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OF THE | NVENTI ON [ 0002] The present invention relates to transi npedance

anpl i fi epppligdtfbn MY &1 7308 1894l &ddy JuR D8Sbede! WA BAGSh Jis! tn%rs Wi th
an increased gai n- bandw dth product. BACKGROUND OF THE [ NVENTI ON [ 0003] A

et or 1§ nechah Poopr o rasieTa ok BaRofRN SOBHT ANETIR! onal R 28 2ok, '
CPPErT ) 1 PRl Wy PP ARG sbrllsqr." et B fiay 's] 2006, ane™
60/759,899, filed on January 18, 2006, and is a continuation-in-part of United
States Patent Application No. 10/459,731 filed on June 11, 2003, which is a
continuation-in-part of United States Patent No. 6,762,644 issued on July 13,
2004, which élaims the benefit of U.S. Provisional Application No. 60/275,109,

filed March 13, 2001. The aforementioned applications are hereby incorporated

by reference in their entirety.

FIELD OF THE INVENTION
[0002] The present invention relates to transimpedance amplifiers, and
more particularly to nested transimpedance amplifiers with an increased gain-

bandwidth product.

BACKGROUND OF THE INVENTION
[0003] A transimpedance amplifier (TIA) is a well-known type of
electronic circuit. Referring now to FIG. 1, a TIA 100 includes an operational

amplifier (opamp) 105 having a gain parameter (-gm). The opamp 105 is
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*@00002* connected in parallel to a resistor (Rf) 110. The input to the TIA
;100 i;s a current (A) 115. The output of the TIA 100 is a voltage (Avo)
120. [0004] Referring nowto FIG 2, the opanp 105 of the TIA 100 is

repl aced by a current source 205 and a transistor 210 having gain -gm The
TIA 100 i

n FL.Gs. 1 and is often re r to t ransconduct ance
Tl 11 opoReisdin Peiies fr arreSslrdR L Ehe et tatne 78 (LS ERTS o1 ¢ age
Avo. [0005% Referring nowto FIG 3, a TIA 300 converts an input voltage

(Av;) 30%0) Afd. dhecutpul ofitbetlafel 00As @ vadtege (Bke T0A 300 al so incl udes a
resistor 315 that is connected to a transistor 320. The TIA 300 is
typically usef0004] appl Ref¢rriagsnénad FISyl, rieer eparhp VEIS of tive Tandgdish.

[ 0006] Referring nowto FIG 4, a TIA 400 converts an input voltage (Av;)

405 1 nt Oréladal BYla MPERADUEY 2D54HY a TRsidy ZPhaRL &, SaFRNAA opanp

415, which i1s connected in series to a parallel conbi naqi on Of a resistor

(Rf) 420 p. . 0,4 i I . | cations
havi ng ﬂpgﬁ%?%%ﬁ%%%‘%@%&ﬁ?ﬁ%@#& ?%1?1#%%88%%?%%&%{%8@9?8%55| narily,
the bandwidth of the TIAis Jimted to,a fraction of a threshold frequency
fT of tr&r&ﬁ”%g? {Rg inpys cuEpRt %‘s‘@&’ '?‘Fr QURUINMRIEHVo I n the case of a

bi pol ar junction transistor (BJT) such as a galliumarseni de (&As)

transi stor, tROGIndviRelenring noetorFAGI S, appAxd0facenvertsqanlinpat 1@tage0% of
fT. For netal-oxide-sem conductor (MOS) transistor(s), the bandw dth of
the TIA i&yv) 89Piistal dry otpgue WoRE§SE €RY,) (31.08. Th@MPABOONEIsE|ibclddesH) redistdrT

[0008] Referring nowto FIG 5, a TIA 500 nay be configured to
315 that is connected to a transistor 320. The TIA 300 is typically used in
applications that require relatively low bandwidth.

[0006] Referring now to FIG. 4, a TIA 400 converts an input voltage
(Avi) 405 into an output voltage (Av,) 410. The TIA 400 includes a second
opamp 415, which is connected in series to a parallel combination of a resistor
(Rf) 420 and an opamp 425. The TIA 400 is typically used for applications having
higher bandwidth requirements than the TIA 300.

[0007] Ordinarily, the bandwidth of the TIA is limited to a fraction of a
threshold frequency fr of transistor(s) that are used in the opamp(s). In the case
of a bipolar junction transistor (BJT) such as a gallium-arsenide (GaAs)
transistor, the bandwidth of the TIA is approximately equal to 10%-20% of fr. For
metal-oxide-semiconductor (MOS) transistor(s), the bandwidth of the TIA is
typically a few percent (i.e., approximately 2%-6%) of fr.

[0008] Referring now to FIG. 5, a TIA 500 may be configured to

operate differentially using two inputs of each opamp 502 and 504. One input
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operate differentially using two i nputs of each opanp 502 and 504. One
Jdnput, 2 505 acts as a reference, in a simlar manner as ground or virtual
ground in a standard configuration TIA The input voltage Av; and the
out put voltage Avo are neasured as voltage differences between a reference
i nput 505 gnd a seconﬁ iqgut 510. . Feedback resistgrs 514 gnd 516 are
connect ed0RAYS &St AECIETRTS A ST BIAPEE 8S09URE p¥iabgrounbibe)
Referring nowto FIG 6, one TIA application having a relatively high
bandwi dt Btandgtd eemigwratien That Toe inputoynliagal A ansbine autpupbyoltage Aenarer
circuit 600 includes the opanp 105 and the resistor 110 of the TIA 100

t hat ar en@aigpretiaswiditage difieieddes detwdon al fefemticeuinpaf 506earthat ssbopde 605
is a current (Photo 610, which acts as an input to the TIA 100. [0010]

| ncreasi fgluy 516PHdeRBRLR MSsiSABR & Rl 51 D a@NchHEb I BBraa8AhBiigbuts GRidN-
Exanpl es include optical sensors, such as fiber optic receivers, and

preanpli {4 tars . far Wi speed hard di sk drives. SUMMARY OF THE
| NVENTI He[cglg?'%s%tﬁ%so 5 ?g%'si npedance anplifier (TIA) circuit includes a

zero- order T Vi n.i nput a out put,, and first operational :
Slitier e (olfas " FeRRuiBon RIS, S A pPRitafob iating BaPEVEPEh sai
output of. said zero-order TIA a first transistor driven by said input, a
second t PWS@%’IQW'd%'@LqU'TP@Wi'S/Wt@{/aQ anticat s¢1ses. ) @B@‘@'éﬁﬂs‘é'bﬁfﬁwﬁ cates
with said first transistor, a first current source that conmmunicates with
sai d secb6d incluges theorpampd Oenanslithsutesistoral 1(hotithebEirwE@h thatare icospled
transi stor and the second transistor.

with a photodiode 605. The output of the photodiode 605 is a current Iynoto 610,

which acts as an input to the TIA 100.

[0010] Increasingly, applications require both high bandwidth and high
gain. Examples include optical sensors, such as fiber optic receivers, and

preamplifier writers for high-speed hard disk drives.

SUMMARY OF THE INVENTION
[0011] A nested transimpedance amplifier (TIA) circuit includes a zero-
order TIA having an input and an output, and a first operational amplifier
(opamp). The opamp includes an input that communicates with said output of
said zero-order TIA, a first transistor driven by said input, a second transistor that
is driven by a first bias voltage and communicates with said first transistor, a first
current source that communicates with said second transistor, and an output at a

node between the first transistor and the second transistor.



3 [0012] In other features a second current source communicates with the
first, transistor. A gain of the opanp is greater than a gain of the
zero-order TIA A bandwidth of the opanp is |ess than a bandw dth of the
zero-order TIA [0013] In other features the zero-order TIA includes a
first opanp clydi first input and a first out a second gqpanp
including a sta@é‘ Hau"?th ﬁrﬁ%ataregéo?ﬁfOMt Blﬂﬁre”tTwrggc‘fﬂ{H"T URKsFes with
comuni cates with the first output. A resistance includes one end that
conmuni cHieclrshirieRsistr. oA Gair ob the apamnds greatet dhan angrintefithe gerenarder es

with the second input. [0014] A nested differential node transi rrpedance
anpl i fi ed A TAR)arciwidthi of the mplaoteis lasy than @ bdedwitith Déthenzéralonded& | Al A
including first and second inputs and first and second outputs and a first

di fferential [oOo#3]opanabihenafeatirebi fhieekero-oRRAPIIA Theudears firsicbpdep | nput s
that communicate with respective ones of said outputs of said zero-order

differ en?dcﬁ]d@?@%r@t’ |ﬁpufiarﬁdi bSfrst S@RPSL, %tégco‘i'lﬁ'd’(%FnQYncI@dlﬁbraséec%"?‘l'dqnbﬁ‘tpu'[ a

second transi driven by a second said input, hird™ transistor that
drive

et 3 BRI R O PSS AP AL
d t d t t |rst current source that

22mﬁ?2£$82é86f$ﬁné“a$%s Bher i danispenBrinicaies wifhuind Spefitd citncaiha

comuni cates with said fourth transistor, and first and second outputs at

respect | 98CQhaRE thasconyaunisates with the secanddABikt or and the third

transi stor, and between the second transistor and the fourth transistor.
[0015] In ot h§0t4dat Uk esstadediffessndidl ohodedramsimpédamateafipifien (TeA) circuit

includes a zero-order differential mode TIA including first and second inputs and
first and second outputs and a first differential mode operational amplifier
(opamp). The opamp includes inputs that communicate with respective ones
of said outputs of said zero-order differential mode TIA, a first transistor driven by
a first said input, a second transistor driven by a second said input, a third
transistor that is driven by a first bias voltage and communicates with said first
transistor, a fourth transistor that is driven by the first bias voltage and
communicates with said second transistor, a first current source that
communicates with said third transistor, a second current source that
communicates with said fourth transistor, and first and second outputs at
respective connections between the first transistor and the third transistor, and
between the second transistor and the fourth transistor.

[0015] In other features the nested differential mode TIA circuit

includes a third current source that communicates with the first transistor and the
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includes a third current source that comunicates with the first transistor
and the 4 second transistor. A gain of the first differential node opanp
is greater than a gain of the zero-order differential node TIA A

bandwi dth of the first differential node opanp is |ess than a bandw dth of

the zero-ordeyr differential e TIA [001 In other features the
zero-ordé?c‘?ﬂc{ frepgisiaral rﬁﬂérgﬁﬁe;ﬁﬁgl cﬂ&%rsenglal E@@@nﬂp%fppf'érgiﬁ?ééltn%@e opanp
including inputs and outputs and a third differential node opanp including
| nput 5. aBENoo et sEromrder Affrenis rapde THhs o anRWiief tap TFEdLiepal
conmmuni cate with respective outputs of the second differential node opanp.
Resi st anoexle opdropés fessthar adsaratwddtheafdhe zermerdertifferentialt maded Td8cond ends
comuni cate with respective inputs and outputs of the third differential

node opanp. [ Q0] A IResthedfeditlifesrtastzepd-ordutaliffé@psianmede Tid iaokidetiser
(TIA) circuit includes a zero-order differential node TIA having first and

second i gl a&\ﬁeréﬂtiéﬁtmaaé éﬁ&r%dirf&lﬁcgh'é Sinp@fd dhddidutSitenaha! amede

push-pul I ‘opanp having first and secon nputs and first and second
cai a1 Seini4 ahaRR LR ILo AR e GRRY UAGLS. Grhe JDERRTE] ECHERET .
s gr eat SITERGHR AT O4PROBA PG BERBIH R i FOrENE: APTHGH O THR S
bandwi dth of the differential-node push-pull opanp is less than a
bandwi dt Hiftsrentind mede opaaur Resktancestingludedidet ends andsepnd engshelrhe
features the zero-order differential node TIA includes a
first and second ends communicate with respective inputs and outputs of the
third differential mode opamp.
[0017] A nested differential mode transimpedance amplifier (TIA) circuit
includes a zero-order differential mode TIA having first and second inputs and
first and second outputs, and a differential-mode push-pull opamp having first
and second inputs and first and second outputs. The first and second inputs
communicate with respective ones of said first and second outputs of said zero-
order differential mode TIA.
[0018] In other features a gain of the differential-mode push-pull opamp
is greater than a gain of the zero-orderldifferentia| mode TIA and a bandwidth of
the differential-mode push-pull opamp is Ieés than a bandwidth of the zero-order
differential mode TIA.
[0019] In other features the zero-order differential mode TIA includes a

second differential mode opamp including inputs and outputs and a third

differential mode opamp including inputs and outputs. The inputs of the third
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second differential node opanp including inputs and outputs and a third
differential node opanp including inputs and outputs. The inputs of the
third 5 differential npode opanp comruni cate with respective outputs of the
second differential node opanp. Resistances include first ends and second
ends. The_ first and second ends comunicate with respective inputs and

out put s g'lﬁef@fg'aﬁ t"ﬂP‘g‘ﬁ QRETR rEHRMENIGRIR Vithh AegPeqtive 2entruts &5 tthg Second

transi npedance anplifier (TIA) circuit includes a zero-order TIA having an
i nput andiffererdial prade apainpst Repistemces agludeniirstianss ardpaee)d rads.nd hen

out put and an input that conmmunicates with said output of said zero-order
TI A, a ffirsstangosecorslppldy compununfoate aythl yespectivé iinpitsvand agepdte dfhihe
zero-order TIA and a second power supply input for receiving a second

vol t age. thiry difafdtiaPmdReBHmie. devel ops a third vol tage based on the first
voltage and the second voltage. The third voltage is applied to the opanp.

[0021] 'In ot hajpdpgat ur eg ﬁ@@teae{ré’ﬁé?ﬁ%%ﬁaﬁéeb‘ddgﬂlffé?‘eﬁ 1R Clrb it i

including a flfrst input and a first output and a second opanp I nc ugi ng a
second Lpput .an econd out put,.  The_secqnd, i nput, conmuni cates w.th the
Frret oufBaror®R TR HEFRRE S WMl el ol “ERASk AL R R Se e e
second out put and .a second end that communicates, with the second iqr}put.
[0022] | ng”P@r #4WR9 AL OUPW AR 'PRYuingt somBgDicatess With essald Qirit Qfol t age.

Alight-emtting di ode communi cates with the opanp output. The first
vol t age B8idgzaratasder ik @ Hiestseawerdsupnly anyuit fanepplyingda fisst wajtadesto the
approximately equal to a sumof the first voltage and the second vol t age.
The firskenoebtdegdIAsand a second power supply input for receiving a second voltage.

A charge pump module develops a third voltage based on the first voltage and

the second voltage. The third voltage is applied to the opamp.

[0021] In other features the zero-order TIA includes a first opamp
including a first input and a first output and a second opamp including a second
input and a second output. The second input communicates with the first output.
A resistance includes one end that communicates with the second output and a
second end that communicates with the second input.

[0022] In other features a voltage regulator regulates the second
voltage. A light-emitting diode communicates with the opamp output. The first
voltage is greater than the second voltage. The third voltage is approximately
equal to a sum of the first voltage and the second voltage. The first voltage is
otherwise applied to analog circuitry and the second voltage is otherwise applied

to digital circuitry. The first voltage is between about 2.5V and 3.3V. The second

voltage is about 1.2V.



otherwi se applied to analog circuitry and the second voltage is otherw se

applied to digital circuitry. The first voltage is between about 2.5V and
3.3V. The second voltage is about 1.2V. 6 [0023] A differential

transi npedance anplifi er circuit conprises a first operational anplifier

having a firs ert) n first, non-inverting input, .a first
"ver ting out MAZA{RG A BBt RahsiererRGe ARBE uLcBIBPiRs atThal
anplifier hayvi nP a second inverting input, a second non-jnverti ngf i nput, a
second i APerationgl amptifier thawwafgedamrﬂﬁamwu{velflfstﬁ@rbw@mng inRek: @itist he
second inverting output conmunicates with the first non-inverting input
and t he $woeoing notput arer aifitgt nootipartico outpits at escanid: apetatiohal smplifiererti ng
input; a first feedback el enent that conmunicates with the first

non- i nvehhving a spcdndaindetting ihbutta sevuerd havgirvertng inpat, seecsvt freedck

el ement that communicates with the first inverting input and the first

non-i nvephtdid e BWecoRd! Mvr-thvepRitPaatoue! WH@FEmttHétse%@FYHHH{/@r%hQSOO‘PRW the

second inverting I nput and the first inverting output; and a four

feedbackcoﬁhﬁurmeste&p@&hctﬂ SRERH S, Gy ) hé’%’écbﬂaeﬁc?]d-l?ﬁ/ﬁ t and

the first non- Inverting o ot her teatures and
fourth fee ck el enen rlse fir I and i stances

r espect i PUIRHT CPRAMHRIEALPS aWﬁRHB st invedingaoRuB RN e Saank PeBaNt thet ang
second capam tances, respectively. The f| rst and second feedback el enents
conpri se COMMUNigatEs sl he fissh e@wra/@gtmg inpydeand tha firstTReeding Qutawls asecond
feedback el enments conprise first and second capacitances, respectively.
The firstseaond feariadk federdbatthat cememirscatas with the first inverting input and the

first non-inverting output; a third feedback element that communicates with the
second inverting input and the first inverting output; and a fourth feedback
element that communicates with the first non-inverting input and the first non-
inverting output.

[0024] In other features, the third and fourth feedback elements
comprise first and second resistances, respectively. The third and fourth
feedback elements comprise first and second capacitances, respectively. The
first and second feedback elements comprise first and second resistances,
respectively. The first and second feedback elements comprise first and second
capacitances, respectively. The first and second feedback elements each
comprise a first resistance in series with an inductance and a second resistance
that are in parallel with a capacitance. The capacitance includes a variable

capacitance. The first and second feedback elements each comprise a



conprise a first resistance in series with an inductance and a second
_resistance that are in parallel with a capacitance. The capacitance

i ncludes a variable capacitance. The first and second feedback el enents
each conprise a 7 resistance in parallel with a capacitance. The

capaci tance i ncl udes arj.abl e cagpacitance. [0Q25] In other features, the
FrPet antPaatetitim ouliel il e aac Tenprradiagen Rolopee Yadnkle : n
series with an inductance and that are in parallel wth a capacitance and
a secondcaragit@nédce. The capacitance includes a variable capacitance. The
first and second operational anplifiers are transconductance anplifiers.

[ 0026] | n ot hfH025¢at Unethemfeaturesgthet tinst andsdcoad fehdbadck eEmeerits adach

transi npedance anplifier. [0027] A single-nested transinpedance anplifier

circuit comprissesfiit résistathcepariricenaith ampindlcincBaadithat drdi indparanélr ting
input, a third non-inverting input, a third inverting output and a third

non-i nvepithng Oalitancénand Ne fidohar Rfidtahce I FR8! H‘é’;ﬁ?&%‘éeamé!défése%

circuit. The second I nverting I nput communi cates wt the t

The i v duaier ERREEARS, | " TRESHRY (00 sPLOhe  PRsrlRpeLr AFpEpRT S 1

t ransi npedance lifier circuit conprises a single-nested transi npedance
anplifie aE?qodﬁ#aUg?a%ﬁoafapkftﬁE?t h operational anplifier having a fourth
inverting input, a fourth non-inverting input, a fourth inverting output
and a fourth [R6]nvdnt otherodeplures. T fivtggtaor nespprisgs the differential

transimpedance amplifier.

