WO 02/ 061519 PCT/ US02/ 03012 1 BIAS CIRCU T FOR NMAI NTAI NI NG A CONSTANT
VALUE OF TRANSCONDUCTANCE DI VI DED BY LOAD CAPACI TANCE BACKGROUND OF THE
| NVENTI ONWB ako6fBitel d of the I nvention The invention gener @dnusoebmtzes to
integrated circuits and in particular to CMOS bias circuits for biasing
operational anplifiers of switched capacitor (SC) circuits or other

devi ces enpl oyi ng NMOS or PMOS di fferen]tci al pairs. 10 Il. Description of
the Related Art Operational anplifiers containing differential pairs are
commonly enployed within integrated circuits as conﬁonents of , for

exanpl e, SC ana%sﬁwliFQégwwAWMiAt GONSTANT; VALUEOKr e enpl oyed
in connection wiTRANSCQNPUSTBANCE DPRIDED &Y LOAD CAACETANCE anplifiers

to ensure that certain characteristics of the operational anplifier remain

substantially constant d ' process vari ations.
Exanmpl es i nclude bias ci mt@@mmmﬁcmﬁﬁﬁiﬂ ant current or a
constant transconductance (gnm) within the differential pair of the

operational anplifier. A constant gmis nore efficient than constant
current. For oPieldwof thednventjun fiers used in SC circuits, 20 the operational

speed of the ci.rcui.t is limt rimprily, by the unit ain.b idt h of
t he operati Oniﬁx%%ﬁep%réggr}erwr %e?ag%sgt& lﬁ%@éa}tﬁ/?%%té aé‘ét‘{‘@éﬁ‘gwhr&%w he SC
circuit i Biaélcir&ifs%ﬂbiﬁuaﬁbb&ﬁti@fal hilifiéts bY sWiadhed Rapdwoa{IT)dirctiEor other
operational amplifiers erein the wunity gain bandw dth is given by 911,
wo= L 25 dfieees eqploying NMO$ anBMONIdiceranéial Rirst he operational anplifier and
CL is;gdhe effective |oad capacitance. Hence, bias circuits providing only
a constant gm do not necessarily yield inproved performance speed for SC
ci rcuits. IRat hBescriptivnasf the Relstéd Arovi di ng a constant g,,,/CL is

preferred. In the follow ng, various cocm/ent i.cinal. bi as ci rcullts for use
Wwith Operational amplifiers containing differential pairs are commonly employe

within integrated circuits as components of, for example, SC analog signal processing
circuits. Bias circuits are employed in connection with the differential pairs of the
15  operational amplifiers to ensure that certain characteristics of the operational amplifier
remain substantially constant despite temperature changes or process variations.
Examples include bias circuits for maintaining a constant current or a constant
transconductance (gn) within the differential pair of the operational amplifier. A constant
gm is more efficient than constant current. For operational amplifiers used in SC circuits,
20  the operational speed of the SC circuit is limited primarily by the unity gain bandwidth of
the operational amplifiers. More specifically, the settling time of the SC circuit is a
strong function of the unity gain bandwidth of the operational amplifiers wherein the

unity gain bandwidth is given by

25  where gn, is the transconductance of the operational amplifier and Cy is the effective load
capacitance.

Hence, bias circuits providing only a constant gn do not necessarily yield
improved performance speed for SC circuits. Rather, a bias circuit providing a constant
gn/Cy is preferred. In the following, various conventional bias circuits for use with

30  operational amplifiers are described and unity gain bandwidth issues arising with respect

to the bias circuits are discussed.



30 operational anplifiers are described and unity gain bandw dth issues
arising with respect to the bias circuits are discussed. WO 02/061519
PCT/ US02/WB8M2A61529 FI G. 1 illustrates an exenpl ary operati ecalusazqpdoifi er 10
appropriate for use ina SCcircuit. Operational anplifier 10 includes a
differential pair of NMOS devices 12 and 14 and a differential pair of
PMOS current mrror devices 13 and 15. .The four devices are

i nt erconnect ed, as shown, between a p052| tive voltage source VDD and a node
A. The 5 pair of NMOS deV| ces have gates connected to a pair of voltage
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const ant . 25 Rad it e tippaed of ﬁlﬁa&ﬁﬁérﬂﬂ INMIOIS @itk i 4 hn€dtedbdeweeh hedeghven
by: 210 gm VGS - VT where, I10is the bias current, VOSis the gate to

sour ce votndgeuwst device 12, and VT is the threshold of device 12. VT
changes with tg ezﬁfu%&g;eg?r L RpHAEL B oP o, T 2offingfBn VA £ilue 10

t enperature and process OI’]S reover, for app icatrons, the
circuit 26 for maintaining constant current despite temperature changes and process

15  variations. Bias circuit 26 includes a current source 27 in combination with a single
NMOS device 29 configured to operate as a current mirror. With this arrangement, the
operational amplifier is biased to maintain constant current proportional to the current
provided by current source 27, independent of temperature changes and process
variations.

20 However, the g, of the operational amplifier is not maintained as a constant.
Rather the g, of the operational amplifier of FIG. 2 is given by:

21,

where, I is the bias current, vgs is the gate to source voltage of device 12, and Vr is the
threshold of device 12. Vr changes with temperature and process variations. Thus gp
25  varies due to temperature and process fluctuations. Moreover, for most applications, the
load capacitance (C) also changes due to process variations by about +£10%. Therefore,
the unity gain bandwidth of an operational amplifier biased with a constant current source
can change significantly due to g,, and Cy, variations caused by temperature changes and
process fluctuations. Hence, the speed performance of an SC circuit employing the

30  operational amplifier is degraded.



| oad capacitance (CL) also changes due to process variations by about 10%
Therefore, the unity gain bandw dth of an operational anplifier biased

wi th a cowstoansiseurrent source can change significantly ddaa/uso2/g3012 and CL
vari ati ons caused by tenperature changes and process fluctuations. Hence,
t he speed performance of an SC circuit enploying the 30 operational
anplifier is degraded. WO 02/061519 PC}'/ US02/ 03012 3 FIG 3 illustrates
operational anplifier 10 of FIG 1 in Conbination with a bias circuit 30

for maintaining a constant g,,, despite te rature changes and process

vari ations. Brilet I3y1,1]U§tF?éeSb‘i’Po?§at’(9F‘?]c@}BP1‘ﬁ‘erfcll(ﬂgfggﬁj’:t hip ForgbinglignsWiB\A Bigg 32

and 34 cor t : i od , ively.
of&%@&ﬂg ef%@eagﬁggl@ gﬁdgﬁstglflt s %@@%ﬂﬁ&&% i YRY andi §HBESS

A pair 35 afe connected, respectively, between
nodes B angiaforanBriefRothethiaseircuit irmdeles o pair©f NMESelsvicts 3VinGl HeainnegtedB?2 and

34 are connected to node B. es .of P devices 33 . a e. connect ed
Lo node. (GeiEeg. s paisel pdeg B 8 S a0t ERIUs RSB ED e BBV EMOR EeList &b of
NMOS devi g8 33%@B6hndb @8 NespeBievelf iRIweRh noded BRhE & dndt d fsshivedoffife ©ikde. t 0

permt the Tresistance to be set after chip fabrication. In use, bias
circuit JBatepeli MMSS devieesSlrand 3¢ ar corinected to nodpeBeGates of BVIQS demicesdd t hat

sets the of NMOS devic 12 and 14 of. the, .operatiponal anplifier to an
anount | rf&‘g‘rg@r?c?ﬂn(?f)%&q '6‘?f§lsc't‘§ Sé:tt}rgsrleﬁtghg%]so n ?C,t?cf%egfvf‘?"rr%e SPEEY st or
36. The hifasMe9 &dliide 34 and Brofihd.e Rlesis@p 3mty{ﬂa§1‘zqac@éd affsaly toeamitnge W dl ar

current source, well known in the art. Thus, the bias circuit of FIG 3
subst ant i rasistgnasuter kenses aftex phip fabrécagion. Ipfuse.hias ¢ECWHHAP KPEIGEPAIAS AnpiTTent er

does not r p e ture k@& QD t et t he
it tiOor qBffof f dEnkdiely RAE iR Ik SERHE At ol AMGE BPRes 2 op 838 e, | 10
ar e gi veropeptioh4IRmvsler WSsh aA®anninverselyquapbradnat te theaiesidBrantoof gheetdngi n
saturation current: 1 WVGS -, v¥ = (Ig%@é(z uCot_. L éo-lf, t _gshol d
vol t ages I6%istge9§-c £he bias giepitgs, igrethenls ap; VPRSI §f 25 'rﬁ%sé‘ﬂﬁ’rgd lppeusEEnt equal
(ignori ngsoglc&gngﬁ keSS thder: VGSI -VT = 2(vGS2 -VT )  Hence:
Thus, the bias circuit of FIG. 3 substantially guarantees that the g, of the
15  operational amplifier does not vary due to process and temperature variations, at least to
the first order. More specifically, the Kirchoff voltage levels for the circuit are given by:

IR+ v, = Ve -

Assuming a quadratic equation for the drain saturation current:

1 w
Vgs —Vr = \/(Id)/(E,uCOX f) .
20 If threshold voltages of devices 32 and 34 of the bias circuit are assumed to be

equal (ignoring body effects) then:
Vst —Vr = 2(vgs, Vi)

Hence:
1
I,R= E(ch -Vr)

25 and thus,

21,

1
Em =T =5
vesi =Vr R

Thus, disregarding body effects, the gn,'s of the devices of the operational

amplifier are merely proportional to the resistance of gu-setting resistor 36.



loR = (VGSI -VT) 25 and thus, 210 g m- vGS | - VT R Thus, disregarding
body effects, the g,,,'s of the devices of the operational anplifier are
nerely prepaetssnal to the resistance of g,,,-setting resiPetrarso®6301N0

