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ABSTRACT. The experimental results on a new guided-wave acoustooptic beam deflector utilizirg multiple sur-

face acoustic wave (SAW) interdigital transducers, which are staggered in their center frequency and tilted in
thelr propagation direction, are presented. The results have demonstrated that such a device configuration is
capable of providing simultaneously both large diffraction efficiency and large bandwidth. For example, in one
of the deflector: being studied, two tilting SAW transducers having center frequencies of 255 Mz and 382 MHz
were fabricated on an essentially single-rode optical guiding layer of a Y-cut LiNbOj plate. The mezsured -3db
bandwidth of tue device ic close to 200 iliz wita meusured electric driving power of 200 mw at 507 diffraction
efficiency using a 6328 A He-Ne laser light. This performance figure is at least one order of wagnitude better
than those havinz been actieved with previous devices. The 200 MHz device bandwidth will provide for 575 re-
solvable spot dizmeters with a transit time of 2.8 microseconds for a light beam aeperture of 1 cm. It is clear
that further increase in the device bandwidch can be achieved by adding more transducers at the appropriate
center freguency and tiltiag angla. It has also been demonctrated that this device configuration is
relatively easy to design and to [ubricate. As a result of the development of this wideband technique a number
of wideband system applications using guided-wave acoustcoptic deflectors becone very attractive. Applications
with acoustooptic rf spectrum analysis and mulciport beam switchiag for integrated aund fiber optic terminals are
briefly dlég?ssed.

T. INTRORUCTION

Gulded-wave acoustoocprle devices are bosed on che difrfraction efficiency and iarge bandwidth requires a
interactiors between zuided-light waves ead surface lorge rf driving power which in turn may easily re-
acoustic vave. Scme of the more obvious acvantages of sult in the faillure ef the ‘nrerdigical transducer.
the guidced-wave acuustooptic devices over their bulk- Consequencly, it is desirable to study wideband

type counterparts 'aye (1) since the energies of botl techniques which are cassble of velieving this

the guided-light waves and the surface acouwstic waves liniterion. This paper reports a wicdepand tech-

are concentrated in a thin hqgar\gnﬂ dfnce the guided- niqué® 8 'for this purpose and presents Some experi-
light waves sproad (by.lﬁkfrdctlow}'only in one di- mental results., In addition, scme of the putential
mension the efffetency Ol&the guided-wave devices may applizacions using wideband guided-wave acoustooptic
be one to a few rderg of” magnltuda higher rhen thac com defileciors will be described. This paper will
of their bulk-i qu terparts, (° the dispersion limit the diccussion to coplznar ncacollinear beam
properties of thatgdld&d -13 ugwEs and the suc- deflection and switching as these are parcicularly

ful

i
face acoustic waveg ‘enable rhe phase . matching con- use for the potential applications te be described

ditions to be fulfiilled; foaiisliiidiasnea e of zcousric
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frequency and, therefore, a wider device bandwidth is
inherent with guided-wave devices, (3) guided-wave de-
vices have smaller size and weight and their isolation
and alignment problems are less critical than their
bulk-type counterparts. <C{onsequently, guided-wave
acoustooptic devices are expected to scrve ilmportant
functions such as deflection, switching,modulation and
signal processing for future fiber and integrated
optics systems. In accordance with this expectaticn,
there have been very active rescarch and developront
efforts with this type of devices in reocent yea ars{1=8)
All of the various forms of noncollinear coplanar
guided-wave acoustooptic devices, nemcly, modulators,
switches and deflectors which has been studied
experimentally heretofore involved isotropic Bragg-
diffractlon and employed only a single surface
acoustia wave interdigital tf:(msducf,r‘1 7) aAs a
result, they suffer from either a relatively low dif-
fraction efficiency or a relatively small device banu-
width. The inherent limitation with devices employing
a single transducer and, thercfore, a single acoustic
beam is that in order to achieve a large device band-
width (assuning a transducer acoustic bandwidth suf-
ficientiy larger than .the Bragg bandwidth) the aper-
ture of the transducer must be chosen very small which
in turn results in a drastic decrease in the dif-
fraction efficienc K further limitation of which a
single 1nter@1gi transducer suffers is its rela-
tively small acoustic bandwidth, Under such an un-
favorable conﬁltton a device with both large
* This work wgs supported jointly by the ONR and the
NSF, 1973 Ultrasornics Sympesivm Proccedings, IFEE
Cat. #74 CHO 896-15U.
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IT._ DEVICK PARAUFTERS TFOR GUIDLED-WAVE
ACOUSTOOPTIC DEFLECTORS

