START-UP Cl RCU T FOR SUPPLY | NDEPENDENT BI ASI NG
Technol ogi cal devel opnents permt digitization and
wa@oonpnewsi on of | arge anmounts of voice, video, PCTVEg200T024568
and data information. Evol ving applications have
greatly increased the transfer of |arge anounts of
data fromone device to another or across a network to
anot her system Conputers have faster centra
processing units and substantially increased nenvr%
capabi | i tPEARTHMEREEIT HPR SURRISY BNDRBPENRENT BIASING
Currently, supply voltages for the central processing
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adyaYiRSRIMOBFER) in (el pr&isdr ré§ok Csiieﬁ'sé’(ﬂﬁ\ tAs the need for

reference to the followng detail ed cription when
r écafmer\mupnlytvn@a%camawyr W@ﬁd\ﬁl@'@ﬁ INErease, é'h's lqwes, supply
| f I

| oflads A EREbmie: aALEXABLFBLANERS THRIER, Iditbves
b|casw|t$gandra methmddangenenating suppligs fos eafereinae biasiava nebled.
2is acircuit schematic that illustrates one
enbodi ment for a supply-independent bias circuit with
robust start-up;BRIE# DESCRPTIONOE THELDRASVINGS®at | C
that illustrates another enbodi nent for
asuppl y-i ndependent bias circuit wth robust start-up.

I't W | Th@eubjept asttértregardbatas ftiee invemidni is bhticarsly pbinted dut

Ofanlcildllslillitc:trlyact:lal?ned in the concluding portion of the specification. The
invention, however, both as to organization and method of operation,
together with objects, features, and advantages thereof, may best be
understood by reference to the following detailed description when read with
the accompanying drawings in which:

FIG. 1is a diagram that illustrates a wireless device that implements a
start-up circuit for supply independent biasing in accordance with the present
invention;

FIG. 2 is a circuit schematic that illustrates one embodiment for a
supply-independent bias circuit with robust start-up; and

FIG. 3 is a circuit schematic that illustrates another embodiment for a
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elenments illustrated in the figures have not

necessarily been drawn to scale. For exanple, the
walovs0si2ons of sonme of the el enments may be exaPgPU8100T024568

relative to other elenents for clarity. Further, where

consi dered appropriate, reference nunerals have been

repeated anong the figures to indicate correspondi ng

or anal ogous el enents. DETAI LED DESCRI PTION I n the

follomnn detail ed description, numerous specific

d@veply-indzpendent bias qiigUt Wit reRst 8@MaRyvi de a t hor ough
under sk aifbé dpechiie tthVfSF‘&th%lt))'Q'Y@MSﬁt%/ of fugkdtlonDe

under st ood by those skill he art
pleteseetits jlingtegted émthedigurss havadot seepssprily dgen draveeto scale.

S %ﬁ b%érﬁplgefh%' di dﬁenélgné%ﬂ%rmé GEtha Reentdfidy @%gelﬁl&d

onents and ci rcw
beeiatnthetscmlnéraﬂementd éd)raaldmtys oFatherpihére cobsideres agpeopriate,
prefsent i nventi gn. The enbo msnt {g\?l%s rated i.n tFI G
1 "SRENCe QU e AP Dake RE R HRERIRT AL GG Tedrepdofnirate
| REHESIRMANIYOrenaligoes erReenss. t o al | ow conmmuni cati on
with other over-the-air comruni cati on devi ces.

Communi cati ons device 10 nay operate in wrel ess

networ ks such as, for peraNErDeYorabPsroNFi del ity
(W-Fi) that provides the underlying technol ogy of

Wreless Local Area Network (WAN) based on the |EEE
on- 1 £cb B SIRAEANG, o SR EROTI St areset
Acﬁmrﬁsig_qrm[bmayqvimai tharalghl urBlesstendingof Mebinvention. However,
ROl b AT S Ty IR E2005 may
' n@b\mm&edmouaﬂe@e spersficsdetaits. dolothee fristahdes, waemﬂwe
pI at %?(5 m of conmuni cati ons devi ce Eﬁyé)row de

