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-1 A BALUN APPARATUS AND METHOD OF DESI GNI NG SAME Field of the | nvention 5
general ly, this invention relates to baluns, and, nore specifically, to a
al un apparatus and a net hod of designing sane. Background of the Invention
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A BALUN APPARATUS AND METHOD OF DESIGNING SAME

_ Field of the Invenﬁon

Generally, this invention relates to baluns, and, more specifically, to a
balun apparatus and a method of designing same.

Background of the Invention

Typically in radio frequency (RF) communications systems, it is
advantageous to use a balanced antenna. A balanced antenna reduces the
RF current on the housing and other parts of the radio equipment, and the
antenna is less susceptible to being detuned or being blocked by the
operator. When connecting a balanced antenna with an unbalanced RF
circuit the interface between the antenna and the unbalanced circuit requires
a device called a balun.

In circuit technology, an unbalanced system is defined as one in which
two conductors are at different potentials with respect to gfound. One of
the conductors is often at the ground potential. The capacitance with respect
to ground of each of the two conductors is then different, consequently, the
current in the two conductors may be different. A balanced system is one in
which the poteritial of each of the two conductors are respectively above and
below ground potential by the same magnitude. FIG. 2 is an illustration of
a simplified model of how currents are defined by a balanced and an
unbalanced mode. In a RF transmit communication system, the source is
the transmitter and the load is the antenna. Any configuration of currents Ia
and Ib can be expressed as a combination of common mode and differential
mode currents. Both the common mode and differential mode currents are
determined by currents generated by either a balanced or an unbalanced
source. The common mode current, shown as ICa and ICb in FIG. 2, have
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cifcuit the interface between the antenna and the unbal anced circuit .
Eequires a device called a balun. In circuit technol ogy, an unbal anced
Systemis defined as one.in which two conductors are at different
potentials with respect to ground. One of 20 t he conductors i.s often at
the ground potential. The capacitance w 2h-respect to ground of each of the
two conductors is then-.different, consequently, the current in the two
conductors may be different. A bal anced systemis one in which the
potential of each of the two conductors are respectively above and bel ow
ground potential by the sanme magnitude. FIG 2 is an illustration of 25

fnbal anced: mode. vt aptick A AT pBiE, (ot uR ARuARFEGATT] O
transmtter and ¢urentsoodtribute fmshiag tethedntended aperation of theilead, ef antepnaent s | a
and 1b can be expl£3560A5 aispaftlin Ald:OTne iR mBACSurRits, B4 fugt ent i al
IDb, are equal in magnitude and opposite in phase, consequently, they
5 manifest the power into the intended load. The source and the load losses
of the common and the difference or differential modes can be represented
as a circuit, as shown in FIG. 3. For balanced loads such as balanced
antennas, the intended or desirable mode is the differential mode, and the
unintended or undesired mode is the common mode. By maximizing the
10 impedance of the common mode load, the currents and the loss associated
with the common mode currents will be minimized.

A balun permits connection between a balanced system and an
unbalanced system in such a way that the potentials to ground, and the
currents in the two parts of the balanced structure are equal in magnitude

15 and opposite in phase. In the past, balun transformers and transmission
lines or bazooka baluns have been used to perform the balun function for an
antenna feeder in a communication device used in a RF communication

' system. A balun transformer effectively performs the balun function,
however, for use in such devices as portable radiotelephones, a balun

20 transformer is large and absorbs power. Typically about 0.7 dB of power
is lost through a balun transformer, thus, significantly reducing the
amplitude of signal transmitted between the transceiver and an antenna.
Second, a bazooka balun, or transmission line, requires more than two
conductors, or two conductors and a sleeve about those two conductors to

25 perform the balun function. This bazooka balun requires very large

| physical space for a sleeve within a communication device.
- Often, communication devices, such as a portable radiotelephone, are
required to be physically small and less power-consuming than other non-
portable or stationary communication devices." Thus, it is desirable in a

30 portable radiotelephone to have an efficient transfer of power between the

transceiver and the antenna, and to have a small physical size. Thus, it



motle currents. Both the comon node and differential node currents are 3 0
determ ned by currents generated by either a balanced or an unbal anced
Eource. The common node current, shown as I1Ca and ICb in FIG 2, have

-2- equal nagnltude and equal phase Consequently, the conmon nnde currents
contribute nothing to the intended operaBion of the |oad, or antenna, and
are usually dissipated in heat. The differential node currents, |IDa and

| Db, are equal in magnitude and opposite in phase, consequently, they 5
mani fest the power into the intended | oad. The source and the | oad | osses
of the common and the difference or differential nodes can be represented

would be desirable to have an efficient and small balun device for )
transferring signals between a balanced antenna and unbalanced c1rcu1try
within a transceiver in a communication device.



as’a circuit, as shown in FIG 3. For bal anced | oads such as bal anced
antennas, the intended or desirable node is the differential node, and the
lini nt ended or undesired node is the comon node. By maxim zing the 10
i npedance of the common node | oad, the currents and the | oss associ ated
with the common node currents will be miflimized. A balun permts connection
bet ween a bal anced system and an unbal anced systemin such a way that the
potentials to ground, and the currents in the two parts of the bal anced
structure are equal in nmagnitude 15 and opposite in phase. In the past,
bal un transfornmers and transm ssion |ines or bazooka bal uns have been used
to performthe balun function for an antenna feeder in a conmunication
device used in a RF communication system A balun transfornmes effectively
performs the balun function, hBrgfildescriptinn ofdbe DawEngh devi ces as portabl e
radi ot et ephones, a bal un , _ _ .
FIG. 1 is an illustration in block diagram form of an electrical circuit in
5 the prior art.
FIG. 2 is an illustration of a theoretical source and load, and their
related currents. .
FIG. 3 is an illustration of a theoretical source and loads having a
common mode load and a differential mode load.
10 FIG. 4 is an illustration in block diagram form of a circuit in
accordance with the present invention.
FIG. 5 is an illustration in block diagram form of a radio
communication system in accordance with the present invention.
FIG. 6 is an illustration in graph form of the periodic cycles of
15 common mode current for a differential load.
FIG. 7 is an illustration in graph form of the periodic cycles of
common mode currents for a dipole antenna. '
FIG. 8 is an illustration of a Smith chart describing common mode
_ impedances and currents. - :
20 " FIG. 9 is a flow chart illustrating a method of designing a balun device

i accordance with the present invention.



