1 WO 2005/109566 PC1/US2004/010749 COMPACT BALUN FOR REJECTI NG COMVON MODE
ELECTROVAGNETI C FI ELDS 5 BACKGROUND OF THE I NVENTION 10 Field of Invention
This invention relates to waveguides. $pecifically, the present invention
rel ates to baluns for canceling comon node el ectronagnetic ener? in
di f f er ent i WO 2005008566 gnal s or for providing differenti ACTYRHU{O éf“bnal s

| acki ng comon node 15 energy in response to an input signal. Description
of the Related Art A balun converts unbal anced transm ssion line inputs into
one or nore 20 balanced transm ssion |ine outputs or visa versa. Baluns are
enpl oyed in various denmanding applications including output stages of delta
sigma nodul ator Direct Digital Synthesizers (AE DDS) and antenna feeds.
Such applications denmand mniature, w de-bandw dth (w deband) bal uns
conpatible with integrated circuits and capable of rejecting cormmon node
energy fromdifferential inputs or providing 25 differential outputs |acking
common node energy. Space-efficient, w deband baluns are particularly
inmportant in AZ DDS ap@MPACTEALUNFORREIECTINGICOMMON MADENt i al |ines

nmust often be converted to a sj | i DDS's are often

enpl oyed to generate anal og outE@gkgyﬁhgggﬁgﬁggﬁ?ﬁﬁﬁ§sired anpl i t udes,
frequenci es, 5and phases based on certain digital inputs. Al 2 WD 2005/ 109566
PCTI US2004/ 010749 DDS s are enpl oyed in various applications, including

active pul se radar and digital
BACKGROUND OF THE INVENTION

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 A% DDS
applications, where dual wideband differential lines must often be converted to a
single line output. A% DDS's are often employed to generate analog output signals
30  with desired amplitudes, frequencies, and phases based on certain digital inputs. AZ



wi rel ess communi cations, to facilitate signal waveform generation for signal
m xi ng, up-converting, down-converting, frequency synthesis, and signal

of fsets. 5 A conventional A DDS enpl oys a 1- bit Digital-to-Anal og Converter
(DAC) to selectively sanple an anal og T nput signal to produce a
correspondi M WIYIP¥E out put signal . The DAC nust have BCFEBM04/6149 hi gh
sanpling rate to conpensate for the low 1-bit resolution quantizer.
Consequently, the output of the 1-bit DAC is often a high- frequency

pul se-like signal. This 1-bit DAC output is typically filtered to renove 10
guanti zation noise. 1-bit DACs enployed in AE DDS' s often provide dual

pul se-1i ke output signals, which are 180 degrees out of phase. These
differential pulse-like signals nmay occur over a w de frequency range and
must be convert @bﬁ'@ar@eﬁbl@?écﬁn%ﬁo%&ppﬁéﬁo@s iherubiak Btive piike ﬂadﬁ'ahd i ncl udes
transistors, which often have slightly different rise and fall tines.

Di fferences in tWisless euspuni¢agionsyiedadilifit SIenahﬁ@veéqr@a&eeermefgi yigng] mix@gnmon
nmode conponent s yju BBt d - RitberBhd) u%ncy% th@R! AP pper f or mance, these
comon node corrponents mist be rejected in the final A DDS output. 20
Conventional Iy, wire-wound ferrite baluns are enpl oyed to convert

differential §nput |i ﬂ’g}! ﬁ] I; =Y l'ine.
These bal uns : have i F%%ﬁg%lrﬁééh%ﬁz?p (ﬁ/g\%\n?;%g%gﬁl s e{éi%omer&?r)gggf or Imer s.
Unfortunately, fteseledigely sehpleisn anlog bpnicignalito prbduxte al compoﬁdMgam pwepyt

typically cutting of ff esb .1 t hr gi gahert z ichis
undesirably | owsfq i mn%ﬁéﬁappﬁ %vaeglhé%l\é\sgm%%—rﬁtreﬁ%%”r" o‘r‘sg?e t#’re‘["‘rl? 1Ue bal uns
are nore sui tablbbrtmsolmmmtquannms Gmequeaﬂpltﬁematﬁumﬂhahﬁitmsoﬁeﬂdlﬁgﬁe for
pul se applicatio s as ferrite l.yns .a ftens to reflections
Pesulting. 1 om ragbertyphEe i demal Y RFAC g HEEPRL AR S Faloftnce, ¢ he
bal uns are mmdeqdaﬂizg&dsnno]'dee | arge ferrite baluns are difficult to
incorporate into mniature AE DDS integrated circuits and poorly reject
common node energy. 30

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 AZ 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 AX DDS applications.

