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AVPLI FI ERS W TH COVPENSATI ON CROSS- REFERENCE TO

RELATED APPLI CATI ONS [ 0001] This application clains

the ben Provi sional Application No.

60/ 820 HNH‘“““‘H“H"I%IWLI y 31, 2006 and U.S. Provisional
99, 282, filed May 10, 2006 and is

a contl nuatl on |n part of Unlted States Patent-
Appl i cation No. 11/264 921 filed on Novenber 2, 2005.

"The di scl osures Q?ﬁﬂ%?ﬁﬂ?H%RﬁM#éﬁ%A?%ﬁJare

i ncor por at ed her ein erence I n eir entirety.
FI ELD OF THE INVENTION [ 0002] The present invention
relates to anplifiers, and nore particularly to

amplifiers Widcespmenesldoto MANKELAR BT

IN\/ENFIC]\I[O rrplfler rmylnclude onle or nore
stages. g nsfﬂge]@P@%atldr{‘Céléﬂ% QHeathéf{g &f U@at Prowsxonal

gquency 1 ncreases e galn th

' s Ap‘b'h@éﬁoﬂ% %/stzb%?@”ﬁléd fiigrast Qﬁ@@aﬁ@ufs@"lﬂro@é énalmb%non

limts the bandw dt the” anplifier. As operating
fr Q@&%BP?‘Q@SZSQW@J! %S/ r1@niz(§b60é?1m§ta' Jb&tn%‘t‘bﬁ-ﬁﬁpdrﬂ&fﬂﬁﬁt@@@tates
anmpl 1 fiers having hi gh' bandwi dth and gain and | ow

Noi 5ReaVBIIRRBANRRD. 1126E 225 iRG oh NBRGFBERD! 2009094d disclosures
M1l er conpensation is a conventional frequency

C O ERSAdve RppRcREEHY 418 fhcbRRtatbMWelewEs, fefteerto ViR enfbty.
a dom nant pole of a. gain stage to a |ower frequency

by increasing the effective input capacitance of the
gain stage. 1
FIELD OF THE INVENTION
.-[0002]  The present invention relates to afnplifiers, and more particularly

- to.amplifiers with compensation.

BACKGROUND. OF THE INVENTION

[0003] An érﬁpliﬂer may include one or more stages. Each stage may

.include an amplifier that provides gain. As frequency increases, the gain thatis

_ pr_oyided by the amplifier tends té fall off, which limits the bandwidth of the
" -amplifier. As. bbelrétingl'frequéhcieé of éléctronic computing devicés increase,
_ a.mplifiers. having high bandwidth and gain and low noise have become

increasingly imporiant.

[0004] Mili.er compensation is a conve_ntional frequency compensation
technique that involves the movefhent of a domi.n_ant.p_oie o_f a_.géih-stage_ toa

~lower freqUency' by'increa'éing the effective input capacitance of the géin sta'ge.
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*@0002* -M I ler conpensation circuits include a

M1l er capacitance that exploits the MIler effect.

Wien the M|l er capacitance is connected in a feedback
arrangenent, the capacitance appears nuch | arger at

the input of the anplifier. While the dom nant pole

may be noved to a | ower frequency using this approach,

the gain and bandwi dth of the systemis stil

somewhat |limted. [0005] Referring now to FIGs. 1

2, Milespemperetiopiareyiistindedes il qqp@qsltanee)}ﬁjaéﬁgalﬂt%ﬁwe Miller
is shown and includes first and second anplifiers 14

and effgct: W%BEM'%F%%AW%% ﬁ%”e&?edt"héf? dbagk arrangement, the
anplifier 14 communi cat wi th an n

D FRPERNGES APRCTF EiCTe IO o0 Ut FLE Ot A cialien Jgnie the

6 BRI Sas e e P GrEaBE i Tk BeAPRGasT. the gai
6. aabeneye w%ftt%%x?t%oﬁnﬁ%ﬁlééorﬁéwéa‘iEmiﬁ%f’.”?i or e o t

}\g Ioit ggﬁ)lob egtpép t%ﬁ,géﬁ fi a&d ﬁr?télﬁmap[xrfpeliiﬁlfr%@tﬁoléith Miller
agf %&%ggr?%élgmlf, s&pwP haé]%}\)BF r.:eg lesgre},Béecon ﬁ%'n ers {4 and 16,
L g af}‘g’%gpg V\HP&[& L ? ur{ugdtt wn%rﬁ?rﬁr%ut of the

I NCr eases

arrplsec ec{ ﬁ&\blrf%p 1% ]Aoflrstb‘gntﬁ%F/'at}?lllers@ag)gc&aﬁcezhg':‘co?rh L'irhceates with

fier wt npensat 1 on

20 élqglrﬁﬁpgptﬁe%leg@% arhiR07 16 ARPla 'sfe'cgﬁosermié!f Rk mllé?ecapacuance

sw tch capacitive input signals.

SW Lt saRatsd \lw\’hethb BoLkt éﬂts@%&nmph@ergener at ed | n

analog to. digital converters (ADCs), digital to
anal og cvee] t eas ipDAthge bF tHeedrepimBOZIRUI 0 heépplled to an input

of the first amplifier 14. An output voltage of the amplifier circuit 10 is referenced :

~ “from the output . of the second .émpiiﬁer 16.  As a result of the Miller

__c_ompensetion, the traneconductance, gm, Of the second amplifier 16 may be

increased, which increases the bandwidth of the amplifier circuit 10. As can be

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

[0007)  Amplifiers may also be used with switched capacitive ihput

. signals. The switched capacitive input signals may be generated in analog to

digital converters (ADCe), digital to analog converters (DACs), filters and/or other

circuits. Traditional amplifiers such as those shown in FIG. 1 tend to have a



circuits. Traditional anplifiers such as those shown

in FIG 1 tend to have a 2 difficult tinme providing

sufficient gain and bandwi dth at acceptabl e noi se-

| evel s, particularly for switched capacitive input

signals. SUMVARY OF THE | NVENTI ON [ 0008] An anplifier

systemconprises a first anplifier, a second -

anplifier, a first capacitance, and a first :

transistor. The first anplifier has an input and an

out put. The second anplifier has an input that = _

conpmni.c = _ i Lt evels.

ThreErIEH [ r“s‘?{]%gbo\gkcqﬁba%%@m Igslga gﬂtgné;fgaﬁc{bﬁgtin Jtcsatggnmnilcl?a?ﬁie Sven

Wt I%rtkh%rl?'ﬂﬁ‘é(witeﬁedtJb%af:ili\yesihpa%daﬁé. er. The first

transi sto as a control termnal, a first term nal

that communi cates with the output of the first _

‘anplifier -and a second term nal that comunicates with

anot her end of the dimslaRYCOPAHE AVENTION009] In

anot her feature, the anplifier systemfurther

conpri S@sed) f i ART ampBiier Sf)bted® UWohrisbata GRAMEMPIAdresa second

with the second term nal of the first transistor.

[ 00 ik aairQicBBAcithReY, Uhe a firiteraaBBlor.f Tiey firsyshi@Mer has an input

further conprises a second current source that

COMgRNES BLBEL. WIkd sédmidf dmnSiffiet BssTanatpudthat kemiriurstates with the

transi stor. [0011] In another feature, the anplifier

sysd@putf of tiher fispnemplgies a THer dikst capaciarices tias conthatd that

communi cates with the second termnal of the first

t r agtshratGicate@mithaths eaputdofcther fgstt amplifiece Theafirst transistor has a

conmuni cates with the first termnal of the first

t r agesitet GarmirfaQQel Bist kerménab tied rconwatnicates witle tig putpuhied the first

second anplifiers include - _ '
amplifier and a second terminal that communicates with another end of the first

capacitance.
[0009] In another feature, the amplifier system further comprises a first
current source that communicates with the second terminal of the first transistor.

'[0010]  In another feature, the amplifier system further comprises a
second currént source that communicates with the first terminal of the first
transistor. .

