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WD 2005/ 062463 PCT/ US2004/ 038730 BI ASED DARLI NGTON
TRANSI STOR PAIR, METHOD, AND SYSTEM Field The present
WO popsnae246h rel ates generally to el ectronic ci rRCK/US2004/038730
and nore specifically 5 to Darlington transistor
pairs. Background A "Darlington transistor pair"”
BIASKIPH AROING PON TRANSISTOI PAIRY METHED 084D sysTEM
ashion. The tirst transistor recerves an Inpu
signal, anplifies it, and drives the second 10
transi stor which anplifiedield further. Brief
Description of the Drawi ngs Figures 1-3 show circuit .
di i@m&%&m’t RYICREPThER 1At SRGHB O Eleaiianis pisruiisaidsmpys specifically
to DRGAALAAAREstYE bdlyvar i ous embodi ments of the present
Invention; 15 Figures 4 and 5 show bl ock di agrans of
el ectronic systens in accordance with various
enbodi nents of the presgnt invention; and Figure 6
shows a flowchart in acB2ekeEaund v th' various
e R ot R $eMdes! i NAReY:
o DaliE5n Rinddie: fale SR jdos e %ﬁéilﬁ?fseﬁgﬁgg???“aﬁh o
fashipaf €he ficse tiassistarieeceives danpaicigneh ryiphidics dr awi drges theagecond

show,. . way..of. ikl ,ustration, specific enbodinents in
Uans{ﬁﬁqréﬂu?ﬁ%mpﬁg%sﬁf hghwr'rray be practiced. These

enbodi nents are described in sufficient detail to
enabl e those skilled in the art to practice the

A

i nvention. It i CY he various 25
. _ y , ‘ T )
et S T e R e e

accoydatide with asiridiBaimbodimé&its oftthel pesser@finwhdbAct eri stic

descri bed Ber in_in_ connection with one enbodi nent

ey SHIES SrrBRT IO dIRGTATS 0F EleCiERtie 8 SRt 18 AGFeHaRRe With

- ' r N Wy-Ts cope of the invention.

vanolgﬁ&gggélh&& 8%,&??#; &gset?lgh{;’lgﬁ%ﬁgg?gt ood that the |ocation

orFignreanshemsrat flofcharidn wcabudance vetheatisusembodimenis o f the present
. rgj scl osed enbodi nent may 30 be nodified w thout
INVeI@Barting fromthe spirit and scope of the invention.

The following detailed description is, therefore, not

to be taken in a limting sense, and the scope of the

present inventi onDeserifgiongdmbodinients he appended

gg‘%&ﬁ%@%@%@ﬁ O@gﬁ:{%ﬁ&%%g@g&%&%ﬁi ?rla Q 90 %ﬁle) accompallying
drawings that show, by way of illustration, specific embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. It is to be understood that the various
embodiments of the invention, although different, are not necessarily mutually exclusive.
For example, a particular feature, structure, or characteristic described herein in
connection with one embodiment may be implemented within other embodiments without
departing from the spirit and scope of the invention. In addition, it is to be understood that
the location or arrangement of individual elements within each disclosed embodiment may
be modified without departing from the spirit and scope of the invention. The following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

present invention is defined only by the appended claims, appropriately interpreted, along
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with the full range of equivalents to which the clains
are entitled. In the drawings, like nunerals refer to
W@ bwse64e3 or, simlar functionality throughoutP@¥ES2004/038730
several views. Figure 1 shows a circuit diagram
including a Darlington transistor pair in accordance

withget 1‘&11‘4?&% %g%ﬂgaigfégggs I'J{]h%ht%e gﬁﬁné’&%%g ﬁed 'Iqugzﬂé dPaQVnﬁ%f like

rcui ransi
num¢mBnsies toothe $28¢ or sidiilar ftmeﬂmmﬂl(’,}ythtcR@qoutrmk gevkial, views.
degener at.i on i nductor 122, ac tor 132, and vol tage
CONERE | VG e asiin ol (ngiPTh fansitieyy Pairing

accoﬁﬁgcesﬁﬁﬂ QiU M odiREntd 8pth§®?es ElﬁLIﬁJre%’loh 0 i R01180 includes input

Darlington transistor pair col l'ectors
transcs(bcupil lédsepmgiatraltsustmt lmodadlo]ﬂmuea%d(ﬁﬂ)e:heh& 1 1B degdneratipnt

stor. 110 coupl to t base of tr i tor 12Q
induggpP 15, Bibirdr BoS REPuifieh SomtelfegaPaen optds oD, nt epistor
110 Aahedcdfdl tham¥isRe 100 BRI @upicdn tdrila DeARSH tPdrRistdrBATSHith the
In some enbodi nents, transistors 110 and 120 are

collepiorseraypleddegesheriot pedeal42, enciihsiestterr ! (BT Spnsisiat hl Geoupled to
theb%&o&%arﬁ%gt%fr ?ﬁg{}gﬂi Liﬁl |ng an I ndi um Phosphi de (I nP)

Focess isis not alimtation of the

P r A5 shiwil MVIEBldedn) traffstoRNA0RhE 120 ARy B bASIIA: j@Action transistors
ransistors 110 and 120 rr&;lylgbe an isol ated gate

(BJTﬁ} dnspae smbefiomts, typsipforst 14 apdtldf amdieiropmction bipolar
C f.i o]
trans i qulg%‘géj Etgc'hkas ﬂT&lg rﬁ;nﬁl?a%hlr{;d @s@%%?ﬁ ﬁ{dﬁli 1 ppgr&-{%%e v@% p(?ocess,
althosglipfliyismode likii@tian of thtelpeesen)ﬂ ihegitions Fof etangls, dhta@if $othldr
ts, RF choke 112 is

and sonme. enbodi ne
tranSiSHaai f § %A TRE P AN 159 ﬁrﬁnsef@mc(&%%?) W?Bé‘é &r‘i’&"éal oxide
semlé'(ﬁ{d%@ﬂof‘ﬁelﬁ@fe@t St el MO@E”’@ current w thout the

vol tage drop of a resistor I asing without a

r eBadio drequancl tchglee Hir2oip cabpledisetivoen @fpeinpgivegaipplyaude 113 and

igh d | band t t
T TR, A
indudtA¥el&torlidgd B&Vf&ﬂ@b&guﬂﬁ{p\é@ﬁfée trﬁh?c}ﬁ'ﬁ% Eﬁc?é C(S]fector b1as current

transistor 120 and " | ower power supply node .
Wlth@dj e eokogel itreprale, re$1stdu cBiasing evithovies redysgmheolaage@hwp allows for

i I R bR RS RS S%, BB or

110 dnidd@ot i ve emitter degeneration sets the gain of the
a lifier in the bandw dth of interest w thout addi ng
egeneiiafian inbrios 133 srounled detmaen the eraidies pbiransister 120 and

lowe@&%}%k.@%&%%gé If?4 aﬂPAoP{e Gﬁ%%bodg’mgl% %n&’t%%wg t? dﬁ%eglgraﬂ?a

i's ‘couple tween st gnal

helpsatﬂduﬁehﬁplhaﬁlpedzefcmnm’ﬂdhnﬁg and thanBhibes aﬁﬁﬂﬁel@ﬁ&@ﬁtﬁ @urther, in
132 allows ,alternating current (AC) conponents of an

some; gypRpdimentsigiuetive st dlegqnsration dets throsain of te appdidier in the
bandWiIHTb fterdt Wit addiAP ke H¥hatiddse A0GiRLS Hih HebiSGE, and

desensitizes the amplifier to Beta variation.

