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Microwave study of screened two-dimensional electron crystals on helium films
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We report investigations at microwave frequencies on surface-state ele(d®Bswhich were supported
by helium films adsorbed on different polymer substrates at temperatures above 1 K. The real and imaginary
parts of the dielectric respongék, w) of the SSE were measured at fidedndw inside a 10 GHz microwave
cavity. The solidification of the two-dimensional electron crystal was detected by a kink occurring simulta-
neously in both components efk,») as the electron density was slowly increased at constant temperature.
The influence of the dielectric substrate on such a freezing transition has been measured at different tempera-
tures and at various helium-film thicknesses. The results are found to be in good agreement with existing
theories. This work represents the first systematic study of a screened two-dimensional electron crystal on
helium

I. INTRODUCTION At these densities, the initial film thickness is greatly re-
duced and is essentially determined by the large electrostatic
For the past two decades, surface-state elect{88&’'S pressurd n?e?/2¢,, e being the electron charge. Thus, in
on a liquid-helium surface have been the object of an intenseontrast to the pure conditions on bulk helium, SSE’s on a
experimental and theoretical investigation because they forthin helium film are perturbed by the roughness of the un-
a particularly clean realization of a two-dimensional electronderlying substrate and by the presence of surface impurities,
system(2DES.! The surface of liquid helium is an almost Which lead to a progressive disappearance of the signal in
ideal substrate for the SSE’s owing to its pure and predictlow-frequency conductivity measurements raspproaches
able experimental conditions. Furthermore, the electronic arl0'' cm™2 To overcome such a limitation we have em-
eal densityn and the coupling of SSE’s to the surface can beployed a microwave cavity techniqueesonance frequency
easily changed over a relatively wide range of values. Thu§=10 GH2. This is quite a sensitive technique because it
SSE’s on liquid helium have been a perfect testing ground oRrobes the motion of the SSE’s over very small horizontal
which to test the effect of the Coulomb interaction on thedistances~10 A in our casgsee Sec. I)l, so reducing the
transport and equilibrium properties of a 2DES. A largeinfluence of surface defects on the electronic motion.
number of interesting phenomena have been found, the most This paper is organized as follows. After a brief discus-
dramatic perhaps being the detection of a Coulomb crystagion of the theoretical phase diagram of SSE’s on a helium
phasé and, more recently, the possible observation of thdilm, we will describe our microwave cavity technique, fo-
melting of this solid due to zero point energy fluctuatibns cusing particularly on the rather stringent specifications that

(quantum melting a phase transition predicted long time the support of the helium film, inserted along the cavity axis,
ago by Wignef. has to satisfy. We then illustrate the formulas used in our

On bulk liquid helium n is limited to a value data analysis, before presenting our experimental results to-
<2.2x10° cm 2 due to an electrohydrodynamic instability gether with a phenomenological model which explains them.
of the charged surfaceAt this density a Coulomb crystal
forms at a temperature below 1.052|?,While_ the Fermi Il. THE SCREENED PHASE DIAGRAM
energy of the 2DEST = w#2n/kgm, wherem is the elec-
tron mass, is equal to 61 mK. Thus electrons on bulk helium The phase diagram of a 2DES systembwik liquid he-
always form a classical system in contrast to 2DES in semilium was calculated within a mean-field approximation by
conductor inversion layers and quantum well structurelatzmann and Fukuyanidn the classical low-density and
where they are always in a degenerate state.order to  high-temperature region, the shape of the gas-solid boundary
bridge the gap between these two different regimes, it haline can be easily determined by a simple energetic argu-
been suggested to use a thin helium film as a substrate for thaent. It is convenient to introduce the plasma parameter
SSE’s, because a film is additionally stabilized by van ded”=({V)/{K), where(V) and(K) are the mean potential and
Waals forces. This has been demonstrated by Etzal®  mean kinetic energies per electron, respectively. Generally a
who were able to charge helium films to electron densities uparge potential energy favors crystallization. For a 2DES,
to =10" cm 2. (V)= (e?/4megepe) VN, whereepe=(epet 1)/2, €y being

