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STRUCTURE BACKGROUND | NFORMATION |. Field of the Invention [0001] The
present iwWOea3Ips rel ates generally to a bal anced power ampritfSozs48a3 r cui t
usi ng i nproved power anplifier bypassing techniques. It is particularly
useful in a wreless comunication device, such as a CDMA w rel ess phone,
but has other utilities as well. Il. Description of the Related Art [0002]
I n various communication systens, including nost hand-held wirel ess devices
such as code-division-multiple-access (CDVA) cellular phones or any form of
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[ 0003] The CD%/A system uses power control to mnimze nutual interference.
Preci se povisiess opmmuhicagorcdgvides suchtag addMd wirelessythoae.thus hamatherattilisieg nal
power that is responsible for contributing to the overall |evel of

i nterferen®V®The power transmitted by a particular wireless device is a
function of its distance to the base station with which it is

comuni cating and the nunber of other subscriber wrel ess devices in use
tal ki ng tollhe Deseréptivaxf the Relatad Aft0004] In a typical hand-held wirel ess

unit, power ;anplifier ("PA'.) 1S biase | ass . ,AB reduce .power
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enpl oy a switched bypass of a power anplifier, and then renove the DC power

or WO 03/ 0d8a9en-paitinlsacresu@iIMA) technology, RF power output from a mobile unit

varies in large dynamic ranges. In a CDMA wireless system, multiple message signals

are transmitted simultaneously on the same frequencies (spread spectrum). The signals
are spread with different digital codes, thus allowing detection of the desired signal
while the unintended signals appear as noise or interference to the receiver. Spread
spectrum systems can tolerate some interference, and the interference added by each
wireless transmitter increases the overall interference in each cell site. Each wireless
transmitter introduces a unique level of interference, which depends on its received
power level at the cell site.

[0003] The CDMA system uses power control to minimize mutual interference. Precise
power control is critical to avoid excessive transmitter signal power that is responsible
for contributing to the overall level of interference. The power transmitted by a
particular wireless device is a function of its distance to the base station with which it is
communicating and the number of other subscriber wireless devices in use talking to the
same base station.

[0004] In a typical hand-held wireless unit, the power amplifier ("PA") is biased class
AB to reduce power consumption during periods of low transmit power, but power
continues to be consumed. One arrangement to avoid continuous battery drain is to

employ a switched bypass of a power amplifier, and then remove the DC power or



2 power down the bypass anplifier. This arrangenent is illustrated in FIG
5. Asingle PAcircuit 100 conprises a PA 102 and a circulator 104.

Typi cal | ywarvsiosssbst or/ circul ator is used to isol ate the PATIUSO2B48hE
effects of |oad inpedance in subsequent stages. An RF-signal is inserted
to a pole of a first switch 106. When the PA 102 is on, the first swtch
106 connects the RF-input, via path 1082 through a band-pass filter 110 to
an input of PA 102. A second switch 114 connects the circulator 104 to
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t echni que HJ&%C‘”EEO&W&ME“POHG%B%P Hst apg speongisitehes 1Woel 1k ebhe RE-gigBalpg_ out put
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ci rcul at or thePAbiecuit t@ui t requires another separate conponent fromthe PA,
whi ch consunes to circuit board space and cost. This can tend_  to cancel
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resistor 34, A control circuit controls the first switch 106 and the second
swi t ch 114circulator 104, which routes the signal to the RF-output port. This technique has

drawbacks, however. When switches are used in the RF-output path, the switching loss
must be overcome by the PA. Using the circulator 104 in the RF-output path removes
the additional loss. However, using a circulator in the circuit requires another separate
component from the PA, which consumes to circuit board space and cost. This can tend
to cancel the benefits of bypassing. Furthermore, using a switch and a circulator
requires more power to operate and is more costly to build.

[0006] FIG. 6 illustrates a prior art single PA circuit 130. An analog signal is fed from a
driver amplifier 132 through a band pass filter 134 to a first switch 106. The first switch
106 alternately routes the signal between a bypass path 112 and an amplifier path 136.
In the amplifier path 136, a PA 102 amplifies the signal. A circulator 104 is connected
between the output of the PA 102 and the RF-output port. A second switch 114
connects the circulator to either the bypass path 112 or ground through a terminating
resistor 34. A control circuit controls the first switch 106 and the second switch 114.
When bypassing the PA 102, the first switch 106 and the second switch 34 route the
signal through the bypass path 112. The signal then enters the circulator 104 and routes



When bypassing the PA 102, the first switch 106 and the second switch 34
route the signal through the bypass path 112. The signal then enters the
ci rcul at owo1843sapsl rout es WO 03/ 038995 PCT/ US02/ 34803 3 traTiusez/msvput of
t he powered-down PA 102. The signal reflects off the PA 102 and back to
the circulator 104, and routes to the RF-output port. While this approach
provi des the benefits of bypassing, it3exhibits the same drawbacks as

di scussed above with regard to FIG 5, wherein the circul ator burdens the
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enough to be detrimental.

[0008] The advantages of the circulator method PA bypass circuit include (1) saving
current by turning the PA off when the high-power levels are not needed, (2) not
requiring a switch directly in the large signal path, (3) avoiding loss, (4) reducing the
size and cost by removing a switch, and (5) having a stepped gain which reduces the
dynamic range requirement of a variable gain amplifier which precedes the PA.

[0009] The circulator-type power amplifiers as shown in FIGS. 5 and 6 have several
drawbacks, however. The circulator requires more space in the circuitry of the mobile
station because it is not integrated into the PA package. The circulator method
introduces undesirable variability over many of the operating conditions of the PA.

Finally, the circulator method is costly to manufacture because of the extra components
required.

[0010] Some benefits are experienced by replacing the circulator with hybrid circuits

which split the RF-signals into in-phase and out-of-phase signals, which are

independently amplified in balanced amplifier circuits. Many of the benefits of using



Finally, the circulator nmethod is costly to manufacture because of the
extra conponents required. [0010] Sone benefits are experienced by

repl aci ngwohe/oss9exul ator with hybrid circuits which splitcrhsoRB+883 gnal s
into in-phase and out-of - phase signals, which are independently anplified
i n balanced anplifier circuits. Many of the benefits of using WO 03/038995
PCT/ US02/ 34803 4 circulators or isolatérs are al so achieved by using

bal anced anplifiers. Balanced anplifiers provide a high degree of
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[0011] In a balanced anplifier, if one anplifier fails, the bal anced
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is incorporated herein in its entirety. However, balanced amplifiers still exhibit some

disadvantages for wireless telephone applications, as will be discussed below.

[0013] An example of a prior art balanced PA circuit using hybrid circuits is illustrated
in FIG. 7. A balanced PA circuit 150 comprises a driver amplifier 132 producing an
analog signal. The analog signal is switched by a first switch 106 between an amplifier
path 136 and a bypass path 112. In the amplifier path 136, the signal is band-pass
filtered 134, split by a first hybrid circuit 152 into an in-phase signal and a quadrature
signal ninety degrees out of phase. The in-phase signal and the quadrature signal are
each independently amplified by a first amplifier 154 and a second amplifier 156,
respectively, which comprise the balanced amplifier stage. The in-phase signal is then
shifted by 90° and summed with the out of phase signal in the second hybrid circuit
158. The resulting signal is filtered by a filter (not shown) and fed toward the RF-output
port.

[0014] The isolated port of the first hybrid circuit 152 is grounded by a terminating
resistor 35. The bypass path 112 provides a path from the first switch 106 to an isolated
port of the second hybrid circuit 158. The signal is split into an in-phase signal and a



each independently anplified by a first anplifier 154 and a second
anplifier 156, respectively, which conprise the balanced anplifier stage.
The in-phaieassssymal is then shifted by 90 and sumed wi t IrCrhisopsusodf phase
signal in the second hybrid circuit 158. The resulting signal is filtered
by a filter (not shown) and fed toward the RF-output port. [0014] The

i solated port of the first hybrid circuidt 152 is grounded by a terminating
resi stor 35. The bypass path 112 provides a path fromthe first switch 106
to an i sol gnadtatupsignadby hiterideaowrtd S8y e an-phase gignaliis &ransthigted tagihaloutpat spl i t
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out put to the RF-outplt port 0015 en bypassing the power anplifiers, a
second sw botpufitbdhe Bifr@te pbite i sol ated port of the second hybrid circuit

158 to the bypass, path 112, and the fjrst switch 106 .routes the in
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port. [0016] Wen the power iers are needed, .the first switch 106
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split by t i a fiers
154, 155, el fellctGH BFf e GG Urlpl LSRR biohied B D URUEATIBHLT e
RF- out put pm:mtlﬂ&anﬁemndtted/\bmtctheﬂlbuqnmpenls t he |soI ated port of the

second h brid circuit 158 to round thro gh termnati resi st 34, which
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in FIG 7 lﬂ{ﬁh RLRIES, Vet b Rotz4be fully
i nt egr at ed | tg){ I’tf)lﬁi ggﬁq’\ggcatﬁege strét%ﬁﬁ rrél1 tﬁe s&n tcﬁgéé5 34
amphﬁed by the power amplifiers 154, 156, and summed by the second hybrid circuit

158 and routed to the RF-output port. The second switch 114 connects the isolated port
of the second hybrid circuit 158 to ground through terminating resistor 34, which routes
any reflected signal to ground.

[0017] The PA circuit illustrated in FIG. 7 also exhibits disadvantages, however. The
design cannot be fully integrated into a PA package because of the manner the switches
are utilized. Furthermore, the first switch 106 causes the RF-signal to split into the
amplifier path or the bypass path. Therefore, there are two RF-inputs into the PA
package. These disadvantages require extra switching components outside the PA
circuit in order to accomplish the benefits of bypassing. Using the balanced amplifier
configuration takes up more space when compared with a single amplifier.
Accordingly, effective bypassing and compact packaging not addressed by the prior art
are especially important when using balanced amplifiers in CDMA wireless telephone
applications.

[0018] Employing a switch directly in the large signal path is taught in the prior art. For
example, U.S. Pat. No. 5,661,434 to Brozovich et al. ("Brozovich et al.") discloses a

multiple power level amplifier circuit. The disclosure of Brozovish et al. is incorporated



are utilized. Furthernore, the first switch 106 causes the RF-signal to
split into the anplifier path or the bypass path. Therefore, there are two
RF- i nput sworiBo3gdbe PA package. These di sadvant ages requi PETAXNL/3488% t chi ng
conponents outside the PA circuit in order to acconplish the benefits of
bypassi ng. Using the bal anced anplifier configuration takes up nore space
when conpared with a single anplifier. 6Accordingly, effective bypassing
and conpact packagi ng not addressed by the prior art are especially

i mport ant \hbein bisiefigenyal Brozyichmpkl. diselose a B powelagpdificeticpiicife 36.
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anplifier circul The di scl osure 'of Brozovish et al. 1s incorporated WO
03/ 038995 Rapf¢ddBO263H8 pEwetaniifeer 26 Ity thesfsters wbaractBristmavipetiaret, which @i scl ose
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28 is bypassed, the output of the power amplifier 26 is tched. [0019] In
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swtching network I's contro a signal” swtch control 35, and
i ncl udes aswitcip8W i, anbatpubisolason $witciSYW2, aml obypast switchl SWBoffhewipnth SW2,

and a bypass,switch SVWB. The input. isolation switch SW1 is conpected in
series to ﬂ%@twaﬁﬁﬁfh%kﬁéowﬁ%ﬁ igsEmssite dhe ozléeutpﬁgw mmebampllésqn& e,
switch SW .j oy i g tdd.er 28,
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The extra switch SW2 at the tput of the_mgtching network fromthe power
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exper i enceg ' 9§g:n Weorfi Mk Rfwer BfpliREPId LiniYitsShepobidiiie to SV2.
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wi th the adpbudse®br@, Nausdy, iee signdl exyedienas itiseationripss 4t tierend®fithee or der to
amplifier stages due to SW2. Furthermore, switch SW2 is costly, large, and as an active
device in line with the amplifier 28, must be as linear as the amplifier 28 in order to

operate sufficiently. Furthermore, having active switches in series renders it difficult to

integrate the switches and the amplifier in the same package.

