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WO 2005/ 104355 PCT/ US2005/ 002494 METHOD AND APPARATUS
FCR DOHERTY AMPLI FI ER Bl ASI NG BACKGROUND OF THE
NVENTION 1. Field of the Invention 5 The invention

WQIZQ?%@“{?éner ally to the field of anplificati oRCT/US2005/002494
circuits, nore particularly, to automatl c bi asing of

current b|a5|ng point is a 10 crltlcal deS|gn
paranmeter. The qui escent current has significant
effects on the characterlstl CS and per f or mance, e.qg.
linearity, signBf F'TH EENITEORhcy, etc.
of the anplifier. The optinal DC b| asi ng poi nt of a
tramnsi st Bield of ¢he Iavgtioni er depends on the application
of the anplifier and the characteristics of the

trapgd ﬁiveﬁnonmlafefg Rh&aIR foGhe BEIARDF aBDYHERTONRIC Gits, more particularly,

surroundi ngs such Tas ténperature variations, process
like. 15 An exanple of a power
to ag?r%rbﬁﬁ@%%%%éh&%ﬁérty Amplifier. The Doherty
t opol ogy has been used widely in sophisticated and
hi gh power application. Traditionally, a Doherty
anplifier includes a plurality of peaking amplifiers
i n Whi chDisgussioneefithe Belated Aff er requires a different
bi as | evel . However, the qU|escent condi tions of these
peaki mgoﬁmﬁmlﬁlifmrﬁthardﬁ‘eﬂaiurreﬁta&(ty offgaiesveabt@rent biasing point is a
Further, anplifier devices are known to have varying

cnt&ﬁﬂﬂékféneﬁdr&hétﬁﬁ T 1es%9nt"€ﬁh%nﬂ l‘ials‘iiénﬁﬁ&m dffdcs o E’égﬁaracteristics

stages to a pre et er mi ned Current net

and &%'f g’ﬁ%gdeggg & Hﬁ%a%ttyp %%!ﬁﬁl]&gsct?lg?) é&v?err%ft?cn&l Vet an fkth% amphﬁer The
ol oC tiesipechay! of #reasﬁl%{»re%?% lglifer fape “81{‘ ficyapplication of the

Doherty anplifier configuration, two integrated
amplifies (ands ther eharassesistics © the dxangiston whish cae raffected by environmental
anplifier devices and the peaking anplifier devices.
surtoondihgssuch as temperature variations, process variations, and the like.

An examplle 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



s

10

15

20

1 WD 2005/ 104355 PCT/ US2005/ 002494 configuration, at

| east one of the integrated circuits is an off-chip,
factory bias set. However, for anplifier

WO2PIS18¢35Hres with nul ti pI e output stages, thiRCTRS2MSD02494
beconmes i nefficient and expensrve The referenced

CO'?%Q{E Fo%m tnlggsrtr%%o e |Erf}t§re eﬂ%?rc{u F ust crp% as set. However,
ef f ctrveness of prevrously known technrques

for, c’é?@efﬁ‘ir TBEHESS Yyth mylipeptpyti seages this methed becomes inefficient and
however, those mentioned here are sufficient to

CXpRBRYAStrate that the net hodol ogi es appearing in the
art have not been altogether satisfactory and that a

si giThé irsfarehcodeghdrtCorhs adeGlot ldi&ldb@@@ﬁé grmsiRS 6l Afkr are among
and clainmed in this disclosure. Rl EF DESCRI PTI ON

maﬁft@f‘ﬁg@?ﬁ Mﬁhyg eAVaMsR 9p x%%ﬁ)ﬁgﬁ ig \gﬁ]?eoﬁﬁg %o(!o{)vcé}gmg biasing

I'S specr I catlon a e

S UG o B P A ALY o
thege drawings in conbination with the description
thep’f"éé’é’ﬁ?‘@&“"h APREaRing indtst ATk Arveo poks pen aliogsthensatisfaciery and that a
the same el enent nunber. It should be noted that the
significas axcerd exists forube tealirighes dedchibedlaraldlaigred an thindikclosure.
necessarily drawn to scale. FIG 1A is a block diagram
of a die including a biasing circuit and a peaking
anplifier, in accordance with an enbodi nent of the

