1 VARIABLE GAIN LOW NOISE AMPLIFIER Field of the Invention This invention relates generally to
the control of the gain of amplifiers or other high 5 frequency blocks such as filter attenuators etc. by
switching the load impedance. The invention in particular relates to controlling the gain of a Low Noise
Amplifier (LNA). Background of the Invention The problem of gain control versus the noise figure (NF)
of low noise amplifiers as 10 frequencies go steadily higher in the Giga Hertz range is a continuing
challenge to all workers in this field. We now describe a circuit of the related art by referring to Fig. 1.

Fig. 1 is taken from US 610%@\4%@[_@@3&1W%éﬁﬁ?ﬂl@ﬁ@l’ﬁ’ﬁﬂﬁﬁfﬁ@f—?d there to as Fig. 6. The

circuit is a switched-gain cascode amplifier, including an input stage 26, a loading network 24, first
and a second cascode transistors Q22, Q23, and a bias signal 15 generator 22. The input stage 26
receives a b@@@%@%yﬁﬂéﬁt@p the input signal VIN. The loading network 24 is coupled to a power
supply voltage V CC and provides an output signal VOUT to a load. The input to the base of the first
cascode trangigidnysetigairelatsstgsneighsil to theteanirp aftththgabaoé antdisesconatbesbigie transistor

s & base copenl HEBIARCF mAaNR e e s GoanReitdiA iR aRMOr A4 which 20

attenuates the output signa rent amount depending on Inp rminal the signal is
switched to. inigtetidnelivpesiewleraneatesiie nes tiokdi sodhp lgeatioh akhivh Neiae SmpligiprdbieA). US
6,466,095 B 1 (Susuki) dated Oct 15, 2002, Power Amplifier:-- relates to gain 25 variation and power
amplification, whereas our invention, described below, is for a low noise amplifier (LNA). Unlike the
LNA, the Po®eckigrplifio{PRg Isetdige signal block, i.e., it deals with higher signal power. The main

Ef)‘:fsoe”ggﬁ‘;r‘fﬁ%@efr%r@f RASGHSRISK NS IRidbsbNNe (e R ORPHOL  aRGSifEig QN Is the
10  frequencies go steadily higher in the Giga Hertz range is a continuing challenge to all
workers in this field. We now describe a circuit of the related art by referring to Fig. 1.
Fig. 1 is taken from US 6,046,640 (Brunner), discussed below, and is referred there to as
Fig. 6. The circuit is a switched-gain cascode amplifier, including an input stage 26, a
loading network 24, first and a second cascode transistors Q22, Q23, and a bias signal

15  generator 22. The input stage 26 receives a bias signal Vgjas and the input signal V.
The loading network 24 is coupled to a power supply voltage V¢ and provides an output
signal Vout to a load. The input to the base of the first cascode transistor is a gain
control signal V. The input to the base of the second cascode transistor is a base control

signal Vgc. As mentioned the load is connected to the loading network 24 which

20  attenuates the output signal by a different amount depending on which input terminal the

signal is switched to.

Listed below are related patents and a publication which bear on this problem:
US 6,466,095 B1 (Susuki) dated Oct 15, 2002, Power Amplifier:-- relates to gain
25  variation and power amplification, whereas our invention, described below, is for a low
noise amplifier (LNA). Unlike the LNA, the Power Amplifier (PA) is a large signal
block, i.e., it deals with higher signal power. The main performance criterion for a PA is
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.



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 US 6,392,492 B 1 (Yuan) dated May 21, 2002,
High Linearity Cascode Low Noise Amplifier, and EP 0 977 352 A2 (Fong), Noise Figure and Linearity
Improvement Technique using Shunt Feedback:-- both patents are for LNAs and teach techniques to
improve the Noise Figure and linearity of the LNA ipits normal (High Gain) mode of 5 operation,
whereas our invention proposes a gain control circuit for the LNA. The proposed Variable Gain LNA

achieves the best Nggsedoiuee BIPeUaY adeai VECRE 2002, PRgH linearity CaslylasipnGiasn the
achievable Iinearitl}/_ of the (%Joted%%atents) in the Low Gain mode. In addition, the reduced gain in the

Low Gain méYBPyiéefiRedeRel ¥ Hr ity (RGN RipRsTg R 3BHoWRRFBI AIRATREENIRETS, Filters

etc, feSU'tiﬁgr%ﬁqifﬂ:Q‘a‘éiﬁFféﬁiﬁi?ﬁEQG‘@da&EL%W%ﬁt&@&%%ﬂm@%‘hd@é&ﬁ%éhﬁimwic range of
the AGC circuit, which helps to improve the Signal to Noise Ratio (SNR). US 6,046,640 (Brunner)

dated Apr 04MEHRE R AKHERIFAITE @R Abgar ke LAY o aarmpNEtiobiealy arAecdntrol:-- this
patent ajso igbpastin/ ARMBCRIR NARiod Dropissedr iRy R8aESS Bitlif forrite PR AIINARIS to ground

in the Low Gain mode, whereas our proposed circuit bypasses only the AC signal to ground thereby

