Q ENHANCEMENT Cl RCU T AND METHODQ ENHANCEMENT Cl RCUI T
AND METHOD BACKGROUND OF THE | NVENTION Field of the
woOnuenisor : The present invention relates to PCT/US2005/012300
el ectrical and electronic circuits and systens. Mire
specifically, the present invention relates to systens
and net hods for Q enhancenent for passive inductive
capacitive resonators in electrical and electronic
circuits and systens. Description of the Related Art:
In reference to a resonant nechanical or electrica
circuit or a capacitor, Qis a "quality factor." In
the case of a resonant system Qis a nmeasure of the
shar pness of the resonant peak in the frequency
response of the systemand is inversely proportiona
to the danping in the system Q = center frequency
di vi ded by Hz bandwi dth. Equalizers that contain
resonant circuits are rated by their Q value: the
hi gher the Q the higher and nore well defined the
peak in the response hi filters, the ratio of a
bandpass or band-reject filter's center frequency to
its bandw dth defines Q Thus, assum ng a constant
center frequency, Qis inversely proportional to
bandwi dth, i.e., a higher Q indicates a narrower
bandw dt h. (See
http://ww. di | ettantesdi ctionarv. cont pdi yqg. pdf Hence,
for a variety of applications such as analog to
digital conversion, wireless conmmunication circuits,
narrowband anplifiers, mcrowave circuits and the

Q ENHANCEMENT CIRCUIT AND METHOD



like, it is useful to provide a systemor nethod for Q
enhancenent. I n anal og signal processing and
woamwooisyat i on systens, Q enhancenment circuit SPCT/US2005/012300
typically use negative resistor circuits to cancel out
parasitic serial resistance associated with the
i nductors (L) in the passive inductor-capacitor (LC
resonators. When inplenented in fully differentia
node, these circuits are usually connected in parall el
with the capad) FOHRANCEVENT BB EANDYETHODal |y t he
capacitor is connected between two inductors.
CGenerally, the negative resistor circuits fail to
adequately cancel the parasitic resistance of the
i nductors. This non-ideal cancellation causes other
second order effects and can cause the circuit to
yesonate at other frequencies. In addition, the use of
negative resistors requires voltage-to-current
converters to geﬁﬁﬁ%&%ﬂ@@&@ﬁﬂﬁr ANYANTHQY t he
cancel l ation. This nakes the negative resistor circuit
nore susceptible to non-linear distortion and circuit
del ay and degrades the perfonnance of the LC
resonatg E?E% eed remains in the art for a
system nhanC|ng the Qof a circuit.
iParticularly, a need remains in the art for a system
or nmet hod for enhancing the C%Pf LC re onators uysed. in

anal og Sthgmagseijripreation Friptesrig © 6%?%“@5 FHApiE iLTEend E?’Stems
Al HiQNiol BRIBAT andSMIGY f
CF% flﬁa@ﬁh#wg' eé(sr?g'g V|Elﬁ§)t he aart OI E}%addr &enssed by o Q
t heerueehancionpadsiveiindugtite eapecitivst fesehatofs in electrical and electronic
circuits and systems.
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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.)




the present invention. In a nost general enbodi nent,
the inventive circuit is adapted for use with a
woaopmoes18 havi ng a parasitic resistance R andparfuse®s/012300
resi stance Rl disposed in series with the conponent
and an arrangenment for making the resistance a
negative resistance.ln the illustrative enbodi nent,
first and second inductors constitute the conponents
for which Q enhancenent is effected. A resistance Ri
i s di spodiace, foservagstywrf spplipations sach aseradesofo digial; eonversion,
equ A
e {s SRR AT it Budb AR abiferk AaLEeve sitouits end the
30 t Hikehi¢isswefoind pmwﬂwt gysteiarnd method djran elth@nctehen@ar asitic
resi stangce RL2 ther In thi,s enbodi
enhanceneht®¥P% S PWEF%H‘@S“& ?qll?lg'tml?alngﬂsﬁ'y%t?’g? gerglﬁ?femem

a seqRhEh fypioflsl kb abgdife rebRfdr kiralisits takel Jm yartltiBdelial resistance
(bi polar junction transistor MOSFETs (et al - oxj de

