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CONVERTER SYSTEMS BACKGROUND Rel ated Applications [0000] This application
claims priority to U.S. Provisional Application No. 60/392,363f4 | 200k
27, 2002. Technical Freld [0001] The present application relates, in
general , twaodiogi/b@hz2 o anal og converters. Description of the Related Art
[0002] Digital to anal og converters (hereafter referred to as "DACs")
attenpt to produce a faithful reproduction of an anal og continuous-tine
signal fromdiscrete-tine digital sanples. In theory, a DAC can be

i npl enented with an array of weighted anal og conponents that are controlled

by an incom ng di gi i ght I onponent s
are then sumed aﬂﬁﬂﬁf@ﬁﬁ mﬁtffmgpi(imﬂ?mé .. [0003]
One type of DAC is known in the - ing" DAC. One exanple
of an oversanpling DAC device |g%mﬁE%%ﬁSM$ 0004] Figure 1 shows
rel ated-art oversanpling DAC device 100: Upsanpling and digital
‘interpolation filtering unit 104, conposed of 8x upsanpling unit 106 and
digital interpolation filtering unigaACRSROEEVes the digital input
signal. In operation, 8x wupsanpling unit 106 typically sanples nmuch faster
than the rate at which the digital input signal is expected to change, and
tends to create unwanted spectral ilkelagted Appliestions ngly, digital
interpolation filtering unit_ 108 receives the_output of 8x upsanpling unit
106 and renti¥98] t he u&hﬁrﬂpﬁhcaélﬁe@l%spnm@égw- pegiopyl Applicepet Bpi on of 8x
upsanpling unit 106. [0005 L%psarrpl ing and digital zero order hold unit
110, conpose@O/é?zéﬁfﬂe@p@a 7,i29§2unit 112 and digital zero order hold
filtering unit 114 receives the output of digital interpolation filtering

uniA~ 108. In particular, 32x upsanpling unit 112 receives the output of
digital interpolation filtering unit Teghnicahfigldal zero order hold filtering

unit 114 DEC[O%%?? Vo %’99 f)'%eggrﬁ Ja%f;)lication relates, in general, to digital to analog converters.

Description of the Related Art
[0002] Digital to analog converters (hereafter referred to as “DACs”) attempt to

produce a faithful reproduction of an analog continuous-time signal from discrete-time
digital samples. In theory, a DAC can be implemented with an array of weighted analog
components that are controlled by an incoming digital code. The outputs of the weighted
analog components are then summed and filtered to reproduce a continuous-time signal.
[0003] One type of DAC is known in the art as an “oversampling” DAC. One
example of an oversampling DAC device is shown in Figure 1.

C [0004] Figure 1 shows related-art oversampling DAC device 100: Upsampling and
digital interpolation filtering unit 104, composed of 8x upsampling unit 106 and digital
interpolation filtering unit 108, receives the digital input signal. In operatiom, 8x
upsampling unit 106 typically samples much faster than the rate at which the digital input
signal is expected to change, and tends to create unwanted spectral images. Accordingly,
digital interpolation filtering unit 108 receives the output of 8x upsanipling unit 106 and
removes the unwanted spectral images created by the operation of 8x upsampling unit 106,
[0005] . Upsampling ﬁnd digital zero order hold unit 110, composed of 32x
upsampling unit 312 and digital zero order hold filtering unit 114 receives the output of
digital interpolation filtering unit 108. In particular, 32x upsampling unit 112 receives the

- output of digital interpolation filteﬁng unit 108, Digital zero order hold filtering unit 114



2 receives the output of 32x upsanpling unit 112, and typically repeats an

incom ng sanple for a nunbgs of tines equal to the ampunt of qg$3§$EE§PB
(e.g., repeating 32 tinmes).%]0006] The output of digitaft zero" d
filteringwma4/badi2o eeds to digital noise shaping |loop 119. Digital noise
shaping | oop 119 contai ns enbedded quantizer unit 117 which typically
reduces the number of elements required 2o performthe actual digital to
anal og conversion (e.g., such as those illustrated in DAC 118). Digital

noi se shapi Rgeik&aRe odthft dfBRk GpLdnyplindReiti10D SankiyRetly ropuals @fintdifind sathbia!
quanti zation noise introduced by the quantization operation out of the
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general |y neiapingaesp el bigithiheoiendihgink 0sopof19tioatall eniidas] GimBzaamioay 119.
[0007] The output of digital noise shaping |oop 119 control's the sw tching
of the act whichiywicalveieavaes thyf nupaler pf glementsgpgriregde petformn theppsiiag digitahtey al so

choose to a I { line zatd on.clrcui,tr ' Ls.cpnt.roll ed t he
choose 19 ol RBNnll ARG A0URLLRULLI AR DR BPRbLOREH:
switching of1¢ %ﬁio@ﬂy falctiBAG osheAmich FfthdWiGitdllfhant446ibn nbﬁétin&élﬁlcé@?ltﬂel ng

out put of the DAC array is unaffected by m smatches betvieen the DAC
el ements. Thenszetic omoration| aehthe sgnabhandi oBintsyest ead providasiakigh @pssimgisechar ge
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noi se resulting fromshaped quantizatioh perfornmed by digi tal” noise sha?er)
116. Those Hegrpdng trihe apergtionkef digita npite shapingoop 13$preci ate that, for a (.

anal vy post [HB7E, ' 150 ThELEPuCH Gt pBRE Gl p 118 corfedlF e flink e | o,
119 in ordepcthdl DACtRHERLoIDACT I ANdofRicasss, tHa \designcrmadyogsPelsdose td &d 120

be at | east the same order as noi se shapi ng | oop 119 hel ps. prevent
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circuitry ysecheirssultpsecopitog thoMACermh aphiagiectad Uy anahaghgdrtwdentties DAC of

the actual DAC el ement switching can be scal ed down to the point where
power and aekEmenisndepeingdAe elemenis qf SIAC 118 typically deliver either charge or current

to a summing node in order to produce a reconstructed analog signal.

[0008] The output of DAC 118 is received by analog postfilter 120. Generally,
analog postfilter 120 is configured to reduce the out-of-band noise resulting from shaped
quantization performed by digital noise shaper 116. Those having ordinary skill in the art
will appreciate that, for a fully monolithic integrated circuit application, itis desirable that C)
analog postfilter 120 be of at least the order of digital noise shaping loop 119 in order to
attenuate out-of-band noise. Having analog postfilter 120 be at least the same order as
noise shaping loop 119 helps prevent interference of out of band noise with other circuit
blocks on a monolithic chip, and also avoids undesirable mixing with other out-of-band
signals.

{00091 Inmodem integrated circuit (e.g., CMOS) processes, the digital circuitry
used in upsampling, noise shaping, and anﬁlog postfiltering of the actual DAC element
switching can be scaled down to the point where power and area consumption are very low
for a given noise specification. However, the énalog performance of such scaled down
systems is often limited by inherent component noise, which has generally not been

reduced as integrated circuit (e.g., CMOS) process resolution has increased. In response to



.for a given noise specification. However, the anal og performance of such
scal ed down systens i;s-often limted by inherent_ conponent noi: %,Dﬁﬁiﬂmﬁhas
general ly not been reétuced as integrated circuit (e.g., CMOS) process

resol uti on wasooumesiemsed. | n response to 6 DEC 2066 WO 2004/004120 3 this
dilemma, related-art circuit techni ques have been devel oped to reduce noise
and power consunption. However, notwi thsBanding these related art

techni ques, a nore or less constant need exists in the art for DA

t echni ques WhisGlefRi 58a1B@ S 1A FtcBRMBhes A RSHTRE QS RAREAIdig ahl pSea! ed
down nonolithic integrated circuit applications. [0010] In a dItIOR to the
f oregoi ng, témesenplien. adhivteiven alotwitlrtdnding thesomlaied drivliettimiquds Az coore exrtlesss

havi differi ' djgital t.put, (. I d
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desi gners have recogni zed that the negative digital refefrence doeS not

necessari | y theethetroegetiveatefednceTfer hethadigival ahidginallg carfipmentsarerthe e et
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DCT.~ descri bed follow ng), the conmon node references nmay be set”"to a- val ue
i ndependent wiltageseshauidityipicalyibedirdramail- dorrail thasris fiwde 0V] ©0the marieunr sapplck t o
this approach.jn A converter designs such.as where a | ostfilter is
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Is preferred because
and in fact, for DCT (described following), the common mode references may be set to a

value independent of the actual digital/analog common mode,

e [0011] = The drawback to this approach in D/A converter designs such as where a
DCT postfilter is integrated with a D/A converter, however, is that by decreasing the
difference between the positive and negative reference voltages, the amplitude of the signal

C + that comes into the analog pos:tﬁlter is also decreased. Since the noise of the analog
postfilter is the same as Before, the signal-to-noise ratio is now in turn decreased. In order
to restore the signal-to-noise ratio, the power and area of the analog postfilter must increase
to reduce the noise. Thus, the split-common mode reference scheme is preferred because
the amplitude of the signal incoming to the analog postfilter need not be decreased.
However, the split common mode reference scheme does cause problems as outlined above.
Accordingly, a need exists for a scheme that will utilize a split common mode reference,
while alleviating some of the problems associated with the scheme.

