NESTED TRANSIMPEDANCE AMPLIFIER CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is a continuation of United States Patent Application No. 11/495,813, filed July
28, 2006, which application claims the benefit of U.S. Provisional Application No. 60/817,268, filed on
June 29, 2006, 60/798,480, filed May 8, 2006, 60/798,567, filed on May 8, 2006, and 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, 2068 Vit PN SOV RAMGHE pevtRifIBHIBd States Patent No,
6,762,644 issued on July 13, 2004, which claims 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~ FIRED-BF TFHEENVENTIGRFE{0DOZ D hé BidSeht ImMdation relates to
transimpedance amplifiers, and more particularly to nested transimpedance amplifiers with an
increased gain- b&ﬂﬁmath prdiRicBRAERIGROEIND oentineaieyERTIORIOOST A emnBRtpRidance
amplifier (TIA) is a well-known type of electronic circuit. Referring now to FIG. 1, a TIA 100 includes
an operati Bplgﬁtﬂ)ﬂﬂewfbpz;ﬂ{é)g%%@a\ﬁ%da%)h paraftiiBr (WgHON THRPEBANHSS 105151 Bennected
in parallel tﬁ a refist rqlg;) 10, The input to the TIA 100 is a current (Ai) 115. The output of the TIA
100 is a voRR&§& (adb)1: .E[ﬁd@lﬁ@]%ﬁﬁ@'ﬁ?}w{b N, S0/ o d1esh o tHenm 2208 WGeplaced
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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 claims 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 (-g,,). The opamp 105 is



100 in FIGs. 1 and 2 is often referred to as a transconductance amplifier because it converts the input
current Ai into the output voltage Avo. [0005] Referring now to FIG. 3, a TIA 300 converts an input
voltage (Av;) 305 into an output voltage (AV.) 310. The TIA 300 also includes a resistor 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 (Av;) 405 into an
output volt&GE &G U o PFiRile! 0 moapistidRa deond spiappt 4253h@nieh itXbimactedaiseries to
a parallel combination of a resistor (Rf) 420 and an opamp 425. The TIA 400 is typically used for
application&avihg HighebRmoiEiR réquitemisnes YREAGRLMA 380 [0007] Ordinarily, the bandwidth
of the TIA is limited to a fraction of a threshold frequency fT of transistor(s) that are used in the
opamp(s). In the dEWO4f a bipdieRIFEHMEANEISIYIBAT e chras® ghlifurmtdiRenidd (HLAS)
transistor, the bandwidth of the TIA is approximately equal to 10%-20% of fT. For
metal-oxidSSRAFESNBNGGURROEI AHHRSI R ANhE BEFRIAERRA 21 thBaMingsojpicaty alfeavpbreent
(i.e., approximately 2%-6%) of fT. [0008] Referring now to FIG. 5, a TIA 500 may be configured to
operate diffEPeniall il @Rsbarip Gl é%@ﬁrgﬁa%%@%@t%@m@ﬁ%ﬂﬁ9@@§@§ré&§%é
reference, in a similar manner as ground or virtual ground in a standard configuration TIA. The input
voltage Av;affNHSuipRiNvraee 806 AfdnipdhsrBEPyE Vliggf Miferences between a reference
input 505 and a second input 510. Feedback resistors 514 and 516 are connected across the inputs
and the outputs of@ABYpanipeseding now to FIG. 3, a TIA 300 converts an input voltage

(Avi) 305 into an output voitage (Av,) 310. The TIA 300 also includes a resistor
315 that is connected to a ftransistor 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 (Avy) 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 opa'mp(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 f1. 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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[0009] Referring now to FIG. 6, one TIA application having a relatively high bandwidth requirement is
that of an optical sensor. An optical sensor circuit 600 includes the opamp 105 and the resistor 110 of
the TIA 100 that are coupled with a photodiode 605. The output of the photodiode 605 is a current
(photo 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
preamplifiepUkiterssfarshighespemubharth disls idnilars i M AR Yo@fa TdH B N\EKIT RO (RO IHL]2A nested
transimpedance amplifier (TIA) circuit includes a zero- order TIA having an input and an output, and a

first operatistaaicimplifieriiqopeinp) TThe Gharmpincludiesaminpahthéicompunicategavih, saie output
of said zero-order TIA, a first transistor driven by said input, a second transistor that is driven by a
first bias votteges ared casnvolinipatdffeitnsais fiethieansistosferiraic CupentsgBigedhakeeanpunicates
with said second transistor, and an output at a node between the first transistor and the second
transistor. 2001 2] (h dtkedieatunes B secditicane Bisoarceconmanticatas yvtth<hepinst siensistor. A
gain of the opamp is greater than a gain of the zero-order TIA. A bandwidth of the opamp is less than
a bandwidtthef ehigrzésabdide oPEN[OO03] In other features the zero-order TIA includes a first opamp
including a first input and a first output, a second opamp including a second input and a second
output. The secontPMRlt cometariicateowittothéGirst, cuiputlA appigtatios inaludgsaomrtatingiyhat
communicates with the second output and a second end that communicates with the second input.

high bandwidth requirement is that of an optical sensor. An optical sensor circuit

600 includes the opamp 105 and the resistor 110 of the TIA 100 that are coupled

with a photodiode 605. The output of the photodiode 605 is a current Iphoto 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.



[0014] A nested differential mode transimpedance amplifier (TIA) 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 60 t2mmunicates iithtseid first csansisturrerfoushritensistonthatigskivethby the
first bias voltage and communicates with said second transistor, a first current source that
communicdtes fivithtsaigithtid. trAngistor fatise conehouirke girsatscethata agarmoinibates witbraaid fourth
transistor, and first and second outputs at respective connections between the first transistor and the
third transistoh, ehdapetwiekn tiersecpadipansistortiand thedaditidtransistorz¢d0XoHksr athrer features
the nested differential mode TIA circuit includes a third current source that communicates with the first
transistor and the [@08&dond lrandistor feayaisofitbe fiest difféeentish niode dgmnep fsgreatanthan a
gain of the zero-order differential mode TIA. A bandwidth of the first differential mode opamp is less
than a bandvaghed ehérséiomitendifidhaitalmdde Tred00 kgjamotiver tekingresstheorer srprder
differential mode TIA includes a second differential mode opamp including inputs and outputs and a
third differéiaPnsede thamppiicluliing separraing ounerThcatpatsvdhtiieettirat diffgrenti®l mode
opamp communicate with respective outputs of the second differential mode opamp. Resistances
include first@sigtaAE deelvA¢emie B first pumipcoicpéasdtmimeriestenditutpseatidednputs

and outputs of the
second end that communicates with the second input.

[0014] A nested differential mode transimpedance amplifier (TIA) 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 ftransistor 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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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 TEA. [0018] In other features a gain of the
differential-ssode¢ushrpidtmpahmaingoéater fiah ditiarertishemzew-arderslifferpatemode BIA and a
bandwidth of the differential-mode push-pull opamp is less than a bandwidth of the zero-order
differential prdeT tAe[@et®]drdethdiffeatuies thedze iArdér bifferenital oiatde Tiatirtitsies@alsecond
differential mode opamp including inputs and outputs and a third differential mode opamp including
inputs and owigetorEhepinpigsofithe thivdn8vditiererttabrrede opempiferemiiicatelwith Aespective
outputs of the second differential mode opamp. Resistances include first ends and second ends. The
first and second et@@1&mmimictitenisthtvespdotvednputsianditietpntsad itioel ctHitd difts tereiab mode
opamp. [0020] A nested transimpedance amplifier (TIA) circuit includes a zero-order TIA having an
input and ahesaipdit, ¢ffeseoiiaratisitid apppiiftier i(opadipp haviudsaraodtput udsaraimgutthtitird
communicates with said output of said zero-order TIA, a first power supply input for applying a first
voltage to tHéfezertiatdepTeA Opaeng Jeebingoineuse pphd i ds.reddieiig rusecontheolfzige. A
charge pum(P module develops a third voltage based on the first voltage and

ifferential mode opamp communicate with respective outputs of the second

differential mode opamp. Resistances include first ends and second ends. The
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-order differential mode TIA and a bandwidth of
the differential-mode push-pull opamp is less 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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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-emittindjiiéoestied nmaaieicapesvitle deropaicgouinth. Thsplitstiveoliage s gseales thandhg second
voltage. The third voltage is approximately equal to a sum of the first voltage and the second voltage.

The first voltéifer isitiethenwisecapplipd Rasiatag@itciiitiuardihe saeanswolageris aheswiseapplied
to digital circuitry. The first voltage is between about 2.5V and 3.3V. The second voltage is about
1.2V. 6 [0028}tAadiffesentiattrandnpedanceianiplifitciresjsectinprisgsiasfissidopetptionar amplifier
having a first inverting input, a first non-inverting input, a first inverting output and a first non-inverting
output; a sdbdRdidfenitaanadpifiEntayving 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 witt/#0first nonAnvesteg ituntsime ¢ secoach pbifeinyE i) geioctutredugms nicates
with the first inverting input; a first feedback element that communicates with the first non-inverting
input and tHEMPsPIAGErtnG dudyinga asedond fearibask etsrtmrt thatftommpmiattesawitntptfifirst
inverting input and the first non-inverting output; a third feedback element that communicates with the
second invéRRAMRpUtAARCHRfiestirerid aotmpuaritiat foomimigsidbaek with said output of

said zero-order TIA, a first power supply input for applying a first voltage to the

zero-order TIA, and 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.




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 capgcitances,
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 f0823d secefiidratthrckelemeriaaash Somiisearist reigiAaes in spaes with
an inductance and a second resistance that are in parallel with a capacitance. The capacitance

includes a varablercapacibieehabinfratfastisesand fegslnackiriamentmeanhearmise dirdt
resistance in parallel with a capacitance. The capacitance includes a variable capacitance. [0025] In

other featuresgttiedirsutaud secondffesdbackreleriegte eqalt; corspEsadh drsisesintANG® BIseries with
an inductance and that are in parallel with a capacitance and a second resistance. The capacitance
includes a haviable cgpacitainseriihg firstianel secomd oparatianthgmptifiers sexdranpeaiddgtance
amplifiers. [0026] In other features, an integrator comprises the differential trans!mpedanceT gmpllflgr.
[0027] A sifgleuiesrdl & aesiaTpbdarednarmiife ooimuit ednepeseshe chnﬁem@ﬂabaﬁmhfm( having
a third inverting input, a third non-inverting input, a third inverting output and a thlr_d non-inverting
output; and-@EAifRics g8l WithsinepédahcearpléitingirouiuT e de tton dsimv@rting dnpiutvestimgunicates
with
output communicates with the first inverting input; 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.

