WO 2005/ 062463 PCT1US2004/ 038730 BI ASED DARLI NGTON TRANSI STOR PAI R, METHOD,
AND SYSTEM Field The present invention relates generally to electronic
circuits, and nore specifically 5 to Darlington transistor pairs.
Background A "Darlington transistor pair" includes two t i.st.ors_ coupl ed
in a hi gh- gdYA20%8¢%n. The first transistor receives af%ﬁ“@?@ﬁ%u
anplifies it, and drives the second |0 transistor which anplifies it
further. Brief Description of the Drawi ngs Figures 1-3 show circuit diagrans
i ncl udi ng Dar BIASEDNDARLINGEON TRANSISFOR PAIR; YERTHOMN,tAND &Y SFIEM

enbodi nents of the present invention; 15 Figures 4 and 5 show bl ock di agrans
of electronic systens in accordance w {h dvari ous enbodi nents of the present
i nvention; and Figure 6 shows a flowch i n accordance with various

enbodi ments of ThepriesdSs fiventidn YéR s igBibralBlo BREE61iPtir@Bts OdndEiBie dpdteidaly | N t he
follow ng detailed description, reference is nmade to the acconpanyi ng

drawi ng$ t HePardinghan teysistesPads. i | | ustrati on, specific embodi ments in which
the invention nmay be practiced. These enbodi nents are described in
sufficient detail to enable those skilled in the art to practice the
invention. It is to be understood tIBickgtomndari ous 25 enbodi nents of the
invention, although different, arg no{l}pnecessar,i |y nmutual ly, exclusive. For

exanpl e, a part ¢ iagingtenapsistor ppir | e %S,tWBrtraEﬁétPéﬁﬁoé‘Phegl“i ?:hl(ggsg@}q bed herein
& @dal driVed t1RtsB&Ind

I n —connecil oy, Wrhl iR frafdRedeBENs a u’Pﬁ%ﬁdTPJ _
enbodi ments w t hout eparting fromthe spirit ‘and scope of the invention.

| n addilbi otrangistor whitlamplifiesdefusthend t hat the | ocation or arrangenent of

i ndi vi dual elenents within each disclosed enbodi rent nay 30 be nodified

wi t hout departing fromthe spirit and scope of the invention. The follow ng
detail ed description is, thepBz{®dDRscrittionto? theDiaapsi N a limting sense, and
the scope of the present invention is defined only by the appended cl ains,

appropri atel y i Figuresrlel show eireuigliagramgincigdisg Spingtonricnsistoy paizy 9038730

accordance with various embodiments of the present invention;

15 Figures 4 and 5 show block diagrams of electronic systems in accordance with
various embodiments of the present invention; and
Figure 6 shows a flowchart in accordance with various embodiments of the present

invention.

20 Description of Embodiments

In the following detailed description, reference is made to the accompanying
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

25 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

30  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



with the full range of equivalents to which the clains are entitled. In the
drawi ngs, like nunerals refer to the sanme or simlar functionality

t hroughout the several views. Figure 1 shows a circuit diagramincluding a
Darlington transistor pair in accordance with various en% i ents of the
present i nveWPi2BH%%¥} cuit 100 includes input s transist 6%%94/03§739md
transi stor 120, radio frequency (RF) choke 112, degeneration inductor 122,
capacitor 132, and voltage controlled current source 130. |nput transistor
110 and seouticthe fdinsngst afreqiiX@leatsdéo ehich theckldims reramtiledaln thedtasvingsy Hikesi st or

ir with th | Lect l.ed tpgether at nqde, 142 d.th i tt f
PRttt r andRBEETE TS 1 06 SRBAOL BT e ogiesg rppdingt B SvdgieRs node 111, 10
As shown in Fi g'l"%gh;'ell sHovanSdifduidsaglab? indidink A ABNptOE trRhpAbBaid HNCL i on

S

transistors (BJ . I'n some enbodi nents, transistors 110 and 120 are
het er oj unctacemidasicpwithvaripysamehodimgnds gfidsTerpsentinrentios. s 108 ineludes b8 usi ng

an I ndiymP hi | S 1 I.m.tation of the
pr esent Lgi n\}reqﬁgll&gélﬂ%%ércg@(ggnl%ﬁ)sg(?ﬁ%rqéraglp %#%H%mfﬁhgﬁ%?g’ﬁ éédf%ﬁl%gnd 120 may
be an i sol ahd&@dtayaLs chpaaiter 5320 and Vébagd fortiotibd asrent sorikdd 130X iIthgut transistor

sem conductor field effect transi st or i" FET) ...Radi o frequency, choke 112 is
coupl ed betM8&nd e i SPURSH &0 1P 2l ingleptransiSt I g thhe |
transi stor Scoﬂlétgoréleﬂlpjfe%pcd_ ogétﬂer%QHEdeef@gQidrfﬁé‘érﬁiﬁeﬁﬁ‘ inhRkAndiddr :1150 @dﬁglreHWUCt lve

collector load providing output I|npedance matching and a coll ect bi as
current  withhoase of ansistsirtlafet myded 16f a resistor. Biasing without a resistant
vol tage_drop all,0 for 20 high gai.n hj dynami.c range.in _a particul ar
bandwt atth v nodt BAVRIHEHS 1 Farieres o genth 2 iR BB RSt ReBRt [ uctor
122 is coupigts)bat swae eritbifments, hahsifbrst 1@ RS Bl00ke Aetbropifdtion BiySlar pOWer supply
node 114. I n sone enbodi nents, inductive emtter degeneration helps to tune

i nput i npedeangistorsdHBAh guelras thesp mansfastreedawmgianiTedium; Fhosphids (InBpredess,, in 25
| e RS : ' - PUTeiRe
zome et 55 TUES A B ASBRIRCARE EAS DRlo 1e

associ at ed twinkibtoss 1116 ahd 120 mag e an ithettaiiate transistol @ GFE) sticheas atmetBatxide

vari ation. Capaci tora,lgf%tj s coupl e%y%g@ﬁﬁ_gn signal input node 140 and the
base t ebmi rigmicopductqr field effest transgistor, I“t'dr 132 allows alternating current
(AC) conponent s gfioAbquBityichdle $12082bugid ReAveen upPER JOMRE sy hisiel NG ahdse
termnal of input transistor 110, and bl ocks direct currént (DC) conponents
of the i npuhe edllgetats df transigtarsslilAgnd 120n Insdwe embodimentscRBabeke 112 isan

inductive collector load providing output impedance matching and a collector bias current

without the voltage drop of a resistor. Biasing without a resistant voltage drop allows for
20  high gain and high dynamic range in a particular bandwidth without saturating transistors
110 and 120.

