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METHOD AND APPARATUSFOR DOHERTY AMPLI FI ER BI ASI NG
BACKGROUND OF THE I NVENTION 1. Field of the Invention
wabmsiiomsenti on rel ates generally to the field pET/US2005/002494
anplification circuits, nore particularly, to
automatlc b| asing of anplifiers. 2. D|scu33| on of the
OD ANDARPPARA LOR DOHE AMPLIFIER BIASIN

(DC) or qui escent current bi asi ng p0| nt is a critical
desi gn paraneter. The qui escent current has
significant effects on the characteristics and

performance, eBACKGROEND OF THEINVENTION tion, power
efficiency, etc., of the arrpllfler The optimal DC

biasin nsistor in an anplifier depends
onlat hqug%%ggli%‘ﬁengl?ﬂt he anplifier agg t he P
racteristics of t r
To FbeReriags B Buhdfe ieR st ameiBofuipylty 85 Siricutany,
var| ations, process variations, and the |ike. An
to auomatp| béasite of apREESanpl i fier is the Doherty Anplifier.
The Doherty topol ogy has been used widely in
sophi sti cated and hi gh power application.
Traditionally, a Doherty anplifier includes a
pl2air al i DigcsiopstitheéRemted Aft ers in which each peaking
anpl i fi er requires a different bias | evel. However,

thg aq Cagxlﬂfhffép nflk td'lr‘e uPfent hﬁﬁ olP%ﬁl"e's t@{ﬁ%dtfﬂl%‘iﬁg point is a

are n y neasura l'e. Fu fier devices

... af knovvn t var char act er |
CI’]th%i <$e‘5}géllﬁalrar{1%erpa']él§ gulgﬁ\éFﬁlgctugrggé J mgmﬁ?agg S{f%?t}?nongi? &aractenstlcs
val ue.
and performance, e.g., linearity, signal distortion, power efficiency, etc., of the amplifier. The

optimal DC biasing point of a transistor in an amplifier depends on the applicétion of the
amplifier and the characteristics of the transistor, which are affected by environmental
surroundings such as temperature variations, process variations, and the like.

An example of a power amplifier is the Doherty Amplifier. The Doherty topology has
been used widely in sophisticated and high power application. Traditionally, a Doherty
amplifier includes a plurality of peaking amplifiers in which each peaking amplifier requires a
different bias level. However, the quiescent conditions of these peaking amplifiers are not
easily measurable. Further, amplifier devices are known to have varying characteristics that
make it difficult to preset all stages to a predetermined value.

Current methods for biasing these peaking amplifiers employ an off-chip bias that is
factory set for each peaking amplifier. Similarly, for configurations such as radio-frequency
integrated circuits (RFIC) in a Doherty amplifier configuration, two integrated circuits are

needed to bias both the carrier amplifier devices and the peaking amplifier devices. In this
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Current nmethods for biasing these peaking anplifiers
enpl oy an off-chip bias that is factory set for each
weeakiogsanplifier. Simlarly, for configuratiptEUS200$002494
as radi o-frequency integrated circuits (RFIC) in a
Doherty anplifier configuration, two jntegrated. .
configRREAN{ & 154% OFf BHEH TSEBICA<CSBYhis RO SRiD EctogyBiassspie However,
devi ces and the peaking anplifier devices. In
for amplidieo afchijestarcs ovith multipteagutpeinssagss, thisemietiod dieeeraes inefficient and
circuits is an off-chip, factory bias set. However,
expehgive.anpl i fier architectures with nultiple output
stages, this method becones inefficient and expensive.

Thepd pfigeRrESH0RERATES Benib? iRERIAqb beRkRAKETe tiut PRher are among
exhaustive, but rather are anong many that tend to

many JRFichd S E6n B4 BE FITEADRRR a8 R RS sk iues conceming biasing
architecture; however, those nmentioned here are

for agiplieE AEHHIC breg BRERGE+ o3 F‘ﬁ‘é’fo‘Fﬂé‘eFFe?fﬁo%‘gf%ﬁ‘?tég demonstrate that
appearing in the art have not been altogether

the wathodélagies rappeatingt inatheaars ihgh¢ friot gen ritegethsti satisfactory and that a
the techni ques described and clained in this

significantnesdiexdsts Bl th-teCmBGRIsRIEb e Oand tiai rfdNItNEHisthsure.
drawi ngs acconpanyi ng and formng part of this
specification are included to depict certain aspects
of the invention. The invention may be better
under st ood se
draw ngs i ntﬁ/Rf it %EA%I&& present ed
herein. ldentical or sim]lar elenents use the same .
ol She AT iEDAFOTPEnKAG aNd BRNIABMAE YInS HREIKalPR A included to
illustrated in the drawi ngs are not necessarily drawn

depigtsegainl aspecty of the Mvestien.pTae mvgntggy maY b¢ battetj understood by reference
including a biasing circuit and a peaking

to one or more of these drawings in combination with the description presented herein.

