R

403

eferences

INTRODUCTORY AND GENERAL MATERIAL (Chapter 1)

20.
2L

. J. H. Eveleth, “A survey of ultrasonic delay lines operating below 100Mc/s”, Proc. IEEE §3,
14061428 (1965).

. G. P. Rodrigue, “Microwave solid-state delay lines”, Proc. [EEE 53, 1428-1437 (1965).

. E. Dieulesaint and D. Royer, Elastic Waves in Solids, Masson, 1974 (in French); Wiley, 1980 (in
English).

. W. P. Mason, “Use of piezoelectric crystals and mechanical resonators in filters and osciliators™, in
W. P. Mason (ed.), Physical Acoustics, Vol. 1A, Academic Press, 1964, pp. 335-416.

. W. . Spencer, “Monlithic crystal filters”, in W. P. Mason and R. N. Thurston (eds.), Physical

Acoustics, Vol. 9, Academic Press, 1972, pp. 167-220.

D. P. Morgan (ed.), Surface Acoustic Wave Passive Interdigital Devices, IEE Reprint Series No. 2,

Peter Peregrinus, 1976.

. H. Matthews (ed.), Surface Wave Filters, Wiley, 1977.

. A. A. Oliner (ed.), Acoustic Surface Waves, Springer, 1978.

R. M. White, ““Surface elastic waves”, Proc. IEEE 58, 1238-1276 (1970).

J. D. Maines and E. G. S. Paige, “‘Surface acoustic wave components, devices and applications™,

Proc. IEE 120, 1078-1110 (1973). Also *‘Surface acoustic wave devices for signal processing

applications”, Proc. IEEE 64, 639-652 (1976).

M. F. Lewis, C. L. West, J. M. Deacon and R. F. Humphryes, “Recent developments in SAW

devices”, Proc. IEE 131A, 186-215 (1984).

. J. D. Maines, J. B. G. Roberts and R. C. Williamson (eds.), IEE seminar on “Impact of new
technologies in signal processing”, IEE Conf. Publ. 144, 1976.

. J. B. G. Roberts, P. M. Grant and T. W. Bristol (eds.), IEE seminar on “*Case studies in advanced
signal processing™, IEE Conf. Publ. 180, 1979.

. J. De Klerk and B. R. McAvoy (eds.). Collected papers on “Surface acoustic waves and signal
processing”, from IEEE Ultrasonics Symp., IEEE, Cat. No. TH0053-9, 1979.

. T. M. Reeder (ed.), Special issue on ‘‘Microwave acoustic signal processing”, JEEE Trans. MTT-21,
161-306 (April, 1973).

. L. T. Claiborne, G. S. Kino and E. Stern (eds.), Special issue on *‘Surface acoustic wave devices and
applications™, Proc. I[EEE 64, 579-828 (May, 1976).

. J. H. Collins and L. Masotti (eds.), Special issue on “Computer-aided design of SAW devices’, Wave
Electronics 2, 1-304 (July, 1976).

. R. C. Williamson and T. W. Bristol (eds.), Special issue on *‘Surface-acoustic-wave device

applications”, JEEE Trans. SU-28, 115-228 (May, 1981).

R. M. Hays and C. S. Hartmann, "*Surface-acoustic-wave devices for communications™, Proc. IEEE

64, 652-671 (1976).

J. D. Maines, “Surface wave devices for radar equipment”, in Matthews [7], pp. 443-476.

R. C. Williamson, ‘“‘Case studies of successful surface-acoustic-wave devices”, IEEE - Ultrasonics

Symp., 1977, pp. 460-468.



404 SURFACE-WAVE DEVICES

22. . H. Collins and P. M. Grant, “Current and future sub-system modules for intercept receivers”,
1EEE Ultrasonics Symp., 1980, pp. 204-215.

23. R. M. White and F. W. Voltmer, “Direct piezoelectric coupling to surface elastic waves”, Appl.
Phys. Lett. T, 314-316 (1965).

24. W. S. Mortley, British patent 988,102 (May, 1963) and J. H. Rowen, U.S. patent 3,289,114 (Dec.,
1963).

25. H. 1. Smith, “Fabrication techniques for surface-acoustic-wave and thin-film optical devices”, Proc.
IEEE 62, 1361-1387 (1974).

ACOUSTIC WAVES (Chapter 2)

26. J. F. Nye, Physical Properties of Crystals, Oxford Univ. Press, 1957.

27. W. G. Cady, Piezoelectricity, McGraw-Hill, 1946.

28. D. A. Berlincourt, D. R. Curran and H. Jaffe, “Piezoelectric and piezomagnetic materials and their
function in transducers”, in W. P. Mason (ed.), Physical Acoustics, Vol. 1A, Academic Press, 1964,
ch. 3.

29. H. F. Tiersten, Linear Piezoelectric Plate Vibrations, Plenum Press, 1969.

30. E. Dieulesaint and D. Royer, Elastic Waves in Solids, Masson, 1974 (in French); Wiley, 1980 (in
English).

31. B. A. Auld, Acoustic Fields and Waves in Solids, Vol. 1, Wiley, 1973.

32. Ibid., Vol. 11

33. 1. A. Viktorov, Rayleigh and Lamb Waves, Plenum Press, 1967.

34. T. R. Meeker and A. H. Meitzler, “‘Guided wave propagation in elongated cylinders and plates™, in
W. P. Mason (ed.), Physical Acoustics, Vol. 1A, Academic Press, 1964, pp. 112-167.

35. A. A. Oliner, “Microwave network methods for guided elastic waves”, IEEE Trans. MTT-17,
812-826 (1969).

36. M. Redwood, Mechanical Waveguides, Pergamon, 1960.

37. Lord Rayleigh, “On waves propagated along the plane surface of an elastic solid”, Proc. London
Math. Soc. 17, 4-11 (1885).

38. W. M. Ewing, W. S. Jardetzky and F. Press, Elastic Waves in Layered Media, McGraw-Hill, 1957.

39. L. M. Brekhovskikh, Waves in Layered Media, Academic Press, 1960 and 1980.

40. K. Sezawa, “Dispersion of elastic waves propagated on the surface of stratified bodies and on curved
surfaces”, Bull. Earthquake Res. Inst. Tokyo 3, 1-18 (1927).

41. K. Kanai, “On the M2 waves (Sezawa waves) — parts 1 and 27, Bull. Earthquake Res. Inst. Tokyo
29, 39-48 (1951) and 33, 275-281 (1955).

42. H. M. Mooney and B. A. Bolt, “Dispersion characteristics of the first three Rayleigh modes for a
single surface layer™”, Bull. Seism. Soc. Am. 56, 4367 (1966).

43. A. E. H. Love, Some Problems of Geodynamics, Cambridge Univ. Press, 1911; Dover, 1967.

44. G. W. Famnell and E. L. Adler, “Elastic wave propagation in thin layers”, in W. P. Mason and
R. N. Thurston (eds.), Physical Acoustics, Vol. 9, Academic Press, 1972, ch. 2.

45. J. J. Campbell and W. R. Jones, ““A method for estimating optimal crystal cuts and propagation
directions for excitation of piezoelectric surface waves”, JEEE Trans. SU-18, 209-217 (1968).

46. T. C. Lim and G. W. Farnell, **Search for forbidden directions of elastic surface wave propagation
in anisotropic crystals™, J. Appl. Phys. 39, 4319-4325 (1968).

47. J. J. Campbell and W. R. Jones, “Propagation of piezoelectric surface waves on cubic and hexagonal
crystals”, J. Appl. Phys. 41, 27962801 (1970).

48. G. W. Farnell, “Properties of elastic surface waves”, in W. P. Mason and R. N. Thurston (eds.),
Physical Acoustics, Vol. 6, Academic Press, 1970, pp. 109-166.

49. G. W. Farnell, “Elastic surface waves”, in Matthews 7], pp. 1-53.

50. G. W. Farnell, “Types and properties of surface waves”, in Oliner [8], pp. 13-60.

51. A. I. Slobodnik, E. D. Conway and R. T. Delmonico, “Microwave acoustics handbook, Vol. 1A,
Surface wave velocities™, Air Force Cambridge Res. Labs., AFCRL-TR-73-0597, Oct. 1973.



52.
53.
54.
5S.
56.
57.
58.
59.

60.
61.

EL

62
63

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

REFERENCES 405

IEEE Standard 176 on Piezoelectricity, /EEE Trans. SU-31, March 1984, part II. Also,
. R. Meitzler, IEEE Trans. SU-31, 135-136 (1984).

L. Bleustein, ‘A new surface wave in piezoelectric crystals”, Appi. Phys. Lett. 13, 412-413 (1968).
. V. Gulyaev, “Electroacoustic surface waves in solids", Soviet Phys. JETP Lett. 9, 37-38 (1969).
C. C. Tseng, ““Piezoelectric surface waves in cubic crystals”, J. Appl. Phys. 41, 2270-2276 (1970).
G. Koerber and R. F. Vogel, “SH-mode piezoelectric surface waves on rotated cuts”, IEEE Trans.
SU-20, 9-12 (1973).

H. Engan, K. A. Ingebrigtsen and A. Tonning, ““Elastic surface waves in alpha quartz: observation
of leaky surface waves™, Appl. Phys. Lett. 10, 311-313 (1967).

T. C. Lim and G. W. Farnell, “Character of pseudo-surface waves on anisotropic crystals™, J.
Acoust. Soc. Am. 45, 845-851 (1969).

K. Yamanouchi and K. Shibayama, *“Propagation and amplification of Rayleigh waves and
piezoelectric leaky waves in lithium niobate’, J. Appl. Phys. 43, 856-862 (1972).

L. P. Solie, *‘Piezoelectric waves on layered substrates”, J. Appl. Phys. 44, 619-627 (1973).

K. M. Lakin, “Perturbation theory for electromagnetic coupling to elastic surface waves on
piezoelectric substrates”, J. Appl. Phys. 42, 899-906 (1971).

T
J.
Y

ECTRICAL EXCITATION (Chapter 3)

. K. A. Ingebrigtsen, “Surface waves in piezoelectrics™, J. Appl. Phys. 40, 2681-2686 (1969).

. C. S. Hartmann and B. G. Secrest, “End effects in interdigital surface wave transducers”, IEEE
Ultrasonics Symp. 1972, pp. 413-416.

C. A. A.J. Greebe, P. A. van Dalen, T.J. N. Swanenburg and J. Wolter, “Electric coupling
properties of acoustic and electric surface waves™, Phys. Rep., Phys. Lett. C 1C, 235-268 (1971).
R. F. Milsom, N. H. C. Reilly and M. Redwood, “Analysis of generation and detection of surface
and bulk acoustic waves by interdigital transducers”, IEEE Trans. SU-24, 147-166 (1977).

R. F. Milsom, M. Redwood and N. H. C. Reilly, “The interdigital transducer”, in Matthews [7], pp-
55-108.

K. M. Lakin, “Perturbation theory for electromagnetic coupling to elastic surface waves on
piezoelectric substrates”, J. Appl. Phys. 42, 899-906 (1971).

B. A. Auld, Acoustic Fields and Waves in Solids, Vol. 11, Wiley, 1973.

B. A. Auld and G. S. Kino, “Normal mode theory for acoustic waves and its application to the
interdigital transducer”, IEEE Trans. ED-18, 898-908 (1971).

G. S. Kino and T. M. Reeder, “A normal mode theory for the Rayleigh wave amplifier”, /EEE
Trans. ED-18, 909-920 (1971).

J. Henaff and M. Feldmann, “Monolithic acoustoelectric amplifier using pseudo-surface waves”,
Appl. Phys. Lett. 24, 447-449 (1974).

