;e3e)y)ttul wwey6t yTykvDi ~non~m~ | NDUCTOR- LESS RFI I F CMOS BUFFER FOR 50f 2
OFF- CHI P LOAD DRI VI NG BACKGROUND OF THE I NVENTION 1. Field of the Invention
The inventian relates to CMOS i ntegrated sem conductor circuits, and nore
particularly to a 50f2 anal og buffer anplifier operati ng inthe RF/IF

frequency range which avoi ds using external inductors.

the Related Art Despite the many buffer anplifier deS|gns 0 'WMWWWMHM”W&
art, CMOS eduival ents of bipolar buffer anplifiers, like the poton or
the class AB circuit, tend to be inferior. W will denonstrate thls poi nt
by exam ning.a CMOS equival ent of the "Darlington pair" buffer anplifier in

FIG 1, and a CMOS equi val enNpolcasR-ABdRFircMmesBUAFER FORFIG 2. FIG 1
shows an NMOS transistor ML coupled in series with a current source |,

coupl ed between a positive vol t agddSQPpLHIRARARBRINNGUNd (GND}. The gate of
M I's coupled via capacitor C, to input v~ and via resistor R to another
vol tage supply VR Simlarly coupl ed bet vveen Vpp and ground is a second NMOS

transi stor MZ in series W|tha Fﬁ\ﬁd)ﬁ The gate of MZ is
, oH I
coupled to the source of M an e sour ce s coupl ed via a second

capacitor CZ to output vo. CPis the t ot al para5|t| c capaci tance of the
pad, pin and printed circuit board (PCB) and R~ is the external | oad,
typically 50 ohm n--Eieldofthe lpygliger  the CMOS version does not work as

nel | as the bipolar (g o Tof BL BRNR OfgLLART ARCA.Rl HEs fbkev' L i

FIG 1, where gnR i ranscon ance rven M2 RL

vi 1 + 9n2RL (1bar&é\m¥(t&a)somana@gﬂbmh;hynfa‘ée@errélmg irf the RENF &u@eﬁw ande lt is
necessary to have g~~ 1. This is a very difficult requirenent - even in

sub-m cron CIV%W*!ICBHM@L@WQGM@W‘D@UWW high as Rr is equal to 50i only.
Very large sizes for MZ and very large values for 12 are required to
achi eve this. Such transconductances, however, are nmuch nore easily

achi evabl e Wi th bi pol gjestfp¥ibi6iihd RelGl¥P At echnol ogy this circuit usually has
a voltage gain that i1s substantially less than unity while driving 50f2

FIG 2 shows a four Despifesths tnany MeBamplifie deésigns obﬂweaelaieqbedtaIMQSa&svaths
push-pul |l buffer amplifier. The section frominput v~ to M is identical

to that of #1G ofbirgigipufferamnipers dike theradington,os fnecigss %ﬁlcﬂﬁ“‘h%d fabe iafgigrce
| ed | Z t
T oupl ed t ot 1o Aot i bintly gmiriha EOUEE vt MU alfon ki 921 ©

conpri si ng NMOSplifigmiphificd in AVB. Anfd BMMEOS equivdict lhss\B 5merabmgdnfl@eﬁ1\mm +Vop
and ground. The gate of M3 connects to the source of MZ and the gate of M

connects to the source of M. The junction of M3 and M4 coupl es via CZ to
OULPU vo. Coupt 20, HaLUEER R M R B BB B BLS b R 2
identified by |ickgoddib@iédns SsiticddiBES SUpghly Vyp, and ground (GND). The gate of M, 1s
coupled via capacitor C, to input v, and via resistor R, to another voitage supply V,
Similarly coupled between V., and ground is a second NMOS transistor M, in series
with a second current source l,. The gate of M, is coupled to the source of M,, and the
source of M, is coupled via a second capacitor C, to output v,. C is the total parasitic
capacitance of the pad, pin and printed circuit board (PCB) and R, is the external load,

typically 50 ohm.

| | A

*G00002*



2 This circuit is superior to that in FIG 1 in sonme respects. The

qui escent current can be low, the sizes of the output transistors M3 and M4
can al so be smaller However the disadvantages are as follows. Firstly, the
signal swing is limted at the output to Vpo - (V~s4 + V~s3) conpared to
Vop - Vcsz in FIG 1. Since Vas is of the order of 1V, thisis a
substantial loss with Voo = 3V which is quite common for deep sub-mcron
CMOS technol ogy. Secondly, the DC voltage at the sources of M, M4,
designed to be equal to VR=Vo~l 2, nmay not be realised in practice because
of VGS m smatches of M, M2, M3 and MA. This further degrades the output
signal sw ng ofjodver, e EROSTBIsi dbes A&t iwohess wallastihl Spdlargall] th@chi eve unity
vol tage gain, when realised with source followers simlar to the circuit in
FIG 1. A gxpteesitn foevnitobe gaiv ebthedireuitdn FIGL | oviengig\l.i8he Paventductapbati ng to
buffer amplifiers: U S. Patent 6,052,028 (Heaton), U S. Patent 4,495,471
(8arrett) ,MafsgVeply ent 4,471,319 (Metz), and U S. Patent 4,390,852 (Addis),
descri be Bipolar and FET buffer anplifiers for different applications. U S.
Patent 5,111, 157 (Kom ak) dgscribﬁs‘ﬂ buffer with MOS devices but uses a
conplicated circuit w tAysevera rs. U S Patent 5,959,474
(Zonorrodi) and U.S. Patent V5, 688, &RER(LeFevre) descri be CMOS buffers but
they are c | i I i t appl | i . t 5,877,634
(il o) ORISR0 AR indt PR AL SRR AFREA0T e B2 e ot put
The ci r cui Thisisased diffiditeequiemaht -Gver nisubiocrod eR0Baclncb gy, mastbthefyw se
different. 3 None of the related art satisfies the requirenent to provide

a 50i 2 analighyaolifis equahia?QF ondy. \velargeisizgs fan M. |ed very |apmervabigs &nkyare ange
typically 100 -2GHz), whi.ch be i nt ted i t ec| |
o e AR R A e BRSS9,

ext er nal i5@%&5&@auﬁsagougpdéme@vmims bR tiks Bfcin GLlally RAPRGHL S are the

-a
50i 2 load resistor and its coupling capacitor. SUMVARY OF THE I NVENTI ON |t

i S an obj egdin bkt iabubstatibllydess tiearbwoty e drofngtsh@ present invention to provide
a nmethod and circuits for an analog buffer anplifier operating into a 50
ohmload and in the radio frequency/internedi ate frequency (RF/IF) range of

typically 100M&?(3.t203h§9§% féd%ns?st%r%@?%gr%a{l%f a:bla'cggr &6 ;\é?ﬂ"?ﬁébu” S anot her

obj ect of the present Tnvention to I'n e this analog anplifier

in a CMOS baiedna@pigd THe destigreffonaunplitveto MPIj, 8Gdenttal toteatf BEENE | nvention to
elimnate inductors fromthe integrated circuit of the anal og buffer
anpl i fi er. Hpweyes, “ézt'i’riPPN&?ﬁ)lf%ISt%bﬁ@bha%ﬁs foHEee spieashitia b i/ Bfub | to elimnate

the need fqr.e t@r.nal inductors. It.is a. further, object pf ihe, present
nvent i on AE 8 Metnertel Bty ang s Ferdi cBRicAh BB Mg M, 3R B

drive a CMOS output stage comprising NMOS transistor M, and PMOS transistor M,

coupled between +V, and ground. The gate of M, connects to the source of M, and

the gate of M, connects to the source of M,. The junction of M, and M, couples via C,

to output v,. Coupled between the output and ground are C;, and the load R, as

described in FIG. 1 above.

In these and subsequent figures, like parts are identified by like numerals or

characters.



