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Field of the Invention

The invention relates to a microwave planar microstripline power divider/combiner
for application in parallel combined power amplifiers.

Background of the invention

There ére many microwave radar and cbmmunication applications which require
the transmission of levels of microwave power of the order of hundreds of Watt. In
the past, this has been achieved by the use of microwave vacuum tubes, such as
the Magnetron, Travelling Wave Tube, etc. The current trend is to supersede
vacuum tubes with solid-state microwave transistors, such as the GaAs FET.
Unfortunafely, the power levels that can be obtained from GaAs Power FETs at
microwave frequencies are limited to the order of a Watt; far short of that which
can be obtained from the vacuum tube counterparts. To overcome this output
power limitation of microWave transistors, power combining is thus necessary to
obtain high output powers. |

A pafallel combined power amplifier consists of a power divider at thé input,
followed by n identical amplifier modules, and finally a power combiner. The input
signal is first divided equally n ways by the power divider. The n equal signals are
then amplified by n identical ampliﬁér modules. The signals appearing at the
outputs of the n amplifier modules are then combined in-phase at the output using
the power combiner. Using this a'pproach, the burden of amplification can be

shared between n identical amplifier modules. To ensure in-phase combining at
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can be obtained fromthe vacuum tube counterparts. To overcone this output
power limtation of mcrowave transistors, power conbining is thus
necessary to obtain high output powers. A par.al l el conbi ned power
anplifier consists of a power divider at the input, followed by n identical
anplifier nodules, and finally a power caenbiner. The input signal is first
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I dentical, the input signals to the anplifier nodul es have equal anplitude
and phase, waneguidettype pewes diyiders amdpzonbingrsat t he out puts of the anplifier
nodul es add constructively at the output. This approach has been proven in
practice using wavegui de type power dividers and conbi ners. Si nce
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desirable to use power conbiners and In mcrostripline.

M crostri pisi desirablentd age pavwsrstombiners damd edividers [reglised vint microstripline.

conduct or _Il\ll?grg;tripline technology consists of a dielectric layer, with a thin conductor layer
bonded to one side etched to form the planar circuit geometry, and another
conductof layer bonded to and entirely covers the reverse side forming the ground
plane (current return). Microstripline structures are therefore fabricated similar to
conventional printed circuit boards (PCBs), making them light-weight and
economical. Further, dividers and combiners realised in microstripline would be
compatible with the solid-state amplifiers modules since they are also realised ina
microstrip medium, therefore allowing integration of divider, combiner and

amplifier modules.

For the sake of convenience, for the rest of this document (unless otherwise
stated), the term power divider will be used. It is however understood that a
divider can be used as a combiner when the roles of the input port and output

ports are reversed.

With reference to Figure 1, a multiway tapered _planar microstripline divider 1,
typical of the pridr art (M. D. Ab'ouzahra & K. C. Gupta, "Muitiport power divider-
combiner circdits USing circular-sector-shape planar components", IEEE Trans. on
Microwave Theory and Techniques, Vol. 36, No. 12, Dec, 1988, pp 1747-1751.),
consists of an input port 2, connected to the narrow end 6 of a tapered section of
microstripline 3, and a plurality of external output ports 4 connected via a plurality
of microstriplines 9 to a plurality of internal output ports 7 evenly spaced around
the wide end 5 of the tapered section of microstripline 3. As the wavefront of the



bonded to one side etched to formthe planar circuit geometry, and another
conductor |ayer bonded to and entirely covers the reverse side forming the
ground plane (current return). Mcrostripline structures are therefore
fabricated simlar to conventional printed circuit boards (PCBs), naking
them | i ght-wei ght and economical. Furthe¥, dividers and conbiners realised
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g_] crostri '%ééi&n %Jsma& Btoﬁﬁdwgern%ﬁt l\%thoﬁe, International Journal of Microwave and

