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INVENTION 1. Field of the Invention The invention relates t t & ated
circuit for high frequency m xers and nore particularly to dual gate

cascode mxers in the Gga Hertz range. 2. Description of t ﬁ

Noi se figure is very often the nost critical specification ” mwmﬂmmmmummver
net wor ks. Anot her equal ly and increasingly inportant specificati«@ge+S the
suppression of the internodulation or I Mproducts. IM3 or the third order

i nternmodul ation is the strongest of the odd harnonic spurioMW"ﬂMﬂ'mmmMHhat
are generated as shown in FIG 1. In FIG ;1) F1 and F2 deno t wo

frequencies. Wen. the two signals are nlxed) i nt ermodul ati on («sddhor
frequencies are generated. FIG 1 displays these IMfrequencies as a

function of poweNovin MiMr Theseunkihf orouenoyroihasions seppdiskkengnces
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i nt ernodul ati on products are shown spread in

BACKGROUND OF THE INVENTION

1. Field of the Invention
The invention relates to an integrated circuit for high
frequency mixers and more particularly to dual gate cascode

mixers in the Giga Hertz range.

2. Description of the Related Art

Noise figure is very often the most critical specification
in most receiver networks. Another equally and increasingly
important specification is the suppression of the intermodulation
or IM products. IM3 or the third order intermodulation is the
strongest of the odd harmonic spurious signals that are generated

as shown in FIG. 1.

In FIG. 1, F1 and F2 denote signal at two frequencies. When
the two signals are mixed, intermodulation (IM) frequencies are
generated. FIG. 1 displays these IM frequencies as a function of
power, in dBM. These IM frequency are the sums or differences of
frequencies F1 and F2 or of their multiples. Third order
intermodulation products are shown grouped around F1 and F2,

while even order intermocdulation preoducts are shown spread in



2 ~F E B 2003 -2 groups of three at sone distance (frequency) H EEBQ&ma
side of F1 and F2. Suppression of |Mproducts is an area of i r't
consideration in the receiver design of npbst transceiver networks because
spurious signals can be msinterpreted as the desired signals. In an ideal
situation one would want to suppress all IMsignals, be they odd or even
orders. One can effectively suppress the even order IMI|ocated at the | ow
and high frequency end, by using matching networks as shown in FIG 2. FIG
2 depicts a Receive Front End (RFE) 20l. It has inputs RF-in, LOin, and
output IF-out. RF-in feeds a downmi xer 23@-via a series of three match
networ ks 210, interspersed with a Low Noise Anplifier 1 (LNAl) 211, and a
Low Noise Anplifier 2 (LNA2) 212. Simlarly, LOin feeds downm xer 230 via
a match network 210 followed by a LO Buffer 213, followed by another match

net vork 210:alhe dnarmmdylarca BEQguGLe 3 AFed | BEAPCR! Hi6aL:0NS bOh cary

Per sonal hone or systemis - i's a figure of merit
that nmeasuggs Fow well a circuit suppresses the third order I M3 signals. It
is calculated by the follow ng formul a: -31I1P2 =Pin +Delto221FE
B 2003 (1) Pinis the input power and Delta is the anmount of

suppression IM3 is fromIM. or the power at the fundanental
Suppression of IM products is an area of important

consideration in the receiver design of most transceiver networks
because spurious signals can be misinterpreted as the desired
signals. In an ideal situation one would want to suppress all IM
signals, be they odd or even orders. One can effectively
suppress the even order IM located at the low and high frequency

end, by using matching networks as shown in FIG. 2.

FIG. 2 depicts a Receive Front End (RFE) 201. It has inputs
RF-in, LO in, and output IF-out. RF-in feeds a downmixer 230 via
a series of three match networks 210, interspersed with a Low
Noise Amplifier 1 (LNA1l) 211, and a Low Noise Amplifier 2 (LNA2)
212. Similarly, LO-in feeds downmixer 230 via a match network
210 followed by a LO Buffer 213, followed by another match

network 210.

The intermoduletion product 3 or IIP3 specifications for a _
Personal Handy Phone or PHS system is -18dBm. IIP3 is a figure
of merit that measures how well a circuit suppresses the third

order IM3 signals. It is calculated by the following formula:



frequency as shown in FIG 1. Wth the newer wi reless communicati 02 g)ﬁ_:tse?hﬂs
whi'ch’ results in increasingly denser communication traffic, this ITP
specification is beconing ever nore difficult to achi eve. For exanple the
newer systemlike the CDMA PCS, or Code Division Miltiple Access Personal
Communi cation System operating at 1.9 GHz have a stringent |1P3

requi renent of -5dbm In a receive front end (RFE) inplenentati on as shown
in FIG 2, the downm xer is comonly the |last block for the M crowave
Monolithic Integrated Circuit (MM C) down converter. This downm xer is
commonly the inplemented using the dual gate m xer topology as shown in
FIG 3. The m xer is designed as a cascode connected netal epitaxial field
effect transistor (MESFET) with transistors ML and M2 connected in series.
The internediate fregugncy (I'F) is extracted fromthe drain (D2) of M.
Wth properrbragiec at Gl and &, a good conversion gain can-be- (1)
obt ai ned. However, O P3 of the dual gate m xer configuration is 2 1 FEB
2~~3 -4 fixed even if the conversion gain of the m xer can be further
increased. A new circuit topology is needed to address this bottl eneck of
the increase of OP3 as is the case in the dual gate mxer. It wll be
difficult wth phe jpresent MACodyal 9akepsoRy | INald Amdudceet the future
dermand in the third harnoni C suppression. W now provide a nore detail ed
descri pti oguebrddGor3.1MEha sCc @apanent Soof t e ghoddaegientye muxeaamentaui t 301
consist of a radio frequency (RF) matching network 311, a buffer/interstage
mat chi ng nexemrenFlas shdwal igaFé&Gm Xer, or downmi xer, 315, and an out put
mat chi ng network 320. Network 312 is nade up of a local oscillator (LO
buffer 313, followed by an Int erstage matchi ng network 314. Both network