It is yet a further object of the present invention is to avoid using very
| arge transi stors and large current sources. It is still a further object
of the present mvent~on is to provide a | arge signal swi ng. These and many
ot her objects have been achieved by providing buffer anplifier conprising a
source-foll ower plus conmmon drain stage with a feedback path fromthe

out put of the common drain stage to the input gate of the source foll ower
stage. The feedback circuit is designed such that the output of the common
drain stage can be guaranteed to be at a voltage m dway between the
positive and the negative voltage supply of the circuit. This is the

opt i UM oper atinRciB ifbupehBias tidt it IEOMh doRR bedB8S rhe hgsabnisWad The
transconduct ance of the feedback anplifier nust be snmall, because the

out put couml baigwcthp aiced dithecanpudtrabastomdd aadt I, saadibebe sroallenHovwevat abi ity of
t he feedback | oop. A small transconductance is realized by biasing the
transi st ofhe dyadyaftages apasdrlionsp Firstyethe Riogpal swineys irgtrd @tithe sHiPYt to¥uch as by

operating them,i {nveysi egign._Jn. i tion, transistors
of the fead %Féﬁlvg | |er%li%gPP b&%l?%%?oﬁ@%e!‘ﬁ 'Sgcgfgllff Je’arggv\}é){/tl\ezgh'fbs reduce the
t r ansconduGupfamiaBy&withw, |, Bey et i §liitd doRmidnabitdebpelib-imerdd@lios he f eedback

t hrough the feedback anplifier is only present at DC (direct current) and a
very | ow fechgaesyciSesontiv. hedlGaiilape akthe beuress of bk tMgdesianed tnebediagalito of t he
common draj n,transistor, which, via an_out capacitor, i so.t he out put
of the burkaYeoanry Fride realied i prace fitalii § Vor RERRGBFEENY: B8 3 ant ages o
the preseny, TAXIHHePediddel RSO URAGIghY sAkB @Bbuk& TARINE kbittepéhnitRst he art to
which the invention pertains froma perusal of the clains, the appended

dr awi ngs, caeuit achievd wiity soltagg gdiet widnodalided gith peureerfolpiwetshamifar eftee r ed

enbodi ments. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a circuit diagram
of a bi poICHF““iIﬁHC?-ﬂgton pair buffer anplifier of the prior art. FIG 2 is a
CMOS equi val ent of a bipolar class AB push-pull buffer anplifier of the
prior art. FIG 3 is a high level circuit diagramof the preferred

embodi ment  of ARgehubhen reveRbi fHedbilodingtne. PiteReRlathM it Qimplifdr§s 4 s a
high I evel circuit diagramof the preferred enbodi nent of the differential
buf f er anpd.Bf PadentGf0520@8 (itaatrmntV. b rivatent 495 BY GBaprell)s UD. Retest 4étidPed circuit

6 10 achreu t CHAGTUN S A CPRPPB B ER g it CherBt i onal
t ransconduct aggrﬁplﬂig@k&rfdif%ﬁ-erﬁqmawns_t he present invention as used in FlGs.

3, 4, and 5.
U.S. Patent 5,111,157 (Komiak) describes a buffer with MOS devices but uses a

complicated circuit with several inductors.

U.S. Patent 5,959,475 (Zomorrodi) and U.S. Patent 5,668,500 (LeFevre) describe
CMQOS buffers but they are complicated and for a different application.

U.S. Patent 5,877,634 (Hunley) discloses a CMOS buffer with a controlied slew rate at
the output The circuit uses a differential circuit for feedback but i1s otherwise

different.



FIG 7 is a block diagramof the preferred nmethod of the present invention.
DESCRI PTI ON OF THE PREFERRED EMBCODI MENT FI G 3 depicts the basic idea of
the invention. The inductor-less RFIIF CMOS buffer conprises a source

foll ower stage with a first NMOS transistor M and a conmon drain stage
with a second NMOS transistor MZ. M is coupled in series with a first
current source |I" where the drain of M is coupled to +Vpp, the positive
vol tage supply. The other side of I, is couple to ground (the negative

vol tage supply). The gate of M is coupled via a first capacitor C to
input v,. A series conbination of resistor R, and a second capacitor CZ is
coupl ed between t he N@ikef e réfhtedad sgtisfiesthe réquremedso ponide a&0N @analod baffesecond
current source 12 and a second NMOS transistor Mz is coupled between +Vpo

and ground. The agwliiier gperping;ia theRTPIF dgavesicy rags Supieadly dPOMIIZ-3Ed2) avhighn cgh brp,
coupled to Iz, i . C ' ' : ' : o) up vo, CP is
the total paras ixrﬁ?i}g’%gg\aag?@gﬁg%éﬂg@ ogh%&%g%, nﬁ%‘!@ﬁﬁdghggf18@??\{(%;88’%&'&0?%{5){ 'Pctr)‘oar d
(PCB) A, is an opglicticied Wabn bxténaldaludeed &8 ecbaamidelll Ehe 6/ 8F-c@¥digbnants
positive and a negative input_ The positive input of A 1s coupled to the
drai n of MZ and arsiee§8gdnadvesistorand tafoyrling eapeeitasl ed to a vol t age supply
VR.. The output VF of A is coupled to the function of R, and Cz. The
external | oad R~ of typically 50 ohmis connected between out put Vo and
ground. The CMOS buffer can proviggumBaRYOERLE INFENTIONINal frequency
response fs of 100MHz to 2GHz (MHz = 106 hertz, GHz = 109 hertz) with R~
ranging from40 to 60 ohm C, ~s the input coupling capacitor) C3 is the

out put coupling capacitorb, and Cz is the conpensating capacitor for the
f eedback path for med" spngeiech® at lgastong embodimprt oh thepresgptIBYRMIGF o gpovig® M i s

set by 12 throu I ai i o r r t.ively.
The feedback pa’?ﬁe tg{i}f%rgltczrh?ﬁg&%&baégf?gbéﬁrt% g‘g@‘etép Sﬁ\?ﬂ‘g’dcﬁ,atsézﬂ] mt'ﬁ%do%g lé:lr ain
vol tage of M i shéeidiofregaersglinteragdiale flequdfdy (RE/FF) ranigh of §fpicaiyt1 0oz 18 2GHzDC)
voltage at the drain of transistor M is determ ned by OTA A to be
essential |y equdMHzg WohertigeHe ool Yer@R. The best value for VR is exactly
Vop/ 2 (when the negative voltage supply is ground, else it is the m dway
poi nt between the positive and negative voltage supply), as this will allow
maxi mum si gnal swi ngyt atanbiher S8jddP bt the PrRSerfBwbRIOMO IitdRktte Bd dM@ioh Bufro- 2Vpsat
which is a substantial inprovenment over the two prior arts, described
above, since Vosauplifiemn bEMBRIEec®ldggw as 0. 3V. Assuming that the voltage
gain of the source follower M is nearly unity, the gain for the overall
buffer is given by: Av = v- - gn2R. (2) vi For Av =1, from(2), we need
to have gn2R~ = 1 This, J - [ ; j to
that of F1G 1 and Fl& oy SR ot e o R e ¢
difficult to obtiaiegrassainorcwodf tiegma@aibnfiéranglifieet any | oss at the source
follower M or for other purposes. The stability requirenent for the
feedback loop is given by 2 ? ~9n2ro2 JI9ma ~RL + rot ~~ (3) C3 Here, roe
is the equival ent regi I i i . i ~ gma
~s the transconduct aﬁc':sz&@? ﬁ%?%r%%"% gggegﬁrgﬁkg@é%'ﬁg&&'&6%§£A§%%{?/Jt%sr%%lI
val ues of C2, C~in8uctorand gna nust be as small as possible Since C3 cannot
be made very small, gma will have to be nmade so by biasing the internal
transistors of A (shown in FIG 6 and discussed below) with very | ow

currents - operating,.n K- i, nv i O i f.requi A0 Fig.6 usuaglly, T9,
T8 and To are e IR T Bpecntis RN 36 aqulled s g opd o
However, by altepitpg the circuit such that (WL)9 : (WL), _ (WL),o0:
(WL)B=1. N, it is possible to reduce gma by N tines, N being an
integer. Referring back to FIG 3, the values of the coupling capacitors C,
and C3 are determined from ClL ~ 2~Rf and @ ~ ZnR f (4) 1ls Ls where fs is
t he signal frequency (100MHz-2GHz) The DC gain Apc and the unity-gain
bandwi dth fo of the feedback loop is given by: ADC = Lgn2ro2 Jl9nmaroa J (5)
fO = Lgnkro2 ~Lgma 2C2



where roa is the output resistance of the A . Since gm has to be nade | ow,
roa should be made as high as possible to maintain a reasonably high val ue
of App for accuracy of the feedback | oop However) this is easily achieved,
even if the transistors of A are 9 operated with very |low currents,
since the output inpedance is inversely proportional to the current.