SUMMARY OF THE INVENTION
[0020] What is needed in the art is a balanced PA circuit that is compact and which
provides the benefits of bypassing the driver amplifier or balanced amplifier stage in
order to conserve power.
In order to accomplish the objects of the present invention, a balanced amplifier
circuit is provided which does not need an isolating switch as in Brozovich et al. or a
circulator as in the prior art in order to simplify the design, space and cost of the PA
circuit. The present invention decreases the cost and space required for a balanced PA
circuit by removing the circulator and using couplers which can be integrated directly
into the PA package. The present invention provides a PA circuit with the benefits of

bypassing and which may be integrated into one PA package. Such a design provides



operate sufficiently. Furthernore, having active switches in series renders
it difficult to integrate the swtches and the anplifier in the sanme
package. SOMsWBYOF THE | NVENTI ON [ 0020] What i s needed i mCrhsozs4803 s a

bal anced PA circuit that is conpact and which provides the benefits of
bypassing the driver anplifier or balanced anplifier stage in order to
conserve power. In order to acconplish the objects of the present

i nvention, a balanced anplifier circuit is provided which does not need an
i sol ating swhstatiatly thesaBedensfite bf manyef the pperating ¢anditiome of the amplifies pri or
art in order to sipplify the desi S e and cqgst of the .PA circuit. The
present i nvBf #5JR? chan tﬁxgpg%@l{re,gﬁ@lcegﬁrgg\gng@mﬂelggéorfagrlsoéatga?ranced PA
circuit by JfeRRMkNByDRFiGihG 6 Yin2led A PRckalS Wt (ROMRESRS, B RIBRALDE
integrated directly” 'into the PA package. The present invention provides a
PA ci rcui t pardhaser o€ tHegraekdge et notisypraately nmpementvbiv itthimgysimgediseretegr at ed i nt o
one PA package. Such a desi. rovid MD 03/ 038995. PCT/ US0Q2/. 3 833 7

SUbst ant | alSPYPPRRELS 8 AECHERA BYBASS ek A NGO 0L P TIE AT BTN (1P Ee of  t he

anplifier, sigt%apﬁmﬁvdi@a@ 1BisSARleChdthe SRBA WelI%s (MY dsCarl iRV fMBatt he need
for an isolator or ~circulator. By providing a single PA package with the

necessary cimMitchiwthich eerpeddsd tmavopdiociedsertheioss el ek agecanesbpbwast separatel y
I mpl ement switchin sing discrete . conmponents to.acc li.sh bypassi ng.
Fur t her mor GOMHERPHOBG AV A5HEF! 4T BiGPYmt IR RGN ILP SEIPIQY G dles e melodi o ¢ he
loss at th‘%vtﬁ!é}ga\%fidsttﬁgnééﬂ&PQsﬁﬁcﬁ"ﬁ'theﬁi%htpla%epﬁ’:ﬁﬁ. and size of that switch
whi ch are needed to avoid or reduce the l oss and hence increased power
consunpti on. An Thspesivantbhgdstaad pthesemay baweahzdddry the itveneerpdisglosediberras si ng

met hod which avoids, the need,.for witch in the hi power th. These
advant ages AfTATRAIOEC Brif;‘re E‘_"P@Qm ‘gféﬁe qu%é‘lvleﬂg‘é‘ht"?gﬁ%‘?&‘”p@é‘iﬂ%@%i n.
According tefjebd¥iddis Ri:-i&ﬁsm%ignaﬁe?prmdédhs aRlofRSIYaldn¥ERthpPfer. MRe@ PA
circuit, a band-pass filtered single RFinput signal Is provided to a

nor mal bal angpdifiedsighalfis arput reefirsaexpipldri €te §irsynalplersplitspgbe sigaaland i r st
coupler. The first co

i gnal and TR SpM RIS HEL GHA PB el RAFCT WA A TS LRoHY Sesend PAT
Pt e B SR I 8 SRR il il
si gnal ar e ciresipeAtfirstednypliffed digmeldand a second amplified signal are respectively produced.
The balanced amplifier stage transmits the first and second amplified signals to a second
coupler. The first coupler's isolated port is connected via a first switch to a terminating
resistor. Likewise, the second coupler's isolated port is connected via a second switch to
a terminating resistor. A pole of the first switch and a pole of the second switch connect
to a bypass path that connects the isolated ports of the first and second couplers
together. The second coupler transmits a combination of the in-phase and out-of-phase
amplified signals to the RF-output port.
[0023] In one mode of operation, the PA operates as a normal balanced amplifier, with
the isolated ports of the respective first and second couplers terminated via the first and
second switch respectively, to terminating resistors. In a second mode of operation, the
balanced stages are powered down and thus present a highly reflective impedance at
both output and input of the amplifier. In the second mode of operation, both the first
and the second isolated ports of the couplers are connected together via the first and the
second switches and the bypass path.

[0024] In the second mode of operation, the first coupler splits the input RF-signal into
an in-phase signal and an out-of-phase signal between the balanced stages. The first and



The bal anced anplifier stage transmts the first and second anplified
signals to a second coupler. The first coupler's isolated port is
connect edwv0i0a/038993 rst switch to a termnating resistor. BCasisss03 he
second coupler's isolated port is connected via a second switch to a
termnating resistor. A pole of the first switch and a pole of the second
switch connect to a bypass path that c&nects the isolated ports of the
first and second couplers together. The second coupler transmts a

conbi nat i osewndtPig whichpirapeweared down-anfl appeas as reflagtivefimpddaicgn sdflect thet he

nor mal " bal SRRl THeirefectl YA SRR R B RIS b GUBET T8 1 ¢ st

and second sCOHPRRES utn_%{lgﬂ R 1§Fas¥ ipdthtth he isd15ted PBH of BRGREGhdSWup R which
respectively, to termnating'resistors. In a second node of operation, the

bal anced stsplitssheasignab one e th-ploase signal ant aoupoepkast signall ghieyinipbédeand ioue

| npedance at, . both outpuyt apd input of the anplifier. | he second_node of

oper at i on, Ob@hpsesigmalsirpid¢ct offthe ?‘ﬁBms‘gé]EfTW"Yesré‘ @Grsdﬂm“’g’é’g@cfiga&‘bu Cers

are connec | el i | e
E@&Pg%gﬁlilgﬁe%o%ﬁes tﬂ@refﬂg&?r% 3%9%? taﬂ(?rou%@sctﬁélgorﬁ%&]f%] 18 tRIE

bypass pat h. e secon operation, the st coupler

splits the outpmtiporiRFirsthe pedferredtembodiment; thh fise switgin & inegritegnnithe BA- phase
signal between the bal anced stages.. The first and. WD 03/038995 .
PCT/ US02/ 3#8¢kpecaBybbath awisphes vl integraprdhvas veedf ﬁlﬂwra IRERPLpvides the

reflective a%lﬂ%ﬁ}?g?rb‘f%ﬁng 'i)ggsk\’%%ﬁp?ﬁentfﬂl thb cédﬁég‘?lgl?d ug_IEH tHeFrfiL(ﬁEtlE@ ortd @pal s

conbi ne at ol ated port o e first c h si gna asses
t hr ough t héypaspimgsviiel i3 atlietddaniasiight mtbgoaed PAfpatkeze sethontincodigiirey , whi ch
splits the signal into an in-phase signal and a out-of-phase signal. The
i n- phase af@MBIROMRINCHFase signals reflect off the output of the power

anmpl i f4 in tl : %’}ﬁl 4 - GO :
refl eg{)@gfsi gnapgccgﬁbf@tgﬁd% gg&?h%gnbcogﬂﬁ?nr@g Si g%%ﬁylp g&{tﬁg’ %259%319%%?3 t(f)(%)rt . In
t he pref er pett ofnixodcomidouplehef thie fsst embiotimitent & donhegeddienttly d oterinmabiAg

package. But both sw tches may be integrated as well. This di ment
provi des tﬁ@lSt%‘V‘éﬁ*ﬂl‘éééwﬁﬁh-ﬁitWﬁﬁ‘ﬁg%}} Patchghibs Rdntneut betyeen tggg Rat and

o . L A e (YA B B Bt gy o
Accor di ng tigseRinpahORE- sighaldntowind fist cdupler ples it modeghe PAgpetdts asaaond
I sol ated port of the second coupler of the first enbodi nent is connected
directly t®réingrybaianead asgplifier, with high power output capability and gain. Ina second

mode, the driver stages are shut down and the RF-signal is input into the first coupler

via the first isolated port. In this embodiment, the driver stages are bypassed and the

coupler, driver stages, and the first switch are all integrated into a PA package. In the

preferred implementation of this embodiment, the band pass filter is not integrated into

the PA package but it is conceivable that it may be integrated into the package.

[0026] According to a third embodiment of the present invention, the single RF-signal

is input to the driver amplifier stage, and the amplified signal is input to the first

coupler. The isolated port of the first coupler is grounded. The first coupler routes the

in-phase and out-of-phase signals to the first and second power amplifiers in the

balanced amplifier stage. The amplified signals are input to the second coupler. The

isolated port of the second coupler is connected via the second switch to either the 50 Q

termination or the output of a signal processor. The signal processor transmits a signal

that cancels distortion caused by the power amplifiers. The signal processor generates

the distortion compensation signal by coupling the input and output signals to a signal

processing system, which may be either digital or analog or a mixture of the two. This



resistor without a switch. Athird swtch swtches the RF-input between the
PA path and a bypass path that bypasses the driver stage 1 and is

connect edwD®3bs93 i rst switch for inserting the RF- signacTiusop34she first
coupler. In a first node, the PA operates as an ordinary balanced
anplifier, with high power output capability and gain. In a second node,

t he drlver stages are shut down and the9RF-signal is input into the first
coupler via the first isolated port. In this enbodi nent, the driver stages
are bypassadnamidestthedistootign @rthe BF'rqnarutsitgagle:Sin(@rthe inpeetdd sigial swierived are al |

i nt ted i t PA f d tatl t hi
enbodi ment foph ey BEss frrearert & fsfniieh Sebiih i pacrd PR st Bsge but
it is CO”C%isYc?rH&E rgﬁée shifor abehangesetaé atiofgliMbOddnte sRADARGe dePiees]

According to nt of the present invention, the single
RF- si o] i s i hpartothey aspeet dftiwpreserrtmh\{ehtlem, mbatjpa;asamdcttshﬁl aoopt wheed si gnal
is input to the first _coupler. The isolated port of theflr% coupler is

D
grounded. sl Pttegﬂ’o’éf@tgﬂICBPplFro‘ﬁtteé’@“faltféi t}}eﬁoﬂﬂlﬁ‘é@a& ariiced Vi e si gnal s
to the fi fﬁ&@?ﬂm Rt PORer médlfa Shplitulesd 7 infP leescgﬁuﬁmﬁﬂefqoer st age.

The anplifi gna are’input to t e second coupl er I sol ated port
of the secdegteephypt shifi. STheanbstitdte detwiozk tiag bs actovedorpasdivdy abdcaitdiher t he 50 Q

term nation or the output of a sigpal esgor. The_signal processor
transmits Awapggand/ °r1df§§i‘b‘lf%‘l123é§1¥eae§‘te6 t& f ad winkagss Bg/t?‘F%éesﬁ‘H\HéYen&%I ifiers.

