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Other prior art operational amplifiers have utilized various methods of self-biasing

with negative feedback, so that the output node voltages are nominally at V../2. However,
for some of these prior art operational amplifiers, external biasing is not completely
eliminated, and for others, some or all the FETs that serve as the current sources are biased
20 in their linear region instead of their saturation region, resulting in reduced voltage gain.
The present invention addresses these problems.
Brief Description of the Drawings
Fig. 1 is a circuit of an amplifier used as a building block in an embodiment of the
present invention.
25 Fig. 2 is a circuit for an embodiment of the present invention incorporating the
circuit of Fig. 1.
Description of Embodiments
Before describing complete embodiments of the present invention, it is
pedagogically useful to consider first the circuit of Fig. 1. The purpose of this is twofold.
30 First, the circuit of Fig. | provides a building block for some, but not all, embodiments of
the present invention. Second, it facilitates in understanding some of the circuit principles

for embodiments of the present invention.



for enmbodi nents of the present invention. WD 01/80422 PCT/USO01/ 10447 lﬁgg 00
lis acircuit for a self-biased operational anplifier, and is the su% Z
“of United St at es patent application serial no. XXXXXX, filed XXXXXX,

entitled " h Gin, Very Wde Common Mode Range, Sel f-Bi ased
Oper at |‘1598V39i lifier," |nvent ed by the |nvent or of thePHTBSA}H{0447
application, d. assi. e e sane aSSI as the present 5
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si nks bi eénnfeHEa maéha{hemaﬁméls&wﬁamBZQ nwgs@“rs Ak RA3ESHET 8B sinks
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20 and 6A, and transistor 8B sinks bias currents from transistors 1B and 6B. The bias current
sourced by transistor 3 is equal in magnitude to the sum of the bias currents sunk by
transistors 1A and 1B. When the voltage differential between nodes 102 and 104 is zero,
transistors 8A and 8B sink equal bias currents.
Similarly, transistors 7A and 7B comprise a current mirror. Transistor 7A sources.
25 bias currents to transistors 2A and SA. and transistor 7B sources bias currents to transistors
2B and 5B. Transistor 4 sinks bias current from the differential pair 2A and 2B. The bias
- current sunk by transistor 4 is equal in magnitude to the sum of the bias currents sourced
by transistors 2A and 2B. When the voltage differential between nodes 102 and 104 is
zero, transistors 7A and 7B source equal bias currents.
30 The gate of transisior 7A is connected tb its draiﬁ, as well as to the gates of
transistors 3 and 7B. Because the gate of transistor 7A is connected 1o its drain, it is biased

in its saturation region as long as its gate-source voltage Vs is more negative than Vi,
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transistors 3 and 7B. Because the gate of transistor 7A is connected to its
drain, it is biased in its saturation region as long as its gate-solu BET 2004
"voltage VGS is nore negative than VIP, 2 WD 01/80422 PCT/ US01/ 10447 the
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transl at irt?)cﬁ{sgqluﬁgttlyr' itgﬁst%[%rggi%ﬂ%ggzﬁgﬂﬁaélgsggg{etﬁ%g%m%u&re@ 'b%\gﬁhgﬁal | er than
t he i npedamgm dtvnode 106. Simlarly, transistors 1 B and 6B are arranged

as .a fol ded-cascode ir,wth conple ta carrier_types, where the

i mpedance at GUESOr LR and R AT rATS G £ FRlice fracote ppETIATE GBS Ae 106, The
use of caAMOYEET skt HeGbRedBastttit BB AP A4 iSBAS c@in prisel oPidndiiorsliavingpedance,
whi ch hel'ps to provide a high anplifier gain because gain is determ ned by

the Pr od@EPIGIENIARECATHETUYPoS T GATSRGIBIE R AT PR Ct tRepcdutcpirensiaivadtifte.
Transi st qt §pormhRAshce rho%gglf rsgog?prﬁmrmﬁé 1ﬂ£}ﬁhtﬁn?&%§%g% 9)4. as

f ol ded- cascode * pal rs havi ng enentary carrie s. The gate of

t ransi st diimblArly,sracssioedBend 68 ar¢ srandediasrs, follndcodeedagmirevidf transi stor 6A is
connected to its drain, so that transistors S d 6A.20 are biagsed in
Chei T satPRERT BBt s PEam R Lo Br 1t Pstoredst osf¥and 64,
whi ch  arigpadant & 28 B0M The Bid TlcascadermORiacIBRshd 6B poeidesd Wgh ehiptr ansi stors
5B and 6B and, thereby, bias them The conplenentary arrangenent of the

anpl i ¥ ermgedappey whichieinsitelarovidgp highasn)iNgs gpen besavassaoaec s Ryfthe
operatio | j & fatayae e de input 25 voltage is
| ow suchqqtr?"lat :%fﬁg‘%&'ﬂgﬂgﬁ%o&g\u%ﬁﬁﬁﬂdltge glrﬂgmﬁﬁ cut E:Jdr:‘)f , then transistors I A
and 1B wil | StadsistdesObndibdl, andltianosiotsiéAadtla, ampimedged aCildeka@edoge i f t he
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common node 'hn ut vqgltage is .hi 9h SJIJCh t hcg.tl t r.alnsg tors 1A.and
cut-of f, RRHSAYRERITRIRTNany SATHRi{YRAS: TR 82fe Ypfappistgh, BAYKY'? "2ont i nue to
ampl i fy. drfintdhdSheABYo oftiRBsiRBPEA i Rhnddledhb s drainibd that tRindivioekes gl 64 | cat i on
over a wi de common node i nput voltage range.. . .
20 are biased in their saturation regions. The gates and drains of transistors SA and 6A, which
are at the same potential, are connected to the gates of transistors 5B and 6B and, thereby,
bias them. 7
The complementary arrangement of the amplifier of Fig. | provides for a very
wide common mode range of operation, as reasoned as foliows, If the common mode input
25 voltage is low such that transistors 2A and 2B are in cut-off, then transistors 1A and 1B
will still be ON and will continue 1o amplify. Conversely, if the common mode input
voltage is high such that transistors 1A and 1B are in cut-off, then transistors 2A and 2B
will still be ON and will continue to amplify. In this way, the amplifier of Fig. | will
provide amplification over a wide common mode input voltage range.

30 The self-biasing arrangement of the amplifier of Fig. | creates negative-feedback

loops that stabilize the various bias voltages. Variations in processing parameters or
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30- The sel f-biasing arrangenent of the anplifier of Fig. | creates - § Q{7200
negati ve-feedback |oops that stabilize the various bias voltages.
"Variations in processing paranmeters or WO 01/80422 PCT/ US01/ 10447

operati gofdifions that shift the bias voltages away fromtheir nom nal
val ues r@g')suﬁb ?}n a shift in the bias voltages so as to b&CEEPPYHH Y ecti ng.

Fur t her nor, - | £ - bi asi ent. of. the enbodi ment of Fig. | also
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1A, respective ythegRerestha YR&PTSFPEHO! fhs embagisenedf fintilvodes 112 and
114 by tr aaslisdey s i1dBirnchtit Poaik SHREGHAME! Reuri Mkl d assheal Suppdtd ent
W

injected into nodes 112 and 114, nore current e sourced |
transi §t ompeBode JA3 ghesIEGHiandenput wodld 10dezos uh@W. (Soralltsiguabdusteoris 6Bwnand as a

result, ngde il | I . .to Lln addition, .because I |1 -signal current
is drawn r(rgrgmn]o(r%gsdiéﬂss afﬂg?gﬁggﬁsﬂ)s}orf lﬁéé‘g&igédr&pe@w&&@g S'Béggﬁgaé C‘t"%@‘ Fat es of
transi st oigecBddmd n6Besari@ :adnnesy eshsis@raBliend D8, re EﬁWe@QMiﬁ%all%ﬁl

er

strongly, thereby causing the vg)l tage at node 106 to gp even_ hi .
Fur t her noF¥Tent gecirddpiompgesdde @ad b1, fosmairenbyvil be sapgedmtaransisonABct ed t o

node 110, i PIRSS.E AN (6ABANGL TR, SndBakl Yy, WAS AR LS uEAUSi ng. the

vol tage at node 106 to go sti even higher. 1 W consi e Circuit of
Fig. 20 whiaMitios, basawsaisodilsigne! cofrenthedpwe dent node nV8dnid N0, thseinsdeslgear from

i nspectio f Figs. .1 and the circuit of Fig. .2 ha n simlarities
Wi thes he EOR. bty "ﬁ%j'?“f?"ﬁbsﬁg"éﬁhé%ﬁ’%?f¢é8mfgﬁ8rﬁ? 25, 0B; ey eondis”| abel od
in the sk siaygigsthérdBy tauginp tieSRUBEH 319odOIUBAH @Bk Fenl HigHet Furthernidparever, note

that in Fig. 2, the gates of transistors 5B and 6B are not biased by the
gat es of PYAREis e &S K2aHUCB A 204 8B ars qogngated tp agde F1dy thesegrangistogut r at her |

in Fig. 2c4da6ci905r8 wobk b 1A8H 541 canbing &Bﬁg%qbwém I&%BHF:V{QLE&% plifier

202, and the gate of transistor 6B 1S the output of amplifier
204. 1Al i fi eNew2omsidenthe2irauiapleFipi ghvhirhiinan srobdadirgent afpkipfasems wi t h hi gh

i nput i npedance (e, er.at i gnal lifi , .wWith voliage gain denoted
i h . AnBMRIREAStStear BBR e AR ior FlER !+ Pereirbt SEHE AR 1o ¢ he
gate of timiladisdsavithiBe ciddift JfFVE N CoiBeqtlenilIRUMpHRER RO, EaRNSEAQdnt 0 node
112. Amplifier 204 has, non-inverting input node 210 connected to the gate

of transi Y€ &MBYEY 2T FAREPIdNE ORParIEDad i@ d2HewRscldhaldn Rigdd 114 In
2l though 1L RS fariRsfrorcsn MU L RORes o8 e MBI Rl U o
Fig. 10 tiseheciasecior Figol. Bitgather, indsg.2 the ga¢ oftirdnsisroe SBiiabiagediby the output
of amplifier 202, and the gate of transistor 6B is biased by the output of amplifier 204,
Amplifiers 202 and 204 are high-gain, voltage amplifiers with high input
impedance (e.g., operational amplifiers), with voltage gain denoted as a, . Amplifier 202

has non-inverting input node 206 connected to the gate of transistor 7B, and inverting
25 input node 208 connected to node 112. Amplifier 204 has non-inverting input node 210
connected to the gate of transistor 8B, and inverting input node 212 connected to node

