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‘-of the Invention This invention relates generally to the control of the
gain of anplifiers or other high frequency bl ocks such as f|,mumnmlm,""”m”mu"
_attenuators etc. by switching the | oad i npedance. The invent _
particular relates to controlling theygain of a Low Noi se Anpl i f«js@ke« ( LNA) .
Background of the Invention The problem of gain control versus the noise

figure (NF) of |ow ngj I 4 f ' t eadi | lwmwm

the Gga Hertz rangeoilléﬁég;ﬁg‘n ?#ﬁ%@ﬁ‘ﬁ%@?@i&%%r ker sy“| m “’ﬂmmm
field. W now describe a circuit of the related art by referring t-goodeb+g. 1.
Fig. 1is héaégn frgm US 6, 046, 640 (Brunner), discussed below, and is
referred tHe o{&e E"‘F‘it'ﬁf‘ 6. The circuit is a swtched-gain cascode

anpl i fier, ThtChichiBs réfted RiAallP tR@E céftrol Bf HRAMINSE DGH1MREKorother highSt and a
second cascode transistors 2, 3, and a bias signal generator 22. The

i nput sPagdregeence blorksesyclnapiiltes a¢nyatars siBIbASWiteting the load pupedangmalheV N. The

| oadi - LS I | t. id
out put st grer it ppeSRHBlES uf fuftot R R g Pt AN P 2L oG

transistor is a gain control signal VG The input to the base of the second
cascode tr?anl‘stor igha base control signal V BC. As nentioned the load is
connect ed t o rHQUPL LS InYRREOB k 24 which attenuates the output signal by a

di fferent amepaiblehepepalh ROt veRi<ihe inBRY ighRI(NIFNBE Iokhoisd MiHfictsSasSW t ched
to. Listed below are related patents and a publication which bear on this

probl eff udreguangiss gostemlily hishas inthg Gigatiastzapnge 152 cagipping phallsngeataplli fi er : - -
relates to 1 L akiq0 qe ] ¥ b QD . invention,
Gosor | bed. ol s YRS Llao ey RRHHe ool A el A AR Wi [N | e
Power Anpl iHig. s talra)fransUS 61046,640 @ngmat), didcosskd bélow, and istrefdead theraddds hi gher

si gnal powet, T LA .performance criteri for.a.PA is efficlency while
for the L\ICIFXS% ﬁé%ﬁ?ﬁé@éfg Swﬁnglﬁc'éalg rciaﬁcgéei Wqﬁi r’t'rf'lc(lzl?dl% @éanéﬁgeeiéﬁﬂ . In
addi tion, tbwdingineouork 24ffirkthad RRAedohs edstodesradiiétbe 2t Qb3 ami hbais ki¥dal The PA

gain control schene is also entirely different and can not be applied to
the LNAS  gpnausorl23dbne sigpmt giage 20veesives d hias gighily sesk and @ dnputisighal Minear i t y

Ca de L i se Anplifj , EP O 977 352 A2 (F , .Noi Fi d
ST IR e A A T I e A
or, s angbonch LScBR) S4Re: b bTRLRNE e LGRS0 o= Y

i nvention RbARASERaVIThOiInpANS f1@baseof B bdcodPlasdo€ ridNitor SR BREsed
Variable Gain L achi eves the best Noise Figure in the H gh Gain node and

best | i nearsighyl Ygar @lsymdigivhel the hedd ik kenmcled ey ikl Badihg @ativiotly 240 ivhiche quot ed
patents) in the Low Gain node. |n addition, the reduced gain in the Low
Gai n nBde gHeweteythe eipetsignekhy aditfsent amgunt dependiagemvhich npatierntipd! thewi ng

bl ocks |1 kg Mp¥ebwitchEd it ers etc, resulting in a 10 power-efficient overall
recei ver. Reduced gain al so reduces the dynam c range of the AGC circuit,
whi ch helps to inprove the Signhal to Noise Ratio (SNR). US 6, 046, 640
(Brunner) date r 04. 200 Swi.t ched- Gai n. Cascode Anpljfier Using Loading
et vor k. 1 ort 0 bt o Flpe B0 e SR Rh B R BEERE i Bibletsl o ot 1 L.
15 This circuit Usypas9es B kuldfdatedddps, 2000) Rbwert An@lifRkndelhtds folgginLow Gai n
node, whereas our proposed circuit bypasses only the AC signal to ground
t her eb§5notva%{§‘f‘iaﬂ£p?vﬁeé applitigaian. Wherras ?Hi‘%vea%ﬂi‘aa‘is&@@dé‘rﬂoﬂ’olsrf@‘ ad8%i n our
schene is tbat aﬁxbﬁﬁé}@ﬁﬁ).ﬁUﬂH&%ﬁWA,Hh@PNérg&fnﬂHﬁeE ) Lo (RIspnaode s

i nproved substantially. Al'so the input inpedance is unaffected and the gain
fl at ness i $lqckyircodteigalgwith highersignahpapientThe maingpetformeanceetiterinmdoen RAsis

efficiency while for the LNA the main performance criterion is the Noise Figure (NF). In
addition, the circuit of the PA itself is different from the LNA. The PA gain control
30  scheme is also entirely different and can not be applied to the LNA.



2 0 that .one can get any anount of gain control with this circuit. Based on

‘the requirenent, the circuit can be optim zed for the gain variation or the
linearity or both in the Low Gain node. Related Publication: Gin

Controllable Very Low Voltage (<_1 V) 8-9 GHz Integrated 2 5 CMOS LNA' s,
T.K. K Tsang and MN. El-Gamal, ," | EER RFI C Synposi um 2002. The schene
proposed in this publication controls the gate bias of the PMOS transistor
in the folded ca n w Gain
node. A parallel @ggﬁﬁzg%gu@y@%ﬂaﬁn iﬁnfozs[% ﬁt&kﬁﬁyé;g@?dy?ogrmo\/\lmﬁl ch needs
| ots of car e\mlﬂlfacmné\k"é’ 0972 362 e (fong), Npisp dt g end LN&ant'yrﬂmpgmmerdont r ol

