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A Comparison of Weighting Techniques
for SAW Transducers at UHF

1. INTRODUCT'ION

kkithd taiWal- weighted t ransdLICeI' 1s 2 hay e prcoven to be ext ceinelY v.beInI

the realization of narrow band width, low sidelobe, surfa ce acoustic \%a \ k.>

fiIt ( I.3 In this Pape r, w ithdrawNalI-weighting M \\ ) tec hniques a Ve colp 111 t

other constant-finger--overlap schenies, which also depend on nea r-ne ijhbou efliect

to obtain varviable elect rode wecights. ST qua rtz anid a double elect rode fing& r aye r-

lap of 500 "111 ac1 u.sed throughout. M\1ot ivation wa s provided 1h\ the 1101pe to I ;I1 -
4nate the velocityv corteection required in statnda rd %k %% de~sign, and bY the, pi tentil1

fori imp roved pe cfo rnia nce.

T'he three io r types of weighting to he described arec shown schenai icA1%l in

lFigU ce I and are defined in detail in Ta ble 1. In withdrcawal weighting, as dcfi ned

ileeci ved fori publication 13 Febrcuariv 1981)

1. 1Ia ctinann, C. 5. 1973keighting ifiterdigital surface wave transducers by'
withdrcawal of e-lect codes, Uiltrcasonics Symposium Prcoceedings, ilIA:,
pp 423-426.

2. Laker. K'. H. , Cohen, E*. , Szabo, T. I. .and Pustave r J. A., . J. ( 19. 8)
Compute c-aidet. design of withdrcai1- weighted SAX\ handpass filte rs.
ItFE-1LT rans. on Circuits and Systems. CAS-25:241-251.

:3. Slobodnik, A. J. , .. ,Ilobe rts, G. A. , Silva, . 1. I, Keamrs, %\ . J.
Sethares, J. C. , and Szabo, T. 1L. (10 9) Switchable SAW;M filter banks at
UHF, II2EL Trans. on Sonics and Ultrasonics. SU-26: 120-126.

4. Wagers, R. S. (19074) Phase error compensation in finger withidrawal trans-
ducers, Ultrasonics Symposium Proceedings. IEEE, pp 418-421.



here, electrodes from a strictly alternating sequence are simply removed. For

source weighting, all electrodes are present, but assignment to a particular pad

is determined by the design algorithm. Combination weighting is essentially a

combination of the other two types.

.l ELECTROE

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

Weighting Schemes

ICOMBINATION

L J

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.

Combinatio,, weighting allows arbitrary pad assignment
and/or full removal of electrodes.

5

Source weighting 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 with arbitrary metallization
ratios and polarity sequences, ILEEE Trans. on Mlicrowave Tlheory and Tech.
NITT-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.

200-jo

i-

160.

I Figure 2. Distribution and
* I Number of Individual Electrode
10 Weights for Three Types of

Constant-Finger-Overlap
S .r I IWeighting Schemes. Data

shown is for double electrodes.00 ' Horizontal axis indicates

f dcuin ttable values ranging between

design~~~~~~~~~~~ and 1iaP tt eua itdaa egtdfl. A2alIS al

J i i

"' , U J } 2, !t

duct' is p rtcl nv eas to impemnt sic- l earniho fet

0 C'2 L1, 04 05 06 07 08 0O 0

2.AN AI,,ONE'S IESI(GN

B efor'e discussingz fhe thrzee types of weighting, let Lis first examine in :111 I's

de~sign clnd com1pare It to X- egular withidrawal-weighted filter. A n all I s tr-ans-
ductr is particularly easy to inmplement, since all nar-neighbor effects 2 6 ar

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

6. L aker, K. 1. , Cohen, L. , and Slobodnik, A. J., t. (1976) Elect ric field
interactions within finite arrays and the design of withdrawal weighted SA\filters at fundamental and higher harmonics, Ultrasonics Symposium
Proceedings, IEIEE, pp 317-321.
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weight and electrodes remloved are given zero weight. Unfortunately, this gross

assumption yields a rather poor device, as illustrated in Figure 3. T'heory and

experiment agree quite well and both Yield the same conclusion: For Lin equal

transducer length, the standa rd WW design (left) has lower sidelobvs and a n-irrower

passband than the all I's device (right). Both designs attempted the synthesis of

the sanie Hamming weighted bandpass filter, having an impulse response \%ith a

timeI duration of 0. 92 pusec. Broadband transducers were used ait thle Output ill

order to show onlY the response of the weighted transducer. In fact, these pro-

cedures are followed throughout this paper.

