*159159* HI GH BANDW DTH HI GH GAI N AMPLI FI ER
_mLATED APPLI CATI ONS [0001] Thi's
applic the benefit of U.S. Provisional
Appl i clM“ﬂW"ﬂ“M%/ 732,497, filed on Novenber 2, 2005.
di sc osugﬁ the above application is
|ncorporate<§ erein by reference inits entirety.
FI ELD OF THE | NVENTI ON [ 0002] The present invention
relates to anplifiers, and nore particularly to
mul ti-stage abishi{BANRWIBASKERSBIEAISFANMPEIAINKENTI ON
[0003] One nethod for increasing bandw dth of an
operational anplifier (opanp) is to use a |ow gain,
hi gh- bandwi dth anplifier as an input anplifier

precedi ng GROSSURBFERENTE TORELATEDRPAL KAMONS €
opanp. For exanple, one suitable conposite opanp is

descriiobed) i NThid Pépﬁl:ét&fhd élgrnl%t the25Qer|fe°f{tS'of51y§ Pr?wsnonal

Anal og- to Di gital nverter,” Sehat Sutardja an

%ﬁ“@atlbﬁ-@qer&g?ﬁ?hgf’fﬁle@%ln g gér‘%gr 5 b6k t Sl'h(elt? Sﬁ&ure of the

y I ncorporate ref erence

i fier.of the
S0e! Snficallieisl A 06tatbd Aok @gpgf%rgnﬁg e STRRR o
gm gm confl gur ati on. That is, the input anplifier
uses a resistor or a transistor as a |load. This input

anplifi er,1 however ’FlEﬁ) 8 Mé“n&x‘?EN?ﬂSH bandw dt h

product.
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[0002]  The present invention relates to amplifiers, and more particularly

to multi-stage amplifiers.

BACKGROUND OF THE INVENTION

[0003] One method for increasing bandwidth of an operational amplifier
_(opamp) is to uée_a Ibw-gain, hig.h_-bandwidth ah'\'pliﬁer as an input. amplifier
preceding a regular Qpémp, which' forms a composite opamp. For example, one
suitable composite opamp is described in “A Pipelined 13-bit, 250-ks/s, 5-V
Analog-to-Digital Converter,” Sehat Sutardja and Paul Gray, IEEE Journal of
Solid-State Circuits (1988), which is hereby incorporated by reference in its
entirety. The low-gain input amplifier of the composite opamp may be
implemented using a gn*R or gm/ Onm configurétion. That is, the input amplifier
uses a resistor or a transistor as a load. This input amplifier, however, has a

limited gain bandwidth product.

*G00002*



X0002* [0004] Referring nowto FIGs. 1 and 2, a
conposite opanp 10 includes a transistor 14 having a
gate coupled to an input voltage V. One term nal of

the transistor 14 is coupled to a current source 18.

A second termnal of the transistor 14 is coupled to

a resistive load or resistor 16 and to a gate of a

transi stor 20. The resistor 16 and a first term nal of

the transistor 20 are biased by a voltage source Vdd.

A sedBPRAlt erRefRENINGMOW ke FiGRinsaRd ér a Zompasite RPagwsiQiscludes
a follower, is coupled to an opanp 30. In FIG 2, the

a wengistor 14 baning deatecqgsiuplasto asyinaut veltagedVin.o@medernainal of the
transi stor 38 such as a di ode-connected transistor.

t BGRY 1 OFs TR AISN/EOITE @Ur{edd OBjurden 18nplA fseeonditeoningl of the
conprises a first transistor having a control

tratsigtoial 4 tib adouptatietor esresistive sbadingyl iekisear 161@md, toaa gate of a
first termnal, and a second termnal. The anplifier
teArishdibit 20.0MPEIresiston 16 &b MpgdamainaPoPihkfitRisidiav20dreBiased
i nput that comunicates with the first term nal of the

thy B SbithGBSUrSE Wy, ANSkANd teHhIPHL of thearaERldf 2 which acts as a
circuit conprises an output anplifier having an input

foliéler, GOBBLHEE & 8R oplahdp Bde 1PrIOUS, Bk rEQ@tﬂg 16 may ib]gi rgPlaced

transi npedance anplifier and an out put. e anp

G} 5 UphueC BBl Sfarkishort S sactids & bRk Uil
current source that conmunicates with the second

termnal of the first transistor. [0006] In other
nest ed 7 ansi mpe R MMAREGE TEE NGB HOT R ot her
faﬁ,f;'t H[?)(Igg?]t heAg uathMFfie?rg}?lcdli{ Icgrrnp%s?e Ealflsrsetstrgnnsisqgre Lg\t/i}\g r:1.1ac|:o-n!rol
terminal that receives a first amplifier input, a first terminal, and a second
terminal.. The amplifier circuit comprises a transimpedance amplifier having an
input tHat communicates with the first termin_al of the first transistor, and an
output. The amplifier circuit comprises an 6utput amplifier h.aving' an input that
communicates with the output of the transimpedance amplifier and an output.
The amplifier circuit comprises a first load that communicates with the first
terminal of the first transistor and a current source that communicates with the
second terminal of the first transistor.
| [0006] In other features, the transimpedance amplifier comprises a
nested transimpedance amplifier.

[0007] In other feature, the output amplifier comprises an operational

amplifier.



2 [0008] In still other features, the output anplifier
conprises a telescopic cascoded anplifier. [0009] In
ot her features, the tel escopic cascoded anplifier
conprises an input transistor having a contro
termnal that comunicates with the output of the
transi npedance anplifier, a first termnal, and a
second ternminal. The telescopic cascoded anplifier
conprises an output transistor having a first

t er m §0008]hat Inctithotiver dastesesyitichouthat seplift coripriseak telescopic
the input transistor, a control termnal, and a
sesooded empiifdl t hat communi cates with the output of
the output anplifier. The tel escopi c cascoded

anpl i flo@yg)Conpr bthes feturd! e tefelcoBI} castoHES eanh}ﬁN“bPQoﬁ‘xpr:ses
first termnal that communicates with the second

U&H ﬁbﬂﬁﬂrarﬁhflstbhﬁawﬁg”a%ntﬂ @R ﬂ{at c@ﬁn@n@r’uéﬁgg With the output of

term nal I'h other feature

3&9: qréﬁ gea’% t uf@hﬁefﬁ%hg&“}ér?ur?d?p%hé sfsecLRQ%%lm{ngh The

I'er’ CoOnprises a Seco
Stg%ggég%o&?&ﬁfégg?rﬂgwt E%Pﬁ&{s aﬂ PprHgttrarr!e;C avmg a first
St%?rﬁa’%%gfh%z?c‘o%rnw?\estww' SEhaR rimhalg nf»feuep& transistor, 3

cir s adifferential trans edance
Sl e agef:?re LR Rt o R Ghieafes GWde gupy of the
the first ter of the first transistor, a second

i iyt %rnaltf'eéo ﬁ?@éﬁ%@lcmw%‘?@mp Wiey compise® RN SUtREurrent
second transistor, a first output, and a second

oftyrer having aar'fﬁ‘ fermigal &"'Q‘&Qﬂ%m%?ﬁi?? 4dih the second terminal of the
differential output amplifier having a first input
tprdpuldeansintoc and$ sAcend teraninaly st out put of the

di fferential transinpedance anplifier, a second i nput
t hat [0010] In other features, the output ampln‘ner comprises a push-pull

amplifier.

[0011] In still other features, the amplifier comprises a second
transistor having a control terminal that receives a second ampilifier input, a first
terminal, and a second terminal that communicates with the second terminal of
the first transistor. The amplifier circuit comprises a differential transimpedance
amplifier having a first input that communicates with the first terminal of the first
transistor, a second input that communicates with the first terminal of the second
transistor, a first output, and a second output. The amplifier circuit comprises a
differential output amplifier having a first input that communicates with the first
output of the differential transimpedance amplifier, a second input that

communicates with the second output of the differential transimpedance



conmuni cates with the second output of the

differential transinpedance 3 anplifier, a first

out put, and a second output. The anplifier conprises a
second |oad that conmunicates with the first term nal

of the second transistor. [0012] In other features,

the differential transinpedance anplifier conprises a
nested differential transinpedance anplifier. [0013]

In still other features, the differential output

amplifign arfirgleipuls agd agsesong cruputi alheopplifiercanprises a second
anplifier. [0014] In other features, the differenti al
adgbat compinunicetes yithpthe Siest tarmidaf dighe setard trahsistoapi ¢
cascoded anplifier. [0015] In still other features,

t he dj00fi@f entn adtheutfpaturemypthie idiiferentiglr traesimpedance amplifier
differential push-pull anplifier. [0016] In other
tempsesa nastedriffergntia) idngimipddages vardifer. ( ADC)

conprises N cascaded ADC stages, where Nis a integer,

wher ejop18] | aastil ether KatureB e tHergifiaf@taPbStpet GS\%ﬁfer comprises
corrprl ses the amplifier circuit. [0017] I n still other

befdtERSal otpaﬁat@ﬁgi arhpifflercircuit conprises a first
transi stor having a control term nal that receives a

first !|' f i othd?Pehturds, fthe SditfeleRlidl H& gt gﬂ%{gﬁ%ﬁg&ﬂﬂﬁses a

term The anplifier Circuit conpris

bR %ﬁ %g@pw&seo&éwém@nérefm nal that receives a

secon I nput Irst termnal, and a

term| q“%im sl Fﬁ*%g?ff?%%;&%gﬁey% %ﬁsf’%%%ﬂﬁer comprises
s %b.&@ Bt hput “that - communi cat s vi th
the first_ term nﬂie}fOf the first transistor, a seco

i nput (49381 ¢ PmeiEE at’8UES h dheapslPgo-Rigtta| n&P”‘tﬁ“ef héADC

compnges N cascaded ADC stages, where N is a integer, wherein at least one of
the cascaded ADC stages comprises the amplifier circuit.

[0017] In still other features, the amplifier circuit comprises a first
transistor having a control terminal that receives a first amplifier input, a first
terminal, and a second terminal. The amplifier circuit comprises a second
transistor having a control terminal that receives a second amplifier input, a first
terminal, and a second terminal that communicates with the second terminal of
the first transistor. The amplifier circuit comprises a differential transimpedance
amplifier having a first input that corﬁfnunicates with the first terminal of the first
transistor, a second input that communicates with the first terminal of the second
transistor, a first output, and a second output. The amplifier circuit comprises a

differential output amplifier having a first input that communicates with the first



transistor, a first output, and a second output. The
anplifier circuit conprises a differential output
anplifier having a first input that conmunicates with

the first 4 output of the differential transinpedance
anplifier, a second input that communicates wth the
second out put of the differential transinpedance
anplifier, a first output, and a second output. The
anplifier cirgcuit conprises first | oad that .

kv c o SSTIPTeRtiEh dransiERedance (RPN 170 YcPBE input that
transistor, a current source that conmunicates with
qaremyeicated einithal SeFonth@Upyts(oft thensdiliergptialy fi@ngimpedance
second | oad that conmunicates with_the first termnal
ahplifles, 8dicrmvtpytansd & secondoontyt. | Ahetameplifice gireipilegomprises a
the differential transi npedance anplifier conprises a
fireklpad toatf doenrennicatestwitintherfpeldienoinahepthieffirer trafggenja current
In still other features, the differential output

sogete thatrcooompmicates with thief $emoadttearhinapef titei firmtitransistor, and a
anplifier. [0020] In another feature, the differenti al
SatopdtioadMat Eommubhidades with tiee fidt {drevirenof te dezbad tapsistor.
cascoded anplifier. [0021] In yet other feature, the

di ff eiopAB] al i WiRet éamlds, | fle GWBIEREAS trAnsimpedance amplifier
differential push-pull anplifier. [0022] In yet other

E&%Hé@sah@ﬁ aaRtdréntidl trahSifddafeEBRiptaer. @ fir st
COH e Fe

NDN- ND edback circuit that comrunicates with

the dﬂg)‘joﬁgg:n‘[r{'egtglb%tbﬁﬁfb%‘tﬂﬂégdﬁﬁc&ﬁéfgﬂtihf B@Bm gﬁ?lif&érrc%?nprises

conmmmo circuit gener at es rren ased

8i%,iffeg?g\iaf‘itogfé%“hﬁ%'eaf%"ffepe first output of the

nsinpedance anplifier and a second

! ancliRgBhan e BRER ol e, Blteheial G RHLe! comprses o

Eﬁ%gebrﬂ%il(te%gc%wctcéscoded amplifier.