114. In the embodiment of Fig. 2, amplifiers 202 and 204 have the same gain a,, although

this is not required for other embodiments.
As in the circuit of Fig. I, the circuit of Fig. 2 has a first differential pair
30 comprising transistors 1A and 1B, and a second differential pair comprising transistors 2A
and 2B. The pairs of transistors 1B and 6B, 2B and 5B, 1A and 6A, and 2A and 5A are
each arranged as a folded-cascode pair. Transistor 3 sources current to the sources of
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30-conprising transistors 1A and 1R, and a second differential pair _ CT
conprising transistors 2A and 2B. The pairs of transistors 113 and 65_Lg EU@;{‘
and 5B. 1A and 6A, and 2A and 5A are each arranged as a fol ded-cascade
pair. m g%zqr 3 sources current to the sources of 4 WO Q1/80422

PCT/ us 4%t ransistors | A and 1B, and transistor 4 qulégsodﬂf’“?ent from
the sources of t nmghorsdtZA% 2B. Tra istors 7A f ;E ar.e

sel f-bi as 81'3515\55% PH AR S BRI U GUpen; éPé‘bEﬁ“e PRUTFES Iréﬁi'ﬂ?ré d'ﬁdregl on.

'St or
Si ni | arly 2Bt Transiieds Tas 3S5Md 78, ar - tﬁ&ea,naue&e:lrafnsmoasgds seMIgERdK ansi stor SA
is self-biased in its_saturation region. Transistors 5A and 6A are

sel f - bi as&MrRRen 1§810p- Similgtlyapsigars S8yt g 8B aresehehirsedt whereliransises8dn for t he
circuit ofs libiastd RRaAIGN (RAMANLEASS At (kL silbaNdfuphd 11
contribution to high anplifier gain carry over e circurt of Fig. 2,
-and wsl | smm‘anduereg@peat ed to describe Fig. 2. However the anplifier gain

for the circui of Fi 2 th nthat of Fi .

dependi ng uponlhé ﬁur’fs?ce?'gcu%%yrorg] fﬁﬁu”qﬂﬂ‘gjdegair ing fie; agvaé'ﬁ%gfb%ﬁbw t hat
the gain Bfasml_g'l@ncﬁm)&dnftﬁtﬂﬂtlo@fo l'FFg}gam;ﬂlﬂchﬂn cdrhyn@er iochRe Gisdut FfFid. Deananpl fi er

of Fig. 1. That is, snotln II-5|gnaI aln of the anplifier of Fig.
| by o an¥ilf PR begsrspied 49 dasenive é$r? PEYSE t lteg gaipflorphgcirapmtf Fig. 2 ¢ j s

shown bel %‘Q&B@ﬁﬁucﬁ%rﬁ‘er%aﬂ thdt %)FIEI f%ﬁpe@n@ﬂﬁ'ug@r{ arﬁyﬂﬁ?c?é f@bﬁpﬁ 204, 1Fdq, id- The
gain ois given b
tr ansomndusha\nmbelawdhatmc ganrsoﬂzhearwfmer J)ﬁ feg bnma:l IIMSgn’eaganooﬁlbutmﬁ Ber
resistance. The anplifier output resistance is equal to the conbination of
the smal | OéElgnthhauetqsu@ungébtr gn%he@aégmmaféc mahﬁﬁmﬁ thr amgiaandthesB i s

open-circuit th smal | nal ut resistance at node
106 when f"P%{ﬁ %qé’g Pfeawtgﬁ'%ﬁ E0iPet "[‘)e R fg‘f’he former and |atter

out put resistances, respectively, as_p,,,, and the arrpl ifier out pg
resi stance nmay be expressed as An a"pprbm mat e expression for the L}t put

resistance r..pirst BBsidRe1tERILESH FBS 1. TR 3208 is di@dn by. , denote the
smal | - si gnal output voltage at out put node 106, and | et 25 denote the

smal | 48i gnal current at node 106 inatelgardirection | ooking into thé)

anplifierypeMdat lh\é’amp(ﬁ%m?ﬁlsédﬂﬁue‘iz{mé brcS} INéhe Xn‘?l'pf-tﬁ&%rr@tl sigh8 gt ce (node
112) of transiStor 5Bl le t rdl3 denoté&“the drain-source resistance of

transi st ofesisiBnceaMle h@plifler oupen@iisiaidads equal to the combination of the small-signal
output resistance at node 106 when transistor 6B is open-circuited in parallel with the
small-signal output resistance at node 106 when transistor 5B is open-circuited. Denoting
20 the former and latter output resistances, respectively, as r_, and r, , the amplifier output
resistance may be expressed as
Fost = Tous | Tous - (3)
An approximate expression for the output resistance r, , may be derived as
follows. Let v denote the small-signal output voltage at output node 106, and let i,
25  denote the small-signal current at node 106 in the direction looking into the amplifier.
Let v, denote the small-signal voltage at the source (node 112) of transistor 5B, let r,,
denote the drain-source resistance of transistor 5B, and let g_,denote the

transconductance of transistor 5B. Making the approximation that the self{-biasing nature

provides for a nearly constant bias voltage at the gate of transistor 3B, the small-signal

30 gate-to-source voltage of transistor 5B is equal to the negative of v, . The low-frequency
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transconduct ance of transistor 5B. Making the approximation that the g ([T 2004
sel f-biasing nature provides for a nearly constant bias voltage at the
"gate of transistor 5B, the small-signal 30 gate-to-source voltage of
transistor 5B .is equal to the negative of v, The lowfre -6 0C
T 2004 WBBPPEI422 PCT/ USO1/ 10447 smal | - si gnal equi val e%&ﬁ%&ﬂ?ﬁi or

transistor 5B wth -- vss substituted for the smal|-signal te-tp-source
vol t age oFm?'F‘é‘ﬁg‘?]sc%‘l”alsg S’/rl"%‘ltgjé"\?%si‘ﬂor- Rwish - “rsosﬁﬁﬂ‘ﬁ%@.%é%"f Sﬁ'%?l'sr'gi‘é‘ Let
rd,, denotg th I resi e of transistor 2B. Because

transi stong%éo ?%’q%&‘égé)gﬁ%?’é‘%%ﬁ%%%@s a constant current source, the
smal | -signal current through transistos 2B is equal to io," . Wth this

approxi mation, and the appro%kmﬁt‘igemst‘*h‘atr—t‘h'e- source vol tage of tifhnsistor
2B is zero, and noting that the voltage at® node 104 is held constant to

conpute the oufgut rd@f%téh@rﬂ?ﬁ?-é(’éd?lé‘eoﬂcg‘é\"grﬁcregﬂ‘r’r?gﬁ%orsz@b'ec'a%EéJi?éHsisF‘oq#hva! ent

circuit for transi®*stor 2B yields (5) s2 Sinul taneously sol ving
equat i 9nS nfaf be apstokimatddQls a\eoystany b@ted® ot the sMall-signdl clFei@ Shrbugtds? + ge. s
rdsS rds_ rds2 The output resistance r.,,,, is 15 20 ows vou, | louts

Subst i t ut imepisient2d qaval ion. (Wyththisarnpreadenand be approximgiigrmaype equat i on
(5) and the expressionfor X% . dhven by eouation (O).¥ Blidsnguis = rdss

constant to compute the output resistance, the low-frequency small-signal equivalent

circuit for transistor 2B yields

10 [ = 2. (5)
rds!
Simultaneously solving equations (4) and (5) for v_ yields
— vsi ( ) (6)
1"i'.-m = rds.'l + rdx! + ngrds5rds'.' .
Tag2
The output resistance r,, IS
15 roul5 = Vour /iwt.': * (7)

Substituting into equation (7) the expression for 7, given by equation (5) and the

oul
expression for v, given by equation (6) yields
Taws = Tags T a0 T BmsTaus a2 = Emslary a2 (8)
.- A similar analysis for r,,,, gives
20 Fows = & mtas6 as1 (%)
where g, and 7, are the transconductance and drain-source resistance, respectively, of

transistor 6B, and r,,, is the drain-source resistance of transistor 1B.

