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This application clainms the benefit of provisional U S. Application Serial
No. 60/576, 759, entitled "General -Purpose Wdeband Amplifier,"” filed June 2,
2004 BACKGROUND 1. Field [00021 The present invention relates generally to
circuits, atd*Wo?® specifically to a general - purpose WEBBSHOS/MAGRI fi er .

1. Background [00031 Anplifiers are comonly used to anplify signals to
obtain the desired signal level. Anplifiers are also w dely used for
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anplifiers may be used on a transmt path to anplify a signal prior to

transm ssi ia a.wrel.ess channel d receiv th to anplify a

si gnal recé \(/]\élj \a/rlhélS 3 Wehc\?\nl?nef’%ls S &‘ﬁgﬁ"ﬁ%ﬁ%f@mﬂ%ﬁ (gﬁpip‘ipf"i“é‘?‘o?raqfnﬂle

desi gned t Mop6@§T@es% efititieddGpatml-Purpase/idealdEA fdiifier,” FadiTak) £ 2004 N
anplifiers (VGAs) are commonly used in conmunication circuits (e.g.,
receivers and transmtters) to provide variable gains, and thus adjustable
signal levels, depending on opeBACKGROUNDONS, systemrequirenents,

and/ or other factors. For exanple, VGAs are conmmonly used for power control
in wirel esk configh cation systens. In a Code Division Miultiple Access
(CDVR) sys th i : ] i .1 C . g....cell.ular phone
b oD 1 & ooEk o yTIF SRR i Ao s RIEENEAS B End ot oelBe B i .
The si gnal seneaiPminosewideparcharhpifierel ess device acts as interference to the
signals transmtted by other wireless devices in the system The transmt
power of each wireless device is thus adjusted such that the received signal
qual i ty foll.t heBagkgrbesd devi ce, as neasured at a receiving base station, is
mai nt ai ned at el . This r control. achjeves the desired
perfornancgﬁ#%]r ”{gﬁ%ﬁﬁeé% gr\ésco @\??yclésgg\ﬁ?ﬁflglﬁlfnes f’lhc"? %P“’téfnetﬁﬁge?rﬁg&gﬁélr

wi r el ess divek esmphfts areclsasslelysyssd ém vaepacapplicatidn® 80&ilasAowinhaliesisndevi ce
may be | oc y re.rel atjive t r.eceiying base station and may need
di fferent g‘%ﬁﬂﬁﬁ% of rﬁ%tIE r%glt‘suf)rg\fxg%cg?masl’fa f %rs Oe%f1 ' f}%’ca PERY l?’oowrﬁl@f}%/ 119907
PCT/ US2005¢@1@68iRatich, amplifiers may be used on a transmit path to amplify a signal prior to

transmission via a wireless channel and on a receive path to amplify a signal received
via the wireless channel.

[0004] An amplifier may be designed to provide a fixed gain or a variable gain.
Variable gain amplifiers (VGAs) are commonly used in communication circuits (e.g.,
receivers and transmitters) to provide variable gains, and thus adjustable signal levels,
depending on operating conditions, system requirements, and/or other factors. For
example, VGAs are commonly used for power control in wireless communication
systems. In a Code Division Multiple Access (CDMA) system, the signal from each
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



achieve the target received signal quality at the base station. Mre
transmt power is typically required when the wireless device is |ocated
far away fromthe base station, and less transmt power is typically
required %%0 51'??9 );\n rel ess deV| ce is close to the base station. For a CDVA
system the ‘W reless device may be required to adjust ifS/US2PEHEHS2 power
over a wide range (e.g., by 90 decibel s2(dB) or nore) in order to conbat
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typically achi eved di stributing variable gains across an entire transmt
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chain. [0006] Amplifiers with sinple architecture and or mance are
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difficult to desig There is erefore a need he art for an anplifier
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is sinple in design, has good performance, and is

herein. The anpl.ifier
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al so be gﬁv@mo@ﬁe@th{—duéﬁ&ugﬁé@m@mdhﬁiner or as a wi de dynam c range VGA.
[0008] An enhodi ne a single-sta nplifier includes first and second

‘gain"  trH99pkt orpgnplfﬁqr%wltaﬁﬂn@%&‘iﬁhge%%?%‘i 89! performpncg e chadlgrsing:tor r ent

sources, abéhigh, beeste highpdadiatle foN Bost, foer,add IRGQURHsiliE@NASsS IPGAs iy, coupl ed
in a conmon source. configuration, receive and anplify a differential input

signal, an o}t GUCFBaRCETFHos AEhEvermorg G R eHit @.dgﬁgm T*mr@ is theegforg g@eadivond

resi stors geupl @r beimM@Ierer Wit shplerdh@ectGRlan8Ghed perddithantdie gate (or base) of
the first and second transistors, respectively, and provi de sel f- biasing

for these transistors. The first and second current sources couple to the
drains of the first and second trgemINMIARY 'espectively, and provide bias
current for these transistors. The | oad 1 npedance coupl es between the

drai ns of {0987F i r Marignsl ewbedingntstaf ansrstilsr gnefaBP@PpseThalehansl anfipldter awey

further inalaifiGed Rhdfl. aifle AIED: ICAHRENGALLEM, hat rgggg:fﬂseh%ﬁar%nda&f Iy d and

fourth resistors. TI transi I'n ar a W th
the first swtabkeloohiht frmsn@t ardéor wisleprndt dpphtationan dhe enppdifisamey fagso lxehe gate

WO 2005/ 118}9(‘9‘2&5) gSTA H§;2cpga§x[x 9:418§§é or as a wide dynamic range VGA.

[0008] An embodiment of a single-stage amplifier includes first and second “gain”
transistors, first and second resistors, first and second current sources, and a load
impedance. The first and second transistors are coupled in a common source
configuration, receive and amplify a differential input signal, and provide a differential
output signal. The first and second resistors couple between the drain (or collector) and
the gate (or base) of the first and second transistors, respectively, and provide self-
biasing for these transistors. The first and second current sources couple to the drains of
the first and second transistors, respectively, 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-



3 drain parasitic capacitance of the first and second transistors,
respectively. The third and fourth resistors provide self-biasing for the
third and fourth transistors, respectively. [0010] The transistors rray be

field ef f\ﬁ?%oo %?9'3(?4 stors (FETs) bi pol ar junction trarf,%rr%s%obmg%g and

so on. The I npedance may be a resistor, an inductor, acl tor or a
conbi nati on thereof. The first and seconhd current sour ces may provr de fixed

or vari abl &aﬁmmt&: eipabrime oftkehtst bad séddfd flahstoRN eespeRRBE. tmd"lﬁlilrat ors,
respectivel %r abl e for. the zg' fi. e e achi eved by rying the
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drains of PK& £f r&aRisq *LQENRq° & 11 379 3800 c B Sinsi st or s
for each stesgpetiveleceVariabingdaianfok |tﬁq/ampliﬁérf mragr\icr adhidva@ My sargingl thé diast hat
stage and groe\\%de a different output signal for that stage. A conmobn node
is formed en the first and second |oad inpedances for each stage. The
common nod@®lfjor Mot bmbbdigest nhy the- Wpdxﬂ;ﬂiﬁerrogﬁhdt&srtvtwsqag@védmleﬁhh bi asi ng
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t he present i fivention "\ ol e appar ent
descripti oalbenemﬂmmterﬁrbehxm/vsmm lo@kemperdmonesmpupied |1mrsemwst indt begweelr &wi Ngs i n

whi ch |ike,reference chara rs. identi Qrres i.ngly. thro oyt and
wher ei n: [Sr@ Of& dﬁs ﬂ‘%hsg\%\é/sn%aéasnflﬁ%r -S ea‘é’é a}an(racrip Xi nlqler?gl %&%i%’f%%qﬁ%gf shows a
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load impedances for each stage. The common nodes for both stages may be coupled
together to provide (1) biasing for the second stage and (2) negative feedback for
common-mode rejection. Compensation transistors may also be used for each stage.
[0012] Various aspects and embodiments of the invention are described in further

detail below.

