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The intensity is calculated employing the expressions developed for a multi-crystal diffractometer. 
Comparison with the measurements shows the reliability of the formalism and enables better 
interpretation of the experimental results. 
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Mul t i - c ry s t a l d i f f r a c t o m e t e r s a re b e c o m i n g increas-
ingly e m p l o y e d for h igh r e so lu t i on d i f f r ac t i on s tudies . 
T h e use of perfec t c rys ta l s as op t i ca l c o m p o n e n t s in 
these d i f f r a c t o m e t e r s is p a r t i c u l a r l y su i t ed fo r in tense 
s y n c h r o t r o n r a d i a t i o n sou rces (SRS) w i th a h ighly col-
l ima ted X - r a y b e a m , w h e r e t he d y n a m i c sca t t e r ing 
p r o d u c e s h igh p e a k ref lect ivi ty a n d a sma l l a n g u l a r 
r a n g e of d i f f rac t ion . T h e o b t a i n e d h igh r e s o l u t i o n can 
be used fo r t he c h a r a c t e r i z a t i o n of ep i t ax ia l s t ruc tu res , 
surfaces , p h a s e t r a n s i t i o n s o r w e a k d i f fuse sca t t e r ing 
a v o i d i n g t he in te r fe rence f r o m the s t r o n g B r a g g reflec-
t ion . I t is c lear t h a t the u n d e r s t a n d i n g of t he in tens i ty 
d i s t r i b u t i o n a r o u n d the B r a g g ref lec t ions is essent ia l 
for a re l iable i n t e r p r e t a t i o n of the e x p e r i m e n t s a n d 
thei r o p t i m i z a t i o n . 

* Presented at the "Synchrotron Radiation in Crystallogra-
phy", ESCM-13, Trieste, 2nd to 3rd September, 1991, Italy. 

Reprint requests to Dr. E. Gartstein, Department of Physics, 
Technion - Israel Institute of Technology, Haifa 32000, 
Israel. 

C o n s i d e r i n g an op t i ca l sys tem w i t h m m o n o c h r o -
m a t o r c o m p o n e n t s a n d n c o m p o n e n t s fo r the a n a l y -
sers the intensi ty d i s t r i bu t i on c a n b e desc r ibed by a 
c o n v o l u t i o n integral ex t end ing t he express ion o b -
t a ined for the t r ip le-crys ta l d i f f r a c t o m e t e r [1]: 

I(AIJ/, ACF)) 

= +F +F J(AX) F{A) RML(AEMI) RM2(A0M2) • • • 

• • RA (A9A ) d a dA , (1) 

w h e r e M , S, a n d A d e n o t e m o n o c h r o m a t o r , s a m p l e 
a n d analyser , respect ively. T h e in tens i ty d i s t r i b u t i o n 
a r o u n d a rec iprocal la t t ice po in t is m e a s u r e d by pe r -
f o r m i n g a n g u l a r r o t a t i o n (AIJ/) of t h e s a m p l e a n d (/!</>) 
of t he analyser . J (ZÜ) is the w a v e l e n g t h d i s t r i b u t i o n 
a r o u n d the charac te r i s t i c line a n d F ( a ) descr ibes 
the spa t ia l d i s t r i bu t ion of the e m i t t e d r a d i a t i o n of t h e 
source . T h e general express ions [2] fo r d ispers ive a n d 
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Fig. 1. Schematic diagram of the diffractometer at the SRS. 

0932-0784 / 93 / 0300-0519 $ 01.30/0. - Please order a reprint rather than making your own copy. 

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



520 E. L. Gartstein and R. A. Cowley 

1.0 

0.5 

0J 
E 
s 

0 .0 

1.0 -

0.5 -

0.0 
- 1 0 . 0 

(b) 

3 \ 

( 1 

0 
0 

j 
\ 0 

\ o 

- 2 . 0 
<5<?i 

0 . 0 0 2 . 0 
(x 10"^ 1-1) 

(a) 

f 0 
o 1 

of 
\ o 

, 1 
-5.0 0 . 0 0 5 .0 

ÖQ„ ( x l O ^ A " 1 ) 
10.0 

Intensity Patterns with a Multi-Crystal Diffractometer 

.00« 

. 0 0 S -

. 0 0 4 -

. 0 0 5 -

. 0 0 2 -

.001 

.oc 

o 
- o 

Fig. 2. Theoretical and measured intensity profiles for the Si 
(400) Bragg reflection^a) parallel and b) perpendicular to the 
wavevector transfer Q. 

non-d i spe r s ive a r r a n g e m e n t s were de r ived for the an -
gula r d e v i a t i o n s A9MI, A0S, a n d A6A. f r o m the Bragg 
c o n d i t i o n a t each of t he c rys ta l c o m p o n e n t s of the ray 
wi th the wave l eng th k0 + Ak wi th respec t to the ray of 
the n o m i n a l wave l eng th k0. 