Identical or similar elements use the same element number. It should be noted that the

features illustrated in the drawings are not necessarily drawn to scale.

FIG. 1A is a block diagram of a die including a biasing circuit and a peaking

amplifier, in accordance with an embodiment of the present invention.

FIG. 1B is a circuit diagram of an on-chip biasing circuit coupled to a peaking

amplifier, in accordance with an embodiment of the present invention.

FIG. 2 is a circuit diagram of an on-chip biasing circuit for a RFIC amplifier, in

accordance with an embodiment of the present invention.
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anplifier, in accordance with an enbodi nent of the
present invention. FIG IBis a circuit diagramof an
wo@eeosho43sdi asi ng circuit coupled to a peaki ng PCT/US2005/002494
anplifier, in accordance with an enbodi nent of the
present invention. FIG 2 is a circuit diagramof an
on-chip biasing circuit for a RFIC anplifier, in
accordance with an enbodi nent of the present
i NVKERt3 iom.grapB. shawing the gaiapt Dohonty agplifier igktime &f the input power, in
Doherty anplifier relative to the input power, in
accor@@f@Wign&eembbdimant GTROprckBAD invehtidne present
invention. FIG 4 is a graph showi ng the phase of a
Doherty anplifier relative to the input power, in
accordance with an enbodinent of the present

DETAI rt.com
cFEr A7 AETROEIPE AhETE 1) B O SeH LRUT bF dg oty to the input
addressed by the techni ques of this disclosure. In
powespareafance Wikiean eeiadimert of e Rrescat @veri®sur e provi de
an onchip, automatic biasing circuitry coupled to an
anplifier. An anplifier architecture, having
mul ti-parallel output stage anplifiers, using the

techni ques of thi SDETAILEPUDESCRIPIION:f i cient, nuch
nore robust, and is cost-effective when conpared to

t oﬁ%cﬁm?t{ré 5"t oRvenlti®fA1 Vi Xsiry glgérgﬂlﬁ@ta?ﬁgéct&& HE ﬁ&ﬂr@ésed by the

t he prese I nvention provid automati c

ol EREASISES T Bl P BE TBEL i Uheibe gy n n

i ncl ude at | east .one anpl i f i er, hias ci rcwtry coupl ed
chip,tagtqrpaticohiaging 6HrCHiTE cgwsﬁpq tq an ampbflgrag@n eplidiet architecture, having

multi-parallel output stage amplifiers, using the techniques of this disclosure is more efficient,
much more robust, and is cost-effective when compared to today’s off-chip, factory biasing
methods.

In general, the present invention provides an on-chip, automatic self-biasing scheme
for power amplifiers. In one embodiment of the invention, a semiconductor die may include
at least one amplifier, bias circuitry coupled to the at least one amplifier, voltage offset
circuitry coupled to the bias circuitry, where the bias circuitry and voltage offset circuitry are

adapted to bias the at least one amplifier.
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circuitry coupled to the bias circuitry, where the
bias circuitry and voltage offset circuitry are
wadaptiedsi o bias the at | east one anplifier. | NnPCT/US2005/002494
accordance to one enbodi nent of the invention, a
nmet hod for biasing an anpl i.fier includes rOV|d|n
s el acPrdaRaEdP qﬁ\s\ff‘m@ Mens b hefipygntion, msiod tog biagie gp amplifier
tracki ng device paranmeters of the anplifier, and a
included prayisling fsemigoindeeipt having ay cimpdigier, of bigetcirshit fof tragking device
determ ning where the anplifier will operate and for
parafi&tkBubRthe @mplifibg sandg a valltagg effser cirbet, aipl vdliage dféssedircuit for
on the device paraneters. |In accordance to anot her
deterﬁﬂitﬁﬁg'vﬁ?e% e a n‘PEﬁérnMﬂﬁbbé}ﬁ‘te Ad"e} kedulaffit lédlﬁﬁsmg voltage for the
providing a seni conductor die having a fifst and
a b|a5|ng circuit for providing a

amplﬁgefl-g)?seﬁlcogﬂv%fi?wceep FYEHRE second anplifier, and a
vol t age of f set CIrCUIt t he vol t age of fset ci cujt for
pr BvACERTHENGS 1P @peherrRborime R Al Phco Y P&et%{ﬂ Fludes providing a
and for automatically bi asmﬁg the first anplifier

