GENERAL - PURPOSE W DEBAND AMPLI FI ER [ 0001] Thi s

application clains the benefit of provisional U.S.
wapphkiic@vi on Serial No. 60/576, 759, entitled PCT/US2005/019682

" CGener al - Pur pose Wdeband Anplifier,” filed June 2,

2004 BACKGROUND | . Field [0002] The present invention

relates generally to circuits, and nore specifically

to a GENERAKEFPURPOSEWEIDEBAND AMPLIFIER

Background [0003] Anplifiers are comonly used to

anplify signals to obtain the desired signal |evel.
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exanple, for wireless communication, anplifiers may be

used ona transmt path to anplify a signal prior to

transm ssion via a wir nd on a receive

path to anplify a si gn%@%@m@ via the wirel ess

Phannlggel [0004] An anplifier nmay be designed to

providé a fixed gain or a variable gain. Variable gain

[@0p2] f i dhe ptedGhisnvention celaten génerallyetd circuits) and motaspeoifically to a

circyits (e. receivers and transmtters) to provide

&RRFY *BP@Oé%Wg@ba%"El i€- adj ustabl e signal |evels,

dependi ng on operating conditions, system

requi renents, and/or other factors. For exanple, VGAs

H.e cBmhgmbyndJsed for power control in wreless
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spectrally spread over the entire system bandw dt
dimepuging nagtworkamgs consuabr [slectranibs, endsbaxs  Aleon c@mp:lc sfonvireless

i nterference to.the signal tra sm't. e ot her . .
S e b Bae S Bl b Tt Siln 8 Bb [l gyt prior o
SahiMdnelig SSwile¥dsCehahisel tah&' Dnaiedive Pathli niphidy atsi@al received
recei ved si ?nal quality for the wireless device, as
vig eV el egsec cei Vi ng base station, is maintained at
get T t chi h

Rob8T 25 AsL B Blicer s pE RIS BRYALEEUE Tal6: o vorisble gain
Vartigblé gﬁlﬂmliﬁkr@(\VGAs)Mréeioﬁﬁﬁorﬂﬁ‘mﬂEm ccmmdummatroaaaﬁmts (e.g.
system capacity 0005] A wr ess devi ce y b .
ebpurTE &ngﬁwﬂevférss & afq%e Ya&aﬁ € SRS, g &%@35@& fighal levels,

? aH d?le Spkrstidd 85 RiMioRMRNNE Riuildniasd dhd P Wikerdfactors. For

? I ocations toachl eve the targef received
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wireless device (e.g., cellular phone or mobile handset) is spectrally spread over the

entire system bandwidth. The signal transmitted by each wireless device acts as
interference to the signals transmitted by other wireless devices in the system. The
transmit power of each wireless device is thus adjusted such that the received signal
quality for the wireless device, as measured at a receiving base station, is maintained at
a target level. This power control achieves the desired performance for the wireless
device, minimizes interference to other wireless devices, and increases system capacity.
[0005] A wireless device may be located anywhere relative to a receiving base

station and may need different amounts of transmit power at different locations to



and less transmt power is typically required when the

W reless device is close to the base station. For a
wEhivk1sget em the wirel ess device may be requi P€dUS®05/019682
adjust its transmt power ovey a w de range (e.g., by

90 decibels (dB) or nore) in order to conbat the
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power contro us be performed by VGAs | ocated
base stagjho.utFor iaeCDNm] systemc Higi \MITGIFSOM}CCAR@Y pe irequiredte fadjust its
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150 $b-caldéiV&iear-8d effbdie rSueh aswide rpatvied Bontrol Ghsgevis ttYpitd18S&hieved
sane characteristics are even nore difficult to
e disgibutmp evagiable gawes a¢resseary eﬁ@@dtr%fﬁintlh ghaip,t pessiblyy from analog

%@?h‘g%c@ h%ﬂﬁ{}ggw Eﬁgﬁ}] 5(1"\/;:1:1% %gll% thus be aperformed
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al so be operated as a fixed gain anplifier or as a
tlmeesawmmactenang@ramn r{l@e agficwlh toedestemi rTéme léﬂheaefore aneed in

n st a fier s first e
gfg‘r{e ﬁ@ %tl%‘%fl S”P éﬁ%’lsee%ng od %grl g]?%afng first
and second current sources and a Ioad i npedance. The

first and second transistors are coupled in a conmmon
source conf i gurati on, reSHMMARYanplify a

d|fferent|al n and rOVI e a differenti al
Put  SagiRys | em %a% %scﬁj AT @wwﬁ%’aﬂ%whﬁﬂ are
ge% ﬁ§e% héBR. ATRE Rndplifief ¥ 5RGH1O d@ﬁgntﬁh%, gifdepdrBrmance, and is
of the first and second transrstors,
smtabbcﬂor h@hyfrecmnmypa@/mdmdsbmdoamémtgomorTlterms}dlﬁer may also be
tra sto The fi ts1t and seﬁgond current rces
B34 o ipsshenyy aplificsrot ih a Wils dymalifcrangs SXE~

Fofoesus | St émbéEMeRICH élﬁh%le -stipd aRfpifietl thchides fiedt lah@Bécond “gain”
or these transistors | oad i npedance coupl es

transigterp, firse and ajerandoresishars.f fips tand nygcent gwaent sources, and a load

tor 0 y

{I?Haerﬁgﬁczend fhg u &?% g%dol;g%ﬁ? g‘gjml' Jlét&{sr Ea?r%s |C(§ oérd; %gn% rkt%% source
eitigheutioh freceise shdumplifiredifferendabingutf Ggiral fant aosis b differential
coupl e i llel with the first and se
BT &iab, he fist Bt tceomt (PSisior cQUpl Rt aTE Gt f collcton) and

GRt S A bRaY 8FHd first ARAGEIMACHRarRstdrd) eregﬁeﬁ:ﬁ‘trel?nﬂld provide self-
second transistors, respectively. The third and fourth
biesing farrtbesp tausisterss Sle-fiysteaid rsgcomdrcutrhtet sphiicesicoupte to the drains of

Ih%uﬁ}s? gnrdars]g’clo%ctl O Fisistors, prespec¥1vel¥/ and provide bias current for these

transistors. The load impedance couples between the drains of the first and second
transistors.

[0009] The amplifier may further include third and fourth “compensation”
transistors and third and fourth resistors. The third and fourth transistors couple in

parallel with the first and second transistors, respectively, and compensate for the gate-



[0010] The transistors may be field effect transistors
(FETs), bipolar junction transistors (BJTs), and so
wo@mos/Tiwo1 oad i npedance may be a resistor, an PEOUS1005/019682
a capacitor, or a conbinationgthereof. The first and
second current sources nmay provide fixed or variable
dmanupdrasited capagansgrafghe fitssrand secdnidr tsansistods, sespeatively. The third

t ransi st or respectivel y. Vari apl LN r_t.he :
s Py PRIt P g ol a6 amppcctively:
[000011] Ahe efiRebtoTE Nha fbeafibMOefFéod Oaridi¥rs f(FETs), NKipdlde unction
two_stages coupled in cascade. Each stage includes
wransistors tBI Edcymlisq ann Thedaad smpedance maytbeah gesisiqioar inductor, a
1:5£0 | LSt 0 r r i.rst .
SRS bR AL REE Tt K0 B oG <Gty Bt i proviae
fieah ost egmblr enmoupl efl biss tcheestafer menrfist asd f seconddransistors,
singl.e-stage. lifier, albeit. wwth the first. and . )
EERSHYEY 0a mﬂ%@&awc the FpIPdier mayebs achigyrd Brrigpdng the bias
Lhgpdrains of the first and second transistors. The
first and second transistors for each stage receive
H0#1 JanplAnf ymbodiinfeht o€ rat twal-stagep ampBfigmaicludes twbatagss agepled in
and praovide a different output.signal .for that stage, .
o Sl inchid] FidheBlicRir SR Biesindt. hitfindiii resistors,
figadnd RERAAEEEn] Sur€RC nd fidd Qand TEorOHAB Impedifted. OThe circuit
both stages may be coupled together to provide (1) .
elementp gf gash stage aseequplpdsn Mipesamemamer pelps the/snglestige ermplifier,

B ST ARG SLERHIBM iBIRRIRIRA|FABHES bl etween the
aapf ©fﬂ}16afﬁldt amitxe_ ldd)ﬂd?t:nzhﬁisﬁfé;f 'glh;e ﬁﬂ;g amc} Eﬁ?xgﬁng@ﬂg rfoloedh stage
further et all. _pe L. ) .
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cription set forth bel ow when taken I n conjunction
load impédanchsafinr wgeh stageshThé cominen mefley fardwtlc ktagescmey e coupled

i dent i X di.ngl h h d in:

g I paide” THORESE S e SPis stagf e S el fpaback for
o e Yjediohl TinpenitAaf tAfRstofs By Abd Be used for each stage.
ngensat ion transistors; [0016] FIG™ 3 shows a

co

[08b2)st adearignp pspertsrand[apabpAjmentcof thesinwension arqudeserife@ in further
&’%Biﬁéﬂ,‘%r W th conpensation transistors; [0018] FIG 5
shows a nulti-stage anplifier; [0019] FIG 6 shows a
cascade current mrror used to supply bias currents;

[0020] FIG. _7 shows a plot of variable gain for a
t wo- st age BRIEK DJES TION OF THE DRAWINGS

[0013] The features and nature of the present invention will become more apparent

from the detailed description set forth below when taken in conjunction with the
drawings in which like reference characters identify correspondingly throughout and
wherein:

[0014] FIG. 1 shows a single-stage amplifier;

[0015] FIG. 2 shows a single-stage amplifier with compensation transistors;

[0016] FIG. 3 shows a two-stage amplifier;

[0017] FIG. 4 shows a two-stage amplifier with compensation transistors;

[0018] FIG. 5 shows a multi-stage amplifier;

[0019] FIG. 6 shows a cascade current mirror used to supply bias currents;



[0021] FIG 8 shows a block diagramof a wreless
devi ce. DETAI LED DESCRI PTI ON [ 0022] The word

wo epoenploar y* is used herein to mean "servi ng aBCHEIS2005/019682
exanpl e, instance, or ill ust rgtion.” Any enbodi nent or
desi gn descri bed herein as "exenplary" is not
9820 s aFlGy7 showse plosfivateble geinfors tve-stdgoamplifier; and

BPE "8G R Gl bk i ARE s BB &1 Sh g

anplifier 100 in accordance wi th one enbodi nent.