Anot her inportant fact to note is that the feedback through A is only
present at DC and at very |l ow frequencies. This stabilizes the DC voltage
at the dramof M2 However, at signal frequencies, A and CZ forma gmC

| ow- pass filter - as, given . LC ntially.renpyes the feedback so
that the required ng % ygla ffjﬁp{?r%@egtamnlnﬁgj ro%’t%gw%'g?n ¥ﬁ%a\?’r.gas/'ijss"fgovrery§?rgf)r ovi des
the input inpedaRr@storslafd lfgeshipert bufbes f erential CMOS buffer driving R- =
100f2. In the figures like parts are identified by |like designations In
this case, no coupling capacitor to the load is required. To operate at
such high frequencies, 1.t 1S Inevi ﬁble that one will have to use the

mi ni mum channel | engt i SP&? hﬁ"t‘?fég’lea§/° {REPERTN KYEHED 'Sr8 Pravide daosPondlowever |
the current sourges |, and 12 will be inplenmented, as mFIG 5 discussed
below, with transistors having |ong channel length for accuracy of the bias
currents. 1t is not difficult to see that for the circuit topologies of
FIG 3 and FIG 4, the bias voltages and currents of M and M2, and, _
therefore, the perfofR3RERY BENY HEETRPISCENAVE befahieverhy rravdingP e aRelifier
unavoi dabl e i na Tl Ll W i ng
fabrication Theqﬁﬁ%ﬁgtiafgg %%%%989%Fg?ﬁgﬁhgyggakﬁ@@2£@%g%§pg&?F?@gﬁ uffer
40 and a second dutduk efthd domBord dramsstat@e tathe it gate obtae bourckefatidvam btage.t Thet he
CMOS buffer of FIG 3 and confer the sane advantages to the differential
CMOS buf fer. Theeedbagk gifcpi isidepigeed stich Higt theutperf g semansliain siege cm hes
omtted and that the. lqad resistor R is _connected bet n the two. outputs
Vo and vor . CompBREEsa bd fr el Pigual paBRET P BoHE N T SEwePradt

desi gnations ' prdygpilof thdBfcull Trhistisant batimsVESe B o8t Qhceil owd tRNQYdHes
unity gain at a é?gﬁal frequency resp%nse fs %?bf%ON+E to 26+£ﬁﬁﬁ%$§ R~ is
typically 100 ohsignabswing\hitehramsgondastayee fof hinf&@ibaak abBlifieymmst bersrhdlihecauses t he
same circuit as that of FIG 3, but current sources |, and |Z are_shown

i npl enent ed wi t Hthe PURYS OpRIINI §aPFlPT BHRC! Penade REY EBRlkE ansure siapiity sbbhenvos
transi stors M3 e I : L0 dram
of M3, both sou?@%@%% loég' Q%Q‘E‘m&%ﬁ %@dé%%g'fcé;'gpétaggeéjr ub%%%f] ggégg?'?\@g’r%/%}ﬁeage
supply). The dr afeadmikck Mapifer wtindne@dwicarrents;rsach astospeatiGdBihem, in &rdveake drai n

of Md is coupled to the source of . The gate of M5 is coupled to the gate
of M3 and the soflY&&optegion insaddiigptegitransisirdaiibe feedhack amplfisn paneber 2

i PMOS t i o VB, ' th
gate and the dranesros  pnn e Bldlie NGB fiolhe b Rk PR RREL T 1

posi tive vol t agengpdpphtyact ¥amat thEfeedbask thradigh Me fecdbackigriidled i® ot pre€sram OE Vb,
and the drain of M as coupled to the drain of MZ. W now describe one
possi bl e and pr efd#pstedreniindferndew Fravsmeien e T ypelpkiizes thel D¢ velisge aribeideiince
anplifier (OTA) Lllustr 6, Fi c P t | stor
T, and Tz are a QPP$§$EW?#§?m3%§%§?£F@ghﬁg?5@Sﬁﬁggéﬂpﬁ%Jggggg%%%“*F&q%% are
coupl ed to the npgabmgif@nd positive input IN-, I N+, respectively, and
where the sources of T,, TZ are joined. A first current source CS1l
conprises NMOS transistors T, and T9. The gate and dram of T, are connected
to the gate of T9. The source of T9 is coupled to the negative voltage
supply. The drain-source path of T~ is coupled between the dramof T, and
the negative voltage supply, respectively. 11 A second current source CS2
conprises NMOS transistors Te and T,0. The gate and drain of T8 are
connected to the gate of T,o0. The drain-source path of T,0 is coupled

bet ween out put VF and the negative voltage supply, respectively. The
dransource path of Te is coupled between the drain of Tz and the negative
vol t age supply, respectively. Athird current source CS3 conprises PMOS
transistors T3 and Tg. The gate and the drain of T4 are connected to the
gate of T3. The source-drain path of T3 is coupled between the positive

vol tage supply (+Voo) and the junction of the sources of T, and T2)
respectively, and the source of T4 is connected to the positive voltage
supply A current source (BIAS is coupled with one termnal to the drain of
T4 and wth the other termnal to the negative voltage supply A fourth
current source CS4 conprises PMOS transistors T5 and T6. The gate and the
drain of TS are connected to the gate of T6. The source-drain path of TS is
coupl ed between the positive voltage supply an the drain of T9,
respectively, and the source-drain path T6 is coupl ed between the positive

R N o, Y - v 1 o~



12 b) providing a common drain stage with a second NMOS transistor, its
gate coupled to the source of the first NMOS transistor, the drain of the
second NMOS transistor in comrunication with an output, c¢) coupling the
drain of the second NMD5 transistor via a second current source to a
positive voltage supply, d) formng a feedback | oop by coupling the
positive input of an operational transconductance anplifier (OTA) to the
drain of the second NMOS transi stor and coupling the output of the OTA via
resistive means to the gate of the first NMOS transistor, e) coupling the
negative input of the OTAto a reference voltage) f) coupling the output of
the OTA via capaciti Waestesmdsndny othenebjatts wed advbhtages  thadrysenwiedn@old Wl be
capacitive nmeans together with the OTA forma | ow pass filter, g) adjusting
vi a the feedbackrse8BRrPPRIENP PBR EXilagdip Bisrartdp whish (s ipvegtiondteriane frem @gieiusrivios

transistor such Bﬂﬁ% glgipﬁ Mglakelgﬁeatdra&}g&s%n%itﬁe f?)flovhé)\‘be%eﬁgﬁg%g%{ﬁe@eqtf EhaenSi stor

is precisely equal e reference age, and era ecting
the reference voplehgedembb@meh@way between the positive and negative
vol tage supply to allow for a maxi num signal swing at the output. The
advantage of this nmethod is that the feedback loop is only present at

direct current (DC) or low fre i es, nsi stors. of OTA are
preferably operated in their ﬁ%’%ﬁﬁ%ﬁ%@%@&ﬁﬁ%w}“ ove descri bed
met hod provides a CMOS buffer anplifier which can drive a 50 ohm | oad at
unity gain with a signal frequency response ranging from100 MHz to 2,000
MHz (MHz = 106 Hert z)FiIG1Bis a chtud didgFaroNf REpbhMTarlugtongpatr dutferummtifisr oadhe paibues
fromsinmulation at 400MHz, |, = 250mA, I1Z = 3mA, R~ = 15Ki 2, C~ =1 pF, CZ
= |QpF, C3 =1 CepF, g,~,2 = 20n6, r2 =1 K~2, gma = 1 NS, ra = 500Megn.
Wth these values, we can see that (3) and (4) are satisfied and (5) and
(6) yield A~ = 80d8 and f = 320KHz which are close to the respective

simul ation val ues of F&dBisarcM@3@Yhizalentldea pPASECIARIAB pushpsil Biflepdh@imel & 70.
the prior art.

FIG. 3 is a high level circuit diagram of the preferred embodiment of the buffer

amplifier of the present invention.

FIG. 4 is a high level circuit diagram of the preferred embodiment of the

differential buffer amplifier of the present invention

FIG. 5 is a more detailed circuit diagram of the preferred embodiment of the

buffer amplifier of FIG. 3.

FIG. 6 is a circuit diagram of a preferred embodiment of the operational

transconductance amplifier (OTA) of the present invention as used in FIGs. 3, 4, and 5.



