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This invention relates to linear power amplifiers, including
but not limited to biasing of Doherty-type amplifiers.

Background of the Invention

It is desirable for radio frequency (RF) power amplifiers to -
linearly amplify RF signals in a highly efficient manner.
Nevertheless, there are tradeoffs between maximum efficiency:
and high linearity. Efficiency is generally proportional to input
drive level, and high efficiency is usually not attained until an
amplifier approaches its maximum output power, which is not
consistent with linear operation. Doherty-type amplifiers
achieve an efficiency advantage over standard class AB and
class B ampilifiers below peak power, in part, because of an
instantaneous modulation of their carrier amplifier's loadline -
as the RF input level changes. In other words, Doherty-type
amplifiers exhibit a more benign relationship between input
drive level and efficiency because the amplifier's loadline is
continuously modified to maintain high efficiency as input
drive level changes. In addition, the bias power of Doherty-
type amplifiers is greatly reduced over standard class AB and
class B amplifiers.

A method of biasing a Doherty-type amplifier is described -
in U.S. Patent Application No. 08/566,811, titled "LINEAR
POWER AMPLIFIER USING ACTIVE BIAS FOR HIGH EFFICIENCY AND

conti nuously

In



30 type:anplifiers is greatly reduced over standard class AB and

class B anplifiers. A net hod of biasing a Doherty-type anplifier

i s described in US. Patent Application No. 08/566,811, titled

"LI NEAR 35 POAER AMPLI FI ER USI NG ACTI VE BI AS FOR HI GH EFFI Cl ENCY AND
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2 METHOD THEREFOR, " filed on Decenber 4, 1995 on behal f of’bgﬁms
BERNARD E. SIGVON et al., with the sane assignee as the pr esent

i nvention, which application is incorporated RBerein by reference. The

circuit described in the above-referenced 5 application relies on changes
in the gate or baseMEFPHODUTHEREFOR,” filed!dwe Detleimbér 4mlI9|9fS oh behalf\wfy to

nmeasure RF input po V.14C t
effective for I\/DSFE&N@%%{} oxXl g&éslé%vctglr@{k ?%I?Ef | ei%ﬁé%?‘ [@8 .
transi stor) anplifiPresent inyeption, whicthapplisationgis.incespasatest hgrein byas
current at any 10 Rifefenve. 'Fiveltircuit describédder thegbpvetteferenced need

bi s g for MOSRET %ﬁbﬁﬁﬁ%%eféﬂes ws i G %%&W'-ﬂﬁﬁﬁ?‘“
efficient over the ofishesaaviesamphifiergsia way %m&aﬁ}li’e input power to
Brief Description othah@elWcew Swch adhechankdry is hdtseffedivé fof MOSEETOf a
Doherty-type power ﬁ%ﬁf bXide semiconductor field effect transistor) amplifier
devices, because such devices do not draw bias current at any

10 RF drive level.

Accordingly, there is a need for a bias circuit for a Doherty-
type amplifier that provides good biasing for MOSFET or other
zero bias current amplifiers, but is efficient over the the

15 dynamic RF input drive range.

Brief Description of the Drawings

20 FIG. 1 is a block diagram of a Doherty-type power amplifier
"~ with bias control in accordance with the invention.

FIG. 2 is a block diagram of an alternate use of a Doherty-
type power amplifier with bias control in accordance with the
invention.

25 FIG. 3 is a block diagram of a bias control circuit for a
carrier amplifier in accordance with the invention.

FIG. 4 is a block diagram of a bias control circuit for a
peaking amplifier in accordance with the invention.

FIG. 5A and FIG. 5B are graphical representations of bias

30 control signals in accordance with the invention.

FIG. 6 is a block diagram of a carrier amplifier or a peaking

amplifier in accordance with the invention.



with bias control in accordance with the invention. FIG 2is a

bl ock di agram of an alternate use of a Doherty- type power anplifier
with bias control in accordance with the i nvention. 25 FIG 3 is
a bl ock diagramof a bias control circuit for a carrier anplifier in
accordance w t h WOes0p2ent i on. - FIG 4 is a bl ockK di agr ror/usormeissas
control circuit for a peaki ng anplifier in accordance with the

i nventi on. FIG 5A and FIG 5B are graphical representations of
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Is a block diagramof a carrier anplifier or a peaking anplifier in
accordance with the invention. WO 98/ 00912

PCT/ US97/ 06165 Description of a Preferred Efnbodiment
Descri'ption of a Preferred Enbodi nent The follow ng describes an
apparatus for and method of 5 bias control for a Doherty-type power
anplifier. The Doherty The following describiésean appasapus feriantd methodi of

anplifier and a i \ 4 B ert%)j r i figpal
provided to the > bl@irerblhgfblafmldfgtg{r a.c}s’ﬁ pegilzlagﬁpg?rﬁf' f’l?l:é?[{boherty
provi de const ant POWRR R FhEPRARTASH Péj‘ ??'ﬁré?’ngﬂH{P éﬁ‘?’bﬁnd a
distortion. In one l(peakihgamplifier: Mifferent biassigndls aretprovidedrial the
decreases as the  carPRRleiiplifi!add the Peakinp hAplifis @Asfovide constant
The present invention provide Jower, anplifie . car}R | Sing.a 80\/\/er
di vi der coupl ed to a,pc&&q g]in W, l%nﬁﬁll intermodulation distortion.” In one
10 embodiment, the carrier amplifier bias signal decreases as the
peaking amplifier bias signal increases.

