--NESTED TRANSI MPEDANCE AMPLI FI ER CROSS- REFERENCE TO RELATED APPLI CATI ONS
[DOOl] This application clainms the benefit of U S. Provisional Application
No-"~60~817, 268, filed on June 29, 2006, 60/798,480, filed May 8, 2006,

60/ 798, 567, filed on May 8, 2006, and 60/759,899, filed on January 18,

2006, and is a continuatian-i o-nar i t at ent Application No.
10/ 459, 731 filed on Juﬂgsﬁib %c‘? uém%ﬁ&"ffgmﬁ%gt I on-in-part of
United States Patent No. 6,762,644 issued on July 13, 2004, which clains
the benefit of U S. Provisional AE\‘p | i cati on No. 60/275,109, filed March
13, 2001. The af deBRIPREFREREHS &REhéTmAﬁ’é’rLé@Ni%l& por at ed by
reference in their entirety. FIELD OF. THE | NVENTI ON [ 0002] The present

i nvention rel [x0&4]t o Tthimnaspppeataomc eclaims | ther benafid oholleS paProvsibaall y to
nested transi npedance anplifiers with an increased gain- bandw dth product.
BACKGROUNBY idatibHENb NGB 70b6 8 0filed] oA Jun@nsopedenee/7m4sd, fled(Waf) 8 s a

wel | -known type of electronic circuit. Referring nowto FIG 1, a TIA 100

i ncl udesﬁg@g 0§6788i5e72 file A B Mfayes ém@mq é@frd@angméd% Uaﬁ%@mer

(-gm e opanp 105 is connected in para to a resistor 110. The

LDl t ag2006, Bh8 508 ponfhdetenifnar 4 Pf‘ﬁ?ﬁhﬂé‘fﬁ R AniEAfod iy or o

10/459,731 filed on June 11, 2003, which is a continuation-in-part of United

States Patent No. 6,762,644 issued on July 13, 2004, which claims the benefit of
U.S. Provisional Application No. 60/275,109, filed March 13, 2001. - The
aforementioned applications are hereby incorporated by reference in their

entirety.

FIELD OF THE INVENTION
- [0002] Th_e present invén_tion relaté_,s: to tr'an'simpeda'nc_:e',amplifiérs, and
rﬁore'-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. Réferring now to FIG. 1, a TIA 100 includes an operational
amplifier. (.opamp) 105 having a gain parameter (-gm). The opamp 105 is

connected in parallel to a resistor (R¢) 110. The input to the TIA 100 is a current

(Ai) 115. The output of the TIA 100 is a voltage (Av,) 120. ——
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1112212122222 c0eee reeer ot 121112211 111 *@0002* [ 0004] Referring now
to FIG 2, the opanp 105 of the TIA 100 is replaced by a current source
205 and._a transistor 210 having gain -g,. The TIA 100 in FIGs. 1 and 2 is
often referred to as a transconductance anplifier because it converts the

I nput current A, ,.nto the output voltage Avp. [0005], Referri to FIG
3P T A 00 WL o aREIHNE Ry fagde” &Bs dnsane 0B ah s AR RIS age
(ovo) 310. The TIA 300 also includes a resistor 315 that is.connected to a
transi st GPlages byrgeCurTent Se0r¢e; 209 Anda ransisty 210 haypgigai rems Theat!Ar equi r e
relatively | ow bandw dth. [0006] Referring nowto FIG 4, a TIA 400
converts1é@1iﬂ hies. vand 2dge o o\rsa%erzmstoiasatmsoqmcﬂmtan@e ampdifieobegaused. The
TI A 400 includes a second opanp 415, which is connected in series to a

par al | el it eorbénattetinpaf carrésiishterthe (ddtput4dfagadvgn opanp 425. The TIA 400
is typically used for applications having higher bandw dth requirenents

than the T A Afhs) [ OQ&brcThBd id FiG! B DRAIHE orlerihen The Sotldgd t ed to

a fraction of " a requency fT of transistor(s) that are din

t he opanp( n.the case, of a bjpol jHncti ransi.stor,. (BJT) .. such
as a gaInB}VEQn%Q;é gﬁ?lia(ﬁ‘eoﬁt@émg?lta% g‘#\g’yéﬁbr %E‘%?ﬁfﬁ’@a%“g’r‘d%% rﬁs}&tqrs_
approxi mately equal to 10% 20% of fT. For netal-oxide-sen conductor (M)
transi st aﬂ@st?;?t isheopaneifRddion aotransistor| Q.s The dildaBPy ia typigalherusedtingi . e. |
approximately 2% 6% of fT. [0008] Referring nowto FIG 5, a TIA 500 may
be confi gpplexdtioos thgiaequice oélbfieelelow dbhgwidthng t wo i nputs of each opanp 502
and 504. One i nput :

_ [0006] Referring now to FIG. 4, a TIA 400 converts an input voltage

(Av;) 405 into an output voltage (Av,) 410. The TIA 400 includes a second
opamp 415, which is connected in series to a parallel combination of a resistor
(.Rf):420 and an opamp 425. The TIA 400 is typically used for applications having
.' hjigher bandwidth requirements than the TIA 300. |
: -' [0007] Ordinarily, the bandwidth of the TIA is Iimi_ted to a fraction of a
thfeéhold frelquency fr of tfanéistor(s-) that_are used in the'o.pa_mp'(s,).'_'_.'ln the case
of a bipo_Iér -jupcf_idn transistor (BJT)'.s.'uch I. és a galiigrﬁ-arse_nide ’ 1(G-aA';s)
: transisto_r, tﬁe,bandwi_dth ofhthe'TlA is approximately equal to ‘iO"/o-Z_O%.df' fr. _Fbr
rriétal-‘Oxide’-.s'érhic.:'onductor (MOS) ftransistor(s), the bandwidth of the. TIA is
typié_ally 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 similar manner as ground or virtual ground in a

standard configuration TIA. The input voltage Av; and the output voltage Av, are



505 acts as a reference, in a simlar manner as ground or virtual ground in
a, stapdard configuration TIA The input voltage Av; and the output voltage
ova are 2 nmeasured as vol tage di fferences between a reference i nput 505
and a second input 510. Feedback resistors 514 and 516 are connected

across the inputs and the. out f theo 504 eferrlng now
fo PG eeaaﬁﬁedﬁﬁvgﬂag i PBAs heyedn 2 FERrheg, ot RO 3

reqU| renent is that of an qgptical sensor. An optical sensor ci rcwt 600

i ncl udesinPHESdPalnsedbaci resisines padiaadn16.ar @?”"’ter?ée‘#ﬁﬁrofﬁdh?H'&F?Utﬁraé‘dcoupl ed
wi th a phot odi ode 605. The output of the photodi ode 605 is a current |photo
610, whiherowputs ofshaepanpudO4.0 the TIA 100. [0010] I ncreasingly,
applications require both high bandwi dth and high gain. Exanples include
opti cal sensoft09}ucReferririgorowadptiI|G. 6 omeVEIRsapplitctionriesving afretativalyi t er s
for high-speed hard disk drives. SUMVARY OF THE | NVENTI ON [ 0011] A nested

tr ansi NnpRGANSEIBEh felgBiremBnfs fHat ©fiah dpliehLskissor, 261 EpticHl dehsdr drdiavi Ng an
input and an output, and a first operational anplifier (opanp). The opanp

| ncl udes g i dhidis i taéopé‘rﬁm &‘E{, ® ¥ atPorSﬂGjoPﬂHtepF'l‘A PH0 15 e ZBUBERN deT

TIA, a first transis I nput, a second tran5|stor that is

a it Wil bASEdRRReS, TFRCaRR SORE RGP RRE G e et Tives BT "o

an out put at a hode between the first transistor and the second

transi stWP'C 13093 8 aminphiar theedfut®% a second current source conmuni cat es
W th'
[0010] Increasingly, applications require both high bandwidth and high

gain. Examples include optical sensors, such as fiber optic receivers, and

preamplifier writers for high-speed hard disk drives.

SUMMARY OF THE INVENTION

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

[0012] In other features a second current source communicates with
the first transistor. A gain of the opamp is greater than a gain of the zero-order

TIA. A bandwidth of the opamp is less than a bandwidth of the zero-order TIA.



the first transistor. A gain of the opanp is greater than a gain of the
zero-order TIA A bandwi dth of the opanp is |ess than a bandwi dth of the
zero-order TIA. 3 [0013] In other features the zero-order TIA includes a
first opanp including a first input and a first output, a second opanp

comuni cat os. AR« naf el aflsES PR Pk Pider A iddiS IR oraena

conmmuni cat s.vvitfg. t he second outcﬁgt and a second e%hat comruni cat es
with the"§ aifiRghUpPUt A 31first QiR @ IRCPNEQRAMRINCIHARY & $FFONFARRYhce
amplifier éTI A) circuit includes a zero-order differential node TIA

i ncl udi ngnd iar secanskioipsibnd henpetandaiigut ComepuRinateseith dhe dirgfiewpdahdAa fir st
differential node operational anplifier (opanp). The opanp includes inputs
t hat conmasistasde indlides espeend Yiratocmemunicaes dvithutheusecoid saitplitzamd-aor der
differential node TIA a first transistor driven by a first said input, a

second t gedsHdsémd thditicoaimbiicatesegitnthesgecbndippt. a third transistor that
is driven by a first bias voltage and conmuni cates with said first

transistor, agdoquqt h A hggti%hisdsig%rgméi mb%eQFdn‘éﬁﬂpgd?rﬁééea%?ﬁﬁér | ApcivQlit age

and comuni cates wi th transi stor, irst current source that

COMMUNI Gt gl Db e Wi ehiANRESEOF A iRgREFRIsf YhASRboRG RS Rs LR!

comruni cates W sali our Fansi stor, outputs at
respectiye,connections between the first . trapsistor and the third....

{rans st st S SasenfeoHUS Shetdhdiret Aftsefibal Dela bereting) prellststor
[0015] In other features the nested differential node TIA circuit includes
a third Qranepk BwueeampHacludesmuiiipsis datvgeramunicate rith respeative inesnd t he

of said outputs of said zero-order differential mode TIA, a first transistor driven by
a first said input, a second transistor driven by a second said input, a third
transistor that is driven by a first bias voltage and communicates with said first
transistor, a fourth transistor that is driven by the first bias voltage and
communicates with said second _transistbr., a first' current source that
communicates with said third 'transistor, a second current | source ﬁ_that
communicates' with ;said-fourth- transistor, and first and second c->'-utpluts at
respective connections bétwéen the first transistor and the third transistor, and'
between the second transistor and the fourth transistor.

[0015] In other; features the nested differentiél mode TIA circuff
includes a third current source that communicates with the first transistor ahd the
second transistor. A gain of the first differential mode opamp is greater than a
gain of the zero-order differential mode TIA. A bandwidth of the first differential

mode opamp is less than a bandwidth of the zero-order differential mode TIA.



second transistor. A gain of the first differential node opanp is greater
than a gain of the zero-order differential node TIA A bandw dth of the
first differential node opanp is |ess than a bandwi dth of the zero-order
differential node TIA. 4 [0016] In other features the zero-order

differenti al TIA includes a .second djfferent].al d panp .incl udi ng
Mputs and oul0DBY e ferfeatirBy 5T ePBRefder BN lmBBE TR TAMRge Rout s
and outputs. The inputs of the third djfferential node opanp conmunjcate
with resﬁ%%qf\d\/é“f&%fﬁgt@'s MRRde HPAMBR ofigluding fiBPEit ARA %H@tgpgﬁ%.aﬁ@é’ﬂst ances
include first ends and second ends. The first and second ends conmmunicate
wi t h r esgifferential imgde opamp malyding iputshand ouipwisdi Thedeputs 0f thedthirdpanp.
[0017] A nested differential node transi npedance anplifier (TIA) circuit

i ncl udesdifferential onodde aparherammahicatelevitl Aesprdting Outpsits @hdtheessowthdi nput s
and first and second outputs, and a differential-node push-pull opanp

havi ng f giffetentiail ehSRCOPAMPNPRESIsRIMeS lifGid @ fifst ERehPeHRE endbe Ther st and
second inputs comrunicate with respective ones-of said first and second :

output's ﬁrfst %%idds%@'rﬂf eﬂﬁgeéonqﬂnhfnﬁ;ra?{f\%ﬁi ré‘%%gggéﬁhplﬂtgoéﬁ dﬂplﬁ%fﬁrthfeeat ures

a gain-of the differential -node pus I's greater than a gain of

t he zeroj ?@Scﬁﬁe%lﬂg{%gﬁ‘?’g%:@l@ﬁde TI A and a bandw dth of the di fferlenti al

node pusW_— han a bandwi dth of the zero-order _
EVRCATEIY T R B R Tt TR I
outputs %g?udaestgizrego-order differential mode TIA having first and second inputs and
first and second outputs, and a differential-mode push-pull opamp having first
and second inputs and first énd second outputs. The first and second inputs
corhmunicate 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 zer‘o-'l_order
differential mode TIA. | |
[0019] | In other features the l-zero-order differehtial mode TIA_ includes a
second. differential mode opamp in.cluding inputé and outputs and a third
differential mode opamp including inputs and outputs. The inputs of the third

differential mode opamp communicate with respective outputs of the second

differential mode opamp. Resistances include first ends and second ends. The



- differential node opanp including inputs and outputs. The inputs of the
third differential npbde opanp communicate with respective outputs of the
second differential node opanp. Resistances include first ends and second
ends. The 5 first and second ends communi cate with respective inputs and
outputs pf th third diifferential node opanp,. [Q020] A neste

r ansi mpliahiadd SEETIY PBHS (CHTAUBRPIE W FRARRLLS NS, 81 MR of 1yt ng an
i nput and _an output, a first operational anplifier (opanp) having an

out put athird:giffergstiel MREE AR#MRInI cat es with said output of said zero-order
TIA a first power supply input for applying a first voltage to the
zero-order TIR029hd a sécoestegoirensimpedance raooplifiesr(TIAL sirouihgncludes @nd
voltage. A charge punp nodul e develops a third voltage based on the first
vol t age amd-ordee TBlACc tiadingolanadgeput Thrd t dém ralitpat, t aofrst opepaliored amplifier opanp.
[0021] In other features the zero-order TIA includes a first opanp

i ncl udi nhanpy RavihgRIH odfslit aarld éﬁtiq_ﬁuﬁﬂié‘t ceRthan e WitAPHI® dutsitugi ng a
second 1 nput and a second out put. e second i nput comruni cates with the

first " . P ) _ . . H
second off TSRt TR, St Al A MR R T OB LTI PR W e

0022] | t h t volt | at | at th | t .
AT ght - SHOEORRG OO BommiPoanEe SRy it S3ansEbiipteoRra gt
voltage is greater than the second voltage. The third voltage is

|
appr oxi nét @13fge ump medule dayelps adhird wg{ta%maég@ Yhihe H@tg’é’gé% apdl t age.

The first voltage is otherwi se applied to analog circuitry and the second
vol t age the sademdwiadiagapplheethird voltage is applied to the opamp.

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

[0022] In other features a voltage regulator regulates the .second
voltage. A light-emitting diode communicates with the opamp output. The first
voltage is'greatér than the second voltage. The third voltage is approximately
eq.ual to a sum of the first voitage and the second voltage. The first voltage is
otherwise applied to analog circuitry and the second voltage is otherwise applied
to digital circuitry. Thé first voltage is between about 2.5V and 3.3V. The second
volta'ge is about 1.2V.

| [0023] A differential transimpedance amplifier circuit comprises a first

operational amplifier having a first inverting input, a first non-inverting input; a first



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

second voltage is about 1.2V. [0023] A differential transinpedance
anplifier circuit conprises a first operational anplifier having a first
inverting input, a first non-inverting input; a first 6 inverting output

and a first non-inverting output; a second gperational anplifier .having a
Second | ERIEnaUBIp A" Be BiinBeliid e g SHis0E onSZBenalSmaUl | ng
out put and a second non-inverting output, wherein the second jnverting

out put BRYRGM terand veRingHBPYS, Bsteqosd-nAuvEVertRy inrPhita seePichiBveErend
non-inverting output conunicates with the first inverting input; a first

f eedbackoelpgt@nd a lsecond dranimvedingsouipuh wherefin ithe secand riveertingputput and
the first inverting output; a second feedback el enent that comuni cates

wi t h t hecdmrainicategerwitmghe njrgt nendntvdértingfinpat amdntHensecomnd handinpettinga t hird
f eedback el enent that communicates wth the second inverting input and the

first i nggfput RBnHLMbAtesaRRh 3hé @Mttihvémﬂﬁhﬂ?ht; Ffietessdbdrk clefiBRinhaat es
with the first non-inverting input and the first non- inverting output.