[0027] A single-nested transimpedance amplifier circuit comprises a
third operational amplifier having a third inverting input, a third non-inverting
input, a third inverting output and a third non-inverting output; and the differential
transimpedance amplifier circuit. The second inverting input communicates with
the third non-inverting output and the second non-inverting input communicates
with the third inverting output.

[0028] A double-nested differential transimpedance amplifier circuit
comprises a single-nested transimpedance amplifier circuit; and a fourth
operational amplifier having a fourth inverting input, a fourth non-inverting input, a
fourth inverting output and a fourth non-inverting output. The fourth inverting
output communicates with the third non-inverting output and the fourth non-
inverting output communicates with the third inverting input.

[0029] In other features, a fifth feedback element communicates with

the fourth inverting output and the first inverting output. A sixth feedback element
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out put communi cates with the third non-inverting output and the fourth non-
Jdnverting output communicates with the third inverting input. [0029] In
other features, a fifth feedback el enent communicates with the fourth
inverting output and the first inverting output. A sixth feedback el enent

' WM . - i 't d. fil :
non- i nver et 18 TobrpaiERi, Siudlo B BRcrshrortbtRringe i s

and second resistances, respectively. The fifth and sixth feedback

el ement sC¥BHpr i é_@ef f'&@t and ngixe feedPackp slamamts e somMpisgofirsh &ndyngeooart a
analog to digital converter conprises the differential transinpedance

anpl i fi eresistarcesi, gasperiively. ardleolifth andi gjxthafeedbaek @lereentsoapmpess fiast
difference anplifier nodule that includes one input that receives an input
si gnal ; and sat@ut edmacitapdese t hat comuni cates with an output of the
difference anplifier nodule; a conmparator nodul e that receives an out put

of the integrpodo] Al Signidbetadifiadcy 0 AGIAIOTORPBMEF L &mphdds the
comuni cates wth an output of the conparator nodul e and another 1 nput of

the di ff&i"ff‘ér%gﬁl afFBhéin%‘daﬁBQ“'agmligigﬁ?’éhﬁeéygﬁé-de t%n%?%qjﬁté i«ﬁ{;ﬁ%l and

deci mation m e recei'ves an conparator o east
compar at o REIEL o ErSaB < Tk BngRr e B Pt i B G eaRpP Fratr -
[0032] A differential f{ransinpedance anplifier circuit conprises first
anpl i fyi FRECHEEAN MRVt &EE1 137 Keeralemgodulei that communieaigs wWigLen oateytr st
non-| nvegft tlhggdifference amplifier module; a comparator module that receives an output
of the integrator module; and a digital to analog converter that communicates
with an output of the comparator module and another input of the difference
amplifier module.

[0031] In other features, a filter and decimation module receives an
output of the comparator module. At least one of the difference amplifier module,
the integrator module and the comparator module includes the differential
transimpedance amplifier.

[0032] A differential transimpedance ampilifier circuitlcomprises first
amplifying means for amplifying having a first inverting input, a first non-inverting
input, a first inverting output and a first non-inverting output; second amplifying
means for amplifying having a second inverting input, a second non-inverting
input, a second inverting output and a second non-inverting output, wherein the

second inverting output communicates with the first non-inverting input and the

second non-inverting output communicates with the first inverting input; first
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input, a first inverting output and a first non-inverting output; second
amplifying neans for anmplifying having a second inverting input, a second
non-inverting input, a second inverting output and a second non-inverting
out put, wherein the second inverting output conmunicates with the first

non-inverting i nput and the second non-inverting output conmunicates with
the fi rsfequ&ktm%”?’ rﬁ%ﬁjp,m\f“i"ﬂgtfee@?@'éd’ﬂﬁcﬁ”ﬁ%&%? V}HF'b\t'li‘Qiif'rﬁﬁ h@&dback
that communicates with the first non- inverting input and the first

i nvert i nipvedingutinpele @ond the etish cikvemings obitput; mesendi fepgdbaskbatdansh fer
comruni cates with the first inverting input and the first non-inverting
out put; phoviding deddtsardk thedroniraunioates withdhé diestbiac&rtinlgainput andithedastes wit h
the second inverting input and the first inverting output; and fourth

feedbackngramserfing BURNItdI therdl GeEBB&MK t RN OB NpRAIdISg WiddUHRR fthast
non-inverting input and the first non-inverting output. [0033] In other

featur es ol fildisd il Y5Ldhd RRARRRKINBBRAR SAERISRveibstuilif Arcond

resi stance mnmeans provi di ng resi st respectively. I'rd and
fourth feedphack aps._conprise first .and second capacitances. r,ovi di ng
capact t it feeBBER pERYE 4 Eravdide BRbEECERY PREARNERNS ORI a5 se
first and second resistance neans for providing resistance, respectively.
The fi r sNoBrAVeIHeg inPut aadrhe irsknansinyerngi lPdt r st and second capacit ance
means for providing capacitance, respectively. The first and second

f eedback nean{0@3¥dh domphéesteatunest theethirdtantclountbdrsedback preawisdiomprise
resistance in series wth inductance neans for providing inductance and
second fiestisicaseeome agsisfanice pmedhslifog prasdiag aretaie, respedtivepar albeel with

a capacitance -
third and fourth feedback means comprise first and second capacitances for
providing capacitance, respectively. The first and second feedback means
comprise first and second resistance means for providing resistance,
respectively. The first and second feedback means comprise first and second
capacitance means for providing qapacitance, respectively. The first and
second feedback means each comprise first resistance means for providing
resistance in series with inductance means for providing inductance and second
resistance means for providing resistance that are in parallel with a capacitance
means for providing capacitance. The capacitance means provides a variable
capacitance. The first and second feedback means each comprise resistance
means for providing resistance in parallel with capacitance means for providing
capacitance. The capacitance means provides a variable capacitance. The first

and second feedback means each comprise first resistance means for providing

resistance in series with inductance means for providing inductance and that are
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means for providing capacitance. The capacitance neans provides a variable
capacitance. The first and second feedback means each conprise resistance
means for providing resistance in parallel wth capacitance neans for

provi ding capacitance. The capacitance neans provi des a vari able

capaci tance. The fi.rst aE@?second feﬁgback ans each conprise firs

f
resi st and®t PRI WHh GRBAFIRNME PR3N tIQRCROVIFRG r§RRAGKRDRE | ARY CB& means

for providing inductance and that are 10 in parallel w th capacitance
means f oreystenreimepnsfricproyidirg seristeaeend he eapatitance Mmeans Areyides &i di ng
resi stance. The capacitance neans provides a variable capacitance. The
first andasgablendapapitahge.ng Teandirstnandd esecondnsaopldfviogamoeaaspinduder s.

[ 0034] A single-nested transi npedance anplifier circuit conprises third

anpl i fyi nansesifuctaiceaamblifisisng having a third inverting input, a third
non- inverting input, a third inverting output and a third non-inverting

output; and tigo34)i f f &sGYIb-ResidPRghdRPEABACe aRPIKE! BircGit ESMbised Bifrgsecond
inverting input comunicates with the third non-inverting output and the

Peoons PaRNAG BRns' AP BATAHEHE 2 ik, WNerl iphug diraoaHt Put
o T R O BBl e RS 1
non-inverting input, . a fourth inverting output and a fourth non-jnverting
out put . fHEereslialt frangirepedanse AMpUfterc sHruiki cal BS \ﬁjPF‘Pt”q hEVERiNG input
non-inverting output and the fourth non- inverting output. conmunicates with
t he thi r gommuenicateg wiipdie third non-inverting output and the second non-inverting

input communicates with the third inverting output.

[0035] A double-nested differential transimpedance amplifier circuit
comprises a single-nested transimpedance amplifier circuit; and fourth amplifying
means for amplifying having a fourth inverting input, a fourth non-inverting input,

a fourth inverting output and a fourth non-inverting output. The fourth inverting
output communicates with the third non-inverting oufput and the fourth non-
inverting output communicates with the third inverting input.

[0036] In other features, fifth feedback means for providing feedback
communicates with the fourth inverting output and the first inverting output. Sixth
feedback means for providing feedback communicates with the fourth non-
inverting output and the first non-inverting output. The fifth and sixth feedback

means comprise first and second resistance means for providing resistance,

respectively.
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[0036] In other features, fifth feedback neans for providing feedback
commyni cates with the fourth inverting output and the first inverting
output. Sixth feedback nmeans for providing feedback communi cates with the
fourth non- inverting output and the first non-inverting output. The fifth

and sixth fee ans comprise first and. second resistance neans for
provi di ng resi?@fﬁrjce?’g %&rﬁ@%‘?ltﬁelﬁf‘alﬁﬁ [9odigftals cqnyeEehe FPRPESES oa o
digital converter conprises the djfferential transinpedance anplifier. The
Si gna- Dedifterantigloffansimneglanse agmlifiert er Thiel Sigewa-Belteepeatog depHiditabr
means for anplifying that includes one input that receives an input

si gnal ; icanegten mclugesndiffecendenaelifier meansator armoplifiyimoc ttted sinoliutes aoneout put
of the difference anplifier neans; conparator neans for conparing that

recei ves irputothgtutecdivdshean ninpgt adigmalreiategrat@ndniéagist dor ihegeatlPghat
converter nmeans for converting that communicates with an output of the

conpar at @primma@nsateBdwitRohhesuth0P W 0k bieraHde’ anfigier anBhnd;i 8B5mPBAISH
[0038] In other features, filter and deci mati on nmeans for filtering and

Qoe] mmt | RedrRORr ¥BAnGhBH fecdivessh BAMAGRYL (ER AR Mbaheaslq 8P’ ! he

di fference anpl e I ntegrator neans he "conpara

e L AR et AT

ver L1 niERBRBTIAEME s A0 SsiDPFIPBR! PHgeSifgience STaRbBhesier at | onal

anplifier havi nég a seltr:]og% irr}vetrti ng input, a second non-inverting input, a

second [0038] er features, filter and decimation means for filtering an
decimating receives an output of the comparator means. At least one of the
difference amplifier means, the integrator means and the comparator means
includes the differential transimpedance amplifier.

[0039] A differential transimpedance amplifier circuit comprises a first

operational amplifier having a first inverting input, a first non-inverting input, a
first inverting output and a first non-inverting output; a second operational
amplifier having a second inverting input, a second non-inverting input, a second
inverting output and a second non-inverting output, wherein the second inverting
output communicates with the first non-inverting input and the second non-
inverting output communicates with the first inverting input; a third operational
amplifier having a third inverting input, a third non-inverting input, a third inverting
output and a third non-inverting output, wherein the second inverting input

communicates with the third non-inverting output and the second non-inverting

input communicates with the third inverting output; a fourth operational amplifier
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inverting output and a second non-inverting output, wherein the second
Jnvegting output communicates with the first non-inverting i nput and the
second non- inverting output comunicates with the first inverting input; a
third operational anplifier having a third inverting input, a third
non-inverting input, .a third invertin output and.a thir n-inverting
out put . RAURG: & ToHN dBueat: RoE 7 dBUMAgT-MrfG NP8 IR TNETG & d
non-inverting output and the second non-invert.i n% i nput comuni cates with
the thir Guiﬁﬁ’geﬁﬁq ﬁgf%rbtﬂqn"ﬁv?ﬁ'@gt Auipwbr wheesial thenfayrth éaverting Huipwg a
fourth inverting input, a fourth non-inverting input, a fourth inverting
out put apdmaynicated with-thenibird i nep-nyepging outpsiteana the: fowiih tron-imyertingng

out put conmuni cates with the third non-inverting output and the fourth
non- i nveotipuy conwhynitatesnwitimitivatided mvertinghimpulia €irst feedbacigelenyarit that i r st

f eedback el enment that communicates with the second non-inverting input and

t he secop@mimilfiEdtes dwitldUhBUSecehd eRALAvEEAE bpplt elrRimemd deeahd CRVEHINGCat es
with the second inverting input and the second non-inverting output; a

third fegg{gﬁ,g,k? Sbesmd feddilck &%Pt%%@ﬁ%ﬁi?ﬁeﬁﬁmg@ s&&hd fﬁ‘é@ﬁﬁg{‘g

i nput an irst 1nverting output; a el'ement t

conmuni ¢ i h L kd ] ) i t ang.th (L st non-inverting
outpur: e ¢ ok sbRhd gl R RC v Topatdch, SERBY Rk
inverting input gnd the first inverting output; and_a sixth feedback

el ement | CoMARiEHRR R Ml ROPHEvarBos FIPHGHd ARt b Gtip B & he
first non-inverting output. {0040] In other features, the first and second

f eedback faurtnieedback etgsnentethat eemmiicales avith thesthid dnveriing irpend thel y. The
third and fourth
first non-inverting output; a fifth feedback element that communicates with the

fourth inverting input and the first inverting output; and a sixth feedback element
that communicates with the fourth non-inverting output and the first non-inverting
output.

[0040] In other features, the first and second feedback elements
comprise first and second resistances, respectively. The third and fourth
feedback elements comprise first and second resistances, respectively. The fifth
and sixth feedback elements comprise first and second resistances, respectively.

[0041] A Sigma-Deita analog to digital converter comprises the
differential transimpedance amplifier. The Sigma-Delta analog to digital
converter comprises a difference amplifier module that includes one input that
receives an input signal; an integrator module that communicates with an output
of the difference amplifier-module; a comparator module that receives an output

of the integrator module; and a digital to analog converter that communicates
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f eedback el enments conprise first and second resistances, respectively. The
Jifth and sixth feedback el enments conprise first and second resistances,
respectively. [0041] A Signa-Delta analog to digital converter conprises
the differential transinpedance anplifier. The Sigma-Delta analog to

digital nverter comprises a difference amplifier. nodul.e th i ncl udes
one i npuwﬁﬁh%ﬁ Ou?%"&te?% &Rmﬂ%ﬁﬁoréﬁaﬁ@ﬁa% a\"r?heedr b‘? QLT @%FFF&CG
comuni cates,_with an output of the difference anplifier. nodule; a

conpar at 8MPHBFUNEIEIRat receives an output of the integrator module; and a
digital to anal og converter that comunicates 13 with an output of the
conpar at or rm[ﬂﬂ“g]andna@ibﬁhé@ammjta dilter waddiecigationemoglnist ir¢¢aivesradul e.
[0042] In other features, a filter and deci mati on nodul e recei ves an

out put obutpléof thepeorapamnatorodotele. At [Eastsineoofethefdifférende faneplfiet enadgdd,i f i er
nodul e, the integrator nodule and the conparator nodul e includes the

di f f er enthealinteyra06i mpa@dianeadatmy i doneparald?Ofldufe dhtiugeentHeldifferential
transi npedance anplifier circuit conprises first anplifying neans for

anpl i fyi ﬁgngﬁwe’?ﬁn@efainﬁﬁfﬁ fnverting input, a first non-inverting input, a
first inverting output ang a first non-inverting output; second anpl.ifying

e ver ¢ rptddag 9 AORoRaP EARbANAICE! AhdifBH circBit SEERBses frtter i ng

non-i nverting a seécond inverttnhg outp and a seco

out put, wher.ein the ﬁecond % nvebti.na O#Jtﬁut conmuni {:at s,Wwth the first
non- i nve?ﬂ%@"?ﬁhﬂlﬁa”;ﬁ " ePlang BAYNE AIShUNPHINGMBHE ANTSE SIARIRVEEINGs wi th
the first inverting input; a third _anplifyi nlgl, means for anplifying having
athird inPvbra iflfﬁj iNMPItING QUtPHY 2ad b first non-inverting output; second amplifying

means for amplifying having a second inverting input, a second non-inverting
input, a second inverting output and a second non-inverting output, wherein the
second inverting output communicates with the first non-inverting input and the
second non-inverting output communicates with the first inverting input; a third
amplifying means for amplifying having a third inverting input, a third non-
inverting input, a third inverting output and a third non-inverting output, wherein
the second inverting input communicates with the third non-inverting output and
the second non-inverting input communicates with the third inverting output; a
fourth amplifying means for amplifying having a fourth inverting input, a fourth
non-inverting input, a fourth inverting output and a fourth non-inverting output,
wherein the fourth inverting output communicates with the third non-inverting
output and the fourth non-inverting output communicates with the third inverting
input; a first feedback means for providing feedback that communicates with the

second non-inverting input and the second inverting output; a second feedback
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inverting input, a third inverting output and a third non-inverting out put,
Wherein the second inverting input conmunicates with the third
non-inverting output and the second non-inverting input conmunicates with
the third inverting output; a fourth anmplifying neans for anmplifying

having a fourth inverti i, npyt fourth non-jnyerting jnput, a fourth
nver {1 ngGISRE PERYING FEadRRER Al AR eRIes WYRLINE Segrickinieting TnBut  n
inverting output comrunicates with the third non-inverting output and the
fourth ndRdi hgeserord Rminveringnaitrut & third Heedlaehimeannfer trraydinghput ; a
first feedback neans for providing feedback that communicates with the
second négedbagkr thah gcampunicates twith dbe othirdi noeyinvertinguinput ;aral $ke divst
feedback 14 neans for providing feedback that communicates with the second
i nverti ninvening owatpdt;t ke fecthnderdbackveteangg fout pravidiag t fiegsdbdokedhack
means for providing feedback that communicates wth the third

non- i nvegbimmguriedes it thd enifd friertind Wit iand et et nod-iheertihg depaback
means for providing feedback that conmmunicates with the third inverting

| nput - angs lige t'):icﬁé ﬂ]égatrr\'si ¥ Yrbyith Of‘éteBBTaﬁk i‘hatféfér‘rmﬂw nREAQGHHTRR Rour

provi di ng feedba co nicates wth the fourt Inverting 1 nput and

the first jnverti . | Xt e C ns. for . providin
f eedback MR LR 0 Pt i Brdid Sl RBHCT ATER fssBaek BRSO ne
first non-inyerting oytput. [0044] I n other features, the first and second
f eedback PFRANISS Tealprcts e cdrimunlsaleh B hesoRithrar IRgring bRiny G ng
resi stance, respectively. The third and fourth feedback means conprise
first anthebebAan-ineeting gtitmeans for provi ding resistance, respectively.
The fifth and sixth

[0044] In other features, the first and second feedback means

comprise first and second resistance means for providing resistance,
respectively. The third and fourth feedback means comprise first and second
resistance means for providing resistance, respectively. The fifth and sixth
feedback means comprises first and second resistance means for providing
resistance, respectively.

