P100422 A THRESHOLD VOLTACE (VTH). PONER SUPPLY(VDD), AND TEMPERATURE
COVPENSATI ON BIAS CIRCUI T FOR CMOS PASSI VE M XER. 1. Field of the

I nvention 5 The invention relates to radio frequency (RF) m xers, and
nore particularly to a conpensation bias circuit for use with CMOS
passive mxers. 2. Description of the Related Art Fig. | shows the

bl ock Biq%zﬁam of a passive mxer of the prior art, where I 1 (M) is

he 10 . e i o e ;
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anplifier (bu er)cg%@.{i%ﬁig@ggﬁ%%s z?,ggﬁg%%b@iks in Fig

1, though shown as i nes I"i nes conversion
gain, noise figure, and linearity performance of a CMOS passive
m xer will be varied by the Vth of transistors, the circuit

operating t 2r,at , . power supply variation to the circuit. In
a standard %&%g&léh%o%g%ng],ogt hreshol d vol tage of a deep sub-m cron

transi stor gn. vary as mich as  20% at%éii fferent process corners.
Add? ti onal | @E © IENYPUE BlRd? I@%BF?“\‘}@H BReEngnd mareRariigarly to a
operating tenperature from-35C to 85C worsen the stability of the
var i ousOpRaTsaiandHeecipaitdpmease e thsUiID apassive mieISi on gai n, noi se
figure, and linearity. Refer to Behzad Razavi, RF M croel ectronics,
Prentice Hall PTR, pp. 194, 2000, Thomas H. Lee, The Design of CMOS
Radi o Frequency Integrated 20 Circuits, Canbridge, pp. 331-335, 1998,

and Arvin Ry 1Shehpfion éBh€RetitcdHraef fer, and Thomas H  Lee, ":A 12-nW
W de Dynam ¢ Range CMOS Front-End for a Portable GPS Receiver, "

\ég'_ e g%%. Oz'\L%Bi% g#blgrﬁ&lﬁi g{;\ﬂ%f Alass?0d hifker LRI FdrGH Wiere 11 (MN) is the

10 matching network for the mixer with input IN, 12 (MIXER) is the passive mixer core, and 13
(LOA) is the local oscillator (LO) amplifier (buffer). The MIXER has an output OUT.
Connections in Fig. 1, though shown as single lines, are paired lines. The conversion gain, noise
figure, and linearity performance of a CMOS passive mixer will be varied by the Vth of transistors,
the circuit operating temperature, and power supply variation to the circuit. In a standard CMOS

15  process, threshold voltage of a deep sub-micron transistor can vary as much as = 20%, at different’
process corners. Additionally, the 10% power-supply variation and the circuit operating
temperature from -35°C to 85°C worsen the stability of the various performance parameters such as
conversion gain, noise figure, and linearity. Refer to Behzad Razavi, RF Microelectronics, Prentice
Hall PTR, pp. 194, 2000, Thomas H. Lee, The Design of CMOS Radio Frequency Integrated

20 Circuits, Cambridge, pp. 331-335, 1998, and Arvin R, Shahani, Derek K. Shaeffer, and Thomas H.

Lee, “:A 12-mW Wide Dynamic Range CMOS Front-End for a Portable GPS Receiver,” volume

32, No 12. IEEE Journal of Solid-State Circuits, pp.2061-2070, December 1997.



P100422 Active m xers have anot her set of problens which makes them
equal ly unattractive for use as mxers. In a typical active m xer
the local oscillator (LO input drives a frequency m xi ng stage
(typically conmprising four identical transistors, MO, and arranged
as two_differential anplifier stages, with current | each, and two

| oad rE¥P¥ors, RL) and where the RF input drives a V-to-1 5
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a cur rans

E)sadvanta of active m.xers ar \Vgs-Vih) v Iue of MO is

el 1 ABIARSL o G 2etre 1o Loy Ot onC i B BRI Qs & Yoy miing stage
tenperature. b) The Gnof MRF varies with a different Vth, VDD and

t enper éypicdly ddoppising fonoidegsal/aaisatoreriVios, zﬁﬂ%mﬁgédmct\meﬁif&tmizé aRiplifier
causes conversion gain variations, and d) since current tracks the
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Pat ents whi ch bear on the subject of the present invention are: 1.5
US Pat emivesid3act (Brpichtihaomprighg abo jdeliict uaseso’, PRgsinden dircar sduede with
uses transforner connections which act as passive mxer. US Patent

6,411, r rising two bipol ar
transié?T wﬁ%rgﬁbﬁglgﬁ?ﬁtbﬁsﬁmﬁgg%ﬂﬁ?%1%%%3%ﬂ§§§ﬁ5|stors prOV|des a
bi asing voltage to an external transistor. atent 6,373,3

( Hosoi detthafVes—Ver vakis oh Mugos stlhadusrheying 1ds fiéﬁﬂ)tw%%ﬁﬁ@éﬁrﬁ y tla VDD and
bi pol ar 20 transistor and resistor, both for tenperature
conpensati@psratand a field effect transi st or pl us source resistor.

b) The Gm of Mg varies with a different Vth, VDD and temperature.
10 ¢) A process variation of 20% of load resistors Ry causes conversion gain variations, and
d) since current I tracks the Gm of My when Vth, VDD, and temperature vary, then (Vgs—Vth) of

Mp o will be different with a different Vth, VDD and temperature.

US Patents which bear on the subject of the present invention are:
15 * US Patent 5,936,475 (Tchamov et al.) discusses a passive mixer but uses transformer
connections which act as passive mixer.
¢ US Patent 6,411,154 (Mikulenka) describes a bias circuit comprising two bipolar transistor
where the first of the two bipolar transistors provides a biasing voltage to an external transistor.
e US Patent 6,373,329 (Hosoi ct al.) teaches a two stage biasing circuit comprising a bipolar
20 transistor and resistor, both for temperature compensation, and a field effect transistor plus source

resistor,



2 P100422 US Patent 6,366,071 (Yu) discloses a bandgap reference
circuit where the PTAT and PTVBE currents are summed in a resistive
circuit to generate the bandgap or sub-bandgap reference voltage.