Super ror ¢ i uRRSRRE SplR st ro R R LIRS bttt Rl 8

Summary O Thprov&eMNdigFigure hifd ldidaiigjof tHe LCNA&iltdr&ﬁl&hl (Blgh @ithodbdestt of the
present invention tQ provide a circuit and ,a nethod where the | gad of the
cascode &nploPFRE, |“§‘eKPa$ PECNIRALED BERPETSS Rgedith etntiel craicionthe WA od8 i n

paral l el W tohydobiR hiaBik Bin L»@@slchmemgbesawm Fighre Win€ i @ Gftn ABESan@S @ 5
vol tage controlled resistor. i's anot her object of the present invention

to provi de &estlingseity (@‘irelylbéﬂﬁprﬂmﬂ@halbﬁ\@bleéla@?slwthﬁlﬂuawé pelonipide thedlovicr oss t he
load to obtad.n, pf {i’grﬂlr“{ﬁﬁﬁi‘oh' trhé!{qn ﬁd[)ggd%'tne %&\9 Qain !n%dé’?r% 5&%5 1@bl ect of
0 un on of

the present 1 nvention var ance as a a control
vol tage. |t linsargy rdqhiremfmtsheﬁthelﬁylkmhng)blothelﬂqarMbcemt Filterseand, |renu1ttng inmaprove the

n0|sef| ure and t.o reduce the |ipearit ui renents. in | ow node. 15
7S o Pur PREF-GBFEoBRl o REHFd SVLAEY oS MECaniE HIERSt dr r ent

ef fectivel y AGC ti&it, @WcBabIPs 160MGrovd hﬂ%?nmd NBRRa0b QR PDj ect s have been

achi eved by connect | ng a secondary |oa hrough 2 0 a MOSFET swi tch. During

the H gh Gain Mde the MOSFET switch is OFF and the secondary load is
electrically i SO'U%‘@(%I?AEKE&Q& dp'aA 84, 23%%Wﬁed' L Gaih BGscbd %Q/Aﬁghfqerwbde the
switch is turned ON e secondary | oa r

appears across t I mary | oad,
t hereby r eddiﬂlmoadheg DEtfworkt ﬁov@alhéiadtmln’pfédamt@a alsfriseb@e&’@n@éﬂ@am b¥ds.is AC

ol e S Ml Dl R B TR R TS 00 RERT ob i P WsCondary
| oad and hence the ) gure d"ti"hesdnr ty perq‘sor mance

are better ionr pxhﬁoshd)wmaﬁaubypd‘db&mlyfhese signsl torgryndthbeby mij@etﬁrg tADC
advant ages of the_present invention wll be read I%aéa}t@gar ent to one skilled
r

in the art tP9™fhi £ PR JNaAReEI06 108 5P 47 AY YRDRS & Hisp iz ai ns,
the appended isbaAllinfR 1oaShik Aad i‘é'uh?ﬂM&ﬂsugﬁ&ﬁ'ailﬁ dago e gt infadse 1sne

preferredSOe odi nent s. Brief Description The Drawings FIG 1 is
a circuit divagffestadand ﬁnegwﬂ@mNgmprpvamrmglgem velﬁattoneAn@th%rtaéwnmgms FIG 2

|s a cinguitydig «?Jag@e{ g‘&%@ J@.?rop&/ltﬁ‘ﬁﬁsp irCuj Pfsés{a‘@%rf&gﬁgﬂﬁe&&‘(e”“ on; 5

FI G 3|s circul Iragr rred e I men circuit
di agram of FhdZircRit cﬂuaopﬁmnzsdfurtlrclgamvalmemgnanth@ﬁncantytohbqsthprthé bow Gdin
enbodi nent ol}‘mdtehe circuit diagramof FIG 2 present invention; and 10

Related Publication: Gain Controllable Very Low Voltage (<1 V) 8-9 GHz Integrated
25 CMOSLNA'’s, T.K.K. Tsang and M.N. El-Gamal, ,” IEEE RFIC Symposium 2002. The
scheme proposed in this publication controls the gate bias of the PMOS transistor in the
folded cascode topology and does not sacrifice the NF in Low Gain mode. A parallel
tank circuit is used from VDD to the amplifier which needs lots of care to achieve in a
commercially packaged LNA. The gain control scheme which we propose not only
30 achieves a better NF but also a superior third order intercept point (ITP3) in the Low Gain

mode.



FIG 5 is a block diagramof the nethod for inplenenting the circuit
--diagramof FIG 2. Use of sane reference nunbers in different figures
indicates simlar or like elenents. 15 Detailed Description O The

~ Preferred Enbodi ment Referring now to Figure 2 we describe the general
~principle of the invention. The Variahle Gain |ow noise anplifier (LNA) 10
conprises a cascode anplifier stage 12 and a gain control circuit 14. The
cascode a i fi QiR ses in series between the positive and
negative terullr#lmrllgllry 0 ﬁgeelggv\er nsuppl y, respectively vdd and ground (GN\ND) by 2
0 way of i Il iast oljedt ofgt leastpne eabodithawdf the presentinginsibwtopravidezaredkcwit and i nduct or

Ls and a current squrce In, ich has ca itor shunted. across it. |nput
Rf inis cd’u?}f’tgad \Yvﬁ" ' tﬁﬁd%atdo(\?mka CQ%‘EB&C%IB@@IE‘? &t V%bfcﬁtba' ?‘1?8“3‘3% én%tﬁ “ ransi st or
M 1. The gat®ofary)lcadsh pdrsile] Mahitife #igihal ad theouyd d swititewhidinglbé suls ab abet ween
transistor M2 and load L. is coupled via capacitor Co to the output node P
of the BNA. volteggsor@ollsdtestN: out put node P and the negative terminal of 2 5
t he power supply (ground) is gain control circuit 14. Gain control circuit
14 typically conprises, in series between output node P and ground, a
capaci t or Qxis anathanobjs¢tof thvBresentthventiva toprdeidya husaler pisuchydtchalieloads