Now consider the operational amplifier of Fig. 2. Because of the simtlarities
berween Figs. | and 2, the amplifiers of Fig. | and Fig. 2 will have essentially the same
25 transconductance, so that equation (2) for Fig. 2 now becomes

aﬁ =gnlr°lll' (IO)



A simlar analysis for raiie6 gives rou,6 9-6rds6rasi (6) (7) (8) (96 9OrIm:
g,,6 and rds6 are the transconductance and drai n-source resistance,
"respectively, of transistor 6B, and rd$ is the drain-source resistance of
t ransi sty@yg1&B22Now consi der the operational anplifier of goGusedneddecause of
the simlarities between Figs. | and 2, the amplifiers of Fig. | and Fin.
2 wll ha SS e dhdi 1 angiy 4 hat uation (2)
for Fig. b U B e e B0 1 " 0T 047
where 0., equtieflBWiDRoId}B) the SmpIer bhPigoUtipUhich@Bivst anae -of atle anplifier of
Fig. 2. Again, equation (3) wll hold for the anpflifier™f Fig. 2, in

whi ch nowrespgasivapahe butButarestanceegpacimpdley pf Fipe? whdnpransisesd 6B anics® of t he
anplifier of Fig. 2 \C/I\hen transi stors 6B and 5B are open-circuited. 5
Consequenfieﬁperé{gﬁ‘f”l"fel‘er gai n scales according to and and equation (1)

foll ows by shopbm@qidady, dntblificBeaI&ales aacofdidtf 1ot Ne aﬁ{ﬂrpl,g,fa!ng_rcq&ftioﬁ'(%; 2 are
each a,, times a"s and  aut6, respectively, of*the difplifier of Fig. 1.
Thi s easi lfyllohaloly @lewiby a0t Nend AgtofttheargAiiRr bOFig SO e£hVA! hAder v, andS of
transistor 5B in Fig. 2 is nowgiven by '"'g:s =-guy's -v:3 -'v:s (1+a )’
(11) 10 Applryspagivetyaf ihemmplifi¢rjof Fix. 1 Ehis ensHy fotique BE Wotigahdi1isd gitedo- Ci rcui t
for transistor SB yields '/ON= (1 +a, ) + V.,,, - Vs -gnsvs$ rd's
Equati on §d)e vodtagedent dfoeinsistor By inefip.anis @dy givendy, , in equation (4) is
replaced with gns (1 +a.). Consequently, ra,,,6 and a"r6 for the anplifier
of Fig. 2 are given, respectiyelyvbyvis,{1+4)9,1 (I + ar )rd,(bnds? "
9.,50.rd, 5rd, 2 and

10 Applying equation (11) to the low-frequency small-signal circuit for transistor 5B yields

i =g v (l+ta,)+ eV (12)
rdsS
Equation (12) is identical to equation (4) if g,, in equation (4) is replaced with
g.s{1+a,). Consequently, r, and r,, forthe amplifier of Fig. 2 are given,
respectively, by
15 Taats = Ems (140, VusTusy = 8,038, Py Taa (13)
and
LI S I T S {14}
and equation (1) therefore follows.
In one embodiment, the amplifiers 202 and 204 are each equivalent in structure to
20 the self-biased operational amplifier of Fig. 1, so that equation (1) becomes
ay=a’. (15)
That is, with amplifiers 202 and 204 equivalent to the self-biased operational amplifier of
Fig. 1, the gain for the operational amplifier of Fig. 2 is the square of that of Fig. 1.
Furthermore, with amplifiers 202 and 204 equivalent to the self-biased operational
25  amplifier of Fig. 1, the operational amplifier of Fig. 2 is completely seif-biased.
Simulation results for the amplifier of Fig. 1 yield a gain of 91.8dB, and simulation
results for the amplifier of Fig. 2, with amplifiers 202 and 204 equivalent 10 that of Fig. 1,

yield a gain of 181.7dB. agreeing with equation (13).



(13) r 6 ~ 9-6 a,r,6rdi (14) and equation (1) therefore follows. In QE 0
enbodi nent, the anplifiers 202 and 204 are each equivalent in structu [@
20 the self-biased operational anplifier of Fig. 1, so that equation (1)
beconmes as =a '. (15) That is, with anplifiers 202 and 204 equivalent to

t he sel f-biased operational anplifier of Fig. 1, the gain for the

oper ati onal anpl jk:i: L IKSoht f 1t i Pverl wide

Furt her nore, gmptahélgrsr%foﬁcrigpgg 5%3 h{?lgr}l1 g‘oiﬁgg{ﬂ’?% oeﬁrﬂi?tzggs)ﬁ?ge‘l: - t;i ased

oper at i ongimraén mogd iahgeeof aperafipny This folidves fopemgcropigmeniap stupare oftheri g, 2 i s

conpletely sel f:biased. i.joul ation .r £ ar. kfier of Fig. |
yield a g%lwwﬁjﬁf ‘@’i‘%gﬁﬁ,m%ﬁd%afﬂﬁ|“éﬁyiaéﬁiy !Féesgﬂﬁetgéngégﬁe'?%gé’g%ﬁfi er of Fig.
2, Wi th anpli fygicus 2RdifRBGbn2Grhyde wiadatoaht désoritddambobinteng. without yi el d a gain
of 181.7dB, agreeing with equation (15g‘ 7. ln addition to achieving very
hi gh gai ndepatiag 4rop § F@Peéfﬂﬁ"@’.‘“‘?“aﬁ% ek ery wide common mode range
of operation. This follows fromthe conplenentary structure of the
anplifier in Fig. 2 in nuch the sane way as was described in reference to
Fig. |I. Various nodifications may be made to the described enbodi nents

Wi thout departing fromthe scope of the invention as clained bel ow 8 Wat
is claimed is: 1. An anplifier conprising: a first differential pair
conprising first and second transistors; a first cascode transistor coupled
to the first transistor of the first differential pair to forma

fol ded-cascode pair; a first current mrror conprising first and second
transistors to sink, respectively, currents fromthe first and second
transistors of the first differential pair, wherein the first transistor
of the first current mrror is coupled to sink current fromthe first
cascode transistor; and a first anplifier having an inverting input node
coupled to the first transistor of the first differential pair, a
non-inverting i nput node coupled to the first transistor of the first
current mrror, and an out put node coupled to control current flowin the
first cascode



transistor. 2. The anplifier as set forth in claim1, wherein the second
transistor of the first current mrror is coupled to be biased in ~ 6 0CT 2004
saturation, and is coupled to bias the first transistor of the first
current mrror and the non-inverting input node of the first anplifier at a
bias vol t\%ge._ 3.. The anplifier as set forth in claim1l, further

conpri si ngWhal ISk Sgi fferential pair conprising first and second

transi stors; a second cascode transistor coupled to the first transistor of
the second differential pair to  forma fol ded-cascode pair; a second
current nmi¥ror conp¥lanniiger GoMPrisiagd second transistors to source,

respectively, curr s differidt@l faid dnpAfsk SRCAAGedohdRdisiiorg;s of the second
differential pair, wherein the first transistor. of the second current

mrror is &iFsirasede sansister eaupledite e firgt gansiptor o§ e Hing ditssatigldar tofegmdt or; and

a second aﬁﬂ%?-f:is%deg%"fj ng an inverting input node coupled to the first
transistor of the second differential pair, a non-inverting input node
coupl ed to the firstfirstrcurenit stiger comprisieg hrstand serond ransistornfosingy | and an

out put no e t r i : :0de
transi st o(rjr.gs"?@“%ég‘é’tﬁg‘is?‘9&‘?‘9}&%59@&5%3? %hﬁlygﬁdrg?%tﬁfnﬁ%?&?ﬂ?[t"&g?ﬁgonpri sing: a
first nodewhessin thg fizst yrabsistayef thatfiest ehment mirrag iseoupled torsinkrrugens dronctbelfissb t he

first node Lfir transistor of the first differential pair and the
El’ %ISOT a%E
€

first casco ransistor are 9 6 OCT 2004 substantially equal to current

sunk fromthe fir stafirssaephfierthawing an mvertingimpitaiods covpled toethé firsstrangigtor et

s ponsi veart B seGnf RaE s Pt Ry iBaFoaetable ol b Tho BiRadrcBlhe g,
vol t age, wueestinnrrbhendamutifut gedecewrlsl te workrof curent fiev inghe firstapmde by the

first trantrsa{ngitstgg of the second differential pair and the second cascode

transi stor are substantially equal to current sourced to the second node by
the first transistor of the second current mrror, wherein the inverting

i nput node, of the second,.anplifier .is .responsi t he vol e t he
second nod®; wher ei etaﬁlgl’@%(‘?%% h’[r{ha“rllgllag? g’r‘ﬁl%fe"{ tf\g'g Sefclg?&stfaené]ﬁ% Eéﬁﬁe frinr?{ ror is
coupl ed t ocufrentmiaserd coupledsabeibiaded dnsataatibn] d Goenopled tot toasbhafrst themsiftor st

oLt oo b S g e B0 B0 vk BASTAL B4 Pt o o
voltage.

3. The amplifier as set forth in claim 1, further comprising:

a second differential pair comprising first and second transistors;

a second cascode transistor coupled to the first transistor of the second differential pair to
form a folded-cascode pair;

a second current mirror comprising first and second transistors to source,
respectively, currents to the first and second transistors of the second differential pair,
wherein the first transistor of the second current mirror is coupled to source current to the
second cascode transistor; and

a second amplifier having an inverting input node coupled to the first transistor
of the second differential pair, a non-inverting input node coupled to the first transistor of the
second current mirror, and an output node coupled to control current flow in the second

cascode transistor.

