AMPLIFIERS WITH COMPENSATION FIELD OF THE INVENTION
[0001] The present invention relates to amplifiers, and more particularly to
amplifiers with compensation. BACKGROUND OF THE INVENTION
[0002] An amplifier may include one or more stages. Each stage may
include an amplifier that provides gain. As frequency increases, the gain
that is provided by the amplifier tends to fall off, which limits the
bandwidth of the amplifier. As operatinsa&% uencies of electronic

computing devices iwgé(@?%%v)ﬂﬁ@ n%%@ﬁdwidth and gain

and low noise have become increasingly important. [0003] Miller
compensation is a conventional frequency compensation technique that

involves the movement of g dgmipant polg 2hg-galn stage to a lower
frequency by increasing the effective input capacitance of the gain stage.

Miller cioipeinsation wissaitsiinehie adviller eapasitansehakexploisithe,
Miller effect. When the Miller capacitance is connected in a feedback
arandiffshtvitRearaprititdince appears much larger at the input of the
amplifier, While the dominant pole may be moved to a lower frequency
using this approach, the gain and bandwidth of the system is still

somewhat limited. [089{8;@?{%;{{"@% %@ﬁ’gﬁ&ﬁ%@z an amplifier

circuit 10 with Miller compens es first and second

amplifigepds andhA GimbirRsReSvRIANAUBHLAS the fust areplifier 14,
communicates with an input of the
include an amplifier that provides gain.  As frequency increases, the gain that is
provided by the amplifier tends to fall off, which limits the bandwidth of the
amplifier. As operating frequencies of electronic computing devices increase,
amplifiers having high bandwidth and gain and léw noise have become
increasingly important.

[0003]  Miller compensation is a conventional frequency compensation
technique that involves the movement of a dominant pole of a gafn stage to a
lower frequency by increasing the effective inpu{ capacitance of the gain stage.
Miller compensation circuits include a Miller capacitance that exploits the Miller
effect. When the Miller capacitance is connected in a feedback arrangement, the
capacitance appears much larger at the input of the amplifier.  While the
dominant pole may be moved to a lower frequency using this approach, the gain
and bandwidth of the system is still somewhat limited.

[0004]  Referring now to FIGs. 1 and 2, an amplifier circuit 10 with Miller

compensation is shown and includes first and second amplifiers 14 and 16,



second amplifier 16. A first end of a Miller capacitance 18 communicates
with the input of the second amplifier 16 and a second end of the Miller
capacitance 18 communicates with the output of the second amplifier 16.
[0005] An input voltage of the amplifier circuit 10 is applied to an input of
the first amplifier 14. An output voltage of the amplifier circuit 10 is
referenced from the output of the second amplifier 16. As a result of the
Miller compensation, the transconductance, gR, of the second amplifier
1&:mayibe increassd,which increaseithe bapgwidth:oftheamplifigit of ihe
circuit 10. As can he seen in FIG. 2, the gain of the amplifier with Miller
cORTPBASATGH A & 26 B/ dacatieas e [coosytamplifiersomayalsadewin
used.with switched cagtaciti e input sigqals. The switched capacitive input
signals may be genaratéd M sHaldoftd” digtarasrveteré aidte) cdipriarse

enalog sonHerers (RAGS), ers, Ao ather, syt Traditonal

amplifiers such as those shown in tend 1oHave 2" difficult time

providing sufficient-gai.ensdbgndwidth a4 agcentable neise, g@ér’lg?Ean input

particularly for switched capacitive input signals. SUMMAR

INVERTION 0007 Ah amplifiencirdtiveamprises gifiEstanuplfienNavingceq
an input and an output. A second operational transconductance amplifier
(GTR) B8 S RbubthitcGFRDAICATRR Hrth the outputofdselfirst the Miler
amplifier. A third nglifier has an input that communicates with the input

of ”épf?r%?aé“r%%nﬁ_é? and &R BUpaL "2 AtotHoTRe RS afIRBlethl may be
COBRRLRCATES Wt the, QUKL of the sald o e amplifier circuit 10. As can be

seen in FIG. 2, the gain of the amplifier with Miller compensation has a 20
dB/decade slope.

[0006] Amplifiers may also be used with switched capacitive input
signals. The switched capaciﬁve input signals may be generated in analog to
digital converters (ADCs), digital to analog converters (DACs), filters and/or other
circuits. Traditional.ampliﬂers such as those shown in FIG. 1 tend to have a

difficult time providing sufficient gain and bandwidth at acceptable noise levels,

particularly for switched capacitive input signals.

SUMMARY OF THE INVENTION
[0007]  An amplifier circuit comprises a first amplifier having an input
and an output. A second operational transconductance amplifier (OTA) has an
input that communicates with the output of the first amplifier. A third amplifier

has an input that communicates with the input of the first amplifier and an output.



amplifier and an output. A feedback resistance communicates with the
input anc' the output of the fourth OTA. A capacitance communicates with
tine output of the fourth OTA and with the input of the second OTA.
[0008] In other features, N OTAs are connected in series, wherein N is an
integer greater than zero. An input of a first of the N OTAs communicates
with the output the first amplifier and output of a last one of the N OTAs
communicates with the input of the second OTA. The input of the third
AmigifiEr (8T Capaéitivenrestphal tecthe firstapsplifitr. Aswitehedor the third
%%pa}c];itance circuitéDr;elecgvel communicates with of the input and the
SULBLEBrHHS Fhifd EplifdP | IRCGHOF fetivas N 2ttt de input and
| |ECH] rise first switch having a first terminal that
O R SRR SEhRF S A we

fissttemminalthatcommupicatas with-the eptput the third amplifier. A
capacitance has one end that communicates with second terminals of the

first anfP8egbndiswitciresa[0REONAGITGItL 1 @O SONVEEIRICUNPISES is
the amplifier circuit and further comprises a circuit that generates a
SWitCHsEE CapRERANCRIFSR: sighalnPtiatiis ifisttabttee Nnpavef thenamplifier
cir ui§hAn a alo%togégital converter comprises the amplifier circuit and

flirther SoRfiirided '8 diFRLIPTREGe eI es BUsWitchdapt dppecitinds M@ TAs

,' is.d i f the amplifier circuit. A filter comprises
agéﬁaﬁrkn&gl%tiae%éﬁ%ﬁt@%gﬁfﬁﬂ%&gﬁ%%epcr?géga%‘rcﬁﬁetﬁ%”b%@i%f@gdaamp”ﬂe‘"

imﬁm@giw@%&m@dnﬁuwgmkﬂé\%ﬁpiﬁﬂié}PUt/ioé@ﬁér‘?@&tc%fpﬁ‘c?ta%@ep'éﬁr%ﬂit
select-ively communicates with of the input and the output of the third amplifier.

[0009] In other features, the switched capacitance circuit comprises a
first switch having a first terminal that communicates with the input of the third
amplifier. A second switch has a first terminal that communicates with the output
the third amplifier. A capacitance has one end that communicates with second
terminals of the first and second switches.

[0010] A digital to analog converter comprises the amplifier circuit and
further comprises a circuit that generates -a switched capacitance input signal
that is input to the input of the amplifier circuit.  An analog to digital converter
comprises the amplifier circuit and further comprises a circuit that generates a
switched capacitance input signal that is input to the input of the amplifier circuit,

A filter comprises the amplifier circuit and further comprises a circuit that

generates a switched capacitance input signal that is input to the input of the

amplifier circuit.



J [0011] An amplifier circuit comprises an input., an output, a low

frequency path between the input and the output and a high frequency

path between the input and the output that includes a first amplifier

having an input and an output, a first opeational transcondtuctance
amplifier (OTA) having an input that communicates with the output of the
first amplifier, and an output that is capacitively coupled to the low
frequency path, and a resistance that communicates with the input and

the outftit'df theAirsteOPATI{0012)in otherfeatures, theutovefreguency s ow
pfrglth includes N OTAs, wherein N is an integer greater than one, wherein

a

frEIEIE SRRePR RS o MR atdBa it FpLieand'a lasteneyobath

t communicates with, the aqutput. The first amplifier
cr%gmtwrﬁgr%-i?j?e@ With 3%0%%&“5?%&%?5‘98{}?89& thaRi 8eard Y firstinput

R B e e e e i on
|

frequency path comprises a second amp |er,ajljﬁéé %W%lrﬂee u

ingludés:acsevandiernplifien andod QT Asironnaciad iRsctrs Whersin Nis
an integer greater than zero, wherein the second amplifier communicates
VR EREVpueewRlash dutgbe ofevlastanerafitheaiN, OdnAs somBiIRIates:, o
with the output. [0013] An amplifier circuit comprises an input, an output, a

ISR RGNS B B et A & mputranaltie dasoGT and a high

freque pﬁth prgty)%%gp }Lheui]rrl&l,ﬂ nd the output that includes first

amplifying means for ampﬁﬁylng al C? hlg\WnH%WMt effd éW&@@ﬁ;_thi%‘fASr
ettt T R T
ariranuoiutget thatisheapacitivedy-CRplIeaki®f the N OTAS communicates with
the output. The first amplifier communicates with an input of the first one of the N
OTAs and the first OTA communicates with an input of a last one of the N OTAs,
The low frequency path comprises a second amplifier. The low frequency path
includes a second amplifier and N OTAs connected in series, wherein N is an
integer greater than zero, wherein the second amplifier communicates with the
input and an output of a last one of the N OTAs communicates with the output.
[0013] An amplifier circuit comprises an input, an output, a low
frequency path between the input and the output, and a high frequency path
between the input and the output that includes first amplifying means for
amplifying and having an input and an output, first transconductance means for

providing transconductance and having an input that communicates with the

output of the first amplifying means, and an output that is capacitively coupled to