The signal BRABRSR051vESARE Meitolntlforl S HE bhARCRIPERSE LR Shdaha iV

coupling tHe 1 nput and signals to a'signal " processin
may be eit lhdaladedi dnaplifier canrﬁgxmgmmrand toreneble &siogle PAepdckage tohndudBhe3/ 038995

PCT/ US02/ 34803 9. mnim zes the distortion.in the RF-output Si nce
the inj ect 8Ecestaghintegrated;glempals to pehipverymassinepyitich egﬂaﬂpg t&w 3&% dgi%eoff

the anplif 's%ftcl?ets%g%ﬁle Qctm%otpnﬁbﬁ%qse&tmltbftﬁe?a’ckﬁé}e It illa EBQBﬁée%b

conpensati on signal anges riving i npedance seen ose eV|ces
[0027] In amdi@tera&pﬁhér eghivialeat petesrkn knowu eémthoseipf ordlchdklld:msthe ditscussed
above where the isolated port of a coupler is term nated, the coupler may
be repl acedhighintrgdyee aﬂ@@v&g@et asesbfl-its the power into equal anplitudes
and introduces a quadrature 90- degree phase shift. The substitute network
may be active or passive, and contain |unped and/or distributed passive
el enents. The advant ageBRIEFIDEESOREBEIONION @HE DRAWINGS2| |y i nvol ve usi ng
the isol ated ports of the passive couplers to enabl e bypassing in

bal and®@8hnpl i f iTae feabHes gs-advaagesod theraseabingention Wi tscome ﬁ’é’é%l@’é‘rft%

i ncl ude t h?rom the detailed description set forth below when taken in conjunction with the

drawings in which like reference characters correspond throughout and wherein:

[0029] FIG. 1 is a plan drawing of a balanced PA bypass circuit according to the first
embodiment of the invention;

[0030] FIG. 2 is a plan drawing of a high power, low gain balanced PA bypass circuit
according to a second embodiment of the present invention;

[0031] FIG. 3 is a plan drawing of a distortion compensation PA circuit according to the
third embodiment of the present invention;

[0032] FIG. 4a is a plan drawing of a PA circuit wherein a coupler is substituted with a
lumped network according to another aspect of the present invention;

[0033] FIG. 4b is a branch-line coupler used in FIG. 4a;

[0034] FIG. 4c is a plan drawing of a PA circuit wherein a the lumped network of FIG.
4a is replaced with a coupler;

[0035] FIG. 5 is a plan drawing of a prior art single PA bypass circuit using a circulator;



necessary integrated el enents to achi eve bypassi ng whi ch reduci ng the need
for discrete switches or other active conponents external to the package.
It is al swomonswbyable to use couplers or other equival erCTriEsomssks known
to those of ordinary skill in the art which introduce a 180-degree phase
shift. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0028] The features and advant ages
of the present invention wll becone not& apparent fromthe detailed
description set forth bel ow when taken in conjunction with the drawings in
whi ch [0WkE r ef eFéhckisaplandnwing efernrios godd bypasugihuiittusingd wteglagdrand 20029)
FIG 1 is Ian ga g of a bal anced PA bypass circuit according to the
first enbSH e i nvention; [0030] FIG 2 is a plan drawing of a

hi gh povAeT lowmvﬂ IADGRN A RVRRS SriTA B agsmmqm@g lhfted Second
enbodi of the prles'%?nt |nvengtq7 on; [0031] FIG 3 is a pl %n drawi ng of a

di storti onamphfensati on PA circuit accord| ng to the third enbodi nent of
the present invention; [0032] FIG 4ais a plan drawing of a PAcircuit
wherein a coupler is substituted with a |unmped network according to

anot her aspect of thepiEsREp DISCRIFITON ASPHEINVERTION @ branch-1ine
coupler used in FIG 4a; [0034] FIG 4c is a plan drawing of a PA circuit

wher ei[0038] t he | Eiﬁiﬁdl-aen&véa Hlustrate inGnoreidetaibthe sphetord fipowier amplafigrs ¢02 [ 0035]

ci roulat or NG DERSSS Be (s AR e pg g e e ind 00T au ng
of a prior ghk rﬁ@te?%%&%rzﬁmg et EypH?s' path f’i‘lt&th'éqi}i aéc‘kégea Mehebenékits ber

anplifier; and [0037 Isa pllan draw ng of a prior art PA bypass
circuit w nﬂtegaﬂmg ambkach puactaisérfaféhe mmammmagemmmmtammammw I C]\l

003 EhES, 1 T SF ks o g GrS Sl BS  ioRF

neent 90 W BSARUSL i C nf Ag iy

of the anpliD? sleywipmdK&§e S tand haTee amplibed sgml mainpatntp lai firstaxonpler 26, which
splits the RF-signal into an in-phase signal and a 90-degree out-of-phase quadrature
signal. The in-phase and quadrature signals output from the first coupler 26 are input
respectively to a first PA 38 and second PA 40. The first and second power amplifiers
38, 40 constitute the balanced amplifier stage of the circuit and produces a first
amplified signal and a second amplified signal, respectively. The first and second
amplified signals are each input to a second coupler 42. The isolated port of the first
coupler 26 is connected via a first switch 28 to ground through a first terminating
resistor 32. Likewise, the isolated port of the second coupler 42 is connected via a
second switch 30 to ground through a second terminating resistor 34. The terminating
resistor 34 and switch 30 need to be able to withstand high power due to possible load
mismatches. For example, a surface mount component may short to ground, an
individual may place his or her hand on the antenna of the mobile station or may enter
into an elevator. The power that returns from the antenna is incident on these elements
through the output port of the second coupler 42. The amount of power that switch 30
and resistor 34 must handle depends on the largest VSWR expected in the system
design, up to as much power as the PA is capable of producing.

[0040] In the present embodiment, the switch 30 and the termination resistor 34 are not

integrated into the PA package, but it is encompassed in the concept of this invention

that these elements could be integrated. Switch 28 and resistor 32 are integrated into the



[0039] In a PAcircuit 10, a single RF-input signal is band-pass filtered

20 and provided to an driver anplifier stage 22. Amplifier 22 constitutes
t he dri vewoaBamgsss of anplifier 102 shown in FIGS. 5 and @CTMise2/a43ps i fi ed

signal is input to a first coupler 26, which splits the RF-signal into an
i n-phase signal and a 90-degree out-of-phase quadrature signal. The

i n-phase and quadrature signals output ffomthe first coupler 26 are input
respectively to a first PA 38 and second PA 40. The first and second power
anpl i fi er sPA3Bckags. dotherirefgrred embodiment thedbyangsinath ¥ weulddw apfoutpvé pii afc ui t

d d i rst lified si d lified si |,
espact i el piekigeand ebothal sedhah Vel f'th BaiGrERErE Bekeeach ™! out to a
secongh@PLpl er 4Re sdddfd bopiat £bokitesPhe inlihabd irit quaBRItRE 8lgndlBandouuinect ed

via a first switch 28 to ground through a first termnating resistor 32.
Li kewi se, tlivecombimeaitsighapterthe RfF-autput petohlse 0b opripders #pthie presemtripednéidn wiea a

second swit¢ch 30 to ground thyough a.secand ternmpating resjstor 34. The
ter mi nat i n§%VAEREF NSRS g*f‘f‘éf ‘_i‘\/ﬂ"?&%ug@?%%dwﬁj&%%%é%ﬁ lggs(v&‘\ﬂk'flhé?ve?ﬁ i gh
power due %)'gerﬁf?&?é(plldﬁidng 38 theHipIefsh €Srcula®drs PR it whikH Bs Srégaunt

conponent y short to ground, "an individual may place his or her hand on
t he ant ennaamdtionk e pavfiirmencst during wpenatingyonslitiams, andnindendiffeteat etnperatithe power

that returns fromthe. antenna is incident on these elenents, through the
Ut put  por BTG deisameratg e d i et e OV i {ch 30
and resi st Q&3¢ iTERdentRPdhErliReNdgrgen the | argest VSWR expected in the

system design, up to as nmuch power "as the PA is capabl e of producing.
[ 0040]J0042] t he pBekectd amgldtirsiwith coulers sedording 8Bothapiesetanyention alowsn

resistor 34 are not integrated int he PA aqge, .byt it i.s enconpassed
in the conl¥ssiBE RAGIE CFIH%E%V&‘H??‘“&Q%S{"G?P{E%S@&@?‘Er?g’r‘?flglléb‘iﬂvﬁer%n?tnt egP at ed.
Switch 28 aadich&ehdlay thd e Br h SR Al 186 1drpd Qgr}jﬂ%atﬁﬁe@ﬁé&qgs%%e to active

PCT/ US02/ 34803 " 11 PA package. In the preferred enbodi nent, the bypass path
36 woul d beompomentspredupisrthosize ofthe prallcayeitynahdaenablee thef uss wif steppedEawoul d be

an input pin of the pack : 041] The second coupler 42 conbi nes the
1 phase AU RigeTie Gfiiitad herke T s B6 StiHe SEGR Frettes MERAOT 85 ¢ he
RF- out put (AW - i geous
Pecause 1 hog o By o B A R e

t he oper atmghifieondh theqrassivf caupkersaanol thé nserof théisplatddgtoots of thequouplersf erri t e,

whi ch has bro variatigns in performance durjng operating conditions, and
under di ffgycg(a es @l thpbenefitsof usingacgrculator oranlléofato(‘% ang removes%ome o? the

disadvantages thereof.

[0043] A biasing and control circuit 24 biases the driver stage 22 and power amplifiers
38 and 40, and controls first switch 28 and second switch 30 in a manner well known to
those of ordinary skill in the art. The number of amplifiers within and outside the
balance amplifier configuration is irrelevant to the present invention. For example, the
driver stage 22 may have one stage or zero stages, and there may be two stages for
amplifier 38. Applicants envision that other equivalent structure is encompassed and
envisioned as part of their invention in this regard.

[0044] In one mode of operation, the PA circuit 10 operates as a normal balanced
amplifier, with the isolated ports of the first coupler 26 and second coupler 42
terminated via the first switch 28 and second switch 30 respectively, at ground. Ina
second mode of operation, the balanced stages 38, 40 are powered down and thus
present a highly reflective impedance at both output and input. In the second mode of

operation, first switch 28 and second switch 30 connect the isolated port of the first



in particular. It is inherently narrow band, and not to nention that a
circulator or isolator is expensive and relatively large. [0042] Bal anced
anpl i fi erwowsssgdupl ers according to the present inventi @TalShDR03
bypassing to save current by turning off the bypassed PA when high power is
not needed, renoves the need for a switch in the |arge signal path,
reduces | oss due to active conponents,l?educes the size of the total
circuitry, and enables the use of stepped gain. Thus, the invention

di scl osed keupen2mndithelsslatddgostzafehdeeneid caiples 4doesa patbwpy Bor The t

circulator nmethod but wt ny .new advant ages previ ously unavail abl e. The
bal anced QH‘EP??IP%&J‘W‘fcﬁn{i‘Hg’%ﬁgggmf%n%’o‘ﬁﬁ‘%’?%?‘éﬂ’cfst he use of the isol ated

ports @fasf he coyplRisscorlRYdedDpaiation, e RERGHal SicRienttsi R ﬁ?st%b%rﬁb’xl BRr or

an isolator and renoves sonme of "the 'disadvantages thereof. [0043] A

bi asi ng andplétantoranlinphasesignabdndoa 9G-degredeutehfiphase @tadgpeur? 2igaald Thewer
anplifiers 38 and 40, and contyrols first switch 28 agnd second swi.itch 30 in
a manner wdh# Rﬁ‘ffﬁ/ﬁﬁg‘%%ou’{pﬁbg%méée l’(.i’fsﬂ?(?’l‘é’?egy 23»{?41?“%_ chﬁ@nhﬁ?%‘ : R‘?ﬂ_?ﬂ?@r of
anpl i1 ers Mo 098 Abhish M&e&@d‘@n%@%%é Sifnat BHp LKA thOfirst S

irrel evant to the present invention. For exanple, e driver stage 22 nay

have one stagder®6 reflecs bickdesm tiertdgh ingpedameyofitkee tesondPAgOswhmh is anpl i fi er

38. Applicants envisign that other equivalent structure is_encoppassed and
envi si oned Pa¥ersddowgs Thgaetlected signalssambyne ip;the g@b‘é‘?‘iﬂ’?ﬂﬁéojﬂf C?"ﬁgg’ﬁ node of
operati on, ' Is lhtier, with
The. | sol at PB4 B ol Be Pl e o B ey P

t er m nat ed combinket eighalris splitvntbah i2phasedigneranich ¥ie¢gree A0-af phpeafuadmbure at
ground. In a second node of operation, the, bal anc st age 8, 40 are
power ed dowgnaliyhich g respegtivehy Oupf;tg e serend %‘gﬁﬁ\?\gg%ﬁp}é@gﬁgé at both out put
and i In t ! ' | nd

v t 3B conneare TRERRE sfEGgficts R BIAER Mppddah ofill 6 I 0ana e

PCT/ US02/ 348 atuie’si gl péflects 26f tha dighimpedaicabEthefosttP 2088t ke Beglmnelambupl er

42 via a pathway 36. The operation of the second node of operation is now
descri bed. qpatiaiyre ignalsrecarabign at the decose coprlsrAs B are putpwiro dhefREoutmiti dent

o 5L e e e P e, s Pty 0l bty e
first coupbgpasgal wiedd gh-powaclkvéls amnohreddedh Anothetadvartage of this
embodiment is that the switches 28, 30 may be integrated into the PA package. The
band pass filter 20 is a relatively large structure and presently not integrated into the
power amplifier package. However, it is envisioned that the band pass filter could be
integrated in to the package to further save cost and space.