S e ESIHETENN FenANcETs bk in i AAFE d’i“glftor'é?l’aﬁltt%e@ct) yranators.
of tyARSinSiQhited i P 1@l Pifrele i1 m@ttﬁéée QicuiRBedually BSmected in

col lector termnals I's connected to a respective one
I tieelkl wih ther capstosseaiahel rasemitas tand $ypiRially theRerpagidr emedunected

of t hﬁ’&‘i’fgltt%%) grrldsulc%rrehlc Qnge et‘ijl? ega%ve s thlll‘\ég {soﬂﬁ tgfad?quately

the‘? ancenen

i ncldades tide Hdrdsitic wbiktycegs e atfabiofsi €Thi§ aoh-idealr cancella‘uon causes
foll ower/vol tage fol |l ower) connected between th

col | B 6700R@PTIFTAIIeCs RN FAB HIeLkS QUL TSP aategh aETHEequencies.
base ter i M@l tehRe SEAQAG L £AASHs $RirePMiage-RPGRRAL converters

unity-gain anpllfler connect ed between the collector
40er ntorgaherat nfsgaélvs @@@Wﬂs for dlees Paneadlatiem d This andkgs ghe negative resistor

ter rFrcléx?:la}]J.t n?c{re ts1|1ﬂ]s %pt ﬁonaﬂ%lars ﬁlgt()ﬁlohnan Q@rcﬁt '&1@1 9%&& &ggrades the

enen I on Fansi stors
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 Ry

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

negative resistance.



source, a gate and a drain terminal. In this case,
each of the drain termnals is connected to a
woespaoid7ge one of the first or the second resPET@IS300R012300
or R2 and the source termnals are connected to a
respective one of the inductors. A first unity-gain
anplifier (source follower) is connected between the
drain termnal of the first transistor and the gate
term nal of the second transistor and a second
uni t y- gi the aiipstiative rembodimsot, efirst endyseqeng Haduptogs fonstitute the
termnal of. th d. tr i.star. and ‘o di ;
¢ orar for WEt B SipoeRlr et pARSEE R, iy disposed in
?afe{@ie@fwiﬂlhﬂleuﬂirﬁﬁ dagadmamingl édunleto ihe mrasitict teaistanagulkn ethereof.
ol |l ower to achieve optimal ciycuit si.yplicit .
60 makikaaisegp¥rerd A HEA it ippoged Brpies “ﬂ%%éﬁﬁﬁ??{%%‘%%@“ and 15
TH%%%&@aﬁi@féEi@taﬂcei 15 » thebdol e iBthisGnibod@ieatNtixhQ \shitgcament
ditferential LC resonator w dely used for

Si gm(alllt ipsledss @ gﬁrsﬁ gans(i}stqc(.bcﬂné arseeond irapsigior Ree ﬁ"?l? lg%gqistors may be
te | D 951ar 99 oh LS fr)) ﬁICﬁFﬁ?Q El'—&kl(ge' éﬂfi@fﬁﬂﬁtoﬂ #8d effect
r e Sh&AYBR A )

_ I gure howi ng parasitic resistance of
t heahsiuiats), or chdriypeebfransistgur e 3 shows an approach for

Q enhancenent. .of  t he resonat of .of Figurg 2 |n:
65accor daﬁ‘cg‘%\lrﬁr tlﬂ’pkeg}?{}t@ﬁ?l?’ oeﬁ% 0{ glﬁcﬁ%)iﬁﬁ%gr. & |18%1? ds gonmgoted to 2
schapalive oft SFranAsOdr the fceINBEIG6Ts M toh RQashérah OB the reit@Fs are
i nplenented in accordance with an illustrativ o
enbeortieateh o wtesnepdveong ehibA Julugiersy Hathiy @s% fite Q FRheRgemsht oireuit
Fi i ch G i n f
C gltégugieg awﬁlisﬂuglﬁhmtahl‘ﬁhﬁéra&ﬁﬁt@r%ll&bﬁ/vbﬁﬁé @l16ver)fconnected
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 Ry 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.