[0011] In another f'eature,-t'h.e. émplifie'r system further co'r.n.p.rise-s a first
current source that communicates with the second terminal of the first transistor
and a second current source that communicates with the first terminal of the first
transistor. |

'[0012] In another feature, the first and second amplifiers include

operational transconductance amplifiers.



operational transconductance anplifiers. 3 [0013] In
anot her feature, the first and second anplifiers
include operational anplifiers. [0014] In still other
features, an anplifier systemconprises a first
anplifier, a second anplifier, a first capacitance, a
second capacitance, and a first transistor. The first
anplifier has an input and an output. The second
anplifier has an input that conmunicates with the
output of the first anplifier. The first capacitance

has one ? hatn epOAENifEALES thé tiffstt BRd 193Bsd impiifi@s include
first anplifier. The second capacitance has one end

t hat o fepatioHBI Hagliasrswi th the input of the second
anplifier. The first transistor has a control

term nal joguaf i r 5 stil eMher Aedtuiebatn CampliAsl edtem vdrbftises a first
anot her end of the second capacitance and a second

t er mdglfiet, abevaaTEXPINS] adirsd ddpadinmtéied secuthdodaphbitance, and a
first capacitance. [0015] In another feature, the

anpl firkl ®&nSYSt eMhé dirdt hemniplifempas aesnputfandsén output.erMhe second
source that conmuni cates with the second term nal of

t he dmpiFier haarsiisgunhat dodGdiGlicates aitotiee putbeiadfuthe, firsthemplifier.
anplifier systemfurther conprises a second current

sour Tree filshtapagiancei heates amdt thatt trenmupcateoivith Miee paioofdhe first
anplifier. [0017] In another feature, the anplifier

syst anplffier.t Hde soopd icspacitandsl hat one wndghat swumoeicateawith the
communi cates with the second termnal of the first

t r anispstt dfrthe sacordl sepbad Toe fieshiraggisiptbag Aeagontrol terminal, a first
communi cates with the i nput of the second anplifier.

[ 0018[minAl habceremunieies wih anpief epd ©f Higdsesendggpacitance and a

anplifiers include operational transconductance.
anpl $edoag serminal that communicates with another end of the first capacitance.

[0015] In another feature, the amplifier system further comprises a first
current source that communicates with the second terminal of the first transistor.

[0016]  In another feature, the amplifier system further comprises a
second current source that communicates with the input of the second amplifier.

[0017]. In another.'feature, the amplifier system further comprises a first
current source that communicates with the second terminal of the first transistor
-and..a second current source that communicates with the input of the secona
arﬁplifier.

[0018] In another feature, the first and second amplifiers include
operational transconductance amplifiers.

[0019] In another feature, the first and second amplifiers include

operational amplifiers.



[0019] In another feature, the first and second
anplifiers include operational anplifiers. 4 [0020]

In still other features, an anplifier system conprises
first anplifying nmeans having an input and an out put,
second anplifying means having an input for

communi cating with the output of the first anplifying
nmeans, first capacitance neans having one end for

conmuni cating with the input of the first anplifying.
means, and a first transistor having a control

t ermi nal [po20]f i riat stilit ethat Nahtufes; Arorampifieatsystgmiwcdmpiides first
out put of the first anplifying nmeans and a second

t er gripitlyingomeaesMating aini guiviahth @anottpet, swdndfanidifying means
first capacitance neans. [0021] In another feature,

t he hampg ishiiegut Syrsdoemminigating witb dng oLtpes of the Sitst aeplify@gtmeans,
source neans for conmunicating with the second

t er firsv@bpadfitahdemibnshaving ams esd or .cofrd@@Ratihg with tehiaput of the
feature, the anplifier system further conprises

secdirg] amplifini neaos,candreditst fransitomihaving: at comgroerhinehen first
first termnal of the first transistor. [0023] In
anotdretind! dart ecmemnuniteting pthi the exutsy off dim fist Bmelifying means and a
conprises first current source neans for
comsecerchtarmipaiierhcantreurdeation dvitte pndthat eod of Hise ffirst grapacitance
transi stor and second current source neans for
commednéating with the first termnal of the first

transi stor. £0024] In another feature, the first and
second al¥Ri yi Rgeneiendeatiige fgoamBiiier SYstemaiurther comprises first

transconduct ance anplifiers
current source means for communlcatlng with the second terminal of the first

transistor.

[0022] In another feature, the amplifier system further comprises
second current source means for communicating with the first terminal of the first
transistor. |

[0023] In ancother feature, the amplifier system further comprisés first
current source means for communicating with the second terminal of the first
transistor and second current source means for communicating with the first
terminal of the first transistor. |

[0024] In another feature, the first and second amplifying means
include operational transconductance arhplifiers.

-[0025] In another feature, the first and second amplifying means

include operational amplifiers.



[0025] In another feature, the first and second
anplifying neans include operational anplifiers. 5

[0026] In still other features, an anplifier system
conprises first anplifying nmeans for anplifying

havi ng an i nput and an output, second anplifying

means for anplifying having an input that comrunicates
with the output of the first anplifying neans, first
capaci tance nmeans for providing capacitance having

one end for comunicating wwth the input of the first

anpl i f yijpgeereans,stisesnsd feapas] aanemphansystedi comprises first
provi di ng capacitance having one end for

CONBMPIifgial | Maid tibr taelifiHguhadihgt & isp@oaad aarplduiptitngecond
means, and a first transistor having a control :

t er ginpiiling anéarfsSior tadighfyirgl hivimg @anmputi bat cogmuhichtes with the
anot her end of the second capacitance neans and a
secemgutt of Mhédirstf emhplifgagmuicarsatfirstgcapatitaragotnbens dord pafviding
the first capacitance neans. [0027] In another

f eatap=eitaridee havipg i dneeend st enmiumidatmg cotpthies épuf iaf sthe first
current source nmeans for providing current and for
conampiifgiatimgansi séconht eapseiancrl meansrifargiroviding hepdditeste having
transistor. [0028] In another. feature, the anplifier
sysbeerehd fdr temnumigptingwih thredomAdf therseeond goplifjeg means, and a
for providing current and for communicating with the

i npfitst trensikier badund caniidli teyhing, adhasigernficgJoq carpmunicating with
anot her feature, the anplifier systemfurther _
conpnétbes ehil raft thec seqosgt capgpitanse ningass BoE Prsgoenfl fgyminal for
current and for communicating with the second

t er pdmalunightinchwitf prashertand 95 ihetlisst caRRFII§BCEOMBARSUr r ent

source neans for providing current and for

comuni cORAg vintanotee featiyhe ther 2rnpllies sy fuihsTiqompyises first

current source means for providing current and for communicating with the
second términal of the first transisftor.

[0028] In another.feature, the amplifier _system further comprises
second current source means fdr providing current and for communicating with
the input of the second amplifying means.

| [0029] In another feature, the amplifier system further comprises first

current source means for providing current and for communicating with the

- second terminal of the first transistor and second current source means for
providing current and for communicating with the input of the second amplifier.

[0030] In another feature, tﬁe first and second amplifying means

include operational transconductance amplifiers.



[0030] In another feature, the first and second
anplifying neans include operational transconductance
anplifiers. 6 [0031] In another feature, the first and
second anplifying nmeans include operationa

amplifiers. [0032] Further areas of applicability of

the present invention will becone apparent fromthe
detai |l ed description provided hereinafter. It should

be understood that the detail ed description and

specific exanples, while indicating the preferred

enbodi mel®03tf tiheanathvasniciatune, thee fiishtanddeerohdr applifpos eveans
of illustration only and are not intended to [imt

t he irsbgieepefativha@ amplidats.i on. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0033] The present invention will becone nore
fully unid83gkt odurtheprareashef deartisabdly désioei perem ivgntion will
t he acconpanyi ng dramﬁngs, wherein: [0034] FIG 1 is

an ©kbewne perareridmantieidetalpd dasciRfion prowdednemngingften di should be
conpensation according to the prior art; [0035] FIG 2
i's angerajprdithatube dateilerydesariptiathand apRelic @xamplss. white indicating
anplifier of FIG 1; [0036] FIG 3Ais _an electrica
schéatArefeted sgmisdinpitaply tahdnyantier. @it Mtend§ApoRseTPeTes of
according to the present invention, 00371 ' ' FIG 3B

i s dlysEpiEangiheand gfe Rehatengedio it 8% &rpe edryantieer

with conpensation according to the present invention;
[0038] FIG 3Cis an electrical schematic of an

exenplary anplifier with conpensation according to

the present invention; :

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The present invention will become more fully understood from
the detaiied descri.ption and the accompanying drawings, wherein:

[0034] FIG. 1 is an electrical schematic of an amplifier with Milier
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 is an electrical schematic of an exemplary amplifier with
compensation according to the present inventi'cjn;

[0037] FIG. 3B is an electrical schematic of an exemplary amplifier With
compensation according to the present invention;

[0038] | FIG. 3C is an electrical schematic of an exemplary amplifier with

compensation according to the present invention;