BRIEF DESCRIPTION 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;



[0019] FIG 6 shows a cascade current mrror used to supply bias currents;
WO 2005/ 119907 PCT/ US2005/ 019682 4 [0020] FIG 7 shows a plot of variable
gain for a two-stage anplifier; and [0021] FIG 8 shows a bl ock di agram of
awrele Y DETAI LED DESCRI PTI ON [ 0022] The word, " I ary is used
her ei n t?(?rg@n i:9(3erV| ng as an exanpl e, |nstance or |IPICJ§lﬁ<Z%1({°TB69 8 Any
enbodi nent or design described herein & - "exenplary" is not necessarily to

be construmzauq]s me}eTﬂMsQrpl&difaraﬁﬁg€§Mﬁ f&moo;t&g@ranq;mﬁdlaﬂents or
an

designs. [0023 1 shows a_schemati_c gram.of a single- stage anplifier
100 in @8? é%\ngtﬂm&’ﬁé‘tﬂ ?g‘f‘%'ﬁtOfaAY’rfﬁ?‘?SF Ag¥ice 00 i ncl udes gain

transistors 120a and 120b coupled in a common-source configuration.

Transi stor 120a has its source er)_coupled to circuit ground, its
gate (or base) receiving a %T%ﬁ‘iéﬂ)urﬁ C\%ﬂ’ Enﬁnal (In+) via an AC
coupling cgasj t ofp ~dr.a ( I e vj.di

i nverting (F)Hgt pllut sPéﬁ‘gﬁd %Q%&&rr fasnggllgt}g%elﬁngﬁﬁ%g %etn? odlﬁréggg)é pFed to
circuit gristaace, of tlblsg@ttcél i embrgliment an\desien dgscrihpdihersinggsafexémplayy™vi a an
AC couplin k out put
si gnal (@ijﬁﬂ@%ﬁaﬁ |%§°%%83&H%S§ %geggr?é\?egs} ag('gﬁb%p gg‘éﬁ?fb ru‘*ﬁ‘éﬁ?‘h&s‘iﬂg‘nm (I n+
and | n- By des a differential output S|gnal (Qut+ and Qut-). 100241
A resistor jgh3dn Couel & RRkIEChrERGC Bldaf Tk gasrn?%IQEtagé %@1&%%0%2 a and
provi des sel f-bi asi ng or transistor Sim | I stor

coupl es betsgerlangenwith ngj embpdimeit ef“-lapllft'l?ralr%)l @F‘Gﬂesl%b ta*n@lstprSoWQ?e@d

sel f-bi asi pehrf QupleadRSd Séfon20brce Ibﬁﬁ m;nn @Ianglgt%mbéé fAbs € QBurkLlydher
couples to a current source 150a, and the drain of transistor 120b further
coupl es t ocmIteDr ¢¥pteds'gueiTeait 1Bewd, Als| g5 (G rhse)aisediving (r noRrbIvesingt igputhe
drains of tipaN3ing %Qfasdn]i’?@@o@;nglgjc% Ritof 9511%5411&:1% drh &?%%l&%vﬁh@% in FIG
1, transistors 120a and are channel FETs (N FETs I'n general,

transi st or 5IVeD0g oxtpyt Sigmd (RFuky)-bEragpistor YD ke itsispyise caunded to faguih groundy

exanpl e, Pychap %Ewﬁ%—rﬁx i berfifg ut @gn-le_ﬁ gng?lqla lald W@Eﬁﬁ)ﬁhg@apaQMb Firbs
het er o-j unction bi polar tran5|s ors el ectron nobil

transi storys GHEMTSP)’ldl%rmn@bmdﬂ“mB(ﬂ“%F agml;ﬁOut Pfreplpfémlﬁg t@é§e¢qlmslaon

assunes t hafeetdgal fnﬁ@tnﬁgﬁl Q- ﬁfcﬁhﬂ) QMBWdeE BT 8ifferential output signal (Out+
and Out-).
[0024] A resistor 122a couples between the drain and gate of transistor 120a and

provides self-biasing for transistor 120a. Similarly, a resistor 122b couples between the
drain and gate of transistor 120b and prdvides self-biasing for transistor 120b. The
drain of transistor 120a further couples to a current source 150a, and the drain of
transistor 120b further couples to a current source 150b. A load impedance 140 couples
to the drains of transistors 120a and 120b.

[0025] For the embodiment shown 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



100261 Load i npedance 140 may be a resistive load, as shown in FIG 1, which
may be suitable for a wideband anplifier. Load inpedance 140 nmay al so be a
reactive | oad WO 2005/ 119907 PCT/ US2005/ 019682 5 (e.g., an inductor), which

may be s a narrowband anplifier. Load irrped al so be
a conpl ey]{) 1J99 both resistive and 5reactl ve el enents. %’M@Pi%&%rrent

sources 150a and 150b provi de bias current for transistors 120a and 120b,
respecti vel(eyg., @uindendr),sehiclc e&yb&&mtwhdfoiaebmyaxm ouplifeera Lohd aflpaianst ant

anount of LEED t r ent a and 150b may
provi de vgj#qa% f%l egc?mp gl%a%%lﬁ%(}r{? &h Sgwe anddr e%c;\hv% ei%% ! signal. The

gai n of anflR7) er Cud@nt somycebd 50 pnds t Wb mywdc)htas oluremidort tansitas 120w areint s f or

transistor §J%gg§s3%§§,§}%?q?ﬁr8%t sgﬁx%gi Il?&g agc?llng rh%&i%w@npl hi{lcﬁ%on}tgrq may be

used for w frequency applicati ause ¥ A8des i n
anplifier 4®Ourdrad biwﬁmdamhenatwfrb@ icopettasporceatl SOl and UtSPbtmayn poheysdeCut + and

Qut- is defgfpn &? R g 04149(:0,{((%?%%“1&&& %Ju?'za%'a&t Rherlffo Nas @

t ransconduct ance g, ,, endént

t ransi st or mayge, adjhsted églc@ntrglﬂmggbe didsosurreatsdfor feanbistoss d@@ar end 1R0b, 4she
transi stordésg{% iy denoted as 1D). The bias current for each transistor
120, which also called the drain or collector current, is provided by an
associ at ed [QO@ﬁ} entAsplifier d 00 56y be[363 0 Witkeband amteomgh dteguasy gpplicaasnsa

function O{)egat}& ﬁ%eﬂoaes Mr{rﬁﬁ“ﬁelrQOB%e Ifédan(%)(iﬁ% anng#Qﬁé)g tlfg may be

(MOSFET) operating 1n a saturation region for a ong
expressed a@deS@nﬁzndJOU'GosWtﬁmlﬁcﬂhﬁload\h&m@mppelﬁot he charge carrier

b LY el S tEden gt%ﬂgstg?(hﬁt&?agﬂ%ﬁg&ﬂﬁ@taﬂ&{ Ot PdSiBie alld, § ol Channel

wi dth for ransi st or anne or t ransi st or.
These vari éﬂ@néqnmethem@nwpr tyme, theaagipw 1of operpidork e h¢ ias tearrgntt for fl@0311 The

t ranscondugl ARG (%'m efloteli B UL O NTIRY bllé%gux‘fgn@'f& é?a% ru%ﬂﬁlstbpli@rwlﬁclﬁ\@':g
operating In a su freshofl d regl on may be expressed as: g, = ~/ g (2) VT
vV also called the drain or collector current, is provided by an associated current source 150