Millimeter-Wave Computer-Aided Engineering, Vol. 3, No. 3, 1993, pp175-182 ;
P. S. Kooi, M. S. Leong, T. S. Yeo & S. M. Krishnaswami, " A Multi-way
Broadband Sectorial Power Divider Using Exponential Taper", 1995 Asia-Pacific
Microwave Conference, KAIST, Taejon, Korea, 9 - 13 October 1995, pp48 - 51.)
and patented (eg. J. M. Schellenberg & W. Yau, "Power Divider/Combiner Circuit",
US Patent No. 4,835,496, 30 May 1989; _P'. W. Hoare, "Broad Bandwidth Planar
Power Combiner/Divider Device", US Patent No. 4,968,958, 6 Nov. 1990.). Such
modifications include different taper functions for the tapered section 3 to increase
the bandwidth (eg. J. M. Schellenberg & W. Yau; M. Miyazaki, O. Ishida & T.
Hashimoto; P. S. Kooi, M. S. Leong, T. S. Yeo & S. M. Kri'shna'swami), addition of
resistances to reduce output port coupling (eg. J. M. Schellenberg & W. Yau; M.
Miyazaki, O. Ishida & T. Hashimoto), or forking of the tapered section 3 to improve
the frequency response (eg. J. M. Schellenberg & W. Yau; P. W. Hoare). A
common feature with these previously proposed structures is that the internal
output ports 7 must be located on a curved periphery at the wide end 5 if the
output signals are to be in-phase. Further, the previously proposed dividers have

only been demonstrated for a maximum of 5-way division.

With reference to Figure 2, the problem “encountered with the prewously
proposed dividers becomes apparent in the parallel combined power amplifier
application. To ensure in-phase power combining, the interconnection
transmission lines 10a and 10b, that connect the individual amplifier modules 12



signal propagates fromthe input 2 to the wwde end 5, it wll becone curved
in the plane of the divider 1. To ensure that the output signals are

i n-phase, the wide end 5 is necessarily curved, and the length of the
mcrostriplines 9 are all equal in length. Al though only five output ports
are shown in Figure 1, any nunber greate# than one is possible. There
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Conbi ner/ Di vi der Device", US Patent No. 4,968,958, 6 Nov. 1990.). Such
nodi fi cations include different taper functions for the tapered section 3
to increase the bandwidth (eg. J. M Schellenberg & W Yau; M Myazaki, O
| shida & T. HasObjestof the IBvertion, M S. Leong, T. S. Yeo & S. M

Kri shnaswam ), addition of resistances to reduce output port coupling (eg.
J. M Schellenberg & W Yau; M Myazaki, O Ishida & T. Hashinoto), or
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appar ent i gmplifier?aAAbiher objadtiofehisdnveritiomis! tofprevide a multiway tapered planar
microstripline divider with many outpuf ports (greater than say 6). Anoth'er object
of the invention is to provide a multiway divider whose ihput reflection coefficient is
minimised. .Another object of the invention is to provide a multiway divider whose

performance is not dependent on additional resistances.

Summary of the Invention

The proposed divider can be realised in either microstripline or stripline
technology. The conductor pattern of the divider 1 essentially consists of a
tapered section 3 with symmetricaily disposed holes 8, with the input port 2 at the
narrow end 6, and the internal output p'orts 7 equally spaced and symmetrically
disposed across the linear wide end 5. The symmetrically disposed holes 8
ensure that the output signals obtained from the co-linear internal output ports 7
have equal amplitude and are in-phase over the bandwidth of the divider. In
effect, the holes 8 ensure that a wavefront propagating from the narrow-end 6 to
- the wide end 5 will essentially rémain uniform and perpendicular with the divider



application. To ensure in-phase power conbining, the interconnection
transm ssion lines 10a and 10b, that connect the individual anplifier

nodul es 12 _ 4 to the power
conbi ner and dividers, nust be of equal |ength. Since the internal output
ports (Figure 1, 7) are located on a cursed boundary (Figure 1, 5),
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12 to be conbined increases. oj ect of the Invention It is the -
object of the invention to provide a nultiway tapered planar mcrostrip
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5 failure; ii) lowering the cost; and iii) ensuring repeatability during manufacture.
Further, to improve efficiency, the reflection coefficient of the input port is
minimised over the bandwidth of the divider. An additional objective of this
invention is that it is suitable for the realisation of n-way power division where n is

a Iarge.riumber (10 or more).