The underlying interaction mechanism between the
guided~ligh. waves and the surface acoustic waves is
analogous to that of bulk-type acoustooptic inter-
actions!?10) ywith coplanar interactions the guided-
light waves are diffracted as a result of the grating
created in the guiding layer by the suriace acoustic
wives. A typical device configuration is shown in
Ref. 2. The optical guiding structure can be either
of a graded—-index layer such as an out-diffused layer
of LmbOg*1 or a step-index layer such as glass and
A58 films on a suitable substratef!»2) Depending on
the wavelength and the beam width of the acoustic
wave and the wavelength of the light wave, the dif-
fraction cau be in either the Raman-Nath regium or the
Bragg regium. The diffraction is in the Raman-Nath
regium and consists of a number of side orders when
the parameter Q = ZﬁAOL/nAZ is less than unity, in
which A and A designate the wavelength of the light
wave (ig {ree space) and the acoustic wave; n the in-
dex of reflraction of the medium and L the aperture of
the acoustic wave. In the other extreme the dif-
fraction is in the Bragg regium and consists of mainly
one side order when Q is larger than 10. The rele~-
vant phase-matching condition between the incident,
diffracted light waves and the surface acoustic wave
is shown in Ref. 2 for the case in which the dif-
fracted light wave is of different waveguide mode
than the incident lipht wave. The diffracted light
wave ray also be in the same wavepuide med= as that of



the incident light wave and may have a polurizaticn
orthogonal to that of the incident light wave.

Surface acoustic waves are generated by inter-~
digital finger transducers!?’ and propagcate either on
the top of the optical guiding structure or in the
interface between the guiding layer and the substrate.

The device parameters of the guided-wave acousto-
optic devices with applications to beawm deflection and
switching are: 1) diffraction efficiency, 2)}. nwber
of scannable spot diameters, and 3). switching time.
It has been shown that the diffraction erfficiency n
{(for a relatively low diffraccion efficiency, say
below 607%) depends linearly on the acoustooptic
figure of merit, overlap-intergral and total acoustic
power flow as well as the ratio between the aperture
of the surface acoustic wave and the cffccrive depth
of the optical guiding layerfz) Since with guided-
wave devices the ratio can be much larger than that
with bulk-tvype devices, a correspondingly higher dJdii-
fraction efficiency is inherently possible. The num-
ber of scannable spot diameters I 1s cqual to the
product of the transit time v and the device banawidth
Af. The switching tiwe t  1is just the transit time of
the surface acoustic wave across the Incicent light
beawm aperture D.

The 3device bandwidth A{ is determined by both
the accustic bandwidth of the transducer and the Bragg
bandwidth as imposed by the Bragg-condition (phase-
matching condition), namely, Af is lower than the
smaller of the two bandwidths. It is seen that for a
fixed device configuration a large M cun be achieved
by having a large D and/or a large 4f. However, a
large D necessarily imply a large transit time and,
therefore, a slower switching speed. In addition, as
a result of the acoustic attentation, ga large D nay
possibly cause nonuniformity in the beam prorile of
the diffracted light and, therefore, causes some re-
duction in N, Consequently, in order to achieve a
large N it is more desirable to achieve it through a
large Af than a large D.

utilizes two tilting surface acoustic waves pro-
pazating on a Y—cut LiNbO,; substrate. The config-
uration of the device being studied is shown in Fig.
1. An optical waveguiding layer having one or two TE
modes was formed on a Y-cut LiINbOj5 plate using the
out—diffusion techniquesll) Two interdigital trans-
ducers having the designed center frequencies of 255
Mz and 382 MHz, respectively, and a tilting angle of
approximately 0.3 degrees were fabricated on the top

of the waveguide to generate two tilting acoustic beams
propagating approximately along the z-axis of the
LiibO4 crystal. Each of the two transducers consists
cl two and a half pairs of interdigital finger
electrodes and, therefore, can provide a large acoustic
bandwidch.,  The apertures of the two transducers are
1.66 and 1.11 mm, respectively, each being large enough
tu insure the individual diffraction to be in th~ Bragg
regive. The two transducers were connected in pérallel
aad their coanbined electrical capacitance was tuned out
with an inductance. The measured frequency response of
the Bragg diffraction efficiency with two acoustic
beuns exicted simultancously, together =ith that of

the two acoustic beams excited separately are shown in
Fiy. 2b znd 2a. Similar frequency responses with the
resultant device bandwidth varying from 155 Miz to 195
Mliz were also obtained as the incident angle of the
light beaw was varied by approximately + 25' from the
¢ptimum Bragg condition. It is seen that a resultant
bandwidth close to 200 MHz has been achieved. From
figs. 2a and 2b it is seen that this resultant device
banduidth is slightly larger than the sum of the de-
vice bandwidth using acoustic beam #1 alone (85 MHz)
and the device bandwidth using acoustic beam #2 alone
(75 MHz). It should aiso be observed that the dif~
fraction efficicney peaks in a neighborhood of the
transducer center freqmencies, namely, 255 Miz and