present | nverikark ESCHIPIIOR OF rIk iEkiTti0 am of

an on- Chlp bi=as coupi to d Jcahrug
n accordance th.an enb Jrent the .
or oLhs, ik B RPaRRE & AL, 3 hig eBesifeAron s included (0

on-chip biasing circuit for a RFIC anplifier, in
de%&sﬁag rslecty 9fHhe inventingui Therinvention meaydiedasster understood by reference

i nvention. 2
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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WD 2005/ 104355 PCT/ 1JS2005/ 002494 FIG 3 is a graph

showi ng the gain of Doherty anplifier relative to the

i nput power, in accordance with an enbodi ment of the

WPasWBAP435hvention. 5 FIG 4 is a graph show ngP@HES2005/002494

phase of a Doherty anplifier relative to the input ‘

power, in accordance with an enbodi nent of the present

i nventi on. DETAI LED DESCRI PTI ON Shortcom ngs of

conventional biasing of anplifier architectures are

addFHachis agraphshowing the gaimi of Robeny amplifieraelativotouthe inpuhpower, in

particul ar, the techniques of this disclosure provide
accardaoce with ap embodiorat éfch®prsénninvensienli try coupl ed to an

anplifier. An anplifier architecture, having

mul ti-parallel output stage anplifiers, using the

techni ques of this disclosure is nore efficient, nuch

nmor o] t., ' St - Cld n coppared to .
ToRRIGOR 8% B shiwin@She TG ¥ DRGE FRIREL Fa® to the inpu
eneral, .the present invention provides an on-chip,

POVIEE: 15 Agerdance withanembodiment of the presentiBVentioRnpl i fi er s.
I n one enbodi nent of the invention, a sen conductor

die may include at |east one anplifier, bias
circuitry coupled to the at |east one anplifier,

vol tage of fset ci rDETAILEDODBRERIPTIONe bi as

circuitry, where the bias circuitry and voltage offset

Ci I SHerichinsf cORRNiSHalHasti2SF Attt alcRASY

A G e A & FifRE atcBfASu @l e addressed by the

: | t.of the jnvention, a .
oGS SAE 08, IR e Y o, gryive m on-
.sem conduct or havi.ng an applifier, a bjias cjrcuit for i
chi, SHTFAHS Rexie STOWAY SAERIEH 0 &t amRifictmAn pmelfierrghiteetore, having

vol tage offset circuit, the voltage offset circuit for
mulgepaslial Auipyt stageranpliisrs uping thedechmques ofgbisatisslosu: is arore efficient,

cal cul ating a biasing voltage for the
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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5 anplifier based on the device paraneters. In
accordance to anot her enbodi nent of the invention, a
net hod i ncl udes providing a seniconductor die having
QG 2008/1043%d second anplifier, a biasing circui PCT/US$2005/002494
providing a reference voltage to the second
amplyifier, and a voltage offset. circuit, the vo|tage .
o T dbpbEtandt g Spe P EiBe of e nfeionen methyEh 108 leiig an amplifier
.the first anplifier and for automatically biasing the
n 193% Preyiding, pemispndyicios daving sl anyplifisr.t & blasesdughigl for tracking device
anplifier. These and other features and enbodi nents of
pardneetérn i nthie camplifidr, bed ke volerge agffee ciraitigdtheavsitage offset circuit for
under st ood when considered in conjunction with the
detepmining Rieftemhe aniplifi ki i3
It srﬂ%gul d be undtglrfeqrhslt@g(")ﬁdl,II q’ggl\%gvg??ﬁ? g{w%élrﬁlggfaollla(\)glhvé1 gghage for the

mﬂﬁﬁ@fﬁé&k&?ﬂth& M%Eﬁalia&g{e?@“ ng various enbodi ments of

the 1 nvention an unmerous specific details thereof,

15 s _given by way of illustratjon and not of . o
i it 3%%0 PCW%EBg’B’*’?‘{’JWB@tI‘WF‘FP%? imgtod includes providing a
addi ti ons _and/ or rearrangenments nmay be nade within the
semicopdnctyr dinchavingemtfirgnand sasend amplifien ta higsing oricit for providing a
spirit thereof, and the invention includes all such
referehes voltgeotosthe sevatidf amplifiarnand addithgeo offsandfcalt, the voltage offset
rearrangenents. According to one enbodi mnent of the

