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A Comparison of Weighting Techniques
for SAW Transducers at UHF

1. INTRODUCTION

Withdrawal-weighted tx‘ansducursl' 2 hive proven to be extremely valuable 1n
the realization of narrow bandwidth, low sidelobe, surface acoustic wuve (SAWY
filters., 3 In this paper, withdrawal-weighting (WW) techniques are compired to
other constant-finger-overlap schemes, which also depend on near-neighbor effects
to obtain variable electrode weights., ST quartz and a double clectrode finger over-
fap of 500 um are usced throughout. Motivation was provided by the hope to clinii-
nate the velocity corr(-ction4 required in stondard WW design, and by the potential
for improved performance,

The three mujor tvpes of weighting to be described are shown schemuatically in

Figure 1 and are defined in detail in Table 1. In withdrawal weighting, us defined

(Received for publication 13 February 1981)

1. Hartmann, C.S. (1873) Weighting interdigital surface wave transducers by
withdrawal of c¢lectrodes, Ultrasonics Svmposium Proceedings, 1EL,
pp 423-426.

2. Laker, K, R., Cohen, E,, Szubo, T.I[.., and Pustaver, J.A., Jr. (19/8)
Computer-aidec design of withdrawal-weighted SAW bandpass filters,
ILELE Trans. on Circuits and Systems, (AS-205:241-251,
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3. Slobodnik, A.J., Jr., Roberts, G.A., Silva, J.H., Kearns, W.J.,
Sethares, J.C., and Szabo, T.1.. (19,9} Switchable SAW filter banks at
UHF, IEELE Trans. on Sonics and Ultrasonics, SU-26:120-126.

4. Wagers, R.S. (18974) Phase error compensation in finger withdrawal trans-
ducers, Ultrasonics Symposium Proceedings, IEEE, pp 418-421.
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here, electrodes from a strictly alternating sequence are simply removed. For
source weighting, all clectrodes are present, but assignment to a particular pad
is determined by the design algorithm. Combination weighting is essentially a

combinution of the other two types.

ELECTRODE

Figure 1. Three Types of
SOURCE Constant-Finger-Overlap
Weighting Schemes

COMBINATION

Table 1. Definitions of the Constant-Finger-Overlap, Interdigital
Transducer-Weighting Schemes Considered in This Paper

Withdrawal weighting simply removes electrodes from a
strictly alternating transducer.

Restricted source weighting first removes an odd number
of electrodes, then fills in with dummies.

General source weighting allows arbitrary assignment of

electrodes to pads in a filled-in array.

Combination. weighting allows arbitrary pad assignment

and/or Tull removal of electrodes.

Source weighting5 is of interest since a filled-in transducer does not require

the velocity correction that is necessary when both free surface and electroded

5. Smith, W.R., and Pedler, W.F, (1975) Fundamental- and harmonic-frequency
circuit-model analysis of interdigital transducers witharbitrary metallization
ratios and polarity sequences, IEELE Trans. on Microwave Theory and Tech.
MTT-23:853-864.
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sections are present, (Source-weighting tables are provided in Appendix A,) Com-
bination weighting offers the advantage of many more available weights, as illus-
trated in Figure 2. In addition, since general source weighting and combination
weighting both allow arbitrary assignment of electrodes to pads, impulse response

functions having time-~domain nulls can be synthesized.
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2. AN ALL ONE'S DESIGN

Before discussing the three types of weighting, let us first examine an all 1's
design and compare it to o regular withdrawal-weighted filter. An all 1's trans-
ducer is particularly casy to implement, since all near-neighbor effects 6 are

neglected in the design procedure.  That is, clectrodes present are assigned unity

6. Laker, K. R., Cohen, L., and Slobodnik, A.J., Jr. (1976) Ilectric field
interactions within finite arrays and the design of withdrawal weighted SAW
filters at fundamental and higher harmonics, Ultrasonics Symposium
Proceedings, IEEL, pp 317-321. —




weight and electrodes removed are given zero weight., Unfortunately, this gross
assumption yields a rather poor device, as illustrated in Figure 3. Theory and
experiment agree quite well and both yield the same conclusion: }or an equal
transducer length, the standard WW design (left) has lower sidelobes and a narrower
passband than the all 1's device (right). Both designs attempted the synthesis of
the sume Hamming weighted bandpass filter, having an impulse response with a
time duration of 0, 82 usec. Broadband transducers were used at the output in
order to show only the responsec of the weighted transducer. In fact, these pro-

cedures are followed throughout this paper.
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Figure 3. Relative Insertion Loss Versus Frequency Responses Comparing a
Standard Withdrawal-Weighted Design (left) to an All 1's Design (right),  Both
are velocity corrected. Top: Experiment. Bottom: Theory

3. COMPARISON OF SOURCE AND WITHDRAWAL WEIGHTING

L.et us now compare source and regular withdrawal weighting. Results of u
detailed theoretical’ comparison are shown in Figure 4. The original source
7. Tancrell, R.H., and Sandy, F. (1973) Analysis of Interdigital Transducers

For Acoustic Surface Wave Devices, T R-73-0030, National Technical
Information Services, Springfield, Virginia, 22151,

10

i




= rr————

design (unmodified) shown in Figure 4A hasa somewhat wider pussband than the WA
device of Figure 4B. kxperimental confirmation is illustrated in Figures 523 and 5B.
The cause of this widening was truced to unwunted phasce weighting at the clec-
trodes caused by near-neighbor effects, In theory these phase deviations cun be
ideally corrected by shifting the positions of the electrodes, with results us shown
in Figure 4D, Unfortunately, this design would be extremely difficult to realize in
practice, because in order to prevent adjucent electrodes {rom touching or from
having very small gaps, the electrodes must be significantly smaller than 0. 125

wavelength (1. 17 um). In this case, 0.6 um lines over an ~3 mm areua would be

required.
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Figure 4. Theoretical Comparison of Source Weighted and Standard Waithdrow il -
Weighted Transducer Frequeney Characteristics,  The velocity difference bae-
tween free and metalized surfaces is included in the analyvsis in all cases,
(DELTERV = 0,0048, see Ref 8.)

