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WO 2004/ 042782 PCT/ S&002/ 000235 1 Apparatus and
Met hod for Inplenmenting a Constant Transconductance

relates to constant transconductance circuits and,

nore specifically, to a MOSFET biasing circuit for
generating constant transcondlictance that is

I najgpeatke nhd Metipodofoe Smplearenting o GopstpotBransaopdhistance Circuit
vol tage and tenperature changes. 10 Background The
transconduct ance of a netal oxide sem conductor field
effect transistor (MOSFET) is an inportant paraneter

i, circuit designs. The transconductance 15 of
a%ﬁéggéggﬁ?ﬁﬁﬁﬂﬁ circuit or the like field effect

transistor is a measure of the rate of change in the

dgﬁin-to:sou ce current in response, tq a éhange |%,tpe
g @_nfl‘ﬁz_ng%{,e es tQ/ apqs%gtr%ﬁscqtﬂ% tmlggqu_lts-fiﬁ more spectfically, to
t !éaN/K@SI!EiU iR cabfieqbs deh@afy fcohdimn CRaRMAARARE Sthat is
i ke nai se, gain, and frequency response of anal og

bisERBIAEH ORPIRECSS BRFAONH AT S V9ltage and teppeEpiuLgcBanges.
dependent on the MOSFET biasing circuit. Hence it is
20 inportant to have constant transconductance that is
substantially i ndependent of tenperature,

i ng process, and power supply voltage
?Fﬁg%%gﬁw%ns associating with the MOSFET bi asi ng

circuit. Exanples of the constant transconductance
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I ons telnlnger, ng
WS E s 8nfornspasinoate il ardafedgieiOnit designs. EmotrddSconductance

F .. .6, .No. 3 , - May. 1990; J.

oB aMOSEE Rt er e e SEN T RBo G R A Py Yplte e
Tenpienad Lirthe Caip@nsaict onrent INSSEE0OnY igasthande id @ehgatesialsource
Paper s, : =12 Febr ua 1992: and D. Johns and

PO iof T MASEES T Ggranaianes pisr Opagi g i ggeters
199¢ ,nolp; g2if8andGreqiéhcl | expodseS BOWRaleg WldcRE sabH as operational
const.ant transconductance biasing circuit 100, o
eAPPBYITRgVAKD Bf rARAIdp ¥itlet HFORTHs DpFBp odilitpyHence it is

Sti@hdHaRO &S havld BorRtahN & ReEndbtafRefhdt iOBuREintdME independent of
const ant transcond_uct ance bi asi ng circult, as shown in

Fllempetatups EwEgtugingt Reocess, and power supply voltage fluctuations
associating with the MOSFET biasing circuit.  Examples of the constant

transconductance biasing circuits include those proposed in publications by J.M.
Steininger, “Understanding Wide-band MOS Transistors,” IEEE Circuits and
MOSFETs, Vol. 6, No. 3, pp. 26-31, May 1990; J. Ryan et al., “A Magnetic Field
Sensitive Amplifier with Temperature Compensation,” ISSCC Digest of Technical
Papers, pp. 124-125, February 1992; and D. Johns and K. Martin, “Analog Integrated
Circuit Design,” Wiley, 1997, pp. 248-250.

FIG. 1 shows a prior art constant transconductance biasing circuit 100 employing an
off-chip resistor R as proposed by Steininger. The principle of operation of the
constant transconductance biasing circuit, as shown in FIG. 1, is based on the

difference between the gate-to-source voltages of two same or different-sized field
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For exa

di fference between the gate-to-source voltages of two
sane or different-sized field WO 2004/ 042782

M4 being equal to the voltage across the off-chip
resistor R The current flow ng through the FET M3 and
the off-chip resistor Ris thé& sane or proportiona
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C @RhdcohduefandWiisdl &cg@nduct ance el ements is proposed.
The 25 transconductance of a MOSFET is matched to an

ef fective conductance C1/T of 'a capacitor Cl that is
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transconductance of a MOSFET is matched to an effective conductance C/T of a
capacitor C) that is switched at a clock rate of 1/T. The disadvantage of this proposal
lies in its requirement for precise external digital clock inputs to switch the capacitor

on and off at predetermined intervals.