The present invention provides a power amplifier
comprising a power divider coupled to an RF input signal for
- 15 producing an in-phase signal and a quadrature phase signal

from the RF input signal. A carrier amplifier amplifies the in-
phase signal from the power divider and has a carrier
amplifier bias input. A peaking amplifier amplifies the
quadrature phase signal from the power divider and has a

20 peaking amplifier bias input. A combiner is coupled to an
output of the carrier amplifier and an output of the peaking
amplifier. The combiner combines in additive phase the
output of the carrier amplifier and the output of the peaking
amplifier. A first bias circuit is coupled to the carrier

25 amplifier, wherein the carrier amplifier bias input is provided
by the first bias circuit and controlled by a first signal
indicative of the magnitude of the RF input signal of the power
amplifier. A second bias circuit is coupled to the peaking
amplifier, wherein the peaking amplifier bias input is provided

30 by the second bias circuit and controlled by a second signal
indicative of the magnitude of the RF input signal of the power
amplifier. Alternatively, the first signal and the second signal
may be the same signal. In addition, the first signal and/or the
second signal may be derived from an output of an envelope

35 detector that is coupled to the RF input signal. Furthermore,



15 produci ng an in-phase signal and a quadrature phase signal from
the RF input signal. A carrier anplifier anplifies the in- phase ,
signal fromthe power divider and has a carrier anplifier bias input.

A peaking amplifier anplifies the quadrature phase signal fromthe

power divider” wohbgpmza 20 peaking anplifier bias input. A Goe %6 i
coupled to an output of the carrier anplifier and an output o e

peaki ng anplifier. The conbiner conbines in additive phase the
output of the carrier anplifier and the outpuyd4 of the peaking
anplifier. Afirst bias circuit is coupled to the carrier 25 anplifier,

wherein the carri er ghafirst sifndlizafl/dthe séconid sighedl may be piropde tionait

magni ude of the REEP %‘3‘%}%@?‘5@9‘@ B%ﬁépgaﬁﬂaer amphﬁﬁﬂ ?&%ﬁ%f%’%?&?d
bias circuit is coufasder gmplifige hiaslevel may g derreased aeithe peakingeaki ng

anplifier bias i npuamplifiepbidelevd] is icidigedlecond bias circuit and
controlled by a isecon si gnal i ndicative of the nmagnitude of the RF

i nput signal of The power anplifier. Alternatively, the first signal
and the second si gnal A methaéfomamplifyingansREiaput signal1singra power i r st
Si gnial angg or dt Pe  amp thﬁéﬁ@ﬁﬂlﬁmﬁtfbﬂghét@téﬂ%%ﬁdivm fthé'RFiiLh af an
envel ope- etec coupl ed,t o na ernDre
4 the first Sagrier amplliﬁertms inpuhgignad is vamed nelapwaptn tlnemal

to a current drggn Pdagrheudérdf't% RFPApitt Sig naﬂd%yeakﬂi wmphfier bias
carrier anplifier b Lr?ﬁg{ ﬁ\@l’a@ IS X(ar’eecfjgélaﬁ%etg e MAERERE BF the RF input

anplifier bias | evel
signal. The in-phase signal is amplified using a carrier

amplifier to produce a first amplified signal. The quadrature
phase signal is amplified using a peaking amplifier to produce
15 asecond amplified signal. The first amplified signal and the
second amplified signal are combined, in phase, to produce an
output signal. Alternatively, the step of varying the carrier
- amplifier bias input signal and the step of varying the peaking
amplifier bias input signal may be performed such that the
20 carrier amplifier bias input signal decreases as the peaking
amplifier bias input signal increases. Envelope detecting the RF
input signal may be performed to derive the magnitude of the
RF input signal. The magnitude of the RF input signal may be
determined from a current drawn by the carrier amplifier.

25 :
A block diagram of a Doherty-type power amplifier with
bias control is shown in FIG. 1. An RF input signal is fed into a

directional coupler 101 that performs the function of

providing a small sample of the input signal at its coupled

30 output while delivering the majority of the input signal power
to the main output. The main output of the directional
coupler 101 is input to a quadrature splitter 103. Due to
splitting, the in-phase signal and the quadrature phase signal
are 3 dB less in magnitude than RF input signal. The in-phase

35 (0°) output of the quadrature splitter 103 is input to a carrier



A nmethod:for anplifying an RF input signal using a power anplifier

conpri ses the steps of dividing the RF input signal I nto an i n-phase
signal and a quadrature phase signal. A carrier anplifier bias input
signal is varied relative to the 10 magnitude of the RF input signal. A
peaking anpl i f1 avo ti/ong12 I nput signal is varied relative tpctte706165
magni t ude of the RF input 'signal. The in-phase signal is anplified
using a carrier anplifier to produce a first anplified signal. The
quadrature phase signal is anplified usi 8y a peaking arrpl ifier to

produce 15 a second anplified S|%nal The first anplified s ?nal and the
second anplified si gamplifier d&¥hi bcquadme phasm&mumu&%h output @ft put

iSIn 83?' . QL; ler gﬁfd I tVﬁlemetedimcﬁ*agﬁr@fs phigfet msti@mﬁat t¢<arpeakmg ag@g&gﬁuldzl 3ts
signal may be perforfé’c?g?l lﬁﬁ&?ﬁﬁogghgffﬁw&g‘?nﬁﬁ?w’@ri@ 48 lm?b\itt é)
signal decreases as deteqtoxkl®®. The detegtorfmay be adliodeenvelppe detector :
i ncreases. Envel ope gﬁ?ﬁcdd ﬂ@séﬂiﬁe&ﬁn C &ftér@kbf tﬁb%@ék B%de)StaQ@rRQH dto