[0024] | goﬁ’imﬁ{ic 88 WA the FiR& ﬁ&H-frH/eﬁll}\F;;e[r@)fﬂﬁ %a{l;‘wgf ﬁ%?ﬁ%@gwgirﬁ@gﬁlﬁputc%m” S€

first and second resistances, respect f eedback

R R R e
Cocona . sk aearPsrbg; outPHS AN, iebarREIPmES] VA ABRUR A BRAN e
..elenments each conprise a first resistance. in series wth an i nductance
and a segegrhd éryestinghdeput and the first inverting output; and a fourth feedback
element that communicates with the first non-inverting input and the first non-
inverting output.
- [0024] In other features, the third and foerth feedback elements
'comp_riSe first and second resistances, respectively. The third and fourth
feedeack ellements comprise first and second capacitances, respectively. The
ﬁrsf and second feedback elements comprise first and second resistances,
reSpe’ctiver. The first and second feedback elements comprise first and second
'-eepacitances;;_- respectively. The first and second feedback ._elements each
c'omp'_ri_se'-a' fifsf feei_stance_ in series with an inductance and a'seco.nd resistance
-that are -in parallel with a oapecitance. The capacitance includes a variable
capacitance. The first and second feedback elements each comprise a

resistance in parallel with a capacitance. The capacitance includes a variable

capacitance.



that are in parallel W|th a capaci tance. The capacitance includes a
vari abl e capacitance. The first and second feedback el enents each conpri se
a- resistance in parallel with a capacitance. The capacitance includes a
variable capacitance. 7 [0025] In other features, the first and second

| nductance antoeRh: - 3P @ FadReaine i AnG SRl BahBatCRls ot el

resi stance. The carpam tance includes a vari abI e capacitance. The first and
second oﬁ‘é’i“ﬁf‘?%@af' Sér‘?%‘?'ﬁﬁ”@?s'“aﬁeé'estWﬁ'ﬂn@ébWH’H&Eaé\‘i@egr&?Tﬂ‘ﬂf@r@r@ parelels] | n
other features, an integrator conprises the differential transinpedance
anpl i fi erth[aoqa?qac&agmga@d rssenondr teristapecland beanpbacitancecinaudas a
conprises a third operational anplifier having a third inverting input, a
t hi rd nowariabler tapgcitangeut , Bhe hfirsl ianderseicogd ouwipevaticoall amiglifiecs are
non-inverting output; and the differential transinpedance anplifier

circuit. t,—ghgb(ﬁm@%derampﬁﬂg}g i nput comruni cates with the third
non-inverting output and the second non-inverting input comunicates wth

the third i “Vgidz'ngl | fﬁub%r f{a%?&] %nd‘?h'tlég;?ataﬁsé Asdd ef ”tduﬁ‘érentla|

transi npedanc ler circuit conprise sing nest e transi npedance
Mverti nieinpidecEdnditeon- fnverting i nput & H)ﬁh 1 nver ti ng. out put
RSN SR ST AL Y

third operational amplifier having a third inverting input, a third non-inverting

input, a third inverting output and a third non-inverting output; and the differential
transimpedance amplifier circuit. The second inverting input communicates with

the third non-inverting output and the second non-inverting input communicates
with the third inverting output.
[0028] - A double-nested differential transimpedance amplifier circuit
- comprises a single-nested transimpe.dance a'mplifie'r' circuit; and a fourth
-operational amplifier having a fourth inverting input, a fourth non-inverting input, a
fou.rth inverting output and a fourth non-inverting output. The fourth inverting
'0utpu"t corﬁmunicates with the third non-inverting output and the fourth non-
ihyérting output comrﬁunicates 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
communicates with the fourth non-inverting output and the first non-inverting

output. The fifth and sixth feedback elements comprise first and second



I nverting output communicates with the third inverting input. [0029] In
other features, a fifth feedback el enent comunicates with the fourth

i nverti ng output and the first inverting output. A sixth feedback el enent
comuni cates with the fourth non inverti ng.output and the first

non- |nvert| out o fi I Xt h k el e nts canprdse first
hnd secorrstgnedd rBsbertlBh. , drsorfl pad, e {eRAPRRR SumelR b AmPERR S

el enents conprise first and second capaC| tances. [0030] A Sigma-Delta

anal og t BNESEFPNRY CRRARIGNCES- conprises the differential transi npedance
anplifier. The Sigma-Delta analog to digital converter conprises a

di fference an{ﬁ%ﬂ?er AroBigrea{leita iandlegiety dligitalnmenverar corvpdsessthgn i nput
signal; an integrator nodule that conmunicates with an output of. the
differ endié‘eeemiiail f trensimgubdaare a aoapiifiar.at ofhe8igreaidelta rawdoyg eto adigitalt put

of the integrator nodule; and a digital to anal og converter that

communi ca@mnemddmm@bwmm‘ncbh@ngmﬂmamagre freuh€luassg o?féot Rit thaput  of
the difference anplifier nodule 31] In other features, ilter and

deci mat ﬁs!&e(i}%@ iFir e Qﬁ ?ﬁ‘mte AinoBliel that QBHWﬁuﬁEQFeeriﬁ?"bﬁ mﬁfa ﬂheast

one of t ferer ule, the |ntegrator

FOTBat = oF R Roh B ool SoE0bahr PR FRFIBRRRF IO
non- LXQB?:%%S&@%«E e 2end s AAtPhiS soelsy c'aﬁ%peréér'f (s coRamnRatsst § ng
output; a/ﬁﬁo:r(]j O?thr;l)olﬂtl IJ?lthe comparator module and another input of the difference
émplifier module.
[0031] In other features, a filter and decimation module receives an
output of the comparator module. At least one of the difference amplifier module,
the i_nfegrator rﬁodule and the comparator module includes the differential
"transimpeda_nce émplifier.
| [0032]. A 'differential transimpedance amplifier circuit comprisés. first_
amplifying means-for arﬁ"pli'fyin:g h‘a\'/i'ng'.a_ .fir.st _invé’rting input, a first hon-invéﬂiﬁg’
-i_hput,'._a first ihyerfing output and a first non-inverting outpu.t; séco_n_d ampiifying | | |
means for amplifying haviﬁg 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

feedback means for providing feedback that communicates with the first non-

“inverting input and the first inverting output; second feedback means for providing



means for anplifying having a second inverting input, a second
non-inverting input, a second inverting output and a second non-inverting
out put, wherein the second inverting output conmunicates with the first
non-inverting input and the second non-inverting output communicates with
the firstp inverting input;. first . feedhack.neans for providing feedback
that . coliiPtk: b8P aofunicaldss byt 55 Trak LNETiD 1ot o e gt Fer

i nverting output; second feedback nmeans for providjn 9 feedback t hat
communi cBVEEING APYhdNiFd fegdhaghdpeanyfarmsayid epﬁeaglf frat GeEIURIGAEESt i ng
output; third feedback neans for providing feedback that comunicates wth
t he secowihithe second invesing iyt and the fisst invedingi avgputepdifoudh deedhaakh
feedback neans for providing feedback that comrunicates with the first
non- i nventeang fonpralvidimg eedbackithast cormmunivated with toe fimttnonfFiB08_inglinputt her
features, the third and fourth feedback nmeans conprise first and second

resi st angged MRafist henh-iNertihgiougputesi st ance, respectively. The third and
fourth feedback nmeans conprise first and second capacitances for providing

capaci t ance, 0;6?‘3?“ ¥ tier %’éﬁ;rfe'k,rﬁgrtﬂl?g arECRlAN EEAPAIK MEBRE TonfHEY | Se

first and sec esi stance neans providing resistance, respectively.
means 1 ol Sra o LESERRER (EANE EBRNidg e SRla R (BSERINeLESRRE OO
Fesi st antld ARG CBRBS ARRPREK TBBENS BRI G ANy Sg6P O rPHARIAEESh ¥ and
- second resistance neans for providing resistance that are in parallel with
a capaci Pegvidingreeanacitance presnastivglyc aphs tfissic and Thecenth deedharie mranss
provi des a vari abl e capacitance.
comprise first and second resistance means for providing resistance,
respectively. The first and second feedback means comprise first and second
capacitance means for providing capacitance, respectively. The first and second
feedback means each comprise first resistance means for providing resistance in
series with inductance means for providing inductance and second resistance
means for providing resistance that are in parallel with a capacitance means for
providing capacitance. The capacitance means provides a variable Capacitance.

,The first and second feedback means-each comprise resistance means for
providing resistance in paraIIeI with capacitance means for _providing
capacitahce. The capaéitance means provides a variable capacit'ance.‘ 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

in parallel with capacitance means for providing capacitance and second

resistance means for providing resistance. The capacitance means provides a
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, The first and second feedback neans each conprise resistance neans for
providing resistance in parallel wth capacitance neans for providing
capaci tance. The capacitance neans provides a variabl e capacitance. The
first and second feedback nmeans each conprise first resistance neans for

providing_.resistance in series wth inductance neans for_ providi

i nduct ang%r'aoltﬁ% CABACHEC i n -L%‘T' aY'V"iS | Anft 1PeE9P ciaf%rﬂ&é'ngream arf%r'nﬁp‘g{ﬁ di ng
capaci tance and second resistance neans for providing resistance. The
capaci t aH8BS¢RIKNEIaNCs\AmBLfI8IS. 10 vari abl e capacitance. The first and second
anplifying neans include transconductance anplifiers. [0034] A

si ngl e- nest ed[Q034dsi npsingir-aeatedl ransimpedancs amplifipr Cisewt compdsesithidi f yi ng
means for anplifying having a third inverting input, a third non- inverting
i nput, aatriplifyihg maeans rfgr carplifyingndaginghar thindo imientirey tinpgt, caitthird; namd t he
differential transinpedance anplifier circuit. The second inverting input

conmuni caivering input, e thikd il ety bOYRI tdndda AHir® HondiRdeking &@BANGNd the

non-inverting input comunicates with the third inverting output. [0035] A

- d bl _ - f . - - . | - - - - -
Si ngl o nogeCd LB SR Rark e O AIREL TR RE LT, The MRefar® bernbfpbpacs @
f |i.f yi havi a, faurth i. ti ' t, f t h. :
on- 1 nvere o Wttt nBHAYertig lpiCendRhe seanf: toHiNertinger i ng
output. The fourth invertin out put communi cates with the third
non- i nvemuﬁﬁoﬁ’ur@%?atﬁﬁdv'fm&'eftﬁlﬁqt”hver'u'B’i‘\g OViRMEr ti ng out put conmunicates with

the third inverting input. [0036] In other features, fifth feedback neans
for providi ng[QC&ﬁdbao‘k double-nested differential transimpedance amplifier circuit

-co_mprisés a single-nested transimpedance amplifier circuit; and fourth amplifying
means for amplifying having a fourth inverting input, a fourth non-inverting input,
a fourth inverting output and a fourth non-inverting output. The fourth inverting
outbut communicates with the third non-inverting output and the fourth non-
inverting output communicates with the third inverting input.

F [0036] In other features, fifth feedback means for providing feedback
communicatesvwith 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 feédback
rﬁeans comprise first and second resistance means for providing resistance,
respectively.

[0037] 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
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communi cates with the fourth inverting output and the first inverting
output. Sixth feedback nmeans for providing feedback communicates wth the
fourth non- inverti ng output and the first non-inverting output. The fifth
and sixth feedback mneans corr'pri se first and second resistance rreans for
provi di ng resistance, respectively 0037 A SI a .anal o to d| gital
conver t ePEbnthat Siesetves ani f”FRe'-l‘teﬁ’!Q%' t'rﬂtﬁﬂ ﬁE%D%?pl'r?tFQ@rt'n
Sigma-Delta analog to digital converter i ncI udes di fference anpli f i er
means f oeoramplnidaiehgvitthaan iosputdes the «diffarencapamplifien means; veampa@ratiput
signal; integrator nmeans for integrating that comunicates wth an out put
of the dirfehesdoceomppling itleat neeaives arooqiputivdihe imbagrator onearayzend digitalhat
receives an output of the integrator neans; and digital to anal og

convert efo HRAIBY dohverteR\REand ort MthmmuMdakeﬁw|mUé@mutMt oft he
conpar at or nmeans and anot her input of the difference anplifier neans.

[0038] | heOtdiparabdtHESs ahtildn® hé}riﬁ' Mltﬁ@bimeﬁe@am.ﬂér Héah@“ ng and

deci mat.i ng .recelves an out put OF th e conpar at or neans. | east - one of the

diff
el udes. he BBy oA anes F%%@.fé,%ﬁaﬁ%@%%%?@Dﬁnﬂﬁéﬁ%ﬁi“%ﬁ@ Séheiar
v o SRR EPLeRcer et of FIE Shmeraph st g A pael oge o <"

i nverti ng output and a first non-inverting output; a second operational
anpl i fi ediffiesanasy amplienioeanselhe gegagrt meanseaahdhaoeempeater meansput , a
second inverting. output and a second non-inverting output, wherein the
second i imefrdesrtpe differential transimpedance amplifier.

[0039] A differential transimpedance amplifier circuit comprises a first
operational amplifier havihg a first inverting input, a first non-inverting input, a
first inverting output and a first non-inverting output; a second operational
amplifier having a second inverting input, a second non-inverting input, a second
_invert'ing_ 6Qtput and a second non-inverting oUtput wherein the second in'verting
output communlcates with the first non- |nvert|ng mput and the second non-
|nvert|ng output communlcates with the first’ |nvert|ng input; a thlrd operatlonal
ampllfler havmg a third inverting input, a third non-inverting |nput, a third inverting
output and a third non-inverting output, wherein the second inverting input-
.c;ommunicates with the third non-inverting output and the second non-inverting
ihp'uf communicates with the third inverting output; a fourth operational amplifier
having a fourth inverting input, a fourth non-inverting input, a fourth inverti.ng
output and a fourth non-invérting output, wherein the fourth inverting output

communicates with the third non-inverting output and the fourth non-inverting
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out put. conmuni cates with the first non-inverting input and the second non-
i nverting output communicates with the first inverting input; a third
operational anplifier having a third inverting input, a third
non-inverting input, a third inverting output and a third non-inverting

out put, wherein the second. invert.i i nput. co nicates with th hird
nont i nvePHiPG ComBRicaes Wi tis buiifyaAaperE mg ot TrpshadoRRIATE dbds wi b
the third inverting output; a fourth operational anplifier havi ng, a fourth
i nver t i nOMABINICatas fwith tthensecans, d@enrinyertinguinpub afrgnpuﬂm saeeadt inygrtingut put
and a fourth non-inverting output, wherein the fourth inverting output
communi cautput,va sacertkfaddbadk rebement/that icognounipatesawith theeséeand mverting
non-inverting 12 output comrunicates with the third inverting input; a

first fepgoachne tbeesbcdidt norsinveming adutsutyi 4 htHirde feedisauk rdement ehét ng
i nput and the second inverting output; a second feedback el enment that

comuni cag@gnuMiddtes WAt BFOMrd A¥RLidVEHIng iiMfittarfnthd RtstSRGSHAgUIpdt\Ger ting
output; a third feedback el enent that <conmmunicates with the“third

non- | nverduridreeABHLK BifindAtink ESIHEHES MirOIeAMIra ifverifY i, SRfRCK

el enent at comruni cates w I nverting | nput I'Tst
non-invegting output: a fifth feedback el enent, that connmuni cates, wj,th the
four i s rBrag B, Sunlsty maFf 2ABRRE SRt B ORI =50 Wi o edback
el ement _that conmunicates with the fourth non-inverting output and the
first nofRYrtivigrerting inpyt aod the dotapvertingoméput; pad@pixth faadback elemanty
second feedback elenents conprise first and second resistances,
r espect i thatygommenicatesdvidnthe thnon-webtingk oelpsitrand she dingirnareinverting and
second resistances, respectively. The fifth .
output.
[0040] In other. features, the first and second feedback elements

comprise first and second resistances, respectively. The third and fourth

feedback elements comprise first and second resistances, respectively. The fifth
and sixth feedback elements comprise first and second resistances, respéctively. |
[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;lan integrator mbdule that communicates with an output
of the difference amplifier module; a comparator module that receives an output
of the integrator module; and a digital to analog converter that communicates
with an output of the comparator module and another input of the difference

amplifier module.
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“and sixth feedback el enents conprise first and second resistances,
respectively. .[0041] A Sigma-Delta analog to digital converter conprises
t he dlfferentlal transi npedance anplifier. The Sigma-Delta analog to
digital converter conprises a difference anplifier nodule that includes

one input.tha cei ut signa n,integrator uI e.

conmuni cat es tﬂ“ﬁﬁ? IBuéstBﬁf fe% e gr}?f@n nE!%C'H}?gPPfF@P a%q:eévesd an
conpar at or | e that recei ves an_out of the_ integrator. nodule; and a
“digital Btpéahaf’ by cURRAYT MPRYle- niRd 28 @ the gitferense sumplifier srodule
conpar at or nodul e and anot her input of the difference anplifier nodule. 13
[ 0042] | theotimenrateatmeddle andi thercomprratasi madule inoludes the: differential

out put of the conparator nodule. At |east one of the difference anplifier
nodul e, trehgmpedegcatonpliiiedul e and t he conparat or nodul e i ncl udes the
differential transinpedance anplifier. [0043] A differential

transi npedancpoasp! i fA edifféientidi trapRipéddcef 'ahﬁillfleﬁfﬂi’r'cuftyw}ﬁ?ﬂ?@é\ﬂ‘lrétor
anplifying having a first inverting input, a first non-inverting input, a

first i ngﬁfgqnm ﬁ\létalﬁgtfoﬁa Sﬁgfﬁd ﬁéw 8% firdY pivEHIMY lﬂghptgflrﬁ%{"ﬁw@mg' fying

neans for yi ng havi n SECOI’] I nverting rrnput a second

out put . PR Vezt'@e B ob i HEs bt Sttherite SR, ARBIAMET o "

non-invertin #nput a} tﬂ second non-inyert.i n out put (gom*runl cates with
the fi rsfnelaﬁ‘g HEPliTiipg: hayng i ﬁ&coaﬁﬁwwnagn r%SF‘SP“ RAN-NYEREShavi ng

athird |nvert|ng input, a third non- inverting input, a third inverting
out put aif®uh -2 SEERNh NG UG 26t P SECORM A0aFiAverting output, wherein the

second inverting output communicates with the first non-inverting input and the
second non-inverting output communicates with the first inverting input; a thi.rd
amplifying means for amplifying having a third inverting input, a third non-
inverting input, a third inverting output and a third non-inverting output, wherein
the second invérting in;)ut 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 invenihg
input; a first feedback means for providing feedback that communicates with the
second non-inverting input and the second inverting output; a second feedback -
means for providing feedback that communicates with the second inverting input

and the second non-inverting output; a third feedback means for providing
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t he second inverting input conmuni cates with the third non-inverting out put
and the second non-inverting input communicates with the third inverting
output; a fourth anplifying neans for anplifying having a fourth inverting
input, a fourth non-inverting input, a fourth inverting output and a
fourth npn-jnverti out put, . wherein the fourth ipverting output _

communi cHEsb3ak el b tsates iy dne | B GO periRG! ITRGC O e first
~non-inverting output comunicates with the third invertin input; a first
f eedbackiNYEHRY f@#tPHE oA dionithf fegdbrek + meane odefinPexidiag wieadhbask thalcond
non-inverting input and the second inverting output; a second feedback
means f ocoprmunichtegy Witethteathird mevertogrinpot eatiethevlirsh nbhdneatiog dltputerat i ng

i nput and the second non-inverting output; a third feedback neans for

provi di nfifth Tdedtemttbmelant ot peovidingi featibackuttidt ¢dramiuidadesionith theefdurhg | nput
and the first inverting output; a fourth feedback means for providing

f eedbackinyBfting FRITHEHE W& Tirdd Ivekthly bOtpud: bﬁd}?& tdixte feRBBhcRMHeAME for I St

nen-inverting output; a fifth feedback neans for providing feedback that

conmuni ¢ M t ' I NG+ t 2. ' t]
ut put: Bl Qe Bidh commOMRRles AR toBRA notEisyelig R drdd
comruni Cﬁ{ es ¥vith.thert.four htnon-i nverting output and the first
non-i nve q'H@ Bﬂ?'ﬂh"te. 'T%Bﬁﬁal" 1n other features, the first and second
f eedback means conprise first and second resistance means for providing
resi stance, r &4t i JBigpherfigatures, the fisstandsrcandsfeedBaek MaaasLOMASE se
first and second resistance neans for providing resistance, respectively.
The fi ft firshrathdssaednd eesivtaoke mpeass donpraviding resistancandespedively. eSihet ance
means for providing resistance, respectively.
third and fourth feedback means comprise first and second resistance means for
providing resistance, respectively. The fifth and sixth feedback means comprises
first and second resistance means for providing resistance, respectively'.

