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his report describes work performed at the Harry Diamond
Laboratories to establish a viable production method for fabri-
cating series-transducer delay lines. The devices considered in
this report consist of a crystal delay medium with a series—
connected matrix of zinc oxide transducers deposited on each end .
This is a new concept (U.S. Patent 3 ,893, 048) which eliminates
the  need for externa l electrical matching . Two basic fabricati on
approaches were tried successfully, and a combination of t h e  two
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was finally adopted . A step-by-step processing section furnishes
• complete data regarding the materials , methods , and techniques
• employed , with sufficient detail to facilitate technology trans-
I fer. The devices fabricated operated typically in the bulk wave

mode in the 3- to 4-GHz range and displayed through insertion
• losses of 30 to 50 dB for delays in the 0.5-ms region. Some life-

time and ruggedness data also are included .
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el e ct r o r , ;I t :’1o t ic  wa v e : . the -n ina  1 is t h en  recel.’,I ’ i t  0 1  in t o  an
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t r an sduce r  is i n d e p e n d e n t  and t h a t  the acous t ic  beam generated by each
t ransducer  does not in ter fere w i t h  it s  ne ighbor .  The MN&TE goals were
set up to r e f ine  the m a n u f a c t u r i ng  processes for  this new concept.

.11 . DELAY L iNF AND CONVENTIONAL DEVICE COMPARED

The configuration of a typical bulk microwave acoustic delay line is
shown in figure 1. Matching loss is present due to the difficulty in
achieving a good match between the transducer input impedance and the
i m ; u t  s i g n a l .  Tuned i n se r t i on  loss depends s t rong ly  upon the t u n i n g
n e t w o r k  em;:lovc,l and upon contact  losses . In the past , the required
m a t c h i n g  to a 50—ohm l i n e  was accomp l i shed  by a variety of techniques ,
all of which failed to meet one important criterion-—small size . For
example , a quarter—wave transformer is about 1 in. (2.54 cm) at 2 .0 ‘~llz ,
w h i c h  means t h a t  the matching section far exceeds the usual length of
the delay medium . A two—element network was described- in 1969 t h a t
used lumped circuit elements and required only a fraction of the space
needed by the transforme r approach . However , it was still external to
the de l a y  medium and demanded tedious adjustment during manufacture ,
which increased the cost. A novel solution developed at HDL~ pr o v ide d

~hat the matching circui t be placed on the end of the rod itself . This
proved to require very high precision during fabrication , including
close contro l of piezoelectric film thickness and exact dimensioning of
thin , metallic-stripe inductances.

F i n a l l y ,  a break through design was originated at HDL which achieved
m a t c h i n g  to a 50—ohm l ine by deposit ing an a r ray  of s ing le  t ransducers
in series and p lac ing  a suitable inductance  in series w i t h  the

01(01 11 C I

I I I  I i (( ‘ ( ‘ I  DI~1A ’ I • ‘  ~ 
._ I ‘ n _ I  ( I , ’

-~ I

‘i nu r e  1. Typical bulk  microwave acoustic
delay l i ne.
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combina t ion .  The number of s ingle  t ransducers  in t roduced into the array
and the inductances  required were de termined from previous knowled ge o f
the parameters of a single transducer. The configuration adopted is
shown in figure 2, as delineated by the ground electrode pattern .

Delay lines were fabricated to this design , and they proved to be
remarkably broadband (nearly 1 octave at 3 GHz) and to have acceptable
insertion loss. Since the necessary research and development had been
recent ly  completed , the production of this device became the subject of
the present l-IM&TF , which  was initiated in August 1973.

An equivalent circuit for a delay-line transducer can be represented
as shown in figure 3. As can be seen by inspection , the circuit models
each layer of the transducer as an acoustic transmission line with its
own characteristic impedance . The various individual components of the
mode l were combined ,’ and the resulting equations were solved on a
programmable calculator. A l i s t i n g  of the program is available upon
request. Lieberman details the model , program , and process.

~~ (‘~ r~H i
~~~

11 ; 1
~~~~~~~~~~( 1  I

I 

~~~~~ 

I
~~~’ d . ; . L

~~~~!

I ~~~~~~~~~~~~~~
Figure 2 .  Mask for ground—

layer metalliza—
tion (early model) .
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From the’ r , ,- x 7 ’ t -’r 1~~-l~ r~ 1’ ( i i ’I l ! ’ , O’ I I r~~- i n c - i n ’ :  • ~ €‘ n i i l nee rin c
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a. Rod clean l ap :  ~~i
’p: r e t  • ron

P .  Mask~ or: t ec-hr :  i ‘ : n i c - - , , 100 lu ’ : : :  I COil • C’  ai ‘ ‘ I--I-

c. Resist techniques

d. Substrate metallization (ground electrode)

(1) Metal to be used

(2) Ter-nnerature of substrate

(3) Thickness control

e. Zinc oxide deposition

(1) ~nutterinc parameters

(2) Thickness monitor

f. Top layer metallization (same parameters as for around
electrode)

3.2 Commentary on Each Identified Critical Processing Parameter

Rod cleaning is extremely important, and an effective method
was evolved which included special cleaning fixtures. These are
individual hollow Pyrex glass spheres having several small holes in the

surface . By means of an attached handle , the sphere is lowered into the
cleaning solution after it is loaded with a rod . Cleaning is done
immediately prior to use. The steps are these :

a. Deqrease the p ;’ h r ’ r r ’  , i i s j r ’ ’ ,l s i t u  l ’ I ’ r ’OU , t 1 1

and acetone , scrub gently w i di a cot t o t  - t w a f .

b. Soak for 1 hr  iii a i a ’t  acid of three par ts  H - S r o t 4 ,  one
part H O  , and one part distilled water.

c. Rinse in s-un nin -i d i s t  i l l e l  w l t -r  f I r  - : r ’vr ’r a l  m i n u t ’o .

d. Soak i n  d i s t i l  l e t  s i t - c -  i i p t  i i  l I d -  lot llPr’ ,

e. Before use, blow with dry nitrogen and innr-’rt  rods in t o f i r e

evaporation f i x t u r e . Use clean tweezers for handlin g .

~~~~~~~~~~~~~ - - ~~~~~~~~~ - -~~~~~~~~ - -



The r ” : ’i m a t e r i a l  chosen. was c ry st a l l i n e  : ? u a r t 1 r , 7 - c u t

(~~oo~’:a t u h r r a l  :‘roi”acat ion) . These are the  rod s r” e c i f i c a t  r o n s :

Ep t  or  lal : 7 — c ’,:t (lc ’ny it u~i i n al  :‘ i’ o: ’ a’:at 100) :-rvs ta lli : ’.e ‘:ca r t

‘n o n f a t  10:’r :  An~r l e  between :-od axis oral cc -tic axis not to
ex ceed :30 m m  V 1, 2 d o - : )

D i a m e t e r  of roil : C~~757 , +0 , — 0 . 0 0 2  i n .  ( 0 . 6 3 5 , k ” , — 0 . 0 0 5  cm)

H Length ot rod: 0.124 - :.002 in . (0.315 ‘ 3 . 0 0 5  cm)

Farallelis-m of end facet: : Best effort to achieve 15 ‘:C 20 s ,
not to exceed 30 s

Flatness of on-’) faces: 1 , -i ” wavele ::gth

2ut ’ face Irnish : t-tust meet 5: eciftcation of 2 0 — 5  or b e tt e r  (no
0 1cc -t i oh C u t  ex,-e~-d 0 . 0 2 0  rn. (0.05 ci::) ion’; or 0.0005 in. (0.0013 c m )  ,i~~e;

Ends per :’eodicular to body : 20 mm or less

End bevel : Sliaht bevel , approximatel y 0.005 in. (0.013 cm)
long , as shown :

t ’ , v e l

The foreqoirr q are comparable to the standards nee ’lod for laser
work and are oht ~~ i nat le from several ,, ‘nnni ~ ’t - i i i  sources. Experience
showed that best transducers were associated with hich optical polish on
the end faces of the rods. End—face narallelism is important , as well
as the crystalline orientation in respect to the rod axis. As an
examp le of the effect of mis,iiictnment between the rod axis and the
crystal axis , a simp le calculation shows that a misalignment o f  -~~~~ s

1 1 t I : - ’ s r n ~1i Iiq i i  ~Ui, ,1P r O’ , ‘ , i t i ~ -~ ’. ’ h r  i~’ouot no beam generated on
(“c-i C side of the d e l ay  line red t o  miss about 50 percent of the area of
dii’ npoosite receivin g t r a n s d u c er , for a transducer 0.010 in.
(C. fl25-l -n) on a side and i rot 0.4 in. (l.Olh cm) lone.

