H GH FREQUENCY RECElI VER PREAMPLI FI ER W TH CMOS

RAI L- TO- RAI L CAPABI LI TY 5 BACKGROUND OF THE | NVENTI ON -
1. Field of the Invention The invention relates to a

| ow voltage differential signal receiver, and nore
particularly to a receiver which has a constant

vol tage gain over a large input common node

vol t age range.
Because of th%@%égm%%m@@&v to
2.2v) that a preanplifier for a Low Voltage
Differential Si gWéTH(GMDS)RAEeBO&AIIu@éQAHIhE\CI\/DS
rail-to-rail input stages of 15 the preanplifier
conprise an NMOS differential pair connected in
parallel with a PMOS differential pair. The NMOS i nput
pair is able to rea Wﬂj whi | e
> the PMOS input pai :ﬁ]lg ?b eto érjgac t he 1&2{%& ve
supply rail. At the mddle of the commobn node voltage
range, both the NMOS and PMOS i nput pairs are on, and
the total transconductance gmhas twice the gin of a
si ngl b Bigldof thebyetiap bot h pairs have the same gm '
val ue. Because 20 of this, the total transconductance

i's norhecmattﬁmtrelafeewsldxheoltagawﬁffﬁam Sighaideceiwngmd more
This is an undesired phenonenon because it results in

'%ﬁ%ﬁﬁ%aﬂ%r%ﬂﬂgh 63 doRABafit WHla é’ :Qﬁ‘b er aﬁ%"iﬁﬂﬂ Rommon mode

are the typical speciticat
%/(ﬁ{l@tga e Differential Signal (LVDS) rece| ver that the

10 ier needs to support:

2. Description of the Related Art
Because of the large comnion mode input range (0.2v to 2.2v) that a preamplifier for a

Low Voltage Differential Signal (LVDS) receiver uses, the CMOS rail-to-rail input stages of
15  the preamplifier comprise an NMOS differential pair connected in parallel with a PMOS

differential pair. The NMOS input pair is able to reach the positive supply rail while the

PMOS input pair is able to reach the negative supply rail. At the middle of the common mode

voltage range, both the NMOS and PMOS input pairs are on, and the total transconductance

gm has twice the gm of a single pair, assuming both pairs have the same gm value. Because
20  of this, the total transconductance is not constant across the input common-mode range. This

is an undesired phenomenon because it results in non-constant gain and variable unity gain

bandwidth.
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LVDS Receiver Preanplifier Specifications: 5 Features
Frequency 175Miz to 945MHz DC Speci fications Symbol
Paranmet ers Condi ti onM nTypMaxUnit VT!! Differential
In]P]cht H gh VOC =+1.2V +100nV Threshold VTL

er tial:

v el SR Anc S TSR PAih PR, (YD el
curren OV 10: A Vcc =3.6V Voc Common Mode

W‘ﬁ@é@nﬂ’l‘ﬁ?@ @Z’ésmﬁupl?%vm prior art has attenpted to

sol ve the above nentioned probl em of non-constant gm
over the entire common node input range. This is due
LY DS RecineriPraamplifiaf Spévificagions:t o-rai | i nput stage in

Operational Anmplifier design where |arge variation of

Fedtiket "Pedes an opti nal

Frequency 175MHz to 945MHz

DC Specifications

Symbol  Parameters Condition Min Typ Max Unit

VTH Differential Input High VOC =+1.2V +100 mV
Threshold

VTL Differential Input Low -100 mV
Threshold

Vid Input differential voltage  Rin =100ohm 0.1 0.4 \Y%

Iin Input current Vin =+2.4/0V =10 A

Vee =3.6V
Voc Common Mode Voltage 0.2 1.2 22 A%

All known prior art has attempted to solve the above mentioned problem of non-constant gm
over the entire common mode input range. This is due to the application of the rail-to-rail
input stage in Operational Amplifier design where large variation of gm impedes an optimal

frequency compensation.

Referring now to Fig. 1, which was taken from the second reference listed below (W.
Redman-White), we describe a typical circuit of the prior art. Rail-to-Rail input stages

utilizing NMOS (M1, M2) and PMOS (M3, M4) differential pairs in parallel and joined by a
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10 frequency conpensation. Referring nowto Fig. 1,
whi ch was taken fromthe second reference |isted bel ow
(W Redman-Wite), we describe a typical circuit of
ttlc/[e)sprllvor l%[rzi Rall-to-RaiI i nput stages utilizing .
; ] #\/rg%r% bioh€wa trbsplctRaieSnpit ¢
ﬁ'ﬂTeé‘It fﬁ“%‘a Jbgq%nbf y aé/gp%%{lrﬁ%geﬁgl Sﬁ mmtr?%nmglaock, pit common
ave ree operating regions with respect. |
RaSERBEE SR Be (TREn MBI Lo R o h oy et power
voltage is near the negative power supply (Vss), onl
$upplyRMgS), pally theoRMIOS padr opRtatese JPREPMAOHANT dﬂ?utweit?%ﬁaééaf the
near the positive power supply (VDD), only the NMOS

%ﬁiﬁve%%d’e@&ﬁﬁ)ly (‘_\%DT),C&WI!{& NMOS paiateradiesy dor agremoammgdednput
d-rail, both differential pairs operate and in this

{lqifdlggsn %’gﬂ@f mid-F A0 BGANGHGEARN ?aﬂi opfdiste aAdPH thistragien, the

I'g as fn the reglions where only one pair

(PMOS or NMOS) .is on.. The basic.principle. . ' i )
trgnspgn@gfaycq pr%thgfqpéleftp 15 twice as b aesﬁii 'tl?enr%glt%ﬁgbvggﬁeito&l one pair
differential pair so that its gm doubles when th e .
@MOS arNMA&Y is are . The basigpiriac ahind thysps IR, ¥ATY me§?fegtn(eotall current in
use a transistor to sense that one of the pairs has
keSdcti¢s AR Aintial gt that isQnibyiputsles wham diesttioar is lagtivse A simple way to
refer to paper: it Hogervorst, J.P. Tero, RGH -
%ﬁﬁ?&%s‘?g a;?s’é%&nggto ) $nSOthat éh irsP@YRSst current through a
cient I'T-to-Rail Input/Cutput

Oper at i onal lifier for VLSI Cell Libraries," |EEE
bypash fpngitow ?feé‘?@E@W?rCuits, Vol . 29, No. 12, pp.

1505- 1513, Dec 1994, which describes._a -.St age
conpReHogpuarst, J&. flerd, &fﬁi-fh‘ﬁs@lﬂ%‘ebﬁéa Jtﬂ'g'ﬂg?mg’?%‘ Compact Power-
anplifier with rail-to-rail input and out put ranges.

An algfRéieatiIweMes Rail-qoHR ail Snput/ Quipit 2pseational Mplitgler for VLSI Cell
current bias on each side by a factor of 4 and to

Libraries,” ITEEE Journal of Solid State Circuits, Vol. 29, No. 12, pp. 1505-1513, Dec

1994, which describes a two-stage, compact, power-efficient 3V CMOS operational

amplifier with rail-to-rail input and output ranges.
An alternative technique is to increase the tail current bias on each side by a factor of 4 and to
add additional devices inside each differential pair, which have a width 3 times that of the
active devices. If the square-law operation is valid, gm will double, making up the deficit
caused by the inactive pair, refer to below cited US Patent 5,208,552. In these
implementations, the diverting transistor is 3 times wider than the driving transistor, which
causes extra tail current added to the large signal limiting value. Hence slewing value doubles
within the common input voltage range. To remedy this, a novel implementation that

employs a diverting transistor of the same size as that of the driving transistor have been

3
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add addi tional devices inside each differential pair,
whi ch have a width 3 tinmes that of the active
devices. If the square-law operation is valid, gmwl|
doubl e, making up the deficit caused by the inactive
pair, .refer to belowcited US Patent 5,208,552. In
FPF&?@“QO i npl ementations, the diverting transistor is

3 times wider than the drivi st or

o o SUeR edrmars Wi A BT RERIAB L T s S ?‘5& ito Tl
limting value. Hence slew ng val ue doubles wt

t he QMOSUnputGirduitenkiaeppliastie to Poakagrfeells fontew Va)ltage VLSI
novel inplenentation that enploys a diverting

tr angkghRr ATEERSosRRRfHolid Sige CirehitQVol.iBe, Mol §,ippg701-712, May
tran stor have been 3 reported in W Redman-Wiite, "A

g\/%rs]l%l;z %dFSC %}}I r%moaﬁﬁ e tem!ﬁ?tbétufeqhﬁadllbws circuit

S Appllcatlo to Anal og Cel

for Low Vol t a e VLSI in | EEE J
Sol [ bghayigy WhichALBeaY, m‘i% ‘Feé‘é°f‘h8°°'§m°8;5n Q‘?H%‘A/E;Pe"t to
5 1997, which describes a newrail-to-rail CMOS input
ar ¢ hirdrgcdnduetahdenndaldving chdraaienistics.behavi or whi ch i s
nearly independent of the conmon node |evel with
DRRR GFprohdhes idcdgeonduct ance and sl ewi ng
charactteristics, Oher approaches i ncl ude: a)
contro t ot Y wo a rasldbﬁénce regulatin
%‘f‘qngﬁhl qg%%"pﬁ tc,’%ﬁ,‘?f h\nglclzle r egtﬁéﬁslrb tcnﬁi%tv%ﬁg ?ot al gu ©
m as referred to.in S. Sakurai and M I smail,
pited gmpasiefrredfio i | -t o- Rai | CMOS (perat i onal
Amplifiers for a Low Power Supply Voltage,"
Jour Ba$akntai Sod M ISnait, ERebust Mesign ofBjail-toRail CMQS Qpeff}bonal
146- 156, Feb 1996, which describes new bias circuits

Whi' ¢ A ni1¢kO@r a Low Power Supply Voltage,” IEEE Journal of Solid State Circuits, Vol.

31, No. 2, pp. 146-156, Feb 1996, which describes new bias circuits which provide
currents to n- and p-channel differential pairs placed in parallel. The bias currents are a
function of the input common mode voltage to allow the total transconductance of the
differential pairs to be constant over the entire common mode range.
b) overlapping the transition regions of the tail currents for the NMOS and PMOS pairs to
achieve constant overall transconductance gm, as referred to in
M. Wang, T.L. Mayhugh, S.H.K. Embabi, E. Sanchez-Sinencio, “Constant-gm Rail-to-
Rail CMOS Op-Amp Input Stage with Overlapped Transition Regions,” IEEE Journal
of Solid State Circuits, Vol. 34, No. 2, pp. 148-156, Feb 1999, which describes a design
technique to maintain a constant gm input stage. The proposed technique overlaps the

transition regions of the tail currents for the n- and p-pairs to achieve constant overall

4
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currents to n- and p-channel differential pairs placed

in parallel. The bias currents are a 15 function of

the i nput common node voltage to allow the total
transconductance of the differential pairs to be

congtant aver ! entire conmon node range. b)

ovestf nﬁﬁcet tg?ﬂransiti on regions of the tail

currents for the NMOS and. S achi eve

Uéh Petents thataelate to tt}l*eéﬁ%%’a‘ﬁﬁqt%‘éﬁsc&fﬁum E eferred to

in M Wang, T.L. Mayhugh, S. H K. Enbabi, E.

