A

WO 97/ 06575 'I 3 PCTNS96/13020 -1 [11L11Errrrrirl 1800 POAER DI VI DER FOR

| ~~ ~~I~1 LI 11 * 166166* RELATER-AP 5
Thi's appl i catl on 15 P,y

This application is related to a commonly owned application ¢
“date thewi th entitled "Quadrifilar Helixl-Antenna and Feed Network and

fraving Attorney Docket Nunmber QCPA207, the full disclosure of which is

i er ei n 180° ROWER DBSIDER HORIAMEELIX ANTERNA. 10
Bﬁ@@%ﬂm@ﬁm THE INVENTION 1. Field of the' | nvgnt I on The p_rfe_sen]tI o a
i "fates generally to ividers, and nore specifically.

180 p&MEre di vi der suitable for E&#ﬁﬁgﬁL&ﬁMﬂW$eed 15 network. 2.

Rel ated Art Advances in electronics in the areas of packagi ng, power

consunpt iSon, i niBhisrdppiication i81Rla6@4YHE EGRMERA eoxgﬁgﬁr%}ﬂl}'cagi?%u%]tgﬁd?ﬁ n
il ahili .cati, oducts 1n”a portabl’e p a at' a
ori co poi nt S 43 Bere R pLERS, U SilsrRekx Antenna jand Gees detwork h
consuners. anshbaeing AIh@rae)e@ockemmhbal‘aythpm@;g\ﬁggggmigclg?}lﬁgp%im t he
. acilitate s , )
'?’ynfoieggﬁl y?nqg]}f@ﬂ-ﬁg?t\éﬁ{ﬁgﬁzﬁ}dggf%@eﬁ’? #ﬁ??ﬁ%’r‘@ﬂ@%%é@ﬂuency range

are larger than 25 would be desired for use with a portable device. Oten

times tH@ antennas are BACK@ROUNED QF THEEVVENERDN! ogy. However,
in such antennas, the feed networks are often larger than would be desired

or exhibit nwarnt: eri,stics. Part of this is attributable to a
R SR RE T

limtation i'n th of conponents available for use in the
feed networks. 30 TsUpKsRYt (iﬁvé‘rﬂ_ﬁbﬂ Nb’fEft@ @h&ﬂaﬂyﬁ]@gﬁwaeﬁ;dl%r%ge af{g?%r .

[ : ° r,.f.or _use or K,
direot o0t OBl 8 o 8P e (il Y pmoaphEnTa et ek
quadrifilﬁar negwiotkant enna i s conpri sed of four radiators which are wound in
a helical fashion. For transmt operations, the feed network accepts an
input transmit sigfated@Ags PErforns the necessary

i

Advances in electronics in the areas of packaging, power
consumption, miniaturization, and production, have generally resulted in

20  the availability of communication products in a portable package at a price
point that is attractive for many commercial and individual consumers.
However, one area in which further development is needed is the antenna

and feed networks used to facilitate such communications. Typically,
antennas suitable for use in the appropriate frequency range are larger than

25 would be desired for use with a portable device. Often times the antennas
are implemented using microstrip technology. However, in such antennas,

the feed networks are often larger than would be desired or exhibit
unwanted characteristics. Part of this is attributable to a limitation in the

number and type of components available for use in the feed networks.
30

SUMMARY OF THE INVENTION

The present invention is directed toward a 180° power divider for use

with an antenna feed network, such as a feed network used for a quadrifilar

35 helix antenna. A typical quadrifilar helix antenna is comprised of four
radiators which are wound in a helical fashion. For transmit operations, the

feed network accepts an input transmit signal and performs the necessary
power division and phasing to provide the phases necessary to feed the
radiators of the antenna. For receive operations, the feed network accepts

40  and combines signals received from the radiators. More specifically, the feed
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output signals. The two output signals are equal in amplitude and differ in

20 phase by 180°. The manner in which the 180° power divider accomplishes
this is as follows: The input signal travels along a trace on a circuit surface
of a microstrip substrate. On the opposite surface of the microstrip is an
electrically infinite ground plane. In this region, the input signal is an
unbalanced signal.

25 In a second region, the ground plane is discontinued, except in the
area directly opposite the signal trace. In this area, the ground plane tapers
from the electrically infinite ground plane to a width that is substantially
equal to the width of the signal trace. As a result, opposite the signal trace is
a second trace of substantially the same width, referred to as a return signal

30 trace. In this region, the signal is a balanced signal, and for the current
flowing in the signal trace there is equal to but the opposite of current
flowing in the return signal trace on the opposite surface.

In a third region, the return signal trace is brought to the circuit
surface of the microstrip substrate and a second electrically infinite ground

35 plane is provided on the opposite surface. This second ground plane is
floating with respect to the first ground plane. In this third region there are
now two signal traces on the circuit surface, each carrying a signal that differs
in phase from the other signal by 180°.
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signal 30 tHQ this region, the signal is a balanced signal, and for
_the current V@(?ﬁg%:sﬂsg in the signal trace there is equal to b CWG’(Sf)oﬁgsite
“of current flowing in the return signal trace on the opposite surface. In
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illustrages a perrg@egtiietriiedV aficAiins , mcrostrip
quadrifilar heli % g.’ntﬁlnrllﬁ-];?avi ng lﬁxqi n?ﬁi’ﬁarﬁggfh%ﬂ%gggémﬁe 5(a)
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quadrifilar helix antenna having an infinite balun feed.