25  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 pootly reject common mode energy.

30



3 WD 2005/109566 PCT/ U52004/010749 Alternatively, baluns are constructed
usi ng various wavegui des havi ng quarter wavel ength sections. Unfortunately,
use of quarter wavel ength sections may gesult in wundesirably | arge bal uns.
In addition, these baluns are relatively narrow banded and are susceptible
to | arge reMQ20§/H866when fed with pul sed i nputs. 5 Henc@®CTAISRO&00249i StS i n
the art for a mniature w 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 AZ DDS
that incorporates the efficient w deband bal un. SUMVARY OF THE | NVENTI ON 15
The need in the art heAtlfoihs B diMuaBARERGATibGE RbaeE apgl un of
the present invention. In the illustrative er%bo Iment,” the 1nvehtive bal un
i s adapted for wayelength sectiinsebinfoDimptely useyf quartss waelengbpg)tioapmey wwauliions. The
bal un i ncl udes aunﬁés&%c}y 1&%%'3@9&.%&8%& ES&'béfuﬂ&rﬁF&ldﬁQﬁlyBaéévﬂ%ldeﬂEn‘é' ng an
undesi rabl e cormdn node ‘tonponent. decond mechanisnirejects the

undesi r abl e conransuseegible toriprgeieefiectioawhendedawithopudsyd iutst r ansi tion. In a nore
specific enbadi nent, the first nmechani smincludes an input mcrostrip
wavegui de. THe wavegui de transition is a single mcrostrip-to-slotline
transition. The si ngHencei Trasdexistpintthe art fot 4 mimdatyre widsbariddalunrileat iscesilyt he i nput
mcrostrip 25 i NOSLLL ] ] I ound

pl ane of the m""??{gogéblr:?%d B%ﬁéeédtg&%gluﬁs%gﬁ ?’g??%gg%ﬁlﬁ{é?%cgé %Hrg&fer}lédséteﬁ% d via a
wedge in the gr dinmddifferental pWsesidupschng prdvidés a haeecesl autpui. n$nch a belunlean adsa  out put
of the bal un.

provide balanced differential outputs lacking common mode energy from a balanced
10 input. There exists a further need for an efficient AX 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



The input signal includes a first input signal and a second input signal,
which 30 are input at opposite ends of the input mcrostrip wavegui de. The
first input signal 4 WO 2005/109566 PCJ1US2004/010749 and the second i nput
signal have a desired differential node conmponent and an wundesired common
nmode conmpond¥ft 200449366 | r st al ternative embodi ment, the fPEEUSHOEDIATOSM
includes two mcrostrip 5 waveguides, The input signal includes a first

i nput signal travelling on a first mcrostrip wavegui de and a second i nput
signal travelling on a second mcrostrip wavegui de. The desired signa
conponents of the first and second signal are approximtely 180 degrees out
of phase. The waveguide transition includes a transition fromthe first and
second mcrostrip waveguides to a single slotline output 10 wavegui de. The
sl otline output Waegitoh®inh®isfnila e THRIRk MRS rBRGR G BRPoMRACHE in

differential node energy corresponding to the desired signal conponents. The
transition furt adesirefeqomueos rapde componeRtansi ti on fromthe first microstrip
line to a first slotline section and a second transition fromthe second

mcrostrip line and a second slotline section. The transition also includes
a copl anar wavegui delnsefinsi aligrmptsig epbedimpet, thefifst meghanjsng includes e aritrofiipnd t he
second sl otlisne JoehifR ?15&% t bifp A0 o full ) £k @iBut Hnalf QRIeBRG bn 2 WRY EQUI de
section to an tﬁﬁfﬁ&gﬁot |né&§é%??on qor#%s%ﬂ%d?%g to the gfptline out put
wavegui de. The folierestrip Sievesride androseedndinputsignal ravellisgen ¢ speendumigrostaip copl anar
pavegul de - sect \aRedhd, 'HPLATENGH dobpBndifsQ Il 2 APecBaRAfANRL W L the
first and secon crostrip wavegul 8530 I'n a second alternative

enbodi ment, t he approsimatedscH@rdearessiontifphiess. The waveguidp trapsitomiiclodesni al

wavegui des. The Waueak fe o rR fid e Ohd LG U Favdgdiidto £ 3% L0Ring BRhANar
maveguide-to-sing%% coax tran5|t|8n. kﬁre5|st%rgﬁetm%r%ﬁ§? @r?dg@£|n t he
10  waveguide. The slotline output waveguide rejects common mode energy and passes

differential mode energy corresponding 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



wavegui de transition facilitates | oad matching and attenuates back-refl ected
common 25 node energy. The novel design of the present invention is
facilitated by use of an efficient wavgguide transition to reject

undesi rabl e conponents froman input signal. By transitioning from an

unbal anced MMW¥/Y9%6hal anced |ine, undesirabl e common nMPAEUS20040749

2005/ 109566 PCT/ US2004/ 010749 conponents are efficiently rejected. This
results in a conpact broadband balun suitable for various high-frequency
applications, such as AE DDS applications. BRI EF DESCRI PTI ON OF THE
DRAWNGS 5 Fig. 1 is a diagramof a AZ 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 balun of Fig.

