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Focusing of surface-acoustic-wave fields on (100) GaAs surfaces
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Paul-Drude-Institut fu Festkaperelektronik, Hausvogteiplatz-5, 10117 Berlin, Germany
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Focused surface-acoustic wau&AWSs) provide a way to reach intense acoustic fields for electro-
and optoacoustic applications on semiconductors. We have investigated the focusing of SAWs by
interdigital transducerdDTs) deposited 01§100)-oriented GaAs substrates. The focusing IDTs have
curved fingers designed to account for the acoustic anisotropy of the substrate. Different factors that
affect focusing, such as the aperture angle and the configuration of the IDT fingers, were
systematically addressed. We show that the focusing performance can be considerably improved by
appropriate choice of the IDT metal pads, which, under appropriate conditions, create an acoustic
waveguide within the IDT. We demonstrate the generation of natfolvwidth at half maximum

of approx 15um), high-frequency0.5 GH2, continuous SAW beams with vertical displacement as
high as 4 nm collimated over distances that exceedi0 © 2003 American Institute of Physics.
[DOI: 10.1063/1.1625419

I. INTRODUCTION ezoelectric coupling of the material. One approach by which
to produce strong SAW fields consists of using IDTs de-
Surface-acoustic wave6€SAWs) are elastic vibrations signed to generate a focused SAW be8@ver the past few
that propagate on a free surfacé. These waves generate years, many reports have addressed the focusing mechanism
spatially modulated mechanical displacemdttie strain in strong piezoelectric materials like LiNGG® 2% As in
field) and, in the case of piezoelectric materials, also a piezoconventional optics, focusing in an acoustically isotropic me-
electric field on the propagating surface. SAWs are particudium can be achieved by shaping the fingers of the IDT in
larly interesting in piezoelectric materials, where they can behe form of an arc of the circumferent&The propagation
efficiently generated through the inverse piezoelectric effecproperties of SAWSs, however, are normally strongly aniso-
by means of interdigital transducei®Ts) deposited on the tropic, thus requiring a more complicated IDT design. The
materials surface. SAWs based on piezoelectric insulatorsest focusing performance is obtained when the group veloc-
have been used in a large range of applications in electronigy of the SAW beam generated at each section of the IDT is
signal processing and optoelectronics. directed radially towards the point of focus. The last condi-
The 1lI-V semiconductors, in particular GaAs, are inter-tion is satisfied when the IDT fingers follow lines of the
esting materials for SAW applications. Their piezoelectricity constant group velocit} 2
allows the electrical generation of SAW by IDTs, which can In contrast to LiNbQ, very few experimental investiga-
be fabricated using the well established technology for optotions have addressed the focusing of SAW on GaAs
electronic devices. While the initial SAW applications substrated*~2” Most of these experiments were performed
mainly included electronic signal processing devices basedsing transducers with fingers in the form of circumferences
on strong piezoelectric materials, nowadays several alternar of circumference segments, which do not take into ac-
tive applications have been proposed that explore modulatiogount the material anisotropy. The influence of the acoustic
of the optical properties and the acoustically induced transanisotropy on the IDT performance has not been considered
port of carriers by the SAW fields in semiconductdrs. in these studies. Also, a quantitative study of the spatial pro-
There has been renewed interest in SAWSs since the demofite of focused beams as well as of the effects of the IDT
stration that they can be applied to dynamically modulatéingers on SAW propagation is still missing.
the electronic properties of GaAs-based low-dimensional In this article, we present a detailed investigation of the
semiconductor  structures  like  photonic  crysfals, concentration of SAW beams in GaAs using focusing IDTs.
microresonator$? quantum well$;*! quantum wires? and  We start by reviewing important aspects related to the acous-
quantum dotd3 The traveling SAW fields in these structures tic anisotropy in this material and how they can be taken into
have been used to transport electron-hole pafr¥'and spin  account in the design of focusing IDTSec. 1). These re-
excitation?® sults are then applied to the fabrication of single., with
Many of the applications mentioned above require atwo metal fingers per periocand double-fingetsometimes
strong SAW beam concentrated on a small area of the samplgso called split-fingeriDTs (i.e., with four metal fingers per
surface. Such beams are normally difficult to generate byeriod with operation frequencies of 1 and 0.5 GHz, respec-
conventional IDTs deposited on GaAs due to the weak pitively. We demonstrate that these devices can produce fo-
cused SAW beams with minimum full width at half maxi-
dAuthor to whom correspondence should be addressed; electronic maill1UM (FWHM) of less than three SAW wavelengths. We
mmlimajr@pdi-berlin.de found that the focusing properties depend not only on the
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FIG. 1. Scheme of focusing of a surface-acoustic wave by an arc-shaped|G. 2. Phase velocity, of the surface-acoustic waveircles, from Ref.
|nterd|g|t§| transduper finge® denotes the focus posmoﬁ‘,and 6" arethe  30) and calculated effective electromechanical coupkBg(triangles as a
tprorlJagatlon directions of the group) and phase velocityu), respec- function of the deviation anglé’ from the[Oﬁ] direction. The dashed line
Ively. is a fit to the parabolic dispersion given by Ed).