[0045] A Sigma-Delta analog to digital converter comprises the
differential transimpedance amplifier. The Sigma-Delta analog to digital
converter includes difference amplifier means for amplifying that includes one
input that re¢eives 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.

[0046] In other features, filter and decimation means for filtering and

decimating receives an output of the comparator means. At least one of the
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[ 0045] A Signma-Delta analog to digital converter conprises the
di fferential transinpedance anplifier. The Sigma-Delta analog to digital
converter includes difference anplifier nmeans for anplifying that includes

one input that receives an input signal; .integrator neans for integrating
that co ni cates w.th an out ut.ﬁgf the difference anplifier means;
conpar at er%n?"?%'('eﬁdﬂ%%'??’ng‘et BINAN MRADSANG B uEOBPAtART MR at or

means; and digital to anal og converter neans for converting that

comuni cickilegithg differsptialiransimpedancaam@fitiélor neans and anot her input of
the difference anplifier nmeans. [0046] In other features, filter and

deci mati on mef#for Ai raesinmpedande daropliferi kgmmeisesves finst oaperatiooél t he
conpar at or nmeans. At |east one of the 15 difference anplifier neans, the
i nt egr at ampliiankaving drhimpub pdr st outputan’s setovd vgeratiomal dniglieieenks an
transi npedance anplifier. [0047] A transi npedance anplifier conprises a

first opgipatizmiiehn GupLt that chHmmUica8s | WiV thanfp@noP Whé Yirst HpERfiBRE!
operational anplifier has an input and an output that communicates with

the i”puﬁﬁgwflifiérheAfﬁirgtsféeG’tﬁ’ﬁél@%IEH{%g haé%‘eiériéf{hatéomnﬁ icét%%%frf%ﬁe%ﬁ&?”t has

one end that comunicates w I nput the first operati ona

opor at i oG Spr PPartO AL PBIRITERENH: PaanFEedtatet desaH At el &
first capacitance. A second feedback el enent communjcates with the input
of the fPHEOUtetht ifislaorgriangl amplifieraviierein dhy firshifeedbatiniclement with

the output of the first operational anplifier. [0048] In other features,
t he secomdMmpeged aclirsticepaeitansenpAi sreond feedback element communicates with

the input of the first operational amplifier and another end that communicates
with the output of the first operational amplifier.

[0048] In other features, the second feedback element comprises a first

resistance. The first capacitance includes a variable capacitance. The first
féed'back element comprises a first resistance in parallel with the_ first
capacitance; The second feedback element comprises a first resistance in séries-
with a first inductance. The first capacitance comprises a variable c_apébiténée.
A first resistance having one end that communicates with the anothér end_s_of the
first and sec_':on'd feedback elements ‘and another end that 6omm'uhi'cét'e_5 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

' second feedback element comprises a first inductance in parallel with a second

resistance. A differential amplifier comprises the transimpedance amplifier.
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resi stance. The first capacitance includes a variable capacitance. The
first  feedback el ement conprises a first resistance in parallel with the
first ~ capacitance. The second feedback el enent conprises a first
resistance in series wth a first inductance. The first capacitance
conprises a vgriable capacit e. A first resistance having qne end that
commin; cat o (0BT het aREe DR atioq L diBtal DRNCUEE ofa POSEb e

el ement s, and another end that communi cates with the output of the second
oper at i oflffleremtisl i fraesimpagancer amplifiebackhel Signe-Oalta alogotmpr digidal a
first resistance in series wwth the first capacitance, and wherein the
second f eeulsatsk cireprises aodiffereses amplifiert moddlectratdaciudeparred Irgdut hath a
second resistance. A differential anplifier conprises the transi npedance

anpl i fi efeceies| 49 #fut Aidrizgnan ey atanmodald haticohinlnicatRgakitie ancsutput ses
the differential transinpedance anplifier. The Signma-Delta analog to

di gi tal oPﬁ%VEiﬁE?énc‘é%%biiﬁ&Sm%dgief; fa?écﬁﬂ?ﬁra%ﬂjrhioﬁh%rtﬁé@%'é&vé%"% c%}d’i?mht“des
one input that Treceives an input signal; an integrator nodule tha

Comn e S A, PO o ] S A s o

conpar at or recei ves an egrator no

digital tq,_anal og converter that, co ni_cat es i th.an oyt put of the
conpar at B ardnl B Chatedtaist cmarUienand ancthemibut e oeremiu o
[0050] In other features, a filter and deci mati on nodul e recei ves an

out put ofMpliiercmegHleat or nodul e. At | east one of the difference amplifier

nodul e, the integrator nodul e and the conparator nodul e i ncludes the
di fferential [Q05)si npecthecdeatupds,fa diter and decimation module receives an

output of the comparator module. At least one of the difference amplifier module,
the integrator module and the comparator module includes the differential
transimpedance amplifier.

[0051] A transimpedance amplifier comprises first amplifying means for
"ehl.mplifying -having aﬁ input and an output. Second amplifying means for
é’mplifying having an input and an output that communicates with the input of the
first 'amplifying means. First feedback means for providing feedback Ihavir_\g one
end that._co.mmunilcates with the input of the first amplifying means and another
end t.hat---.t.:o'mm_unicates with the output of the first amplifying means. The first
f'eedbac_kﬂ méans co'rﬁprises first capacitance means for providing capacitance.
Second 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.
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[ 0051] A transinpedance anplifier conprises, first anplifying neans for
amplifying having an input and an output. Second anplifying neans for
anplifying having an input and an out put that comrunicates with the input
of the first anplifying neans. First feedback nmeans for providing feedback

havi ng one e at. c icates with the input of the first. anmplifying
roans and anoli082] " 8 GHHEY FeiaiRen the BsoR ROTHECK AT GPMPHSSF st
anplifying nmeans. The first feedback neans conprises first capacitance
nmeans f ofeSktancaimegnedpaeraviging resisiansad theckisheapragitansermeans BiEuglasy

f eedback having one end that comunicates with the input of the first
anpl i fyi veriahlancapacitaneetmeangridr t pravidingoramvarisbllec sapicitandee olhedirstof t he
first anplifying neans. 17 [0052] In other features, the second feedback

means cofgedback rheasd congsristisafict resistehceomeaansviodi providisg stsistamceTime fir st
capaci tance neans includes variable capacitance neans for providing a

vari abl epgaiariiighcie firgt chpatitariceedhasks. Meahe GIEBRHS fSedbackt nidiisst ance
means for providing resistance in parallel with the first capacitance

means. T@&mgﬁgé’{%réte?é’st?@t%cg%gén% ﬁf%??érg?ﬁﬁm iréé%tarn%éi iy 2afiés "R ik "

providing resrstance in serres w iI"nductance neans for providing
B e R T e
provi di ng resi stance havi ng,_one end that comruni cates wth_the another
ends of EPBPiFeSYangRle capaRIANEIMSAER forRRIRYIGHIHA NRPRRIEr Canagitapgryt First
comuni cates with the output of the second anplifying nmeans. The first
f eedbackresisiagced umears faopiavidieg resistanceebawnare epdnihat monpnuwicatasy
restst an\i/ieth the another ends of the first and sécond feedback means and another end
that communicates with the output of the second amplifying means. The first
feedback means further comprises first resistance means for providing resistance
in series with the first capacitance means, and wherein the second feedback
means comprises first inductance means for providing inductance in parallel with
second resistance means for providing resistance. A differential transimpedance
amplifier comprises the transimpedance amplifier.

[0053] A Sigma-Delta analog to digital converter comprises the
differéntial transimpedance amplifier. The Sigma-Delta analog to digital
converter in/c.ludes 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
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in series with the first capacitance nmeans, and wherein the second feedback
means conprises first inductance nmeans for providing inductance in parallel
with ‘second resistance neans for providing resistance. A differential

transi npedance anplifier conprises the transinpedance anplifier. [0053] A

Cr Bnc mp S ARABOAHVER e oA 8 GeriTg S EaTg DI iRy e 51 AR

i ncludes difference anplifier nmeans for anplifying that i ncl udes one i nput
that r ecmwa@fa’mmea% gnedianothardgpuel &fithendiffrenes ampliegr BeaAg t hat

comuni cates with an output of the difference anplifier neans; conparator
means for conffdS4hg tlhaatheedeatuess, diteo@ndudecmatine meaogrfat ditterimgrand and
digital 18 to analog converter neans for converting that conmunicates with

an out putlecifatihbereceivesr ain wutpwtaot trendompatdter means. At lfehet dnkfefr thece
anplifier nmeans. [0054] In other features, filter and deci mati on neans for

filteri ngiffshcedam meter tBe419S efhée mtédratdtt ﬁté'fan@f aﬁ@QhQOWﬂFQFe%r PRadhs Al
| east one of the fference anplifier neans, the integrator neans and the

conmpar at (o Lﬁ]%r%r}ﬁe dlfﬂacrle i85 rt%‘?mgb éﬁéeeglﬁt'pﬂ]erl ransi npedance anplifier.

- [ 0055] Fur areas o app I ca Ity o e present invention wll becone
apparent fro det ed description.proyide er ei naf | d be
cndor st ood ¢ nORBe * ST e aren o pBPHTRERfy “ShaBRT PLorpiventiof it

i ndi cati ng the preferred enbodi nent of fhe inventjon, are int ended for

‘pur poses ?Om?ﬁ%ﬁ’ﬁtffqm tgdgtailed daseriptieon pravidR:hetainafian !t sheldb6pe of

the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS
understood that the detailed description and specific examples, while indicating

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

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

BRIEF DESCRIPTION OF THE DRAWINGS
[0056] The present invention will become more fully understood from
the detailed d'escriptioﬁ and the accompanying drawings, wherein:
[0057] FIGs. 1 and 2 are basic circuit architectures for a current-to-
vblta_ge TIA according to the prior art;
[005'8] " 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;
[0060] FIG. 6 shows an optical sensor, including a photodiode coupled

to a TIA, according to the prior art;
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[ 0056] The present invention will becone nore fully understood from the
detai |l .ed description and the acconpanying draw ngs, 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

f0050] A1 @ - sl9 130 el 1rEpidi nerr TR acrtiing ol of apreset |

configuration of a TIA according to the prior art; [0060] FIG 6 shows an

optical YWRSHPN: including a photodiode coupled to a TIA according to the
prior art; 19 [0061] FIG 7 is a first-order nested TIA according to the

present invellQ62); [ICG6H iFeGe®ndsoresaesiat diAaccaedingdoTha presentdi ng to
the present invention; [0063] FIG 9 is an nth-order nested TIA according
to the pimeeatibn; i nvention; [0064] FIG 10 is a first-order nested TIAin a
differential configuration according to the present invention; [0065] FIG

11 is an nth- poo3] nestedg TikAah mtd-dtiéf elcefdd allAcasddraingatd QRe reserdi ng to
the present invention; [0066] FIG 12 is a graph of exenplary
gai n- bandWeftibhcharacteristics for a TIA

[0064] FIG. 10 is a first-order nested TIA in a differential configuration
accordi_ng to the present invention;
[0065] FIG. 11 is an nth-order nested TIA in a differential configuration
according to the present invention;
[0066] FIG. 12 is a graph of exemplary gain-bandwidth characteristics
fora TIA,;
[0067] FIG. 13 is a graph of an exemplary gain-bandwidth
characteristic for a first-order nested TIA;
| [0068] FIG. 14 is a graph of an eXempIary gain-bandwidth
characteristlic for_ba second-order nested TI'A;
. [0069] - FIG. 15 is a first-order nested TIA with capacitive cancellation of
iﬁ’put' parésitic capacitance according to the present invention; |
N [0070] FIG. 16 is a second-order nested TIA with capacitive
cancellation of input parasitic capacitance according to the present invention;
[0071] FIG. 17 is an nth-order nested TIA with capacitive cancellation

of input parasitic capacitance according to the present invention;
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[0067] FIG 13 is a graph of an exenplary gain-bandwi dth characteristic
for a first-order nested TIA, [0068] . FIG 14 is a graph of an exenplary
gai n-bandwi dth characteristic for a second-order nested TIA; [0069] FIG
15 is a first-order nested TIA with capaC|t|ve cancel l ation of input

parasitic cap dln ion; [0070 FIG 16 is
a second- or defordréil Stzf’tgﬁsét%g?'tp aﬂé‘c'@l?éﬁ%ﬁ”ﬂ?' \QL raiasitic
capaci tance accordi ng to the present invention; [0071] FIG 17 is an

nt h- or deWithesaRAFItVeN Gancrllatigsh aft inpet RaTasitic acaRACIENCEN BacorgiIca ot the

capaci tance according to the present invention; 20 [0072] FIG 18 is a

~ first-orgesentiwvedtiamA in a differential confi gurati on wth capacitive
cancel l ati on of input parasitic capacitance according to the present
invention; [OMFRIFI GIG1910s e aeseoondr defernestd TIA iin a diifféeneal i al
configuration with capacitive cancellation of input parasitic capacitance

accor di ngonfigurkfiéh Wtﬁ%%’bbcltﬂé%n'c@ﬂ‘atldrp&ﬂﬁ ufpirasiie ddpadrbnéd Sécérﬁﬁ‘tg‘;' rst

order nested TIA of FIG 7 with additional feedback resistance;

FIG 21 't(“ %é@éﬁ’ﬁn@e@@%@nd or der nested TI A of FIG _ 8 with addl ti onal

f eedback Tesi'stance; [ ] FIG 22 illustrates the first order nested TIA
of FIG 15w [&74?dd'r-tlb(?% ﬁus%ra €s lih(raetsrs?[ Fd6F nested TIA of FIG. 7 with

additional feedback resistance;

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

[0076] FIG. 22 illustrates the first order nested TIA of FIG. 15 with

additional feedback resistance;

[0077] FIG. 23 illustrates the first order nested TIA of FIG. 7 with an
additional input capacitance, feedback capacitance, and feedback re.sistance;
| [0078] FIG. 24 illustrates the first order differential mode TIA of FIG. 10 -
with an additional input capacitance, feedback capacitance, and feedback
resistance; _

[0-07l9] . 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;

[0081] FIG. 27 illustrates the differential first-order nested TIA of

FIG. 10 including an differential opamp of the first configuration;

21



[0077] FIG 23.illustrates the first order nested TIAof FIG 7 with an
addi tional input capacitance, feedback capacitance, and feedback
resistance; [0078] FIG 24 illustrates the first order differential node
TIA of FIG 10 wit h an additional i nput capaci tance, feedback capacitance,

and feedback einal 079 25 i1 lustr e Iar di sk
drive system [d;g ﬂﬂ& 28pﬁ'é%1tﬁ%lef;11 i fersn ggﬁg‘ﬂfiﬂgcégngi:wa N the
present invention % FIG 26 illustrates the first order nested TIA of
FIG 7 |ﬁ6|_°tﬁ’ém{b°f%1 orfiguatioist configurati on; [0081] FIG 27
illustrates the differential first-order nested TIA of FIG 10 including

an differentiH08pand 16 28eillusiratesc thre i djffiecentioh;firsttofder o8estes| TA 26f
illustrates the first order nested TIA of FIG 26 including an opanp of a
second cBiG.i2luinetudimg ahQESEntal@paifp of thesseaineiscarligudatidrer ent i al
first-order nested TIA of FIG 27 including an differential opanp of the

- second confi gpges4]on;Fi{x008d] |IlEb@ete§0thé|d4ﬁéfe@1‘t|§F meﬁor@efrfﬁéﬁaal A of
- first-order nested TIA of FIG 10. including a differential opanp in a

f
Por 7 hrst G LBNGH Sorlfalofdip in il ﬁ{"’%&é@aghﬁ“énysi Shove & o
st rates aRPe el Gy Heb & oveaifﬁﬁﬁx.qff@aﬁpn@er?%i%r hiStandS6eond™ = 2

' stages of nested TlAs;

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

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

[0083] - 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 transimpedénce arﬁplifier 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;

[0091] FIGs. 39A and 39B are schematic views of differential and
single-ended transimpedance amplifiers, respectively, having a compensation

capacitor in a feedback loop;
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power supply of FIG 34; [0088] FIG 36 is a sinplified schematic view of a
differential single- nested transinpedance anplifier according to one

aspect of the disclosure; [0089] FIG 37 is a sinplified schematic view of
a differential double nested transi rrpedance arrpl ifier according to a second

enbodi nent of i 0s 0 Si nmp ematic
Tew of a a t 10421, {C AR ald R it et it Bt BB Allrent o
the disclosure; [0091] FIGs. 39A and 39B are schenmtic views of

di f f er enfingle-anded spRiadcUaRRimPedaRRe iamRltigrs deappttivele Navineapd & tank v,
having a conpensation capacitor in a feedback |oop; 22 [0092] FIGs. 40A
and 40B sieuitchematic views of differential and single-ended nested

transi npedance anplifiers, respectively, having an LC tank circuit; [0093]
FIGs. 41 and f0093]ar e ISshdrtedndc4 VB eans sohenhiati€ eieave ofdifferehtial agesingleded
transi npedance anplifiers, respectively, having an LC tank circuit and

resi st OréndédttF@erﬂgdbéﬁd% |a<hﬁkﬂﬁ|ea§cﬁérs§b6m/éh® hé\ﬁn@rﬁfﬂﬂ tQhKSQ:hr@@lﬂraﬁwd [ 0094]
FIG 42 is a schematic view of an alternative enbodi nent of

Funct i onal B e dr Srackienhp abforing @herese(aboiet, FL?B T
functional bl f(ﬁﬁ)ﬂ' a$|%mﬁ is adsc% H%tlcv\ﬁé\ﬁaéf z;n aﬂé%‘%ﬂvg MOdlment of a

transimpedance amplifier having an LC tank circuit;

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

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

[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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[0097] FIG 43Cis a functional block diagramof a high definition
television; [0098] FIG 43D is a functional block diagramof a vehicle
control system [0099] FIG 43E is a functional block diagramof a
cellular phone; [0100] FIG 43F is a functional block diagramof a set top

box; [0101] | ' | | | ayer; and
[0102] FI G ﬁ%'@ﬁﬁ%??ﬁl%?@ﬁﬁ@*&%ﬁﬁﬁﬁgﬁﬁﬁﬁ&%ﬁ%@ﬁ@% og to
digital convepter (ARQC) . 23 DETAILED DESCR] PTI ON THE PREFERRED .