[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




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

communicaiesisuithc@er it e ring iapph 902 de otherdegiurastmithferihack elemenie

communicates with the fourth inverting output and the first inverting output. A sixth feedback element
8 communicatescitdthicie fourth non-inverting output and the first non-inverting output. The fifth and
sixth feedback elements comprise first and second resistances, respectively. The fifth and sixth

feedback elementfoo@sipriserfirsthancesecand capacianees J0050 AcSimnarDaliaanalogderdigital

converter comprises the differential transimpedance amplifier. The Sigma-Delta analog to digital

converter coomppises a diffiressistamgpifier seadulesthatdnciHdastanednmnd thait eeeinepamiaput
signal; an integrator module that communicates with an output of the difference amplifier module; a

comparatomiibdelectipdcitanivesardoatpst cohthe dafiegsaios motinle; @pshaidigiial in@naley eonverter
that communicates with an output of the comparator module and another input of the difference
amplifier medtite) f008ap trivtmercfeatuiigs: afiiiser amnd desimation ostaleregeivesAmcputpatof the
comparator module. At least one of the difference amplifier module,

transconductance ampilifiers.

[0026] In other features, an integrator comprises 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 ampilifier 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 ampilifier 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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the integrator module and the comparator module includes the differential transimpedance amplifier.
[0032] A differential transimpedance amplifier circuit comprises 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 outpiranitaspicales Witk theufiist Aen-invering iBRy@ndiBetsecord RefmvVaing output
communicates with the first inverting input; first 9 feedback means for providing feedback that

communicatespuith thenirstifionaimyesiing inpetiBadihelérakinserting outputisacend fepdbagk means
for providing feedback that communicates with the first inverting input and the first non-inverting
output; thirdefeisthacksmesns:taiveigviding féedbank thathcaseamumicatasmithithe seesrd ipvarting
input and the first inverting output; and fourth feedback means for providing feedback that
communicates wehahe fiestanibaricwerting input and the first non-inverting output. [0033] In other
features, the third and fourth feedback means comprise first and second resistance means for

providing resistan¢@)8&dpectiveighhe-Dkitd anddtnythtteedlick means temptisafiricandisecond
capacitances for providing capacitance, respectively. The first and second feedback means comprise

first and seddffereasistatics siees! fooproeitiptfiesistaite, Bigpestivelya Thedilst and seigad
feedback means comprise first and second capacitance means for providing capacitance,
respectivelgonefiest eortipsisesnd feidighackeneaansibacmeoiieritestirstcesistanmesniepuns taatproviding
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
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 amplifier circuit comprises 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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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 eacleeeibpisenfissiheesistanerimagnisluieviding ceristnfedfezeins With indlctapce means
for providing inductance and that are 10 in parallel with capacitance means for providing capacitance

and secondinkesistianaegneansdotoVieingiResisiagCOUTHR CaRauiipaCednenasPRAdas argrariable
capacitance. The first and second amplifying means include transconductance amplifiers. [0034] A

single-nesteuidréutision frestitresk amplifienticwilceseprigestiirdramplibinadnenns famelifying having
a third inverting input, a third non- inverting input, a third inverting output and a third non-inverting

output; andrbe-idifetérgiabuignsimpeitencieatielifler aiksaits Thersesanddmvertiv@dtaidk that
communicates with the third non-inverting output and the second non-inverting input communicates

with the thirddmvettirigatdetputt {30853 &cdaubieveetttgdinifferentatsansimprdaneg amplifiensticuit
comprises a single-nested transimpedance amplifier circuit; and fourth amplifying means for
amplifying Havitly fefeibtcinuesting ifppupraviolinty feetimetthgtinpuh nadiciedtenvatting outpit and a
fourth non-inverting output. The fourth inverting output communicates with the third non-inverting
output and tHenfourentingninipvieatioltbatust camrmusdatgsowiputhe third inverting input.

[0033] In other features, the third and fourth feedback means comprise
first and second resistance means for providing resistance, respectively. The
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 capacitance, 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 paraliel"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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[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. 11 [0037] A Sigma-Delta analog to digital converter comprises the differential

transimpedance aaiplifiefitd hespaoraniieltaasaieg Qldigjp@k,ig_queggbm%gé difference gmplifier

means for amplifying that includes one input that receives an input signal; integrator means for

integrating thatscame unieateSovitrenouputeftae difereRee applifianmeans, COPRARIQE Means
for comparing that receives an output of the integrator means; and digital to analog converter means

for convertingiaatecosupaoitaies with BReoutput ohrille caPEARIIAKIARE @NGRIRIDEN AW Of the
difference amplifier means. [0038] In other features, filter and decimation means for filtering and

decimating feueices @t utpatzoh hidieamparator means. At least one of the difference amplifier
means, the integrator means and the comparator means includes the differential transimpedance

amplifier. [0039] A[0BR4Entiah teamgienpedsateranspifissctinesd apmprisesiadinscaparionahamplifier
having a first inverting input, a first non-inverting input, a first inverting output and a first non-inverting
output; a sezolifyireratiazals afoplifiendidying ansetandanveirtingnetiing segend Aomriryvesting input, a
second inverting output and a second non-inverting output, wherein the second inverting output
communicateyaiiftotiepfitstentmtveréntrigputipod tredsectmidinesn-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.

[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 output 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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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 12
having a fourth inverting input, a fourth non-inverting input, a fourth inverting output and a fourth

non-inverting outpmowhpreimthegf@wéhggwgrti@gg@@utt(pomwicm%thgémgiggg-iqygrting

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

element thatiftaremtianicates wifethmsecendpigia-nverting pgiansl thasecans dpyertingiutput; a
second feedback element that communicates with the second inverting input and the second

non-invertingpougpter artbiud éaediféaic etlemeniiifasr comaniicates Witk the thEd nendawering input
and the first inverting output; a fourth feedback element that communicates with the third inverting

input and thepfitsttheh-irvestirgs oatpuin puiftisitgedbacktetaament m@bﬁ@mfaunie@é%sgw%thﬁa{oqrth
inverting input and the first inverting output; and a sixth feedback element that communicates with the

fourth non-ipwemtmgouies: aviththerficstipon-oivertingdifetruc 040D INSthastariuresqtha firgrand
second feedback elements comprise first and second resistances, respectively. The third and fourth

feedback elexwentsfeomprigefirg drd seceivdsasistaniges, sesneotr)yatbherfidn andrsixiiyfegdback
elements comprise first and second resistances, respectively. [0041] A Sigma-Delta analog to digital
converter cémphgiagtiteniieentislarantimpedeacinantptfieroFineuBigateDeita analogtsudigital

the comparator means and another input of the difference amplifier means.

[0038] In other features, filter and decimation means for filtering and
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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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 13 with an output of the comparator module and another input of the difference
amplifier module. [0042] in other features, a filter and decimation module receives an output of the

comparatohaddylea Abletistianerthhengifierenceurmphbierimashiley thedntegrasarmadideprd the
comparator module includes the differential transimpedance amplifier. [0043] A differential

transimpedangesarapkfier divouih coomplisestinst amplifyinghaeansifier aourtilying 8avad &fisst inverting
input, a first non-inverting input, a first inverting output and a first non-inverting output; second

amplifying eneams:focaeplifyihgthavingd secomdémiating.ippttancsarencbuerrimitinge Ryt a
second inverting output and a second non-inverting output, wherein the second inverting output
communicaReépwiticahenfivsticaiednwetitigeinpirtiainddhign ganpot Bofirsf\fertitgaeuliels eemmupaicates
with the first inverting input; a third amplifying means for amplifying having a third mver'qng input, a
third non- iPRSAAYINEIEa Wilhl theesipgpadtpuoariohes ttig nopuineettingheutpstonbeleiarihg second
inverting input communicates with the third non-inverting output and the second non-inverting input
communicaR&§nithatise tornd irestiaghoakputeat foatthamplifyicateseaits foreasepidyitignbavting a fourth
inverting input, a fourth non-inverting input, a fourth inverting output and a fourth non-inverting output,
wherein théBUtHriRdeitisy BagaIdcaramimicatigwithiet thad thod-ifeedingck  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; 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.k

[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-Delta 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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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 14 means for providing feedback that communicates with the
second inverting input and the second non-inverting output; a third feedback means for providing
feedback that communicates with the third non-inverting input and the first inverting output; a fourth

feedback mennsaorquigpidiag thedbaskphritoromaunicaies HbRe thfUnWSTtAG iAREBREShe first
non-inverting output; a fifth feedback means for providing feedback that communicates with the fourth

inverting inpuhaliftethedistdnverting output; and a sixth feedback means for providing feedback that
communicates with the fourth non-inverting output and the first non-inverting output. [0044] In other

features, the first d0d4@jcondhfeetieacicateasns eofmpisariistanthaarandissininessneansfor
providing resistance, respectively. The third and fourth feedback means comprise first and second

resistance mefms &drtpeaddime resistanmd, lkespe ttiseto Theffiftle anflesiit featbiar merse,
comprises first and second resistance means for providing resistance, respectively. [0045] A

Sigma-Deltéhanatdeoe digitalashnee rterccdinprises farattiffe raptial érainginnpedance anplifiatialhe
Sigma-Delta analog to digital converter includes difference amplifier means for amplifying that
includes onganmiotkaaneesivepldieinput 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 integt8ft3heads; diff¢digiial transimpedance amplifier circuit comprises 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; 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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to analog converter means for converting that communicates with an output of the comparator means
and another input of the difference amplifier means. 15 [0046] In other features, filter and decimation
means for filtering and 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. [0047] A transimpedance amplifier comprises a first operational amplifier

having an inpgbasdoampesiRiibdfeeapadiopRIpoRAhAMPAIIRS AR ARG ARHER B8

communicates with the input of the first operational amplifier. A first feedback element has one end

that commuaigateswitbdtednpeh. i et oppational ampliierantiancissend thatsagmunicates

with the output of the first operational amplifier, wherein the first feedback element comprises a first

capacitancefeAdteatind-feedizakrelameriscammunisatBF avithofOR Ptk f iRsulirstaperigtionalamplifier
and another end that communicates with the output of the first operational amplifier. [0048] | n other

features, thénsecimgl feethack elemrnticofeprsesia firabsasistasicepdrifiigt crrRapigRce {psiudes a
variable capacitance. The first feedback element comprises a first resistance in parallel with the first
capacitancecorhesecaesfeeitivdnk etindent/eoingrisgsug Hisd reriStRECAN-SVISSiNYItB ISt o
inductance. The first capacitance comprises a variable capacitance. A first resistance having one end
that commufiiitafes dtitickhenanothéo epdsviditie féisstantk seeancdieashsckelemants madanaiher end

that communicates with the output of the second operational amplifier. The first feedback element

further comipvséing firstutesistartoe ifirstriesevithothefirsitcapagitancgtiaidadbargintsans for
providing feedback that communicates with the fourth non-inverting output and
the first non-inverting output.