20 FIG. 4 illustrates a perspective view of an etched substrate of a
microstrip quadrifilar helix antenna having an infinite balun feed.
FIG. 5(a) illustrates tabs on the antenna radiators.
FIG. 5(b) illustrates the connection of a feed line to a radiator.
FIG. 5(c) illustrates an alternative connection of a feed line to a
25 radiator.

FIG. 6(a) illustrates a bottom surface of an etched substrate of a
microstrip quadrifilar helix antenna.

FIG. 6(b) illustrates a top surface of an etched substrate of a microstrip
quadrifilar helix antenna.
30 FIG. 7 illustrates a single-section branch line coupler exhibiting
narrow-band frequency response characteristics.

FIG. 8 illustrates the frequency response of the single-section branch
line coupler of FIG. 7.
FIG. 9 illustrates a double-section branch line coupler exhibiting
35 broadband frequency response characteristics.

FIG. 10 illustrates the frequency response of the double-section branch
line coupler of FIG. 9.



«25 radiator. FIG 6(a) illustrates a bottom surface of an etched substrate
of a mcro i drifilar helix antenna. FIG 6(b) illustr
_surface of Z‘%E’e’?’é‘ﬁ*el’g substrate of a mcrostrip quadrifilar h‘%‘?@”ﬁ’ﬁ%"gﬁna_

"30 FIG 7 illustrates a single-section branch line coupler exhibiting
narr ow band frequency response characteridtics. FIG 8 illustrates the
frequency response of the single-section branch |ine coupler of FIG 7.
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frequency r sponzﬁgf th ,oébgggg{gt%ﬁaﬁggﬁgﬁ%ﬁ)ﬁ}f%g“_}gﬁ% er of FIG 9. WO
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: unbal anded PHTM8stri p and bal anced parallel plate signal paths and their
electric field SFiGt12rillustités a18ir't:hituéq1!ii&rtaﬁ§1taoﬁith6U180°e?BWé$| &itided the

180 power di.y i1 rgted in FIG 11 FIG 14 illustrates a
nar r ow band lxlggﬁgﬁegti\ﬁ‘ogié'hgl\?i ng a 180 power divider and two branch |ine

coupl ers accor di nifG.ddoHussrases| anmarrowtbard fe&d nietworit ihfaning:bGBOignower
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branch-1j ne co er according to one n i nven n. 16
i |1 ustrafes BYeBBI e i npl enentation of a feed network 15 having two 180

power dividers arfiG 1S5 illghtratestd h@froW-Bakd fédd RetPotN RivingtWs 1808 (Sawer
illustrates an. xsanﬁl d \grew o_f. one_ enpodi mené. of a cross_.over sectlqn of a
feed networ K ?ﬁ‘iﬂpag &h%lt ARFRdineaFeuplen aqcerding tejage embodimentafy thees a
cross-sect i dmaenticaw of the cross-over section illustrated in FIG 17(a).
20 FIG 18 illustgRs epe ANuSKAMY ARY ek AUBH ibPlehdBedi®hn S 3684 L etk
15 having two 180° power dividers and a single-section bran(ch-line coupler.
FIG. 17(a) illustrates an expanded view of one embodiment of a cross-
over section of a feed network such as that illustrated in FIG. 16.
FIG. 17(b) illustrates a cross-sectional view of the cross-over section
illustrated in FIG. 17(a).
20 FIG. 18 illustrates an exemplary layout for the top surface of the
microstrip substrate for a 180° power divider.
FIG. 19 illustrates an exemplary layout for a portion of the bottom
surface the microstrip substrate for a 180° power divider.
FIG. 20 illustrates an exemplary layout of a quadrifilar helix antenna
25 using the feed network illustrated in FIG. 16.

DETAILED DESCRIPTION OF THE EMBODIMENTS

1. Overview and Discussion of the Invention
30

The present invention is directed toward a 180° power divider used to
provide two signals having a phase difference of 180°. The 180° power
divider accepts an input signal and splits it into two output signals. The two
output signals are equal in amplitude and differ in phase by 180°. The 180°

35 power divider accomplishes this by converting an unbalanced signal to a
balanced signal and then provides as outputs both the signal and its return
as the 0° and 180° signals. The manner in which this is accomplished is
described in detail below.



smcrostrip substrate for a 180 power divider. FIG 19 illustrates an
exenpl ary |ayout for a portion of the bottom surface the microstrip
substrate for a 180 power divider. FIG 20 illustrates an exenplary | ayout
“of a quadrifilar helix antenna 25 using the feed network illustrated in
FIG 16. DETAILED DESCRI PTION OF THE EMBCDI MENTS 1. Overvi ew and
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t hr ougBoutsettios 200 catiatfeed Rec:RIN Jces of substrate 108 are referred. to
as a "top" surface %nagﬁ%é" bottoni surface. This nomenclature is adopted

for ease of dedePicp Af§NAotih Eogumentt, thechurfecsncd sbsteate g d not
be construeterted manrdat &tap spatidel S RAtIRt AL isGRERAL ofh QT nSHPSLL LS is
adopted for ease of description only and the use of such nomenclature
should not be construed to mandate a specific spatial orientation of substrate
20 108. Furthermore, in the embodiments described and illustrated herein, the
antannas are described as being made by forming the substrate into a
cylindrical shape with the top suriace being on the outer surface of the
formed cylinder. In alternative embodiments, the substrate is formed ins
the cylindrical shape with the bottom surface being on the outer surface of
25 the cylinder.

