AVPLI FI ERS W TH COVPENSATI ON  FI ELD OF THE | NVENTI ON

[ 0001] The present invention relates to anplifiers,
and nore particularly to anplifiers with

conpensati on. BACKGROUND OF THE | NVENTI ON [ 0002] An
anplifier may include one or nore stages. Each stage
may include an anplifier that provides gain. As
frequency increases, the gain that is provided by the
anplifier tends to fall off, which limts the

bandwi dt h .of tAMPLIGHRS WMIBH COMPBNBAZIOMg frequenci es
of electronic conputing devices increase, anplifiers
havi ng hi gh bandwi dth and gain and | ow noi se have
becone i ncreasi ngl i mportant. [0003] M ler
conpensation is af ehtlifndNVENTEGNency conpensati on
techni que that involves the novenent of a doni nant

pol el08f1la gHierPresenyénveotian relateseto dmmifiersnand fayre particularly
increasing the effective input capacitance of the gain
lgragiiers with FePPeIBAp@hsati on circuits include a M1 Ter
capacitance that exploits the MIller effect. Wen the
M1l er capacitance is connected in a feedback
arrangenent, the capacitance appears nuch | arger at
the input of t%@cﬁﬁﬁ%uN%QF THIE INVEINEIONIoni nant pol e
may be nopved to a | ower frequency using this approach,
the PR oemaiigrimayingede ere eympenstagesst Eath stage may
.stsWhat limted. [0004] Referring nowto FIGs. 1 and
Ingludg An3rp!|fer Bt RioVERs 82in0  Ristfreavendyencreesasprgain tbat is
is.shown and includes first and second anplifiers 14
péoﬁ’bdsefﬁ,by hg |aF1P|“§€fr| DS 19 ifal offy which imity thel 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 gain stage to a
lower frequency by increasing the effective inpuf capacitance of the gain stage.
Miller compensation circuits include a Miller capacitanc.e 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,
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*159159* 121121221 1LY terer rrerr rerer oreeer
111 *000002* respectively. An output of the first
anplifier 14 communicates with an input of the second
anplifier 16. Afirst end of a MIler capacitance 18
conmuni cates with the input of the second anplifier
16 and a second end of the MIler capacitance 18
communi cates with the output of the second anplifier
16. [0005] An input voltage of the anplifier circuit

E8pedivalyplAnealipu chthel fingtmplioér 1@ rnisitatadith bh&fpuldr the
An out put voltage of the anplifier circuit 10 is

serfoodearoglfier 6.0/ fseermuibpatMinér ddpacitmes aBccommbnidted with
16. As a result of the MIler conpensation, the

theanpuiorfdue second ,angpiifiernf6 tihe asseeondedTpf ﬂhfelr\#lﬂerl&p%}énce
be increased, which increases the bandwi dth of the
é&rpbrinmuercatasrvamnhe bOtputAsf tieasedoRd agfiferiie. FI G 2, the
gain of the anplifier with MIler conpensation has a

20 dBheEcadw shbapeltagdoDbE apiied dicus 1UB$’a§ﬂ>I'Fé@ t@%n input
used with switched capacitive input signals.

siine ding dimpdifieictiét i Areoutpyiwbltsgegoteths amplifidi@irganer %tréférén@ed
analog to digital converters (ADCs), digital to
ol S cor olete (SBA@S) arfiplifiters. antd of reslerof the Miller
circuits. Traditional anplifiers such as those shown
FeMPpation.t BAdrangcersietaace,dgd, f ofctabt secbne apiptinédi ®ignay be
suffi.cient gain and bandw dth at acceptabl e noise
|”§(P@s§d whyglh triceagises the amdwinih o€ thedarogifiac titduiter i tan be
i gnals. SUVMARY OF THE | NVENTI ON [ 0007] An anplifier
E‘T”?rbtﬂ 1@ oAptiesgain Hf fthe amplifipd with eVillérasormeeraatiompag a 20

dB/decade slope.

[0006] Amplifiers may also be used with switched capacitive input
signals. The switched capacitive 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.



and an output. A second operational transconductance
anplifier (OTA) has an input that conmmunicates wth
the output of the first anplifier. Athird anplifier
has an input that comunicates with the input of the
first anplifier and an output. 2 A fourth OTA has an
i nput that communicates with the output of the third
anplifier and an output. A feedback resistance
conmuni cates with the input and the output of the
A dourtth GOPAhag @rejait ttatceoromomiuates atigs thw bbtpuhef akd pid
of the fourth OTA and with the input of the second
aoTifie] @BD) oltpuiotA éeedback resBRNcACERABNRER S WAANRS I dt 4rd
series, wherein Nis an integer greater than zero. An
therputpubef the faurstO A, Alvepatitaiss coomunioateatrts therbitbuttdiehe
output the first anplifier and output of a | ast one of
fewdh NTERAS witoheinmutelttes seearid @He | nput of the second
OTA. The input of the third anplifier is capacitively
coupll@Pé] o trhether iesturesPl OTAsRre donmaited ireserkapakékemne &
~circuit selectively communicates with of the input
gintrtages ratpuhanzecheAn iipud chmpirst ofehe N GOBS] cobinwiidags
features, the switched capacitance circuit conprises a
ity $he suinvE Ahadisst rgmrlifier est cwputi ofad lastadne ofimtbein GBS
wth the input of the third anplifier. A second
SHPEHCHaS WAN the putqithe prdond KAKA. c Bierinputefttes thiddt dmglifier
output  the third anplifier. A capacitance has one end
't EaP2EiBYRI TPERIEE dovine HirsleaBatifiert ef niwitshsd alpadients rcstuit
and second switches. [0010] A digital to anal og
LHAEEY ePmEMsales ¢dthiah éedpputianddine eutpetuiftheathid amplifiener
conprises a circuit that generates a sw tched
capad?t®hce !t ABEE festypmlthe swiehddscapapitance wittiecompises a
of the rgJI,ifi er circuit. An analog to digital
g%tn%}c{\g? ving 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 inpﬂt of the amplifier circuit. An analog to digital cénverter
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.



conprises the anplifier circuit and further conprises
a circuit that generates a sw tched capacitance i nput
signal that is input to the input of the anplifier
circuit. A filter conprises the anplifier circuit and
further conprises a circuit that generates a sw tched
capacitance input signal that is input to the input of
the anplifier circuit. 3 [0011] An anplifier circuit
conprises an input, an output, a low frequency path
bet wg@ 1] he Annputpliferdcitdue  eothpridesabfl mphi, 9dh fdL@sMencyw
path between the input and the output that includes a
fréquenciamplhi bétereehdie ipuaant rthatoutANtardna GO Hbquehcy path
first operational transconductance anplifier (%TA)
brfweery teninpiingnd thehattputanatundlogdses fivdttdngingr RARVAR Rlhut
the first anplifier, and an output that is :
Fupacioutnu| ¥ fico gpeediota ttanecoraivcianes uenmile@T) AR 3N
resistance that comunicates with the input and the
ippigtghat communicates with OF AutpLOGKLRS fitsh antohifr, SREdHG8Sut thAes
| ow frequency path includes N OTAs, wherein Nis an
taneeEyerly geauest tehihre dove, freduemei npathf | 48t Dnesiefantdietht
OTAs communicates with the input and a | ast one of
FHRTNICHtRS Wit theuinpWand shemutput of e fost @TA. The first
anplifier comunicates with an input of the first one
of tHEON] Omethaideathesst ites lovOTrRquemryupathainelisded N OTRs,
i nput of a last one of the N OTAs. The |ow. frequency
ﬂ%@rﬁ'”c%dﬁrﬁﬂs@éegﬁr geaatridhampene f whereirThdirstoone ofethieeMayTAs
ath includes a second anplifier and N OTAs connected
rERpIres WiRdheinbukand adest dnetaidee NyPEAS eortrhmitazenath
\A/her?i n ﬁhe second anplifier comunicates with the
TR SUIPUL N Bhesfrsbempltier egmmunieates wil apfinnubef the @Asne of the N

Brllﬂglélaﬂcli %\aetflergt é%—,& I'c];ortnlrr]neuni%gtters)l\'js}it'h 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 circu_ﬁ comprises an input, an outﬁ)ut, 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



[0013] An anplifier circuit conprises an input, an
output, a low frequency path between the input and
the out put, and a high frequency path between the

i nput and the output that includes first anplifying
means for anplifying and having an i nput and an
output, first transconductance neans for providing
transconduct ance and having an input that conmunicates
with the output of the first anplifying neans, and an
trutputfreghancyi satbapadi tekivtnge coEPhL bt SrovidingN@sks@Wce that
frequency path, and resistance neans for providing

cpm@iunicatRsevitthiaie inpubamdithe catme ohiHeHiréth@nsdRbbctamnd hbshs.
out put of the first transconductance neans. [0014] In
ot hel00fi &kt unestherhdedtomsf r tguaney fraténdynJaudemcldes N
transconduct ance neans for providing transconductance,
tgRasandHctRN¢ssmaany fot pryeidinggraastenductmbe OtereiMEE &hntBger
first one of the N transconductance neans
SEgRPRLHiaatose. wiherein e firstpotie aofd e INAaStane@hdabtahfe Mbans
t ransconduct ance means conmuni cates with the out put.
CORENUTIGatas witp Hef ipbwigandea st cowmafrthe A Bansobhdlcihce | rAedHs
of the first one of the N transconductance neans and
CPmENYTIGaes Wit tha Syt UBieafitskamplifyisg aeans BhraRUAISatek tWikh &R
Jnput of a last one of the N transconductance neans.
NrYH 18] the Heheaner ehtiteed, tranecdrowctnesueams paththe first
conpri ses second anplifying nmeans for anplifying. The
UagRr IFEe{aRtRc YNSFAS FommNifgtes wist amdinpainpl & flystnehaTBROE N
for anplifying and N transconduct ance neans connect ed.
"iaﬁscoé’gﬁ?té@?e%%’i*sei n Nis an integer greater than zero,
wherein the second anplifying neans conmunicates with
t he 08651 alRdOtREr Eﬁﬁ%@%v be l@W &squanee math thephbes second

amplifying means for amplifying. The low frequency path includes second
amplifying means for amplifying and N transconductance means connected. 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 outputA digital to analog
converter comprises the amplifier circuit and further comprises means for
generating a switched capacitance input signal that is input to the in'pu-t of the
amplifier circuit. An analog to digital converter comprises 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 amplifier circuit

and further comprising means for generating a switched capacitance input signal

that is input to the input of the amplifier circuit.