2 0 transforner is |arge and absorbs power. Typically about 0.7 dB of
ower is |lost through a balun transforner, thus, significantly reducing-the
mplitude of signal transmtted between the transceiver and an antenna.

Second, a bazooka balun, or transmssion line, requires nore than two

conductors, or two conductors and a sl eeve-about those two conductors to 2

5 performthe balun function. This bazooka bal un requires very | arge

physi cal space for a sleeve within a communication device. Oten,

comuni cati on devices, such as a portable radiotel ephone, are required to

be physically small and | ess power-consum ng than other non- portable or

stationary communi cati on devices. Thus, it is desirable in a 3 0

portabl e radiotel ephone to have an efficient transfer of power between the

transcei ver and the ant enna, DRescriptiontef a&refemechEmbpdimental size. Thus, it

A preferred embodiment of thie present invention encompasses an RF
5 communication device, épeciﬁcally, a radiotelephone having divefsity
antennas, such as model number TH541, available from Motorola, Inc. In
this particular radiotelephone, the physical size constraints are severe,
particularly concerning the space available between a transceiver and an
antenna; the radio receiver being an unbalanced load circuit and the antenna
10 being a balanced.source circuit. Since the electrical connection between the
receiver and the antenna is an unbalanced-to-balanced connection a balun is
 required. A traditional balun, as discussed in the prior art, would be
impractical because of the physical constraints. Thus, the balun function is
performed by using a transmission line of minimum transverse dimensions
-15 and a predetermined length between the receiver and the antenna.

'FIG. 4 is an illustration in block diagram form of a circuit in
accordance with the present invention. The circuit 400 contains an
unbalanced circuit 401, a transmission line of length "L" 403, and a
balanced circuit 405. Here the unbalanced circuit 401 is coupled to the

20 balanced circuit 405 through a transmission line 403 having a length "L"
which is determined as part of the present invention is an implementation of
the present invention in a portable radiotelephone.

FIG. 5 is an illustration in block diagram form of a radio
communication system which may employ the present invention. In the

25 system, a remote transceiver 513 sends and receives radio frequency (RF)
signals to and from mobile and portable radiotelephones contained within a
fixed geographic area served by the fixed site transceiver 513. The
radiotelephone 500 is one such radiotelephone served by the fixed site
transceiver 513. :

30 While receiving signals from the fixed site transceiver 513, the
radiotelephone 500 uses a main antenna 511 and a diversity antenna 515 to



woll d ‘be desiréble to have an efficient and snall bal un device for _
transferring signals between a bal anced antenna and unbal anced circuitry

i thin a transceiver in a conmmunication device. Brief Description of the
Drawings FIG 1 is an illustration in block diagramformof an electrical
circuit.in 5 the prior art. FIG 2 t$ an illustration of a theoretical

source and |load, and their related currents.

couple the RF signal and convert the RF signal into an electrical REF signal.
The electrical RF signal is received by the radio receiver 503, for use within
the radiotelephone 500. The receiver 503 outputs a symbol signal for use
by the controller 505. The controller 505 formats the symbol signal into

5 voice or data for the user interface 507. The user interface 507 typically
contains a microphone, a speaker and a keypad.

Upon the transmission of RF signals from the radiotelephone 500 to
the remote transceiver 5 13, the controller 505 formats the voice and/or data
signals from the user interface 507. The formatted signals are input into the

10 transmitter 501. The transmitter 501 converts the data into electrical RF
signals. The electrical RF signals are converted into RF signals and output
by antenna 511. The RF signals are received by the remote transceiver 513.

As discussed earlier, the receiver 503 is an unbalanced load circuit and

the diversity antenna 515 is considered a balanced source circuit for the

15 purpose of the present invention. The transmission line 517 of length "L"
is designed such that the common mode impedance is very high, and that
the differential impedance is equal to that of the receiver and antenna circuits
503, 515. The requirements for a highly efficient antenna are to maximize
the impedance of the common mode, and to match the impedance of the

20 differential mode to the source and load. There are two basic parameters
that affect the common mode impedance while maintaining the differential
mode impedance as a match to the source; namely, the lateral size and the
length of the transmission line. The lateral size or transverse dimensions of
the transmission line (width and thickness) should be reduced to a minimum

25 szJnddngﬂmuﬂﬁxﬁveconunonnnxbindmimmzandhnpahumeofﬂm

| transmission line as high as possible. If the lateral dimensions are scaled

properly, then the differential mode impedance can be maintained for any
set of dimensions. The limit of this approach is that the dimensions become
unmanufacturable, and the electrical loss in the differential mode becomes

30 unacceptable.