In a preferred embodiment, microstrip substrate (0% is a thin, flexible
layer of polytetraflourcethalene (PTFE), a PTFE/glass composite, or other
dielectric material. Preferably, substrate |0% is on the order of 0.005 in., or
0.13 mm, thick. Signal traces and ground traces are provided using copper.

30 In altemative embodiments, other conducting materials can be chosen in
place of copper depending on cost, environmental considerations and other
factors. o

A feed network 308 is etched onto feed section 208 to provide the 0°

e 4 1 ,
90°, 180° and 270° signals that are provided to radiators 104. Feed section 208

35 of bottom surface 200 provides a ground plane 212 for feed circuit 308. Signal
traces for feed circuit 308 are etched onto top surface 300 of feed section 208
Specific embodiments for feed circuit 308 are described in detail below in
Section 4.
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20 FIG. 4 is a perspective view of the infinite balun embodiment. This
view further illustrates feeds 316 and radiators 104 etched onto substrate 108.
This view also illustrates the manner in which feeds 316 are connected to
radiators 104 using connections 404. Connections 404 are not actually
physically made as illustrated in FIG. 4. FIG. 5, which comprises FIGS. 5(a),
25 5(b) and 5(c) illustrates alternative embodiments for making connections
404. FIG. 5(a) is a diagram illustrating a partial view of radiator section 204.
According to this embodiment, radiators 104 are provided with tabs 504 at
second end 234. When the antenna is rolled into a cylinder, the appropriate
radiator/feedline pairs are connected. Examples of such connection are
30 illustrated in FIGS. 5(b) and 5(c), where tabs 504 are folded toward the center
of the cylinder.
In the embodiment illustrated in FIG. 5(b), connection 404 is
implemented by soldering (or otherwise electrically connecting) radiator
104C and feed line 316 using a short conductor 508. In FIG. 5(b) feed line 316
35 is on the inside surface of the cylinder and is therefore illustrated as a dashed
line.
In the embodiment illustrated in FIG. 5(c), radiator 104A and the feed
line 316 on the opposite surface are folded toward the center of the cylinder,
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signal from the feed network to the feed”oint of the antenna. 20 FIG 4
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An example of this embodiment is illustrated in FIG. 20. In an alternative
implementation where the length of radiators 104 is an odd integer multiple
of A/4, radiators 104 are left electrically open at second end 234 to allow the
antenna to resonate at the center frequency.

25 The present invention is described in terms of this example
quadrifilar helix antenna environment. Description in these terms is
provided for convenience only. It is not intended that the invention be
limited to application in this example environment. In fact, after reading
the following description, it will become apparent to a person skilled in the

30 relevant art how to implement the invention in alternative environments.

3. Branch Line Couplers

Branch line couplers have been used as a simple and inexpensive

35 means for power division and directional coupling. A single section,
narrow band branch line coupler 700 is illustrated in FIG. 7. Coupler 700
includes a mainline branch arm 704, a secondary branch arm 708 and two
shunt branch arms 712. The input signal is provided to mainline branch

arm 704 (referred to as mainline 704) and coupled to secondary branch arm
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An advantage of double-section branch line coupler 900 over single-
section branch line coupler 700, is that the double-section branch line
coupler 900 provides a broader frequency response. That is, the frequency
range over which the reflected energy is below an acceptable level is broader

25 than that of the single-section branch line coupler 700. The frequency
response for a typical double-section branch line coupler is illustrated in
FIG. 10. However, for true broad-band applications, the double-section
branch line coupler 900 may still not be perfectly ideal due to the level of

reflected energy 804 encountered in the operating frequency range.

il.lustrated in, FIG ' ntati on

30
4. 180° Power Divider and Feed Networks

‘Quadrifilar helix antennas such as those described above in Section 2,

as well as certain other types of antennas, require a feed network to provide

35 the 0° 90° 180° and 270° signals needed to drive antenna radiators 104.
Described in this Section 4 is a preferred embodiment of a 180° power
divider and several feed networks with which the divider can be
implemented to perform this interface between radiators 104 and the feed

line to the antenna. The feed networks are described in terms of several
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line to the antenna wor ks are esc
97/ 06575 pcr/lj§56¢q_rgb2qj1ve9path 1108 on top surface 300 is provided with an effectively

infinite ground plane 1104 on bottom surface 200. As long as conductive
path 1108 has ground plane 1104 opposite it, the input signal carried by
20 conductive path 1108 is an unbalanced signal. This concept is illustrated in
FIG. 12(a) which shows conductive path 1108 of a finite width and ground
plane 1104 opposite the conductive path 1108. The field lines illustrate the
field pattern between conductive path 1108 and ground plane 1104.
At transition area 1134, conductive path 1108 continues, but ground
25 plane 1104 tapers down to a width that is substantially equal to the width of
conductive path 1108. This is illustrated in FIGS. 11(a) and 11(b) as tapered
portion 1146 and return conductive path 1109. Note that return conductive
path 1109 on bottom surface 200 is in substantial alignment with conductive
path 1108 on top surface 300. In other words, conductive path 1108 and
30 return conductive path 1109 are disposed along the same longitudinal axis.
As the input signal travels along conductive path 1108 in the area
opposite tapered ground portion 1146, the signal transitions from an
unbalanced to a balanced signal. Where the ground portion and conductive
path 1108 are substantially the same width (i.e., where conductive path 1108
35 is substantially aligned with return conductive path 1109), the signal is a
balanced signal A cross section of conductive path 1108 over return
conductive path 1109 is illustrated in FIG. 12(b). The field lines illustrate the
field pattern betweer ~onductive path 1108 and ground plane 1104 (now part

WO
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conductive pgah 1389)are di§pcedNatatl $143 provides an area where return conductive

path 1109 connects to via 1116 to bring the 180° return signal to top surface

300. Note that although ground plane 1104, tapered portion 1146, tab 1142

25  and return conductive path 1109 are described as distinct elements, these can
all be provided on the substrate using a continuous conductive material.

