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2006/ 1878 PCTI US2005/ 012300 Q ENHANCEMENT Cl RCU T AND METHOD 5 BACKGROUND
OF, THEYI NVENTI ON Field of the Invention: 10 The present invention relates to
el ectri'cal and electronic circuits and systems. Mre specifically, the
present jevaitddghs €l ates to systems and methods for Q penosmogmesdo for
passi ve 1 nductive capacitive resonators in electrical and el ectronic
circuits and systens. 15 Description of the Related Art: In reference to a
resonant nechani cal or electrical circuit or a capacitor, Qis a "quality
factor.” In the case of a resonant system Qis a neasure of the sharpness
of 20 the resonant peak in the frequency response of the systemand is
inversely proportional to the danping in the system Q = center frequency
di vided by Hz bandw dth. Equalizers that contain resonant circuits are
rated by their Qvalue: the
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hi gher the Q the higher and nore well defined the peak in the response. In
filters, the ratio of a bandpass or band-reject filter's center freqyency
to its bandwi dth defines Q ,)5 Thus, assumng a constant center freqfiency,
Qis inversely proportional to bandwidth, i.e., a higher Qindicates’a ~
nar r onwer MEHHGPUBT (See httr)://ww. dil ettaiitesdictimBusoeom:naf/ q. pd )
2 WD 2006/ 1101878 PCT/ US2005/0 (2300 Hence, for a variety of applications
such as analog to digital conversion, wreless comrunication circuits,
narrowband anplifiers, mcrowave circuits and the 30 like, it is useful to
provide a systemor nethod for Q enhancenment. In anal og signal processing
and communi cation systens, Q enhancenent «circuits typically use negative
resistor circuits to caQdEYHANCEMENTIGIRCHH AND MEJIHOBNce associated with
the inductors (L) in the passive inductor-capacitor (LC) resonators. Wen
inmplenented in fully differential nbde, these circuits are usually connected
in 35 parallel with the capacitors of the resonator and typically the
capacitor is connected between two inductors. Generally, the negative
resistor circuits fail to adequately cancel the parasitic resistance of the
i nductorss This non-ideal cancellation causes other second order effects
and can cause the circuit to resonate at other frequencies. In addition, the
use of negative resistors BRAOKGRGUNDIORTER INCENTBON converters 40 to
generate negative currents for the cancellation. This nakes the negative
resistor circuit nore susceptible to non-linear distortion and circuit

del ay and degrades the performance of the LC resonator.

Field of the Invention:
10
The present invention relates to electrical and electronic circuits and systems.
More specifically, the present invention relates to systems and methods for Q
enhancement for passive inductive capacitive resonators in electrical and electronic
circuits and systems.
15

Description of the Related Art:

In reference to a resonant mechanical or electrical circuit or a capacitor, Q is a

“quality factor.” In the case of a resonant system, Q is a measure of the sharpness of

20 the resonant peak in the frequency response of the system and.is inversely
proportional to the damping in the system: Q = center frequency divided by Hz
bandwidth. Equalizers that contain resonant circuits are rated by their Q-value: the
higher the Q, the higher and more well defined the peak in the response. In filters, the

ratio of a bandpass or band-reject filter’s center frequency to its bandwidth defines Q.

25  Thus, assuming a constant center frequency, Q is inversely proportional to bandwidth,

ie., a higher Q indicates a narrower  bandwidth. (See

http://www.dilettantesdictionary.com/pdf/q.pdf.)



Hence, a need remains in the art for a systemor nethod for enhancing the Q
of acircuit. Particularly, a need remains in the art for a system or
nmet.hod for enhancing 45 the Q of LC resonators used in anal og signal
processi ng and comuni cation systens to inprove the linearity and

resol uti Qi idenRgis SUMVARY OF THE | NVENTI ON 50 The neeg:4 e I S
addressed by the Q enhancenent circuit and net hod of tﬁg+@§é@€ﬁ?ﬁ%hvention.