Bl Parent £5556073 GuifsEgat nhhdls@qseszmduffqrgnnaj gmplifier qoptaining a pa.lr of
Op- Amp I nput Stage with Overl apped Transition N
Regi op$ferentifEfordony dhdla sudfmibglkirchiSivith eailiormiliinsyt cafability and
34, No. 2, pp. 148-156, Feb 1999, which describes a

desi gp q{gﬁ%ﬁ HafliGndit 1t Ch ARE NhRufreft &)9%1 RBlla@8 e UPeétating currents for the

tage e propose ni que overlaps the transition
regi ons_ of t{1e tail currents for the n- and p-pairs to
achi e0dTeEaH BOFO%yeral | 4 transconductance gm U.S.
Patents that relate to the present i nvention

UL Roton 5 R0BSS2 (Ryz) temehee He use 958 raiivto-retlgppistiprpl gansconductance
.) discloses a differential anplifier containing a

IoaI I ahplifled Kavirgnd figt opredtinigrasgeanibra theuwoidifferential amplifiers are active
Wth rai I -to-rail i nput capability and 5 controll ed

tr ans%g&l dusha Qﬁ(? o%@faﬁﬁg Ean%@ﬁvﬁ% ohRHedi érehtit® amplifier is active.

oper at'i ng curren iIfferenti"al portions.

H a|S| . g\géq%g%{esggégtsgqs H;‘@@?‘%’i’i g?{@ﬂg acgegoeﬁﬁeeacqf\fc?ﬁalelsristors in one of

having a first operating range where the two
di f f eftlemsecend enthird rangesisequal e twige thefranseondyetance pf the transistors in
third operating ranges where only one differential

anpl i fthefirst fangeti ve. 10 Means are provided such that

t he transconductance of the active transistors in one

%.S. Patent 5,323,120 (Ryat) shows an Operational Transconductance Amplifier (OTA) with
complimentary input transistor pairs where a dummy diode is provided for each pair.
When the common mode input signal is near the positive or negative supply voltage,
one of the pairs turns off. The diode loads act to increase the current through the other
pair when this occurs. This results in a constant transconductance over the entire
common mode input range.

U.S. Patent 5,334,948 (Fong et al.) describes a CMOS constant operational ampliﬁer which
has two differential input circuits each having a current source and a compensation
circuit. Each compensation circuit dynamically tracks the common mode input
voltage relative to a respective supply voltage and gencrates a respective tracking

voltage that is used to modulate the current source of the respective differential input

5




the second or third ranges is equal to tw ce the
transconductance of the transistors in the first
range. U.S. Patent 5,323,120 (Ryat) shows an

Oper ati onal Transconductance Anplifier (OTA) with

conpl i.ment i nput transi . nalr WHeH loop gain

di ode"‘f%“tp?%% i°88f3H?‘b‘"’ﬁ e gﬁéllpﬁailalp &%Sl‘éﬁk%%%&tn ﬂgﬁ’t conmon . °

node i nput signal is near the positive or negative

supp! thraughpwlgts endFRORSFANEIANZE: r 5 turns of f. The di ode

| oads act to increase the current through the ot her

D Pawhes 37 hit34 (Wassesaar Thil9 shewsidiffrantiabanapiHfier siglar to U.S. Patent
transconduct ance over the entire comobn node i nput

rangey skk §73 Badcfibd Shovd b1 48es(FEMGmd allews squissmrot esend control.
CMOS const ant operational anplifier which 20 has two

i fferenti,gl i . rcui avi h beRlacinge NMOS and
5 LRl g e BBl ) phesPRS il @l dpBreih b lacing

circuit dynam. cally tracks the, co n,node.in o
vol ta@é’l@% fransisfersiy para %‘ssﬁé]&‘iqia{/%a%ﬁ XPEP F"?%ﬁée{&asnaée operating i 2
generates a respective tracking voltage that is used .
to motighagain tegiondbmonghout dim Antice BPUYTHBSS- A GRRASHN} Fransconductance bias
differential input 5 circuit, The operational
anpl i T 8hs BRibHsahd il rhill @MOS diffstmial stagesto fossess gadnstant
t hroughout its entire operating range. U S. Patent

> 3|7i1%qdéé§'co &fi‘ﬁ% e ORkr tEE gﬁtlirlg omAHEm&dd \fcﬂ{agé‘fdngé-

anp ar to atent 4,555,673 described
above, but_ uses FETs an 1o ar €3.L.00: o
10 dof Pisent ST A01 (Gavany Geciagss 50 SaRHTr pELiidef Yomprising NMOS
presents rail-to-rail operation by pl aci n%aNl\{DS and
PVOS tand PMOS differentiabpaisd ¢opnecied wingrallel. Theiet cyments ppthese
of transistors are operating in a high gain region

t hr ougfifitientif1Pafts hie'c@nirGiid to meigiein ancady soestant effective total
t ransconduct ance bi as

transconductance, i.c., the combined transconductances of both pairs remain at least

approximately constant as the input voltage swings through its operating range.

15 U.S. Patent 5,631,607 (Huijsing et al.) teaches compact gm control circuits which makes
constant the sum of the gate-source voltages of the complementary input transistors
and thereby the gm of the input stage. The circuit implements a floating voltage
source between the N and P-channel input stage transistors and the positive and
negative voltage supply rails.

20 U.S. Patent 5,646,575 (Sauer) describes a composite amplifier which is constructed by
connecting the corresponding input terminals of a high-frequency amplifier and a
precision amplifier together. Also the output of the precision amplifier is connected to

the offset trim port of the high-frequency amplifier.
6
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nmeans enables the rail-to-rail CMOS differential stage
to possess a constant transconductance over the entire
common node vol tage range. 10 U. S. Patent 5,574,401
(Spital ny) discloses a CMOS anplifier input stage

rjsij . P Is al | i :
Er8Rileh} Spd SRR iR oo ol i, aa PRl i RRARGRG outpu
pairs are controlled o maintain a_nearl Yl const ant ting tw
ef f ecEM@S pperational prpkiien duiaclides flpating cUprRRE SORTESSFRRUNE two
transconduct ances of both pairs remain at |east )
appr oxirrait elisrospwherarihe idsaltchgentrsouce insiludeg @ foaiipggurrent mirror
through its operating range. 15 U. S. Patent 5,631, 607

(HUi | 8idd@ing b Bhtpht §IEARBATUERAT G ppdvideiOwhich o rfot waryswith changes
whi ch nmakeS constant the sum of the gate-source

vol t ages of ..t he 0536 Y¥nd ' imination of
{her o e aithataif STHE ORA A hugdibucyoRags, Pk fnabfl i
i mpl ements _a floating volta ource between the N and

P- chainpuf offsgs gaussd B@&Wﬁﬂ@&&%ﬂ? DL UL $9855%8 ve and

negati ve voltage supply rails. 20 U S. Patent

5,646,575 (Sauer) describes a conposite anplifier

whi ch is constructed by connecting the corresponding

VG bF HRTaBb Al S Phtedts legitibt hesthuRd ey actiplel donstantarumisenductance bias to
precision anplifier together. Al so the output of the

RLEGL 31 QN : i tance over the
B Ble TR ARiLGMUS ATreRRRiAR, lssclatfosfairarstorBuctance
6,384,683 (Lin) describes an internedi ate stage for a
eafire.cogumen mode polfaBs tasGt  CMOS operational anplifier.

It includes a floating current source separating two

current mirrors, where the ideal current source

includes a floating current mrror enabling an output
%E@tlaﬁé&ﬁamecﬁﬂiﬁﬁ@s’lb prévifecdsamt ghadiastibehildoasil input stageyrequire extra

W changes

current consumption; either through the use of current monitor/control circuits or by level

shifting. In the LVDS receiver applications where the input stage has to work up to 945MHz,
current consumption of the input stage is very high and any current monitor/control would

consume a considerable amount of current.

Besides that, having a constant gm at the input stage does not mean that the voltage gain will
be constant. If this input stage drives a load Rout, then the voltage gain will be gm*Rout,

which will vary by at least +/- 10% if Rout is an integrated resistor.

In contrast, the present invention maintains a constant voltage gain over a large input common

mode voltage range and at the same time is power efficient.

7
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5in the voltage rails or the cornnon-node input

vol tage. This enables elimnation of input offset

caused by the mismatch of the two current sources.

Most of the above U. S. Patents describe nethods to

achi eve constant tran [ bl e the
rail-to-rail CMOS dif?ﬁ@gﬁﬁgg?Q§f£§§q§ghgg§§g§s a

constant transconductance over the 10 entire conmon

node vol tage range. Related art techni ques to provide
constant grn bias for rail-to-rail input stage require

ihis amobjectraf ehlteast one embodiorent of thy presentimNegHoR Feprgeide greuits and
current nonitor/control circuits or by |evel

afetHods BPmainfaih BeohVAdS vORERI gatit owap pllirgainpaticonnhen encilb @oltage range.
i nput stage has to work up to 945MHz, 15 current
consunption of the input stage is very high and any

current nmonitor/control would consune a considerable

anount of current. Besi.des .that, having .a constant ai .
T sngshimqbiret of g revgdnyaption i oy R TEWE WEIFR affcPogir Rificient
wll be constant. if this input stage drives a |oad

Rout, then the voltage gain will be gnfrRQut, 20 which

will vary by at least +/- 10%if Rout is an integrated

TEs iystt @bthet Bbjecrviftiaspresenbimvpriteo providecitduits whererthevoltage gain is
a constant voltage gain over a |arge input common

O Y95 BT T OB Bt o i

of at |east one enbodi nent of the present invention to

HRdS Ve rcuits and nethods to maintain a constant

vol tage gain over a large input common node vol t age

range. 5 It is another object of the present invention

to provide circuits which are power efficient. '

It is still another object of the present invention to ensure that the nominal transconductance

values of PMOS and NMOS differential transistor are the same.

Tt is a further object of the present invention is to insure that the overall transconductance
remains the same when both PMOS and NMOS differential transistor pairs are active

compared to when only one of the PMOS or NMOS differential transistor pairs is active.

Tt is yet a further object of the present invention is to insure a constant ratio of the
transconductance of the PMOS and NMOS differential transistor pairs versus the

transconductance of the output stage transistors.
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It is yet another object of the present invention to
provide circuits where the voltage gain is determ ned
by the transconductance of whi chever PMOS or NMOS
differential transistor pair 10 that is active. It is

il&leisla lan&‘ﬁﬁé{? S{hﬁgg’lﬁ €ak hé\{e debfe aﬁﬁ%ﬁeg% PMIBShi AMDS transistors with

sure om n transc tance val ues of

PMOS and NMOS differential transi.stor t . .

sealeR goamp et he hab e snsesnadtires LB PNQS ahtl RO Grapstors s the

insure that the overall transconductance rengins {ﬁi‘we . .

saaveeandtvelrerd tetraprqosdagtances/ofbath PMOS and AMO$ dHEgrentigy transistor pairs

pairs are active conpared to when only one of the .