FIG 3 is an illustration of a theoretical source and | oads having a common
node | oad and a differential node |oad. 10 FIG 4 is an
Tllustration in block diagramformof a circuit in accordance with the
present invention. FIG 5 is an illustration in block diagramformof a
radi o conmuni cation systemin accordance?with the present invention. FIG 6
Is an illustration in graph formof the periodic cycles of 15 conmon
node current for a differential load. FIG 7 is an illustration in graph
formof the periodic cycles of combn node currents for a dipol e antenna.
FIG 8 is an illustration of a Smth chart describing conmon node

| npedances and currﬁnts ﬂa%‘b? mgm%mgcbﬁm%nfrﬁ%i&wﬁcéwg rating a

met hod of de5|gn|ng
maintaining the differential mode impedance is to select a length of

. transmission line to be an integral number of half wavelengths from an open
end. Referring now to FIG. 6, the common mode current, illustrated as
5 wave 601 goes through periodic cycles along its length. There are common
mode current minima at end point 603, point B 605, and point D 607.
Likewise, there are common mode current maxima at point A 609, point C
611, and point E 613. A similar pattern of common mode currents appears
when the transmission line, such as transmission line 517, is terminated in a
10 dipole antenna, such as the diversity antenna 515 of FIG. 5. Referring to
FIG. 7, the common mode current for a transmission line terminated in a
dipole antenna is shown. Again, minima occur at point B 701, and point D
703. Likewise, maxima points occur at point A 705, point C 707, and -
point E 709. When a dipole antenna is added to the transmission line, the
-15 common current pattern, as illustrated in FIG. 7, shifts such that the first
current minimum is at a point one quarter wavelength from the antenna feed
point; determining the location of the other current minima. This effect can
also be seen if the effective common mode impedance is plotted as a
function of length from the end of the transmission line, as illustrated in
20 FIG. 8. FIG. 8 shows the points A, C and E as shorts or very low
impedance points directly across from the high impedance points, B, and D.
The Smith chart of FIG. 8 appears as a spiral that circumvents the chart
several times. If a transmission line 517 is chosen to have a length ending
at points B or D, then the common mode impedance would be very high
25 and the power going into the comrmon mode will be small, as desired in the
~case of the preferred embodiment.
' Theﬁmqumycfopamnonandﬁm;mmw\wkmnydmznnm@ﬂm
wavelength on the transmission line. The wavelength is equal to the phase
. velocity divided by frequency. For air , the phase velocity is equal to the
30 speed of light. For other media, the phase velocity is equal to the speed of
light divided by the square root often designated as Sqrt(), of the effective



in"accordance with the present invention. Description of a Preferred
Enbodi nent A preferred enbodi nent of the present invention enconpasses an
RF 5 comuni cat'i on device, specifically, a radi otel ephone having

di versity antennas, such as nodel nunber TH541, available from Mdtorol a,
~Inc. In this particular radiotel ephone,-8he physical size constraints are
severe, particularly concerning the space avail abl e between a transceiver.
and an antenna; the radio receiver being an unbal anced |oad circuit and the
antenna 10 bei ng a bal anced source circuit. Since the electrical
connecti on between the receiver and the antenna is an

unbal anced-t o- bal anced connection a balun is
dlelectnc constant of the media, often designated as . For the common

mode case the phase velocity is near that of free space, for the differential
mode case the media is the flexible printed circuit material with a dlelectnc.
constant of 3.4. This will reduce the phase velocity to 1/Sqrt(gr) or 0.55
5 times that of light in free space. These phase velocities are indeed quite
different for the two cases. For the difference mode, the desire is to reduce
reflections on the transmission line, such that the impedance is essentially
- independent of the length of the transmission line. However, for the
common mode, the impedance is intentionally made to be very dependent
10 upon the length and then the length-is selected for the maximum impedance.
In order for these phenomena to be used to realize a balun function on a
transmission line, the transmission line must be designed for each particular
application using the design flow chart illustrated in FIG. 9. First, at
function block 903, one designe an unbalanced circuit and a balanced circuit
15 without any considerations of the connections therebetween. In the
preferred embodiment, the balanced circuit is a dipole antenna used as the
diversity antenna 515, as illustrated in FIG. 5. When designing a dipole
antenna, it may be designed without a feedline for its desired frequency
band. In the preferred embodiment, the desired frequency band for the
20 antenna is 810-830 MHz (Megahertz). Second, at function block 905, one
provides an unbalanced circuit. In the preferred embodiment, the receiver
503 of FIG. 5 is considered the unbalanced circuit. Third, at function block
907, one-chooses a balanced transmission line for coupling between the
balanced circuit and the unbalanced circuit. The transmission line should
25 have a differential mode impedance equal to that of the source and a very
high common mode inductance. The differential mode impedance often
designated as Zo, generally is defined using the equation

Zo = 377 * thickness / (width * Sqrt(er))
30



required. A traditional balun, as discussed in the prior art, would be

| npractical because of the physical constraints. Thus, the balun function
is perforned by using a transm ssion |ine of mninmmtransverse di nensions
15 and a predeterm ned | ength between the receiver -and the ant enna.

FIG 4 is an illustration in block diagr&nformof a circuit in accordance
with the present invention. The circuit 400 contains an unbal anced .circuit
401, a transmssion line of length "L" 403, and a bal anced circuit 405.
Here the unbal anced circuit 401 is coupled to the 20 bal anced circuit
. 405 through a transm ssion line 403 having a length "L" which is determ ned

oventi on i n e pEPE BESS EHGREe o aAG Pt Hapkuabdeile fual MefRETET )
di agram f or m of diffenelitial pedatedamadaeqabtoghemhi ch may enpl oy the present
invention. In the,  nequal source andload impedances, the transmission line will be

more complex, such is the case in our preferred embodiment.

5 The length L to traverse the distance between the antenna and receiver
has a differential mode phase length greater than the length needed to
implement an impedance transformer, designated as Lt. This length is one
quarter wavelength and is often designated as (A/4). Therefore we have
designed an inline (series) pair of transmission lines that perform the two

10 functions required, namely: '

1) rejection of the common mode load, and
2) transformation of the antenna source impedance, Zs, to match the
receiver load impedance, ZI1.

Before coupling the transmission line to the load circuit, choose the

15 - proper length "Lr" of the transmission line 517 that gives a common
impedance much greater than the source impedance. In the preferred
embodiment, the length , L , needed to reject the common mode,
designated as L, is greater than the length needed for transformation,
designated as Lt. Consequently, an additional length or excess length,

20 designated as Le is required. This can be expressed in the equation below:
Lt+Le=Lr. . _

The excess length would have the characteristic impedance of either the
source or the load. Therefore, the excess length is chosen to have a
characteristic impedance of the higher impedance of Zs or ZI.

