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Summary
A thin film InSb/LiNbO3 acoustoelectric con-

volver has been successfully fabricated and oper-
ated at a center frequency of 100 MHz. The InSb

is first deposited and then etched to the waveguide
with the width of 1 mm. The Hall mobility and,

ch of the TnSb with a thickness of about 500 A
are uH=1041 em?2/V - sec and oh=34.3 uS, Trespec—
tively. A convolution efficiency of ~59 dBm was
obtained experimentally.

1. 1Introduction

There are various types of convolvers in com-
bination of semi-conducting and piezoelectric ma-

1)e—
erials( ) (3). The succesgsful use of a gap-
coupled InSb/LiNb04 convolver has been reported
(&)

by Leonberger, etc . The monolithic type of
convolvers, which are composed of different semi-
conducting and piezoelectric materials and com—
bined acoustically, have several merits, such as
high efficiency due to the high coupling, uniform
interaction over a long delay time and applica-
bility for high frequencies, etc. However, there
remain some difficulties in making a semiconduct-
ing thin film having excellent electrical charac~
teristics. For these reasons, we have tried several
methods of making InSb thin film and were able

to obtain the good properties of film with convo-
lution efficiency of -59 dBm.

2. Theoretical Analysis and Numerical Results

The theoretical analysis of nonlinear inter-
actions arising from space charge nonlinearity
in a separated-media coupled semiconductor/piezo-
electric system have been reported by G.S5. Kino

et al(S) and O0.W. Otto(6). G.S. Kino et al
analysed the convolver by regarding the semicon-
ductor as a distributed varactor. O.W. Otto
assumed the nonlinear mechanism to be exclusively
the space charge nonlinearity in the semiconductor
arising from the nonlinear current density. We
now analyse the monolithic convolver such as

InSb/LiNbO§7)

ance with the space charge nonlinearity model.
In this analysis of a monolithic convolver the
following assumptions are made:

8
and plate convolver( ), in accord-

(1) The overcoating film thickness is very
thin and therefore films have no affect on the
propagational characteristics of acoustie surface
waves.

(2) Dispersion properties of acoustic sur-—
face waves are neglected.

(3) Small signal analysis are applied.

(4) The material constants aré nondispersive.

Figure 1 shows the configuration of the mono-
lithic convolver and co-ordinate system, where
d and 2 are the thickness of dielectric thin
film 1 and 2, h is the thickness of the semi~
conductor film, x dis the propagation direction
of the surface wave and y 1is the normal to the
surface.
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Poisson's equation, the equation of motion
and the equation of current density with consti-
tutive relations are given as follows:

2
eV -E=p (1), o §E9-= VT (2)

ver=-2 @), p-clE+dT, @

where J is carrier current density, E is
electric field, and p is the perturbation in
charge density relative to equilibrium value p,,

o’ is the mass density, P is electric displace-
ment, W is the displacement, and T is the
acoustic stress tensor. The material constants
o, gy, ¥, D, d and gl are conductivity, permit-
tivity, mobility, diffusivity, the piezoelectric
tensor and permittivity at constant stress, re-
spectively. All nonlinear phenomena arise from
the nonlinear current density

I = uwE (5)

Combining Egs.(1)~(5) and applying the bound-
ary conditions at y=0, y=d, y=d+h, and y=d+htl,
the conmvolution voltage Vp (for £=0, : wave

number) is given by integral of the electric field
of y-component from y=d to y=d+h

J
_ _d+h 1 by .
Vo= =Jd By o® T -5 L 7 3 5,6
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where Kp's are wave number, Jp; s are nonlinear
currents corresponding to Kp's, Kg= 0(1+n)/Das,
n = iw/w,, w. = o/gg and 1
Xh K tanhCEKOh)
s =@-e PHa-F—a— D
P 0 tanh(EKDh)

The relation between the acoustic power P(W/m)
and potential ¢, are given as follows

2
2 4 R SR Y R )

d>a = b(ao+€p) 2 a; a,

where K2 is effective electromechanical coupling
coefficient and ¢, is the potential at y=0.
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The M value (the efficiency) of the convolver:
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where Vg is the rms open-circuit voltage,

N = (ep+sltanh82)/(El+aptanh8d)

determined by the boundary conditions.