BRIEF SUMMARY
[0012] In one embodiment, an electronic system includes but is not limited to a
digital to analog converter (DAC) having a DAC output; and an analog postfilter having a
‘postﬂ'lter input coupled to the DAC output, said analog postfilter including a first direct



the anplitude of the signal incoming to the analog postfilter need not be
decreased. However, the spldt -common node reference schene dog i
probl enms as outlined above. «; Accor di ngly, a need exi sts‘a*or a ?ngg??pw?t
wi Il utilivee2é0480M1k¢ CcOmMmoN rmde reference, while alleviating some of the
probl ens associated with the scheme. BRI EF SUMVARY [0012] In one enbodi nent,

an electronic systemincludes but is not4limted to a digital to anal og
converter (DAC) having a DAC output; and an anal og postfilter having a

BT Tt i oM P Sy Dy SET SRl BBk e o™
filter havidgpRradfiltessutpéih seconad BOT tolglad filter Rbling 8 Secdnd DG cdipled fitetipped

filter output a second DCT cougl ed filter having a second DCT coupled filter
i nput oper%F%‘Pleﬂi]ﬁé%t?@é}”%tb% s OGN eappleddittes 9UNEd filter output. [0013]
In one enb I but

Is not |im e@t o] cou%ﬁ)}lgggggﬁgﬂéﬂ? Iﬂg{t%&afﬁg?%dﬁ %%)#ve'l?cgr gﬁ%%%%%ﬁﬂ&ﬂdégﬁ W th
an anal og pesbtt lihittd ®rcduplingg digital tosinaldigicenternhdDYC) bugius i+ith ahRedlbg postpl ed
filter and a second DCT coupled filter. 00141 I n one_enbodi nent, a_mnet hod
for use w tﬁhlteaha\émaetf%rﬁwr@ctsgh@{&eﬁﬁnﬁ%rG%@ ) gupledifiten and g pepone PGocaupleder i ng
adigital t nal og converter (DAC) output signal with an anal og post

filter having a first direct charge transfer (DCT) coupled filter and a
second DCT [00d4ipl ed flnl dneembodintat,ajmdthodfoenenbidimetedtroniisystbddolaies butsyst em
includes but is not limted to a digital to anal og converter %DAC) havi ng a

DAC out put ; 1s aptlimiediofliging g«digifgl ffe@namﬁomgeréprﬂa fouinug pignalvith agmgleagd to
t he DAC out | |
ode svi ¢ oy USRS o B} hdchlrad b (I AL BRIen AR i B en

-coupl ed fi I¢cﬁnple|drfﬂwtr and (2) a second DCT coupled filter haV| ng a secono(j

DCT coupl ed I hput coupled to a first DCT coupled filter, output.
[0016] In offdl éiwbod. EhPne mbRAIMER! 1B plegiEeniSYSem Anclndss g i Rotdipifednip &ai d
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DAC out put pestfiilte 1ﬁput sbupled enﬁ]edh@ﬂ@atput said analog postfilter including at least (1) a
dual common mode switching network coupled between the DAC output and a first DCT
coupled filter input, and (2) a second DCT coupled filter having a second DCT coupled
filter input coupled fo a first DCT coupled filter output.
[0016] In one embodiment, a method for use with an electronic system, said method
includes but is not limited to.coupling a DAC output with a first direct charge transfer
(DCT) coupled filter input wherein said coupling a DAC output with a first direct charge
transfer (DCT) coupled filter input includes: (a) cbupling a DAC sampling capacitor to a
DAC common mode reference with a first switch, (b) coupling the first DCT filter input to (ﬁ )
an analog common mode reference with a second switch, and (c) said first switch and
second switch controilable such that the DAC sampling capacitor is couplable to the first
DCT filter input shortly after at least one of decoupling the DAC sampling capacitor from
the DAC common mode reference and decoupling the first DCT coupled filter input from |
the analog common mode reference [Figure 5]; and coupling a first DCT coupled filter
output with a second DCT coupled filter input. '
[0017] In one embodiment, a method for use with an electronic system includes but
is not limited to compensating for a difference between a digital cornmon mode reference
voltage and an analog common mode reference voltage by coupling a Digital to Analog
Converter (DAC) to the digital common mode reference voltage and coupling an analog

portion to the analog common mode reference voltage at a first time and coupling at least a



transfer (DCT) coupled filter input includes: (a) coupling a DAC sanpling
capacitor to a DAC conmpn node reference with a first switch, (TPE FoUgRg
the first DCT filter input to L> an anal og common. node reference wth a
second swi t @ 23089 said first switch and second switch controllable
such that the DAC sanpling capacitor is couplable to the first DCT filter
i nput shortly after at |east one of decoupking the DAC sanpling capacitor
from the DAC common node reference and decoupling the first DCT coupl ed

filter input f ' cQ e reference [Elqure ~ and. coupling
 tirst ot Peuie FEPRET Y dRIMFRAPPRNE A SiShirBhs GG o cil PRl
[0017] | n onevigidtiekt ARedt chargielaher (DU T)wdeplel filted An@tiREiH DR Suthit D &® DCT
includes but is not lipmited to co ensating for a difference between a
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common node rehemBaadny Gndag@issions dfi dediil;t domeequentlothphd RRiRE ihe@starg will
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general i zati ons _and oni ssions of detail; consequently, those skilled in the
art will appletaleddesaription sefdfoshheagiy is illustrative only and is NOT
intended to be in any way limting. Qther aspects, inventive features, and

advant ages of the devices and/or processes described herein, as defined

sol ¢l y by 't he cl @REEF DESCRIFENOR: OFTEE SEVERAL VEEWSOFI THE DRAWINGSI | ed
description set forth herein. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE
DRAW NGS [ 0098191Fi gur e 1gusHothows arelatedeatt yersagipling At 9aHCHAC devi ce.

[0020] Fi gur gogdyidepi Ctﬁgﬁf&%&&éﬁi&@h{&“ﬂ&ﬂiﬂo‘éﬁh‘fqg‘% ofa BETr %Edgﬁ | Iter.

[0021] Figure 2B illustrates an i nplementatfon of circuitr coupl ed -~
filter. [O00Z892Hi gur e Hiuh itlustrdtésanimpienientation bficitaniiicofalDCTheipladdiiter.

swi t ched- Capétﬁbiﬁr cl rlgig{lrterISyA Ser:g?ét(s)}/ﬂens%\ri%cnﬁlgqagg 1ég?g QP %nggﬁi'ng switchéd~capacitor
circuitry employing the CDS technique.
[0023] Figure 3B illustrates an implementation of inverting switched-capacitor
.. circuitry wherein the CDS technique is achieved. A
[0624] Figures 4A, 4B, and 4C illustrate circuitry of a DCT coupled filter
augmented with a CDS switching matrix (circuitry that performs a CDS operatibn),

[0025] Figure 4B shows the circuitry of Figure 4A, wherein those switches and
C - components which provide a DbT coupled filter analogous to the DCT coupled filter of

Figure 2B are noted.

{0026} Figure 4C depicts the circuitry of Figure 4A, wherein those switches and

components which augment the operation of the DCT coupled filter by the CDS technique

are noted.

[0027] Figure 5 shows a DAC system having analog postﬂlters composed of

cascades of DCT coupled filters augmented by CDS and dual common mode switching

matrices. '

[0028] Figures 6A-6D respectively show illustrations of the magnitude response of

ari analog postfilter wherein passband droop is present (Figure 6A), magnitude (Figure 6B)
and phase (Figure 6C) responses of one implementation of postfilter droop compensation

filter logic which corrects passband droop, and a magnitude response of an analog postfilter



[0023] Figure 3B illustrates an inplenentation of inverting A
sw tched-capacitor circuit wherein the CDS techniqu S ac \V; 24]
Figures 4A, 413, and 4C il I@f?"trate circuitry of a DCT gg&pl edmg ‘fgp é(ﬁ@
augnent edwd 3gd4/do4e3eS SW tching matrix (circuitry that perforns a CDS
operation). [0025] Figure 4B shows the circuitry of Figure 4A, wherein
those switches and conponents which progide a DCT coupled filter anal ogous
to the DCT coupled filter of Figure 2B are noted. [0026] Figure 4C depicts

hgront 1 neviereh o i thiten S8 Sphrch o iher SQAPAACAbIMRNCT
not ed. [002s21]:hElagpasabﬁlchdmmsmamméﬁ?gapﬁsammgmw@)ﬁnal og postfilters conposed
cascade[i}g%] DCT coupl ed filters g&gm&nt ed CDS and _dual conm)n node
i

SWI t chi ng ces. -Tigowsy $hoyisr asP Gﬁhﬁ%‘ét\b"@ct"i’lv%h‘ S SWallAS (9 ¢Rg DAfons of

the magnit DRy

pr esent (F.U%ﬁ‘%%“%@ﬁ? nargéth(%g%rﬁ%ﬁgnggl gpengfbhé%ﬁ%hwﬁase gure )ﬁgesponses
of one i npl@eiairpditersubjecpostdrishbwen agk d&pnb@irhmaaatl on filter logic which
corrects pas 2and drogp, and_a magnitude response of an _anal o p&ostfllter

DEC 2006 \i80984/ 004Fleef663A ww@tpﬁawm%mmm@ﬁuwbega t®HPRoop
conpensat i nctioned such that passband droop is no

| onger pregfe?ln H(a&ﬁj’tgrafe}g%% |Bﬁi§9] Figure 7 shows a DAC architecture, which
is simlar [003the DAGFigarec8B ilistratecarsinglemeanatiches DT Desuplad flteg hindng gaibut

whi ch has been nodified from Fi gure 1 to incorporate subject matter shown
and descr i h@HaRERED, Wl[‘%@)ﬁ@]mlpie@éﬁﬂémSAWWSI seH$h8ENEn | npl enent ation of the

t 8B
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illustrates an ipplenentation of the circuitry of a DCT coupled filter
havi ng gai nUeA BAHeR hAMEand a CDS switching matrix, where the inplementation

