




TABLE OF CONTENTS

I. MANAGEMENT REPORT ....................................... .... ... .1

A. Summary ........ ................................................... 1

B. Research Plan ................................................... 2

C. Major Accomplishments ........................................... 3

D. Problems Encountered ........................................ 3

E. Fiscal Status ................................................... 3

F. Action Required by DARPA/ONR ................................. 3

II. ACTIVE MTCHING CIRCUITS ............................................ 4

III. MONOLITHIC SCHOTTKY DIODE STORAGE CORRELATORS ....................... 8

A. Schottky Diode Correlators ...................................... 8

B. Storage Time Increase in Correlators at Low Temperatures ........ 9

C. Storage Correlator Flaw Discrimination ......................... 10

IV. ZnO TECHNOLOGY ..................................................... 12

List of Figures ....................................................... 14

APPENDIX A

APPENDIX B Ace .1n' r~r

NTIr

By ....

Distribut nn/
Avainbilt -.'r Codes

iAvali cm i/or
Dist Spec ill NspECTE

2

.1om



I. MANAGEMENT REPORT

A. Summary

During the last six months, the construction of surface acoustic wave

devices has been proceeding slowly since the integrated circuit laboratory has

been out of action (due to major repairs on the building), and we have been

experiencing problems with the ZnO technology.

The development of active matching networks for SAW devices has now been

finished. We have obtained a 42 Mz bandwidth at a center frequency of

100 MHz using a LiNbO 3 device. Earlier we obtained approximately 30%

bandwidth on ZnO Sezawa mode devices. The matching procedure is relatively

simple, and may prove very useful for correlators and convolvers.

Using this technology, on an associated Joint Services contract, we have

to develop a so-called SAW/FET ZnO on Si device. This device has the abiiity

to read an acoustic surface wave signal into a diode array (as is done in the

ZnO/Si storage correlator), and slowly read out the information in the diodes

into an external analog or digital memory. Conversely, it is possible to read

information into the diodes slowly from an external source and perform the

correlation between this signal and a high-frequency signal read into an

acoustic port. We envisage that when a storage correlator has adapted to

signals read into it, it would then be possible to read out the adapted form

of the filter to an external memory, and therefore obtain a permanent record

of the adapted function that can be used to refresh the slowly volatile

storage correlator. This property will be very useful for our work on pattern

recognition, discussed below. An initial SAW/FET has been constructed in the



IC lab and tested in our own laboratory. Preliminary tests have shown that we

can read a low-frequency signal into the diode array and read it out as a

high-frequency signal on the acoustic ports. Several more devices remain to

be tested.

We are currently working on a pattern recognition scheme and are hoping

to demonstrate it in NDE applications. The basic idea is to be able to

recognize different diameter holes in a metal block, and also to recognize

whether these holes are filled with water or not. An acoustic pulse is

injected into the block, and the received signal is stored in a surface wave

correlator. We train on a known hole and then try to recognize an unknown

hole. We would like to have up to one minute of storage time, but to avoid

that problem, we are initially using two identical transducers obtained from a

medical instrumentation company. The initial results are encouraging.

The ZnO technology has suffered from difficulties in the last six

months. As we have described in previous progress reports, we have been able

to obtain very high-quality ZnO when deposited on Si and a number of other

possible substrates. These results were very repeatable. Recently, however,

we had a problem with the magnets in the magnetron head, which led to

poor-quality ZnO. We hope to get over this difficulty in the next month.

B. Research Plan

Our aim is to build Sezawa mode, broadband, ZnO on silicon correlator

devices using Schottky diodes which can operate with rapid turn-on times, with

expected bandwidths of the order of 50 Mz at a center frequency of

approximately 160 Mz . These are intended to be used for demonstrations of
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removal of interfering signals and distortion, and pattern recognition in NDE

applications.

C. Major Accomplishments

New pattern recognition techniques, using the SAW storage correlator, are

being investigated. A new storage device with slow read-in/read-out

capability is being developed on another contract using the technology

developed here.

D. Problems Encountered

Problems with ZnO deposition, as described above.