7 [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 electrical

schematics of anplifiers wwth conpensation and

addi tional gain stages according to the present

invention; [0042] FIG 7A is an electrical schematic

of an exenplary anplifier according to the present

i nvent i 010039904 8]G.BDGs anBldctricansobkesatic ofcal exeriptarpimplifier with
of the anplifier of FIG 7A wth parasitic

c apacirbmensation] £2d4ngFkb Ge pre€sers ireant@nect ri cal schematic

of an anplifier according to the present invention

with a s\WeddhedFtzpadhiddncee corapbst jllu§tcdiag] erdrbla® igain and
a functional block diagramillustrating an exenplary

Swi t bdreldvidth frtthecamplifiesi ng a swi t ched capaci t ance

circuit and the anplifier of FIG 7C, [0046] FIG 9

is a fund604dal FEbnck atida§r ard aledirishle seheintadics safhammlifiecs with
illustrating an exenplary swi tched capacitance

ci r cegroperfsgiizgndridgitiond dgain siages| aseendingds thecpresait inveotfon;
the anplifier of FIG 7C wth additional anmplifier

stages; [[0048] FI&: 7Ads jas elpeldeal i schemaithetrani exegtolary @mplifier
anplifier of FIG 7C configured in a differenti al
nmodeacqogdia®io the aresertAnvestien:f unct i onal bl ock di agr am of

a hard di sk drive; _ _ "
[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 amblifier 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 electri¢a| schematic
illustrating an exemplary switched capacitance .circuit;

[0047] FIG. 10 is an electrical schematic of the amplifier of FIG. 7C
with additional amplifier stages;

[0048] FIG. 11 is electrical schematic of the amplifier of FIG. 7C
configured in a differential mode;

[0049] FIG. 12Ais a functional block diagram of a hard disk drive;



8 [0050] FIG 12B is a functional .block diagramof a

. digital versatile disk (DvD); [0051] FIG 12Cis a

functional bl ock diagramof a high definition

‘television; [0052] FIG 12D is a functional block

di agram of a vehicle control system [0053] FIG 12E

is a functional block diagramof a cellul ar phone;

[0054] FIG. 12F is a functional block diagramof a set
‘top box;. [0055] FIG 12Gis a functional bl ock

di agram of a nedia player; [0056] FIG 13 is an

el ectri qaos@chém@t 12B fa aunotidmarl biatk eirgratreofaanpibitdliversatile disk
wi th conpensation; [0057] FIG 14 is a graph

i1l (3¥Dati ng exenplary gain and bandw dth for the
anplifier of FIG '13; and [0058] FIGs. 15A and 15B are

el ectri dap5qchén@t i1e€ isf a suhadionall blechatiagrarambl 4 fhiigh definition
wi t h conpensation. DETAI LED DESCRI PTI ON OF THE

PREFERIRED, EMBODI MENTS [ 0059] The foll owi ng

description of the preferred enbodinment(s) is nerely
exenpl arlp0$# ndtlGr 62Bnd & Sungtiond blagk dirpermied a gehirlgi ¢ontrol
the invention, its application, or uses. As used

her e¥ysigmt he term nodul e, circuit and/or device refers

to an Application Specific Integrated Circuit SASI 0,

an el ectlPB®lc dilPciRk is afungiogel rdigasarg oéd cellular phone;

dedi cated, or group)_ and nenory that execute one or
more 9 [0054] IG. 12F is a functional'block diagram of a set top box;

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

[0056] FIG. 13 is an electrical schematic of another alternate amplifier
with compensation;

[0057] FIG. 14 is a graph illustrating exemplary gain and bandwidth for
the amplifierof FIG. 13; and

[0058] FIGs. 15A and 15B are electrical schematics of other alternate

amplifiers with compensation.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0059] The following description of .the preferred embodiment(s) is -
merely exemplary in nature and is in no way intended to fimit 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 prograns, a conbi national |ogic
circuit, and/or other suitable conponents that
provi de the described functionality. As used herein,
the phrase at |east one of A, B, and C should be
construed to nean a logical, (Aor B 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
i nvention. For purposes of clarity, the sane reference
nunbgftvgarad bil filrawangs eebgraing, he chmabihatigaalt wgicd einduitf yand/or other
simlar elenments. [0060] Referring nowto FIG 3A an
el eetitabatorspdnenatthat podvidenthandescribiedrfunatibnality. B\s 38etvhetein, the
conpensati on according to the present invention is
shoyphrast\at least ayeediAf, Be ardk &mbloels tef conatobddf tb emeani a logicéIg A or B
will be shown and described, other conbinations are
conbedplsirgds ndiexcrgdle 1bgieal oci Htehpuld B8 undedstodd dha steps within
first anplifier nodule 52 having an jnput and an
out puhethdhenay ielsxscwéd tnhdifferapl arflerewitheptalieging the principles of the
communi cate with inputs of an anplifier nodul e 55.
Qut pssnioihvettionarfsl ipkipeses pbelalite, B8 same reteugricedhupypess will be
capacitance 56 to the output of the anplifier nodule
52, upgDieie Wrewingsdp idently ol ™Hismy have a gain

that is less than the gain of the anplifier nodule B
- 52. The [B8PP] i Referipanpe 155Gl A \REECHICESChe™AtR Of ap amplifier
‘greater than or equal to 100. The anplifier nodule 55
may CligtiteShwiacampenpatiprs acqogding {hiAR PIFREM iINKENdigR¢s shown. While
i mpl enentations, the gain of the anplifier nodule 55
i s SBeMHa &emalesyof agwliiien gfircelyp Wi éPﬁ)‘T"? fandr deRsERpG other

?ﬁpgg%ﬁggﬁgnﬁ?@'\é%ﬁewaqu. ﬁﬁ%%gﬁg@r %L&Syn%gl}lgglv eléltdp fll'lrtst amplifier
L R e N A
anplciC)Inirannicgped Witﬁ if?&lt%y apean%iﬁ@rt ﬁ{odalg%.t B%tp?ﬁét Qfl'qhe amplifier
module 55 are coupled by a capacitance 56 to the output of the amplifier module

52.
[0061] 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 tﬁat 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 outpul impedance. The amplifier module 55 may have a
bandwidth that is greaier than a bandwidth of the amplifier module 52. The

output impedance of the amplifier module 52 may be greater than the output

10



10 i npedance of the anplifier nodule 55. The anplifier
nodul e 55 may include a transinpedance anplifier. The
anplifier circuit 50 has a first DC path 57 and a

second high frequency path 58. [0062] Referring now to
FI G 3B-3D, various conbinations of anplifiers can be
used in the anplifier nodules 52 and 55 of the

anplifier circuit 50. Wiile specific exanples will be
shown, other conbinations are contenplated. In FIG

3B, the anplifier nodule 52 may include an anplifier

53. ihPeddrde o?the ErlﬂFlmea%llelf el 54 Wﬂﬂnﬁllf@?’ iRl %Hé?@né’?ude a

transi npedance anplifier. In FIG the anplifieér

oAy} RisimpcdBicd ARPIKEE TReMrhpigEr @W%@&?gs%ﬂf@md b&tR'57 and a
Still other wvariations are contenpl ated.

Ref %re(:d)rﬁtghl?laﬁléqﬁéhcfbé@h 58C, the.anplifier CI rcw t 50,
i ncludes the anplifier nodule 52 that includes

a f i rst pygek] f i REfeRBg MBWItBFI@N3B-0D! Witoué B&hbinations of amplifiers
conmuni cates with an input of a second anplifier 54.

| NpWap befusthen thaRRlpiifidrefodafsazeareadfet 4@pliffRe circuit 50. While
anplifier nodule 55. The anplifier nodule 55 includes

an apptifit erdmBes wilnbeasivinf loefer 66maindtichsf e dbarkplated. in FIG.
resi stance 70. An output of the anplifier 62 is

cou@sedhé aaraglifien pistulef 52 eayamgludt i @ abplifiefnss. f aedbacksC, the
resi stance 70 i s connected between the input of the
anplaniplier 60daindbSamaypirchuie Dtransimpedanski fm@ifiel66in AIG. 3D, the
capaci tance el enment 56 capacitively couples the output

of tameplifiemplodiliees2 Gytiocitithe a Miler cofmpehsatedvpimiplifieer 54l other
The anmplifiers 53 and 54 provide a DC gain. path 80.