[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 compris‘es 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 recéives 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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16 second feedback element comprises a first inductance in parallel with a second resistance. A
differential amplifier comprises the transimpedance amplifier. [0049] A Sigma-Delta 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 modulppteB]receivesiaer GutRUFa! tedntaaErlgs MAdUIS: g JigiRlRANR og gonverter

that communicates with an output of the comparator module and another input of the difterence

amplifier madeiend0A50ldocmvaer fratuigsuaditaiand dacimateniagdyle IRCaivas ahoWiPHiof the

comparator module. At least one of the difference amplifier module, the integrator module and the

comparatordifietiareécindsiithe didigrentiak tiansimnedanearmplifierHB08d i Hansimpedaace
amplifier comprises first amplifying means for amplifying having an input and an output. Second

amplifying nmeatefothandfdéyéngibavngsanpsgahasckampdeigiut that communicates with the input of the
first amplifying means. First feedback means for providing feedback having one end that

communicates witf0wrhput/of therfiistpedplifying anegiissand enpthessens thipscoppaumicags with

the output of the first amplifying means. The first feedback means comprises fir_st capacitance means
for providingcaéieitarnengSecdnd feedbask megns. forpsevistnydperirakhavinginee eag that 17

communicates with the input of the first amplifying means and another end that

input and an output that communicates with the input of the first operational
amplifier. A first feedback element has one end that communicates with the input
of the 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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communicates with the output of the first amplifying means. [0052] in other features, the second
feedback means comprises first resistance means for providing resistance. The first capacitance
means includes variable capacitance means for providing a variable capacitance. The first feedback
means comprises first resistance means for providing resistance in parallel with the first capacitance
means. The second feedback means comprises first resistance means for providing resistance in

series with §egoirtifstaneensiaRsor peRvishRadnsluptANaauEhR BESTCaRasiiRNGRIM SRS SMPrises

variable capacitance means for providing a variable capacitance. First resistance means for providing

resistance havisig one. endihaiccommriate wibike anihes endsRidhedirsiapshsscond feedback

means and another end that communicates with the output of the second amplifying means. The first
feedback means fintgjcomprisigriirstDesistanaalbieans farguRvidipgyeeaistapsmptisaseswith the
first capacitance means, and wherein the second feedback means comprises first inductance means
for providingdiffetectizaicetian parplielarite secaplifieasistape NBignsSaDereViGRGIERSISENeRy it
differential transimpedance amplifier comprises the transimpedance amplifier. [0053] A Sigma-Delta
analog to digitalederenenmiseprisedifieee difteramiidifisanaisapesdanae amplifies. dhe Pigmarelta

analog to digital. converter includes difference amplifier means for amplifying that includes one input
that receivereegiapLasigmal; sitegraten ieapgsafor inteduatingdhat eommivaicaiegitvitmasuepput of the
difference amplifier means; comparator 18 means for comparing that receives an output of the
integrator neédhe; diffé rdigitalatorifeognoohwierter corares dosrcomdutinghhnt eosivesripatespuith an
output of of the integrator module; and a digital to analog converter that communicates
with an output of the comparator moduie and another input of the difference
ampilifier 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 comparator means and another input of the difference amplifier means. [0054] In other features,
filter and decimation means for filtering and 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. [0055] Further areas of applicability of the present
invention will become apparent from the detailed description provided hereinafter, It should be

understooddbairtimretailed desauption and sReeifis %ﬁ@ﬁ]ﬁ%ﬁ&wgg%&d%%o%%P %‘?ﬁgﬁgg d to limit

embodiment of the invention, are intended for purposes of ration on are not |

the scope Oéﬂﬂmifﬂ?‘l’%ﬁi@@-ﬁmﬁe%%tﬁﬂ@%@%%ﬁfﬂﬁ@%{% S [0056] The present invention

will become more fully understood from the detailed description and the accompanying drawings,

wherein: [0057] FIfggsbpnd @ aseroasie siipdl, aphiteciuies fldsHBienionoliage, HAaGearding to

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

to the prior esti$0058) FEarsisor pasiedniguie aethesiurererirditgigineenfigurationpfad 1A

according to the prior art; 19 [0060] FIG. 6 shows an optical sensor, including a photodiode coupled to

a TIA, accordingtite thepaicitaartd 0ffld d Gor israissigraennariedtT A A5eR5ING to ThesPEesent

invention; [0062] FIG. 8 is a second-order nested TIA according to the present
feedback means comprises first resistance means for providing resistance in
parallel with the first capacitance means. The second feedback means
comprises first resistance means for providing resistance in series with first
inductance means 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.
The 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-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
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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 for a TIA; [0067] FIG. 13 is a graph of
an exemplary gain-bandwidth characteristic for a first-order nested TIA; [0068] FIG. 14 is a graph of

an exemplaryegais-oandmdiyicharastesistic dar msecand-erdpenaaletldA AR BIGr dRis

first-order nested TIA with capacitive cancellation of input parasitic capacitance accordingto the

present inventianal Y 2h ket i arrecondnivarnesied T A WLRRActivarcanseliation gf input

parasitic capacitance according to the present invention; 20 [0071] FIG. 17 is an nth-order nested TIA

with capacitiie canqeitationnef dnpui RatasHinaRpiasTop SerREdineLohR RTESeRL ifvention; [0072]
FIG. 18 is a first-order nested TIA in a differential configuration with capacitive cancellation of input

parasitic capacitarfo®s4tordingdthérefezieses! nventia (8B At6n Hdark SREONELIHgTNrpted TIA
in a differential configuration with capacitive cancellation of input parasitic capacitance according
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 ampilifier.
[0055] Further areas of applicability of the present invention will
become apparent from the detailed description provided hereinafter. It should be
understood that the detailed description and specific examples, while indicating

the preferred embodiment of the 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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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 njoded]IA of FEiGe Ehwvith an agediionadipn! prRAGINE fRrReBREIcCagskance, and
feedback resistance; [0079] FIG. 25 illustrates an exemplary disk drive system including a

preamplifietovitii B estesk dilfy acaaedptpiasthie present invention. [0080] FIG. 26 illustrates the first
order nested TIA of FIG. 7 including an opamp of a first configuration; 21 [0081] FIG. 27 illustrates the

differential first-ord@06d3$ted AlB.of FGa 1Aristchiding anditeremiahoparamef tae first peadighiration,;
[0082] FIG. 28 illustrates the first order nested TIA of FIG. 26 including an opamp of a second
configuratiohyf088];FIG. 29 illustrates the differential first-order nested TIA of FIG. 27 including an
differential opamp of the second configuration; [0084] FIG. 30 illustrates the differential first-order

nested TIA of FIGIOIBRIcludinG adliféeeestaioophompén aestel-JUA cardigutiaiipng 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,;

[0068] 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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[0085] FIGs. 31-33 show a family of gain curves for first and second stages of nested TIAS; [9086]
FIG. 34 shows a functional block diagram of a power supply for nested TIAS; [0087] FIG.. 35 !Il_ustrates
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 ar[mji-_fiﬂ acm@.inwtqsaﬁgqﬂﬂgop&gp%c%ieg&ggtﬂ&h\%n isccété%l{r:(rﬁg' Oggg]i Fé%;{,‘ ‘§f‘8t r|]se a

simplified schematic view of a differential amplifier nested accordingtoa

disclosure; 22 (OQX} SR Ric3Ud AnEL32B Q&gmﬁgg{?ﬂ}&%?\y&gﬂqiﬁ]evrgnttf'gllnand single-ended

transimpedance amplifiers, respectively, having a ation capacﬂor In a feedback loop; [0092]

FICS. 40 and 40fowezgchernaliondous afsresiinan Soalendagnested Yansimpedance

amplifiers, respectively, having an LC tank circuit; [0093 are schema

cierental anetoiagioxndecisppsitage iaase AR I ARSIV IR AL Janis gt and

resistors in the feedback loops according to the present disclosu' 21 ematic view
of an alternatieg@mbndimpint of a transimpedance amplifier having an LC tank circuit;

[0073] FIG. 19 is a second order nested TIA in a differential
configuration with 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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[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]

. ) . e I digital wor (A 3
A Ok e o e A e B SR Do
of the prefeprgsl q@ﬂgﬁﬁgm@t@‘laﬁg@%g %%ﬂﬁ@thl@t %r(])g‘jb% br}arj{% way intended to limit the

invention, its application, or uses. [0104] The present invention a £55e¢ the need for increasing the

gain-bandwidtn proshiebpf THAS IBRrRVRmARE idiyegalndanaulel pradet e acizyaie by

"nesting" a TIA within another TIA. In other words, additional circuit elements suc
resistors, CapAGRarRMBHLE QPSHIPEABRALEGh 0N 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, ad_ditional
feedback resistangegg srovigads IeiGs. 23286 2AeinpHaRdior ferabaclcranagiianes s provided.
FIG. 27 including an differential opamp of the second configuration;
[0084] FIG. 30 illustrates the differential first-order nested TIA of
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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[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 feedbagkgesistor 7t The Aegqi}aa%gesﬁgr S%%W%Bb@ig sgar&?a&qf{%%g%\@lugnrdesstor, a
nonlinear variable resistor, or an 24 MOS resistor. A capacitor is also connected between an
input of the JijHyel irtual ael). [01 Z&y esti T A?:n ggis manner
improvemeiﬁ#ﬁ%@%ﬁﬁg E%i%%v%ﬁ%ﬁ%%u%ﬁgg@é tgé ’repa%in]s ed:,qféyé]%%? , t efirstiorder rlldensted TIA
700 that usespMEASriiAnsisiond ey @ghieve a bandwidth that is 10% - 20% of the threshold
frequency IT. This range represents a bandwidth that is approximately five to ten times greater than

the bandwidth of thegsziespendiag 2gro-arderbid. IN108LRefeEiRINANCON Ghrdi2 A 15 graphs

illustrating characteristic gain-bandwidth curves for a zero-order TIA and a first-order nested TIA,

respectivelysiatgesbaua Inm@@r&laﬁsh’&ﬂi&ia\f?ééea%Eﬁéré@,a:%%%ﬁ%l?’gﬂh@i@v%vﬁé‘%%fk

bandwidth, and a lower value of gain is associated with a higher value of bandwidth. The gain A,
defined as thiecoitiput voltage Avo divided 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 for a 0.13 JIBOGBIOS pixessisada GHE AR GEifematic views of 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 s 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 biock diagram of a vehicle control
sysiem;

[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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[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 bandwidth 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 25 of gain. This function may be referred to as the "spread".

The spread is greaserr for e esingMTIfeesistauEaadpE RAE Bsing e peton transistors

(BJTs). Thus, the need to improve the TIA bandwidth performance is more pronounced with MOS

transistors than wif ¥ trangistorsudMAg] GhesramRlasy QﬁQdP'JQFQrYéHJE‘éﬁBBM\{H»EhREC?- g2 do not

define upper and lower bandwidth bounds. In many practical applications, bandwidths on the order of

1 GHz or 2 fabl&RrefeedonManyADRIGHIPNS, isush @@ﬁﬁh%a%a HBer ARG ELHRINREJSM .|r|e

bandwidths on the order of 10 GHz. Preamplifiers for high-speed hard disk drives also typically

require bandpiigithgidhabaieses. 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 sgeqodiorderresirstdih SR AtHS Jdepadhssfitstordarnesterhdiéndy Reference
numbers from FIGs. 4 and 7 are used in FIG. 8 to identify similar elements. The second-order nested
TIA 800 ingjates amdopdthppBObLat the Mg, of e ratersies nested YA SR sadiath product
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

24




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 raaSIo R dRARENCRARENIINESD (100 Ed30hdcand BalRISEAiN Pl 3dqddeptily similar

elements. For example, a third-order nested TIA 900 includes opamps 905 an feedback

resistor 915/(}()|§m§$&jgdq@ch,lﬁwggl"§gg§ﬁgglues of either gain or bandwidth (or both) by repeating
the technique of the present invention. However, the efficiency of the circuit decreases as additional

nesting levels are jadigiefl dusyioRakasifieoisenand inereasst POWRIHISHIPAURR In geneialneither the

first-order nested TIA or the second-order nested TIA. will usually provide sufficient performance.

