WO 02/ 054583 PCT/ USO1/ 48212 RF PONER AMPLI FI ER W TH DI STRI BUTED BI AS
CIRCU T TECHNI CAL FI ELD OF THE I NVENTI ON The present invention relates to
power anwWoh2/exss3 and in particular to an RF power 5 anpbCtiusei/4seizh a

di stributed bias ci j A I e field of

bi pol ar radi ofr equé{@b%ﬁif@@%@%‘ﬁﬁbﬁﬁim%ﬁﬁgéﬁiwﬂg
anplifying transistor(s) is crucial in determning the class of operation
and the linearity of anplifier response. Various conventional biasing
schenes for such anplifiers are known. 10 These bi asi ng schenes nust

typi cal |y DHGHNECAbdpeb DAY ¢bSINMIEHTIONS such as linearity, noise
figure, distortion and power consunption. It is well known that a bipolar
transi stor is suUlljegeéschOintdigionatlatedsd pbivkt dnypliivgs, ahd ap@yicilbr fotani IBF poder
properly biased. Thus, in power anplifiers, anplifying transistors are

commonl y b%}ﬂlﬂﬁfﬁ?%tgl%rdi§tﬁﬁﬁt8@l)ia§Eﬁ@&ii.i ty by applying degeneration (ballast

resistors) in the base and/or emtter DC current paths. Wil e base

bal | ast re%& ﬁf}?{(ﬂﬁﬁ]ﬁi T ;ﬁ%ﬁhﬁﬁl lity, they can adversely affect

anplifier resistor nust be relatively large to
provi de adequat e at ur e. conpensati on. i nput sj.gnal power is
i ncreased, the ﬁarté% REL P biahe r"ﬁO?rﬁ@en%é%é%w t Hopidgrsedetising,ghithe of

power available at the anplifier output. As a result, a 20 base-ball asted
anpl i fi er explifying tiapsistpi(sdaerucisd po deferminingithe elassnfapersiion api dhe lneanity of i s
described in U S. Patent No. 5,150,076, entitled "Emtter-G ounded

Anpl i fier @mpdifiet rédporse BiVasiold carviehtidnal biasing Gthenees Hforsich cepifiersedre howbh.es
sonme of the disadvantages of base ballast resistors. However, the schene

descri hod iThetdBibsiRa kERines MhisP tyipicallf RNt BbBpdtherdRideRasRCHRA ia§ linEarity,
Moreover, the 25 device's sensitivity to supply voltage fluctuations

requires a gk ot Me bt dHiGamHRRF UL IAARN. 1 -

It is well known that a bipolar transistor is subject to thermal instability and

runaway if it is not properly biased. Thus, in power amplifiers, amplifying transistors are
commonly ballasted for thermal stability by applying degeneration (ballast resistors) in the
15  base and/or emitter DC current paths.

While base ballast resistors provide thermal stabili’éy, they can adversely affect
amplifier performance. A base ballast resistor must be relatively large to provide adequate
temperature compensation. As input signal power is increased, the large resistance in the
base DC path reduces the amount of power available at the amplifier output. As a result, a

20  base-ballasted amplifier exhibits non-linear response.

A distributed base bias circuit is described in U.S. Patent No. 5,150,076, entitled
“Emitter-Grounded Amplifier Circuit With Bias Circuit.” This active bias scheme
eliminates some of the disadvantages of base ballast resistors. However, the scheme
described in that patent exhibits undesirable thermal characteristics. Moreover, the

25  device’s sensitivity to supply voltage fluctuations requires a relatively high supply voltage



WO 02/ 054583 PCT/ USO01/ 48212 to be used, making the anplifier less suitable
for portable applications such as cellular telephones. SUMVARY OF THE

| NVENTI OWa hzoabssr e, a need has arisen for an RF power anpCT/AR@r4seirat
addresses fge el %@Bﬁ%@ﬁ@gﬁﬁliﬁ&dle‘éi?fsﬁi@db?é"%r%rﬁf)]lef[ PLRAtEs SREL as cBitylar
particular, a need has arisen for an RF power anplifrer wth a robust,
thermal |y g@g@@q}%gt ed biasing schene. Accordingly, an inproved anplifier
circuit is drdtl'6ged. In one embodinent, the anplifier circuit includes an
anplifier tr i as_a_base term nal connected to receive an

i nput si gnaUMM@ERX QI TAEINVENIION: or anplifies the i nput signal to
generate an 10 output signal. A reference voltage source generates a
reference vol t agdheraions, renegdehee arigen tiayanoBF ppewerodmplifet dbail adsiressescitec ui t
provi des a bias voltage to the base termnal of the anplifier transistor.
The | ocal MWiisagvaitigesiahd idefidiemtess @f the psibr hot.als patiotlat, hatectidms ariseanfot beRF
term nal coupled to the reference voltage output node, a collector termninal

coupl ed t 0 pRwep HRBliNlerMAE ABHUSO HRrmANE cnPaERed Blafinpatheppiinect ed to the
collector termnal. The local 15 bias circuit also rncludes a second