BVRShREd WNESbethfakeigive] Bl a firsaprifatedrendmidiserit of thetpresent invention
is yet a further object of the present invention is

't
%e?istiﬂ% Hefinr g%tg% Qurht {fces 204 tHeRBSCONGINIBSCRA NMOS

erential transistor pairs

versus the trapsconductapcc of the output st. - :
PR oSS FRE Ao MT6E e FyeRrrapeeg b rying rigde region of
achi eved by PMOS and NMOS transistors wwth scaled .
gpwation. B ssoondprefermad cmbadisenhef fhe Brrsent daveptom cnpsyess 2 constant ratio
and NMOS transistors is the sanme and where the

bf feICAsduatanme S die BMOS MVBDOSHiffdeRialitfahsistonpaies versus the
transistor pairs are reduced when both are active. In

g‘altuj.c'bﬁal%a?d}ﬁg of the Q)ugirﬁg th cﬁﬁaﬁﬁsis@&s b Botfc? SRBikits WER Edr@® the common

fesistive neans pl ed between current sources

and the souyrces of. P and N ransi. st

madg Ryt yeliage arigstibe pamsephi e RERREY Pleciistors, Two such
into the triode region of operation. The second . d
oortfal cirouitsearh BeRdyenR 05 sensing Whendhs FommeR Mqds N yalage is low an

a constant ratio of the transconductance of the PMOS .
ane wbbhetiohfresrembia@input woltigs isdrighp aWhen ther @oynerhmode input voltage is
transconduct ance of the output stage transistors by

GAP Wi e-ohh&tdd BMOY tPahsRRRS Sre lab@y A& TOP Bach positive and negative output

stage. When the common mode input voltage is high diode-connected NMOS transistors are
activated for each positive and negative output stage. When the common mode input voltage
is at mid-rail, between low and high, both diode-connected PMOS and NMOS transistors are
activated for each positive and negative output stage. In a third preferred embodiment of the
present invention resistive means are coupled between the sources of the PMOS and NMOS

transistor pairs, respectively, to improve the linearity of the transconductance of those

transistor pairs.
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10 node i nput voltage and adjust the transconductance \
of output stage transistors. Two such control |
circuits are used, one for sensing when the comon
node i nput voltage is |ow and one when the conmon

mode Lpadt Y ﬁlgﬂv}?gﬁegﬁbjg&g bnd g DEOGRSPRERARNHSPWI be readily

vol tage 1s oae-‘connecte transistors are

g;:pé&_@t I v?gcqemd f [1}?36}5 B}ﬁghpostlo%gh ﬁ}ggﬁ{]e%ggﬁtn 'PV gﬁuégxﬁita 9q$mal of the claims,
di ode-connected NMOS transistors are 15 actjivated for .
theappeuisi dravings, dndthgfollemeing deiled desarjptiongfdhe preerred embodiments.
common node input voltage is at md-rail, between | ow

and hi gh, both di ode-connected PMOS and NMOS

transistors are activated for each positive and

negative output stager HRSERIPTICN DFETRE DA WIReY ment

of the present invention resistive neans are coupl ed

bet ween the sources of the PMOS and NMOS transistor

pairs, respectively, to inprove the linearity of the
transconduct ance of those 20 transistor pairs. 9 Thege

and nmEly. bishdlodbjiagem of aciraple aail-tyeadl asehitepure,with gspd n-channel
invention will be readily apparent to one skilled in

difeerential pairsdtithdipiidraari. nvent i on pertains from a perusal

of the clains, the appended draw ngs, and the

foll owi ng detail ed description of the preferred

enbodi nents. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS FI G

I is | ock di agram of S| rail -t o-rai.

ar chi ?“ é&tg}sé" ch"ﬂ d‘gaggm oﬁ%tfgﬁj i é‘%%ﬁlmﬁlgfr opfzill firgt preferred
of the prior art. 10 FIG 2 is a circuit diagram of an
lembsdimeané p{/dhe pprseatipyentiosy of a first preferred

enbodi nent of the present invention. FIGs. 3a and 3b
together are a circuit diagramof an LVDS Recei ver

preanplifier of a
FIGs. 3a and 3b together are a circuit diagram of an LVDS Receiver preamplifier of a

second preferred embodiment of the present invention.

FIG. 4 is a block diagram of the method of the first embodiment of the invention.

FIG. 5 is a block diagram of the method of the second embodiment of the invention.

Use of the same reference number in different figures indicates similar or like elements.

10
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second preferred enbodi mrent of the present invention.

FIG 4 is a block diagramof the nethod of the first

enbodi ment of the invention. FIG 5 is a bl ock diagram

of the method of the second enbodi nent of the

i nvention. 20 TSP ;q:ﬁg@ll; HRBOD

different fi gupﬁe;sﬁrgﬁg@ges SI %q{% or ]Pke elbgr;lglrﬁl\g

10 DESCRI PTI ON OF THE PREFERRED EMBODI MENT Al I of the
abovenentioned Rail-to-Rail input stages attenpt to

mai ntain a constant gin over a |arge input conmon

Adlad theodboagmentiongé Riad-teiisili inputistages AtFemp &9 BR{nGHRA R constant gm over a
Amplifiers which 5 operate in closed-loop with

fae@din mbhorsmpd©volRigt sarige G applieatiendy Oppmtiahalcxmplifiers which
94 with current CMOS technol ogi es. Thus, Low

g’;?éght%%cll@%%&ﬁbﬁ ?ﬁ{h%ecﬁaela abhi Rt ?ﬂ‘r&ﬁfeﬁcy bi_séréhﬂoheat 945MHz

reanplitier at operates in open-Toop for” hig

speed ope i.on. suc t her e §. NG~: [ t :
FREuarEGIsetoeit el e Vil it FAa] FERY (DS roceivers
varying unity gain bandw dth caused by the varyin .
utibzescpreampli Aerdhat operates iR Aprrlogp ARydugh-gnsed aperatign. | s gch, there is no
10 utnost inportant for the preanplifier to have very _
eqpEtRsht fopfrtQ@ncyedrpdmsationpihitly istthade difficulirbgribé edrying unity gain
i nput signal with anplitudes in the range of 0.1 Vto

e irgatdAsd i r ver, it is of
gan%ld{h cahft %h%/g??g%g%aﬂséoidu&%ce%?ﬂ% 1\ﬂ#§t s0aseI HoRe

rocess, Supp Tenperature (PVT) corners,

not only wll here be.a huge differen LN th :

et imbgrtans for the preampi (g AT er FETE Folidbsiedh 1g amplify the
certain voltage gain over the PVT coners. The bit% .
différentiah input signalevithy saphiindesiie thegangn af QbY t,g4Vq df the voltage gain is
anplitude also results in a varying output slew rate. )
Henemstaheover dseProcéss)SupplyovioltdgepT ¢roperataren(P¥ T carners, not only will
constant voltage gain over a large input comon node

gfg rk 895 hﬁg{&’i@fereﬂ@@ﬁf)ﬂl& Qitolint JresDEfEAe Sr dRREURRd t@provide a certain

reve this are not seen in any prior art.
voltage gain over the PVT corners. The big difference in the preamplifier output voltage

amplitude also results in a varying output slew rate. Hence the present invention aims to
maintain a constant voltage gain over a large input common mode voltage range. The circuit

techniques applied to achieve this are not seen in any prior art.

Fig. 2 shows the embodiment of a first preferred implementation of an LVDS Receiver
Preamplifier. It can be easily recognized by those skilled in the art as a preamplifier based on
the folded cascode architecture for high frequency operation. The current summation of the
PMOS (Mp1, Mp2) and NMOS (Mnl, Mn2) pairs is done at node ina and node inb. Inputs

vinp and vinn connect to the gates of transistors Mp1 and Mp2, respectively. The outputs of
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Fig. 2 shows the enbodinent of a first preferred

i npl ementati on of an LVDS Receiver 20 Preanplifier. It
can be easily recognized by those skilled in the art
as a preanplifier based on the fol ded cascode

-1 hj [ e ) [ I i

B SRl Ghit e vRlup Bpl el R s ORT  Tlke VAR, (e ot ail o
palrs i s .done, at node na node .nb. lnputs. vjnp.
ORI T 8 o) SR g B B es L PEp iy ePjng! of a power
Mp2, respectively. The out puts of 11 the output stage
supply)candbizsing mpus npl.opRevnl, apdive2.t o Fig. 2 are vdda,
(the positive rail or positive termnal of a power
supply), gnda (the negative rail or negative termnal
of a pomer supply), and biasing inputs vpl, vp2, vni,
sﬁlge 3%3 Sﬁs élﬁgf ?an%ﬁ?oﬁthé 9&§g@the?@§r€@tdlﬁ&eﬁ%%mns for gmr

npu sta re are

erent regl ons for agm

his Lven |n str.on |nverS|on by : g-nT =
@’Hﬁ%ﬁﬁakvﬁ ghﬁ?qli‘ﬁd{w%ﬁ'ts?(\/\pl Lp) I p + Co(W\/ LA)I A where
., Is the average nobility of the holes in the
ghna FrrEshningd + BMudevi ces (Mpl, Mp2) 10 and :n is the
average nmobility of the electrons in the channel

NMW—‘TIIW a is the capacitance per

unit ar'ea g?eplﬁepga e oxl glVe/ I\Sl\p/ Lp) is the effective

channel width divided by the effective channel length
ohetenp iPMEGvdrmge owbilitipf thelioRs in thevhamnel PEPMQS devices (Mp1, Mp2)
effectlve channel width divided by the effective

nne | en : C )
cveiter BRp PSR e b of MR defjchs cunt, Men2)
and In is the drain 15 current through the NMOS )
dRriicths capdeitandeniy uniEares of thelpatervie; AW/Iu)isshe affeative channel width
pairs are used with geonetries scaled so that the
RRAIQAdy the effective channel length of the PMOS devices (Mp1, Mp2); (Wn/Ln) is the

effective channel width divided by the effective channel length of the NMOS devices (Mnl,
Mn2); Ip is the drain current through the PMOS devices (Mp1, Mp2) and In is the drain

current through the NMOS devices (Mnl, Mn2).

First, the PMOS and NMOS input pairs are used with geometries scaled so that the nominal
transconductance values are the same (i.e. gMpinput is approx. equal to gmpinpy). When only

one of the differential pairs is active (either the PMOS pair or NMOS pair), the gain will be
determined by the transconductance of each of the differential pairs that operates. At around

mid-rail region where both differential pairs operate, the transconductance of both of the

differential pairs (gMpinpue and gmpinpur) Will be reduced so that the overall transconductance
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transconduct ance val ues are the same (i.e. gminput is
approx. equal to gnpinput). Wen only one of the ‘
differential pairs is active (either the PMOS pair or
NMOS pair), the gain will be 20 determ ned by the

f | tp ' is on.
RS RE UL B Cp e RN onky enchant GRS IMDSRENMOS)
differential pairs operate, the transconductance of
both of the differential pairs (gminput and npi nput)
wi Il be reduced so that the overall transconductance
What énuriique heneissherusage ot BhbandRb2 in serien withithe igHsupantp of both PMOS
(either PMOS or NMOS) is on. Wat is unique here is
LRENMES tnpit phiks, TespadivBly2to forceVb EandMbR to bperttiih the triode region
currents of Both PMOS and NMOS input pairs,

| ’ iAndi ) PEK b& thOil f
IRIEH PAS OR AR KO0 o o

alrs are active. .Thi.s reduces the tai e .