transconduct ance neans communi cates with the output. A
digital to analog converter conprises the anplifier
circuit and further conprises neans for generating a
swi t ched capacitance input signal that is input to the
input of the anplifier circuit. An analog to digital
converter conprises the anplifier circuit and further
conprising nmeans for generating a sw tched capacitance
input signal that 1is input to the input of the

anpl 0P &r oA empiifier Acifciit toemprioap e Sesutt be catmut,i didceb low
circuit and further conprising neans for generating a
freQiienedieepte ypieperadess inpypLandsittgnalitput. had tiigh ifreauéndyOpath
the input of the amplifier circuit. 5 [0016] An
bgisenfipeinreit podithe evippt inslegesfirst aptifyingrmeartspiot amphging
| ow frequency path between the input and the output.
thet reagrmenieiee iy Bt Inpubetndesecontietramporiduetict haeans for
out put includes first anplifying nmeans for anplifying
PEQYAING B rifAMEFKiIUeieNog end tharing rgsuinpatnitias escremdnicates with the
transconduct ance neans for providing a

OpirahetihA dink AR ingreans/amyamnutpiptht & kabadimrbupriias
with the output of the first anplifying neans and an
sutlowt frasuensys rRatbaci Resislapce ompiesl fw  prdvidihgwesistance
frequency path. Resistance neans for providing
CPEEIEHCRIFSe Wit MRt abé sheviaukput oé thenpetorantlarstondudtamdt
of the second transconductance neans. [0017] In other
M%E8Pures, the low frequency path includes N

tran duct ance neans for providing a
tran@@gzlducli‘ar%@,r VRiEIeEn Rej dovanfrequansgepatir éatiedes N
tthan gne. A first one of the N transconductance neans
"BERATAH AR MERPR feherqvidig 2afienssondistanoae wokreihel I an

.Lranscon ucthance nmeans :
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 transcoﬁductance 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 transconductance means
for providing a transconductance that are connected in series, wherein N is an

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



conmuni cates with the output. The first anplifying
means communi cates with an input of the first one of
the N transconductance neans and the second
transconduct ance neans communi cates with an i nput of a
| ast one of the N transconductance neans. The first
of the N transconductance neans conprises inverting
and non-inverting inputs that comrunicate with
~hon-inverting and inverting inputs. of the first
Ineniplend wi lagt oreaofsthe G pransdont oetan®@amsahd EoRrMicdicd Gvilh the
capaci tance that communi cates with the output. Thee
ouigut.-f requency path includes third anplifying neans
for anplifying and N transconductance neans for
provi0@ilBly 2An r azmpifieductionnite thabrigyse eonn@et eGpkiitional
series, wherein Nis an integer greater than zero.
trepgcondietancenis) TiA) ianig o repansutcodmamotpdite sa Beddhdt OFEA h8s an
_input and a | ast one of the N transconductance neans
Py icoarRnIGRtashwitthen cutpub wf thd ORL8ITAANAARPE iIdT/Lhas an
circuit conprises a first operational
InPuh M SREUNGeS VIOT AN it iofdhefirst T AnduaR GOTE B an
.A second OTA has an input that communicates with an
NHYE PRt MrpYicates ¥ith @naoutput hi the: OFA OBA and ah R that
that comuni cates with an input of the first OTA. A
CPRTINIGasEAVIRIEe diPut phiatseeent OTAMALsWithE d Sapaditan@circuit
qu%ﬁy of the third OTA and an out put t hat
Sg6 | COHPES AfAPACAREE imueasbbne hiths domom df BEAGIrPOTA and
tswi tcheog capacitance circuit selectively couples a
ekl il Y at | east one of the input of the third
OTA @:Bi t he outé)'ut of third OTA. [0019] In other
f eat 1PA8]  &Nr bt dArtErasavRngesisianempubatimmt 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 having 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 betweeh the

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



communi cates with the input of the fourth OTA and an
out put that communicates wth the output of the
fourth OTA. The input of the third OTA is capacitively
coupled to the input of the first OTA. The sw tched
capacitance circuit conprises: a first switch having
a first termnal that communi cates with the input of
the third OTA; a second switch having a first term nal
that comunicates with the output the third OTA; and
a capeil anbdigital imgnalemcenvertehesmprizertime empkfer cimuithand
second termnals of the first and second sw tches.
f[”@@chommlsw leeEirqué dhatr generates apswitdhad aapheignondnpandignal
that communicates wth the input of the first OTA and
thet ipjnpytiotee inpyt eftibe firsb@fniAnainetogiib tigitt henvertsr poinpHes
the second OTA. N additional OTAs connected in series
the tBReRdifie sicuitoandpiwrther cerherigeisr s teirGMAthean debérates np stviteed
t he second OTA. 7 LOOZL] A digital to anal og converter
@papianse IRt esignad| thati isringitr outhe mpdt of tivet st QCTnprA siker
a circuit that generates a swi tched capacitance input
COMiges tenamplifieT icipuit andb furiher capatisasf a tcheuit thas ger@T#es a
An analog to digital converter conprises the

SYHENeS FRIACRNEUINPUtNS thet isdnPedanig imest of toe fitstiDITAL Hete
%ﬁnerd’at es a switched capacitance input signal that is
THished f3Pachangenipatt 99nal Weludps §ist emhsegwniidheees and wherein
conprises the anplifier circuit and further conprises
% 'tgF?% W %et%@‘g@ﬁ@@éﬁ%@eaﬂr%'mecwétﬁ:h@mbaﬁedt et firstpand
signaal that _I.s inggt to the input of the first OTA
SHTRNT RUFSeR REfhecuisRed crRagtaNesdRPW SigRal i ncl udes fir st
and @ﬁ"gTd hasai.and wherein sw tches in the

swi t CHEd] capSATRIFRECTSHY Camprisgselirshiranssennusiases msmns fier
_the swi tched capacitance

LSt a second. _phases .of
;Igr!r)]\séliﬂgS%]grﬁxglsgonductaﬁce ang 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 transconductance 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.
Switched 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 corﬁmunicates with the output of the third

transconductance means.



[0022] An anplifier circuit conprises first
transconduct ance neans for providing a
t ransconduct ance and havi ng an input and an out put.
Second transconductance neans provides a
transconduct ance and has an input that comrunicates
Wi th an output of the first transconductance neans.
Third transconductance nmeans provides a
transconduct ance and has an input that comrunicates
wi t h @230 nplit otber fenturds, resistancamsearsducpanidagmresistance has
Fourth transconductance neans provides a
3y ;aRYichaleRIrawdeatemviti the iaputi of e fourtktrans@nmuctbcat @sans
w th an output of the third transconductance neans and
AN Fueyaut theheammwieaies wilh & witplt dftiee foupbtraoécdndectance
second_transconduct ance neans. Swi tched capacitance
hedlits S iseytiof dethind onstendedpmei meansds amghchiasly @bupled to
i nput that selectively communicates with an input of
PR AU P Wetlre i stradustansemaermsTheaswdtchad ospamitinddatans
sel ectively conmmuni cates with the output of the third
9@%@8%@’&%%‘5‘%@9@8&@ fg gwitohiBp dnd avirer a fliestttarmsisal that
resi stance nmeans for providing resistance has an
FHTHOENIEHEE WENEAINPAE ©F the tthird Heansppnduciahce meedrsyrsebond
trapnsconduct ance neans and an out put that
VTR RATE oW iIshing @nd heping adfrsttaeningdhatisommunicates with
%r anstcong%?gt ance means. The input of the third