In summary, the advantages of the present invention are: 1) an

i nductor-less buffer anplifier which can be integrated in CMOS 2) capabl e
of driving at unity gain a 50 ohmoff chip load) or a 100 ohm | oad for the
differential version 3) capable of operating in the RFIIF frequency range
of 100MHz to 2GHz 4) providing a large signal swng ( rail to rail mnus
about 0.6 Volt) Wiile the invention has been particularly shown and
described with reference to the preferred enbodi ments thereof, it will be
under stood by those skilled in the art that various changes in form and
details my be made w thout departing fromthe spirit and scope of the

invention. 14  CLAIRYE AR d iisHiGhiRkanh 66the piddRel widiR oMHelbréRathaston.

conprising a buffer circuit with an input v, and an output vo, applying an
i nput signal at said input v, and providing a buffered output signal at

said output vo, said buffe i |t fur isLpg' itive and a
negative vol tage supply, abﬁ%bé&*@}fgﬁﬁﬁ;ﬁéﬁﬁ%’%é[ﬁg@gg&ﬂg&@fam source path
and a gate, in comrunication with said positive voltage supply and said
negative voltage supply, the gate of said first NMOS transistor in

communi cation w th sEGA3 depets the, basia idefaro thednuentgmt Tee indogtoclesspREHF GlaOBeen

the source of said first NMOS transi stor and sai d negati ve vol tage supply,
a second NVOS t PHHe comprisesiiAvrrg falloweastpgeswtiy £ ustIQS Yaesisiorddtand 3 ggmmon

gam‘r}mi cation W'dtrg? §égggﬁt9§ is&oﬁﬁ“%é ?Q%is?olﬂ .l )(/I1 %r&iurﬁ@& ﬂ Jafi iihvaef|r¥t0| tage

pply, the gate of said secon ransi stor '‘coupled to e source of

said first NMOS duframsoaicet,, whele §i diaih bf M is eolipleitb +9QIthegiositive voltage supply.
The other side of |, is couple to ground (the negative voltage supply). The gate of M, i1s
coupled via a first capacitor C, to input v,. A senes combination of resistor R, and a
second capacitor C, is coupled between the gate of M, and ground. A series

* combmation of a second current source |, and a second NMOS transistor M, 1s coupled

between +V, and ground. The gate of M, is coupled to the source of M, The drain of
M,, coupled to 1,, is also coupled via a third capacitor C; to output v, C; is the total
parasitic capacitance of the pad, pin and printed circuit board (PCB) A, is an
operational transconductance amplifier (OTA) having a positive and a negative input.
The positive input of A, is coupled to the drain of M, and the negative input of A, 1s
coupled to a voltage supply V.. The output V; of A, Is coupled to the junction of R, and
C,. The external load R of typicaily 50 ohm is connected between output V, and
ground. The CMOS huffer can provide unity gain at a signal frequency response f of
100MHz to 2GHz (MHz = 10°® hertz, GHz = 10° hertz) with R, ranging from 40 to 60
ohm. C, is the input coupling capacitor, G, is the output coupling capacitor, and C, 1s
the compensating capacitor for the feedback path formed by M;, M,, A, and R,. The

bias current of M, and M, is set by |, through the drain and by I, through the source,



a second current source coupled between said positive voltage supply and
the drain of said second NMOS transistor, said second current source

t her eby biasing said second NMOS transi stor; where the dram of said second
NMOS transistor is mcommunication with said output vo, said output vo
capable of driving a load ranging from40 to 60 ohmat unity gain, and an
operational transconductance anplifier (OTA) with a transconductance gna,
having a positive and a negative input, and an output Vr, said OTA
providing at said output VF the anplified difference between voltages
applied to said positive and said negative input) said OTA form ng part of
a feedback path respemivelye Te sdatbadk i atijsectoa OCldate voibgaSoftM a0&i thhtake DO t he
gate of said first NMOS transistor, said positwe input coupled to the drain
of said second NVERVelagn ef iy igset %’3‘?'%?'%@@'3{)'@ Ve |-fplie dEest prreant (QF) yokagehge

supply VR and | : f..Sad.0.: j [ L 1 th the gate of
said first NI\/DSStﬁ ér'. gﬁg}uotsf?r g{‘s.'syg’.m#ﬁ@%&%@@%ﬁ%%“% em’]éelrtoe\(orlna%gfi rst
capaci tive nmeanssupply ¥QUphesbsbedlnernysiiesadipRyy2 Wwhea it ddyaneabragelsuss @
first NMOS transistor. 3. The CMOS buffer of claim1, wherein a first

resi stive means graunglieelbeisisthe midwvay @oohletwegndbs positve ppdinegative witags ®@plget ween
the gate of said fh'rStl lhll\/DS transi.stor .andt ﬁaidt nteq%ti ve vol tage sugpl Y,
where said secontf PERY'Y exjpruigha9qal syig at the owtpiity The maimuen SWIRG ISThe

CMOS buffer of cfai oy Xat WHEH i§iauBsthdtial FhpFABRAEH YA SRR ol StCAUWRLGES bet ween
the drain of said second NMOS transistor and said out put vo. 5. The CMOS

buf fer of cl ai mdgovetsgceVpsat han be gadd ad lpe@a By response of said CMOS
buffer ranges from 100 MHz to 2,000 MHz (MHz = 106 Hertz) 6. The CMOS
buffer of claim1l, wherein the direct current (DC) voltage at the dram of

sai d second NMOS traRsi st ] ] Erofdla 'sbu?ei t .
equal to said vol tagg&éﬁﬁtyh@&?gﬂﬁéggggg{tﬂgso gt:é;fé’e sﬂ%’ﬁl‘y Ef%ﬁtg‘ftg?g%ﬁy i's
exactly m dway bfer theeneralnbufieolstgnga bpf sai d positive voltage supply and said

negative vol tage supply. 16
Vv

Av =2 =goR| 2)
Vi
For Av = 1, from (2), we need to have g,,R, =1 This is a much less stringent
requirement compared to that of FIG. 1 and FIG. 2 where g.,R, >> 1 is required In

fact, it is not difficult to obtain some voltage gain to offset any loss at the source follower

M, or for other purposes.

The stabiiity requirement for the feedback loop 1s given by

C
627 2 [gm2r02 ][Qma (RL +Tlo2 )] (3)

Here, 1., is the equivalent resistance looking into the drain of M, (without R)), g,,,, 1s the

transconductance of A,. From (3) we see that, for reasonably small values of C,, C,



7. The CMOS buffer of claim1, wherein the direct current (DC) biases for °
said first and said second NMOS transistors are determ ned accurately
through the circuit topology of said CMOS buffer. 8 The CMOS buffer of
claim7, wherein the CMOS buffer performance is, therefore, unaffected by

i naccuracies in etching of the mrnnmum channel length of said first and
said second NMOS transistors during fabrication. 9. The CMOS buffer of
claim1l1, wherein said OTA further conprises: a first and a second PMOS
transistor Tl and T2, respectively, each of said transistors T1l, T2 having
a source-drain path and a gate, said transistors Tl, T2 arranged as a

di fferenti alngRAl fust f1EasERidfSis Phssil UsihELOSIaAh& bR nlabie véR sﬁ%ﬂ,%eg/illt o sald
negative and sard positive input, respectively, where the solfces of said

t ransi st or shalé to A@madeesq tnyi biexh)g the chtanhsd krendidtars df &) (aoveatin §83.@ dhgansi stors T1,
T2 are in cgnmuni ca i?n_mﬁth sai d negative voltage squIK; a first current
source cont#iEupeRs b§§PWt KED ¥elY furgurents rrppemtinhingfeak dvarsionghendtedry i1, a
second curr 0 e i u 0 i¢ t sistor T2,
2 TR rd our fae: R TP T e PR AR SO T ARl S ThlAs
sai d currenHoweur, o¢ altddhdthecromt dh el Wwarn, - $aild, PwiLy,| vevepd 1sai disnegat i ve
vol tage supplies, said third current source coupled between said positive
vol t age supptspibigrie regdupeigsdymténesoN beingdntintegssi stors T1, T2. a fourth
current source controlled by said first current source; said fourth current
source in series with said second current source and coupl ed between said

positive anﬂe@ﬁiggbaaaarpid%, lﬁ@lv‘éfﬂg§oﬁH@9$dgﬁﬁgcafp§§f?:?sc(§,iéﬁ@!d/’areand 17 said

out put VF coup to the junction of said fourth and sai d second current

source. 10. detbenitgB&ronf: cl aim 9, wherein said PMOS transistors T1 and T2
have identical channel dinmensions. 11. The OTA of claim9, wherein said
PM3S transistors Tl and T2 are operated in their weak inversion region. 12.
An i nductor-|ess di ffere@t1|>al tvos QMf@r3 Wi t H f eedback, conpri si &{9

27R 2R f

where f; is the signal frequency (100MHz-2GHz)

The DC gain Ap¢ and the unity-gain bandwidth f;, of the feedback loop is given
by:

Apc = [gmzfoz ]{Qmaroa ] )]

f, = 9m20o2|Oma]