,~~ , ‘  t:. ‘t .\ 1’)”

i-lcit -t k cot; wt th h ’  ‘ ‘  I r S  at  led t t h e  concept t h a t  it w o u l d  be
desirable to have an 1 I f - r o o t  iv e  r ’ r ” ~, - e o n n  t o  the s-ct—chemical r ’ r o -e r t i i ’ ec
used wit): l ’ I : o t o r c n n i o t .  The first masks were made by cutting t a t t e r i r s  on
1 u P ,) I t  t i  . i h e a r ” were : hot o’:l ip )tr ’ t l  and  t ’ eIl’n- CII i n  o i c e , a :(i t I r e
rr-sult in g  - i t  t m s  w e r e  t r an s f e r r e d  to ~:l ass ; , 1 i t - , . A modi fied mask

1 r I ” c e s i ;  was  next LIIC ’ :’t ’ e,I. l i n e  Iraw:ncu: for tI:c IOsii ed t’af t e i n  N’&”ie

10 
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:r e ~u ar e d  and f u r n i s h e d  to  t h e  P ’ :c k b e e — t - t c a r s  C o . ,  t’~~. l a ~~l , t’tN , f o r
processing. T h a t  com u r ’anv  : ‘rodu’ced a Sil t of  mel :,V e v a r  or at  icr ’i m a s k s

wIt in f igu r e s  5 to 8.
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Resist  techniques used for  d e l i n e a t i o n  of :‘ a tt erro ’u were ;idI ’ Ip~ :I~id
from standard semiconductor processes.  t ’taterial  most f r e q u e n t ly  used
was Shipley positive resist AZ— 1350, applied b y r :s i n a  a “t in n e r  r c , t ’i t r n c r
at 6000 rpm . One drop was app lied within the first 5 s. Each side was
done separately , followed by a S-mm hake at 70°C and then a f i n a l  bake
of  15 m m .  Un i t s  were then stored in a clean , covered a l u m i n u m - , d ish .

For substrate metallization—ground electrodes , initially,
c h r o m i u m  was used (a thin layer of about 20 to 30 no) d er ’ c s i tr s rl by
evapora t ion. The subs t ra te  was he ld  at approx ima te ly  200 ° C. A l ayer  of
gold (70 nm) was then put  on by evapora t ion . For each depos i t ion , the
t h i c k n e s s  was mon i to red  by a S i o n  t ) 1 l c k I I - r u u (  O ’Si l  ‘~ ( f ~s ’  I t  n - ’ .- s h i  :‘ t u
i- n t mass t o i l i n g  of the ci ‘~‘ I I t , i l  ) .

Titanium also was used for substrate metallization . T h is  meta l
is strongly recommended by c e r t a i n  l abora to r i e s  because ( 1)  it has
sca venging  proper t ies  which produce a c l eane r  subs tr a t e  and ,
consecuently, better adherence; and (2) it encourages the cold l acy  to
qrow wi t h  the proper orientation (111), upon which subsequent sputtered
ZnT enitaxial growth results in an ordered layer for good t r an s  l~~cer
action . A very thin film (20 to 30 no) was laid down by a flash method .
A common techn 1 que use d t i t a n i u m  wire  cut in to  smal l  l on c t t h - s (a f ew
millimeters) and placed in a conical tungsten heater. Opine
inconvenience resulted from the tendency for  a t i t a n i c rn - tu n u : r u te n
a l loy to form , which led to ea r ly  f a i l u r e  of the conical  h e a t e r .

Zinc oxide was deposited by rf sputtering . Einc oxide is
strongly piezoelectric and has been deposited as a thin film for many
applications where an electromechanical transducer is required. X-ray
analysis showed that the film consisted of many very small crvst :allites
with the c—axis normal or slightly tilted from norma l to the sub~ t : ’ ioa’

surface . (ZnO in crystalline form is a wurtzite structure wi t ):
hexagonal symmetry when viewed along the c-axis.) The rf field was
applied normal to the film itself and parallel to the I- axis.
Deposition was accomplished with a mixture 80 percent of ir’:c:- on I
20 percent of oxygen. A substrate heater was used to establis h a
tamperature of 100°C before sputterinu began . D u r i n g  s p ut t e r i n ’ : ,
additional heat from the discharge raised the tevn lIerat::r I I -

approximately 120 °C , where it remained steady throughout the I l e l ’ eo i : :.
process. An rf power input was set at 300 W . Gas pressure was u ’ ”

14 rn , and a dark space of about 1/2 in. (1.27 cm) was m a i n t a i n e d .

typical sputtering rate of 170 a.u./min yielded good r -sul s.
Sputtering rates were continuously monitored by an Inficon cont i- ’l lel
(mass—loaded crystal) . A typical iin ° thickness of 1 0 00

a.u . • 10 :‘r r c ”r ; t, was deposited.

- - -- - -- - - -  - --
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Top layer metallization followed the same procedures as for
ground electrodes and employed the same mate r ia l s  and equipment. Either
t i t a n i um  or chromium was used wi th  equal  e f f e c t i v e n e s s .  Chromium was
slightly favored because of a greater ease of handling (less of a
tendency to alloy with the tungsten heater) and a lower melting
t empera ture  ( 14 50° versus  1850° C ) .  The thickness was chrorn ium— -200 a.u. -
a o l d -— 70 0  a .u .  (as for  ground layer  m e t a l l i z a t i o n ) .

5. TYPICAL PHOTOL ITHOGRAPHIC APPROACH

The processing steps described below are performed on both ends of
the rod .

a. Step one: Put on ground pattern

(1)  Clean fou r  rods.

(2) Evaporate chromium-gold over entire end of rod.

(3) Coat with photoresist.

( 4 )  Mount rod and photomask in hand-held alignment fixture .

(5) Expose and develop photomask.

(6) Etch gold .

(7) Etch chromium.

(8) Remove resist.

b. Step two : Put on Zno transducers.

(1) Sputter ZnO over entire end of rod .

(2) C o a t rod with photoresist.

(3) Mount rod and photomask in microscope alignment fixture.

(4) Expose and develop photomask .

(5) 1 t’ cli Z n C ) .