25 The transformer section of the transmission line has a length Lt which
is defined by the frequency of interest and having a phase length of one
quarter of a wavelength which may also be expressed as 90° which is M4,
This phase length can bé found using the earlier text provided. In the
preferred embodiment the impedance of the load, Zl, is equal to S0 and

30 the dipole antenna has an impedance of 12 Q. Thus, a transmission line
was chosen having a differential mode impedance for Le, of 50€2 and a



25° - system a renpte transceiver 513 sends and receives radio frequency -
(RF) signals to and from nobile and portabl e radiotel ephones contai ned
Wi thin a fixed geographic area served by the fixed sitetransceiver 513.
The radi ot el ephone 500 is one such radiotel ephone servedrpysthe fixed site

transcei ver 513. 30 VWi | e recer-leug- signals frlomt %"EE oS
transcei ver 513, the radiotel ephone 500 uses a main ante Hppd
diversity antenna 515 to couple the RF signal and convert the—R i ghal

into an electrical RF signal. The electrical RF signal is received by The
radi o receiver 503, for use within the radiotel ephone 500. The receiver 503"
outputs a sy @Ol trsI c?r?rler,fl.(.)tr section of 25Q. This transformer matches thc antenna
source impedance, Zs, of 12Q to the receiver load 1mpcdance, 71, of 50Q.
By choosing the proper length "Lr" of the transmission line, a balun
function is realized. Although the transmission line is now limited to a
5 predetermined length "Lr';, additional circuitry or components such as
transistors, or additional transmission lines or coaxial cable are no longer
necessary, thus reducing the physical size constraints required for realizing

a balun function.

10 What is claimed is:

-
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by the controller 505. The controller 505 formats the synbol signal into 5
voi ce or data for the user interface 507. The user interface 507 typically
Tontains a mcrophone, a speaker and a keypad. Upon the transmi ssion of RF
signals fromthe radiotel ephone 500 :to the renpte transceiver 513, the’

controller 505 formats the v0|ce and/ or Hata signal s T
interface 507. The fo nals are input into the @SHEE; gRAsmitter

501. The transm t.ter S the ata into el ectTie S a}sgN The
el ectrical RF signal s @ ”ﬂ IMO RF signals and outp ant erina
511. The RF signals aresr renote transceiver 513. As

di scussed earlier, the receiver iS an unbal anced load circuit and the
di versity antenna 515 is con5|dered a bal anced source circuit- for the 15 .
purpose of the presdntA balumappamtos coupled batvaeh adialsnced gisug and 8 f'ength "L"

i's designed suchyfbiddnchdEirGRHe baliREG dndRABARSR cRrelify tanSinfting &fH ¢ hat

- receiving in a common mode and a'differential mode, the balun apparatus

5 comprising:

a first conductor having a first length; and

a second conductor having a second length equal to the first length and
the second conductor parallel to the first conductor, the second conductor
separated from the first conductor by a first distance, the first conductor and

10 the second conductor used to form a first transmission line having a first

impedance for the differential mode transmissions, the first conductor and
'the second conductor used to form a second impedance for the common
mode transmissions.

\
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thé differential inpedance is equal to that of the receiver and antenna
circuits 503, 515. The requirenents for a highly efficient antenna are to

#raxi m ze the inpedance of the conmpbn node, and to _Wemdéﬂg;sof

t he 20 differential node to the source and | oad; ar e

paranmeters that affect the common node-i hpedance whi mmnﬂ”"mﬁ,
ﬁteral

differential node i npedance as a match to the source;

size and the length of the transm ssion line. The | ateral S|ze *
transverse di nensions of the transmssion line (wdth and thi ckness) shoul d
be reduced to a mninmum2 5 size, making the effective conmon node

i nduct ance and i npe e of the_.transm ssi n lin ossible. If
the lateral di rreas'f‘g’gﬂmmaré@épgﬁl éW%P %%%%p eef@’r? i al node
i npedance can bec&ﬁiuﬂtoﬁhﬁdéﬁ)rftbes&ugdsmduotbrdl mensions. The linit of this

approach is that the di nensions becone unmanuf actur able, and the electrical

loss in the differential node becones
3. A balun apparatus of claim 2 using flexible plastic matenal to provide the

5 separation of the first conductor from the second conductor.

4. A balun apparatus of claim 1 wherein the first and the second conductor
further comprise an impedance transformer having an arbitrary ratio, the
impedance transformer is realized with the use of quarter-wavelength

10 _transformers. :

-
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3 ) unaccept abl e. A second nethod of increasing the common mode _
| npedance while maintaining the differential node inpedance is to select a
Tength of transmission line to be an int egral nunber of half wavel engt hs

froman open end. Referring nowto FIG the common node current,
illustrated as 5 -wave 601 goes throughjperl odmm | engt h.

There are common nbde current mninma at end poi nt,mm'rmmnmt"m"mr and
point D 607. Likew se, there-are comon node curr nt A 609,
point C 611, and point E 613. A sinilar pattern of' cémmbn fode currents
appears when the transm ssion line, such as transmssion line 517, is
termnated in a

