*1 M CROMVE LOOP DI RECTI ONAL COUPLER FI ELD OF THE | NVENTI ON Thi s i-nvention
relates to couplers for electromagnetically coupling any anount of a

m crowave signal to an adjacent conductor by formng a | oop between the

i nput and coupl ed out put. BACKGROUND OF THE | NVENTIL.ON Directional couplers
are used to performa variety of functiohs in many applications. However,

their primary function is to couple a predeterm ned anount of an incom ng
signal onto a closely placed conductor. The spaci ng between the input

(excited) Jd | ) ne LS very critical in

det erm ni H@@%@i@ﬁcum%?biﬁ@al ly, a smaller spacing is
required for increased coupled signal power. The reduced spaci ng between

t he conductors nakes fabrication of the coupler very difficult and highly
unpractical. Several forns of coupled |ines have been devel oped to

al l eviate ed coupled line spacing with increased
coupling.éﬁﬁaﬁéfakﬁﬂbggEgﬁﬂﬁﬁérs I ntroduce new difficulties such as
connection of bond wi res which adds to cost and nmay cause performance

devi ations. OBJECT OF THE INVENTION It is a prinmary object of the invention
to provi delhds dnvenkion rdebitesetoe couplern gfoet dlemiomagaetivally ngbupliyg aimpuahodit of a

m crowave sjgnal power onto an adjacent passjve conductor. It is_another
obj ect of MisEOWavgesignadforan pdiacany copducirrpby fomming o doap betweem the; dapujand
entirely Q%Eggaoggﬁps thereby nmaking it suitable for use with both ceramc
and soft su rates.” _

BACKGROUND OF THE INVENTION

Directional couplers are used to perfonh a variety of functions in many applications.
However, their primary functi(_)n is to couple a predetermined amount of an incoming
signal onto a closely placed conductor. The spacing between the input (excited) line and
the output (coupled) line is very critical in determining the amount of coupled signal.
Naturally, a smaller spacing is fequired for increased coupled signal power. The reduced
spacing between the conductors makes fabrication of the coupler very difficult and highly
unpractical. Several forms of coupled lines have been developed to alleviate the problem
of reduced coupled line spacing with increased coupling. However, these couplers
introduce new difficulties such as connection of bond wires which adds to cost and may

cause performance deviations.

OBJECT OF THE INVENTION

It is a primary object of the invention to provide a coupler for electromagnetically coupling
any amount of microwave signal power onto an adjacent passive conductor. It is another
object of the invention to provide a coupler which can be realised with entirely planar

means thereby making it suitable for use with both ceramic and soft substrates.



*2 SUMVARY OF THE | NVENTI ON The directional coupler includes an input
mcrostrip-line, a |oop-shaped mcrostrip |ine and an output mcrostrip
line. A mcrowave applied to the input line is coupled by el ectromagnetic
coupling to the loop and then travel a quarter wavel ength | ong uniform

| npedance line before it is coupled to the output line. The rest of the

m crowave travel s anot her quarter wavel ength along the uniforminpedance

| i ne bef orSUMMARYQE JIHHINGENREONnput |ine fromthe opposite direction.
The input line is separated fromthe | oop by a uniformdistance s[err] for
a length I[err]. The input line and that section of the | oop have the sane
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i st ance. G et bhitier IR PR ORI R 1fop ABeP iSRS |\
desi gn ceranr eutpntguierosirip llineoneA emivestiavenappliedt tee the daputt line\ie ndoupled bie
coupl ed se?tion enploys uniformmcrostrip lines with snmooth coupl ed edges.
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two or noraaocthepgudret plaeslengtll Aloagar r angenent effectively increases the
frequency bandw dth of the directional coupler. The cascaded coupl ers can

use both uniform and sawt oot h-1i ke or other w ggly shaped coupl ed edges.