Capacitor 132 is coupled between signal input node 140 and the base terminal of
transistor 110. Capacitor 132 allows alternating current (AC) components of an input
signal to pass from node 140 to the base terminal of input transistor 110, and blocks direct
current (DC) components of the input signal from passing from node 140 to the base
terminal of input transistor 110.

In operation, an input signal (VIN) is received on signal input node 140, and AC
2
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current (DC) conponents of the input signal from
passing fromnode 140 to the base term nal of input
WQ ewA9686Dr 110. | n operation, an input signal PENVUSY04/638730
recei ved on signal input node 140, and AC 2 WO
2005/ 062463 PCT/ U82004 /0 3 8 7 311 conponents of the

o RRR RS ARSI AESBRRub T B Rl PR, oo

transishut] 0Sintplidies BRAnPItRUINGESnd proVidest ePRdond ﬁﬁﬁd1§b101201 Xcond
Second transistor 120 further anplifies, the Si naI

transgshef lﬁﬂmﬂ@l@§ﬁmhﬁﬁﬁﬁ13| signal 2pd ppvidesiagsaplifie
(VOfJ'I‘g &%‘5%8‘?1#2 5 The base term naI of |nput
rARS P or

recei'ves a bias voltage (VBIAS1l), and
t h®he Eﬁb&érﬁﬁnzﬂfof inpatiraisiansi 19troceilekQ tiscwiliags (‘EIBM&B) and the
vol tage (V on node 111 from vod\%]lgge

emitignpF SRt tg%nﬁ}s 118aecerves g dias vokagd 8,'1‘15 %&lme‘goltage
cont%)ll‘lgé E@gédt Ablrke T ﬁn dothe B odihbiRe e\/l\/ﬁ%ubﬁaﬁtfh?ly@qﬂél% Ribe,

emtter voltage necessary to bias transistor
wherkAlbd i8 thehminithomimsettaemitiee vokapearcessdry o bias smngistor 120 in the
/Bl ASI |ssbtant|

Forvri St MR TR A RERSDS YD ghisay BIAS hadobratidy savito
2V Blrfottler etntURAEE \flhﬁ%rga\l@%han Vi, 288 S BIARN i bte@tbr than 2Vbe.

current source 130 is cou ed between node 1T1 and
| oWettageantpllelipptent podee 1304is cpupledheiwerbbadakhland lower

| t d
powijr bR ofe Lt vin i ShEe P Ry BP KhaER shitfe 1
providéBtidRis vdifags TN repbast tiRAtGIvedVidsagditage (WBIA.‘BZ)d In some
current source 130 operates to keep VI in

embedimentsnveltaige gouteplled wytranitsopise 480 onemmicp te lseepBY hépa syhgtantially

cons 5 Rl Ench) £ PSSP, B ELACRROFOLIE Loy

curréfj Yédreé 030BbASZ0 médditaiagel s@@ﬂﬁhﬁﬂlj @ﬁhabﬂarVBIASE ovioltaze
130 provides a voltage path to node é&fltlé | so
s

contypdlsd Camant gouree 30 REOVHISH 3 Viokags RSl 0 5O BOwisles a
W e bias voltage
Cunéoﬁ BF %lfr(glgggd%gﬁrﬁoﬁgﬁ ﬁ%élgtﬁ 8‘?4 %Lfl% the bias 20
voThagembinatiadef thd bias amliagerml the: ba@rtempiaalrofftraomsmdéo the bias

VOltE}lg]q-éntélgéé }{\ﬁ ﬁgh\l\eﬁég%uf g élﬁ%?lggq ]lﬁd to |1ovver power supply node 114
alloxg %IJ £GhQkade9n BIY ﬁarsﬁ 2ko-Bin@tier G EQIcRor b-enditié@bidsShi@fent o7

increasing the bias currents of input transistor
translsm; 1 ]@p d%}é\m;:regmng Heortriat @niestsi of! snmfc transister 1M Dpimt)ngray

ed. . For grease hn bi.as cd
charfidgy s P d AT BEaT v By Sae aRd e it B current
may'fﬁéiféa['&! RROREH-Bhh R df Re8NeNd Be MixifbalGeSdtiig fﬂétﬁen@l 5}
may al so decrease noi se. In _sonme enbodi nents,
trandisteiLidh eyd mhy also decrease noise. In some embodiments, the frequency of
operation versus noise may also be traded off through adjustment of the various bias
currents of input transistor 110. .

Figure 2 shows a diagram of a circuit including a Darlington transistor pair in
accordance with various embodiments of the present invention. Circuit 200 includes input
transistor 110, second transistor 120, RF choke 112, degeneration inductor 122, capacitor
132, amplifier 210, and low pass filters 220, 230, and 240.

An output node of amplifier 210 is coupled to node 111 through low pass filter

230, and node 111 is fed back to an input of amplifier 210 through low pass filter 240.
3
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operation versus noi se may al so be traded off through
adj ustment of the various bias currents of input

WQ ewae6B6dr 110. Figure 2 shows a di agram of aPCi/v$004/038730
including a Darlington transistor pair in accordance
with various enbodi ments of the present inventi on.