aperture angle of the transducer, but also on whether the IDT L

is of single-finger or double-finger type for the same fingerdirected along the lin@©P, where the angle is used to
shape. Much better performance is observed in the lattedescribe the group velocity direction. This condition is satis-
This is attributed to the strong Bragg reflections of the acousfied if the shape of the IDT fingers coincides with the wave
tic wave on the metal fingers of the single-finger 1B%s, fronts emanating from a point source @t'*?° In order to
which considerably alter the angular dependence of the SAWalculate the geometric shape of the fingers, it is important to
phase velocity and scatter the SAW within the IDT into bulk take into account the fact that the SAW propagation proper-
modes. We show furthermore that under appropriate condiies are strongly anisotropic in GaAs. For small deviation
tions the IDT pads play a fundamental role in the focusingangles¢’, the anisotropy in the phase velocity, can be
characteristics by waveguiding the SAW beam within thedescribed in terms of the anisotropy paramededefined
transducers. This effect is particularly important in small ap-according t86:18

erture IDTs, where it can be used to correct diffraction ef- , o

fects and to produce SAW beams with waists considerably vp(Ksaw, 0 ):”DokSAW(1+aa ), @

smaller than those predicted by diffraction theory. _ ) ) _
wherev p, 1S the phase velocity for propagation aloj@f1]

(i.e., for #” =0). The anisotropy leads to a steering angle
between the group and the phase velo¢dly Fig. 1) given

The SAW modes considered here are elastic vibration§Y
with wave vectorkgay forming a small angled’ with the /

[011] direction of the(100 GaAs surface. These modes are y(6")=tan !
superpositions of the longitudinal, the fast {T;), and the
slow (T;) bulk transverse modes with the same wave vectoiyvhere the approximation on the right-hand side applies when
ksaw- In general, these waves have a displacement field with 9'2<1. Using the previous expressions, it can be shown
non-vanishing components along the=[011], y=[011], that the wave fronts leading to group velocities directing
andz=[100] directions, which satisfy the stress-free bound-radially towardO follow the curve given by
ary condition in the surface plane. For propagation exactly
along thex direction, they component vanishes. In this case, r(6)= r(O)ex;{
the elastic mode becomes a true Rayleigh surface wave po-
larized in thexz plane. For other wave vector directions, .
(i.e., 8’ #0), surface vibration turns into a leaky pseudosur-Wlth
face mode, which can be described as a pure Rayleigh mode 9= (1+2a)¢’. (4)
coupled to the slow transverdg bulk mode?® Attenuation
of this pseudo-SAW modéwhich will hereafter be denoted Equation(3) yields a parabolic angular dependence of the
simply as SAW is related to the fact that the velocity of the radiusr for small angless.?*
Rayleigh wave in GaAs lies above that of thg bulk mode. In order to determine the anisotropy paramederwe
The attenuation values depend on the wave vector afigle have used high precision data for the angular dependence of
relative to thex direction, and reach a maximum of about the SAW velocity reported for GaAs wafers in Ref. 30. The
0.01 dBA gy for #=0.14 rad?® data, which are reproduced in Fig.(@rcles, can be fitted

The focusing of SAWs using curved IDTs is performed well with a parabola[cf. Eq. (1)] in the angular interval
by the superposition of SAW modes with different propaga-—0.1<¢’<0.1 rad (-5.7°< ¢’ <5.7°), yielding anisotropy
tion angles. In order to focus the SAW beam at the origin Parameter a=—0.2290.02 and phase velocityv,
(see Fig. 1, the beam generated by the IDT fingers at a=2862.3 m/s(dashed ling The parametera determined
position P=(r,#) has to propagate with a group velocity above agrees very well with the value of 0.228 reported in