4. The amplifier as set forth in claim 3, further comprising:
a first node having a voltage, wherein the sum of currents sourced to the first
node by the first transistor of the first differential pair and the first cascode transistor are
9



the second transistor of the second current mrror is coupled to be _bﬁ'cﬁﬁﬁﬂm
in saturation, and is coupled to bias the first transistor of the se
current mrror and the non- inverting input node of the second anplifier at
a second bias voltage. 5. The anplifier as set forth in claim4, further

conprising:,a first bjas transjistor t ravid jas current. to the first
and secono‘s“{”il%{‘r‘l‘éﬁ%?%‘f“ toﬁfme"fﬁg"k opthe gTSF‘F"g‘F bﬁﬁ’iegimﬁéwg‘,mr\ﬁﬁg}eﬁﬂ ‘PRt second
t ransi st ormigdor,WiRreHhe ifertidg (npiinodd 6 thé fidsGantydifiet © despdmBive itdthe bbleagk bf St bi as
transi stor; and second bias transistor to sink bias current fromthe
first and @"egﬁh'éf’adﬁaéﬁsi stors of the second differential pair, wherein the

second transistor Qfseédnd nfaaerr&bingurvblgg_a, WheFditPthe bifin o£QRhS SurlkGrdmi @ t he
second bias transistor. 6. Th}% gg@ll ier _as set forth in claimb5, further
15108

conpri si ngecepdiptle by the Sesbs & segpnd difiereniy!l pair and dhesedd §2cPdnsi st or  of
the first @inft@er SotitRlantidIRiequdl B dufeiMsdurbal 16l s&R8E AR bP Rlefirstafkidorfopur t h

[
cascode transistor coupled to the second transistor of the second
di f f er ent i the sesend-currgntingirray, avhersindeiinrertiegigput paderof thersesand gmphiertini r d and
fourth casrggbq,gsi‘;er(?lag\%qtgéesofa{e%c&gg%&gwggeige biased in saturation. 7. An
operational "anplifier to provide an output voltage as an anplified output
of a differential tfsependgransisier of dhedfiret chmpniminelis epyeled ta brebizsgdimat i onal
anplifier GOMRIohSin% coftpibh ohas' ittt RS AN thd Yo chlrSfe olifBitdna YR Aop0C: 2
second input node at the second input voltage; an output node at the
out put vol ineaying inputacds ofhe fittamptiBenat afirspbipy vadegpyepdi ng first and second
transistors; a firshe GASRGARSHEARMeNeOha SRR fifrd: % Llifled I RbidstARS St o Of
the first differential pair to forma ftolded-cascade pair;, a second
di f f er ent i saturgtignrand aaqenpled tocpidsithesfirstirasisera e seeand sirsens marrongne theinant he
first transjstor. i . jafiker L.al pairs are coupled to
the first W?k%%:ﬁ%ﬁfgo%%ﬁ éesre%}é]gg@ﬁg;ﬁ\c\?gp{]%c%ebﬁa?ivﬁgéei nput voltage, and the
second transistors of the first and second differential pair are coupled
to the secopnd i nput . i nd input voltage; a
second cas%ode trangqggﬁiglrlh%c?ggﬁtgogﬁlﬁggltalr%&ffl&(r&se%pﬁpgﬁishg'stor of the second
differential pair tafirftdiantanfiérde progds bioslenrsal tp the first and second transistors of

the first differential pair, wherein the second transistor of the second current mirror is coupled

to bias the first bias transistor; and
a second bias transistor to sink bias current from the first and second transistors
of the second differential pair, wherein the second transistor of the first current mirror is

coupled to bias the second bias transistor.

6. The amplifier as set forth in claim 5, further comprising:

a third cascode transistor coupled to the second transistor of the first differential
pair to form a folded-cascode pair; and

a fourth cascode transistor coupled to the second transistor of the second
differential pair to form a folded-cascode pair;

wherein the third and fourth cascode transistors are coupled to be biased in

saturation.

7. An operational amplifier to provide an output voltage as an amplified output of
a differential of first and second input voltages, the operational amplifier comprising:

a first input node at the first input voltage; -
a second input node at the second input voltage;
an output node at the output voltage;

10



a first current mrror conprising first and second transistors to sinkgetm
" respectively, current fromthe first and second transistors of the first
differential pair, wherein the first transistor of the first current

mrror is coupled to sink current fromthe first cascode transistor; a

second current mrror conprising first and second transistors to source,
respectively, curré FS‘thJ@ affﬂ*’f’s“f"“&’iﬂ“é%étd’ﬂ sgePnd TSP of the second

differential pair, a#harcaichde tiddsistbi doupled toARS it @dnsidior bitBe SRCAMEreRtMl I ENt
mrror is coupled to source current to the second cascode transistor; a

first operPatritofpamn afpided-¢3se1d¢ RaGii ng an inverting i nput node coupled to the

first transistor Qfseddn@ diffefchtialPalr COMRNiHgHrstRAd SecoktBYdnBiStoR; WhGeinMeer ti ng
i nput coupled to the first transistor of the first current mrror, and

havi ng an hsntisters @bthe S prdperrd diffrrengipl Rairs are spupled ta fheiflistipput pedede  cascode
transi st orye 8t veS6 42 Hrst G Wi ) Md RETRLd thihsiltN 0P the Fist Y &ESHANT 1| NPUL

node coupled to the first transistor of the second differential pair,

havi ng a ribferpriiabpait asecqupled to e sgsprdinpis npdecto bp responsive iabe sacend igputt he second
current myJgor, and having an output node coupled to control current flow
in the second tascade transistor; wherein the first and second cascode
transi stors are cowpskeudcascededraptisteneoupiedite the fiystgrapsistdeofitheesesandput  vol t age.

8. The opepat.i . I.f rth in claim?7, wherein the first and
second trac{rllg%ljg@%?{%a"gt?%@edﬁdf'%tgasg(?‘#fptéfrp’enti al pair, the second cascode
transi stor, and t he firstcatrerd mirgeovpusing antsind seword winsistees toginbnd cur r ent
mrror ar FETS; i L / . d
i 11 or ent 1 giPe . At APt ko ARELrE0I o SRS NI O cBlia bIE FRARLC
t r ansi st orthe fifst frawnsistor ofthe finst uenent mirmor s icoupled to FBR surredt frdth ¢hedirgticafcpder as set
forth in Q&%gi L/, further comprising: 11 a first bias transistor to source
bias current to’'the first and second transistors of the first differential
pai r; a second bi as steoadsursinomirtap cemprisingifarst aodisecemt transistorstidieouirde; st and
second transi 1)

s of the cond djf.fer.enti ir; t hj.,d cascode
T analst ool ewheh B AEAANGeoId d AR Blne RRlohd el Mol GRS
t o form a thofidethnsiawc oftthe gaond cuarard narrdrasi cdupled as e chmrean &i the sacowbupl ed to

t he secondc Ly gepéi stor of the second differential pair to forma
f ol ded- cas€od paé‘l pion

a first operational amplifier having an inverting input node coupled to the first
transistor of the first differential pair, having a non-inverting input coupled to the first
transistor of the first current mirror, and having an output node coupled to control current
flow in the first cascode transistor; and

a second operational amplifier having an inverting input node coupled to the
first transistor of the second differential pair, having a non-inverting input coupled to the first
transistor of the second current mirror, and having an output node coupled to control current
flow in the second cascode transistor;

wherein the first and second cascode transistors are coupled to the output node

to provide the output voltage.

8. The operational amplifier as set forth in claim 7, wherein
the first and second transistors of the first differential pair, the second cascode
transistor, and the first and second transistors of the second current mirror are pFETSs; and
the first and second transistors of the second differential pair, the first cascode

transistor, and the first and second transistors of the first current mirror are nFETs.

9. The amplifier as set forth in claim 7, further comprising:
11



10. The operational anplifier as set forth in claim9, wherein the fi@@t [
and second transistors of the first differential pair, the second cas (% 00
transistor, the first and second transistors of the second current mrror,
the first bias transistor, and the fourth cascode transistor are pFETs;

and the first and second trar]sistorseg;:i t he secgn? differential paif, the
first cascode trarfdirstias rapsigtortp sQureehizs cument frythe firshandseend ragsigyrsof j o+
current mhE st diFfBRnELGHRA bias transistor, and the third cascode

transi stor are nFETs. 11. The operational anplifier as set forth in claim

9, wherein the secdiicandRinsransinte tofink pias qurrentfroghe Siest andopecand t@psistors r r or s,

and the thiffigk REGhd différiBl gagiscode transistors are coupled to be in
saturation; the second transistor of the first current mrror is coupled to

bi as the second biadhird ¢asepde Gansistorcpypled tp the seqonghtansister ofthe firskdifferential ¢y r ent

mrror, anghitd oMU Toldby.edstdddPai gt node of the first operational
anplifier; and the second transistor of the second current mrror is

coupl ed to bias the foprthseascode fransistassaipiedde thetsprond iransistor ebthg esorst of t he
second cur iﬁ‘é&lentfﬁ:]?f[ip{mfm%{"&i oq‘ﬁ_g_cglsggdéﬁ;{,_ertl ng input node of the second

. fi L . .
oper ational anp ler. 12. The operational anplifier as set forth in claim
11, further conprising: a first node having a voltage, wherein the sum of

currents sg%_lrced tOrhh%?ﬂ‘é{i#nﬁfamﬂi(ﬁgleasgétfgltﬁ?infcil:{il’ﬁb, Ihabsi stor of the first

differenti pair an ITst cascode transistor are substantially equal
to current sunk fr che filsean@isecond transistdnsofithecfinsi differentiabprii, thesecood casprdef i r st
current ] A i i i t ISt jfier is
r esponsi Ve”ﬁ- 2F‘(%’Qttrc'ﬁe voFt%ggéch?d &%IE{OH d;f‘g}e snoggfﬁ%ﬂgmgioé’e@%%%{ gr%%s(}reaﬂﬂg\% ng a
vol t age, whétls fnurthesedatrafsisbuwarepiEd s;s0dk from the second node by the

first transistor Oft{néﬁr@t %ﬁﬁg&ga ﬁlgfsfsﬁfrse&%eaéeccﬁa |afpread) ah{lg, E?uﬁ‘ﬁ?s?@'as? code

transi stor are substanti O current source e second node by
the first tramsissr, shedirstahd d@ondieansistood thedirstentrentininray the wicewdhias ttansistomver ti ng

i nput node_qf, the. s n ol i fi s responsive to the voltage of the
second nodaél.gﬂles;p“ %a%%o%gg'ﬁ'?slr%or{a Igrr%llsi fier conprising: a first differential

pair conprising first and second unipolar transistors of a first «carrier

type, each;having arh%%érgﬁon% gna;{li%braasr!gfgnhs%%at%%b & Jréi{Ft cascode uni pol ar
transi stor of a second“carrier 'type conplenentary to the first carrier

type, having a gat ehe seawidrignsistons af the fiesh endsauand gumens oumrare agdthedldtdeadt o t he
drain of fourth cascode transistors are coupled to be in saturation;

the second transistor of the first current mirror is coupled to bias the second
bias transistor, the first transistor of the first current mirror, and the non-inverting input node
of the first operational amplifier; and

the second transistor of the second current mirror is coupled to bias the first
bias transistor, the first transistor of the second current mirror, and the non-inverting input

node of the second operational amplifier.