1. 10 Fig. 3 i bﬁ?! p ' ' [ ernative
enbodi nent of t% ﬂ%p(gﬁg]ﬁtgﬁg %1 @9“’2"2{% giﬁg}lfglﬁtss\ﬂaﬂr%?%c%é‘% gf’%@é’%agr amof a
second al t er nat isvieblerflaocrinerHighefrequirey agicdimhs suchfas AE DRapphiaBGikdl PTI ON OF THE
| NVENTI ON Whil e the present invention is described herein with reference to

20 illustrative enbodi ments for particular applications, it should be
understood that the i nventBRIEABESCRIPTION I ORITHEDRAWINGSose havi ng ordi nary
skill in the_art and access to the teachings provided herein will recognize

addi ti onal ngdifications, applications, and enbodinents within the scope

t hereof and additi ongig. iieh diagiath s £H DDSceriflOyteE unigile/ Bidhdband valt shdoe of
si gni ficant utilit¥h . . . . .
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 AX 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. 1 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
invention. For clarity, various well-known conponents, such as power
supplies, clocking circuitry, software feedback | oops, and so on, have been
om tted froMQWEEWYEres. However, 30 those skilled in tReT/EBWMMITIIACCESS
to the present teachings wll know which 6 WD 2005/109566 PCTI US2004/010749
conponents to inplenment and how to i nplenent themto neet the needs of a
given application. The AE DDS 10 includes, fromleft to right, a Random
Access Menory 5 (RAM 12, a Multiplexer (MJUX) 14, a I-bit D gital-to-Anal og
Converter (DAC) 16, an attenuator 18, and the broadband bal m 20 and an
optional set of wideband filters 22 that is connected at the output of the
bal un 20. The v he Al DDS
10 is a feed- fo% ? %@% Eﬁﬁ%‘s“?&ﬁ%‘géﬁg‘? %ﬁﬁm%ﬁ)trg&b%g ?[egirs gﬁ? u%ls a

desi red wavef or appligstic- on data stored in the RAM 12. AZ DDS 10 maybe used
for various applications including waveformgeneration for fine frequency
synthesis or for offset frequency generation. Paraneters specifying desired
wavef or m char act er i sThecA% DP8JR iedndesyfrbintleftie right, aRahdomesesessdfsmaye witten to

the RAM vi a ther ( L ncor por at es
a Field-Pr og%anmqé&qg lfﬁ? (I?P%%if g&étﬂﬁl@%o'wzé%oﬁ?ﬁe&@xéi ilitating
timng and cont raghttenbutod IsahndMa/lﬁﬁmbm&taIuazosncsardo@ubnav/sdtyfwmphmdﬁﬁerh he MUX 14
fromthe RAM 12 20 res graling froma ter or
processor (not szhg'%%)scon?ﬁgt%%ﬁ%wu%ug?{% "ﬁzﬂ/l ?ge a§g8§?°él??°ﬁe°g%§p Afth. as a
32-bit bus. Eachkomisttpdin sbiids. The ADDDS 106k feei-forwadd bfsenent i al signal pair at
the input of the MJX 14 via nethods known in the art. The

10 In operation, the AT DDS 10 outputs a desired waveform based on data stored
inthe 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 quantizer. 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



MJX 14 then provides a differential output signal on two conductors. The
differential output signal represents a streamof single bits. 25 The 1-bit
di fferential output signal fron1the MJX;14 is input to the 1-bit DAC 16.
The 1-bit DAC 16 enF ys a 1-bit quantlzer and a high sanglln rate to
conpensat e for2QHE? %M/resolutlon of the 1-bit quanti zer PCT/YSEq#(10749