Degeneration inductor 122 is coupled between the emitter of transistor 120 and
lower power supply node 114. In some embodiments, inductive emitter degeneration
helps to tune input impedance matching and may improve amplifier linearity. Further, in

25 some embodiments, inductive emitter degeneration sets the gain of the amplifier in the
bandwidth of interest without adding the thermal noise associated with a resistor, 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

30  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
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termnal of input transistor 110. In operation, an input signal (MN is
recei ved on signal input node 140, and AC 2 WD 2005/062463

PCT/ US2004/ 038730 conponents of the signal are transferred to the base
term nal of input transistor 110. Input transistor 110 arg)l i fies the input

signal and pY8/PB®E46{ (o second transistor 120. Second RGHHE0M/EE73820

further anplifies the signal, and provides an anplified output signal
(VOUT) on signal output node 142. 5 The base term nal of input transistor

110 recei VesmpokinBof e dig@bare Wahderrdd to theTehsé ﬂ#?mirﬁ[fbfimﬁlﬁt tPdnsistoPU10.tlnpisi st or

110 receives a bias voltage (V 1) on node 111 fromvoltage controlled
current soureasstenbl0 aplifighthednai signelpnd proyides & ta serond franuastos/1 20 BgFondo  Vbe,

where Vbe i - J\d @-1 Q- em it . [1as

Fransi st or Raunier LT ARATRCS B Siluld BlapkOvhadh BRRERINE BT

VBI ASI i s gVREIRnhisgnhouemabdd b12l 0 2Vbe. I n ot her enbodinents, VI is
greater than Vb nd VBIL.AS 1.is greater _fhan 2Vbe. | t trol | ed
current Ssour ce %@68?54?t%ﬂ?ﬂ\f‘@gm@@i‘aﬁéﬁt%éﬁére’fiqe%@a? %‘%@ﬁe?‘gﬁ%& s%ﬂﬁiﬁl“i/ node
114. I'n sorgidyRedipiERindistor Al AdBivePRbHOVIIBSe WI)F&xrﬁodéqlM%rriL\?tﬁta%\@r ovi des
the bias voltage V'1 in resgonse to a received bias voltage (VBIAS2). In

some enbodonteolted currentiseyee EHhtInsbine gmbodiments, ¥bisrsubstagullypgralteybeo keep V

1 in a substantially 15.constant. rel.ationship to I +.For. exgimle, in

sone ambod NG £0¢ b4 MEERER ARG cr SuRt (e ook de S e E TR v o

VI subst antfhatard actitblddgidro MBS ASdme\éhbodtentss VBIASI iselbatanitiaRteqsalys ce 130

provi des a voltage path to node 111, and also provides a current Vgath from
[

node 111 t &Ybswit othergarbogimastts, Vilde ereatentharriybe st A 10m stopter hangivae: vol t age
on the base ter 'Vorf@%e u%fl@@(aig%%pgou}cleqsotishc%ugfea%etv&%gn }{?tllé Pﬂ%ﬁ%@é}de 111,

and the current pat rom no 11 to ower power supply no 4 allow for
an i ncr easeower fupplybnade 114 - Brsotrteembadihents| Vatzgeocerttmlledcttrant stires130ur rent s of
transi stor 11Q i.ncreasi .the bias currents of .in sistor 110,
operating HEndteselebRCidGee Ui it FoRgist it eeaecilps il pp Y PHASD” B anpi o,

an i ncr easuiyddiients, $81tag€ BéntrdMRY chriéitt SRTE: 130cpeatdd tOREIW Hida fbednedilyand t he
maxi mum operati ng frequency of 25 transistor 110, and nay al so decrease

noi se. 15n sonsiand midaiitinleinte VBIAS2.f Fercpxamply, infsome gmbadimentsy epltags consiadled may

f lr :1(r)1 ngt E); %%%gntos];&rcé %(5) vl{'grrf(s %j }nlajlﬁlttarlrg% s%statn%gll}y S‘({Ja%svﬁi,@@. &&{arggnt s of input

controlled current source 130 provides a voltage path to node 111, and also provides a
current path from node 111 to lower power supply node 114.
The combination of the bias voltage on the base terminal of transistor 110, the bias
20  voltage onnode 111, and the current path from node 111 to lower power supply node 114
allow for an increase in the base-to-emitter and collector-to-emitter bias currents of
transistor 110. By increasing the bias currents of input transistor 110, operating
characteristics of transistor 110 may be modified. For example, an increase in bias current
may increase the gain-bandwidth product and the maximum operating frequency of
25  transistor 110, and may 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
30  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



Figure 2 shows a diagramof a circuit including a Darlington transistor pair
in accordance with various enbodi nents of the present invention. Crcuit
200 includes input 30 transistor 110, second transistor 120, RF choke 112,
degeneration inductor 122, capacitor 132, anplifier 210, and | ow pass
filters 220,W93H50646 240. An out put node of anplifier 2IRETES2UWMIBY to
node 111 through | ow pass filter 230, and node 111 is fed back to an input
of anplifier 210 through | ow pass filter 240. 3 WD 2005/ 062463

PCT/ US2004/,031i£20 21 0MIB6 tekkifts VBASY SParl i8FRinveS MBhSIEnDhration), lﬁ‘rﬁ;dl‘iﬁd?()de- I'n