[0045] A Sigma-Delta analog to digital converter comprises the
differential transimpedance amplifier. The Sigma-Delta analog to digital
converter includes difference amplifier means for amplifying that includes one
input that receives an input signal; integrator means for integrating that
communicates with an output of the difference amplifier means; comparator
means for comparing that receives an output of the integrator means; and digital
to analog converter means for converting that communicates with an output of

the comparator means and another input of the difference amplifier means.
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f eedback means conprises first and second resi stance nmeans for providing
resistance, respectively. [0045] A Sigma-Delta analog to digital converter
conprises the differential transinpedance anplifier. The Sigma-Delta
analog to digital converter includes difference anplifier neans for

anplifying th j ncl ydes, on I nput_. t hat ceives an in i.gnal ;

i nt egr at or rregé%‘{qrior an?tQSF i??tH&%' Hilter %ﬁﬁﬁﬂﬂép@s”\ﬁa{‘ﬁuﬁ&ﬁ%}gf'%ta% t he
difference anplifier neans; conparator means for conparing that receives
an out pudesimating Tapeipsapproyiaehe! thegomnparater meananaibolgash oner eletheneans
for converting that comrmuni cates with an output of the conparator neans
and anot diéferemgrutarplifichendans ethenddeanatdn feansneadsthe160MEezEdr Inpeansher
features, filter and decimation neans for filtering and decinmating

recei ves irpludes thetdifiérential ttamgimpatiancereapiifiest | east one of the difference
anplifier neans, the integrator neans and the conparator neans i ncludes

the different [@d44) anki iRALAASEIATR | drmplifier] Qfdrisest raAnkistPeganrtional
anplifier conprises a first operational anplifier having an 1 nput and an

out put . '%{Tﬁﬁﬁ%?‘ﬂﬁ%ﬁﬁ;ﬁ E%L{{‘lag?i@rll iofupﬁft. hRSe8Bnd idg%g%?ticﬁ{aé@npal?fmlﬁigff lPi'ék a%rhat

communi ca I N the 1tirst operati | er. I rst

f eedback. el enent has on nd that c¢o ni cat W [ f.. first
operati OH};HU?aﬁﬂﬂ[ i 8&’@@&%%?%?“% h‘ﬁﬁﬁéﬁﬁﬂﬁh%"g&f gﬁe vﬂ”Il ?1’#)9 ﬁgatloh%f put of
the first operational anplifier, wherein the first feedback el enent

conpr i se@Mplifipf.sp ftfﬁtpf&@gg%%@.e”ﬁrgé'@érﬂi‘ef it coRrBiRIGates €APES with
the input of the first operational anplifier and another end that

communi c&f dBe first operational amplifier and another end that communicates with the

output of the first operational amplifier, wherein the first feedback element
comprises a first capacitance. A second feedback element communicates with
the input of the first operational amplifier and another end that communicates
with the output of the first operational amplifier.

[0048] In other features, the second feedback element comprises a first
resistance. The first capacitance includes a variable capacitance. The first
feedback element comprises a first resistance in parallel with the first
capacitance. The second feedback element comprises a first resistance in series
with a first inductance. The first capacitance comprises a variable capacitance.
A first resistance having one end that communicates with the another ends of the
first and second feedback elements and another end that communicates with the
output of the second operational amplifier. The first feedback element further

comprises a first resistance in series with the first capacitance, and wherein the
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with the output of the first operational anplifier. [0048] In other
featuyres, the second feedback el enent conprises a first resistance. The
first capacitance includes a variable capacitance. The first feedback
el ement conprises a first resistance in parallel with the first

capaci t ance. Tpe d?)ecgr(laﬂ feegback el errefnt co ises. a fi [!Slt rlglasi stance in
series W?‘?‘Pda GRAPEER I SHNEP L RYEPNSHR & i'rlsgfn o2 "B %n‘ﬁﬂti LeCPVari abl e
capaci tance. A f:%édgigf resi stanf;(égé_havi ng one end that communicates with the
anot her ESRiRiapeet Adifferendial amalitercaioprisasdhg dransirRedRRceAMPHIR: her end
that comunicates with the output of the second operational anplifier. The
first feedback0C¥ne Bigmadlellamnaiegetp adigitalstcarwerter agemprigeselfiees with
the first capacitance, and wherein the 16 second feedback el enent

conpr i sediferéntiadt trandinmpedtaneei ramalifier] el Thet Bigmaddaited amadeg sta@ndigitalA
differential anplifier conprises the transinpedance anplifier. [0049] A

Si gme- Dekbavertsr! egmpasel @i differarvey afripifierc mveilies sattiReludesfdrey aiput ahat
transi npedance anplifier. The Sigma-Delta analog to digital converter

conpri sege@ivls AR TRNASIGN 5&!&@@&%@&&@%@ REPHAGRICARS WilhYh (del\ﬁjth .

receives an 1 nput signal; an intégrator nodule that comuni cates

t put i . Lif : I t
out bt 8L A SRR Rl OBt o PrERRALB AP LA Al
t hat [ i, th an t put . of th t d d
anot her - Phit THPSTET BTAH-F cRES o SRR fo GNaIBuGPRVeTH0RGY domBERBRtes
features, a filter and deci mati on nodul e receives an output of the
conpar at ¥ithnarpuputaef thecompriatar MRdulg pRéranatkenifput rofethengifference

amplifier module.

[0050] In other features, a filter and decimation module receives. an
output of the comparator module. At least one of the difference amplifier module,
the integrator module and the comparator module includes the differential
transimpedance amplifier.

[0051] A transimpedance amplifier comprises first amplifying means for
amplifying having an input and an output. Second amplifying means for

_ amplifying having an input and an output that communicates with the input of the
first amplifying means. First feedback means for providing feedback having one
end that communicates with the input of the first amplifying means and another
end that communicates with the output of the first amplifying means. The first
feedback means comprises first capacitance means for providing capacitance. -

Second feedback means for providing feedback having one end that
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the integrator nodule and the conparator nodul e includes the differenti al
transi npedance anplifier. [0051] A transinpedance anplifier conprises first
anplifying means for anplifying having an input and an out put. Second
anplifying neans for anplifying having an input and an out put that

comuni cates wi.th the ipput of the .first plifyin ans... Fir edback
means f ofOBITEHN' qﬁﬁ W'Hbgﬁeal{\?uﬁg&/iﬂﬁ%f'B%eam@ﬁgRgth%aegrﬂﬁn ri%tpgrsea;}tth% he

i nput of the first anplifying nmeaps and angther end that comrunicates with
t he out pGeMHIURiGRIEs Wi th&wtngfﬁﬁe%%t@nﬁgfwegfm%@& f eedback neans
conprises first capacitance means for providing capacitance. Second

f eedback neanf0GSR] priovottiendedtveeihdbr sropndgfesdbasihdneang comprisgaiial cat es
with the input of the first anplifying neans and anot her end t hat

comuni ca¢sdstance mddrs fouppantidiof rebistdncest Therpitst tapagtansemmeand 0xdjddsn ot her
features, the second feedback neans conprises first resistance neans for

provi di ngafiglestapadtantbenidanst forapaidingce variabke icaphuit@sce. varhaliirst
capaci tance neans for providing a variable capacitance. The first feedback

Means CORRUYHSRR rfnie?ﬁé b GRSt RRARTaAQ n¥ad HrnPrdVRiihG [ra8&earide in

parallel wth the first capacitance neans. The second feedback neans

ComPT | > palAel i3 05E ARRBRoA MERNLC TRl DB AT

i ance neans g I'ndtict ance. St capacitance

Capac t aRBBIPTSED LBt rEssEnGRe B aREantor BV TR R oBs L CaAES WG Gt one

end that comunicates with the another ends of the first and second

f eedback infstanggndneans for providing inductance. The first capacitance means
comprises variable capacitance means for providing a variable capacitance.
First resistance means for providing resistance having one end that
communicates with the another ends of the first and second feedback means and
another end that communicates with the output of the second amplifying means.
Thel first feedback means further comprises first resistance means for providing
resistance in series with the first capacitance means, and wherein the second
feedback means comprises first inductance means for providing inductance in
parallel with second resistance means for providing resistance. A differential
transimpedance amplifier comprises the transimpedance amplifier.

[0053] A Sigma-Deita analog to digital converter comprises the
differential transimpedance amplifier. The Sigma-Delta analog to digital
converter includes difference amplifier means for amplifying that includes one
input that receives an input signal; integrator means for integrating that
communicates with an output of the difference amplifier means; comparator

I
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anot her end that communi cates with the output of the second anplifying
.reans. The first feedback neans further conprises first resistance neans
for providing resistance in series with the first capacitance neans, and
wherein the second feedback nmeans conprises first inductance neans for

provi di ng i ndyct ance i.n rallel with seco resi stance nmeans for.

bt ovi di nierBs 1a; EbBafina 4Rt Brafies An SuPaFE HeuBEelaitra Ty and HiR! ses

t he transi npedance anplifier. [0053] A Sigma-Delta, analog to digital
convert ef0 2BRAIPYI CUWefige Means freAnverting Mi%&ﬁ@ét%'w?%ﬁu Pteof
Sigma-Delta analog to digital converter includes difference anplifier
means f otheseginparatorgneans and @ngther iopie ofithe differeage aepdfioemeansi nput
signal; integrator neans for integrating that comunicates with an out put

of the differ@0&d]anphidther festares, filtemaadadecimaliBnmaeaass ffor fitemnmar@indg t hat
receives an output of the integrator neans; and digital to analog

conver t egediRpiting RceRe8VAN tdutigutt BRthes eoMparstat eseand. h Aanieast pHe off thet he
conpar at or means and anot her input of the difference anplifier neans.

[0054] | giftdifde BRAIMEE medid 1Bk MELERS MREhe af®ans Esthphidideridamsand
deci mati ng receives an output of the conparator neans. At |east one of the

differen RN e i . [leans and t he conparat or neans

i ncl udesﬁ}%@géitb%gﬁ%gﬁgéﬁfarr{asﬁpﬁgée%%ggfﬁ%i fier. [0055] Further areas of

applicability_gof the present invention will|l b me _apparent fromthe

Gotai | od des IRl on MBI daeeaRercdi ARPIGALItY { SEHBRI BBt yEPETBOMT: hat

the detail ed description and sggci fic exanples, while indicating the

pr ef er r eBeesme dippargntdrorn flee datailed; dascriptien pravigrithereiafiarr ghsheulgpe
understood that the detailed description and specific examples, while indicating

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] The present invention will become more fully understood from
the detailed description and the accompanying drawings, wherein:

[0057] FIGs. 1 and 2 are basic circuit architectures for a current-to-
voltage TIA according to the prior art;

[0058] FIGs. 3 and 4 are basic circuit architectures for a voltage-to-
voltage TIA according to the prior art;

[0059] FIG. 5 is a basic circuit architecture for a differential

configuration of a TIA according to the prior art;
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illustration only and are not intended to Iimt the scope of the invention.
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0056] The present invention wll becone
nore fully understood from the detailed description and the acconpanyi ng

drawi ngs, wherein: [0057] FIGs. 1 and 2 are basic circuit architectures for

a current-to-_Vvaltag I ccording.to the prior art: [005 FlGs., 3 and 4
are basic ci r[ﬂﬂ%pE ar %Hgt gc?ahlﬂ"lé%af‘ t'ﬁak/%?'fsgp'e'-nf:ﬁ)’-d'%?t‘%ﬁ’gog{)ge&888*’9& ng to
the prior art; [0059] FIG 5 .is a basic circuit architecture for a

di f f er entq AITIAFAOrGDE40 oM PEPT ArtTi A according to the prior art: 19 [0060]
FIG 6 shows an optical sensor, including a photodiode coupled to a TIA
according to [0081dri driGarT ;is[ 80Wrsl-oFleB. n@sted &lA iacoordingeto dleetra@samta
according to the present invention; [0062] FIG 8 is a second-order nested

TI A accoimdiention.0 the present invention; [0063] FIG 9 is an nth-order
nested TIA according to the present invention; [0064] FIG 10 is a

first-order nfwe@q TIAG.™B & @i §é@rRitbrdelr redfdd JWA aldcerding@ae ahei frasémt t he
present invention; [0065] FIG 11 is an nth-order nested TIAin a

di fferentjahtgenfiguration according to the present invention;

[0063] FIG. 9 is an nth-order nested TIA according to the present
invention;

[0064] FIG. 10 is a first-order nested TIA in a differential configuration
according to the present invention;

[0065] FIG. 11 is an nth-order nested TIA in a differential configuration
according to the present invention;

[0066] FIG. 12 is a graph of exemplary gain-bandwidth characteristics
fora TIA;

[0067] FIG. 13 is a graph of an exemplary gain-bandwidth
characteristic for a first-order nested TIA;

[p068] FIG. 14 is a graph of an exemplary gain-bandwidth
characteristic for a second-order nested TIA;

[0069] FIG. 15 is a first-order nested TIA with capacitive cancellation of
input parasitic capacitance according to the present invention;

[0070] FIG.. 16 is a second-order nested TIA with capacitive

cancellation of input parasitic capacitance according to the present invention;
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[0066] FIG 12 is a graph of exenplary gai n-bandw dth characteristics for
a TIA, [0067] FIG 13 is a graph of an exenplary gai n-bandw dth

characteristic for a first-order nested TIA;, [0068] FIG 14 is a graph of
an exenpl ary gai n-bandw dth charact eri sti c for a second-order nested TIA

[0069] FIG 15 1=S,,a fl t- rder nest aC|t| e _cancel l.ation of
i nput par asitf({dﬁzlpac'ibz e @'&cﬂﬂ?foﬁ rt%eﬁtﬁg -'Idl‘é"e\g aPﬂ(‘}' 'H?lcﬁqceé%}%] FI G
16 is a second order nested TIA with capacitive cancel | ati on of input

par asi ti ef E‘&Hé@?'ﬁ%ﬁt@%ﬁ?ﬂ??\@C?Wdir}getoﬁhéﬁﬁer?td‘\}\é?ﬂtl%‘m 20 [0071] FIG 17
is an nth-order nested TIA wth capacitive cancellation of input parasitic

capaci tance af@Bidli n i this arfiestearder nestedi DA inf aatifigreptial cardigusation
first-order nested TIAin a differential configuration wth capacitive
cancel | awitbn capacitipait cgreneiafion cofc appati panasiticacapadtanget actoreingrtesthet
invention; [0073] FIG 19 is a second order nested TIAin a differential
confi gurgpégyﬁtm\,telm,gﬁpam tive cancellation of input parasitic capacitance
according to the present invention; [0074] FIG 20 illustrates the first

order nested f Aot h %‘é‘ébﬁbo Aerf eRARAL kTR ShS tANGiBerdr®qi ol
FIG 21 illus ratsg I:Fhs%ecor?d I%r er neste 'Iger og FIG 8 IW| th a%l%ll t1 onal

t eedback ccr)ﬁfsg';usr% 105 ith capacitive cancellation of input parasitic capacitance according

to the present invention;

[0074] FIG. 20 illustrates the first order nested TIA of FIG. 7 with
additional feedback resistance;

[0075] FIG. 21 illustrates a second order nested TIA of FIG. 8 with
additional feedback resistance;

[0076] FIG. 22 illustrates the first order nested TIA of FIG. 15 with
additional feedback resistance;

| [0077] FIG. 23 illustrates the first order nested TIA of FIG. 7 with an

additional input capacitance, feedback capacitance, and feedback resistance;

[0078] FIG. 24 illustrates the first order differential mode TIA of FIG. 10
with an additional input capacitance, feedback capacitance, and feedback
resistance;

[0079] FIG. 25 illustrates an exemplary disk drive system including a
preamplifier with a nested TIA according to the present invention.

[0080] FIG. 26 illustrates the first order nested TIA of FIG. 7 including

an opamp of a first configuration;
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[0076] FIG 22 illustrates the first order nested TIA of FIG 15 with
addi tional feedback resistance; [0077] FIG 23 illustrates the first order
nested TIA of FIG 7 with an additional input capacitance, feedback
capaci tance, and feedback resistance; [0078] FIG 24 illustrates the first

order differepidal T f FIG 10 wi.th an ifional i t

capaci t ance, made%l;agaqg;apgfi ﬁlgﬁgg’fesa#ae f@ﬁﬁ%'ﬁ?%&?#&neg,&%ﬁoaﬁ] ok G 25
illustrates an exenplary disk drive systemincluding a preanplifier with a
nest ed TF/Cate 8154i9ing ap difiereptiakepamp of &ha firsh confimpdlion) G 26 illustrates
the first order nested TIA of FIG 7 including an opanp of a first

confi gurati on{008R][ 008G. 29 ittustpates|the dirstarder nestedi TlAfdNG. 26 ihclugdingor der
nested TIA of FIG 10 including an differential opanp of the first

conf i gur aniapamp 608 2pcehd>colBgurhtios;t rates the first order nested TIA of

FIG 26 including an opanp of a second configuration; [0083] FIG '29

illustrates t{ooss]f f erient pel illustratesontiier differdritidl Tirét-6fder Fhésted? TIACHUdI Ng
an differential opanp of the second configuration; [0084] FIG 30

| 1L ustr abes, SPhcliding btifiélentib sbap$indigsiath ddipfatidr, G 19 including a
differential opanmp ih a push-pull” configuration; [O 5? FI'Gs. 31-33 show a

famly of gai ve r ok o) ) S | A, 086]
FIG 34 shomsf%@iﬂncts'f lgﬁaﬁbbflgjégg%%agﬁ%m&ﬁ%a re}ﬁ%ﬁﬁ@ﬁé@%& bggtg?j ﬁA BP
FIG. 10 including a differential opamp in a push-pull configuration;
[0085] FIGs. 31-33 show a family of gain curves for first and second
stages of nested TlAs;

[0086] FIG. 34 shows a functional block diagram of a power supply for
nested TlAs;

[0087] FIG. 35 illustrates and exemplary LED drive circuit using the
power supply of FIG. 34;

[0088] FIG. 36 is a simplified schematic view of a differential single-
nested transimpedance amplifier according to one aspect of the disclosure;

[0089] FIG. 37 is a simplified schematic view of a differential double-
nested transimpedance amplifier according to a second embodiment of the
disclosure; |

[0090] FIG. 38 is a simplified schematic view of a differential amplifier

nested according to a third embodiment of the disclosure;
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nested TlIAs; [0087] FIG 35 illustrates and exenplary LED drive circuit
.using the power supply of FIG 34; [0088] FIG 36 is a sinplified
schematic view of a differential single- nested transi npedance anplifier
according to one aspect of the disclosure; [0089] FIG 37 is a sinplified

schematic vie a differ i al | e nested . transi nped ce Iif'er
according to Esoyé'éonﬂ:léﬁb d g%%[bﬁée H Enagg:uy@ws[ (5’89%% ﬁ s a
sinplified schematic vi ew of adlfferentlal anplifjier nested accordlngto

a third eneKieREed EINSIAREEARS SER 6‘er322fﬂ5969"1\]e'$| a8Vingod eRfAPeRRAtione
schematic views of differential and single-ended transinpedance

anpl i fi ecapacitespeatfeedhack lnapi ng a conpensation capacitor in a feedback

| oop; [0092] FIGs. 40A and 40B are schematic views of differential and

si ngl e-ended [(0892}d tKI&ssi4(pedant elOBhare f sahresnatice sjesed iof edlifferdrdial rappdan LC
tank circuit; [0093] FIGs. 41 and 41 B are schematic views of differential

and si ngls,mgleeéd@éb hesrel Maeslapeeano®lanpligiess, rég;smwrelwe*iawmdﬁawumtm LC
tank circuit and resistors in the feedback | oops according to the present

di scl osugge, I{ 0094] FIG 42 is a schematic view of an alternative enbodi nent
of a tran5| npedance anplifier having an LC tank circuit; [0095] FIG 43A