E. Fiscal Status

Total amount of contract $899,260

Expenditures & commitments through 12/31/81 $639,310

Estimated funds required to complete work $259,950

Estimated date of completion of work 14 November 1983

F. Action Required by DARPA/ONR

Better arrangements for receiving and dealing with our reports. Could we

not distribute these without having to delay them for reading at DARPA or

ONR?
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II. ACTIVE MATCHING CIRCUITS

The objective of this work is to develop active matching circuits for

surface acoustic wave IDTs. In the previous progress report we presented the

design philosophy and reported on some initial results. Since then, a series

of improvements in the active filter design have been made and we were able to

exceed or equal the best results obtained from passive matching circuits for

LiNbO 3 IDTs and monolithic ZnO on Si IDTs. Detailed design and performance

data are presented in this progress report. A technique for active matching

without the use of any inductors is also presented. For the first time

completely integrated active matching networks with monolithic Si SAW devices

are possible since bulky nonintegratable inductors are eliminated.

The process of driving the IDT from a low-impedance emitter follower

source is shown schematically in Fig. la, and the complementary receiver

process is shown in Fig. lb. If the source resistance Rs is small compared

to the transducer capacitance reactance XT and acoustic susceptance B(W) ,

then the frequency dependence of the power transfer is independent of CT and

B(W)

V2G() VsG(w) /i
Pac 2 2 RSsT + jwCT + jB(w) + G(w

P s
ac 2
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Similarly, the power transfer of the receiver is of the same form. Thus, if

active compensation circuits are made, which have a frequency-dependent gain

1I/G(w) , then the overall response will be flat. This process is represented

in Fig. 2.

The acoustic conductance has the dependence

= sin X 2 N 2 2

G(A) = Gao ) " Gao(t " - ) (1)

where

CA) - O

WO

X : N - = NwA
WO

This dependence can be compensated to second order by an amplifier whose gain

depends on the admittance of a parallel R-L-C circuit

1
Y(W) - + j c

(2)

= + 1 2 ( w O R C ) 2 2
R

For compensation [compare (1) and (2)] we must have
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Nw
WoRC

1
L = -010

A voltage amplifier whose transfer function has this characteristic is shown

in Fig. 3. The complete circuit including biasing resistors and power

connections shown. The rf portion of the circuit is indicated by heavy

lines.

This design was tested on a LiNbO 3 three finger pair delay line operating

at 100 K1z . The results are shown in Fig. 4. The uncompensated response is

shown in the upper photo [G(w)2 dependence]; the compensation network response

is shown in the center photo, and the overall response is shown in the lower

photo. A 3 dB bandwidth of 42 Mlz was achieved. The same techniques were

used with ZnO on Si Sezawa wave delay lines operating at 150 Mz . A 3 dB

bandwidth of 42 Mlz was again achieved. Complete details of these results

are included in Appendix A.

The limitation in bandwidth to 42% was the extent to which the R-L-C

circuit matched the frequency response of the [DT. One way to enlarge the

frequency response is to use a separate IDT as the load element. In this

case, we expect to obtain even better results. The only new requirement is

that the transducer impedances for the load be scaled down from the level

typical of I mm LiNbO 3 and ZnO-Si Sezawa wave devices (Ra a 200 Q) to

Ra - 50 Q because of active circuit design considerations. This scaling is

easily accomplished by fabricating wider transducers for the load IDTs.
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The active matching circuits that would be used in this case are shown in

Figs. 5 and 6. These circuits have been constructed. We are presently

completing the fabrication of wide IDTs for use with these circuits, and plan

to demonstrate these ideas during the next reporting period.
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III. MONOLITHIC SCHOTTKY DIODE STORAGE CORRELATORS

A. Schottky Diode Correlators

In our last report, we described various- improvements to be made in the

design of the Schottky diode storage correlator. These included longer

storage times due to higher barrier height diodes (using a technique developed

under this contract) and lower spurious signals due to changing the placement

of the readout port. Also of concern to us is the successful integration of

Schottky diodes into Sezawa mode delay lines that have greater bandwidth due

to higher electromechanical coupling. This is necessary in order to utilize

more of the inherent bandwidth in Schottky diode devices.

