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111. M()])l F)] CA’]’] ON OF” 1,U14}’1:1) 1:1 ,l:Ml:N~’ COUP] 1{:}<

MOI)}LI, 2’0 1 M} ’}{OVE: MAN UF’AC~’URAI:I 11 ‘J’Y

j nt Crcc)nncct..  j ng wj l-c: bonds and 1 j r)cs adci t o t.}lc SC] f - j nc~ucjt.arlce furt. hcr

ciccrc!asj ng M/ J,.

An ac]di t. j c)rla 1 jrlc~uctancc  of ln}l (a t.ypj cd] va] uc f c)r j I-It c?rcc)nnect.j  ng

1 j I-ICS anti bc)nci wj res) can be coIlipc2J)sated fol dt. })ar-rci CeI-It. eI- by adcii nq

98 .“lpF Capacj t ors as :;hown i n f j gu]-c) “/ .

~’}lc! Corlperlsat.j  r)q capacj t ors a]c? 1 arge ar)d :i(id undesj rabl c: Collip]  exj t.y t.c)

t.lle coup] er; therefore, t.hc st.l-uc:t. ure shcjwn j n f j gur~ 8 was devel oped usj ng

Comput.cr  opt. j nij 7jzit. j on ( Super Cc)nipzic:t.  ) . 1 t. has  SIIIal 1 Qr serj c:s Czipacj  tc)rs

,,
anc~ e] lril] nat.cs t.hc~ shunt e.apac] tc)rs at. C!dcl”l end of t hc? St.l-uc. t.urc! .

‘1’}Ic: st. ruct. ure S, }-1 C) WI-I j n f j c; u r C:, ‘/ & 8 k)ot II halve an M/l, rat. jo of ().-/:33

w}lj Cll wc)ul ci y.i c1 c~ 2 . ‘/ ciF\ of nlj clhanci coup] jnq wjt hc)ut. t he serj (Is

capa~j t.ante; however both Cj ~cuj t s have a mi d})and c:c~up] j nq c)f 2.2 dl~ c~ue to

these Capacitors. The st ruct ure c)f fjgurc? 8 lla~; t hc: adcij t.j onal advantage

c)f bet.t.er VSWR anti j SC)] at. j c)n OVC!I- a 3: 3 handwj  cit h . ‘1’he VSWR j s uncier

3 .22:1 and t,he \ sc)lat. jon js great. cr than 20d}i.

.,



Figure 9 COIll~al-C2S the per fornianc~ c)f t h~ Ci ~-cuj t s . l’he amp] i t.ucle zinci

phase ba]ance ol_ the Cjrcuit-s shown in figures 6 :iI-ICi  8 arc very Close. The?

iso]at. ion c)f Lhe Ci rcuit. ShC)WI-r  in figul-e 8 is less than that. of figure 6

but st. i 11 greater than 20 ci}l. ‘1’hc ci rcujl in figure 8 i s much easi er t.c)

I-C2?1] j 7C bC?CZi USC t]JC? 1 c)oser Cc)up] j ng (M/1, ) het.wc!en  t.h~ c:c)up] ecj j nciuct..  ors

al 1 ows fc)]- a 1 arcjer gap j n the l’Srl’.

7’I-IG

F’rl an

Cal Cu

Cj rcu

Plzinar Spj ra] l’rarlsfc)rl[ier (} ’S1’) anal ysj s j s based c)rl t-he work c~one by

et. al [ 4, 5] i n whj C}-I f rcc]uency  ciepc:n(icnt. el enlent. values are

at. eci f or a 1 urnpeci e] ernent. ec]ujva] er)t. Cj rcu it. . E’rlan’s 1 umpeci Cl crnent

t js shown jn figure 1 Oa. ‘1’he c)quj val c:nt. r)et. we)]-k shown j n fi gure 1013

was used jnst. eaci becausc it. a] 1 c)weci t.hc 1’S1’ mc)(iel t.o be jnc:orpc)rat.eci into

t.}le llybrj ci mociel shown i n f i gure 8. Clc)sed fc)r]n expressj ons are useci Lc)

cal culat.e the mode] clement. va]ues, WI-I; ch are ciep~ncicnt,  on the physi Cal

paramet. crs of the transformer . F’r] an’ s wc)rk Shc)WS  gC)OCi zigreernent.  wi th

measured data on PS1’s usc!ci as a t.v:o po~-t r-let wc)rkl where? c)rle enci of t.hc

primary ancj secondary are grouncicci .

