P100422 A THRESHOLD VOLTAGE (VTH), POWER SUPPLY(VDD), AND TEMPERATURE
COMPENSATION BIAS CIRCUIT FOR CMOS PASSIVE MIXER. 1. Field of the Invention 5 The invention
relates to radio frequency (RF) mixers, and more particularly to a compensation bias circuit for use with
CMOS passivemixers. 2. Description of the Related Art Fig. 1 shows the block diagram of a passive
mixer of the prior art, where 11 (MN) is the 10 matching network for the mixer with input IN, 12 (MIXER)

is the passive miMH&%S,%%E Q&B‘)ﬁ%ﬁ%@%@%& 'MSF’(L%YB%@;F&P &EMEBR P;QW?IXER has an
output OUT. Connectlon%gﬁNJSAﬂf%ﬁ%Féﬁ%%%%lmaﬁﬁggm The conversion gain,

noise figure, and linearity p mance passive mixer wi 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; Aggitiopaths the-28% power-supply variation and the circuit operating temperature from
-35C to 85C worsen the stability of the various performance parameters such as conversion gain, noise

figure, and linearty.iRefeide Behzad RazavieRidVicRelasiionicanPrasticeartiall £Re @p. 194, 2000,
Thomas H. Lee, The Design of CMOS Radio Frequency Integrated 20 Circuits, Cambridge, pp. 331-335,

1998, andofMyén i §henanizdarek KssSharifen@odaEhomasxe:s. 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.

2. Description of the Related Art
Fig. 1 shows the block diagram of a passive mixer of the prior art, where 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.



1 P100422 Active mixers have another set of problems which makes them equally unattractive for use as
mixers. In a typical active mixer the local oscillator (LO) input drives a frequency mixing stage (typically
comprising four identical transistors, MLO, and arranged as two differential amplifier stages, with current |
each, anditwetoad resistors, RL) and where the RF input drives a V-to-1 5 conversion stage (typically
comprising two identical transistors, MRF, and a current source with current 21 for each transistor).

Disadvart&§¥s BREttivid HhikerareC ) tRECPAJRS VR DR Of RO el HBflistet e 68 Sixed) with a
different Vth, VDD and temperature. b) The Gm of MRF varies with a different Vth, VDD and
temperatiFeCio &) ABPHSS VAN J2t96 ot IoHd RadistOrIRY! €588 EEAVERSION AR Vafiktions, and
d) since current | tracks the Gm of MRF when Vth, VDD, and temperature vary, then (Vgs-Vth) of MLO
will be differaprllyittpapliffaremewiiovdpl and sepe fdiureandSpateeds el Beaegmthaslibict of the
present invention are: 15 US Patent 5,936,475 (Tchamov et al.) discusses a passive mixer but uses

transformere&omnectionsivhichiacinasPassiermixeis, i) Ratenh brd e 154 fiMlikdlenka) describes a bias
circuit comprising two bipolar transistor where the first of the two bipolar transistors provides a biasing

voliage to,an extemal yansision, Us Batent 6,373,320 (Hasol et alieachss 2 1 sage biagino dircu
comprising a%ipoPar 20 transistor anlapress‘%or, bo ﬁ oratempera(t)ur’e cbmpensation, and a field effect
transistor plus source . . _ .

current 21 for each transistor). Disadvantages of active mixers are:

a) the (Vgs—Vth) value of My g is self adjusted (when I is fixed) with a different Vth, VDD and

temperature.

b) The Gm of MgF 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 Mgy when Vth, VDD, and temperature vary, then (Vgs—Vth) of

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

US Patents which bear on the subject of the present invention are:
15 o US Patent 5,936,475 (Tchamov et al.) discusses a passive mixer but uses transformer
connections which act as passive mixer.
e 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 et 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.



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 adjustable bandgap reference circuit for low
voltage amahe€uompensated for temperature, comprising a PTAT current source, a bias current source, two
5 resistors and a transistor. US Patent 5, 640,122 (McClure) presents bias circuits which compensate for
power subpl¥/ S/Bﬁtﬁﬂbﬁé%Pﬁl&%ﬁrfbw}aﬁﬁi§tbar&lﬂ§rp¥@’@é@@c5&rm@t\@@rmﬁé’@%@%@&%ﬁed
examples of the related art provide a biasing circuit for a passive mixer 10 which would stabilize its
conversiGHERIF, HSSHMYIENE AoTSE fitfiFe CTHATEBLHEUROPIREPRSEHD YRR e GHEEE YRS 85
supplying a tracking bias-voltage to a passive mixer to compensate for variations of the threshold
voltage, tempérBaieat afd pBwer(suppsonits tigdartihtueadsassiversnixer whidhidives elkegtlent
linearity performance, can be used in most designs without any disadvantages. 15 SUMMARY OF THE
INVENTION (ei8Renolje dobfatpssst he BhiboHi e Rt of tHelpeassoif aritioh to provielerefrdlits and a

method to stabilize the conversion gain, linearity and noise figure of a passive mixer. 20
5 resistors and a transistor.

e US Patent 5, 640,122 (McClure) presents bias circuits which compensate for power supply

variations, for p-channel transistor and process parameters.

