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Abstract. We have studied the thermal behavior of the Ag(llO) surface by syn­
chrotron x-ray diffraction. In-plane diffraction data (Qz ... 0) agrees with earlier work 
and can be fit to a power law form. Out-of-plane data (Qz,max=0.7), however, 
indicates the existence of two coexisting phases below the roughening transition: flat 
(110) oriented regions separated by inclined rough regions. The relative coverage of 
these two phases is found to depend on the temperature. Thus, the roughening 
process can be viewed as a continuous replacement of the flat faceted regions by the 
rough phase. Using the Wulff construction, we are able to describe the temperature 
dependence of the relative phase concentrations and extrapolate to an estimate of the 
Ag(llO) roughening temperature. 

Introduction. There is a great deal of interest in surface roughening, primarily 
because of its fundamental relationship to Equilibrium Crystal Shapes (ECS). The 
thermal evolution of the ECS of small Au and Pb crystals have been studied [1]. 
One of the results of those experiments was that close to the melting point only 
(100) and (111) facets persisted; all other orientations being rough by this 
temperature. Roughening of a flat surface has been predicted for several systems. 
Chui et. ai., showed that the Solid-on-Solid (SOS) model has a phase transition 
leading to a high temperature phase with a logarithmic height divergence [2], 

«h(r)-h(O»~ oc In( r ), (1) 

where her) is the height of the surface a distance r from an arbitrary origin. Rough­
ening transitions have been studied using x-ray diffraction [3,4], helium atom 
scattering [5,6] and LEED [7] for various metal surfaces. The expected diffraction 
lineshape has been calculated to have a power law form [4,6] 

I I 2 I l1(T,qz)!2 - 1 
J(qll ,qz) oc 2 qll , 

sin (qz!2) (2) 

where qll and qz are the parallel and perpendicular distances from the nearest Bragg 
point in reciprocal space and 11 is the roughness exponent (11°cqz2). The fIrst term in 
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Fig. 1. Top view of the Ag(IIO) fcc surface. The rectangular coordinates system is 
shown (indicated by an index 'c'). Q is measmed in units of [l.5377A-l. 2.1746A-l. 
2.1746A-l] 

eq. 2 is the crystal truncation rod (CTR) [8]. The second term is due to the 
roughness and broadens the CTR. 

Held et. al. [3] studied Ag(IIO) in-plane lineshapes at (I.O,Q:Jr for Qz close to 
zero (the index 'r' indicates rectangular coordinates. see Fig 1). They found 
satisfactory fits to eq.(2) over the whole temperature range. The Qz dependence, 
however, was not tested. 

Experiments and Results. We looked at room temperature diffraction data at 
different points on the (l,0)y rod for perpendicular momentum transfer Qz=O.l. 0.4. 
0.7. Parallel momentum scans were taken along the [OIO]r azimuth. Power-Law 
fits were only satisfactorily for Qz= 0.1, similar to Held et. al. [3]. At larger Qz. an 
obvious asymmetry develops that made the use of a two component lineshape 
necessary (see fig. 2). The X2 for the two component fits were smaller by at least a 
factor of 4.5. 

Since both components increase in amplitude as Qz approaches the Bragg 
condition, local steps on a long range flat surface can be excluded. This is because 
steps give rise to a broad component that has a minimum at the Bragg point, where 
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Fig. 2. Room temperature scans of the (10) beam in the [OIO]r direction at different 
Qz. The solid lines are the two component fits. Dashed lines are power law fits. 
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