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BYPASS STRUCTURE BACKGROUND | NFORMATION |. Field of the Invention [00011
The prese ion relates generally to a balanced pover,

circuit lr}gl hg“ﬁ% oved power anplifier bypassing techni quegriﬁﬂh;’glﬁ;
particularly useful in a wreless communication device, such as a CDVA

w rel ess phone, but has other utilities as well. DIL Description of the
Rel ated An [0002] In various conmunication systens, including nost hand-held
wi rel ess devices such as code-division-nultiple-access (CDVMA) cellul ar
phones or any formof time- division-nmultiple access (TDVA). technol ogy, RF
pover out pUBALANECEDPOWER AMPLIFFER'WITEE ACBYPASS STRECTURE COVA
wirel ess system nultiple nessage signals are transmtted sinultaneously on
the sane frequencies (spread spectrun). The signals are spread wth
different digital codes, thus allow detection of the desired signal

whil e the unintended signal SBMGR@gNHMBMA'MQNf erence to the

recei ver. Spread ig } ?ms stens can tolerate sonme interference, and the
Eieldiof the

i nterferenceé add ?Pcl ess transnmitter increases the overall

i nter { QONCe | N PREfregdth nvehfich refiddpohbran) 858 balkha et Bnpiinér Gities

uni que | evel of interference, which depends on its recelved power | evel at
the cell siusing ingroesdd ﬂ'dww@mﬂlﬁsyb)tp@aﬁlm@shrpmr Itcis partislarky wseful miaze nut ual

interference. Precise ower contro i.tical to_avoid exce
Lr ansn t ¢ or VEPISHEOIBMIESRevIcE, 18 36R GHIVA VSIS sRREe. it bR o s

overal | levglygf interference. The power transmtted by a particular
wirel ess device is a function of its distance to the base station with which
it comuni cating and the nunber of ot her subscriber wireless devices in

use -tal king to the sane zase station. [0004] In a typical hand-held

wirel ess unfht, tRescseer ohthe Relaed Artppty s bi ased class AB to reduce
power ﬁﬁ@ﬁunpt | Of VhtohS SorfilthiRaiSorPdy sty ﬁlf;ﬁlﬁﬁ@ﬁoﬂ‘ﬁ‘ﬁﬁ&-helﬁ%re‘?&%@viccs

_ such as code-division-multiple-access (CDMA) cellular phohes or any form of time-
division-multiple access (TDMA) 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
spectrurn 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. Précise
power control is critical to avoid excessive transmitter signal powef 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 wireiess 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 amrangement to avoid continuous battery drain 1s to

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



continues to be consuned. One arrangenent to avoid continuous batter w7?dPBRIL2006
Is to enploy a swtched bypass of a power anplifier, and then renove the DC
power or 27 APRIL 2006 WD 03/038995 PCT/ US02/ 34803 i 2 power down the

bypass anpVX43@8899%his arrangenent ‘is illustrated in FIG PCRUSRZAIS PA
circuit 100 conprises”a PA 102 and a circulator 104. Typically an

I solator/circulator is used to isolate the PAfromthe effects of |oad

i npedance i n subsequent stages. An RF-sizgnaI is inserted to a pole of a
first swtch 106. Wen the PA 102 is on, the first swtch 106 connects the
RF-i nput, viPawgedawn the bypass smplifigr. nEg apangsmeny isdllusiratedip FIG. 5.i Asingleof  PA
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114. The RF-signal is anplified and output to the circulator 104, and then
t ransmi t t ed RFosigted isfiAsetedtor poleraf adfirst switchAA6c (When the PO0107 i8005he fistn t he PA

102 is powered d , 1ts in .and out ear,as reflect.iv i npedances.
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routed to the output of the PA 102. The PA 102 aﬁi)ﬁeari ng as_a_ref|ective

i npedance, Bf pertol theppergtioniaf thy fitskand seepndrvitches 106, 414 ThoRF-signakis r out es
t he signal . -1 | Shatl ' r r.
When' soi £ cnaleitéd g QHbBb P bilouialob foo) SELMERReq ( BURESTou HIGHC]
over cone by thdPA BAcuitbd0)g the circul ator 104 inthe RF-output path renoves

the additional |oss. However, using a circulator in the circuit requires
anot hel008har at e Whesrtpe RAnt021s pavered dpwn. ihinput angrnaitpi appesr es reflgetiveboar d
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circuit 130. An analog signal is fed froma
‘ and the second switch 114 routes the signal to the circulator 104. The RF-signal enters

the circulator 104 from the second switch 114 and is routed to the output of the PA 102.
The PA 102, appearing as a reflective impedance, reflects the RF-signal back to the
circulator 104, which routes the signal to the RF-output port. This techmque 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 altemately 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 1114
L - 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



driver anplifier 132 through a band pass filter 134 to a first svxlitcﬁ-’ﬁ%].l“m%
The first swwtch 106 alternately routes the signal between a bypass path

112 and arvaMpMsP®er path 136. In the anplifier path 136, PRIl ifies
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 thrdugh a terminating resistor 34. A
control circuit controls the first switch 106 and the second switch 114.

Whien bypasstoride ohipurpf the powered-downdtA 402.t The sigmal aeectseff e d02 and bick34
route the ignal thro t he a th 112. The .signal then enters, the
ci rcul at or e&ﬁﬂ”%ﬁ?@“ﬂ&%%ﬁﬁ%@%’%‘%ﬁ?'@&@g% tﬂmgwfﬁgm Sgheto t he
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as di scussed above with regard to FIG 5, wherein the circul ator burdens
the circui t componephEomdheP A packagse Fhe souhiguration o FIGe § palse pesther dorbuild  pa

package. Th ] | . ' i ar ' si ng
t he separ at g’hg'\?\nﬂ{%gﬂ{aen éb%ﬂp gﬁftgl# C%'d glcr)é rr‘%%ﬁ]leﬁﬁnsfo ?l%\éia'e éﬁdg %‘gf Qﬁée%(’ﬁssttv\%g%yt he
swi tches ar gwiteties treadxtdrfial i the A Paskiage|Gs watl a4Rkher 26mpbildits. CPEIRRA M. The
need for external switches fromthe PA package al so adds to the conplexity

of the cir cexternabswitoheeframghe BApackagsralsoaddem the seeplexity of thegicatent t he
bypass swi tghes discr.etel 07], Between El G 5. and FIG . the circuit of
F G5 o phePUAREeRsEEaTale PR Paiage s mplementing Bierss Suisches RErir m 1 s
mor & PRYET) 1O 9eBefufeh G OHATIFTCR 8! theRnEuiP8f PIG.S is%ﬂﬁeﬁbfe%ﬁus& thebypass the
| oss _associated with that band-pass filter. Wen you are in bypass node,
mor e of t hepesiton efithebaulsgass filtemperindts dudre powerrtpl gef focthe puiput proawd pemmits G, 5)
Is inserted_ into the bypass. path and |osses fromthe band-pass filter wll
not be exptlEicUULEP by.%gs tﬁé&}SWC{&}fé% %‘?E’Q'RW E_E?r r\g'h YRAERD in the
ypass modCyRRRENSEe rdte bPis® SVRIbIL SRR ind dvef BbliFE: @RF W FBand
spurious emssions due to the up- converter lznot shown), Ich are normally

filtered by5}isendeted invate bypass path anddosses fronrthe bardpasg filiep wilknesther i ment al .

[ 0008] The advantages of the circul ator _nethod PA bypass circuit include (1)
savi ng experienced. The need for the band-pass filter is alleviated in the bypass mode because

in this mode less power is required and out-of-band spurious emissions due to the up-
converter (not shown), which are normally filtered by the band pass filter, are not large
enough to be detrimental.

{0008] The advantages of the circulator method PA bypass circuit include (1) saving
current by tuming 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. i

[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 hybnd 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



current by turning the PA off when the high-power |evels are not neededPR{I23006
not requiring a swwtch directly in the large signal path, (3) avoiding ‘

| oss, (4) werbsmzp@st he size and cost by renoving a swtch, paffisHissévi ng a
stepped gain which reduces the dynam c range requirenment of a variable gain

anplifier which precedes the PA. [0009] The circulator-type power anplifiers
as shown in FIGS. 5 and 6 have several dfawbacks, however. The circul ator
requires nore space in the circuitry of the nobile station because it is
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undesirable variability over many of the operating conditions of the PA
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conponents required. [0Q10], Sone benefjts are e rienced by replacing the
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bal anced anplifiers. Balanced anplifiers provide a high degree of

stability, demninawnto theduplexedwhich faPpws.cHhé dupdexeamia passiyeifter gndbisect i on
fromload msnmatch. .Bal anced anpl.ifiers al sq ensure, that the lifier wll
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Each 1 unct i ORTEAFEHAT 880 s B R ms kP AP Bt oved by using &
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[0012] Circulator-type prior art single power amplifiers as discussed above and
balanced power amplifiers are illustrated in U.S. Patent No. 6,060,949, which disclosure
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, s;;lit by a first hybrid circuit 152 into an in-phase signal and a quadratl;re
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



[0012] Girculator-type prior art single power anplifiers as di scussed7abRu£2006
.and ~ bal anced power anplifiers are illustrated in U S. Patent No. 6,060, 949,
whi ch di s¢l osur is incorporated herein in its entirety. wever . bal anced
anplifiergmgP%Pﬁmgxhibit some di sadvantages for wirel ess FEF@%N%H@B
applications, as will be discussed below. [0013] An exanple of a prior art
bal anced PA circuit using hybrid circuit§ Is illustrated in FIG 7. A

bal anced PA circuit 150 conprises a driver anplifier 132 producing an

| i gnal ._The anal i.gnal i tched by .a first switch 106 bet
ananp 11 dpedrile g8 e B Sl I6 et sibralaf Enstitedio PEPHPEG, 1 he
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an in-phase signal and a quadrature signal ninety degrees out of phase. The
i n- phase sithesignandhe geadratads signat & tsangmattedatoehe eutpht ofithe parodéd Bl M5danpl i fi ed
by a first anplifier 154 and a second anplifier 156,  respectively, which
conpri se t rFhigh IsAlRe ﬁiq%?n%&agzqremac sctswedﬁesf tothe sigadl- shifted
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the RF-out piiftedtir90-ddgpédt 4nd dirfimed Wiﬂlttﬁéiow%p}ﬁkc tigRalfl IMhelsumedisignal scui t