[0113] Refesengwiath torbiactl thay diécrealizb MOHgiERbprdRs Neeisis LGEIQRisshawn. Fgference

numbers from FIG. 5 are used in FIG. 10 to identify similar elements. An opamp 1002 is connected to

the outputsthiithesepanissG4nsradhack e sisine 409G andLRf8 aracennecied minpuisiptthe
differential mode TIA 500 and to outputs of the opamp 1002. The gain- bandwidth product of the TIA is

increased. [BidsHdRefeedng monffo Fikis Yanadliftprenialtmedeambvatdarinasiedh i Laeeis
constructed in a manner that is similar to the nth-order nested TIA of FIG. 9. Reference num%ers from
FIGs. 5 andil® arécusénes Gieatkl thadethiéibandwidth of the corresponding zero-order TIA.
[0108] Referring now to FIGs. 12 and 13, graphs illustrating
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 bandwidth 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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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) 27 transistors, or metal-oxide-semiconductor (MOS) transistors, such as

CMOS or BIEHS rasteiRtioRNA AR el ambqdimenis. ol e veryion UseMOR Jransistors due

to practical considerations such as ease of manu ure an tter power ¢

characteristies. {PAIGIRRI0I0G NG, A e first pdgLpesied TIA 100.fs, shown iy

additional feedback capacitance C,, whic antially cance s of -an input capaé?té)ﬁ%e Cp, at

e o tBeaar >, e feedbac BRREIANGC (b da AR AR SomaLloaies it =

input of the opamp 415 and a second end that communicates with an o € opamp 155, [0117]

Referting nosiii@ed v peephd Reesssisd I Rt FlG 85 shown with additional
ec

feedback capacitances C, and C2, which substantially cancel effects of input capacitances Cpl and

Cpl at the inputs ofoanafnps #45 andA0RarpspsRtivanT e feedbask caPACiaRse & hgs g first end

that communicates with an input of the opamp 415 and a second end that communicates with an

iC;lutput of thetemamp s The fespBRck GRRARIANES Graid1as @ fiFrska)d ;SFQ&&%WQ&JEW@&%EH&‘F“ an

put of the opamp 805 and a second end that communicates with an output of the opamp 710. [0118]

Referring n@arieviitEhslén thesnifdeidsr nestedotiA eHAGrd iSo low. Many applications, such
as an OC192 fiber optic receiver, require bandwidths on the order of 10 GHz.
Preamplifiers for high-speed hard disk drives 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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shown with additional feedback capacitances C1, C2, and CN, which substantially cancel effects of
input capacitances Cpl, CP2, ..., and CPN at the inputs of opamps 415, 805 and 905, respectively.
The feedback capacitance C1 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 28 capacitance C2
has a first end that communicates with an input of the opamp 805 and a second end that

communicaigayih R auirEal the pRamper 4. Thsdapdipsk sapagiangs Chhias adfistond hat

communicates with an input of the opamp 905 and a secon at communicates with an output of

the opamp 830 <lRdrkplRefeming HRuto B d.& hesfistamlsidesisd difterssiial mods ) TIA 1000 is
stantially cancel effects of input

shown with additional feedback capacitors CIA and C1B, which su

parasitic capasiiaces&astorngh P2 @lthe, Jamits f thenslffers %F@Séﬁ’%@“,@iﬁ% d%?iﬁ fsgdback

capacitance CIA has a first end that communicates with an input of the differential mode opamp 502

and a secobdreiwdditat caMBBIRICales it afiry N ofdam diffesentiamods apaRP ifRéhB G- 19,

additional capacitances C2A and C25 are added to a second order differential mode TIAs In a similar

manner to difsatsperastiic eemasitanasstiePAantEbaHigRer MERIHIHUISHFR s Lay @pproach.
[0120] Referring back to FIG. 20, the first order nested TIA of FIG. 7 is shown with"additional feedback

resistance 20ided Hedeedbacisiesistinserflidchassdrpbarg HasiprmpAUNIcAIR:HWI afiinput of the

opamp 710. A second end of the resistance 2010 communicates with an output of the opamp 710.
[0121] Refethiaginsivotddrl Ge8kdhel secortiordecoagteddEAddiéd. BIA will usually provide

sufficient performance.

[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 a 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]  Itis 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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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. 29 [0122] Referring now to FIG. 22, the first order nested TIA of FIG.
15 is shown with additional feedback resistance 2210. The feedback resistance 2210 has a first end
that communicates with an input of the opamp 710. A second end of the resistance 2210

communicaies wiltoran odtrstal-gxienasiiddRd(R1a3] fefsingoudrFIG 23 athe fifsjorger nested

TIA of FIG. 7 is shown with input capacitance C1N, feedback capacitance CFB, and feedback

resistance B3COADBe tinpisisapacitanee Gibkbasd Brabeachibatdeseives aRJBRHbrsigRal fanide nested
TIA 700 and a second end that communicates with an input of opamp 415. The feedback capacitance

CFB has a fiest@sibtbaticommurizates! \wih siadrmitef cnamp-Alaa0d 3 seraRdrapd HRakng
communicates with one end of resistance 715. [0124] The additional feedback resistances, input

capacitancéstendiowdeedibackpapacihaeesteabtialso be added to the differential mode nesteq TIA.
Referring now to FIG. 24, the first order differential mode nested TIA of FIG. 10 is shown with first and

second input capaifitttiiles CiibamCise; firstRIGI sesonde fepstbark sanasivacas CFBbard CFB2,
and feedback resistances 2410 and 2412. The input capacitances CIN1 and CiN2 have first ends that

receive inpahsignalwittr abditiestdfdifftventialompaleithband. seatncrendsittahaammesicate with
inputs of opamp 502. The feedback capacitances CFB1 and CF82 have first ends that communicate
with inputs effeptsne 5302rend sepaditeeds Ghatatdhmminpicats thithopamp 415. The feedback
capacitance C+ 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.

[0117]  Referring now to FIG. 16, the second order nested TIA 800 of
FIG. 8 is shown with additional feedback capacitances C; and C,, which
substantially cancel effects of input capacitances Cps 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 C4, C,, ..., and Cy, which
substantially cancel effects of input capacitances Cpy, Cpo, ..., and Cpy at the
inputs of opamps 415, 805 and 905, respectively. The feedback capacitance C-

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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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. 30 [0125] As can be appreciated, the feedback capacitances (FIG.s
15- 19), feedback resistances (FIGS. 20-24); and input and feedback capacitances (FIGs. 23 and 24)
can be used in any combination on first, second, ... or n’r' order nested TIA and/or differential mode

TIA, [0126]f3gtesinadeons tidd G-i25: BREHUREMHliFkHiMe SyEtesn %3951 d% showpLipinghide a disk
ad C

drive write circuit 2510 that writes to a disk drive 2514. A disk drive re ircuit. 2516 includes a

preamp ciretiti28 18awihca siestedat |Aphmesiastalffanentizh nepdsut 1HridgBtifsdAb 2220, Which is
implemented as described above. [0127] Referring now to FIG. 26, the first-order nested TIA 700 of

FIG. 7 is shewbinstuctipg @tfirsidntnlenaeniatien ehepamp oHnfpamaR:¢ \iindudepat Brstisansistor
2600 in series with a second transistor 2602. A gate of the first transistor 2600 is driven by the output

of the zero-opden 1080 gatefiibeeseanad EansirialcR withivendsubias ltagavp. The
signal output of TIA 700 is taken at a node connecting a source of the first transistor 2600 with a

drain of the&sHtond 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 Vdd2. Power

supply options are[@i¢s$8iibed_adtavirig noorécdetail. {61263 Refevide movsted-iBiczénthe difesential
mode first-order nested TIA 1000 of FIG. 10 is shown including a first implementation of opamp 1002.
TIA 1000 is shown with additional feedback capacitors C4a and Cig, which
substantially cancel effects of input parasitic capacitances Cp; and Cps at the
inputs of the differential mode opamp 502. The feedback capacitance'Cm 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,s and Cy,g are added to a second
order differential mode TIAs in a similar manner to offset parasitic capacitances
Cp2a and Cpps. 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.




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 31 differential zero-order TIA 500. A gate of
the second transistor 2702 is driven by a bias voltage VB. A first signal output of TIA 1000 is taken at
a node connecting a source of the first transistor 2600 with a drain of the second transistor 2702. A
first current source 2704 draws current from a source of the second transistor 2702. [0129] A third

transistor 2706 is jo fREIMUIKEALAMKILA TRUE ransiptrRZ08 A cAte e ANyderansistey 2706 is

driven by the other output of the differential zero-order TIA 500. A gate of the_ fourth transistor 2703 is
driven by \lBodvsenendsignohartautisbiAddoNisdakemat ampdr.capaertingasauice:ofghe third

transistor 2706 with a drain of the fourth transistor 2708. A second current source 2710 draws current

from a souricesod fie secand dtassistalindE3s Wie emp 09258 PSR wered Witk adeaissupply
voltage Vdd2. Power supply options are described below in more detail. The differential signal output

is taken acrafsththe: Sistang Seendaignahadg satihmrespaetiversewsamef 7fiigt and third
transistors 2700, 2706. [0130] Referring now to FIG. 28, the first-order nested TIA 700 of FIG. 26 is

shown including a[sdea)d infRigereintationvaboprEn 23] @hd Hestenerd Heyuementagprinclydgs a
second current source 2610 that provides current to the drain of the first transistor 2600. The second

current sousce\26 1¥ithawp wiurcapb iicamdédd2,, [Ofsdd iReferiag aouied |G- 2 9athe diffenestial mode
first-order nested TIA 1000 of FIG. 27 is shown including a second implementation of opamp 1002.
resistance 2310. The input capacitance Cjy has a first end that receives an input
signal for the nested TIA 700 and a second end that communicates with an input
of opamp 415. The feedback capacitance Crg 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 Cy and Cinp, first and second
feedback capacitances Crgs and Cegp, and feedback resistances 2410 and 2412.
The input capacitances Civs and Cin, 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 Crzs and Crgp, 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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The second implementation includes a third current source 2712 that provides 32 current to the drains
of first transistor 2700 and third transistor 2706. The third current source 2712 draws current from
Vdd2. [0132] Referring now to FIG. 30, the differential mode first-order nested TIA 1000 of FIG. 10 is
shown including a third implementation of opamp 1002. Opamp 1002 includes a push-pull
configuration as shown. The opamp 1002 receives a positive bias voltage VsP and a negative bias

voltage VBN. The [@fifi&entisfoutputisigapbistakardactassantesN apantvost_(f0¢33]1Beferring
now to FIGS. 31-33, a family of gain curves is shown. The gain curves represent typical gain patterns

of the varioli8 fiirsteatacnestest afives describerllaboyeaAdogarithanic Yesitiahexisabgathngerph
represents gain A=VoutN;n, A logarithmic horizontal axis of each graph represents signal frequency.
The graph 6f 6. 31 agprédensnabgais diivez3l,0000h tieatanoois foparpsottie. opamisqemside a

lower gain and higher bandwidth than the zero- order TIAs. The opamp gain rolls off at a rate of
20dB/decadeseu3u T andjeastftsrental3noderésants 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 fijlR&lbanB&faths ¢ mewspordGuigtbinereasaghlatgsiek TiAse RysEALgenerally
provide a high gain and medium bandwidth when compared to the opamps. The zero-order TIA gain
rolls off at & refe\§N20dBRIEaEI 1 S6Y T ver iipapircoitFl6 ] B 3haipreieattoasfatisity rf\galbddrves 3300
of the various first-order nested TIAs. The gains are relatively flat at the lowest frequencies. As the
frequency ificHis 85 YRe" Bashsi FeMibRbd20¢R/des e @D Circuit 2518 with a nested TIA or

nested differential mode TIA identified at 2520, which is implemented as

described above.