K. Blatekjaer, K. A. Ingebrigtsen and H. Skeie, A method for analysing waves in structures
consisting of metal strips on dispersive media”, IEEE Trans. ED-20, 11331138 (1973).

M. R. Daniel and J. De Klerk, “An apparatus for measuring the velocity and energy flow direction
of ultrasonic surface waves”, Rev. Sci. Instr. 41, 1463-1465 (1970).

K. Yamanouchi and K. Shibayama, “Propagation and amplification of Rayleigh waves and
piezoelectric leaky surface waves in LiNbO,™, J. Appl. Phys. 43, 856-862 (1972).

G. S. Kino, *“Acoustoelectric interactions in acoustic-surface-wave devices”, Proc. IEEE 64, 724-748
(1976).

O. Yamazaki, T. Mitsuyu and K. Wasa, *“ZnO thin-film SAW devices™, IEEE Trans. SU-27, 369-379
(1980).

F. 8. Hickernell, M. D. Adamo, R. V. De Long, J. G. Hinsdale and H. J. Bush, “SAW program-
mable matched filter signal processor™, IEEE Ultrasonics Symp., 1980, pp. 104-108.

G. S. Kino and R. S§. Wagers, “Theory of interdigital couplers on non-piezoelectric substrates”, J.
Appl. Phys. 44, 14801488 (1973).



406 SURFACE-WAVE DEVICES

INTERDIGITAL TRANSDUCER ANALYSIS (Chapter 4)

79.
80.

81

82.
83.
84.
85.
86.
87.
88.
89.

90.

91.

92.
93.

94.

95.

96.

97.

98.

99.

101.

102.
103.

105.

106.

R. H. Tancrell and M. G. Holland, **Acoustic surface wave filters”, Proc. IEEE 59, 393-409 (1971).
R. H. Tancrell, “Principles of surface wave filter design™, in Matthews [7], pp. 109-164.

. C. S. Hartmann, D. T. Bell and R. C. Rosenfeld, “Impulse model design of acgustic surface wave
filters”, IEEE Trans. MTT-21, 162-175 (1973).

T. W. Bristol, W. R. Jones, P. B. Snow and W. R. Smith, “Applications of double electrodes in
acoustic surface wave device design”, IEEE Ultrasonics Symp., 1972, pp. 343-345.

H. Engan, “Surface acoustic wave multi-electrode transducers”, JEEE Trans. SU-22, 395401 (1975).
W. R. Smith, H. M. Gerard, J. H. Collins, T. M. Reeder and H. J. Shaw. “Analysis of interdigital
surface wave transducers by use of an equivalent circuit model”, /EEE Trans. MTT-17, 856-864
(1969).

W. R. Smith, ““Experimental distinction between crossed-field and in-line three-port circuit models
for interdigital transducers”, IEEE Trans. MTT-22, 960-964 (1974).

W. R. Smith, ““Basics of the SAW interdigital transducer”, Wave Electronics 2, 25-63 (1976).

H. M. Gerard, “Principles of surface wave filter design”, in Oliner [8], pp. 60-96.

W. R. Smith, H. M. Gerard and W. R. Jones, “Analysis and design of dispersive interdigital
surface-wave transducers™, IEEE Trans. MTT-20, 458-471 (1972).

W. S. Jones, C. S. Hartmann and T. D. Sturdivant, ““Second order effects in surface wave devices”,
IEEE Trans. SU-19, 368-377 (1972).

W. R. Smith and W. F. Pedler, “Fundamental and harmonic frequency circuit-model analysis of
interdigital transducers with abritrary metallisation ratios and polarity sequences™, JEEE Trans.
MTT-23, 853-864 (1975).

B. A. Auld and G. S. Kino, “Normal mode theory for acoustic waves and its application to the
interdigital transducer”, IEEE Trans. ED-18, 898-908 (1971).

R. F. Milsom, *“‘Bulk wave generation by the IDT”, Wave Electronics 2, 64-81 (1976).

R. F. Milsom, N. H. C. Reilly and M. Redwood, “Analysis of generation and detection of surface
and bulk acoustic waves by interdigital transducers”, JEEE Trans. SU-24, 147-166 (1977).

R. F. Milsom, M. Redwood and N. H. C. Reilly, “The interdigital transducer”, in Matthews [7], pp.
55-108.

D. P. Morgan, ““Quasi-static analysis of generalised SAW transducers using the Green’s function
method”, IEEE Trans. SU-27, 111-123 (1980).

S. Ramo, J. R. Whinnery and T. van Duzer, Fields and Waves in Communication Electronics, Wiley,
1965, pp. 154, 314.

R. C. Peach, “A general approach to the electrostatic problem of the SAW interdigital transducer”,
IEEE Trans. SU-28, 96-105 (1981).

C. S. Hartmann and B. G. Secrest, “End effects in interdigital surface wave transducers”, JEEE
Ultrasonics Symp., 1972, pp. 413-416.

H. Skeie and A. Rennekliev, “Electrostatic neighbour and end effects in weighted surface wave
transducers”, IEEE Ultrasonics Symp., 1976, pp. 540-542.

. K. R. Laker, E. Cohen and A. J. Slobodnik, “Electric field interactions within finite arrays and
design of withdrawal weighted SAW filters at fundamental and higher harmonics”, IEEE Ultrasonics
Symp., 1976, pp. 317-321.

A. L. Lentine, S. Datta and B. J. Hunsinger, “Analysis of nonperiodic SAW transducers using a
circuit model”, JEEE Trans. SU-27, 328-333 (1980).

A. Papoulis, The Fourier Integral and its Applications, McGraw-Hill, 1962.

A. L. Nalamwar and M. Epstein, “Immittance characterisation of acoustic surface-wave
transducers”, Proc. JEEE 60, 336-337 (1972).

. B. Lewis, P. M. Jordan, R. F. Milsom and D. P. Morgan, “‘Charge and field superposition methods
for analysis of generalised SAW interdigital transducers”, /EEE Ultrasonics Symp., 1978, pp.
709-714.

S. Datta, B. J. Hunsinger and D. C. Malocha, “A generalised model for periodic transducers with
arbitrary voltages”, IEEE Trans. SU-26, 235-242 (1979).

S. Datta and B. J. Hunsinger, “Element factor for periodic transducers™, JEEE Trans. SU-27, 42-44
(1980).



107.

108.

109.

110.

111.

112.

REFERENCES 407

H. Engan, ““Excitation of elastic surface waves by spatial harmonics of interdigital transducers”,
IEEE Trans. ED-16, 1014-1017 (1969).

H. Skeie, ““Analysis and synthesis of surface acoustic wave filters”, ELAB report STF 44A79106,
University of Trondheim, 1979.

D. P. Morgan, B. Lewis and J. G. Metcalfe, “Fundamental charge distributions for surface-wave
interdigital transducer analysis”, Electronics Lett. 15, 583-585 (1979).

R. H. Tancrell and R. C. Williamson, “Wavefront distortion of acoustic surface waves from
apodised interdigital transducers”, Appl. Phys. Lett. 19, 456-459 (1971).

R. S. Wagers, “Analysis of finite-width interdigital transducer excitation profiles”, /EEE Trans.
SU-26, 105-111 (1979).

G. L. Matthaei, D. Y. Wong and B. P. O’Shaughnessy. “Simplifications for the analysis of
interdigital surface-wave devices”, IEEE Trans. SU-22, 105-114 (1975).

MULTI-STRIP COUPLERS(Chapter 5)

13

114.

115.

116.

117

118.
119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

129.

130.

131.

F. G. Marshall and E. G. S. Paige, “Novel acoustic-surface-wave directional coupler with diverse
applications”, Electronics Lett. 7, 460464 (1971).

C. Elachi, “Waves in active and passive periodic structures: a review”, Proc. IEEE 64, 1666-1698
(1976).

C. Maerfeld and P. Tournois, “An acoustoelectric multistrip amplifier”, IEEE Ultrasonics Symp.,
1972, pp. 171-176.

C. Maerfeld and P. Tournois, “Perturbation theory for the surface-wave multistrip coupler”,
Electronics Lett. 9, 115-116 (1973).

C. Maerfeld, K. Gordon and G. W. Farnell, “Resistive losses in acoustic surface wave multistrip
couplers”, IEEE Trans. SU-22, 358-368 (1975).

C. Maerfeld, “Multistrip couplers™, Wave Electronics 2, 82-110 (1976).

K. Blotekjaer, K. A. Ingebrigtsen and H. Skeie, “A method for analysing waves in structures
consisting of metal strips on dispersive media™, /EEE Trans. ED-20, 11331138 (1973).

K. Blatekjaer, K. A. Ingebrigtsen and H. Skeie, “Acoustic surface waves in piezoelectric materials
with periodic metal strips on the surface”, IEEE Trans. ED-20, 1139-1146 (1973).

F. G. Marshall, C. O. Newton and E. G. S. Paige, ‘“Theory and design of the surface acoustic wave
multistrip coupler”, JEEE Trans. MTT-21, 206-215 (1973).

I. M. Mason, J. Chambers and P. E. Lagasse, “Spatial harmonic analysis of the multistrip coupler™,
IEEE Ultrasonics Symp., 1973, pp. 159-162.

G. W. Farnell and C. Maerfeld, “Modes in multistrip couplers™, IEEE Ultrasonics Symp., 1976, pp.
480-485.

J. M. Deacon, J. H. Heighway and J. A. Jenkins, “Multistrip coupler in acoustic surface wave
filters™, Electronics Lett. 9, 235-236 (1973).

R. H. Tancrell, “Improvement of an acoustic-surface-wave filter with a multistrip coupler”,
Electronics Letr. 9, 316-317 (1973).

F. G. Marshall, C. O. Newton and E. G. S. Paige, “Surface acoustic wave multistrip components
and their applications”, IEEE Trans. MTT-21, 216-225 (1973).

T. I. Browning and F. G. Marshall, “Compact 130 us surface acoustic wave delay line using
improved MSC reflecting trackchangers™, IEEE Ultrasonics Symp., 1974, pp. 189-192.

C. W. Chapman and T. W. Bristol, “The analysis and design of broad-band fractional efficiency
multistrip couplers, JEEE Trans. SU-23, 174-184 (1976).

L. P. Solie, “A SAW bandpass filter technique using a fanned multistrip coupler”, Appl. Phys. Lett.
30, 374-376 (1977).

M. Feldmann and J. Henaff, “Design of multistrip arrays™, IEEE Ultrasonic Symp., 1977, pp.
686-690.

C. Maerfeld and G. W. Farnell, “Nonsymmetrical multistrip coupler as a surface-wave beam
compressor of large bandwidth”, Electronics Lett. 9, 432-434 (1973).



408

SURFACE-WAVE DEVICES

PROBING AND DIFFRACTION (Sections 6.1, 6.2)

132.

133,

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

145.

146.
147.

148.

149.
150.

151.

152.

153.

154.
155.

156.

157.
158.

159.

A. J. Slobodnik, P. H. Carr, and A. J. Budreau, **Microwave frequency acoustic surface wave loss
mechanisms on lithium niobate”, J. Appl. Phys. 41, 4380—4387 (1970).

B. A. Richardson and G. S. Kino, “Probing of elastic surface waves in piezoelectric media”, Appl.
Phys. Let:. 16, 82-85 (1970).

R. C. Williamson, “Improved electrostatic probe for measurement of elastic surface waves”, [EEE
Trans. SU-19, 436-441 (1972). Also IEEE Ultrasonics Symp., 1972, pp. 323-327.