EVBODI MENTS EQS'%(%] %R? ffB'I?CPV&S'\WBnQG%Cé 'P-Ppp* dheoPr%rée%r%m PQE‘&P”tg) IS
enbodi ment (s) is nerely exenplary in nature and is in no way intended to
limt theerelyeaxanapian tnsnatusglansaisi iono wayuiséendgdotolimitTthe iprertian, its

i nventi on addresses the need for increasing the gain-bandw dth product of

Tl As. | nppplcatient or used. he gai n- bandwi dt h product are achi evabl e by
"nesting" a TIAwthin another TIA In other words, additional circuit

el ements such[mm;] eedife oréSsitSihoestiort addfadsessthanféad fopangreasing teded
on, the input and/or output sides of the TIA In FIGs. 15-17, capacitive

cancel | agémﬁbéﬂdv&iﬂﬁm bRRMIct RAMARSt | inpRRBMEADES the d%ﬁr?-‘biaﬂedfidthgbr%lj@%t
FI Gs. 23 and 24,

20- 24, dditional feedback resistance is provided.” I'n _

LIRS S0 RSOTSJ BARRG: WA B i e G LAY
pichit elements such as feedback resistors, capacitors and/or opamps are added
on.the input and/or output sides of the TIA. In FIGs. 15-17, capacitive
cancellation of the input parasitic capacitance is provided. In FIGs. 20-24,
additional feedback résistance is provided. In FIGs. 23 and 24, input and/or
feedback capacitance is provided.

[0105] Referring now to FiGs. 7, 8, and 9, a “nested” TIA is constructed
by. adding opamps, feedbagk resistors and/or capacitors to a zero-order TIA. In
F,I_Gs.' 10 and 11, a nested TIA may also be constructed to operate in a .
differential_ 'rﬁode.

[0106] Referring back to FIG. 7, a first-order nested TIA 700 is shown.
ReferehCe 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-vélue resistor, a nonlinear variable resistor, or an

MOS resistor. A capacitor 720 is also connected between an input of the TIA

700 and ground (or virtual ground).
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by addi ng opanps, feedback resistors and/or capacitors to a zero-order. TlA
In FIGs. 10 and 11, a nested TIA may al so be constructed to operate in a
differential node. [0106] Referring back to FIG 7, a first-order nested
TIA 700 is showmn. Reference nunbers fromFIG 4 are used in FIG 7 to

identify sim}ar-glenents... The TIA 700.includes.a conventional TIA 705

(al so ref erretiﬁtoﬁhe A H%ggn%th(i-(ilé_lnoﬁ?ubsemanﬂe&) IMRIQVE ¥ ﬂgbe A a

f eedback, resi st or q751}.15' The feedback '{;esi stor 715 _may be a standard
fixed-vapﬁ’é‘?"t’”é’g? pEQguCt M3oRe realzedy o Prapamples fhe first-opderpesteid IAdD0st or . A
capacitor 720 is al so connected between an input of the TIA 700 and ground
(or virtthat upes UM@)S transistare 7papyaaieme adpansavidihathat is Hi0Se med@’ér of the

" inprovenents in the gain- bandw dth product may be realized. For exanple,

t he firsthreshitdd freepieady T ATRBOrangbatpresentdVE®andanidthsthat & apyroainmatelye a
bandwi dth that is 10% - 20% of the threshold frequency fT. This range

r epr esentige iég’hrtdﬂég%;Feétbﬁthdnsthénﬁn@m)idmtcﬂtwe cbireSpdidihg 2efd-BRFerdnAat er
t han the bandwi dth of the correspondi ng zero-order TIA [0108] Referring

now to Fl Gs. g@r@?grﬁ?m‘%ﬁ hgoi/ 'tPStFEI@tsi. nggr chy aqggrglﬁ_{gh% e Ipergel w dt h |

curves for a and a first-or neste respectively,

are sho r ' r I f 0.l S i d |t | ower
Vel ue of okt BHR bt BT ot B BreeBGioroe S AR EBE P Show s gher
val ue of _pandw dth. The gain A defined as the output voltage Ava divided
by the i Apht 'ePBEEIGY. ARre gv%wwydﬂc%wab@ m@eérv@ife &f @i &3yasaReirted or a
few thousand (i.e., approximately 102 - 103). A typical range of threshold
f r equencyith a lower value of bandwidth, and a lower value of gain is associated with a

higher value of bandwidth. The gain A, defined as the output voltage Av, divided
by fhe input voltage Av,, is typically on the order of a few hundred or a few
thousand (i.e., approximately 10? — 103). A typical range of threshold frequency
(fT) values for a 0.13 pm CMOS process is 30 GHz — 40 GHz.
o t0109] In FIG. 12, three exemplary characteristic curves are shown. A
~high gain vaiu'e yi_elds a bandwidth value of approximately 1 GHz. A medium
gain -vélue' _i‘ncreases' the bandwidth to approximately 2 G.Hz.. Other va_Iué;sof
'géin_-_and. bahdwidth are bossible. For example, a TI.A may have a charécteristic
gain 'va'Iue_ 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 thét 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
of gain. This function may be referred to as the “spread”. The spread is greater

for TIAs using MOS transistors than for TIAs using bipolar junction transistors
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(fT) values for a 0.13 m CMOS process is 30 Gz - 40 Giz. [0109] In FIG
12, three exenplary characteristic curves are shown. A high gain value
y| el ds a bandwi dth val ue of approximately 1 GHz. A nedium gain val ue

i ncreases the bandwi dth to approximately 2 GHz. Ot her values of gain and

gai n - vall Snad ﬁ'gbknegrvg%%t RIS &T#@%w& Pefiegsie in fore

bandwidth that is less th GHz TIA may have a characteristic gain
~val ue t hgfonagincggdyith M%tr?ﬂé'smrﬁF'?ﬁ,ﬂTY"{jaanJTvté@fﬂﬁéSt@ﬁ%vm in FIG 12 and a
bandw dth that is greater than 2 GHz. As can be appreciated, the bandw dth
varies as an [0iM&]se Fhenexemplarpbagdwidth valusstshown IOrFIEﬁmZZbiD nefdefined to as
the "spread". The spread is greater for TIAs using MOS transistors than
for TI Asuppemgnd)ilcmérabamdmidth bouhdsaindn shams praddicaBdgpljcatibhssbartidwidtieed to

i nprove the TIA bandwi dth performance is nore pronounced with MOS

transi st ghsthehsrdeiiof I BHz bf 2ng1$t afs tod (O] M5h9 phealichs, SLamduk

val ues shown in FIG 12 do not define upper and ower andvm dt h bounds. In

too’ | ov a%@ fit lbﬁ%l@eéwepa?&% an n@n%t?geo@er OptIC recei Vr ﬁ Tecure

too | ow. Many applications, such er, require

3??32“3dtaF’i%a"d*e@ﬂé?a‘*Pﬁ%ga%P%%d ﬁm%’&ﬁgv ARl e RER RS, o o
?;f ueRrerthrar#éar} & %RKE!H'EG ﬁféﬁvaﬁ%ﬁés! @@eyr'&@%WFTéA%t 2 firstorder 9"

nested TIA at a typical gain value may have a bandwidth of approximately 10
GHz.

[0111] Referring now to FIG. 8, a second-order nested TIA 800 builds
upon the first-order nested TIA 700. Reference numbers from FIGs. 4 and 7 are
u.se.d in FIG. 8 to identify similar elements. The second-order nested TIA 800
ihcludes 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 al§o added across the input of the opamp 805 and the
dutpﬁt of the opamp 810. An exemplary gain-bandwidth curve that is produced
wusing 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
numbers from FIGs. 4, 7 and 8 are used in FIG. 9 to identify similar elements.

For example, a third-order nested TIA 900 includes opamps 905 and 910 and
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[0111] Referring nowto FIG 8, a second-order nested TIA 800 builds upon
the first-order nested TIA 700. Reference nunbers fromFIGs. 4 and 7 are
used in FIG 8 to identify simlar elenents. The second-order nested TIA
800 includes an opanp 805 at the input of the first-order nested TIA 700

and an a 10 at t oyt put of the first-oprder nested T| A 700. An
a1 ontioubRek dpsiler o ofoR Bashible G adtice Blamet /BEES Rt Slther 691 O ne
opanp 805 and t he outPut of the bpanp 810. An exenpl ary gai n-bandw dth
curve thBandwidih o@ickath), by useraptinge the clesbirigrae f nibst elesamt. oentienshown
in FIG 14. For a typical gain value, a bandw dth of approximately 20 GHz
may be atiomweved.thpodfiicienReiofithé wircuibwectedsies. ap additighel nestitey levelst awk T1 As
may be constructed by addi ng additional opanps and feedback resistors.

Ref er encaddediaerts garasiti€inGise dnd haressdi powetidigipatiohl Gn deriedali dthér fy
simlar elenments. For exanple, a third-order nested TIA 900 incl udes

opanps 9fHe ARA.7dEr ABSted2PIA @ dBaCkeddRRLSieF ndhRed MAIWIP@SEIN SrovRieachi eve
hi gher val ues of either gain or bandwi dth (or both) by repeafing the

t echni q“@uﬂt:iewge%ﬁﬁgﬂéei nvention. However, the efficiency of the circuit
decreases as additronal nesting levels are added due to parasitic noise

Ta or the selBfEor dFEHER bRtonPf T R st gupte Triterdieg affea "' o
i st - or dEh B0t Bathawn: 1BoFTP00R ReRESTRIIANEHC: hABEEEd ToRBI 40 1 ar e
used in FIG 10 to identify simlar elenents. An opanp 1002 is connected
to the oigentifys simmilarnelements. An opamp 1002 is connected to the outputs of the
opamp 504. Feedback resistors 1006 and 1008 are connected to inputs of the
differential mode TIA 500 and to outputs of the opamp 1002. The gain-bandwidth
product of the TIA is increased.
[0114] Referring now to FIG. 11, a differential mode nth-order nested
TIA 1100.is constructed in a manner that is simlilar 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 shbwn 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)

transistors, or metal-oxide-semiconductor (MOS) transistors, such as CMOS or

BICMOS transistors. The preferred embodiments of the invention use MOS
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opanp 504. Feedback resistors 1006 and 1008 are connected to inputs of the
differential node TIA 500 and to outputs of the opanp 1002. The

gai n-bandwi dth product of the TIA is increased. [0114] Referring nowto
FIG 11, a differential node nth-order nested TIA 1100. is constructed in

a manner , th i Im|ar the nth-order nested TIA g Fl 9. Reference

nunber s IPBRier S g Hrabfa okl iR 1€ esB, 8 v Pagile |

.elements, Additional opanps 1104 and 1108 and feedback resistors 1112 and
1114 ar ebEBWn%@‘t’%rocqrﬁuér‘gtF%‘F AGIABESS. The gai n-bandwi dth characteristics

for differential node TIAs are substantially simlar to the gain- bandw dth

char act eri st i [118owRefermmgaznow 2o 1IG.[ 09,18]e ffirsti erdest @ﬂsteﬁaglﬁ H®0ofsanps

used in the nested TIA may enploy either bipolar junction transistors

(BJTs), shonnawithahdditiomalr fsadbadek (Cafsditante a@si sthiohs ,substantially cancels

nmet al - oxi de-sem conductor (MXS) transistors, such as CMOS or BI CMOS

transi st effgcts Blanihpliecasstivmee CTeNthe Hput e thé vBAHIpIM 8IS § hMEBedBack
transi stors due to practical considerations such as ease of manufacture and

bet ter PeyshcieRRBITIAR FAARAHES bainfiiicdiBL Wiy BRI R hdgeatp A 15

the first or nested TI'A 700 I's shown w th additional _
canact ¢ 2958 ool AR AP Mo B RIS BRI arce
haS o st S SRR R A Do it IR 0 °
RETETTINL B i shown ‘witn ' additonal jeedback Capaciances' G and Co, which
substantially cancel effects of input capacitances Cps and Cp; at the inputs of
opamps 415 and 805 respectively. The feedback capacitance C4 has a first end
that communicates with an input of the opamp 415 and a second end that
communicates with an output of the opamp 425. The feedback capacitance C,
has a first end that communicates with an input of the opamp 805 and a second
~ end that communicates with an output of the opamp 710.

[0118] ~ Referring now to FIG. 17, the nth order nested TIA of FIG. 9 is
shown with additional feedback ‘capacitances C4, Cp, ..., and Cy, which
substantially cancel effects of input capacitances Cpy, Cpy, ..., and Cpy at the
inputs of opamps 415, 805 and 905, respectively. The feedback capacitance C;
has a first end that communicatés 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. The
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FIG 8 is shown with additional feedback capacitances Cl1 and C2, which
substantially cancel effects of input capacitances CP1 and CP2 at the
i nputs of opanps 415 and 805, respectively. The feedback capacitance Cl
has a first end that conmunicates with an i nput of the opanp 415 and a

second epd that ¢ nicates W th an output of the opanp 425. The feedback
capac t afesbask GRACHNS B Tanth st P el sentpubicqih R afrpput 8 e
opanp 805 and second end that comrunicates with an output of the opanp
710. [0198]3"!%&%5 lainﬁga SEGPPE elf‘lddhaiPP"”t'"ﬂ'én'ﬁ?"ﬁ’SoW@éra”n%%ttpé'gOf'lﬂl@ OPEARG 9 is
shown with additional feedback capacitances Cl, C2, ..., and CN, which
subst ant BdPl y cancel effects of input capacitances Cpi, CP2, ..., and CPN
at the inputs of opanps 415, 805 and 905, respectively. The feedback

capaci tance Cl0118s oRéfersing aod toHdG. d8pthenfirshbeterwiastedhdifiengnital ofiodehe
opanp 415 and a second end that comunicates with an out put of the opanp

425. TheTigetior ks ghaimativitneriddbnahFeadbadls lcapaditdreat, £ &ML, gatdschM th an
i nput of the opanp 805 and a second end that communi cates with an out put

of the OBaFRaARAYy Eaﬁceu%éﬁgqyﬁgbugggﬁagitgcggsgagwa% €.{ bhatceng: tat

comuni cates W th an input o na a second end that
SO, i 4 BByl ABE PR A Pood Rl e BGEh . B © P ©
s on il SRIEL SEEAILEE S0 4, 1S, 1B, MR LT A et
difter entai saelzcorrrllc)id:ndo hz%e\rtmco‘:;‘)1(1)r$1'uni-tl_:g?es]c \?vﬁﬁbaicgut%%?%?itr&g g%f%rgtglhrgcs)dg opamp
504. In FIG. 19, additional capacitances Con and C,g are added to a second
order differential mode TIAs in a similar manner to offset parasitic capacitances
Cp2a and Cpog. Higher order circuits use a similar approach.
[0120] Referring back to FIG. 20, the first order nested TIA of FIG. 7 is
shown with additional feedback resistance 2010. The feedback fesistance 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 thé opamp 710.
| [0121] Referring now to FIG. 21, the second order nested TIA of FIG. 8
is shown with additional feédback 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.
[0122] Referring now to FIG. 22, the first order nested TIA of FIG. 15 is

shown with additional feedback resistance 2210. The feedback resistance 2210
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first end that -communicates with an input of the differential node opanp
502 and a second end that comunicates with an output of the differential
node opanp 504. In FIG 19, additional capacitances C2A and C2B are added
to a second order differential node TIAs in a simlar manner to offset
arasitig_capacjtapge CP2A and CP2B. Hi gher. .order ci Its use . a simlar
gpproachﬁaf éﬁaﬁe%gﬁ@if:f’mj“%%ﬂp%w'& el ||§81?0(ftt|rée PP -Z)fege SREOPA PN A of
FIG 7 is._._shownh with dqditional_ f eedback resi stance 2010._ The feedback
r esi st anebthggesistange %2a1f FRMMLKICatRs WIR AR awiPEhPEesrRAIMBT 10nput of the
opanp 710. A second end of the resistance 2010 conmuni cates with an out put
‘of the opanp [0@3][ oRafprimg eewitad oW therfigt arder nestedetdnef biGief isnest ed
TIA of FIG 8 is shown with additional feedback resistance 2110. The
f eedbackshewn swiimcapul tapabitence 1Q)4,sfeeelbdck hedpacitantei Caf, esndvifebdisarck nput
of the opanp 810. A second end of the resistance 2110 communi cates with an

out put ofedidi@nepasr0. §He inpGiléddadrahes 10 \BasaWirkPefid thatFéceil/BS ahiinplit or der
nested TIA of FIG 15 is shown with additional feedback resi stance 2210.