I's a functi OndeQty]OClﬁ:lesagr‘laéﬂoohé A8's8h8inslic Hdweof differential and single-

ended transimpedance amplifiers, respectively, having an LC tank circuit and
resistors in the feedback loops according to the present disclosure;

[0094] FIG. 42 is a schematic view of an alternative embodiment of a
transimpedance amplifier having an LC tank circuit;

[0095] FIG. 43A is a functional block diagram of a hard disk drive;

[0096] FIG. 43B is a functional block diagram of a digital versatile disk
(DVD);

[0097] FIG. 43C is a functional block diagram of a high definition
television;

[0098] FIG. 43D is a functional block diagram of a vehicle control
system;

[0099] FIG. 43E is a functional block diagram of a cellular phone;

[0100] FIG. 43F is a functional block diagram of a set top box;

[0101] FIG. 43G is a functional block diagram of a media player; and

[0102] FIG. 44 is a functional block diagram of a Delta-Sigma analog to

digital converter (ADC).
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[0096] FIG 43B is a functional block diagramof a digital versatile disk
,(DVD); [0097] FIG 43Cis a functional block diagramof a high definition
television; [0098] FIG 43D is a functional block diagramof a vehicle
control system [0099] FIG 43E is a functional block diagramof a

cel lul ar phone; [0100] FIG 43F is a functional block diagramof a set top
box; [0101] FIG 43Gis a functional block diagramof a nedia player; and
[0102] FIG 44 is a functional block_diagramof a Delta-Signa_analog to

i gital convePECAIERAESSRIBEON GDTHECREF RRIRE BE YED BREFRRRED

EMBODI MENTS [0103] The follow ng description of the preferred

enbodi nent (s) [A193fer dihe dallowingr desariptianupt thedpreferred nembagimentédisd t o
limt the invention, its application, or uses. [0104] The present

i nvent i omenelgreecsesahhim netede famd isniormasiaygintdreledgtn imitathéwndétiqor, diduct  of
TIAs. Inprovenents in the gain-bandw dth product are achievabl e by

"nesti ngap@ichtibnVbit (idds. anot her TIA. I n other words, additional circuit

el enents such as feedback resistors, capacitors and/or opanps are added on

the input and‘;dqrmiut PtHe ?iré’se&t%vél}ﬂ?on-r%édréé%egltﬁ%- need ¥ér iﬁé’reéﬁiinéil t‘ﬁGg

cancel |l ation of the input parasitic capacitance Is provided. |

20-24, _BENEARA BRIRE or' ARsS! ARSRVEREMO YA 4RE gt oBhRidth BBl

i nput an

are achievable by “nesting” a TIA within another TIA. In other words, additional
circuit elements such as feedback resistors, capacitors and/or opamps are added
on the input and/or output sides of the TIA. In FIGs. 15-17, capacitive
cancellation of the input parasitic capacitance is provided. In FIGs. 20-24,
additional feedback resistance is provided. In FIGs. 23 and 24, input and/or
feedback capacitance is provided.

[0105] Referring now to FIGs. 7, 8, and 9, a “nested” TIA is constructed
by adding opamps, feedback resistors and/or capacitors to a zero-order TIA. In
FIGs. 10 and 11, a nested TIA may also be constructed to operate in a
differential mode.

[0106] Referring back to FIG. 7, a first-order nested TIA 700 is shown.
Reference numbers from FIG. 4 are used in FIG. 7 to identify similar elements.
The TIA 700 includes a conventional TIA 705 (also referred to herein as a “zero-
order” TIA), an opamp 710, and a feedback resistor 715. The feedback resistor

715 may be a standard fixed-value resistor, a nonlinear variable resistor, or an
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f eedback capacitance is provided. [0105] Referring nowto FIGs. 7, 8, and
9, a . "nested" TIA is constructed by adding opanps, feedback resistors
and/ or capacitors to a zero-order TIA In FIGs. 10 and 11, a nested TIA
may al so be constructed to operate in a differential node. [0106]

Referrin ck to FI 7, fLLst.-order nested TIA 700 is sho ference
nurber s FIQS ey Arcafiaslar 7RO GIsG coBredenatyeenan MPdidisr R “The
TIA 700 includes a conventional TIA 705 (also referred to herein as a
"zero- of@eendgraynd fer \dlaahorewnd).and a f eedback resistor 715. The feedback
resistor 715 may be a standard fixed-value resistor, a nonlinear variable
resistor, or 10724 NMOSneetngittioe TIA inaihés imanner2improvahsmts omike tgain-bet ween
an input of the TIA 700 and ground (or virtual ground). [0107] By nesting

the TIA bandwidsh prstet mayrpe ogelivsat SFomexdrplgathre filstodierdtdsted JdAT0O0MyY be
realized. For exanple, the first-order nested TIA 700 that uses MOS

transi st giz3 JSY% OB evRsataanAwy Hdhidveah bandidtn tha % afodt hepodhsfegiol d

frequency fT. This range represents a bandwidth that is approxinmately five

to ten t%gﬁggqﬁé ;]egkgggv trhstﬁla@g,_avwngége%s Q%n%iﬂtﬂstpﬁpfg BSbreRinRatalyder

TIA [01 err 0 and 13, graphs ustrating

h i sti in-b i dt h f. - . ' -
nostad el ferdftods ARdtet Miah e AR §RER8esasHada PRIt A yar n T
assoc! at ed \_Nith a I_ovver val ue of bandw dth, and a I_ovver val u_ﬁ,- of gainis
associ at ed wi {HO8] niReferring newoftopdiRs dtlk. aMe ddi n9RPhser I URIERRY ¢ he

out put voltage Avo divi ded
characteristic gain-bandwidth curves for a zero-order TIA and a first-order nested

TIA, respectively, are shown. In general, a higher value of gain is associated
with a lower value of bandwidth, and a lower value of gain is associated with a
higher value of bandwidth. The gain A, defined as the output voltage Av, divided
by the input voltage Av,, is typically on the order of a few hundred or a few
thousand (i.e., approximately 10 — 10°). A typical range of threshold frequency
(fr) values for a 0.13 um CMOS process is 30 GHz — 40 GHz.

[0109] In FIG. 12, three exemplary characteristic curves are shown. A
high gain value yields a bandwidth value of approximately 1 GHz. A medium
gain value increases the banawidth to approximately 2 GHz. Other values of
gain and bandwidth are possible. For example, a TIA may have a characteristic
gain value that is higher than the maximum shown in FIG. 12 and a bandwidth
that is less than 1 GHz. A TIA may have a characteristic gain value that is lower
than the minimum gain value shown in FIG. 12 and a bandwidth that is greater

than 2 GHz. As can be appreciated, the bandwidth varies as an inverse function
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by the input voltage Av;, is typically on the order of a few hundred or a
few  thousand (i.e., approximately 102 - 103). A typical range of threshold
frequency (fT) values fora 0.13 m CMOS process is 30 Gz - 40 GHz. [0109]
In FIG 12, three exenplary characteristic curves are shown. A high gain

val ue yields a_handw dt h val ye of a oximately 1 A medi um in val ue
ot eaned! 998 ARG AN BoY B Ble T Ig 95 Fexenreds el ng SpiRAd iy oredlim and
bandwi dt h are possible. For exanple, a TlIA nmay have a characteristic gain
val ue t hir TldshigingMPOSatrapsistarathanfPe Hédm Usiha-bipolarojuaston transialpist h

that is less than 1 GHz. A TIA may have a characteristic gain value that is
| over t @& heThiusi themngeaidntov ithprovehiien TiA tRINGwidih pedosmangelvd andret hat i s
greater than 2 GHz. As can be appreciated, the bandwi dth varies as an

i nver se promdunesad with MO aansisttns shadruwith iIBIT trasidters.eferred to as the
"spread". The spread is greater for TIAs using MOS transistors than for

Tl As using bi pAl1@] | e ik@nigians bah@ikith (Baldes -shbws int PIS.N@addé Onbtpr ove
the TI A bandw dth performance i s nore pronounced with MOS transistors than

Wi th B‘]Tgéirirzé;ﬂ &P Snd [Ig\;vép]tra%i Sn \lljmﬁg%’.hbg}gﬂﬁ%rg} 'hr‘é@iiébqsaﬁﬂﬂz‘gﬂoﬁg FI G

12 do not e upper and T ower n nmany practi cal
bl i cat PaRGHoLBER Wbl GRS P Bifare Padafhy dfer, SeflcBuofufiut ne on
oo cntee B L el I T e R IR B e TG
Referring nowto FIG 13, a first-order nested TIA at a typical _gai n val ue
may havePseaaplfigrstfar bighappeeskinged elisk doves also typically require bandwidths

that are on the order of several GHz. Referring now to FIG. 13, a first-order

nested TIA at a typical gain value may have a_bandwidth of approximately 10

GHz.

[0111] Referring now to FIG. 8, a second-order nested TIA 800 builds

upon the first-order nested TIA 700. Reference numbers from FIGs. 4 and 7 are

used in FIG. 8 to identify similar elements. The second-order nested TIA 800

includes an opamp 805 at the input of the first-order nested TIA 700 and an

opamp 810 at the output of the first-order nested TIA 700. An additional

feedback resistor 815 is also added across the input of the opamp 805 and the

output of the opamp 810. An exemplary gain-bandwidth curve that is produced

using the second-order nested TIA 800 is shown in FIG. 14. For a typical gain

value, a bandwidth of approximately 20 GHz may be achieved.

[0112] Referring now to FIG. 9, higher-order nested TIAs may be

constructed by adding additional opamps and feedback resistors. Reference
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Giz. [0111] Referring nowto FIG 8, a second-order nested TIA 800 builds
.upon.the first-order nested TIA 700. Reference nunbers fromFIGs. 4 and 7
are used in FIG 8 toidentify simlar elenents. The second-order nested
TIA 800 includes an opanp 805 at the input of the first-order nested TIA

700 and an app 8 at ,t he out,put. of ord nested TIA 700. An
addi ti onavmbggseﬁ:ggbk%ﬁa ’s?oq'ndé%ar?susﬁdts F%e%tt% éf Y l? nﬁ'l?tm%}t t he
opanp 805 and th out f the 0. An exenpl ain bandvvl dt h
curve thEPr ELapmp Lﬁ:é‘dpéje efgn%ﬂeggﬂé\o%olmdwe%ee?wﬁﬁgm O &@dwn i n
FIG 14. For a typical gain value, a bandw dth of approximately 20 GHz may
be achi efesdbapl 12siptaRd .1 iithig prssikle tolaghieve hlg@ﬁér\/ag-lﬁiieﬁf ﬁérseregamms may
be constructed by addi ng additional opanps and feedback resistors.

Ref er encban@gidthunfoer bofty) oby Frepeatihg TheantieécBnigue ofecltiei présedt thvieationlent i fy
simlar elenments. For exanple, a third-order nested TIA 900 incl udes

opanps 9fwaer,ahe effidientyetilies lcirceis idetmiastitas hiditisn@loasstigelelelsagrel eve
hi gher val ues of either gain or bandw dth (or bot h) by repeating the

t echni qugq@éd bije t8&f‘a’?§§‘ihc InNBYRAhP Tthered N Wer Bf&%l tibhClIRYShePhl, BiferCi r Cui t

decreases as additional nesting IeveIs are added ue to parasitic noise

and | ncr gas gy RONEY nLEY! PP 9ol (BRI AL BUIAETALIA JLLaL-Sodgl nested

TIA or t second or nested Usaaln Yy Provi
per for manc , bgllﬁl} Referring now to FIG 10, a differential node
first-ordg® 'C‘r‘? PEHC™™MRNCC 000 i s shown. Reference nunbers fromFIG 5 are

used in FIG 10 to ) ) ) ,
[0113] Referring now to FIG. 10, a differential mode first-order nested

TIA 1000 is shown. Reference numbers from FIG. 5 are used in FIG. 10 to
identify similar elements. An opamp 1002 is connected to the outputs of the
opamp 504. Feedback resistors 1006 and 1008 are connected to inputs of the
differential mode TIA 500 and to outputs of the opamp 1002. The gain-
bandwidth product of the TIA is increased.

[0114] Referring now to FIG. 11, a differential mode nth-order nested
TIA 1100 is constructed in @ manner that is similar to the nth-order nested TIA of
FIG. 9. Reference numbers from FIGs. 5 and 10 are used in FIG. 11 to identify
similar elements. Additional opamps 1104 and 1108 and feedback resistors
1112 and 1114 are connected in a similar manner. The gain-bandwidth
characteristics for differential mode TIAs are substantially similar to the gain-
bandwidth characteristics shown in FIGs. 12-14.

[0115] It is noted that the opamps used in the nested TIA may employ

either bipolar junction transistors (BJTs), such as gallium-arsenide (GaAs)
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identify simlar elenents. An opanp 1002 is connected to the outputs of the
.opanp 504. Feedback resistors 1006 and 1008 are connected to inputs of the
differential node TIA 500 and to outputs of the opanp 1002. The gai n-
bandw dt h product of the TIA is i ncreased. [0114] Referring nowto FIG 11

a differential node nt er es onstru ted | manner
that is YPASIPlQStYy m% %ISSH}' %&%%r @ﬂéég(%ran,g' rSQS QA@Q nber s
fromFIGs. 5 and 10 are used in FIG 11 to identif sim | ar el ements.
Addi t i onBICHgMSEanBiRtarsand hPl@BefQFdef@@@BﬁkE'Reﬁtés‘Pfs{r@ dnveption wsR) MP®4 are
connected in a simlar manner. The gai n-bandw dth characteristics for

di f f er entraasistorsledUl A practical bsarsmiderations sugh| as aaset e nanufactysg d@riddt h
characteristics shown in FIGs. 12-14. [0115] It is noted that the opanps

used in bbRenesowedcdisimptiorechdrayterigtiéier bi pol ar junction transistors
(BJTs), such as galliumarsenide (GaAs) 27 transistors, or

met al - oxi de- Sﬁﬂ' 1B NdURéfetrindiARw [th I S19T the Fiathorfer hEXiear T1ABITOUOR
transi stors. The preferred enbodi nents of the invention use MOS

transi st gps, Ju&ith Oy (?l%ﬁélcﬁeeocb%@ﬁ' z?éut‘aﬂ@f 05% Ps%%%ta‘?wftlaﬂ%%grﬁgs“r e and

better power consunption characteristics e erring nowto FI G
the first _order. neste

capaci t aRfeceof %'”BHFQ%%‘E'%‘FF&?H@B%é’?e‘r‘g Oqeaéj@b%é‘%gﬁ %nﬁ%?gégba(:k

capaci tance CP, at _the input of the opanp 415. The feed ac t ance C,
has a f.pgpa@mcer%th%%ﬁlwﬁetﬁpmm C@tﬁBlW'ﬂb?n!Wt@gﬁfﬁ)oﬁi 4&1 a

second end that comrunicates with an output of the opanp 425.
and a second end that communicates with an output of the opamp 425.

[0117] Referring now to FIG. 16, the second order nested TIA 800 of
FIG. 8 is shown with additional feedback capacitances C4 and C;, which
substantially cancel effects of input capacitances Cp1 and Cp; at the inputs of
opamps 415 and 805, respectively. The feedback capacitance C4 has a first end
that communicates with an input of the opamp 415 and a second end that
communicates with an output of the opamp 425. The feedback capacitance C;
has a first end that communicates with an input of the opamp 805 and a second
end that communicates with an output of the opamp 710.

[0118] Referring now to FIG. 17, the nth order nested TIA of FIG. 9 is
shown with additional feedback capacitances Ci, C,, ..., and Cy, which
substantially cancel effects of input capacitances Cp4, Cpp, ..., and Cpn at the
inputs of opamps 415, 805 and 905, respectively. The feedback capacitance C4
has a first end that communicates with an input of the opamp 415 and a second

end that communicates with an output of the opamp 425. The feedback
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[0117] Referring now to FIG 16, the second order nested TIA 800 of FIG 8
s shown with additional feedback capacitances C, and C2, which
substantially cancel effects of input capacitances CP1 and CP2 at the

i nputs of opanps 415 and 805, respectively. The feedback capacitance C,

has a first end that co nicates with an.in of . th anp 415 d a
second ef@Pagqignce Sga?ﬁfn? %@ﬁ}‘?ﬁc‘&’ﬁ%”ﬂ%?s g‘gt%tef{b'@b’gﬁg%n&arﬁ*ﬂ eedback
capacitance C2 has a first end that comrunicates with an input of the
opanp 808N@ i sgcerd @fd thad cammunicatafuMithage LUlPYthoh e @PMP 4l Ot H&€opanp
710. [0118] Referring nowto FIG 17, the nth order nested TIAof FIG 9 is
shown wi fdedbddk tcapacitarfaeeGhdws & dipstcdndathed sodmurdgates. with andnpng ofathiec h
substantially cancel effects of input capacitances CP,, CP2, ..., and CPN
at the bppmpsoGs anfaagecdid endOhatednidiinicates peith anedytpuflbe tHee opampk
capacitance C, has a first end that conmunicates with an input of the
opanp 41g1@nd a second end that conmuni cates with an output of the opanp
425. The feedback 28 capacitance C2 has a first end that communicates with

o ot oK R R doSaond B B v kR e
communt <aisri s o Yo st Bs-p i3S AR RS AR Bl B o 1
adi 1 onaVDF BB AC RBEIGTI O CNAULRATICHS, COPACIENCSR BRTIRATH Ay dic Hioel
effects (i)rfpuits? g? Ehepczjii;fgfeigtga? n::ozﬂ%agri);rﬁg%%s.?. Q\\the ?ggdb%zﬁ cZiatpaE:ir%gnce C+a has a
first end that communicates with an input of the differential mode opamp 502 and
a second end that communicates with an output of the differential mode opamp
504. In FIG. 19, additional capacitances C,a and C,s are added to a second
order differential mode TIAs in a similar manner to offset parasitic capacitances
Cp2a and Cpog. Higher order circuits use a similar approach.
[0120] Referring back to FIG. 20, the first order nested TIA of FIG. 7 is
shown with additional feedback resistance 2010. The feedback resistance 2010
has a first end that communicates with an input of the opamp 710. A second end
of the resistance 2010 communicates with an output of the opamp 710.
[0121] Referring now to FIG. 21, the second order nested TIA of FIG. 8
is shown with additional feedback resistance 2110. The feedback resistance
2110 has a first end that communicates with an input of the opamp 810. A

second end of the resistance 2110 communicates with an output of the opamp

810.
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I nputs of the differential node opanp 502. The feedback capacitance C A has
,a first end that conmunicates with an input of the differential node opanp
502 and a second end that communicates with an output of the differential

node opanp 504. In FIG 19, additional capaci tances C2A and C2B are added

to a second [ dlfferentlal n a sj e f set
parasitic cap@éﬂﬁl\nc&e SERpgANQW do B}-&A%&{ Bt %rtd&élneé %d?ﬂﬁr}t 9{ 'L:Jtcg 1g‘s“i mlar
approach. [0120] Referring back to FIG 20, the first order nested TIA of
FIG 7 ishowmaith additionaldeedloach rasistanees: R21@s|dweaieedbaok tesistrace &dPack
resi stance 2010 has a first end that conmunicates with an input of the
opanp 71Bas A fsstoamdithet donwhunibatesesitts aaimut 20 tie opampni tat Asesontl eamd out put
of the opanp 710. [0121] Referring nowto FIG 21, the second order nested

TI A of FbGheSesistarfeo oedhnamiddteonath dreectbatsf thesodrmpda02110. The
feedback resistance 2110 has a first end that communicates wth an input

of the opanmp fpkk3)A F@é@ﬂmzi;gﬁm tBfFIEN23) a%d Rt GerrAdfel OMALEY F1& &5jswi th an
out put of the oparrp 810 [0122] Reférring nowto FIG 22, the first

d dé}?d:
(2)r218r ?ﬁgﬁ(ﬁged\&ack e5| s é(g(t:ée fz?d}“omﬁa%% 365?3&;&8@@% ha'fB’comrﬁ?\%@%ét%tsa\rfl\ncte h
t f th .
comunt cEREeRg ROLT JhedpOk et npamy Bas B rohsH TdrefeRs adipt i
23, the first order nested TIA of FIG 7 is shown with input capacitance

C N, fee8igaakiosihroesiadcHACHR) agd @ seeiishend th%ﬁomfaHe@a%m'th PRENPYH UL

capacitance CIN has a first end that receives an input
of opamp 415. The feedback capacitance Cgg has a first end that communicates

with an input of opamp 415 and a second end that communicates with one end of
resistance 715.