Gai nvaohtianseroyerinplaiedt h 80 can be adj usted using
additional anplifiers. The anplifiers 62 and 66 and

t he capatl06ghceRg6rmipeobadie ta fMiPgHBC. f ihegamplifigr gaicit p&. hwhich

84.
includes the amplifier module 52 that includes a first amplifier 53 having an

output that communicates with an input of a second amplifier 54. Inputs of the
amplifier 53 are coupled to the amplifier module §5. 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 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 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.
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11 [0064] Referring nowto FIG 3D, the anplifier
nmodul e 52 may include the anplifier 53 and a M|l er
conpensated anplifier 85 with capacitive feedback CM
An additional anplifier 86 may be provi ded between the
output of the MIler conpensated anplifier 85 and the

~input of the anplifier 54. Still other conbinations
are contenpl ated. [0065] Referring nowto FIG 4A-4C,
exenpl ary graphs illustrating gain and bandw dth for

t he anplifier circuits are shown. As can be

ted, th li f [ t 50
201 1 1 on@PSHandiaret RE 20uHp GGy SGarh %"LF&“O"G‘G éff“aﬁg nclude
O e e e SR s BRRB CoriRthe reccoack
o b Sl SRR SRR SRR B e
ggieﬁ:%tgg & a dﬁ/n'llopglgﬁ'o% ﬁ;ﬁ %g\?)gutaogghe a%nopf(ﬂz‘lgolgg O‘Stlll other

Cb d /decade as ]s in FIG 4C [0066]
Ref eCPF] GG e GORPERESY and 6, el ectrical schematics

1t B 4G AP0 L 908 o
ggdr{q%\éi#giﬁd i, o:zirt]heq a E?f%r %gaﬁ{s*b@@hW? PAOVLABe appregiated, the

ler Circul

Ibgfl,\%‘g&%? Cnr.%}.ilt &b “?r( 15 ﬁAaHgs %oﬁglﬁgaggwgiﬁhd&?ﬂﬁe}?é}tg%% values. A

anpl d, f1e5; pé gallnr\s Erlc%a g to A0 d'ﬁmédaﬁé %[Jcl'?’thrai:metgalro%lls off later

i ncl'udes one~or nore additional anplifiers 101- Mt hat

are bLﬁ%@%L%Qlébeﬁ\%aﬁgﬁh'sftég%é%aizfuah&nlﬂcr%ése weegiepdvto 60

is an integer greater than one. As can be
appr gebated, «adgiddrondl Fmpkif i epershaiggsupmy the asgad and/or

to the DC path to provide additional gain as needed.
- configuration, regions of the gain-bandwidth response may have a slope of 20,
40, 60, etc dB/decade as shown in FIG. 4C.

[0066] Referring now to FIGs. § 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 include_s amplifiers 53 and 101 that are
connected between the input of the ampiifier 90 and the ampl.h‘ier 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.
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12 [0067] The anplifier circuits according to the

present invention have inproved gain at both high and

| ow frequency. and i nproved settling tine. The

anplifier circuits have high gain while operating at

| ow vol tage because. each stage can now be configured

in a non-cascode arrangenent. [0068] Referring nowto
FIG. 7A and 7B, an anplifier circuit 108 i ncludes an
anplifier 110 having an input and an output that is
coupled to an input of an amplifier 114. The input of
the anpljode7¢r The dnwplieugiiceils Ryc@dingapaneé tpeaseat hibntiod have
an input of an anplifier 118. An output of the

anmpinmgroveid del8ai both tighparediotvairejuenayparnd nfproved setiphg fimer The
120. An output of the anplifier 120 is coupled by a
capaoplfencecdid2hdve hige gainpwhileobpdrhtingaatplowf vatiagd bécause .each
[ 0069] A feedback resistance 124 is connected to the-

i Nnpsthganah oaw petonfglrddie aswpldabiasie al@2@gerAerdteedback
resistance 126 is connected to the input and out put

of the Joqad]fi Refekddy ndhvetof Ethatk andsiBtamempli®s ciwypit 108
have a high resistance value. For exanple, the

f eettbladés resinglifiec €10rhyvitae irput @sd strapiput thall igecouplat to an
Is greater than a resistance. value of the resistance
124inpThef fapeaibplifier ési Shariorut 1df6thaegmpliige 140 viergpunieghby a
resi stance, for exanple a resistance approaching

i nf banacijanca 116dd apapat pt aeepliieg 1 HayABeuipgides aaplftgr 118 is
an output of the amplifier 114. In FIG 7B, parasitic
capéeiniethieaninmt 25 SsAmnaliier G0t in drdput PEihg @mpATisF 1P dhcoupled
f eedback resistance 126 may tend to limt bandvvl dt h of

t heb¥ P capRaitan¢b?olp ”i“?l'“PW(Qf th}%ﬁ‘m%‘ﬁ'eémﬂ ifier circuit

- 130 accordi ng to the present invention.i
ampl i fi dPoegl, o ft {eei@@ﬁ ystpmq %lsgogwq%ﬁ@épe input andeoutput :

CODBC g 228 ALleBlickIe fbalt FALARRAES SRR ana

126° assocCl a
output of the amplifier 118. The feedback resistance 126 may have a high

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 resistance, fof 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.

[0070] 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
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with parasitic capacitance. The anplifier circuit 130
i ncludes an anplifier 110 13 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. An output of the anplifier 120 is coupled by a
capaci tance 122 to the input of the anplifier 114.
[0071] The input and output of the anplifier 118 may
co ) : el rGui ty 131,
The TBunf 2y bt Sl 16 Bn AR P PRI Firipet of the

and aé?@t‘ﬁgéc}% V“istﬁé”beéouﬂgﬁé% W‘Q&agécnaﬁc& 3RE taﬁﬂﬁ&csjog%ni gmplifier

conn etween the swt s 132 and 134 an

refanpen [ 0 i T ;
FRSiFE BREEIY ) oRHihy 150 Uity LM 80.8 i pirr 120

Secw?qdod&mt& thelatfpiifibS1 20REBo@léh birs cstsér@sigé@@etolﬁé

_ SinlpSit of the
charged. During a second phase O, |, irst swtch

132 dnshipgenisand the second switch 134 is closed, which
all ows the capacitance 136 to discharge. The first

and secof@7Rhases AP a8LURTPENEe bfplifidi@ 18 ifagtcomtsunicate with
second phases of the switched i nput and/or vice versa.

A feedhagled t8SAcREMe didditi $3CONMIRS ts@alciicd bhsacitamiet cRadk 131
out put of the anplifier 120. A load capacitance 146

may ifBudRiing cihg Getdhdamnitordsp1e2 Hfd 13ae Aacaphtifanes 136 4 cdnhected
some applications, the anplifier 130 may receive a

sW theiheskn meudwitchite 133vahe Had dndpateferenge beteatiasd wutic lredground.
capacitive input such as that found in capacitive
ADCDurinGACHrst phidseer sthaffickt stvitch i1 &2is did¥@d 2hd Red e¢gondgwitch 134
now to FIGs. 8 and 9, an exenplary circuit conprising

a Sw ' i G N 8 iEL er i
130%%5%%163%}%353'?@@12&%“?&6@léhgrggé. D@ﬂﬁ’g b RecHIHakE 8 | the first

switch 132 is open and the second switch 134 is closed, which aliows the
capacitance 136 to discharge. The first and second phasés 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
cabacitance 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.