In a nost general enbodinent, the inventive circuit is adapted for use with
a conmponent having a parasitic resistance RL1 and a first resistance Rl 55
di sposed in series wth the component and an arrangenent for making the

resi stance a negative resistance. 3 WO 2006/ 001878 PCT/ US2005/0 1231111 In

the illustrative enbed] N vaddty OF applitaGEROARhI RdRIR & SRRt édnvt@iohhe
conponents for which Q enhancenent is effected. A resistance R is disposed

in series wi tirelepecampaticatian giewis, ranpwibendeemplifiars migwwase siseuitsand ks st ance
RL, thereqf. P ' r es| e | S. disposed in series with
3, SR R B BB SESMLBE TR

t he secon uctor resi stance RL2 thereof.

In this enbodi mentin alaoeQsighdlat6Ed3EiAgE andidoftiunidatiod Udeema Qi drihndei@itSi St or
Q and a second transistor 2. The transistors may be BJT (bipolar junction
transistor), MBHEPPIHEUS DGR HHRT CEsHHER GRcelog] prrasifieeqrial fesigiqasest or s) |

or other t ypeagr)ci%é@m%@ 'i'xﬁ‘iuct@% (Ith iR 1 JastiVP fRINBRE-BlphQfbr (BES ResBhiatdBe
collector termnals is connecte a
When implemented in fully differential mode, these circuits are usually connected in
35  parallel with the capacitors of the resonator and typically the capacitor is connected
between two inductors. Generally, the negative resistor circuits fail to adequately
cancel the parasitic resistance of the inductors. This non-ideal cancellation causes
other second order effects and can cause the circuit to resonate at other frequencies.
In addition, the use of negative resistors requires voltage-to-current converters
40  to generate negative currents for the cancellation. This makes the negative resistor
circuit more susceptible to non-linear distortion and circuit delay and degrades the
performance of the LC resonator. ‘
Hence, a need remains in the art for a'system or method for enhancing the Q of
a circuit. Particularly, a need remains in the art for a system or method for enhancing
45  the Q of LC resonators used in analog signal processing and communication systems

to improve the linearity and resolution thereof.

SUMMARY OF THE INVENTION
50

The need in the art is addressed by the Q enhancement circuit and method of

the present invention. In a most general embodiment, the inventive circuit is adapted

for use with a component having a parasitic resistance Ry; and a first resistance R,

55  disposed in series with the component and an arrangement for making the resistance a

negative resistance.



respective one of the first or the second resistors Rl or R2 and each of the
emtters are connected to a respective one of the inductors. In this tase,
the Q enhancenent circuit includes a first unity-gain anplifier (emtter.
foll ower/vol tage foll ower) connected between the collector termnal of the
first trdQR2Y6EPIsghd t he base term nal of the 70 secondptransisheizoand a -
second unity-gain anplifier connected between the collector termnal of the
second transistor and the base terminal of the first transistor. In the
alternative MOSFET inpl enmentation, each of the transistors has a source, a
gate and a drain termnal. In this case, each of the drain termnals is
connected to a respective one of the first or the second resistors Rl or R2
and the 75 sourcdntthe rﬂlumdaévealembmdimnn!tctf&st ol aeaoedp'e«tucitore congitgé thhre

i nductors. A first unity-gajn .a i fier (source fol r). is nected

bt ween £ he' SPIIPREAES Ao YEifh OferREPRERSE eEbF e e (oS R e GRS tor i nal of
the second tgeARsingthOthe a6t BdERFONE YNighil- @hE pad¥ici febihncoR) Rt sk bet ween
the drain term nal of the second transistor and the gate termnal of the

first tr@hsilkewise,acecomdirepistagesR. iwliposedan lerigs withetheisicoyd ipdhetorandlisfier is a '

oper at 1 g e il s i 9RE R egbt "B oS s ingll B QPR " B
DESCRI PTI ON difeuit lnic I deéW\fitdCizarisis g Qg aﬂ.dasecancSﬁJmSimrIQi dhegumsistahony bg a
differential_LC resonator w dely _used for anal o{g si gnal processi.n

accor dance wth Wéh’@qh@ﬁﬁnsﬂséﬁl}ﬂ%ﬁé@“g@“ﬁlg%ﬂ ?N*@“é“%@%?ﬁ@gdl agr am
of the resonghfu, i GpdoSHRYEE. Par asi ti ¢