G. . Stegeman, ““‘Optical probing of surface waves and surface wave devices”, JEEE Trans. SU-23,
33-63 (1976).

E. G. H. Lean and C. G. Powell, “Optical probing of surface acoustic waves”, Proc. IEEE 58,
19391947 (1970).

A. J. Slobodnik, “Materials and their influence on performance”, in Oliner [8], pp. 225-303.
W_S. Goruk, P.J. Vella and G. I. Stegeman, “Optical probing measurements of surface wave
generation and reflection in interdigital transducers on lithium niobate”, JEEE Trans. SU-27, 341-354
(1980).

R. Adler, A. Korpel and P. Desmares, “*An instrument for making surface waves visible”, I[EEE
Trans. SU-15, 157-161 (1968).

H. Engan, “Phase sensitive laser probe for high-frequency surface acoustic wave measurements”,
IEEE Trans. SU-28, 372-377 (1978). Also ibid., SU-29, 281-283 (1982).

R. L. Whitman, L. J. Laub and W. J. Bates, “Acoustic surface displacement measurements on a
wedge-shaped transducer using an optical probe technique”, IEEE Trans. SU-15, 186-189 (1968).
R. M. De La Rue, R.F. Humphryes, 1. M. Mason and E. A. Ash, ‘“Acoustic-surface-wave
amplitude and phase measurements using laser probes”, Proc. IEE 119, 117-126 (1972).

L. Bergstein and T. Zachos, “A Huygen’s principle for uniaxially anisotropic media”, J. Opt. Soc.
Am. 56, 931-937 (1966).

. M. S. Kharusi and G. W. Farnell, “Diffraction and beam steering for surface-wave comb structures

on anisotropic substrates”, JEEE Trans. SU-18, 34-42 (1971).

I. M. Mason and E. A. Ash, “Acoustic-surface-wave beam diffraction on anisotropic substrates™, J.
Appl. Phys. 42, 5343-5351 (1971).

G. W. Farnell, “Types and properties of surface waves”, in Oliner [8}, pp. 13-60.

M. G. Cohen, “Optical study of ultrasonic diffraction and focusing in anisotropic media”, J. Appl.
Phys. 38, 3821-3828 (1967).

R. D. Weglein, M. E. Pedinoff and H. Winston, ‘Diffraction spreading of surface waves on
LiNbO,™, Electronics Lett. 6, 654656 (1970).

N. R. Ogg, “A Huygen’s principle for anisotropic media”, J. Phys. A 4, 382-388 (1971).

J. C. Crabb, J. D. Maines and N. R. Ogg, “Surface-wave diffraction on LiNbO,”, Electronics Lert.
7, 253-255 (1971).

J. D. Maines, G. L. Moule and N. R. Ogg, “Correction of diffraction errors in acoustic-surface-
wave pulse compression filters”, Electronics Lett. 8, 431-433 (1972).

R. F. Milsom, “A diffraction theory for SAW filters on non-parabolic high-coupling orientations™,
{EEE Ultrasonics Symp., 1977, pp. 827-833.

R. A. Waldron, “Power transfer factors for nonuniformly irradiated interdigital piezoelectric
transducers”, {EEE Trans. SU-19, 448-453 (1972).

B. A. Auld, Acoustic Fields and Waves in Solids, Wiley, 1973, Vol. L.

M. J. Lighthill, “Studies on magneto-hydrodynamic waves and other anisotropic wave motions”,
Phil. Trans. 252A, 397-430 (1960).

G. W. Farnell, “Properties of elastic surface waves”, in W. P. Mason and R. W. Thurston (eds.),
Physical Acoustics, Vol. 6, Academic Press, 1970, pp. 109-166.

M. Abramowitz and 1. A. Stegun, Handbook of Mathematical Functions, Dover, 1968.

T. L. Szabo and A. J. Slobodnik, “The effect of diffraction on the design of acoustic surface wave
devices”, JEEE Trans. SU-20, 240-251 (1973).

D. Murray and E. A, Ash, “‘Precision measurement of SAW velocities”, JEEE Ultrasonics Symp.,
1977, pp. 823-826.



160.

161.

162.

163.

164.

165.

REFERENCES 409

R. C. Peach, “*General diffraction analysis for surface acoustic wave filters™, IEEE Ultrasonics Symp.,
1983.

T. L. Szabo and A. J. Slobodnik, ““Diffraction compensation in periodic apodised acoustic surface
wave filters”, IEEE Trans. SU-21, 114-119 (1974).

D. Penunuri, “A numerical technique for SAW diffraction simulation™, /EEE Trans. MTT-26,
288-294 (1978).

E. B. Savage, “‘Fast computation of SAW filter responses including diffraction™, Electronics Leti. 15,
538-539 (1979).

R. C. Peach, N. H. Doggett, F. S. McClemont, A. Katsellis and A. J. Dyer, “Diffraction analysis
and correction of narrow band SAW transversal filters”, JEEE Ultrasonics Symp, 1981, pp. 58--62.
W. A. Radasky and G. L. Matthaei, “*Fast computation of diffraction in general anisotropic media
by use of the geometrical theory of diffraction™, JEEE Trans. SU-30, 78-84 (1983).

OTHER PROPAGATION EFFECTS, AND MATERIALS (Sections 6.3-6.5)

166.

167.

168.

169.

170.
171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

H. J. Maris, ‘*Attenuation of ultrasonic surface waves by viscosity and heat conduction™, Phys. Rev.
188, 1308-1311 (1969).

K. Dransfeld and E. Salzmann, *“Excitation, detection and attenuation of high-frequency elastic
surface waves”, in W. P. Mason and R. N. Thurston (eds.), Physical Acoustics, Vol. VII, Academic
Press, 1970, pp. 219-272.

J. J. Campbell and W. R. Jones, ‘‘Propagation of surface waves at the boundary between a
piezoelectric crystal and a fluid medium™, [EEE Trans. SU-17, 71-76 (1970).

J. W. Gibson and P. H. E. Meijer, “*Nonlinearly generated harmonics and attenuation of Rayleigh
waves on crystalline quartz™, J. Appl. Phys. 45, 3288-3295 (1974).

B. A. Auld, Acoustic Fields and Waves in Solids, Wiley, 1973, Vol. 1.

Y. Nakagawa, K. Yamanouchi and K. Shibayama, ““Control of nonlinear effects in acoustic surface
waves”, J. Appl. Phys. 45, 2817-2822 (1974).

E. G. Lean and C. G. Powell, ““Non-destructive testing of thin films by harmonic generation of
dispersive Rayleigh waves”, Appl. Phys. Lett. 19, 356-359 (1971).

R. C. Williamson, *“Problems encountered in high-frequency surface-wave devices”, IEEE
Ultrasonics Symp, 1974, pp. 321-328.

K. L. Davisand V. L. Newhouse, “Mixing between noncollinear surface elastic waves”, JEEE Trans.
SU-22, 33-38 (19795).

J. D. Maines, E. G. S. Paige, A. F. Saunders and A. S. Young, “Simple technique for the accurate
determination of delay-time variations in acoustic surface wave structures”, Electronics Let:. 5,
678-680 (1969).

J. F. Dias, H. E. Karrer, J. A. Kusters, J. H. Matsinger and M. B. Schulz, “The temperature
coefficient of delay-time for X-propagating acoustic surface waves on rotated Y-cuts of alpha quartz”,
IEEE Trans. SU-22, 46-50 (1975).

M. B. Schulz, B. J. Matsinger and M. G. Holland, “Temperature dependence of surface acoustic
wave velocity on alpha-quartz”, J. Appi. Phys. 41, 2755-2765 (1970).

S. J. Kerbel, “*Design of harmonic surface acoustic wave oscillators without external filtering and new
data on the temperature coefficient of quartz”, IEEE Ultrasonics Symp., 1974, pp. 276-281.

D. T. Bell and L. T. Claiborne, *“‘Phase code generators and correlators”, in Matthews [7], pp.
307-346.

J. Temmyo, 1. Kotaka, T. Inamura and S. Yoshikawa, “‘Precise measurement of SAW propagation
velocity on lithium niobate”, IEEE Trans. SU-27, 218-219 (1980).

A. J. Slobodnik, E. D. Conway and R. T. Delmonico, “Microwave acoustics handbook, Vol. 1A,
Surface wave velocities”, Air Force Cambridge Res. Labs., AFCRL-TR-73-0597, Oct. 1973.

M. B. Schulz and J. H. Matsinger, “Rayleigh wave electromechanical coupling constants™, Appl.
Phys. Leut. 20, 367-369 (1972).

K. Shibayama, K. Yamanouchi, H. Sato and T. Meguro, “Optimum cut for rotated Y-cut LiNbO,
crystal used as the substrate of acoustic-surface-wave filters”, Proc. IEEE 64, 595-597 (1976).



410
184.
185.
186.
187.

188.

189.
190.

191.
192.
193.
194.

195.
196.

SURFACE-WAVE DEVICES

B. K. Sinha and H. F. Tiersten, Appl. Phys. Let:. 34, 817-819 (1979). Also A. Ballato, T. Lukaszek,
D. F. Williams and F. Y. Cho, IEEE Ultrasonics Symp., 1981, pp. 346-349.

A. J. Slobodnik, J. H. Silva, W. J. Kearns and T. L. Szabo, /EEFE Trans. SU-25, 92-97 (1978). Also
P. H. Carr, T. E. Fenstermacher, J. H. Silva, W. J. Kearns and M. R. Stiglitz, JEEE Ultrasonics
Symp., 1976, pp. 459-461.

R. G. Pratt, G. Simpson and W. A. Crossley, Electronics Lett. 8, 127128 (1972).

A. J. Slobodnik and T. L. Szabo, J. Appl. Phys. 44, 2937-2941 (1973).

M. F. Lewis, “Temperature compensation techniques for SAW devices”, IEEE Ultrasonics Symp.,
1979, pp. 612-622.

B. Lewis, N. M. Shorrocks and R. W. Whatmore, /EEE Ulirasonics Symp., 1982, pp. 389-393.

R. M. O’Connell and P. H. Carr, IEEE Trans. SU-24, 376-384 (1977). Also P. H. Carr, J. H. Silva”.
and B. H. T. Chai, /EEE Ultrasonics Symp., 1981, pp. 328-331.

T. W. Grudkowski, G. K. Montress, M. Gilden and J. F. Black, /EEE Trans. MTT-29, 1348-1355
(1981).

H. Takeuchi, Y. Ito, S. Jyomura, K. Nagatsuma and S. Ashida, /EEE Ultrasonics Symp., 1980, pp.
400-409.

D. Penunuri and K. M. Lakin, “Surface acoustic wave velocities for isotropic metal films on selected
cuts of Bi;,GeO,, quartz, Al,0; and LiNbO,”, /EEE Trans. SU-21, 293-295 (1974).

K. L. Davis and J. F. Weller, “SAW attenuation in metal film coated delay lines”, IEEE Ultrasonics
Symp., 1979, pp. 659-662.

K. Tsubouchi, K. Sugai and N. Mikoshiba, IEEE Ultrasonics Symp., 1981, pp. 375-380.

T. E. Parker and H. Wichansky, “Temperature-compensated surface-acoustic-wave devices with
Si0, film overlays”, J. Appl. Phys. 50, 1360-1369 (1979).

DELAY LINES AND MULTI-PHASE TRANSDUCERS (Chapter 7)

197.

198.

199.

200.

201.

202.

203.

204.

205.
206.

207

208.

209.
210.

W. R. Smith, H. M. Gerard, J. H. Collins, T. M. Reeder and H. J. Shaw, “Design of surface wave
delay lines with interdigital transducers”, IEEE Trans. MTT-17, 865-873 (1969).

C. S. Hartmann, D. T. Bell and R. C. Rosenfeld, “Impulse model design of acoustic surface wave
filters”, IEEE Trans. MTT-21, 162175 (1973).