[0047] The second embodiment of the present invention is illustrated in FIG. 2, wherein
similar circuit elements to the first embodiment are assigned the same reference
numbers for consistency. The second embodiment relates to bypassing the PA or the
driver stage of the PA but not bypassing the output stage. This configuration provides
the ability to drive maximum output power or large output power. The configuration of
FIG. 2 also changes the gain of the amplifier, which may be beneficial to the system in
that it reduces the dynamic range required by the variable gain amplifier in the transmit
chain. As integration of the PA components increases, all the circuits will be on the
silicon chip, and the difficulty of isolation increases. Further, a large dynamic range is
difficult to achieve in silicon due to isolation. The gain step relieves the dynamic range

requirement. Changing the gain on the transmit path is beneficial to reduce the

constraints on the amplifier.



of the first PA 38, which is powered down. The in-phase signal output from
the first coupler 26 reflects back fromthe high inpedance of the second
PA 40, whwohzissospower ed down. The refl ected signal s conbipa@/tsnz/s4ses fir st
coupl er 26. The conmbi ned signal passes to the isolated port of the second
coupler 42 through pathway 36. The conbined signal is split into an

i n-phase signal and a 90-degree out-of - phase quadrature signal which are
respectively output to the second PA 40 and the first PA 38. [0046] The

i n- ph&®M8ki gnal Thekeant smbpdimeantofithg invenpewpioyeles highimewee capatiilibpbyi0 and t he

gquadrature signal .reflects of.f the .high i.mpedance, 0f..t first.PA 38. The

i n- phase aﬁawgﬂﬁ%ﬁ‘?%’i’ ﬁ?‘gémaaﬂ% ef‘élgﬁlgﬁ?ﬂgﬁéftag?f ZSeEi?ﬁgA‘ e ¥ 42 and are
out put to ThRpREesQHliRpl swReH 18 tHabswikdhRs 'Eﬁérmﬁiné)ui SiendlibebieeRAn Afiphifier t he
second PA 40 rmay be powered down and bypassed when hi gh-power | evel s are

not needed pathrrotihdypasspatit g dn tlie arhplsfier phibdthedifi-signalihband: pess Gltered R8s 28,

50,y be L SHALE o, e BA Becked The, band g U Ler 20,5 o
amplifier pRGKaGSer I8 WHERY the kignhlSs 514 i ARGl phakatand 06 dbgrd o@lgﬁ%ﬂaké ter

could be integrated in to the package to further save cost space.
[ 0047] The gqeadretuc: sgdaddTheisolatd pomteofghefmshcotplereotis alternativielyl aophecdededai n

FIG 2, wherej ircuit el ts to. the fjrst embodi
ssi gned "t R RN B2 s Pitnasth S PoSu by ieihs Bist Rt and "enbodi ment
rel ates tog hyRass é?gqaﬂ BepRATSh thd'frst S6uptE265¢ A8p1REd %gﬁ{%ﬁph@s. "e in-

bypassi ng t'he out put stage. This configuration provi the ability to

dri ve maxi phasesignalis applfied by theasegamddRA g0t power. The configurati on of
FIG 2 also changes t ain of th lifier, which y. be eficial to
the sJUBhy i o AaamPhrE SERuS rodbera Ars SERg BV ST I CRE ar | abl o
gain anpl i fréc%ﬁlb'ir{bdtiﬂﬁietsreé&}ﬁirﬂoﬁlFIePﬁ@hﬁh mﬁﬁut‘ tB HRIR Byt Port! 1R Bblat@MPONENt S
increases, all the circuits will be on the silicon chip, and the

di f fi cul ty poft of $hel satoraicoupler 42 segourfded threugh rhmageg hgstomiSd. Saigk 18,5

difficult to achieve.in sjlicon to.isolation, The gain step relieves
the dynani CTPURRYBS TESERIRR Mﬁwwgﬁgﬁwﬁg HEWOQQF Higgratet ttp #@ﬁ%ﬁpec &h is

benefi ci al A aif J® '?ﬁi"ﬁﬂ@h&éﬁh iveP& g]é'ﬁ' d HAEL3898a
PCT/ US02/ 3480%l glgl&{e%ow]] CIT é second ee(ri(g"o‘ﬁi mg t oéﬁ t‘ﬁ;eweirnvgnti on provides
hi gh power 46apdtiohirdly fipst switon@g and) thirehvewitwhd 8hy passinagwélhknown toi thdseafpl i fi er
st ages 22. T(Pe PAi(_tfi,rcui t 50

ordinary skill in the art.

[0050] In a first mode of operation of the second embodiment of the invention, input

switch 18 connects the RF-input signal to the amplifier path, and first switch 28
connects the isolated port of the first coupler 26 to ground via the first resistor 32. In the
first mode of operation, the RF-input signal is amplified by the PA circuit 50 as
described above for the signal in the amplification path. In the second mode of
operation of the second embodiment of the invention, the input switch 18 connects the
RF-input signal to the bypass path 52, and the first switch 28 connects the isolated port
of the first coupler 26 to the bypass path 52. The driver amplifier stages 22 are powered
down in order to conserve power in the circuit.

[0051] In the second mode of operation, the RF-input signal bypasses the band-pass
filter 20 and driver stage 22, which is powered down. The RF-input signal is input to
the isolated port of the first coupler 26 and split into an in-phase signal and a 90 degrees
out-of-phase quadrature signal. The first coupler 26 outputs the in-phase signal and the
quadrature signal. The in-phase signal is amplified by the first PA 38 and the quadrature
signal is amplified by PA 40. The amplified in-phase and quadrature signals are



conprises an input switch 18 that swtches the RF-input signal between an
anplifier path and a bypass path 52. In the anplifier path, the RF-signal
i s band- pae3fosdopered 20 and input to an anplifier 22. TreTarspt/sfsned
signal fromthe anplifier 22 is input to the first coupler 26, where the
signal is split into an in-phase and 90 degree out-of-phase quadrature
signal. The isolated port of the first tupler 26 is alternatively
connected via the first switch 28 to the bypass path 52 or ground through
the first tcembinedrbymz seTonel cappled Hatand eutpirighodhe Bhitqueput povniTheieccond st coupl er
26 is arrpllfle Lrst PA 38. i.n- hase Si .1 |ifi.ed by the
second P Fbofas ot dinssasionar e S gL ubiner hepink PuCiReteiBnd power
anpl i1 er s 1000 AlifresIPGORRIAfAziriddRap B¢ TRIGBRAIREL e RaflshibpUt L0
the RF-output port” The isolated “port of” the second coupler 42 is grounded
t hr ougg(bDSE]sr m naﬂﬂaagﬁnr@&nbchd)meﬁtmf tisiinvehtidiBis illostramdnafi@Gg3. riaghist or 32 and

switch 28 not belnteratedlnothe A pack blalng and
control o FEGPEmERSisiertion CARPE v%t}lsspf%vgé dzlf%ﬁ%&ﬁ)élﬁgnﬁwlﬁ gl i5 and

40, and Colrj'ﬁﬂ el oiﬂercﬁitveﬁ%éézl b 2 @d}ﬁ/eh@igfngl is steﬁ&itjogthé ﬁrs@cﬁtgg&e% %lﬂle known

to those o Inary s the art 0050] I'n a first e of operation
of the secmslslﬁltbnxdlanemphms‘e and 0 nwtanftphase, mgmpdfhessmgha:lbaﬁﬁnpmnmdmts t he

RF-input signal to the_ anplifier ath t Sw nnects t he
i sol ated pdFe Papet HEPKRSToP 4 aeéam%l p%emn&l%w el aﬁ&e(fw@t Ihesi stor 32,
In the fi e@ﬁy the PA
circuit 50&?}? Jfg)@féc hgqgcﬂgtg%g&f@? or t rg%gli'l%!gg% éélgl@ (Eatéa?r{:) |agg ?églr?g%at h. In

t he second 78pd&e ofitpudgfethe firsd and§ecbhe armplifiers 3&,n4ﬁ)1d |1m1:mm to the seédoad icomdert | on,

the input switch 18 connects the RF-jnput nal. to the b ass ath 52,
and the fi f‘%tWE‘\RX‘PEIP?‘C”ZISS %M@@p@hﬁﬁé% Faviagwlﬁs th%?orfﬂrf@ f»lz%ﬁ? B6pl er 26

to the bypagS,iaitpon? Th@hs%lﬂﬁe&ﬁ{ oﬂ'ﬂ?'sééok%%gﬁil@x%ﬁs%@m?e’ééd%%&ﬁ&x 3(?’0""” in

order to conserve power int circult In the second no
oper ati on, Swhteh BS-alteqnates sogrealingthp asdaad pdreobthadeqoad sougflerd 420 edBerand dri ver
stage 22, which is powered down. The RE-input si .S | nput t he

|
i sol ated pFMIRHIng iy on 4 ordBepytapt e signal EIBF?stsoqgma dfien alﬁahé% % gnal and
a 90 ﬂ&gggse SOW’h fsv@%ﬂ%@ A E'El ﬁ'&%sqr?ﬁ?ﬁ%tﬂe 1§&latEéPgQJt gf‘th%G out puts

the i i gha the quadr re-signa i n-phaSe signal is
anpl i fi ed lsycond eodiplersa2, B s%@xaanqlectéalefrmualdersagrm procsssgn?d isirsflengd off ihed by PA
BT/ L T igayand Second S fiers 38, 40, sombinad in the Socond coupler 42 hd then >
PCT/ US02/ 34igsignd second amphﬁers 38,4 p
transmitted to the output port. A directional coupler 79 and directional coupler 77
sample the input RF signal and output RF signal respectively, and transmit the
respective signals to the signal processor 74. The signal processor 74 compares the
output to the input and produces an error correction signal that is injected into the
isolated port of the second coupler 42. The error correction signal adds to the amplified
signal being transmitted to the RF output port. Therefore, the third embodiment of the
present invention uses the isolated port of the second coupler 42 to provide error
correction to the RF signal. A biasing and control circuit 24 biases the driver stage 22
and power amplifiers 38 and 40, and controls switch 30 in a manner well known to
those of ordinary skill in the art.
[0054] Some difficulties exist in this structure. When switch 30 is switched to buffer
amplifier 76, any power reflected by the load may be inserted into the coupler 42 and

incident upon buffer amplifier 76. However, if the error signal has a small amplitude,

the buffer amplifier 76 need not be very large. An isolator or a attenuator (not shown)