We have therefore fabricated and characterized a Sezawa mode Schottky

diode correlator on <111> silicon. The device operates at a center frequency

of 149 Mz with a 32 um wavelength, and has a ZnO layer which is 12.2 um

thick. We have performed correlation experiments with this device and

confirmed what would be expected, that it is still possible to store

efficiently with a short pulse. The voltages required for storage, however,

are significantly larger due to the much thicker ZnO layer. Figure 7

demonstrates this difference in a direct comparison of charge vs. voltage in

both a typical Rayleigh mode device and this Sezawa mode device. It should be

noted, however, that the voltage levels are still suitable for driving from

small, compact avalanche transistor circuits. Complete details on this work

are included in Appendix B.

Although this Sezawa mode device exhibited the fast read-in capability,

it had two severe drawbacks. Firstly, its relatively poor correlation
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efficiency of -97 dBm made it difficult to perform correlation experiments

requiring high signal-to-noise ratios. Secondly, the transducers were not

optimum for wideband matching networks, although the 15 Mlz bandwidth

btained was good for the simple tuning networks used. For these reasons we

are, at present, involved in fabricating fully optimized correlators. As

described elsewhere in this report, these efforts are being hampered by

unexpected difficulties in our ZnO deposition process.

B. Storage Time Increase in Correlators at Low Temperatures

For many possible applications of the storage correlator, it is desirable

to have the storage time extended by several orders of magnitude over the

values we are presently achieving. For example, in nondestructive imaging

applications, one of which we will describe later in this report, it is

desirable to have the ability to scan mechanically over a sample for several

seconds, or even minutes, with the same reference waveform stored in the

corre1htor. If the reference signal is located physically away from the

sample signals to be scanned, the storage time in the device directly

determines how much information can be scanned between refreshes.

In order to discover the ultimate storage capabilities within the device,

we have experimented with mounting the device in a special dewar which allows

us to reduce the device temperature over a wide range, monitoring the device

temperature as we go.

Using liquid nitrogen as a coolant, we have been able to cool an

operating storage correlator to a temperature of -750C (198 K). This has

resulted in an increase in the storage time from a room temperature value
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of 2.4 msec to roughly 405 sec at -750C . This corresponds to over 5

orders of magnitude increase in storage time. Figure 8 shows the storage time

versus reciprocal temperature. These storage times are more thar sufficient

for the requirements of the acoustic scanning systems presently in our

laboratory.

C. Storage Correlator Flaw Discrimination

We have begun a series of experiments to utilize the monolithic storage

correlator as a pattern recognition device for flaw discrimination in

nondestructive evaluation. In this mode of operation the scattering from a

"reference" flaw is stored in the correlator, and correlated with the

scattering from various unknown flaws. The degree of similarity between the

flaws will determine the available peak correlation output from the

correlator.

As an example of the types of variations which can be detected, Fig. 9

shows the scattering by a 3 Miz resonant transducer impulse from a .060"

diameter hole drilled into an Al block. In Fig. 9a, the hole is filled with

water, and so part of the wave is matched into the water, giving secondary

reflections due to signals that propagate in the water and reflect off the

back side of the hole. In Fig. 9b the same scattering source, only with the

hole air-filled, is shown. Note the dramatic reduction in amplitude of the

secondary echoes, now due to "creeping wave" echoes which return after

navigating the circumference of the flaw.

With the correlator, we are aiming to make it possible to enhance the

sensitivity of the main signal amplitude to the presence or absence of the
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secondary signals, thereby allowing threshold type discrimination between

different types of flaws or materials filling the flaw.
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IV. ZnO TECHNOLOGY

Over the last six months we have had several problems in obtaining

well-oriented ZnO films. We used to deposit ZnO films consistently with an

excellent orientation: C-axis normal with a standard direction of the x-ray

rocking curve of less than 10 . More recently the standard deviation has

been consistently around 20 , and worse still two to three months ago.

Consequently, during the last six months we have evaluated the

performance of every part of the vacuum station. We founa a couple of small

leaks, cleaned the station, and checked the thermocouple and vacuum gauges.

All of the above checks did not provide a cause for the problem we

encountered. We attached a residual gas analyzer on the station to see if any

impurities were present in the station; again the results were negative.

Recently, we decided to change the zinc target. By going through our records,

we see a correlation between the start of the manifestation of the problem and

the time when the zinc target was recast. It is important to note here that

we periodically remelt the zinc into the target as the erosion ring grows

deeper into the target. This, of course, is one of the advantages of our

system in terms of waste of target material. Our assumption at the moment is

that during the last remelt, some impurities got into the target.