 cirpuiefo Provitling h esrefice @1@;@@ th&fifsk hapiifier shd %Padusiﬁﬁicaﬁf?iasin g the

to bias a peaking anpliftier, where the biasing circu

i i t 3@9@1 the peaking

_ﬁrég%ng{p? P Fw(grgoﬁﬂyl}g&rite d:jan 1A De 100 may
inclyde a.reference FET 112. coupled.to g peakin .
o e PRSP aoplesToimeats Of e 'bysniak M, bg beteremppreciated

nplifier on die 100, variations such as the die

aﬂél dnfersieed rehong gonsidesed e pprivnction wisk dhe Jollewingfdaseription and the
peaking anplifier transistor 116 to vary. The

acqosfpanyng dravingsl 1R, shbeldibeguridestooflabowoet, atlatothe tfkovsiagelescription,
4 WD 2005/ 104355 PCTI US2005/ 002494 di e as transi stor

whild fndieiting Vatiouadmbodimentksf the idvahfi@shd Murse¥hCHecific details thereof,
paranmeters such as the

is given by way of illustration and not of limitation. Many substitutions, modifications,

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 illustrﬁted 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 refe_rence FET 112, having been fabricated on the same
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threshold voltage (Vth) or the transconductance (g,")

of the peaking anplifier transistor 116. Accordingly,

i n one enbodi nent of the present disclosure, biasing

WO 200810888ki ng anplifier transistor is based PCI/USR05/002494
qui escent conditions of reference FET 112.

. Furt.her.npre he. 5 thod i pncl udes dynam cal |

it BRI 16, RrduyY TR viind 1) oS aametspy such as the
die tenperature, process variations, or |oad _

threshold voltags (Vin op the: transeanductgenedgubrk thg dealking pmpliGenirangistor 116.
anplifier transistor 116 is set based on the gate

Acoardingdye infone leenbodineane of ¢heFprEsehd disclBiwe, bigsing of thetpedkiflg amplifier
is coupled to the gate termnal of the reference FET

trafsistoss UC Badelladn e qhiéceneboRiifdal drlRfdrénddi BSPA 12O Burthermore, the
desired current density. 10 For exanple, reference FET

es..J.0.: NageY i 0 O.. t .
mefod BRFLRS Payriaiclly TRAG, IR, BRE Msfiek i RLR ATy’ 6882 on e
voltage of the.reference FET..112 is also coupled to a -

tcl\lpgﬁtg%eprgf:?sgé@ngqqng,ﬁr p3fl cppditioRte vol t age of f set
circuitry 114 is adapted to deternine the drive |evel
at WhP¥HClRR Zaeavaliage ahfie peaking @mphifics transisign 1160is set based on the
turned to an ON node and operate in a Doherty node.
gatdyoBagehof théecferehcealfiET d12.s Biasimigroinaait 1Y0 islebupledpb @se gate terminal of
the 15 gate term nal of the peaking anplifier

thetrefeRce FBIT 1URSuch tha0 B refshat FEMT 112t Biavdd foa0&sREd Sfitent density.
circuitry 114 uses the gate voltage of the reference

Fof SR, WALRCAP 13 et ONybl f FUFSRLTE M voae

e a5 Pod s 48 shGoiage Of o ianer FRbal12 is also

t he Peaki ng anplifier transistor 116 operate_in an ON
0af V9liage giset ciiaay i HputTheoraltage offsetyairouitnel 14 ppadapted to
Al ternatively, the offset voltage 118 may al so be
determying theddrive Recloatnvhitho thedichkiog antplifipe trasistoy will be tumed to an ON
conditions (for exanple, single carrier or _
motilhid epeRate i s DRDBIY GRdUE OAS kuchAth offseltikzuilry™M 14 couples to the
biasing circuit 110, reference FET 112, voltage offset

gat€ termitlal Of tﬂe]ﬁealéﬁxrgdangﬂﬁ%& ReniH 116, &h otng %ﬁ%ioﬁfng{né,]tﬂtg yoltage offset

are all 1 ntegrated on the sane sem conduct or
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 voitage 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 exambie, 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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5 WD 2005/ 104355 PCT/ US2005/ 002494 Different circuit

