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‘ ABSTRACT
'\ .

This report contains a deseription of work performed sn-Contract..
NeQ418-73~C=0280 toward constructing and testing surface acoustic wave devices for
signal processing methods to reduce clutter and interfering signals in operating radar
systems. The specific system (o be used a8 a test bed to determine the validity of the
concept in system environment was the APG-59.

The report is written in three parts. Part [ describes the general system inter-
face probleme and design parameters of surface acoustic wave devices, followed by
discussion of the fabrication and testing of the experimental tapped delay line. Part II
discusses the recommendations for future effort, while Part I is a coliection of ref-
erence material providing a more detailed technical background for understanding
the operation of acoustic devices.
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PART |

This report was prepared by the Electronics Research Division of Rockwell
International under Contract N00919-73-C-0280. All design and test activities were
performed with'~ the Physical Sciences Department.

The program includes both a study and a design/fabrication phase. The study
report has been presented under a separate cover. The purpose of that report was to
evaluate surface acoustic wave device applications to radar sysiems in cluttered signal
conditions, This report will concentrate upon the device design and performance as
well as the considerauions given to interface problems iu the intended radar test bed.

The purpose of the program will be discussed further in the following section
and the device dasign for that application is reviewed in Secticn 3. Secticii 4 dicusses
briefly some of the surface wave transducer fabrication considerations. Following
that specific device performance and performance data are discussed. Conclusions
and recommendztions are given in Part II and a shoxt Bibliography in Part IIL

1. PURPOSE

The objectives of this program were to design and fabricate a surface acoustic
wave device circuit, which can be readily incorporated in an existing radar system,
to improve performance in a cluitered environment. Any system changes were to be
minimal with little or no modifications in the transmitter section. The system selected
ag g teat bed by the U, 8, Navy was an APQ-59 beocause of bench test facilities and
system versatility, The surface wave device restrictions were to use no moye than
two delay lines and minimal control or amplification electronics., These restrictions
and that of a selected radar limited the range of possible surface wave devices lmt the
simplicity of modifications warranied the restrictions.

2. DEVICE/SYSTEM INTERFACE CONSIDERATIONS

Major considerations in using the APG-68 as o ,.ench test radar involved that of
locating a point of addition which did not compromise the remainder of the syatem's
gignal processing, Of equal importanve was that of matehing the pulse compression
capabllitios of tho system or of not degrading that pexrformance figure. Other cbvious
concorns were those of eehter frequmcy. bandwidth, and signal levels.

Pulse compression oY camp: c.3lon gain was the inttiad concern as the L gt test
polut was found to be that whore the present dispersive delayline was ingerted, Con-
gequently, the design of the tapped delay line clutter device had te have tho sanie
compreasion gain without compromising the concept of variability in frequency vesponse
mlle for shifis in codos or frequency. It iv believed that the device de igaed on this
prograim oan be Intexfaced at that point without a logs In puise vompression performance.

The adjustable bandwidth feature (1. 8 to 2, 5 MHz) of the system's swmn ampiifiey
chain wae of parttenlarly interest in that nerrow and wide correlation pulses inay hoth
be testod with the system, This changesble bandwidth provides the option tor wstmg
higher chip rate tapped lines,
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An additional advantage in substitution at the previous delay iine point is realized
as thig greatly simplifies the supporting electronic circuitry as the electronic
inversion of signal is no longer required when two complementary coded and matched
lines are used. Without inversion the oscillator and mixers are no longer required
and may be removed or disabled.

An added advantage of an interface at the delay line point will be that of comparison
between frequency dispersive delay lines and time dispersive delay lines using biphase
coding.

3. DEVICE DESIGN AND FABRICATION

Tests conducted during the study phase demonstrated that nulls couid be xeadiiy
shifted in frequency by adjusting the space between groups of taps on an existing 60 MHz
tapped delay line with all taps coded as '"i"s. The design phase proceeded at this point
around that concept 7nd the assumption that the circuit would be inserted at the point
where the present dispersive line was installed. Signal levels were te be maintainec
with integral ampiifiers where required.