I.r cuj t ,200 t
ampfipigt 8] Qe ers EETRRS RE 1wt pbdiEiD b Ronde b Bf Eftbticer
210 b 23uple@pasi &96r shdifica tiat bpdrates BlfdrceaVtltd ByeudaRAtially equal to
filters 220, 230, and 240. An output node of anplifier

VBI@S@ is coupled to node 111 through | ow pass filter

218t VR BRaS deoRF p BF S e gDl e R 4 DT

elnbm{eht@%ﬁﬂﬂﬁ'ﬁﬁﬁg(ﬁfb mhmmkrlhehtedrwﬂil&haﬂ then ne opéruenal/BinABHer.

on an I hput node. Int t

Ampjifigr 2K0 @gm@aplwf aw@aé%wﬁ%# fgjl;lg?nlt g&f&?ﬁ g%@l?iﬁ%ﬁﬂ({rsasmg
the Vfaﬁ[)ﬁsem H%J%%éﬁtﬁﬁ it %ﬁé]%tb@i 10/ %&pﬁheﬁﬂo Yoide2a v+l@age path

ment s, rer 2 s an oeratlon
fromath@ buffpueof thaaniphﬁercﬁll@eto node &hihadd alsnpsovadesla duirent 221 from

o TR R I B SRS B S e
of 31518% EQée'sﬁglaQ Bk &R boR i 56 SRPGRRr of 1nb{ﬂtctfﬁl§ﬁtdﬂ§l 10t he

varrous bias currents 1 n I nput transistor 110
Anpigufd 2sh@sOe gingaindefst aroudlincdeding atmrllmm@mﬁr@mﬁestmwl

Lifi 10 t de 111
sccofpperihgarR e gNe bt e erva iR LR B R s
elem@AR-sirfIa tb ki dRE siEokéh intGicUH @90 Fighkét I Uivith tiegRldeegadt] o@seﬁbﬂe
of sinking excess bias current comng fromthe emtter

transgsftor ﬁ&JtCasaa@d@ét@ﬂ@tor 310 s qoupler betveshonBer P& §HRATY BPdal13
and %18 %cgorg g?inggrsq 15)%1!1 hH§ t gj &r%etaés}ﬁ%c?ﬁlﬁ ntgaﬁ}|$ cﬁ(ﬁ(e 112 s

varil ous e present

couplé&/l@dﬁzbéiﬂcas@de(twnmsﬁ&@ 030 med wsies poﬁbﬁn@ptymcﬁle MilBar to
those shown in circuit 200 (Figure 2)

G paEh Fcadhorielor B1AAShoTE D TiEpe £458 bihelat unction
trans’}}%@'é%ﬁ&%égan fatﬁﬂg ngﬁe%gesgi?ﬁ %PIOHP pof B}p&] E AYRREY

"fectors transi st 110 and
embddithentsncaood: teanbisthr 3R0isan BHaed @ete ficl@ effsct tmnmpﬂoe AGFET),

bet ween, cascode tran t d
hr?é@énﬂtibo’“ S eRs Bee e e T ARl

F1gul‘:é §4uafl§i @\*BIR‘SB% aﬁﬁlﬁﬁ% @ Ronttd13E181i84131 2 off BAstoli$transistor
? §t|on of the present Invention. For

310. ekmnﬂbcmhmemts s$otincleichdiilneaseale trasisod 819, rcan@olsimmnsllﬁ2 may

| at f | d
SEER NN TN e
310,1cbaRsl tirinal MOSHE e refired10WH a ighte terminal.

The addition of cascode transistor 310 to circuit 300 may broaden the operating

bandwidth of circuit 300. Further, by modifying the bias voltage VBIAS3 on control

terminal 312, the gain of circuit 300 may be modified. In some embodiments, VBIAS3 is
modified in response to output signal characteristics detected on output node 142 to
implement automatic gain control (AGC). Various embodiments including AGC are
described below with reference to later figures.

Figure 4 shows a block diagram of an electronic system. System 400 includes
antenna 442, amplifier 440, RF processing block 450, digital processing block 460,

processor 410, memory 420, and controllable bias circuit 430. Antenna 442 may be either
4
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Figure 3, a bias voltage VBIAS3 is applied to a
control termnal 312 of cascode transistor 310. In
wepsdézgent s that i nclude a BJT cascode transi BEGUSD04038730
control termnal 312 may be referred to as a base
termnal, and in enbodi nents that include an | GFET
. transj stor contrql rm nal
a dirt 3! g o PR oA togh IR P Grcife, 38 0 EbBRments,

anteda2fQi idyobe &lOmhiodiedctiont]tan®aha smch vmatipisde ahteena, or a quarter-
operatin bandw dt h of circuit 300. Furth

r, b o
waverRiplng fyse FE chpmBleyis sorg IR AtcAR i tnay b i dipgptional
j Gl ' dified, In sone
ante%?%iggalltl rgr%rl]? %{aﬂg}%{ (R%g&ﬁéﬂr&r?g 3%%%511?%1%5 ponse to out put
si gnallifichd4@atagibe ah ianplifiet thet iedludes DaPingtangrhér WidlRai o

increa LR BT (] VWG REISraP e ot aribEar o8] Say fnctye any
of ’chE:i %ﬁﬁ)ﬁﬁﬁﬁ%ﬁ RpteRiRtd by GHBSLOORERIES 1} cRAAVSOR(HIRE ), or circuit

iagram of an el ectronic system System 400 | ncl udes
300 diigwemida 442, anplifier 440, RF processing bl ock 450,

digital ' .bl ock 460 410
P T e R TR S e
corrd8pinde @iéé@%na‘ﬂs, Wida 203815 06246 2 oftbT AOR Aikde d 0 F3r 8xafmpid, leither

a directional antenna or an ommi-djirectional antenna.
or bath of BE aripgessing hlosk a0 enbdigitalarpesssing hlask 202y ipplpdpthe
. - C i ,
e T T e B S
inter€EB Oglbba plositioAing spiem 4GRS yiyerbee fordhe Bkd.i onal  ant enna
such _as a parabolic dish antenna or, a Yagj antenna. 5

AnBrilipifesquangy (Rd) Prrsessingapels 43 (beceifie RY' signglg donyantenna 442
and %Hﬁx%ti{oﬂ?&rﬂﬂocﬁﬂfeﬁts%%&rﬁg Valhfg"f% ﬁﬁ&ﬁﬁ% %ﬁp%ﬁ% s?%fg%/bf&c@s@ing.

ransi st or or exa anp
For éxaalple] én sorye embodimensnRB grovesting blepk éSE&mig dndhydeciscidlaiars,

Qe B iR ADeRELBURE1EL: o1 LB,
procbdsRIEHTLEK 5D Rhy ﬁ&?&hyﬁ&é??r&%mﬁwﬂﬁg fEBYenb§ conversion, carrier

correspond to Vvoice signals, data signals, or any
recovarpriiymettol dempédatéa, or Forothsraphlede siginehigpcessingbot h of

noBHa5F SRk P fmenertr S3RsR TatkE) AR G Rl Bbices
inforniB¥oR A8, Prodesdri4g b e ¥6r &:Q6ile, 3 Somé efbBdiknehd Bieftpseor

cel lular phone interface, global positioning system
demgdubajon mexb¢ influeneed bytrenimands oreentes! sicaals drexdg

procgszfgl%e@é(izkg %S ﬂ}?ﬁr%ced'sggr 41%¢ %llﬁltgér ﬁl:%o%eg%gir)fdéfééﬁt@ ﬁf%ﬁd&g%ing

vari ous “enbodr rent’s, ns va
blocRABU Alay proWdé sHIGSnBibn SLANER sigiad Sesgtngr:. frequency to processor 410.

