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

bandwidth product.

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

amplifier (opamp) 105 having a gain parameter (-gm). The opamp 105 is
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connected in parallel to a resistor (Rf) 110. The
input to the TIA 100 is a current (A) 115. The

out put of the TIA 100 is a voltage (Avo) 120. [0004]
Referring now "to FIG 2, the opanp 105 of the TIA 100
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The TIA 300 is typically used in applications that
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the TTAis limted to a fraction of a threshold
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opanp(s). In the case of a bipolar junction
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(Rf) 420 and an opamp 425. The TIA 400 is typically used for applications having
higher bandwidth requirements than the TIA 300.

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

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

operate differentially using two inputs of each opamp 502 and 504. One input



505 acts as a reference, in a simlar manner as ground
or virtual ground in a standard configuration TIA
The input voltage Av; and the output voltage Avo are
nmeasured as voltage differences between a reference
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said input, a second transistor that 1is driven by a
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transistor, a first current source that connuni cates
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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.



TIA. A bandw dth of the opanp is |less than a bandw dth
of the zero-order TIA [0013] In other features the
zero-order TIA includes a first opanp including a

fi rst input and a first output, a second opanp
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the second input. [0014] A nested differential node
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zero-order differential node TIA including first and
sef@B]i npot sthardfeatunest thendeseonted dIA poutlsdaesich dirst opamp
first differential node operational anplifier
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with respective ones of said outputs of said
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outputs at respective connections between the first

firstt anthssextamd autputheandhi a dfinst atiferential, raode dystrademalt bmplifier
second transistor and the fourth transistor. [0015] In
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trangls{or t'ha{”s griven by a first bias voltage and communicates with said first
transistor, a fourth transistor that is driven by the first bias voltage and
communicates with said second transistor, a first current source that
communicates with said third transistor, a second current source that
communicates with said fourth transistor, and first and second outputs at
respective connections between the first transistor and the third transistor, and
between the second transistor and the fourth transistor.

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

includes a third current source that communicates with the first transistor and the



node opanp is less than a bandw dth of the zero-order
differential node TIA [0016] In other features the
zero-order differential node TIA includes a second
di fferential node opanp including inputs and outputs
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third differential node opanp. [0017] A nested
di 10@1Gnt il othed éeaturassthepredadocde ragiffeiential mobleA) |A includes a
circuit includes a zero-order differential node TIA

secbay i diffefaéntial mpdesepamg iimgudiag amputd idrid cngutseendda third
out puts, and a differential -node push-pull opanp
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«Other features a gain of the differential-npode
diffelafelqupTe shamy. Restiengesneids TUStehds nd scond ends. The
. .zero-order differential node TIA and a bandw dth of
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thirg diffeggntiah madecppdreat ures the zero-order differenti al
node TI A includes a second differential node opanp
i n§0QiAIng Amgstesi differentiap icsleatrshsambpbdance dhfpliieetiAgtircuit
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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



first and second ends communi cate with respective

i nputs and outputs of the third differential nobde
opanp. [0020] A nested transi npedance anplifier (TIA)
circuit includes a zero-order TIA having an input and
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firstrancbiserand £nsiscerrmnislicaigenith sespratiye ipouis apduwuputs of the

devel ops a third voltage based on the first voltage
thirdhdifferential swtencparopt age. The third voltage is applied

to the opanp. [0021] In other features the zero-order
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voltage. The third voltage is approximately equal to
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first voltage is otherw se applied to anal og

the secand voltagendr e thislestadevio applied testhet dilermpse appl i ed
to digital circuitry. The first voltage is between
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V. [0023] A differential transinpedance anplifier

1
IS8t IR kb SRPENS oL Bl socon
inpdt%ldta sé‘cérH 8ltJtput. 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.



inverting output and a first non-inverting output; a
second operational anplifier having a second
inverting input, a second non-inverting input, a
second inverting output and a second non-inverting
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. communi cates with the first non-inverting input and
inverting pUEtt ans arfirshgosunyriting Putps ensedassdpaetationshemplifier
that comunicates with the first inverting input and
havingea sécorxt invertinghinput,iange@untdonn-ireverting shpugealbacdnd inverting
el ement that communicates wth the second inverting
outputiand angedone fhon-sriveirte blipld, whbpit ;thangcantiGhvéding output
feedback elenent that communicates with the first
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output. [0024] In other features, the third and fourth
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resi stances, respec our
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comoFHERES LS e sBp CRTm R but A S A dmesyting outeut; 2
fe Fba k el ements conprise first and second =
8609@ %qdiﬁebﬁlem?@sfa@&fwm@nqnlcaﬁﬁé withr toe fipldinyetipadnput and the
f eedback el enments conprise first and second
first xgrainivedingesytputispdiird vesdhackheefiens thaincbregemichtes with the

f eedback el enents each conprise a first resistance in

secomt iiegerting hinpot iamdutheurfest aneriing exomat; raagl st fowreh feedback
that are in parallel with a capacitance. The

elers@madiat BBEEMUAIChtedewitA tﬁéfﬁrgbhén-iﬁ\%}ﬁﬁ%tiﬁmeana_ RRe first non-
first and second feedback el enents each conprise a 7

inver@s] stpee in parallel with a capacitance. The
gggdacil?ance i ncludes a variable capacitance. [0025]
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el enent's each
comprise first and second resistances, respectively. The third and fourth
feedback elements comprise first and second capacitances, respectively. The
first and second feedback elements comprise first and second resistances,
respectively. The first and second feedback elements comprise first and second
capacitances, respectively. The first and second feedback elements each
comprise a first resistance in series with an inductance and a second resistance

that are in parallel with a capacitance. The capacitance includes a variable

capacitance. The first and second feedback elements each comprise a



conprise a first resistance in series with an

i nductance and that are in parallel wth a

capaci tance and a second resi stance. The capacitance

i ncludes a variable capacitance. The first and second
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cappri ses the differential transinpedance anplifier.
CAPPYEIFP- A si ngl e-nested transi npedance anplifier
circuit conprises a third operational anplifier
hal®%RPla tlRi ether fratrrasadhe Aipitandasesnddfesdhackeiementg each
input, a third inverting output and a third
compuoisei avViesttrenigtanaepin sereadwitheardirfduetamtel ahd that are in parallel
transi npedance anplifier circuit. The second inverting
withi apuhpacitandei eatiea ¥éddhd résistahced MR- icap@Eitarit@ includes a
out put and the second non-inverting input comuni cates

varidbleh ddp@chindd 1 nyget iR AUNdPWecohB0%lerdtional amplifiers are
oubl e-nested differential transinpedance anmplifi'er

d
j ' i a single-nested transi npedance
trangfr:r%rfc?ﬂfcftaer}é‘eg%@hﬁ ; and a fourth operational anplifier

hayi a fourth inverting input, fourth. . .
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fourth non-inverting output. The fourth inverting
trangimRRAancsARIfeat es with the third non-inverting

out put and the fourth non- inverting output
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other features, a fifth feedback el enent comruni cat es
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with the third inverting output.

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

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

the fourth inverting output and the first inverting output. A sixth feedback element



and second capacitances. [0030] A Sigma-Delta anal og
to digital converter conprises the differentia
transi npedance anplifier. The Sigma-Delta analog to
digital converter conprises a difference anplifier
nodul e, t hat,, incl ydes one .input that . recejves an_ input .
comtityHartes R th feg [T PRBaYEIDa e tputaDA: e Detpem iygring
outpu} of the difference anplifier nodule; a
outRinpaligt difthnsdl exthaieerbaes \Riemants HoFRMIseofirgthgnd second
integrator nodule; _and a digital to anal og converter
resistaacesorasparivales The fifth aand%atxﬁutfeeﬁbacheelem aoorise first
nodul e and another input of the difference anplifier
andreedohd.cap@0igdricesn ot her features, a filter and
deci mati on nodul e receives an output of the

CONP@3ayt or A @-Déita | gasibgone @igithhecshvieher eBemprises the
anplifier nodule, the integrator nodule and the
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a second inverting output and a second non-inverting
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communi cates with the first non-inverting i nput and

witht be owtpabiél the rcampatatommodutepahd camatbier g SofwtHeh diffeeence
first inverting input; first 9 feedback neans for

ampfigy hfiduge f eedback that communi cates with the first
non- inverting input and the first inverting output;
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outgdtro§tthe comparator module. At least one of the difference amplifier module,
the inte.grator 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



non-inverting output; third feedback neans for

provi di ng feedback that communicates with the second
inverting input and the first inverting output; and
fourth feedback nmeans for providing feedback that
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for providing capacitance, respectively. The first
nondndersiegomditpeediack feedback comganiss €of | peividing Seedbutk that
resi stance neans for providing resistance,
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conprise first and second capacitance neans f
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__capaci tance. The capacitance neans provides a variable
firstceyish spEamE sesistancei meanarfar SERVAIN0S iesishande, mespectieth The
conprise resistance neans for providing resistance in
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capaci tance. The capacitance neans provides a variable
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provi di ng 1 nductance and that are 10 In

res;fe%'ﬁ.@@l%/t alGfe m%@%%ggér’éco%%gﬂbg& FRRAG! é&ﬂﬁﬁﬁ%@i%tsaerﬁ)oggcond

resi stance neans providing resistance.
aci tance n?ans i

cap§aEE, BT SR e B e BELe SRR PRE st anc
second feedback means each comprise first resistance means for providing
resistance in series with inductance means for providing inductance and second
resistance means for providing resistance that are in parallel with a capacitance
means for providing capacitance. The capacitance means provides a variable
capacitance. The first and second feedback means each comprise resistance
means for providing resistance in parallel with capacitance means for providing
capacitance. The capacitance means provides a variable capacitance. The first

and second feedback means each comprise first resistance means for providing

resistance in series with inductance means for providing inductance and that are

10



transconductance anplifiers. [0034] A single-nested

t ransi npedance anplifier circuit conprises third
anpl i fying nmeans for anplifying having a third
inverting input, a third non- inverting input, a third

R R N R e
s R HRR PR e SN

.non-inverting ut conmmuni cates with the third
Va”ﬁh'@erqqm't@m%ut. heodisit Angoussicendesaredlifinbf eneans ainclude
transi npedance anplifier circuit conprises a
transcond ustaress achptifienssi npedance anplifier circuit; and
fourth anplifying neans for anplifying having a
f o003u]i nvRIsinglg-neByd tradsifmpédahcd afmplifiee tirtuigcompHtes third
a fourth inverting output and a fourth non-inverting

am&#‘} ﬁg%’tmey% foP UahBlify e hial fg aokﬁlﬂJﬁn@ﬁﬁ@‘nhEQ €s i non-

hird non-inverfing output and the fourth non-

t |
'“Vérmpéﬁ“d# CaJH® T AR, SR8 it - P Deffhg QURLE A% te
Qi di eedbac conmmu ates with t

aifer R PGSR P TR FUEUT nyel b6 ngoovpulV oI nput

f eedback neans for providing feedback comruni cates
COMMYTHCRIRS Wit th®, twéq’manwmma@aevﬁoaﬂd dhe sasenginag-inverting

non-inverting output. The fifth and sixth feedback
inputsanyMeEnpiessutf thesthirdriovertogedtpudsi st ance neans for

pr ovi ding resistance, respectively. 11 [0037] A

Si goasdlel tA doableghdstedli giffemntiabringrsirapedangy igegliftdiecircuit
differential transinpedance anplifier. The Sigma-Delta

conﬁ‘)‘ﬂ@b@% diRgldLehdted tra‘ﬁ@fﬂf{ﬁéda?fce'd?ﬁhlﬁ%‘?%lr‘éhﬁfﬁrﬁ@mh amplifying

amplifier neans for anplifying t i ncl udes one
me%rﬁpﬁél} nrggfrf)gﬁ Wﬁ;{f] 35U erfi PRt & RBGH ALRINIRARS 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.