transi stor that S ] I e ] . e
first transist Ormgrcﬁénﬁ ?’eaglt %ﬁrﬁﬁgﬁgﬁﬁﬁoﬁgfﬁ% ?%&to%gd? shnpéﬁ{/%gﬂlrggét’ %%de,
and an emtter. term.nal .coupled to.the base term nal of the lifier
Lransi ot or STRITSHGEAHA G S (e pp R FF R Aok & bermterminad foapected to
thermal |y conpensated hias voltage is provided to any nunber of anplifier
cel I's. AnoteRSivesdyimptbyenabf The digp fansisior araplelinsi the mpyit sigael torgeneratesan
circuit is ballasted to prevent thernmal runaway in any one of the
anpl i filer osigus.sigdRl. EA RDESORIPTOIGcGouiidEzcDRAS NGB ferenca voltage atonpifercace
under st anding of the present invention and for further features and
advant ageS,VOItéée%LﬁﬁﬂQloﬂé. AQuearBis ciruit pvidek b OvdsRolteeswothbienethakanvfie 25
conjunction with the acconpanyi ng drawi ngs, in which:

amplifier transistor. The local bias circuit includes a first transistor that has an emitter

terminal coupled to the reference voltage output node, a collector terminal coupled to a
supply voltage node, and a base terminal connected to the collector terminal. The local
15 bias circuit also includes a second transistor that has a base terminal coupled to the base
terminal of the first transistor, a collector terminal coupled to the supply voltage node, and
an emitter terminal coupled to the base terminal of the amplifier transistor.
An advantage of the present invention is that a robust, thermally compensated bias
voltage is provided to any number of amplifier cells. Another advantage of the present
20  invention is that the bias circuit is ballasted to prevent thermal runaway in any one of the

amplifier cells.

BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the present invention and for further
features and advantages, reference is now made to the following description taken in
25  conjunction with the accompanying drawings, in which:

FIGURE 1 is a block diagram of an RF power amplifier;
2



FIGURE 1 is a block diagramof an RF power anplifier; 2 WO 02/054583
PCT/ US01/ 48212 FIGURE 2 is a schematic diagramin partial block formof an
anpl i fi ew@n?/eu4ss3 usi ng a distributed bias arrangenent | nParwssidsare w t h

t he present inv s ~FEL GUR i: hemat i Lagram of reference .
vol t age source ﬁgékgg%zfﬁgycgﬁ%gﬁgﬂﬁggéFlgﬁﬁgﬁyﬁ?&%:EF@U&E%ﬁaFQIQe%c%%ﬂEtic
di agram of an ak%en atiye reference.voltage soyrce for use in the
anplifier CPIEH 1?”@%‘@%@&36@&“@“?‘?@31 %H@%ﬁ?‘? Y‘{“{’Jﬁ’&d?r%’%?flb?lv%&nher

alternative reference voltage source for use in the amplifier circuit.
DETAI LED DESCRI FHSORER ifHEsobrvENT Id@¢ran oftae rgiersnes velthge rovticriontuse &t thehe
present invention and their advantages are best understood by referring to
FI GURES 1 tapdifighciscudf, t he draw ngs. Like nunerals are used for |like and
correspondi ng parts of the various drawings. Referring to FIGJURE 1, a bl ock

di agransof an REIGORE 438R!schéRiticl@iabfind BOWA alterhti ROWEEr AR d1fals€ sodi@e TBY
reside on a single integrated circuit chip, such as a gallium 15 arsenide

i ntegrated gi i i RE-.p r anplifier 10 receives an RF input signal
RFI N and geugnéeirgt?&gtsarniﬁﬁ%ﬁo@ﬁ%tb%si gnal RFOUT. RF power anplifier 10 has a

first anplifier 12 ich provides an jnitial anplification of the RF
nput o gnal | REFOUR S o e R ol e B st s e ik o
stage 14. In order to drive the output signal RFOUT with sufficient power,
ampl i fier o mhe anplifier 6rewiy, of anplifier cells 16 20 connected in
parallel. Referring to FIGURE 2, a schematic diagramin partial block form
of an anpl iDEE4 NCARIBBION MG THEINENBI@®d bi as arrangenent is shown.
Amplifier circuit 18 is a nulti- cellular anplifier circuit which may be
used agot he second mefpired eRbodibRge dZthelprdsEntiaveition and their advantages are best

understood by referring to FIGURES 1 through 5 of the drawings. Like numerals are used
for like and corresponding parts of the various drawings.

Referring to FIGURE 1, a block diagram of an RF power amplifier 10 is shown.
RF power amplifier 10 may reside on a single integrated circuit chip, such as a gallium

15  arsenide integrated circuit chip. RF power amplifier 10 receives an RF input signal RFy
and generates an RF output signal RFoyr. RF power amplifier 10 has a first amplifier
stage 12 which provides an initial amplification of the RF input signal RFp. This
amplified signal is provided to a second amplifier stage 14. In order to drive the dutput
signal RFoyr with sufficient power, amplifier stage has a plurality of amplifier cells 16

20  connected in parallel.

Referring to FIGURE 2, a schematic diagram in partial block form of an amplifier
circuit 18 using a distributed bias arrangement is shown. Amplifier circuit 18 is a multi-
cellular amplifier circuit which may be used as the second amplifier stage 14 of RF power
amplifier 10.