T h e ca l cu la t ions p e r f o r m e d for t he symmet r i ca l 
(400) Si B r a g g ref lect ion were c o m p a r e d wi th the mea -
s u r e m e n t s [3] at the D a r e s b u r y S R S for an opt ica l 
sys tem cons i s t ing of a channe l - cu t Si d o u b l e m o n o -
c h r o m a t o r a n d Si s ingle b o u n c e d analyser , b o t h 
a l igned fo r the s y m m e t r i c a l (111) B r a g g reflect ion as 
s h o w n in F i g u r e 1. T h e Si sample , a d j u s t e d for (400) 
Bragg ref lect ion, was a l igned with t he sur face n o r m a l 
[100] a n d t he d i rec t ion [011] lying in the sca t te r ing 
p lane . T h e p r e m o n o c h r o m a t o r co l l ima t ion corre-
s p o n d e d to 1.3 • 10 ~ 5 r a d , a n d J(k) w a s t aken as a 
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Fig. 3. Simulated intensity pattern around Si (400) Bragg 
reflection. The inset shows the measured pattern at the SRS. 
A, S, and Ak denote the analyser, surface and wavelength 
dispersion streaks, respectively. 
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Fig. 4. Simulated intensity patterns a) around (111) InP symmetrical Bragg reflection and b) around (022) Si symmetrical Laue reflection. 

Notations as in Figure 3. 
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c o n s t a n t a r o u n d the inc ident wavelength X0 = 1.38 Ä. 
As can be seen in Fig. 2 the theoret ical in tens i ty p r o -
files a re in g o o d a g r e e m e n t wi th the ones m e a s u r e d 
para l le l (AQ^) a n d p e r p e n d i c u l a r (AQ_J to the wave-
vec to r t r ans fe r . T h e s imu la t ed intensi ty d i s t r i bu t ion 
s h o w n in Fig. 3 differs f r o m the one o b t a i n e d wi th a 
tr iple-crystal d i f f rac tometer at the conven t iona l source 
[1]. T h e p a t t e r n is a s y m m e t r i c since the d o u b l e m o n o -
c h r o m a t o r suppresses the m o n o c h r o m a t o r s t reak . 
Also a w e a k wave l eng th s t reak AX c a n be seen 
s e p a r a t e d f r o m the sur face s t reak S. Th i s effect is 
obse rved in the m e a s u r e m e n t with the s y n c h r o t r o n 
r a d i a t i o n because of its highly co l l imated inc ident 
b e a m , a n d it is s h o w n in the inset in F i g u r e 3. I t 
fo l lows f r o m (1) t h a t the A I s t reak occu r s at a n 
angle t a n ~ 1 [ tan 0 A t a n 0 s / ( 2 t a n d s — t an 0A)] to the 
w a v e v e c t o r t rans fe r . T h u s the A A s t r eak c a n b e c o m e 
pe rpend icu la r to the wavevec tor t ransfer w h e n 2 tan 9S 

= t a n 0 A . T h i s effect is c a l cu l a t ed fo r an I n P s amp le 
in s y m m e t r i c (111) Bragg re f lec t ion with t he I n P 
m o n o c h r o m a t o r a n d ana lyse r a l i gned for the s y m m e t -
ric (222) ref lec t ion. T h e resu l t ing weak AX s t r eak is 
s h o w n in the s i m u l a t e d p a t t e r n in F igure 4 a. T h e in-
tens i ty d i s t r i b u t i o n ca lcu la ted f o r a sample in L a u e 
( t r ansmiss ion) g e o m e t r y is s h o w n for the symmet r i ca l 
(022) Si ref lect ion. F o r s amples w i t h small a b s o r p t i o n 
p a r a m e t e r p t as fo r Si, a s t r o n g surface s t r eak S is 
expec ted p e r p e n d i c u l a r to the w a v e v e c t o r t r ans fe r as 
c a n be seen in Fig . 4 b, w h e r e t h e d i rec t ions of the 
a n a l y s e r a n d AX s t r eaks a re i nd i ca t ed in the inset. 

I n conc lu s ion , it can be s t a t e d t h a t the f o r m a l i s m 
d e v e l o p e d fo r t he mul t i - c rys ta l X - r a y d i f f r ac tome te r 
c a n p r o v i d e a n a d e q u a t e d e s c r i p t i o n of the in tens i ty 
d i s t r i b u t i o n e n a b l i n g be t t e r u n d e r s t a n d i n g a n d opt i -
m i z a t i o n of t he expe r imen t s . 

[1] C. Lucas, E. L. Gartstein, and R. A. Cowley, Acta Cryst. 
A 45, 416 (1989). 

[2] E. L. Gartstein and R. A. Cowley, Acta Cryst. A 46, 576 
(1990). 

[3] D. F. McMorrow, C. Lucas, C. Patterson, M. Snook, P. 
D. Hatton, R. A. Cowley, and E. L. Gartstein, unpub-
lished. 