02/ 061519 PCT/ US02/ 03012 4 Unfortunately, in practical integrated
circuits, body effects can pose a significant problem Briefly, body
effects relate to a nodification of thg threshold voltage VT caused by a
vol tage di fference between source and substrate. The change in voltage

threshold is proportional to the square rqot, of the voltage between the
sour ce arfdnfoEnalelystip aRractiogl pptegrted: cireyits;, Rody pelgectsy cap pRosgna pygnfigant

t hr eshol Gy4RELAGSHIRS Bbd Peftdtes ¥PiS RARBlFicaltiiP B Bl BhresHof ta)lfage vpREaRkgm

occurs fr vari'ations in source voltage between vices 32 and

34 of t hebyba asltaperdiffiertmoe. beBiernesotive agd wnlseratsf man@mwl@gﬁ: thgesholdas

different voltage fromthat of e32 t he, g, IS t nerel

proporti &{QPOQ‘BH%Iﬁ%theéQF%rFé%Qf&Gf 3%91 %e{tgf’erétégﬁﬁ‘ém? @"Crtg‘glslé%?&ra{fyven by the

fol | ow ng equafiQp Cll’CllliL-bf F1EBRY#hg dhan 1n9ﬂﬁ}e%ﬁ‘)oldv‘{‘1ﬂlra§e FESul 60X sephibiid

for mula for g,,, may be derived fromthe follow ng Set of equations: Vgs,
= Vgs2 + problRms. Thefirst pEobdem ogquns;&omgbe :taxzatloan SOUTE® volliagh b@weemNMQ@pHx W

t hen 20 l(?ewces 32 an%i }:4\“0%1 8‘16 Bias 01ré|-u1t?y. §Q ince trhe sourcéjdf I\%M%SB device 34 is at a

different voltage from that of device 32, the g, is not merely proportional to the resistance

of resistor 36 but is instead given by the following equation:

1++/1+2-B-R-vterr
2R

10 Em =
where
w
B=u Cox—.
M, 3

This formula for g,, may be derived from the following set of equations:

Vea =V T1-R-v,,
15 andsince
vgs = \/g —Vro
with
w
B= ,unCOx—L— .
then
20 \/2-%=%\/2-—II§+1-R—vterr.
solving for
! + 2 + R-vterr
=B\
2R
yields
4, =2 BT

25  and finally



2R vyields g,, = 2B 25 and finally WO 02/061519 PCT/US02/03012 5 1+
1+2BR vterr gin = 2R The second body effect problemoccurs as a result of
absol ut e wofikessnces bet ween devices 32 and 34 of the bi @ETaiSowodoizy and
devices 12 and 14 of the operational anplifier. The absolute current
generated in the bias circuit is proportional to the threshold voltage, 5
and therefore any vari ances between th(a5 source voltages will result in a
different g,,, value. Since the input “common node voltage to the
operational anplifier is fixed, the source voltage of devices 12 and 14
will vary with process causing a nerAtHAGkimgregr,,. As a result,

t enper at ure changes and proceds variati are not fully corrpensat ed for by
the CMOS bias circuitry of FIG 1 resulting in variations in the gof the
operational  1PhedEpbid bely. effdeqﬁ:eblehh&:cuni ds i rgil roflabielwiedtifierescea gaiween
affected. U.S. Patent No. 6,3 725, conmmonl signed herewith, titled
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conpensates Tor variatigns cause cts in a I on
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However, as nqted above, the speed erformance Ci

i ncor por a¥fg theoPRILEITIHGP “H%‘f‘ﬁl‘i‘ﬁﬁa%f?éo the (I’Refﬁt‘tog eé' i rﬂxf’@' @‘ﬁlsﬂurce
bandwi dt hv&{agé e depr%ésam QRalia HIPLid,i it prdéuesncam,g Anbh-B8cIGhg GYI tAd hat
provi des conStant gm the unity gain bandwidth may still vary as a result
of changessulp tcmperhmmclmge&andmwe%(sGl@ﬁamnstiﬁ@ npt Exlyc¢anepgnsated fqariyethe| t
woul d be de3|r Vld an. | ved S CII’ t f with
20 oper at 18&2# X’ ?lfcf“ll oft)tli"ésru S| cggnée%r?ﬂfoyltﬁg &h ﬁltl\{}ﬂisogg% lgr?agntl al

pair,i¢ haémplﬁwrnmhébwa: lﬁmtlysgaamatnatvhdthmgatrwﬁecgsai CL despite tenperature
and process variations and also despite body effects and it is to that end

that aspects o¥-& hBatemty e i ©A2%7 8. peommenlyy assignedc hegwiths wloghviRnstnt THE
| NVENTI O\ll"ransconductance Bias Circuit having Body Effect Cancellation Circuitry” describes an

improved constant gm bias circuit which compensates for variations caused by body
effects in addition to variations caused by temperature or process to provide a constant
15 gm. However, as noted above, the speed performance of an SC circuit incorporating
operational amplifiers is limited by the unity gain bandwidth of the operational
amplifiers. Even with a bias circuit that provides constant gm, the unity gain bandwidth
may still vary as a result of changes in the load capacitance (CL) of the bias circuit.
Hence, it would be highly desirable to provide an improved bias circuit for use with
20  operational amplifiers, or other devices employing an NMOS differential pair, that
maintains a substantially constant gm/CL despite temperature and process variations and
also despite body effects and it is to that end that aspects of the invention are primarily

directed.
25 SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention, a bias circuit is provided for use
in biasing a differential pair, such as an NMOS differential pair of an operational
amplifier, to maintain a constant g,/C\. despite temperature and process variations. The

30  bias circuit includes a pair of current source devices and a resistance equivalent circuit for

developing an equivalent resistance between the current source devices. The resistance



In accordance with a first aspect of the invention, a bias circuit is
provided for use in biasing a differential pair, such as an NMOS

di f f er entwelo2peisio of an operational anplifier, to nmai ntaPoTaASODO®IANT
g,,,/CL despite tenperature and process variations. The 30 bias circuit
includes a pair of current source devices and a resistance equival ent
circuit for devel oping an equival ent Eﬁsistance bet ween the current source
devi ces. The resistance WO 02/061519 PCT/US02/ 03012 6 equivalent circuit

i ncl udes a sanpling capaC|tor connected between a sanpling node connecting
the pair esfuivalgnteicuis gneldesye \sampling apaciigr somrecte leitW§%n @| wawRlingpradei s

connect ed, ASLIREN " SIRLLDR B0, B0Mcd, LI 3B STh BRHEREL dRYhcg and @

second cl 6c S connecte et ween t e an econd
current sgnheced Bativeén théemplifig nede andck fa’mmm:dncdounde demmtasd pexondelock

non-overl apping clock signals at a ned | ing frequen
est abl i shinBUY i§ LoBREgHEDEEHERT, Féﬁ’tnP]“E%P? @‘ %Fec‘ioﬂﬁ CBF R fopEey qeglce ccﬁlg‘ﬁect ed

to the feﬁﬂs§aﬁ&§&oﬁg%a§ﬁllﬁp&ts :dré&&l% hof-8Verf ggﬂ 'a;%as%%; 308 p?e“cre%ﬂehe

circuit to cause t las circuit to gene signal". A bias line
transm t ssanipdingi fasquengnad establishe a w@sibtfance nqulazhlelpai v dﬂaga}getbngsa‘dmtrmls By

providing the bias circuit as described resis ce _equi val ent
circuit vﬁoc“ﬁeCtﬁ‘i)FP Bedrsist ﬁ?ﬁer@ub‘iaie& Cg?‘t]hﬁfgpg ying ?)ygléaegteez}cmsa&e ?lfcé‘i}dgncy,
the g,,,/&hsOhethf dpicas t&%érfé'f'zlt& a bids sigHaNt Aibiadirsulebant il dixs Ganstame to
thereby maintain a fixed bandw dth within the differential pair being

bi ased. Wlﬁ’nreeattpllnﬁyrémngqblewdnecu on with operational anplifiers of an SC

ci rcuia(% t the C St an&m gh W%s (EIII:ICUSI gtge?c Q%lfﬁ% Jt%klsﬁﬁ‘“:é ?(Lu?va%}f? 8ﬁ£8t Fithd

const 15 s |ng nin epen rocess

vari ati ongon- Mrhb@hgnrdek stgnancus Iatprélmtd’ignﬁddefrd’qﬁsm@t dncg,/€gof thallﬁ:mc]murtcw t
bet ween the current source devices of the bias circuit, volta

di f f erent lﬁdpéln@é'lms@h‘éalb’oﬁﬁr@&mﬂ titherely Mgt fixed bé‘l‘q"YffiWa‘f"é‘Hmt t&r eby
removi ng &ﬁﬁeﬁlnéﬁfﬂ%eﬁg Bla vo : aégﬂ'gd e DSifectidOfih © Pér‘ﬁﬁéna‘f%ﬁ?ﬁhbﬁns

that wll 0 not cause a signiticant 20 change
in the g,of dflC8Cotirduite thu mnstant bmidtwidtﬁmmrab:les fhel SO wiarcuit ta operste At pwpnsthiso be

provi ded to substa tiall limnate a solute differences between the
sour c® t ePHGhNESSPEE {“HBde%U&F’En%tWW‘é?,&BgPE‘@gs sofrgfigNshi as circuit and

sources of theg ng"tffei'lﬁ&%n‘ak ?ksﬂ@hl'h tthe f&Wancé UgtiDRENT GRYURTHREVMAthaLhRe | N
g,,,/CL caused body e cts n accordance wth a second aspect of the
i nventi omouacesﬂc\agem ofs ¢hres bias vairduita yoltagec differentials between the source-drain of
MOSFETs are eliminated thereby removing any threshold voltage mismatch. Hence,
body effect variations that will affect the threshold voltage do not cause a significant
20 change in the g,/Cy of the bias circuit. Source follower circuitry may also be provided to
substantially eliminate any absolute differences between the source terminals of the
current source devices of the bias circuit and sources of the differential pair thereby
further reducing variations in g,/Cy caused by body effects.
In accordance with a second aspect of the invention, a stray insensitive bias circuit
25 for use in biasing a differential pair is provided wherein a substantially constant g,,/Cy is
maintained and a bandwidth center frequency of the bias circuit does not drift. The bias
circuit includes a pair of current source devices and a resistance equivalent circuit for
developing an equivalent resistance between the current source devices. The equivalent
circuit includes a capacitor connected between gates of first and second current source
30 devices. A first clock input is connected between a first terminal of the capacitor and the

gate of the first current source device and is also connected between a second terminal of

the capacitor and the gate of the second current source device. A second clock input is