65 In a BJT implementation, each of the collector terminals is connected to a
respective one of the first or the second resistors R; or R; and each of the emitters are
connected to a respective one of the inductors. In this case, the Q enhancement circuit
includes a first unity-gain amplifier (emitter follower/voltage follower) connected
between the collector terminal of the first transistor and the base terminal of the

70  second transistor and a second unity-gain amplifier connected between the collector
terminal of the second transistor and the base terminal of the first transistor.

In the alternative MOSFET implementation, each of the transistors has a
source, a gate and a drain terminal. In this case, each of the drain terminals is
connected to a respective one of the first or the second resistors R; or R; and the

75  source terminals are connected to a respective one of the inductors. A first unity-gain
amplifier (source follower) is connected between the drain terminal of the first
transistor and the gate terminal of the second transistor and a second unity-gain
amplifier connected between the drain terminal of the second transistor and the gate
terminal of the first transistor.

80 In the best mode, each of the unity gain amplifier is a emitter/source follower

to achieve optimal circuit simplicity and maximal operating bandwidth.



resi stance of the inductors thereof. Figure 3 shows an approach for Q
enhancenent of the resonator of Figure 2 in accordance with conventi onal
teachings. Figure 4 is a schematic diagramof a resonator with Q enhancement

95 inpl enented in accordance with an illustrative enbodi nent of the
teachlng%wg%nﬁn resent invention. Figure 5 is a schematic diagram of the
r esonat or gﬁ? 4 with an illustrative inplenmentat PERA/USRVSHE2Egat | ve

resistors thereof. Figure 6 is a schematic diagram of the resonator of
Figure 5 with a bipolar 100 emtter follower inplenentation for the voltage
followers thereof. Figure 7 is a schematic di agram of the resonator of
Figure 5 with a MOSFET source follower inplenentation for the voltage

foll owerg.thereof. 5 WO 1112300 DESCRI PTI ON
OF THE | RVENTI ON |11 ust %ﬁ@%MQ%W applications will
now be described wth reference to the acconpanying draw ngs to di scl ose

t he advant ageous teachings of the present invention. Wile the present
invention is described herein with reference to illustrative 110

erbos o o PGk MR RBh  H  YRERATIRRE
and access t osetl i@ ahelag bigha processing in accordance with conventional teachmgs.
90 Figure 2 is a schematic diagram of the resonator of Figure 1 showing parasitic
resistance of the inductors thereof.
Figure 3 shows an approach for Q enhancement of the resonator of Figure 2 in
accordance with conventional teachings.
Figure 4 is a schematic diagram of a resonator with Q enhancement
95 1implemented in accordance with an illustrative embodiment of the teachings of the
present invention.
Figure 5 is a schematic diagram of the resonator of Figure 4 with an
illustrative implementation of the negative resistors thereof.
Figure 6 is a schematic diagram of the resonator of Figure 5 with a bipolar
100  emitter follower implementation for the voltage followers thereof.