A 90 c~egree hyhri c~ c~esj gn rec]uj ]-es an accurat, e four port. mc)c~c] , wj t.bout-

tiny of the port, s grouncicci, An j n- house computer rnociel j ng capabj 1 j t.y was

dc?ve] c)pc?ci, app] yjng the anal ysj s techrljc]ucs used by F’rl an t.o aria] YZe pS~’S,

useci as a four port. network .

Using the cievel opc2ci model jng Cap:ibj 1 j I.y, t he PSrl’ clj mensj ons were

det. ermj neci for t.hc e] ernerl L va] ucs requj red by the hybri d ciesj gn . ‘1’o

va] idat. e t,he PS’1’ rnocjel , a frec]uer)cy sca]ed (5x) 1’S1’ was fak)rjcat.  eci on

1 . 2-/ mm t.hj ck alumina wj t.h “/ .5 um t_h5ck ‘1’j-W gold corlduc~or metal Iiza Lj on.

q’hc~ cljm~nsj ons of ~.he square J’Srl’ Wer<? 1651 urn x 1651 urn with 56 urn 1 jne

.“



widt-hs and 10 urn gaps. I’hj s scaled cj rcujt. corresporlc~s to a MMIC desjgn on

a 250 urn Lhj ck GaAs substrate wjt. h ? urn gaps anti 13 urn 1 jnewjdt.hs.

orjcjjnal per forrilance predjct. j ons based on F’rl an ‘ s mocie~ for grounded l?S1’s

djd not. provjc~e a good mat-ch Lc) t]le nleasurc?ci  c~at a . In orc]er I_o produ Cc! a

US?ib] e mod~!] , the moc~e] e) ernent. va] ucs ~T<)r~ v:lrjecj t.o rilat.ch the mc?asurc?d

ciat. a. l’he prjmary source of errc)r in the precii Cteci mocie] was (Xl, Lhe

primary -t, o-seconciary Capaci t.anc:c? . Fr] an ‘ $; precinct. eci (YII was Loo low. F’rl an

calcu]at. es the prjmary - to- secondary capacjt ante usj rlq 3 /2* (CO-CC!) * (1- CO SO) I

where O l-epresent-s t.hc relatjve phase shj ft. bet. wcer) a paj r of segment-s .

~’bus, the prjmary - to- secondary capacj Lan CC i s cc]ua] t-o zero at. d.c. and

i ncreasc>s as frequency jnc:reasc2s.

2’0 provj cie a more accurate mc)del , a physj cal basj s’ for the gap

capacjt.ante was used. l’he gap Capac:j t.ante per unj t- 1 engt.h was cal CUI a~ed

using sIlljLh’S ~gap’- CC~el La’ ~fO’-cf~’ [8] and mu]t. ipl ied by the t.ot. al gap

1 engt. h bet-wc!en the prj rnary and t,he sec:onclary. ‘J’hj s yj elcied a nor-t- frequeDcy

dcEf2.ndcnL value of Cm equal to 1.8 ph., whjch was 58 times larger at. the

center frequency than the Cm cal CU1 at. c:c~ usjng E’rl an’ s method.

New prec~jct. ed da~a for Lhe PSrl’ was genera~cc~ usjng the new value of Cm

wj t-h al 1 of t.hc other moc~c; l elemen L values remajr)ing the same. Very good

agreement, between the new predj ct-ed and mczisu red clata j s shown jr] E’jgures

1 la-h, with Cm bejng the on]y model element. dj ffercnt. from F’rl an ‘ s model .

