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11.7-3 STATIONARY WAVES FROM A SINGLE 
HETEROSJRUCTURE ON GaA~ A COMPUTER EXfERlMENT. By A. 
Authler , J.Gronkowskl and C Malorange . : Laborato1re 
de Hln~ralogle·Crlstallografnle. ~NRS et Un1vers1t~~ 

Par1s VI et VII, France; : Inst1tute of Exper1mental 
PhysLcs, Un1vers1ty of Warsaw. Poland 

lwo of the most prom1s1ng applLcatlOrls of the Stat1onary 
Waves method tor the localL.:atLOn of atom.tc. pusLtluns 
are the study of sol1d-sol1d 1nterfaces and that of 
1mplanted layers. In both cases, the express1ons 
calculated for the perfect thLck crystal cannot be 
expected to be val1d. Calculat1ons performed in tl1e case 
of a dlsturbed layer on a s1l1con crystal have already 
been reported {V.G. KOHN and H.V. KOVALCHUK, 1981, Phys. 
Stat. Sol. (a), 64, 359-366). Ir1 th& present paper the 
Takag1-Taup1n equat1ons have be~n solved 1n tl1e case of 
a s1ngle neterostructure where the depth dependence of 
the stra'n 's g'ven by l~a/al/1 1 • oxplz - z_I/CI I see 
C. MALGRANGE. 1nv1ted paper at th1s Congr~ssl. Tl1e 
1nterface lS character1zed by 1ts m1dpus1tlon z and 1ts 
thickness, C. The relat1ve latt1Ce parameter difference 
between ep1layer and substrate is equal to 6a/a. Var1ous 
situat1ons can be obta1ned depend1ng on the value of 
these parameters and the posit1on of the crystal 
surface. Two cases are d1scussed here. In the f1rst one, 
a heterostructur~ 1s s1mulated by putt1ng the crystal 
surface at z = 0; the thlCkness of th~ ep1layer 15 then 
equal tu z

1 
and the steepness of the 1nterface lS g1ven 

by C. In the second case. a dlsturbed surface layer 1s 
s1mulated by putt1ng the surface at z

1
; thls 

corresponds to a lattlc~ parameter wh1ch var1es from th~ 

surface and stab1l1zes at a depth roughly equal to 2 or 
](, 

The phase, the 1ntens1ty of the re~lect~~ wave ar1d the 
stat1onary wave f1eld have b~~n (alculated 111 tern1s of 
the depth 1ns1de the crystal and of the angle of 
1nc1dence as well as of C. The f1rst result 1s that w11en 
the angle of 1nc1dence corresponds to tt1e mlddle of the 
BRAGG peak for the substrat~. the nodes and ant1nodes 
rema1n h-ooked to the at.om1c planes of the substrate, up 
to the surface and Wlth the san1e periodlClty. But when 
thls angle of 1r1c1dence lS mod1f1ed, they start dr1ft1ng 
1n a different way from that 1n a perfect thlck crystal. 
Indeed, the var1at1.ons of the stationary wave f1eld, and 
therefore of the secondary emlSSlons, wlth a11gle of 
1nc1dence are very dlfferent from those 1n a perfect 
thlck crystal. When z

1
, the rock1ng curve 1s not 

very dlfferent from that of a perfect crystal so that an 
exper1mentator would not be ~lerted to the fact that th~ 

surface layer Ls dlsturbed. Nevertheless, the observed 
secondary em1ss10n cannot be correctly 1nterpreted in 
terms of sh1fts of th~ atom1c pos1t1ons calculated from 
the perfect crystal curves; an adequate model 1s 
requ1red for the stra!n. When the surface 1s at z o, 
that 1s when there 1s an epilayer of th1ckne~s z

1
. 