Anmplifier 100 includes gain transistors 120a and 120b
coupl ed in a comBME rAﬁcEDcBES RIRFION Tr ansi st or

g hasrlts source emtte% coupled to circuit
é’5 Bnd. Theswerd; Pxeap 363ésé3 upedC BTG MeHBr SRS £ A example,
nSRHLe, of Qﬁé{raﬁdﬂ“')ArYj énﬁéﬂlﬁ@n@%s S ERRAI Helin €48 emplary”

and i tfs drairn (or collector) providing an inverting
suropn¢cesiaghato l(e@mst)uedmem egedor ad@htapemisiover atber aebodiments
cqggled to circuit ground, its gate receiving an
ng i nput signal (In-) via an AC coupling
R3Ci t WIGL 24 Rhowd' G kdHentdtial dia@hﬁV bfliangingle-stage ampht;l]er 100 in

non-inverting output signal &Qa Ampl 1 fier 100 thus
acserdaness with ginef aptladiment. | 1ﬁ§1ié inclydes- gaindtramsisforsigdOa and

d
PIB feBeeinct Eomhdsfree tbhbirafbf ! Frarfdhr 1 88 el source (or
¢aiter)ofoupledntsi d-lf(m[t graﬁkad dtsdggre Gon bass) miefvaﬂg' agiongnbeting input
tra SIS or 120 Simlarl [ esi stor b cquples ...
ffweandfé .ceu%lﬁw C@ae%f%?% 4R ﬂtéfiam @z ﬂ%&aﬁ providing an

i%"v@ﬁﬁ'n %ﬁtp%?h?mh 5 9 Tf‘é?lrslsfdi@Q@lb f4Ois sbaftie- coﬂil%d & &duit ground,
of transisto urther couples to a current source

159 regnivingwm mvcﬂmg afput signali(be-pvialaohCicanplingreapanitor ¢24b, and

£ t 50b. . Al d d 40

S aBieSiay e B ey s2aL AR’ 1868 brolHa B fReives o
almr&ﬁbpﬁkbﬂfeﬁgnﬁ RN and It @nd Jrovidens difteRérmial 30@ubBignal (Out+
120b are hannel FETs (N-FETs). hi general,

mdQu$t ors 120a and 120b rmy be any type of

E@QE@ St o'iegﬁ#ﬁhl gaﬁOLglrﬁ]S gré@\ga% S}é E&&%ﬂ@ EEL?FCEE?ansmtor 120a and

pioviies selﬂbﬂklng forttigneistor 12048 nSmIa@llySa tesiBics)122h bgkples between the
el ectron rmbllltytrﬁgglstors, SO0 on

dnany prd; gate (R4 trapsistali 14gb f8d P PEeS PG EsREdor Raheiiofo 300 The
gl_r%gf‘rérg $aRfiStoRN SoNTERRR BLpEETS -2 thgeg@]soﬁ&@dlﬂogpﬁl@?w&am of

be a resistive |l oad, as shown in 1,
tm;sisnm 13210b tfarthee cobuplesstowd cuhabamumepllSDh éarl.oatll_uanbdance 140 couples

ance 140 . SQ reactive | oad(e.g., an
ﬁgﬁ&abrfs)o,f]%ﬂ?lgﬁ%rgba Brégi?tfﬁ’r abl e for a narrowband
fomRs] f i For tho@ehbbMBRAARESVN in FIG. 1, transistors 120a and 120b are N-
channel FETs (N-FETs). In general, transistors 120a and 120b may be any type of

transistor such as, for example, P-channel FETs (P-FETs), BJTs, gallium arsenide
(GaAs) FETs, hetero-junction bipolar transistors (HBTs), high electron mobility
transistors (HEMTs), and so on. For clarity, the following description assumes that the
transistors are N-channel FETs.

[0026] Load impedance 140 may be a resistive load, as shown in FIG. 1, which may

be suitable for a wideband amplifier. Load impedance 140 may also be a reactive load



140 may al so be a conplex load with both resistive and
reactive elenents. [0027] Current sources 150a and
wdaz@b/1ipoovi de bias current for transistors 120BCHENS2005/019682
120b, respectively. Current sgurces 150a and 150b may
rovide a fixed/ constant anount of bias current.
g-camniadiaern) ywhiely mayrhe sytiahle &y asawwhaad amphbfipmyload impedance
A ORy B S BirR ISt Bom M B Fg 0Bl
POR7st e Cub¢ncwukdes|150mnand hEOHOpraside bidseuient fF transistors 120a and
transistors_120a and 120b, as described bel ow. [ 0028<]1/
Wl irespestivebn feyrané squiss floP2 \inde bdRdman preyida | 3 dixed/constant
cat] g 90 .
A R o P R e B Bl aty bR provide
veotbk @uduntaofibiakiturrers badsgtdeonmi wewtrddsignahd Thengeideofcamplifier 100

R 0 0 G R SR (s PN BUELR e A 1200, as

ddsBisddaBew t Ype, the region of operation, and the bias

current for the transistor (which is denoted as ID) .

[0928bi aAmplifiesd00 mwy heaushd foraviditand rand/eo hightfresivenay applications
|so called the drain | eg r .

B80he006 B Bl PR RN EhPEashlt (TR b s gy he outpu

Adties DueN &GP0 GE dateeniged Bpload impedanenl4f. the drain
current | D for .a netal oxi de sem conductor FET ( MOSFET)

929kt i Fgch frapsisar l3hhason trprsgrrtictagee Gvhighds denotideds gn) that is
: r s 1 h I

aiteroX (BE HSNIHGEERN, TR rell0R R oPelofigh CHBIAE current for the
fransistori (Whicheia ;deMétsd tak dp)c hElnbias wimtérit fooeachhteansistor 120, which is-
transjstor; and L. is the channel. | th for. the

1535 o steslon ey Ay B fpssigd Surrent souce 150,
{(YOQG}Si SRk tAnScdhleMEndel,f Bea Fdotioh YF3Ad dr€ current I, for a metal-

ransconductance gm as a function of the drain current

oxid¢ semicondSrET FEpe(MOSKET) roparatiol - nhe essheatpy eqgian for a long
e_expressed , re z is a non-ideality factor
%?%”%F?&s(e?ﬂ%%?ﬁ’é‘%%%ﬁe&% t age. [ 0032] The

transconductance gmas a function of the drain current

ID for a grpolagjunction transistor in nornal
operagi,,em‘ZIVa;Cob &xpressed as: . = Eq (3) vt As shown Eq(l)
in equatibns (1) through (3), different types of

transi stor and different operating regions are

AReRC) A Bl cidrb Al oGty f unctions for
t ransconduct ance gm ver sus

Cox 1s the gate oxide capacitance per unit area;

W is the channel width for the transistor; and

L is the channel length for the transistor.