not wasting fHeRoeedpdiaR e raimbiNAackisyes Eeasingpise Masie Bthemitor @ain edrase Figure
and Linearitysiq figarRYY(SRT B (RIMREQRIESMISIRERIY- oM e (D6t MBS HRRCEdR unaffected

and the gain flatness is improved during gain variation. Another advantage is 20 that one can get any

amount of _g&iﬁiﬂdﬁﬂ@ﬂ-wlfh&w&tiﬁﬂelﬁﬁt@ %@@%@ﬁiﬁéﬁéh@]ik@l\ﬁéﬁ@j ntﬁ@@ﬁ(g’lﬁﬂﬁﬂé(rf Q@'@ﬁﬁlﬂﬁﬁzed for the
gain Va“at'onrféram? PE&@}F@%&&?%@HH&%&%QG@@C@%- RAslere dpbicationGaify Gpatrollable

Very Low Voltage (<1 V) 8-9 GHz Integrated 25 CMOS LNA's, T.K.K. Tsang and M.N. El-Gamal,,"
|IEEE RPIC PyiigiosfirieppoyeraHaeceiver. Reduced gain also reduces the dynamic range of the

AGC circuit, which helps to improve the Signal to Noise Ratio (SNR).

US 6,046,640 (Brunner) dated Apr 04, 2000, Switched-Gain Cascode Amplifier

Using Loading Network for Gain Control:-- this patent also is about VVariable Gain LNAs.

15  Thiscircuit bypasses both AC and DC signals to ground in the Low Gain mode, whereas
our proposed circuit bypasses only the AC signal to ground thereby not wasting the DC
power. The main advantage of doing so in our scheme is that the Noise Figure and
Linearity in the Low Gain mode is improved substantially. Also the input impedance is
unaffected and the gain flatness is improved during gain variation. Another advantage is

20  that one can get any amount of gain control with this circuit. Based on the requirement,
the circuit can be optimized for the gain variation or the linearity or both in the Low Gain

mode.

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  achievesabetter NF but also a superior third order intercept point (11P3) in the Low Gain

mode.



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 (IIP3) in the Low Gain mode. 3 Summary Of The Invention It is an object of at least
one embodiment of the present invention to provide a circuit and a method where the load of the
cascode amgligrigryDed Ry IFRRAGIGHINY another (secondary) load in parallel with the original load
through a switch which also acts as a 5 voltage controlled resistor. It is another object of the present

invention to HFr&AR8RIasHAEBEIea NS P ERRE HEE Qb HIL GRS N HBR HRPIEW SR AIEC NS to obtain
programmabyligyeishesgrie. i llosdyet anotiRcaRieshplithe meseRUIMYEBIRREANGWBRPad

impedance as a function of a control voltage. It is still another object of the present invention to
improve the (§8FS89RMIdoaddtdredlstavith derigifaldepd iBreeabsa sdiRngaiicmalie aes ASid a further
object of the, i JRMBNLENGsHse the bias current effectively in the low gain mode. These and
many other objects have been achieved by connecting a secondary load 20 through a MOSFET
switch. During the High Gain Mode the MOSFET switch is OFF and the secondary load is electrically

isolated from e, iBaiey 9RE MU BTERRIR IR LM 0P RIBMALE ARG AV DcHEIRERbIansdae

secondary load appears across the primary load, thereby reducing the effective load impedance. The
secondary |0Mai¢8 A€ c@usiegd across the load to obtain programmability of the gain.

10 Itisyetanother object of the present invention to vary the load impedance as a function

of a control voltage.

Itis still another object of the present invention to improve the noise figure and to reduce
the linearity requirements in low gain mode.

15
Itis a further object of the present invention to use the bias current effectively in the low

gain mode.

These and many other objects have been achieved by connecting a secondary load
20  through a MOSFET switch. During the High Gain Mode the MOSFET switch is OFF
and the secondary load is electrically isolated from the main load, whereas in the Low
Gain Mode the switch is turned ON and the secondary load appears across the primary
load, thereby reducing the effective load impedance. The secondary load is AC coupled
such that the DC bias current does not pass through the secondary load and hence the

25  Noise Figure (NF) and linearity (11P3) performance are better in the Low Gain Mode.

These and many other objects and advantages of the present invention will be readily
apparent to one skilled in the art to which the invention pertains from a perusal of the
claims, the appended drawings, and the following detailed description of the preferred

30 embodiments.