{0030] The transconductance g, as a function of the drain current /p for a metal-
oxide semiconductor FET (MOSFET) operating in a saturation region for a long

channel model may be expressed as:
2y.co,%i1,, , Eq (1)

where u is the charge carrier mobility;
C,x is 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 Ip for a MOSFET

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

Ip

Eq (2
AR q(2)

Em =

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



b where ~ is a non-ideality factor and VT is the thermal voltage. WO

2005/ 119907 PCT/ US2005/019682 6 [0032] The transconductance g,,, as a
function of the drain current ID for a bipolar junction transistor in
normal o i< y be expressed as: gm=1 Eq (3) VI hown in

equati ong\g?%}daﬁﬁ?%gh (3), different types of transi stol?&iﬂ%og:’?@?‘sé}?ent
operating regions are associated with different functions for

t ranscondu¢@®date drhe tvassasluctdiicei ), asus fiertion bf tHet drein durensistoera tiyglas and
oper ati ng ruentg'lign% na Orha\r/lgm(l)tltgerrag‘.unncgi gns rfs(géd 1 ansconduct ance ver sus
drain currént.°} f)n??}/ REgarat SBL2E" oW T R ¥ &nSconduct ance gn, may be
expressed, the gain Av of each transistor 120 in single-stage anplifier 100
may be expresse%pa;!_DAv:I gm Z Eq(4) where Z is the |oad inpedan%]e 2_1{40. For
sinplicity, equatiom (4) does not include external or parasitic qo(abl A
nore accurate equation for the gain Av may be obtained by replacing the

| oad i npedance Z in equation (4) with |load i npedance 140, parasitic

capaci t anc&SattP*Buth §iuateas {DaHueugly (N BEent2yRe /Y tragston ad plifferpat of
current  sepéramss rkpRas arcthsddeMicd RiE dEFdr@ft FdlctibRAbr hRdcofXRMRLE ¢, LBGud Nput
capamtancaﬁgf N-FE}'S of next st?,g%). The |,ngedance of load 140 is

typical |y FRThCUHRS fr Ofhshianiiiter tYBeSTANH SREPURS SGR1NTdpaohaveiothes £insipps ¢ and

ext ernal | eadsnsdoguadtand verd)s dradi aadefs that the gain Av of each transistor
120 is dir (gotl?; related to_jts transconductance g,.,. The(gain of anmplifier
100 is twi ¢&@3%Phe JEATINSS Of e diF THSTRECREBRCC Badnfobe SrparsFide thergaimfv Bksi gn-
As shown lkychtthmsiatdp 120 BOMiadle-Stage ardpMadrilab heydicRpreegtdlae achi eved for
anplifier 100 by adjusting the drain current ID of transistors 120a and

120b, which in tur nlvari es the transconductance g,,, of each transistor,
whi ch then changsis=£lge-gajn Av of the transistor. Anplifier 100 Bygy) be uscd

as a VGA, as descriBed bel ow. [0034] Resistors 122a and 122b provi de
self-biasing for transistors 120a and 120b, respectively. The sel f-biasing
of each tramsieszas tA2Madi inpedsicst DI0. 1B3r pikpplicliSequationys) doengtiihduddirst,

t he bi asi ng C{]{'g’fm trys L S| ?(5 egt Ig/r Si n‘glti fied. goer_cgnd,_ accurate caontrol of

t he transcORGURL FriRAEYH 1879 e2dPCTE AETIEHS PEIRUEB T e BYB VB RG PLanGhy

transi st or réplaciigoeh® load impedance Z in equation (4) with load impedance 140, parasitic
capacitance and output resistance of N-FETs 120a and 120b and P-FETs of current
sources 150a and 150b, and extemnal load (for example, the input capacitance of N-FETs
of next stage). The impedance of load 140 is typically much smaller (and more
dominant) than that of the parasitic and external loads. Equation (4) indicates that the
gain Av of each transistor 120 is directly related to its transconductance g,,. The gain of
amplifier 100 is twice the gain Av of each transistor 120 for a differential design. As
shown by the above equations, a vartable gain may be achieved for amplifier 100 by
adjusting the drain current Ip of transistors 120a and 120b, which in turn varies the
transconductance g,, of each transistor, which then changes the gain Av of the transistor.
Amplifier 100 may be used as a VGA, as described 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 Ip may be easily



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 ID my be easily WO 2005/119907 PCT/ US2005/019682 7 changed

to vary t i of transistor 120. AC coupling capaci 4a_and 124b
are used \szgd8a§)%9§gt he different input S]I gnal (In+ and%dr?}/?gzﬁ%%%%zgat es of

transistors 120a and 120b, respectively, in order to avoid affecting the
sel f - bi asi njpandedt themey thednading of ansisfd@(26] AT Couirghmapacitrs thvanaidi 24di agr am

of a single: |, fl.er: | danc { £ h, anat her, enbodi ppnt .
Anpl i fier T55h % BOBL ettt fle RSN err’\é\5r1tt°gh%’l%8%srr%ltfarnf‘é?°rsl %n FIG
1. In addi tandrd20brpdpetiialy, idordeutotaveird affectinglibs sel€brpmp ofithesatranmsisngs.St or s

130a and 1 I eSid0r a . capaci t 3 .and 4b.
Tr ansi st or 3@@"1654 coﬁg{;'eszs ftglb%%sa? g{lﬂ%r?!ﬁvgc\nb g haé{ r anogi %tsﬁ)nrg?'“{[g%%e éﬁlﬁ hﬁ s 1?’?smsour ce
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drain and gate of the transistor. This parasitic capacitance C,, causes several deleterious

effects. First, the parasitic capacitance Cgq reduces the bandwidth of the amplifier.
Second, the parasitic capacitance Cgq limits the dynamic range of the amplifier.
Dynamic range is the ratio of the largest signal level to the smallest signal level
achievable by the amplifier. Leakage current flows between the drain and gate of each
transistor 120 through the parasitic capacitance Cgy. When the transconductance g, is
small, the leakage current through the parasitic capacitance Cgy is relatively large, which
then results in reduced dynamic range. The parasitic capacitance Cgy is typically small
and normally does not degrade 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 Cg of transistors 120a and 120b,
respectively. Transistors 130a and 130b are dimensioned such that each of these

transistors has the same parasitic capacitance Cgs between the gate and drain of the



and normal | y does not degrade performance unless the | eakage current is
conparable to the signal current. [00371 Transistors 130a and 130b are
conpensation transistors used to nmtigate the deleterious effects of the
parasiti ce Cga of transistors 120a and 120b, ly.