25 for use in biasing a differential pair is provided wherein a
substantially constant g,,,/CL is maintained and a bandw dth center

f requencywofo2ibisibi as circuit does not drift. The bias cipceaisp2/oinet udes a
pair of current source devices and a resistance equivalent circuit for

devel opi ng an equi val ent resistance between the current source devices. The
equi valent circuit includes a capacitzr connected between gates of first
and second current source 30 devices. first clock input is connected

between a first termnal of the capacitor and the gate of the first
current seanneciedibetween Ahfafirst temipal frihe CoRAgI B A8 ErRINdeasheise epnreriad of

t he capacj f ° o] i ond
ol ock | oot ket st R To SR B o3 he BbnE e Bttt SonRREPT,
term nal wiputsrovidp acn-beerlappihgaclgelosigaalaiat a graletermimedchapling dtegeartytthe

second term nal of the capacitor and the ground. The first and second cl ock
i nputs pr&ableh 'F\é"rfls&f’é?%‘gﬁ?lﬁ‘&' clock signals at a predetermnined sanpling

frequency to  gstaBliikl fvd %ﬁisssia@ro%keggﬂav%sm-coﬁn&sfecp&&whgiaaga&tw sets of
cl ock signal inputs connected to the capacitor as described, const ant

g/ CL i s nddsotilzidnedomitatigulCisisgnaihfaowdtwithaut signifiohitadyet. d Voltegedifficsngals
bet ween the source termn nal.s ,of .the currgnt sour ces ar%i al so .el i{ﬁier?@t ed to

thereby CONEEhIM SOUTET HHUTRIE(H e QUIEPLOPRINES ks aliPt Flimpinated tog Pect of

the i nventdm@itnsale B Yod9leffetmiatione A Hith i BRE afetCofi ths ilVRHNtdE apaRlgiyed in
paral l el instead of juSt one to help 10 elimnate parasitic capacitance
ef fects tieaistangeypauivalensraifoyiss amdyebe employed riatnarallely instgad)ofpjusisone wohelpe

foll oper cgircuitr y e V| . i y. i m any

hosoltir ¢ Sttt s ol AL Rina B ER a0y

t he bi as Souredfdllonved cirsoiufycasy afsotHeeprdividee ne ntibsidntialy relibtiedte ayy fabsdliner

reduci ng variations in q,,,/CL caused b body effects. 15 |In accordance
g 8!1?9 y y a

with a thiliflgreasisebetween thieSQuicasnel Bi, cuaiet RRYCHidgYICES PE G DRy cirGe 2n
blasi NG Asditdel, rGRE afterBtlal paft BEQKY (Bithdr FelRIRY oS URSLAN! Etséd/ b
the b = curten 2

constant g,,, ras circuit’includes a pair o sourc
devi ces abwilyaffeapacitor. A first clock.input is connected between a first

erpel of (N SaBaElLoL AN, CULLPR! (o PiL o RS VA LT, LS,
bet ween ap;20n s §afRGedtBY PaiPa protidbde MaRRGH h Absdafy CRIFIRR glyede THObage
input line. A second clock 'input is connected between the first ternmnal
of the capuuwittiocludesda paip @fictiront smjrqeagzerices and a capacitor. A first clock input is
connected between a first terminal of the capacitor and a current output line output from
the differential pair being biased. The first clock input is also connected between a
20  second terminal of the capacitor and a common mode voltage input line. A second clock
input is connected between the first terminal of the capacitor and a positive voltage
reference line and is also connected between the second terminal of said capacitor and a
negative voltage reference line. A third clock input is connected between the first
terminal of said capacitor and a ground and also connected between the second terminal
25  of said capacitor and said ground. The first, second and third clock inputs provide
mutually non-overlapping clock signals at a predetermined sampling frequency to
establish a resistance equivalent.
By providing three sets of clock signal inputs connected to the switching capacitor
as described, a constant g,,/C. is maintained without significant drift and variations that
30 might otherwise be caused by parasitic capacitances are substantially avoided. Source

follower circuitry may also be provided to substantially eliminate any absolute

differences between the sources of the current source devices of the bias circuit and



reference line and is also connected between the second term nal of said
capacitor and a negative voltage reference line. Athird clock input is
connect edwbebmesm t he first term nal of said capacitor amdTasgreenz and
al so connected between the second term nal 25 of said capacitor and said
ground. The first, second and third clock inputs provide nutually
non-overl appi ng clock signals at a predeterm ned sanpling frequency to
establish a resistance equivalent. By providing three sets of clock signal
i nputs connected to the swtchi apaci tor . as descri bed, const ant
0.1 OL | SOUeEs il TSP RS RITSEIRPY (BB TaAYGRRE ARIRAURRS i isndiie cied 030
m ght ot hgriM Q€ caused by parasitic capacitances are substantially
avoi ded. Source follower circuitry may al so be provided to substantially
el i m nate any Negodend appliritheemhodimebstoffennvéntios arg presided. t he current
source devices of the bias circuit and WO 02/061519 PCT/ US02/ 03012 8
sources of the differential pair thereby further reducing variations in

9..,/@ caused by bodpraEFPESCRIPTION OFTHRBRAWINGSDOdI ments of the
invention are provided. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The f eat ures,

obj ects, and advantages of the invention will becone nore apparent from

t he detail ed cription_set forth hel ow el n. . conpunction with the
drawings in \c/j\ﬁﬁec{?aﬁ”lﬁf?eowg?%’raen caéj v t}a eaé)tlc er slr;{iv%ﬁehlr%l’t(?an i ‘}‘n"c%‘r"r“’%s%"&%a?%aé nﬁ

t hr oughoutromnie whgilei descriftionlsét fotthibelowsivheri RkerincavnjimotibdWath tpdraaingenal
anplifier adapted for use in an SC circuit. FIG 2 illustrates the

oper at i onid Whiglplike referenge chpracters idenHy cafrespopdinghydhronghqut apd wherepy: as
circuyig. FIG i |y oln! b . al ogg W th
o Conh ant gbi g HRBFREES coREBRRY e o il ich Safibg To e in 280 e
with a codistuétnt g,,,/CL bias circuit configured in accordance with a first

exenpl ary enbodj ment of the invention wherei si ngl e
resi st ance- eqtﬁ@ﬁe’ PStfﬁtefséE? f’p‘?r@“%ﬂi’g P’G‘PV\IE raquﬂé. \]Nia‘k(}?%amﬁhf‘ foRgfant current
non-over | gRPLRGt. ¢l ock signals. 20

FIG. 3 illustrates fhe operational amplifier of FIG. 1 along with a constant g,, bias

I5  circuit.

FIG. 4 illustrates an operational amplifier with a constant g,/Cp bias circuit
configured in accordance with a first exemplary embodiment of the invention wherein a
single resistance-equivalent circuit is employed along with a pair of non-overlapping
clock signals.

20

FIG. 5 illustrates an operational amplifier with a constant g,/Cp bias circuit
configured in accordance with a second exemplary embodiment of the invention wherein
a pair of symmetric resistance-equivalent circuits are employed along with a pair of non-
overlapping clock signals.

25 FIG. 6 illustrates an operational amplifier with a constant g,/CL bias circuit
configured in accordance with a third exemplary embodiment of the invention wherein a
stray-insensitive resistance-equivalent circuit is employed along with a pair of non-
overlapping clock signals.

FIG. 7 illustrates an operational amplifier with a constant g,/Cy bias circuit

30  configured in accordance with a fourth exemplary embodiment of the invention wherein a
pair of symmetric stray-insensitive resistance-equivalent circuits are employed along with

a pair of non-overlapping clock signals.



FIG 5 illustrates an operational anplifier with a constant g,,,/CL bias
circuit configured in accordance with a second exenpl ary enbodi nent of the
i nvent i onweheneism9 a pair of symretric resistance-equi val @atr/wsoe/03nizs are
enpl oyed along with a pair of non- overlapping clock signals. 25 FIG 6

il lustrates an operational anplifier wwth a constant g,,,/CL bias circuit
configured in accordance with a third Q%enplary enbodi nent of the invention
wherein a stray-insensitive resistance-equivalent circuit is enpl oyed

along with a pair of non- overlap{)‘iénr%? cl ck signals. FIG | | ustrates an
operational anPlGf8$dHusiiaias ap OBl ‘?eCLW‘ & CUISHRRL LSBIaécﬁWCiuﬁured

I n accor dang m%u)’&dtlh afcdr@AHck ik & Fbth &x¥m [nghﬁgﬂ]}neﬂf of ﬁ]‘é ihVBHEBA WHareMgr el n a

pair of sy stray-i1nsensitive re ance-equivalent circuits are
enpl oyed Rkﬂﬁgc%(jlhvalalt patuit sfempboyed\adorigapiph thyeeciamedvesliapmag slock\Ego@5.061519
PCT/ US02/ 03012 9 FIG 8 illustrates an operational anplifier wth a
constant g,,,/CL bias circuit configured in accordance with a fifth

exenplary e”b%ﬁﬂgmﬁfnm@mwmﬁmﬂmpmmzuwmwmwal ent
circuit is enployed along with three non-overl apping clock signals 5