St s ndeby ydheing Wbt g e o B B P e Ogpains o

both PMOS and NMOS pairs to achieve an overall_ near .

edisyean overalhresn Aenstank fraescondustance | Alse, §ipge the fail current is not changed
current is not changed when only one input _ '
eiHeh @nhBndriedhpynalifferestiab phir weactias (sscompared to ourdold-choknt increase in
current increase in the tail current in the prior

3hd thil c%&t%ﬂé?ﬁﬂr%ﬁ%{&aﬁi‘rﬁlﬁﬁ SlwiR @irfafit RindEtalmost constant. More

const ant. re 10 significantly, this techni que does

not .requirg extra pawer consunmptijon. The i nput

igniticatis bR gt ned AR R By el Banflsh, Ciheaputs of a it
drains of Ml and WMh2, respectively, and their ) .
aod pseeondroarrenf sonesq aracqupledde the diains pEMsd @nd Mn?, respestively, and their
supply the summng current fromthe NMOS input pair.

Tatpuneark icougled tooinb ahd idagreapntively ctolsnpply ¢he sininhiag current from the

al though the gmis well controlled over the entire
ana%g‘hj'nput range, the voltage gain varies with

rocess, Supply Voltage and Tenperature (PVT). Since

the voltage gain of the above preanplifier can be

appr oxi mat ed by

)

One limitation of the above technique is that although the gm is well controlled over the
entire common mode input range, the voltage gain varies with Process, Supply Voltage and
Temperature (PVT). Since the voltage gain of the above preamplifier can be approximated by
gmr*Rout where Rout varies by +/- 10% alone and gmr varies with parameter variations
(such as fast/fast, slow/slow and temperature corners) the voltage gain varies a lot. This

however, is a common problem with amplifiers operating in open loop.

Referring now to Figs. 3a and 3b we describe a second preferred embodiment of the present

invention. Figs. 3a and 3b comprise the entire LVDS Receiver Preamplifier, where Fig. 3a
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gnT*Rout where Rout varies by +/- 10% al one and gnil
varies with paranmeter variations (such as fast/fast,
sl ow sl ow and tenperature coners) the voltage gain
varies a lot. This 20 however, is a common probl em

i@h&%t@é%g ffe%rglag %ﬁ&gﬁ%’%gg&dﬁbégﬁgﬂ% |38QBustfRedshé ditPutt@ae and the high

a an econd preferred

errbodl nt of the pre i nventi.on, Fi

ST e s FIABeS RS iAo IBPlemrter Sf ‘&ﬁ" B3 Receiver
Fl g. 3a 13 illustrates the differential amplifie
Breampbifierawith mspect Shthe firs prefamred embedigghtoyith élmjrecoan@m voltage gain
the high and | ow voltage sensing stages. This is a
SR elid @ftiré Sth@oR Moleiinput ednge h @his\iBSigRecalso/eased on the folded cascade
Preanplifier with respect to the first preferred

@Eﬁﬁéﬁuﬁ% B m’%ﬁ fro B bp AL, Ate chfrbARAMnERIOR of BEFMOSeand NMOS

I're como e |nput range This design is al so
based t he fol de
pamasésqlea gﬁ&,a d’S’QF SRE\ %a% ﬁ\yﬁzgar C@‘ﬂ{lg ﬁ%rg gsﬁthgﬁgaga'og Ek/gg-connected
SN AR i b vmpw.st%e load. The

(Moll, M12) (Fig. 3b) and NMOS (Mull, M12) (Fig. 3b)
detirarial aputshe thedaVDS Reeeiveli Prtamplifidrate vinpend vino (Fige32) driving the
LVDS Receiver Preanplifier are vinp and vinn (Fig. 3a)
g&ﬂgy gf‘g{pg :‘lglﬁttt gsSMRD (Mg33a) M diffiitntidlbdpllsiage vaiap and voutn (Fig.

I a

out put s are voutp and voutn (Fig.

The i n [
3B et FeMiBa 2 fE Y el Vi Wit B3ty *"“@1‘“ o s s
O her inputs to Flgs 3a and 3b are vﬂa t.he pos ¥ lof
respectivielyh Ohariinputs orfigh ap apd 3b gregiddaft EBB%)PV} rail g 8851 1ve terminal o
(the negative rail or negative termnal of a power
ajpley jupply)dgidadtemggativerail or nq:ganve/pgmmahof a pawiensupply), and biasing
In addition, Fig. 3b receives nodes ina and inb from

Fﬁ ts WL, ngJ?ﬂr ad W31 Slnta@dlﬁbﬂ, FigBbakeeeitditoded ing aedirbatom Fig. 3a.

put s Vi vinn and vinpl, vinni, which are 15

gl'uiBSISd F‘?pbﬁig? #‘fé are. téé]@,f@ re?@hﬁﬁ Eig v%n 4 gmg REE Hrp?vifth1, which are

Ivide

discussed below in the disclosure. The operation of this preamplifier is also divided into 3

regions with respect to the input common mode voltage range:

Region 1
When the common mode input voltage range is near the negative power supply, only the
PMOS input pair (Mp1, Mp2, Fig. 3a) operates. The PMOS input pair is level shifted via
PMOS transistors Mp3, Mp4 so that Mp1 and Mp2 will still operate in saturation region when
the common mode input voltage is very low. A circuit branch comprising of Msp1 and Msp2

(Fig. 3b), and receiving inputs vinp1 and vinnl, performs low common mode input voltage
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regions wth respect to the i nput comon node vol tage
range: Region 1 Wien the common node input voltage

range i s near the negative power supply, only the 20
PMOS i nput pair (M, M2, Fig. 3a) operates. The PMOS

{GHBHE R e R 1g§m&§mféqsw¢ P03 Rt SoMicd Mplt and

saturation regi.o t he n i nput ]

Mpl2,hig. 3b)at tgﬁdé‘?qr@maf WP ADES PRHVE iVﬂBa%‘-Pgaws?}%laﬁ&mn will be

Msp2 (Fig. 3b), and receiving |nputs vi npl and vinnl,
Hpromatel EndfRGAH, wherel Rk ttéhsé@itticagcadibach of the

in %am co*?wp'?pgmvw a%g I\/t~:.\/\/3>gm|\él?%lt 3b) to activate

di ode-connected Moll and My12 (Fig. 3b) at the

hphif BMOS desvicedMplyMp?2) dinkgaff.g i the ¢ranswohduptange iofithetdiode-connected

this region will be approximtely gnp; nput

BIOSIRA b, W?{) e{lﬂ%‘bﬁg%ﬁﬁ’gﬂ{“ {1}5{' Qéﬂ%ﬁ}ggiﬁj HR"WAHatio of the
BVRIC Pt A6 . D) Sgann e, rabn et (AMGS o °<ﬁ’f§ﬁ1 §ibl) a

depends on the WL ratio of the PMOS i nput (M, M2)
trequereids bglowitbe Wity gan bandwfidthhe PMOS | oad (Mpl |, Mp12)
at frequencies below the unity gain bandw dth. Region
2 10 Wen the common node input voltage range i s near
the positive power supply, only the NMOS input pair
Mhl, Mh2 operates. Another 03{ Wit branch conprising
Msnl and Msn2 (Fig. 3b), ece|V|ng I nputs vinp
and vinn, perforns high comon nobde j nput.volta
ithg common madginput S e TN g0 Do (OF WASHY € POR ek fpPlY; only the
MLO, M7 (all Fig. 3b) to activate diode-connected
MMOS amslit phit Mra, MiPeoperatése rAmmthexicirouit praneh comprising Msn1 and Msn2
effective voltage gain at this

(Fig. 3b), and receiving inputs vinp and vinn, performs high common mode input voltage

sensing and in turn controls Msw2 and Msw4 via M9, M10, M7 (all Fig. 3b) to activate

diode-connected Mnl1 and Mni2 at the differential outputs. The effective voltage gain at this
region will be approximately gmpinput *(1/8Mnload), Where gMninput is the transconductance of
each of the input NMOS device (Mn1, Mn2) and gmpje,d is the transconductance of the diode-

connected NMOS load (Mnl1, Mnl2). Thus, the voltage gain only depends on the W/L ratio
of the NMOS input (Mn1, Mn2) divided by the W/L ratio of the NMOS load (Mnl1, Mnl2) at

frequencies below the unity gain bandwidth.
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15 region will be approxi mately gmm;npot *(1/gml oad),
where gm; nput is the transconductance of each of the
i nput NMOS device (M, Mi2) and gmload is the
transconduct ance of the di ode- connected NMOS | oad

(Mul'l, Wwnl2). Thus, the vol tﬂg-og in only depends on

the WL ratio of the NMOS inp t Whl, M12) divided by

the WL ratio of the NMOS | gad..( l,,..Mu12 . .

Whep tasronueonmiode,voage i P&Iyldgr&}lnb% fifieia (BG0SAMOS)input pirs
Regi on 3 Wien the common node voltage is at md-rail, .

byetrate.d Bbfhethe highaind (Gweshvoshodeioputsansing cieyilrnacivates, resulting in
Bot h the high and | ow conmon node i nput sensing

MpICii par iR GithMAR St tHeo@utr feffiinaPandWab12 ih parndlelbkitieMnl2 at the voutp
with Il at the voutn term nal and Mp1l2 in parallel

i th 2 .h tp. 5 .monal . . '
5 il oA B TR TR R Fo (g mp
(gmi nput + gnpinput )*( 1/gnpload // 1/gm oad) which

UAER 0.l 0 1SHLL Pbicireq@nles ti(ginghhik ¢ Bl AR )/ otk 6 @thoad). Since
g‘nce The PI\/[% dznd NM?B i nput paf’rs arpeaﬁsed W th :

e i e l.ed so that th m_nal, . .

e b5 Mt Baist B s R S fiBeisnsqied o ghat ghe nominal
applies to the PMOS and NMOS | oad conbi nation thg
trahscanductpnice valiesoare disesams apd this alsqapplies e teFMOFand NMOS load
i nput CMOS devices 10 (Mpl, Mdg, Wnl, WM2) divided by
thrabibdion, alid wlfage phia aGMdSpéraa dn dies/ Wik sat{o\flthe inpptt@MOS devices
Ml [, Ml 2) at frequencies below the unity gain

10 @qg%agé%?h%ﬂ‘ @Y Ried bY i WV Bdtfol STRhECHIGY Rad abvibest (Mpl1, Mpl2,
onst aht’ vo

tage gain over the entire conmon node
' to Al t hough this j.nventi s not focus on
h&ﬁﬁ’t MP%[} %Efr SAUEBHER ﬁﬂw?@e Y‘#@r%ea%%%%@g?%ﬁb e over the
entire common node input range, its unity gain
bandwi dt h does not