derive the magnitude %tn?l ﬁ@&\%ﬁ‘gw}k)ﬁg‘ SfQPtF‘hgrRF

i nput signal may be neﬂ'@f‘gm
amplifier. 25 NeMYlﬂrkg:RQ(&(ngam of a Doherty-type power anplifier
W th ~bias control is shown in FIG 1. An RF input S|gnal is fed into

a di recti onal t perfo e function of

provi ding a snal | sarrpu)gh%fmttHHt OE#)FS éqr éb&‘?@% icationsef the RE¢
whi | e deliveri ngl@hempubpmn;erdbvt-?hefrthplkl: Hiputsignalyas well as tlee t he nai n
output. The main out %§19iftuaa%fcﬂﬂeeﬁf"1ﬁ ak si nal. ’HQé'B'e@éctlelt‘)gd) Lﬁeﬁ

guadrature splitter

i tt in e
the quadrature phase“8 gp&lca?e either @ygi' 26 ’{‘)u‘ﬁ‘ t?i‘éﬁ"ﬂi:o nput
signal. The in- phasetheﬁetemrcnstmmutdb ahtarqaadunphfmrsmastqommm lils

input to a carrier and a peaking amplifier bias control 113. The output of the

15 carrier amplifier bias control 111 is a CA bias control signal,
which is input to the bias control input of the carrier amplifier
105. In the preferred embodiment, the carrier amplifier is
biased slightly above cutoff when the detector 109 output
indicates a low input signal level. This process allows the

20 carrier amplifier to provide linear amplification at low input
signal levels, The output of the peaking amplifier bias control
113 is a PA bias control signal, which is input to the bias
control input signal of the peaking amplifier 107. In the
preferred embodiment, the peaking amplifier is biased below

25 cutoff when the detector 109 output indicates a low input
signal level. This process improves efficiency at low input
signal levels by preventing the peaking amplifier from drawing
current until the RF input signal has reached about half of its
maximum permitted amplitude.

30

The output of the carrier amplifier 105 and the output of

the peaking amplifier 107 are input to a combiner 115. In the
preferred embodiment, the combiner is composed of a quarter
wave length (1/4) 50 ohm transmission line 117, the output of

35 which is connected to the peaking amplifier output at the RF
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5 anplifier 105. The quadrature phase (m nus 90) output of t he
quadrature splitter 103 is input to a peaking anplifier 107. The
coupl ed output of the directional coupler 101 is input to a det ect or
109. The det eciyyogiioia e a di ode. envel ope detector 5 such as g@ﬁﬁ%ﬁg in
Chapter 9 of the book Solid State Radio Engi neeri ng by r ert

Krauss et al., (John Wley & Sons, New Yor k, 1980). The

out put of the detector 109 is an indication ofgthe RF 10 input power |evel
of the RF input signal, as well as the magni t ude of the RF input

signal . The detectory et | k or
average power. The ou Eké fﬁ?i-tbﬂg tlo&v @UE ngrﬁ'ﬂ lé@él% elllég.fe;arr
amplifier bias cont@mphlieris ma‘é‘i’f?ﬁeé%iﬁﬁﬁ?@‘ rﬁ)mgrﬁ)ém 113.
The output of the l1¥omhinérellS&mtlthie RF chitpsitqeontrlal 9. linthelarefertechs

IS ity e ok

amplifier is 5 bl?a%eérg$’l )agbﬁetb‘f“f Rﬁl‘?ém‘tsﬁ’é) » 109 out put

indicates a | ow i npttransimmhs tlmalmpﬁﬂancmntodd)&ohtrhs% theaowputcef ther
wp

anplifier 1o provideqkeampliidrl | Batdle de LaMiePtiplifier g&i&% dgts! s

The output of th
contrgl pgl g(rjlal %Pe&%q@%m IGMEQQ mloa@wlﬂrﬁﬁ?m Q9M of t he

peaking anplifier l(lﬁadlcauslas the canrieaf amplifiemtwsatunate attmlfdtschominal
anplifier is bigqged HQ? VWSH&VEPWI‘Q% firé RE t}ﬂﬁf gﬁﬁg{éﬁéﬁt €s

a | ow i nput SI n evel proce 0 es ef
i nput si gnal of its maximym @%‘ffé Hé |'é¥‘s Rt l%ﬁm ng
current until the RFamphuude iofrthie Mmpa&sigaﬁl&amﬂs hhbfpeﬂlungsamphfler

nexi mum per i t t ed arcﬁlgtawaehsgrmg ower 18 Gl PECRLS] AUndgp! i 1 er

106 g {he 0U PUL Shece conghliog: he L0 S0 i whos EBrﬁ%‘P:‘Pgﬁ%th{ﬁ%r%%ed

of a quarter 15 insures-that the outputs of both the carrier and peaking
amplifiers add in phase at the RF output port 119,soas to
provide the maximum available output power and efficiency.
A filter may also be inserted between the detector 109 and the
bias control circuits 111 and 113 in order to remove any AC

20 component or short term envelope fluctuations from the

detector 109 output that may degrade intermodulation
distortion.

