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the Related Art A balun converts unbal anced transm ssion line inputs into
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si gnal waveform generation for signal m xing,

10 Field of Invention

This invention relates to waveguides. Specifically, the present invention
relates to baluns for canceling common mode electromagnetic energy in differential
input signals or for providing differential output signals lacking common mode

15 energy in response to an input signal.

Description of the Related Art

A balun converts unbalanced transmission line inputs into one or more
20  balanced transmission line outputs or visa versa. Baluns are employed in various
demanding applications including output stages of delta sigma modulator Direct
Digital Synthesizers (AZ DDS) and antenna feeds. Such applications demand
miniature, wide-bandwidth (wideband) baluns compatible with integrated circuits and
capable of rejecting common mode energy from differential inputs or providing

25  differential outputs lacking common mode energy.

Space-efficient, wideband baluns are particularly important in AZ DDS
applications, where dual wideband differential lines must often be converted to a
single line output. AZ DDS's are often employed to generate analog output signals

30  with desired amplitudes, frequencies, and phases based on certain digital inputs. AZ



up-converti ng, dovvn converting, frequency synthesis, and signal offsets. 5 A
conventional Al S enploys a 1-bit Digital-to-Analog Converter (DAC) to
sel ecti \)%?ﬁ‘“?éﬂ’rf)’l‘é an anal og i nput signal to produce aPEBfUSBENEItNg di gi tal
output signal. The DAC nust have a relatively high sanpling rate to
conpensate for the low 1-bit resolution quantizer. Consequently, the output
of the 1-bit DACis often a high- frequency pul se-like signal. This 1-bit
DAC output is typically filtered to remove 10 quantization noise. 1-bit DACs
enployed in AE DDS' s often provide dual pulse-like output signals, which
are 180 degrees out of phase. These differential pulse-like signals my

occur over s S e out put
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rejected in the final AZ DDS output. 20 Conventi onally, wire-wound ferrite
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| arger. 1he H‘é"r”é‘éaqoér“iolstae bal uns are difficult to incorporate into mniature

AE DDS integrated circuits and poorly reject comon node energy. 30 WO
2005/ 10950

1-bit DACs employed in AZ DDS's often provide dual pulse-like output
signals, which are 180 degrees out of phase. These differential pulse-like signals may
occur over a wide frequency range and must be converted to a single output via a
15  balun. The 1-bit DAC includes transistors, which often have slightly different rise
and fall times. Differences in transistor rise and fall times create undesirable common
mode components in pulsed output signals. For optimum DDS performance, these

common mode components must be rejected in the final AX DDS output.

20 Conventionally, wire-wound ferrite baluns are employed to convert
differential input lines into a single balanced output transmission line. These baluns
have iron cores wrapped in wire and act as power transformers. Unfortunately, ferrite
baluns are bandlimited at lower frequencies, typically cutting off frequencies beyond

two or three gigahertz, which is undesirably low for many AZ DDS applications.

]
N

Furthermore, ferrite baluns are more suitable for continuous wave applications and
less suitable for pulse applications, as ferrite baluns are often susceptible to reflections
resulting from fast input pulses. To improve balun transient response, the baluns are
made larger. The large ferrite baluns are difficult to incorporate into miniature AZ
DDS integrated circuits and poorly reject common mode energy.

30



PCT/ US2004/ 010749 Al ternatively, baluns are constructed using various
wavegui des having quarter wavel ength sections. Unfortunately, use of
guarter wayehangsge sections may result in undesirably |pRASS 203 HID | N
addition, these baluns are relatively narrow banded and are suscep(i ble to
| arge reflections when fed with pulsed inputs. 5 Hence, a need exists in the
art for a mniature wi deband balun that is easily incorporated in
integrated circuits and that efficiently rejects conmon node energy from
differential pulsed inputs and provi des a bal anced out put. Such a bal un can
al so provide balanced differential outputs |acking conmon node energy from
a bal anced 10 input. There exists a further need for an efficient AE DDS

t hat i ncor por at es Alteenatieélyy] mluns brewonsinated ukiag uariouSlehRYdeSaiihi quddeENTI ON 15

The need in the art is addressed t he ace-effjcient broadband bal un of
(he "present VHEEAEPSREIOR, DREAhsuRse] Dot Bl e R SRR GBHE e bal un
I s adapted f OindeshaBlyVhrigh bakihse Th addiGdd, Blese DN QR Rk vélPRIrowbahdedahd ons. The
bal un includes a first mechanismfor receivi ;& an input signal having an

undesi rabl e cBfFisreRiblgdo lagaisBerdians whendad with PRiSehi@RMSM r ej ects t he

undesi rablge common node conponent 20 via a waveguide transition. In a nore
speci fic enbodi nent, the first nmechani smincludes an input mcrostrip
wavegui de. The waJages.daeed exists imjthaart for a minintyteewidieleand dahuinghat ds eabidst | | ne
transition. T i l tEjp-t i it i u t he i nput
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pl ane of the fiem ddftentipl pulded inpatsahd preidesa balanved atipdt. Buch afbaluatcareslsb vi a a

wedge in the grayn | ane... A second end.of the slotline provides an out put
of "The. bal un. PRTIEE PHBIGES S RARS o bz R EiE PR TohAe ST * BTS2 secont
i nput  si gfgal , inphti Qllere exists a further need for an efficient AT DDS that incorporates the

efficient wideband balun.

SUMMARY OF THE INVENTION

15 The need in the art is addressed by the space-efficient broadband balun of the
present invention. In the illustrative embodiment, the inventive balun is adapted for
use with Direct Digital Synthesizer (DDS) applications. The balun includes a first
mechanism for receiving an input signal having an undesirable common mode
component. A second mechanism rejects the undesirable common mode component

20  via a waveguide transition.

In a more specific embodiment, the first mechanism includes an input
microstrip waveguide. The waveguide transition is a single microstrip-to-slotline
transition. The single microstrip-to-slotline transition includes the input microstrip

25  waveguide positioned to cross over a slotline in a ground plane of the microstrip. The
slotline is terminated at a first end via a wedge in the ground plane. A second end of

the slotline provides an output of the balun.