Therefore, this invention achieves almost constant voltage gain over the entire common mode
input range. Although this invention does not focus on maintaining a constant

15  transconductance over the entire common mode input range, its unity gain band“}idth- does not
vary much. Unity gain bandwidth is proportional to the gm divided by the load capacitance.
So the reason for the constant unity gain bandwidth is that at mid-rail where gm doubles, the
load capacitance also increases as much since both PMOS and NMOS load combinations are
activated, In a third preferred embodiment of the present invention optional small values of

20 Rbla, Rblb, Rb2a and Rb2b (Fig. 3a) can be included in the design to improve the linearity
of the transconductance of the NMOS input pair (Rb2a & Rb2b) and PMOS input pair (Rbla

& Rb1b) if needed.
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vary much. Unity gain bandwidth is proportional to the
gm di vi ded by the | oad capacitance. So the reason for ‘
the constant unity gain bandwidth is that at md-rail

vvhere gm doubl es, the | oad capacitance al so increases

| % gﬁtgg@omts Woﬁ%ﬂ@gm ﬁgﬂ?bg@%{-ﬁggg pBinfwill

vention t| onal mal | ues, of .Rbl.a . .
&fest%Ewﬁ theeyt pgpkifiqrsiage vith MO PR cuhis 1 bBhuse this DC bias
design to inprove the linearity of the
pointigidbinengasedfithe \of ofithe NS tiapsisierspa higherieecby; preyading the
and PMOS input pair (Rbla & Rblb) if needed. 16
Norhidrv adodtageeahe NMOS snpun pajr et the aekteagh itgmaintdin | Sconstant NMOS

that its DC operating point will perfectly bias the
é(f)lag Wﬁﬁe abbvethpdifiold (VES an,! Nﬁ%ef&@ l{ﬁls%bhn§ Hk‘cﬁaﬂlﬁn ensures that
ecause t las pornt wll increase if

= RN T —

next stage to maintain a constant NMOS 5 gate bi as
teoiperaiere BV kcarnetdshol d (VAS -VT). Therefore, this
tracki ng mechani sm ensures that the preanplifier
performance characteristics is well nmaintained over
process, supply voltage, tenperature (PVT) corners.

We QAVAERRGE b Bifst Brdfbrtat m@tﬁ@(fl 8f S fhtdiEihp Q‘d:oﬂsftant voltage %m over a large

mal nt al ni ng a constant voltage gain over a |arge

common node vol ta for a

FRBERD a1od et g arndE In P roaBencape by pLEMHRASY wich ral-o-ral

Bl ock 1: providing an open-loop differential

parabity’i fi er where PMOS and NMOS input transistor

pairs are scaled to have the same transconduct ance,;

BlazkM : providisg ai opan-loep idiffaretgiahpeamplifierovhdre PMOS and NMOS input

current paths of each of the PMOS and NMOS
transistor pairs are scaled to have the same transconductance;

Block 2: inserting resistive means into the tail current paths of each of the PMOS and NMOS
input transistor pairs thereby forcing current sources in their tail current paths into the
triode region of operation;

Block 3: reducing thereby the total transconductance of both the PMOS and NMOS input
transistor pairs, when active, to that of one active input transistor pair;

Block 4: keeping thereby the transconductance of the open-loop differential preamplifier
constant regardless of the common mode input voltage;

Block 5: coupling current summing outputs to the drains of the PMOS and NMOS transistor

pair.

A constant transconductance across the common mode input voltage range guarantees the
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15 input transistor pairs thereby forcing current
sources in their tail current paths into the triode
regi on of operation; Block 3: reducing thereby the
total transconductance of both the PMOS and NMOS i nput
ransi I [.rs, when active, to that of one active
@ﬁﬂﬁ?céﬁﬁﬁ%gg or pair; Block 4. keeping thereby the
transconduct ance of the open-loop differentia
preanplifier 20 constant regardl ess of the conmon
node i nput voltage; Block 5: coupling current summ ng
Bhe pacosd prefarted niethodhef maintatrin@aoshstand vOlAES gaineeier & dagge common
pair. A constant transconductance across the conmon
Hede ipaPvéltage Irsxgge gor EHgR figjainey t@eRet reamplifictasitti mil-to-rail capability
constant gai'n. The second preferred nethod of
gaintaining a constant voltage gain over a |arge
common  node i nput voltage range for a high frequency

receiver preanplifier w rai]-to-rail capabildt .
Blockejlceroviding 1 eRAIPAR dﬁﬂfﬁﬁéﬁfﬁ%ﬁ‘%&“{@- S,grld NMOS input
preanplifier with PMOS and NMOS i nput transistor

pai r rassistorpains ané diffen¢ntialieureant swommgPtPUs;put s; Bl ock

12: coupling an output stage to the differenti al

BIGJkENE coupNE Al oRtpupsthge toBhodikfelchtiabairienedunngingoguss) d

NMOS out put transistors of the output stage via

rG. aceivisil . L Ristir Bf the &la control
R 3 AR RIS End MG BRGHARERIN P b BulpiERh
constant the ratiq of the.t on ce t he PMOS
and FI9eRs ’&GPHG?PO“BF’};%}Y‘?} e MBS Pﬁ@ﬁf‘%@gewﬂmsﬁm pAT;
transconduct ance of the PMOS and NMOS i nput transistor
Block 14: keeping constant the ratio of the transconductance of the PMOS and NMOS output

transistors divided by the transconductance of the PMOS and NMOS input transistor

pairs.

In a third preferred method, in addition to the steps of Blocks 11 to 14, resistive means are
coupled between the sources of the PMOS and NMOS input transistors pairs, respectively, to

improve the linearity of the transconductance of the PMOS and NMOS input transistors pairs.

While the invention has been particularly shown and described with reference to the
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the

invention.
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pairs. 15 In a third preferred nmethod, in addition to
the steps of Blocks 11 to 14, resistive neans are
coupl ed between the sources of the PMOS and NMOS i nput
transistors pairs, respectively, to inprove the
linearity of the transconduct @'fb?%s‘)f t he PMOS and NMOS
i nput transistors pairs. Wilé e invention has been
particul arly shown and described with reference to the
20 preferred enbodi ments thereof, it will be

under stood by those skilled in the art that various
thandefolded chswode predmglifien, bempmsingie made wi t hout
departing fromthe spirit and scope of the invention.

48 opdrioBP high HequehdletifferRaGsdeplifieAwith PM®OS$ and NMOS transistor pairs
conprl Si ng an open-| oop hi gh frequency differenti al

O AR, O P 03|y bt n s
re tive means are coupled, in serie

gt %\S‘rSP@?ﬂds%ﬁP‘é@gy"gﬁ o W8 saBraeath QS&#@@S‘S%%&“MOS
PMOS and NMOS transistor pairs, respectively,

fransistot pairssiespestivelyf todaicd transistorsaf aid dugaad é@nqné ﬁtlrrent sources into
sources into the triode region of their operation

kS0l € T ¥ thélL operhtioncthiid RAkLCiAE tHeakih iAo AbGth MMBBS and NMOS
transi st or palrs en active at the same tInE such

%ﬁélstwps{l %ﬁéﬁeJctll %mhansc% subh 838 WRbREitR2IPMOS and NMOS

over a ctance 'S the sanme as

when both PMOS and N transj st or irs are ;
FREBERBEAS VS Kae DRI P AR S0 SaGE ATEP @‘PMOS and

to said differential inputs, where the dral ns of bot

PRV SatransisvDPairs ansitive indspendentofahe eommenmeads dnnut Uﬂltage applied to
with differential summ ng outputs; and

said differential inputs, where the drains of both PMOS and NMOS transistor pairs are in

communication with differential summing outputs; and
an output stage coupled to said differential summing outputs to amplify the currents summed

at said differential summing outputs.

2. The folded cascode preamplifier of claim 1, wherein said sources of said PMOS
differential input pair in series with said first resistive means and said first current source is in

communication with a positive terminal of a power supply.

3. The folded cascode preamplifier of claim 1, wherein said sources of said NMOS
differential input pair in series with said second resistive means and said second current

source is in communication with a negative terminal of a power supply.
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an out put stage coupled to said differential sunm ng
outputs to anplify the currents summed at said
differential summ ng outputs. 2. The fol ded cascode
preanplifier of claim1, wherein said sources of said
PMOS differential input pair in series with said
first resistive nmeans and said first current source is
in, comuunication with a positive, termnal, of ro. .
& Fpeyiolded cassade RipamBi etof sim By Whergin YIS 2 NS fpapsistors of said
wherein said sources of said NMOS differential input ]
PMOS amd NMOSdifferantiakinput pairs arecsepled isechi that the rarscapdctance of said
sai d second current source is in conmunication with a

PRIDS AENMEDSTirAmfist6Yf is ehepammewisnpptive. 19 4. The fol ded

cascode preanplifier of claim1l1, wherein PMOS and NMOS
transistors of said PMOS and NMOS differential input

pairs are scal ed such that the transconductance of

ai and, NMOS transistor .is,the sa he .

3o Thydoldd castad bepanli AR S1A8h Jr S LTS AL gumming outputs
wherein said differential summ ng outputs sumthe

sum theneusrents of shid PMOS and NMPEifderential enpuf BATS. nput

pairs. 6. The fol ded cascode preanplifier of claiml,
wherein a | ow cormon node i nput voltage activates said

PMOS transistor pair. 7. The fol ded cascode

I i il 10 i SO i voltage
B oIl hochite B flier AR Rl 10 RRAOTRAe fnput volag
The fol di ode preanplifier of claim1, wherein a
eﬁmﬁﬁ%Sﬁ@g’é‘&ﬁﬁﬁws %FP%I‘{Je rangi ng between a | ow and a

hi gh conmon node voltage activates both said PMOS and
said NMOS transistor pairs.

7. The folded cascode preamplifier of claim 1, wherein a high common mode input voltage,

activates said NMOS transistor pair.

8. The folded cascode preamplifier of claim 1, wherein a common mode input voltage
ranging between a low and a high common mode voltage activates both said PMOS and said

NMOS transistor pairs.