Figure 7 is a schematic diagram of the resonator of Figure 5 with a MOSFET

source follower implementation for the voltage followers thereof.
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provided herein will recognize additional nodifications, applications, and
enbodi nents within the scope thereof and additional fields in which the
present invention would be of significant utility. 115 Figure | is a
schemati c di agram showing a differential LC resonator widely used for
anal og swvgmalcpomeessi ng in accordance wi th conventionab{RRGM:NPS Fi ure 2
is a schematic diagramof the resonator of Figure 1 show ng parasi {lc
resi stance of the inductors thereof As shown in Figures 1 and 2, the
resonator 10" includes first and second inductors Lr and L2 connected in
parallel to a ground connection on one end 120 and a capacitor C connected
across the other ends thereof. The first and second inductors L, and L2 have

i nherent parasitic resistancepEWRWIrdsoN'GF T8 INCEXTION il lustrated in
Figure 2. As is well known in the art, due to the parasitic serial resistors

RLI and Ru associated with the inductors, the Q of the LC resonator is
limted. e commonly 125 used technique to increase the Qis to use a
negative resistor in parallel with the capacitor. This is illustrated in

Figure 3. Figure 3Jllahnavse ambadipemnaahd odmphgipphationd wildhotvhe deatbeat or of
Figure 2 in accordance wi th conventi onal teachlngs In this resonator 20, a
negative resi ¥ithrefprence to thsarsempanying dsyings ta|disgiase thenadvantageons isachangs Al t hough
this approach kQﬁ* 3sfionhe Q 130 of the resonator, it has not been found
adequate in the cancel l'ation of the effect of the paraS|t|c seri al
resistors RI,, andWers thenpré3ent imvadidn tis descritiedchersdy atithviefarare $6¢ diusftivakes 6 WO
211116/ 09%(? 786nF1)bCoT<{1mg1tsS fo% %grStl/cu girlazp% g'a]ﬁons it should be understood that the invention is.
not limited thereto. Those having ordinary skill in the art and access to the teachings
provided herein will recognize additional modifications, applications, and
embodiments within the scope thereof and additional fields in which the present
invention would be of significant utility.
115 Figure 1 is a schematic diagram showing a differential LC resonator widely
used for analog signal processing in accordance with conventional teachings. Figure 2
is a schematic diagram of the resonator of Figure 1 showing parasitic resistance of the
inductors thereof. As shown in Figures 1 and 2, the resonator 10’ includes first and
second inductors L; and L, connected in parallel to a ground connection on one end
120 and a capacitor C connected across the other ends thereof. The first and second
inductors L; and L, have inherent parasitic resistance shown as, respectively, as
illustrated in Figure 2.
As is well known in the art, due to the parasitic serial resistors Ry, and Ry,
associated with the inductors, the Q of the LC resonator is limited. One commonly
125  used technique to increase the Q is to use a negative resistor in parallel with the
capacitor. This is illustrated in Figure 3.
Figure 3 shows an approach for Q enhancement of the resonator of Figure 2 in
accordance with conventional teachings. In this resonator 20, a negative resistor R is
connected in parallel with the capacitor C. Although this approach can increase the Q

130  of the resonator, it has not been found adequate in the cancellation of the effect of the

parasitic serial resistors Ry, and Ry, on Q. In addition, the negative resistor R makes



the resonator a nore conplicated circuit and can cause resonance at ot her
undesired frequencies. Hence, a need remains in the art for a system or
met hod for enhancing the Qof a circuit. 135 Figure 4 is a schematic

di agram of a resonator with Q enhancenent inplenented in accordance with an
I 11 ustraty 3 , ment of the teachings of the present invention. The

r esonat otr\méylgmiwsi‘p@?% lar to that of Figure 2 with the ex®&FYSSMHSMEMY first
and second negative resistors - Rl and - R, are disposed in series with the
first and second inductors L, and L2, respectively. 140 Figure 5is a
schematic di agram of the resonator of Figure 4 with an illustrative

| npl enmentation of the negative resistors thereof. In Figure 5, resistors R
and R2 are di;spased. i .es w the first and second inductors. The
resistors Rt t%‘nr >0 *2#{2031!; 3°"§]%hcgéegé:llrc‘%al% cea“ﬁﬁ‘rlséesﬁ%?olnéms?eartio “ rug‘ieisg?dor s RLI
and RL2. Fir gfeqwdhdies eHomd, a héecd8main® irs theXartXbela hteni Or GREHIEGbCchhafciRet ween
the resistors Rl and R2 and the 145 associ ated conponent, in the