US Patent 6,016,051 (Can) describes an adjustabl e bandgap reference
circuit for low voltage and conpensated for tenperature, conprising
a PTAT 1@t ent source, a bias current source, two 5 resistors and a

whi oh ConpRRET TN Tehst 5 oG e RlE SFER! ook BrierAT tha Prver

transi stor and process paraneters. None of the above cited exanples

of t heCWENEARISWRPeHHGIeasti v Bicylitp generate (iebandgaprrsy bpndeapinsigrenggvoltage.
whi ch woul d stabilize its conversion gain, linearity, and noise

figuree TidePdieras,Mioi0SUI(Camfdesdribep ne sdinstablie busigap oeferare ecdust fohlosy yltage
supplying a tracking bias-voltage to a passive m xer to conpensate

for  vaidahipeAt@l fof Répehings NAnthrisRlgt APPATIEABRIBEME S bidELrRA Surce, two
supply. Wth this technique a passive mXxer, which gives excellent

| i nearji.tivioResfior can be used in nost designs wthout any
di s"‘idv"ggn'%‘tgée{é‘mfﬁﬁﬁ‘% MRY OF THE INVENTION It is an object of at

| east on odi f esent jnventi.on to provide circuits and
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figure of a passive mxer. 20 It is another object of the present
i nvent Yasiatiens, £ ceianngl fraggisfor andiapeass Paraiigiarat i ons t hr ough

None of the above cited examples of the related art provide a biasing circuit for a passive mixer

10 which would stabilize its conversion gain, lincarity, and noise figure. The bias circuit of the present
invention corrects this by supplying a tracking bias-voltage to a passive mixer to compensate for
variations of the threshold voltage, temperature, and power supply. With this technique a passive
mixer, which gives excellent linearity performance, can be used in most designs without any

disadvantages.
SUMMARY OF THE INVENTION

It is an object of at least one embodiment of the present invention to provide circuits and a method
to stabilize the conversion gain, linearity and noise figure of a passive mixer.

20
It is another object of the present invention to cancel Vth and temperature variations through

dynamic DC biasing.



dynam c DC biasing. 3 P100422 1t is yet another object of the
present invention to make the substrate bias of the transistors in
the passive mxer core and the transistor in the bias circuit the
sanme. It is still another object of the present invention to make the
variation of the conversion gain very 5 small and thus to maintain
excel | Bf3% nearity performance. These and many ot her objects have

been aghi eved r.ovi di.ng a bi.asin ircuit for the . assi ve.

i wor - Bdp SRRV PR oE e @R TR 80 B g et EREn oY toe P gin the
the two RF ports, the LO inputs are simlarly fed differentially

from t R&SSIOEFE e dklihe HansistorgythaRias griitdhaiambl e at the | F 10

ports. The m xer core's four transistors have a current flow of near
zero. The biasing circuit conprises a reference current derived from
t he bandgap voltage and a n-channel MOSFET transistor. In one

ver si ol iofill e thur @sjeo@fahd pidkdnt BrveRsdrsiol gk eMBaNG idtidn OO tRl e vireioweein very
the positive side of the power supply and the transistor to

i Nty odyGal RkH @4 f@néﬁ%a'rﬁ&@:eﬁézﬁ@m&ﬁ}ﬁ pifolndntfg the operating

condition of the transistors in the passive mxer core of near zero
current. The conversion 15 gain is stabilized through use of the bias
circuit because the Vgs-Vth value of the passive m xer core

r 0GeSS .Gorners

transi bors remai n_al most constant at all ) _ ' e

t enp eri e5e é'm(émnﬁ §ihsr 0@&8&?‘9"35%&468@@% | 1TOY1 111561.}?1@3}%%@5%}11{ for the CMOS

implenenting Vs in such a way that it will. increase the same anount

as VDDP#EP sHsesOreankhermer e wikE inpee arediad diffarentisdrdroamherivodd parts, the LO

i ncreases. 20 These and many ot her objects and advant ages of the

pr eseninputywengimdnriyidd differeneddi frym appbOeoitstand thnl akpltk et dvailtheatahs IF

to which the invention pertains froma perusal of the clains, the

appendgslts. The mixer core’s four transistors have a current flow of near zero. The biasing circuit
comprises a reference current derived from the bandgap voltage and a n-channel MOSFET
transistor. In one version of the biasing circuit a resistive means is coupled between the positive
side of the power supply and the transistor to introduce an extra voltage drop thus imitating the
operating condition of the transistors in the passive mixer core of near zero current. The conversion

15 gain is stabilized through use of the bias circuit because the Vgs—Vth value of the passive mixer

core transistors remain almost constant at all process corners, temperature and power supply

changes. This is achieved by implementing Vs in such a way that it will increase the same amount

as VDD decreases, and that Vs will-decrease the same amount as Vth increases.

20 These and many other objects and advantages of the present invention will be readily apparent to
one skilled in the att to which the invention pertains from a perusal of the claims, the appended

drawings, and the following detailed description of the preferred embodiments.



drawi ngs, and the follow ng detail ed description of the preferred
enbodi nents. 4 P100422 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
bl ock di agram of the m xer of the prior art. FIG 2 is a schematic

di agram of a CMOS passive m xer core of the preferred enbodi nent of
the 5 present invention. FIGs. 3A and 3B show a schematic di agram of
the bi8€%@rcuit of the preferred embodi ment of the present

i nvention, where FIG 3B Lajd . FIG 4is a
bl ock di agram of the m%ﬁﬁﬁﬁﬁkgﬁéﬁgﬁéf@@m&@sof t he present
invention,  including the bias circuit of FIG 3Aor 3B. FIG 5 is a
circuiFfChiléwﬂcgfhztgﬁénsf% reixeicRfithe BHOTANG. 3B. 15 FIG 6 is a
circuit diagramof the preferred enbodi nent of the LOA of FIG 4. Use
of the same reference nunber in different figures indicates simlar
or like elenments. These and many ot her objects and advantages of the
pr esenFIG. Mientitematit klaghen bLadMQS papbeeniket @re d0thepesfaiked drabbdimeiithd the
art to which the invention pertains froma perusal of the clains, the
appendgdsenfiid¥hings, and the follow ng detail ed description of the
preferred enbodi nents. 5 P 100422 DESCRI PTI ON OF THE PREFERRED

EMBODI MENT Fig. 2 shows the schematic diagram of a CMOS passive m xer
core 12. It conprises four n-channel

FIGs. 3A and 3B show a schematic diagram of the bias circuit of the preferred embodiment of the

present invention, where FIG. 3B is a variation of FIG. 3A.