) {0033] Figure 8D illustrates an implementation of the circuitry of a DCT coupled

filter having gain enhancement, a CDS switching matrix, and a dual common mode
reference where the implementation uses swiich sharing.
[0034] The use of the same symbols in different drawings typlcally indicates similar

or identical items.



uses swtch sharing. [0033] Figure 8D illustrates an inplenentation of the
circuitry of a DCT coupled filter having gain enhancement, a CD§§WEEC|2MBQ
matri x, and a dual comjyon node reference where the inplenentation uses
switch 'sharﬁ% %003 ] “The use of the sane synbols~in different draw ngs
typically i NOPAVE4 X nitar or identical items. '06 DEC 2006 WD

2004/ 004120 7 DETAI LED DESCRI PTION 1. In;*qroduction [0035] In one

enbodi ment, inproved D/ A conversion is provided by use of devices and
processes that utilize Direct Chaél%lg Transfer (DCT()) coupled filtering. In
anot her enmbodi ment, DO/ A conver siiAMAEERPESGRIRSIONpr oved by augnenti ng
the DCT coupled filtering devices and processes wth Correl ated Doubl e
Sanmpling (CDS) circuitry and processes. |In yet another enbodinent, DA
conversion i d.yet Ihtroddvgioni nproved by augnmenting the DCT filtering devices
.and processe 1 i1.h postfilter droop conpensation <circuitry and processes. C
1. DA Devi i@é\%{ind Pr JRO8E gbRgiieRly IRRrpVeshfh eRnVersiqnds pioyises By usg of dgvices

Coupled Filt [ e i ' - i tRr
t opol ogi es | gc{ntd é%%ésﬁﬁﬂhé%}%gg&f@g%%ﬁb@é Oﬁgﬁge@@ggbcﬁ %nrlaﬁﬁérr ea,
‘and power di ssitpdiment, DOheonvarsion is patdorlss inphaved dacaugpleating ke POTRLUpled

di ssi pation f@ctor romthis tradeoff is referred._to herei ? as. Direct

Char ge Transf f;en(nséﬁylcg%%qi SPSEFFE dyiihorrelaigd Aouhle frmpling (GRY) oxrcuywndwo
different sc Wogler IRy [ O h e : Ll ter
200. As depi ?tﬁ g%%%eg] oIv{/t,ag‘f]5 he éﬁrc%@%ﬁﬁl?ﬁl ggltqr%%&gg%@ g Bét}ﬁheéwh%ébcan
be shown to hagmeating e IHET {Mitaring devicesend psenetses ivith pdstiiltel idecip-commperisation
filtering operation . in discrete tinme;, consequently, the circuitry depicted
in Figures 2AYGHEYABAPLOCES e Perred to herein as a "DCT coupled filter."

L0 28, SeReL s SDeEE et okt BT OGOty LT 200, T oure
200, A DCT Coupled Filter Blocks

[0036] One disadvantage of switched-capacitor D/A topologies is the undesirable
tradeoff between KT/C noise, capacitor area, and power dissipation. One circuit process
that decouples the power dissipation factor from this tradeoff is referred to herein as Direct
Charge Transfer (DCT) coupled filtering.
[0037] . Figures 2A and 2B show two different schematic diagrams of direct charge
transfer (DCT) coupled filter 200. As depicted below, the circuitry illustrated in Figures
2Aand 2B can be shown to have a transfer function representative of a first-order filtering
operaﬁon in discrete time; consequenﬂjl, the circuitry depicted in Figores 2A and 2B is
referred to herein as a “DCT coupled filter.” Figure 2A. depicts the switching and logic of

C ~ DCT coupled filter 200. Figure 2B illustrates an implementation of the circuitry of DCT
coupled filter 200.
[0038] Figure 2A shows the switching and logic of DCT coupled filter 200. During
a first phase of operation @1, switch 230 is closed and hence the {ilter input terminal Vin(z)
is connected to a first terminal of sampling capacitor Cdac 240 (e.g., a sampling capacitor
of a digital to analog converter (DAC) as shown and described below). Also during the
first phase of operation ®1, switch 232 is closed and switch 236 is open, so the second
terminal of the sampling capacitor Cdac 240 is connected to ground. During the first phase
of operation ®1, wherein the sampling capacitor Cdac 240 is acquiring charge, both switch
236 and 238 are open, so both operational amplifier (opamp) 202 and the feedback
capacitor Cfb 242 are decoupled from the sampling capacitor Cdac 240. Consequently,

during the first phase of operation ®1, the sampling capacitor Cdac 240 does not appear as



[ 0038] Figure 2A shows the switching and | ogic of DCT coupled filter 200.
During a first phase of op lﬁ:\atlon Z 1, switch 230 is c|osed ancﬂ e{'}ﬁ:@ﬂm@
filter input terminal Vin(z} :is connected to a first t’hi‘m nal of sanpling
capaci tor “%jﬁ% g€ 9., a sanpling capacitor of a di gital to anal og
converter (DAC) as shown and described below). Also during the first phase
of operation 01, switch 232 is closed a swtch 236 is open, so the second
term nal of the sanpling capacitor Cdac 240 is connected to ground. During

the first phas of o t 1, wherein the sa I|n aC|t r. Cdac 240
is acquiri qita‘? gg@i t?"P , Supng e f%%&?ﬂ‘%ogg%at %‘b‘%g AR onal
amplifier (ppaNp) 202 and the feedback capacitor Cfb 242 are decoupl ed from
the sanplin capaC| tor Cdac 240. Consequently, during the first phase of

operation 1003%he sariphdingga sepad phae oCdpara?dOddpesitdhad304p ppeay andshends the6 DEC
2006' WO 2004/004120 8 a load to opanp 202. |In addition, during the first
phase of op@stierainalf, th%wnpélﬁgzspﬁc;tgr C@q§eﬁ40 lrag beay degmpl%fralnsﬂ@fz: ippigse of

operati on f the
ol i ng o apariayinE) s g SRR BESRSLAR rnplifor 080l A1
term nal Vithé Z¢cont hhaftSéRstrERMrbE bwitchi2I2E opBehad keial 23¢R! dlésear s
output. Also during the second phase of operation 4)2, switch 232 is open

and swit ch s2gend tslmlmds@dbe ssonpling Cawﬁmﬁda@%mbemdwh@IQMQW}nmdu t or

Cdac 240 has_be led.fr round | nst ead c th.the
Feodback capuer apogBySe rehBRktnpieir Clina, JF bRt Aine fr tkiona pffee
operation (go P@mﬁg@@%@ﬂbﬁzy 3%‘?:5&3(1[0040] The DCT |l ogic and sw tching shown
in Figure 2A realize a first-order filter transfer function, while avoiding

connection WM&]a rrp | i n’@hﬁ:]aﬁﬁdogxaamhsmwhmgshnﬁmwgurm realifd a fxrstAbHdehﬁh@a nmp

202 sees the a te ca nce as a |l adthro hthefeed ck netvvorl(
Specif i cal | §au gl atfins angscteet samping vgécatanw@ 2R w@m}l@vem«

h DCT
t at CQHﬁh%ﬁaﬁ(%gtggfieg%}%f A'bg‘%/?eg%‘t?tggﬁé;&t[za@fe) dsUNGhd fapo@h tho/RpiHagk hitwitce) =

"2 1 ((1+ whi ch those skilled in the art
wi || apprecbpecidalyr wba:na@él’ﬁ etuplel Gltera2( issinabzddrthé iahalysis negyealspbataPiCdh i n

di screte tine. Ci.r I epicted in Figures 2A and 2B is
referred toc‘?lllé’egl%ﬂ g“ﬁﬂaﬁ%ﬁ 3!1% Of\{ic\?t er" 200 having a filter input
termnal Vin(z) and ay,.(;)vi(; )_ 2 1((1+ G/ Cdac) - (Cfb i Cdac)* 7™

which those skilled in the art will appreciate is representative of a first-order filtering
operation in discrete time. Consequently, circuitry depicted in Figures 2A and 2B is
referred to herein as a “DCT coupled filter” 200 having a filter input terminal Vin(z) and a

filter output terminal Voui(z).

