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We measured the propagation velocity and the damping 

of surface plasma oscillations (SPOs) at sinusoidally corru
gated silver surfaces and compared the results with those of 
the smooth surface. The experimental data are in good 
agreement with theoretical considerations. 

Using ATR-methods (attenuated total reflection) it was 
observed recently that the properties of SPOs propagating 
along the silver-air boundary of thin silver films (dAg

 ≈ 600 
Å) were changed by statistically distributed1,2 as well as pe
riodical surface roughness3: Qualitatively we have observed 
a shift of the phase velocity of the SPO to smaller and of the 
damping to higher values with increasing roughness. Only 
for periodical (sinusoidal) surface corrugation is quantitative 
comparison between experimental and theoretical results 
practical,4 because only in this case is it possible to determine 
experimentally the characteristic parameters of the surface 
modulation (grating constant a and groove depth h; h is de
fined as half the peak-to-peak value of the modulation). 
Evaluating the experimental result of ATR measurements for 
sinusoidal corrugations, one has to take care of the possible 
coupling of SPOs excited at both sides of the thin silver film,5 

and of the influence of the finite silver thickness on the 
damping, and, to a smaller degree, on the phase velocity of the 
SPO. 
thickness in an ATR arrangement, we investigated the 
properties of SPOs propagating along a sinusoidally corru
gated boundary between an air and a silver half-space. Using 
p polarized incident light, the SPOs can be excited by grating 
coupling in this experiment.6 We got the damping and the 
phase velocity of the SPO by evaluating the SPO-resonance 
anomalies in the reflected light intensity: exciting SPOs by 
the +1 diffraction order of the grating the propagation velocity 
υx and the damping k1/2 are connected with the angle position 
θ0 and the half-width θ1/2 of the resonance minimum by 

where kx
spo is the wavevector of the SPO and λ the wave

length of the incident light. 
The investigated gratings were prepared with holographic 

methods in photoresist layers which were overcoated with 
silver of sufficient thickness by vacuum evaporation.5 

Figures 1(a) and 1(b) show the influence of the groove depth 
h on the resonance angle θ0 and the half-width θ1/2 for three 
wavelengths of the incident light: λ = 5682 Å, 5145 Å, and 
4579 Å. The measurements demonstrate the expected in
crease of θo and θ1/2 with h.6,7 

The curves give theoretical results assuming an exact si
nusoidal surface profile, where we have used the experimen
tally determined grating constant a = 6015 Å and dielectric 
function εAg = εr + jεi of our silver layers. 

The full line represents the result of the exact integral for
malism developed by Maystre,8 the dashed line that of the 
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Fig. 1. Influence of the groove depth h of a sinusoidal silver grating on the resonance angle θ0 (a) and the half-width O1/2 (b) of the SPO resonance 
anomaly. Dots are experimental measurements; curves are calculated from theories by Maystre8 (solid line) and Kröger and Kretschmann7 

(dashed line). 
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perturbation approach by Kröger and Kretschmann.7 We 
found good agreement between experiment and theory 
without fitting any unknown parameter of the investigated 
system to the experimental results. 

The described measurements quantitatively show the 
strong dependence of SPO properties on surface corrugation 
parameters; this influence also should be observable for 
smaller grating constants <1000 Å, if h/a has the same order 
of magnitude as in the results described above. This is of 
importance for the interpretation of experimental results on 
statistical rough surfaces which contain these short peri
ods.9 

The authors gratefully acknowledge D. Maystre for the 
calculation of theoretical data with his integral formalism. 
Maystre is with the Laboratoire d'Optique Electromagnéti-
que, Faculté des Sciences et Technique de St.-Jérôme, 13397 
Marseille Cedex 4 (Equipe de Recherche Associée au 
C.N.R.S.). 

One of the authors (I. Pockrand) is on leave to IBM Re
search Laboratories, San Jose, California 95193. 

References 
1. D. Hornauer, H. Kapitza, and H. Raether, J. Phys. D 7, L100 

(1974). 
2. A. J. Braundmeier and E. T. Arakawa, J. Phys. Chem. Solids 35, 

517 (1974). 
3. I. Pockrand, Phys. Lett. 49A, 259 (1974). 
4. I. Pockrand and H. Raether, Opt. Commun. 18, 395 (1976). 
5. I. Pockrand, Opt. Commun. 13, 311 (1975). 
6. I. Pockrand, J. Phys. D 9, 2423 (1976). 
7. E. Kröger and E. Kretschmann, Phys. Status Solidi B 76, 515 

(1976). 
8. D. Maystre, Opt. Commun. 8, 216 (1973). 
9. See, for example, H. Raether, Surface Plasma Oscillations and 

their Applications, Physics of Thin Films (Academic, New York, 
1977), Vol. 9, p. 145. 

1786 APPLIED OPTICS / Vol. 16, No. 7 / July 1977 