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, linearity, 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.
15
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.



It is another object of the present invention to cancel Vth and temperature variations through dynamic DC
biasing. 3 P100422 It is yet another object of the present invention to make the substrate bias of the
transistors in the passive mixer core and the transistor in the bias circuit the same. It is still another object
of the presemt2invention to make the variation of the conversion gain very 5 small and thus to maintain
excellent linearity performance. These and many other objects have been achieved by providing a biasing
circuit for theYe MRS PLuR e TRECHIRB G SRl i Hpots ErBife @ difre ey Hrahthe two RF
ports, the LO inputs are similarly fed differentially from the LO ports, and the IF outputs are available at
the IF 10436H¥C THEHTRET Mé@fﬁﬂﬁ%%gt%gﬁ%@%%FWﬂ&N 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
transistord i {Hé PRERFEHkeP ChreREFIfaAt YE RlAe At B B AT 1B IR Vis $tibAfRd though

use of the bias circuit because the Vgs-Vth value of the passive mixer core transistors remain almost
constant SPaH Hid LS RIMET IR TeIRU IR SRSV %Pl 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 . . o L
These and many other objects have been achieved by providing a biasing circuit for the CMOS

passive mixer core. The mixer core’s RF inputs are fed differentially from the two RF ports, the LO
inputs are similarly fed differentially from the LO ports, and the IF outputs are available at the IF

10  ports. 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 art to which the invention pertains from a perusal of the claims, the appended

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



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. 4 P100422 BRIEF DESCRIPTION
OF THE DRAWINGS FIG. 1 is a block diagram of the mixer of the prior art. FIG. 2 is a schematic diagram
of a CMQ%opassive mixer core of the preferred embodiment of the 5 present invention. FIGs. 3A and 3B
show a schematic diagram of the bias circuit of the&referred embodiment of the present invention, where

FIG. 3B is a variation of FIG. 3A. ABIEIGDEIE R BIG %Q&ré{ﬁ%ﬂﬁé}w\é@& 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 Fi6. BB.28eieliggen o dfit BiXgT A8 B ptEferred embodiment of the LOA 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 §&Scrgtion disnatsraiarra ShibbiiHeRess'e 162 S ER IPHISRICE MBS REEERRED

EMBODIMENT | .
5  present invention.

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 LOA 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.



Fig. 2 shows the schematic diagram of a CMOS passive mixer core 12. It comprises four n-channel
MOSFET transistors, connected as shown, and allows input frequency up- or down-conversion to 5 an
output frequency for any local oscillator (LO) frequency. The radio frequency (RF) inputs are fed
differentiallyofrom ports RFp and RFn, LO inputs are fed differentially from ports LOp and LOn, and the
intermediate frequency (IF) outputs are obtained at %%%si%l;g and IFn. The source and drain of first

transistor Ni are coupled bet@@@ﬁ%ﬂ@ﬁ@gn% %Mwwgurce 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 IFn, respectively. The ?ates
of Ni and\B 2/8 VBB FIE 4B IB° dHd gated BINZRhBARIAVErR S6TANE to- LOWMEHG Spapifizdthac
conversion gain, the value (Vgs - Vth) has to remain constant for all process corners, power supply, and
tem peratM@sf ﬁ;Ist,r?}Eésﬁﬂ’fﬁa ORI 14 PhoREnSpE ALY THIRY Vet it Rteétat Qi eSO ports
are being preceded by a differential pair with resistive load, the DC value for Vg will change as the power
supply vafed! Py gtanes, TAR D Y el Widhea e 2y pdiveradodprd Ui Bé LR itFea 1.6V
power supply. Thus, the DC value of Vg can egéi%be implemented with the function of ( VDD - Vref),

where Vr ﬂﬁg@%@”&oﬂbm{ﬁﬁgw appys are fed differentially from ports ]EOp and

LOn, and the intermediate frequency (IF) outputs are obtained at ports IFp and IFn. The source and
drain of first transistor N1 are coupled between input RFp 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 IFn,
respectively. The gates of N1 and N3 are coupled to LOp, 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 —Vth = Vconst (D