11



communi cates with an output of the difference
anplifier neans; conparator neans for conparing that
recei ves an output of the integrator neans; and
digital to analog converter nmeans for converting that

SO LS ARl SRB-CSTIRRREP Gl e
T MR e

the conparator means. At |east one of the difference
conyerifn iNceidesedifferenage ampliign meansniwaramalifiinohhat includes one
conparator nmeans includes the differenti al
inputr thadi ngusdhgsc earanippuf i egnal{ 00&Qfatar dimfeasembri ahtegrating that
transi npedance anplifier circuit conprises a first
compp@tiedtes nalth aam| adtper ofawengiffardrices bmiphvier trhégnd; ngdthparator
a first non-inverting input, a first inverting output
meaHatkoR chipkinBQRal FcRiidsnéh BUfpRitbf trie FREGAraResAs; Aifdigital
anplifier having a second inverting input, a second
s . . N .
to A BHSIcHI e or EoRRANY A s Bty BRbuout of
Lavertin Qut put, co ni cates, W the first.
the [P S meRs B T DRE! €S8 ssrgACe mrdver mpans.
ou communj cates with the fjrst inverting input; a
t hﬁ&ﬁhﬂper'at @faﬁaﬁeataﬁ%ﬂ,iff'ﬁeéransJaOﬁﬁ'gﬂaé'onhmeanﬁr{%rfwtreﬁgg and
input, a third non-inverting input, a third inverting
decigmating: repeives anieuiproaf ithe sempagalontrpeans.whil isiast ohe of the
second inverting input conmunicates with the third
diffememce mneplifiengneabputheairdegiators ewamd and-thevesmpagator means
i nput communi cates with the third inverting output; a
incldddy the dieieatiatnansimpebbhtebmplifehaving a fourth
inverting input, a fourth non-inverting input, a
f opgsddn)i nV&rdiffé‘r%ntiQP]fchH& { aﬁcé%élhiefﬂft[‘i)rcpﬂvcedrﬁbﬁ%s a first

out put,” wherein the fourth inverting outpu

ore PR, Mot oL § Tk P b RSB
firstt %ivglgtinigmé%{pmtngné ng u%il’.st an(;ri-lrn%tertfn%e%%?guﬁ; eal esrg?:r(])%dt ggérational
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 noh-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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conmuni cates with the second non-inverting input and
the second inverting output; a second feedback

el enent that communicates with the second inverting
i nput and the second non-inverting output a third

AR ko BT DD, o
oA e R RS v i

output; a fifth feedback el ement that communi cates
Commlt'HC@tﬁ’—é Wit nenthirdy BpR-imygriingh @utrtidandhéhe ifeytth non-inverting
inverting output; and a sixth feedback el enent that
outpst raparNLacetesvith thé éhifd invetting inputive firstrigedbagiueleameht that
the first non-inverting output. [0040] In other
confrearticates, withethiei setori chaseinoadingerpluacind: Itegesdcdnd inverting
conprise first and second resistances, respectively.

outpth€a tsBtoald %%Ha@lkrélémeﬁﬁﬂiﬂt%huﬁhﬁlﬁﬁfés%@@m s860id frﬁfbnlng
and second resistances, respectively. The fifth and

[ e e [
'”p“?eét@tQ“EC%E%‘?%SEE&%.“e?t@é’“%tﬁ%5 f@‘dgﬁggtéttﬁréi%rgﬁnt that
r canpri.ses t
confiykeb ik 38 TibT hePaiveRe epdlvandig i%idav%ransooutput a
I nverter conprises a difference anpli
fourﬂbgﬁﬂdgaﬁhﬁ? emae| (1gb sopmenicpigs wikathe theréénmmgnnpwpand the
signal; an integrator nodul e that communi cates with an
fwstdtgrplmwertmg phipudi # fidthefrnsibankldiement trdut@mmanicates with the
conparator nodule that receives an output of the

fourtmiregrtatginpobdod ehe dinst iavetitigy toaaltpdtp aada sigtic fsvadatRelement
that comunicates 13 with an output of the conparator

thatrgedthenidatesanih fies fourtho®linverendglblifpeit %ﬁ@etheqﬁ@t' hdr-Bfverting
nodul e. [0042] In other features, a filter and

outiigci mat i on nodul e receives an output of the
conparator nodule. At |east one of the difference

an%d‘{d’]er |W%&He§ 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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the integrator nodul e and the conparator nodul e
includes the differential transinpedance anplifier.
[0043] A differential transinpedance anplifier circuit
conprises first anplifying nmeans for anplifying

L hayi fEr ' (g i t fir non-i nverti
wity' 3 ot b 8 ddii@reldlombiBisnd et difes afi' e WitRrence
on-inverting output; second anmplifying neans for

amFﬂﬁ‘Ef MAAUy having a second inverting input, a second
non-inverting input, a second inverting output and a
sed@PRInonlni Athertfeatyresit pufilterving diegimation sraditel receives an
i nverting output comunicates with the first

outmdrof ithey eemipaatonaduisn dAt least see ohthendifferanceramplifier module,
out put communi cates with the first inverting input; a

the tihtegatoanplodlis rghdrehascérapartpl ichydulg mawideg ahé hdifférential
inverting input, a third non- inverting input, a third

transNSeddrite SAHpMEr. and a third non-inverting output,
wherein the second inverting input communicates with
th i d RO[+4 [ S ad : :
ot Ter ¢ raeRRleh BB ¥ araplTRy CERRIY qomprises firs

n

I avert | output:..a fourth Lifying. neans_.far . :
amplfi6 POTty ton g Saving 3 RIS INBUE. @ £ cupripverting
_ non-fi nverti nr%/i n&ut, g faourth inverti ng output and a .
INPYoAMTRt KR BH AU @GR 3'&%", NOHWEEINY PHPULoERGANd amplifying

I nverting output communicates with the third
meatenfarngplifying hevingua sasendhievedingt inpubna i sagcendi men-inverting

out put communi cates with the third inverting input; a

inpuftj astecbaddbeerkingeansutf and prsedodd ngr-eeditingkotipat, wherein the
conmuni cates with the second non-inverting input and

secbh@ iPRFENG duimar ddrshulitarsl with thecRstnbessiRatkg i(l;?uht and the

nmeans for providing feedback that communi cates w

secbh r’%%@iﬂogdiingvﬁtﬁt hf‘?pﬁMlcatggquW%eg%Fé:trmvertipgrinput; a third

non-inverting outpu rd feedback means _
o s GPCRRI KRERBTAT USRS SR DB B b, non
invefn?ngtlnhpuftfegqﬁﬁrlgkln\%erﬁﬁg ofu%utpgnoc}/ia%r} rfo%?i%?/grcfhlgt gu tput, 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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conmuni cates with the third inverting i nput and the
first non-inverting output; a fifth feedback neans
for providing feedback that conmunicates with the
fourth inverting input and the first inverting

output : and Si, xt e ack me f.or I OV
meaﬂéefﬁsQE%V'?'Hg?e%ﬁ%ﬂh{h@&Cs@wfe'ﬁatﬁﬁémﬁbm%” 18684 ierting input
non- mveré)l ng _outetg{ and the first non-invertin
ando{ftep SECOPD A NVE Qwé}UtFPléat&UrtB'éd fereback Jreapyy fgééﬁﬁlﬂ'd'ng
f eedback nmeans conprise first and second resistance
feedhaghsthagr comewiniiaies reidh shantherd npedpeartingeinput Tingl the first
third and fourth feedback neans conprise first and
investigpndutpugsiast fmoth nieadbaélor n@amgi dongproedisg afeedback that
respectively. The fifth and sixth feedback neans

confraurptateeswith tisd tRRA irhReigl inme i fHdatheeie adS-ih\érting output; a
provi ding resistance, respectively. [0045] A

flftthbSH@é(,[ReHe%r%n@l O\tn@lng; @éd@%c@?ﬂé(teéérﬁh&\@éﬁ%é St t fourth

differenti al tra si npedance anplifier. The Sigma-Delt

mve?tlr_l}_gc; (?r?pL}t ar% %é afirst W@‘tﬁr{# %'[erlﬂm H?eg sq Rff’:e %B%Sk means for

neans 10r anp udes one

prov @RS redBhe Fi arRriniaEs kit Ll G BT td Sgfbut and

the difference anplifier nmeans; conparator neans for
the fghpanriiAetiRaOUREei ves an out put of the integrator
means; and digital to anal og converter neans for
cofe44]i ngint ldbe oeatuiesattbe Wirsth aad secpod d&dedhidos means
conparat or neans and anot her input of the difference

conprgki ffiret amansecdhd[ (G8diclance ahbans f éat upesidifig | resistance,
and decimation neans for filtering and decimating

resﬂé?;‘?i%?{/eSTﬂg BHEPAR fQirtH ?@edﬁ@&%@bﬁé dRHHse Mt R Eecond
one of the difference anplifier neans, the integrator

resigﬁfﬂgér@ﬁgl glhf%tr?any n[gigESI anblrb?ﬁéé{%ﬁythﬁhe fifth and sixth
feedback means comprises first and second resistance means for providing
resistance, respectively.

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

to analog converter means for converting that communicates with an output of

the comparator means and another input of the difference amplifier means.
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T e
[0047] A transinpedance anplifier conprises a first
operational anplifier having an i nput and an out put.
A second operational anplifier has an input and an
out put that communicates with the input of the fi rst

OPROBT o, BB B 14 chEFUIRE PR R an

o erational a Ilflker ?nd anot her end t;hat
[RCAINES ANt PULPHE Of SR GOMRATAIRAMEARSt Aplaast aneapf the
anplifier, wherein the first feedback el enent
dlffelfeﬁfimag@@,“f@rfmegﬂs c Higadntearater meanscend theegpaprator means
el enment communi cates with the input of the first
incluges thei diffetendiaplirafsimpedadcanatdlifier.end t hat
conmuni cates wth the output of the first operational
ampoo4rler . Al @#8Impedarideerarhpifidir @dmpriessefofitst operational
feedback el ement conprises a first resistance. The

am;mneshaomga@n iR sh Wgsuta X akcaRl ®pethisid ahgsifiel P&s an

first feedback el enent conprises a first resistance

|np4t @gra?ml 581 u\f"'th?t Egﬁrﬁuﬁuéétesc\?ffﬁccbéaiﬂéﬁ o?r{ﬁesfﬁgf)ggeratlonal

ack e enen t‘ance

ct ance. f| rst _.capac e,
am@@ﬁ{;rﬁggé* g Back pRin e RESI G heR coniun RS A nput
i ng one end that conmunicates with the anot her ends
of tBe firlo opeTationah AERIBEDANCH aBelbatiens! thatreamewaicaies Néth the
end that communi cates with the output of the second
outmpeohttherfitsst aperatiorel . armptfidr, rehereiredbactkrsel fergback element
further conprises a first resistance in series with

conmiphigebia fitst wapacitirawe A secbrahfegback lfemént séveishicates with
feedback el ement conprises a first inductance in

the ﬁ’f%lﬁ' d)feihe\’\fntslﬂ FPeFSisHH arﬁﬁﬁie?té?%cSnotﬁe?'é‘ri‘oeﬂ’%itécﬁﬁmumcates

arrp ifier conpri ses the transi rrpe ance arrp ifirer.

WIth[tﬂQﬁﬂtpLﬁo?'tﬁé“ﬁrsg% ? tﬂm\;@ ﬂ digital converter

rises t renti a ranS| npedance anplifier.

T BB, O R S oS R SR e
resitsta%tce. 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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receives an input signal; an integrator nodul e that
communi cates with an output of the difference
anplifier nodul e; a conparator nodul e that receives an
output of the integrator nodule; and a digital to

soofRE N BRIy CAREBETRILT Aol h BBl R Fhecong
SRR (N A TE oM A

out put of the comparator nodule. At |east one of the
di 19%4Ync A apignpileeitapanaleg tq ndigitak prweder neampases the
and the conparator nodul e i ncludes the differenti al
differentiali ineodunpedannel idmplifier] 005he Aigmar3éliteeamalog to digital
anplifier conprises first anplifying nmeans for
converper Eyrnpdsdsia diffesandenpirplifiend nraluta thatt incloeleenshe input that
anplifying means for anplifying having an input an
receesPHh MputidigrialC aATMIBLFRbE A oduld tHal Rohituhicalest Weh an output
first anplifying neans. First feedback nmeans for
of tff Bt et L REE ol R BardfOf michBle SRTTUECIGEL SR output
[ n t mmuni.cates with the output of the.
of 17 HBatof oA g BRI Wbl arelod' coati i s lRicates
. conprises first capacitance ans for providing ,
With SR RPN ok thE SoamISlardaBaule. 2Baraatae! SRy ol ing difference

f eedback having one end that 17 comunicates with the
amplifipumogiula.he first anplifying means and anot her end

that communicates with the output of the first

amp00350}i ngnnethes .fepld&L)] alfilteotdrel deeimtatiors mddude seceings an

f eedback nmeans conprises first resistance neans for

outpit @Y tl BEMpaRdtsE midkiale. TREIeBE! She 6RARCAiHfARGR BRAPFier module,
i ncl udes vari abl e capacitance neans for providing a

the ‘égfei B PR RRCEhe TEEmparatdr r@(gdriﬂ@aﬁ\lél N$he differential

rises first resistance neans provi di ng

trangmét}ﬁ'&%earhﬁliﬁer.

[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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parallel with the first capacitance neans. The second
f eedback neans conprises first resistance neans for

providing resistance in series with first inductance
means for providing inductance. The first capacitance

con i URY Y5¢ o3RRG MRBFEd Bt eno

neans for vi di n i st ance havi ng one end that

comypiGAes Vs G QwPEHel BrdiAmelbadieehs 11 rst and
second feedback nmeans and another end that _ _
cok@RRR]c at Bsothier Hephses uthsuseasnd: fredbasl maeanpicomprisgs first
nmeans. The first feedback neans further conprises '

resistanse meansstaimeevidisgnesistanger olielfire capasitartcenmeans includes
series wwth the first capacitance neans, and wherein

variable sepacithnckeaitizmsk fore previdingpd i\eeible rcipacihanes. anThe first
nmeans for providing inductance in parallel with

fee @RRRNEhPSI éérﬁ?ﬁgem@ét&é‘s%arw@vﬁ&ar@fcsreﬁrosmﬁgefesfétance in
di fferenti al ransi npedance anplifier conprises th

parz%lfe"fmﬁlhﬁp St ad‘%ﬂa'cftér%e mBaRs] Al gé?co%l Y8 LK neans
o di converter conprlses the erentra
trans danc ta anal o
con B8 HRE SRS GrRE mease i Pvdi ey d erﬁé@ i ioGeneuiie frst
for anpli f|¥| ng that_ jncludes one input that recei ves
indugtancen fpeay ﬁﬁgr PrioNicig dPEKCIRRSRs fdte ifitle gRRAFHR N GEndeans
communi cates with an output of the difference
compiisesf vaiiahie seapacienparmeans fos prewiding er vetablar capacitance.
that receives an output of the integrator neans; and
Firstli gedistancé o nmeahogfaronwevidarg messistahos ¢|amn@rtd>mkg iehdt that
communi cates with an output of the conparator neans

confidniaa@isheith tHeParothEr EREs Bf fHeeArsng®d 38Bdnid feldbBBRASeans and
[0054] In other features, filter and deci mati on neans

anoime"r drid trat 'cBerﬁchat@%%EﬂHé‘SutrpﬁF ef ﬁ%brﬁ)‘d?@%fyg{r%rgeans.