Yet in anqfher.enbodi nt of the.invention,t i rectianal .coupl er uses
copl anar 3‘{1‘? L%’ffg _H@Eﬁ e%ﬁ'ﬁ%’fﬁﬁ Wscﬁoup;é]&%ﬁ I(R%‘tohne from" the” opposite

direction. The input line is separated from the loop by a uniform distance s, for a length 1,.

The input line and that section of the loop have the same width w;. The output line is
separated from the loop by a uniform distance s, for a length 1, The loop is one

wavelength long at the design centre frequency.

In one embodiment of the present invention, the coupled section employs uniform
microstrip lines with smooth coupled edges. In another embodiment, the coupled section
employs sawtooth, sine or rectangular wave or wiggly, shaped coupled edges with uniform
outer edges. In yet another embodiment, the directional coupler is formed by cascading
two or more loop couplers. This arrangement effectively increases the frequency
bandwidth of the directional coupler. The cascaded couplers can use both uniform and
sawtooth-like or other wiggly shaped coupled edges. Yet in another embodiment of the

invention the directional coupler uses coplanar structure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings which are incorporated into and constitute a part of the
description of the invention, illustrate embodiments of the invention and serve to explain
the principles of the invention. It is to be understood that the drawings are designed for
purposes of illustration only, and not as a definition of the limits of the invention for which

reference should be made to the claims appearing at the end of the description.



« The acconpanyi ng drawi ngs whi ch are incorporated into and constitute a part

of the description of the invention, illustrate enbodi nents of the
i nvention and serve to explain the principles of the invention. It is to be
understood that the drawi ngs are designed for purposes of illustration

only, and not as a definition of the lingts of the invention for which
ref erence should be nade to the clains appearing at the end of the
description. FI& A & alplas viewlofironei embadimenic of ahmdtirowane directionalc conplere

di rectional coupler, according tqQ the present jnyentiop show,ng the ipput
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vi ew t-aken al ongethe line A-A of FIG 1 showing the microstrip coupled
lines of the loop cbupler. FIG 3 is a plan view of another enbodi ment of a
m crowave di r edliGoR4ds a cangverse sedtionhindew takenalorigahe lineAsA Of FIG.shslowghd thel ke

I nner edges for the purpose of phase velocity equalisation. FIG 4 is a
pl an vi ew of arBiCHSIIReANPIRdENes obthedoon equpltive directional coupl er

constructed by in | R\ G 5 s a
constr uct ed, bY S Ve o phithr ABOBRUEY 5 £ ablrobhS absorhf) oSl
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Is a transverse sectional view taken along the line B-B of FI 5 show ng

t he copl anar navelncitysfiualisatiomop coupl er.

FIG. 4 is a plan view of another embodiment of a microwave directional coupler

constructed by cascading two similar loop couplers of FIG. 1.

FIG. 5 is a plan view of another embodiment of a microwave directional coupler

constructed according to the present invention using coplanar lines;

FIG. 6 is a transverse sectional view taken along the line B-B of FIG. 5 showing the

coplanar nature of the loop coupler.

DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION

FIGS. 1 and 2 show one embodiment of the present invention. The loop coupler, indicated
by reference numeral 10, is defined by an input coupler 11, an output coupler 13, and a
loop 12, formed by connecting the input coupler 11 to the output coupler 13. The uniform
microstrip lines indicated by 14 and 14a have the same characteristic impedance; the lines
indicated by 14a are a quarter wavelength long. The length of the loop is thus equal to the
wavelength. When the gaps s, 15 and s, 16 are equal we have a loop filter which is
reported in the prior art in Japanese patent specifications numbers 6097703 (Mitsuo &
Munenori), 6037520 (Mitsuo, Kazuaki & Munenori, 6037503 (Kazuaki, Makoto &
Mitsuo), 5315805 (Kazuaki, Mitsuo & Munenori), and U.S. patent specification 5369383
(Munenori, Makoto, Mitsuo & Kazuaki) and European patent specification 571777
(Fujimura, Hasegawa, Makimoto & Takahashi). When the gaps s; 15 and s, 16 are equal
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* DESCRI PTI ON OF THE EMBODI MENTS OF THE | NVENTION FIGS. 1 and 2 show one
enbodi nent of the present invention. The | oop coupler, indicated by
reference nuneral 10, is defined by an input coupler 11, an output coupler
13, and a loop 12, forned by connecting the input coupler 11 to the out put
coupler 13. The uniformmcrostrip lines4indicated by 14 and 14a have the