6
27C2 ©

where 1, is the output resistance of the A,. Since g, has to be made low, r,, should
be made as high as possible to maintain a reasonably high value of Ay for accuracy of

the feedback loop However, this is easily achieved, even if the transistors of A, are



a first buffer circuit with an input v, and an output vo, applying an input
signal at said input v, and providing a buffered output signal at said

out put vo, said buffer circuit further conprising: a positive and a
negative voltage supply, a first NMOS transistor, having a drain-source
path and a gate, in comunication with said positive voltage supply and

sai d negative voltage supply, the gate of said first NMOS transistor in
comuni cation with said input v~; a first current source coupl ed between
the source of said first NMOS transistor and said negative vol tage supply;
a second NMOS transistor, having a drain-source path and a gate, m

comuni cat i eperated witrsindlopesireity.singe Keaaydp &t npsiigncenslineesaly pregatdnattovol t age
supply) the gate of said second NMOS transi stor coupled to the source of
said first RRE™EPMansi stor and said first current source; 18 a second
current source coupl ed between said positive voltage supply and the drain
of said second NMOS transistor, said second current source thereby biasing
sai d second NMOBnbtharimpsitant factbent i§ that the adedbadk tivaugh A.as omgpdddabat r ansi st or
is mcomuni cation with said out [?u_t vo; an operational transconductance
anmplifier (@?ﬁ%)"dm ey 'QWtffleah*%'@@ﬁd bis sipblzegitee DRAGHagg ahthgdsm ofMe and a
negative inP ve a |nal re eHP:Ieé/F agc?bdfor A P! Y)!Ndlars] ffEl Sal'dn utgut VF the
anplified d Py énc%gbe V\%en vdl'ai ages? appFIg@ opsa|3 pos‘??YQ/ Yd&d said
negative i NHich eShthPlemdves theNGedBask sothatand @quéardammtuhﬁ? &g he drain of
said second ~I JMOS transistor to the gate of said first transi stor,

sai d positi oktaingputhegesiptbeld, providasdhelinpitimpddases.d second NMOS transi st or)

sai d negatwe input coupled to a voltage supply VR, and said output VF of
said OTA mcomunication with the gate of said first NMOS transistor, and a
second buffer CigigU dhoWs bRiRRMARMIOY buff @ AfAPROMI B4, H%he figifeBliid NG an
input signal at said input v," and providing a buf f ered out put signal at
sai d out put puids gre wetifed daiikk dm(goaﬁbnbufnftms case; 00l couphisg capantor oahe bad sai d
first buffer circuit, where said input v,' equals said input v;, and said

out put vo ediEAred,ilPoRRIRIS A SHAS. h'@s"“%'% "F'Pé]’eéﬁtﬁlﬁ'ea‘f‘at@%ﬁ’”mﬂ’?@r of claim
12, wherein UE%]EIEQMFIIRMFH c%nrﬁe"llleq%tﬁ ggffn?ﬁ%{l;\)}tﬁé te 'fctrfl\ﬁ r’q% woﬁb\ﬁﬁ)sp out put

vo to said ou I'oad randl rom 'to 120

ohm at uni t yheg@irdnt sblrces 1 4nd Ilwal uis.hberremfeuaés 1OMSS skiiclised élow) vaihm 12,
wherein a first capacitive neans is coupled between said i nput v~ and t he
gate of sai drahsistens hawi@Bong ehesineldengtifsr acthacyipfithebien curentsCiBed dfifcett  of

claim 12, wherei rst resistive a es. with a second
gl 1 Lve L& Redorthd Sleuh EpaBaEb Mo au Hebf hSat e 2 Sonshis
of M, and M,, and, therefore, the performance of the buffer is aimost unaffected by the

unavoidable inaccuracies in etching of the minimum channel length during fabrication

The differential CMOS buffer of FIG. 4 comprises a first buffer 40 and a second
buffer 41. Buffers 40 and 41 are both identical with the CMOS buffer of FIG. 3 and
confer the same advantages to the differential CMOS buffer. The only difference is that

the coupling capacitor C, is omitted and that the load resistor R, is connected between

the two outputs v, and v,'. Components of buffer 41 are identified by having their
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NMOS transi stor and said negative voltage supply, where said second
capacitrve neans is part of said feedback path. 16. The CMOS buffer of
claim12) wherein the direct current (DC) voltage at the drain of said
second NMOS transistor is determned by said OTAto be essentially equal to
said vol tage supply VR, where said voltage supply VR preferably is exactly
m dway between the voltage of said positive voltage supply and said
negative vol tage supply. 17. The differential CMOS buffer of claim 12,
wherein the direct current (DC) biases for said NMOS transistors ML and M2
are determ ned accurately through the circuit topology of said CMOS buffer
18. The CME ffer .of .clal iWARIS M er rformnce is,

t her ef or e, u'ﬂg#ﬁ‘oré% S@L%yﬁﬁg'lg%‘%%ci es(fé~§1hf¥§P§fhi ng % H{’%Seunrlrtieﬁ?'nﬁ{r’ﬁ channel

| engt h of ssmbrdquesdy regpdnsad, df Hembizdo ANMIBwhera RS istymdatly Mg oW, bdtir i ng
fabrication 19. The CMOS buffer of claim 12, wherein said OTA further

conpr i ses:Whigh mayyapge fsqm 8ot BOBFond PMOS transi stor T1 and T2,
respectively, each of said transistors Tl, T2 having a source-drain path
and a gate, said transistors T1l, T2 arranged as a differential pair, the
gates of said fAOSS BiY SanmblsircliRasBatdf €65 3pb @ @ldert eglatdsMearngdasai d positive
i nput, respectively, where the sources of said transistors Tl, T2 are

j oi ned, arsthowhénpemérdedivigi transistor gafotlows. rigiest spurced, comprisgseNMAS conmuni cat i on
wi th said negatwe voltage supply:..a first current urce controlled by the
current i rrRBoER My AP Se @i M Fseypiod e the ol apd Becin 6rib Belr ce
controlle dr.ay i I I i rrent

sour ce coﬁstolra}(; e% lggMb{l/’ﬂt rﬂ“eé}g Eé@égr?t@%%&% g}eg%tﬁegglﬁatrgggu%%?}g?é E‘glrn f%r rent

sour ce ( BlidSoumadab edrrdre soweniBHES, dng G draiv ef Mid coupled to @@gadouice oVM|.t age

supplies; said third current source coupl ed between said positive voltage
suppl y andThegate efd(ic eaupisd ta Hie@aterod s jagd iesoyrge offid is goynlgsh to@raindr ent sour ce

control l ed.b aid first cur source,.,sai d _four current. source m
sori s wi t RIS Soues s pomRrset féﬁ‘tgtss,‘baﬁg%‘é’%a“ﬁﬂm&*%&%ﬂéjdtr{’;%?é\/{\%é’nﬂs'éi d positive

and said n&ﬂﬁfejdf{@th\é@bfeaéﬁﬁ tiSLRih ioEM,, boBSRaRk: VAl YandanGrsadudleaus put  VF
coupled to the junction of said fourth and said second current source 20

The OTA of paitie nolte@e swipdt Biop  She draiPDd; tsrcandedtodhesdran chlNg and thsave i denti cal

drain of M, is coupled to the drain of M,.

We now describe one posstble and preferred implementation of the operational
transconductance amplifier (OTA) A, as illustrated in FIG 6.

First and second PMOS transistor T, and T, are a differential transistor pair,
where the gates of T,, T, are coupled to the negative and positive input IN-, IN+,
respectively, and where the sources of T,, T, are joined.

A first current source CS1 comprises NMOS transistors T; and T,. The gate and
drain of T, are connected to the gate of T,. The source of T is coupled to the negative
voltage supply. The drain-source path of T, is coupled between the drain of T, and the

negative voltage supply, respectively.
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channel dinensions. 21. The OTA of claim 19, wherein said PMOS transistors
Tl and T2 are operated in their weak inversion region. 21 22. An

i nductor-less CMOS buffer with feedback, conprising. a positwe and a
negative voltage supply; a first current source to provide a bias current
|,, said first current source further conprising: an NMOS transistor M3,
havi ng a drai n-source path and a gate, the gate and drain of said

transi stor M3 coupl ed together, the source of said transistor M3 coupled to
sai d negative voltage supply; an NMOS transi stor M4, having a drain-source
path and a gate, the gate of said transistor MA coupled to the drain of
sai d transi st op s¥BondiddfieftAiduRe QX2 BRipfsdsNMIOSS Ghidistdvd TeaHdPT earHeQakal d
negative vol tage supply; an NMOS transistor Mb, having a dr ai n-sour ce pat h
and a gat eand ¢iain ghTcare Forgicigdite thggater b MEhe digptdrcedathiid Tgram of sai d
transi stor M3 h urce of said transistor coupled tq said negative
vol t age suf)cﬁﬂpﬁ?;d tbe@ve%ﬁo tﬁf’ t\ZF afjnrdg!ée ?ﬁai VOﬁf&‘)el sug@' B‘é?ﬁmﬁ’el aiqLE:Je g’@gﬁ'ti ve

u
a curre

0 couple €
vol t age suplide pHvoft )@ Hipled befwesAkie dr&iRBET, S theMEgatve RURAgB susHf CUi t Wi th
an input v, and an output vo, applying an input signal at said 1nput v~ and

provi di ng eesbedtively.ed output signal at said output vo, said buffer c~rcu~t
and a gat et h Bidsfrept Stisal o ST EEt TR EBHPRd: P Do 0e BT ve
VoSO, 5 b oLnBlen WO LS MoBNR S M BARL
coupl ed t obttweesithaipositfe witagk $uppIyg+&),end i junction of the sources of T, and T,
respectively, and the source of T, is connected to the positive voltage supply
A current source IBIAS is coupled with one terminal to the drain of T, and with
the other terminal to the negative voltage supply
A fourth current source CS4 comprises PMOS transistors T; and T,. The gate
and the drain of T, are connected to the gate of T,. The source-drain path of T 1s
coupled between the positive voltage supply an the drain of T,, respectively, and the

source-drain path T is coupled between the positive voltage supply and output V,

respectively.