12. The operational amplifier as set forth in claim 11, further comprising:

a first node having a voltage, wherein the sum of currents sourced to the first
node by the first transistor of the first differential pair and the first cascode transistor are
substantially equal to current sunk from the first node by the first transistor of the first current
mirror, wherein the inverting input node of the first amplifier is responsive to the voltage of
the first node; and

a second node having a voltage, wherein the sum of currents sunk from the
second node by the first transistor of the second differential pair and the second cascode
transistor are substantially equal to current sourced to the second node by the first transistor of

12



first transistor of the first differential pair; a first current nirggmcr2m4
conprising first and second uni polar transistors of the second carri

type, each having a gate, a drain, and a source, wherein the drain of the
second transistor of the first current mrror is connected to its gate, to
the drain of the second transistor of the first differential pair, and to

t he gate dhe seendiquersnt miprgh yherettheinverting inpyt gpdec thesgeond amplifigr is and wher ei n

the drain Qf ohi?ﬁ‘ett;'tﬁe%lﬁée%?ﬁie%&hd%det he first current mrror is connected
to the draln of the first transistor of the first differential pair; and a

first operational anplifier having an inverting input node connected to the

source of {she fi rst&&g&?g&% HSE&%HS"@aVI ng a non-inverting input node

connected to the gate t transistor of the first current mrror,
and havi ng an out pmﬁrstchﬁermnh@moempnmng first and aecendinipdler tansistorschs fitie

tranmstorcmilez]lr Ihﬁ%‘g‘q?fﬂgt |d9£]?|§?{gp 5815 AS set forth in claim13, further

conpri si ng: A conﬁr|5|ng first and second uni pol ar
transi stors of t he afssxmascddeclanpqlafrtransquofea@hndmvmqngypacgknplnmntaygat&le and a

sour ce; econd | ar nsi.st,or. of _th f| [ Li ype
oy ng o gipantty 4823898 § b Tefhe b HANCLRAALNEE G hfeeatOhEfln 00T |
of first tﬁratrtmnsttorofaheﬁﬂsedlﬁ'eremmﬂpam;h fferentl al pair; a second current

mrror conprising f| st largq second uni QPrgﬁmdtS%f%%' st(ﬁmﬁrof the . .first

carrier type, each HEY mc mlg?r FOMRIHT sobrce! a“v\ﬁgrrséjﬁnhet he drain

of the secsetmhd chnmnt?peste&nh hahng b eats acipainl aodia sainde, whareiotheidsaig oftheedcenti to its

gate, to the dra cond. tra s' t.or he, second differenti al
ot and TEePREOarErst MReRERRRT s o PRARL R B MERAEEEBR O T ane

m rror, anghngier efthe ﬁﬂaemffbxanthal pdir, Taiitlatoftixer@te df trerfeitstandistaf of thiecfirsteanad cur rent
mrror is connected tq the S rans stor.of th econd

G £ 1 or ent i Popan Mo ¢ G ke Spdansionaf B PRRRL SIS ikgnistRaior T ng

i nput nodetheﬂmarmeﬁ‘&l&cﬁrmrahhﬁorcﬁwmadﬁfferéﬂmel;ﬁ&cmﬂd cascode transistor,

havi ng a non-inverti onnected to. the te of t e first
transistor of the t’gtr? e@ﬂ?r}ag 'rﬁcf pgaameﬁlggfr%tlgﬁegmﬂf fdbre

connect ed sotiRe bithe g&’t &s@&demnmpmmgammenm &pai midetonndded 6 tKaghte2004 15.
The operati n,.claim1l14, further eﬁg})) ISI ng: a

T P e oot Rttt s Sirpn Oy PRIBVBE P Pilpu i CRherfedTB e 097

connect ed gateofitiefirsiuidicoastrakisione first and second transistors of the first
differential pair, and having a gate connected to the gate of the second
transi stor of the second current mrror;

14. The operational amplifier as set forth in claim 13, further comprising:

a second differential pair comprising first and second unipolar transistors of the
second carrier type, each having a drain, a gate, and a source;

a second cascode unipolar transistor of the first carrier type having a gate,
having a drain, and having a source connected to the drain of first transistor of the second
differential pair;

a second current mirror comprising first and second unipolar transistors of the
first carrier type, each having a gate, a drain, and a source, wherein the drain of the second
transistor of the second current mirror is connected to its gate, to the drain of the second
transistor of the second differential pair, and to the gate of the first transistor of the second
current mirror, and wherein the drain of the first transistor of the second current mirror is
connected to the drain of the first transistor of the second differential pair; and

a second operational amplifier having an inverting input node connected to the
source of the second cascode transistor, having a non-inverting input node connected to the
gate of the first transistor of the second current mirror, and having an output node connected

to the gate of the second cascode transistor.
13



a second bias unipolar transistor of the second carrier type having a gr LN
connected to the sources of the first and second transistors of the sk Bﬂ@m
differential pair, and having a gate connected to the gate of the second

transistor of the first current mrror; a third cascode unipol ar transistor

of the second carrier type having a source, connected to the drain of the
second tralsistor ofhecperatiqnakamplifier as et fasth inglaim ] 4, fprher SompHSING and  having a

drain connected to d’ﬁr&tﬁ@tuﬁspoﬁﬁﬁlmﬁisioeufﬂqbﬁfsm&gyﬂémmﬁé Rlraln’ Afdcglior of
the first carrier type having a source connected to the drain of the

second t r afdhespwicess therfirstoad srrandipnsisiars ofthefust diffesentialpayl, yethaving peHect ed to

the gate ofonhffeditdine Gate BPHE IR ohd FIISIsRE O the FRGhIRUERifoM @l N connected to
its gate. 16. The operational anplifier as set forth in claim215, further

conprising: a firstaseepsdibiasyuipoleransistoref theseeond cgmicetypohavinga draipst
transi st or éanﬁ){?tehl?@ b isbutbes 3the fif ﬁ&ﬂs@c&fdfnfgﬁ{iﬁ&% ofthe BetbhddiffBreita P&lﬁ' ahd'PUt
e the s the

node connect to the gat es o econd transistors o > rst and
second di fliayingatgatgicopmitedto thevghteaf thasepend transigorad thedfirstadrrens mimmer; dr ai ns of

the Tirst and secony Gosaae hbAokalo:eor d sect AR bEL ELAALLS! N9: 2

first differential palrr conpri and seco nsistors; a first
cascode t rensécsklde the dai efithe spcanddrafsistgrt of thedirsticotrent noifrort hayirfg argate, and

differenti k’ %iar. 903 %%drﬂ)% %ﬁé,%&‘]-cascode pair, the first cascode
Bying ? dblin chnpcled L

transi stor rst current mrror conprising first and
second transi st ors afoursh casgode nBp@actansistbrof thafinstematrier fype havinga fourcst and

seconq tra&)s'esc:% 35 Ofdr tinhc()af tIne! gegénd%gis%reor}rtﬂeaslec i 'clét‘r nt Wﬂ—%reﬂaginkgga{e' st
transi stor Of e first current mrror 1s couplé TS K CUPFEAT from the
first casonoetdinateigsteof the dnic caschbde tsansistopland hayinghadraim gormecteditvats gatag | nput
node coupled to the first transistor of the first differential pair, a
non-inverting i nput node coupled to the first transistor of the first
current mtaor, andlerpeutiqudlanpifier saeufedh mdldin 16 ferthpatemprisitghe fir st

cascode transistor. 18.. The | ifi s _set .f.or in.claiml erein the
second transi stor oaff%rftﬁgp‘ﬂ‘?%{wmbeﬁtfﬁg’n@e ﬁ%%?sroépeiég%%ﬁ%rao&e égt\é\','l%ased in
sat ur at i onsecaddiffsentialyalired to bias the first transistor 14 - 6 OCT 2004 of

Lhe f1 St current ol gt anhddSoliolad (Y Shd19r bi2Rin 03sRE: drHe e
and second differential pairs; and
an output node connected to the drains of the first and second cascode

transistors.