5. A radio connnurﬁcaﬁon device comprising:

a balanced antenna having a first common mode impedance and a first
differential mode impedance;
5 an unbalanced radio receiver having a differential load impedance; and
a transmission line coupled between a terminal of the balanced antenna

and a terminal of the unbalanced radio receiver, the transmission line having

a first conductor, a second conductor each conductor having a

predetermined length and separated by a first distance from each other,

10 additionally, the transmission line havit{g a second common mode

impedance and a second differential mode impedance, the first common

mode impedance and the second common mode impedance forming a

common mode input impedance and the first differential impedance and the

second differential mode impedance forming a differential mode input

15 impedance, the common mode input impedance being substantially larger
than the source impedance, the differential input impedance is substantially
matched to the source impedzince.
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10° di pol e antenna, such as the diversity antenna 515 of FIG 5.
Referring to FIG 7, the conmmon node current for a transm ssion |ine
fermnated in a dipole antenna is shown. Again, mnim occur at point B
701, and point D 703. Likew se, maxima points octcur at point—A—705 point C
707, and point E 709. Wen a dipole antelhea is 3““”4““ I““ﬁllﬂ:" m: ssi on
I|ne the 15 comon current pattern, as illu $hifts
such that the first current mininumis at a point* orffe quaftef whavel ength

fromthe antenna feed point; determning the |ocation of the other:current
mnima. This effect can also be seen if the effective comon node inpedance

is plotted as a ctiqn of |en ”Quzﬁ n line,
as illustrated i %L@U‘m& C%‘é %@Wﬂg{v@uﬁ{%&%‘flﬁﬁaﬂ gdril‘d E as
shorts or very Iﬂwﬁrmmd&mmqmdlfm&edcmdtcbydmoss from the hi gh inpedance

points, B, and D. The Smith chart of FIG 8 appears as a splral t hat

circunvents the chart
7. The radio commumcatxon device of claim 6 usmg flexible plastic material

5 to provide the first distance between the first conductor and the second

conductor.

8. The radio communication device of claim 5 wherein the first conductor
and the second conductor further comprise an impedance transformer
10 having an arbitrary ratio.

9. The radio communication device of claim 8 wherein the impedance
transformer is realized with the use of quarter-wavelength transformers.
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several tines. If a transnission line 517 is chosen to have a | ength ending
at points Bor D, then the comobn node i npedance woul d be very high 25

‘and the power going into the common node will be small, as desired in the
case of the preferred enbodi ment. The frequency of operation and the phase
vel ocity deternmine the wavel ength on thd % ransni ssion Tine. The wavel en

Is equal to the phase velocity divided by frequenﬁ“lm:mlll ML 'Ili phase '
velocity is equal to the 3 0 speed of I|ight he phase
velocity is equal to the speed of light divided by" the square * oot of ten

designated as Sqrt(), of the effective di el ectric constant of the nedia,
of ten desi gnat ed as [err]. For the conmon

10. A method of designing an antenna system comprising the steps of: -
providing an antenna having a first common mode impedance and a

first differential mode impedance;

5 providing an unbalanced circuit having a first source 1mpedance and

choosing a balanced transmission line for coupling between the antenna

and the unbalanced circuit, the balanced transmission line having a first

length, a second common mode impedance and a second differential mode

impedance, such that together the first and the second common mode

10 impedance is substantially larger than the source impedance and together the
first and the second differential impedance are substantially matched to the

source impedance.
.
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. . .
node case the phase velocity is near that of free space, for the
differential npde case the nedia i-s the flexible printed circuit material
"With a dielectric constant of 3.4. This will reduce the phase velocity to
1/Sqgrt([err]) or 0.55 5 times that of light in free space. These phase
velocities are indeed quite different fot6t-he two cases. For the difference
node, the desire is to reduce reflections on the transm ssion |line, such
that the inpedance is essentially independent of the length of the

transm ssion |ine. However, for the conmon node, the inpedance is
intentionally nmade to be very dependent 10 upon the length and then

the length is selec f AMENEse
phenonena to be us&g&mgpmwwgﬁ)%n a rangrﬁ)sm on |ine,
the transmi ssion |ine nust be designed’for each particul ar application

using the design flow chart ill usAﬂ&{a@fjof't%ﬁisﬁos&e First, at function bl ock
903, one designs an unbal anced circuit .and a bal anced CIrCUIt '

5 An electrical connection between a balanced circuit, such as a radio
receiver and an unbalanced circuit, such as an antenna requires a balun. In
a small electronic device suchas a radiotelephone, a traditional balun is
impractical because of the physical constraints. The balun function is
performed by using a transmission line of minimum transverse dimensions
10 and a predetermined length between the receiver and the antenna.
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15° wi t hout any considerations of the connections therebetween. In the
preferred enbodi nent, the balanced circuit is a dipole antenna used as the
diversity antenna 515, as illustrated in FIG 5. Wen designing a dipole
antenna, it nmay be designed without a feedline for its desired frequency
band. In the preferred enbodi nent, thedpe u§6d frequency band for the 20
antenna is 810-830 MHz (Megahertz). Se Qﬂ%, at function bl ock 905, one
provi des an unbal anced circuit. In the preferred enbodi t, gt recgiver
503 of FIG 5 is considered the unbal anced circuit. Thiyd, Eﬁﬁgt on

bl ock 907, one chooses a bal anced transm ssion line for coupling between
t he bal anced circuit and the unbal anced circuit. The=t+HRIARSART +ne
should 2 5 have a differential node inpedance equal to-that of the

source and a v ly"M! mmpn nod
He

nce. TNendim enfi al ‘node |
| npedance ofte c l}lglifd ; gﬁRﬁjNal r jsszEiAogg%éAﬂ t he equation

SOURCE OR LOAD

FIG.3 FlICG.2
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Zo = 377 * thickness / (wdth * Sgrt([err])) 30 I f the source inpedance,
Zs, and the | oad i npedance are equal, then the differential inpedance is
made equal to them For unequal source and | oad inpedances, the

transmssion line will be nore conplex, such is the case in our preferred
enbodi nent. 5 The length L to t{rzﬁlrgrdée t he di stance between the
antenna and receiver has a differentia p

hase | th
| engt h needed to i npl enent @NE iHAlddance transforner; ggreage‘;? hIS

| ength is one quarter vvavenggEENmﬂ is often_design ngi as ([err]/4).
Therefore we have /\R
' END
611~
'5’3 507’ \/\605 Neog 603

ONE HALF 700
WAVELENGTH END

F[G_. 7 \r 1/
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DISTANCE -

ALONG LINE FlG.&8
LOCATIONS LOCATIONS

ACE END B,D

FIG.9

START )-901

PROVIDE A BALANCED CIRCUIT

905 “IPROVIDE AN UNBLANCED CIRCUITI

907 CHOOSE TRANSMISSION LINE
HAVING A LENGTH L

900



designed an inl'ine(series) pair of transm ssion |ines that perforﬁ??ﬁng%t ?
10 - functions required, nanely: 1) rejection of the commbn node Iq@&g'and

» 2) transformation of the antenna source inpedance, Zs, to match the ' '
recei ver | oad inpedance, Zl. Before coupling the transm ssion line to the
.lead circuit, choose the 15 proper length "Lr" of the transm ssion |line
517 that gives a common inpedance nuch greatgr than the source inpedance.