The lougest lead item in surface wave lines is generally that of the mask desigi;
consequentiy, orimeary consideration was given to a mask designed to make it versatile
to several regui oments so that only one design would have to be fabricated. Both the
shoxt (2 in.) and long (4 in.) tap lines were desired to accommodats any coding
sequence which may be desirable and fo match the radar delay requirements. In
order to do this the mask design presently used was conceived. This m..ak design
allows the rumbesr of tap configurations to be adjusted on each part fabricated. The
input transducer length and chip rate can be varied by a factor of 5 from a high chip -
rate to low ohip rates. The values of chip rate available are in step lntervals of
0.1609 psee.

Of the several materizis considered, S1-cut quartz is most sutted. Good
tomperature siahility eliminates the need fm. tempera&ure control fov mmimtzlng any.
temperaiure nuil shift effects.

The smillest ohip rate was scleoted |1 oxder that one might want ta phase code
one of the pulse modes of the radar sysiem. The longest bit rate or loweat {végueusy
of chip rate was determine.” by the present dispersive line used in the system. For.
this mode of operation the same compression vatio and basdwidlth were usad,

In the design of tapped lines the capacitance and radiation resietance of the input
fragsducer aye important pm'ametevs. The radiation vesistangs, along with the coll
réstatance, finger recistance and Cuier vesistance componeats in the circuit detovmine
what resistance component {8 presonted o the input oirveuts, The total ¢apacitance
of the transducer determines whether the unit may be tuned by a s ple fnduetor, W
the value of capacitanee (8 too small the requived value of inductsnce may vot be
obtainable because of self-resonant effects in the inductor itself, Since the deslign
calculatiens ndicated that the capaeitanee value may be marginal, tuning experiments
with toroidal core inductoxs were performed {n order to detormine f tha sniall
vapacttanee of the designad input transducer could be tuned.  Ono of the bounds on the
marimum gize of the capacitonce s the width of the material, and since the avaiiable
materinie wore no wider thun 0.3 in, it was desiriable to keep the width - * the tyang-
ducer below this value It was found that T25-6 Micrometals coll wouns »ith No. 36
wire was eapable of tuniug capacitances much smaller than those expected ip the input
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transducer circuit, The coils were operating ou their self-resonant curve, meaning
that the effective series loss was higher for very small transducer capacitances,
whereas, the value of this spurious resistance coniributed by the coils was almost
negligible for the very large transducer. A summary of the final design parameters
for the mask sre given in Table 1, and 2 with a schematie representation of one finger
pair given in Figure 1. Another consideration in the design of a tapped line is the
output signal level from the taps, Each of the taps obviously canrot equal the design
of the input transducer, as the resulting capacitance of the inactive taps would severely
load the output signal of an active tap when it was delivering signal to the load. For
example, if a typical line has 100 taps, 99 of those taps will be shunting the signal
coming from the first., In order to limit this insertion loss a level of 502 at the
center frequency is usually selected. When this is done 2 loug tapped sequence will
have one, two or three finger pairs for each tap instead of the five or more for the
input transducer.

The masgk was manufactured using an automatic computer controlled photo-
composer with 250 p in, stepping capabilities, which defines the exact center frequen-~y
of the tapped lines. A five finger pair section was chosen for the basic transducer
length since this alse provided a value in agreement with the compression gain and
bandwidth requirements of the system's dispersive mode when five of these units weve
used as a composite input transducer. The design parameters for these input trans-
ducers are given in Table 1.

The value or R, chogen for this applicatiou was 26 2 in order to allow for finger

_registance and coll resistance. - These parametexrs when added to the value for Rg will

tend to provide a mateh to 5082 and provide the extra resistance required to lower the
elocorieal Q. This will not be sufficient resistance, however, to prevent the slectrical

- @ from dominating the input cironit when only using one 5A <ection. This dominance

deorensas however when additional sections axe used on the input transducer besause
of the redustion of the eapacinve v eaetance. The resitonce R oan be oaleul.xted by
the formulas, : _

N 1800

R = s “’X = Tyansduver width in wavolengths.
| . “’K h
Tuble 1. Transducer Pavameters

Pagy  Twses) | BWMHy | Total Length (Mily)
s | emwes | oem o f 2w
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Table 2. Design Parameters

N Co
24283(10)*D in. /sec)

-iX Ao = 0.004 in, fo = 31, 070866 MHz
= 1-

5 1,822 pF 2.7 K

10 3.644 1. 36 Input Transducer Aperture =
Ra =

15 5. 465 0,903

20 7.287 0.68 Tap Transducers Aperture =

25 9,109 0.54 Maximum number of taps 160

0,270 in. (67.5\)

