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Abstract— A novel surface acoustic wave filter on a leaky- drawback associated with the CRF structure is the resistbge
wave substrate is studied. It features a hiccup-type resonance grising from the relatively wide aperture, typically 59100\,
occurring around a distributed gap between two long interdigital especially at high frequencies (above 1 GHz). The aperture

transducers. Compared to a classical coupled resonator filter, . .
it enables a relatively narrow passband (1% to 2% of center C&" be decreased if several tracks are connected in pd&jllel

frequency) with low insertion loss, steep skirts and improved Of if the number Of. fingers is inqreaseq [4]. _
suppression levels. The structure consists of long transducers The passband width of CRFs is basically determined by the

having the number of fingers greater than 1/K? and 1/, coupling coefficient, k2, of the piezoelectric substrate. It is
where K~ is the coupling coefficient of the substrate material jifficult not only to increase the passband but also to deerea

and x is the reflectivity per wavelength, separated with short it simultaneouslv retainina low IL and good shape of the
transducer sections constituting a distributed gap. A strong, y 9 9 p

localized resonance is formed in the gap region, in addition transfer curve. Therefore, the design of low-loss filtersirng
to the resonance arising in the long structures - hence the 1% to 2% passband can be difficult, as suitable substrate
name "double-resonance filter”. The substrate studied here is materials are not readily available.
E)lzc’r-]ro;ateld ””g“g‘ tagtaliga.|We Zhowbe;(perin(;ef_rlwtal res‘i“g g"_ri We study a novel filter structure consisting of long IDTs
polh Sgle-ended and Lnbalanced--balinced ters 1 1.0 S separated by a “istibuted gap” realized in a form of shor
30 dB and absolute -3-dB bandwidth of 29 MHz (1.9% of transducers with reduced pitch. Experimental results tefrél
the center frequency). For the balanced device, the amplitude at 1.6 GHz featuring 1% to 2% passband width on a leaky-
imbalance over the passband ranges from -0.6 dB to 2 dB and wave 42-LiTaO; substrate are presented. This structure yields
tmhgangesde tir:gbzlc""onlf;ig;‘l’mofvgr? dAifé\:’: o u':tilgrtge@%re'awgc:r?r\:ii a low insertion loss typically on the order of 1.5 dB in the
laser interferometer, and cgmpare these results wit% the profileg passband, a steep.fllter roll-off, and suppressmn IedeMb?
simulated using a coupling-of-modes model. -30 dB. The operation of the structure is based on a localized
resonance that is developed in and around the distributed
gaps. There also exists a synchronous resonance arising in
. INTRODUCTION the long transducers; therefore, we call the structure &ldeu
resonance filter (DRF). We discuss the operation of the devic

ONGITUDINALLY coupled surface acoustic wave nd present experimental results for both single-ended and
(SAW) filters (CRF, also referred to as dual-mode SAVEaIunpfilters P g

filters, or DMS) [1] feature a wide passband (3%—5% of center

frequency) with low insertion loss (IL), relatively highgu  |I. OPERATION OF THEDOUBLE RESONANCEDEVICES

pression levels outside the passband and a straightfomeyd 5 pouble-Resonance Structure

of obtaining balanced-unbalanced (BALUN) operation. SUCI’]Acoupled SAW filter featuring unconventionally long trans

devices typically have several acoustically-couplecatiedl : ) i
ypieaty y pledatietly ducers was first proposed by Plessiy al. in 1996 [5].

short interdigital transducers (IDT), giving rise to irfexing houah simulati ised lent band ffilt
resonance modes that constitute the filter response. Tleey %V ough simuiations promised excefient narrow-band mite
erformance on leaky-wave substrates, realized devices su

currently widely used in, e.g., mobile telecommunicatior‘% . L
applicat)i/ons y g ered from high IL and poor transfer curve shape. A similar

A simple CRF having 2 or 3 transducers often has ins levice with improved loss levels was later realized by S. S.