14 conbi ned by the second coupler 40 and output to the RF-output port. The
second enbodinent of this invention provides high output power capability
but | owerwg@aB3ss9The | ower gain result of this configuratipem/usay34ses a
desirable effect for a transmtter. [0052] The third enbodi nent of this
invention is illustrated in FIG 3. In this enbodinment, distortion
conpensation is provided in the PAcircldt 70. An RF signal is input into
the driver stage 22. The driven signal is inserted to the first coupler 26,
where it icsn thehibk placedbetweembyffxsmplifidr POamslgwitch 39Hnoedes itgjisalate thhese

signals are input tot first wer l'ifier 38 and second power

anplifier E’Bhg?a“éplﬁ-oéﬂréﬁggﬂnhmé)‘gwgegw&%&?piﬂ?&ey The isol ated port of
the figgk) coupl gf a%gbt CRIHRLF berh@orPof 16 HiridnB¥irh&ft of Y inveiion, 1HE s@gh@ut  Of
the first” and second anplifiers 38, 40 is input to the second coupler 42,
whi ch conbiswésh 86 eorinects alngisolhied hogtiog kel sscamicconpknd2rid & ternénatiogrixdsisent 3di gnal

to the RF output. port._The isolated port of the.secqnd coupler 42 is
connect ed 284 Hiedifp FiERIH) opegdips 3sip rggulgq ]?aé‘?'nr‘fﬁq é@pkﬁ?{ng‘&?isﬁij’n fodedd) at ed

port of th - ' 1 08f thB [ or the
out put of S’Pilﬁgﬁgﬁh%%g@%‘givgf&%ﬁgﬁﬁéégﬁ?‘? gsr()l%atl?rdp Itier g%c.rOﬁ 8%%‘?%? %gn swi tch
30 connect shd hwgptiofj sl sigirabpesessor 74 The digrel pwotsade ™ uiptt mdy bewemplsfedond
coupler 42, the signal injected fromthe signal processqr .74 is reflected
of f the fio¥aPARUPRRIBRGEHRICFteH SHQ thessecons CouBlFh e ling R FriRRM sEBBHY coupl er
42 and the 1t - di i 79 and
directi onalraméé)lléfgfb:tgé E/l%ﬁﬁ agrrc}:?Fggﬁ% ﬁ%ag %ut?m &Ighgﬁélﬁg%&g%%&%ﬁrgg'?m%{ﬁ'{i?gnal
respecti velpgth 8ndherRAsuptt digral isradspmopledeisa dinatisndl@otpler 371 thnalghpar ocessor
74. The signal_processor 74 conpares.th output to.the input and produces
an error cEHPNSP SR Lgnph AIoCETHRE ql@uﬂﬂﬁeffhsalgp {5o4eREInE FiseHiL: ngg W®f the
second cou L . -] [19ad : pl.i-f hed
i gnal bl P SrdE ARLTbIRh RRbRRARHPA RSN Aty tie AudiBh b
enbodi ment Rif-outpwt acgordmgnd piinsiples knowntethotehsf drdinhytskill inahé arofortbeed second
coupler 42 to provide error correction to the RF signal. A biasing and
control ci Fenv#rd Ampifiegss the driver stage 22 and power anplifiers 38 and
40, a nt r ol | ] er. rdi nary
ki 11 1003BERC" 2y e sl Cor BTl ghal Wibieot SR M oo bldRpE BT Y 1 VLY
swi tch 30 isecondichupiadi ix split fints an mrfliasé aet 90/ degranyutfodphiserqgubdratired by t he
| oad may be inserted into the coupler 42 and_incident upon buffer

anpl i fier penalohhevephasersignabrefests piidhespgpndiBA 49 andshq quadintire signal

reflects off the first PA 38. Because the distortion compensation signal reflects off the

balanced amplifier stages 38, 40 and is derived from the output signal, it effectively
changes the impedance seen by the amplifier stages in the balanced amplifier 38, 40.
Depending on the modulation type, it is within the contemplation of the present
invention that the configuration could be used to change the load to make the amplifier
more efficient or linear.

[0057] As far as integration into a single PA package, the preferred implementation of
this invention does not integrate the processing block 74. It is envisioned as part of this
invention that the processing block could be integrated into the same PA package in
order to save cost and space. Buffer amplifier 76 could be integrated into the PA
package or not. Paths 78 and 80 could be integrated into the PA package as well as
passive elements such as the directional couplers 77 and 79. As one of ordinary skill in
the art would understand, substrate technology provides a way to integrate passive

multi-layer structures to implement couplers such as couplers 26 and 42 of FIG. 3.



the buffer anplifier 76 need not be very large. An isolator or a attenuator
(not shown) WD 03/038995 PCT/ US02/ 34803 15 can then be placed between
buf f er anwlbioBiogsy9y6 and switch 30 in order to isolate thepchufsozs4sasnpl ifier
176 from bei ng damaged by reflected power. [0055] In a first node of
operation of the third enbodi mrent of the invention, the second switch 30
connects the isolated port of the secontfcoupler 42 to a term nating
resistor 34 and the PA circuit 70 operates as a regul ar bal anced

anpl i 6058] | n alsacoing aspageohihe prgsentanvention,tilh eachenasmabaywivthere tBE isotativact s

the isolated part of the second coupler 42 to t out put ., of . t he signal
processor PArt #ﬁé?‘é‘?larﬂélte.rﬁ}‘??g%‘g@(ﬁm‘g‘ﬁl’ g’ﬁtCBERIern(fﬂ?ﬁ] ° HE’FFc} Y"&h anpy fagPA 76
prior to bgibfghk E}ia?gpflﬁgtﬂe?g%e}ﬁ%o&ﬁfé%lﬂ{)%&@ £ ifitfodutbE RhdbgBsphatgnal is

coupled to the sign processing circuit 74 through a directional coupler
79 t hr ough shift. (fach e§@ivaldteor REbstititp nttwoilgralld e athsoaativa pk paksivieaans

directional coupler 77 thrqu a ath 78 to the sigpnal processing. circuit
T e ot gompnihgeed andier GsiPbuet P ekt SHoh BBy i TR e e

di stortiongggnpensation signal which mnimzes the distortion in the

RF- out put according to principles known to those of ordinary skill in the
art f@oosbeed Foi@etadllAstitesfd earmtioh 60thE secbhé eshbedionent shovanahoee seFib2. si gnal
is injected into the jsolated port of th second coupler 42, i it into

. , S
an in- phasé %ﬁanwndbfgh%w95?1415?%5@%3&&?8&? ahove 13 notaepeatediers, Bla g o

signal refle (flthé't&gtffg tﬁagg f&ﬁg)gﬂﬁ%/gég 40uA8s B&edl\g%q{e@éﬁérgh ﬂsrllg%{worf( ffdrect s

off the first ecau i stortion conpensati gnal reflects
off the batavidsd ppver splitef eqiagapliBle addplasd shist afd0ideextes wdhedqurealenttyput

signal, it effectively changes the inpedan een the anplifier stages
in the bal M%dhaﬁiﬁ-ﬂﬁ,ite?gs%sowrZWﬁaﬁmnﬁﬁ&o lﬁﬁ%’tf%/Fﬁdlem Pedpe, it is

Wi thin the g I hbs&R i r t { ation
coul d be ugg%@%%ﬁ@ha %aggflﬁige]lt%g(f%to maE%’ %ﬂgs’?n%le?ﬁﬁe}?‘he r%Vee?e %F%ii‘hgnt or
| i near. [ O@mplitudss firat inaodudet @ phadei shift, fortexampkel AQHegrews. Thelsabgtitutt he
preferred inplenmentation of this invention does not integrate the
pr ocessi ng "BMEK 97 may be aciveprnagsish e s slepspt ingludes ghase SBMEINSHYRat ¢ he

D oces |10 Ay cRYSG1 25,1 AT O M iSaf e, Ebupechage s pmpacer
package or oftimpeRair bsmBihatog thdteof olidudt dre equivdgitatractuiastwhitthacB¥ppsicthage as
wel | as same objective. For example, a distributive structure, such as a Wilkenson divider, a
rat-race coupler, a branch-line coupler, a simple lumped network, or a Lange and
DeRonde coupler could equivalently be used.
[0060] Active circuits could also accomplish the same objective. A common-emitter
stage which has an input at the base of the common emitter, and an emitter coupled pair
connected together. The bias of each emitter would be adjusted so as to make the
amplitude split right in the center. Using these systems you can obtain a 180-degree
split rather than a 90-degree. A Il-network and a t-network could also be used which
would introduce a plus 45-degree split and a minus 45-degree split (for a total 90-degree
phase shift). These circuits are not illustrated herein but are each well known to those of
ordinary skill in the art.
[0061] In the preferred embodiment, a branch-line coupler is used, as is shown in FIG.
4b. In a micro-strip implementation of a branch-line coupler, the ports 1-4 have an
impedance of 50 -. The parallel arms 150 and 152 each have an impedance of 50 -. The

lengths of arms 150 and 152 are each one quarter of the wavelength. Arms 154 and 156

each have an impedance of 35 - and a length of one quarter wavelength. These amounts



passi ve el ements such as the directional couplers 77 and 79. As one of
ordinary skill in the art would understand, substrate technol ogy provides
a way to wotegs@abe passive nmulti-layer structures to inplpemarsn2/s40pl ers
such as couplers 26 and 42 of FIG 3. WD 03/038995 PCT/ US02/ 34803 16

[ 0058] In another aspect of the present invention, in each case above where
the isolation port of a coupler is terhMnated to ground, the coupler could
be replaced with any network that splits the power into equal anplitudes
and i nt r odaodkngthd 0f hedraehiinaseuplehire giveshy hvay @l ieyarhpla tonly; axipsstbiyt ut e

net wor ks coul d he.ei.t her active or passjive, an cont ai.n | unmped. and/ or
di stri but ed"3$ 8¢ F\}t@tl‘é‘?e{?gﬁf ie_ng&g@ﬂd Eﬂ%ﬁ&‘ﬂ%ﬁeﬁffw eieglﬂl?XeG@fiéi‘fq@H‘ th§sPEiG  4a.
[0059] Fl Gyrf@s inkbdipirates a variation of the second enbodi nent shown above

in FIG 2. A description of the various circuit elenents di scussed above
i s nofoosepeat ed Rearging kd (Be embadinhdntishavat mFIGhéa, acdbypasspapho?& cdmpbets d poleupl er

is not always necessary. Any network t rovides a power split of equal
anpl i t ude ahen Bwats%?v@lﬁlf&a"gfa@geggﬂﬂ@ég%wsl ltCEéQia\?)‘sméWﬁ)bf%Pnnﬁﬁ e 1n FIG

4a, the fie LoRLER cidler | 1 power
splitter/ p%%isaé shi ?@ng%cgﬁ@geé%l%ﬁéz ‘iélg’l elg%éle,rg%)élfl&\%&hriag %%&ga?%léggggﬁer into
equal anpB#biidedypasd patht 98 dilns swherpthe spus bwitdh 1§ amneotaithel signab® tHegr ees.