We have carried out electron dispersive x-ray (EDAX) analysis of our ZnO

films and found no impurities in them. However, the accuracy of EDAX is of

the order of 1-2% , and we can indeed have impurities that are not resolvable

by this method of analysis. The new target was made, and while in the process

of installing it, we found a major problem. The center disk magnet was
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broken, and the ring magnet was much weaker. About five months ago we did

check to see if the magnets were weakened by measuring the magnetic field over

the target. However, we did not get a conclusive answer because of the

difficulty encountered in measuring the magnetic field in the vacuum

station.

We have ordered new magnets for the magnetron, and we hope to receive

them in a couple of weeks. We have also installed the new target because we

still are not certain whether the old target had any impurities in it or

not. We hope that within a month we will have the system operating under

optimum conditions.
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LIST OF FIGURES

Figure 1. Schematic diagrams of (a) driver; and (b) receiver circuits.

Figure 2. Schematic drawing of overall system from source to receiver. The

frequency dependence of each stage is shown.

Figure 3. Voltage amplifier for the driver compensation.

Figure 4. Frequency dependence of LiNbO 3 delay line (YZ LiNbO 3 , w = 1 mm,

N = 3, fo = 100 Mz) with low-impedance driver and receiver.

5 Mz/div, I dB/div. (a) response with no compensation;

(b) response of one compensating network (Fig. 3) (R = 990 ea

L = .32 uH , C = 7.5 pF); (c) total response of delay line with

two of the networks shown in Fig. 4 (R 990 , L = .32 uH

C = 7.5 pF , R, = 940 R , L, = 5 pH , C= 6.5 pF).

Figure 5. Active matching circuit for compensation circuit with an IDT as a

load element.

Figure 6. Active matching circuit for the receiver with an IDT as the load

element.

Figure 7. Relative correlation output as a function of input pulse amplitude

for Rayleigh mode (1.6 um ZnO thickness) and Sezawa mode

(12.2 um ZnO thickness) correlators.

Figure 3. Storage time versus temperature for a monolithic storage

correlator.

Figure 9. Scattering of a 3 *Iz transducer impulse from a 60 mil hole

filled with (a) water; and (b) air.
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APPENDIX A

ACTIVE MATCHING OF INTERD1GITAL TRANSDUCERS

A. F. Arbel and J. E. Bowers

Ginzton Laboratory
Stanford University

Stanford, California 94305

Abstract CB(w) nao(sin 2x - 2x)/2x2 ] as shown in
Fig. la. In this model, the shunting effect of

Active matching circuits have been developed the finger capacity dominates the overall
for matching SAW IDTs to 50 a generators and response, unless its effect is tuned out at the
receivers. For the output circuit, the use of a center frequency by an inductor. The input and
low input impedance receiver allows the output circuit are therefore designed so as to
elimination of the inductor usually needed to eliminate the effect of Cr and B(w) on the
tune out the IDT capacity. The frequency transfer function. This is achieved by driving
dependence of the radiation admittance is the input transducer from a low impedance source
compensated by a single stage active circuit. and connecting the output transducer to a low
Similarly, a low output impedance driver with input impedance amplifier. :n practice, these
frequency dependent gain is used to directly impedance levels can te inade sufficiently low to
drive the IDT. A 3 dB bandwidth of 42% has consider the input amplifier as a voltage source
been achieved with LiNbO3 delay lines operating and the input impedance )f the output amplifier
at a center frequency of 100 MHz . The linear as a snort circuit. The acoustic power
dynamic range is 45 dB for LiNbO- delay lines transmitted is
with active driver and receivers. The dynamic
range is 50 dB when a passive input natching 2 2
circuit is used with a LiNbOl delay line and an P 2  V2  (s )

active receiver. Active matching circuits were ac 2 s 2 S G do)
used with ZnO on silicon Sezawa wave IDTs to
achieve 42 MHz bandwidths at 155 MHz . These 1 2 N2
matching techniques are applicable to IDTs on - 1- .N - (2)
other materials and also to bulk acoustic wave 2 V s aO

transducers.