152 is grounded by a termnating resistor 3 The bypass path 112 provides
a path frormutp té theRF-owpsiaporti06 to an i solated port of the second hybrid

i 1 cui 8. The,sigpal is split into.an in-ph ' d a.27 APRLL 2006
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power ed down and therefore appears as a reflective |oad to the signal. The
quadr at ur e reigs the inputiRFasignal tte ¢t bypassipathoLk2 UFhepéfotchwhen byprdsiRg, th&RF- whi ch

is al'so powered. down and therefore appe areflective |oad to the
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[ 0015] Whertitenjtd$8, and ttansmintedeut theRE-butpatspora second swi tch 114 connects the
I solated port of the second h?{bri dcircuit 158 to the bypass path 112, and
t he filP@¥6Iswi t chWhemsthe power amplifiers are needed, the first switch 106 routes the RF-input

signal to the amplifier path 136 where the signal is split by the first hybrid circuit 134,

for

amplified 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 hybnid 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
B design cannot be fully integrated into a PA package because of the manner the switches

o

are utilized. Furthermore, the first switch 106 causes the RF-signal to split into the
amplifier path (->r 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 especiaily 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



routes the input RF-signal to the bypass path 112. Therefore, when 27 APRIL 2006
bypassing, the RF- signal is input to the second hybrid circuit 158, split

into an ing d quadrature signal, reflected off the lLifiers
154, 156 %%@9‘%’8% n by the second hybrid circuit 158, aﬂﬁ%ﬁ%@gﬁ?t ed out
the RF-output port. [0016] Wien the power anplifiers are needed, the first

swtch 106 routes the RF-input signal tqg the anplifier path 136 where the
signal is split by the first hybrid circuit 134, anplified by the power

anplifiers 154, .1 n b second hybrid circui 158 mut ed
fo the Re- ol DY Bfrench, BTN ol i ech38 §1¥e okt bwet diblides bl st of
the second e firé stage enthided apotver Sthplifieh 26R0idv 8N pat Ad \Ritpul mipeddnet or 34,
which routes any reflected signal to ground. [0017] The PA circuit
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there are two -I'nputs in A~ package. These ntages require
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the benefits of bypassing. Using the bal anced anplifier configuration takes
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signal path is taught in the prior art. For exanple, U S. Pat. No.
5,661, 434 t §WRelEWA, ah outputisolafiomswitelyS W2, end abypass sividdi SWas The inputt i pl e

power level .amplifier clrcuit. The disclqosure of Brozovish et al . i

i ncor por at eff® 'oﬂﬁﬁ'tfh§% 15 WW@@? 9@19?5@69/‘% véerﬁgfpé'?lr‘fr %%ﬁhe.
reference. BuuPisblalioffswitth SW2SiE kofRecRdiNerids 36 theR¥RIt of ! dobef hmplifieti t 34,
36. The first stage includes a power anplifier 26 with an i nput and out put
i npedance 28} aidithg bymsswwitch 993 igConrnittted imparalie] @erosatheinmy isoddtionrskvieh,
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output of the matching network from the power amplifier 28 exhibits the problems
discussed above. Namely, the signal experiences insertion loss at the end of the
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 cbuplers 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



defined by the | oad inpedance at 36'. Thus, when the second stage anpi7iAHRSL 2006
28 is bypassed, the output of the power anplifier 26 is matched. [0019] In
the tow p l3R9es of Brozovich et al., a signal-swtchi ngl‘lﬁfﬂ‘ff‘ﬁl& ja the
second st?gg“og%?a't es to bypass and power down the power anpli |e}r§"‘éJ . The
switching network is controlled by a signal switch control 35, and includes
an input isolation switch SWI, an outpyt isolation switch SW2, and a
bypass switch SWB. The input isolation switch SW1 is connected in series
to the out PuipblniblieuRAe bRARH bf SomPdf tht BBerafity Bltiaidc\oR i aliickch SV2 i s
connected in ssgirnlneisﬁt o%tﬁﬁle out put of )fhe poger?%p |1J|ier 0%%, apﬁg]t’he bypass
swi tch SWB sscheznosbinisthateh sandntenperbtuas misle redneving phi néed dbedn isslatoniot ch, t he
output isolation switch and the power anplifier 28. The extra switch SW2 at

the output cEfulatee Byproyidine a A package withthepscessapl Firquitelemenisdi bits t he

probl ens disc ' Lances .| rtion | oss at
Phe end of PHENISTSS e pafkagh BoEton i dipBlontiip R ARRE b ARRIRAST, 'c
costly, | ar gempoititsid aéébrﬁlﬂish\bggas_dﬁl‘gi Farthérmdré,ottdquirinpea sWikdhiih it 1adgd, nust
be as linear as the amplifier in order to operate sufficiently.

Fur t her nor e sighahiattyawnid thedosswat therend of thesavitchas welicasithe ¢ast ahid sizecof thatt o

I ntegrate the.sw tches an e anplifier in the ne package. SUMMARY OF THE
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conpact and hdtioR! QY £l s X | ' nplifier
or bal ancedc%ﬂ{lﬁpiogr letagg%t ibﬂﬁe?rﬁ%g{r“ 1??@%ﬁgtr8\?§§i ;;@gwaefr’ﬁfalsﬂﬁ%r ([ahroat o]

acconpl i sh whichodvoristthe ndedifora pritcteintthe igh poivenpath. bal anced anplifier

circuit is provi g_!e]d whi ch does_nqt need an j.solating switch as in Brozovich
et af. or a cirdtfsadvaniagesand gtheps may bespealized by the invieptian daselpsad hergingesi gn,
space and c t | | ' ' e - cost
and space rg‘%?r(ra{él&t ?FJD@%%PE%EHWEW%&C%%?% gbmrﬁgrr%n\%?%g‘gﬁ%g’ %ﬁ%idullt’ %?or and
usi ng coupl glteredizingke REYinfiR sighileg providbddb aeeithyl baldiiced ddipliftd. Thekage. The
present invention provides a PA circuit with the benefits of bypassing and
whi ch may bamplifiedsignaas inpublogfirsirouples  The firssgeupler splitsitheisigndahdes 27 APRI L

2006 VO 1 1341»96”5%%%5@3%%%0% én?if g:?d3 an7 out-of-phase signal to a first PA and second PA,

respectively. The first and second power amplifiers constitute the balanced stages of the
circuit. A first amplified signal and 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 isclated port is connected via a first switch to a terminating
resistor. Likewise, the second coupler’s isolated port is cqnnected 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 sigmils 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



substantially the sanme benefits of many of the operating conditions af7 APREL 2006
anplifier, such as |load m smatch and tenperature, while renoving the need
for an isol g @esgdes Circulator. By providing a single PA pagms(n\ﬁ‘g& t he
necessary circuit elenments, a purchaser of the package need not separately
I mpl ement switching using discrete conponents to acconplish bypassing.
Furthernore, not requiring a swwtch in thg large signal path avoid the |oss
at the end of the switch as well as the cost and size of that switch which
are needed tQeayppA Qhich GOPIP anPdlpe ARGENLATE SAPEINDA! Rflect the
consunption. An aspect of the present I1nvention it to ehploy a bypassing

met hod whi cdpliavighals. Therefleetdd fignala cembinelat the isdistedhipgh op thedfirstaaupler. Tiks e
advant ages and ot hers _may_be reali zedtqt:éet_ he invention disclosed herein.

Accor gi ng toSIBT_lﬁléPﬁsF%mldm s Rath ok pﬁolésaéedwpon ﬁﬁ@ﬁﬁg@ﬂ," cpppler, WAIGH rcui t,
bl anced ampPiF BF SEAnR e Pra el BPT PR T i oG AR pov 11

first coupl esf.sHaké §igndldfefebitTRihe dithut bf e pEwes ardiplifiérs e DafnSeddtageN AHaN

out - of - phase signal "to a first PA and second PA =~ respectively. The first
and second pseeend cowpler combines thageficciedsignals dnd rantes thestompinedsfignahte the RFe ui t .

A first anplified signal and a,second applified signal are.respectively
produced. THEPHHRCH, 8% g‘%{ﬁﬁg{'ﬁ ngé}gtf@ﬁ?l?eaé‘?'ﬁ"f‘édﬁﬁ ntegrated injg @‘eg'(% ond
anplified si t #6869 et L Sar ort is
connect ed vi}gegll ] rstPtt%gvm tc%ﬂfsoﬁgy?éeir?{rtﬁgr@ai?? %WE?'egﬁgwa@ﬁidéamsﬁé&%g
second coupl aivastagsof wsinglpassivé compaentsan thecconp kramsiacsingtheinisotated portsafor

term nating resi storhyﬁgol e of .the first switch and a pole of fhe second

swi tch conneRPassingW %chwst;]irt heinglednrwrated Bnpackagy withept jpirodyciig t he
first and se toget her. The second coupler transmts a

conbi nati on %90?%8@8%&;% and out-of-phase anplified signals to the

RF- out pjob2gjort . [ ACcd3ding o @ sond embodimepesfihe preserititvenfion ke sécend dlatednor nal
bal anced anplifier, with the isolated gor,ts of the respective first and
second coupl Rarsokthe secend seunjerofthrafinst erabodimgnt is sempirgted dhneetly toatprpinatng vy, t o
termnating resj | D.-2.1.SEC -0 st ages
are powered 'E?gl\?\%é g"ﬁ%‘g?%au%‘g"r" e;"eﬁ‘%a”qﬁ%ﬁ%"%ﬁ é:%‘h'ﬁ%utitbgg‘ée gﬁl&:egﬁéﬁs 'q"hoot h

out put and i &AW byphss fath HaADbyphsses thel dtiviehStageT aritlisTofRectdd 16 M8y fivst sWitchlok h t he
first and the second isolated ports of the couplers are connected together

via the fir smsethnog theRF-signehiatosthe fiesteouplet Infadinsymade; el A operates as an
ordinary balanced amplifier, with high power output capability and gain. In a 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, dniver 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) Accorciing to a third embodiment of the present invention, the single RF-siér:al
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