semignmelperot ido aRYipg tao firsheandesseond amplified, ¢ biaging s@rcaidfor providing a

ot her features and enbodi nents of the invention wll

referfice b@jlfage t@phe 8edoat eanplifidr,umidien Stoltage wifest cianst dey editage offset
in conjunction with the foll ow ng description and the

cucuﬁ(‘fSPéEB@ﬁle refrBiMeNGfagd fo (RORH SmPRrisNGAITSE Qﬁ@matlcally biasing the
at the follomnng description, whil

a S f the inventi on and
first ?{H&gce&%or%ﬁté a;llpfg %tngc%ng%th?lggf IS gl ven by way of
illustration and not of limtati )
subhase apd Psﬁg? cafiges mdc%?l?qsiﬁgemaag H\ei igygntign gyilbe better appreciated

rearrangenents nmay be nade within the scope of the

and imdesstood rwhent ¢rosideredpiar conjunciionnwithehe goHowinghdesenption and the
and the invention includes all such substitutions,

accompanying drawings. It should be understood, however, that the following description,

while indicating various embodiments of the invention and numerous specific details thereof,
is given by way of illustration and not of limitation. Many substitutions, modifilcations,
additions and/or rearrangements may be made within the scope of the invention without
departing from the spirit thereof, and the invention includes all such substitutions,
modifications, additions and/or rearrangements.

According to one embodiment of the present disclosure, a biasing circuit is provided
to bias a peaking amplifier, where the biasing circuit is fabricated on the same die as the
peaking amplifier, as illustrated in FIG. 1A. Die 100 may include a reference FET 112
coupled to a peaking amplifier transistor 116. During the operation of the amplifier on die
100, variations such as the die temperature may cause device characteristics of the peaking

amplifier trarsistor 116 to vary. The reference FET 112, having been fabricated on the same
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nodi fications, additions and/or rearrangenents.
According to one enbodi nent of the present disclosure,
w@2saedi3ny circuit is provided to bias a peaki PQr/usS2005/002494
amplifier, where the biasing circuit is fabricated on
. the sane as the anplifier, as illustrated
die a5, irgpgigtoy ilgDF‘*étOE@BC trP |M?:Trg“18“§ dP fedifee PHRFEIFLS Such as the
coupled to peaki ng arrpl ifier transistor 116. During
threshold \w@g@(\’@horome ttraasepngigtanice (ganofdine pediong wmplifier Garsistor 116.
such as the die tenperature may cause device
Accartiaplc ireones tmbsdinient bfethp gadsengdiadctpduré,i teasitg ah gesgeaking amplifier
116 to vary. The reference FET 112, havi ng been

trans{sad} 1sCBHs8d! oANtht NGuiSRBM A Shdafont FdFNRfegée BEP.112. Furthermore, the
automatically tracks variations in device paraneters

c 0 t age h ra.t .
meth%?aﬁgglgiﬁ%%%@ﬂlggﬁf Arﬁus\llmg ﬁg 01{f>§2| %Ogl&g?rp {lfc]pftreyr 114 based on die
transi stor 116.. Acco d| n% i n one enbodi ment of the
tempﬁpé‘g‘é’rﬁro‘iﬁs%?%‘ﬁp%,or Hé‘hBFs't he peaking anplifier
transistor is based on the qui escent condi tions of
r elnepastiodar-gate vojtagerof thaarealong amphiienisansinion hldl isgetbased on the
dynam cally adjusting the offset voltage circuitry 114

gate balsapd of nhalieferter I Tal 12. eBiasingeassit \t 0 issd¢duples], toahe patatkerminal of
conditions. In particular, gate voltage of the peaking

the ré@Rntd FBT 1t1na0s ﬁltapfhe]féi@rénéc $ET 112566ia86d tohEd&at8 current density.
vol tage of the reference FET 112. Biasi ng circuit 110

For gt ARRiE? HEiC 1 PZPBeEh Th AR 0N, bl f SRR &I volage v,

i red curr e ensj t For ex reference :
greath B (EROT] NOLAEe Koo EHE, BRI o6 1 jErace, BT ab? is also
Vg greater than a threshol d voltage Vth. The gate
coupled| toagevobipge pHset edfitspisiyc bl4-ETThe 1voltage offses @mw,medlﬂ ds adapted to
vol tage offset circuitry 114. The voltage offset
detergniine thet drivellédeli 8 veldetpthedbehibing amplifier transistor will be tumed to an ON

mode and operate in a Doherty mode. As such, the voltage offset circuitry 114 coupleé to the
gate terminal of the peaking amplifier transistor 116. In one embodiment, the voltage offset
circuitry 114 uses the gate voltage of the reference FET 112 minus an offset voltage 118 to
determine the operation mode of the peaking amplifier transistor 116. The offset voltage 118
is set to a predetermined value corresponding to a gate voltage that would have the peaking
amplifier.transistor 116 operate in an ON mode at a predetermined input voltage drive level.
Alternatively, the offset voltage 118 may also be adjusted to account for different operating
conditions (for example, single carrier or multi-carrier applications).