Another example is proposed in U.S. Pat. 5,973,524 by Martin. A phase-lock-loop
circuit is used to automatically trim an on-chip resistor used in a constant
transconductance biasing circuit. The phase-lock-loop includes an oscillator of which

the frequency is controlled by the constant transconductance biasing circuit and a
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constant trans conductance biasing circuit. The

phase-| ock-1 oop includes an oscillator of which the
frequency is controlled by the constant
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Summary

In accordance with a first aspect of the invention, there is disclosed a circuit for
generating constant transconductance in an integrated circuit including a reference
voltage source and a reference current source. The circuit comprises a current source
for providing a biasing current, a transconductance generating circuit that is connected
to the current source for receiving the biasing current therefrom, and a resistance
generating circuit that is connected to the transconductance generating circuit for

providing an equivalent resistance through which the biasing current flows, thereby
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In accordance with a first aspect of the invention,
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an equi val ent resistance through which the biasing

c Bnied ixesdripgioms of Tlee Biawiggner ati ng a bi asi ng vol t age,
wher eby the transconductance generating circuit
generates an output biasing voltage having constant
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in which: FIG 1 shows a prior art electrica

S tic diagram of a conpstant transconductance 20
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proafsiplcaduivayd of i npl ementing a constant
transconduct ance generating circuit according to an
enbodi nent of the invention. 25 Detail ed Description

FIG. 2 shows an example of a preferred way of implementing a constant

transconductance generating circuit according to an embodiment of the invention.
Detailed Description

A constant transconductance generating circuit that is independent of variations in
process, power supply voltage, and temperature without making use of an off-chip
resistor is described hereinafter. A description of an embodiment of the invention is

made with reference to the figures of the drawings.

A constant transconductance generating circuit 200 according to an embodiment of

the invention is shown in FIG. 2. The constant transconductance generating circuit
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25 Thupresdidre transconductance is independent of changes

in

VGS_B = VGS__A +ID_AR ey

where Vgg p is the gate-to-source voltage of the FET B, Vgg 4 is the gate-to-source
30  voltage of the FET A, Ip 4 is the drain current of the FET A, and R is the resistance of
the off-chip resistor R connected in series to the FET A. The gate terminals of the
FETs A and B, and the drain of the FET B are interconnected. Therefore, the current
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expression: VGS B -VGS A+ID AR (1) where VGS B is the
gate-to-source voltage of the FET B, VGS_ A is the
gate-to-source 30 voltage of 6¢he FET A, ID-Ais the
drmirtor Cicuite240, ik cultenthfrcAcirant5R ans thehen-tleps irsiston equiodlent

the off-chip resistor, R co ted in series.to.the FET
o Sl e o af ot RS 2 puohod i iR fgescoed
drigi equatiort (18 t6EEnddatar@ndtiiit araaabnd@ctaack refhieédefl Of ehis thwe, the

current WO 2004/ 042782 PE@%E 002/ 000235 6 mrror
ci§eBUPeapsen (Dran be PIRERtewS i Sci reui t 250 and the

-on-chip resistor equivalent «circuit 210 are

connected, as shown in FIG 2, to produce the

rel ati onshi p as YeserTBedws bfsfequation (1) to generate®
constant transconductance required. In this case, the
general equation (1) can be expressed as follows: 5
VGV s YGESH¥Eatk-tb BRirt2Yolbesahd/ABIMETINA T8 3 is the gate-to-
gate-to-source voltage of the MOSFET M4, VGS MB is the
gaerrce 8f the MPEREDLM, Frels fresiei onent 1op the MPREET My, And R is the
CUkdifitoe Qfovided tYERNGLHYP resRRA efuivaerdt REcuil 81 0F @ah&hRING Geries
provi ded by the on-chip resistor equivalent circuit