Konstanze©Online-Publikations-Syste((OPS)
URL: http://www.ub.uni-konstanz.de/kops/volltexte/2007/2958/
URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-29584


http://prb.aps.org/
http://www.ub.uni-konstanz.de/kops/volltexte/2007/2958/
http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-29584

the dielectric constant of liquid helium, while, in the classical — 20 mm —| 2DES

region,(K)=KkgT. Thus the freezing boundary line satisfies \

the simple relatiotkg Tp,= €%\ mn/4megepdl’, wherel' ~ 127 AT

from experiments® while the theoretical valié based on “““HHW” ”WWW”W

the Kosterlitz-Thouless melting criterion I5~125. microwave 111

On athin helium filmthe interparticle interaction is modi-  etectric field i

fied due to the screening of the electron-electron interaction

by the substrate. For small interparticle distances, = ——— cavity with

(n)~Y2<d, whered is the helium film thickness, the osxial cables

screening is negligible and one has a Coulombic potential

V(r)~e?/4meqent . If instead the electrons are far apart, liquid helium

(mn)"Y2>d, we havél V(r)~e?*(1-6)/4megend

+26e?d?/Amegeps s, With 6= (esu— 1)/ (€supt 1), €sup

being the dielectric constant of the substrate underneath the FIG. 1. Schematic drawing of the microwave cavity used in the

helium film. experiment. The blow up shows the typical layered structure of the

The major physical consequence of using the helium filmSSE support.

on a dielectric substrate, the case of our experiment, is sim-

ply the renormalization of the electron charge and the shrinkhance frequency and transmitted power through the cavity

ing of the solid phase region with respect to the 2DES phaswere measured and stored in a personal computer. This rep-

diagram on bulk heliunt! The classical freezing line is resents an important experimental improvement over previ-

pushed to higher density and lower temperature, while theus studies, where the microwave absorption of the 2DES

quantum(Wignen melting is shifted to lowen andT. Such  was monitored at a constant frequery?

a shrinking of the solid phase becomes more pronounced on The resonator was weakly coupled and the geometry was

substrates with large. The theoretical expression for the thus free from coupling effects through temperature varia-

classical freezing line based on the Kosterlitz-Thouless melttion. The input microwave power amounted to less than 500

ing criterion has been given by Saitohtas nW, including the attenuation due to the coupling, and the

low-temperature quality factor with no electrons was
e?\mn ) Q=3000. This gives a maximum value for the microwave
keTm(d)= Amepend 1= (1+4mndg/c?)®?) @ glectric field amplitudeEy=20 V/m.*® Thus the maximum

) ) ] ] electron displacement induced By can be estimated by the
wherec=1.1061 andl is the helium film thickness. It may relation xo= e Ey/(Mew?) ~ 10 A
A .

be worthwile to point out that in a real experiment, in con-
trast to the mentioned theoretical analy§e¥ d, is not a
completely independent parameter due to the thinning effe
of the helium film caused by the SSE’s electrostatic pressur
Actually, its relation to the uncharged film thicknedgis®

filament /.

opt. fiber
/

A rectangular &30X8 mm), p-doped silicon platelet

served as a mechanical support for the helium film and was

laced along the axis of the cavity, parallel to the microwave

lectric field of the TM;omode. Although the doping of our
silicon was low (typical resistivity at room temperature
do p~20 cm) and the platelet thus was highly resistive at
dye(n)= 1T %2 oy (2)  low temperatures, it was still conductive enough to serve at

(1+ne’/2eopuegH) the same time as a lower electrode to hold the electrons on

with ppe= 145 kg/n? the density of liquid heliumg the ac-  the film (in some cases, we had to increase its conductivity
celeration of gravity, andH the height of the substrate with PY electron-hole pairs generated by illumination with an op-
respect to the liquid helium surface. As an example, fortical fiben. A clamping voltagel was applied between the
n=5x10°cm 2 d~96 A whend,=200 A andd~99 A  platelet and the resonator housing, the latter being electri-
whendy=400 A. cally connected to ground.