17. An amplifier comprising:

a first differential pair comprising first and second transistors;

a first cascode transistor coupled to the first transistor of the first differential
pair to form a folded-cascode pair, the first cascode transistor having a gate;

- a first current mirror comprising first and second transistors to sink,
respectively, currents from the first and second transistors of the first differential pair,
wherein the first transistor of the first current mirror is coupled to sink current from the first
cascode transistor; and

a first amplifier having an inverting input node coupled to the first transistor of
the first differential pair, a non-inverting input node coupled to the first transistor of the first

current mirror, and an output node connected to the gate of the first cascode transistor.

18. The amplifier as set forth in claim 17, wherein the second transistor of the first

current mirror is coupled to be biased in saturation, and is coupled to bias the first transistor
14



19. The anplifier as set forth in claim17, further conprising: a se_cggg |
differential pair conprising first and second transistors; a second c I)Zjﬂ(g
transi stor coupled to the first transistor of the second differential pair
to forma fol ded-cascode pair, the second cascode transistor having a gate;
a second CL%I‘I‘e t mrror, con*ﬁrisi ng first and sefﬁn% transistors to source,
respect i veliyhe (st cpEppt nirer auf themop-Ipverting inputngdy of the Hust applitier g3 B35 second
differentiftagai r, wherein the first transistor of the second current
mrror is coupled to source current to the second cascode transistor; and
a second anplifier having an inverting input node coupled to the first
transistoryg of the 3ReRPHAEHaE f f@1Mih dainP 8], Furth@r dodiprisiayer ti ng i nput node
coupled to the first transistor of the, ,second current mrror, and an

out put node connectisgeang diffegengjalpair Gpmprdnedirstond seaRbFISSIOFsansi st or . 20. The
anplifier as set fQrdbbniRahdd tfindifor doMpILNR thERMIPFAnSiktdPof the debdrnat node,
wherein the sumof currents sourced to the first node _b%/ the first

transi st ordifferentigbpais todormyp foided-sprcpds Papathe seappd qapreds iransistos havingALats; ansi st or
are substantially qdalndt@rrent i bmrivilg friQRY tdend trdnBistoRA6 Soukde, t he first
transistor of the first current mrror, wherein the inverting input node
of the fi rretpeetivslyi ¢urentsitesthe bipsh and ssepnd drapsigiors pf the seserfdiffergetiahp@econd node,
wherein t f : kHeSt

Fransi ot or 57 B e kGRS peiechl Ol MR e RYOpIERE ate b B

t ransi st orseeand cassodestraasistoriland, equal to current sourced to the second node
by the first transi : arr ! WhES i

i nverting input no ngg#ndt Bﬁgﬁggﬁgggﬁ% %ﬁ%ﬁﬂ?g@%e{)c&ﬁ@gc% ed t%ls_tp:#ggﬁgrecond
node; wherdithe se¢nndsliftanentiak paitns honcigyerens ippis nedercoupled jortkarfirstifansigter ¢fdhecoupl ed
to be. bl asghrdQurft it iy offith dode EHBLEMo U dAeA? thieodhl ERboder ANS! St O of
the first current mrror and the non- Inverting 1 nput node of the first
anpl i fi er wansistof.j r st bi as vol tage; and the second transistor of the second
current mrror is coupled to be biased in saturation, and is coupled to
bias the first transistor of the second current mrror and the non-

i nverting 30aput nodéeamplifier as est énrth impdaim 19, Surthgr compsisiogind bi as vol t age. 21.
fhe amplifier as SGladQlobd) whrefl il Snfbhcufrtiil (8fef RIRL KR e bRukdrg! DI as
transistor to provide bias current to the first and second transistors of
the first twhnfiter efithé fist ¢iffenentiahbair @idihe first cascodaidansistonare sebstantifllytelqual e cond

current m dub@ht si.u‘?k £ HleGfshae bthQ'ug:t tan$ R of the first current mirror, wherein the

inverting input node of the first amplifier is connected to the first node; and

a second node, wherein the sum of currents sunk from the second node by the
first transistor of the second differential pair and the second cascode transistor are
substantially equal to current sourced to the second node by the first transistor of the second
current mirror, wherein the inverting input node of the second amplifier is connected to the

- second node; wherein

the second transistor of the first current mirror is coupled to be biased in
saturation, and is coupled to bias the first transistor of the first current mirror and the non-
inverting input node of the first amplifier at a first bias voltage; and

the second transistor of the second current mirror is coupled to be biased in
saturation, and is coupled to bias the first transistor of the second current mirror and the non-

inverting input node of the second amplifier at a second bias voltage.

21. The amplifier as set forth in claim 20, further comprising:
a first bias transistor to provide bias current to the first and second transistors of
the first differential pair, wherein the second transistor of the second current mirror is coupled
15



to bias the first bias transistor; and a second bias transistor to Sigmﬁ
bias current fromthe first and second transistors of the second -~ CT 2004
differential pair, wherein the second transistor of the first current

mrror is coupled to bias the second bias transistor. 22. The anplifier as
set forth in, clai 1, further conprising: a third cascode transistor

coupl ed t&°tbf?éﬂ§£8ﬁ’éasﬁa&ﬂ¥?’ém of the first differential pair to forma

f ol ded- cascode pai rs seadid bius iransistdt 1€ SRICBidEcueRITEONGthe first antdNebshdit@ndifiers second

transi stor of the second differential pair to f?rma f ol ded- cascode pair;

wher ei n t hef thesepepddifferensial Ry, wheredn s seeond Fpusisir of the irst SUFRE BT he bi ased

i n sat ur atigpled fobiasie RE&IIids¥AdistePl i fier to provide an output voltage as
an anplified output of a differential of first and second input voltages,

the operational anplifier conprising: a first input node at the first input

vol tage; agsecond ITRUMNAESs &t firl6in SREPH firREonRisihgge; an output node at
the output voltage of the operational anplifier; a first pFET conprising a

source, a drain, arfthiad epacade fransitasgoypbed:th thersgqond trangistor of the fiest differsatial
responsi vey Q. ki Jﬂoﬁgg_cgsgmtpa?z;%gage; a first nFET conprising a gate, and
a drain coupled to the drain of the first pFET to sink current fromthe
first pFET; a secorffonfiEmpseadafransistargouplesdonthesecond tansistor ofithg secoptht e coupl ed

to the Seg@ﬁgremiiarﬂpéﬁtor}ﬁﬁ?afo‘?deg-%aicﬁée?%gm ve to the second input voltage; a

second pFET conprising a gate, and fain coupled to the drain of the
second NFET to sourwhkereintheghritd and faunth cassedertthnsiFErF aradoapled to tetbeasehine and
drain of the second pFET are coupled to each other to have substantially
the sane voltage; a third pFET conprising a gate, and a drain coupled to
the source of the first PpFET to source current to the first pFET, wherein

the gates pf the thj | . - er to
have subst%ﬁti ally ﬁgpeg%%al\%ﬁ?%gg?&g“g ﬁiﬁfoglt‘ﬂlligofl&%%pﬁjagﬁ ﬁggﬁ&g‘é‘ﬁﬁ’ge, a
drai n, anda diffgzntial obfirst and seawnd mputfvottages.ithgeperatiomad emplifidp ecompsspgnsi ve to t he
first input voltage; four | Sl a gate, wherein the gates of
the fourth pFET andaﬁr%é%@gag%éﬁggf%ﬂ@%@%@to each other to have
substantially the sesseonotruanmle atthel secombinpgivoliagea drain coupled to the

drain of the third QEEEE 08 MEE SufHVERIEE of e bitFartoRbi athplfilr!

a first pFET comprising a source, a drain, and a gate coupled to the first input
node to be responsive to the first input voltage;

a first nFET comprising a gate, and a drain coupled to the drain of the first
pFET to sink current from the first pFET;

a second nFET comprising a source, a drain, and a gate coupled to the second
input node to be responsive to the second input voltage; e

a second pFET comprising a gate, and a drain coupled to the drain of the
second nFET to source current to the second nFET, wherein the gate and drain of the second
pFET are coupled to each other to have substantially the same voltage;

a third pFET comprising a gate, and a drain coupled to the source of the first
pFET to source current to the first pFET, wherein the gates of the third pFET and second
pFET are coupled to each other to have substantially the same voltage;

a third nFET comprising a source, a drain, and a gate coupled to the first input
node to be responsive to the first input voltage;

a fourth pFET comprising a gate, wherein the gates of the fourth pFET and
second pFET are coupled to each other to have substantially the same voltage, and comprising
a drain coupled to the drain of the third nFET to source current to the third nFET;

a fifth pFET comprising a gate coupled to the second input node to be
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a fifth pFET conprising a gate coupled to the second i nput node to b Qﬂﬁq
-6 OCT 2004 responsive to the second input voltage, a source coupl ed%t @
drain of the third pFET to sink current fromthe third pFET, and a drain;
a fourth nFET conprising a gate and a drain, wherein the gate and drain of
the fourth nFET are coupled to e ch other to have bs\ﬁ_‘a tlalg ee&' % sane
vol t age, wherein tﬁ%sp‘)‘&a“teé%thﬁfe"f’ INPYLYP ?ﬁerﬂ%‘fmﬁﬁ‘a’ éﬁ/ Supl ed

to each ognqtggnpmngﬁl&ﬁu@nﬁ,y@}mm bk drgi@e vol tage, and the drain of the
fourth nFET is couple to the drain of the fifth PFET to sjnk c rrent from

the fifth pFET; a i pqrﬂlwﬁﬁvowaﬁm%%wagiael%wwfé}@f:aatw@w thgf ¢ he

fifth nFETGaRtnHEUE BouplRiileadh sthexqumk&ciuss%nﬁawggdafervohsgehauaelﬁ whstantially
t he sane voltage, and conprisin drain _coupled to the sources of the