25 Amplifier circuit 18 includes a reference voltage source 20 which supplies a

reference voltage to a set of individually biased amplifier cells 22. As described below, in

3



anplifier 10. 25 Anplifier circuit 18 includes a reference voltage source
20 which supplies a reference voltage to a set of individually biased
anplifiewaertdas®B2. As described below, in 3 WO 02/ 05458BCRCTHUBRM/ 48212

one enbodi nppt. lﬁ)fdﬁfagrﬂq'@fe}’e‘i’iké F9RageUdufde {ffg%fa\éé Q%fe?enggfvg{}\%éf%p\éﬁ%i%ﬁ%%

approximately equal to one transistor t shol d volta
anplifier cell,s 22 are .sho LN, o FLGURE 2 .f or rposes.of illustration, it
W1 be: undartig Sae HileSar e Pig- iR oo VB R afec s 22t Sk P

anplifier I .. Amplifier . cells 22 be jdentjcal in_structure. 5
Each anpl i ?ﬁ?gﬁg‘é%lﬁ’@g‘ﬁ?’%ﬁ o QEJSFH%OW gﬁ%b? uRqegHeed el mnplifier gt flidapay
circuit 18. The input signal RFINis provided to the base of an anplifying
transi st or ipdudenpny nusaher ngpléﬁ@‘fceﬂh&amnhffm pelst2amay bt idesticad inf stowtfurdre
various anplifier cells 22 may be connected together to provide an out put
signal RFOUT. A Hahaimpbifies cell 22 wedei®S the REi inpst $ifeal RIf e fanaepliftdr toagait fli8om
reference voltage source 10 20 and a generates a bias voltage at the base
of anplifyimg idgﬁf‘%igﬁhpRFﬁquis BrAadetd iR badEPbE bi RS ABSkasRior244.0f TRACH
anplifier cell 22 is individually biased, a DC bl ocking “capacitor 28

provi des i ti L nput.:.of C i fL | . iopal
Cense 1 osi SPURHpRE e itk dBlkisRry SRCROBIR iakBly, SbliE ect 1 ey Y
transi stor 24 an reﬁerence.gol talgg sourfﬁfzo. Thi s sense resistor may
provi de addPPST BYAETBIPTYRIG P SIER3E P P¥F base bias voltage, as will
be described bel ow. Each amplifier cell 22 includes an emtter ball ast
resistor 30 conrfedacebbiBeei@ei?t 1gecivesihe referepee uoknge fipnniplerengesyolinse s@ucand
ground. Emtter ballast resistor 30 provides thermal stabilization for the
anpl i fil@r @@l 4nd22 gehgates aviedd vidtagerat tte basesel ahplifyingl transistdre24ar Becavae ltizs e
bal | ast resistor (not shown) nmay be connected between the base of

anpl i fyi ng a3@lifyiapi-abistor 24 Erdch amplifiel adl 0P i€ MidividGally ThiasedD aSBC abdkasd
resistor also provides thermal stabilization, and nay be used instead of

or in addi tthmitoP 28rbtiBEs D@ 1s88kioh 88 Rl BpuBBf each amplifier cell 22. An optional

sense resistor Rgensg may be connected between the base of amplifying transistor 24 and
reference voltage source 20. This sense resistor may provide additional control of the
15  amplifier base bias voltage, as will be described below.

Each amplifier cell 22 includes an emitter ballast resistor 30 connected between the
emitter of amplifying transistor 24 and ground. Emitter ballast resistor 30 provides
thermal stabilization for the amplifier cell 22. As is well known to those of skill in the art,
a base ballast resistor (not shown) may be connected between the base of amplifying

20  transistor 24 and local bias circuit 26. This base ballast resistor also provides thermal
stabilization, and may be used instead of or in addition to emitter ballast resistor 30.
However, as will be described below, due to the ballasting features of local bias circuit 26,
a base ballast resistor is unnecessary and emitter ballast resistor 30 may have a very small
resistance or may be eliminated entirely.

25 The local bias circuit 26 of each amplifier cell includes a first transistor 32 with an

emitter coupled to the output of reference voltage source 20 via a resistor 34. The base

4



However, as will be described below, due to the ballasting features of
| ocal bias circuit 26, a base ballast resistor is unnecessary and emtter

bal | ast ™me@nx0:3s8330 may have a very small resistance or P@yUB@/48Ri2m nat ed
tirely. I
pR e f b R R

| t t 34. The b 4 WD 02/ 054583
LR O AT i ofA SFeqns GansIoT 3Ehas s sk SR Iy e basng

both are coupled to a_supply tage VCC via a_resistor 36. A second
transi st or 288 crHactpy of Bmt@o}%aeéb@&ouww@f Bansistora i icenmmegied o dfoc.  The
transistor 32. The collector of transistor 38 is connected to VCC. The
emtter of emitgrsifdramsis®B 389s couphédtd the baseobasgifyingangisistori2dg A roassbaltast
24. A base ballast 5 resistor (not shown) nay optionally be connected

bet weens t heesidtort (net stvfwil) mddySdBioasllBBe dtthectch ®dehriss tif eraimiel bf ythikastdr I&idst or
24. Alternatively, the emtter of transistor 38 may be directly connected

to the bas %é)f)as%nfﬁ* achi DSt thARR R LA Kfte ? e‘ll}'oﬂ’@ efl ! gri“[?’%s'f’stor-'_f%!3 may be

operation of local bias circuit 26 is | ows. Transistor 32

configured hi f nd 36 ne the
vol t age at d?ECt? %Osnglgo r%lni’lgssetogm@fyl gt ﬁr%‘gﬁﬁs qugq% %‘éd to the
base of transis 38, _whi ts as an emtier followe he va e at
the emitter of Eﬁ‘ﬁrﬁ’é’?@%’i‘ Ogg’ciﬁ i35y el 158 %’ﬁﬁ}é’é Lf ’§W§Eﬂ%&§ﬁ{g&“e asa
anplifying transistor 24. An increase in tenperature of transistor 38
woul d, if Ulgvebpens alle, resstare 34 and B dem@emegﬁf: voliageva theabase @ dangiftor 32.