If the carrier amplifier 105 and peaking amplifier 107

25 operated in the ideal manner described above, the bias levels
could remain fixed at the levels established at zero detector
output, i.e., there would be no need for any bias control
circuitry. This situation is seldom, however, true in practice.
For example, the peaking amplifier 107 may have inadequate

30 gain if it is biased so as to remain inactive until the RF input
signal reaches half of its maximum permitted amplitude. In
this case, it is advantageous to increase the bias on the
peaking amplifier 107 when the RF input signal exceeds half of
its maximum permitted amplitude. In addition, it may be

35 advantageous to reduce the bias on the carrier amplifier 105



wave length (1/4) 50 ohmtransm ssion line 117, the output of 35 which is
connected to the peaking anplifier output at the RF WO 98/ 00912

PCT/ US97/ 06165 6 out put port
119. At low input signal levels, the peaking anplifier is inactive
and presents a wogboesspedance to the conbi ner 115 at t hecRusordaés
port 119. In the preferred enbodi nent, the inpedance at the RF output
port is nomnally 5 25 ohns, and the (1/4) 50 ohmtransm ssion |ine 117,
transforns this inpedance to 100 ohns at the ot put of the carrier
anplifier. Because the carrier anplifier is designed to operate into
a nom nal 50 ohm | oadt somesethemm‘anﬁo@ smgmal level, incorderats axaintaircarri er

anplifier to saturat ts Qﬂ)&r I
when the RF input &Sng a%’hlh&l Qﬁwts mmﬁﬁgfm aWiM@
anplitude. At this pﬁﬁlﬂge HBP“tSlgn%HﬂVP- PregessHmR Ye%%%al causes
t he peaking anpli fi elinearity ofotlsd Bohetity-type ipuwweoamplifier,thusFreducing por t

113 IS eur o TR 6 i AR SRS i

anplifiers add in ph& -at the RF .output port 119, so as to provi de
t he maxi num avail abl e out put power and efficiency. Afilter my al so

191 and 113 in order {dHEHEtector b s beonnected Seiibrein tid E‘n"vtefope
fluctuations from t heircuit, SORS &m@niﬁog aodi f%ﬁlf ent@peraiing jtion, such
i nternmodul ation 10 asdhetcariiegramplifier 105 ankl/orepeakingeamplifierf 167 RP5
and peaking anplifiep i84t(s) or DC input current(s). The final choice of detector
109 location and function may be made to optimize the - '
overall characteristics of the Doherty amplifier (e.g.,
efficiency, gain, gain flatness, intermodulation distortion, and

15 so forth). An alternative embodiment is shown in FIG. 2.

An alternate embodiment of a Doherty-type power
amplifier with bias control is shown in FIG. 2. An RF input
signal is fed into a quadrature splitter 203. The in-phase (0°)

20 output of the quadrature splitter 203 is input to a carrier
amplifier 205. The quadrature phase (minus 90°) output of
the quadrature splitter 203 is input to a peaking amplifier 207.
A differential amplifier 209 is placed across a resistor Rg,
which is in series with the DC power input to the carrier

25 amplifier 205. The voltage across this resistor is proportional
to the DC current drawn by the carrier amplifier 205, which
current is, in turn, proportional to the RF input power level of
the RF input signal. The output of the differential amplifier
209 is an amplified replica of the voltage across resistor Rg.

30 The output of the carrier amplifier bias control circuit 211 is
input to the carrier amplifier 205 bias control. The output of
the peaking amplifier bias control circuit 213 is input to the
peaking amplifier 207 bias control input. The output of the
carrier amplifier 205 and the peaking amplifier are combined

35 in combiner 215, which includes a quarter wave length (1/4)



25 operated in the ideal manner descri bed above, the bias |evels

could remain fixed at the |evels established at zero detector out put,
i.e., there would be no need for any bias control circuitry. This
situation is seldom however, true in practice,. For exanple, the
peaki ng anpl i fiwyeghebis ™y have inadequate 30 gain if-it is qu{‘% as
to remain inactive until the RF input signal reaches ha or ItS

maxi mum permtted anplitude. In this case, it is advantageous to

i ncrease the bias on the peaki ng anplifger 107 when the RF input

si gnal exceeds hal f of Its maxi mum permtted anplitude. In addition,

{/\;) ggyogglz?’ 5 advagpymaugahSniissieadihe @ 17, ade Minghen otithutraaiade 218, 105

o . . / /.Q6
: st some ot FRIAE10 e fuaction of thecomhingr,115,35 eschited witn
constant gain in theespgestoElGyde power anplifier over a wide range
of input signal levels. This process inproves the linearity of the

Doherty-type power amglifier,..thus reduci.n tsh ) 0
i nt er modul at i on\gceii st gﬁbﬁ(}f“kflﬁm{&d&ﬁ#%&i{d celr&&&%’é'é carrier The
detector 109 nay beamplifien isdshownvineFlG. 3 Tine carrier amplifier bias eentrol :
monitor a different ' idd HCA bits corftrbl sigarll ke ignpl i fier
105 and/ or peaki ng %ﬁfﬁlf%ﬁ?f%ﬁd@m o%(g'%ltjagipfrbD% 1 N uﬂ..&gl}rgrent(s).
The final choice of 19 the carrier aggplifier 103 o AT PRETAHENAL rmde to
optinize the amplifier 30arwitheits power sippheimpiecoypleditofVer has. g.
fef f 't ﬁl enZy, lgfum gﬁsrpdérirgbgaﬁ utld,ahﬂﬂgaow ?éfelglérééé gbwatg'eOVos.a%s iotheo
orth). An alterna oftset voi)ta'ge rrétfex"esncse. Oﬂe'ﬁ]egauve friput of the operational
amplifier 301 has a resistor Ry in series with the input to the
bias control circuit. In the case of FIG. 1, the bias control
circuit input signal is the detector 109 output signal. In the
15 case of FIG. 2, the bias control circuit input signal is the output
of the differential amplifier 209. A resistor Rz is coupled in
series between the negative input of the operational amplifier

301 and the output of the operational amplifier 301.