These various parameters for the transistor are known in the art.
[0031] The transconductance g,, as a function of the drain current I, for a MOSFET

operating in a sub-threshold region may be expressed as:

, Eq (2)

where { is a non-ideality factor and Vris the thermal voltage.



drain current ID. Qther transistor types and operating

regi ons may have other functions for transconductance
woznsamar ain current. [0033] Regardl ess of horC1/tig2005/019682

transconductance gm may be expressed, the gain Av of

each transistor 120 in S|ngle stage anplifier 100 may

19832 pr ds é@nwndwarwegm asza functjon of thehdram qurrent {in éor a bipolar
tion (4) does

R REROR B p %%tl%*af?E%P%ﬁffssWA mor &

accurate equation for the gain Av may be obtai ned by

repl acing/t he | oad inpedance Z in equation (4) wth

| oad 3ﬁpqaance 140, parasitic capacitance and out put Eq(3)

resi stanc€ of N-FETs 120a and 120b and P-FETs of

‘current sources 150a and 150b, and external |oad (for

Axmﬁ'ﬁ int BghatiBid (1)C tpedht €3)C @iffdret fybds obftran€istor and different
The i npedance of | oad 140 is typically nmuch

sta
%nerreglamarﬁ@ﬁ@cwm Wit differens Aunchiges B tiapgeopdiciarice ige Versus
aI t .
G, AL D, HEP i ST U B G Rk Pl e s
fotﬁaﬁscan&mmdemémumdra@murféhte gain of anplifier 100 is
nsi stor 120 for a

@m er eﬂzteg%@ieﬁ%@]é‘g' ﬂﬁgt{':"g‘ﬁt UEANGeZs MY, Decxiersed: dhrgain Av of

éac &ah@&@be1 AR th) ifR¥ado RMRpiebde@las:100 by
a((j:j usting the d;ﬂgérﬁs c%erég}lr;}lt I D o?&?r ans#)set or saSlZOa and

120b, which in turn varies the transconductance gm of

each trankjster, which then changes the gain Av of the g 4

t ransi st_oz‘.g"' l[ifier 100 may be used as a VGA, as q(4)

descri bed bel ow. [0034] Resistors 122a and 122b

provi de self-hiasing for transistors 120a and 120b,

Veapetis tha lpad irpedanice - I&PasFWgSImp iskphequation i(4) does1ng include
l Y

BGuliT pRlaBlichoe, A BT HAE LQUBOR TS biln Ak bo difined by

@planingt the doad iropedahcd Heint ascpnanmo mm)uwnthnloed gmpedanead KO, parasitic

transi stor 120 i s possi bl [nce the tr isto
PR ARL OPHET Bt %‘%@Fﬁfgﬂsﬁlﬁ% Lata We% EsﬂEZTtS of current
s’z\Jqucefs 956 mdpﬁ)bOindt éieerﬁan %h%il Qf&&a&bﬁeﬂﬁ%ﬁn c§;%éh51ﬁ>e of N-FETs

drain, and bulk) are wel ned. Third, the drain
ofunexératagel rBle bopestaned 96 Headgéélo tis typieallyt aichi sawiliey (afd more

g e G e W e e

gdin Mvio® eddhargaises 120 id ditkti sé10tes tol RO aamddendudBce g, The gain of
respectlvel ,.in order to avoid affecting the

%!@Pf figsi19Qi1% §vise thegain 4Vr%frfépléttr@4a§st0{ é)%ﬁ;éqr Ffliffereptialdagign. As
h@"ﬁfe dboflk %Qﬁa‘?i%h%fa ) eﬁn %ﬂgﬁe Qfm%\leg'rfgfl 8\%18%‘1&“100 by

accor ance mnth anot Her enbodP ne
ad]mitmg dhe drdin ccﬁn’eﬂttelpcmfr tranststcarls elaﬁm taad dQObx,nwhich iierturhO¢aries the

|n [ dition, 2 further jnc)udes .
Bspagtines gn Feach kbt Biehsftn T5ec e Sro i & tibapsistor.

Aﬁghﬁéﬁmo AadbEaRAGE h WGA Jed4Rscribed below.

[0034] Resistors 122a and 122b provide self-biasing for transistors 120a and 120b,

respectively. The self-biasing of each transistor 120 via resistor 122 provides various
benefits. First, the biasing circuitry is greatly simplified. Second, accurate control of
the transconductance g, of each transistor 120 is possible since the transistor is diode
connected by resistor 122 and the voltages at all four nodes of the transistor (the gate,

source, drain, and bulk) are well defined. Third, the drain current /p may be easily



and 134b. Transistor 130a couples in parallel with

transi stor 120a and has its source coupled to circuit
w@emantand its drain coupled to the drain of PCT/US2005/019682

transi stor 120a. Resistor 132& has one end coupled to

the gate of transistor 130a and the other end couple

d
tcganged 4o vangthg masingcalansistyr 1284, AG£0UBlNE eapacitass dRdajand 124b
t i 3 ;

B 408,085 1 e AU AR SAIRLAYh ) N0 s 120
tandid Q,Olztrcﬁpedlﬁ_@ahl, toopke® avaidedfeatihg thewblﬂb_iatSirw'CEﬁtbdse transistors.
1608 0 EIED 2L b B S RERE e i ol s ggriibier 102 in
Resdraie WiRDardd@iter ofifbRifeOUABALILG 102 i8ah&sOhll of the circuit

transistor 130b and the other end coupled to circuit
reveans oCampdifieorl 003ubFKaslontn edditienu pinplifiero 194 durgiagr eincludes
of tr ' .130 n t eceaiMhpg the .

o ORDT bt DR Gl Sp et kRSBt oppeors 1340

ka0 3ubUsTramistérv B3 0ahduples i pakallél+with prahsistof) 1205 adt has its source
their gates _ via AC coupling capacitors 134a and 134D,

@upled 19 ienyt, el Akl sauglsddo the dmincah rangieioirl A0y Resistor
[ll?éb $hObie rd g%@ngng??’%g @Sfee%ﬁ&h‘.is‘(&l 30a [aggt%ﬁéc other end coupled to

ransistors 1 eac ave parasiti
capeit igtamde @pdcibetddehat e elidacouphatckoghe gatefoftttaasistor 130a and

transi stor,. This parasitj.c capacita Cgd,.causes .
ShEaRsT B srayielibe dhvectife ST gl (e Gt g wransistor 130b
BRtes e Rl PIdt BAYRRT 1208 akB RSVt Hoir@fcolipted to circuit ground and
anplifier. Second, the parasitic capacitance Cgd

litsrdraig cohpled yo thei drainanddrangistor h20kanBedistpret32bdyas ami end coupled to.
ran is. the ratjo of the.largest si.gnal l.evel to-the.
SRaPfe of rebr R A e FneCil @b Branfipnd? Chiliivor 1340
lhaglsag end teupdsd tof the wate REaRG tof DROLO4ArRI the dtHdr @@d fecliving the non-
each transistor 120 through the parasitic capacitance

agygrtingy awput pignaly dnide o haneiptarsc B 0grands] 30kethps recpiyve the In— and In+

I _ L .
P B G U SUBRLARLRLE SRR LER ey
cyaseif-biasedrig eircuihgropad by rdsistors djacintldi3el, egeciiwely.

typjcally snmall d nar |y does not .degr ade
T4 b8 s, D20 00 (2Dl chert Rt P Corpeianar £y between the
g_cﬂéai% RRd phtd B theGHsRIBY. ThRPAGitiELARRUBARIS,, A[d8s &W6ral deleterious

Ob are conpensation transistors used to mtigate the
dfficets e r Fioths thef pasesitic edpacitancp drageduces kg handwidtheofCthe amplifier.

transistors,. 12 nd 120b,. r.especti vel.y. .
Sestle S i, <aPes My Ear iR Mg s fpe amplifer
dmaned rifpes) theamtio Séfothe laaRst KignsaRelprr i §rhallest signal level
ca&gcitance Cgd between the gate_and drain_of
K_

teRiieyabhe by they ampittigrs Lslees cument flaves hesverndhe depin gadgag of each

1 ; . corivel . .
iy 1308000 DR PR e LB .
tsratisths tleakagel AGeenathroughGbe parespe cipavitdnge Clhisselativady large, which

e e M b 0 PSP il
128 R0rmld1R ARk nbEMERER performance unless the leakage current is comparable to
the signal current.

[0037] Transistors 130a and 130b are compensation transistors used to mitigate the
deleterious effects of the parasitic capacitance Cgy of transistors 120a and 120b,
respectively. Transistors 130a and 130b are dimensioned such that each of these

transistors has the same parasitic capacitance C,s between the gate and drain of the



current through the drains of both transistors 120a

and 130a is approximately zero, and the parasitic
weapaaiwence Cgd of transistor 120a is effecti®et/ys2005/019682

conpensated by transistor 130g@. Transistor 130a has a

t ransconduct ance gn1of zero because its gate is biased

rapsistarc uTrangislotn d3Q4 and d30ts are duismbyribe t%nmgndnlm rmputysignals,

I%gérg%é tﬁ]&"?%wm% fe POt lz; ffagéh%gl%acf{ %cé1 pﬁgég%‘ﬁg?m transistors

120an&ids 1 20b, Ir2Peciively.heTimaehe iakage tltédnt tthingh S&a‘hélstor 130a is
130a corrpensat es for the parasitic_ capacitance d of

onPesits 4t pelambpte the lgpkage wcyrrent) theppghfsansistss 12030 Bhel pey leakage

£ L OO, 1 S o A,

the para’snmmpa:gmnw@di dfiteansidtod 120n aetiertiaty eompdsﬂ?.a&elby transistor

r enbo [ifj 104 i cIu es two sta
B8 s de° TS i Redu6iande m b 4676 DerBtsa gt Hore Bibiased to

é%c%ﬁ 311&1 Vi% r€s1§t%f fispi Wﬁm@%ﬁ’iﬂﬂﬁ’al? Bﬁ'&'ﬁﬁﬂfe ékn of amplifier 102.
i er conposed of transistors I20a and

T@9$1stpnﬂ%0quap@ﬁ@tes_t@mthe parpsiti¢ tcamsltan_utacgand tl’aﬁsisbpr 120b in the