For efficient operation of the parallel combined power amplifier, the input reflection
coefficient of the divider should be as small as possible over the required
bandwidth, and the n transmissions from the 'input port to the n output ports

should be identical in magnitude and delay over the required bandwidth.

Brief Description of the Drawings

The present invention will be now explained and described with reference to the

following drawings:

Figure 1 is a plan view of the conductor outline of a known example of a multiway |
tapered planar microstripline power divider/combiner (M. D. Abouzahra & K. C.
Gupta). Note that the in-phase internal output ports 7 are located on a curvéd
boundary. |

Figure 2 is a diagram depicting the application of the known example of a

multiway tapered planar microstripline power divider 1a and power combiner 1b in



performance i s not dependent on additional resistances. ' Sunmmary
of the Invention The proposed divider can be realised in either
mcrostripline or stripline technol ogy. The conductor pattern of the
divider 1 essentially consists of a tapered section 3 with symmetrically
di sposed holes 8 wth the input port 2 & the narrow end 6, and the
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Figure 4 is a diagram depicting the application of the embodiment 1a and 1b in a
parallel combined po_wér amplifier. Note that the interconnection transmission

lines 10a and 10b are not required to be meandered.

Figure 5 is a diagram depicting the application of the embodiment 1a and 1b in a
parallel combined power amplifier with an alternative layout used to accommodate
wide aknpl'rﬁer modules 12. Note that the interconnection transmission lines 10a

and 10b can be routed in a uniform manner without the need for meandering.

Modes for Carrying Out the Inver_nt,ion

Figure 3 shows an embodiment of the proposed planar microstripline divider 1,
. and consists essentially of a tapered section of microstripline 3 with symmetrically
disposed holes 8 and has a linear wide end § which is perpendicular to the axis;
an input port 2 connected to the narrow end 6; and a plurality of external output
ports 4 connected via a plurality of microstriplines 9 to a plurality of internal output
ports 7 evenly spaced across the said linear wide end 5. As the wavefront of the
signal propagates from the input 2 to the wide end 8§, the symmetrically disposed
holes 8 (etched in the conductor pattém) ensure that it will essentially remain
uniform and perpendicular to the centre line. At least one such hole 8is required
with the total number being arbitrary and sufficient to ensure that the output
signals have equal amplitude and delay at the given frequency or band of

frequencies. The shape of the holes is arbitrary and are shaped such that



I nvention does not require the use of resistances, therefore: i) inproving
the graceful performance degradation in the event of individual anplifier
nodule failure; ii) lowering the cost; and iii) ensuring repeatability
during manufacture. Further, to inprove efficiency, the reflection
coefficient of the input port is mnims&d over the bandw dth of the
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mul tiway tapered planar m crostrleI i ne power divider la and power comnbi ner

1b in wide end 5, and to a large extent influences the frequency response and hence
bandwidth of the input match of the divider input port 2. Although only 5§ output

ports are shown in Figure 3, any number greater than one is poésibie.
The previous paragraph highlights the essential features. Variations include:

i) Step change in microstripline width between the input port 2 and the narrow -
end 6 of the tapered section 3. This step change in microstripline width can |
be optimised to improve the bandwidth of the input match at the input port
2,

ii) Tapering of the microstriplines 9 which connect the external output ports 4

. to the internal output ports 7, to make a smooth transition to the wide end 5

of the tapered section 3. The purpose of this modification is to improve
output port match. | |

Further, the divider structure described above can be realised in stripline
technology consisting of a thin conductor pattern, with planar geometric attributes
as described above, that is sandwiched between two dielectric layers of equal
thickness which are in-turn sandwiched between two conduéting layers which form
the ground planes. '

With reference to Figure 4, the advantage of the proposed divider over the
previously proposed dividers becomes apparent in the parallel combined power



a parallel conbined power anplifier. This diagramillustrates the need for
meander ed i nterconnection transm ssion |ines 10a and 10b. Figure 3 is a
pl an vi ew of the conductor outline of an enbodi nent of a nultiway tapered
planar microstripline power divider/conbiner made in accordance with the