he con‘par ator means. | east one o
Theamg{ zlgéréa gﬁgs 'ftﬂ%ﬁérnéo(?!gﬁlffge%rflgF?gs%st%ngtnqgans 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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i ncludes the differential transinpedance anplifier.
[ 0055] Further areas of applicability of the present
invention will becone apparent fromthe detail ed
descri ption provided hereinafter I't should be

undrst odth ta|I [ ndsecn‘ -
el o o arinBitha el 8 EJ%@? ?%r@ 8%%%@5 digital
the i nvention, are |ntended for Qses
to 51’13!995??%‘{5? ’6‘&?953% cgpyertipg that %?1 nieAtes rW'fh AReoutput of
scope of the invention. BRI EF DESCRI PTI ON OF THE
the prmperdsr MEERe]anthangihesiaptt phiherditfeienge [ampdies means: e
fully understood from the detail ed description and
t h¢0@®4Jonpngthey fdaturesgiiitervdred dienimgt@db AedrisGor filteaind and
2 are basic circuit architectures for a current-to-

deciradtirap eecdivesaa@osatipnf of ahé wniparatoramban$ 00&Bledst Ghe 3f the
and 4 are basic circuit architectures for a

diﬁé’r@h&@gﬁn’:ﬁ)lﬁ'rervr‘hbbﬁgetﬁré AnRGFABAIgars® ahBether b@ﬁ}p@"rétbr means
is a basic Circuit architecture

I A di h
mc'%ééﬂ SR L e 5 enr
TSHUBREY BB "o AR, B BT AR
TI A accordi ng to the present invention; [0062] FIG
becpgearpargAtremdiee qﬁégu%d%wp&@ew ayidgd th@f‘?'ﬁéﬁ%fr e%éh?md be

invention; [0063] FIG 9 is an nth-order nested TIA
undamio@@litlrn@t the detailed elesatiptiomaedtsipesific 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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[0064] FIG 10 is a first-order nested TIAin a
differential configuration according to the present
invention; [0065] FIG 11 is an nth-order nested TIA
in adifferential configuration according to the

r in tiqQn. [0066].. F 12 1s,a,.9ra f .
x0T, S SHun AR PPl et d I 86 FepSgeipgs, couplec
[[0067] FI.G 13 is a graph of an exenplary

to agﬂ?\n?%%?famgd‘mhe&w%& eristic for a first-order

nest ed TI A'@g0068] FIG 14 is a graph of an exenplary
gail®08&Hndwr §-h7 tshar festwrder inestask TaAsaewndingr derthe present
nested TIA, [0069] FIG 15 is a first-order nested TIA

invenition; capaci tive cancellation of input parasitic

capaci tance according to the present invention; [0070]

FI @068 i sFEG.s&dordsecsiel-orstrasktdd A 1M ddvot@ingciot ineepresent
cancel l ati on of input parasitic capacitance according

invdr@iohhe present invention; 20 [0071] FIG 17 is an

nt h-order nested TIA with capacitive cancellation of

| e P08 B s SRt 1A ROl IR, prosent

inve! ioa. differential configuration wth capacitive
cpg\HE'el  ati on of input parasitic capacitance according

to present _invention; [0073]_FIG 19 is a second
or &é&eﬂest £ Hous's fHS*d‘PﬁdfeéF‘@ﬁﬁ"]aT'A oardereatiabronfiguration
capacitive cancellation of input parasitic capacitance
accg) 0 g presentiaventient i nvention; [0074] FIG 20
illustrates the first order nested TIA of FIG 7 with
[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 s 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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addi ti onal feedback resistance; [0075] FIG 21
illustrates a second order nested TIA of FIG 8 with
addi ti onal feedback resistance; [0076] FIG 22
illustrates the first order nested TIA of FIG 15 with

LIS EIEREP R ol BB e A Yl %ﬁﬁ&%@ GAneglation

an additional .input capacitance, feedbac
of '%ﬁ@@ra%?&%ap%qﬁf&npéé&sa ¢ lasihe Rpsent '”f'@ﬁ)‘*fé] FIG 24
illustrates the first order differential node TIA of _
FI @072] wi k.alB idaifirsloprgler ingptad EHpiratdifierentipbeemimskation
capaci tance, and feedback resistance; [0079] FIG 25
withi Ichpatitia¢ esaraoellakenpbfaiypudi phraditicv eapgsitamne accodiimgy ta the
preanplifier wwth a nested TIA according to the
pres¥rRs®vgntionyention. [0080] FIG 26 illustrates the
first order nested TIA of FIG 7 including an opanp

of [8073) StFepnfidusatd Abcord P Indstéd 2iA in a dlfferentlal
|Ilustrates the differential first-order nested Tl A of

conﬁé&a{uéﬁ r\%{hcééﬁéc{l‘tg«&a%ﬂﬁ#%ﬁ&ggf |n|%|ut fé{;\gtﬂécgé? [%a‘b‘?t}aﬁbé %'i:cordmg

ord E sted,. TIA of FIG 26 including an opanp of a

to ”%%BE%?“ WPPHQ’P’atl on; [0083] FIG 29 |Ilustrat es t he
differential fir -order nested TIA of FIG
i ndPOtIng &I d?pf @Hé‘rﬁ@t‘leél thep iy ender H@%%QZO-H& Of FIG. 7 with

configuration; [0084] FIG 30 illustrates the
additioniaé fessibiagk résisencer der nested TIA of FIG 10
including a differential opanp in a push-pull
corfo0 sy at Fih,; 2fl G0Gsttates Gs .seddr@drdbowestddamiA yofoFIG. 8 with

gain curves for first and second

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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stages of nested TlIAs; [0086] FIG 34 shows a
functional block diagramof a power supply for nested
TIAs; [0087] FIG 35 illustrates and exenplary LED
drive circuit using the power supply of FIG 34,

R Falegi.zzzf@s%ﬂag% A AR BT,
2 TEA e NG e B e Pt i O

differenti al doubl e nest ed transi npedance anplifie
actMRIng FI6 2&Wpskatesribedirsteridennestee TIA dflén‘slﬂﬁemcludmg

[0090] FIG 38 is a sinplified schematic view of a
an afignhe ptatseabnadwphfifurationnest ed according to a third
enbodi nent of the disclosure; 22 [0091] FIGs. 39A and

39E83] schk3moc illuseatesofthedi differeatial afirseoier nested TIA of
si ngl e-ended transi npedance anplifiers, respectively,

F|Gh@7iirngu@sn%s feaintiaNop&APas th®setdshdcdRARASMHN;! 0op;
[0092] FI 40A and 40B are schematic views of

diﬂ{g{)@qﬁ”“ﬁ' G.2ne nF}sﬂgrees q Qeﬁlﬁaﬁeﬁ%%ﬁﬂér%ggﬁi&pﬁg%ﬁeﬂA of

I'ers, respectively, aV|ng an clrcui
are sche Vi e
Ficy! P i udihiR d'ﬁﬁaeng'aha%mpéﬂae%ﬁwﬁﬁﬁ? he
ers es ively ng an LC tank ci.rcu
agﬁba’&&si s‘t:'é% fhgér%‘%éd |2{ gfo%'ﬁ‘ GH¥eP EPhQF%t@ft%éeCO”d
present disclosure; [0094] FIG 42 is a schematic view
stagsfs efmested® M s:i ve enbodi ment of a transi mpedance

anplifier having an LC tank circuit;
[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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[0095] FIG 43A is a functional block diagram of a
hard disk drive; [0096] FIG 43B is a functional
bl ock di agram of a digital versatile disk (DVD);
[0097] FIG 43Cis a functional block diagramof a

A A e B O3 o

95%093% FI G 43E is a functional g % g
singlesended riratsimeedanes GoTPIeEs, zﬁa@ep Velvs ha PgoﬁaFOfﬁpseﬁat'on
di ag ramof a set top box; [0101]] FIG 43Gis a
Capﬂ@lﬁﬁtln arfapdbadickooli agr am of a medi a pl ayer; and
[0102] FIG 44 is a functional block diagramof a
Del[@00823i gnfelGmad@y and 4Riaral scdmmatia eiewARE) diffegential and
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
sind @-éAded Hestddtraavimeddese ramplifiens, akespaetivelyfreavirgglan LC tank
enbodi ment (s) is nmerely exenplary in nature and is in
circli® Way intended to limt the invention, its
appl ication, or uses. [0104] The present invention
GSHES e [ t A&y ;
iduc‘iﬂ It:ItﬁesAs ?ncf ggeeért%nt%géwr%%{:he g%lgﬂbgtgﬁ%ﬁmaﬂﬁrkmgle
oduct. are achi evbe sting” a TILA within . .
end%ﬂo&raneﬁ'm?reﬂanf% AN RS rrpeChiRY F'awap afiLte bk cirouit and
| ements such as feedback, resistors, capacitors and/or
re%ﬁ@&mth&r feedbaetloops %Cﬁ@rq"?ﬁbtﬂth&rﬁfﬁé?” IBHABUS des of
the TIA In FIGs. 15-17, capacitive cancellation of
t hg009uUt Di3.o42 s @ sehsamaticaview ofsapedernatve ¢mbedigaent of a
20-24, additional feedback resistance is provided. In
trans|rsed & eaardpifer having ambh @ tank circuit;

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

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

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

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

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

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

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

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

digital converter (ADC).
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f eedback capacitance is provided. [0105] Referring now
to FIGs. 7, 8, and 9, a "nested" TIA is constructed

by addi ng opanps, feedback resistors and/or capacitors
to a zero-order TIA In FIGs. 10 and 11, a nested TIA
may al so be constructed to operate in a differential
nmode. [0106] Referring back to FIG 7, a first-order

nested TILA 700 is shown. _Referenc

2 BT AILER PR SERPTIONIOF difie FRF K RREa EbfnbENTS

The TIA 700 includes a conventional TIA 705 (al so _

ref@t@dd t Bherdobowings dgscrptian obriher prefempd ambegiment(s) is

710, and a feedback resistor 715. The feedback
merefsesdraplary Ib nayrebendh isstrandawaly frterdied &b lisnitr el Bivention, its

a nonlinear variable resistor, or an 24 MJS resistor.
apphicatRipaor Lees.720 is al so connect ed between an input of

the TITA 700 and ground (or virtual ground). [0107] By

neg ﬁ’l t h?hJ';ﬁeb@ntt [HventiBR tRidredSBY ﬂﬁée'ﬁ%ﬁﬁsfdrnnél*é%smg the
gal n- ndvvl dt'h product may be realized. For exanple,

galq E§Pé| it P %&%t st Aesd wnA J\%Q’nerﬁ}s ge al%wmtgog}oduct

nay Achi Sve ' APhand
of the

reshaol d,fregue fT. r ents.,.
are@camamedg 05 & S Raianang” ﬁ.\vint%ih% SHo{dsmggditional
greater than the bandw dth of the correspondi ng
circaié eteroerfersuth/as feedbatk rsiwps, Rgpradiors @nﬂrq;sopamp%ﬁff added
13, graphs illustrating characteristic gain-bandw dth
on dhe viepuf anddor eubputr detesTIoA thad TéAS i rist FEBslerl Snkkt edpacitive
TIA respectively, are shown. In general, a higher

can¥allat®nobf @Rk Ninbat arsasitiatepacitbide ds Ipmelﬁemal ue PIGs. 20-24,
bandw dth, and a | ower value of gain is associated

addYﬂc}n'éLfi‘eecméHReFes YahHE 9 Pandul dt ik Fidbs 9@'5hd°\24d€i’rﬁﬂ>6teé’nd/or

as the output voltage Avo divided by the input

fee %ndf&g’déﬁa““# & 6r¥>9|o‘é@| ly on the order of a few

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

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

order” TIA), an opamp 710, and a feedback resistor 715. The feedback resistor

715 may be a standard fixed-value resistor, a nonlinear variable resistor, or an
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thousand (i.e., approximately 102 - 103). A typical
range of threshold frequency (fT) values for a 0.13 m
CMCS process is 30 Gz - 40 GHz. [0109] In FIG 12,
three exenplary characteristic curves are shown. A

a|n val ue..yi s _a_ bandw val.u
MO S o e rapaEindd 720 3 sk G 6P B BeRian nmud o the TIA
t he bandvvl dth to a imately 2 GHz. Other val ues of
700@@9@9% &%rnﬂwa'tgigﬁf‘gi(pos& ble. For exanple, a TIA
have a characteristic gain value that is higher _
10Me BXineshng AbanT IAnINANGg manngfd ingpieyeav@nds in the gain-
that is less than 1 GHz. A TIA may have a
bandWwaitapretic may bairealzdduerohexamplel, tiveefirstionder nésded TIA 700
m ni mum gai n value shown in FIG 12 and a bandw dth
thattidls MO hemisBtorst Map sehidie aAsareavidivetrapns e0%t-e20% of the
the bandwi dth varies as an inverse function 25 of

thre§RGIB- fre-a"de%c YPCTAN AR RBréin®d hhriddvidth thBEis approximately
NS

"spread e spread i's greater for TIAs using

flve%Pé??fmcﬁ Qr‘?‘eét otrhe é%ﬁjvs}i' hrkg’thé 8trak JJHcﬂﬁ z‘é -order TIA.
48 T e §Birg5p ferdgrd

trans I'S € nee nprove

ormance IS RLongunc wi_th MOS .
Eﬂ'@ ¢ or SRS WOW é?Tn'P'F%ns o‘?’% q%n@ja‘pﬂ?e llustrating
exerrpl ary bandw dt h val ues shown in
Cha'E?@F@W%‘Cmbaaﬁwl%\ﬁéweéafﬁﬂ\ﬁ e %@%fnﬁ@\ an% anfﬁﬁbordef nested

practical applications, bandw dths on the order of 1
TIA r¢spectivelGHareasbowno Inog:enarahya apgharoalue s, gadndh asagciated
an OC192 fi ber optic receiver, require bandw dths on

witht & dowwsidesiuefof aridwidth, RBindaandwérn edlae fadrgdin ¢haspesidted with a
hard di sk drives also typically require bandw dt hs

my{;’?%‘él &\M@thorﬁﬁé Ig‘éfnnég%fgfrg?éﬂ QA‘%"EFEe Bﬁﬂgp%'i K/b@gé‘ﬂy HRided

| rst-or ypi cal~ gai h
o TSR R R LY e o
thou-gaﬁdS(?g bauplplrcgi)?lmately 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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upon the first-order nested TIA 700. Reference nunbers
fromFIGs. 4 and 7 are used in FIG 8 to identify
simlar elements. The second-order nested TI A 800

i ncl udes an opanp 805 at the input of the first-order

nested TIA 700 and an . o 3 at_the,output of the

of 9B} o This A Gt alc i Pole B3 T8 4% Rackeicaiar TrPetniBagy Sreater
esistor 815 is also added across the input of the )

for ikfasnﬁs'S‘QSM twlstg@tw tor tlAs %nglléf juietion transistors
exenpl ary gai n-bandwi dth curve that is produced using