( 6 )  ‘ , eml c ” v , -  l : ( ’ , t , ( I r ’esi s t

__ - --- -—- -- -- ---.
~~~~~
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c. Step three : Put on top electrodes.

(1) ~t icr o s’, - oI’ 1c 1i l i ’d ’ , align metal WicK on rod and mount it in
evaporation system .

(2) Evaporate chromium layer.

(3) Evaporate gold layer.

d. Alternative step three : Put on top electrodes.

(1) Coat with photoresist overall.

(2) Mount rod and photomask in microscope alignment fixture .

(3) Expose and develop photomask .

( 4 )  Mount rods in evaporation system .

(5) Evaporate chromium.

(6) Evaporata gold.

(7) Remove photoresist.

Use of this alternative step has been limited by low yields due
to poor adhesion of the top electrodes. The trouble is thought to be
associated with the effect of relatively high temperatures on the
photoresist. There is some unavoidable exposure tc transient high
temperature from the heater filament during evaporation .

A third and final approach, a hybrid of the two above , as described
in appendix A , appears to be the most successful method thus far.

Electrical testing was conducted with the arrangement shown in
figure 9 (p 16) . Typical results are shown fn table I (p II’) . Table  II
(p 17) is a summary of the desi- nr values of t ran s d u c e r  p a r ’ ’ l net  e r a: in

common with all computer runs.

6. SPECIAL CARE AREAS

6.1 Discussion

Because the metal masks could not he made thicker than

0.001 in. (0.0025 cm) , extra care was taken when a metal mask ~‘as used
in performinq the top electrode mi~tallization . The mask must be kept in

close contact with the substrate ; t,his was done by using snap ti n lis . Any
warpage or lifting of the mask permits metal or Zoo to diffuse under the 
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Figure 9. Test position for insertion loss measurements .
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mask edges and thus creates problems with continuity . As an exair:~~l~~ ,
figure 10 illustrates a side view of the transducer geometry. It can be
seen that if :nd is p e r m i t t e d  to depos i t  beyond the  f l . O O C — i o .  (0.005—cr)
separation between qround electrodes and to cover  a p o r t io n  of the
adjacent ‘i round  electrode , then a high series resistance or .-aj-acitance
is added. This is seen also in the top view shown in fi Ture 11. A high
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series resistance increases the loss uniformly with frecuency . Series
capacitance , however , detunes the overall transducer circuit , as shown
by computer simulation in figure 12 .

-- --—-- .

2

‘a
0

u . £~~~~~~~L , J _ _ ~_~s_ _ _t, -
34 

3 _ , h r

FI,I  ,~ UL’ ,I 11

- - ~~ S : j C i O r o  - : - - n E D  LCO~H

‘7 ’ (.UI’ ’,’ i  7 L UJ .u D LOSS - P ‘. ~~ 7’

C = _I,’ A ; E  R I S U L 1 I O -  I , a i s l E s  ( , , l ’ A L IT : , n ( . f

O ’ ~~E SIlO , , l - ’ .1 5 5 -r ,r r - , r1II I ’

CO’ , IAC O , I

F i g u r e  12. C a l c u l a ti o n  of dot t i l i n g  ~~ t t , - - :~

due to series cai -a -i t,’ir i co .

A contrasting aspect of the diffusion i r ob l em  is associated
with an occasional tendency of the top metallization to leveic ; a
discontinuity at the edge of the ZnO . This is a well-known effect that
sometimes results from deposition over a sharp—edge substrate . In
case , a tendency for the ZnO to diffuse under the mask cause- s a
gradual slope at the ZnO edge , decreasing the chance of a discontinuit y
in the top electrode .

The topography of the deposited layers was monitored b y
interferometer techniques for measurement of the thickness of the
component layers of the transducer. In the main , interferometrv was
used to measure the thicknesses of the various transducer layers.
Supplementary thickness measurements included magnetically sensed stylus
measurements of the surface steps of the transducer and microgram
balance weighings of sample layers.

Since these latter techniques were used only to verify the
accuracy of the interferometer measurements for this report, only the
interferometric techniques are reviewed in detail. Two general types of
interferometric measurements were used: (1) contour line fringes and
(2) interference between the upper and lower surfaces of the transparent
ZnO films (within—the—film interferences).

The basic instrument was a noncontacting interferometer of
the Michelson-Morley type consisting of a Watson-Barnet 16-mm
interference objective which replaced the objective of the microscope .
The optical paths involved in the formation of the fringe system are 

- - - - - -  - -- -- -- ~~~~ - -~~~~~~~-~~ - -- -~~~~~~~~~ ---



shown in figure 13. The fringe system is formed as follows : The input
light beam is split by the half—silvered mirror ; half the light is
directed downward to the sample; the remainder passes through the
half—silvered mirror to a totally reflecting mirror . The interference
fringes are formed at the half-silvered mirror by the combination of the
light reflected from the sample and the totally reflecting mirror. To
obtain the desired fringe system , there are three modes of motion
associated with the totally reflecting mirror——translation along the
direction of the original input beam and two rotations around axes
normal to this direction . The first determines the fringe existence and
contrast , and the latter two determine the fringe spacing and direction.

For a metallic layer , the fringe system is always formed
between the upper metallic surface and the half—silvered mirror;
however , when a transparent layer (film) is involved, the fringe system
can be viewed as being formed within a narrow wedge consisting of the
half—silvered mirror and the sample. When monochromatic illumination is
used , a dark fringe occurs every time the total (up and down) optical
path changes by half a wavelength . A beveled (nonprecipitous) step in
the substrate results in a closer spacing of the fringes (fig. 14)
When this step in the substrate is rotated in its plane 90 deg, a fringe
pattern , shown in figure 15, is obtained. The configuration shown in
figure 15 (fringes crossing the substrate step at approximately a right
angle) is most useful in determining the step heights. The height of
the step is calculated by multiplying the shift in the fringe pattern
observed in crossing the step by half the wavelength of the light used
to form the fringe system.

VIEW FROM H E R E  

HALF SILVERED M ,

— 
M R I I I O R  -

~~~ ~~ ‘ -, 
- -  __,_J TOIAL IY
‘c R E F L E C T I N OI \\ M I R R O R

/ -,-

SAM F LE

F i g u r e  13. Opt ica l  paths in f o r m a t i o n  ~~t
fringe system .
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Fi ’tui re 14. Et’ tvc t of beveled
step in s u bst r a t e :
( a )  a i d e  v i ew ;

(b) t o ; ’  V i O W .
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fringes formed at the upper surface of t h e  s u b s t r a t e.  I’ o r a Sb -; ’ in a
:1:1’:; ‘a r e n t  film (Zn Cb in our case) , two fringe a y at  ems are formed , one

f rom i n t e r f e r e n c e  i t the upper surface and a second from interference at
t h e  lowe r su r face . The r - I i t  I V~~ ‘ i t I ’ r t l t T t  I I ;  of I he two fringe syi ’r t  r - I - r t u

ire  dete rmined by t h e  op t i c a l  r e f l e c t i o n  c o e f f i c ien t s  of the  t w o   
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interfaces. The reflection coefficient of the interface between two
lossless dielectrics having indexes ni and n ; is g i v e n  PV

(ni — fl I

(1)
ni +

For air-ZnO ,

R 
(1. ”) - 2 . 0 2 2 ) 2 

= 0.1144.
(1.00 + 2.022)’

And for ZnO on Z—cut ruart c , R = 0.165. Thus , for this situation , the
dominant fringe system occurs at the upper surface of the ZrC- . h owever ,
when gold or any other metal is the material underlying the ZnC’ , the

high reflectivity of the ZnO—gold interface causes this interface to
dominate the frinqe systen’ . It is well known that a lRfl-dc q phase shift

occurs at the boundary  (interface ) between a less dense and a more dense

optical ir~ diurr . However , at the interface between a dielectric and a

metal , the situation is not so simple; the phase shift is a continuous
function of the wavelength. That is ,

Zn k 1- 0
= tan , ( 2 )

n2 — n
~ 

— kj
0

where n is the dielectric index and (n1 - ik 1 ) is the complex index of
the metal. Thus , for layer thicknesses of about a few wavelengths , this
phase shift at the dielectric-metallic boundary must be taken into
account via equation (2) for accurate thickness measurements.

A t i c -al application of contour line fringe s is shown in
figure 11 ’- , which disp lays the structure of one of the 42 individual
transducers comprising the series transducer. Steps involving only
upper surfice r e f le c t  ion are straightforward; however , in those
associated with l ower surface reflections , the refractive index of the
transparent 2nd must  be taken into account , along with the fact that the
fringe shift being associated with the lower surface of the film is in
the opposite direction to that of the upper surface , since here the
optical path is throuqh the transparent film. In a precipitous step in
which the path of an individual fringe cannot be traced across the step
being measured , white light was used to form the fringe system. Such a
system consists of colored fringes with a central black fringe . From
the displacement of this black fringe , the approximate number of fringe
shifts upon crossing the boundary can be determined. A f o l l o w— u p
measurement with monochromatic light of a known wavelen gth th en  i i i v e s  a
more accurate determination of the step height. Tn our measurements , a

21
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F i q l l r r ’ l i ’ d t r ~~t - ’ t 1110 t i n  ~ l l i l j V l ’ I I t , i l  t r , J I  . 1 1 , 7 01
as c iown i  by i nt er f  r I ’ ’ ’t ’ I ,  i ’’, .

microscope illuminator was used as the l i i i - , ’ t o u r -c ‘ I ’  c en er a ~ e the
white  l igh t  f r i ng e s .  I n t e r p o s i t i on  of a n a n ’ n ’c - w — l - a n - t  n ’e i ’ f e r r , . -e fil te r
between this white light source and the lI In h t inn -ut t ’jl’ L ’ o f
interferorneter was then all that was necF -sa ,irv to c - i c -’ ‘ c
monochromatic fringes.