t ransi st or is.coupled to ont.r v.Ql . e bias voltage is
the gain cov%?ho Vo %fa&eja rcssar?goa}%sto\g}{étﬁl:ﬁg)éég? %ﬁrﬁ]}%h?g?@\g%%%NOt shown is the
primary | oad of the next stage coupled to output node P. 30 Wen Vc=0 V, M
is OFF and the gaih contral circuitry.offers_ a. high inpedance .at 5 wth
respectt% o Ibﬁséfff%ﬂc.’tg?lié’ﬁlfét,(’?fhﬁ@reﬁmtBUF’%B’P Q Ypsy thijlead g"‘%fg‘{‘ﬂ‘)z%sragﬁ“q%“? e next
stage and tH @nwhlofladeNA Operates in H gh Gain node. Wen Vc=Vdd, M3 will be
in the ON state and offers a | ow resistance between its drain and source.
Now, the secondary | oad appears effectively across the | oad of the LNA
thereby re (e B od JE i reduced
gai 1 of 1 e CRocees SRS B e bR (iR ARG rORE B B b K, e s
shunt ed t o the bumadtyanghitetnenteirolow galmemadeer al | gain i s reduced. The advant age
of this schene is that the drain current of M1 and M2 (and thus the gate
over dri]\?e) remai ns the sane, even in the Low Gain node and hence the Noise
Figure 10 (iNk)a fadfter bbjedtdf M gREent fiilvertion d use Ghertlias(clitré pf@eivélp immaley of t he
first stage iis not sacrificed. In fact, there is a slight inprovenent in

|1 P3 of the2¥nPe{e-stage due to the reduced gain. In order to naintain the
gain flatness, the inpedance Zo 1 at output node P with respect to ground
must remain in the same quadrant (in the real and inmaginary plane) in the
desired 15 Thesepndmaapy btachbjdstsiatidepmactiinveidygetnecting agepndapylesd thgughs OFF,
this inpedan s.due onlyv .to I . I 1.0 of the
secondz:gr)O y |%§§?§F§OT Y ltc\/\xﬁ))'ui)én%lﬁ)tthg Eﬁg}?ﬁélmé’dseé%eaﬁg:s gﬁg sgggeﬁ]ﬁﬁagﬁg%esence of
Cgs and CshseodndMy,loadtiesiedificallyistibked Flomake miie lmdodreckas in thedad Gamn Msdadj ust ed
to keep Zol.,in the sa ane. 2 0 Wen Vc takes on val ues he n 0 and
1 gV, Ve acts Subehds GEteR b A ooy o epepiacton e BABPE ol b,

i npedance i gdidrkd Bélefitide TobEige@ihc®f TRdGe@ndart Mg id A€ c@ildll stethlxahevar i ed
continuously by varying the control voltage Vc. The size of M, determ nes

the anount BF GipsicHrensosorot prssithrongh the secerdasy oad and ienes the Noisg Figistys a
Vari abl ' idddri ' £ bLEd ieRb ooy TR MBle. t he i nvention.

Fi gure % %@)%{Nﬁé@{@g% reggrzrﬁa%gg%rept that a) a decouepl i ng capacitor Cn
is coupled between Vdd and ground, b) loads LL and Lx are shown as

i nduct ors, resjistive, means Rbh.is c I b n th and Vc,
and c) capa@%ets%?n alilysoetgec{uog’fegﬁ aB% é‘é?gﬁg{%hogq%ea réyegﬁmx}dmgﬁg%%r%%g%& 30 6
The LNA is sppuehed one skihed innheldrt tovplictathe énvehti@Ligpitaing froinsa pamtkal dfthe

gate-t o-source capacitance Cgs (not W) f . far  the desired, frequency
band of opeflaifsolic apRERALS ravings gp‘gthﬁ zgg’“f‘%ﬁ %"’B{\?Afi é%scﬁﬁn‘!j‘r%d]?ﬁjprf%nﬁ%.

Transi s§®r Sebolih&Rymon Source) and M2 (Common Gate) formthe cascode
anplifier. Cd is the decoupling capacitor. 5 Inductive Load LL is used
rather than a resistive load as the inductive |load offers | ower NF and
better 11 P3. The overlap transistor gate-to-drain capacitance Cgd (not
shown) of M2 and the | oad inductance LL determ ne the output inpedance Zol.
Usual Iy the input inpedance of the following stage is optimzed for gain
and gain flatness with respect to this Zol. The network consisting of Cx,
MB, Lx, Rb and Cb is the gain control circuitry. 10 Cx blocks the DC
current fromentering the gain control circuit since we want to bypass only
the AC signal to ground through M3 and Lx. M3 acts as a voltage controlled
resistor controlled by Vc. When M3 is OFF, Zol is inductive because of Lx.
In the absence of the secondary |oad, 15 when M3 is QON, Zol becones
capacitive due to the presence of Cgs and Csb (not shown)



of MB . The secondary |oad inductor Lx ensures that Zol is inductive even
‘when M3 is ON. Since Zol renmains inductive for all values of Vc the gain
flatness is not affected. The | ow pass network consisting of Ro and Cb at
the gate of MBis to isolate the RF from DC. By adding a resistive means
(not shown) in series with Lx, one cangtrade off gain 2 0 and IIP3. In
fact, Lx can be replaced by any RLC network based on the requirenents of
I 1 P3 and gali current of M1 and M2 does not pass
t hrough MB f@;agﬁ&rb@ogg@%%@%e NF and |1 P3 are even better when MB is
ON (Low Gai Flfvbldiep cirtyit diagran ofial switakbé gaie dmphifioof them¢lated art;he present
invention the primary and secondary 2 5 | oads LL and Lx are RLC networks
consisting of series and parallel conbinations of all the three elenents or
two or one ¢iGthie aRiréhiediggran ilfustratingfthRcprincipheofsRcsedaritvdngasl Lx is added to
get the gain flatness and in its sinplest formcan be replaced by a short.
In a third preferred enbodi nent of the present invention the svm'tchi ng
means shown . Bis QirtWHAHgrars of &t poster MR Iod Fncat oﬁﬁé‘c&ﬁlt'dﬁg% &.in BJT or
Bi CMOS technol ogy as well. In a fourth preferred enb ment of 't he
present invention this technique of bypassing the signal through a
vol t age- con I4 Y}
circuit i ktgig 4f1|§ %%?ﬁka%abeoﬁaﬂﬁg%}\éf&%?ﬁp ?‘i&g%ttogﬁlgﬁl lt diagigp (ﬁﬁh 2ed to a
LNA. In a fipfeséntprvefittor; el enbodi ment of the present |nvent| on a number of
such gaip control circuits are conbined into a gain control block 16 and
connectéd as shown in Figure 4 for gain progranmability. Figure 4 is
simlar to Fi@ieaBlodak digtmas tHehfethaTo0idplcnvatihd thetircutiAR@rakdof FIGCRNCEr Ned
but has gain control block 16 coupled to the output node P. In addition,
capaci tor Cout is coupled between output node P and the primary |oad (not
shown) of t hRe dPsafR% ' lj
anal og-to-digital co%fsgﬁﬁ%%b%ﬁé?dgﬁfj&hgg%% elg&gaé(?sglf%@gﬁf l eg?r?é\%sn by anal og
control signals. Coupled between output node P and the ADC&Decoder 18 are a
plurali o] ' rengi.n to n, conprising swtching
nmeans St'% ?f?aq{égb%%\“@#(’?ﬁt%ttrfhees%(%nmeﬁé “é@"%‘ﬁ&'i‘ry Ioads SL1, SL2 to SLn.
Where swi tchiefagm@m to Rigute2 serdeesibeithdgGead peadiyle loda@ik indentidh.e GeuUp! ed
bet ween 15 t e P.and roungI ADC&Decoder 18 has "n' outputs, where
RgeRL )