[0024) In the second node of operation, the first coupler splits the |27n‘?)Pu L 2006

RF-signal into an in-phase signal and an out-of - phase signal between the
bal anced WQH#¥8389Fhe first and 27 APRIL 2006 WO 03/ 038995 MPCF/UiNR348948303 8
second PA, which are powered down and appear as reflective inpedances,
reflect the split signals. The reflect eg signals conbine at the isolated
port of the first coupler. The signal pdsses through the bypass path to the
i sol ated port of the second coupler, which splits the signal into an

i n- phase si Birimizesdhedigigrtiossin the;RE-outnyh signaly fange the mjectedsignal i deriyed phase

i gnal f f f : ' in.t :
st a0e. The. HERRaupbl e Blrefeed P pR UG RT Rkt Bie biladclf :BRIREE TS,
conbi ned si gis@htidrPcdnjeniionSignaliéhabgés the BfivingempeddrRs s Wthewi dWitks. t he

first swtch is integrated into the PA package. But both sw tches may be
i nt egr {027 as weln another aspentaftherpresent imvention, in kach cade discusged alfovasvhere passi ve

conponents in.the couplers and.usin el,r isaolated ports for. . bypassing
which is acﬂFé%Pg?fe‘?H“g"E? ﬁ%@“i‘ﬁfwﬁﬁ%dhﬁﬁoﬂa@kﬁﬁé replessd With @duci ng
active conp | g,pa,ﬁlg | tEﬂ:Q) or esent
I nventi on, gﬁgﬁé@%@ﬁ%@gﬁgml&o&ﬁu of lﬁg&ﬁ;%gﬁg&coﬁg?gﬁu%qmt e q‘)i rst
enbodi ment degrespinecilifl. The ealishiuté networlemay batctivg orrpassied, and vonthiaut a

switch. Athird switch switches the RF-i nﬁ_lljlt bet ween the PA path and a
bypass pat hiumped apd/erdiskibuted-pagsiye elemsntsg d he adyantages ebthspeesent 1nvention 1 r st

switch for _Jj t.] | T I flESt
rode. the PRURRED e dngihe ;BT ot bint Bisive clpBRIB ibie bbb S
out put capabbhlahidedandplifiet Conflghratiof @88 Rflenabelesingle P Alpickage plindade hee shut
down_.and the RF-signal is input into the first coupler via the first

i sol at ed ponecessary nfegratedelemiests fn achigye bypassing whisly reduging the mred fenylisgretet he

coupler, drjven stages nd the first sw.tch are all Jjntegrated iinto a PA
package. lnswgﬁcénes&glﬁgfra}cglaef PR egﬂl%ﬁ.} t%?"etrfﬁcga%em% iafﬁgrﬁo?c?“%’leog’nd pass
filter is ngde dolpRE GHloBbriefhiValeht ROWOYKD RESRA € thobe bf ordmafPdGRin/dklaft t hat it
may be integrated into the package. Lj%g%] According to a third enbodi nent

of the preswhichiintvaduce arl 804dagree phasieshif-- si gnal is input to the driver
anplifier stage, and the anplified signal is input to the first coupler.
The isolated port of the first coupler is grounded. The first coupler routes

t he BRIEF DESCRIPTION OF THE DRAWINGS

[0028) The features and advantages of the present invention will become more apparent

from 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

o

. embodiment of the invention;
© [0030] FIG. 2 is a plan drawing of a high power, low gain balanced PA bypass circuit
according to a é;econd embodiment of the present invention; i
joo3N) 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 a2 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. 4¢ 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;



I n- phase and out - of - phase signals to the first and second power anplifiers
in the balanced anplifier stage. The anplified signals are input to27ABRIL2006
second coupler. The isolated port of the second coupler is connected via '

t he secondwibsiikyek0o either the 50 Q termnation or the ouppisd480s1 gnal
processor. The signal processor transmts a signal that cancels d’lstortion

caused by the power anplifiers. The signal processor generates the
di stortion conpensation signal by coupling the input and output signals to a
signal processing system which may be either digital or analog or a

mi Xt ur qogfe] t he t VG §1 £pRA dAREhE oPPRRoMR BA/HIRSRE RERLHSA2rBdaR3 a8 2

of
mnimzes ghe distortion in the %&F-output signal. Since the injected signal
is derived dmemmplkfieryaplit signal, and reflects off the anplifier stages in

t he bal anced anplifier, the di.stortion co nsati on si gnal, changes the

dri vi ndoﬁ)%edanceﬁbeghsﬁ?fg‘flmnﬁlgfl?@ég"t g’ffﬁsﬁ‘r&%f“ﬂ@ral?é% of the
present inv ﬂlﬁfér. I n each case di scussed above where the isolated port of
a coupler is termnated, the coupler may be replaced with any network that
splits 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 REEAJLEIMNRESCRIRTIQNOE FHE INVENTHONant ages of the

present jnventio enerally v ' liﬁﬁ) ts ofc thepassive
coupl er@b#_i enablr}:eIGgyg saglldr‘f'z‘:;/i 'ill'% %lﬁﬁ%@e la ﬁ@@%ggg‘ﬁ‘%rgaﬂpgﬂ%snfoggd to
ena_bl € a si ril]hﬁrd?eﬁ iﬂ@ngﬁaﬁdD_ﬁ.l The ﬂﬁﬁeﬁb&inﬁﬁﬁ@ﬁﬁéﬁ%eﬁﬂé&ﬂfiﬂﬁ%ﬁﬁ'iﬁ‘m.t s to
achi eve bypassi ng which reducing the need for discrete sw tches or other

acti ve conponantrelatesite integrating th bypase pathdntothe PA parkagecdhebenefits ef t o use

| .0t her. i,yal ent t ks k tp t f ' Ki.l.l i
Cheart whilbirering GuiEs et he AmpRAEtbacRade S Tans & pioesiital sbdlifies: Tre
DRAW NGBoIo028] T /2 il eF0, 836hgRAACPRHAASna is bl P Tiled 20480 phoAaM | |

beconme horé apparent fromthe detail ed description set forth bel'ow when
t aken i n cortpandriveranpliffer stage 22ir Amiphifisr 2hconstitites thi drivafstagesefarpidicact er s

bal anced PA WERHO¥RdD FRAY-S S0 dor e RiBetmEns is ot 4o Bist homIcelo, B

I NVeNt1 0N, 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 viaa /
second switch 30 to ground through a second terminating resistor 34. The terminating
resistor 34 anti 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 returms 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 15 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



[0030] FIG 2 is a plan drawing of a high power, |ow gain bal anced P,&-’F)A;ll)lp}g‘szsu%
circuit according to a second enbodi nent of the present invention; [00311

FIG 3 isWOpressdtHr awi ng of a distortion conpensation PA ciPCaiS2/3488dr di ng

to the third enbodi ment of the present invention; [0032] FIG 4a is a plan
drawing of a PAcircuit wherein a coupler, is substituted with a | unped
networ k accordi ng to anot her aspect of tHe present invention; [0033] FIG 4b

is a branch-line coupler used in FIG 4a; [0034] FIG 4c is a plan draw ng
of a PA ci rRaéipackager &1 the preferzed embrdimert; thsbypass pathd6 wouldibe angptputpinafi th a

I ; [0035] FI G ' I ' f . i t S| I PA b
T Rurt usi T packars aeapdle BrBytth.25 B e FoBlshg heBpaBkatR S0, 54503 10
[ 0036] (ob41P 6 | STRe fkawt a:ru@v&rng_ceinbﬁmmaha%@geBﬂ@mamegighls%ﬁ difpudd @
p

circulator and a driver anplifier; and [0037] FIG 7 is a plan drawing of a
prior art PhelbymphiedsignalidtheRFioutpud pbrntisel of couplérs incthe pREEA inERHBESER| PTI ON

OF THE I NVENTI ON [0038] FIGS. 1-3 and. 4a illustrate {n nore detail the
structure o?lg’ﬂﬁ U3 REF3ups &%ﬁ dg mot reﬂI"I"EuEﬁ"f“&t 8@’#@%&%@%"%@ igy overghe; ¢ st
enbodi nent l.AY:ent i L Serbali t ' : . to

I ntegrati ng&{eﬁéet g‘f Sgesﬁgg%%ﬁ}hlb ?\'tngilFHé %g%&i’%@%ﬁ%’%%%#ﬁ%? Gad

i nt egr at i ngvlatibhEindefommirs durifg opédratimgunditions, adalndeecdifferdntietperatures

two-terminal anplifier. [0039] In a PA circuit 10, a single RF-input signal
i s band- pasi® Fartiqulare §f i phsreatly nawow dgnd.tapd aat igrmentiondhef 4 gircajatesiaige 22.