Tr ansi stg\rvg)%%éagggﬂd 130b are di nensioned such that each fﬁ%ﬁ%lb&g

transi stors has the sane parasitic capaCitance Cgd between the gate and
drai n of thenéi!ﬁanOGEdrﬂ;ib&ﬁﬁ)?lWCﬁhdJSZOﬁ)E&@ﬁlﬁﬁ&Qbﬁ thé ﬂm—nshﬁtlﬂr- .inphit &fiiaft OF S
130a and 130b ane Yen | é 1n HT Qal S res ectively,
navi ng. oppdepra iyt BrYES Ryt Fdeg i rRO- BrfhSetan s HRSR Lo &
120a and 1290&; anesipe;t respdc;avel?hu%‘hust hbae Ilmk@gemwlltrthmlgh hf:mbligdar tizesss st or
130a is osite in the e curre i stor
120a. The n ?OﬁltEaﬁé’é’ea%?\ég? F}eyn{ea Cmn O%&Pal "r{‘élsoqI ]%Ia a?%a}%a?%g% 120a
and 130a i suam)rtlnmgathelchameobbothmﬂnmtbﬁ lpaaasd 13@2 ic appoixinaecly z€@daﬁkf

t ransi st or 120a LS effegtl v mgepsq 63 . béfft ransi st or (t))a Tr.ansi st or
130a has a T RREEEhERATERe é‘y ° B85 e%:lasuseecﬁ“fely co’fl%eqsgte% ¥ dRgsiptgr
circuit grddda Traasxsex;llét)a)haslei%&an@nnﬂltchusegj,nf n‘ﬁblt;ﬁcaiséetst@tet Reigad o of

anplifier 102. Transistor 1 pensat es f or the Rar a5| i.tance
Cgd of transr ot BRSO RISt 319»9%(3”9 Mg TR, pIGoHS RS 88 Tgﬁléfa‘%a@ﬁensat es
for the parTamststocr 1(3apaompatsaes &}gdhebaraSitiamspasttMce]QgOa)f trhndgiei 5200ria tflé.?.Oa and
130b also for atten ion 9 e dffe (I n+
and 1n-) [ h?ghhoalgoéqg’@ e F%Sap A9t she S?Iaélthfv\ﬁp%‘ilﬁﬂ%e ? Pl f| er

104 in acmnsjancézouthfrmstmomlﬁerandnmm mmllov«nﬁohlﬁgleratté:ﬁ:dtmm(blfuﬂes two
stages 110 Senté?‘%gh?ﬁ%} og%ngd in cascade. [0039] First stage 110 is a

sel f-bi ase pseu lTifier conposed of transistors 120a and
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120b, resi Stor capaci current sources
150a and 13@thagere couplpd sdcaserdehe manner descri bed above for FI G 1. The

gate bias 360§9§/an5ﬁ"1§stt %Ea%e 1]1%0§ ag'(gf 59&1 %%géolglfgyen?gf 5.1%@ ﬁér %E%ci]‘agp a and
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stage 110 and may be resi stor’s
t her eof . 120b, res1stors 122a and 122b capacitors 124a and 124b and current sources 150a and

150b are coupled in the manner described above for FIG. 1. The gate bias of transistors
120a and 120b is set by current sources 150a and 150b, respectively, via resistors 122a
and 122b, respectively. Load impedances 140a and 140b couple in series and to the
drains of transistors 120a and 120b. Load impedances 140a and 140b serve as the load
of first stage 110 and may be resistors, inductors, capacitors, or a combination thereof.
The drains of transistors 120a and 120b provide the differential output signal (Outl—
and Outl+) for first stage 110. First stage 110 is similar to single-stage amplifier 100
shown in FIG. 1, except that load impedance 140 in FIG. 1 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



The drains of transistors 120a and 120b provide the differential output
signal (Qutl- and Qutl+) for first stage 110. First stage 110 is simlar to
single-stage anplifier 100 shown in FIG 1, except that |oad inpedance 140

in FIG tjvyal%goorﬁg;ﬁ;ed with load inpedances 140a and 13’8%,/6%18%@%68;- [ 0040]

Second s I's conposed of transistors 160a and 1 I npedances
180a and 180b, and current sources 190a” and 190b, which are coupled in
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an ideal case,"this drain voltage i's equal to the gate bias Vvoltage of

transi st or yolif§@as @qual 160hs gatadidsr wiss bHransistéd 6@adnd B6Bb.cand thinsistors at t he
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In voltages for transistors 120a and 120t in first stage 110 and transistors 160a and 160b in
second stage 112, which in turn results in gain control error. In general, this mismatch
produces second order effects. Transistors 160a and 160b in second stage 112 thus
obtain biasing from first stage 110, and self-biasing resistors are not needed for

_ transistors 160a and 160b. Second, this connection provides a negative feedback loop
between the two amplifier stages. The feedback loop provides rejection of common-
mode voltages applied at the differential input (In+ and In-) of first stage 110 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.
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second stage 112, which in turn results in gain control error. In general,
this msmatch produces second order effects. Transistors 160a and 160b in
second stage 112 thus obtain biasing fromfirst stage 110, and sel f-bi asing
resistor re_not needed for transistors 160a and 160b, Second, this
connect i 3}]186908@?9(?875 a negative feedbacé | oop between 3’§§§‘ﬂ§,€80320,1,%ﬁ8%fi er
stages. The feedback | oop provides rej 8tion of comon- node vol t ages

appl i ed at Stdoad didgk dnenifiaalplifiep w06 Girther athden egmpdnshtidrstrassistge 130Dand hel ps

suppress c - node_ noi se_i ncl udj ower supply nqgise._that |s, presented
conmon- 1o wglaﬁlﬁﬁf?s S?%’F?I 4and[u]%’3§gaf’%ﬁ co% L@ESX acgorssgﬁéﬁﬁ?q Lﬁﬁ’r agram of a
t wo- st age #99B] f i dn fitdGtaga 114 cmarpdasation wahdistystl 36m abd &30tecduptt ifgatallel
Amplifier i.ncl ude i rst age 114 ang_.sec st 116 that. are

coupl ed i nwgtgsttag 8t°rssf2é)f§]1ea§allf§£’ar%ﬂ)e?i%el¥‘mg‘ U 8“211%?3 S é‘? Ezeb PEVICU'T"SE enent s
in stages IkOramidtotd 230 espdad0b,vebpecticily. arGapadiioes 1341 andy 1BhKSprdidd AC
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and 174b. r§spe4i3dlyl ninfsecwtd sbgegtl 61 tdmpesapensaisistors t17amsnd t130ts cqgdairand 130b
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signals to f NS4, 51.0L: : [ :
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Qutl - signa om first st t'o the gates of transistors a’ and
170b, respesspeatiebly. Gomidats atdmepensatign stransistoss 170a aad dl 70P0ban etégare thde
conpl enent i i Nt &k Laakn t# LS5 .Qr 60 160b,
respecti ve?{/a?éag?[ %%Ze'ﬂ t%gu e(r?llge;&&%% t?g %Ftst_(%?ggdl Og&gslrl\% %3%8}%% ?rﬁatgl gate
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transistor %ia;gcp% cqpsqit jg%(QLQrd via resistors 132a, 132b, 172a and 172b, respectively. Hence,
these compensation transistors have transconducfance gm of zero and thus minimally
affect the gain of amplifier 106.
[0045] FIG. 5 shows a block diagram of a multi-stage amplifier 108 in accordance
with yet another embodiment. Amplifier 108 includes N stages 510a through 510n,
where N may be any integer greater than one. First stage 510a may be implemented
with first stage 110 in FIG. 3 or first stage 114 in FIG. 4. Each of the subsequent stages
510b through 510n may be implemented with second stage 112 in FIG. 3 or second
stage 116 in FIG. 4. First stage 510a receives the differential input signal (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.
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in FIGS. lamphiferglCurentupine Qﬂ@en:at@dusaé fer duirenidsogeden 158mpid F30brindilG3s a
vari abl e gai, red by
Varying tho 0s ot stb et e FRUBPEAR rahhof Rt BtReC
descri bed &®bwl 10zhiGhrenhminendO8fniayctlse hetised fangiTsatoputyas h50av150baﬁ9(3iibl e
drain currg r0 i . FIG 6
5 dl mantpﬁ_}ga 3 dejﬁ’%&'%dggp%@iﬁé Pin %hlrrglﬂé tford%aﬁfl} g%.g%?tgngo%gf,

shows an e a W de-sw ng cascade current m
120b, 160a and 160b in amplifiers 104 and 106.