II. FOCUSING IDTS

m~2a0’, (2)

62 1+ 62

~1(0)

)

1+2a 1+2a
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FIG. 3. Simulation of the square of the vertical displacement field averaged over uﬁ)\én(juced by a surface-acoustic wave along the directiahs
perpendicular ¥ direction and (b) parallel (x direction to the interdigital transducer axis, respectively. The dimension parameters for double-finger IDTs
DF,, DF,, andDF3; are summarized in Table I. The acoustic intensities are normalized to tHaFefat point (,y)=(0,0). The calculations were
performed for\ guy=5.6 um following the procedure outlined in Ref. 18.

Ref. 31, but is significantly lower than the one reported inthat, in agreement with Ref. 27, the coupling decreases with
Ref. 2. For calculation of the IDT fingers, we have used athe deviation anglef’. Together with deviation from the
value ofa=0.22. parabolic behavior mentioned above, the decrea&,iim-

The deviations from parabolic behavior increase signifi-poses an upper limit on the maximum usable IDT aperére
cantly for [¢|>0.2 rad. Taking into account Eq4), the Figures 3a) and 3b) display simulation profiles of the
maximum aperture angk, for which the parabolic approxi- - square of the surface displacement field averaged over time
mation applies, becomes=2(1+ 2a) 6;,,,=0.22 rad. o o _ o

In order to determine the spatial distribution of the SAW(uz) a'°“9 the.d|rect|ons perpen(ﬁculay direction f'md par-
fields in focusing IDTs, we have performed numerical calcu-2l€! (x direction to the IDT axis. The calculations were
lations of the field intensity near the focus. The calculationd®€rformed for IDTs with emission wavelengthsay
were based on the Huygens principle following the proce-=5-6 um and angular aperturg¢ of 0.1 (DF,), 0.2 (DF5),
dure outlined in Ref. 18. According to the latter, each period@nd 0.3 rad DF3). Note that the two first apertures are
of the IDT is viewed as a collection of SAW point emitters within the limit of validity of the parabolic approximation,
distributed along the IDT fingers. The SAW amplitude is while the third one is beyond the limit. The lengthpf) as
obtained by integrating the contributions from all the emit-well as the minimum \{,;,) and maximum W,,o,) apertures
ters in the IDT. The calculations take into account the intrin-of the IDTs are listed in Table I. The origix{y) =0 of the
sic anisotropy of the GaAs substrate, but neglect the depemlots corresponds to poir® defined in Fig. 1. To allow

dence of the SAW attenuation on the propagation directionguantitative comparison between transducers, the vertical
However, they mcludg the effepts of th? gngular .dependencsecales are normalized w} of IDT DF, at the origin.

of the electromechanical coupling coefficient, which controls S

the SAW generation efficiency. To that end, we have as- The dependence af? along the line of focusy( direc-
sumed the coupling coefficiekf is proportional to the rela-  tion) reproduces well the siffksay/[2(1+2a) y]} depen-
tive difference between the propagation velocity on the freglence expected from diffraction theory, where sipc(
and on the short-circuited surface. The calculated angulae sin(z)/7.2%'8 We verified that the correction due to the

dependence okZ, is displayed by triangles in Fig. 2; note angular dependence kf; reduces the maximum intensity of

TABLE I. Summary of the parameters of the interdigital transducers used in this work. The properties displayed
are the wavelength\say) and the frequencyfgay), the aperture anglép), minimum (Ww,,) and maximum

(Wmay apertures, lengthl o), and the areaXpy) of the IDTs. The last three fields on the right show the
calculated () and measuredw(™) beam waists, and the effective rf-power coupling paramétgs . IDTs
labeledDF and SF indicate double- and single-finger structures, and subsdripts, 2, and 3 denote linear

IDTs and focusing IDTs with aperture anglésof 0.1, 0.2, and 0.3 rad, respectively.