transi st or 38, thereby increasing the base bias voltage of 15 anplifying
transi $0 or Thds vdlmge\ig providedn®i the bhse3@f iransisidrcd& dvliich tictaresiant @nitids faludver.
experiences the sanme Vbe decrease as transistor 38. Thus, because

transi st or $hdZofthgk @&he amfitel OF Ah@GktbiB PRYTHEAL 44 @Bﬁs‘”é&ha\s Wlaxs B iMpliRiRach
other, the Vbe decrease of transistor 38 is offset by a decrease in base

voltage of (Lpansisior 32. In this manner, local bias circuit 26 is
automatically t er mal | y conpensated to produce the same bias voltage at

different An increase in temperature of transistor 38 would, if uncompensated, decrease the

base-emitter voltage drop of transistor 38, thereby increasing the base bias voltage of
15 amplifying transistor 24. However, transistor 32 is matched to transistor 38 and

experiences the same V. decrease as transistor 38. Thus, because transistors 32 and 38

are located in physical (thermal) proximity to each other, the Vi, decrease of transistor 38

is offset by a decrease in base voltage of transistor 32. In this manner, local bias circuit 26

is automatically thermally compensated to produce~ the same bias voltage at different
20  temperatures.

A further ballasting effect is provided by resistors 34 and 36. When increased bias
current is drawn by amplifying transistor 24, the base current of transistor 38 also
increases. This increased base current is drawn from the base and collector of transistor
32, thereby decr-easing the current through transistor 32 and resistor 34 without decreasing

25 the current through resistor 36. This current change affects the voltage dividing

characteristics of resistors 34 and 36 and transistor 32, causing the voltage at the base of
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20 tenperatures. A further ballasting effect is provided by resistors 34
and 36. Wen increased bias current is drawn by anplifying transistor 24,
t he base wapresnsssof transistor 38 also increases. This iPCT/@ssRB2t2ase

current is ng%ﬁ%rsf 89Mmh ey Rﬁgﬁpﬁnq‘hgﬁekﬁsﬁ% vabe VORAMR! Gt Bhnsider 3%{)&3{15%93@1

decr easi ng e current throu ransi st or and resistor 34 wt

decreasi ng ;25 the curr.ent -t hrough, r.esi stor. .36, Thi s rrent change..affects
the vol t agdegieoican B bighuptladt Bta38 orothutd wpsluSeh Mty SRR E B S, o
32, causing the voltage at the base. of 5 WO 92/ 054583 PCT/ US01/ 48212
transi st or 41°30ASg ARYCHETY Gragyndy YHEdr@ssi%g4hase vol tage of transistor 38
causes a decrease in the bias voltage provided to anplifying transistor
24, thereby courisewalt e rappaieat to thoseakidled nn g rnthedyizaanofbiesigivps B yAndpo
transistor 24. As will be apparent to those skilled in the art, the sizes
of resi St oustedAingrtte 3moult efddainstingeprovided vy Uodal diaslichiabl Agrgeravsisien 3y

| ocal bias circuit 26. Larger resistors 34 and 36 increase the ballasting

ef fect. HOWRY &6 incRALS RN bathstloSOfddt.M MSwENS, RERWr O4ShlNe IREECHEDSEviaR ty
of transistor 32 to conpensate for a thermally-induced drop in or

e f
appr opr | at SocpipR i P (Bhdifol 12 1 HoR Shent TG e BN BMAREL SRR o faP"
schemati c di agram qf reference vol.ta source 40 for use in anplifier
cirourt 10TPatERRa Rulelt SRR BuPGR 4 B B taosst o ARt B Do
capabl e of generati ng a robust, stable reference voltage VREF at the base
of a bi pol &Pmpremise pEthese tvp fedprgse transi stor 41 has a grounded enitter,
reference voltage VREF is approximately one threshold vol tage above
groundl015 The &uiféreiogde FEEFURED) i shematid diagraoppoine odferdn¢ecovaltage sonppe $0 for

vol tage VCC through two resistors 42 and 44. The emtter of a transistor
46 is connggd aflamplife@Ritd3 DSh¥REN Asl @BtiShedl Beldhe, @ittlerttd. volh@sdeé040 46 IS

connected in a diode configuration in series with a
capable of generating a robust, stable reference voltage Vger at the base of a bipolar
transistor 41. Since transistor 41 has a grounded emitter, reference voltage Vggr is
approximately one threshold voltage above ground.