10 FIG. 4 is a block diagram of the mixer of the preferred embodiment of the present invention,

including the bias circuit of FIG. 3A or 3B.
FIG. 5 is a circuit diagram of the bias circuit of FIG. 3B.
15 FIG. 6 is a circuit diagram of the preferred embodiment of the LLOA of FIG. 4.
Use of the same reference number in different figures indicates similar or like elements.
These and many other objects and advantages of the present invention will be readily apparent to

20 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 embodiments.



MOSFET transi stors, connected as shown, and allows input frequency
up- or down-conversion to 5 an output frequency for any | ocal
oscillator (LO frequency. The radio frequency (RF) inputs are fed
differentially fromports RFp and RFn, LO inputs are fed
dlfferentlally fromports LOp and LOn, and the internediate
frequell®P?1 F) outputs are obtained at ports IFp and I Fn. The source

out put 1 Fp, respect i MEyRIHONGE PHE SRARREMSERUARY D08 o

N2 are coupl ed between input RFp and output |IFn, respectively. The 10
source and drain of third transistor N3 are coupl ed between input RFn
and output |Fn, respectively, and the source and drain of fourth

t r ansi Eigo? shvsethe sehenptie didgennelen CMHPSI pasRive nainer ouie pt TticBmprises four n-channel
respectively. The gates of NI and N3 are coupled to LOp, and gates of

N2 andM@SRETeranisplredoh@ectdd@s shdon, Bad stials ippefreqenc o oy-edsiodm-@avérsion to
the value (Vgs - Vth) has to remain constant for all. process

COrNer & oRPVETeqBRR! fYy a@ﬂ@lcﬂ%ﬁ@ﬁﬁt@; Ures) trefiSoy. ViR radbraq¥ERIIRFS Inbuts arc

Vconst |s al so called Veff inthe Iiterature.” 20 Since LO ports are

bei 0B ?@Qgﬂ-xaﬁxl - quéglgk%cﬂhﬁ?%é n¥£§uﬁJ‘m\E B cﬁ}’fel%ﬁi1£l§aﬂt)mh;&?ta é) and

value vari es
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inplenented with the function of VDD - Vref ), where Vref can be
deri vedramy o HirstHERnpIsIRE @dﬁl[@cmmujg@veqyldpplgé?é:p and output IFp, respectively. The source

and drain of second transistor N2 are coupled between input RFp and output IFn, respectively. The
10 source and drain of third transistor N3 are coupled between input RFn and output IFn, respectively,

and the source and drain of fourth transistor N4 are coupled between input RFp and output 1Fn,

respectively. The gates of NI and N3 are coupled to L.Op, and gates of N2 and N4 are coupled to

LOn.

15  To stabilize the conversion gain, the value (Vgs — Vth) has to remain constant for all process
corners, power supply, and temperature. Thus,
Vgs —Vith = Veonst (D

Veonst is also called Veff in the literature,

20 Since LO ports are being preceded by a differential pair with resistive load, the DC value for Vg
will change as the power supply varies. For instance, if the DC value is 1.3V with a 1.8V power
supply, it will be 1.1V with a 1.6V power supply. Thus, the DC value of Vg can easily be

mmplemented with the function of ( VDD - Vref ), where Vref can be derived from the bandgap



From (1). VDD - Vref - Vs - Vth = Vconst (2) 5 Vs = VDD - Vref - Vth
- Vconst (3) Therefore, Vs nust be inplenented in such a way that it
wi |l increase the sane anount as the increase in VDD, and it wll
decrease the sanme anount as the increase in Vth. to Table 1. presents
an exanple of the Vth values of a particular transistor in passive
mxerpgg?%?lz. vddter vt hoOs!| wvthoOt vtho fst 1 .6 -35
0.7079 Q.6455 0.5843 25 0.6684 0.6079 0.5485 85 0.6289 0.5703 0.51
28 1 .8 “8% 0.7307 0.6677 0.6061 25 0.6922 0.631 2 0.5714 85 0.6538
0.5947 0.5368 2 -35 0.7525 0.6891 0.627 25 0.71 51 0.6535 0.5935 85
0.6777 0.6181 0.56 Table 1. Vth values of the transistors in passive
m xer core at all process corners, tenperature (in C, and VDD. Were
(slw) Boeadds for slow and (fst) stands for fast. 15 At VDD=1.8V, 25C,
typi cal process, Vs can be set as 0.9V. Therefore, the Vconst can be
conput ed from equation (2)YDNedfist —¥s V8 = WoBr- 0. 6312 (2)

5 Vs = VDD —Vref —Vth—Vconst 3

Therefore, Vs must be implemented in such a way that it will increase the same amount as the

increase in VDD, and it will decrease the same amount as the increase in Vth.

10 Table | presents an example of the Vth values of a particular transistor in passive mixer core 2.

vdd temp vihD(slw) vih 0O (iyp) vihD (ist)
1.8 -35 0.7079 0.6455 0.5843
25 0.6684 0.6079 0.5485

85 0.6288 0.5703 D.5128

1.8 -35 0.7307 0.6677 0.60861
25 c.6922 0.6312 0.5714

85 0.6538 0.59847 0.53868

2 -35 0.7525 0.68¢1 0.627
25 0.7151 0.6535 0.5935

85 0.6777 0.6181 0.56

Table 1. Vth values of the transistors in passive mixer core at all process comers, temperature

(in °C), and VDD. Where (slw) stands for slow and (fst) stands for fast.

15 At VDD=1.8V, 25°C, typical process, Vs can be set as 0.9V. Therefore, the Vconst can be
computed from equation (2},
Veonst =1.3-0.9-0.6312

= 0.2312



= 0.2312 7 P100422 By keeping the (Vgs-Vth) always -02312, a bias
table for Vs can be constructed as illustrated in Table 2. vdd tern
p vref v s-vth Vs siw Vs(tYP) Vs fst 1.60 -35 0.5 -0.2312 0.6233
0.6857 0.7469 25 0.5 -0.2312 0.6628 0.7233 0.7827 85 0.5 -0.2312
0.7023 0,7609 0.8184 1.80 -35 0.5 -0.2312 0.8005 0.8635 0.9251 25
0.5 -0°9%72 0.8390 0.9000 0.9598 85 0.5 -0.2312 0.8774 0.9365 0.9944
2.00 -35 0.5 -0.2312 0.9787 1.0421 1.1042 25 0.5 -0.2312 1.0161
1.0777 1 .1 377 85 0.5 -0.2312 1 .0535 1.1131 1.1712 5 Tabl e 2.