[0021] in yet other feature, the differential output amplifier comprises a
differential push-pull amplifier.

[0022] in yet other feature, the amplifier circuit comprises a first.
common-mode feedback circuit tﬁat communicates with the differential
transimpedance amplifier. The first common-mode feedback circuit generates
current based on a first voltage at the first output of the differential
transimpedance amplifier and a second voltage at the second output of the
differential transimpedance amplifier. The first common-mode feedback circuit
injects the current into the first input of the differential transimpedance amplifier

and into the second input of the differential transimpedance amplifier.



injects the current into the first input of the
differential transi npedance anplifier and into the
second i nput of the differential transinpedance
anplifier. 5 [0023] In still other features, the
anplifier circuit conprises a second comon-node
feedback circuit that communicates with the second
term nal of the second transi stor. The second

CONMDRs e f e ui t enera current pased

on a r‘? (ﬁ%ﬁ o) tsglﬁao‘igr REHEPY [5fieﬁ’ Qeutt iromprises a second
differenti Si ce arrpl ifier and a second
ForEMad® s tba HIRELAGE Comunieatoy Mihdhermacand terminal of

transi dance anplifier. The second comon- node

ft@%&ﬁég&f t@nsstart $be é@PP%Icﬁmrﬁ?@moﬂet feedbaek eincuii geoerates
the first input of the differential transinpedance

SHPENE | Rasegdn@n M ofiishevaliagendatt dhani firal  @itputhef s teondifferential
transistor. [0024] In still other features, the
drapsininesiange r ayoplifieg cangr msescandr volkdge ab it iseedsricab)atput of the
transistor that is conplenentary to the first

tdiffenential orandimpedance afiplifer.t eThe nedcond &aB@BE-Mode feedback
termnal, and a control term nal that communicates

wirt it stdh@:tnvelyt irgécts ethel watrenf ihtoe thd ripst IpUDSHS tISY - differential
The anplifier circuit conprises a second

¢mpintpERIahae wniplifesarsd idto theadecoRd SEHMA %Fﬂ'feaé'ééohe tldhRistor.

second transistor, having a first term nal

comupgozay es 1M éti bitRr flebfired, eHY %ﬁ{phﬁ’ér E#ﬁmf c5r31tpr'ses a first

conpllnentary transistor, a second termn

%eﬁipﬁlﬁkn{a?? Hddlstdr@bt i rr?éﬁgr%l_lip" th8 ffr%l t{&?ﬁétgp having a

term nal t he second transi stor

Cﬁ?sﬁ%’r‘rﬁmﬁl"@pééc%ﬁﬁ t?rrﬁiﬂgplaﬁgeéncgﬁ%lqa rpﬁgle nggm@%c‘,ﬂtes with

ranS|npedance a rrsin

e oRBl TRIMATH g firsRn n%‘s%rs ITrlllFit ?ﬁ#‘e&fﬁ{cﬁﬂhéqarhprises a

tranS|npedance amplifier, aV|n

USSR s B RS o 58 v
?\QUimjnlé G#5€%erminal that communicates with the first terminal of the first
complimentary transistor, a second terminal, and a contro! terminal that
communicates with the control terminal of the second transistor. The amblifier
_circuit comprises a complementary differential transimpedance amplifier
comprising transistors that are complimentary to transistors in the differential
transimpedance ampilifier, having a first input that communicates with the second
terminal of the first complementary transistor, a second input that communicates
with the second terminal of the second complementary transistor, a first output, |

and a second output. The amplifier circuit comprises a complementary

differential output amplifier comprising transistors that are complimentary to

e}



with the second term nal of the second conpl enentary
transistor, a first output, and a second output. The
anplifier circuit conprises a conpl enentary
differential output anmplifier conprising transistors
that are conplinentary to b transistors in the
differential output anplifier, having a first input
that conmunicates with the first output of the

FRETIT SHOR Pl ATARBE e T o
SN AP g B

diff renti out put . anplifier, and a second out put

300 dGmih AP G EETHEIRS weh ok GRang SUHL irthe Homplementary
differential output anplifier. The anplifier circuit
@@?fﬁﬂ?'@'eﬁnplﬁw h3 F'Eﬁt OYtRYS hatorrImMeBigBteskwith the fitst olitnut of the
selectively injects current into the first term nal
differentialf output epmllienmandas ysecondsiupar thaTlwenamphicétesrwith the
circuit conprises a third | oad that comuni cates with
geigond eutmd of énentliffatenti! outputf amplifiero Mplecaraplifiaritircuit comprises
transi stor, a current source that communicates with

d thirdf dansmon-enodenteledbdckt dieuftithstt selexnivplyenjebisadufrent into the first
transistor, and a fourth | oad that comuni cates with
tbhﬂlnsEobmé firsecomplemeoatary heans BeN AT BRIPRAGMEIAIUR comprises a
transi stor. [0025] In another feature, the third

tRRENEHY Hat CormARMivatds With He $ecob@MBiRERofARe AP RhiREntary
transi npedance anplifier that conpares a

tRIrR{Rs € It iRsht GOUFIRNthED E6mAHInRitted Qhth 386 fﬁ%i t%(rﬁh‘\g] 8f 1R first

first voltage at the first output of the erenti a

O REheR 'trfah§' StoRNshPa I6GEH QJaYiotlh‘é?Q@rr ﬁ'fg.llnwé?e ftﬂq e second

output of the differential output a

t@ﬁﬁmnome%eé@mﬂb@ﬁblerr@hfawkrtan§.§lo$0t ively inj ect S
current into the second term nal of the first

conpliegest arl)‘l bh@Aet $é0redNfe! M8 EHRNDRGROGe LREFDAX circuit
of the second
comprises an operational transimpedance amplifier that compares a
predetermined common-mode output vollage to a sum of a first voltage at the
first output of the differential output amplifier and a second voltage at the second
output of the differential output amplifier. The third common-mode feedback
circuit selectively injects current into the second terminal of the first
complementary fransistor and into the second terminal of the second
complimentary transistor.

[0026]) In still other features, an analog-to-digital converter (ADC)

comprising N cascaded ADC stages,; where N is a positive integer, wherein at

least one of the cascaded ADC stages comprises the amplifier circuit.



conplinmentary transistor. [0026] In still other

features, an anal og-to-digital converter (ADC)

conprising N cascaded ADC stages,: where Nis a

positive integer, wherein at |east one of the

cascaded ADC stages conprises the anplifier circuit. 7
[0027] In still other features, a pipelined analog to
digital converter conprises a first stage that

receives an input voltage, that generates a first
sanpl[@@R7Ji giloastillvethae featdres, fa mipelinedi analoy dbtdigitgl comderter
that includes a first anplifier that anplifies the
comsises es ifidstestage tthale reneivegeapriapats valtdge, shatgpherbieada first
residue voltage. The pipelined analog to digital

saeipled tigltaloenyy ass fisstsesidoe vekags, anbdahat inelogey adirst Amplifier
first anplified residue voltage, that generates a

tBEC amPlife e frst degilidlvoragel anAngemersREOAKirk € 8Plifed residue
vol tage, and that includes a second anplifier that

valtRbé f TRe ptaéﬂanéeaﬁadg ﬁ@aigduecafr%heasom%séseassfeceﬁ@ sge that

the’first anplifier and the second anplifier
rE@é‘%é ?I%gfl?stférﬁﬁltflehrr%gﬁiur%t %lté@@v'tﬁ‘él e Biels0h second sgmpled
rm nal first termnal, and cond termn

d@?{f*\/}al g rid; a'SBford Fé&d@@dl#gggégnewatt |H@Iu§§§ cond amplmer

nprises a trans ance anpl |

ﬁt avﬁﬁb’lletst &?tsecgﬁ) d&éa(/glsa th elggt &bé %i} (jﬁ K E%ph?gr and

ansrstor, and a out put

he fi r ier. and second ,a er. conpr. .

b Sstoi ambigen ‘F‘i"é‘?”seﬁa% 5 VERERRE B PieLe BBHLIRTEREES frs
with the out f th nsi ed ce,. fier, and
tgrmipat pod 2 o SRl ASeash Ve St ﬁﬁ% 'T&r azy{dhe fgcond
second anmplifier furt. her conprl ses a first |oad that
aiplifieni CaMesisept ? t RN MpPedancs n?ﬁ‘zb?l"r%’f hfl“f'l%gfﬁf‘st'“p”t that
transi stor. st one hgflrst amplifier an

qaRMEBEales vawpﬁhre?af%ﬁefm'um{éhe BiYansistoraand, pp @Htput At least

source that communicates with the second term nal -
one of the first amplifier and the second amplifier comprises an output amplifier

having an input that communicates with the output of the transirﬁpedance
amplifier, and an output.- At least one of the first amplifier and the second
amplifier further comprises a first load that communicates with the first terminal of
the first transistor. At least one of the firs.t amplifier and the second ampliﬁ.er
further comprises a current source that communicates with the second terminal
of the first transistor.

[0028] In other features, the transimpedance amplifier comprises a
nested transimpedance ampilifier.

[0029] In still other features, the output amplifier comprises an

operational amplifier.



of the first transistor. [0028] In other features, the
t ransi npedance anplifier conprises a nested

transi npedance anplifier. [0029] In still other
features, the output anplifier conprises an
operational anplifier. 8 [0030] In still other

features, the output anplifier conprises a tel escopic
cascoded anplifier. [0031] In another feature, the

t el escopi c cascoded anplifier conprises an input
trandP83®r Hawtihgtherdesturas, theoutipohamplifigr coommsas adelescopic
wWith the output of the transinpedance anplifier, a
ddscetled emplifimal , and a second terminal. The telescopic
cascoded anplifier conprises an output transistor

havi rigoa]f i ristandtiegrfenture tthettelegoopidicast@izdvarhplifih&€omprises
second termnal of the input transistor, a control

AR IPUD #hnsi@BE haviRg GOdmhtiof terrial uﬁétaionﬁﬁmiwabs i hWiduput of
the output of the output anplifier. The telescopic

ésgeﬁﬁﬁkpeamdé Ia%{pnﬂemwﬁas tEHhiRMt Rinly §UdBRl te?r‘HH\ra‘Fe The

afirst termnal that comunicates wth t

REEORGe, Eosoneh Sk, cPibAi Lge"?%?'gif 8‘?%“%’%3‘8&&“&? firt
/ 3 I
%’{W‘ma A TR s B W b IR el Bl

St mgsegoe@ R SRR B P b v
second a _|1 sc{ wn nal, and a Slﬁ )
PPH} ATPI %a RP'Eaﬁaé‘é° AMPHEC OGNS &P Ry Cu"e"‘

of the first transl tor. At | east one of the
source with a first terminal that communicates with the second terminal of the

output transistor, and a second terminal.