SRR maB(BRE a1 308 oaBOall Tt T Bhap B! epiittance Cuu of

&ﬁﬁﬁt(ﬁnm%ZZUran@ﬁm |lBOzi 9nd 248b ad1sb 4H4W, foR Mgl WitérRiAtion of the
saurces 150a and 150b_are coupled in the nanner

dffsrenhpldpryisigral (ot apd Io-)-1. The gate bias of

R385 b BB 08 Hctn® dffthartlof" ) BETRE0 tiiiiier 104 in
d2@ldancecw B ot amitlyer ehﬁmdirilemue canypléefter 14008 ancundks i0lstages 110 and

gﬁotgle in si es anqg to the drains of transistors 120a
B COUPSHINCAF@BSinces 140a and 140b serve as the

10039} Of Firkt stho 1 808s A1 cRRD-AigR AN Smplifier composed of
I nductors, capacitors, or a conmbination thereof. The

wansistoss 3202 raad1§|2§b,oreslsm2®é2%m dndl 20%b, prapeditbes flA4a and 124b, load

diff.eren sk gnal QJtIa Qutl + ISt

ey Brest b | R} a4 At Qe Tharata T bpy, ofratdfi i 4208 and

Hmbl tekistrs 194k zﬁ'deMZIZbl Eapltifors 124£Lx1E1M4b! Aat curRAtsources 150a and
edance 140 in FIG 1 is repl aced with | oad

carprupiediindbe maaner dossribad Fﬂme far FI 4 OTheggateohias of transistors
F’f d136p ! 'msse‘l:g Qyﬂ sggr &%gﬁbsa' S%b ]x%g;%tcﬂ()&i 1890Resistors 122a
a an ces

|npedances cu?r
A0 2hN cesp&Bivel ywhLaodd mipedmmeplléda latild smﬁb kaupleram Beiesamd to the

1 Ob, |.cad
G5 of BP R T 260 b7 oL s TostRCes B ar A6 soge aghe load
é-fl@rst s-ﬂg% oY 811 Bhy bé %ﬁs}t@rﬁ dhduct& %a?ﬁéito]@%’ a MibakhtiRh fhereof.

he differential Tnput for second age 11 are
El@ménam afdrangistogs 420 ant 12Qtaproivisiecthe dlfmantmh @umomgnal (Outl—

REBEE K5t M B B30 S5t SR b gt 10
shﬁw&eihl EBZ} andexiceptt that tlifaal gpedhinder B B FOGS1 is replaced with load
impedances 140a and 140b in FIG. 3.

[0040] Second stage 112 is composed of transistors 160a and 160b, load

impedances 180a and 180b, and current sources 190a and 190b, which are coupled in
similar manner as transistors 120a and 120b, load impedances 140a and 140b, and
current sources 150a and 150b in first stage 110. The gates of transistors 160a and
160b, which are the differential input for second stage 112, are coupled to the drains of
transistors 120a and 120b, respectively, which are the differential output for first stage



160a and 160b. Load i npedances 180a and 180b serve as
the | oad of second stage 112 and may al so be
WO 2®5819905, i nductors, capacitors, or a conbi NEBCT/U82005/019682
thereof. Load inpedances 140agand 140b for first stage
110 and | oad i npedances 180a and 180b for second stage
112 head imepedancestl8ba méwdﬁmﬂ i ssriseandtp thalrains of transistors

1004 na,{l)‘nﬁal%'()ﬁ oz{iﬁgd ﬁ@p% éﬂ%%ggl c{ 5%(8)4%&?'0&5 tgg l(ba (}second stage 112

H1R5 infalyl o lﬁnfésisﬁﬁﬂ inﬂﬁﬁdﬁp@@ﬁaeﬂt&ea oangl can&eblaﬁa;y th&ed. Load
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LSConf gia?é[ qh¥. r?ﬁ}g "[’)S psrei%\éfeq F&{br%n@é &ééé& tthE %ﬁa %Z%g in which

transi stors. ralns o ansi stors

amplvﬁeiel(uhmld béfuseéntﬁoalexamph:uﬂoe&h gm;&ldalﬁc@stlﬂOarmlde)b)may be
for .seco e 112, i ch al s t he f er ent

5 Sad lped impeganges| R oy 150 may 9 2 Parats) repppator tank. Current
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B L R ot UR et DuRerRL OB B teeB 15, whih

fsialsdtthe Bifere® OMOEL 4i@iul I ifigr S@f.S the drain vol tage
of transistors 160a and 160b in second stage 112. In

41 lealFor 488, embpdimentashewpoin €. i3 theuwammen mede fat eof load
Qﬁfeﬂaﬂc‘%gtl 14&)52%%%%5%} 1]1%(@c6"\.§)ge Q{?%ccﬁﬂrgon node C2 of load

transistors Oa a
opedatden d 8poamd 180 for aerwind tstigs llzoa’himcbnﬁéﬁimn dfiavdy €11, to node

g&snatch in ors and gurr t sources w ||

t
SETVES Pyl @?W%aﬁa PHIPR3TSt a CQINSFRANS Properly et the drain
%lgigé 29 Rrahfstbls’ £60a5n29%08 1R sadfd (stRRSI13t AhSinlifea A8 this drain

in second stage 112, which inturn results in
yeltage ¢ aquad [to ehter 9atc bias pdtage af transistersni asand hl 66b oahdceansistors

LGRS DGk TS5 an R oPbRads GHF S Heprier Libagana 1200

fidReverN Ghis@hich binamstblssmﬁi Quie! Soureds WEIBOR6ehté Aifferent drain
transi stors 160a and 160b. Second, this connection

mltaaﬁs:l@s tran%@gratlﬂ()é ane Epai irst étase Bé@ mfbﬁamﬁéom \AéOa and 160b in

ages ap fer n
pmrluttes (slemlndamdeh effgctof "Ifrm’rsfstors tlég:e aﬂd(l66]m dn Bedand stage 112 thus

OB TR SRl 6 LR PO 0 Y £
{r53edrs Tb6a add $EEHISS&ofE htﬁﬁ%hﬁe&'xbﬁ%m&fa flegaiVe 3485k loop

~anplifier 106 in accordance with yet anot her
m@@n theriwo amnplifieristages. 08 he deddbaiekslobp rsovidesarpgection of kdmmon-

&%ti%%)ephrl?é abglgacfé{ ?r[e etfa(i t(i)l}églt %9& d‘ir?— %qierst s%geQ?B and helps

suppress common-mode noise including power supply noise that is presented common-

mode to amplifier 104.

[0042] FIG. 4 shows a schematic diagram of a two-stage amplifier 106 in
accordance with yet another embodiment. Amplifier 106 includes first stage 114 and
second stage 116 that are coupled in cascade. Stages 114 and 116 include all of the
circuit elements in stages 110 and 112, respectively, of amplifier 104 in FIG. 3. In
addition, first stage 114 of amplifier 106 further includes compensafion transistors 130a

and 130b, biasing resistors 132a and 132b, and AC coupling capacitors 134a and 134b.



circuit elenments in stages 110 and 112, respectively,
of anplifier 104 in FIG 3. In addition, first stage

wdinbsefosenpl i fier 106 further includes conpensEtT/O$R2005/019682

transi stors 130a and 130b, bij@si ng resistors 132a and
132b, and AC coupling capacitors 134a and 134b. Second
3¢cope stege 166 o4 gpiplifiee 106 Guther indhides campepfation transistors 170a and

D AL iyt 2051 SO0 e AR ap RABE: Ml and 1740,
[0P43] andn firstistagé 004,3Jonipensation ttransistges 1304 and d APle osgllé tnparallel

VBT Sh 8RS oh3 e 2l 139, BebiP BT ekl 4oh eovide bising
foB AmnSiBkrsl 376% REPYBOE febReindy.f Aaphtitdds 1349 aid 1308 C}fem@kde AC

130b, respectively. Capacitors 134a and 134b provi
gaopbing of ithg) Iref anchén+ inpub signals o jthe gates jof Aeansistors 132 and 130b,

S350k, KR 50 0o RO ERR LB recive

Ednasiementaryt @fpuistbnaRcad \fheit ReuRerpah eg@nt tedngistodPU20a and 120b,

signals as their counterpart gain transistors 120a and R

esRAstvelys Ju seeand sfage) hl6s sempensation Fansigorslgip @nd 4i70b gouple in
[ : % Cc ' h 3 .

EERINAHE G180 e LA, BGBIAEAT a7 provi

HiZdag fordrahgiRtorpt Ma ae HiOhstaspectivelyt IGapséistrol $4alattdal Aibchrovide
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$10Rg0sdL :1-7‘0%, Qebgaeti ey, e SCothpdrs@ibt Hhutistord RaddHd i—Z(ggBeceive the

respectively. Conpensation transistors 170a and _
caeplpmentanyesigroisss dhainceunierparpgaan frarsistonsdpPa ansliHiOby respactively.