4 the tow frequency path, and resistance means for providing resistance
that communicates with the input and the output of the first
transconductance means. [0014] In other features, the low frequency path
includes N transconductance means for providing transconductance,
wherein N is an integer greater than one, wherein a first one of the N
transconductance means communicates with the input and a fact one of
the N transconductance means communicates with the output. The first
aMpligind rieans comimupicates withan mpatofithefissione afdbeNe ihai
transconduitanc.e means and The first transconductance means

commURICAtEs With 'h rplieordhastenetof the Mstieamsconductansemeans.

means. 5] In oth atures, the low frequency path comprises second
kst %Fntg.r“fhe?aﬁ/ fIRYuUEHTSHEARY inklidesnskistnd N

amplifying means for ampli

ampliybng reans ok ARRliingiand N.lransconductance means.
connected in series, Whereiyﬁll N is agnqllraltﬁegchlg?éﬁ%%%h\ﬁeﬂefg‘fb[\‘\%@Pe‘meﬁiler

thieeseeorickampidyinghangans aesmsmicateswiththesinput and an output
of a last one of the N transconductance means communicates With the“ens
OtRPUT UA Eifitaltd ainaldtp Wonverersomprises-hel araplifign Girssif-and. - -
further comprises means for generating a switched capacitance input

Sighal tHAFHS P 0 e RBlut Drades aamifieinsiroaitnsAnanalog:e digitakn

cRRverter gomprises the ifer gircuit and further comprising means for
geEerating a S\%E e%bga%ggkﬂfnc@ inpUT g H74Css Mpakto ahe inpat Bfst

the:amplifiessivesitAcfiter samprisssth lifier circyit and further
comprising means for generating a switc @?ggpiggﬁgﬁgea@%ﬁt %’ﬂfnﬁf the N
transconductance means.

[0015] In other features, the low frequency path comprises second
amplifying means for amplifying. The low frequency path inciudes second
amplifying means for amplifying and N transconductance means connectad in
series, wherein N is an integer greater than zero, wherein the second amplifying
means communicates with the input and an output of a last one of the N
transconductance means communicates with the output.A digital to analog
converter comprises the amplifier circuit and further comprises means for
generating a switched capacitance input signal that is input to the inpu‘t of the
amplifier circuit. An analog to digital converter conﬁpn’ses the amplifier circuit and

further comprising means for generating a switched capacitance input signal that

is input to the input of the amplifier circuit. A filter comprises the ampilifier circuit

and further comprisi i i J ’ i
mprising means for generating a switched capacitance input signal

that is input to the input of the amplifier circuit.



that is input to the input of the amplifier circuit. r [001'011 An ampHtiier
circuit comprises an input, an output, and a low frequency path between
the input and the output. A high frequency path, between the input and

the output includes first amplifying means for amplifying that
communicates with the input and second transconductance means for
providing a transconductance and having an input that communicates with
the output of the first ampfihhying means and an output that is
capacitﬁsgﬂﬁbouyﬁ\i"édafﬁp&ﬁ@” |6ETHe goerys pathn Resistanceueansfora low
RngLdein%re%%angN com T unicates with the input and the output of the
second fransconductaite fdang. L #arPsther fedturés) thedosncy path

freguen inc >onductance means for providinga
transcoﬁ ():i& lﬁgﬂrﬁ) clg% H\ﬁiﬁé\: it %@%ﬁﬁ%ﬁ%ée’? G r%E@WHb% rgﬁ%r} A<t BpEsr

tre:Nacansoondustanss means.omaunicales wih e dout pad aast
one of the N transconductance means communicates wit t?le outpu&f.

THievitstcampiifyingraieaasceommunigates with anriaput of the dirskone of .
the N transconductance means and the second transconductance means

CYHmLridated hitnafiiisureradastone ofthe Netranseengtieiangipled to
%ea“%WTh?r efirst of the l\}! transconductance means comprises inverting
and nonnVerting Mputé that coRHTRiCAte B Rordhvertigiand resistance

IRMETHNG, RS ir ifying means. acitance means for
providingla cap@{:ﬁgﬁl{éﬁ%@%&%ﬁ%ﬁgt 5§ With thaSsatpLEanseangwrtance

freguency path includes third amplifying means for amplifying and N
transconductance means
[0017} In other features, the low frequency path includes N

transconductance means for providing a transconductance, wherein N is an
integer greater than one. A first one of the N transconductance means
communicates with the input and a last one of the N transconductance means
communicates with the output. The first amplifying means communicates with an
input of the first one of the N transconductance means and the second
transconductance means communicates with an input of a last one of the N
transconductance means. The first of the N transconductance means comprises
inverting and non-inverting inputs that communicate with non-inverting and
inverting inputs of the first amplifying means. Capacitance means for providing a
capacitance that communicates with the output. Thee low frequency path
includes third amplifying means for amplifying and N fransconductance means
for providing a transconductance that are connected in series, wherein N is an

integer greater than zero. The third amplifying means communicates with the



for providing a transconductance that are connected in series, wherein Nis
an integer greater than zero. The third amplifying means communicates
with the G input and a last one of the N transconductance means
communicates with the output, [0018] An amplifier circuit comprises a first
operational transconductance (OTA) having an input and an output. A
second OTA has an input that communicates with an output of the first
OTA, A third OTA has an input that communicates with an input of the
irstOFR A Ritirgh o PAthad atespun thatacommenicatesnrithaaeuta of .

tg@{gmrd OTA and an output that communicates with the input of the
second OTA. A switched capacitance circuit selectively couples a

capacitgpgesto af least.one:of the input of the third O TA and the output of
third OTA, [é019] In oth%%?eature%,mg}#}esis ARREFFAving an hfut tRagrational

cmmunmawi@m)iH@MﬁQ%%M%@%&H ?ng%tv%)g%rgjl%ﬁ}&as an
(0] e i

communicates with the output o the fourth OTA. The inpu

OPA i$reapavitivelcaespiéed tntbetinpuirahthe Brsd OTA A Theswitshed,
capacitance circuit comprises: a first switch having a first terminal that
SR SBEE WARCERSINptt 26F theuthirdt G TEE GBeond. Sultch DaViNg:a an
fm%%e{rg%nal that communicates with the output the third OTA; and a

capacitance NAVING ORe artdl'that Comhicated Wit Sacond termirals dfat
thenfiratandsecandawitehess Wg%glc';%o /&feiture{s,%%qiapacitance has

one end that communicates with the input of the fird e circuit
eppositeland thiat coBPAINEAIE SIMNAG one of the input of the third OTA ang

the output of third OTA.

| [0019] In other features, & resisiance having an input that
communicates with the input of the fourth OTA and an output that communicates
with the output of the fourth OTA. The input of the third OTA is capacitively
coupled to the input of the first OTA. The switched capacitance circuit
comprises: a first switch having a first terminal that communicates with the input
of the third OTA,; a second switch ha\ring a first terminal that communicates with
the output the third OTA; and a capacitance having one end that communicates
with second terminals of the first and second switches,
[0020]  In other features, a capacitance has one end that communicates

with the input of the first OTA and an opposite end that communicates with the

output of the second OTA. N additional OTAs connected in series between the

output of the first OTA and the input of the second OTA.



output of the second OTA, N additional OTAs connected in series

beiween the output of the first OTA and the input of the second OTA. 7
[0021] A digital to analog converter Comprises the arnplftler circuit and
further comprises a circuit that generates a switched capacitance input
signal that is input to the input of the first OTA. An analog to digital
converter comprises the amplifier circuit. and Further comprises a circutt
that generates a switched capacitance input signal that is input to the
input oﬁ%zsiﬁst e)‘\fl’yfg.lﬁaﬁcﬁﬁ@?i%ﬁﬁﬂi’?é?ﬂfé’@rﬁ’ﬁﬂﬁfeﬁ‘@ir@ﬂi@@ﬁﬂ firrthiernd
WG‘S&?E Glrcuit tp@é&@ rates a V\éitched,c pacitance input signal
that is inpUt. to the input of t Ea%ler}gtv E??'PA the ‘@ﬁ%h@@%ﬁﬁéﬁ%%ﬁﬁmﬁa‘
signal inpludes-irsindmsesand phases aadyherein. switches inthe
switched capacitance circuit are switched based on %%V%ﬁ%?\é%ﬁ "SeConiFes
phrasesmofithecswitched dapacitanes input signali{0022] A amalifies glrguit,
comprises first transconductance means for providing a

fraRsEGrtifctante aadchaliganiipputantbeamputmit iSecendoTA. A fiter

trgnsg%ndut tance n}eans provides a transconductance and has an input
fhat LommuRiCeL T aH bafsut BEIRE $REtRFaAS contitictahet greanses a

Ehikd benseapdualanea rieans pravides.a ansconductance anc has an |

input that communicates with an input 0

means eatitiHARS GNdUSIARCH MRRRS ROYIde conductance
and has an input that communicates with. an out;é)%%fc%? {hﬁéat?ﬁdan% wherein

trafisbendudtanceiitieans-aadianeupetithat comMmunisates Withthe gyt
of the second transccnductance means, Switched capacitance means

SEUIVERFSFS IS capbivdrap arithnes lapuhpotal.