The feedbgnk fopthe habed PAlPoo %ﬁdgﬁe&@ Erd tﬁd‘!%ohﬂﬁhnﬁ%@%&@itﬁ%eﬁﬂw th an

i nput of t'he opanp 710. A secon of the resistance comuni cat es
it an PR 1s PEnERRI LK opkORaTe R RA HSTEN b o hfepllt
hasa 11 PER AEPHFEoRAER It PRAGRD 631 il RO KeNSR eBG H 07 G0 and a
second epedsisttgr?ée (%?ngni cates with an input
[0124] The additional feedback resistances, input capacitances, and/or
feedback capacitances can also be added to the differential mode nested TIA.
Referring now to FIG. 24, the first order differential mode nested TIA of FIG. 10 is
.shown with first and second input capacitances Cins and Cinp, first and second
. feedqba.ck capacitances Crgy and Cggp, and feedback resistances 2410 and 2412.
1;he 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 Crg1 -and Cra2 have first ends that
éorthniéate with inputs of opahp 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.

[0125] As can be appreciated, the feedback capacitances (FIG.s 15-

19), feedback resistances (FIGs. 20-24), and input and feedback capacitances
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.of opanmp 415. The feedback capacitance CFB has a first end that
communi cates w th an input of opanp 415 and a second end that conmmuni cates
with one end of resistance 715. [0124] The additional feedback
resi st ances, input capaci tances, and/or feedback capacitances can aI so be

added to tial ested TLA .. Referrin to Fl & t he
first orf?ﬁ’dﬁ? éﬁeﬁ iGN %Hgg% Qﬁc?mR'Qﬁt'OﬁI(ﬁﬁrfk} sconghowﬁrﬂﬁ torﬁ |rst
and second |g é C @%ances Cl d CIN2, first and second feedback
capaci t aheg€ %ﬁ P”&ﬁ geentighm ck resistances 2410 and 2412. The

i nput capacitances CIN1 and Cl N2 have first ends that receive input signals

for the nest EZ8]f f dRefering nawde FtGA 2on @nsexsonplapndiskidiive system ot e with
i nputs of opanp 502. The feedback capacitances CFB1 and CFB2 have first

ends t hats sfowvmriminchide avdidk dnyeulvsiteofirayit2pt Gt aniles &z ardisleddee Rbad.
communi cate with first ends of resistances 1006 and 1008, respectively.

First angd @secarde teatbipckit 2566 irfdaleses prebiip @nduit 2528 havea hestdd FIAdsr t hat
are connected to inputs and second ends that are connected to outputs of

di f f er enhbgledMatHeroREIP TIRO%derhinéd_aRmaR, awar&]cgtﬁ%e@g@té pegback

capacitances (FIG s 15- 19 fee resi stances (Fl i nput
and feéed o) ances 30 (FI Gs 23 and 24) can be used in any
conbi nat p%%&ob%%f%ds\}t second, ... or nth order nested TIA and/or

differential Tl 0126] Ref now to FILG 25, X di sk
drive system %&% ?Q%Jﬁ %‘BWNH 'Gi:l the & ?Iﬂfijgre”%tﬁgaﬂ ?QIEB% E%10 t hat
wites to a di Sk_dl’l ve 2514. A disk drive read circuit 2516 includes a
preanp cirgahewnindudingra firshisplementatian of opamp 710. Opamp 710 includes a

first transistor 2600 in series with a second transistor 2602. A gate of the first

transistor 2600 is driven by the output of the zero-order TIA 705. A gate of the

second transistor 2602 is driven by a bias voltage Vg. The signal output of TIA

700 is taken at a node connecting a source of the first transistdr 2600 with a drain

of the second transistqr 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 V4q2. 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

differential zero-order TIA 500. A gate of the second transistor 2702 is driven by

a bias voltage Vg. A first signal output of TIA 1000 is taken at a node connecting
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nested differential node TIA identified at 2520, which is inplenmented as
descri bed above. [0127] Referring nowto FIG 26, the first-order nested
TIA 700 of FIG 7 is shown incl udi ng a first inplenentation of opanp 710.
Opanp 710 includes a first transistor 2600 in series with a second

transi stor_ 260 e first transistar 2600 is drive t he

out put of S[OHécf’zafr@eﬁafaﬁVaﬁ?'ﬁ @@00,0‘(‘”85? gy ?ftﬁge %eé:eﬂﬁdrel’}sﬁgf 2?@? 2602 is
driven by a bias voltage_VB. The signal output of TIA 700 is taken at a
node conHe&¢GUAENA sedlfiece’ Bt drawsteurEantifrans? segrcexebtheaniserond dramisistorof t he
second transistor 2602. A first current source 2604 draws current froma
source oR7@he second transistor 2602. The opanp 710 can be powered with a
drain supply voltage Vdd2. Power supply options are described below in nore
detail. [0128]0129]er rA nihirdowansistdrG2708, ig ha dofineursiodticr witleaf fousth- or der
nested TIA 1000 of FIG 10 is shown including a first inplementation of

opanp 10@3nsist® 2708100 date 6 theaRird trahsstor 276k HriRen H{08 e'dihé‘r%@ifgﬂi g@tion
with a second transistor 2702. A gate of the first transisto 00 is

driven bﬂweogﬂepéﬁt%g%g; ofd& TIAl 56(@9@%&%'0%%? Lﬁglggrra{}gs{)b'&%8 fs‘ Rl of the

second transistor I's driven i%s Vol Si gnal

output o A 1000 is take at._ a n C urce of .the first
transi st I}Y-R% WECRNY, 9T OL&PUE chﬁ%cm 5. %ns?éta 59  CORnegting a
current source 2704 draws current froma source of the second transistor

2702. [ osouce©fithe third teansistep 2786 0th @ draincehimieuwth Fanaistal &/ G&urft h

second current source 2710 draws current from a source of the second transistor
2702. The opamp 1002 can be powered with a drain supply voltage Vg42. Power
supply options are described below in more detail. The differential signal output

is tak_én 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
imple'mentation includes a second current source 2610 that provides 'cu_rrent to
the drain of the first transistor 2600. The second current source 2610 draws
current from Vddz..

.[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
current to the drains of first transistor 2700 and third transistor 2706. The third

current source 2712 draws current from Vyqo.
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transi stor 2708. A gate of the third transistor 2706 is driven by the other
"output of the differential zero-order TIA 500. A gate of the fourth

transi stor 2708 is driven by VB. A second signal output of TIA 1000 is
taken at a node connecting a source of the third transistor 2706 with a

drain of the h t si.stor 27 A secopd current, source 2710 dr aws
current from @hrceﬁéﬁ"mﬂang\@%ﬁq ?Qné\es&gﬁreng'?{@‘)dﬁ‘fgsﬁﬁ'&% nestesl can be
powered with a drain supply voltage vVdd2. Power supply options are

descri bed!AdP8% ofr or E0 feBhpwn 'm%edtﬂ'igfa dhigchimplemeryatidn &fgpamp 1902aken
across the first and second signal outputs at the respective sources of
first an®pamp dO00Rainsiusiesra UlIZEOBEi)gl{rethm)]aSReh@wni n@hacyparop F1062 28,
the first-order nested TIA 700 of FIG 26 is shown including a second

i mpl ementedeivies af pogitive A9 .vollages¥goramhd anmégateiet didsonoitage udgs ateecond
current source 2610 that provides current to the drain of the first

transi st gife?&@fal olifffut SRARINE GIRERH AtFoSONGE V8L eys. current from Vdd2.
[0131] Referring nowto FIG 29, the differential node first-order nested

TiA 1000 of Fidiast? IRefRABMINOAGLUALR -850 ReiTBE BARNEGH QT ShogRar

1002. The second’i npl enmentatron in urrent 'source 2 that
[ ansi ot SPeAsE Cunied (e 8 §Pical oolbuBnanS BT 3R ias e TrSboveef ooz, 32
TIA. 1000515 RPREHORS) PRS0 fIOBRUNRIE Nl AN’ SASTOGRER HEPETASNS B3y
1002. Opzi\n/'p 1Q(?2 i ncludes a push-pull configuration as shown. The oparrp
1002 A=Vou/Vin. A logarithmic horizontal axis of each graph represents signal
| frequency. The graph of FIG. 31 represents a gain curve 3100 of the various
opamps. The opamps provide a lower gain and higher bandwidth than the zero-
order TIAs. The opamp gain rolls off at a rate of 20dB/decade.
[0134] The graph of FIG. 32 represents a family of gain curves 3200 for
various TlIAs. The gain curve 3200 having the smallest bandwidth corre’spo‘n_ds
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

the gain effects of the opamp as shown in FIG. 31. As the frequency continu'es

33



receives a positive bias voltage VBP and a negative bias voltage VBN. The
differential output signal is taken across nodes VO,t+ and VO,,t_. [0133]
Referring now to FIGS. 31-33, a family of gain curves is shown. The gain
curves represent typical gain patterns of the various first-order nested

Tl As desgribed abpve, A logarithmc vertical axi,s of each ar represents
gain A= olﬂl%?%ﬁsﬁ 8‘& 94951"P ﬁ)#i d ﬂ@)&?@Sﬁ?%’ %Hﬁiatg tﬁ? C@é‘&%”ﬁ?%ﬁ%@%ﬁf ent s
signal frequency. Th raph of FIG 31 represents a gain curve 3100 of the
vari ous OB%%P@ t‘hﬁesei%‘gﬁageb?@{fi’%’eﬂé‘-lomer gain and hi gher bandwi dth than
the zero- order TIAs. The opanp gain rolls off at a rate of 20dB/ decade.
[0134] The gr HRB6f Rederrdm newrteddot 34 aa fumdtiopabblogkidingranvisssteaooof or
various TlIAs. The gain curve 3200 having the snmall est bandw dth corresponds

wi th a zarpowerdsupgdlyAarrdiigerganinforuirgerde? Giestéd TIAEgherTHeapdwedtsupply
correspond wth increasingly-nested TIAs. The Tl As generally provide a

hi gh gai Brrangem@ntipisvidasdai Tt c\hﬁlﬁﬂNiﬂOrfﬁﬁHee@ntcgJet Reltagesmeveld hgedsite0- or der
TIA gain rolls off at a rate of 20dB/ decade. [0135] The graph of FIG 33

repr ese”bﬁ)vﬁ’diﬁg@iwrr@i &ﬁn@cﬁﬂ;"ﬁ%’ﬁér %ﬁgovﬂfeagleghgn(‘faér%)%é. f Wiite (p:rlggr%ngst ed

TIAs. The gains are relative at at t owest requenci es. th

L easeroyb R SRERERC M50y B s FERRYRRREE AT S AT s o
iR A R T T SR E RN R A A
3. a fugtchteirosr?r?glgleﬂn%celé giriggcrii?fgqreinstials?i?gt\@orggr nested TIAs. An analog power
su_pply Vada is associated with one of the external connections and provides
power to the zero-order TIA. In some embodiments V44, is between about 2.5V
and 3.3V.
-[0137] The analog power supply V44, also provides power to a charge
pump modgle 3400. Charge pump module 3400 also receives power from a
digital power supply Vgqa. Vuaaq is associated with thé second one of ;hé external
connections. Charge pump modulé 3400 can be fabricated on the séme chip as
the first-order nested TIAs. In some embodiments Vags is about 1.2V. In some
embodiments Vadd €an 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 Vg4, that is approximately equal to Vgga+Vqde.
Therefore Vyg2>Vaaa. It is appreciated by those skilled in the art that Vyq, is not

exactly equal to VggatVage due to losses and/or inefficiencies inherent in the

charge pump module 3400.
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a power supply arrangenent for first-order nested TIAs. The power supply

arrangement provides a TIA chip with three unique voltages |evels despite
provi di ng external connections for two voltages and ground. Wiile FIG 34
shows the power supply connected to the first-order nested TIA 700 of FIG

7, d d th skilled.jn th t.th t h
be used v th ﬁfﬁii" L RoRdodG- A Ay ricafion o &he Gl Sesbed Ti e
An anal og}éo supply Vdda is associated with one_of the_external

connect i %@ds ﬁh@Wﬂdeyddaﬁﬁv&fPV'ﬂé tihea Zattens 3poP. TBAttenn38ePcaandR @ ment s
Vdda i s between about 2.5V and 3.3V. [0137] The anal og power supply Vdda
al so pr olithise-igoviattery havittreggoltaganbetwden eatgt002. 7€hande4 2vhp Adgiite 3400
al so receives power froma digital power supply Vddd. Vvddd is associ ated

wi t h t heesittiogdicde (IED} bomewdticatels witoanesitponst thehepaappir® iwdohe 3400
can be fabricated on the sane chip as the first-order nested TIAs. In sone

erbodi meambodfentsthaéREW has AMurd-BnSeItEge %W@U&%B%Wd¢ﬁe%ré)@ nfgul at ed
by a voltage regul ator nodul e 3402 before being applied to the charge punp

modul e 3@@)3%” 'A08N3648 \P dg)r(rﬁrdmgﬂleebg‘é&g gga{/ d% Ejgﬁ.ﬁ%qedé@ﬁé i8ht

vol t age that i s appr y equal erefore

vdd2>Vdda, h il I ed rt that, vdd not
exact Iy dojiade (o} DRRE ORISR 02 "PECei o aBR oty R YRGS anlY BoOEHFaVont i n
the charge pu nmodul e 3400. 34 [013 Ref erri ng, now to FIG 35, an
appl i cat It gﬁ”d’i"%ﬁé%@@% pr/e{,{the Ha:b\ 32.i §he kbarde RiIR me HéJPo?iﬁo@ed by a
battery 3500. Battery 3500 can be a

provides the additional voltage from Vg4, to supply the LED with approximately

3.7V to 4.2V, which is above the 3.5V Vp. The range of 3.7V to 4.2V accounts

for the losses and/or inefficiencies in the charge pump module 3400 and is

therefore not exactly equal to Vyga+Vddd.

[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 a'mplifier
(TIA) circuit 3600 having an inner TIA 3602 is illustrated. The transimpedance
amplifier 3602 includes a first operational gmplifier 3604 and a second
operational amplifier 3606. Each operational amplifier set forth in this figure and
the following figures has a non-inverting input and non-inverting output identified

by the absence of the “0” symbol, and an inverting input and inverting output
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lithiumion battery having a vol tage between about 2.7V and 4.2V. A light-
emtting diode (LED) comunicates with an output of the opanp 710. In sone
enbodi ments the LED has a turn-on voltage VD of about 3.5V. The charge punp
nodul e 3400 adds Vdda fromthe battery 3500 to Vddd to generate sufficient

vol tage for . .drivi t.he LED 3502. Since Vddd general | ovi des, gnly about
1o O Bt Bye LOSaVEPhe 15 TGP R et St alRdngu e A

nodul e 3400 provides the additional voltage from Vdda to _supr?_l y the LED

wi th appftkifaedrack repistonee 3008\ thatrsaramuaicatrs, withnthes ngy-ipyertingdnpuihge of
3.7V to 4.2V accounts for the |losses and/or inefficiencies in the charge
punp nodané thaaow/ettng petputhandfaosecanst resiciandey 3640 4hat corddumicates wifh0139]
The present disclosure al so addresses the need for increasing the

gai n- banthd idvértingadpatt araf thEl den-inveptirgvempat.s i n t he gai n-bandw dth product
may be achi evable by "nesting”" a TIAwithin another TIA In other words,

addi tional ci[em1] elTBEAEStedUrAhsiPpbestRasinplifis) S660'aRD inCRIRS 4 eSS
and/ or opanps arée added on the input and/or output sides of the TIA

01401 Rehardibhal ARMIfE 56 £'bRoNavifly BShIdhbARRLIRAT RNESAORY I heh (TIA)

circuit aving-an inner I's i at Fansi npédance
oper at 1 oy PR| 496 Suful B BEERAAT G Rk b1 s orvEdPerpRdtni <
figure and  the follow ng, figures has a non-inverting input and

non- i nvelat RPTOTMHPIFatG & theeAoNtipvertiag 4pReheE agPlfige 3696, Fdhal Normd an
inverting input and inverting output 35 identified by the "o0" synbol. The
t ransi nplyanty eutput thaécogwanisates witicthedegersing input of amplifier 3606.

[0142] A feedback resistance 3614 communicates with the non-
inverting output of amplifier 3612 and the inverting output of amplifier 3604. The
inverting output of amplifier 3612 communicates with the non-inverting output of
ampli_figr-3604._ That is, resistance 3614 communicates with the inverting input of
amplifiér 3606, while resistance 3616 corﬁmunicates with the non-i_nverting.in'put
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

this embodiment, the inverting output of amplifier 3702 communicates with the

non-inverting input of amplifier 3612. The non-inverting output of amplifier 3702
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first feedback resistance 3608 that communi cates with the non-inverting
ipput . and the inverting output, and a second resistance 3610 that

comuni cates with the inverting input and the non-inverting output. [0141]
The nested transi npedance anplifier 3600 al so includes a third operational

anplifier 3612 al so havjng. an invert i ou and a. non-

ver t1 nEoOTRBGICERE Wt B et otk ol SR b 21 & TeRsbAtdSEaRver t i ng
out put that comrunjicates with the non-inverting input of anplifier 3606,
and a noRZ04 wesrmunigatas yith thegoravwRuRPde0édhaiinverting quipi f amplifigiut of
anplifier 3606. [0142]. A feedback resistance 3614 conmuni cates with the
non- i nvédr02 mpdabeman-mveding inputof a6itifiandc12e Tihevrasistance 37 P4ditis afso
anplifier 3604. The inverting output of anplifier 3612 conmunicates with

t he non- comemdricates ubifhu thefinvertimd ioutsut SoahplifldraBeds, A esicehdrfeedBackd
communi cates with the inverting input of anplifier 3606, while resistance

3616 CO”F@E%tQﬁé@%?%TcBn{rﬁﬁmegfés' \DYr?fHé B&nmb?ﬂrﬁodé)f)eﬁ'&@d tfHeer'iorﬁW@rtu{gOM?’]
Referring now to FIG 37, a double-nested transinpedance anplifier 3700 is

illustra

transi Mgy Ué?an”ﬂ@”%*e%? %’i@éﬁ%%‘@rﬁ@imﬁffﬁ oL SIS R b,
structure 3%00 of F{G‘n lfi fore these common circuit conponents wl |l
not be dSWERIMRHIPHE P %’f“p"?‘f % enbodi ment, anot her anplifier 3702 also
havi ng inverting and non-inverting inputs and outputs is illustrated. In

this enbodi nefdT44lhe BYIPE?VL'Q"HQ tBﬁﬁHfLﬁreB?'alﬁrﬁﬂq feegpagly strusbies Hiustated wi t h
the non-inverting input of anplifier 3612. The non-inverting output of
anpl i fi ein B1@®2 38&nd 37, fewer inversions for a given level of nesting are set forth.