Note that although conductive paths 1108 and 1110 are illustrated as

having a uniform width, the widths of these conductive paths 1108 and 1110

can be varied. One reason it may be desirable to vary the widths of

30  conductive paths 1108, 1110 is to adjust the impedance of the circuit. In fact,

in the embodiment illustrated in FIG. 11(c) the width of conductive paths

1108, 1110 is increased near the crossover point resulting in increased

capacitance in this area and lowering the characteristic impedance Z.

A circuit equivalent of 180° power divider is illustrated in FIG. 13.

35  This circuit equivalent is now described in terms of FIGS. 11,12 and 13. As

stated above, an input signal is provided on conductive path 1108. In

FIG. 13, this is illustrated as input line 1308. The interaction between the

input signal and ground plane 1104 is an effective shunt capacitance between



- bal anced signal A cross section of conductive path 1108 over return

conductive t 9 is illustrated in FIG 12(b). The field,Ll]
illustrate ‘?ﬁeﬁ/o el d pattern betweer conductive path 1108 aﬁéjr@sgﬁﬁgmpl ane

*1104 (now part WD 97/ 06575 PCT/US96/ 13020 10 of the bal anced signhal path).
The bal anced signal path is nmade up of ddnductive path 1108, and return
conductive pat 109. Because the signal is now bal anced, the current

f1 owi ng on. qog&y,cﬁvem Jétois\ﬁé\%atqurﬂpbin%lwuaThISG:apadtthm dﬂxmsaté@ aof

the current da wt@ﬂlm 1S cRARKIBY tNE |RR ) &1%:&§§tﬁy"ﬂﬁxstrta?eed & e dl}gf return

conductive pa 10 80, out ©f phase 've path
1108 in out But agl ﬁ" putr ﬁé?%f%?eée 1Pr?rbl§f§99tlvar5éalni1@atcm“ethwgeare

t, th i thoadost ang d rgf gpal ),
Bna the 480 ettt nar Snd pling .5‘&%2?‘%@ o syl 812

created on cQ
the 180 8i gna#1 %whé?aatht@r% @’d? afss as jpustratediby &mtOIC'-'l?’rZ@wSlmlFamlyf,eed
net wor k 308, thewidtB0o comdiictieen path 1190 gEsultirt @a SMERRESRER calSddinRe Vi @

1116 Alrdnt r i ke cq ctl devi ¢

si gnal( O(r:oﬁt rﬂnues gnbélgﬁggté?g t?\ E&Qé@ \ﬁﬁf)b‘ﬂ ﬁpz's%ﬁ F]iz!%tratﬁgobym

t he opposi t €apasitercB32dpot t om surface 200) float| ng ground pl ante 1112 t15
uctive

provides an effecAfise thé‘fti‘amstiﬁoﬂrvgl’l&q d‘()?n'autcﬂgesﬁagﬁ% 1198 fl? tase 5?861%3 EEh)I ane

d pl 1112 is float} res
o R0 e ity B e BRatios smengolintbarsigeas owalingthoscony
itsel f in Fls€e arléffpctividrseried inmrr:]dt?ii%g Q'XIQBJMHMS%%&%SQHP%WS%]}%?%;. o
d SO S
tab 1142, 20 Sni ChE ARGt BRAbERG s BrcPriniiioeviengii 1f £e0duseiig
fromthe | or@thﬁléil%lll]éﬁl in thivregiohi Aecaosedthis smesgﬁtducla]&&elgﬁ%hdérﬂeru?le%t i
duct [ proVvi des..an _a

Eﬁﬂdﬂﬁtigi ;‘giih“‘eé 91%?55 ERoSREH, a0 Tholtble P, A Rqiord) Bafanes dha
to top & gterg ghhethy Ieﬂﬁéﬁﬁsgm@bmtm elrlGB;Lll)m tbetpae&mtptbns i on
1146, tab 1iAduefanesd Tias taﬂralﬁ@ﬂﬂugéia\éﬁaﬁ@é i 244 %@Féa%{dg% Aot 8F 1 net

el ements, these can,, alJl vi d the su traeu5| ontlnu
conducti ve r?igré% Raths 02 tlﬁgg ‘5 l%m%@@ar/éhpa&rﬁgm ipmgargsd ﬂlltf) are

i || ustrat ed exampleiofidhis igrillastratedi intFG. tlA&)wi dt hs of t hesgI conductive Egt hs
10 c I RS

\hlgfhgngi)ll ; ﬁogsgﬁgﬁi\ég mgrgf ngo?zsnizléfiﬁ%gﬁﬁi{n q%i% t?‘ﬁé’"ﬁﬁﬁgwaﬁ%%m}ﬁ the

circuit: In"1”<'§itr p g (8 plane 1104).

For proper operation of a quadrifilar helix antenna such as those
described herein, the transmitted signal must be divided into 0°, 90°, 180°
and 270° signal. Similarly, the received 0°, 90°, 180° and 270° signals must be
combined into a single receive signal. To accomplish this, feed circuit 308 is

25 provided. In this section, several embodiments of feed circuit 308 are
disclosed. These embodiments use a combination of the 180° power divider
1100 and the branch line couplers described above in Section 3 of this
document.