Vconst 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

implemented with the function of ( VDD — Vref ), where Vref can be derived from the bandgap



voltage. From (1), VDD -Vref - Vs - Vth = Vconst (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 1 presents an example of the Vth values
of a partieuwlasransistor in passive mixer core 12. vddtempvthOswvthOtvthOfst1
.6-350.70790.64550.5843 250.66840.60790.5485 850.62890.57030.5128 1 .8-350.73070.66770.6061
250.692206%F20.5714 850.65380.59470.5368 2-350.75250.68910.627 250.71510.65350.5935
850.67770.61810.56 Table 1. Vth values of the transistors in passive mixer core at all process corners,
temperature (in C), and VDD. Where (slw) stands for slow and (fst) stands for fast. 15 At VDD=1.8V, 25C,

typical prl(:)cess,l;/s can be set as 0.9V. Therefore, the Vconst can be
rom (1),

VDD —Vref —Vs —Vth = Vconst 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 1 presents an example of the Vth values of a particular transistor in passive mixer core 12.

vdd temp vthO(slw) vthO(typ) vihO (fst)
1.6 -35 0.7079 0.6455 0.5843
25 0.6684 0.6079 0.5485

85 0.6289 0.5703 0.5128

1.8 -35 0.7307 0.6677 0.6061
25 0.6922 0.6312 0.5714

85 0.6538 0.5947 0.5368

2 -35 0.7525 0.6891 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 corners, 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



computed from equation (2), Vconst =1.3 - 0.9 - 0.6312 = 0.2312 7 P100422 By keeping the (Vgs-Vth)
always -0.2312, a bias table for Vs can be constructed as illustrated in Table 2. 5 vddtempvrefv s-vthVs
slwVs (ty P)Vs fst 1.60-350.5-0.23120.62330.68570.7469 250.5-0.23120.66280.72330.7827
850.5-0.23120270230.76090.8184 1.80-350.5-0.23120.80050.86350.9251
250.5-0.23120.83900.90000.9598 850.5-0.23120.87740.93650.9944
2.00-350.5-0.23120.97871.04211.1042 250.5-0.23121.01611.07771 .1 377
850.5-0.23121.05351.11311.1712 Table 2. Bias voltage required for Vs for all process corner,
temperattpeXGAPE)2 A VBD Y g akaay 3alant] 36 SHowAHE iveYerran Bhivodifelt of e SEHematic
diagrams for the bias circuit 14. By using the bias circuit, the Vgs-Vth value of the passive mixer core
transistor ins

vdd temp vref vgs-vth Vs(slw) 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 -0.2312 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 1.1131 1.1712

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—Vth 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



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 grourrd 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 illuBEFAEEG T EiN BBCA TSl M RICS TOUPRE BERRe BN TR driftlofMtrasiior WPicaHd vDD.
From Fig. 3A and 3B, the reference currents of Irefl and Iref2 are derived from the bandgap voltage.
Transistof MEIRES TRES A S A (e PUSENditeioBsTe PiRaSIStoRT R 104 R 0810k o rel Yetailed
block diagram of the bias circuit of Fig. 3B, where the same reference numbers indicate the same
elements YIRS tRaRKIs 8N 10t NTBCof iy 8dr 2 a8 Bilt56 409" prBletrad UribamifeAt B dack
wide-swing cascode current mirror for Iref2. Node Vs couples typically via reference resistive means (not
shown) t8tHe! SBUPEE SIIERBC6 RIEDCART RERCpBIHS SFEI§ %aﬁﬁoi%ﬁaﬁﬁﬁhwrﬁ%% HETRE BEH SRR circuit
of Fig. 5 further shows, by way of example, a feedback amplifier with reference resistor Rref and
widedswitigy dadégdé euiirahtamiribrsyeaePigiH e ol{pdt BIsitmiFy 4 Siapdd s SHowMWoupled to the
LOA 13 output to fix the LO ports DC value. Details of this connection will be discussed below. In order to
insure thatehés\gsios tharransistorl hasassufficientlveltage drop, Iref 1 must be kept high. However,
since the current flow in the passive mixer core transistors is approximately equal to OA, 10 high current
flows of Iref 1 denote a different operating condition of transistor M 1 and the transistors

In order to insure that the Vgs of the transistor has a sufficient voltage drop, Iref1 must be kept high.
However, since the current flow in the passive mixer core transistors is approximately equal to OA,
10 high current flows of Irefl denote a different operating condition of transistor M1 and the transistors

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

Iref1 to imitate the operating condition of the transistors in the passive mixer core.