The result is a potentially higher frequency operation from a device such as that
illustrated in FIG. 7. Ih these examples, the nesting occurs at the output node
causing the output distortion to be improved as the level of nesting iﬁcreases.

[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 fhat
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
with the non-inverting input of amplifier 3804 and a non-inverting output that

communicates with the inverting input of amplifier 3804. A first feedback
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communi cates with the inverting input of anplifier 3612. A feedback

resi stance 3704 comunicates with the common node of the inverting output
of anplifier 3702 and the non-inverting input of anplifier 3612. The

resi stance 3704 is also communicates with the inverting output of

anplifier 3604, cond feedback . resistance 3705 co nicates with the
comon noGe BQW\@@% ﬁ%mﬁ*&m'?%&ér‘e’it*hgﬁeoiﬂ%ﬂ‘?”oﬁoi?rﬁﬁ%SP '%?Oﬁwﬁﬁﬁ‘gt he

i nverti ng ingut of %npl i fier 3612, and the non- inverting output of

anpl i fi ePUBSOLT Jrorifier IP4,aeditae mpn-invering pshof Anapified 3605 Rekthe
structures illustrated in FIGs. 36 and 37, fewer inversions for a given
| evel of invedinangoutpet set amplitier 3302.r esfihothies feqstbiackt iresistansieg 10
frequency operation froma device such as that illustrated in FIG 7. In

t hese exaomiamicdths wits tthagcammonsnade tdfiehe uigruinveetitey otigpLti ofgaiipéifieut put
distortion to be inproved as the | evel of nesting increases. [0145]

Ref erri nggopwricothiel faverthg tput BTArAPIFRABBDES tardCtHE AoRGRertihg |dipirded in
FIG 36 is used in a nested TIA 3800. In this enbodi nent, an™ operati onal

anplifi e?n?ﬁﬁ%{?@@ its inverting input communi cates with the non- inverting
out put o mpli fier 3604. The non-inverting input of anplifier 3802

communi cates y4id,the, in g .out put lifier 3604.. [0146] Anot her
ool 1ier 330 H ant MREERRK B GheRt i BirwuivetEs, tin PenComaion
non-inverting input of anpljfier 3606. The non-jnverting L output of
o 111 enods e, fie e neRing: Rty 8F argiienaB06  Shgnihef ueriso.
Anot her operational anplifier 3806 has an inverting output that
conmmuni campdifiend8ed t Bad riba-inveringi eupuh pliamylifien3B0Ri eAngleA resistance
non-inverting output that communicates with the inverting input of
anmpl i fi eB838@dmniudicates ittethzamdde between inverting output of amplifier 3806 and
the non-inverting input of amplifier 3804, and the non-inverting output of 3802.
[0148] Different types of nesting may be performed to build a higher
order nested transimpedance amplifier. The amplifier 3802 is not important as
far as nesting is concerned. If the input of the circuit is current instead of voltage,
amplifier 3806 may not be required.

- [0149] Referfing ndw 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 c.apacitance

3904 in parallel with resistance 3610. In this embodiment, the frequency

response or the stability of the transimpedance network may be improved by
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37 resistance 3808 communicates with the common node between the inverting
out put of anplifier 3804 and the non-inverting input of anplifier 3606, and
the inverting output of anplifier 3802. Another feedback resistance 3810
comuni cates with the common node of the non-inverting output of anplifier

3804 and, the.lnverting_i.nput o Lifi 606, and the non-i.nvertjng

out put opcmWitﬁeeFagﬁﬂ ) %ﬁlé??gﬁapgegg% K resi @it W?C'@% Ccat es
w th the conmpn node between the non-invertjng output of anplifier 3806
and the PARAFBNRES cambe ﬁe\FA’EC9§8tD/4'PdHﬁ@”Pﬁ%'fidrﬂ$€Pf’i ng output of anplifier
3802. Another resistance 3814 comunicates with the node between inverting
out put of anpld¥503r 3BJEGAMEB.t dsingerended transimpaganceamplifier 3960° B304,
and the non-inverting output of 3802. [0148] Different types of nesting may
be per f oshaan tloathsidimilar tu tieediffecerdial carfiguerdtion ahewmpadai® S8pln FI@r. The
anplifier 3802 is not inportant as far as nesting is concerned. |If the

i nput  of 30Besifiilae eldmestscrenghéled Watreadrinde ¥@hbage. TREBhhsEMdRBe™Y not
be required. [0149] Referring nowto FIGs. 39A and 39B, differential and

Sho%h” BIA: ehpiERe SepscaEdShos: ) ReepReshAr o sty ©
B b8 ol el b 3y D S HRSEBRS R Bl B0, F1 30, 'S
I L e L G PRSI S S
transi rrp%%ﬁjra%% r:r? t ,\[/k\%r kfecgcs}gacl?ke ci)fn%rif(f)evrgﬁtigly and single-ended transimpedance
amplifiers, respectively. In FIG. 40A, a differential transimpedance amplifier 4000
is shown. In this embodiment, a first operational amplifier 4002 has a non-
inverting input communicates with an inverting output of amplifier 4004. The
inverting input of amplifier 4002 communicates with the non-inverting output of
amplifier 4004. A feedback element 4006 communicates with the common node
of the non-inverting input of amplifier 4002 and the inverting output of amplifier
4004, and the inverting output of amplifier 4002. Likewise, a second feedback
element 4008 communicates with the common node of the inverting input of
amplifier 4002 and the non-inverting outbut 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

capacitance 4016 is coupled in parallel with the series combination of the
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38 including the capacitances 3902 and 3904. As can be appreciated, the
capaci.tances can be replaced by inductances if desired. [0150] In FIG 39B,
a single-ended transi npedance anplifier 3900" is shown that is simlar to
the differential configuration shown in FIG 39A. In FIG 39B, simlar

elenents_are | ab wi,th a prinme s | "' . The transconductance, . gm of
The ampi 11 8PAC5ER5E el dhe hdlici o XTPE. This piaralid CHREMRRITHE SR S nmy
be coupled.to inverting.input( of the anplifiers 3604' and/or 3606'.
[0151] RE$RS ivvng1 fhe wSisteege %&-anH'kswE&aWeL@%hﬁ@kcﬁmerﬂt #808; igc| uded
in the feedback of differential and single-ended transinpedance

anpl i fi eeenfigusegdit g YBNilgr way wittca esistancal#02@r 2 secand resiatanepetldZcin
anplifier 4000 is shown. In this enbodinent, a first operational anplifier
4002 hasseriesowith ianviedtictagce 40024, sndrmwvariablecsapacitanes 4088ert i ng out put  of
anplifier 4004. The inverting input of anplifier 4002 communi cates with

the non-i nver [g153] outThy véiablémRbhtit@iceshe dnd erPBagle GRIMBNIUSPIR

comuni cates with the common node of the non-inverting input of anplifier

4002 anchiadridusr fesbfiaft tieidheRtied d itld L tAOLircaN inby Shd BUfistedhyout PUt

of anplifier 4002. ew se, second fte a ement ommuni‘cat es
with the 0 o 1 inverting input of | ifier 4002 and the
non-i nve?ﬁ%’ﬁ%ﬁ@a@%ggp%naﬁ}%l \fq??%% l{b%ﬁ,a "f% %%Ocﬁ%%-nt’i%\?/'é? icﬁaaggqrﬁ:&t of
anplifier 4002. [0152] The feedback el enent 4006 includes a resistance
2050, o Sedr B AR ERSIGRNGE MR ke 4699, triCasil AODBTRAL D014,
In some inplenmentations, the inductance 4014 can be a variabl e i nductance.
A var i abbwitable for use as an RF amplifier in a TV tuner in which it is desirable to include

an ultra-wide band of operation (e.g., 50 MHz-1 GHz). The circuit amplifies the

wanted signal more than the unwanted signal by taking advantage of the LC tank

in combination with the transimpedance amplifier property of the wide-band
operation. The parallel LC taﬁk circuit causes the feedback network to have high

. impedance at’a resonance frequency of the LC tank circuit.
[0154] The structure illustrated in FIG. 40 may also be nested in an.
'émplifiér structure illustrated above. With each subsequent nesting, only the
éignal 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 fank circuit transimpedance amplifier is significantly improved
while the out-of-band signals are not amplified. Thié improves the distortion
performance of the amplifier by not amplifying the unwanted signals. At the

same time, in-band signals are amplified with extremely low distortion because of

the nature of the nesting transimpedance amplifier.
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capaci tance 4016 is coupled in parallel with the series conbination of the

39 resistance 4012 and the inductance 4014. This parallel conbination is
coupled in series with the resistance 4010. Likew se, the feedback el enent
4008 is configured in a simlar way with a resistance 4020, a second.

resi stance 40 i erd 14 h an inductance 4024, and a variable, .

capaci t ance 4%5?[0?83?@@ af isml%'e@gﬁagﬁwggdﬂ@ﬁ% am%§0%0§r§ used
toillustrate that various resonant fregquencies of the LC tank circuit may
be adj usBBeWRyhatissigilagta He difsntichreefiquptier shpwndn RIG. A etbbtBnent, a
fixed capacitance set to the desired residence frequency may be used. The
ci rcui t 40Bosimilar ptemeniistarsllabgled withea asimensyRbaln). i Theetranscenddtanoeer in
which it is desirable to include an ultra-w de band of operation - (e.g., 50

MHz- 1 GHgp.of The amplifiers 46091 afd/es 4004’ magrtiee degaiveahndfor ¢hé Baghdidh enaynwant ed
signal by taking advantage of the LC tank in conbination with the . :

transi Wpﬁ_d%b@ple@lﬁb'ih\férﬁh%mpm&gbﬁﬁé akpifidfsdfo0zandd/pReoat i on. The parallel
LC tank circuit causes the feedback network to have high inpedance at a '

resonance fre E y %efb%d—q:\otv@% EidLuhia 404 5MB TPiefséﬁéMg{ié”.\ﬁ?w of

illustrated i 40 may al so be nes%edln_an anp rer structurée o
of i mt er e0pBE YhfbadtcDy B AR MR eS8 dMsimpeSandi PRy The”
el ect | vES ShWn, FESTRRVE. Lo (Al £1Acordereats! hppammrRasanssl mpkfer s
significantly inproved while the out-of-band signals are not anplified.
Thi's i npfdR@Ising: api ls€ oritaudnis ifestratedantretis enmeodimeint.f a dirstogperational
anpl i fying the unwanted signals. At the I
amplifier 4102 communicates with a second amplifier 4104. An inverting output -
of amplifier 4104 communicates with a non-inverting input of amplifier 4102. A
non-inverting output of amplifier 4104 communicates with an inve\rting inpuf,bf
amplifier 4102. Afirst LC circuit 4106 communicates with the non-_in_glerti.ng_input ,
of amplifier 4102 a.nd the inverting output of amplifier 4102.° A se.c‘;orild, LC Qi_rcﬁit '
4108 cc.)mmunicat.es with'fthé invértihg Jinput a.nd_the- ﬁbﬁ;.i..n\-(é(t‘in_g.loju'tpzt'Jt‘, of
amplifier 4102. | |
[0157] LC circuit 4106 includes an inductance 4110 in".s'er'i.es". with a
resistance 4112. The LC circuit 4106 also includes a capaciténce 4114 in serié_s
with a resistance 4116. The series combination ‘of the capé.citancel"41'1'4 a-n.'.d'
resistance 4116 is in parallel with the series combination of the inductance 4110
and the resistance 4112, |

[0158] The LC circuit 4108 is configljred in a similar manner to LC

circuit 4106. The LC circuit 4108 inciudes an inductance 4120 in series with a
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sanme time, in-band signals are anplified with extrenely |ow distortion
because of the nature of the nesting transinpedance anplifier. 40 [0155]
In FIG 40B, a single-ended transi npedance anplifier 4000' is shown that
is simlar to the differential configuration shown in FIG 40A. In FIG
40B, sim|lar, ele s are | aheled wi.th a prinme synbol The tragnsgconductance
am ot "t nESNARFF ERe’ Busratancs 4gtds Tnipriss ikl 3 fesBins 326na T8 gnal <
may be coupled to inverting input(s) of the anplifiers 4002' and/or 4004'.
[0156] REPEE$ cAGbnAtionPfthednductanema14d gnddes 4122/isdify rstralledygtther
enbodi ment of differential and single-ended transi npedance anplifiers are
shown, r #xpeeries/edmbinatioriofsthel capacitamice fAdi2draridathet neaistanmesditfce anplifier
4100 using an LC circuit is illustrated. In this enbodinment, a first
operational §0rMB9]f i eBy pidAdingrarsistahes invipabaliel 9gbothe EONLhE icREuiflfd. An
inverting output of anplifier 4104 communicates with a non-inverting input .

of anpli fiiuetrattt0n  FIG.NAD: idIVaukInY L¥Edsianet BIMIdthi e 4AQdtaREaT N At es
with an inverting input.of anplifier 4102. A first LC circuit 4106

comuni CaLEs-MHCE, to'%%inaﬁdp?é fb‘f%%@ﬁ:dﬁ”‘%'avg_ fed@MRIHe! 59{"3 4'%3%6%%’%6

i nverting output of anp rer 4 secon LC circul
"~ conmuni ¢ S W paverting .inpu nd.. .t he non-inpverting .out put, of

ampl i fi cPblipgted F%EE% 49 Sep i he Pl e Bottifer AL cheveaing 28 §idh,
series with a' | resi %t ance 4112. The LC circuit 4106 al so includes a
capaci t aff€gugnaies i A hise/$ disedyiq rpraventsfeadbask anergtiornwithiar thes nestasl nat i on
of the capacitance 4114 and resistance 411.6 is in parallel with the
seri es cYapbimnaedamncerstiuctirenduct ance 4110

[0160] In FIG. 41B, a single-ended transimpedance amplifier 4100’ is
shown that is similar to the differential configuratioﬁ shown in FIG. 41A. In FIG.
41B,~similar elements are labeled with a prime symbol “”. The transconductancé
Om of the amplifiers 4102’ and/or 4104’ may be negative and/or the signals may
be .coupled to in\_/erting input(s) of the ampilifiers 4102’ and/or 4104'. |

[0161] . Referrihgv now to FIG. 42, an integrator-4200 that is forme_d

'usihg a nésted~'transfmpedance amplifier is iIIustrated. Th-is'e_mbodi'men-t is
identical to the double-'nest_ed transimpedahce amplifier illustrated in FIG. 3%,
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
frequencies. Because of the low output impedance, the integrator 4200 may be

useful to drive large capacitive loads. One application of the integrator 4200 may

42



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

i nductance 4120 in series with a 41 resistance 4122. A capaci tance 4124 is
in series W|th a resistance 4126. The series conbi nation of the inductance

4120 and LI el th.th t f th
capac??aﬁégﬁ ﬁnceﬁ%f?e apgg%gsppﬁgg |4ie%vg%fg§ﬁ 8%%%‘%%\%‘33'5%‘%& ég'?s?ancee
in parallel with the LCtank circuit, as illustrated in . FIG 40, or

addi ng aSPEP!RY fEGEERECHot h t he i nduct ance and capaci tance, oscillations
of the circuit are' avoided. The extra resistance, as conpared to FIG 40,
prevents the PH&Hi t Refering a@ew i fiber FIGHm 4BAMEG xariaugh exareglasnci es.
This is used to prevent feedback operation within the nested

transi npevpleoensationst of ¢he [Pa6A]t disclbbEe afd,shawsi ng{efelem@edowmﬂ@pedance
anplifier 4100° is shown that is simlar to the differential configuration

shown i n4BAGthedpreseht didcfasurd kak, be,sirﬁulemerﬂé@rmmplméas hAQR)r ke gfrétbrsa prime
synbol ""'. The transconductance gmof the anplifiers 4102 [or 4104

may be ng %t h¥R %g/ &fivé P8odi 9 gﬂlespr[éggtgt Pgﬁrogupé &Ha g§ bm@é@ éﬂd@g%(s) of

t he arrpll lers 4 and/ or 41 erring now t

11 et o elemaed B siiiet 8 BB, stfial frdte Sn%gigvéfg‘?%h CREGRARlord ©"
t ransi npedance ang jfier illustrated in except that resistances

3704 andP8¥65 SHeR! 2 Whigh a&%aemﬂauyd%w? eﬂdﬁd@@ 48708t 4302 4 0 g0me

implementations, the signal processing and/or control circuit 4302 and/or other
circuits (not shown) in the HDD 4300 may process data, perform coding and/or
encryption, perform calc_ulations, and/or format data that is output to and/or
received from a mégnetic storage medium 4306.

[0164] The HDD 4300 may communicate with a host device (not
shown) su_ch as a computer, mobile computing devices such as persbnal digital
assistants, cellular phones, media or MP3 players and the like, and/_orv éther
devices via one or more wired or wireless communication links 4308. The”HDD
4300 may be connected to memory 4309 such as random access _mé_m.o-l-'y
(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
4310. The present disclosure may im_plement and/or be implemented in either or

both signal p-rocessing and/or control circuits, which are generally identified in

43



[0162] The integrator 4200 has a high bandw dth due to the transi npedance
configuration. The inpedance output is |Iow even at high frequencies.
Because of the | ow output inpedance, the integrator 4200 nay be wuseful to
drive large capacitive | oads. One appl i cation of the integrator 4200 may

42 .be i ' - a anal It c ryer oper at es at

gi gahertE%vg?’gnat % ngaep %%@n%? gi@%f%wﬁ %g%cﬂﬂo‘f [ B RQwer -

43A- 43G, varl ous exenpl ary npl ement ations of the present disclosure are
shown. Reflp Vl‘?ﬂg Fow & S!Qr@' PFQQ%?S"?%@’]&/%%%’E‘"‘@M §'6¢‘6§&|3é203'hd/8é other

I mpl enented in arrpllflers and/or integrators of a hard disk drive 4300.
The preseifeuigi GOt shona) imfhe VRS0 may/process dateppareriedodingeandier  or
bot h signal processing and/or control circuits and/or a power supply 4303,
whi ch ar enggptor)| perfordeadictiatidns nard/&r foidat datalB@? is feadshom and/or data

I npl ement ati ons, the signal processing and/or control circuit 4302 and/or

other cinigtshtts dmepticsd@thge médiarHPD1 6300 sore ipiplepeatarRing, tHesihaam ,
codi ng and/or encryption, performcalculations, and/or format data that is

out put tar@é@ém%mﬁ%e'cbﬁ% rcﬁeren@ 4B9NShier Hé@SﬁcMﬁBPﬁgﬂﬁwSW&@] The

HDD 4300 may co nicate with host device (not

cerul ar DpfpHad8 C%E“"E%Bﬁ@f&% lvbﬁﬁefﬁﬁ&'&%%%@@ %?IkejCO@Hﬂa' %ﬁharhréﬁs Shﬁ‘t@'ﬁ‘?égg
T HDD 4
Ty Do cBNMBEPBY AOET AER\ PGt e AASAIEECHUs SrBIVE RAM) , | ow

| at ency nonvol atile nmenory such as flash nenory, read onIy menory
[0166] The D drive 4310 may communlcate with an output device

(not shown) such as a computer, television or other device via one or more wired
or wireless communication links 4317. The DVD 4310 may communicate.v_vith '
mass data storage 4318 that stores data in a nonvolatile manner. The mass data
stOrage 4318 may include a hard disk drive (HDD). The HDD may have fhé _
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 approxirhately 1.8". The
DVD 4310 may be connected to memory 4319 such as lRAM, ROM, low latency
nonvolatile memory such as flash memory and/or other suitable electronic data
storage.