[0127]  Referring now to FIG. 286, 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 Vs. 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 V4. 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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33 the gain effects of the opamp as shown in FIG. 31. As the frequency continues to increase the
gains roll off at 40dB/decade due to the combined effects of the opamp and the selected zero-order
TIA. [0136] Referring now to FIG. 34, a functional block diagram is shown of a power supply
arrangement for first-order nested TIAs. The power supply arrangement provides a TIA chip with three
unique voltages levels despite providing external connections for two voltages and ground. While FIG.

34 shows ttifpawtalsaphpmban@oteddo the e astenanesiashtl AZRONBFIF0Z, i dsivadeyptood by
those skilled in the art that the power supply may be used with other single-ended and differential

first-order nestied Vodsgarvanalotirpbwignsupyiyly eda is asTiatediwithonereiibe sxtrramg
connections and provides power to the zero-order TIA. In some embodiments Vdda is between about
2.5V and 3330037} Trefasatoagnsoier 26pplyviiddadiso providesspowertarsighargy qump module
3400. Charge pump module 3400 also receives power from a digital power supply Vddd. Vddd is
associated With ehigreatendrore 0t edsriesnalircennéciions. Charge plthp mechie 3490saaorbe
fabricated on the same chip as the first-order nested TIAs. In some embodiments Vddd is about 1.2V.
In some emiBBdiments Vddd 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 Vdd2 that 9 Efiroximatéiycedquansistaid2Adddds TheredfonevdiZidddavithisapfmedtated by
those skilled in the art that Vdd2 is not 34 exactly equal to Vdda+Vddd due to losses and/or
inefficiencid&anpistentifPtheA 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 Ve. A second signal output of TIA 1000 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 a source of the second transistor

2702. The opamp 1002 can be powered with a drain supply voltage Vgq,. 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 Vgyqo.

[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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charge pump module 3400. [0138] Referring now to FIG. 35, an application of the power supply of
FIG. 35 is shown. Vdda is provided by a battery 3500. Battery 3500 can be a lithium-ion battery
having a voltage between about 2.7V and 4.2V. A light- emitting diode (LED) communicates with an
output of the opamp 710. In some embodiments the LED has a turn-on voltage VD of about 3.5V. The
charge pump module 3400 adds Vdda from the battery 3500 to Vddd to generate sufficient voltage

for driving therteEDt3502. inves \(ddi-genendistorovides amly @eutrhmsticangmt be,usgdralone to
power the LED 3502. The charge pump module 3400 provides the additional voltage from Vdda to

supply the t&DewithoappeaXimatelyves A tedtdxorwligh is above the 3.5V VD. 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 {6 &fja+VRaERLZOh I prREBOlishlostffpstaddtarsasstheragpadatdacreasing
the gain-bandwidth product of TIAs. Improvements in the gain-bandwidth product may be achievable

by "nestingT eATIAWithinFa@otier iFlahtwothecludirds a atdidomap iraiitalements puehpas fesdback
resistances, capacitances and/or opamps are added on the input and/or output sides of the TIA.

[0140] ReféagnrohO@Lrigaletds; a nastbamninsimegaaatienamgplfieswT ATeiscdib 3600 haging an
inner TIA 3602 is illustrated. The transimpedance amplifier 3602 includes a first operational amplifier
3604 and aseetyrd apefsiidyal biaplifict3606Y kacmdperatiegalieen piifier ssitdgeth\in this figere and
35 the following figures has a non-inverting input and non-inverting output identified by the absence of
the "0" synfHEE@hd @ Piveitipignapis faltemaertng batRe Vouw and Vou..
[0133] Referring now to FIGS. 31-33, a family of gain curves is shown.
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 bandwidth 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
medium 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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identified by the "0" symbol. The transimpedance amplifier 3602 also includes a first feedback
resistance 3608 that communicates with the non-inverting input and the inverting output, and a
second resistance 3610 that communicates with the inverting input and the non-inverting output.
[0141] The nested transimpedance amplifier 3600 also includes a third operational amplifier 3612 also
having an inverting input and output, and a non- inverting input and output. The operational amplifier

3612 has athingeitingfieatpudf that opanmuricaieswiithriel Gors-invertingdnpel ot ARPELaK3606, and a
non- inverting output that communicates with the inverting input of amplifier 3606. [0142] A feedback

resistance 86 lfcoonsmincateis withi it monrinBéding autpuiofamplifierifidpaedbesinyering output
of amplifier 3604. The inverting output of amplifier 3612 communicates with the non-inverting output of
amplifier 36AMparS, fesistémced&bdocordanihiéates 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 doublefdst6Y traRsifapéntancey Enfpi@ieB37a0is dhicstertbbckhdiatpableinestadn of
transimpedance amplifier includes the transimpedance amplifier 3602 and the nested transimpedance
amplifier stRucQree86BPNFREIBBISTherdfoe, fitsserdemmestaircliib compBhentsowidret pehydescribed
further. In this embodiment, another amplifier 3702 also having inverting and non-inverting inputs and
outputs is ifistEeM Nt 3o evislemBodinterthipeviitfertimee eutpitoé amplidipe S 162«iomivupitates with
the non-inverting input of amplifier 3612. The non-inverting output of amplifier 3702 communicates
with the invefWg iU FEaMRDlifienBetiomns féethack nadistgpseand ground. While FIG. 34

shows the power supply connected to the first-order nested TIA 700 of FIG. 7, it

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 Vaa is associated with one of the external connections and provides

power to the zero-order TIA. In some embodiments Vg4, is between about 2.5V

and 3.3V.

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

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

digital power supply Vaaa. Vaaa 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 Vgqq is about 1.2V. In some

embodiments Vyyq 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 Vg, that is approximately equal to Vyga+Vaqe.

Therefore Vyg2>Vada. It is appreciated by those skilled in the art that Vggo is not
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3704 communicates with the common node of the inverting output of amplifier 3702 and the
non-inverting input of amplifier 3612. The resistance 3704 is also communicates with the inverting
output of amplifier 3604. A second feedback resistance 3705 communicates with the common node
between the non-inverting output of amplifier 3702 and the inverting input of amplifier 3612, and the
non- inverting output of amplifier 3604. [0144] By providing the differentials and feedback structures

illustrated inxekéby. 36@nda7\vRwear inversions fRrsa sivemipye!iAERRSERG Bk REIR. i '%ﬁef esultis

a potentially higher frequency operation from a device such as that illustrated in FIG. 7. In these
examples, tbieangstingnaseHssialetiba guitput 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. 36138Fed Refenested JWAS806; In8his embodimasy. anupRpationalamplifier 3802
has its inverting input communicates with the non- inverting output of amplifier 3604. The non-inverting

input of amplifier 3802 stammunicatels vitbhieinvsrting suépytIsEPigra§095 L 4ghARoher

amplifier 3804 has an inverting output that communicates with the non-inverting input of amplifier
3606. The rihiimvedtindattetuthafanplfiers3de costmesicateswith. the iavering\nput of @rplifier

3606. Another operational amplifier 3806 has an inverting output that communicates 37 with the
non-invertingniiogof map|ifiéBBOdrantl aicatetnwetiting cotipsi ittt eompumisates wirh Hagnaverting
input of amplifier 3804. A first feedback resistance 3808 communicates with the common node
between th&mberimprdatihe bEBnfiifier 880band g aonioveting BE offampifiry36Rfmand the
module 3400 adds Vaga from the battery 3500 to Vygq to generate sufficient
voltage for driving the LED 3502. Since Vqyqy 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 V44, 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 Vgga+Vqq.
[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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inverting output of amplifier 3802. Another feedback resistance 3810 communicates with the common
node of the non-inverting output of amplifier 3804 and the inverting input of amplifier 3606, gnd the
non-inverting output of amplifier 3802. [0147] A feedback resistance 3812 communicates with the
common 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 inveeinglowipyt ifapliier 3anand i gambivarina s ampiies 8Rknanddhe
non-inverting output of 3802. [0148] Different types of nesting may be performed to build a higher

order nestetytransisipsstanceatplifier. Jhramsnptifier §§Qa\}@ﬁp{dnﬁﬁ>gma%@sﬂ%ﬁ§@q§(fjﬁg,{s

concerned. If the input of the circuit is current instead of voltage, amplifier 3806 may not be required.

[0149] Refeidiznfifiod by FiESo38pnand 39 dlifferantipedthsinalamsnded tepsinpadaner amplifiers
having capacitive feedback are shown, respectively. In FIG. 39A, a differential transimpedance

amplifier 3906} bt acisiraiistentiee 360BIMEedeneenamiekies 36AR ahEGoRGnieHiveragdihaving a
first capacitance 3902 in parallel with resistance 3608 and a second capacitance 3904 in parallel with

resistance 361D thigeetingooliriperit, el feeqeency @8itrapossBEThpsttabiiiyrahibatansimpedance
network may be improved by including the capacitances 3902 and 3904. As can be appreciated, the

capacitancés & beirspiapetianditiirctandesdfiresicedn (@150] In FIG. 39B, a single-ended
transimpedance amplifier 3900' is shown that is similar to the differential configuration shown in FIG.
39A. In FIG. [0141]  The nested transimpedance amplifier 3600 also includes a third
operational amplifier 3612 also having an inverting input and output, and a non-
inverting input and output. The operational 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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39B, similar elements are labeled with a prime symbol ™. The transconductance gn, of the amplifiers
3604' and/or 3606' may be negative and/or the signals may be coupled to inverting input(s) of the
amplifiers 3604' and/or 3606'. [0151] Referring now to FIGs. 40A and 408, an LC tank circuit is
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 tampiifitro¢002 hia s ieenionveitives thg pop ub Canmplieaie s Vith dtniMRIARE ayipL oS
amplifier 4004. The inverting input of amplifier 4002 communicates with the non-inverting output of

amplifier 400d0-Afeetibackmriembatfie cosrRUNICate syt HasIePUIeT & PR AT dpVerting
input of amplifier 4002 and the inverting output of amplifier 4004, and the inverting output of amplifier

4002. Likewise)rausecates feditibtek ielentient $H08 commplicatasnith thessupaan rege s the
inverting input of amplifier 4002 and the non-inverting output of amplifier 4004, and the non- inverting
output of ardpliffecanoR [0SRk TWifetbdbaoknelememd O 06K itedutiesairepistance 40 Inplisgries
combination of a resistance 4012, and an inductance 4014. In some implementations, the inductance
4014 can bé @¥agiab|thmdartaneertihyanpbleof39oppheit@&240Thdsreolgmadin Proallp) with the
series combination of the resistance 4012 and the inductance 4014. T his parallel combination is
coupled in SefiEdupigatRe wilstiitcdweing iketpise, ahafoplifiercid@leiment 46088 tasdigased in a
similar way with a resistance 4020, a second resistance 4022 in series with an inductance 4024, and
a variable CWW@%CWWW%WIél@pammmesd@a(bambé@%amused/wiHgstrate
output of amplifier 3702 and the inverting input of amplifier 3612, and the non-
inverting output of amplifier 3604.

