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[introduction. Antennas with w~de bandw~dths have been exploited for many appl~cations. Log.

periodic and spiral radiators m-e examples of structures that can be des~gned to cover any desired

bandwidth. One of the most ~mportant uses for these antennas M as feed systems for focusing objec-

tives, typified by the parabolic reflector.

Many systems are required to operate in an automatic tracking mode, and “arious sum-difference

monopulse techmques can be used for this purpose. Tbe monopulse comparator networks required

for these systems generally consist of particular types of microwave components, that is, hybrid

Junctmns and possibly fixed phase shifters, The subject of this paper is tbe design of comparators

to operate o“er bandwidths of many octaves, consistent vntb performance that is now available with

“frequency-independent” antennas.

The comparator design discussed here makes use of TEM transmission-line components, specifi-

cally, integrated str~p -transmission-line assemblies. The range of frequenc~es over which this tech-

nique can be used m about 100:1, from approximately 100 mc to about 10 gc.

A typical wideband mormpulse tracking system is shown schematically in F~gure 1. The radiator

U5 a four-arm spiral fed by a comparator network to produce radiation selectively from tbe one-

wa”elength ( sum) and two wavelength (difference) bands on the spiral. The components are 3 -db

directmnal couplers and fixed 90-degree phase shifters,
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Figure 1. Two-Channel Monopulse Comparator Network for a Four -Az-m

Spiral Antenna.
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Basic Component Design. The cl<sign approach fur the components mwl, cs the use of parallel-

coupled TEhl sec.t~uns Several coupl$. d scct~ons, each ane-quarter xa, vlen?th long at the cen!er of

the frequency band, w~th ,ary~ng coupl ins co? ffictnts, are used TO ohta~n the necessarv number of

degrees of freedom

This <cncral appruach lvas or )ginat<cl by w(rkers at Stanford Research Inst~tute, and ,S the only

feaslhle techmque at the plcsent tlmi I.oq-per, ochc components ate being mestlgated by Du Hamel

and show prc]misc, II<, wev<r, lt IS Cclt that they are not suff~cltntly well developed tu perm~t either

practical appllcatlcm or cumparl son w,th components described here.

“rhc operat]on O! the- bas,c multlscct,on drrectmnal coupler IS outlined In F <ure 2 To a fmst-

orckr appr o~lrratlon, the frequency response ,s described m terms of odd harmomcs. the fundamental

br~ng sm ~, whcr C. L LS the length of the md~v~dual sectmns
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Figure 2.
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The operatmn of the protot>pe phase sh~fter ,S dlustrated ]n F,<ure 3, The requ~red nearly con.

stant dlfferentml phase Shift IS made possible by the dLspers I\ r ?haracterlst, c of the coupled regmn.

Th,s dmpersmn ,S descr~bed, also to a fu-st. order appro,, matmn, b,- ?,-en harmonics, the fu-st of
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F1gur’? 3.

There M no precise synthesis techmque for reallzmg component des~gns w~th equal-r~pple per-

formance. An ~tei-at~ve procedure, which uses electromc computatmn, has been developed. Although

the procedure IS not descmbed here, It M suff~c~ent to state that prototype parameters of any desmed

precmlon can be achieved (Reference 1)
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Practical Cons idcratiotis. E.-en though the synthcs~s problem can be over come, the conven-

tmnally des,gned d,rect, onal coupler or phase shifter presents sermus pract, cal l]mltatmns, For ex-

ample, If the overall cuuplmg and coupling tolerance are held constant whale the bandwidth increases,

the coupling coefflcmnt of the center sectmn of a clmectlonal cuupler also Increases. Thus lt ,S nOr -

mally impossible to set an upper 1Im,t un couplm< coeff, c,’ent and st,ll obtain arb,trary couplm~ and

bandwidth, even though, from a pr act,cal stanclpomt, one would llke to do so. A slmllar sltuatlon

holds for the phase sh, fter.

The practical de sl!gn l,mltatmn IS avo, ded bv using coupled sect,ons m tandem for the dmectlonal

couplvr and in ser,cs for the phase sh, fter. These techmques, together with some sample des%ms,

are ,Ilustratecl ,n F~gure 4. The basin for the fa”dem d~rectmnal coupler IS best understood by relat-

Lng the coupling ccwff,c, cnts of the ,nd,mdual couplers (Lath of which may have many sectmns) tu

angles, Thus, the coeffl.lent of one coupler IS Iil = sm e, and Of the secOnd KZ = s,n ~z> the cOuPllng

of the two couplers m tandem IS g,ven by K3 = s,n (al + LY2) There fOre, the anal$lcal prOcedur’ ‘or

acldm$ u,uplcrs m tandem IS stral~ht forward and, m fact. s,m,lar to that used for phase shifters.

In the Table of F,gure 4, two general types of tandem components are represented. One ut,lwes

~dentlcal mult, sect, on coupled reg~ons m tandem, and the 8.1 bandwidth coupler and phase sblfter are

i-epreserdat~ve, It should be noted, howev?r, that the rnax~mum co”plmg coefflc~ent requrred m these

cases ,s I clat~”ely h~~h, and ,t can easdy be apprecmted that bandwidth cannot be mdefmltely increased

w~thout mcreasm’g the number of tandem umts. The more practical des~gn approach M to define a

ma!nmum coupling coefficient and to use unllke couplers. In the examples, the coupling coeff~c,ent

has been llmlted to 0.542, and It M seen that an 8:1 band 3 db cOuPler Of this design actuallY ‘Ses

fewer coupled sectmns than the Ident,cal-unit version.
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Figure 4. Coupling Parameters Requm?d for Various Quadrature Couplers and Phase Shifters
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The final practical problem is the coupled transmission line configuration. It is required that

mechanical simplicity be maintained while coupling is varied from the maximum value to very loose

levels. The selected configuration utilizes three layers of dielectric material between ground planes

Offset coupled strip transmission lines are contained between the dielectric layers. The maximum

coupling is obtained when the strips are located one above the other and it is determined by the ratio

of dielectric thickness.

Figure 5 is a photograph of a 1‘7: 1 bandwidth 3 db directional coupler with one dielectric layer m-

moved to expose the coupling region. The dielectric material is copper-clad polyole fin, in layers of

1/8 inch, 1/1 6 inch, 1/8 inch. The strip configuration is obtained by a photo etching pz-oce SS. The

operating frequency range is 88 to 1550 me, and the performance of the unit is plotted in Figure 6.

Figure 5.

Monopuke Comparators. 0“. of the b~s,c ad>-antages of str~p transmission line is the ease of

designing many components into .s single assembly w~th no Intcrcormect,ons. Such con f~guratmns are

ideal for hybr~d networks, such as monopulse comparators, 1. wh~ch phase and arnpl,t”de must be

carefully controlled. The only lrnit axion IS the available d~electric sheet s,ze. .4s an example, a

monopulse comparator covei-mg tbe frequency range 1 to d g. has been photo etched on a d~electric

sheet measuring 10 by 10.5 inches.
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F,gure 6. Performance of 17:1 3-db Coupler
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