9. A folded cascode preamplifier, comprising:

an open-loop high frequency differential amplifier having differential inputs and differential
current summing outputs, said open-loop differential amplifier having constant
transconductance, and thus constant gain, over a large common mode input voltage range

whereby at a low common mode input voltage when only PMOS transistors are active and at
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9. A folded cascode preanplifier, conprising: an
open-1oop high frequency differential anplifier having !
differential inputs and differential current summ ng
out puts, said open-loop differential anplifier having

&H%ptc% o&&@@éﬂxg{é{j&b‘i{a hien g:p? Nl{lfb% tFAiStofd Ure aﬂ'iex&eb&t/h said PMOS

e I np age range

at. a e |nput volta e, when on P .
Fﬂaﬁ%‘i%@rﬁ%ﬂ%?@ ﬁﬁﬂsﬁ%gﬁdqﬁ%‘ﬁe’éﬂ%ﬁ%% input common
I nput vol tage when only NMOS transistors are active
moté veltdg, rwsen saidilovaand shivdddeh mpntyaitage whimbethtiMOS and NMOS
same transconductance, and at a mddle input conmon

tiRestore hi@tve BRiMRRcondldlatceYartediiad Sudh thit théiptdmbined
vol t age when both PMOS and NMOS transistors are

& o RGES is (f[lt 16 %%g&?dﬁ%ﬁﬁﬁ&&&@&ﬂ f&ﬁﬁMb‘S%d NMOS

elrr conpi ne ransconductance I s equa

ndi. vi dual, transco t ance sai d . .
t’f*‘%ﬁ‘ﬁ\ﬁ‘?r& s&%,dsopeg Elﬁg eﬂBglﬁy ?f&ﬁe‘?tlaé alawéﬁgg;r}durtﬁler comprising:
differential anplifier further conprising: at |east a
PMOS differential input pair of transistors, where the
gates of said PMOS differential input pair are
coupleast 4 PMOS diffdichiislrigmitipair of ahkistors| where thid gutdsyof shidPMOS
sour ces of said PMOS differential input pair coupled

f’f&%ﬁtxﬂ{ﬁgp gﬁ B8 RupRIThid Biffer&itial ﬁpﬁts' lréspe%ﬁ{'rélﬁ Sthe sources of

ares means coupled to a positive power

A, . .
3?’?55'@%‘}4 it i po o RiE et wdligvine  common tal current n
differenti aI summ ng outputs, respectively; at |east
an SENEBVHh pesistive mgans equplediaapositive pawer sipplysandwhere the drains of
the gates of said NMOS differential input pair are
CoualdePMOS diffedntialfihint airiafd coupledts said diffeeentiaV elrymirighmtputs,
sources of said NMOS differential input pair coupled
to%gﬂégﬁv@d having resistive nmeans in series

at least an NMOS differential input pair of transistors, where the gates of said NMOS
differential input pair are coupled to said differential inputs, respectively, the sources of
said NMOS differential input pair coupled together and having resistive means in series
with a common tail current coupled to a negative power supply, and where the drains of
said PMOS differential input pair are coupled via current sources to said differential

summing outputs, respectively; and

an output stage coupled to said differential summing outputs and having differential outputs,

said output stage comprising two cascoded current sources in parallel, where said differential
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with a cormon tail current coupled to a negative power
supply, and where the drains of said PMOS
differential input pair are coupled via current
sources to said differential sunm ng outputs,

)

respectivyely: an : . ' :
PR LY are SRS o3t RifbuSh BRI UAARE chaRBbfioss. respectively.
out puts, said output stage conprising two cascoded

current sources in parallel, where said differenti al

21 sunm ng outputs are coupled to the junction of said

t@s c Ebe fbldadroaseode poaampdifier ofodpiory,iwherrsin said @esistive means reduces the
fol ded cascode preanplifier of claim9, wherein said

RS sidutBnbEeNeid B0 mdl ARl NMOBGi¢Rrshual iapiiepaits wheh oth are active.
PMOS and said NMOS differential input pairs when both

are active. 11. The fol ded cascode preanplifier of

claim9, wherein said PMOS and NMOS transistors are

scal ed such that, the transconductance .of 53] .
Ko The Eldetanendeipasanpl E AL i b ircyin s PISOS Fg NMOS transistors
fol ded cascode preanplifier of claim9, wherein said

hre\sealed supidhatrtheltransnpnductaote efpeid BMQSsand NMOSlransistors is the same
negative power supply up. 13. The fol ded cascode

pheRaRivef 1 er of claim9, wherein said upper comon

node i nput vol tage ranges from said positive power

supply down. 14. The fol ded cascode preanplifier of

claim9, wherein the drains of said pair of PMOS

transj stqrs, constitute 1d.firs d secand sunmm n .
33 nithe fldgsbeastarisipyeamplitier aEclpigy otihireB Sddowsr omimeh mode input
preanplifier of claim9, wherein a current source is
voltqgeaanges dromesaid negative power sypM¥Psuppl y and t he

drains of said NMOS differential input pair,

respectively.

13. The folded cascode preamplifier of claim 9, wherein said upper common mode input

voltage ranges from said positive power supply down.

14. The folded cascode preamplifier of claim 9, wherein the drains of said pair of PMOS

transistors constitute said first and second summing point, respectively.

15. The folded cascode preamplifier of claim 9, wherein a current source is coupled
between a positive power supply and the drains of said NMOS differential input pair,

respectively.

16. The folded cascode preamplifier of claim 15, wherein current mirrors, controlled by
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16. The fol ded cascode preanplifier of claim 15,
wherein current mrrors, controlled by 22 said current 1
sources, are coupled between said positive power

supply and said differential summ ng out put s,

55& eﬁxﬁsﬂt\égﬁﬁes tlnge coly oogﬁ% Eﬁ? ?gghlg% @@Wﬁ' sﬁq‘)l? gﬁcti F%ﬁ differential
ollfler haV|n% di erentlal i nput s and differenti al
@HQWQ&° iT ts, said open-loop differenti al
anplifier having constant transconduct ance, and thus
constant gain, over a |arge commobn node i nput voltage

range whereby at a | ow common node i nput voltage when

onl y ARidRdicasvode picamplifiec camprisigg:and at  a hi gh conmon

node i nput voltage when only NMOS transistors are

Bbéﬁelog %@eﬁ A ferdRfal St A)qllf eMRidd &Wﬁfe%h@lrlﬁpﬁt@‘iﬁd differential

e same ance, at a m ddl e |npu

n_ node voI between ai
Ft'ﬁS Sy v R A om AR R M S nEbg el .
active their transconductances are reduced such that
traescondusiasicaand thysaonstartcain, aHee lngesquaton Bodaiaput voltage range
i ndi vi dual transconductance of said PMOS and NMOS
wherediy at #lcw caamadn agele -ihp pohaggtwHanenlyePNADS transistors are active and at
di fferenti al anplifier further conprising: a first and

3111'? b § ?V@ﬁa%& wieH Shiya MOy Ridsiidig afe a’é’%ﬁbcth said PMOS

erent| al inp t pair, wheré the gates of said

S FRHORR GBI A Fi g R g ot commn

i nput s respectlvel t he sources of sai d PMOS

madeaioltags, hetweap said jow andenidhhigh iRy apkiage v beth PMPSand NMOS
common tail current circuit in series wth a first
tansistbisvaze amveshantipisechduotahtss arerediced| such that thesicombmed

power supply, and where the drains of said first and

%ﬁh&oﬁwme VRl foahs indhAdud ansOHMcBhct 6f §did PMGE8Shd NMOS

second

transistors, said open-loop hlgh frequency differential amplifier further comprising:

a first and a second PMOS transistor together comprising a PMOS differential input pair,
where the gates of said first and said second PMOS transistor are coupled to the first and
second terminal of said differential inputs, respectively, the sources of said PMOS
differential input pair coupled together and having a common tail current circuit in series
with a first resistive means coupled to the terminal of a positive power supply, and where
the drains of said first and said second PMOS transistor are coupled to first and second

nodes of said differential summing outputs, respectively, to supply a summing current,
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nodes of said differential sunm ng outputs, ‘
respectively, to supply a summ ng current; 23 a first

and a second NMOS transi stor together conprising an

NMOS differential input pair, where the gates of said

firs ng .sal ' e ; ol i
s TR RO RERAS Ao B R i of NAAOR Hifftencal input
i nputs, .respectively,. the sources aof ' N .

i Ry Wherehe sqﬁ?ﬁftfj %Jé‘i fis SRdpee ﬁd %ﬂﬁ%&rwupled to said
second resistive nmeans in series with a conmon tail )

c urfirstrtndsecandi terminalwif said differprsial inpiisn egspestivelynihg spurges of said
power supply, and where the drains of said first and

s ai NMERT iR Gnpitasicdtpled argetheounl lesving secand resistive means in series
and a second current source to the positive term nal

of S ? cORioh Y &er%nl’t g%&?g&glg%eg% Yhe tbinfifhl oF @%eéﬁ%']flé;ver supply, and

current mrrors cou positive power “supply,

their inputs. coupl to ,the drai sai.d NVOS .
o rsre e g b s fnc ;iSped BRGS oARtplEpweg viaa first and
said first and second current mrror coupled to said .
secosedomhclresal souréa tottheperitivsitemainal ofispidmomier supply, respectively;
summ ng outputs, respectively, said first and second
current mrror supplying a summ ng current derived
fromsaid NMOS differential input pair; and an output -

1 & S i ir inputs coupled to
Toft4Ra SRR Sl il (Ehple SR BouiHTRAS SABBIP; iy inputs coup
di fferent.i al t sai.d out put stage,c risi.n .
fthe ing o8 s MMOR et inmit A e e Y Grefef g i firstand
resi stive neans coupl ed between the positive and a . )
seepadicugentirairer caupledio saidysoend andisaid firstnpde Hf sad gHferential summing
cascoded current source in series with second
loRfiusd, rasPedtivalys said fpst and bebid: eurrdnit mipossupplymganshnithing current
negative termnals of said power supply, where said
i.f: [ ' : . pled to the
ﬁfﬁﬁgﬁﬁﬁﬁ‘é dsal f?‘?%%ﬁg%ghggﬁgﬁ’ggéond cascoded
current source, respectively, and where said
differential outputs of said

an output stage coupled to said differential summing outputs, said output stage producing an
amplified signal at differential outputs, said output stage comprising a first cascoded current
source in series with first resistive means coupled between the positive and a negative
terminals of a power supply, and a second cascoded current source in series with second
resistive means coupled between the positive and the negative terminals of said power supply,
where said differential summing outputs are coupled to the junction of said first and said
second cascoded current source, respectively, and where said differential outputs of said
output stage are coupled between said first and said second resistive means and said first and

said second cascoded current source, respectively.
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out put stage are coupl ed between said first and said
second resistive neans and said first and said second
cascoded current source, respectively. 24 18. The

fol ded cascode preanplifier of claim1l7, wherein said
first and said second resistive neans reduces the
transconduct ance of said PMOS and sai d NMOS

k1 1 The Rorof oot presRipicie of FRBEFL mirs's il 25t 380 Boi sboona
17, vvhereln said PMOS and NMOS tran3|stors are_s &
saststive means tieduces hestcanserndpelance ofsaid AMOBwpng said J‘M@&h erential input

transistors is the sane when active. 20, The fol ded
paiss; eckpeqiiveBhii beth aed activai m 17, wherein said | ower
common node i nput voltage ranges from said negative
power supply up. 21. The fol ded cascode preanplifier
of claim 17, wherein said upper commn node i nput

39; " 08 ARGt R8T bl TR BB M S AT o
wh he PMOS and NMOS .
s oG relsledraont Tt e Wsnicopare@nca of g AMIGS g NV fransistors s

t he transconductance of said PMOS and NMOS transi stor
itlfe daliee WiadiEackiben active. 23. The fol ded cascode
preanplifier of claim17, wherein the PMOS and NMOS
transi stors of said output stage are scal ed such that
t he transconduct ance of sai d PMOS and NMOS transistor

@@Cemgﬁge%g%we?ﬁtgéﬁ{ t?erg &ﬁ&n%;\gill%% gﬁirﬁg?f"/glle%o&T?n mode input

conpri si ng
voltage ranges ‘from said negative power supply up.