Anplifier Zéolég?ﬁ%#pgés% Haerpﬂliigglﬁ%rg ages of anplifier 102 shown in FIGS

5 and 6. Th signa to a first coupler 26, which splits

t he RFos4zgnal i NBAasdediamphifiecvith ers BeLofdifP tide pPReMUbvétitioR AAGRs
guadrature signal. The in-phase and quadrature signals output fromthe

first couplspassingiosavsipurent by buingioficthg bypassed P A sthepAighepawet iseatond PA 40.
The TS SRR BB 4 L0 o S B e R
second anpl {dnhfifheits Fedhoes ERSPASftNEloral clrbSitrly] &rif erdBids BRARB f stepped gain.
Thus, the invention disclosed herein provides the same benefits as does the prior art
circulator method but with many new advantages previously unavailable. The balanced
amplifier with the passive couplers and the use of the isolated ports of the couplers
provides all the benefits of using a circulator or an isolator and removes some of 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 22lmay have one stage or zero stages, and there may be two stages for h
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 nonmal 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



anplified signals are each input to a second coupler 42. The isol at ed7p#RIL 2006
of the first ~coupler 26 is connected via a first swtch 28 to ground ‘

through a §|j Lgtmnating resistor 32. Likew se, the iso of the
second cou Ide@“ﬂéﬁjtgs connected via‘a second switch 30 to g+€hﬁgozf“3$®ugh a
second termnating resistor 34. The termnating resistor 34 and switch 30

need to be able to withstand high power qye to possible load m smatches.
For exanple, a surface nount conponent may short to ground, an individual

may place his ar her hand he a_qf ile statj r may enter
into an el e\fgl’@ﬁ 9@%&3'8\}\%’?&?41% rt?i;‘{hgr@%c?n r‘%n‘gl ?%Ee?g'ﬁtaé’r?ﬁhwqysﬁpr@ledent on

these el enengpgratibhoPi@Reddid Motiadfiopeatibn & ndwi@esesibend coupl er 42. The anpunt
of power that switch 30 and resistor 34 nust handl e depends on the |argest

VSVR expeds] ed i n lnhhke spendmpdeietopgrationpthe RFasignalghcigenton thesfitsheoupleri26 is
capabl e of prgducing. [004Q] In the present e dinment, the swiftch 30 and
the term natspﬁhmfcb@’é'f S%ﬁé%éﬂ&aﬁo' °ﬁ¥e8§'f'_'?g'gﬁ‘fsﬁtql']a Ryr g‘ﬂl‘ﬁnt:{é‘@e, but it
I S enconpas | S ol ' uld
be integrat 3@9%% %%%gﬂgﬁ’ghf) g;stlhts:?i (Igsrct cg@ylg{.ied fyr?tegfsl;h g%keggﬁﬁﬁ%ﬁ#tgﬁgﬁ %&KE | L
2006 WO 03/d73eomst PABEUSAith3dposertd dbWn p Thk argphask signhleouupuffton e first

enbodi nent, the bypass path 36 woul d be an outPut pin of the package and a

pol e of swi t<€HPISD eets packyfrom;the highiimpedance of the sreand PA ddmhichrife second

conbi ned o1 AR e EAPAREsBis BRI BE MhaRkersE, TH Hhined "°

i nventi on arsgmaPpakeddits @Rdieslated porT thd R¥oftPcoupler 42qhiiohgh pathivay 86. ThHe Ch
affords less variability over the operation conditions of the anplifiers.

G rcul at or s eompinedsignal 1sisplit intoharcin-phase $igaal and 9 Q0idegresput-phphase Quadratice
duri £ diti . and diff t f i

part i cul ar. e ehifiare refpeuvl onihe G sccom P40 BT BRI SR 8,

circul ghede) Or i StHedhPhadeSsighaPRARLN BFARE highlidlpedflck of HeGBeorndd b 2R kRNCEd

anplifiers with couplers according to the present invention all ows
bypassi ng t cusdrature signalefldys ofiithei high mipedahce dfithe st 8ARS. \ifteriniphgde adver i s

not needed, renpves. the need.for a switch in the | arge signal th, reduces
| oss due to rajyze 5‘56"%%8 g!cqtm%%“dt%p@?fgaﬁﬁd %W%?%ﬁeéﬁ?ewwy, and
enabl es the guxe 1this hiZRRGIthIHrit PA 38 and the second PA 40 may be powered down and

bypassed when high-power levels are not needed. Another advantage 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 pasé 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 cc;nsistency. The second embodiment relates to bypassing the PA or tl;c
driver stage of the PA but not bypassing the output stage. This configuration provides
the abality 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.



Thus, the invention disclosed herein provides the sane benefits as d@@dPRHe006
prior art <circulator nethod but with many new advant ages previously

unavai | ab T al anced anplifier with the passive coupl e use
il rE g by

of the is ports of the couplérs provides all the ben using a
circulator or an isolator and renoves sone of the disadvantages thereof.

[0043] A biasing and control circuit 24 {pjases the driver stage 22 and power
anplifiers 38 and 40, and controls first switch 28 and second switch 30 in

a mann Il kn Laaryeskill -4 . er of
anpl i [ftostl® i 'R sdcBna ERBS Ay O flb aﬁ%ﬂ%&ﬁ%h#?%{éﬂ?gﬁil Sﬁ}gﬁ'u‘gﬁg?s
irrel evant pewérigy dbvwabaidibypassaipithe initslaimplifierplages 220 eTheP A ¢ivtuiss®@ge 22 may
have one stage or zero stages, and there may be two stages for anplifier

38. Appl i caremprises A inpyt swidgh bt that svagahies thedii-inpu signal hetweenanempbifissed and
envi sioned as, part,of their.,igvention.dn I8 regard. .[004 | R,.0n de of
operat i on, Pk ap;iaéyp%p?thfg. gfbﬁ’}ea%"éé]‘é{% péttﬁnﬁ‘rc@lﬂ St ﬁlld%g@}jﬂaéﬁ%}tpr,cﬁg . with
the isol at eghPphittodh anipfifiet 25! TROARP el roffhe AFhplifiePLEls ifput tb Bl nat ed
via the first swmtch 28 and second switch 30 respectively, at ground. In a

second nodefick coypderX6, wheretthesipadl anspdid into ayg as-pBsse and 90 degnee wer-efplsen and

thus present a highly reflective inpedapce at bqth output and input.. In the
second nodedtrdratyissigial. ohhe isolated POV AL Bt SORPITA8 oM AUty Ssomegrhiia: 1t he

i sol ated po friaf, 03 12
coupl er 26 g}ﬁﬁ‘}%}?l&}s‘o 85?‘6115%%8%2%8*}1 %%gp%rg%:ﬁ@n%@é%gﬁ%rﬁri%ﬁ@%? g‘glt% hway 36.
The oper at gaeddratbretsignat earpidrom dse fiist cupleaR6dnamplifielbyle fiest PRe3B. THHAAS] I n

t he second npde of operation, the RF-signal incident on the first coupler 26

is split inhasesignalis pmalifiedbythgiseeond BA4D- degree out - of - phase quadrat ure

si gnal e qua [ ' | ' co [ reflects
back fFOg:rLg)t he hi gﬁgﬁggggdngéﬁl %ﬁg%‘ﬁgé p Hig@ %ﬁ%b&%ﬁﬁﬁiﬁ%ﬁ%ﬂe down. The
i n-phase si giambitet My thelseqiididoaplet 43 hnd 6@pil 16 the’RFIoipue pbs. ITRE [solatedm t he
hi gh i npedance of the second PA 40, which is powered down. The reflected

si gnal s conpomef the se¢pndiconpler $his@reunded thryugh eominatingiresistag ¥4l Spatchd8, to t he

| sol ated po[etrmomfati;zg ?esfs%:rgadanﬁ %‘lvjvﬁlcﬁ b8 Lxglzaytbr} may rE)t BQEnQeV@Xteg t131'1to -[l!i]eePA package.
A biasing and control circuit 24 biases the driver stage 22 and power amplifiers 38 and
40, and controls first switch 28 and third switch 18 in a manner well known to those of
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 lhe; 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



conmbi ned signal is split into an in-phase signal and a 90-degree 27 APRIL 2006
out - of - phase quadrature signal which are respectively output to the second
PA 40 and {/gepsfosgest PA 38. [0046] The in-phase signal refle f e high
| npedance of tswg@s%'econd PA 40 and the quadrature signal re? @(l:]tg(;sz"sé‘? t he

hi gh i npedance of the first PA 38. The in-phase and quadrature signals
reconbi ne at the second coupler 42 and ang output to the RF-output port. In
this manner, the first PA 38 and the second PA 40 naybe powered down and
bypassed wh 3 s f this
enbod ment Ko ERAN RACkeeh Y FApIG U0 4 oule RS e KIGOR R Y SR,
package. Themhbodimknpa$ thif invertionjBovideshigh batpuv péwerl capatdlisibut tdwer @aimnd
presently naot integrated into.the_power anplifier package. However, it is
envi si oned tHEdovereEapmicgulb ok this configuratign may e a desirelle atfe forp wansppgerpackage

o, 52, TR PSR SR AR e, D oo

i nventiton 1s ill e ar cire enents to the

first enmbodiembolinkne, dsteitidABnipbRsation®s provides if e PATEIRIUS T00TARRFSighhERCY -
The second enbodi nent relates to bypassing the PA or the driver stage of

t he PA but rinputigteshesdnner stage 3t Phe davengignalis ipserted to therfirsti coupler 36,iwlege t he
ability to drive.maxi num qQut put we r. | ar.ge .o ut .power. . Th
confi gur at i d{fsgf’h“ O - g’ﬁegmé ﬁ&ggof%egggﬁalongw are ?'@P?“\/m?ch may

be benefi ci girsitgdweP EmPpHALEIR dnld sebdiil pdvier ARPUEES40 Ha BAREH GriphfiGe I equired
by the variable gain anplifier in the transmt chain. As integration of the

PA conponentrespecteveba sBe, isalbied iphe of thecfirist coupldr 26 vonmectsttha tergihatingresistop, and
the difficully.of isol a}'or}increase . Furt her, 8\.I.ar e namc, range i s
Gif1icul t to2adteeyipu i bedint dd serond smpLifeck 18,40 isiaeijaitie Seomd calPEves (he
dynanmi c ran ' | j r ] i )
benot i of ol U7 oKt CORBITRS the (ARG slinaiind tiBphlF e SD M fPaDo e 1o
03/ 138995 P@F tigpdt/poiiS Ahelisolited pait ol the ssamdnedupleb a2 istonheadd toreeswitthedGt | on

provi des high power capability by powering down and bypassing the initial
anplifier st @@_39 Itemnates spnrectipg the lﬁdate@a%ro?g@sswémakr é%n?ct@we&a t hat