[0167] Referring now to FIG. 43C, the present disclosure .can be
implemented in amplifiers and/or integrators of a high defihiti_on television (HDTV)
4320. The présent disclosure may implement and/or be implemented in either or

" both signal processing and/or control circuits, which are generally identified in

FIG. 43E at 4322, a WLAN interface, mass data storage of the HDTV 4320
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(ROM) and/or other suitable electronic data storage. [0165] Referring now
to FIG 43B, the present disclosure can be inplenented in anplifiers
and/or integrators of a digital versatile disc (DVD) drive 4310. The
present disclosure may inplenment and/or be inplenmented in either or both

“signal p [ coy ol ci [,eH i ch:ar erally identified
Tn"as FrEiB; 3p8yeh ShBb e Qe P JaetefR B bR Y hBut Seb Rl or
power supply 4313. The sigpal processing an r control circuit 4312

DGy or b RtA" 2 VTR o T aRss REmBRAN G Genere VS 14 SUARHL P st e cispizy

-perforn1codinq and/ or .encryFtionh performcal cul ations, and/or format
dat a tha#326 efpnme dmplanderiatians,ssignali proeassing aircojitarsHor sootrelgeiravitdi um
4316. In sone inplenentations, the signal processing and/ or control

circuit 4322 amdddroother hercudts r(oot tshopmdtofsthenHPTivh 4826 mBYprb8&6s ctataal so
- performother functions such as encodi ng and/ or decoding and/or any other

si gnal ppedessi catifigngid/onserfspoiorat parfoint hedicsBonk,i YermdtO4afl aRagorDVD
drive 4310:may comruni cate with an output device (not shown) such as a

conput erpe@r&lnwh%%rq%@bhﬂbﬂﬁgﬁf%fgingatﬁaﬁm%a@fe‘au%aed or wirel ess

- communi cati-on |inks 43 The .DVI y co nicate. wwth mass data
storage 4919 ¥t A6 HiSTR, A MU hERE IR il aalB aotae,
oo or R0 e dala, Mg notyolalle aRaneR s ShebRenl BRUOT ARASREICTat of y
*1.8". The DVD 4310 may be connected to nmenory 4319 such as RAM ROM | ow
| at ency StRErEROHEYICES. n%%@a?t onenHb mayshaveethsr goafigyrationtshewnsini Eébl e
el ectronic data . R
' 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 ha\)ihg a
'd'_i"ameter'.that is smaller than approximately 1.8". The HDTV 4320 may be
connected to memory 4328 such as RAM, ROM, low latency no'nvolatihle memory
such as:fiash_mémory and/or other__-s'uitéb'le éléctro_hic-data sto.régel. Thg.HDTV
4320 aI36 ma~y_support _cc.)'r-me.c'.tions with a WLAN \/ia a V.VLAN'.n'e.twork-inter'face "
a9 |
[_0169]' . Reférring now to FIG. 43D, the present diSC|OS..L-Ilré may
_irp_pl_ér_nent and/or be iAmpIement-ed in 'émplifiers' a-rjd/o'riinteg:rajto:ré 'dfl-‘a-_éontrOI
g systém ‘of a vehicle 4330, a WLAN interface, mass daté"stbféée of the '.\(e_rAiicI;é
.control system and/or a 'power supply_ 4333. In some implérﬁéﬁtation#, .the
pfesent disclosure implement a powertrain control system 4332 that receives

inputs from one or more sensors such as temperature sensors, pressure

sensors, rotational sensors, airflow sensors and/or any other suitable sensors
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storage. [0167] Referring nowto FIG 43C, the present disclosure can be
iplenented in anplifiers and/or integrators of a high definition
television (HDTV) 4320. The present disclosure may inplenment and/or be

i npl emented in either or both signal processing and/or control circuits,

whi ch ar g gene YA I 1 ed x| 43F 4322 W.AN interface, nass
data st O?E‘S@Poﬁ‘%ﬁ h%e’ﬁ%%t%é’bg thmgﬁ%/%&tp ¢ F‘E%HPF&'HJE% SUE3R ASTROINSTY 4320
receives HDTV i nput signals in, either a wired or wireless fornmat -and _
gener at eSPHBT)Y fametgﬁsgﬁafbw'a?'oa Respling parapsters, andigs other erpkeht i ons,
signal processing circuit and/or control circuit 4322 and/or other
ci rcui t sSIGABIS- shown) of the HDTV 4320 may process data, perform coding
and/ or encryption, performcal cul ations, format data and/or perform any
ot her type of [MPOY prideegwesentt ditclosmye bmayeqlsor de. ihpledénteédeinHBiverd 320
may comunicate with mass data storage 4327 that stores data in a -

nonvol at costrotmysims 4G40 a$ tiaptekisle 4380 OTh&R@BARbI §ysterﬁt484@9@1a9¢ﬂ(éﬁ_/%‘é- At
- least one-HDD may have the configuration shown in FIG 43A and/or at |east

~ one DVD. pmsiRa¥@nhRefrsmipatsahtoe ﬁw'ana/ar%u&ut%tml@m@ tras@gtéfsa |

m ni HDD that includes one or nore platters having a di

2328 such 8 FRRTHRAIFES dint e AR PR Rl B co TSR 4B ooty
e R M IR B SeSaRThed e erita Do ™
o _ 'tellematics sysfem, a vehicle telematics system, a lane departure System,_"an o
'adap_tive cruise control system, a vehicle entertainment'system such as a s.t'e'r_eo,
DVD, compact disc and the like. Still other implementations are confemplated. |
.[0171] The powertrain control system 4332 may communicéte with
- mass data storage 4346 that stores data in a nonvolatile manner. The m'asé-data o
-'"sl_tlorage_4346 méy include optical and/or magne.tic storage devic'.es--.f‘or exam.ple_'
hard disk drives HDD and/or DVDs. - At least one HDD may -,h.éve | the
-coﬁfiguf-ati.cm. shown in FIG. 43A andlor at least Qne_.DVD may have"tﬁe :
,c_ohfigu_ration .shown in FIG. 43B. | Thé HDD'may be a mini-HDD th_af in'ci:l.udl.é,é. c_in‘e'
- or mofe platters having a diameter that is émaller than ap.proximatt-aly'1.8"'. The |
_r-)'ow.ertrain control system 4332 may be connected to memory -4'347 such as
RAM ROM, low latency nonvolatile memory such as flash memory and/or oth_er

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

support connebtions with a WLAN via .a WLAN network interface 4348. The
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[0169] Referring nowto FIG 43D, the present disclosure may inplenent
and/or, be inplenmented in anplifiers and/or integrators of a control system
of a vehicle 4330, a WLAN interface, nass data storage of the vehicle =
control system and/or a power supply 4333. In sone inplenentations, the

present dj osure i ment a.powertrain control, system 4332 that receives
i nputs f ?éﬁ%?é)lng%é?mng?%ss@ﬁgoslggs'UEIHdgsmﬁéﬁp%qtﬁt ﬂp@/gseenglgpgqryp?ré@gﬁ,ae
sensors, rotational sepsors, airflow sensors and/or any other suitable
sensors MB&@HHPE?C?Z%{PF‘%M)% one or nore output control signals such

as engine operating paranmeters, transm ssion operating paraneters, and/or
ot her cont rol [0iZdnalRefe[graglowrHe Fles&3E, dihecipsesed disglasuse dan be

i npl emented in other control systens 4340 of the vehicle 4330. The control
syst em 4Bdglementéd kewnydifiersandice isiegnatbss bf anceliupart plsems 43504842 naxyd/ or
out put control signals to one or nore output devices 4344. In sone

i npl enentraiudens cellbir eenérind 435 $! ETReA g entraischisuP@ mhaw fmplenidhti alddsk
braki ng system (ABS), a navigation system a telematics system a vehicle

el emati g8 impRifiahted ih Uil BPHRNSRINRY BlelssinandiBRBORKS! GFASSWRRN  ©!

system a vehicle entertai nnent sy msuch as a stereo, conpact disc
pover (1 aPls CERETAY KRy B SR ag oo b ars WP B8 a e brtke 4346
el ude. SRYRER1oTalhe GPIAL REENE EP80 A BE R BONer orRBTS. Nl domesk
drives HFr)nDplgrr}\Cgh?étio%\éP%He ételldIS?Sﬁor?g33?6)?ncr:]lﬁc>i/eshgvn%ictrcr;§hone 4356, an audio
output 4358 such as a speaker and/or audio output jack, a display 4360 and/or
an inpqt device 4362 such as a keypad, pointing device, voice actuation and/or
- other input device. The signal processing and/or control circuits 4352 and/or
other circuits (not shown) in the cellular phone 4350 may process data, perform
- coding and/or encryption, perform calculations, format data and/qr perform other
cellular phone functions.
[0173] The cellulér 'phone 4350 may - communicate with mass data
~ storage 4364 that stores data in a-nonvolatile manner such as opticél and/or
magnetic st.orage deviqes for.example hard disk drives HDD and/o.r 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 4366

such as RAM, ROM, low latency nonvolatile memory such as flash memory
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configuration shown in FIG 43A and/or at |east one DVD may have-'the

configuration shown in FIG 43B. The HDD nmay be a mini-.HDD that includes
one or nore platters having a dianeter that is snmaller than approxi mately
1.8":. The powertrai n control system 4332 rray be connected to nenory 4347

such as volatlle suc

andlor - oPRADT ot siipbic BLERPI At R &lageo, e colgr BBagS AssPrAled Rl
system 4332 al so suppor nections with a WAN via a WAN net wor k

i nt erfacéuﬂmcoﬁ’P@y'oﬂ? &8\-’8&%@ enlVhAhonetwperisinderface fd68- nass dat a

st or age, ry. and/or a W.AN mterface@&ill not shown). [0172] Referring
now to FIG 4Bé74ﬂ he Refesing navdoo§iGe the presgréngisclosuren carpltefiers
and/or integrators of a cellular phone 4350 that may include a cellular
ant enna #Bplémenited pr esptified and/os integnatyrsiofid setetop Bod4880. Odei presenent ed
in either or both signal processing and/or control circuits, which are

gener al.l Yisc@atd frnag iniplEhfent 4ai/at B3 Smplem¥blly iimt&tercer mﬁsS@ﬂha

: storage of the cellular phone 4350 and/or a power supply 4353. In sone

i mpl em”hﬁﬂc‘e@@ﬁl éﬁ@o?%bhﬂbﬁ&r(ﬂh&”%ﬂﬂ%%[é:b‘e' gﬁ@ ReMiBEPPRENE. 43364 an

audi o tput 4 58 such as a speaker an out put jack, a display

aotvar oSk AU SR SRl Yoo ol RS, TS RO e o)
may pr Zieé‘@gﬁaﬁﬁg YRy e S BAIBID IO S BRAISHERTI R ROURECHIR | ons,

format data and/or performother cellular phone functions.
as a broadband source and outputs standard and/or high definition audlo/wdeo

signals suitable for a display 4388 such as a television and/or monitor and/or
other video and/or audio output devices. The signal processing én_d/or cér_mfrol
circuits 4384 and/or other circuits (not shown) of the set top box 4380 rhay
process data, perform coding and/or encryption, perform calculations, format
data and/or perform any other set top box function. |

[0175] The set top box 4380 may communicate with mass data storage '
'4390 that stores data in a nonvolatile manner. The mass-data storage 4390 may‘
mclude optical and/or magnetic storage devices for example h_ard disk drlves
HDD and/or DVDs. At Ieaet one HDD may have the configuration shown in. FIG. |
43A and/or at least one DVD may heve the configuration showﬁ in FIG. 438
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

such as flash memory and/or other suitable electronic data storage. The set top
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[0173] The cellular phone 4350 may conmuni cate with mass data storage 4364
that stores data in a 'nonvol atile manner such as optical and/or magnetic
storage devices for. exanple hard disk drives HDD and/or DVDs. At | east
one HDD may have the configuration shown in FIG 43A and/or at |east one

DVD may € e n{iquragi k dn Fl 43RB. , Jhe H be.a m ni

HDD t hat B%cﬁ%@eg%@n@a& Sﬁébéﬂp‘fogﬁggpéﬁ%g\’)ﬁ@ %&nﬂ?ew inﬁt‘g?r% | er

t han apwi ma%ﬁgéoll 1.8". The cellul ar phone 4350 may be connected to
menory 4 a&y s RAM ROM |low | atency nonvol atile menory such as flash
menory 47 and/or_other suitable electronic data storage. The cellular
phone” 4350 al KH7@dy Refspia newnriecFlGn43@.t thea mmtvgmbpswe\waremork
interface 4368. [0174] Referring nowto FIG 43F, the present disclosure
can be impkesenteddni amplifi¢rnst Bador aintégratoratafgratmadia gilagersdd000p Thex 4380.
The present disclosure may inplenent and/or be inplemented in either or

bot h si gpaisenpUBeRBSIF haANEMEmennah@or Belifipidraents i kithice 0B BT Sigh
identified in FIG 43F at 4384, a W.AN i nterface, nass data storage of the

set top Pﬂs&eég»i%@ @rmepeoﬁtrop&v&mssW&waééééne{%{ng igﬁgtiﬁé?Pierm43§@-étecei ves

signals froma.Source such as a broadband“sourc out puts standard

a/ hi def initi . . ) . o ; 238
oeh hs 1904 S WERK MUt Al SloRR OF R BRUT pléer A9 BAGY &700t put
i %r ocessi n%frﬁg [or contr iJ.cui ts ga?ag)ét_andl or ot her

devi . Th | [
citcu £ SPPEE SURRIRAAOG! Ipreore agatonssdne medin Pl 4499 1ACIUgES for m

codi ng and/ or encryption, performcalculations, format data and/or perform
any ot heflispiay 445y BBg/of @neserdaput 4408 such as a keypad, touchpad and the like.

In some implementations, the media player 4400 may employ a graphical user
interface (GUI) that typically employs ménus, drop down menus, icons and/or a
point-and-click interface via the display 4407 and/or user input 4408. The media
player 4400 further includes an audio output 4409 such as a speaker and/or
audio output jack._The signal processing and/or control circuits 4404 and/or otHe_r
circuits (not shown) of the media player 4400 may process data, perform cocjing
and/or encryption, perform calculatibns, format data and/or pei‘form ahy _oth.e'r.
media player funcﬁon.

[0177] - The media player 4400 may cémmunicate with mass data
storage 4410 that storeé data such as compressed audio and/or video cohtent 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 fnass data storage may include optical and/or

magnetic storage devices for example hard disk drives HDD and/or DVDs. At
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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 ncl ude optical and/or magnetic storage devices for exanple hard disk
drives HDD and/or DVDs. At |east one HDD may have the configuration shown

in FIG one rra have-. t C ration_shown in

FI G 433'3%%%@6%&%5/ b9 thef RonRX BRI PG i Bl %#é a%:é/%ﬁtg S er s
havi ng a aneter t is_smaller than approxi mately 1.8". The set. top box
4380 mayb Mﬁ mahhRE penﬂetratnwegwrsuc '%é%MTfnottDD R BeehEyni

nonvol atil e nmenory such as flash nenory and/or other suitable electronic
dat a st oH&t thathackidest@ie onanerexplaies éa\yog reagiangiesrthat snametlenthani t h a
WLAN via a WLAN network interface 4396. [0176] Referring nowto FIG 43G
t he presapprodimatets 188, cahe loeedia pbdyereld&8dmay bengdrinacted taanbhooryi4d1dgr at or s -
of a nmedi a player 4400. The present disclosure may inplenment and/ or be

i npl ementech iaz RAMERGM, hew hatdr@yahonwsiafle smieRtbranslich agoMigoimémegui ts,
whi ch are generally identified in FIG 43G at 4404, a WAN i nterface, mass

dat a Stoéﬁ&/%r%fthérhﬁuf%qjé BN dﬂﬂaogtg?é‘qg: 8 m@@tﬁeplag PQH%O%@ d# some

I npl ement ati ons nmedi a pl ayer 44 es a dis or a

Fi&re';rgﬁﬁ_%tﬁ%ﬁgoﬁt%&'tﬁ%ﬁﬁ%@?ﬂtt fﬁ%“‘}t@@“ @%ﬁt%@tnt'g'rf‘é?%ﬁ Sffeaper )
2" poi nt TaRBTSNRIES D AR h obs Soar bt earrﬁv“t%mptaﬁéé ot 4408,

"The nedia’ player 4400 further includes an audi o out put 4409 such as a
speaker and/ o[ 178] Referring now to FIG. 44, a Sigma Delta analog to digital

converter (ADC) module 4510 is shown. The Sigma Delta ADC module 2810
includes a difference amplifier module 4514 that receives an analog input sig'nali.