i npl ementation is adapted to provide an automati c,

on-chi p biasing of the peaking anplifier transistors.
WO2BPHIYS t 0o one embodi nent of the invention, BEITAE2015/002494
C|rcuit 120 may i ncl ude, but |s not I|mtedto a

b f FET 1
oo D S SRR Pt T ah i, o biaig
f&@ glﬂpe vohé e of ref rence FET 122 is used to
Ol H&PeriNG amp NSISEARS- ¢ ﬁ@f@ﬂgﬁ%e%@amd@eatrﬁﬂ the jnvention, biasing

transi stor 126. Accordingly, voltage offset circuitry
cirquit] J0hpy) instadewiont jsinat| limitedr tosa sumens nuicrophdagtetido dias reference FET
buffer to determ ne a gate voltage for the peaking

1220ph iphitienlat cansit density] 6illusirated of FR®L 1B/0IThe @hte WoRa@N6F reference
Vg of the reference FET 122. In one enbodi nent, a

FEToiiza&eué@HViodﬁéteﬂn?néjﬁ%dgﬁt@ a%é' lo‘f‘ttﬁ? ?)Pﬂanéj ghmapﬁ'g?sistor 126.

the gate voltage for th eak Ier nsrs

Ooff Gircuitry. m
AccHhinglis Polded oflse Cyﬁﬁpfrflﬁgf"@% Jf%;o DarelEhrefiptsaptba 15 ¥ butter to
vol.t age for_ the peaki anplifier transistor 126. In
detGTFUnE.A BB VRIPEE 101 Yhe prAKlag AT blifios sasitioe 146 Sping Rt voltage 128 and
peaking anplifier transistor have changed, the gate
Vg Of)llhﬁat reneeHET 123r Intome podiodimpengngpvolfage divideaisusetl 0o cdloulate and
operate in an ON node nmay need to be changed.

detdharing the pgteyyol@agior thecgeakih@iatphifier tralRtkton 1286, Aﬁid‘ﬁiéﬁ‘ﬁlly, the voltage
vol tage determned fromthe reference FET 122 and

off§é91:ﬁ'élﬂﬁy ffa siﬁélu& fefdtabit %n%:ﬁﬁer 1%32) o' sllebAhe ate'vfo}tééktefﬁg the peaking

peaki ng” a frer tranS|s I's operatin
eedba 130 on 0 . .

amfift S d8( ﬁ%i PEROTSARRE £ ieleyicepaiy %gfl {hg peaking amplifier
eakl lifj tranS|stor 126, as illustrated by a

tra R ‘frI’g dlecsf;% BaCaYRtaes inspdedofprethg epking sasnplidiswriransistor to
|n FIG 1B, b| asing circuit 120, reference FET 122,

Operalg tnageONdno@emanc needuip be ghanad. Ancbrplmglyl, amypbifg] ]JZﬁlseprowded with
transistor 126 are all integrated on the same 20

a bimemahiape deteanindd erok Ghe Aefdichto FEIT ¥22 ahdebltadd 6ffédk c1rcu1try 124,
conmponents may be used to inplenent the on-chip, self

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 cartier amplifier may be part of an amplifier circuitry,
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bi asi ng of the peaking anplifier transistor. In one

enbodi nent, the reference FET 112 includes a bias

F,E I n anot her enbodi ment, the reference FET 112
FOWMESS it is not limted to, a carrier arRSIHVS2805/002494

The carrier anplifier may be part of an anplifier

soB} Sznbffonip Porkbing intaf B alpsiit 308) iR quutigyier
mul tiple output anplifier ESSpeCIfIC
enbodi nents of the invent%ﬁ%now be further
descrl bed by the following, nonlimting exanples
Spedifie Pﬂé@dﬂﬁ@ntwf ithel ipventign avill nowdedfudheralescribed by the following,
features. The 5 follow ng exanples are included to
nofiliwpitingt exaenpdes whidh neiflasetvene lustodty Sn i somehdetdll Wigous features. The
i nvention may be practiced. It should be appreciated

folldwiihg ehansxod® ivtuddhivs fhcflﬁﬁté BNuARREARERS of HHRGH! Wmttﬁe invention
di scovered to functlon well in the practice of t e