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

where K = (:, Cox)/2,

:, 1s the mobility of electrons near the silicon surface, Coy 1s 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 Vth



N1-N4 in the passive mixer core. An extra voltage-drop can be introduced by simply putting, as already
mentioned, resistive means RL in series with VDD, and, thus, Iref2 is much smaller than Irefl to imitate
the operating condition of the transistors in the passive mixer core. 15 From Fig. 3B, since transistor M1 is
always irpsataration, the current flow Iref2 can be represented by, Iref 2 = K(W,/)(Vgs -Vth)2 (4) where K
= (:n CoX)/2, :n is the mobility of electrons near the silicon surface, CoX is the gate capacitance. 20 Thus,
when Vtﬁnﬁ@@aée%ﬁ&)e%\éﬁa%%%r%ﬁffaﬁaﬁésﬁvgy%éf@&éégwfw&%e}m@%\%mﬂ]saf@ﬁ%ethﬂqe gate
voltage Vg of transistor M1 is fixed, voltage Vs will decrease by the same amount as Vth 9 P100422
increases ASHIRYRYBDViRLIdasEEde to power supply variations, Vg and Vs will increase the same
amount as VDD increases. 5 Table 3 presents the simulation result on the bias circuit in Fig. 3B and
closely matches Table 2. v d dterVs slwVs tVs fst 1 .60-350.61 640.691 40.7626 250.64300.71 770.7884

850.67750.741 70.811 7 . . L
Table 3 presents the simulation result on the bias circuit in Fig. 3B and closely matches Table 2.

vdd tem p Vs(slw) Vs (typ) V s (fst)

1.60 -35 0.6164 0.69114 0.7626

25 0.6430 0.7177 0.7884

85 0.6775 0.7417 0.8117

1.80 -35 0.7979 0.8738 0.9456

25 0.8234 0.8989 0.9702

85 0.8467 0.9217 0.9923

2.00 -35 0.9799 1.0570 1.1290

25 1.0040 1.0810 1.1520

5 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
mixer 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 LOA is labeled LOin 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
15  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 DA1, DA2, and DA3, and finally

the amplified LO output signals at the LOout 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



1 .80-350.79790.87380.9456 250.82340.89890.9702 850.84670.921 70.9923 2.00-350.97991 .05701
.1290 251 .00401 .081 01 .1520 851 .02601 .10201 .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 inv@ation of a passive mixer 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 FigsPBACLFEEP it & rode MslcoliRia i the MBEER ihpae THe wRplt por6MPRI O KIS 9A0Ked
LOin and the output port is labeled LOout. Referring now to Fig. 6, we describe the preferred
embodinfafiiéf thd PO AR hsHBRE datR ThE s FXCIANERBP SAGRE OFEMRE differential amplifiers
DA |, DA2, and DA3. LO input signals are coupled to the LOin port, amplified by the differential amplifiers
DA |, DA2, and DA3, and finally the amplified LO output signals at the LOout port are coupled to the LOp

and LOn ports of mixer core 12 of Fig. 2. Differential amplifiers DAL, DA2, DA3 comprise resistor pairs
R1, R2, %%ﬁ%ﬁl@%ﬂ%@@%%@bmﬁ@wﬁu@ﬁ hey pansastags o B B BBCis iR bovieisupply

for the positive rail of the circuit and the ground symbol indicates the negative power supply return
terminal. of the LOout port can be fixed by tracking the resistance of R3. Here, both resistors R3 in Fig. 6 are

tracking with Rref, see Fig. 5. This is done by referencing I3 of Fig. 6 (through any kind of current

mirror) from Iy (see Fig. 5).

If the resistance of Rj3 in Fig. 6 is less because of process variations, then Rref in Fig. 5 is less
10  because both resistors R3 and Rref are on the same wafer. Therefore I increases accordingly.

Since the current of I3 is referenced from Iy the current of I3 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



In order to maintain a constant value of Vgs-Vth of the transistors in the mixer core, the DC value 5 of the
LOout port can be fixed by tracking the resistance of R3. Here, both resistors R3 in Fig. 6 are tracking
with Rref, see Fig. 5. This is done by referencing 13 of Fig. 6 (through any kind of current mirror) from IB
(see Fig.m)olibthe resistance of R3 in Fig. 6 is less because of process variations, then Rref in Fig. 5 is
less 10 because both resistors R3 and Rref are on the same wafer. Therefore IB increases accordingly.
Since thel current B9 eFRPEACE P 1BVHY etitént of PolineRsLER SPaReBAMGIF aFfeL tHietdore,
maintains the DC value of the LOout port. The DC value of the LOout port will change with variation of
VDD. If VIS dSEreAs e brecas s alR of 8 I BB Hokt tleEransey biPtHy S4mdsiitount. However,
the effects of VDD variations and Vth variations will be compensated by the dynamic biasing Vs in Fig. 5.
The advahtages! 6PIPTEHIES Chelit 8 PaSev@niRershre: 1. Vih 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
P100422° 3. VaRAHit Of SoHElLToH! tain T MM S AN RIS ESHER thidliyRbit 1 Bfocess and
power supply variation because of the slight different in current flows in the transistors. 4. Temperature
effects oM AHHAR be radrEy. 2 e L5t B CahUBFafoH AR SV AR EARTEY U inats iy Be#Eimance (P1dB,