52 In the i PRftabReo BE IR oA B bicdkfor 1R n e dptghPre. P

[0053] ‘When switch 30 connects the signal processor 74 to the isolated port of the

second coupler 42, the signal injected from the signal processor 74 is reflected off the
first and second ampliﬁers 38, 40, combined in the second coupler 42 and then
transmitted to the output port. A directional coupler 79 and directional coupler 77
sample the input RF signal and output RF signal respectively, and trarismit 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 L
i1solated port of the second coupler 42. The error correction signal adds to the amplified
signal being tr‘zmsmitted 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 updn 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)



and input to an anplifier 22. The anplified signal fromthe anplifi er27£5R|1L52006
Input to the first coupler 26, where the signal is split into an in-phase
and 90 degV@d383M9%f - phase quadrature signal. The isol at e®FHI0238808 he

first coupler 26 is alternatively connected via the first switch 28 to the
bypass path 52 or ground through the first resistor 32. The quadrature

signal output fromthe first coupler 26 13 anplified by a first PA 38. The

in- phase signal is anplified by the second PA 40. [0049] The anplified
si gnal s frofan then b placed brfwserciHier sgndifier i6 pnd svaitch gin arderde isolatethsnbi ned i n

of 1 he seconiieuilfs 126 e e dindeB Tre A0S | ToC S0 54 S ten

18, tedossat i Ng I &Gist hitide D2 opeatic\bit thE thifdl FHIbbdXhentRY thinvERioniHRGEGNAd | nt 0
t he PA package. A biasing and control circuit 24 biases the driver stage 22

and power aswitch 3@ conng@s ghedisolaed part @f thermerondscouples #2 dova terhird@ing mesistor 34d
switch 18 in ner known to those.of .ordipary skill .in the art.
[0050] i o204 HEPAIGERMAO psEeh 1o Teitia: Snlanced Sl B o @ serandgpoder

i nvention, | . %\138%1 RS | | -=cotnﬁ PPl fier
pat h, and f:OPg?ﬁ%Q/’mﬁ}Mc 8d1§{:lgc%nectgﬁﬁ%ﬁﬁeﬁ)ﬂgﬁgg&%gﬁﬁe%F t é{) P‘lﬁrst toloupl er
26 to grounthevwuipit bf theisigtal proeessdor4. Sthe dignal procedsbr 34 ompdiemay bomapkfiedon, t he
RF-1 nput si %nal is anplified_ by the PA circuit 50 as _described_ above for
the signal ©¥3PHe7GRer e beingiipjactsdimo thesecond copplen 42 ndhe RErinpy signal ison of

RE i nput i SoaHieY 0% siBhal orfecb bt 74 thilfighailectital Ecloldt BIRREERR | 0° |
i sol-at ed pophth 80f THe®RH-buitpht sigiapisallsoloupledivica Bivéntidhalaupleb?7 thiGwghtd | ver

anpl ifier st;ges 22 are powered down_in order to conserve power In the
circuit. [008h78ta therﬁegtwgpmqsswaﬁ 78pdhe sigoal preerssimg cireiiuT4 pioguess an

bypasses t he_hand: filter 20 and dr.iver ,st,age .22 i .S _povwer ed
G The. REZIR T SFH diftorbR compe@Aion it o Pinimbiss Ihe fitorol M8

coupl er 26 RFdmfiphtiatcdriing t@Pﬁhdiplebmﬁt@maée AidinaSkAERI tRE &t feHee@f - Phase
guadrature signal. The first coupler 26 outputs the in-phase signal and the

quadr at ur e Forwead Ampifiersa- phase signal is anplified by the first PA 38 and
t he quadrature phgnal i.s anplified b A .40. The lified in-phase and
quadr a?‘ﬁ’#&t si gnalﬁ‘g Q}SWA‘?" %ﬁﬁ?s’%ﬁ‘é‘éﬁf MP@%@%@@O%@FU@@M&Q@%@

second coupler 42, is split into an in-phase and 90 degree out-of-phase quadrature

signal. The in-phase signal reflects off the second PA 40 and the quadrature 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 6r 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.



14 conbi ned by the second coupler 40 and output to the RF-output port. The
second enbodi nent of this invention provides high output power capabd7lARREL 2006
but | ower gain. The lower gain result of this configuration maybe a '
desirabl e gi Qabksdoqr a transmtter. [0052] The third enbodi S
invention is illustrated in FIG 3. In this enbodinent, di gfg/pts%ﬂk&
conpensation is provided in the PA circuit 70. An RF signal is input into

the driver stage 22. The driven signal igginserted to the first coupler 26,
where it is split into an in-phase and 90 out of phase signal. These

si gnal go@k§ | NPUlly hioth&easpédt 6§{hegﬂt‘!¥%ﬁt iaVEltioh! Al cadls cARALSHERRELe RV RS 1ation
anplifi'er 40 of a balanced anplifier, respectively. The iIsolated port of

the first copoplda cdéplenisneutisatedtogrowndyitheatoupiyr casld b veplackd. withanyout put  of

the first and second anplifiers,.38, 40 is_.input o the second coupler 42,

whi ch conbi MEE¥Er @w@ﬁgmm\ww@p@»@m&n@q %QFFPBBCQSH@%%&%@&S% gnal

to the RF . | s 811?: S

connect ed tgmgpggvlv]lcp %ﬁﬁ:ga&ﬁ?&aﬁ?%tﬁﬁtgglegﬁrgsré%;{l(ﬁeg?gonnggﬁeﬁg sgc?’és&(a)?at ed port
of the secordnediihped 4Rd/bodisiribrd passive¢lemeant. Sach £aubsiifite i84llWitraiedan out put

of a signal processor 74 and buffer anplifier 76. [0053] Wen switch 30
connects t h&ISidMmal processor 74 to the isolated port of the second coupler

st 8Eocona TG s RE Mot AT et R ogliensSpmin oBs B X2 ang

then transrg HéRApiich 6fNfe OatidUslciait blemnlidiRabde@ABovCia bt Rpeakd Rétel FIG.
directional coupler 77 sanple the input RF signal and output RF signal

respect i vel yta iHustrates shat aifourtpost hybad geupleris not gwaysnecsssane Anymetivork thetessor
74. The signal .processor .74 conpares. the .out o) I nput. and. produce
o e oS PeRNes R o eaual arinde and @i i RES0 Feger il SABpRICER | e
d | 4 | ' : LEded [ |
Second Couplyrk: &Ffﬂ?‘ia,%éﬁ?st%@ﬁpﬁl&ciﬂ @.Hoﬁixl_ Efe‘figc.g?&%?ﬁcmuﬁmn%éde Sl gna

being transmtted,to the RF output port. e third enbodi nent of
t he pr esentpower splitietphase shifiehand comtanea®2p94,196pwhidhesplitsahepowerliptoeequdl?2 t o
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itch 30 i | Joti : j [ ¥ t.
W Leh 30 | gy JRODGHa W0 Bhekile TR Rt B4R Yl shinib Ppdshne

[ 0054] Sone cultres exist 1 S structure. 'S switched
to buffer aopdistingsof aderiessinguqavisy arided shant capadijort9bao gratid "@thdy distritaged ed

into the coupler 42 and . . o . . .
or lumped or combination thereof circuit are equivalent structures which accomplish the

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 splii right in the center. Using these systems you can obtain a 180-degret:.
split rather than a 90-degree. A I-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



I nci dent upon buffer anplifier 76. However, if the error signal has a7\PRiIL 2006
anplitude, the buffer anplifier 76 need not be very large. An isolator or a

at t enuat or, _ own) 27 APRIL 2006 WD 03/038995 PCT/ USO can
t hen be pl‘%(ég‘gﬁ"gg%v\een buffer anplifier 76 and switch 30 iﬁ/cim?“'@si sol ate

the buffer anplifier 176 from being danaged by refl ected power. [0055] In a
first node of operation of the third enmbedi ment of the invention, the second
switch 30 connects the isolated port of the second coupler 42 to a

term nating, .Sl SfO0fc 34 15 L4 Gl I as,a,rl l,ar

bal anced arr?tﬂdieigxil@ﬁs. &Iﬂ:‘e grag‘é‘gghg&n%%é &Ug%ggg'ta?%g?%ﬁée?g%ﬁnf%@’ch 30
connect s t hgay §OliritAfbnd WiherdtndthearkEiapedarices Mag be ehpléyedah8 wilhiPihe spiitt he
signal processor 74. The signal processor 74 output maybe anplified by a PA

76 prior toofshisngvenhipected into the second coupl er 42. The RF-input signal
Is coupled to the si.gnal, progcessing.circuif .74 through | rectional
coupl 95086,03 thro ﬁ“ﬁ“‘gﬁotatthggﬂ.goﬁﬂg“ pﬁ'ﬂt‘BﬁGs‘fag ﬂ.gqypﬁlsg Pé&'s% wonpted .Pmea. a
di rectionalg R iswitéh 185044 oﬁdﬁmcﬂgot9w§t9§39'aﬁ91ﬁ%:te§h9ﬁﬁ fhg circuit
74. The signal processing ciréurt 74 produces an analod or digital

di stortion walajedpsretiof tre secgmbdoupter 4D withndithier grouhd throght Dteiimatingresiseor

RF- out put according to principles known to those of ordinary skill in the

art for Feetf ofthe umass path OB Thns, whendhmmputswitchsk8sonpests themmaktathen si gnal

IS injected] 1,59 I - lit into
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si gnal ref| eupleraf fthé IittiseaplificPAagd 220d thelutipad metwork 93] 94)9b arg ef | ect s of f
the first PA 38. Because the distortion conpensation signal reflects off the

bal anced anpipassed andthggasses through the gecond directinngl equpler ¥R and sefleats off theal | it
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used to change the load to nmake the anplifier nore efficient or linear.
[ 0057] As feombaseri9a; 84 96traynbe substitutedian gh equiralpnicitmagtyre.t he pref erred
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94, 96 in FIG. 4a, the bypassing circuit layout of FIG. 4a is modified as explained
above. Since the lumped elements 92, 94, 96 of FIG. 4a are interchangeable with the
first coupler 26 of FIG. 2, it will be understood that in the bypaﬁs 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 ampli.ﬁers 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 im;;roved 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 mvention.