A first embodiment of feed circuit 308 combines two single-section

30 branch line couplers 700 and one 180° power divider 1100. This
embodiment is illustrated in FIG.14. According to this embodiment, an
input signal is provided to the feed network at a point C. 180° power divider
1100 splits the input signal into two signals that differ in phase by 180°.
These are referred to as a 0° signal and a 180° signal. Each of these signals is

35 fed into a single-section branch line coupler 700. Specifically, the 0° signal is
fed into branch line coupler 700A, and the 180° signal into branch line
coupler 700B.
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“circuit equivalent of 180 power divider is illustrated in FIG 13. 35 This
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power Qivider 11004 provides the 0 an 180° signals, while 180° power

divider 1100B provides the 90° and 270° signals. Thus, to provide the signals

to radiators 104 in the correct order, the 90° and 180° conductive paths must

change relative positions.

er

One way to change the relative position of the signals is to feed one of
25 these two signals to bottom surface 200 until it passes across the other signal.
At this position the signal trace is etched as a patch on bottom surface 200.
Around the patch is a clearing where there is no ground plane. This
clearing, however, has a negative impact on the ground. Therefore, it is
desirable to leave the ground as a continuous plane without any clearing

30 whatsoever.

In an alternative embodiment, the signal positions are exchanged by
running one conductive path across the other conductive path with an
insulating bridge between the two conductive paths. This allows the ground
plane to be continuous. In yet another alternative embodiment, the crossing

35 is made by running the signal trace across the ground plane using an
insulating section between the crossing signal and the ground plane. In this
alternative, the only interruption is for the via allowing the signal to pass
through the ground plane on bottom surface 200.



- di scl osed. These enbodi nents use a conbi nation of the 180 power divider
1100 and th | ine coupl ers described above in Section 3 of this
docunent . Aalfolb&@?g%nbodi ment of feed circuit 308 combines twdCTUSI6/13020
“single-section 30 branch line couplers 700 and one 180 power divider 1100.
This enbodinment is illustrated in FIG 1¥3 According to this enbodi nent,
an input signal is provided to the feed network at a point C 180 power

di vider 1100 spl iAlthadgh fessutireuiy B8 isrdesctibed diegeinl i tdrais of & f ag'tiiiifl&hase
by 180. Theggy,ar . b I d.a 180 signal,. ch 0

t hese si gnal (sﬁsllng f’g‘é‘g‘?{e"‘gf%‘ﬁgéﬁ‘g @?287’21-8?%? ?o%ﬁgrs%%s’l ?lﬁeergf?(?&btl‘% e/ggpve
Speci fi cal | ydeseéption; ghawill e fapparant tor anpersonnekitedlinr tHOG4t howl tche
180 signal i pheldhaAthtHe Agscl I Qgg / 7 U . 2
Branch |ine couplers 7006e o 7C06%éae)atgﬁh§)r vfdﬁ@o&ggl? p%tlts%%a? 8§frlé§g%9°nesc11ual
anpl i t ude’ bufeq ’cn&alioffeﬁ%j ; Sgha%’é b4/ Bosignidse Eusthesmareedt twilhdegooe

si gnal and aa??afeirﬂ nala pBsoausiallédien thoukt E&«z%&i@féﬁéﬂ"%&é‘yahﬁaei i’ﬂﬁa in
differs fro he input_to, branch |ine coug,léeh 7(F)iOfE by 1g0, % e 0 and 90
output 5 si oA FAFRTTERIST A MEnG St SEnsldhatidtifer I PhAR HE 1602nd 90
output signals floshbuldidie noted cidwapl the FY@mtbai Qmﬁpr@vfcféwl hereift alfjehe
out put of t t I e 0 a 270 signals required to
feed the qugg(r){’f‘l Lapt%a\rl%pggﬁlg.tggg& fglpc?l%ggel%, Ogot,helff(? ANSHE: sTYhaY i s
fed to 1Gdi apegssaniyto depiss, an optmumdlayond, Besepaut thvedyscldtirdobhizted
embodi ment  ohef&ad iﬁélh@_‘i‘h%ltg@ggarbbid%r'b?; gﬂe pﬂhﬁkﬁmé{a&ﬁ@%;ﬁv@géﬁg RRuer

di viders 1100, and ope sin ction I ne cou cording to

thi s enbodi nektaingbigy|usingcstagdasdalpsputi aptisvigption tethrigues, cepsidesinghe
i nput si gnal i ' | v |

giffer from ‘%fﬁf‘g{jﬁgﬁ“%ﬁg%@%ﬁéﬂgﬁ%* Sﬂﬁét&%ﬂhﬁégﬁﬁmﬁgﬁ%@?‘?’%ﬁa@“ﬁ% are s
fed into 180366%&‘9 ot forrtmmsh Jing coaplgyolRY an 4 Befepowepdayider 1100.

respecti ¢8ly. Bec&IGe16dsta Idupaliagradn illdstratid®Q Riyotd 85 th¥Gel hBHSrk

g
that are of | eqput . differ i se by.180, the,ou ts of
the two 180%?@%? i/ri er'slg'lgbéfgﬁléng rrlleof‘g,to ggdigg' Eﬁﬁ%gngi%‘mf. %ﬁgfse,
however, thashewasdnsaghaiantathahds mere haregoefficientrihen. theOcortigpation
di vi der 110041lygsteatedein FIG: 70 B8 Pilesddngérs 11001 dre ili8StrRess h%'l §Qnge

1100B provi dgp, &0e,P0nalfade’ Ar2hd"B! ?ﬁcr-ggéjes’thteoc }ggc\ﬂaq\ecet and® decrease the

20  characteristic impedance. Also illustrated in FIG. 16 is a cross-over section

1604 where the 90° and 180° signals are crossed. Solid outlines without

hashing 1622 illustrate an outline of the traces on bottom surface 200. The

hashed areas indicate the traces on top surface 300.