such that the DC bias current does not pass through the secondary load and hence the 25 Noise
Figure (NF) and linearity (11IP3) performance are better in the Low Gain Mode. These and many other
objects and advantages of the present invention will be readily apparent to one skilled in the art to
which the invention pertains from a perusal of the claims, the appended drawings, and the following
detailed description of the preferred 30 embodiments. 4 Brief Description Of The Drawings FIG. 1 is a
circuit diagram of a switched-gain amplifier of the related art; FIG. 2 is a circuit diagram illustrating the

principle of theipf¢saRFPMBAION TReD¥Eawitgsircuit diagram of one preferred embodiment of the
circuit diagram of FIG. 2; FIG. 4 is circuit dia(%;am of another preferred embodiment of the circuit

diagram of FT¢S- 2 |sr sHkH IhOaeHR; A AP WHGNRE-aR18 anMbEle A drare Biaiéethod for implementing
the circuit diagram of FIG. 2. Use of same reference numbers in different figures indicates similar or
like elements. 15 Detailed Description Of The Preferred Embodiment Referring now to Figure 2 we
describe thefdEnéri priieisligatAR MsHAERY TrePNRGiRIsIefdRaPIB M dertiaplifier (LNA) 10
comprises a cascode amplifier stage 12 and a gain control circuit 14. The cascode amplifier stage
comprises in series between the positive and negative terminal of a power supply, respectively Vdd
and ground ('_G‘ﬁl-lﬁ)'59'2@1Wﬁkﬁmfﬁiﬁ)@ﬁeéeﬁﬁ%ﬁﬁb%’d@iﬂl%&ﬂﬁsféféw Rigosaa MIFlfddstor Ls and
a current source ID, which has capacitor Cs shunted across it. Input Rf in is coupled via inductor Lg
and capacitor Cg to the gate of transistor MI. The gate of transistor M2 is coupled to Vdd. The junction
J between triHgigdy Moudktiageamniofaeeiiplaualrired samasimeni@tiee circuit diagram of FIG.

2 present invention; and
10

FIG. 5 is a block diagram of the method for implementing the circuit diagram of FIG. 2.
Use of same reference numbers in different figures indicates similar or like elements.

15  Detailed Description Of The Preferred Embodiment
Referring now to Figure 2 we describe the general principle of the invention. The
Variable Gain low noise amplifier (LNA) 10 comprises a cascode amplifier stage 12 and
a gain control circuit 14. The cascode amplifier stage comprises in series between the
positive and negative terminal of a power supply, respectively Vdd and ground (GND) by

20  way of illustration, a primary load L, transistors M2 and M1, inductor Ls and a current
source Ipo, which has capacitor Cs shunted across it. Input Rf in is coupled via inductor
Lg and capacitor Cg to the gate of transistor M1. The gate of transistor M2 is coupled to
Vdd. The junction J between transistor M2 and load L is coupled via capacitor Co to the
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 VVdd. Not
shown is the primary load of the next stage coupled to output node P.

30
When Vc=0 V, M3 is OFF and the gain control circuitry offers a high impedance at P



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 Vc
and is varied from 0 to Vdd. Not shown is the primary load of the next stage coupled to output node P.
30 When Vc=0 V, M3 is OFF and the gain control circuitry offers a high impedance at P 5 with

respect 10 graiATedpBaas. i iyl RbiigeldN it sathvarR\R NeinaxtstPoe Add stageuhale LNA

operates in High Gain mode. When Vc=Vdd, M3 will be in the ON state and offers a low resistance

between its SN ArERETRISH NtHHISLeaMdBRHGo AMNEHYEIMIE MRV PR dRIES BN $848 of the

LNA, thereby{@@#fdrg4N169 vesalieadneiitea e agaananacasfdes yisvn fedveash ain phihe LNA. In
other words, part of the output of the first stage is shunted to ground and therefore the overall gain is

reduced. THRPERAVarREBEINENiIEERR e 9P tHE W Uiyt Teduahaonbe avaratlidogsk gate
overdrive) remiRaihe SRMRnEYeEsINhE LANERERRHeRNANIENGR B NAiSRIE gkttt hENF) and

third order intercept point (IIP3) performance of the first stage is not sacrificed. In fact, there is a slight
improvemen@#iPHPaf ShefE S sageds shunéetbiera uodaed Harafora hrievamhgahtdsieHECgain flatness,
the impedance Zoi at output node P with respect to ground must remain in the same quadrant (in the
real and imaginary plane) in the desired 15 frequency band when M3 is ON as well as OFF. When M3

is OFF, this ﬂﬁ_hsédam@gg alidinsahamene hantggaiacuiren ghd/dmsshiviz &@ﬂﬁé@éébﬁﬁaw load, Zoi
would not b&){p g, SAMARIRNA LD &%Mﬁ?ﬁé‘ﬁ%\ﬁf&% ABESHR ﬂEMé’tM\éhﬂBiM%iﬁLﬁ’él\'- Hence

the secondary load Lx is adjusted to keep Zoi in the same plane. 20 When Vc takes on values
betweéR 0 affdF) B thigl aceerdstaroemarinsdHira)ipertersnase of the first stage is not sacrificed.

In fact, there is a slight improvement in I1P3 of the first stage due to the reduced gain.

In order to maintain the gain flatness, the impedance Zoz at output node P with respect to
ground must remain in the same quadrant (in the real and imaginary 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, Zo1would 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 Zoz1 in the same plane.

20  When Vc 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 VVc. 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 Cb is
coupled between Vdd and ground, b) loads L. and Lx are shown as inductors, c) resistive
means Rb is coupled between the gate of M3 and Vc, and c) capacitor Cb is coupled
between the gate of M3 and ground.