F afdedndifc (Rt daperondustancea mraansi el ycapsaitired theang Her
i \%}Ht of the first transconductance neans. The
RIQY! 'Eﬂeﬁapéﬁg%[tﬁet it danRa e epfphak eemMmMunicetes swith chiorgl
nmeans, f switching and having a first term nal that
tSHWHﬁ'ﬁiogﬁteéAgS*\ﬂ”Bﬁe??{@ iishingsAeanke t hi r d

second swi tching neans for

tr.aniﬁﬂhgucﬁnag %r%% r;ezsfcia it for viding capacitance
swi t chi‘ng and havi P8t ey MSRAP e Papviding cap
t‘?e%nHHQie%@t frst \%r]hnwunicates with the input of the first transconductance
means and an opposife 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



the output the third transconductance neans; and
capaci tance neans for providing capacitance and

havi ng one end that conmuni cates with second
termnals of the first and second sw tchi ng neans.
[0024] In other features, capacitance neans for

provi di ng capacitance has one end that communi cates
with the input of the first transconductance neans
and an opposite end that comruni cates with the out put
trafisconducigenaieans. arfs diverdoarhprses e aaraplifise attclit bemdlither
t ransconduct ance neans for providing a
cenangssoneRnstiangsmesatiog aoswitbte dapavitsesd ieputtsdnateat tsheput
. output of the first transconductance neans and the

tq thgunpus of thadirs Feosndntuciarsaromdans affeeswithed capashenis ifbut
is an integer greater than zero. [0025] A digital to
signall ingudesnivel ansk sasonpiphaess. t Tiee Bnsphnd sesondiswttahihg amdins
further conprises neans for generating a sw tched
incigavitched eapagpancesnegars archatitches basgaudn the firseandgedond
of the first transconductance neans. An analog to
Pasgfist &f the giwitehede Icapanipnis sputheigeatpl iThiee ampliffes utitcuani
further_con#rises means for generating a sw tched
cerfjpweed amcdiferapial modgnal that is input to the input of
the first 9 transconductance nmeans. A filter
conpl®P38k tMe agmwhifiers ¢iesuit cdamenrises endrst amiier coopnxEiicas
_heans for %enerating a sw tched capacitance input :
rugRaP anHRutPytend fiaiing a brst Baini aginst hehdwiddh ind stfirst output
.transconduct ance neans. The switched capacitance input
IBPRHRAIE| e PRRPES aMAiiEer mpdile semnEsgshars éwut that coinmenicates
-wﬁgcond SW chin% nmeans in the switched capacitance
adhs npub ok et EHampiigeand an taveput iand thaa mdsesend gdin that is

| hases &fe ﬁhe swi t ched capacitance input signal. The
Sﬁpf a'ni rlsI, &3y q§econd 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. -

[0027] 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 havfng 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.

10



configured in a differential node. [0026] An anplifier
circuit conprises a first anplifier conprising an
i nput and an output and having a first gain, a first
bandwi dth and a first output inpedance. A second
anplifier nodul e conprises an input that comrunicates
wth the input of the first anplifier and an out put
and has a second gain that is Iless than the first
gain, a second bandwi dth that is greater than the
firsi0028andniaddi feafdresna thitdoerieratippediaaseotdhatanics ahrifser
than the first output inpedance. A capacitance
(@bMnmmpainisates titht the outpputof dhet fitet sewbiet. anpldpbiational
nodul e and an output of the first anmplifier. [0027]
iieAsenndeetanceaptplifiers (QEAS) arst capmiented sn greded, ewhdrbiarh dg an
equal to 100 and the second gain is |ess than one
IHegrIrasepteTivan geEwnan dmmpit iof Bdirstrofthd ¥ OTAx tordmsniagtes with
operational transconductance anplifier. The second
grprutputethe Apduereriienparnds eytnut tdfi ad lashpdrief ioérthbaNi BOFAs
an i nput that communicates with the input of the
COMRUNICRIRSI With 1Bp inpvliokiRe ildddTA. a fourth operati onal
transconductance anplifier (OTA) having an input that
commif¥8ht eAn weRlifieh e CiEuitp semBfisash dirsthiamplifyingpIridaner for
and_an output, and a first resistance that

NG EAPREING AR PAE d¥hak outmd andehavingatfirgf gainea first
foyrth OTA. 10 [0028] In other features, a third
bFREWL BhR TrFtadRis hdnedansee Saepnd RMRRYIngTagule means for
co nicates wth the output of the first anplifier. N

AR9 BHEPISes AL ERY it eraREPLubAPY iNRYiag @ $OPRG paiarthat is

n in ri wherein N i n in r gr r
co ectﬁ%ﬁ%se. es, ere S a teger greate

[HISHENR 9ahud g5cond fhapdwidgy thaieisngrewigs than the first

b%%@u}éﬂwi gna gr? o\LIJ\QIptupimpedance 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 providiﬁg resistance that communicates with

the input and the output of the fourth transconductance means.
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the output the first anplifier and output of a |ast
one of the N OTAs comunicates with the input of the
third OTA. [0029] An anplifier circuit conprises first
anplifying neans for anplifying conprising an input
and an out put and having a first gain, a first

bandwi dth and a first output inpedance. Second

anpl i fying nodul e neans for anplifying conprises an

i nput and an out put and having a second gain that is

| es4003Hn theotfiérrfsttugai thirdtraseondud@ndwneids tdhadoliging
greater than the first bandw dth and an out put
tramgveddumtan cetamranidatsswithidwe duigit fof thetfir&niktying means. N
i mpedance. Capacitance nmeans for providing
trazgsaciydarnce ouramsnioc aresidingt fratdtenouitiide afe bRBected in
second anplifying nodul e neans and an out put of the
s¢rigss whargph iN isi arg integen gredti0Bah zbro. onRaRpdteAtaUfi@S of thRey
first gain is greater than or equal to 100 and the
traeasondudaiios imeane semirhaticatere withn tee dutplinenhds geangmplifying
anplifying nodule neans includes an operational
mepBh 0@ Adipet efrrclestaons! dfthieeN trafkeorslacance mesams EdinO8icates
nmodul e nmeans conprises third anplifying nmeans for
wERBIS inputd thentdird fravsaegdetaricepogartshat communi cates with
the input of the first anplifying neans and an

out 8032} oururthet ratersc o capplieattldy nefatte fposepr dwieditiong wil
transconduct ance having an input that conmunicates
bgFae pPrRerBUt R thefdefailed tasargtiomptavidgd hgrairedins It ansli@be
out put; resistance nmeans for providing resistance that
URERTAGRAE dhatdie Wetaled darcripiigruencmpedifireeaunntast wofle tificating
fourth transconductance neans. 11 [0031] In other
e £5iPEed dRPGAMERtaRk ot duientine e arfe Amiendesr frr ovipdieg of
sc?ﬂrﬂ]&uct ance communi cates with the output of the

ill}u%t?eglton ?Wrﬁﬁowﬁ?ﬁg?d R 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 electrical 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. 3A s an electrical schematic of an exemplary amplifier with

compensation according to the present invention;
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transconduct ance neans for providing transconductance
are connected in series, wherein Nis an integer
greater than zero. An input of a first of the N
transconduct ance neans communi cates with the out put
the first anplifying neans and output of a |ast one
of the N transconductance nmeans conmmuni cates wth the
i nput of the third transconductance nmeans. [0032]
Further areas of applicability of the present

i nvelffBah Wil 3Blhvensectkipplaacbamaflic ofrart dxemubisraamgtifier with
description provided hereinafter. It should be
comaensstion @cediding thbedeeseint edentscri ption and specific
exanpl es, while indicating the preferred enbodi nent
of tRE3Bhven. 8k,is ar elechicelrmtbdmatic ofpr pesetarpBmplifier with
illustration only and are not intended to I[imt the
CeEPpRsSadPn BREOTHIAY énthedieseBRINEBNLIDBESCRI PTI ON OF THE

DRAW NGS [OOBB% The present invention will becone nore
ful | [PO8BHerkiCodB i$ roplectine! stbeamitied atesenipiry amplifenith
t he acconpanyi ng drawi ngs, wherein: [0034] FIG 1 is
campPenEtien peedrdiag tethgtAresent insentmpl i fier with Ml er
conpensati on according to the prior art; [0035] FIG 2
i s all@f8bh F'GsustA4fi mee gaierhaniustatioei exdmiflay ghie and
anmplifier of FIG 1; [0036] FIG 3A is an electrical
b@Eﬁ‘é‘ﬁﬁtfioEth@fa”%m‘ﬁ%fiénpl ary anplifier with conpensation
according to the present invention; 12 [0037] FIG 3B
i s alP%8i'bct FiSal® SBAePepcelsfirian exemstiay yof aampplifieise mith

W th %_orrpe sgt,i_on according to the Pr esent invention;
compensation‘and additional gain stages according to the present invention;

[0042] FIG. 7A is an electrical schematic of an exemplary amplifier

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 to
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:;
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[0038] FIG 3Cis an electrical schematic of an
exenplary anplifier with conpensation according to
the present invention; [0039] FIG 3D is an electrical
schematic of an exenplary anplifier with conpensation
according to the present invention; [0040] FIGs. 4A-4C
are graphs illustrating exenplary gain and bandw dth
for the anplifiers; [0041] FIGs. 5 and 6 are

el ectrical schematics of anplifiers with conpensation
and. [Q848J}t i dnial 1daisn echigals serermatidi ofgtHeo atipbfigpr &SEIE. 7C
invention; [0042] FIG 7A is an electrical schematic
corfigareceir @mifferentishmodef i er according to the present
invention; [0043] FIG 7B is an electrical schematic
of tI8848InplIfiGi 82A isfa BnGionakbloti diagrpar afsi Hare disk drive;
capacitance; [0044] FIG 7Cis an electrical schematic
of alf0&8p! iFfiGer 2B dxafdictional dlock hiEagpare ©F atdiditay esrtatda disk
with a switched capacitance circuit; [0045] FIG 8 is
(@VPRlinctional bl ock diagramillustrating an exenplary
switched i nput conprising a switched capacitance

ci r cl¥0fland1Bhel 28mi iaf fueetianial Blogk diFgEam 6046 higkl &finion
is a functional block diagramand electrical schematic
t¢IpYigi8Rr at i ng an exenpl ary switched capacitance
circuit; [0047] FIG 10 is an electrical schematic of