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



invention that the processing block could be integrated into the sand7 #RRIL 2006
package in order to save cost and space. Buffer anplifier 76 could be

i nt egr at edyipuasdoe PA package or not. Paths 78 and 80 coUsEr/p&n)seearat ed
into the PA package as well as passive elenents such as the directional
couplers 77 and 79. As one of ordinary skill in the art woul d understand,
substrate technol ogy provides a way to i pgegrate passive mnulti-I|ayer
structures to inplenent couplers such as couplers 26 and 42 of FIG 3. 27
APRI L 2006 Wan@al $:3%28R ihferive fadafty/ P4BOGAmMPIE) WY invBntBRAUMIRE pRSRNeE flveRfiod he
present invention, in each case above where the isolation port of a coupler
i s term nat eontempiptecthatdl 80t degresphitiens and oomibinersrmay bewsedwather tharythenet wor k
that splits th ower into equal anplitudes a i ntroduces a 90-degree phase -
b 1t " such SRHTAGER e JPIRRER sananS i ionel e TUSARE REFRL i,
passi ve, an r RAVIPRS SinV s a
substitute ?ssndlil Eﬁe?é{)ggﬂﬁtea%?gﬁ eﬂoﬁtr%%lggf FI G 412’ I tﬁ{sjstrat egrdgal e

vari ati on ofwiddsescope ookisteriv odihnthe printiples andnoe] featbresdiselosedhendncri pti on of
the various circuit elenments discussed above is not repeated here. FIG 4a
illustrates that a four port hybrid coupler is not always necessary. Any
network that provides a power split of equal anplitude and phase shift of
90 degrees will equivalently work. In FIG 4a, the first coupler 26 (shown
in FIG 2) is replaced with a lunped power splitter/phase shifter and

conbi ner 92, 94, 96, which splits the power into equal anplitudes and

i ntroduces a phase shift, for exanple, 90 degrees. The substitute network
92 may be active or passive. This elenent includes a phase shifting network
consisting of a series inductor 94 and a shunt capacitor 96 to ground. O her
distributed or |unped or conbination thereof circuit are equival ent
structures which acconplish the same objective. For exanple, a distributive
structure, such as a WI kenson divider, a rat-race coupler, a branch-1ine
coupler, a sinple lunped network, or a Lange and DeRonde coupler could

equi val ently be used. [0060] Active circuits could also acconplish the sanme
obj ective. A common-emtter



stage which has an input at the base of the common emtter, and an engtaPREL 2006
coupl ed pair connected together. The bias of each emtter would be adjusted
so as to make the anplitude split right in the center. Using these systens
you can obtain a 180-degree split rather than a 90-degree. A Il-netwrk and
a t-network could al so be used which would introduce a plus 45-degree split
and a m nus 45-degree split (for a toti@® 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 enbodi nent, a branch-1line
coupler is use6LAIMS s shown in FIG 4b. In a nmicro-strip inplenentation of
ii branch-line coupler, the ports 1-4 have an inpedance of 50 . The
paral l el arnms 150 and 152 each have an inpedance of 50 . The |[|engths of
arnms 150 and 152A avecealifien eirqiitairtaggentdnt, icb@pmisiugl ength. Arnms 154 and 156
each have an inpedance of 35 and a |length of one quarter wavel ength. These
amounts 27 APRIL 2006 WD 03/038995 PCT/ US02/ 34803 17 and | engths of the
branch-1ine Coumr&rciRhR HnVER vaNcHRYei9Es @ri‘ﬁ%t)@ig%l! Yaid 316 ARbitemepY Of
limtation. O her |engths and i npedances nmay be enpl oyed and mnt%ln t he
spirit obradneing bmirephasosigndl 00b2] oRefphatersignalo t he enbodi ment shown in FIG
4a, a bypass path 98 connects a pole of an input switch 18 and a pol e of
switch 30. Switch 30 alternately connects the isolated port of the second
coupl er 42 wit hfiedt bbeer giphifieel whith @et@ivefaridedniplifiet s41@ in-pldss bighal; 34 of the
bypass path 98. Thus, when the input switch 18 connects the signal to the
bypass path 98, and switch 30 connects the bypass path 98 to the second
directional ¢ TN i fi 2. : .unped
netvor k 92, 0" S8 apaersB R hicR B TR RS oo sl
directional coupler 42 and reflects off the power anplifiers 38, 40 to the
RF- out as expl ained ve..ln .each . case ere.t i sol ated port.of. a
coupler is unugetgmo?v%?cglr Wihffht% ey cf’ﬁ?%\gda% bﬁ"rf’?"tde}’?‘gr? EERS ﬁlfsf &8 nd

conbi ner 9RmefberP&nERYurdans Ubshdsk pitRd as an equi val ent structure. [0063] In
addition to replacing the first coupler 26 of FIG 2 with [unped el enents
92, 94, 96 in FIG 4a, the bypassing circuit layout of FIG 4a is nodified
as explained , second circuit element which receives and combines said amplified in-phase

signal and said amplified out-of-phase signal;

a second switch which alternately connects an isolated port of said second circuit

element to ground or said bypass path;
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.

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.



above. Since the lunped elenments 92, 94, 96 of FIG 4a are interchangesarira. 2006
wth the first coupler 26 of FIG 2, it wll be understood that in the
bypass circuit configuration of FIG 4a, the lunped elenments 92, 94, 96 nmay
be replaced with the first coupler 26 of FIG 2 and the bypass circuit 90
wi ||l operate to bypass the power amplifiers 22 and the first coupler 26 as
di scussed above. This variation is illd@strated 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 desér Hsavichampliergicuif obhdaim fFvdheraipp bias andponitol eigguitbizfes cl osed
herein ha i ak,: i I : : W es;:
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Dependi ngawhcankre! dawsitribichntrellingshidppt acktetond swatckést her t he cel ul ar or PCS
band, different nodifications will be made to conformthe PA circuit to its
particul ar application. However, other applications and uses of the conpact
size and power 4 SBW p@verGaipdifiet tikdueSofOflaitnNE WERSERAidI Mveatduartiaid & §0
contenpl ated by the inventors. [0065] The previous description of the
various eROT#Edpaid sgcond airquiteleens if agosplepr ovi ded to enabl e a person of
ordinary skill in the art how to nmake or use the invention. Various

nodi fications to those enbodinents will be readily apparent to those skilled
in the art, ahdllehwwreneplifiepeirondigblctsmdemibemth fedd Gran chrenit demagpaidd t o

ot her enmbadiments 27. APRI L 2006, WO 03/ 038995 .PCT/ US02/ 34803 18 w t hout use
of the i nOBREPUE %fa@lﬁ%f’y?aldﬁ%m%%f&npﬁﬁan 340 SR S el aadial

i nvent i onfirst oRf@NARE Bt€rdtb@intd B Snge poRer MMliflet fackagind conbi ners nmay be used
rat her than the quadrature power splitters and conbi ners discl osed above.
Thus, the present invention is not intended to be limted to the

enbodi nents sh j i ; 0 ] j ] 0 nsi st ent
W th the pri neopms s dmeBter oEclbifh BRARGRLARRNNRS 0ol ARSL.GEARASGENE' 3
CLAI M5 1corkepodver a poleldffsaidrfirsti swiiteh andrar sogreinterminatirgmesistet o@ineated to st

circuit el emrent ,which rec?jves an input signal, said first circuit el enent
pole of said second switch.

7. The power amplifier of claim 6, wherein said first circuit element, said first
power amplifier, and said second power amplifier, said second circuit element, said first
switch and said first terminating resistor are integrated into a single power amplifier

package.

8. The power amplifier of claim 1, wherein said first circuit element, said first
power amplifier, and said second power amplifier, said first switch and said first

terminating resistor are integrated into a single package.

9. 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.

10. The power amplifier of claim 7, wherein said second switch and said second

terminating resistor are also integrated into said single package.



produci ng an in-phase signal and an out-of-phase signal; a first powek ApRIL 2006
anplifier which receives and anplifies said in-phase signal; a second power
anplifier which receives and anplifies said out-of-phase signal; a first
switch which alternately connects an isolated port of said first circuit

el ement between ground and a bypass path; a second circuit el enent which
recei ves and conbi nes said anplified i21- phase signal and said anplified

out - of - phase signal; a second switch which alternately connects an isol ated
port of said second circuit _element to ground or said bypass path; a

band- pass fi | t bk Rhsinewer awplifirofglaimdh atherpinisaidi sgsand swithnpntl ssib sesandi gnal ;
and a dri . St whi el Ld.-ha signal and produces said
i nput sigﬁéré%@Q%gW?%%%3%???%%%%8%gg?ﬂﬁgﬁgggﬁéégguit el enent. 2. The power
anplifier circuit arrangenent of claim1, wherein when said first anplifier

and sai d secon lifier are po ed down, .sai, irst. and second sw tches
connect said ig%?ﬂ{%e%mb%rwhg‘?g)gﬁl%hl i lp S¥hegiy S%‘gcggﬁtdar& FELSECo8t At s via
sai d bypags wrbcoﬂsﬁtuwmaﬁc@dwgmaﬁ&hgmeha st and second anplifiers. 27
APRI L 2006 50 3. The power amplifier circuit of claim1, wherein a bias and

control circuit biases said driver stage, said first power anplifier, and

sai d second poyer @gp i.fi I J .rol circuit also controlling
said first andY\%éAc ndérsav&{/lpﬁgﬁrecgt.%hﬁ?mr%mﬁoﬁg?rﬁ%%ﬁ'fi er circuit of claiml,
wherein said first circuit element is a coupler and said second circuit

elenent is a coupler. 5. The power, anpljifier, cirguit_ of claima1, erein
said first ci r%ﬁ?ﬁt S(‘-YI”QE@YW{’L §lg‘?rEPt31ViSWé)th“i§cﬂﬂe‘Pp‘étnsﬁ$riaﬁ ibEpveer 3 Wpéﬁdgﬂfﬁ power

anpl i fi er gna fnpigePpsinci rcuit elenent, and said first switch are
integrated into a single power anplifier package. 6. The power anplifier of
claim1l, further conprising a first term nating resistor connected to a

pole of said fjrst_swtch,. . Sego rm. pat | resist.or. copnected to a
pol e of said sgie(c:1 glﬁlfe %&véet Q%S.lt@gd%esglgo%g?mgeﬁ%&f fllded:%(})”f(:%cﬁeg%“r’nSGS,al wher' Eei n said
first cir eigndl ard prodides as amglified Sinal,

a first circuit element which receives said amplified signal and produces an in-

phase signal and an out-of-phase signal,;
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 switch which alternately connects an isolated port of said first circuit

¢lement to ground or said bypass path; and

a second circuit element which receives said amplified in-phase signal and said
amplified out-of-phase signal and combines said in-phase and out-of-phase signals into
an output signal, wherein an isolated port of said second circuit element is connected to

ground.

