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A number of new results are emerging from the various techniques for 
measurement of surfaces using X-ray and neutron scattering methods, as 
witnessed by the program of this conference. With many names (and thankfully 
few acronyms) currently in use for these methods, it can be helpful to summarise 
them according to the regions of reciprocal space they refer to, as we attempt 
to do in Fig 1. This forms a useful guide to evaluating the level of information 
attained in each experiment, with regard to resolution of detail and its direction. 
The principal distinction is between the reflectivity (QI ,. 0) and diffraction 
(QI > > 0) regions; further subdivisions apply when Ql ,. 0 or not, as shown. 
A finer distinction could have been made between the analysis of crystal 
truncation rods ("integer order" diffraction) and superstructure reflections 
(fractional orders), but we chose not to show this. 

In this paper we concentrate on the interpretation of reflectivity data. The 
conventional view of X-ray reflectivity is understood to be represented by the 
Fresnel law, and the deviations from it which may have structural interpretations 
[1]. The non-specular reflectivity region is the surface equivalent of small angle 
scattering. Here the collective modes of fluid surfaces, in the form of capillary 
waves, are detected [2]. In the reflectivity region far from the origin where the 
crystalline Bragg peaks start to appear, the simple dielectric boundary description 
of the Fresnel law no longer applies. In order to separate its identity we refer 
to this as the extended reflectivity region. 

In the extended reflectivity region the refraction effects near Ql = 0 are 
unimportant, and the kinematic approach analogous to the analysis of crystal 
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truncation rods (CfRs) [3] is appropriate, except that all lateral order within the 
layers of the sample is invisible. The scattering amplitude can be represented 
as a one-dimensionalsum over the layers of the crystal from the top (z = 0) to 

. z = 00. Quite generally we can represent each layer by an index j, a position Zj, 
and a density Pj (fractional occupancy between 0 and 1): . 

F(Q)=j{QrE p/{llJ (1) 
j,.() 

where f(Q) is the known form factor, and can be used to include overall scale 
and Debye-Waller factors as well. An ideal primitive lattice is represented by 
Pj = 1 and Zj = ja, where a is the perpendicular lattice parameter. Equ 1 
reduces to 

(2) 

demonstrating the 1/sin2 intensity variation characteristic of CfRs. Close to the 
Bragg peaks at Q = 21tn/a, the intensity has the asymptotic form 1I1aQI2 that 
was originally derived by von Laue for the effect of plate morphology on powder 
diffraction [4], and later for surfaces [5]. It is curious to note that the intensity 
variation ofEqu 2 can ~e obtained exactly by summing the 1I1aQI2 singularities 
over all the Bragg peaks, by virtue of the equality 

1 1 - 1 -=-I;-. 
sin21tx 1t2n ___ (x-n)2 

(3) 

This has led to an alternative description [6] of extended reflectivity, and CfRs 
in general, as a superposition of 1/ 1 a Q 12 intensity tails weighted by the squares 
of the structure factor at each Bragg peak. 

We wish to point out that this equivalence of the two derivations breaks 
down when the crystal structure is sufficiently complicated. The generalisation 
of equation (3) works for the case of a primitive lattice of layers with equal 
weight, AAAA ... It also works for an ABABAB ... structure, but not for one with 
a non-uniform layer spacing, such as Si(l11), which is illustrated in fig 2. There 
exist two possible 'ideal' terminations: case 'D' cutting between the double-layers 
of atoms, and case'S' splitting the double layer. Fig 2 also shows the extended 
reflectivity calculated by the two methods. All curves reproduce the correct 
intensity ratio 2:1:0:1:2 for the (000):(111):(222):(333):(444) Bragg peaks of the 
diamond lattice. Away from the Bragg peaks they differ, however: in case'S' 
there are nodes of zero intensity along the rod profile, but not in 'D'. The 
superposition of tails calculation generates a curve lying in between, which is 
independent of choice of termination. The differences are not slight: there is 
almost a factor of 10 difference over most of the region near (222). Very clearly, 
the profile is sensitive to the choice of termination. 

The real Si(111) surface is reconstructed in a way that is described by the 
well-known 7x7 Dimer-Adatom-Stacking fault (DAS) model [7], shown in a side 
view in fig 3. This is a relatively complex structure with a reflectivity profile that 
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