second nFEpteantithe Faurth nﬁﬁ”ﬁmqférs amquehfi t5 saghptherdo baeshptantidiytheind t hird
nFET; a S'%QVQEEJ af@ R dkath Dt foRAk hEET BQH]EHI&‘%UQ M@oﬂ&,@ﬁﬂh pfET fae second
pFET to sink ‘ent fromthe second pFET, a gate, and a drain, wherein

t he gate asink carentdropfthe ABh pFKX:h  pFET are coupl ed to each other to have
substantially the t a drain
coupl ed to each ot E‘gﬁt%%gg\%ﬁmﬁféag\&h?: Fﬁh&%@gﬁﬁfg@@g%ggtgﬁd%ﬂ@; ein the
gat es of tif&ETsirtduphed Bleagnetheritx hdve prtEmntally t mmpweléagp,@néa@wrmﬂserdr% have
subst anti GRMPH t he
drain of ﬂ]hﬁﬁeéﬁﬁé&ﬁﬁyﬁtﬁy n d%ﬁ??éﬁ@ﬁ@ﬁ??hel@{%m FET, ggen a source
coupl ed thdEﬂ"anddmalmFEEf the fourth nFET to source current to the fourth
NnFET; a seventh pFET. he fourth
pFET to sink currg‘nfﬁ?ﬁﬁf?%Hf{ebgi?ﬁﬁgﬁﬁ&%lﬁﬂgﬂom&rgsl}llntr?mmgéc‘%@pﬁ'rlg

conpri si nepink airrentfrooothe besdnd nfEﬂhegatquthbeltiranmd*her@h themte@pé ldmn of ikl sixth

anplifier; ven ggimr' ILhg a drain coupled to
the drain po@ﬁ? couégdpoﬁlgghg@%#skl%deggbﬁ #yren rgint’fgtehe sevent h pFET, and a
source coupled to tahectldnﬁ”fhcanfpnsmgegitaamctadlﬁﬁ'ﬁomnieclstomcch@ﬂmutqlem to the
first nFET I‘ISI o r | trnode
responsi ve’"P%mﬂt'ﬁ ﬁa"gﬁ{l&m wﬁ?{e f)ﬁth “?gf% a}rﬁ—'Eglh pgglrllrprl sing an

i nverting dongled toread-eothersqnhnvs Bubetanmllyhm same vblége apd cmﬂmnsingurdm;n ofuptede
sevent h nkE e“gﬂf’ﬁt%g[%é*’ IFEQ r10 s:nl?éjlfrr%ntfrr}x?%eﬁlx Fﬁ PXr%%Eo%gEg tothe the

gate of tH& Y ONRYE ®node of
the first drainpf ibeif@itth nﬁEmto source current to the fourth nFET;

a seventh pFET comprising a source coupled to the drain of the fourth pFET to

sink current from the fourth pFET, comprising a gate, and comprising a drain coupled to the
output node of the operational amplifier;

a seventh nFET comprising a gate, comprising a drain coupled to the drain of
the seventh pFET to sink current from the seventh pFET, and a source coupled to the drain of
the first nFET to source current to the first nFET;

a first amplifier comprising a non-inverting input node responsive to the
voltage of the gate of the first nFET, comprising an inverting input node responsive to the
voltage of the source of the seventh nFET, and comprising an output node so that the voltage
of the gate of the seventh nFET is responsive to the voltage of the output node of the first
amplifier; and

a second amplifier comprising a non-inverting input node responsive to the
voltage of the gate of the fourth pFET, comprising an inverting input node responsive to the
voltage of the source of the seventh pFET, and comprising an output node so that the voltage
of the gate of the seventh pFET is responsive to the voltage of the output node of the second

amplifier.
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a second anplifier conprising a non-inverting input node responsive tom
vol tage of the gate of the fourth pFET, conprising an inverting inpl]t8 04
responsive to the voltage of the source of the seventh pFET, and
conprising an output node so that the voltage of the gate of the seventh
PFET is res onsive to the voltage of the output node of the second
anplifier.“7 -6 O areRl e PmpASing | i fi er conprising: a first differential
pair conprising fi rﬁrs@?ﬂermﬁpﬁmr&h@ﬁﬁﬁgﬁm ﬁldfsbc.roﬁa pmgqf@ nNDSFET coupl ed
to the first pMOSFET of the first differential

f ol ded- cascode pai ra firstfascofe BMOSEET eryeled i st PM@iSﬁETaf‘Qﬁﬁﬁt dlgelfef“ﬁaét

current m 55Qh fGRAIAbIded-Bcddepafr, B rsBQEQRE nIISPEERSvidPa %Qa‘t respectively,
currents fromthe first and second pMOSFETs of the firs di fferenti al pair,

wherei n the second afVsiSREtFirerrempripigg fiesygndspgondpMOSFERgt sinkgat e and a
drain couplegd 4Ry, aﬁ&mts%me %&Qﬁn’é&lﬂh pMmq‘s Meﬁek E‘if—f%nllﬁnzfl kgt NMOSFET

of the first currént mrror a gate ‘couple e gate of the second
NMOSFET of whenein fhiersegond uMCtSJr‘ETmf ﬂwdirsttcerr@emmrﬂlabﬁ m@darﬂdam pevpled telr ai n
coupl ed to, j . B lifier
to provide %Egtg%ﬂtégéf&@g%gﬁv romt ust‘ gsgﬁg% P%h%&ﬁﬁmmm%a?pt he

first curremplediothogatt of ﬁlhscgmtté/I@ﬁEMﬂﬁd first cupre ewitter th WESHE iase@ 8nd The

AP or ot 8 0 o Ll «d Bl BHPHM AL nMAIFETSE <EPIE LR 2 DECoN

differenti 1SI'n I FSt secon a first cascode
pMOSFET coupl ed to atﬂiret a&nnilﬁbrtnmﬁsﬁl_éﬁegﬁtwt feedtpdcfvord thedirdifi ef hefirsal pair to

form & 1 ol SHFRPSPHE RPL enfinBRE IV G4 S1ARL /8 (L8l GOBREEFI N9 717 st and

second p urce irst and second
NMOSFETs of the second dlfferentlal pair, mhereln t he second pMOSFET of

t he second250urrent .me H;e aaﬁs&f%ﬁ.t ﬁ/f@ﬁ%%ﬁfﬁjﬁl{%h&&%g’l ed to each other to

be sel f-bidsed, wher Sich ecoﬁd current mrror has
a gate coupl ed to etdeemgaihf&re]ftzalmcsmpnmgWEEaéomanEDSFE"écond current

mrror to be self- ¢ratcﬁ§co %}46?1;’?50%‘1 Olf"?stglglC}S?-'Etl'o thfl rst cascode

pMOSFET to source A rer topr oviden negatl ve
f eedback fdlﬁanentinepdrmfmmifcﬂded-cﬁscbdﬁpalrpI\/DSFET of the second current mrror
to the gate of the first casc ode pMXSEET. .. 26. The %@éFE as set forth in

claim 25, further cosr?f)ornidsflﬁa" oY cmPLiNRaMEHAng 5655 sto

ias Soﬁ\r/E%FET havi ng
a gat e cougbpeckivety, tireengad the first and second nMOSFETs of the second differential pair,

wherein the second pMOSFET of the second current mirror has a gate and a drain coupled to
each other to be self-biased, wherein the first pMOSFET of the second current mirror has a
gate coupled to the gate of the second pMOSFET of the second current mirror to be self-
biased and has a drain coupled to the first cascode pMOSFET to source current; and

a second amplifier to provide negative feedback from the drain of the first

pMOSFET of the second current mirror to the gate of the first cascode pMOSFET.

26. The amplifier as set forth in claim 25, further comprising:

a bias pMOSFET to provide bias pMOSFET having a gate coupled to the gate
of the second pMOSFET of the second current mirror to be self-biased; and

a bias nMOSFET to sink bias current from the first and second nMOSFETs of
the second differential pair, the bias nMOSFET having a gate coupled to the gate of the
second nMOSFET of the first current mirror to be self-biased.

27. The amplifier as set forth in claim 26, further comprising:
a second cascode nMOSFET coupled to the second pMOSFET of the first
differential pair to form a folded-cascode pair, the second cascode nMOSFET having a gate
18



of the second pMOSFET of the second current mrror to be self-biased, ﬁefi {ﬁ
bi as NnMOSFET to sink bias current fromthe first and second nMOSFETs ﬁ) 2004
the second differential pair, the bias nMOSFET having a gate coupled to the
gate of the second nMOSFET of the first current mrror to be self-biased.
27. The anplifier as, set forth in claim?26, further conprising: a second
cascode nl\%lﬁéﬁa"bﬁﬂ}ﬁ‘eab‘”faﬁhf’ %”ggﬁfﬁllénﬁﬁééﬁﬁT of the first differential
pair a o foES ma f glogj?éccﬁgass@stﬁ MSEEﬂ({b@pl&@mﬂdseﬁh@ﬁiﬁ%@SFsteF?Mth a
gate - 6 . 200 nd a_drain coupled to eac t her e .sel f-bi ased,;
and a sec oqiﬁere%saé%@mgwmﬂleéwﬁ? dPatr ??Féo%dééifﬁge W%&%fgﬁ‘fm& He#'Second

di fferentizldaRedif cduplell & ScRothel 48 ¢ i gAO IFsebRdlcaschfinNOSPEThotRSEIREe PMOSFET
having a gate and a drain coupled to each other and to the gate of second
cascode n T to be self- biased. 28. An anplifier conprising: a first
differential pair conprising first and second pMOSFETs; a first cascode
NMOSFET coupled to the first pMOSFET of the first differential pair to
form a fol#fed- cascateamplifier campsisigr st cascode nMOSFET having a gate; a
first current m rrofeGfrtis/hildobptisidf frsCAAMANAMAIEESs L O Si nk,

