo t  was scanned v e r t i c a l l y  us ing  V1 a s  shown i n  

Fig. 15.  An i n s e n s i t i v e  p o r t i o n  of t he  p r o f i l e  was s e l e c t e d  f o r  posi- 

t i o n i n g  V1. A s i m i l a r  scan was performed us ing  V2 w i t h  V1 locked i n  

p lace .  Again, an i n s e n s i t i v e  reg ion  was s e l e c t e d  t o  p o s i t i o n  V2.  Scans 

-of  t h e  f o c a l  spot  were repea ted  u n t i l  t h e  readings  of V1 and V2 d id  no t  

change. A convenient check on t h e  procedure v e r i f y i n g  t h a t  t h e  r a i l  i s  

a t  a  6" take-off angle  i s  t o  c a l c u l a t e  t h e  e f f e c t i v e  width of t h e  f o c a l  

Fig. 14. . T i l t  of co l l ima to r  experiment.  The minumum is  a t  a  t i l t  
of 3.65 u n i t s .  



POSITION OF V I  ( p m  x l o 1  

Fig .  15.  V e r t i c a l  p r o f i l e  of beam. 

s p o t  and compare t h i s  t o  t h e  a c t u a l  s i z e  of t h e  f o c a l  s p o t .  For t h i s  

experiment  t h e  e f f e c t i v e  s i z e  of t h e  f o c a l  s p o t  was 0.0205 cm which 

cor responds  t o  a  5.95' take-off angle .  



Detector  T i l t  

The d e t e c t o r  r ece iv ing  s l i t  and tungs ten  edge were s e t  perpen- 

d i c u l a r  t o  t h e  i n c i d e n t  beam by determining t h e  t o t a l  number of back- 

ground counts  ve r sus  t h e  t i l t  of t h e  vacuum chamber. When t h e  edge is  

perpendicular  t o  t h e  beam, then  t h e  t o t a l  counts  w i l l  be  minimized. 

A l t e r n a t i v e l y ,  t h e  d e t e c t o r  can be r o t a t e d  90" and t h e  homogeneity of 

t h e  beam can be determined and T2 can be r o t a t e d  u n t i l  a  homogeneous 

p r o f i l e  i s  found. Both methods were used w i t h  good agreement. 

V.  ALIGNMENT CHECKS 

A. Hor izonta l  Beam P r o f i l e  

With an a l igned  Kratky camera t h e  h o r i z o n t a l  p r o f i l e  of t h e  beam 

should have a t r a p e z o i d a l  shape. The l e n g t h  of both t h e  homogeneous 

s e c t i o n  and t h e  penumbra can be geometr ica l ly  determined and compared t o  

t h a t  ob ta ined  experimental ly .  This  was done a s  is  shown i n  Fig.  16.  

Due t o  t h e  phys i ca l  s i z e  of t h e  d e t e c t o r  (10 cm i n  l e n g t h ) ,  t h e  two 

s i d e s  of t h e  beam were obtained s e p a r a t e l y  and superimposed. The experi-  

mental agreement w i th  t h e  t h e o r e t i c a l  shape i s  e x c e l l e n t .  

B. Rocking Curves 

A c r u c i a l  t e s t  of t h e  alignment i s  t h e  comparison between t h e  

experimental  and t h e o r e t i c a l  rocking curves.  This  cannot be  done wi th  

a  pos i t i on - sens i t i ve  d e t e c t o r  because f o r  optimum r e s o l u t i o n  t h e  f u l l  

width of t h e  i n c i d e n t  beam is  only  s i x  t o  e i g h t  channels .  This  r e l a -  

t i v e l y  coa r se  measurement of t h e  beam p r o f i l e  was i n s e n s i t i v e  t o  calcu- 

l a t i o n s  of v a r i o u s  p red ic t ed  curves.  A t  b e s t ,  a  geometric p r e d i c t i o n  



t 8.4 cm I ( 
Fig .  16. Hor i zon ta l  beam.p ro f i l e  a t  t h e  r e a r  f l ange .  @ l e f t -  

hand s i d e ;  right-hand s i d e .  The s o l i d  l i n e  i s  geometr ica l ly  p red ic t ed .  

of t h e  beam s i z e  a t  t h e  d e t e c t o r  w a s  compared t o  t h a t  ob ta ined  geomet- 

r i c a l l y .  The width of t h e  beam p red ic t ed  and observed was 1 .5  mm. 

Desp i t e  t h i s  l i m i t a t i o n ,  t h e  d a t a  a r e  s u f f i c i e n t  t o  determine t h e  cen- 

t r o i d  of t h e  i n c i d e n t  beam t o  a  f r a c t i o n  of a  channel  a s  i s  descr ibed  

i n  t h e  nex t  s e c t i o n .  

V I .  DETERMINATION OF THE ZERO OF ANGLE 

One c h a r a c t e r i s t i c  of a  Kratky co l l ima t ion  system i s  t h e  asym- 

m e t r i c  p r o f i l e  of t h e  i n c i d e n t  x-ray beam. Because of t h i s  t h e  c e n t e r  

of g r a v i t y  of t h e  beam ( i . e . ,  t h e  zero  of angle)  must be  determined 

exper imenta l ly .  Using s tandard  step-scanning equipment t h i s  can be 

done e a s i l y  by scanning through t h e  beam wi th  subsequent i n t e g r a t i o n  

and de termina t ion  of t h e  f i r s t  moment of t h e  p r o f i l e .  However, t h i s  

could n o t  be  done wi th  t h e  lDPSD used i n  t h i s  s tudy  f o r  two reasons.  