- : - ‘ij ng [6]. The topology studied in the present work is similar
ficient suppression close to the high-frequency edge of :‘Eé)that presented in [5] except for that gaps are replaced

passband. Although this effect can be countered by inargasr . . . i
the number of transducers or by using a series resona d!str|buted gaps, i.e., the phase change conventjonal

to improve the suppression [2], CRFs typically have filte ections. The pitch of the short IDTs is selected so that the

roll-off that is not as steep as what can be obtained Wlﬁwe;cessary phase shift is obtained: typically it should baliem

some competing topologies, such as ladder filters. Anot% : . : .
peting topolog f} an in the main IDTs so as to avoid generation of bulk-
Manuscript received February 24, 2006. acoustic waves (BAW) [4], [7]. |t. has been shown [7] that
J. Meltaus is with Helsinki University of Technology, EspoBinland ~for leaky-wave substrates, especially for’42TaO3 optimal
S%‘;‘%rr‘]i:a Mel;i?@%'(“k% 5740,  fax:  +358-9-451 3164,  e-maifgr SAW propagation under a grating, the distributed gap
S.'S. Hong is with Samsung Electro-Mechanics Co, Ltd., Suwonea, ~ CONSiderably reduces propagation and_ bulk-wave CONMVErsio
0. Holmgren and K. Kokkonen are with Helsinki University ofcheology, l0ss. It has been demonstrated experimentally that high Q-

ES\BOOI'3 Figllzr;(sjky is with GVR Trade SA, Bevaix, Switzerland am}/alues around)) = 600 can be achieved [8].
with Helsinki University of Technology, Eépoo, Fin‘land el \ﬁ,c- The topology studied in the present paper Is schematlcally

tor.Plessky@bluewin.ch). illustrated in Fig. 1. The filter consists of relatively shor
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Fig. 1. Topology of a symmetric 2-IDT double resonance filteetvBeen O
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Fig. 2.  Calculated distributions of acoustic wave power la tenter

frequency of a conventional 2-IDT CRF with 25 fingers in bdiTs (a) and a  reported in [5].

2-IDT DRF (b). In the conventional CRF, the SAW energy isrilistted in the Simulated curves in Fig. 3 illustrate the differences in the

IDTs, whereas in the DRF design, the main part of the energgnsentrated .

around the gap region. frequency responses of 2-IDT conventional CRF and a DRF. A
CREF structure with the number of fingef&=25 in each IDT,

shown with the dashed line in Fig. 3, features a relatively

reflectors surrounding two long transducer structuresragpe Wide passband and a characteristic decrease in suppression
by a distributed gap. There are no gaps between the reflect@pgve the passband, resulting from internal reflectionsién t

and the IDTs. Although the filter studied here is symmetri¢PTs. In @ CRF with 40 fingers in each IDT, the lobe above
it is not necessary. The number of fingers, in the IDTs the passband is reduced and the transition band steepness is

is substantially greater than K? and 1k, where K2 is the improved. In a DRF structure withy=95, the transducer band
coupling coefficient of the substrate ardis the reflectivity 1S radically decreased such that the sidelobe disappedrhan
per wavelength; for leaky-wave substrates such 4s4Pa0,, filter passband is narrower than in conventional CRFs, with
N >50. sharp transition to rejection band. Long transducers dlsw a

To illustrate the operation principle of a DRF comparefP "educe the aperture compared to a standard CRF, reducing
to a conventional CRF such as described in [1], Fig. '9Sses arising from the finger resistivity.
shows coupling-of-modes (COM) model simulations of SAW
amplitude distribution at the center frequency in a 2-IDTRCRB. Resonances in the DRF Sructure
having N=25 electrodes in both IDTs (a), and in a 2-IDT Two practically independent resonances occur in a DRF
DRF (b). The corresponding frequency responses are dépict&ructure such as shown in Fig. 1: a "synchronous” resonance
in Fig. 3. The 2-IDT CRF is not optimized for performance¢reated in the long IDTs, and a hiccup’™type resonance
rather, the structure is chosen to produce a response ltyfficaarising in the gap region. Although the structure is quasi-
such a device. periodic with no visible perturbation in periodicity, we eus