sane characteristic inpedanceg; the lines indicated by 14a are a quarter
wavel engt the doop. resonateseat ghat fsdquency whish makes titsdengih aiqual do tshwavelengtlen Jibie.
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pat ent spdenéé thetloop coRda3BBis( fonmed o Therekdrk gt ds tol\be snderstodhelealty thahmding
Eur opean pgjent. specificatiqn 571777 (Fujjnurg, Hasegawa, Makinpio &
Takahashi )fﬁ%fﬁﬁ%?sﬂﬁ)ﬁ 3%%1&3 @?éxz i? ng nagwﬁpép?fﬁu@es 8 pEmagy gbject of the peesensop
resonat es jalediigat frequency which makes its Iength equal to a wavel ength.
The present 1nvention uses different gaps for s[err] 15 and s[err] 16

t hereby controlling the amount of power coupled 200. This nmeans that the
power at the direct port 400 is no_longer nil and_hence the |oop coupler 10

i s for med. Ancilgremhodiment of the pressat inygrtian is shown énFIG: X whichwsessawdodthdikent

gaps for . 1 err I.n M crostri di LS rimar bj ect
ot he. pr Saietic, Bl or el e deinCioiad B0, [T 4ptcn iR rafiled 1525
shown in RVien theViBors Eouptsrsl 058 Wb&04shr santffler or for similar applications, the isolated port

300 may be terminated by the characteristic impedance level of the design as it is unused.

However, some applications require all the ports of the coupler 10; the isolated port 300 is
then required to behave isolated. In order to enable this the coupled sections are modified
by a sawtooth-like, rectangular wave-shaped, or other wiggly line to slow down the odd-

mode and make it equal to the even-mode.

FIG. 4 shows another embodiment of a microwave loop directional coupler constructed
according to the present invention. A loop coupler 10a is cascaded with another loop
coupler 10b. The loop coupler 10b is designed to operate at a different frequency so that
when its oﬁtput is added to the output of loop coupler 10a wideband loop coupler 10c is
obtained. It should be understood clearly that cascading more than two loop couplers is
possible with the present invention and that the cascaded couplers may have coupled
sections whose inner edges are modified by sawtooth-line shapes for the purpose of

improved isolation.

In the embodiment shown in FIGS. 5 and 6, a loop coupler 10d is constructed using
coplanar waveguide technology. This geometry simplifies construction of the coupler as
all the lines are constructed on the surface of the substrate. It will be apparent that this
embodiment of the present invention may also be used in a cascaded configuration as
shown by the embodiment given in FIG. 4. The operation and use of the loop coupler 10d

is similar to 10a and 10b. While only a few embodiments of the present invention have



smcrostrip lines for the inner edges of the input coupler 1la and the

out put coupler 13a. Wen the | oop coupler 10 is used as a sanpler or for
simlar applications, the isolated port 300 may be term nated by the
characteristic inpedance | evel of the design as it is unused. However, sone
applications require all the ports of the coupler 10; the isolated port 300
is then required to behave isolated. In order to enable this the coupl ed
secti ons &deen desgiibédandoiflustratédititistitr be ukderstoed that maky chavges,-rebdifieationsrandt her
wiggly line.to slo wn t.h dd-. node and nake it_equal tao the, evepn- node.
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const ruct i }knﬁ Y ion. A loop coupler 10a is
cascaded &F?ﬁﬁg g?hggc%g)p cggﬁﬁgfﬁ%ag&%$ﬁé | oop coupler 10b is designed to
operate at a different frequency so that when its output is added to the
out put of |oop coupler 10a w deband | oop coupler 10c is obtained. It should
be understood clearly that cascading nore than two | oop couplers is
possible with the present invention and that the cascaded coupl ers may have
coupl ed sections whose inner edges are nodified by sawtooth-line shapes for
t he purpose of inproved isolation. In the enbodi nent shown in FIGS. 5 and
6, a loop coupler 10d is constructed using copl anar wavegui de technol ogy.
This geonetry sinplifies construction of the coupler as all the lines are
constructed on the surface of the substrate. It will be apparent that this
enbodi ment of the present invention nmay al so be used in a cascaded
configuration as shown by the enbodi nent given in FIG 4. The operation and
use of the loop coupler 10d is simlar to 10a and 10b. Wile only a few
enbodi ments of the present invention have