§ P{PSAUES nFRIMPNATHRNY FrciHs Betkeen eéﬁ%\t&eé’ n

dethlltsB%sQ’idl% obr€ B présdriigventigmr k. |t shoul d be
noted that the present invention is not Iimted to

wi r el edke ambpdimant diastraled inB\S. Jeshowse wielgsyari ety of

PlcBRntrdcatiRs dbiisé 36 @t ﬂchﬁie%ld?l'er@(iln&kébb&% tdAler My
be incorporated into desktop conputers, |aptops,smart

plfomEUNigAtgN wiithyadner, overtheraiscormhnisationdexiessand

et B R PBh ol RNt Tl Bls QL P0G

auexempte, V‘éreleﬂsd*'ndelﬂyrﬁ/m-F@thaﬂ p:nvujesdhe underlying technology of
Wireless Local Area Network (WLAN) based on the IEEE 802.11
specifications, WiMax and Mobile WiMax based on IEEE 802.16-2005,
Wideband Code Division Multiple Access (WCDMA), and Global System for
Mobile Communications (GSM) networks, although the present invention is
not limited to operate in only these networks. The radio subsystems
collocated in the same platform of communications device 10 provide the
capability of communicating in an RF/location space with the other devices in
the network.

It should be noted that the present invention is not limited to wireless

applications and may be used in a variety of products. For instance, the

claimed subject matter may be incorporated into desktop computers, laptops,
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However, it should be understood that the scope of the

present invention is not limted to these exanpl es.
wab@s®sizpt i stic enbodi nent illustrates the couptT/n§2007/024568

antenna(s) to the transceiver 12 to accommopdate

nodul ati on/ denodul ation. In general, analog front end

transcei ver 12 may be a stand-al one Radi o Frequency

(RF) discrete or integrated analog circuit, or

R R R R
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bi RvevkF, GHoulY ﬁ@ur?dé‘r#%a R e d%[o of Hh eﬂﬂe?&h ré'v‘énﬂmis

generaté reference voltages an
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and ut AT ARG B, L

hmdhceumnlzltcabc@ﬁmbuat@tm@matwmahdadmetmoqﬁgsné}gl analog
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S*d%rc?éié or mté’grﬁbé’iltaﬁ—‘ﬁld&%(m’ ot FranEE&¢ersiZaRay Bb‘éﬁ%dded with
reference circuits are inportant to the design of

niRsEcessghas a Arixehmansdnteanaiest citcsi where HietRIOGRRSAN as,
f g%%@é@*uﬂctl&%cthipf@fcﬂr ifstrd2HGTE S(l:eﬁ&rlété-@%%eg Fﬂnldscg

ta converters I'cations s as a successi
a@pd eerfown ppropriatecgtions, m}ergstbaals résuitserA aupp@y&b@pembm

f r at

ol SEER BN D ARGAAARR LA o 1 e EREratgraference, o
dlvlgltagds arwgmf omrnead vatrgrwé dd@@td@gfat@t@mmuweeéme
voltage re ere hat re, st e over 0Cess power
ST I i s e ansEa SRR AR SR P GRS MOy RStioRS B0
s hainge @ééﬂ’fﬁbﬂefprﬁdes%w@érés PO @aamot@manbl plicdtionifunctidfs
with a functional start-up block in accordance_with a

f .aﬂgta"@ww&ﬁ%ws warklpads m%@?ﬁreqi AGORS ﬂlﬂwCO"EFheThe
| Iokaisdss6rt Rdy Bahsrar 8 thloligh BA %eﬁa@é@@{d/rnérﬂgﬁpﬁ&%%ﬁtnn a

constant bi as current circuit, e.g., a bandgap current
géneteat mpmonu28.t he present i nvention is not limted to

a bandﬁ?&l&%“%l%@%%@% CIrgnli)suérg P\ﬁoﬂgﬁt%wbﬁi&eﬁ%{]ﬁ;r

bias circu exa
e miieet-signal andyanaing mtia@r&ted cwcunts such as, for example, oscillators,

PrF%% ﬁ_ogkn E‘oo P’A‘Eg’ c1t gata ¢o ér?etrg.r &pélﬂgﬁggs suchas a
successive approximation Analog-to-Digital Converter (ADC) need a
reference voltage generator to provide high-precision references. Thus,
Analog, RF/wireless, digital, and mixed-signal design areas may need
voltage references that are stable over process, power supply voltage, and
temperature variations.