The substitute network 92 may be actjive or passive. This e|l.enent i ncl udes
a phase shﬂ’quﬁﬁathglgmﬂdks"vl@éﬁéic?f‘i‘?‘?& tb? g&’aé%g?téz)gitﬂﬁl?éﬁﬁ?n@m&%@% shunt

capaci t or r Lt EfdisBlokd é{ﬁ% npdeudrﬂg Rgrcosnat i on t her eof
circuit ar ggu &%%&ﬁ%g&tgﬁ ct lljrgs%vxi]%] acconpli shﬁf%e sarfe obj ective. For
exanpl e, abgpsted dndithe/passésrtbmmigh ehe sseaid directonAl bdugrieral? atidwefibets, offither at - r ace

coupler, a branch-ljne_coupler, a sinple |u d network, or _a Lange and
DeRonde co@pVerapRjifiegs 88y d0va therRYpuiss %E@H?egp[dgﬁﬁe]emﬁéfl} (Ase PF’@Jﬁ? s coul d

al so acconpl, 1%?{]5% i A AR ThE it gef splifdrAHGse i as an
i nput at t g‘%@sﬁe&g? t ep%g]rlnmns'ée/ﬁrttter, an’g an amtier ?‘glu?)el eféggpr
connect ed togbinee92, 9Fhes magbe eibsdandd srunteeivalentstchchee.adj usted so as to

O ai #OUE3H30" o MEHFHPITEPIRGTH U1 THRUBICOY OEBIEE VAR g &
o SRS I00 P Sl Bl o Py o o0l
circuits aaboveotSindelthisluhgicd @ldnesnes 92, bat 9o fFIGaddareshterckaeppable ovithithse  of
first coupler 26 of FIG. 2, it will be understood that in the bypass circuit configuration of
FIG. 4a, the lumped elements 92, 94, 96 may be replaced with the first coupler 26 of
FIG. 2 and the bypass circuit 90 will operate to bypass the power amplifiers 22 and the
first coupler 26 as discussed above. This variation is illustrated in FIG. 4c where the
operation of the first coupler 26 and second coupler 42 with the power amplifiers 38, 40
is as described above in FIGS. 1 and 2 with the bypass network as described in FIG. 4a.
[0064] The improved PA circuits disclosed herein have particular application to CDMA
wireless telephones. One application is for the cellular band an another is for the PCS
band. Depending on the desirability and application to either the cellular or PCS band,
different modifications will be made to conform the PA circuit to its particular
application. However, other applications and uses of the compact size and power saving
capabilities of the present invention are also contemplated by the inventors.
[0065] The previous description of the various embodiments of the invention are
provided to enable a person of ordinary skill in the art how to make or use the invention.
Various modifications to those embodiments will be readily apparent to those skilled in

the art, and the generic principles defined herein may be applied to other embodiments



ordinary skill in the art. [0061] In the preferred enbodi nent, a
branch-line coupler is used, as is shown in FIG 4b. In a mcro-strip

i npl enentwDI0a0389P5 a branch-1ine coupler, the ports 1-4 haveTarso2/s4spedance
of 50 . The parallel arms 150 and 152 each have an inpedance of 50 . The

| engt hs of arns 150 and 152 are each one quarter of the wavel ength. Arns
154 and 156 each have an inpedance of B and a |l ength of one quarter

wavel engt h. These ampunts WO 03/ 038995 PCT/ US02/ 34803 17 and | engt hs of

t he br anchwithoet wewf therinventivgifacsity bjongapmple, theanydntors of the maesdntrioveritipn way

of limtation. her |engths and inpedances may he enpl oyed and within the
spirit of C?WF@IC’TaFR/ti}ﬂtt ]iexﬁh&eg[eﬁo% g]tergg?ng?cmﬂﬂaerts g}/qyﬁ)éi l@%@(ﬁg‘ﬁgwﬁ“qgﬁ own in FIG
4a, a bypaggafafufl Rfvé 9@%&& SncPediMiffers QfsciBSed bBYE. PHhs B2 pk&eAfiglvéntidal € of
switch 30. Swtch 30 alternately connects the isolated port of the second
coupl er 42ismdthntendelleo bgtiouted t¢ thecudpodandnts showathiengn,rbas issto e ac@4daif the he
bypass path .98. Thus, when the input. switch 18 connegts t signal to the
bypass pat ngeét SCORE CAHLEL, With tEBH‘R’é‘EI?IQS F@%ﬁﬁ%@@?&ﬁﬁiﬁg flgr ®he second
directional coupler 42, the initial anplifier stages 22 and the | unped
network 92, 94, 96 are bypassed and the passes through the second
directional coupler 42 and reflects off the power anplifiers 38, 40 to the
RF- out as expl ai ned above. In each case where the isolated port of a
coupler is unused or term nated, the |lunped splitter/phase shifter and
conbi ner 92, 94, 96 may be substituted as an equival ent structure. [0063]
In addition to replacing the first coupler 26 of FIG 2 with |unped
elenents 92, 94, 96 in FIG 4a, the bypassing circuit layout of FIG 4a is
nodi fied as explained above. Since the |unped elenments 92, 94, 96 of FIG
4a are interchangeable with the first coupler 26 of FIG 2, it will be
understood that in the bypass circuit configuration of FIG 4a, the | unped
el enents 92, 94, 96 may be replaced with the first coupler 26 of FIG 2
and the bypass circuit 90 will operate to bypass the power anplifiers 22
and the first coupler 26 as discussed above. This variation is illustrated
in FIG 4c where the operation of the first coupler 26 and second coupl er
42 with the power anplifiers 38, 40 is as described above in FIGS. 1 and 2
with the bypass network as described in FIG 4a. [0064] The inproved PA
circuits disclosed herein have particular application to CDVA



wi rel ess tel ephones. One application is for the cellular band an another is
for the PCS band. Depending on the desirability and application to either
t he cel | Wwer30389P*)CS band, different nodifications wll becrasessoxonform
the PAcircuit to its particular application. However, other applications
and uses of the conpact size and power saving capabi I|t| es of the present
invention are also contenplated by the i1%hventors. [0065] The previous
description of the various enbodi nents of the invention are provided to
enabl e a péVEc(EILAIMordi nary skill in the art how to nmake or use the

i nventi Various npdificatiqns to.those enbodi nents will be readily

appar &t to t hode skift PR¥CTaPPItigECILo it arangement, MAKISINE: i ncipl es defi ned
herein may be app i&grchi® Rl wRFRQEUIRE LS infik 9%1’19%9@56?@%1&@%%803 18

wi t hout use of the inventive faculty. For exanple, the inventors of the
present i npesducimg anamphmpi@nbartdmmmﬁﬁ-w@rswabpl [ tters and conbi ners nmay

be used rat her t n the rature power [itt . onbi ners discl osed
above. Thus, thé Fté’soé‘ﬁ"f a‘%ﬁﬁg?ﬁ‘?@ﬁh §‘Vﬁ§)'tmq0 Hf?é&a dn‘t? aCiSH¥ed to the

enbodi ments shoyn ﬁ&ﬁ"fd JoWer %Fl lifié \Mﬂclp?ecéﬁgﬂ{rﬂleﬂnﬁlm%s séﬁ'd%%@-t)f 9‘§1gnal

consistent with 't I ncl s and novel features disclosed herein

03/ 038995 PCT/ Usommamn which altﬁawﬁbm‘me[:tslah isblatéd partvef smﬂrﬁtst tir@nt CI rcw t
arr angenent risi n a fi circu el enent which receives an input
si gnal , saleEFn?qn?E‘EtWEFIF ‘Ie‘?*(é)‘ﬂass UCI ng an in-phase signal and an

out - of - phase si Q@@tl,qndebu{:hﬂi §fen‘§ﬂi"@fncﬁmei\;ek ghd YhhtGiRed GREAMBRGQING- r@m i fies

sai d i n-phase signha a second power anplifier which recelves a anplifies
sai d out - ofstgnhload saidgmailified @uf-bf-phasewighalpawhi ch al ternately connects an

i solated port of said fir cir el enent bet round, and ass
path; a second GSPRARISWEL E ?ﬁ]‘?ﬂﬂﬁel}’%‘&e%@éﬁ? ?fgﬁ’r%fﬂ %al%%cﬂn‘gﬂfﬁl ¥ied
i n- phase 5%? gurﬁﬁd Lid fgh out - of - phase signal; and a second
sw t ch whi CL t a% y com ° an i sol ated port of said second circuit
elenment to ground or said bypass path. [c2] 2. The power anplifier circuit
arran?errent of claimy1l, wherein en said

c2] 2. The power amplifier circuit arrangement of claim 1, wherein when said

first amplifier and said second amplifier are powered down, said first and second

switches connect said isolated ports of said first and second circuit elements via said

bypass path in order to bypass said first and second amplifiers.

[c3] 3. The power amplifier circuit arrangement of claim 1, further comprising:
a band-pass filter which receives a signal and outputs a band-passed signal; and
a driver stage which receives said band-passed signal and produces said input

signal to be transmitted to said first circuit element.

[c4] 4. The power amplifier circuit of claim 3, wherein a bias and control circuit
biases said driver stage, said first power amplifier, and said second power amplifier, said

bias and control circuit also controlling said first and second switches.

[c5] 5. The power amplifier circuit of claim 1, wherein said first circuit element

is a coupler and said second circuit element is a coupler.



first anplifier and said second anplifier are powered down, said first and
second sw tches connect said isolated ports of said first and second
circuit evemwsmi®via said bypass path in order to bypasspsaiu$oi/sas6x and
second anplifiers. [c3] 3. The power anplifier circuit arrangenment of claim
1, further conprising: .a band-pass filter which receives a signal and

out puts a band-passed signal; and a dr?%er stage which receives said

band- passed signal and produces said input signal to be transmtted to said
first [ehrcuit eléementThe powpr amplifice cpowbof clampi 1,fwhareipisaidifirst afcuit elemeng,
wherein a bigs. and contr circuit biases id drjver stage,,said first
power anpl iSFﬁéF§t POV g@pﬁhgre%ﬁaecﬁgg\g?wgm@ﬁe&sp SgF?Pf‘chgg eéﬁ‘i‘bengc?ﬂflr ol
circuit al t i i i : i [c5] 5. The power
anplifier %?igggl&ts ofChﬁpﬁﬂe%ﬁ%ﬁggﬁﬁ%ﬁgwg%%? elenment is a
coupler and said second circuit elenent is a coupler. W 03/038995

PCT/ US02/ 34803 _20 [¢6] 6. The power lLifier circuit of claiml, wherein
said f§Mst circdit ell&fBRYEr 28Ry rﬂng{rmdome%?f’ﬁW’ﬁ"@?E?&F’E‘ng’éﬁ‘%d power
anplifier, i |Gl : i i A re

i nt egrated r?s?létt% %ﬁg% tg 2 owegr)f %#ﬁﬁ??%%;&g g%dkigéec Qm? Ee%’lflin%ﬁﬁ%‘%\%%%v\er
anplifier ebnidctedrto 2 polewrfishidrsecmdpmwiithng a first termnating resistor
connected to a pole of said first switch, and a second term nating resistor
connected to a pole of said second switch. [c8] 8. The power anplifier of
cl ai m£28& wher ei g sai gpf h%% ﬁhé Gkrlof @faﬁﬁ'@’mvgeéﬁ'f Sid fisst StcuRW&herfNREd T i €7,
and sald second power a I|¥|e , said second circuit elenent, said first
swi t ch and fegtipdwit aaplifie] adsaid segondsivedrampdifier, isaitlsgeaatledrcuih tlemant said| e
power anplifier 6 package. [c9].9.. The power anplifier of ¢claim 3, erein
said first ﬁéﬁtrst‘}@ﬁcga%q %@ﬁfs, tegminpting resiftorAsqte st 11Q 8 SingleReWes pPRER g
power anpl iij:l&re said first swtch and said first termnating resistor are
i ntegrated”i e a si ngl e package. [c10] 10. The power anplifier of claiml,
wherein said first circuit element is a branch-line coupler, and said

second circuit element is a branch-1ine coupler. [Cl11 11. The powe
anpl i 1¢%r of cI & m 8 Thgpass ﬁn@aﬁ% of gl d, whererysaithirst girquit eé’?:‘?i‘rtrcfal‘{

term nati ng; Lot MhpRhé, MEQid HeEH e abdpiifies bl 5 Nieh BAF KAG First

terminating resistor are integrated into a single package.

[c10] 10.  The power amplifier of claim 1, wherein said first circuit element is a

branch-line coupler, and said second circuit element is a branch-line coupler.

[c11] 11.  The power amplifier of claim 8, wherein said second switch and said

second terminating resistor are also integrated into said single package.

[c12] 12.  The power amplifier of claim 9, wherein said second switch and said

second terminating resistor are also integrated into said single package.

[c13] 13.  The power amplifier of claim 1, wherein said first and said second power

amplifiers constitute a balanced amplifier arrangement.