The input signal includes a first input signal and a second input signal, which
30  are input at opposite ends of the input microstrip waveguide. The first input signal



30 are input at opposite ends of the input mcrostrip wavegui de. The first

i nput signal WD 2005/1119566 PCT/ US2004/1010719 and the second i nput signal
have a ONOI20@loga6hf er enti al node conponent and an undegiwestoemnm® node
conponent. In a first alternative enbodi nent, the first nechani smincl udes
two mcrostrip 5 wavegui des. The input signal includes a first input signal
travelling on a first mcrostrip wavegui de and a second i nput signal
travelling on a second mcrostrip waveguide. The desired signal conponents
of the first and second signal are approxinmately 180 degrees out of phase.
The wavegui de transition includes a transition fromthe first and second
mcrostrip wavegui des to a single slotline output 10 wavegui de. The slotline
out put wavegeidiBe pesped mputsignatdiverd desired diffpyentialmedesomponatit prdsgrent i al node

energy corre i t I signal components. The transition
ﬁ@a% d’lgnk&n e Gﬁt)&%t
udes a

further incl Irst transition fromthe first mcrostrip line to a
first slotline section and a second transition fromthe second mcrostrip

e e sect  ontae S AR S Apieal 5, PR ER PR M H B oo
sl otline Sectvagsguiies Phelifgud Sighdl ditlided Bfitdd hpaofigah tivellnRv@gifie section to an

third slotline section corre pondidsmg to, the sl (f,tl i ne out put. wavegui de. The
first, seconBUCTSS{EP FRYSeYds pad ¢ seqendippytsignal tayglling an @ seAcRf FHCTRRYR qui de

section are ywaRlgRMRNIAE désitedsigaPbdtHpdRbmS 8f fe $1odt aad o difnal A8 first and
second mcrostrip waveguides. 20 In a second alternative enbodi nent, the

first mechanapmeyimetelydlsd degreesioubpiophagee i avayegniderangitioe ingludesa The wavegui de
transi i on.  BEEE T B R bRt S A JENRIY I 0
facilitai@es waesguidet dhe sigtliaedutpritivervegilidesrejeats komeioh @xtde énergyramhpasses
differential mode energy comresponding to the desired signal components. The
transition further includes a first transition from the first microstrip line to a first
slotline section and a second transition from the second microstrip line and a second
slotline section. The transition also includes a coplanar waveguide section fed via the
15  first slotline section and the second slotline section and a transition from the coplanar
waveguide section to an third slotline section corresponding to the slotline output
waveguide. The first, second, and third slotline sections and the coplanar waveguide
section are implemented in a ground plane associated with the first and second
microstrip waveguides.
20
In a second alternative embodiment, the first mechanism includes first and
second coaxial waveguides. The waveguide transition includes a dual coax-to-
coplanar waveguide-to-single coax transition. A resistor network or bridge in the
waveguide transition facilitates load matching and attenuates back-reflected common

25  mode energy.

The novel design of the present invention is facilitated by use of an efficient
waveguide transition to reject undesirable components from an input signal. By

transitioning from an unbalanced line to a balanced line, undesirable common mode



25 node energy. The novel design of the present invention is facilitated by
use of an efficient waveguide transition to reject undesirable conponents
froman i WORMWEIGFHel . By transitioning froman unbal ancech/bseesb@7H

bal anced |ine, undesirable common node WO 2005/109566 PCT/ US2004/ 010749
conponents are efficiently rejected. This results in a conpact broadband
balun suitable for various high-frequency applications, such as i E DDS
applications. BRI EF DESCRI PTION OF THE DRAWNGS 5 Fig. 1 is a diagramof a
Al DDS enpl oyi ng a uni que broadband bal un and constructed in accordance
with the teachings of the present invention. Fig. 2 is a nore detailed
perspective view of the bhalun of Fig. 1. 10 Fig. 3 is a nore detailed

per spective vFeppagentyarejeflicientlyreipied: | This tesube dn #reompast broadhand halum of Fig. 2.

Fig. 4is a . ks L . | 1.enk [ i ment of the
15 bal un of E?‘é@b‘g%%’éég%WW@“W@@EW@@%‘?%?%M i nvention
is described herein with reference to 20 illustrative enbodi nents for
particul ar applications, J r h i nvention is not
limted thereto. Those hmghgﬁﬁwﬁﬁ%ﬁﬁ%ﬁwaﬁnd access to the

t eachi ngs provided herein will recognize additional nodifications,
applications, and_enbodinents within the scope thereof and additi onal

fields in which t hEgptasediagranyofatZoRDRemployiee afunigug hireadbans: baluy and; v

constructed in accordance with the teachings of the present invention.

Fig. 2 is a more detailed perspective view of the balun of Fig. 1.
10
Fig. 3 is a more detailed perspective view of a first alternative embodiment of

the balun of Fig. 2.

Fig. 4 is a more detailed diagram of a second alternative embodiment of the
15  balun of Fig. 2.

DESCRIPTION OF THE INVENTION

While the present invention is described herein with reference to

20  illustrative embodiments for particular applications, it should be understood that the
invention is not limited thereto. Those having ordinary skill in the art and access to
the teachings provided herein will recognize additional modifications, applications,
and embodiments within the scope thereof and additional fields in which the present
invention would be of significant utility.

25

Fig. 1 is a diagram of a AZ DDS 10 employing a compact broadband balun 20

that is constructed in accordance with the teachings of the present invention. For
clarity, various well-known components, such as power supplies, clocking circuitry,
software feedback loops, and so on, have been omitted from the figures. However,

30  those skilled in the art with access to the present teachings will know which



25 Fig. | is a diagramof a AE DDS 10 enpl oyi ng a conpact broadband bal un 20
that is constructed in accordance wth the teachings of the present

i nvent i OKO 2510966 arity, various wel | -known conponent s PCIRSIOGES IGBNer
supplies, clocking circuitry, software feedback | oops, and so on, have been
omtted fromthe figures. However, 30 those skilled in the art wth access
to the present teachings wll know which WD 2005/ 109566 PCT/ US2004/ 010749
conponents to inplenment and how to i nplenent themto neet the needs of a
given application. The AS DDS 10 includes, fromleft to right, a Random
Access Menory (RAM 12, a Multiplexer (MJX) 14, a 1-bit Digital-to-Anal og
Converter (DAC) 16, L an attenuator 18, and the broadhand bal.un.20 and an
optional set Coé'%poﬁf'ﬁ%ﬁdmﬁmef"t %‘3&“‘”2‘2“’[‘9‘%‘%%“&??&8@3& “ﬁ?é)stqﬁé‘ &Pput of the
bal un 20. ThgpledtioUSs conponents 12-22 are connected in series. The AS DDS
10 is a feed-?ormard system 10 In operation, the AS DDS 10 outputs a

desi red wavef orm based on data stored in the RAM 12. AE DDS 10 may be used

for various appl ifalisonpsigehdiiteddon! RS AL SRARIGA ARSI Bemblyne f T equency

synthesis or for requency generati ar anet ers specifying desired
wavef or m £ haffedvipt2, atiNlwtiplesar{MUEE 14,91 -bit Migital-Fo-Amnalof Coquartec (DAGY BS,written to

the RAMvia a co ter, or, other pr SS not sho e T I ncor por at es
& i el o Pr oghAnRRIAR 18,5 6 ot BBRi Bl P onfg S of maentiiertlc, | |y aci ng
timng and cEnfhkk code@bd & the\Gutit Of fie Bala 20 S TheVATvls Yathponep U2-20 ard he MUX 14
fromthe RAM 12 in 20 response to control signaling froma conputer or
processor ( n%ﬁmmmf?nﬁhé‘ﬁﬁégms H¥is pdeedetorward syséempf t en a bus, such as a
32-bit bus. Each output bit is converted to a differential signal pair at
the input of the MJX 14 via nethods known in the art. The