15 The collector of transistor 41 is connected to the supply voltage Vcc through two
resistors 42 and 44. The emitter of a transistor 46 is connected to a node 43 between
resistors 42 and 44. Transistor 46 is connected in a diode configuration in series with a
resistor 48, which is in turn connected to Vcc. Another transistor 50 has its base
connected to the base of transistor 46 in an emitter follower configuration. Transistor 50

20  has its collector connected to Ve and its emitter connected to the base of transistor 41.
Transistors 41, 46 and 50 may be, for example, heterojunction bipolar transistors (HBTSs).

The operation of reference voltage source 40 is as follows. With no load
connected to Vgygr, reference voltage source 40 establishes steady-state value of Vggr at
the threshold voltage of transistor 41. When a load draws current from the base of

25 tramsistor 41, a resulting voltage sag will decrease the current through transistor 41,

thereby raising the voltage at node 43. Transistor 46 acts as a level shifter, providing a

6



resistor 48, which is in turn connected to Vcc. Another transi stor 50 has
its base connected to the base of transistor 46 in an emtter foll ower
conf i gur a0 ono54383ansi stor 50 20 has its coll ector connectrdrwsoiseI2and its

emtter connected to.the hase of .transistor 41. . Transi,stors 4 46 and 50
mmy. be, 1 onoLsns bbb Gpae SRR Shefhre Pl LRT a5 B otacpe Aode
operation of reference valtage sourcE 40 is as follows. Wth no | oad.
connect ed 8- VRS, 2 Velfagedneedss ot padret S alseea Holtags ingreaserné sheshasa @f trapsistar
value of VREF at the threshold voltage of transistor 41. Wen a | oad draws
current fr ot tHe ipaxescoin bags voltagesindttbe dddreass in dxmk tausg trapsistay 80 sagomduict
decrease the current through transistor 41, thereby raising the voltage at
node 43. Tmaorsicairert, ndghicingshavdlegekagtn Vigr, providing a 6 WO 02/ 054583
PCT/ US01/ 48212 voltage to the base of transistor 50 that is one threshold

vol tagesabove t hgiyoktAfe REIRERGooftProviddiSa Red ULPIE stadFii§BE VAl NOHE: 43
causes a voltage increase at the basée of transistor 50. The increase in

b | i - [ NS - 0

bese vel BB, IR, SPBLRSR T SRUSGL AL BT R0 18 21
| id t deal tability f VREE. Th i f
0P, PO 3 8, BBl S5k B SRl Ve T SERRORE RS2

and 44, the beta values of transistors 41 and 50 and the voltage difference
bet ween Vc@nd dhgicelipstarsifitesgsisior 41 thoanraxdmym wpsponstyengsa.icpisior 44 has a small
responsi veness, resistor 44 has a small resistance conpared to that of

resi st or 42esidtancervenpateddo et bf rasessirsi2oln 44e empodiencatyirédiwor MOmenbe palifed R =
0). In this enbodi nent, optional sense resistor RSENSE shown in Fl GURE 2

i's not jpsedntiRef Gk H )9 ThahiklefddBHinfent SoptioRsnRhicCredisRe RANP khavn 8 FRYUREIVe
reference voltage source 60 for use in anplifier circurt 18 is shown.

Ref erence yol4a8eqsource 60 nmay be wused in conjunction with the optional
sense resistor RSENSE of anplifier circuit 18 15 (FIGURE 2) to provide

further stabill Zl?etfér%?lgqfo FtIa%Ig:a ﬁ,e a %E:I%?na 19:I i& a6m0c]>cf & lte'rﬁe%fv@%eference voltage

source 60 for use in amplifier circuit 18 is shown. Reference voltage source 60 may be

used in conjunction with the optional sense resistor Rspnsg of amplifier circuit 18
15 (FIGURE 2) to provide further stabilization of the base bias voltage of amplifying
transistor 24.

Reference Voitage source 60 is similar in structure to reference voltage source 40
described above. Reference voltage source 60 operates in the same manner as reference
voltage source 40 described above, except that transistor 62 receives its base voltage from

20 the base of amplifying transistor 24 via sense resistor Rsgnsg. Thus, the feedback path for
reference voltage source 60 includes local bias circuit 26. Since transistor 62 senses the
base bias voltage of amplifying transistor 24 rather than reference voltage Vrer, imperfect
voltage buffering by local bias circuit 26 (for example due to thermal variation) may be
compensated for at reference voltage source 60. Reference voltage source 60 therefore

25  provides additional stabilization of the base bias voltage of amplifier circuit 18.



transi stor 24. Reference voltage source 60 is simlar in structure to
reference voltage source 40 described above. Reference voltage source 60
oper at es Woozlmsmm& manner as reference voltage source BOT/@ssi¢4s2ized

b , t ot t b I f 20, the b
of anmpl i Tyi ng { FAEHSE gp BF R ey Bl ol froRoin o han fuernalls Rtk

path for reference voI tage source 60 .includes |ocal_bjias circuit 26. Since
transi st or VebagseiouEee Thior Use d apphifier, grauaighs t5rshampy i Rsfensace valfrge soprce 4
rather than reference voltage VREF, inperfect voltage buffering by |ocal