The cavity was inserted in a closed copper cell immersed
in the liquid helium of a glass Dewar. Before the measure-
ments high-purity helium gas was condensed into this

In our experiment we have used a cylindrical microwavesample cell at 1.2 K. The level of liquid helium inside the
cavity, 19.5 mm in diameter and 20 mm in length, which wascavity was precisely adjusted below the top face of the
excited in the fundamental Tjf, mode. When the Si platelet Si platelet, using the frequency shift of the cavity itself
was inserted along the axis of the cavilsee Fig. 1 the as a level meter; the frequency change due to the complete
resonance frequency wdg~10 GHz. The resonator was filling of the cavity by liquid helium amounted to
mounted in a microwave transmission circuit. The output~120 MHz. By adjusting the heigli between the substrate
power of theX-band generator HP 8206 was attenuated by a&nd the liquid helium level it was possible to vary the
variable cursor attenuator before being fed into the cavitythickness of the uncharged helium fildy in a wide
(typical attenuation ~—40 dB) via a special low- range 300-900 A). Its indicative value was simply de-
temperature, low-loss microwave coaxial cable. The transtermined by the nonretard¥dFrenkel-Halsey-Hill relation
mitted power through the cavity was amplified by a pair ofdy=(a/ppegH)*?, wherea is the van der Waals constant of
high-stability, low-noiseX-band MITEQ amplifiers(total  the outer surface layer. For the PMMAfpoly(methyl-
gain of 36 dB. A feedback circuit kept the microwave gen- methacrylatg layer, which will be discussed below, we have
erator phase locked to the cavity resonance and both resased the value appropriate for glddsy~26 K layers. We

Ill. EXPERIMENTAL SETUP



estimate that the uncertainty on our determinationdgf 0 5 10 0 B 3

amounts to about 20%. ° ' ' ' ' '
For a successful experiment, the quality of the outer sur- —_
face of the substrate is of paramount importance, particularly *2
for very small dy, and/or large electron densities : 4t .
(=2x10cm ™). If the surface is not very smooth, elec- s
trons can easily tunnel through the helium film at some 3
rough spots where the equilibrium film thickness of the he- c
lium film dye, is substantially reduced. In the case of a con- % 2r ]
ducting substrate, this causes a continuous loss of electrons g
which may severely limit the maximum achievable stable 2

density of the 2DES.To reduce this problem, an insulating b ey
surface can be used: its rough spots are charged by the first
electrons which tunnel through the helium film and this ef-
fectively prevents further electrons from tunneling.

We have thus decided to use as a substrate for the helium
film a Si platelet covered with an insulating polymer layer of
thicknessd;,s with dielectric constang;,s. For the choice of
such a polymer, many different factors have to be consid-
ered. First of all, it must not alter the physical properties
(mainly the microwave absorption and the dc conductjvity
of the underlying Si platelet, and it must be mechanically
stable to sustain the severe mechanical stresses which occur g
during a cool down. Furthermore, to avoid using very large 0 5 10 15 20 25 30
clamping voltage$**8its thicknessd;,s has to be relatively n (10°cm?)
thin (dj,s=~200-500 nm) and, in order to guarantee a uni-
form U (e.g., uniformn), d;,s must be as uniform as pos- FIG. 2. Relative absorptior and susceptibilityy of the SSE’s
sible. Finally, its outer surface must be very smooth so as t@n a helium film adsorbed on PFPE oil in terms of electron density
reduce the number of the various rough spots which may adt and clamping voltage) at constant temperaturdl £ 1.28 K).
as strong scattering centers for the 2DES in particular wheffitial helium film thickness is 300 A.
electrons are attracted and stuck to them. ) )