(BJipe déwendhermead trednedove MedoAi Bardvadi iperfermeanced.is more
For a typical gain value, a bandw dth of

prorappoexiwittt MQS 2@n&ldtonsdlyam evithdi Tetredsis{odd.12] Referri ng
nowto FIG 9, higher-order nested Tl As may be

coret 1oict ethdyesaaplagy adaidwidthalalopsn@sovamdnf eegbagk do not
resistors. Reference 26 nunbers fromFIGs. 4, 7 and 8

i35 € ' il s ST T | I . i
oo cypfatals By Bekgiteritys T torf 61, spftaions

ban?\%?da'{@%gn% ofd off £ %?-Ezagﬁ ?ﬁ—gﬁ; ?Fheotroo%\%‘. I\I/Ién)'/ %gﬁ%ﬁ@?lﬁ?such

eve hi gnher Vval ues O er daln or

or )., by repeating the techni que of the presen
as M RTIS 08 QB re N EnaSartS CTANTE e Brag o 10 GHz
decreases as additional nesting |evels are added due
Preaephfigrasior inigfrspeed diadd disk saivesl aiemdbypierllysrgsitiieoRandwidths
general, either the first-order nested TIA or the
thatsaieond -tbe dedenef tsevemal AGkizl | Refareng yngw deifde. 13, a first-order
sufficient performance. [0113] Referring nowto FIG

nesfdd, THA cit fd eypiadl i gdin vailee hayshaws debanésided of HpprdQftately 10
is shown. Reference nunbers fromFIG 5 are used in
GHEIG 10 to identify simlar elenments. An opanp 1002
I's connected to the outputs of the opanp 504.

CEOPER, RIS RPROERSLo GEcaNgoEARELEH A 500 uics
upo%%glfllrssi-grBeF Hgst%@aFfB\ ﬁ&zRe@rgngginﬂhbers 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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bandw dt h product of the TIA is increased. [0114]
Referring nowto FIG 11, a differential node

nt h-order nested TIA 1100 is constructed in a manner
that is simlar to the nth-order nested TIA of FIG

e 2168 10505 oL BT o200 aRE SR bment.
o SR AR AN IR EE S oA BB anc

ai n-bandwi dth characteristics for differential node
feedpask rgsistayudta.ant isappssillientol aghige highegalaluesaheithert pain or
characteristics shown in FIGs. 12-14. [0115] It is
bandetdél (draboth)e byp aepsatinge dhé nteicheiques toé dthEl Adresgnt invention.
enpl oy either bipolar junction transistors (BJTs),

Hoveeh, te gfitiendinoirtaeniidait (deafsdses2as baniohat REStindlevels are
met al - oxi de- seni conduct or (MOS) transistors, such as

addga/fafée% pPLSHERJid Bl 3 @Eased PEWRF BfRIJR cfﬁ e%ne Rl AL %lther

of the invention use MXS tran3|stors to practical

the ‘ﬁ%{%rg&r ?lte'sf%ﬂls T?ch? e § rd@%@{%gﬁﬁﬁﬁmdus&ql&t SFOVIde

onstnpt i on charac r|s iCS ertin
& rtFIG 15 the first order nested TIA 700 is
su gWemp{rﬂag%l tional feedback capacitance Cl, which

substantially cancels effects of an input capacitance
cPIOHE3]: heReteping oow ieFipahy a differgniialirapdptrgt-order nested
capacitance C, has a first end that conmunicates with
TIAat000npushaivnt hRetgpanpe 4lnberadremskel€bnd aadugdthin FIG. 10 to
communi cates with an output of the opanp 425. [0117]

iderfef eMmilargelenwrite. FAG opknp tI0@2sieceurthertéte to NREt@ApdisAof the
800 of FIG 8 is shown with additional feedback

opaﬁ?ﬁg@it FURDabk rasidtdrs 10081 &iH 15995atr@r5dn"f\lekbéd°ﬁﬁﬁﬁ%bts of the
fects of |nput capamtances CP, and t
fie d spec e

dlfféfrgrﬁ‘tggban‘% capaC| 6[8 o%ﬁt oGF {Paee tog\éﬁ*py 1008 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] It is noted that the opamps used in the nested TIA may employ

either bipolar junction transistors (BJTs), such as gallium-arsenide (GaAs)
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that comuni cates with an input of the opanp 415 and a
second end that comuni cates with an output of the
opanp 425. The feedback capacitance C2 has a first
end that communi cates with an input of the opanp 805

and a second end that c ni s, W th an output Qf
tranBiord  BF St ooS BE Sl coBR e OO ra s PR, ST B MOS or
nth order nested TIA of FIG 9 is shown with
BICK{P t ransistoreedbr wretesres emhosiments eb the invendign ase MOS
whi ch substantially cancel effects of input
transistrrsi deddespraplicalceonsiderations dsuchNaateasee of imauniwfactfre and
opanps 415, 805 and 905, respectively. The feedback
betteapawet aocsurGptiorhalaractdrissits.end t hat conmuni cates with
an input of the opanp 415 and a second end that

confomgicat Refeming sw agt PG, b, the fRpaERici2RestBACTIA 700 is
feedback 28 capacitance C2 has a first end that

sho®AMWHAI 68k &enY tfgb(ﬁﬂadknEélbacﬁfank@ec‘?,pwmcr?%bsf'é}ﬂiﬁfe}y cancels

second end that communicates wth an output o

oreGRAT  n LERAE o SRRTFL B0 SRS 435 o

and a second end th ommuni cates w,th an qutput of
caphierisetin R8 20Tt B B2t RGP T RGSaatt 8n Akt O e pRemp 415

first order nested differential node TIA 1000 is
andshsePnd emd Hidiconsnanicatesantt /n eapudiof dre oppmpA#D- C1B,

whi ch substantially cancel effects of input parasitic

cafp@titlancBsfedping anosv @PFIGL 16hthe sequrtds oodertested TIA 800 of

differential node opanp 502. The feedback capacitance

FIGC & ibash@wn f witet agditiohhlafesdatuncapacitaineet hCanahdp8t, which
of the differential node opanp 502 and a second end

subktntia®p @HH@éIC%fz&ﬁls \rl18ft iH&@P (igb‘éd?fé'hceg ¢headd Id 8" f&the@hputs of

node opanp 504. Fl addi t1 onal capacitances

v AR P O ety AR L T BB kbt en

that® & r%%wll}n?ga 8§’ 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 Cp, which
substantially cancel effects of input capacitances Cpy, Cpy, ..., and Cpn 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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CP2A and CP2B. Higher order circuits use a simlar
approach. [0120] Referring back to FIG 20, the first
order nested TIA of FIG 7 is shown with additional

f eedback resi stance 2010. The feedback resi stance 2010

capdffarersofon st uhd POl iRbSRad bl afihd g 5n opbit sos

communi cates Wi th an out the o 0. [0121
andR@fs&cpnﬁgefafio\h%toC@m@umﬁe% Hlé'”bé‘@oﬂ‘dt%HF@é ke e%cg 11Q- The

of FIG 8 is showm with additional feedback. .
feeqhagkstanacianad @n Tae affusiend khataonmyntcatewith aminpat of the

first end that conmunicates with an i nput of the opanp
opadid 908 arskametoadceraf tHdteconeausicatesewi Hh ootput wf dhe epamp

with an output of the opanp 810. 29 [0122] Referring
g10now t o FIG 22, the first order nested TIA of FIG 15

is shown with additional feedback resistance 2210.

Theg Eﬂuﬁﬂd baREférﬁﬁ% FoANEEF IS 43 tm@ﬁrs@ of‘dérﬁﬁes@é‘éj difft#éntial mode

nicates with an input of the opanp 710. A second

h )
T'Ae?ﬁoo o%%‘ﬂ%%@haz&%%%?%fﬁ%%%%@?&?ﬁrgwﬁf A Gy which
t d Tl sh
subafatnﬂaﬂhﬁat*@%'aﬁﬁe&ﬁ ol Rare it babrcIankes: Candodcees at the
and feedback resistance 2310. _The input capacitance
input o dke diffarestial snede RaaMPe®-v E5ednedlbiilt caraciaare on has a

the nested TIA 700 and a second end that conmuni cates
firstvérichthah compugnicaties oytiman #1irdit of tee diffedirtizk megeacpampdd2 and
CFB has a first end that comunicates wth an input

a s@dorepand tHdtScanmhuaictenitheard oLtpalt of ahandifferahtisl wotlB opamp
one end of resistance 715. [0124] The additional

504 eqdiraek 198 HagitRPee Sap é&P&HceQ"JYQ Céﬁé‘r@gsareaﬁgéé’cﬂ to a second

f eedback capaC|tances can al so be addet

ord8 bifr&itiz ModPFead 5 L&GmAkAmanner to offset parasitic capacitances
Cp2a and Cpog. Higher order circuits use a similar approach.

[0120] Referring back to FIG. 20, the first order nested TIA of FIG. 7 is
shown with additional feedback resistance 2010. The feedback resistance 2010
has a first end that communicates with an input of the opamp 710. A second end
of the resistance 2010 communicates with an output of the opamp 710.

[0121] Referring now to FIG. 21, the second order nested TIA of FIG. 8
is shown with additional feedback resistance 2110. The feedback resistance
2110 has a first end that communicates with an input of the opamp 810. A
second end of the resistance 2110 communicates with an output of the opamp

810.
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Referring nowto FIG 24, the first order differential
node nested TIA of FIG 10 is shown with first and
second i nput capacitances CINL and CIN2, first and
second feedback capacitances CFB1 and CFB2, and

R SBHRTERAER RE  cchhiB o i v
G AR B et P s 221

, P 502. The feedback capacitances CFB1 and CFB2

hasr?aﬂvré end shatgammupigatecwittnai ibaeteofihe wpantu? $0.0A sgremd end
502 and second ends that conmunicate with first ends

of thyf rasésiantend2 €6 co0DBuRinates 00 am estpedt of tred gparpr&t0. and
second feedback resistances 2410 and 2412 have first
ende123jat Referdogmeot wAFI® 23)1the Sirstnsrdes aesed TIAdsf FIG. 7 is
that are connected to outputs of differential nobde

sho@PAMRh 1Pt pacAInSd e(f}ﬁl g@éshtﬁ%kag%s&%aﬁbsdc E{(hgnd feedback

f eedback capaci t ances 15 feedbac

resiSERES! q@esr He b@%&gé%éé)ncg% hagpauﬁrs?gﬂd tﬁgtdlké%‘éhles an input

capaci ances use
econd nth order

. C atig

S'gnﬁ?féor ARt FIA DR S B pig tfer .S RR rginpu
to FIG _25 an exenplary disk drive system 2500 is

of opRBI* 1S The'eedbackarandciinee Cre hes acfistand thatieommanicates
wites to a disk drive 2514. A disk drive read

withcan vt obepamipritluard asespad gnddhatenmmedidates withaone end of
nested TIA or nested differential node TIA identified

resigftan2®205. whi ch i s inplemented as described above.
[0127] Referring nowto FIG 26, the first-order

nesyezy)T! ATH@%d@TtloﬁlaﬁeedBabﬁ ré&@t‘ﬁﬂcé@%ﬁgi Bﬁ)eﬂzlt“ahfzé& and/or
i npl ement ati on of opanp 7 amp 710 I ncl udes a

feeébafc‘fitc FtahedLka GQQO'Hé &‘i £ thd '?dlf?eréﬁﬁéﬁnr‘ﬁode d TIA.
SEPEG ? e *? de Ny

tranS| gate o I'rst ranS|st

Refglipg %&F%PYGWA? tﬂg |P§{tor8er @f%ren%a o e nes ed Tm%f FAG 10 is

shown with first and second input capacitances Ciy1 and Cynp, first and second
feedback capacitances Crg1 and Cegz, and feedback resistances 2410 and 2412.
The input capacitances Cin1 and Cinz have first ends that receive input signals for
the nested differential mode TIA and second ends that communicate with inputs
of opamp 502. The feedback capacitances Ceg1 and Cggz 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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second transistor 2602 is driven by a bias voltage VB.
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 transi stor 2602. A first

{ ﬁl"-i?é%os R r%é’é%%“fﬁé:*ssﬁ%c 7idp s o 18-
19) SB5AP3Cl T BRECa? T ies cfPBdh B0 S trAN e bk apapaciances

C£0128 Referring nowto FIG 27, the differential noge

(FIGs. 23ranst 24} carpbe eged fn ANy Goobinatione®n fitsti seagmewn . or n' order
including a first inplenmentation of opanp 1002. Opanp

nesteiOPIA arnd/addifeaeritial snode dsi st or 2700 i n conmuni cati on
with a second transistor 2702. A gate of the first
t r 0263t or REfEdAing $1odr iovEIG. [B5, citeexemhplaiy disktdrive Sstem 2500
differential zero-order TIA 500. A gate of the second

is sﬁé\ﬁﬁ‘% FNid2 4 Qs ridh Wi cirduit 2500 Bfat \WHtb 84S a\disk Brive 2514.
first signal output of TIA 1000 Is taken at a node