where x = N(w - )/W, =
Introduction and V is the vol age of the source. Th

objective is then to design a shaping circuit
Active matching circuits can be employed in which compensates for the dependence of

principle to compensate for any Kind of conductance on frequency. The amplifier used
deficiency in the response characteristic of a here has a gain which depends on the admittance
signal processing device. The r:riteria in of a parallel R-L-C circuit
comparing various methods are t1 degree of
sophistication required to yield a particular 1 1
result and the signal-to-noise ratio. In this Y(w) = - + j(wC - -) (3)
paper, the design considerations for a novel R
active matching technique will be given and
results will be presented for matching to LINbO 1
and Sezawa wave ZnO on Si devices. The approach IY(-) - - [I + 2(0RC) 2 1 (41
presented here has the advantages of greater R "
triple transit loss, insensitivity to pad and
stray capacities, and broad bandwidth. The need where L and C resonate at and L is
for large inductors that occurs with passive defined above. Consequently, th product t CR
matching to IOTs with small finger capacities is is chosen so that Eqs. (2) and (4) have the
eliminated by the circuits presented here. inverse frequency dependence

Principle of Operat 4on NW
110 RC • = (5)

The electrical admittance of the C (
interdigital transducers considered here can be
modeled as a parallel combination of a The receiver circuit can be analyzed similarly.
capacitor (C ) , conductance A crossed field Mason model was used i with a
EG(w) G (sin E/ ) 4 , and susceptance short at the electrical port (Fig. 1b). The
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each frequency with the maximum amplitude
compatible with linear operation of the SAW
device. In cases where the maximum amplitude of
the various frequency components falls off at the

edges of the useful frequency band, it would be
an advantage to employ pre-emphasis shaping in
the input channel.

0-

-2

-4

-6(C
c)-8

La

Fig. 5. Frequency dependence of LiNbO 3 delay Z
line (YZ LiNbO3 , w = 1 mm, N = 3. 0 -IO
fa = 100 MHz) with low impedance driver W
and receiver. 5 MHz/div, I dB/div.
(a) response with no compensation; -12
(b) response of one compensating network i
(Fig. 2) (R = 990 Q, L = .32 wH ,Ij YZ LiNbO 3
C = 7.5 pF); (c) total response of -14 N-3

delay line with the networks shown in
Figs. 2 and 3 (R = 990 si, L = .32 vH, W=Imm
C 7.5 pF, R' = 940 s, L' = 5 iH, -16
C' 6.5 pF)

______ -18
Ra - 21 (10) 70 90 110 130

(I+ C P/CT) FREQUENCY (MHz)

can be two to four times smaller than the true
radiation resistance. The high Sezwa wave Fig. 6. Transfer function for the LiNbO 3 delay
coupling coefficient (Av/v = .028) is line and short circuit driver and
effectively diminished, which results in a receiver. The data of Fig. 5a is
reduced bandwidth when passive matching circuits represented by points and the result of
are used. The advantage of the active matching Eq. (1) is indicated by a solid line.
circuits is that the stray and pad capacities do
not affect the performance. The dynamic range of the LiNbO 3 delay line

with a 50 Q driver and active receiver
A second problem with passive matching (Fig. 5c) is 45 dB . The compensation network

circuits is the large value needed for the tuning had an insertion loss of 28 dB at the center
inductor. (> 1.5 uH for the Sezawa wave IDT used frequency and 18 dB at the lower band edge
here). Inductor self resonance problems are (73 MHz). Additional stages could be added to
significant for 1 uH and larger inductors at reduce this loss, or give overall gain to the
150 MHz ; the physical size of the inductors is compensation amplifier.
large; and the inductors are sources of undesired
electrical pick-up signals. The inductor used in The use of a 50 0 source rather than a
the matching circuit is much smaller and need not passive tuning circuit tuned to 50 a introduces
be placed in close proximity to the IDT, a loss of 24 dB . This does not reduce the

system dynamic range in applications such as
Active vs. Passive Methods memory correlators where the dynamic range is

limited by spurious signals rather than thermal
A basic disadvantage of this active matching noise. Perhaps the best configuration is to use

scheme is the signal loss, which is high compared a passive matching circuit for the driver and an
with passive methods in which the capacitor CT active circuit for the receiver. In this case
is tuned out at the center frequency. In order the linear dynamic range was 60 d8 -

to optimize the overall S/N ratio, it is
therefore desirable to drive the input IDT at
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APPENDIX B

RECENT DEVELOPMENTS IN THE ZnO ON Si STORAGE CORRELATOk

R. L. Thornton, J. E. Bowers, and J. B. Green

Ginzton Laboratory
Stanford University

Stanford, California 94305

Abstract the basic structure of the Schottky diode storage
correlator. We have demonstrated wide bandwidth

We describe improvements in the structure of correlat rs using pn diodes for storage
the monolithic storage correlator. Three areas elements as well as Schottky dioqe devices with
of improvement open to these devices are a I ns read-in time capability. In this paper
bandwidth, storage time, and spurious signal we describe various improvements in these basic
level. We have investigated all of these structures that extend the signal processing
areas. power of the monolithic storage correlator.