[0041] Unlike traditional RC-equivalent switched-capacitor networks in which an
opamp {(e.g., opamp 202) supplies a charging current for an integrating capac1tor (e.g., q
feedback capacitor Cib), in DCT coupled filter 200 of Figures 2A and 2B, during the >
second phase of operation ®2 the sampling capacitor Cdac 240 connects in parallel with the
integrating capacitance Cfb, passively sharing the input charge. Consequently, opamb 202

of DCT coupled filter 200 is now only tasked to drive the bottom-plate capacitance of the
feedback capacitor, which is negligible in many modern wafer processes that offer metal-
insulator-metal capacitors. Those skilled in the art will appreciate that this technique can

save a substantial amount of power. _

[0042] Figure 2B illustrates one implementatioﬁ of the ciréuitry of DCT coupled

filter 200. In Figure 2B the switches 230, 232, 234, 236, and 238 shown in Figure 2A are
implemented by transistors. The switches of Figure 2B operate in the same fashion as their
like-numbered counterparts of Figure 2A. Switches described herein may be implemented

as NMOS, PMOS, or a paralle! combination of one NMOS and one PMOS transistor.



filter output termnal Vout(z). [0041] Unlike traditional RC equivalent

sw t ched-capacitor networks in which an opanp (e.g., opanp 202)ﬁ§um)@[:|m5a
charging current for an i ntegrati ng capacitor (e.g., feedback capacitor
Cib), in DRysauph@gd.di!ter 200 of Figures 2A and 2B, during the second
phase of operation 4)2 the sanpling capacitor Cdac 240 connects in parallel
with the integrating capacitance Cfb, pas?l vely sharing the input charge.
Consequently, opanp 202 of DCT coupled filter 200 is now only tasked to

neal fgi bl e i manp roadiol serBpanE e CRESRASE B - | hul at or - met al

capaci tors. Toegx skil ligénk @nﬂaﬁ@mﬁﬁ oMhklsuBjRR Bt 0f tﬁéﬁ&se‘hhéﬁalfc%&}ﬂ iOMe can

save a substantlal anount of c{)ower [0042] "Figure 2B illustrates one
i npl enent at | mtrC@lﬁrytdﬁ@(H‘ ¢@ml @ltﬁﬂﬂwaugmﬁpteddmlfwhatavﬂllﬁ@efetmdtIJl@me agB t he

tch 230, 232 Fi 2A.
tS \rMangl gts ors. C?nglaé%i 8§a.18¥> @ﬁ?@q n%%lgrsgi gm%ﬁrr{aﬂgcam%raﬁteﬁﬁ @g’claﬁeir
| i ke- nunber e%e@qum@év@alivs@pﬁfsatﬁhﬁ u{a@al%l%m&@@&ﬁsﬂ% CAb aﬁﬂdkwﬁﬁe&tmgbe
i npl emented as NMOS or a parallel conbination of one NMOS and onhe

- PMOS transi stPéS!tOr toﬂeml%d@ DO Q@Qﬂﬂd)ﬁkt.ﬂ@lﬁnen&d b theoel ewitehihg enatiigvi ng
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augnent ed wi tih V\h@DS\ﬂIEéhﬂi)@]cr eferred to herein as a correlated double
sanmpl i ng (CDS) technique sw tching matrix, DCT coupled filter 200 can be
utilized everd094lappl i ﬁmlcah%tqchmguambwgtwsd songetazerodig teclmiquesthaticanibd t o

under st andi n ri.or._to descr DCT cou d, fi t he
e £ oni ndsrBieind? pRRE o AR CR A P e B e g

i n ksol atlonwﬁ ﬂﬁIﬁgEQﬁnme@MﬁehﬁﬁM]tb&]I@W CDS techni que can be viewed as an
aut ozer oi ng tec%nl que that can be used to elimnate opa offset and finite

opanp gai n eflP@ls in Mltféhéﬁ-@é@diﬁh%’f two diffarers SChﬁm;ilCt agamg of oinygrting
becone appar 0045 nd. 3 sho tic
di agr amspgf S%gg‘?d 936’ ac1£or. TEH Lu capaﬁ“cﬁplllusiﬁaF ctﬁB'Ft i I:ehse‘;lﬂﬂ?ﬂsﬁﬁgt%ga t he

correl ated daedhingusaKRthoith Iﬁ@fﬂlg switched-capacitor c1rcu1try 300 of Figures 3A and 3B may

appear superficially similar to other circuitry described elsewhere herein, the circuitry of

Figures 3A and 3B is different than that circuitry shown elsewhere herein.
| {OQ4G] Figure 3A shows inverting switched-capacitor circuitry 300 depicting the
| sw1tch1ng and logic of the CDS technique. During a second phase of operation ®2, both
S\a;itches 332 and 341 are closed and hence a first terminal of the correlated double
sampling capacitor Ccds 344 is coupled to ground and a second terminal of the correlated
n double sampling capacitor Ceds 344 is coupled to both the negative input of opamp 320
C and the feedback capacitor Cfb 342. This coupling allows the :ciiffercnce between error
voltage Ve, at the ne gative input of opamp 320, and ground to be stored, or sampled, on the
correlated double sampling capacitor Ccds 344. During a first phasé of operation @1,
switches 330, 334, and 336 are closed and switches 335, 332, and 341 are open. Hence,
during the ﬁrst phase of operation @1, wherein Vin is coupled to the sampling capacitor
Cdac and wherein the integrator composed of Cfb and opamp 320 integrates, the low
frequency components of Ve will not have changed much, resulting in the terminal of Ceds
344 opposite the opamp acting as a modified virtual ground 350 from which the low
frequency components of Ve at the op-amp virtual ground 348 have been cancelled out.
Heuristically, the foregoing described operation can be understood as follows: during the
second phase of operation 2, the charge on correlated double sampling capacitor Ceds

344 will interact with the charge on feedback capacitor Cib 342 such that on the next



techni que. Al though inverting swtched-capacitor circuitry 300 of Figures 3A
and 3B may appear superfigially simlar to other ci rcmtry dg&}c@g{}e 006 '

el sewhere herein, the circdifry of Figures 3A and 3B L$ di fferent than that
circui trng,m@m(]ﬂzgev\here herein. [0046] Figure 3A shows inverting -

swi t ched-capacitor circuitry 300 depicting the switching and | ogic of the
CDS technique. During a second phase ofgperation 02, both swtches 332 and
341 are cl osed and hence a first term' nal of . the correl ated double sanpling

t ds_ 344 dt d . t | ,of t
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negative i RppHcitef vcﬁ’@gé O 32DhasdRen Eﬁﬁ%stfe@%ﬁéiﬁeﬁ tﬁé&%'%ﬁﬁogﬂhg’ﬁfﬁaﬂaﬂaf
coupling al l'ows the fference between error voltage Ve, at t negati ve
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doubl e sanpl i aci tor operatjon 01,
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coupl ed to the sanpling cap C|tor an erel n the 1 ntegrator corrposed
of Cfb and Otppanma‘kwlplrfteegequue tvtrtech dsvwhiyr @Eﬁemc;cfmm@mmnm aft aéeam |
not have ch@n[g r esul twjigl?il n the term nal 344 op s te the
opanp acting® §er33nﬁo(5‘?cpf’@86\/| MY FesgPEh R dnvesng PWH? C@Ha"ﬂ”'r‘?é “IroW ejuency
corrponents\mut(,{fmg bgh@n%@rfgﬂngtual ground 348 have been cancel I ed out.
Heuristically, the foregoing described operation can be understood as
follows: during the WQ :El% /gﬁ)@pﬂ(@(lg@'lgjz. the charge on correl ated
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"as if' t heé3¥pidsaddtand 34hgiown iaFigne Jieremylanentedby mrtsmt@abIh@mn‘t@esy no

| . h i | |
Functi oni na o1 Sty nesgins BEMRndk e PR e Rt im E0RE ool uny
CDS is ref qoo48] to i MVhBenREiingSwithed-SapaOERIcRCHEry J00GHMAMIRA, e khalyaspect

to inverting sw tched-capacitor circuitry 300, Vout(z) nmay be derived as
foll ows: shows the transfer function of the error voitage Ve to 'the output is as follows (note that the

cancellation is described in relation to the integrating phase of the two-clock waveform (®1
as described in relation to Figures 3A and 3b)). First, as described above, Vout(z) may be

derived as follows:

Vour(z)= ( (Cdac/ Cfo)+Vin(z)/(1 ( ))
(0+ (caacrc)«lvel-a-2*))
[0049] Then, noting that:

Ve(n) = Vos +Vnoise(n )+ (Vout(n)/ A), where A is the low-frequency gain of the
operating amplifier, rearranging terms and taking the Z-transform yields a transfer function
of the error voltage Ve to the oufput is as follows :

Vouterror(z) = (1+ Cdac/ Cfb)r* (Vn.oise(l - z'(”z))) (Vour /1 A)* (1 z'(” %), which
is representative of a first-order differentiétion operation performed on the input-referred
opamp noise voltage, as well as the finite-gain effects of opamp 320, thereby increasing the
effective DC gain of the integrator. That is, since, as has been described, the dominant
portions of Ve change relatively slowly, the differentiation produced by the CDS technique
tends to significantly reduce the input-referred opamp noise voltage. Consequently, as seen

from the foregoing, the CDS technique may be utilized to reduce the op-amp input-referred



.Vout (z)=( (Cdac/Cfb)*Vin(z)/(l-z-t))- ((1+(Cdacl Cfb))*(Ve(l-z-"Z) /[ 1-z-1))
[0047] Figure 3B illustrates one inplenentation of inverting 0 i

swi t ched- capacitor C )+ circuitry 300 wherein the. CDS t echni que ﬁ E\%I’g g@ed
~In Figure Q,Botzﬁ]ﬁmgyhgches 330, 332, 334, 335, 336, and 341 shown in Figure
3A are inplenented by transistors. The switches of Figure 3B operate in the
same fashion as their |ike-nunbered countygrparts of Figure 3A. [0048] Wen
i nverting swtched- capaC| tor circuit ry 300 S anal yzed, the analysis shows

the transfer gunctlo ci { e Vebzl. 9 s as f 4

(note that -+ HENES i Bpicelilf WhER budhhai@IF o Forlrin: 15s HhoBitkdt Forbengrded Al
phase of t heloiwgequbAGKanteY @f fictidkeCdoknina® pdasdr d@dof dbntghat i on to FI gures 3A
and 3b)). First, as described above, Vout&(éaga be derived as follows:

VO;J'[ (z)=( (CHacl @€E)@Quplr(dzlillt911mz°m9nteti Wi ltghbyg)Mat(rme(l - Z-1/2 /
-Z- + -\Vnoi +. (Vi
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Cfb) * (Vn. ofizagry 400 o{ ¥iguye YA inclogenuswitchey 430, #327434 439 ng @41 sThe
representati f rder diffe ntlat er at erfor t he

i nput -refer rge(;ﬁm?’gi)%ﬁbl 0 ateg % ﬂ%é%rs %chﬁr%gmfﬁgo ?’ldr‘llg?s cgg%ﬂtﬂrsre&éja ?’2 of
opanp 320, tdedseidy, dndarBadD. nEedahQa thetir@ftry 460 8FigatH48f4B,had 40kagerkbth That
is, since, as has been described, the dom nant portions of Ve change
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Figure 2B are noted. Specifically, comparison of the circuitry of Figure 4B with the
circuitry of DCT coupled filter 200 depicted in Figure 2B shows those swiiches and
components which provide the DCT capability. Those switches are labeled in Figﬁre 4B as
switches and components having reference numerals ending in “DCT”. The switches and
components that provide the DCT capability function analogously to the like components
sh@m and described in relation to Figures 2A and 2B.
[0052] Figure 4C depicts the circuitry of Figure 4A, wherein those switches and
components which augment thepperation of the DCT coupled filter by the CDS technique

C : are noted. Specifically, comparison of the circuitry of Figdre 4C with the CDS circuitry
depicted and described in relation to Figure 3B shows those switches and components
which provide the CDS autozeroing. Those switches and components are 1abeled in Figure
4C as switches and components having reference numerals ending in “CDS”, Those
skilled in the art will appreciate that the respective phases of the CDS circuitry shown in
Figure 4C are notated as the reverse of the similar functioning switches in Figure 3B. The
switches and components that provide the CDS capability function analogously to the like
components shown and described in relation to Figures 3A and 3B, and are not be explicitly
re-described here for sake of brevity

C. Analog Postfilter Composed of Cascaded DCT Coupled Filters

[0053] An analog postfilter of a DAC should preferably be of at Jeast the order of

the quantization noise shaping utilized by a digital noise shaper to attenuate out of band



augnented with a CDS switching matrix (circuitry that perfornms a CDS
operation). The circuitry 400 of Figure 4A includes sw,tches 430, DB@ZQ{}{]334
436, 438, and 441. The swi'gi¢hes are illustrated as tré:.}-lstors

ci rcui trywédResdosol ncl udes capacitors Cdac 440, Ccds 444, and Cfb 442.
Because the circuitry 400 of Figures 4A, 4B, and 4C achieves both DCT and
CDS t echni ques; and because sone of thejgircuitry serves "double duty" as
both DCT and CDS circuitry, it is easier to discuss each "aspect"” of the

circuitry 2& gv\gxﬁré}y A%Ph@atm%svt\ﬁftg é;ls aéc%gﬁ %}dell‘: ﬂ?go?gﬁglgﬁgsg}\ggbéeg gh ' peuitry

of Figure ose s onen

coupl ed fi labeve, diifagauthat @Cmiorqﬂ&tbﬁﬁék 200 v1cPé§Qa fifst drdlegUtlRnaB tBmefenot ed
Speci fically, conparison of the circuitr ure 4B with the circuitry

of DCT couphesdion; |IPefl coypleddiics 208, innthe; Eﬁfi’ée% ke eeat H’é@@f ehithecpresenind
component s ?‘Bﬁ&aﬁoﬂ r 'kﬂ&oﬁ&ﬁlg%{ élflaelahél&é'd as sfgly\ﬁste GI‘etrle %gﬁl gd in
npone

Figure 4B a SW t es an I'ng re erence nurrera TEeRA |n@ I n
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anal ogously to the like. conponents shown and described in relation to

Fi gures 2A cgHpied filter gofkis utﬁrzsﬁ fecuee geemdiosdem, er bigher, ftess Wyrusmegaseaded,
wherein th conponent s whi ch augnent the operation of the
DCT couple ?@ﬁ&%ﬁﬁ?ﬁﬁﬂ S technique C are noted. Specifically,

conpari son 1of tr&ccmd@mdrw;awcﬂasg’ﬂtee 4C with the CDS circuitry depicted and
described in relation_to Figure 3B shows those switches and conponents
whi ch provil@@4ine CD§1&%RC(§Z~%PB’§#@ AG pdensif hievas apdas pesiiliers sewpased afabel ed

in Fi gure ing in
 Cos M Thochteas DL EhpRa R RARRR DDA Bl PERIRLTRAARA R O
of the CDS amalogpoktiittes BOMs rerpres&tgwea)féhﬁbmmah@taal adl@spdsiitereincFigaredy. tlﬁe)
simlar functioning switches in Fiqure 3B. swi tches and co onents t hat
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explicitly eggggor)} gD§ %Va{dh%% lrrngtélgkgem'o p%ﬁ %lﬁégldaugﬁggs?f iylt}?%r
Conposed of swirhigdastriRGUI6Canppatisdn dittae 81r¢1ﬁ@§ of théﬁnc&ﬂﬁlh@l@)@'@&bﬁﬁrlbd éitltef a
DAC shoul d prefergbl y_be of at |east the order of . the quantizatiqn noise

shapi ng ut i M4EFERIEEPY LR gvitchinggaisessifid, 806 yih éhet%rsuﬁwhawa apg desgribedIrC 2006
VO 2004/ 0045 8on 1o Figures 4A, 4B, and 4C shows that such individual DCT coupled filters

augmented by CDS switching matrices are substantially analogous to the circuitry 400
shown and described in relation to Figures 4A, 4B, and 4C. DCT coupled filter augmented
-~ by CDS switchir;g matrix 506 is shown having a dual common mode switch matﬁx”
circuitry (discussed below), which is optional in one implementation. In DCT coupled
filter augmented by CDS switching matrix 506, certain switches are shown as being part of
16 level switch arrays 508, 510, 512, and 514. With respect to the functiorling of the ®1 ()
and ®2 switch notation, the notation of at least some of the circuitry in Figure 5 has been
reversed from such notation as used in Figures 4A, 4B, and 4C. Following such reversal in
notation is well within the ambit of one having ordinary skill in the art, especially in light of
this explanafory note. The functioning of the CDS switching matrix 504 in cascade with
DCT 'coupled filter augmented by CDS switching matrix 506 will not be explicitly
described here. Understanding such functioning of the cascaded circuits can be understood
in light of the discussion of the circuitry of Figures 4A, 4B, and 4C, above.
[0055]) It is to be understood that, although DCT coupled filters augmented by CDS
switching matrices are éhown and described in relation to Figare 5, in some
implementations DCT r:oupled filters 400 can be cascaded in the absence of the CDS

switching matrices (é.'g., via use of DCT coupled filters 200). That is, in some noise-



12 noise. In many applications, this shaping is second order. Accordingly,
as has been shown aboye, insofar as that DCT coupl-ed filter ZOOQQrﬁKFﬂZﬁma
first order filtering transfer function, DCT coupled filter 200, i
absence of woeosuduent matter of the present application, has historically
not been recogni zed as viable for use as a conplete analog postfilter.
However, in one inplenentation of the subjgct matter described herein, DCT
.coupled filter 200 is utilized to create second order, or higher, filters by
usi ng cascad ' fAdd er
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not be explicitl escriped. here. ~Understandi ng such .functi.oning of the
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t hat, al though DCT coupl e rs augnented by CDS
Postfilter

[0057] Figure 5 depicts encircled on the schematic, switches that function as dual
common mode switch matrix circuitry that separates the common mode reference voltage
of the DAC from the common mode reference voltage of the operational amplifier circuitry.
On afirst phase @1 of operation, switches S1 ‘and S2 connect the bottom nodes of the DAC
(:, sampling capacitors Cdac to the DAC common mode reference, while switches 85 and S6
connect the CDS capacitors Ccds to the opamp common mode voltage reference. Thus,
during the first phase @1 of operation, switches S3 and S4 are open, thereby separating the
DAC common mode reference from the opamp common mode voltage reference.
[0058] On phase ®2 of operation, the DAC sampling capacitors Cdac and the CDS
capacitors Ceds are disconnected from their respective reference voltages and are thereafter
connected through switches S3 and S4 to realize the DCT chargé—sharing operﬁtion shown
and described above. _ | '
E. Postfilter Droop Compensation of Analog Postfilter Composed of Cascaded
DCT Coupled Filters ,
[0059] When the foregoing cascaded DCT coupled filters augmented by the CDS

and dual common mode switching matrices were implemented, it was discovered that in
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IS, in sor\ fpieese DEC 2006 WO 2004/ 004120 13 tol erant applications DCT
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applications. Wth respect to of Figure 5, Opanp2 does not have a sw tched
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t he common node reference voltage of the operational anplifier circuitry.
On a first pHbEeeBigureoh). dpispastibar dreop eampensationdegic mirodunes predistoréoryatheom

nodes of th S [ .t or . .
ot erence. TRAL sigul HTH bAE MRAS Hhnln SREGE FNE AR B WRBIAR (oes npt, 1
opanp comMmDgxp¥Bidfce/difigsht pestgliendop. Thus, during the first phase 0 1 of

operation, switches S3 and S4 are open, thereby separating the DAC common
node ref er eH¥862} r om t Fegusrsabip-66oreRpastivnes ohow| illbgjeationy of ampgaitude and phase

responses of one implementation of postfilter droop compensation logic. This magnitude

and phase responses are empirically or numerically chosen by the system designer to
correct passband droop, such as that shown in Figure 6A.