B SR En PR 1360 ASOSEH! bl chE S Bhee curmen

thisughe eea gatecdihine Phrabidic O bgfacitfirte 98} £ ol Bhnbigdéers a$20a Gnd 120b,

capaci tance, O,?d of transistors 120a and 120b o

resRgstxelyy e Sipnila)yi qonepsation nivasistars A0 rands] boean mitigate the
7 1 i gat I Clh 1 ] g

Rt [l Bl 88 Forhelfc SRRYRIRCLL, EE IS bk o 1600,

e§itotiveles PEot gated pf cdinpergatias trafisistorspEBdaal 3@y 170a and 170b are

transi stors 130a, .130b, 1 b ar iased to
RSP EGH b BT Vi SISt b9 1950, 1738880 113 Jospiefvely. Hence,
thé&beorh fohnl ¥&1sktorbBACE trahfBRGICERATP §SSH 2628 and thus minimally
transi stors have transconductance gm of zero and t hus

afifaet thelgain offapdifier h@6.gai n of anplifier 106. [0045]

551 7, 3845t Aok AREAM Ay bbd B0 108 i sconsance
®ithadt aRdther Anddimestl Agiplifiee 108l @sclides N GRged 300a through 510n,

t hrough 510n, where N may be any integer ﬂbeat er than
where Nemay besanygioteged greatey than ongp| Birgt #fagg 5408 3y hesimplemented

%’Pﬁ?ﬁ% Jsfs'ag% hio il f1G.3 ' firkt Jéa%fg 15439818, r]]ifl ﬁ%ﬁ%lrfr’%/e %1855@8& stages

sequent st ages bt hroug
510Dl thneigheid Onimhdy be cmpknehtedewiti Redond Ftage 1320in BIEL Gnok second

stage 116 in FLG 4. First stage 510a receives. the
ﬁilge%e]één%@ 4 hﬁﬁhstgegdﬂgp re(cpwgg aﬁdﬁ&ﬂpl}tla‘i nput 51gn£11] (In+ and In-)
for amplifier 500. The differential output of each stage 510, except for last stage 510n,

is coupled to the differential input of the next stage. Last stage 510n provides the
differential output signal (Out+ and Out-) for amplifier 500. The common nodes of the
load impedances for all N stages 510a through 510n may be coupled together, as shown

in FIG. 5, to provide biasing and common-mode feedback, as described above for FIG.



for anplifier 500. The differential output of each
stage 510, except for last stage 510n, is coupled to
wa bwsdidderenti al i nput of the next stage. LaseCBUSIYES/019682
510n provides the differentigly output signal (Qut+ and
CUt- for anpllfler 500. The common nodes of the | oad
Bglys ghe gpmmqnsaodge orsthg N tstazst A0 510 berppupled via bias

@9&&%%&1‘? {138 EhovitPin @i"‘@ in FIG 5, to provide

lasing an connon no f eedback, as described above
[eod6F| GIB noﬂhalempwttloneﬂ;e gaimhef eanmnﬁplmaiemgeas thdrprodduct of the
st ages 510 be coup a.hias circuits, which ar
R s e arecson BB AR 1P THIEAEICE Ghlirbpbme6q pa show in
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ot @rmomatagss dareovenall ghinehthie rarrmy@at 1sah1e prdyluctiedthe hnear gains (or
nplifi 104, 106 108 | 3, 4, and 5,
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wa4T) Of Babe o fel dniplifiers in RIGS. !thl(ﬁdugi S%aytﬁkeoﬂekaﬂétﬁés a fixed gain
gains (or the sumof the | ggarithmc_gains) of the

MRplifer Rrads 8 tvagakle ga@oamphﬁﬁrcw @A)+ rféalarﬁ@mrpl &rs2 MGA may be
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dasatibeal afove, evhidBAnnmyn hifechc theetm&ﬂlshy gadt MivngV driebled daim current

cur ent &P whi ch .affects the transconductance gm as
4 SN, VARARLHIGUH deSRRS- af fect's the transi stor

gmusq Av FIERG M8 ol Abaitért HHta WY RinPEAYAREChrL Rifrror 600,

various circuit designs. [0048] FIG 6 shows an
whisbdinae rite medatwlmlsswangblc dsaderants femall rgain ¢rangtors in an

whi €, used i abl e, bi as ren
4p i DA TG 4 AP B ot e Sofischios 30 Tn FrGs.
6@fd Dayd lﬂﬁiyl{ﬁrsﬁdé dfair€ tiirfeity foB @hinGRSsitReal mctmaﬁbe lif) amphﬁers
FIGS. 1 and and d%@prowde drain currents for

1000 1&20 @r@zoﬁmaw 20y 3lsp banser forequarenbeusged 1i8@ 150b, 1902

gs%{l ¥%g>tsm';_%@sor %81?4 rggg ﬁyﬁrg@@g%ﬁﬁ CleEJ E%%é%@i‘h CFrazilslstors 120a,

M(lwarﬂelmbm mp]mfﬁefremoz'aaﬁmIOGgal n transistors 120a,

1 b |n lifi s 104 and 106. 0049]
éﬁﬁgk he é?ﬁﬁ %. Hé’ﬁg lméG &> UHeRl AHITAY ﬁb%rpr@cées bias
Rt @&x@aﬁﬁums&&mwﬁ&e K=92kd i §tb§é Qﬁxﬁhﬁé‘}@ %@ aﬁd 102 in

= 2 for single-stage amplifiers 10 02" 1n
BIGS. 2| amh@, Knd K =f4ofort m—sa@emahﬁérsfh%r@dlw anHIGS)63 and 4.

FILGS. 3 d 4. t 0 I

Pt sy 608 fosPudes b Rl 1908 PG sBiree 14, g0 K pairs
Sfrifsistdrs 16204 3hé 6026 tHhkkh 620k ﬁﬂzﬂﬁkhrpékgﬂhe @atHodanéht shown in
622k. For the enbadi nent shown_in FIG al |

F I%rﬁsuaﬂtt@pglst@r%ar@ igplemented vith Ptehpuneh Eﬁﬁél Tms§tors 610 and 612
2 gf e 48 gqlgﬂgd i%rkg,n%” rgﬂ%%st&o&' (?ﬁasqgsélsoﬁfc% coupled to a
coupled 1 n series. ansi stor s sou
powgyl sepply Vi, its gate coupled to a node D, and its drain coupled to the source of

transistor 612. Transistor 612 has its gate receiving a bias voltage Vji,s and its drain
coupled to one end of current source 614. The other end of current source 614 couples
to circuit ground. Current source 614 provides a reference current I,.;, which may be a
fixed current or an adjustable current.

[0050]  The K pairs of transistors 620a and 622a through 620k and 622k are used to
provide the drain current Ip for K gain transistors in an amplifier. Each pair of

transistors 6201 and 6221, where i=1 ... K, is coupled in series and further in a current



power supply VDD its gate coupled to a node D, and its
drain coupled to the source of transistor 612.

wde@sai®vor 612 has its gate receiving a bias pO/USDEs019682

Vbias and its drain coupled ti@ one end of current
source 614. The other end of current source 614

edey eepfigyratiopcwitk the gakdof tamsisers &lOuande 6624 Bhusyithregates of
) I

ﬂ?ﬁsg&ggjﬁgag tﬁﬂg@%}cén 1@‘?{)%815%‘%}{4?@ u% %’t@(&dﬁ&#{s'io?rglo and the
souaces iof transist63 (12 0a it o 6260 Okhyoapigito G&Dfo’ov@dﬂduﬁﬂ? R/pal €The gates of
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series and further ina currentmrror configuration

Gnkh reshectivalyr 1fe draianditemnsistor 622» providéd the dFusurreitel, for a first

sof tr isto 620a ough. 20k coupl e t oget.her
b gl 6 pbtn A Frenepe bAI BGRE M AP uintda Tof & second
Eaﬁﬁl @ﬁhﬁEt@f 2n@203n! AHdOoMe Arfir K trefkidIbes 100 éﬁ r&AJOOME [drain current Ip
The at es of transistors 622a through 622k
Blréhﬁ%ﬁhlﬁﬁléttaﬁgé‘loher and to the gate of transistor
Th r 0
| o et RUSHE 620 LEBH G Bl BOREBUAT i My same size and

ﬁﬁ? lfurtlfeeSB ecdléd/sicyrdindw the ﬁlzéls dﬁthé Kagaﬁi Bhlist&d Zaselvmg the drain
provi des the drajn current first gain

YIRS W fransigtaes QF0aithropgh ?2% sTrgmtO@éZBa fhrewlu%%?h TRy also be

Qifn?énﬁhoﬁé’d Wihhd sdhd Qfe ISRGPAGHRALE séa!iét‘f‘a?écéfdﬁ{% ﬁgﬂﬁ@' si28s of the
and the drain of transistor 622k provi des e

Hr@lm treunistenst TheDBifesrofitragsibtotshb2faiand GRZinfor sadr paif 605 He scaled

Transi stors 620a throu 20 b Wi th .
RO o i 6 e o1 e A BE dsPer i of drain
glt}@nsfomﬁepﬂlgahﬁtr;ﬁlsg@drn transistors receiving the
drain currents via transistors 620a through 620k.