IP3) will be
) compensation bias circuit. This is because as temperature goes down, the transistors in the passive

mixer core are “‘slower”, and their on-resistance is 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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5 maintained. The noise figure becomes a linear function with temperature after using the compensation
bias circuit. This is because as temperature goes down, the transistors in the passive mixer core are
"slower"”, and their on-resistance is higher. While the invention has been particularly shown and described
with referanceto the 10 preferred embodiments thereof, it will be understood by those skilled in the art
that various ch‘an?es in form and details may be made without departing from the spirit and scope of the
invention M50 49IPEA0%22 What is claimed is: 1. A compensation bias circuit for a CMOS passive
mixer, comprising: a mixer core having RF input ports, LO input ports, and IF output ports, said mixer core
mixing thé #C&@ﬁﬁ%ﬂib‘&%%ﬁ&lt%@ﬁﬁ BISHYGHESO FreGRIHEY applied to said LO input ports,
said 5 IF output ports supplying an IF signal which is the result of an up-conversion or a down-conversion
of said R BigRar Aid 84S HRYtENEY; S4Td HRBEIETE MOMPHERMY BOpRiIrif BRaRsTEBYS 2hiica
biasing circuit coupled. to said RF input ports, said biasing circuit supplying a tracking bias voltage to said
RF input PErtets cinpehiataifoRk ARty orttdihbld VSHAG tRPEMIEIGhE PowWerdtippidsaid
biasing circuit comprising transistor means and a current source coupled serially 10 between the.

termihals' b4 PBHBGE SUBBRY ReHE EHHEEh SHBAIF SBTT TAHSISHY PREAMY OF SRET BidS CHRAEANY said

current source supplies said tracking bias voltage. . o ) )
of said RF signal and said LO frequency, said mixer core comprising a plurality of transistors; 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 transistor means and a current source coupled serially
10  between the terminals of a voltage supply, where the junction of said transistor means of said

biasing circuit and said current source supplies said tracking bias voltage.

2. The compensation bias circuit of claim 1, wherein said mixer core comprises a first, a second, a
third, and a fourth transistor, said first transistor coupled between the positive input of said RF input

15  port and the positive output of said IF output port, said second transistor coupled between the
positive input of said RF input port and the negative output of said IF output port, said third
transistor coupled between 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 the gates of said first and said third transistor are

20  coupled to the positive input of said LO input port, and , where the gates of said second and said

fourth transistor are coupled to the negative input of said LO input port.

13



2. The compensation bias circuit of claim 1, wherein said mixer core comprises a first, a second, a third,
and a fourth transistor, said first transistor coupled between the positive input of said RF input 15 port
and the positive output of said IF output port, said second transistor coupled between the positive input of
said RF inputport and the negative output of said IF output port, said third transistor coupled between
the negative input of said RF input port and the negative output of said IF output port, said fourth
transistoPcoliBfet BEDEd Pt Heg Aike Th Sl Bf st R In Bt ereaecr tHenb 85itie S5t SeardiF
output port, where the gates of said first and said third transistor are 20 coupled to the positive input of
said LO itptOFoit arie W fs the G He8 Breiassoriia#id said fourth transistor are coupled to the
negative input of said LO input port. 13 P100422 3. The compensation bias circuit of claim 1, wherein the
reference current of said current source of said biasing circuit is derived from the bandgap voltage. 4.
The compensation bias circuit of claim 1, wherein said biasing circuit has a resistive means 5 coupled
between the RO PBERIE B HNSISH LB Voitade SiHH) éﬁ‘}g BRI Rt b P R @RS P& Biasing
circuit. 5. The compensation bias circuit of claim 4, wherein said resistive means introduces an extra

voltage drSpPIRGS TEUTFAAGCR EUPRSHE YoWARY A SAiftrardiats: SHadng o 8d THECIM PRkt tihs

circuit of claim 1, wherein said transistor means of said biasing circuit is equal in size to each of said

transistof S afd fier core.

5. The compensation bias circuit of claim 4, wherein said resistive means introduces an extra
voltage drop thus reducing the current flowing in said transistor means.

10
6. The compensation bias circuit of claim 1, wherein said transistor means of said biasing circuit is

equal in size to each of said transistors of said mixer core.