210 thegawiee teaginpkp ek MESFET §13. he source terminal of the
MOSFET MB. From equation (2) above, it can be shown

that wwth the drain currents of the | MOSFETs M3 and
MeFrpwi eaeepuéd), aliolie it rean steo plehvat it avidt the hdraivosEETisNg the

| riobFabng i s G e bR ffpoiShe i .5

represent the channel width and I ength of the

MOSFETS, respectivelyh (IW/L Tand ]VVL)4 are the
=4 R)4<w )

gma =

€)

where gn4 is the transconductance of the MOSFET M4, W and L represent the
channel width and length of the MOSFETs, respectively, (W/L); and (W/L)4 are the
aspect ratios of the MOSFETs M3 and M4, respectively, and R is the resistance
provided by the on-chip resistor equivalent circuit 210 connected in series to the
source terminal of the MOSFET M3.

Equation (3) shows that the transconductance of the MOSFET M4 is determined by
the W/L ratios and R only, and it is independent of power supply voltages, process

parameters and temperatures.

In the preferred embodiment, the on-chip resistor equivalent circuit 210 replaces the
off-chip resistor R, typically used in a conventional constant transconductance
generating circuit. The on-chip resistor equivalent circuit 210 includes an operational

amplifier 202, a MOSFET M1, a MOSFET M2, a reference voltage source (Vier) 220,
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series to the source term nal of the MOSFET MB.
Equation (3) shows that the transconductance of the
MOSFET M4 is determned by 25 the WL ratios and R
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o used B P e PREE SRR LM B RS Cvias
of ML such that the drain voltage of M |s

substantial ly equal ﬁ Vref 220 with respect to the
source terminal @f _Ki _which is éonnected to a gr oundyg)
node. The drain t¥rnipal g, /L3 (8)sa-dgpnected 10 to
Iref 230, and thus, ML is biased to operate in the
triode region. ThIS way of biasing M allows the

g -1 0- e u

VANEE? Phaf H6F Srcbfl Agéatiny Mook B, Mok MR Tyl dhe gat
e qapdcitiiee phuniragda) drde¥ rarisithe threshhidsottedeat Mins hi p can be
expressed in terns of the geonetries and properties of

M as follows: ~,f I = 15 RVref - 1 (4) 1, ef

u{aVGJgOe(sMb]Iith {(h¥@Sisidhce RH) Mherie the fatio bNE.rmBilkd M nofy be
elbela?steg 1% mn“rr(])? € rgsrfs%anscle lo% ﬁﬁn ﬁlysrlg gc 1eve(99y app%ymg %e%ame gate-to-

source voltage (Vgs m1) of M1 across the gate and source terminals of M2, as shown

in FIG. 2. M2 is also biased to operate in the triode region with the source terminal of
M2 connected to the ground node and the drain terminal connected to the source
terminal of M3. The sizes of M1 and M2 may be different in which case the
resistances of M1 and M2 are different. However, for easy understanding, the sizes of
M1 and M2 are assumed to be the same and the resistance Ry, of M2 is equal to the

resistance Ry of M1, and is expressed as follows:

1

Ry, = (5)
e u,C,, (W/L)z(VGs_MI Vi)
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voltage of M. 20 Having established the resistance
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biased to mrror the resistance of ML. This is

achi eved by applying the sane gate-to- source voltage

(VGS M) of ML across the gaté and source term nals of
M2, as shown in FIG 2 I\/Q is also biased to operate

th i on
camseseely BEeeREM Ptk Rt aRE% O dRLAY Ripclop per v
c mq@%xﬁﬁnﬂ het thesisadd) Wﬂ&ga BV bfrivizadre odb sMitlalﬂ}l"tEe sdnZes those

and di ff in which case th

P 05 Mo S PRSP vt B st PP g i under
eagyhdagersdriaibini@ocetde sizes of ML and M2 are
assunmed to be the sane and the resistance RV of M2 is
equal to the resist ance RM of M, and is expressed
aSSof\ﬁ’ﬂl &w‘\%ion:‘(@)i& , u, Co. C (W/ L) 2 (VGS MI