[0124] The additional feedback resistances, input capacitances, and/or
feedback capacitances can also be added to the differential mode nested TIA.
Referring now to FIG. 24, the first order differential mode nested TIA of FIG. 10 is
shown with first and second input capacitances Cin1 and Cino, first and second
feedback capacitances Cgg4 and Cesy, and feedback resistances 2410 and 2412.
The input capacitances Ciy1 and Cinz have first ends that receive input signals for
the nested differential mode TIA and second ends that communicate with inputs
of opamp 502. The feedback capacitances Crgs and Crgz have first ends that
communicate with inputs of opamp 502 and second ends that communicate with
first ends of resistances 1006 and 1008, respectively. First and second feedback
resistances 2410 and 2412 have first ends that are connected to inputs and

second ends that are connected to outputs of differential mode opamp 1002.
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signal for the nested TIA 700 and a second end that comunicates with an

. nput of opanp 415. The feedback capacitance CFB has a first end that
comuni cates wth an i nput of opanp 415 and a second end that conmmruni cates
with one end of resistance 715. [0124] The addi ti onal feedback

resi st ances, paci t ances edpac aci tanc an, al so be
added to the mq%i;re § gfn épHE"é’t“gSg fhe ?eq@agquq;%cﬁaﬁpeg%?éy(%s 42% t he
first order differential node nested TIA of FIG 10 is shown with first
and secoh?). ifegdRadkarnsistensrse FI@NLGEAY). @ndinpt ead feedbaek sagacktanc@sack
capaci tances CFB1 and CFB2, and feedback resistances 2410 and 2412. The

i nput caffdGist 2B @ed Z’éll)m]anatmjuﬁﬂmm &y eorinbimsttios roatsfirsh ssecovd ei. ver nﬂpmlem gnal s
for the nested differential node TIA and second ends that conmunicate with

i nputs pésteann fdor difierdntiadimacls TWApaci t ances CFB1 and CFB2 have first
ends that comunicate with inputs of opanp 502 and second ends that

conmmuni cat e quﬁe]]fl FRdfefHEENON tbqaestzgngﬁsex%ﬁgﬁ skQPRe dyatircisonel y.

First and second eedback Tesistances 2410 a 12 have first ends that
G 11 or ongr 0w BB Ridca R A E0AHE, GRER 20 el G R ik PP S aback
and T codBatRe éE%%?aqqoéwe%gt %w% RS sy RS R4 0 4 ReSRY BRI nat i on
on first, seco nth _order nested TIA and/or d| ffer ential node
TIA [ omeﬁteﬁeﬂﬁﬁerf?rﬁga'nmﬁd@o TrAGideptified nate 4t awhichi 4 immiemestiesh @8 2500
is shown to include a disk drive wite circuit 2510 that wites to a disk
dri ve 25ddscribed above.
[0127] Referring now to FIG. 26, the first-order nested TIA 700 of FIG.
7 is shown including a first implementation of opamp 710. Opamp 710 includes a
first transistor 2600 in series with a second transistor 2602. A gate of the first
transistor 2600 is driven by the output of the zero-order TIA 705. A gate of the
second transistor 2602 is driven by a bias voltage Vg. The signal output of TIA
700 is taken at a node connecting a source of the first transistor 2600 with a
drain of the second transistor 2602. A first current source 2604 draws current
from a source of the second transistor 2602. The opamp 710 can be powered
with a drain supply voltage Vq442. Power supply options are described below in
more detail.
[0128] Referring now to FIG. 27, the differential mode first-order nested
TIA 1000 of FIG. 10 is shown including a first implementation of opamp 1002.

Opamp 1002 includes a first transistor 2700 in communication with a second

transistor 2702. A gate of the first transistor 2700 is driven by one output of the
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A disk drive read circuit 2516 includes a preanp circuit 2518 wth a nested
~TIA or nested differential node TIA identified at 2520, which is

i npl enented as described above. [0127] Referring nowto FIG 26, the
first-order nested TIA 700 of FIG 7 is shown including a first

i npl ement ati on. of opa . a 10,.1,ncl udes firs ansj.stor 2600 in
series \Aﬁj'?ftﬁr%[‘q?géﬁ'ﬁ)goﬁ)eéﬁgéoﬁ) gp&?ge oﬁrbeﬁ%c%}d &Wés'ﬁorr ?[7b5t'?gﬁ'¥?glbéfr 2600
is driven by the output of the zero-order TIA 705. A gate of the second
transi st abigsmetage ¥ei ddirshyioaabputput el Ti4yt0QBIs taken At @ RPde, GERRRCHY T1 A
700 is taken at a node connecting a source of the first transistor 2600
with a dsaurcedf thedirsttransistor 2600swith aziiain. ofAheisesond dransiatosd(WEeA2604
draws current froma source of the second transistor 2602. The opanp 710
~ can be pfisercatrentvisblrae Arod drawspdurren!ftapea ¥ddite Bbier seopmd ramststams ar e
described belowin nore detail. [0128] Referring nowto FIG 27, the

di fferenpygp node first-order nested TIA 1000 of FIG 10 is shown
including a first inplenentation of opanp 1002. Opanp 1002 incl udes a

e e Ml
b T L A L
ol Skt S7S0055 1k S0 o S RSB R AL, L o
2 SOurcebyvg.heA Ss%(c::gﬂg étiér?anlsci)usttpgtr of 2I'7I/221'OOO is taken at a node connecting a
source of the third transistor 2706 with a drain of the fourth transistor 2708. A
second current source 2710 draws current from é source of the second transistor
2702. The oparﬁp 1002 can be powered with a drain supply voltage Vq4q2. Power
supply options are described below in more detail. The differential signal output
is taken across the first and second signal outputs at the respective sources of
first and third transistors 2700, 2706.
[0130] Referring now to FIG. 28, the first-order nested TIA 700 of FIG.
26 is shown including a second implementation of opamp 710. The second
implementation includes a second current source 2610 that provides current to
the drain of the first transistor 2600. The second current source 2610 draws
current from Vgqo.
[0131] Referring now to FIG. 29, the differential mode first-order nested

TIA 1000 of FIG. 27 is shown including a second implementation of opamp 1002.

The second implementation includes a third current source 2712 that provides
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[0129] A third transistor 2706 is in comunication with a fourth
trangistor 2708. A gate of the third transistor 2706 is driven by the other
output of the differential zero-order TIA 500. A gate of the fourth
transistor 2708 is driven by VB. A second signal output of TIA 1000 is

taken at a node connecting_.a, source he third transi 06, with a
drai n of CYTReNtigUre "t”‘F!f‘n%figg'isBltra??@ " ﬁoi@E‘aﬁg"%g'ﬁnéfﬁtorsgtﬁé'ezl]ﬁlwrgr aws
current froma source of the second transistor 2702. The opanp 1002 can be
pover ed GHArENtBCuNeE A7 $AFFAYS ¢BITeRbEONMAG®R2: Power supply options are
described below in nore detail. The differential signal output is taken
across the fi[h32ind Refeoing soyrhalFIGuBPuthe differendial mogedirstrerdesnesied of
first and third transistors 2700, 2706. [0130] Referring nowto FIG 28,
the firsTioM000 ofeRIEd OTIsAsA®ON oficl&dieg a Rtird enpleaventatiar ofliopgmp 4882nd

i npl ement ati on of opanp 710. The second inplenentation includes a second

current %A%@%Oi%m%spé QisAESUIC bRffUration dshehelwal nTRé dpzenp i 1082

transi st 0. The second current source 2610 draws current from Vvdd2.

0131] Referr] . tpe, diskf ' ' d ted
T A 100 S ESH BEMILE Hiatveftaoe O ot 8 R Bt A TR

1002. T second | | enent ati,on include t hi urrent source 2712 that.
provi des %ﬁe’&tlﬂ] PHthmtS&erqllés @kgp%r%sfs [P?cf%av?“f*agnngjl \Z?“éi'r 2700 and third

transi stor 2706. The third current source 2712 dra current .from Vdd2.
[0132] Ref err [HB3How Refering nay, tot'%i@%%ﬁ“g?e?\ am|ly f#;,é@'nf?‘f@?s & HPWhest ed

TI'A 1000 of FIG 10 is shown including a third inplenentation of oParrp
1002. The gain curves represent typical gain patterns of the various first-order nested

TIAs described above. A logarithmic vertical axis of each graph represents gain
A=Vou/Vin. A logarithmic horizontal axis of each graph represents signal
frequency. The graph of FIG. 31 represents a gain curve 3100 of the various
opamps. The opamps provide a lower gain and higher band'width than the zero-
order TIAs. The opamp gain rolls off at a rate of 20dB/decade.

[0134] The graph of FIG. 32 represents a family of gain curves 3200 for
various TIAs. The gain curve 3200 having the smallest bandwidth corresponds
with a zero-order TIA. The gain curves 3200 with higher bandwidths correspond
with increasingly-nested TIAs. The TIAs generally provide a high gain and
médium bandwidth when compared to the opamps. The zero-order TIA gain rolls
off at a rate of 20dB/decade.

[0135] The graph of FIG. 33 represents a family of gain curves 3300 of
the various first-order nested TIAs. The gains are relatively flat at the lowest

frequencies. As the frequency increases the gains roll off at 20dB/decade due to
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OQpanp 1002 includes a push-pull configuration as shown. The opanp 1002
,recejves a positive bias voltage VBP and a negative bias voltage VBN. The
differential output signal is taken across nodes Vout+ and Vout . [0133]
Referring nowto FIGS. 31-33, a famly of gain curves is shown. The gain

curves represent_typical gain patterns.o heg, varigus.first-order nested

TI As des®Fi 49 e?ﬁ&tlﬁe‘?fcﬁel g%PPt%ﬁ*&O%HQ H:% §$><|6})és ﬁ\e ggglﬁerbqyagqﬁwgg esent s
gain A=Vout/V;n. A logarithmc horizontal axis of each graph represents
signal torisgieaseythegaing relppff st 49d8/degadegue de e campingd @B‘PG@ %ﬂbe of the
vari ous opanps. The opanps provide a | ower gain and hi gher bandw dth than
t he zer cepampgandihdseletited apeovprdgaildArol |s of f at a rate of 20dB/ decade.
[0134] The graph of FIG 32 represents a famly of gain curves 3200 for
various TI As.[0f36] gaiRefettngen@2 80 Fiayvdfoa funetional thlesk diznami idtshoaorafesponds
with a zero-order TIA The gain curves 3200 wi th hi gher bandw dt hs

CorreSp,OQCbovV@rt@éjﬂwaﬁﬁaﬂg&ﬂméfntnﬁtfﬁﬂ-a?déﬁ-neﬁlﬁi TiAs gemdeapbwepkappye a
|

hi gh gain and nedi um bandw dth when conpared to the opanps. The zero-order
fepr aaenpianoenelit prdjiads A A chiP Y, PRI IROILIES Jo R RES oot oc
fr equencyr i soeeehe2pRERen ' o iBobReril arah e AR 51T A G
et oaseSIOS G2 ROWRL DB ICTERtAsbiCHEEASL SET MEISre | P ] 1Bt fedt s of
the opanp and the sel ected zero-order TIA

is understood by those skilled in the art that the power supply may be used with

other single-ended and differential first-order nested TIAs. An analog power

supply Vgda is associated with one of the external connections and provides

power to the zero-order TIA. In some embodiments Vq4a is between about 2.5V

and 3.3V.

[0137] The analog power supply Vg4a also provides power to a charge

pump module 3400. Charge pump module 3400 also receives power from a

digital power supply V4ad- Vada is associated with the second one of the external

connections. Charge pump module 3400 can be fabricated on the same chip as

the first-order nested TIAs. In some embodiments Vgq4q is about 1.2V. In some

embodiments Vgq¢ can be regulated by a voltage regulator module 3402 before

being applied to the charge pump module 3400. The charge pump module 3400

generates a second digital voltage Vyq. that is approximately equal to Vgga*Vddd-

Therefore Vyg2>Vada. It is appreciated by those skilled in the art that Vyq2 is not
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[0136] Referring nowto FIG 34, a functional block diagramis shown of a
-poweyr supply arrangenent for first-order nested TlIAs. The power supply
arrangenment provides a TIA chip with three unique voltages |evels despite
pLovi di Rg external connections for two voltages and ground. Wiile FIG 34
shows the power supply, copnected to the first-order. nested TIA 700 of FIG
7, it i%xﬁlde?%q%o@’ Kfydaf" aweddRito) logseH aﬂ‘ijzoraﬂe GieRcieRdNREiEY 18(B6I y may
be used with other single-ended and differential first-order nested TIAs.
An anal oghargedumposie $4e8@ i s associated with one of the external
connections and provides power to the zero-order TIA |In sone enbodi nents
Vdda i s bet wef138poutRefeBig aow t8.FAG. 350 aBppiisetiomof dae power svoplyl of vdda
al so provides power to a charge punp nodul e 3400. Charge punp nodul e 3400

al so recpi@ess powRoWh! OWya is Prgvitied myoaerattenp3500VdBditeyd8800 caasismai at ed
with the second one of the external connections. Charge punp nodul e 3400

can be f G i fi ) T !
i neﬁ‘ﬂ“”ﬁ/ﬁ‘sdﬁq’.a?@&hgﬁat _vaab!lté)g@%etwéen abcut-2rdeanaesped TA Aght-l n sone

n some enbodi ments Vddd can be regul at ed
o i ARG T DR AR RIEER s, s8R apipId O shagos o
o208 R hats e TR R L oSG VYUY S, RRRRBIE B,
IR T R R RN N S
appli cat iv(c))l?agoef f(;rr:j(arivip)n(zgvﬁlre EIIEJBpZL:gOZ?f Since V44q generally provides only about 1.2V
it can not be used alone to power the LED 3502. The charge pump module 3400
provides the additional voltage from Vgqa to supply the LED with approximately
3.7V to 4.2V, which is above the 3.5V Vp. The range of 3.7V to 4.2V accounts
for the losses and/or inefficiencies in the charge pump module 3400 and is
therefore not exactly equal to VggatVada-

[0139] The present disclosure also addresses the need for increasing
the gain-bandwidth product of TIAs. Improvements in the gain-bandwidth
product may be achievable by “nesting” a TIA within another TIA. In other words,
additional circuit elements such as feedback resistances, capacitances and/or
opamps are added on the input and/or output sides of the TIA.

[0140] Referring now to Figure 36, a nested transimpedance amplifier
(TIA) circuit 3600 having an inner TIA 3602 is illustrated. The transimpedance

amplifier 3602 includes a first operational amplifier 3604 and a second

operational amplifier 3606. Each operational amplifier set forth in this figure and
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FIG 35 is shown. Vdda is provided by a battery 3500. Battery 3500 can be a
Jithjumion battery having a voltage between about 2.7V and 4.2V. A light-
emtting diode (LED) conmunicates with an output of the opanp 710. In sone
enbodi mrents the LED has a turn-on voltage VD of about 3.5V. The charge punp

nmodul e 3400 adds Vdda fromthe bhattery. 3500 to Vddd to gengr at ff.icient
vol t age therfoliowingfigures hegrs §9@2’?V%ﬁ?’%@ﬂyg@@dgré%frﬁ’lelr§ﬁ£% “gé‘ge’ﬁﬁw about
1.2V it can not be used alone to power the LED 3502. The charge pu

modul e 3apthe gbsence oftthe “adEymisiapnd Ant Hyering MR RN m@ﬁuﬁﬁ%@pmo

wi th approximately 3.7V to 4.2V, which is above the 3.5V VD. The range of
3.7V t 0 dedNfietbyptine 40 $ymbolhel he traesinprifance areplifieri 3602 alsoiincludes ahar ge
punp nodul e 3400 and is therefore not exactly equal to Vdda+vddd. [0139]

The presgit febdsdcRstEsistahc® 3608 #s evntrhanicatss fvith thecneasnvegting lirput
gai n- bandw dt h product of TIAs. Inprovenents in the gain-bandw dth product

may be aghi ay@kveritg o085t 884 aBsddodWesiyitancdng6 1@ thatl domiriuniidies wivar ds,

additional circuit eq enents such as feedback resistances, capacitances

and/ or R@,@gm&ﬁ%qn%ﬂdﬁ@% M}gygggmg &Jr}?(‘pr out put sides of the TIA

[0140] rrrngnow to Frgure anes _ed transi npedance anplifier (TIA)
anpl i1 er 360D AT ugde BTPRINsIBPar ke M6 RGRbLRES SRR G”
operational anplifier 3606. Each operational anplifier set forth in this
flgure angerabanehempbieroi % amodurded RasTYSTIBR- TRYEATY AUTRY!pERS Sneon-
non-inverting output identified by the absence of the "o0" synbol, and an
i nverti nipverting inpatiandhvetptitnd hewapgarational amplifier 3612 has an inverting output
that communicates with the non-inverting input of amplifier 3606, and a non-
inverting output that communicates with the inverting input of amplifier 3606.