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 noise as represented by the 7 WD 2005/109566 PCTI US2004/ 010749
spectrum 24. I n addition, naturally occurring differences in rise and fal
times of wvarious transistors in the 1-bit DAC 16 and MJX 14 cause an

undesi rabl e conmon node conponent in the differential outputs of the 1-bit

DAC 16. The out pigbeiru@f24t meaddﬁrohlﬁaupﬁgoé&uﬁ{g%ﬂérmes ﬁ&f@é’hﬂﬂﬂllﬁin@s&f' crostrip
transm ssion lines, dual slotlines copl anar wavegui d or coaxi al

cabl es. |deal |y, va8pusriensisters it the 1 Hltﬁ"é-‘r@fﬁ“fl A pavee 3 indgin F’]Pﬁmpillﬂ%s are

exactly 1800 OUtmo&fcoﬂBé}ﬁﬁt1nWé%ﬁ‘feTré?ﬁaﬁJuqﬂﬁ|o§th€rlﬁntfm&C 180TIRWutgils g2liRse, an
undesi rabl e common nod conponent exists. The balun 20 renoves this

undesi rabl e connbh“ﬁﬁ§€6 A @rovided via Ficrpstan iranemisgion jineg) dalilethies. dased on

t he dlfferentga|(?ﬁﬂﬁkéwe iR, GepBEA cdhRde conponent is often called the even
mode conponent. The desired differential node conponent is often called the

odd node conponent. For the purposes of the present discussion, a balunis a

devi ce that converts geah)aligRisef iR d@fiMntihiGuipit Mha %ﬁ%@ﬁaréb:&@@l@”od‘c' sa

versa. Dual -conductor transm ssion 15 | ines are inherently bdl anced, while
t hr ee- conduct or efPhessniNdsn B sisnaiare aetd 89 crubefirhage) 3n undesirable peregon mpde bal un 20

enpl oys a uni quesdnfpafist L8 Tre BRTuh PORLRNGSH s MdetifBle'cbRmon mode component

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 0odd 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 comon node conponent fromthe
out put of the 1-bit DAC 16. Any conmpn inde energy that is not dissipated
via the balun 20, and is reflected back, is absorbed via the optional
attenuator YOR005408568¢ t enuat or 18 may be inplemented asP@I/EF2004/01p749
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
sonme applications, the balun 20 and filter 22 may be replaced 8 WO

2005/ 109566 PCT/¢92abidcavéiepy Howsret, btk ﬁlté%@h'ja% ttrbihlce PFohibiibeRItiorACt | Ve

filters may introduce prohjbitive distortion and phase noise for sone
appl i cations. TredPhasepoiBLoF spmesaPlitatios nay be back-terninated so that
energy reflected 5 fromthe balun transition dissipates in the resistors of
the back termnation. In this case, the attenuator 18 may be omtted.

Alternatively, the baheippigo fagpaiun2dmaypehaek-ferminatadisoifpterfray efleaded  or

network to dissifal fhebilth Badsfdn RGP in B8 r&lsRFTHRbaBPEAnihtichY In gl ow. 10
Use of differential signals in the MJX 14 and 1-bit DAC 16 may reduce phase

noi se and pul se % theetieryator bimahheyeniitigdy dtematiiely, thegalup A may ircemperate a _
Si gnal -t 0- Noi se jo/3hhthike R toetd di to fissipitP rekiRoted-Bifer ],:La(l)stcfi's%uég@d Hbre 41yt O T €] ect

commopn node energ I ncreases the SNR of the AE DD 15 Conventi'onal
bal uns are ofterPela¥6 |arge to be efficiently integrated in the AE DDS 10
chip and are often undesirably band-limted by interw nding capacitance.

The balun 20 of the present invention is suitable for chip-level integration
is readily 10 Use of differential signals in the MUX 14 and 1-bit DAC 16 may reduce phase

noise and pulse distortion, and may improve settling time and the Signal-to-Noise
Ratio (SNR) of the AZ DDS 10. Use of the balun 20 to reject common mode energy
increases the SNR of the AZ DDS 10.

15 Conventional baluns are often too large to be efficiently integrated in the AL
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 AX 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 waveform parameters that are input to the RAM
12. The computer can simulate high-order AZ 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



i npl enented in GaAs and other integrated circuit chip environnments. 20 This
feed-forward AZ DDS 10 elimnates stability issues associated with
conventional AE DDS hardware and feedbagk | oops. AE nodul ator feedback | oops
(not shown) (ggloxed by the AE DDS 10 reside in the software (not shown)
running on W%t er that generates the wavefor m par BEBUSR94/0W39 ar e
input to the RAM 12. The conputer can sinmul ate hi gh-order AE nodul ators
while nmaintaining 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 fornmed 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

out put end 42. The open end 38 opens into a V-shaped cut-away or 9 WO

2005/ 109566 PCT/ydagdia edutdRlanedednd 4 40886 57 HR4HIS FIndbEb Al ghltindfdardnd 36,
which is formed by angl ed groundpl ane edges 40. A microstrip wavegui de 44

