HIGH-BANDWIDTH HIGH-GAIN AMPLIFIER CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] This application claims the benefit of
U.S. Provisional Application No. 60/732,497, filed on November 2, 2005.
The disclosure of the above application is incorporated herein by
reference in its entirety. FIELD OF THE INVENTION [0002] The present
invention relates to amplifiers, and more particularly to multi-stage
amplifiers. BACKGROUND OF THE INVENTION [0003] One method for

increasing bandwigth phamereiationaiamolifiar, (ep@nR)jisdo use a

low-gain, high-bandwidth amplifier as an input amplifier preceding a

regular opamp, which forms a composite opamp. For example, one

suitable composite opamp is described in "A Pipelined 13-bit, 250-ks/s,

5-V Analog-©ROi§ikaRESRRENCESEDR Sutardja arePad G@ysIEEE
Journal of Solid-State Circuits (1988), which is hereby incorporated by
referefiz@0ih]its €htiretypialmw-galaimputtamplifesredit thefcothBositerovisional
opamp may be implemented using a gm*R or gm/ g,,, configuration. That
AsHliratispuiNemBifes 2t dlrshisoNovambesistotiiba |3hae. dihigdsipet of the
~ amplifier, however, has a limited gain bandwidth product. 1 [0004]
FREMS AP IR0 EilSsCPARISS BUSRYSTRIUBaRTIA S RIIGRY.- a

transistor 14 having a gate coupled to an input voltage V;, One terminal of

the transistor 14 is coupled to a current source 18. A second terminal of

the transistor 14 is couplgfkﬁf\é‘@sﬁ%e'm?gﬁﬁgﬁstor 16 and to a gate

of a
[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 lbw—gain, high-bandwidth amplifier as ah input‘ amplifier
preceding a regular Qpémp, which/ forms a composite opamp. For example, one
suitable com.posite 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 gm*R or gm/ gm Cdnfigurétién. That is, the input amplifier
uses a resistor or a transistor as a load. This input amplifier, however, has a

limited gain bandwidth product.



transistor 20. The resistor 16 and a first terminal of the transistor 20 are
biased by a voltage source Vdd. A second terminal of the transistor 20,
which acts as a follower, is coupled to an opamp 30. In FIG. 2, the
resistor 16 may be replaced by an active load or a transistor 38 such as a
diode-connected transistor. SUMMARY OF THE INVENTION [0005] An
amplifier circuit comprises a first transistor having a control terminal that
receives a first amplifier input, a first terminal, and a second terminal. The

amplifigp 6ipuit ceraprises adransimpedance amplifiephaningmpnputincludes
that communicates with the first terminal of the first transistor, and an
Outdisidhe amplifier gitetit cooppeises an optipuiciraghiier havingtamimpiiof the
that communicates with the output of the transimpedance amplifier and
teameistput.1 e amyplifier tircuitoowprisesradirdBload tsstcenuntemivagsof the
with the first terminal of the first transistor and a current source that
teomaipioniddtds wathnlied Beconasisvinast e msstrindktendoboe) pate of a
other features, the transimpedance amplifier comprises a nested

s edantBaFRBITIEr. (B0 miUfdrraRRkOtRe R SiRfpRfier e biased
[ Y lifier. 2 [0008].In stijll other f .
b CARRITEH 6 dpriods SIAEEAS T BL SN AR Io0BBITh ' = @

Bllideanien, 10 {elescopisasrodedarplichonpLiaes AMIPHE replaced

fangigtorhavi g acon inal that communicates with the output o

ghe ifansiiensdanre aapliies: adisidarrainakand & sreed teaningb The

SUMMARY OF THE INVENTION

[0005] An amplifier circuit comprises a first transistor having a control
terminal that receives a first’ am»pliﬁerb inpgt, a first terminal, and a second
termina!.l The amplifier circuit comprises a transimpedance amplifier having an
input that communicates wifh the first terminal of the first transistor, and an
output. The amp!iﬁer circuit comprises an‘outp:ut amplifier héving 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 transim'pedance amplifier.

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

amplifier.



telescopic cascoded amplifier comprises an output transistor having a first
terminal that communicates with the second terminal of the input

transistor, a control terminal, and a second terminal that communicates

with the output of the output amplifier. The telescopic cascoded amplifier
comprises an output current source having a first terminal that

communicates with the second terminal of the output transistor, and a

second terminal. [0010] In other features, the output amplifier comprises a
push-pillopgipifisr: (AR Hldnsedl pternfealies, he AMPUISHEATIRTE8 A copic
second transistor having a control terminal that receives a secon
araBHfBE B ifirst terminal, and a second terminal that communicates

with the second terminal of the first transistor. The amplifier circuit

compriges gadliffetantied drarasimpedansacrivedibier faydpe e fisst et Edhprises
communicates with the first terminal of the first transistor, a second input

that iconirranigates veitinthe ficstiterteimainal thetsenandiiiassisiorhatfissbutput of
output, and a second output. The amplifier circuit comprises a differential
olpUtammipiifierd e Aligempatfireit tominahicatdsavisedbedirstroutput The
of the differential transimpedance amplifier, a second input that
cEHRRATARICaERSHRFaH e NBRIIRT otRPLRTSPHh cAaiffeveritialttrnsitapebaYyics 3 first
aépéplifier, Efirst output, and a second output. The amplifier comprises a
SECBHE ! dBA HAMUBHING R Wi (RESHY drmIing titteesisfidransistor, a
transistar. [0012] In other features, the o%'ff rential transimpe e
e e e A R TS S AS quigyor e

a se?oa
amplirer comprlses a nested differenti

IR SHLPRRIRBIVreShe AfsEROtaL oLTRY AMAIHiS &o(?‘ﬂmré%%san output current
sdurce having a first terminal that communicates with the second terminal of the
output transistor, and a second terminal.

[(_)010]' In other features, the outpUt amplifier comprises a push-pull
amplifier.

[0011] In still other features, the amplifier comprises a s.ec;ond
transistor having é control termiha! that. réceives 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 communicates with the first terminal of the first
transistor, a second input that communicates wiih 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



a differential operational amplifier. [0014] In other features, the differential
output amplifier comprises a differential telescopic cascaded amplifier.
[0015] In still other features, the differential output amplifier comprises a
differential push-pull amplifier. [0016] In other features, an
analog-to-digital converter (ADC) comprises 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

airgulitiepnapfiises afits! atfiansistenhavingrucontiel derpnna! thah FeeelvesR cond
first amplifier input, a first terminal, and a second terminal. The amplifier
tiesliihed mprisesastsonith trendistaehaiirg o dentetéerminaldiaa:.

receives a second amplifier input, a first terminal, and a second terminal

that colffitHicats wiftethdesdemasd ténmirdiffefetiiafirstmainsistaariee amplifier
amplifier circuit comprises a differential transimpedance amplifier having
SHTRTIRpEERSEEShiHeRRRRId ARAITheckian eerathrliief the first transistor,

a second input that communicates with the first terminal of the second

transistOP Bhirst BLENICLIR fabsad Besliferersiahasinet arenlifier comprises

con errig% ¥ Odigrerﬁntig}l ory}}!;jjt amplifier having a first input that
Eommunicates with the firet '%'i]tput of the differential transimpedance

amplifi copd | nicates with the second output of the
diﬁeremgﬁfﬁaensingggﬁc%ggf% ifi@% a&hﬁg{ %rv‘ll{{gutc,’ El He( aas?éggﬁ%?o(ﬁmﬁ’tﬂses a

Eﬁ@@%f'@ﬂ&%ﬂi&@é@%’@@é gm%nﬁ;égad that communicates wi;h the

first terminal of the first transistor, a current source that communicates

with thepsaaynd tergtinaliektheditsby amristoterdilial output amplifier comprises
a differential push-pull amplifier.

[0016] In other features, an analog-to-digital converter (ADC)
comprises N cascaded ADC stages, where N is a integer, wherein at least one of
the cascaded ADC stages comprisés'ihe' amplifier circuit.