10 In operation, the AZ DDS 10 outputs a desired waveform based on data stored

in the RAM 12. AZ DDS 10 may be used for various applications including

waveform generation for fine frequency synthesis or for offset frequency generation.

Parameters specifying desired waveform characteristics, such as amplitude
15  and frequency, are written to the RAM via a computer or other processor (not shown).
The RAM incorporates a Field-Programmable Gate Array (FPGA) bus exchange

switch for facilitating timing and control.

Digital waveform data is selectively input to the MUX 14 from the RAM 12 in
20  response to control signaling from a computer or processor (not shown). The output
of the RAM 12 is often a bus, such as a 32-bit bus. Each output bit is converted to a
differential signal pair at the input of the MUX 14 via methods known in the art. The
MUX 14 then provides a differential output signal on two conductors. The
differential output signal represents a stream of single bits.
25
The 1-bit differential output signal from the MUX 14 is input to the 1-bit DAC.
16. The 1-bit DAC 16 employs a 1-bit quantizer and a high sampling rate to
compensate for the low resolution of the 1-bit Ciuanﬁzer. In many communications
and radar applications, the output of the 1-bit DAC 16 will be a high-frequency,
30  multi-GHz, pulsed signal that has excess quantization noise as represented by the



MJUX 14 then provides a differential output signal on two conductors. The
differential .output signal represents a streamof single bits. 25 The 1-bit
di ffer enWQPOHAYGE signal fromthe MUX 14 is input to Pog/US2isto1dAC 16.
The 1-bit- DAC 16 enploys a 1 bit quantizer and a high sanpling rate to
conpensate for the low resolution of the I-bit quantizer. In many

communi cations and radar applications, the output of the 1-bit DAC 16 w ||
be a hi gh-frequency, 30 multi-GHz, pul sed signal that has excess

guanti zati on noi se as represented by the WD 2005/ 1119566 PCT/ US2004/ 010749
spectrum 24. In addition, naturally occurring differences in rise and fal
times of wvarious transistors in the 1-bit DAC 16 and MJX 14 cause an

undesi r abl e cPEFBR 24olde %%m@mllymcwrﬁeg@ﬁeree?@nwwar&fﬁba{l@sef the 1-bit
DAC 16. The oLt §a1£fstotr§1iﬁ th pi'tbA%A% Qrg A 268 a%rﬂﬁég%gle\ébﬂmghcr ostrip
transm ssion |1 nes, dual sl ot I nes, copl anar wavegul or coaxi al

cabl es. | dealhgde @ng)nattlmmthe ﬂﬂﬁﬁ@r@tlalftmmmﬁahe bbnttmc h6 c Flesautipugs ¢fithee s ar e
exactly 180 o e_Si. .S are. hase,

undesi rabl e cg{r’ﬁtnl))%‘c Pé@g%ﬁel}r%gﬁgg{lv%ﬂlsf’s pﬁ'ﬁlgng on h g@éfn%c\’/&ne%t% S

undesi r abl% ceoptanse wddguids) spevarial cablesand provi des a si ngl e out put based on
the differential inputs. The common node conponent is often called the even
node conponent. The desired differential node conponent is often called the
odd node conponent [dekigy, sf%ﬁ@s%@@%?erﬁﬁl&uﬁﬁtﬁﬁ&&ﬁﬂ% liflésSHré Sy 18 oi@l UN is a
device that converts a |.anced S|qnal to_an unbal anced signal or visa
versa. Dual - cHfitawet dYhenthgsignalssarepot 1867 qut akrhasg, an npdesirahle Fgrmsanl meded, while
three- conductwmﬁoﬁaﬁ%ﬁgésw@bdmmeﬁfoeesq%%ﬂaesﬁédlycomgﬁ}@aee&np&@ﬁ bal un' 20

enpl oys a unique transition from unbal anced mcrostrip
10  and provides a single output based on the differential inputs. The common mode

component is often called the even mode component. The desired differential mode
component is often called the odd mode component.
For the purposes of the present discussion, a balun is a device that converts a
balanced signal to an unbalanced signal or visa versa. Dual-conductor transmission
15 lines are inherently balanced, while three-conductor transmission lines are potentially

unbalanced.

The balun 20 employs a unique transition from unbalanced microstrip
transmission line (3 conductors) to a balanced transmission line (two conductors) to
20  reject the undesirable common mode component from the output of the 1-bit DAC 16.
Any common mode energy that is not dissipated via the balun 20, and is reflected
back, is absorbed via the optional attenuator 18. The attenuator 18 may be

implemented as a pi (r) attenuator.

25 The output of the balun 20 is then provided to a filter 22, which facilitate
removal of noise, such as quantization noise, from the output of the balun 20. The
output of the filter 22 represents the desired spectrum 26, which is similar to the
spectrum 24 but with undesirable signal components and noise removed via the balun

20 and the filter 22. In some applications, the balun 20 and filter 22 may be replaced



transm ssion line (3 conductors) to a balanced transm ssion line (two
conductors) to 20 reject the undesirable common node conponent fromthe

out put oWOr24e5/m9siet DAC 16. Any conmon node energy thaRCH/ES2Mov014THsi pat ed
via the balun 20, and is reflected back, is absorbed via the optional
attenuator 18. The attenuator 18 may be inplenented as a pi (rr)
attenuator. 25 The output of the balun 20 is then provided to a filter 22,
which facilitate renoval of noise, such as quantization noise, fromthe
out put of the balun 20. The output of the filter 22 represents the desired
spectrum 26, which is simlar to the spectrum 24 but with undesirable
signal conponents_and noi se renoved via the balun 20 and_the filter 22. In

some appl i catiydriitableactiye filier. Howsner active Slters mapagtraduce prghibiva AT/ 109566