A d%ngFl%tréQQ rﬁuﬁ@ﬁﬁ@ ltjdéshg pr AT b%gﬁ%&ﬁh%lt@?%%s\%& JFIA or

e secon ransrs

st fifere Pl Fiedy T1a dBMrBhf oad Rt B Fpgmentéd as

2706 i s i n comuni catlon with a fourth transistor

desoritord alo@it e of the third transistor 2706 is driven by
the other output of the differential zero-order TIA
500127 ]gat Betsirringn@moioter E15.t2Gtbe dirgtirordgosesteddr iA €00 of FIG.
by VB. A second signal output of TIA 1000 is taken at

7 isahowasancladimeca firg implesoentatorodbf dpamp10d Opampi Bt®includes a
2706 with a drain of the fourth transistor 2708. A

flrst&moﬁ 260Nk SEPsORit? BlEecHMEaRsIElor B0 O GatB O e first
of the second transistor 2702. The opanp 1002 can be

t
tran@%W%bO’Wst Brl@ergb it %?gfflﬁlttyo(f’tgé RYE-oVGE2T | APPWET A ga_l% of the

supply options ar elow in nore detail

secgllwé ttr% %E‘iéraéGOQQ %”Sulwe%‘bﬁ?% bias voltage Vg. The signal output of TIA

700 is taken at a node connecting a source of the first transistor 2600 with a
drain of the second transistor 2602. A first current source 2604 draws current
from a source of the second transistor 2602. The opamp 710 can be powered
with a drain supply voltage V442. 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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is taken across the first and second signal outputs at
the respective sources of first and third transistors
2700, 2706. [0130] Referring nowto FIG 28, the
first-order nested TIA 700 of FIG 26 is shown

Bt e PR Se0oR FHEabe oSy BRACRIsr a2 K urven by

o o3EYBREN? Tas A T A YA b s S0l

draws current from Vdd2. LOlSl] Referring nowto FI G
a squgce phhelfirst diaggsisten 26R¥Hwith jar drain phitie sreansdtrangigton 8302. A

of FIG 27 is shown including a second inplenentation
firstodurogd ngout 0O 2.7 04 Tthvese clomeint frpimeaestiugice of thecdesded teansistor

third current source 2712 that provides 32 current to
270Phe drains of first transistor 2700 and third

transi stor 2706. The third current source 2712 draws

cunged] f r AMfeA Zradidde] 278F a5 rinnGondwuhRalib®e with. a fourth
t he dlfferentlal nmode first-order nested TIA 1000 of

trans|s(t%r é%zAﬂ?a?%'Bf{ {5\8’9 | nc"i’s&égés'féb IJEHLW e ShePbutput of
the Hﬁﬁqr?ﬁ%%rﬁ@r@% F880en af” ‘Sf"ﬁség%t)ér FRROCaT a ucriven

VBN. The differential qutput signal is taken across
by Heded sgrond sighaloput (@h138] 160 5 taken @b Nede) exnnecting a
31-33, a famly of gain curves is shown. The gain

souceer obthe tprdetransistoy 1764 wihiandpsin tofrthe fotirth H@r\saa’coroa§08 A
first-order nested TIAs described above. A

secbagauirehtiscuncerd10adraasi curadnt é@cih agioupde LEteesasting transistor
gain A=VoutN;n. A logarithmc horizontal axis of each

27092r a{e HERAMBSRIUSca E@%we“ré@‘mﬁ@&lralﬂ_ B@pﬁl&%&a@fe VL5 Power

31 represents a gain curve 3100 of the various

supggﬁ(gﬁﬁ) sggkt%hg%’s%?ﬁgdg‘@eéwwqﬁ rRoreO¥5il 98HR @ftdrdMtigN&ignal 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 Vggo.

[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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order TIAs. The opanp gain rolls off at a rate of
20dB/ decade. [0134] The graph of FIG 32 represents a
famly of gain curves 3200 for various TIAs. The gain
curve 3200 having the small est bandw dth corresponds

ro-order TIA n cu 320
currftht b Fhes i Bt Fest bR 00 A A iRt Py DR s Ty i
Tl As. Th | ener al | OVIde a hlgh gain and
CUTRRHSQHFCS %ﬁﬁ?%SWW@ﬁ”égﬁghYe@ to the opanps. The
zero-order_TIA gain rolls off at a rate of
20001 3 c adReferinaspwitad |gr 3phthsr difpentieBmasier frskatder aested
famly of gain curves 3300 of the various first-order

TIAn€0eaf FIGRs10 Thehgannacladagr elthird vaplenéraatian of lipamp 1002.
| onest frequencies. As the frequency increases the

Opa@ap MD00Irclfds atpukidpiidesafigurdten tas sRdwhheTaai dpamp 1002
effects of the opanp as shown in FIG 31. As the

recéW@sqléeB%lthQn&bQU\ﬁﬁtagteOV'BE‘Cdr%a%enégﬁtl\Qﬁ'b%?s 'ileltiagé’f\f’BNat The
0dB/ decade due to the conbined efTects of the ~opanp

I [O Referring now
d'ﬁet%'qﬁ E%t@‘ff S?@{?qunc | oné%{rg%r ({1< }%ﬁdyg"tshom of a
upp arran st or nested TI As
P aer s sEid R Bl -pp op el ygfsfw bl 1§ shown.
three uni que voltages | evels despite provid

Thee&@'@r@ﬁ’zﬁ‘i’e%Eﬁﬁf@é@”b‘ﬁ(@'qabﬂat%a%ﬁﬁa‘ﬁetgea‘mﬂ'og'lscfﬁﬁhorder nested

Wiile FIG 34 shows the power supply connected to the
TIA$ idescritediabovee s eldgatithmio VeoticaFla@s af each giaph represents gain

understood by those skilled in the art that the power

A=\SLAPALY mayodarithefel MorZontalt Bris oF ngheh ejrdpd pgptesents signal
differential first-order nested TIAs. An anal og power

freqBERE).Y MafagiaprassPRY aﬁ?%;‘!\"e%@n@”@ g‘éfn EhR e & Bethe ’\&arlous

connecti ons and provi des power to he zero-order

opab{bﬁ?ﬁﬁe %Bgﬂfﬂis%@ﬂevéjQﬁvéﬁgﬁﬁ%‘?ﬁ%gﬁ@%‘éncﬁmé% trﬁ‘arr‘\dthe 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 TlAs. 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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[0137] The anal og power supply Vdda al so provides
power to a charge punp nodul e 3400. Charge punp
nodul e 3400 al so receives power froma digital power
supply Vvddd. Vvddd is associated with the second one of

he e nal,, connectiaons. Ch e pu l e 3400 c

the gafy 7 af dhe SHAMHo o8 aneveriy g Sk ﬂgsﬁﬁ?ieeogﬁagv cohlinues
nested TIAs, In saope enbodi nents Vddd i s about 2V.

to inGreagrihe gatsdioteait 3t dael/desade dueciguing: mbiped effeCfS of the
vol t&ge regul at or nodul e 3402 before being applied to

opampeand theyeclpoied zaseprde3Ede. The charge punp nodul e
3400 generates a second digital voltage vdd2 that is
appo t36]nat Beferengabw to AMEd 84Yddanctioftad befordiagram is shown of
vVdd2>Vvdda. It is appreciated by those skilled in the

a pawer sbpplyvaaangemenat ford3firsexaddrl estggar| Ao Vdﬂ?é"é@%r supply
due to | osses and/or inefficiencies inherent in th

arra%g;@ﬁ%t PveRidERdAY! §184%p \L/@ijr?{‘?\}eé?‘:{frﬁrﬁdé %Itﬁ@l@’stl%vglgedesplte

an application of the power supply of

proggggnextgﬂ% &&rf)érc?éhgefgr kﬁ(/o v?l?ée(#e r%n85§ ungat While FIG. 34

be a I'um’l on ba g a voltage
bt bout .
shopes FEVTRRRHREN E8naRARC A%Y%{'ﬁ&og%?r aeded iy e FiG, 7. it
sone enbodi nents the LED has a turn-on voltage VD of

is ua%rmm@ By thasreskified dethsuaf thatlde Roveerod Rl snaydeg used with
fromthe battery 3500 to Vddd to generate sufficient

otherobinglgeended dndv dittgremiial LEB-GBi@R . neSitexdt el ddd Age apalalgl power
provi des only about 1.2V it can not be used alone to

SUppIWeh4.t BeasddRiadea2witihene iirthe extemarosbinecBdf® and provides
provi des the additional voltage fromVdda to supply

poweto LED 28td-BrPrIaxi FRsShy en?’bgd(n{eﬁts"'vgda’ls"é@t\ﬁ@eh @bout 2.5V
above the 3.5V VD. The range of 3.7V to 4.2V accounts

andfff’;Vt he | osses and/or inefficiencies in the charge
punp nodul e 3400 and is therefore not exactly equal

to [M’gﬂﬂldgﬁe analog power supply Vgq4a also provides power to a charge
pump module 3400. Charge pump module 3400 also receives power from a
digital power supply Vgdd- Vddd 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 Vyqq 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 V442 that is approximately equal to VggatVagg-

Therefore Vyg2>Vyga. It is appreciated by those skilled in the art that Vg2 is not
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[0139] The present disclosure also addresses the need
for increasing the gain-bandw dth product of TIAs.
| mprovenents in the gain-bandwi dth product may be
achi evable by "nesting” a TIAwithin another TIA In

r ditjaongl circuit ele ts _such. as .

exa?&?ﬁ%ﬂ‘?é@@%ﬁ%ﬁ%%% goab%s&e%aﬁricggr éﬁ%ﬂgl@ncg a\?g‘gr%ﬂte'n the
h added on theI i32} ldt and/ or output sides of the TIA
charge TP P EHIR @ now to Figure 36, a nested

transi npedance anplifier (TIA) circuit 3600 having an

i nk&138H A Belepring npw tesk Gt 3. anTaeplicatinpafibe aeveer supply of

anplifier 3602 includes a first operational anplifier
FIG3864s adwn. s¥aenid propigedt by aabattargl 3500er Ba®e6y 3680tcan be a

operational anplifier set forth in this figure and 35

lithidrndofi dbdtteny nteaving ur edlthge tsetwesni aysutt 217y iapgus 2and A light-
non-inverting output identified by the absence of the

emittifg GYaS QL E DFRE nfAuhiBMRIst Wil ain"‘cﬁlkrf_guﬁﬁfjtﬂé"ﬁﬁémpn@ 0. In some
output identified by the "0o" synpol. The

emt%d;dzrﬁ%ﬁfmﬁgq_@[? hagyy ﬂu%ﬂé%@ \{fﬁgée Q}&S& étﬂ)‘ﬂt Uags thﬁfér‘{%ée pump

ack resistance conmuni cat'és w

n-J Averting,i nput nd, the i ting output, and a__ .
mo@i%oéh@br 8P e dTOB 1 i€ Hﬁge%'oﬁﬁﬁ iteagé@ (G ORnefate sufficient
inverting input_and the non-inverting output. [0141]
voltaggs faredving theahEPngelfan S cgnyids Qﬁ@eraglaouowﬁ@é qniy: Rbaes 1.2V
a third operational anplifier 3612 al so having an

it canmadie ugpd alpoe tamdwenitipeit EDado02n Mbe-chargeeptmpgmbdplet3400
and output. The operational anplifier 3612 has an

provideeettid agditiohaltoltddeafronroigiinocsupsy thé h BED&vith approximately
non-inverting input of anmplifier 3606, and a non-

3.7V Y12V nghieHti9 WbolBahe GIBVWY CaheSalhs bt evitBVepyi
i nput of alrrpllifigr 3686. [0142] gfa\eﬁ%%%;g;?\/etgif?gn%%ounts

or B S ATBNCRI AT Bk, DR o AP 9 AU SRl ano i
ther R el Bkl Nl Rt rver i ng out put of

[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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anplifier 3604. That is, resistance 3614 conmmuni cates
wWth the inverting input of anplifier 3606, while
resi stance 3616 conmuni cates with the non-inverting
input of anplifier 3606. [0143] Referring nowto FIG

the ?ql{ol\j@rggﬁjgggc?% Iﬁssgﬁg%b ngeﬁ@g)ggafgrig@a%ég%' @8 out8ut id&ntified

nplifier Iud,est e tra edance anplifier

by BiRgapsRnceeet e t?aﬁgmﬁele BHAINg; igpUL e cpANg output
3600 of FIG 36. Therefore, these comon circuit

iderdifieg dryeies onisymbeht The trasimppdangeArplifier $602 |iso includes a
enbodi ment, another anplifier 3702 also having

first ﬂeeébad:hgesiawnnen%(vﬁ/elnati ogmmMmymitases vdtho the uos-ingerting input
illustrated. In 36 this enbodi nent, the inverting

andotiefinvertihg agiputl iagt B 8620 registaned 8%10i thAt th@municates with
non-inverting input of anplifier 3612. The

the rr%nmqgmbht 88d B RYA- nWerﬁﬁ?bUf puer 3702 communi cat es
with the inverting input anplifier 3612. A feedback

bel ncerydad &Wh@%ﬁ?ﬁ?wﬂb@gggéeﬁgﬁfh%ﬂfde%fa third

I nverting ou pu

Opeéa‘?tswa SAERPL P bt Ferie RyL AT ek 38 2 non-
anplifier 3604._A second feedback resi stance 3705
'nV%’PﬂwﬁmUééf‘gé)%P‘fth heeorYRienalfiaR fiss3Rdasnn inverting output

non-inverting output of anplifier 3702 and the
thati eeremunigatespuith dhe angp-inkeding3dpR! chramplifierndp6, and a non-
inverting output of anplifier 3604. [0144] By

inveptiny bdipug thdteothhbliricatds witls trenishveredliaplt Starplifieress06.
illustrated in FIGs. 36 and 37, fewer inversions for

a gov42) | exekeibdtksrefistantce S644f @bfimunidd@s’ QW ttheS non-
a potentially higher frequency operation froma device

inve;rﬂrgipﬁg)sl}t RRGmpIeH B 2R thB |ﬁv<§tlné ouLPhttera?ﬁpllfler 3604. The

he 'nesting occurs at

quﬁ‘@rﬁ:oﬂg:fl.}t n%zs%?ﬁé]@%tr %12 cgdgﬁm%ﬂlca?esb %lthWﬂcraoﬁ/o%dln%%rtltn%eoutput of