t he W¥sEl filF. ofeDrisGa fractianet hlogldiiagramadf anydhidié epntrol

st ages; 13
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 construed to mean a logical (A orB
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[0048] FIG 11 is electrical schematic of the
anplifier of FIG 7C configured in a differenti al
node; [0049] FIG 12A is a functional block di agram of
a hard disk drive; [0050] FIG 12B is a functional
bl ock diagramof a digital versatile disk (DVD);
[0051] FIG 12C is a functional block diagramof a
high definition television; [0052] FIG 12D is a
functional block diagramof a vehicle control system
rd05s 8 ngFR@ONIEUBE dodiaphot. i beabultbeckdeisagdahataters within
cellul ar phone; [0054] FIG 12F is a functional block
AMeYIofrmay ba exeautadop diftsxentander Vil BEAteRhGthel @Bciptesaf the
functi onal bl ock diagram of a nedia player. DETAILED
IB/ENERD- OFOTRIEP PHRISFE RIRFl, VB OBIMVERESende005&]erd v be
foI l.owi ng description of the preferred enmbodinent(s)
fs d%fr@%a\é%éﬁfﬂ ideRtify pimifat elp@entsd is in no way
|nteri8|ed tolimt the invention, its application, or
uses 001 s Bafamnenaw ta HE. 24y an pisgtiical schemetis of amadﬁpmﬁer
evij refers to an Application Specific Integrated
‘ESCPE%ﬁtW' ASBensationacserdingntp dhe presait inventiopissessorwhile
%ﬂ? ?red d di cated, or group) and nenory that execute
&! '8re’fﬁ5'? es Obraelifier &FCL\'WSr Willabe phaygr zams, described, other
q c,circuit, and/or other suitable
%° Gi &H? ?ret ﬁ%&fe'gi"ak‘?ﬁdéf he tRaNRIBRICHICH S GO finghedeis anfirs| ampplifier
t he rase at |east one of A B, and

HB S 08 2Bt oe B 5 e e ol ing Ameiin il o2

communicate with inputs of an amplifier module 55. Outputs of the amplifier
module 55 are coupled by a capacitor 56 to 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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or C), using a non-exclusive logical or. It should be
understood that steps within a nmethod nay be executed
in different order without altering the principles of
the present invention. For purposes of clarity, the
same reference nunbers will be wused in the draw ngs
to identify simlar elenents. [0057] Referring now to
FIG 3A, an electrical schematic of an anplifier
circuit 50 with conpensation according to the present
i nvel@Q39h i Kedminghnowld FIS. 38p&D,i ariouex@ntiih@tmnebf am lifiers
anplifier circuits will be shown and descri bed, ot
oS yrediiothe amplificombdups 82 @dd 5Fhe ttm"ﬁ)hplffbﬁélrcmt BOUI whne
50 includes a first anplifier nodule 52 having an
sPepific expaPie voillbpshowThehengamisinatfont e adMmbiplatdd. In FIG.
nodul e 52 comunicate with inputs of an anplifier
o diireamplifiequngme 58f manancoge iahi emplifieodil e I551@r 8C, the
coupl ed by a capacitor 56 to the output of the
HRRlIef maduleodfimaysipcludoeseinsThpedanpé ifripiflernoidut s, 35, the
may have a gain that is less than the gain of the
%[Wdl"ief inedulep 84| reas includigea avitiei tomepensatkd empEienmyshiav@er
ain that is %reater than or equal to 100. The
@ﬁ%F"PW% HF CRBGMPESS may have a gain that is |less than
100. I n sone |nplenentat|ons the gain of the
arrpl P96 nislarEngs ack tos st 4Rt ithe | ampiBiss cirbein 500Gvhich
e anmplifier nodule 55 may have a very high
'B%H%a %agwi!f'eé W‘B%J'%&@p*@ﬁ |”‘ri5b&§ar1%@fst'ﬁ1i@“é¢rpﬁ3 fHiaging an
ve bandw dth that is greater than a

%%%@v&ﬁ‘att Gang'f\aX[ElF] e%m;p o 1RPUt RS f$ecoRY ampliger Hutlpowts of the
i dance of the ifier nodule 52 may be greater
FTBIEE RS Bhpyeled %i%%sw%ﬂ fMege éﬁplTh’el @nplied moduissss
l;l;gu?e% agramglhnep%%pﬁ?fain&hpanyp%nﬁ%ugge%§glg?%?§ugqpc%%min
&ﬁb& ézh@&qplﬁﬁer éf%oc%gjplga arf1 Ene%%lce)fr{gg aﬁ'l%}iﬁer 6%.' The feedback
resistance 70 is connected between the input of the amplifier 66 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 ampliﬁeré 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

Cm. An additional amplifier 86 may be provided between the output of the Miller
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15 [0059] Referring nowto FIG 3B-3D, various

conbi nations of anplifiers can be used in the
anplifier nodules 52 and 55 of the anplifier circuit
50. While specific exanples will be shown, other

conmbi nations are contenplated. In FIG 3B, the
anplifier nodule 52 may include an anplifier 53. In
FIG 3C, the anplifier nodule 55 may include a

transi npedance anplifier. In FIG 3D, the anplifier
cepueheats? araglifiendSudedathl lidpet of otmpensatifed s41pl istiil edther
Still other variations are contenpl ated. [0060]
crefoinatippgaisaokiemplaedz. 3C, the anplifier circuit 50,
which includes the anplifier nodule 52 that includes
a fi [¥62ZhnpRefeiing B teaiGng AT, examplaty graphs illustrating gain
communi cates with an input of a second anplifier 54.
anphangwisith fdidhe amplifieri arcuisBararshosou piseckrt be bhgreciated, the
anplifier nodul e 55. The anplifier nmodule 55 includes
aappliEppTicLit 80 162 |C.a¥h haphddiiienal Béndwidth at highdbaaik values. A
resistance 70. An output of the anplifier 62 is
cngpdidbie weinais ingipageddd 40neB/degrdiefsueh 6. thd heinf fatd b cker
resi stance 70 i s connected between the input of the
Bapnare jquickye Adritianal gainpiagest may hethanpicrdaserthé6lopA to 60
capaci tance el enent 56 capacitively coupl es the output
BF/deqage appPhidvinern 66/1G-04Bhe Pegandingf uphe teplstagesr afflor
The anplifiers 53 and 54 provide a DC gain path 80.
@afigrgtion Hediexs gfaine geit-PerBlyidthnedronaelmayt fenre us slnge of 20,
additional anplifiers, The anplifiers 62 and 66 and
1hE0celp48/de5AtRaSH ¥ J0Fe- 4C-hi gh- frequency gai n path
84. [[0061] Referring nowto FIG 3D, the anplifier
modull®@E BTG Bt to Fias.anpnd fi electigalashiemanss ofeather

conpensated. anplifier 85 with capacitive feedback
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 101 that are
connected between the input of the amplifier 90 and the amplifier 54. In FIG. 6,
an amplifier 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 settling time. The
amplifier circuits have high gain while operating at low voltage because each

stage can now be configured in a non-cascode arrangement.
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CM An additional anplifier 86 may be provi ded between
the output of the MIler 16 conpensated anplifier 85
and the input of the anplifier 54. Still other

conbi nations are contenplated. [0062] Referring now to
FIG 4A-4C, exemplary graphs illustrating gain and
‘bandwi dth for the anplifier circuits are shown. As can
be appreciated, the anplifier circuit 50 in FIG 3A
has addi ti onal bandw dth at hi gher gain values. A

sl opl8083] t iRefg@ing naw itmdGaséd sl 468, di/ dephide Grogih 108
‘that the gain falls off later but nore quickly.

ingdigies iapnempliiar A 18 theyies amaipphiuaichen duhmurt dastes tcheplsd @pen
to 60 dB/decade as shown in FIG 4B. Dependi ng upon
ItAyE of tasg eRPHlifd/ bt4. Cidvef ingur af itien ampdifieron$0 of cbbisled by a
gai n- bandw dt h response nmay have a sl ope of 20, 40,
cgpacitance Hiy tgerdteutas aslowfigrt 1Bl @n al@ut[d & mplifier 118 is
Referring nowto FIGs. 5 and 6, electrical schematics
caepied et inpwhsifithia amplifip 1 20. cimpetnstadfiton amnitficadd sic@oakd
gain are shown. One or nore additional anplifiers may
bij@ g3padianesl 1 24t the inpat githe apatiffer804t o provi de

addi ti onal ain. In FIG 5, an anplifier circuit 90

i ncl 04881 arfpfgedpasisresiztannel 120 1s cdmmiectmddo tieonpetcinacbutput
getvveen,the input of the anplifier 90 and the

LA pTPEier 840. 14 feadbacksresistancatghiis icennastadcioi the 19t and
i Fcl uges one or nore additional anplifiers 101-M t hat
O4fRat Of hh 8BWPHEE b ELBre e dRpihack epsisBRAC 12AdmBY hawher kigh
is.an i%egeﬁ_ ar eater than one. As can be