DETAI LED DESCRI PTI ON OF THE PREFERRED EVBODI IVENTS Referring tO t he

remai ning figu ex nbqdi nents of. the vent. i

descri bed. Theﬁm tﬁgﬁ?g ng uﬁeﬁr PRIy Fb9, ;&fnﬁenés OPEhﬁ Pe esnf)lgn Wlﬁ o bias
circuits f@y bei @séikeda Bhe)embod@nad Will giiinbhalyekd dadcribed ivitiMeEpeepes atdsonal
anplifier of a 10 SC circuit. However, principles of the invention are

appl i cabl @irquiis debiesiap arvrgleosaded amdifferantipl panhEMIQS epcrtional aspliice st api ¢,
f ol defh caseOlifuirt "PoREAS pRALBIEI R k! iRfen:BAChre Hdplicabid ag%m%p%%@fahaﬁ@'

anplifiers as well evi ces errp oyl ng erentla airs Al so,
a speci f i samplifirdiopslogics Sudie s rteleswbplverfeidad i cavaalde) ngo-arage peteadpliairey, and
anplifier wwth an NVBO di fferentl al pal r. Aspects of thedltgventl on,  are

al so appl Mulbhtage pegripnalamplifiereah el ihig cyices epRlqying ditferpntial ppiryg, 4

i1l ustrat ggoa , ti onal
anplifi erg%loa% %ﬁ@%ﬁ&l%& Ct%fk gfbgﬁt}{egélﬁ ?)%Vl%f@n%%gro gtérl%téérf]ngl ler?rjgﬁ?l]??grﬁ 110

i ncl udes an NMSOedléﬁaranahl pair.r Afpebivo8 thevinversiohlreaalsh applicabld to devices
diffe nt| aI r ices 113 and 115 connected in parallel
bet we \Pﬁbﬁldfl\gsﬁmé%ﬁf“ése VDD and a node A
FIG. 4 illustrates a constant g,,/Cy bias circuit 126 for use with an operational
amplifier 110 having an NMOS differential pair. Operational amplifier 110 includes a
differential pair of NMOS devices 112 and 114 and a differential pair of PMOS devices
113 and 115 connected in parallel between a positive voltage source Vpp and a node A.
20  The pair of NMOS devices have gates connected to a pair of voltage input lines 116 and
118, respectively. An output line 120 is connected to a node interconnecting device 114
and device 115 as shown. A capacitor 120, providing an equivalent load capacitance of
CL, couples the output signal to an external load 121. The operational amplifier operates
to amplify any voltage differences between signals received along lines 116 and 118. An
25  output signal representative of those differences is output along output line 120. An
additional NMOS device 124 is connected between sources of the differential NMOS pair
and ground for receiving a bias signal to compensate for process, temperature and body
effect variations while providing the constant g,/Cy.
Bias circuit 126 operates as a current mirror to provide the bias signal for use by
30  operational amplifier 110. Bias circuit 126 includes a primary pair of NMOS devices 128
and 130 connected in parallel between nodes B and C and ground. The bias circuit also

includes a pair of primary PMOS devices 132 and 134 connected in parallel between



20 The pair of NMOS devi ces have gates connected to a pair of voltage input
lines 116 and 118, respectively. An output line 120 is connected to a node
i nt er connwotazgisdevi ce 114 and device 115 as shown. A capaaiitSoz/o03niD,

provi di ng an equi val ent | oad capacitance of CL, couples the output signal
to an external |oad 121. The operational anplifier operates to anplify any
vol tage di fferences between signals regﬁi ved along lines 116 and 118. An 25
out put signal representative of those fferences is output al ong output
line 120. An additional NMOS device 124 is connected between sources of

the dif f enedes Basnd\Eed th Posithifdr fABuIRITIorOatet el (e kg mary NYOS dghiges e
conpensat g f Of , B AGESSde B BEEALURE gﬁﬂﬁr})ﬂﬂ){oslg TieStard tds@bbisa WideE

provi di ngcrt0 e constant g clirecult operates as ‘a current
mrror toCcprAavesigaideqhivaknss ginalit 136 isusmnéyed B&wepe gates ofi phimanp NMOSr  110.
Bias circuit 126 includes a pri rr%ry pai r of NNDF devices 128 and 130
connect edd§vices A28l ang 13bas\ghvhodds reSIStARFecadnAlegE SURHT mFidep asampling i ¢

also 4nc aj §3al f j | C&® 2 3 : aflehn
par ol 151 e, A G FRER 7L FRerks 2L ot td o RAAGEE TRketc
posi tive freducagenemovarkppi@atceskeimpheg penalnckl diioR2 ddhesemphngclocks ckl

Cross-cou Idg% t o node Gat es of thg_. Bri mary NMOS devices are
cross-cou%] 2ok ppeverigppiRg AR Sl tdUadui val ence circuit 136 is connect ed

bet ween gates p§ cp&irBBhN NMES sigRy i€ 8enckai8d 20 olk3 &SpSRPVR-cirlhR 136 is
resi stance-equivalent circuit includes a sanpling 5 capacitor 137 and a
pair of i ngeessary. obtcosdinglal valigige-ceiting ¢ty & provided within bigs ¢iroustd 26f lguency

non- oyer | agpi n | ock sanpl i,ng. _sSign i ks ckl
I R R I S B TR S e R R L
si gnal i ssquedscahmdtedao\webingmdd puir aicseosisdacy PMOS dédcesi 194 anddd6 having

Accordingly, voltage-setting circuitry is provided within bhias circuit 126.
The 10 veslureegeonractadiig thg pesifi e \pliage feies Gatgart thesecndaiyRIMP IS evi ces

141 and 1%1% Jéﬁ%&c?%%ﬁ%%gﬁ S Gt NgGhe geéoﬂd%gmésaﬁgﬁ&s %”é .Eomect%&q %Eglgééy PMOS

devices 1 aving sources conn to the positive vo
source. Gaidesre@bnidveedstocgaradanf\thd\piBagePMEOSsdevaces. o drege bE decooday PMOS Gat es

of the secondary PMOS devices e connect ed toget and e connected to
Gat eoi b S FMIRIES ‘OB Be A et o ook SRON e Bl SRS ede. 149
I's connecfegle %&er@ﬁnﬁrﬁﬁﬂb@ devRE 136C TERE Yf Wd&i?‘ﬂe@i%eéf@z hid t9Aect ed

to the gate of prirmar MOS device 130. Drains of sécondary devices 142 and

146 are connected together. Finally, the gates of secondary NMOS devices 140 and 142 are
cross-coupled to a node D interconnecting the drains of devices of 142 and 146. With this
configuration the various secondary NMOS devices and PMOS devices function as a

20 current mirror for generating a voltage across the resistance equivalent circuit to thereby
ensure a current through the SC resistor equivalent circuit.

Thus the bias circuit of FIG. 4 includes a resistance-equivalent circuit driven by

fixed frequency sampling clock signals rather than a simple resistor as found in some

conventional bias circuits. Hence, a constant g,/Cy is achieved rather than just a constant

25  gm. More specifically, the value of the equivalent resistance provided by circuit 136 is:

R = _1_
fiC
where f; is sampling frequency of the two input clocks and C is capacitance of the

sampling capacitor 137. In this circuit, at steady state, the value of g, is 1/R and hence

1
gm =E=fsCL’

30  oralternatively



connected together. Finally, the gates of secondary NMOS devices 140 and
142 are cross-coupled to a node D interconnecting the drains of devices of
142 and 1wé.02@étshot his configuration the various secondargeTNNOSB0xeYi ces
and PMOS devices function as a 20 current mrror for generating a voltage
across the resistance equivalent circuit to thereby ensure a current

t hrough the SC resistor equival ent cir? it. Thus the bias circuit of FIG 4
i ncludes a resistance-equivalent circuit driven by fixed frequency
sanpling clock signals rather than a sinple resistor as found in sone
conventional bias circuits. Hence, 8a constant g/ CL is achieved rather than
just a constant 25 g,,,. Mre spect&icaPlyﬁ”the val ue of the equival ent
resi stance provided by circuit 136 is: R=1 ffC where f, is sanpling
frequency of tig tiwy paipWandwidtksf arcoperaionalpanplifierde tiafs dstublistedrtpl theg
capacitor 137. In this circuit, at steady stat the valye of g,,, IS 1/R
and hencesampliggekeckdtgquenryo whigh is traieal et yewt% ownEls Befrombrominy 11

9. =WO .. | L1 | fihe :drQ I dok €A 1S 5 hus
establ i sh ngg%“Mg&‘y%‘%ar#ﬁﬁlu‘ﬁ%ﬂgﬂwoogk f?%ea%“éﬁ‘éi?*ﬁ&ﬂ? c hg’?lé‘d?gﬁ“r%%ﬁ‘w vk

st abl & quBrixet ythusByio fneed fug rhdrginuavidt extragmiwer loamsiwiptibh ,astoemteskewith imgBothne of
the operational anplifier is made. cqnstant. Al so fixed thﬁs’a no

W '
need for &mABd thesRMRINE, CRPASHRL Cic Bh Hsnes @ﬁneégt%@eaf’@geréﬁy (fhpgen 18obha g

and the sanRliRei&GAREE] §he Gperatloddl@mlifier ARNGE M AT redebri v PiR{AB pBwenOseN
to be a scaled version of g,,, of the operational anplifier and the | oad

respect i valsp, notesthetethodvies circull degs mast requibeaan tofle clipargsistor euiothed sdkchipt
require an off chip, resistor, or other off-ghi co t easily
mde. pr ogh RS oRrRy SR 5% e EOGrnafic el asliBnE Sy Rt ERRuaRy

Mor eoMer , diidep t he equi val ent resistance devel oped between the gates of the
primary NMOS devi ces rather than between one of the NMOS devices and

ground, the tMossher dvifibithagauivelsht fasistange dsvelppgdy baiveen dbeisaies ofr the
therefor epr%HQn%'t RMAShL Mces rather than between one of the NMOS devices and ground, the

threshold voltages for the two primary NMOS devices are therefore substantially
equalized. Hence the aforementioned body effect variations which might otherwise cause
15  variations in g,/Cy as a result of differences in threshold voltage do not occur. Thus the
gn/CL of the circuit is substantially immune to body effect variations based upon
threshold voltage differences in addition to temperature and process variations.
To further reduce variations in g,,/Cr due to body effects, source follower circuitry
is also provided. The source follower circuitry helps reduce variations that might
20 otherwise be caused as a result of differences between the source voltages of the primary
NMOS devices of the bias circuit and the NMOS devices of the operational amplifier.
The source follower circuitry includes a pair of secondary NMOS devices 150 and 152
having sources connected to ground and a single secondary PMOS device 154 connected
between device 152 and the positive voltage source. The source follower circuitry
25  additionally includes another NMOS device 156 connected, as shown, between the
positive voltage source and the drain of NMOS device 150. A gate of device 156 is
connected to a common mode voltage input line 158 for receiving the common mode
voltage associated with the signals provided to the operational amplifier along lines 116
and 118.
30 With this configuration, the source follower circuitry operates to equalize source

voltages of the primary NMOS devices of the bias circuitry to that of the NMOS devices



equal i zed. Hence the aforenentioned body effect variations which m ght

ot herwi se cause 15 variations ing,,,/CL as a result of differences in

t hr eshol dweokweye do not occur. Thus the g,,,/CL of the ®@CTOI802/030%2
substantially i mune to body effect variations based upon threshold
voltage differences in addition to tenperature and process variations. To
further reduce variations in g/ CL due ig body effects, source foll ower
circuitry 1is also provided. The source“follower circuitry hel ps reduce
variations that mght 20 otherw se be caused as a result of differences
bet ween t ¢fethe epgrationzbamplifies. Henet@ bigsi Guie)t SRk geragated BY gte hisfecitsuliey isi r cui t

and t he %aﬁﬁ%@iﬁ%ﬁ%&e& Bg P%gg%gahggé}gﬁ%% Vdrlafibns asT\Egl gsﬁlg{d%%gfeg s aper

circuitry 1nc arr evices 1 avi ng
sources coapesuRan teurgy toltuge atismachdsngA bias eagantding BBORctevihests the4ates
connected _between device 152 and . the p vol t age source. The squrce

fol | ower @fiseeRndepyNMORdieasdadiang 1ot @3 ge G SRS VRRE abeoperpggnal
conne edama%%?&i%agﬁﬁé %\?ﬁgcﬁ%t irFng{eit%p\é?ati\b%ltzﬁ‘ﬂ;ﬁi spurce and the drain of