[0917] 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 differentia! 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



second load that communicates with the first terminal of the second
transistor. [0018] In other features, the differential transimpedance
amplifier comprises a nested differential transimpedance amplifier. [0019]
In still other features, the differential output amplifier comprises a
differential operational amplifier. [0020] In another feature, the differential
output amplifier comprises a differential telescopic cascaded amplifier.
[0021] In yet other feature, the differential, output amplifier comprises a

differential pushwpel amplifieralQ022kyelother feature atheamplifienput  that
circuit comprises a first common-mode feedback circuit that

eommunicates with the«lifierential drapstmpedance difiplifieel Thadiéshpedance
common-mode feedback circuit generates current based on a first voltage
anthififirstaoflitplue oiptiie aliffe rentiab nvansimpte ddheccanpiififieciinditacomprises a
second voltage at the second output of the differential transimpedance
SrhpliRs . THleCRrSMEHARIGS- Wb & R EaB dekpiraliofifjectissthieansirdan inteurrent
the first input of the differential transimpedance amEIifier and into the

SEEEHR nhut ST TR A B SRfoea e b Hidh S5 TG0 S8 A and a
RGBS CH AR A EOIREALLS W R GERUHE e g sor

ist T _ f i i t ope
curron S on'h Lo ot Mot DL et AR e ol

tapsimpedanceamplificeand asesentysliagepidhgsecond output of

the differential transimpedance amplifier. The second common-mode
feedbapko19]  In still other features, the differential output amplifier comprises

a differential operational amplifier.

[0020] In another feature, the differential output amplifier comprises a
differential telescopic céscoded amplifier.

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

[0022] In yet other feature, the amplifier cfrcuit comprises a first
common-mode feedback circuit tﬁat communicates with the differential
transimpedance amplifier. The first common-mode feedback circuft 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.



circuit selectively injects the current into the first input of the differential
transimpedance amplifier and into the second terminal of the second

transistor. [0024] In still other features, the amplifier circuit 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. The

amplifier circuit comprises a second complementary transistor that is
complei®@aidry tdtidilsetoat feahsistorthbauingitdirstrterminat phises a second
communicates with the first terminal of the first complimentary transistor,
£SBEDRR TRPRnERSHAACK Cdistd| termpeanthanicarmuitictiiessadtbrihderminal of
control terminal of the second transistor. The amplifier circuit comprises a

B SRFRBAER I IREN LI & SRS AREE AU rPRRE: fearimasingreult generates

transiﬁﬁors thaé are compﬂmlenta to transistgrs :in the diffe;rentiaj ] )
RS p&ERTEe SMpifiel HaviREW st indUeth it ommRiicAlesiifthdifierential

g B e e Raa i of the

o]
communicates wit e second termina

tm@ﬁ%ﬁlat%ﬂs%%n%@d g%rrld O%ﬁ’é‘t-sE@Sr?y;? E’!)%errng;{—(.:mugde feedback

comprises a complementary differential output amplifier comprising

trpasistersdbmiae roeoplinmeatalytent FBSigersithediffesential oMt ntial

amplifier, having a first input that communicates with the first output of the
complemardacy differdntial mmpliieic a cseend inpw thatHeORBHHHGAS istor.

with the second output of the complementary differential amplifier, a first

output {AB2&bmmoniiétesthath fksdinas, otiputcof thite differeintiocd oitpsts a first
amplifier, and a second output that communicates with the second output

SPReldreiantidlBitsiRamplifecamelamentriy decthiectisiptisesistor, having a
| first terminal, a second terminal, and a control terminal that communicates with
the control terminal of the first transistor. The amplifier circuit comprises a
second complementary transistor that is complementary to the second transistor,
having a first terminal that communicates with the first terminal of the first
complimentary transistor, a second terminal, and a control terminal that
communicates with the control terminal of the second transistor. The ambliﬁer
circuit comprises a Compiémentary differentiél transimpedance amplifier
comprising -transistors that are cbmplim.entary to transistors in the differential
transimpedance amplifier, 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, é first output,

and a second output. The amplifier circuit comprises a complementary

differential output amplifier comprising transistors that are complimentary to

()]



a third common-mode feedback circuit that selectively injects current into

the first terminal of the first complementary transistor. The amplifier circuit
comprises a third load that communicates with the second terminal of the

first complementary transistor, a current source that communicates with

the first terminal of the first complementary transistor, and a fourth load

that communicates with the second terminal of the second

complementary transistor. [0025] In another feature, the third

icansintmsmdtle tfeedBick@itelit comprises@ifioperationgl a first input that
transimpedance amplifier that compares a predetermined common-mode
FUTPUHO SRR tota Simnfist & Hirvieltde erntrdefitsntanpdiftérimgial amplifier, a
differential output amplifier and a second voltage at the second output of

TREUIfRRid SR BHpiRRie S THIENHRE essrREcwiede RidiBackmeiletientary

R A ) B s eamonin e b the Secpdout of the

limentary transistor. [0026] In still other features, an analog-to-digital =~
e Q‘B Sl cascade AWB%a&ﬁ?é, W{QFBLNQEBE?S with the

converter ( gcgnrﬁp'nsmg

fasitivedntsgess Wlaeaﬁ%er,@htlsﬁé&gr&g%’?@ﬁagﬁ%deeg ARG Stages, comprises

comprises the amplifier circuit. 7 [00 still other fezrﬂﬁres, a pipeline

analackhdigiaheeny estab sommrisasRelist slage (PaliLeceves &N ifRYhe first

voltage, that generates a first sampled-digital valué and a first residue
teoltage, cinthéhatsincludeisradisiramalfiendhat@aplifiestbe drstiesiKHBrises a

voltage and generates a first amplified residue voltage. The pipelined

taidl deatbttinjialroonvec@esoviiprisesacserbtustagedhiite réceivesiementary
first amplified residue voltage, that generates a second sampled

transistor, a current source that communicates with the first terminal of the first
compiementary transistor, and a fourth load that communicates with the second
terminal of the second complementary transistor.

[0025] In another feature, the third common-mode  feedback circuit
comprises an operational transimpedahée amplifier that compares a
predetermined common-mode output voltage to a sum of a first voltage at the
first output of the differential output amplifier and a second voltage at the second
dutput of the differential output amplifier. The third common-mode feedback
circuit selectively injects current into the second terminal of the first
comp!ementafy transistor 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.



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 transimpedance
amplifier having an input that communicates with the first terminal of the
first transistor, and an output. At least one of the first amplifier and the

seconghaprlifiercamprses:a ouiRdt ampiifia havipg Ry IpWithat converter
communicates with the output of the transimpedance amplifier, and an

s Al leastoreaabthedirst asnaldiesanebilte sacans amplifisrchathen first
comprises a first load that communicates with the first terminal of the first
dsamsistodigkblesst o predbthsfirst anmpiidrgadahe Sedondaraplitrst amplifier
further comprises a current source that communicates with the second
trranan e shih fir St staissistop. [00R8EIrRotheefwimrirs, ahgst amplified residue
transimpedance amplifier comprises a nested transimpedance amplifier.
OB29R I §6IRKRSER FR0AIRT e RItBLEMPIHFE CETMRPESE aFE GIFEr st that

amplifier, 8 [O_OBOéIn ?ﬁill ther features, the output amplifier comprises a
RAENES S HE BB SR I R P PN SF 9B RRIACThA Fe8EpRemPled

JRncroen amefie comprises, an gyl ansistoc having  coniol ierinal
ﬁ‘]a or%munlcates Wl?h € output o %.%e‘ transimpedance ampﬁﬁer, aafﬂJ

(RIMIRRlAL AeceBrd HTing ViR delesiartkerredr s RIS hpiier and

comprises an output transistor having-a first
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 tranSimpédance' amplifier having an input * that
communicates with the first terminal of the first transistor, and an output. At least
one of the first amplifier and the second anﬁbliﬁer 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 amplifier
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 amplifier.

