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1. Electronic Scanning and Focusing of Acoustic Beams

On this program we demonstrated new types of electronically scanned
and focused acoustic imaging systems . As part of the program , we arrived
at a new design philosophy and developed technology for construction of
acoustic transducer arrays. Because of this initial effort , Stanford now
has the largest program in Nondestructive Testing of any university in the
country. We are now being ~upported by block funding from AFOSR to continue
our work in this field on a long—term basis.

Our transducer design techniques are being employed commercially by
Precision Acoustic Devices, Inc., a commercial firm started by the two
students involved with the work. Varian Associates are now building an
acoustic imaging system , with ARPA support for use En NDT. This work is
closely associated with the design philosophy and with the methods pioneered
in this laboratory, where we demonstrated for the first time the power of
acoustic imaging methods for the Nondestructive Testing application .

2. Surface Acou .tic Wave Convo]utlon and Signal Storage

This work Is an important extension of the acoustic surface wave con—
volver first demonstrated in this laboratory, in which a reference signal
can be stored in a silicon element in a surface acoustic wave convolver ,
and later read out , correlated or convolved in real time with an arbitrary
input signal, with potential for storage times in the tens of milliseconds.

Convolvers based on the desi gn method and much of the technology
pioneered at Stanford are now being built by Texas Instruments, Lincoln
Laboratories, France, Britain , and other countries for use in military
radar systems . They have been shown to have important applications in
spread spectrum communications.

The storage correlator has been shown by us to be a very useful adap-
tive filter. Both here and at Lincoln Labs, correlation of codes wi th time—
bandwidth products of approximately 30,000 has been demonstrated , with a
predicted ultimate capability of up to 106 . Demonstrations have been made
by us of t he. use of a monolithic storage correlator to decrease the ampli-
tude of an interfering cw signal by 30 dB , and to correlate long PN
codes. These arc important applications for use in spread spectram systems.

The work is leading to a new class of devices employing silicon tech-
nology and combining the best features of CCDs and other types of transversal
filters with ASW concepts.

3. Scanning Acoustic M1crosç~~~

This is a new device for microscopfc imaging based on acoustic radia-
tion at 3 Cllz . The wavel cnglh of sound In water at tlil s f requency in equal
to opt ical  wave l eng ths .  The reso lu tion  of the acow:tlc microscope at the
present time is comparable w i t i i  the op t ica l  microscope . ft has been une(l
for v i ewing  a wide variety of integrated circuits. It holds an advantage
over the optical ins t rument  in that  it can be tined to collect information
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in depth — details o s truc ture that lies benea th the surface and within
the layers that are commonly used in the fabrication of integrated circuits.

The characteristics of this new instrument have been carefully rev iewed
by technical staff members at IBM, TI , In tel , Bell Labs , Varian Associates
and Hewlett—Packard . Each of these organizations has provided us with
samples and they have spent time In analyzing the acoustic micrographs.
At least one of these has commenced a project to build their own acoustic
microscope so as to gain a detailed understanding of its operation in their
own laboratories.

4. Surface Acoustic _ A~ plifiy ~~

The first surface acoustic wave amplifiers with hi gh terminal gain
were demonstrated on this program , and this was followed by models capable
of ew operation and mono lithic models using thin film semiconductor
elements , and these have potential for increasing the signal to noise ratio
and dynamic range in future surface acoustic wave devices involving long
time thinys. The t~ork has beeii followed up at Lincoln Laboratories, in
Japan , and in France , who have demonstrated low noise devices operating on
a cv basis. .

5. Electrical Behavior of Superconducting Qua n tum Devices

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Materials ____________

We have made s u b s t a n t ia l  progress In solving (he materials problems
involved in fabricating thin film superconducting devices from the high
transition temperature sup erconductor s .  This  has led to oxide layer tunnel
j u nc t ions  of p o t en t  J a l  teclinolog tcal significance and promising SNS micro—
br idge  i ;cpiison j u n c t i o n  s iruc t  urcs .  We have also developed a new ,
r e f rac  tory 1 if  — o f f  process s u i t  ahi e for  f ab r i  cat  Ju g  inicrocircui ts of these
ma t e r i a l  fo r wh i c h , because of the hi gh dep osi  ( i on  t emperatures required ,
convent i ona I pho ores 1st is u n u s a ble .  These accomp ] i shnic ’nts arc essential
steps t ova nil prac t 1 c .i l  a pp i I cat ion of such hi gli trans i. t ion tempera (Lives
wit ii t h e i r  gelicr a 11 y superior  sup ( ’rc onduc i ng proper ties and potent Ia] for
u se vi I i i  ~;ir i 1 1 c l osed— cyc l e  ~~

.yogpn I es refrigerators.

6. ~ pt i c a l  Sr
~~
u
~iiicJ &_S~~~Qcc 

A c o u s t i c  Waves

A new device was (Ien ionnrra t cd in ~h1cli a surface acou :;tlc wave provides• e l ec t ron ic  sc;inn Lug of an opt I cal image project ed onto a si l l con stir f a c e ,
g iv i ng dl  re t I y cit her a r eproduc t ion of th e I niag ing or the Fourier t ram;—
form or ot her t r . i iuj forui of the  image In real t ime .