out puts 1, ﬁalﬂgo“( poigqfn d0hpaneisesg crisadramplifier Staﬂ‘él?ﬁm a

respecti vel )ga1n|c'bnt|rc§ cirbuis 1P0FR¢ BlsCode AnplititVddeR c@%n&@@n sétie§ 9&%?@&1%0” or all
(there are n2 conbinations) of the secondary |oads. Decoders of this type
are wel | kn®aHtiteend RegstivasiRimina @f 3 ppwen@upab't regpedtivededddrod gltoonda(é’rmlbb'al ned
further 5o Thigsy 8F hQWRiiGR, ra Y, ry. d. 20
Referring nowyto Fi gltjlre rﬂa?ylgé(gg%l be t Lwanﬁﬁwdl k}ﬁu?/tgrff % C rée gal n of a
| ow noi se aﬁwrceﬂpethclﬁia@cﬂpac.htopCs)mudEé acaossatsdnpdeRanulcbﬂ’lpleTvuslhag;&)rdg| ving a

primary | oa p d across the |mary | oad
at the out pg?d gaipé?lﬁ)re% @‘3 Jley rﬁ%ﬁ?sﬁt%rr gt i@%gat%i’ \apsisiog Fé%“p ddfi t chi ng
means bgg wedtdd! ke jandaion daetyetmmhsistoeM2Rad Rl D copled ig cAAGiIER S téump! i T i er

st age;

output node P of the LNA. Coupled between output node P and the negative terminal of

25  the power supply (ground) is gain control circuit 14. Gain control circuit 14 typically
comprises, in series between output node P and ground, a capacitor Cx, transistor M3, and
a secondary load Lx. The gate of transistor M3 is coupled to a control voltage Vc. The
gate bias voltage is the gain control voltage V¢ and is varied from 0 to Vdd. Not shown is
the primary load of the next stage coupled to output node P.

30

When Ve=0 V, M3 is OFF and the gain control circuitry offers a high impedance at P



Bl ock 4 applies a control voltage to the switching neans to vary the

-1 npedance of the switching neans; Block 5 switches the sw tching neans
into the OFF state, thereby switching the | ow noise anplifier into a high
~gain node; 5 Block 6 switches the switching neans into the ON state,
thereby switching the | ow noise anplifger into a | ow gain node, and Bl ock 7
couples a plurality of secondary |oads across the prinary load. 10 Wile

the | nvent | RARcOBEHURA AL AL biipbPIR RAC: dREHRSM Wk ukeher ence Lo

the preferre nt S t er’eof under st oo ose skilled
in the art thhwholvhNAmmsratchmfggbGamm@c WV creV dd, h@wrﬂjvebﬂhfrﬁhlstaw t hout
departlngfr |r|I an cope, of .the. i nventi

clainmed is: qf% 0|WsreeSl W’p‘f d? %5?6% lgn(%?lflsain%gsourg ng’%"od‘é’ Sg?r%nga \Alyi%ard st age
with an i nmp’[;)eaﬁmdffﬂdﬁvélytaptb'&s t}ﬁ:alodd afrwﬂel LNA( tk&t@geedielngvmé ioRgralnoaiTpl i fi ed
hi gh frequency_ input signal a primary | oad at said output, where the

| oad of SsailBWPEdEELHY heRtR Iief‘l“é An gqdieed gawi Qfé'f“? %HAb)}“ et?erpw% Rt ¥ndary | oad

in parall el oyt Br dakielt Qﬁéﬂ?ﬁ%mle@@groﬁ‘ﬁﬂjarﬁ R Bre GRS Ve il gainti€ Hidhcegoupl ed to
sai d output of said cascode anplifrer stage, said gain control circuit for

provi di ng said secondary | oad, where said secondary load is 10 coupled via

SwWi t chi ng nﬁ%&ﬁv&n?akgg%fﬁil sgfle%glsﬁiat ?dgmc ?x%gtdoq"l\? d'l\];lﬁga{nd?lgsal ¥8here sai d

secondary | oa y con I'ng e conductanc S t chi ng
neans. 2. Tdverdriow) rambise t}arspdne faven inothe EbwiGuainl moddh@arddiencesthe NosaFpde

arrpllfler S e a.hi n en sa ching, neans .i s not
onact g (S third B e G R R et & s St IR ey
secondary |@asttitBer@lsaGlihtGRbloyerh &R irliEoffthOMsSadgd dRé toms dedhRadaiwhen sai d
switching neans is not conducting. 4. The | ow noi se arrpl ifier of claiml,

wherein said cascode anplifier stage is in a 2 0 |ow gain node when said

it chi N9 3R oARKIGL ihauise H5mbOMAY P oAFRL It Oiifesblalq™ L

wherei n sai d secondary i's cou across sald prinary d when said
swi t chi ng ngraursl st xcmadun the ngne quadnartoyn the thabdnd gmagueary plane) in the desired

15 frequency band when M3 is ON as well as OFF. When M3 is OFF, this impedance is due
only to the primary load L. In the absence of the secondary load, Zo1 would not be in the
same plane due to the presence of Cgs and Csb of M3, when M3 is ON. Hence the

secondary load Lx is adjusted to keep Zo1 in the same plane.

20 When Ve takes on values between 0 and 1.8V, M3 acts as a voltage controlled resistor.
Therefore the load impedance is varied as a function of V¢ and thus the gain can be varied
continuously by varying the control voltage Vc. The size of M3 determines the amount of

gain control that can be achieved.