NMOS devi ce te device 15 connect'ed to a common nbde

vol t age i nput ThuseFHE84 fibustraesed biaacritchg whichomt nandie praraddsag esubsaozilat ed
with the signals prqvided to the operational. anplifier along |ine 16 and
118, 30 WARaThE<Co GFIRE FrorruId ERECSLLF SEr G SHESE PIBBRERSS Bl es 1o
equal i ze SRUICR wiplTh3963pLifid Eb@aniﬁlé,rlﬁﬁf{ar Wo@edev&%su@fanh;ﬁrmr??ms cuitry
to that of the NMOS devices WO 02/061519 PCT/US02/03012 12 of the

oper at i onddvicesdB2 fanél 34 Mrhese wadthitadengtlr rasios of (Vgikawith eniereay 8MO$§ demise bi as
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NMOS devi ces 150 and 152 to the gate of bias device 114 of the operational
5 anpl i fiReviees 12oust 13yhavenwidh ddength raties Of tWA-. o pevicei bahasapidthitar |
Thus FI G i S ¥EE§ khcul t - Whi t vi des a
substanti%ﬁ?blééﬁﬁﬂﬁégkaf?' d§§8?%%“%@@€§§?Q§Hﬁg§éﬁ%@?@xure vari ations
but al so conpeAsaioes, ftbs bisdyircuitf £ EIG. dsinvkekes al singlaeresipandtd-equientanpl e,

primary NMOS device 128 and prjnmary P .devices 132 and 134 all have
wi dt h3 o FEHYt HFlfar; li@st&tew{afmrvmfm RNOS 00 PEren 4Pl KREVRPS a
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of WL. The bias circuit of FIG. 5 is similar to that of FIG. 4 and only pertinent differences will be
described in detail.
The bias circuit of FIG. 5 includes a pair of resistance equivalent circuits 136; and
20 136,. The resistance-equivalent circuits respectively include a sampling capacitor 137,
and 137, and both have a pair of input clock signal switches 139; and 139, and 140, and
140,. Input clock switches 139, and 139, receive fixed frequency non-overlapping clock
sampling signals ckl and ck2, respectively. Input clock signal switches 141; and 141,
receive fixed frequency non-overlapping clock sampling signals ck2 and ckl,
25  respectively. Thus, the bias circuit of FIG. 5 includes a pair of resistance equivalent
circuits having sampling clocks ckl and ck2 reversed from one another. With this
configuration, the switching capacitor of the first resistance equivalent circuit will be
loading while the switching capacitor of the other circuit is discharging and vice a versa.
FIGS. 6 and 7 illustrate two embodiments of a stray insensitive bias circuit for use

30  with operational amplifiers of SC circuits or for use with any other devices containing

NMOS differential pairs. The bias circuits of FIGS. 6 and 7 are similar to those of FIGS



Devi ces 152 and 154 have width to length ratios of WL. Device 150 has a
wdth to length ratio of 5WL and device 156 has a width to length ratio
of 2WL. we motsdy the bias circuit of FIG 4 includes a #cCmgise2/03012

resi stance-equi valence 15 circuit. FIG 5 illustrates an alternative
enbodi ment 126' wherein a pair of resistance- equivalent circuits are
provided in parallel to help reduce paiési tic capacitance effects. The
bias circuit of FIG 5 is simlar to that of FIG 4 and only pertinent
differences will be descri be_d in detail. The bias circuit of FIG 5

i ncl udes 4 apdisr anst onlyspestingt i éfq«in%wéﬂtbecﬁierséﬁqusml%aﬂ ardke slgmeggoareThe

oot st ance gl S0l U RYLS WESRRERENSIANG) tle @ sampl i ng capac tor

ve a palr In u ck signal swi tches 139, and
1392 and 140, 9(&@' indedditive Ibﬁuzuhrcﬂitd(ZB &MGC&ﬁﬁBluﬂB@a shngte ESi9RAnceeqiivaerti xed
frequency non-overl appi ng cl ock. sanpling nal s ckl and ck2,
respect i varopit 2I3ﬁrf’&‘?"1€?%\r‘,‘gh O LEY S‘§U\ﬁ1tlﬁﬂ’1’é%a‘141%” osl&llﬁi?Pque’ééiW“ﬁ“f?Bd
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respective circult includes a pair o
resist ancmclaqesi ¥ awaching capacitbt 23"heatinegted deprdencn pﬂlooksklcklloclalsgnalkmputever sed

from one ot he configurati the sw tchi n ca aci f the
first tAaﬁ’& 23% @anafe Jnrem tCOW“?qtedgg’ “fSB?ﬁ’ivﬁgga\’\?‘?l rysm(e i ng
capaci tordlefceE heg ahdeso. Cd&wttzzﬁSadathéﬁzhﬁyrﬁbmae@@gaﬂIoff@k@mgﬁmapu@@ 6 and
7 illustrate two enbodinents of a stray’insensitive bias circuit for use

30 with operd0Boeanectinglopposngteohingls of capagitos2bi tofagrodgFewhich hasshgwat er

devi s contain I\/DSf ai.rs. The bhias circuits of FIGS. 6
and areoé‘P?ﬁt?‘Ll'ngsPB”F%sg BPHEF‘@N%S gﬁv‘ﬁ"éww PCT/ US02/ 03012 13 4 and 5
and only pertiwgtthidicbhRseasas whilelckbes siiver svartingcapadiair 237 s dmpildagent s

are represented using like reference nunerals incremented by 100. Stray
i nsensi t i the gaiea of &her primary IIMQs¥ deviess 6 Hayqvgr enhile dogigtignal 42 ﬁ%ﬁ‘i’c‘,’é the

equi val ey fiCHihe AROIPLAMIACH Ml bR Gk briShAPRMOSRIL RN GidiE. Gk2

si gnal |npu5|n onbi nat o 5 wth a singl ng capacitor
speci f i cadymymetrie sosfignattoneiq qxrmaﬂamndcvamuoms id3be iclock semalsaw$ivid césuitgn

capacj tor 237 connected hetween a alr cl ock naI put s 239A and
239B Ihi camaneévamwomvﬂ] e Righrien eencraed H@@l?wm@é& %F

devi ces § él%/:igsengu(r&wétra%% addi tionally includes a pair of ck2 si gnal
i nputs 24 and“240B connecting opposing term nals of capacitor 237 to a
node E whi ch, HE. Jhithwstraté¢ssa stay insensitive bias circuit 226’ similar to that of FIG. 6 but
wherein a pair of resistance equivalent circuits are provided to reduce parasitic
capacitance effects. Briefly, a pair of equivalent resistance circuits 236, and 236, are
20 connected in parallel. Equivalent resistance circuit 236, includes a single switched
capacitor 237, in combination with a pair of ck/ clock input switches 239A, and 239B,
and a pair of ck2 clock switches 240A; and 240B,, configured as shown. Resistance
equivalent circuit 237, includes a single switched capacitor 237, in combination with a
pair of ck2 clock input switches 239A; and 239B; and a pair of ck! clock input switches
25  240A; and 240B, configured as shown. Switches 239A, and 239B, of circuit 236,
receive the ckl clock signal whereas the switches 239A, and 239B; of circuit 236, receive
the ck2 clock signals. Likewise, switches 240A, and 240B; of circuit 236, receive the
ck2 clock signals whereas switches 240A; and 240B, of circuit 236, receive the ckl clock
signal.
30 Hence, the bias circuit of FIG. 7 provides a pair of symmetric resistance

equivalent circuits having reversed clock inputs to thereby substantially eliminate any

effects that might otherwise be caused by parasitic capacitance.