[0032] In another feature, the output amplifier comprises a push'-bull
amplifier.

[0033] In still other features, at least one of the first amplifier and the
second amplifier comprises a second transistor having a control terminal that
receives a second amplifier input, a first terminal, and a second terminal that
communicates with the second terminal of the first transistor. At least one of the
first amplifier and the second amplifier comprises a differential transimpedance
amplifier having a first input that communicates with the first terminal of the first
transistor, a second input that communicates with the first terminal of the second
transistor, a first output, and a second output. At least one of the first amplifier
and the second amplifier comprises a differential output amplifier having a first

input that communicates with the first output of the differential transimpedance



first anplifier and the second anplifier conprises a
differential transinpedance anplifier having a first
i nput that conmunicates with the first term nal of the
first transistor, a second input that conmunicates
with the first termnal of the second transistor, a
first output, and a second output. At |east one of the
first anplifier and the second anplifier conprises a

di fferential autpu nplifier having,a ,first input

AR S ofnSerasi: U R CHEMYER S e sqoRgd Sulbut of the
differential transinpe ,?nce 9 anplifier, a second
diffgrgptialHERNSEBREAANCE MG, @enfirsheutdsh &R B3R BEPYth 't least
differential transinpedance anplifier, a first output,
anedoh thee Sitsh renlifigt@nd Abe | segond sRelifier fumlers gorgprises a second
anplifier and the second anplifier further conprises a

lead ted conuaghicatas with ihefiist teraxinaliof the secandrtgansistemi nal

of the second transistor. [0034] In other features,

t he (DO084Y enin athdrr feeturese dhec differphtidl | Fansiopepanse saraplifier
nested differential transinpedance anplifier. [0035]
dompriddsl a pédted difleaentiabBangimpedahéenmplifierl out put

anplifier conprises a differential operational

anpl ifbbesy [ ROS] other featuret e difédentisl odtpét amplifier comprises
differential output anplifier conprises a

SuffePs Rl bpbratishasadifier.cascoded anplifier. [0037] In
stlflel ot her6 :‘aelatures, the differential output

anpl i hh96] Cfgggéé]stﬁlﬁer f@aﬂ:re};,ftﬁéWér@hti&%&@nﬁpliﬁer comprises a

anpliftier: n sti ot her features, a pipelined

@ﬁg%e%af R Bhik¥asEHEEEhBlifierCOMPr i ses a first stage

recei ves an i nput voltage, that generates a first
FRP! i) 9. Lo AP R, b el AR Yok By B
%igiffet&%ét‘?a?lipggﬁ-pﬁﬁlamﬁer@nd generates a first anplified

[0038] In still other features, a pipelined analog to digital converter
comprises a first stage that receivgs an input voltage, that ger_lerates a first
sampled digital value and a first residue voltage, and that includes a first amplifier
that amplifies the first residue voltage and generates a first amplified residue
voltage. The pipelined analog to digital convérter comprises a second stage that
receives the first amplified residue Voltage, that generates a second sampled
digital value and a second residue voltage, and that includes a second amplifier
that amplifies the second residue voltage. At least one of the first amplifier and
the second amplifier comprises a first transistor having a control terminal, a first

terminal, and a second terminal. At least one of the first amplifier and the second

amplifier comprises a second transistor having a control terminal, a first terminal,
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vol tage. The pipelined analog to digital converter
conprises a second stage that receives the first
anplified residue voltage, that generates a second

sanpled digital value and a second residue voltage,

and that includes a second anplifier that anplifies

the second residue voltage. At |least one of the first
anplifier and the second anplifier conprises a first
transi stor having a control termnal, a first

amt @i sadondatedmimas dvd redmrevmicatels . witkt tHeeastoranteroind o the first
first anplifier and the second anplifier conprises a
isarsistdr. t Ableabbome oftheifing anpitier bad thesetond amgliffer teinprises a
termnal, 10 and a second term nal that conmuni.cates

dvffterembevsmmédammm@lme?fhémg élfrrﬁtmﬁmr%ﬁ b&infiunicdites with
| east one of the first anplifier and the second

Tt tePhinGPBEPINe RS tPansibitdr! arRbhalindut %ﬁb‘ild&%ﬂ@rﬂ&ﬁes with the
anplifier having a first input that communicates Wt

ﬂr’%?té‘n'n{nsatl of fleddedhd @rfanglgfaorfé fussrt opr?ﬁ‘%n%tét)Eeccﬁ\dscﬁﬁfg@d At least

I nput that communicates wt rst erm na

6*\?0??&0{&% F@Eﬁérsér@'theasefc F\ﬁta {ﬂBWsom Qes?aa ae(}.‘fn,ﬁtéal output

one of t anpl
f ff )
éﬁ%ﬁfﬁ‘ﬁ AW A st R iéﬁﬁfﬁpuﬂ*%mc%e”Maﬁ%?ﬁ%t oyipy, of the
g'ﬁémleéﬁaﬁ’s‘f%%éé% ﬂﬁmert%%?f:%%mm i go Lerncr{*ﬂ%wnh the
second out '%1 I_\Sjlfferentl t ransji gapedanc '
SESRr oL 1 OBl B'U'fan%waeian%eeema L EHTE! Oyput, and a
ifier _and the second

| east. one first a
%l?ﬁﬂﬁdf‘?‘éi’“tf ﬁ&'ﬁ@?t 0 o‘fﬁSngéfé amrlifies end Heiseqend amplifier further

communi cates with the first termnal of the first

ceraREsas §r firsh lead rbat cg@m%cqt%tw@bmrﬂr@tateégnwtcrf the first
the second termnal of the first transistor,

BTN B U FOWB RN Cm@ENiERles wila the sgEond tqmwal of the
of the second transjstor. [0039] In another feature,
tinsttransistor.cand aseeonshiondal Gomminipsies vath the first terminal of the

second transistor.

[0039] In another feature, the differential transimpedance amplifier
comprises a nested differential transimpedance amplifier.

[0040] [n another feature, the differential output amplifier comprises a
differential operational amplifier.

[0041] In another feature, the differential output amplifier corﬁprises a
differential telescopic cascoded amplifier.

[0042] In énother feature, the differential output amplifier comprises a

differential push-pull amplifier.
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conprises a nested differential transinpedance

anplifier. [0040] In another feature, the differentia
output anplifier conprises a differential operationa
anplifier. [0041] In another feature, the differentia
output anplifier conprises a differential tel escopic
cascoded anplifier. [0042] In another feature, the
differential output anplifier conprises a

differential push-pull anplifier. 11 £0043] In stil

ot her[0P43k urlBsstilt wthesnteagres hihea iopst olaths iffrsteamalifiert aed the
second anplifier further conprises a first comon-node
wmnda@mgﬁfieur duither pemprisesmAutiist somenan-trodehieedback circuit that
differential transinpedance anplifier. The first
caummonicatesdeith tedtiffetentinl tandimgedanae amplifigrr efte firds edmmon-
on a first voltage at the first output of the

otk efeedbackl citoudtngemgretiancaremtpbadddebnaindiret $&@edat the first
vol tage at the second output of the differentia

6utp0s bimrdaifieenéapirahsdi@peddiee binpifiercamamaNsecdRdQoltage at the
feedback circuit injects the current into the first

sédind Sbtptther thef dirermMibPlrandihPRALARS SAMifle ML f1 )
and int opt he sgcolnd i n'putragflht%ﬁe di fgmﬁ??gﬁhb firkf common

Ho@@sﬂeﬁamnﬁi?ctﬁlmﬁécﬁé e _CPHQM}ntd Whﬁ'?i‘?éthf?\gH{jSPttﬁg Qifferential

the one of the first anplifier and the sec

?g@%@ggé%&urérﬂ it OTRE! SHD Qhéegé’%&"iﬂﬂpﬂ'&oqﬁ%  §ifferential

Clrcul t hat conmuni cates wt € SecC

&g%ﬁg%@% %,ﬂglg%gcond transistor. The second

. ack circuit generates current based

o P o B0 sabE Lt oY, BB spgne secon
g%ﬁ@%ﬁﬁ%ﬁgggraﬁﬁ%osp ?ae?s%tcgﬁé g&e%ﬁg-n%gé efreg%;&l circuit that
communicates with the second terminal of the second transistor. The second
common-mode feedback circuit generates current based on a first voltage at thé
first output of the differential transimpedance amplifier and a second voltage at
the second output of the differential transimpedance amplifier. The sécond
common-mode feedback circuit seléctively injects the current into the first input of
the differential transimpedance amplifier and into the second terminal of the
second transistor.

[0045] In another feature, at least one of the first amplifier and the
second amplifier further comprises a first complimentary transistor that is
complementary to the first transistor, having a first terminal, a second terminal,
and a control terminal that communicates with the control terminal of the first

transistor. At least one of the first amplifier and the second amplifier further
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conmon- node feedback circuit selectively injects the
current into the first input of the differential

transi npedance anplifier and into the second terninal

of the second transistor. [0045] In another feature,

at |l east one of the first anplifier and the second
anplifier further conprises a first conplinentary
transistor that is conplenentary to the first

transi stor, having a first termnal, a second

doemmisasa seanuid aacaplemehtane rtnansidtot izt sooompleo@resry to the
with the control termnal of the first transistor. At
seearsd tremsstof, Havend a fistt tamphalfther camshuhizatesagionthe first terminal
anplifier further 12 conprises a second conpl enentary

df tae Sirsttamplinedntary cangidtonentsacynd deriifal, 986 &Ndontrol terminal
transi stor, having a first term nal that comrunicates

tﬂétt&brhﬂﬁ@nfcbfe%t witiethé ahtroOfertriveal fdinRé eeomd traRBis&rY At east
transi stor, a second term nal, and a control term nal

dridalor CRRMfRLC %h?p?lﬂ@f tJhd hﬁec‘%@&ér‘}ﬂ 5rﬁglmef a*urfﬁfer t &ﬁnpnsos a

second transistor. | east one of

s BB n%ﬁ'g;‘ﬁ!g@%g&ngawnzs%%@
GO RISA B Srh nFFETB) B ampirer
a first .inpu nica

anmplifi , vV, F

e ensL doenel Ammarbatel iy | BE sccBRT RuRERE 37 ghe frs
transi stor,  a sec ond ut that communicates with the
CORTM D BRSPS 2. 1R800 ABRK LGRpRETRMTEAlpS Wi the Second
tranS| stor, a first output, and a second output. At
teeraisel ehiheopeqand FomREMERATY YRSIHAY & At seidand a second
anplifier further conprises a conplenmentary

QHtpyter dhtlPast 60€ pft temprstfareplifiasnprd shaigecradsineliies further
that are conplinentary to transistors in the

@MATses  cCAMPRITpRIaNaRitlerantél outrui angpldier comprisingplgansistors
that comuni cates with the first output of the
thahprecsesmriangntary to transistors in the differential output ampiifier, having a
first input that communicates with the first output of the complementary
differential amplifier, a second input that communicates with the second output of
the complementary differential amplifier, a first output that communicates with the
first output of the differential output amplifier, and a second output that
communicates with the second output of the differential output amplifier. At least
one of the first amplifier and the second amplifier further comprises a third
common-mode feedback circuit that selectively injects current into the first
terminal of the first complementary transistor. At least one of the first amplifier
and the second amplifier further comprises a third load that communicates with

the second terminal of the first complementary transistor, a current source that
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differential amplifier, a second input that

communi cates with the second out put of the

conplenentary differential anplifier, a first output

that comuni cates with the first output of the

differential output anplifier, and a second out put

that communi cates with the second output of the

differential output anplifier. At |least one of the

first anplifier and the second anplifier further
caumpnicates with e first teomingd ofndle fifst edbmdkmentaguiransisiat, and a

selectively injects current into the first term nal
foafiht leadf ithat coomplmicaas amtht thessedond. tédimihalasf twee sscond

the first anplifier and the second anplifier further
copBenesyaranbistad. | oad that comunicates with the

second termnal of the first conplenentary transistor,

a cypbgef SAHEEBtHeRdtaturd, thet GMFE RofRh&Smdehfddack circuit
first termnal of the first conplenentary transistor,

chphiges f aHT tdhdra@shal NaanepAPBHYNEaT Esmpiilel thS&t S86PPdres a

termnal of the second conplenentary transistor.