i | lustrative thgfprf2gt®8n, the first and second inductors L1 and L2,
respectipnely. The | gct0 St t n t he
col | ect ol\rggof @ i g%g%nﬁegst éd&zhgrgaﬁt,ld ?%a%gd%ﬂggegg{egc&ﬁggc‘?g? ggnglgﬁgm&tn ﬂeﬂghe
present teadhplegsnpted inf ageetdanael wislyen filbistrativerentbodinient géiithe wmaghingsiofrthe 42 i s

connect ed bet ween .node An%nd t he ggse.of (?2 The secopd .\ﬁ(r) tage foll ower 44
i s connect ed PRSERIERTIRT Y’ 18 FERFa1QR _fsrﬁmﬂ?a’s@}?ﬂ“ .‘g“’ff_hg Wi, B¢ eXeRtiUbcond
vol tage fol | eyeisst 474 %%&Hegﬁﬁ% R€istol PR £ FRINL &Y a%’di@é’ﬂs&& &f séiel Wtnghs as

shown in Figure 6 below, source followers as shown in Figure 7 or other

sui tabl e ci r dwdtandsecenifadustirs bsandi Lol rekpechyslir. eci at ed by those of ordinary

Zk:/v! lt hl 24@)?; o?; ' Fnglm%urSeiSGa 'sZhetatic h(%gggrlnco Ithaegge%cr)ga?gr BP %igru?es an%lvtitﬁr anOf Figure
illustrative implementation of the negative resistors thereof. In Figure 5, resistors R,

and R; are disposed in series with the first and second inductors. The resistors R; and
R, should be equal to the parasitic serial resistors Ry, and Ry,. First and second
transistors Q; and Q, are connected in between the resistors R; and R; and the
145  associated component, in the illustrative application, the first and second inductors L;
and L,, respectively. The collector of Q, is connected to R; at a node A and the
collector of Q. is connected to R, at a node B. In accordance with the present
teachings, a first voltage follower (unity-gain amplifier) 42 is connected between node
A and the base of Q2. The second voltage follower 44 is connected between node B
150 and the base of QI. The first and second voltage followers 42 and 44 can be
implemented by emitter followers as shown in Figure 6 below, source followers as
shown in Figure 7 or other suitable circuit arrangement as will be appreciated by those

of ordinary skill in the art.
Figure 6 is a schematic diagram of the resonator of Figure 5 with a bipolar
155 emitter follower implementation for the voltage followers thereof. In this
embodiment, the first follower 42 is implemented with a third bipolar transistor Q3
having its base connected to node A, its collector connected to ground and its emitter
connected to a first current source 46. The second follower 44 is implemented with a
fourth bipolar transistor Q4 having its base connected to node B, its collector

160  connected to ground and its emitter connected to a second current source 43. While



— |

155 emitter follower inplenentation for the voltage followers thereof. In
this enbodinment, the first follower 42 is inplenmented with a third bipolar
transistor @B having its base connected to node A, its collector connected
to ground and its emtter connected to a first current source 46. The

second fo¥d awghord4gi s i nplemented with a fourth bipola < 4 .
having its base connected to node B, its collector 160 co%@gﬁt@‘{}@' round

and its emtter connected to a second current source 48. Wiile 7 WO
2006/ 001878 PCT/US2 0 0 5/11 1 2 3110 an NPN inplenmentation is shown, those
skilled in the art will appreciate that a PNP inplenentation nmay be
enpl oyed as well. Figure 7 is a schematic diagramof the resonator of Figure