0. 200 in, (50\)
3692

Minimum spacing . 020 in. (0. 1609 nsec)

N ) 21 SRk e,
1 FIN&'Sl;R PAIR = A0 78 3 MILS
(N=1) . % 4 MILE
K] / | 5 MILS

Figure 1, Ono Figure Pair

f
0

41,4278 Mitz
31, 0709 Miis
24, 85T MMz




where w) = the aperture width in wavelengths, For w) = 67,5, Ry = 26.6 this
corresponds to a physical aperture w = 0,270 in, ~— a width thaf wlll fit on a 0. 300 in,
quartz bar with room for bonding pads. The next parameter determined was the value’
of the input transducer capacitance, CT‘ For this the relationship

C width in inches
number firger pairs
2N-1

Ckg = 0.7497 pF/in.
The value of Cy; has been determined by many measurements of transducer fabricated
. 8T guartz, Using this formula, the values of Cr for input tvansduce:. sections up

to 25 finger pair long were determined.

Experiments were peiformed in order to ensure that the smallest value of input
transducer capaeitance could he tuned with an inductance, It was found that a Micor-
m etals T25-6 forowdal core could be wound with sufficient turns to provide the covrect
inductive reactance to tune out thae 1. 823 p¥ before the coil became scif-resenant,

- But because the eoll was approaching self-resonance a significant value of sories

~ resistance aliove that due to the wive was added to the eircuit, This was not detei-
mental however, since additional resistance should be gdded to the olveuit for this
amall value of oapacitanee if the eleetrical cirouit Q@ dominaace wig o he vemoved,

- The next pavameéter to be conslderad was the tap ladder transducers. Beoause
" the multiplo purpose nature of this mask design, ull the details of the tradeoffs will.
 not be doseribad; howaver, a discussion mn beo giver to provide na outiine of the
thinking involved. The find design was set to accommodate tap ladders up to 4 i,
long even though the inigial uso of the maals for the Lzmmmry e,.\pcﬂmmns u-miii enly
requ’Te 2 i, of iap ladder.

 Constderation must be given to the loadisx{‘ of 4 single tap by all of the t‘ap%
dectrienlly In paralic with ft. Fox this reason the values of Ry and O are much
different than that of the {apui drdnsducer, Tho value of Ry (s salculated as above
“but fora witdth of €, 200 in, (B0AL Oy {9 slso calenlated by it respavtive formwula
hut for a wtdth of 0, 200 in, and for only three fingor pales (N=8).

 The values for Ry and Cep are 3832 and 0, 149 pF {«16.8% K ). The tmpedance
whish wii shuut the working tap will be w0, 90-§171. 3 when 40 faps Sro W tho tap
ladder {the laboratory experimontal esgv). From thase valies and the vajuus of
impedance for the pat transde or 4 vadue of fneertion loks to the fi. st tap caa be. _
ebtained, Thetap loss is eatoulated to be 38,5 03 and the Input trenedocor loss T, 1 48,
When bi-divectional lovs, suvfacelosy, md goonetrio lose are mided, the telst valve
bocomes 63,7 dB,  This vepresonts the loss from tnput sigual 1ovel to the firet taps
output lovel, ' - :

¥ !rmrc 2 showa the geometric layeut of & tapped dabay Hne.  The tnput transducer
i on the left end, Edch of the metaliscd fingors is spaced one-half wavelongth, center-
to-center distence. The leagth th the direstion of propagation of ench of the fingers i
one-quarter of the center froquency wavelength, At the upper and lewor ends of the
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fingers are pads which connect all fingers together and act as wire bond peints, The
distance between the input transducer and the first tap is detexrmived by the space that
is required to RF shielding the tap ladder from the input., This shield must be wide
encugh to prevent energy from coupling directly between the input transducer and the
tap ladder feed lines. I also must be conveniently wide enough so as not to hamper
fabrication. :

Each of the taps in this figure is made of three finger pairs, The X's indicate
the place of seribing through the aluminum by which.the taps can be coded either ag
0 or 180 deg phase output. The crossover bars allow this phase change to occur. The
center-to-center spacing between taps determines the chip or bit raie -and is identical
in value to that of the input transducer length, The taps arve desigued to produce a
maximum signal with a2 minimum loading of a tap which is active, W the lower lefi-
hand corner is the simple eleetrical equivalent ciroult of either a single ftap or the
input transducer. The primary difference les "1 the valus of Ry and Oy for each of
the units. In the design, used for Iaboratory bench testing, there were a maximum of
80 taps in the tap laddey., The design allows the length of the input tronsducer and a
selection of taps so that a number of taps can be choson which are proper for the input
transducer being fabrieated, '