F i r s t  of a l l ,  t h e r e  was no . easy  method a v a i l a b l e  f o r  ob ta in ing '  a  beam 

p r o f i l e  wi thout  d i s t u r b i n g  t h e  system due t o  t h e  p o s i t i o n i n g  of t h e  

tungsten beam s top .  Secondly, a s  mentioned p rev ious ly ,  only s i x ' t o  

e i g h t  channels a r e  subtended by t h e  beam which permit only .a coa r se  

i n t e g r a t i o n  of t he  p r o f i l e .  I n  a d d i t i o n  t o  t hese ,  s i n c e  t h e  appara tus  

was .a l igned  a t  low power s e t t i n g s ,  t he  p r o f i l e  of t h e  beam could change 

dur ing  t h e  power inc rease  (28  kV, 30 mA) due t o  a  f o c a l  s p o t  hea t ing .  

Consequently, an a l t e r n a t e  method us ing  a  s c a t t e r i n g  sample was employed. 

The sample s e l e c t e d  f o r  t h i s  purpose was a  d r y ,  u ranyl -ace ta te  

s t a i n e d  duck-tendon specimen. . St inson  e t  a1. l 4  have shown t h a t  up t o  

seven o rde r s  of d i f f r a c t i o n  maxima were c l e a r l y  v i s i b l e  i n  t h e  low 

angle  reg ion .  A s c a t t e r i n g  p r o f i l e  ob ta ined  on the  same specimen wi th  

t h e  appara tus  used i n  t h i s  s tudy  is  shown i n  F ig .  17.  A s  can be seen 

up t o  t h e  e l even th  o rde r  was v i s i b l e .  This  p a t t e r n  was obta ined  wi th  

t h e  vacuum chamber o f f s e t  such t h a t  t h e  tungs ten  beam s t o p  was w e l l  

below t h e  i n c i d e n t  beam. Ins t ead ,  a p i ece  of lead  was uscd as an 

CHANNEL.NUMBER 

Fig.  1 7 .  Uranyl a c e t a t e  s t a i n e d  duck tendon (with i n c i d e n t  beam). 



external beam stop. Subsequently, a main beam profile (nickel attenu- 

ated) was obtained with exactly the same geometry without the sample 

and lead beam stop. In this way the zero of angle could be calculated 

by integration of the main beam profile and by an extrapolation to the 

zeroth order diffraction peak. The two methods agreed to within 0.25 

channel which corresponds to 0.05 mradian. This agreement is considered 

to be excellent and thus permits this specimen to serve a s  a standard for 

angular calibration. Experiments on this sample were a l s o  performed on 

a step-scanning Kratky apparatus where a much finer integration of the 

beam was permitted; agreement to < 0 . 0 0 6  mradian was found. 

VII. NOISE LEVEL AND PARASITIC SCATTERING 

The system's performance was characterized in three different - 

ways. First of all, the apparatus should have a low noise level and 

minimal parasitic scattering, which are characteristic of the Kratky 

geometry. Secondly, the system's performance was compared to several 

other existing cameras us ing  samples o f  mnderat~ s r a t t ~ r i n g  i n t e n s i t y .  

Thirdly, the apparatus should be able to resolve weakly scattered 

intensities. 

One distinct advantage of a lDPSD over a conventional step- 

scanning apparatus equipped with a proportional counter is that,although 

the electronic noise per unit time is approximately the same in both 

cases, the lDPSD distributes the noise over the entire angular range. 

Therefore, if 100 channels were being used on the MCA the electronic 

noise and background would be 100 times less per angular reading on the 

lDPSD than with a conventional detector. This apparatus was found to 



have a  t o t a l  background ( inc lud ing  e l e c t r o n i c  no i se )  of 1 t o  3 coun t s / s  

corresponding t o  a  no i se  l e v e l  of 0.01 t o  0.03 count/s /channel .  

With t h e  camera a l igned  a s  descr ibed  above, t h e  s c a t t e r i n g  curve 

f o r  t h e  empty camera should e x h i b i t  an  extremely r ap id  drop i n  i n t e n s i t y  

a t  very  low ang le s ,  l e v e l i n g  o f f  a t  t h e  e l e c t r o n i c  no i se .  This  charac- 

t e r i z e s  t h e  p a r a s i t i c  s c a t t e r i n g  and coupled wi th  t h e  s l i t  width s e t s  

t h e  experimental  r e s o l u t i o n .  A t y p i c a l  b lank  run  i s  shown i n  Fig.  18. 

These r e s u l t s  should be compared wi th  t h e  p a r a s i t i c  s c a t t e r i n g  curve f o r  

Fig. 18.  P a r a s i t i c  s c a t t e r i n g  of modified 
Kratky camera wi th  1DPSD. 



a normal Kratky camera presented  by Hendricks.  l 1  It i s  c l e a r l y  seen 

t h a t  t h e  predominant p a r a s i t i c  s c a t t e r i n g  occurs  below 1 mradian. How- 

eve r ,  a low i n t e n s i t y  t a i l i n g  of f  was found t o  be p re sen t  extending t o  

2-3 mradians. The exac t  o r i g i n  of t h i s  could not  be determined. It 

could  n o t  be  a t t r i b u t e d  t o  a  misalignment s i n c e  t h e  i n t e n s i t y  i s  much 

too  low. I n  f a c t ,  because t h e  e l e c t r o n i c  n o i s e  of t h e  p re sen t  system 

i s  lower than  any d e t e c t o r  prev ious ly  used on a  Kratky camera, i t  i s  

p o s s i b l e  t h a t  t h i s  e f f e c t  i s  p re sen t ,  bu t  unreso lvable ,  i n  a l l  cameras. 

One p o s s i b l e  exp lana t ion  of t h e  e f f e c t  is  t h a t  high energy r a d i a t i o n  was 

impinging on t h e  r e a r  w a l l  of t he  d e t e c t o r  and f luo resc ing  t h e  aluminum 

o r  i m p u r i t i e s  i n  e i t h e r  t h e  aluminum o r  t h e  bery l l ium window. The f luo-  

r e s c e n t  r a d i a t i o n  could be of an energy t h a t  would be  passed by t h e  d i s -  

c r imina to r .  A s  w i l l  be  shown, t h i s  e f f e c t  d id  not  a f f e c t  t h e  a n a l y s i s  

of t h e  weak s c a t t e r e r s .  