[0022]  An amplifier circuit comprises first transconductance means for
providing a transconductance and having an input and an output.  Second
transconductance means provides a transconductance and has an input that
communicates with an output of the first transconductance means.  Third
transconductance means provides a transconductance and has an input that
communicates with an input of the first fransconductance means.  Fourth
transconductance means provides a transconductance and has an input that
communicates with an output of the third transconductance means and an output
that communicates with the input of the second transconductance

means,

Swiitched capacitance means selectively provides capacitance and has an input

that selectively communicates with an input of the third transconductance means
and an output that selectively communicates with the output of the third

transconductance means.



that selectively communicates with an input of the third transconductance
means and an output that selectively communicates with the output of the
third trransconductance means. [0 02131, In other features, resistance
means for providing resistance has an input that communicates with the
input Of the fourth transconductance means and an output that
communicates with the output of the fourth transconductance means. The
input of the third transconductance means is capacitively coupled to the
input of 1Aé%irst trapiGebiRietaRCE Aitanes Tiveswitchedvidipacitastece has
comprises: first switching means for switching and having a first
il At oS te Wit SHEFHpet 5 e HrEP A eco daetaricens

With.
communiCa es‘w

mgans seEend USRS REDS o wlEhing apdhaving  fstteminl

that communicates with the output the third transcon GETiRAtance

and:caparitangeneansifor proMding canasitance, é@dc%?é{!!ﬁ%&(g%c‘?@p ed fo
that communicates with second terminals of the first and secon

Swatdning ehenis[0c24 b tmdihenfeatusess capackancesmneansd@ince means
providing capacitance has one end that communicates with the input of
tHBAPSERENYEo RAICPe N ATESN® sy i iop positenaviddhatirst terminal that
cQ ldrr]\ilcg{es Wim t,[rp]e OIH(EPUW gff e second transconductance means. N
a

ditional fransconductance mda efotlt"iﬁ?oVi@?ﬁ@%dH%W@@@nHl?@@ﬁcé@&@d

cannetied-insaries Hetween the g fthe first transconductance
means and the input of thfé;econd fra S%El;ng&%"{é‘h”caﬁ %Egé’r%?%‘l‘i‘é%t% pgth

dhdntegergreatentian zeses 1802654 digital 4o éﬂ@'%&é’&%éﬁ‘%fés M means for
r

comprises the amplifier circuit and further comprises means fo
gEREIdNEg@itehed eapabitainge dnputsignhthedmmunicates with second

terminals of the first and second swﬁching means.

[0024]  In other features, capacitance means for providing capacitance
has one end that communicates with the input of the first transconductance
means and an opposite end that communicates with the output of the second
transconductance means. N additional transconductance means for providing a
transconductance are connected in series between the output of the first
transconductance means and the‘input of the second transconductance means,
where N is an integer greater than zero.

[0025] A digital to analog converter comprises the amplifier circuit and
further comprises means for generating a switched capacitance input signal that
is input to the input of the first transconductance means. An analog to digital
converter comprises the amplifier circuit and further comprises means for

generating a switched capacitance input signal that is input to the input of the first



Is input to the input of the first transconductance means. An analog to
digital converter comprises the amplifier circuit and further comprises
means for generating a switched capacitance input signal that is input to
the input of the first 9 transconductance means. A filter comprises the
amplifier circuit and further comprises means for generating a switched
capacitance input signal that is input to the input of the first
rgggggand%%tance means. Ehﬁ! switched capacitance input signal includes
e

irst and second phases et SRE NSRS E SwieHWE eEms rnehaurther

second phases, T

switehed:capagitancemeans.are switched based on the first and second
phaggs of the switchgeed capgg?t%n\?g #ﬁé]ﬂetcgﬁ%cﬁ??‘heeI%Wff)ﬁf%?aéi%ifsié”p“t

cottiigmed in adiffereatisbonedeniRO26lLAR-amplifiey, cirauit il URES A it
first amplifier comprising an input and an output and having a first gain,a
et HandudethiapiceadirstcontpphdsepedancearA seeandamplifienmodule
comprises an input that communicates with the input of the first amplifier
4hd'arrYiipet sRa3tianscsdeenes g Micheddssstanttiadifstigain, @:cond
%%%%QQ t(;@nt \éVi%t\p/ittc aet IS reat,?r than the first bandwidth and an output
impedance that 18 165§ th&AHE"TsEolitpil infstiancEleAssapisitaniceilt is

commuaicateswiththe qutput of the second amplifier module and an
output of the first amplifier. [0027] In other features, the first gain is greater

than ofepsal toA0GranMhepesond it s less hagApsdundied, The
second amplifier module includes an operational transconductance

Aifiplifee. The secbmaamplifiera nst geircomiptises adtbidchamplifierdaying:
an ingut that communicates with the
impedance. A second amplifier module comprises an input that communicates

with the input of the first amplifier and an output and has a second gain that is

less than the first gain, a second bandwidth that is greater than the first

bandwidth and an output impedance that is less than the first output impedance.

A capacitance communicates with the output of the second amplifier module and

an output of the first amplifier.

[0627]  In other features, the first gain is greater than or equal to 100

and the second gain is less than one hundred. The second amplifier module

includes an operational transconductance amplifier.  The second amplifier

module comprises a third amplifier having an input that communicates with the

input of the first amplifier and an output, a fourth operational transconductance

amplifier (OTA) having an input that communicates with the output of the third
amplifier and an output, and a first resistance that communicates with the input

and the output of the fourth OTA.
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input of the first amplifier and an output, a fourth operational
transconductance amplifier (CTA) having an input that communicates
with the output of the third amplifier and an output, and a first resistance
that communicates with the input and the output of the fourth O-; A, 10
F00281 In other features, a third operational transconductance amplifier
(OTA) communicates with the output of the first amplifier. N operational

transc tance lifiers (OTAS) are connected in series, wherein N is
an intzg%reaigr%ﬁa{gﬁ %@FBT%&nai ALY GPETRISSY thenRpeIRAGance amplifier

icates with, the, t the first lifi d oytput of a last
N G et e B of i A T, thoey Afena

ampidteraciceHte ompIpes fifSraRPAing means for %[wgrem N is an
comprising an input and an output and having a first gain, a first

eiadevidi zdad tadfirsteputpab impedancer-$Secand ampliikng mede e with
means for ampli;ying comprises an input and an output and having a
dBeoRBBintisatlist 2@ rpiteT thedirstigain, of secdmd bamdwidthehat isOTAs

reater thapethe. firag banc{width and an output impedance that is less than

the Hrst oG pﬁﬁ’r‘ﬁbe(?aﬁgé. Oé%ééifar%gﬁneans for providing capacitance

comm%@p@tfs with tgﬁlﬁmg;utc%!cuglge Cs(gamcr{cj)sesdf gcr)nz%lg Iinﬂ%}%}. dule means

and an output of the first amplifying mea n fatdEe Ehdor
firsipyings @reateiibasmoneduahto 200, and the:second gainds less than

i ain,
one hundred, The second amplifying module means inCludes an
diseratidhiabrars foriductandemmplifier. Thesecongdimmplibdpgmedule ror

means comprises third amplifying means for amplifying and
amplifying comprises an input and an output and having a second gain that is
less than the first gain, a second bandwidth that is greater than the first
bandwidth and an output impedance that is less than the first output impedance.
Capacitance means for providing capacitance communicates with the output of
the second amplifying module means and an output of the first amplifying means.
[0030] In other features, the first gain is greater than or equal to 100
and the second gain is less than one hundred. The second amplifying module
means includes an operational transconductance amplifier.  The second
amplifying module means comprises third amplifying means for amplifying and
having an input that communicates with the input of the first amplifying means
and an output; fourth transconductance means for providing transconductance
having an input that communicates with the output of the third amplifying means
and an output; resistance means for providing resistance that communicates with

the input and the output of the fourth transconductance means.
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having an input that communicates with the input of the first amplifying
means and an output; fourth transconductance means for providing
transconductance having an input that communicates with the output of
the third arnplifying means and an output; resistance means for providing
resistance that communicates with the input and the output of the fourth
transconductance means. t1 [0031] it": other features, third
transconductance mean; for provid ins transconductance communicates
with tH8Gitbut SHIE fifsteafptifyiHy theanscon drarscontiuctarice meansg
%‘rorn (r:%\ﬁi LIJ% transconductance are connected in series, wherein N is an
integer groater than Jers A inplt Jra et Srthb N afrsebihtemaees. N
ic ith_th tput the first amplifying means and _
o e N 1 R o ates i
theldaputref éhe thied dranssendyeiaace means, (0032 Eurther ajeas of

applicability of the present invention will become apparent from the
detaiteddeseriptiongprovidethheretnaftervitishauldbbg understaeddhatthe,
detailed description and specific examples, while indicatinc the preferred
EiBstie AUst thelilests, drimbd ideddorpurpose siefrilustrationienbs

and are not intended to limit the scope of the invention. BRIEF
B@S%%‘W@ﬁ%ghﬁﬁgﬂﬁﬁﬂﬁmwdﬁﬁ%e present invention will

becomggdnere fullyyade d from. the detailed description and the _
accorr:;tpanyljng drar\;v#}ngsé,g\/év%geréfn:g%o%hﬁ]g ﬁféﬁglg Sn URGAE AN YERERRatd!
otemamplifieewitroMiller ceempensatianasoarding e .4hs RASY altishouid be
understood that the detailed description and specific examples, while indicating

the preferred embodiment of the invention, are intended for purposes of

illustration only and are not intended to limit the scope of the invention,

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]  The present invention will become more fully understood from

the detailed description and the accompanying drawings, wherein:

[0034] FIG. 1 is an elecirical schematic of an amplifier with Miller

compensation according to the prior art;

[0035]  FIG. 2 is a graph illustrating gain and bandwidth for the amplifier
of FIG. 1;

[0036]  FIG. 3Ais an electrical schematic of an exemplary amplifier with

compensation according to the present invention:
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[0035] FIG. 2 is a graph illustrating gain and bandwidth for the amplifier of
FIG. 1; [0036] FIG. 3A is an electrical schematic of an exemplary amplifier
with compensation according to the present invention; 12 [0037; FIG. 3B
is an electrical schematic of an exemplary arnpiifierwith compensation
according to the present invention; [0038] FIG. 3C is an electrical
schematic of an exemplary amplifier with compensation according to the
presen{ginyention' 0039] FIG. 3D is an electrical schematic of an

exemp W?’mplﬁi} Wit GOhTETSERIoT AREaHdiAG 10 therprsseatmplifier with
[ ion; -4C are graphs illustrating exemplary gain and
gg@v%%%#%ﬁ%@%%i#@%?[Br(ﬁﬁg{:'f@@@ %nd 6 are _electrice_:ll
schemasigssof amplifiersyith efé@?ﬁegr‘é&%@ﬂ%@%@éﬂn"Eﬁ?er#r"%‘;'ﬂ%a'”as% o

according to the present invention; [0042] FI A'IS an electicdrPier with

sciepeatie ioharc exeinglaryhamplifien acearding to the present invention,
[0043] FIG. 7B is an electrical schematic of the amplifier of FIG, 7A with
ParasitleC¥iacitfce 0044 d4Cri7¢ istanmelectrical sehematic-of@Rer with
amr[%Iifier according to the present invention with a switched capacitance
SirCURTT6%%] BYEC 8 LPrtiHchEsarbisRMiRigram illustrating an

exemp wit input comprising a switched capacitance circuit and
the amkgli?i/‘ézor%of Eﬂ%q BRI gpns ustrating exemplary gain and

bandwidth for the amplifiers;

[0041] FIGs. 5 and 6 are electrical schematics of amplifiers with
compensation and additional gain stages according to the present invention:

[0042]  FIG. 7A is an electrical schematic of an exemplary ampiifier
according to the present invention:

[0043]  FIG. 7B is an electrical schematic of the amplifier of FIG. 7A
with parasitic capacitance;

[0044] FIG. 7C is an electrical schematic of an amplifier according o
the present invention with a switched capacitance circuit;

[0045] FIG. 8 is a functional block diagram illustrating an exemplary
switched input comprising a switched capacitance circuit and the amplifier of FIG.
7C,;

[0046] FIG. 9 is a functional block diagram and electrical schematic
illustrating an exemplary switched capacitance circuit;

[0047]  FIG. 10 is an electrical schematic of the amplifier of FIG. 7C

with additional amplifier stages;



7G; [0046] FIG. 9 is a functional block diagram and electrical schematic
illustrating an exemplary switched capacitance circuit; [0047,] FIG. 10 is
an electrical schematic of the amplifier of FIG. 7C with additional amplifier
stages; 13 [0048] FIG. 11 is electrical schematic of the amplifier of FIG.
7C configured in a differential mode; [0049] FIG. 12A is a functional block
diagram of a hard disk drive; [0050] FIG. 12B is a functional block

diagr digital versatile disk (DVD); [0051] FIG. 12C is a functional
blocka@g%%éam (%‘]tg'hi/g{] FeffiioI teRAIEIBAYS005 3 EIGTRYS isfaFIC. 7C
&ﬂﬁ89%| Plock-diagram.f 8 vehicle control system; [0053] FIG. 12E is a
functional block diagram of a cellular phone; [0054] FIG. 12F is a

functiqoahglock-giagramiohauselsor bmeandofONDs FIG 126G is 9} :
functional block diagram of a media player. DETAILED DESCRII5 TON

OF THECPREFERREEZEEMBORINMEN BH 00k} Ihefollawing desshiption
of the preferred embodiment(s) is merely exemplary in nature and is in no
ihtended to limit the invention, its application, or uses. As used
circuit and/or device refers to an Application

herein tqu ier od}C ] .
Speciftc ??? grr;}fe 'C!rr%ait'?A%IETFHﬂr@IIeHPSHicdéﬁﬂfﬁﬁ} £' a high definition
television,
[0052] FIG. 12D is a functional block diagram of a vehicle control
system;
[0053]  FIG. 12E is a functional block diagram of a cellular phone;
[0054]  FIG. 12F is a functional block diagram of a set top box; and

[0055]  FIG. 12G is a functional block diagram of a media player.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0056] The following description of the preferred embodiment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses. As used herein, the term module, circuit and/or device
refers to an Application Specific Integrated Circuit (ASIC), an electronic circuit, a
'processor (shared, dedicated, or group) and memory that execute one or more
software or firmware programs, a combinational logic circuit, and/or other
suitable components that provide the described functionality. As used herein, the

phrase at least one of A, B, and C should be construéd to mean a logical (A or B
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processor (shared, dedicated, or group’) and memory that execute one or
more sof-hA,are or firmware programs, a combinational logic circuit,
and/or other suitable components that provide the described functionality,
As used herein, the phrase at least one of A. B, and C should be
construed to mean a logical (A or B 14 or C), using a non-exclusive
logical or. It should be understood that steps within a method may be
e&geé:uted in different ?rder without altering the principles of the present

invention. E6r "BUFPOSES 6F &?&fﬁ@{ The LanieifererteriipaBaheimilebe within

S
i rawi identify. similar elements. [00571 Referring now to

e P TR i s S e o e
qosRensation GeCoTaing tooha Rregentinyentign. is %Pe%‘é’rﬁ‘c@WG%eoe%Q%!F'%e
examples of amplifier circuits will be shown and described, other o
chnbindtionsaarie gontaplaietnThesamiplifier circuit 50 includes a first
amplifier module 52 having an input and an output. The inputs of the
amplifié? $ABHuI S ES AR dtESwith.inputs of anl anplifietaoedtlenditer

lifier .module 55 are coupled by a capacitor 56) to the

(8““8 ts of ,t{p]e am . i
OlIth%Llﬁ of the a?ﬁmﬁ?é}sﬁ%&ﬁécgﬁq‘[&%tfqﬁéeéﬁﬁﬁliﬂé?ﬁﬁ@diﬁ@iﬁmmay\/hiie

vea-oal is | e_.gain of the amplifier module 52, Tne
Z%pli!fier%n%éhtﬁteels;ﬁi%y g}{%ep amg%;ﬁﬁsth\gﬂsbareg Ve ERbrassEEres  16ther

Thenamplifier modulehbimay have agaimdhatis,i-=p 100,10 some.
implementations, the gain of the amplif?erlmodruleI 55 ?sggs%%asstgnfﬁg I?T@s‘ o

thae 100G They g plifispadtlerboumay. Heve iaekydhigh handwidthand 2
low output impedance. The amplifier module 55 may have a bandwidth

tAAS Yrater thEn BPEEn el Bpifieamptifier GfodWeiBRisTbethe amplifier

module 55 are coupled by a capacitor 56 1o the output of the amplifier module 52.

[0058]  The amplifier module 55 may have a gain that is less than the
gain of the amplifier module 52, The amplifier module 52 may have a gain that is
greater than or equal to 100. The amplifier module 55 may have a gain that is
less than 100. In some implementations, the gain of the amplifier module 55 is
substantially less than 100. The amplifier module 55 may have a very high
bandwidth and a low output impedance. The amplifier module 55 may have a
bandwidth that is greater than a bandwidth of the amplifier module 52. The
output impedance of the amplifier module 52 may be greater than the output
impedance of the amplifier module 55. The amplifier module 55 may include a

transimpedance amplifier. The amplifier circuit 50 has a first DC path 57 and a

second high frequency path 58.
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output impedance of the amplifier module 52 may be greater than the
output impedance of the amplifier module 55. The amplifier module 55
may include a transimpedance amplifier. The amplifier circuit 50 has a
first DC path 57 and a second high frequency path 58. 15 [0059]
Referring now to FIG. 3B-3(0, various combinations of amplifiers can be
used in the amplifier modules 52 and 55 of the amplifier circuit 5u. While

specifi pl ill.be shown, other combinations are contemplated. In
FIG. 3%)(,?%?? arﬁﬁﬁ\ﬁléenrm dt lﬁet%g%\‘a%%h%ﬁ]d’ér%%ﬁ%ﬂﬁ@@g@{‘%ﬁf@%@@
the, amplifigrme | i dance amplifier. in FIG, .
3D, the ampllifiefg r%@ﬁﬂﬁz%ﬁﬂ%%%% egﬁiﬁﬁﬁ%smﬁé%gagféc %r%%nﬁ@?”e
Stitothesxampations] are eaviempliiedo[AORRlRefering MRr IO FIG. 3¢ .