FIG. 2 shows a simplified supply independent bias circuit 200 with a
functional start-up block in accordance with a first embodiment of the present
invention. The illustrated embodiment includes a supply independent
constant bias current circuit, e.g., a bandgap current generator, but the
present invention is not limited to a bandgap generator and it should be noted
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current generator in supply independent bias circuit
200. The | owvoltage supply independent bias circuit
W@ b@s8i2e7 t he figure includes P-channel transi BEDUS2080@24568

and 204, resistors 206, 208 and 210, diodes 212 and

214 and Operational Amplifier (AWP) 216. AWP 216
generates the drive voltage of VCIL to the commonly
connected gates of transistors 202 and 204. The

voltage V.1 supplied to one_input of AMP 2 16 is

gdip B'aétc'fpﬁ'g* maybetusse @am&fgxamgfedaawhef er mi nal

obnitoatedrit iy iﬁg\ad% Woﬁorﬁ@ﬁ@ﬂo%bs‘bﬁﬂ@%deﬁlvﬁg (PTAT)

resistor 208 "and resistor 206 that 1s seria
c GHmeRtigenerdtenin gupRly independen biasi airgyd 200. supplied to

the ot pgg Idm{]g&{aﬁgfsg%ri]ﬁeg)ehﬁerwb?%%&F‘chitfsﬁ&m\ Wl‘ﬁﬁg’@g%

t hat connec rm nal transi stor
wiridudek @ -glzarale| tednsistons @0Rexhddi0dd] eesitdrs 206, 2@8 asd 210,

210., T Lt r r sizing of..tr i\star nd

2 ipaef 247 2nty 34558 Shesdlicial Aol AVE) 1B AT 2400 214
gg@ﬂiératqs th&drigel Wltageidwt%ﬂettadﬁ@bommtdn@g@ﬁ\g&ctbg ?a;és\&a- bA
supply i ndepen onst an urrent may be obtain

PR orS Gy 2ot T o er bhe P i e ot of AME 218
t gBRSatdP4the Add @t d8rhectdth@ CFAIh Yarhfifal F trBndi&t8r 202 with
present invention, a start-up circuit 218 is included

wiatRaralighperybinatiepefresistor BO8 and iresisiot 20@that siseriallyur e
o EoNece L 212, TSRS Sl fled BRhAe i of v
Sengiisiprovided grom @2haodedhat conheah mmlairtteanis'abdf.cbnanﬁizﬂbr
2 k Schiyi 22
20 ) 188 bkt RSB ditoel e ref8ios 00 TR 1 hiber

a sfrresdftrangistarg 20¥ and\B04 srepistare 06, R08rehdi 2MOn d&{iod’éé:’m 2
e

220, hm dt trigger 222 switches to set the ga

< 3 234 SEnereres st Lppl Todeperigent \atguey B PaGY 2y B PP
hiiriepgAdént\cBhstaaecUrint Aaybedbeiihed By HiWiﬁﬂc@Hﬁhg) the
transi stor 224, lowering the gate voltage o

t CHAentsIcopducted by transisters a¢kandi294nt conduct ed by

transi gf lcofdihck WithaRe ??estehﬁinoé’rqﬁmvé’ Ufouitdd iwhen
the voltage V2 is greater than the vol tage VSTART.

Sinatided with spety independent bies ciacujidd. vidietfigyiee shows a

SRR BB A0 I 25 kel appite
d ¢aRIP)@R0,i anSehrhigt Eigget 222 amd ao NaeHanopkrartsistor 224. tAMP 220

SRS ek 222 ARSI % Aol . Efirpiance.

wWheied \IZhie Vaéraan ¥ pleseq uaitapetVig st alupplied t62onehbpithd AMP

V“2t28,0 élct:hrf?itdffjl trritg_ggllO 22(:2i srv(v:lltjclhtes %o :slgt t%g Sate voltage of transistor 224 to
a high voltage value. The high gate voltage forces current to flow through
transistor 224, lowering the gate voltage of transistors 202 and 204. The
current conducted by transistor 204 increases the node voltage V2, and when
the voltage V2 is greater than the voltage Vsrart, Schmidt trigger 222
provides a gate voltage to transistor 224 to switch that device off. With
transistor 224 nonconductive, start-up circuit 218 does not interfere with the
normal operation of the low-voltage supply independent bias circuit.