30



Therefore the load impedance is varied as a function of Vc 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 CD is coupled
between Vdd and ground, b) loads LL and Lx are sgown as inductors, c) resistive means Rb is
coupled between the gate of M3 and Vc, and c) capacitor Cb is coupled between the gate of M3 and

ground. 30 6rihe uNAsisRBHeaE® o éhmlopihiBRadanerdiAUL) Lg. 4= ane Yar gateotresource

capacitance Cgs (not shown) of Ml for the desired frequency band of operation. Capacitor Cs is used

to provide REAGRELIRRFE0 €SS Thah SRR MIf (YEmido s SleriEetaHeauRRRCBANh S CREEAIRIM the
cascode ampliigkifeflds g aPHRNMGFaPgRIMG B IS UEHNRIkRRSINIL (B sipRtbrasbaFH)aN® resistive

load as the inductive load offers lower NF and better 11P3. The overlap transistor gate-to-drain

capacitance Mg GomBRBWPAIBr TOrakY thrstede AMBRktithce Gl BetBendlprouRdtLIGARRTPRdance Zoi.

Usually ghe inpictredanee Ride fatiowind Siagsiiawriiaizadrien erinRredaainiiadpswivith respect
to this Zoi. The network consisting of Cx, M3, Lx, Rb and Cb is the gain control circuitry. 10 Cx blocks

the DC curréNt RoHDelReHRG tHoQavs damirendHenBamte WalheareedaRsdsed o1y shwarogignal to
ground throygh M3 apddat MRaGIReE AXbaaRCHRIB: iepiigncPrTOlios BN MRe iR M3 is

OFF, Zoi is inductive because of Lx. In the absence of the secondary load, 15 when M3'is ON, Zoi

becomes capapafpa RS ibetlf\@l !9%@@@@11%@%?@% adi §H@\@ﬁif‘ ﬂa_tm:s Y‘ﬂﬂ“ SRty load
inductor Lx eprurEs Hat AQLis EMERMETYNeR YR iRnQN SseE YRTsHI IRRLGKs for al

values of Vc the gain flatness is not affected.
10  Cxblocks the DC current from entering 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, Zoz is inductive because of Lx. In the absence of the secondary load,
15  when M3 is ON, Zo1 becomes capacitive due to the presence of Cgs and Csb (not shown)
of M3. The secondary load inductor Lx ensures that Zoz is inductive even when M3 is
ON. Since Zo1 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
I1P3 and gain step. Since the drain current of M1 and M2 does not pass through M3 for
all values of V¢, the NF and 11P3 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 L 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 NMOSFETs can be PMOSFETS or can be implemented in BJT or BICMOS technology

as well.



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 11P3 and gain step. Since the
drain current of Ml and M2 does not pass through M3 for all values of V¢, the NF and 1IP3 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 LL and Lx are RLC networks consisting of series and parallel

combinationgnef il iR BrifEpR EEAMBBRIm STt HreHR AR lIENRbHRAERIPRIGuE LIS AbEnRaRendary load

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

preferred entHBHMHRIGUEN ¥ RASHRIHAISHSRSIAUVETeaH 6om BAHECEHANAMH S MORNFIERE TS can be

PMOSFETS gt 8 irRiemealfittdn. RiikePr Ritdd A irsRpaledndas weellinfitda & pufnpreferred
embodiment of the present invention this technique of bypassing the signal through a

voltage-controlled resistive means can be used for any CMOS, BJT or BICMOS circuit like a filter,

Mixer, RowerAMiifiarerterandrishbainieniad de drlebtht miRRiGHA RIABEES stehegdimeph@bine present

invention a number of such gain control circuits are combined into a gain control block 16 and

connected aSIEWHVArRLERRIAEA ISP agat srodialhlednlifpniranredsd asshirwrdrHiigie 2 85 far as the
cascode amplifies Siadmntdh I RGORFGIREA PLIRT QA ERR RloskAE s uRiespIRg Qtigut node P.

In addition, Capacitor Cout is coupled between output node P and the primary load (not shown) of the

10 next stqgé? S&RNeSNedIdyIdEs Qéi&ﬁﬁ%ﬁ%@éoﬁh Hherygles tadharciniaede PADTIdHdORecoder 18,
which is driveg, by 3palog (el ciRalRet BURGhBEMBERR MUPHIARIRAY @BEsRARFfpecoder 18

are a plurality of control circuits ranging from 1,2, to n, comprising switching means S1, S2, to Sn and
correspéndifgéateatd ppio aa8tol blaskd oreomispstaaranalaeckirchielaenvarter SAEXs) @with secondary

load " are ¢RURIRA 18, which is driven by analog control signals. Coupled between output node P
and the ADC&Decoder 18 are a plurality of control circuits ranging from 1,2, to n,
comprising switching means S1, S2, to Sn and corresponding secondary loads SL1, SL2
to SLn. Where switching means ‘n’ in series with secondary load ‘n’ are coupled

15  between output node P and ground. ADC&Decoder 18 has ‘n’ outputs, where outputs 1,
2, to n go to the gate of switching means 1, 2, to n, respectively. It is thus possible to
activate any one, a combination or all (there are n* combinations) of the secondary loads.

Decoders of this type are well known to those skilled in the art and need not to be
explained further. This allows complete programmability of the secondary load.