V I I I .  DEAD-TIME CORRECTIONS 

Dead-time c o r r e c t i o n s  were app l i ed  t o  a l l  t h e  lDPSD da ta ,  This 

c o r r e c t i o n  i s  a s s o c i a t e d  wi th  the  counting capac i ty  of t h e  d e t e c t o r  and 

a s s o c i a t e d  e l e c t r o n i c s  i n  which counts  a r e  l o s t  due t o  t h e  t o t a l  number 

of even t s  accumulated over  t h e  e n t i r e  d e t e c t o r .  This  i s  t h e  s tandard  

c o r r e c t i o n  app l i ed  t o  any p ropor t iona l  counter .  Following chipmanl t h e  

dead t ime,  r ,  was found from a p l o t  of the r a t h  of an a t t enua ted  count 

0 
r a t e  ( I o )  t o  a  nonat tenuated  count r a t e  ( I ~ )  ve r sus  t h e  t o t a l  count r a t e  

a s  shown i n  Fig. 19.  The dead t i m e  is  given by 

where R i s  t h e  i n t e r c e p t  a t  zero count  r a t e .  For t h i s  system r = 14 u s .  t 



COUNT RATE x lo- '  
Fig. 19. Data for dead-time correction by method of chipman. l 5  

The count rate is in thousands/s. 

This correction, applied to the total number of counts, yields a factor 

by which each channel intensity is multiplied independent of channel 

number. 

where I is the observed counts and I. is the counts in channel i 
i,o 1, corr 

corrected for the overall dead time, r ,  and ;Ii is the sum of all the 
1 

counts in all the channels used. This method of dead-time measurement 

includes the effects of all components of the detector system including 

those of the multi-channel analyzer. For the samples of interest in the 

present investigations, the dead-time correction was not significant. 



IX. COMPARISON WITH OTHER EQUIPMENT 

The performance of the camera described in this report was 

compared to that of other small-angle x-ray scattering instruments. 

Scattering profiles from several specimens were compared to those 

obtained on: (1) the ORNL 10-m SAXS camera, l (2) a' Bonse-Hart system, l6 

and (3) in an international absolute intensity calibration project.17 

The specifications of the various samples are given in Table 2 along with 

the system used for comparison. 

Table 2. Sample Specifications for Intercomparison Experiments 

Initially an attempt was made to place all the scatt,ering profiles 

on an absoiute basis by measuring the power of the incident beam via the 

multiple foil technique. However, in performing the comparison with the 

ORNL 10-m SAXS camera using a polyethylene specimen the absolute inten- 

sities were not in agreement. Therefore, the same polyethylene specimen 

was used as a secondary standard with subsequent calibration against a 

Sample 
Tlpscr ip t inn  

Polyethylene 

Polystyrene 

Glassy carbon 

Polyvinyl- 
chloride 

I . rl 
alw c 
4 .rl 0 
a u . , I  
E C u  
C d a J c d  
m 5  u 

H 

Marlex, PE 

PS-3 

GC-3 

PVC 

c I c 
0 
cn 
-4 4 
$4 al 
m ?  
a al 
E l4 
U 

Relative 

Absolute 

Relative 

Absolute 

cn 
cn 

C ) V  
rl 
C 
H 

1.26 

1.002 

1.831 

0.530 

Comparison 
t U  : 

Two-dimensional pattern 
in point collimationl 

IUCr proigct17 

IUCr pro j ectl 

~onse-~artl~ 

cn .rl 
.rl u 
E 
w . c  
C W  
cd a, 
N 0 
H u 

0.367 

0.217 

0.315 

0.325 



Kratky Lupolen specimen1 wi th  s a t i s f a c t o r y  r e s u l t s .  The d iscrepancy ,  

a l though d i s t u r b i n g ,  could poss ib ly  be a s soc i a t ed  w i t h  space charge 

e f f e c t s .  This  e f f e c t ,  a s  w i l l  be  d iscussed  l a t e r ,  a r i s e s  when t h e r e  

i s  a  l o c a l i z e d  reg ion  of h igh  i n t e n s i t y .  A s  mentioned p rev ious ly ,  t h e  

i n c i d e n t  beam i s  confined t o  s i x  t o  e i g h t  channels on t h e  MCA and even 

wi th  a t t e n u a t i o n  t h i s  l o c a l i z e d  beam i s  very  i n t e n s e .  

Before d i scuss ing  t h e  va r ious  s c a t t e r i n g  p r o f i l e s ,  t h e  o v e r a l l  

power s p e c i f i c a t i o n s  of our  device  a r e  compared t o  t hose  of a  normal 

step-scanning Kratky camera and t h e  OWL 10-m SAXS camera.l Table 3 

shows t h i s  comparison. Column 4 con ta ins  t h e  s p e c i f i c a t i o n s  of t h e  cur- 

r e n t  lDPSD Kratky system, column 3 con ta ins  t h e s e  same s p e c i f i c a t i o n s  

when t h e  en t r ance  s l i t  has  been normalized t o  t h a t  of t h e  step-scanning 

Kratky i n  column 2 ,  and column 5 t y p i f i e s  t h e  power of t h e  2DPSD f a c i l i t y .  

A. Comparison wi th  t h e  ORNL 10-m SAXS Camera 

A sample of Marlex (polyethylene)  was used t o  compare t h e  lDPSD 

system wi th  t h e  2DPSD system. Before t h e  comparison could be performed 

t h e  d a t a  from t h e  lDPSD system, a s  recorded i n  t h e  MCA, had t o  be  

reduced t o  y i e l d  t h e  i n t e n s i t y  p r o f i l e  a s  a  func t ion  of s c a t t e r i n g  angle .  

A FORTRAN I V  program was developed t o  perform t h i s  t a sk .  Once t h e  

angular  i n t e n s i t y  was obta ined ,  t h e  d a t a  were desmeared t o  reduce t h e  

d a t a  t o  t h a t  which would have  been obtained w i t h  a  pinhol'e geometry. 