¢ Whin Wmax I IDT AIDT WEJC) WE:m)

DT (rad  (um)  (em)  (um) (10 um?)  (um)  (um)  Asy
Set 1l DF, = 130 120 1960 2.35 0.38
Asaw=>5.6 um DF, 01 18 147 1330 1.07 63 35 0.24
fsaw=510 MHz DF, 0.2 18 238 1120 1.41 31 26 0.22

DF; 0.3 24 273 840 1.23 21 24 0.13
Set 2 SKH 64 60 560 0.34 0.71
Asaw=2.8um SF, 01 18 147 1330 1.07 31 24 0.43
fsaw=102GHz  SF, 0.2 18 238 1120 1.41 16 19 0.18

Sk 0.3 24 273 840 1.23 10 21 0.13
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?Without appreciably changing its shape. The beam waist
at the focus position, defined as twice the distance between
the peak and the first zero of sinc, is given'tf?

In agreement with the last expression, the beam waists in

Fig. 3(@ are inversely proportional tap. The@profiles
show a weak dependence on the distance along the IDT axis
[Fig. 3(b)], thus indicating a large depth of focus. Finally,

note that the maximum afi? shifts toward the IDT as the
aperture angleb decreases. This is attributed to the increas-
ing role of diffraction in narrow aperture IDTS.

Il. EXPERIMENT . ) )
FIG. 4. Optical micrograph of the aperture output of a double-finger focus-

A. IDT fabrication ing transducerDF, in Table ). The curved fingers are designed to follow
) ] ) ) ) the group velocity curves. The two triangles at the upper and lower left
The IDTs investigated here, which are listed in Table I,corners indicate the origi® (cf. Fig 1). The dotted rectangle indicates the

were fabricated on undop&di00) GaAs wafers with the IDT area scanned in the interferometry measurement shown in Fig. 5.
axis aligned along th@OTl] surface direction. In order to

investigate focusing effects, two sets of focusing IDTs withjnterferometer operates using a single-mode laser source
aperturg angleg of 0.1,' 0.2,and 0.3 rgd were fabricated. S_Gtwith a wavelength of 532 nm, which is focused to an approx
1 consists of double-finger IDTs designed for an operating um wide spot on the sample surface using a<50bjec-
wavelength of Asay=56um and frequency fsaw tive. In order to check the spatial resolution of the interfer-
=510 MHz. Within this set, the width and the spacing be-ometer, measurements of the SAW amplitude were also per-
tween two consecutive metal fingers correspondsd@v/4.  formed using a 108 objective. No difference was observed
The shape of thenth metal finger in these IDTs is given by petween the two cases, thus indicating that the SAW ampli-
Eq. (3) with r(0)=mAsa/4. Set 2 is composed of single- yges are not limited by the spatial resolution of the measure-
finger IDTs [i.e., r(0)=mAsa/2] for the generation of ment setup. Two-dimensional profiles of SAW vertical dis-
SAWSs with wavelengti\ guy=2.8 um (operatlng fr_equency placemenu, were obtained by scanning the laser beam over
of approx 1.02 GHg Each set also includes a linear IDT. g4 grea up to 100100.m? on the sample surface. The
The width and spacing of the metal fingers are the same igytpyt of the interferometer is detected by a fast photodiode

sets 1 and 2. Note that the dimensions of the focusing 'DTﬁrequency response of 2 GHzZThe amplitude of the diode

are the same for both sets. ~signal, measured using a spectrum analyzer, is proportional
The IDT fabrication process employed contact photoli- —

thography followed by a lift-off metallization process. In
contact lithography, the dimensions of the IDT structures ar
defined by a chromium lithographic mask, which was fabri- .
cated by electron-beam lithography. The nominal toleranc@Portional tou,.
of the structures on the mask was0.1 nm. The metal fin-
gers in the focusing transducers were designed as small li
ear segments, following the parabolic shape given by(8g. A. Beam profiles
Alarge number of segments per findéf) was used in order
to keep the maximum length of the individual segments be
low one and twolkgpy in the transducers of sets 1 and 2,
respectively. The metallization film consists of a 10 nm thick
Ti layer followed by a 40 nm Al layer and a second 10 nm Ti
layer.

to the time-averaged valug. Phase sensitive measurements
Avere performed by mixing the diode signal with the rf signal
used to drive the IDT. The signal detected in this case is

V. RESULTS

Figure 4 shows an optical micrograph of the output ap-
erture of transduceDF,. The structure with curved double
fingers, which follow the group velocity isotherms, can be
observed. The two triangles in the left-hand corners point
towards the origirO, which lies on the IDT axis.