Some other frequency effects associated w i t h  t h e  n , a i  c - i n c  of
these e x t e n d e d — a r e a  transducer arrays n tc - r~ r i t  hi  h f  vnnai ,ter’ at i o n .  “c
c- n’,rc-lvc~’ a c-t ic t ni -’ r — t urc - i ng effect rec - c - u l t ln ,I from a ‘- a n n a ’ ion in he
‘ y r - I  1 - ~u area and , thus , transducer ca;’aci t ance between t h “ In’ in ,

i -in el c t  rode ;-at’ tc’rns (which has I~een seen on some u n i t s  by v i  ~ciai
i n t ’ l ;  cc ’ i n n )  . For examp le, heat from t h° hot fi 1 amen  t , t i i  r 1 ng --e ’,a 1

í-r o ion -ar cause Ii ffc’rent relat ivc-  m o t i o n s  of ¶ i’ - two matk
it~ .erns on the sIll - It r i t e .  The reversing paths of t h e  serpen t i ne - ‘ l i m it :
hen r i — t ; u l  ‘ in il ti- rnt~ t ing row-s of I a r c i e r  and smaller ca;’aci t a r c - c c  and

t’hutt , i -awe ,’ in , 1 h i gh er  t n ’ ’’ I t l ’” n t -v rr c olni in ce w i t h  t h e  aen ’ ’IeS lndu ci ,ln-c
:7 is u t  i - n t  i t  i o n  is - l i ’n o n c - - c - t , r a t e d  by - ‘ , ‘ m n ’ I i t r ’ r  n t i m u l a t  ion f i n ’  two -;ct of
• c- S ,  I - i -  r n ’ s  wn ’) I r e , i c - ;  0.0 1T ’l 0.005 in. (0.006 - l O 1 T  cm) inc - i
0.007 0.005 in. (0.1 1 16 0.01,1 cm) , I i  f e r i ’ n i t  ~n”o ‘h e  nc - o r I i n c - a l

- 0.005 in. (0.01 1 0 . 1 1  cm) of b-ti ’ - - ri l i l I p u l ,b~~I i g n  ( w h os e  loss 
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versus frequency characteristics are ‘c-hcwn in f i g .  17) . The d e tu n i n c
e f f e c t  is shown over a wide fre~nuency rar.cct ir. figure 18. Pc-c-like
parallel—resonant elements which yield a double peak response as in a
back—to-bock discriminator circuit , t h e  sr-oLe-s-resonant res;~onsc  shifts
to a coint of m i n i m u m  reflection loss as a trade-off between the ideal
matchino requirements of a 50—ohm real ; art of the impedance and a zero
imaginary part.

Another  e f f e c t  results from the capacitive coupling or feed
tic-rough between the large—area input and output transducer complete with
inductors and contact regions in a two-port device . This cross coupling
can be \-iewed as the output transducer shuntirc n the input  thro-uc’h an
e f f e c t i v e  coupl ing capacitance and vice versa .  The change in loss
c h a r a c t e r i s t i c s  wi th  f requency  f o r  several  va lues  of coup l inc
capacitance, about a r o -m i n a l  calculated value , are shown in f i g u r e  19.
The e f f e c t  of v a ry i n g  the ZnO t r a n s d u c e r  t h i c k n e s s  and , thus , the
electrical capacitance and acoustical resonance at a fixed coupling
caracitance is shown in figure 20. These computer simulations are
typica l  of the experimental results seen with the 0.5- 7s delay lines
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f a b r i c a t e d  in th is  p r o j e c t .  This  e f f e c t. is enhanced in’ . shorter  de lay
lines and m in i m i z e d  w i t h  longer de l ays ;  the couplira ’., cap a c i t an c e-  is ar•
inverse f u n c t i o n  of the  q e o mc -t r i c a l  l e nat h  of the de lay  rods .
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i n ’ ’ Ic - c - ’,C f l t O l  ‘Zt ’- a t . s

‘ r~mni9 r , 1~ ure t1 ’- s t  we re oon ’, - i - . ; , - t ’ ’ i n  a $“ athac - - -  c-’h~~n- ’ ier .  c u r
‘~c - : c - m o u r c - t r ( I, bu~ , : l e te ..1 , ‘ c - n i t  I ’ w e r e  h ’ :  • i t  80° - 2 ° C  “ n ’  5 Jl- ~ ic - n ’ -

we re  c - ’e r c - c d i c a l l v  r emo ’.-e I ’n f t c- c the t r O t  ‘0. 01 ‘ - n ’  ar i d  a l low e d  t c
c-oo l to ro ot -c- t e m n ’ -r ’r a t - .I r e .  Tests  of in s e rt n  n c - loss c-sor e c a r r n e d  c ut , ~nd
the  n r c - i t s  were r e tu r n e d  to’ the t e s t  c:har ’l’~-r .  T) c - e c - c - t a l  E - l a : ’ s e , i  tJt - ’c of
removal was about 3 hn ’ for each elec-tn -- cal at Ch ’i e - :  c - a n ’. : r , - lii

in ser t I n c  loss was • 1. L.  ~2 - I l ~ -

From “he total accumulated hours, = 5014 hr , i n ’ ,  t i c - U  t e st
c - - i c -~~c-c3-cc’ w i t h - o t t ’  f a i l -ar e ,  one can : n ’e , i c -  ‘t a lowe r l i m i t  for ¶ i .e c-ear ’. t ime
1’Ot’,s rPrit - i f a t  1cc- o t -~T F .I ’ )  . By the chi—s~~uare test fort— ,c- a ,

- (P , Zr + 2 )

where P e en u a l s  unity minus the fractional confidence level (CL) , r
equals t h e  n umber -~ f failures , and ‘ is a s t a t i s t i c a l  f u n ct i o n  of F a t i
( 2 r  + 2) evaluated froc-- tables in  any s t a t i s t i c s  handbook . Since r = 1

(and 2r + 2 = 4) for some time ‘ -c - , this lower limit is s niv en  by

~ITBF > 
2T

2~~~~ ~~

fo r  v a l u e s  of P = 1 — CL .  The r e s u l t s  ar e  sI c- own in tabular fort-c- fcr

several va lue s  of confider .ce level:

, ,
~ fi t, - n c - , . 0 , 

~~ :0! -
- ( ‘i~~, - ;  I -r i ,  I • I ( ni’ .-

‘ I i  13 . 2 7 7  7Sf - i
90 -rn 77
80 5 • ‘u- , , ‘l 1 

-

7U 4 ,t178 - ‘SI . .

3 357 ‘0

Air-Gun Tests

yechan~~c’a1 t e0 t c - t ; w er e  c o nd u c t e d  w ith a 0—in. (21. 24—cr) air
;ur , . Tests were carried out a t  an a- .-er ,’er e ~ f 12 , 500 n , ap p i  ied  eve r
1 ms and performed It ’ the 0o~ - n’ - - a 0 - a n - ;- . , Phoenix, A : .  ‘:erv shor t

“ Ii . G. Ir escc-in , Re l i, ’ i l i ? L t ;  P .111 -U - ‘ ‘- i c- , . 5 ’ -  c - r ’— H j l Pook C’~.,  ti ’s 1c;~
( 1 7 0 I - )  , 7 .

- ‘5



duration peaks to about 15 kg also can be c,xr’ c-ctecl 00 0cc-cr during I cc -c-c- .
Performance remained unchanaed within the range of reasurer,c-: c

repeatability.

This  ~‘ r:-st is con ducted by f i r i n g  i n t o  a m a r i n e  p lywood ~car ge t
(“m i t i ga tor ” )  . ~-ieasuremer1ts of the initial let oth and cr u t c n e t ,i lero:th
give the st o r o - in o -  d i s t a nc e .  An average a c c e l e r a t i o n  is ca l cu l a t ed  and
compared with high—speed streak photograph s taken to determine tb.e-

acceleration profile. A forecast of extreme gun ra’3c;cciness can be made ,
based on air—gun experience with units ha’,’in: similar construction
f ea tu res  (a  t h in  m e t a l l i c  f i l m  and ZnO or q u a r t z  rods)  which  s u r v i v ed
c,es~ s of 76 , 000 g.