I ncr

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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[0145] Referring nowto FIG 38, a transinpedance

structure 3602 illustrated in FIG 36 is used in a
nested TIA 3800. In this enbodi nent, an operational
anplifier 3802 has its inverting input comruni cates

tis &rhBod DY e 1T, Piehli R ralingdoy/o féﬁ%ﬂ?ﬁergéatsghwﬂh the
nonARLEHEE afid of AP TETIOR 1eas TBR ToRvEVPAg GUPRLS amalfer 3702

conmuni cates with the non-inverting input of anplifier
comgpamcatesen iy Mg Marting qPus ef mumplisier 3B3Ri fA deedtsnk resistance
communi cates with the inverting input of anplifier
3703 6aBnmuAitatese withptheatomnadn aopé idfitee iB8&@inhasutpat of amplifier
inverting output that communicates 37 with the

370RcEnd theehdm-irgy ety inpat oﬁ@hplfflle61363§04ﬁﬂﬂﬁb§istance 3704 is also
non-inverting output that comunicates with

comrAlMELIROWItRRHE iRferf |th &f 0P8 |Iflﬁfef360§t A%‘;‘]e%gﬂekfeedback

resi stance 3808 commu |ca es wt common

re3|%’t%'i’1\§@ %‘?Otjh;%nllﬁ]ﬁﬁﬁrcta't&gwttﬂ ‘H@é’ %r’q?rﬁgfﬂ?é%&&@ﬁeegnsg% rﬁ%n -inverting

non-i1nverting I npu

outékﬁsqeé%raﬁ@féer%%@@ o AP B ST AR 5 2 08P e ron

he non-invyerti ng out ut of anplifier 3804 and the
'nVQWP\&PFﬁ%Of ARRifigr 3601 i fi er 3606, and the
non-i nverting output of anplifier 3802. [0147] A
f ed@bdtlk rByipsevding tBe differemtialsi arut te=dhiack stiuetwesnitustrated
node between the non-inverting output of anplifier

in F38663@rahd BE, fewer invegsiors o & igiverB#4] ofmésting are set forth.
inverting output of anplifier 3802. Another resistance

The3@4dit @@Bﬁléﬁﬁélf@ﬁh@hépfrba@eﬁwgpé}ﬁhﬁﬁ §fdnh BVEEJitd %uch as that

out put of anplifier 3806 and he non-inverting inp

|Ilusg'%6%ﬂ'r9'{ Ffﬁg? gﬁotﬁgﬁgﬁaﬁ}g%gqg 'rﬂ%ésgl P %u?é'tég%e cE)futput node

caugi%ftﬁ)é %% %lsqglrt#o% 3 bheI |9nproved 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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order nested transi npedance anplifier. The anmplifier
3802 is not inportant as far as nesting is concerned.
If the input of the circuit is current instead of
voltage anplifier 3806 may not be required. [0149]

wit e ey EEto: PafiL o ﬁ@g“%@péﬂg.%mﬁ%?ﬁi{%”v‘ﬁg'ng ou%ut that
ca aci t i ve feedback are shown, respectively.

conygupicates Miter R | 'ﬁYe'it'F‘Qng‘ipré%faﬁH@“E%IqSﬂ“er égb@t ' fedback
whi ch is simlar to the transi npedance anplifier 3602

resigfance G38%H comynunicaisas: witbdthgaoemgnan npdeshetwgenc theaimyerting
3902 in parallel with resistance 3608 and a second

outpdpatcamahitsr 38390 andntheanah-irelertmd impue ifsaraplifieer38A@6, dmd the
this enbodi nent, the frequency 38 response or the

inveFtiadpi butputolof t englifisns 3apedanp@ofisrwieédiiak besistance 3810
i mproved by including the capacitances 3902 and 3904.

conﬂﬁ'ﬁuﬁléﬁte@ewﬁﬁpﬂh%cb%%n hbge &aﬁ\%chbﬁ\l?ﬁfe?rtlﬁ@"btﬁﬁut of amplifier
repl aced by inductances if desired. [0150] I n FIG

380%3%1%??%ér§\%rﬁn§ ﬂpﬁﬂ ?Hﬁ){ @ngeaméfﬂoﬂrmggﬂﬂg 6L§tput of

erenti al
éqnflgtj ation shown in FIG 39A.  In FIG 39B, sinilar
ami|" are labeled with a prime synbol ""'. The
transconduct ance gm of the anplifiers 3604" and/or

360814 flay Aef%rél@a@k\f@&étﬁﬂcgr 38 e conynEnisatasy withethe common
coupled to inverting input(s) of the anplifiers 3604

nodanbetweedeabe. npe-Iib/Ertimef@rtpuh gf nawplifterFBBO6 40@\ ted inverting
40B, an LCtank circuit is included in the feedback

ampliffiedi3g0ar; emidi tle mvertirigglipuedetnplifnsigaed@iegher resistance
anplifiers, respectively. In FIG 40A, a differential

381T4rc"i‘ﬁﬁr'nﬁ'ﬁ%§?é§\ﬁltﬁ%’é hBH@'bet\ﬁQé}QldvértﬁMpu{ bf érlﬂ'pﬁfler 3806 and

nbodi nent, a first operational anplifier 4002

the ﬁ8ﬁ-un¥é}¥§§HW.dg%%lﬁugBWQhé% | nver’f !ﬁ%ﬂ:%&!@b& 893802

out hll%é 6%%600 ypenI § nesshnvg\;'I Fn%yt Qee p%%rr'nré\c/jetrot bu@d 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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anplifier 4004. A feedback el enent 4006 conmuni cates
Wi th the common node of the non-inverting input of
anplifier 4002 and the inverting output of anplifier
4004, and the inverti ng out put of anpl i fi er 4002

Li kew ond back e] enent cat es
eSS PhaNe SIS rapﬁ'm BB el g pe iBfoved by
~anplifier 4002 and t non-j nverting out put of ,
mclaﬁﬁg. fhesrcapgsancey 39§<}ertﬁﬁg Ut it appreciated, the

anplifier 4002. [0152] The f eedback el enent 4006
capppitdnaesscan besgracert by iohwtancesdbdesieedconbi nat i on of a

resi stance 4012, and an i nductance 4014. |In sone

i M0 ES@Int atn BIG., 39Beai sidgletente=el #8dgimpedabee aamplifieat33900" is

i nductance. A variable 39 capacitance 4016 is coupl ed
shoiwn that & sialilawitd hé Eferentift conagbiatiahi showaf int FES. 39A. In FIG.

resi stance 4012 and the inductance 4014. This parall el

3953 %Tmim@élé%n'tssaf»‘sollé%%@ with) a%?rfdw@%ymbtoh o h¢hé &2InsE8RGEctance
. Li kew se, the feedback el enent 40

Om GPW ! %Hpﬁﬁjergrhb%f' ﬁh@%é&y an)I E‘e %eg?ﬂ{/%tﬁ?\ﬁ‘fcg EQ’ %néﬁs may

secon esl stance serl es w

ve (e FEMERR PERELS B raieRo 3608 aninibor)

illustrate that various resonant frequencies of th

LCIB A o RetaTinsyowaonf|6s: AaAbgnd cllingangLEntank reuit is

capaci tance val ues. In an actual enbodinent, a fixed
inClgdgdicint dhe efeesibiack o of h@iffdmtiaédarldasskidglﬁwmdecquﬁimpedance

may be used. The circuit 4000 nmay be suitable for use

amplfiesd) F¥spaomelyi e IMGa 40A,t andiffefehtighitethsirhpédance amplifier
desirable to include an ultra-w de band of operation

40008s Q;how'i_ﬁo IWls%%brmJﬁeaQFrétc%éraml'afn'w Ffle? k02 has a non-

want ed signal nore than the unwanted signal by taki

mvé?ﬁl is np:%%}ﬁn{d?ﬁcétgst\ﬁi% anI hveR u?rbf"\érhgllﬁ&e4004 The

ce anplifier proper

mve&ﬁri%ﬁri%a ?Ie"f' t%&)(#é&g%ﬁp%ﬁ%te%'v%#'tﬁe Cn%lﬁsl?w%ert%g 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.

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

implementations, the inductance 4014 can be a variable inductance. A variable
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i npedance at a resonance frequency of the LC tank
circuit. [0154] The structure illustrated in FIG 40
may al so be nested in an anplifier structure
illustrated above. Wth each subsequent nesting, only

cappREn@LiRG KLRBUPRR" i nar el FE 4 3PS 1 cBuBRUEN s e

frequency of the. L ank s. Because of this,
resipRES UL, P07 L I aibende{oa IS AL PpEhiRaton s coupled
. transinpedance anplifier is significantly inproved
in sghiep ewith dheutesittanem ¢ 0d0gnikevese thet f%ﬁ'%nacf(i elemerttj 4008 is
i nproves the distortion performance of the anplifier
configunedt inzavpinifayiwgy whth ainesisteede #i0g@0abssecaindtiesistaice 4022 in
same tinme, in-band signals are anplified with
seriex wittnan inductandies4d4, iadd Desriise capacitdheeiag e of the
nesting transi npedance anplifier. [0155] In FIG 40B,

a gonssle- endedatibBRSEIMRUBNESs 30W6 idndedoAPAR ubéd to illustrate
shown that is simlar to the differential

o . 0 F 4 FLG . - simid

na ARSIy SRR L P bk T4 485 12 B oo by

ons RTS8 AL TR S BAGriSNzy B8 Hpactance
coupled to inverting input(s) of the arg}'gl ifiers 4002

set fp dro FAeaibed residencsfreruersy My RBWSES: FI R Cirguik 4999 may be
41B, a schematic view of another enbodi nent of

suitableffer use eglanaRb arnpliiesireaded tunetiis wWikddiig desirable to include
anplifiers are shown, respectively. In FIG 41A a

an utrbfweiderdaral of opestiongdancs0 ki1t Gelz). AHcinaiingmapliifies the
LC circuit is illustrated. In this enbodinment, a first

REE ERnaP t \d i [ ' '
varROS ST L LA GADY AR AR oFOEATS

| er . r out pul ! or
in GRMHBIGH %éhtrénél%e'dﬁ?ﬁ@% dr gnéﬂ%pp@pgpyggg ihé'\ﬁfde-band

non-i nverting outpu

Lcat ' an inverting input of anplifjer .
one 5 " bRRIE] £C LBk S Soake M rrBheel Rimark fhgave igh
. ngn-invertin i nput .
impedance at a resonance trequency of the LC tank circuit.

[0154] The structure illustrated in FIG. 40 may also be nested in an
amplifier structure illustrated above. With each subsequent nesting, only the
signal frequency of interest is amplified so that the nesting behavior is effective at
the residence frequency of the LC tank elements. Because of this, the selectivity
of the nested LC tank circuit transimpedance amplifier is significantly improved

while the out-of-band signals are not amplified. This improves the distortion

performance of the amplifier by not amplifying the unwanted signals. At the
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of anplifier 4102 and the inverting output of
anplifier 4102. A second LC circuit 4108 comruni cates
with the inverting input and the non-inverting output
of anplifier 4102. [0157] LC circuit 4106 includes an

| N tan 110 in_series.wWth a  .resistance 4112. The

sanlefie, BUFEnd 188als o T mBathbitn Barp R L ERidrian ptatee of
series_ wWth a resistance 4116. The series conbi nation

the Bﬁ{Wﬁé?fUé%ﬁ%?ti%%%”%ﬁ?@déﬁae aFB%'E%E-ance 4116 is in
parallel with the series conbination of the inductance
411015%nd hElIGe4PBt andeglgerdedstrapginpgdanae araplifier 4000 is
circuit 4108 is configured in a simlar manner to LC

showinrtbat is girdi@r td ke diferemttalidconfigO@tioncdhodesinaRiG. 40A. |In FIG.
i nductance 4120 in series with a resistance 4122. A

40B; 3fraartealomentslad ladeidd Wil bgFinié shmdol €5i Shamemsédrductance
The series conbination of the inductance 4120 and

i ; . 2i’ i b i . i .
on SO 102 anioa iy 1 hoal 11 st mov

oo g ENTRAPRIEPLASHPE MRS SR

o AT Beh 5805 86k £5F ISl S e of

The extra resistance, as conpared to FIG, 40, -
anogesvembaedimant 1| diffetentig apd singipiantedtransdimperdanes wgnplifiers
at high frequencies. This is used to prevent feedback
are o, i respedtivein tiheFifes4 &4, at difiesgntiod deamsémpéedandeau menplifier
[0160] In FIG 41B, a single-ended transi npedance