respectively, currents fromthe t and second p FET of the first
current mrror has afirstgascede?OBFEY eruplsd tretbe Erst pPOERE R obthe first diffpreptisl n t he

first nl\/[)?f t i : i : 1ected to the gate
of the se oaﬂogmmuogéhdg%ﬁ’?ﬁﬁﬂguﬁcggﬁnr?nérglr:g]rﬂg%%ﬁ%?}al drain coupl ed
to the first cascoddirsivaSgEmitrer compkisingifirseand second nOSFESs togsinkl i fier to
provi de ne | f i RESIA QQ@F the first
current mr??ptglr:t\@?g/, ?‘ﬁ-%ggglt%ﬁ %?ﬂ%shie}l%fslgérog? Blgfgj;sggzg)fn Y 38 .u%lgﬁg;%npl ifier
as set f orgake dnd dodinéann&®ed th gachlother, exdunsini the firgt nNOSEED nbthel fifst enreent thigdlor pai r
conprising fir drt]!\/ogtall: : | NS, led to
the first %naﬁ/&%éf&g]? Ct%ﬁg’qg%e oon {;}@gﬁ(ﬁ%s{%}r c’(pi)?gtlﬁ(r\f9 g“?or mnga;fag?)ggegcj’- cascade
pair; a sedraingowpledrte tite firstcrmpdecMPEFET toginkicnsentzand second pMOSFET to
source, respectivel . 11 %?9 Q}\{? s of the
second differenti a|a%%ﬁ“%"f’ﬁ‘ﬁﬁﬂé?%’5’%“%’%@“2%%%%"3%?@ of 't eﬁg;le-cond current
m rror hasnMO§EERofthefiat drmntmicontvabe gatk oftthe farstclascotdh eI OSHEEr ei n t he first
PMOSFET of the second current mrror has a gate connected

=

29, The amplifier as set forth in claim 28, further comprising:

a second differential pair comprising first and second nMOSFETs;

a first cascode pMOSFET coupled to the first nMOSFET of the second
differential pair to form a folded-cascode pair;

a second current mirror comprising first and second pMOSFET to source,
respectively, currents to the first and second nMOSFETSs of the second differential pair,
wherein the second pMOSFET of the second current mirror has a gate and a drain connected
to each other, wherein the first pMOSFET of the second current mirror has a gate connected
to the gate of the second pMOSFET of the second current mirror and has a drain coupled to
the first cascode pMOSFET to source current; and

a second amplifier to provide negative feedback from the drain of the first
pMOSFET of the second current mirror to the gate of the first cascode pMOSFET.

30. The amplifier as set forth in claim 29, further comprising:

a bias pMOSFET to provide bias current to the first and second pMOSFETs of
the first differential pair, the bias pMOSFET having a gate connected to the gate of the second
pMOSFET of the second current mirror; and

a bias nMOSFET to sink bias current from the first and second nMOSFETs of
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to the gate of the second pMOSFET of the second current mrror and hag 087 2@‘
drain coupled to the first cascode pMOSFET to source current; and a Secon
anplifier to provide negative feedback fromthe drain of the first pMOSFET
of the second current mrror to the gate of the first cascode pMOSFET. 30.

Th lifj t forth i | ai furth i sing: ' MOSFET
Lo provi aehbreseifents ba P AMESTET okt o e e Mol oy

di f f er ent | @tondaMOSHET e sttt mirbavi Ng a gate connected to the gate of
the second pMOSFET of the second current mrror; and a bias nMOSFET to

sink bias current fromthe first and second nMOSFETs of 19 -6 OCT2 004 the

second di ffierenti almqwggﬁﬁgrmgsé@if@g] i MaXplr B0 flivehét enpisiagt € connected to the
gate of the second n FET of the first current mrror. 31, The anplifier

as set forth in cl & %%988 cascpfemMeSiEIngaupled ifhe speand RMASIEL b limsVOSFET
coupl ed t ogiffiente pANG M BfolabdRscbdipalri the becost Jab@EFMORFEPRhv¥ing PgdOr M a

f ol ded- cascode pair, the second cascode nMOSFET having a gate and a drain
connect ed an¢ agiErimcannerigd to s ohesdpdnd cascode pMOSFET coupled to the second

NMOSFET of the second ondichd6de5MOSEPAuplel & thotddb IMOSAET saRcQdsmdrai r, the
second cascode pMOSFET having a gate and a drain connected to each other

and to thedifferentiappaistederm oided-sersodenmariby second caggpde PHIOSFEE haviegpeatsi ng: a

first diffghantdifbonRidd 6 ORURIGRE B tblufcateHidect R QAL AMRRRY. LT aNST SLOrS of
a first carrier type, each having a drain, a gate, and a source; a first

cascode current mrror conprising first and second uni pol ar transistors of

the secondycarrier Ar)’:ﬁx?%iﬁ%%ﬁi@ﬁ%:ng a gate, a drain, and a source, wherein
0 I St or

the drain of the second transis of the first current mrror is
connected to its gatfustdiferertie] phiriompusing first andsenerd unipelprdransigierseof afire i r st
differenti e 'E, %b th:ﬁnQ A tg ;.irst transi stor of the first
current n%%erF o?”,p ah Vegeai n t’h?gﬁ’r%lf r?so?fc_t’he first transistor of the first
current mirror is acdirstgatcede qurenttmigrotiecaripnising firshendfsegand unipalastrassistors®f t he

first diffgr ?e@&ﬁoﬁéﬁntﬂgéﬁpﬁe%a@inggzggﬁ, 28Rin! dndS sofr0e, RS Inthe BGHArinee [ eedback

fromthe source rst cdscode unipolar transistor to the gate of
the first wsewdddesistorad thedirgreurr@® mifTerds eanpedtdd te jits gage,dethe fdenint ¢f theseedndi m 32,

further CcopRtic) Jgkgiges ﬁrgfﬁﬁﬁgﬁha‘ﬂbii{ GhER thPlard e HYTRRLSONSE cld sl SeCONd

uni pol ar transis
mirror, and wherein the drain of the first transistor of the first current mirror is connected to

the drain of the first transistor of the first differential pair; and
a first amplifier to provide negative feedback from the source of the first

cascode unipolar transistor to the gate of the first cascode transistor.

33. The amplifier as set forth in claim 32, further comprising:

a second differential pair comprising first and second unipolar transistors of the
second carrier type, each having a drain, a gate, and a source;

a second cascode unipolar transistors of the first carrier type having a gate,
‘having a drain, and having a source connected to the drain of first transistor of the second
differential pair;

second current mirror comprising first and second unipolar transistors of the
first carrier type, each having a gate, a drain, and a source, wherein the drain of the second
transistor of the second current mirror is connected to its gate, to the drain of the second
transistor of the second differential pair, and to the gate of the first transistor of the second
current mirror, and wherein the drain of the first transistor of the second differential pair; and

a second amplifier to provide negative feedback from the source of the second

cascode transistor to the gate of the second cascode transistor.
20



second carrier type, each having a drain, a gate, and a source; a secgﬂelzm‘
cascode unipolar transistors of the first carrier type having a gate,

having a drain, and having a source connected to the drain of first

transi stor of the second differential pair; second current mrror
conprising,first and secopd unipol.ar transistors of.the first carrier

type, eacﬂyhavi ng a Mﬁﬁ%{ﬂaﬁ‘%fi\?{‘h el ‘%ng&owg% n the drain of the
second transistor Dfirsthiss wmgotndamsisicr @Nthe first totier tgpedaming @ dexth écdnécted gat e,

to the drain of the second .transjistor of.  the. second.differential pair, and
Lo the gati® teopises gfthehrstand sesoad s fors ¢fanechifereniial ke e imeeate " and
wher ei n t heonfléctddito BHe ghfd@f fhelsédond frafdRios bdthe 8dcodid@remamindr,di f ferential pair;

and a second anplifier tq, provide negati f eedpack fromthe source of the
second cascode trar?s?%‘f’@&"@&“’cpﬂlé’%’ts’gmw%gﬁ ¥ OREOVAE 2 " Afsi stor. 20
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a first bias unipolar transistor of the first carrier type having a drain

connect ed havingprgatesgunesied tosthe gaigofithe secondfpngistaryd dbe AEiFE FUTRt LI t he

differential pair, affd Bﬁtf&dagmﬁtoﬁ?{rﬁlsisﬁﬁBﬂﬁ@§&6‘nc¢&rr§elﬂ®pgﬁ§\ﬁn%)§soturt@ second
transi stor of the second current mrror; a second bias unipolar transistor

of the seceaecdite thedraiy plthesepondyrapsistorefhe firgtfyaentdymen hiving ek e’k of t he
first and ﬁa%%@qhgiﬁmgégm%ggw;m second differential pair, and having a
gate connected to the gate of 'the second transistor of the carrier current
mrror; a third castiddh caseqssupipoler zansisior ofthefirst qaeries &ps Heviess FUEE t ype
having a SQunGSed 6 HAMRGH SFnE RoblifrMEiftbrofihe dbhdara thikrbrdRinglaQate0f t he
first current mrror, having a gate, and having a drain connected to its
gate; and ePnpestadith thegale@f thefirdrascede wanaistor.ond havirg & drancppnseted [y ifsigale. ¢ ype
havi ng a source connected to the drain of the second transistor of the
second current mrror, having a gate connected to the gate of the third
cascode transistor, and having a drain connected to its gate. 21
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