[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
llustrated 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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that various resonant frequencies of the LC tank circuit may be adjusted by changing the capacitance
values. In an actual embodiment, a fixed capacitance 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 operation (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
transimpedaitetampiifieripvepinty ofithe efidevisifdope@ticnd ke panaleldiGHgnk ascyiticauses the
feedback network to have high impedance at a resonance frequency of the LC tank circuit. [0154] The
structure illostratadhingf46. dtimdlyealso/beingsteghin anf amplifiesrstegoure ilstiatedehaygsiWith
each subsequent nesting, only the signal frequency of interest is amplified so that the nesting
behavior isrefistaveat3tHiSrasidenceifregeemdthotitite tthtardnelerients tiecause of ithisrting
selectivity of the nested LC tank circuit transimpedance amplifier is significantly improved while the
out-of-bandyigal St rmidifian il anbishe provettteetiigtonion gfesiomifince360ibie amiplifier by not
amplifying the unwanted signals. At the 40 same time, in-band signals are amplified with extremely
low distortiGhBEH@s@BfPtHe PhtLREdTities Nn8S7y transinopeerantedhalifierdSib5a) de FES.1408, a
single-ended transimpedance amplifier 4000 is shown that is similar to the differential configuration
shown in FROMIDANGALSS  WihBtRentirnElemenes arelatisedanith e piirme syinbbldf. Thelifier
transconductance gm of the amplifiers 4002' and/or 4004’ may be negative and/or the signals may be
coupled to HRAFIAGINENR(H) SO AR Ofs arolifign BE0S0 e d[ 1S ) dRefaraT WP FIGS. 41A

and 418, a schematic view of
amplifier 3802.

[0147] A feedback resistance 3812 communicates with the common
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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another embodiment of differential and single-ended transimpedance amplifiers 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 4182pArfirst uCtioskrCainBlidp cormauiaaias yalEhENABHRYAIIRG NP B sroRlifies#102 and
the inverting output of amplifier 4102. A second LC circuit 4108 communicates with the inverting input
and the nommiriveiting etput phcmptiier 4902. (84671390 4ircUk 4168Hngludes aretngdiiansg 4110 in
series with a resistance 4112. The LC circuit 4106 also includes a capacitance 41 14 in series with a
resistance 4ap8éciThecserismndomtspatieddiythedtapanitaade disideand resistance 4116 is in parallel
with the series combination of the inductance 4110 and the resistance 4112. 41 [0158] The LC circuit
4108 is configured @ 30§imilém MKBNBOM, LCsTigtai4les! Theadif kit @Friphiusiesgmninguctance
4120 in series with a resistance 4122. A capacitance 4124 is in series with a resistance 4126. The
series comBltatibrifvdtthe similetaiocthe 1diffened iesistariivpditRhis ropar al et MatHE Se SeripRs.
combination of the capacitance 4124 and the resistance 4126. [0159] By providing a resistance in
parallel with e B ilatictiosintasriilstrated withle pdnersyduing ‘4 reSistamee sodathdhmbrductance
and capacitance, oscillations of the circuit are avoided. The extra resistance, as compared to FIG. 40,
prevents thepBlaifiy aMpbfgispiisrfrandéhadgPl anhighe negative and/or the signals may

be coupled to inverting input(s) of the amplifiers 3604’ and/or 3606'.

[0151] Referring now to FIGs. 40A and 40B, an LC tank circuit is
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 of amplifier 4002.

[01532] 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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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. 41 B, similar elements are labeled with a prime
symbol "". The transconductance gm of the amplifiers 4102 and/or 4104’ may be negative anc_l/or the
signals may be coupled to inverting input(s) of the amplifiers 4102' and/or 4104'. [0161] Referring now
to FIG. 42, eapiatégrater 4200 thatde dptetednusingbehestiat ttapsisapedancermmplifier isfllusgrated.
This embodiment is identical to the double-nested transimpedance amplifier illustrated in FIG. 37,
except that'esieaesed 3704 add!37 O5chaverveehlreplacEdiwita capacitanbes 0 ansl 4284 [0162]
The integrator 4200 has a high bandwidth due to the transimpedance configuration. The impedance
output is loir es@iieat Wigh the fresissacies. BEdhuskibethies mwtioatpetdbpeklanemdhe soegrator 4200
may be useful to drive large capacitive loads. One application of the integrator 4200 may be in a
Sigma-Deltaiiigidgdoiialigiginaitaarer witlt epesistanataigaborta cemosdngist frequeEziem [0163]
Referring now to FIGs. 43A-43G, various exemplary implementations of the present disclosure are
shown. Refeffiit§ Woilv & MGy capcertlgrbsem discldsine capbeitanerheédted in amplifiers and/or
integrators of a hard disk drive 4300. The present disclosure may implement and/or be implemented
in either or both sitfiia ProcesBmyaiieiits camrsitancats4ditiforad pHieér atppled3esilwhichtare

generally identified in FIG. 43A at 4302. In some
that various resonant frequencies of the LC tank circuit may be adjusted by

changing the capacitance values. In an actual embodiment, a fixed capacitance
set to the desired residence frequency may be used. The circuit 4000 may be
suitable for use as an RF ampilifier in a TV tuner in which it is desirable to include
an ultra-wide band of operation (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 ampilifier 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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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 othesateviteseyia-trendrigors sireconpiiiele ssigomeenicalionlinks 4308 BEeAiRD#300
may be connected to memory 4309 such as random access memory (RAM), low latency nonvolatile

memory sutheasstash ohénsonystéay tomhs imeswy cdREM ARG /or other suitable electronic data
storage. [0165] Referring now to FIG. 43B, the present disclosure can be implemented in amplifiers

and/or integrators Kfb8jgitallnerdtild disce BvD)edrvel B #36inThedpreserirdistieswenays
implement and/or be implemented in either or both Signal processing and/or control circuits, which are
generally |deh@ied et FsGiadB a4 iflesstiatacstofiageatfdh e By drivel @3 10 and{arm ower
supply 4313, The signal processing and/or control circuit 4312 and/or other circuits (not shown) in the
DVD 4310 rh@§ prisedasclatmepétformiabelng witt/er peivos/stjom getforhealcanaions) andfsformat
data that is read from and/or data written to an optical storage medium 4316. In some
implementafiory, @ aigRéfierodéssingraiarot @dhtrolayrhist A8gateddointheh sitsgita@enshown) in
the DVD 4310 can also perform other functions such as encoding and/or decoding and/or any other
signal procd$SFRHRIRBHENE ¥eERgdRRIIEh Y RIMNEIEL66) ThenDMD A& 4310 may
communicate with an output device
[0156] Referring now to FIGs. 41A and 41B, a schematic view of

another embodiment of differential and single-ended transimpedance amplifiers

are shown, respectively. In FIG. 41A, a differential transimpedance ampilifier

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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(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 memk&y5R319 Sireh BE RAbLIROMHois tatafigyeanvoelatilsimemmony-siet as flash
memory and/or other suitable electronic data storage. [0167] Referring now to FIG. 43C, the present
disclosure caffbé 4itpffemBmtedncireiplifietdardiuite gratord witarighddefimitipedaleyisiph (HDTV)
4320. The present disclosure may implement and/or be implemented in either or 44 both signal
processing Effipo? temtfdlErcditsanhidheace géhfally idestifies) with 1S rd8Etah 43221 Z6WIAN
interface, mass data storage of the HDTV 4320 and/or a power supply 4323. The HDTV 4320
receives HIFPUSARRNBRAGIPM oéitherirdwirtanoe Witdle snfbresis tanb gt ates iH PAN beltpithsignals
for a display 4326. In some implementations, signal processing circuit and/or control circuit 4322
and/or othetGrégie $RABRBRHPBIahE 8IDaRASTER0GAAY Brbseskttates sixeiosm £02hg and/or
encryption, perform calculations, format data and/or perform any other type of HDTV processing that
may be required. [IESITheBYDProvidipg mdgeistanemitaravitienvdts thad Sorage iR that stores
data in a nonvolatile manner such as optical and/or magnetic storage devices. At least one HDD may

have the cotHGHAEEN $hdv in¥8G 0 s dinglor af Reislienise DvDheHy Hage itductaicairatioh shown

in FIG. 43B. . I .
capacitance, oscillations of the circuit are avoided. The exira resistance, as

compared 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 elements 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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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 implement and/or be implemented in
amplifiers AFRABETTISSrafdpsarsccontior kyustemipfiaivstdertasdha WiskxaioeA20e mmsbeata
storage of the vehicle control system and/or a power supply 4333. In some implementations, the
present diseRsdtitdarApleniigeagaaasitivenl eaffrolpsteppizatiahariréveiirdsgron ggOnmayone or
more sensors such as temperature sensors, pressure sensors, rotational sensors, airflow sensors
and/or any ¥fhir SuriiRaseRlaranmamierdioleherneetee heinore talgsitdopigehsignalsauch as
engine operating parameters, transmission operating parameters, and/or other control signals. [0170]
The preserﬁ%’&féﬁ@%@ﬁ?‘ﬁ#&?%@% be implemented in other control systems 4340 of the vehicle 4330.
The control system 4340 may likewise receive signals from input sensors 4342 and/or output control
signals to one or M3RFbutpoelRIiREs 482% InteomE!Ftplerierhididts, theaterEol Sys@mma340 may
be part of an anti-lock braking s%,stem (ABS), a navigation system, a telematics system, a vehicle

telematics SPREMEN RIS ePafife HrieR, disCiRmptva@uowshirdReJ_IERT aA0ehiclem|G.