Processor 410 may influence the operation of other blocks shown in Figure 4 in response
to information received from RF processing block 450. For example, an automatic gain
control (AGC) loop may be formed by RF processing block 450, processor 410,
controllable bias circuit 430, and amplifier 440.

Digital processing block 460 receives a signal from RF processing block 450, and
performs various amounts and types of digital processing. For example, digital processing
block 460 may perform de-interleaving, decoding, error recovery, or the like. As
described above, digital processing block 460 may include the appropriate circuitry to

implement any type of communications system, including but not limited to, wireless
5
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For exanple, in sonme enbodi nents, RF processing bl ock
450 may i nclude oscillators, mxers, filters,
wa@lzoesded4ed or s, detectors, decoders, or the |i KRCT/BS204/038730
for exanple, RF processing block 450 may perform
signal processing such as frequency conversion,

G300 SR, R 0 R AL R B s o

the pi%'s@x?t(?%nﬁ% teordt 1145 dIbS thOmufipbdsitbldyhystoatl 11ﬁpleisnledﬁ80ns of
i nformation to, procesSor 410. For exanple, in sone

digitdpoutssinpblock #A@ t ype of denpdul ation may be
| n{‘lll u}?aggozlg gp(%kg %{Hﬁ{:ﬁ?ég&rg G0 Eple l%n@l 110" §jsdgd nﬁa‘}/ be

pr OCESSO Furt her,
any t§PE18F @Imﬂ@iu@iﬁghﬁy nihbgr af&eﬁ&lcmg‘s Ebm&ampﬂi@ bmaylipmay Ibd any
I nformation such as SI stren r fre enc to
type pf erremypications. intgrfa¢s, 1o Qﬁ byt pet ﬁg}g} ‘i? el |au°,g ce, aparallel

1nter%e§,r 3&%9&%5 bugt%]%fste% B5KS: @Bewe, in Figure 4 | n

response mat I oh recel ved from RF processi ng
?kg‘ﬂ%on@nbd%helg&mmessor &0 awwdmaunycsugaﬂm processor tl influence
0 e f roce
the opiaRbs EEPRATD U SHk BIcP BT o B B PRt 430605 A odiments

aan 4 fO| 4t8ns B QP61 ioh ehel s IO ERS BF the Prédent
proc |gna r? ?nRF prI%léesm ngﬁ%?ock 450, and 30 perfor?f)s

inventami. dies ezaroplat gomdoxtégfl@esamerﬂar@ actipnyphisiedingneigod el (Figure

6), dgs)é(:%g% E&i}lp\ga?r?@ss ggg?pﬁ%sggtg 2P ?yplré 238%%5%& 1%]{:1§fng1but not
hm1tl3<'i t‘d? a niieropBeRsdor Refickbavgollé §digital H5ed @S@deﬁ@)r l seedonal

0 may |ncI ude t he apgroprl ate circuitry

compum @N‘EﬁkSt%ﬂWla plﬂhé lise. Ewriainpresessofs Ospay @?Tformﬁé ot dedigpte d
hardgiﬁﬁ)%}} %‘?ﬁ*}% ﬂlﬁesko"l"'tﬁeefﬂ?ss 5 WD 2005/ 062463 PCT/ U

g, cel lular tel ephony, and
sahRinldry €26 teﬁﬁi@ents aaepidl®othat iibkdees imdisine ndaddblaemdsunof For

th t t t
exanmig gﬁ%ﬁ%@&@é@&&qﬁ%&yg{é ,9? gpirq){qgclhsg dllq}%&gt aahag'g r(]ﬁ/sk a floppy
dlSk,%élS(ﬁO%% S He&%@ fiég[\/lg al‘ﬁ?cr H&n%hé’é@gﬁleﬁ{bﬂ’y‘g}RﬁM), static

are co Bus 412 may any
randbmpecesk rﬂnmmm mSRAM)n@adnylynnaheny (oM fthsk trmm;)ry,FCaiBROM or

any g%?%geggrﬁgﬁgﬁ%&naédegEtrg%?ln}rgﬁfapgdnytaoma r{]lgeg?#c |as processor

410. e fhodmBRE, %leﬁ'& 4120tc§1'i fRfeCinstPudons B SRIfoRtmg tide
system bus, or the r&/ In some enbodi nments,

GXCCPmmln eftho varaws metfod emhm}amutswé theepripsenit EyeBion. 0
ence t f oth
C oiﬂ gL)JQ)qr:thm sgfngge%iq%ldi;%nqso Rg;%esq%ﬁ4§(§) H%ipgtrg&rﬁoglﬁ ?Izd data from

memory 420 and performs actions in response thereto. For example, various method

embodiments of the present invention may be performed by processor 410 while reading
instructions from memory 420.

Controllable bias circuit 430 may produce one or more bias voltages and provide
them to amplifier 440. For example, controllable bias circuit 430 may produce one or
more of VBIAS1, VBIAS2, or VBIAS3 to bias various transistors as shown in Figures 1-
3. In some embodiments, controllable bias circuit 430 includes a voltage controlled
current source such as voltage controlled current source 130 (Figure 1). In some
embodiments, controllable bias circuit 310 includes multiple separately controllable bias

circuits to modify the various bias voltages.
6
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10 processor 410 may perform operations in support of

nmet hod enbodi nents of the present invention. For
W@2@F062363 processor 410 may perform acti ons | i BEEUSI0M/038730

nmet hod 600 (Figure 6), described bel ow. Processor 410

represents any type of processor ~including but not

ld:\gr{ogg bltg'\:s) é'ﬂﬁqgr% ?1%38}% @g& B ana%l} ier gp %%glg%g%i fn so?ne

b é%&@ﬁ*sz RElvdBemuit fchhesnd ERhQY: Ageparat
emoo %ﬁ of deélll caltnedﬁﬁe%@ﬁ;r dwar gab?ach as?ngiﬂa%t e parete

bias mga rﬁas:tkmr entvodimdngs, vationsrhjasaitagessre suniinlexss oo p single

cont 55 1 TR S o AR o

432 1§T{g$t|ﬂ%ﬁﬁlon%fhﬁéﬁre§’érﬁ knvedtidd.oppy di sk, random access
mor y

b i e P ey
P b S AR, EOEty 0080 Pt on

smgl§ Hﬁégrﬁéd Bl{ir@ﬁﬁdis OFor dxkfhpld, I‘pr(}mehr d i enli memosy 42@may pe

can store instruct
e ey rotT Lo RS Ie B s c
for e)?a;ngpslg M s&ﬂ% %ﬁﬁob&’ﬁlﬂ k) a@BEFR QRS @ice@@f@ aftERas P RSncluded

rea rnstructions and data from menory
ona ﬁﬁ@le aﬂi’tdglﬁ&ﬂfoﬂbnﬁ Anyicombiriation eSpiomvite on Asingleintespted cirCuit