In the standard CRF structure of Fig. 2(a), the SAW powehe term “hiccup resonator”, introduced by P. Wright for the
is distributed over the whole structure, whereas in the DRfynchronous structures with an off-set close\Md between
structure in Fig. 2(b), energy is concentrated around tieo parts of the IDT [10], [11].
distributed gap region. In a conventional CRF, the acousticFig. 4 shows the experimental admittance curves (real and
resonance modes arising over the length of the device oiteramaginary parts of admittance) of a one-port double-resoea
to create the response, whereas in a DRF structure, tesonator, with a structure similar to that of Fig. 1 havinghb
resonance forms primarily in the gap. Therefore, care meist iDTs connected in parallel. The synchronous resonancesaris
taken to counteract the loss mechanisms in the gap regionats544 MHz and the hiccup resonance at 1589 MHz. The
they have a significant effect on the operation of the devicend of the grating stopband occurs at 1647 MHz, so that the
In a metallized or free-surface gap, the conversion of SAWccup resonance takes place near the center of the stapband
into BAW at the edges of periodic structures and propagationin a two-port device such as shown in Fig. 1, the high
loss occurring on the surface of the gap (especially importareflectivity of the long transducers hinders the propagatid
on 42-LiTaO; [9]) attenuate the resonance, deteriorating thbe SAW inside the structure from input port to output port.
performance of the filter and leading to such difficulties aBherefore, the synchronous resonance arising in the ifpht |



—Re(Y C. Sdf-Matching of the Hiccup Resonance
T T An interesting feature of the DRF structure is the possibili

rosonance. to intrinsically match the hiccup-type resonance. Thieeff
: : ‘ | can be seen in Fig. 5. As the number of fingé¥sin the
06 Antiresonance 1 | main transducers is increased, as in Fig. 5(a), or the hiccup
*r*eiggru]gnce resonance position is shifted, see Fig. 5(b), the antinasce
' ] point of the synchronous resonance will at some point cdanci
with the hiccup resonance frequency. In such a situation,
the synchronous resonance acts as a matching inductance,
— canceling the static capacitance of the hiccup resonande an
making the response more symmetric. Experimental elettric
Antiresonance 2 | response of a 2-IDT filter in Fig. 5(c) shows the effect of
self-matching on filter passband: as the matching improves,
the passband becomes more symmetric and IL reduces. If
-01?4760 1:180 1%00 1520 12347) 1560 1380 1%00 1é20 1é40 1(%60 1}580 the periOdS Of the diStribUted_gap IDTS are further reduced
Frequency (MHz) from the self-matched situation, the hiccup resonancerheso
o 4 Exser _ _ ~ again unmatched, and the passband shape deteriorates.
o ot ecaoames epesami g TO_obtain sell-matching, one needs to adjust the length
hiccup resonance at 1589 MHz. of the long IDTs and the dimensions of the distributed gap
region so that the resonance and anti-resonance freqsencie
coincide. In addition to this, the coupling coefficier;?,
determining the anti-resonance frequency of the long IDTs
and the reflection coefficienk, determining the width of the
is not effectively transferred to the output IDT, and only §oPband, must be appropriately related for self-matching
weak electrical response is created at this frequency. @nlyP€ Possible. The half-width of the reflector stopbandyw ,
the hiccup resonance frequency, the strong resonancegrids determined (relative to the reflector center frequefigyby
in the gap region serves to transfer energy from the input IDT Afagw |k
to the output IDT. Thus, a narrow-band bandpass response fo ~on @)
with high suppression levels in the filter stopband can
achieved. Experimental data of acoustic power distrilouiio
a DRF structure confirm this hypothesis and will be present
in Section IlI-B.

Admittance (1/Q)

041

lq]e the hiccup resonance takes place in the middle of the
gaating stopband) fgw must be equal to the resonance-anti-

resonance (R-a-R) distance of the synchronous resonance fo
self-matching to occur. The R-a-R distance (relative to the

As the finite-element method (FEM) simulation of a ong€Sonance frequencf) may be approximated to be
port resonator in Fig. 5(a) shows, the long IDTs determine Jar — fr K?

the strength of the synchronous resonance, leaving thehicc fe 2’ 2)
resonance virtually unaffected. Changing the periqds,in 1o o ¢ s the anti-resonance frequency. Therefore, the

the distributed gap alters thg position of the h|ccup resoea ... ion for self-matching is approximately
as measurements of experimental one-port devices show In

Fig. 5(b). K2~ k), 3)
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Fig. 5. (a) FEM simulation illustrating the effect of long IBTN=number of fingers in IDT) on the strength of the synchronos®mance occurring at
1535 MHz in a one-port resonator. The hiccup resonance & MHz remains unchanged. (b) Experimental result showing ffeeteof the period,pt, in
the distributed gap on the hiccup resonance frequency. Xpgriinental frequency responses of a 2-IDT DRF as the peridtd distributed gap is varied.