In the preferred enbodi ment, the length, L , needed to reject the conmon

node, designated as Lr, is greater than the | ength needed for

transformation, desh AN APPARATUS ANDMETHOD OF DESIGNINGSAME gt h or

excess |l ength, 20 designated as Le is required. This can be expressed
in the equation bel ow Lt+Le=Lr.

_ Field of the Invenﬁon

5
Genei'ally, this invention relates to baluns, and, more specifically, to a
- balun apparatus and a method of designing same.
Background of the Invention
10

Typically in radio frequency (RF) communications systems, it is
advantageous to use a balanced antenna. A balanced antenna reduces the
RF current on the housing and other parts of the radio equipment, and the
antenna is less susceptible to being detuned or being blocked by the
15 operator. When connecting a balanced antenna with an unbalanced RF
circuit the interface between the antenna and the unbalanced circuit requires
~ adevice called a balun.
In circuit technology, an unbalanced system is defined as one in which
two conductors are at different potentials with respect to gfound. One of
20 the conductors is often at the ground potential. The capacitance with respect
to ground of each of the two conductors is then different, consequently, the
current in the two conductors may be different. A balanced system is one in
which the poteritial of each of the two conductors are respectively above and
below ground potential by the same magnitude. FIG. 2 is an illustration of
25 a simplified model of how currents are defined by a balanced and an
unbalanced mode. In a RF transmit communication system, the source is
the transmitter and the load is the antenna. Any configuration of currents Ia
and Ib can be expressed as a combination of common mode and differential
mode currents. Both the common mode and differential mode currents are
30 determined by currents generated by either a balanced or an unbalanced
source. The common mode current, shown as ICa and ICb in FIG. 2, have
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The excess |l ength woul d have the characteristic inpedance of either the
source or the load. Therefore, the excess length is chosen to have a
characteristic inpedance of the higher inpedance of Zs or ZI. 25

The transformer section of the transmission line has a length Lt which is
defined by the frequency of interest and having a phase | ength of one
quarter of a wavel ength which may al so be expressed as 90[err] which is
[err]/4. This phase |l ength can be found using the earlier text provided. In
the preferred enbodi nent the inpedance of the load, Zl, is equal to 50[err]
and 3 0 the di pol e antenna has an inpedangg.of 12 [err]. Thus, a

transm ssion |li.ne was chosen having a differential node inpedance for Le,
of 50[err] and a

transformer, Lt, section of 25Q. This transformer matches the antenna
souce impedance, Zs, of 12Q to the receiver load impedance, ZI, of SOQ.
By choosing the proper length “Lr” of the transmission line, a balun

5  function is realized. Although the transmission line is now limited to a
predetermined length “Lr”, additional circuitry or components such as
transistors, or additional transmission lines or coaxial cable are no longer
necessary, thus reducing the physical size constraints required for realizing
abdunﬁnmﬁon.

10

*
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- 10- transforner,’ Lt, section of 25 err]. This transforner nmatches the
ant enna souce i npedance, Zs, of 12[err] to the receiver |oad inpedance, Z,
of 50[err]. By choosing the proper length "Lr" of the transmssion line, a
balun'5 function is realized. Al though the transmission line is now
limted to a predetermned length "Lr", additional circuitry or conponents
such as transistors, or additional transm ssion |ines or coaxial cable are

no | onger necessary, thus reducing the physical size constraints required
for realizing a balun function. 10 :

* ¢ L M 0§ ' x
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CLAIMS

What is claimed is:

1. A balun apparatus coupled between a balanced circuit and an
10  unbalanced circuit, the balanced and unbalanced circuits transmitting and
receiving in a common mode and a differential mode, the balun apparatus
comprising:
a first conductor having a first length; and
a second conductor having a second length equal to the first length and
15  the second conductor parallel to the first conductor, the second conduétor -
separated from the first conductor by a first distance, the first conductor and the
second conductor used to form a first transmission line having a first impedance
for the differential mode transmissions, the first conductor and the second

conductor used to form a second impedance for the common mode transmissions.
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11 1, A bal un apparatus directly connected between a bal anced circuit and
an unbal anced circuit, the balanced and unbal anced circuits operating in a
comon node and a differential node, the bal un apparatus conprising: 5

a first conductor having a first length; and a second conductor having a
second length equal to the first Iength and the second conductor being
parallel to the first conductor, the second conductor separated fromthe
first conductor by a first distance, théd@+rst conductor and the second
conductor defining a first 10 transmssion line having a first inpedance
for the differential node operation and a second i npedance for the common
nmode operation, andAIBALUN APPARATEISI ANDAVETHOD OF DESIGINING SANE:ct ed

bet ween t he

Abstract of the Disclosure

5 An electrical connection between a balanced circuit, such as a radio
receiver and an unbalanced circuit, such as an antenna requires a balun. In
a small electronic device such as a radiotelephone, a traditional balun is
impractical because of the physical constraints. The balun function is
performed by using a transmission line of minimum transverse dimensions
10 - and a predetermined length between the receiver and the antenna.
FIG. 4 accompanies this abstract.
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unbal aneed—ehﬁcuﬁ—arrd'Tﬁ‘ bal anced circuit, wherein a first portlin of{