7,  :T -C L7SIP- ::r A:- h p c’c .’vrc -~u c- Tio~5

This n ’ rcl’ject demonstrated production te chnit -ae s that “or ,  ;. rc ’c --tuce
d e l ay  l it - c - e s  u s i ng  a s e l f— t u n e d  a rra y of microwa ve a c ou s t i c  t r a n sdu cer s .
Two f a l c - r i. ca t ion  t echn iques  were demo’-’s t ra ted , p l u s  a t h i rd  wh ich
con -ch ine -rh  e l e m e n t s  of the f i r s t  two . The new delay lines are ~.hysica1ly
smaller  because of the absence of match ing  pads , l i g h t e r  in, weight , and
highly shol -k resistant. Assembly requires  fewer  steps t }~a nc - p revious
-I c - v i c e s , the  most b e n e f i c i a l  change being e l i m i n a t i o n  of the ad j ’cc - c - t m o n t
needed for  ext ’ e r n c - a l  t . i s t i i t - ~~. The lower cost , smaller size , ond lower
w r c i c r h t  now make possible a r.umber of fuze and radar applications not
seriously considered earlier. It is recommended t h a t  this useful
t echno logy  be in t roduced into industry as rap idly as possible. Completc
ir,forination is available for translation into a mass-production
facility.

I
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P~~I L , I Y T N ~’c-J- ‘~ C-

T h e  ‘t e l  ‘iv 1 i ne dcvi ;- - - -;hc’wn i n  f i , n t i r c -  A — l  war fabricated lv Ic
c - c -  present ’S here , wh c- c)c- are ftc - co - c foil oioe-J dun  n o -  ti c-c cor;cl c- .c - , i In c - c l

m o n t h s  on ’ the Materials , vet c - c - I ; ; , and Te ’ !c -n i i q u e s  Ff ’f ’ - r t  of ‘ i c - c  1 . 5 .  A m y
Armament Command .  The initial rt;et,hod was r e s t r i c t ed to the
photoli tl’c- crqraj t i c  process. The cc-n~t i r e sequence o -f a r t  werO and
photomask f a b r i c a t i o n  was t a rr i e d  out  w i t h i n  t ) c - e  P ar r -v  Diamond
Labora tor ies  ( M D L ) .
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A 111. .  -1 : :

A second a n - n ’ r t aci ’ c- used f i n e— l i n e - , :~ t ,‘r i n l e ss  s t ee l , rc -e-ta l  n c - i c - h o - .
L-Ljsts- m patterns ion ’ these were made at  MDL , and these we-re tt~ en
f u r n c -  robed to the  B u c k b e e —L - i e a r s  Co. , S t .  Pau l , i-l U , who f ab r i c a t e d  t ic -c- p
( L ’ i o - .  A — 2 , A — 3 ) . The a l l — m e t a l  mask “ g ) ’ rnact was initially thought to
be ,i ’c - c - r a c t i v e  s ince  i t  eliminated the wet chemistry recnuire-t in ic - arc - il in-cc-n
ri’ ctoresist. However , i~ did n ’ ,r ovr c somewhat di ffi ,- ’u lt i- c-ring t h e
deposit  ion s ti r  . This  c - l i fn ’icul tv r e s u l t e d  f rom the r e s r c - ’n t  s t a t e  of t t ’ .e
art in al”ricatir cn f c - r c -~~— l  in c  metal  masks since the- ; -c - i t t e r n - , Sn  ac i r i q
c-’e ,nu lre :c- f o r  the i’r ’ ; c - ’ ”, c - t  d e s i o - r c -  l i m i t e d  the  th ickness  of the  m a s k .
These t h i n  masks a l so  roved d i f f i c u l t  to kee; . ’

. 

; -cn’c - a i s t e n c t l y in-, c lose
con tac t i  w i t h  the- s u b s t rat e  c - l u r c - n q  depos ition , and t i c - i s  i n c o n s is te r .c v
to -n c - Se c t  to al low d i f t ” c - ,’ c - ’,c- r ’, of sputtered ZnO under t ic - i- m a s k .  As a r e s u l t ,
son-c-c areas i c - a c t  n - c’i’-r ‘I c-n” -c -i~ ion.

•• • . • .
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F’ i q ; i r i -  A—3 . ‘- ‘ t 1 mask and i n-n t c - n - .

th e f i n a l  m e t l c - o  I , li- scribe:! I t — r e , w , i t  a ‘-c; ml i n ’ i . n ot  ‘ c- , , ii “s
‘ Wo earlier ones. P l c - : - t  -n ’ - i sks v - n ’ - u s- e l  f o r  - t S ‘ c- - n r c- ,;:c- n — a
meta l l i z a t i o n  and t i c r ’  Ur n ‘ t i n , ‘ ‘ c- t n c - n c -  - c  

~~~ 
, i n . . I .1 n-ce ’ i i  m a c c -k  was  u s ’  -

‘ho ic-or- e l ect  r-o~~o c-c ’— ill j zat is -n , n . Iv . A I s - ”  n c - n  ‘ i on ~ ‘ hi- n n ‘ ‘ ss c-n-
s~ “-i’s now follows . TNt ’- r a n ’ s - I n l ’ s  n’s we-n r ’  fai n i-a ’ s c r  r ’.- - ‘  arc -  n - c - i c - i n
p o l i shed  - c -  ‘ I T t - n -  ro t , ;  si c- -s n c c s - i c - f  i n c - r i ’ I - ‘‘ ‘ ‘ ‘ ‘ c - c -  es-i s c - n  I n ~~~~ 

j o - n c - -’ 1 ’~-
t , i i ’ r i : ’- ,i ’ s-’ t ~s~-’ fix ’ - c - l i - , 1 n . ! i n’s- c - s i b ! ’’ ,1 n- I ’Ii c a ’ i - n ’  w h i c n  ;,~ 

-
n ”c- n , l r c - r  - t c - ’ , - nc - p S l Z r ’  w a ’  n e - i - h -  I .  T tc  Nrc - i n c - ’  l oll vs c- w n ’ c - l  I n o -  .. i a I
I i ’  ‘‘alt;! I ’  n a c j r - c c 1 . i r  - r - ’ — c s -  ‘ c- .; ‘ .1 , .  i , ~

- - - .
i .
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n i - I c - c - r e  A — 4 .  h c - t i ,  d i a m c - ’ r - t  ab - r a s iv e  n o -  i ’; n r  i c - t i c - c c -  t c - c I c - Oi . : c - CS ,

_ 
-

i c r ’  ,~s I . — n . j  l i t - I  1 c - , l c - n - c - I ,, ’ , , * i i

I t -  i c -

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,



di r e n s c n c c - r c - s  of  “0125 ‘ . 25 0  in.. I .318 ‘ .635 - c )  a r s -  u u c c e s s f c - c - l l ”
, c - ’ I c i c - ’ ,~r, ,t , c - c c - t I  f i n a l  ‘‘c - l e r a n , c - i c -s h e i n c c -  h e ld  t- - - - tn - h i n t a f e — s t - c - .

‘~h c c c - c c - a c - c - J t , i , , a  of an inch  in a l l  measurements.

Af ter several success ive  mcI as-c-s of i c - c - i t i~~q are c o n i c - h ,. ’, , c - i , t i c - e

- ‘;uar t . c rods are r otc - c -c- v s - I f rom t i c ;  la I ” I c in o -  f i x ture WI n - c - , i c - s - a t , a c - c - c-i tine
remnants  of i-’o n c - d I n c - c n  c0 i cc-- k cement are dj SSOl’, rc-” i ic -i tic - n - s - t.i’c-a r ’:-l. her ’. n - I c - c ’ :
c-nrc  degreased and t I c - c- r’cu c rh lv , S - c t n e c - c - c -’. ly ,  scr ” mi t .c - i -  c- c c - c -  ic - c - a cc-vat , c-c-nc -

S i c - a I ls-.’ soaked for  1 hr ir c - a so-e-c--ially prc-t . c-c-red cc- cc- n-n ic-,c-l cleaning

s o l u t i on’, .

. 2 S n - c - -  S c c - c - .  i. nq

The cleaninc -, solu tion is-m n -c-c-red ,inc- ’ used consis ts  of tNt’ s-c
p a r t s  H 5Cc- , , one a r t  II 0 , and one part  d i s t i l ls, ’ ! 5 c - i~ n ’ .  I’s-c- , n -  - is

soakec-t in its own spher ica l, custon-’-falc-ricat.c - I , glass c-c c - c - t , c - c -’.~~i ’;  n - c c - S
te c - - I c - rc - i c - - ae avoids rod darn-age from chipping or scra t c:I’~in -.J of hi ’d .l’;

~ c-l i sh ed  sur faces  ( f i g .  A- i’). Rods are store- i in a suit ,cI’ le .-c c - c - t , c - c c - .c- r
in a d u s t —  ee area u n t i l  i n s e r t i o n  in the ev~c - i ’ o l ’ , .ii ion system .

d

I-

a’ 

