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Some t ime ago the author  described a me thod  for the  
examinat ion  of crystal sections using penet ra t ing  char- 
acteristic radiat ion (Lang, 1957a). The 'section topo- 
graphs '  so obtained show imperfections in the  interior 
of the  crystal. Wi th  this technique it was discovered tha t  
individual  dislocations can be de tec ted  by X-ray  diffrac- 
t ion (Lang, 1957b, 1958). However ,  a large number  of 
section topographs must  be compared in order to build 
up a picture of the  spatial dis t r ibut ion of imperfections 
in the  crystal. To obtain this informat ion more readily 
a new me thod  of diffraction microradiography has been 
developed which shows directly the  imperfect ion distribu- 
t ion in the specimen volume under  investigation.  Fig. 1 
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Fig. 1. Plan of the experimental arrangement. 

is a plan of the exper imenta l  ar rangement .  The X-ray 
beam from a relat ively d is tant  X-ray tube passes through 
the  specimen crystal after appropriate  horizontal  and 
vertical l imitat ion at the  slit. The crystal is set so tha t  
Bragg reflection occurs from a lattice plane making  a 
high angle wi th  the  face of the  crystal slab. A fixed screen 
intercepts  the directly t r ansmi t t ed  beam but  allows the  
Bragg-reflected beam to reach the  film. Crystal and  film 
are both motmted  on an accurate linear t raversing 
mechanism. During the  exposure they  move back and 
forth together  as indicated by arrows. The two-dimen- 
sional pa t te rn  appearing on the  film is a project ion of the 
crystal  slab and its imperfect ion content ,  hence the  name 
'projection topograph' .  I t  will be seen tha t  the  project ion 
topograph is equivalent  to a superimposit ion of m a n y  
section topographs. Consequent ly the  m a x i m u m  imper- 
fection densi ty  at which individual  imperfections can be 
resolved is much lower in project ion topographs than  in 
section topographs.  However,  the  project ion topograph 
presents a useful survey of the  over-all dis tr ibut ion of 
imperfections. Addi t ional  informat ion on the imperfec- 
t ion distr ibut ion may  be obtained by stereo-diffraction 
microraxtiographs composed from a pair of project ion 

topographs,  of the  hkl and hkl reflections, respectively. 
Such stereos give a vivid three-dimensional  picture of the  
course of sub-grain boundaries  or individual  dislocations 
wi th in  the  volume of the crystal slab. In  the  author ' s  
apparatus  the m a x i m u m  height  of X-ray  beam is about  
2½ cm. and  the  m a x i m u m  length of traverse is also 2½ era. 
These dimensions define the  m a x i m u m  area of crystal  
slab tha t  can be examined in one exposure. In  practice, 

penet ra t ing  radiat ions such as Mo Ka ,  Ag K s  and  W K~  
have been used so t ha t  very th in  specimens are no t  
required. 

The chief ins t rumenta l  factor affecting the  topographic 
resolution in the  vert ical  plane is the  angular  size of the  
X-ray source. Resolut ion in the  horizontal  plane may  be 
affected by the  presence of bo th  the  Ka 1 and Ka~ images. 
A typical  value for their  separation at the  film is 10 
microns. Wi th  good crystals such as silicon it was found 
convenient  to el iminate the  Ka~ image by reducing the  
horizontal  divergence of the  pr imary  beam to about  half 
the  difference in Bragg angle of the  K a  1 and  Ka~ reflec- 
tions. The vertical magnif icat ion of the  image is close to 
unity.  The horizontal  magnif icat ion is un i ty  if the  film 
is placed parallel to the  specimen slab. Wi th  thick- 
emulsion films, however,  the  film mus t  be kept  normal  
to the diffracted beam. The horizontal  magnif icat ion is 
then  cos (0A-~), in the  case when the  reflecting plane 
makes  an angle c~ wi th  the  normal  to the  specimen slab, 
measured in the same sense as the deviat ion of the dif- 
fracted beam. The horizontal  magnif icat ion is independent  
of the direction of crystal traverse, but  it is desirable to 
traverse the  specimen slice parallel to its own plane so 
tha t  the aperture in the  fixed screen may  be as narrow 
as possible. 