[0072] Referring now to FIGs. 8 and 9, an exemplary circuit comprising
a switched capacitance circuit 148 and the amplifier 130 éf 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
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An input voltage to the anplifier circuit 130 may be a
swi tched capaci tance input. Sw tched capacitance

i nputs nmay be generated in circuits such as filters,
digital 14 to anal og 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

swi tched capacitance circuit 148 .includes first and
second swi tches 152 and 154. A capacitance 158 is
connerhipg coetereen(DAR), asailpy tthadigital sonverers 15RCHard gther circuits.
reference potential such as ground. During a first _
phase céDbe appescidteds tothski tyrds abipputsand/as SEer Hvichese capacitance
second switch 154 is open and the capacitance 158 is
chasigeits nRyrliengses. s oo mwitpihris eagapiancetgifguit il #& inclidies disst and
152 is open and a second switch 154 is closed and the "’

c apsagiondrspiciesel T sathdbdesA ogpaciteRes Abhis senaectedopetween the
[0073] Referring nowto FIG 10, an anplifier circuit
180switches 112 @andt164 andlaa rejerenpe PRAteRYabSYE aharornd+ feing a first
includes amplifiers 182-1, 182-2, ... 182-X, where X

i s pimesedt, eterfirgtr vdtchr15RHaslosed @nd Tresesand SWBFwNS4 is open and
anplifiers 182 tend to increase the slope of the

gai thehandyizttd 168 spcasged. nDaringeg iseson2 PBashbynihe firskEb@ich 152
4. [0074] Any of the anplifier circuits described

abo}ée?&a%nanta% caUMhl QWited 15k s Bloskd ARS BB tchpdcitamsie 56F§T§charges
exanple and referring nowto FIG 11, the anplifier of

FI Giaffe S@PifRe16@nfigured in a differential node.
QO her anplifiers described herein may be confi gured

in a difergnt ireribg@oastoweld. .10Aan arplifidri grcui®0 is similar to

according to the present invention that receives a

di f frer eRbivalin FIG tTchedd ifaqher ihdudeshamglifierEhe82ahpld2:2.er.. 182-X,

202 includes a differential anplifier 110D havi ng

di f fveeenKiislan integer greater than zero. The additional amplifiers 182 tend to
increase the slope of the gain-bandwidth response in a region 200 shown in FIG.
4,

- [0074]  Any of the amplifier circuits described above can be configured
in a differential mode. For exampie 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

15



outputs that are coupled to differential inputs of a
differential anplifier 114D. Differential inputs of
the differential anplifier 110D are al so coupl ed by
capaci tances 116-1 and 116-2 to differential inputs of
a differential anplifier 15 118D. Differenti al
outputs of the differential anplifier 118D are coupl ed
to differential inputs of the differential anplifier
120D. Differential outputs of the differential
anplifier 120D are coupl ed by capacitances 122-1 and

12249gh0 bherendalf B@(E@t@téfaihe' aiperentidlf arhpimedithBBr &8t tdlpled to
anplifier 114D. 5] The differential inputs and

di ffj%ﬁéhhblaahpm@t&uﬁé dfrdrtel shhbifier @pobal Differeplial fdusuts of the
118D conmmuni cate with switched capacitance circuits

131yerittlalatdplifier 120mdreCeRatdd RNEgScharels SIRRVNINATRY2-Pao the
connected to differential outputs of the differential

ampliseiatialiddties of A9 éfikreRhel sanmitied i11@Ds descri bed herein
may be anplifiers, operational anplifiers,

oper at i opafs)t r amechistestizaipatsaay differental (0OAsS) of the differential
anplifiers wwith MIler conpensation and/or other

sui apliferanpbicbimetumicalkheittOBwitdhed aapacitasmosiduits s3ict and 131-2.
type device. The input voltage controls an out put

cur iLead cbpeftdn@s (hbteshotwnansydredowtnanied tgRjfleréntiaoowtents of the
words, the OTA is a voltage-controlled current source

( VCG8jerential ahplifisr 1 #cont rast to the conventi onal

amplifier (opanmp), which is a voltage-controlled

vol t age B@ulce ‘(hmsphﬂe[so@@srpbadwbenemamgb@ﬁcﬁﬂ@ﬁt“&?f@eoperatlona'
paranmeter of the OTA is controlled by an anplif

bi asmplifiereneperdtions transsonsatanes a@ahfterr%f%%ﬁid%re@'@ﬁ@ewﬁh Milier
the output current is a function of_the_ap

vol tcageensatipe ragioe obhef Ratable ﬁ@plifﬁfﬁut ha RIA ﬁﬁéf@sawuctance

::\gﬁ\}g%/ ,dglwfﬁqfe e&ggﬁ%ﬁmﬁ% geengtprﬂggs an ougpu Surrent based on the

transconductance gm. In other words, the OTA is a voltage-controlled current
source (VCCS), Which is in contrast to the conventional amplifier (opamp), which
is a voltage-controlied voltage source (VCVS).

[0077] The transconductance parameter of the OTA is controlled 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
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the OTAis a current source, the output inpedance of
the device is high. In contrast, the output inpedance
of the opanp is very low Second, it is possible to
design circuits using the OTA that do not enpl oy
negative feedback. In other 16 words, instead of

enpl oyi ng feedback to reduce the sensitivity of a
circuit's performance to device paranmeters. [0078]
Referring now to FIGs. 12A-12G various exenpl ary

i npl enentations of the present invention are shown.

Ref GbfdsNéhshBl bO e%'p@zi_nézféedbéckecopﬁeaﬁ@mhei BRI B GABircuit's
|

be i nmplemented anplifiers, ADC, DAC, filters and ot her

Ci I getidrinahfe @ dbicd pdisketelisi ve 400. In some
i npl enent ati ons, the signal processing and/or control

ci rcuit [40281andH«irming heowCi 1oC UFIEs. ( NQA- DB Wnjridus t Beemplary
HDD 400 may process data, perform codi ng and/ or

enc yflérOMatidRr éfakdTpeabrtuhaintionare shodhoRefefrigmaiv WIS, 12A,
that is output . to and/or received froma magnetic

st ofrrgeesERdinvBntichfan HeQRRRehtee dEiNiid@PADBYDAC, filters and other
comuni cate with a host device (not shown) such as a
conpidL@t in bbid dsicomewoondn dewi teplesiantatias, hersigmabprocessing
digital assistants, cellular phones, nedia or MP3

pl aged/sr esrdrol biecuiti 402, aramd/cdineratirheits (ndieshiop®d in/iha R 46 may
nore wired or wireless communication |inks 408. The
HDDprot66s mata, xerfoon meding dandéornemypyiod.0 peréimhcaigiatieng.o and/or
access nenory (RAM, Ilow |latency nonvolatile nmenory
sucliorenst fibtasthatrisnuitput te @ad/oo meagived iy a(rReEwetic aiesasy medium
ot her suitable electronic data storage. [0080]

Ref @Pf.i ng now to FIG 12B, the present invention can

be inplenented in anplifiers, ADC, DAC, filters and

ot her cilP8T9k s e ADH4§P ray communicate 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.

[0080] 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
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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
codi ng and/ or encryption, performcal cul ations, and/or
format data that is read fromand/or data witten to
an optical storage nedium416. In sonme 17

i mpl enent ati ons, the signal processing and/or contro
circuit 412 and/or other «circuits (not shown) in the
DVD 410 can al so perform ot her functions such as

encﬂﬂbl@ﬁ\eﬁﬁ%&f 1R GRALINSroBsHiY addiyr €nver cisdu@néd2 and/or other
processing . functions associated with a DVD drive.

[ 008 EuitEh@ oY WH) ity eneADY DM EaTEISHI peEiben witeh famttions such as
out put device (not shown) such as a conputer,

tel Qubsdifg Sa/ét REodiRy | /ot angnether sigitaé wioreskingriunctions
wi rel ess comruni cation-links 417. The DVD 410 may ;

conNmdBhGALE with alDVREsve. dat a st orage 418 that stores
data in a nonvolatile manner. The mass data storage

418 may jopshpdeTie DaDdd@ies 410 mayecqrmbD)icatd vethHBD cugput device
have the configuration.. showm in FIG _ 12A ..

The.(hfd JRowRy slud & angomputidDeldvision orolthet @svicovie cor aromage wired
platters having a dianmeter that is smaller than
appropxirekdse lcpminudicationfinks BYD THEOD ViR 10 enay srmenuréichte with mass
menory 419 such as RAM ROM |ow |atency nonvol atil e
menufaya stchgad 18 |teahstoreroiaja amay oenvotekier mgonarabliee mass data
el ectronic data storage. [0082] Referring nowto FIG
12C,stériage pri8smay inauderd inard dish dive (HRP)-e Y0 may have the
anplifiers, ADC, DAC, filters and other circuits of a

hi gh;oaj\égmrailqn sowrt il FGi-926n Treothop mapbe ?h@'“l'—l[UﬁP gy includes
receives HDTV input signals in either a

Wi T eireser mgienﬂﬁﬁ%{ﬁ@ayéﬁér‘a@@gteH@‘W'%iﬁ‘ﬁﬁf ﬂzangmﬂfgxwalely 1.8
2 dl'lsh%l aD)(/DAf%?O me?y be connected to memory 419 such as RAM, ROM, low

latency nonvolatile memory such as flash memory and/or other suitable
electronic data storage.