With reference to FIG. 7, Blocks 1 to 6, we descnibe below the preferred method
of providing an inductor-less CMOS buffer amplifier with feedback, using the steps of.
a) providing a source follower stage with a first NMOS transistor, its gate in

communication with the input of the CMOS buffer amplifier, its source coupled to

a first current source,

12



a second NMOS transistor M2, having a drain-source path and a gate, the
drain of said transistor M2 coupled via a third capacitive neans C3 to said
out put 22 vo, the source of said transistor M2 coupled to said negative
vol tage supply, the gate of said transistor M2 coupled to the source of
said transistor ML, an RC network conposing a resistive neans RL coupled m
series wwth a second capacitive neans C2, said resistive neans Rl coupl ed
to the gate of said transistor ML and said second capacitive neans C2
coupled to said negative voltage supply, sad RC network form ng part of a
feedback circuit fromthe drain of said transistor M2 to the gate of said
transi st dn M droviding e comphop drairestageswitiv agecood NMOWE tchasiatobiitagatewoupdst | Z f or

said transistor, M2, sai.d sec rrent source further conmprising. a PMOS
transi stor Ma° RRWHG %{%%eofﬁ?tg\@-ﬂ%?Eﬂqsﬁé?'htﬁﬁﬁﬁ”é‘)fd%‘?%e,co'i'chéMgste and drain of
sai d transi st QanMiorGPsHRRchida8SENEEAN ofthlR, SOurce of said transistor M
coupled to said positive voltage supply, where the drain of said transistor
M5 i s coupl edctuplingtbe dragi of tieef sesandiNMOSNsInsibtor vid/b se@nBPMDBt sansitst or M7,

havi ng a source-dram path and a gate, the gate of said transistor M
coupled to thépa?'té‘ieri’ogﬁ‘gessél%ly'transi stor M5 the source of said transistor
M7 couplegd to I ikl . sai d transistor
VT coupl o 1 o TRLY gRERhi G 3 Copihodtippistivg BRULJraR speameal |

t ransconduct agagscanductahteampiBEADTW tohth@diainadl SRsedolel INOS t@ndstornavi ng a
positive and a negative input, and an output VF, said OTA providing at said
out put VF t he apgrpuphngeiiie dutpetaf el Avda esistivemeansde thegals df ¢ fred sai d
positive and M{;%gaii ve input, said OTA form ng part of said feedback
circuit from F'Of said second NMOS transistor M2 to the gate of

sai d firsg) NMB,dingsingb&tive sr@gmtmmtov;rerévmgvs@ge] ed to the drain of
said second N transi st or , said negative input coupled to 23 a

vol t age sfippl yolfRng tedbutpat of thieu® PpAivia Yhpasitive aiedn<db/A regatpleaditdge t he juncti on
bet ween said resistive ans Rl and said second capacitive neans C2 23. The

CMOS buffer offURINIMEPEANe (HPEFEYGMENS ieretee Wt et bR oAt Bi5e at the
drain of g)a' d SRR b AR Hop iy ditedt ARLRT iR GokaBY ofRk do G4 tO be
essentiall'y equal to said voltage supply VR, where Said voTtage supply VR
preferably is NM@S transistorduetythbtdbevedtage dtdhey diainag theckecaaiNMPBsi ti ve vol t age

supply and sai d negative voltage supply. 24. The CMOS buffer of claim 22,
wherei n t he difiaadstocigpresisely e todhasdaseqcsvokagegandvos transi stors ML and M2

ar e det er g ned Acauf aLel ool Aol 56l Il idhapRLagn B 5l S buf fer

25. The erern sai nsistors said first and

sai d second cu{eg@tme vEIRIdE GBSO AlIbWITRF 8 ARRINASh MbddishAg et tebanpgl | engths for
accuracy of said bias currents 26. The CMOS buffer of claim25, wherein the

CMOS buffer performance is, therefore, unaffected by inaccuracies in
etching of the_m ni num channel Ien%h . )

The advantage of this method 1s Yhat the feedback loop is only present at direct
current (DC) or low frequencies. Transistors of the OTA are preferably operated in their
weak inversion region. The above described method provides a CMOS buffer amplifier
which can drive a 50 ohm load at unity gain with a signal frequency response ranging

from 100 MHz to 2,000 MHz (MHz = 10° Hertz).
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of said first and said second NMOS transistors ML, M2 during fabrication
27. The CMOS buffer of claim 22, wherein said OTA further conprises: a
first and a second PMOS transi stor Tl and T2, respectively, each of said
transistors T1l, T2 having a source-drain path and a gate, said transistors
T1, T2 24 arranged as a differential pair, the gates of said transistors
T1l, T2 coupled to said negative and said positive input, respectively, and
where the sources of said transistors T1l, T2 are~oined; a first current
source conprising NMOS transistors T7, T9, each of said transistors T7, T9
having a drain-source path and a gate, where the gate and the drain of said
transistor T7 are coupled to tdhwugatieNntes@iTd transistor T9, the source of
said transistor T9 coupled to said negative voltage supply, the

drai n-source path of said transistor T7 coupl ed between the drain of said
transistor T1 gnd said ne iLve vol tage spectjively; .a, second
current sour ceg%'gqrsbo;%?es?ur%egﬁ%\'/fﬁgﬁ i g?\'é isg?uéaﬁféﬁgg%lo%%; '?é%hmg‘f'z sarg

transi st orgg, =MbKO[ €0=hpawi 16 FOpHr @) H160RHET §6 PAE, ane 1KgL.es 1pd)ere the gate
and the drain of said transistor T8 are coupled to the gate of said

t ransi st or50PMegQ: With thesg yalupsuwe earpigerhaif3)ead diarasiisiadand 1 @nd ipl ed

bet ween sai. utp VE ,and id negative voltage suppl respectively, the
dr ai n- sour® dg@théb@? aé‘gl?"d' %ﬁ)&%iwgcgrarergo%eéa t?eergs‘)oe&ta\&esé'ﬁm?tﬁg V%‘P%ﬁ?f of said
transi st orzghd ARY761A TREPIRLsk WaryiR I RHQatkRPYOe. respectively; a third
current source conprising PMOS ttansistors T3, T4, each of said transistors
T3, T4 having a source-drain path and a gate, where the gate and the drain
of said transistor T4 are coupled to the gate of said transistor T3, the
sour ce-drai n pHyimeans iepdvariagasf Yie prepepbinyanden Met ween sai d positive
vol t age suppl n he nct | . fhe sa id transistors T1, T2,
respecti veﬂya)ny'? ué:%g%ﬁsf %Jefl‘é(r)% 3“@@?&%'?‘%%@. bset'ﬁ{e&%% d@%g@?ﬂgg to said positive

vol t age supapabléiof@ating Bt urkPysin @ SbBNADMNPIo@d, bt 4 360 eriflioad fparend term nal,
said first terminal coupled to the drain of said transistor T4, said second
term nal coupl differeptial y¢reiomegat i ve vol tage supply, and 25 a fourth current

I Si MOS, .t i T5, T6 f gt I st T5, T6
havi ng o souPRetdrtarraa A e BF Y Geatdronpsed it ed iz the aram of “sai q
transi st or )iRodify & RHR! Rffal Mg @Rl @ihusabslt beasgj stor T6, the

source-drain path of said transistor T5 coupl ed between said positive
vol tage supply and the drain of said transistor T9) respectively, and where

o 06, oot o ARV ienieh Svsegrs R Pl e P Be bt 3 sy
wher ei n t hg Ghapnel eﬁmoqrntsnks%ér@ﬁgﬁ Willrb@\ltt\;‘!nger%!:d _egfu@@é Ll RS St Pt fT9 over

said transistor T/ equals the channel th-to-length ratio WL of said
t ransi st or vdribQs ovagesiaifsim dndnistaiié may 58 made adtisout bepartagifomahe gwét andiner al 1
over N, where said Nis an integer. 29. The circuit of claim 28, wherein
sai d transéeapgtthgiventigha i s reduced by N tines. 30. The OTA of claim 27,
wherein said transistors T5 and T6 have identical channel dinensions. 31.