illustrative inplenentation of the negative resistors
thereof. Figure 6 is a schematic diagram of the
woeswnaisos of Figure 5 with a bipolar 100 enit PET/US2005/012300
foll ower inplenentation for the voltage foll owers
thereof. Figure 7 is a schematic diagram of the
resonator of Figure 5 with a MOSFET source foll ower
i npl enentation for the voltage followers
t her eof . DESCRI PTI ON OF THE | NVENTI ON 105 11| ustrative
85enbodi nent s anBREZERESERIPEMIN QETHERROWING \w be
described with reference to the acconpanyi ng draw ngs
to di sclose the advant ageous teachi ngs of the present
invention. Wiile the present invention is described

herein with reference.tq. illustrative. . 110. ' :
for par F188R S %\ﬁ%e 2\ 8181%@,“ ﬁ%f)wgﬁoauﬁléf% egh%m?ésstg%%& idely
t habed BLarlaMbeank DRodeSsingiatacdordtintewlith barveitnalfhabmgs.
having ordinary skill in the art and acglgss to .the i

90t eachi ngiupr disiacebemratic Siagragy o1 the wagitar 2L gl |+ show e parasitic
nodj £ ' : [ icons, and enbodi nents within
thgésgéé%gébftﬁggngg?ggﬁ%&éggdi tional fields in which the .
pr esent Figuwehsliows anepprdachdordd estiagerntent efithe gaspnatarypf Figyrs 2 in
Figure .1 is.a schematjc diagram showi ng a differential
LC%F%Q%’&? gi‘tﬁ\ﬁﬁ)la’gf’?mﬁistg%yﬂ%ngg anal og si gnal processing
I n accorgaRece W tah seenvedtdiarah dfeackioger WitlyUR eerdanosment
a schematic diagramof the resonator of Figqure 1 ..

95s hgwiblegnepisd 48 iaggoedaness itk 4 elré“SHF“‘teh%nl?Oﬁa’ae@E %? 1 faghings of the

Ascqqagggmnwﬁgﬂgur es 1 and 2, the resonator 10'
i ncludes first and _ .
: 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.



second inductors L1 and L2 connected in parallel to a

ground connection on one end 120 and a capacitor C
woams@oisasl across the ot her ends thereof. The PCTAIS2@8d12300

second inductors L1 and L2 have inherent parasitic

resi stance shown as, respectively, as illustrated in

Figure 2. As is well known in the art, due to the

parasitic serial resistors Rn and RL2 associated with

the inductors, the Q of the LC resonator is |imted.

One commonly 125 uscESERMTIGNOFIHRENYKERIIONe Q i s

to use a negative resistor in parallel wth the

capacitor. This is illustrated in Figure 3. Figure 3
103hows an approach for Q enhancenent of t he resonat or
of Figure 2 in accordance wth convent.i gnal teachi

hi this HFbBsk#Hye (ﬁm‘t@élmegts ﬁxpvglapegq 0g, will oW P93escribed
conn&gt flrdnle RAMALE@mpahififl &BRINGARAGEMIGHE the adMahiagsegh teachings
this approach can increase the 130 of the resonator,
{L hﬁgfﬂmﬁmhfemﬁﬁ@Und adequate in the cancell ation of
e effe t he par.
5 on G PR R AR T4 s BB Ryl e
110es Qﬁ@b@lﬁneﬁtsrfﬁf@rﬁ@m lapaibibehscit slouldt beandensb)nd ¢zt ghe invention is.

resonance

needw©t glﬁﬁ?(ﬁéleﬁ%%)h te "h'@ %?r}géc&%g&%?%ﬁ e Cxt 2 '&‘%cée%? tFthe teachings
enhapging e Kl ardbGd tadditidhalFi r@(blﬁﬁca‘ﬂions apphcatlons and
schemati c di agram of a resonator w

i pl earbediveatsi Yitkin e eereah Pl H 10k, R g WELCH the present
embadi nent 8ﬁd%g%f&§ﬁﬁai gﬁﬁff t he present |nvent|on

The resonat or Is°sim o that of Figure 2 wit
1tshe excerﬁgumenltm atsclienratit dinguins g »dgferdniial L@grs@pa%mdely

IlSCCP g)r analog s1g£n%l grogé)sgl%ge 1% e{cgor a%rcé Sith %Mnﬁ&%l 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 Riz on Q. In addition, the negative resistor R makes



first and second inductors Li and L2, respectively.
140 Figure 5 is a schematic diagram of the resonator

wohodeioga7e 4 with an illustrative inplenentati eaTwl2008012300

negative resistors thereof. In Figure 5, resistors Ri

and R2 are disposed in series with the first and

second i nductors. The resistors R and R2 shoul d be

equal to the parasitic serial resistors Ru and RL2 .