B| as v quj.red for Vs for rner erature
i‘/ﬁ%‘“" f §Upee thivarkGE L gh% ap I”f}i’? é]gércrq%ée EMBTYFHE A ﬂB‘FU’t“ﬁ‘ém

schematlc diagrans for the bias circuit 14. By using the bias

circuiTable Be Vgs-Vth val ue of the passive mixer core transistors

remai ns 10 al nost constant at all process corners, tenperature
changes and powed| suppéyipjari ativeng. JEansi sthfsM), | Ny Sepies W st
current source dglefl or-ssilef 2, gespeqtzyelly, bs2xaypl egflchbetyweem tien
termnal§ of a 25 0.5] -0.2312 0.6628 0.7233 0.7827
85 0.5 -0.2312 0.7023 0.7609 0.8184
1.80 -35 0.5 -0.2312 0.8005 0.8635 0.9251
25 0.5 -0.2312 0.8390 0.9000 0.9598
85 0.5 -0.2312 0.8774 0.9365 0.9944
2.00 -35 0.5 -0.2312 0.9787 1.0421 1.1042
25 0.5 -0.2312 1.0161 1.0777 1.1377
85 0.5 -0.2312 1.0535 1.11831 1.1712

5

Table 2. Bias voltage required for Vs for all process corner, temperature (in °C), and VDD,

Figures. 3A and 3B show the preferred embodiment of the schematic diagrams for the bias circuit
14. By using the bias circuit, the Vgs—Vith value of the passive mixer core transistors remains

10 almost constant at all process corners, temperature changes and power supply variations. Transistor
M1, in series with current source Irefl or Iref 2, respectively, is coupled between the terminals of a
power supply, where VDD is the more positive terminal. The other more negative terminal of the
power supply is typically ground GND as shown in Figures 3A and 3B. Node Vs, with voltage Vs,
is the junction of the source of transistor M1 and the current source. In a second preferred

15 embodiment of the bias circuit 14 as illustrated in Fig. 3B, a resistive means Ry is coupled between
the drain of transistor M1 and VDD. From Fig. 3A and 3B, the reference currents of Irefl and Iref2
are derived from the bandgap voltage. Transistor M1 has the same size as the passive mixer core
transistors N1-N4. Fig. 5 is a more detailed block diagram of the bias circuit of Fig. 3B, where the

same reference numbers indicate the same elements. NMOS transistors N11 to N15 of Fig. 5 are a



power supply, where VDD is the nore positive termnal. The other nore

negative termnal of the power supply is typically ground G\D as

shown in Figures 3A and 3B. Node Vs, with voltage Vs, is the

junction of the source of transistor ML and the current source. In a

second preferred 15 enbodi nent of the bias circuit 14 as illustrated

in FigP9882 a resistive nmeans RL is coupled between the drain of

transi st Fr o nd 3B the ef erence rrents. of

rort naererBohniataL hoE e r ehE St mb R art eR” M °§t“8\t9 S ppically

has t he sane si ze as the passive mxer core _ transistors_N7.- ig.

5 is aviAdeiercaet Brisey fBF%I@%IﬁB@W&M‘the tvEcaigsdng o REp 9n<bRFrtP@ft< efﬁuz to

where the sane reference nunbers indicate the sane el enents. NMOS

t r ansi étremscally biastthe REpods. Fhegcir@litaddig 5 BriPerisdowgbypwef el axedple, a feedback

enbodi ment of a w de-sw ng cascode current mrror for Iref2. Node Vs

coupl esmplyfpdr @dihl i¢feratica réstt@riavt and el svivectBaR u(rot mitwwehch @ith AR output

source biasing of RFp and RFn ports of Fig 2 to dynamcally bias the
org{s. r
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cascode current mrrors, each with an output 51B. In Fig. 4 output

IB i s Beisikholdbissoarection wil be discussedbgipwt to fix the LO ports DC

value. Details of this connection will be discussed below. |n order

to insure that the Vgs of the transistor has a sufficient voltage

drop, Irefl nust be kept high. However, since the current flowin

t he palsgirde toinsere thartbe Vigansihs tronsstoshappudixdiem tvel tyeeodyop) Irdfd ndAs be Bpt high.

high current flows of Irefl denote a different operating condition of

t r ansi BbWével] sidedhd 8 rdnt AOHi6 T Fasdilvd miNer icBrelth@sip@SSis WBp Bk ¥ Atel§ @F 8al to 0A,
An extra voltage drop can. be introduced by sinply puttrng, as
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N1-N4 in the passive mixer core. An extra voltage-drop can be introduced by simply putting, as
already mentioned. resistive means Ry in series with VDD, and, thus, Iref2 is much smaller than

Irefl to imitate the operating condition of the transistors in the passive nuixer core.

15 From Fig. 3B, since transistor M1 is always in saturation, the current flow Iref2 can be represented
by,
Iref2= K(V%)(Vgs —Vih)? @

where K= (:, Cyx)/2,

., 1 the mobility of electrons near the silicon surface, Cy4 is the gate capacitance.

20
Thus, when Vth increases due to process variations, Vgs increases by the same amount. But since

the gate voltage Vg of transistor M1 is fixed, voltage Vs will decrease by the same amount as Vih



Irefl to imtate the operating condition of the transistors in the
passive m xer core. 15 FromFig. 3B, since transistor M is always in
saturation, the current flow lref2 can be represented by, Iref 2 =
K(W)(Vgs -Vth)2 (4) where K= (: , CX)/2, is the nmobility of

el ectrons near the silicon surface, Co, is the gate capacitance. 20
Thus, WAH2Vth increases due to process variations, Vgs increases by
the same ampunt. Bu | nce the gate voltage Vg.of {ransiston.M.1 i
1 xeq TosRERoArigs T PP HeGruddfe BEbGHI b alimt. 16 307 N\Gh i
i ncreases. Also, as VDD increases due to power supply variations, Vg
and VsSaie amquit peube WRESeSane anount as VDD increases. Table 3
presents the simulation result on the bias circuit in Fig. 3B and
closely matches Table 2. vdd ter Vs slwVs't Vs f st 1 .60 -35 0.61
64 0.691 4 0.7626 25 0.6430 0.71 77 0.7884 85 0.6775 0.741 7 0.81 1
7 1 .80 -13ble@® piO£DisOhS8siaMilMioA4Eut cdahObBR 3Ot BIBY. IB MDA oseBpmBicBdLTable 2.
0.921 7 0.9923

vdd tem p Vs(slw) Vs({tvyp) V s (fst)