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

operational amplifier.



terminal that communicates with the second terminal of the input

transistor, a control terminal, and a second terminal that communicates

with the output of the output amplifier. The telescopic cascoded amplifier
comprises an output current 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-pull amplifier. [0033] In still other features, at least one of the first
amplifin’o@ﬂ? the, seaendamplifiee CoOMPHSEs A seeMRd EansisieEbaviig & opic
control terminal that receives a second amplifier input, a first terminal,
eanstaczecengitesminal that communicates with the second terminal of the

first transistor. At least one of the first amplifier and the second amplifier
comprigas § differamizhanisipe ddrc éclasplifierdaaebiipd firapiiiputdbatprises
communicates with the first terminal of the first transistor, a second input
gnaincoininaupisRresavitigthefindtatieninalad e secondnitaiesisuih trfirstitput of
output, and a second output. At least one of the first amplifier and the
SecdmampRfiereBniinBEies dfffdishtigrolinght anplifiePeriifgtgmngtal. The
input that communicates with the first output of the differentjal , i
E?g‘r‘]%qﬁ%%d%%&é’d@%n%ﬂ%??é SO PR T AUBH N FTIREES Wit @ first

{secondichg?ut of the difgerer\)vtli@! t{rz{lnsim e%apce amplg;er afirsto tepryt

aha & secsnd” 8’&}?&9‘&? Bast one of e Tirst gr%iﬂ%r an@ & gkofnd sistor, a

2RIl ?ﬁﬁ%ﬁf SAMRISE ASRGANGL 19R% Ak CommUNIcatag M@&U%Qf Bt the

_ L
termln; of the second transistor. [0034] In other features, the differen

gﬁgﬁﬁaﬁ@e amplifiess empesesoasesied differmightansimpegancerrent
souF:ce V\;i’(h a first terminal that communicates with the second terminal of the
v outpuf transistor, and a second terminal.

[0032] In another feature, the output amplifier comprises a push-pull
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 secénd 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



[0035] In still other features, the differential output amplifier comprises a
differential operational amplifier. [0036] In yet other feature, the differential
output amplifier comprises a differential telescopic cascoded amplifier.

[0037] In still other features, the differential output amplifier comprises a
differential push-pull amplifier. [0038] in still other features, a pipelined

analog to digital converter comprises a first stage that receives an input
voltage, that generates a first sampled digital value and a first residue
aolbger, anddbadridciugdes ehiitstamplifier dtwat amplities thectirst resigue of the
voltage and generates a first amplified residue voltage. The pipelined
difiategttel digitaircpederntar sowifrises drséoonpustiage that receivetptife At least
first amplified residue voltage, that generates a second sampled digital
wréueiaing disdceng firdvibitgecand maniigodes esccunariaaplgieecond
that aﬂrggjlifies the second residue voltage. At least one of the first amplifier

lqad thid sesnerirRiams Rl dmise e BrIRNEAYsIR ol

terminal. a first terminal, and d terminal. At least ane of the first

ampITIOPHD thoSeknts Tl i AU & LBt VARG o AR T
tral terminal, a.first terminal, 10 and d terminal that

B R CAE i (R LB R oY FE AR T rcistor. At east one

of the fghapplifieranddhe secend amplilprCUmISSS SudifepaRlirkomprises

transimpedance amplifier having a first input that communicates with the

Hrsktersningl ofdhaidrel HanRsisser, a second input that communicates with
the first terminal of the second transistor, a first output, and a second

output[@gdenst bngevbthe fitsttaneplifierdifidrtaisesotpdiaanpfifiter comprises a
comprises a differential output
differential telescopic cascoded amplifier.

[0037]} In still other features, the differential output amplifier comprises
a differential push-pull amplifier.

[0038] In still other features, a pipelined analog to digital converter
comprises a first stage that recéives an input voltage, that ger_jerates 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 con\)erter 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,

10



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 amplifier, a first
output, and a second 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, a current source that communicates
with the second terminal of the first transistor, and a second load that

afemmunicatesayith thedirstterminal-gkdiesacerd eansigtesd9R30hinne first

another feature, the differential transimpedance amplifier comprises a

traeste differential dransimpetianeemamplifiend[0046} da mnethenfeatugdiie:s a
differential output amplifier comprises a differential operational amplifier.

difedddtinl anotsienfedtures thedifterdrtiahgutFutaimplifiénaioroprisesiaates with
differential telescopic cascoded amplifier. [0042] In another feature, the

thbffinsrigainouapaf trapiifitireosigidses sechiferénmtidltbasihguuthanmipsitis with the
[0043] in still other features, the one of the first amplifier and the second

figgh stifeinfl e dh e SRINSES A FiEPBomiRTrRHiB e F0EdhasRUNEGitihidt At least

communicates with the differential transimpedance amplifier, The first

oggnthbite: HrRicR EllipRER i b g RS LiFFerA'BRESADA THREVHREGHPUt
e T R A A e o e
Gintdi) g@gg@pegg%m%f%e@@m%% IRIRLSHAGHEREL B the
second output of the differential transimpedance amplifier, a first output, and a
second 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, a current source that communicates with the second terminal of the
first transistor, and a second léad that communicates with the first terminal of the
second transistor.

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

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

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

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

differential push-pull amplifier.

11



transimpedance amplifier and into the second input of the differential
transimpedance amplifier. [0044] In another feature, the one of the first
amplifier and the second amplifier further comprises a second
common-mode feedback 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 the first output of the
differential transimpedance amplifier and a second voltage at the second
output ioung differestiialdtansirepedascerampliien The SReANEmplifier and the
common-mode feedback circuit selectively injects the current into the first
rputrof ahe Witferemtiedrtreoms pripe d aan derssimplifiercanchinte thedessndircuit that
terminal of the second transistor. [0045] In another feature, at least one of
fReTRrstraeA Fivitaribaréfeesiad tansifeddeaes eompiizes Bfirstrst common-
complimentary transistor that is complementary to the first transistor, ‘
ARARG e SHRBEEMIINHIl HereBriaxerHineal katred esnofitsinvpltadgsagt the first
communic tesﬁ%h the control terminal of the first transistor. At least one

[

SHRH! RS RRnEHIEPAR] (FRASEBBREINBIRPHIRRGN] 2 ceifipRdewoliage at the
t istor that i I tary to t d
B R O R A R e ne The Ty o

afdhe § %td%%mp'mnf%@ém@oauﬁéﬁma M ﬁﬁ%" %@%@&Oﬂ%g'd ifferential

terminal that communicates with the control terminal of tHe secon

transistpeddhieaskapmef thafirstagplifier apddhe spernd amRKRET gisrerential

further comprises a complementary differential transimpedance amplifier
comgrigisg4nrapsisipiéhat are complimentary to transistors in the
differential transimpedance amplifier,

[0044] In another feature, the one of the first amplifier and the second
amplifier further comprisés a second common-mode feedback 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 second
common-mode feedback circuit sel;actf;)e}y 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 Ieast. 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 ampilifier further
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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. At least one of the first amplifier and the second
amplifier further comprises a complementary differential output amplifier
comprising transistors that are complimentary to transistors in the
differential output amplifier, having a first input that communicates with

ébﬁﬂfé%@uw%%m complementary ﬁmﬁg@%@kﬁémkf'%rﬁﬁ&&%?aﬁp% the

that communicates with the second output of the complementary

lifferantiah amplifiesymratrpatpihing communicaiss vih e firstpstptiminal
of the differential output amplifier, and a second output that

aothenfinicatasplithetitergetonsivotput ebtwndifferantial autput asmtieterminal
At least one of the first amplifier and the second amplifier further '
ibeimprisesaitstes ceithniba-asodie féedbicK cifciit thetselettivelytnjects {east
current into the first terminal of the first complementary transistor. At least
@ife of tHedgirdtaimpiifielfiahdceiié dbeorkeanaislifismlitiver tothpriseerantizes 2
load that commupnicates with the second terminal of the first