[0082) 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 processihg cir_cuit and/or control circuit 422 and/or
other circuits (not shown) of the HDTV. 420 may process data, perform coding
and/or encryption, perform calculatidhs, format data and/or perform any other

type of HDTV processing that may be required.
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some i npl enentations, signal processing .circuit and/or
control circuit 422 and/or other circuits (not shown)
of the HDTV 420 nmay process data, perform coding

and/ or encryption, performcal cul ati ons, format data
and/ or performany other type of HDTV processing that
may be required. 18 [0083] The HDTV 420 may

communi cate with mass data storage 427 that stores
data in a nonvol atil e manner such as optical and/or
magnetic _stora devi ces. At | east one HDD nma

the conflP88Hat |gr6‘ﬁ HRbYWAZP g @m"l‘ﬁﬂcaé‘ﬁd"/'ti}rmaséta/qt%é?fage 427

one DVD may have the confi gur ati on shown, in FIG

Thetnars@to,ﬁea%atw AR RBET P e HOLES! BOPegTE storage

I h t hat

P patbireaeroge FDBES Fsks 116 6oriay En SO ELAG. 12 andior
428

”n;%f g O el 3R niteordy Wh byl noBa Fla fRpnE HbB may
i The HDTV 420 al.so. _

ioﬁﬁéiq"%ﬁﬁ@#?ﬂ%w@%ﬁf ore o b e G s that i

429. 084] R T

et A T A AR e

] R A AL o

Mmass ng)%tr %the?‘g&{aggeeel?&ro& edé’t? I%io%%ecﬂ‘ﬂet Hﬁ‘rv%%t 518 may support

and/a a power enmentat1 ons,

theceaﬁe%ggﬁfw.gggwmwv.g RN ERRBhwD {PﬂWaEé ahq) contr ol

system t receives Inputs fromone or nore

SEeNsors gigely aREmRE" ﬂgwr%sﬁ@soﬁﬁ) the €5reléft invention may
sensors, rotational Sensors, airflow sensors and/ or

any lrﬂﬁlgﬁknts whd/abbe .méémse% ﬁlﬂgﬁwgﬁfe?shaﬂtD@,eDﬂCatﬂﬁ&s% other
or nore out put control. si gna s such as endl ne

opercatiifRgofPAranEbdIEsyStent IOANS VeSSl 0rB0p REVAIAN (hterface, mass data
par anet ers, and/or other contro
storage of the vehicle control system and/or a power supply 433. In some
implementations, the present inventioln implement a powertrain control sysiem
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 parémeters. and/or other control
signals. | |
[0085] 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
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signals. [0085] The present invention may al so be

i npl emented in other control systens 440 of the

vehi cl e 430. The control system 440 may |ikew se
receive signals frominput sensors 442 and/or out put
control -signals to one or nore output devices 444.
In sone inplenmentations, the control system 440 may be
19 part of an anti-lock braking system (ABS), a

navi gati on system a telematics system a vehicle
telenatics system a lane departure system an

adapgm\@p 28I HhtEBck GRAKINObysBt(RRB),aa \Haligglidh system, a telematics
entertai nnent system such as a st ereo, DVD, conpact

di seysmdifl, 4 hghidie klemaiids|slysteinhglarerfRipantraisytieMNan atisptive cruise
contenplated [0086] The powertrain control system 432

may coafoeytteal € viahitls efsiRinntbat 8ystérarsage ad46idré@tDVD, compact
stores data in a nonvolatile manner. The mass data

st odisgendHe likay Stinoihetienpiphéraationamed conteragaet c

storage devices for exanple hard disk drives HDD

and/ or OwB6] AtTHegasiericaivecddiiol sy@yenn 432 mia @ommunicate with mass
configuration shown in FIG 12A and/or at |east one
DVDdataysttvage 44tethat cidfrégdetat inoa rehesiatile mérngr. T28. mabe data
HDD may be a mini HDD that includes one or nore

pl astoergs 4¥dvimay iacldieangtioal andiat magnativastbrage tdeaines for example
approximately 1.8". The powertrain control system 432

may hérg dishnedvesd HDY repdtor yDURY. sithleast omANIDIROMAY | lave the
| at ency nonvol atil e nenory such as flash nmenory and/ or

ot heenfiggigtipabshowal dcthleniléA dandiors ebriease. OW*FhBVD may have the
powertrain control stem 432 al so nay
conﬁ@mgpmtfgn\mhpwnan\ﬁ NI 2R - aTae\vmrﬁ?ext%? Kmnln*t*@Pftaetemcludes
448. The control system 440 may al so i nclude mas

dat "% bR plaﬁtéfﬁo'wﬂrwn@p@fn%er\/\%%r\!s %m?ﬂ'@rrﬁhae@ppr&mmaﬁ@y 1.8".

sho \?ﬂg ‘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
suitéble electronic data storage. The powertrain (_:ontrol system 432 also may
support connections with a WLAN. via a WLAN network interface 448. The
control sysiem 440 may also include mass data storage, memory and/or a WLAN
interface (all not shown).

[0087] 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 display 460 and/or an input device 462 such

as a keypad, pointing device, voicé actuation and/or other input device. The
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[0087] Referring now. to FIG 12E, the present

invention can be inplenmented in anplifiers, ADC, DAC
filters and other circuits of a cellular phone 450

that may include a cellular antenna 451. In sone

i mpl ementations, the cellular phone 450 includes a

m cr ophone 456, an audi o out put 458 such as a speaker
and/ or audi o output jack, a display 460 and/or an

i nput device 462 such as a keypad, -pointing device,

voi ce actuation and/or other input device. The 20

si givplal provessisy agl/@mmhuol dronts 452 end/oubthsr dBitaML shown) in
other circuits (not shown) in the cellular phone 450
mayth@reedess phatea 45pendyopnocessddaig, aadrdr ceding yaseioprencryption,
perform cal cul ati ons, format data and/or perform ot her

cel garloan cpleaatorsyformnatatata ai@OBBrfoTREhas ICERYIa PPPRR factions.
450 may conmuni cate with nmass data storage 464 that

stores (en&s]i nThe mefival ahphe 4P8nMEY SUBRURSA %p‘f”ﬂbeﬂ‘ass data
and/or magnetic storage devices for exanple hard disk

dr i stemgkiDB4ativt stor®d\V/ela inta méa@@t"%ﬁ@ambsm ap Rpaics! endlor
configuration shown in FIG 12A and/or at east on _
DVDmegyetitasteraphdlevont fogexamperhan sk driyes 8D 2ECr $NQS At
HDD may be a mni  HDD that includes one or ?

pl akeasraneHIDD mpyhade Hieeafiguratian sowWerHa G zt‘\r?éﬁ or at least one

ggﬁ{ag()élt rgg; Elgé//mﬁwg;qyméggho%wngé F%g S%O%/l%el p&qye%e 9 mini

28P%%ba&n'aéﬁ@@‘éggf%%ﬁ%{‘oaé‘if%tie%éanm ‘el 58 progler then

et o PR A GARSRAOS W ef&r%ég%oz@%@mw

et et AVTESESE L e LT oo

fs ?gﬁ}@%g 8&95 8& ga%é: d Q&roﬁﬁ})dr%é’ggogén’%.df‘?ﬂe "c@ﬁﬁir\{)ﬂ@nés kehalss may
support connections with a WLAN via a WLAN network interface 468.

[0089] 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 definition _audio/video signals suitable
for & display 488 such as a television and/or monitor andfor 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 function.
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source and out puts standard and/ or high definition
audi o/ video signals suitable for a display 488 such

as a television and/or nonitor and/or other video

and/ or audi o out put 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

cal cul ations, format data and/or performany other

set top box function. 21 [0090] The set top box 480

MRy COMudHopRt eTHE t& (BFBSx 48D Fnail OF icafQith h%%ts zgljata storage

stores data in a nonvolatile manner. The mass

st or AYEn4P8orBYdatd MCA HESMid FRhn@NA/HRI MERINAS isfw‘arage 490 may
storage devices for exanple hard disk drives HDD

and/iggudd/BeticafanbRR$agPBfc Bl YeN@Y ot BRample hard disk drives
configuration shown in FIG 12A and/or at |east one -

DVD mimy dhaie VIR, GaddsgBhaHODma R oWk the cBhiigurskidR-shodhth FIG.
HDD nmay be a mini HDD that includes one or nore

pl at{2y andlav b@ast ol BBt @hy tHAAE ttimesc&'mgl.lﬂaﬁén EhéWh in FIG. 128B.
approximately 1.8". The set top box 480 nmay be '

conmewd e endyep®ray mikl 24DB Uebt RSIUBAMonE@Y! mbreVipikfldére NEaving a
nonvol atile nmenory such as flash nenory and/or other