311 and 312 ar nvent i onal. Si match net 311

Cput RE-i 1, - el Rt FreR ﬁ%?i‘?ag CCRBTER Ty et 5 ReFHhe
LOin, are; d I 3The out put
of 311 and" 1%%%%(?51% ut%%§l ém@ﬁ ?29%%2? ﬂgl[al‘%%l%xgrh{iL 1g&Pr espectively.
The dual - %é@cmmtﬂ‘drﬁq@e%&o&nhgt Svihend MO dinrilcSitgnd SichlieGL  angdoE2 to
an internediate frequency (IF) signal. An output matching network 320,
connect ed ¢xatbles diied me2rokyReantikat chesCiMre BdfedancedB2Dtioithen

i npedance of output |F-out. Qher inputs to the high frequency m xer
circuit arlubtimie dgeesisppley sapdlGroungnicaion SyE @, ~opergtdng| pt 1.9
referring to FIG 3, the dual - (F:l[ate m xer 315 COﬂSISt% essentially of two
metal epi t&5F d12YS & FEEREeRtt 4RSI SRR STRREREEH MEYhd M2 connected in a
cascode manner where 311 and 314 set the DC bias for the gates of ML and
M2, respectively. Describing 315 nowin greater detail, resistor R2,

paral l el ed by capacitliciGR f%nﬁoeﬁﬁcmﬁwtlm%n@ﬁattqo@r aundnand ah Fhe.
other end to the source S1 of MESFET ML. The gate of ML is connected to

i nput Gl. Fhecil algwmafidl ii$ conmeal gdche Idwer INWke fofr VRSFHIckBwavbe

poi nt between ML and M2 is | abeled X. The gate of M2 is connected to input
&. The drdmolDXlofc I\Iﬁlti&gr@@ﬂdeCtLeduio { eI Qutdmnn mno'iﬂm@rnet ®bik 320.
Maas in his book (Stephen A Maas, "M crowave M xers", pp. 323-331,  Second
Edi ti on, A@‘?‘@E‘h‘—%sle") GFBPRd¥s taedé@EHﬂmliﬂzﬂfi d!fSlt%tﬁlﬁ ﬁl&a& @aﬁéhmhae?ﬁhe

wor ki ng of dual e FET a ho FIG_ 3. .For m_ni Xi n

occur, the %%? I\?I%EE‘F i * Psiﬁféasgg near nflf1’§a(aliaolrsdéiresmgnt e Fi ﬁeﬁg 83(&‘3

sat ur at i on.gegl and Hedd © HrshEl 1TF§é?<floé€fe&:3 e Qe INPesEETHUIREH

into the gate of M, the s6urce ower effect allows the LO signal to -
af fect thecgimd st 01r eRd( Mds kogheblled Thi Ssatles Nhet anseitehibeeween

the linear and saturation region and changes its transconductance and

dr ai n-t o- shreg@emondudtance extiracteduf tant thid- dradquel®®y o€ MRen Hihphi fi ed

t hrough the common gate anplifier effect of M. Wth the |arge LO signal
applied topgmpethgas control at Gl and G2, a good conversion gain can be

obtained. However, OIP3 of the dual gate mixer configuration is



2 ~ FEB 200 -6 performance is affected as a conmon gate anplifier fQ 1tpEB 2003
| F'signal. U S. Patent 5,444,399 (Shiga) describes a pul se doped process
MESFET which is nore robust than the conventional MESFET in dealing with

t he probl em described in the precedi ng paragraph. Shiga proposes a change
in process such that the transconductance of the MESFET is flatter for a

| arger span for Vgs variation. This change inplies fundanental process
changes, however. U.S. Patent 5, 640,692 (Bothorel) discloses the addition
of an attenuator before the mxer to provide a |ower third order

i nternmodul ati on suppression. U S. Patent 87060, 298 (Waugh et al.) provides
a doubl e bal anced m xer with an active distributed balun, which results in
a high third order intercept point. U S. Patent 4,949,398 (Mas) provides a

GaAs MESFEF; pixesyd D whiGh theeesiishi §siﬁh@9nake olitdie %SgléTfhma@d to

approximate a tinevarying liner resistor to 1 nprove I nternodul ation

perf or mancenckbSedat entneds 845389 ¢BypUbE, i €inédddd dsela@seSsachis
traditional dual gate m xer which adds an inductor at the junction point of
the two trhostbtmrak df ShePdnemieas5e306, 0693 (6 M )hepraasedesn ahdudlagat e

m xer in which the two FET's have different transconductances. 2 ~ FEQ
2~n: ~ SUMVBEYE CRLRIE | NVENTLANDEet disfagubj etth ofthe mrascase MMICnduati sateo
provi de a niXﬁr circuit that mﬁlh@h%ve a hégﬂgr thir orgfr i nt er nodul ati on
suppr essi of°AhHTH Hor B rShdse te 5hFe FEFBRS g3F PR Andt Sb&6t hgFmpRéc
present inye iéggigh;o provide a circuit which elimnates external
conponents, C s I1nductors to act as chokes. A further object of the
present invention is to provide a circuit which can be inplenented in

another field effect technol ogy such as conplinentary netal oxide
sem conduct or (WeMImw provide a more detailed description of FIG. 3. The

components of high frequency mixer circuit 301 consist of a radio
frequency (RF) matching network 311, a buffer/interstage matching
network 312, a dual-gate mixer, or downmixer, 315, and an output
matching network 320. Network 312 is made up of a local
oscillator (LO) buffer 313, followed by an Interstage matching
network 314. Both network 311 and 312 are of conventional
design. The RF matching network 311, with input RF-in, and the
buffer/interstage matching network 312, with input LO-in, are
used for suppression of even order intermodulation. The output
of 311 and 312 feeds inputs Gl and G2 of dual-gate mixer 315,
respectively. The dual-gate mixer frequency shifts the two input
signals at Gl and G2 to an intermediate frequency (IF) signal.

An output matching network 320, connected to the drain D2 of M2
and matches the impedance D2 to the impedance of output IF-out.
Other inputs to the high frequency mixer circuit are a voltage

supply and Ground.



technol ogy. A yet further object of the present invention is t@ priovB P83
circuit which can be nodified into a double bal anced structure or can be
used as a frequency-up converter. These objects have been achi eved by

provi ding a new downm xer coupled where the internediate frequency (IF) is
extracted at the m dpoint between two netal epitaxial field effect

transi stors (MESFET) of the downm xer and by adding a conmon source node |F
anplifier which is coupled to that m dpoint. 2 ~ DEB zoos _g_ BRIEF
DESCRI PTION OF THE DRAWNGS FIG 1 is a gfaph of the frequency distribution
of two signals and their internodul ation products. FIG 2 is a high |evel

bl ock di agram of a Receive Front End for m xing two high frequency signals.
FIG 3 is a circuit diagramof a high frequency m xer of the prior art.

PG ihhs, 80 rauls digaramer g birgh {1 eghiensya g qfi.tdie sRelereed:
essentially of two metal epitaxial field effect transistors
(MESFET) M1 and M2 connected in a cascode manner where 311 and
314 set the DC bias for the gates of M1 and M2, respectively.
Describing 315 now in greater detail, resistor R2, paralleled by
capacitor C2, is connected at one end to Ground and at the other
end to the source S1 of MESFET M1. The gate of M1 is connected
to input Gl. The drain of M1 is connected to the source of
MESFET M2. The point between M1 and M2 is labeled X. The gate

of M2 is connected to input G2. The drain D2 of M2 is connected

to the output matching network 320.