[c14] 14. A power amplifier circuit arrangement, comprising:
a first switch which alternately switches an input signal between a bypass path

and an amplifier path;



[c12] 12. The power anplifier of claim9, wherein said second switch and
said second termnating resistor are also integrated into said single
package. Wwol3jo38s The power anplifier of claim 1, wherei rcyaisd2/4snst and
sai d second power anplifiers constitute a balanced anplifier arrangenent.
[cl4] 14. A power anplifier circuit arrangenent, conprising: a first switch
which alternately switches an input sighlal between a bypass path and an
anplifier path; WO 03/038995 PCT/ US02/ 34803 21 a driver stage positioned
in said anplifi edrivet siagenmbsitionehin seckim@iics patth and pdtich stgimed sawhidpyr oduces
an anplified sjig aI a first gll’CUIt el ement which receives said anplified

si gnal and Si&? egl‘ﬁ‘a‘BPll éeélségrﬁh and an out - of - phase signal; a first
power anplifier gewhiaf r&aR) 83mSfhed & gaalyind second
power anplifier am c{rflfzg%}n&es an rarrpelk%é'1 ?’“@a.ld &%ﬁgﬁagﬂgge Si gnrllal a
second swi phisewinaharal dnerunat-phasesgmakbct s an isol ated port of said first

circuit elenent to ground @ i.d bypass pat h; second. cifcuit

el ement whi ch r@é'@ftuv@&egamalﬂa?fmﬁwh EGeIVEs il e@ﬁ%}ﬁ inRhasg sl anpl i fi ed
out - of - phase si al s
into an output qglééona’b@w&ﬁmé{‘ﬁ&aﬁﬁ f}groeicgf eg%ﬂfpﬁoi'r"tmo ki gg@@%ﬁ Q;gga({:lu't

el enent is conna@é@ﬂdtsmtclgmmmmtehmkdﬂ cdrimectd lae isoturet patpf safd Brst eirquitngement

of claim14, wherein said first and said second power anplifiers are in a
bal anced afisment orgraundgrsaiddnpasspatiypnd g The power anplifier circuit

f cl d
2;{ 3”???‘:? S\C/)\A tgﬁ@éo%‘gjcﬁcul\f\@l%ﬁl%hpwﬂi@ﬁPec%ﬁ'egsalﬁi }Sﬁﬁeé 206sé SighAWRE §4lqdown,

sal d second sw tch connectl sai I nput signal to said

bypass pat amiptified detroftgthalyqiges asdeanbines/sid siplgse antloutwjf phbsesigndlsiintut
signal to said first circuit elenent. [¢cl7] 17. The paower anplifier circuit

ar r angemenn ptpgt %lglﬁ%l’l%herflﬂrapﬂ%)rlat%ﬁ?ﬁ‘ PE‘? Secﬁ“‘ﬁ&lﬁ‘all’pﬂ%@em 1§ ¢neeied o i oned
bet ween Sa'ﬁﬁmﬁlhf“ swtch and said driver anplifier, said band-pass filter
band- passi f[g  said i nput signal. [c18] 18. The power anplifier circuit of
claim 14, wherein a bias and control

[c15] 15.  The power amplifier arrangement of claim 14, wherein said first and said

second power amplifiers are in a balanced amplifier arrangement.

[c16] 16.  The power amplifier circuit arrangement of claim 14, wherein when said
driver stage is powered down, said first switch and said second switch connect said
input signal to said bypass path in order to bypass said driver stage and inject said input

signal to said first circuit element.

[c17] 17.  The power amplifier circuit arrangement of claim 14, further comprising
a band-pass filter positioned between said first switch and said driver amplifier, said

band-pass filter band-passing said input signal.

[c18] 18.  The power amplifier circuit of claim 14, wherein a bias and control
circuit biases said driver stage, said first power amplifier and said second power
amplifier, and said bias and control circuit controls said first switch and said second

switch.

[c19] 19. The power amplifier circuit of claim 14, wherein said first circuit element

is a coupler and said second circuit element is a coupler, a first terminating resistor is



circuit biases said driver stage, said first power anplifier and said
second power anplifier, and said bias and control circuit controls said
first swiwohsassdsai d second switch. [c19] 19. The power pamaiSot/B4803 ci rcuit
of claim 14, wherein said first circuit elenent 1is a coupler and said
second circuit element is a coupler, a first termnating resistor is WO
03/ 038995 PCT/ US02/ 34803 22 connected 2% an isol ated port of said second
coupler, and a second termnating resistor is connected to a pole of said
second swi tcomecfed20hn B0latéthporpoisaid sapid doupler,gind @secondfterminatingdrdsistoihisr ei n
said driver st a?e, sai first ci rcuifl el ement, said second circuit
el ement, s&PRRecTeAde appls fspidsecaWispy second anplifier are integrated
into a single package. [c21] 21. The power anplifier circuit of claim 20,
wherein said second switch and said second term nation resistor are al so
i nt egfe0gd i nt o26ai d Thepgiver paplkiEgeirclic 804lainP14, Wiergowad deangl stdgeesaidi r cui t
of claim19, wherein said first circuit elene S branch-|i ne coupl er
and said s&E¥syCwt element, s3id seqopd cucyjt %‘F‘é‘ﬁ’éth%‘ﬁ?ﬁé“é’@agﬁ%rr ?‘n‘fﬁf’i‘gfe’cgg‘f A power
anplifier ¢lLrewi : b ﬁ%qg)l;dﬁg  afirst circuit elenment which
receives ag’h‘fpﬁ’%{argﬁ‘gﬁ%ﬁégﬁg Brso uce§ an in-phase signal and an
out - of - phase signal, said first circuit el enment having a grounded isol ated
t; first lifi hi ch, recejve d lifi id. in-
CGnall21h Second ! pondERRSFT FTEAISIITER LTS 2b MR BAHN pfoo8 STFhald
out - of - pha L leorns Ci L ] 1 5915%%' and conbi nes
said anpli ?iﬁggb‘?’ﬁaéﬁ%“é‘g"“ﬁ’??gﬁ%? %r%ggls)g?tg a{rggplitltﬂgglgggﬁtﬁ-o !(%%Zse signal to
produce an output signal; a switch which alternately connects an isol ated
ort of id d ci it I t d [ | dj [
oo o O L I T R T R
Coul e > ZbrahtipiThe Ghubicr AR Laia SRR AN eiEmBRGO RGO doignal [ om
sai d out put srgnal an roduces a distortion conpensation signal, wherein
when said switch connects said isolated port of said second circuit
el ement to said distortion conpensation path, said distortion conpensation
si gnall*23ki ng i npdt t é* RV amplifist eErulGrfangsment; GPIYESHIS circuit el enent .

a first circuit element which receives an input signal and produces an in-phase
signal and an out-of-phase signal, said first circuit element having a grounded isolated
port;

a first power amplifier which receives and amplifies said in-phase signal;

a second power amplifier which receives and amplifies said out-of-phase signal;

a second circuit element which receives and combines said amplified in-phase
signal and said amplified out-of-phase signal to produce an output signal;

a switch which alternately connects an isolated port of said second circuit
element to ground or a signal distortion compensation path;

a signal processing circuit which receives a first coupled signal from said input
signal and a second coupled signal from said output signal and produces a distortion
compensation signal, wherein when said switch connects said isolated port of said
second circuit element to said distortion compensation path, said distortion

compensation signal being input to said isolated port of said second circuit element.

[c24] 24, The power amplifier circuit of claim 23, further comprising a driver stage

providing said input signal to said first circuit element.



[c24] 24. The power anplifier circuit of claim23, further conprising a
driver stage providing said input signal to said first circuit elenment. WO
03/ 038995wB@3/8$802/ 34803 23 [c25] 25. The power anplifi ePcriusous4sodf claim
24, wherein a bias and control circuit biases said driver stage, said
first power anplifier and said second power anplifier, and said bias and
control circuit controls said switch. [226] 26. The power anplifier circuit
of claim23, wherein said first circuit elenent is a coupler and said
seconde2Sircui t @Senerhe pewar amplfias circuihef ¢laim 24 twheegima biasiang comtgdlst or i s

connected to sajd isolated port of .said first.coupler.. [c2 27. The power
anplifier éfrf%‘gt”ﬁsﬁsalg%vﬁ{ %%ge éﬁ*gﬁéﬁﬁog%%@#‘: r[agg ﬁ%‘lﬂé%‘i%élpf’?”_s&i stor is
connect ed tygh,RfBPaRd Ofid Bk dnd Wbt cirdi@intré R sailineviRaver anplifier circuit
of claim 23, wherein a third power anplifier anplifies said distortion

conpensation signal output fromsaid signal processing circuit. [c29] 29.

Th A I it of im2 id.fir. i t. el t,
e (P REEL P, et it S8 Shoifh S BFor JRET 7 SBifl bl e el e
sai d_secongs, Edlfrgp‘l‘féi'ahd 64i@ 9Edhd @fr&uil atelflgﬁtag ﬁ@oﬁﬂ\}ﬁlﬁ)a@d 8 FiRY teemRGK 8 8&istdrC 30]

30. The power anplifier circuit of claim25, ere said first Circuit

el enent, sacainéitedto saolisolamdpbitiof eaid fissticduplecond power anplifier, said
second circuit element, said switch, said driver stage, and said bias and
control circuit are integrated into a single package. [c3l ] 31. The power

anpl i fiig§ circuil of gl 3heL8nplie chefitbeibild] 26, whefdhh ke®h8 Minatingai d
first power anplifier, said second power anplifier, said second circuit

el enent , saesiktorspicomiectednala paledf s4id seitgower anplifier are integrated into a
singl e package. [c32] 32. In a power anplifier circuit arrangenent
conprising a first circuit elenment adapted receive an input signal and

prOd!J?&S?n i n-phgse @88k eRApIftr QitbuiPbs cIRRASE vilefRh thifl Hdwet anPRYTEF
anplifier connected to a first output of said first circuit elenent, a

second powamplifips sdid distocttomanipedsationaignebarputdronpseid signalgirdeebsing tiraiit: cui t
element, a first switch alternately connecting an isolated port of said
first circuit elenment WO 03/038995 PCT/ US02/ 34803 24

[c29] 29.  The power amplifier circuit of claim 23, where said first circuit element,
said first power amplifier, said second power amplifier, said switch, and said second

circuit element are integrated into a single package.

[c30] 30.  The power amplifier circuit of claim 25, where said first circuit element,
said first power amplifier, said second power amplifier, said second circuit element, said
switch, said driver stage, and said bias and control circuit are integrated into a single

package.

[c31] 31.  The power amplifier circuit of claim 28, where said first circuit element,
said first power amplifier, said second power amplifier, said second circuit element, said

switch, and said third power amplifier are integrated into a single package.

[c32] 32.  Inapower amplifier circuit arrangement comprising a first circuit
element adapted receive an input signal and produce an in-phase signal and an out-of-
phase signal, a first power amplifier connected to a first output of said first circuit
element, a second power amplifier connected to a second output of said first circuit

element, a first switch alternately connecting an isolated port of said first circuit element



bet ween ground and a bypass path, a second circuit elenent having a first
port connected to an output of said first power anplifier and a second
port conmwotoad3®es an out put of said second power anplifi ecI/isoyssend
switch alternately connecting an isolated port of said second circuit

el ement between ground and sai d bypass gath, a nmethod of bypassing said
first and second power anplifiers conpr2&ding: in a power anplifier bypass
node: connecting said isolated port of said first circuit elenment to said
bypass pathktwesnhigioundiadd faibypass paiht & becosdainadt ¢lemyer diavingadirsttpoet port of said

second circuit elenent to, said ass at.h using said second swtch;
splitting §8W°f°ﬁﬁﬁfn QF@’H&?faﬁafﬂ gpég%(?"&eriaﬁmbﬁﬁ%@ldﬁgﬁﬁ%‘?g%%.cw?ﬁe 2t - phase
signal usi r&qtsp%%fisaid §bndhéwet dmpHRIBkeord@liRh hitdida®) SnhderiBase signal

off said first power anplifier;  reflecting said out-of-phase signal off

sai d secondsobaedporanpsaid seeond cicmitxlemnery bstaviedn gefund ehé daid bypdsapathamd sai d

out - of - phase signals at sajd. first circuit el nt; transmtting said
conbi ned si“beﬁ]éﬂdgqfﬁlyﬁi’?&g(fa}dsﬁﬂs%’éicfef%&dtp%ﬁﬂ %@ng‘%ﬁ FSPPORAZ Ui t el enent

through said by@@gﬁoagltdg}mg]m)&@ sk fJgat ed port of said second circuit
conbi n

el ement; splitting sai signal into a second in-phase signal and a
second out - of - phase cenmgethg said salatedgeeoofdatl firstditcus|ebamemit fo sagf bypass ng sai d
second i n-phase signal off said second power anplifier in said second
circuit el @Adsingsard ’Ié‘éﬁ"ﬁ‘&?'éai d second out-of -phase signal off said first