[
this configuration, anplifier 210 is coupled as an error anplitfier that
oper at es t @16 sravepld as en greorqunplifienthptzaperates e firea W1 to /st sbstantiallyeapgl to
enbodi nment lifier 210 is an operational anplifier, and in other 5
enbodi ments anplifier 210 is inplenented with other than an operational
amplifier. Anpli §ongs er@iiddirments) amplifiend 1® iofn epeyalonalgenpdifiet, rant lirectherur r ent
source capabl e _of increasing . the various bias currents in_inpyut transistor
110. Anpl i pmépdlmtwwilﬁab%l%&smlpraa%tewth other fan £hPFAMH 2BPLHe anpl i fier
210 to nod : ; ' t he
output of ey 2095 RRaRpR AR SR gORL EeFtae R Mokl e 10
of si nki ng tlexeeisss biansuromtsie imput transistorfll O.mAipdifien2 10t providés 4 weltage pathnsi st or

110. Figure 3 shows | agr am. of circuit including,a Darlingtop transistor
oait i n° ndogantRubptine SHPTRG 21 it b AR At omon

Circuit 30Qohde] lUdaBe ovﬁ?ﬁfw%ﬁliﬁér@lbﬁ?\rﬁﬂiﬁbﬁ@ﬁﬁin&lﬂ@&ﬁhnidﬁt}ﬁit k@ape tapalle (Figure
2), with the addition of cascode  transistor 310, Cascode transistor 310 is

coupl edObetofisiaking speass bieswetrrest ppnipg diveethe emittes ofingut trrasisor 168t or s of
transistors 110 o Jdn.sone L: . Rk g pl ed
bet ween cascode F?%Lg?’l%lg]g Vor® (%gudrélr? g&%g%ﬁg%&%‘ﬁ as%%gﬁé}g%%ééléi%faﬁi# t hough

cascode tr apsorédmee wathGratisusssnibadirentSofahe prestniiventivnp @irnit 300 dricluaes
transistor, this is_not a limtation of the present invention. For exanple,

in some erslsaentssimilar te fhose shown i carat 210 Gigyrg 2), withitkeadditiog of 5256044 ¢|
ffect t i . . . . tield
eftect transhgligf 3{0:.\/%@86'%%551&?;21@& c@uﬂ@%&f@%ﬁgﬁ%@gg Afde 115 €

effect transistor wn in | gure 3, Itage VBIAS3 is
appl i edist o aad twrriotledtors of tramsidtors 120 arfd 12As dwshend embsiiments, REBdlbke 1h2 snbodi nent s

t hat includ T T de t ' 10 t rol ' 312 b
orerred 1 GoRRedbRNER e B Y ond S R e b 1T ude an 1 PeT

transi stor Although cascode transistor 310 is shown in Figure 3 as a bipolar junction

transistor, this is not a limitation of the present invention. For example, in some
embodiments, cascode transistor 310 is an isolated gate field effect transistor (IGFET),

20  such as a metal oxide semiconductor field effect transistor (MOSFET). As shown in
Figure 3, a bias voltage VBIAS3 is applied to a control terminal 312 of cascode transistor
310. In embodiments that include a BJT cascode transistor 310, control terminal 312 may
be referred to as a base terminal, and in embodiments that include an IGFET transistor
310, control terminal 312 may be referred to as a gate terminal.

25 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

30  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



310, control termnal 312 may be referred to as a gate termnal. 25 The
addition of cascode transistor 310 to circuit 300 nmay broaden the operating
bandwi dt h of circuit 300. Further, by nodifying the bias voltage VBI AS3 on
control termnal 312, the gain of circuit 300 may be nodified. In some
embodi ment s VOBPH&M43s  nodified in response to out put S,P&;l;/éqszommssno
characteristics detected on output node 142 to inplenent automatic gain
control (AGC). Various enbodi mnents including AGC are 30 described bel ow with

reference }QirbdoR4l ahtedhd 6:San drhlliRctfontiiténa. Borasdampt, osoare endbodiments;ct r oni ¢
system System 400 includes antenna 442, an‘gl i fier 440, RF processing bl ock

450, di gi t sntemadiddseayrhg a@lmdzrs@onalmn@@é% a3g po}ﬁaa%waa@m quatier-

control | abl e bj | el DY, 26062463
PCT/ U820047V6Y36847§%mg A rfgrc ‘f ?lenn;b%glr anS gﬁ?nﬂ di rect I ona ?}%gntenna For
exanpl e, i mtsmﬂQumdsoﬁpanﬂ:wlsmshanﬁem af¥dpi amtynize an ommi - di r ect i onal
antenna such as a di_.po antenna, or uart .6 ant enn Al so for
exanpl e3> in so ﬂg%@éﬂ?%b © ‘n-‘ﬁr E‘nﬂﬁgesﬁeﬂ%%gt%@?lf&' 2% ant enna such
as a_par abglcidasdli tidl @ileRNAaAn HpufirFRtiora Pbedkamk ﬁléaﬁﬁﬁﬁérfélwrmag"lﬁclﬁ@é/ar@e an
anplifier that includes a Darlington pair wit I ncreased hias current in
an input t pths embodimemisrepsreenisd &y ciaenit 160 (HigunD), piegpit 2081 (Bigurealyor Uit he
enbodi ment §0é§press ted by circuit 100 (Figure 1), circuit 200 (Figure 2),
or circuit 'gure 3). In some enbodi ments, signals transmtted or

recei ved by antBme%aaoﬂ&uerﬁé}s@ﬁm&mﬁﬂwedt@ru@i@absiagms44naaﬁ signals, or

any conbi nation thereof. For exanple, either _or both of RF processi ng bl ock
450 and0di @W%DOT&TG(Y@B@S}S@*‘EJ dasigsl, pEApY; cembingtion fisreok BorsxampleeCitief cui t ry

to inpl e”eelt?&%gqfﬁf ?o%%ss Bcﬂﬁ%@%#&e@&ﬁ BEE46§&5%#¢%{deRﬁ@ne

I nterface positiorm ng syst Interftace I ke. Radio
frequency (aﬁEﬁyprmt@m&mﬁr)n@ 1bipburlent1:5®1relessdowéareaﬁewvoglnaiterfafcc ,ocllalat prome. 442 15

and in varlou ment. s erfor a ts and types of signal
processi ng™ %FQ@?M?%UOWBD%W@@@X %E‘??’s t ocessi ng bl ock 450 may

i ncl ude oscil | aRadis ,freqﬁ‘érié?f(RF rbée%ﬁﬁébloéi@lﬂm*éb@l{'&rﬁﬁ sigdlefbMlagieniesqder s, or
the like. Also for exanple processing bl ock 450 may perform si gnal

pr ocessp ngasdigtyvaggus erelpdiments, perforarssiannng aaeuntsend types o sigyal Pegaesuing.
demodul ati BO: ex%mpﬁr,'}'n %Bt]eee[mbsoﬁ rﬁe%l?g, RFY r&%@mgolglgagfﬁf rHQy include oscillators,

mixers, filters, demodulators, detectors, decoders, or the like. Also for example, RF

processing block 450 may perform signal processing such as frequency conversion, carrier
recovery, symbol demodulation, or any other suitable signal processing.