_various et hod, 25 enb t f th
dic i YRRl HR TR BRI PO He P85 Op S CRCEBH AT i 1 o
r eRfhAEh Pi ErélléﬁB{VQ A% aﬁibﬁﬂéﬁ%@@ iy cghcticn Mithodn dldrea, this is
bias cirtcurt 430 nmay produce one or nore bias voltages
not adimitgpion\oif tee preswtnuvontmplﬁoﬁr esamplgomaheleeiiaiip systems may
emplg? ra{%ﬂg aﬂm?@ 5 \53%39%%&%%% rmYFo?regng 51% Hlns%nfér embBBirfents,

bi as va

ampﬁf:iﬁgarab $ PEmdes 1r§zfi‘P<V}ﬂoéchtBnMy§&ml and erfﬂplolyﬁd ﬁDaierhfy electrical
odi nrents, controllable bias circuit 430 incl udes

s1gna1©bctla’gﬁecbﬁﬂltﬂr<mtllcélcﬁlgf@@ﬂr rihese ebediments dp 198 neLSP utilfze an
controlled current source 130 (Figure 1). In sone
anteifdnodi ments, controllable bias circuit 310 incl udes

MuFisRy fsmaihadlaiuwnnm%&ﬁi 1hab¢c&d:mca&w1th:varmus embodiments of

nodify the various_ bias 6) 463
the pm@wm‘sm@n/ @3@?13105093113?18 %?6 165?% ovoges§ine
oo 5 e e pasyt,?a@%%z,nnduc e

also GRIUdE Bignsl geapatoatse0, chgm-twahaleg eonventenf{hatc) 520, and analog-to-
enbodi nent s, varl ous bias voltages are nultipl exed

digitahrenvertasi(HgiQ@ >3

Digital-to-analog converter 520 may produce bias voltages and provide them to
amplifier 440 on node 522. In some embodiments, DAC 520 serves as one or more
controllable bias circuits, such as controllable bias circuit 430 (Figure 4). Further, in some
embodiments, DAC 520 includes multiple digital-to-analog converters.

Various bias voltages are provided to amplifier 440 on node 522. In some
embodiments, node 522 includes multiple physical conductors, each carrying a separate
bias voltage. In other embodiments, various bias voltages are multiplexed onto a single
conductor of node 522. The number and type of physical conductors represented by node
522 is not a limitation of the present invention.

In some embodiments, signal generator 510 conditionally drives a reference signal
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conductor of node 432. The nunber and type of physical
conductors represented by node 5 432 is not a

WO pese4pON of the present invention. As shownP@TIUS2004/038730
Figure 4, the various bl ocks of system 400 may be
i npl enented separately. In sonme enbodi nents, two or

ot 0 oG et i 120 I8 S0P TE: AR e 8ludy ety fignal
chardBRREYs S29criyutBet fromRingyHERE 840, @Ad bhsidade sigﬂhlecgfaaicﬁﬁhsuc

circuit along with digital processing block 460. Also

inforggitipp fo @tiaam&ip@s lnﬁygméoewmwﬁéﬁt s, all of the blocks
ex?}Zﬁérr% Fgg n%.?tu%ﬂg(?séﬁ%l )ﬁh@rﬁ%}? %ll goeéjahb?ﬁe Qar‘l"édg%o?nons of the

Ion of cCircults
systesi, mgﬂmilngl tueglifi¢reBi0c iFog ekdmple] ﬁom&sql@l&ﬁlnhd}anwct iilﬁafﬁ ence signal
departi ng fromthe scope of t he reseqr]%l nventi on.

into pPRRRTGAO A FEal SHERROTH OaSRIURs BEna SBFaF gristics tising ADC
530 %g@uﬁ{f%ﬁas%l 4 delby ARARHCGH e obllbfior StDARLS, Ith Tdsa! | On

rese entio or- exanple, many electronic
emb&ymbmnsbmmolmgemphmmpammmsfstc&rof 4mrlmgthmpair ttag beseodified to

chan g Eog 0 S REFTILE oo 1501 G AP HECPRLf 4o i

theseaé}gbc%ﬁﬁéﬁy %%1550\1@1[5?5 bhY¥ B4Rat Frhfddtor ﬁhﬁ BéhdRIMe fch%e the
a These enbodi nent's do not

rom optical si gn
galnné@mplsgm%g) utilize an antenna. Figure 5 shows an

ctroni c. system. r dan W|thv
o an it B Sl LEEETLLIRE Folrdk YSlHRE Gomragler 440,
ADQ 589, uﬁ’@BA@’éﬁﬁ MEor44gmpRIMRIDJ 53 m4¢ theadiire Eﬁ 06564iBakl level, and
bl ock 450, ital processing block 460, processor

adjusf flgs, Olﬁlﬁti 920 oinflggraedhs S60 of ampbfienfdOudes si gnal
g e gfegentsdja gé\{1§+ & 9161%%? L&%%é?ér}gg Bha@ep‘%sh%g gf the

ana 04 onver

outpﬂ @ﬂaﬁﬂrﬂrdﬁ t@rt&hlﬂiﬁdf adg el Qfm&élﬂbdtﬁlylemﬁ Osilerea cldraceristics are
vol t ages and provide themto allrrpl i fier_440 on_node

measypesl using adviceertbdhaneti %nalquf@@a itpl sepvrateraorpri@mple, in some
\ Labl
emb{)ﬁ?fn@nts W(Hetfg%lr D Rs1opt H.&Hﬁ{[u 5 o éfrh%p?l aggge%e&hkﬁé’ e

las C | gure
measandnachit devitesis mﬁecﬁﬁfplacmdfuoiein affdiltibn pd, ADC 530.