- TABLE |
© Half-width of stopband
) . : : DEVICE PARAMETERS AND EXPERIMENTAL CHARACTERISTICS OF THE
r ! : : DOUBLE-RESONANCE FILTERS
(0] -
Q | Hiccup resonance occurs - -
= : R -
IS : ] : in the middle of stopband Parameter 2-IDT Filter  3-IDT Filter
=R R o AR ST RN AR Aperture per trackgm) 110 = 43 42 = 16\
3 j ' j /Ilé j : Number of fingers in side IDTs 95 95
G // : : Number of fingers in gap IDTs 7 7
E_O : 7 S St i = ‘;—-"’“‘:“'""""“—‘;” - Number of fingers in middle IDT - 145
> : :’\ Minimum insertion loss (dB) 1.27 1.07
,E | / I _ Absolute 3-dB bandwidth (MHz) 23 (1.48%) 29 (1.9%)
g Synchronous v Af”ttr']'resonahnce Relative 3-dB bandwidth (MHz) 29 (1.8%) 36 (2.3%)
£ || resonance 1 |of the synchronous .
takes place at : : resonance must Suppressions (dB) 30 40
{the left edge of [{ [ /5= £ %2 +|coincide with the Phase balance ( absolute 3-dB band) - 1...45
the stopband |4 - "'7 i |resonance frequency Amplitude balance (dB, absolute 3-dB band) - -0.6...2.1
: g % : i |of hiccup resonance
: : 3 : : TABLE I
f;‘ far
SCAN PARAMETERS FOR THE DETAILED AND ROUGH SCANS
Fig. 6. Principle of self-matching of the hiccup resonanceDRF struc-
tures. The anti-resonance of the synchronous resonanseasct matching Parameter Detailed Rough
inductance for the hiccup resonance, canceling the staf@aitance. For Scan points (XX 130 x 1000 88x 206
self-matching to take place, the half-width of the stopbandstagual the s pt (%) 0.99 x 033 1.705x 1.705
resonance-anti-resonance distance of the synchronoosamse, so that its can step/m, yxx) 99 XU : X L
anti-resonance coincides with the hiccup resonance frexyue Scan area/(mxpm) 129 x 330 150x 351

To further clarify the self-matching phenomenon, the |mgq- sonator is similar to that depicted in Fig. 1 with the two

inar rt of admittan f a one-port DR resonator, showin . ;
ary part of admitta ce of a one-po esonator, sho rts connected in parallel. The 3-IDT DRF consists of two
the synchronous and hiccup resonances with respect to the

reflector stopband, is schematically illustrated in Fig.A6. fr']rlg'(lﬁé :c:;[?_r;;?gitCgp?fiﬁidszgep%ﬂel%r\:\gtr:h;nplgtla':;fthof
relatively strong piezoelectric substrate is required fioe P ' P Y

self-matching to be obtained. For example for quartz, Wittgeﬂ?;tf?rittttr;r:;idtligcerri\l,? dt:eb:l;%%l%t;ﬁklﬁvseirtﬁ;WIMS
K? ~ 0.001 and x ~ 0.04, there is an order of magnitude P b gnal.

difference and the self-matching condition cannot be fadis All_samples were glectrl.cally probed .on—wafer. Dewcel
On the other hand, for 42LiTaO; with K2 ~ 0.05 and parameters and electrical figures of merit are presented in

% ranging from 0.1 to 0.25, depending on the geometry gpble I. In addition to the electrical measurements, for the
the finger structure, the condition can be met. If the hicc e-port resonators and 2-IDT filters, we have performed

resonance is shifted away from the center of stopband, 8er—|nterferometrlc measurements of the acoustic tidira

self-matching condition is modified. amplitude distribution.
Self-matching of the hiccup resonance is a significant asset

in many device applications, improving the device perfoB. Experimental Amplitude Distributions

mance and eliminating the need for a matching inductance this section, we show experimental SAW amplitude