PCT/ US2004/ 1]&,&%3&@“9%3 g)rgémgﬁ%igat@,ﬁ;i ve filter. However, active filters may
introduce prohibitive distortion and phase noise for some applications. The

input to the balun 20 nay be back-term nated so that energy reflected 5

fromthe balun t r%gi-r'{ 'uPB | a?ljn trﬁaﬁ'ger{)agﬁ an%le%tsglﬁ'xsat Q{Ctrgdl%ﬂ%]q%ér nativel y

termnation. In this' ase, e attenuator may be om

t he bal un 520 froay therbaluh pransifion dissipateath the tesiBtofgofl tRsback aermiesitions la this di ssi pat e
refl ected ener as di scussed nore ful bel ow. .1 e of. differenti al
signals in tﬁég‘%{/ﬁ? aitﬁmﬁf?aﬁlgmﬁype EteiﬁAh\%?a?‘@hb\é% lﬁﬁﬁ@ mAGMEAPYASE Ayul se

di stortion, gosl d@YhihgRsROEn&GRbiklth ABsibateRefRBEd biegySiagdistusbed e Fdlly Rati o
(SNR) of the OF. DDS 10. Use of the balun 20 to reject common node energy

i ncreases thed®NR of the AE DDS 10. 15 Conventional baluns are often too

|l arge to be efficiently integrated in the AZ DDS 10 chip and are often

undesirably band-limted by interw nding capacitance. The balun 20 of the
present ildventi on Use of differeohial sigoals !ﬂ’ih?)l\'&@(/éﬂ anthi-byAC b miay redugeiphage

P nplenent ed 1,0y GRS L ABTGRLAGH, dndhE9iBpRde Sl tine SR Phe X1 RAGAL S-
Ratio (SNR) of the AZ DDS 10. Use of the balun 20 to reject common mode energy
increases the SNR of the AX DDS 10.

15 Conventional baluns are often too large to be efficiently integrated in the AX
DDS 10 chip and are often undesirably band-limited by interwinding capacitance.
The balun 20 of the present invention is suitable for chip-level integration is readily

implemented in GaAs and other integrated circuit chip environments.

20 This feed-forward AT DDS 10 eliminates stability issues associated with
conventional AZ DDS hardware and feedback loops. AZ modulator feedback loops
(not shown) employed by the AZ DDS 10 reside in the software (not shown) running
on the computer that generates the waveformn parameters that are input to the RAM
12. The computer can simulate high-order AL modulators while maintaining loop

25  stability.

Fig. 2 is a more detailed perspective view of the balun 20 of Fig. 1. The balun
20 includes a slotline waveguide 32 formed between a first groundplane section 34
and a second groundplane section 36. The slotline waveguide 32 includes an open

30 end 38 and an output end 42. The open end 38 opens into a V-shaped cut-away or



20 This feed-forward AE DDS 10 elim nates stability issues associated with
conventional AZ DDS hardware and feedback |oops. AE nodul ator feedback | oops
(not shoW) 2waiP¢ed by the AZ DDS 10 reside in the sof tpears20dmathoghown)
num ng on the conputer that generates the waveform paraneters that are
input to the RAM 12. The conputer can sinul ate high-order AE nodul ators
while maintaining loop 25 stability. Fig. 2 is a nore detail ed perspective
view of the balun 20 of Fig. 1. The balun 20 includes a slotline wavegui de
32 forned between a first groundpl ane section 34 and a second groundpl ane
section 36. The slotline wavegui de 32 includes an open 30 end 38 and an
output end 42. The open end 38 opens into a V-shaped cut-away or WO

2005/ 109566 MEHRgeIthe grogndriarg seriwge34 andt3¢ewhich isopnedby ansladi gsepndglanaind 36,
which is forqg? by angl ed groundpl ane edges 40. A microstrip waveguide 44
passes perpen cuIarIy to the slotline 32 over the 5 ground pl ane sections
34 and 36. The nlcrostrlp 44 includes a first mcrostrip section 46, which

is supported by the fir oun ane sectiqon 34, d a.secon crostrip
boctt e it o A e P B Rt SO By Al e mBuRE T Pt Bsg R
clarity, the grélinglpbsit rsédhoh§34/\ﬁﬂﬂ’a6t Mhe MiG6aH 24 rcltiefd drst Becrestapsudtiod ane
sections 34, 36 is not shown. Various high-dielectric constant material s,

such as al uni4fawhighyjs Sb‘EP‘?EE?dé’bfﬂF%@‘é'cgm“HQ(?éaé‘eéR‘imPéé 3114 & §ODGTRICIRTP Kk now

whi ch di el ectgdion@B! GhicRks sh@pd%t%@ bY @he@@&}nd gt MRdPRRIScREn F6. Ho¥ RrigPHel cati on.
The ground pl anes sections and the mcrostrip 44 are i npl emented

vi a copper ordigjestdr MWM@MIOW%mh%ﬂgwwﬁnqweﬁolgﬁéiﬁﬁds pbtanes secti ons
34 and 36 andyfpe gﬁ&f@%&éh-cﬂeléﬂm@é&sﬂﬂﬁbﬁgﬁlé %ﬂch’s g e MRY be

determ ned by one inothe art acdess [ he "pr sent teachings to
15 neet tlfe reegpdioyedf Thosgiskitled mphé artwill larow which d1electnc material to use to meet

the needs of a given application. The ground planes sections 34 and 36 and the

microstrip 44 are implemented via copper or gold conductors. The dimensions of the
ground planes sections 34 and 36 and the microstrip 44 are application-specific and
may be determined by one skilled in the art with access to the present teachings to

15  meet the needs of a given application.

The microstrip 50 passes over the slotline 32 at a microstrip-to-slotline
transition 50. The different microstrip sections 46 and 48 may be considered as
different microstrip lines that are separated by the microstrip-to-slotline transition 50.

20

In operation, the ends of the microstrip 44 are fed with differential input
signals 52 and 54 at opposite ends 46 and 48, respectively. Exemplary electric field
lines associated with the differential input signals 52 and 54 are shown. The
differential input signals 52 and 54, which are also called anti-phase signals, are

25  approximately 180 degrees out of phase. Any common mode components, such as
components that are in-phase, are rejected at the microstrip-to-slotline transition 50.
Any energy that is reflected back from the transition 50 is attenuated in the attenuator
18 of Fig. 1.