-~ present invention. Note that the in-phasé& divider output (comnbiner input)
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apj on o podi ment i. n a para conbi ned power
anpl i fi er. covabineidh powenreamplifier; cthere tis amo tneets to swieander the intarcanveddin ar e
not required to, be nmeandered. Figure 5 is a diagram depicting the

- appl i cati otflamﬂ\iﬁfiipfb"ﬂﬁﬁﬂ%ﬁﬂdiwb- and 1b in a parallel conbined power
anplifier with an alternative |ayout used to acconmopdate w de anplifier
nodul es 12. Note that the interconnection transm ssion |ines 10a and 10b

can be roupger the amiplifier odaker 12idreoido iide ferethd paratishrabembingd power
amplifier layout suggested in Figure 4, alternative layouts can be used, such as
that suggested in Figure 5. Referring to Figure 5, the interconnection transmission
lines 10a and 10b are routed in such a manner so as to accommodate wide
amplifier modules 12 as well as ensuring equal transmission paths between fh'e
output ports 4a of the divider 1a, and the input ports 4b of the combiner 1b. The
co-linear location of the output ports 4a of the divider 1a, and the input ports 4b of
the combiner 1b, allows such routing of the interconnect transmission lines 10a

“and 10b to be achieved with a uniform layout geometry.

During the design of such divider structdres (Figure 3, 1)', the planar circuit
(contour integral) approach for the ahalysis can be uséd (T. Okoshi & T. Miyoshi,
"The planar circuit - an approach to microwave integrated circuit”, IEEE Trans on
Microwave Theory and Techniques, Vol. 20, No. 4, April 1972, pp 245-252.),
-~ which can be incorporated into an optimisation loop. Theoret_ically any
optimisation algorithm can be used but optimisation based -on the so called

simulated annealing, is recommended.

Industrial Applicability

Microwave power dividers are used in applications where it is necessary to split a
microwave signal two or more ways. Hence microwave dividers are used in
applications where the microwave signal must be distributed among several
microwave devices. Microwave power combinefs are used in applications where it
is necessary to combine two or more micr_owavé signals, to be available at one
port. Hence microwave combiners are used to compose one microwave signal

from a number of microwave signals. But more commonly, microwave power



Modes for Carrying Qut the Invention Figure 3 shows an enbodi nent of the
proposed planar mcrostripline divider 1, and consists essentially of a
tapered section of mcrostripline 3 with synmetrically disposed holes 8 and
has a linear wde end 5 which is perpendicular to the axis; an input port 2
connected to the narrow end 6; and a pludality of external output ports 4
connect ed ¥} | ! b} ; ; | 1 I
Ut put  por Eoyts 418! desdt & oBinpogs e riiolVee; sipRaromhihFidust el Thdth o
wavef ront atinbes ofilgwapowenievehmisroivave sdurceésip o eénsuretthat thielsignals from he

symmetrical ly disposed holes 8 (etched,in the conductor, pattern) ensyre
that it withe MWQEI'WG'HBW&‘P‘N;%W add consHUGY @E-?%“{’ﬂ)@fé@ﬁﬁ ke

line. At | e 1S & Lr i t i ~
arbi i rary SeNRCRRrsdt IndChPollars ikl ' Enneiled o' gk S Sonflingan
anpl i tude phgs€emme paralifecambinedimictowaee powebaniplifiér isesibethcthescondepts
shape of the holes is arbitrary and are shaped such that

7 symet r y ofibpigrowave cpowee divigion; andacambiniag tenghate dheuburdenytoft pawer

band o equRnEaten SRibhg Aalal H0ErAREvS BoerShrpbliferPpbBficel ° HHE Rbrdll
8 is to nokBnibiiéd ipoeradinpiifieroBshsistsest b A iy pbReridiidenes tdistriblfe the al )

transm ssion paths, therefore equalising all transm ssion paths. The |ength
of the m cinpuitmicrowave signahequaliyngmong thetinputs of suidemticabamplifier modules.