2004/ 042782 PCT/ SG2002/ 000235 8 The
rmblllty of electrons near the silicon surface ("),
the gate capacitance per unit area (Co,,), and the
t hreshol d vol t aghs( dapstantially the (6)
sane as those of M sifed”s MWOSFETs are made of
the sane sem conductor material and under 5 go the
sanme fabrication process. Solving equation (4) for
V@8d mbstitpdhg thyasulypf @uation (E)nto equatiorRNp) yieldstH | un 10
and substituting the result of equation (6) into
equation (5) yields: R M (WL)1 R (WL)IV,.,f M
(WL)y2 M (WL)2L,,f @7r), 15 Sub&h)jityting equatl on (7)
i nto equation (3%410@9@ dbe ) 142} ue of R yields: ™)

2% ref
Substituting equation (7) into equation (3) to replace the value of R yields:

WD), 1,
WIL),V,

ge =2~ T ID), 171 1), ] ®

The resulting transconductance gn4 of M4 is dependent only on Vi, Ler, and the ratios
of the geometries of M1, M2, M3, and M4. All of these parameters are known and
can be accurately obtained. Furthermore, these parameters are independent of process

variations, power supply and temperature changes.

Although the foregoing description discloses a preferred embodiment, it will be
apparent to one skilled in the art in view of this disclosure that numerous changes,
modifications and combinations can be made without departing from the scope and
spirit of the invention. For example, although the MOSFETs M1 and M2 used are N-
channel MOSFETSs, it will be apparent that the circuits can be implemented using P-



Il L) z 'ref 9.4=211 - (WL)(WL)31(W(8) (WL)IWVr,f
The resulting transconductance 9 .. 4 of MA is
wdepardzse only on Vref, Iref, and the rati os POTSG2602®00235
geonetries of M, M2, M3, and MA. Al of these
paraneters are known and can be accurately obtained.
Furt hernore, these paranetersdare i ndependent of
probaes EMOSEEat Bimﬂ&rlypamﬁfensmmdrylaa'ngi a tdeifapert adbnfighration may
c ang%a. thﬂﬁ% e forq o%?%)descrlptlon di scl oses
a Pratel FRF e Moy REAT T $7°W 25 apparent to one
skilled in the art in view of this disclosure that
nuner ous changes, nodifications and conbi nati ons can
be made w thout departing fromthe scope and spirit
of the invention. For exanple, although the MOSFETs M
and M2 used are N- channel MOSFETs, it wll be
apparent that the circuits can be inplenented using P
WD 2004/ 042782 PCT/ S&002/ 000235 9 channel MOSFETS.
Simlarly, a current mrror having a different
configuration may be used to replace the current
mrror circuit 240. WD 2004/ 042782 PCT/ S&002/ 000235
10 dainms: 1. Acircuit for generating constant
transconductance in an integrated circuit including a
ref erence voltage source and a reference current
source, the circuit 5 conprising: a current source
for providing a biasing current; a transconductance
generating circuit connected to the current source for
receiving the biasing current therefrom and a
resi stance generating circuit connected to the
transconduct ance generating 10 circuit for providing
an equi val ent resistance through which the biasing
current flows, thereby generating a biasing voltage,
wher eby the transconductance generating circuit
generates an out put biasing voltage havi ng const ant
t ransconduct ance.