4, FABRICATION AND PREPP\RA’!‘K)N OF TAE’PE“ DELAY LINES

The fabricdtion and preparation of tapped de!as) lineg I8 a standand praeadure
in the laboratory, Exireme c&rve mest be taken at all stages in order to produco 2
devics which has no defects, The inttigl step aftor obtaining the pelishad quasts is
te olean the guavtz thoroeghly so that the alumibnum which is to be evanorated on the
gooustic propagation surfeee holds flraly and doesnot peel up at a lator tone. Cneg
the subatvelos ave thoroughly clennad and deied they are plae«! in @ vaceum chanher
aad a controljed thickness of alwmingm ev.:}mr:m\i opte their surface. This aluminum
thickuesx may be as thin 28 2008 or as thick ns \zum};x depnding upon the device 1 be
fabrioated. For the tagpeed Hnes {n this progra . values between 10003 and 40064
weore ovatustad,  After the havs arve propured w:ﬁs alunvingim the nasd wtop 9 (o eaat
the alumingin with & photeresist, oxpese the photoresist on the aluminizad bars threugh
the maogk, and eleh the exposod ares sway.,  After this process the bavs are cleaned
with & gecond selvent which is dedigned to disselve the vomsining pholorasist,  Figure 8
through § shaw a photogeaoh of two conpleted typlosd Hines, one photograph shows the
shm‘icr'mph* transdueer uswed fn the alt “1"s confliuration ssad the othar the longer one
which was uyud fn the coding cxperiments.  The bars ave thea delivered ie the Taboragory |
where the thickness of the aluminem s measurod and & measurement of the input
transduese’s eapactignoe 18 mude.  The delay line's tap Isdder fe then eoded by seribing
thiough the alumibrum of the small burs aftaching the transducer tap Hngers f the
mak pads,  Aftor these processed the Hawes ave the: bonded us{m. gald wive, The
quariz subsirate ig nex. mounted ina hox for protectic: during bandiug sud festing
and the gold wives from the transduvers connectad {o appropriaie output poims on the
cods or sides of the boxes. wvrimm*.ﬁ cloctrtesi measuremeniy cin now be _
accomplivhel. "
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5, AUXILIARY AMPLIFIERS

Y EN AN

_ Two amplifiers, 4 preamplifier, and a post amplifier, are used with sach -
tapoed line in order to retrn the processed sigual to the originsl level after passing i
through the tapped delayline. One amplifier of each type has been constructed and '
tosted in order to verify the design and uncover any possible interface prebioms
between the units and the tapped lines. '

T W TR AOUS

Experimental amplifiers are presently packaged in individual cases designed to
connect to the SAW tapped delay line by means of the SMA conmectors (ses Figure,8.)
This packaging concept was adapted in order to provide a more convenient means of
changing sets of coded tapped lines in the radar system chassis during the system !
tegting phase. The amplifiers as presenily constructed are 0.75 x 3,75 x 0.375 i, ‘
with SMA comnectors on each end. Each amplifier package consists of a Fairchild ' i
MAT33 amplifier chip sealed in a TO70~can, These amplifiers are also available in
chip form, a factor to be taken into consideration for the final packaging concept. A
schematic diagram of each of the amplifier cirecuits and its interface with the tapped
delay line is shown in Figure 7. The gain, and input and cutput impedances, have been
set in order to provide a proper interface with the tapped delay line. Each of the
amplifier units gain can be adjusted by means of connections external to the chip
mounting case, as indicated in the schematic note. The low voliage and current
requirements of the amplifier will allow them to be run from any available system DC
source or even separate batteries if a low noise, low ripple source is required.
Figure 6 shows the units constructed for the laboratory tests while Figure 8 is a
schematic picture of the units to be used in the system tests,

R e oy Y L e

i

T TR T A, Y T

e

Figure 6. Input/Output Amplifiers

11

LT SR Tt e T

PR a2




doglIasu] pue 23IN0I}D Ioiyijduwry

‘HIAIMANYY
3SVIwINL ANV NIVD 30N03E O 8 "ON
ANY € “ON SNId NIIMLIE IONVISISTI Qay

100 $33€

TVNOIS

"L @ansig

‘ZLON 3. .1

seLYwW - 7 °¥Y

SLI0A &
7

>3-

g ettty
e —]

¥4 1

| vnois

aL

!

