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?rad:tio~all~, the design of broad band couplers on

mlcrcstrlp has been accomplished by the well Inotm Lange

coupler. ?hls paper will present a new asymmetric broadside

coupler wh]ch muld potentially replace the Lange coupler

and 15 shown to nave 5uperlor performance. An asymmetric

broads~dE coupled l]ne IS used as the middle section of a ;-

sectlon coupler, the two outside sections being reall:ed by

;Ymmetr!c edge coupled Ilnes. This new configuration

utilizes a thin polyimlde layer separ~tlfig the two b~o~d~ide

:oup!ed lifies Wkith offers addltlmal design freedom :nd

requlrea no tuning, or bcndlng, thus pro!! dinq h~gher ;le!i
and lcwer manufacturifiq cost, The perfarmaii:e Jf two

ccupler% on? using a Lange sectlan and another us]ng the
new as!mmetri: broadside section are presented and comDared.

An sccurate ?uaer:cal model for the as~maetrlc broadside

caii?led sec!lon was de:eloped and !sed to design the oresent

cctipler. Laicu!ated and Ieasured result: which e.hlbit

e::el lent agreeffient will he presented. The development of

the numerical model for this coupler w1ll be reported In the

future.

INTRWICTI!IH

in ~h~ ~~~enceof >rmnetry,there are two modes that ~in

e:i~t on a pair o+ coupled l]nes. These modes are generally

re%rr?d k as the C and F’I mooe~[ll. The propagation
~~nstan~s cf these two #odes are the e;qen ialues of coupled

tranzs:smon I:nes equatlon~ and the elgen iectcr=

correspond to the voltage and currents cm each llne. The

as, rimetrf on the broadside coupled cont]guratlcfi I:

illustrated ln Figure 1. The strip widths are assumed to be

the same to slmplifl the anal~:ls. f! computer model for
this structure has been develooed and used to deslgfi the

present coupler which w1ll be discussed at the coo+erence,

Nthough several authors have presented design guldeliiies
and tables for sj;msetrl: couplers[?-Zl, no ~;nthe~:=
nro:!d:re seenstG ha,;s been pub!lshed for the des:gn of
as~rnrnetrsccouplers. In this wor~, the spthezls orocecure

out!:ned bv TOUIIK et a!t?l, Crlsta! et al[:l, and
Crystal [41 +or the syametrlc coupler and the multlsection

transfmner procedure presented b~ Fflblet[53 are used as the

startiii~ )giilt for the de5i@ of the newmiilt~Sect:rm
asimm~tr~c cwp;er m~defrom an asymmetr~r center ssction

and two 5}mme:r1z mge ccupled sec:ims as shown In F~gure

2.

THEDE51GII

II broad band -ldE cmipler covering the 6-18 Glfz band wa?

desired to have ,1 dB equal rlfiplE. THe tabl? o+ parameters

for s}mmetrlcal TEtl-Modecoupled !lnes prov]d,?d by Cristal

St al[; l were used to find the odd and even m!]deparameters

for a three sectlcn coupler . !-%a starting pxnt, the

ce~ter broadside section was modeled as a s.fmnetrlc

broats:d~ by reducln? the cover height to be khe same as the
a!uolna ~ub~trate and the dielectric tO be the ~ame 35

alum:na substrate of the bottom !ayer. The parameters $or
this :ymmetr]c coupler Here then found which aporo~imated

the TEMmodedesiq~. Then, the model w;: gr;duail} made
as;~mmetrlc if changing the tilelectric of the top layer to

approarh alr and the cover height increased to the height Jf
the f]nal package.