EPHREE W, FadeaTRIRdNe Iapgbagk resistanag esayniayetrereatitiede
Vt@ the{.DC gath to provide additional gain as needed.
FO5E2! isreigaghfiantg &eistanFe valve ohbedeeistagea 124 hEnedeedient
ré:sr?é/tgrq]ctei 996 hnq"ye h i i ;

y have a very high resistance, 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 ampilifier 118 is coupled to an input of the amplifier 120.
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i nproved gain at both high and | ow frequency and
i nproved settling time. The anplifier circuits have
hi gh gain while operating at | ow voltage because each
stage can now be configured in a non-cascode
arrangement. 17 [0065] Referring nowto FIGs. 7A and
7B, an anplifier circuit 108 includes an anplifier
110 having an input and an output that is coupled to
an input of an anplifier 114. The input of the
Amplitpiti @thel aBplifer da0H @dpley 1y a eaRRRAARMER 14 1 hfutdfthe
i nput of an anplifier 118. An output of the anplifier
am@ifies114oupl ed to an input of the anplifier 120. An
out put of the anplifier 120 is coupled by a
capati@&dhce The thpubanheutputpiitheofmplifier ang hial icemmbaate with
[ 0066] A feedback resistance 124 is connected to the
3 rplitehethdapatifsote arbuit H81andihief &witched Ocapaciterdbagkit 131
resistance 126 is connected to the input and output
in¢luddseiratrgsidi feicend 9MiBheTha2 e dBack capsdithentEs ik 26nHRYd
have a high resistance value. For exanple, the
Fedweratie witdhes dRe eandniBshame aarefeesicet petial ¥adhugs Givahd.,
is greater than a resistance value of the resistance
Ryring arfist peaatishc khe frelsivetchrice id 26semynd aeescsaoNE®EWitdhi T4
resi stance, for exanple a resistance approaching
is obemiahy thefcdpaaithreanasid ! \ d it
anbout put of p@t he anpli f?g?éa-eldﬁ@”@ aFlp%OHggﬁg%adriaé%?r%t
ci4-Ar SHQC ..t h e relativel i gh
R R, R DO S

:
éé%%ci?d o8 Uish- 1o [RR Z%gg l g'rhglsfg%ntt a7n§i’ Sne\?fg?ff Eg#elfsléﬁéwgt‘:ﬁ?%glq{%peto

1 according to t

ARkt ah8 s ekl | o | w t ched
tc aplaé !atn gr? g EMOS%H%F%PQ@ ftkﬁ'ﬁgﬁt %edzod DEEK e Esi A fagARack
rk2iston 1A as tcohRectdd RPINBMBp ASHRCHALRD 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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with parasitic capacitance. The anplifier circuit 130
i ncludes an anplifier 110 having an output that is
coupled to an input of an anplifier 114. An input of
the anplifier 110 is al so coupled by a capacitance
116 to an input of an anplifier 118. An output of the
anplifier 118 is coupled to an input of the anplifier
120. 18 An output of the anplifier 120 is coupl ed by
a capacitance 122 to the input of the anplifier 114.

§€0068]swWitaees npRitananic4oul pabatifantde 5en’9|dohh&&ed1%§tvdé%¥ the
communi cate wwth a switched capacitance circuit

SWitchswi1beleed dpaci 4 asierencé petehtial k3dh a's@d)d%@eSDuﬂl é;sé first
and second switches 132 and 134. A capacitance 1

plseds | ée filbeswiean oHe cbebl ehashd 3ecrRtwidd 1%&% Bpen and
reference potential such as ground. During a E

?E?%ﬁ‘aé Bee R It Y)%L"enhangg%b%é P§§s§ Htﬁﬁéiéstfya;h g2
. 2!
%3% Aegirbeat Pt T80 HoGH fuine gavealarodat dsahirots

pacitance 136 to discharge. The first
J@méﬂ% 5ﬁ§ses may correspond to the first and

seco as the i nput and/or_ vice versa.
A fe %Pdgk ﬁeef%fr"s‘q oPW Aft ?%s goﬁ'ng‘fﬁpe "ttt 8P ripsimian
fut ngwn)fm =g A di%rﬁﬁer i L‘glfﬂ efm;e ﬂgrs a}%l %%Qgili?gz-ﬁ

e connected 0 an ou

S L P e
B sy AT R, T 35

mow to FIGs. 8 and 9, an exenplary circuit conprising

[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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a swtched capacitance circuit 148 and the anplifier
130 of FIG 7C are shown. An input voltage to the
anplifier circuit 130 may be a swi tched capacitance
input. Switched capacitance inputs may be generated
incircuits 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 swi tched capacitance
difierertint smpiifier 80D s®d colipled dyi dapbetineaP aLi -4 aee! LY elink
148 includes first and 19 second switches 152 and
difesential iopyiacof therlifeerdBRI amplifieAneécd ed bet ween t he
switches 152 and 154 and a reference potential such as
gr oui@72Dur Thegdiffefentigitinpypb ase (d¥ferentlaheuthlifs if teavdifekential
152 is closed and the second switch 154 is open and
antpdfieraid80i coamuenidB8 with sedtaltagiechpabtinicB gireuiseandamhesie.
(D2 , the first switch 152 is open and a second

Loadl tcepadit®acass(not esmeh)analy bheooagaed tadiferehB outputs of the
di scharges via the anplifier 100. [0070] Referring
difterentie! #h@ifiel0j4@n anplifier circuit 180 is similar to
that shown in FIG 7C and further includes amplifiers
182- IP073B2- Phe ampliffeBP dxscribab dreesiX niay e ainplife@sroperational
greater than zero. The additional anplifiers 182 tend
amplifiens cpreigionahandcopductance enpifiens -(DaAd)adtHhifisre syta iR
in a region 200 shown in FIG 4. [0071] Any of the
Campensatiep andfas gthes syisaide ebwiifieabovee G Isea tanfdogdudcshce
in adifferential node. For exanple and referring now
YR$ megcel 1 het RPUhSItage eqonbpls Bh GutF@ camerdebased on the
configured in a differential node. O her amplifiers
lfBseqdyeldnch Emeim othgy Wedss dhe iQUk éd ai voltagetichiiteriedtcuagnt

node as well. An anplifier 202
source (VCCS), which is in contrast to the conventional amplifier (opamp), which

is a voltage-controlled 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 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.
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according to the present invention that receives a
differential switched input is shown. The anplifier
202 includes a differential anplifier 110D havi ng
differential outputs that are coupled to differentia
inputs of a differential anplifier 114D. Differentia
inputs of the differential anplifier 110D are al so
coupl ed by capacitances 116-1 and 116-2 to
differential inputs of a differential anplifier 118D.
Di f f @05l i aRefeuingut sowf té heridsf f epanbical vandld f b&mplary
118D are coupled to differential inputs of the
implefrentationsabf temrédeneinvar2dR. arBishbwh eRéfe/tng PP tRG 0§ oA
the 20 differential anplifier 120D are coupl ed by
toap@settancatord 22h He anderi@Re? atrplifidte, ADIC f /8T &MbisPnd other
inputs of the differential anplifier 114D. [0072] The
ciftdifsen erttardbisk dpus 0@Nih sdinfd ietpRsthéabtiond! PUtsnaf prbb&sin
differential anplifier 118D communicate with sw tched
apéfvacbbieoi cicait #021bdiod Sthed cigduils 13k-sBown}-Bafle HDD 400 may
capaci tances (not shown) nay be connected to
rdodeiserdatd, i perfcomt padirgy ahd/bhencitplidre rgitoral cabitiitivhd, €and/or
114D. [0073] The anplifiers described herein may be
famptidatathel i0pepat focaralior rangléd fremsa neR@ERd EORRe medium
transconduct ance anplifiers (OTAs), anplifiers with
4061 | er conpensation and/or other suitable anplifiers.
The OTA is a transconductance type device. The input
vol t Efd 6t onf heHYDatDlonepaemounicetst withes edstaevité not shown)
transconduct ance gm In other words, the OTAis a
SH6D t ayer COMPUEAT| ecptyar eenputing odedess( ¥OES)as phisohali Sigital
contrast to the conventional anplifier (opanp), which
gssiskaniey| qelgat ebenasolmasih eolMRYelayewsr srd (RECHS), . arkdBd Tfer
The transconductance paraneter of the OTAis

Cgedmals J13 ¥ Bymgﬁa wired or wireless communication links 408. The HDD

400 may be connected to memory 409 such as random access memory (RAM),
l_ow 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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anplifier bias current. Fromthis controlled
transconduct ance, the output current 1is a function of
the applied voltage difference between the input pins.
There are two key differences between the OTA and the
conventional opanp. First, since the OTAis a current
source, the output inpedance of the device is high. In
contrast, the output inpedance of the opanp is very

| ow. Second, it is possible to design circuits using
EhEdTEA dritadr decdtg esl@y g9 e d r
wor ds, instead of egrrpl ok/?ngﬂ?egg{begcﬁ@?% ??Ocqfégse"% f%al%ns
amidied/wmyaojvmdrwe[cwt s performance to device
parameters. 21 [0075] Referring now to FIGs. 12A-12G

var i oos7&xemieabyD divel £TEMA ESSUREatENGIHP
i nvention are shown. Referrla% nowut oa FI G %gl‘}%ﬂht dgvice

prat seown)i sk B iaadnipater elel ERINCIFRIM & GetBP Vial I8l md PFired
DAC, filters and other «circuits in a hard disk r|ve

400irelbss somauhingticanakrs at 7.oms, DVD & 18 IngHYAdonRh AFEIS WY mass
and/or control circuit 402 and/or other circuits ?n

dhiawstprege 4 tte tHdDBIeE demy in Br ASRSRtGafANnde" TQs fmas data
codi ng and/ or encryption, perform cal cul ati ons, 3