Sui tabheteetretlis onaier dancamironimgely e Jek seppp HowdedShay be

al so may support connections with a WLAN via a W.LAN

net vannkiectet teemeaney 4L2Guch @6 WM, RN Ibivnate e dnoolBlil&.memory

12G the present .invention can be inplenented in

anpl such easdlasADEmdpAend/bi dther suitabld eddckrenic detacatorage.ofTha set top

nmedi a player 500. In sone inplenmentations, the nedia

pl aylmx B8O algec magesupaordi copheagtios® Avithaa dWbANavial se WILAND utetwork

508 such as a keypad, touchpad and the like. In sone

i nplistegacatizns, the medi a player 500 may enploy a

graphi cal user interface ,

[0091] 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 5§07 and/or user input 508. Thé media player 500
further includes an audio output 508 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.
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(GU) that typically enpl oys nenus, drop down nenus,

icons and/or a point-.and- click interface via the

di spl ay 507 and/or user input 508. The nedia pl ayer

500 - further includes an audi o output 509 such as a
speaker and/or audi o out put jack. The signal

processing and/or control circuits 504 and/ or other
circuits (not shown) of the nedia player 500 may

process data, perform coding and/or encryption,

perform cal cul ati ons, format data and/or perform any

ot her negiogz] pl'méermefdwﬁc‘pﬂdy@ﬂ 5002 nf908@hmilhieateedita mass data
pl ayer 500 nmay communi cate with mass data storage 510

t hatsisrhgd 80 Hat Aorsyehtadtics aspoepReseratioaadiol \dieoviothemt in a
content in a nonvolatile manner. In sone

I Pl @RRNAtAd irfher.t NB eONPriapieteralidng, fHel esmpicnsddudedio files
files that are conpliant with MP3 format or other

SUi iR FI0EH=R S5€ domplittht avitartdPB forviati@o dtroar remitsble Tompressed
mass data storage may include optical and/or nmagnetic

st orzagR #levdrossof formaxampe endsardhtal sekager inge :ickBB optical and/or
and/or DVDs. At |east one HDD may have the

confrhgiieat istragehdemicess for-exami@ Aaandislodriegs HBRsandiTeDVDs. At
DVD may have the configuration showm in FIG 12B. The

HDD i@z obe H®Dninay havdDbe chraftguratioh stiewn orfd Go il 2Avend/or at least one
platters having a dianmeter that is smaller than

ap priwd metyehave 1 tonfigheatiorghawpliay s 260 Feg HPS may be a mini
connected to nenory 514 such as RAM ROM |ow | atency
nonvdDRtthatenehedasr §nes oicOkes PIRTtES MawiBa fiameifi/iBat 'étsﬁ@luer than
suitabl e el ectronic data storage. The nedi a pl ay

al scappEaKimalalypolt  Jdowreedia GRYenP Ot MBY \ReAFPNpesied t%mmow 514
network interface 516. Still other ement at |

addiguchras BAM @M davy: fateay %H@@“‘Sr@%ﬁt S 8% 3‘65'“ memory

: Ooéf;ﬂ gtg?r r%ﬂg?‘ﬁgﬁ&mmg dG’La to’rag%n ﬁee%%ﬁlacﬁgyer 500 also may

sch
support connections with a WLAN via a WLAN network interface 516. Still other

implementations in addition to those described above are contemplated.

[0093] Referring now to FIG. 13, an electrical schematic of another
altérnate amplifier system 610 with compensation is shown. The amplifier
system 610 includes a first amplifier stage 614 and a second amplifier stage 616.
An input of the first amplifier stage 614 communicates with one end of a first
capacitance Ce. An output of the amplifier stage 614 is connected to the input of
the second amplifier stage 616.

[0094] A first terminal of a first transistor T1 is connected to an output
of the first amp.lifier stage 614. A second terminal .of the transistor T1 is

connected to another end of the first capacitance C. and to a current source Is.
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alternate anplifier system 610 with conpensation is
shown. The anplifier system 610 includes a first
anplifier stage 614 and. a second anplifier stage 616.
An input of the first anplifier stage 614 communi cates
with one end of a first capacitance Cc. An output of
the anplifier stage 614 is connected to the input of
the second anplifier stage 616. [0094] A first

termnal of a first transistor Tl is connected to an
output of the first anplifier stage 614. A second

&Qﬂ({f@% rrfeﬁt ?Jrgeapsg%%)%ec?—éd 9) the m%%tf%g rgh?arrtll%]:flqe$rstage

capacli tance CUF

u%ﬁg : o ‘% rﬁé&f %cﬁ'ﬂ;nu IB?I{ L GGitnt ﬁts? vgl%%g“?'g{ﬁ;]ence V.

out put o ler s

?2? J’EL&@E%ESC“’*C%E 3&?@7%%92% f t“a*h%e@%itd%'tg $ore
grts@stor 'ﬁ

thea LA tids VeisShiRRL eémto'l tterr‘?t[naf5<5fetﬁ’éa

:
vol t age *bi as %%las 1s 1 np to a controf term nal of

the tranpgjgshor oRhl: of Qﬂﬁlﬂer@@% gk @PLAd 'ﬁ%sca%t Bgeaﬁ} O hérting

and 616 can’be an iInve npllf ier. The cur

sougrﬁaﬁ.eﬂ-lvﬁweuﬂe%t QB cSOH A8 @&@ty%bm&e %HQ%Lr@%LbétEhtYany equal

equal current nagnltudes respecCti vel

tr afificpt Alaghdud®BY relfeivEOThE RS isk a1 mQ),r bé‘%yCMbléetrranSIStor
suitable transistor. The effective gain

anpdr fan@r otier apRbEXkARSiISbY FHYakHddbive galﬂ_hgf Qﬁ@' bihb@ler is
systen1610 of FIG 13 tends to have a |g er

bandw dt h and | ovvercn0| se relative to co
ampRRAr P aately %Waff@e@r 1 B¢ fEPHieg Sy Hem i1 OéF t%tﬂ@t‘et‘%s to have a
arranged in a conmon’ gate current anplifier

;?g%qlgl qulrt?%r@?vgld&? ﬂ%g%% gnﬁc}clge; relatgfe o comparab%a amplmers with feed

forward gain. The circuit is arranged in a common gate current amplifier
configuration. |

[0096] Referring now to FIG. 14, a graph illustrating exemplary gain
and bandwidth for the amplifier of FIG. 13 is shown. The amplifier system 610
has similar gain/bandwidth characteristics aé those described above. |

[0097] Referring now to FIGs. 15A and 15B, electrical schematics of
other altemate amplifier systems 650 with compensation are shown. In FIG.
15A, the amplifier system 650 includes a first a'm'pliﬂer stage 654 and a second
amplifier stage 656. An input of the first amplifier stage 654 communicates with
one end of a first capacitance Cc1.  An output of the amplifier stage 654 is
connected to the input of the second amplifier stage 656.

[0098] A second terminal of the transistor T1 is connected to another

~end of the first capacitance C.4 and to a resistance R. A first terminal of the
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and bandwi dth for the anplifier of FIG 13 is shown. -
The anplifier system 610 has simlar gain/bandw dth
characteristics as those descri bed above. [0097]
Referring now to FI Gs. 15A and 15B, electrical
schematics of other alternate anplifier systenms 650
W th conpensation are showmn. In FIG 15A the
anplifier system 650 includes a first anplifier st age
654 and a second anplifier stage 656. An |nput of the
654 _conmuni cat es

of | GendtiB: AL okies din oS RIE0L St ot “ete pog of @
anp???qﬁczénclfts Geo Bae gff Sobar e scse%i“ta“to%??ﬁh?gﬁn‘?wc%ﬁ% with an
(1 BBt Srind b 2R Sﬁ?ﬁ?d‘?é“o 38R PEDLEAE ot Hinipier stage
23?52@ ngfed Wige ol raete Lol ‘Wg%@g[ﬁ?ht (1 Srpifier

_ﬁtag‘%%%'ﬂe% &{?9 ?J %@8?%%'%@%}5% tgg%wsot%ggty %g gmplifier

1 rst I er
' ﬁ? f the second anpllfler stage 656. Another
curre source |, is connected to the output of the

first a;‘i{ébéﬂi e_rTheS‘ér%g@'le§5 st F@j ashd 'a%%&ﬁmg&ét% atﬂggleﬁ“i’s that

exl sts e | nput SGCOI’] arrpl Irrer

656 o4 0%k tﬂ_é"&rﬁﬁpgé%e%’h ﬁétlzecm o2 Br &R e%EEFHTFFQHﬂEgels The

probl ens that occur e current sources 1,

12 ¢t nedmiks ot He RsHeRtorCH i€ onh&M& %o t@@urrédtrsﬂume I, and
termnal of the transistor Tl is connected to

CUr E8RdCitRelceBpidd taihd ouRRIE tid el mspediash 6521 aHbGthe mput of
output of the first anplifier stage 654 and the input

of HgecorE anpiifirRtddet ®565S @R stORftagel Reerbhdestv,y Bhd adRcond

references Vdd and a second voltage reference V may

be scibkgkamridraideyV etpyabe sobstagiaily efqealevntiege orferdhédscoreaifierent
voltage references. At high frequency, the gain of the amptifier systems is
similar to the amplifier system of FIG. 13,

[00100] In FIG._ 16B, an alternate suitable arrangement is shown. The
relative positions of the resistance R ahd current source |, are opposite to that
shown in FIG. 15A. In other words, one end of the resistance R communicates
with a voltage reference V and an opposite end of the resistanee R |
communicates with the first terminal of the iransistor T1 and the capacitance Ces.