S1IOA 8

S170A 9-




R R S LY P

e R T e T

WA BT R R L DR T

R

e TR Y

T e e

6 VDC
TUNNING COiL

AMPLIFIER y / /F SHIELD TDL.
AMPLIFIER
\ g / L
L

gV

TT LI

AMAREERNN

R

k¢

Figure 8. System Conifxguraﬂon for TAP Line and Amplifiers

In the final packaging configuration for the system tests the clutier reduction
device could be made into a single compact package, Utilization of the present type of
amplitier and their associated passive components, in chip form, minimize the gize of
the device. The size of the package in itg final form would be approximately
0.5% 0,75 x 4,0 in, The iength of the packaging will be primarily determined by the
tapped line length whick in the system tests could be up to 4 in. long. The typs of
connectors reguired would have to be determined by the system lnterface reguirements

~when this phase »f the program begins,

Tests of the amplifiers have been made butweon 50Q souroe shown and they each
have a measured gain above 30 dB, The units were also tesied on the nput and cutput
of & tapped delay line and operated aatisfactory,

The packaging of the tapped iines for system tests ig in U shaped channet boxes,
the box being suificiently long to accommodate the line used, At each end of the
will be a gmall chip amplifier. The amplifiers chosen for thig function were Faivehild
pAT33 which have frequency responses up to 500 MHz, Those unils ave aleo very low
voltage devices and should have no problem in obtaining power from the pormal test bed
system. Each of the amplifiers provides an optimum impedancy on (te put aed output
to the system oy tapped delay ling, It ts thought that an lmprovemnent in the tapped
line can be obtained be obtalned by utilizicg n high impedance tnput to the amphfier
rather than trying to match It to 500 as is vhe normal practics. The outpat of this
amplifier can be adjusted t¢ match the systems characteristio impedance. On

13




the input end of thc amplifiers input is adjusted to that of the system output and the
oatput of this amplifier adjusted to provide the correct impedance in order that the Q
: ', of the input transducer inductor combination do not dominate the bandwidth of the unit.
The figure shows an artist's concept of this configuration. In practice the ampifiers
may be built to be portable between iines and consist of connectors at the tapped line
amplifier interface insteac! of direct connection by wire as indicated in the drawing,

6. EXPERIMENTAL DATA

The first electrical measurement to be made on the tapped delay lines was
the input transducers capacitance. This immediately gives a value of capacitance with
whieh to work in designing a coil to tune out the capacitive reactance of the i, it trans-
ducar,. Some typieal measurements for the short . 160 p sec input transducer and the
longsr +-320 psec transducer are shown in Table 3. The tap ladders are also inspected
and megsured to see if there are any shorts in the taps and if the capacitance values
ars in reasonable agreement whan compared to the design value.. As mentione. o
the seciion on fabrication and preparation, the alumirum thickness is also measured.
In ouP cage we customarily prepared the lines with an aliminum thickness which had a
nominal vulue of 1000A. But calculations indicated that this value would be too thin
and roeke the fingex, resistance too lazge. The original lines were then prepared with
4 thickuéns of 1800A and even this thicl-ess proved to be too thin. The photograph
iu figure 8b ghovws a variation of insertic - loss between the two different tap phasings.
There is &-measured difference of 2 dB between the "1''s and the '"0"s taps in this line,
This is cauisd by the high series resistance of the thin aluminum line crossing over
tap apertuyxe in order to provide the 180 deg phase reversal. This problem was
resclved by use of thicker aluminum. The photograph in Figure 9¢ wus also included
to show the eifect of missing taps. The final sets of lines which were fabricated were
propar:t at 3900A and were found to have eliminated the problems of series resistance
hose fihe fingsrs,  After the aluminum thickness has been measured the line s
checked for coding srrors.