Sloranet 4 thireeyt naludé | bardpdisk tdavanelboy. rareHPed 8%@ the
magneti c storage nedi um 406. [0076? The HOD 400 may

eomiguratioatshown tim FEGhtiza. dewi @D (e bs oMM HDBUGR 88Iudes
conmput er, nobile conputing devices such as personal
ng,og anore piatiest bavirgg a delmMaibathapkosresier mregi @pRdxifyidly 1.8".
Eﬁayers and the |ike, and/or other devices via oné or
PDVPr 4@ oayvie ebrestedotnumeneay i408 duchkes #3&. AOR. low
HDD 400 may be connected to menory 409 such as random
HiEYs npeYAkRtle (MWpry 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 a
wired or wireless format and generates HDTV output signals for a display 426. In
some implementations, signal proéessing 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 optica] and/or magnetic storage

devices. Atleast one HDD may have the configuration shown in FIG. 12A and/or
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| ow | atency nonvol atile nmenory such as flash nenory,
read only nenory (ROM and/or other suitable

el ectronic data storage. [0077] Referring nowto FIG
12B, the present invention can be inplenented in
anplifiers, ADC, DAC, filters and other circuits of a
digital versatile disc (DvVD) drive 410. The signa
processi ng and/or control circuit 412 and/or other
circuits (not shown) in the DVD 410 may process data,

paesNione sy ravsier c&]'ﬂglﬁr)ég%@ gﬁbtvhrgitﬁrﬁlg.r 138, The HIpD may

cal cul ati ons, and/or format i S read

B @&/ MinidadE et hteBed Bn8broRbic Blhnsl Of A9 Mé#épgﬁé}%&m

In sone inplenentations, the signal processing

onaidreharthpetifatth21 8ndiek 195Hen o0 %leot#guéno? Cag g &%\ﬁ@w

in the DVD 410 can al so perform ot he I ons

438 such &RAM, F@WHQW%teﬁi@;ﬁ%vB%ti@rmérQSHas&X? %E gg%lvﬁemory

si gnal processing functions assoclate

shid/vreoth OBl TR dhith ¥R 4 FRY HET B aqgcg grawshepon'

an out put device (not shown)” such as a conp

tarineviiaisanthar WoRReYia 89Vl ¢ néiwdrioRtate B95 e W red or
Wi rel ess communi cation |inks 417. The DVD 410 nmay

conmjod&Ht e Refdrtingrassy  @AtRAGSt 99B9and Leebdat iRLRESS may
data in a nonvolatile manner. The nass data storage

eyt amibrubke idplBaketed BKadpliness, (ABE) paENE
have the configuration shomnbin FI G %2A.'Th§EE%E?§%§F

becuds mifra chiddltdyateni € laUdesicle U130, @F WIRREinRd Lk e friiss data
having a dianeter that is snmaller than approxi mat efy

gtogige ofTthe WIdlel LONinGlysybnt GRORE tegoksr BRI ¥3419,SUGh
as RAM ROM I|low |atency nonvolatile nenory such as
Mpigrhemetansy thenpiesentotvetios unbrBledt a powertrain control system
432 that receives inputs from one or more sensors such as temperature sénsors,
pressure sensors, rotational sensors, airflow sensoré 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 control 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
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el ectronic data storage. [0079] Referring nowto FIG
12C, the present invention can be inplenented in
anplifiers, ADC, DAC, filters and other circuits of a
hi gh definition television (HDTV) 420. The HDTV 420
receives HDTV input signals in either a wred or

w rel ess format and generates HDTV output signals for
a display 426. In sone inplenentations, signal
processing circuit and/or control circuit 422 and/or

cohirelrsysient @ VehiddehteAAIANBHt Sstdrh SudAIVa 4%ledTBY [%%%?r%%&

data, perform coding and/or encryption, perfor

died andl thi liken SStilfaharainpRAteRtABHS Sl BRI QIMaNY ot her
type of HDTV processing that may be required. [0080]

The HIDBY] 420herpywe QMBS s§shi /BBy cHRhRnRLRVAG S nass

427. t hat stores dat a in a nonvol ati I e manner sucﬁ‘ as
datd istahgeand GhatnBtgnRat data Sh o ABRVolARY 'n?a?ﬁler.AtTﬂfgﬁﬁgs Q86

HDD nay have the configuration shown in FIG

stordf@ 46 2Bayainclueasdptioslearddd? FByhaia%eork | e
shown in FIG 12B. pThe HDD may be a'rmaﬁideﬁ%%‘ ?ﬁae?E}ané

ane | distesirives ODDMANGOPIDST SANAMIR Gorfe HIRHBLSY I'E)ehv@t the
is smaller than approximately 1.8". The HDTV 420 may
doefigwatieT Seowh an NBIEDT 12A 428/05 Ughieast BAM DROMnal OMhve the
| atency nonvol atile nmenory such as flash nenory

ntigwetiat smwrs ini Fighl1@Bel Brad HOD Gagdkda $HiQNEAO8 - thdthBciudes
HDTV 420 al so may support connections with a W.AN vi a
QUEVIrANOIseplalterk having rf dismet? Shat 0B 3)er RR&R BphRGIMAAN, 4 8" .
FIG 12D, the present invention may inplenent and/ or
Be powsriain rostioli systemp B2 ineryshe A6MBecilGo héhbr &47a08h as
other <circuits of a control systemof a vehicle 430,

%AWRQM,M\@H’(W,nqmusletilelatemory 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 énd/or a WLAN

- interface (all not shown).

- [0084] Referring - now to FIG. 12E, the .p_reéent invention can .be
implemented in amplifiers, ADC, DAC, filters énd other circuits of a cellular phone
450 that may include a cellular antenna 451.  In some implementations, the
celiular phone 450 includes a micfophone 456, an audio output 458 such as a
speaker and/or audio output jack, a display 460 and/or an input device 462 such
as a keypad, pointing device, voice actuation and/ér other input device. The

signal processing and/or control circuits 452 and/or other circuits (not shown) in
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“storage of the vehicle control system and/or a power
supply 433. In sone inplenentations, the present

i nvention inplement a powertrain control system 432
that receives inputs fromone or nore sensors such as
tenperature sensors, pressure sensors, rotational
sensors, airflow sensors and/or any other suitable
‘'sensors and/or that generates one or npre output
control signals such as engine operating paraneters,
the aoedulias phome d@permby poqeas arkkd, efetforAneidig BhdISF encryption,
control signals. [0082] The present invention may
rericomiselchiatibmaydottned data antioe pertarnt othér celMist BGhe4dittidhs.
the vehicle 430. The control system 440 may |ikew se

r eceil@85] si ghal s=litlao npHonp u450s @m0 Ics MAkRicatd eth ﬁ,légptgata
control signals to one or nore output devices 444. In
slorage i 409l thabistaes data it henonosibtile! maysdresich 44l BBoEaP&nd/or
part of an anti-lock braking system (ABS), a
magiejiststerage yievieas far dxempleahard disksysveRMMDB aHafir O\EDs. At
telematics system a | ane departure system an.

lggstsne DR maydeve e canfiguratiorsstsivenin FAGY €A ghdior at least one
entertai nment system such as a stereo, DVD, conpact
BVEcmahda‘teh‘élel daadgurstion shavirhier FIGIIRBIETHeaHDDNA2RbE a mini
contenpl ated. [0083] The powertrain control system 432
RRY Bahingiydesaoae wir trhorampiatters havdng Badiameted 46t tihaialler than
stores data in a nonvol atile manner. The nass data :
RRIPEGEtes 6.8yl henedliude pbend 450 may dieczonmagiaétd memory 466
storage devices for exanple hard disk drives HDD

vy 8y RANbsROM. 'PWa‘étenéh@OFwtﬂﬂynémw guoh as flash memory
configuration shown in FIG 12A and/or at |east one

n%?e'h%bl}@bieh‘@e‘:tt%'tﬁqiﬁj@ steragsn Sheowellular fRbG: 452 BlsoThay

HDD may be a mni HDD that includes
support connections with a WLAN via a WLAN network interface 468.

[0086] Referring now to FIG. 12F, the present invention can be
implem_ented 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 definition audio/video signals suitable
for a d|splay 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
__chihg and/or encryption, perform calculations, format data aﬁdlor pérform any -
other set top box function. |

[0087] The set top box 4.80 may communicate with mass data storage

490 that stores data in a nonvolatile manner. The mass data storagé'-490 may
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one or nore platters having a dianmeter that is smaller
than approximately 1.8". The powertrain control
system 432 may be connected to nmenory 447 such as

RAM ROM |ow |l atency nonvol atile nmenory such as flash
menory and/or other suitable electronic data storage.
The powertrain control system 432 al so may support
connections with a WLAN via a WLAN network interface
448. The control system 440 may al so i ncl ude mass

Walude SdpBit80&nd/ cremagietianélb@ige adaleB fo BiahS8qeid sk dRbs
shown). [0084] Referring nowto FIG 12E, the present

HODeatd/orDRa  heleabiGHeatBDIRSY haveafB bhfdaFation ARSwn RPASG.
filters and other circuits of a cellular phone 450

thatandry atileust wde DD ¢edy HAW trRNEGIHGarafi&l shdwh FPERs. 128,
i npl ementati ons, the cellular phone 450 includes a

fihe riiphoney 4862 raini MDD thadlihfudest BRe BiChoRSpidtters RRRAING! a
and/ or audi o output jack, a display 460 and/or an

diapeterdbat is smEler than lappasinsatkigyingtd, TReiset iopthdtessoGRay be
voi ce actuation and/or other input device. The signal

porvEessi tngnemall di 24 sodtt ad RAM, RONM SodSate AeyHarkolatiB efemory
circuits (not shown) in 25 the cellular phone 450 may

pudtes Baghahemopyearfdiormtie duitgblartbctonie Aataydidriagsl, The set top
perform cal cul ati ons, format data and/or perform ot her
oex 1480aglsphoae stippat icommectipOO86h ThaLar! Vial 2w e network
450 may communi cate with mass data storage 464 that
dtterface 4d2fa in a nonvol atile manner such as opti cal
and/or magnetic storage devices for exanple hard disk
dri vel9OBRID aefeeingDVeR . toAFIG.| 426t tomepredabdt nmyentiaw ecanhbe
configuration shown. in FIG 12A and/or at |east one
Mpemgptendy empliters. AR C JoAGH filters simbuther circEltSof 4 MBdiaTpisyer
HDD nmay be a m ni '

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 (hot
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.