The presence of two anti-resonances (the imaginary part gtributions and compare them with the corresponding COM

admittance crossing zero, Fig. 6) near the resonance fneguesimylations. Experimental data are acquired with a scannin

is also of a great convenience in filter design: the antiymodyne laser interferometer described in detail in [T2E

resonances can be used to create notch points resultingeip Sinterferometer detects mechanical vibrations perpetatico

skirts. the surface (vertical component). The relative amplitudes

the surface vibrations obtained with the interferometarezo

I1l. EXPERIMENTAL RESULTS spond to the acoustic power, i.e., when the relative anggitu

We have fabricated and measured both one-port resonatBfgeases 6 dB, the acoustic displacement is doubled.
and narrow-band filters satisfying the specifications used j !N addition to the relative vibration amplitude, the mean
the Global Positioning System (GPS). The substrate usedRensity of the laser beam reflected from the sample suiface
this work is 42-LiTaO; with metallization thickness of 8% recorded at each scan point. The obtained light intensityega
of the wavelength and metallization ratio of 0.6. are used to create a microscope-like image of the scanned
area (hereafter called light-reflection image). Thereftiiere
is a one-to-one correspondence between the light-reftectio
A. Samples and Measurements image and the amplitude-data image. It should be noted that
We have fabricated the following samples: (1) One-poamplitudes in areas with different optical reflectivity de.
resonator, (2) DRF with 2 IDTs (see Fig. 1), (3) DRF withlgrating and metal surfaces) cannot be directly comparez sin
3 IDTs and balanced output. The structure of the one-pdhie sensitivity of the interferometer depends on the rafliggt



to remove the standing wave pattern and the contributions
caused by the high and low optical reflectivity of the finger
structure. Thereby, the envelope of the acoustic wave fislds
obtained. In other words, the measured amplitude distabut
converted to linear scale, is Fourier transformed, and high
spatial frequencies corresponding to the periodicity af th
0 finger structure are suppressed. Finally, an inverse FHourie
72 transformation is applied and the filtered data is conveted
dB-scale.

A detailed areal scan of the active resonator area at
1543 MHz is shown in Fig. 7. In the light-reflection image
(Fig. 7(a)), the finger structure of the transmitting IDTsdan
the reflector gratings are barely visible. In the amplitudage
(Fig. 7(b)), a smooth amplitude profile can be observed after
Fourier filtering.

Flig-zlg-Mﬁaser-inltfrfheron;letrip scan at thfe r?ynchronoaJs W;wfreqlue.ncy In Fig. 8, 5 line profiles of the measured acoustical power

(s M2 () L eflecton mage of i scaned aree @ (e0%€  gistribution along the propagation direction of the wave (
direction) are plotted with the corresponding line profiles
calculated using the COM model. The experimental line

of the sample surface. profiles are extracted from the areal scans by averaging 70

Laser-interferometric measurements of the One_port régngitudinal |ineS, i.e. lines in the direction. It should be
onator were carried out over the frequency range of interéted that averaging of longitudinal lines is performedtte t
(1480 MHz to 1696 MHz) with a frequency step of 2 MHzata transformed to the linear amplitude scale (not power)
in order to disclose the acoustical behaviour of the devideefore the Fourier filtering.

Based on these measurements, 30 most interesting freg@genci To facilitate the comparison, the calculated curves are
were selected for more detailed scans. The scan paramegershifted so that the maximum intensity coincides with the max
shown in Table II. imum intensity of the experimental curves. The experinlenta

The interferometer data are filtered in Fourier domairelative power levels are comparable at different freqienc
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Fig. 8. (a) Electrical response and (b)—(f) Fourier filtete profiles of the amplitude distribution in the-direction in the one-port double-resonance
resonator. Amplitude distributions shown in (b)—(f) are mead and calculated at the frequencies indicated by ciahessquares in (a), respectively.



frequencies are slightly different from the experimentaé®
because they are selected around the measurement frequency
so that the best match between the experimental and sirdulate

I
= amplitude distribution is found. The shift between the ekpe
§ mental and simulated frequencies shown in Fig. 8(a) is tinea
g The slight discrepancy between the simulated and measured
electrical response is probably due to parasitic effeatshs
0 50 100 150 200 250 300 as stray capacitances and inductances arising from thaatont
Distance (um) pad layout and the measurement setup, that were not taken

1800
into account in the simulations.