O ST BT i LD e B0 o
any ﬁﬁ@@%ﬂﬁﬂ&lﬁdm@ gﬁif mfiBer STCOHARSorSUES! Hafy Sﬂjé%ﬁé i ay be any

conduct ors, each carryl ng a separ ate bi as vol tage
type bAcarnmenicaiiys ditmdates inchalingl not hmitedia, agesaldnierface, a parallel

| exed.onto a single conductor of node 522. The
1nterﬁ§?ma OGP ttﬂyﬁ’ea%'ﬁteghg&S%&e gﬁductors represented by

NOAE shiRinl Fgets, tel valiotistblo6tts &fsyﬁtbﬁ P0e8SMbe implemented
invention. In sone enbodinents, nal generator 510

separgtahyli ki somgl ambodinends, teyoros frare ﬁﬁ@eb qgk@phown are implemented on a
single integrated circuit die. For example, processor 410 and memory 420 may be

implemented on the same integrated circuit along with digital processing block 460. Also
for example, in some embodiments, all of the blocks except for antenna 442 are included
on a single integrated circuit. Any combination of circuits on a single integrated circuit
die is possible without departing from the scope of the present invention.

Although Figure 5 shows an amplifier used in conjunction with an antenna, this is
not a limitation of the present invention. For example, many electronic systems may

employ amplifier 440 without the use of an antenna. For example, in some embodiments,
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7 WD 2005/ 062463 PCT/ US2004/ 038730 at the input of
anplifier 440. Al'so in sone enbodi nents, ADC 530 may
WOreWs062363i gnal characteristics of signal outRPUEK/US$20041038730
anplifier 440, and provide the signal characteristic
information to other blocks in system 500 vi a bus 512.

L R e
81gnﬂﬁfﬁbmfetted frddDoptical signedpliese pmbodiawats té 16t mssan]mllza an

reference signal into anplifier 440 using signal
antegfdner at or 510, measure signal characteristics using

R R e T

othevahbadimsnio of &® preqent invesisi cahde imbleaneBied|in myingrwayai in some

y be dlfledtO aneoeatl reque
embigieaR WY 315 ERIgRentSl R g atcHas sl e adipps, design

descfllé ons'%fstﬁb Yddioh? e&BS&l%e%fﬁt’cﬁqhéTﬁréﬁe?lt ifveRiiGParéthd188K1 iQNibRaries
scode transistor may be nodified to change the gain

that eriab@wqhdmgnmrto dnpiudesherain ovsion or germincustomn dedigqsA@dy example,

any §65¢ “Brlps ShrBSHmas o5 BE i EPeNBE by s M Ble v agg desien
lang@48ePstich®k 3NADL log ‘(/%hlo gaﬁfi’d dRFHMEId tb Aesi ndrPBr idluddeCirbstéhdard

to influence the gain of anplifier 44 15 ADC 530
cell d@ggr@sgm srr@vsd@lvﬁh@ dike.apiishéseotmnesalaastimge ofjthmpgesent invention

can élﬁ&f)? ?etlpgqr,séliﬁ & 3 ﬁgrgétqn%eecro ?Po%ﬁgg& to e{%@@llﬁc %a{nl\ﬁ?a{&nﬂ}’ng process. For

exarﬁ]{)‘]lafzﬁ@t(ﬁ'lthesdm}ﬂﬁiea%ﬁlbomw &dcritsdd@reéin dﬁ\ylbe&epﬁekaited as
an an anal og to-digital converter. For exanple, in
polygerfeassighesbigi et of amninfrgsaledigif@ek or, an envel ope

de&: 9 sl PhDSES @ Loramr aGherdrahl bHHﬁ?éﬁEs%ﬁHé resent
s FrogEpat 412 o

ers I'ze ace of, or in a tion to,
inveﬁﬁi&l RGomsembadimdiss, bﬂl@h:cbd%(ﬁh ovmor'tinnsl:ﬂlgmé 15pa1f@‘med by an

coupl ed by bus 512. Bus 5 may pe . any t
eleciroya SYALGTR, STgOTaRt R 3 e oo PP SImRRY of %.re S in he
varlgl;s hg oﬁféy emB ﬁfﬁﬁleﬁ{s £9 Wﬁér@l@ﬁ 'o?ﬁl%tﬂoﬂt@’()f@ﬁ@nformed bya

|nc dlng but a serial interface, a
contpd cathiebr pmcﬂzsemlf dda,hodi 69@ oscrmhmltet} bs th@p%ysulenmypcl of apparatus

or sfs HEBisD! PR IIETS RPN chrersHg i iien gy meyREE gy be

perf&iRQdh MR Srder ﬁrlé\één% Giorhﬁy 9@ F&ﬂﬁﬁ“{rkéki%} l§ BlifBdrenbradre Further, in
i npl emented on a singl egrated circuit die. For

some gavhpdigentss sfmfs@cmon& lneieéﬁdme gre mzuttwh@roméneﬂwd 600.

dp‘g}ll‘%g‘? % giég e@ﬁlgeﬁlwﬁ‘%l%gm%t tgl% W ? gg) 1as rrfjl?lngt 1¥i”a¥1|?nput
tran§ﬁ6£oﬁi®@@1h?‘@)ﬂtp§1r igddcreated. A sbe @khoameeipd, thHid todespendto

442 are_inc
increasing a collector-to-emitter bias current in transistor 110 (Figures 1, 2, 3). In other

embodiments, this corresponds to increasing a base-to-emitter bias current in the same
transistor. In still further embodiments, this corresponds to increasing both the collector-
to-emitter bias current and the base-to-emitter bias current in transistor 110.

At 620, a reference signal is applied to a base of the input transistor. This may
correspond to a signal generator such as signal generator 510 (Figure 5) driving a signal on
the input of amplifier 440 (Figure 5). At 630, an output voltage of the Darlington pair is
measured. The output voltage of the Darlington pair may be measured in many different

ways. In some embodiments, the output voltage is measured using an analog-to-digital
9
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on a single integrated circuit. Any conbination of
circuits on a single integrated circuit 30 die is
Wpowsoedes W t hout departing fromthe scope of RCEEUS2004/038730
present invention. Although Figure 5 shows an
anplifier used in conjunction with an antenna, this is
convBftr Gch bINER! SANAGkk BE PTeSent oy ent o, o it
, hany e ronic systens may enploy anplifier
44@1’[ o0, ladnids tdiiagel Sﬁﬂﬁbﬂ tarhecraseofthe ifport trexdstpt 8, modified, and at
WD 2005/ 062463 PCT/ US2004. /038730 .
650, SR VS PRS0 (5 PRUEP e PR BB IUE PR iy Qsihias