4 G

(T>

Fgr 3. ReaieIsrinLS essFe~ ncvRsoesCmaig

7. gunrel R. elaive ,inserinY Los ( 19s3s Annlyquenof Responses~i C epan cig

Aecu owsi compae souare aDevregula itT7-0 hd r.wlwihig.Rslso

Information Services, Tprirngi-eld(,-\ i rginia, 22151.
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des ign (unmiodified) shown in Figurte 4A hasa so nit,%0hat ider pa sshafidt, thn the .\

device of Figure 413. Experimiental confirmlat ion is i ILust rat ed ill I-igures 5A anrd 5Bt.

The cause of this widening was traced to unwa;-nted phase weighting ait the el1ec-

trodes caused by near-neighbor effects. In theory these phase deviations Can be

ideally corrected by shifting the position-, of the electrodes, with results ais shown

in Figure 4D. Unfortunately, this design would be ext remiely difficult to realize in

practice, because in order to prevent adjacent electrodes from touching or- fromn

having very smiall gaps, the electrodes must be significantly smaller than 0. 125

wavelength (1. 17 pmn). Inl this case, 0. 6i gm lines over an - 3 mim a reai would be

required.

A

Figure 4. Theoretical Comnparison of Source \\ eighted attd >t~n d \tid ia .-
We(ighted Transducer I reql-uenev Characteristics. lh cVlOfI hffc r,,n~ t,.

t%%een free and mieta lized surfaces is inluILded inl the A1,1\ SIS inlAl ,1
(InLt.i"1 = R 0. 0048, see R~ef 8. 1Velocitv -o rruct ion Is needed '11d Un'd,1 )uL
in the WW % case

8. Slobodnik , A. .1., Jr. , Szabo. ['. L. ,and laker, K. Rt. lIi1').liiuz
sur-fa1ce-acoustic -kwaVe filte rS, Proc. 6 ,: I :1 29- 146.
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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 Figure 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 transducer mask generation nachine.

\k he should it be necessar.v to phase-correct a source-weighted transducer but

not :0 regular WW s ructure? (Velocity correction of a standard \W is separate

Aind 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 i large center portion of strictly alternating electrodes in a standard %%AV, Ineanl

that there are few phase centers that potentiallY need correction.

..\ preliminary comparison of this modified source design and a combination

%eighted filter with velocity correction onIy is shown in Figure 6. No particular

advantage in using combination weighting is evident. Applying phase correction to

12
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1he combination design did not result in any substantial improvement; also, the

use of two correction steps (velocity plus phase) is an undesir.ibly complex dsign

procedu re.

- -- ' , s T - T - T TT T _llTfl

1U DB~.. - 0/0 iv 5 MtIZ/Dlv

3 30 -

-, -~4I I

315UO 2 .6-DO 33.00 316.00 n6o0

~ I
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 work 9 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.
U:5661-5665.

10. Datta, S., and Hunsinger, B. J. (1979) A theoretical analysis of stored energy
in surface wave gratings, Ultrasonics Symposium Proceedings, IEEE,
pp 673-677.
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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 study. Beyond these neighbors, an infinite, strictly alternating

environment is assumed to exist in both directions. Note that a double electrode

consistsi of two fingers and is assumed to be an inseparable unit.

The 'implitude weights, IlolNI, and phase weights, d 0N), 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 neighbors

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 beyond the

three nearest neighbors.

15
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