14. The power amplifier arrangement of claim 13, wherein said first and said

second power amplifiers are in a balanced amplifier arrangement.
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power anplifier, and said second power anplifier, said second circuit

elenment, said first switch and said first termnating resistor are
integrated into a single power anplifier package. 8. The power anplifier of
claim1l1, wherein said first circuit elenment, said first power anplifier,
and said second power anplifier, saidddrst switch and said first
termnating resistor are integrated into a single package. 9. The power
anplifier of claiml1l, wherein said first circuit elenment is a branch- line
coupler, and said second circuit elenent is a branch-line coupler. 10. The
power anplifier of claim7, wherein said second switch and said second
termnating red?stf paver amplafisr giryit areagsman of glaims i hgvherpiacwhgesaid7 APRI L
2006 21 Ly FG BRIy AEPA, SHid Mt ShelPfl sl SUSh s DL RAEARMa St Ch and
sai d secona teﬁnlnatlng resistor are also integrated I1nto said single
package. 32nalTheaipdypass patblin forder tobypabsadam drjivensiegeaml mgictsdid mput aigebl sai d
second pover . snELifieEs constitute a bal anced anplifier arrangenent. 13. A
pover anpl FAEPSEF MM  angement , conprising: a first switch which
alternately switches an input signal between a bypass path and an anplifier
path; a driver stage positioned in said anplifier path and which receives
said input si §hraleapv§r erlHiss cypuipapngemen of ¢jaim 13.afurthesgoraprising ¢ el enent
whi ch recej ' i 4 j I n= sg: fhanal and an
Ut - of - phonkFRusS Mk ARG BEhLERR LS, RECHGR Ak Bnp PRAS BiFbAINT, o
sai d i n- phasdilst prdlpasangeddimgupmgwat. anpl i fier which receives and anplifies
sai d out -of - phase signal; a second switch which alternately connects an

i solated port of said first circuit elenent to ground or said bypass path;
and a second ciyCpid p&b&MmPlLNcRbuIT 6CEhES3 SRhéeMMDbiab iafdl chbrd At si gnal
and said anplified out-of-phase signal and conbines said in-phase and

out - of - phiinsessiaithdingr isiage sanfisupqier asipgfien andviaisk sscondapow e mpliar, pad t  of
said seco @Qd Bla5 GHA I:on%lo?&?&tit Jontr§19 941§ ?i?s(? gwI‘t@n and said second switch.

18. The power amplifier circuit of claim 13, wherein said first circuit element is a
coupler and said second circuit element is a coupler, a first terminating resistor is
connected to an isolated port of said second coupler, and a second terminating resistor is

connected to a pole of said second switch.
19. The power amplifier circuit of claim 13, wherein said driver stage, said first
circuit element, said second circuit element, said first amplifier, and said second amplifier

are integrated into a single package.

20. The power amplifier circuit of claim 19, wherein said second switch and are

second termination resistor are also integrated into said single package.

21. The power amplifier circuit of claim 18, wherein said first circuit element is a

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

22. A power amplifier circuit arrangement, comprising:



ground. 14. The power anplifier arrangenent of claim 13, wherein sai 7fAPRSL 2006
and said second power anplifiers are in a balanced anplifier arrangenent.
27 APRIL 2006 22 15. The power anplifier circuit arrangenent of claim 13,
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 sa&3d input signal to said first circuit
el enent. 16. The power anplifier circuit arrangenent of claim 13, further
conprising a band-pass filter positioned between said first swtch and said
driver anplifi &mirstsicyitslament yduch fepsiyes anypyt paeadiang rseduges Apir-Pdsgnal . 17.
The power _s%ﬂ'ﬂl dnfdl &7 it pHAde Hinat!s@ldMirkBeirdtediGhe t?hapfngsd %QQ%QQE&&ECI circuit
bi ases said driver stage, said first power anplifier and said second power
anplifierpodnd said bias and control circuit controls said first switch and
said second swtch. 18. The power anplifier circuit of claim13, wherein
said first circuit elenent is a coupler and said second circuit elenent is
a coupler, a fhifigdt pp@endniifienFhicase@ives andamliTRe e4ill @dphae aignalsol at ed port of
sai d second coupler, and a second termnating resistor is connected to a
pol e of said second switch. 19. The power anplifier circuit of claim13,
wherein said dgi 2 1 o j i dcircuit
el enent, said ?F%@?dgﬁggﬁyﬁiﬁfpg&%ﬁz%fgﬁiéggﬁﬁﬂgﬁgE?Q%g&éﬂ%@g?f tggrated
into a single package. 20. The power anplifier circuit of claim 19, wherein
said second swtch gnd are, second.term natipon resistor are.also integrated
Thto said si noh et et RN ffvEn g PorkiRes 1o Bl e FipheRs o

wher ei n s@igfalfand $did @ingﬁﬂéd oltlofFRiNe sighaltto pRIdaBEL bitp@ siER! er and sai d second
circuit elenment is a branch-line coupler. 22. A power anplifier circuit
arrangenment, conprising: 27 APRIL 2006 23 a first circuit elenment which

receives an inpulii§l ghrk aﬁ%at@fy%ﬂﬁ&:?s &r\sdlﬁé@{ﬂ@ﬁ Bf 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.

23. The power amplifier circuit of claim 22, further comprising a driver stage

providing said input signal to said first circuit element.

24. The power amplifier circuit of claim 23, 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 switch.

25. The power amplifier circuit of claim 22, wherein said first circuit element is a
coupler and said second circuit element is a coupler, and a first terminating resistor is

connected to said isolated port of said first coupler.



signal and an out-of-phase signal, said first circuit el enment havi ng 2a APRIL 2006
grounded isolated port; a first power anplifier which receives and
anplifies said in-phase signal; a second power anplifier which receives and
anplifies said out-of-phase signal; a second circuit el enent which receives
and conbines said anplified in-phase signal and said anplified out-of-phase
signal to produce an output signal; a2dw tch which alternately connects an

i sol ated port of said second circuit elenent to ground or a signal

di stortion con}é)qensati on path; a_ signal processing circuit which receives a
first coupled 4% dhgPorensmplific cirpiptef claimgtawhensin aseserdigemisaiing iseister gnal
from sai d;QuhRigfedsh 998l ARdREAGUCES a distortion conpensation signal,
wherein When salé1 switch connects said isolated port of said second circuit
el enent to said distortion conpensation path, said distortion conpensation
signal being i t to said,i.solated port of, said.secgnd circuit el enment.

23. The power ﬂpphfcf P%‘?ercqt?@lffef Cbrfulglo icﬁﬁlrﬂ ,2’f"a}efeﬁ%ra ﬁ’b" Q%qrﬁ&pé&&ﬁ ver
stage premj Iﬂﬂid%gai%&iiﬁoﬂtiﬁﬂblém?ér@ﬁﬁ]n sighaBautpht flohBdaid il pfoceds@ipRiuit.24. The
power anplifier circuit of claim23, wherein a bias and control circuit

bi ases said driver stage, said first power anplifier and said second power
anplifier, and | i g . | i : I Lt.ch.:25. The
power anplifi e%&i[?fr@: SP)FP%’F&E’]% 5:%%@%;81‘ G ilggg?’rﬁ hsegé)%g‘? ?#%t&gllh{rj%lg%ﬁt’e%édnent is a
coupl er afict pawer zepldivd, wid sacbtd pbeerenbplifer,asazbsmpikedy andipadd aedond sircuit

term natinl% resistor i s, .connecgted to said isolated port of said first

coupl er. SFMAPRIE! chiptosgsmgly pa r amplifier circuit of claim 25,
wherein a second termnating resistor is connected to a pole of said
switch. 27. The power anplifier circuit of claim22, wherein a third power
anplifier anpt¥-fihepowsr ampliiersircpipal elaivpehseharosrid figh sircwuelpuentf sai sai d
signal pr L et 12 Ry r Gul ajm 22,

wher e sai g&ﬁj?g? ggﬁrpgzlﬁ%f Sgﬁde%g%@ﬁg‘g&é%?l?ﬁ’t k%%&écr&gn%#ﬁti%%?&%a%al second
power anpbwitthgmsaidsdivdr stage,cnd sanidbiasiand secoddicuit @ integedtedrbng aasimgle

i nt egr at e%laclkgéeq a single package.