20 In some embodiments, RF processing block 450 is controlled by, and provides
information to, processor 410. For example, in some embodiments, the type of
demodulation may be influenced by commands or control signals provided to RF
processing block 450 by processor 410. Further, in some embodiments, RF processing
block 450 may provide information such as signal strength or frequency to processor 410.

25 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

30  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



20 In sone enbodi nents, RF processing block 450 is controlled by, and
provides information to, processor 410. For exanple, in sonme enbodi nents,
the type of denodul ation may be influenced by commands or control signals
provided to RF_processing bl ock 450 by processor 410. Further, in sone
enbodi nent s,V (’E/ #5sing bl ock 450 may provide i nfor neRGTHP2UEOR7EE si gnal
strength or frequency to processor 410. 25 Processor 410 may i nfluence the
operation of other blocks shown in Figure 4 in response to information

recei ved f 8o cORRSTEIBEhdRY 05K s4iBflite Fiaal RXEFTINE TheNaAskisReodfnd® Jf
control (AGCO) Io%ép?) may be oré’red b gﬁocessi nghbl ock 450, processor 410,
p

TEC RF p S | OC} .
cont r ol | abths poéserst invention aremsol,lméwhgsaﬁhpmaﬂy pessipdophysicg} maplemenativoas phg bl ock
460 receiv S Sic%na}}l ]1;1{)91?11 processi ng bl ock 450, and 30 perforns various
anmount s and &R &It &7 processi ng. For exanple, digital processing
bl ock 460 may peEkd irivusBlockd shotvady Figare 4cee oatipheg], byebusai 2r Buo¥ el may be t he

like. As described above, digital i ng_bl ock 46 i nc) ude th
RN MR MG S TR
i ncl udi ng ng?%w‘ghﬁ%ﬁ&g F]rﬁerfé%,riﬁélﬁ&iﬁ glllt?PQt Biifted R 2461 E’&I{f&é@?@%ﬂélﬁww

net wor ki ng, rte ony, and satellite signal reception. The various
enbodi ment sntefacetdyoqrses dns, aisystemtbugor thedikaot i mited by the many possible

physical inplenentations of digital processing block 460. The various
bl ocks shown igﬁ’lﬁo&l‘?re %A’dg?eé‘tstB PR by "W e g.sulé%ieﬂrfﬁesﬁ%lfo UCBCany type

of bus i ncknedipe@tianyr GtHegcuds suel BdlstntBlgble Fias citoudMB0E In boitfe dibodifasntiie any
type of communications interface, including but not limted to, a serial

i nt er f d@e, peocpsserd i0anay pesfosmioperations ip sunped 9 mepiod empodimanssighepregant t he

like. In s : ' R 'Hﬁ’ﬁl?l} or to

I nfl uence %@ﬁéﬁgﬁg?’%ﬁrﬁ%ﬁ%@%’?ag?ﬁ% S sua?ﬁogsrs%(t:e?rjlithro @b@éﬂg{lﬁgge circuit
430. | n soisy deschibeld betow S Procdslop4 cepissents4ah typeyof pesckssomingladiag butmst i n
support of nethod enbodi nents of, the presth 'if\%?p&i on. For exanpl e,
processor AiTmteqis, a FHFIOBFAGESSER R ansroreritoller. p figitat Hignp! BGETRI REsons) |

descri bed Rehfifler, FiRARERGH, il HEPTFRARAL SroBliorl 410l b bAREPSAedichiPE! LTI N
but not I|im edIto, a mcroprocessor, a mcrocontroller, a digital signal
pr ocesslsr, hardperes suchlas statemachines ontheikkst ati on, or the like. Further,

processor 410 gy be Loy ned of, dodigabet ke P AN EreaS T RS FhoF

example, memory 420 represents any one or more of the following: a hard disk, a floppy
disk, random access memory (RAM), dynamic random access memory (DRAM), static
random access memory (SRAM), read only memory (ROM), flash memory, CDROM, or

20  any other type of article that includes a medium readable by a machine such as processor
410. In some embodiments, memory 420 can store instructions for performing the
execution of the various method embodiments of the present invention.

In operation of some embodiments, processor 410 reads instructions and data from
memory 420 and performs actions in response thereto. For example, various method

25  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 VBIASS3 to bias various transistors as shown in Figures 1-

30 3. Insome 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.
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Menory 420 represents an article that includes a machi ne readabl e nedi um
For exanple, nenory 420 represents any one or nore of the followng: a hard
di sk, a floppy disk, random access nenory (RAM, dynam c random access
menory ( DRA ' random access nenory (SRAM, read only nenory (ROM,
fl ash rrermr;l\//‘,wo(%@%&g)r 20 any other type of article that PFF%’FS%PB‘&@S’B Onedi um
readabl e by a machi ne such as processor 410. In sone enbodi nents, nenory
420 can store instructions for perform ng the execution of the various

net hod enbodi nevksowfbidsheltage sestbrokidee it angplifiet MORERGIEI48D. B sEHTE

enbodi nents, pr.ocessor 410.r?ads i nstructions and data from rrermré 420 and
per forns a€mbedigents, nods 434 ieludse muitiple phiysiceheandictors. each eareyinge separates

enbodi nent g ' ' : » : 410 while
eading i QEpyaliER B GRE mBERl, 35T oRAle: eI GRERSAIEO " )
produce oneomiuctopofndde 432.vTh¢ agaberand type of plthsical doadudtorsaembtichiediby4d@ For
exanpl e, c%}%rol I aPI e hias.circuit, 430, may produce one or nore of VBIAS],
VBI AS2, Sor “ugisA8Ea IEIipofol e prosent iveRtanst or s as shown in Figures 1 30 3. In
some enbodi NNt As kWi HAtiL@BUSHHRVASORIBIENS bt §3Qm 400 Al FhplGhdraE
controlled current source such as voltage controlled current source 130