Figure 5 shows profiles af, recorded on IDTDF, for a
fixed phase of the SAW, and for excitation powe;
=10 mW. These profiles were measured within the area in-

The IDTs were excited by applying a radio-frequencydicated by the rectangle in Fig. 4, which is partially located
(rf) power to its terminals. We will specify the power levels within the IDT. The wave fronts of constant phase are very
in terms of the nominal rf powel; supplied by the micro- well defined and do not change as one goes from the region
wave generator. In order to determine the actual acoustimside to the outside the transducer. Note, in addition, that the
power, the rf reflection parameters were also measured by>aposition of the side lobes centered|gt~15 um, which
network analyzer. correspond to the secondary maxima in the sinc function,

The measurements of SAW vertical displacemanf (  coincides with that of the main lobe gt=0, thus indicating
were performed using a Michelson interferometer, which caran almost flat wave front. Similar results were obtained for
detect vertical displacements a fraction of an angstrohe  all double-finger transducers.

B. Measurements of the SAW field
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Figure 6 displays a spatial profile of recorded over a F'C: 7. (@ Integrated power fluk, = ..u;(x,y)dy through the beam cross
. L . section andb) beam waistv,, as a function of the distance from the focus
large area in front ofDF; under excitation with P

. ) - : for double-finger interdigital transducddF;. The positionx=0 corre-
=10 mW. Figure 7 shows in a linear plot the integratedsponds to the origi.

power flux across the beam cross section, defined as

Ix=f°fmu§(x,y)dy as well as the beam waist as a function
of the x position. It is interesting to note that the maximum The dependence of the focusing performance on the ap-

intensity ofu§ (and the minimum beam wajsof the beam is erture angle is illustrated in Fig. 8, which shows cross sec-

not located at the nominal focUgorresponding to X,y) tions of u? measured along in front of different focusing
=(0,0)], but that the intensity increasé@mnd the beam waist IDTs. The corresponding profile of a linear transdubét,
decreasesas one moves towards the edge of the IDT fingerds also shown for comparison. In all cases, the IDTs were
(the IDT fingers are located at< —150 um). The FWHM  aycited with the same rf powd?;=10 mW. In set 1, the:?
at this position is only 15um, i.e., less than three times the profiles narrows whemb increases from 0.1 to 0.2 rad, but a
SAW wavelength. o further increase to 0.3 rad leads to no significant reduction in
The small reduction in the maximum intensitywffwith ~ beam waist. For IDTs withp>0.2 rad, the real dispersion
an increase ix is consistent with the large depth of focus [instead of the simplified parabolic approximation of Eb]
predicted forDF; in Fig. 3(b). Note that the beam waist has to be used to calculate the finger shape. We note, how-
increases only 5% over the first 30n (approx 9 gay) from
the IDT. The large amplitude and the good collimation over
distances exceeding 100m make the focused SAW beam
an ideal channel for acoustically induced transport. Further-
more, the SAW beam propagates for more than\iz@ 0.3

—e— DF,
—o— DF,

(approx 900um) without substantial attenuation. For dis- —4&A— DF
tances that exceed 10Q0n, slight attenuation is observed. 3
—— DFL
—~ 0.2 —O—SF,
£
£
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FIG. 6. Two-dimensional profile of the square of the vertical displacementFIG. 8. Profile of the square of the vertical displacement field averaged over

field averaged over timaTE) measured in front of double-finger interdigital time (u?) along the beam cross section measured by interferometry in front
transducerDF,; (powered withP =10 mW). The position X,y)=(0,0) of different focusing interdigital transducers of set 1. The profile for single-
corresponds to the origi® (cf. Fig. 1). finger interdigital transduce8F, is also displayed for comparison.
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ever, that sincek.y considerably decreases fgr>0.2 rad, 0.12 —eFRF
only minor improvements are expected for larger ] SAW !

Due to the lower operating wavelength, the IDTs of set 2 010l SAW. _ SAW
are expected to have a beam waist) equal to half that of ) — . . .—>
set 1. Such behavior, however, is not observed in the experi-
mental data. Moreover, in this set, no systematic dependence 0.08- B A

of wy, on ¢ was observedcf. Table ), which is again at odds
with the calculated results. Reasons for the bad focusing per-
formance of the single-finger IDTs will be discussed in
Sec. IVB. | r
The measured waists{™ , obtained by fitting the ex- 0.04. "
perimental data to the sifidunction defined in Sec. Il A, are ]
compared to the predictions{® of Sec. Il A in Table I. In 1 ./
d
.