ORISR ARSI PSR danreeamitfies comminngatewittprs that

the first t rm|n | of he flrstc glem ntar 1%rans St r, and a fourth load
C

A wutH‘?HS'SS T AT S siBSigimpedance. amplifir,
1R eQ‘?; r IHQP%Q& C$%§Lf&?§£tﬂﬁ{hfet%%’rge%gﬁJh erminal of the first

common-mode eedba circuit comprises an operatio

ERnsiEREsanFarampdfiar meeemmatﬂ%?@%%m%gtgemvfnﬂnﬂeog&ond
output voltage to a sum of a first voltage at the first output of the

wifferentsl plapse amplisemanara secondariiage af hetseeedl and a second
o.utput. At least one of the first amplifier and the second amplifier further
comprises a complementary differential output amplifier comprising transistors
that are complimentary 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 cutput 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 outvput 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



output of the differential output amplifier. The third common-mode
feedback circuit injects current into the second terminal of the first
complementary transistor and into the second terminal of the second
complimentary transistor. [0047] Further areas of applicability of the
present invention will become apparent from the detailed description
provided hereinafter. It should be understood that the detailed description
and specific examples, while indicating the preferred embodiment of the

cHRveRliets R Intendedifar ipHrnesestahdlusitation nakiandarediistor, and a
intended to limit the scope of the invention. BRIEF DESCRIPTION OF

folidE DERAWING SJO04B] nidwaaresdint inkentiarvavil besomeamare taly second
understood from the detailed description and the accompanying

camgvengsniaheteinsigioa9) FIG. 1 is an electrical schematic of a composite
opamp according to the prior art; [0050] FIG. 2 is an electrical schematic
of a d&¥pBkite bpanpthatc@fing totiife Brict Aemmqooseje|teegipaghk circuit
electrical schematic and functional block diagram of an exemplary

ceppifie? inANdiRPa et pEaanicaPsspNfer areifing tdhAk sleddRes 2

t 52] FIG. 4 lectrical schematic and functional bl
pb’%é%?é"“s#ﬁ ARy S N Toh e & oSt (T etiige at the

ARl ei.i onG! '&‘%é?er’iﬁﬁ)%@é%“aéﬂé‘ﬁﬁé'%n[9953éc'é'r% Vol %igirket%tg%%lcond

sche functiona m of an exemplary am

MBWW@&%&?H?%@%@W@M&E@Q atRle$ARRIGommon-mode feedback
circuit injects current into the second terminal of the first complementary
transistor and into the second terminal of the second complimentary transistor.
[0047]  Further areas of applicability of the present invention will
become apparent from the detailevd descrivption provided hereinafter. It should be
understood that the detailed description and specific examples, while indicating
the preferred embodiment of the invention, are intended for purposes of

fllustration 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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cascoded amplifier according to the present invention; [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] FIG. 8 is an exemplary electrical schematic of the amplifier of FIG.
5 including a common-mode feedback circuit according to the present

inventigyy 49057 FG 394 anexemplanheleaiisal R emas-hibck diagram of
common-mode feedback circuit for use in FIG. 8 according to the present

mventionp [958]pIGed nisahingxemplagireleatbeaksehemadic t@rding to the
common- mode feedback circuit for use in FIG. 8 according to the present
presatibinvestj0059] FIG. 11 is an exemplary electrical schematic of a
differential implementation of an amplifier using complementary input
stagesl8f8Zdommin-trivde rieeliiaak sdvortitig anthieipeiseat imventirgram of
[00601 FIG. 12 is an exemplary schematic of a common-mode feedback
ERCIEP RS FTeitien PALEMgiAg ts SR dansimerfiencsoobe]iaGaacpiging to

an electrical schematic and functional block diagram of an exemplary
ampiifier éﬂY&i%og’transimpedance amplifier and a push-pull amplifier

L OO 4 S e oo
M'Hﬂmﬂaﬂe%ﬁ%ﬁf@?ﬂ%ﬂﬁﬁﬁ@% eORifigs M8 amplifier and a telescopic
cascoded amplifier according to the present invention;

[0054] FIG.6is 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 schématiC'of the
amplifier of FIG.‘ 5;

[0056] FIG. 8 is an éxemplary electrical schematic of the amplifier of
FIG. 5 including a common-mode feedback circu‘it according to the present
invention;

[0057] FIG. 9 is an exemplary electrical schematic of a common-mode
feedback circuit for use in FIG. 8 according 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:;



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 defimitipn telévisionid006a)delanpi2RD ds=atfittionad dlaek diagramepéntial
a vehicle control system; [0069] FIG. 17E is a functional block diagram of
isnceltutantpione! 416 F007/0)eF1G:i1T Edsalumetivar) blpok diegramndf cosetion-
top box; and [0071] FIG. 17G is a functional block diagram of a media
rpRelfefeen Bagk| EERY D RS ARIPET KON O THPRIPREFERRED

EMBODIMENTS [0072] The following description of the preferred v
emboli¥eP(s) [dFherdy dxe@plFyEMRE e BRI NANaT istERTEIEode

limit the i [ it icatj es. F f clarity, th
RSV oMU KRBT i b ASGBITITaH8 AVBSTRU Gty S

clemeigefi useghatein. ederm ol CipHA ATGIQLASVIER TS 8 o

an Applica pecific Integrated Ci ), an electronic circuit, a

AHIRESRON DA e PRt atRiL ARGrOURIRAA  MBIMRL AR BXPCHE SRR-pull
more software or firmware programs, a
amplifier according to the present invention;

[0062] FIG. 14 is an electrical schematic and functional block diagram
of an exemplary amplifier including a nested transimpedance 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 arid 14;

[o064] FIG. 16 is an exemplary electrical schematic and functional
block diagram of a pipelined A/D converter according to the present invention;

[0065] F!G.k 17A is a functional block diagram of a hard disk drive;

[0066] FIG. 17B is a functional block diagram of a digital versatiie 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.17Eis a func‘tional block diagram of a cellular phone;
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combinational logic circuit, and/or other suitable components that provide
the described functionality. As used herein, the phrase at least one of A,
B, and C should be construed to mean a logical (A or B or C), using a
non-exclusive logical or. It should 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

embodipgeits maydbe senfigiredtin single, &nded.and stitferential Badesq

[0073] Refefring now to FIG. 3, an amplifier 50 comprises a transistor 14

with a jgae42. Arnade ketwesnibgansista didpactbe doad 22 Sayer.
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 17 without a follower. The transimpedance amplifier 52
signifidaiiiyIhERd3es tHd PFaihbanrdiiti (B W Rbt EAUEMIE thiel Bt plifier

50. For example, a simple transimpedance amplifier may double the

GBW (p8dizdt of The ainpiificgsoeTeivtivmkes the apmpliffee boesuiediagsi(s) is
use in very hiqh gain/bandwidth composite amplifiers. QOM] Referring i
ARE BXGMRI AmnpRiE atlEdmpBisis Wate it desnSnipabifiednvention, its

amplifier 62. Using the nested trans}m e,ga e amplifier 62 instead of the ib

AR PP EP ARG (RGN s L B BRI SR AREerS il be
ifier 60. Th e amplifier, 60 i ) .

TRRLTE 6% Tl p i gf meNg0 s e e o

thasedesriibeddn/f Rinrlinadel3-Rit 20855 (SaHsN ABelateiiRigiakd Circuit
Converter,"
(ASIC), an electronic circuit, a processor (shared, dedicated, or group) and
memory that execute one or more software or firmware programs, a
combinational logic circuit, and/or other suitable components that provide the
described functionality. As used herein, the phrase at least one of A, B, and C
should be construed to mean a logical (A or B or C) using a non-exclusive
logical or. It should 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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Sehat. Sutardja and Paul Gray, IEEE Journal of Solid-State Circuits

(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 directly 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
Witnsimpddineer. AMplifiers$itdr@dBatens Applisationsierigt N@ly increases the
10/459,731, filed June 11, 2003, "Variable Gain Constant Bandwidth
yransiapeyiice( ®Rplierodus. Fatbat aapplicaticn. Sefiat Maample, a simple
10/814,534, filed March 31, 2004, and "Transimpedance Amplifier," U.S.
PaRsHRBHACaE G SETRI N8y dooble 13z GRY pspdicat/ofshecoBpliiendid. This
are herepy incorporated by reference in their entirety. 18 [0076] Referring
ARES Fﬁé%“%\‘ ISlifRME6 BoitipHSB S ke i dhigimBRindprecfstfied BRosite
and Pf.telescopic cascaded amplifier 72. A telescopic cascoded amplifier
ﬁ/rafééfﬁ/rﬁas a limited input common-mode voltage range. Since a

comm eV [ dgnce amplifier can be made
indepe(wdl.ieqrﬂrﬁld of gggr?%ﬁg%{rgé(g%%? aric%,’ aarrrl'pﬁ‘ﬁR rrlgﬁris%\gerc)(/) Qe faorneStEd

intedasingwits thedalrscanic cangqdagd amplifier 72-Additionally, dtg'f%pliﬁer 62

telescopic cascoded amplifier 72 provides high gain and improve

haneuvidsh wishesitsieguitingeompamsation fJMEfﬁE@@ﬁQé@b&n@GW?rodud of
transimpedance amplifier 52 and the telescopic cascoded amplifier 72 or

ttsevarianitfsesigaificBintycimtreesies anGBY/ poodyctned e amplifiabEdfor use in
[0077] Referring now to FIG. 6, an amplifier 80 comprises the nested

multi-bit sub-ranging analog to digital converter (ADC) designs such as those
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). 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 directly 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.



transimpedance amplifier 62 and the telescopic cascoded amplifier 72.