passes perpendi@éﬁﬁﬁpy to the slotline 32 over the 5 ground pl ane sections

34 and 36. The microstrip 44 includes a first mcrostrip section 46, which
is supported by the first ground plane section 34, and a second mcrostrip

section 48, which i sAdJnigieship sgveppide Adpasess peraendicylafin fn thpdotdine 32 over 6. For

clarity, thes dig?duﬁ&bfah&se@@&n‘é@@%&i%?mﬁcgo;sﬁ{ggﬂiMud%QQﬁ%sPﬁi&&s&lﬂl@cﬁ%ane

sections 34, 36 1s not shown. Various el ectric constant materials,
such as al uni na,46nwlicbis sumpoefiydyeiirst gronsd elanksertian4, andiasecapdmigpstiip know

whi ch di el ectri Gedih a8, vlicH i@ suppéricd By MeGbcond BEuiipBHS sidfio3d) e Bladfpthd Cat i on.
The ground pl anes sections 34 °and 3b and the mcrostrip 44 are inplenented

via copper or golidkectisrhgtisen ths migrripitdand Sheramd plangeections 864 iphdines secti ons
det ormi ned by ond” ki | Tt bl 0LBEE R A SR B e 0 e ™ cachi ngs Lo
0 employed. Those skilled in the art will know which dielectric 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 SO. 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.



15 neet the needs of a given application. The mcrostrip 50 passes over the
slotline 32 at a mcrostrip-to-slotline transition 50. The different
nicrostrip sections 46 and 48 may be cqgsidered as different mcrostrip
lines that are separated by the mcrostrip-to-slotline transition 50. 20 In
operation, WRHILSH! the microstrip 44 are fed with diPGHPLRAHUIT4 nput
signals 52 and 54 at opposite ends 46 and 48, respectively. Exenplary
electric field lines associated with the differential input signals 52 and
54 are shown. The differential input signals 52 and 54, which are al so
cal l ed anti-phase signals, are 25 approxi mtely 180 degrees out of phase.
Any common nobde conponents, such as conponents that are in phase, are
rejected at the mcrostrip-to-slotline transition 50. Any energy that is
reflected back fromye@auh20 fitoliRes Sfad SB&H%&ﬂﬂmhﬂeéﬂ%kﬁhk ygt or 18 of
Fig. 1. 10 WD 2005/109566 PCT/ US2004/ 074 The bal un 20 i ntroduces

90- degrees of pAekEs tp &caﬁtwnpqhnéa@mm@m@delen@gy@gnmeentsmulmgmgo facilitate

cancel i ng comg;fRclea GHAE S¥ctfoERRAR e%%ﬂaaﬂl BRAR! @glunéiahatf ‘i‘d}t ermode
el ectromagneti c energy conponents. Bal u R tP vvavel engt h

at enp quar

sections or enpMeyelenglsertigneersmpioyrl§P-dedresa of Tetatipy tneh%mntbalmhgai ¥gs are 5

of ten 1arge gnd ot 1aBY doRblykioRN/Whinel:, witlh GR 168 b lerbimpRR!

per f or mance. ?a;g@ZO andbix' ?ﬁk r%sent |nven% Eeégggghy5|cally
symretric. The @é@h&f&ﬁnéé@'m@f%?mtmvﬁm@ﬂewmhﬁﬁlcaﬂﬁébéme@ﬁf)onent 56 is coupl ed
to the slotline 32, which is a balanced transm ssion line. The differential
node conponent 10 56 that remains on the bal anced slotline 32 is

necessari |y bal ancedThedesiresd eddanada prdifferantishmodeccomponenbS6sis geupleddo 2 and | acks
undesi 1 abl & COMpFReGHRAGE O £RIPRARERSon ! THOUERrehl ufl6S béboRbact N bal un

20 appears structurall'y sinple
10 56 that remains on the balanced slotline 32 is necessarily balanced due to the balanced

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.