the amplifier circuit 50, which includes the amplifier module 52 that
iRBluEEs arfipstiamplifielss 3haviyg ianiudetput thaptammpenicates with@n e
in L{J}j,of a second amplifier 54. inputs of the amplifier 53 are coupled to
tﬁP@ Wil ti5dtte B T ampliiaraioaetess rohifies amamplifie, the

D lifier 66.and a feedback resjstance 70. An output of the
gar%nh[ﬁif@rr%% %%[:%ngp ed 1o an !an?utaon AR B Re RiBabacktll other

resisianeeaf0 i aepneaied between the input of the amplifier 66 and an
output of the amplifier 66. A. capacitance element 56 capacitively couples

the outfibeblhe rasnptifigr Bacto thernputaf theamplifiep4iTie 50 which
amplifiers 53 and 54 provide a DC gain path 80. Gain of the DC gain path

80-e4iFbejastedieising dadrlifisriakianplifiess aThetamplifiers $2 apdi66 an
aonqut&etgaa gocri;[x?nnucneicg?eg (;E/)i\{iiwdgnamhg%?-of a second amplifier 54. |
pitier 54. Inputs of the
amplifier 53 are coupled to the amplifier module 55. The amplifier module 55
includes an amplifier 62, an amplifier 66 and a feedback resistance 70. An
output of the amplifier 62 is coupled to an input of the amplifier 66. The feedback
resistance 70 is connected between the input of the amplifier 86 and an output of
the amplifier 66. A capacitance element 56 capacitively couples the output of the
amplifier 66 to the input of the amplifier 54. The amplifiers 53 and 54 provide a
DC gain path 80. Gain of the DC gain path 80 can be adjusted using additional
amplifiers. The amplifiers 62 and 66 and the capacitance 56 provide a high-
frequency gain path 84.
[0061]  Referring now to FIG. 3D, the amplifier module 52 may include

the amplifier 53 and a Miller compensated amplifier 85 with capacitive feedback

Cu. An additional amplifier 86 may be provided between the output of the Miller
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frequency gain path 84, [006111 Referring now to FIG. 3D, the amplifier
module 52 may include the amplifier 53 and a Miller compensated
amplifier 85 with capacitive feedback C. An additional amplifier 86 may be
provided between the output of the Miller 16 compensated amplifier 85
and the input of the amplifier 54, Still other combinations are
contemplated. [0062] Referring now to FIG. 4A-4C, exemplary graphs
iIIustratin%F ain and bandwidth for the amplifier circuits are shown. As can

BRUP IR CAte A I SAnitifieh Cirdlit 5PH Bl wasfeditthal Stll other
p%gwgégngtap% ﬁg@ﬂi&é{gwes. A slope of the gain is increased to 40

dB/decade such that the gain falls off later but more quickly. Additional

gain stagesjmayiysther insiease te.slone @ en, hown in.
FIG. 413. Depending u%on the stages and/or coﬁ%ﬁ%@ﬂ?r@é%‘%w& i

gaih Heandiititioresponsel iy diavia:50pe00i20A40a 60,016 SBGacade
as shown in FIG. 4C. [00631 Referring now to FIGs. 5 and 6, electrical

seMiiRItREC B 6ther FAmplitidreswit sommdnsationrant Faglditionat gainsarea
shown, One or more additional amplifiers may be provided in the DC gain

BathCed (0 pFAVIaE SRiRSHAl todiH. RErReads, Ancaniihdiecmainitiols off later

inci nlifiers,53; 01.that are connected between the input of
e e SR P e Sl SRR £ B Jeteer Uroaieaoee o

ineludesdene or sRevke agditignal @@‘.plifi@t?p'%Mgth%&(e Fonoected o
between amplifiers 52-2 and 54, where M is an integer greater than one.

Asntanbécapprgtiated, ardiionabamplifierstagessmay,headdeditodag op
52((): 60, efc dB/decade as shown in FIG. 4C.

[0063]  Referring now to FIGs. 5 and 6, electrical schematics of other
amplifiers with compensation and additional gain are shown. One or more
additional amplifiers may be provided in the DC gain path 80 to provide additional
gain. In FIG. 5, an amplifier circuit 90 includes amplifiers 53 and 104 that are
connected between the input of the amplifier 80 and the amplifier 54. In FIG. 6,
an ampilifier circuit 100 includes one or more additional amplifiers 101-M that are
connected between amplifiers 52-2 and 54, where M is an integer greater than
one. As can be appreciated, additional amplifier stages may be added to the DC
path to provide additional gain as needed.

[0064]  The amplifier circuits according to the present invention have
improved gain at both high and low frequency and improved setlling time. The

amplifier circuits have high gain while operating at low voltage because each

stage can now be configured in a non-cascode arrangermnent.
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path to provide additional gain as needed. [0064] The amplifier circuits
according to the present invention have improved gain at both high and
low frequency and improved settling time, The amplifier circuits have high
gain while operating at low voltage because each stage car. now be
configured in a non-cascode arrangement. 17 [00651 Referring now to
FIGS. 7A and 78, an amplifier circuit 108 includes an amplifier 110 having
an inp(w aGr})(jiaan m%gut that is cougled to an input of an amplifier 114. The
input o 118 ampifier 110 [ tlipIetiy 4*capaciBnce 1 2B RTan misuttof 08
ifler . he amplifier 118 is coupled to an input of
e T A e D TR 30 R B oy vpred i€ an
ciianee skagifr theipputgftk ifi ! eedback
?éqg‘ztance 124% conr?latll‘f‘:]tedtrt?)tatrtﬂgp Eﬁ;ﬂ a%ﬁ% ﬁﬁg&%ggﬁ tjplts g?m%?#%%if@’. R

fegdbiokcresidiance 136 i tanneeittiorthe INpWLARG QUIRULALIRE: 115 is
amplifier '118. The feedback resistance 126 may have a high resistance

AR Bxamiplef the deetlitrickfesiianteusyimuspifesistanceoupled
alue that is greater than a resistance value of the resistance 124. The

2etI5ERR 1R iGdrced A 36 MRy R 2 e igH 4esistance, for example a

resist ppr@@g@%@' finity. A lo apacitance 128 may be
ai'a)%%ﬁ
connected tg an output (#2 !ﬁé@%’ﬁﬁﬁﬁ%ﬁ?qﬂﬁ%‘? B3aigsttiand output

capecianemd29asseciriadwith thesLalatively hi resistance
126 may tend to limit bandwidth of thé%%ﬁi%%bgo%%ﬁ% %lgg.q@éﬁ,ea‘r?p” and

awiplifier direuird30iacddiling te the giresentsisuentionds SHOWRaTNG nigh
amplifier circuit 130 may include a switched capacitance
resistance value. For example, the feedback resistance may have a resistance
value that is greater than a resistance value of the resistance 124. The feedback
resistance 126 may have a very high resisiance, for example a resistance
approaching infinity. A load capacitance 128 may be connected to an output of
the amplifier 114. In FIG. 7B, parasitic capacitance 129 associated with the
relatively high feedback resistance 126 may tend to limit bandwidth of the circuit,
[0067] In FIG. 7C, an amplifier circuit 130 according to the present
invention is shown. The amplifier circuit 130 may include a switched capacitance
to simulate the high feedback resistance 126 without the problems associated
with parasitic capacitance.  The amplifier circuit 130 includes an amplifier 110
having an output that is coupled to an input of an amplifier 114. An input of the

amplifier 110 is also coupled by a capacitance 116 to an input of an amplifier

118, An output of the amplifier 118 is coupled to an input of the amplifier 120.
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to simulate the high feedback resistance 126 without the problems
associated with parasitic capacitance. The amplifier circuit 130 includes
an amplifier 110 having an output that is coupled to an input of an
amplifier 114. An input of the amplifier 110 is also coupled by a
capacitance 116 to an input of an amplifier 118. An output of the amplifier
118 is coupled to an input of the amplifier 120. 18 An output of the

mplifier 120 is coupled by a. capacitance, 122 to the input of the
%ﬁ&%@?ffﬂ*ﬁm’@éﬁﬁé %%ﬁtCQHHI BlipUE SRR Eanplifisl218mayput of the
%%mlgpipﬁg with a switched capacitance circuit 131. The switched
capacitance circuit 131 includes first and second switches 132 and 134. A

capacitapgg) 136ris.canhests itches 132 and 134 and a
refererEce pggtential sugh i g%o%wsgﬁén%g@ |[resE[ ﬁﬁSa?ea ,,C%@rﬂPﬁcﬁthHh

I32igichesedanditbacsecpodiswiich 134cissepenandhe sapacitance 15
'136 is charged. During a second phasesz, the first switch 132 is open

s SEsiortd switehd184itihetoset] awdithral lowsote capacitarRee 4as i
gjis,charge. The first and second phases may correspond to the first and
SEEREpHESEY IR SiieRad! ipandnilsi viceceapstemifeedtiack ground.

resistor 124 is connected tg the input and output of the amplifier 120. A
S e en SR 100 Miay Bo BARHb R T AR BURSG GPUREaMPAGEI 144

loa acitance
In some_ap lications, the amglifier 130 magé‘receive a switched input. The
SwitthediNplf {R7 BE X Ewie A patitie e SaePnastrsedunit drirst
capa itingADCs, DACs, filters and the like. [0069] Referring now to FIGs.

ahd'e an gxé’r%%?a@‘%ir%ﬁit%is?ﬁ’&m 134 is closed, which allows the

capacitance 136 to discharge. The first and second phases may correspond to
the first and second phases of the switched input and/or vice versa. A feedback
resistor 124 is connected to the input and output of the amplifier 120. A load
capacitance 146 may be connected to an output of the amplifier 114. In some
applications, the amplifier 130 may receive a switched input. The switched input
may be a switched capacitive input such as that found in capacitive ADCs,
DACs, filters and the like.