1.60 -35 0.6164 0.6914 0.762¢86

25 0.64390 0.7177 0.7884

85 0.6775 0.7417 0.8117

1.80 -35 0.797%9 0.8738 0.9456

25 0.8234 0.898¢ 0.9702

85 0.8467 0.9217 0.9923

2.00 -35 0.9798 1.0570 1.1280

25 1.0040 1.0810 1.1520

3 85 1.0260 1.1020 1.1730

Table 3. Vs values of bias circuit for all process corners, temperature (in °C), and VDD,

Fig. 4 shows a block diagram of the preferred embodiment of the present invention of a passive
niixer bias circuit. Fig. 4 is similar to Fig. 1 comprising a matching network 11 (MN}, a passive

10 mixer core 12 (MIXER), a local oscillator amplifier 13 (LOA), and a Bias Circuit 14 (per Figs. 3A
or 3B) with a node Vs coupled to the MIXER input. The input port of the LLOA is labeled L.Oin and

the output port is labeled LOout.

Referring now to Fig. 6, we describe the preferred embodiment of the LOA 13 in more detail. The
t5 LOA consists of stages of simple differential amplifiers DA1, DA2, and DA3. LO input signals are

coupled to the LOin port, amplified by the differential amplifiers DAL, DA2, and DA3, and finally

the amplified LO output signals at the LLOout port are coupled to the LOp and LOn ports of mixer

core 12 of Fig. 2. Differential amplifiers DA1, DA2, DA3 comprise resistor pairs R1, R2, R3 and a

10



2.00 -35 0.9799 1 .0570 1 .1290 251 .0040 1 .081 0 1 .1520 5 85
1. 0260 1.1020 1.1730 Table 3. Vs values of bias circuit for all
process corners, tenperature (in C/), and VDD. Fig. 4 shows a bl ock
di agram of the preferred embodi ment of the present invention of a

passive mixer bias circuit. Fig. 4 is simlar to Fig. | conprising a
matchl%lﬁ Betwork 1 1 (M), a passive 10 m xer core 12 (M XER), a

| ocal gscid | at or f 13 ias. G rey

3A  orP ’%IEBfl et sourﬁ,o%jle] '{S IZ(S: dEsnes Cti E)(?D ks/lt wel pSB y.?%rjlﬁe %851 1ve raﬁ of the
of the LOAis |abeled L the out put po i s | abel ed LOout

Ref er r‘ilﬁéj“ﬁBa/“‘t%lﬁ‘ “’ég%?%&é‘éeéﬂ?%‘? ‘gﬁfé}*ﬁ’ﬂéﬂ IEREJEIWERL of the

LOA 13 in nore detail. The 15 LOA consists of stages of sinple
differential anplifiers DA, DA2, and DA3. LO input signals are

coupled to the LOn port, anplified by the differential anplifiers

DA1l, OA2ydandnlbAiBzinardnfthmtalaluy of Mye-pdfithd eghsis@re it fhdtmisegead, shealDC value
the LOout port are coupled to the LOp and LOn ports of m xer core 12

o 7L M QL B B SOOI s 6o

13, respectively. VDD is the power supply for the positive rail of
the cirackingtwignhirefsee §romandhsyinbone hyntiferanase sivd Fig @atliroeglpoyednd of current
supply return termnal. In order to naintain a constant val ue of

Vgs- Wt r tQrs in the mxer core, the DC value 5 of the
LOout 191;91:)%%‘:%1 és%?%xéﬁby tracking the resistance of R3. Here, both

resistors R3in Fig. 6 are tracking with Rref, see Fig. 5. This is
done by referencing 13 of Fig. 6 (through any kind of current

If the resistance of R in Fig. 6 is less because of process variations, then Rref in Fig. 5 is less
10 because both resistors Ry and Rref are on the same wafer. Therefore Iy increases accordingly.
Since the current of I3 is referenced from Ig the current of I5 increases accordingly and, therefore,

maintains the DC value of the LOout port.

The DC value of the LOout port will change with variation of VDD, If VDD decreases, the DC
15 value of the LOout port decreases by the same amount. However, the effects of VDD variations

and Vth variations will be compensated by the dynamic biasing Vs in Fig. 5.

The advantages of this bias circuit for passive mixers are:
1. Vth variation can be canceled.
20 2. The substrate bias of the transistors in the passive mixer core and M1 in the bias circuit is

the same.

11



mrror) fromIB (see Fig. 5). If the resistance of R3 in Fig. 6 is

| ess because of process variations, then Rref in Fig. 5is less 10
because both resistors R3 and Rref are on the same wafer. Therefore

I B increases accordingly. Since the current of 13 is referenced from
I B the current of 13 increases accordingly and, therefore, maintains
t he DEW%?te of the LOout port The DC val ue of the LOout port will

the Lobur  porLiglef EuBiion Bink el mndRoh RS ot oot R s me
VDD vari ation and Vth variations wll be conpensated by the dynamc
bi asi ngf ‘\?é“i‘l?i’?ﬁ"am“@ﬂ '%‘*‘éagglﬁtsggééh%‘f‘e?‘ﬁllé“‘ggnd@oé‘i“r*%H?et“?f“éﬁ“’ﬁ%/lssi ve
m xers are: 1. Vth variation can be canceled. 20 2. The substrate

bi as of- t helampenghstesiestsion Ytheaphsghekedmi xer core and M1 in the bias
circuit is the sane. 11 P100422 3. Variation of conversion gain is
very simal | . Bdchudesconodrsionpsinam inaisioet hiaudrity perfpmomes 6P laiid [P ovilirbe
supply variation because of the slight different in current flows in

the t ramgiasdedl The hoisd BERRIREMNHE: £fiA@6 tifcAbn Vil EdPerb@rd sRckedg uf
Because conversi on gai his maintained, |ineari ty performance ‘(’PldB

! P3) V@O"ﬂlpﬁn&%ﬁ@? b%ICﬂElﬂl[ n?ﬁqfl T@%axﬁ%'a@ ?en];[%]egﬂ[u% ‘Q)%g 85@1? tﬂe IZ %151;?&515 in the, passwe

function nperature after usin cohpensation bras circui
This is. because .a ture %oes dovvn the transistors in the

passi VEXRTINEAC 6f°éf"eér é‘nd 1Y S“EEHEF'P#&W ‘on-resi stance i s higher.