25  Figure 3 shows a Variable Gain LNA 10 according to a first embodiment of the invention.
Figure 3 is similar to Figure 2, except that a) a decoupling capacitor Cp is coupled
between Vdd and ground, b) loads Lt and Lx are shown as inductors, c) resistive means
Rb is coupled between the gate of M3 and V¢, and ¢) capacitor Cb is coupled between the
gate of M3 and ground.

30



effective. | oad seen by said cascode anplifier stage. 25 6. The | ow noi se
anplifier of claiml1, wherein said secondary |oad is AC coupl ed using
capacitive means such that a DC bias current cannot pass through said
secondary load. 3 0 7. The |l ow noise anplifier of claim1l1, wherein said
sw tching neans acts as a voltage contrglled resistive neans. 10 8. The
| ow noi se anplifier of claim7, wherein said voltage controlled resistive

neans is varfgdr Qs it %t&gﬁ'ﬂrwe i Ig-lttlﬁl Slah& t\{)?({ F?iéais% CYh%%%e%_tQ—'ss\ﬁ@é e of

sai d swi tching neans ow n Ise anp erein a
plurality ofca:pamtanm\ﬂgs:monghcnma)n@f M3 far tlendmsded frequeney basl pbpdrateh. circuit.

NNDS £ rans st BPTOE b kitsed B prehiy MBS sl (e S8R s o

swi t chi ng nemRs(Cofm@nPiAE) torantht Shebde ddplifidie COW ﬂl@l&zeoufﬂﬁé ichpagftorof cl aim
9, wherei n said switching neans is a BJT 15 transistor The | ow noi se

anpl i fi er® of Mgyctivelpad Im‘;HéP@dﬁatherﬁh%adﬁﬁty’e(B‘Tadsa&ﬂﬁ indeByrdard offesnlawer
arranged i n QF afd bede! 1P, Atk Slerfap rﬁﬁx‘rglsrtor gateQo-lthin ¢ Pﬁ:ltlal%é’ '(r?oq i@mq_hf ier of

claim 13, wherein said secondary | i's a resistive neans. e | ow
noi se anpli fMéranéfhedwhmdlm@ncwhedearmnsahecbuwcunmdaqce ZoadJsugllyathe inpdtict i ve

means. 25 16‘m Ig' %ci: S0 {%11%\%1 an%gvli\fsioi{iml 11 (t;or &am ﬁn? gzwwﬂgtﬁgsg W, t%%?sp?ci Condar y

IoadlsacapC| ve rmea 87 vari a
conpri sing: tBisZoa ﬂm@d&k arqsistnﬁg ceﬂstngx \Ribtalnd @0 id thPgdin écﬁﬁiobﬂrcﬁiﬂxtyput sai d

a I|f|er st eljv an anplified hfreuenc i nput signal to a
pm)mary é’gﬁog t’f’@é ’g?“t ?mmgte\%ﬂéﬁ‘@ gf"ﬁgo‘FtH’é it SHIGP e FARTB ABPasHpl i fi er
stage is Vard)rﬂﬁthb)‘\(fs%ﬁi tb BebuAd RKHGANAMA I Qa3 a&tbamhag% coRRledMhikehi NY
means, in parallel with said primary | oad; and a gain control circuit

coupl ed to senioleldyolfe anplifier stage and a power supply 5 having
positive and negative termnals, the gain control circuit electrically

ext endi ng between sai d out put of said cascode anplifier and the negative
term nal of When M3ieOFEWopisyindustier ecase df warlh dielabseged Gft]hmomhnséoaanpl ifier

EIGRECR I e TR T R N TR
in a high gasfMIDUEe wbeidasaball if@RNdRlMsurahht 76! §\WdueihtbvBklivhen M3 is
ON. Since Zo: remains inductive for all values of V¢ the gain flatness is not affected.
The low pass network consisting of Rb and Cb at the gate of M3 is to isolate the RF from
DC. By adding a resistive means (not shown) in series with Lx, one can trade off gain
20 and IIP3. In fact, Lx can be replaced by any RLC network based on the requirements of
IIP3 and gain step. Since the drain current of M1 and M2 does not pass through M3 for
all values of Vc, the NF and IIP3 are even better when M3 is ON (Low Gain Mode).

In a second preferred embodiment of the present invention the primary and secondary
25  loads Lt and Lx are RLC networks consisting of series and parallel combinations of all
the three elements or two or one of the RLC elements. In fact, the secondary load Lx is

added to get the gain flatness and in its simplest form can be replaced by a short.

In a third preferred embodiment of the present invention the switching means shown as
30  NMOSFETSs can be PMOSFETs or can be implemented in BJIT or BiCMOS technology

as well.



to 18. The variable gain | ow noise anplifier of claim17, wherein said
"-cascode anplifier stage further conprises: a first gain stage neans coupl ed
to a second gain stage neans, where the control gate of said first gain

_ stage neans is coupled, via a first capacitive means in series with a 15
first inductive nmeans, to said input of said cascode anplifier stage; where
the source of said first gain stage neans is coupled via a second inductive
nmeans in s r ati.ve termnal of said
power suppﬁ%??ﬁﬂ%&%—ﬂe&%g@ g‘?ﬁlte%tfowl ?%Sésng%:ntgn logglgn{es m(bug O?‘r@?ﬁssslqgghecoupl ed
via a thi rdlgnauhmgwevmmg&soﬁtmllbmﬂesp@m IﬁeaVlEceIneb’ertkétBﬂor ﬁlfy &¥MOg, BIM&  suppl y,
and where h%]&al(ﬁ:ctl on. Ofﬁ% gl n of S?!Fd sec nd gt age neans 2 0
and said tHhi' grrettiyea fillsh, ”fe§ c?é”lﬁ’b 1§y &% ‘%’Eﬁ e fo&NG cascode
anplifier stage. 19. The variable gain |ow noise anplifier of claim17,

wherein said g,al n contr ol CI rcui t further conprises: a first capacitive
means, Sai d?PRY PP mhgdmeahel the prgscahmyernsior 8 Aambgr qf sugh gameoniiol) 5 seri es
and COUpl eq:u@ﬁ“s%nﬁﬁieﬁnﬁ&'&%cdﬁtro%c@ I%%&&ﬂﬁ c@émgkﬁ rm? 339 gand the
negative term nal of said power supply, where t e contro te of said |oad
swi t chi ng reaiypsogramwehiptyeBiguicd is swilarto Eeuwéalnﬁlras:thacasmdbamphﬁmmge provi di ng