These improvements address the areas of device
We have fabricated Sezawa wave Schottky bandwidth, device storage time, and spurious

diode correlators. This allows us, with proper signal level suppression.
tuning, to obtain 20-30% bandwidths with
I ns read-in time Schottky diodes. We have
succeeded in raising the barrier height of PtSi C T P
on Si Schottky diodes from .86 volt up to CORRELATION OUTPUT vs

1.0 volt by ion implantation. This will 'A WRITE PULSE DURATION

dramatically increase device storage times. e sec
5Q= .8..sec

We have developed a technique for

suppressing the spurious acoustic signals
generated by the top-plate during the read-out . PA,
process. This technique places the top-plate

outside of the acoustic beam path and not on the
ZnO, thus eliminating any spurious signals > '1

generated by the edges of the top plate.

2

SCHOTTKY DIODE ARRAY, FINTEROIGITAL TRANSDUCER ..... . P&2

rZnO I 
L  

. ..... . .. . .

METAL 0 4

TOP PLATE- ,ecj

Fig. 2. Relative correlation efficiency of a p-n
diode storage correlator as a function

GROUNU PLANE of writing pulse duration.

--- TYPE Si Device Bandwidth

Due to recombination time effects in pn
diodes, the effective device bandwidth can be
much less than the delay line bandwidth in some
important applications. The dependence of

Fig. 1. Monolithic ZnO on silicon storage storage efficiency on the duration of the Irf
correlator. writing pulse is shown in Fig. 2 for a pn diode

Sezawa wave storage correlator. It can be seen
Introduction that the length of the pulse must be at least

200 ns if the full dynamic range of the
The monolithic storage correlator has in correlator is to be used. The bandwidth of the

recent years become an increasingly attractive pn diode correlator shown in Fig. 3 is 42 MHz
device for analog signal processing in the VHF which is much larger than the effective bandwidth
and UHF regions. The fundamental concept of this imposed by the 200 ns diode writing time. It
device has been demonstrated using both pn is therefore of primary interest to combine the
diodes1 , and Schottky diodes. Figure I shows Schottky diode technology with the wideband

Reprinted from
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FORWARD I -V CURVES -'attributed in part to the edge leakage
currents.

WITHOUT-,,, ,' We thus conclude that this technique is a
-viable one for barrier height elevation.

IMPLANT DOSE Projected increases in storage times using this

0 o0 -r (I/CM
2

) technique are to the point where they are
III2 comparable to the storage times in low leakage
3xi01

2  
pn diodes. This is possible while still

-1 1 o03  retaining the fast I ns read-in of which
3x 1 Schottky diodes are capable.

0 '00 200 300 400 500
V0 (mV) -INTERDIGITAL TRANSDUCER

VD (MV)SCHOTTKY DIOE ARRAY

Fig. 8. Forward 1-V curves with implant dose as zno

parameter. Curve for no implant is
theoretical assuming a 0.86 v barrier
height. S0

By varying the dose of the ion implant, we PLATINUM SILICIDE

have been able to vaythe amount of barrier GON LN

elevation. Figure 8 shows the forward n-TYPE Si
current-voltage characteristics for several
implant doses. The no implant curve is
theoretical, assuming a barrier height of 0.86 COMMON GATE
volt. As can be seen, the diode leakage currents
have been reduced by two orders of magnitude in
the highest implant case, corresponding to a Fig. 10. Modification to storage correlator
barrier height of 1.02 volt. Furthermore, the geometry to reduce spurious signal
linearity of these characteristics indicates that level.
the diodes are close to ideal, with n factors
ranging from 1.02 to 1.04 Improved Correlator Design