Maas in his book (Stephen A. Maas, "Microwave Mixers", pp.
323-331, Second Edition, Artech House) provides a description of
the principle behind the working of the dual gate FET as shown in
FIG. 3. For optimum mixing to occur, the bottom MESFET M1l is
biased near the border of the linear and saturation region for
the MESFET. Therefore, as the LO signal is pumped into the gate
of M2, the source follower effect allows the LO signal to affect
the drain-to-source (Vds) of M1. This allows M1 to switch
between the linear and saturation region and changes its
transconductance and drain-to-source conductance. The resultant
IF frequency is then amplified through the common gate amplifier

effect of M2. With the large LO signal applied to M2, its



FIG 5 s a detailed circuit diagramof a high frequency m xer of 2HeFER 2003
preferred enbodi ment of the present Invention. FIG 6 is a detailed circu
di agram of a high frequency mxer of the prior art. DESCRI PTION OF THE
PREFERRED EMBODI MENT A conventional mxer, |like the dual gate m xer as
described in FIG 3, where the RF and LO signals conbined and the output is
taken fromthe drain of the top MESFET M2 in the dual m xer, 21 FEB
2003 -g_ provide very poor third harnoni c suppression. A new approach to
mxing is to use cascode MESFET's with the output taken fromthe source of
the top MESFET and the drain of the bottofT MESFET M. This is the point
marked X in FIG 3. The drain of the top MESFET is now hooked up directly
to the power supply. The gate of the bottom MESFET is driven by the radio
frequency (RF) input signal, while the l|ocal oscillator (LO input signal
drives the gate of the top MESFET. The output of the m xing of the RF and
LO si gnal spesravahhedl £s hetmmend he caseasded YESEEImPDE MMr Xor e qut put

of the m xed signals, the internmediate frequency (IF) signal, is then
anplified egignah.lF anplifier configured in a conmon source node. A nore
reliable conversion gain results, because the IF anplification is not done
through the top MESFET of the cascode network, as in the traditional dual

gate mxer but through a se arate co urce anplifier. The dual gate
ni xer suffers fFPom t'rfar?"n J54 i3y gmélgﬁ vaFFatT e ot RHSR/GOPSE the t op

VESFET as i seussedsoneviqushy ;d R addibban. Ehe, dial naderaauice voltage of

this commphi source anpll fler 1 S muc I ned when conpare

d t f h |
rain-to-sqQurgeayohd age-1p tﬁéﬁ%ﬂo%qe%%%r%ea fnC@%o%eeZOB Fromanag%a Hait

gate configuration. QO P3=I1P3+Gin ---- (2) Eqn (2)
can be seeghtibat pibpddes comtensjeoninoprbbesdualicgatieat sthenorasednduich ande
corresponding increase in OP3 wll be increasingly difficult to neet the

|1 P3 specibfcahéoMESFET is flatter for a larger span for Vgs variation.
This change implies fundamental process changes, however. U.S.
Patent 5,640,692 (Bothorel) discloses the addition of an
attenuator before the mixer to provide a lower third order
intermodulation suppression. U.S. Patent 5,060,298 (Waugh et
al.) provides a double balanced mixer with an active distributed
balun, which results in a high third order intercept point. U.S.
Patent 4,949,398 (Maas) provides a GaAs MESFET mixer in which the
resistive channel of the MESFET is used to approximate a time-
varying liner resistor to improve intermodulation performance.
U.S. Patent 4,845,389 (Pyndiah, et al.) discloses a traditional
dual gate mixer which adds an inductor at the junction point of
the two transistors. U.S. Patent 5,306,969 (Kimura) provides a
dual-gate mixer in which the two FET’s have different

transconductances.



Eqn (3) gives the formula for the conputation of overall QO P3Tc241 F}Q@ﬁﬁ
system provided that each of the n stages has the port end 50 ohm niat d.
OP3Total [ ( OP3n) + ( AOP3N_1 *Gn) +. . . +( plP3L * & . .

) ~ where OTP3, G are in power units, Glog-1 { G 10B) y (3) (fo
conversion to power units) ---- (4) Egn (3) is reduced to Eqn (5) for a
receive front end (RFE) systemas represented in FIG 2. O P3RFE ~ (

O P3~yi xer ) ( O P3~A GM xer ) , (5) Egn (5) is an approximtion when
dealing with an MM C RFE in which the inter-stage matching is not 50 ohm

2 ~FE ~ 2003 -11 From Eqn (5) we can seE it is crucial to i nprove the

O P3M xer of the dual gate mxer as this will have a direct inpact on the
overal | O P3RFE of the RFE. In npbst situations the O P3LNA i s reasonabl e)
such that the second term of E IS, Ry conpared to the first
term This only is true if theggyggéy GT fqu xer |s nalntalned at sone
reasonable level. If OP3M xer can be |nproved it wll nmean that we can
afford to have nore overall gain margin, while nmaintaining the |1 P3RFE. The
circuit of the pteseninidstvpiid @T ithedpsegbad toveaviom to ghrdtiRE aVefiker
often the constraints to overall DIPS are caused by the conventional m xer
havi ng goodizenvershan el h Ixute lowighP3. tToRdenrdonal MO AT igat e

m xers usually suffer fromlow O P3 when conpared to, their Low Noise
Anplifier EPRBFCEBURR FPRArd MO8 HOPHSE CORVEFSIOR $Rai™- is not al ways good
because it nmakes the 11 P3 nore difficult to achieve. The present invention
achi eves good O P3 with reasonabl e conversion gain which is ideal for usage

wWth a two stagsngé\ieepeéﬂ)p&@%fsf&%\gnpheséh@ 1gveﬂ-tbf<51@f9§ %o 53}0%1%%8' 2gn Wi |

provide nore of a design margin f overal | conversion gain ery often

the conver gi@pu@ai whidée dMeniRdss edeléQhﬁiSQQmpﬁn@xﬁ@@,r durrrest iR doieRidt
| P3 specification. Therefore, for this present invention there is no need

for attenuabi entoésgehokes. the output of IP3 of the mixer is better than
t he conventional dual gate configuration
A further object of the present invention is to provide a
circuit which can be implemented in another field effect

technology such as complimentary metal oxide semiconductor (CMOS)

technology.

A yet further object of the present invention is to provide
a circuit which can be modified into a double balanced structure

or can be used as a frequency-up converter.

These objects have been achieved by providing a new
downmixer coupled where the intermediate frequency (IF) is
extracted at the midpoint between two metal epitaxial field
effect transistors (MESFET) of the downmixer and by adding a
common source mode IF amplifier which is coupled to that

midpoint.