i nt I t ts 7 the w d d5 [ | inl th,. T
{aper | unciMenowPot Ractwave: SopRls: it i pcaabiiel mediles are el arbineAlin- <
chosen to %%Hé%ﬂ?ﬂ%ﬁﬁ&ﬁé}%ﬁmﬁerrpmthe narrow end 6 to the



wide end 5, and to a |arge extent influences the frequency response and

hence bandwi dth of the input match of the divider input port 2. Although
only 5 output ports are shown in Figure 3, any nunber greater than one i s

possi bl e. The previous paragraph highlights the es ' '
Vari ations include: 1) Step change i@ mcrostri pﬂmmmmlmmmmL t he
I nput port 2 ang,,the narrow end 6 of the taperec sactiron®3.sThi s step

~change in micro ?'i"b?i ne wi dth can be optim sed to i nprove the
- bandwi dth of the input match at the input port 2. ii)  Tapering of

the mcrostriplines 9 which connect the external output ports 4 to
the interndl oufplbroadbarxd taperednplanan power rdividerieombinert fort micrawavecnd 5

of the tapered segctign 3. The rpose .of this nodification is to inprove
out put port mat gﬂﬁnme iﬁaW?M%rsEg'%ﬂ%gmﬂa@s tructure described above can be

~realised in stripline technol ol% consisting of a thin conductor pattern,
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Wth reference to Figure 4, the advantage of the proposed divider over the
previ ously prop&e¥ering ongside obthesaid sWbstral®i in the parallel conbined
power

(¢) athin layer of electricallconducti'ng material bonded to thé other side
of the said substrate and etched so that it consists of tapered section

whose wide end is linear and perpendicular to the centre line;

(d) a means of connecting electrical signals to / from the narrow end of
the said tapered section; '

() a means of connecting a plurality of electrical signals from / to the
* said linear wide end of the said tapered section which are equally spaced
and symmetrically disposed across the said wide end; and

)] a plurality of holes etched in the said tapered conductor section
being symmetrically disposed, whose shape and position ensure that the
signals appearing at the said electrical connections across the said linear
wide end will have equal amplitude and phase when a signal is connected
to the said narrow end of the tapered section, and the said electrical
_connections across the wide end are each terminated in non-reflecting

loads.

2 A power divider/combiner as defined in claim 1 with a further step change
in the conductor width at the said narrow end to improve the electrical

match at the connection to the narrow end.

3. A power divider/combiner as defined in claim 1 with a plurality of equal
length conductors that taper down from the said cor_mections across the



8 ‘arrpll i fier application. Wen the proposed di vi der Tsenployed in a

paral l el conbi ned power anplifier, there is no need '
i nterconnection transm ssion |ines 10a and 10b. WH“‘“ﬁM““mum ;
modul es 12 are too wide for the parallel conbined power @an i M ef | &yout
suggested in Figure 4, alternative |ayouts can be used, such as that

suggested in Figure.5. Referrin o, Figure 5 the interconnecti .
transmssion |i %@@efﬂﬁaﬁﬁﬁgfoﬁngré’ FB%?%’GGFW“ STRIMELURER NG, eg%u{:%qr}mrove
accommodat e wi d%t}e%‘?ﬁ%dl?ﬁél&h@%s@c&n’ne%ﬁoﬁ@' | as ensuring equal '

transm ssion paths between the output ports 4a of the divider 1a, and the
I nput ports 4b of the conbiner 1b. The co-linear |ocation of the output
ports 4a of the divider