mdg :fe gatrécgi ed l?eﬁgp%@c ¢|9 (r:lcgbtoﬁ{e gyéarﬁﬂéson Foll%w represent

be a ec:| at ed t hat ny chan es
emp3iFica Sn%la‘é"’ﬂ‘?g%ﬂ gfu%%z'@np {7 BRiRSeRic M SDAIveRter and ghus can be
di scl osed while still obtaining like or simlar result
coRidenesl o coppisnteipiferedompdasdorsthe practiemef the jvpatiat. Héwever, it should
i nvention. Accordingly, the exanples should not be
be appetiatedcthasmanyrichanggs tirebe swadpdn ahe ekemplaveamb&iiments which are
Exanple 1 FIG 2 illustrates a portion of a Doherty

disolsped {whité sﬁllflflitaﬂhih tukerbrtaimilarzteeﬂt 3tHolt Gepard: from the spirit and

Particularly, die 200 includes a self-bias FE
t L e,200. ..
SCdr?g o ggﬁrlgrrlltg(flﬁ gggéorg ‘g(kl&r tHerEQ%nﬁle%%é?lﬁ ﬁ 2 CP%%%"%BQS (?mntmg the

" \R,E ut .circuit 212 that is rmtchedtotheinput

C°|5’8 Fheé &‘8 210 and coupl ed to output 207. Further,
die 200 may include a peaking anplifier transistor
208 with input circuit 21dxapmdels matched to the

i nput
FIG. 2 illustrates a portion of a Doherty amplifier configuration utilizing an RFIC.

Particularly, die 200 includes a self-bias FET 202 integrated théreof, 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 ou.tput 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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power source 214 and coupled to output 209. In one
enbodi nent, outputs 207 and 209 20 couple to | oads of

ective anplifiers 206 and 208, in which the
\R@ga@s‘?@gggexternal to die 200. In an integratBT/US2005/002494
anplifier configuration for Doherty anplifiers, the
Fd oS ] : ' . Lfhen.tr i Stor. .
er N B LR i et insi RGEA I8 TRl 4 i G effing ampliir
b imdar. As .such, the bias, for fhe aki ng
calff i 083 prcauiBb o s Bieg oo, Gried aulPidisr (Hasiepn 206, the gate -
for the carrier anplifier transistor 206. The gate
voliage o dhe earriemamplifier tisnsistorisTcoppledite agesigbedividsr. the resistor divider
gate 7 WO 2005/104355 PCTI US2005/ 002494 term nal of
netwhek inaludingrresistpisi X18end 220.nThe veltage Bom the netwantk divides is provided to
bias for the peaking anplifier transistor 208 is
the@ﬁﬁﬁ@xﬁﬁhﬂ@?«:&l@n hepliragbistopgogarrier anplifier
transi stor 206, the gate voltage to the carrier
anmphi g St or 4 | Qunl resi st dj vi der
hens il ATIE! 3 enb ReF BB IR, 5% Bakf? sl rinsiRy 206, peak
... The .vol t f the network djvider is. ) )
oy 208:impF it 38l 21B. o ae Toh o pesitider etk inelyding resistors
transistor 208. As illustrated in FIG 2, the
218andi2 28 azesalFmtegrased og thespiae semispnducear die 200si st or 206,
peak -anplifier 208, input circuits 212 and 216, and
the resistor divider network including resistors 218
and 220 are all integrated on the same sem conductor
die 200. 0 10 Exanple 2 FIG 3 and FIG 4 illustrate
the results of automatic biasing of a peaking

anplifier transistor in a E]?{]a%eéwmzanplifier
configuration, in which a referencé FET is on the sane

di Wit h ifier, Particularly, ElG 3 i .

| TG ek PR A Blistes s 3hts bbb plasingiofr+ apaking amplifier

relative to the input power (dBm and a corresq‘ondi ng
tfa“é'é??ﬁé%j??f@ﬁwaawhﬁav Fepfiggrionningwhicls @ 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 am;pliﬁcr. Graph line 402 refers to a gate voltage of 2.5 V applied to the gate
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paranmeters during operation of the anplifier. The
hi ghest gain observed was for graph line 302 which at
weppsaxissmt el y 23 dBm the gain was about 18. 7pciBu§is/év2494
gate voltage of 2.5 Volts (V) for the peaking
anplifier transistor. At a gate voltage of 2 V, the
termipahafra praking amenlifieb trensister. (Bragh linp 406 referde agateatsdlage ofi2 V and
dBm illustrated by graph line 306. For a gate 20
graph lipai¥04 etfenge @kat2. ditvge bhe Indxdipplicd gaitlie gdte tiéreninal of a peaking
peaki ng anplifier transistor was observed at an input
ampliiRMREnHto22 dBm as illustrated by graph |ine 304.