This  was done us ing  t h e  desmearing procedure of schmidt20 assuming an 

* i n f i n i t e  s l i t - l e n g t h  geometry. 

 h his assumption i s  v a l i d  because,  a s  i s  seen from Fig.  20, t h e  
s c a t t e r i n g  from Marlex decreases  t o  e s s e n t i a l l y  zero  w i t h i n  15 mradians, '  
whi le  from Fig.  16  i t  i s  seen t h a t  the. i n c i d e n t  beam i s  cons tan t  t o  
3511545 = 22 mradians. 



Takle  3 .  Comparison of Equipment 

P r o p e r t y  

Kratky Camera 
10-m Smal l  Angle 

IDPSD Normal- 
S t e p  

lDP SD 
X-Ray S c a t t e r i n g  

i z e d  t o  S t e p  
Scanning camera l 

Scanning 

RADIATION CHARACTERI.STICS Siemens s p e c i a l  Kratky t u k e  Rigaku Denki 6 kW 
X-Ray Source  r o t a t i n g  anode 

F o c a l  s p o t  s i z e ,  nun2 2.8 x 7 
Power ( k ~ ,  mA) (40,  30) 

Monochromator G r a p h i t e  (dif ' -  Nicke l  f i l t e r e d  Nicke l  f i l t e r e d  G r a p h i t e  
f r a c t e d  beam) ( i n c i d e n t )  Zincidznt)  ( i n c i d e n t )  

$, a p p a r e n t  b r i l -  0.32 x 1012 0 .36 x 1012* 0.26 x 1012 8 x 1012 
l i a n c e  of f o c a l  s p o t  
(photons  s-l sr-l 

COLLIMATION CONDITIONS 

minimum a n g l e  t o  2.52 
which d a t a  a r e  co l -  
l e c t e d  (mradian) 

0.098 x 1 0  = 0.98 0.098x.10 = 0 .98  * 0.065 x 1 0  = 0.65 IT F l y  a r e a  of e n t r a n c e  - ( I )  = 0.79 
sl i t  (nun2) 4 

Anl, s o l i d  a n g l e  o f  
i n c i d e n t  beam ( s r )  

An2, s o l i d  a n g l e  o f  
r e c e i v i n g  s l i t  ( s r )  

Po,  power of beam bath-  1 5  x l o 6  
i n g  specimen (photon s - l )  

- -  - - ~ - -  

* 
Normalized a c c o r d i n g  t o  e n t r a n c e  s l i t  w i d t h  and power. ' ~ t e r a d  p e r  d e t e c t o r  e lement .  



The comparison of the two scattering curves obtained on each 

instrument is shown in Fig. 20. As can be seen, the curves differ by 

up to 10%. Schelten and   end ricks^ noted similar differences in a 

previous publication. These authors outlined four possible sources of 

the discrepancies between the scattering profiles - (1) failure to cor- 

rcct the data for sl-it-width smearing, (2) systematic errors resulting 

from nonsimultaneous detection, (3) systematic errors in the slit-length 

desmearing procedure, and (4) nonuniformities of the sample. It is to 

be noted that the data obtained with the 2DPSD were not corrected for 

collimation errors, and because of the extent of the electronic resolution, 

28 (mrad 1 

Fig. 20. Scattering curves for Marlex (polyethylene) 
as determined on the 10-m SAXS camera in point collimation 
(0) and on the present device, after collimation correction 
(@I 



Phese e f f e c t s  a r e  n o t  e n t i r e l y  n e g l i g i b l e .  The use  of pos i t i on - sens i t i ve  

d e t e c t o r s  f o r  bo th  runs.  e l imina ted  t h e  second e f f e c t .  The p o s s i b i l i t y  

of sys t ema t i c  e r r o r s  i n  t h e  desmearing procedure o r  nonuniformity i n  t h e  

specimen s t i l l  remains.  Despi te  t h e  d i f f e r e n c e s ,  t h e  agreement should 

b e  cons idered  a s  being ve ry  good. 

B.  Comparison w i t h  a  Bonse-Hart System 

A po lyv iny lch lo r ide  (PVC) shee t  was used f o r  t h i s '  comparison. 

PVC i s  a  ve ry  weak s c a t t e r e r  w i th  a high a t t e n u a t i o n  f a c t o r  duc t o  the 

h igh  concen t r a t ion  of c h l o r i n e .  The s c a t t e r i n g  observed from PVC a r i s e s  

from two sources .  The f i r s t ,  which i s  an angu la r ly  independent s c a t t e r -  

i n g ,  i s  due t o  thermal  d e n s i t y  f l u c t u a t i o n s ,  a s  d i scussed  by S t r a f f  and 

uhlmann16 and Weudurff and ~ i s c h e r . ~ ~  Superimposed on t h i s  i s  a  very  

low-angle s c a t t e r i n g  a r i s i n g  from h e t e r o g e n e i t i e s  w i t h i n  t h e  sample. 

The purpose of t h i s  r e p o r t  is  t o  recognize  t h e  presence of t h i s  low- 

a n g l e  s c a t t e r i n g  and is  n o t  intended t o  determine t h e  n a t u r e  of t h e s e  

h e t e r o g e n e i t i e s .  

The smeared d a t a  obta ined  wi th  t h e  lDPSD i s  shown i n  Fig.  21 

a long  wi th  t h e  d a t a  of S t r a f f  and Uhlmann. l 6  A s  can be seen ,  t h e  lDPSD 

d a t a  ag ree  i n  t h e  o u t e r  r e g i o n s  of t h e  s c a t t e r i n g  p r o f i l e s ;  however, i n  

t h e  very  low-angle s e c t i o n  t h e  lDPSD d a t a  l i e  s l i g h t l y  below t h e  d a t a  of 

S t r a f f  and uhlkann.16 I n  l i g h t  of t h e i r  work t h i s  angular  dependent 

s c a t t e r i n g  can be desc r ibed  by 



DESMEARED POLYVINYLCHLORIDE 

STRAFF AND UHLMANN 

A I D P S D  

Fig. 21. Comparison of s c a t t e r i n g  from po lyv iny lch lo r ide  as 
determined by S t r a f f  and uhlmann16 (e) on a  Bonse-Hart camera and i n  t h e  
present: work ( A ) .  

where c  i s  t h e  concen t r a t ion  of h e t e r o g e n e i t i e s  of r a d i u s  R charac- 
g  

t e r i z e d  by an e l e c t r o n  d e n s i t y  d i f f e r e n c e  r e l a t i v e  t o  t h e  ma t r ix  of Ap.  