Below the grating stopband, mode patterns with multiple
nodes arise. The profiles in Figs. 8(b) and (c) show such
patterns; with Fig. 8(c) between two modes. The synchronous
resonance, with acoustic amplitude distributed in the long
transducers, is shown in Fig. 8(d), and the hiccup resonance
in Fig. 8(e). The amplitude distribution at the antiresarean
frequency is depicted in Fig. 8(f).

In Fig. 9, both experimental (a) and simulated (b) mode
charts, summarizing the resonance characteristics ofribe 0
port resonator in the frequency domain, are shown. The
axis shows the position on the device along the propagation
path. At each frequency point, the line profile along the
resonator at that frequency, such as in Fig. 8, is plottenlusi
0 p 10 150 -0 v =0 grayscale color map. The synchronous resonance can be seen

Distance (um) around 1550 MHz and hiccup resonance at 1600 MHz. The
experimental data depicted in Fig. 9(a) extend from 1480 MHz

Fig. 9. Mode charts for double-resonance one-port resgnsttowing the .
SAW amplitude distribution on the length of the resonatoraatrefrequency: (© 1700 MHz, whereas the simulated frequency range of

(a) experimental measurements with the rough scan step, archlth)lated Fig. 9(b) is wider.

distributions. Ther-axis, oriented in the same way as in Fig. 1 and presented . ST . ! _
by the arrows in the figures, shows the position on the deVice plot consists Amplltl..lde dlstrlbutlon_s 'n. a 2-IDT f'!ter for three_d's.t'nc_t
of line profiles of SAW amplitude as a function of frequency. frequencies are shown in Fig. 10. In Fig. 10(a), a distrdouti

below the grating stopband is shown. In the input transducer
a mode similar to those seen in the one-port resonator arises
but it should be noted that in Figs. 8(b)—(d), the nominalinpbut the acoustic wave does not propagate into the output
power was 20 dBm, whereas in Figs. 8(e)—(f) it was 10 dBntransducer. Fig. 10(b) depicts the wave field at the synahrsn
so as to avoid high acoustic power levels in the gap regiontesonance frequency, where the acoustic power is contethtra
The imaginary part of measured (solid line) and calcun the input IDT, and the power transferred to the output IDT
lated (dashed line) admittance of the resonator are plottisdconsiderably smaller. At the hiccup resonance frequency
in Fig. 8(a). On top of the admittance curves are shown tlfeig. 10(c)), the power levels at the input and output are
frequencies at which the SAW distributions are investigatecomparable, and there is a strong concentration of amplitud
measured (circles) and calculated (squares). The sindulate the distributed gap area. At and around this frequency,
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Fig. 10. Simulated (dashed line) and measured (solid line) &AwWlitude distributions in a 2-IDT filter: (a) below the gragistopband, (b) at the synchronous
resonance below the filter passband, and (c) at the hiccamaase, in the filter passband. The simulated curves areedlsfi that the maximum power
coincides with that of the measurement. The nominal input pdexal is 20 dBm in (a) and (b) and 10 dBm in (c).
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Fig. 11. COM simulation (dashed curve) and measurement (saticef of a Fig. 12
single-ended 2-IDT double-resonance filter (see Fig. 1¢cBipations shown o
in the figure are for a low-loss GPS filter. Difference in thpmession level
between simulation and experiment is due to feedthroughngrisom the
contact pad topology.

Measured frequency response (solid curve) and Cilation
(dashed curve) of a 3-IDT balun filter. The minimum insertiosslés 1.07 dB.
Specifications shown in the figure are for a low-loss GPS filter
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SAW power is effectively transferred from input to outputg2
giving rise to the filter passband. It should be noted that
the input power level in Figs. 10(a) and (b) is 20 dBng®
whereas in Fig. 10(c) it is 10 dBm. The simulated curves age
shifted so that the maximum power coincides with that of the, 0
experimental curve.
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C. Single—Ended 2-I1DT Filter (a) Amplitude imbalance. (b) Phase imbalance.