S5with a N%F&Tmmwmén%lbﬂwow%@mmlﬁaIus) ﬂlefé?fwilhﬁpﬁ{&:llz{t@%t 4 oNfpoveer s
thereof. In this enbodi nent ., n-channel MOSFETs and M2 are used

in place of th@WmﬂmﬁO@ﬁ@Pﬁ@@mh{ﬁdmﬂstors QL and Q2 of Figure 6. In
addition, the firsg, n%lfﬁ‘ﬁ%gheﬁ%ti'c ﬁiagq&ljo%ﬁe%%mtcﬁ“otf%i@ré Q“Flﬁll MAISFET
ate connécted to node A, it

transi stor M3 havi n§L| t's draln connected to

ground and i tso@&albnaw@ﬁmpﬁﬁfeﬂdndmfot the vbltags tfoltawer ©hbres H Ulnakis bodiiment second
follower 44 is inplemented with a fourth MOSFET transistor. Mi havin |ts 170

gate conn@tt ed0t ’on‘ﬁ%’@e]BMqStF ET M and: denare tused i Plce o dhe At and se
connected to Bﬂl?stcﬁE%Qdﬂ%rJf %Euri Frggddqt‘?’on WY £i&t ?onloQ/elc hanngl Cplemented

i npl enentation I's sho ose ~ s in the art WI| appreciate that a
p- channel i npivéthenthitliMOSEEY tﬂaasmafrpM@)heﬁngsts ga/&l donnéddteal fonneelatA,vis dminancenent
circuit 40 Shc(:)cgjnln(cjalcte(fl rt]é: eglrougl % (? f1tfs esgltlrcé) fcorgnbagte to %1e Hrst current source 46. The
second follower 44 is implemented with a fourth MOSFET transistor My having its
170  gate connected to node B, its drain connected to ground and its source connected to
the second current source 48. While an n-channel implementation is shown, those
skilled in the art will appreciate that a p-channel implementation may be employed as
well.
The inventive enhancement circuit 40 should cancel the effect of the inherent
175  parasitic resistance and improve the Q factor of the components with which it is used.
Thus, the present invention has been described herein with reference to a
particular embodiment for a particular application. Those having ordinary skill in the
art and access to the present teachings will recognize additional modifications
applications and embodiments within the scope thereof.
180 It is therefore intended by the appended claims to cover any and all such
applications, modifications and embodiments within the scope of the present

invention.

Accordingly,

185 WHAT IS CLAIMED IS:



175 parasitic resistance and inprove the Q factor of the conponents wth
which i't is used. Thus, the present invention has been described herein with
reference to a particular enbodi nent for a particular application. Those
having ordinary skill in the art and access to the present teachings wl|l
recogni z |1 | nodifications applications and enbodi nents within the
scope thggg(ﬂ)f'ﬁ'hﬁgglt is therefore intended by the appeRHEQ/'S202(0#33M o0 cover
any and all such applications, nodifications and enbodi nents within the
scope of the present invention. Accordingly, 185 WHAT IS CLAIMED | S: 8 WO
2006/ 1101878 CLAI M5 PCT/ US200S/ 11123110 1. A Q enhancenent circuit (40) for
a conponent having a parasitic resistance RL1, said enhancenent circuit
characterized by; a first resistance ksposed in series with said
conponent and a first circuit (Q 1, ) , and 44) for nmaking said

resi stance disposed in series 5 with said conponent a negative resistance.
2. The invention of daim1 wherein said conponent is an inductor L1. 3. The
invention of Claiml wherein said resistance R, disposed in series with

sai d component 1 s1.eAuakalRchRhtkiRef: o) b dofidb MR ASind% baraditic itahavent i on
of Caiml wherein sard first neans for making said
Ry, said enhancement circuit characterized by;
a first resistance R, disposed in series with said component and
a first circuit (Q), Q2, 42, and 44) for making said resistance disposed in series

5  with said component a negative resistance.
2. The invention of Claim 1 wherein said component is an inductor L;.

3. The invention of Claim 1 wherein said resistance R, disposed in series with

said component is equal to said parasitic resistance Ry;.

4. The invention of Claim 1 wherein said first means for making said

resistance a negative resistance includes a first transistor Q;.

5. The invention of Claim 4 further including a second component L, having a

parasitic resistance Ry,.