~ 1 FE3 ~Q-~ -12 Referring nowto FIG 4, we describe the prefeg reg .
enbodi nent of the invention. The conponents of a high frequenc;iﬁi EB 2003
circuit 401 consist of a radio frequency (RF) matching network 311, a
buffer/interstage matching network 312, a dual gate m xer 411, an

internedi ate frequency (IF) anplifier 412, and an out put matchi ng network
320. The dual-gate m xer 411 and |IF anplifier 412 together conprise the
downm xer 402. Network 312 is made up of a local oscillator (LO buffer 313
foll owed by an Interstage nmatching network 314. Both network 311 and 312
are of conventional design. The RF matching network 311, with input RFin,
and the buffer/interstage matching network 312, with input LOin, are used
for suppression of even order internodul ation. The output of 311 and 312
feeds inputs Gl and & of guglr gakeribxein4dd, THESREGiING Y. The dual -gate
m xer frequency shifts the two input signals at GL and & to an

internedi ate frequency (IF) signal and provides an input for the IF
anplifier 412. The IF anplifier produces an anplified output of that IF
signal at out pufI¢. Aot puEpiaioéhthg Aeeqesiey 0L s tooidvddoad ofo teot put Y
mat ches the_ i npedance of output Y to_the inpedance of output |IFout. O her

i nputs to SN HATT ddifdicy rerBPdEl prELPR RFRAYCHSH t age supply and a
reference potential (Gound in the preferred enbodinent). Still referring
to FIG 4, the dual-gate m xer 411 consists essentially of two netal

epi taxial fiel dgfffect; d rANSIH 96Se1 BEoEEB 1 dBrdVERFENRME 130 pMne Ena
connected in a cascode manner  where 311 and 314 set the DC bias for the
gates of MoangdiMng r@&pqg@thlrﬁqu@gagrgbéﬂgl§ll now in greater detail,
resistor R2, paralleled by capacitor C2) 1s connected at one end to the
reference potential (Gound) and at the other end to the source S1 of
MESFET ML. The gate of ML is connected to input GL. The drain of Ml is
connected to t helGoutr ded of NESFEF BRadThe pbidhith it edauancangineri §f the

| abel ed X and is the output of the dual-gate m xer 411. The gate of M2 is
connect ed Po*Phpit G2. The drain D2 of M2 is connected to the power supply
Vdd and to capacitor C4, which in turn is connected to the reference
potential Gid. The IF anplifier 412 is made up of the foll ow ng conponents.
Capacitor Cl, agfdng ass & inel (CHiEEREM(EE)a M@k’fr@%%%%? miQe@UBRUERK
and in turn connects to resistor RL and the gate G3 of SFET MB. Resi stor
Rl, which pypfentdy dndtgBmdntodrS thkehprégedd Kokentiwrovi des the DC bias for
the gate of M3. The other end of resistor RL connects to the reference
potential. Resistor R3, in parallel with capacitor C3, connects between the
reference potential and the source of MESFET MB. The drain_of M connects
to output Y of ¥He I1F e idatedledufpbfuitidlagicd (He oot L&PINPERY
frequency nixer 401. IF anplifier 412.produces,. fromthe I.F_signal at
output % BRAGhTH 15 RE A5 BUPAARC:  Chndl PR AL P8 t o
acting as a DC bl ock also functions to alternate current (AC) couple the IF
signal of output X to the 2 1 FEB 2043 -14 gate of the MESFET of IF
amplifier 412, pfcamlid i£ldedbd 1ie8 e9pELIYr @ThRSand SOETHA O Y-eguanpli fier
and provides a nore reliable gain from MESFET M3 because it operates in the
sat ur ati onmiegr omf tWeerpraica gal., of frequency Fl, is applied to input
RF-in and a signal, of frequency F2) is applied to input LOin, the signal
at output X of the dual-gate mxer is an |F signal with a frequency equal

to the difference between the frequencies of the LOin input and the RF-in
i nput . DESCRIPTION OF THE PREFERRED EMBODIMENT

A conventional wmixer, like the dual gate mixer as described
in FIG. 3, where the RF and LO signals combined and the output is

taken from the drain of the top MESFET M2 in the dual mixer,



Qut put matching network 320 connects to output Y and provides i@e}qap%e%yng
mat'chi ng between output Y and output |F-out. Qutput matchi ng network 32 S
of traditional design and well understood by those skilled in the art and
is, therefore, not described further. 2 1 FEB 2003 -15 To highlight the
useful ness of the preferred enbodi nent of the present invention, sinmulation
results are tabulated in TABLE 1. TABLE 1, conparison of sinmulation results
bet ween new and traditional downm xer. DescriptionNew Downm xer as in FIG
5Traditional typical fromtoDownm xer as in FIG 6Conversion Gin

(dB) 109117. 51 mage- Band Att. (dB)8.3897. 8Drai n Current (mA)11. 8111311. 50 P3,
out put 1P3 (dBm Pin=-40dBnR1. 719238.611P3, input |IP3 (dBm

Pi n=-40dBn1l1. 710121. 1Local Leak Level (dBm) at RF-in

port - 21- 23pt8vide ONoi s @ deigunhe rdd BriRo81¢ 18100 BRFS 19N 1 etlumew @pproach to
(dB) 25.4203037.8LO-in return | oss é‘d82§24. 72030401 F-out return | oss

(dB) 29. 825293841 FF &C SsshGAS e HEFHETed ¢ifleuite RHHmMGHhé repntihat ed
new downmi xer. The_ci.rcuyit 5.s,the sane as that of Fl he
only diffeP8htesid (it g Mﬁ%nﬁnﬂeg\%rgrﬁiﬂ of grhe' Botton Missr i

The drain of the top

an
This is the point marked X in FIG. 3.

MESFET is now hooked up
of the bottom MESFET is
signal, while the local
gate of the top MESFET.

LO signals is available

directly to the power supply. The gate

driven by the radio frequency (RF) input

oscillator (LO) input signal drives the
The output of the mixing of the RF and

between the cascaded MESFET (point X).

The output of the mixed signals, the intermediate frequency (IF)

signal, is then amplified via an IF amplifier configured in a
common source mode. A more reliable conversion gain results,
because the IF amplification is not done through the top MESFET
of the cascode network, as in the traditional dual gate mixer ,
but through a separate common source amplifier. The dual gate
mixer suffers from gain instability due to variation of the Vg
of the top MESFET as discussed previously. 1In addition, the
drain-to-source voltage of this common source amplifier is much
better defined when compared to the drain-to-source voltage of
the top MESFET of the cascode network of a dual gate

configuration.

OIP3=IIP3+Gain



buffer/interstage nmatching network 312 are shown in detail. These matching
networks are of traditional design and well 2 ~ FE-3 20U3 -16 dhdeFEBOﬂﬁ3
by those skilled in the art and are, therefore, not described further. FIG
6 shows the detailed circuit diagramof the traditional downm xer. The
circuit of FIG 6 is the sanme as that of FIG 3) the only difference is
that RF matching network 311 and buffer/interstage matchi ng network 312 are
shown in detail. These nmatching networks are identical to those of FIG 5.
For those skilled in the art the downni xetOcan al so be inplenented in
another field effect technol ogy conplinentary netal oxide sem conductor
(CMOS) downm xer 402 conprised of dual-gate m xer 411 412 descri bed
heretofore can al§p g i Ml anent, P@lageed ShEHCEHM €L OT &AM LG4 Iof YRl be
used conversion. such as technology. The and IF anplifier sd in a double
for frequeagyiugaddei keynhahawddaga tdf nbhesrpeesendinvadtikd S hatpsi t
provides a good O P3 at a reasonable gain. Although this high gain mxer is
desi gned andlbpbe muzeadcdomdlye didfdrede toIm&elz fheqlePtyspdadifdamtieneasily
tuned to function at other w rel ess phone applications of frequencies from
800 MHz toEsng{&H9ivete i FamudasifgiedheoChpBPRl 2 en i ¢t vwereddayIfldast.iic
package for | ow cost manufacturing., This jnvention also prqvide a m xer
Rircuit thRF GPY1Yala BRGHASA PG BREBr Of nt BF nBdti 284%mas thel gl 2403

end 50 ohm matched.