Airst tr
havi ng a
i s equal

“ rther conprises an inpedance transfornmer 15
m“lmulum r and the inpedance transfornmer has a | ength which

rangfo¥ netion length, Lt, of the first transm ssion Ii

t he transformatlon | engt h substantlal |y elﬁlal to a quarter wavel engt h
interest or a nultiple thereof. : A bal un

apparatus of claim1 _furthe |S|n ective

the first conductor dnd f 6‘[" r%& c‘ﬁr ﬂ¥98pne%tgdab%i"ﬁgﬁﬁiﬁﬂ§éé+§
claimz2 further cﬁ@ﬁ?bha'a?ﬂuﬁbéléhéé&cﬁblﬁﬁ tthé bakdridedednd anbakavicad ciregits
separation of the first conductor fromt e 25 second co (fﬁlletor

forequency of

radi o conmuni caoPeratingy i ca ceammos mpede; and & differsptial, me

iy balin

common mode SoULpBaratys comprising:

5
10

w
15
20

\q
25

a first conductor having a first length; and

a second conductor having a second length equal to the first
length and the second conductor being parallel to the first conductor,
the second conductor separated from the first conductor by a first
distance, the first conductor and the second conductor defining a first
transmission line having a first impedance for the differential mode
operation and a second impedance for the common mode operation,
and the first transmission line is directly connected betweenthe
unbalanced circuit and the balanced circuit, wherein a first portion of
the first transmission line further comprises an impedance transformer
having an arbitrary ratio, and the impedance transformer has a length
which is equal to a transformation length, Lt, of the first transmission
line, the transformation length substantially equal to a quarter
wavelength of a frequency of interest or a multiple thereof.

2. A balun apparatus of claim 1 further comprising respective
planar metal strips for the first conductor and for the second conductor.

3. A balun apparatus of claim 2 further comprising flexible
plastic material to provide the separation of the first conductor from the

second conductor.

4. A radio communication device comprising:
a balanced antenna having a first common mode source
impedance and a first differential mode source impedance;
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i npedance and a first differential node source inpedan

ce, REPLACEMENT SHEET

12 an unbal anced radi o recei ver having a di fferentla,L—l—eadﬁ—ﬁﬁedmne——a'nd a

“two conductor transnission |ine directly connected bet
t he bal anced antenna and a termnal of the unbalanced

the transm ssion line having a predeterm A2d | ength, a
I.mpedance and a second differential nobde |npedance th

i npedance and the second
an unbalanced radio receiver having a differe

impedance; and

LA

e first conmon m)de

ntial load

a two conductor transmission line directly connected between a

terminal of the balanced antenﬁa and a terminal of the unbalanced

5 radio receiver, the transmission line having a predetermined length, a

second common mode impedance and a second differential mode

impedance, the first common mode impedance and

the second

common mode impedance realizing a common mode input impedance

and the first differential impedance and the second differential mode

10  impedance realizing a differential mode input impedance, the common

mode input impedance being subsfantially larger than the common

mode source impedance, the differential input impedance is

substantially matched to the source impedance, wherein a first portion

of the two conductor transmission line further comprises an impedance

15  transformer having an arbitrary ratio, and the impedance transformer

has a length which is equal to a transformation length, L,, of the two

conductor transmission line, the transformation length substantially

equal to a quarter wavelength of a frequency of interest or a multiple

thereof.
20

U 5. A radio communication device of claim 4 wherein the two

conductor transmission line further comprises a first

planar metal strip

for a first conductor thereof and a second planar metal strip for a

second conductor thereof, the second conductor being parallel to and

25 separated from the first conductor.

6. A radio commumcatlon device of clalm 5 wherein the two

conductor transmission line further comprises flexibl

e plastic material to

provide the separation of the first conductor from the second conductor.
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comon node i
differenti al

npedance realizing a common node input inpedance and the first
| npedance and the second differential node 10 i npedance

realizing a differential npde input inpedance, the common node i nput

I npedance bei

the differential input inpedance is subst®dtially H
I-npedance, wherein a first portion of the two cond m
a

further conprises an inpedance 15 transforner havi

rce
l'ine
n ar bi*trdry’ratio,

ng substantially |arger than the comnMedance,

and the inpedance transforner has a Iength which is equal to a

~ transfornation |ength, CL N bl %{ hPﬁug oEy Bufihliol bRINELA & Bhlahede. e

transformation | ength’ su

frequency of

5
9 10
15
20
\
25

o a quarter wavel engt
I Neircwit and ranambdlamcrdcbcltdtmr e balaficed and unbalanced circuits

operating in a common mode and a differential mode, the balun
apparatus comprising:

a first conductor having a first length; and

a second conductor having a second length equal to the first
length and the second conductor being paraliel to the first conductor,
the second conductor separated from the first conductor by a first
distance, the first conductor and the second conductor defining a first
transmission line having a first phase velocity for the differential mode
operation and a second phase velocity for the common mode
operation, and the first transmission line is directly connected between
the unbalanced circuit and the balanced circuit, wherein a first portion
of the first transmission line further comprises an impedance
transformer having an arbitrary ratio, and the impedance transformer
has a length which is equal to a transformation length, Lt, of the first
transmission line, the transformation length substantially equal to a
quarter wavelength of a frequency of interest or a multiple thereof.

8. A balun apparatus of claim 7 further comprising respective
planar metal strips for the first conductor and for the second conductor.