ner oi n'sai 1 agernd o it gtgon e 1 R RO e SEpRRee bofaedipba” "

resistive Imm’cﬂorvﬂfbuth cosplatifetvatn aspiiabde Eaidttiddriney load@ot showay e at t he
control,_gate of said, | oad %\fuc\kﬁh' ng neans. 12 21. The variable gain | ow

noi se afpl iFrEY2gss Caingopiral & cermpriseRan anglngrigidigiial onyertes A 1C) add

swi t chi ng reaster 18 whnuR &‘ﬂveﬁ'b? aﬁalgg’:‘&ﬁﬂgl SARRC Chipled BRARR ouful MRl Pegat i ve
term nal of sal d power sup The variable gain | ow noise anplifier

of clai m 172nd{hfep Qeﬁpdffﬂ&é@ apiurality afcontighsirayits sagmededmn 1@ottnol circuit
i duct bl
gai n 1ow nerTpHREsFfkikeSRERANTESY, i SR BrTHohBRE Sobaryiduts SRR ane o

sai d gai n dofln.oWher swikhing rseanoin’ mmmmm@omoaﬂhbhrsmpnadibmmdnoad is

switch ow noise anplifier of claim17,
wher e| a pquﬁ)lugﬂtheéaf} grggx?cg Aﬁ%‘ﬁﬁ%ﬁfﬂr@%é‘ QWPUls WRETG QUIPHY 12, ton go

seri es/ par ab E}ﬁ|ga’(élo|f§\kﬂtdhmglﬁeaa5l ZTﬂﬁn Ys%bécﬁbél? E%‘tﬂlswé\!.%ﬂﬂ@tos&tlad?@id fier of
claim24, wherein said |oad switching neans is a NMOS transistor. 26. The

vari abl e gdnf 3cgmbgiianor aiifhere Préln epmibinagipps) ofithe sgrendaryoagsi Bedogeseiofswi t chi ng
means is a i lifier of
Cl ai m 24, PR it EioRh o Elihiled MM ARSI oy PHERGIERRD e
vari abl e galhis dllows nerhslete prqeranirahility of the agaondaty lontherein a plurality of said
2 5 secgndary loads is arranged in a series/parallel circuit. 29. The

vari able gain | ow noise anplifier of claim28, wherein said secondary | oad
is a resi stRef@ringans to Biglre 30 we Therivathe abdti®dgdivaryingwhdgdis f a1opl ndideer of
claim 28, wheﬁ?lrr_l said secondary load is an inductive neans.

Block 1 provides a cascode amplifier stage driving a primary load;

25 Block 2 couples a secondary load across the primary load at the output of the

cascode amplifier stage;

Block 3 couples a switching means between the secondary load and the output of
the cascode amplifier stage;

30

Block 4 applies a control voltage to the switching means to vary the impedance of



13 31, The variable gain |ow noise amplifier of claim28, wherein said
secondary load is a capacitive neans. 32. A low noise anplifier conprising:
5 a cascode anplifier stage with an input and an output, said anplifier
stage delivering an anplified high frequency input signal to a primary | oad
at said output, where the |load of said gascode anplifier stage is varied by
coupling a secondary load in parallel wth said primary | oad; and 10 a

pr ogr anmabl eg@aiRcEahERL. coupled to said output of said cascode anplifier
stage to provide said secondary |oad, said programmble gain controller
conprising: a plurality of load elenents; a plurality of sw tching neans

electrically couple o the plurality of |oa ments for one of coupling
and decoupl i ng egézlﬂg(oé S‘?lﬁlcgesp@ﬁf"ﬁllt‘ihfrﬁﬁyrﬂ?a“f B‘é%tggﬁéﬁémesa‘f?gi’ SVIEChing tByt put  of
sai d cascodeloanplisefabplifistiagehighgirmeeodi ng nmeans in el ectrical

communi cation with the | oad sw tching neans, whereby the decodi ng neans
recei ves and decodes a contr ol signal to therefromselect at |east one of
the plurality of pBigadsswi i ' 4.2 0
out put of said cascode a%%s?t??%h@%&%%%&&%%% g%ééﬁsgﬁc@g% ®cascode
anplifier stiyenoisgamplifier intow lowigsin madplanfi er of clai m 32, wherein said
cascode anplifier stage further conprises: a first gain stage neans coupl ed
to a second gain stage neans, where the control 2 5 gate of said first gain
stage neans is cdBiptlketicoupleaaplufrdlitpdf seapdary ldadeadi®s s priaselob@s Wi th a first
inductivq)neans, to said input of said cascode anplifier stage; where the
source of’said first gain stage neans is coupled via a second inductive

means in serivfe e ivention hiEhen PRMICEIRITY ShowhCand QBRibYE wiR rBRRAte Bfthsai d
power supply, where the drain of said second gain stage neans is coupl ed
5]

via a third PRETES prRodimanis thegeof. b wilbbe undessteas by thase silled in thenart thabwer
supply, and Ji i : i .0 . oI i age
roans. and sa LT e e R SR btk R B AR AR Bl Rl 203
cascode anpl §cppeof the iayention. 14 34. The | ow noi se anplifier of claim 32,
wher ei n sai d programmbl e gain control further conprises: an

anal og-to-digital converter and decoder with a nunber of outputs equal to
the plurality of said |oad el enents, where each of said | oad el enents
conprises said | oad



5 switching neans in series with an i npedance and coupl ed between said

- output of said cascode anplifier stage and the negative term nal of a power
supply with a positive and a negative termnal, where the control gate of
~each of said |oad switching nmeans is coupled to one of said outputs of said
anal og-to-digital converter and decodgr. 10 35. The | ow noise anplifier of
claim 32, wherein said secondary load is varied as the control voltage is
vari ed at V?ﬁatclé)ata g gate of said |load switching neans. 36. The | ow noise
anplifier of clarm3 éi Wherein a plurality of said switching means is
arranged if.a sérlpesbpamblhﬁlrcanpmng 15 37. The | ow noi se anplifier of

cl ai m 36, wherein_ said SW tchj,n means 38. The
ow noi se ampl 1 FaRow ewPaion et o MROCE M SupsHit aRPRKS s s a 2 o
PMOS t r ansidsliating 3R amplified high Iﬁ@hl&bﬁcﬁﬁibhﬂ digral tood phimadyMoadbat swldesugpug sai d | oad
swi t chi ng n5| T transistor. 5 40, .The | ow noi se arrpllfler of