Using 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
materiplg psed IRBIBMAGCREING the FEampPNents £ payse/MiPAlAses  the
Additionally, variations in one or more characteristic of the components
doesienpbanges inopéfiatingzandidr ambirnicdpmperitbeaaneapser 72. A
mismatch. Due to the mismatch, some currents, although expected to be
edpmidpycdesignd athgmplifiarfagibeligdue . aTtnsileannp@ tactversely mideet eltage
performance characteristic such as the GBV1+ product of the amplifier
ENJe0 79| ReférrmagRRe o E ey Bage ipthe transimpedance amplifier 52n be
is ideal, where all components are matched, 15 = 14 = 11/2. Practically,

R VBReRRSIEHRbEREN S 8 ROFMARHE THe TR ¢S S34%Nary, sHiable for
Therefore, V, ~ MXI, and Imx2 is unknown, Similar results obtain in )
B R MR R TG AL £ 2108 B i ip scopic

CEL SRR %S EAEDIToS, S5y "L AR o

Irst commo circuli IS use nt at points

AR Alimativelyor ihafdition [ G 90 3 58S dance amplifier 52

common-mode feedback circuit 102 can be used to inject current at point

Sndife SR aRSRNRERIRGical sehematiafes thedifktantly increases a
common-mode
GBW product of the amplifier 70.

[0077] Referring now to FIG. 6, an amplifier 80 comprises the nested
transimpedance amplifier 62 and the telescopic cascoded amplifiér 72. Using the
nested transimpedance amplifier 62 instead of the fransimpedance amplifier 52
further increases a GBW product of the ampilifier 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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feedback circuit 100. FIG. 10 shows an exemplary electrical schematic for
the 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 to 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 V. is coupled to a gate of an NMOS
input transistor T103 in an upper input stage and to a gate of a PMOS
adRBkie Hansisior THOmaiewehinpatsiage. Sionladyiran Gt Wioisict of the
coupled to another pair of NMOS and PMOS input transistors T104 and
arhpferegpectively in another half of the amplifier 110. 20 [0082] Nodes
between the input transistors and their respective loads are directly
connft@8 o trRasimingderiedam@iieds] Folf dxariiphsifaped anee @spekiier 52
input stage where the input V. is coupled to the gate of the NMOS input
istidpelsihare0d sRIHSIE BEtREeMae RMbSTlpat trehsiBigriaedy dgvever
the load 14 is directly connected the input amplifier.

f i d
M8 AP R EhES B@v@Pfr{BﬁF&agTé?etf?é%SdgB%{gva@résdr??? Suaharae Ve #

transistor T102 and the load 18.is directl nnected an.input,pf a
" [ . 2 . If of th
Vﬁ%ﬂéﬁmﬁ@%éﬂéé gm%ﬂE%?WIQI simi d?a Earrraérlltjg(;?t((is’m%%r1%[3éenx|'sqstllnngtﬁ)(ﬁjEl pr)p%? and -

the lower, input B3LH responding to the V;,,_input. [0083] Outputs of
trtahnes '{Pag)r?s&lr%ﬁgégdan e émpﬁfiers are shown as V., and V,, for the upper

stagelé!@go!rx. 180 Misaafen el puessHagamsbieiompuisef sheommon-mode
transimpedance amplifiers are directly coupled to respective output stages
fefdbaciamplifies;&kApthe dir stsingriokmaersi & os exempleirruam 0pperused to

output stage
inject current at points A and B. Alternatively or in addition to circuit 100, a
second common-mode feedback circuit 102 can be used to inject current at point
C. FIG. 9 shows an exemplary electrical schematic for the first common-mode
feedback circuit 100. FIG. 10 shows an exemplary electrical schematic for the
second common-rﬁode feedback circuit 102.

[0081] Referring now to FIGs. 11-12, an amplifier 110 is implemented
using complementary 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 another stage. For exémple, an input Vi« is coupled to a gate of an NMOS

| input transistor Tyoo in an upper input stage and to a gate of a PMOS input
transistor Tyq2 in a lower input stage. Similarly, an input Vi, is coupled to another

pair of NMOS and PMOS input transistors Tqo4 and T1os respectively in another

half of the amplifier 110.
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comprising transistors T1log and T110, the output V#_is coupled directly
to a gate of the transistor T108. [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 T108 and T110 while a
lower output stage in that half of the amplifier 110 comprises NMOS
transistors T112 and T114, The upper output stage comprising PMOS
transistors T1oe and T110 and the lower output stage comprising NMOS

transiﬁ&gggﬂjllmageyéé\ggg}?m@ AR QUL SRR, BBBINEE e 10ads

pair of complementary output stages in another half of the amplifier 110

genaratesapaniputedOid. 12h{0a88 Mismalelp amaeng eompeasMr: ofthen the

input stages may occur. For example, a transistor in a transimpedance
appplifiepin thegepperirphbstage Viaynob opadchta thangigtoointee NMOS input
transimpedance amplifier in the lower input stage. [0086] Residual
nsisenttchThetwibenrioids beirerts Hierbihdizforsmftdrangiger dwipatstage load 14
and bias currents of transistors of a lower output stage may occur, where
iméeitraiisterdrrire dppérvtitphiestaesire eoanserasméigro Hignilarly, in the
transistors in the lower output stage. For example, a residual mismatch

Y457 st BEARRE BIRSUERIMESEY PRBY Barsribieatifigten i a0cine load

th tput st d bi ts of NMOS transistors T112 and
1t SR SeRDUTEE AR o ol SUAOR R i 1ALl - i

T e e 2 R BT 288 (a0 e
gffephaf mismatch among the components of the input

[0083] Outputs of the transimpedance amplifiers are shown as V,. and

Vx for the upper stage and Vi x+ and V x. for the lower stage. The outputs of the
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 Ty and T41¢, the output V,. is coupled directly to a gate of
the transistor T1gs.

[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 Tips and Ty10 while a lower output stage in that half of the
amplifier 110 éomprises NMOS transistors Tq12 and T114. The upper output stage
comprising PMOS transistors Tis and T419 and the lower output stage
comprising NMOS transistors Tq112 and T4 geherate an output Vou.. Similarly,
another pair of complementary output stages in another half of the amplifier 110

generates an output Voy..
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stages can be compensated using a common-mode feedback.
Specifically, the first common-mode 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 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

commagoedside dukputiuditagesyOsbngnch¥iad- di omevesutsinegan mutpuiccur.
of a transimpedance amplifier is a very low-impedance node, an output
tomexempiede feediick isho tldnsinbe dpplred mbtiie modd«22d008BJput stage
Therefore, the first common-mode feedback circuit 100 or the second
Eomehtiatdeardemsiirr dicuifaroeapdsacsemdifigett Bifdemeatinput stage.
respective %] oints in either the upper or the lower complementary input

stage 6P 4Rl ampifiid ﬁid“ﬁ&?aéﬁﬁn%@v?ﬁé fh@tscsﬁtrﬁatf- MbdeRsitipaciet an
circuit 100 can be used to in ec rregﬁ{ ints A 8, or th second

HBH%SHt%d%a?ge%%&acsr ‘d”E 8EFt8 Vel r? P8rt may
C In the }‘é)%/le Iggtgngtsatg?s \l/}c’éL}Jm Fltﬁpfjﬁ]éshl;\g;)ese%ergdc%%k Clr%ng]ery to the

y 7the output stage bias curren age

%@H@M@&%Hdﬁé’%&‘%@t@ﬁ {f dhg, compmopmodefegdback SrGHILHEAGh may
be used in addition to those described above. [0 90] The third

eQrpeiyBod e ifreshask sibe vt DY irgnsadde pepartercl iMhBYipper output
sensing common-mode output voltages V,,t, and V,,t_. This currentis

sizek cant dliascommeots MO AMDE ent ofithertoWwer, impudt Stageatpthastage bias
current of the lower stage. A similar residual mismatch may exist in the other half
of the amplifier 110. The residual mismatch may adversely affect the outputs
Vout+ and Voyt..