(Fi gure 1) setaratgdpnin somersabiodimends, twe ot moie| o Bledlesks shawn ergiimpBagniedonades

Vol t ages. el Bt easib e pTRE p95SH Db Rtk 120 By Phgec e e o
provi ded t gmplkiehttd 61 thé4eme inte@eied 4i3¢uit diohgSwittedigTilges J¥edii blotiodsn. 48120

i ncludes multiple physical conductors, each carrying a separate bijas
vol t ageld | Aorgwamplecintserme sEbpdimentss albokthe plocks axpent fersantenga fitd aepncluded onto a

i nal . . 432, ! . . ' onduct
" epr ecent oq iy T aeeBRg At AL EoRTRR oKk Qi AR B T o s
shown i n Fidisis @oskibld Wwithoa depmrisndfromkise sebpesofshepresknOinventidne | npl enent ed

separately. In odi ts, two or nore of .the blagcks shown are

"l enent ¢d on AlbeyaRdfiEve heBeps e amE e grod ipeniunsion gyth ) Aema s or 410
and nmenmory nd20)iRRMioRSS tRRERAERY 8 icAN FbF&afRIB mahy SBERSREsystentsithdy al ong with
digital processing block 460. Also 10 for exanple, in songe enbodi'nents, all
of the 1l ockwlayeombifief 440 withawh the usa of ziy antdnng| Betextampls, i somegimbodimests; at ed

circuit. A%an 185’%4@% fnglr{'ld&i incainro%%etlesctrgrrlllc @ys?érﬂ],%lng erianog% & S-gpI% ref%wr%cal

signals converted from optical signals. These embodiments do not necessarily utilize an

antenna.
Figure 5 shows an electronic system in accordance with various embodiments of
20  the present invention. System 500 includes antenna 442, amplifier 440, RF processing
block 450, digital processing block 460, processor 410, and memory 420. System 500
also includes signal generator 510, digital-to-analog converter (DAC) 520, and analog-to-
digital converter (ADC) 530.
Digital-to-analog converter 520 may produce bias voltages and provide them to
25 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
30  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
7



die is possible without departing fromthe scope of the present invention.

Al t hough Figure 4 shows an anplifier used in conjunction with an antenna,
this is not alimtation of the present invention. For exanple, nany

el ectronic 15 enpl oy anplifier 440 w thout tg\?c f

ant enna. Foﬁé%@ﬁ@?ig,&yi n some enbodi nents, anmplifier 44 .12‘?5?‘%‘8“("6 2% in an
opt oel ectroni c system and enployed to anplify electrical signals converted
fromoptical signals. These enbodi nents do not necessarily utilize an

ant enna. Fiagthe énpt sfwmsifen 440. eAlso dnsamesgrstiodimeénts, ADN® 63mayg nwdature vignalous

enbodi ments, of 20 the present jnventjon. System 500 includes ant.enna 442,
Sl or Heectegstst el PO ARG 4D RO R SEP BTGk o,

processor 4lfmmAAd tBHEY BloddQn sydveth §00 wRBus §4250 includes signal generator
510, digital-to-anal og@converter (DAC) 520, and anal og-to- digital converter

(ADC) 530. Di gi Sgstem§0@mayajliswsignal gerer8omd 1y caibote zarinisportioss vidies and
provide_themto . 25.. IfEer, 440 0 e . i ; C 520
serves as Sﬁéen&rm‘f%’r%?@g% Bf;ll}ti%o 4ﬁagpregbaﬂ1§>ge, 8%’%%53?1{@0%2%&?% ggggeg%%lssf%l e bi as
circuit 43Qnt6 kinglifier 4 .usingsignel generatcs 61®, measire dignalitharactOAétids 20ing AD@ides

mul tiple digital-to-anal gg converters. Various bi voltages are provided to
anplifier @g@) g alterdua .gqsrbyga%m@%hfoqm@ﬁ%ﬁﬁgﬁ@zinﬁ%? udes nultiple

physi cal capgyghRLS, bi%@?&taggs'r&}’iﬂﬂp& nsa‘ﬁﬁ%%% Dﬁﬁgggﬁ\?aivgla@gg?odhﬁed%her

enbodi nent s, vari ous bl as tages are nultiplexe 0 e conduct or
of node 52Zhanpe®peratitiefrequedcyt gipeactrisiidsyedj arad redocenmiteonsamplifree 44t Alolty node

522 i t linmtati f. th t i ti . ' ts,
o/ gnal Gondhst BRDSeE, el HHBY 51 ARfsoal GRS PakBG FERTIE 1 g e
20051062463 RGFaldphA8YY4038730 at the input of anplifier 440. Also in sone

enbodi nents, ADC 530 nmay neasure signal characteristics of signal output
fromanplifier An@utemedicgemgogaok(@e)ognte! lesnamarbeforged fom smpiigat4bn t o

ther bl ; ! 1 _ !
cener aror 335 PRGN, 3 cblifni? SpCHE WA R ol ki 10 B
anplifier 44fstthebutputaofDAC 5p0 aciafaaice 4ikQaiirof ampli€iet 449. r ef er ence si gnal

into anplifier 440 using signal generator 510, neasure signal,
char act’éri st i cs ARG ngf) wpreserinp devicrrcanpble pf mpasyring$1gnsd eharpsenisiics ot ng t he

operation QfhAGem? Qrivdd by ffififier 440. In some embodiments, signal characteristics are

measured using a device other than an analog-to-digital converter. For example, in some

embodiments, a peak detector, an envelope detector, or other signal characteristic
measurement device is utilized in place of, or in addition to, ADC 530.

20 The various blocks shown in Figure 5 are coupled by bus 512. Bus 512 may be
any type of bus including any number of conductors. For example, bus 512 may be any
type of communications interface, including but not limited to, a serial interface, a parallel
interface, a processor bus, a system bus, or the like.