cl ai m 32, Wéb%l%é‘gi”gg‘?ecéﬁfﬁg%mp ff{saﬁagegs aar}cegvgw olige heestarvivad he | ow

noi se arrpl iphiaf6l vtth @ldirMadricagiei N said secondary |oad is an inductive
means. 30 15 42. The | ow noise anmplifier of claim32, wherein said
secondary load is a capacitive nmeans. 43. A gain control circuit

conprising: 5 a IL.LhVe, E i oad, all
in series, and cg ?@g; Ilé' Cuﬁ% detgg%}?%gtpﬁtv}%&%gl %90 ain ?g%r?spagf%glidrcw t and
a ref er encgajpodoatrdli afcuit\fb:eprewﬂimg smﬂpwd:ondirysleadd \xganersamlos’ebcmﬂhryclbatd:ml t is

coupled to th antr ate of s ans, ere control
vol tagg,0 aﬁﬁ?‘? V‘?Bw‘g‘ﬁ’i‘% PeAgE o sa@IoWngsalw%sﬁoprﬁé%Bﬁgeé sk &BE sgdi n cont r ol
circuit, sueddnidiploawhenris@bglcdn@aling Melcohdudtinflsmaidisvitehihd mbad. of f to create
a high 10 resistance between the term nals of said switching neans, a high
i npedance is provided by said gain control circuit between said output and
said reference AL Adloandlflciehinid! dndtiadaid th:6d AfhiREARCliSingl t Ched on
to create a | ow resistance between the termnals of said swtc |ng nmeans, a
| ow i npedarhigh gain podpwibndaild ywiseliing medns isowhtondhctiigr cui t bet ween sai d out put
and salg reference potential. 15 44. The gain control circuit of claim43,
wher ei fF°a capacitive neans is coupled between said output and said | oad

SWi t chi ngf rﬁeians The ldw %édﬁ&np@(ﬁeﬁ@ﬂﬂdd imng v&fhleﬂ’elrﬁs?'ldikel:(ﬁ)aﬁry 16dal. is Iiagmgaiyn control
circuit of claim43, erein said cantrol voltage en varie 2 0 varies
the gain ofisolsied rora peid presam o &8 BRI & OLEPIE. sai d gain
control circuit. 46. The gain control circuit of claim43, wherein said

control voltage when varied,
4, The low noise amphﬁer of claim 1, wherein said cascode amplifier stage is in a

20  low gain mode when said switching means is conducting.

5. The low noise amplifier of claim 1, wherein said secondary load is coupled across
said primary load when said switching means is conducting, thereby reducing the

effective load seen by said cascode amplifier stage.

25
6. The low noise amplifier of claim 1, wherein said secondary load is AC coupled
using capacitive means such that a DC bias current cannot pass through said secondary
load.

30 7. The low noise amplifier of claim 1, wherein said switching means acts as a

voltage controlled resistive means.



varies the gain of a mxer circuit when coupled to said output of said gain
‘control circuit. 2 5 47. The gain control circuit of claim43, wherein said
control voltage when varied, varies the gain of an anplifier circuit when
coupled to said output of said gain control circuit. 48. A nethod of
varying the gain of a [ ow noise anplifijgr, conprising the steps of: 3 0 a)
provi ding a cascode anplifier stage driving a prinary | oad; 16 b)
coupling a sgcon r i d imary 1o t th ut ..o

cascode anpl?fle?ﬁgﬁg&Q%ge%glBﬁ%rﬁﬁﬁngpéﬁﬁ% ’]%“de9§e°%éf %Eswhe
secondary | omehnanglvirled ae uliedetntrof vcﬂﬁ'gdlsaaﬁed)dtethaﬂ@ittofl igfte of kald 8vitshifh
applying a control voltage to said swtching neans to vary the inpedance of
sai d sw t chi ifffreans; e) switching said switching neans into the off state,
thereby switching said | ow noise anplifier into a high gain node; f)
switchin sald switching neans into the on state, thereby swtching said

| ow 10 n% se9-anp| iheiley nqisgagphifipeaiclgim b Wheerin a plwaligof eaidptitchiggmepisis al i ty of
sai d seconda&%mhggqgSgg;&éﬁnaahgmpr|nary | oad. 49. The net hod of clai m 48,
whereby the gain of salé | ow noi se anplifier can be varied continuously by
varying said control vol tage. 15 50. The nethod of claim48, where

trolli d h ad
o ogr anmmbi | [Fy. OFouRE ST ABRSal BeRbf Hor e Sl P eaa s NMOS vt o, Ay
. Ay9. Af . AS| trané#toASy Ayl . Af . Af LAy . Af_. Ay. AfyR #% +. 14KQTM=?. 2r
}30|mxnh X]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] caU] ca]'ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa! >@\*), $q@ct " " $% ) ***zupkf a\ Wca] ca] c
a] ca] ca] ca] cay calgRYbw a},fgamaﬂlﬁalo@ éﬂaﬁﬁlb caih&ah cab caldna meds 3 £8leA cal cal ca

] ca] caU] ca] ca] ca] cal *++, , 0--= 1711
2b22393h34nﬂ%ﬂﬁ$¢7C9999996mr}xsnld Z]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calca]ca]ca]lca]calcalcalcajcalw ::::T,

;s 3<a<<<====>N\>>>$7x??" @X@\AA: BBCC} xsni d_ Z]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] C a] C a] C a] calXa] clkdayomjse ahgplificadfcdjinad,celjetch cafl cajtclahg aleams] 8 a] BH] ca! ChCCC

FFGaGEEHHHSIIJJKKKKLgLL"NWNNNN}xsnld Z] c] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]c ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caI
hVCUCPPCﬁURSSITT*U—UU VVWWV W WWAEXXXY Y} YYZTZZZ} xsni d_Z] c] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca ca]ca]ca]ca]ca]ca]cf]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] cal zZZd | l ARheA m’gnm claim 1, wherein a plurality of said secondary loads is

arranged in a series/parallel circuit.

20 14, The low noise amplifier of claim 13, wherein said secondary load is a resistive

means.