-5 been described and illustrated, it is to be understood that many changes,
nodi fi cations and variations could be nmade to the m crowave | oop coupl er of
the present invention without departing fromthe scope or spirit of the

i nventi on. 6 CLAIMS 1. A m crowave | oop directional coupler conprising
an input coupler, an output coupler and & | oop fornmed thereof by connecting
the two couplers, characterised in that the spacing between the coupl ed

| i nes and Clb&IMSop and the said | oop directional coupler is for the said

I nput coupl er and out put coupler are different and the said spacing is
easily realisable by using conventional photolithographic techniques.

2.
A m crowa | 0Q ' }aO gpﬁm dcn?yp 9L TR t he
m cr owave | oop @lrgg:(&:f‘?%‘}r?af&koup ebﬁ%fédgﬁi)a@m éfeégl%g?llgd‘ﬂg% opé’r at gﬂaﬁl ¢
conveni ent |y spaoplér dnd ﬁdnapﬁonhecbﬂmmm‘ ibg Tohirezting yheptway¢otiplegs, Tharadietissisind
frequency band of operation. The m crowave | oop directional coupler

of claim1 or dhatithe @acméae&mnt%cqm 1‘@8@@@%“’%}@‘%@9&1’1@&0‘[’9 dizectiong] t he
correspondi ng edg f%f for fie %;389 t%o gf Lﬁfﬁu@{]ﬂc&@fers g fén%athe%ald' s a

sawt oot h, si nusmﬁﬁ rec Wi gg
spacing is easily realisable by using conventional photohthographlc techniques.

2. A microwave loop directional coupler formed by cascading two or more of the
microwave loop directional coupler of claim 1 designed to operate at conveniently
spaced different frequencies thereby providing an increased frequency band of

operation.

3. The microwave loop directional coupler of claim 1 or claim 2, wherein the inner
edges of the coupled lines and the corresponding edges of the loop are modified and
the said modification is a sawtooth, sinusoidal or rectangular wave, or other wiggly

shape.

4. The microwave loop directional coupler of claim 1, 2 or 3, wherein the construction

is completely planar using microstrip technology.

5. A microwave loop directiohal coupler comprising an input coupler, an output
coupler and a loop formed thereof by connecting the two couplers, characterised in
that the spacing between the coupled lines for the said input coupler and output
coupler are different and the said spacing is easily realisable and the said loop

directional coupler is realised using coplanar waveguide technology.

6. A microwave loop directional coupler formed by cascading two or more of the
microwave loop directional coupler of claim 5 thereby providing an increased

frequency band of operation.
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4, The m crowave | oop directional coupler of claiml1, 2 or 3, wherein
the construction is conpletely planar using microstrip technol ogy. 5. A
m crowave | oop directional coupler conprising an input coupler, an output
coupler and a | oop formed thereof by connecting the two couplers,
characterised in that the spacing betweem the coupled lines for the said

i nput coupl er and output coupler are different and the said spacing is
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of claln15w&Q§§§@yk?%qykglng an increased frequency band of operation.
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7. A mcro directional coupler of claim2 or claim®, mhereln
the said cascading is forned by connecting two | oop directional couplers
wi th quarter wavel ength long |ines.
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