Since t h e  PVC used i n  t h i s  s tudy was p u r i f i e d  and t h a t  of S t r a f f  and 

Uhlmann was n o t ,  i t  is  reasonable  t o  expec t  t h a t  t h e  two curves should 

no t  be i d e n t i c a l .  However, simply by vary ing  c  and R Eq.  ( 4 )  can be  
g  ' 

used t o  desc r ibe  Loth curves.  

It w i l l  a l s o  be noted t h a t ,  t h e  d a t a  of S t r a f f  and Uhlmann extend 

t o  smal le r  s c a t t e r i n g  ang le s  than  t h e  d a t a  obta ined  here .  This  i s  a  

r c a u l t  of t h e  differe .nce hetween t h e  Kratky and Bonse-Hart 'apparatus.  2 2  



However, the resolution lost by use of the Kratky camera is minimized 

and is compensated by a higher intensity. It is concluded that the 

lDPSD system developed here displays a very good agreement with the 

Bonse-Hart apparatus. 

C. Comparison with Other Kratky Geometries 

Probably rhe mast critical comparison to be performed is that 

between the 1DPSD and other Kratky geometries. Provided identical speci- 

mens and resolutions are used, there should be no discrepancies. Such 

a comparison was easily conducted using the p n l y s t y r ~ n ~  and a glassy 

carbon sample prepared for the International Union of Crystallography's 

Cornmission on CrystaZZographic Apparatus IntemationaZ Project for the 

CaZibration of Absolute Intensities in SmaZZ-Angle X-Ray Scattering as 

described by Hendricks et a1. l 7  Comparisons with both samples were per- 

formed on the smeared scattering intensities to eliminate the possibility 

of desmearing errors. 

(a) Polystyrene Comparison 

The polystyrene specimen (PS-3) scattering profiles obtained from 

the lDPSD and as published in the IUCr report are shown in Fig. 22. As 

can be seen the two profiles superimpose. This result is reassuring and 

illdicates thar any differences encountered with prior comparisons are 

not due to the apparatus and must be attributed to other genuine sample 

differences or to subsequent data treatment. 



h = ( 4 r / ~ ) s i n ( e / 2 )  ( % - I )  
Fig. 22. Comparison of scattering curves for polystyrene (PS-3) 

determined by numerous investigators participating in an IUCr absolute, 
intensity project on a variety of instruments17 (@) and that obtained 
in the present work (0). 

(b) Glassy Carbon Comparison 

Up to this point the various specimens investigated scattered in 

the very weak (PVC) to moderate (Marlex) range. A glassy carbon specimen 

was.chosen to study the effect of very strong scatterers. The scatter- 

ing from glassy carbon originates from a high concentration of voids, 

and is among the ~llost intense observed at very'low angles. 

Quite surprisingly, the spectrum obtained from the lDPSD system 

contained a scattering peak at approximately 3 mradians. This result 



i s  i n  e r r o r  because t h e  we l l - e s t ab l i shed  s c a t t e r i n g  curve from t h i s  

17 g l a s s y  carbon specimen (GC-3) i s  monotonically decreas ing .  Repeated 

experiments  on t h e  lDPSD produced iden . t ica1  r e s u l t s .  A s  w i l l  be  d i s -  

cussed s h o r t l y ,  t h i s  p e c u l i a r  spectrum of t h e  GC-3 specimen can be 

a t t r i b u t e d  t o  space  charge e f f e c t s  i n  t h e  d e t e c t o r .  Upon a t t e n u a t i n g  

t h e  beam and count ing  f o r  l onge r  t imes ,  a g l a s sy  carbon spectrum was 

ob ta ined  t h a t  had t h e  same angular  dependence of i n t e n s i t y  a s  t h a t  of 

t h e  I U C r  r e p o r t 1  (not  shown here)  . 

D. Comments on t h e  Comparisons 

Despi te  t h e  v a r i o u s  problems encountered dur ing  t h e  performance 

t e s t s  of t h e  modified Kratky co l l ima t ion  system wi th  t h e  lDPSD described 

h e r e ,  i t  has  been shown t h a t ,  provided s u f f i c i e n t  c a r e  i s  taken,  t h e  

r e s u l t s  a r e  e s s e n t i a l l y  t h e  same a s  those  obta ined  on any o the r  s c a t t e r i n g  

f a c i l i t y .  Agreement was found wi th  a very  wide range of s c a t t e r i n g  speci-  

mens on a wide and v a r i e d  range of equipment. However, a s  w i l l  be  d i s -  

cussed ,  extreme cau t ion  must be exerc ised  when i n t e n s e  s c a t t e r e r s  a r e  

be ing  i n v e s t i g a t e d .  