The mcrostrip 50 passes over the slotline 32 at a mcrostrip-to-slotline
transition 50. The different mcrostrip sections 46 and 48 nmay be consi dered
as di f f MOMPS/M%60st rip |ines that are separated by t hRCT/US2004/010749
mcrostrip-to-slotline transition 50. 20 In operation, the ends of the
mcrostrip 44 are fed with differential input signals 52 and 54 at opposite
ends 46 and 48, respectively. Exenplary electric field |ines associated
with the differential input signals 52 and 54 are shown. The differential

i nput signals 52 and 54, which are also called anti-phase signals, are 25
approxi mately 180 degrees out of phase. Any common node conponents, such as

conponents that are jn-phase, are rejected at the mcrostrip-to-slotline
transition 50. Aﬁ?e ‘?ﬂ‘é‘f&/‘“’é‘ﬂ%e? @“?“@fqeéeg@lﬁ%‘&a@? ﬂ’b‘?ﬁcfl ﬁé’ﬂt”reg?gs‘fq ion 50 is
at t enuat ed i Rnd htoAhdiRARhMAelind Sonthorindde ehergoRBORIntslandadbing”CT/ U S

2004/ 11111749 The balun 20 introduces 90-degrees_of phase rotation in each
sl otline | egdférendiabmads elestrpmagnetic anesgyccomnonemy Ralwrsdhatiemmdoyaqvartery
conmponents a | . i t &l NTalgelez e Tl conmponents.
Bal uns t hat %ﬁ%@%ﬂ%ﬂ?‘gr&fe‘\?’/g@gllgﬁ'&f%&é&gﬁ ons lgr en%\ttggluﬁggg g%égr ees of
rotati on iSn oited lrgerand betl physitalysyametrds, which nal lradj® peodperfirmpiiogsi cal | y

symmetri c, | ch n d.to poor.perfornance. .. Baluns.20 and 20" of the
pr esent inv\gﬁaﬁgﬁ&@%& gﬁ%ﬁiﬁgﬁgfvt&fm@ﬁ#‘s& yﬁ"ﬁglycfgs % 0dd node or
differential node conmponent 56 is coupled to the slotline 32, which is a
bal anced transm ssj o Lige. Thﬁ di fferential node co Qnentfég %? t hat

remai ns on the bal gired pdd mofle orditferential mode companent o s conpledje they ¢ he

bal anced  natsigfithedh, Which fila0alanb& thésARfoh RS STH MBS EAAPHR IS SspRentOde ener gy
conponents. Although the design of the balun 20 appears structurally sinple,

it has dli0gniSpithat rrmainswarkheloplancodhdetling 4iis agcessaply bytancathduedgitherbajancedi hi bi t s
br oadband

nature of the slotline 32 and lacks undesirable common mode energy components.

Although the design of the balun 20 appears structurally simple, it has
significant advantages when used as a balun. The balun 20 exhibits broadband
15 performance from mulit-megaHertz to multi-gigaHertz frequencies and efficiently
- accommodates pulsed waveforms. Furthermore, the balun 20 is readily miniaturized
and incorporated into integrated circuits. Unlike many conventional baluns, which
may rely on quarter wavelength sections, the performance of the balun 20 is less size-
dependent. Excellent broadband performance may be achieved with a miniature

20  balun constructed in accordance with the teachings of the present invention.

Those skilled in the art will appreciate that the balun 20 of the present
invention is not limited to DDS applications. The present invention may be adapted
to any application requiring a compact wideband balun that rejects common mode

25  energy from differential input signals. Furthermore, the balun 20 may be fed in
reverse, providing differential output signals lacking common mode energy from a
signal input at the slotline end 42. Hence, the balun 20 may be employed to convert
one input signal into a differential output signal pair. Such a balun, for example, may
be employed to convert the balun’s slotline output back into a differential signal for a

30 fully differential implementation of the filter 22 of Fig. 1.



15 performance fromnulit-megaHertz to nmulti-gigaHertz frequencies and
efficiently accomopbdates pul sed waveforns. Furthernore, the balun 20 is
readi |y mionkmbuedsged and incorporated into integrated gichfihdoidiihi ke many
conventianal baluns, which my rely on quarter wavel ength sections, the
performance of the balun 20 is | ess size- dependent. Excellent broadband
performance may be achieved with a mniature 20 balun constructed in
accordance with the teachings of the present invention. Those skilled in the
art will appreciate that the balun 20 of the present invention is not
limted to DDS applications. The present invention may be adapted to any
application requiring a conpact w deband balun that rejects comon node 25
ener gy from dhicfasiriprwavapuidnglipassds gmer the filstislothive sastien 70 hpproximately20 may be fed

in reverse, pravidiin | f .Jal output .signals, l.acking c n de
energy from é% rgs%lxglg{élﬁlgtlog%eu ug{ats?&[lﬁeeseg?%} ﬂJng 13 rpripated e 2 Ol%dﬁegé%éﬁaglr)\ 20 may

be enpl oyed tconnerivrBé to therthisddppaindslhgnsttiond® a differential output signal
pair. Such a balun, for exanple, may be enployed to convert the balun's
slotline output back into a differential signal for a 30 fully differential
i mpl enent ation of 1k BFerhtidnt @iffex?eﬂtiﬂfindﬂ:dtgi als 532l hih it P& ped butldrS
211111/11111749 mcrostrip wavegui de_ 8§n asses over the first slotline
section 70 aphesskpigdnmit yia theefismigrastrinssection §0rpndithe seeongd micrashitp sgetéan on 70 and
s terminat echyidndisds Ok GREchtidl fbut siGRINECHId Rpik %o tREolblnbftting
gr oundpl ane se(’:te?%n 2%9 5 1n oper aﬁﬁ%nfl% fﬁr enticg)ﬁp]%n%ut Sfrég%?aﬂqu‘“%z and
54, whi ch ar esldatBee stetipne &8 andi72, ofspeqsivalycat tanstionshetween shet hisrdsinpst80@ndr ost ri p
section 80 ang t S d m.crostrip,section. . 82, respectively. The
differenti al r@naﬁgﬁhessﬁéﬁgﬁSs?g%Délsgﬁaﬁizz’é%sﬁé‘llugepo the corresponding slotline
sections 0 and 72, respectively, at transitions between the mcrostrips 80

and 82 and the slotline sectiqns.7 d 72, respectiv . 10 .
Approx1mat§ons to eciectnc gelg l[lmes associated with the?lrg/t input signal 52

and the second input signal 54 are shown in the various sections 70-78 of the balun

20'. Opposite ends of the slotline sections 70 and 72 are open-ended so that

electromagnetic energy 52 and 54 fed to the slotline sections 70 and 72, respectively,
15 flows toward the coplanar waveguide section 76; through the coplanar waveguide-to-

slotline transition 78; and then through the third slotline section 74.