10 connected to sources of the primary NMOS devices. Wth this
configuration, while ckl is active, switching capacitor 237 is coupled to
t he gat eswofotohsipri mary NMOS devi ces. However, while cl o®kTgisgeradoizk2 i s
active, the swtching capacitor is coupled to the sources of primary-NMOS
devices. Hence, a symmetric configuration is provided and variations in
the clock signals will not result in 15,any net variation in the bias
signal generated by the bias circuit. nce, the bias circuit is

substantially insensitive to stray. FIG 7 illystrates stay insensitive
bias circuit 2Pt kasihpshar P%FW‘%F&?“W%?@“‘B‘SW%OWW%P copsigR; gm/Gr bias

resistanc i\{@% Ci T bF el RIPYAREpihe mBAUER paggﬁd'léi i
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includes a si w tched capacitor 2372 in conbination with a pair of
ck2 cl ockisiothpmvise wintitan ésthRSOSOF 1615 4 7/30@0ndn pertingridiffasencek wilk bo describgrdit

swi tches 25 .240A2.and .240B2 c.onfi qgur.ed shown. Swi.tches 239A nd 239B1
of cirecui ‘fzgi’@é(i)ke elepety ey eé'%@ﬁ? “g'ilﬁﬁﬁ? rgfebeﬁlﬁ? MARET g\sﬁdgcrfs Hgnt gvl%?' 3:1 Qg's 239A2
and 239B2 of CFKEW §118G8Rs ekias \cacuit 326 F2 ued adth 5i @Ppédationdli ephifize.310

swi tches 240A1 and 240Bl1 of circuit 2361 receive the ck2 clock signals
wher eas swhereinghe bige srcuihinchulons sipeledesigtande cavpRlenkeisiwe3Ikaving 2 #ngek
sign 30 Hence i C{ i . I - hai : tric
oot otncov AL vaele” 33T b Eehr, Rhuks she, FoRpte HbARIBRG Do e |
subst ant i @bisned équiivaddre ciaoyit asf fhecwstchingtcapdcitht aetdiectly seuphel bawsadthby
parasitic capacitance. W 02/061519 PCT/US02/03012. 14 Wat has .t hus far
been desc#atesed the Bripary IMO:dsdcss r?z Htegg;ﬁ'ﬁ‘ CIEYHs aﬁﬁ?mﬁar}cﬁéﬂu’dﬁggt cigguitafi ¢ s
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switching capacitors to establish as equivalent réesistance. 1n the
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of FIGS. 43B anfe Bitbit Setht iopentiostl fahligiee roviitd albRg UES 320,08 donnected to
ckl switch 339A. The common mode voltage signal input to NMOS device 358 is also
connected to ckl switch 339B. The positive voltage reference signal provided along line
336 to the operational amplifier is also connected to ck2 clock signal input 341A. The
20 negative voltage reference signal provided along line 338 is also connected to ck2 clocks
switch 341B. ck3 clock switches 343A and 343B are both connected to ground. Finally,
the positive and negative voltage reference signals provided along lines 316 and 318 are
also connected to the gates of primary NMOS devices 328 and 330, respectively.
With this configuration, the unity gain bandwidth operational amplifier is
25 determined by a sampling clock frequency, a very stable quantity. Both g, and the
sampling capacitor Ci in the bias generator can be chosen to be a scaled version of the
operational amplifier g, and the load, respectively, to save power. Thus, the foregoing
analysis establishes, at least for the steady state, that constant g,/Cp is achieved.
Depending upon the implementation, non-linear effects may occur before the steady state
30 is achieved. However, these non-linear effects do not substantially influence the g./CL

bias that is ultimately established.



Again, like elenents are identified with |ike reference nunerals
incremented by 100. FIG 8 illustrates a bias circuit 326 for use with an
oper at i onalo oanpisid i er 310 wherein the bias circuit inclu®essoziivgt e

resi stance equivalent circuit 336 having a single 10 sw tching capacitor
337. However, unlike the foregoing enbodi nents wherein the resistance

equi valent circuit and the sw tching c?gacitor are directly coupl ed between
the gates of the prinmary NMOS devices of the bias circuit, the resistance
equivalent circuit of the bias circuit of g%ﬁ. 8 may be s rate. More
speci fical l'y, Thist ¢RioNs EMDEAEMegts haye heen deggrived i GORRL LPIgHFCWts ckl

cl ock sigpal . . t ] OB i el infpRUt

cui tchos 53¢ An! Rl Eaf St ALY s pAlplofthe Afereal bR A TR
343B. Theinproyamensd Hahe loger atimaribl despibiefli evith pespedtdenl deivimey ¢mpleyid20, i s
connected to ckl switch 339A.. The common node vol t age, signal input to NMOS
devi ce. 35TEEnGRISMAS FrlEc HiF mproverehn REr e SomosReA KU RYE VOBl

ref er encegg qgg:ht BiheMlisede 2080 by NBmpaafird RhhikiRs OpRIcadsi PiioA Rk idddgr i s
al so connected™to ck2 clock signal input 341A. The 20 negative voltage

r ef er enceefficgnalOtimrofeatiesd anidoadyantages a3 &hei eircditsmag denproviddd tas widk dihecks

switch 341B. ck3 clock sw tche 43A.and.,343B.are hoth ¢ ect.e round.
e 1y iraSeSials TS Al be SR oL N misdrih amiahnd FRFENET i

al ong |1 nggrs31R 1 degtd vatten tid) wdions BiR@ts&idsdribet ABo e NN OST depicksTaiay bAIMOS
devi ces 328 and 330, respectively. Wth this configuration, the unity gain

bandwi dt hreplseecatiitn EMQbpevideeranflsvico sregdt erlkenipgciby Vi piEesh PREFGER
f requled”lcy_{,olaégse M ¥n ttl?ebllﬁe,qlﬁ@we ér,y 'wiﬁohpeé ' be ad?ﬂ?rrggte for %nﬁilffep%tigﬂg”l\ﬁbgor CL

in the bias generator can be chosen to a sca version o
oper at i onahplanpitatiorer gand the | oad, respectively, to save power. Thus, the

constant g/ O T SueERRGeTDOLFN: MYCINER HEA NSO aV B EARE | Prear
effects "Rhe R i dPRArRE ‘?llds'ﬂ%thz% E@Haﬁeat flafira0 of ShAGhibBYREntsHOWeVIRJuld thRese

non-linear effects do not substantially influence the g,,,/CL bias that is
ul ti mat el yppestabd ilhadt al\NCPDRSEAGSI% REIpISORIPIS0dRatichSof Th practicad sy siers

i nprovenents have. been described in c tant, q," bias circuits for use
wi h Eber B et RER o frocibdbin BEGT Heh;onfytnomt SampersRlinefossars o
The i npr gy %ﬁﬁ‘é}wgm@ﬁ&ré&ﬁﬁi\%%ﬁ th@rivedti GHEsE ibeafli Nk trfied SRP&BENBA. dRithges
enploying differential N pairs. The inprovenents operate to

subst ant i mplgmentatidnsamay sentdiamiaspsomponents or, depending upon the implementation,

fewer components. The description of the exemplary embodiments is provided to enable

any person skilled in the art to make or use the present invention. Various modifications

20  to these embodiments will be readily apparent to those skilled in the art and the generic
principles defined herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the principles and
novel features disclosed herein.

25 WHATIS CLAIMED IS:



5 that m ght otherw se be caused by tenperature changes, process variations
or body effects. O her features and advantages of the circuit may be

provi ded we oaebis19 The inprovenents may al so be expl oi t ed paiTtUsoZY030ME
devices enploying differential PMOS pairs. In this regard, within the
various circuits described above, NMOS devices may be replaced with PMOS
devi ces and vice versa. The specific dg%/i ce sizes, operating 10 voltages,
and the |ike, however, will likely be fferent for a differential PMOS

i npl enentation. The exenpl ary enbodi nents have been primarily descri bed
with reference to schematic diagraH%LﬁJW@Etraiing pertinent features of
the enbodi nents. It should be appreciated that not all conponents of a
conplete inplenentation of a practical system 15 are necessarily
illustrated or described in detail. Rather, only those conmponents necessary
for a thorough,understandi ng. of. i i ' - en_.il.l ated and
descri bedi' Actﬁ 1as Gl ]?g?{elﬁggﬂnggﬁgg ?rg){/fyeg%magpﬁn%@e&%o%giﬁgﬁlﬁ’ﬁ%bg’

depend) NgmeRRN férh gediiingmanidirte rurreiite Wweludingpo pait SansTdher desices puviag of

t he exenpl ary enmbodi nents is provided to enable any person skilled in the
art to nalaéereanngaied gaes;pr esent i nvention. Various nodifications 20 to these
enbodiqren i I : J i 0 t he
gener i4£:re %??ﬁr?cdot?%l({?gﬁd#e%%?ﬂﬁ E&Ersé@&ﬁté’ggﬁﬁf’ i%gdédtt%d%ﬂtsﬁle% &zr ot Eja}ngnfeg%tr S

Wi t hout tdevidese saifl reens ifov elevéluping aal dgyivalEntsresisthmcei modurting rméams niyr
intended to be limted to the enbggine ts .shown. herein but is to.he

accor dod PRUICESERACHRISSaRh TUHEY At SHIEHYSLREORPYHC I Al Jof Righiging
features Qg%@ita‘ﬂ%@% Q‘ﬁfcﬁk/ﬁsles &P MYdASail Sf GheMkiMP deDice¥Vak 42fiR&d picdietermined

PCT/ US02/ 03012 16 CLAI 1. Abias circuit for use in biasing a

di f f ernt samiplipgifrequenmiydo b$tatdisbiareguivalepbigpisiasteig: 2 neans for generating a

source current_includin air_transistor deyi . havi F i 2 cted
gatcs: 4 TEAMSIor GpPNEpet spIRG St AR Of SRR e B RRROE oo o
sai d Eai rcfke shianaéank Tor gelRYatiRsa soate coRamstof N0 geneeliOpi bigsian ceetitval ent
resistance including nmeans for 6 providing capacitance and neans for

sel ect | vePippewsioplte Hg resisianpesig¥clppad byt pid mesns fendpyelopHgdesistanceaprf gat es of

el Pf‘i rm%an%F‘&b%l%Q Eheq)%/siir?ge(ﬁlr%ht @ tBé éﬁfézr&{tﬁp&ﬁf rm ned
2. The bias circuit of claim 1 wherein the transistor devices are NMOS devices.

3. The bias circuit of claim 2 wherein said means for generating a source current
2  comprises:

first and second NMOS devices connected in parallel between first and second nodes,
4  respectively, and ground; and

first and second PMOS devices connected in parallel between the first and second nodes,
6 respectively and a positive voltage source; with

gates of said first and second NMOS devices connected together and further connected to
8 the first node; and with

gates of said first and second PMOS devices connected together and further connected to

10  the second node.