.1a, ,and the inpu rts 4b qQf the cqnbiner _1b
al | ons such rouf RGWSF Q'ﬂaef’ﬁ?'@PE@ﬁrﬁzge%Pg‘ﬁéPd@%'%% Y"i'tﬁeé Fﬁﬂ'@"ﬁhﬁf £ o
be achieved wt ' : [ t '
di vi der struct uﬁke@tf(i%ﬁug} dﬁféyt%{ tétiﬁég p \gﬁglr’ong Rﬁ%u%d (éc@r?% %?ﬂ?rﬁgﬁﬁb
approach for theaRh&hgar widenehd tesdbe (Sxtefadstonriectiond! toosemsure Timprovedar
circuit - an approach to nicrowave integrated circuit", |EEE Trans on
M crowave Theor glegtidcalseaieh@fithesegpnneslionsio. 4, April 1972, pp 245-252.),

whi ch can be incorporated into an optimsation loop. Theoretically any
opti m sation algorithmcan be used but optimsation based on the so called

si mul at ed gnnealy MoadisaricdapERidplhnar power divider/combiner for microwave or
millimetre-wave signals comprising of:

(a) a first dielectric substrate;

(b) a layer of electrical conducting material bonded to and entirely

covering one side of the said first substrate;

() athin layer of electrical cohducting material bonded to the other side
of the said first substrate and etched so that it consists of tapered section

whose wide end is linear and perpendicular to the centre line ;

(d) a means of connecting electrical signals to / from the narrow end of

the said tapered section;

" (¢) a means of connecting a plurality of electrical signals from / to the
said linear wide end of the said tapered section which are evenly spaced
and symmetrically dispo'sed across the said wide end;

® a plurality of holes etched in the said tapered section . being
symmetrically disposed, whose shape and position ensure that the signals
appearing at the said electrical connections across the said linear wide end
will héve equal amplitude and phase when a signal is connected to the said
narrow end of the tapered section, and the said electrical connections

across the wide end are each terminated in non-refiecting loads;

{g) a second dielectric substrate covering entirely the surface of the first
said dielectric substrate on the side of the etched conductor layer; and



I ndustrial Applicability M crowave power dividers are used in
applications where it is necessary to split a mcrowa ] g nor e
ways. Hence mcrowave dividers are used in applicati o”"lmm“ “llwmmmom/ave
signal nust be distributed anong several ncrowave devfceSs. ™M & owave power
~conbiners are used in applications whereldt is necessary to conbine two or

nore m crowave signals, to be available at one pqrt. ce m crowayv
conbi ners are uz}@d t & Eﬁﬁ‘m}g@%ﬂ@cﬂﬁ’cmﬂﬁvg‘rﬁ ’F"?lrﬁ% ac%Yﬁ{ﬁe?H%Pg’ the
_ M crowave si Q”abﬁmﬁ'dtfamgesi&@m $aid eebRAiciedtfielibstrate.

. 9 conbiners are used to conpose a m crowave signal of high power [evel,
. froma nunber of |ow power |evel mcrowave sources. To ensure that the

' signals fromthe | wer | evel. m i gnal s_ad i the
s T e Shleriaring o6 Aiinga 3 S 2o ShRhet Sk hdbgt e,
| ports conbine i, ~ph &O¥Mh%&ﬁé L&id (AP 2ad t@i%?&@’&%%fﬁ%ét&l?}%’i
uses both the conCepts Of mcrowave power division and conbining to share

t he burden of peyeecoanedttidn toatherar@wegdseveral. m crowave power amplifier
nodul es. The parallel conbined power anplifier consists of an n-way power
divider to distribute the input m crowave signal equally anong the inputs

ampli 1o fodul 20PasranBfuEBinek s, SEpREL P AR Ry A LBRY ool

length conductors that taper down from the said connections across the

said linear wide end to the external connections to ensure improved

electrical match at these connections.

8. A power divider/combiner as defined in claim 6 with a plurality of equal
length conductors that taper down from the said connections across the
said linear wide end to external connections to ensure improved elecfrical

match at these connections.