[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 inject 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 Vouw 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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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 V,,t+ and VO0,,,. 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

uppernBMPS apdthedverNMAS aHRIEsiages. fudbhdbe tgeidualoo or the

mlsmatch etween the PMOS output stage bias current and the NMOS

seutpdt stadmbiasedkrent ibeomprosatad bycthe teedhaek euiresttlidrddt at
[0092] This scheme uses only two commonn-mode feedback circuits

rispleatloffbiee. iSpetificaty, tpe dirstraom iove moste feadbasacimuit Xddge of
and the third common-mode feedback circuit 104 are used, or the second

treampiiembttie fdeuhaxktieuit 20 <imd thedhirchedenfaetbatddercuit 100 can
feedback circuit 104 are used. [0093] For example, the first

beowirRENnttdoie SRk cicRie 1D 15 RedRo RieticrrsaAndL POMEBOA- -mode
and B, and the third common-mode feedback circuit 104 is used to inject

REfRaaE PR Q@awwema?ﬁamw%@wmamaﬁ Fﬁdaéffse%&fkmput
10
et 100 5 usecHinjact Gutrental poinsAand 8

ack circui S Used to |njec{4i CYurrent at poi nytgut stage

@ mp&?rﬂ@k@mre De tgysethe %/%?%%r?&@ﬁ'&ono%ﬂ%nons of the
feed .

CIrCUIt 102 to |njec current at point C and to use the third

GommRRNTBaderdegghackrEGHY 1af BdnRE LU @tliBRIRES KW described
Yet another alternative
above.

| [0090] The third common-mode feedback circuit 104 is used to
generate current by sensing common-mode output voltages Vous and Vou.. This
current is used control a common-mode currerit 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 Vgue and Vo to‘ a target
common-mode output voltage levei and generates a feedback curreﬁt 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 outp‘ut stages. Thus, the residual mismaich

between the PMOS output stage bias current and the NMOS output stage bias

current is compensated by the feedback current 114.



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 Vx__is directly monitored by using the input
common-mode feedback circuit 100 or 102. The other pair of
transimpedance output voltages such as VXL. and VXLL may be -
indirectly monitored by sensing the voltages V0,11+ and Vout_ using the

third caypmen-mpde feedback lrauit, 10A (A9 Referring RO IAFIGS. circuits

13-15, an amplifier 150 comprises the transimpedance amplifier 52 and a
RUSP Wt ampdfiesbaifleaf)GinbAian cdranaplifies S Pcompisesdbe 100 and
nested transimpedance amplifier 62 and the push- pull amplifier 152. The
esthiptit erplifreridazifcsdbsels efficignddand: deerbasetipawesnd common-
consumption/dissipation of the amplifiers 150 and 160. Decreased power
codsuinpdionidissipaition therdakbestthiestmarstabilitpafothedbeickuiiccinital04 are
integrated circuit. Consequently, circuit density in a given area of a silicon
Wgfer can be increased. In FIG. 15, an exemplary electrical schematic of

a differential implementation of the push-pull amplifier 152 is shown.

[0096]L R EHring TRIWFLPEIRS 1815 PipkMEamoD esitlre e daask) Pyt 100 is

inclydes i t h f th lifiers shown |

R o R DT St TR AB00, By F AUt ERR oS8 fgedback
-2, - llectiv 5 f 1h C g 2 .

O I e R R s ooy the firt

a5R1AGRHIBHL SigBab HEMCAION 09139 %<3 JOWS TERAlHOR AMPAYRSARVRItER B,
module 256 that converts a held analog :

and the third common-mode feedback circuit 104 is used to inject current at point
Z. Another implementation may be to use the second common-mode feed~béck
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 Vi
and V,. is directly monitored by using thé input co'mmon—mod'evfeedback circuit
100 or 102. The other pair of transimpedance output voltages such as Vx .+ 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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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

SAymdeusinpuhsappiet{censtally iineariy-and cesahiom: 0 therADRe push-

250 are limited by factors such as gain error of the interstage 25 amplifier
2602 .droplékample, an iterspage-galin emptitausesanissingsesestidiency and
the interstage gain is low. [0098] When the number of bits resolved in
dearhastage o Wiyh, apes vetpliceddintéipstiage gdirthe alsopigiershiis)aand 160.
opamp with a high GBW product can increase the linearity and the
- [Pesthansn FTMENDOIBOPYIR PSS KKoarrs Fitsal stapdijesf other
suitable for use in one or more stages of the ADC 250 because the GBW

il bP thibecsriphirdeUd VRN AR S00 oY kRS Rl EIER area of 2
7A-17G, vari lary. i ions of th invent
T R/ QB0 17, e G Rt HEHarE g Scheriati o
Q{BR}SFB%HE‘??}A{;}{8FﬂQH?E?Sn%%h%rg“dg%-‘b?m"%rﬁ%éﬁ’ }%Q?é%% drive 400.
e alp

n some implementations, the sig rocessing and/or control circuit 402

and/on@iiag| CIryiR. (ARG SRAWR I1d18 QD0 RaY tecesR HRIRADC) 250
perform coding and/or encryption, perform calculations, and/or format data
il de oWIRd L ARMAY sesgbéardrent endagnediaipragrsmrReMPRss. 3-15.
The ADC 250 includes a plurality of cascaded stages 252-1, 252-2, 252-3
(collectively 252). Each of the coarse ADC stages 252 includes a sample-and-
hold module 254 that samples and holds an analog output signal from a prior
stage, a low resolution A/D subconyerter module 256 that converfs a held analog
signal, a low resolution D/A subconverter module 258 that converts a resulting
digital output back inté 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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[00100] The HDD 400 may communicate with a host device (nhot 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.
400104} Referripgramind: 16 bildsthgseseatitventiopLansieg codes when
implemented in amplifiers, D/A or AID converters in a digital versatile disc -
the g rbgdriyeid i0lothe signal processing and/or control circuit 412

and/or other circuits (not shown) in the DVD 410 may process data,
perforfi0&@]ing Aftorteacryptibar peddsnieznbddtitnsamhdabaderisalnigh, the
data that is read from and/or data written to an optical storage medium
ragBirktJolns ingsl cRBntafds NEE sihRes proceRamg Wit /Britentt dredduct
412 and/or other circuits (not shown) in the DVD 410 can also perform

G fiRTDrSSHER AL RBHINY e R SHingantor &r)otlé Sgwdfiers
e T A T RE R B oo

» ou evice S Suc

SOPULEr felguist .5&8& tdo%%i?&sgimﬁf@mer@e\yrﬁ; Hor wireless

communication links 412.. The DVD 410 may communicate with mass

data St@b@@g 41& thatrsigres,gata i a nonvolatieAnanaer. Thgomassedaiplary
storage 418 may include a hard disk drive (HOD). The HOD may have the