8 sanpling frequency to establish a equival ent resistance; neans for
applying a voltage across said neans for devel opi ng equi val ent resistance
to 10 caweemeis®y means for generating a source current tecalso2/pdnerate a
biasing current in proportion to the resistance devel oped by said neans
for devel oping resistance; and 12 neans for applying the biasing current to
the differential pair. 2. The bias ci rﬁut of claim1 wherein the

transi stor devices are NMOS devi ces. The bias circuit of claim2 wherein
said nmeans for generating a source current 2 conprises: first and second
NMOS devi4es cHnmé)mSe@rqw phrcdtime 3 BdetRe Fard metan%\rfar SlexelAping cemivaleny
respe%tl vel. and rn%? and first and second PMOS devi ces connected in
par al el rﬁ% irst and second nodes, 6 respectively and a positive
vol t age spiy emorVUohhec@iitl&swea‘n ﬁeanﬁblfngnﬁﬁeaanheséng)gatemmiﬁvsit asé seondect ed
together and further connected to 8 the first node; and with gates of said
first %nmwlwaém%‘ésa@onnect ed together and further connected to
10 the S%ﬁ&?d’&?ﬁ% y@)n%gét&?géévg ﬁ%%ﬁ(%eza diidate’ s st fMGgi t of
claim 3 whereln sard means for deve op| qU|va ent ~ 2 resistance

conpriés esdevacecm:]damsetcond ckmnhamuedommbwdemt\aefmathp lsamplimpoedeconineod gatg ofjat es

of said fir 1@ econd 4 NMOS devices and a ground; and a first clock

i nput conte 1{%8“ Qg\ﬁ@é’t‘fe’t‘ﬁ’éhsanpl ing node and said gate of said first NMOS

6 devige s’mﬂ fﬁstsﬁﬁ@rb@c&ho@fféck ”iﬁblﬁts cawﬂmge%%bwn@@l&ﬁmgmg anoge and
said gate of the first NMOS device; with 8 said first and sécond cl ock

i nput s preedaémynetbsampliog Ifigppdney. cl ock signals at the predetern ned
sanpling frequency. 5. The bias circuit of claim3 wherein said nmeans for
devel opi ng resistance 2 conprises: a first capacitor connected between a
first sanpling node connecting gates of said first 4 and second NMOS

devices and a gro and
.Q. ’Phe lﬂnas circuit of claim 3 wherein said means for developing resistance

2 comprises:
a first capacitor connected between a first sampling node connecting gates of said first
4  and second NMOS devices and a ground; and
a first clock input connected between the first sampling node and the gate of said first
6 NMOS device and a second clock input connected between the first sampling node and
said gate of said first NMOS device;
8 a second capacitor connected between a second sampling node connecting gates of said
first and second NMOS devices and a ground; and
10  athird clock input connected between the second sampling node and said gate of said first
NMOS device and a fourth clock input connected between the second sampling node and
12 said gate of said first NMOS device, with
said first and second clock inputs providing non-overlapping clock signals at the
14  predetermined sampling frequency and with said third and fourth clock inputs providing

non-overlapping clock signals at the predetermined sampling frequency.



a first clock input connected between the first sanpling node and the gate
of said first 6 NMOS device and a second cl ock i nput connected between the
first sanpbimgersade and said gate of said first NMOS devipca;uss2/esosecond
capaci tor connected between a second sanpling node connecting gates of said
first and second NMOS devices and a ground; and 10 a third cl ock input
connected between the second sanpling de and said gate of said first

NMOS device and a fourth clock input connected between the second sanpling
node and 12 said gate of said first NMOS device, wth,sajd. first and
second cl®ck iTl'?futbsaSpF’(S‘x‘H‘Hioggcq?th}O\)\g\eF%‘bpﬁaﬁb ‘E?aﬂﬁ\lﬁt‘oéi‘&ﬁ(gio?‘“ét IESHREANCE 4
predetzerrgd?&g.isggrrpl ing frequency and with said third and fourth cl ock

i nputs providing non-overlapping clock signals at the predeterm ned

sanpl i ng 4 capgeiencynnéd@ddRivEh Eaes BCIH S0 A0B6er2nd NM@S devigehiand circuit of

claim3 wherei ai d nmeans f devel qpi resi stance 2 conmprises: a
capaci® or? B&H ﬁgcff‘ éHp‘Bé:tO\’RBeé:ﬁe‘géettggerb? ?ig%hqgmpp? s(fstl 'y Caé’é“é%?{dar}ﬁl\%ia §igi%les:
and 4 a fifHHrst NMEOSRRIE 58NS ToRfedpat MRRBera §édoRill tdrifindl il safdf cap@ditdr
capacitor and said gate of said first NMOS device and al so connected

bet weén aarslsaishghte efrsaidegconst NBKISIdevagraci tor 6 and said gate of said second

Cai d capereeand SREC A oiiheted b A TREIE kbR Bl Wkl bR ind ERENAE'

term mal Hd 3 @nAeRaCbdr@eenathel s&dhnd tegfndnia 8f sadd tdpacisari aild shidprowad witkcond

cl ock inputs providing non-overlapping clock signals at the 10

pr edet er miattbdirsta il isePndy glggk nidputs 7proyidingynga-o¥erlapping tock| Herals ahide ei n
sai d fpa fi- istance 2 conprises: _ a first capacitor
conne@?egﬁgéﬁéemgﬁyﬁéﬂlggff{eggéﬁhi rst and second NMOS devices; and 4 a
first clock input connected between a first termnal of said first
capacitor and said gate of said first NMOS device and al so connected

bet ween a second termnal of said first 6 capacitor and said gate of said
second NMOS dePhec diasacis@iontl dhiackl iwhendin caithendans floet developtrge rdsistaice
termnal of said first capacitor and a 8 ground and al so connected between
the secorf®®RPEinal of said first capacitor and said

a first capacitor connected between gates of said first and second NMOS devices; and
4  afirst clock input connected between a first terminal of said first capacitor and said gate
of said first NMOS device and also connected between a second terminal of said first
6 capacitor and said gate of said second NMOS device;
a second clock input connected between the first terminal of said first capacitor and a
8 ground and also connected between the second terminal of said first capacitor and said
ground;
10  asecond capacitor connected between gates of said first and second NMOS devices;
a third clock input connected between a first terminal of said second capacitor and said
12 gate of said first NMOS device and also connected between a second terminal of said
second capacitor and said gate of said second NMOS device;
14 a fourth clock input connected between the first terminal of said second capacitor and a
ground and also connected between the second terminal of said second capacitor and said
16  ground; with
said first and second clock inputs providing non-overlapping clock signals at the
18  predetermined sampling frequency and with said third and fourth clock inputs providing

non-overlapping clock signals at the predetermined sampling frequency.



ground; 10 a second capacitor connected between gates of said first and
second NMOS devices; a third clock input connected between a first term nal
of said swoond@érsapacitor and said 12 gate of said first RuUD@Sdpvioee and

al so connected between a second term nal of said second capacitor and said
gate of said second NMOS device; 14 a fourth clock input connected between
the first termnal of said second capagytor and a ground and al so
connect ed between the second term nal of said second capacitor and said 16
ground; with said first and second cl ock inputs providing non-overl appi ng
clock signals at the 18 predeterm ned sanpling frequency and with said

third andgfourf &5991%111@@61&@3 Qe liMGaid RYANOFR Sﬁlggg‘:ﬂv&kéyéiﬁcﬁisgﬁﬁhs at
the predeterm ned sanpling frequency. WO 02/06151 / US02/103012 19 8.

The bi2as mearsifot deyklopingi rasiSandesogipnisesai d rreans for applying a voltage

devi oo conimat R Tasdisob i o dRb g BE kAL APV FRERRIQSTeBe b eulilng. &

a faur t prPIMIRIMENS 9ice BRARLIAbebRenRaRirad nbild &fdl gregai;and ground; a thi rd
PMOS devi ce connected between the first node and the positive voltage

source; ®thandPMOSodevice ravmerted Ppigeece dhm et agdpandherpasifivervoltage pRIEES: and

t he pQ§|t|ve vol tage source; 8 with gates of the third and fourth NMOS
devi ce are connected toget her and further connected 10 to the second node.
9. The bi afouethr”MOS dekice lcahimcledeeweinnths diitl melanad fioy pasppleyvoliggd baurdd; asi ng
voltage to 2 the differential pair conprises: a bias |ine connecting
sourc oVith he pair of current source devices to the differential pair.

10. A bi ag, &l §GHL Em#d%d%ﬁnh M?b@saemeadréiwﬁn%@@ tdgathePahd furtl Boftiedd

circuit conprising: a pair current source devices; a capacitor; 4 a
firstuhlothenmuhdanmected between a first termnal of said capaci tor and
a current output line of the differential pair being biased, said first

cl ock input also connected

9. The bias circuit of claim 1 wherein said means for applying the biasing voltage to
2 the differential pair comprises:

a bias line connecting sources of the pair of current source devices to the differential pair.

10. A bias circuit for use in biasing a differential pair, said bias circuit comprising:

2 apair of current source devices;
a capacitor,
4 a first clock input connected between a first terminal of said capacitor and a current
output line of the differential pair being biased, said first clock input also connected
6 between a second terminal of said capacitor and a common mode input voltage line;
a second clock input connected between the first terminal of said capacitor and a positive
8  voltage reference signal line and also connected between the second terminal of said
capacitor and a negative voltage reference signal line;
10 a third clock input connected between the first terminal of said capacitor and a ground
and also connected between the second terminal of said capacitor and said ground;
12 with said first, second clock and third inputs providing mutually non-overlapping clock

signals at the predetermined sampling frequency; and



6 between a second term nal of said capacitor and a comon node i nput

vol tage |ine; a second clock input connected between the first term nal of
sai d capawptoenémm®l a positive 8 voltage reference signal pPcrnsozam®ial so
connected between the second term nal of said capacitor and a negative

vol tage reference signal line; 10 a third clock input connected between the
first termnal of said capacitor and a,ground and al so connected between
the second term nal of said capacitor a&d said ground; 12 with said first,
second clock and third inputs providing nutually non-overlappi ng cl ock

si gnals at bidsdinsr emacaing h&dltaggnentpyigiremege aairyof aneeni\erwes gevisasoto the
PCT/USOZ/&%PlZ. @0.14 a bias line connecting a voltage output fromthe pair
of current B8 PHevices to the differential pair. 11. A bias circuit for
use in biasing a differential pair, said bias circuit conprising: 2 a pair
of current source devices having interconnected gates; a resistance

equi valent circuit for devel opi ng an equival ent resistance between the
gates 4 of sapGhiRdifcu®ForGide iPhihsis e doferekdial p&is, sarittlas @fugicanpasiagui val ent
circuit including a sanpling capacitor and switching circuitry for

coupl ihg @ hair shepreinhspuseaeyioep haking guereannseted geiee pair of current source
devices at _a.fixed pr t er m ] f CY.: e |

equi val en RS gﬂl(l:lé’;%g@t ({}f) qtgggf‘ g‘%@%‘%g%{é@?g%ﬂ? lﬁty%%lgt(r%ﬂceec?%ﬁg%do&sg ﬁta (tjé%
resi stancer egdipaal entcufremitCsoured deviegsplanil n@sistanseokquigdlemceionst ariluding a
resi st ance equivalent circuit; and 10 a bias |ine connecting a voltage
out put f r S¥RRINE cARAGopANGHHEBHE ABYHEE0HEMRIDE thsampling $APcliPE i §aigs o%ai r.
12. The bjas.cireul ' : r.eie &g%fﬁ n ' Lreuit
conprpgeSQQZP%féﬁg%%?ﬁ%?&%g%E%%%g%n%éf&ggﬂqgesanp fﬁbgﬁgﬂg@%§%'§@%¥&8 sai d
pai r of cestabdish ttecguomlendesistaese;and a ground; and 4 a first clock input
connegied et ween the sanpling que a¥€E§ald first current ource . devi ce
and a SectHHREEFHERS i HSHETYCSMREHEL J0 SAMAESI AR CUNHFR L GTordtytor APEDNg &
second  6yQiHoE Gfbs SO feSisARYd &fdivalink Bir&dd;dndi rst and second clock inputs
provi di ng non-overlapping clock signals at the predeterm ned sanpling

f r equihcya bis. linkheonpeetingca veliage oftpet] fapmm the palteefe¢wirenhisouree slevicemivethe

equi val enlyefel 5 G fair

12.  The bias circuit of claim 11 wherein the resistance equivalent circuit comprises:

2 a capacitor connected between a sampling node connecting said pair of current source
devices and a ground; and