power anplifier; a”@ofﬁ%ﬁh%&aﬁ@is%?a‘téﬁ aﬂo?f Af%ﬁfd%gcmﬁitiew @&esa?ﬂ%gﬁé’d d
refl ected out-of-phase sighals at said second circuit elenent to produce a
conbi ned sipgthalsingssaill senoral gvavehy anpl i ficati on node: connecting said

i solated port of said first circuit elenent . oun idfirst

. to ground by s
switch; connecting s&Pkftingstidinnyt signg! igie Sélgilﬂ‘pggﬂ‘fos%‘a&?‘%/dciﬁ‘ ografipbate t o

ground by signal using said first circuit element;

reflecting said in-phase signal off said first power amplifier;

reflecting said out-of-phase signal off said second power amplifier;

combining said reflected in-phase and said out-of-phase signals at said
first circuit element;

transmitting said combined signal from said isolated port of said first
circuit element through said bypass path to said isolated port of said second circuit
element;

splitting said combined signal into a second in-phase signal and a second
out-of-phase signal in said second circuit element;

reflecting said second in-phase signal off said second power amplifier in
said second circuit element;

reflecting said second out-of-phase signal off said first power amplifier;
and

combining said reflected second in-phase and said reflected out-of-phase
signals at said second circuit element to produce a combined signal; and

in a power amplification mode:

connecting said isolated port of said first circuit element to ground by
said first switch;

connecting said isolated port of said second circuit element to ground by

said second switch;



said second swtch; WD 03/038995 PCT/ US02/ 34803 25 splitting said input
signal into said in-phase signal and said out-of-phase signal using said
first cirwoios/osssesrent; anplifying said in-phase signal usiPag/isaz/shshs r st
power anplifier; anplifying said out-of-phase signal using said second
power anplifier; and conmbining said anplified in-phase and said

out - of - phase signals at said second ci Tuit element to produce a conbi ned
output signal. [c33] 33. The nmethod of claim 32, further conprising:

recei ving sai d i nput selitnakaid iepus pighalfintosgiddaiphaserfignal andysaid owtsifriase dri ver
stage; controlling said f.irst . switch and said second switch using a bias
and controISIgngli‘f'S i l,da%rﬁﬁmfﬁugsql%en aid driver stage, said first anplifier,
and sai d second anpl afpGFyisSédidin-pitisél siBhAusing aidbt Dwes afnpUfibr; [ c34] 34.
In a power anplifier circuit arrangenment conprising a driver anplifier

recei ving an input sippifyiegshigpeddefcihase a‘maénﬁngsmgae@ngmaw,er amplifiert
circuit elenent which receives said anplified input signal and produces an
i n- phase si®@hal and an out-of-phase signal, a first power anplifier

connected to a first .gmMbRitg @id SApELdd (hPhasd dnahid h-BMBRAse smaRQESNd pover
anplifier connected to a second output of said first circuit elenent, a

first sw tsedondlcirerineltmbnt to poadueg a saintined putputsignedl to sai d dri ver
anplifier or a bypass path, a second circuit elenent having a first port
connected to an output of said first power anplifier and a second port

connegimag to anzgut pahe afetivdl o BEMONI iRMEEoAPING: er, said second circuit
el ement having a grounded isolated port, a second switch alternately
connecting an i seknirgsapbmpufigradand implkfying sardunputeignabusinga tdwearstageound

and sai d bypass a a.nmet hod. aof b sing said driver. anplifie
compr sing: i n &R Sl P s RO At e R e i gnar o
sai d bypasgirpat;apgsing said first switch; connecting said isolated port of

said first circuit element to said bypass path via said second swtch;
biasing said driver stage, said first amplifier, and said second amplifier using

said bias and control circuit.

[c34] 34.  In a power amplifier circuit arrangement comprising a driver amplifier
receiving an input signal and producing an amplified signal, a first circuit element which
receives said amplified input signal and produces an in-phase signal and an out-of-phase
signal, a first power amplifier connected to a first output of said first circuit element, a
second power amplifier connected to a second output of said first circuit element, a first
switch alternately routing said input signal to said driver amplifier or a bypass path, a
second circuit element having a first port connected to an output of said first power
amplifier and a second port connected to an output of said second power amplifier, said
second circuit element having a grounded isolated port, a second switch alternately
connecting an isolated port of said first circuit element between ground and said bypass
path, a method of bypassing said driver amplifier comprising:

in a driver amplifier bypass mode:
routing said input signal to said bypass path using said first switch;
connecting said isolated port of said first circuit element to said bypass
path via said second switch;
splitting said input signal into said in-phase signal and said out-of-phase

signal using said first circuit element;



splitting said input signal into said in-phase signal and said out-of-phase
signal using said first circuit elenent; W 03/038995 PCT/ US02/ 34803 26
anpl i fyi ngogaiossdpsm- phase signal using said first power anpCiTfisez/34nsl
transmtting said anplified in-phase signal to said second circuit elenent;
anplifying said out-of-phase signal usi 269 said second power anplifier and
transmtting said anplified out-of-phas€’signal to said second circuit

el enent; conbining said anplified in-phase and said anplified out-of-phase
signal s at sai d secoropbfyiegisaid sl-ehasesignal usimgspidifiraiposeer empbfieri andd si gnal
to an RF-oytput. port;:.and..in _a,power | ification mode: routing said

i nput sign agi%lttgr}ﬁ %idd?rpglétl‘leddﬂ:&h%el Ségnag@)séqh({ Sé?c?l?dr %lfcug\?ﬁ&i%?ﬂt’ connecti ng

sai d isolated port obmpfhHnd sdi®butCfighdid sigha UBIRE s4iQ s&donll Peweyampidtigt second
switch; splitting said input signal received fromsaid driver anplifier
into said iand trpisasging sgidamplified vai-df-phase signpliia saidseepmdicinguit algmsai; d fir st
circuit elenent; anplifying sajd in:phase signal..usi ai irst power
anplifier and transﬁ?‘ﬂ’%}"ﬁ% %aéﬂl Rl pphgs %ﬂﬁﬁlgsaé]’@&&aé’lug?%pl?ﬁ?d second
circuit el gRakat SiPsdcbd Bi¥cuitdiémaitt - of - phase signal using said second
power anplifier and transmtting said anplified out-of-phase signal to
said second circuit ¢lansmitting sagbermhnedgsigrail tb amRBFiouipadt pomt-qodase and sai d
amplified out -ot-Ehase Si %nabs at .said second circuit elenment; and
transmitting sait® POWE WARITLCAHALMOAE an RF-out put port. [c35] 35. The

met hod of ' bypassi ng tHRing shM&hp@¥nhf to&hidUrivet &Pl by seid A8 swife®TPr | Si nNg:
controlling said first swtch and said second swtch using a bias and
control circuit; andolicatngspidmohitadrpovtarf sgiddAfist ciwaitdldmansto growid By er, and
said second gnplifier, using said bias and control circuit. [c36] 36. In a
power anpl is‘i“ag?coé‘firsg’ﬁfflﬂ’ arrangenent, conprising a driver stage

splitting said input signal received from said driver amplifier into said in-

phase signal and said out-of-phase signal using said first circuit element;

amplifying said in-phase signal using said first power amplifier and
transmitting said amplified in-phase signal to said second circuit element;

amplifying said out-of-phase signal using said second power amplifier
and transmitting said amplified out-of-phase signal to said second circuit element;

combining said amplified in-phase and said amplified out-of-phase
signals at said second circuit element; and

transmitting said combined signal to an RF-output port.

[c35] 35. The method of bypassing the driver amplifier of claim 31, further
comprising;
controlling said first switch and said second switch using a bias and control
circuit; and
biasing said driver stage, said first amplifier, and said second amplifier using

said bias and control circuit.

[c36] 36.  In a power amplifier circuit arrangement, comprising a driver stage
receiving an input signal and producing an amplified signal, a first circuit element which
receives said amplified input signal and produces an in-phase signal and an out-of-phase

signal, said first element having a grounded isolated port, a first power amplifier



receiving an input signal and producing an anplified signal, a first
circuit elenent which receives said anplified input signal and produces an
i n- phase wognassand an out - of - phase signal, said first elpemarso2/bmos ng a
grounded isol ated port, a first power anplifier W 03/038995 PCT/ US02/ 34803
27 connected to a first output of said first circuit elenent, a second
power anplifier connected to a second dUtput of said first circuit

el enent, a second circuit elenment having a first port connected to an

out put of senmkcfedite s fipswatpubapsaid fiest ciagwit edersentonsecpad powerampdidieed to an

out put of said ond power. anplifier, .sai.d,second circuit.element having
an | sol at edoeiadna ey cbeBlRtrad Pt it Bt B pue
signal, a paligpalfirRpBaesahéttdbai®pur'bf il ERUPOWE: mflifick BVA stbfdpbrt Wi t h
sai d out put signal and produces a é1stort|on conpensation signal 1n a

di st orti on commetedsaan ontpptefisaidseserid pohwer amplifipta saifl pecond wacuil elgmsati d

i sol ated port. of sai econd ciycuit ele t between ground L and.a

distorti on?‘%‘%éﬂ_ésé?h?%fp%?‘%, s sr?ﬁ?rﬁio‘amb‘_f eBﬁ’%"ﬁBﬁb‘°‘&§§P8Hﬁ“bﬂg'&%rﬁ)_ensat i on
conpri Si NGsjoh@URbéIdng Bletheit §#RRh cBANELHT MPuddi STHE Withls@idSisht siAkandi gnal

and said output signal; producing a distortion conpensation signal

cor r espondiprglutes sdistdrtionpempshsatiah sigaaldn sakifortion gampsisgtien patba svitbhst or t i on
conpensatiop sigpal generated to cancel djistortion. cause said first
and second AUrFIRED cepdectBR ArBcrIAgt RO A bt b BRHLIFHRT R YRR SR 1 om
sai d si gnalyn@h AREsHEONSomSeRRIH pattf) aSRLRoSEGRBdf ! distbitiod!cBMBBAsai&h N sai d
switch; inserting said distortion conpensation signal into said second
circuit el eomptisingand canceling distortion within said input signal using

said distortion conpensation signal. . [c37] 37,.The.nmethod of bypassing the
river stage of OISR gl PR E SIS (A BTl ARGs S pHh B ch
using a big g@d control circuit; and biasing said driver anplifier, said

first anplifier, and said second anplifier using said bias and control
circuit. producing a distortion compensation signal corresponding to said input signal

and said output signal, said distortion compensation signal generated to cancel distortion
caused by said first and second amplifiers;

connecting said distortion compensation path from said signal processing
element to said second circuit element using said switch;

inserting said distortion compensation signal into said second circuit element;

and
canceling distortion within said input signal using said distortion compensation
signal.
[c37] 37.  The method of bypassing the driver stage of claim 36, further
comprising:

controlling said switch using a bias and control circuit; and
biasing said driver amplifier, said first amplifier, and said second amplifier using

said bias and control circuit.

[c38] 38. A power amplifier circuit arrangement, comprising:
means for receiving an input ‘signal and for producing an in-phase signal and an out-of-
phase signal;

a first power amplifier which receives and amplifies said in-phase signal;



[c38] 38. A power anplifier circuit arrangenent, conprising: means for
recei ving an input signal and for producing an in-phase signal and an

out - of - pWes/osssgnal ; a first power anplifier which recei ves/umnd3aoplifies
sai d i n-phase signal; WO 03/038995 PCT/ US02/ 34803 28 a second power
anplifier which receives and anplifies said out-of-phase signal; a first
switch which alternately connects an isd¥ated port of said first circuit
el enent between ground and a bypass path; means for receiving and for
conbi ni ng sai d arsptdndipewver amphtierevhirlyreseivanhendsamplifies spidiout-efiplge sighalphase

ai'd means f or - aBRGOIHG PG s B S oSt Pf FAES GG fo
ground or $RintbnP¥QA%En PAUNA and a bypass path;
means for receiving and for combining said amplified in-phase signal and said
amplified out-of-phase signal; and
a second switch which alternately connects an isolated port of said means for

receiving and for combining said amplified signals to ground or said bypass path.