20 A block diagram of a bias control circuit for a peaking
amplifier is shown in FIG. 4. The peaking amplifier bias
control circuit 113 or 213 outputs a PA bias control signal that
is input to the peaking amplifier 107 or 207. An operational
amplifier 401 with its power supply input coupled to Vcc has

25 its positive input coupled to the input signal to the bias
control circuit 113 or 213. In the case of FIG. 1, the bias
control circuit input signal is the detector 109 output signal.
In the case of FIG. 2, the bias control circuit input signal is the
output of the differential amplifier 209. A series resistor R3 is

30 placed between reference voltage Vos and the negative input
of the differential amplifier. Another series resistor R4 is
coupled in series between the negative input of the operational
amplifier 401 and the output of the operational amplifier 401.



An al ternate enbodi nent of a Doherty-type power - anplifier with bias
control is shown in FIG 2. An RF input signal is fed into a
quadrature splitter 203. The in-phase (O[err]) 20 output of the
quadrature splitter 203 is input to a carrier anplifier 205. The
quadr at ure phaswo@aesss 90) out put of t he quadrature splrcrtusy7/08965 i S
I nput to a peaking anplifier 207. A differential anplifier 209 is

pl aced across a resistor Rs, which is in _series with the DC power
input to the carrier 25 anplifier 205. The v8ltage across this resistor

I s proportional to the DC current drawn by the carrier anplifier 205,
whi ch current i s Thenbiasreconwodcirauitsdl 1 d1t3a&1FiF an@thl.’pamhMel

of the RF lnpuarép ed fShandiela phsitive vhlthges asithair ﬁfﬁl‘nt $iig®y;
209 is an anplified

of .t volta C Si st.0 30 " The
output of the carri e rﬁiﬁﬁﬁoan&eﬁ’{ Bﬂﬁgﬁ)f tf?carﬁ #%5[ y]bz? ﬁﬁﬁllyto
the carrier anplifi emaiified by cnmof skill itthe arpto handle negatine pnput ng
anplifier bias cent rgjopnalg.cuit 213 is input to the peaki ng anplifier
207 bias control 1npu The out put of the carrier anplifier 205 and
t he peaking amplifier are combined 35 in conbiner 215, which includes a
quarter wave | ength (1l/Agraph of theCADidSITOMtrol signal with respect to the

PCT/ US97/ 06165 detecto gt ut is shown in FIG. SA The €A bias conttdl¥ignal

Functfon of the combPREks ShionBesite iedtion s the detestor, 109 891" '

A bl ock di agramld} aottmst.cTherGA h:ascommbmgaabaemams near VGmpmtﬂ the i s
shown in FIG 3. Thedegdctber (9Bl iZ0P butpat (Vi) kaches a level of
substantially Vos + (Vos-Vcc)R1/R2. The CA bias control
signal then falls at a slope determined by the ratio -R2/R; until
| it reaches a level near zero.
15 : ]

For example, assume that the CA bias control signal needs
to vary from 5 V to O V as the detector 109 or 209 output goes
from 4 V to 5V, which is a slope of -5. The first step is to set
Vce = 5 V in order to get the desired range of variation in the

20 CA bias control signal. Next, the ratio R2/R; must be equal to
5 in order to get the desired slope, which is accomplished by
setting R1 = 1000 ohms and R2 = 5000 ohms. Finally, solving
the above equation for Vos with Vdet = 4V and Vcc = 5V gives
the required vatue of Vos, which is approximately 4.17 V.

25

It should be noted that the carrier amplifier bias control
circuit of FIG. 3 may also be used for differential amplifier
209. In this case, the reference voltage Vos is connected to
the end of Rs nearest the supply voltage DC and the terminal

30 labeled INPUT is connected to the opposite end of Rs. The
overall current to voltage transfer function is RsR2/Rj.

. A graph of the PA bias control signal with respect to the
detector output is shown in FIG. 5B. The PA bias control signal
35 tracks in the same direction as the detector 109 or 209



circuit 111 or 211 outputs a CA bias control signal that is I nput to
the carrer anplifier 105 or 205. An operati onal anplifier 301 with
its power supply input coupled to Vcc has 1 0 its positive input coupled
to reference voltage Vos. Vos is the of fset voltage reference. The

negati ve i nput wesoglphfiaoper ati onal anplifier 301 has a rﬁslt,ﬁ& oe1es €7 1]
€

in series with the input to the bi as control circuit. case of
FIG 1, the bias control circuit input signal is the detector 109
output signal. In the 15 case of FIG 2, thel®ias control circuit input
signal is the output of the differential amplifier 209. A resistor R2

i's coupled in ostpues Ties PAdsiak tonmeobsignal remdine hearezerpenatil ahal
anplifier 301q %bécfoﬁlel@?wogfod@twc@ x‘é&lgheﬁ@ié\;él‘ﬂf 301. 20

A bl ock diagram of a bras control lifier is

shown in FIG 4. Thsubstaatially¥osIRef(Rs+Eet). Theé Péohzmomrmmnahmw
213 outputs a PA bi pfsegaitid slopd dé@émhhﬁd by the ratio (Ry&-Ry)/Ryeirngkiti ng.

anplifier 107 or 20 anplifier 401 with its power
supply input co Ee?@[‘]?ﬁc)gqhgéi §§ C§ positive input coupled to the input
signal to the bi as control ci rcwt 113 or 213. In the case of FIG 1,
the bias cont r ol Fgxt éxatniple, ussume that the Pihbidieteietrol sigifalonéeds to

si gnal . In th gp gnal
st he out put BETFRRLOY é?%ﬁﬁ%?#@‘%@%&f@é é%@lﬂéé?ééor R3
is 30 placed bet we@l’OMeZérVrﬁtbS\MIWhgé‘l iva slopetafe2 nddie fivst stgpuis to set of
the differ gni i ajQ a{Wdcfé FV i eEdEt téh ét thhe (RSirCrang€or varfation in &ﬁyplélgg
in series et ween a I er
ond”the output of t R BEE Al Sfetial ekt diBFatld PRSI g Ry i B¢
PCT/ US97/ 06165 equa to 2 in order to get the desired slope, which is

accomplished by setting R3 = 1000 ohms and R4 = 1000 ohms:

Finally, solving the above equation for Vos with Vdet = 2.5V

15 and Vcc = 5 V gives the required value of Vos, which is 5 V.