21. The folded cascode preamplifier of claim 17, wherein said upper common mode input

voltage ranges from said positive power supply down.

22. The folded cascode preamplifier of claim 17, wherein the PMOS and NMOS transistors
of said PMOS and NMOS differential input pairs are scaled such that the transconductance of

said PMOS and NMOS transistor is the same when active.

23. The folded cascode preamplifier of claim 17, wherein the PMOS and NMOS transistors
of said output stage are scaled such that the transconductance of said PMOS and NMOS

transistor is the same when active.
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a differential anplifier with PMOS and NMOS transi stor
pairs coupled to differential inputs and receiving a
common node i nput voltage, where the drains of said
PMOS and NMOS transistor pairs are in communi cation

h hAafo?&éﬁTME%d? Péc?%# p %er?gmcféa Bl fb%? xggltt&mpnsmg

a|d sunmm n

el apl tag&g%%mf@ééqé’s R Sﬁé'ﬂﬁ}%{e differential inputs
output transistor in parallel, said |oad transistor
sndigesiving# cophenimogle diput voltage; where drerdrains pEsaid PMOS and NMOS
responding to the | evel of said comobn node i nput
ViahdigeLpaiidhes i coriraurid4donanich NREminuppilt; dndansi st or s

are activated by said differential control neans in
correspondence with said PMOS and NMOS transi stor

pairs, respectively. 25. The fol ded cascode receiver
preanplifier o Ia| 24, .wherein i o
o SRR HasouRlsd il st FUPUCRTsAR éﬂ@fﬁ?‘fﬁ&?‘l’ﬂgﬁ jaid output
said output stage is constant, and were thereb

gtaga voth apdinofdpad eansistirsfaganeachcomprising gt leastoge MQ?S and NMOS

out put stage is constant, regardless of the conmmon

gt tridiistovialpasdiel, s#id. loaBheanksistod sfigesanadied kcdiffermtial control means
preanplifier of claim 24, wherein, when active, the

@%;Joﬁdﬁ% to {H3Gevel éﬁsiﬁ& bR Rfcie u% IRl whére ‘Qaﬁ'm )S and NMOS

nsi s parrs t e transcon uctance of each of

sald Pl\/DSou utIra sthe
DN frp e evelR0 By Sy imPadal So BB Baceff 1y Hifespondence with sad
wher ei n, when actlve the ratio of the
{RMAScod NMOSrtaasistor paish respedtively. NVOS t r ansi stor pai rs
to the transconductance of each of 26 said NMOS

output transistors is the sane. 28. The fol ded cascode

recei ver preanplifier of claim24, wherein, when

afsl | Ve folied c8dcbBe Rceiver preamplifier of claim 24, wherein the ratio of the

transconductance of said differential amplifier versus said output stage is constant, and were
thereby the gain of said differential amplifier coupled to said output stage is constant,

regardless of the common mode input voltage.

26. The folded cascode receiver preamplifier of claim 24, wherein, when active, the ratio of
the transconductance of each of said PMOS transistor pairs to the transconductance of each of

said PMOS output transistors is the same.

27. The folded cascode receiver preamplifier of claim 24, wherein, when active, the ratio of

the transconductance of each of said NMOS transistor pairs to the transconductance of each of
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the sum of the transconductance of said PMOS and NMOS
transistor pairs to the sumof the transconductance
of said PMOS and NMOS out put transistors is the sane.
29. A fol ded cascode receiver preanplifier with a CMOS
ng an open-1oop high
?ggﬁgﬁgy gh¥P£ﬁgﬁ??g Ffler having differentia
i nputs and differenti al current sumr ng out put s,
where at a | ow conmon node i nput voltage only PMOS
transi stors are active and at a high comon node
2% puThe fldedeasendeyreoqings praamplifist @frféalar 4, avheraj Whepaictive, the ratio of
where at a m ddl e i nput common node vol t age, between
st sinl efvhardnssanduching® of sudd PMOS araiM Qo trinsiiddPaan tb the sum of the
NMOS transistors are active, said open-loop high

{RRUAARY L bF &l PMOS an@NRAOS bpu tirsRrs BARDEnRY.nO:

shlftl ng stage corrpr|S| ng a transistor pair,

3? @lrg):((fqdaﬁségéo:qtﬁ b{cglvsétggrl% E@ lwl Y ?ﬁ(ﬁ% SJ% -0~ é'“l input, comprising:

shifting the [evel of said di fferentl al inp uts
jan epen-loopiigh frequeneiedifiersntialasplifica haviag diffeEensipLinghts and differential
where the gates of said PMOS differential input pai r

uremtcumngng batpufsewhert ptid Bvotommbn nicele éhpus oltagerogly PMOS transistors
stage, the drains of said PMOS differential input

RA dctivh ah® HHER BbrhAfon Whdd? i ﬁ%\lt%ﬂbéef(ﬁﬂ FRM@S trahdist6itare active, and
summ ng out puts and where the sources of said PMOS

Lt e%ttealqttgi,dﬁi gﬁl? | rmﬁﬂ&c’»l&ge,?o%%ﬁ sﬁﬁtlbﬁ&ﬂﬁ“s&ﬁ high input voltage
of transistors for current sumTrn wher e the (ﬁ
SetsEMOS\wdNMIQS tsnsistara pre; agHYR S opelarwpés&pﬁewew ifferential
said differential inputs, where the sources of said

Nidphifidr fifrteecdmprisingaput pair are in conmmunication wth

each other, and where the drains of said NMOS

differential input pair are coupled to said
di fferenti al

a level shifting stage comprising a transistor pair, said level shifting stage coupled to said

differential inputs, said level shifting stage shifting the level of said differential inputs;

at least a PMOS differential input pair of transistors , where the gates of said PMOS
differential input pair are coupled to the outputs of said level shifting stage, the drains of
said PMOS differential input pair in communication with said differential current
summing outputs, and where the sources of said PMOS differential input pair are in

communication with each other;

at least an NMOS differential input pair of transistors for current summing, where the
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current summ ng out puts; an output stage coupled to
said differential current summ ng outputs to anplify
signals of said differential current summ ng outputs,
sai d out put stage conprising di ode-connected PMOS and

NN%{‘;SV"Z@%HWPS% cﬁffeltenﬁ%} %ﬁﬁ Egﬁ” Se{ %%gﬁﬁgér)] gﬂ.ﬂ g f?e?éhtlal inputs, where

0
sensi ng st ages. .f h common._node i

ol bs gorses it shg 15’%9803” <) i SR P Ep g {?%‘la}s igh each other,
to said out put stage, said voltage sensing sta

ge
c ongndi whiemey thewdraiohipisgid NMQS differential ingutepairare coupled to said differential
di ode-connected PMOS transi stors when said commbpn node

| Npadirreny Nt dJusputgw and to activate said
di ode-connected NMOS transi stors when said comon

node i nput voltage is high. 30. The fol ded cascode
receiver preanplifier of claim?29, wherein the ratio

of the transc uct.gnc ai d en- Ioo
o oUPOh SpEHRP AN SHE LSRR Piaren) SPETALGS E%%%‘%fy signals of said
stage is constant, and were thereb¥ t he a| n of said
differentinh curzent swpiming ewtpets, seidentput stags pqmnmlp& fliodg-gganected PMOS
is constant, regardless of the common node i nput
\wal NMeS tﬁﬂlsisﬂil’ﬁsftbé Ibad farahe pokitiveemdi negativeraadpd off sait output stage;
of claim29, wherein the PMOS and NMOS transistors of
jd PMOS and NMOS differential input pairs are scal ed
such that the 28 transconductance of said PMOS and
NMOS transistor is the same when active. 32. The
fol ded cascode receiver preanplifier of claim 29,
wherein the PMOS and NMOS transistors of said outp
Stoltage sensing stagesdfos levhandHzigh corMOp RS IRRAY SpHpRSSORSINE, ‘said voltage
said PMOS and NMOS transistor is the sanme when
aehdingstages coupled to said output stage, said voltage sensing stage comprising switching

means to activate said diode-connected PMOS transistors when said common mode input
voltage is low and to activate said diode-connected NMOS transistors when said common

mode input voltage is high.

30. The folded cascode receiver preamplifier of claim 29, wherein the ratio of the
transconductance of said open-loop high frequency differential amplifier versus said
output stage is constant, and were thereby the gain of said differential amplifier coupled

to said output stage is constant, regardless of the common mode input voltage.

31. The folded cascode receiver preamplifier of claim 29, wherein the PMOS and NMOS

transistors of said PMOS and NMOS differential input pairs are scaled such that the
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33. The fol ded cascode receiver preanplifier of claim
29, wherein said differential current sunm ng outputs ‘
sumthe currents of said PMOS and NMOS differentia
i nput pairs. 34. The fol ded cascode receiver
Braﬁ&gﬁaﬁc{t %E o? gal& bﬂ6$ o NILSS Ghistay id tﬂe%ﬁﬁrﬁ%@ﬂ%fi@@

ut vo anges fromsaid negative power supply
up. 35. The foIded cascode receiver preanplifier of
claim 29, wherein said high commobn node i nput voltage
ranges from said positive power supply down,
B3l ddde deldederscodsresaivar prraaphifier of dpiny2g, hvlwre@/tks PMOS and NMOS
rail-to-rail input, conprising: an open-loop high
fitangistoncf saidfdugie stag@hreangitd fichrthdiahw trnscorfduetaney ofshid PMOS and
inputs and differential current summ ng outputs, said
ggﬂ‘?p 'tPafﬁEisQHsftﬁE e0hd @heiRivef i €r receiving at said

erential 1 nputs a common node i nput voltage,
where at a | ow conmon node i nput voltage only PMOS
transistors are active and at a high common node input
voIt%&S ongg transi stors are active, and where

dolded rasgede reenivesPronselifics pf dlgian 29 oyheeain saididifferential current

|l ow and said high input voltage both PMOS and NMOS
tsumAHhS batpGts 3 the turvents ofasaidl RYOS-dnd NMOISgliffedenta) usput pairs.
differential anplifier further conprising: 29 a |evel
shifting stage conprising a transistor pair, said
| evel shifting stage coupled to said differentia

180 o115 Bef e P aepab R B oiin 20 st Smmon mode

differential input pair of transistors , where the

depus yolirgeganges Manssaid negasive ROV e SUPPYWP- pai r are

coupled to the outputs of said | evel shifting stage,

the drains of said PMOS differential input pair in

conmuni cation with said differential current

35. The folded cascode receiver preamplifier of claim 29, wherein said high common mode

input voltage ranges from said positive power supply down.