15.  The low noise amplifier of claim 13, wherein said secondary load is an inductive

means.
25
16.  The low noise amplifier of claim 13, wherein said secondary load is a capacitive
means.
17. A variable gain low noise amplifier comprising:
30 a cascode amplifier stage with an input and an output, said amplifier stage

delivering an amplified high frequency input signal to a primary load at said output,
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18.  The variable gain low noise amplifier of claim 17, wherein said cascode amplifier

stage further comprises:
a first gain stage means coupled to a second gain stage means, where the control
gate of said first gain stage means is coupled, via a first capacitive means in series with a
15 first inductive means, to said input of said cascode amplifier stage; where the source of
said first gain stage means is coupled via a second inductive means in series with a
current source to the negative terminal of said power supply, where the drain of said
second gain stage means is coupled via a third inductive means to the positive terminal of
said power supply, and where the junction of said drain of said second gain stage means

20  and said third inductive means is coupled to said output of said cascode amplifier stage.

19.  The variable gain low noise amplifier of claim 17, wherein said gain control
circuit further comprises:

a first capacitive means, said load switching means, and said secondary load all in

25  series and coupled between said output of said cascode amplifier stage and the negative

terminal of said power supply, where the control gate of said load switching means is

coupled via resistive means to a control input providing a control voltage.

20. The variable gain low noise amplifier of claim 19, wherein said load switching
30  means acts as a voltage controlled resistive means which is varied as said control voltage

is varied at the control gate of said load switching means.
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5 22, The variable gain low noise amplifier of claim 17, wherein said load switching

means of said gain control circuit is conducting when said secondary load is switched in.

23, The variable gain low noise amplifier of claim 17, wherein said load switching
means of said gain control circuit is not conducting when said secondary load is switched

10 out.

24.  The variable gain low noise amplifier of claim 17, wherein a plurality of said

switching means is arranged in a series/parallel circuit,

15 25.  The variable gain low noise amplifier of claim 24, wherein said load switching

means is a NMOS transistor.

26.  The variable gain low noise amplifier of claim 24, wherein said load switching
means is a PMOS transistor.

20
27.  The variable gain low noise amplifier of claim 24, wherein said load switching

means is a BJT transistor.

28.  The variable gain low noise amplifier of claim 17, wherein a plurality of said

25  secondary loads is arranged in a series/parallel circuit.

29.  The variable gain low noise amplifier of claim 28, wherein said secondary load is

a resistive means.

30 30.  The variable gain low noise amplifier of claim 28, wherein said secondary load is

an inductive means.
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32, A low noise amplifier comprising:
5 a cascode amplifier stage with an input and an output, said amplifier stage
delivering an amplified high frequency input signal to a primary load at said output,
where the load of said cascode amplifier stage is varied by coupling a secondary load in

parallel with said primary load; and

10 a programmable gain control coupled to said output of said cascode amplifier
stage to provide said secondary load, said programmable gain controller comprising;
a plurality of load elements;
a plurality of switching means electrically coupled to the plurality of load
elements for one of coupling and decoupling each of the plurality of load elements
15 to said output of said cascode amplifier stage; and
a decoding means in electrical communication with the load switching
means,
whereby the decoding means receives and decodes a control signal to therefrom
select at least one of the plurality of loads corresponding thereto for coupling to said

20  output of said cascode amplifier to thereby vary the gain of said cascode amplifier stage.

33, Thelow noise amplifier of claim 32, wherein said cascode amplifier stage further
comprises:

a first gain stage means coupled to a second gain stage means, where the control

25  gate of said first gain stage means is coupled, via a first capacitive means in series with a

first inductive means, to said input of said cascode amplifier stage; where the source of

said first gain stage means is coupled via a second inductive means in series with a

current source to the negative terminal of said power supply, where the drain of said

second gain stage means is coupled via a third inductive means to the positive terminal of

30  said power supply, and where the junction of said drain of said second gain stage means

and said third inductive means is coupled to said output of said cascode amplifier stage.
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1, #10% o0& ()cascode amplifier stage and the negative terminal of a power supply with a positive and a
negative terminal, where the control gate of each of said load switching means is coupled

to one of said outputs of said analog-to-digital converter and decoder.

10 35, The low noise amplifier of claim 32, wherein said secondary load is varied as the

control voltage is varied at the control gate of said load switching means.

36.  The low noise amplifier of claim 32, wherein a plurality of said switching means

is arranged in a series/parallel circuit.

15
37. The low noise amplifier of claim 36, wherein said load switching means is a
NMOS transistor.
38.  The low noise amplifier of claim 36, wherein said load switching means is a

20 PMOS transistor.

39.  The low noise amplifier of claim 36, wherein said load switching means is a BJT

transistor.

25 40, The low noise amplifier of claim 32, wherein said secondary load is a resistive

means.

41.  The low noise amplifier of claim 32, wherein said secondary load is an inductive
means.

30
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43, A gain control circuit comprising:

5 a capacitive means, a load switching means, and a load, all in series, and coupled
between the output of said gain control circuit and a reference potential, where the input
of said gain control circuit is coupled to the control gate of said load switching means,
where a control voltage, applied to said input, controls the impedance of said gain control
circuit, such that when said load switching means is switched off to create a high

10 resistance between the terminals of said switching means, a high impedance is provided
by said gain control circuit between said output and said reference potential, and when
said load switching means is switched on to create a low resistance between the terminals
of said switching means, a low impedance is provided by said gain control circuit between
said output and said reference potential.

15
44,  The gain control circuit of claim 43, wherein a capacitive means is coupled

between said output and said load switching means to provide AC coupling for said load.

45, The gain control circuit of claim 43, wherein said control voltage when varied,

20  varies the gain of a filter circuit when coupled to said output of said gain control circuit.

46. The gain control circuit of claim 43, wherein said control voltage when varied,

varies the gain of a mixer circuit when coupled to said output of said gain control circuit.

25  47. The gain control circuit of claim 43, wherein said control voltage when varied,
varies the gain of an amplifier circuit when coupled to said output of said gain control

circuit.

48. A method of varying the gain of a low noise amplifier, comprising the steps of:

30 a) providing a cascode amplifier stage driving a primary load,;
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said switching means;
€) switching said switching means into the off state, thereby switching said low
noise amplifier into a high gain mode;
f) switching said switching means into the on state, thereby switching said low
10 noise amplifier into a low gain mode, and

g) coupling a plurality of said secondary loads across said primary load.

49. The method of claim 48, whereby the gain of said low noise amplifier can be
varied continuously by varying said control voltage.

15
50. The method of claim 48, where controlling said secondary loads through a

decoder, provides programmability of the gain of said low noise amplifier.