0.06 -

u? (nm?)

z

the case of double-finger IDTs, the calculations agree reason- 0.02
ably well with the experimental results for IDTs with large ]
aperture angles. Feb=0.1 rad(see the data fdbF,), how- ! e ¥ x2 n
ever, the measured waist is considerably smaller than the 0.00- 100  -50 0 50 100
predicted one. The reason for the discrepancy between the

measured and calculated waists in this case is attributed to y (um)

the waveguiding effect introduced by the IDT pads. Metalli- FIG. 9. Cross sections of the square of the vertical displacement field aver-

zation in the pad region leads to a difference in SAW Veloc‘aged over time ) measured along lined and B in the configuration

ity in the finger area fsaw,) and on the contact pads gisplayed in the inset. The distance between these two lines is 2.4 mm. The
(vsaw,p) (see Fig. 4 Following the procedure described in interdigital transducer on the right is used as a surface-acoustic wave gen-

Ref. 8 and assuming that the metallization consists of &rator and the IDT on the left as a passive SAW concentthtiih IDTs are
inale Al | ith ffecti thick f 60 double finger ofDF; type). The IDT on the right was powered with

single ayer WI_ an e . ective _IC ness o M, W& _10 mw while the one on the left was kept under open-circuit conditions.

calculate that, while say ¢ IS essentially equal to the SAW

velocity on the bare substrate,say, is a factor ofn,

=1.0032 larger. The higher velocity in the pad region leads . o

to confinement of the SAW mode in the finger region, thusB. Focusing efficiency

reducing spreading of the beam by diffraction. In fact, by  The performance of focusing IDTs is judged not only by
using simple arguments of geometric optics, we estimatgnhe minimum beam waist, but also by the intensity of the
fromn, an angle of total reflection of arcsm=85.4°. The  SAW beam it can produce. As will be demonstrated here in
same model yields exponential decay of the SAW intensity insec. IV B, a analysis of the beam intensity also allows us to
the pad region with a characteristic decay length ofdetermine the mechanisms that limit the focusing perfor-
Nsaw/[47 (1= n?)]~\saw. 21t is interesting to note that mance of the devices.
the FWHM of the SAW profiles foDF,; andDF, in Fig. 8 The measurements in Fig. 8 were performed by applying
is very similar to the IDT output aperture of 18m (as the same nominal rf power d®;=10 mW to the different
illustrated in Fig. 4, the aperture is slightly larger than thelDTs. According to Fig. 8, the highest SAW amplitudes in set
minimum width for overlapping of the fingems,,, listed in 1 were obtained for transducdpd=, andDF,. The superior
Table ). capability of these IDTs to produce large SAW amplitudes
In order to demonstrate the waveguiding effect producedompared to linear IDTs becomes even more evident if we
by the fingers, we employed the IDT configuration with two take into account the fact that the conversion efficiency be-
focusing IDTs(of DF; type), shown in the inset of Fig. 9. tween electrical and acoustic powers is considerably smaller
The IDT on the right works as a source of a wide divergingin focusing devices, since their design was not optimized to
SAW beam(beam waist of more than 15Gm), which is  improve rf coupling. The electrical conversion efficiency is
subsequently refocused by the IDT on the left. The latter waguantified byAs;;=s\ 5% —s(9, wheres{'s* ands{9 de-
kept under open-circuit conditions. The squares and dots inote the rf-reflection coefficient at the SAW resonance fre-
Fig. 9 represent cross sectionsujfmeasured along lines ~ quency and outside it, respectivelys,, is listed for the
and B shown in the inset. Along lind, the beam waist different transducers in Table I. In generals,; decreases
reduces to values comparable to those displayedfor in ~ With an increase in aperture angle. In set 1, the lower value
Fig. 8. Narrowing of the SAW beam could also be due to®f ASy of the focusing IDTs compared to the linear one is
strong SAW absorption in the metal pads. We checked thi§artially due to the smaller area. o
possibility by short circuiting the IDT on the right during The results desc;nbed in the previous paragraph indicate
measurement in order to simulate conditions under a metafhat the SAW amplitude can be substantially increased by
lized surface. No appreciable change in transmission wa§Proving rf coupling to the IDT. In fact, we were able to
observed, thus eliminating absorption effects and providingloubleu? of DF, by using a stub matching box. By apply-
evidence of the role of metallization pads as cladding reing a rf power of 250 mW, vertical displacemerjts,| as
gions. large as 4 nm could be generated by this IDT.
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FIG. 10. Experimental results for thi@) amplitude €,) and(b) power efficiency &) of the single-finge(SPH and double-finge(DF) interdigital transducers.