FIG. 17(a) is an expanded view of cross-over section 1604. Note that a

25 conductive bridge to connect path Al to path A2 is not illustrated in

FIG. 17(a). As illustrated in FIGS. 16 and 17(a), the conductive signal paths

exchange relative positions. The signal on conductive path A1 bridges over

conductive path Bl to conductive path A2. FIG. 17(b) illustrates the

conductive bridge A3 used to electrically connect (bridge) conductive path

30 Al to conductive path A2. In the embodiment illustrated in FIG. 17(b),

conductive bridge A3 is implemented as a conductor 1740 mounted on an

insulating material 1742. In the embodiment illustrated, conductive tape

1744 or other conductive means, such as but not limited to solder or wires,

are used to electrically connect conductor 1740 to conductive paths Al, A2.

35 In one alternative embodiment, conductor A3 is longer than insulating
material 1742 and electrically connected directly to paths Al, A2.

FIGS. 18 and 19 illustrate the traces on the top and bottom surfaces of

the microstrip substrate. FIG. 18 illustrates an exemplary layout for



‘to radiators 104 in the correct order, the 90 and 180 conductive paths nust
change rel aty Ltions. One way {0 change the relative position of the
_signals is t%ﬁ’é@@%w of 25 these two signals to bottom surfTES988¢20 ¢ i |
it passes across the other signal. At this position the signal trace is
etched as a patch on bottom surface 200. 14 ound the patch is a clearing
where there is no ground plane. This clearing, however, has a negative

i npact on’ t hec@rdigtive patheldd® andilllg. Aloiillstratddid amvaeed DBOYWhurd as a
cont i nUOUS pl BN ¥ fol@ted @Norkeetd b 172 WRRS SREHRlstralils gfb&lé BII 111

ed n u%

enbodi nment t?éumﬂnacli gtgsml ns areﬁx%{\an y running one €0 Ve

path across tFeUDt ReRAUErYR BRty A10%and gk B4 i nsul ating bri dge bet ween

the two conducti veF@t 26 illdétrsted | anovscerh grgrlgyu@gt ophg@%&ﬁiﬁg Nt A ERHS -
s nade

In yet anat her,_.alternative enbodi , .t he’” crossin y running
the si gnalqoltrgilé‘gaﬁ‘f)sgeefﬁé‘%%&fkggﬁka ustzates 4R %mshﬁat Neje sbat iipnthis
be}t ween the cen_nbs'd_irgeni,g‘adiataﬂqmtﬂ'sfrlegh_ou@d aﬁb@ft_fhd bil‘idtzbh?og ﬁéﬁﬁﬁ?&%i%?@&ht he
only interruption i, al | ow n e signal t, ss° through the
groinapane” g bol bt RGNS B oS S el sSons i alon
eed circurt & ! oBg a $ igroaf @ne«X are
antenna requi fliuderabed 301id 1B uaQ ﬁ%@s,%tﬂ@??gou@}cﬁfxfeigﬁfa&ﬁé}% xtnggztbaegﬁéﬁf%d

descriptii), It - || be appaje to ‘a persSon _ e

i mpl ement ({]hedﬁl?%r\é\ﬁll‘é’ge(?"té En{e& eBetWORK drbforaantenna doplemended.onOther
requiring 0, gfhurtBeonafigufstibsl giralrcludelr foranamifle, prowd hé&ﬁ@?gﬁerf@ﬁ ent
to a person s édn@?%ag‘e%%%dgf%nﬁgév to use 180 power ~divider 1100 in ot her

envi ronnments Pequir that differ in phase by 180. It should
be noted that the |ayout diagrans provided herein are provided to
illustrate th® funConohsliohy of the conponents, and not 10 necessarily to
depi ct anldptinum | ayout. Based on the disclosure provided herein,

i BCl udi Blg that proVhel ebmlu&fﬁiasbiibﬂshrcﬁtth@!}f—refé?i?\%dh BHBJdRY@HISisFovided to
obt ai nabl e us t r ayoirt opt i zatjon techni ques, considerin
material s, pol\e/\r/cg,%quj,lgsa_g.l cgfgsé’ﬁ‘qg‘gli&l]fg ‘@bh&et F‘ii E“.atlﬁ%% F,tﬁéﬂﬁﬁ?@ l"é()‘?BgP@ are
descri bed bel Bhe veriowsanetifidationsdopthese efbodimheh8)willier redidilydgipatdfdto 15
FIG 16 is a {layeWkile@dhafRd hHyShtatHd BeReti@pPici t
illustrat in FI.Gd 15. .Referri %9 now tg,ell_fl &‘1 ﬁg{,“%%én%%ﬁg‘gﬁégﬁp%&%foo
i s applied to other embodiments without the 'use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent

with the principles and novel features disclosed herein.