07 Our previous work on monolithic storage

1 PIS, ON S. SCHOTTKY OIOOE correlators has led us to the development of a
new design that promises an increase in

;/ efficiency and signal-to-noise ratio. A
3 schematic of this new storage correlator is shown

In Fig. 10. It is seen that the dominant
0 0 '- difference between this device and the previcus

"design depicted in Fig. I is that the top-plate
'O'__electrode has been moved so that it is adjacent

to the acoustic beam rather than colinear with

',2L the interdigital transducers. Additionally, it
is observed that there exists no zinc oxide under
the offset top-plate electrode. The top-plate

, metallization is directly on top of the sputtered

Si0 2 layer.
0. t

REVERSE VOtTAGE (vOLTS) The major advantage of this top-plate
structure is the spurious signal suppression

Fig. 9. Reverse 1-V characteristics for modified afforded by the removal of the top-plate from the
space charge Schottky diodes. Dashed acoustic beam path and, as importantly, removing
curves are theoretical for given barrier ZnO from the vicinity of the high electric fields
height. Solid curves are experimental on the top-plate.
for given implant dose.

The spurious signals generated by the
More important than the forward reading signal are the dominant factor limiting

characteristics, Fig. 9 shows the reverse leakage the input dynamic range. The spurious signals
current in these diodes. Here again we see a generated when the top-plate is pulsed are shown
dramatic reduction in leakage current. Also in Fig. 11 for a normal Sezawa wave device. All
shown are theoretical curves for barrier heights of the signals are surface waves. All bulk wave
of 0.86 v and 1.0 v . We can see that the feedthrough was removed by bonding the silicon to
agreement with theoretical characteristics is a brass box with indium solder. The first signal
quite good at small voltages, corresponding well in Fig. 11 is the rf capacitive pick-up by the
to the forward characteristics. The increase in IDT. This signal can be further reduced with
leakage at higher voltage levels can be better shielding. The second signal is due to

the excitation by the end of the slanted
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top-plate. The large signal which occurs after It is essential that the diode be a metal,
2.5 Ls is due to a visible defect in the ZnO such as PtSi, rather than a p-type region in
layer. The series of small signals has a period order to minimize RC time constant losses along
of 100 ns , which is the same as the period of the length of the diodes. If we consider the
the step and repeat pattern used for generating diodes as a distributed RC line.8 we come to the
the diode fabrication mask. conclusion that a PtSi diode strip 4 uW wide,

1 cm long f d 315 um thick on silicon of
N - 4 x 10 /cm would have a time constant on
the order of .1 ns , whereas a p-type region
with the same length and width, and
1.0 pm thick would have an RC time constant of
10 ns for a relatively high p+ dopant
density.

During the read-out process, the new
correlator design again is more efficient due to
the higher capacitive coupling between the. :, :, = ', top-plate electrode and the underlying diodes.

ConclusionsIIn conclusion, we have addressed the three
major deficiencies in device performance for the
ZnO on silicon storage correlator, device
bandwidth, device storage time, and spurious
signal level.

Fig. 11. Spurious signal response at transducer We have demonstrated that Schottky diodes
for a short impulse incident on the can be successfully integrated with Sezawa mode
top-plate .5 usec per vertical delay lines to achieve the stronger
division. Largest signal is 40 dB electromechanical coupling and wider bandwidth uf
below correlation output at full Sezawa mode operation.
amplitude writing voltage.

We have also demonstrated that the barrier
We are presently fabricating devices using height of PtSi on silicon Schottky barriers can

computer generated masks which were not step and be modified to give a higher effective barrier
repeated. The defect density in the ZnO layer height, thus reducing the diode reverse leakage
can be reduced by better sample cleaning and current and dramatically increasing the storage
cleaning of the ZnO sputtering system. However, time possible In the diodes.
moving the top-plate to the region adjacent to
the ZnO, as described above, will reduce all of Finally, we have suggested a technique for
these spurious signals, thereby greatly reducing the amplitude of the spurious acoustic
increasing the dynamic range of these devices, signals that are generated during the read-out

process. Since these signals are at present the
A further advantage to this structure is dominant source of spurious output, this

related to the fact that we have eliminated the technique promises to dramatically increase the
thick dielectric layer between the diodes and dynamic range in the monolithic storage
top-plate. During the writing process, the correlator.
top-plate electrode only serves to provide a
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