significant advantages when used as a balun. The bal un 20 exhi bits broadband
15 performance frommulit-nmegaHertz to nulti-gigaHertz frequencies and
efficiently accommodates pul sed mavefP{nB. Furthernore, the balun 20 is
readily mniaturized and incorporated tnto integrated circuits. Unlike many
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in reverse, providing.d erential output signals |acking conmbn node

energy froma sﬂe@‘?ﬁ‘ﬁc‘#ﬂﬁﬂfmﬁ“ §1ﬁ@n§qe5’@qq Rangisderminatefyipacsecqnd gleplgicaln 20 may

be enpl oyed to CQRYRfién 3678 el thiRirohidplRd sebtith@ga di fferential 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 npl ementati on of the, flebdigh ddferQialfih ts1%nals]5§ and5% %@ﬁ@/a}@%ﬁﬁgrees ut of
PCT/ US2004/ 010749 nlcrostrlp wayvegui 8 asses over the first otline

section 70 appr mham@renqput*p@ﬂlp@rﬁam@msarp *@lonﬁ@amdﬂlgﬁecgﬂddmctoﬁ@mwpﬁ on 70 and
is termnated Vig fasRe ﬁ&é@}j ’ﬁm'eﬁﬁeﬁnﬁﬁlmpugﬁﬂlﬁ%tz'aﬁ&‘Sﬁ&uﬁl@ td ﬂ@c&rmsa%dmg and

groundpl ane section 68 I n operation, differential Tnput sign
54, which are 1gUethiregedions mﬁndﬂ?, respreiiyely, a4 iransitiops/betwyeea therraictosirips 8¢andr ost r i p

section 80 and t%nﬁ%%fﬂ#ln{ysgugﬁlfo'aﬂd§f(fés*)&'ﬂve1§2 respectively. The

differential input signals 52 and 54 couplie to the corresponding slotline
sections 70 #hd 72, respectively, at transitions between the nicrostrips 80

and 82 and the sl ot lApr‘oxﬁﬁa(ﬁBhsotg Slediflc ﬁaﬂ IiZc%’assroﬁ§tQ§ %th Yfﬁlﬂst 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, act as 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



10 Approximations to electric field lines associated wth the first 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 electromagnetit®energy 52 and 54 fed to the slotline
sections 70WOSIS6Fespectively, 15 flows toward the copCEMSa004MEvVRYUI de
section 76; through the coplanar wavegui de-to- slotline transition 78; and
then t-hrough 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 thensel ves; the coplanar 20 wavegui de
section 76; and the copl anar wavegui de-to-slotline transition 78, act as a
transition fromthe dual input mcrostrip wavegui des 80 and 82 to the

bal anced slotline . ' ners) ngﬁﬁ isting in
the differential ingﬁ%&gﬁgﬁgﬁgg%%ggH%égﬁég%gﬁ?s caﬁ%e g§9§@&¥ﬁgécoplanar
wavegui de-t o- s witthingtechniguey mayohe adgptedrio Bwlbalns 3¢ withait deB@ing fiomctké segpe o
undesi rabl e conggy, ikahidh, 64 'Llqu:o ggﬁng@gwmﬁ?& & Pl FR0d ﬁ;g'eng

t he desired odd node conponents (also erentral or anti-p
conponent s) i s miealschstepployéd torfuttiselowat thewc\REHY frequandylod thefbalud 26, vdtidhiime sect i on

74. Those skil j i ] ] 0' may be
operated in gr'(evzleh%gd 1%%@@%&% J%@%@B@?%ﬁ%@%%ﬁ%%@%% Vari ous pads,
i npedance tr ansépplicatirs 10 ofdierded | i nes, and ot her inpedance natching
techni ques may be adapted to the balun 20 w thout departing fromthe scope
of the present invention. Various conventional techniques and features not
di scl osed nmy al so Fig 3édguhorg detailed perspechive viévovby fitstredtenatiwfembbdimgotedcy of t he
bal un 20, which J r Yo | N [ nt |17 ndwi dth in
t he delta-si grrBOfII%Sbaguﬁlgoioga i 2dn @ﬁﬁrg“& I 8].;1%1.26)%%1“%&(5 2 é} g&dpﬁge &ahagmg

10  a first groundplane section 64, a second groundplane section 66, and a third

groundplane section 68. The groundplane sections 64, 66, and 68 are positioned 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



Fig. 3 is a nore detailed perspective viewof a first alternative enbodi nent
20" 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

gr oundpl ane“s&éﬁ);/pdgs 6, and a third groundpl ane section 68. The groundpl ane
sections 64, 66, and 68 are positioned to forma first BFHUS?REINEEt | on 70
between the first groundpl ane section 64 and the second groundpl ane section
66. A second slotline section 72 is formed between the first groundpl ane
section 64 and the third groundpl ane section 68. Athird slotline 15 section
74 is fornmed between 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

sl otline secti othaVelecamnhagretip ardy ioingat thhe weirdiglotlZe sédien 74 yésddiag thendpl ane
sections 64, 66,,..and.G8. cop] apar -waveqgui de-to-glotline transition 78