The experimental frequency response of a 2-IDT filter, alomgy. 13. Amplitude and phase imbalance of the 3-IDT balun filtethe
with a COM simulation, is shown in Fig. 11. The curvegbsolute 3-dB band.
are shifted 15 MHz down in frequency to allow comparison
with the GPS specification. System impedances are250
with 0.8 pF parallel to both input and output. The experinain device parameters and experimental characteristees a
mental curve shows some feedthrough outside the passbatdnmarized in Table I.
arising from parasitic contact pad capacitances that wete n If the input of a 3-IDT track is connected to a side IDT
optimized in the design. The main device parameters aafd the output to the other side IDT, leaving the center IDT

experimental results are presented in Table I. floating, cascaded operation is obtained. Grounding theecen
IDT makes the operation impossible. A detailed descriptibn
D. Balanced 3-IDT Filter such a device is presented in [13].

To obtain balun operation, a 2-track, 3-IDT filter structure
was designed. The tracks are similar and connected in phrall
with the phases of the outputs inverted with respect to eagh Power Handling of DRF Devices
other. Splitting the structure into two tracks allows forther
reduction in resistive losses, as the aperture can be divide At the hiccup resonance frequency, a considerable part
between the tracks. of acoustic energy is concentrated in the gap area. At high
Fig. 12 shows the experimental frequency response of tfiequencies, the narrow finger structure in the gap area may
filter (solid curve). The experimental curve is matched tmit the power handling capability of the device.
60 2 at the input and 1202 at the output, with parallel As a preliminary test of the power handling of the devices,
inductances of 25 nH. A COM simulation is plotted in the 2-IDT filter was driven with 20 dBm nominal input power
same figure, illustrating the excellent agreement betwhen for 115 hours. The filter was matched such tlsq{ at the
simulation and experiment. The response is shifted 15 MHesonance frequency wasl3 dB. No degradation of elec-
down in frequency to allow comparison with the specificationrical performance was observed after this period. In fjtur
Figs. 13(a) and 13(b) show the measured amplitude ambre thorough power handling tests should be conducted to
phase balance characteristics at the output, respectiVrly establish the power handling capability of the structure.



IV. CONCLUSION [9]

The novel double-resonance structure presented in thexpap
enables narrow-band (1%...2%), low-loss filters on Ieala/-
wave substrates. Since the operation of the device is base
the strong resonance arising in the gap region, we conclude
that the unsatisfactory performance reported previousfpj [11]
was due to the attenuation in the gap. In the devices studj
in this paper, the loss mechanisms in the gap are consigerabl
reduced with the use of distributed gaps, resulting in éenel
filter characteristics with minimum insertion loss of 1.08.d %!

Self-matching of the hiccup resonance is important in order

0. Kawachi, S. Mineyoshi, G. Endoh, M. Ueda, O. lkata, KagHimoto,
and M. Yamaguchi, “Optimal cut for leaky SAW on LiTaCfor high
performance resonators and filtereE?EE Trans. Ultrason., Ferroelect.,
Freg. Contr., vol. 48, no. 5, pp. 1442-1448, Sept. 2001.

] P. V. Wright, “Analysis and design of low-loss SAW dewicevith

internal reflections using coupling-of-modes theory,Pioc. 1989 |IEEE
Ultrasonics Symposium, 1989, pp. 141-152.

——, “A review of SAW resonator filter technology,” ifProc. 1992
|EEE Ultrasonics Symposium, 1992, pp. 29-38.

ﬂ J. V. Knuuttila, P. T. Tikka, and M. M. Salomaa, “Scannikfichelson

interferometer for imaging surface acoustic wave field3pt. Lett.,
vol. 25, pp. 613-615, May 2000.

J. Meltaus, S. S. Hong, and V. P. Plessky, “High-refactBAW filter
based on double-resonance structure,Pinc. 2006 |IEEE Ultrasonics
Symposium, 2006, to be published.

to achieve low loss. Obtaining self-matching requires aigphe
condition to be satisfied between the basic COM parameters of
the grating. The relation can only be realized on rathemgtro
piezoelectric substrates and for structures having velsti
strong reflectivity.

A 2-IDT filter was driven with 20 dBm input power in order
to test the power handling of DRF devices. After 115 hourg
no degradation in the electrical response of the device wg
observed. The test indicates that the DRF structure is ni
extremely sensitive to high power, but it is difficult to makeg
definite conclusions based on these results. Although t#
power handling capability of a DRF should be comparable %=
that of a CRF, it may be somewhat limited by the concentratic”
of acoustic energy in the gap area at hiccup resonance. Mar
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