prgeggggaé\éi& A0 mbER LUt JdiEgl it s&rﬂ%f?é“ﬁ@%ltage at the

circult conprises an-operationa

ﬁ%[ ggtébggﬁﬁ%ggdﬁer%méliofuﬁ% én?)@tﬁe??ﬂ@ %rsteegoﬁd voltage at the second

conmon- put voltage to a's f

first voltage at .t fi . Out f the diff '
outabh 61 BysPieieBia oy SRR B Bl ofbh il b oack
output of the differential optput. Lifier. The third
cEimpiensabureduii hec et PHTBET S s Bist Fapeistary
second termnal of the first conpl enentar transistqr
raReISIPReBd MR 16 EeRnd ETRINALET BF SERRNGRBRmentary ransistor.
conplinentary transistor. [0047] Further areas of .
appl 109431 | i IFyy'”BF' 122 rds 8RPIIGaNIIBhtaf o aniAreser e kygation will
apparent fromthe detajled description provided

DRGATER RPEEIT! oM RSt SRS POYER fsfeipaer. 1 should be

detail ed description and specific exanples, while ==
underistand gt the detailed description and specific examples, while indicating

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

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

BRIEF DESCRIPTION OF THE DRAWINGS
[0048] The present invention will become more fully understood frbm
the detailed description and the accompanying drawings, wherein:
[0049] FIG. 1 is an electrical schematic of a composite opamp
according to the prior art;
[0050] FIG. 2 is an electrical schematic of a composite opamp

according to the prior art;
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the preferred enbodi rent of the invention, are

i ntended for purposes of illustration only and are

not intended to limt the scope of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0048] The present
invention will beconme nore fully understood from the
detai |l ed description and the acconpanyi ng draw ngs,
wherein: [0049] FIG 1 is an electrical schematic of a
conposi te opa according to the prior art; [0050]

FI G 8054 anFlgj-é?t'ﬁrﬁ”c‘%iﬁd%ﬂeﬁfﬁﬁ?F@t'@fand funrtipos| bleclk giagpam of
according to the prior art; 14 [0051] FIG 3 is an

2 exemplaly aropifeatineuding o treosinpeslanbe carkplifieaggeaoidiig to the
an exenplary anmplifier including a transi npedance
prepentfinegnt@ocording to the present invention; [0052]

FIG 4 is an electrical schematic and functional block

di agr[@ospf RIG.eXiergl elestricatpichbmatic iand lfunkitivgaPblBes tizdram of
transi npedance anplifier according to the present
ameeebRRy alpffet] infiléng% hésted tRhsitigedante SFtHMNBL According to
and functional block diagramof an exenplary
@ereddftinientbedi Ng a transi npedance anplifier and a
tel'escopic cascoded anplifier according to the

Pr eseppssVepid. Ais i_notgéﬁ}icé"_l 's@lr(\e@ailié afd f@r}g&%@%i 68k diagram of

schemati ¢ and functional bl oc I agram o

vy . : _ o q .
S ST i B L0 U8Ry ABBN fAPSLIRECR ERsconi
' . g ' Lo, I 0055] FIG 7 i

@nis%gagg{% %qﬁnggﬁg%ﬁiﬁ}%g:p% ri I(':rg{éhg%:rﬁ)fenali c of thIeS °
[0054] FIG. 6 is an electrical schematic and functional block diagram of

an exemplary amplifier including a nested transimpedance amplifier and a

telescopic cascoded amplifier according to the present invention;

[0055) FIG. 7 is a more detailed exemplary electrical schematic of the
amplifier of FIG._ 5;

[0056] FI!G. 8 is an exemplary electrical schematic of the amplifier of
FIG. & including a common-mode feedback circuit according to the present
invention;

[0057]) FIG. 9 is an exemplary electrical schematic of a common-mode
feedback circuit for use in FIG. 8 accdrding to the present invention;

[0058] FIG. 10 is an exemplary electrical schematic of a common-

mode feedback circuit for use in FIG. 8 according to the present invention;



anplifier of FIG 5; [0056] FIG 8 is an exenplary

el ectrical schematic of the anplifier of FIG 5

i ncl udi ng a comon-node feedback circuit according to

the present invention; [0057] FIG 9 is an exenplary

el ectrical schematic of a common-node feedback

circuit for use in FIG 8 according to the present

invention; [0058] FIG 10 is an exenplary electrica

schempt i c _of common- node feedback circuit for use

in Fl °5§] acé:iﬁ;dﬂﬂg'st%”t%@”}ﬂ'%e@iﬁdﬁﬁﬁemhaﬂmticwf a differential

[0059] FIG 11 is an exenplary electrical schematic of

dnalerestation ¢flan pmplitsramnting compigmentagnipbif slegesisndgommon-

conpl ementary input stages and common- node feedback
rfaedpakaacheding tosthetpresemnnventipn] 0060] FIG 12 is

an exenplary schematic of a common-node feedback

ci rcul0060pr 4@. i 12 A Ganl examptargi schdrpatiy efeat common-mode

invention; [0061] FIG 13 is an electrical schematic

seatibboi circwifal ubsé ocKIGHiTdgaramo©ding tapreesaNBlaiton:

anplifier including a transi npedance anplifier and a

push- [006H] afpBi 13 &5 anctestddagchembli€ aBl 988Aional block diagram
invention; [0062] FIG 14 is an electrical schematic

andnfaxaniplapalmplifiee indlided aMratfimBBd & B ﬁfger;pﬁnldf? push-pull

anplifier including a nested transi npedanc

anRfplifier uedhtimytd thembédrteiveatiorr ding to the present
[ m/benti on; ['8%63] ?G 15 VI s a nore detailed exenplary

el ect fgoga} ?E{T@![i i(i)sg%ﬁ{el%:éli'@al RERnAHL Eggzﬁé}c{ti‘cgbgrblé’ék diagram
Bt &t éi&ﬂﬂ)laﬁpgﬁfﬁﬁﬁércin@mirfgugcﬁésqgé‘ltransimpedance amplifier and a
push-pull amplifier according to the present invention:

[0063] FIG. 15 is a more detailed exemplary electrical schematic of the
push-pull amplifier of FIGs. 13 and 14;

[0064] FIG. 16 is an exemplary electrical schematic and functional
block diagram of a pipelined A/D converter according to the present invention:

[0065] FIG. 17A is a functional block diagram of a hard disk drive;

[0066] FIG. 17B is a functional block diagram of a digital versatile disk
(DVD);

[0067] FIG. 17C is a functional block diagram of a high definitibn
television;

[0068] FIG. 17D is a functional block diagram of a vehicle coﬁtrol
system;

[0069] FIG. 17E is a functional block diagram of a cellular phone:
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bl ock di agram of a pipelined A/D converter according
to the present invention; [0065] FIG 17A is a
functional bl ock diagramof a hard disk drive; [0066]
FIG 17B is a functional bl.ock diagramof a digital
versatile disk (DVD); [0067] FIG 17C is a functional
bl ock di agram of a high definition television; [0068]
FIG 17D is a functional block diagramof a vehicle
control system [0069] FIG 17E is a functional block
di agr[@ove] aFtel17H iara fphotiomal bibek [diHYF 8N dflaGet1Gp-box; and
functional block diagramof a set top box; and [0071]

FIG po&]s &1¢GutG iscanfunchidromiibistkediagramodf sumeriit player.
pl ayer. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS [0072] The foll ow ng description of the
preferred enbodinent(s) is nmerely exenplary in nature

and i SeirAIUED MRS ERPIOIROR THH ﬁREFE'P#RE[‘)“E%ﬁEOBtiMENtT%

application, or uses. For purposes of clarity,

fg”ﬁd 0@{7?; en3| €. TUTBWnE \%éénﬁﬂ?@&s e, eftepl%ddéffh\%eﬁﬁent(s

Bkl L AR PR b S D -
el S B R A
SR8 DG P ar Vi o s TR 2 e
o o0 S e Bt 1 B et

(A or B or 0), using. a non-exclusive )
(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 'thé
described functionality. As used herein, the phrase at least one of A, B, and C
should be construed to mean a logical (A or B or C) using a non-exclusive
logical or. It shouid be understood that steps within a method may be executed
in different order without altering the principles of the present invention. While
differential and/or single ended amplifiers may be shown for a particular
embodiment, all of the foregoing embodiments may be configured in single
ended and differential modes.

[0073] Referring now to FIG. 3, an amplifier 50 comprises a transistor
14 with a load 22. A node between the transistor 14 and the load 22 is directly
connected to an input of a transimpedance amplifier 52. An output of the

transimpedance amplifier 52 is directly connected to an input of an opamp 30
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| ogical or. It should be understood that steps within
a nethod may be executed in different order wthout
altering the principles of the present invention.
Wiile differential and/or single ended anplifiers my
be shown for a particular enbodinent, all of the
foregoi ng enbodi nents may be configured in single
ended and differential nodes. [0073] Referring nowto

an anpllfler 50 conprises a transistor 14
‘OG”ﬂQPta? fflewes2 The trRppdmpedaraenampbfierr Shsigsifioantlyinarzises the
the load 22 is directly connected to an input of a
g3iarkangyddiineBWnpprotibelr of 2he Aamplifiep 0. ofFdrhexample, a simple
transi npedance anplifier 52 is directly connected to
tsansimpedande amplijeampea3doutld thveé GEW tpraddoblof thesmplieg 50. This
transi npedance anplifier 52 significantly increases -
mbkes ¢fee anipifienblshit4IBHr pse dulalerphighhgaiamahbividh cBfhposite
For exanple, a sinple transinpedance anplifier nmay
glaplfieest he GBW product of the anplifier 50. This
mekes the anplifier 50 suitable for use in very high

gai n/[penap dRBfefﬁm@ﬂawtfé Fﬁﬁmh' Eheérﬁpllf{ep%m%]orﬁﬁtlgég bNested

now to FIG 4, an an‘pl ier 60 conprises a

t?é@%b@@&%nﬁﬁ'npﬁml Iﬁ' eUsﬁ% th@h@&e@h?ﬁd&?ﬁﬁe&dance ampllfler 62

transi npedance anplifier 6 nst ea

R oy Y R ainE?l et S Bhero R EReE 2GR Praguct o
tégga gﬂg@%686g-rr1g og t"I()JO BI g.T‘g'ff'eézﬂR@P?'BP) %Q&f“d@@?dﬂ%”se in
%ﬁ@%flﬁsﬁhéﬁvﬁiﬁgg & eg@taﬁ eVt BPES desionseugh as those

of Solid-State

t J I
USF?'E?{'J s'( 1883 yé’lm?ﬁ} g qns g’gcléﬁgreng\éc‘ﬁ‘%?%ﬁ% Digitat Keonverter,”
§e ateédt(aerrdja an lP ray. ?éTI?IIEIJfou?r{aIVo\Af gc])hgs\t/ate CIrCqu (1988) This

is because each stage of the converter requires an amplifier with a very high
GBW product to resolve a high number of bits per stage. That is, resolution of
each stage and the overall resolution of the converter is d.ir.ectly proportional to
the GBW product of the amplifier used in each stage.