2. The circuit as in claiml1, wherein the
transconduct ance generating circuit 15 conpri ses:

woizowo4znsel second field effect transistors (FEPLT/S62a@h/000235
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havi ng source, drain and gate tenninals, wherein the
gate termnals of the first and second FETs and the
drain of the second FET are ihterconnected, each of

t @aiwsai N term nals of the first and second FETs are
connected to the current source for receiving the

bi asing current 20 therefrom the source term nal of

t he se@obigcurEDr | genaoiitigeadneidntt Gardcondi@irende anpmtegritddatircuit
and the source ternminal of the first FET i conneﬁ}ed .
t J NG BsTOLTHIGR & Ol AT Ay ?:irF%’Eﬁ“f? PR efgyree, the circuit
pramipeléing a condition for generating constant
transconduct ance | n accordance with: Vcs 2 - VGS 1 +

| D | R S5UGHHRFUIREEST Droyidpiediitng cpiaitgat e- t o- sour ce

vol t agg Mnséﬁﬁu&ﬁﬁglﬂn&ﬁﬁlg MERit! conBRiS BN cirf@t source for
gate-to-source of the first FET, ID| represents the

c Upeng the Biaping cwrrrnbligisiemeanddr ai n terminal of the

first BElstand BndrREIR M SokliBe® 9 e B onfiEIAnst %@ﬁé?ating
provi ded by the resistance generating circuit. 30 3.

Theércwit fog praviding dnequivalend resisteyiee thapyghywiach tig bipsiag ewrent flows,

7R gl et Mg S0E P 1D e R e P e
1 Jgengratepar atipus hinbing npltdge hevingconbteny tianscenductaged. nput |
non-inverting input and output termnals; and third

and fourth field effect transistors (FET) each having
sAur ce Thdrcacwt andn chah e, tvéremim festrarScostdactaica gehaating circuit
operat.i onal anplifier is connected in a feedback
céﬁFPBﬁ?ation with the non-inverting input termna

bei ng ﬁ“m nRad s&dnd Gieldnegfedl iBdnSistosyr (:FiEEﬁlea(iH hdvie sduhig[ drain and
FET, the inverting input term eing co ed to . .
¢ FBte PP et e galedBEs of((0r BF) alaq%ﬁcwﬁ&eﬁm&dﬁhe drain
t effrthd dcoR®FRY £OMIQCsREctED chilLoDtk Qirdif ehils of theMast and
third FET for 10 maintaining a constant_ biasing

VoqefcgléeF*‘Egl[fbasr@ Spmesied )}0 él&uca]rreptosoypcgffor receiving the biasing current

therefrom, the source terminal of the second FET is connected to a reference
potential, and the source terminal of the first FET is connected to the resistance
generating circuit, thereby providing a condition for generating - constant
transconductance in accordance with:
Vos 2 =Ves_1 +1p_ 1R

where Vgs 2 represents the gate-to-source voltage of the second FET, Vgs | represents
the gate-to-source of the first FET, Ip | represents the current flowing through the
drain terminal of the first FET, and R represents the equivalent resistance provided by

the resistance generating circuit.

3. The circuit as in claim 1, wherein the resistance generating circuit for

generating the equivalent resistance comprises:



the third FET being biased to operate in a triode
region with the drain termnal being connected to the
woebwmroazmse current source (lref) and the sourceCT/SG2002/000235
term nal being connected to a reference potential,
thereby generating a first resistance substantially
equal to the Vref/lIref ratio; lhnd 15 the fourth FET
bei ng lan apﬁeitidnal ayeifiat kaving isvertingadety egiiovertmg inpithed output
gqt term al being connected to the gate term nal of
HEPIF & EET for nmirroring the first resistance to
gener attlﬁrchalﬁiefbﬁnld fiedsdfetanagistoth FEI) wactehdvidigdongde, drain and
bei cannected to the reference potential and the
dﬁ%&%mﬁﬁ? ‘nal being connected to the transconductance
5 g ener at“';]mgln €l (qjléfalhonal\khﬁ{pﬁﬁer Is%nﬁ@@d&nﬁi_ref] ElSdcRNLAfiguration
e| g.the equival ent resistance e CIrCUIt
i Hiemog; I yREeePRuY IWEN PG| diedeotnanedtedntoehy drde s iaof the
crmﬁwFET conprises: first and second field effect
tran3|storsﬁéFET) each having source, drain and_ gate
ter mi n&tesNVEFRE 1Pt feRBinglhbeing empedied 1 e refrrands Yoalipaeasryrce
SE&Qp qnﬁ@%u@ugteﬁmﬁal%ﬁg @onn%éte@fo thEtS RES: %1 Jrik RE@FET for
i nt erconnect ed, each drain term na of the
10 f | majRtaining,a coBEBH @WEMOWQ S%ﬁn@@}yeeauqléo Vhe current
sour ce [
the. sour ot EETYEDSidiy BT A0 it ftbon LAEHE HEH il
a heefgeqoem;@d tocheraféreice carrenttsherce Glur) cad tthe sruncsl temﬁmetl Hvemg
croﬁx%ei%FeEE a5 re ge?lgig&%ﬁggi chaérgagl gengrlaﬁn ? rfrlgt Q%lsta%ce S&b@&ﬂtlall}/
g&memawﬂnghaba&tmnmm.so transconductance i n accordance