410anpding ey LELB0CUIt $ illsBoated hai this ehbbdidderitoat firét operational
differential configuration shown in FIG 41A In FIG

amd}ﬁieBMéQ'ﬁdnﬁhuﬁlc%f&“@vﬁhaJ §e&c§ﬁ):b lifterd E1@4.DWHTE1,v%ﬁWE°butput

e transconductance gm of t amplifiers 410

of AFRF 4489%comBUnRet e Ath! ¥ RoRNAl&ting RSt N ahmiflBY4102. 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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be coupled to inverting input(s) of the anplifiers
4102' and/or 4104'. [0161] Referring nowto FIG 42,
an integrator 4200 that is formed wusing a nested
transi npedance anplifier is illustrated. This

e dentlc 0 the .doubl e- nest e
Criatsete ‘a'h§ (o Elog e \roRried i BrRffag manner to LG
exc Slst 3704 and 3705 have, been
circgibgh eed OF egswﬁgﬁﬁadeg'uéa%@@ iBAHCtep68 4 1261 Boperigrowith
|ntegrator 4200 has a hi bandwi dth due to the
resnﬁté@ﬁ@u%aﬁc@amtﬁngarda&g&%lﬁ inTyesiesyidlel antasisangrit 126. The
| ow even at high 42 frequencies. Because of the | ow
seriestcputbinatjpadahihe, indhetanoe dd2atamd “25ameey4 b22 isuimgbarhllel with
to drive large capacitive | oads. One application of

the kbees bbediraition cf20€ capicitdrtel 4128 @)t feldtance 4126.
anal og-to-digital converter that operates at gi gahertz

V 015?@!3%%30\‘716#@“5WéélS%ncEQA%ralﬁﬁfvﬂfHtH’&L@C’(‘é’nRQIrCUIt as
3A-4 various exenplary inplenmentations

iIlusy%%cPrlﬁsﬁ% thSCJ)PSaLHd?n@I Scrrégf%%ceR% etgéthngr@q}‘ydu@aace and

t he’ present osure can

and/ |nte ators f,a rd i sk dri
Capﬁgw@erh%%ﬁléi@eﬁtod e P erfeyoidis ekt Salfa E?F'%@”CG as
enented in either or both S|%nal proceSS|n nd .
CO"@Rﬁ{?? o Fepr 68 peevanty e Relagy@iring @spplifies ies) n@ﬁg at high
are generally identified in FIG 43A at 4302. In sone
frequeptiesentldtis oasysacthdo sprgnant peedtizki ngemtiohowitbimthel nested
circuit 4302 and/or other «circuits (not shown) in the

trandPbpddaitenstyuqiuecess data, perform codi ng and/ or
encryption, performcal cul ati ons, and/or format data

t h3b166] Ourrpptc;t@1Bn§/gﬁ%|etér¢c%'ovﬁgn§| dAnEGBHIBpliffer 4100’ is
st orage nedi um 4306 4] The HDD 4300 may

shoMPTRAD < 8ihIapits i drffé‘?rénﬁ’zﬁvéoﬁﬁg&lré?ﬂon shown in FIG. 41A. In FIG.
41B, similar elements are labeled with a prime symbol “”. The transconductance
dm 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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shown) such as a conputer, nobile conputing devices
such as personal digital assistants, cellular phones,
nmedia or MP3 players and the |i ke, and/or other
devices via one or nore wired or wreless

<R ;%%e 4085 AR el R Bkl g v
o by P S5ERE B YBHG) “Dbgp PRI SRR b 30 my

el ectronic data storage. £0165] Referring now to FI G
be msa,Slgﬁ@-lae@%@ﬂalqg-gtgwa eoraftasethal eppeatentaidaigahertz over
anplifiers and/or integrators of a digital versatile
samjiliog f(eouvBncgisi ve 43 4310. The present discl osure may
i npl enent and/or be inplenented in either or both
si 0B63]pr oRefesiing amsll ortoCcOMGSl dBAABES, vakhibad asmplary
generally identified in FIG 43B at 4312, nmass data

lmpﬁstn‘i’érﬁgﬁorﬁg of tBe MBsERt URCIHBLR: 2R/ Plowh. pw@érr.r@lﬁewto FIG.
313. The signal processing and/or control circuit

43A4§I1% p?é‘scgrﬂrdlgél&%gacfér{ 68l Ie(rﬁ‘é)ﬁtegnﬁ\@?ﬁpl é[ﬁré B8aRYOntegrators

may process pertormco
0 r al cul at | ons and/ or f.or mat
of SRt RS B AR arorrasath Postie by 'aw'%m?v@apd/or be
t or age medi um 4316. | n sone inplenentations,

'mF’@"@;‘?ﬂi? iR (Hbes S PR Mg REerRISHIY @ﬂﬁ&mqon&@i@"a%ﬁ gpd/or a
other circuits (not shown) in the DVD 4310 can al so

powessLpply 430k rwhich@re @esesallynidestifiatciodr by 43/ AbA302. In some
decoding and/or any other signal processing functions

impessatatdres] thiet sigmalOMocdssing.arlddd66dntidieciiodd 4802 andBkother
may communi cate with an output device (not shown)

CIrc§W§ thcﬁssl'ﬁmﬁﬂﬁﬁlthérH DDeLBYD PARNpRIce8s Ridta darkSen Ebém@n@nd/or
nmore wired or wreless conmunication |inks 431

enc%&bigl?\/@e%}ﬂ 'EBN;U PRYNIARAIG Wir d'%%ésth%f‘t@ éﬁt%gqg and/or

t stores ta in a nonvolatile manner.

rec‘%{a@fr_g”&%én%tﬁgoﬁ%%}gﬁé gbé{de a hard disk drive

[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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configuration shown in FIG 43A The HDD may be a m ni
HDD t hat includes one or nore platters having a

di aneter that is snmaller than approximately 1.8". The
DVD 4310 may be connected to nenory 4319 such as RAM

I . l.at i | h flash .
e T P e e
Doty SR S Sl BBOR iRl TSk T bkl P GPaceatyigentified in

integrators of a high definition television (HDTV)
FIG4438. atrAd 13, awasst dafessiornran of iy DV dinentt3ad danst/oba power

i mpl emented in either or 44 both signal processing
suppliyd4dt3.c ohlre cligrdlr preicessingtdandiomicentyeheiralit 312 and/or other
identified in FIG 43E at 4322, a WLAN i nterface,

circuits gnalaghawst)dnape DVDL4EI0HRBY PrddBss aaed, OferforAP¥Bding and/or
supply 4323. The HDTV 4320 receives HDTV input signals

enchyptioR] pEESR cHCURAIORE, Bhd/BF Bttt AR Ih AR rGRNEHAL §5d/or data
HDTV output signals for a display 4326. In sone

. . : | o . . , '
RSP BLRA a8 61 398 5 30l Pt heHfs, e sinal
shown) _of, the HDTV.4320 rpoce dat a,. erfarm .
progaeyaler drbinL gt a2 aBBF e St B Hemin the
data and/or perform any other type of HDTV processing .
DVIY W1 One@n Besor eefipne @thgrofupgiionsel¢ipay enpadingapnd/or decoding

communi cate with mass data storage 4327 that stores
andiataayiather signelatracessingriumotions ashocistegpwitic al DdDdirive.
magneti c storage devices. At |east one HDD may have

t h0186]f i gTaD\WD drivewn3 1M ndyGeomdddhieste/ with adn b@ﬁﬁﬂ device
one DVD may have the configuration shown in FIG 43B.

(not SMRWAPRUERasOS c8miputir, {ﬂ]&/iéitiﬁtoridﬂﬁér@@\ﬁ?el?()% SHe BPhfore wired

platters having a di aneter that s smaller than

or ALK cde . ol R80T S SOkl v
mas@edgqg%torage 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 nonvolatie memory such as flash memory and/or other suitable
electronic data storage.

[0167] Referring now to FIG. 43C, the present disclosure can be

implemented in amplifiers and/or integrators of a high definition television (HDTV)

4320. The present disclosure may implement and/or be implemented in either or
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such as flash nmenory and/or other suitable electronic
data storage. The HDTV 4320 al so nay support
connections with a WLAN via a WLAN network interface
4329. [0169] Referring nowto FIG 43D, the present

di_ scl [ e 1d/ i e i P
oot el P S sPORi aite U Rﬁw&“?#eoﬁgﬂé%i'efe@nee?ﬂed n
a vehi cl 330,,.a WLAN interface, dat a or f
FIGE By hitPe. T UHEAYl My ikem HASH St Soide gL ybTY 4320
4333. In sone inplenentations, the present _disclosure
andiates Bewsr SIPPbIABES o) The biH Toj432)cteshves FADTNamPUL Sgnas in

receives 45 inputs fromone or nore sensors such as
eitheeapeéreat o wirslens dormatmreksgenaratesgnidVsqutpot sighalsdbr a display

sensors, airflow sensors and/or any other suitable
43268nBﬂBGmealmﬂlermehfmtongeefgmat @80aBISINg cinuittandiiop wontrol circuit

control signals such as engi ne operating paraneters,

43201 8RB} %‘ihé’rnc@&ﬂfsafﬁdigsﬂ%ﬁﬁrﬂnﬁ eHes HIN/ 4820 RS process data,
control signals 0170] The present disclosure nmay

perl% m° cBﬁllng g@gbﬁeﬂ/‘gﬂoﬂt %rﬁorrﬁo'a%fcﬂiai%)ﬁgt ﬁfaggnéﬁ%%tgfand/or

he ve control sys kew se

o BRI PRI AL L S35

rr?_ enentations, the control system 434 may

be [9&6@1 of Tha HRV. #seR maak Fogmupicala \VABSass “dats storage
navi gation system a telematics system a vehicle

4327 etheinstares dafstiern nanvelatiedmpaneupect pst epfjcahmnd/or magnetic
adaptive cruise control system a vehicle

storagteddvacasre At lsystit@me $iDh sy hast ¢heconfiVidtionostpaen in FIG.
disc and the like. Still other inplenentations are

43AP@HBRJFpéta|b§§t oh@I\b Mg PANEtid @bﬁfu@ﬂahbﬁlsh%m fFIG. 43B.

32 may communi cate with nass data storage 4346 that
Thesq-ﬁjﬁstQt@e D Binnenyp! Mt | iRclTBEE &ne BREMBRS ISR 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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storage 4346 may include optical and/or magnetic
storage devices for exanple hard disk drives HDD
and/or DVDs. At |east one HDD may have the
configuration showmn in FIG 43A and/or at |east one
ve t Laur on.s
lnpuEbBr(gmy Bg gr mrlﬁﬁlre ﬁsoﬁitﬂcﬁc{éﬁ d@%%ﬂﬁﬂgu%r %‘ené&% Jljé%sure
atters having a diapgeter that smal | er than
senkprS; ipRana) yotecs. ik aciadrs ABRIOTCAM <755 sensor
4332 may be connected to nmenory 4347 such as
andfrjhat og\ﬁrl‘%@@?c}@nﬁo@\r/o'lné)ﬁ’ I@tﬁﬁh&%t@bcﬂ@’ﬁlsﬂ% as engine
menory and/ or other suitable electronic data storage.
opeRi@gpparametarsn toaramissiopysperatiag Jarametersapnd4g other control
support connections with a WLAN via a WLAN networ k
signiats. er f ace 4348. The control system 4340 may al so
i nclude mass data storage, nenory and/or a W.AN

| 0
IFPEM@Q(I:EG Trad | pregéns pydidsur Omas] ks Qfé'lﬂﬁ%léﬁﬁéﬁtb@ in other

t he present dlsclosure can be inplenented

confﬁgl éég?%]ﬁ'lg '4%ﬁ§ SRR 95 il @@ﬁ é Bhtrdl %@téﬁlg@ﬁﬁﬁﬁg%kemse

|ncueace ar ante

rec 'iﬁp?e”t i L@fﬁ Ll Seldis, RS "ﬁﬂ}oga%%@# sl sigpalndo e o

ontrol circuits, ich are enerall jdentified in
morPlQﬁtPHtsﬁe‘éPeﬁﬁé”é mﬁ\mne IR EREUIORRs MeygRRirolstysiem et 340
of the cellular phone 4350 and/or a power supply 4353.
may espae of s amtirleek ityakingt pystea (HB&), phoawigalon system, a
i ncl udes a m crophone 4356, an audio output 4358 such
teleamtias sqystkms aaneliiole taldmaticsitgystenm,aaklana depgqrturg €3G6m, an
and/or an input device 4362 such as a keypad,

adapNebiulE B6NrSISsysith C8 vaRickabhieRtafitié st sysedriasuchrids stereo,
devi ce. The S|gnal proceSS|ng and/ or control circuits

D o e Bt b el

angwuenﬁ%ﬁow%@ﬁ{ Bhiof SR 428 md P BmiRlSte 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 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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cel lul ar phone functions. [0173] The cellul ar phone
4350 may conmuni cate with nass data storage 4364 that
stores data in a nonvolatile manner such as optica
and/ or magnetic storage devices for exanple hard disk

SUPF?orhf%En?%n%”%tﬁoa?@Z\'\k 2, SEAN Aol iBlePE ifde® e

DVD na the confi tion sh in FI G 43B. The

conmassf?é%bgggonmﬁv Slepathde MAeh (RS YREAds mERBTY andior a
atters having a dianeter that is smaller t han

WL&HM@%E%(@” potist®wn)The cel | ul ar phone 4350 may be

connected to menory 47 4366 such as RAM ROM | ow

| afWV@l ndRefelring Irowretoo FYGs U3k, athef Ipagsentedisclosure can be

and/ or other suitable electronic data storage. The
impleaidntiediin pingsigiedsS 20 dAr Sotageatorss P pocdliutamplesie d350whtihmay

a WLAN via a WLAN network interface 4368. [0174]

mcld%ﬁs]c 87ddlI0Gr tAMen®a BB& . 48{e pFdenPuRtfiYurdingsy ﬂﬁHFe%é?rﬁrhnd/or
be inplenented in anplifiers and/or integrators of

be |§1§pﬁrﬁgﬁteg% 31?‘: U&%@g%%?ﬁ['ocg@%ﬁﬁl (ﬂf)?cw%l F]cwts which

enment an elrrperre I'n~elther or

are Jsfaral PiORR; AER) 19 & U2 4 WEAN, gt cata

i nterface, nass data storage of the set top box 4380
storagey/Qr the cebiar Rgns §$3288300/9Ra HoweropHpRly 43fEp  In some
recei ves signals froma source such as a broadband
impleoantaticnsd theicplitler phanel43804anclldes ki micraeiiond #8296, an audio
audi o/ video signals suitable for a display 4388 such
outpas 4358ed0h 8¢ @nspaEkenranavay dndio udputrjackt delisplayld360 and/or
and/ or audi o output devices. The signal processing

an iApGY @év@é’qt%?'sudh' 5§ 4l k& pd3B HomtingUevidd18loicd BEMIaki®n and/or
(not shown) of the set top box 4380 may process data,

othd‘?eﬁég{ Akgied ng ngﬁ’él gfb@:@iﬁ&hg%d/&eﬁ R8I circuits 4352 and/or

ations, ata and/ or perform any othe

othet CIrcuRg rpgtxsr];ol“\'/\r/]n tlnc}ﬂe cellular phone 4350 may process data, perform

coding and/or encryption, perform calculations, format data and/or perform other
cellular phone functions.