[0063] Figure 6D shows a magnitude response of the analog postfilter shown and
described in relation to Figure 6 A, when an input signal has been subjected to the postfilter
droop compensation logic shown and described in relation to Figures 6B-C. As can be
seen, implementation of postfilter droop compensation filter logic has functioned such that (/)
passband droop is no longer present in the output of the analog postfilter.

[0064] With reference now to Figure 7, shown is DAC architecture 700, which is
similar to DAC architecture 100 shown and described in Figure 1, but which has been
modified. Specifically, depicted is that analog postfiltering of DAC 118 is now being
provided by second order analog postfilter 502, which as shown is similar to the analog
postfilters shown and described in relation to Figures 4A, 4B, 4C, énd 5 above.

[0065] Further illustrated is that upsampling and digital interpdlation filtering unit
104 has been modified to become upsampling and digital interpolatidn filte{ing unit with
postfilter droop compensation unit 704, which now contains postfilter droop compensation
logic. Essentially, this postfilter droop compensation logic “pre-distorts” the digital input
signal such that, when the ultimate output signal emerges from analog postfilter 700, the



[00581 On phase 02 of operation, the DAC sanpling capacitors Cdac and the
CDS capacitors Ccds are disconnected fromtheir respective ref%gr‘g{a

vol tages and are thereafter connected through switches S3 and t l;’e?gpﬁaze
the DCT chaygenshiiip9 operation shown and described above. E. Postfilter
Dr oop Conpensation of Anal og Postfilter Conposed of Cascaded DCT Coupl ed
Filters [0059] Wen the foregoing cascad DCT coupled filters augnented by
the CDS and dual comon node switching matrices were inplenmented, it was
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that in certai,n a | cati.ons,, such as audi o applications, overall
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interpolation filtering O unit (see Fig This postfilter droop
conpensat i onciragire. Dotingd fics phaseefopdratidn G b, switchésBI0NIR, 862, gndB68amediodeliat
t he output signal energing froman anal og postfilter does not experience
si gnéj i cant PyEng ﬁlsﬁ‘é}“gcﬂhéﬁfpf.’f Tsiep 91, dke sxitdrs §30, 88 864.iand 8§6 gregripsed.
i1l ustration f | tu n S ne. 1 npl n Lon of
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passband droop, such as that shown in Figure 6A. [0063] Figure 6D shows a

. magni tude relf¥8fke of FitaruRBl FgwpasPOIl eauploshlier $Mtthaybat eaipeahameermentt i on
to Figure 64 M8t udel BticbddNRY. DESne i SARE S pathtiod 1) SRS 850,832,
and 862 are closed. During a second phase of operation $2, the switches 836, 838, and 864
are closed. The functioning of the various components of the DCT coupled filter 850 may
be tinderstood by cdmparison with analogous components, discussed at length above.
[0669] Figure 8C shows a DCT coupled filter 852 that has gain enhancement
01rcu1try that uses both switch sharing and the CDS technique. During a first phase of
operation @1, switches 830, 832, 862, and 874 are closed. During a second phase of
operation @2, the switches 838; 864, and 870 are closed. The functioning of the various
C cc;mponents of the DCT coupled filter 852 may be understood by comparison with |
analogous components, discussed at length above. |
[0070] Figure 8D shows a DCT coupled filter 854 that has gain enhancement
circuitry that‘use_s switch sharing, the CDS technique, and the dual common mode reference
technique. During a first phase of operation ®1, switches 830, 862, 874, 876, and 878 are
closed. During a second phase of operation @2, the switches 838, 864, 870, and 880 are
closed. The functioning of the various components of the DCT coupled filter 854 may be
understood by comparison with analogous components, discussed at length above.
[0071] - Figure 8A illustrates an implementation of the circuitry of a DCT coupled
filter having gain enhancement. Inspection of the charge transfer within the circuit of
- Figure 8A reveals that, in the Z-domain, the circuit transfer function can be derived as

follows:
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having ordinary skill in the art will appreciate that there are various vehicles by which

aspects of processes and/or systems described herein can be effected (e.g., hardware,
software, and/or firmware), and that the preferred vehicle will vary with the context in
which the processes and/or systems are deployed. For example, if an implementer
determines that speed and accuracy are paramount, the implementer may opt for a hardware
and/or firmware vehicle; alternatively, if flexibility is paramount, the implementer may opt §
for a solely software implementation; 61‘, yet again alternatively, the implementer may opt | <}
for some combination of hardware, software, and/or firmware. Hence, there are several
possible vehicles by which aspects of the processes descﬁbed heretn may be effected, none

of which is inherently superior to the other in that any vehicle to be utilized is a choice
dependent upon the context in which the vehicle will be deployed and the specific concerns

(e.g., speed, flexibility, or predictability) of the implementer, any of which may vary.

[0074] The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts,r‘and examples. Insofar

as such block diagrams, flowcharts, and examples contain one or more functions and/or
operations, it will be understood that each function and/or operation within such block
diagrams, flowcharts, or examples can be implemented, individually and/or collectively, by

awide fange of hardware, software, firmware, or virtually any combination thereof. In one
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art media used to actually carry out the distribution. Examples of signal bearing media

include, but are not limited to, the following: recordable type media such as floppy disks,
hard disk drives, CD ROMs, digital tape, and computer memory; and transmission type
mecha such -as digital and analog communication links using TDM or IP based
commumcatlon links (e.g., packet links).
[0075] In a general sense, those skilled in the art will recognize that the various
embodiments described herein which can be implemented, individually and/or collectively,
by a wide range of hardware, software, firmware, or any combination thereof can be viewed
C ' as being composed of various types of “electrical circuitry.” Consequently, as used herein
“electrical circuitry” includes, but is not limited to, electrical circuitry having at least one
discrete electrical circuit, electrical circuitry having af least one integrated circnit, electrical
 circuitry Having at least one application specific integrated circuit, electrical circuitry
forming a general purpose computing device configured by a computer program (e.g., a
general purpose computer configured by a computer program which at least partially carries
out processes and/or devices described herein, or a microprocessor configured by a
computer program Which at least partially carries out processes and/or devices described
herein), electrical circuitry forming a‘ memory device (e.g., forms of random access
memory), and electrical circuitry forming a communications .device {(e.g., a modem,

communications switch, or optical-electrical equipment).
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[0077] The foregoing described. embodiments depict different components
contained within, or connected with, different other components. Itis to be understood that
such depicted architectures are merely exemplary, and that in fact many other architectures
can be implemented which achieve the same functionality. In a conceptual sense, any
arrangement of components to achieve the same functionality is effectively “associated” (j
such that the desired functionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as “associated with” each other
such that the desired functionality is achieved, irrespective of architectures or intermedial
components. Likewise, any two components so associated can also be viewed as being
“operably connected”, or “‘operably coupled”, to each other to achieve the desired
functionality.

[0078] While particular embodiments of the present invention have been shown and
described, it will be obvious to those skilled in the art that, based upon the teachings herein,
changes and modifications may be made without departing from this invention and its
broader aspects and, therefore, the appended claims are to encompass within their scope all

such changes and modifications as are within the true spirit and scope of this invention.
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devi ces and/ articjascuesad®” bn‘tarn” fy/st ‘Gavend/or “an’ should typically be interpreted to mean “at
Jeast one” or “one or more”); the same holds true for the use of definite articles used to
introduce claim recitations. In addition, even if a specific number of an introduced claim
recitation is explicitly recited, those skilled in the art will recognize that such recitation
should typically be interpreted to mean af least the recited number (e. g., the bare recitation
of “two recitations,” without other modifiers, typically means at least two récitations, or

<: two or more recitations).

[0079] From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.



which are typically partly analog and partly digital. That is, the devices
and/ or processes described herein can be integrated into anal ) ﬁg@hpﬁﬂvﬁily
digital systens via a reasonable anount of experinentation we I i

anbit of those having an ordinary anmount of skill in the art. In
particular, while the subject matter of the present application has been
described herein in the context of an aodi o application, those having

ordinary skill in art wll appreciate that the subject matter described
herein. For exanple, the subject matter  described herein may be usefully
enpl oyed in nobile communications devices (e.g., wreless phones, pagers,

personal conputers, enbedded conput e€sSAIMAd the |ike), fixed conmunications
devices (e.g., wireless base stations and | and |ine comruni cati ons systens
such as optical or electrical LANS, WANS, anal og conmmuni cations, anal og
networks and the like), recording devices (e.g., video or audio recording
devi ces anWHATASIOUAMYED I8onput ati onal devices (e.g., conmputing systens such
as personal, mni, workstation, and rmainframe conputing systens and the

i ke), and, sens g evices (e.q.., infrared, ultraviolet, radio frequency,

ni cr owave ensﬂ%‘fb i \9?'8@'§t651r1°8mgﬂ§énﬁ i ke). [0077] The foregoing descri bed
enbodi nents depict different conponents contained within, or connected
with, different ot hardlgm@ﬁmg@nvehérmcgQavh%alnmsﬁf,@%dt hat such depicted
archltectures are nerely exenplary, and that in fact many ot her

architectures can be inplenented which achieve the same functionality. In a
concept ual sense, ari anglpg APRYAIPE AN 2 BYSHiYEHEATICOpRied Fnhe RAG PP ot

functionality ima6f (%&TlﬂeMﬁJ:IMdmg'a@ﬁ@ﬁln@ét%%ge@ansf@ﬂ{@hﬂ a%aea hﬁequ% r%@ﬁkst
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achi eve a part i1 squple fier; I’B’h‘é‘ﬁdt“ﬁrﬁ tepeutpul adsceennd @C\?Ulcf"f*i’ledeach

ot her such thatfichgaveigsd £e6&1de@FEé@I%a|ﬂltExymtlﬁ oﬁé}gﬂlﬁ\!ﬁﬂectédr\%ﬁﬁ@i@@’frét yeTof
architectures or internedial onent s kew se, nponents so

associ at ed can &P @éﬁrw*@%a’h%m it gpplogRoptE }t%rmaym&amﬁ%fébfeé&mut mupl%}e?er abl y

coupl ed", to eaghpah@itput QurdeNi@Risdshe ddd Shh@en nfodd Ghitadibal thdtdx indDVE&] Wil e
particul ar enbodi nents of the present |nvent [gbﬁfehave been shown and

described, it wiiehreehie DG grut g thafge O Cdigops! hi"®We art that, based upon
t he teachi ngs herein, changes and nodifications may be nade WlthOUt

departing 3rom-ffi e?eclr&ﬁ@%"}sleﬁﬁoiaaﬂm' i, swhemlp@ﬁﬁauaﬁémﬁérﬁmamswﬁchﬁﬁeﬁa@fb@ the
appended claims are to enconpass wi thin their scope al such changes and
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a first switch interposed between a node of a DAC sampling capacitor and a