Texas 1 uc I ruinent  s has been car ry ing out. a study  con t r ac t  for AR1~A on
i n f r a r e d  lm .ig l ug ic; I ng I hiese t echij i  ques . Thil n work looks ext remely  prom I s —
lug, and it I:; i xpec ted thi .i I ( t s I  devices L,ased on t hiw ;e p r i n c i p les  wi ll  be
count  ru e t ccl during, the next  two yea r s .

Work In France , c.xrnl ed out by on~
. of our former students , has shown

tha t  these (1ev Ic en can cxliii ’ It ext re ’mel y ii igh sei ls  It lvi ty
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7. Surface Acoustic Wave Ion jh.~~y Lines

No additional report.

8. Acoustic Transducers using Piezoelectric Polym ers

The first practical ultrasonic transducers have been demonstrated
using a new piezoelectrfc plastic film material (polyvinylidene fluoride),
which have much larger bandwidth , much be t t e r impu lse response , much better
acoustic matching into water , and higher upper operating frequencies than
commercial PZT t ransducers , as well as mechanical advantages. These re-
sults were Ins t rumen ta l  in the establishment of an in terdj sr lp linary re-
search program at Stanford under NSF, AFOSR and ONR suppor , studying new
approaches to synthesis of the pol ymer , fabrication of th an  films , and cx—
perimental demonstration of ultrasonic transducers and arrays for applica-
tion to nondestructive testing and evaluation of materials and structures
where high resolution is required , or where, curved surfaces or large areas
are involved , or where inexpensive construction is important.

9. Measurement of Fast Physical Processes Using Picosecond Laser Pulses

A novel tcch;mique has been developed for measuring time constants of
very fast physic :il processes , usin g a spat ial  ~olume grating pattern
(hologram) produced by in terfer ing optical p icosecond pu lses from mode—locked
lasers. This technique has been successfully applied to the study of energy
transport in molecular c~ ystals i n t he p icosecon d time dom ain , namely
diffusion of molecular exciton states in crystals  (a ,b ) ,  which is a problem
of fundamental  importance in organic chemist ry ,  semi conducto r phys ics  an d
biophysics , since in thcse areas, exciton t r anspo r t in the picosecond regime
is believed to be of primary importance.

Due to the importance of these techniques , a twin laboratory setup
exists  now in the Chemist r y Department at Stanford  Univers i ty  I or the sole
purpose of detailed study of time resolved exciton processes.

Al so a similar facility is being developed at the Physical Chemistry
Depa r t ment a t  t h e University of Gromingen , Holland , to study coherent: and
transport processes in organic solids

In addition , a novel acoustooptic interact ion was observed in molecular
c rys ta l s , r e su l t i n g  in an amplitude  grating li ke behavior. Optical and
acoust i c p roper t ies  appear Inter leaved , and direct  informat ion on phonon
processes in crystals Is obtained in a d d i t i o n  to the excited state traii s—
port information (c).

These studies also led to the de vel op ment of photoacoustic .  microscopy
as a viable powerful and Important technique for studying materials and
surfaces , In a method vii i ch c .oncentr at  es the advantages of acoustic and
op t i ca l  micr oscopy ii i  a sing le I)vo( (’ss (il)

An extension of t h e grati ng techn i q u e In currently being developed ,
which should a] low subp l conec ond resolutions wi thou t the tiecil for p 1 co—
second lnser~; (e)
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• No additional report.
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ADDENDUM

Additio nal possibly relative information is included in the addendum
be low. This includes ftc-rn 1, i m p o r t a n t  work done und er  curn-ut  con t rac t
N0001/i— 7 5— C—0 632 on a p p l i c a t i o n s  of a new tunable  vuv li ght source , I tems
2 and 3 , si gni f i c a n t  work done w i t h i n  t h e  i a~;t ten year s  under  JSEP sup-
port on SI - 1. c on t r a c t s .  A re la ted bibl iography addendum for  it e m s  1, 2 ,
and 3 is at t a c h e d .

(1) Most r e c e n t l y ,  work under Joint Services support (N00014—75—C—
0632) has been a im ed  at vacuum u l t r a v i o l e t  spectroscopy us ing  the new an t i—
Stokes li ght source. This work has a t t r a c t e d  s i g ni f i c a n t  a t t e n t i o n  and ,
w i t h  some luck , m a y  beco me a u se fu l  V U V — s o f t  x—ray  spectro scop ic techn ique .

(2) In 1971 the electronicaii .y tunable  acou s to— opt ic  f i l t e r  was used
to construct the f i r s t  e lectronica l l y tunable dye laser. This device had
a linewidth of sever~ 1 wavenunibers and was tunable  over the visible spec-
t rum. Although the device is not ye t  of commercial impor tance , it remains
to date the only way to construct a rapidly tunable , randoml y accessible,
electronical ly tunable  laser.

There were  also impor tant  s tudies  of the a p e r t u r e— b a n d w i d t h  charac-
terist ics of the  a c o u st o — op t i c  f i l t e r . The acous to—opt ic  f i l t e r  could
play a subs tant ia l  role in DOD application .

(3) For several years- there has been a program on up—conversion of
inf ra r e d  signals and ina~ cs to t im e visible making u~ c of the nonl inear
opt ica l  m - t u l  v z i p a r  t e c hn i q u e s  developed in thi .s group . Although the pro-
gram has t echnica l ly  been very successful , it is not  yet  a par t  of on— going
technology .

A list of r e le v a n t  publ icat ions which resul ted  from J oin t  Services
suppor t , nu:~~t r c d  according to the above l i s t ing ,  is a t t a c h e d .
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