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

15  applies to any said LO frequency.
8. A compensation bias circuit for a CMOS passive mixer, comprising:

a mixer having RF input ports, input ports coupled to LO amplifier outputs, and IF output ports,
20  said mixer mixing the RF signal applied to said RF input ports and the amplified LO frequency

applied to said input ports coupled to said LO amplifier outputs, said IF output ports supplying an

IF signal which is the result of an up-conversion or a down-conversion of said RF signal and said

amplified LO frequency, said mixer comprising a plurality of n-channel MOSFET transistors;

14



7. The compensation bias circuit of claim 1, wherein said up-conversion and down-conversion 15 applies
to any said LO frequency. 8. A compensation bias circuit for a CMOS passive mixer, comprising: a mixer
having RF input ports, input ports coupled to LO amplifier outputs, and IF output ports, 20 said mixer
mixing thel®k2s8ignal applied to said RF input ports and the amplified LO frequency applied to said input
ports coupled to said LO amplifier outputs, said IF output ports supplying an IF signal which is the result
of an up-conversion or a down-conversion of said RF signal and said amplified LO frequency, said mixer
comprising a plurality of n-channel MOSFET transistors; 14 P100422 a LO amplifier having LO inputs and
said LO dmpliftBPbiigitey esid-Donariprfiersashirismg e Wirnsre itk AT HRpRAER S in
series to amplifiy said LO frequency applied at said LO inputs; and 5 a biasing circuit coupled to said RF
input port, 8416 BiHSHRE EreHPESHyiRP LRt bias WAy e S51d R bt paHEt8  saitlpdhsate for
variations of threshold voltage, temperature, and power supply, said biasing circuit comprising a
transistor Hta®&rrent source coupled serially between the terminals of a voltage supply, where the
junction of said transistor of said biasing 10 circuit and said current source supplies said tracking bias
volta?;e, said biasing circuit further comprising current mirrors, where the output of one or more of said

current mirrors is coupled to_ said LO amplifier outputs to maintain constant the value of the gate-source
voltage niiRlsRecircult 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 the terminals of a voltage supply, where the junction of said transistor of said biasing

10  circuit and said current source supplies said tracking bias voltage, said biasing circuit further
comprising current mirrors, where the output of one or more of said current mirrors is coupled to
said LO amplifier outputs to maintain constant the value of the gate-source voltage minus the

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

15 9. The compensation bias circuit of claim 8, wherein said mixer comprises a first, a second, a third,
and a fourth transistor, said first transistor coupled between the positive input of said RF input port
and the positive output of said IF output port, said second transistor coupled between the positive
input of said RF input port and the negative output of said IF output port, said third transistor
coupled between the negative input of said RF input port and the negative output of said IF output

20  port, said fourth transistor coupled between the negative input of said RF input port and the positive
output of said IF output port, where the gates of said first and said third transistor are coupled to the
positive input of said LO input port, and , where the gates of said second and said fourth transistor

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

15



threshold voltage of said n-channel MOSFET transistors of said mixer. 15 9. The compensation bias
circuit of claim 8, wherein said mixer comprises a first, a second, a third, and a fourth transistor, said first
transistor coupled between the positive input of said RF input port and the positive output of said IF
output partpsam second transistor coupled between the positive input of said RF input port and the
negative output of said IF output port, said third transistor coupled between the negative input of said RF
input port and the negative output of said IF output 20 port, said fourth transistor coupled between the
negative input of said RF input port and the positive output of said IF output port, where the gates of said
first and &id tHircPIPRRENHBRE S SURIBUOIO TR PoSitives iR Hif BY Sir S iFptit Por (et Whitd the hates
of said second and said fourth transistor are coupled to the negative input of said LO input port. 15
P100422541. BiREsorH B a6 s elrctit Srefsih BOUAsErein the reference current of said current
source of said biasing circuit is derived from the bandgap voltage. 5 11. The compensation bias circuit of
claim 8, wherein said biasing circuit has a resistive means coupled between the more positive terminal of
said voltage supply and said n-channel MOSFET transistor of said biasing circuit. 12. The compensation
bias %ircdﬁ of MMHPPENHER RS ST RIE R Eand it B daLbRIAHSEH 16 Rt aisp Pt Teducing
the current flow in said n-channel MOSFET transistor, 13. The com?ensation bias circuit of claim 8,

wherein SAIPIFERANHEMNRS SEETRYANSISISF B Saitf Bading GredHiE 8 qud I Srsraski O ddid

transistors of said mixer. = =~ =
transistor of said biasing circuit.