D. P. Morgan, J. M. Hannah and J. H. Nash, “Broadband surface-acoustic-wave delay lines using
weakly piezeoelectric substrates”, Wave Electronics 3, 97-105 (1977).

T. M. Reeder, W. R. Shreve and P. L. Adams, ‘A new broadband coupling network for interdigital
surface wave transducers’”, IEEE Trans. SU-19, 466-470 (1972).

T. M. Reeder and W. R. Sperry, “Broad-band coupling to high-Q resonant loads”, JEEE Trans.
MTT-20, 453-458 (1972).

W. R. Smith, “Key tradeoffs in SAW transducer desipn and component specification”, IEEE
Ultrasonics Symp., 1976, pp. 547-552.

J. Temmyo and S. Yoshikawa, “Aluminium evaporation conditions for SAW interdigital
transducers”, JEEE Trans. SU-27, 219-221 (1980).

K. M. Lakin, “Electrode resistance effects in interdigital transducers”, f/EEE Trans. MTT-22,
418-424 (1974).

A. J. Slobodnik, ‘“‘Materials and their influence on performance”, in Oliner 8], pp. 225-303.

M. F. Lewis, “Triple-transit suppression in surface-acoustic-wave devices”, Electronics Lett. 8,
553-554 (1972).

W. J. Tanski and H. Van De Vaart, “Technique for triple-transit suppression in surface-acoustic-
wave delay lines”, Electronics Lett. 15, 312-313 (1979).

D. J. Gunton, “Combined triple-transit and bulk wave suppression in S.A.W. delay lines”,
Electronics Letr. 16, 149150 (1980).

L. A. Coldren and H. J. Shaw, “‘Surface-wave long delay lines”, Proc. IEEE 64, 598-609 (1976).
1. M. Mason, E. Papadofrangakis and J. Chambers, “Acoustic-surface-wave disc delay lines”, Proc.
[EEF 64, 610-612 (1976).



211

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

REFERENCES 411

D. H. Warne, J. J. Purcell and D. P. Morgan, ‘‘Cascadable tapped delay line module”, [EEE
Ultrasonics Symp., 1981, pp. 53-57.

A. J. Slobodnik and J. H. Silva, *“Ultraflat frequency response delay modules at 800 MHz”, IEFE
Trans. SU-27, 379-383 (1980).

J. H. Silva, A. J. Slobodnik and W. J. Kearns, “A 2.2GHz SAW delay line fabricated by direct
optical projection”, J[EEE Trans. SU-26, 312-313 (1979).

J. Temmyo, Y. Sakakibara, K. Komatsu, M. Oda and S. Yoshikawa, “Performance of 0.4 um
linewidth SAW interdigital transducers fabricated by scanning electron beam lithography”, /[EEE
Trans. SU-27, 383-385 (1980).

H. Engan, “High frequency operation of surface-acoustic-wave multielectrode transducers”,
Electronics Lett. 10, 395-396 (1974).

R. Almar, B. Lewis and E. G. S. Paige, “SAW interdigital transducers with harmonic responses
insensitive to variations in finger widths”, IEEE Trans. SU-30, 51-54 (1983).

C. S. Hartmann, W. S. Jones and H. Vollers, “Wide band unidirectional surface wave transducers”,
1EEE Trans. SU-19, 378-381 (1972).

R. C. Rosenfeld, C. S. Hartmann and R. B. Brown, “Low loss unidirectional acoustic surface wave
filters”, Ann. Symp. Frequency Control, 1974, pp. 299-303.

R. C. Peach and C. Dix, “A low loss medium bandwidth filter on lithium niobate”, IEEE Ultrasonics
Symp., 1978, pp. 509-512.

D. C. Malocha, “Quadrature 3-phase unidirectional transducer”, IEEE Trans. SU-26, 313-315
(1979).

R. S. Krimholtz, G. L. Matthaei and B. E. Hoiem, “Acoustic-surface-wave interdigital hybrid-
junction transducers”, JEEE Trans. SU-21, 23-32 (1974).

K. Yamanouchi, F. M. Nyffeler and K. Shibayama, ‘“Low insertion loss acoustic surface wave filter
using group-type unidirectional interdigital transducer”, IEEE Ultrasonics Symp., 1975, pp. 317-321.
D. C. Malocha and B.J. Hunsinger, “Tuning of group type unidirectional transducers”, IEEE
Trans. SU-26, 243-245 (1979).

R. B. Brown, “Electrical matching of unidirectional surface wave devices”, IEEE MTTS Intl.
Microwave Symp., 1975, pp. 359-361.

K. Yamanouchi, T. Meguro and J. K. Gautam, “Low-loss GHz range SAW filter using group-type
unidirectional transducer — new GUDT and new phase shifter”, IEEE Ultrasonics Symp., 1982, pp.
212-217.

D. C. Malocha, IEEE Ultrasonics Symp., 1981, pp. 83-88.

W. S. Ishak and W. R. Shreve, ibid., pp. 7-12.

B. R. Potter, ibid., pp. 13-16.

D. P. Morgan, B. Lewis and R. G. Arnold, “Charge superposition analysis of multiphase SAW
transducers”, IEEE Ultrasonics Symp., 1980, pp. 317-321.

G. W. Farnell, C. K. Jen and E. L. Cambiaggio, “Multiphase interdigital transducers and the
crossed-field model”, IEEE Trans. SU-27, 184-195 (1980).

BANDPASS FILTERS (Chapter 8)

231.

232
233.
234.

235.
236.

237.
238.
239.

P. Hartemann and E. Dieulesaint, “Acoustic surface wave filters”, Electronics Lett. 5, 657658
(1969).

R. H. Tancrell and M. G. Holland, *“Acoustic surface wave filters”, Proc. IEEE 59, 393-409 (1971).
H. E. Kallmann, “Transversal filters”, Proc. IRE 28, 302-310 (1940).

C. R. Hewes, R. W. Brodersen and D. D. Buss, “Applications of CCD and switched capacitor filter
technology”, Proc. IEEE 67, 1403-1415 (1979).

F. F. Kuo and J. F. Kaiser, System Analysis by Digital Computer, Wiley, 1966.

L. R. Rabiner, J. H. McClellan and T. W. Parks, “FIR digital filter design techniques using
weighted Chebyshev approximation”, Proc. IEEE 63, 595-610 (1975).

L. R. Rabiner and B. Gold, Theory and Application of Digital Signal Processing, Prentice-Hall, 1975.
R. F. Mitchell, *“Basics of SAW filter design: a review”, Wave Electronics 2, 111-132 (1976).

R. H. Tancrell, “Analytic design of surface wave bandpass filters”, JEEE Trans. SU-21, 12-22 (1974).



412

240.
241

244,

245.
246.

247.
248.

249.

250.
251,

252.
253.

254.
255.

256.

257.
258.
259.
260.

261.

263.

264.
265.

266.

267.

SURFACE-WAVE DEVICES

R. H. Tancrell, "Principles of surface wave filter design”, in Matthews [7), pp. 109-164.
A. J. Slobodnik, T. L. Szabo and K. R. Laker, “Miniature surface-acoustic-wave filters”, Proc.
IEEE 67, 129-146 (1979).

. F.J. Harris, “*On the use of windows for harmonic analysis with the Discrete Fourier Transform”,

Proc. IEEE 66, 51-83 (1978).

. H. D. Helms, “Nonrecursive digital filters: design methods for achieving specifications on frequency

response”, JEEE Trans. AU-16, 336-342 (1968).

K. W. Moulding and D. W. Parker, “A technique for SAW bandpass filter design”, IEEE
Ultrasonics Symp., 1974, pp. 168-171.

A. J. De Vries, “Surface wave bandpass filters”, in Matthews [7], pp. 263-305.

J. H. McClellan and T. W. Parks, “A uniform approach to the design of optimum FIR linear-phase
digital filters™, IEEE Trans. CT-20, 697-701 (1973).

J. H. McClellan, T. W. Parks and L. R. Rabiner, ““‘A computer program for designing optimum FIR
linear phase digital filters”, IEEE Trans AU-21, 506-526 (1973).

H. Skeie, *Analysis and synthesis of surface acoustic wave filters”, University of Trondheim, ELAB
Report STF44 A79106, 1979.

P. M. Jordan and B. Lewis, “A tolerance-related optimised synthesis scheme for the design of SAW
bandpass filters with arbitrary amplitude and phase characteristics”, IEEE Ultrasonics Symp., 1978,
pp. 715-719.

T. Kodama, K. Sato and Y. Uemura, “SAW vestigal sideband filter for TV broadcasting
transmitter™, IEEE Trans. SU-28, 151-155 (1981).

H. W. Bode, Network Analysis and Feedback Amplifier Design, Van Nostrand, 1945. Also,
E. A. Guillemin, Synthesis of Passive Networks, Wiley, 1957, p. 256.

A. Papoulis, The Fourier Integral and its Applications, McGraw-Hill, 1962, p. 206.

Q. Herrmann and H. W. Schuessler, “Design of nonrecursive digital filters with minimum phase”,
Electronics Lett. 6, 329-330 (1970).

M. Feldmann and J. Henaff, “Design of SAW filter with minimum phase response”, [EEE
Ultrasonics Symp., 1978, pp. 720-723.

C. S. Hartmann, “Weighting interdigital surface wave transducers by selective withdrawal of
electrodes™, IEEE Ultrasonics Symp., 1973, pp. 423-426.

B. Lewis, P. M. Jordan, R. F. Milsom and D. P. Morgan, *‘Charge and field superposition methods
for analysis of generalised SAW interdigital transducers™, /EEE Ultrasonics Symp., 1978, pp.
709-714.

R. S. Wagers, “Phase error compensation in finger withdrawa) transducers”, [EEE Ultrasonics
Symp.. 1974, pp. 418-421.

K. R. Laker, E. Cohen, T. L. Szabo and J. A. Pustaver, “Computer-aided design of withdrawal-
weighted SAW bandpass filters”, JEEE Trans. CAS-25, 241-251 (1978).

T. L. Szabo and A. J. Slobodnik, “Diffraction compensation in periodic apodised acoustic surface
wave filters™, JEEE Trans. SU-21, 114-119 (1974).

E. B. Savage and G. L. Matthaei, “A study of some methods for compensation for diffraction in
SAW IDT filters™, IEEE Trans. SU-28, 439-448 (1981).

T. Kodama, “*Broad-band compensation for diffraction in surface acoustic wave filters”, JEEE Trans.
SU-30, 127-136 (1983).

. R. M. Hays and C. S. Hartmann, “Surface-acoustic-wave devices for communications”, Proc. IEEE

64, 652-671 (1976).

O. Yamazaki, T. Mitsuyu and K. Wasa, “ZnO thin-film SAW devices”, JEEE Trans. SU-27,
369-379 (1980).

D. L. Ash, **An improved high-performance TV receiver”, Proc. IEEE 70, 1345-1357 (1982).

R. J. Murray and S. Neylon, “The design, fabrication and performance limitations of narrow-band
fast cut-off surface wave filters”, JEEE Ultrasonics Symp., 1978, pp. 482485,

W. S. Drummond and S. A. Roth, “Application of high performance SAW transversal filters in a
precision measurement instrument”, IEEE Ultrasonics Symp., 1982, pp. 494-499.

A. J. Slobodnik, T. E. Fenstermacher, W. J. Kearns, G. A. Roberts, J. H. Silva and J. P. Noonan,
“SAW Butterworth contiguous filters at UHF", JEEE Trans. SU-26, 246-253 (1979).



268
269

270.

271.

272.

273.

274.

27s.

276.