[0069]  Referring now to FiGs. 8 and 9, an exemplary circuit comprising
a switched capacitance circuit 148 and the amplifier 130 of FIG. 7C are shown.
An input voltage to the amplifier circuit 130 may be a switched capacitance input.
Switched capacitance inputs may be generated in circuits such as filters, digital
to analog converters (DAC), analog to digital converters (ADC) and other circuits.

As can be appreciated, other types of input and/or other switched capacitance

circuits may be used. The switched capacitance circuit 148 includes first and
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a switched capacitance circuit 148 and the amplifier 130 of FIG. 7" are
shown. An input voltage to the amplifier circuit 130 may be a switched
capacitance input, Switched capacitance inputs may be generated in
circuits such as filters, digital to analog converters (DAC), analog to digital
converters (ADC) and other circuits. As can be appreciated, other types
of input and/or other switched capacitance circuits may be used. The

wi citance _circuit 148 includes firs’, and 19 second swacnes
%Eggﬁﬁd%@a& écg%gcﬁg%cc'egiB is"EhARGHEY DetverPiis Etitbréess the

angd4 and axgference notentialsuch,as,ground, During a first phase
cD, , the first switch 152 is closed ar%g%%%s%gorg sw.t&%%é{’i;%&}? d?‘anSt

theacapacitancrsl 5&isichargrd:iBiringra secand phasek.the first %g%%%nd

152 is open and a second switch 154 is closed and the capacitanc

dischasgesania the anplifiged 08,007 %Bﬂﬁ&%@%}? r';el%' 19,80, 152

amplifier circuit 180 is similar to that shown in 7C a@nd further include

ampidiersnd 82 sbobBd-Awitehl 881 % Whele %bstﬁg H%St%g{aﬁg%a]i%%tt a@harges

zero. The additional amplifiers 182 tend to increase the slope 0 1B
gariHsagmdplitieh t6Sponse in a region 200 shown in FIG. 4 [0071} Any of
the amplifier circuits described above can be configured in a differential
mode. B Bkamprisanierafeyringmow 16, RIGath/ife amplifiet®fs MGi7Co

n, be configured in a differential mode. Other amplifiers described
HERSIRD B %&f&%&j i E R ehtise el val2An aRptifier 262-X,

hé%iﬁ may 5

RGN IO, NG UGS QLINUP AN J07S refglves A difterential switched

input is
increase the slope of the gain-bandwidth response in a region 200 shown in FIG.
4.

[0071]  Any of the amplifier circuits described above can be configured
in a differential mode. For example and referring now to FIG. 11, the amplifier of
FIG. 7C can be configured in a differential mode. Other amplifiers described
herein may be configured in a differential mode as well. An, amplifier 202
according to the present invention that receives a differential switched input is
shown. The amplifier 202 includes a differential amplifier 110D having differential
outputs that are coupled to differential inputs of a differential amplifier 114D.
Differential inputs of the differential amplifier 110D are also coupled by
capacitances 116-1 and 116-2 to differential inputs of a differential amplifier

118D. Differential outputs of the differential amplifier 118D are coupled to

differential inputs of the differential amplifier 120D, Differential outputs of the
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shown. The amplifier 202 includes a differential amplifier 110D having
differential outputs that are coupled to differential inputs of a differential
am, pUfier 114D. Differential inputs of the differential amplifier 110D are
also coupled by capacitances 116-1 and 116-2 to differential inputs of a
differential amplifier 118D. Differential outputs of the differential amplifier
118D are coupled to differential inputs of the differential amplifier 120D.
B%eré%gpg%utﬁuts TQjot e 20 diff(?rentia! ampliiffier 120D are couplgq by
capacitances 127-1and 1922948 $He” tifsatHIGRp R ot fiddifiéréntiahe
amalfier0:00¢2] Fhe- diferantialinpuis and differential outputs of the

differential amplifier 1180 communicate with switched capacitance circuits

131-1 pind 2131-2hd eak capaciiags s Rotshrwn may-h 194
differential outputs of the differential amplilfier 114D. [&0%?%%%8;%%5 |5tr[§]

dextiibed 3ersivrmay betamilifiersciopetaiabaknamplifiers, eperational 1o
transconductance amplifiers (OTAs), amplifiers with Miller compensation
éﬂ%Fﬁﬁ%‘F%@éb@@JﬁWWém%@@m iseerhisctfractanceattypeot the
ta]%ice The input vgi:&?e controls an output current based on the

refti .
trans%%ad&g%gﬁ%%rg h other words, the OTA is a voltage-controlled

curren ce ich,is in,contrast to the conventipnal amplifier
(opam%%?gvggich %gag\%lﬁtl;ﬁlg&e%&%%gﬁggq voltage St u%cee E(W&?{%/Dgss.’[ﬁa?iﬂt‘?ﬂ%‘

manscendupteraceparaneienoidhe QTAvscoRIRIedby.An amplifisr bias,

current. From this controlled transconductance, the output current Is a
feicaensef thecagslicetvoltage differepide ketweaercthe isputRiRss The# 8 ce
%589 device. The input voltage controls an output current based on the
transconductance gm. In other words, the OTA is & voltage-controlled current
source (VCCS), which is in contrast to the conventional amplifier (opamp), which
is a voltage-confrolled voltage source (VCVS).

[0074]  The transconductance parameter of the OTA is controlied by an
amplifier bias current. From this controlled transconductance, the output current
is a function of the applied voltage difference between the input pins.  There are
two key differences between the OTA and the conventional opamp. First, since
the OTA is a current source, the output impedanée of the device is high. In
contrast, the output impedance of the opamp is very low. Second, it is possible

fo design circuits using the OTA that do not employ negative feedback. In other

words, instead of employing feedback to reduce the sensitivity of a circuit's

performance to device parameters.
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two key differences between the OTA and the conventional opamp. First,
since the OTA is a current source, the output impedance of the device is
high. In contrast, the output impedance of the opamp is very low. Second,
it is possible to design circuits using the OTA that do not employ negative
feedback. In other words, instead of employing feedback to reduce the
sensitivity of a circuit's performance to device parameters. 21 [00751
Referring now to FIGS. 12A 120, various exemplary implementations of
the préggmlinve;ﬁ%fﬁﬁ 'BFe shifvn.'Refélfiitg ndwitd BIG. 12A0uthe presentry
invention.can be ;Wlerpeesggﬁd amplifiers, ADC, DAC, filters arid other

f & 400! SHUSEh &S PRée RraiE I fRsighaP- 124,

circuits In'a har dISE rve

piocessing; Ardi-contigl W&%%éﬂ%g%%@@ﬁé‘?&f&%“ﬁ%&‘%‘iﬁ“&%ﬁ” Mer

the HDD 400 may process data, pe ing’and/or encryption,

peformrcalaulations danslian farmat-datminahis-euibrd e aad/ox received.,
from, a magnetic storage medium 406. [0076] The HDD 400 may )
eorimumictité it ia4istabvicetifpotcsioin)nstichcas aisampHEn Mebilgy

computing devices such as personal digital assistants, cellular phones,
RICAFSDIIL3 PrAYETs SNk amtYviRer ristices wvikwatoos moror

wired or wir Ie§socorrt1mgnicati%p links 408. The HDD 400 may be '
210 Memorn 409 st s FAGH Here SRRy oM, mewium

connected to memory i
laggncy nonvolatile memory such as flash memory, read only memory
(ROM) andior other suitable electronic data storage. 10077] Referring

now to[BiGs 11 2BT teeHIBSEIIt HvEBHAMRANBR with a host device (not shown)
such as a computer, mobile computing devices such as personal digital
assistants, cellular phones, media or MP3 players and the like, and/or other
devices via one or more wired or wireless communication links 408. The HDD
400 may be connected to memory 409 such as random access memory (RAM),
low latency nonvolatile memory such as flash memory, read only memory (ROM)
and/or other suitable electronic data storage.