-

~~~~~~~~~

I n i - c - n - Ps— ’ . ci- ’ ! I ’ -  I c c - i c - c- ‘ ‘ ~‘ 1~~~c- p i ’  , ‘ N - v i ’ , i n c -  n i - i a



- .  ___________

c- c - i c - A

A — 2 .  ~~~~ ej ’ 3 — — b r o u n c ! l a ’, c - t e r c - .  ‘ _i~oj ~i0’ ion ’.

Ct c-rc-m c - c - t  c - c - nc - gold l iver s  a re  r-v’c -p o rc - c -” c d c c’c-r t n s - -  en-c- ’ i r e  u n - c -  en
arc-S h, c- ,- , -n ’ sufS ,r ‘ - c , o f  jc- oh i s l c - e d -or ’: , c - t,~~l : c - t O I t t Z  c - c - c -- is . n c -c-se  so-C’ is-Id
Sc - c c - reI n cr c - a s u i t  c - S T e  f i x t u r e  h a vi n g  a 1 ’ ; i i t — i n  t l i p — c , ’vs- r —Ti c - c v c - ce  t n -
opposite side nc- c c-il liza~~cor, d u r i n g  t I e  same- ru n . TIc -c - nc-c-a sk is ose.i in -S
this stcc-.

a - Inc- n- il l ,  n-~ cr oci  c- c -’ r vst  als in-, n- n - c - :  rod i n  x ’~ure an-S 10~~Cr ’
t ic - em in the ev a n - ccc -ac -’. ii, n.  s y s t e m  si c - c-wi . rn - c -  f i ’ c - - c - r e  A — ( -, .

J ~ i1
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I c - c - , ; n - , , l l  .1 r I m  c-n i - , : , n ’ n ’ s- —cl : r ’, ‘cc - i 1 c ~~ c - c r : ’  t n-c-: -c - o - ld sour ‘er

in ‘ Us-  n- c - n ,  c - n - e r ,  cc -o i l  S i  lc -mc - - ’e- c - ’ 1 5 c-S i i -  c - n .  - c - ,c-n-

,
~ii1~ ~ _ _  - .1
-~~ ~~~~~~~~~~~ ~~~ ~~~~~~~. ~~~~~~ ~~~~~

‘ -

~~~~~~~~~~~~~~~i

l1~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~ 
ii -

~- v 1 H  I

i1/~~~

i~t~~~~I

F i icc - i - . A— I . I v  - it no - nc - c--l 11c I - ‘n’s- c- I t ’  — I 
~~~ 

: c - c - i c - t — - ‘ i

c - i - i t  - - I ’ , - I 1 i - — — ’ r V e n  - I I i  \ ‘ ‘ , “~fl - I ’  c- -
c - r , - c - C i - I i l , I t ’ , tr ’ .t c- ’



~t . i t  s-c-

c .  i-i ‘ c -c -nc - n - a san-c-n- . le r-’,’ar,orat icr, m i C n -’c-c- c : - :cc I -,. s l i c - te c - -  cc-c-n ‘c- n-c -ic -,
s h u n - n - e r .

d.  Check ttc -e water f l ow on the Sloan: ti’.~ ck n e s s — m o n it o r
se n s o r .

e. Start the n c - n c - c - n - - o r a t i o n  vacuum system n ’umr :- d own  s tage .

f . Turn or. tt’c-e substrate heater a f t e r  1/2 hr, arc- -c-i slm c--c--,-lv
in crease ‘c-he Variac s e t t i n g  to 200°C  ( 7 5  to 80 

~-‘)  . Ttc-e sc-mh cctr c-c-te heanc-er
is ‘c - f tic-c radiant i0’.~,e consisting of a sealed ‘c-uar~c- z lamr,.

g.  A f t e r  the overnight r- ’irnc- l ‘down- , (or  ecn:c- :naI. en ’, t ime.) a t
27’ ‘ °C, . ‘i c-e~ k the p r e s sur s-  reac-t c- m ci . (It should be 1 10 ’ n-cm Ho - c - c - n ’
l o w e r . )

h. Check each i~ c-r-, on the checklist and select the r o n -e r
electrical connections in the con t r o l  box.

i. Before actual evaporation of metals (chromium arc-c-i gold) ,
occ-t ;as all sources and fi ian - c-en c-t s thoroughly with the shutter in a closed
posit ion ’ .

j. Evaporate some mcn - ’an c-crar c-t material on a closed s-t’ c- c - c - t n- ,-r

~n-ior  to opening the m a t e r i a l  to the heated subs t ra t e  to rcc - i’ ice n-ic-c-
-c - ci c - ance cc - of con ta rnc-ina t io r,  of m e t a ll i z e d  l a y e r s .

k .  Evaporate 2 to 4 rn of chromium in a fec: seconds to 25 s.
Monitor the thickness on a Sloan gauge (crystal quartz oscillator)

1. Evaporate ‘ ,m of gold on top of the chrc-rtciurnc- layer.

m. Flip the evaporation fixture ove n’ 180 deg using the- “a s -c -c -c-c- nc
feed-through flip—over device ncr ovide :t , and evaporate the s-Ic-ron -- c- am ant-c-i
gold on the second side.

n. After completing the evapo ration run , cool the m c - c - d ct n c - t . e-
5cr 1 icr  and renc’ve t I c - c fixture h o l d i n g  the rod f rom the  vacuum -  syn- r -c-”
i c r 1 c - y ’ ’. ’n c - e r  c c t i ;~ ’ mc - . T’S s con ! letes the er,n-”i I ’ora c - c- ‘n : c c i i ’  

~~ fc- n’ “Ic - i ’ c l ’ s - c - c - n ,,!
e l e c t  r ode .

These T ’r n o - e ’l ur c - S pert a c - n  - I n i ’ I c - c - l,or es  i t i equi t nt-n c - i shown i n :
figure /\—o .

IlL 
_ _  _ _  _ _ _ _  _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _
_ _  _ _ _  _ _ _ _ _  ~~ -—-—----.—‘.- ..‘ - . --- ‘ -
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F c - c c - U ” -‘i —ci . I ‘ u s ’ - ‘ cii ci ’ c - c - n -  l n c r c , -n ’

,i. Turn on tIc - c I ‘c r-icr c - nc c- .n n ‘,-~c- c - cc - n ” ‘ c- n c - i~s.