The me thod  has been applied to the s tudy of (i), 
individual  dislocations in nearly perfect crystals, in 
particular the  variat ion of the  s t rength  of the dislocation 
image wi th  the  angle between Buerger 's  vector and re- 
fleeting-plane normal.  (A. R. Lang, in preparat ion);  
(ii) PendellSsung (N. Kato  & A. R. Lang, in prepara- 
t ion);  (iii) diffraction effects at  sub-grain boundaries 
(N. Kato  & A. R. Lang, in preparat ion);  (iv) precipitates 
and  inclusions in single crystals; (v) new diffraction 
effects in quartz  and calcite; (vi) oxygen bands in silicon; 

Fig. 2. A projection topograph of dislocations in a {1 l l} slice 
of silicon, taken with a 220 reflection frown planes normal 
to the slice. 
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(vii) r a d i a t i o n  d a m a g e  in single c rys ta ls ;  a n d  (viii) in- 
f luence  of t h e  B o r r m a n n  effect on d i f f rac t ion  images  of 
d i s loca t ions  (A. 1%. Lung ,  in p repara t ion) .  

F ig .  2 shows a p ro j ec t ion  t o p o g r a p h  of d is locat ions  in 
a (111} slice of silicon, t a k e n  w i t h  a 220 ref lec t ion  f rom 
p ianos  n o r m a l  to  t he  slice. The  a rea  cove red  is a b o u t  
5 rnm.  × 4½ m m .  Pende l lSsung  fr inges m a y  be seen in t he  
beve l l ed  edge of t he  slice. N o t e w o r t h y  is the  s t rong  visi- 
b i l i ty  of d is locat ions  whose  Buerge r ' s  vec to r  is n o r m a l  
to  t h e  re f lec t ing  planes.  

This  w o r k  was  m a d e  possible b y  a g r a n t  f r o m  t h e  
N a t i o n a l  Scienc~ F o u n d a t i o n ,  rece ip t  of w h i c h  is g ra t e -  
fu l ly  acknowledged .  

References 

LA~G, A. 1%. (1957a). Acta Met. 5, 358. 
L~Na,  A. R.  (1957b). P i t t s b u r g h  Di f f rac t ion  Conference ,  

N o v e m b e r ,  P a p e r  20. 
LANe, A. R.  (1958). J. Appl. Phys. 29,  597. 

Acta Cryst. (1959). 12, 250 

D e t e r m i n a t i o n  of  l a t t i c e  p a r a m e t e r s  d i r e c t l y  f r o m  B u n n  c h a r t s .  B y  P.  P .  WILnIA~S, Dominion 
Laboratory, Wellington, New Zealand 

(Received 2 December 1958) 

A l t h o u g h  the  B u n n  (1945) cha r t s  for index ing  X - r a y  
p o w d e r  d i f f rac t ion  p a t t e r n s  of t e t r a g o n a l  a n d  hexagona l  
s t ruc tu re s  are  easier  to  use t h a n  the  B j u r s t r o m  (1931) 
char t s ,  t h e y  suffer  f rom the  d i s a d v a n t a g e  t h a t  in p lo t t i ng  
va lues  of lid ~ (or s in e 0 ) o n  a loga r i thmic  scale, knowledge  
of t h e  a c t u a l  d imens ions  of t he  u n i t  cell is lost,  a n d  only  
t h e  shape  of t h e  cell can  be d e d u c e d  d i rec t ly  f rom t h e  
plot .  I t  is o f ten  conven i en t  to have  a m e a n s  of check ing  
ca lcu la t ions  of axia l  l eng ths  f rom i n d e x e d  lines, a n d  to  
h a v e  t h e  m e a n s  of d e d u c i n g  r ap id ly  t h e  d i f f rac t ion  pa t -  
t e r n  t h a t  wil l  be p r o d u c e d  b y  a s t r uc tu r e  w i t h  g iven  axia l  
l eng ths .  A s imple  a d d i t i o n  to  t he  B u n n  cha r t  al lows this  
to  be done .  

The  Burro c h a r t  is c o n s t r u c t e d  on loga r i thmic  scales, 
a n d  is used  b y  p lo t t i ng  log sin ~- 0 for lines on the  diffrac- 
t ion  p a t t e r n  on a s t r ip  of paper ,  us ing  the  same scale 
as  t he  o rd ina t e  of t he  char t .  The  s t r ip  is m o v e d  a b o u t  
on  t h e  c h a r t  un t i l  a good  m a t c h  is o b t a i n e d  be tween  
pos i t ions  of sin 2 0 a n d  curves  on the  char t .  I f  in a d d i t i o n  
to  t he  va lues  of sin s 0 for the  d i f f rac t ion  m a x i m a ,  a 
re ference  m a r k  a t  a f ixed va lue  of sin ~ 0 is also p laced  
on the  s t r ip ,  i n f o r m a t i o n  no t  on ly  a b o u t  t he  re la t ive  
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Fig. 1. The Bunn chart  for hexagonal structures, with c axial 
lengths loci marked.  