During the course of this experiment we have tried vari-lower than is needed to penetrate the helium. At each step
ous insulating polymers with different results. In the begin-the electron densityp was determined by
ning we tightly wrapped a Mylar foil(dj,sc=5—10 pum,
€ins=3.7) around the Si platelet. Although the preparation n= €0€insfHe | 3)
was relatively simple, it was very difficult to get reproduc- e(€pelinst €insre)
ible results. The main problem was due to the static chargin
of the foil induced during its handling. Furthermoté,was
not very well defined because of the inevitable wrinkles in
the foil when it was cooled down. To avoid such a problem
we used a perflourinated-poly-ether-@GdFPB, a highly vis-
cous polymer oil with a very low permittivitye;,s=1.76.
We had to manually spread it over the Si platelet by mean
of a sharp glass edge because there is no known solvent f
this oil. The resulting layer was fairly homogeneous, al-
though this “mechanical deposition” only allowed to make
relatively thick layers @;,s=3 um). We then used PMMA
(eins= 2.2) spin coated over a large round piece of Si, whose

central part, opportunely cut, was subsequently used as the Figure 2 shows the absorptianand the susceptiblity of
helium film support inside the cavity. The spin coating guar-ssg’s on a helium film=300 A thick, covering a PFPE oil
anteed a thind;,s:50—300 nm), homogeneous, smooth and~3 5 ,m thick, as functions of the electron density(the
easily controllable insulating layer. In some experiments, Wejensity values have an uncertainty of about 25%, mainly due
also used Si platelets covered by the more common.Si0  to the uncertainty in the determination of the PFPE thick-
this paper, however, we only present data which were takeRes3. The dimensionless relative absorptianwas calcu-
on PFPE and on PMMA layers, while the data on Svall lated using
be published elsewhefe?®

The helium film was charged by firing a small filament 1 [P,
mounted at the top of the cavity every3 sec and increasing a= Q_ P 1) ) (4)
at the same time the clamping voltage gradually step by step 0
in order to guarantee a saturated charging of the film. ThevhereP and P, are the transmitted microwave powers with
method ensures that the energy of the electrons is alwayand without electrons, respectively, while the effective sus-

3 4

s i

Susceptibility x (arb. units)

%heredHe is the equilibrium thickness of the charged helium
film calculated in a self-consistent way via HG). It is evi-

dent that on an insulating layer with larggs and smalld;,s

'high electron densities can be reached at moderate clamping
voltages. On the other hand, a largg; means a stronger
image field for the SSE’s and therefore a smaller equilibrium
Vertical distance from the substr&feThus on a highly po-
Hrizable substrate, the SSE’s are more influenced by the
roughness and other defects of the surface.

IV. EXPERIMENTAL RESULTS AND DISCUSSION




ceptibility y of the SSE’s was determined from the resonance 0 s & 9 12
frequencyf during charging with respect to the bare reso- '

nance frequency, via m
g o/
Phies (1 1 - s .
X“em?ie ) =7 ]
3 1 A
wherec is the speed of light anll,.=2.4054, a being the 5§ ?r 7 1
cavity radius, is the fundamental wave number of the reso- & B
nator. The quantitiesr and y can be regarded as relative § 1+ ! .
measures for the imaginary and real components of the di- <

electric function e(w,k) of the two-dimensional electron o+
plasma at fixedo andk. (The value of the wave vectdris

related to the dimensions of the boundaries of the plasma: for
longitudinal plasma excitation the length of the cavity, 20
mm, and for transversal excitation the width of the platelet,
~8 mm).