exi sts at one eﬁggﬁfu?qﬁgtp@owgﬁ&&%é‘ﬂﬁg ssegté(inisg{}]a%ézand acts as a
transition between the coplanar waveguide 76 and the third slotline section
74. Different legs gf t.he co ar wavegpi de section 76_originate. fromthe
different slotline ]Es)lé'c“;lls58’?%?%%‘11?%@%%“8 Iaiwhmﬁglf‘%ﬁt@eﬁfii on 76
may be omittéd, tithaluaadofiBig | Thedaluh 20" ihoheles] fromuUleft to ight, awett o @dplut D@par t i ng
fromthe scope .he prese ipvention. A first mcrostrjp wavequi de 80
passes over the%I°|° %CagP%g’fﬁrb%eﬁ@g@gis%’ﬁmg’ﬁputé?ﬁﬁai?ﬁbﬁ?é% I‘S}‘s %ée%a@?ffm lar to
the first sl otl iffrfaceatiddatingdiffaadial ispdt sigidls) 8 vevkguida transitionStction 08,ahégt r i cal
connection 84 to, the second gr u? | ane section 66. Simlarly, a second 13
WD 2005/ 109566 WFB@W&%@%?@@ at el ectromagnetic energy is input to the
third slotline section 74, yielding two differential output signals along
the mcrostrjip sectigns 80 and 82..%qulegdon%8|insclu%eerre detail ed, di gg am of a

second al terfative eNSOWVREH{e Hsit s a load-matching resistor 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. 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 conductor110 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 conductorl 10 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



5 the balun 20 of Fig. 2. The balun 20" includes, fromleft to right, a set
of input DC- blocking capacitors 92, first and second i nput coaxial cables
94 and 96, respectively, for accommpdating differential input signals, a
wavegui de transition section 98, and a4 si ngl e out put coaxial cable 120. 10
The wavegumde20bs/emasdst i on section 98 includes a | oad- mat BATA§200€810%00r bri dge
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
between termnals of the input resistors 102 and the output resistors 104.

The wavegui de tr, i t4 eqil iy [ l,anar

wavegui de secti S%Qiﬁésg% zgirar??}'dq‘%ﬂf %%eggﬁl ?1&:&2{23@ F ?ﬁ%e’ﬁafg %ﬁge ga‘geggggd slotline
116. The 20 fi reusitidnsedtion88,wikdch enplays thedesistotr hedge 10010 facilitate lominduct or 122
and the center 8 of ' d between the
out er conductor§£@%H%%§&?%#éﬁﬁhBégﬁﬁﬁgg%fﬁ%fgg@éb?ﬁ%ﬁ?ﬁ%§?$ﬁﬁ%ﬁg coaxi al

cabl e 94. Si m | aiebtygmagheticsaergnth rejeatd 4t the tdds@tiondetwieen e dotlimesnddnnd hié bet ween
the outer condu . i fas d .t he of the output
coaxi al cablgpbg%ﬁg%%%ﬁﬁgggﬁ?ggﬂégagﬁ%ggﬁ?%ﬁ &gﬁé&ﬁﬁ%%?mgéﬁ e %%SES 112 of
t he second i nputtransmassioallineabdaes 8& suppos comegmbdbentiga.n€onsequente dtei on 98 naybe

consi dered a dual . coax-19- l,anar, uide-to-single coax.transition. In
operation, di ffer Hfﬁlgffé%&%cgcgt%iugﬁgfv}g&/%gngg% qgﬁlp I}eélptllhﬁtﬁﬁatyef%%?ﬁ]ée first input
coaxi al cabl e 94liffmehtitlHieps eigoaidS2and 5t aTheradidte bebGge 100 ajse hitlpy @l apsorvary t he
optional DC 30 q&pggiqﬁ%ga acitors 92, which renmove Direct Current (DC)

of fsets from t hé®iRput 18 " WS 06%7 109566 PCT/ 1152004/ 010749 signal s 52 and
54. The diffBrential signals 52 and 54 then pass to the wavegui de

Those skilled in the art will appreciate that the exact dimensions of the various
waveguides 94, 96, 114, 116, 120, components of the balun 20", and the resistor
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.