[0049] For the embodiment shown in FIG. 6, current mirror 600 provides bias
current for K gain transistors, where K =2 for single-stage amplifiers 100 and 102 in
FIGS. 1 and 2, and K =4 for two-stage amplifiers 104 and 106 in FIGS. 3 and 4.
Current mirror 600 includes transistors 610 and 612, a current source 614, and K pairs
of transistors 620a and 622a through 620k and 622k. For the embodiment shown in
- FIG. 6, all transistors are implemented with P-channel FETs. Transistors 610 and 612
and current source 614 are coupled in series. Transistor 610 has its source coupled to a
power supply Vpp, 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 V},,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



whi ch may be used to supply variable bias currents for all gain transistors
inan anplifier. Current mrror 600 may be used for current sources 150a
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d 622i, wh d d f
W0 2005/ 119087 e s brtacls S B0 ATk s Mt SR i B¢ O

t ransi st or slil6dri3icaad wathhe Fhos siz¢ hed gay égthef be seadaisicsdmlirg ©23Basizéw afubh 620k
coupl e tog I anskst or t our.ce

transi stor ?‘ g%&ﬁ?%rs%gsghﬂ&gg&c%ﬁ% Tgs{%@s %ﬁ%%‘%&eﬁ fsog%p n &Vo ik Eﬁ)ﬁ Scaﬁec?es of
transi st or gelé@®atot the sizgh obB2isiAdrs 610 upl62 ttm)gétih@rtharddswe@i arh@mg@f dramri

transistor 81 he | ansi stors 620a through 620k couple to the
f
sour ces of trgnr{s?stgFg{%Aégﬁag Srt{’)rlrjgh 622k, respectively. The drain of

transi stor (88324 privialeyen ManWOémag\e é’uxsraenhedl D thegate dfi ratistyilA andahsi st or,
the drain cgateg ro?‘rhsaln dlgt%{'s %bthpcg }J%eargélﬁl't rE)f %ﬂ%ﬁnho%gﬁ t?lfou%{n“ %819 nd

gain transistor, SO on, Fain of transistor és the
drain curr énpsistor p41062Qi laed I@iﬂ(\h@l@ﬂhns threadhsingugent /p for the i-th gain tranSlstor) is

dependent on (1) the reference current I,.s provided by current source 614 and (2) the
ratio of the sizes of transistors 6201 and 622i to the sizes of transistors 610 and 612. The
drain current /p may be adjusted by changing the reference current /.. The bias voltage
Vias provides proper gate bias for transistor 612 and transistors 622a through 622k to
keep these transistors away from a triode region. The bias voltage Vjis may be
generated by a bias circuit that is not shown in FIG. 6.

[0053] The gain transistors for all stages of an amplifier may be identically biased
with the same drain current Ip. This may be achieved by dimensioning all K transistors
620a through 620k with the same size and dimensioning all K 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.



[ 0051] Transistors 620a t hrough 620k nmay be di nensioned wth the sane size
and may further be scaled according to the sizes of the K gain transistors
receiving the drain currents via transistors 620a through 620k. Transistors

622a thr y also be dinmensioned with the sa n y
further gyt@goggﬁgéoﬁcor ding to the si zelg of the K gai n%tﬁgségqagt%fga The
a

sizes of transistors 620i and 622i for ch pair may be scaled relative to
t he sizes @H0S4) ansﬁI@térshoﬁi@ samiﬁﬁﬂles@ofoacllm eweent Isezrdmfolrelﬁh aﬂplumrsﬁf dral n

current fo [ nsi.s 052 ar, a ias voltag

applied at 3 (%“@el '!h[ tr"één({m 'Stor léfﬁal '(J:Imf% fe? hE Stlsqglrﬁﬁasytad? e622a

t hr ough 622t0v1cteﬂe/1é;\rmhmtcutrént®unrcerlbsiﬁﬂscmpwg i tlrecmgh each transi stor pair
620i and 6 whiggh, | i LLeihe LD .0 in.tr S|stor)
IS dependﬁ?dt én ) tﬁShgplgfagé@n%e&gﬁéﬁ%n? g?m ﬁler%\elf? hééagg% ﬁrmrn ? “Source
614 and (2)06 eFIG. 4t iFGof it Fe agicxersplofy @M@&Vﬁmds@mussawmm FIGo71 he

Shaes of & IRIRLPES: Sl A St e%me%qé‘gwsguza{af% d@%@&abe afidhgg! ed by

changi ng t erence current Ias vo S’ proper
gate bias fam the Apgioptadrax@sl 3hew at oatrel goltage B2 gint mlm)gtse@zakadmt theeep

these trangi Jbs ﬂ%@ﬁé’lméu' t@hr?% L sb@gEe 1 £H emTQ.rr ‘6’,@ E:@%%;ﬂfbtr%e may be

gener at ed las cir 'S not shown I hé gai n
transistor§, ﬁmdtatdln sanpged aybr é%d@nilpﬂlsi (dBérmamlye btémm:térttyi aaplifierBPasech Wi th

t he sane d s may be achi eved by di nmensioning all K
transi storgﬁéhQEOa&E) rc“ﬁdg%gllk with the sanme size and dinensioning all K

transi st or $0068Pa tiﬁxe@crgllhﬁeﬁmkomntzms tessribedheerein have ietfellavang advaptagehie gai n
transistors for each stage of an anplifier may be biased with a different
drai n currentl -s¥eBtsweple gitruchisg and ajaishforward dzansistor bingingrsghemeur Flent f or

the gain transi ghQisor &@ﬁqmlgagﬁnmx s@& tqgtawm@ am%a@ko%& BRisdpad for
that stage, e.g., nore drain current for fferent drain

currents for d| pf gppemimeichyds samy 28k Yobess, r@ég I’bryl-°>cﬁf=lf1fen?}l'(§ri’l“ii*#@]ef?c REHEASE Or S

620 and 622 ggn cgﬁtr(gq,@hleséaggga_dgqsmsthe appropriate sizes. WO 20051119907
PCT/ US2005/ 019682 13 [0054] FIG 6 shows a sgnmfl c design for the current

sources for theDPinguplingpetvwiepn stepesgliminates eoyghnglosypydepvey digareaaier Ar ai n
currents for the,gmhp chgRAsisstors may also be provided with other current
source designs knownin the art. [0055] FIG 7 shows a plot of the variable
gai n achi evabl e Abynadgp insthggenplifist preilew impedaneey Eheamplifi igthys ipherewfly an

exenpl ary CMOS VGfbddhflisudtbbl8 TINE apphi@atfdn® 7,

4, Compensation transistors can mitigate the current leakage through the gate-drain
parasitic capacitance Cgs of the gain transistors. The amplifier may thus be used
as a high attenuation amplifier.