The OTA of claim 27, wherein said PMOS transistors Tl and T2 have identi cal
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channel dinensions 32. The OTA of claim 27, wherein said transistors are
operated in their weak inversion region. 26 33. The nethod of providing
an inductor-less CMOS buffer anplifier with feedback, conprising the steps
of : providing a source follower stage with an input and a first NMOS
transistor, the gate of said first NMOS transistor in conmunication with
said input, the source of said first NMOS transistor coupled to a first
current source; providing a common drain stage with an output and a second
NMOS transi stor, the gate of said second NMOS transistor coupled to the
source of said first NMOS t A Stor, the drain of said second NMOS

transistor 19 CORMMLGALLATTMOSBRE HhnqLldBHL oGfitfligna the drain of sai d

second NMOS transistor via a second current source to a positive voltage
supply; form ng abiifeedibamkvith@anguyv,aedph baguttvi)eapplydigtan dut sighal at@bigan
operational transconductance anplifier (OTA) to the drain of said second
NMOS t r ansi st veaid PEQYiIg; gy fierrs astrupsignabpt spid eptrot . $aid bhiasicseuitve neans to
t he gate of fﬁﬁf\gcgﬁwér?ﬁli NMOS transi stor, coupling the negative input of said
OTA to a reference Vo r'[gage, coupling the output of said OTA via capacitive
means to a negative wWQlobi@gearidfddativeNdRide stippig, capaci tive nmeans toget her
with said OTA forma |ow pass filter; adjusting via said feedback | oop the
direct current drainafest tansistgrdhaying rilanemece pathanda gateduich t hat t he
voltage at the drain
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a first current source coupled between the source of said first NMOS
transistor and said negative voltage supply,
a second NMOS transistor, having a drain-sousce path and a gate, in
communication with said positive voltage supply and said negative voltage
supply, the gate of said second NMOS transistor coupled to the source of said
first NMOS transistor and said first current source;
a second current source coupled between said positive voltage supply
and the drain of said second NMOS transistor, said second current source
thereby biasing said second NMOS transistor;
where the drain of said second NMOS transistor 1s in communication with
said output v,, said output v, capable of drving a load ranging from 40 to 60
ohm at unity gain, and
an operational transconductance amplifier (OTA) with a transconductance g,
having a positive and a negative input, and an output V., said OTA providing at said

output V,. the amplified difference between voltages applied to said positive and said

negative input, said OTA forming part of a feedback path from the drain of said second
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34. The nethod of claim33) wherein said CMOS buffer anplifier drives a 50
ohm |l oad at unity gain. 35 The nethod of claim 33, wherein the signal
frequency response of said CMOS buffer anplifier ranges from 100 MHz to
2,000 MHz (MHz = 106 Hertz). 36. The nethod of claim 33) wherein
transistors of said OTA are operated mtheir weak inversion region 37. The
nmet hod of claim 33, wherein said feedback |oop is only present at direct
current (DC). 38. The method of claim 33, wherein said feedback |oop is
only present at very low frequencies. 28 .Af?. A3 Y .AF E . A A ,.AH

A3 A5
NMOS transistor to the gate of said first NMOS transistor, said positive input coupled to
the drain of said second NMOS transistor, said negative input coupled to a voltage

supply Vg, and said output V, of said OTA in communication with the gate of said first

NMOS transistor.

2. The CMOS buffer of claim 1, wherein a first capacitive means 1s coupled

between said input v, and the gate of said first NMOS transistor.

3. The CMOS buffer of claim 1, wherein a first resistive means in series with a
second capacitive means is coupled between the gate of said first NMOS

transistor and said negative voltage supply, where said second capacitive means

is part of said feedback path.

4. The CMOS buffer of claim 1, wherein a third capacitive means is coupled

between the drain of said second NMOS transistor and said output v,,.

5. The CMOS buffer of claim 1, wherein the signal frequency response of said

CMOS buffer ranges from 100 MHz to 2,000 MHz (MHz = 10° Herlz)

6. The CMOS buffer of claim 1, wherein the direct current (DC) voltage at the drain
of said second NMOS transistor is determined by said OTA to be essentially
equal to said voltage supply Vi, where said voltage supply Vg preferably is

exactly midway between the voltage of said positive voltage supply and said

negative voltage supply.
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7. The CMOS buffer of claim 1, wherein the direct current (DC) biases for said first

and said second NMOS transistors are determined accurately through the circuit

topology of said CMOS buffer.

8. The CMOS buffer of claim 7, wherein the CMOS buffer performance is,
therefore, unaffected by inaccuracies in etching of the minimum channel length

of said first and said second NMOS transistors during fabrication.

9. The CMOS buffer of claim 1, wherein said OTA further comprises:

a first and a second PMOS transistor T1 and T2, respectively, each of said
transistors T1, T2 having a source-drain path and a gate, said transistors T1, T2
arranged as a differential pair, the gates of said transistors T1, T2 coupled to sad
negative and said positive input, respectively, where the sources of said transistors T1,
T2 are joined, and where the drains of said transistors T1, T2 are in communication
with said negative voltage supply;

a first current source controlled by the current in the drain of said transistor T1,

a second current source controlled by the drain current of said transistor T2,

a third current source controlled by the current of current source IBIAS, said
current source IBIAS coupled between said positive and said negative voltage supplies,

said third current source coupled between said positive voltage supply and said
sources of said transistors T1, T2.

a fourth current source controlled by said first current source;

said fourth current source in series with said second current source and coupled

between said positive and said negative voltage supplies, respectively, and

17
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further comprising:
a positive and a negative voltage supply,
a first NMOS transistor, having a drain-source path and a gate, in
communication with said positive voltage supply and said negative voltage
supply, the gate of said first NMOS transistor in communication with said input v,
a first current source coupled between the source of said first NMOS
transistor and said negative voltage supply;
a second NMOS transistor, having a drain-source path and a gate, in
communication with said positive voltage supply and said negative voltage

supply, the gate of said second NMOS transistor coupled to the source of said

first NMOS transistor and said first current source;
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a second current source coupled between said positive voltage supply
and the drain of said second NMOS transistor, said second current source
thereby biasing said second NMOS transistor;

where the drain of saild second NMOS transistor 1s in communication with

said output v;

an operational transconductance amplifier (OTA) with a transconductance
dma having a positive and a negative input, and an output V,, said OTA
providing at said output V the amplified difference between voltages applied to
said positive and said negative input, said OTA forming part of a feedback path
from the drain of said second NMOS transistor to the gate of said first NMOS
transistor, said positive input coupled to the drain of said second NMOS
transistor, said negative input coupled to a voltage supply Vp, and said output V,

of said OTA in communication with the gate of said first NMOS transistor, and

a second buffer circuit with an input v, and an output v, applying an input signal
at said input v, and providing a buffered output signal at said output v,', where said
second buffer circuit 1s identical to said first buffer circuit, where said input v,' equals

said input v, and said output v, equals said output v,
13.  The differential CMOS buffer of claim 12, wherein the output of said differential

CMOS buffer, from said output v, to said output v, 1s capable of drnving a load

ranging from 80 to 120 ohm at unity gain.
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14.  The differential CMOS buffer of claim 12, wherein a first capacitive means is

coupled between said input v, and the gate of said first NMOS transistor

15.  The differential CMOS buffer of claim 12, wherein a first resistive means in
series with a second capacitive means i1s coupled between the gate of said first
NMOS transistor and said negative voltage supply, where said second capacitive

means is part of said feedback path.

16.  The CMOS buffer of claim 12, wherein the direct current (DC) voltage at the
drain of said second NMOS transistor is determined by said OTA to be
essentially equal to said voltage supply Vi, where said voltage supply V,

preferably is exactly midway between the voltage of said positive voltage supply

and said negative voltage supply.