-[0089] The media player 500 may communicate with mass daté

storage 510 that stores data such as compressed audio and/or video content in a

27



HDD t hat includes one or nore platters having a
dianmeter that is smaller than approximately 1.8". The
cel lul ar phone 450 may be connected to nmenory 466
such as RAM ROM |ow | atency nonvol atile nenory such
as flash nenory and/or other suitable electronic data
storage. The cellular phone 450 al so may ‘support
connections with a WLAN via a WLAN network interface
468. [0086] Referring nowto FIG 12F, the present = -
nonveRtiieomapast. ben d ki I £d i

o eRBIBhRHttIBnS MRk Edrﬁﬁr@ssé?ggyd@ﬁ‘gés

filters and other circuits of a set top box

inellidé GRspAt 48Cconastiahtvath M Sal bPEIH
a broadband soupgg and outputg gtandara%gﬁglgféﬁpgﬁé%

alefio ahd/oovides!tirdk. B §agdakt sivababh® infke %pﬁ’éﬁ‘ieh&)&
488 such as a tel evision and/or nonitor and/or" other
magheicadietage dedtel fbr%tblﬁhflte R | fikSdrivER 8HISH Widlor DvDs. At
processi ng and/or control circuits 484 and/or other

leastaumiet DR Ay hake W) copfigdrtorP§ownaR FIRE X1 285 dIBat least one
process data, perform .coding and/or encryption,

PYDfroayrheaal thel whiiguiatior sHoWal indata 188d1%e WBHTRATLERYmini
ot her set top box function. [0087] The set top ‘box 8

e thehimolbeabee or tiorepestettahaving arddBeted Bt id@haller than
stores data in a nonvolatile nmanner. The mass data

spoxigeteho 0.8y The Metliachlayte 500thaRbe 2BAAERedRIMEHOR 514
storage devices for exanple hard disk drives HDD

suwtl/ 83 HADSROM, Ibedstenoneohiputi@myndnaotg dUBR as flash memory
configuration shown in FIG 12A and/or at |east one
Bvitometpeh avibtehelectamid data attdrage.s Towrmédia plager $02Biso may
The HDD may be a mini HDD that includes one or nore

- pHrpeitcosngiivns with a Wi ANptea WLAN netsoskmatdriate Bh@N Still other

approximtely 1.8". The set top box 480 may be
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 teaichings of the present invenfion 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 épparent to the

_skilled_ practitioner upon a study of the drawings, the specification and.the

following claims.
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connected to menory 4124 such as RAM ROM |ow | atency
nonvol atile nmenory such as flash nenory and/or other
suitabl e el ectronic data storage. The set top box 480
al so may support connections with a WLAN via a W.LAN
network interface 4126. [OOSﬁiﬁgﬁﬁgrring now to FI G
12G the present invention ca i mpl enmented in
anplifiers, ADC, DAC, filters and other circuits of a
medi a player 500. In sonme inplenentations, the nedia

W%Iage%.SOQ includes a display 507 and/or a user input
s lgimedis' a keypad, touchpad and the like. In sone
i mpl enentations, the nmedia player 500 may enpl oy a

- gr aghi calAnusstifiemdienit acpridifgd)l ) that typically enpl oys
menus, drop down nenus, icons and/or a point-and-
click inaéitdt amplifdraating aflirpil M4 AQdRNd/ or user input
508. -The nedi a player 500 further i'ncludes an audio

out put  5@%esd#ahofRatRnAPRAEEndARAQN AP (@*’I{Aeé%fnﬁcﬁ input that

The signal processing and/or control circuits

coﬁlﬂﬂanﬁteQWﬁﬁrsaiﬁioﬁfﬁUi $Safate l@i\@fn) of the nedia player
500 may process data, performcoding and/or

encrypt i @mnirdPGhSIH GRS H}b?@#g?ﬁ% cgrg%%gatgs[a%glég%}g {ﬁ%ét of said first

perform any other nedi a unctr on.
amPRAEAnR 8 %G00 My conmunicate with mass data
storage 510 that stores data such as conpressed audio

and/ or V%q&%hc(g'?k%t/inig%ﬁgln L%Khﬁocg\élgrgi%y&%? aNq%n qgﬂgbut;launf of said third

sone i npl enentati ons, onpre

' [ .that are conpliant with MP3 format or
a”%pﬁéﬁggﬁﬁfg@ﬁ% conpressed audio and/or video formats.

The mass_dat torage nmay include optical, and/or
: a Y&edBack reswtg)ce th:% communicates thh said input and said output of said

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

said input of said second OTA.

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 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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magneti c storage devices for exanple hard disk drives
HDD and/or DVDs. At |east one HDD may have the
configuration shown in FIG 12A and/or at |east one
DVD may have the configuration showm in FIG 12B. The
HDD nmay be a mini HDD that includes one or nore.
pl at t er Shehamplifier eciduidrgt@eint Nawhdréin saml input dthead third amplifier is
approxi mately 1.8". The nedia player 500 may be
capaciveRchesled & ARNGSYarhdiffier SAL further J3AYrisin@M switokeéd @psiace circuit
nonvol atile menory such as flash nenory and/or other
that S&lédtidBly R o@hRaicheivith atAd mbel AdQaid biQuITaR! tRiF@Y8H1ifRP0
al so may support connections with a WLAN via a AN
network interface 516. Still other inplenentations in
addi tion to those described above are contenpl at ed.
[0Q90] Thosgpikéd bediid Bf IdI1BnARt WRAaRinNONE BRRIRS hfficitance circuit
fromthe foregoing description that the broad
Com%ggghings of the present invention can be inplenented
na variety of fornms. Therefore, while this invention
has beeg ﬁﬁ%%thl?%%lh% a fﬁ%ﬁﬁﬁlhloﬂatvﬂoﬁ'ﬂnm{attés%!tl@Eaid input of said
exanpl es thereo , t true scope of the i1 nvention
._should not be so limted since other nodifications
th"iéméhﬁﬁécone apparent to the .skilled practitioner

tudy. of . the drawi th i fication. and .
the  fof PEGHG BN S5 RRAHAET RS TLRERST R P oupu sed

L amplifier circuit conprising: a first anplifier
th“%%@@ﬁ&“gﬁdinput and an output; a second operati onal

transconduct ance anplifier (OTA) having an. input that .
a capacﬁance ha\rlrlgg one end (that cz)mmunfcatgs with second terrrﬁnals 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 amplifier circuit.
6. An analog to digital converter comprising the amplifier circuit of Claim 3 and

fufther comprising a circuit that generates a switched capacitance input signal that is input to said

input of said amplifier circuit.
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communi cates with said output of said first anplifier;

a third anplifier having an input that comruni cates

with said input of said first anplifier and an

output; a fourth OTA having an input that comuni cates

W th said output of said third anplifier and an .

out’put ; Aafiftereerarrisingeic saneplidier cheuit ebMmaimi T ané Juriler fpomprising a

said input and said output of said fourth OTA; and a
circuiaphat i geaeretes tahswitahedneepraciance sinpitt sieneh thdt duinpyt tokaig dppit of said

fourth OTA and with said input of said second OTA 2.
ampltiier anquiti fier circuit of Caim1l1 further conprising N

OTAs connected in series, wherein Nis an integer

greater than zero and wherein an input of a first of

said N OTAs . communi cates with said output said first

anplifier and output. of a last one of said N OTAs

communi cates with said i nput of said second OTA. 29 3.

The anplifier circuit of Caim1l wherein said input of

said third anplifier is capacitively coupled to said

first anplifier and further conprising a swtched

capacitance circuit that selectively conmunicates

with of said input and said output of said third

anplifier. 4. The anplifier circuit of Caim3 wherein

said switched capacitance circuit conprises: a first

switch having a first termnal that conmunicates with

said input of said third anplifier; a second swtch

having a first termnal that communicates with said

out put said
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third anplifier; and a capacitance having one end that

communi cates wth second termnals of said first and

second switches. 5. A digital to anal og converter

conprising the anplifier circuit of Claim 3 and

further conprising a circuit that generates a sw tched

cabaci tAamermplifigygircwt epmepirisingat i s input to said input

of said anplifier circuit. 6. An analog to digital

conver t &firstepepatiosdlnignscoadustaukce (O BA) keiving an tinport ar@ i qutBit;

and further conprising a circuit that generates a

swi t ched sscapa€iTtlahaeng aputpus itigpt abmiruatcates withpart odtput of said first

said input of said anplifier circuit. 30 7. Afilter '
OTAconprising .the anplifier circuit of Claim3 and

further conprising a circuit that generates a

SW t Chedlthérd [TA haviripean iAPt thas c@gminitiiad witls an mpu ofts@id first OTA;

said input of said anplifier circuit. 31 8. An

anpl i fi£fougthr OUAtha9RRRN BbitJihaBcdrmhticadewalk la@kput of said third

transconduct ance (OTA) having an input and an output;

OTAParRi@RVuehuthay fdvhitfcaddd vithdld ihp@tof SHNTABAEOTRSa th an
output of said first OTA;, a third OTA having an input

that cofpipihe@ERaciintdlciAlitiR Uie@ive5RbEhIEd 4 Shadihfce 18 at least one
fourth OTA having an input that communicates wth an

of saé’démttofggid%mﬁO?Eiansaécp&ﬁ Qtn:ﬁktl?mj @ghput that

ni cat es sai d I nput of said second OTA; and a
switched capacitance circuit that selectively couples
a capacitance to at |east one

9. The amplifier circuit of Claim 8 further comprising a resistance having an input
that communicates with said input of said fourth OTA and an output that communicates with

said output of said fourth OTA.