20
Referring now to Figure 5, we describe the method of varying the gain of a low noise
amplifier:

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



15 between output node P and ground. ADC&Decoder 18 has 'n' outputs, where outputs 1, 2, to n go
to the gate of switching means 1, 2, to n, respectively. It is thus possible to activate any one, a
combination or all (there are n2 combinations) of the secondary loads. Decoders of this type are well
known to those skilled in the art and need not to be explained further. This allows complete
programmability of the secondary load. 20 Referring now to Figure 5, we describe the method of
varying the gain of a low noise amplifier: Block 1 provides a cascode amplifier stage driving a primary
load; 25 Blogke2widRiRg maggoNdary 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 8 thesgyvitchingineans: Risekinemitshemtberswiiohifiginarnsoipio e Rgfnstate,
thereby switching the low noise amplifier into a high gain mode; 5 Block 6 switches the switching
means into tHVAORIsaBPHrdRiOHERiBAIRHBOMSW noise amplifier into a low gain mode, and Block 7
couples=a plurality of secondary loads across the primary load. 10 While the invention has been

particularly shown and described with reference to the preferred embodiments thereof, it will be
understood by thosBI8kifIE$itahesdftargtitching means into the ON state, thereby switching the

low noise amplifier into a low gain mode, and

Block 7 couples a plurality of secondary loads across the primary load.
10
While the invention has been particularly shown and described with reference to the
preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of the invention.
15



various changes in form and details may be made without departing from the spirit and scope of the
invention. 159 What is claimed is: 1. A low noise amplifier comprising: 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, 5 where the load of said cascode amplifier stage is varied by coupling a
secondary load in parallel with said primary load, where said secondary load is AC coupled using
capacitive means such that a DC bias current cannot pass through said secondary load; and 10 a
gain control Q/eHitiseuRlaedgssaid output of said cascode amplifier stage, said gain control circuit for

providing said secondary load, where said secondary load is coupled via switching means to said
output of sai¥ cascOHEWMPIRtARAGST GHBPEIYAY secondary load is varied by controlling the

conductance of saig gwdtehingmaRs- age- Uhe vinnisesmmifigraiclaim hnpheringgid cascode
amplifier stage is in a high gain mode when said switching means is not conducglta. 3. The low noise

amplifier of dalivetingRerairdEiadsbibnianiapaY iBrttetigRalifp fsBrifeaviiead 2iseitirtEPYload when
said swHChingH1eaRs |SaHoF SHatstng ARMtifleretiRY BYSeaMPLiEp MGt dndREISIR #Rid cascode

amplifier stage is in a low gain mode when said switching means is conducting. 5. The low noise

amplifier of dlaialal, WHBreMds fidnaaio Hepsky WKeeiSeldu preandarystoass is afCp SR doltighen said
switching megRs:is ¢ORRYALREARRREDDE BN RR: BRI YRR SRANSEY SBD @RGAegaMPlifier

stage.
and

10 a gain control circuit coupled to said output of said cascode amplifier stage, said
gain control circuit for providing said secondary load, where said secondary load is
coupled via switching means to said output of said cascode amplifier stage, where said

secondary load is varied by controlling the conductance of said switching means.

15 2. The low noise amplifier of claim 1, wherein said cascode amplifier stage is in a

high gain mode when said switching means is not conducting.

3. The low noise amplifier of claim 1, wherein said secondary load is electrically
isolated from said primary load when said switching means is not conducting.

20
4, The low noise amplifier of claim 1, wherein said cascode amplifier stage is in a

low gain mode when said switching means is conducting.

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

effective load seen by said cascode amplifier stage.

6. The low noise amplifier of claim 1, wherein said switching means acts as a
voltage controlled resistive means.
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6. The low noise amplifier of claim 1, wherein said switching means acts as a voltage controlled
resistive means. 30 10 7. The low noise amplifier of claim 6, wherein said voltage controlled resistive
means is varied as the control voltage is varied at the control gate of said switching means. 5 8. The
low noise amplifier of claim 1, wherein a plurality of said switching means is arranged in a
series/parallel circuit. 9. The low noise amplifier of glpim 8, wherein said switching means is a NMOS
transistor. 10 10. The low noise amplifier of claim 8, wherein said switching means is a PMOS

transistor. 1%. The tpie NQGe GierHRp Bt afeI8ind Be e e s tr1ageeeans e rBsldtiid transistor.
12. The low noise amplifier of claim 1, wherein a plurality of said secondary loads is arranged in a

series/paral BIE&RE R VBOIab as (e |6an el e Hass iteYasied aihinEcantioleiate 6 e SMAkRINgad is a
resistive meggpsasl4. The low noise amplifier of claim 12, wherein said secondary load is an inductive
means. 25 15. The low noise amplifier of claim 12, wherein said secondary load is a capacitive
means. 16. A variable gain low noise amplifier comprising:

5 8. The low noise amplifier of claim 1, wherein a plurality of said switching means is

arranged in a series/parallel circuit.

0. The low noise amplifier of claim 8, wherein said switching means is a NMOS
transistor.

10
10.  The low noise amplifier of claim 8, wherein said switching means is a PMOS

transistor.