I’ . - ‘ i c - i ’s- k t .ha t the Sn -n -- nit I-C- n c - - nc - t inc - h is - c- n c - .

c . T c - n  t i c - i  S — a - c - c c - a r ’,” pho’ -‘ r i ’  51st sp in - c -ncr-n ’ :‘c - c c - , n Ic sw im s- Ic - ciown
to S i c - i ’ - S — c c- i n  - 1 °~~

j ’  c - - ’ r c -  a r c - c - !  1 , - n ,  h am - k i t  c - c - I  to  nc - i ’;;! n il. This ‘w c-tc c -’ is
rn c - o urc t ’c-c- i onc - c ,~ 

- -  I c - - I  c - c t ’ the a] i ‘ n r c - n - i c - c - ct n i  - ‘r o t c - s - o l e 1, - c - c - d c-

C c - i ’ ‘5 1 1 , - i t  ~i I l s w i t c i c - m cc- c- -ic - the F — s q u a n ’c- ’ c - c r - i n c - s n  , o - c - c - t  ~n-
at I i , ’ on ; cc sn ti -n c - , such as n c-yen , va-,’uc c- nnc - , a n c - , t  , ‘n - c- n - I ’ ’ c - c -~ ’ s t - ~

c- w i !  I t c - i  I ’ r c -’inc s c- - i  n- s-n t i l  hole! i n n - n  I L X I  ‘ c - n ’  v -i’ In - f c c- r i - , and
‘he t ’ c- n - c - I  n m ‘ ‘In ’ ’:.

f. S i - i  t h e ’  spinc -nc’ n m e n  for ~5 ci c - it  - , , 1 c - s i  n ’s.
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y. Insert the crystal rod in tc- the fixture first side a~1’

usi c-c-g tweezers , and gently tighten the two small set screws .

h. Blow the mounted crystal surface dry with clean tac-Jc-

nitrogen.

i .  Use a smal l—bore  m edic ine  dropper or glass syr inge co
a~ n’ly 2 drops of GAF PR—425 positive—working resist while spinning tIc-c
crystal at i, c c )  n c - c ’ .

j. Remove the crystal , and place it in a clean , covered
aluminum dish. Be careful not to disturb or touch the resist—coated
su r f a c e .

k. Hake the first side (top) at 75° to 80°C for 20 mm in a

clean a i r  ov e n .

1. P c - c - c - o a t  Ch ic- pho tores i s t  coating procedure on side two.

A f ’ e n coat ing side two , per form the f i na l  bake at 75 0 

~~
80°C for 1 hr.

n- c - . Remove an c - ci store the crystal in a clean container .

The photoresist surfaces are unexposed and should be kept in
a -lark c - c - c r c - t a  I c - c - c r  free from dust and normal room light.

A - 2 . 5  Step 5——Ground  E lec t rodes :  A l i gnment  and F xj- oc- -un ’ e

a. Use tIc-c special hand—held alignment fixture shown in
f l - c - c c - r e  A— 9.

b. Sheck the S i x t c - c - r e  for accurate p a r a l l e l  a l ign m e n t  of the
‘crc- c- ic - c- cl bot tom cor t a c t  photomasks u s i nr r  the , ‘nn t-”;c-r c- no i - s - Ic-n ’
( ‘ - I : i ’ - s ’n n ’ aph)

c. I n s e r t  a sin gle  me t a ll i zed , :-rv n--- t . ,al d c - m i m I  c- c - n o - c t in tIc-c ’ brass
u l i ’m n n e r c - t  f i x t u r e ,  and r e t u r n  the v e r t i c a l  s l i d i ng  top mask I s - c  c o n t a c t
~ c- o rod ; lock n - I c - p  ‘ Ic - ic - n - c -b sc rew i ’r ,c - ’ T i e c - ;  on ~‘c ’c - t ! c -  sides f o r  the first
t i c - c  nr , -— c - i ;ct exposure cc- t i ’j- .

d. Expose’ i-c -c- -h side -‘ i —c - -a r c -n t s l y  o t I c - s  ‘c - ’’ i aviolet I i - c - I c - I
c i c ’ c - r ’ n -  t - ’ y 25 s; lci~ --c -e r~’-1 y jrve r ’ in s  t h e  H ì n c - I I i x t u r i -  wn’ ’ ’ , ’ c - c - ’.c - i n i -c--” ‘- i i : ’ ;

r :Iis ’ ‘ c -~ t c - r i  I I c i -  c r v c c - t a l  ‘ S p0’ c - I t :  c - , , ( ‘ X ! ’ U ’ c i  c - h e  ‘ - ‘ ‘ - n c - c l  side .

- I I’
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i - i c - I c- n a c- . A l  ~‘c - n c nn -’” n - S c - n - c -c- c - m t ’  ‘c - - el Lc-r nc - -cc - -c -- c-
51555 ? 1 ‘0 ’

e . Tv-c- . , c - n~~~~: f -InoIs - n- - ,Ic ;h’ whi t, aro c - i  i’m c - c - n t ‘lv m c- u r , ’ , - i  i n
h ; t c  h - i r , ; l — ! c - i - ] ’ i  f i x i c - n - i - c - c a - i ‘0 Ct’ s - r i  ‘ t r e e  ‘p .c - - ‘

~~
‘ 

~- c - i t ’  “ n ’ -  - n -‘ c - c - c l , ‘ii , 1
‘ 1 . ’’ ‘c - n - ’-’’ il c - c - c c -’’: r e- 1 : (l)~~ c - i c c- n t  c l i ’- ’- ’ ’ - s -  ‘ - ‘ n - c - - ’’ ol

r c - n -, - - - c  c- n ’s , ( 2 )  cc -- - sri ci c’s I c- , 1 - c- . rs , and 31 ‘ n- - a m  - m e- - an ’  n - ‘c - i s .
‘- n ,  o~~~~j c - r c n~~ i ~,- i ’ — r c  of c - n’ , c - f  t . t c - ’ — r ’c -c - isk s c - s shs--v’n n n I i c - n c - c - n  -‘\ — 1 ( ;  n~~

,- -2 .  Stc-e~ ‘TT c-_- ‘-ve l armnr- t cci Hmctc ” n-e;c - i ;’c t

c- ’ ‘ ‘ ‘ , - Yr-o n  ‘‘ c- c - - n - c - — a - ’ ’ , ‘ o t -  e n  ‘ i n c  ‘ ic - c -  - N ’, ’ c - n r c - ’ i i  i
n It-so I n rc- s  ‘I c-i n - i  r i t  clnod

s- s n - - ’ tn! ‘ i ‘‘‘ - n— . ’— n c -  c - — i  c- I c - -  “ - j ‘ ‘ Is ;’. - I c r  , ‘ ‘ c - ’  I — H I  -~
s i m m  r I je’d I - c-’ ‘ Ic - i n n ’ ,

- -  - - - ‘  ~~~~~~~~~~~~- - -- - -p
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‘

I

i c - i d - ,’ ,~ ” I t .l . i m , t l c - - I ’~’ - ,~, , - ‘ l i t  ‘ ‘ c - - c

I . c- , c - o r ’ ’he ,’!i-,\ . , l  c - n  r ’ c - c i ’ I  .‘ i t ‘ ‘ ‘0 - ‘ ‘ c - m o - c  ‘ n ’ ’ ’ ” , an’,:!

~]i~c- ‘ I c - s  jr’ a c-’ c - ’rc -— ’ - c c - - c - i t  i I i ’ s - n 1 ’ ’ c - c - c - o r c - i ’’ I : ’ m c -  i n  n c - i ’  7 — h .

c. Ho!-! ‘I, , ’ ‘‘i r’’ I i i , , ’ r-,- n ’ h ‘ c-- - - s - ° i ,- , c m . ,! ! :s’’~~~~ c - , - c - c s - c - I
c - n - , I Nt ’ I . - : -  - I ’ m  i ‘r c - c - is -] U ’ i d :  I c - c ’ I n-’

‘ 1 . Tr.c - n , ; c - I .”n ’t - , c - c-,~~- ’ ‘ nj ‘ c - c l - i n  c-., i ’ ’ - n  ‘ ‘ n . ’ i c - c -, c - c -  h o ld
i c - for 31) S.

1 - i ngi— ‘I’, ’ - - ‘-c - n c- ’ i n c - i  f , m .  l c - c - c -  I n , ’ c - n  , ‘ - I I .  I c - i ’ s- ‘ o’ 1 n - n : . .

I’ 1 - - ,’, j I i  - - wI . n’ ‘ I n n - ‘ ,rn :~-’ m ,

-

~

--  ‘---- .--- -___



A— .-, ” c-c - c - t e c -  ‘ — — I  “ c - n ’ c n - . : • r c-a  i ’ ’i ” c - n , ‘
. 

n - c -  n- c- , c - - . a c - c -  i~0Id)

a. “ I c - x  “ he  n~’ i t  — t i- n r c - c- c - r a t i o n - .  - 5 100 ml n - f  d e i on i z e d
wa’c- r, l ’ cn- g of KI , an-,’! - S io ’ ! i c- , i’- .