" As shown in Figure 5, the various blocks of system 500 may be implemented

25  separately. In some embodiments, two or more of the blocks shown 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

30  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,
8



enbodi nents, bias voltages on an input transistor of a Darlington pair may
be nodified to change operating frequency characteristics of, or to reduce
noise in, anplifier 440. Also in lo these enbodi nents, a bias voltage on a
cascode transjstor nmay be nodified to change the gain of anplifier 440. An
aut omati ¢ ga‘?’ﬂ”&“é’ﬂﬂ"ﬁ%l (AGC) control |oop may be formed fRIVSARBEBLr 440,
ADC 530, and DAC 520. For exanple, ADC 530 may neasure an output signal

| evel, and adjust the output of DAC 520 to influence the gain of anplifier
4ﬁ0. 15 A%r@ﬁﬂeﬂ’ﬁ@ﬁﬁﬁﬁhﬁ@d m aiﬁ)p't@aeeouaml d'abysaerﬁ),Land‘Eﬁ@lwy}edgo smphfyelectrical
characteristics of t out put. si gha riven a i fier 440. |ln sone
enbodi ment §}g@hsgﬂ%weﬁeﬁgpwpﬁp?l§far§@- dhese a@&%&tﬁggph@%assaa&% 2pfther t han
an anal og-tgrdhgital converter. For exanple, in sone enbodinents, a peak
detector, an envel ope detector, or other signal characteristic measurenent
devi ce is utili Systems, apiplifierspParlington transiston pairm, qoofrolidb® Bidocir@ats,@nd vari ous

bl ocks sho in Figure 5.are coupl ed .by bus .512. Bus .512 may be. any type of
bus i ncPudify’ ngﬂﬁlﬁﬂtéé’fﬁlfpé‘??ﬁ@d{iwﬁlgl.\/%# IEBP&‘FH?IHE‘% lﬁgkangfézgyf‘m{PSS any
type of congmygiifaintsOthey aretifileateptediin GtephtbdiciRivits. B sohieBnitdithénts, desigt | al

interface, a parallel interface, a processor bus, a systembus, or the
like. As sHissaiptiansofdhe wripus embodjments g5 the persey inyentignsatg incdededin {ibgaes

i mpl enent e . ' . - bl ocks
shown are ﬁ}%%lég%gﬁ%?ng}ﬁx%dc&d%% ﬁ{rﬁagtglgﬁgg&cﬁsﬁ? t8 és&@e%f %Igggxe aerfpl e,
processor 4hg ofithd diselveed/erditfdimentean berimpiemented dn a syritiesizablethardwaegdaigad
circuit alaong with digi processi n | ock 460. Al so_. for exanple, i.n sone
enbodi n¥nt Jangypge, gye tagéffﬁbloek?e%@geéﬁ cﬁsalb%?ﬁt@ﬁﬁ%{m%foaﬁ%clwm pelagdargn o
singl e | nt QaNAL&LhsChiehirdys, Ak AN RBVLORNPEmBodifibh of tRprdscht btion
integrated circurt 30 die Is possible wthout departing fromthe scope of

t he presentcannlsebe rapresemted aoailgard Riaguer targSted hoaspeaific amguiuidchuingpseagss. rFor
conjunction wWth an gntenng.. t hi ('ﬁs nat .2 |, t.ation of the present

Cnvent i on. SETDE st sptifies pobedifient Sy Bbed ResiRuey B e mdi 1 or 440
wi t hout th?o‘lé%?_n@iss' e@fall@fendof AndhtegraidRlreuit.i N sone enbodi nents, S WO

2005/ 06246 [ US2004/ 038730 amplifier 440 is included in an

opt oel eBtroni ¢ dysrehrsharin Bonrhattde aecordangn With variaus embediments; of tha preseahver t ed
f.rom opt i cahychiigh AnSombREHSAMEARS HEBBH 08, Br BOtioREHERIRE botfdthlel b Gn AN

ant enna.

electronic system, a processor, or a control loop, embodiments of which are shown in the
various figures. In other embodiments, all or a portion of method 600 is performed by a
control circuit or processor. Method 600 is not limited by the particular type of apparatus
20  or software element performing the method. The various actions in method 600 may be
performed in the order presented, or may be performed in a different order. Further, in
some embodiments, some actions listed in Figure 6 are omitted from method 600.
Method 600 is shown beginning with block 610 where a bias current in an input
transistor of a Darlington pair is increased. In some embodiments, this corresponds to
25  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
30  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



Systens, anplifiers, Darlington transistor pairs, controllable bias
circuits, and 5 other enbodi nents of the present invention can be

i npl enented in many ways. In sone enbodinents, they are inplenented in
integrated ¢jr.cul I n sone enbodi nents, design descri e
various enb é?ﬁ@%@%“%f the present invention are |nclude8&#ﬁﬁﬁm§§gkﬂes t hat
enabl e designers to include themin customor sem -custom designs. For
exanple, any of the disclosed enbodi ments can be inplenented in a

synt hesi zabﬂrwelth@rrsdolmse%laéﬁg(ﬁmel%nguage such as VHDL or Verilog, and

Srrays e he AFRAPRBaR xhiies B R e 2O BRU rarS Blor i RBORR el S

al so be repscadnsedita: appledtd tiipahittet GitBEinpat tidsistos Basodified. Mhidsé biak ur i ng
process. For exanpl e, any of the anplifier enbodi nents described herein may

be represenglisge wdlfwaqlwm SEESI A ATt pYEIO§eso oR FRATFRIB JYas OHa8e rcui t. 15
Figure § S&B&ﬁﬁcand‘nk%g%&tme &agﬁgﬁ %@Bﬁsc&&éfﬁs é@ﬁé AP EHRRM: BEAES of the

present” invention sone eni ment s or portions thereof, is
per f or med D;rrlmgtonqahmdn altumoperalyng enracteripticsof 8s emplifier. &oc exanp¢, olpcnapl;lg
enbodi nents, o e sho n various figures..In oth
ebod mont Siarietasige Syat g TG b PR iy R Bg Y. SRRl
circuit Orﬁgir@%%fb@rmod%édf@d",h ng&e%meébmlamltbgest he particular type of