G052k sther ¢ Byembiapvoliege Bazlepplisd 21l the ghte ofi tiansistasrfdd and the

furt d corgdin
A
trimisorgiair 620028d 6201 (ﬁwﬁibﬂlls fherdreiachrrpdify, forthe heh giﬁaltﬁﬂsmtor) is
relative to the sizes of transistors 610 and

612 t
densndent onHé) Hhestieresencs rytRRt oy PERVided Ryusuresnt spwsee éh‘é and (2) the
fabﬁ)l?)f Yy s’i‘?eE ro?ﬂ%x'ls‘ﬁtﬂrrs 6261029152%221: ﬁrth@s&ésvcﬁ*ﬁaml@t%rsvﬁlot2919%12 The
las applied at the gate of transistor 612 and the
daitresineht {ipmasbs ad;umcslzgehmmugmrewme culrentafgp u’ﬁhe loifis voltage

t,fl h h h tr
B e 0 PRSP 2 e L s PAr gl 2k o
kécpNehesd ﬁﬁﬁsxgtsrsdﬁp@n%m aOftiodd )refibf. I The HRRCPolEgE! Bl may be
I ref@{Jrow ed by current source 614 and (2) the ratio

ganerdied by 3 bigs gircuit thalis 8pothewsaIF1GH 622i to the sizes

an t r t, 1. : .
s R AR TR Bt PR Py biased
with tis samevdrhmagaewpl ahipmay bel a&nwedp@rd@aﬁﬁorﬁhgsll fKotransistors

transi stor nd transistors. 622a thr h 622k to
620a through 620k w1t% tge same size and dimensioning a? lg transistors 622a through

622k with the same size. Alternatively, the gain transistors for each stage of an
amplifier may be biased with a different drain current selected for that stage. For
example, the drain current for the gain transistors in each stage may be determined
based on the load for that stage, e.g., more drain current for larger load. Different drain
currents for different stages may be obtained by dimensioning transistors 620 and 622

used for each stage with the appropriate sizes.



keep these transistors away froma triode region. The
bi as voltage Vb ias may be generated by a bias circuit

wa bt/ 1i®onot shown in FIG 6. [0053] The gai n PCT/US2005/019682
transistors for all stages ofizan anplifier may be
identically biased with the sane drain current | D -
10954] naFlEeb shave pspeniic desiehfordhe syrrent|soprces frsthe amplifiers in

BRAS 1 il SAR86 i lhablicar i Xt Pord i TRASLAN Ay alco be
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S8, IR B o e rahE Sest il By sy ot amplier
idwindFey. 3. cmGa end fdrQh dxBRpRAY eMcsﬁw,LFhegign hﬁSﬁ)%gftiz. In FIG. 7,

stage may be determ ned based on the load for t
theangesjcabaxys showy thedvarall gain (imdecibels or dBydor the eto-stage amplifier,

Diff.erent drain.currents for.different sta may be ..

B U EFaslel S R an ol Zoe b SHED 6, opiust the
feBireRRUUNEHOHS otilukerf BEurd® BI PRI bttt $i%68 60 0Ad inditdrd in FIG.
6 shows a specific design for the current sources for

Thee wigepgain rangg of pvey 6sdecibels (BRignay be prhievedopy smplifags 06 even
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gai n achi evabl e by two-stage anplifier 106 in FIG 4.
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Ci r cuidupHRs b&Acitd@056] The anplifier embodi ments

descri bed herein have the fol |l ow ng advantages: 1.
Verdy Allmoldes st thaamplifiena lowrimpglenker Whe antplifies issthos inherently

bi asin ch S r i stor.size and bias current
are sﬁ’giﬁgfrﬁgatrﬁ%eﬁu}ta ?tf(frﬁg'sﬁpé’lthl‘iatﬂnénsi stors are biased
at 4apEodpenEatiG farsiktors daPmitadat: he chReR leakage WHdshghShe gate-drain
zero. This enabl es accurate gain control of the gain

t r ansPPRBYIGcapacitaee Eeupf thi gaip draneistarss t Egesnpdifiermaythus be used
coupl er@hilgf?ﬁ@eﬁﬂﬁﬁ%ﬁﬁﬁgi e area for AC coupling
. 3. no

capacitor es in the anplifier are | ow
i npedbarge . rafgee ofingalin fcoatroli & tdadBy i achiewable, v.gwi ehadbad0dB for an

and suitable for RF. applicatiopns. 4. Co nsatjion . )
tr ans?’@‘ﬂﬂ?%ry_ g7 8f, Gt 5o, amp ifsroh06 IR ANGgd-  APegin range is
the g@di&nHhéd BY the dynamic range of the drain current.

[0057] The amplifier described herein may be used for various wideband and/or
high frequency applications such as communication, networking, computing, consumer
electronics, and so on. The amplifier may be used in wireless communication systems
such as a CDMA system, a Time Division Multiple Access (TDMA) system, a Global
System for Mobile Communications (GSM) system, an Advanced Mobile Phone
System (AMPS) system, Global Positioning System (GPS), a multiple-input multiple-
output (MIMO) system, an orthogonal frequency division multiplexing (OFDM)

system, an orthogonal frequency division multiple access (OFDMA) system, a wireless



parasitic capacitance Cgd of the gain transistors. The
anplifier may thus be used as a high attenuation
waepsifioer. 5. Large range of gain control is PeEU$1095/019682
achi evable, e.g., over 6QdB fijar an exenpl ary desi gn of
two-stage anplifier 106 in FIG 4. The gain range is
Weale aren negiwprk (WE-AdYnaandcsa ange The wiseotitkd mmplifierfor wireless
LIORM A IRLLLLELfgscr bed herein may be used for
various w deband and/ or" hi gh frequency applications

[00s8] as RIGI8uhowah iblotk dikpirarh o b Mgirel€se dpvite BOD tHaofRy e used for
el ectronics,. and so . on. The anplifier rm}/ be used In )
WiTElsPecammpnaatione AV irelssssdryicerRV0dnshbess celluggnphons, ¢rusgy terminal,
. b . s ( y . .

B P A o L R or B, Wieess
daviokROAns eapabteoflpeoRting di-Birs¢tmmal ciRS)nisatonena a Gandmaik path and
Positioning System (GPS), a nultiple-input
‘?r_{ﬁcf‘iv_BIpé@ut put (M M) system an orthogonal frequency

080151 OOt thaRk@xt gach, GCAiEMI sSphal ﬁf@ca:s%%r'\/%glk)o@mcesses traffic

requency division nmultiple access ( system a
data endprividesia stream ofechips to { tapskgiverwndt 820.0Withkh drapspsiver unit

h [ f.i f irel ' [ ' )
Sl, BB oRBLL L b B B ATl s s
ofe ér mbreeinabg sil@ialsC ETHRO haldpedioily) fe angRidicl Oy ai n@PIERS (Amp)
communi cation. Wrel ess device 800 nay be a cell ul ar

Pforidtered byet filsr A20amphfind Wider, variasls gamaby o §iG4828, and
ﬁﬁflgﬁ&?ﬁﬁcg&&%& fé% @g@ggﬁﬁz l%fp%[ hﬁ?er%éiog{gsgeg&‘ate an RF signal.

€SS vi ce provi
Bhe fleqeaty apadbnvesiorus pafdrowed with a locansdilatop E.0) aighahfrom a

s copPaled abloronigCieass beRETucor Baty; B2, 8he Reysignat is
Eﬂﬂ%écﬂﬁ? adutfef 8947 Miter6dbPa flIRr 336 BARARUMES a POIvEr &RPlifier (PA)
Wthin transceiver unit 820, one or nore

SRSy reuied theoughal dyglexoniidrder and(tmesjtted ffons omomtenna §42.

m hi ps .t 0o _ope or. r.e anal si gnal s, ,~-The
DRBEG, Sin, i R5ih € P8BS actief o BBl hah pAPRACH42 Afpd through
&uplexet 840 caraplifind By & ildw eloisd 28aplidiep ((LINAG @44 fillerdd by a filter 846,
variabl e gain by a VGA 828, and frequency upconverted

Trplifiedaridina variable g By 28 Gid 348, Buldradyerraiomacentasteffrom RF to

' Mol e IS j f '
sl by 4 et 830 F i RS QAL 20 Y o REL 3 S hhcBverted
sigitdl fid tftared MODpU RS, fiberkd ty hdidter 854, lanplifiad b¥las afplifier 858,
signal.is buffered b buffer 834, filt a
P iEiizhd 5y ar g rare dnalge-to-pigwel cotee (BDEERAS Ry generate one
510408 strBlrRdI8R sBmEleB! eXBE shifbleB8dRampd)dark M 89iALd 116 Higital signal
froman antenna 842. [0060] the receive path, a
progess¢r 819 foepreressimgby ant enna 842, routed through

[0061] FIG. 8 shows a specific transceiver design using a direct-conversion
architecture. In a typical transceiver, the signal conditioning for each signal path may
be performed by one or more stages of amplifier, filter, mixer, and so on, as is known in
the art. FIG. 8 shows some of the circuit blocks that may be used for signal
conditioning. The amplifier described herein may be used for the various amplifiers and
buffers in the transmit and receive paths.