On charging the film the absorption rises almost linearly
with increasing electron densitfig. 2). The susceptibility is
also linear and has a negative value which by comparison
with Eg. (5) means that the charging has led to an increase of
the cavity resonance. This is the familiar behavior of free,
noninteracting electrons obeying the Drude model where ol M
both the absorbed power and susceptibility are simply linear 0 8 6 9 12
in n. Generally, the sign of the susceptibility indicates n (10° cm?)
whether the SSE response is in phgsies) or out of phase
(minus with the driving force. In the low-density region of ~ FIG. 3. Relative absorption and susceptibilityy of the SSE’s
Fig. 2 we can therefore identify our SSE system as an apat two different temperatures and on two helium films of different
proximation of an infinitely extended sheet of free electrongdhitial thickness covering a PMMA layer versus electron density
with a characteristic frequency tending to zero. Applying the
Drude theory to this initial part we can derive a value for theinstead of in one large single crystake below. Some small
SSE mean momentum relaxation time-2.5-3x10 s  crystallites can still move and absorb microwave energy,
using 7= —A(x/2wfa), where A=~1.25 is a geometrical which explains why we only observed a kink and not a sharp
factor!® This value for 7 is only about~2.5-3 times jump down toa=0 at solidification. Similar results have
smaller than the value on bulk helium calculated at the sambeen found in earlier low-frequency conductivity measure-
temperaturé! Thus, the surface roughness of these low poments of 2DES on solid N&,on solid H,* and on helium
larizable polymer substrates does not seem to affect tofilms,> while previous microwave absorption studies have
much the mobility of the SSE’s. On the other hand, high-not detected such a transition probably becausgas too
frequency measurements carried out at 9.4 GHz by théow™ or because the surface quality of the polymer foil was
Kharkov group® on helium films wetting a pyroceramic sub- not very good-*
strate show an exponential decrease in the mobility by a Figure 3 shows three charging runs at two different tem-
factor ~60 asd, decreases from 80 to 25 nm. In contrast, peratures and on helium films of two different initial thick-
Jiang, Stan, and Datffhave measured low-frequency mo- nesses covering a PMMA layer approximately 25 nm thick.
bility values on helium films covering a smooth glass surfacelhe shape of the curves, an initial linear region followed by
which are smaller than theoretical calculations for bulk he-a kink and a less steep line, is similar to that displayed in Fig.
lium only by a factor~5 even on films as thin as 22 nm. 2. In the low-density region, the curves A and B, measured at
Other published resuft$®?* taken on different substrates the same temperatufie=1.16 K, overlap, which means that
wetted by helium films of comparable thickness and at simiwithin the experimental resolution their relaxation time is the
lar temperatures indicate a very broad range of mobility val-same,r=9.4x10"*s. This value is very close to the theo-
ues. In other words, the quality of the surface is of para+etical value of=11x 10! s calculated for bulk helium and
mount importance to achieve high SSE mobility on films. a clamping fieldE, =130 kV/m, corresponding to a typical

As n increases, the SSE’s remain in a fluid phase characelectron density of 1.810° cm™2. In other words, the