oscillat1ons occur in the express1on of the Stat1onary 
Wave f1eld for angles of 1nc:d~nce b~tween the BRAGG 
peaks of the substrate and the ep1layer. Thls effect, as 
observed by Y.G. KOHN and coworkers ( 1982, Phys. Stat. 
Sol. Ia), 71, 603-610), 1s due to Lnterferences between 
waves reflected 1n the substrate and the ep1layer.Th1s 
1s assoc1ated to the per1od1city of the depth variations 
of the phase which 1s 1dent1ca1 to that which occurs for 
a perfect th1n crystal of thlCkness z

1 
{see A. AUTHIER, 

contrlbuted paper to th1s Congress). The var1at1011S of 
the Stat1onary Wave fleld across the BRAGG peak of the 
ep1layer on the other hand are qu1te s1m1lar to those 
calculated for a thln crjstal of the sam& thlckness but 
w1th a sl1ghtly different per1od of the fr1nges. 
Th1s work was partly supported by CNRS-ATP proJeCt 
172 and by grant CPBP 0105 \Warsaw). 

11.7-4 SELF-CONSISTENCY AND CONSERVATION OF 
ENERGY IN TWO-WAVES ELECTROMAGNETIC SCATTERING. 
By W.A. Keller, Institute de Fisica, 
Universidade Federal da Bahia, Salvador,Brasil. 

The scattering of two harmonic electromagnetic 
plane waves by a plane of induced dipoles has 
been rigorously treated by means of the Hertz 
vector. We have shown that only a self 
consistent solution which takes int~ account 
cooperative effects among scatterers, is able 
to conserve energy. The derived complex 
transmission coefficients define steplike 
changes of amplitude and phase for both 
scattered waves. In two particular vibration 
states when the incident waves arrive at the 
dipole plane with the same and opposite phase, 
the corresponding phase-shifts display an 
identical behavior to that predicted by the 
dynamical X-ray diffraction theory. However, 
as the relationship between these states is 
derived in an exclusively analytical way, the 
customary use of geometrical arguments and 
spherical waves notion are here redudant. 

11.7-5 SYNCHHOTRON X-RAY \VAVELENGTH TtnUNG APPLIED 
TO PENDELLOSUNG AND STACKING FAULT FRINGE STUDIES. By 
AyRY Lang, G~ Kowalski, A.P~VL Makepeace, H~H. Nills 
Physics Laboratory, University of Bristol, England and 
Moreton Moore, Physics Department, Royal Holloway and 
Bedford New College, Egham, Surrey, England¥ 

The X-ray dynamical diffraction theory of stacking fault 
contrast shows that the intensity in the X-ray section 
topograph has 3 components, r

1 
similar in form to the 

PendellBsung fringes in the unfaulted crystal, I 2 
arising from interbranch scattering at the fault, and 
r

3 
due to interference between r

1 
and I

2 
(Authier, phys. 

stat. sol., 1968, 27, 77-93). The component I contains 
a term which becom;; important when anomalous frans­
mission (the Borrmann effect) is appreciable, and by 
which the sign of the fault vector {i.eu distinction 
between intrinsic and extrinsic faults) can be de­
termined from the sign of 'first-fringe' contrast at 
the fault outcrop at the specimen surfaces (i.e. first 
fringe light or dark) y In order to establish the 
~X?erimental conditions needed to ensure unambiguous 
ft11..1l t sign determination in a nearly perfect crystal, 
1--•atterns have been simulated for various wavelength, 
absorption and PendellBsung phase conditionsu Experi­
mentally, series of synchrotron X-ray section topograph~ 
have been taken at the SRS 1 SERC Daresbury Laboratory, 
covering corresponding variations of diffraction 
conditions for a nearly perfect diamond crystal con­
taining a large-area stacking fault. Particularly 
informative is the facility in the synchrotron case to 
perform a 'fine tuning' of A by small changes of Bragg 
angle, so that a single cycle of the Pendell~sung 
oscillation can be followed through. New simulation 
programs have been developed to cover cases of complex 
diffraction geometry \</here the fault incompletely 
occupies the whole 'energy-flow triangle' between ~and 
K and these have been compared with experiment. 
-g 