30. The power amplifier circuit of claim 27, 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.

31. In a power 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 between ground
and a bypass path, a second circuit element having a first poll connected to an output of
said first power amplifier and a second port connected to an output of said second power
amplifier, a second switch alternately connecting an isolated port of said second circuit
element between ground and said bypass path, a method of bypassing said first and

second power amplifiers comprising:

in a power amplifier bypass mode:



29. The power anplifier circuit of claim24, where said first circuit27APRIL 2006
el ement, said first power anplifier, said second power anplifier, said
second circuit element, said switch, said driver stage, and said bias and
control circuit are integrated into a single package. 30. The power
anplifier circuit of claim27, where said first circuit elenent, said first
power anplifier, said second power am@bifier, said second circuit el enent,
said switch, and said third power anplifier are integrated into a single
package. 31. In a power anplifier circuit arrangenent conprising a first
circuit element adapted receive an input signal and produce an in-phase
signal and an @ihedingRAi@Ssdlatsd BEHRLS sand fitst SitcuRWEHend fPtdid bifasCRneghed to a
first output of said first circuit elenment, a second power anplifier
connect edsaid gt switkdnd out put of said first circuit element, a first switch
alternately connecting an isolated port of said first circuit el enent

bet ween ground and a bypass path, a second circuit elenent having a first
pol | connect edcdnoeaingcaidpisdlaetl postadfckafd sesbndoiveit dementfto anidangas econd port
connected t.o an outﬁﬁt.oh.said second power anplifier, a second switch

al t er nat eP§PEFHHEELHLYIEY: i sol ated port of said second circuit el ement

bet ween ground and said bypass path, a nethod of bypassing said first and
second power anplifiers conprising: in a power anplifier bypass node: 27
APRI L 2006 25 smiftineciaichipyhpignal satoatastinghase signal ind spidr ent-odiphasgisignel enent to
sai d bypa : 1:0Q: id. first swtch; connecting said isolated port of
sai d secoﬁﬁngﬁ%ﬁgf&e é‘ﬁz"?i‘%&t"o sai d bypass path wusing said second swtch;
splitting said input signal into said in-phase signal and said out-of-phase
signal using sagid first circuit clenent; reflecting said in-phase signa

of f said firstTHEHER SaAfinP ?S@@}gnaqu;? il WSh@ovgeéiaa’Paaﬁcof-phase si gnal of f
sai d second power anplifier; conmbining said reflected in-phase and said

out - of -phase signals at said first circuit elenent,
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



transmtting said conbined signal fromsaid isolated port of said fi nstAPRIL 2006
circuit elenent through said bypass path to said isolated port of said
second circuit elenment; splitting said conbined signal into a second

i n-phase signal and a second out-of- phase signal in said second circuit

el enent; reflecting said second in-phase signal off said second power
anplifier in said second circuit elemsnt; reflecting said second

out - of - phase signal off said first power anplifier; and conbining said

refl ected second in-phase and said reflected out-of-phase signals at said
second ci rcui t ind pawanempbfigatiodmodea conbi ned signal; and 27 APRIL 2006 26 in
a power anplification node; connecting said isolated port of said first
circuit element to ground by said first switch; connecting said isolated
port of said semmedingisariuisblardewendf dad firsotinchityletaitdo ggamdrd sw fish;
splitting said input signal into said in-phase signal and said out-of-phase
si gnal u§Wﬁﬁ“said first circuit elenent; anplifying said in-phase signal
using said first power anplifier; anplifying said out-of-phase signal using
said second power anplifier; conmbining said anplified in-phase and said

out - of - phase stymattingasrid soldtadeparhdf soil rseeind @icairealemant tprapelmdebyasasdnbi ned
out put sig&ghds&ﬁﬁgiving said input signal and anplifying said input signal
using a driver stage; controlling said first switch and said second switch
using a bias and control «circuit; and biasing said driver stage, said first
anplifier, and said second anplifier using said_ 6 bias and control circuit.
32. In a power SRAHIG $3ERRE SIg0RL: Inter $2ih HepResg sigBspAnd seisgou-cdmingss  SigRbl i i er
recei Vi ngyafle kdiP st sirdfleridig Producing an anplified signal, a first circuit
el enent mhic% receives sai d anplified input signal and produces an in-phase
signal and an out - of - phase

amplifying said in-phase signal using said first power amplifier;
amplifying said out-of-phase signal using said second power amplifier;

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

circuit element to produce a combined output signal;
receiving said input signal and amplifying said input signal using a driver stage;

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.

32. 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 so a first output of said first circuit element, a

second power amplifier connected to a second output of said first circuit element, a first



signal, a first power anplifier connected so a first output of said first
circuit element, a second power anplifier connected to a second out pAtAPBIL 2006
said first circuit element, a first 27 APRIL 2006 27 switch alternately
routing said input signal to said driver anplifier or a bypass path, a
second circuit element having a first port connected to an output of said
first power anplifier and a-second port connected to an output of said
second power anplifier, said second @’rcuit el ement havi ng a grounded

i solated port, a second switch alternately connecting an isolated port of
said first_ci,rcuit elenent befween groeund .and. said ass ath met hod of
bypassi ngsglgcihdglyrr? a\}g}/ r(zr);ﬁatrrgllgi ﬁ‘afc%alrnpgto%grr‘a?g? rsfz(‘f:f:g cﬁlﬁ’ e%aIBPI%/errora fﬁaﬁ B?’tﬁ’bi/pass
mode: routdcnad satwlt elepight Bavdnak first pat doineped So pat Sutpai $Fysasdificst fjokgt swi t ch;
connecting saj.d isolated port of said first circuit element to_said bypass
path via “B& T g Grigo L R%?Oﬂgﬁqtﬂa toi digowpit pTistig secwd giedier pmpbiigasdd i n- phase
signal andecpad ¢irPt eRimdAP R Fing | HBRNund4S 1sBRLRApSH, T4 58dond! Sttt alRhBAENT |
anplifying said in-phase signal using said first power anplifier and

transmi tt Ferpectyng an iapipled fpodcfisaidpfraisarcyit gleatent betwatrnlgroondand sdid bypass el enent ;
anplifyin al -of - phase si gnal . usi sai d.second power anplifier and
Cransm 1 A0 ke BB REP PRI sl BB wHBLE? PS8 o e & second i roul

el enent; conmbining said anplified in-phase and said anplified out-of-phase
signals at said econd ¢ircuit elenment; transmtting said conbined signal
to an RF-out put 358#Er 2ngRlgfieroppass Bider anplification node: routing said input
signal to said driver anplifier by said first switch; 27 APRIL 2006 28
connecting said isolated port of said first circuit element to ground by

sai d second swiutiogsaid piput signed tssaidbyipagsutathsisingasaidr farsteiwitsll; f r om sai d dri ver
anplifier into said in-phase

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;

amplifying said in-phase signal using said first power amplifier and transmitting

said amplified in-phase signal to satd 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;
transmitting said combined signal to an RF-output port; and
in a power amplification mode:

routing said input signal to said driver amplifier by said first switch;



signal and said out-of-phase signal using said first circuit el enment;27APRIL 2006
anplifying said in-phase signal using said first power anplifier and
transmtting said anplified in-phase signal to said second circuit el enment;
anplifying said out-of-phase signal using said second power anplifier and
transmtting said anplified out-of-phase signal to said second circuit

el enent; conbining said anplified in-@8ase and said anplified out-of-phase
signals at said second circuit elenent; and transmtting said conbi ned
signal to an RF-output port. 33. The nethod of bypassing the driver
anplifier of claim30, further conprising: controlling said first switch
and said secon i L i : | it biLasjhg said
driver stage, goell]?l d tﬁnlg:%g@tdqur]r%ﬁﬁ %?fsﬁgrsgg?‘%ﬁ@é%"éﬁ%&ﬁﬁ%fl?‘? ?}g%l{ijg{%ﬁg&lsai d

bi as and ewithiol circuit. 34. In a power anplifier circuit arrangenent,
conprising a driver stage receiving an input signal and producing an
anplified signal, a first circuit elenment which receives said anplified

i nput signal asditpiposid afpuaBighdl-rdeasd fBirgRak diver anplhfidr-iafo pidsepiskgnal |,
said first, elqunt havi ng a grounded isol ated port, a first power anplifier
connect edsigepl 4nd said ept-Qfinhasp sigrl wungysaid fisst cigquitelsmens| enent, a second power
anplifier connected to a second 27 APRIL 2006 29 output of said first
circuit element, a second circuit elenment having a first port connected to
an out put of sampliffingseidpipypbrscasigial usieg sasiddirst pacorthppier arclomanewitdog t 0 an
out put of said .. ond power lifier,.sald second circuit elenent having
an isol at & Bfgplﬂﬁejﬁaﬁg‘g%lgl%@%ﬁ@ sgfqngmrfulg%gwg% produci ng an out put

signal, a signal processing elenment which couples said input signal with
sai d out put signal_ and produces a distortion conpensation signal ina

di stortion confBplEfiingosniautrof-phasg ignal Aisingr paid efegondo pAwer appliBen @nd sol at ed
port of id. L el Lo e (9 istortion
Compensat | o o g apLERY b PR s i a0 s el defleft 21 o

conprising: coupling said signal processing elenent to said input signal and
said output si gor}nallihing 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.
33. The method of bypassing the driver amplifier of claim 30, 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.

34. 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 connected to a

first output of said first circuit element, a second power amplifier connected to a second



produci ng a distortion conpensation signal corresponding to said i npat APRIL 2006
signal and said output signal, said distortion conpensation signal

generated to cancel distortion caused by said first and second anplifiers;
connecting said distortion conpensation path fromsaid signal processing
element to said second circuit elenment using said switch; inserting said

di stortion conpensation signal into s@9d second circuit elenent; and
canceling distortion within said input signal using said distortion
conpensation signal. 35. The method of bypassing the driver stage of claim

34, f urt hewtpemfpaiddirsigpircuit glemeot, lisaepnd ®irduis oiemeni hagingg fGrstparscanectebnt r ol

B e
second power amplifier, said second circuit element having an isolated port and said
second circuit element producing an output signal, a signal processing element which
couples said input signal with said output signal and produces a distortion compensation
signal in a distortion compensation path, a switch alternately connecting said isolated port

of said second circuit element between ground and a distortion compensation path, a

method of providing distortion compensation comprising:

coupling said signal processing element to said input signal and said output
signal;

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.
35. The method of bypassing the driver stage of claim 34, 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.