terized by an increasing electronic correlation. At PMMA substrate is sufficiently smooth and low polarizable
n=3.5x10° cm 2, there is a pronounced kink in bothand  that already on a helium film ad,,.=25 nm the SSE high-
x Which signals a change in the SSE mobility. We identify frequency mobility is practically the same as on bulk helium.
this kink as the onset of Wigner crystallization. More pre-Run C, taken at 1.5 K, has instead a relaxation time
cisely, the change in the electron absorption at solidificationr=2.6x 10 1! s, similar to the above mentioned value mea-
is due to the pinning of the 2DES crystal to some surfacesured on PFPE oil at 1.28 K, suggesting that the PMMA
defects. In reality, as the 2DES experiences a strong randosubstrate is probably smoother than the PFPE oil of Fig. 2.
potential due to surface roughness and pinned electrons, it iEhis comes to no surprise given the difficulty at spreading
more likely that the 2DES freezes in many small crystallitesthis oil onto the silicon platelet.
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FIG. 4. Melting densityn, of the SSE crystal on charged he-
lium films of different thickness. The uncertainty in the absolute
value of the electron density is about 15%. For further information 1.0 ’ 15 ! 20
see text.
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An equally interesting feature of Fig. 3 concerns the lo-
cationny of the kinks, which is a function of temperature
and/or helium film thickness. More precisely, dge in-
creases the kink moves to lower electron densities. This olylictions of Saitoh’s formula foD =300 A andD =500 A.
viously excludes that the kink is due to localization of singleThe two lines represent the fit of the data points to @J.
electrons induced by surface defects. If this were the case, aisingI™ as a free parameter. In this way we can get a new
a thick film the influence of the substrate roughness would behdependent estimate df. We find that the best fit to the
significantly reducetf and this would imply that a larger data, see Fig. 5, is achieved wih=117+ 15, quite close to
fraction of electrons could move and absorb microwave rathat determined from Fig. 4 and to the value of 127 found for
diation. In other words, we would expect an increasei@t  2DES on bulk heliunf:> Melting transition data taken by
largerdy rather than the decrease observed in Fig. 3. Jiang, Stan, and Dalffon helium films wetting a smooth

A consistent explanation of our observations is based oglass surface and reanalyzed by Sdifoalso show good
the screening of the direct Coulomb interaction caused by thagreement with Eq(1).
presence of a dielectric surface. As Ef) shows, the ex- In our measurements we could identify the solidification
pected melting temperature of a 2DES crystal is an increagoint of the SSE’s as a kink in the charging curvesyaind
ing function of dye. This is more clearly seen in Fig. 4, «. However, as is shown in Fig. 6, in some runs on freshly
where the locatiomy of the kinks is plotted versus the equi- prepared PMMA we observed a pronounced resonance struc-
librium thickness of the charged helium film at a constantiure in a(n) and y(n), reminiscent of a plasma resonance,
temperaturel = 1.16 K. For comparison we show in Fig. 4 with its peak very close to the point where we expected the
also the prediction according to Saitoh’s thedty, calcu-  kink. Those resonance structures did appear only in the first
lated withT" =124 (solid ling). The agreement with our data few charging runs of two series of measurements taken on
is quite satisfactory. We should mention here that we havewo fresh PMMA layers. During subsequent charging runs,
also made a comparison based on an interpolation formulghe curvesx(n) and y(n) continuously changed their shape,
by Peeters and Platzmahand found a discrepancy of about finally arriving at that characteristic of Figs. 2 and 3. At that
20%, which, however, can be attributed to an error in Ref. 11point, the data became reproducible from run to run. Al-
as pointed out by Saitolf. though we have not yet found out how this resonance can be

Figure 4 also shows a point representative of our resultsystematically reproduced, its characteristic shape can be
on SiG; (c.f. Ref. 3. This time the agreement with Saitoh’s well explained in terms of collective excitations of the SSE’s
prediction of a melting densityny,~7x10° cm 2 for and we attribute its occurrence to particular clean preparation
I'=127 is very poor. One possible explanation of such aconditions of the PMMA surface in these runs. As we al-
large discrepancy is that at the melting densities observed omrady mentioned, firing the filament causes charging of some
SiO, quantum corrections to E@l) start to become impor- rough spots on the PMMA surface by electrons which have
tant. Actually, the experimental point for Sj@n Fig. 4 cor-  tunnelled through the helium film. These charged spots act as
responds to a Fermi temperatufre~0.3 K. new scattering centers which destroy the plasma resonance

We have also measured the dependence of the meltingver the platelet. On the other hand, they prevent further
density with temperature in the range 1.15-1.6 K and on twdeaking of electrons through the film and this may be the
charged helium film thicknesses @£300 and~500 A. reason why the final structure of Figs. 2 and 3 is rather well
These results are presented in Fig. 5 together with the preeproducible from run to run.