While the invention has been particularly shown and described with reference to the
10 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

20
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Wil e the invention has been particularly shown and described with
reference to the 10 preferred enbodi nents thereof, it wll be
understood by those skilled in the art that various changes in form
and details nay be nmade wi thout departing fromthe spirit and scope
of the invention. 15 20 12 What is claimed is: 1. A conpensation
bias circuit for a CMOS passive m xer, conprising: a mxer having RF
i nput ports, input ports coupled to LO anplifier outputs, and IF

out put Wastisclaingiig M xer m xing the RF signal applied to said RF

i nput ports and the anplified LO frequency 5 applied to said input

ports cp W&&%eﬁ@an%ﬁ'bf&s 'cfa:lﬁf%k b OMeOS Bh’gs%trﬁxers %Igpris'fngom put ports

supplying an | F signal which is the result of an up-conversion or a
down- conyex ?h%%oﬁF ufl Pﬂifo' 18 % E} %somLf BB Yort
said nlxereconpr ﬁg)apgTU g rg% %ﬁgﬁ%e ﬁE ransi st gg %DS
LO anpllf er havi.n Lgﬁjn S g sa%ﬁ% id LO
arpl i 1181 %ﬁrp?lf’%ﬁl%&e g gL i Rt e B ;fﬁﬁ TR LB ler
series to lify said LOf uen appljed at said LO 10 inp
and % HPRUTHG SEIBRH PORDERIPISA ' 9L LOTRRH iR puipU S GFHEST Ogaauapwsasgm@mg an
circuit supplylng a tracking bias voltage to said RF input ports to
conpensi&tsignploihigh i the Toswé ol yrheaayprsiog oy 8 o wgwonyesrerelald RE sigpal and said
power supply, said biasing circuit conprising a transistor and a
cur r entangpified & Colvenpendy, sad matdr gompasing e pluradityrphvakkanoél MOPEET agasistors;
supply, where a junction of said transistor of said biasing circuit
and 15 shOdmplifiednvingdu® opusuppkaiié &.Osanglifter actyiingsaki 23 amplifiagempsiging one
biasing circuit further conprising a
or more differential amplifiers coupled in series to amplifiy said LO frequency applied at said LO
10 inputs; and
a biasing circuit coupled to said RF input ports, said biasing circuit supplying a tracking bias
voltage to said RF input ports to compensate for variations of threshold voltage, temperature, and
power supply, said biasing circuit comprising a transistor and a current source coupled serially
between terminals of a voltage supply, where a junction of said transistor of said biasing circuit and
15 said current source supplies said tracking bias voltage, said biasing circuit further comprising a
reference resistive means and a feedback amplifier which drives cascade current mirrors, where an
output of one or more of said current mirrors is coupled to said LO amplifier to maintain constant a
value of the gate-source voltage minus a threshold voltage of said n-channel MOSFET transistors of
said mixer.
20
2. The compensation bias circuit of claim 1, wherein said mixer comprises a first, a second, a third,

and a fourth transistor, said first transistor coupled between a positive input of said RF input port

and a positive output of said IF output port, said second transistor coupled between the positive

13



reference resistive neans and a feedback anplifier which drives

cascade current mrrors, where an output of one or nore of said
current mrrors is coupled to said LO anplifier to maintain constant

a value of the gate-source voltage mnus a threshold voltage of said
n- channel MOSFET transistors of said mxer. 20 2. The conpensation
bias circuit of claim1, wherein said m xer conprises a first, a
second, a third, and a fourth transistor, said first transistor

coupl ednhiglofeed RE RS bbit Med & AEsativobutpdd of sl IF Bight Rt baid i tAnsistor coupled
positive output of sard IF output port, said second transistor

coupl edycRRlReReANR RS bE da¥VERE SnpuPPott aRf the AbEhRE ol PRWT sRATE 0/BE: fort, said

negative output of said |F output port, said third transistor coupl ed

oot ot 3SR s ot o RO AR fve cuut o
bet ween i i t._an

t n tive input of. sai.d RF. input port. and the Sitiv .
out put 8t T T ost ineflitlosdirafia i ae P hreBRnlisPRee P GUBER s i input
third trangistor are coupled to a positive input 5 of said LO inpu
por 5, dHana L Bpe hoxh 8 gyieen et cakaecand sad 10 Fr e araE Spuieip 8
coupled to a_  negative input of said LOinput port. 3. The
conpendBEHH§ R 8f wid EYiPGPO%] ai m 1, wherein a reference current of
said current source of said biasing circuit is derived froma
bandgap voltage. 10 4. The conpensation bias circuit of claiml,
wherein said biasing circuit has a resistive neans coupled between a
nor e pdsiThe venpansationdliaseircsiapiclyiol t,aderduppdiyreacedtusanichisaid kamere source of
MOSFET transistor of said biasing circuit.

said biasing circuit is derived from a bandgap voltage.
10
4. The compensation bias circuit of claim 1, wherein said biasing circuit has a resistive means

coupled between a more positive terminal of said voltage supply and said n-channel MOSFET

transistor of said biasing circuit.

15 5. The compensation bias circuit of claim 4, wherein said resistive means introduces an extra

voltage drop thus reducing a current flow in said n-channel MOSFET transistor.

6. The compensation bias circuit of claim 1, wherein said n-channel MOSFET transistor of said
biasing circuit is equal in size to each of said transistors of said mixer.

20
7. The compensation bias circuit of claim 1, wherein said up-conversion and down-conversion

applies to any said LO frequency.