As shown in FIG. 1A, biasing circuit 110, reference FET 112, voltage offset circuits
114, and peaking amplifier transistor 116 are all integrated on the same semiconductor die

100.
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determ ne the drive | evel at which the peaking
anplifier transistor will be turned to an ON node and
wop@satssi n a Doherty node. As such, the volt aper/o85088002494

circuitry 114 couples to the gate term nal of the
peaking anplifier transistor 116. In one enbodi nent ,
t hRif{eseRt Lisuib Amplemeatationily a«}apiemtot&re&l FRE ayiqmeaticy Ppghip biasing
of the reference FET 112 nminus an offset voltage 118

of the pealeng amplifiert transigies. abcemdimgde on¢ embedipreak phthe invention, biasing
anplifier transistor 116. The offset voltage 118 is

circuitel20t ayaingrudd ethir ligrhatelinitel 166 a corremaniondiadgptédtobigateference FET
vol tage that woul d have the peaking anplifier

122 o @g%éﬁﬁf cirkéht RREAL ﬁs iMusBRe@hh ‘F‘P@elﬁt The gate voltage of reference
predeterm ned 1 nput “vol t age drlve [ evel

ernati.vel t he ff a 18
FET N&‘zus St %sgd © éét% ?I% %gtgl ¥Cﬁ € Q}? ti!i ! g?ﬁ(nﬁg 1f3:r tran31sstor 126.
|l e I I -
Acco&@ﬁgkygggl?q%ﬁ gffsgtlé]r%gﬁqyc rélrlh(ﬁpql% twg%atragkeggqgﬁlﬁ)eré FYpls4 to a buffer to
110, reference FET 112, voltage offset circuits 114,
deteramine peatkivaljagerfor theipeking amplifiergransis®r ak26 using offset voltage 128 and
integrated on the sane sem conductor die 100.Different

V, oftthe Gefletent¢rPEENE2AL aln @ie énsbarittagiteal voleagerdividereis aised to calculate and
automatic, on-chip biasing of the peaking anplifier

deterhfiR fHe Tl \ﬁ)lta§€ FRItRE Pk zﬁﬁ@ ifRrRadiismr 1201 Alili€ionally, the voltage

|nvent|on SIng CIrCUIt O may include, but is not
offse d taol & ce m ” t ?ec ﬁw a?e vcgl?aggrfgrnt%g peaking
&“I S 181 G &S
|IIustratedin FIG IB Thegqﬁl%g voltage of referenc

ce -
ampliffer trpp3istoE 126 dy opgeredipiFiity e\ieh RATYBPIER QY thit paakine amplifier
peaki ng anplifier transistor 126. Accordingly, voltage
transgsfdrskavecihapged, ripe jgate voltdggdessdedudon Hreaptakiing emiptifier gransistor to
coupled to a buffer to determne a gate voltage for
operitBén peON mgdamal inbédto Herchasgeslt AccdRBnglg, angplidfet $26is provided with
vol tage 128 and
a bias voltage determined from the reference FET 122 and voltage offset circuitry 124.
Similarly, if the peaking amplifier transistor 126 is operating in the correct mode, feedback
amplifier 130 on die 100 continues to be provide the same gate voltage to peaking amplifier
transistor 126, as illustrated by a feedback loop to the amplifier.

Once again, as shown in FIG. 1B, biasing circuit 120, reference FET 122, voltage
offset circuitry 124, and peaking amplifier transistor 126 are all integrated on the same
semiconductor die 100.

Additionally, other circuit components may be used to implement the on-chip, self-
biasing of the peaking amplifier transistor. In one embodiment, the reference FET 112

includes a bias FET. In another embodiment, the reference FET 112 includes, but is not

limited to, a carrier amplifier. The carrier amplifier may be part of an amplifier circuitry,
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Vg of the reference FET 122. In one enbodi nent, a

vol tage divider is used to calculate and determ ne the
w@2106/1v353 age for the peaking anplifier transi BEDUSDHES002494

Addi tionally, the voltage offset circuitry may include

feedback anplifier 130 to sel ect ate voltage for, .
suchizna a@@%vﬁlﬁr&ar PoFmA er @3‘?19} Rusiple output amplifier

enbodi ment, if the device paraneters of the peaking

anplifier transistor haEXAMBHES the gate vol t age

needed for the peaking anmplifier transistor to operate

I NSpetifid\embstitmenty ofi irdntentios wihaogest. fuAbeateddritgd\by the following,

anplifier 126is provided with a bias voltage

nonlB&iRE xRk IWRLE RE1T RERY RNARIsERE i 2OnRNEtiPVaAS® features. The
offset circuitry 124. Simlarly, if the peaking