5. Large range of gain control is readily achievable, e.g., over 60dB for an
exemplary design of two-stage amplifier 106 in FIG. 4. The gain range is

determined 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



the vertical axis shows the overall gain (in decibels or dB) for the
two-stage anplifier, and the horizontal axis shows a control voltage Vc"j
(in volts) used to adjust the reference current Ir,rof current source 614

in curre iLror 600. As indicated in FIG 7, a wde i f over 60
deci bel s@%%l%%%[ 930 e achieved by anplifier 106 even Wﬁ/@é%@?rgrﬁﬁ e circuit

desi gn. [0056] The anplifier enbodi nent'é described herein have the fol | ow ng
advant agesiocall areYerietwsikmpWeE AN, Ut Use oaNd THE Nnak gbTt fier wapHfiér aSkitREs bi asi ng
schene. The transti st.or, si_%e e'r}d bias current are such that all of the gain
transi st or SoRPEMSTHEEE Ce%T %ﬂ)@ ¥%imately the same gate voltage, and Vgd is
zero. Thi s[®88p| e FIGC B8uhawea bipak diapeaih bHh widelesh@evie 800t thatnaaypbousd far DC

coupling between stages elinjnates, coupljng |oss and saves die area for AC
Coupl | ng CRBAER ssvanasSaie WS 1oh R Rob Biei sy BV G MG afNER: e
anplifier baaidsets aipalsenardigital assistiand SPI0A B o6 semit btel dediod oRffesgmpl Waraleksons. 4.
Conpensat i ngiéerz?dﬁs'i stops n.m he current |.eakage throu

. is capa eogar v1ditni %alEileectt nal,co cati it p%l;:lét n -
gat e- dr ai n“*Par asi t L @A PrTANE. PG ECO Y HE IR PR X L T lifier
may thus beratssedpaths a hi gh attenuation anplifier. 5. Large range of gain
control is fil achi evable, .e. g.... over 60dB for enpl ary design of
t wo- st age ng?§? fi é@n %érﬁnﬁm}flﬁéth’ &.leq; ﬁag SERF PRSI @?f)) é@?é’?ﬁﬁeﬁ%ﬁ trB?‘:t he
dynanm c r adge aod ptdvidedraastreamust chiyis. to[ D&t eidranangd 0. f Wethird eamscéibadurier ei n
may be used,for various w .deband and/or [ equency applicatj.ons such as
communi cat ?%Jn Ohhet %F%‘?‘ﬁ‘\é%‘q%‘&“n%ﬂ% s Iq?:rgn(\]gﬁrg#]é)r H2e°i él(‘:'ﬁghrﬁs §?mé’28f"§%§°on. The
anplifier pmegotmoresadlagrsigialse| Besanamgrsignal{s)t aroamplifit@ by an sughifiass (lanpDVA
system ag‘{'ﬂaf'v' ion |t pl e Ac S .(T . system, a aly,, Sysi.em f or
Vo o Comtin movrid, By F i ol uiRld Sulyy 2B hAN PR VR o i (o)
system G GbalenPpsptangeiteigirGpdtaeshagGRERF bty avmivter (88@ -t igpnrrateahtRipsigaalout put
(MM Sys&ﬁ%nfﬁegnen%gt@ggm%ior{ Eseﬂéf—ﬁrx‘x[%d il 2400 J&JB%A %0 Qilgﬁaﬁ’: 3 o System
an orthogona equency di vl Sion il T pl e access system a wrel ess
VO 2005/ 119002 ROH0IS20061101968L0)iphabo brkediemp RELMAR. (THARF  sigmtiiso on.
The use of piBG. 2Pl dUefel sbP! Nl £hE S Fiteef QT HUTRLE DY d SoWGSEEIRRE B8] oW

838, routed through a duplexer (D) 840, and transmitted from an antenna 842.

[0060] On the receive path, a signal is received by antenna 842, routed through
duplexer 840, amplified by a low noise amplifier (LNA) 844, filtered by a filter 846,
amplified with a variable gain by a VGA 848, and frequency downconverted from RF to
baseband by a mixer 850 with an LO signal from a VCO/PLL 852. The downconverted
signal is buffered by a buffer 854, filtered by a filter 856, amplified by an amplifier 858,
and digitized by one or more analog-to-digital converters (ADCs) 860 to generate one
or more streams of samples. The sample stream(s) are provided to digital signal
processor 810 for processing.

[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



[0058] FIG 8 shows a block diagramof a wireless device 800 that nmay be
used for wreless comuni cation. Wreless device 800 may be a cellular
phone, a user termnal, a handset, a personal digital assistant (PDA) or
sone other device or desi gn. Wreless device 800 is capable of providing
bi - di r ectY QA% &S uni cation via a trangmit path and a}PCrTé‘é%l{’Qfém ¥th. [0059]
On the transmt path, a digital signal Brocessor (DSP) 810 processes traffic
data and peeplif@SmlyShd @sdd Gr CRiQs frequanty BASGE MBI usdi@or WikREN
transceiver unit. 820, one or nore digital-to-anal og converters (DACs) 822
convert th&BPHBISATYY S‘b‘%l s to one or nore anal og signals. The anal og
signal (s) are a i.fied ifi (Amp) 824, filtered by a filter
826, anplifi ed {%Mba\?g%gb%ﬂ ok 6 ‘a VGA 828, and frequency upconverted
from basebanc tBeleﬁlaIDSCoﬁmﬁUﬁkﬁhoBsttérﬁ (PEStaati groan 1830 t6i19p@MHz, The frequency
upconversion is romed w |.ocal ascillator é(b&)f%m gnal from a

f
vol t age cont rol etrabgélil‘l‘lﬁ"a?ﬁfen(w)/tﬁﬁﬁﬁ"} bdRda 1f PLL) 832. The RF

signal is buffesebodwaad buhd &0 18360 Mid,tered by a filter 836, anplified by
a power anmplifier (PA) 838, routed throu h a du&éexer (D) 840, and

transmtted f% oH%tﬂﬁat&mabm‘ls2?2130?‘0@99?3‘@1‘59@80r( Erwgob‘a%nﬁ fromdPhtd is
recei ved by ant emen@fhland oUted through dupl exer 840, anplified by a | ow
noi se anplifier SLNA 844 filtered by a filter 846, anplified with a

vari abl e gai r* b{flepa itgorang Systet (ERRiray figmwHTdrivier536.4fMHm RF to baseband
by a mixer 850 with an LO signal froma VCO PLL 852. The downconverted
signal is BAOBEr edThsyamphifigrs descbed herejny graggbgyfabricptedt @y vgmes wiggrated ed by
an anplifi efrcfbBiC) @06ksSsTdich 2R Ip1aNE LSy ﬂetrare osyael &gné&ld%m @apnverters
(ADCs) 860 to generate one or nore streans of e sanpl e strean(s)

are provi dBtPol® Ripglrr @MQY gHAIMOSy cratlsp prsgide (G "sg*%@esgsqnnghe[aew@ffr FIG 8

shows a speagyfal® delfARGRU\EvaHBS FPesbTI0Guéh 41 th&i6reqRENESTEY @@FIC@fCh' tecture.
In a typical transceiver, the signal conditioni ng for each si pat h may

be perfor mPedy or@*ed%re%?sei%w@% obtheAifalosed embodimeptsyis pravidst to spableso on,

as is knowany rberstolﬂeslérl&d iffl e 8t SIBOWRKS ObFE ued thé"%r&iehﬁ%&enﬂbﬂ)c k&/ahb@i may be
used for signal condi tioni ng. The agfllfler descri bed herein may be used

for the vaP?OG‘tfscaHﬂ?ﬁ 'iOfth%an?elmww Re readilyhapragesh dvihose siglipd nefng @ttpat hs.