When this measurement ls completed the line is then ready for ite input ivansducer
to be tuned. A coil {s made using a tovoidal ferrite corve, The type of coil form used
for this prodeet was a Mierometals T256-8. The conipleted coll 1s meusursd on & bridge
to determine what spurious series rosistance will be added to the resdnant system and
whather the cotl hss sufficient inductance to tune out the luput transducers capasitance.
The sotual tusing of the input to the center frequency fy is done or an H-P Notwork
Andyeer, The preforred method of doing this 18 to uss the polar display and ohserve
the mwesy o the laductance of the coil is adjusted. This method immediately dotermines
what the tfaprateh wiil be when the Une is completed and alzo gives a measurement of
the € «f the ypat wirealt, Figure 10 shows the traces as presented on the Smith chart
when sive lrget {8 tanad, The trace i Figure 104 shows the effect of high fingey
resistassoe combined with high series resistance of the voil, This should be ¢ompared
with Figare 106 in which these spurious values have been reduced.

An appeoximate value of f 18 obiained by observing the acougtic {nteraction with
the cleotriend wivcuit on the Smith chaxt, Thiz Wteraciion usually shows iisclf as a
group of smull eircles or little ensps occurring along the smooth curve at the freguency
whioh the iine will operate.
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The next step in measurements on the tap lines is to measure the line in the
time domain. To do this the frequency of a signal genersator ic set at the ecenter
frequency of the line and its output fed i{nto a switch. This carrier freguency is then
gated by a pulse genera’or whose pulsewiu:h is set to the time length of the input
transditcer oy the propagation time between taps. In this case the time length of the
input transducer for the lines being measured was either 0. 160 ug2c for the all
"1"s coded line, which was used to detormine the center frequency of the
lines for purposes of checking mask design. The observations of the tap output level
give values for the insertion loss to the first tap and the chaunge in loss or taper as the
signal progresses down the tap ladder. An example of & measurenmient taken on the all
"1'*g Yine is given in the composite photograph of Figure 11a and 11k, This line is the
unit whioh was used to determine the accuraey of the center frequency of this design.
1t should be also noted that in photegraphs of the coded tap line outputs there is a
taper from the first tap to the last. This taper was measured and fouad to be in the
order of 2 dB.

in order to measure the frexjuenay of the line accurately a very long pulse is put
indo the {nput transducer. A correlation triangle Figure 11b is then formed and by
adjusting the signal generator's frequency and measuring the value with a counler the
exact frequency of this line's operation can be determined. The phoé,%mpn in
Figure 11b wiich shows the pyramid-like shape indloates the type of duta which allows
us to determine this frequency information, The cutput lével of the peak of this
triangle below the lupat pulse level also gives o measure of the expectad corrvelation

‘ghin whena two lines are used i o normal cedad pair conflguration. It should also be

notod that the tapes for the thinner aluminum lineé (Figure ila) is f:,rem ap than that of
the heavier slumbnug line (Figure 9¢). This ia caused by resistive losses which aro
inhereat in the pads and in the tranaducer i tgera.

‘A measurement of the codad Unes corralation peak and stdelobes was immediately
ohtaineble by using codwd sequvnee whteh was genersiod by g double balausesd mixor
mmﬂbie of %stx;mse niodulsting the 30 Mz sigaal.  This mixer wis deives by o Moxon:

Autas gmer‘u@r which ~ugplied the biphage pulse soquenen to generute the voded wave~
foxsy ab the Upe's center froqueniy,  This biphuse swded RY scjuente i@ neguelly
generital by o sevond coded Haes  Thiz methed of tanting with the date ;,&xeraﬁur

allows indegendent adjusiniest of the RY garrier fre-:mﬁncy and the ohip rate of the vode '

sequite,  The dota generigte? teohidyne also allowed arbiisery varigtions of the s cady
by metns ~f 168 pla programmadle weds and thershy wauld allow o doterminsiion of

tow code varhutlong affectad the covvelation pesk snd #ldelohe levels, Muossuroments

of the correlutioh peak and sldelobe Tevels wore ulso made by ustag two eomplemotitary
coded lines since this will be the method by which the codo will bn geteratad and ducodaed

darine the syatom's test, ‘The photoy’ ciphs of Figure 12 show resulie of thess WERBVL A

mienls,  In additlon to these messuremeats the units were sliso terted with Laste sixiliaty
inpt und ottpat amplifters, This was dons to detormine whothey fiere wow’d ho am
detrimental eifects whed vuejng these au*m{ﬁwa with the coded Haes, it was found much
to our sarprise thel the eutpat tuper of the eaded Huus was roduead Lo ¢ very fuisil
value (%172 dB; wien the tappad output of the lnes was feading the pa 753 amplifiers,
Thie effect was not exgloved in depth but it wae suspected that the eifesct was cavded by
the higher impodunce of me amplifier ckusing fesn oniput foading ob the tap ludder,
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Data was also taken to determine at what level the amplifiers would saturate and
the effects on the line performance. The photograph with the sharp, flat section on