The transitions between the microstrip input waveguides 80 and 82 and the
slotline sections 70 and 72; the slotline sections 70 and 72 themselves; the coplanar
20  waveguide section 76; and the coplanar waveguide-to-slotline transition 78, actas a
transition from the dual input microstrip waveguides 80 and 82 to the balanced

slotline output waveguide 74.

Any common mode energy existing in the differential input signals 52 and 54
25  iscancelled at the coplanar waveguide-to-slotline transition 78. A balanced field 56,
lacking undesirable common mode (also called even mode) components and
containing the desired odd mode components (also called differential or anti-phase
components) is then output from the balun 20' via the third slotline section 74. Those

skilled in the art will appreciate that the balun 20' may be operated in reverse, such



Approxinations to electric field lines associated with the first input

si gnal and the second i nput signal 54 are shown in the various sections
70- 78 of““h@mﬂé9ﬂw 20' . Opposite ends of the slotline REBUSIAHOINMWANd 72
are open-ended so that el ectromagnetic energy 52 and 54 fed to the slotline
seetions 70 and 72, respectively, 15 flows toward the copl anar wavegui de
section 76; through the coplanar wavegui de-to- slotline transition 78; and
then through the third slotline section 74. The transitions between the
mcrostrip i nput wavegui des 80 and 82 and the slotline sections 70 and 72;
the slotline sections 70 and 72 thenselves t he copl anar 20 wavegui de

section 76; and the. co nar eg to-slot]ine taa sition 78, act as a
transition fromt %“%‘ﬁ ‘gﬁl‘ﬁ? F‘ﬁ %V%‘{‘J]llﬂeﬁ’e?é‘ 86¢h %, t he

bal anced sl ghfchig t@UAhi bR AHA R t6 he AN 20QATHORE ABPEEing TORDhe Seopst i NG i N
the differential ?nputag%gﬁgls 52 and 54 25 is caﬁgglleg at thg&?oplanar

wavegui de- t 0o5the prepanbinyvention; Vanepszgnventions] teshmigues ped fpatypes not diselpsed
d bl | | t
undesi rabl e ﬁlggmgae i e%téﬁxr&l@ho%gr%g@f»ﬂ?égﬂe %Hpmgﬁﬂhﬁzé%l&% ai ni ng

the desired o onents (also c rential or anti-phase
conponent &) alseadhlmv engtghufor DDSmﬂmesmdlbmmm&h i the delteesigma PSS | ot | i ne section
74. Those H&§¥%nlﬂd¥p rt wll appreciate that the balun 20' may be

oper at ed |n reverse, suc 21111511119566 PCT/ U S 2 11114 /11 1117 4 9
Vari ous pads, inpedance transforners, tapered |lines, and other inpedance

mat chi ng techni ques y be adapted to .the bal.u 0 mnthout d 1g from
the scope of theligrbe 405 Aaphed Lo he balun 20 L out bEERRPEAES tng
feat ures not ofihé BAIGS 20lof FIR)2. AthS QltéiBatBRTBaRY 20" ihdludes alghtindplakes2 hidvengCut of f
frequencxoof t he balun 20, which is 5 already | ow enough for DDS syntheS|zed

bandwi dt RO naﬁﬁégﬂ’ép‘ipé\a%lsifﬁ‘ﬁn b3 seeqnd|ereuadplane seotioro6rppd a thirdrj g 37 s a nore
detai | ed per gRardgiaR s¥ioWs®! TRe drblirtiplanit S&RFiBR d4Y 66, 3P 68 hE3Litidfkd to

form a first slotline section 70 between the first groundplane section 64 and the
second groundplane section 66. A second slotline section 72 is formed between the
first groundplane section 64 and the third groundplane section 68. A third slotline

15  section 74 is formed between the second groundplane section 66 and the third
groundplane section 68.

A coplanar waveguide section 76 interfaces the first slotline section 70 and the
second slotline section 72 with the third slotline section 74 and is positioned between
20 the three groundplane sections 64, 66, and 68. A coplanar waveguide-to-slotline
transition 78 exists at one end of the coplanar waveguide section 76 and acts as a
transition between the coplanar waveguide 76 and the third slotline section 74.
Different legs of the coplanar waveguide section 76 originate from the different
slotline sections 70 and 72. The coplanar waveguide section 76 may be omitted,
25  leaving only a slotline T-junction, without departing from the scope of the present

invention.

A first microstrip waveguide 80 passes over the first slotline section 70
approximately perpendicular to the first slotline section 70 and is terminated via a first

30 electrical connection 84 to the second groundplane section 66. Similarly, a second



of the balun 20 of Fig. 2. The alternative balun 20" includes a groundpl ane
62 having 10 a first groundpl ane section 64, a second groundpl ane section
66, and WOW¥hIgweoundpl ane section 68. The groundpl anepse@ihisiBdp 66, and
68 are positioned to forma first slotline section 70 between the first
groundpl ane section 64 and the second groundpl ane section 66. A second
slotline section 72 is forned between the first groundpl ane section 64 and
the third groundpl ane section 68. Athird slotline 15 section 74 is forned
bet ween the second groundpl ane section 66 and the third groundpl ane section
68. A copl anar wavegui de section 76 interfaces the first slotline section 70
and the second slotline section 72 with the third _slotline section 74 and

i s positi onethabRlesirornnicenerey iyipput de tha Hip detinesseetion b yipMingevo and 68. A
copl anar wav gt i L1l } t one end of the

copl anar wavgg%fe Ealsogf:pt%!t g%hd%%ﬁg%%&ggﬁgggugg%%agﬁgr?z%n?i8%?1 bet ween t he copl anar
wavegui de 76 and the third slotline section 74. Different | egs of the

copl anar wavegui secti %6 i gi nate.from di.fferent. sl.ptlkne
cections 70 and 79 Re s et hBhSr it Pl ShRbtme i bl oa. s

| eavi ng ofll ythe baluaiofiBigl 2 - Thebdlurn?0" indlides ftond Rifiatd righg a betafidpneDScope of the

present invention. Afir icrostrip wavequide 80 passes over. the first
51 ot i ne socbREHREeRPaciinst Shtiatany spepf BEPEUT cabies o pal 46 FSPSSYEYA | ne
section 70 aps abdoninddatingdie@revtid ivpuk bigddls, At AHAd treidltion QAHBADE,AAAE4 to the
second groundpl ane section 66. Simlarly, a second WO 2005/ 109566

PCT/ US2004/ 01088 9uipRiroasirbeabled#fignet i ¢ energy is input to the third slotline
section 74, yielding two differential output signals along the mcrostrip
sections 80 and 82. Fig. 4 is a nore detail ed diagram of a second

al ternatile enmbodThremavegaide hnsitionsedswn 98 ikdudss a foag-m@Achimpresistor bmdgz0"

includes, fr ?69. l”ﬁ{etrestiﬁmr Aeamrk, i?e.,%gsristgrfbrf.dgg Ydo ill?gi'udes two input resistors 102,

each positioned between outer conductors 110 and center conductors 112 of the input

coaxial cables 94 and 96. Output resistors 104 are connected between the inner
conductor 118 and the outer conductor 122 of the output coaxial cable 120. Four
15  center resistors 106 are connected between terminals of the input resistors 102 and the

output resistors 104.