[0142] A feedback resistance 3614 communicates with the non-
inverting output of amplifier 3612 and the inverting output of amplifier 3604. The
inverting output of amplifier 3612 communicates with the non-inverting output of
amplifier 3604. That is, resistance 3614 communicates with the inverting input of
amplifier 3606, while resistance 3616 communicates with the non-inverting input
of amplifier 3606.

[0143] Referring now to FIG. 37, a double-nested transimpedance
amplifier 3700 is illustrated. The double-nested transimpedance amplifier
includes the transimpedance amplifier 3602 and the nested transimpedance
amplifier structure 3600 of FIG. 36. Therefore, these common circuit

components will not be described further. In this embodiment, another amplifier

3702 also having inverting and non-inverting inputs and outputs is illustrated. In
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identified by the "o" synbol. The transi npedance anplifier 3602 al so
dincludes a first feedback resistance 3608 that communicates with the
non-inverting input and the inverting output, and a second resistance 3610
that comuni cates with the inverting input and the non-inverting output.

[0141] The nested transi npedance lifier .360 so i ncl L hird

oper at i oM eHﬁQ&di"f‘P%tr' qé@%"%ﬁﬂgg CHgSytna'f QH‘H"ﬁe'éa?ﬁ%g“’."Nﬁﬁ{‘%gﬁ% g’l'}[‘g'!ﬂ{e , and a
non- inverting input and output. The operational anplifier 3612 an

i nvert i NEOINVENG irpatt of GvRIiieE 8642. v Renemdyesting Qv @mﬂ'ﬁlil?{rﬁ)?
anplifier 3606, and a non- inverting output that communicates with the

i nvert i ngommunicaiés avithl ihei isvedBgeinpphefiamphfierddbacld feasbackfesistyre
comuni cates with the non- inverting output of anplifier 3612 and the

i nverti ng7o4itderimonhicates! with ehe dadmoiiode oY eine iimgerting mutpdf ofaamipiifierer 3612
comuni cates with the non-inverting output of anplifier 3604. That is,

resi st anggo36hd theHBHIINVaHRR ivblh ot Bmpliides6 12y Thepresisténcer8P04 fis arso3606,
whi |l e resi stance 3616 conmuni cates with the non-inverting input of

anpl i 11 epodifificd@d teln R Sty Bt oriiplifih 36041000 s8u0RS fBddback

transi npedance anplitier ustrated. The doubl e-nested

t ransi npedance a Lfier . e i L £ 1 d
the nest EPRELRS BRB safrmuhigEis i N e BieT} ISR i O

t hese conmmon circuit C onents will not b I th I n_thi
enmbodi rreﬁt"fpuéﬁ%t%m'f@ﬁﬁ%i i dnd t@%%%'%%'?%ﬁiﬁggrﬁh@b@? ?‘?éﬁgu’-raﬁ@r MsntPhver ¢ ng
inputs and outputs is illustrated. In 36 this enbodinment, the inverting
out put ofnventing eutput g7amplterdfiicat es with the

[0144] By providing the differentials and feedback structures illustrated
in FIGs. 36 and 37, fewer inversions for a given level of nesting are set forth.
The result is a potentially higher frequency operation from a device such as that
illustrated in FIG. 7. In these examples, the nesting occurs at the output node
causing the output distortion to be improved as the level of nesting increases.

[0145] Referring now to FIG. 38, a transimpedance structure 3602
illustrated in FIG. 36 is used in a nested TIA 3800. In this embodiment, an
operational amplifier 3802 has its inverting input communicates with the non-
inverting output of amplifier 3604. The non-inverting input of amplifier 3802

- communicates with the inverting output of amplifier 3604.

[0146] Another amplifier 3804 has an inverting output that
communicates with the non-inverting input of amplifier 3606. The non-inverting
output of amplifier 3804 communicates with the inverting input of amplifier 3606.

Another operational amplifier 3806 has an inverting output that communicates
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non-inverting input of anplifier 3612. The non-inverting output of
anpljfier 3702 communicates with the inverting input of anplifier 3612. A
f eedback resistance 3704 comuni cates with the conmon node of the
inverting output of anplifier 3702 and the non-inverting input of

anplifier 3612. The resistance 3704 .i.s al conmuni cat es. W

inverti n\d'tBJ%Eu‘Eo'b'an&ﬁtﬁTq fIRRIHE %66H‘.pl'he"sg’@@%da?cg@dngwnv?i'gps{)@ﬁ@g?%a}%
comuni cates with the common node between the non-i nvertinf ?ut ut  of
anpl i f i egorBmBDIGAES tWh | theeveriNg et of anplifisri 8804614 gﬁfd eeIaeKN-
inverting output of anplifier 3604. [0144] By providing the differentials
and f eedimsidtaste B808r esmmunicateatwith the q@nemon3eodes dedween dher iNVAREGsi ons
for a given level of nesting are set forth. The result is a potentially
hi gher f petpuentanupificatdsdd andrtha rdevineertimgcinpas of faamplifier 13G06r aneddthien FI G
7. In these exanples, the nesting occurs at the output node causing the

out put djrgkRing %Utf)@t bgf | ampaned 3802 he Agataler ofedtibsickngesistingas e 10[ 0145]
Referring nowto FIG 38, a transi npedance structure 3602 illustrated in

FIG 36 Eé@%ﬁ'ﬁi?éatgs Byitte $hé Lofhmonel%e lof the! ﬁorﬁm@%ﬂir\c\n&?%ﬂ%ﬁ%f arPliféd onal

anplifier its inverting input conmuni cates e non- 1 nverting

output o lifler.3604. The,nQn-invert] i 0 |1 f.]. er 2
comuni cé@@gp%dt G Hy® H\SeP}H“w?oadPB'EI{eréé@npaﬁ%? fheer Rg@g’ﬁ‘“ﬁ'h@fﬁ? F§l%n%ft her
anplifier 3804 has an inverting output that conmunicates with the
non- i nvePMPAYHET $8RA- of anplifier 3606. The non-inverting output of
anplifier 3804 communicates with the inverting i nput of anplifier 3606.
Anot her oper al07dl Avfeedback setistange 3h 4 soBBYHEatest with theagommon
conmuni cates 37

node between the non-inverting output of amplifier 3806 and the inverting

amplifier 3804, and the inverting output of amplifier 3802. Another resistance
3814 communicates with the node between inverting output of amplifier 3806 and
the non-inverting input of amplifier 3804, and the non-inverting output of 3802.

[0148] Different types of nesting may be performed to build a higher
order nested transimpedance amplifier. The amplifier 3802 is not important as
far as nesting is concerned. If the input of the circuit is current instead of voltage,
amplifier 3806 may not be required.

[0149] Referring now to FIGs. 39A and 39B, differential and single-
ended transimpedance amplifiers having capacitive feedback are shown,
respectively. In FIG. 39A, a differential transimpedance amplifier 3900, which is
similar to the transimpedance amplifier 3602 of FIG. 36, is illustrated having a
first capacitance 3902 in parallel with resistance 3608 and a second capacitance

3904 in parallel with resistance 3610. In this embodiment, the frequency
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with the non-inverting input of anplifier 3804 and a non-inverting out put
that, communicates with the inverting input of anplifier 3804. A first

f eedback resistance 3808 comuni cates with the conmon node between the
inverting output of anplifier 3804 and the non-inverting input of

anplifier 3606, and the .inverti out put of anplifier 3802. Anot

f eedbackl&SBONE] &F eS@?@"'%Bﬁﬁﬁ?\iq S@Bﬁﬁ%"{’we{ HgR’E%r yn@%émgfo%ﬁg%g'
non-inverting output of anplifier 3804 and the inverting input of

anpl i fi einclBei® thadcaprciianresnd8p? i and o3t 4 CRRpiber idbPredeed. (He47] A
f eedback resistance 3812 conmuni cates with the cormon node between the
non- i nvecdpavifanceépoan bk repisicetibyrindgdtaneeslifdesiredverting anplifier 3804,
and the inverting output of anplifier 3802. Another resistance 3814
communi cat es [§150] t hén rriGe 398, vesingleveaded nansimpedande ampdlifier 8608886 and
the non-inverting input of anplifier 3804, and the non-inverting output of

3802. [ Od&dn Bhdtfis'shAlart tordie @ffer@itial BEnfGatisn BROWANAEIGL 39U IndFiG.hi gher
order nested transi npedance anplifier. The anplifier 3802 is not inportant

as far nNgsii ' f ot i «»h ' fdor ent
i nst ead ?ngﬁ'?gg!érﬁ%@%{bﬁgiléﬁggﬁ%thrr%gnﬁ%? rg&fr)leqijﬂ%d?rgfﬁ%élojg? C%%r ring

: iff hal ' = '
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capacitance 3902 in parallel with resistance 3608 and a second capacitance
3904 in paral [(151)i t IRefesing aove tadlEs. 140A Hnd &@Bodamdift  tapkecifquitgisency

included in the feedback of differential and single-ended transimpedance
amplifiers, respectively. In FIG. 40A, a differential transimpedance amplifier
4000 is shown. In this embodiment, a first operational amplifier 4002 has a non-
inverting input communicates with an inverting output of amplifier 4004. The
inverting input of amplifier 4002 communicates with the non-inverting output of
amplifier 4004. A feedback element 4006 communicates with the common node
of the non-inverting input of amplifier 4002 and the inverting output of amplifier
4004, and the inverting output of amplifier 4002. Likewise, a second feedback
element 4008 communicates with the common node of the inverting input of
amplifier 4002 and the non-inverting output of amplifier 4004, and the non-
inverting output Qf amplifier 4002.

[0152] The feedback element 4006 includes a resistance 4010, a
series combination of a resistance 4012, and an inductance 4014. In some

implementations, the inductance 4014 can be a variable inductance. A variable
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38 response or the stability of the transi npedance network may be inproved
by including the capacitances 3902 and 3904. As can be appreciated, the

capaci tances can be replaced by inductances if desired. [0150] In FIG 39B,
a single-ended transi npedance anplifier 3900" is shown that is simlar to

the differential c jguration shown in Fl 39A. In FILG,. 39B, simlar

el enent SC%‘%;I’[PQB%VgﬁféNﬁ% HeQuRled B BFrAYS| with .thq'h%er{ersaﬁgm%%lﬁr%r?iethegm of
the anplifiers 3604' and/or 3606 may be negative and/or the signals may
be coupl @sistaneendei2iang thepadustanee ‘floﬂé- anbisi parafiel cplinalinnis coYBieE |
[0151] Referring now to FIGs. 40A and 40B, an LC tank circuit is included
in the fimedbrek wifh thd fresistancal 4ah8 sLikgwiseertbedfeedhaek rajement 4008 is
anplifiers, respectively. In FIG 40A, a differential transinpedance

anpl i fi egonfhfAPEd iirs asdioniar way with & esixtalced020,2a Secshd opsistanicevi22aimpl i fi er
4002 has a non- inverting input conmunicates with an inverting output of

anpl i f i egedQ0dith BRGndiUARES 4094] ARy b VaFaBERédJdcREndd@B260mmuNi cates with
t he non-iInverting output o anplifier 4004. A feedback el enent 4006
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4002 and the rﬂr?%ﬂti ﬁl’ngegu pu 'Q%%‘E’Sﬁ;@ q%eﬁwsggth%gﬁdagh%%toe%isﬁgﬁout put

f i fi 4002. Li kew , . f | i
B K R B e R e T
T Sl ST 1001 20 LN oy ers Lngoptout of

4010, a series conbination of a resistance 4012, and an inductance 4014.
I n some set to the desired residence frequency may be used. The circuit 4000 may be

suitable for use as an RF amplifier in a TV tuner in which it is desirable to include
an ultra-wide band of operétion (e.g., 50 MHz-1 GHz). The circuit amplifies the
wanted signal more than the unwanted signal by taking advantage of the LC tank
in combination with the transimpedance amplifier property of the wide-band
operation. The parallel LC tank circuit causes the feedback network to have high
impedance at a resonance frequency of the LC tank circuit.

[0154] The structure illustrated in FIG. 40 may also be nested in an
amplifier structure illustrated above. With each subsequent nesting, only the
signal frequency of interest is amplified so that the nesting behavior is effective at
the residence frequency of the LC tank elements. Because of this, the selectivity
of the nested LC tank circuit transimpedance amplifier is significantly improved
while the out-of-band signals are not amplified. This improves the distortion

performance of the amplifier by not amplifying the unwanted signals. At the
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i npl ement ati ons, the inductance 4014 can be a variabl e inductance. A
Jariable 39 capacitance 4016 is coupled in parallel wth the series

conbi nati on of the resistance 4012 and the inductance 4014. This parall el
conbination is coupled in series with the resistance 4010. Likew se, the
f eedback el enent 4008 i s onfi gur g in.@ si.m lar way,.w th abresist nce
2020, & SBSHMS dxpang sianalpase prpited Wb gitEmel oW disiptipoeberaist dng
vari abl e capaci tance 4026. [0153] The vari abl e capacitances 4016 and 4026
ar e usedheqatutewfithainesting ansimpedancecyBpiiar f r equenci es of the LC tank
circuit may be adjusted by changing the capacitance values. In an actual
embodi ment, a[0M55Rd dafdG. YO @ single-eoded draeimpedanass aopliier #P08Quiency may
be used. The circuit 4000 may be suitable for use as an RF anplifier in a

TV t uner gshdwihaths isimilar tdetier diibential configudatiorashowh rin-FAMGdd0Banith BIG.
operation (e.g., 50 MHz-1 GHz). The circuit anplifies the wanted signal
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conbi nation wth the transi npedance anplifier property of the w de-band

oper at | e o e BRIAHER 4b021 AMioFUOEK thaf YESREGAR SREBPRG SRABIOHEyL O have

high i a resonance frequency” of tank circult [0¥54] The
structurge illustrated j.n Fl G, 40 al be st.ed | , anplifier
struct urEePPPB'&FF%‘%\&”Q‘B%MUWPF.H@%ﬁwpﬁﬁ%’ée‘@@ n?“ﬁ’é’étﬂpﬁg; only the signal
frequency of interest is anplified so that the ne%i ng hehavjor .is
effective at [Q156]r efReferig movydenthsor4theant 415hkaed lic Vi Rfse of
this, the selectivity of the nested LC tank circuit transi npedance
anpl i fi eandthesiegmiddinent of diffgreotiadandvsingie-ended litansimpegianas giwliersr e not
anplified. This inproves the distortion
are shown, respectively. In FIG. 41A, a differential transimpedance amplifier
4100 using an LC circuit is illustrated. In this embodiment, a first operational
amplifier 4102 communicates with a second amplifier 4104. An inverting output
of amplifier 4104 communicates with a non-inverting input of amplifier 4102. A
non-inverting output of amplifier 4104 communicates with an inverting input of
amplifier 4102. A first LC circuit 4106 communicates with the non-inverting input
of amplifier 4102 and the inverting output of amplifier 4102. A second LC circuit
4108 communicates with the inverting input and the non-inverting output of
amplifier 4102.
[0157] LC circuit 4106 includes an inductance 4110 in series with a
resistance 4112. The LC circuit 4106 also includes a capacitance 4114 in series
with a resistance 4116. The series combination of the capacitance 4114 and

resistance 4116 is in parallel with the series combination of the inductance 4110

and the resistance 4112.
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performance of the anplifier by not anplifying the unwanted signals. At the
40 same tinme, in-band signals are anplified with extrenely |ow distortion
because of the nature of the nesting transi npedance anplifier. [0155] In
FI G 40B, a single-ended transi npedance anplifier 4000" is shown that is
simlar to the differential configuration shown.in ELG, 40A. |n FI 408,
simlar el errefﬁ"é%reﬁ‘@ol%&e&"%“[ ﬁ’q 8piSi ﬁ%n@%%“n..a 'SRl THINYIEL ! ngﬁct ance
gmof the anplifiers 4002' and/or 4004' may be negative and/or the signals
may be cioeyil 4806.0 TinevkeEt ¢irayiti HHA nejudss amdndupianes 41 04pEeriesndibe 4004 .
[0156] Referring nowto FIGs. 41A and 41B, a schematic view of another
enbodi merdsisifinck #fi22enA icalpaaitancs AgR4-ieinisdries avit apedistanceahdit f ilhes are
shown, respectively. In FIG 41A, a differential transinpedance anplifier

4100 usi B&rigdcdfablHatioHidf the indUotsidead €20 ahd resistanesyold2nisrin pasalfel msth
operational anplifier 4102 comruni cates with a second anplifier 4104. An

| nver ti ng Ot corRbin@tiBh of RS cAddlitanes 4 niGRldemeWebRtahoaontdeIver ting i nput
of anplitier 4102. A non-inverting output of anplifier 4104 communi cates

W th an inver m@]i ngﬁ&ag%vidiﬁgﬁ }ééiﬁénéé?‘? pafallfeil with th 156G ek Eiré@igﬁas

conmuni cat es th n-1nv Ing rnpu of anplifirer 4102 and the

i nverting output . of Li.fier 02. A second L [rcupt .4 | cates
W th theﬂliuﬁt;@%di My 'l:lg’gﬁflbarﬂf £RENGo 7 irﬁ%ﬁ%{‘gﬁg%oﬁ‘i‘%ﬁt{hgf '"%‘Pn%?’? ier 4102.
[0157] LC circuit 4106 includes an inductance 411Q.in series.with a

r esi st aneapaditenceripsciletiens Qi the4gipy!it P avVAdedded g Eétﬁ%crletshg\r(\é'?ecedflqﬁ in
series wth a resistance 4116. The series conbination of the capacitance
4114 andcompared to FIG. 40, prevents the polarity of the amplifier from changing at high

frequencies. This is used to prevent feedback operation within the nested
transimpedance structure.

[0160] In FIG. 41B, a single-ended transimpedance amplifier 4100’ is
shown that is similar to the differential configuration shown in FIG. 41A. In FIG.
41B, similar eleménts are labeled with a prime symbol “”. The transconductance
gm of the amplifiers 4102’ and/or 4104’ may be negative and/or the signals may
be coupled to inverting input(s) of the amplifiers 4102’ and/or 4104".

[0161] Referring now to FIG. 42, an integrator 4200 that is formed
using a nested transimpedance amplifier is illustrated. This embodiment is
identical to the double-nested transimpedance amplifier illustrated in FIG. 37,
except that resistances 3704 and 3705 have been replaced with capacitances
4202 and 4204.