_ igosBengatien shemmdpricediiAvdit hBR sranbe Retairi@Bothas FIG. 17A,

includes one or more platters having a diameter that is smaller than
tapprexdaratelyehB®3n can be implemented in amplifiers, D/A or A/D converters in
a hard disk drive 400. In some implementations, the vsignai processing 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 storage 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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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
riecessing e cuirahdiarcesningl sirdlaot 422 taridéoroithét Zcmaditsr (ntiter circuits
shown) of the HDTV 420 may process data, perform coding and/or 27
(entyyption), ipéhfeo iy Bafdilatiers rforesatddita padiomperfong amy/ otisscryption,

type of HDTV processing that may be required. [00104] The HDTV 420
RAEY CorRRRcaRs withdiea Je 'iih dibrdge s Tegraisistandqh i written to

nonvolatile manner such as optical and/or magnetic storage devices. At

38R 7 MO R EIPHATR tHE cdRATEIBRPEHERA HHS . 19 SigRalfragessing

I VD.ma h i ion.sh in FIG, 173. T O

R o TRITIDD Ahac T S LS, TSRS et c=n
i Il i "

B e I R e e

ﬁi@% J JOEIBRAY NG Otheh siulah g iglechmicHRt storage. The HDTV

0 may support connections with a WLAN via a WLAN network
interfage 489 [OMHOT) Refarrirg Mmavie 6o ridnibaPras@nbneABon device

may implement and/or be implemented in amplifiers, D/A or A/D

(conwtriens) isuahcamnirabsystaen, déle vielicler430e addidd\vilaterfacer, marsswired
data storage of the

or wireless communication links 412. The DVD 410 may communicate with mass
data storage 418 that stores data in a nonvolatie manner. The mass data
storage 418 may include a hard disk drive (HDD). The HDD may have 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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vehicle control system and/or a power supply 433. In some
implementations, the present invention implement a powertrain control
system 432 that receives inputs from one or more sensors such as
temperature sensors, pressure sensors, rotational sensors, airflow
sensors and/or any other suitable sensors and/or that generates one or
more output control signals such as engine operating parameters,
transmission operating parameters, and/or other control signals. [00106]

T L S RS L e

e contr sysiem may lIkewise receive

ﬁi@ﬁ@l%ﬁmggytﬁm&s%%ggg@{ output control signals to one or

more 28 ,output devices 444. In some implementations, the control

systemop4@maythe partof aroantjoskhraking &y siemABS i Aa storage 427

navigation system, a telematics system, a vehicle telematics system, a
{naestiepartism Sysiemnan attlaptiverestisectcasteyltrystend/ e vabighetic storage
entertainment system such as a stereo, DVD, compact disc and the like.

Sl atheinipisnemdtibhsrasy contethplatedig@@107]sFloevpowEiEain7? A and/or
control system 432 may communicate with mass data storage 446 that
atdeasiorig iR \dhBrolaite Wauseefiopreintass dafanstérage’ B46Tmay1DD may
include optical and/or magnetic storage devices for example hard disk

BRSO R/ VISLIRSI% e b Relieraawies @rtigmalfsnthat is

h in FIG. 17A and { h th fi ti

RO iR PR inay 8 B, PSSR GGUBE G 6y memory
t | ' ' t imately 1.8".

e Y L 0 A0 e mmor

gHER RS tRAM.REM druigitn eaioseille MR BUUbaSIaShay support
memory and/or other
connections with a WLAN via a WLAN network interface 429.

[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 implemént a powertrain control sys’(ém 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 cbntrol 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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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. 17E, 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)jaudio out%n 458 such as a speaker and/or audio

Bl $5C% ddfray 266 RIBP S TRBR BEcl 36 RlEh BSERE5SmaY be
Ak BLetio” ARATeh BB ry e A o L e (ot g =tcs

N t il
g and/or contro a uits’(not shown

stéUSt&%lI%%&@g%éﬁ%ﬂ&@%gﬁ?&%§%q% Egﬁ@rﬁg}éggg@?rﬁ,nglxoédagﬁ e cruise

ncryption, perform calculations, format data an rform other cellular

ahans petions. [RAI99LThssalivanPhRiE A0 MayComBCateVit mpact

mass data storage 464 that stores data in a nonvolatile manner such as

Qpticaland akenagnesie staragendevieasfor-exampiehatddisk drives
HDD and/or DVDs. At least one HDD may have the configuration shown

in FIG[d0"A ahdthap eestiaie cOMD nsaythavé i erconfiguratioicsteowithimass
FIG. 17B. The HDD may be a mini HDD that includes one or more
Piéttesorruing4P dinghestrasacisianialler thano@biroxignaely 1. 8veThess data
cellular phone 450 may be connected to memory 466 such as RAM,
%Fw,%ﬁ’/\ﬁfm’é‘ﬁ&y'ﬁ@HGSIQt%Cﬁ{eﬂ%W’%lﬁ%ﬁ%@?&ﬁﬁ%ﬁ&?&?&/@bﬁi@@ma

e R e e L e 20 P By rve v
configuration shown in FIG. 17A and/or at least one DVD may have the
configuration shown in FIG. 17B. The HDD may be a mini HDD that includes
one or more platters having a diameter that 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 fnterface 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 presént invention can be
implemented in amplifiers, D/A or A/D converters in a cellular phone 450 that
may include a cellular antenna 451 .v In sb.me implementations, the cellular phone
450 includes a microphone 456, an audio output 458 such as a speakér and/or

audio output jack, a display 460 and/or an input device 462 such as a keypad,
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[00110] Referring now to FIG. 17F, the present invention can be
implemented in amplifiers, D/A or A/D 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

eerssHaliae pesfosn coding andion encryptian fesfrmmerl N ocessing
format data and/or perform any other set top box function. 30 [00111] The
sed/apchox4i8frmaty eomamuimatelwithimags (lada siorageind®@ theiltular phone
stores data in a nonvolatile manner. The mass data storage 490 may
4r€ludeopticed sndaie nrsgiestic stoliageaddidcesnfoypiiamplerfrard digkulations,
drives HDD and/or DVDs. At least one HDD may have the configuration
ferawhdateE i@d/oy Reafrdre cdt s6 46t 819 BWDSHRHRVS the configuration
shown in FIG. 17B. The HDD may be a mini HDD that includes one or

more PRI halify s BPTifatds Srafr BRaMABHFEEMAIEN Taes data
Th t top box 480 b ted to m 494 h RAM,

HOSRH oM oty VORI bRy SN s LS SHGh An B Gnep /o
R R e R RSB B fos.
Beiepinomew 10516 b iRe SRERSSHS INVSANAN£ RS ARRIRMG ek it one

amplifiers, D/A or A/D convertersin a media player 5°00. In some

DRElementatiensmsheorteflintayehbl includesiadisptay YCARMOTR: a mini
IE{J;eDr Itrt]wr;ltﬂinciudes one or more platters having a diameter that is smaller thé
approximately 1.8". The cellular phone 450 may be connected to memory 466
such as RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. The cellular phone 450 also may
support connections with a WLAN via a WLAN network intevrface 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.



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

proce?%ﬁ’ﬂﬂ%peﬁ%@ QQB‘%’M& ﬁ%}y;%ﬁﬂuﬂ%g&r%ﬁﬁ%%%‘f storage

format'data ahd/or perform any other media player function.

256 mediaplayenh0hmaysREBIRIEMe MWL mRssdata Hifagsradl At may

stores data such as compressed audio and/or video content in a
nNviableigRMRT/JN sRIgecpitsnegtaiiensdbefcompingsedravdidfiledrives
. include files that are compliant with MP3 format or other suitable ,
etiiprestedDaiiio atdéarsyces fivDatayThevmass datdiqieatige shayn in FIG.
include optical and/or magnetic storage devices for example hard disk
diidesrdDD aintastDVBsDAD |east dey DD oayiigavetibe somfiguiatfoe. 17B.
shown in FIG. 17A and/or at least one DVD may have the configuration
JhewriiP FrayL PB. Th@iADDRRaY BE HeNisieDDaa! imsfiedaigssohaving a
more platters having a diameter that is smaller than approximately 1.8".
PRI 9

B0 Pidyets é?ﬁfg‘)?’%@ RBIALERIE Yo hemon 5 15R daenba RARmay be
ga%'é/l%?l?e\g It%tenqg%%%/?xg@tlslgcwg{sn?{xﬁu ﬂl%Sh l%gahn(s%r n?g‘&g{o il%trﬁermory

e electronic data storage. The mediaplayer suppo

CORRSIPNS VIR AN LA MR AMLANISINQECIRIRITAGSE 2 16 3HL OF éset top
Implementations in addition to those described above are contemplated. .
0L LabThess sidied ipsBe b caschensanmieciat/ frar the faregeiNg network
interface 496.