REFERENCES 413

. J. M. Deacon and J. Heighway, “SAW filters: some case histories™, Proc. IEE 127F, 107-117 (1980).
. D. C. Malocha and B. J. Hunsinger, “Capacitive tap weighted SAW transducers”, JEEE Trans.
SU-24, 293-301 (1977).

H. Engan, “Interdigital transducer techniques for specialised frequency filters”, Wave Electronics 2,
133-154 (1976).

R. C. Williamson, “Properties and applications of reflective-array devices”, Proc. IEEE 64, 702-710
(1976).

F. Sandy and T. E. Parker, “Surface acoustic wave ring filter”’, IEEE Ultrasonics Symp., 1976, pp.
391-396.

L. P. Solie, “The development of high performance RDA devices”, IEEE Ultrasonics Symp., 1979,
pp. 682-686.

L. A. Coldren and R. L. Rosenberg, “Surface-acoustic-wave resonator filters”, Proc. IEEE 67,
147-158 (1979).

A. J. Slobodnik, G. A. Roberts, J. H. Silva, W.J. Kearns, J. C. Sethares and T. L. Szabo,
*Switchable SAW filter banks at UHF”, IEEE Trans. SU-26, 120-126 (1979).

L. P. Solie and M. D. Wohlers, ‘‘Use of a SAW multiplexer in FMCW radar system”, /EEE Trans.
SU-28, 141-145 (1981).

PULSE COMPRESSION AND INTERDIGITAL CHIRP FILTERS (Sections
9.1-9.5)

277. J. R. Klauder, A. C. Price, S. Darlington and W. J. Albersheim, “The theory and design of chirp

radars”, Bell Syst. Tech. J. 39, 745-808 (1960).

278. M. J. Skolnik, Introduction to Radar Systems, McGraw-Hill, 1962.
279. C. E. Cook and M. Bernfeld, Radar Signals, Academic Press, 1967.
280. E. C. Farnett, T. B. Howard and G. H. Stevens, “Pulse compression radar”, in M. I. Skolnik (ed.),

281.

Radar Handbook, McGraw-Hill, 1970, pp. 20.1-20.37.
J. D. Maines, “Surface wave devices for radar equipment”, in Matthews {7], pp. 443-476.

282. G. L. Turin, “An introduction to matched filters”, JRE Trans. IT-6, 311-329 (1960).
283. G. L. Turin, “An introduction to digital matched filters”, Proc. IEEE 64, 1092-1112 (1976).
284. P. Hartemann and E. Dieulesaint, ‘‘Intrinsic compensation of sidelobes in a dispersive acoustic delay

line”, Electronics Lett. 5, 219-220 (1969).

285. R. H. Tancrell, M. B. Schulz, H. H. Barrett, L. Davies and M. G. Holland, “Dispersive delay lines

using ultrasonic surface waves”, Proc. IEEE 57, 12111213 (1969).

286. R. C. Williamson and H. 1. Smith, “Large time-bandwidth product surface-wave pulse compressor

employing reflective gratings”, Electronics Lett. 8, 401-402 (1972).

287. 1. N. Court, “Microwave acoustic devices for pulse compression filters”, /EEE Trans. MTT-17,

968-986 (1969).

288. C. Lardat, C. Maerfeld and P. Tournois, “Theory and performance of acoustical dispersive surface

wave delay lines”, Proc. IEEE 59, 355-368 (1971).

289. M. Abramowitz and 1. A. Stegun, Handbook of Mathematical Functions, Dover, 1968, p. 301.
290. T. T. Taylor, “Design of line-source antennas for narrow beamwidths and low sidelobes”, IRE

291.

Trans. AP-3, 16-28 (1955).
G. W. Judd, “Technique for realising low time sidelobe levels in small compression ratio chirp
waveforms”, IEEE Ultrasonics Symp., 1973, pp. 478—481.

292. G. A. Armstrong and M. B. Butler, “Engineering design and evaluation of SAW pulse compression

filters with low time sidelobes™, Radio and Electron. Eng. 46, 221-228 (1976).

293. G. A. Armstrong, “The design of SAW dispersive filters using interdigital transducers”, Wave

Electronics 2, 155-176 (1976).

294, C. E. Cook and J. Paolillo, “A pulse compression pre-distortion function for efficient sidelobe

reduction in a high power radar™, Proc. IEEE 52, 377-389 (1964).

295. C. O. Newton, “Non-linear chirp radar signal waveforms for surface acoustic wave pulse

compression filters”, Wave Electronics 1, 387-401 (1976).



414
296.
297.
298.
299.

300.
301,

302.
303.

304.
305.
306.
307

308.

SURFACE-WAVE DEVICES

C. S. Hartmann, D. T. Bell and R. C. Rosenfeld, “Impulse mode! design of acoustic surface-wave
filters”™, TEEE Trans. MTT-21, 162-175 (1973).

R. H. Tancrell and P. C. Meyer, “Operation of long surface wave interdigital transducers”, /EEE
Trans. SU-19, p. 405 (1972).

J. D. Maines. G. L. Moule. N. R. Ogg and G. Rich, “Improvements in surface-acoustic-wave pulse
compression filters”. Electronics Lett. 9, 156-157 (1973).

B. R. Potter and C. S. Hartmann, “Surface acoustic wave slanted device technology™, IEEE Trans.
SU-26, 411-418 (1379).

M. B. N. Butler, “Radar applications of SAW dispersive filters”, Proc. IEE 127F, 118-124 (1980).
H. M. Gerard. W. R. Smith. W. R. Jones and J. B. Harrington, "Design and applications of highly
dispersive acoustic surface wave filters™, [EEE Trans. MTT-21, 176186 (1973).

H. M. Gerard. "Surface wave interdigital electrode chirp filters”. in Matthews {7], pp. 347-380.

K. Milne. “The combination of pulse compression with frequency scanning for three-dimensional
radars”, Radio and Electronic Eng. 28, 89-106 (1964).

P. Bradsell. "The Plessey AR3D frequency scanning three-dimensional radar”, IEE Conf. Publ. 180,
~Case studies in advanced signal processing™, 1979, pp. 151-154.

I. W. Hammer. “Frequency-scanned arrays”, in M. 1. Skolnik (ed.), Radar Handbook, McGraw-
Hill. 1970. pp. 13.1-13.27.

D. P. Morgan and J. M. Deacon. “Dispersive propagation in surface-acoustic-wave pulse
compression filters™, Elecironics Lett. 13, 741-742 (1977).

J. D. Maines, G. L. Moule and N. R. Ogg, ""Correction of diffraction errors in acoustic-surface-
wave pulse compression filters™, Efectronics Lett. 8, 431-433 (1972).

J. Heighway, D. W. Tarrant and C. H. Oxley, **Simple approach to the design of interface networks
for acoustic-surface-wave filters™, Electronics Lett. 8, 642-643 (1972).

REFLECTIVE ARRAY COMPRESSORS AND CHIRP SIGNAL
PROCESSING (Sections 9.6, 9.7)

309.

310.
3t

[9%)
(9]

(e ]
>

314

315.

3l6.

317

R. C. Williamson and H. [. Smith, “The use of surface elastic wave reflection gratings in large
time-bandwidth pulse compression filters”, JEEE Trans. MTT-21, 195-205 (1973).

R. C. Williamson, ""Reflection grating filters”, in Matthews {7], pp. 381-442.

J. Melngailis. R. C. Williamson, J. Holtham and R. C. M. Li, “Design of reflective-array surface
wave devices”, Wave Electronics 2, 177-198 (1976).

. E. K. Sittig and G. A. Coquin, “Filters and dispersive delay lines using repetitively mismatched

ultrasonic transmission lines”, /EEE Trans. SU-15, 111-119 (1968).

. T. A. Martin, “The IMCON pulse compression filter and its applications”, JEEE Trans. MTT-21,

186-194 (1973).

O. W. Otio, “Multiple reflections in acoustic surface wave reflective arrays”, /EEE Trans. SU-22,
251-257 (1975).

P. D. Bloch, E. G. S. Paige and L. Solymar, “Reflection of surface acoustic waves from arrays of
strins”, [EEE Ultrasonics Symp., 1978, pp. 639-642.

P. V. Wright and H. A. Haus, “A closed-form analysis of reflective-array gratings”, [EEE
Ultrasonics Symp., 1980, pp. 282-287.

H. M. Gerard, O. W, Otto and R. D. Weglein, “Development of a broadband reflective array
10,000:1 pulse compression filter”, IEEE Ultrasonics Symp., 1974, pp. 197-201.

. 0. W. Ottoand H. M. Gerard, “Non-synchronous scattering loss in surface-acoustic-wave reflective

array compression filters”, J. Appl. Phys. 49, 3337-3340 (1978).

. T. A. Martin, “Low-sidelobe IMCON pulse compression™, IEEE Ultrasonics Symp., 1976,

pp. 411-414.

. P. C. Meyer, R. H. Tancrell and J. H. Matsinger, “Long time delay reflective surface wave

dispersive delay line”’, IEEE Ultrasonics Symp., 1973, pp. 498-499.

. V.S. Dolat and R. C. Williamson, “BGO reflective array compressor (RAC) with 125 usec

dispersion”, JEEE Ultrasonics Symp., 1975, pp. 390-394.



322.

323.

324.
325.

326.

327.

328.

329.

330.

331
332.

333.

334

33s.

336.

337.

338.

339.

340.

341.

342.

343.

344,

345.

346.

347.
348.

REFERENCES 415

H. M. Gerard and G. W. Judd, 500 MHz bandwidth RAC filter with constant groove depth™, IEEE
Ultrasonics Symp., 1978, pp. 734-737.

R. E. Chapman, R. K. Chapman, D. P. Morgan and E. G. S. Paige, “*Weighted in-line reflective
array devices”, [EEE Ultrasonics Symp., 1979, pp. 636-700.

L. P. Solie, “‘Reflective dot array devices”, {EEFE Ultrasonics Symp., 1977, pp. 579-584.

R. C. Woods, “Dispersive delay lines using 180° reflecting metal dot arrays™, /EEE Ultragonics
Symp., 1982, pp. 88-91.

G. W. Judd and J. L. Thoss, ““Use of apodised metal gratings in fabricating low cost quartz RAC
filters”, JEEE Ultrasonics Symp., 1980, pp. 343-347.

S. Darlington, “*Demodulation of wide band low-power FM signals™, Be// Syst. Tech. J. 43, 339-374
(1964).

M. A. Jack and E. G. S. Paige, “Fourier transform processors based on surface acoustic wave chirp
filters”, Wave FElectronics 3, 229-247 (1978).

M. A. Jack, P. M. Grant and J. H. Collins, “The theory, design and applications of surface acoustic
wave Fourier-transform processors”, Proc. IEEE 68, 450-468 (1980).

J. B. G. Roberts, G. L. Moule and G. Parry, “Design and application of real time spectrum analyser
systems”’, Proc. IEE 127F, 76-91 (1980).

L. Mertz, Transformations in Optics, Wiley, 1965, p. 94.

L. R. Rabiner, R. W. Schafer and C. M. Rader, “The chirp : transform algorithm and its
application”, Bell. Syst. Tech. J. 48, 1249-1292 (1969).

R. M. Hays, W. R. Shreve, D. T. Bell, L. T. Claiborne and C. S. Hartmann, “Surface wave
transform adaptable processor system™, JEEE Ultrasonics Symp., 1975, pp. 363-370.

C. Atzeni, G. Manes and L. Masotti, “Programmable signal processing by analogue chirp-
transformation using SAW devices”, JEEE Ultrasonics Symp., 1975, pp. 371-376.

H. M. Gerard, P.S. Yao and O. W. Otto, “Performance of a programmable radar pulse
compression filter based on a chirp transformation with RAC filters”, JEEE Ultrasonics Symp., 1977.
pp. 947-951.