Velocity correction 1s necded ind used only
in the WW case

8. Slobodnik, A.J., Jr., Szabo, T.I1.., and Laker, K. R (1879 Miniature

surface-acoustic-wave filters, Proe. 1EEE, 67:1209-144.
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The compromise (modified) design shown in Figure 4C utilizes only 40 percent
of the total required phase compensation and reduces linewidths by only 6 percent
over a strictly 1:1 linewidth-to-gap spacing ratio. Some improvement over the
unmodified source characteristics of igure 4A can be noted. Unfortunately, this
improvement could not be observed experimentally, as seen in Figure 5C. The
most likely cause is thought to be the round-off and stepping-inaccuracy limitations
of the interdigital trunsducer mask generation machine.

W hv should it be necessary to phase-correct a source-weighted transducer but
not u regular WW structure? (Velocity correction of a standard WW is separate
and is, of course, required.) One possible answer is that when an electrode is
absent (withdrawn) it has identically zero phase. This, coupled with the presence
of u large center portion of strictly alternating electrodes in a standard WW, means
that there are few phase centers that potentially need correction.

A preliminary comparison of this modified source design and 4 combination
weighted filter with velocity correction only is shown in Figure 6. No particular

advantage in using combination weighting is evident., Applying phase correction to
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the combination design did not result in any substantial improvement; also, the
use of two correction steps (velocity plus phase) is an undesirably complex design

procedure,
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Figure 6. Theoretical Comparison of the Frequency Characteristics of a 40%
Phase-Corrected, Source-Weighted Design (Left) With Those of a Combination-
Weighted Device (Right)

4. SUMMARY AND CONCLUSIONS

Based on the results of this report, we conclude that withdrawal weighting with
velocity correction yields somewhat superior filter performance compared to
source weighting, which does not require velocity correction, That is, for a given
transducer length, the WW design will yield a narrower passband. Thus a tradeoff
is available: Use source weighting and eliminate one design step (velocity correc-
tion), or use withdrawal weighting for better performance. It should also be noted
that recent workg' 10 promises to eliminate the need for experimentally determining
the velocity-correction parameter. Complete implementation of this new theory
would lend additional bias to WW when compared to source weighting.

Since the bandwidth widening in source weighting was attributed to unwanted
phase deviation, attempts were made to correct for this effect. Using practical

phase correction in a source-weighted transducer could not experimentally improve

9. Datta, S., and Hunsinger, B.J. (1979) First-order reflection coefficients of
surface acoustic waves from thin-strip overlays, J. Appl. Phys.
29:5661-5665.

10. Datta, S., and Hunsinger, B.J. (1979) A theoretical analysis of stored energy
in surface wave gratings, Ultrasonics Symposium Proceedings, IEEL,
pp 673-677.
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the performance of these devices in the sense of naerowing the bandwidth for o fixed
transducer length,

Combination-weighted devices showed no purticalar advantages,  An ol 1os
design was simply not competitive from o performance standpoint,

It is concluded that, unless it is necessary to svnthesize filters hoving tine-
domain nulls, withdrawal weighting 1s the preferred choice for high performance
bundpuss filters.  Source weighting vields somewhat reduced performance with the
advantage of one less design step. Where time-domain nulls are required, genera-

lized source or combination welghting is necessury,
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Appendix A

Source-Weighting Tables

This Appendix provides source-weighting tables for single and double electrodes
in environments consisting of three arbitrary nearest neighbors on each side of the
electrode under studv. Beyvond these neighbors, an infinite, strictly alternating
environment is assumed to exist in both directions. Note that a double electrode
consists of two fingers und is assumed to be an inseparable unit.

The "mplitude weights, IAIOINI, and phase weights, ZIOIN}, are referenced to
the weights of an electrode in a completely regular, infinite, strictly alternating
environment. Plus signs refer to electrodes connected to the Positive pad or
bus-bar of the transducer, while Minus signs refer to electrodes attached to the
Negative pad. The sign of the electrode under study (or center electrode) is given
in the upper-left-hand corner of the tables and the neighboring environments to the
right and below. The polarity of the bus-bars is determined as follows: The pad
to which the electrode under study (center electrode with three nearest ncighbors

on each side) would have been connected to in a completely regular, strictly

alternating environment is defined as the Positive bus-bar. Positive tables should
be used if the center electrode is actually connected to the Positive bus-bar and
Negative tables if the opposite is true. Note that the completely regular, strictly
alternating environment referenced above is created by simply extending through
the center of the infinite environment that is always assumed to exist bevond the

three nearest neighbors.,
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MISSION
of
Rome Avr Development Center

RADC plans and executes reseanrch, development, test and
delected acquisition proghams in support of Command, Control
Communications and Intelligence (C31) activities. Technical
and engineering suppont within areas 0f technical competence ‘
48 prouvided to ESD Program Offices (P0Os) and othen ESD W
elements. The principal technical mission areas are *
communications, electromagnetic guidance and control, sur- 0
veillance of ground and aerospace obfects, intelligence data ¢
collection and handling, information system technology,
Lonosdpheric propagation, sofid state sciences, microwave
physics and electronic neliability, maintainability and
compatibility.
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