In operation AMP 216 may create a virtual input short where the
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bias currents may be zero which is a stable but

undesi red second operating point and the voltages V 1
w@n@sN@s2Bave a zero potential. Wthout includi PQI/US2007/024568

Schm dt trigger 222 in supply independent bias circuit

200, both AMP 2 16 and AMP 220 coul d operate to

regul ate the voltage VCTL- This would create a third

stable state which is al so undesirable when the | oop

fromAI\/P 220 ater than the |oop gain from
S pagty T saleln did valieoiva: Frepen abeH: St oRaTeHt Atk Do

t rb%sdu?r‘éﬁfsﬁnbﬁ b@'ﬁ’ro?wﬁ@h %VH ﬁéblte%t%Uéﬁt‘édrs%%ﬁd‘oﬁératmg

power - u i gge i's incl
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éﬁgﬁ{ﬂ%ég@?b? H QBJ&I){/: h@e d%lﬂ%\@? %géﬁ?f’dﬁj bﬁfr{ml/lg’(?&%d

enden las cl'rcul't
t laat AMP 220l esuld operate twmegolate:thletvoﬁﬁgb Vihe Thiswolld ageate a

SR b A B AR B8t Bt R g 330 fom v 220
r Q@gr%btﬁrﬁ\ai‘ﬂﬁe I mﬁo&lm\Amedé%oadJﬂo@ﬂﬂat iﬁb‘}' Hpden if
Oper at i onal n this enbodi nment

I i fler Fg gg
CTGe 0b kg iragumtarerin AN B6 kafer dhe WogE fedian SEPeREELp:
dimhusleschpidf tgg et BSs m&acﬂn 88¢brdMdewit e present

confi guratl on"Shown in the figure, a range of voltage
v évgagon ESWPTVMFQTM?Q-?@@@G‘leeQbIa&!nQ}ver vari ations of the

vee Opﬁf@g‘t %ﬁé‘% é@c%fnd %ﬂﬁﬁﬁ’feb@mbddﬁ’}?éﬁl'o? 3%9%' ment

t he Sc unctron is channel
t rimleedmt@amﬁrcum 680 thed |r&Mea|acbtaFtﬁlpaumellt 320.ambke &iver s

StV agesen Rt ER bR bR BB et R YR e
t rcaasTélﬁr@hsls&?izez aa&go‘: negpmrifg?{zogtdmdlngﬁlsntedés 212 and
B s RATaLRMPL AR 2ip: SRatiEiATaOIR tas iisce.
a \Rapdery beedetb \Azlécsi’mslef\ibﬂtb@e dﬁt@ﬁ'bfﬁé@ls‘&brﬁgmﬁana%@4 With

perforns wel l en operating froma single,

vae erpdigyiatien phewn dethedigure, g) range/pf vaiage valyes for Vemasr is
i r&t@ﬁfsm%%%.a&m @héwcswé&mng@gﬁgﬁ%@ee&[% In this

anplifiers that regulate to a sec
ureiodireent dpeBahmidy triggenfunctiemis perfaemed by Peieinneld

oper.ati i | I e i e . . | ati.ng
CRRAEHILAE, o e ISR B BARKL R ud B
nahe \mhagstostrlgger tbahigh driddowrstatee mag dieatesighled bgcherprtiper
trl h ([J{rred béé(ggm:? tors 306 - 316 in the
?Irs ?J ARSIEg regul ation to the
In operation, the present mvention implements a robust start-up circuit
for supply independent bias circuits such as, for example, a bandgap
reference circuit. Start-up circuit 320 performs well when operating from a
single, low voltage supply close to 1 volt (V). Prior artimplementations
typically employ inverters or amplifiers that regulate to a second stable but
undesired operating pointrather than the desired operating point if the main
feedback path (regulating op amp) enters a low-gain mode such as when one
or more transistors enter the triode region. The Schmidt trigger formed by
transistors 306 - 316 in the start-up path ensures that regulation to the

undesired second state is avoided. Thus, hysteresis in the Schmidt trigger
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undesi red second state is avoided. Thus, hysteresis in

the Schm dt triggerprevents the start-up fromreg
w@rimmsi267 an undesired state and el i m nates t hRCRER07/024568

current bias state. As before, when the voltage V2 is

| ower than the voltage VSTART supplied to one input of

AMP 220, the Schmdt trigger switches to set the gate

vol tage of transistor 318 to a high voltage value. The

hi gh gate voltage forces current to flowthrou? ,
{ PERVe P SEYEUB framuiecHgtn 1o apyndesised aigte ghd efiminates the

t&@FbSélﬁFé?ﬁﬁza%%t@nd 204. The current conducted by

transi st or 4 1ncreases the node voltage V2, and when
t he voAﬁ@g@FQ{?_\Nh@ @ee@tta@e vamowaethamtlmgdtaquWm t he