First and second transistors Q and 2 are connected

i n thetoasmivr tameore @ginglicautes! dRicuih el m apg$ Tesp@ancert other undesired

ta f}s q(‘:llfl?aliceeg Sgg%ﬁé yeh nhntgglg Fﬂsel gﬁﬁéﬁ? oPRRIH08 36 @fancing
r espeQtdfy eirynit. The col | ector of Q .s Connect ed to Ri
at a node A and the col |l ecfor nne%e &ﬁlaﬁi?emem

135at a nodd's 4 ff dc cSraziie 1%@‘?& ?fhé Iﬁf‘%’goﬁtw eachin

1403y v angerfage

14

fmnRh iR dscot@htOWRn ab Hﬂlhsftrﬂn@aérﬁboﬂﬁﬁéﬂt foif elie) tedéhmgs 'of the
conn cted between node A and the base of

secuemintiohentige Tt resomsior44 15 simdlanivcbated Fb%w% é?ﬁﬁ’n%ﬁ gxqgption
?’ glotﬂ'lgt:;@rptt arﬁﬁfgcg)%g %fxtlga res-gl&)?s Tigr $hd and e Q@f)@sed/ & §c388 with the

can be I mp 'ement ed by emtter
f ol fievriseddad dldovworsiln akd Hurepdtivdy.ow, source fol | owers

A Ly

or dijj@fa¥ivs thplémématiol & f el negktivg esistdrs thér&f SIThEgIHEISC resistors Ry
di agram of the resonataor of Figure 5

155andrRataredisiiosed igietiesii taerirst Srpiopheng: iR eggtors Rt and
fol \é\ﬁc{u?d E@ gélﬁl? fo tﬂeﬂ%atrﬁ'it% LRbodiioBat Rydtaﬁ‘lﬁ b I Stirst and second

f ol nted wth a th bi pol ar
tr aﬁiemsstomsr QQdmdv(D;ngrel ¢®n@a®e1ncb¢iwe@tﬁlé regstpis e apd Rp gnd the

col | ect.or
5  associated go%‘p%relgr}t elg tlge:(:)lllgstralfjnr/]é:j ap% 19at o¥1 th& Eﬂstt L& second inductors L;

and L,, respectively. The collector of Q; is connected to Ry at a node A and the
collector of Q, is commected 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 Ql. 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  cmitter follower implementation for the voltage followers thereof. In this

embodiment, the first follower 42 is implemented with a third bipolar transistor Qs
having its base connected to node A, its collector connected to ground and its emitter
comnected 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  comnnected to ground and its emitter connected to a second current source 48. While



connected to a first current source 46. The second

follower 44 is inplenented with a fourth bipol ar
wonrers@st7sr 4 having its base connected to no#eTBS2006812300

col l ector 160 connected to ground and its emtter

connected to a second current source 48. Wil ean NPN

i npl ementation is shown, those skilled in the art wl|l

appreciate that a PNP i npl enentati on may be enployed

as well. Figure 7 is a schematic diagramof th
r esén M 1rmlerp:¢r§a(no§ i SIWWhthgsq\,@g]né-Fn glgg arbwilk @Hr%q that a PNP

|npl foll owers thereof hi

n%g%g{elg&rlre&{n&?g 16653-1@’8“’}>é8 as P hel MOSFETs M and M

ar e used Figarep? acaescbﬁfmattxheha‘grm of thn deseetarrd Figuam & ivgthoy MOSFET
Q and of Fi d t he :

S, 358 Bl b BB B, AP s
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connected to ground and its s rce co

to.th
T Sene e St o age 571fe S0gm e B B el foFpemented
! nplvﬁ%é"ﬂﬁfh WOSrER dR%EbD M!%Eﬁ 1¥sr%8 astsnhedtedb M Adits drain
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t o gommttdandrounsd anduscsoutse mapescisd tp ghe fest samesigource 46. The