1 Sl g 1 Vo 1
OIP3y0ias 0IP3,"  OIP3,,*G

n

where 0IP3, G are in power units,

G’(dB)}

=log 1{
G=log To

(for conversion to power units) ---- (4)

Egqn (3) is reduced to Eqn (5) for a receive front end (RFE)

system as represented in FIG. 2.

1 1 1
1 - + ) - (5
OIP3prg [ OIPBMMM) (OIPJUM* Gi ) 5)

1xer

Egqn (5) is an approximation when dealing with an MMIC RFE in

which the inter-stage matching is not 50 ohm.



-17 suppression and a nore robust conversion gain. In addition, i&
elimnates the need for external conponents, such as inductors 20 &&B 2803
chokes. Furthernore the present invention can be inplenented in another
field effect technol ogy, such as the conplinentary nmetal oxide

sem conductor (CMOS) technology or it can be nodified into a double

bal anced structure or can be used as a frequency-up converter. Wile the
i nvention has been particularly shown and described with reference to the
preferred enbodi nents thereof, it will belunderstood by those skilled in
the art that various changes in formand details may be nade w thout
departing fromthe spirit and scope of the invention. -18 - 21 February
2003 What is clained is 1. A high fregquenc nixg{ circuit with a radio
frequency (RF) PRYBHTIHY (Rt Wit 1637 (?leesﬂlgpﬁﬁséf‘éﬁl% of© eVl Biudre

| nter modul gthon, W th @n ippyt R p;gad ao gg%@%ilf M% & /d ML SLAGS -

mat chi ng net wo¥Ke*for suppression of even or i nternmodul ati on,” W th¥an

i nput LO-i BhapHe advOdPUtorA) 2 SoWNHE X&E . f ah hoeauenesatbhti fge tO184)

i ntermedi ate frequency (IF) Signal and anplifying said IF signal, wth &f

i nput Gl, aadréapotaldk, andhanhaut pue ¥ecdbdaveoutpitEqrat ¢hi ng network wit h
an i nput connected to said output Y, and an output |F-out, said output

mat chi ng néR@abeRifbrammtainayachde o pedahcet ofesai d Bukpurnly dfs saiug if
downm xer to the inpedance of said qQutput |F-out; 20 a power. supply; and a

p
reference pBEeRIFEN FiH Gukput Sofad B8 BEAnAt PPy TRAIMIALYS 1cidect éd to

sai d 25 1BbaCL Sag QRN Slo® 3k RYLT RLLNERLSN ARSI NS ALK 1o

more overall gain margin, while maintaining the IIP3pp..

The circuit of the present invention is designed to have a
high OIP3. Very often the constraints to overall OIP3 are caused
by the conventional mixer having good conversion gain but low
OIP3. Conventional MMIC dual gate mixers usually suffer from low
OIP3 when compared to their Low Noise Amplifier (LNA)
counterparts. A higher conversion gain is not always good
because it makes the IIP3 more difficult to achieve. The present
invention achieves good OIP3 with reasonable conversion gain
which is ideal for usage with a two stage LNA design as shown in
FIG. 2. Therefore, this design will provide more of a design
margin for the overall conversion gain. Very often the
conversion gain in the RFE is suppressed in order to meet the
input IP3 specification. Therefore, for this present invention
there is no need for attenuation of gain as the output of IP3 of
the mixer is better than the conventional dual gate

configuration.



30 said downm xer further conprises -19 - 21 February 2003 a dual -gate

m xer, for frequency shifting to said IF signal, with said inp d
input G, and an output X; and 5 an |F anplifier, to anplify sggqlilE—B%lﬂgl
signal, with an input and said output Y, said input of said IF anplifier
connected to said output X 10 wherein said dual -gate m xer conprises . a
first resistor with one end connected to said reference potential; 15 a
first capacitor with one end connected to said reference potential and the
ot her end connected to the other end of sakd first resistor; a first netal
epitaxial field effect transistor (MESFET) 20 having a source-drain path
and a gate, said source-drain of said first MESFET connected between the

other end of saickdifisly Y $L0k18N0,S3d QU pLind el Salcd,gat e of said
first MESFET connecte o0 said input @; 25 a second SFET having a

sour ce- dr aédbR@taerdnd a ¥t 8nveakdofour ege didhgbridids off saind gheg¢erduMESFET
connected between said output X and said power supply, and said gate of

sai d secondiMsSKERr@onnediedongisai dfi apuddia; frfhed3tya (REFQondtecapagi t or
connected between said drain of said second MESFET and said reference
pot enti al . n@twae Hil.c@ PUegl/anketstagiervd rciaig netwari i3flider acdnpli-ses

gate mixer 411, an intermediate frequency (IF) amplifier 412, and
an output matching network 320. The dual-gate mixer 411 and IF
amplifier 412 together comprise the downmixer 402. Network 312
is made up of a local oscillator (LO) buffer 313 followed by an
Interstage matching network 314. Both network 311 and 312 are of
conventional design. The RF matching network 311, with input RF-
in, and the buffer/interstage matching network 312, with input
LO-in, are used for suppression of even order intermodulation.
The output of 311 and 312 feeds inputs Gl and G2 of dual-gate
mixer 411, respectively. The dual-gate mixer frequency shifts
the two input signals at G1 and G2 to an intermediate frequency
(IF) signal and provides an input for the IF amplifier 412. The
IF amplifier produces an amplified output of that IF signal at
output Y. An output matching network 320, connected to output Y
matches the impedance of output Y to the impedance of output IF-
out. Other inputs to the high frequency mixer circuit are a
voltage supply and a reference potential (Ground in the preferred

embodiment) .