‘An output of the difference amplifier module 4514 is input to an integrator m'odu‘le

4518. An output of the integrator module 4518 is one input of a cornpar_ator
module 4'520._l Another input of the cornparator module 4520 may _be. -oonnected-'
to. a reference potential such as ground. An output of the comparator modu.l'e.:'_
"452'0 is-input to a filter and decimator module 4524, which 'outputs a dig'ital sigha'l .
'The output of the comparator module 4520 is input to a dlgltal to analog _
converter (DAC) module 4528 The DAC module 4528 may be a 1 b|t DAC ‘An - |
| output of the DAC module 4528 is |nput to an mvertmg input of the dlfference
amptifier 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.

. The integrator output voltage is converted to a stngle bit digital output (1 or 0) by
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audi o output jack. The signal processing and/or control circuits 4404

and/ or, other ~circuits (not shown) of the nedia player 4400 may process
data, performcoding and/or encryption, performcal culations, formt data
and/ or performany other. nedia player function. [0177] The nedi a pl ayer

4400 may,co i i th d starage, 4410 t hat stores dat uch as
conpr oo s ETHPaRRE e B30, oTh8 reBhRhE i R oamas an. T, H3) Al e

i npl enentatj ons, the_conpressed audio files include files that are

'cgprrpl i anf" ”f% 41@3% f aﬁY‘r%tC"?ﬁeddltOHBr PEIGesaIaY chfriasded Putaalifo varydhigh vi deo
formats. The mass data storage may include optical and/or nagnetic storage
devi ces p¥ersamwigd eatharkheddigiabdatacautpimby g eompemdor modulpis| @ streamne  HDD
may have the configuration showmn in FIG 43A and/or at |east one DVD nmay
have t heotonés gundaréros aibwime ivaluel & thE3Bignahés plRiporigndletoathes dénsityDBf t hat

i ncludes one or nore platters having a dianeter that is smaller than

appr oxi nehes yulpu'by theecaragaratol moduled4606r BRYinbRasmyesiiedtHeodamemy §f 4414
such as RAM ROM |ow | atency nonvol atile nmenory such as flash nenory .

and/ or obRes isdtehadd e F%reﬁFdé?ﬁ?é&siﬁgt\%ll%,Oﬂh@g@%rll\?-fﬁ/gofr%ﬂég.d@c"f‘é‘%es“%&la' SO

may support connections with a WAN via a twork interface 6. .
St oy QTSR e G ot 1o eEES B BRESoBl,
drgntel SERIVERS S pEPEke TSV LS 15 HRah e sl S e ot B AR
![(r;p ;L isLg@':e'gttzyﬁﬂﬁ%&tgpghd%fecErrr\]aetogirr]:gd%rlg ?(;: Sro?/i égfbiir?arrygggnleéteoig&f 'S tnput
[0180] As can be appreciated, the TIA amplifiers described in the
| embodiments set forth above may be used to implement one or more .of thé
difference amplifier module, the integrator module and the comparator moduhle 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 beli'mplemen'te.d
" in a variety of forms. Therefore, while this invention has beér.i" déscfi_bé,d' in"
‘connection with .particular éxampleé thereof, the true sc_opé -._of the .in:\_/entioin '
éhould not be so limited since other modifications will become apbérént'-_to fthé '
skilled préctitioner upon a study of the drawings, the specificat.i.onl and 'the

following claims.
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4518. An output of the integrator nodule 4518 is one. input of a conparator
npdul @ 4520.. Another input of the conparator nodul e 4520 may be. connected
to. a reference potential such as ground. An output of the conparator
nodul e. 4520 is input to a filter and deci mator nodul e 4524, which out puts

~a digital signal. The output of the conparator nodule 4520 is input to a
‘“digital to analog converter (DAC) nodgpLaiv§28. The DAC nodul e 4528 nmay be
"a 1-bit DAC. An. output of the DAC nodul e 4528 is input to an inverting

- input of the difference anplifier nodule-4514. [0179] In use, the out put

of the DAC nodul e 4528 is subtracted from the |nput signal . The resultlng'

“signal is integratesksky txtaﬁ@mbaiaﬁ&ra@ﬁﬂﬂﬁem}q ErefinBmpridifg | Ntegrator out put
voltage is converted to a single bit digital output (1 or 0) by 50 the

conpar at or _fiodul e a4830brdckMIAMESHE b Bgubinkl 2REEPIESAN | NPUt to the DAC
nmodul e -4528. Thi s cl-osed-| oop process may be carried out at a very hi gh

~ oversanpled rate. a 18 offrtliidrdl arkiRiitRer QRS copribilg. comparator nodule is a
stream of ones and zeros and the value of the signal is proportional to

the density of ones ouf Rkt thy chﬁﬁwﬁf&ﬁ@%ﬁh %dhm |6 sailf Ddro- %Rlet ﬁ‘? .easi ng

val ue,” the .density of . onées increases. For a decteasing val ue, e density

of ones decreases.. By a%Hﬁﬂhﬁ%Kh%ﬁv§ﬁﬁ§ﬁuVﬁ#ﬂage the |ntegrator acts as a -
| owpass filter to the input signal a ghpass filter to the '

quanti zation noi se. The s®ohd ﬁ&r&%@dptheﬁ irleh 8 g 1rstfbkaskrg&%%]alﬁ{s&jﬂ%uhfb!\t&er and- | |

B deci mator nodule to provide a binary- for mat
appreci atg gsm&hgtg&pmggpllflers described in the enbodinents set forth
above nay e used i npl enent one or nore of the '

- a first current source that communicates with said second transistor; and

an output at a node between the first transistor and the second transistor.

2. The nested TIA circuit of Claim 1 further comprising a second current source that

: cémmunicates with the first transistor.

3. The nested TIA 01rcu1t of Claim 1 wherem a gam of the opamp is greater than a

gam of the zero- order TIA, and wherem a bandwrdth of the opamp is less than a bandwrdth of

| the zero-order T_IA.

4 The nested TIA circuit of Claim 1 wherein the zero-order TIA comprises:
a ﬁrSt opamp including a first input and a first output;
a second opamp including a second input and a second output, wherein the second

' inpnt communicates with the first output; and
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difference anplifier nodule, the integrator nodule and the conparator
nodule in the Sigma Delta DAC nodul e. [0181] Those skilled in the art can
now appreciate fromthe foregoing description that the broad teachings of
the present invention can be inplenented in a variety of forns. Therefore,
“while this invention has been described in connection with, particular.
exanpl es_ther eof, the true scope of the invention should not be so limted
since ot her nodi f# caisiaoesingiudingrme e thap pammnticdtes whie thesdecdddechtpn aad iat i oner

- upon a study of the drawi ngs, the specification and the follow ng clainms.

51 CLAI I@onmendﬁthmmdmuqaaﬂwlmmm igel i fier (TIA) circuit, conprising:
a zero-order TIA having an input- ahd: an output;.and a first oper ati onal
anplifier (opanp) conprising: an i nput that- comuni cates with sai d out put

.. of said zero-order TIA;, a first transistor driven by said input; a second

transi stor tHlat |"§hairasmeﬂ“m)y1ramfoﬂcstunbl Astheidohpgising A dirst GESIRMERAV@Sz ondl t h
said first transistor; a first current source that conmunicates with said
“second tendnisi ssmmunienes wisnsAdibypit dlsaid madpahp e aidiiehend thabéonimh@igddt or -
and the-second transistor. 2. The nested TIA circuit of Claim1 further
conpri SInglSaldSﬁ}ﬁ@BﬂsaﬁfdJidi'@&HeﬁH!Ar ce that comunicates with the first
transistor. 3. The nested TIA circuit of Claiml wherein a gain of the
opanp i.s greater than a.
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‘gain of the zero-order TIA and wherein a bandw dth of the opanp is |ess
than-a bandwi dth of.” the zero-order TIA 4. "The nested TIA circuit of
Claim1 wherein the zero-order TIA conprises: a first opanp including a
first input and a first output; a second opanp including a second input and
a second out put, wherein the second input conmunicates with the first
output; and 52 a réeséstdalif@entiabinud tegsipedendampléfier COMLRbGAL&Apridgh t he
-second output and a second end that communicates with the second input.

5." The nested TI A acierccender differéhtaal mode. TIK tirle@IdirRORX dndl is@@na irfplutsSind IFiest iafid ance
havi ng one end. that conmuni cates with said output of said first opanp and
“anot her &g9tdnd hwputsemdruni cates with said i nput of said zero order TIA 53
6. A nested differential node transi npedance amplifier (TIA) circuit, :

. conprising: a zer a-fustdéfferetitfaf moMpeednoﬂmdﬁprﬁA(b;th(fa{pl)ldmﬂglg‘mgr st_and second

i nputs and -first- and ‘second outputs; ~and . a first differential’ node

. operational anplifier {mpp&rtix coamphicst MGt rbsppetve oh&f sGiQBLsCA A YerbD
‘respective ones of said outputs of said zero- order"differential node TIA

‘a first trderdifetwial soide®mM;by a first said input; a second transistor driven -

- by a second sai.d input; a third transistor that is driven by a first bi as
" ol tage and cormuni cat esirstvmﬁslfstcﬁailrnderfby§ﬁrst§a&ﬂ§b§ttOr

a second transistor dnven by a second said input;
a third transistor that is driven by a first bias voltage and communicates
: with said first transistor;
a fourth transistor that is_ drit/\en by the. hrst bias voltage and com.municates_
_with said second transis_tor;
, a'ﬁrst current source that communicates with said third-transistor‘ N
a second current source that commumcates with sa1d fourth tran51stor and

ﬁrst and second outputs at respectlve connections between the first

tran31stor and the th1rd tran31stor and between the second tran51stor and the fourth transnstor

~¥

7. ‘The nested dlfferentlal mode TIA 01rcu1t of Clalm 6 further comprising a thlrd '

’ | 'current source that commumcates with the ﬁrst transwtor and the second tran51stor

8 The nested d1fferent1al mode TIA circuit of Claim 5 wherein a gam of the first

. dlfferentlal mode opamp is greater than a galn of the zero- order differential mode TIA, and
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a fourth transistor that is driven by the first bias voltage and

comuni cates wi th said se€cond transistor; a first current source that
‘communi cates with said third transistor; a second current source that

~ communi.cates with said fourth transistor; and first. and second outputs at
' respectlve connections between the first transistor and the third

t ransi st whereianchahdtidthest thérss differahtiblrradd Gfamp i@Nds thae aftandwiltht sfahskgbor . 7.
The nested differential nmobde TIA circuit of Claim.6 further conprising a
third coderefifferanial medd Tiat. conmuni cates with the first transistor and the

. second. transistor. .8. The nested differential node TIA circuit of daimb5
“wherein a gain of the first differential node opanp is greater than a gain
of the zero-order differential node TIA and 54 1 ' wherein a bandw dth of
the first difderefhé aksteddeffedgdiap niode IT@AScitdiA N faChmn BMviiERinOThet ftgo-8ED-
order differential node TIA 9. The nested differential node TIA circuit of
Cl ai-m 6 afferesiad nobeTRetemmisder differential node TIA conprises: a second
di fferential node opanp .including inputs and outputs; a third differential

mode opanp i ncl udiBgtohd BifefenBalGn e lophthS inc iRk Ghgutd 4@ ot s of the third
differential. node opanp communi cate with respective outputs of the second

~differential node,epaNBifeRRGMRSe TR G 1dN lHﬂthnd‘ blisilts, SRR iggeond
ends wherein the first and second ends comunicate W th r-espective inputs

and - out ptt the Othird NBrrérbitagl ddef a?rﬁ'wt tHhmiRERe Qﬂﬁrrrpasﬂ&trver fb%tpﬂ%%f?%e second

differential node TIA circuit of Claim6 further conprising:
differential mode opamp; and '

resistances including first ends and second ends, wherein the first and second ends

. commdnieate with respective inputs and outputs of the third differential mode opamp.

1‘0. | The nested differential mode TIA circuit of Claim 6 further comprising: .
a ﬁrst resrstance having one end that commumcates w1th sard ﬁrst ovutput of sal.d'
ﬁrst.drfferentral mode opamp and another end that communicates with sald ﬁrst mput of said |
: .zero order dlfferentlal mode TIA; and | | N
o a second resistance having one end that communicates with said second ootput. of :
, said ﬁrsrfdifferenfial-mode opamp and another end that communicates with said -seeond irlput:.o_f —

Said zero-orderNdi_ffereriti'al mode TIA.
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a first resistance having one end that conmunicates with said first output
of said first differential node opanp and another end that communi cates
with said first i nput of said zero-order differential node TIA;.and a
second . resi stance having one end that communicates with said second out put
~of sald first- differential node opanp and another end that conmunicates '
wi t.h sai d seddnd iAnmpsied differantialdnadertangmgeatanch afrri;ﬂuﬁen(’l]mb cinmitecofiphising5 11 .

- A nested differential node transi npedance anplifier (TIA) circuit,

- conpri sing: a. zer ezewewederdlifférentaihtmcae TIAd@vihE Aritami gednt risguta fnecamid
inputs and first and second outputs; and a differential -node push- pul
opanp hasecerg dutpust areind second inputs and first and second out puts, wherein

" the first and second inputs conmunicate with respective. ones of said

first and second auiffuérsiabiodapubhaall @penp evity fifseaehiccald inpete ald fvst 4l The
- nested differential rode TIA circuit of Caim1ll wherein a gain of the

di f f er endeb@ld- sumsles, phsheirpibk| firstRAERedchd IRl &mrhiiachtawdRirespadtive baes @@yaat or der |
differential node -TIA,  and. wherein a bandwi dth of the differential-node

- push- pul firsod RErohd oltP&S of i zedo-bravdffelehtiAmodt ITeA Zzer o- order differenti al o
node TIA. 13. The nested .differential node TIA circuit daim 1l wherein the.
zero-order differential node TIA conprises: a second differential node
- opanp including inputs and outputs; a third differential node opanp

i ncl udi ng -i.npyt s- aRg neHEP differentBEFBHE TIRCilc DR W Claitf 11 Rbherdifial fhin of the
differential node. opanp comunicate wi th respective outputs of the. second _
differ endlff@dentm%dggmml%‘Qmp is greater than a gain of the zero-order differential mode TIA

and wherem a bandwxdth of the dlfferentlal mode push-pull opamp is less than a bandw1dth of

" ~ the -zero-order differential mode TIA.

.1‘3. The nested differential mode TIA circuit Claim 11 wherein the zemo;order
' differential r_ndde TIA .comprises: |
-a seeond differential. mode opamp including inputs and odtputs;
a third differential mode opamp. mcludmg mputs and outputs,’ wherem the inputs
of the thll‘d dlffenentlal mode opamp commumcate w1th respectnve outputs of the second
. d;fferentlal mode op.amp; and | | | |
.'resi.stahc_es including- first ends and second ends, Wnerein the first and second ends

' communicate with respective inputs and outputs of the third differential mode opamp.

- 14 A nested transimpedance amplifier (T1A) circuit, comprising:

a zero-order TIA having an input and an output;
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“resistances including first ends and second ends, wherein the first and
second ends. communicate with respective inputs and outputs of the third
differential node opanp. . 14. A nested transi npedance anplifier (TIA)
circuit, conprising: a zero-order TIA having an input and an output; 56 a
first operational anplifier (opanp) having an output and an input that.

communi cates with sdirst opdrptitinaDfantpéifiel Z&aRpP1deihg A oubul 1208t arPONRE BAPP! Y
i nput for applying a first voltage to the zero-order-TIA;, and a second

pover suppiynunieptad witiosaid eepinufegd aers@e@pdiA0l t age; and a charge punp nodul e
‘that- devel ops-a third voltage based onthe first vol tage and the second

vol tage, wherein tdfirst fiwed swpl Age: fbSappRitlgl L6kt R1th 00 AR -ordar- TIKhanpeSt ed
TIA circuit of Cairm 14 whérein the zero-order TIA conprijses: first

opanp including a £ ecsitd joweebupdRinguttbrdei ittt Pitkondyoe 2k Opaﬁp i ncl udi ng
second i nput and a second out-put, wherein the second Tnput communicates

with the first outpedargedichpandfisd t%lltalﬁ@@ O}lsrhctllh'&“v&& OBsel '39 tllell?rgt \%ﬂﬂ%“gﬂhcat €s

‘with the second output and a second t hat co ni cat es second

i nput.  16he sEbhd VoRugel Whathih tﬁéfthﬁ?liw a%?]rédhgltl]e%)&%ﬁg' sing a VO' tage

regul ator that regu ates the seco age TIA circuit' of Caim
14 further.- conprising a |ight- enlttlng diode in comunication wth the
~opanp output. 18. The TIA circuit of Caim 14 wherein the first voltage is

greater than tlf'e SBRHeted YA LRGG: of Claim 14 wherein the zero-order TIA comprises:

a first opamp including a first input and a first output;
a second opamp including second input and a second output, wherein the second
input communicates with the first output; and

a resistance includlng one end that communicates with the second output. and a

second end that communicates with the second input.

16. The TIA circuit of Cla1m 14 further eompnsmg a voltage regulator that regulates

the second voltage

17.  The TIA circuit’ of Claim 14 further . comprising a light-emitting ._diode'in

‘communication with the opamp output.

18.  The TlA circuit of Claim 14 wherein the first voltage is greater than the second

.voltage.
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57 19. The TIA circuit of Caim14 wherein the third voltage is

approxi mately equal to a sumof the first voltage and the second vol tage.
20. The TIA circuit of Claim 16 wherein the first voltage is otherw se
applied.to  analog circuitry and the second voltage is otherw se applied to
digital circuitry. 21. The TIA circuit of C aim 14 wherein the first

vol tage i s belweenTtebiAtciRub Vi Ghin 18 whkteindBe thitd&oltAgh i€ hpeetimatefy e@hzﬂltcma 21
wher ei n -t he :second vol tage is about '1.2V.- 58
Lo sum of t__he first voltage and the second voltage. '

L0200 The TIA circuit of Claim 16 wherein the first voltage is otherwise applied to

- ana_log circuitry and the second voltage is otherwise applied to 'digital circuitry.

5 “21.  The TIA circuit. of Claim 14 wherein the first voltage is between about.2.5V and

33V

22.  The TIA circuit of Claim 21 Wherein the second voltage is about 1.2V.