bi as ci r cunay2® ysedin esaingritionduith the opHenatesenseaesistor Bupnseraly aplifieroripseitslét ed
for at reference voltage source 60. Reference voltage source 60 therefore
25 provi desFIGSRE 29 reprosidaiabilizatioroof thé badechibastahé afamplifygarapbiseorpii fi er
circuit 18. 7 WD 02/ 054583 PCT/ US01/ 48212 Referring to FIGURE 5, a

schemat§c_diagr aRAtn@NAIAGE sBhtENDAL IUMABELHRARE i AL4ia0 o SOUIGE: zenéger
use in arrpl ifier circuit is sh own Ref er ence vol tage source

used in co i t e
cirouit 18%#%%%%%&? sbife, IR, | SIS SRR B el i horll va"%% af{se of
ampl i fying transistor e, vol tage source 70 somewhat siJg | ar
T dest gn KRB P SourE e %@aﬁ? S0 BB, ab g naf 7 Depeter Caters 75
vol tage source 70 operates in the same nanner as reference voltage source

60 descri baad dBoets, the xelspsnce Neltageh¥ranctiectts wihews dhe pesspkfusther fevel-shifiing

sets the reference voltage VREF directly, w thout the use of further
| evel - shi f tiragtry c iRefarenaeyoltbed suerecd) thotefargdas a ymaber7 Sintleradcort eekign than
smal ler, sinpler circuit design than 10 reference voltage source 60. Like

referenge yagbleagevange 66urb60." Efkerefacy 0bltag 80s0d 60 SefPenct §6RIgEDUFREMback
t hrough |l ocal bias circuit 26 and sense resistor RSENSE t 0 prOV|de bi as

voltage st ghihie? atd Rl BrodfPbLAleL: GRbloPad BELEREIAG KONE BRRNse

resi stor RSENSE I's connect ase of on one anpliTtier tran5| st or
24 of anpl Ivoftaezgre S ab1 1zl“e|1|t10n%or'amqufi%f celgleZrml variation among the anplifier

Referring to FIGURE 2, sense resistor Rgensg is connected to the base of only one

amplifier transistor 24 of amplifier circuit 18. Thus, thermal variation among the amplifier

15  cells 22 will not be taken into account in reference voltage sources 60 or 70 described

above. However, the ballasting effect of local bias circuit 26, which prevents thermal

runaway, ensures that the amplifier cells 22 will have approximately the same

temperature. Thus, reference voltage sources 60 and 70 provide excellent bias voltage
stabilization for all amplifier cells 22.

20 Although the present invention and its advantages have been described in detail, it

should be understood that various changes, substitutions, and alterations can be made

therein without departing from the spirit and scope of the invention as defined by the

appended claims.



15 cells 22 wll not be taken into account in reference voltage sources 60
or 70 described above. However, the ballasting effect of |ocal bias circuit
26, whi clw@poreasiss t hermal runaway, ensures that the anppPCtiusevssel2 s 22

wi |l have qﬂp§£§§nately the sane tenperature. Thus, reference voltage
sources 60 provi de excellent bias voltage stabilization for al
anplifier I1s.22. 20 Although the present invention and its advantages
have been ES{S?FBed in detail, it should be understood that various
changes, substitutions, and_alterations can be nade therein wthout
departing from the spippRPHHRY cieBib60BPIisiRg | nvention as defined by the
appended clains. 8 WO 02/ 054583 PCT/ US01/ 48212 CLAIMS W claim 1. An
anplifier circuian aapiyier siangistonavingd bisegerninaln®instaed foaecaige an bhpsesignal,
term nal connected to receive an input signal, 5 the anplifier transistor
bei ng oper ald emblifianmphnsistort beind BfethblsitgRaiplify tigehipuatigndrnogehpute asbapal ; a
reference vol tage source operable to generate a reference voltage at a
reference gypht:-age output node; and a local bias circuit operable to

provi de a bias voltage to the base terminal of the 10 anplifier

transistor, the | i ircuit hawi.ng: first transistor havi an
britter Dorm o RR8kncd Aliafd aid ofHDT oBpdril S rel R Rl Be N [OeRT
transi stor hgvi ng a collector termnal coupled to a supply voltage node,
the first tPHRES QB 1046 a base ternminal connected to the coll ector

termnal; and 15 a second transistor having a base term nal coupled to the
base term nal ofa local bias circuit operable to provide a bias voltage to the base terminal of the

10 amplifier transistor, the local bias circuit having:

a first transistor having an emitter terminal coupled to the reference voltage
output node, the first transistor having a collector terminal coupled to a supply
voltage node, the first transistor having a base terminal connected to the collector
terminal; and

15 a second transistor having a base terminal coupled to the base terminal of
the first transistor, the second transistor having a collector terminal coupled to the
supply voltage node, the second transistor having an emitter terminal coupled to
the base terminal of the amplifier transistor.

2. The amplifier circuit of claim 1, wherein the local bias circuit further

20  comprises a first resistor having a first terminal connected to the supply voltage node, the

first resistor having a second terminal connected to the collector terminal of the first
transistor. |

3. The amplifier circuit of claim 1, wherein the local bias circuit further
comprises a second resistor having a first terminal connected to the reference voltage

25  output node, the second resistor having a second terminal connected to the emitter

terminal of the first transistor.



the first transistor, the second transistor having a collector term nal
coupled to the supply voltage node, the second transistor having an
em tter tweont/emabsscoupled to the base term nal of the anppCTiuser/48eensi st or.