[0075] Nesting suitable. transimpedance amplifiers and nested
transimpedance amplifiers are shown and described in "Nested Transimpedance
Amplifiers,” U.S. Patent Application Serial No. 10/459,731, filed June 11, 2003,
“Variable Gain Constant Bandwidth Transimpedance Amplifier,” U.S. Patent
Application Serial No. 10/814,534, filed March 31, 2004, and “Transimpedance
Amplifier,” U.S. Patent Application Serial No. 11/037,733, filed January 18, 2005,

which are hereby incorporated by reference in their entirety.
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GBW product to resolve a high nunber of bits per

stage. That is, resolution of each stage and the

overall resolution of the converter is directly
proportional to the GBWproduct of the anplifier used

in each stage. [0075] Nesting suitable transinpedance
anplifiers and nested transinpedance anplifiers are
shown and described in "Nested Transi npedance

Amplifiers,” U S. Patent Application Serial No.

10/ 49907611, Refesingurov 1o, FIG035, anvamplifiee i comprises the
Const ant Bandwi dt h Transi npedance Anplifier," U S.
Pansmpedayge iareplifion Beraral a\deledCdBd dcdsdbded | dmglifdar e, A
31, 2004, and "Transi npedance Anplifier," U S. Patent
tbfEsicopiatdascodgd ambliflen typiddINITas/a Bmited irgsit LBMmD mbEe voltage
2005, which are hereby incorporated by reference in

tange! Simce! £icpmnidh-idaEblolBgkest & NErRPMpe Ntk GmlifieRtan be
anplifier 70 conprises the transinpedance anplifier

PRd8NAEhenBLRE6PRAIR, FRSESGHpeaR IS sﬁpan -5Pis very_suitable for
[Ty Yl%tea

tel escopi c cascoded anplifier typica as a

ibo ; ag@‘\g@fﬁé@%cﬂﬁ’iktc%Q@odé@é‘nﬂﬁi@&%% eAc?di@og{gﬂﬁ,gthqglgscopic

a transi npedance anp I er can
(HSBED G, 2, Bouble ACRTSHTDSIR TGS AR bbhflighf sivou
ARG R selibl Th8rel0fG bW e, L RerigSpiR alretiier 52
BT B MRS AR PO o ses o
S R AN RIS
ST b Eh S 9RehIm el K et e net

&'?%@E%ﬁénc%zar%&%etr E? atngltﬁg ?quéccop?cacsacs%gggd zéulrrrr1r;))|lifiiéri 762r. Jszihg the
nested transimpedance amplifier 62 instead of the transimpedance amplifier 52
further increases a GBW product of the amplifier 80.

[0078] Referring now to FIG. 7., an exemplary electrical schematic of a
differential implementation of the amplifier 70 is shown. Mismatch may exist
among components such as transistors due to various reasons. For example,
impurities in substrates and/or doping materials used in manufacturing the
components can cause mismatch. Additionally, variations in one or more
characteristic of the components due to changes in operating and/or ambient
temperature can cause mismatch. Due to the mismatch, some currents,

although expected to be equal by design, may not in fact be equal. This can
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nested transi npedance anplifier 62 instead of the
transi npedance anplifier 52 further increases a GBW
product of the anplifier 80. [0078] Referring nowto
FIG 7, an exenplary electrical schematic of a
differential inplenentation of the anplifier 70 is
shown. M smatch nmay exi st anpbng conponents such as
transi stors due to various reasons. For exanpl e,
impurities in substrates and/or. doping materials used
adverseln @figst arpertprinaace chamnsiriittis wugh asthee GRW pipdyrt of the
Additionally, variations in one or nore
amhbfieadOer i sti c of the conponents due to changes in
operating and/ or anbient tenperature can cause
m sni@0z8)] DRefdrong hewrtb FriGsch;10s dntbedansimpeajance amplifier 52
al t hough expected to be equal by design, may not in
isfidedl, beanahicomplonenisaare Mftcheld g sel,y= &fF. ePtraaically, however,
performance characteristic such as the GBW product of
mio8Ecorapbhérits &@o A&l maRA7 AheRefoes, Il g, o If & G| GherddorkDV,. #
if the transinpedance anplifier 52 1is ideal, where

VaL lix:C @MBORRNLS udkAoWwR! CHRrliar k2saltsl dbtaid §h 2he other half of the
Practically, however, nost conponents do not natch.

tr}ﬁ@ﬁ%&ggﬁ@e A5 pbnekboand 19 0 0. Therefore, Vx+ #
VGS. X+, andP [

MX2 is unknown. Simlar results obtain

St h . Li
[ 00slRes 0 CTnEnisntcrt b b A RS 6P 2B, & cbfimdremode
- baci ' . .
RRIRE TR PR SBHERRIL otk oot 109 g voed
o Pl g P A8, Canebaiag o b oot 100,
edpack circuit

sfﬁgq cor@pomr@dﬁfeé%gaékaglﬁc%é 1;#28%{{ e@?%«iﬁ |ngegﬁrt rcSrr}éntaatt point
'CS.' CEFémé is’%mf/vgrant Q)?er%lgr?yt elgetﬁ]gglnééﬁégﬁatic for the first common-mode

feedback circuit 100. FIG. 10 shows an exemplary electrical schematic for the

0

second common-mode feedback circuit 102.

[0081] Referring now to FIGs. 11-12, an amplifier 110 is implemented
using complementary input stages. Specifically, an input is coupled tb a gate of
an NMOS input transistor in one stage and to a gate of a PMOS input transistor
in another stage. For example, an input Vi,. is coupled to a gate of an NMOS
input transistor T4 in an upper input stage and to a gate of a PMOS input
transistor T1g2 in @ lower input stage. Similarly, an input Vi, is coupled to another
pair of NMOS and PMOS input transistors T1o4 and T1os respectively in another

half of the amplifier 110.
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feedback circuit 100. FIG 10 shows an exenplary

el ectrical schematic for the second comon-node

feedback circuit 102. [0081] Referring nowto FIGs.

11-12, an anplifier 110 is inplenmented using

conpl enmentary input stages. Specifically, an input is
coupled to a gate of an NMOS input transistor in one
stage and to a gate of a PMOS input transistor in

anot her stage. For exanple, an input V;r,+ is coupled

to a RA&)of NMedeqvpwerngbe inpurtsarsistors Tr@Othen raspective loads
upper input stage and to a gate of a PMOS i nput :
tar@rdiiest!y rconnectedntoatranpivopedamet astplifiers. SFoi krample, d6r in the
input V;"_is coupled to another pair of NMOS and

RIVDET inppti stageanbérsttbe snplit 04, dadolpled to ese gatd ofah¥ NMOS input
another half of the anplifier 110. 20 [0082] Nodes

heinsisert .65 thepiote bearsdrsther AMOB idpl transiSP 9L, 481 the load 1,
| oads are directly connected to transi npedance

adBIrkétlyeESnndtdéd eepLe of faofraﬁé?mﬁaeﬁandéogg{plifié}pu;%.irr{rzﬂa?lg,e in the

where the input V;n+ is coupled to the gate of

RS 08 05 490 POCROGLELNED, 115 TR oo

i nput transistor T100

; > t i t _of. i lifijer. .
G0 Y AR o Bt CE CRSIDARRIP I e
' . ' T10 d.th d 18 i :
P BaEEL 8RS DI ShE i Mo RR RS it obnaing o e
Qpp}if'er. A simlar arrangenent exists in the upper
Phe 1 ower i nput stages corresponding to the V;,

i nput &@% 83] t pu ‘8& t he transi npedance anplifiers

are sH ?as Q&QUE&%%‘ angigiPedRRCE, BRRHTiess &g SBEWN ASCV- and
%ng VL. for the Iow;p stage. The outputs of the

'R MR ERRATHPHHBNY VberdidaY e Hrtae lawerstags. efihe outputs of the
resgective ouhp¥¥ stages oﬁ t he )

transimpedance amplifiers are directly coupled to respective output stages of the
amplifier 110 without using followers. For example, in an upper output stage
comprising transistors T1og and T4, the output V,. is coupled directly to a gate of
the transistor Tqgs.

[0084] Upper and lower output stages are complementary as well. For
example, the upper output stage in one half of the amplifier 110 comprises
PMOS transistors Tios and T11o while a lower output stage in that half of the
amplifier 110 comprises NMOS transistors T1s2 and T114. The upper output stage
comprising PMOS transistors Tis and Tiy9 and the lower output stage
comprising NMOS transistors T112 and T+14 generate an output Vou.. Similarly,
another pair of complementary output stages in another half of the amplifier 110

generates an output Voys.
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amplifier 110 without using followers. For exanple, in

an upper output stage conprising transistors T108 and
T110, the output V, is coupled directly to a gate of

the transistor T108. [0084] Upper and | ower out put

stages are conplenentary as well. For exanple, the

upper output stage in one half of the anplifier 110
conprises PMOS transistors T108 and T110 while a

| ower output stage in that half of the anplifier 110
conpr {098s Nwtﬁssmg*&hs%"@?'aﬁ sompppegisdoiTthedinpuh stagsgemnay occur.
out put stage conprising PMOS transistors T108 and

fran exafnele; Rdransigder iB @ hemsigpggencecamplifiariingheivpser input stage
transi stors T112 and T114 generate an output V,,(-.
Siayirncamatch adreosistar ipaitransimpedance mepifieryindbe aver input stage.
stages in another half of the anplifier 110 generates

an oulo986] VoResidualLniisio@tbh bHédtesan diasaoomngnteosipwasdistérs of an
of the input stages may occur. For exanple, a

upersospor stage ant riaas curpertta it @rarBRtdré ickla loet botpiRRRIge may
i nput stage may not match a transistor in a

beaursivierImerargirsfin @e UPpéMSUthOVRBEgé BRI LofpRBSentary to the
[ 0086] Residual m smatch between bias currents of

{raAdIStoPs %@fov@é?_odlﬂﬂeétagé.t PESr StAfe 239 eBiddS1 mismatch may
currents of transistors of a |ower output stage nay

OFiSUb e twiBR bfad aﬁretni@esﬁﬁb@" ﬁamstmengplgﬁa ;rg@to{?g%m%g&p%? Sutput

are conplementary to the transistor

gt%%;guéncptb%ecurgé}{ts %Wb@’ trgngigték&ﬁ{zrmds ﬁg#glﬁgtgaﬁalgge bias

Xrst between bias currents o ansi

. . bi ,
B0tk o s SiBE -Plc A9G 08 P Bg R o
o e e, "B S0 e SeRE  puiarteRandY agrersab aistithe opiputs
q/ég.arilawg residual m smatch nay adversely affect the
ott’put’s

out-+

[0087] The effect of mismatch among the components of the input
stages can be compensated using a common-mode feedback. Specifically, the
first common-mode feedback 100 circuit is used to injecf current at points A and
B in the upper input stage and at points X and Y in the lower input stage.
Alternatively, the second common-mode feedback circuit 102 can be used to .
inject current at point C in the upper input stage and at point Z in the.lower input
stage.

[0088]  Additionally, a third common-mode feedback circuit 104 may be
used to monitor the common-mode output voltages Voue and Vou.. However,
since an output of a transimpedance amplifier is a very low-impedance node, an

output common-mode feedback should not be applied at the node.
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Vout + and Vout-. [0087] The effect of m smatch anong

t he conponents of the input stages can be conpensated
usi ng a comon- node feedback. Specifically, the first
common- node feedback 100 circuit is used to inject

current at -points A and B in the upper input stage

and at points X and Y in the |ower input stage.