[0062] The apdlel dehéric osspibPESinBe heleth MBY bO8pp1Rado bifer ¥RbbAHRnisVaAHIANCY
ranges including baseband, internediate frequency (IF), RF, and so on. For

exanpl e, t HEPATERD BEM) the §BFY OPEIIPESS (s Y §im Thus, the present invention is not

intended to be limited to the embodiments shown herein but is to be accorded the widest
scope consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



15 anmplifier may be used for various frequency bands conmmonly used for

W rel ess comunication, such as: Cellular band from 824 to 894 Mz,
Personal Conmuni cation System (PCS) bgnd from 1850 to 1990 MHz, Digital
Cel lul ar System (DCS) band from 1710 to 1880 MHz, GSMB0OO band from 890 to
960 MHz, International Mobile Tel econmuni cati ons-2000 (I Mr-2000) band from
1920 to 2170 MHz, and d obal Positioning System (GPS) band from 1574.4 to
1576.4 MHz. [0063] The arrpl i fi er desctAldvesd herein may be fabricated in
various int egrat ed. cir rocesses such as conplenentary netal oxide
sem conductlor (cNE@jeerat cﬁﬁ‘f‘%ﬁ‘) pB?B%I ar-CMOS (Bi -CMOS), gal |l ium arseni de
(GaAs), and so qnstaimeecarmkdnﬁlstefs colipd ith S6mmMen §oa&elc61&tgadmsm various types of
| C such as radio enc RFI Cs 0064] 'L % Qrevl ous descr.i ption of
the di scl osed erffdth FREOwe %F’ eaéd g ﬁéBtFéft SRR BIsston adqPetalYs tPn t he

art tq)rmdfeeoimngusﬁhéh@mmﬂggﬁm invention. Various nodifications to these
enbodi nents will be readily apparent to those skilled in the art, and the

generic princi plasscand resistan conpled;batwegR a draingada pateiof the sepndtragsisierAndent s

Wi t hoWperaB@a pdviig bfakiag¥dr AR s8fnfl krbns@forscope of the invention. Thus, the
present invention is not intended to be linited to the enbodi nents shown

herein but is tdirfendscendragrertieurssqawed g deinseh fedtrdand sieem tapdstors,
princi redpeawa@dane%&!amfee@mmé bidt SfeRSBCLE ﬁfsﬁdd& sec\éhu\ﬁar{sﬁto@@sﬁéémélﬁ and-6

CLAI V5 An integrated circuit conprising: first and second transistors
coupl ed i n a corie gpedanes oupled buivesnithsrirains afithedffrstand pesorst trangisterseandbet ween a

drain and a_gat enf adMBurl hafliehs 30 parAM AR BH: 2rde i LonaRaRYlsle b asi ng
for the first transistor; a second resistor coupled between a drain and a

gat e oFspetielyewhnnin the fing pnd third HENGIstapyRse efterajise toaecm\@\npmenvwlag prginfentingt he
S econqnﬁlft glgl?]déf I'egg ecti dél)'; Sfa aﬁﬁreﬁgzﬁ %Qtr Sighal, Qrmw Féfﬁ &@%g%ﬁ&ﬂdqgm{h%atnggtogr ains of

the first _ t'ransi stors espeéctive operative to provide
bi as e epsrativé wrredefve tifei inertingradd set:mmtlmglamsmnaimseswcesqmct| vely; and

2. The integrated circuit of claim 1, wherein the first and second current sources are

operable to provide variable amounts of bias current for the first and second transistors, respectively.

3. The integrated circuit of claim 1, wherein the first and second current sources are

operable to provide a fixed amount of bias current for the first and second transistors, respectively.

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 load impedance is a resistor.

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

comprised of resistive and reactive elements.

8. The integrated circuit of claim 7, further comprising: a third resistor coupled to a gate of
the third transistor and circuit ground; and a fourth resistor coupled to a gate of the fourth transistor and

circuit ground.



a | oad i npedance coupl ed between the drains of the first and second
transistors; and third and fourth transistors coupled in parallel wth the
first and second transistors, respectiyely, wherein the first and third
transi stors are operative to receive non-inverti ng 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. 2. The integrated circuit of
claims , er eip the first and second current sources are operable to
provi de vart abI é&]ﬁ%‘i?r?f’g’pﬂﬁ"“%l as current for the first and second
transi st or Sirstfa@8 RR6id tidbiytors cupledif aichth@en SuRd cEiflgatatibn;0f cl aim 1, wherein
the first and second c ent sources are operable to provide a fixed anount
of bias curd8resir cp dFkieF‘%ete“ éHH‘“’saé‘édﬁatePF'g'ﬁgf%Fd}S@Of PRkQpsEAiY /QIPYovidg  The
i nt egrtﬁﬁsﬁ@fgﬂtﬁélﬁﬂstttr@glst@ﬂ aiml, wherein the first and second transistors are
field effect transistors &)FETS 5. The i nteﬁ%ated circuit of claiml,
wher ei n t he Fondresisin coupledibatepmdiagragd  saie ef thiteaond tepisier 9 RPEBHAIR L or
(M3S)  fr&AastiStrsr thdsecdddrah§iftegr ated circuit of claim11, wherein the |oad
i npedance is a resistor. 7. The integrated circuit of cI aim1l, wherein the
| oad i npeddietant secandyBItaRUITs£auPlRddpieidsuns of thefisssjand segenddrasisteract | ve
el ementgecifiely Tm Pa&mrt@%@dlde bfagwr&n%r tht AsMinf sedorld FRfstdrQRpdcRldga @ third
reS|stor cou 0 a ga f the third transistor and circuit ground; and
a fourlpsd imp asqecﬂounledmlﬂeeddr@los %ftbfaﬁfét apfl sqcped tFaggistors; t r ansi stor and circuit
ground. 17 led in
o ommon st e BB parahd S B S R AR Sy, D
a gat ewhgfein the fifst arsitthlrd Eansisiorsowre epethtivplerreneive got-mvgrtioy indenveltinggnmugsigrais, t he
first tar; S e £ of
the sesgaareD o BREARE SRk LS BT SHE R LB BU ARG el
t r ansirstedre;thef investingznd ngremverting wpwteignals sespentisely.oupl ed to the drains of the
first and second transistors, respectively, and operative to provide bias
current for the first and second transistors, respectively; a |oad
i npedance cléupl e%mu:gtatad cdmaiqmmpdﬁing he fi rst and second transi st ors; third
and fourth ttrrt I Sct OJtrancl(s)tlélgc (ﬂn %r amo c ft d t 1ve
transistors, r esseeg'f iSHors ciipledin & Copmoy souice cgnl d;ufaﬂ %l" orpgrﬁ’sYes ercg ar e
oper atnouemteﬁmrgaﬁdamvmlmg)mpmtrs\gealt |ra;gecmlndy iafid arfferemgalnmutlgml,gnal S,
]I; gaff ﬁt ![ :*/g_lrfg'i’r%?néir gurg}tgngl%)tgﬁg%{)ﬁ{}eéjl 1{15 lle? wgtgahe ﬁrst and glc\:@oenrdet}agsétgrg resepg(glr\]/ y,a nd

and operative to receive the inverting and non-inverting input signals, respectively, of the differential

input signal;

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

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

1. An integrated circuit comprising:

at least two amplifier stages coupled in cascade, each amplifier stage comprising first and
second transistors coupled in a common source configuration and operative to receive a differential 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,

first and second load impedances coupled to the first and second transistors, respectively, and
further to a common node for the amplifier stage;

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 the inverting and non-inverting input signals, respectively. 10. An
integrated circuit conprising: first and second transistors coupled in a
conmmon source configuration and operajgve to receive non-inverting and
inverting input signals, respectively, of a differential input signal; third
and fourth transistors coupled in parallel with the first and second
transistors, respectively, and operative to receive the inverting and

non- i meeiveinoginverpiog asl igveating, inpue sipeady, respdctivelyg bf thi diffdtehfig it sigdal for theut

signal ; f..rst and second current.sources. coupled t.o drains of. the first and
econd P Efalesf 3P4 FREPR S B SO SRS Ferabte e daimsEhedh ent T or
t he finostinvanilg Spotdighalsy @systtidet S, respectively; and a | oad i npedance
coupled to the drains of the first and. 11. An integrated circuit

conprising: at least two anplifier stages coupled in cascade, each anplifier
st age conpri2si ngrhkiidt&dratediclrcuit o€ Itl[ NS¢ t@MBorCdpd Belthe At [BasCVOMpliIGEUr Ce
confiquration apg op rative to receive a differential input signal for the
anpl i Fr8Fs 4§ LpyB'e H@'ﬁ?bvide a differential output signal for the anplifier
stage, first and second current sources coupled to the first and second
transi stors, respectively, and. operatjve t rovide bias current for the
first and sdcon Hf&?ﬁﬂteﬁf deutt O?Qé@E‘e“étW-’é‘F‘w%fS? praplificr sfageamong the ghlgast e dances
coupl eghpliflertshiged fuftisdr caigtissgcond transistors, respectively, and further to a
common node for the anmplifier stage; wherein each anplifier stage further
conpri ses tafirstdesipy coupladibstveen p diat and @ gate abthe first fansistor pndegperatiye th prowides j r st
and segQng o RSk taASiStor, MRPPREIH Y&IYor cOp iDLVt N dihin' Rl agﬂg of té §dond
transistors are operative to 18 receive non-inverting and inverting input

si gnaltensistersynd epqrative yo preyide biasigy fof e eqepndiranpipfipiut si gnal for the anplifier
stage, and wherein the second and fourth transistors are operative to
receive the inverting and non-inverting input signals, respectively. 12.