The strip bears the pat tern  of a-quartz,  and a reference 
mark  R, at sin 2 0 ~ 0.02. 

pos i t ions  of t h e  d i f f rac t ion  lines b u t  also a b o u t  t h e i r  
ac tua l  pos i t ions  is r e t a i n e d  on the  str ip.  A t  a m a t c h i n g  
pos i t ion  of t he  str ip,  t h e  pos i t ion  on the  c h a r t  of t h e  
re fe rence  m a r k  can  be co r re l a t ed  w i t h  an  axia l  d imens ion .  

At  a series of m a t c h i n g  posi t ions  of t h e  s t r ip ,  for  
p a t t e r n s  of s t r uc tu r e s  w i t h  one axia l  l eng th  (say t h e  
c axis) f ixed,  a n d  v a r y i n g  axia l  ra t ios ,  t he  locus of t h e  
re ference  m a r k  is c lear ly  a curve  whose  ve r t i ca l  d i s t ance  
f rom the  001 curve  on t h e  c h a r t  is cons t an t .  The  d i s t ance  
of t h e  locus f rom the  001 curve  can be ca lcu la ted ,  b u t  i t  
is more  eas i ly  p l o t t e d  semi-empi r ica l ly .  On a s t r ip  of 
p a p e r  is p l o t t e d  t he  re fe rence  m a r k  to  be used,  a n d  
va lues  of sin ~ 0 co r r e spond ing  to  t h e  001 spac ing  for  a 
se lec t ion of va lues  of c, a t  t h e  w a v e l e n g t h  to  be  used .  
T h e n  the  s t r ip  is p laced  ve r t i ca l ly  on the  char t ,  a n d  t h e  
loci of t he  re ference  m a r k  p lo t t ed  as t h e  s t r ip  is m o v e d  
abou t ,  keep ing  each  of t he  sin 2 0 m a r k s  in t u r n  on t h e  
001 curve .  Fig .  1 shows the  lower p a r t  of a B u n n  c h a r t  
for h e £ a g o n a l  s t ruc tu re s  w i t h  t he  ax ia l - l eng th  loci p l o t t e d  
for c axes  of 3 A to  8 A, for  use w i t h  a re ference  m a r k  a t  
sin 2 0 = 0.02 a n d  C u K a  r ad i a t ion .  I n t e r p o l a t i o n  be- 
t w e e n  the  curves  is ca r r ied  ou t  l oga r i t hmica l l y  a long  t h e  
o rd ina te .  The  s t r ip  bears  t he  first  few lines of t h e  a - q u a r t z  
p a t t e r n ,  m a t c h e d  w i t h  curves  on the  char t .  The  pos i t ion  
of the  re fe rence  m a r k  in re la t ion  to  t he  c axia l  l e n g t h  
loci shows the  c axis  to  be 5.43 A, a n d  the  axia l  ra t io ,  
c/a, is r ead  off as usua l  as 1.10, f rom w h i c h  t h e  a axis  is 
c a l cu l a t ed  as 4.95 A. R e f i n e m e n t  of these  ax ia l  l eng ths  
b y  cons ider ing  h igh-ang le  l ines gives  c = 5.405 A a n d  
a = 4.913 A (Swanson  & F u y a t ,  1953). 

The  process  can  be reversed  to  p r e d i c t  t h e  p a t t e r n  
t h a t  a specific s t r u c t u r e  wil l  p roduce ,  by  p lac ing  a s t r ip  
of l oga r i t hmica l ly  ca l ib ra t ed  p a p e r  on the  c h a r t  so t h a t  
the  r e f e r e n c e - m a r k  pos i t ion  falls a t  t he  po in t  on t h e  c h a r t  
de f ined  b y  the  l eng th  of t he  c axis  a n d  the  axia l  ra t io .  
The  va lues  of sin" 0 a t  w h i c h  lines m a y  a p p e a r  can  t h e n  
be r ead  d i rec t ly  off t he  s tr ip a t  t he  in te r sec t ions  of t h e  
edge of t he  s t r ip  w i t h  curves  on the  char t .  
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