Still referring to FIG. 4, the dual-gate mixer 411 consists

essentially of two metal epitaxial field effect transistors



-20 - 21 February 2003 a first capacitor with one end connected toziii,_eth
output X; 5 a first resistor with one end connected to said refere

potential and the other end connected to the other end of said first
capacitor of said IF anplifier; a second resistor with one end connected to
said 10 reference potential; a second capacitor with one end connected to
said reference potential and the other end connected to the other end of

said second resistor of said IF anplifier; and 15 a MESFET having a
source-drain path and a gate, said sourceddrain of said MESFET connected

bet ween the other end of said second resistor of said IF anplifier and said
out put Y of said downm xer, said gate of said MESFET connected to the 20

other end E§§%fngrng§%B90|%%ngf sald lgg§%§&éfégﬁﬁ &_Q% QHHCUI of

claim1l, erein when a S|gnal re uency is a to said |np ut

RF-in and g 8i ghalonofpd heGueneY Ehe bacappbi & toheaid r'&lﬂ}ede@vbﬁl the
signal at 25 said output X of said dual-gate mxer is said IF S|gnaV wth a

frequency egsedibing ha diddwerienegecbebweantabe, fresgisinmt a2 0fpasaiidel@di Bput
and said RF input. 4. The circuit of claim1l1, wherein said IF anplifier 30
produces, ¢apassedd dF sisgranngctedi dtoanpuend, tartkpiafaedcs goaknatasai d
output Y. 5. A high frequency m xer circuit with -21 - 21 February 2003 a
radi o freq&%ﬁ%@n?¢¥%nqnﬁ Iﬁhﬁgoﬁéﬁﬂbﬁﬁd F@rtgﬁpﬁﬁ%ﬁﬁﬁ(ﬁ4-dﬁfé@@ﬁﬂﬁ?ﬂér The

i nt ernodul atj on th an in g §F in.,and_ap. 5 t X ?ﬁyllnterstage
mat chi ng n%?%@w?qu EW§§ £5n €8t 1858k g}der t ﬁ%ﬁﬁj of® with an
I nput LC}IQOE%E%EEH(%HF%Hé source of MESFET M2. The point between M1 and
M2 is labeled X and is the output of the dual-gate mixer 411.
The gate of M2 is connected to input G2. The drain D2 of M2 is

connected to the power supply Vdd and to capacitor C4, which in

turn is connected to the reference potential Gnd.

The IF amplifier 412 is made up of the following components.
Capacitor C1, acting as a direct current (DC) block, connects to
output X and in turn connects to resistor R1 and the gate G3 of
MESFET M3. Resistor R1l, which typically ranges from 5 Kohm to 10
Kohm, provides the DC bias for the gate of M3. The other end of
resistor R1 connects to the reference potential. Resistor R3, in
parallel with capacitor C3, connects between the reference
potential and the source of MESFET M3. The drain of M3 connects
to output Y of the IF amplifier, output Y is also the output of
high frequency mixer 401. IF amplifier 412 produces, from the IF
signal at output X, an amplified signal at output Y. Capacitor
Cl in addition to acting as a DC block also functions to

alternate current (AC) couple the IF signal of output X to the



10 a downmi xer, for frequency shifting to an internediate fre 3nféﬂ(é@&
signal and anplifying said IF signal, with an input GlL, and igg t ,Cvead
an out put Y; an output nmatching network with an input connected to 15 said
output Y, and an output |IF-out, said output matching network for matching

t he i npedance of said output Y of said downm xer to the inpedance of said
out put I F-out; a power supply; and 20 a [ﬁﬁgrence potential; said output of
said RF matching network is connected to Ssaid input Gl; 25 said output of
said buffer/interstage matching network is connected to said input &; said
downmi xer dad her RNPiEsses or30raadyal £ gat e 19 Xerrr f@ipifireguengy shifting
to said IF signal, with said input Gl, said input &, and an output X, and
-22 - 21 Feditarure20@3 ancbRmanpkofires , ahpl B fands airdbviiBesi gnabrewi t h an
input and said output Y, said input of said IF anplifier connected to said
out put X. Beblabiife a&inc firemoMEEFRT N5, bewr @t ni ts ARE1FAS- gat hai xer
conprises . a first resistor with one end connected to said reference 10

potential.saturatlon region.

When a signal, of frequency F1l, is applied to input RF-in
and a signal, of frequency F2, is applied to input LO-in, the
signal at output X of the dual-gate mixer is an IF signal with a

frequency equal to the difference between the frequencies of the

LO-in input and the RF-in input.

OQutput matching network 320 connects to output Y and
provides impedance matching between output Y and output IF-out.
Output matching network 320 is of traditional design and well
understood by those skilled in the art and is, therefore, not

described further.



a first capacitor with one end connected to said reference potzen,t gb mﬂg
the other end connected to the other end of said first resist rst
metal epitaxial field effect transistor (MESFET) having a source-drain path
and a gate, said source-drain of said first MESFET connected between the
other end of said first resistor and said output X, and said gate of said
first 20 MESFET connected to said input G; a second MESFET having a
source-drain path and a gate, said sourcesdrain path of said second MESFET
connect ed between said output X and said power supply, and said gate of
said 25 second MESFET connected to said input &; and a second capacitor
connected between said drain of said second MESFET and said reference
potential. 30 7. tphgighT it @f: char Reshsy @ink pabdetFe@Midddi®ence of
conprises a first capacitor with one end connected to said output X -23
- 21 Februarghe@@3sant i risterrtasinst eimud & hi @neresnd teoanect @i tax esAiih TABLE
reference potential and the other end connected to the other end of said 5
first capacitor of said IF anplifier; a second resistor with one end
connected to said reference potential; 10 a second resistor with one end

connected to sai ere t
ot her end of sa: éggo%d%?%]lgﬁéggé dgéﬁi&ijyadﬁ P?%Fggg g aqu%EEg aV|ng

a source-drain patch and a gate, said 15 source-drain of sald VESFET
connect be s resistor sai rfrer

and said dquiput .Y of sai d downm xXr, said gate of sal d_IVESFET connected fo
the ot her |SPGRPEAPY first capac) NBY HEWEEPEY BSaiB| Fffer> | Traditional
Downmixer as
typical from to in FIG. 6
Conversion Gain (dB) 10 9 11 7.5
Image-Band Att. (dB) 8.3 8 9 7.8
Drain Current (mA) 11.8 11 13 11.5
OIP3, output IP3 (dBm) 21.7 19 23 8.6
Pin=-40dBm
IIP3, input IP3 (dBm) 11.7 10 12 1.1
Pin=-40dBm
Local Leak Level (dBm) -21 -23 -19 -17.9
at RF-in port
Noise Figure (dB) 12.3 11 13 11.8
RF-in return loss (dB) 25.4 20 30 37.8
LO-in return loss (dB) 24.7 20 30 40
IF-out return loss (dB) 29.8 25 40 34.7

FIG. 5 shows the detailed circuit diagram of the simulated
new downmixer. The circuit of FIG. 5 is the same as that of FIG.
4, the only difference is that RF matching network 311 and

buffer/interstage matching network 312 are shown in detail.