The current source 12 communicates with the second terminal.of the transistor T1

and another end of the capacitance Cq.
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vol tage references. At high frequency, the gain of the
anplifier systens is simlar to the anplifier system
of FIG 13. [00100] In FIG 15B, an alternate suitable
arrangement is shown. The relative positions of the
resi stance R and current source 12 are opposite to
that shown in FIG 15A. In other words, one end of
the resistance R communicates wth a voltage
reference V and an opposite end of the resistance R
communi cates with the first termnal of the transistor

T1 and apagi : - RV beS abRferd, Zoperational
tc[g‘ﬁ)gi W?ﬁ«’f]tafrﬁ‘ﬁﬁergdegcnbgﬁ%ééiﬁ n%fbe?hg\b rd: Zoperationa

conmuni e second termnal o

tr aF@iiﬁffe , ogérati@\'%qjirgf@oh%ctm Hhplfibe (OTRAL iahdNBs Gath-Miller
00] 'T

25 e anplifiers described herein may be

anplihpisstiorPRiR bt alitatdBhnbifiery. s, operational |
transconductance anplifiers (OTAs), anplifiers with

MIler 6aMRenTabiOKiRatihQhe Gtheh row spirtcatariim theefosegoing
[0101] Those skilled in the art can now appreciate

f r ogeddRgtidrOh8aAt Bebaddesshirigatds @ friednt InRentldhad be implemented
teachi ngs of the present invention can be inplenented

I N & YayarielyYofobrrh@r Mherskbi@l @il ehis Wventior hias beevieddsicaed in
has been described in connection wth particul ar
exapphrestidrn@iite ofartidule dxauelec opescdf thehieud suerd odithe invention
shoul d not be so limted since other nodifications

W | khdies aoebappairiat sincetdiiger midifidatidnspwildiscomereapatgroto the
a study of the drawi ngs, the specification and the

f ol lskivéch @rachidores.up6 ClsMidySof Weatdravangsl dhensgerifcation and the

following claims.

26



1. An anplifier system conprising: a first amplifier
havi ng an input and an output; a second anplifier
havi ng an i nput that comruni cates with said output of
said first anplifier; a first capacitance having one
end that communicates wit KIs8iMSi nput of said first
anplifier; and a first transistor having a control
term na A erm nal that comrunicates with
said ou%ﬁﬁsg}a@gﬁg'fi rst anplifier and a second
term nal that communicates with another end of said
fiyst c it . . l[ifier. systemof Claiml
fu{'t hergggﬁlﬁﬁllﬁ%csﬁaﬁe&écg@%sl ur.rent source that
conmuni c§ts§s V\héﬁf} hsé@{ d a%e;gourggné er ng'ltn@# of said first
transi st 6F 8PS 2AMSI A TRY 2898t @1Por Claim | further
conpri si ng: second current squrce that comruni cates .
W th soh PP atok e heniae Bl FepLRTcrES AR S gD of said
The anmplifier systemof Caiml further conprising: a

first pmpléfiereyr rent source that conmunicates with said
second termnal of said first transistor; and 27 a _ '
second &first eapacidange baving are enshthafriooupwndcaigst itk saidlinput of said first
first termnal of said first transistor. 5. The

amplafigy] arfd er system of Claim 1l wherein said first and
second anplifiers include operational
t r anscomfitse tramiorigingfa @nsrol terminal, a first terminal that communicates with

said output of said first amplifier and a second terminal that communicates with another end of

said first capacitance.

2. The amplifier system of Claim 1 further comprising:

a first current source that communicates with said second terminal of said first

transistor.
3. The amplifier system of Claim 1 further comprising:
a second current source that communicates with said first terminal of said first
transistor.
4, The amplifier system of Claim 1 further comprising:

a first current source that communicates with said second terminal of said first

transistor; and
27



6. The anplifier systemof Caiml wherein said first
and second anplifiers include operational anplifiers.
28 7. An anplifier system conprising: a first
anplifier having an input and an output; a second
anplifier having an input that communicates with said
output of said first anplifier; a first capacitance
havi ng one end that conmunicates with said input of
said first anplifier; a second capacitance having one
end that communicates with said i nput of said second
anpl i fi fgecoﬁcpgur?enft bdBle ﬁxﬁmﬁﬁﬂéa‘c&a&{tﬁ] €aid ﬁ‘f&@érfn%al of said first
termn first termnal that conmmunicates wt
transgﬂ)qther end of said second capacitance and a second
erm nal that communicates with another end of said
first capacitance. 8. The anplifier systemof Caim7
further conprising a first current soUrce t hat
co ni cat es erm n sai d f
ner of g epior st gr BN WhSrE BN o) apthhedord iigers incluce
co npri sing:, a second, current source that comuni cates
operafjopp! tsaxsePdnpaRceAmMRIKiEs- second  anplifier. 29 10. The
anplifier systemof Caim?7 further conprising: a
first current source that comunicates with said
second term nal of said first
6. The amplifier system of Claim 1 wherein said first and second amplifiers include

operational amplifiers.
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transi stor; and a second current source that

communi cates with said i nput of said second

anplifier. 11. The anplifier systemof Caim7 wherein
said first and second anplifiers include operational
transconductance anplifiers. 12. The anplifier system
of daim?7 wherein said first and second anplifiers
include operational anplifiers. 13. The anplifier
systemof Claim?7 further conprising: a first

resi stance having one end that conmunicates with said

fiyst tghAIMPAFeOysRA, gom%,iigq,sé; capaci tance and anot her
end that comuni cates with a voltage reference; and a

first c GG ; | wth said
second %E{s?n&%g{%ﬁ%f&slglg%ﬂ??@tgm ﬁgﬁé‘?{ztor. 14. The

anplifi : ' PLLSTL AL .
oo L SUPLEe S 4 USSR Ry or
f tterlnf'pn;;ll of said first capacitance and with a voltage

ISt 18P &Y%hce; and a first resistance that comunicates

with sai?secon.dte m.nal of sgidfirst transi stor. .
30 a first capacitance having one end that communicates with said input of said first

amplifier;

a second capacitance having one end that communicates with said input of said
second amplifier; and

a first transistor having a control terminal, a first terminal that communicates with
another end of said second capécitance and a second terminal that communicates with another

end of said first capacitance.

8. The amplifier system of Claim 7 further comprising:

a first current source that communicates with said second terminal of said first

transistor.
9. The amplifier system of Claim 7 further comprising:
a second current source that communicates with said input of said second
amplifier.
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10. The amplifier system of Claim 7 further comprising:
a first current source that communicates with said second terminal of said first
transistor; and
a second current source that communicates with said input of said second

amplifier.

11. The amplifier system of Claim 7 wherein said first and second amplifiers include

operational transconductance amplifiers.

12. The amplifier system of Claim 7 wherein said first and second amplifiers include

operational amplifiers.

13. The amplifier system of Claim 7 fgrther comprising:
a first resistance having one end that communicates with said first terminal of said
first capacitance and another end that communicates with a voltage reference; and
a first current source that communicates with said second terminal of said first

transistor.

14. The amplifier system of Claim 7 further comprising;:
a first current source that communicates with said first terminal of said first
capacitance and with a voltage reference; and
a first resistance that communicates with said second terminal of said first

transistor.
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