S0P PbicBih Bf A7, b S EE sharleh B 3kEhe'

Natovahageiol dansistar 848ifd & highuioltag? Gald@eThe htghlgater/cﬁlt%"ge

oreet AcATt @ Row FREHG IrameiSthr AT vt he 808 vaTRBe !

SWahQiBﬁﬁs 002 ahdnbat ﬂ"ﬁe stRéht-coRdGEtEE BY traRgiStorD@Rincreases
necessary t then switches to disconnect when the circuit

i 4n¢ Roder0ligesi Ve ane pheathayIags:\& is geatenihan thenmiirdene

a [
o e eI A BRI Coe 418 i@ ars R H60 switch
cithatwieviceroff. Vsl trangistand pencenductivel gartwuprdineyit 820 does
S I

%k ,nta'féﬁweﬁggbxbrﬁ(ﬁ o})@%ﬁl{)(\?{?g{r %\(pr% Ctg J sJ[}p\@ |nEi(—:‘;g/én%rent
f aulés citcuhh. Ehh?MQSMmla mglyeyszbtltl‘%e.age start m4aet:alrt| up circuit
transi.stors of the control amplifier (typically, an op
o i dicteRtay Hestanichgs i RpsvineEh whist e s Biné
praekireEspdratmestatd. art up over process variations,
tenper ature ranges, and sup vol tage ra
overs hgbitnowdh%h%‘ﬂj%‘? 3pRRyENt b gﬂh’@b%@m%t% OFER RIeseniof

t he/enfi¥e Blidw ﬂld?‘@}é?foﬁﬁﬁﬁ‘cé kUMY frifeBEndel b%%sd%bl%e@ start-up

herein, many nodifications, substitutions, changes,
arsndoperate e sunging frome majlpowe;r sURBlY&/olage (apraximately

arytyol fo '&ngﬁ)!@ Wl%rrSa %{Qﬁ‘ﬂ'g dife0fthyt fa[1 10th a low

appende are in ver all
npower sapply nelt@ecbr@ﬂmmgjemsesmrs af thewdontroharmpiiier (tygically, an

" Ractni e B LBGETRRRR; R hvgthid e proper start
| npevendeictss varidtians, teinperaturerranges; and supply aoithge ramping,

art circui,t that includes a Schmdt tr er that
5 RerboPL G0 Shpgghost | " 99

While certain features of the invention have beenillustrated and
described herein, many modifications, substitutions, changes, and
equivalents will now occur to those skilled in the art. It is, therefore, to be
understood that the appended claims are intended to cover all such
modifications and changes as fall within the true spirit of the invention.



to an undesired state of the supply independent
constant bias current circuit. 2. The supply

w0 pahsfogndent bias circuit of claimlwherein thECHUR0Y024568
i ndependent constant bias current circuit is a bandgap
current generator. 3. The supply independent bias
circuit of claiml1l wherein the supply independent
constant bias current circuit is a
Proportional - To- Absol ut e- Tenperature (PTAT) current
gener a®MS4. The supply i ndependent bias circuit of
cl ai m 4 WSS iRBpERTu bRl dirbi Seidhg! i gger i's set
to a voltage potential bya voltage divider of
resi st 8i5YPPIg indppenden spystaniduaeeesnt ciseuis aed r cui t  of

Lai . . . i . o )
o anpf PEPEDS ool iehALLe D SEhf ik odeh et Blabigfedtiion
t to ggendesickdastatdlof treensuplplytindesensient cdmstant biaa cpetet circuit.

connected, to an output ,of ,the.Schmdt. tri er., ,.where
C panerp P itn apBtly fieBhae i iRt i i gH'Slisbiy
prityepeéadentdenstanthias autrentiirctit is Hsaridap hMrrifamtbéltﬂefﬁﬂgrnt