the lower half of the trace (Figure 11d) indicates that when the amplifiers are over-
driven they saturate in one direction, It should also be noted that the tap cuipul still
remains flat to 0.5 dB. The next set of data taken iz the information about null
shifting which was of much interest because of its application to the new concept. We
divided the tap laddexrs of both lines into groups of five taps. In the first split code
experiment we then fook two groups of “ive tap~ on the far ends of the tappad line and
set this up to be used as the encoder. A similar get of taps were connected on the
compiementary or decoder line. We then observed how thesetwo lines using these tap
groups correlated (see Figure 12¢). The configuration using the twenty central tap is
shown in Figure 12b, Afier these line pairs werc measgured in the time domain, the
line pairs were measured for their frequency transmission properties on the network
analyzer, This was done to determine at what Jregquencies the nulls occurred. Follow-
ing this experiment a identical number of taps buf now in ..e center of one line and on
the ends of the complementary coded iine were connected and their non-correlating
properties were cbserved (Figure 12d), after which Gata was obtained from these new
line configu: .tions on the position of their nuils, From first se. of information obtained
it was possible to determine how far the nulis shifted for two extreme tap groupings

and whether this correaponded with the calculated shift. As one can see from the data
{Figure 13) there was a definite shifting in the nuils but the general pattern of response
was differen lnan the responss originally observed with the 60 me lines which was an
all ""1"'s configured line, The data does indicate that the nulls can be moved arcund
with respect to a given frequency and that by adjusting the tap groups (by a programmable
electronic system) the nulls could be placec over a signal which was to be eliminated,

For a basis of comparison (Figure 12a) is a photograph of two lines correlating
when als: 40 taps in both lines are functioning.

(B SUMM.;E XY OF DEVICE PERFORMANCE

Prelinvaary devices were made and the freguencies checked against the desired
frequency. The measured frequencies were very close to the design differing by only
14,5 kHz and 2 kUz for tne all "2" lines constructed. A slight excess 1oss in the all
"Yg line wis observaa, Also the line was checked for tap integrity, impedance of the
taps sud capacitance of the input transducer, all of which fell within reasonable limits
of the expocwed deslgn values. A set of coded linos was then fabricated using a move
ugeful iransducer Line length (0, 320 pseo) and tap ladder configuration. This firat
set of biphane co'2d lines worked well showing a definite correlation peak. Some
improvement cuuid be obtained howsver since the evenness of the tap output was not
adeguate and it was also observed that the sidelobe levsl in the corvelating line pair
could be {mproved upon. Agaily the losses were alightly larger than the theoretical
oaiculations but this is not unusual since there ave a few minor sources of parasitic

“registance which tre not included in the caleulations, In oxder to determine i the
neverness of the taps could be remedied a second set of lines was made with heavier
meinlization for the transducers., K was hoped that this heavier naetalization would

- reduce the resistancs and Alow the tap culpuis to be more equalived. While tesis

progrosaed on the originel nel of codad lines the szoond set was belng fabricated. The

- saoond st proved to be imperfect in that one of the lines hiad three taps misging but

were moxe than adejuate to show the effect of the metalisation. Additional tests showed
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that changes in the tap configuration would cha..ze the null positions. Each of the
correlation gains was identical for all of the configurations when the same number of
taps were used. The nuils showed a 'fill-in' which was slightly greater than that .
expected when the tap configurations were changed. The deterioration of the peak
to the sidelobe ratio from that observed with the fully coded 1ines was not cbjection-
able. In fact it was the same order as that observed in the experiments with the -
fully coded line pairs. '

The avxiliary amplifiers were fabricated and then tested with the tapped lines.
Saturation effects wera observed at high input signal level. These effects may not be
detrimental since it appears that the amplifiers act simply as limiters. Additional
tests should be performed in order to determine what phase shift if any is indicated
by the saturation effect. A large iraprovement in tap output taper was quite apparent.
The gain of the amplifier pair was more than adequate to make up for the signalloss to
the tapped line (approximately 30+d8/amplifier).