X. SPACE CHARGE EFFECTS 

The phenomenon of space  charge . e f f e c t s  i n  non-pos i t ion-sens i t ive  

? 3.4 
p r o p o r t i o n a l  counters  has .been understood f o r  some time.' Bas i ca l ly ,  

when count r a t e s  a r e  h igh  i n  a l o c a l i z e d  r eg ion ,  t h e  s lowly moving posi- 

t i v e  charges  c r ea t ed  by a pr.eceding event  s h i e l d  t h e  anode wire  from t h e  

e l e c t r o n s  c r ea t ed  i n  a succeeding event ,  thus  lowering t h e  e f f e c t i v e  

p o t e n t i a l  on t h e  anode. This  causes a decrease  i n  t h e  gas ampl i f i ca t ion  



f a c t o r  and a  broadening of t h e  energy r e s o l u t i o n .  A q u a n t i t a t i v e  theory 

of t h i s  e f f e c t  has been developed by   end ricks. 26 Although t h e  e f f e c t  

of space charges has  no t  been worked ou t  q u a n t i t a t i v e l y  f o r  pos i t i on -  

s e n s i t i v e  d e t e c t o r s ,  q u a l i t a t i v e l y . s e v e r a 1  e f f e c t s  on t h e  s p a t i a l  reso lu-  

t i o n . a r e  t o  be expected. F i r s t ,  a  l o c a l i z e d  r eg ion  of h igh  count r a t e  

( a s  would be expected a t  a  Bragg r e f l e c t i o n ,  f o r  i n s t ance )  w i l l  cause a  

d i s t o r t i o n  of t h e  normally r a d i a l  e l e c t r i c  f i e l d  l i n e s  which w i l l  cause 

a  focus ing  of t h e  in-coming e l e c t r o n s  toward t h e  p o s i t i v e  ion  cloud 

(Fig. 2 3 ) .  Such a  focus ing  would be expected t o  d i s t o r t  t h e  shape of a 

s c a t t e r i n g  curve.  Secondly, t h e  l o c a l i z e d  r educ t ion  i n  apparent  p o t e n t i a l  
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F ig .  23. Space charge e f f e c r :  d e f l e c t i o n  of e l e c l ~ ~ u i ~ e .  



between t h e  anode and ca thode  i s  expected t o  cause a  position-dependent 

dec rease  i n  t he  gas a m p l i f i c a t i o n  f a c t o r ,  t hus  causing an apparent  l o s s  

of photons due t o  energy d i sc r imina t ion .  

We p r e s e n t  below our  f i r s t  experimental  r e s u l t s  demonstrat ing 

t h e  e f f e c t  of space  charge  i n  1DPSDs. The sample used f o r  t h i s  i n v e s t i -  

g a t i o n  w a s  a  g l a s s y  carbon specimen (GC-3, a s  descr ibed  i n  r e f .  17) 

which a t  a source  power s e t t i n g  of 28 kV and 30 mA had an i n t e g r a t e d  

s c a t t e r i n g  of 200-250 k  coun t s / s .  The i n t e n s i t y  p r o f i l e  is  cha rac t e r i zed  

by a n  exponen t i a l  i n c r e a s e  i n  i n t e n s i t y  a t  very low angles. 

The s c a t t e r i n g  curves  shown i n  F ig .  24 were obta ined  under two 

d i f f e r e n t  cond i t i ons .  Spectrum A ( f u l l  c i r c l e s )  was obta ined  wi th  t h e  

f u l l  power of t h e  main beam impinging on t h e  specimen, whereas wi th  

spectrum B (open c i r c l e s )  t h e  main beam was a t t e n u a t e d  ( x  1/80)  wi th  

n i c k e l  f o i l s .  The r eco rd ing  times were 5 and 400 s ,  r e s p e c t i v e l y .  The 

p r o f i l e s  were obta ined  s o  a s  t o  normalize t h e  t a i l  reg ion  of t h e  curves.  

A s  can be  seen ,  t h e  two p r o f i l e s  a r e  v i r t u a l l y  i d e n t i c a l  except  

i n  t h e  0  t o  5  mradians r e g i o n  where t h e  count r a t e  is  q u i t e  high.  

A t  t h e  sma l l e s t  ang le s  spectrum A has a  lower count r a t e  than spectrum B 

b u t  a t  s l i g h t l y  h ighe r  ang le s  then  it exceeds B ,  and deve3.ops a maximum. 

A s  d i scussed  above and i n  d e t a i l  by   end ricks^^ t h e  i n i t i a l ,  very  s i g n i f -  

i c a n t  r educ t ion  i n  t h e  recorded i n t e n s i t y  i s  t h e  r e s u l t  of a  change i n  

t h e  l o c a l  e l e c t r i c  f i e l d  r e s u l t i n g  i n  a  count r a t e  l o s s  due t o  energy 

d i sc r imina t ion .  A t  somewhat h igher  ang le s  (3--4 mradians) ,  t he  i n t e n s i t y  

of t h e  d i s t o r t e d  spectrum a c t u a l l y  r i s e s  above t h a t  of t h e  und i s to r t ed ,  

low count r a t e  spectrum. This  can be accounted f o r  by t h e  focus ing  

e f f e c t  of t h e  space charge cloud (descr ibed  above) a t t r a c t i n g  e l e c t r o n s  



SCATTERING ANGLE ( 2 8 ,  m r o d s l  

Fig .  24.  S c a t t e r i n g  c u r v e s  f o r  g l a s s y  ca rbon  a s  de te rmined  w i t h  
t h e  p r e s e n t  a p p a r a t u s  a t  two d i f f e r e n t  i n t e g r a t e d  count  rates. @ 5-s 
coun t  t ime;  0 400-s count  t ime.  The d i f f e r e n c e s  a r e  due t o  s p a c e , c h a r g e  
e f f e c t s .  

from e v e n t s  which occur red  a t  somewhat h i g h e r  a n g l e s  i n t o  t h e  low-angle 

r e g i o n .  

An i m p o r t a n t  p o i n t  t o  b e  made h e r e  i s  t h a t  t h e  e x c e s s  i n t e n s i t y  

observed a t  abou t  5 mradians  w i t h  t h e  lDPSD would n o t  b e  observed w i t h  

a normal s t ep-scann ing  a p p a r a t u s  and a  n o n - p o s i t i o n - s e n s i t i v e  d e t e c t o r .  