[0077]  Referring now to FIG. 12B, the present invention can be
implemented in amplifiers, ADC, DAC, filters and other circuits of a digital
versatile disc (DVD) drive 410. The signal processing and/or control circuit 412
and/or other circuits (not shown) in the DVD 410 may process data, perform
coding and/or encryption, perform calculations, and/or format data that is read
from and/or data written to an optical storage medium 416. In some
implementations, the signal processing and/or control circuit 412 and/or other

circuits (not shown) in the DVD 410 can also perform other functions such as
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implemented in amplifiers, ADC, DAC, filters and other circuits of a digital
versatile disc (DVD) drive 410. The signal processing and/or control circuit
412 and/or ether circuits (not shown) in the DVD 410 may process data,
perform coding and/or encryption, perform calculations, and/or format

data that is read from and/or data written to an optical storage medium
416. In some implementations, the signal processing and/or control circuit
412 and/or other circuits (not shown) in the DVD 410 can also perform
ofHEPfEtIEAS/8UcAa8Z® encdding @nd/otidecading! aneies &mOthe ions
sia%r%% proces: ing Ié%ti xis associated with a DVD drive. [0078) The DVD
dfive 410 mAd t ffd4te with an output device (not shown) such as a
comput levisi her.device via one or more wired or wireless
commug{gzﬁgn I?rﬁ% (Zjl , ﬁ;lé/ebﬁ§4% may CoRrimthitite MitByrasslevice

datet stasage 418 Hat s data.i tile manner, The mass data
storage 418$may includ%?ﬁf}?\;rd %fé%%gg(%%& SFhE 5D i/ hAVE tesd

configerationcshoumidaiBiGint2k TherHOB, may @%@M&%HQ&Q@‘\W mass
includes one or more platters having a diameter that is smaller than °

appfoxifEedy 418" hFhetowD dite inay becanmested:tmaemory 41 such,
AI\FIB.,BQM, low latency nonvolatile memory such as flash memory

as R \
and/6r Gther SUTKBIE Si&c ditdddiEkstbiyé- Do o TRefétBiRgmeyw tave the
FGhi _%t%\?ﬁ{&ﬁr‘?’?ﬁ ipy@ir_wt]ig/r#caﬁh% implemented in amplifiers, ADC,

a

DAC, Tilters and other circuits of a hig nitioh MR VR g inpudes

Tdvee; HDY 4 20:tegeives idDiT M dRRuE signals g}neemg(rarthaan approximately 1.8".
The DVD 410 may be connected to memory 419 such as RAM, ROM, low
latency nonvolatile memory such as flash memory and/or other suitable
electronic data storage.

[0079] Referring now to FIG. 12C, the present invention can be
implemented in amplifiers, ADC, DAC, filters and other circuits of a high definition
television (HDTV) 420.  The HDTV 420 receives HDTV input signals in either g
wired or wireless format and generates HDTV output signals for a display 426. In
some implementations, signal proCessing circuit and/or control circuit 422 and/or‘
other circuits (not shown) of the HDTV 420 may process data, perform coding

and/or encryption, perform calculations, format data and/or perform any other
type of HDTV processing that may be required.
[0080]  The HDTV 420 may communicate with mass data storage 427

that stores data in a nonvolatile manner such as optical and/or magnetic storage

devices. Atleastone HDD may have the configuration shown in FIG. 12A and/or
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wired or wireless format and generates HDTV output signals for a display
426. In some implementations, signal processing circuit and/or control
circuit 422 and/or other circuits (not shown) of the HDTV 420 may

process data, perform coding and/or encryption, perform calculations,
format data and/or perform any other type of HDTV processing that may
be required. [0080] The HDTV 420 may communicate with mass data
storage 427 that stores data in a nonvolatile manner such as optical
aNdfSThRAGRHE StepabaYdévicesibtietist shewiDD Fay have the Hon may
cgpfiacr;ur%qg?sgthr][ in ﬁIG. 12A and/or 23 at least one DV[) may have

the configuration SRowWi HYFEIGNY 25, TRE: HiTS atay abiea@ mideHDB: that is

iRGHies rs.navj lameter that is smaller than
oo T PRENETRY 20 iy bl oeBlceh Aoty s ry

sieh assRANRROIdaW lalenesrnomimiaiie eman such as g

sh
memory and/or other suitable electronic data storage, ehl—?b GFASEEmory

a56 iyt isupporbiopikestions it @M AN i @Wh&@e}}e@%a{/ support
interface 429.&}(30%{]& Referring now to FIG. 121), the present invention
M) AEMEH 8l beimepiémentedinrampifiers, 4800, DAC, filters
and other qusitcuitﬁ ?f a control system of a vehicle 430, a WLAN interface,
mass data storageé of the VENcIdcohtrol sydtentrindrsesepoviersstipplymay

433, BreQms, dmp! i the present invention implement a
pi/%ertrain control églsﬁgﬁﬁéﬁwggtﬁ?atl re%@v%&ri?rp $ro dibpinamd other

SENSors stieh asieMpRIAINIS SeNSerTyPIBRSULE RRNSPIS, [otational
sensors, airflow sensors and/or any other suitable senslgrtg ahdrol fg: date

géAEiateS otie orehidre autput costtiol SigNals SUKVAS 8DGIE 433, In some
implementations, the present invention implement a powertrain control system
432 that receives inputs from one or more sensors such as temperature sensors,
pressure sensors, rotational sensors, airflow sensors and/or any other suitable
sensors and/or that generates one or more output control signals such as engine

operating parameters, transmission operating parameters, and/or other control

signals.

[0082]  The present invention may also be implemented in other control

systems 440 of the vehicle 430. The contral system 440 may likewise receive

signals from input sensors 442 and/or output control signals to one or more

output devices 444, In some implementations, the control system 440 may be

part of an anti-lock braking system (ABS), a navigation system, a telematics

system, a vehicle telematics system. a lane departure system, an adaptive cruise

24



operating parameters, transmission operating parameters, and/or other
control signals. [0082] The present invention may also he implemented in
other control systems 440 of the vehicle 430. The control systern 440
may likewise receive signals from.input sensors 442 and/or output control
signals to one or more output devices 444. In some implementations, the
control system 440 may be part of an ant:-lock braking system (ABS), a
navigation system, a telematics system, a vehicle telematics system, 2
(SHE HepATfiiTe 3yStaifie antadappiventrisen24 controksysien), ANEhiSIEn ac:
éri%?rataéntrpeem sygtﬁ{n %Jch as a stereo, DVD, compact disc and the like.

il Sther implement&ioHs APEESHEHMIa’E. J00EsR) Tiee . powertrain

controlgygiem 432, may sommunicate with mass data storage 4'16 that
stores |[data ?n a nonr\?ola% & manner, F'Isl){(‘cé{%ngg YR SUPAGE#EE Ry mass

ineludecopiical andfer reRgRetc storage g)(-r*‘ i or_ exampie._hard disk
drives HDD and/or DVDs. At least one IQDél&n%gg/gh?\?en the comfilFatioteta

skoagrir49G1a2 Asindfopatdeast one RYPMay:havedhe. sonfiguration
shown in FIG. 12B. The HDD may be a mini HDD that includes one or b
Hitte Pistite?E RavikPR dravistetHBEis shtalleathamappoRIMARIYHER - the

control system 432 may be connected to memory 447

owertrai
ggﬁﬂggéa%ﬂl\ﬁ%ﬁ%ﬁ\/l ,"iow[%te}?c%? ROR{dafile PRsmenesidias fiashave the

RMAnRL AR itablg-electronjc data storage. The oowertrain
control syster%{ ﬁgqgsﬁgn'a?/%uSﬁjo@rtpé@r[?n@@ﬁ'oﬁg with' 8 WP RNheiainsiudes

WHeAN netwarkinterfacserda Thanaentiolsysiem 440 may also include |
mass data storage, memory and/or a WLAN o %DDFOXImate?y 18"
The powertrain control system 432 may be connected to memory 447 such as

RAM, ROM, low latency nonvolatile memory such as flash memory and/or other
suitable electronic data storage. The powertrain control system 432 also may

support connections with a WLAN via a WLAN network interface 448. The

control system 440 may also include mass data storage, memory and/or a WLAN

interface (all not shown).

[0084] Referring now to FIG. 12E, the present invention can be

implemented in amplifiers, ADC, DAC, filters and other circuits of a cellular phone

450 that may include a cellular antenna 451 In some implementations, the

cellular phone 450 includes a microphone 456, an audio output 458 such as a
speaker and/or audio output jack, a dispiay 460 and/or an input device 462 such
as a keypad, pointing device, voice actuation and/or other input device. The

signal processing and/or control circuits 452 and/or other circuits (not shown) in
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interface (all not shown). [0084] Referring now to FIG, 121, the present
invention car, be implemented in amplifiers, ADC, DAC, filters and other
circuits of a cellular phone 450 that may include a cellular antenna 451. In
some implementations, the cellular phone 450 includes a microphone
456, an audio output 456 such as a speaker and/or audio output jack, a
display 460 and/or an input device 462 such as a keypad, pointing
gt%élcgém%ce F'%u:tua'%g@1 and/or other |2£g%pdewce. The signal processing

nd/or control Gircuits 453 4nbidr<sth cUits OBt SPNN Bire/26 dneryption,

cell s data, perform coding and/or encryption,
p% rﬁ)!?ﬁ %ﬁgﬁﬁi@n&z@ﬁrﬁg&% a?gga{%%rﬁ per ooﬁ&%ﬁ%f”@é IR SHivdrEens.

functionsn§89851THae callar phone 459 may, commynicate with mass

data storage 464 that stores data in a nonvolatile manner suc agngfﬁic%?ta

afidlegenfagnétin storageddevices fabexample hard dlisk grives HBD andjor
and/or DVDs. At least one HDD may have the configuration shown in
FIE919UE SRSt Rt oMM DVDPMdehhvisthercenfligDmtionshanmia ¢
Fl'e%'stloan’ lji_BB HDD, ma t'lge a mini HDD that includes one or more

platterd having & tathatar it OLFRARErShRN dppHoximAtelyo8a! Tt one

celtarRhoRs 430 ey Er%g&pg%%gnt?n bk 0%!;316 %%%;J%Eﬁmgeom gy

ROM, low latency nonvolatile memory such as

stiltdble glectronie daa staraee pHe celu 0 omay s rt
connections with a WLAN via a SNLAN ne@%@ﬁ?ﬁ%ﬁf&@ﬁ% lfoggg]ﬂg'p an

Resfervifig aiol (091G Th2Rtheapresent Inentigneas:hee HBBIRMenies g
amplifiers, ADC, DAC, filters and other circuits of a set top box
such as RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. The cellular phone 450 also may
support connections with a WLAN via & WLAN network interface 468,

[0086] Referring now to FIG. 12F, the present invention can be
implemented in amplifiers, ADC, DAC, filters and other circuits of a set top box
480. The set top box 480 receives signals from a source such as a broadband
source and outputs standard and/or high deﬂni‘ci\on audio/video signals suitabie
for a display 488 such as a television and/or monitor and/or other video and/or
audic output devices. The signal processing and/or control circuits 484 and/or
other circuits (not shown) of the set top box 480 may process data, perform
coding and/or encryption, perform calculations, format data and/or perform any
other set top box function.