[00112] . Referring vnow to FIG. 176G, 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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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. 32 CLAIMS 1. An
amplifier circuit, comprising: a first transistor having a control terminal that
receivd$ @ifid} amiptifienddputplayiirstdetminaly andrarsecead:texminali&s data
transimpedance amplifier having an input that communicates with said
fitstagmittal ot s statansigiors antnancssiplis ahd amdcutpideanplifient in a
comprising at least one of an operational amplifier, a telescopic cascoded
ARTpIRIEH EnaEHIRh-piN SRPIFIdMRIRMBIIRLCSS ifbet eranrsenwedinisstiss files
Wltb au? output of said transimpedance amplifier and an output. 2. The
ﬁéﬁa Grclie (f)f":?ﬂ%lﬁ?TﬁfﬁhfeWéBn%?@lﬁ@ﬁ‘ﬁ’f‘sﬁo%@?ﬁa?”“ab]e compressed

nicates. |th aldfrst mlnal of df| st transistor. 3. 'The
g?ngp]) f%r@%&w {SFclaim Eﬁurt er com rfj; {%iﬂggn?‘égd%%%tgp“cal and/or

rIBRMRICalsS yuth Spid se6PRIRY ﬂgpé K Al LR ARGy

ampllfler CII’CUIt comprlsmg afII’St ra SIStOI’ aving a con rol ermlna t

fi'gD may have the configuration shown in FIG. 17B. The HDD may ~be a mini
HDD that includes one or more platters having a diameter that is smaller than
approximately 1.8".  The media player 500 may be connected to memory 514
such as RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. The media player 500 also may
support connections with a WLAN via a WLAN network interface ‘516. Still other
implementations in addition to those described above are contemplated.

[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 ap-pérent to the

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

following claims.
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terminal of said first transistor, and an output; and an output amplifier

having an input that communicates with said output of said

transimpedance amplifier and an output; wherein said transimpedance

amplifier comprises a nested transimpedance amplifier. 5. The amplifiet-OYD WISE
circuit of claim 1 wherein said telescopic cascoded amplifier comprises:

an input transistor having a control terminal that communicates with said

output of said transimpedance amplifiefyg§rst terminal, and a second

terminal; 33 an output transistor having a first terminal that communicates

with said second terminal of said input transistor, a control terminal, and a

second termingh thap1gRpeelicateswithgaid output of said output
amplifier; and an output current source that communicates with said

second‘t@f’?ﬁﬁ%‘”l‘%?@éiHa\’)‘i}ﬁoEtcﬁéﬁgléféﬁ?%\a}kﬁ‘&%ﬁfﬁié%ﬁfé@ﬁﬁ amplifier input, a

sempmsing] afiist iRpsisierhaving a control terminal that receives a first
amplifier input, a first terminal, and a second terminal; a transimpedance

amplifiér AP SHeRfsu IR LT IR At &Rith (Al CRFSM ¥8ifTAl Witk asaid first

finshiransisian and amentpHanAWRWLamRlfier having an input that
communicates with said output of said transimpedance amplifier and an

output?] AUHRH: SBWEETh SOIERR B ATuMRsi SR RE AV IRsGd sBatcamplifier, a
anebbpicsupRlirrdCurpNier said firspierrpimal ahpaidelirshiaRsisignan input that

communicates with said output of said transimpedance amplifier and an output.

2. The amplifier circuit 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. An amplifier circuit, comprising:

a first transistor having a control terminal that receives a first amplifier input, a
first terminal, and a second terminal;

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

an output amplifier having an input that communicates with said output of said
transimpedance amplifier and an output;

wherein said transimpedance amplifier comprises a nested transimpedance

amplifier.

5. The amplifier circuit of claim 1 wherein said telescopic cascoded
amplifier comprises:
an input transistor having a control terminal that communicates with said output

of said transimpedance amplifier, a first terminal, and a second terminal;
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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:ﬁ%%ﬁ%ﬁﬁ%&%ﬂgmﬁ%ﬁﬁmgﬁg iéﬁﬂﬂ%&@s with said second

communicates with said first ottput of said differential transimpedance
KTplier oA sekbnditput hasiebnimeriitalesomitinghideé congteunputepminal that

saiflifierantialipnsimpeganseamelifish anfiiQuipdt and a second

output. The amplifier circuit of claim 6 further comprising a second load

that coPhrimeafRs fthSSaadiBRtenrImaIdF ard s satiltraneistderginal of said
bheanalifirigircuit of claim 6 wherein said differential transimpedance

amplifier comprises a nested differential transimpedance amplifier. 34 9.

The amplifier circuit of claim 6 wherein said differential output amplifier
compriges a. @iﬁ@fﬁ(?liﬁe@@%‘i@&ﬁhﬁﬂ%ﬂ@ef- 10. The amplifier circuit of

claim 6 wherein said differential output amplifier comprises a differential

telescopitehBeadePahyime? (NI AMMMdPE AcsRIvE T miftst WHdiass input, a

saig diffgrntial oatRub amplifigracomprises a differential push-pull
amplifier. 12. An analog-to-dﬂ%ital converter (ADC) comprising N cascaded

ADC stalGB&IRETARS IR MtegBvilRarRiNaY st SREBrisatensulfysaid first
ARG SIPEIESHi E TSRS stor, and an output;

an output amplifier having an input that communicates with said output of said
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transimpedance amplifier and an output;

a current source that is in communication with a voltage source and that supplies
current to said first terminal of said first transistor;

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 said second output of said differential transimpedance amplifier, a

first output, and a second output.

7. The amplifier circuit of claim 6 further comprising a second load that

communicates with said first terminal of said second transistor.

8. The amplifier circuit of claim 6 wherein said differential transimpedance

amplifier comprises a nested differential transimpedance amplifier.
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a first transistor having a control terminal that receives a first amplifier

input, a first terminal, and a second terminal; a transimpedance amplifier

having an input that communicates with said first terminal of said first

transistor, and an output; and an output amplifier having an input that
communicates with said output of said transimpedance amplifier and an--0"P WISE
output. 13. A pipelined analog to digital converter, comprising: a first stage

that receives an input voltage, that generates a first sampled digital value

and a first residue voltage, and that includes a first amplifier that amplifies

said firSt residﬂl@Wéﬁ@%&t@%ﬂ%ﬁ?ﬁpﬁﬂé&i@@@ﬂé%mm;ampliﬁer

phpRecANEBlAgRi 8L ERARIMES 2R fitst amplified residue voltage, that
generates a second sampled digital value and a second residue voltage,

and that includes a second amplifier that amplifies said second residue

voltagej whereipatdgast Qnerefs e iissh W@l@fﬂ%ﬁ@ﬂﬁé@ﬁ&&d@mm amplifier

amplifier comprises_ said amplifier circuit of claim 1.
comprises a differential telescopic cascoded amplifier.

11. The amplifier circuit of claim 6 wherein said differential output amplifier

comprises a differential push-pull amplifier.

12. An analog-to-digital converter (ADC) comprising N cascaded ADC
stages, where N is an integer, wherein at least one of said cascaded ADC stages
comprises:

a first transistor having a control terminal that receives a first amplifier input, a
first terminal, and a second terminal;

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

an output amplifier having an input that communicates with said output of said

transimpedance amplifier and an output.

13. A pipelined analog to digital converter, comprising:

a first stage that receives an input voltage, that generates a first sampled digital
value and a first residue voltage, and that includes a first amplifier that amplifies said
first residue voltage and generates a first amplified residue voltage; and

a second stage that receives said first amplified residue voltage, that generates a
second sampled digital value and a second residue voltage, and that includes a second
amplifier that amplifies said second residue voltage;

wherein at least one of said first amplifier and said second amplifier comprises

said amplifier circuit of claim 1.
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