0

apparatus 2 r Software el'enent perform ng the nethod. The various actions
in method 600 nAW@ethe;beanVQItmecm awcasmecmadmtomoaﬁl@dtbe@veeman wBgerpewper f or med

in a different order ther . diren one act.i o listed in
Fi gur elé af‘%’p@ ngg%d *hre %no%?q%lﬁ et%"?g tle refgmwﬁ nt 3 fg?ng W th

bl ock 610 whafes3, ¥BIASS ntiybeanddified tdninflueacy the bpamﬁmsdf%mﬁe &ahdididri 310 on pai r
is increased. In sonme enbodinents, .this corresponds to. 25 in rea5|n a

col | ect or - t o- endnsOBYE epibadimentsy s varipusthiasyoitages referred fopabgus way pe mpdifisd |

ot her enbo tﬁlrﬁﬁ} £ b| as
current i nmt s%@%@n?&%@{a&?é%ﬁaﬁﬁtﬁ&?@%%xg@r&ugérc%%g ?Orrent S, tﬂ%

cor r espondsartans bias veltagesimpaip be modife:domtdspmtsetoa tedationshtip bwtwberaﬂle capplrednt and

t he base to.emtter ia curr in transjstor.110. At 620, a reference

si gnal s Sipriosdiems’ an E@u °PH’é1 V?]‘B’@F gﬁgr}s f%r. This may 30 correspond

to a signal gengimh@h tw@seaﬁlnselﬁmlhags&ﬁrd@&&lbeéﬁlﬁboﬁfdn%w@wﬁﬂ céifdiyi ng a
signal on the input of anplifier 440 (Figure 5). At” 630, an output voltage
of the Dar ¢mb@11mnntp>atlstqbeun¢@ss§qﬁdébat rrmeﬁc@uomdwemtmemw tetresopiad ta ngt on
pair may bg. i ts, the
bt put ol LB b Ehg Bl sebié Bt g BB Ryonl SR GRARA TR

readily understand. Such modlﬁcatlons and varlations are considered to be within the

20  scope of the invention and the appended claims.

10



WO 2005/ 062463 PCT/ US2004/ 038730 converter such as ADC 530 (Figure 5). At
640, a bias voltage applied to the base of the input transistor is nodified,
and at 650, a bias voltage applied to the emtter of the input transistor
is nodified. These bias voltage nodifications may serve many different

pur poses. For exanple, bias voltage 5 nodifications may alter the nagnitude
of bias currents in the input transistor of the Darlington pair to alter
operating characteristics of an anplifier. For exanple, operating
characteristics such as gai n-bandw dt h product, maxi mum operating frequency,
and noi se Whatjisckaimed ile nodi fi ed by changi ng the val ues of bias voltages.
At 660, the bias voltage on a cascode transistor coupled between an upper
power 10 supply node and the Darlington pair is nodified. For exanple,
referring pow bagkpdapatudéMprBing: VBI AS3 may be nodified to influence the
operation of cascode transistor 310. In sone enbodi nents, the various bias
vol t ages ref er radnpy tegpsister grga seeontoigansistor couphed assldartington pair;cand
characteristics_pf an output sign ure t. 630. Further he. _ various
bi s ol t ages. nbgen Bt g e A BlisdBAT e Mgt ien Dy Frss FBino he
applied i s whtriredrebias gitabic comprisdagiopéetatiatiapunplifibl agpleh & agdihinSd i CS.

Al t hough the present invention has been described in conjunction with
certain enbHtaptatysconptant base yoliage o Ehersseanddrapsister- nodi f i cati ons and
variations may be resorted to wthout departing fromthe spirit and scope
of the invention as those skilled in the art readily understand. Such

nodi ficati dns ahite apparatitsi addretki@arlefuctbersiodgrisuigtan ibducwirtchupled teea 26lleswope of t he
i nvention %nd t he appended clains. 10 What is clainmed is: 1. An%gs%garat us
conpri si ngan input transistor and®®%econd transistor coupl e :
Darlington pair; and a bias circuit to increase a collector-to-emtter bias
current in the input transistor, wherein the bias circuit conprises an
oper at i onaB- anplhef apparatusigd| cdadmt lofunthemecmprising anuibduciertdoapled te amsmitier obase

vol t age on,the second transistor. ZS.e (‘)I'h apparatus of claim|l Furtstger

conpri sing &n i nduct or coupled to a &89 ector of the second traRs ¥tor. 3.
The apparatus of claim| further conprising an inductor coupled to an

emtter of .
4. An apparatus comprising:

an amplifier including an input transistor and a second transistor coupled as a
Darlington pair;

a controllable bias circuit coupled to an emitter of the input transistor, wherein the
controllable bias circuit comprises an operational amplifier coupled to maintain a
substantially constant emitter voltage on the input transistor; and

control circuit to influence operation of the controllable bias circuit.

5. The apparatus of claim 4 further comprising a second controllable bias circuit
coupled to a base of the input transistor.
6. The apparatus of claim 4 further comprising a low pass filter between an output of

the operational amplifier and the emitter of the input transistor.

7. The apparatus of claim 4 wherein the control circuit includes a digital-to-analog

converter.

11



the second transistor. 4. An apparatus conprising: an anplifier including
an input transistor and a second transistor coupled as a Darlington pair; a
controllable bias circuit coupled to an emtter of the input transistor,
wherein the <controllable bias circuit conprises an operational anplifier
coupled to maintain a substantially constant emtter voltage on the input
transistor; and control circuit to influence operation of the controll able
bias circuit. 5. The apparatus of claim4 further conprising a second
controllable bias circuit coupled to a base of the input transistor. 6.
The appar aBus ofhejapparatys fofr ¢lpiar 4c Biipreinsitheg centfadveipsasintiudesea protessern an
out put of the operational anplifier and the emtter of the input
transistor. 7. The apparatus of claim4 wherein the control circuit

i ncl udes a9di gi Aahkppavatanedmygisimgonverter. 11 8. The apparatus of claim4
wherein the control ¢jircuit jncludes a processor. 9, An apparatus
conprising: an %‘F‘P]ﬁﬁeér‘“FIHé!“&cﬁnn'@P‘étn“‘F”ﬁﬁHF and 85ceRe rapsiyorn cauplesngs a
transi stor paaiiBledags @ Darlington pair; a controllable bias circuit
coupled to an eémtter of the input transistor; a control circuit to