V.S. Dolat, M. B. Schulz, L. A. Veilleux, G. R. McCully and R.C. Williamson, *High-
performance hybrid SAW chirp Fourier transform system™, [EEE Ultrasonics Symp., 1978,
pp. 527-532.

D. R. Arsenault and V. S. Dolat, **Self-aligning bilateral chirp-transform system™, JEEE Ultrasonics
Symp., 1980, pp. 220-225.

G. L. Moule, R. A. Bale and T. 1. Browning, “A | GHz bandwidth SAW compressive receiver”,
IEEE Ultrasonics Symp., 1980, pp. 216-219.

R. C. Williamson, V. S. Dolat, R. R. Rhodes and D. M. Boroson, "“A satellite-borne SAW
chirp-transform system for up link demodulation of FSK communication signals™, IEEE Ultrasonics
Symp., 1979, pp. 741-747.

D. R. Arsenault and V. S. Dolat, “Compact multiple-channel SAW sliding-window spectrum
analyser”, I[EEE Ultrasonics Symp., 1981, pp. 220-225.

J. B. G. Roberts, R. Eames, D. V. McCaughan and R. F. Simons, A processor for pulse-doppler
radar”, IEEE J. Solid State Circuits SC-11, 100-104 (1976).

H. Gautier and P. Tournois, ““Very fast signal processors as a result of the coupling of surface
acoustic wave and digital technologies”, IEEE Trans. SU-28, 126-131 (1981).

J. D. Maines, G. L. Moule, C. O. Newton and E. G. S. Paige, ““A novel SAW variable-frequency
filter”, IEEE Ultrasonics Symp., 1975, pp. 355-358.

V. S. Dolat and R. C. Williamson, ““A continually variable delay line system”, [EEE Ultrasonics
Symp., 1976, pp. 419-423.

J. Melngailis and R. C. Williamson, “Filter with bandwidth continuously variable from 5 to
100 MHz", IEEE Ultrasonics Symp., 1977, pp. 965-968.

G. L. Moule, C. O. Newton and E. G. S. Paige, “Performance of a surface acoustic wave variable
slope chirp filter”, IEEE Ultrasonics Symp., 1977, pp. 611-614.

W. J. Caputi, “Stretch—a time-transformation technique”, /EEE Trans. AES-7, 269-278 (1971).
A. Papoulis, Systems and Transforms with Applications in Optics, McGraw-Hill, 1968.



416 SURFACE-WAVE DEVICES

SPREAD SPECTRUM AND LINEAR SPREAD-SPECTRUM DEVICES
(Sections 10.1, 10.2)

349
350
351

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

371

372,

373.

374.

37s.

. R. C. Dixon, Spread Spectrum Systems, Wiley, 1976.

. J. K. Holmes, Coherent Spread Spectrum Systems, Wiley, 1982.

. C.E.Cook, F.W.Ellersick, L.B. Milstein and D. L. Schilling (eds.), Special issue on
“Spread-spectrum communications”, /EEE Trans. COM-30, 817-1069 (May, 1982).

B. J. Hunsinger, “Spread spectrum processors™, Ultrasonics 11, 254-262 (1973).

M. G. Unkauf, “Surface wave devices in spread spectrum systems”, in Matthews {7], pp. 477-509.
R. D. Haggarty, E. A. Palo and W. M. Bridge, “SAW processors versus competing technologies for
spread spectrum data link applications™, JEEE Ultrasonics Symp., 1978, pp. 567-572.

W. S. Jones, C. S. Hartmann and T. D. Sturdivant, “*Second order effects in surface wave devices™,
IEEE Trans. SU-19, 368-377 (1972).

D. T. Bell, J. D. Holmes and R. V. Ridings, “Application of acoustic surface wave technology to
spread spectrum communications”, IEEE Trans. MTT-21, 263-271 (1973).

D. T. Bell and L. T. Claiborne, “Phase code generators and correlators”, in Matthews [7],
pp. 307-346.

S. T. Costanza, P. J. Hagon and L. A. MacNevin, “Analog matched filter using tapped acoustic
surface wave delay line”, IEEE Trans. MTT-17, 1042-1043 (1969).

P. A. DeVito, P. H. Carr, W. J. Kearns and J. H. Silva, “Encoding and decoding with elastic
surface waves at 10 megabits per second”, Proc. IEEE 59, 1523-1525 (1971).

P. H. Carr, P. A. DeVito and T. L. Szabo, “The effect of temperature and doppler shift on the
performance of elastic surface wave encoders and decoders”, IEEE Trans. SU-19, 357-367 (1972).
G. W. Judd, W.R. Jones and T.W. Bristol, “Improved tapping transducer geometry for
surface-wave phase coded delay lines”, JEEE Ultrasonics Symp., 1972, pp. 373-376.

C. F. Vasile and R. LaRosa, “1000-bit surface-wave matched filter””, Electronics Lett. 8, 479480
(1972) and 9, 495496 (1973).

B. I. Hunsinger, A. G. Burke, H.J. Bush, W. L. Richards and J. N. Entzminger, “Coherent
FH/PN synthesiser using surface wave techniques”, JEEE Trans. SU-21, 289-293 (1974).

P. H. Carr, R. D. Colvin and J. H. Silva, “Encoding and decoding at { GHz with SAW tapped delay
lines”, IEEE Ultrasonics Symp., 1979, pp. 757-760.

E. J. Staples and L. T. Claiborne, “A review of device technology for programmable surface-wave
filters”, JEEE Trans. MTT-21, 279-287 (1973).

R. D. Lambert, P. M. Grant, D. P. Morgan and J. H. Collins, “Programmable surface acoustic
wave devices using hybrid microelectronic components”, Radio and Electronic Eng. 44, 343-351
(1974).

F. S. Hickernell, D. E. Olson and M. D. Adamo, *‘Monolithic surface wave transversal filter”, I[EEE
Ultrasonics Symp., 1977, pp. 615-618.

F. S. Hickernell, M. D. Adamo, R. V. DeLong, J. G. Hinsdale and H. J. Bush, “SAW program-
mable matched filter signal processor”, IEEE Ultrasonics Symp., 1980, pp. 104-108.

P. J. Hagon, F. B. Micheletti and R. N. Seymour, “Integrated programmable analog matched filters
for spread spectrum applications”, JEEE Ultrasonics Symp., 1973, pp. 333-335.

T. W. Grudkowski, G. K. Montress, M. Gilden and J. F. Black, “Integrated circuit compatible
surface acoustic wave devices on gallium arsenide”, JEEE Trans. MTT-30, 13481355 (1981).

F. Amoroso and J. A. Kivett, “Simplified MSK signaling technique”, JEEE Trans. COM-25,
433-441 (1977).

W. R. Smith, “SAW filters for CPSM spread spectrum communication”, JEEE Ultrasonics Symp.,
1977, pp. 524-528.

M. F. Lewis, P.J. Lowe and W. G. Picken, “MSK SAW filter to complement to-day’s SAW
convolver”, IEEE Ultrasonics Symp., 1982, pp. 256-261.

D. C. Malocha, J. H. Goll and M. A. Heard, “Design of a compensated SAW filter used in a wide
spread MSK waveform generator™, JEEE Ulirasonics Symp., 1979, pp. 518-521.

S. A. Gronemeyer and A. L. McBride, “MSK and offset QPSK modulation”, IEEE Trans.
COM-24, 809-819 (1976).



376.

377.

378.

REFERENCES 417

B. J. Darby and J. M. Hannah, “Programmable frequency-hop synthesisers based on chirp mixing”,
IEEE Trans. SU-28, 178-185 (1981).

P. M. Grant, D. P. Morgan and J. H. Collins, “Generation and correlation of digitally controlled
coherent frequency-hopped waveforms using surface acoustic wave devices™, Proc. IEEFE 64, 826-828
(1976).

A. J. Budreau, A.J. Slobodnik and P. H. Carr, “A review of SAW-based direct frequency
synthesisers”, /IEEE Trans. MTT-30, 686693 (1982).

ACOUSTIC CONVOLVERS (Section 10.3)

379.

380.
381.

382.
383.

384,

38s.

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

396.

397.

398

399.

G. S. Kino, S. Ludvik, H. J. Shaw, W.R. Shreve, J. M. White and D. K. Winslow, ‘“Signal
processing by parametric interactions in delay-line devices”, IEEE Trans. MTT-21, 244-263 (1973).
D. P. Morgan, “Signal processing using non-linear convolvers”, Ultrasonics 12, 74-83 (1974).

G. S. Kino, ““Acoustoelectric interactions in acoustic-surface-wave devices”, Proc. I[EEE 64, 724-748
(1976).

E. A. Ash, “Fundamentals of signal processing devices”, in Oliner [8], pp. 97-185.

L. O. Svaasand, “Interaction between elastic surface waves in piezoelectric materials”, 4ppl. Phys.
Lert. 15, 300-302 (1969).

M. Luukkala and G. S. Kino, “Convolution and time inversion using parametric interactions of
acoustic surface waves”, Appl. Phys. Leri. 18, 393-394 (1971).

D. P. Morgan, J. H. Collins and J. G. Sutherland, “Asynchronous operation of an analogue
convolver”, Proc. IEEE 60, 1556-1557 (1972). Also IEEE Ultrasonics Symp., 1972, pp. 296-299.
C. F. Quate and R. B. Thompson, “Convolution and correlation in real time with non-linear
acoustics”, Appl. Phys. Lett. 16, 494496 (1970).

M. Luukkala and J. Surakka, ‘‘Acoustic convolution and correlation and the associated nonlinearity
parameters in lithium niobate”, J. Appi. Phys. 43, 2510-2518 (1972).

E. A. Kraut, T. C. Lim and B. R. Tittmann, “Application of nonlinear interactions in ferroelectric
ceramics to microwave signal processing”, IEEE Trans. SU-19, 247-255 (1972).

V. V. Shtykov, I. M. Mason and M. D. Motz, “On the anisotropy of guided acoustic surface wave
degenerate convolution”, JEEE Trans. SU-22, 131-136 (1975).

A. K. Ganguly and K. L. Davis, “Theory of degenerate SAW elastic convolver”, IEEE Ultrasonics
Symp., 1979, pp. 715-720. Also, J. Appl. Phys. 51, 920-926 (1980).

T.C. Lim, E. A. Kraut and R. B. Thompson, Appl. Phys. Lett. 20, 127-129 (1972). Also,
J. Chambers, . M. Mason and C. W. Turner, Electronics Lett. 8,314-316 (1972). Also, M. D. Motz
and 1. M. Mason, Electronics Lett. 10, 83-84 (1974).

M. D. Motz, J. Chambers and I. M. Mason, *‘Suppression of spurious signals in a degenerate SAW
convolver”, IEEE Ultrasonics Symp., 1973, pp. 152-154.

E. L. Adler and J. H. Cafarella, “The effect of acoustic dispersion and attenuation on SAW
convolver performance”, IEEE Ultrasonics Symp., 1980, pp. 1-4.

D. P. Morgan, “Effect of dispersion in surface-acoustic-wave convolvers”, IEEE Trans. SU-22,
274-277 (1975).

D. P. Morgan and J. M. Hannah, “Electromagnetic effects in surface-acoustic-wave convolvers”,
Wave Electronics 1, 129-138 (1975). Also, IEEE Ultrasonics Symp., 1974, pp. 333-336.

E. L. Adler, “Electromagnetic long-line effects in surface wave convolvers”, IEEE Ultrasonics Symp.,
1980, pp. 82 —-87.

R. V. Schmidt and L. A. Coldren, “Thin film acoustic surface waveguides on anisotropic media”,
IEEE Trans. SU-22, 115-122 (1975).