Simlarly, FIG 4 illustrates the phases (in degrees)
f
of ah e BRBBEL ABBHHERS o 61 3hickFol gdlscmsd HARM cBPYE made and

deyi ce paraneters durln n of npl

used Wit e S marbon it Heiy B dtcdiondpr el Be awfjest that various
applied to the gate 8 WD 2005/104355 , ] ]

substipgngiSrodEicadeso additiensrndAir refrraaggraeis o thenfphtiutes @f the invention
transistor. Graph line 406 refers to a gate voltage of

may Be Vhaledwitignapdeviating fddid thekpiris ahd/oa sgapee of thid agderigfng inventive
2.3 V applied to the gate term nal of a peaking

conce?ﬂmlt fs 88eniddaihai ﬁ'feoipmtAJu{dlérhs%oﬂé e kigs ﬁﬁd&m}%din'@&m\% &fncept as

he i nvention discl osed herein can be madé and used
defin%ﬂ t Fglgeu t@ﬂé‘:‘ﬁeﬁx Bﬁrhgei{}ltdaﬁﬂe? f]{llltvhfeﬁgt chlert Qﬁ such substitutions,

ggftlt émgns di fications, additions and/or
modilicaliops, 3 Pt 4ndier IEHIANEEMENtS o5 of the i nvention nay
be made w thout .deviating fromthe spirit and/ or scope
of the underlying inventive concept. It is deened
that the spirit and/or scope of the underlying
i nventive concept as defined by the appended cl ai ns
and their equivalents cover all such substitutions,
10 nodifications, additions and/or rearrangenents. 9
CLAI M5



What is clainmed is: 1 An anplifier circuit,

conprising: a sem conductor die (100); a Doherty

anplifier integrated on the sem conductor die, the

Doherty anplifier including a peaking anplifier (116)

and a carrier anplifier (112) coupled to the peaking

anplifier; a resistor divider network integrated on

t he sem conductor die and coupled to the carrier

anplifier, the resistor dCLAJBIS network biasing the

peaking anplifier; and a self-bias Field Effect
Whaanslaghat iswhi ch automatically tracks variations in

device paraneters of the peaking anplifier integrated

on the sem conductor die and coupled to the Doherty
1.ampl Ad k@plifidrREcsielcbmplidngFi el d Effect Transistor and

resi stor divider network together biasing the Doherty

anpl4 sepagondpctordic k90 fier circuit, conprising: a

sem.c e . =+ fipst and on l{fiers ..

ot coP o Bt el d 48 so RSB RGOSR Dot Smplitir

di vi der nedlvding aippilégr amplfian(116)eand endaoerdingildier {1d2) coupled

biasing the first anplifier; and a self-bias Field

Ef fect Tral§iPsears P aut omati cal Iy tracks

var izakdisss divitlefl Bitive fk inRAFAIELELIR shicdn | 3 and coupled to the

amplifier integrated on the seniconductor die and _

coupl ed t@Ticheansdisnd tmpesiftpre rdividere ngaydrk pbiasing &k dpeaking

Ef fect Tr ' and resistor divider network

togetheragﬁggﬁ%g&%he second anplifier. 3. The

anplai selfdrascliield (BffecoT raatistonwRichtao®niaticsily @ik ivhtigions in device

corpri st rﬁgra}n%?erg of h‘llerb%aking amplifier integrated on the semiconductor die
and coupled to the Doherty amplifier, the self-bias Field Effect Transistor

and resistor divider network together biasing the Doherty amplifier.

2. An amplifier circuit, comprising;

a semiconductor die (200);

first and second amplifiers integrated on the semiconductor die;

a resistor divider network integrated on the semiconductor for biasing the first
amplifier; and

a self-bias Field Effect Transistor which automatically tracks variations in device
parameters of a peaking amplifier integrated on the semiconductor die and
coupled to the second amplifier, the self-bias Field Effect Transistor and

resistor divider network together biasing the second amplifier.