12. The compensation bias circuit of claim 11, wherein said resistive means introduces an extra

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

13. The compensation bias circuit of claim 8, wherein said n-channel MOSFET transistor of said

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

15 14. The compensation bias circuit of claim 8, wherein said up-conversion and down-conversion

applies to any said LO frequency.
15. A compensation bias circuit for a CMOS passive mixer, comprising:

a matching network receiving an RF signal at inputs IN, where said matching network provides

20  matching between the impedance of said inputs IN and the RF inputs of a mixer;
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15 14. The compensation bias circuit of claim 8, wherein said up-conversion and down-conversion applies
to any said LO frequency. 15. A compensation bias circuit for a CMOS passive mixer, comprising: a
matching network receiving an RF signal at inputs IN, where said matching network provides 20
matchingeb@ueen the impedance of said inputs IN and the RF inputs of a mixer; 16 P100422 a LO
amplifier buffering a LO frequency applied to the LO inputs of said LO amplifier; said LO amplifier
comprisiﬁ&&mlm&@#ﬁ?&%ﬁéﬁm%w&m&tfh@eﬁé%wa%efo%ué%}ﬁﬁmﬂé%eraéﬁ eefdency
signal at LO amplifier outputs; 5 said mixer having said RF input ports coupled to the outputs of said
matching® AEWETKCLEPIBOE DY SIS 84 E@%ﬁﬁﬁi@%&ﬂd&%ﬁa i IGptE porediadmixer
mixing the RF signal applied to said RF input ports and said amplified LO frequency applied to said LO
input porfs i eHiEnmixeE a4 1O SRplitiFoRERUPPlYing an IF signal which is the result of an
up-conversion or a down-conversion of said RF signal and said amplified LO frequency, said mixer
comprised of a 10 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
diffePentiéﬂ&?‘t’&l’&éé}ﬁ\V/@%ﬁH%B%dﬁ%tmrFﬁ SOYPISHLO SrraarBYE BLEAIHE Y ARt pdLitiRd and
negative IF output ports; and 15 a bhiasing circuit cggﬁled to said RF input ports, said biasing circuit

supplyind 3t £EkiNg bias Aot gE e St IR I b P B S 1PEb PN SAE ToF Vel atiB AL e traShold

voltage, temperature, . . . ) . .
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
down-conversion of said RF signal and said amplified LO frequency, said mixer comprised of a

10 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

15  abiasing 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 the junction of said n-
channel MOSFET transistor of said biasing circuit and said current source supplies said tracking

20  bias voltage, said biasing circuit further comprising a reference resistive means and a feedback
amplifier which drives cascode current mirrors, where an output of one of said current mirrors is
coupled to said LO amplifier outputs to maintain constant the value of the gate-source voltage

minus the threshold voltage of said n-channel MOSFET transistors of said mixer.
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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 the junction of said re- channel
MOSFET transistor of said biasing circuit and said current source supplies said tracking 20 bias voltage,
said biasingoenrcuit further comprising a reference resistive means and a feedback amplifier which drives
cascode current mirrors, where an output of one of said current mirrors is coupled to said LO amplifier
outputs to maintain constant the value of the gate-source voltage minus the threshold voltage of said
n-channel MOSFET transistors of said mixer. 17 P100422 16. The compensation bias circuit of claim 15,
wherein S&id! HiEIHSTHISBLEiFTC A SR d St TaHa A ot trATaRststS 8AlErfirsEransistor
coupled between the positive input of said RF input port and the positive output of said IF output port,
said secdh%a%@?&ueadaeasg%wémﬁé ERYSIYE THPIH SIS X RBG A PSR qﬁéﬂ%&ﬁ%l&utput
of said IF output port, said third transistor coupled between the negative input of said RF input port and
the negafif8 8UHGE BPSLIYE i BHplBBH AP RMR riats e bipe Betn Rl dhe Wega il input of
said RF input port and the positive output of said IF output port, where the gates of said first and said
third ranBi§iSr 8r8PEbbibtat B BN 8RN E P E SF &3y L& RPRIpSH dnavirere the yHHEEdbf said
second and said 10 fourth transistor are coupled to the negative input of said LO input port. 17. The
compensAtBHAs VRt R Wi S NGRENEI Y Pofardte BRHER S FRAI CHRBIT SOURY dt s4i biasing
circuit is derived from the bandgap voltage. 15 18. The compensation bias circuit of claim 15, wherein

said bi as}ﬁgo&% iPRLsalddowitldransisty coupled between the negative input of said RF input port and

the positive output of said IF output port, where the gates of said first and said third transistor are
coupled to the positive input of said LO input port, and , where the gates of said second and said

10 fourth transistor are coupled to the negative input of said LO input port.

17. The compensation bias circuit of claim 15, wherein the reference current of said current source

of said biasing circuit is derived from the bandgap voltage.

15 18. The compensation bias circuit of claim 15, wherein said biasing circuit has a resistive means
coupled between the more positive terminal of said voltage supply and said n-channel MOSFET

transistor of said biasing circuit.