362 MHz as expected. A flat response, instead of a
dip, between the two peaks would be expected if the
cencer frequencies of the two transducers were
separated by a smaller amount than the one implemented.
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I1T1. BRAGG-DITFRACTION USINC MULTIPLE TILTING
SURFACE ACQUSTIC WAVES

To achieve a large device bandwidtihh &f one must
employ a transducer which generates surface
acoustic waves efficiently over a large frequency band
and in the meantime utilize an intevaction con-
figuration which allows the Bragg condition to be
satisfied over the same large frequency band. As
mentioned at the beginning of this paper, beam de-
flectors using a single surface acoustic wave and in-
volving isotropic Brags-diffraction has a rather
limited Af. Three techniques which are in principle
capable of providing a large Af are: A). Brarg-dif-
fraction using optimized anisotropic configuratioé?’l3)
B). Bragg-diffraction using frequency scanning sur-
face acoustic array}1“’15}c). Bragg-difiraction using
multiple tilting surface acoustic waves!® 87 To the
best of our knowledge, the first technigue has net
been studied experimentally and will not be discussed
in this paper. Although both the sccond and the thixd
techniques are being studied at C-HU, only tie third
technique will be desecribed in detail, together with
experimental results in this paper.

The main idea behind the third wideband technique
is the utilization of multiple tilting surface
acoustic wave transducers, which are stanzered in
their center (operating) frequency and tilted in their
propagation direction, to simultaneously achieve both
a large diffraction efficiency and a large band-
width (8)

IV. EXPERIMENTAL RESULTS

In the results to be presented below the device

In besn deflection and switching applications a
2400 Mz device bundwidth will provide 575 resolvable
spots with a transit time of 2.8 microseconds using a
ligirt veem aperture of 1 cm. Fig. 3 shews the photo~
sraph of the deflected spots as the frequency of the
drivinpg signal wvas varied from 240 Mz to 420 Mz for
a light beam aperture of about 0.1 cm. From the photo-
graph the number of resolvable spot diameters as de~
fined by the Rayleigh criterion is estimated to be
45 which agrees well with the calculated value of 51.
The frequency variation required for one resolvable
spot diancter was measured to be 3.8 MHz which also
agree with the theoretical value. In the device being
studied a2 light beam aperture of 0.4 cm with some non-
unifermity in light intensity was achievable after the
light beam has propagated through the input and output
prizm couplers. At this light beam aperture close to
200 resolvable spot diameters would be obtained. Im-
provement of the surface condition of the prim
couplers and LiNb0Og plate and the contact between them
should result in a larger uniform light beawn aperture.
The through-put coupling efficiency, after propagating
through the input and output prism couplers, is on the
crder of 207,

The rvf driving power of the device for a 507 dif-
fraction eificicney was measured to be 200 mw. Opti-
mization of both electrical and acoustical parameters
of the device should further reduce the rf driving
power. 1ln addition, further increase in the device
bandwidth can be achieved by adding more transducers
at the appropriate center frequency and tilting angle.

V. CCNCLUSION

In conclusion, we have experimentally demon-
strated, for the first time, that a substantial



increazse in the bandwid<h of an acoustoovtic
light bean deflector/switch can be achicved Ly cu-
ploying multiple tilting surface acoustic wuves which
are staggered in their operating frequency and tilted
in their propagation direction. It has also been
demonstrated that this device configuration is both
relatively easy to design and to fabricave. The new
technique introduced here will be essential for appli-
cations dnvolving very wide bandwidehd®) such as
guided-wave acoustooptic rf spectrum analysis(la’l7)
which requires a very large bandwidth and high-speed
multiport beam switching for aintegrated/{iber optics
terminald?® 1845 woll as signal processing in two

dimensionsflg)
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Figure 2. (a) Frequency Responses of the Bragg-Diffracted Light
Power for the Individual Acoustic Waves,

(b) Trequency Response of the Bragg-Diffracted Light
Power for the Combined Acoustic Wave.



- dZ(c) Axis

Input Prism
Coupler

Incident o
Braogg-Diffracted

Light Beams
L <= -
- Output Prism .
h Coupler
Out-Diffused
Undiffractc .
o ge Y-Cut LiNbOj Plate
/ /
Transducer# | L Transducer 7 2
Figure 1. Cuided-Wave Acoustooptic Bragg-Diffraction from Two Tilting Sur-

face Acoustic Waves.
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: . Figure 3. Diffracted Light Spot Positions at the Far-Field as the
‘ Frequency of the Driving Signal 1s Varied.
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Figure 3. Diffracted Light Spot Positions at the Far-Field as the
Frequency of the Driving Signal is Varied.