25 What we claim is:



-shown in.a layout that is nore area efficient than the configuration
illustrated in FIG 7. 180 power dividers _ 00 are illustrated as having
| arge traces at interface areas to increasé the capacitance and decrease
the 20 characteristic inpedance. Also illustrated in FIG 16 is a
cross-over_section 1604 where the 90 and 180 signals are crossed. Solid
outlines $42BB8E~ hashing 1622 illustrate an outline of the traces on

. bottom surface 200. The hashed areas indicate the traces on top surface

300. FIG{17(a) AuS: Vi of craoss-over, sect.ion 1604. Notect hat a
25 conducti ve Abrd%glégfqr?@g%ﬁggyo %‘%&H Sk%m'{sg]ablﬁg A rﬂi”‘fes&‘ﬁﬁrtemi‘zf PHREAL &Y - the
FIG 17(a)> Asdeviceusmpeitiag: in FIGS. 16 and 17(a), the conductive signal

pat hs exchange rel ative positions. The signal on conductive path Al

bri dges over conductive path Bl to conductive path A2. FIG 17(b)
illustrates the copgdictiye bridge A3 used to electrically connect (bridge)
conductive path 30 Al to conductive-path A2. In the enbodinent illustrated
in FIG 17(b), conductive bridge A3 is inplenented as a conductor 1740
nmount ed on an ins;{latti ng materigdri 1742. In the enbaodi nent illustrated,
conductive tape 1743 BPUBHEPARHROS Qea Hest furface afaidsubiitataiot |inited to
~solder or wires, are used to electrically connect conductor 1740 to
conductive paths Al, A2. 35 In one alternative enbodi nent, conductor A3 is
| onger than i nsul at3 g1gundRarken GiFposgdion a pasord srface ofisaid/subsmate cdretdngla peuhd Y
to paths A, A2. FI - 19 1 |1 st the traces on the top and

bott om surfaces of p@ﬁeﬁlﬁ‘i %&gg%rflréﬁ)xjnssu s%’r%gg%.ppal'—]?(rfafi i3 16619 sqneyctiys path
exenpl ary | ayout f davidgaSvideaGhat5s RGTariEaN/eqiddd 2dthe dddih O G Firyt Qo five 8
and 1110. Also iIIusééat ed i.s aeB area 1804 where via 1116 is located to
connect to tab 114379 pF@E Peyoned an faud second: unfage pbstaptiallyqip alignmenyrwith said
conductive path 11@595@@%@5@13%512. FIG 20 illustrates an exenplary | ayout
of a quadrifilar helix antenna 5 using the feed network 308 illustrated in
FIG 16. Note that in this enbodinent, radiators 104 are shorted at second
end 234 by signal tr, ethat, it will be apparent to a person
skilled in the rel té\}’zig‘fc‘g“?dt%“ae%g’rd‘%%°§8‘f ﬂ’bS?%H?tdﬂgﬁcr?ecﬁﬁa{dh%ﬂps%‘??hough t he

various ground planes are illustrated solid ground planes, other ground

configurations may _be utilized 10 depending on the feed network and/or
ant enna i npl enent eﬁ?a%(ij‘f*@ﬁedzﬂ?%ﬁce&ﬂ@&‘?ﬂq%dwaﬁfqm&mdlé@,ond oondugtivep| e,

ground neshes, per pghaiRd

‘an electrical connection between said tab on said second surface and said third

conductive path on said first surface.

2. A device for providing two output §ignals having a relativ¢ differential phase of 1800, the

device comprising:
a substrate;

a first conductive path disposed on a first surface of said substrate;



-ground planes and the like. 5. Conclusion 15 The previous description of
the preferred enbodiments is proviided to enable any person skilled in the
~art to nmake or use the present inventioh%_ The various nodifications to
"these enbodinments will be readily apparé‘% to those skilled in the art,
and the generic principles defined herein may be 20 applied to ot her

enbodi ments wit hout the use.o e ventiyv hus, .t he pPresen
invention is not i ﬁtgéﬂ't%ﬁ)%orb@sq% ??1 S%as%%mfﬁg?acgﬂtgadql ﬁ'gbﬁtr@té ‘he?oé‘f‘
but is to be accor gemetdd tbetnigt froMORRI SRUAI PlaBto fokh téaSncpe¢dm@ttNee§auand

novel features disclosed herein. 25 Wat. we claimis: -15- Clains: 0 -1.
devi ce for providi haVinge vdihshat 1%?“@%4“@11&5&9?44@0 the ot waid dirstcandustiyepath
phase of 180 , the iV h
di sposed on a first ésjgtgkg?ow?%rsal i?@? {m%acgts"gursghlﬁ fy|t01(51r E%gﬁl“élg’o aé%i on
a second surface offirgaioddwtilospathf e form ng a ground plane and tapering
fromsaid ground plane to forma second conductive path having a width
that is substantially equal to the width of said first conductive path and
being positioned og gk doffe@Rdpait Bispésed BHRSH AN RHave bflsald LBRERE! an)

said first conductive path; a third conductive path di sposed on sal d f| rst
surface of said substrate a tab di sposed on said second surface and

extending from sai C d.a | ectrical connecti

bet ween sai d tab ogin SaT & m&cgrr’t%gg%dr gtgggna}t%d gpod’dt ﬂqaﬁa&wgo%a SPiHE AP

said first surfacesurface/andayidakird osndptive pithgn sald fiosttspifacesi gnal s having a
relative differential phase of 180, the device conprising: a substrate; a
first conductive path disposed on a first surface of said substrate; -16- a

