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ALzsrRAm The present paper suggests 
a simple and effective tecbniqw for l%zmwkAly 
impming the clirxtivity of inlmmgeneous cola 
pled line couplers such 8s a micmstip coupler. 
The technique is based upon the equivalent ad- 
mibe approach, and lquims only properly 
designed mat&$ networks. In this papez we 
tiat a l/4wave @el-coupled micmstrip cou- 
pler of 15.8 dB, and obtain the diwtivity in 
pmvement of 20 or mole dB over a bacdwidtb of 
about 1.2 GHz at a center f?equency of 3.5 GHz. 
Fhdly, the design results are confirmed by ti 
emsimuIator. 

-on 
Micmstrip dinxtional couplers sre widely used 

because of their easy tiorporrd;ion in micmwave 
integrated cbruits. In general, boweve~ their di- 
r&iv&v is poor due to slightly different veloci- 
ties md, thw, cdii%rent wavelengths between odd 
and even modes on coupled micmstip lines. 
Nevertheless, the converdence of integrating mi- 
cmstip couplers with other micmwave CiIzldtsy 
makes tlmn attractive, especially ifit is possible 
to impmve their dirxtivity pmperty by simple 
and effective means. 

For this reason, several techniques have been 
proposed as follows: 
(a) wiggly-line couplers [ll. 
(b) Anisntmpic substrate couplers [Zl. 
(4 Eielecttic overlay couplers [31. 
(d) Couplers’ with velocities-compens&iotion ca 

paitors [41. 
(e) Fssudo-suspended-subs- couplers [51. 

In these techniques, complicsted structures 
ad substsates with specified physical constants 
are required, and/or design pmcedum is based on 
appnlximate analysis. 

In this paper, we apply the equivalent &nit? 
tame wpmach [61, PI to impmvenient in the di- 
Ectivity of a quarter-wave micmstip coopler. 
This appmach is marked by a logical design of 
matching networks for w equivalent &tie, 

ad hence requires only micmstrip matching 
networks for the impmvemnt not Iike the other 
teCbni~S Fequestingvariou.? ingenious devices. 

Fbxt,wetrytoimpmvetlE!Lditwtivitybyti 
serfing impedwce steps at eazh output port. 
Next, in order to lec4iz.e a bmader bsxbvidtb, 
l/Zwave open-circuited stubs m loaded rd. an 
appmphte position of each matching network 
Whiletbe&tionalbacdwidthoftbeformeris 
about 10 percents for directivily and relxrn loss 
bsttertbao2OdB,tbatofthelatteriswidensdup 
to ahout 37 percents. 

Elnaux th validity of the tbsoretisl results is 
collfirmed by comparing with sMon results 
of an em-simulator (SNAPFIeld). 

BasicTheory 
Fig. 1 &ws a circuit to be considered, which 

is a lossless four-port circuit symmstricsl with 
regwltothetwoplaoesAA’andBB’andpos- 
sesses four external matc& netwolks (M.N.) 
added & each port Genxall~ the twofold sym- 
metric coupler hss a godegree output phase dif- 
ference, wd is classi6ed into three types accord- 
ing to a port isolated fmm ao input port, codirec- 
tioml (.sp O), trws~tional (E&= 01, and 
cortba31~tional kS’,,= 0) couplers [B] 

As well lmwq a quarter-wave coupled line 
coupler belongs to contradirectional couplers. In 
the following, therefom, we will discws only in 
case of&,= 0. 

We can analyze the circuit by an even-odd 
analysis regarding to both the symme* planes 
AA’ and BB’ 6vm its symmetry. Now lees con- 
sider a one-port chnit including port # 1 qur- 
tenzd along the two planes as in Fig. 2. Each 
symmetry plans is replaced by w opsr&wited 
or short&wited bouxlary acco2ding as an even 
or odd excitation abut each symm&y plans. 
Here, we deh the normalized input &nib 
tances kgmldmi~es) of tk on?-port cimuit 
for the four kinds of characteristic excitations as 
(a)jy; AA’ is opm-circuited and BE? opemcirctite& 
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y;=-1/y:, y: =-1/y: (W4 

Then, the power-split r&o, El= &&I”, is 
given as 

R=(y;-y;)l/(l+y:y;)2=(~~-y;)l/(l+y;y~)2 (2) 
HM.N. hss tr;o~sfer matrix elements A, jR,jC, D, 
then we have 

y:=(C+y,D)/(A-y,B), i=l-4 (3) 

where jy, ~presents a normalized eigenadmi~ 
tance of ths original circuit as ShDwn in Fig. 2. 

Ekb&ition of 4. (3) into Eq. (11, wd com- 
paring the l-imlbg expressions with the msicb 
iog conditions of a one-port &niwe Y*= 
G,+ JY~ through the same MN., we can derive an 
equivalent t%3mittance, 

G =~y,-Y*)(y,-K)(Y~-Y*)~-X)AX-Y~-Y~+Y4~ (44 

y, = (YIY4 - Y,Y,MY, -y*-YI + Y,) (44 
on condition that the right side of FZq. (4s) is posi- 
tive. Consequently, we can consider tlis 
four-port matching pmblem as a one-port mstch- 
ingone forthequivslentadmittance !$ivenbY Eq. 
(4). 

Lhilarly to the above pmcedure, sotstiixting 
F&J. (3) into Eqs. (1) snd (2), and examining the 
two set.9 of the resultant equakms, we have 

R=)W*)2 =-(y,-y,)(y,-K)l(Y,-r,)(y,-y,) (5) 

This equkion implies that a power-split r&J af- 
ter matched is expmsssd in terrm of the ei- 
genadmittwces of the original titit hefore 
matching. 