[0162] The integrator 4200 has a high bandwidth due to the

transimpedance configuration. The impedance output is low even at high
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resistance 4116 is in parallel with the series conbination of the

. nductance 4110 and the resistance 4112. 41 [0158] The LC circuit 4108 is
configured in a simlar manner to LC circuit 4106. The LC circuit 4108

i ncludes an inductance 4120 in series wwth a resistance 4122. A
capacitance 4124 is in series with resi stance 4126. The i es

conbi nat fr%ﬁﬂ-’%’fc'qenegﬁﬁﬂ'dﬁff 85?’3&9 %X‘Q@U W@Ei’%@%é@%’l@@rﬁ%f ﬁ?SQéP%Y P& with
the series conbination of the capacitance 4124 and the resistance 4126.
[0159] Bysefhloiei driviedatge eapagitiveeloads. Sanaapprlicalipn of the integraliond <G @yt , as
illustrated in FIG 40, or adding a resistance to both the inductance and
capaci t abpedn s0Smrha-deltananalbgttheligital caanverdee thatodperatesTat gigaheatzr ewirst ance,
as conpared to FIG 40, prevents the polarity of the anplifier from
changi ngsahpmg@freqliemsigenci es. This is used to prevent feedback operation
wi thin the nested transinpedance structure. [0160] In FIG 41B, a

si ngl e- ended Fdﬁ@?i MesRAGRy ameW fiter ABY)' 4sA-43®mWnvafials | xemplagr to
the differenttal Configuration shown in FIG 41A In FIG 41 B, sinmlar
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nested transinpedance anplifier is illustrated. Thi s,en‘Podi ment . Is
i dent i caPf eohaedigbudiive Ad80ed The aesaRlcdiSRlos UMY inBPlementsendPEde n FI G

37, except that resistances 3704 and 3705 have been replaced with
capaci t aimsplemented in either or both signal processing and/or control circuits and/or a

power supply 4303, which are generally identified in FIG. 43A at 4302. In some
implementations, the signal processing and/or control circuit 4302 and/or other
circuits (not shown) in the HDD 4300 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 4306.

[0164] The HDD 4300 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 4308. The HDD
4300 may be connected to memory 4309 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.

[0165] Referring now to FIG. 43B, the present disclosure can be

implemented in amplifiers and/or integrators of a digital versatile disc (DVD) drive
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4202 and 4204. [0162] The integrator 4200 has a high bandw dth due to the
transi npedance configuration. The inpedance output is |ow even at high 42
frequenci es. Because of the | ow output inpedance, the integrator 4200 nay
be useful to drive |large capacitive |oads. One appl i cation of the

i nt 1 42 Del t - Ita t t hat
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FI Gs. 43A- 43Q vari ous exenpl ary npl enent ati ons of the present disclosure
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i mpl enented in anplifiers and/or integrators of a hard disk drive 4300.
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bot h signal processing and/or control circuits and/or a power supply 4303,
whi ch ar supplpe43d 3.y Thiekigriadl gstocasdth. antB3dr abn#3I02ircuit 48d@eand/or other
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DVD 4310 can also perform other functions such as encoding and/or decoding
and/or any other signal processing functions associated with a DVD drive.

[0166] The DVD drive 4310 may communicate with an output device
(not shown) such as a computer, television or other device via one or more wired
or wireless communication links 4317. The DVD 4310 may communicate with
mass data storage 4318 that stores data in a nonvolatile manner. The mass data
storage 4318 may include a hard disk drive (HDD),. The HDD may have the
configuration shown in FIG. 43A. 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 4310 may be connected to memory 4319 such as RAM, ROM, low
latency nonvolatile memory such as flash memory and/or other suitable
electronic data storage.

[0167] Referring now to FIG. 43C, the present disclosure can be
implemented in amplifiers and/or integrators of a high definition television (HDTV)

4320. The present disclosure may implement and/or be implemented in either or

44



(RAM, low latency nonvolatile nmenory such as flash nenory, read only
menory (ROM and/or other suitable electronic data storage. [0165]
Referring now to FIG 43B, the present disclosure can be inplenmented in
anplifiers and/or integrators of a digital versatile disc (DVD) drive 43

4310. Th resent disclpsure y i ement and/ pr _be inplenented. in. either
or ot nbeli,R@NahPiReESsiTioh SBHAT o ETBN % WaiGh 78 gpFBTR Beaind i |
identified in FIG 43B at 4312, nmss data storage of tthe Dgﬁ-?ﬂgi ve 4310
and/ or aFfewdBE auApky. QBMANH@@TQ@@&IT“%?SOQ@E%isgfb'agﬁcﬂ’ ofN& 1438% cui t
4312 and/or other circuits (not shown) in the DVD 4310 may process data,
per f or m aodiong podeosupplyc4§23.i dme pENbAIREaecaivasiRdV iapdl signels ifat dat a
that is read fromand/or data witten to an optical storage nedi um 4316.

I n sonme epéeawedtdromseless boraigimald geprevates DTV andpwirsigoals fod a disptay t 4312
and/or other circuits (not shown) in the DVD 4310 can al so perform ot her

functi ong3sgchnasorRBGRpISIHeRRHOAS, §i§ﬁ9ﬂgﬂﬁzes§iﬁ§/@Ifcuﬁné{n@/bh%bn&bgbi%uit
processing functions associated with a DVD drive. [0166] The DVD drive 4310
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i nclude a hard disk drjve (HDD),. The HDD have the configuration shown
in FIG @Qﬁpmﬂf’é‘yl%\?ﬁhﬁ’?e&& %%ﬁ/rﬂro%"i%@g?%?ﬂﬁa}?ﬂé%qu" or ?mre platters
having a dianeter that is snmaller than approximtely 1.8". The DVD 4310
may be connec{@t68lo nEheryDI¥14320cmagscanmunigaie Wiy mass data storage

4327 that stores data in a nonvolatile manner such as optical and/or magnetic
storage devices. At least one HDD may have the configuration shown in FIG.
43A and/or at least one DVD may have the configuration shown in FIG. 43B.
The HDD may be a mini HDD that includes one or more platters having a
diameter that is smaller than approximately 1.8". The HDTV 4320 may be
connected to memory 4328 such as RAM, ROM, low latency nonvolatile memory
such as flash memory and/or other suitable electronic data storage. The HDTV
4320 also may support connections with a WLAN via a WLAN network interface
4329.

[0169] Referring now to FIG. 43D, the present disclosure may
implemént and/or be implemented in amplifiers and/or integrators of a control
system of a vehicle 4330, a WLAN interface, mass data storage of the vehicle
control system and/or a power supply 4333. In some implementations, the

present disclosure implement a powertrain control system 4332 that receives
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| at ency nonvol atile nenory such as flash nmenory and/or other suitable
.electronic data storage. [0167] Referring nowto FIG 43C, the present

di scl osure can be inplenented in anplifiers and/or integrators of a high
definition television (HDTV) 4320. The present disclosure may inplenment
and/or be inplenented in either or 44 Both i gnal . processi ng and/ or

cont rol BPUELITTRN QP AT dPErGRIRars ucienr: fariaeafirersansase dessds, o
WLAN i nterface, mass data storage of the HDTV 4320 and/or a power supply
4323. Theemsors: mationa cegnsess.HBTNOW HnsoLs gRdios any ofarngyitaple,iseagors

wirel ess format and generates HDTV output signals for a display 4326. In
some i nphedent thiat cgenerstegnaneppocmemd mptpit cantrobusigrals cay @s engingi t
4322 and/or other circuits (not shown) of the HDTV 4320 nmay process data,
per f or m epéiatiggaparanietens typisntissiopesjerating pacarnaterenandfoor other dahtrolnd/ or
perform any other type of HDTV processing that nmay be required. [0168] The
HDTV 432Qigpmls. communi cate with mass data storage 4327 that stores data in
a nonvol af'il e manner such as optical and/or magnetic storage devices. At

| east one HODyG1havend NisieCOR ISl mdiolh eFlifpleri@hednt Qingt | east

one DVD may have the configuration shown I 43B. " The HDD may be a
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support connections with a WLAN via a W.AN network interface
more output devices 4344. In some implementations, the control system 4340

may be part of an anti-lock braking system (ABS), a navigation system, a
telematics system, a vehicle telematics system, a lane departure system, an
adaptive cruise control system, a vehicle entertainment system such as a stereo,
DVD, compact disc and the like. Still other implementations are contemplated.
[0171] The powertrain control system 4332 may communicate with
mass data stora'ge 4346 that stores data in a nonvolatile manner. The mass data
storage 4346 may include optical and/or magnetic storage devices for.example
hard disk drives HDD and/_or DVDs. At least one HDD may have the
configuration shown in FIG. 43A and/or at least one DVD may have the
configuration shown in FIG. 43B. 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 4332 may be connected to memory 4347 such as
RAM, ROM, low latency nonvolatile memory such as flash memory énd/or other

suitable electronic data storage. The powertrain control system 4332 also may
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4329. [0169] Referring nowto FIG 43D, the present disclosure may
Jdmplement and/or be inplenented in anplifiers and/or integrators of a
control systemof a vehicle 4330, a WLAN interface, mass data storage of
the vehicle control system and/or a power supply 4333. In sone

I npl ementations, the. present dj osure, inplenment a.powertrajn cantro

syot em 489PathsonpEiernSnhyg WAl ¥ Aow AR TVt aRSHREe 24k, o e
tenperature sensors, pressure sensors, rotational sensors, airflow sensors
and/ or af9ntEelihgystam 6360 eéna¥nalse sinclydg/ Byass riatageteesqn, eesay odNHBF @ out put
control signals such as engine operating paraneters, transm ssion

oper at i nYViphiN amtetface (alanal ghovwn)her control signals. [0170] The present

di scl osure may al so be inplenmented in other control systens 4340 of the
vehi cl e 4330. [0A®2]corReferrimy sicam t6340Gm3H, | Hewipgesentedsclosuse geeal ef rom

| nput sensors 4342 and/or output control signals to one or nore output

devi ces {i3dibmdred MrRNMPIFIPSTRRHAT iRfratolRe of ANESIRIas RO FEN43800thatyayPe part
of an anti-lock braking system (ABS),” a navigation system a telematics
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crui se control system a vehicle enteftalnment systemsuch as a stereo,
DVD, t di d the like. ,Still oth i npl tatj d .
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with nmass data storage 4346 that stores data in a nonvol atile manner. The

mass dat 8¢ GEheRIly idendifigdyin AEPudSbopt 14392 A IVEANviRIRERFR. Siassagatadevi ces

for exanple
storage of the cellular phone 4350 and/or a power supply 4353. In some

implementations, the cellular phone 4350 includes a microphone 4356, an audio
output 4358 such as a speaker and/or audio output jack, a display 4360 and/or
an input device 4362 such as a keypad, pointing device, voice actuation and/or
other input device. The signal processing and/or control circuits 4352 and/or
other circuits (not shown) in the cellular phone 4350 may process data, perform
coding and/or encryption, perform calculations, format data and/or perform other
cellular phone functions.

[0173] The cellular phone 4350 may communicate with mass data
storage 4364 that stores data in a nonvolatile manner such as optical and/or
magnetic storage devices for example hard disk drives HDD and/or DVDs. At
least one HDD may have the configuration shown in FIG. 43A and/or at least one
DVD may have the configuration shown in FIG. 43B. The HDD may be a mini
HDD that includes one or more platters having a diameter that is smaller than

approximately 1.8".  The cellular phone 4350 may be connected to memory
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hard di sk drives HDD and/or DVDs. At |east one HDD may have the
configuration shown in FIG 43A and/or at |east one DVD may have the
configuration shown in FIG 43B. The HDD may be a mni HDD that includes
one or nore platters having a dianeter that is smaller than approxi mately

1.8". The_ powertrain control. system 4332 be connected . to nenory 4347
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and/or other suitable electronic data storage. The powertrain control
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I nterface 4348. The control system 4340 may al so i nclude mass data
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actuation and/or other input device. The signal processi ng _and/ or control

ci rcui t s43842aWlAN intstface, Mmassdata gtamgesebi® sehitamboxetd89 ardghéhe 4350

may process data, perform coding and/or encryption, performcal cul ati ons,
format dabwearsgpply $383.oMimecsdidop box 4380 receives signals from a source such

as a broadband source and outputs standard and/or high definition audio/video
signals suitable for a display 4388 such as a television and/or monitor and/or
other video and/or audio output devices. The signal processing and/or control
circuits 4384 and/or other circuits (not shown) of the set top box 4380 may
process data, perform coding and/or encryption, perform calculations, format
data and/or perform any other set top box function.

[0175] The set top box 4380 may communicate with mass data storage
4390 that stores data in a nonvolatile manner. The mass data storage 4390 may
include optical and/or magnetic storage devices for example hard disk drives
HDD and/or DVDs. At least one HDD may have the configuration shown in FIG.
43A and/or at least one DVD may have the configuration shown in FIG. 43B.
The HDD may be a mini HDD that includes one or more platters having a
diameter that is smaller than approximately 1.8". The set top box 4380 may be

connected to memory 4394 such as RAM, ROM, low latency nonvolatile memory
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cel lul ar phone functions. [0173] The cellul ar phone 4350 may comruni cate

W th mass data storage 4364 that stores data in a nonvolatile manner such
as optical and/or magnetic storage devices for exanple hard disk drives
HDD and/or DVDs. At |east one HDD may have the configuration shown in FIG
43A and/or at | east one DVD may have the configuratign sho in G 43B.
The 1D RHGH B8 T2 MEMORLAMBI O SADLE BRENBR o8 SIpeabier Lot 1 a
diameter that is smaller than approximtely 1.8". The cellular phone 4350
may be cbanetitdalse mawsyrrat azpecioeh with RANYLARWiIal awWwMLAN mgfwork

nonvol atil e nmenory such as flash nenory and/or other suitable electronic
dat a st omagdacelhddag.el | ul ar phone 4350 al so may support connections with a
WLAN via a WLAN network interface 4368. [0174] Referring now to FIG 43F
the present d{eri6)surRefeindenow npl ENENH4SEG, theanpeséntedischoslirer camthbagr at or s
of a set top box 4380. The present disclosure may inplenent and/or be

i npl emen{Rgiehibrtéd NAT aRiplif@fsh abbbrainte HaRITE SS B st OblageN 440D, CiTHUI t'S,
which are generally identified in FIG™ 43F at 4384, a WAN interface, mass

data stopgae ohds 36tnd n%p@@ﬁ\e ?gﬂdﬂ?WeQHpﬁemEm@?ﬁnséi r%r%%ﬁ?’sigﬁgle set

top box 43 recel ves si roma source suc as a broadband Source and

dard hj def.j ni t.i. di o/ vi i I [ le f
i spl oy Beaeonngon coBhElpEls” lird Ahierel DR b &t FiB 9eRoal andl or

audi o out put devices, The signal processing_and/or control  circuits 4384
and or ofiBf. BiWLAN interiate.SHBRR ok Siareoe &f Thepasia Mary 40 apiit s

data, perform coding and/or encryption, performcalculations, format
power supply 4403. In some implementations, the media player 4400 includes a

display 4407 and/or a user input 4408 such as a keypad, touchpad and the like.
in some implementations, the media player 4400 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 4407 and/or user input 4408. The media
player 4400 further includes an audio output 4409 such as a speaker and/or
audio output jack. The signal processing and/or control circuits 4404 and/or other
circuits (not shown) of the media player 4400 may process data, perform coding
and/or encryption, perform calculations, format data and/or perform any other
media player function.

[0177] The media player 4400 may communicate with mass data
storage 4410 that stores data such as compressed audio and/or video content in
a nonvolatile manner. In some implementations, the compressed audio files
include files that are compliant with MP3 format or other suitable compressed

audio and/or video formats. The mass data storage may include optical and/or
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data and/ or performany other set top box function. [0175] The set top box
.4380, may conmuni cate with nass data storage 4390 that stores data in a

nonvol ati|l e manner. The nass data storage 4390 may include optical and/or
magneti c storage devices for exanple hard disk drives HDD and/or DVDs. At

| east one HDD.may have the configuration sho in Fl 4 or at |east
one. DvD TRRITRG SleBeCamies ol PO Aok s gD sAdardtYRg) AL &
mni HDD that in des one or nore platters havi a dianeter that is

smal | er {e}@éhoaﬁﬁf imay Bpye 1*.‘68@9”\9#@3%@% S'P%‘ﬁ”%kﬁs@@“@é‘ﬁ%@t le@sh ed to
menory 4394 such as RAM ROM |ow | atency nonvolatile nenory 48 such as

fl ash meRMD maydhave dherepnBginetion shemecir bi.c43B¢t alha biRiyenayrke a&int op

box 4380 al so may support connections with a WLAN via a W.AN net wor k

i nt er f acelD{3%at inOlLidels ded er Moy plattetoh&ViGg aldiametes thaksesmatlesthamsur e
can be inplenented in anplifiers and/or integrators of a nedia player

4400. Thappxangely digscl TRYMeedidplaya £1I0Dhag b Conretedd ABRRG§d413 ei t her
or both signal processing and/or control circuits, which are generally

dent 11 gdof il KAM ARG 1o 4tency MbANILAECHARTy RS dafaietasdgn of the

medi a pl ayer 4400 and/or a power “sup . In"sonme inplenentations, the

redia bl a¥Slor 400 SR RRochiortl BBl YGART A/ ACAB BBSE WARHLAdSRR, puCh as

a keypad,” touchpad and T I'n~so enen s, the nedia player
menus.  SURPULHRTREHGES ilhAdT AN VR S LA ne ik rpfteee HAYE: il st Y he
di splay ?rﬁglgm%m%t?ornsuiiearddiit?opnu%o tﬁggg 'delgﬁberaegti)gve are contemplated.
[0178] Referring now to FIG. 44, a Sigma Delta analog to digital
converter (ADC) module 4510 is shown. The Sigma Delta ADC module 2810
includes a difference amplifier module 4514 that receives an analog input signal.
An output of the difference amplifier module 4514 is input to an integrator module
4518. An output of the integrator module 4518 is one input of a comparator
module 4520. Another input of the comparator module 4520 may be connected
to a reference potential such as ground. An output of the comparator module
4520 is input to a filter and decimator module 4524, which outputs a digital
signal. The output of the comparator module 4520 is input to a digital to analog
converter (DAC) module 4528. The DAC module 4528 may be a 1-bit DAC. An
output of the DAC module 4528 is input to an inverting input of the difference
amplifier module 4514.