A block diagram of a carrier amplifier 105 or 205 or a
peaking amplifier 107 or 207 is shown in FIG. 6. The input to °
the amplifier of FIG. 6 is connected to an input matching

20 circuit 601. The output of the input matching circuit is
connected to the gate of a RF power amplifying device 603.
The power amplifying device 603 may be a MOSFET power
amplifying device, for example VMOS or LDMOS. The function

~ of the input matching circuit 601 is to transform the RF

25 impedance at the gate of the MOSFET device 603, which is
typically around 1 ohm, to the level required for optimum
functioning of the RF input source, which is typically 50 ohms.
The input matching circuit may be constructed by using
various combinations of reactive components, transformers,

30 and transmission lines, as described in the book Solid State
Radio Engineering by Herbert L. Krauss et al., (John Wiley &
Sons, New York, 1980). The gate of the transistor 603 is
connected to voltage supply Vgg through resistor R5. The gate
of transistor 603 is also connected to ground through resistor

35 Rg. The source of transistor 603 is connected to ground. The



The bias.control circuits 111, 113, 211, and 213 as shown are
designed to handl e a positive voltage as their input signal. The bi as
control circuits 111, 113, 211, and 213 nay be easily nodi fi ed by one
of skill in the art to handl e negative input 5 signal s. A graph
of the CA bias Womeweod12si gnal with respect to the “det ect perrosHIREiss | S
shown in FIG SA. The CA bias control signal tracks in the opposite
direction as the detector 109 or 209 10 output. The CA bias control signal
remai ns near Vcc until the detector 109 él 209 output (V[err])
reaches a | evel of substantially Vos + (Vos- Vbc)R[err]/R[er\} The CA
bi as control sidyaim qfrwansxatmwéa is connpectaditer supRLY ¥oltage ddivda

-Rlerr]/Rerr] until RE choketaoseaqmsmsl@mdron ut & conhbcted to the gate

VTor0 v s the 82?29&3&% f&%&%?&?é%%@ér REE Rec is, chogr JO itk e
which is a slope of desirmebvariagionirgate bias veltage Vg aythe-<detegtor,ontput
to get the desireg r fobny inddvidh tomidbémifin. Fhisi eriadonriol vVgiignal .

Next, the ratio err _the
desi r ed sI ope, V\Al‘?l[ ch Rﬁ%@%ﬂﬁ#&ﬁwib@&qf ﬁﬁaﬂk’@f‘g tﬂﬁ'& 1{?86%

and R2 = 5000 ohns. 000 phms.oMgghis then set, mthﬁheeammmate bias ¢entrglt h
Vdet = 4V and Vec Fﬁ%@mqql 113, 218, 6£Q13 e6nnattrl, A0 give thddekired Vg

a roxwratel 417V h i er
alrorgl i fier bi )alts cont rf?'lt mxmmug} F‘SE‘F‘%*OBW ér t@%ﬁﬁ}’i elttﬁzé agiﬁ?%
differential anplOfi érans:stor 603.is|qonnecteddocan nupriimatching, oircuifc603s
is connected to ith 6ARsFOrIS tneél hfsédarne at'BRé rai of theOSRET! he

over sl current to v %vaé” 603, {HLRs ?&R?W%Sﬁﬁ%m@@? o the Tpddlince

A graph of the PA bi & therRF outpugport\dik% whicheis: tymicaliy 50 ohmsieThet or

output is shown in Fldarpe® mabehing drégitahay 5é cohsfidictéd by sl variduse

same direction aggthe JChecl 06nd 8F r¥hcfi%@ components, transformers, and

transmission lines, as described in the book Solid State Radio

Engineering by Herbert L. Krauss et al., (John Wiley & Sons,

New York, 1980). The output matching circuit outputs the RF

output of the amplifier.

20 -

The present invention provides bias control of Doherty

power amplifiers having zero bias current. The biasing
scheme described above provides improved efficiency
compared to prior art Doherty amplifiers using MOSFET

25 devices by keeping the peaking amplifier in hard cutoff until
the carrier amplifier has reached its saturation point. This
biasing scheme also maintains a more constant power gain as a
function of power level in the Doherty power amplifier
because the bias to the carrier amplifier is decreased as the

30 bias to the peaking amplifier is increased. This reduction in
gain variation leads to reduced intermodulation distortion
(improved linearity) in the Doherty power amplifier.

What is claimed is:
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10 | out put The PA bi Tﬂ“mm &H!\ remai ns near zero until the
detector 109 or 209 out put | evel of substantial ly
(Vos)Rlerr]/(Rerr]+Rferr]).* The P |as control signal then ri ses at

a sl ope deter myvoadosys t he ratio (R3+R4)/R3 until it S reachgs {l% g%
near Vcc. For exanple, assune that the PA bias control signa

needs to vary from0O Vto 5 V as the detector 109 or 209 out put goes
from2.5 Vto 5V, whichis a slope of 2. Thel2irst step is to set 10 Vcc
=5 Vin order to get the desired range of variation in the PA bi as
control signal. Next, the ratio (R err]+R eClaimmsR err] nust be equal
to 2 in order to get the desired sl ope, which is acconpl i shed by
setting R3 = 1000 ohns and R4 = 1000 ohns Finally, solving the above
equation for Vos wi tlhA/p@weraznphﬁerl@nmr@smgc 5 V gives the required
val ue of Vos, which is 5 V. A bl ock diagramof a carrier