“ c - ak  Ctnc - -  Cr ”:s- ” c - i ic - c - ‘hi’ ‘ c - I d c-c-- ’ ‘ c - . solc -c- t i - c- , t m - n -1 c-- c r. in- . ar,
,:l~ rc-tsorc-ic c-c- ’I’ , ,c- ’ i ’ r ’ n- ‘ -c - ’~ ‘c - n c - r ’ - .

c. i c - c - n - c - i -  l,e :r ’ .’ - ’’ i~ i n . c- :,: c - : , c- l i ’ ’ il e - i  wa’s-n - for 1 n -an - , n-n-
m-c n o .

‘I . Yix ‘ n .  ‘ i n n- c- cr - e ’ - c - y ’ - c -  ‘c - y c -” j s - c -r—, ‘
~~~ c-t .~~5 liters cf

“ i e c - ’ n ’ c -:c-c- i’-’t c,c- c- ” ,-r , - 3  n-nc o ’ 7”  ‘- -‘.1 c- - ‘ a C 1 c - , i c - c’, 172 - c- c- of  “ e’tI : ”lI .

e. c-- cc -c-k ‘ni- cn- : s ’ .i l is-c- ‘ l i - n i ’  - n - c - c - n -  n- ” c-c cc l c - c - ti -’c-c r, fcc - ’ 1 n- c-c’,.

f .  R inse ‘ ‘ - ‘  n ‘a l  in c - h : ”j l l e d ccc - ’ ’-r  , 1 1 W  i t  i n n  v’i tc- i ,

r a I n - c -er ., .in I ir s-- c - ’ - -

~‘, —~‘ .8 ,,c - t c- ’ : -- — — ~~ec-’i .-’.’,u1 - f  F ’ho t - a r n - - s i - ,n -

All r r -m , ’c- c- c - c - i n  m h-’—tc ri- c’is’ reniti ne s c-c. i c - y a n g  con-c-n i e t i o r c -  cf
the ’: i i r o nnc -r -,mn - c-i rs ! ‘To l d  o t c h i m c - - i  s’ - ‘~ -‘ rc-u cc- t to  nern- c-,’’,-e-t fefe re ‘ic e
,cio’j t t’ c : rlr ,c; n-f a 2r layer.

a. $pr,c-c-’ or soak t h e  rod i n n clear. , w a r n -. ‘i::ei onci -
alc- mc - c -’oximately S sir,.

ic - . Pins.- tt c-e i s - c - : t  nc - c - r ’ c - c - m c - mc - l n rc - d c - nc - i c - i l l e c - !  v- ,c - t e r  L i  I ‘ c- 2 n -jr.

c. Swab s--n -soak II , ’ rod in GAF 5—050 1- hot n” ‘c - F t  - ‘ t m a ~ ’~
,- n

solut ion for  several  n ’c-in ’j tes  at noon-c- t en’c-I i- r ,c- ’ i nl e.

d. Rinse  the rod i n  r u n n i n q  d ic c - t ille’! vat -n f o r  I ‘ c’ II n - n m : .

e. Blow the rod dry with clean t a n k  r , i t r o c - n c - n :.

f. Inspect the rod unde r a microsccl c for c-nc -v trace of
remaining rihotoresint . If any remains , in c - cr r a:c ’- t h e  ]enqt.h - - f time that
the rod is in c- -ct -nc - s  or s t r i l - p e n ’ , or it may i c - ’  md ’- c- ’,- c - c o a n - v  t o  c- ’y- ai ” i’
: c - s r c - t ] n - ,  du r in ’n  e i t h e r  the c - c - c - - c - — t o n e  or- the n5 tri I- I ’er S t , i c - - . V - c - c  a f i n a l
w i t  i t  r i n c ’c- c- , and 1’ ic-c ’ the ro~I - I n - v w i t h  m . i  t n o ’ c - s - n .

A- . ’ .° -ci ejc- Q — — I c - j c - c - n t t e r i n y  I n c - )  Parameters Summarired

Th i c - c  n n - c a - - I c - c - r e  is c - I c - c - i’- - !  in I I , i }!DL i a - i l  it v n l c - cv - mc -  in
I nc - ri - c - Ti—Il - i n c - - I  T i — I  2
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i _ n I - - c- - ‘ ‘c- — 1 I . c-’c- c- c - c - ‘ n i ’t’ l n , c -  ‘ - i - i 1 r I c-

a - - - c - I c - c - -  c- “ c- ‘, c- n ,c- ’ c- , ‘ - ‘ ‘‘ ‘ c - c - n e  -- a ’ ~‘“ , ‘‘Is- a i ’ a n- 1’ , c - n ’
‘ ‘ n . m ’ n - i t  t f l f l 1~~. ~‘ c- ’ I, f ’ c -  -c- - c - c c - c - n ’ i n c - b  c - c - c - l c - - -i c - c i n - n c - c - - ’ c - ” S ]  ‘ c- .~

I ~~~‘ ‘  ~i i t ~ ’. : ,  j c - . ’ I  c-- c - n - n c - ,  c - c - i ’~~c ; ’ c - n i ’ - -  ci 17 c - s i  ( i ’ , ’ -~ i l 1 ?
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A s - c - c - n .  ~Z A

i. Continue the ac tua l  Zn -c -C- deposit ion for  approx imate ly
15 mm per side , depending on the rate of deposit ~c - c - c i j c~~ted cs-c ‘ n c- - -

Inficon digital thickness moni tor used for tc - c - lcc - work.

j .  Extinguish the rf discharge during the flip-over process
from the first side of the rod to the second side to improve the quality
of the ZnO . During some of the earl ier  ZnO sputtering runs , it was
observed that when flip—over of the substrate was initiated , which
required the removal of the crystal holder from the plasma and back ,
of ten  arcing was noticed . The arcing could possibly have a severe
degrading e f fec t  upon the ZnO sputtered layer. Extinguishing the rf
discharge during this stage of the t rans fe r  to the second side of the
subs t r a t e  el iminated the arcing , an d in so doing there is evidence of
improved quality transducer characteristics.

A— 2.lO Step l0——Second and Final Photoresist Step

This step follows the sputtering of ZnO entirely or. Ic-oth
sides of a delay rod . The details are the same as in step 4.

a. Keep the rods clean and thoroughly dry for application
of the photoresist. Store the rods in a clean container after their
removal from the vacuum system .

b. Apply the photoresist , GAF PR—425 .

c. Prebake the photoresist at 75° to 80°C for 20 m m .

d. Postbake the photoresist at 75° to 80°C for 60 m m .

e. Store the rods in a clean , dry area and do not expose
them to room light until the photoresist is ready for developinc-c-,’.

A-2 .11 Step 11——Mask Alignment and Exposure

a. The photomask shown in figure lc-,-13 confines the ZnO
piezoelectric layer to areas on top of each of 42 qround pattern
electrodes.

b. Using the alignment microscope bench and c- ’ac-. ’c-murn c- chuck
shown in figure A— 14, contact both sides and then ic-’x} ens-- them for 25 s
to an ultraviolet light source.
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a. Position a separate mask over each end of an i n d i v i d u a l
quartz rod.

b. Using precise registration indicators , align the masks
mmcroscopmcally in the laboratory to conform to the already existing
ground metallization and ZnO patterns.

c. Insert the fixture into the vacuum evaporator
(f ig . A - 7 ) ,  and deposit chromium and gold through the masks.
Thicknesses are equivalent to those of the original ground-pattern-
evaporated metal layers (10 —mi ) . A flip-over feature allows both sides
to be metallized in a single evaporation run. Deposit a very thin layer
of chrome to enhance the adherence of the gold to those portn-cc-,s of
crystal quartz not previously covered by chrome in evaporation of ‘chc-
f i r s t  ground—pattern step.

d. Cool the vacuum system for 1 hr , remove the f i x tu r e ,
and number the rods to identify them in the future and to facilitate
correlating their performance with their  processing history .

A-3 GENERAL STATEMENTS REGARDING EVAPORATION AND SPUTTERING

Avoid negative resist  developers and strippers, since they have
a seve re deteriorating effec t on ZriO , especially strippers containing
H2SOc-,.

During sputtering , through or on a metal mask, the mask must be in

good intimate contact with the rod or wa fer , to avoid sputtering

underneath the edges. In our situation , snap rings tended to alleviate
the problem . Thicker masks would be the best solution .

so 

_ _ _ _
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