Cl ai s A broadband tapered planar power divider/conbiner for

m crowave or mllimetre-wave signals conprising of: (a) a
dielectric substrate; (b) a layer of electrical conducting material
bonded to and entirely covering one side of the said substrate;

(c) a thin layer of electrical conductidng materi al bonded to the other

si de of the said substrate and A&%g%@f that it consists of tapered:-
section whose wide end is linear pendi cul ar to the centre line;
(d) a neans of connecting electrical signals to/ fromthe narrow end of

t he said tapered section; (e) a means of connecting a plurality of
electrical signals from/ to the said linear wide end of the said
tapered section which are equally spaced and symetrically di sposed

across the S*’i\hﬂld W Jﬁ? NAR MICROSTRIP PGWER‘C@iMB}NEﬁ /ONIDER FORY i N

the said tapere or section g synmmetrically disposed, whose
shape and posi tSOLIBSTATE MICROWAVE POWE@AMPHﬂERrAPIQLIﬁATIQNSal d

electrlcal connections across the said |linear

A multiway. tapéred planar microstripline microwave power divider whose equal-
amplitude; in-phase 'output ports are co-linearly located is disclosed. The
conductor pattern of the divider 1 essentially consists of a tapered section 3 with
symmetrically diéposed holes 8, with the input port 2 at the narrow end 6, and the
internal output ports 7 equally spaced and symmetrically disposed across the
linear wide end 5. The symmetrically disposed ‘holes 8 ensure that the output
signals obtained from the co-linear internal output ports 7 have equal amplitude
and are in-phase over the bandwidth of the divider. The input port 2 located at the
narrow end 6 has a low reflection coefficient over the bandwidth of the divider.

Fig. 3 is to be published.



wi de end will have equal anplitude and phase when a signal is connected
to the said narrow end of the tapered section; and the said electrical
connections across the wide end are each term nated in non-reflecting

| oads. = 2. A power divider/conbiner as defined in claiml with a further
step change in the conductor width at the said narrow end to inprove
the electrical mat ch at the conmection to the narrow end. 3. A~

power divider/conbiner as defined in claiml with a plurality of equal

| engt h conductors that taper down fromthe said connections across the
~said linear wwde end to the external connections to ensure inproved
electrical match at these connections. 4, A power divider/conbi ner as
defined in claim2 with a plurality of equal engt h conductors that
taper down fromthe said connections across thag &i d |inear wide end
to the external connections to ens%re i pr o el ectrical match at

t hese connecti ons. . '

< 4

Figure 1
PRIOR ART

' Figure 2
APPLICATION OF PRIOR ART



57 A br oadband tapered pl anar power divider/conbiner for ni crowave or

ml.limetre-wave signals conprising of: (a) a first dielectric
substrat e; (b) a layer of. electrical conducting material bonded to
and entirely covering one side of the said first substrate,; :

"~ (c) a thin layer of electrical conducting material bonded to the other
si de of the said first substrate and etched so that it consists of
t apered section ~ whose wide end is linear and perpendicular to the
centre |ine; (d) a nmeans of connecting electrical signals to /
fromthe narrow end of the said tapered section; ge) a means

he said

~of connecting a plurality of electrical signals frob/ to ¥

~linear wide end of the said tapered segtion which : )%;égaped
~ 1" a
gl i on peing

. and symmetrically disposed across the sqid w dg
‘sur%%égg the signals
t hE Td |linear w de
na

Esyrmetrically di sposed, whose shgpe and p&Sit
appearing at the saag el ectrical ,conngefions a

end w |l have pe~mhase when a s E E I's connected to
~the said. narrow € . ecti on, and id electrical
. connections across the w de #gme dre each termnajed in non-reflecting
| oads; (9) a second di Ubst ré rg—tntirely the
surface of the first. sadd dielectri the side of the

et ched conductor |ayer; and

Figure 3




12 (h) a second electrically conducting material that covers

entirely the outward facing side of the said second dielectric
substrate. 6. A power divider/conbiner as defined in claim5 with a
further step change in conductor width at the said narrow end to

i nprove the electrical match at - the connection to the narrow end.

7. A power divider/conbiner as defiged in claim5 with a plurality of
equal ~ length conductors that taper down fromthe said connections
across the said linear wde end to the external connections to ensure
i mpr oved el ectrical match at these connections. 8. A power

di vi der/ conbiner as defined in claim6 with a plurality of equal

| engt h conductors that taper down fromthe said connections across the
said linear wide end to external cgghections to ensure inproved el ectrical
match at these connecti ons. ‘(//

/ 10a

/\

Figure 5