anplifier 105 ore20

FG 6 The inpl tA Bower dewgegﬁﬁﬂh#ﬂ%ﬁ”%éiﬂgﬁ{e#oés@éh ﬁ%%pkéd?%@ﬁ airﬂput
matching 20 ci rcum-pdme sigeaband a quadraturenphasersignal Axo

connected to the gahgpgfsa%ﬁﬁ;pomer anplifying device 603. The pomer
anplifying device 603 may be a MOSFET power anplifying device, for
exanpl e VMOS or LDMOS. The function of the input matching circuit 601

is to transform t hearrarriey amplifiemtor amplifyingthe dn-phas fuem the 603,
which is 19pi of aivides, whebéin tﬁetﬁ?nb?‘@hri)ﬁﬁ@ﬂ'mfsda cafriept | mum
functioning of the aﬁ‘nbﬁﬁ%b?%’fr&?ﬂt;m' ch is typically 50 ohns.

a peaking amplifier for amplifying the quadrature phase signal
from the power divider, wherein the peaking amplifier has a
15 peaking amplifier bias input;

a combiner coupled to an output of the carrier amplifier and.

an output of the peaking amplifier, the combiner for :

combining in additive phase the output of the carrier amplifier
20 and the output of the peaking amplifier;

a first bias circuit coupled to the carrier amplifier, wherein the

carrier amplifier bias input is provided by the first bias circuit

and controlled by a first signal indicative of the magnitude of
25 the RF input signal of the power amplifier;

a second bias circuit coupled to the peaking amplifier, wherein
the peaking amplifier bias input is provided by the second bias
circuit and controlled by a second signal indicative of the

30 magnitude of the RF input signal of the power amplifier.

2. The power amplifier of claim 1, wherein the first signal and
the second signal are the same signal.

35



The input matching ci rcwt may be_co ted by using vari ous
conbi nations of reactive mﬂ ! ‘Hﬁ ﬁ&i orners, 30 and transm ssion
lines, as described in th Radi o Engi neering by

Herbert L. Krauss et al., (John Wley & Sons, New York, 1980). The
gate of the traWei9%P#M2603 is - connected to vol tage supplrcTaisg7ediesough
resistor R err]. The gate of transistor 603 is also connected to
ground through resistor 35 Rlerr]. The source of transistor 603 is
connected to ground. The WO 98/ 00912 1L

PCT/ US97/ 06165 drai n of

transistor 603 is coana‘heenowsrampliﬁemftcagnn\bowhemn the fipst sigaiad i605.
The bi as tcont rRol I npderivedcirons dirfdutpu tbﬁaﬁaéﬁveloge délfedctdiﬁtha?w stor 6?3
via resistor Rgc. esired variation in gate
bi as voltage Vg as tﬁ%hé;ﬁcgg?gﬁem:t%m tglgga‘boes frommni numto maxi mum
This yvariation i n Vg is substantially Vcc*1000/ (1000+Rgc), assum ng
that R5 = R6 = 2000 ohns. Vgg is then set, with the appropriate bias

Vo at mn oo, bbbt BtaliR ihEfeinl thePsdond AL,
603 is connected to darw@fmmmoutgut:ofamm@ape detectohthat is ansf or ns
the inpedance at thecgupidd &b thO REMdPiitlsignal. device 603, which is

typically around 1 ohm to the inpedance at the RF output port 119,
which is typically 50 ohns. The out put matching circuit may be
constructed by ng various 15 conbinations of reactive conponents,

transforners, and . 5, Thie' pOWetr ah nﬁbrmlaaﬁ ﬂ%ﬁérélﬁdthé‘cﬁfﬁeig()()k Solld

Sons, % New vor KUY Srfis r@fﬁ%@h‘ %sﬁrﬁaﬁﬁabtééﬁé‘ﬁovﬁ

to the current

15
6. The power amplifier of claim 1, wherein the carrier
amplifier draws a current, and the second signal is
proportional to the current.

20

7. The power amplifier of claim 1, wherein the carrier
amplifier bias level is decreased as the peaking amplifier bias
level is increased.



out put of the anplifier. The present invention provides bias

control of Doherty wnm,raw ng zero bias current. The
bi asi ng schene descr I'# des i nproved efficiency
conpared to prior art Doherty arrp i ers *usi ng MOSFET 25 devices by

keepi ng the pewigdggosagp! ifier in hard cutoff until - the

gl ! 165
anplifier has reached its saturation point. This bi asi ng schene al so
mai ntai ns a nore constant power gain as a function of power level in
t he Doherty power anplifier because thelgias to the carrier amplifier
I's decreased as the 30 bias to the peaking anplifier is increased. This
reduction in gain variation |leads to reduced internodul ation
di stortion Lifier.

Vhat s olaimed is: QDA%%%{,@}@Q ﬁdﬁé@"%m lﬁf)ﬂfﬂ&%’s@%‘ﬁ usilPa' power
PCT/ US97/ 06165 amplifier comprising the steps of:
d ai ns 1 A power anplifier conprising: 5 a pomer d|V|der coupl ed

to an RF input i gnal

quadrature phas g*wé{j&h Wwﬂ}gm %@ﬁ“gﬁﬂiﬁé sqgnal al:ar rier
anplifier for arrpl .qpa dgature phagmsignali gnal fromthe 10 power divider,
wherein the carrier anplifier has a carrier

varying a carrier amplifier bias input signal relative to the
magnitude of the RF input signal;

10
varying a peaking amplifier bias input signal relative to the
magnitude of the RF input signal;

amplifying the in-phase signal using a carrier amplifier to
15 produce a first amplified signal;

amplifying the quadrature phase signal using a peaking
amplifier to produce a second amplified signal; and

20 combining, in phase, the first amplified signal with second
amplified signal to produce an output signal.