In Figs. 2 and 3, the magnitude of M is
plotted for various ranges of frequency, conduc-
tivity and mobility for the structure of InSb/
128° rotated Y-cut, X-propagating LiNbO3. The
material parameters ep/eo = 65.1,
egleg = 16.0, e1/eg = 82/80 = 5,0, v = 4000 m/s,

k2 = 0.055, operating temperature of 300°K.
Figure 2 shows the convolver M value vs. input
frequency, £ with conductivity, o as a para-
meter for a InSb/LiNb0O, system. As InSb film
has a relatively high conductivity, the convolver
works best at high frequencies.

Fig. 3 shows the M value vs. input frequency,

f with mobility, u as a parameter for InSb/
LiNb0O 4 systems.
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3. Experimental results and Discussion

First Si0 film was evaporated about 500 K
on 128° rotated Y-cut X-propagating LiNbO5. Then

InSb film was prepared by the resistive heating

method(g) under the following conditions: (1)
the mobility and carrier density of the source
InSb bulk were 4.4~5.5 x 10° en?/V + sec and
1~2 x 101%/cm3 at 77° K, respectively; (2) the
substrate temperature was maintained constant at
270° C through the entire period of deposition
and raised to 350°c after evaporation; (3) the
evaporation temperature varied from 950° C to
1040° C for 14 sec.
By overcoating the Si0 thin film at substrate
temperature of about 95° C, the electrical prop-
erties of InSb were improved, especially in mo-—
bility. The Hall mobility and ch wused in con-

volvers were 1041 em?2/vV « sec and 34.3 uS at

thickness h=500 K, respectively. TFigure 4 shows
the structure of the convolvers. Input and out-
put interdigital electrodes are as follows:
finger pairs N=27, apertures W=1.5 mm, propagation
distance £=9 mm.

Monolithic InSb/LiNbOj3 convolvers had first
been constructed and measured for the longitudinal

modes(7). Tn this paper, the acoustoelectric
measurements are made for the transverse modes.
The convolution efficiency F and insertion

loss I were measured with 100 MHz acoustic sur-

P
face waves. Here, F=10'logéﬁ¥%—) where P, is
172

the convolution output signal power
P2 are the signal power applied to

and Pl and
the two input

Py

P
transducers. Also, L=10'1og(§;L) where is
0

the power applied to one transducer and P is
the amount of that power extracted from thé other
transducer after the wave has transversed the
length of the InSb/LiNb0, structure. The inser-
tion loss I is the =8 dB of bare LiNbOg de-
lay line and -16 dB of convolvers with InSb
thin films.

By measuring the circuit parameters of the
measurement circuit and relation between the in-
put voltage and acoustic power, rms open—-circuit
voltage Vi is calculated. The experimental

value of M 1is determined from these values.
Also, theoretical value of M 1is calculated by
using eq.(9).
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Figure 5 shows the insertion loss L and
conversion efficiency F versus the input fre-
quency. The variation of F is the same as that
of L. 8o, we are able to get the device with
the wide bandwidth by using the wide bandwidth
transducers.
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Figure 5 Insertion loss L and convolution
efficiency F vs. f, pulse duration
of 0.8uS, input Power Pl = P2 = 25 dBm.
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Figure 6 Output convolution power vs. input power.
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2,3 x 10—4 Vem/W. We can say that the L fair-

M =
ex

and theoretical one is

ly agrees with the Mth'

Figure 7 Convolution output for 0.8uS equal
amplitude pulse for thin film InSb/
LiNbO3 convolver at 100 MHZ.

4. Conclusion
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and should be a viable competitor to an airgap con-
figuration.
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