[0062] The amplifier described herein may be used for various frequency ranges

including baseband, intermediate frequency (IF), RF, and so on. For example, the



dupl exer 840, anplified by a |low noise anmplifier (LNA)
844, filtered by a filter 846, anplified with a
wo a00saloe7 gai n by a VGA 848, and frequency PCT/US2005/019682
downconverted from RF to baselzand by a m xer 850 with
an LO signal froma VCO PLL 852. The downconverted
@mglhtéﬁr may b uggde dorpyariousufrequengy pands (comymaplyymsed for wireless
rﬁ&ﬁﬁw gﬁ%mﬂﬁﬁk’f'ed by an anplifier 858, and

gltlze y one or nore anal og-to-digital converters
(ADCs ne nore streans of sanples.
The séﬁlg‘ﬁ%r%aflﬁg%?ﬂ’(éﬁtar@qg‘é’@% ded to digital signal
Pr QCEp&HnaBEBmhAMidalies S§REMIPCRPOLUl frdth E85BtSTOOMAZ,

specific transceiver design using a direct-conversion
ar ehi Pegitali€ellilar Systepp(RGS) band izl Vi) to 18R Mililgjnal

condi £.i.0ni for. each si ath may be perforned by

oné o¢b§ﬂ¥@q§F§8€§1 ﬁg&ﬁ*ﬂgr filter, mxer, and so

on,, a

O, g AR, e o SRIVRTER) B Bim 1920
condiZYhhMﬁ@ anthe anplifier described hereln nay be

used I vario iers and buffers

tr ans{?fq bal Fopitioding @teﬁ%nf*{iﬁ) bang dom 1é- ‘bwpﬁmwflz

descri bed herein may be used for various frequency

0983ks iThel @ﬂph@erb%@%@@d herei arayele deleridatedy ifevayous integrated

é&ﬁﬂ IBF r@&gséosu EER mtea? E'EFH geln%g 4@¥top?CMOS),

use Rarious equen an conmonly use
ipolat, ésmlme(ﬁMﬁ)ﬂ ((Bat(IMﬁ)S),sgad:lhnmarsemﬁe (GaA 9y arttbsachrd. r'Tive amplifier

824 8 P | t P
% alsP DB MOTIE6 08 VEG0 RS OF IRl eI edsreo e (RRICS)-
bad pfréwﬁ’msjdzg&ﬂtl‘an 188R Mngd CRIMBARhAd pfdvaded to enable

ggo to 960 MHz, I nt ernati onal
ae| eersanuskilles iwnthe 2800to( hrivike 200 @Fe Uhﬁ cprfsseotn ing@iono Various

%’%g%"%ﬁ taﬁm}?e e (f]gl%b J LS| ltli[lgfgl 11)16-%%5 ?]tl}so)g? bl%'ﬂed in the art,

034239121 Igb@é‘r'lcﬁﬁﬁ@iﬂlbsfﬁ%ﬁn&ﬁ hér@bﬁh@ﬁb@ dppliedUa bty €mbodiments without
integrated circuit (1C processes such as

fenfeem dhe spigt a1 swpp 9% ThEs v SRR T, thenmssent invention is not

[ [
BAEeF o vl b il et Bl WL 38l the wides
§cape carmistaht omth\thy princsples/arisnovtl fe@lusasclischged hetein.
cy. | [ 0064] The previous description
%ﬁigﬂjgd¥%éﬁﬁgégﬁénbodlnents is provided to enabl e any
person skilled in the art to make or use the present

i nvention. Various nodifications to these enbodi nents
will be readily apparent to those skilled in the art,




and the generic principles defined herein may be
applied to other enbodi nents w thout departing from
wo b@sapmonit or scope of the invention. Thus, tPEr/US2005/019682
present invention is not intggded to be limted to the
enbodi nents shown herein but is to be accorded the
W dest scope consistent with the principles and novel
features disclosed herein. S CLAI MED | S: CLAI M5
1. An integrated circuit éﬁﬁgﬁié ng: first and second
transi stors coupled in a commopn source configuration;
a first resistor coupled between a drain and a gate of
the fl.rst Ananmegrstedciranticopgisitg:ve to provide biasing

for the fiyst ansi sto second resistor c | ed
bet we"iﬁ ‘{Fﬁgﬁ“ﬁf g ISEfﬁaque?%‘fm@r?@n%wwwaﬂ plagon;
and operatre¥iStol QoiIAY betcbh aSith hfd al 8 SR Hrst transistor and
transistor; first ‘and second current sources couple

ensrative tel provide tisingfor thierfirst teavdistac o nd transistors,
respectiyv n |ve t rov de bi curr .
for tehgec 1% Ye{sm?or gou}éig%ﬁé ?Iéﬁ é’f Sli} a g?tg secon) an51stor and

II‘S

mtﬁelt@gﬁwmmﬁrmweb&@mgmn the drains of the
first _and second transistors. 2. The integrated

ci r cufiitst and gpcgneh currepihsqugges conpled jtp dhe draansselchgdfirst and second
&‘Msfsﬁﬂg é&é%ﬁ@e?y,a{n% cg)%tﬁ{tl?gltg 1])%(9’1 X A dr?trf}oPIH{e irst and second

anounts o Ias curr |rst and seco
tmmmananam@mumbgpadtlvely 3. The integrated circuit

of clajm erein first d secqnd. current

sour c® aglugp ?"a‘mu@[eggem‘i?%ﬂ&ee rﬁmlsloigtlf rstAndiseenndgragsistors.
current for the first and second transistors,

respectively. 4. The integrated circuit of claim1,

wher e2.n t hEhg int@rataqh girswt of dlaimah swlkerein she fiestfand| s¢cond current

B b TR Sl BLSRThE  ons

@4rRisedt, akspeytivigy.sem conduct or (MXS) transistors.
The integrated circuit of claiml1, wherein the flrst

and second transistors are bipolar junction

tr ansi stor %%!%%Atgd zerL-II;p gf cﬂlﬁlﬁglr %}?eqelﬁlttlé: lfi'r% a%.fﬁi s%l:cﬂlﬂurrent

1, wherein i npedance 1s’a resis
soﬂltc&gram eftrable clptovte cfigednamounsofibidsrcutrdert fopaek first and second
I npedance i s _a conplex |oad conprised of resistive and

FASISIry despeetinety-

4. The integrated circuit of claim 1, wherein the first and second transistors

are field effect transistors (FETs).

5. The integrated circuit of claim 1, wherein the first and second transistors

are metal-oxide semiconductor (MOS) transistors.

6. The integrated circuit of claim 1, wherein the first and second transistors

are bipolar junction transistors (BJTs).

7. The integrated circuit of claim 1, wherein the load impedance is a

resistor.



9. The integrated circuit of claim1, further

conprising: third and fourth transistors coupled in
w@2amahieb7 wi th the first and second transi st orBCT/US2005/019682
respectively, wherein the finst and third transistors

are operative to receive non-inverting and inverting

i nput signals, respectively, of a differential input

signal, angd wherein the second.and fourth transistors ,
are g%)er at e"itﬁgr?t@ee‘?lvglttﬁtgc\%meﬂt Wﬁ@re’é’n&pe foad' impedance is a

QRAPIEN Rl cHipH R réviivehid rda8SREQEhYALY- 10. The
integrated circuit of claim9, further conprising: a

third resistor coupled to a gate of the third

transg stor—and, circui.t _greund: .apd.a fourth resistor

coupl %d t ol lﬁtéﬁgéat%‘#]m{cﬁg O?Sféﬂlﬂ’ F‘Fg’ﬁgf%?%?“%d circuit

gr ounitird 1dnd Aol it@siStorsp cowpled inf parsllel 2Weth S@EOAflt and second
transi stors coupled in a comon source configuration; _
thansisfors, TegpspuYedy, wesupindhe Hett\ied thisd gansisforsraze gpeyative tf receive

e fir : . o . rheee
bR ahd B o A RTINS0 Y, nd
Wwheremdhe secdndiamd fonethdragsistersodre bperaieciondcdiveaths imieeting and non-
and.ogeratLve to rovigs bi asing for the second

NYeHog Myt signals. 2espsetieDecond current sources coupl ed

to the drains of the first and second transistors,
respectively, and operative to provide bias current

for tHe fiTheintegrhteseaisnd of claims 9s fusthsr camerypeng: i vel vy;

and a_Joad i.npedan coupl ed to,the drains of the

e oo A TeuBeeaplet o R RS 38 ol Rl S et Groppg; na
11, fanoﬁlhﬁrresfi@Woquieﬂ@é a it ol thfdutl trk distér A Tir34i® Efound.
coupled in parallel with the first and second

transi stors, respectively, wherein the first and third

transi§t0r§(@¢@eggﬁﬁgﬁ%¥e to receive non-inverting and

i nverting input sig respectively, of a
di f f efishiridadecondptrinsisiogedupledrinl awhmnheinsottve cerfigumationd

fourth _transistors a operative to receive th .
i nver? ﬂﬁsé rgﬂgohsmm%.g@t,«xﬁgn ian‘??fﬂ’tn gl}dgﬁ éage’ ote the f?rst transistor and
SRPARE LS YRNvide blading/Yar UG RISEor] T CUI T

conprising:first and second transistors coupled in a
commuonsesourdt weiston abupied betiveen adringel agite of the seenditrapsistor and

non-inverting.and inverting ., nput signals,
RELSE LS Do bhing 1 e s emei S eEue si ghal ; thi rd
and ffdf b E¢cdnS icBirntSsoutep cBapled td @eatitagls ¥F the firf€and second

first and second transistors, respectively, and
EARSistArs, ESDesti Yebys ednd oPETIEVE e BFaviidrgbian qumesi -frntherfirsingpd second

tira{h@fﬁors, respectively; and

a load impedance coupled to the drains of the first and second transistors.