9. The method of claim 8, wherein the step of varying the

25 carrier amplifier bias input signal and the step of varying the
peaking amplifier bias input signal are performed such that
the carrier amplifier bias input signal decreases as the peaking
amplifier bias input signal increases.

30
10. The method of claim 8, further comprising at least one of
the followingthe steps: The step of envelope detecting the RF
input signal to derive the magnitude of the RF input signal; the
step of determining the magnitude of the RF input signal from
35 acurrent drawn by the carrier amplifier.



anplifier bias input; a peaking anplifier for anplifying the
guadr at ure phase si gnal fromthe power divider, wherein the peaking
anplifier has a 15 peaking.anplifier bias input; a conbi ner
coupled to an output of the carrier anplifier and an out put of the
peaki ng anpl i fi wo 9stobsaz conbi ner f-or conbi ni ng i n additi vcHasaves1Ehe
output of the carrier anplifier 20 and the output of the peaking
anplifier; a first bias circuit coupl;Le{dzto the carrier anplifier,
wherein the carrier anplifier bias inpdt is provided by the first
bias circuit and controlled by a first signal indicative of the
magni tude of 25 the RF input signal of the power anplifier; a
second bias circuit coupled to the peaking anplifier, wherein t he
peaki hg anplifier bias input is provided by the second bias circuit
and controlled by a seconddi gnal indicafpye of the 0 nmagnitude of the
RF input signal of the . | ifi 2. T power anplifier of
claim1, wherei BFtg ignal _are the same -
si gnal . 35 INPUT

PCT/ US97/ 06165 0° . [The power
anplifier of claim21, COURLDEi n the firs?0s ' = =]-=1
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derived froman output of an envel ope detector that is coupled to the
RF i nput signal. 5 4. The power anplifier of claiml, wherein the
secdédnd signal is derived from an output of an envel ope detector that
S coupled to the RF input signal. 10 5. The power anplifier
of claiml1, wheyxoesdix carrier - anplifier draws a curr eRCT/USID6LIGSe
first signal is proportional to the current. 15 6. The power
anplifier of claim1, wherein the carrier g/2 anplifier draws a current,
and the second signal is proportional To the current. 20 7.
The power amplifier of claiml, in the carrier a | fier
| evel is decreased as the pyﬁ&i n lifier bias I evelnp‘lt@ i ncrmﬁ
WD 98/ 00912 ' PCT/ U397/ 06165
14 - 8. Aypethod for auplifying gn RF inpquPmi nal usi a power PA
anplifier conpri® R The 3t 0 BIAS y
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5 dividisng the RF input signal into an in-phase signal and a
quadyr at ure phase signal; varying a carrier anplifier bias input _?05@
signal relative to the - magni tude of the RF input signal;
varying a peaking anplifier:bias input signal relative to the

magni t ude of the hRpUt  Si gRAL:: mav &N&P | n- phas QBhal
using a carrier aﬁzi ler to 1 D.prolc‘]Llw!gni;t"ﬂ:laér'-il l#l!l&r';(:!-"toﬂarrp |?h|} ed signal,
anpl i fyi ng INTERNATIONAL KFPLICATION PUBDISHED SNDER THEFANENY COOPERATION I TREATY (POY)

produce B SELON 1 'Il 9] rgITat —an COTTOr T 1T T pHase,  tf f-

anpl i fi edsgﬁ%;\:éf;“\?\n Jéeco"ﬁ : anpl,i ﬂl"é’(f“'é‘?_ﬁh‘&"“?’b"‘ﬁ? & an _oﬁppg@byn
si gnal . J.7 4@9{ hod of cl ai TT% (@8 YRrkrBdtional BOBlcstb®Dated T V 8 liaiady Gook (0601.98)
25 car r per—arpH-er—bi-as—nrput—si-ghrbdl—ang—t-he—step—of—vraryrrg—the

ep—of
peaking peipintefrsfial RppiSatiinMihiber:Si 0N AETIRERCIRS | B0 DR6bteD BGHE: AOZH, 1P, KR, SG, Hufdfan patent (AT,
carrier a(%l i fier bias input si gn.al decr eapes aBE, ICHEDRODRIESHl FR, GB, GR, IE, IT, LU, MC,
anpl i fi ef@%nikenationgl BilingDate 5| 16 Asih YH(16.04%5) NL, ¥H SE¥he met hod of claim 8,
further konprising at |east one of the foll ow ngthe steps: The step

of envel ppePbeitydatmi ng t he RF | nput S| Puhlishedt 0 deri ve the magnitude of
the RF iphput GOFAR ; t hBiume 1996 B0 of (Y% br ni nFirHitendlegrlidte of the RF

I nput sipgnal from 35 a current drawn by the carrier anplifier.
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(57) Abstract

A method for amplifying an RF input signsl using a power amplifier (105, 107 or 205, 207) comprises the of dividing or
q_nadn?m splitting (103) the RF input signal into an in-phase signal and a quadrature phase signal. A carrier amplifier b‘mnmt (111, 211)
signal is varied relative to the magnitude of the RF input signal. A peaking amplifier bias input (113, 213) signal is varied relative to the
magnitude of the RF input signal. The in-phase signal is amplified using a carrier amplifier (105, 205) to produce a first amplified signal.
The quadrature phase signal is amplified using a peaking amplifier (107, 207) to produce a second amplified signal. The first amplified
signal and the second amplified signal are combined (115, 117), in phase, to produce an output signal.