Before additional bench tests are performed on the 'follow-on' contract, sets of
additional lines should be fabricated. At least one set of the longer 4 in. type of
tapped line should Le tested so that system tests may be performed with a variety of
lines, codes, and line lengths. Additional auxiliary amplifiers should also be available
to speed up the comparison tests of the laboratory hench and in system tests when they
are performed.

8, IMPLFMENTATION OF TESTS IN SYSTEM

After thorough testing in the laboratory to deiermine the parameters of the tapped
lines and the degree of null shifts the next phase will be to insert the line into a radar
system. The test bed system for this project is the APQ-59. It is intended that the
truped line be placed in the circuitry parallel to the dispersive line in the transmit
generation section. The present 40 psec dispersive line can then be compared directly
with the tapped line performance. The tapped line would be placed with its auxiliary
amplifiers so that its output would go tc the sum line IF amplifiers and its data be
processed in a manner similar to that of the present dispersive line. Referring to the
block diagram Figure 14 one tapped line would be used for encoding the transmitted
signal. This line would be driven by short bursts from the systems 30 MHz oscillator
in the same manner the dispersive line is now being executed. The control voltage and
timing oircuits would turn a switch on and off at the PRF rate and allow short bursts to
enter the 30 Hz line encoder. The output of the encoder line would then be amplified
and mixed with a microwave signal scnree (fy) which differed from the transmitier
signal by 80 MHz. The two signals would mix yielding the transmitted signac and then
pass through a narrow band filter in order to eliminate the other products obtained in
the mixing proces At this point the encoded microwave signal is routed to the power
amplifiers and out vhe antenna, Upon returning from the target the signal would be
downconverted and amplified wad now as an IF signal would be presented to a tapped line
decoder which was placed in circuit parallel with the normal dispersive line. When the
tapped line is in the circuit it would be possible, either by electronicly programmable
taps switching lines with different tap configurations to adjust the tap pattern in both
the encode and the decode line. By this switching arrangement it would be possible to
shift the nulls over undesired signals such as ground return cluiter or main beam
clutter. In order to compensate for the Dopplex shifi an adjustable local oscillator
would be provided so that the entire null patterns could be shifted in frequency. In this
manner the incoming signal could be transferred along the frequency domain so that the
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nulls couid be placed exactly over the undesired signal. The output of the tapped line
decoder would-be-a-sharp-spike-0.8 igec wide. This signal which is similar to -

the dispersive line output would then be applied to the sum line IF amplifier and subse-
quently processed in the system. It would be possible fo observe at the output of the
sum line amplifiers ths exact information which was being produced by the tapped line
biphase enceding system.
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PART I

1, RECOMMENDATIONS AND CONCLUSIONS

Surface acoustic wave devices are capable of solving many radar problems and
improving radar performance in arsas other than that of analog matched filters, The
very fact that the signal can be intercepted, sampled, and modified between input and
output opens up the whole signal processing and clutter reduction areu.

The results of this program show that the tapped delay line can serve in the dual
role of coding signals and provide correlation gain in addition to performingy a clutter
reduction function if an appropriate selection of taps and tap spacings is chosen. The
effectiveness of the device under system operating conditions has yet to be detevrmined
through test in a system, thus the following recommendations are raade:

1. Test of the present device in a bench test coafiguration of sither an
existing system or a m ~kup of any Doppler system.,

2. Development of a programmable atructure following the bench tests
to provide clutter reduction and couing changes on a pulse to puise basis.

3. Evaluation of the Fourier analysis clufter reduction approasch as well
ag tapped delay line reflection techniques.

Additional effort should alse be applied to the stady of "split" and "defective’ codes in
order to optimize the selection of codes for the tapped lines to be used in the system
tests.




PART |11

1, BIBLIOGRAPHY

¢ T. D. Maines, E.G,S. Paige, "Surface-Acoustic-Wave Components, Devices and
Applications," Proc [EE, Vol 12¢, 10R, Oct 1973, IEE Reviews, pg 1078,

@ H. M, White, "Surface Elastic Waves," Proc IEEE, Vol 58, pg 1238 (1970).

@ J. M. Collins, P, J, Hagon, "Surface-Wave Delay Lines ... Electronics,"
pg 110, Jan 1970

@ G. S. Kino, H, Mathews, '"'Signal Processing in Acoustic Surface Was 2 Devices,
IEEE Spectrum, " Vol 8, pg 22 (1971)

28