11. The low noise amplifier of claim 8, wherein said switching means is a BJT

15  transistor.

12.  The low noise amplifier of claim 1, wherein a plurality of said secondary loads is

arranged in a series/parallel circuit.

20 13.  The low noise amplifier of claim 12, wherein said secondary load is a resistive

means.

14.  The low noise amplifier of claim 12, wherein said secondary load is an inductive

means.
25
15. The low noise amplifier of claim 12, wherein said secondary load is a capacitive
means.
16. 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,



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, 11 where the load of said cascode
amplifier stage is varied by coupling a secondary load, through a load switching means, in parallel
with said primary load, where said secondary load is AC coupled using capacitive means such that a
DC bias current cannot pass through said secondary load; and 5 a gain control circuit coupled to said
cascode amplifier stage and a power supply having positive and negative terminals, the gain control

circuit electriglyeaxtenainer bamaerosRisRiRdt ohaait cameads aawifiey asstthearggasiye terminal

of the power supply, where said variable gain low noise amplifier is in a low gain mode when said 10

secondary IJBEPHIBRHRAMEHCIHASLIGRRES i BAIG S MEHISS I FHr HRaNERad BPELSAIE SREARBRAEY gain low

noise amplifigadsig A EupREN MSPRecHRRiSaIcheaco st Heed SSWihaseHE cdnhot has¢ariable gain
low noise amplifier of claim 16, wherein said cascode amplifier stage further comprises: 15 a first gain

stage means¥eURih8EDEBRAIG3E @tlge means, where the control 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 &6#8SHFPhCIEeHFRURIeH i T dassegaanp iiehMagRARPRVRIETHERPlY, where

the drain of $ad D RRARNHAINSIAVF MEAITIS, GAHRISH YohadDEARA KHMR ARG AR I diggPositive

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

anq said th?rhem&ﬁﬁéw @é@lfbf@é@ﬁ@ﬁ@l@iﬁﬂﬁﬂﬂ@@ éhﬁcﬂ@ﬁ@ﬂk&@ié‘»‘ﬁﬁi@ﬁl‘i'@f Hagewas, The
variable gairy iR nQfi% ARG RIHRYR oW REISRSRITRRIR FOTAN Saif b WHRR sGRMPrises:
10  secondary load is switched in through said load switching means, and where said variable

gain low noise amplifier is in a high gain mode when said secondary load is switched out.

17.  The variable gain low noise amplifier of claim 16, wherein said cascode amplifier
stage further comprises:

15 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
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

20  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

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

18. The variable gain low noise amplifier of claim 16, wherein said gain control
25  circuit further comprises:

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

30



a first capacitive means, said load switching means, and said secondary load all in 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. 30 12 19. The variable gain low noise amplifier of claim 18, wherein said
load switching means acts as a voltage controlled ygsistive means which is varied as said control
voltage is varied at the control gate of said load switching means. 5 20. The variable gain low noise

amplifier of clgim 1%@’%@@5@@%@‘16%&%%@%@& HaghiyiichinadRanEadIcRHMREVIRga second
capacitive means to the negative terminal of said power supply. 21. The variable gain low noise

amplifier of CRERARSIES RIS EARIBGIPHAIRAiTERIRT CIDBRISIMAI Gt Syer GdirsSaItrItIRb YRS @nducting

when said secongal i ofeldsnemiighRbisaiddoddawitdiafientaislow noise amplifier of claim 16,
wherein said load switching means of said gain control circuit is not conducting when said secondary

load is switched out. 15 23. The variable gain low noise amplifier of claim 16, wherein a plurality of

said switching meaflk igAHIRBYEH 10/ RASESMATREELELRI 18t whBR ¥AHE Bl @8I gdRuNaiRe amplifier

of claim 23, wherein said load switching 20 means is a NMOS transistor. 25. The variable gain low
noise ampliflRGFWHEAMIBTRAS BIRARIEI04A 6eEeAhEARAEHMS Reans (A fegRI¥EierTses. The
variable gairb@éﬁtﬂ‘ﬁﬁﬁe?%ﬂﬁﬁr of claim 23, wherein said load switching means is a BJT transistor.

21.  The variable gain low noise amplifier of claim 16, wherein said load switching

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

22. The variable gain low noise amplifier of claim 16, wherein said load switching
means of said gain control circuit is not conducting when said secondary load is switched
out.

15
23. The variable gain low noise amplifier of claim 16, wherein a plurality of said

switching means is arranged in a series/parallel circuit.

24.  The variable gain low noise amplifier of claim 23, wherein said load switching

20 means is a NMOS transistor.

25. The variable gain low noise amplifier of claim 23, wherein said load switching

means is a PMOS transistor.

25 26.  The variable gain low noise amplifier of claim 23, wherein said load switching

means is a BJT transistor.