3. The amplifier circuit of claim 2, the first amplifier comprising the peaking
amplifier (208).
4. The amplifier circuit of claim 3, the second amplifier comprising a carrier

amplifier (206) coupled to the peaking amplifier (208).
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anplifier (208). 4. The anplifier circuit of claim 3,
the second anplifier conprising a carrier anplifier
(206) coupled to the peaking anplifier (208). s 10 5.
The anplifier circuit of claim4, the peaking
anplifier (208) being coupled to the carrier
anplifier (206) via the resistor divider network. 6.
The anmplifier circuit of claimb5, the self-bias Field
Ef fect Transistor being coupled to the carrier

lifier (206). .7.. A nmefhod, conprising; providin
5.2 TS ALGF e U £ty 45 ieging ampliBer 20F) betnggoubled to the
cabridr QEHPAFBA208) il he r&@ibCRNduCIRL ol €, a sel f-Dbias
Field Effect Transistor integrated on the

senm conductor die, and a resistor divider network
6.1 nt at ed- he- ' di- e, kb - .
oo} PASPLEAD, G, SCPRARTSLSL Yyl EREEALD ek boing
coppled hethe carrief arhpléfier 8206 fi er; and operating the
self-bias Field Effect Transistor and the resistor
di vider network to bias the anplifier based on

7.t r ackedtohaegsising: t he device parameters of the
anplifier. 8 The nethod of claim7, the amplifier

(1167o%Ednp rissmirgndugiraic AHM havigg an agiplifipe(1ie} rgraed on the
claim7, Lheodld:diera SATPhL $5898 B drlsed? Tlebiadd
(112). 16" Fhe ne{hod£%$ gpg%nf%, tﬁe stepsé? tfg%bﬁhglﬂw
devi ce pasmiceidicor cdigprndiangesistoradkideg mtwirkesixgrated on the
vol t age and. tnﬁn§cgnductance of the anplifier.
semiconductor die;
operating the self-bias Field Effect Transistor to track device parameters of the
amplifier; and
operating the self-bias Field Effect Transistor and the resistor divider network to
bias the amplifier based on tracked changes to the device parameters of the

amplifier.
8. The method of claim 7, the amplifier (116) comprising a peak amplifier.
-9 The method of claim 7, the amplifier comprising a carrier amplifier (112).

10.  The method of claim 7, the step of tracking device parameters comprising

tracking a threshold voltage and transconductance of the amplifier.

11. A method, comprising:
providing a semiconductor die (100) comprising
' a first and second amplifier integrated on the semiconductor die;
a self-bias Field Effect Transistor which automatically tracks variations in
device parameters of the peaking amplifier integrated on the

semiconductor die, and

11



11. A nethod, conprising: providing a sem conductor

die (100) conprising a first and second anplifier
integrated on the semi conductor die; a self-bias Field

Ef fect Transistor which automatically tracks

variations in device paraneters of the peaking

anplifier integrated on the sem conductor die, and 11

a resistor divider network integrated on the

sem condugiesistod divided pernaih Mgegidal &etht séhsnducerdic;

Effect Tra S|st%r to EFOVIde a.reference voltage to

t he OPSBEBR HoarhibiasiTald Eifsoh Trangivtorgp eropidenyrefasgnce voltage to the

resistor Sggoy,aq%hﬂglt(\wg)kalm as the first anplifier
(126) proportional to Tthe reference voltage of the

sec @pgragng,mefrw@qmr(@m@yr nemorhm:@ the fitsd amplifier| (A2 praportional to
the firs [ Si ki ng
tthe%gpe nth] gglta%c o%?])[ € sec d amg?gif%g?)a

anplifier conprising a
carrier anpllfler 13 The nethod of claim 12, the

self bi as ran3|s or cou led t
1240t dBe s ?*J fg?l Bl %‘Pp%é‘Fﬁl( ﬂ% Rotian prieakigg Agglitier
an@ theGe@dna aalaﬂohftehgzg)e&fm;msﬁﬁg eFéa%héi aﬁfpﬁlﬁ&t Transi st or :

tracki ng device paraneters of the peaking anplifier.
12

13.  The method of claim 12, the self-bias Field Effect Transistor being coupled to a

gate terminal of the carrier amplifier.

14, The method of claim 12, the self-bias Field Effect Transistor tracking device

parameters of the peaking amplifier.
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