14



15 5. The conpensation bias circuit of claim4, wherein said

resi stive neans introduces an extra voltage drop thus reducing a
current flowin said n-channel MOSFET transistor. 6. The conpensation
bias circuit of claim1, wherein said n-channel MOSFET transistor of
said biasing circuit is equal in size to each of said transistors of
said mxer. 20 7. The conpensation bias circuit of claim1, wherein
sai d up-conversi on and down-conversion applies to any said LO

f r equeng:he ¢dmBensdths A GNRHIS 8f ¢18ih bivilterdih EGmdnt s@ifrceslidh MsdstagshF sl DO
current sources in a |last stage of said LO anplifier are controlled

by sai dGASEPER EaEdIRA by Fhill @B d AR PmBYorS 84 tbn R ald8Bffont & fdsi il ¢/Beans
nmeans and said feedbacﬁ anplifier of said biasing circuit. 5 9. A

compensalis g st AR Clifiielof Qla fufiBigsst ve m xer, comprising: a

mat chi ng network recerving an nal at inputs IN, where said
mat chi ng network provides matching between an i npedance of said
inputs IN and RF inputs of a mxer; a LO anplifier buffering a LO

frequency applied to. LO inputs 3} aid. LO.anplifier; said LO
anpld fiert W?Pﬁp?aélioﬂ laéﬁgc"ﬁ&éﬁﬁp 9§P?Sé’r"§r’i‘i‘l?‘ b CURSIE ers coupled in
series to provide an 10 anplified LO frequency shgnal_at LO )
anpl i f i Epatehing pewvorkseereiving v REsignahg ispntyNRVherwid Balchias pefericproriges
the-out puts of said matching network, LO input ports coupled to said
LO anplmételang betwpert an impedanicE obsaidimpuis dNtagd Redanphtspicemingi;xi ng t he RF
signal applied to said RF input ports and said anplified LO
f r equenchO appliliednifferisgh O fkquaputapphed © 0P inpsaiod said X€r gmddied | F
output ports supplying an IF signal which is the result of an
up- CoNVRIdSILO Bm@lifiér comprising one or more differential amplifters coupled in series to provide an
10 amplified LO frequency signal at LO amplifier outputs;
said mixer having said-RF input ports coupled to the-outputs of said matching network, LO input
ports coupled to said LO amplifier outputs, and IF output ports, said mixer mixing the RF signal
applied to said RF input ports and said amplified LO frequency applied to said LO input ports of
said mixer, said IF output ports supplying an IF signal which is the result of an up-conversion or a
15  down-conversion of said RF signal and said amplified LO frequency, said mixer comprised of a
plurality of n-channel MOSFET transistors such that said RF signal is applied differentially to
positive and negative RF input ports, said amplified LO frequency signal is applied differentially to
positive and negative LO input ports, and the IF outputs are obtained at positive and negative IF
output ports; and
20 a biasing circuit coupled to said RF input ports, said biasing circuit supplying a tracking bias-
voltage to said RF input ports to compensate for variations of the threshold voltage, temperature,

and power supply, said biasing circuit comprising an n-channel MOSFET transistor and a current

source coupled serially between the-terminals of a voltage supply, where a junction of said n-

15



15 down-conversion of said RF signal and said anplified LO frequency,
said m xer conprised of a plurality of n-channel MOSFET transistors
such that said RF signal is applied differentially to positive and
negative RF input ports, said anplified LO frequency signal is
applied differentially to positive and negative LO input ports, and
the IF outputs are obtained at positive and negative |IF output

ports; and 20 a biasing circuit coupled to said RF input ports, said
bi asi ngchahiiet MOSERIPRANSISRE ot sdidl BRaking Girbliiedin MRl dug8R: sbercs MiphtiB saidpatking
ports to conpensate for variations of the threshold voltage,

t enper ag; ] @S| I il LSk

s channel R PR P e Rl Rl RSk R ol P ieftk
bet ween } DA p j I f i

5" chanRitiichEAE S @hece bRl A GHE Rk s & i BE iR Bty
source supplies.said tracking. bias voltage, said biasing, circuit

£ ur t herooBIE 19 Bid B0 ampliier g tintRindonstiy e Vilis o2 8 gAE- 9P dclpRg s ¢
anplifier ich driyes cascode current nmirrors, where an output of
one of @ﬁm%ﬁ?lﬁa@ﬁp}(?ﬁlﬁl peRaes MO tewsislorsefisaideixstiml i fier to

mai ntai n constant a value of a gate-source voltage mnus a 5
threshol d voltage of said n-channel MOSFET transistors of said m xer.
10. The conpensation bias circuit of claim9, wherein said m xer

conpr i sk The tampensatimndeaseirdyit of dldiin % whesamlsaad foixer chmprises s ifistt,or secormd, @ third,
first transistor coupled between the positive input of said RF input

port admd atfbertlpwaisistorcsatififuianeistos anwplédbedwitgpthe paxitive ismit of SHCRAdnput port
transi stor coupl ed between the positive 10 input of said RF input

port angdtiRepdipFabuipat GaiUF cafpus b shid setng ttanfitbt coup Rl Gedwdeh the positive
transi stor coupl ed between the negative input of said RF input port

and _hQHﬂﬁ%@E&i& RFQh&SuQ?Brt Qhd ﬁl%inngtﬁre QUIRHET sam@‘toutp%@-bﬂ‘t,fsgﬂd!’tﬁipd transistor

transi stor coupled between the hegative input of 'sard RF input port

and t hecoﬂﬁhiﬂ blt¥Ren the negative input of said RF input port and the negative output of said IF output
port, said fourth transistor coupled between the negative input of said RF input port and the positive
output of said IF output port, where gates of said first and said third transistor are coupled to the

positive input of said LO input port, and, where gates of said second and said fourth transistor are

15  coupled to the negative input of said LO input port.

11. The compensation bias circuit of claim 9, wherein a reference current of said current source of

said biasing circuit is derived from a bandgap voltage.
20 12. The compensation bias circuit of claim 9, wherein said biasing circuit has a resistive means

coupled between the a more positive terminal of said voltage supply and said n-channel MOSFET

transistor of said biasing circuit.
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out put of said IF output port, where gates of said first and said
third transistor are coupled to the positive input of said LO input
port, and, where gates of said second and said fourth transistor are
15 coupled to the negative input of said LOinput port. 11. The
conpensation bias circuit of claim9, wherein a reference current of
said current source of said biasing circuit is derived froma
bandgap voltage. 20 12. The conpensation bias circuit of claim9,

wher ei n13s ahél cdthpbaten G dsGittit fBGaith 128 WhStein/QidRAiBGve BEHP R dhek We exira
the a nore positive termnal of said voltage supply and said

n- chan %lltaéé@%ﬁ?hus&éﬁ@ﬁg%tcﬁﬁe&fﬂo%aincﬁaﬁ' BRI WMOSFET tradstd3- The
conpensation bias circurt of claim12, wherein said resistive neans