Volta%@ I RAT BRI sGTP hiafn¥ d?ﬂf&@ﬂtrﬂu?@dses SF(Q'Q}%Lu%pFGO B bReke

romoptical signals hese enbodi nents to
modtfw@@l&mw alten lthd nzgniaide ofibine nmaentSyrsthe rput Hmpdlstbn afitbe

t.on.transisto ntrol
Darttfon k0 e AR e SRl st afplife, T edimple, operating
charAdiresfitd ﬁféh%@@alhﬂoahﬂmcﬁﬂﬁmdﬁgt hiAx TR opefing h@q&%? and noise
enbodi nents, they are inplenented in Int egrate
ﬂgur@lmQYLhet@Odlﬁﬁd by gRangiroibic N@lﬂcfsofldéss‘i'@ﬁge&descrl ptions of

nts._of esen ention a
| ot SRR e VRS PR ety AP SRl REFEA 8Bl povee
supplymddedmdttﬁwmmmgwusgaﬁﬁs AlodERAl Fotetmipleasfcdiss n(')'_v@ back to
any he di sc] osed enbodi nents can

Figupeph W&%&eraay be modified i énflugpeecthp gperaenoliaseeste tmswtor 310.
! NSAREemiiilleds, N Phrifs b}/arﬁr\}o!lt Qféﬁe{li Fé%d\}g%agﬂ) dBodified

designers for inclusion In stan
in regmnee tarsignas chavactérdvtics bkaen odiplhtewgmbmeasmyecﬂmdl rﬁﬁﬁhetpfhe
present inventi can al so be represented as
Vaﬂ%la Lah ?&?S%Yd@t%? figd @&%S? {2 Friipnslip befrgn the applied
refer@ﬁ&% 1, afi@ mea§80BhtBu QEha{rth Rl T er
i ménts descri be ere n nmay %e represented as
p oA}tg@;gl the piegerd doventiba gy en desmibed iregmaguretion iwrithudettain

15 Fi e .6.sho 0 n ac ordance W t
embosmeet B8 58 it Bog i R feal Bt e ROaRGTR e Poreseried to
with@ittiepdriiBg idm ﬁ@%ﬁ@l@ afP&bopO bf MRMiAveAfSn bH8I08OLLilléPin the art
1m(i]&e)rf ornmed b el ectronic system a processor, or a

widegitande ch @mddénaﬁem andotariatipiestre censdroehtol e witlgin the
] e .n_oth enbodi nents, all or a

SCOp%gi;?lgﬁveg#l I%‘itha agf)%ldegcﬁgpsf ormed by a control
circuit or processor. Method 600 is not limted by the
particul ar type of apparatus 20 or software el enent
perform ng the nmethod. The various actions in nethod
600 may be perforned in the order presented, or nmay
be perfornmed in a different order. Further, in sone
enbodi ments, some actions listed in Figure 6 are
omtted fromnethod 600. Method 600 is shown begi nning
with block 610 where a bias current in an input
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transi stor of a Darlington pair is increased. In sone
enbodi nents, this corresponds to 25 increasing a
WQ@2I0h061463 -t 0-em tter bias current in transi StRCT/TID04/038730

(Figures 1, 2, 3). In other enbodinents, this

corresponds to increasing a base-to-emtter bias
théurcr;en I.n the sane transistor. In still further

‘%ﬁ%s this corresponds to increasing both the
col | ector- to-erri tter bias current and the

base-to-enmitter bias current in transistor 110. At
1. 626\n @ppigfiEceNPESEEgnal is applied to a base of the

| npy 'inéatu'E H‘QIEIIS?%I‘%d a é%b&c{@a)ﬁsfé%r %8%@1@% %8&‘ %Elhglﬁ%r?%z?{} hd

generator such as si ener at
d I e\bids@irauis taginereasen cdlh:etormamlttdr baspuitntan thelfirst transistor.
(Figure 5). At 630, an output voltage of the
Darlington pair is mneasured. The output voltage of
2.t h?h@%?%dré‘cgé SFc1Bal | wiRleilbfheTRAHCEH cbﬁh H?é},Ya &Hlﬂ‘a@@&@rﬁ%olled
ways sonme enbodi nents, the output vo tage 1S
currgrdaswced usi ng an anal og-to-digital 9 WO 2005/ 062463
PCT/ US2004 /0 3 8 7 311 converter such as ADC 530
(Figure 5). At 640, a bias voltage applied to the base
3. of ThBep ﬁbd@ﬁﬂi of SRS 1 Sthefein theisd dilcBR coMPelseitan dpefhtiodal
bi as voltage applied to the emtter of the input
amptifieinesiupledto rrgum@a|afaubﬂantmﬂi@s;enmrstévaswmltaag en the second
tranﬂpcg f| cations may serve many different purposes. For
"ple, bias voltage 5 nodifications may alter the
magni t ude of bias currents in the input transistor of
the Darlington pair to alter operating

4. chdhaeprystys pldaigt | fytherppmprigng a FWO@&HW%M coupled between
an ugﬁef} gawepa}?gw m%%g%?g«%c%t% ofoé‘ln R 83?%& gé%}‘i’gg&&.
figure may be nodified by changl ng the val ues of bias

vol ages bi as vql.tage on asco e

trd %age%%w%@%gmﬁ Eéﬁﬁéé?fma‘ﬂﬁ%gé?coaé CIrpRit &9, pig {he
cascﬂ@éjﬁ'ar%mmt he Darlington pair is nodified. For exanple,

referring now back to Figure 3, VBIAS3 may be

nodi fied to influence the operation of cascode

tr sistor, 310.. .In so enbodi.ment.s, , t.he varjous S
6. voita garties hlat t STHnSaTRAYTBA WsUviAT Ui ol o ias
voltég%&@@%&6ﬂh§ir%ﬁﬁﬂrarféﬁ%raﬂefl stics of an output signal

neasured at 63 Further, the various bias voltages

may be rmdlfl ed |n response to a rel ati onshi p between

7. orpBgerith 4Pk R RethBl Al Re FRRLIRY o Witfbinction

blpola{ﬂ\(@ﬁglg@ﬂ has been described in conjuncti on W th
certain enbodinents, it is to be understood that
nodi fi cations and variations may be resorted to

g W WQ?‘S%QQH?&: 1546 & 5 k%ﬁﬁﬁ‘gaeﬁﬁﬁu[t'ntanﬁ%r 86Rse8 bn Tfifium

i nven n as ose S
Phospate transistor.

9. The apparatus of claim 1 wherein the bias circuit comprises a digital-to-analog

converter.