The int egradtted clihedni¢arates cigepigohslaim 1 1ypearein the d epadeyrrény sourdee faieadheast
two a hiF] ; ! t ircuit of
s L e D

st agedrahsistolyaespedivplyi ses a first resistor coupled between a drain and a gate
of the first transistor and operative to provide biasing for the first
transi stor, and a second resistor coupled between a drain and a gate of the
second trdnsi stlde imemlateparcait pf/daitno 1 pwleréiol the hirs andgedndreutrére seees fi the at

transi esz;[sp trw'o a14liﬁ(;|r_r§% LNt e aaégeg%grlo(/ﬁg Ivaagria lfe aI%L)l?‘r{tsr]?)fJb:lLds c\lll\{@eenrt oI arclzhlte\r/]eea éalir{ st and

(J g are oper
second current sources r
range of at least 60 decibels for the at least two amplifier stages.

16. The integrated circuit of claim 11, wherein the first and second current sources for the at

least two amplifier stages are implemented with a cascade current mirror.

17. The integrated circuit of claim 16, wherein the cascade current mirror comprises

a first pair of transistors 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 transistors 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.

18. The integrated circuit of claim 11, wherein the first and second transistors for the at least

two amplifier stages are field effect transistors (FETs).



anplifier stage are operable to provide variable anbunts of bias current for
the first and second transistors, respectively. 15. The integrated circuit
of claim 11, wherein the first and seppnd current sources for the at | east
two anplifier stages are operable to provide variable amounts of bias
current to achieve a gain range of at |east 60 decibels for the at |east
two anplifier stages. 16. The integrated circuit of claim1ll, wherein the
first and d@condheinmegeattd ewuit obdaiindrl, Wikecimthe difEeagitialtingmt sigidl ifdriadirst st ages are
i mpl en cas C rajed circuit of
clai m® 1Fﬂsw%”5&§ mm%ggygﬁgmgurF%ﬁ?d%?rP5F“8 ﬁgﬁﬁég?Fg% Fﬁ?st pair of
transi stors coupled |n series, a reference current source coupled in series

with the f| st p g ran5|s 0 r of transistars for each of
the first aer te%rﬁ f Uit OE %%yaf” Frewﬁléepﬁtferr:rg%?m? 'gnaelﬁ?flef“fq er stages,
wher eiamplifier stalg@,l’e8¢e$t for & lastrantplifiero@e. fADC cauptedao thplfied andsesaiditassiansina gat e of
each transistor ..in the one pair couples to a gate of a corresponding
transiS§€89uefﬂr13"mlulgerfsitarg§t pair. 18. The integrated circuit of claim 11,
wherein the first and second transistors for the at least two anplifier
stages are field effect transistors (FETs). 19 19. The integrated circuit
of claim 12! whet g‘ivrlf’etcﬂ‘eprdq‘?a‘ erential input signal for a first anplifier

stage is AGtkauBlEsng|Tiet ke tdupled HEhsGOE QR 2 ﬁ?aﬂels&tgeéosnﬂriamghe first
anplifier sfage. 20. The integ rated circuit of claim1l, wherein the

i fferenti disiand i?ﬁ?ndstragﬂaprwefp <R A SO JopTce FOrfiEHgHON A ORFRIYEIP resciNeR

anpl i fdlﬂé'rerﬁfﬁlﬂg?ht sigﬁal@gtﬁeoal-ﬂﬂhﬂgr stt%e biEprbiilsd difBdntfe 6@PE sighA TS (R Ahfliflen a
subsequent anplifier stage. device conprising: at least two anplifier
stage§ta§6upl ed i n cascade, each anplifier stage conprising first and second
transi st or §:gQHPLR6hd ddrrént SR @oxﬁﬁé&ﬁ&&e?&@ﬁﬁcﬂd&é&aﬁ'tﬁﬂslﬁ&g rEPENRLI ViRd t O
receive a differential input signal for the anplifier stage and provide a
di f f erabprativel to grpyvisa pias pujreat fof the figshandsapsng trpmspstors; regpretively.rasd “and second
current SOULGRRd GOM 165 1H19e&aH§esfchp$c,’td 16 ﬁ?@%@c&nﬁ%ﬁ@&r? ectivel %ﬁ&' vely,
and cfper ative to provide bias current for the first and segond Tansistors,
r espedtitheefos coampnipdasfor namplféesnded oad i npedances coupled to the first and
second tra Y r t he
i1 i cr - apisnnt ash abAFRP Shle Fler  Aised Hhd BETp e P AGRBRR el "2

f our t hwithrthBissand seronduiplsistdrs, resnmh@lhl ghereinithdfirstaad fhiindgtanasiets sreeperative to
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operat |
ampllﬁer stage, and wherein the second and fourth transistors are operative to receive the inverting and

non-inverting input signals, respectively.

22. The device of claim 21, wherein common nodes for the at least two amplifier stages are
coupled together.
23. An integrated circuit comprising:

first and second transistors coupled in a common emitter configuration;

a first resistor coupled between a collector and a base of the first transistor and operative
to provide biasing for the first transistor;

a second resistor coupled between a collector and a base of the second transistor and
operative to provide biasing for the second transistor;

first and second current emitters coupled to the collectors of the first and second
transistors, respectively, and operative to provide bias current for the first and second transistors,
respectively; and

a load impedance coupled between the collectors of the first and second transistors; and



recei ve non-inverting and inverting input signals, respectively, of the
differential input signal for the anplifier stage, and wherein the second
and fourth transistors are operative b receive the inverting and
non-inverting input signals, respectively. 22. The device of claim 21,
wherein common nodes for the at | east two anplifier stages are coupled
together. 23. An integrated circuit conprising: first and second transistors
coupl ed in a conhldatbirthefansiotbdsiconplaitih paralleR with Eetfirst@nd seéd aufbed bet ween
a collector and, a base of ghe first transistor and operative to provide

bi asi ng f orPRgVFlyr whereip fydire g third transisiprvers eRTEVe 1 1EHGI "R BST R & a

col I ector &Hﬁkrﬁzgﬂﬂ;ﬁ@sigiﬁali REp BN A & BiBfehdl HpuBsithal, BREWRI i thels&oRd sl de
bi asing for_ the second transistor; first and second current emtters coupl ed

to the col |If8uthiFansigiors@propeativg togprgive dedmgrting pPRHRINSIPYRIENG ipRE 5igedlsvel y, and
operative tgspeételyde bias current for the first and second transistors,
respectively; and a | oad i npedance coupl ed between the collectors of the
first and second transistors; and 20 third and fourth transistors coupl ed
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.