8L PRI FS 473 PEREAAAToh B b, SOUAE e oo
o 8 BURULSE 0SS ShSH G, 0% BEBSRAR ATBLUAASH s

the anplifier. Once again, as shown in FIG |IB,
embedimenisglisdorvengil tto famctionerdl imthe prEtice X3, thg dneagien.odrfdsips can be

circuitry 124, and peaking anplifier transistor 126
consflegedab lconstitig pedfatedmnoddsdosthepraent obrhe ietentionli Hok@0er, it should

Additionally, other circuit conponents may be used to

be appretigfdB Nthatt MEnP BhadkP card 8k frRddRSinNGe *kefPRirP AtbbAighents which are
anplifier transistor. In one enbodi ment, the reference

. i | QS. i - ; i ’ .
L N A L N
scopgfo%ér 4 g&rﬁpt?qq]plelﬁfcéqera@g]—;? ﬁ}ﬁc%i’?%ﬁggmgttu Eecqr%%%trtkl)e% Esalrilgliting the

conbi ned |inear power anplifier (CLPA) nultiple output
scopaepihefine@ntioEXAVPLES

Example 1

FIG. 2 illustrates a portion of a Doherty amplifier configuration utilizing an RFIC.
Particularly, die 200 includes a self-bias FET 202 integrated thereof, with inputs 204 and 205.
Die 200 may also include a carrier amplifier transistor 206 with input circuit 212 that is
matched to the input power source 210 and coupled to output 207. Further, die 200 may
include a peaking amplifier transistor 208 with input circuit 216 that is matched to the input
power source 214 and coupled to output 209. In one embodiment, outputs 207 and 209
couple to loads of the respective amplifiers 206 and 208, in which the loads are external to die
200. In an integrated amplifier configuration for Doherty amplifiers, the characteristics of the
peaking amplifier transistor and the carrier amplifier transistor would typically be similar. As
such, the bias for the peaking amplifier transistor 208 is proportional to the bias for the carrier

amplifier transistor 206. The gate voltage of the self-bias FET 202 is coupled to the gate
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Speci fic enbodi nents of the invention will now be
further described by the followi ng, nonlimting
we@x@spbess which will serve to illustrate in soper/us1085/002494

various features. The follow ng exanples are included
to facilitate an_understandi ng of ways in which th

terminah Qfrhe GaTieh pMpHLigT Bansistas #06) ¢ %H’éﬂﬂedh%élaéﬁﬂrr %up&@'@ag amplifier
that the exanpl es which foll ow represent enbodi nents

transigtos c2Beiseproportibpaictoi twa hied bof ithe tarsiep amplifice trafisistpe 206, the gate -
i nvention, and thus can be considered to constitute

voltape & thercathierR@gsifieo traisi®opisaouplee t@h rédigtor diviiet,i the resistor divider
However, it shoul d be appreciated that nany changes

I
netw rln Sdlggg \Aﬁt{l‘s ngﬁﬁﬁfgt’gfeyd(ﬁfgﬁg?ﬁ?gﬁgé ﬁgt:wrﬁrl@ ger?(Eeg ésu]i)rowded to
out .departing fromthe s t and scope of the

the g%ﬁnﬁ erﬁ'l"f%R?B%&%%T%gfeﬁra?sﬁsetopé(@npl es shoul d not be
construed as limting the scope of the invention.
Ex‘éfrrﬂl%tr&‘eﬁil"ﬁn(i Pithe self-Ries FE 2 camsicr amplifipn ansigjor 206, peak

anplifier configuration utilizing an RFIC

amplifeer 208.uhputiojreuitd 212861 2 Ifc hudithe resistet divisieagetherk f@uding resistors
integrated thereof, with inputs 204 and 205. Die 200