27. The variable gain low noise amplifier of claim 16, wherein a plurality of said
secondary loads is arranged in a series/parallel circuit.
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27. The variable gain low noise amplifier of claim 16, wherein a plurality of said secondary loads is
arranged in a series/parallel circuit. 30 13 28. The variable gain low noise amplifier of claim 27,
wherein said secondary load is a resistive means. 29. The variable gain low noise amplifier of claim
27, wherein said secondary load is 5 an inductive means. 30. The variable gain low noise amplifier of
claim 27, wherein said secondary load is a capacitge means. 10 31. A low noise amplifier comprising:
a cascode amplifier stage with an input and an output, said amplifier stage delivering an amplified

high frequengy inputiigaakEleRIMRRBhRSSAIFIErAfRbim WhevRdkmIoad Rtsaisasease amplifier
stage is varied by coupling a secondary load in parallel with said primary load, where said secondary

load is AC cBUPHHYBIMEAS capacitive means such that a DC bias current cannot pass through said
secondary load; and a programmable gain control coupled to said output of said cascode amplifier
stage to provide said secondary load, said programmable gain controller comprising: 20 a plurality of
load elementS- a plhASIGHEALRIRIHYTABEASBRIEHEEAN¢laBR g AV RIS pRift R a0 2@ IEments for
one of couplipg R ElReRIsRHRg each of the plurality of load elements to said output of said cascode
amplifier stage; and a decoding means in electrical communication with the load switching 25 means,
whereby the decoding means receives and decodes a control signal to therefrom

30.  The variable gain low noise amplifier of claim 27, wherein said secondary load is

a capacitive means.

10 31.  Alow noise amplifier comprising:

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, where said secondary load is AC coupled using

15  capacitive means such that a DC bias current cannot pass through said secondary load;

and

a programmable gain control coupled to said output of said cascode amplifier
stage to provide said secondary load, said programmable gain controller comprising:
20 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 to said output of said cascode amplifier stage; and

a decoding means in electrical communication with the load switching

25 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

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

30 32 The low noise amplifier of claim 31, wherein said cascode amplifier stage further

comprises:



select at least one of the plurality of loads corresponding thereto for coupling to said output of said
cascode amplifier to thereby vary the gain of said cascode amplifier stage. 30 32. The low noise
amplifier of claim 31, wherein said cascode amplifier stage further comprises: 14 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 ¢4 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 $grqgyMRtage FeHRNdpEa’da heona gty stigemPM ORIk BRW@hedppPly, where
the drain of said second gain stage means Is coupled via a third inductive means to thegﬁositive

terminal of $&i8 Pbeish iishRAIN alRgaThraRstsEGuRISsoNIBASHRI CRRARIHY R HI8%8E MDA I§aMIBidge means

and said thirg| GHEHIMRERRASSI TS OABIRMHIP SIS PLERES R salsliFRPSRLR; aMBHiIgfesiagRe 1P 33. The
low noise amplifier of claim 31, wherein said grog_rammable gain control further comprises: an

analog-to-digiiel 6T SHIE G368 dE GAPEH YRR FHCBdHIRYEYBATES RN SRITERHY B Said load
elements, whgrR:RaEl RESAITHOREGAIRE B FRIMBY SAg BaifkloashpiyIiGhERe MeansHbpesies with an

impedance and coupled between said output of said 15 cascode amplifier stage and the negative

terminal of aSpeRENIHYRINVMSAN DS SIBVRIetHE 2 HBKHAMEFYRRRANSAEe RAEIREHEBN WO b each of
said load swilghipeweeaipiy, SAHRIRErd tefenelisaick S Hig RbBaifARalper tRiteidgh trerRter and

decoder. 34. The low noise amplifier of claim 31, wherein said secondary load is varied as the 20
control voltagedisaié HisidnavetisnirenrsatCcorpled tosrl SUtBHISS srisaascate amel ey sk amplifier of
claim 31, wherein a plurality of said switching means is arranged in a series/parallel circuit. 25 36. The

low noise amplifier of claim 35, wherein said load switching means is a
10 33 The low noise amplifier of claim 31, wherein said programmable gain control

further comprises:
an analog-to-digital converter and decoder with a number of outputs equal to the
plurality of said load elements, where each of said load elements comprises said load
switching means in series with an impedance and coupled between said output of said
15  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.

34.  The low noise amplifier of claim 31, wherein said secondary load is varied as the

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

35. The low noise amplifier of claim 31, wherein a plurality of said switching means

is arranged in a series/parallel circuit.

25 36.  The low noise amplifier of claim 35, wherein said load switching means is a
NMOS transistor.

37. The low noise amplifier of claim 35, wherein said load switching means is a
PMOS transistor.
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NMOS transistor. 37. The low noise amplifier of claim 35, wherein said load switching means is a
PMOS transistor. 30 15 38. The low noise amplifier of claim 35, wherein said load switching means is
a BJT transistor. 39. The low noise amplifier of claim 31, wherein said secondary load is a resistive 5
means. 40. The low noise amplifier of claim 31, wherein said secondary load is an inductive means.
10 41. The low noise amplifier of claim 31, whereingaid secondary load is a capacitive means. 42. A
gain control circuit comprising: a capacitive means, a load switching means, and a load, all in series,

and coupledsd5 betwesnihgios I @aifgamm soninebreireshi 1A FsieierdRg meseri@B yyrhere the

input of said gain control circuit is coupled to the control gate of said load switching means, where a
control voltaf@Ngpified 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 resistance between the terminals of
said switching means, a high impedance is provided 20 by said gain control circuit between said

output and refd i QMR RENPAR A SR 18 R1L | YRR ERUM SRR §aFRISIAEY L0t AEBSHHYS create a

low resigtangg.Rgtween the terminals of said switching means, a low impedance is provided by said
gain control circuit between said output and said reference potential. 25 43. The gain control circuit of
claim 42, wherein a capacitive means is coupled between said output and said load switching means

to provide Agqcoupkig QK $8idd9afbifier of claim 31, wherein said secondary load is an inductive

means.