6. The invention of Claim 5 wherein said Q enhancement circuit includes a
second resistance R, disposed in series with said second component L, and second

means for making said resistance R, a negative resistance.

7. The invention of Claim 6 wherein said second means for making said

resistance a negative resistance includes a second transistor Q.

8. The invention of Claim 7 wherein each of said transistors has a collector, a

base and an emitter terminal.
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resi stance a negative resistance includes a first transistor QL. 5. The
invention of Claim4 further including a second conponent L2 having a
parasitic resistance RL2. 6. The invention of Claimb5 wherein said Q .
enhancenment circuit includes a second resistance R2 disposed in series with

sai d sec@iFhohs ent L2 and second neans for naking sgi 1 ce R2-a
negative res"i Q{[ﬁg%& 7. The invention of Cdaimé6 V\hereiﬂéﬁg%zc?ﬁ’é@égﬁd nmeans

for making said resistance a negative resistance includes a second
transistor Q2. 8. The invention of Claim7 wherein each of said transistors
has a collector, a base and an emtter termnal. 9 { WD 211116111111878
PCT/ U S2005/0 12300 9. The invention of Caim8 wherein each of said
collector termnals is connected to a respective one of said first or said
second resistors R, or R2 and said emtters are connected to a respective
one of said conpénéeesinvanyion HeClamy $nwherminotach] eff said cahestasi temsingly i)
enhancenent circuit includes a fir Li.fier (42) . connected betyween the
col ector 't eshEe g ErpdtiR, e of it br BB id ond HElE R BE R ERERSE T e
second tr ansdrsitters aR@niec®dGOR eespdthld dre®f sdid dompsengct ed between the
collector termnal of said second transistor and said base termnal of said
5 first transistor. 11. The invention of Caim 10 wherein each of said

anplifiers is a ygi fye GRERion¥RM il $Wherein said Q enhancement circuit includes a

first amplifier (42) connected between the collector terminal of the first transistor and
the base terminal of the second transistor and a second amplifier (44) connected
between the collector terminal of said second transistor and said base terminal of said

5  first transistor.

11. The invention of Claim 10 wherein each of said amplifiers is a unity gain

amplifier.

12. The invention of Claim 11 wherein each of said amplifiers is an emitter

follower.

13. The invention of Claim 7 wherein each of said transistors has a source, a

gate and a drain terminal.

14. The invention of Claim 13 wherein each of said drain terminals is
connected to a respective one of said first or said second resistors R; or R, and said

source terminals are connected to a respective one of said components.

15. The invention of Claim 14 wherein said Q enhancement circuit includes a
first amplifier (42) connected between the drain terminal of the first transistor and the
gate terminal of the second transistor and a second amplifier (44) connected between
the drain terminal of said second transistor and said gate terminal of said first

5  transistor.

10



12. The invention of Caim1l wherein each of said anplifiers is an emtter
follower. 13. The invention of Claim7 wherein each of said transistors has
a source, a gate and a drain termnal. 14. The invention of Caim13
wherein each of said drain termnals is connected to a respective one of
said first or said second resistors RL or R2 and said source termnals are
connect YO VW8 pecti ve one of said conponents. 15. TREVVSRMBHIRZYN of O aim
14 wherein said Q enhancenent circuit includes a first anplifier (42)
connected between the drain termnal of the first transistor and the gate
term nal of the second transistor and a second anplifier (44) connected
between the drain termnal of said second transistor and said gate term na
of said first 5 transistor. 10 WD 2006/ 001878 PCT/ US2005/ 012300 16. The
invention of Claim15 wherein each of said anplifiers is a unity gain
anplifier. 17. The invention of Claim 16 wherein each of said anplifiers is

a source follower,. . . . . . . . . .
16. He invention of Claim 15 wherein each of said amplifiers is a unity gain

amplifier.

17. The invention of Claim 16 wherein each of said amplifiers is a source

follower.

11





