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" 4n the two crystals, either perpendicumlar to a binary axis or a

love wave and Rayleigh wave, propagating in a stratified va-
ve. guide composed of a subgtrate and a layer of different acous-
tic properties, can be used for the design of dispersive delay
lines whose bandwidth ranges from 2 to 100 MHz or more [1 '.

THEORET ICAL SUMMARY

In stratified isotropic media, Love wave and Rayleigh wave
involve mechanical displarements which are respectively perpéndi—
cular to the sagittal plane, and belonging to the sagittal plane~ -’
These vaves are then easily .separated by proper sxcitat ion- To
obtain "pure® propagati.on modes in stratified crystalline media,
i.e* whose mechanical 4zsp1acents are xdentical to these of the
isotrop:c case, it is shown [4, 5-] that the sagittal plane must bg

plane of symmetry+ If the media are piemelectric in the first
cas the love wave is sti.ﬂ’ened and the Rayleigh uave is not,
whereas in the secaond case, the Rayleigh wave is stiffened and

) the Love wave is'not-

EBVIBING PRUBIEHS AND APPLICATION FPIELD
The devicing problems which occur vhen reallzing disperaivu

delay lines are the selection of materials, the depont of the
layer and the surrace wave emi.tation-

The materials 'ui.n be quite durerent dependi.ng on the fre-
Quency- In the frequency range ‘{nferior to 100 MHz, materials
would be poly:rystanine- Among the most interesting paira ve ﬁnjl
Cu/Be, Al/Be, Ge/Be, ¥/Be. The couple vill be chaosen according te
the relative bandwidth which can vary betveen 25 gna 100 per cent-
Por nigher frequencies the materials should be amorphous or mono-
Q:rystalnne to present low propagation losses: Because of techni-
¢al Aifficulties in obtaining monocrystalline layers, it is




perhaps better to choose amorphous layers- The choice is then
limited either to fused silica (! aB/mm at | GHz) or to certain
wgslow" glasses having a small abscrption coefficient. Among the

most interesting crystals to be used as substrates we find 5i,

MgO, A120 and the piezoelectric crystals Zn0 and LiNbD3,

i
The deposit of the laysr is one of the most important pro-
blem asg propagation losses depend on its crystalline nature. The
best method seems to be cathodic sputtering for adhesion, mecha-
nical proparties and crystalline structure of the layers- However
in the particular case of a layer of silica on a siiicon erystal,

a thermal oxidation will give a good amorphous structure-

The surface wave excitation depends on wheter the substrate
is piezoelectric or not- In the latter case, the Love or Rayleigh
wave can be excited by means of trangducers directly bonded or
deposited on the laver, Fig. 1, on which an excitaticn electrode
is engraved near the esdge. This electrode should be approximately
/2 wide at the center frequency so that the transducer {s omnidi-
rectionnal and a great amount of tranémitted energy is "trapped®
in the layer and converted into a surface wave: This method ensu-
res 2 large relative bandwidth excitation and is alse gufficiently
efficient (cf- s2xperimental results): In the case of a piezoelec-
tric substrate, the excitation of the surface wave iz simply ob-
tained by electrode gratings om the surface-'

Dispersive delay lines using Love or Rayleigh waves in poly-
crystalline materials can have bandwidths ranging from 2 to 40

MHz with 2 compression ratio of several hundreds-

For higher frequencies; the most interesting couples like
‘silica/Si, silica/A1,04, silica/Mg0, glass/LiNb0,, should allov -
to realize dispergsive delay lines with bandwidths as large as se-:
veral hundreds MHz. Tﬁe problem in cbtaining a high compression
ratio (;_1000) ceuld be resoived with ‘the couple silica/Si g for
example a delay line with a time delay variation of 6:6 ps in a
150 MHz bandwidth around 300 MHz would be only 13 cm long approxi-
mately, and a very uniform layer, 2.4 ﬁn,thick. could be deposi-
ted along such a distance by thermal oxidation:

EXPERIMENTAL RESULTS
-These are experimental dispersgive delsy lines using the pro-
pagation of love vaves in the frequency range of 4 to 200 MHg.

In all these examples, surface vave excitation has been ob-
tained by the mse of piezoelectric ceramics bonded on the wave




guide surface, and the layers Were sputtered.

2:5 MAz bandwidth delay line
Fig- 2 gives the group time delay variation and the inser-

tion loss of a 7 cm long Cu/Be delay line. The transducers vere
tuned so that their impedance reaches 50 + 5 ohms in the whole
band, the parallel reactive part being always higher than 400ohms-

32.5 MHz center frequency delay line
Fig- 3 and 4 give the results of group time delay, linearity

_error and untuned insertion loss measurements on 7.5 cm ‘long ¥/Be
_ delay line- The time delay variation is appfoximately 8 pus for a
‘bandwidth of 30 MHz- . S

Vigeband silica/Si lay line

Fig- 5 gives the results of group time delay and untuned in-
sertion loss nf alcm long 5111ca/$:|. delay l'lne- 'I'he sagittal
Plane used in the silicem crystal is & »100". plane and the Love
wave propagates along the 201 0% direction- '

The tvo piezcelectric ceramics were indium bonded and groun-
ded to a final thickness of 14 pm i the excitation ele;:trbde is
0.2 cm long and 10 pm vide: The time delay variation is 0-95 ps
in a 100 MHz bandwidth: The insertion losses are high and the cur-

- ve is not symmetric, hovever these features can be greatly i.mpro--

ved, with better transducers soldering and machining techniques-

CONCLUSICON
' Love vave as vell as Rayleigh wave can be used for the design
of wideband digpersive delay lines.

Delay lines, up to 40 HHz bandvir]th, have been implemented
with polycrystalline materials-

The use of crystalllne substrate and amm-phous layers w1th
_bonded transducers like LiNb03 or Ba.‘,NaNI:SO.' 5 or deposited Zn0
transducers, should allow to obtain large bandv:.dth dispersive
delay lines (2 100 HHz) and very high campression ratios {z 1000).
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