The waveguide transition section 98 is configured so that a coplanar
waveguide section is formed from a first slotline 114 and a second slotline 116. The
20  first slotline 114 is formed between the outer conductor 122 and the center conductor
118 of the output coaxial cable 122 and between the outer conductor1 10 and inner
conductor 112 of the first input coaxial cable 94. Similarly, the second slotline 116 is
formed between the between the outer conductor 122 and the inner conductor 118 of
the of the output coaxial cable between the outer conductorl10 and inner conductor
25 112 of the second input coaxial cable 96. The waveguide transition section 98 may be

considered a dual coax-to-coplanar waveguide-to-single coax transition.

In operation, differential input signals 52 and 54 are input to the first input
coaxial cable 94 and the second coaxial cable 96, respectively, via the optional DC

30 blocking capacitors 92, which remove Direct Current (DC) offsets from the input



bl ocki ng capacitors 92, first and second input coaxial cables 94 and 96,
respectively, for accommpbdating differential input SI nal s aoav.eg i de
transi t WMh28de%5en 98, and a single output coaxial B HURY 64"¥%‘&he
wavegui de transition section 98 includes a Ioad-natchlng resi stor bridge
100. The resistor network, i.e., resistor bridge 100 includes two input
resistors 102, each positioned between outer conductors 110 and center
conductors 112 of the input coaxial cables 94 and 96. Qutput resistors 104
are connected between the inner conductor 118 and the outer conductor 122
of the output coaxial cable 120. Four 15 center resistors 106 are connected
bet ween ternln I f istors 104.
The wavegui de’ ?%r?gﬂ“li %ﬁ Z%E##‘gﬁr% ?351%“355 571"1‘"%gure ?s t%)ﬁlge{\QWegﬁiﬁ anar

wavegui de seatansition .‘.Bcﬁmr983d/hfch@mp&>y§ t}reséS1ssdrdirﬂdgdflEOOJIb4'acalmdtedoeﬁbcond slotline

116. The 20 first tI|ne 114 is fo e uter c ductor 122 and
the center cd?ﬂi%ﬁ niai%m'brflpf’ﬁﬁrtfﬁ.‘}f{ﬁ%%‘ §21W§1 pu&?gi go ebet ween the
out er conductdwc)roﬂanr@ﬂd eI rejEctiatiy the ansidoh ¥twédnahd d16@ihed nnuﬂhd go@xi al

cable 94. Simlarly, the second slotline 116 is _forned betmeen t he between

the outer comﬁ&e&uwz@aéwacafbiﬁmnﬁwe s eutput graxigh gpblyis adugl copductls out put
coaxi al cabl %aﬁ&ﬁféﬁ&'ﬂhﬁé‘ﬁ dgk’stxﬁ)'i: s%%ﬁ@&hﬂ&ﬂ mble 84gy. ke fRRG #eOr 25 112 of
t he second i nput coaxi al he wavegui de Transitlon section 98 may
be consi der extpt gigrdl 56@&3@5@1@%@&%@ medeenmppae-that mply exisbimthe r ansi ti on.
I n operation, ) I ]QP@ I t first
i nput coaxi a H%:rg il ngﬁf Z%{’&ist%ﬁé%ggio r?:%%)% a cag?gl (Sléélgéf)’!ésagéﬁgls}g via
t he optional EXcid compmhinngieeagrgyi t ors 92, which renove Direct Current (DC)
of fsets fron1the i nput WD 2005/ 109566 PCT/ US2004/ 1110749 signals 52 and 54.
The d|ffe¥ent|al signals 52 and 54 then pass to the waveguide transition

section 98, whi ch ThoR skilRd ihe bR Wils byPrechitd GigEthd Okhct Gimeasibhs df dlievakioas

mat chi ng and naxi mum power transfer through t he bal un 98. Conmmon node
waveguides 94, 96, 114, 116, 120, components of the balun 20", and the resistor

I'f‘

values and sizes of the resistors 102-106 of the resistor bridge 100, are application-
specific. These dimensions and values may be determined by one skilled in the art to

15 meet the needs of a given application without undue experimentation.

The alternative balun 20" has been constructed and tested for a particular
application by the inventor and has shown to exhibit effective broadband frequency
performance. In general, the baluns 20, 20', and 20" of the present invention are

20 compact, broadband baluns that exhibit a frequency-independent anti-phase response.
They are suitable for use in various applications, including DDS applications, power

dividers, broadband amplitude trackers, and so on.

Thus, the present invention has been described herein with reference to a
25  particular embodiment for a particular application. Those having ordinary skill in the
art and access to the present teachings will recognize additional modifications,

applications, and embodiments within the scope thereof.



el ectromagnetic energy is rejected at the transition between the slotlines
114 and 116 5 and the out put coaxial cable 120. Since the output coaxial
cabl e i sva isavsonductor transmission line, it does nir/GsHRAlh7HOMON
node ener.gy. Consequently, the output signal 56 | acks the undesired even
node conponent that may exist in the differential input signals 52 and 54.
The resistor bridge 100 also helps to absorb any reflected conmon node
energy. 10 Those skilled in the art will appreciate that the exact

di rensi ons of the various waveguides 94, 96, 114, 116, 120, conponents of
t he balun 20", and the resistor values and sizes of the resistors 102-106
of the resistor bridge 100, are application- specific. These di nensions and
val ues may be det%ﬁ&igﬁé@rwte@ﬂ@@%&t snpgnded ciatyas wqovﬁfoanl@ndﬁﬂlsucthhe needs of a
gi ven applic T { ve balun 20"
has been con@ﬂrhgzgt déﬁ?a“&[%%d% @f@&%hﬁgﬁﬁxﬁggﬁﬂﬂe Scogg |hg ¢ %%rrll by the

i nvent or anduhaammhomn to exhibit effectlve broadband frequency
performance. In general, the baluns 20, 20', and 20" of the present
invention are 20 conpact, broadband bal uns that exhibit a

f requencysi ndepengedidiagly) - phase response. They are suitable for use in
various applications, including DDS applications, power dividers, broadband
anplitude trackers, and so on. Thus, the present invention has been