with: Vs 2=V WO 2004/ 0427
15 BTy SabuRFB0nB 55 BT P T (agy egian s terminal
9 aieﬁrgtoﬁnﬁeﬂteﬂﬂ:@ thé @htcagrmid of the tlﬁlﬁd?HIdfoFElTr,ror‘if@hé.ﬁrst resmtance
resents

ate-to-source of e first
r et BEREHE 8 S‘F‘H’é‘g 6%@%‘&?’ thq W g‘je‘ﬂ’f?ﬁ) E@Hg FW@eCtB‘iF 9 "He feferen"e
t gfordnfall andfthd BRI fefrshalfleing @dRfecRdrt6 AREEaRESdLdBIce generating
equi val ent resi stance provi ded by . the resistance

geHErAhsE iR the stropd reswfsmﬁh%@géher%,qu@leatsrewﬁar&Pa. m 3,
20 Wherei n the equival ent resistance R provided by the

4, The circuit as in claim 3, wherein the transconductance generating circuit
comprises: |

first and second field effect transistors (FET), each having source, drain and

gate terminals, wherein the gate terminals of the first and second FET's and the drain

25  of the second FET are interconnected, each of the drain terminals of the first and

second FETs are comnected to the current source for receiving the biasing current

therefrom, the source terminal of the second FET is connected to a reference

potential, and the source terminal of the first FET is connected to the drain terminal of

the fourth FET, thereby providing a condition for generating constant

30 transconductance in accordance with:

Vcs_z = VGS_I +ID_1R



wohemrva27sni dt h and | engt h of the FETSs,
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resi stance generating circuit is prescribed by: R (W
L3Vv,,f (WI L)4lr,ef where Wand L represent the

r espect PCEISE2002/000235
10 (WL)3 and (WL)4 represent the aspect ratios of

the third and fourth FETs, respectively, and Vref and
Iref represent the reference Moltage and reference
CtihERM g ,SEHEL RS therg@RABSbirvEvltagbof the seedMIOEET, Ofcs_; represents

o <P ARG 1y Br o Bt BF CABA <0 ee apaghe

I gf8d RABBAICT Mt FETY LAER répicseits tReduivalenpesisinag pltohﬁled by

steps .of: providing a biasing current using a current
8@ﬂ€%“m66ﬂﬁE%¥Wﬁ§“%“$ransconductance generating

circuit to the current source for receiving the

bi asi ng current therefron1 and 20 connecti ng

r ési st h%@ﬂﬁéﬁéﬁh?PﬁbiGﬂFEWP?wﬁﬁmfﬂ@ﬁﬂﬁﬁﬁ§%6ﬁdﬁ%?@ﬁ@@”he

IQAREALL Rerafthd é’ﬂﬂUu;t i Iﬁésc{%&i"ﬁ}m ng an equival ent
resi stance through which the biasing current flows,

t hereby generating aéfla@Yh@sﬁgltage wher eby t he
transconduct ance gen ét@ﬁng]rCU|t generates an
out put bi asi ng vol t age haV|ng Yonst ant