2. The amplifien, i roficlarlireh Bhillitor AART £ OnblR hOGAIRLASa Gl A UWobngkES her

20 conprises a first resistor having a fir’st term nal connecte

supply voltage nod the .first.resistor .havi,ng a_second termamnal, cqnnect ed
Lo the col PaltbrmPfis Raisistte fb et the P iy grebticomppis®y iy ogal bias
circuit of claiml1, wherein the local hias circuit further conprises a
second r esi¥eEh themplafier qiicpi furthey ROMBISIBENnect ed to the reference vol t age
25 out put node, the second resistor having a second term nal connected to
the emtter tewrrseawld ahplifier tfansistor having i dasg terRinA@REGEA B8R ceive the input
PCT/ USO01/ 48212 4. The anplifier circuit of claiml, wherein the anplifier
transi sfor spanlpthesaond afvplifitr aamistdri ingd camstist o paallel whierlel first heplifieal
bias circuit conprises a first local bias <circuit, the anplifier circuit

further comphiishPeh cetRC@RGupIPLibhdISndt ransi stor having a base term nal
connected to receive the input 5 signal, the second anplifier transistor

bei ng connected i s@gcpn%rlgul %lias\@ir lrllit E)Eé?‘al;lie E]g f)ro%l | :Jb‘&';a? (loltatlgé ?&ﬁ'xie Sy tetrﬁiéla{ %f

gener at e t he out put Si gnal , and a secon OoCa 1'aS Clrcul opera

provide a hias voltage.to the base ternjnal .of . the second anplifier
transi stor?hetsr‘?ﬁorgL% 1914 ERRFISiOT-d e%ﬁ"?’&‘ﬂ"ﬁ’%% AP ier d transi st or having

an emtter termnal coupled to the reference 10 voltage output node, the
third transistor havianthied &ghsiger davingran ealitierotgsmangl teeupld tostheproferpate age
node, the third transi stor having a base term nal connected to the

col | ectior term waltagd outhwt riddey dhe thiedh st wor, heavieg a cdltastdrherimal ospled thdha ng
a base termnal coupled to the base term nal of

supply voltage node, the third transistor having a base terminal connected to the

collector terminal of the third transistor; and
a fourth transistor having a base terminal coupled to the base terminal of
the third transistor, the fourth transistor having a collector terminal coupled to the
15 supply voltage node, the fourth transistor having an emitter terminal coupled to the
base terminal of the amplifier transistor.
5. The amplifier circuit of claim 1, wherein the reference voltage source
comprises:
a fifth transistor having a base terminal coupled to the reference voltage output
20 node and an emitter terminal coupled to ground;
a third resistor having a first terminal coupled to the supply voltage node, the third
resistor having a second terminal coupled to a collector terminal of the fifth transistor;
a sixth transistor having an emitter terminal coupled to the collector terminal of the
fifth transistor, the sixth transistor having a collector terminal coupled to the supply
25 voltage node, the sixth transistor having a base terminal connected to the collector

terminal of the sixth transistor; and

10



the third transistor, the fourth transistor having a collector term nal
coupled to the 15 supply voltage node, the fourth transistor having an
em tter tveonz/ombsicoupled to the base termnal of the anpbCTiUsel/482ENSi Stor.

O ofie ampl {11 et, Sl LM n flath b ) doas HISE AN LA B FLBCSNALLATR QU0

conprises: a f| tran5| stor a base ter coupl e

reference yolt. 20 n and an.e

oround: o LAPHao 4Bt SREb R o e boERH febpine a%upi# oo Rl plgee
vol t age node, the th| rd resistor having a second term nal coupled to a

col | ector HedsritheSeYmih HanFTiPy viag, A FBREr: oRmigakeaupladuieaihs Feie gy vAlagn
emtter termnal coupled to the collector termnal of the fifth

t ransi st or outpuenadext h transi stor having a collector ternminal coupled to the
supply 25 voltage node, the sixth transistor having a base term nal
connect &d to the. col Ietaipliffeecieuindf Qdint Defuﬁhé&{&brﬁﬂrﬁﬂfg B¢ raitbr v

02/ 054583 PCT/ US01/ 48212 a seventh transistor having a base term nal

coupl ed to,tfag Qa%ﬁnalewﬂpmﬂ tPkhd B&'seseeﬁmal bE RS iaStiier 8 l%yeﬂfl&em the
transi stor havi ng l ector termnal coupled to the supp tage node,
t he seventhfelte Oﬁaggro‘gr%g%%gp Snesemtter term nal coupled to the reference
vol tage ou