cavity for the SAW beam with high acoustic amplitude inside

—0)/(As;P,;), which expresses the capability of the trans-the trgnsducer. The multiple reflections in the single-finger
ducer to produce high SAW amplitude at the output of thelDTs increase scattering of the SAW into bulk modes, thus

IDT per unit of acoustic power. For the IDTs in the first set, €ducing the efficiency of, and¢, (cf. Fig. 10. The reflec-
¢, is approximately four times larger for the focusing IDTs tion effects are minimized in the double-finger configuration,

than for the linear one. Likewise, the beam waissaturates Where the metal grating is changed into a second-order grat-
for aperturesp>0.1 rad for the IDTs in set Icf. Table ). ing at the SAW wavelength by doubling the number of fin-

In contrast, the single-finger IDTset 2 display much ~ 9€rs per period. _
lower &,. The reasons for such poor performance can be The cavity effect becomes apparent by comparing the

understood if one considers the total SAW flux that crosseSAW amplitudes at the center and at the output aperture of

the focus plane. The latter will be stated in terms of a powthe transducers. For the double-finger focusing transducers,

Figure 1@a) displays the normalized rati@a=u_§(y

coefficienté, defined as u§ increases continuously as one goes from the wide to the
f 1 " narrow aperture. In contrast, for the single-finger structures
SAW -
§=7 GHz As, Py f uZ(0y)dy. (6)  u? always reaches its maximum inside the IDT. The effect is
I —o0

particularly strong for the linear transducefF_, where the
Since the aperture angles are very small for all IDESIS 2 4 the center of the finger region is approximately 30
proportional to .the fraction of rf power converted into a times larger than that at the output ends.
SAW mode, which subsequently propagates through the fo- 1o cayity effect has also consequences for the focusing
cus plane. Note that, contrary £, this parameter also takes o tormance, since it is expected to change the angular de-
into account SAW loss due to conversion to bulk modes)ojence of the SAW velocity and, thus, the effective anisot-
either during generation or during propagation to the focu opy parametea. Furthermore, due to the strong reflections
plane. The frequency ratibsay/(1 GHz) accounts for the 54 scattering in bulk modes, only the fingers close to the
inverse dependence af on frequency, thus allowing com- narrow IDT output aperture contribute to the SAW emitted
parison of transducers with different operation frequenciesfield. In the design employed here, the effective emission
In set 1,¢, decreases witlp, thus indicating that eitheli) a  area becomes very small, thus leading to the low SAW in-
larger fraction of bulk-like acoustic modes is generated bytensities of the focusing single-finger structures. In fact, the
the IDT fingers or(ii) the SAW is increasingly attenuated increase in efficiency of the single-finger IDTs with an in-
during propagation. crease in aperture anglg can be accounted for by the in-
The values of, are significantly smaller in the IDTs of crease in effective emission area. Better performance is then
set 2. Except for the finger arrangement, the focusing IDTs irxpected by(i) increasing the length andi) reducing the
this set have the same dimensions as those in set 1. The smailmber of fingers.
&p's thus indicate that the reduction is due to mechar@m
ie., to a_ttenuatloq of the SAW dgrlng propagation. The .hlg " CONCLUSIONS
attenuation rates in set 2 are attributed to strong reflection o
the SAW beam on the metal fingers. In fact, it is well known In summary, we have investigated the concentration of
that the metal fingers in the single-finger IDTs act as arSAW beams in GaAs using focusing IDTs. Two focusing
efficient first-order Bragg reflection grating for the SAW, mechanisms were identified. The first is associated with the
since their separation corresponds exactlyatpw/2. The  curved shape of the IDT fingers, which were designed to
strong Bragg reflections turn these IDTs into a standing wavgenerate a SAW beam with group velocity directed towards
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