H. Engan, *“A phase sensitive laser probe for pulsed SAW measurements”, IEEE Trans. SU-29,
281-283 (1982).

H. Engan, K. A. Ingebrigtsen and A. Rennekleiv, *Design of SAW convolver for processing MSK
modulated waveforms”, Electronics Lett. 16, 908-909 (1980).

. N. K. Batani and E. L. Adler, IEEE Ultrasonics Symp., 1974, pp. 114-116. Also, R. A. Becker and

D. H. Hurlburt, “Wide band lithium niobate elastic convolver with parabolic horns”, /EEE
Ultrasonics Symp., 1979, pp. 729-731.



418

401.
402.
403.
404.
405.
406.
407.
408.
409.
410.
411.
412.
413.

414.

SURFACE-WAVE DEVICES

J. B. Green and G. S. Kino, “SAW convolvers using focused interdigital transducers”, IEEE Trans.
SU-30, 43-50 (1983).

D. P. Morgan, D. H. Warne, P. N. Naish and D. R. Selviah, “Monolithic SAW convelvers using
chirp transducers”, IEEE Ultrasonics Symp., 1981, pp. 186-191. Also D. P. Morgan, D. H. Warne
and D. R. Selviah, Electronics Lett. 18, 80-81 (1982).

W. R. Smith, IEEE Ultrasonics Symp., 1980, pp. 59-64.

P. Defranould and C. Maerfeld, Electronics Lett. 10, 209-210 (1974). Also P. Defranould and
C. Maerfeld, “A SAW planar piezoelectric convolver™, Proc. [EEE 64, 748-751 (1976).

J. H. Golland R. C. Bennett, “Reactive output tuning of high BT product SAW convolvers”, IEEE
Ultrasonics Symp., 1978, pp. 44-47.

I. Yao, “High performance elastic convolver with parabolic horns”, IJEEE Ultrasonics Symp., 1980,
pp- 37-42. Also, IEEE Ultrasonics Symp., 1981, pp. 181-185.

B. J. Darby, D. J. Gunton, M. F. Lewis and C. O. Newton, "“Efficient miniature SAW convolver”,
Electronics Lett. 16, 726728 (1980).

B. J. Darby, D. Gunton and M. F. Lewis, /EEE Ultrasonics Symp., 1980, pp. 53-58. Also
A. M. Hodge and M. F. Lewis, IEEE Ultrasonics Symp., 1982, pp. 113-118.

H. Gautier and C. Maerfeld, “Wide band elastic convolvers”, IEEE Ultrasonics Symp., 1980,
pp. 30-36.

J. H. Cafarella, Proc. SPIE 209 (Optical Signal Processing for C31, 1979), pp. 53-56. Also,
D. P. Morgan, D. R. Selviah, D. H. Warne and J. J. Purcell, “Radar 82" conf., IEE Conf. Publ. No.
216, pp. 321-325 (1982).

D. P. Morgan, “General analysis of bilinear SAW convolvers”’, Electronics Lett. 17, 265-267 (1981).
D. P. Morgan, “Analysis of amplitude and phase errors in bilinear convolvers”, JEEE Ultrasonics
Symp., 1981, pp. 196-201.

D. R. Selviah, D. H. Warne and D. P. Morgan, “Spatial uniformity measurement of SAW
convolvers”, Electronics Lett. 18, 837839 (1982).

D. P. Morgan, D. R. Selviah and D. H. Warne, “Spatial uniformity of SAW convolvers”, IEEE
Ultrasonics Symp., 1982, pp. 143-148.

OTHER NON-LINEAR DEVICES (Section 10.4)

415.

416.

417.

418.
419.

420.
421.

422.

423.

424.

425.

426.

T. M. Reeder and M. Gilden, 4ppl. Phys. Lett. 22, 8-10 (1973). Also T. M. Reeder, Elecironics Leit.
9, 254-256 (1973).

T. M. Reeder and T. W. Grudkowski, “Large bandwidth diode convolver using exceptionally
uniform silicon-on-sapphire diode array”, Electronics Lett. 11, 530-532 (1975).

D. P. Morgan, “Signal processing using the SAW diode convolver”, IEEE Ultrasonics Symp., 1973,
pp. 138-141.

T. W. Grudkowski and T. M. Reeder, IEEE Ultrasonics Symp., 1977, pp. 710-714.

G. K. Montress and T. M. Reeder, “A high performance SAW/hybrid component Fourier
transform convolver”, JEEE Ultrasonics Symp., 1978, pp. 538-542.

C. W. Lee and R. L. Gunshor, Appl. Phys. Let. 20, 288-290 (1972).

H. Gautier and G. S. Kino, “A detailed theory of the acoustic wave semiconductor convolver”,
IEEE Trans. SU-24, 23-33 (1977).

S. A. Reible, “Acoustoelectric convolver technology for spread-spectrum communications”, IEEE
Trans. SU-28, 185-195 (1981).

J. H. Cafarella, W. M. Brown, E. Stern and J. A. Alusow, ‘‘Acoustoelectric convolvers for
programmable matched filtering in spread-spectrum systems”, Proc. [EEE 64, 756-759 (1976).

G. S. Kino, “Zinc oxide on silicon acoustoelectric devices”, IEEE Ultrasonics Symp., 1979, pp.
900-910.

J. B. Green and B. T. Khuri-Yakub, “A 100pum beam width ZnO on Si convolver”, IEEE
Ulirasonics Symp., 1979, pp. 911-914.

E. Stern and R. C. Williamson, “New adaptive signal-processing concept”, Electronics Lett. 10,
58-59 (1974).



427.

428.

429.

430.

431.

432.

433.

434,

43s.

436.

437.

438.

439.

440.

441.

442,

443,

445.

REFERENCES 419

A. Bers and J. H. Cafarella, “Surface state memory in surface acoustoelectric correlator”, Appl.
Phys. Lett. 25, 133-135 (1974).

K. A. Ingebrigtsen, “The Schottky diode acoustoelectric memory and correlator — a novel
programmable signal processor”, Proc. IEEE 64, 764-769 (1976).

C. Maerfeld, P. Defranould and P. Tournois, “Acoustic storage and processing devices using p-n
diodes”, Appl. Phys. Lett. 27, 577-578 (1975).

P. Defranould, H. Gautier, C. Maerfeld and P. Tournois, “P-N diode memory correlator”, IEEE
Ultrasonics Symp., 1976, pp. 336-347.

H. C. Tuan, J. E. Bowers and G. S. Kino, “Theoretical and experimental results for monolithic
SAW memory correlators”, IEEE Trans. SU-27, 360-369 (1980).

R. L. Thornton and G. S. Kino, “Monolithic ZnO on Si Schottky diode storage correlator’, JEEE
Ultrasonics Symp., 1980, pp. 124-128.

R. A. Becker, R. W. Ralston and P. V. Wright, *“Wide band monolithic acoustoelectric memory
correlators”, [EEE Trans. SU-29, 289-298 (1982).

D. L. Smythe, R. W. Ralston and E. Stern, “A CCD-programmable SAW matched filter”’, IEEE
Ultrasonics Symp., 1979, pp. 767-770.

A. G. Bert, B. Epsztein and G. Kantorowicz, ‘Signal processing by electron-beam interaction with
piezoelectric surface waves”, /[EEE Trans. MTT-21, 255-263 (1973).

N. J. Berg, B. J. Udelson and J. N. Lee, “Long duration acousto-optic memory correlator”, IEEE
Ultrasonics Symp., 1977, pp. 500-504.

B. J. Darby and J. D. Maines, “The tapped delay line active correlator: a neglected SAW device”,
IEEE Ultrasonics Symp., 1975, pp. 193-196.

O. Menager and B. Desormiere, “Surface acoustic wave tapped correlator using time integration”,
Appl. Phys. Lett. 27, 1-2 (1975).

K. A. Ingebrigtsen and E. Stern, ““Coherent integration and correlation in a modified acoustoelectric
memory correlator”, Appl. Phys. Lett. 27, 170-172 (1975).

S. A. Reible and I. Yao, “An acoustoelectric burst-waveform processor”’, IEEE Ultrasonics Symp.,
1980, pp. 133-138.

R. W. Ralston and E. Stern, “Four-wave interactions in acoustoelectric integrating correlators”,
IEEE Ultrasonics Symp., 1979, pp. 761-766.

D. L. Smythe and R. W. Ralston, “An improved SAW time-integrating correlator with CCD
readout”, IEEFE Ultrasonics Symp., 1980, pp. 14-17.

H. C. Tuan, P. M. Grant and G. S. Kino, “Theory and application of zinc-oxide-on-silicon
monolithic storage correlators™, JEEE Ultrasonics Symp., 1978, pp. 38-43.

. J. M. Hannah, D. P. Morgan, J. H. Nash and W. M. Morris, “Code synchronisation system using

cascaded surface acoustic wave convolvers”, IEEE Ultrasonics Symp., 1978, pp. 557-560.
D. P. Morgan and J. M. Hannah, “Surface wave recirculation loops for signal processing”, IEEE
Trans. SU-28, 30-42 (1978).

OSCILLATORS (Section 10.5)

446.

447.

448.

449.

450.

451.

T. Lukaszek and A. Ballato, “What SAW can learn from BAW: implications for future frequency
control, selection and signal processing™, IEEE Ultrasonics Symp.,1980, pp. 173-183.

J. D. Maines, E. G. S. Paige, A. F. Saunders and A. S. Young, “Simple technique for the accurate
determination of delay-time variations in acoustic surface wave structures”, Electronics Lett. 5,
678-680 (1969).

M. F. Lewis. “The surface acoustic wave oscillator — a natural and timely development of the quartz
crystal oscillator™, 28th Annual Frequency Control Symp., 1974, pp. 304-314.

E. A. Ash, “Surface wave grating reflectors and resonators”, IEEE Microwave Theory and
Techniques Symp., 1970.

R. C. M. Li and J. Melngailis, “The influence of stored energy at step discontinuities on the
behaviour of surface-wave gatings”, IEEE Trans. SU-22, 189-198 (1975).

J. Melngailis, R. C. Williamson, J. Holtham and R. C. M. Li, “Design of reflective-array surface
wave devices”, Wave Electronics 2, 177-198 (1976).



420
452.
453.
454.
455.
456.
457.
458.
459.
460.
461.
462.
463.
464.

465.

SURFACE-WAVE DEVICES

D. T. Bell and R. C. M. Li, *“‘Surface-acoustic-wave resonators”, Proc. IEEE 64, 711-721 (1976).
W. J. Tanski, “GHz SAW resonators”, JEEE Ultrasonics Symp., 1979, pp. 815-823.

L. A. Coldren and R. L. Rosenberg, “Surface-acoustic-wave resonator filters”, Proc. IEEE 67,
147158 (1979).

W. J. Tanski, “Multipole SAW resonator filters: elements of design and fabrication”, /EEE
Ultrasonics Symp., 1981, pp. 100-104.

G. L. Matthaei, E. B. Savage and F. Barman, “Synthesis of acoustic-surface-wave resonator filters
using any of various coupling mechanisms”, JEEE Trans. SU-25, 72-84 (1978).

T. E. Parker, “1/f phase noise in quartz delay lines and resonators”, IEEE Ultrasonics Symp., 1979,
pp. 878-881.

L. Penavaire, D. Seguines, C. Lardat, J. J. Bonnier, J. Y. Chevalier and Y. Besson, “A 120 MHz
resonator stabilised oscillator with high spectral purity”, IEEE Ultrasonics Symp., 1980, pp. 256-259.
W. R. Shreve, R. C. Bray, S. Elliot and Y. C. Chu, “Power dependence of aging in SAW
resonators”, JEEE Ulirasonics Symp., 1981, pp. 94-99.