19. The compensation bias circuit of claim 18, wherein said resistive means introduces an extra

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

20. The compensation bias circuit of claim 15, wherein said n-channel MOSFET transistor of said

biasing circuit is equal in size to each of said transistors of said mixer.
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coupled between the more positive terminal of said voltage supply and said n-channel MOSFET
transistor of said biasing circuit. 19. The compensation bias circuit of claim 18, wherein said resistive
means introduces an extra 20 voltage drop thus reducing the current flow in said n-channel MOSFET
transistor12042The compensation bias circuit of claim 15, wherein said n-channel MOSFET transistor of
said biasing circuit is equal in size to each of said transistors of said mixer. 18 P100422 21. The
compensation bias circuit of claim 15, wherein said up-conversion and down-conversion applies to any
said LO frequency. 5 22. The compensation bias circuit of claim 15, wherein where said output of one of
said curréht MifrfOFSRISAIY biRISHY Rt Maifta s CSHE A thePvet¥cst tHe g4 ide8sures otiage minus
the threshold voltage of said n-channel MOSFET transistors of said mixer. 23. A method of providing a
compenstiir big¢FsrsalEMOSHHERVe mixer, comprising the steps of: 10 a) providing a mixer core
having RF input ports, LO input ports, and IF output ports, said mixer core mixing the RF signal applied
to said RF input ports and the LO signal applied to said LO input ports; 15 b) supplying an IF signal, at

said IF output ports; c) coupling a biasing circuit to said RF input ports for supplying a tracking bias
voltage tggga%l@q‘i‘ﬁﬁﬂsﬁ%?fétl@%ﬁllrﬁﬁgﬁéféi]é‘%rl\?aﬁﬁ}%% &%ﬁ%%&ﬂ%‘i‘faﬁ&%ﬁfp%ﬂﬁﬁgf’%d power
supply;

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.

23. A method of providing a compensation bias for a CMOS passive mixer, comprising the steps of:
10

a) providing a mixer core having RF input ports, LO input ports, and IF output ports, said mixer

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

ports;

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

¢) coupling a biasing circuit to said RF input ports for supplying a tracking bias voltage to said RF

input ports to compensate for variations of threshold voltage, temperature, and power supply;

20  d) utilizing for said biasing circuit a transistor means and a current source coupled serially between

the terminals of a voltage supply;
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20 d) utilizing for said biasing circuit a transistor means and a current source coupled serially between the
terminals of a voltage supply; 19 P100422 e) supplying said tracking bias voltage from the junction of
said transistor means of said biasing circuit and said current source; f) coupling a LO amplifier with
differential @iages to said LO input ports to amplify a LO signal 5 applied to the input of said LO amplifier;
and g) fixing the DC level at said LO input ports by coupling the output of a current mirror to said LO input
ports, whereSSBRIABFreHtIHitFsI N8 RiferEniase iyea rEterBeE e S5 toy d16roAStrRdFidth ol BF britiimsg a
compensation bias of claim 23, wherein said mixer core feeds said RF signal differentially to positive and
negative RFSHPY pBSAdsEdss04'Ce signal differentially to positive and negative LO input ports, and
obtains said IF signal at positive and negative IF output ports. 15 25. The method of providing a
compensation bias of claim 23, wherein the reference current of said current source of said biasing circuit
is derived from the bandgap voltage. 26. The method of providing a compensation bias of claim 23,
wherein $hidBRSRG LitCdit AL AT adibd medi stupield Bé‘t%g&lﬂi’é“rﬂ&és POSHR! b fAIs8Eid
voltage supply and said 20 transistor means of said biasing circuit. 27. The method of providing a

compensatichBise i Baimpsolritdit? 25a'tE8Ist08 means introduces an extra voltage drop thus

reducing the current flowing in said transistor means.

g) fixing the DC level at said LO input ports by coupling the output of a current mirror to said LO

input ports, where said current mirror is referenced by a reference resistor.

10 24. The method of providing a compensation bias of claim 23, wherein said mixer core feeds said
RF signal differentially to positive and negative RF input ports, applies said LO signal differentially
to positive and negative LO input ports, and obtains said IF signal at positive and negative IF output

ports.

15 25. The method of providing a compensation bias of claim 23, wherein the reference current of said

current source of said biasing circuit is derived from the bandgap voltage.

26. The method of providing a compensation bias of claim 23, wherein said biasing circuit has a
resistive means coupled between the more positive terminal of said voltage supply and said

20  transistor means of said biasing circuit.

27. The method of providing a compensation bias of claim 26, wherein said resistive means

introduces an extra voltage drop thus reducing the current flowing in said transistor means.
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20 P100422 28. The method of providing a compensation bias of claim 23, wherein said transistor means
of said biasing circuit is equal in size to each of said plurality of transistors of said mixer core. 5 29. The
method of providing a compensation bias of claim 23, wherein said up-conversion and down-conversion
applies teany2gaid LO frequency. 10 21

28. The method of providing a compensation bias of claim 23, wherein said transistor means of said

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

5 29. The method of providing a compensation bias of claim 23, wherein said up-conversion and

down-conversion applies to any said LO frequency.
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