ground pgrtiog &vﬁ:@%?ﬁr%xﬁg %@&QﬁtﬂutsHértaﬁ’sCﬁaMg & alighiRUBRLLALA Hh%e”&f“ﬂsog,

gr ound

comprising:
‘a substrate having an input area, a transition area and an output area;

a first conductive path disposed on a first surface of said substrate and spanning

said input area, said transition area and said output area;

a ground portion disposed on a second surface of said substrate formim a ground
plane in said input area of said substrate, and tapering from the ground plane to

form a tapered pomon in sa1d transition area of said substrate;

a second conductive path extending from sa1d tapered pomon on said second
surface of sald substrate and having a w1dth that is substantially equal to the width
of said ﬁrst conductlve path and bemg posmoned on said second surface

substantially in alignment with said first conductive path

" a third conductive path disposed on said first surface of said substrate in said

output area of said substrate;



-pl ane and tapering fromsaid ground plane to forma second conductive path
‘having a width that is substantially equal to the width of said first
_conductive path and being positionedjan said second surface substantially
in alignment with said first conductive path; a third conductive path

di sposed on said first surface of said substrate; and an el ectrical

connecti on bet weedb dispshed @@yatll seoAbISIrEAe apakten@ihgSRdi saRICRBGhd SdHdhase and
said third conductive path on said first surface; 0 3. A device for

provi ding two oB¥Budndsi gnal's having a relative differential phase of 180
conprising: a substrate having an input area, a transition area and an

out put area; a first conductive path disposed on a first surface of said
substrate and spaelkctipal senmtciion betwaeraaidsab dnt arhsicond Budliceaandgdids third

out put area; a ground %Ei on ]_giﬁsgosetd on a second surface of said
substrate for m HPAYCRY on g JUSYSYTIacs. d i nput area of said substrate, and
tapering fromthe ground plane to forma tapered portion in said
transition area of said substrate; a second conductive path extending from
sai d #aper &be dovice of camsdi Wwheremoatdeast wnt ad esaidf fisgi Weondband dtiel eomdudtanei ng a

width that _is substanti.ally equal to the w dth f said first conductjve
pat b and bBHRY HOAFbcralh St 4k el hBiut® 48 biflucs 1 cfprensue

al i gnment  ihjiddaged of the 8&liceonductive path; a third conductive path di sposed
on said first surface of said substrate in said output area of said
substrate; -17- a tab disposed on said second surface an extending from
sai d secon CL} Ve . and an.electrical connection between. said tab
on sal§’d selg%%g&gﬁer %éélglr%ﬁg&ggrieal %Hfarsttjon%co)}nsc%‘gﬁfs\t/gn SrRnd ordicyve P?‘Ef are
surface. 4widenén dgidi tessitfonCdred 6T said WistRitdtoaledh @At cBRRCRfistfRinbddbficetof
second and thjrd conductive paths are wider in said output area of said
substrate s de¥dtice the characteristic i npedance of the device. 5. The
device of claim3, wherein at |east one of said first and second conductive
paths are wder in said transition area of said substrate to reduce the
char a6t er i At davidenfoe gpaonadingf twot tieputesipiets hvindadelatice difforemiiad phabensf 1800,

out put si ch?rLSrisri]r?g:i ng a relative differential phase of 180, conprising:

a substrate having an input area, a transition area and an output area;

a first conductive path disposed on a first surface of said substrate and spanning

said input area, said transition area and said output area;

a ground portion disposed on a second surface of said substrate forming a ground
plane in said input area of said substrate, and tapering from the ground plane to

form a tapered portion in said transition area of said substrate;

a second conductive path extending from said tapered portion on said second
surface of said substrate and having a width that is substantially equal to the
width of said first conductive path and being positioned on said second surface

substantially in alignment with said first conductive path;



-a substrate having an input area, a transition area and an output area; a
first conductive path disposed on a first surface of said substrate and
_spanning said input area, said transition area and said output area; a
"ground portion disposed on a second surfacel_%‘f said substrate formng a
ground plane in said input area of said substrate, and tapering fromthe
ground plane to 1omg@ bARCHRApAR dispBikd! dh S Firdt!saPELd bPE‘ai&”s@%que Adath
substrate; a secon conguctl ve %ath gxtendl ng fromsaid tapered portion on
sai d second surf ac@puatfarsaofisaibbstrate,candnd having a width that is
substantially equal to the wdth of said first conductive path and being
positioned on said second surface substantially in alignment with said

first conductive paiBlecit8t cahnbiiohdbetwesdugdd wecopatdonglictivepath o ssidi dedid St
surface of said substrate in said output area of said substrate; and an

el ectrical connect susfaceapdysaich thied epnductiyp @adiondsaid fivse syiach. on sai d second
surface and said third conductive path on said first surface. 7. The device
of claim®6, wherein at |east one of said first, second and third conductive
pat hs are wi dEre devieaofclaint putvheremaatdéass anel of sdis tfirst) sedond raadidded tdeuctive
characteristic inpedapce of the device. 8 The device of clajm®6, wherein
at | east one Q?I"hsg? &'“%Fl‘%ia‘ ﬁ’}ﬂp‘gé@tﬁrﬁ’és%%ﬂﬁﬁg??%r H‘E"rfge chagactefistie pmpedancgi o
transition argahOhead d substrate to reduce the characteristic inpedance of
t he devi ce.

8. The device of claim 6, wherein at least one of said first and second conductive paths are
wider in said transition area of said substrate to reduce the characteristic impedance of

the device.