36. A folded cascode receiver preamplifier with a CMOS rail-to-rail input, comprising:

an open-loop high frequency differential amplifier having differential inputs and differential
current summing outputs, said open-loop differential amplifier receiving at said differential
inputs a common mode input voltage, where at a low common mode input voltage only
PMOS transistors are active and at a high common mode input voltage only NMOS
transistors are active, and where at a middle input common mode voltage, between said low
and said high input voltage both PMOS and NMOS transistors are active, said open-loop high

frequency differential amplifier further comprising:
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sunm ng outputs, and where the sources of said PMOS
differential input pair are coupled via resistive
nmeans with each other to inprove the linearity of said
PMOS differential input pair; at |east an NMOS
differential input pair of transistors for current
sunm ng, where the gates of said NMOS differenti al

i npu air..are coupled.to said differenti i aput .
whoh levEESHiRIEE S B emsing n RisiseSttn PG I FLaERRg e coupled to said
pair are coupled via resistive neans wth each other .
to difforential inpuets) saiddayelshifing stageshiiinsthei voltagelevelgf said differential

i nput pair, and where the drains of said NMOS

di finpugnti al input pair are coupled to said

differential current sunm ng outputs; a |ow voltage

sensing stage conprising a differential input pair for
perform ng | ow cormbon node i nput vol tage sensing when

S SRR PR A8kl S PSR s

sensing stage are coupled to the outputs of said )

| evdiffesantint inpyt pairage coupdedtorthgputpes phsaid levgkshiiging siage the drains of
conprising a differential input pair for performng

hi gkaid BMOS diffepeitial imput panointcagemaoasion githtsaid diffexdntial current
common node i nput voltage is high, where the gates of

sai ﬁuﬂhﬁﬁgglgpm&,%d ek the 8burc&fof SR PMOS HiffetehitaA dut pair are coupled

sensi ng e are coupled to said differenti al

i nputs: .and an output stage coupl ed, tp sai . . .
o { Virsidivanens ol Soch hRs Ry G’ BrRbyof mig PO ditferentia
anplified output, said output stage having a negative
andIPuppdiiit i ve | oad transi stor stage, each conprising

di ode- connected PMOS and NMOS transistors coupled in
parallel as the |oad for

at least an NMOS differential input pair of transistors for current summing, where the
gates of said NMOS differential input pair are coupled to said differential inputs, where
the sources of said NMOS differential input pair are coupled via resistive means with each
other to improve the linearity of said NMOS differential input pair, and where the drains

of said NMOS differential input pair are coupled to said differential current summing

outputs;

a low voltage sensing stage comprising a differential input pair for performing low common
mode input voltage sensing when said common mode input voltage is low, where the gates of
said differential input pair of said first voltage sensing stage are coupled to the outputs of said

level shifting stage;
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the negative and positive outputs of said output
stage, respectively, and where outputs of said |ow
and hi gh voltage sensing stage couple to gates of
control transistors in series with said

di ode- connected PMOS and NMOS transi stors,
respectively, of said negative and positive | oad

0 L e el SRt s BB ARE hih commor
transistors of said negative and positive |oad |
tmedesnputopltagessasing when sid spomeamaedeinpy volipge ivhizb, where the gates of
NMOS differential input pair of transistors. 37. The
fsaldditfferensdl ansut paic of vd fipst @ahgdel skhgdng sthgecdraiconméd to said differential
wherein the ratio of the transconductance of said

IR&Rs:l.agP hi gh frequency differential anplifier versus

sal d output stage is constant, and were thereby the

gain of said differential anplifier coupled to said

out put stage is constant, regardl ess of said common )

node i nput voltage. 38. The fol ded cascode receiver | :
pnctpilt stage eoupledclio spigh dferentiad current sumeniag putppts gngd groviding an
current summ ng outputs are summng the currents of

saipli fRRVontpanGati\utpul isfabe havihg ahegatpe angapositivalbad &Gansistor stage, each
The fol ded cascode receiver preanplifier of claim 36,

. . : _ load £
V&, sﬁrr% %ﬂo@%&%{@%ﬁfgfaﬂm%mﬁﬁ&s coupled in parallel as the load for

transco of said PMOS transistor pairs

tp the transconduct ance pf .each o sai d .. .
e, B AREPOR e RRpty o e EQUipw ageriSepostivaly. apg Whergoutputs of said
f ol ded cascode receiver preanplifier of claim36,. ) . .
vinwrand high rrltage sensipg stagp goynle fagaigs oficpatrol transistors in series with said
transconduct ance of each of said NMOS transistor pairs

tdioddrenrinectad EMOEI andNMO® fragsistbrs despestively, of said negative and positive
di ode-connected NMOS transistors is the sane. 41. The

fiehdi@shsSRGHGRAR, WREGEHY Siid P6IBATREAsk £ a@tlvatdgarbdiode- ted
vvﬁec?gi n, when bctive}?{ the rati osofge;t? easum of thlg ereommeete

Lﬁﬁ C@@WS@FW? ﬁ .esdaid3 I%Eg%ti\qg%lc{\f)'\é%vtc rlgarélstirﬁ'ltsfgfor stage in

correspondence with said PMOS and NMOS differential input pair of transistors.

37. The folded cascode receiver preamplifier of claim 36, wherein the ratio of the
transconductance of said open-loop high frequency differential amplifier versus said output
stage is constant, and were thereby the gain of said differential amplifier coupled to said

output stage is constant, regardless of said common mode input voltage.

38. The folded cascode receiver preamplifier of claim 36, wherein said differential current

summing outputs are summing the currents of said PMOS and NMOS differential input pairs.
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transconduct ance of said di ode-connected PMOS and NMOS
transistors is the sanme. 42. The fol ded cascode ’
receiver preanplifier of claim36, wherein said

summ ng currents of said PMOS differential input pair

are generated by coupling the drains of said PMOS

differential input pair to gates of a transistors pair

and the drains of sai.d transistor_.pair.fo.sai.d . .
3t 1 e fpidsd casgpdectReei KT RRARPIGIGE plgiam ?é@’ﬁ‘é’&‘f‘ AR active, the ratio of
43. The fol ded cascode receiver preanplifier of claim

3is trauscorsiuntanes of dacinofidhBMQfbtansistgrpairg & the granscapducsance of each of
fromsaid negative power supply up. 44. The fol ded
GaRidRslR-dona ety EPMO S RARIstdrs & thefamid.ai m 36, wherein

said high conmon node input voltage ranges from said

positive power supply down. 32 45. The fol ded cascode

recei ver preanplifier of claim36, wherein PMOS and

MO i ARsL BL LS. Of gl d. outpll (24300 18N, SGAI S SHEe, the ratio of

transistor is the same when active. 46. The fol ded
dhe ranseonductainoeef gack afipdid NMOS srangistar paisgo thefzanseqnductance of each of
said PMOS differential input pair of transistors

GRRY dbde-Edhnkbéted BMOS afahsistofsdgilesaten sai d common node
input voltage is low 47. The fol ded cascode receiver
preanplifier of claim36, wherein the inputs to said
| ow vol tage sensing stage are coupled to the outputs

of, sajd vel shifting stage...48. .The | ded .casgode. . .
Alco Wi o spPre feshVaTPrEmtEp et o S o8y REHE FARTive, the raio of
to said high voltage sensing stage are coupled to said

dhe b efthedraneqpdueiances! saiAEMOS Rod NMOS dansisiorR Pt 1 the sum of the
constant voltage gain over a | arge common node i nput
transconductance of said diode-connected PMOS and NMOS transistors is the same.

42. The folded cascode receiver preamplifier of claim 36, wherein said summing currents of
said PMOS differential input pair are generated by coupling the drains of said PMOS
differential input pair to gates of a transistors pair and the drains of said transistor pair to said

differential current summing outputs, respectively.

43. The folded cascode receiver preamplifier of claim 36, wherein said low common mode

input voltage ranges from said negative power supply up.

44. The folded cascode receiver preamplifier of claim 36, wherein said high common mode

input voltage ranges from said positive power supply down.
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vol tage range for a high frequency receiver

preanplifier with rail-to-rail capability, conprising

the steps of: a) providing an open-loop differential . .
preanplifier where PMOS and NMOS i nput transistor

pairs are scaled to have the sanme transconductance; b)
inserting resistive neans into the tail current paths

of each of said PMOS and NMOS. . inpyt, transi st.o LIS

dfer dibs folded P%O@FF%W Rt phcleis 36 hgrein MR fid NMOS
paths into the triode region of operation; 33 c) ]
teadsistorscptshidraaitput stage arstsaaled suchsha tbicanspensdugtanggefisaid PMOS and
said PMOS and NMOS i nput transistor pairs, when
aMIORaranksRtdr idthe @imeMberaétivee | nput transistor pair;

d) keeping thereby the transconductance of said

open-loop differential preanplifier constant

regardl ess of the conmon node i nput voltage; and e)

SRR, LT UL UL S 05 LS 8 AR ifeni

mai ntai ni ng a constant voltage gain over a |arge )
doprtpain el tandistprstoperats indhesateraien fegionavhengridiqogyuethagde input
receiver preanplifier with rail-to-rail capability, B
GRMagd Bilevg. t he steps of: a) providing an open-I|oop
differential preanplifier with PMOS and NMOS i nput

transi stor pairs and differential current summ ng

out puts; b) coupling an output stage to said

e it TRy, S5 e o

via control means i L
voltage sensing stage are coupled to the outputs of said level shifting stage.

48. The folded cascode receiver preamplifier of claim 36, wherein the inputs to said high

voltage sensing stage are coupled to said differential inputs.

49. The method of maintaining a constant voltage gain over a large common mode input

voltage range for a high frequency receiver preamplifier with rail-to-rail capability,

comprising the steps of:

a)  providing an open-loop differential preamplifier where PMOS and NMOS input
transistor pairs are scaled to have the same transconductance;

b) inserting resistive means into the tail current paths of each of said PMOS and NMOS
input transistor pairs thereby forcing current sources in their tail current paths into the

triode region of operation;
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in correspondence with said PMOS and NMOS i nput ‘
transistor pairs; and d) keeping constant the ratio of

t he transconduct ance of said PMOS and NMOS out put

transi stors divided by the transconductance of said

P}\/Dslrgdﬁglrggfé fﬁgttotﬁft?ﬁﬁb Qtan@ fboth g P Plgﬁﬁeﬂﬁfﬁms input

rel resistive means co t ween
t he sources aof s put transistors

T, SanfigorBats VDR act}Vﬁpﬁoa@%t B BT HEATR Y oGP R

transconduct ance of said PMOS and NMOS i nput
td) anieepiog thepbiyrtke trasconductance of said open-loop differential preamplifier

constant regardless of the common mode input voltage; and
¢)  coupling current summing outputs to the drains of said PMOS and NMOS transistor

pair.

50. The method of maintaining a constant voltage gain over a large common mode input

voltage range for a high frequency receiver preamplifier with rail-to-rail capability,

comprising the steps of:

a)  providing an open-loop differential preamplifier with PMOS and NMOS input
transistor pairs and differential current summing outputs;

b)  coupling an output stage to said differential current summing outputs;

¢) activating PMOS and NMOS output transistors of said output stage via control means
in correspondence with said PMOS and NMOS input transistor pairs; and

d)  keeping constant the ratio of the transconductance of said PMOS and NMdS output
transistors divided by the transconductance of said PMOS and NMOS input transistor

pairs.

51. The method of claim 50, wherein resistive means coupled between the sources of said
PMOS and NMOS input transistors pairs, respectively, improve the linearity of the

transconductance of said PMOS and NMOS input transistors pairs.
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