These matching networks are of traditional design and well



20 8. The circuit of claim7, wherein said first capacitor of 22"10' kﬁ
anplifier is a direct current (DC) bl ocking capacitor. 9. The r E gqﬂa
claim7, wherein said first capacitor of 25 said IF anplifier is used to
alternate current (AC) couple said IF signal to said gate of said MESFET of
said I|F anmplifier. 10. The circuit of claim?7, wherein said IF anplifier is
30 configured as a common source anpli figg -24 - 21 February 2003 11.
The circuit of claim7, wherein said first resistor of said IF anplifier
produces a bias voltage for said gate of said MESFET of said IF anplifier.
5 12. The circuit of claim7, wherein said first resistor of said TF
anplifier is in the range of 5 Kohmto 10 Kohm 13. The circuit of claimb5,
wher ei n saidddownPrk dry hdese cirivéedi on ghénaith amd aehgdhsfreFadBm notll
dBm 10 14. The circuit of claim5, wherein said downm xer has an out put

i nt er nodul 4eFeRPROAUBIEREE-P3) in the range of 19 dBmto 23 dBm 15 15. The
circuit of claim5, wherein said dowm xer has a input internodul ation
product (11P3) in the range of 10 dBmto 12 dBm 16. The circuit of claim
5, wherein sai dydounyri s, NagR 28 5h0LA! oLeaki LeyBlotn Sl & dIRYa s bRaL N
the range of -23 dBmto -19 dBm 17/. The circuit of  claimb5, wherein sai

downmi xer R3sndik@F se THOwia-duidt be rFangesof s 1dhéBdme 1k dhat2%r1816Ths,
circuit of claim5, wherein said dowm xer has an RFin return loss in the
range of 260hdBonby 30iftfRrekfre Tfiwe thiatcBFt maf cloliag mé;warierddiln ags@ d downm xer
has an LO30 in return loss in the range of 20 dB to 30 dB.
buffer/interstage matching network 312 are shown in detail.

These matching networks are identical to those of FIG. 5.

For those skilled in the art the downmixer can also be
implemented in another field effect technology such as
complimentary metal oxide semiconductor (CMOS) technology. The
downmixer 402 comprised of dual-gate mixer 411 and IF amplifier
412 described heretofore can also be implemented in a double
balanced structure or can equally well be used for frequency-up

conversion.

The key advantage of this present invention is that it
provides a good OIP3 at a reasonable gain. Although this high
gain mixer is designed and optimized for the Japanese 1.9 GHz
frequency, it can be easily tuned to function at other wireless
phone applications of frequencies from 800 MHz to 5.8 GHz. The
chip is designed to be fitted into a cheap plastic package for
low cost manufacturing. This invention also provide a mixer

circuit that will have a higher third order intermodulation



20. The circuit of claims5, wherein said downnixer has an | Fout 'Qef FfB NS
in'the range of 25 dB to 40 dB. -25 - 21 February 2003 21. A high
frequency mxer circuit, with 5 a radi o frequency (RF) nmatching network,
for suppression of even order internodulation, with an input RFin and an
output; a buffer/interstage matchi ng network, for suppression of 10 even
order internodulation, with an input LOin and an output; a downm xer, for
frequency shifting to an internedi ate frelglency (I F) signal and anplifying
said IF signal, with an input Gl, and input &, and an output Y; 15 an

out put mat ¢hi twork .t i C id t .Y, .and. an
out put IF-%%%éggéngﬁgﬁﬁguﬁ ﬁggghkgggﬁgtgg?ﬁgééﬁgéégéﬁﬁ'nggﬁhgﬁﬁﬁgéaghcé@of

said out puti ¥niafarsal drdoweriaxebrt 8xt Benh Mpedanses afs saiudnoukpyhaliEr Q4L ; 20
a power supply; and a reference potential; 25 said output of said RF

mat chi ng ne¢work diskesnnected to said input Gl; said output of said
buffer/interstage matching network is connected to said input &; 30 said
downm xer further conprises:

Furthermore the present invention can be implemented.in
another field effect technology, such as the complimentary metal
oxide semiconductor (CMOS) technology or it can be modified into
a double balanced structure or can be used as a frequency-up

converter.

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.



-26 - 21 February 2003 a dual -gate m xer, for frequency shifting to said IF
signal, with said input GlL, said input &, and an output X; and 5 an IF
anplifier, to anplify said IF signal, with an input and said output Y, said
input of said IF anplifier connected to said output X. wherein said

dual -gate m xer conprises . 10 a first resistor with one end connected to
said reference potential; a first capagitor with one end connected to said
15 reference potential and the other end connected to t AP 2083d of sai d
first resistor Wh%tfiésélarﬁteﬁl igpitaxial field effect transistor (MESFET)
having a source-drain path and a gate, said source-drain of 20 said first
MESFET connected between the other end of said first resistor and said
output X, jand sai d; gat & -Rfuesdl dnfidstc i MESEET, Gennected to said input Gl; a
second MESFET having a source-drain path and a gate, 25 said source-drain
path of said sé&cdRdiIRESFEIURRSINEFSd MBEECERN ReHWPTBut FAY XuRPKESSdiod power
supplys ang sajdh 98f&0f i S8l thaRaa0doVESHEIL cannectRd torsa| dahdpyh, &2, and
30 a second capacitor connected between said drain of said second MESFET
and sai d P¥8PBhce potential . -27 - 21 February 2003

a buffer/interstage matching network, for suppression of

even order intermodulation, with an input LO-in and an output;

10
a downmixer, for frequency shifting to an intermediate
frequency (IF) signal and amplifying said IF signal, with an
input G1, and input G2, and an output Y;

15 an output matching network with an input connected to
said output Y, and an output IF-out, said output matching
network for matching the impedance of said output Y of said
downmixer to the impedance of said output IF-out;

20 a power supply; and

a reference potential

said output of said RF matching network is connected to said

25 input G1;

said output of said
buffer/interstage matching network is connected to said input
G2;

30

said downmixer further comprises



22. The circuit of claim2l, wherein said downm xer can be inplenmented in
another field effect technol ogy such as conplinentary netal oxide

sem conductor (CMOS) technol ogy. .AF. AFl. ALl .A33?. AY. Al 2 . Al _.AY. AY, 3l

. AF

.AY2 . AFY . AFIE . A3[I|. AAF. AF . AF9. As. A?. A. As. Ase. As, . A. A. AsR As467Je '/ Q
<Hf g} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a] c<a] c"@l! +- Tcg&S @ESqI

}xsni d*Yni d_Z] caV] ca] ca] ca] ca] ca] ca] ca?c" a] ca 21 February 2003

V] cMaV] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] c"a]ca] ca]ca]ca]ca

10

15

20

25

30

a dual-gate mixer, for frequency shifting to said IF
gignal, with said input G1, said input G2, and an output X;

and

an IF amplifier, to amplify said IF signal, with an input
and said output Y, said input of said IF amplifier connected

to said output X

wherein said dual-gate mixer comprises

a first resistor with one end connected to said reference

potential;

a first capacitor with one end connected to said
reference potential and the other end connected to the other

end of said first resistor;

a first metal epitaxial field effect transistor (MESFET)
having a source-drain path and a gate, sgaid source-drain of
gaid first MESFET connected between the other end of said
first resistor and said output X, and said gate of said first

MESFET connected to said input G1;

a second MESFET having a source-drain path and a gate,
said source-drain path of said second MESFET connected between
gsaid output X and said power supply, and said gate of said

second MESFET connected to said input G2; and

a second capacitor connected between said drain of said

second MESFET and said reference potential.