T. E. Parker and J. Callerame, “Sensitivity of SAW delay lines and resonators to vibration”, /EEE
Ultrasonics Symp., 1981, pp. 129-134.

T. E. Parker, “Precision surface acoustic wave oscillators”, IEEE Ultrasonics Symp., 1982, pp.
268-274.

P. S. Cross and W. R. Shreve, “Frequency trimming of SAW resonators”, {EEE Trans. SU-29,
231-234 (1982).

M. F. Lewis, “Temperature compensation techniques for SAW devices”, IEEE Ultrasonics Symp.,
1979, pp. 612-622.

T. I. Browning and M. F. Lewis, “A novel technique for improving the temperature stability of
SAW/SSBW devices”, IEEE Ultrasonics Symp., 1978, pp. 474-477.

A. J. Slobodnik, R. D. Colvin, G. A. Roberts and J. H. Silva, “A digitally compensated SAW
oscillator”, IEEE Ultrasonics Symp., 1981, pp. 135-138.

REFERENCES FOR APPENDICES

466.
467.
468.

469.
470.

471.

472.

473.

474.
475.

476.

4717.

478.
479.

480.

A. Papoulis, The Fourier Integral and its Applications. McGraw-Hill, 1962.

R. M. Bracewell, The Fourier Transform and its Applications. McGraw-Hill, 1965.

A. Papoulis, Systems and Transforms with Applications in Optics. McGraw-Hill, 1968.

A. Papoulis, Signal Analysis, McGraw-Hill, 1977.

W. R. Smith, H. M. Gerard and W. R. Jones, “‘Analysis and design of dispersive interdigital
surface-wave transducers”’, IEEE Trans. MTT-20, 458-471 (1972).

C. Atzeni and L. Masotti, “Linear signal processing by acoustic surface-wave transversal filters™,
{EEE Trans. MTT-21, 505-519 (1973).

B. A. Auld, “Application of microwave concepts to the theory of acoustic ficlds and waves in solids”,
IEEE Trans. MTT-17, 810-811 (1969).

J. A. Lewis, “The eflect of driving electrode shape on the electrical properties of piezoelectric
crystals”, Bell Syst. Tech. J. 40, 1259-1280 (1961).

A. Erdelyi, Higher Transcendental Functions, McGraw-Hill, 1953.

K. Blotekjaer, K. A. Ingebrigtsen and H. Skeie, “Acoustic surface waves in piezoelectric materials
with periodic metal strips on the surface”, IEEE Trans. ED-20, 1139-1146 (1973).

K. Blotekjaer, K. A. Ingebrigtsen and H. Skeie, “A method for analysing waves in structures
consisting of metal strips on dispersive media”, IEEE Trans. ED-20, 1133-1138 (1973).

P. R. Emtage, “Self-consistent theory of interdigital transducers™, J. Acoust. Soc. Am. 51, 1142-1155
(1971).

C. M. Chu, “Propagation of waves in helical waveguides”, J. Appl. Phys. 29, 88-99 (1958).

S. Datta and B. J. Hunsinger, “An analytical theory for the scattering of surface acoustic waves by
a single electrode in a periodic array on a piezoelectric substrate”, J. Appl. Phys. 51,4817-4823 (1980).
R. F. Milsom, M. Redwood and N. H. C. Reilly, “The interdigital transducer”, in Matthews [7], pp.
55-108.



481.

482.

483.

484.

485.

486.

487.

488.
489.

490.
491.

492.

493,

494,

495.

496.
497.

498.

499.

500.

501.

502.

503.

504.

505.
506.

507.

508.

509.

REFERENCES 421

T. Aoki and K. A. Ingebrigtsen, “Equivalent circuit parameters of interdigital transducers derived
from dispersion relations for surface acoustic waves in periodic metal gratings”, JEEE Trans. SU-24,
167-178 (1977).

W. R. Smith, “Experimental distinction between crossed-field and in-line three port circuit models
for interdigital transducers”, IEEE Trans. MTT-22, 960-964 (1974).

H. Skeie, “Electrical and mechanical loading of a piezoelectric surface supporting surface waves”, J.
Acoust. Soc. Am. 48, 1098-1109 (1970).

H. Skeie, “Mechanical and electrical reflections in interdigital transducers”, IEEE Ultrasonics Symp.,
1972, pp. 408-412.

H. Skeie and H. Engan, “Second-order effects in acoustic surface wave filters: design methods”,
Radio and Electron. Eng. 45, 207-220 (1975).

H. Skeie, “Analysis and synthesis of surface acoustic wave filters”, ELAB report STF44 A79106,
University of Trondheim, 1979.

P. R. Emtage, “Self-consistent theory of interdigital transducers™, J. Acoust. Soc. Am. 51, 11421155
(1972).

P. R. Emtage, “Description of interdigital transducers”, J. Appl. Phys. 43, 4486-4489 (1972).

C. M. Panasik and B. J. Hunsinger, “Scattering matrix analysis of surface acoustic wave reflectors
and transducers”, JEEE Trans. SU-28, 79-91 (1981).

R. E. Collin, Field Theory of Guided Waves, McGraw-Hill, 1960.

E. K. Sittig and G. A. Coquin, “Filters and dispersive delay lines using repetitively mismatched
ultrasonic transmission lines”, JEEE Trans. SU-15, 111--119 (1968).

S. Ramo, J. R. Whinnery and T. Van Duzer, Fields and Waves in Communication Electronics, Wiley,
1965, p. 611.

L. Storch, “The transmission matrix of N alike cascaded networks™, AIEE Trans. Communications
and Electronics 73, 616-618 (1955).

G. L. Matthaei, F. Barman and E. B. Savage, ‘““SAW reflecting arrays™, Electronics Lett. 12,
556-557 (1976). Also F. Barman and G. L. Matthaei, Wave Electronics 4, 251-272 (1983).

P. S. Cross, “Properties of reflective arrays for surface acoustic resonators™, IEEE Trans. SU-23,
255-262 (1976).

A. J. DeVries, “‘Surface wave bandpass filters”, in Matthews [7], pp. 263-305.

M. R. Daniel and P. R. Emtage, “Distortion of the central resonance in long interdigital

‘transducers”, Appl. Phys. Lett. 20, 320-322 (1972).

B. K. Sinha and H. F. Tiersten, “Variational analysis of the reflection of surface waves by arrays of
reflecting strips™, J. Appl. Phys. 47, 2824-2832 (1976).

D. A. Simons, “Reflection of Rayleigh waves by strips, grooves and periodic arrays of strips or
grooves”, J. Acoust. Soc. Am. 63, 1292-1301 (1978).

S. Datta and B. J. Hunsinger, “First-order reflection coefficient of surface acoustic waves from
thin-strip overlays™, J. Appl. Phys. 50, 5661-5665 (1979).

S. Datta and B. J. Hunsinger, ““An analysis of energy storage effects on SAW propagation in periodic
arrays”, IEEE Trans. SU-27, 333-341 (1980).

F. G. Marshall, “‘Surface acoustic wave resonators constructed of aluminium on ST quartz for use
in high stability feedback oscillators™, IEEE Ultrasonics Symp., 1975, pp. 290-292.

C. Dunnrowicz, F.Sandy and T. Parker, “Reflection of surface waves from periodic
discontinuities”, JEEE Ultrasonics Symp., 1976, pp. 386-390.

W. S. Mortley, “Pulse compression by dispersive gratings on crystal quartz™, Marconi Rev., No. 159,
273-290 (1965).

R. V. Schmidt, Appl. Phys. Lett. 17, 369-371 (1970).

R. V. Schmidt, “Excitation of shear elastic waves by an interdigital transducer operated at its surface
wave centre frequency”, J. Appl. Phys. 43, 2498-2501 (1972).

P. D. Bloch and N. G. Doe, “An automated optical probe for the rapid visualisation of acoustic
fields inside microwave acoustic devices™, J. Phys. E 18, 307-309 (1982).

M. R. Daniel and P. R. Emtage, “Acoustic radiation by interdigitated grids on lithium niobate”, J.
Appl. Phys. 43, 4872-4875 (1972).

R. S. Wagers, “Plate mode coupling in acoustic surface wave devices’”, IEEE Trans. SU-23, 113-127
(1976).



422

510.
S11.

512.
513.

514,
515.

516.
517,

518.

519.
520.

521.
522.
523.
524.
525.
526.
5217.

528.

529.

SURFACE-WAVE DEVICES

K. Yashiro and N. Goto, {EEE Trans. SU-25, 146-153 (1978).

D. L. Lee, “Excitation and detection of surface skimming bulk waves on rotated Y-cut quartz”,
IEEE Trans. SU-27, 22-30 (1980).

E. Danicki, “New theory of SSBW devices”, IEEE Ultrasonics Symp., 1980, pp. 235-239.

F. Josse and D. L. Lee, “Analysis of the excitation, interaction and detection of bulk and surface
acoustic waves on piezoelectric substrates’”, JEEE Trans. SU-29, 261-273 (1982).

R. F. Mitchell and E. Read, ITEEE Trans. SU-22, 264-270 (1975).

R. F. Milsom, R. J. Murray, 1. Flinn and M. Redwood, “Ultra-low bulk orientations of lithium
niobate for SAW TV filters”, Electronics Lett. 17, 89-91 (1981).

R. La Rosa and C. F. Vasile, Electronics Let1. 8, 478-479 (1972).

R. F. Humphryes and E. A. Ash, “Acoustic bulk-surface-wave transducer”, Electronics Lett. 5,
175-176 (1969).

D. -P. Chen, J. Melngailis and H. A. Haus, “Filters based on conversion of surface acoustic waves
to bulk plate modes in gratings”, /EEE Ultrasonics Symp., 1982, pp. 67-71.

H. A. Haus, “Bulk scattering loss of SAW grating cascades™, /EEE Trans. SU-24, 259-267 (1977).
F. G. Marshall and E. G. S. Paige, “Mode conversion in surface-acoustic-wave reflective arrays”,
Electronics Lett. 10, 137-138 (1974).

M. N. Islam, H. A. Haus and J. Melngailis, “Bulk radiation by surface acoustic waves propagating
under a grating”, IEEE Trans. SU-31, 123-134 (1984).

T. I. Browning and M. F. Lewis, Electronics Lett. 13, 128-130 (1977).

M. F. Lewis, “Surface skimming bulk waves, SSBW”, JIEEE Ultrasonics Symp., 1977, pp. 744-752.
T. 1. Browning, D. J. Gunton, M. F. Lewis and C. O. Newton, “Bandpass filters employing surface
skimming bulk waves”, IEEE Ultrasonics Symp., 1977, pp. 752-756.

K. H. Yen, K. F. Lau and R. S. Kagiwada, “Recent advances in bulk acoustic wave devices”, JEEE
Ultrasonics Symp., 1979, pp. 776-785.

K. F. Lau, K. H. Yen, R. S. Kagiwada and A. M. Kong, “High frequency temperature stable
SBAW oscillators”, JEEE Ultrasonics Symp., 1980, pp. 240-244.

P. D. Bloch, E. G. S. Paige and M. W. Wagg, “Design considerations for surface skimming bulk
wave devices: reflection, suppression and encapsulation”, IEEE Trans. SU-31, 77-83 (1984).

M. F. Lewis, “High frequency acoustic plate mode device employing interdigital transducers”,
Electronics Lett. 17, 819-821 (1982).

M. A. Goodberlet and D. L. Lee, “The excitation and detection of surface-generated bulk waves”,
IEEE Trans. SU-31, 67-76 (1984).