descri bed herein “HLQTtgﬁgAg@gglgo a 25 particul ar enbodi nrent for a
particul ar applicatron. ThoSé having ordinary skill in the art and access
to the present teachings wll recognize additional nodifications,
applications, and enbodi nents within the scope thereof. WD 211115/1119566
PCT/ US2004/ 010749 It is therefore intended by the appended clains to cover
any and all such applications, nodifications and enbodi nents within the
scope of the present




invention. 5 Accordingly, WHAT IS CLAIMED I S: WD 21111511119566

PCT/ US2004/ 11141749 EURO STYLE CLAIMS 1. A space-efficient broadband bal un
(20, 20'WO2005108%6r act eri zed by: first nechani sm (44, RO/URBY4@A474996) for
receiving an input signal (52, 54) having an undesirabl e conponent .and
second mechani sm (50, 78, 98) for rejecting the undesirabl e conponent via a
5 wavegui de transition (50, 78, 98). 2. The balun (20,20, 20") of Cdaiml
wherein the undesirabl e conponent is a conmon node conmponent. 3. The bal un
(20) of aim2 wherein the first mechanism (44, 80, 82, 94, 96) includes
an input mcrostrip waveguide (44). 4. The balun (20) of Claim2 wherein the
wavegui de transition (50, 78, 9 I I ngl jcrostrip-to-slotline
transition (50). 5. The bal un (%@ﬁ%ﬁ&‘%rei n the single
mcrostrip-to-slotline transition (50) includes the input mcrostrip
wavegui de (44) positioned to cross over a slotline (32) in a ground plane
(34, 36) of the mcrostrip waveguide (44). 6. The balun (20) of Cdaim5
wherein the slotlijng §3&). eﬂﬁ%xcﬁt%réﬂdﬂéﬁd%hﬁ‘xt(z@ 20/, 26" ch&fedA@byvi @ a vedge
(40) in the ground plane 4, 46), wherein’a second end (42) of the
slotline (32) pr O\frsjem%hamm(“ﬁu@ 82, %h%)lf@lllﬁm‘(m@)m input sigral 6l ) (20) of
Claimé6 V\/ner 2 54) includes a first input signal
(52) and a secongt‘%flr{{t‘)‘lﬂ ““blgb(%b%('gﬁ whi ch are input at opposite ends (38,
42) of the input rsemndstecﬁqmsm(\ﬁégmmaf@m@epumme undesirableiperbpanengngd a (52) and

the second VO L oRde Bamattion (50, V5,045, 010749

2. The balun (20, 20", 20") of Claim 1 wherein the undesirable component is a

common mode component.

3. The balun (20) of Claim 2 wherein the first mechanism (44, 80, §2, 94, 96)

includes an input microstrip waveguide (44).

4. The balun (20) of Claim 2 wherein the waveguide transition (50, 78, 98) is

a single microstrip-to-slotline transition (50).

5. The balun (20) of Claim 4 wherein the single microstrip-to-slotline
transition (50) includes the input microstrip waveguide (44) positioned to cross over a

slotline (32) in a ground plane (34, 36) of the microstrip waveguide (44).

6. The balun (20) of Claim 5 wherein the slotline (32) is terminated at a first
end (38) via a wedge (40) in the ground plane (34, 46), and wherein a second end (42)
of the slotline (32) provides an output of the balun (20).

7. The balun (20) of Claim 6 wherein the input signal (52, 54) includes a first
input signal (52) and a second input signal (54), which are input at opposite ends (38,
42) of the input microstrip waveguide (44), the first input signal (52) and the second



i nput signal (54) having a desired differential node conponent and an
undesired 5 common node conponent. 8. The balun (20') of Caim2 wherein
the firswoomshesssem (44, 80, 82, 94, 96) includes fir®CT@2po4anar4second
(82) mcrostrip wavegui des along whi ch signals (52, 54) having a
differential conponent and an undesired common node conponent travel, and
wherein the wavegui de transition (50, 78, 98) includes a transition (70, 72,
5 76, 78) fromthe first and second microstrip wavegui des (80, 82) to a
slotline output waveguide (74), the slotline output wavegui de (74)
rejecting common node energy and passing differential node energy

correspondi ng_t ir.ed signal.,. ) of Caim
8 wherein thgnqu?%{ﬁ‘&?f%rsqai"?%?a?%fag?'éf:ér 53‘ %&flcﬁﬂlé’gnenéaﬁoaf‘ns'fn %’?fam tion from
the firstsm comsdoninppdeicompd2@) to a first slotline section (70) and a

second transition fromthe second mcrostrip line (82) and a second slotline
section (72); a coplanar wavegui de section (76) fed via the first slotline

section (70) and Bh?hébﬁﬁﬁ@@qo?tﬁ‘iﬂlQ%e?e@&iﬂe?ﬁstﬁe%ﬁamﬁﬁ'ma% ransd vispn (78)
fromthe copl anar vvav&%> section (76) to the slotline out put ‘wavegui de

(74). 10. Théndhxdes first alzbsew@d@?) ToiCTOSITRY WA Vegwipksradong wiieh $lg¢a§&(5azecham sm
44, 80, 82,4,
\(/vavegw des, 3 ﬁﬁa\/\ﬁ% dlff@ﬁ%ﬁlﬁggm{)/éen%ﬁtltagg%ﬂlg%sg? |o§1&?&3§8@ cﬁﬁ%)ﬁ es a dual

coax-t o- copl amawl amm&mmi&xet\uvsgung:ltmnmcau(sot 78198) inclmdes D@Jnsitmnd70)fi2r ei n t he

vavegul de o RS o Bl MLl kB P S BSR'HS) s QY ol 201 i et

waveguide (74), the slotline output waveguide (74) rejecting common mode energy

and passing differential mode energy corresponding to the desired signal components.

9. The balun (20") of Claim 8 wherein the transition (70, 72, 76, 78) includes
a first transition from the first microstrip line (80) to a first slotline section (70) and a
second transition from the second microstrip line (82) and a second slotline section
(72); a coplanar waveguide section (76) fed via the first slotline section (70) and the
5  second slotline section (72); and a transition (78) from the coplanar waveguide section

(76) to the slotline output waveguide (74).

10. The balun (20, 20', 20") of Claim 2 wherein the first mechanism (44, 80,
82, 94, 96) includes first (94) and second (96) coaxial waveguides, and wherein the
waveguide transition (98) includes a dual coax-to-coplanar waveguide-to-single coax
transition (98), and wherein the waveguide transition (98) includes a resistor network

5 (100) to facilitate load matching.