9. A balun apparatus of claim 8 further comprising flexible
plastic material to provide the separation of the first conductor from the
second conductor.
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5. A radi o communi cati on device of claim4 wherein the two conductor
transm ssion line further conprises a first planar netal strip for a first
conductor thereof and a second planar netal strip for a second conduct or

t hereof, the second conductor being parallel to and 25 separated fromthe
first conductor. 6. A radi'o. communi cati4én device of claim5 wherein the
t-wo conductor transm ssion line further conprises flexible plastic materi al
to provide the separation of the first conductor fromthe second conductor.
13 7. A bal un apparatus directly connected between a bal anced

A BALUN APPARATUS AND METHOD OF DESIGN]N_G SAME
" Abstract of the Disclosure

5 An electrical connecti;m between a balanced circuit, such as a radio
receiver and an unbalanced circuit, such as an antenna requires a balun. In
~ asmall electronic device such as a radiotelephone, a traditional balun is
N\ impractical because of the physical constraints. The balun function is
performed by using a transmission line of minimum transverse dimensions
10 anda predetenmned length between the receiver and the antenna.

\
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C?éewaga

ci r°Cui t and a al anced circulit, the bal anced and unbalanced circuits
operating in J“ﬂium jMLa di fferential mode, the balun 5  apparatus
conpri si ng: aving a first length; and a second conduct or
havi ng a second | engt h equal to the first | ength and the second conduct or
being parallel to the first conductor, tHd second conductor separated from
the first conductor by a first 10 di stance, the first conductor and the

second conductor defining a first transm ssion line having a first phase
velocity for the diflerenAikaluneppaiatis diredtly connestecbbefnearhabalanceski t y

connect ed bot were A ADArRlarfeR e e balphBOg A iribianate ol 27 1Y
;’:1 fi (rjztncgort | onopératingf int lae cbimmién tmadenandi andifferentialir mbede, chepbaksms an
npe

apparatus comptrising:
5 a first conductor having a first length; and
a second conductor having a second length equal to the first
length and the second conductor being parallel to the first conductor,
the second conductor separated from the first conductor by a first
distance, the first conductor and the second conductor defining a first
10 transmission line having a first impedance for the differential mode
~ operation and a second impedance for the common mode operation,
and the first transmission line is directly connected between the
unbalanced circuit and the balanced circuit, wherein a first portion of
the first transmission line further comprises an impedance transformer
15  having an arbitrary ratio, and the impedance transformer has a length
which is equal to a transformation length, Lt, of the first transmission
line, the transformation length substantially equal to a quarter
wavelength of a frequency of interest or a multiple thereof.

20 2. A balun apparatus of claim 1 further comprising respective
planar metal strips for the first conductor and for the second conductor.

3. A balun apparatus of claim 2 further comprising flexible
plastic material to provide the separation of the first conductor from the
25 second conductor.

4, A radio communication device comprising:
a balanced antenna having a first common mode source
impedance and a first differential mode source impedance;
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transforrrer havi-Ag—ah—arbitrary ratio, and the inpedarice transformer has a

| ength V\/mchls sforrratlonlength Lt, of the first
transm ssion |lin mﬂ H m tlon | engt h substantlally equal to a
guarter wavel engt interest or a nultiple thereof. 20 8.

A bal un apparatus of claim?7 further conptd si ng respective planar netal
strips for the first conductor and for the second conductor. 25 9.
A bal un apparatus of claim8 further conprising flexible plastic nmateri al
to provi de the separaniunbal@ncetgadiorreceivenbavingra dlﬁefﬁntlﬁéi)@é’cond conduct or .

impedance; and
a two conductor transmission line directly connected between a
terminal of the balanced antenna and a terminal of the unbalanced
5 radio receiver, the transmission line having a predetermined length, a
second common mode impedance and a second differential mode
impedance, the first common mode impedance and the second
common mode impedance realizing a common mode input impedance
and the first differential inpedance and the second differential mode
10  impedance realizing a differential mode input impedance, the common
mode input impedance I_aeing substantially larger than the common
mode source impedance, the differential input impedance is
substantially matched to the source impedance, wherein a first portion
of the two conductor transmission line further comprises an impedance
15 transformer having an arbitrary ratio, and the impedance transformer
has a length which is equal to a transformation length, L,, of the two
conductor transmission line, the transformation length substantially
equal to a quarter Wavelength of a frequency of interest or a multiple
thereof.
20
5. A radio communication device of claim 4 wherein the two
conductor transmission line further comprises a first planar metal strip
for a first conductor thereof and a second planar metal strip for a
second conductor thereof, the second conductor being parallel to and
25 separated from the first conductor. '

6. A radio communication device of claim 5 wherein the two
conductor transmission line further comprises flexible plastic material to
provide the separation of the first conductor from the second conductor.
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7. A balun apparatus directly connected between a balanced
circuit and an unbalanced circuit, the balanced and unbalanced circuits
operating in a common mode and a differential mode, the balun
apparatus comprising:

a first conductor having a first length; and

a second conductor having a second length equal to the first
length and the second conductor being parallel to the first conductor,
the second conductor separated from the first conductor by a first

distancs, the first conductor and the second conductor defining a first

transmission line having a first phase velocity for the differential mode
operation and a second phase velocity for the common mode
operation, and the first transmission line is directly connected between
the unbalanced circuit and the balanced circuit, wherein a first portion
of the first transmission line further comprises an impedance
transformer having an arbitrary ratio, and the impedance transformer |
has a length which is equal to a transformation length, Lt, of the first
transmission line, the transformation length substantially equal to a
quarter wavelength of a frequency of interest or a multiple thereof.

8. A balun apparatus of claim 7 further comprising respective
planar metal strips for the first conductor and for the second conductor.

9. A balun apparatus of claim 8 further comprising flexible
plastic material to provide the separation of the first conductor from the
second conductor.
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ABALUN APPARATU_S AND METHOD OF DESIGN]NG SAME
Abstract of the Disclosure

5 An electrical connection between a balanced circuit, such as a radio
receiver and an unbalanced circuit, such as an antenna requires a balun. In
a small electronic device such as a radiotelephone, a traditional balun is
impractical because of the physical constraints. The balun function is
performed by using a transmission line of minimum transverse dimensions
10 and a predetermined length between the receiver and the antenna.
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