With t h e  l a t t e r  d e v i c e  t h e  d e f l e c t e d  e l e c t r o n s  would s t i l l  b e  inc luded  

i n  t h e  accumulated c o u n t s  a t  t h a t  a n g l e ,  whereas  w i t h  t h e  lDPSD t h e s e  

d e f l e c t e d  e l e c t r o n s  are i n c l u d e d  i n  t h e  t o t a l  e v e n t s  o c c u r r i n g  a t  a n o t h e r  

p o s i t i o n  on t h e  w i r e  cor responding  t o  a n o t h e r  a n g l e .  T h e r e f o r e ,  a con- 

v e n t i o n a l  a p p a r a t u s  would o n l y  e x p e r i e n c e  a l o s s  i n  i n t r r ~ s i t y  due s o l e l y  



t o  t h e  apparent  l o s s  of photons caused by a  change i n  t h e  e l e c t r i c  f i e l d  

a t  t h e  w i r e  and t h e i r  r e ~ u 1 t a . n . ~  r e j e c t i o n  by t h e  energy d i sc r imina to r .  

Aside from t h e  e f f e c t s  descr ibed  above, space charges can a l s o  

a f f e c t  t h e  de te rmina t ion  of system dead t imes.  I n  t h e  method of , 

0 
~ h i ~ m a n l ~  t h e  parameters  of i n t e r e s t  a r e  t h e  t o t a l  count r a t e  (10) and 

an  a t t e n u a t e d  count  r a t e  (10). I f  a  s c a t t e r e r  such a s  GC-3 i s  used t o  

o b t a i n  t h e s e  p a r a m e t e r s , - t h e n  t h e r e  can be l o s s e s  i n  t h e  count r a t e s  

0 
due  t o  t h e  space Charges. The r a t i o  ( 1~11~)  d e t e r m i n e d a t  h igh  count 

r a t e s  can b e  decreased cons iderably  ca1.1sing an e r roneous ly  high - r .  

Figure  25 c l e a r l y  i l l u s t r a t e s  such e f f e c t s . ,  Using only p o i n t s  a t  t h e  

Fig. 25. E f f e c t  of space charge on dead 
time experiment.  Count r a t e  i n  counts  per  second. 



extreme ends of t h e  curve l e a d s  t o  a  dead time of 140 ps  r a t h e r  than  t h e  

c o r r e c t  va lue  of 1 4  u s .  This  problem can be circumvented by us'ing a  

s ca t t ' e r e r  w i th  a  f a i r l y  uniform p r o f i l e  s o  t h a t  t h e r e  a r e  no a r e a s  with' 

extremely i n t e n s e  s c a t t e r i n g .  

X I .  FILL-GAS EFFECT 

The d e t e c t o r  used i n  t h i s  s tudy  was f i l l e d  wi th  a  mixture  of 

97% X e 3 %  C ~ H G .  The reason C3H6 (cyclopropane) was used a s  a  quenching 

gas r a t h e r  than  C02 was because C3H6 i s  much f a s t e r  and l eads .  to' h igher  
. ,  . . . . ,  

s p a t i a l  and energy r e s o l u t i o n .  However, o rganic  gases  have a  s e r i o u s  

drawback i n  comparison t o  gases  l i k e  C02 because they a r e  decomposed 

and polymerized, e s p e c i a l l y  a t  h igh  gas ampl i f i ca t ion .  When decomposi- 

t i o n  occurs ,  t h e  d e t e c t o r  wi re  i s  coated (usua l ly  no t  uniformly) wi th  

a  d i e l e c t r k  carbonaceous m a t e r i a l  and/or  carbon thus  a l t e r i n g  t h e  

r e s i s t i v i t y  and diameter and reducing t h e  e l e c t r i c  f i e l d  ( l o c a l l y )  and 

consequently causing a  drop i n  gas  a m p l i f i c a t i o n  of t h e  i n c i d e n t  e lec-  

t r o n s  i n  t h a t  region.  When a  d i sc r imina to r  i s  used,  then  t h i s . c a u s e s  a  

r educ t ion  i n  t h e  count r a t e  i n  t h e  r eg ions  t h a t  a r e  coated wi th  t h e  

decomposition products  of t h e  quench gas .  This  was seen i n  t h e  s c a t t e r -  

i ng  p r o f i l e s  of a  s e r i e s  of b lends  of poly(p-iodostyrene)  w i th  poly- 

s t y r e n e  d i l u t e d  i n  poly(p-iodostyrene) .  I n  Fig.  26 p r o f i l e s  a r e  shown 

w i t h  and without  t h i s  e f f e c t .  This  problem can be avoided by two d i f -  

f e r e n t  rou te s .  I f  i t  i s  d e s i r a b l e  t o  u se  f a i r l y  t i g h t  energy d iscr imi-  

n a t o r s  then  t h e  d e t e c t o r  must be  s h i f t e d  phys i ca l ly  such t h a t  t h e  

coated a r e a  of t h e  w i r e  is below t h e  beam s top .  I f  t h e  d i sc r imina to r  

s e t t i n g  i s  n o t  c r i t i c a l ,  then  t h e  lower energy l e v e l  can be decreased 
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Fig .  26. .po ly(p- iodos tyrene) :  e f f e c t  of f i l l - g a s  decomposition. 

and t h e  window can be  opened t o  a l low a l l  t h e  counts  of i n t e r e s t  t o  be 

acqu i r ed .  I n  t h i s  way t h e  e f f e c t  can s t i l l  be e l imina ted  t o  some e x t e n t .  

However, a  p o s s i b l y  more d e s i r a b l e  method is  t o  u se  C 0 2  as a quench gas  

and apply  a h ighe r  v o l t a g e  t o  t h e  d e t e c t o r  t o  i n c r e a s e  t h e  r e s o l u t i o n .  



. . 

XII. COMMENTS AND RECOMMENDATIONS . . . .  . . 

. . 
. . 

The one-dimensional p o s i t i o n - s e n s i t i v e  d e t e c t o r , u s e d  in .  conjunc- 
. . .  

t i o n  wi th  a  Kratky camera r e s u l t e d  i n  a  small-angle x - r a y . s c a t t e r i n g  
. . 

f a c i l i t y  wi th  both h igh  r e s o l u t i o n  and low p a r a s i t i c  s c a t t e r i n g . .  The 

f a c i l i t y  was capable of r e so lv ing  t h e  s c a t t e r i n g  p r o f i l e s ,  of weak s c a t -  

t e r e r s ,  such a s  PVC, a s  well '  a s  very  i n t e n s e  s c a t t e r e r s ,  such a s  g l a s sy  

carbon. During t h e  course  of t h i s  i n v e s t i g a t i o n  s e v e r a l  a r e a s  where pre- 

cau t ions  must be taken,  no t  only wi th  t h i s  f a c i l i t y  bu t  w i th  pos i t i on -  

s e n s i t i v e  d e t e c t o r s  i n  gene ra l ,  were d iscerned .  