Eq. (5) is invarisble for exchanghg 3: for yz’ if 
MN. is reciplocal, ie., @I+ RC= 1. In other 
wotds, R corresponds to an invaiable expression 
of a power-split mtio tmosfbrnxd from Araki’s 
inv~91. Moreover, if R is a !kite positive 
value, yl-yrys+y4+ 0, and the right side of IQ 
(4al is slways positive; G, can he defined UOI. 

The above discussion enables us to state that 
when RgivenbyEq.(5)takespositivevalue,we 
can determine the equivslent admittwce Yq 
necessarily, tad consequently conkruct a dkec- 
tied coupler ha”iIg a high dhctivity and a 
power-split r&o of R by xlchg the same M.N. as 
that for matching a one-port xlmittance of Y, at 
esch port. Here, we should note that a COIE- 

pletely matched lI4wave coupler with two-fold 
sym&y, which satisfies F.q. cl), exhibits the 
ideal contrxktionsl isolatkn pmpsrty CS,,= 0). 

Designmethodandp 
In this section, we deal with a 15.8 dB coupler 

onsnalumina suhsw E&r the reference [51 as 
w example. The cht,stic $rrpehes of the 
even and odd Imxles must he chosen 59.79 ohms 
ml 43.13 ohms for an input/&put impedaoce of 
50 ohms, respsctively If the dielectric constant 
and tk thicbss of the substrate are 9.9 snd 0.2 
ads, t-espectively, we cm cslculate the following 
parameters: skip width of 22.21 mils, conductor 
se@on of 21.09, snd effective permitiviity of 
even and odd modes 7.185 and 5.832 kor spacing 
between s&skate aml upper shield of 500 mils. 
The physical length of coupling is chosen 332 
mils a.3 an aversge value of quarter-wavelengths 
ofthe even snd odd modes for 3.5 GHz 

Fig. 3 shows the sparameters of the original 
coupler. The directkly (S,,/s,,) degrades and its 
valueisequaltoorless~BdB.InFIg.3,the 
line drawn along dot.3 exhibits the coupling coef- 
6cient C (= I.!& I) transformed fmm the invari- 
sbleR,~is,ifamatchedstateis~~vedata 
t5quency the couplirg coefficient of this coupler 
necessarily becomes the due on the curves of C 
at the COrESpmhg fiwpmy 
a) Impedonoe step matching nehwrk 

The iquivalent tdlnamces of the originsl 
co~ervs. iiEqnencies are shixvIlinFxg. 4. HeE, 
if we desire to match the equivalent a&nirolce 
to5oobmslineztthsccenterf?equ?ncyof3.5 
GHz using an impeke step @kg. 5) as a 
matching network, then th charscterisiic &nit? 
twce and the electrical length of the impsdaEe 
step ape determinsd with the aid of Smith chart 
asshovminEg.4. 

FIg.6exh&itstheSparametersoftheim- 
pmved coupler Uk can see a high dkctivily near 
the center ftqmncy. TIE fractional b&width 
for dildivity snd return loss better than 20 dB is 
shout 10 psrx!nts. 
b) combid~ofimpedanoestepandstu6 

AS shown in Fsg. 7, for the pnrpse of bmader 
performance a half-wave open-circuited stub is 
utilized along with an impedance step. Ths locus 
of eqoivslent xlmitkus seen lookirq toward 
the load of Y, at vsrious n?fereIEe planes are 
dmwn in Fig. 8. In this csse a rema=ksbly 

bzsxkidened chmxteristics is obtainsd and its 
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lildionsl bsndwidth is about 37 pEmeIlt.¶ m 
skmm in Fig. 9. 

simldatiionresults 
In older to verify the ahove design techDiqu?, 

we calculated the scattering -tern for the 
chit pattern on the above-mentioned alumina 
sub&ate in ng. 10 comsplamhg to Fig. ,lO by a 
commercial emsimulator (SNAP-FIekl). Fig. 11 
exhibits the s&on results in ea9e of consid- 
ering a condtir loss of gold The results velify 
the above inlpIuvemnttechniqls?. 

We have suggested simple and effective mesns 
of d&&vi@ impmvellEnt for micmslrip 
V4wave couplers d success~y realized high 
directivity. A lixtional lx&width of about 10 
p3wlts for directivity arid return loss better 
tban20dBhasbeenobtainedforaverysimple 
s- with impedance step. Moleover, the 
b&width has been bmadened up to ahout 37 
pments by loading 1/%wave opec-cireuited 
stub, though ti circuit pattern w&s Iage-sized 
The design lesults also were confinned by 
ems-n results. 

An expedntal co-n would lx an 
ilnpxtd subject to da shortly. 
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Fig. 1 Circuit con!ig&ation of microstrip 
coupled line coupler with external matching 

networks. 
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Fig.3 Theoretical frequency characteris- 
tics of S-parameters for the original coupled 

line coupler. 
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Fig.4 
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Frequency dependence of equiva- 
admittances on B Smith admittance 

chart. 
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Fig.5 Matching network composed of 

impedance step. 
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Fig.6 Frequency characteristics of 
S-parameters for the coupled line coupler 

with impedance step. 

Fig.7 Matching network composed of 
impedance steps and open-circuited 

l/2-wavelength stub. 

Fig.8 
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Equivalent admittances at various 
reference planes. -.- 0 z 0 ._...___ __..____.......~~ . . . . . 
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Fig.9 Frequency characteristics of 

S-parameters for bandbroadened coupler. 

Fig.10 
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Circuit pattern for simulation. 

frequency[GHzl 
Fig.11 Simulation results. 
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