i ntroduces an extra voltage drop t hus reducing a current flow in
sai d n-channel NCSFET transistor. 14. The conpensation bias circuit

ot aci aoTh petREreRstiop i Gl BE S S Sl i SRS PRI rEE dimgipror of i

m xer. .15. The conpensatjon bias_circuit of m. 9, wherein said

up- ConVRPUESCA &8 D SERTRFAS aﬁsalégﬁw%%fs Pg 41911% d LO frequency.
10 16. The conpensation bias circuit of claim9, wherein where said
out put of one of said current mrrors of said biasing circuit
mai nt ai ns constant the value of the gate-source voltage m nus the

t hr eshol5d Thotamgpasasiondids¢ironit blackeisl 9, MOSFET said wrsdrsiersion anfl dowineconyetgen
17. The conpensation bias circuit of claim9, wherein current sources
in a | apblisttagey ofid EQi feequédcyl5 anplifier are controlled by said
cascode current mrrors driven by said reference resistive neans and
sai d feedback anplifier of said biasing circuit.

10 16. The compensation bias circuit of claim 9, wherein where said output of one of said current
mirrors of said biasing circuit maintains constant the value of the gate-source voltage minus the

threshold voltage of said n-channel MOSFET transistors of said mixer.

17. The compensation bias circuit of claim 9, wherein current sources in a last stage of said LO
15  amplifier are controlled by said cascode current mirrors driven by said reference resistive means

and said feedback amplifier of said biasing circuit.

18. A method of providing a compensation bias for a CMOS passive mixer, comprising the steps of:
a) providing a mixer core having RF input ports, LO input ports, and IF output ports, said mixer

20  core mixing the RF signal applied to said RF input ports and the LO signal applied to said LO input
ports;

b) supplying an IF signal, at said IF output ports;

17



18. A method of providing a conpensation bias for a CMOS passive

m xer, conprising the steps of: a) providing a m xer core having RF
i nput ports, LOinput ports, and IF output ports, said m xer 20 core
m xing the RF signal applied to said RF input ports and the LO signal
applied to said LOinput ports; b) supplying an IF signal, at said

| F output ports; 17 c) coupling a biasing circuit to said RF input
ports for supplying a tracking bias voltage to said RF input ports

t o conpgre@iligfatiiashay dihit @NsaidORF tiﬁ}fueﬁdﬂ@ fdr WPblyRetea trickiREiAtvaltBge BREId RF

power supply; d) utilizing for said biasing circuit a transistor

means  anguidofty fd @MpeRQH ©F vaAKBLES BRELA k/é’ltég@tt\éﬁﬁ&atu}ee A ?@Lé?‘r s@fplR
vol tage supply; 5 e) supplying said tracking bi as” vol tage froma

juncti o8 u(l,)hzﬁglf sgaf gd?aljsﬁ c?{cuﬁﬁr%ﬁs@[rni Ii?ﬂnq aRd gg%&%}t rEeC(H)Iu leﬁ@gr%aﬁlg Wiween

current “sourc ng a erent

to said LO i.n rts to anplify a LO signal applied to an input of
sai d L(S%W%#FBF%V&ggﬁﬁqaﬁaflxing a DC | evel at said LO i nput ports by

coupl i uts rrent mrror to sai I|f|e e
sai d ¢ u‘%rs FI% F?‘gfra‘fak‘én&j ips/ ¥ltagy framy aiupg ipaie (%é"i“ 8&11%1“ nacaog £ f'aé‘mé%}n%y
a reference resistive neans. 19. The nethod of providing a
conpensBEchp ANh R CHTENESIGP 18, wherein said mixer core feeds said RF
signal differentially to positive and negative RF input ports, _
appl i esh) seipding @L&) amnplified iwfithalierentél ktpges1ts said Lobisputi ppets smainpldy atlivggnad
i nput ports, and obtains said |IF signal at positive and negative IF
out put appbéd ®.an input of said LO amplifier; and
g) fixing a DC level at said LO input ports by coupling outputs of a current mirror to said L.O
10  amplifier, where said current mirror is driven by a feedback circuit and referenced by a reference

resistive means.

19. The method of providing a compensation bias of ¢laim 18, wherein said mixer core feeds said
RF signal differentially to positive and negative RF input ports, applies said LO signal differentially
15  to positive and negative LO input ports, and obtains said IF signal at positive and negative IF output

ports.

20. The method of providing a compensation bias of claim 18, wherein a reference current of said
current source of said biasing circuit is derived from a bandgap voltage.

20
21. The method of providing a compensation bias of claim 18, wherein said biasing circuit has a
resistive means coupled between a more positive terminal of said voltage supply and said transistor

means of said biasing circuit.

18



20. The nethod of providing a conpensation bias of claim 18, wherein
a reference current of said current source of said biasing circuit
is derived froma bandgap voltage. 20 21. The nethod of providing a
conpensation bias of claim 18, wherein said biasing circuit has a
resi stive nmeans coupl ed between a nore positive termnal of said

vol tage supply and said transistor mneans of said biasing circuit. 18
22. The nmethod of providing a conpensation bias of claim2l, wherein
said resistive nmeans introduces an extra voltage drop thus reducing
a current flowng in said transistor neans. 5 23. The net hod of

provi di m9The HRINBES Aol &?nﬁ%ﬁsa‘ﬁ'oﬁ'bms b8 clatfrel %Hére‘iﬁbﬂd Hsﬁﬂ% ﬁ%ﬁfs
means of said biasing circuit is equal in S|ze to each sa

plural iy fccd Mﬂa%ﬁ%ﬁ% cgép ik %d{{}lﬁg% %géxﬁ \%; J%d:{%m&gr Bfeans

providing a conpensati I'as o &i'n sa up- conver si on
and down-conversion applies to any said LO frequency. 10 25. The
nmet hod of providing a conpensation bias of claim 18, wherein current

sources | stage of said LO |f|er controlled by said
cur rontZmte welat og e VB eBuBA DI SE PR {52 EToR B raRkRY RS of said
said reference resistive neans, 19

biasing circuit is equal in size to each of said plurality of transistors of said mixer core.

24. The method of providing a compensation bias of claim 18, wherein said up-conversion and
down-conversion applies to any said LO frequency.
10
'25. The method of providing a compensation bias of claim 18, wherein current sources in a last
stage of said LO amplifier are controlled by said current mitrror driven by said feedback circuit and

referenced by said reference resistive means.
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