10. The amplifier .circuit. of Claim 8 wherein said switched cgpacitance circuit
comprises: | ..
a first éwitch having a first terminal that communicates with said input of said
third OTA,;
a second switch having a first terminal that communicates with said output said
third OTA; and
a cap_acitance hlaving one end that communicates with second teﬁni_nals of said

" first and second switches.
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of said input of said third OTA and said output of
third OTA. 9. The anplifier circuit of Caim8 further
conprising a resistance having an input that
conmuni cates with said input of said fourth OTA and an
out put that communicates with said output of said
f odrtt h ®hpamphfierysuis apClafm 8rfurthericomptisingf caagitancg having one end
wherein said switched capacitance circuit conprises:
thatggomimugicatefivnti Bisaid anpus gf spid firss© TAhaandianappasitetnd that communicates with
communi cates with said input of said third OTA; a
saidsatom df sand second@VAng a first term nal that
communi cates with said output said third OTA; and a
capaci tance havi ng one end that comruni cates with
second termnals of said first and second sw tches.
32:121. The ampjifi¢rfdirenit of Claim 8 foftheClcampridnd Nratifieional OTAs connected
conpri sing a capacitance having one end that
in setETENeeREAS owptitvf St dirdt W araf safiinputiolf 564 s emd. an
opposite end that communi cates with said output of
said second OTA. 12. The anplifier circuit of ClaimS$8
further conprising N additional OTAs connected in _
serii3es beavgﬁalntosalaqbg,ownpe&erca‘o g fthe SinpRA @RditSA E@aim 8 and
i nput of said second OTA. 13. digital tpo anal og
furtﬁé}rwﬁ?ﬁﬁﬁ%lﬁ ofRfi BANEndries APdHel 84pabitdneénbuigrl MLty ﬁlput to said
and urther conprising a circuit that genera% es a
inpR W E40&eL eaRaci tance input signal that is input to
said iInput of said first OTA. 14. An analog to
digital converter conprising the anplifier circuit of
Claim8 and : :

14. An analog to digital converter comprising the amplifier circuit of Claim 8 and

further comprising a circuit that generates a switched capacitance input signal that is input to said

input of said first OTA.

15. A filter comprising the amplifier circuit of Claim 8 and further corﬁprising a
circuit that generates a switched capacitance input signal that is input to said input of said first

OTA.

16. The digital to analog converter of Claim 13 wherein said switched capacitance
input signal includes first and second phases and wherein switches in said switched capacitance
circuit are switched based on said first and second phases of said switched capacitance input

signal.

33



further conprising a circuit that generates a sw tched

capacitance input signal that is input to said input

of said first OTA 15. Afilter conprising the

anplifier circuit of daim8 and further conprising a

circuit that generates a sw tched capacitance i nput

signal that is input to said input of said first OTA

16. The digital to anal og converter of Caim13

whévei nThakrklegia digisd wapatt vafdam 1hpheresi givhbwitched capacitance

i ncludes first and second phases and wherein swtches
inpuit nigsaliiokledes ficfiedd capad phaecand whareinistvitalied iswdid shiched capacitance

based on said first and second phases of said swtched
circiapcivti@h@ebasag wh -sakll §9ahnd dodd’ phabbeofishiad e@itdhed capacitance input

digital converter of Caim 14 wherein said swtched
sign@lapaci tance input signal includes first and second

phases and wherein switches in said swtched

capacitance circuit are switched based on said first

and second phases of said switched capacitance input

si gpal . THSfildher Cialch @ erdsh ki de\ﬁtclll\aﬁé bltafiéd fhput signal includes
swi t ched capacitance input signal includes first and

first 586 QRInP RASRS AN AhVRES ﬁlﬁhé%tsﬁgles%vlicﬂecﬁ @dg%m%al d&P%g are switched

capaci tance circuit are swtche based
base@d éﬂ‘mﬂq &S ' y A hput
B et L R R L
sai d anpllfler CIrCUIt is configured in a
differential node. 20. The amplifier circuit of G aim

tghg%lrt h?ﬂe grgémﬁér%rc ﬁf élaf%na%'“t/haep%?ag? \élg{;])gﬁ?r rgtut w'&nﬁgured in a.

conmmuni SR SAINd
. posite end that connunlcates with said input
dlffeé?n%aﬁ ma@e{) hird OTA.
20. The am_pliﬁer circuit of Claim 8 further comprising a caﬁacitance having one end

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

said input of said third OTA.
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34 21. An anplifier circuit conprising: a first
anplifier nodule conprising an input and an out put and
having a first gai-n, a first bandwidth and a first
out put inpedance; a second anplifier nodule conprising
an input that conmunicates with said input of said
first anplifier nmodule and an output and having a
second gain that is less than said first gain, a
secbnd handwlifiehcitchatomprigwgeat er than said first
bandw dt h and an out put inpedance that is |ess than
sai d fi & $itst anpfiér mhedabdaipesing afl irpucafdami dugiacendiHaging a first gain,
communi cates with said output of said second anplifier
a firffsAbdweidthedid adfirstdiitid imeidaseaj d first anplifier nodul e.
22. The anplifier circuit of Claim21 wherein said
first gakétohsd aﬂFBﬁérQﬁodﬁ]’é&:@m@ﬁslﬂg e inplitthatl@indntagainith said input
second gain is less than 100. 23. The anplifier

of s&ill fiedd hipRfierGhiull &l RSHE! Mhd 3Rl 286QRd gAifiha: 5116 than said first
nodul e 1 ncl udes an operati onal %ransconductance

gamaﬁr&lcbfxd SdndwAdth (R ritfan 88 dHr&tGdhdwidth &3k HﬂnE&f 1mpedance that is
wherein said secon anpllfler nodul e conpri ses:

1e$qﬂ& dQHHkhfL@Bnﬁg g,;AN i nput that conmuni cates mnth

sai'd I nput irst anplifier nmodule and an

out put ; a@a}; %{f_ﬁcg tﬁP@Jﬁ%hﬁ@ﬁés 1?@{52&%3%%% @P&&co?d amplifier module

anplifie having an comuni ca

and an%&a?t%fgglgl#rg%ng?%ersr% 1 h' rd anplifier and an

resistance that communi cates with
sald i nput and sai d output of said fourth

22.  The amplifier circuit of Claim 21 wherein said first gain is greater than or equal to

100 and said second gain is less than 100.

23.  The ampilifier circuit of Claim 21 wherein said second amplifier module includes

an operational transconductance amplifier.

24.  The amplifier circuit of Claim 21 wherein said second amplifier module
comprises:
a third amplifier having an input that communicates with said input of said first
amplifier module and an output;
- a fourth operational transconductance amplifier (OTA) having an input that

- communicates with said output of said third amplifier and an output;
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OTA. 25. The anplifier circuit of Claim21 further
conprising a third operational transconductance
anplifier (OTA) that communi cates with said output of
said first anplifier nodule. 26. The anmplifier
Circuit of daim?25 further conprising N operationa
t r ans cordusitreniganca sl pdmmpn cqtSTR) saidmpeicand daif putput of said fourth
.series, wherein Nis an integer greater than zero and
OTmhereln an input of a first of said N OTAs
conmuni cates with said output said first anplifier
nodul e and out put of a |last one of said N OTAs
communi cates with said input of said third OTA 27.
Thesanpl THeiagplifierdneiit oHClalh Al farther vdnesrding sthirdl opdratBhal
anplifier nodule includes a first anplifier. 28. The
trar8eqalduéthsde atiptified (OTOY) that admhimmddicitey Whiesaid oufptd Fis4ig figst amplifier
first anplifier having an input that comuni cates
motdle.h said output of said first anplifier nodule and
sai d capacitance. 29. The anplifier circuit of Claim
21 wherein said first anplifier nodule conprises:. a
first anplifier having an input and an output; a

second afRlabdplifr mwt BECRM b5 PiHhet t@ﬁ priEHER Bh & ARSI
with said output of said first anpl |f|er and an

trargearmu&ancgmhgé\r@wrk% 4&1:@ ngé}Wﬁe‘f'QB Ls\fﬁ‘%lﬁr?f_:g%g%rgatgr than

|nput anda sal out put o) Sal second

zerd Qﬁc{ IhaBRlah b ACP?[ ot dﬂsp& 523 N BRUL CBQ?%PﬁQMh &b g§tpw stalzi first

sal d out put second anpl |

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

third OTA.

27. The amplifier circuit of Claim 21 wherein said first amplifier module includes a

first amplifier.

28. The amplifier circuit of Claim 21 further comprising a first amplifier having an

input that communicates with said output of said first amplifier module and said capacitance.

29. The amplifier circuit of Claim 21 wherein said first amplifier module comprises:
a first amplifier having an input and an output;
a second amplifier having an input that communicates with said output of said

first amplifier and an output;
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30. The anplifier circuit of Claim21 wherei n said
second and third anplifiers conprise transconductance
anplifiers. 37

a capacitance that communicates with said input and said output of said second
amplifier; and
a third amplifier having an input that communicates with said output of said

second amplifier.

30.  The amplifier circuit of Claim 21 wherein said second and third amplifiers

comprise transconductance amplifiers.

37