; its
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17oh at gafd @mﬁé’b@ddlﬂﬁlnode’ml ﬁs"réﬂainaiolnnm:tdday gowiné mpd qty.d,lrgﬁ;connected to
The i nventive enhancenent circui.t 40 sh

wel | ul d
can 6@? S@tcﬁ’éd SYFRE fOEe The dndhtharsel inplemepiayio fon 15 shown, those

resigiiRg %?th@ et wilTRpRYSat Bt £picBgiindr inflenidention Mag e Binployed as
with which it is used. Thus, the present invention has

beerwdescri bed herein with reference to a particul ar

enbodi e r’fhﬁ f']?{;enﬁg‘vepe%hgﬂcgﬂgrﬁ rir@RPhd GRLUICANce] RRSE LAN tAE inherent

ordi nary 's
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:




art and access to the present teachings will recognize

addi tional nodifications applications and embodi ments
woizbdsionig7he scope thereof. 180 It is thereforePCiuszdsd2300

by the appended clains to cover any and all such

appl i cations, nodifications and enbodi nents within the

scope of the present invention. Accordingly, 185 WHAT

IS CLAIMED | S: CLAIM5S L A Q enhancenent circuit (40)

for a conponent having a parasitic resistance RL 1,

sai d enhancenent circuit cHar&BY®rized by; a first

resistance R disposed in series with said conponent

and a first circuit (QL, @, 42, and 44) for making

sai d resistance disposed in series with said conponent

a negati,v esj stance.. 2. ' t] : N :

wher ei n s gegj&%%eenﬁf Hcluét (%-@%?ﬂn%%c o P&ﬁ f Q‘;l%& %Iggl&c resistance

i N\Eg tskidrenBdncEhait Rirduivdheraetbtized dyd r esi st ance Ri

di sposed in series wWith said co nent is equal.to
sai d pa@i%?ttr?sﬁt@éggsﬂﬁ?%%dajlﬁl_s?“‘?s r&[)ﬁ s‘i‘ﬁecofnﬁ’%%‘? fh of
G ai m 1 vhearGhit &Rl B,,4br &l MPRAMakRE siiB kési@ans@tBposed in series
resistance a negative resjistance includes a first
5t r anigi sidgon@bnerd a n¥gAve FevisiaRicon of Claim 4 further
including a second conponent L2 having a parasitic
resi stance RL2 .
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 Rra.

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.



6. The invention of daimb5 wherein said Q enhancenent
circuit includes a second resistance R disposed in
weenic®18mt h sai d second conponent L2 and secoRATMS200S/012300
for making said resistance R2 a negative resistance.
7. The invention of Caimé6 wherein said second neans
for making said resistance a negative resistance
i ncludes a second transistor 2. 8. The invention of
Claim?7 wherein each of said transistors has a
collector, a base and an emtter termnal.9. The
i nvent i gnQl i{deation 8f ﬁi‘iﬁfneg NWIRAGH ath $aistidCQIle8BE Riminals is
termnals I's connected to a respective one of said
f i cotneoed $@ap despentive dne efsiaih finssorRtidosecd mgsisforsdfidor Ry and said
emtters are connected to a [ t of said
coﬁ%%ﬁ%%???mgﬁ?e qglfﬁ§gﬁF98%8%¥%§(%#§$%H§herein sai d
Q enhancenent circuit includes a first anmplifier (42)

connect ed between th ollector. terminal of the firs
transi SE%rT@rfBV?“ﬂén ngg“”f‘ Srieran sy ﬂ ﬁrg‘agcee&‘fﬁgcmmt ifctudes a
1 30§ IadHpAfierAs) @nARERANEtRER tHefcbRéctdrddinifR BN REIRE transistor and
bet ween't he col | ector tenninal of said second

t r dresbase dernzingl ofathel speené trasisiphand afscemiopniplifier (44) connected
tr %@t%&}egﬁ He-c ﬁ%ctor-m%iﬁaﬁ] YR é%@on‘aftra%i@ﬂop}r?cpsaw Wels& {eAmBACH said
of saird anplifrers 1s a unity garn anplifirer. 12. The
5i nesttdansistaf Cl ai m 11 wherein each of said anplifiers
is an emtter follower. 13. The invention of Claim?7
wherein each of said transistors has a source, a

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  ftransistor.

10



gate and a drain termnal. 14. The invention of Caim

13 wherein each of said drain termnals is connected
woaom/mesgpecti ve one of said first or said secea®/us2005/012300

resistors RL or R2 and said source termnals are

connected to a respective one of said conponents. 15.

The invention of Caiml1l4 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

term nal of said second transistor and said gate . i i

term nal 16f Theaingention of ClajraAg ivdetsin eeh off prid plpléiRs i WHty gain

d ai . erein each of said anplifiers is a unity

gaiﬁﬂgﬁg:¥¢ier. 17. The invention of Claim 16 wherein

each of said anplifiers is a source follower.

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

follower.
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