218 atd 226 lafeal] in6Iguded en taksime serAidphddctadrdid 2600si st or 206
Wth input circuit 212 that is matched to the input
power source 210 and coupled to output 207. Further,
die 200 may include a peaking anplifier transistor 208
with input circuit 216 that is ndtched to the input
power source 214 and coupled to output 209. In one
enbodi ment, outputs 207 and_ 209 cquple to | oads of the
respective anplifiers 206 JAMPI82 in which the | oads

are external to die
FIG. 3 and FIG. 4 illustrate the results of automatic biasing of a peaking amplifier

transistor in a Doherty amplifier cqnfiguration, in which a reference FET is on the same die
with the amplifier. Particularly, FIG. 3 illustrates the gain (dB) of the Doherty amplifier
relative to the input power (dBm) and a corresponding compensation for variations in device
parameters during operation of the amplifier. The highest gain observed was for graph line
302 which at approximately 23 dBm, the gain was about 18.7 dB for a gate voltage of 2.5
Volts (V) for the peaking amplifier transistor. At a gate voltage of 2 V, the maximum gain
was observed at an input power of about 24 dBm, illustrated by graph line 306. For a gate
input voltage of 2.3 V, the maximum gain of the peaking amplifier transistor was observed at
an input power of 22 dBm, as illustrated by graph line 304.

Similarly, FIG. 4 illustrates the phases (in degrees) of the Doherty amplifier relative to
the input power and a corresponding compensation for variations in device parameters during

operation of the amplifier. Graph line 402 refers to a gate voltage of 2.5 V applied to the gate
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200. In an integrated anplifier configuration for
Doherty anplifiers, the characteristics of the peaking
w@epsil64363 transi stor and the carrier anplifi ePCT/US2005/002494
transistor would typically be simlar. As such t he
bi as for the peaking anplifier transistor 20 i s
termigalpfc peaking  amplifiep &ralaﬁlsa%r f@raph fige A9 refers tg ﬁpaafer Yfé?age of 2V and
transi stor 206. The gate voltage of the self-bias FET
grapipifte 464 gefiepl da igatet wodtaga e 26 Ni appllicd fto tthe gatarteimgnal of a peaking
anplifier transistor 206. To insure the bias for the
amplifRakiangstanpl i fier transistor 208 is proportional to
the bias of the carrier anplifier transistor 206, the

g "’E&ﬁ’ tH@ lifs@RSed Bmbb&nfedts! bethe aRPrtioh &isdiésR8 HeddiR 'cah 9be made and

coupled to a resistor divider, the resistor divide

used f’“gh\éﬁ{ lhkné:llung)lt(éj\qf[j)J (9 0at1%§1' S ﬁt Of%ﬂ'eSdl%Qg%}l% 0It vg] n%c\éﬁgamtacgtethat various

51 pr oV
substjigrsy mecitsaf s HHighS 44¢Z$r§é¢éin§2%é§t%‘é%t2 atugi g invention

anplifier transistor 206, peak anplifier 208, input .
may bk rroadet witha® davirtingafromrible tsisitraeiast ssopeliof thie undertying knventive
including resistors 218 and 220 are all integrated on

concdpie I8 adrdeciidd thanchecimrit ahdor dpe of ahpluadetymGinv@nane concept as
FIG 4 illustrate the results of automatic biasing of

definéd p@)?kth@ OagpRRAdd IcBlimb " ARE1RLIPT equilafentORBLEY aAMBUAH Is8bstitutions,
configuration, in mhlch a reference FET is on the sane
Par | cularly, FIG 3
moaifi figlls, RaltRe AR BLINTEET B (he Doherty ampl i fi er
relative to the input power (dBn) and a correspondi ng
conpensation for variations in device paraneters
during operation of the anplifier. The highest gain
observed was for graph |line 302 which at approxi mately
23 dBm the gain was about 18.7 dB for a gate voltage
of 2.5



Volts (V) for the peaking amplifier transistor. At a
gate voltage of 2 V, the nmaxi num gain was observed at
w@eosnmsss power of about 24 dBm illustrated bRCTUSINS/002494
line 306. For a gate input voltage of 2.3 V, the
maxi mum gai n of the peaking amplifier transistor was
observed at an i nput pom&—é-Ll\n’i%Z dBm as illustrated
by graph line 304. Simlarly, FIG 4 illustrates the
Whatghakigsedisn degrees) of the Doherty anplifier relative
to the input power and a correspondi ng conpensation
1. f okn y@plifidr odiegit] dongpeMsinge paranmet ers during operation
of the anplifier. Gaph line 402 refers to a gate

vqgeﬁg&)ngﬁctgrgleyl@g lied to the gateterm nal of a
peaki ng anplifier transrstor Graph line 406 refers to