t raRECANGUCT aBgesen?fhe Thanblek widklh hodl mgthu crf thé &ETs,6respectively,
wherein th

tep of connecting the tr
QP kg CW T et B ST B <LEaa e Lt BT,
Str&PsctRbly, MOV Hhd¥oLF kdpSdser@nbe Seferomd xfolltEéedarﬂf fe€fdnce current
transi stors (FET) each having source, drain and gate

téPW?ﬁbF@ﬁwPﬁﬂbrconnectlng the gate term nals of the
first and second FETs and the drain 30 term nal of

the second FET; WO 2004/042782 PCT/ SG002/ 000235 13
cnnecti mgthed dbr emerakas qenstant frapspuiiFtancss naneinfegrated circuit

ar}f?cl%ﬁl‘f 0 ofekelSe LRItk soufé@re{nﬁq rSOhGEREt Q& hd hethod
the birasing current therefrom connecting the source

t eomprisihg the steheofsecond FET to a reference potential;

and %{5@%@4 ag%%%,t% u%whgﬁﬁta%ﬁm%meé the first FET

to the“resi ener at
connecting a transconductance generatmg circuit to the current source for

receiving the biasing current therefrom; and
connecting a resistance generating circuit to the transconductance generating
' circuit for providing an equivalent resistance through which the biasing current flows,
thereby generating a biasing voltage, whereby the transconductance generating circuit

generates an output biasing voltage having constant transconductance.

7. The method as in claim 6, wherein the step of connecting the transconductance
generating circuit to the current source compris/es the steps of:

providing first and second field effect transistors (FET), each having source,
drain and gate terminals;

interconnecting the gate terminals of the first and second FETs and the drain

terminal of the second FET;



5 circuit, thereby providing a condition for
generating constant transconductance in accordance

Woi200304¥85 2 - VGS 1 +I D IR where VGS 2 repr esearscene/00023s5
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gat.e-to-source voltage of the second FET, VGS |
represents the gate-to-source of the first FET, ID1
represents the current flow ni through the 10 drain

t er m nednnodtingheech of e dedim, teramohIRof éprigsiemtdssetérel FETs to the
equi val ent resistance.provi ded he resistance
ooty B REEPE S WL e ) ot o,

wher ei porinb&ingtiiesooice cominerdfitingset drel HEISto atrefineece potential; and

generating circuit to the transcon nce generating..
T out eortel G sovpirotet B e T8 KT BTGF rfRlee btbhing
opatwdt, itedaly piepldidgl £ odtitdnNfpr | gaN@htidgnepnktapiiransconductance in
non-inverting input and output term nals; providing
tﬁFgﬂmﬁﬁﬁthurth‘field effect transistors (FET) each
havi ng sour ce, draiqfani;qatqjtemninals; connecti ng

the operational anplifi#ér iira feedback configuration
Wiviilerd V& Nepresedf thaBaed-folso@ct Melitige bEhEdrahd BET,MYs | represents
connected to the drain termnal of the third FET, th?

i AR HRSUHSRL Te ARt A5 ol FE SO & @TeroheHae through the

I ek 2h eRGRa VA thal8t BIOLMEE R (rMirdehts AbqliiBlentABiftitice provided by
term nal being connected to the gate term nal of the

t Ahgigsipteeesrerdtiigstiaithi ng a constant biasing vol t age
substantially equal to Vref; biasing the third FET to
operate in a triode region wth the drain termnal 25
be§ ng dbprmesshaddes i elaien e diprsit trection ehcomseiingethe | rpastynce
B 6 théhiHsOliudc8 GencERNP EFLALohBrigks the steps of:
g DB R B olPrifs o steps o
r esi st amvalingidrsormrationd] lagplifieyhabing anvemg i,/ opgverting mput
ratiQ; hiasing the fourth FET to operate in a
tﬁpgggpgggﬁgﬁﬁﬁﬁth the gate term nal being connected
t 0 t he pgaiding thindiandlfowfh fitlé effhétrtchnifidrsf(EETreachdmiving source,
resistance 30 to generate a second