entertainment system such as a stereo, DVD, compact disc and the like. Still other implementations
are contem(qu’ of1€ present disclosure can be implemented in amplifiers and/or integrators

of a hard disk drive 4300. The present disclosure may implement and/or be
implemented 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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[0171] The powertrain control system 4332 may communicate with mass data storage 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 thafZ&isproXivatsigen8tisThespoaveraaimpdatneirdysteriod B32 sy he rdedniectsthed onemory
4347 such as RAM, ROM, low latency nonvolatile memory such as flash memory and/or other
suitable elde@ibniiafah BrorageithapdivertainirobriroLsigstevhidB32ral syl ifGdapost in
connections with a WLAN via a WLAN network interface 4348. The control system 4340 may also
include ma&é@lath3storhdes HHermaysanater atoraganNohtbaty/@lldTotesH@iA) god/12] KRefewirg now to
FIG. 43E, the present disclosure can be implemented in amplifiers and/or integrators of a cellular
phone 4356 4RR¥n4y 1 hclubieea SEIMaarIREaHSNG3BDMTbR pretht cistlbsétd thay itfypleotieert and/or
be implemented in either or both signal processing and/or control circuits, which are generally
identified inCERG It IROs AWyPn 1 i ERN VB 484 Oniady daesesterdgtaobdacalwadiigoasd!860 and/or
a power supply 4353. In some implementations, the cellular phone 4350 includes a microphone 4356,
an audio oBISIYRERE SRFPED £35etrEPRHAGELQIdIBraudd cigteck) at disfag 4360 and/or datanput
device 4362 such as a keypad, pointing device, voice actuation and/or other input device. The signal
processing 4ABRS RAnJRicalsia s mesi Bty Erclitssaioe SRuNaTeniadieriiutheppional 4350

may process data, perform o
processing and/or control circuit 4312 and/or other circuits (not shown) in the

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 ampilifiers and/or integrators of a high definition television (HDTV)

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

includes onleotin reigreaplatiecs swningadiiametetriiatiesmalwhibarnrapgendmnaiehnd & ddhercellular
phone 4350 may be connected to memory 47 4366 such as RAM, ROM, low latency nonvolatile

memory suEhCas4@ishahetfiasy and/oAbthetstiiiable relestraniedatarstpsage . thbergelivjauphone 4350
also may support connections with a WLAN via a WLAN network interface 4368. [0174] Referring now

to FIG. 43Fameéoprespandiscloppie éaahe TimplefDenied S2ampldices and/ovinigaraiasm afsaiset top
box 4380. The present disclosure may implement and/or be implemented in either or both signal

processing @ifftFoaceited| @irslitse sehiomane gyemexatiy iaertifEITv &Gt Ioatak3BA 20dbAN
interface, mass data storage of the set top box 4380 and/or a power supply 4383. The set top box
4380 receivex8ignkisFeone drsplatestativrss sigraldperckssingeaodioatplfs standaiddrdior high
definition audio/video signals suitable for a display 4388 such as a television and/or monitor and/or
other videoal¥doradiib etiputcieyites(Mhessigwal \prdctrssiktPand 48 20 ntnaly cincitss4384tand/or
other circuits (not shown) of the set top box 4380 may process data, perform coding and/or
encryption, pEFIIM caeinaticiyl/rmeacyatioandisrfrriorcainyadites, séotapabox dtmctind/or
perform any other type of HDTV processing that may be required.
[0168] The HDTV 4320 may communicate with 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
implement 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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[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 HOD 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.
438. The HDD may be a mini HOD that includes one or more platters having a diameter that is
smaller thainBppsrokiatatedpe .83 Thersetgepdmos 4886hmay bengoemtated temmgrpadSdiauch as
RAM, ROM, low latency nonvolatile memory 48 such as flash memory and/or other suitable electronic
data storagee T settdpliQox 438G aiso adiosusportasnaedimnsmitothWLAN aEea SWhédisnetwork
interface 4396. [0176] Referring now to FIG. 43G, the present disclosure can be implemented in
amplifiers aMAfdP intEgtators fdem el plalyemd40 00Tt present| disigosise snak implemeinisand/or be
implemented in either or both signal processing and/or control circuits, which are generally identified
in FIG. 43C°REBA08, R3RANRISHIe RS Miaso datpsiotnge pdtaetedia player 40@mndridrod power
supply 4403. In some implementations, the media player 4400 includes a display 4407 and/or a user
input 4408 Sils 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®ditRlinteffBte RigIRBIdE|salp AU aryorlsserhapumrieBaTiedmétiathtayer 4400
further includes an audio ou;&%té409 such as a speaker and/or audio output jack. The signal

processing SIS SYatRING; Alihe yethisithe3 OcirtRS RS IF D O 4R¢ Oneaid [ayése4400 may

process data, perform codinfg _
receive signals from input sensors 4342 and/or output control signals to one or

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 storage 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 ieast 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 and/or other

suitable electronic data storage. The powertrain control system 4332 also may
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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 49 magnetic storage

devices for sxapatedoanmbditkdrivethHD BvandoriB VO SVARK e astanrsrd Piemaychara the The
configuration shown in FIG. 43A and/or at least one DVD may have the configuration shown in FIG.

43B. The HD®DinwgyshyetarminB HDBr thatiscludesidoe raaBrenkatias Aaving ardispelaktbatds
smaller than approximately 1.8". The media player 4400 may be connected to memory 4414 such as
RAM, ROMWovhaietecianeriediatieshemoyy such as flash memory and/or other suitable electronic
data storage. The media player 4400 also may support connections with a WLAN via a WLAN
network interface 4@16255till BgferringlementaticiSin 4dditioimto theseslestisbed @kovearene
contemplated. [0178] Referring now to FIG. 44, a Sigma Delta analog to digital converter (ADC)
module 4510RISRENRT e BiplificDelanADC intedméa28 16f mdetesna pifterentesantplifiemeodule
4514 that receives an analog input signal. An output of the difference amplifier module 4514 is input to
an integratdP@idtRile “BiuEAasenna 66tk intbgraresaotidis @548 oy inpptarhardoansisator
module 4520. Another input of the comparator module 4520 may be connected to a reference
potential suBR HBRJASORBLSAN D @ive bPheAibrajgavaleranshsinBR0/sricpatiiol @ifitteitsnaidesimator
module 4524, which outputs a digital

are generally identifled in FIG. 43E at 4352, a WLAN interface, mass data

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 celiular phone 4350 may communicate with mass data
storage 4364 that stores data in a nonvolatiie 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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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. 50 The integrator output voltage is converted to a single bit digital output (1 or 0) by the
comparatorHiidslech520 RAll! réS0ih ddvit Inewarpeasaivisiatid amibenBAG UBIPEY!a 452 8 dhisry
closed-loop process may be carried out at a very high oversampled rate. The digital data output by
the comparabst/encdike isuiistrieasie ofroniesdartal zevosgand Thesvadielaf o aigaass peRoRIgnal to the
density of ones output by the comparator module. For an increasing value, the density of ones
increases, FePRAieepsusiatjartueitthe Wansiiyvid andd dddraasesriBytstiausingaile error voltage, the
integrator acts as a lowpass filter to the input signal and a highpass filter to the quantization noise.
The bit stream is dRjlted) fillRefemipchenfikertand Wecimafor ned pecseptovideladinanefermas output.
[0180] As can be appreciated, the TIA amplifiers described in the embodiments set forth above may
be used to ifplementashincrmdidess taad différtagratomplifies meididp, ibe #88Qratohmpdetesnd the
comparator module in the Sigma Delta DAC module. [0181] Those skilled in the art can now
appreciate SRR forBINgTMEEHRItIoR 4 thberdad teattites oh thetpeesent invEntisigreain be
implemented in a variety of forms. Therefore, while this invention has been described in connection
with particuPAPeseHH|sle3NHE e SO EOtrGscsitspemsiehe aigegtorrally identified in FIG. 43F at

4384, a WLAN interface, mass data storage of the set top box 4380 and/or a
power supply 4383. The set top 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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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, 51 LLOYD WISE CLAIMS 1. A
differential transimpedance amplifier circuit comprising: 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 owtpcit awdfeseconthnonaimdertintheutpuitablke et themedand stverag dHpuet top
communicates directly with the first non-inverting input and the second non-inverting output
communicdes 4i86tiysithitiay fisstpipoertoonimpetipa dirstifeed badk ale mentthat oamenigates with
the first non- inverting input and the first inverting output; a second feedback element that
communicdfésatethddist 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 comifiih€dtes Rfethiegesomd thofriBvertdig inine gvdshetficisotrsineertiag dstput. 2.
The differential transimpedance amplifier circuit of claim 1 wherein the third and fourth feedback
elements cBRPEEEifSEarltl sophterssisntossintegpeictivelgf a media player 4400. The

present disclosure may implement and/or be implemented in either or both signal
processing and/or control circuits, which are generally identified in FIG. 43G at
4404, a WLAN interface, mass data storage of the media player 4400 and/or a
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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3. The differential transimpedance amplifier circuit of claim 1 wherein the third and fourth feedback
elements comprise first and second capacitances, respectively. 4. The differential transimpedance
amplifier circuit of claim 1 wherein the first and second feedback elements comprise first and §econd
resistances, respectively. 52 LLOYD WISE 5. The differential transimpedance amplifier circuit of
claim 1 wherein the first and second feedback elements comprise first and second capacitances,

respectivelynagpetitfetontig trimsiapedancesamdifiesrcirdiskcomprising @ st ,opemativnal amplifier
having a first inverting input, a first non- inverting input, a first inverting output and a f|r§t non-lnyertlng
output; a sdeeatiwyse HilBhalegnhalifiet aviogfia sedandshvernting PGBt 4 sesaiidr penemyvesti_g input, a
second inverting output and a second non-inverting output, wherein the second inverting output
communicateéhvithath &divst hencomfgtingtioputaverthe BéGontBBon-Tie it aDonipyteommtinicates
with the first inverting input; a first feedback element that communicates with the flrs_t non-inverting
input and tHaBissthRidrmgdasmreacseture fokditeackheleimerd iti@roetemtivicatesmatrethth first
inverting input and the first non-inverting output; a third feedback element that communicates with the
second inv&BREPpateind fhe fildisnnedin Waymitddfd may be connected to memory 4414

such as RAM, ROM, low latency nonvolatie memory such as flash memory

and/or other suitable electronic data storage. The media player 4400 also may

support connections with a WLAN via a WLAN network interface 4416. Still other

implementations in addition to those described above 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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a fourth feedback element that communicates with the second non- inverting input and the first
non-inverting output, 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 feedbackieleratentswach voltausésacresistémdedrepsiratiel bititigitaapagiiance b LbRYD
WISE 9. A differential transimpedance amplifier circuit comprising: a first operational amplifier having
a first invertitgy figpopaciest mowlyertiag.inpie adsstiingeing ecopuarth afisst nondiey @iy output;
a second operational amplifier having a second inverting input, a second non-inverting input, a second
inverting outAEAd@ 28 condimrrinsedigprouiputeadherely the semoredi inuertiatgputpa high
communicates with the first non- inverting input and the second non-inverting output communicates
with the firsPVighasttiRleih pate a flreefeigiisiclattenéputinat tuenroomicates with doesfissbnetneimverting
input and the first inverting output; a second feedback element that communicates with the first
inverting ifpuPBA8 BielfiEsrperamddimyalupaf drwikidostimeketariamtahts doenchenitates with the
second inverting
ones output by the comparator module. For an increasing value, the density of
- ones increases. For a decreasing value, the density of ones decreases. By
summing the error voltage, the integrator acts as a lowpass filter to the input
signal and a highpass filter to the quantization noise. The bit stream is digitally
filtered by the filter and devcimator 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 béen 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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input and the first inverting output; and a fourth feedback element that communicates with the second
non- inverting input and the first non-inverting output, wherein the first and second feedback elements
each comprise a resistance in communication with a capacitance, and wherein the capacitance
includes a variable capacitance. 10. The differential transimpedance amplifier circuit of.claimdamherein
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. 11. The differential
transimpedance amplifier circuit of Claim 10 wheneifye capacitance includes a variable capacitance.
12. The differential transimpedance amplifier circuit of Claim 1 wherein the first and second
operational amplifiers are transconductance amplifiers. 54 LLOYD WISE 13. A single-nested