i nfl uence oper as cantrotlfble baas coaiir alupkliteabermstecof thelifput varisisearease a

collector-to-emtter bias current in the i ut transistor,; and.,a cascode
e sonto bl

transi stor coupt SYHGLEHREHO AHIUsHERPPeRIRR Of Highonio DIahereyitdR incEdso?  of

the input bt&RERE-8S-Bhittel Bias SitGer® BPRE Apustrsistdraddd O further conprising a
controllable bias circuit coupled to a control node of the cascode

transi stor. 112 cgpodgiprasiaton sourdeshbdtweanan uppenppyarisipply inade adi smepllgator nput

transi stor d. au§§§n%psgort ransi stor coupled as a Darlington pair; a

controll angtﬂBiméDs Circult coupled to an emitter of the input transistor; a
control circuit to influence operation of the controllable bias circuit to
i ncrease a . .. C

10.  The apparatus of claim 9 further comprising a controllable bias circuit coupled to

a control node of the cascode transistor.

11.  Anapparatus comprising:

an amplifier including an input transistor and a second transistor coupled as a
Darlington pair;

a controllable bias circuit coupled to an emitter of the input transistor;

a control circuit to influence operation of the controllable bias circuit to increase a
collector-to-emitter bias current in the input transistor;

a cascode transistor coupled between an upper power supply node and a collector
of the input transistor; and

a controllable bias circuit coupled to a control node of the cascode transistor,
wherein the control circuit is coupled to influence operation of the controllable bias

circuit for the cascode transistor.

12.  The apparatus of claim 11 wherein the input transistor comprises a heterojunction

bipolar transistor.

12



collector-to-emtter bias current in the input transistor; a cascode
transi stor coupl ed between an upper power supply node and a col |l ector of
the input transistor; and a controllable bias circuit coupled to a control
node of the cascode transistor, wherein the control circuit is coupled to
i nfluence operation of the controllable bias circuit for the cascode
transistor. 12. The apparatus of claim 11l wherein the input transistor
conprises a heterojunction bipolar transistor. 12 13. The apparatus of
claimll wherein the input transistor conprises an Indium Phospate

t ransi st or 13. 14TheAnprapases af Wi ohip whsieiry theampathphindister compiisgdianglndivm nput
transi stor  and a second transistor coupled as a Darlington pair'.%
controllabF@mbgs circuit coupled to an emitter of the input tp'ﬁ%ﬁgﬁor; a
control circuit to influence operation of the controllable bias circuit to
increase a collector-to-emtter bias current in the input transistor; a
cascode tr &hsi sOBRPRARIPY €UNMBINGEen an upper power supply node and a

| | ect ft ' . Si ; b ' ' ' dt
cont rol node of 1 RuPRt (hEBARE 2oy CrARRLE Gh A EA! BanGloEPIETRPL P TO @
circuit coDplliagtonghitreen an output of the anplifier and the controllable

bias circuit for the cascode, transistor. 15, The apparatus of claim 14
wherein the i np%u?onttrPHﬁ@F giaé{“r%h‘if’rupiegéo@%F@F%ﬁ%ﬁ@?bﬁaﬂsﬁ%bl ar transistor.

16. The appar at ¥t Gik&itT 1huA&s Seatiol®f tHARGAtrSTBNRSHIRS QFcuft QRIctAESa 2N
I ndi um Phospate transistor. 17. An electronic system conprising: an

ant enna; arolkEnior-td-emitter biap bertent i thiaénpahtransiséor; t he anplifier including an
i nput transistor and, .a second transistor coupl ed as Dar |l i ngt o air; a
cont rol [ abl e bi 48SERde T Sion Grles PavEsH dpeRRovesy Sy PR e collePSt o
wher ei n t hgfthe input transistor;

a controllable bias circuit coupled to a control node of the cascode transistor, and

an automatic gain control circuit coupled between an output of the amplifier and

the controllable bias circuit for the cascode transistor.

15.  The apparatus of claim 14 wherein the input transistor comprises a heterojunction

bipolar transistor.

16.  The apparatus of claim 14 wherein the input transistor comprises an Indium

Phospate transistor.

17.  An electronic system comprising:
an antenna;

an amplifier coupled to the antenna, the amplifier including an input transistor and
a second transistor coupled as a Darlington pair;

a controllable bias circuit coupled to an emitter of the input transistor, wherein the
controllable bias circuit comprises an operational amplifier coupled to maintain a
substantially constant emitter voltage on the input transistor; and

a control circuit to influence operation of the controllable bias circuit.

18.  The electronic system of claim 17 further comprising a second controllable bias

13



controllable bias circuit conprises an operational anplifier coupled to
mai ntain a substantially constant emtter voltage on the input transistor;
and a control circuit to influence operation of the controllable bias
circuit. 18. The electronic systemof claim17 further conprising a second
controllable bias 13 circuit coupled to a base of the input transistor.
19. The electronic systemof claim17 wherein the control circuit conprises
a processor. 20. A nmethod conprising: increasing a bias current in an input
transistor of a Darlington pair by providing a current path from and a
vol t age patikcuito, aeoupladt t er toof tlae i npase traofsi stie; noiphityi ng trandiiters
vol tage on a cascode transi stor coupled between an upper power supply node
and the Darlington pair; applying a reference signal to a base of the input
transi st or 19.andTheTeRstt6ni0 ysemO bt RidimV 0F tvgeeiffthe h@dntdar lcird@t @BmpAbds. a 21. The
met hod of claim 20 further conprising nodifying a bias voltage applied to
t he base oPrOf¢OL nput transistor. 22. The nethod of claim 20 wherein
increasing a bias current conprises changing a bias voltage on a voltage
controll ed current source. 14

20. 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;

modifying a bias voltage on a cascode transistor coupled between an upper power
supply node and the Darlington pair;

applying a reference signal to a base of the input transistor; and

measuring an output voltage of the Darlington pair.

21.  The method of claim 20 further comprising modifying a bias voltage applied to

the base of the input transistor.

22.  The method of claim 20 wherein increasing a bias current comprises changing a

bias voltage on a voltage controlled current source.

14