The resoon:e of the ]c!?ai :oupler and the optlml:ed

asymmetric coupler are shown In Figure 3, The ided caupler

shows a -~dB s~lit and ~lth ,1 dB rlpole, The re~ultlng

aifmretrlc cotipler shois a Ilttls h]gher Ioss of -1.5 dB

average potier splltting between the thru and the ccuDled

zorts,

Flijwe 4. shows the simulated return loss to be at wor:t

-12 d~ at 18 6H:. Figure 5 shows the phase of each outuut

port compared to the ideal design,

RESULTS

based on the abo;e procedure two asymmetric 2-section

couplers were designed, one with the crossed arms to ha?e

the coupled and the thru ports on the same Side and another

wlih no crossing arms, This design 1s shown In F1~ure 2.

The measured coupled and thru arm responses are shown in
Figures t and ? for the crossed and the regular coupiers

re5pectlvely. It can be seen that the coupled aid thru arms
demonstrate a.~erage coupl~rig of -4.5 d5 which IS on@dE more

than predicted. ?hls dl;crepancf 1s eiipected beca~;e the
c@mputeriiiodel doe; not include the effect of loss. The

measured response 1s flat and broadband is desired, It #W,
he &ept in mind that the effects of the test-f i~iure are

also Included In the measwed data and no effort was made tc

de-embeo the data. The measured retura loss for the design
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Has at worst -10 d~ whsch aiso includas the effect of the
test-fixture, The isolation wasabout -15 dBworst case.

COt4f%RIS!lNWITHLNGE

M analugous design us:ng a Lange~ection f~r the mddle
ccupler wasdevelo?ed. This cvdpler is :imwn in Figure 8,

The~irnulated responseD{ this cuupier comparedt~ the ideal
one is shatm in Figure 9. The aeasured respoiise of this

desirjn is shown ic Figure lIJ. Figure 10 shows that the

flatness nf khe Lange design is about 2 d~ as compared with
the i dB of the asyameiric braadside cetipler.

ADVANTAGES

The pre~ent design offers the fcillowng advantage over the
Lange coupler

1 This design requires no bonding

%Small gaps for tight coupl~ng are not a Droblen

1 The thru and coupled lines can easily be on the same slda

or opposite sides by crossing or not crossing the

broadside s,ecticn
~ yary eayf to *anuf~~ture, It ho~piar rM!Ulr?S a DO!Ylmlde

process.

This design can easily replace the Lange ccupler in

applications such as:

CUHCLUSIUi4S

A new way of designing broadband -3dE couplers naz been
introduced which potentially can be a replacement $or the

well knownLanqe cGuFier. This design uses an as~nffiet?:t
broadmde coupled section to reall?e a tlghtl~ ce,u?led
center section.

It was shown in this report that the three zection ciesi~n

U51fig a cuaIbinati Gn Gf asys.metric brGadside and Sytmetric

edge coupled sections perfcrms better than that using a
Lange section for the center section. Another aspect of

this is that there 15 a process limitation in realizatim of
gaps in the Lange coupler, the present polyiaide canab~lity

pro,~ides polyimide thich?esses between 4-25 micron; tihl:h
covers a wide range Gf cGupllng for the brGadslde couplers,

The prasent design is very manufacturable and requires no
assembly thus prwlci:ng icwer cGst, The fUtUre de’fel OpffiEM

will incorporate unequal width ~trips with partial cGupling
which will provide additional degrees of freedom for design.
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COUPLEFWI L-.

Figure?: Thenew&-19GHz coupler wit! asymmetric
broadside coupled center section anti t~o symsetrlc e~ge

coupled s~ctims,
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Figure 3: %sulatei respznse of an ideal ccupler and the nei
asyffimetric hrsad;ide coupler khlch was used to design

coupler of Figure Z
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Figure 5: The jimtilaked phase respofise at the asymmetric

braad:ide coupler compared tG thz ideal response,
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Figure 5: The measured respcnse of thF asyrmtric braadslte

coupler of Figure 2a show; a~erage -4. S dE sp!ltting and
fiatness of about i iB.
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Figure 8: Gn analogous i-S?ctlon desljfi using a Lange

coupler center section to be compared to the asymmetric

hrcadslde cauplerlnone +alded arms).
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