[0087]  The set top box 480 may communicate with mass data storage

480 that stores data in a nonvolatie manner. The mass data storagé 490 may
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480. The set top box 480 receives signals from a source such as a
broadband source and outputs standard and/or high definition
audio/video signals suitable for a display 488 such as a television and/or
monitor and/or other video and/or audio output devices. The signal
processing and/or control circuits 484 and/or other circuits (not shown) of
the set top box 480 may process data, perform coding and/or encryption,
perform calculations, format data and/or perform any other set top box

fUNEHER, F66887) FHLST 51 Bk HERRaY YRt iricatewith rssdistalrives

S stoyes data in nvolatile manner. The mass data
s%g[?gggnﬁé%qr?@%éﬁ% Ude %%t%c{g@aﬁ@yo PaJRefe'disrs asliens forf IG.

exampleshard:di rvesnii n D one HDD m ave
the configuratitgfisr?o%% |%{§I:%%%§{ %&%)/%éf' ;C @éét%%%%éorﬁ)%%%)?nh?é thie-

cohfigLifaliom shawnd e HIZB tiEherRRdBahe sminddHbRat oy, o
includes one or more platters having a diameter that is smaller than

approRifiately i3 smatihetser toprbosid8EindyBbe Toanected lEoMeRIORY:y be
4124 such as RAM, ROM, low latency nonvolatile memory such as flash

nTERISTG A P BRIRSY S0 RABIECBIGETRANY dRedVstomadise Thersevtatiboxemory
4 [ ort connections with. a WLAN via a WL.AN network

e ince T IO0RB] Helan R ol 8 L1 368 g Brgbar myehiont op
canoe simplesnenieds ifi , DAC, filter other circuits of
a medizil3 player 50%. Ilrrmbfgﬁnpéul ?ﬁ%ﬁnge%ta%@ﬁs? t{r}\@‘?\n@r&% p?ai\//(\a@éﬁjone&ork

incledessddidplay 507 and/or a use. input 508 such as a keypad,

touchpad and the like. In some
[0088] Referring now to FIG. 12G, the present invention can be

implemented in amplifiers, ADC, DAC, filters and other circuits of a media player
500. In some implementations, the media player 500 includes a display 507
and/or a user input 508 such as a keypad, touchpad and the like. In some
implementations, the media player 500 may employ a graphical user interface
(GUI) that typically employs menus, drop down menus, icons and/or a point-and-
click interface via the display 507 and/or user input 508. The media player 500
further includes an audio output 509 such as a speaker and/or audio output jack.
The signal processing and/or control circuits 504 and/or other circuits (not
shown) of the media player 500 may process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other media
player function.

[0088] The media player 500 may communicate with mass dats

storage 510 that stores data such as compressed audio and/or video content in g
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implementations, the media player 500 may employ a graphical user
interface (GUI) that typically employs menus, drop down menus, icons
and/or a point-ano- click interface via the display 507 and/or user input
508. The media player 500 further includes an audio output 509 such as
a speaker and/or audio output jack. The signal processing and/or control
circuits 504 and/or other circuits (not shown) of the media player 500 may
process data, perform coding andior encryption, perform calculations,

formnabdata angiae perfarm any '%%%qg% D[&g!g_ay%refunction. OOC§9] The

media player 500 may communicate with mass 'data g?on?gé% o files

storesidatesuicht ascompressedaudierand/ryide FRMEMINA fbressed
nonvolatile manner. In some implementations, the compressed audio Hies

irRidife e thaderdwormisliantwittrMPGaforaatge other isbitaBle pical and/or
co%ssed audio and/or video formats, The mass data storage may

NSRS SpHCAPSRASY TRadriefrastpradetkdisksiftieaxaRiplerhtod Digks. At

dri D,and/or DVDs, At least one HDD may have th figurati
e T 5 TEALR BRLCB OIS Wi i 1 EoMmgakist one
soownin i35, ThetdRDBRYRAGA MRl HOR, hal inclides ong or

more platters having a diameter that Is sma han appro ﬁéwaé",mim

Th®meltia playesS0Asmay e COMRGEH0 9L 14 t%%‘t*i‘sﬁé'\" than
ROM, low latency nonvolatile memory such as flash memory and/or other

saRaptE glREhonie datastoragis Mhgamédiamiaybe SO0MSERMRY rBARAOS |4
cggngctior}i&ggh a WLAN via a WLAN network interface 516. Still other
imprementations T SadRBH e it secausEisedabsve atsicontdmplateehory

and/or other suitable electronic data storage. The media player 500 also may
support connections with a WLAN via a WLAN network interface 516. Still other
implementations in addition to those described above are contemplated.

[0090]  Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be implemented
in a variety of forms. Therefore, while this invention has been described in
connection with particular examples thereof, the true scope of the invention
should not be so limited since other modifications will become apparent to the

skilled practitioner upon a study of the drawings, the specification and the

following claims.
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[00901 Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be
implemented in a variety of forms. Therefore, while this invention has  .LOYD WISE
been described in connection with partic& r examples thereof, the true
scope of the invention should not be so lif nce other modifications
will become apparent to the skilled practitioner upon a study of the
drawings, the specification and the following claims. 28 LLOYD W SP.
CLAWS MYhat is claimed is: An amplifier circuit comprising: a first amplifier
having an input and an output: a second operational transconductance
amplifier (OTA) ing_an input that. communicates with said output of
said fiz'st amé%fia(?r?p\ggﬁfralgr%bﬁﬂgp haVlfig an input that communicates with
said input of;said fifst;;amplifier and. an output; a fourth OTA having an

input that communicates with sai ou f)lu of 833 R amplifier and an

output; a feedbaglfesistancadhat.communicates with said ipput and said
output of said fourth OTA and a capacitance that ct r&f}%ﬁg%%pés%ﬁ}%aﬁﬁ mnput that

coutputiofisaidifousth QTAarduithrsaidinput of said second OTA.

a third amplifier having an input that communicates with said mput of said first

amplifier and an output;

a fourth OTA having an input that communicates with said output of said third

amplifier and an output;

a feedback resistance that communicates with said input and said output of said

fourth OTA; and

a capacitance that communicates with said output of said fourth OTA and with

said input of said second OTA,.

R N e ‘
2. The amplifier circuit of Claim | further comprising N OTAs connected in series

wherein N is an integer greater than zero and wherein an input of & first of said N OTAs

communicates with said output said first amplifier and output of a last one of said N OTAs

communicates with said input of said second OTA.
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2. The amplifier circuit of Claim 1 further comprising N OTAs connected in

series-, wherein N is an integer greater than zero and wherein an input of

a firs” of said N OTAs communicates with said output said first amplifier.L.OYD WISE

and output of a last one of said N OTAs communicates with said input of

said seconthOdAp 22 L LEXD WISRiThe amplifiesgitcuitof G1ainy khird amplifier is

wherein said input of said third amplifier is capacitively coupled to said first
capamplifiecanddurthed c omprsimdfiarswitchedcapacitatice ciweuithéthahpacitance circuit

selectively communicates with of said input and said output of said third
thaigrpiplifies] vAoTheramplifier direUity Claina8dvhereirisaid switchiedamplifier.

capacitance circuit comprises: a first switch having a first terminal that

communicates with said input of said third amplifier, a second switch

having a first terminal that communicates with said output said third o

amplifier; and &CRASEIaAEE haVing DR end RTAHBor uTTktEs viithacitance circuit

second terminals of said first and second switches. 5. A digital to analog

“Ortonverter comprising the amplifier circuit of Claim 3 and further

comprising 3l et aeneralas A SIEheR LanaGANES NP SOl inpu of wia

that is input to said input of said amplifier circuit. 6. An analog to digita
thirgogiter.comprising the amplifier circuit of Claim 3 and further
comprising a circuit that generates a switched capacitance input signal

that is input.ste saidwiputhalsaid amphifigheCuibi communicates with said output said
third amplifier; and

a capacitance having one end that communicates with second terminals of said

first and second switches.

5. A digital to analog converter comprising the amplifier circuit of Claim 3 and
further comprising a circuit that generates a switched capacitance input signal that is input to said

input of said ampilifier circuit.

6. An analog to digital converter comprising the amplifier circuit of Claim 3 and
further comprising a circuit that generates a switched capacitance input signal that is input to said

input of said amplifier circuit.
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30 LLOYD WISE A filter comprising the amplifier circuit of Claim 3 and
further comprising a circuit that generates a switched capacitance input LLOYD WiSE
signal that is input to said input of said amplifier circuit 31

7. A filter comprising the amplifier circuit of Claim 3 and further comprising a

circuit that generates a switched capacitance mput signal that is input to said input of said

amplifier circuit.