[0179] In use, the output of the DAC module 4528 is subtracted from

the input signal. The resulting signal is integrated by the integrator module 4518.
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pl ayer 4400 further includes an audi o out put 4409 such as a speaker and/or
~audi o out put jack. The signal processing and/or control circuits 4404
and/or other <circuits (not shown) of the nmedia player 4400 nmay process
data, performcoding and/or encryption, performcal culations, format data

and/ or perform any other dia player function. [0177] The medi | ayer
2900° ey T DB AT s U yolfRas % BoRVerlac i s ph it ol TRy REYE s
conpressed audi o and/or video content in a nonvolatile manner. In sone

i mpl ementh@ remParatae medHie 428 dhei resitingsbit prepmgs an linrutiteatheaPAC
conpliant with MP3 format or other suitable conpressed audio and/or video
f or mat s. NAgwlerekD?8dat his talesaskloopy proneisadmaypbé cedrriad ddwr at 40 vasghigh c
storage devices for exanple hard disk drives HDD and/or DVDs. At |east one

HDD may beassahiped oatki gihieatigital dataveutpot by Ge d8mparatbomatiule Easistream DVD
may have the configuration showmn in FIG 43B. The HDD may be a mni HDD

that incbi@ass @i 26rd¥DaRd RhétviaRles oh@vd Biyral & phdddtiohdlafo the gamdityesf t han
approximately 1.8". The nedia player 4400 may be connected to nenory 4414

such as BAM RN toWd LABSIBPMRIA | Fr TRTAEKSHED Al IS BeRBRPEY

and/or o _ ctronic data storage. dia play

St 11 "ot ROPS fcHRRERRn rE Brdchrfet g B VRRNE RLBbE i Ren e B

i gi 1Al SHOWBUBE SHPyORRR LeABISTROr Aues SHEWEPGRTISEI P ANAIO Hbul e

2810 includes a difference anplifier nodule 4514 that receives an anal og

i nput si giggal and a highpass filter to the quantization noise. The bit stream is digitally
filtered by the filter and decimator module to provide a binary-format output.

[0180] As can be appreciated, the TIA amplifiers described in the
embodiments set forth above may be used to implement one or more of the
difference amplifier module, the integrator module and the comparator module in
the Sigma Delta DAC module.

[0181] 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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An output of the difference anplifier nodule 4514 is input to an integrator
nodul e 4518. An output of the integrator nodul e 4518 is one input of a
conpar at or nodul e 4520. Anot her input of the conparator nodul e 4520 nay be
connected to a reference potential such as ground. An output of the
conparator nodule 4520 is input to a filter and deci mator nodul e 4524,
which outputs a digital signal. The(JuABMiS of the conparator nodul e
4520.is input to a digital to analog converter (DAC) nodul e 4528. The DAC
nodul e 4528 may be a 1-bit DAC. An output of the DAC nodul e 4528 is input
to an inverting input of the difference anplifier nodule 4514. [0179] In

use, thejout pAtdntféreﬁtMtr%Gn{;&fiAH&e?anﬁlé%ﬁrE%ﬁ%h{tpﬁlg&gd from the input

signal. The resulting signal is integrated by nt egrator nodul e 4518.

50 The i nt Qf o avi N el Ko T aete TR e TR 1A
e integragag &astﬁml itz déﬁ%&@@ﬁ%ﬁ&@ Sii ”%% B ring Hppc

output (1 or 0) by the comnparator e resulting écones

an i nput ﬁPs?inR/Qr‘ﬁngﬁ‘Sipu%Mtﬁs 81“"%@}13‘?’%@&%0'-' oop process may be carried

out at a very hi oversanpl ed ra digital data output by the
conparator nodule is a str.eam,.0f, ones and zeros and the value of the
signal is pr o%%erc ??dog 5Tt OBaltal%Dhé%ﬁg?Vt“@g %?Cco%cﬁ‘élgergﬂg BREL Byeqond NeBREF o
nodul e. For, an ingrea in% value, the density of ones increases. For a

decr easi M b Argand {YEripg fufnil angka sqend pousinxerting outpyt, wherniein thesqcped Bvesing

vol t age, -t he integrator . cas as a |owpass filter to the input signal and a
hi ghpass #P¥capmugnaaies Wq@lé ¢ fish PO VASIE dnputprd the second aerritvertime gitpat | y
filtered by the filter and decimator nodule to provide a binary-format

out put . fOnBBjicHes wighthsdirginreaingiped; the TIA anplifiers described in the

a first feedback element that communicates with the first non-inverting input and the first
inverting output;

a second feedback element that communicates with the first inverting input and the first
non-inverting output;

a third feedback element that communicates with the second inverting input and the first
inverting output; and

a fourth feedback element that communicates with the first non-inverting input and the

first non-inverting output.

2. ‘The differential transimpedance amplifier circuit of claim 1 wherein the third and fourth

feedback elements comprise first and second resistances, respectively.

3. The differential transimpedance amplifier circuit of claim 1 wherein the third and fourth

feedback elements comprise first and second capacitances, respectively.
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enbodi nents set forth above may be used to inplenent one or nore of the
difference anplifier nodule, the integrator nodule and the conparator
nodule in the Sigma Delta DAC nodul e. [0181] Those skilled in the art can
now appreci ate fromthe foregoing description that the broad teachi ngs of
the present invention can be inplenmented in a variety of forns. Therefore,
while this invention has been described in connection with particular
exanpl es thereof, the true scope of the invention should not be so limted

since ot her npgd alr@@mlm&nmﬂpbdms@ﬂsm&m&ﬁ%fémn{ hevhm%lﬂ thé ﬁgt REP&ELdd oner
upon a study of the drawi ngs, the specification and the | owm ng cl ai ns.

51 CLAI N@edﬁack/éleqiehfs%ﬁ?hb@hrst ARNREIRGEARGR & TRpELH VRTy, C1 rCU't conprising: a
first operational anplifier having a first inverting |nput a first

non-inverting input, a first inverting output and a first non-inverting
out put; a second operational anplifier having a second inverting input, a

second ngn- ' YR éﬁ’fgﬁnnél'?féﬁgl ﬁ)@d%gg o llﬁ \éﬁ%&llt Q?cllglﬂ'} P%gr%ﬂﬂhé‘ﬁ%?%?d‘ sec?nd

non-i nverti ng out put wher el se I nver comrun

with thecfl LN i Dput. . a d the second nonsinverting out put
hbatk e g P

conmuni caeesa Wi P':ﬁ%flh ?‘lphs gr|Snver e|c°nn§ claﬂacuf % rFsl)egttwc]l eedback el enent that

comuni cates with the first non-invertlng |nput and the first inverting

out put; a second feedback el enment that comunicates with the first
inverting in r. non-invertin ;
ert g pJIjhe (? ?tdrentlaq transnsr;[pedan%e ampl\{ ertmrcglt 8}" élg)llrjr;[ 1 wherein the first and second

feedback elements each comprise a first resistance in series with an inductance and a second

resistance that are in parallel with a capacitance.

7. The differential transimpedance amplifier circuit of Claim 6 wherein the capacitance

includes a variable capacitance.

8. The differential transimpedance amplifier circuit of claim 1 wherein the first and second

feedback elements each comprise a resistance in parallel with a capacitance.

9. The differential transimpedance amplifier circuit of Claim 8 wherein the capacitance

includes a variable capacitance.

10.  The differential transimpedance amplifier circuit of claim 1 wherein the first and second
feedback elements each comprise a first resistance in series with an inductance and that are in

parallel with a capacitance and a second resistance.
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a third feedback el ement that conmunicates with the second inverting input
.and the first inverting output; and a fourth feedback el enent that
comuni cates with the first non-inverting input and the first
non-inverting output. 2. The differential transinpedance anplifier circuit
of claim1l wherein the third and fourth feedback el enments conprise first
and second resistances, respectively. 3. The differential transinpedance
anplifier circuit of claiml1l wherein the third and fourth feedback

el ement s1 CONPrliesEiférehted raRImp eGPk AINRE tir&NCAT 2 BPRELENEhY cap2diafice The
differential transinpedance anplifier circuit of claim1l wherein the first

and secondudéerdbiask capRiBies conprise first and second resi stances,
respectively. 5. The differential transinpedance anplifier circuit of claim

1 wherein the first and second feedback el enents conprise first and second
capaci tances, respectively. 6. The differential transinpedance anplifier

circuit pf Clﬂierﬁiﬁfer\éﬁg’l ?x’aﬁklﬁ]Pgdatl&J éﬁplﬁﬂ:ﬁj c glﬁp&(tl B?Fq}?lg[%hl t%L: &% Qrtlése%gc

conprise a first resistance In series wth an inductance and a secon

resi stan “5“9&aﬁ%ﬁﬁ%ﬂ399&55L&km”%§&fﬁgﬁﬁ? citance. 7. The differentia

transi npedance a ler circulrt o "wherein the capacitance

i ncludes a variabl e capacitance. 8. The differential transinpedance
anplifier circuit of claiml1l wherein the first and second feedback

el ements gach, conprise a resistance in.parallel wth a capacitance. 9. The
di fferential % &8 rf}%ﬁ%ﬁ?{ﬁ%%maﬁ%"ﬁ jraph bel'Fr)FgﬁﬂlEcoé‘?pr’@“éi m 8 wherein the
capaci tance i%cludes.a Yari%ﬂ%% Qagath nce. 10. The differential

t r ansi npedancePHfgpsrpiional amplifigrhayps @ thirdinyeripg mpnh 2 thed aqnrigyertipginput and

third inverting output and a third non-inverting output; and
the differential transimpedance amplifier circuit of claim 1;
wherein the second inverting input communicates with the third non-inverting output and

the second non-inverting input communicates with the third inverting output.

14. A double-nested differential transimpedance amplifier circuit comprising:

a single-nested transimpedance amplifier circuit as recited in claim 13; and

a fourth operational amplifier having a fourth inverting input, a fourth non-inverting
input, a fourth inverting output and a fourth non-inverting output;

wherein the fourth inverting output communicates with the third non-inverting output and

the fourth non-inverting output communicates with the third inverting input.

15.  The double-nested differential transimpedance amplifier of claim 14 further comprising:
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f eedback el ements each conprise a first resistance in series with an
.inductance and that are in parallel with a capacitance and a second

resi stance. 53 11. The differential transinpedance anplifier circuit of
Claim 10 wherein the capacitance includes a variable capacitance. 12. The
differential transinpedance anplifier circuit of Claim1l wherein the first
and second opéfthafiedbrrk etampint fhabeanmpmcatesanic e docthancetiagmpibtpfiiaed she fird. A

si ngl e-nested transi npedance anplifier circuit conprising: a third

oper at i onakrtiagphiph;end having a third inverting input, a third non-inverting
input, a third inverting output and a third non-inverting output; and the
di fferential 2siathJeedhedasicmertnipticbmannichtes with tief foattiahon-iivemg beipit Addahe
second inverting input conmunicates with the third non-inverting output and
t he secofict ngninivertieg bitpgt.i nput communi cates with the third inverting
output. 14. A double-nested differential transinpedance anplifier circuit
conprising: a single-nested transinpedance anplifier circuit as recited in
claim13; and a fourth operational anplifier having a fourth inverting

i nput, alé.our The dveblelntyRd Wi gentiaDRisimBedb M dniplifRV &Fdul R cRMh RYWHRRSh @e
fourth non-inverting output; wherein the fourth inverting out put

conmuni CaitRandMikth fduBadkdlédeIOBrhHiee Hirdt R8d Utb R fesi t h
non-i nverting out put connunicatesﬁﬁjth t he thirémﬁﬁgg?igﬁ%£?ﬁ%%t. 15. The

doubl e-nested differential transinpedance anplifier of claim14 further
conprising: 54 a fifth feedback el enent that comrunicates with the fourth

inverti nW.OUt%si@gné%' difﬂerreﬁ{ial t}anéﬁ%'i)géla%ge grlrjli[)l?flf'é[r ;cirglﬂg of claim 13 further
comprising:
a fifth feedback element that communicates with the third non-inverting input and the
first inverting output; and
a sixth feedback element that communicates with the third inverting input and the first

non-inverting output,

18.  The single-nested differential transimpedance amplifier circuit of Claim 17 wherein the

fifth and sixth feedback elements comprise first and second capacitances.

19. A Sigma-Delta analog to digital converter comprising the differential transimpedance

amplifier of claim 1.

20.  The Sigma-Delta analog to digital converter of claim 19 further comprising:

a difference amplifier module that includes one input that receives an input signal;
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a sixth feedback el enent that conmunicates with the fourth non-inverting
output and the first non-inverting output.. 16. The doubl e-nested
differential transinpedance anplifier circuit of claim15 wherein the
fifth and sixth feedback el enents conprise first and second resistances,
respectively. 17. The single-nested differential transinpedance anplifier
circuit of cl apmteBaténmodde thatompninsicates wigh én futputfof ecthfiffbreadecnmnifiet hat
comuni cates with the third non-inverting input and the first inverting
out put; amdulg; si xth feedback el enent that conmunicates with the third
inverting input and the first non-inverting output, 18. The single-nested
differential bransirapenadale tiempdceiveein Qithia i theQhteSatdr Mokidienagr €i n t he
fifth and sixth feedback el enents conprise first and second capacitances.
19. A Si gma- Delfgitaidahfigg ténvéitgi hadul€ Hay &ntiBiini CAM kS A EL b S £ el bfipeidral
transi npedance anplifier of claim1. 20. The Sigma-Delta analog to digital
conver t emodfileGh@bimBtdd ifpit bhok ERTRKdeSpltieAmsadif er ence anplifier nodul e

t hat ‘i ncl udes one input that receives an input signal; 55 an integrator
nodul e that comrunicates with an output of the difference anplifier

nodul e; a conparator nodul e that receives an output of the integrator

nodul e; d ardl gi.tal \Y; | e communi cat wifh an
Ut put of 't he Poura o ARy 8RN Shl e BPEad Mo IR Reihd " °
AP 1 Sl okl ol QTR REL B A0 RGaker Hodlk? converter of claim

20 further conpr

22. The Sigma-Delta analog to digital converter of claim 20 wherein at least one of the
difference ampliﬁer module, the integrator module and the comparator module includes the

differential transimpedance amplifier.
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deci mati on nodul e that receives an output of the conparator nodule. 22. The
.Sigma-Delta analog to digital converter of claim20 wherein at |east one of
the difference anplifier nmodule, the integrator nodul e and the conparator
nodul e includes the differential transinpedance anplifier. 56 23. A
differential transinpedance anplifier circuit conprising: a first

oper ati obal anAplifféremeial hansimpedandd arsjlifienviecdit doghprigipgt , a first non-inverting
input, a first inverting output and a first non-inverting output; a second
operational amfitsdt fopetatibray am@lifieSieatipca fifyy @iveiting ihpUL fird B&CHREting input, a
non-inverting input, a second inverting output and a second non-inverting
out put, ¥ike®eMingaugusRLINfkst hiotviavétilgo@apuput communi cates with the first
non-inverting input and the second non-inverting output conmunicates with

the first invgkddond oberatidrial amphiiedhARey @rséc@ﬂailm@ﬁmgl ihp&r aRBMInAhoR-ihVHrfiith
inverting input, a third non-inverting input, a hird inverting output and

a third peori HEdhi rﬁgv&HBé)L&utpu‘f‘nﬁlHeh Netdi@ ﬁ&?ﬁl@%lhgvﬁﬁ]&dtn%ﬂeféﬂy%ald second
comuni cates with the third non-inverting output and e second

non-i nvept.ing otafyat corﬁﬁm&%g% Sth@‘f{gg doR8n bk mh{?tvg{dt eh@%eé)o%% inGrfQurt h

operational anplifier having a fourth invertin , a fourt

non- |nve&%£agmn{ CS%’%ﬁHéhﬁthp]ﬁg&lﬂ&&OUtDUt and a fourth non i nverting

out put reln our I nver put comunicates with the third
ron- e 110 ki P R PO e TR DL (SRR
the second non-i.nverting i.n the . second inverting out a second
f eedback THdelREFTng W&p%%ﬂﬁﬁﬁﬂﬂﬁfégn WVERINE LU R Sihareith s 85cA lﬁ‘f?&ﬂngaﬁ’(ﬂ“’t he

communicates with the third non-inverting output and the second non-inverting input
communicates with the third inverting output;

a fourth operational amplifier having a fourth inverting input, a fourth non-inverting
input, a fourth inverting output and a fourth non-inverting output, wherein the fourth inverting
output communicates with the third non-inverting output and the fourth non-inverting output
communicates with the third inverting input;

a first feedback élement that communicates with the second non-inverting input and the
second inverting output;

a second feedback element that communicates with the second inverting input and the
second non-inverting output;

a third feedback element that communicates with the third non-inverting input and the
first inverting output;

a fourth feedback element that communicates with the third inverting input and the first

non-inverting output;
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second non-inverting output; a third feedback el ement that comruni cates
Mth the third non-inverting input and the first inverting output; a
fourth feedback el enent that comunicates with the third inverting input
and the first non-inverting output; 57 a fifth feedback el enent that
communi cates with the fourth inverting input and the first inverting

out put; and aa difthtfhedbeddblamkntethanm@mmuihiattescoitintiei foate fiveiting ihhe aho et first
non-inverting output and the first non-inverting output. 24. The

di f f er entrivattingoatpsi;apédance anplifier circuit of claim23 wherein the first
and second feedback el enents conprise first and second resistances,
respectivel y. a2t febiback tbsestnhiadontnh@icieipadams ot dnliheértifs bephtanafine
claim 23 wherein the third and fourth feedback el enents conprise first and
second r st séineesing bappecti vely. 26. The differential transinpedance
anplifier circuit of claim23 wherein the fifth and sixth feedback

el ements conprises first and second resistances, respectively. 27. A
Sigma-Delta analog to digital converter conprising the differential

t ransi npeglanCehe (ﬁﬁpllehﬂci:ileaann_?@Jiﬁlicg‘ag‘l%liﬁg&ichilf' 6f <§5ﬂ{@3}%%rteﬂl T ?il's?gncf %)efond

digital converter of claim27 further conprising: a difference anp Ier
nodul e t hatibdcReleHlgs ceﬁﬁriw@ﬂﬁ,{a&d"s%&or{dereﬁgt%(&?ﬁf}&glegggfry,Sl gnal ; an integrator
e differe

nodul e that comruni cates with an output o nce anplifier
nodul e; a conparator nodul e that receives an output of the integrator
nodul e; and

25. The differential transimpedance amplifier circuit of claim 23 wherein the third and fourth

feedback elements comprise first and second resistances, respectively.

26.  The differential transimpedance amplifier circuit of claim 23 wherein the fifth and sixth

feedback elements comprises first and second resistances, respectively.

27. A Sigma-Delta analog to digital converter comprising the differential transimpedance

amplifier of claim 23.

28.  The Sigma-Delta analog to digital converter of claim 27 further comprising:
a difference amplifier module that includes one input that receives an input signal,
an integrator module that communicates with an output of the difference amplifier

module;

a comparator module that receives an output of the integrator module; and
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58 a digital to anal og converter nodul e that conmunicates with an output of
the conparator nodule and another input of the difference anplifier

nodul e. 29. The Signa-Delta analog to digital converter of claim28 further
conprising a filter and decimation nodule that receives an output of the
conmparator nmodul e. 30. The Sigma-Delta analog to digital converter of claim
28 wher ei n at a Higsk to@nalopfonygrtdr mdile dhag neremaniohtes weh amodiphieof thakemparator

i ntegrator nodul e and said conparator nodul e includes the differential

t r ansi npevdnicand ppithdriieput obthe difference amplifier module.

29.  The Sigma-Delta analog to digital converter of claim 28 further comprising a filter and

decimation module that receives an output of the comparator module.

30. The Sigma-Delta analog to digital converter of claim 28 wherein at least one of said
difference amplifier module, said integrator module and said comparator module includes the

diffefential transimpedance amplifier.
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