A s  wi th  most f a c i l i t i e s  and equipment, r e t r o s p e c t i v e  views g ive  

r i s e  t o  a r e a s  of improvement. The appara tus  descr ibed  he re  i s  no d i f -  

f e r e n t ,  and we make s e v e r a l  recommendations. below. 

. . A.  F i l l  Gas 
. . 

. . 

A s  discussed i n  t he  previous s e c t i o n ,  t h e  cyclopropane gas could 

be rep laced  with.C02 t o  reduce t h e  problems a s s o c i a t e d  wi th  d e p o i i t f o n  

of decomposition products  on t h e  wire .  I t  i s  t o  be noted t h a t  C02 a l s o  

decomposes a t  h igh  gas a m p l i f i c a t i o n  but  a t  a  much. slower r a t e .  

B. Detector  Wire 

Although no t  emphasized i n  t h i s  r e p o r t ,  t h e  w i re  used i n  t h e  

d e t e c t o r  descr ibed  i n  Sec t .  I1 was a  carbon-coated qua r t z  f i b e r .  A 

s e r i o u s  dcawback t o  t h i s  design i s  t h a t  t h e  wi re  can e a s i l y  be 

destroyed by d i r e c t  exposure t o  t h e  i n c i d e n t  beam. This  w i l l  cause 

a  l o c a l  evaporat ion of t h e  carbon coa t ing  and consequent ly a f f e c t  t h e  

uniformity of the  w i r e  by changing t h e  r e s i s t a n c e  a t  t h a t  p o i n t .  I f  



t h e  w i r e  i s  burned s e v e r e l y  enough, t h i s  can cause a  t o t a l  f a i l u r e  of 

t h e  d e t e c t o r .  This  problem i s  magnified wi th  t h e  use  of a  Kratky-type 

c o l l i m a t i o n  system s i n c e  t h e  f u l l  power of t h e  x-ray beam must' be  placed 

c l o s e  t o  t h e  edge of t h e  tungs ten  beam s t o p  i n  o rde r  t o  achieve  

r e s o l u t i o n .  

During t h e  course  of t h i s  s tudy  t h e  d e t e c t o r  was burned t o  only a  

minor degree i n  one p o s i t i o n .  This  inhomogeneous p o s i t i o n  on t h e  wi re  

was avolded by p h y s i c a l l y  lowering t h i s  s e c t i o n  below t h e  beam s top .  

However, i d e a l l y  a  d e t e c t o r  wi re  t h a t  can wi ths tand  exposure t o  t h e  i n c i -  

den t  beam is  d e s i r a b l e .  A t  present a dptpctor equipped with  n meta l  wire 

which meets t h e s e  requi rements  i s  i n  t h e  f i n a l  s t a g e s  of development and 

t e s t i n g .  

C. Detec tor  Resolu t ion  

The r e s o l u t i o n  of t h e  detec' tor used i n  t h i s  s tudy  was 400 pm and 

n e c e s s i t a t e d  t h e  use  of t h e  extended f l i g h t  pa th .  A d e t e c t o r  wi th  h igher  

s p a t i a l  r e ' so lu t ion  would have been much e a s i e r  t o  work wi th  s i n c e  t h e  

f l i g h t  pa th  would have been shorcer .  This  would make t h e  system much 

l e s s  s e n s i t i v e  t o  v i b r a t i o n s  and o t h e r  minor d i s tu rbances .  Alignment 

would be  s i g n i f i c a n t l y  e a s i e r .  With t h e  c u r r e n t  geometry, alignment was 

d i f f i c u l t  due t o  t h e  s i z e  and mass of t h e  f l i g h t  pa th .  S m a l l  changes i n  

the p o s i t i o n i n g  of t h e  f l i g h t  pa th  caused s i g n i f i c a n t  changks i n  t h e  

b r idge  al ignment .  With a  s h o r t e r  geometry, t h e s e  problems would be 

a l l e v i a t e d .  
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APPENDIX I 

Electronic Determination of Spatial Resolution 

The spatial resolution' of the detector can be adjusted as follows. 

With a radioactive source'illuminating the detector, obtain a trace of 

the bipolar output pulse from the main amplifier at either end of the 

anode wire, as illustrated in Fig. 27. Measure the noise level (N) in 

rms volts with an RMS voltmeter with OV bias. Apply the bias voltage and 

determine the slope of the pulse at crossover (S ) in volts/time. Also 
C 

determine the sensitivity of the detector ( S  ) in timellength as the 
D 

product of the multichannel analyzer conversion factor (channelsllength) 

as in Fig. 9 (p. 13, this report) multiplied by the delay time per channel 

(timelchannel). (The latter may be determined by changing the delay on 

the single channel analyzer and observing how many channels a given peak 

in the scattering pattern is moved.) The spatial resolution, R, is then 

Fig. 27. Schematic of pulse shape from main amplifier at either 
end of detector wire. 



For t h e  d e t e c t o r  de sc r ibed  i n  t h i s  r e p o r t  ( a t  b i a s  = -2600 V) 

N 1. mV, 

SD 12  ns/mm, 

c  " 0.4 V/!Js, and 

R a 0.2 mm (RMS) o r  0 .5  mm FWHM~ 

I n c r e a s e  t h e  b i a s  v o l t a g e  u n t i l  t h e  s l o p e  has  i n c r e a s ~ d  s u f f i c i e n t l y  t o  

ach i eve  t h e  d e s i r e d  v a l u e  of R. 

-- - 

* 
FWHM - 2.35 a. 
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