FIG. 5. Temperature dependence of the melting demsgjyof
the SSE crystal. For further information see text.



0 5 10 15 20 (n=4x10° cm?) the longitudinal plasma resonance of the

' ' ' free SSE'sf2=ne’k/2mm,?" is around 0.5 GHz, it follows
that the effect comes from the energy gap which has opened
due to solidification. We do not know whether this energy
gap is due to the optical phonon-ripplon coupled mode or,
more likely, to local vibration-modes of pinned domains, but
since the resonance is so sharp it represents in any case the
“cleanest” state of this system. The continuous evolution
from a resonance to a kink in subsequent charging curves
5L ] shows that the shape shown in Figs. 2 and 3 represents a
disordered state. Their characteristic feature, the kink as a
residue from a sharp resonance, reflects the broad distribu-
0 : . , . ' . : tion of possible collective excitations in the system.

Absorption o (arb. units)

V. CONCLUSIONS

al i The dielectric response of a 2DES on helium films ad-
sorbed on polymer substrates has been measured by means
of a 10 GHz microwave cavity. The simultaneous measure-
2t 8 ment of the real and imaginary parts €fk, ) allows for a
straightforward determination of the freezing transition of
the SSE’s. The effect of the screening of the interparticle
Coulomb interaction caused by the presence of the dielectric
substrate on such a 2DES transition has been studied at dif-
2 . . ' . . . ferent temperatures and various helium film thicknesses.
0 5 10 15 20 Quite satisfactory quantitative agreement has been found be-
n (10° cm?) tween our data on PMMA and_Sajtoh’s formula based on the
Kosterlitz-Thouless melting criterion.
The low polarizability and simplicity in the preparation of
FIG. 6. Plasma resonance observedrat1.16 K on a helium aPMMA Iayer with a smooth surface and a thickness which
film (initial thickness~340 A) covering a freshly prepared PMMA is possible to tune in a relatively ample range make this
layer. For further information see text. polymer an ideal substrate for the investigation of charged
helium films. However, its low permittivity reduces the
shrinking of the 2DES crystal phase caused by substrate
Our interpretation of this observation is as follows. In thescreening. As a consequence, on PMMA we have not seen
dispersion relation of longitudinal excitations of the two- any indication of a quantum melting of the crystal up to the
dimensional electron plasma(k;) the freezing is character- maximum densities achieved in our measurements,
ized by an energy gap which openskat 0. On bulk helium n<2x 10" cm 2 From this point of view, the use of a more
this is due to the phonon-ripplon coupling owing to the pe-polarizable insulating layer such as $i@® preferable, al-
riodicity of the crystal? whereas on a thin helium film such though its preparation is much more delicate and the effects
a coupling is less effective due to the presence of randorof surface defects and charge localization are more important
pinning centers. In this disordered case an energy gap stiind pronounced than on PMMA.
exists due to the sum of restoring forces exerted on the do-
mains which grow with the density of electrons and with the
number of pinning site€ (Without an energy gap the freez-
ing of a two-dimensional electron plasma would be hardly We are grateful to B. Bitnar, M. Cole, K. Dransfeld, F.
observable in a longitudinal excitation experiment since théPenning, V. Shikin, and especially O. Tress for many useful
solidification does not affect the longitudinal eigenfre-and clarifying discussions. The PMMA layers have been
guency) At the sharp resonance point of Fig. 6 the operatingkindly prepared by Kevin Phelan and Martin Boltau of Pro-
frequencyw=6.3x 10'° s ! and the longitudinal wavevector fessor Mlynek’s group at Konstanz University. This research
k=157 m %, given by the cavity length 20 mm, have met has been partially supported by the HCM-network of the
the dispersion relation of the plasma. Since at this densitfuropean Community, contract No. ERBCHRXCT90374.

Susceptibility ¢ (arb. units)
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