1 rs an

bias circuit of c¢claim5 further jngludin
second’t AR SHEREEEUe A (L AT SEPD MSEIR AT Gy
2l AL hsBnPEROREEARIich &7a PRoroRRIBIARASsolute-

i ndependent constant bias current circuit wherein a
z deopeiRtuentPTAdn guceriepgratere first and second

transi gt o3 %ﬁg&ﬁ@?%ﬂ??ht{) tﬁgsci'?lhﬁt clzaim T foh SFHRRR put g()f

I ndependent arm ur t her 1 ncl udi
f ithes Sclmiit freggens get tna iveltagespatentjal byla vettageedividepainer

cQ Fsor and i nputs of a second anplifier in the
sug % I'ndependent constant bias current circuit

\évhe_r ei 5. a Wupﬁwti?@fpeﬁﬁemt ﬂi%@ﬂrdlgmg C*QU’E 1|v?‘_$6ehhﬁé 3tart—up
esi red desjign val ue is_conduct the first, and .
sé&t SWHde(‘P'ﬁh@g'é'f’%? an a@lpﬁf@f rt%r%"%o*?&;gﬁ@%‘@: 41%§§n@mty 'gger
| RAaRANIERANAY BahdiStof Aa¥ing B Yatlesnnecleand aaRutsit befHe
generator and a st art-ugﬁm rcuit_ havi n%[a Schm dt

t

ScGgudt tigges, waergihe Rmphiier wasks wigl the Schrgidhtrigger to provide

presialed glaredp st abl e state of the supply independent
biasing.9. The radio of claim8 wherein the start-up

ci rcui 6. fThetstpplyiindspendentiasgitsult of eainh&further induding first
DB AP OB DN A0R PR oBRREER e il
ofsetdrel Soplifiedin theisyigply independent constant bias current circuit
wherein a zero current conducted by the first and second transistors is the
undesired state.
7. The supply independent bias circuit of claim 5 further including first
and second transistors coupled between a power conductor and inputs of a
second amplifier in the supply independent constant bias current circuit
wherein a current greater than zero but less that desired design value is
conducted by the first and second transistors.
8. A radio comprising:
a supply independent biasing that includes a bandgap current
generator and a start-up circuit having a Schmidt trigger in a feedback path to
regulate to a predetermined stable state of the supply independent biasing.
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coupled to an output of the anplifier; and an out put

transi stor having a gate coupled to an output of the
w®elios231 ri gger, wherein an out put of the traPGI/E8207/024568

provi des a signal to the feedback path fromthe

start-up circuit to the bandgap current generator. 10.

The radio of claim9 wherein the voltage potenti al

supplied to the second input of the anplifier is a

preset value that switches the start-up circuit to not
interf@r jlhwf% oR P'ﬁ*é’l‘g_ %l[‘irt}éﬁﬁtéft"ﬂtprfé%!ﬂ&_ "@Equé@P
9aRpifdrHavinkla firkDRpLECH RIS tothébahdhapheiehligéirhidrand a
i nput of thé Schmdt trigger is set"to a preset

v §e¢angdnpidite rrGeiNe dyoltagediotendial; @nynpis of te Sehsidt tggger

12 T . : : o . :

S BouaEd 37 b5 orhe b FiEH ol Bl g S e
ucdepled exlars batpet ofltBe Séhmidt righer ovipegreini aheowtpatrdf thgp f or

2 BBl pLAARRENISHN 1§ B Rack 53t o RE LRl Bt o

Priepisaridgap aurrét feveedtot. e- Tenperature (PTAT) current
gener at
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operation of the | ow voltage supply independent bias

cibiasgusrent circuit comprising:

using a Proportional-To-Absolute-Temperature (PTAT) current
generator in the supply independent constant bias current circuit; and

switching a start-up circuit coupled to the PTAT current generator that
includes an amplifier and a Schmidt trigger to not interfere with normal
operation of the PTAT current generator.

14. The method of claim 13 wherein the start-up circuit further
includes regulating to avoid an undesired state.

15. The method of claim 13 further including supplying a preset
voltage potential to an input of the amplifier to trigger the start-up circuit to
switch.

16. The method of claim 15 wherein supplying a lower voltage
potential by the PTAT current generator than the preset voltage potential
causes the Schmidt trigger to switch to avoid interfering with the normal
operation of the low-voltage supply independent bias circuit.