10.  The apparatus of claim 1 further comprising an inductor coupled to a collector of

the second transistor.
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readi | y understand. Such nodifications and variations
are considered to be within the 20 scope of the

WO popsne24ohn and t he appended clains. 10 WO 2005PQBRL0HB4/038730
PCT/ US2004 /0 3 8 7 311 What is clained is: 1. An
apparatus conprising: an input transistor and a second
transi stor coupled as a Darlington pair; and 5 a bias
circuit to increase a collector-to-emtter bias

11. CUThEBbpdratud bEclhint $ FurtHed 06Mplidhg ar indhb@r 8 RAERioUS: @hitter of
claim1 wherein the bias circuit conprises a voltage

the seeondrteansistdr. current source. 3. The apparatus of claim
1 wherein the bias circuit conprises an operational
anplifier coupled to maintain a substantially constant

12. bage apphiaageonpribing: second 10 transistor. 4. The
apparatus of claiml1 further conprising a ¢ascode
t r ah3mphier ipgluginganirnuid@nsistahanfhescond apsioiiaupledsge

col-l.ectors of the input and second transistors. 5.

Dar].ﬁ'%gon |cl)llér atus of claim4 further conprising a second

bi asontréltabiet bitocibiuitcoupled te as emiter bf thiesnmit dransidtor;Gnd

The apparatus of claim1l further co i,.sipng a.third
bi ASORFOLCHEHL {oinflygncs apertign of s CPaggﬁﬁtbie BB Gethy 1t he
i nput transistor. 7. The apparatus of claim®6 wherein

the input transistor conprises a heterojunction o
13. bi itk apparatasef deior 12 8irtlith corappsingé secoofl contzdliabBe bias circuit

ei.n the input transistor conprises an Indium 20
Cou%‘gioﬁa]?aéePfglﬁé‘?@{té’ia.nslg?r'The apparatus of claim1
wherein the bias circuit conprises a digital-to-anal og
converter, 10. The apparatus of claim1 further
14. cofpe eppangfuanf ¢l é2 shewouibe santrellahlecking eequalcoptprisphan

ono RN e H VG GPERAG02003

pparatus of claiml
further conprising an inductor coupled to an emtter
of
15.  The apparatus of claim 14 further comprising a low pass filter between an output

of the operational amplifier and the emitter of the input transistor.

16.  The apparatus of claim 12 wherein the control circuit includes a digital-to-analog

converter.
17.  The apparatus of claim 12 wherein the control circuit includes a processor.

18.  The apparatus of claim 12 further comprising a cascode transistor coupled between

an upper power supply node and a collector of the input transistor.

19.  The apparatus of claim 18 further comprising a controllable bias circuit coupled to

a control node of the cascode transistor.

20.  The apparatus of claim 19 wherein the control circuit is coupled to influence

operation of the controllable bias circuit for the cascode transistor.
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the second transistor. 12. An apparatus conprising: an
anplifier including an input transistor and a second
WO ewae686dr coupled as a 5 Darlington pair; aPCT/US2004/038730
controllable bias circuit coupled to an emtter of the
input transistor; and a control circuit to influence
op ' C reollable. bias circuit. .13. The. .
21, oEhEhifed ot E Al ARFIE R FLORIC sl Bopg] Siroui
coupbedietwdenadal citfit a$ el angplifier asdthplcofirbltabe bias eir@fit o €he cascode
input transistor. lo 14. The apparatus of claim 12
transifdr ei n the controllable bias circuit conprises an
operational anplifier coupled as an error anplifier.
15. The apparatus of claim 14 further conprising a | ow
22. pads elacirbeic sheemeempaisingut put of the operationa
angifi er and the emtter of the input transistor. 16.
The dFHat us of claim 12 wherein the control circuit
| gl MAsISE Blislel 8 tbAnRNAY, Ak &ﬁ%?ﬁkﬁ“fﬁcrlﬁcﬁﬁg art fopul Rénsistor and
apparatus of claim 12 wherein the control “circuit
a secong framestorscqupledess addarlidgon fikig appar at us of claim 12

further .c i si.ng..a cascode tr.ansi or C | e

et v S B sy SaGREE B B R tnei P BB e and of
t hecomtiolltirduitdSihBh®ice opSratidi6r RB RSKAS11A]Obias tivduin 18
further conprising a controllable bias circuit coupl ed

to 20 a control node of the cascode transistor. 20.

T a LU f i.m erein the control i Leuit, .
23. [OPhERRARI S sfin St ANTLIP S Soflorislfe £ RALRS Kofbdifllevies
circuliticagipled kcalbasefodithd MpuiaeeRee. transistor. 12 WO

2005/ 062463 PCT/ US2004/ 038730 21. The apparatus of

claim19 further conprising an automatic gain control

ci ' t T .
o4, IR DEUIGES A O Ao Lo AL omprics
an oferaivanlstnyplifie? 2ouplad ed acérrannplifigst em conprising: 5 an

antenna; an anplifier coupled to the antenna, the
anplifier including an input transistor and a second

25. 1 IrARSdISdRni CYHRIEEr ASinfo DRALERALO BoRR1 Circuit comprises a

Pprocessor.

26. A method comprising increasing a bias current in an input transistor of a
Darlington pair by providing a current path from, and a voltage path to, an emitter of the

input transistor.

27.  The method of claim 26 further comprising:
applying a reference signal to a base of the input transistor; and

measuring an output voltage of the Darlington pair.

28.  The method of claim 27 further comprising modifying a bias voltage applied to the

base of the input transistor.

29.  The method of claim 27 wherein increasing a bias current comprises changing a

bias voltage on a voltage controlled current source.
13



a controllable bias circuit coupled to an emtter of
the input transistor; and a control circuit to

WO pfoboed6x operati on of the controll abl e bi as RICT/E8A004/038730

30.
transzséowélp

10 23. The electronic systemof claim22 further
conprising a second controllable bias circuit coupled
to a base of the input transistor. 24. The electronic
systemof claim22 wherein the controll abl e bias
ci Theintetlmdnfrclam7 farthapenmrismgahodifgihg £ bk vohagel ek éscode
an errogﬂ% lifier. 25. The el ectronic s¥§ten1of claim
CPHREIEHHPPE] PO eF SURALY BedRytidsthe Darlinggon pair.
processor. 26. A nmethod conprising increasing a bias
current in an input transistor of a Darlington pair
by providing a current path from and a voltage path
to, an emtter of the input transistor. 27. The
nmet hod of claim 26 further conprising: 20 applying a
reference signal to a base of the input transistor;
and neasuring an output voltage of the Darlington
pair. 28. The nethod of claim 27 further conprising
nodi fying a bias voltage applied to the base of the
i nput transistor. 29. The nethod of claim27 wherein
increasing a bias current conprises changing a 25
bi as vol tage on a voltage controlled current source.
13 WO 2005/ 062463 PCT/ US2004/ 0387311 30. The net hod of
claim 27 further conprising nodifying a bias voltage
on a cascode transistor coupled between an upper
power supply node and the Darlington pair. 14
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