12.  The device of claim 11, further comprising:

third and fourth transistors coupled in parallel with the first and second
transistors, respectively, wherein the first and third transistors are operative to receive
non-inverting and inverting input signals, respectively, of a differential input signal, and
wherein the second and fourth transistors are operative to receive the inverting and non-

inverting input signals, respectively.

13.  Anintegrated circuit comprising:



signals, respectively, of the differential input

signal; first and second current sources coupled to
wale@sn®ef the first and second transistors, PCT/US2005/019682

respectively, and operative tj§ provide bias current

for the first and second transistors, respectively;

and afitsbadd i sepandatrawsistors pdoggled oint & ecotmagm sowke tcefiguration and

firstt apd second transistors.. 14 . Anir}te relted .

ReFlYe e SRS Pl VAT e BT ipVigting it BB S frsgectively, of a

diffephasl inputeamende, each anplifier stage conprising

first and second transistors coupled in a comon

sour cBirdontd dowrth itinsisiers 6purled iipeparallelewithytheafirst and second

. . o] Lt £ er. ot o

bl HeoncPRY by, S BeratF 10 PR} bRl B Byerting inpu

sgreals respeatsklyanfiths differehtialiinpansigsayr ces coupl ed to the

first_ and gecond transi stors, resgectively,

nd
oper aliisk & os_eﬁ?ftﬁlvf:%e‘ﬁis&é‘“@_ﬁlrcto@ﬂ]? t9r deatps of r%éﬁ figgt pnd second
t%ﬁﬁﬁf&s,tr%ﬁi%éﬁ%lﬁra%d SRASE 1t E%\Xde B¢ cﬁf‘réﬁttfo?ﬂ% £6€ Afsecond
| oad i npedances” coupled to the first and secon
transisars trespsetivebs padt i vel y, and further to a conmmon

node for .the lifier stage.. 15..The integrated .

i r ouft B coppfeid PRaing A6 Hivyad Seispa fpsigers

| east two anplifier stages are coupl ed together. 16.

The integrated circuit of claim 14, wherein a first

anpl i F4-er Ar#yesraled sgcuiheomprisingast two anplifier

st age e j Iyl resi r s
pet anml Al AR B8 Bolch i hork B, B aniiARL fle comprising
operati ve fist piidwéodad traasstog éauplddnm 4 icominonr snfieSdoafiguration

and a second resistor. coupl ed, be en a drain and a .
@_ﬁt@e&mﬂfe Teta g G ?‘B_r“%ﬁ‘ii\?%p@F zfmr\@ef 8'agt 844 geovide a
Afehig Ju%ut%@ﬁalsf%{;ﬁl@%{pﬁiﬁ@ﬁééée?r- 17. The integrated
circuit of claim14, wherein each anplifier stage

further colmst iandssdsiondl aumenf gonicks t qoapkids toortbe closplaed second
in rallel with the first and second transi stor

riheliBE rbegt b opetaiRe f Povidh Bt Aliriitipt el St second
RdRisRRE rédpeMevely) ah@Cei ve non-inverting and inverting

i nput signals, respectively, of the differential input

si gnal f orfisshandngscpnd deads impedanegsd cowmdeditp thhefissk @nddsecond

;s Y rr% e&tg\%?}g i Rlrtheftoa &HI%J:}%% hésf(fegitr?gfﬂée,eaﬁ%li\ﬁ%r (.

Invertirng an n-1nverting I n
respectively. 18. The integrated circuit of claim 14,
wherejn the first and secqnd, current .

15. "Fhe integrate grcuﬁ o? claim 14, ﬂerem common nodes for the at least

two amplifier stages are coupled together.

16.  The integrated circuit of claim 14, wherein a first amplifier stage among |
the at least two amplifier stages further comprises

a first resistor coupled between a drain and a gate of the first transistor and
operative to provide biasing for the first transistor, and

a second resistor coupled between a drain and a gate of the second transistor and

operative to provide biasing for the second transistor.

17.  The integrated circuit of claim 14, wherein each amplifier stage further

comprises



sources for each anplifier stage are operable to

provi de variabl e anounts of bias current for the first
waosgawoond transi stors, respectively. 19. ThePCT/US2005/019682

integrated circuit of claim 44, wherein the first and

second current sources for the at least two anplifier
st agethirgdr endy fertlp |teansigtopy 6ovrled viar parplled witbuthesfitt and second

' r . ' i.0qra: - .
R otk ety Ut Ing o R BRO il BBl o receive
ndieinvertiag raatl daveriing iriput signalk.afespetivelvhef therdiffrenfialrigput signal

nd second current sources for the at | east two .
’gFrS‘F‘? 'f‘?‘%ﬂg%ft siapss ang &%F’i‘?ﬁ} éﬁe‘ﬁ? Hd %?“&héé?élélé@és are operative to

: Faa B ¥ ! j | f claim
SR e andon R Bl ARl e s
first pair of transistors coupled in series, a :

refergnce gurrent source c led,in,serigs with the

(e ot fhar T il b SP it dau niRin 6 e spopdcuren
JoFceS asittabl afPRfiér staple atd\6peSRAORbroVidE YRtatiOMh6&@fs bPbias current
the at least two anplifier stages, wherein the

for thedirst apdsecanditraasisiees, prepectiyely. coupl ed in series and
ra gate of each transistor in the one pair couples to a
gate of a corresponding transistor in the first pair.

22. Tie i nMMisgmtdgedled cirauit df ohine114] whdréin thb €ireti andt de€ond current
first agﬂ second transistors for the at |east two

SOMERCE fiprdhe at legst swa paplifigl Hages rECPPEFbln i MP¥Ids vargbig pmounts of
M curiét kD h@ERLEEhiE iaﬁlgb' of alleadt 6Bl d¥bibéts fYNGE Gt balth&o amplifier
differential 1 nput signal for a first anplifier stage
§tageAC coupled to the first and second transistors in

the first anplifier stage.24. The integrated circuit

of claim 14, wherein the differential output signa

for each apRy intdgRite® tRERt oP YRR 4] Fherdin @S tirRIdl deb&d current
stage, is DC coupled to the first and second.

oueaes ifer thesati lnash two adifien stages htef implersendgse withs cgscade current
,aﬁxhce conprising: at least two anplifier stages

coupl ed in cascade, each anplifier stage conprising

first and second transistors coupled in a conmmon

source configuration and operative to receive a

di ff etlent Thfpintegsstgh gircyih of Chémfs heredn the sgsadsneprrent mirror

&&g*hgg a differential output signal for the anplifier
stage, first and second current sources coupled to the

fi r sta fustipgeehinahsistors coupled in series,

a reference current source coupled in series with the first pair of transistors, and

one pair of transistors for each of the first and second current sources for the at
least two amplifier stages, wherein the transisfors in the one pair are coupled in series
and a gate of each transistor in the one pair couples to a gate of a corresponding

transistor in the first pair.

22.  The integrated circuit of claim 14, wherein the first and second

transistors for the at least two amplifier stages are field effect transistors (FETSs).

23.  The integrated circuit of claim 14, wherein the differential input signal
for a first amplifier stage is AC coupled to the first and second transistors in the first

amplifier stage.



transi stors, respectively, and operative to provide
bias current for the first and second transistors,

wo sepetwivel y, and first and second | oad i npededEsS2005/019682
coupled to the first and secopd transistors,
respectively, and further to a common node for the
anplifier stage. 26. The device of claim25, wherein

each er st fur t

oo BIP L L O sl D IRy R Rin it R puput signat
fondageanpl ohetrrswgsn &dceptSor & ﬁ@pﬁﬁpmﬂal sYage WREIE cBuplétBto the first and
first and third transistors_are operatlve to receive

#6PR] Hansttorh in asubseqieat amplifier i8ge- si gnal s,
respectively, of the differential input S|gnal for the
anplifier stage, and wherein the second and fourth

trans2st or A deviee opmpasinge to receive the inverting and
non-in%ertlng |q t signals, res eq%bvel

The .
devi c# et BYOampIStecT sipges equRledd i g comprising
least two gRPLAA s&ond tABSSoR SolpPPInts cbRGRMN&Jurce configuration
and operative to receive a different input signal for the amplifier stage and provide a
differential output signal for the amplifier stage,

first and second current sources coupled to the first and second
transistors, respectively, and operative to provide bias current for the first and second
transistors, respectively, and

first and second load impedances coupled to the first and second

transistors, respectively, and further to a common node for the amplifier stage.

26.  The device of claim 25, wherein each amplifier stage further comprises

third and fourth transistors coupled in parallel with the first and second
transistors, respectively, wherein the first and third transistors are operative to receive
non-inverting and inverting input signals, respectively, of the differential input signal
for the amplifier stage, and wherein the second and fourth transistors are operative to

receive the inverting and non-inverting input signals, respectively.

27. The device of claim 25, wherein common nodes for the at least two

amplifier stages are coupled together.