transition section 98, which enploys the resistor bridge 100 to facilitate
| oad nmatching and maxi num power transfer through the balun 98. Conmobn node
el ectronagnetic energy is rejected at the transition between the slotlines
114 and 116 § aqg %%e out put coaxial cable 120. Since the output coaxial
cable is a QP88 ctor transnission line, it does noRCEUSAMA10HSmDN
node energy. 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 al so hel ps to absorb any reflected cormmon node
energy. 10 Those skilled in the art will appreciate that the exact

di nensi ons of the various waveguides 94, 96, 114, 116, 120, conponents of
the balun 20", and the resistor values and sizes of the resistors 102-106
of I t he resi Et o(r]I bri dggs tg&gforeﬁﬁt@ncﬁgp*Pﬁgﬁﬂeﬁdbdg&aﬂ&tbfcbwgﬁﬁﬁandﬁdﬁensi ogs a?d
val ues may be deternine one skilled in the art to meet the needs of a
gi ven applicati 6@%?%&%0%H@S%WQW§W®%tﬁeﬁ?éped‘l’ﬁtﬂéerlﬁmtve bal un 20"
has been constr gglmsbnand tested for a particular application by the

i nventor and has shown to exhibit effective broadband frequency
performance. In general, the baluns 20,20, and 20" of the present invention
are 20 conpagt, broagbapdindgl uns that exhibit a frequency-independent
anti - phase response. They are suitable for use in various applications,

i ncludi ng DDS applications, power dividers, broadband anplitude trackers,
and so on. Thus, thewHLsE¢LAMNENEd:0n has been described herein with
reference to a 25 particular enbodi nent for a particular application. Those
having ordinary skill in the art and access to the present teachings wll
recogni ze additional nodifications, applications, and enbodi ments within
the scope thereof. 15 WD 20051109566 PCT/ US2004/ 010749




It is therefore intended by the appended clainms to cover any and all such
applications, nodifications and enbodi nents within the scope of the present
invention. 5 Accordingly, WHAT IS CLARYIED IS: 16 WD 2005/ 109566

PCT/ US2004/ 010749 EURO STYLE CLAI VS 1. space-efficient broadband bal un
(20, 20", WOV 8%terized by: first mechanism (44, SRET/ESR0049407496) f or
receiving an input signal (52, 54) having an undesirabl e conponent and
second nmechani 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 Caiml
wherein the undesirabl e conponent is a comon node conponent. 3. The bal un
(20) of daim2 wherein the first nechanism (44, 80, 82, 94, 96) i ncludes
an input mcrostrip waveguide (44). 4. The balun (20) of Claim2 wherein the
wavegui de transition (50, 78, 98) EVROBTYLEICEAIMSrostrip-to-slotline
transition (50). 5. The balun (20) of Caim4 wherein 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 mcrostri equj de,_ (4 e halun (20). of Claim5
\(A,her ei n) the slotli ne?( éﬂgﬁegﬁlcé%ﬁrﬁﬁbé@%{mgz%wﬁo “é‘ﬁﬂc%g%%db\ﬁ a a wedge
(40) in the ground phigsemeéhdfism449, 30,8DD4PE) Farireeeivip@anht sipshl (234) of the

slotline (32) provides .g¥ put of the balun (20). 7. The balun (20) of
d ai m 6 wher ei n J2HBE Phdest GHQPWFS?FH 4) includes a first

second mechanism (50, 78, 98) for rejecting the undesirable component via a
5 waveguide transition (50, 78, 98).

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, 82, 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 (52) and a second input signal (54), which are input at
opposite ends (3 8, 42) of the input mcrostrip wavegquide (44), the first
i nput signal.(52) and the second WO 209%/10951") 17 PCT/1JS2004/ 010749
i nput siYRAMYYWA6havi ng a desired differential node coHpBHEINWVANEan
undesired 5 conmmon node conponent. 8. The balun (20') of Caim2 wherein the
first mechanism (44, 80, 82, 94, 96) includes first (80) and second (82)
m crostrip wavegui des al ong which signals (52, 54) having a differenti al
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 mcrostrip wavegui des (80, 82) to a slotline
out put waveguyj.de. | Qt:l i j i ng common
node ener gy gigh'g%l@fggﬁ(?d'g aglﬁﬁg?i e@%ﬁ%d@?&%%ﬁ&gﬁ%?ﬁ%ﬂg gﬁtraéé é%% Hé?érﬁgg o the
desired signadonmuermpoodedompofent.The bal un (20") of C aim 8 wherein the
transition (70, 72, 76, 78) includes a first transition fromthe first
mcrostrip line (80) to a first slotline section (70) and a second
transition fromthe BREAREM (PO FEfCIhin Pwhéreh thSfst MBchaRisHAGOED, §3,04l 9gye
section (72); a _coplanar wavegui de section (76) fed via the first slotline
section (70) aplddesHust{8@)and serond (12) merosep Wavggu(des plong which signali$$2,i on (78)
from the copl kg BftdiaPitpoitht afd vl Buldd Soflothlhole cBithBin: vaveoul de
travel, and wherein the waveguide transition (50, 78, 98) includes a transition (70, 72,

5 76, 78) from the first and second microstrip waveguides (80, 82) to a slotline output
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).