DAC common mode reference;

a second switch interposed between the node of the DAC sampling capacitor and

an operational amplifier input; and

a third switch interposed between the operational amplifier input and analog

common mode reference.
3. The electronic system of claim 2, further comprising:

a correlated double sampling (CDS) capacitor interposed between at least one of

said second switch and said third switch and the operational amplifier input.

4, The electronic system of claim 2, further comprising:



WD 2004/ 004120 19 Furthernore, it is to be understood that the invention i's
sol ely defined by the appended clains. It will be understood ! @E)E?ﬁ %
within the art that, in general, terns used herein, and especiatl e
appended clains (e.g., bodies of the appended clains) are generally
i ntended as "open" terns (e.g., the term"including" should be interpreted
as. "including but not limted to," theélterm "having" should be interpreted
as "having at least,” the term "includes" should be interpreted as
"includes but is not limted to,” etc.). It will be further understood by
those within the art that if a specific nunber of an introduced claim
recitation is intencddfissi@p an intent will be explicitly recited in the
claim and in the absence of such recitation no such intent is present. For
exanple, as an aid tQs dfdehdiangd| ng, the follow ng appended claims may
contain usage of the introductory phrases "at |east one" and "one or nore"
to introduce claimrecitations. However, the use of such phrases shoul d not
be construed to inplwkhhamdmﬁwhbnﬂmmduction of a claimrecitation by the
indefinite articles "a" or "an" limts any particular claimcontaining such
i ntroduced Cla'”‘r%{dtn ém%ﬁaosnventlons cont ai ning only one such
Pa|n1|ncludes the introductory phrases

recitation, even when t'he ‘sarre
or nore" or "at |east one" and indefinite articles such as "a" or "an"
(e.g., "a"s.and/ Die eleamdnicdyercth df E1yipi X; adrthyt cb@prisiviger preted to nean "at | east
one" or "one or nore"); the sane holds true for the use of definite articles
used to introduce claimrecitations. In addition, even if a specific nunber
of an introduced cl @ AFPYEHE Tt on is explicitly recited, those skilled in
the art will recognize that such recitation should typlcally be interpreted
to mean at |east theajeriitefhygaber (e. g., the bare recitation of "two
recitations,” without other nodifiers, typically neans at | east two

one

recitations, or two or nore reC|tat|ons) 0079 the foregoing it will be
appreci ated that, al%idsewhd sptbicopad, and Fr om enbodi ments of the invention
have been described herein for purposes of illustration, various

nodi fi cations may be,pmgie Withof, deviating fromthe spirit and scope of the

i nvention. According? , ﬁﬁkl J%ntlon is not limted except as by the

appended cl ains. Q6 DEC 2006 20
6. The electronic system of claim 1, wherein the first direct charge transfer (DCT) coupled

filter comprises: correlated double sampling (CDS) circuitry.

7. The electronic system of claim 1, wherein the second DCT coupled filter further

comprises:
correlated double sampling (CDS) filter circuitry.
8. The electronic system of claim 1, further comprising:
a digital interpolation filter with postfilter droop compensation.

9. The electronic system of claim 1, wherein said electronic system comprises at least one
of a mobile communications device, a recording device, a computational device, and a sensing

device.

10. The electronic system of claim 1, further comprising:



CLAIMS WHAT IS CLAIMED IS: 1 An electronic systemconprising: a digital to
anal og converter (DAC) having a DAC output; and an anal og postfilter having
a postfilter input coupled to the DAC output, said analog postflif D€l 2006
including a first direct charge transfer (DCT) coupled filter having a first
DCT coupled filter input and a first DCT coupled filter output and a second
DCT coupled filter having a second DCT coupled filter input operably
connected with the first DCT coupled 34 Iter output, wherein said anal og
postfilter having a postfilter input coupled to the DAC output further
conprises: a dual common node switching matri x interposed between the DAC
output and the first DCT coupled filter input. 2. The el ectronic system of
claim1, wherein saf8omic B chetihaging sadhdig! eplp conveites oS bet ween
the DAC out put samghaldd@odtfilkest DCT coupled filter input further conprises: a
first swtch interposed between a node of a DAC sanpling capacitor and a
DAC common node reference; a second switch interposed between the node of

t he DAC sdhpl i Agnetagsdes usepith poclechpnie pyaten seiskingthod ¢pmpaisings i nput; and a third
switch interposed between the operational anplifier input and anal og common

node reference. 3. - ! i r ESINg: a
I&n%}u?éng 9%%% %!)> %Iéaza@séoﬁl}gn%f CAG Wyt gﬁﬂé ah Qﬁe[logcﬂdgpfihe?

correl ated doubl e sa aclitor Interpose et ween at | east one

of said secondawngalEp g chagedrapsfprr(PCEhwouplad Bl andyeseepnd Tl ¢eompled Bligsl i fi er

input. 4. The @hgeh! Qi Galsy sdsBileOfiritck 8dnfPrides: f Ur ther conprising: t~ DEC 2696
21 at a first tine, said first switch closed, said second switch open, and

said third switch closed. 5. The electronic systemof claim2, further
conprising: at a secondatdpgfecommon mode switching matrix interposed between the DAC

output and the first DCT coupled filter input,

12. The method of claim 11, wherein said coupling a digital to analog converter (DAC)
output with an analog post filter having a first direct charge transfer (DCT) coupled filter and a

second DCT coupled filter comprises:
coupling a DAC sampling capacitor to a DAC common mode reference;

coupling a first operational amplifier input to an analog common mode reference;

and

coupling the DAC sampling capacitor to the first operational amplifier input
shortly afier at least one of decoupling the sampling capacitor from the DAC common
mode reference and decoupling the first operational amplifier input from the analog

common mode reference.
13. The method of claim 12, further comprising:

coupling an output of the first DCT coupled filter with an input of the second
DCT coupled filter.

14. The method of claim 12, wherein said coupling the DAC sampling capacitor to the first
operational amplifier input shortly after at least one of decoupling the sampling capacitor from
the DAC common mode reference and decoupling the first operational amplifier input from the

analog common mode reference further comprises:



said first switch open, said second switch closed, and said third switch
open. 6. The electronic systemof claiml, wherein the first direct charge
transfer (DCT) coupled filter conprises: correl ated doubl e sanp ﬁngg(‘cm)a
circuitry. 7. The electronic systemof claiml, wherein the secon

coupled filter further conprises: correlated double sanpling (CDS) filter
circuitry. 8. The electronic systemof _claiml1l, further conprising: a
digital interpolation filter with postf2|3I ter droop conpensation. 9. The

el ectronic systemof claiml1l, wherein said electronic system conprises at

| east one of a nobile communications device, a recording device a

conput ati onal device i evi c syst m of
claim1, further corr%)}1 1snlgntﬁe% alﬁ&"gzﬁf%mgﬁéo %en%%o?pef “ma aﬁ’f’ be atre
circuit having teiugh dccguetamld dbublesambling (€DRV@pdceor. ( DAC) and sai d anal og
postfilter. it. A nethod for use with an electronic system said nmethod

conpri sing;.couplin igital .to anal og converter (DAC) output with an
anal og pOSgsfl Ifleerm‘gllllog\??ﬁl maﬂr Fupg?rcarfl?rés “charge transfer (DCT) coupled
filter and a second DCT coupled filter wherein, said analog postfilter

further conprises: acodplag tROdiERNtoMERGIeg Sobbvérh (IACBatgut with Mk andlase: MRt ween
the DAC output. and tk .coupled filter input. 12. The nmethod of
claim 11, wher ei’d 2% ‘édﬁ?ﬁ“‘?%‘“& gital to anal og converter (DAC) out put
wi th an anal og post filter having a first direct charge transfer (DCT)

coupl ed fihd.er andnahodeeemndl IDEHh&QURb@shsf i | ter conprises: coupling a DAC
sanpling capacitor to a DAC common node reference; coupling a first

operational anplifier |nput t 0. an anal og% common node reference; and
coupl i ng the DAC sanprpiig idfatopitovithagostiléer fiopr congseseEi onal anplifier i nput

17. A method for use with an electronic system, said method comprising;

filtering a digital to analog converter (DAC) output signal with an analog post
filter having a first direct charge transfer (DCT) coupled filter and a second DCT coupled

filter, wherein said analog postfilter further comprises:

a dual common mode switching matrix interposed between an output of

the DAC and an input of the first DCT coupled filter.