17.  The differential CMOS buffer of claim 12, wheremn the direct current (DC) biases
for said NMOS transistors M1 and M2 are determined accurately through the
circuit topology of said CMOS buffer

18. The CMOS buffer of claim 17, wherein the CMOS buffer performance is,
therefore, unaffected by inaccuracies in etching of the minimum channel length

of said first and said second NMOS transistors M1, M2 during fabrication

19.  The CMOS buffer of claim 12, wherein said OTA further comprises:
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fransistors T1, T2 having a source-drain path and a gate, said transistors T1, T2
arranged as a differential pair, the gates of said transistors T1, T2 coupled to said
negative and said positive input, respectively, where the sources of said transistors T1,
T2 are joined, and where the drains of said transistor T1, T2 are in communication with
said negative voltage supply;
a first current source controlied by the current in the drain of said transistor T1;
a second current source controlled by the drain current of said transistor T2,
a third current source controlled by the current of current source IBIAS, said
current source IBIAS coupled between said positive and said negative voltage supplies;
said third current source coupled between said positive voltage supply and said
sources of said transistors T1, T2.
a fourth current source controlled by said first current source,
said fourth current source in series with said second current source and coupled

between said positive and said negative voltage supplies, respectively, and

said output V. coupled to the junction of said fourth and said second current

source

20 The OTA of claim 19, wherein said PMOS transistors T1 and T2 have identical

channel dimensions.

21. The OTA of claim 19, wherein said PMOS transistors T1 and T2 are operated in

therr weak inverston region.
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a positive and a negative voltage supply;

a first current source to provide a bias current |, saud first current source further
comprising:

an NMOS transistor M3, having a drain-source path and a gate, the gate
and drain of said transistor M3 coupled together, the source of said transistor M3
coupled to said negative voltage supply;

an NMOS transistor M4, having a drain-source path and a gate, the gate
of said transistor M4 coupled to the drain of said transistor M3, the source of said
transistor M4 coupled to said negative voltage supply;

an NMOS transistor M5, having a drain-source path and a gate, the gate
of said transistor M5 coupled to the drain of said transistor M3, the source of said
transistor M5 coupled to said negative voltage supply;

a current source IBIAS coupled between said positive voltage supply and the
drain of said transistor M3;

a buffer circuit with an input v, and an output v, applying an input signal at said
input v, and providing a buffered output signal at said output v, said buffer circuit
further comprising:

a first NMQOS transistor M1, having a drain-source path and a gate, the
drain of said transistor M1 coupled to said positive voltage supply, the gate of
said transistor M1 coupled via a first capacitive means C1 to said input v,, and
the source of said transistor M1 coupled to the drain of said transistor M4;

a second NMOS transistor M2, having a drain-source path and a gate, the

drain of said transistor M2 coupled via a third capacitive means C3 to said output
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v, the source of said transistor M2 coupled to said negative voltage supply, the
gate of said transistor M2 coupled to the source of said transistor M1;
an RC network comprising a resistive means R1 coupled in series with a
second capacitive means C2, said resistive means R1 coupled to the gate of
said transistor M1 and said second capacitive means C2 coupled to said
negative voltage supply, sad RC network forming part of a feedback circuit from
the drain of said transistor M2 to the gate of said transistor M1,
a second current source to provide a bias current |, for said transistor M2, said
second current source further comprising.
a PMOS transistor M6, having a source-drain path and a gate, the gate
and drain of said transistor M6 coupled together, the source of said transistor M6
coupled to said positive voltage supply, where the drain of said transistor M6 is
coupled to the drain of said transistor M5;
a PMOS transistor M7, having a source-drain path and a gate, the gate of
sald transistor M7 coupled to the drain of said transistor M6, the source of said
transistor M7 coupled to said positive voltage supply, and the drain of said
transistor M7 coupled to the drain of said transistor M2,
an operational transconductance amplifier (OTA) with a transconductance g,,,,
having a positive and a negative input, and an output V¢, said OTA providing at said
output V; the amplified difference between voltages applied to said positive and sard
negative input, said OTA forming part of said feedback circuit from the drain of sad
second NMOS transistor M2 to the gate of said first NMOS transistor, said positive input

coupled to the drain of said second NMOS transistor M2, said negative input coupled to
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rain of said second NMOS transistor Is determlned by said OTA to be
essentially equal to said voltage supply Vi, where said voltage supply V,
preferably is exactly midway between the voltage of said positive voltage supply

and said negative voltage supply.

24. The CMOS buffer of claim 22, wherein the direct current (DC) biases for said
NMOS transistors M1 and M2 are determined accurately through the circuit

topology of said CMOS buffer.

25. The CMOS buffer of claim 22, wherein said transistors of said first and said
second current sources are implemented with long channel lengths for accuracy

of said bias currents

26. The CMOS buffer of claim 25, wherein the CMOS buffer performance is,
therefore, unaffected by naccuracies in etching of the minimum channel length

of said first and said second NMOS transistors M1, M2 during fabrication

27. The CMOS buffer of claim 22, wherein said OTA further comprises:
a first and a second PMOS transistor T1 and T2, respectively, each of said

transistors T1, T2 having a source-drain path and a gate, said transistors T1, T2
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arranged as a differential pair, the gates of said transistors T1, T2 coupled to said
negative and said positive input, respectively, and where the sources of said transistors
T1, T2 are joined;

a first current source comprising NMOS transistors 17, T9, each of said
transistors T7, T9 having a drain-source path and a gate, where the gate and the drain
of said transistor T7 are coupled to the gate of said transistor T9, the source of said
transistor T9 coupled to said negative voltage supply, the drain-source path of said
transistor T7 coupled between the drain of said transistor T1 and said negative voltage
supply, respectively;

a second cutrent source comprising NMOS transistors T8, T10, each of said
transistors T8, T10 having a drain-source path and a gate, where the gate and the drain
of said transistor T8 are coupled to the gate of said transistor T10, the drain-source
path of said transistor T10 coupled between said output V. and said negative voltage
supply, respectively, the drain-source path of said transistor T8 coupled between the
drain of said transistor T2 and said negative voltage supply, respectively;

a third current source comprising PMOS transistors T3, T4, each of said
transistors T3, T4 having a source-drain path and a gate, where the gate and the drain
of said transistor T4 are coupled to the gate of said fransistor T3, the source-drain path
of said transistor T3 coupled between said positive voltage supply and the junction of
the sources of said transistors T1, T2, respectively, the source of said transistor T4
coupled to said positive voltage supply,

a current source IBIAS with a first and a second terminal, said first terminal
coupled to the drain of said transistor T4, said second terminal coupled to said negative

voltage supply, and
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a fourth current source comprising PMOS transistors T5, T6, each of said
transistors T5, T6 having a source-drain path and a gate, where the gate and the dramn
of said transistor T5 are coupled to the gate of said transistor T6, the source-drain path
of said transistor T5 coupled between said positive voltage supply and the drain of said
transistor T9, respectively, and where the source-drain path of said transistor T6 s

coupled between said positive voltage supply and said output V, respectively.

28 The OTA of claim 27, wherein the channel width-to-length ratio WL of said
transistor T9 over said transistor T7 equals the channel width-to-length ratio W/L

of said transistor T10 over said transistor T8 equals the ratio of the numeral 1

over N, where said N is an integer.

29.  The circuit of claim 28, wherein said transconductance g,,, is reduced by N

times.

30. The OTA of claim 27, wherein said transistors T5 and T6 have identical channel

dimensions.

31. The OTA of claim 27, wherein said PMOS transistors T1 and T2 have tdentical

channel dimensions

32. The OTA of claim 27, wherein said transistors are operated in their weak

inversion region.
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33.  The method of providing an inductor-less CMOS buffer amplifier with feedback,
comprising the steps of:
providing a source follower stage with an input and a first NMOS transistor, the
gate of said first NMOS transistor in communication with said input, the source of said
first NMOS transistor coupled to a first current source;
providing a common drain stage with an output and a second NMOS transistor,
the gate of said second NMQS transistor coupled to the source of said first NMOS
transistor, the drain of said second NMOS transistor in communication with said output;
coupling the drain of said second NMOS transistor via a second current source
to a positive voltage supply;
forming a feedback loop by coupling the positive input of an operational
transconductance amplifier (OTA) to the drain of said second NMOS transistor and
coupling the output of said OTA via resistive means to the gate of said first NMOS
transistor,
coupling the negative input of said OTA to a reference voltage,
coupling the output of said OTA via capacitive means to a negative voltage
supply, where said capacitive means together with said OTA form a low pass filter;
adjusting via said feedback loop the direct current drain voltage of said second
NMQOS transistar such that the voltage at the drain of said second NMOS transistor is
precisely equal to said reference voltage; and

selecting said reference voltage to be midway between said positive and said

negative voltage supply to allow for a maximum signal swing at said output
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35 The method of claim 33, wherein the signal frequency response of said CMOS

buffer amplifier ranges from 100 MHz to 2,000 MHz (MHz = 10° Hertz).

36. The method of claim 33, wherein transistors of said OTA are operated in their

weak inversion region

37. The method of claim 33, wherein said feedback loop is only present at direct

current (DC).

38. The method of claim 33, wherein said feedback loop Is only present at very low

frequencies.
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