Al ternatively, the second conmon-node feedback circuit
1.02 can be used to inject current at point Cin the
uppefo0ssput Teeegfereanbe dirstpadminon-rmadé Heedmawir citcajiut00 or the
stage. [0088] Additionally, a third conmmon-node

stestbackntorn-mode fe@dbaeky cheuit u9edcéw bensédnotiRect current at
common- node out put vol tages Vou; + and Vou, .. However,

r&dpeefvapofitd PUEIREr the lUpPRS RISl Ao Mbl'ef‘de‘?ﬁaryfinéht stage of
very | ow i npedance node, an output connon- node

tﬁfgﬂlaﬁ‘ﬁé‘r Sitoukdr 8impe, %mr’sﬁ&rﬁﬁwohgﬁ ﬁeeedbg@k [;9&5319‘100 can

Therefore, the first commobn-node ircult

g u%&f to |ﬁ{ée{“%uﬁ@m5‘ soste Aessbas koP'm& beetco%é?zc&mﬁn.ﬁmde

ct current at resp ctlve nts rn ert

I t. .
f%%%a??%‘%y?ﬁotﬂ%dm B eg 30y s&eag Pt ;bo%%(:@ A% Shper input
dback 0] d,t t t
s te o BIC T y E@‘EQS%%%‘ ST wabdhe FAE e stage
a5 EHETAner et SR §?'ﬂs°qé§fc§@f'c% g zad SaBinglians of the
comanase. g 'a%b%i‘r'cé{%gén s oPnasdlal o Rose daseribed
conbi nati ons of the common-node feedback circuits can

abevesed in addition to those described above.

[0090] The third common-mode feedback circuit 104 is used to
generate current by sensing common-mode output voltages Vous and Voyu.. This
current is used control a common-mode current of the lower input stage so that
the NMOS output stage bias current of the lower stage equals the PMOS output
current bias current of the upper stage.

[0091] In FIG. 12, the third common-mode feedback circuit 104
comprises an OTA 112 that compares a sum of Vg, and Vo to a target
common-mode output voltage level and generates a feedback current 114. The
feedback current 114 is injected either at points X and Y, or at point Z as shown
in FIG. 11. This feedback current 114 equalizes the bias currents of the upper
PMOS and the lower NMOS output stages. Thus, the residual mismatch
between the PMOS output stage bias current and the NMOS output stage bias

current is compensated by the feedback current 114.



[0090] The third common-node feedback circuit 104 is

used to generate current by sensing conmon- node

out put voltages VO,,t+ and V0"t . This «current is

used control a common-node current of the | ower i nput
stage so that the NMOS output stage bias current of

the | ower stage equals the PMOS output current bias
current of the upper stage. [0091] In FIG 12, the

third conmmon-node feedback circuit 104 conprises an

OTA 1a®2]hat Thisngdes® assumrdyf tWoucommandndte' féediaak acircuits
target comon-node out put voltage | evel and generates

iastta¢ A algdeec uBpedificdlil/4 theTfiret chamibraelodeuieedbickldifkuits100 and
injected either at points X and Y, or at point Z as

thBAMFd chbmmidriemobik. fedbibackl dirditarda s o&dd. ok 1de S88GHd &% mon-

the bias currents of the upper PMOS and the | ower

MbESQidRkk cFEa®as? ahdufe tﬁlF@cb%cﬁNﬁbdg‘@é@J&h cwcunt 104 are

bet ween the PMOS out put stage bias current and
NMgS out put stage bias current is conpensated by the
'feedback current 114. 23 [0092] This schenme uses only

h
Speci D1 | ”Pgﬁﬁ%@?éﬁi‘?ﬁ%ﬁh%%%bﬁin 0-RLE Hefback b 100 i
100, and. hj K
ik @Q'QEC b LS R B Bne i Hi G P fqoaback
dga” %Béf&aﬁa{»d@%g réen’l%a:p%'ﬁ%"?am Agingtvely e fist
feedback cuj.t |1;1 g sed t ect current at
TOE Rodaoask FTEHE 100 4oeR Eriarb g pgits A and B,
circuit 104 is used to inject current at ints X and )
gnd ihetBird gPMyRPY Madedepdhack circyintBA isperd &’e‘@@ﬁh%%'em at point

circuit 100 is used to inject current at points A and
8, Another implementation may bé to use the second common-mode feedback

circuit 102 to inject current at point C and to use the third common-mode
feedback circuit 104 to inject current at points X and Y. Yet another alternative
may be to use the second common-mode feedback circuit 102 to inject current at
point C and to use the third common-mode feedback circuit 104 to inject current
at point Z.

[0094] Only one pair of transimpedance output voltages such as V.
and V,. is directly monitored by using the input co'mmoném'odelfeedback circuit
100 or 102. The other pair of transimpedance output voltages such as Vy . and
Vx . may be indirectly monitored by sensing the voltages Vou. and Vou. using the
third common-mode feedback circuit 104.

[0095] Referring now to FIGs. 13-15, an amplifier 150 comprises the

transimpedance amplifier 52 and a push-pull amplifier 152. In FIG. 14, an
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and the third conmmon-node feedback circuit 104 is used

to inject current at point Z. Another inplenentation

may be to use the second conmon-node feedback circuit
102 to inject current at point C and to use the third
common- node feedback circuit 104 to inject current at
points X and Y. Yet another alternative may be to use
the second common-node feedback circuit 102 to |nject
current at point C and to use the third comobn-no

ampbifigh RO &Oﬂaﬂjlsﬁsibﬂ nestedniyangimpgdangg amplifigghheng, e push-
[0094] Only one ?alr of transi npedance output vol tages
PslUcﬁ"@bﬂQD(ﬂ 52andThe& _Push-pily ereplfierph$2 opergasgs ueffipigncy and
the i nput common- node feedback circuit 100 or 102.
dehreasehepoyar rcasfsumplingidigspdding e ob uthputampdifiersget$0s @ol  160.
as VXL+ and VXL. may be indirectly nonitored by

Ceznesdseg pbowev abhagreptiorfddissipatinh atredsesutianmat lseabilithiof dother
conmon- node feedback circuit 104. [0095] Referring now
cirbuitd insan ihledratedagircanplGdnisequdrily, ciedr derestytima given area of a
transi npedance anplifier 52 and a push-pull anplifier

shiedn waleFtsn bédncradised4inagl. ikl ah ek@%p%ﬁ@léc‘@l%ltsaﬁmatlc of

nested transi npedance anpllfler 62 and push-

aaaméaefnhsr.nﬂp'i&nemaﬁo@afsmewsh RN dIieF 139 % dHypases

fici ency and decreases power

consw@edgon/ﬁé AR Ts Pl 1 £ Bidlined b borfeii4anc) 250

160 rease wer consunptl oh/ di sSi

cﬂgeg?%e t&%HPé ?tgbg Heréé‘f 091 oqtthggm ?ﬁ%r%tg §v.ni if F?ﬁs 3-15.

ated circui ntIy

et '@@rﬁiﬁn"’%s&@%fé'rb'%"”'&mFeragﬁ’:%‘é‘%f LSS ot 2520
(sel e, %bﬁ”é%%’a%% RaCDRe P 267 Bcygéy R sameie-and-

H%I&)el quu?g 2'%/4Qhapggr% es a%)jszanoanalog output signal from a prior

stage, a low resolution A/D subconyerter module 256 that converts a held analog
signal, a low resolution D/A subconverter module 258 that converts a resulting
digital output back into an analog representation, a difference module 260, and
an analog interstage difference amplifier module 262 that amplifies a residue.
The residue is a difference between the held analog signal and a reconstructed
analog signal.

[0097] The first stage 252-1 of the pipelined ADC 250 operates on a
most current analog input sample while the second stage 252-2 operates on an
amplified residue of a previous input sample. -Generally, linearity and resolution

of the ADC 250 are limited by factors such as gain error of the interstage
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includes in one or nore stages thereof one of the
anplifiers shown in FIGs. 3-15. The ADC 250 i ncl udes

a plurality of cascaded stages 252-1, 252-2, 252-3
(collectively 252). Each of the coarse ADC stages 252

i ncl udes a sanpl e-and- hol d nodul e 254 that sanples

and hol ds an anal og out put signal froma prior stage,

a low resolution A/ID subconvert er nodul e 256 t hat
converts a held anal og nal, a lowresolution DA
asnuilifien?@2.t Ber exarple, lesﬂew gec@in @rmos causessmissingcodes when
digital output back into an anal og representation, a

tioe fritenstageegammubw. 260, and an anal og i nt er st age
difference anplifier nodule 262 that anplifies a

resi ¢oees] Thwheeshe ummberaofdbitd essoihvee Inebuete stddeeishisigh, the
anal og signal and a reconstructed analog signal.

reQGRA infdistabiergdin &t A18€ htfie- Thod, dnhépdmp lithng BighREBAbProduct

operates on a nost current anal og i nput sanple while

c,tahelnéf‘e(é@.@Cihétlﬁ‘@e%n@Qn@ tﬁ@@é%l@ﬁorpﬁf e A@‘G"ZS“O' efhe amplifiers
resi due of a previous input sanple. -Generally,

s{g\'oufflaiﬁ'FtI@saﬁdl 5" &eQ)edy 50fabl@fort @s% Nne2aPnfiké std g@kfo?%e ADC

actors such as gain error of the interstag

’%'Mécfahgé t@éBVfg Cj)d?.?é Wﬁﬂh@se %thhﬂér%rlsﬂ/ emgﬁ" n error

causes m ssin ntersta ainis | ow

R e T

req |n erstage gainis
roduct ién i ncr

e AR éTBﬁ&’?%eé“ PEBHOT AP SGWE | Beliing Bgwigic. 174,
‘EE&'???’EHB’%‘?O%Q% b implaneted jn Spie ef%@%@&?\ﬁisowr&ers n

anplifiers is very hig

d f th
acf ?i?shgdcrtwsaﬂi ﬁ%@melwqm@ taligps. dig %&r&m é?e;ﬁsmg and/or

control circuit 402 and/or other circuits (not shown) in the HDD 400 may process
data, perform coding and/or encryption, perform calculations, and/or format data
that is output to and/or received from a magnetic siorage medium 406.

[00100] The HDD 400 may 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.