ﬁggﬁgkéi%@?mPﬂ@d§ource ternminal being connected to the
r ef er encgnepiitigethié bidrativnal ahipéifielr iaiarfeddbiaki coafigrstiongvith the non-
CnSE b bty L aTssonduct nce, generaling , LG ne
I efver i iasut R0 0dhDdohh & R ThSERN2¢ ORZ850urck4 V ) and the
output terminal being cormected to the gate terminal of the third FET for maintaining
a constant biasing voltage substantially eciual t0 Vies;
biasing the third FET to operate in a triode region with the drain terminal
being connected to the reference current source (Ier) and the source terminal being
connected to a reference potential, thereby generating a first resistance substantially
equal to the Vies/Ir ratio; and
biasing the fourth FET to operate in a triode region with the gate terminal
being connected to the gate terminal of the third FET for mirroring the first resistance
to generate a second resistance, the source terminal being connected to the reference
potential and the drain terminal being connected to the transconductance generating

circuit, wherein the second resistance being the equivalent resistance.
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9. The nethod as in claim8, wherein the step of
connecting the transconductance generating circuit to
pr 8CTEGR@?2/000235
first and second field effect transistors (FET), each
havi ng source, 5 drain and gate term nals;

i nterconnecting the gate ternifals of the first and
second FETs and the drain term nal of the second FET;
coginectyg %’16%9 Igs fhf cl&iﬁe& %1@11691 tﬁ@gtgﬂ &aéoﬁnegfiné %ﬂg trfarllsrc&{ductance
and second FETs to the’ current source for°receiving

t heengrated qigguit tr the errenhssnese compriskd thesteneef i ng t he

source - 1T T 1.0 a erepnce

pot ent Pafidi s B b6 RE0 IS haliBoR CBLF <M Grng sguee
f | drgih afdEFate Brhinelsdrain term nal of the fourth FET,

tr anscNRGEYEnER oA Kol s R e i ga i arin
| DetnfRndl bf thh e¢oond/EST2 represents the gate-to-source

gat e { 6oBEIEoBE e ALY o O CROBOSEARG TERe © the
C WubreMtisofitb © r Rgeiv g abtghaditpecurdhtahdieftdn,m nal of the

first FET, and R represents _the equival ent resistance

pr ovi d&BPINg HesEsi et of Ye fropat i tod Tefeinge pgientiph and
The nmethbafc@sy tho s6hBd BrBina\BemeifRstt e & 8B @fin terminal of the

e

connecting the resistance generating circuit to th _
t rfah%lb%%?ﬂaftr%lwdoéog@ﬂ%ﬁ §enditipndpy genpratifg onpiant trpspprdustagee in
t hecslifRe wah: Providing the equival ent resistance R

that is prescribed by: R (WL), V,.,f (W/ L) 4l,.cf
where Wand L represdfgs ;th&schahndl wi dth and | ength

of the FETs, respectively, 25 (WL)3 and %WL 4

r plheds Ber 2 fepisseatssbegate-torsonrse gpliage of theiseagnd HBT f Gasr trApresents

FELS gate iR SREGE SRS Yirst qf]‘iq“f Y0 efedentt i8S orRRf 85EA tfnlaﬁgh the

reference voltage and reference current sources,
r elsgyp darining] ¢f the first FET, and R represents the equivalent resistance provided by

the resistance generating circuit.

10.  The method as in claim 8, wherein the step of connecting the resistance
generating circuit to the transconductance generating circuit further comprises the step
of providing the equivalent resistance R that is prescribed by:
/D), |
W/iL), 1.,
where W and L represent the channel width and length of the FETs, respectively,
(W/L); and (W/L)s represent the aspect ratios of the third and fourth FETs,
respectively, and Vi and L. represent the reference voltage and reference current

sources, respectively.