transimpedance amplifier/cicet8reomarisaneia tish epemigIaLampdiierchargadhird inverting input,
a third non- inverting input, ?third inverting out&ut_and a third non-inverting output; and the differential

transimpedance amplifiertittGi SPEERHP Tl AEIRIH I8 "e8eBA canTEstinvRRinc dirituricdfss with the
third non- invertity edipytiana thefisecione nierriovgstingraryfesrmarmiciamyiduthe: third inverting
O A4 A oDt B A S e AT & Sato g Thartry input, 2
second non-inverting input, a second inverting output and a second non-
inverting output, wherein the second inverting output communicates directly with
the first non-inverting input and the second non-inverting output communicates
directly with the first inverting input;
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 second
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.
4.  The differential transimpedance amplifier circuit of claim 1 wherein

the first and second feedback elements comprise first and second resistances,

respectively.
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a single-nested transimpedance amplifier circuit comprising: 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
a differential transimpedance amplifier circuit comprising: a first operational amplifier havinga firste
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 withp the firss rofeiRvRIAINGdABNH BBE ARBSFAPARP IRV IRGLHIRUE Gonmynicates

with the first jnverting input; a first feedback element that communicates with the first non-inverting
input and th ﬁrstﬁﬁ(}aer oﬁﬁﬁﬁwseﬁﬁ%?&%b%@?é?ﬁénto@fﬁpﬁéﬁ]mﬁ?ﬁ&at@@d/vitﬁﬁtﬁ@nﬁrst_
inverting inpea@anctthe-fisstraepasiesting output; a third feedback element that communicates W|t_h the
second inverting input and the first inverting output; and a fourth feedback element that communicates
with the second non-inverting input and the first non-inverting output; and 55 LLOYD WI_SE a.fourth
operational amplifiér haiogferfentith investingdapuica sanpiiTisopiiBYREHE frikga fourth inverting
output and a fourthan?p-lnvertin ougiut wherein the second inverting input communicates with the

third non- invertingottsut and Y SRl §in08MIRG iApllEoMURIRRSAEPWthahEradirgon-

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 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 second non-
inverting input and the first non-inverting output,

wherein the first and second feedback elements each comprise a first

ol

resistance in series with an inductance and a second resistance tha

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.
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inverting output, and 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: a fifth_feedback:
element that communicates with the fourth inverting output and the first inverting output; and a sixth
feedback element that communicates with the fourth non-inverting output and the first non-inverting
output. 16. The double-nested differential transimpedance amplifier circuit of claim 15 wherein the fifth

and sixth feedbackgelernemigsempise s Al Sesondsrisiares: esnpriygly. 17 The

single-nested differential transimpedance amplifier circuit of claim 13 further comprising: a fifth

feedback element fhat'SbrmeraEansd \ﬁf@Pﬂﬁ@fhi’P@’YiBﬁ-iﬁv@Fﬁhd”Wﬁjﬂﬂanwm,fi%tﬁfﬁie_ftm?g output;
and a sixth feedhack elementrifaticasrmgricaias with thairdb vartRshiPRYERRd the first

non-inverting output, 18. The single-nested differential transimpedance amplifier circuit of Claim 17

wherein the fifth arfdl SEGATE Rl AN rRMR EshpAYnErst PG BYRr tapdonthce 564 OYD
WISE 19. Arsigria-Eieitg amplog ta digitahernMeBrizPropfisinodhe diffeiesdiai 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 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 second non-
inverting input and the first non-inverting output,

wherein the first and second feedback elements each comprise a
resistance in communication with a capacitance, and

wherein the capacitance includes a variable capacitance.

10.  The differential transimpedance ampilifier 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.

11. The differential transimpedance amplifier circuit of Claim 10

wherein the capacitance includes a variable capacitance.

12.  The differential transimpedance amplifier circuit of Claim 1 wherein

the first and second operational amplifiers are transconductance ampilifiers.
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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 ipput signal;
an integrator module that communicates with an output of the difference amplifier module; a o
comparator module that receives an output of the integrator module; and a digital to analog converter
module that communicates with an output of the comparator module and another input of the
difference amplifier module. 21. The Sigma-Delta analog to digital converter of claim 20 further
comprising a filter and decimation module that receives an output of the comparator module. 22. The
Sigma-Delta analog to digital converter of claim 20 wherein at least one of the difference amplifier
module, the integratér médtikoéhd eisted diapsirateedaodealeineliigs stse d sRMEHIRNG ansimpedance

ampifier. 23. A differaptia) Ba0RiMRRARgS ABPIIEL ALCU FRUIAHSBGY ShATPDViG R8RS for
amplifying having a first inverting input, a first non-invérting input, a firstinverting output and a first

non-invertingverliog isecbral g lifpaginkaHitr aidpifing RenngvesBhabtrivie @R input, a
second non-invertiqgéwér@mqurjgmté@gﬁ)%@ﬂﬂ@ g%qi}dopg@im%rting output, wherein the

second inverting output communicates directly with the first non-inverting input and the second
non-inverting outputber@inuiicatsscaiidctiyy aifin ghéwist ipReringiaptas 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 comprising:
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
a differential transimpedance amplifier circuit comprising:

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 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

second non-inverting input and the first non-inverting output; and
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57 LLOYD WISE first feedback means for providing feedback that communicates with the first
non-inverting input and the first inverting output; second feedback means for providing feedback that
communicates with the first inverting input and the first non-inverting output; third feedbac %ﬁ%‘f@é
providing feedback that communicates with the second inverting input and the first inverting output;
and fourth feedback means for providing feedback that communicates with the second non-inverting
input and the first non-inverting output. 24. The differential transimpedance amplifier circuit of claim 23

wherein the third @%Mtbyﬁéﬁ?ﬁ'@é\%@mﬁ&oﬁmﬁiﬁﬁ Hreb @A PREVAAS S ,%%Wﬂ?r{pr

providing resistance, respectively. 25. The differential fransimpedance amplifier circuit of claim 23

wherein thd THFH AR ALHHRER ATHAR S HEMMbASH fRJOARED ey edpLRaliees for providing
capacitance, respegtieedin26hd tg%ggfﬁfqm@yﬁ@swh@%d@gﬁﬁ,ﬂm@g{ggcmitmeclm%Z%ayperein the
first and second feedback means comprise first and second resistance means for providing
resistance, FOYFEAR QY A BifSierind fonsimStRgcE W sIrBruRicates oMl the Witein the
first and sedondrferdbagiumenias comprise first and second capacitance means for providing
capacitance, respectively. 28. Algtfferential transimpedance amplifier circuit comprising: first amplifying
means for amplifingg\ﬁ E%;ﬁlmg P IMGTHISLOH R FRmURYBIERG tnMith athesttifivé rigoutput
and a first novenvegtiogtoutratid the fourth non-inverting output communicates with the third

inverting input.

15. The double-nested differential transimpedance amplifier of claim 14
further comprising:

a fifth feedback element that communicates with the fourth inverting
output and the first inverting output; and

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

16.  The double-nested differential transimpedance amplifier circuit of
claim 15 wherein the fifth and sixth feedback elements comprise first and

second resistances, respectively.

17. The single-nested differential transimpedance amplifier circuit 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.
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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 inverﬁi}r;%\pﬁu‘,g%t‘m
communicates with the 58 LLOYD WISE first non-inverting input and the second non-invetti (ﬁoﬂtfput
communicates with the first inverting input; first feedback means for providing feedback that
communicates with the first non-inverting input and the first inverting output; second feedback means
for providing feedback that communicates with the first inverting input and the first non-inverting

output; third feedbaek maagy,fanRviginadRRARRIRAt CHMmIHLIGalRR AR e S ipypring
input and the first inverting o%tput;_ and fourth eedbiggck means for pro%ingageﬁ a@ﬁ%ﬁ%@ﬂg?

communicafé@THIAPEIE e HAMEIRIR/eHMG ihput and the first non-inverting output, wherein 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 aréth pardll&f witH 4Rl e iihSliaitpraravryteapakiskioe. 1 famesadifferential

transimpedange@mpiifier circuit of Claim 28 wherein the capacitance means provides a variable
capacitance. 30. Theg#’{"feerential transimpedance amplifier circuit of claim 23 wherein the first and

second feedback rieSREEH ESMPILE JapdMiR dhaé dRS rsieproiiePresisain ccmiyRE afiBl with

capacitanceimpeassyfesiproviding capacitance.
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 module that communicates with an output of

the comparator module and another input of the difference amplifier module.

21. The Sigma-Delta analog to digital converter of claim 20 further
comprising a filter and decimation module that receives an output of the

comparator module.

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 ampilifier.

23. Adifferential transimpedance amplifier circuit comprising:

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

directly with the first inverting input;
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first feedback means for providing feedback that communicates with the
first non-inverting input and the first inverting output;

second feedback means for providing feedback that communicates with
the first inverting input and the first non-inverting output;

third feedback means for providing feedback that communicates with the
second inverting input and the first inverting output; and

fourth feedback means for providing feedback that communicates with

the second non-inverting input and the first non-inverting output.

24.  The differential transimpedance amplifier circuit of claim 23 wherein
the third and fourth feedback means comprise first and second resistance

means for providing resistance, respectively.

25. The differential transimpedance amplifier circuit of claim 23 wherein
the third and fourth feedback means comprise first and second capacitances for

providing capacitance, respectively.

26. The differential transimpedance amplifier circuit of claim 23 wherein
the first and second feedback means comprise first and second resistance

means for providing resistance, respectively.

27. The differential transimpedance amplifier circuit of claim 23 wherein
the first and second feedback means comprise first and second capacitance

means for providing capacitance, respectively.

28. A differential transimpedance amplifier circuit comprising:

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

first feedback means for providing feedback that communicates with the
first non-inverting input and the first inverting output;

second feedback means for providing feedback that communicates with
the first inverting input and the first non-inverting output;

third feedback means for providing feedback that communicates with the
second inverting input and the first inverting output; and

fourth feedback means for providing feedback that communicates with
the second non-inverting input and the first non-inverting output,

wherein 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.

29. The differential transimpedance amplifier circuit of Claim 28

wherein the capacitance means provides a variable capacitance.

30. The differential transimpedance ampilifier circuit of claim 23 wherein
the first and second feedback means each comprise resistance means for
providing resistance in parallel with capacitance means for providing

capacitance.
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