[00101] Referring now to FIG. 17B, the present invention can be

implemented in amplifiers, D/A or A/D converters in a digital versatile disc (DVD)
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i npl enent ati ons of the present invention are shown.
Referring nowto FIG 17A, the present invention can

be inplemented in anplifiers, DDA or A/D converters in

a hard disk drive 400. In sone inplenentations, the

signal processing and/or control circuit 402 and/or

other circuits (not shown) 'in the HDD 400 nmay process
data, perform codi ng and/ or encryption, perform

cal cul ations, and/or format data that is output to

ding 670. Erecpigeal PiosASENGnagEier iconYobeirey 4Riangiosmgher circuits
[ 00100] The HDD 400 may communi cate with a host device
(rebshewim\in the BYEN4 HE may popgrasatata, mssiorm codinguandigr encryption,
devi ces such as personal digital assistants, cellular
pértores calnddiienspaniiRs fpireatetata dinat it head ifloen aadidf @iata written to
other devices via one or nore wired or wirel ess

S oplicH! cltragn medikes 4468.In SbmeHRRlerAOMatiBys, Rige RIMAREI0REsSINgG
to nenory 409 such as random access nmenory (RAM, | ow

red/6N eyntrs oLt i R earitidrodtie s biedLiRS(nbt asdWNERDING, DYB24M0 can
only nmenory (ROM and/or other suitable electronic

185 Hebbhh 3bker anQQib@\%]SUBﬁfagrédcaﬁln@%d/& cFéc@dlrﬁgﬁnd/&hgny other

present invention can be inplenented in anplifiers,
Qgﬁal%oééslar@qw&far%ra%sbaa@d%m hdvyghwatile disc
26 drive 410 he signal processing and/or

cont rl@bﬁ%r Fe)é oNB #Re/ £10 %zﬂﬁ(:or‘h'rr\' TIPS wngﬁ% &ngaevice

inth may process dat’a, per orm codi ng an

W?%M%h)oghch ‘%ré EBFnﬁg t%%a% drPQ.S?tpé‘Péi’%\ﬁée gr&’%t 15% wired

om a an opti 'a

31 1 0E5 AU 10 355 BLETRY By b gin mase
AT oS AN, D55 7% Ross
SREQY 193 FNEY oG SO sk ! (RSB e THe"AD REd) REVe the
configuration shown in FIG. 17A. The HDD may be a mini HDD that includes
one or more platters having a diameter that is smaller than approximately 1.-8"._
The DVD 410 may be connected to memory 419 such as RAM, ROM, low
latency nonvolatile memory. such as flash memory and/or other suitable
electronic data storage. |

[00103] Referring now to FIG. 17C, the present invention can be
implemented in amplifiers, D/A or A/D converters in 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 processing circuit and/or control circuit 422 and/or other

circuits (not shown) of the HDTV 420 may process data, perform coding and/or
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[00102] The DVD drive 410 nmay comruni cate with an

out put device (not shown) such as a conputer,

tel evision or other device via one or nore wired or
wi rel ess comruni cation links 412.. The DVD 410 may
communi cate with mass data storage 418 that stores
data in a nonvolatile nmanner. The nass data storage
418 may include a hard disk drive (HDD). The HDD may
have the configuration shown in FIG 17A. The HDD may

bacraptivmiperbmt baitulatios) desnatoddia Gindi®r Berfdrt BAY Sother type of
having a dianeter that is smaller than approxi mately

HOF'V. protessihlyhat bthyty rdpire@nnect ed to nmenory 419 such
as RAM ROM |ow |atency nonvol atile nmenory such as

f 1 ashyoog08] Yy TREHDOTV afbema$ Wo |
el (04 (m{)OlOS] T 22 na?noﬁ%ﬁcatgﬁ%@)%%%a@ts%rage 427

tH%'i @ﬁ)‘?é‘é dhfaVed hehvdkalle %nnb%h%?bﬁﬂ?él%nﬁmlHw\%%’.;r%t% storage

or A/D converters in a hig Ion ele sion

ﬁé’@g \Q AtzlgastT&?e EBBVm‘al%Q\ ess&?ﬁf rg'dP-IE\én [ g"t@n@ :Fgge ﬁA and/or

Inether awr
I 426.
PR e B e e i BB @uﬂp 448/ gthe HDD may
ontrol t, 422 and/ or other cjrcuj not . shown)
i %Han*HERﬁib apaRF ooabesgr s, PIgEFRobaRdd Higmeter that is
d 27 | cul at f t
SRRLETANAR GPRBOTTOIEN A LMol IpAZ0MmaY Breopesiea s mpmory

t at may be required [00104] The HDTV 420 may

demufh eargabh [0 Melol lalensy sopralgieanamonnatchenflesh memory

data in a nonvolatile manner such as optical and/or
REgRePIner fudpbigeledmic eata serageasthe MO TNDRROrajsoharag support

the configuration shown in FIG 17A and/or at | east

eerRneDtONSrMthea\d-AMhea @dNLAQluneindwntmfam 428. FI G 17B.

The HDD i/ ]
[00105] Referring now to FIG. 17D, the present invention may

implement and/or be implemented in amplifiers, D/A or A/D converters in a
control system of a vehicle 430, a WLAN interface, mass data storage of the
vehicle control system and/or a power supply 433. In some implementations, the
present invention imp|emént a powertrain control system 432 that receives inputs
from one or more sensors such as temperature sensors, pressure sensors,
rotational sensors, airflow sensors and/or any other suitable sensors and/or that
generates one or more output control signals such as engine operating
parameters, transmission operating parameters, and/or other control signals.
[00106] 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
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be a mni HDD that includes one or nore platters
having a dianeter that is smaller than approxi mately
1.8". The HDTV 420 may be connected to nmenory 428
such as RAM ROM I|ow | atency nonvol atil e nmenory such
as flash nenory and/or other suitable electronic data
storage. The HDTV 420 al so may support connections
with a WLAN via a WLAN network interface 429. [00105]
Referring nowto FIG 17D, the present invention my

JuiRhteid e sl Ofn esmbrrﬁ{peréfﬁeﬁ@qow tﬁém!o'nfrb%)ss rﬁ/ﬁmﬁnay be

A/ D converters in a control systemof a vehicl

paan%ﬁl% n Qrtntﬁrocﬂcﬁraélﬁgfs@g@%g%eﬁﬁstsgr aagﬁy Q%%J}P %A’@FH CJ ?elematlcs

control system an upp sore

Sﬁ{%ﬁ%‘f %rﬁéle‘?& m i@?s Eﬁ'\sggé é[;ﬁégfmdrg%y%tgg zﬂ{agﬂve cruise

n-con rece

fr e, se erature se S,

el syeBend SF‘EF'G g sﬁsmﬁ{ﬁlsvgéﬁgsv a2 TFISR, Dk SPEPact

and/ or an r Ssui.ta sepsors and/ or t hat

cb%‘h@'l“%fr&ﬁi@ othgrlg\png%nl}@ %’Eﬁ]?rrecﬂc’”s‘?r@‘ﬂ@‘*sd such as

engi ne operating paraneters, transnission operating

par ar{BPb&] %P%WGW?HE?O'EMFYSF”E‘?%@PS CO['UM'UG?‘G‘FH‘@ mass

&jesent invention may al so_be inplenmented in other
atsteragesd4 dhal gaEsoflaiehin weppryctatiggnamgs. cdhermpss data

system 440 may |i kewi se receive signals frominput

Herager 446 amyamgiuge enlicpliendiontrmagnedic griaaget devines or example

nore 28 Qutput devices 444. |In sone inplenentations,

hdrd diskt doves ydDBmandOrnyDse phritasif oae HBD -m@y:khave the

braki ng system (ABS), a navigation system a

¢arifigordtioas sheystianfi@ ¢@Ai ehd/or edtemst ames PMEmag have the

| ane departure system an adaptive cruise control

Soffiigaration sHRINCINEF 31t E18. aiThgeHDDSatl 58 5 URini #DM that includes

stereo, DVD, conpact disc and thelike. Still other
biep be mdTE allattos havigcodisengikatied.is smaller than approximately 1.8”.
The powertrain control system 432 may be connected to memory 447 such as
RAM, ROM, low latency nonvolatile memory such as flash memory and/or other
suitable electronic data storage. The powertrain control system 432 also may
support connections with a WLAN via a WLAN network interface 448. The
control system 440 may also include mass data storage, memory and/or a WLAN
interface (all not shown).

[00108] Referring now to FIG. 1.7E, the present invention can be
implemented in amplifiers, D/A or A/D converters in 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,

29



[00107] The powertrain control system 432 nmay

communi cate with mass data storage 446 that stores

data in a nonvolatile manner. The nass data storage

446 may include optical and/or magnetic storage

devices for exanple hard disk drives HDD and/or DVDs.

At | east one HDD nay have the configuration shown in

FIG 17A and/or at |east one DVD may have the
configuration shown in FIG 17B. The HDD rmay be a m ni
RaipingrgviGen vpigaastuation as1d/orstaeripayt %&vg,cqqavh%glgaa' processing
di anmeter that is smaller than apprOX| mately 1.8". The
ansliesraandiioh Cieaitsr4s12 aydeeathgszirewils (Dot shewrkindbe tcgliular phone
menory 447 such as RAM ROM |ow | atency nonvol atile
46fhmay yocessadath| pstome eodingaartl/or endrigtion, seirfoal elculations,
el ectronic data storage. The powertrain control system
fdsRatad 8@ andipr pedpmo other asihdat ploorse funttiors. WLAN via a

WLAN network interface 448. The control system 440

may gbeeegd)ncthgleeliaias ghine 4501 ma?, corbrincatn ddiet rAass data
WLAN interface (all not shown) 00108] Referring now

4t@ra6leG16ﬂEat HBRPHEREM al AYRBLALRD rﬁ@rnwebesuchrr@é Qjmeéleﬁlnd/or
|n anp | iers, DDA or AID converters in a cellular

%%attjewé'@’ fdr NSdaktife ‘%aﬁfﬁlsw @Hve@r\llﬁﬁnémﬂéll DVIDR. At
| rrp erent

at1 ons, the cel lul ar phone 450 includes

I@agf' eoIQBSDQf\ )? ﬁgau Qré?BB%HEwﬁﬁﬁ F?G'Cfbﬁ?gzglgr at least one

speaker a 1o ou put jack, a displa

!ggls/nrg%%gﬁdla qgé‘%oﬂ@%drﬁﬁorﬂ@ﬁoﬁH?#Fﬁs ?7§e)‘lﬁ'féhHDDzﬁ'|aytbe a mini

I cCe actuati on and

48 i\%a/%cﬂt? 3 or PR TR BN o O dhatch seF e
h d f d

EARPImAISN,Bor OB -UFC AT arF SRC. Moy BF Farmacied a qaypry 460

gecrhf 85 K/IheF{Olelell&HlIg{enep%%vglléﬂ%t b I?r‘iz’ory such as flash memory

and/or other suitable electronic data storage. The cellular phone 450 also may
support connections with a WLAN via a WLAN network inte.rface 468.

[00110] Referring now to FIG. 17F, the present invention can be
implemented in amplifiers, D/A or AID converters in 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 display
488 such as a television and/or monitor and/or other video and/or audio output
devices. The signal processing and/or control circuits 484 and/or other circuits
(not shown) of the set top box 480 may process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other set top

box function.
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[00109] The cellul ar phone 450 nmay communi cate with

mass data storage 464 that stores data in a

nonvol ati | e manner such as optical and/or rmagnetic
storage devices for exanple hard disk drives HDD

and/ or DVDs. At |east one HDD may have the

configuration showmn in FIG 17A and/or at |east one

DVD nay have the configuration showmn in FIG 17B. The

HDD nay be a mini HDD that includes one or nore

pl at t ¢8&1HdviTie setdopbexet8O may dosnrsumitterwitthéiass data storage
approximately 1.8". The cellul ar phone 450 nay be

#9inibet stresdataniory ndbblatie chamrser RAMe AL daavstdrb @290 may
nonvol atil e nmenory such as flash nenory and/or other
dnitudd loptiedlesrid/onntaghatia stéraga afevicBieids elam e HE@ sk drives
450 al so may support connections with a WLAN via a

\NPBD! SHRIMDNDE Nae Idz2€ 8nd 6D [RA1ANe tﬁ%fc%rﬁn%fl&naﬂ\% ®n in FIG.
be | enented I n

FIG 17F, the present invention can

ng:l. bhd/BF Bt 1E4R e BVB RRYVISEELTR i:&iuf #afﬂsong %’fgomvprg)fn FIG. 17B.