10 41 The low noise amplifier of claim 31, wherein said secondary load is a capacitive

means.

42. A gain control circuit comprising:
a capacitive means, a load switching means, and a load, all in series, and coupled
15  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
resistance between the terminals of said switching means, a high impedance is provided
20 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.

25 43.  The gain control circuit of claim 42, wherein a capacitive means is coupled

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

44, The gain control circuit of claim 42, wherein said control voltage when varied,
varies the gain of a filter circuit when coupled to said output of said gain control circuit.
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44. The gain control circuit of claim 42, wherein said control voltage when varied, varies the gain of a
filter circuit when coupled to said output of said gain control circuit. 30 16 45. The gain control circuit
of claim 42, wherein said control voltage when varied, varies the gain of a mixer circuit when coupled
to said output of said gain control circuit. 46. The gain control circuit of claim 42, wherein said control
voltage when varied, 5 varies the gain of an amplifigg circuit when coupled to said output of said gain
control circuit. 47. A method of varying the gain of a low noise amplifier, comprising the steps of: a)

providing a egscode ki @b RIRD R IFEINGF 2IRIMMEryPRELIA Qi dnteopiRgya wReRVEARY load across
said primary load at the output of said cascode amBEIifier stage; c) coupling a switching means

between sai&ESSheISNNGHA BRETREGIEMHECUREE L3 HEC WRiPIRIsrtSgE SPNEPbRISY I control
voltage to said switching means to vary the impedance of 15 said switching means; e) switching said
switching means into the off state, thereby switching said low noise amplifier into a high gain mode; f)

switching saftPswitcHIRGHTEeRY k6 tRLILH Slate Hide dtsr el RRINg SER Vellagsodendi#fr into a low
gain mogle, A0 4@% ‘H?%”ﬂﬂ{ﬂiﬁ@@i%ﬁﬁfvﬂ?éﬁ S5GNRI NS dRBLIRTS SRR dPad. 48.

The method of claim 47, whereby the gain of said low noise amplifier can be varied continuously by
varying said @6ittol voltage. 25 49. The method of claim 47, where controlling said secondary loads
through a decoder, provides programmability of the gain of said low noise amplifier.

47. A method of varying the gain of a low noise amplifier, comprising the steps of:
a) providing a cascode amplifier stage driving a primary load;
10 b) AC coupling a secondary load across said primary load at the output of said
cascode amplifier stage;
¢) coupling a switching means between said secondary load and the output of
said cascode amplifier stage;
d) applying a control voltage to said switching means to vary the impedance of
15 said switching means;
e) 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
noise amplifier into a low gain mode, and

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

48. The method of claim 47, whereby the gain of said low noise amplifier can be

varied continuously by varying said control voltage.

25 49.  The method of claim 47, where controlling said secondary loads through a

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



17 VARIABLE GAIN LOW NOISE AMPLIFIER Abstract The load of the cascode amplifier is varied by
connecting another (secondary) load in 5 parallel with the original load. The secondary load is
connected through a MOSFET switch. During the High Gain Mode the MOSFET switch is OFF and
the secondary load is electrically isolated from the main load, whereas in the Low Gain Mode the
switch is turned ON and the secondary load appegrs across the primary load, reducing the effective
load impedance. The secondary load is AC coupled such that the DC bias current does 10 not pass

through the secondary load apgd hengee thesNpise HigrrediNe ARdPINgayiR (11P3) performance are
better in the Low Gain Mode. A number of such switchable loads can be connected across the load to

obtain programmability. 15 Figure 2
Abstract

The load of the cascode amplifier is varied by connecting another (secondary) load in

5  parallel with the original load. The secondary load is connected through a MOSFET
switch. During the High Gain Mode the MOSFET switch is OFF and the secondary load

is electrically isolated from the main load, whereas in the Low Gain Mode the switch is
turned ON and the secondary load appears across the primary load, reducing the effective

load impedance. The secondary load is AC coupled such that the DC bias current does

10  not pass through the secondary load and hence the Noise Figure (NF) and linearity (11P3)
performance are better in the Low Gain Mode. A number of such switchable loads can be

connected across the load to obtain programmability.

15  Figure 2



	Field of the Invention
	Background of the Invention 
	Summary Of The Invention
	Brief Description Of The Drawings
	Detailed Description Of The Preferred Embodiment
	VARIABLE GAIN LOW NOISE AMPLIFIER
	Abstract
	Figure 2