olta n ap I he 404 .
ot Dty aiTie? 3nget B b %emlrﬂnn?uagr Sef -Rgﬁ rf amplifier
a peakin nplifi transj st t he di scl
embodi B t@nsfa P%E“ﬁgn%lﬂt gl 4 s%rdo%é%rﬂﬁw@php %raﬂlgbcoupled to
made and used w t hout undue experinentation in |ight
of the the egkinganeplifier; wi | | be nanifest that various
substitutions, nodifications, additions and/or
r eabinsogeuie (19) adtegrhed fonathe semicohdudier dia\aadtcoopleday theeDoherty
made without deviating fromthe spirit and/or scope of
the undgidifiepGninventive concept. It is deened that
the spirit and/or scope of the underlylng i nventive
ggaﬂxl‘;oja% ed g&ic&r{c/:glﬁ ‘?IP% 15£§ﬁ%pennﬁr%t con e8! gle an(c?l coupled to the
nodi fi ¢ati gns, 1gildltl ns and/or_re rra ement s. CLAI M5
What | 9139 %quJé&n to the qi&qrtgﬁ,mp ifipr theyg! %g? pffset circuit and the bias

conpri si ng:
circuit together biasing the Doherty amplifier.

2. The amplifier circuit of claim 1, the bias circuit (110) comprising a Field Effect
Transistor.
3. The amplifier circuit of claim 1, the voltage offset circuit (114) determining a drive

level at which the peaking amplifier is turned to an ON mode.

4. The amplifier circuit of claim 1, further comprising a resistor divider network (218,

220) integrated on the semiconductor die (200) and coupled to the carrier amplifier (206), the

resistor divider network biasing the peaking amplifier (208).
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a sem conductor die (100); a Doherty anplifier

integrated on the sem conductor die, the Doherty
w@epsile4363 | ncl udi ng a peaking anplifier (116)PEnUSm05/002494

carrier anplifier (112) coupled to the peaking

anplifier; a bias circuit (110) integrated on the

sgﬁ BRI CHFUIG CMRNSI"80oupl ed to the Doherty

anplifier; and a voltage offset circuit (114)

i rtsegriconddctondie k208eni conduct or die and coupled to the

bias circuit and to the Doherty anplifier, the voltage

ofat fabt oviefaanpiifien(292 206, BOS)Sntepracdi dn the gahicendusiasiiayg

the Doherty anplifier. 2. The anplifier circuit of

Claadi drcultli®1 DiiA@gfatddidh the 6dedbnARERIdiShitcdpledqb the at least one

Effect Transistor. 3. The anplifier circuit of claim

1, the val: ffset circuit (114) determning a

drive la\én é’ltf%gtean%i ch the peaking anplifier is turned

to an ON node. 4. The anmplifjer circuit of claim.1,

£ i Yolege oBRTraitshis g2 L0 ineBate omyihgsaConEGiBr S (234 goupled to the

220) integrated on the sem conductor die (200) and

coupl edviasceircis apdrte ither atdegst pre amplitgsihe waliege effpestcyeuit and the

di vi der network biasing the peaking anplifier (208).5.

An anplbidsi cdircuit itsgether biasiapyhie & ilergt oree awptifeonduct or di e

(200); at least one anplifier (202, 206, 208)

integrated on the sem conductor die;

6. The amplifier circuit of claim 5, the at least one amplifier comprising a peaking

amplifier (208).

7. The amplifier circuit of claim 6, the at least one amplifier comprising a carrier

amplifier (206) coupled to the peaking amplifier (208).

8. The amplifier circuit of claim 5, the bias circuit (212) comprising a Field Effect
Transistor.
9, The amplifier circuit of claim 5, the voltage offset circuit (216) determining a drive

level at which the at least one amplifier is turned to an ON mode.

10.  The amplifier circuit of claim 9, the ON mode comprises operating in a Doherty

amplifier configuration.
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a bias circuit (212) integrated on the sem conductor
die and coupled to the at |east one anplifier; and a
woolosagesof fset circuit (216) integrated on theCT/US2005/002494
sem conductor die and coupled to the bias circuit and
to the at_|east one anplifjer, the voltage offset,
ci PheurmPAGT ¢t lapm ri Une of dgfst Ras apiPhdien GompEsige a peaking
| east one anplifier. 6. The anplifier circuit of claim
ampliier (208) eouplleshiota canceramplifier €06k viaphd wiltage affpesakicwig (216).
anplifier (208). 7. The anplifier circuit of claim 6,
the at | east one anplifier conprising a carrier
anplifier (206) coupled to the peaking anplifier
12. (Zﬁ@am&ﬁxeﬁb@rc@ﬁ%lf Icfdifr11c 'tﬁéb‘l'a!; cREuif (AbRingl dd8pRUAS the carrier
circuirt (212) conprising a Field Effect TranS|sP .
he lifier circuit of claim5, the voltage offset
ampﬁleréﬂﬁ? (216) determning a drive |level at which the
at | east one anplifier is turned to an ON node. 10.
The anplifier circuit of claim9, the ON node
conprises operating in a Doherty anplifier
13.  cohitei ayoplifiar wircuit of Themantp furthiee compriging @ resister dividesnetwork (218,
the at | east one anplifier conprising a peaking
220) anpgratddesn (EOSImiconduced dio add adupledrtoaipldafriedranfplfE)y (206), the
via the voltage offset circuit (216). 12. The

remst@fr@ilvicfe\‘ ﬁét»\&)ﬂf ftivtashif thd ﬁéeﬂﬂn]g]amﬁlfff%r igRs. circuit (212)
bei ng coupled to the carrier anplifier (206).