Al so shown jn E’jgures 1 la- h i s the precljct, ed ciat. a using ~’rl ans technjque

for calculating Cm.

Although  thj s anal ysi s and F’rl an t s both use a constant. Keff vqrsus

f’rec~uency, we believe t.hj s improved Lechnjque for calculat-jng Cm j s more

accurate than E“rlan 1 s four pOI-t. PSrl’ mode] when usec~ we] 1 below resonance.



V . F’Srl’ QUADRA1’URE;  IIYBR1 D

A quadrature hybrjd usjncj PSI’S wjt. h sel-ies c:apacjtors  was c~eveloped usjng

the technjque descrjbed jn sectjorl 111 , Parasjt.jcs  such as “T” junctjons,

wire bonds, gap capacitances and jrlt.ercor]l>c>cLjl-]$] ljnes were jncluc~ed jn t-he

model . ‘l’he shunt. capacitors ShOWI-I in figure 8 were realized as radial

Stubs . When Lhis circuit was opi_imiz.ed  usjng Super Compact-, Lhe series

Capacjt.ors were further reduced f~-om 49pF’ t.o 33pF to jmprove

manufacturabj ljt.y. lhj.s reduced the bandwjdtht but still met. the desjgn

requjrernent-s. The model for the fabrjcat.ed cjrcuit is shown jn figure 12,

The PST quadrature hybrid (F’iqure 13) was fabricat.cci using the same

process descrjbed for t-he PS’I’ in sectic)n  IV. The overall size of the PST

quadrature hybrid was 0.92 x 1.25 cm at t.hc~ scalcd frecluency.  This

corresponds t.o a size of 3.048 x 5.080 mm at. the ciesjgn frequency of 2.5

(;112. . ~’he layout was not. opt.jmjz.ed for rcc~uc:cld sj?.e.

Good correlation between predjct.eci vs. measured dat-a for the PST

ouadrat-ure IIybrid js shown jr) 1+’jgures 14a-f. ~’he predicted data u~ili?.e

the value of Cm calculated using Srnit.h.

]n summary, Lhe PST Quadrature Ilybrjcl  was dc?sicjned for a 2.2dH maxjrnum

coupling and 3:1 bandwjdth at. 1 .8 c~l~ ampljt.ude difference and achjeved

2.ld}l maxjmuni couplj.ng and 2.8:1 bandwidth at. ] . ‘/”/ dB ampljLude difference.

.



VI . CONCl,USl ONS

We have found that Frlan’s mode] for calculating Cm is inaccurate for

transformers used as a four port network. E“rlan notes that the most

sensjt.jve components of t,he transformer mode] are M ancj Cml anti he sLaLes

that. j f these equivalent- circuit. compc)nent.s are not. calculated accurately,

the resonant frequency response of t.h~ modc~] js severely affected. I-’rlan’s

work is based on grounded transformers and the value of Cm is effectively

zero at, d.c. and increases wjt,h frequency. We have demonst-rat-ed  a more

accurate technique for cdl CUI sting Crn which agrees well with measured data

for frequencies well below resorlanCe.

We have shown general design equaLions for the I?S1’ hybrid. In addition we

have shown that highly miniaturized broadband’ quadrature hybrjc~ couplers

are made more realizable using PST’ s wjth compensat-ing series capacitors.

l’hjs design offers a sjgnjfjcanl-  size reciuct.ion  over J,ange couplers and is

compat.jble wjth MMIC technology, making it. a valuable building block for

in~egrat:jon  jnto larger MMIC circuit. designs.

The work described in this paper was performed at All, (Airborne

instruments Laboratory) SysLems incorporated on jn~ernal research and

cievelopment-  funds, and at Lhe Jet. Propu]sjc)n I,aborat_ory  of the California

InstjLut.e of Technology, under ti contrac;t-  with the National Aeronautics and

Space Admjnist.rat.ion.
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