4  a first clock input connected between the sampling node and said first current source
device and a second clock input connected between the sampling node and said second

6 current source device, with said first and second clock inputs providing non-overlapping

clock signals at the predetermined sampling frequency.

13.  The bias circuit of claim 11 wherein said resistance equivalent circuit
2 comprises:
a capacitor connected between gates of said first and second current source devices,
4 a first clock input connected between a first terminal of said capacitor and said gate of
said first current source device and also connected between a second terminal of said

6  capacitor and said gate of said second current source device;



2 conprises: a capacitor connected between gates of said first and second
current source devices; 4 a first clock input connected between a first
term nal wDasdicapacitor and said gate of said first cucTarsn2/emuz ce

devi ce and al so connected between a second termnal of said 6 capacitor
and said gate of said second current source device; W 02/061519

PCT/ US02/ 03012 21 a second cl ock input, connected between the first

term nal of said capacitor and a groun 8 and al so connected between the
second term nal of said capacitor and sgi d rourfd; wiith said first and
second cl ®d8geopd slock inpub grriea§d hshesddhe Bphtaigural Of Radicgpagiter apd ¢ geoundg
predetger n&&fﬂsoséadméétéwbétﬁvg BS¥condermli oPbAE chpdchidh dndQhiddBhdl; himwher ei n
said pair of current source devices conprise 2 first and second NMOS

devi ces. sknd fiiste ahd asscaridr clock mputs| piomding woeroyerlappieg rcdwiks signde agieval ent
Ci rcuft conpri ses: Z@élfi rst capacitor connected between gates of said
firstlOndPredterRIneaEIRIDGiEQUencing a first clock i nput connected between a
first termnal of said first capacitor and said gate 4 of said first NMOS
devi ce and al so connected between a second term nal of said first
capacitor and said gate of said second NMOS device; 6 a second cl ock i nput
connect ed; pet \A@ﬁ@bitag@irédi{éftclﬁﬁ{ 1 Qkre?d said@ipir ok Cofref ABAE (dRVic8Ebriprisg! ound
and al so connected between the second term nal of said first capacitor and
said 2B gfisuad] scaorsbNNHIS daypeesi t or connect ed between gates of sai.d first
and second NMOS devices; 10 a third clock input connected between a first
termnal of said second capacitor and said gate of said first NMOS device
and al so connected between a second term nal of said 12 second capacitor
and said te of said secqond N device; a fourth.clock. i nput connected
ot ween t Fb. {1 15t DERAAEEAT AP Hhesen diere Bt s st CuttheP B and

al so connggiedaefiNedAnddial Bes A& ITisialfirdfand3kchna e &aRasidhar and
said ground; with 16 said first and second cl ock inputs provi di n
%ﬁ!fgéﬁéy and

non- over | afipit gtpck linpi conepeteddeaweentrefirsp resntinab phbaié dirst gapaditag and
2 S B TR SR PR AT sl RREY SR of ok
capacitor and said gate of said second NMOS device;
6 a second clock input connected between the first terminal of said first capacitor and a
ground and also connected between the second terminal of said first capacitor and said
8  ground;
a second capacitor connected between gates of said first and second NMOS devices;
10  a third clock input connected between a first terminal of said second capacitor and said
gate of said first NMOS device and also connected between a second terminal of said
12 second capacitor and said gate of said second NMOS device;
a fourth clock input connected between the first terminal of said second capacitor and a
14  ground and also connected between the second terminal of said second capacitor and said
ground; with
16 said first and second clock inputs providing non-overlapping clock signals at the

predetermined sampling frequency and with said third and fourth clock inputs providing

18  non-overlapping clock signals at the predetermined sampling frequency.



WO 02/ 061519 PCT/ US02/03012 22 16. The bias circuit of claim1l4 2 wherein
said pair of current source devices conprises first and second NMOS devi ces
connect edwpr2persad | el between first and second nodes, respeTiseBbipI2 and
ground; and 4 wherein said bias circuit further includes first and second
PMOS devi ces connected in parallel between the first and second nodes,
respectively and a positive voltage soggce; 6 with gates of said first and
second NMOS devi ces connected together “and further connected to 8 the
first node; and with gates of said first and second PMOS devi ces connect ed
toget her hd f e bigs CEMRECAa@ Mo 10 the second node. 17. The bias circuit

of clajm er.ekn, saj t set ki Ll £ | . -hi.rd

NS o SReEt A Baf Y SukiSh! SR CECR IR HiY af® RRIchE RRMCS Bl

ground;  eonnected | detwieer ficso ane sdcond bedospespeativdly rahdrpoendamad gr ound; 4
pdvilis

a third PMOS devi ce connect ed bet n the first nd the positive
vol tage sYOPiER: saig Ripsgigu JUthey IPRIBESSAGH g é@ﬁﬁ@?’ﬁggb@ww@%ﬁ&%wéﬁmd
node and fgﬁala%t&ée\s%y%ﬁm s%%cpﬁédes,%gﬂ'bcgv&?taﬁ§ 2Ofosith@ \tdmagégsaﬂée;f ourth

NMOS devi ce connect together and further connected to the thi node; and
10 gattes withthe third and fourth PMOS devi ces connected together and

further connected to the se de. 18. The bi circguit of claim17
wher o n et i pEphindiReRE Ve Somed B srcamd b ppsie P ces
connedd edihk Firfldoat; MU vagt ween a fourth node and a positive voltage source,
with gates of the fifth and sixth NMOS devices connected to first and 4
second i ngaies ofi saiskfirst andhsecond/BMPOS deidces cornastadiospins and\fhigkerconmrstadee

bet we t Qurt ode and ground, with a gate of 6 the seventh NMOS
devi cgdqcoﬁgéc%ioég nthQt he bias circuit via the bias Iine. W 02/061519

PCT/ US02/ 03012 23

17.  The bias circuit of claim 16 wherein said voltage setting circuitry comprises:

2 athird NMOS device connected between the gate of said first NMOS device and ground;
a fourth NMOS device connected between a third node and ground;

4  a third PMOS device connected between the first node and the positive voltage source;
and

6  afourth PMOS device connected between the third node and the positive voltage source;
with

8  gates of the third and fourth NMOS device connect together and further connected to the
third node; and

10 gates of the third and fourth PMOS devices connected together and further connected to

the second node.

18.  The bias circuit of claim 17 wherein said differential pair comprises:
2 fifth and sixth NMOS devices connected in parallel between a fourth node and a positive
voltage source, with gates of the fifth and sixth NMOS devices connected to first and
4  second input lines, respectively; and
a seventh NMOS device connected between the fourth node and ground, with a gate of

6  the seventh NMOS device connected to the bias circuit via the bias line.



19. The bias circuit of claim 16 wherein the bias line is connected to a
fifth node 2 connected between the first and second NMOS devi ces and
ground. 280 0Zhelsl® as circuit of claim 14 further includi ngcyasorasoinl | ower
circuitry connected 2 to sources of the first and second NMOS devi ces,
wherein the source follower circuitry has a gate voltage set to input a
common node vol tage of the differentiab3pair. 21. The bias circuit of claim
20 wherein the source follower circuitry conprises: 2 an ei ght NMOS device
connected between the positive voltage source and sources of the first and
second NMOS devices, and having a gate connected to a conmon node voltage

4 input |jqge; ?}fkﬁﬁgi%f@ﬁ\ﬂnc% %@&%E&db@@m\h@%cgmc%%%ﬁﬁﬂfnogg

first and secon evices and ground; a tenth NMOS device an
fifth ul tonstegedibativeen the fimgaind dedond PVIDSslebetswwehgrbtmel. posi ti ve 8 vol t age
source and the ground; with gates of the ninth and tenth NMOS devi ces
connected together and al so connected to a 10 sixth node between the fifth
PMOS device and the tenth NMOS device; and a drain of the ninth NMOS device
connecting to sources. of th?_thir? %pd_f?u,th NMOS. 12 devi ces.
0.  The bias circuit of claim 14 further including source follower circuitry connected
2 to sources of the first and second NMOS devices, wherein the source follower circuitry

has a gate voltage set to input a common mode voltage of the differential pair.

21.  The bias circuit of claim 20 wherein the source follower circuitry comprises:
2 an eight NMOS device connected between the positive voltage source and sources of the

first and second NMOS devices, and having a gate connected to a common mode voltage
4  input line;

a ninth NMOS device connected between the sources of the first and second NMOS
6  devices and ground;

a tenth NMOS device and a fifth pull-dup device connected in series between the positive
8  voltage source and the ground; with

gates of the ninth and tenth NMOS devices connected together and also connected to a

10  sixth node between the fifth PMOS device and the tenth NMOS device; and
a drain of the ninth NMOS device connecting to sources of the third and fourth NMOS

12 devices.