14. The amplifier circuit of claim 5, the at least one amplifier comprising a Doherty

amplifier.

15. A method, comprising:
providing a semiconductor die (100) having an amplifier (116) integrated on the
semiconductor die, a bias circuit (110) integrated on the semiconductor die,
and a voltage offset circuit (114) integrated on the semiconductor die;
operating the bias circuit to track device parameters of the amplifier; and
operating the bias circuit and the voltage offset circuit to bias the amplifier based on

tracked changes to the device parameters of the amplifier.
16.  The method of claim 15, the amplifier (116) comprising a peak amplifier.

£7.  The method of claim 15, the amplifier comprising a carrier amplifier (112).
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13. The anplifier circuit of claim11l, further
conprising a resistor divide network (218, 220)
wo pdosgoassed on the sem conductor di e and coupl Bdr/us20051@2494

carrier anmplifier (206), the resistor divider network
for biasing the peaking anplifier (208). 14. The
anplifier circuit of claimb5, the at | east one
anplifier conprising a Doherty anplifier. 15. A

18. mdthhaukthabofplaisi Hy thedriasdidiuitgompseing adned &Eftsct Biagsistor.
(100) having an anplifier (116) integrated on the
sem conductor die, a bias circuit (110) integrated on
the sem conductor die, and a voltage offset circuit

19. ( ]l“%é)métﬁ‘(gdegf Ahizd19nd Bep SEMLAGNHHGAQ ﬂéﬁeteﬂ%ﬁ%‘sﬁ% tracking a

he bias circuit to track device paraneters of

nd 0 i.n he b S circuit and the

thresl\;)g#) Y%Ega@eé%“f‘ chﬁﬁ?uﬂ ?f tthslaglgh Re anplifier based on
tracked changes to the device paraneters of the
anplifier. 16. The nethod of claim 15, the anplifier (
116) conprising a peak anplifier. 17. The nethod of

20. clThermdtbod ohelaampls, futher comprisigg rsgttimgdhe vobageaofifdet fcuelnltry to a
(112).18. The nethod of claim 15, the bias circuit

fixed®6layel Sing a Field Effect Transistor. 19. The nethod
of claim15, the step of tracking device paraneters
conprising tracking a threshold voltage and
transconductance of the anplifier. 20. The nethod of

21. glfﬁlgrén{lgtgﬁ‘)c} ]éﬂ{;l%ﬂfi rlégﬁlg@xﬁ S:Séé vsirfgt i gnwa'fl%' ad us‘ﬁ%‘g She offset voltage

circuitry based on die temperature, process variations, or on load conditions on the at least

one amplifier.

22. A method, comprising:
providing a semiconductor -die (100) having a first and second amplifier integrated on
the semiconductor die, a bias circuit (120) integrated on the semiconductor
die, and a voltage offset circuit (124) integrated on the semiconductor die;
operating the bias circuit (120) to provide a reference voltage to the second amplifier
(122); and
operating the voltage offset circuit (124) to automatically bias the first amplifier (126)

proportional to the reference voltage of the second amplifier (122).

23.  The method of claim 22, the first amplifier (126) comprising a peaking amplifier and

the second amplifier (122) comprising a carrier amplifier.
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21. The nethod of claim15, further conprising
dynam cally adjusting the offset voltage circuitry
whamedowss di e tenperature, process vari ati ons, POI/USI05/002494

| oad conditions on the at |east one anplifier. 22. A
nmet hod, conprising: providing a sem conductor die
(100) having a first and second anplifier integrated
on the sem conductor die, a bias circuit (120)

24. i fihegnethediobelainh 82 sthaivolirgguaftset cidiudt, (13kdcamprisingag eesistor divider
oFfset circuit (124) integrated on the sem conductor

NeWQiKe: operating the bias circuit (120) to provide a
reference voltage to the second anplifier (122); and
operating the voltage offset circuit (124) to
automatically bias the first amplifier (126)
proportional to the reference voltage of the second
anplifier (122). 23. The nethod of claim 22, the first
anplifier (126) conprising a peaking anplifier and the
second anplifier (122) conprising a carrier
anplifier.24. The nethod of claim 22, the voltage
of fset circuit (124) conprising a resistor divider
net wor k.
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