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

approximately 1.8". The cellular phone 4350 may be connected to memory
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[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 i nclude

opti cal and/or magnetic storage devices for exanple

s

at | east one DVD. na tiop _sho

andfhy e b 8100 e Betaraden; THBBENIEE PAGS dd20 dse may
or nore platters having a dianmeter that is smaller

suppmﬁoapwtmsmt@a;Wh:As' via phe/LEN netyork dxtedage 438$- be
connected to nmenory 4394 such as RAM ROM | ow | at ency
nof@ti4dt i | Refeerimy ynowt8tos Iid@. a3H,| theh presenty diseliysvire can be
other suitable electronic data storage. The set top

impleerertddth ahsuifiehy aftiop ditbgeRtmeasta eastop box 4388ANhe present
a WLAN network interface 4396. [0176] Referring now

disdidsuré Gna ?73% Itepr?erﬁrﬁﬁgﬁ? B St ISHERtRR N D&ither or both signal
I mpl emen In anplifiers and/or integrators of a

pro#’%%'ngmh{i%?r f'r%? mrgun?s ﬁﬁl@ﬁ%ﬂé g?ér%% er%hﬂ@% in FIG. 43F at

I mpl enente er or

o SRR BT AL LR

|nterface nass data stora e of the nedia p] ayer 4400
powe SUePYa4 3$dunehessh 38Q FecsivRS ﬁlﬂﬁﬁwé‘ﬁ @ iSHECE such
t he nedi a pl ayer 4400 includes a display 4407 and/or
as a busadbanwgheourte0md ootpuss starideye aad/archigh piefindian audio/video
like. In sone inplenentations, the nedia player 4400

signay seltpbleyfor i a388sauch astaetdladisiohGahd/or madnitor and/or
typically enploys nmenus, drop down nenus, icons and/or

othé \g?@brﬁno?@rdaﬁblbcbutgm %fn%é@ VTlse %@aﬁ'ﬁ@ééﬁél 8rd/or control

user 1 nput he nmedia “player 4400 further

C|rchﬁ.]§|4l‘3%9fs ﬁg/o‘?g&‘ng %#%Hﬁ‘é ﬁélp%hé\%g ASth@ §é’te rbo?”@'é&% may

i0“ouf al” processing an

procé)snst Bg{a Cp')é gr'n% ScoAc'if'nog4 ahd (éroém(:)rtypfa ion, 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

48



circuits (not shown) of the nedia player 4400 may
process data, performcoding and/or encryption,
perform cal cul ati ons, format data and/or perform any
ot her nmedia player function. [0177] The nedia pl ayer

icate W th nmass data .storaqge 4410t hat
sucfl el nE Y 202k el PRI R Pp SRR SrAseoThE Bet top
C ent in a nonvolatile nmanner. In sone .
boxi ‘ﬁﬁ% A6 RIPPPHeCRYISIRES ettty /I VELAN| ¥ia ai WhiAN enetwork
~ files that are conpliant wth MP3 format or other
integace 48P@. conpressed audi o and/or video formats. The
mass data storage nmay include optical and/or 49
maf@ti6]lc sReteagrg deww cles FiGr 43Gnthes prasentdididciabureesan be
HDD and/ or DVDs. At |east one HDD may have the
implepmndritgdr iat ampliib@vandrorFintegrafots agid/aomeatial glagér @390, The
DVD nay have the configuration shown in FIG 43B. The

predddl distYodRe Fnal) Mhplefldat BhaloriteCinlescRitRl A eif iR ®r both signal
platters having a dianmeter that i's smaller than

o BB cnln ol L0 Bl BB o 0 o
car ShSEPHOTRBERASE S TEBRL 140 o S PRl THARE s amr

medi a pl ayer 4400 al so may support connections with a
DOW\ﬂ[AMPP{S)/aﬂ I Imsoree mplementatipry dha media gilayer 440fincludes a
i mpl ementations in addition to those described above
dispiaye440n eedfira eder NPLY 81 0Resueh rasng keppad ,atobBtipadiandahe like.
Sigma Delta analog to digital converter (ADC) nodul e
In séhidirsleftvitationshehSirgedia Rahyer AMUD MUk @ graphical user
includes a difference anplifier nodul e 4514 t hat

intefjf&éfi(Gﬁﬁ) fHat @mb&g éﬁﬁoﬁﬂgssﬂngﬁﬁg; dr_dgnd(SWﬁ QHénL?g,niE&‘?s and/or a

Ifference anplifier ule 4514 is Input to a
. | ' t .
pork RN PR o f24phned AP Lokl ol 998" oo

playfég%{]@?{ B‘h‘ﬂPel“r'tinglfudtelgearg AR %tu?prutn}) %uét?zaos gagpgaier 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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to a reference potential such as ground. An output of
the conparator nodule 4520 is input to a filter and
deci mat or nodul e 4524, which outputs a digital
signal. The output of the conparator nodul e 4520 is

input .to a digital to analo nyerter C d
ma g_stqr@é;eD&@%ﬁ%%J(Preeﬁ%rgglenﬂ§r<1g§|s rlv&stlg@ﬁc?an%r%\sm. At
out put_of the DAC nodule 4528 |s input to_an ipvertin
least gpatHIBP MK have the eAptouratan shpwp 'ﬁﬁa@} é3§55ﬂd70f[ F1gast one
In use, the output of the DAC nodul e 4528 is o
DVIgumay hevedhe comfiguradionrghawrsimghdp. 43Be The HRD mgay be a mini
signal is integrated by the integrator nodul e 4518.
HDBGhahenciudesgomé @r roategptatiecd hagiegi 8 diametarttbdt isosaaller than
single bit digital output (1 or 0) by the conparator
appfeXibeel320. The rmesidl flajer 0100 PegUEsomiedtadtid mdembied414
DAC nodul e 4528. This cl osed-1oop process may be

sucf('.f[j""ésr IO OoRE |6wV{5‘art%r;/é}jt ﬁan&éﬁl@Sm&go§@ér?-a_sTﬂ§sh memory

igital data outpu e conpar at or dule is a

andfotrroetﬁ@r sgﬁabqgeq§e<?%i§§%? s?d??%é.gﬁ'h\éahwlé%ié)b{ayér 4%;'96?%%50 may

S proportiona ensi ones O

conpar at or nodul e.., For an increasi alue, the .
supgeRepnpestonsonta 3 WEANdaa WA Hefidrkdnteriage 241G Still other
~ the density of ones decreases. By summng the error
implesngnighons ineaqdditieny ixnthosestassrinad abpuages sontemplateds

the input signal and a highpass filter to the

qudf178at i Bafarongenowh® WilG. s#4,eanbigsnali Qeltal analog to digital

filtered by the filter and deci mator nodule to provide

con@een KB orddile 18 10UIs shOFB0] THs SigmabBeltpXBCiabedlie 2810
the TIA anplifiers described in the enbodinents set

i B HOSSCTINBAH TR STHABCSRRS 8 aTBES bt sinal
s B B R D BEIRE I T 4o R 5 oW R ool
451%@%\%%8&)& foﬁ‘quetilﬂ?egfrgtro?gr%&%e 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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description that the broad teachings of the present
i nvention can be inplenented in a variety of forns.
Therefore, while this invention has been described in
connection with particul ar exanples thereof, the true

S f the.inyention shou not be so.limted since
The3iREFa( abit yPHERR ' Rpr ek e Slndlé plighA s %o) by
skilled practitioner on a study of the draw ngs, the
the gpEwmaf ?tegt’?%‘ﬁPl‘érfb&%e%qusHmnﬁgg'& Pgeamessan dpfivig the DAC
A transi npedance an‘g:IrOi fier conprising: a first _
modie rit48onal hiange$¢d-aorh RUesagsamaynpet carfigd aputoat gutverya high

second operational anplifier having an input and an

oversainpied ratet  Tlerdigitat d asowptinby dhal compaudtoomashilal is a stream
first operational anplifier; a first feedback el ement

of one¥i &l eBRseaAd tthatyanaaH ihe il W PlosatidnainRuthedtensity of
said first operational anplifier and another end that

one§ YT BRHRS cBinbBr8t %&H}'IGP.UFFO‘PfanSf’f\iCFEJéiﬁggggléjgbg& density of

operational anplifier, wherein said first

one§! FERACCEOMPN) 803 debLat R RId ABGSH B4 Rso0eMtice. By

el ement municates w Sal |

cum e Ea Ve i B Bl 45 S BAPEE M Lot 2t
. operational anplifier., 2. The transinpedance S
signamgindfa dighirass| filfemte thacusntzatien setsend heekitistierm is digitally
el ement conprises a first resistance. 3. The
filtetadalms thepfdtisand degimatarenodidle dd aronide aHenaiyHformat dutpst.
capacitance includes a variable capacitance. 4. The
t r §o80Ipedascearnty idppescigtede|the NTIA \whgslfiens tdusctibedtin the

f eedback el ement conprises a first resistance in
emtBHiREh® s¥f fdHFabdvei mhal saRReH B FSpler”nt one or more of the
difference amplifier module, the integrator module and the comparator module in
the Sigma Delta DAC module.

[0181] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be implemented
in a variety of forms. Therefore, while this invention has been described in
connection with particular examples thereof, the true scope of the invention
should not be so limited since other modifications will become apparent to the

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

following claims.
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5. The transi npedance anplifier of claiml1 wherein the
second feedback el enment conprises a first resistance
in series wwth a first inductance. 6. The
transi npedance anplifier of claim5 wherein the first
capaci tance conprises a variable capacitance. 7. The
transi npedance anplifier of claim5 further conprising
a first resistance having one end that conmunicates
with said another ends ofCEAIMS$irst and second
feedback el enents and another end that conmmuni cates
Wi th said output of said second operational anplifier.
8. The transi npedance anplifier of claiml1l wherein
1. saidrahiifipeddnee dRphker&lofpebingf urt her conprises a first
resistance in series with said first capacitance, and
WhEFRRk Ppc AidhaPSRONEL: hgﬁﬁg Q@%u%ﬁ%%gﬁew Ises a
first inductance in paraflel wth a second resistance.
9. j [ j Lifij risi.n : :
¢ P A R R R ik TRE R T gt LR EE s with saia

- ' - ta anal,og t.0 digital converter conprising the
mp ?%ﬁ@ﬁggé’gﬁ@8“%ﬁ%F%§F%r of claiml1l. 11. The

Si -Delta,anal og,to. digital converter of claim1l0 .
uf OFd Egeé%ﬁ%‘r‘%]??’ haing; e P 1AL CHRAIRIoREE WG LinPHGe said firs
i ncl udes one input that receives an input signal; 53
operghpnal paiplifeh AndodngthsT t gid: thabrapiHnEngases Withnhsad Gupyuef said first
of the difference anplifier nodule; a conparator
operpfindg) amplifer, wheeeh vaig fiasi fendbpnkteleient hempriges g fst oppacitance; and
nodul e; and a digital to anal og converter nodul e that
coanyenond deaslbacki ¢lemant et gumuodicdttreewab rspdr iapwr of swdd fitse operational
and anot her input of the difference anplifier nodule.
ampliZer anthendSh@rend Del temmnalcogs with dhigiohglt esariefirsedpetitional amplifier.
claim 1l further conprising a filter and decination
nodul e that receives an output of the conparator
nodul e.

2. The transimpedance amplifier of claim 1 wherein the second feedback element comprises

a first resistance.

3. The transimpedance amplifier of claim 1 wherein the first capacitance includes a variable
capacitance.
4, The transimpedance amplifier of claim 1 wherein the first feedback element comprises a

first resistance in parallel with said first capacitance.
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13. The Sigma-Delta analog to digital converter of
claim 1l wherein at |east one of said difference
anplifier nodule, said integrator nodul e and said
conpar ator nodul e includes the transinpedance

amplifie
5. m%Le trans{mpedance amplifier of claim 1 wherein the second feedback element comprises

a first resistance in series with a first inductance.

6. The transimpedance amplifier of claim 5 wherein the first capacitance comprises a

variable capacitance.

7. The transimpedance amplifier of claim 5 further comprising a first resistance having one
end that communicates with said another ends of said first and second feedback elements and

another end that communicates with said output of said second operational amplifier.
8. The transimpedance amplifier of claim 1 wherein said first feedback element further
comprises a first resistance in series with said first capacitance, and wherein said second

feedback element comprises a first inductance in parallel with a second resistance.

9. A differential transimpedance amplifier comprising the transimpedance amplifier of

Claim 1.

10. A Sigma-Delta analog to digital converter comprising the transimpedance amplifier of

claim 1.

11. The Sigma-Delta analog to digital converter of claim 10 further comprising:

a difference amplifier module that includes one input that receives an input signal;
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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.

12. The Sigma-Delta analog to digital converter of claim 11 further comprising a filter and

decimation module that receives an output of the comparator module.

13. The Sigma-Delta analog to digital converter of claim 11 wherein at least one of said

difference amplifier module, said integrator module and said comparator module includes the

transimpedance amplifier.
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