The set top box 480°receives s

SEHY F@[?Vﬁ%}a%% Qhrm qg§§U$a%9H6|88eé%ﬂFV$}dt ourtgisrdﬁ%ﬁarg having a

standard a r hig inirtion audio

. : , Levi oi
Yok st shalbERlMapdBA-SHED P8 2 BE' S8 P mov be
FRInEREs of Mo R4 B0rEE RAM, RERL oy S8R nER ottt ghemory
b 48 dat a, rf di | d/
SR FeBR mBEBRCE T AEp B SVaE Sleehpnamn cloragry Bhe set top
i’ QB8 ik SOk eip ARG AU (i o8 WLIANSctish SdHIZAN network

| ad networ

%éﬁ;gég 490 that stores data in aenonvol atil e manner.

9%ata stor age 490 may include optical and/or

magnet j c orage devices for _exanple hard 'disk drives
g t1810115‘1.;] F?eqernng now to FIG. 1?’3, the present invention can be

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

calculations, format data and/or perform any other media player function.
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HDD and/ or DVDs. At | east one HDD may have the
configuration shown in FIG 17A and/or at |east one
DVD nay have the configuration shown in FIG 17B. The
HDD nay be a mini HDD that includes one or nore
platters having a dianeter that is smaller than
approximately 1.8". . The set top box 480 may be
connected to nmenory 494 such as RAM ROM | ow | atency

nonvo h as ash nmenory and/ or_ot her
sui t aft?%é éf ﬁ?o e@'ad Aye&t ébég’é‘.ayTﬁ%m G Witlhxmasp data
%Iso n€¥ aﬁﬁport onnec ions with a WLAN via a WLAN

0 Il etares Batagech psppmArerea ey din gnilonvidgomogtent in a
17G the present invention can be inplenented in
%\Wq'qtﬂ%r@anwm dp 20me ciFplemestadions, thensdimpresdsegenudio files
500. In sonme inplenentations, the nmedia player 500
ingldgdides hati afsl egmBIENt avidty MPZafarset of mpher sB@Sles vaipressed
as a keypad, touchpad and the like. In sone
augio @nsiaratitem formate Thednasptialpestor@e may iregdeoyptical and/or
graphi cal user interface (GQUI) that typically enploys
meagustic dtorpgel devicae fersexanulashaad disk davezoHDD- andloe ID\aKs. At
interface via the display 507 and/or user input 508.
[€het oredl HOphrmydravs @t tarifiguestidnnsHovdein FAG. 124 3inG/d 4t RiHst one
509 such as a speaker and/or audi o output jack. The
BVgnalay Hvecthesionggamtonshemntin ®IGCHTBUI Tk POH ?dbg/ 8¢ a mini
other circuits (not shown) of the nedia player 5

B H=?GRa8d6abAe dPahdel praed b d/ RAmeRs Rt isChaller than
perform cal cul ations, format data and/or perform any

Mpreki 50'8&1 Bt ayere HH(‘M P%ﬂ}er 360 XL H g]coﬁhgctggqbamelg\faf 514

player may communi cate w th nass data Stora

L 3R RO\ B4l TR 106 o
AREOE BRYr AitaBR: elbOiforf@ BRCSBRLAUFHE thédif Siayer 500 also may
support connections with a WLAN via a WLAN network interface 516. Still other
implementations in addition to those described above are contemplated.

[00114] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be implemented
in a variety of forms. Therefore, while this invention has been described in
connection with particular examples thereof, the true scope of the invention
should not be so limited since other modifications will become apparent to the

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

following claims.
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include files that are conpliant with MP3 format or

ot her suitable conpressed audio and/or video fornats.
The mass data storage may include optical and/or
magneti ¢ storage devices for exanple hard disk drives
HDD and/ or DVDs. At |east one HDD may have the
configuration shown in FIG 17A and/or at |east one
DVD nay have the configuration showmn in FIG 17B. The
HDD may be a mini  HDD that iGleADM®s one or nore
platters having a dianeter that is smaller than

appr oxi n¥balligclpiged isThe nmedi a pl ayer 500 may be
connected to nmenory 514 such as RAM ROM |ow | at ency
nonlhol atAd empkfi@rcyrcsitlebmpsisinkash menory and/ or ot her
suitable electronic data storage. The nedi a pl ayer 500

al so My, fistpaLIstor GANAL & lcbARS tivhdifhl ThaV\tAbives & figst Whpier input, a
network interface 516. Still other inpleéenentations in

ﬁmﬁggﬁﬁﬁpgm;Qﬁkgg§%ng§§pr|bed above are contenpl at ed.
00114] Those skilled’in the art can now appreci ate

fron1th t.
t eachi ngs %?ﬁ‘%%g&%f gg'gﬁl‘fie{l' ﬁ%/\)é ﬁ@%t gfrllﬁbeg.?xﬁ%fcates with dsald first

_temﬁmal Qg\égld gt){ranm to& nﬁangh%rH{ef Ocqe while this invention

8&h ‘descriBed h aéffon with particul ar
exanpl es t her eof true s of the jnvent .
Shout d B 8ol ik e PEgr ol i B RO FFL B GRg output of said
m4|| becone %Eparent to the skilled practitioner upon

trangimpedeRre 3mpli ' the specification and the
follow ng cl ai ns. 32 CLAINB What is clained is: 1. An
anplifier circuit, conprising: a first transistor

having a control terminal that receives a first
anmpd-i fi erhejammlifier gircuit of claim 1 further comprising a first load that communicates

with said first terminal of said first transistor.

3. The amplifier circuit of claim 1 further comprising a current source that

communicates with said second terminal of said first transistor.

4. The amplifier circuit of claim 1 wherein said transimpedance amplifier comprises

a nested transimpedance amplifier.

5. The amplifier circuit of claim 1 wherein said output amplifier comprises an

operational amplifier.

6. The amplifier circuit of claim 1 wherein said output amplifier comprises a

telescopic cascoded amplifier.
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first termnal, and a second termnal; a

transi npedance anplifier having an input that

conmuni cates with said first termnal of said first

transi stor, and an output; and an output anplifier

havi ng an i nput that communicates wth said output of

saizd  trag §hﬂﬁﬁ%&%xt%ﬂialrﬁ 6 & hefdIfl s AN teMEOBIE casdodelNnplifier

anplifier circuit of claiml further conprising a
com%1§§t | oad that communicates wth said first termna

said first tranS|stor 3. The anplifier circuit of

claim1 fur 'ﬁl{]?r Salaé ﬁlgre]agcgﬁggltjtgn%%l tﬁﬁ%%)&?m}ngp%%es w1%h said output

communi catmeD erm na

ssto uit of claim
of sf Ep R R Elang? %wgﬂﬁ?rnﬁnﬁa%ﬁegamgﬁapﬁ P.S%%Dnea%waées a
nested transi npedance anplifier . .
i rcui t BBPUBHLRSE e B g ffgg.tamaa%lﬁleﬁt Cawgﬂnfcrl@ﬁ with said second
conprises an operatlonal anplifier. 6. The anplifier
termangl ©f paid HTPUE ransiatar, dReHE fermaial ape e gerond dgminal éhat communicates
conprises a telescopic cascoded anplifier. 33 7. The
Wﬁhﬂég)m?@ﬂf@md®unmt®ﬂpbﬁqlﬁﬂ6 wherein said tel escopic
cascoded anplifier conprises: an input transistor
havi ng anootput alrranésovireeathattdoatmwdeamasnvithatagsseapnctesmindl of said
out put of said transi npedance anplifier, a first
outpuetrihsivddr, and a second termnal; an output transistor
having a first termnal that comunicates with said
second termnal of said input transistor, a contro
termnal, and a second term nal that conmunicates

W tgh sairhe QHpBEEr Qfcuft@irdiafht Ritler@ABAill bLhi arBftkier comprises a push-

pull amplifier.

9. The amplifier circuit of claim 1 further comprising:

a second transistor having a control terminal that receives a second amplifier
input, a first terminal, and a second terminal that communicates with said second terminal of said
first transistor;

a differential transimpedance amplifier having a first input that communicates
with said first terminal of said first transistor, a second input that communicates with said first
terminal of said second transistor, a first output, and a second output; and

a differential output amplifier having a first input that communicates with said

first output of said differential transimpedance amplifier, a second input that communicates with
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an out put current source that comrunicates with said
second termnal of said output transistor. 8. The
anplifier circuit of claiml wherein said output
anplifier conprises a push- pull anplifier. 9. The

i SR RS Bl R, B2 e

receives a second anplifier input, a first termnal,
outpUng a second termnal that communicates with said
second termnal of said first transistor; a
differential transi npedance anplifier having a first
infut t hat conmunicates wth said first termnal_ of
sal® fiFheramnlidiss Fisquitrof clpimetipwdien qoptprisinga second load that
conmuni cates with said first termnal of said second
comrhnEeal¢svith said fifst tsmiradiphsaid segand Gansistond out put; and a
differential output anplifier having a first input
that comuni cates with said first output of said
differential transinpedance anplifier, a second input
t hptt. comadm sl Hiee SiroMit ¢T claddh Bahetemaaidndifferhipdl trandimpadahce
differential transinpedance anplifier, a first output,
amplEnd c8mpAERAhested HiTRkentihPtranbliepcddidel dniificei r cui t  of
claim?9 further conprising a second | oad that
communi cates with said first termnal of said second
transistor. It. The anplifier circuit of claim?9
wher oi . . ol t : LY .
corbri snPibiler LEREH Ut Mol d ARREARERANAEcnBTRL oM Bhplifcr
amplifier. 12. The | ihifder circuit of claim9
Com%fr%g?%fiﬁﬁeg,%ﬁuag%qef%é)f@n ipa{ deé’ut put amplifier conprises
a differential operational amplifier. 13. The
anplifier circuit of claim9 wherein said differentia
ou{Put %ﬁplifier

¢ amplifier circuit of claim 9 wherein said differential output amplifier

comprises a-differential telescopic cascoded amplifier.

14.  The amplifier circuit of claim 9 wherein said differential output amplifier

comprises a differential push-pull amplifier.

15. An analog-to-digital converter (ADC) comprising N cascaded ADC stages, where
N is a integer, wherein at least one of said cascaded ADC stages comprises said amplifier circuit

of claim 1.

16. A pipelined analog to digital converter, comprising:

35



conprises a-differential tel escopic cascoded

anplifier. 14. The anplifier circuit of claim9

wherein said differential output anplifier conprises

a differential push-pull amplifier. 15. An

anal og- d ﬁl;&g%@%:{ﬁlit O, %ra%?ﬁpL&IA%gggc&gF%én%}a?e% V?#'lrst sampled digital

cascaded ere

value c) %IStf%xrsg rres@lu? \écgll C%\?(%%qgg%@%c ?géat prs lﬁgﬁ'ﬂr éts eglsald first
: ital convert first stage
rwdt*ﬁa%ta%s@a? i § Bh et RERILu % Holtbiydnd ates a first
sanpl ed dlﬂ%i alue and a first residue voltage
and t hat 5§ -‘i}%eest &l TEeeies saiddirrtramplified a%SIdaWOitﬁseeéhat generates a
said first residue voltage and generates a first
secopchismpledediciial yrlagand aiseangd residug valtagss ondithst ingludesvagecond amplifier
receives said first anplified residue voltage, that
that gyepldreatsad second ecsohd voltagd;ed digi tal val ue and a second
resi due vol tage, and that includes a second amplifier
t hat anphdréinesleastiote 9€cnd dirgt @miptifier andlsti@igecondrueipifier admprises
| east one of said first anplifier and said second
said afplifidric@tuicoNDlaises said anplifier circuit of Aaim
1. 36

36