\-.—

arrp1|f|er circuit of claiml, further
conpri si ng a sense resi stor having a first term nal coupl ed,t he base

termnal of the?&hItR fIRRYIStPT Baylnesd base tepminalicpuplad to 3 secopd frrmingl pf hgscasur ce

conprises: a eighth transistor having a base termnal coupled to a second
term nal ofesishy andrigemitterserrioal coupledio groindier termi nal coupled to ground;
10 a fourth resistor having a first termnal coupled to the supply voltage
node, tbe fourahfonskirstigor havihgg frssecmid] ceupledad teosypphd voltage madk] ért or
term nal of the eighth
fourth resistor having a second terminal coupled to a collector terminal of the eighth
transistor;
a ninth transistor having an emitter terminal coupled to the collector terminal of the
eighth transistor, the ninth transistor having a collector terminal coupled to the supply
15  voltage node, the ninth transistor having a base terminal connected to the collector
terminal of the ninth transistor; and
a tenth transistor having a base terminal coupled to the base terminal of the ninth
transistor, the tenth transistor having a collector terminal coupled to the supply voltage
node, the tenth transistor having an emitter terminal coupled to the reference voltage
20  output node.
7. The amplifier circuit of claim 1, further comprising a sense resistor having
a first terminal coupled to the base terminal of the amplifier transistor, wherein the
reference voltage source comprises:
an eleventh transistor having a base terminal coupled to a second terminal of the

25  sense resistor, the eleventh transistor having an emitter terminal coupled to ground and a

collector terminal coupled to the reference voltage output node;

11



transistor; a ninth transistor having an emtter term nal coupled to the
collector termnal of the eighth transistor, the ninth transistor having a
col | ect owoeredsnssl coupled to the supply 15 voltage nodePCT/gowmisat2h

transistor havi Qgish Raser hevil] at rstq&ﬂﬁ@ﬂtcsgglam @ggsﬁgh%%ftége notdg,rtg% RO

the ninth transistor; and a tén transi st ase termn coupl ed
to the base term nal of the nint t Si, st o the tenth transi stor having
2 col et of Loy e Lusspro el a5 i Shroic ol Fh b ont n

transi stor having an_emtter_term nal_coupled to the reference voltage 20
out put node. 7. 8The ds| dpplafierceirquyi of gleig| by yhareiy ther rrderercsniolitage nipusce
sense resistor having a first termnal coupled to the base term nal of the
anpl i fier furghes cemprisesehgxtbiresistoreconnedtest eatweeny thietrafgeense uoltage output hedesandan
el eventh transistor having a base term nal coupled to a second term nal of

the 255seimisecollestbstepihinal bethe lekwemhhrahsigosi st or having an emtter term nal
coupled to ground and a collector termnal coupled to the reference

vol tage output gode; All; ¥} RHeLeAaddn S GluiSBM#8mE2 a fifth resistor
. (R0R458% & i

having a first termnal coupled to the supply voltage node, the fourth

resi stor having ] I r n ol t.age ~out put
node. 8 The anBrrrrarecl Bl 1iie SRUHED bhellf M ERRED BB ABPRITIE.
source further conprises g si xth resistor connected between the reference
vol t age out'BiAse tOARE% 389t he collector terminal of the el eventh

transistor. 9. A _bias voltage generating circuit conprising: a reference
vol t age source @épesadbias citguifenapbledo geneggte pdipsevaliepe aigpebias nede; Biedpeal bias
vol t age out put node; and a local bias circuit operable to generate a bias
vol t agé0at caclit Besvimpde, the | ocal bias

a first transistor haviﬁg an emitter terminal coupled to the reference voltage
output node, the first transistor having a collector terminal coupled to a supply
voltage node, the first transistor having a base terminal connected to the collector
terminal of the first transistor; and

15 a second transistor having a base terminal coupled to the base terminal of
the first transistor, the second transistor having a collector terminal coupled to the
supply voltage node, the second transistor having an emitter terminal coupled to
the bias node.

10.  The bias voltage generating circuit of claim 9, wherein the local bias circuit

20  comprises a first local bias circuit, the distributed bias voltage generating circuit further

comprising a second local bias circuit operable to provide a second bias voltage to a
second bias node, the second local bias circuit having:

a third transistor having an emitter terminal coupled to the reference voltage output
node, the third transistor having a collector terminal coupled to the supply voltage node,

25  the third transistor having a base terminal connected to the collector terminal of the third

transistor; and

12



10 circuit having: a first transistor having an emtter termnal coupled to
the reference voltage output node, the first transistor having a collector
term nal wouopbas8t o a supply voltage node, the first trarPeT/ssar4sheevi ng a

base term nal carfpegh edndifiof heisOh Ibe&! RfminkEEdHpRAl toQhe bR thinfigdl JFRO ST OF
and 15 a second transi stor having a base term nal coupled to the base

term nal of . fi k : ans i ctor
tormnal counragts Futd ERSab ks SREAILEARLALRG ST Sy T8l g
an emtter term nal upled to. the bias node, 10. The bias yolta

gener ati ng @ﬁ?’gfﬁei {%ugfx?@gsdlﬁtm avipe ay eI [FREDEL SPunlechio the F%ﬁf“i/glaﬁﬁg%orrpr i ses
a first local bias circuit, the distributed bias voltage generating circuit
further conprising a second |ocal bias circuit operable to provide a
second bias voltage to a second bias node, the second |ocal bias circuit
having: a third transistor having an emtter termnal coupled to the
reference voltage output node, the third transistor having a collector
term nal coupled to the supply voltage node, 25 the third transistor
havi ng a base term nal connected to the collector termnal of the third
transistor; and 12 WD 02/ 054583 PCT/ USO1/ 48212 a fourth transistor having
a base termnal coupled to the base termnal of the third transistor, the
fourth transistor having a collector termnal coupled to the supply voltage
node, the fourth transistor having an emtter termnal coupled to the
second bi as node. 13
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