2. The circuit of c¢laim 1, wherein said IF amplifier

comprises



*-2]JnWCOS 5 ¢ ITHfII1"~ytoje [V]ca] ca]ca]ca]ca]ca]ca]lcalca]calc alc
a] ca] ca] ca] ¢ a] ca] ca] ca] c"a] ca] ca] caV]ca]ca]ca]c

alcaV]ca]calcalcaV]ca! "' "c""" ##$$$$$15h$$$$492% %886
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T S10%SS& () - #109%&' () - 9010%& () -/ QHi K- Y'"SH10%&' ()-m ! 109 () -
37 10%& ()-F109%&' ()-Y 109%& ()- 109& () - i
F109& () - HORSTIR* T§CRd 0 #@PeFi RRD 10HFYV6: PROYEETS - Porgegheg (5o gsaid
10%& () - YrerdO8ed ) poftHn®t A0YEnG) the J&EHES Tdrd SHIAMMe L E¥0#H L0 %kie( Jot ¥S# 10%& () -
&L0%&' ()-VYl S#H10%' ()-g 10%& ()-$l 10%& () -4S .

end of said ‘second resistor of said IF amplifier; and

15
a MESFET having a source-drain path and a gate, said
source-drain of said MESFET connected between the other end of
said second resistor of said IF amplifier and said output Y of

sald downmixer, said gate of said MESFET connected to the

20 other end of said first capacitor of said IF amplifier.

3. The circuit of claim 1, wherein when a signal, of
frequency Fl, is applied to said input RF-in and a signal, of
frequency F2, is applied to said input LO-in, the sgignal at
25 said output X of said dual-gate mixer is said IF signal with a
frequency equal to the difference between the frequencies of

gaid LO input and said RF input.
4. The circuit of claim 1, wherein said IF amplifier
30 produces, from said IF signal at said output X, an amplified

signal at said output Y.

5. A high frequency mixer circuit with
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a radio frequency (RF) matching network, for suppression
of even order intermodulation, with an input RF-in and an

5 output;

a buffer/interstage matching network, for suppression of

even order intermodulation, with an input LO-in and an output;

10 a downmixer, for frequency shifting to an intermediate
frequency (IF) signal and amplifying said IF signal, with an

input Gl, and input G2, and an output Y;

an output matching network with an input connected to
15 said output Y, and an output IF-out, said output matching
network for matching the impedance of said output Y of said

downmixer to the impedance of said output IF-out;

a power supply; and

20
a reference potential;
said output of said RF matching network is connected to
said input Gl1;
25
said output of said buffer/interstage matching network
is connected to said input G2;
said downmixer further comprises
30

a dual-gate mixer, for frequency shifting to said IF
signal, with said input Gl, said input G2, and an output X;

and
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an IF amplifier, to amplify said IF signal, with an input
and said output Y, said input of said IF amplifier connected

to said output X.

6. The circuit of claim 5, wherein said dual-gate mixer

comprises

a first resistor with one end connected to said reference

10 potential;

a first capacitor with one end connected to said
reference potential and the other end connected to the other
end of said first resistor;

15

a first metal epitaxial field effect transistor (MESFET)
having a source-drain path and a gate, said source-drain of
said first MESFET connected between the other end of said
first resistor and said output X, and said gate of said first

20 MESFET connected to said input G1;
a second MESFET having a source-drain path and a gate,
said source-drain path of said second MESFET connected between
said output X and said power supply, and said gate of said

25 second MESFET connected to said input G2; and

a second capacitor connected between said drain of said

second MESFET and said reference potential.

30 7. The circuit of claim 5, wherein said IF amplifier comprises

a first capacitor with one end connected to said output
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a first resistor with one end connected to said reference
potential and the other end connected to the other end of said

5 first capacitor of said IF amplifier;

a second resistor with one end connected to said

reference potential;

10 a second resistor with one end connected to said
reference potential and the other end connected to the other

end of said second resistor of said IF amplifier; and

a MESFET having a source-drain patch and a gate, s=aid

15 source-drain of said MESFET connect between the other end of
said second resistor of said IF amplifier and said output Y of
said downmixer, said gate of said MESFET connected to the

other end of said first capacitor of said IF amplifier.

20 8. The circuit of claim 7, wherein said first capacitor of
said IF amplifier is a direct current (DC) Dblocking
capacitor.

9. The circuit of claim 7, wherein said first capacitor of

25 said IF amplifier is used to alternate current (AC) couple
said IF signal to said gate of sgaid MESFET of said 1IF

amplifier.

10. The circuit of claim 7, wherein said IF amplifier is

30 configured as a common source amplifier.
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11. The circuit of claim 7, wherein said first resistor of
said IF amplifier produces a bias voltage for said gate of

said MESFET of said IF amplifier.

5 12. The circuit of claim 7, wherein said first resistor of

said IF amplifier is in the range of 5 Kohm to 10 Kohm.

13. The circuit of claim 5, wherein said downmixer has a

conversion gain in the range of 9 dBm to 11 dBm.

10
14. The circuit of claim 5, wherein said downmixer has an
output intermodulation product (OIP3) in the range of 19 dBm
to 23 dBm.

15 15. The circuit of claim 5, wherein said downmixer has a

input intermodulation product (IIP3) in the range of 10 dBm

to 12 dBm.

16. The circuit of claim 5, wherein said downmixer has a
20 Local Leak Level at said input RF-in in the range of -23 dBm
to -19 dBm.

17. The circuit of claim 5, wherein said downmixer has a
noise figure in the range of 11 dB to 13 dB.

25
18. The circuit of claim 5, wherein said downmixer has an RF-

in return loss in the range of 20 dB to 30 dB.

19. The circuit of claim 5, wherein said downmixer has an LO-

30 in return loss in the range of 20 dB to 30 dB.

20. The circuit of claim 5, wherein said downmixer has an IF-

out return loss in the range of 25 dB to 40 dB.
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frequency (IF) signal and amplifying said IF signal, with an
input G1, and input G2, and an output Y;

15
an output matching network with an input connected to
said output Y, and an output IF-out, said output matching
network for matching the impedance of said output Y of said
downmixer to the impedance of said output IF-out;
20
a power supply; and
a reference potential;
25 said output of said RF matching network is connected to said
input G1;
said output of said buffer/interstage matching network 1is
connected to said input G2;
30

said downmixer further comprises:
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said output X and said power supply, and said gate of said

second MESFET connected to said input

G2; and
30
a second capacitor connected between said drain of said

second MESFET and said reference potential.
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22. The circuit of claim 21, wherein said downmixer can be
implemented in another field effect technology such as

complimentary metal oxide semiconductor (CMOS) technology.