18. The method of claim 17, wherein said filtering a digital to analog converter (DAC) output
signal with an analog post filter having a first direct charge transfer (DCT) filter and a second

DCT coupled filter comprises:
filtering the DAC output signal with the first DCT coupled filter; and

filtering an output of the first DCT coupled filter with the second DCT coupled
filter.

19. The method of claim 18, wherein said filtering the DAC output signal with the first direct
charge transfer (DCT) filter further comprises:

performing correlated double sampling (CDS) on a first operational amplifier

error signal.



shortly after at |east one of decoupling the sanpling capacitor fromthe DAC
common node reference and decoupling the first operational anp &fhgr ?' ut
fromthe anal og conmon node reference. 13. The net hod of cl ai £2! ;u er
conprising: coupling an output of the first DCT coupled filter with an input
of the second DCT coupled filter. 14. The nethod of claim 12, wherein said
coupling the DAC sanpling capacitor tosthe first operational anplifier

i nput shortly after at |east one of decoupling the sanpling capacitor from
t he DAC conmon node reference and decoupling the first operational anplifier
i nput fromthe anal og comon node reference further conprises: 06 DEC 2006
23 coupling t hendAehsPeRaiN g8 caRAG $aaf fillefind Neodipui 5t the BAK BTTQOaIcdamRl i i er

i nput throﬂgh a(ﬁ§¢{ela &? d&uQﬁe sanpling (CDS) capacitor. 15. The nethod
of cl ai m MP2FHPR 88%% L AYTheE WPy the digital to anal og converter
(DAC) output with the anal og post filter in a nonolithic integrated
circuit. 16. The ”?%éﬂﬁﬂniﬁé c&itefitdi dbilble SdlplifEICIRY R &issdoRopctRAbR biflifRr DAC
input with a postfjlter droop conpensator. 17. A nethoJ)for use with an

el ectroni c sysf&ms'8e8li d met hod conprising: filtering a digital to anal og
converter (DAC) output signal with an analog post filter having a first

direct charge trranSh&rofciXad)7, aPME BMphididet €r and a second DCT coupl ed
filter, wherein said analog postfilter further conprises: a dual conmon node

switching matrix interposed between an output of the DAC and an input of
the first DCT coupl 8eribgtheedigital 30 amieg dRARouingt sighadivrith1an analeermebtnfileai d
filtering a di gifal, d:Q s3B2LOGSRARME(DET) dolhld fIR bRbH seostli B coipitdgi@p anal og
post filter having a first ditect charge transter (DCT) filter and a second
DCT coupl ed fi inaronebisrintegsated qifchit.er i ng t he DAC output signal with the first
DCT coupled filter; and filtering an output of the first DCT coupled filter
with the §§.C0n‘§h%h&ﬂfgfaﬁlgl7, ft'tlr!htar%romprising:

compensating a DAC input signal for postfilter droop.
23. An electronic system comprising:
a digital to analog converter (DAC) having a DAC output; and

an analog postfilter having a postfilter input coupled to the DAC output, said
analog postfilter including at least a dual common mode switching network coupled

between the DAC output and a first DCT coupled fiiter input, and

a second DCT coupled filter having a second DCT coupled filter input coupled to
a first DCT coupled filter output.

24. The electronic system of claim 23, wherein the dual common mode switching network

comprises:

a first switch interposed between a node of a sampling capacitor and a DAC

common mode reference;

a second switch interposed between the node of the sampling capacitor and an

operational amplifier input; and



19. The nmethod of claim 18, wherein said filtering the DAC out put signal
with the first direct charge transfer (DCT) filter further conprises:
perform ng correl ated double sanpling (CDS) on a first operationqj%qﬂpﬁigmgr
error signal. 6 DEC 2006 24 20. The nethod of claim 18, wherein said
filtering an output of the first DCT coupled filter wth a second DCT
coupled filter further conprises: performng correl ated doubl e sanpling
(CDS) on a second operational arrplifier25 error signal. 21. The method of
claim17, further conprising: filtering the digital to anal og (DAC) out put
signal with an analog post filter having a first direct charge transfer

(DCT) coupled filter and a.second coupled filter .Ln.a nmonolithic
integrated circuit. %gmgfﬁgah@Fﬁﬁﬁ’ W@PﬁﬁﬁPT??mPﬂFFWB#“&HWbW%§Wﬁﬂ?Og
conpensati ng a EAGnhinnpade rfergieal for postfilter droop. 23. An electronic
system conprising: a digital to anal og converter (DAC) having a DAC output;

and an anal.og pastfilter havi a postfilter. nput coupled to the DAC
out put , sa? aﬁéﬂ %ﬁ”%%“fyﬁe'intog?laﬂiﬁ ﬁ'&?‘?ﬁﬁc"ﬁ?“sfn@ast a dual common node
swi tching network coupled between the DAC output and a first DCT coupl ed

filter input, and a sesRnhtdlsdcaupliadcDsh tHhIbAMADA Re&eNE 1Rtlone P! ed
filter input coupled to, a fi %%% s coupled filter output. 24. The

el ectroni ¢ syst BRFPGPILIVEFpnsidhe iy anchfie epgegiong BRI swi t ching
network conprises: a first switch interposed between a node of a sanpling

capacitor afnd arfAGect6QIBRRNTASiH OB CHANG SomHisHE GAMbiSHelaRA LGB HRAsEd

bet ween the node of the sanpling capacitor_and an _ operational anplitier
i nput; and S%d Biettel Ag ppalog senverter (DAC), the first DCT coupled filter, and said second DCT
coupled filter,
27, The electronic system of claim 23, wherein the electronic system comprises at least one

of a mobile communications device, a recording device, a computational device, and a sensing

device.
28. A method for use with an electronic system, said method comprising:

coupling a DAC output with a first direct charge transfer (DCT) coupled filter
input wherein said coupling a DAC output with a first direct charge transfer (DCT)

coupled filter input includes:

coupling a DAC sampling capacitor to a DAC common mode reference

with a first switch,

coupling the first DCT coupled filter input to an analog common mode

reference with a second switch, and

the first switch and the second switch controllable such that the DAC
sampling capacitor is couplable to the first DCT coupled filter input shortly after
at least one of decoupling the DAC sampling capacitor from the DAC common
mode reference and decoupling the first DCT coupled filter input from the analog

common mode reference; and

coupling a first DCT coupled filter output with a second DCT coupled

filter input.



athird switch interposed between the operational anplifier input and an
anal og common node reference. 25. The el ectronic system of clalnuﬁg 5
further conprising: a correl ated doubl e sanpling (CDS) capacitor 4} %égﬁ
bet ween at | east one of the second switch and the third switch and the
operational anplifier input. 26. The el ectronic systemof claim 23, further
conprising a single integrated circuit 2faving said digital to anal og
converter (DAC), the first DCT coupled filter, and said second DCT coupled
filter. 27. The electronic systemof claim23, wherein the el ectronic system

conpri ses | east one of a nobile comyunications device, a recording
devi ce, ?%npu?@&WWﬁEQOf@éW1%%ﬁmaﬁ&°%m§%WS|ng device. 28. A nethod for use
with an electronlc system said nmethod conprising: coupling a DAC out put

with a first direct ghar@rhg @%@ﬁthl@ %%rat@cplﬁmuﬁ%a&lhé DA R %(# t AM]EIE@' n Sa' d

coupling a DAC outggt with a first direct ch arPe transfer cou

filter input in¥itytedirstdissprhareg tanssmcDShhgsrpledy lﬁaweﬁ@ér&het st PFup!

node reference gwirtdipdt EdupRl w%tW th€ Ebcox@ﬁ@*l“'c@ﬂalédhﬁltécr'lﬁpﬁ 1rp§£1n§l@l*lﬁ)tkﬁﬂe(f ' | t er
i nput to an anal og, conmon node reference with a second switch, and

first switch anti*fie second switch controllable such that the DAC sanpllng
capacitor is couplable to the first DCT coupled filter input shortly after

at | east ong ofngﬁgmguﬁggm;ﬂpﬁgﬁgcgﬂﬁ%r{ng capacitor fromthe DAC conmon
node reference and decoupling t first 5CT coupled filter input fromthe

anal og common node reference; _and_coupllng a first DCT coupled filter
output with a secondﬁ@ﬂﬁ%@dﬁ#ﬁ@UmﬂﬁmmneﬁﬁﬁmpmmpCmmﬁmﬁﬁc 2006 26 29. The
nmet hod of claim 28, further conprising: manufacturing a nonolithic

i ntegrated, PIrCH?%&$?%%ggﬁ*@F‘%%%%QME&H&H%Qﬁgkﬁgﬁe&$#ﬁ he first direct

charge transfer DCT coupl ed

compensating for a difference between a digital common mode reference voltage
and an analog common mode reference voltage by coupling a Digital to Analog
Converter (DAC) to the digital common mode reference voltage and coupling an analog
portion to the analog common mode reference voltage at a first time and coupling at least

a portion of the DAC with the analog portion at a second time;

filtering a DAC output signal with a first direct charge transfer (DCT) coupled
filter; and

filtering an output of the DCT coupled filter with a second direct charge transfer
(DCT) coupled fiiter.

32. The method of claim 31, further comprising:

filtering the DAC output signal with the first direct charge transfer (DCT)
coupled filter and filtering the output of the DCT coupled filter with the second direct
charge transfer (DCT) coupled filter in a single integrated circuit.

33. The method of claim 31, further comprising:
compensating a DAC input signal for postfilter droop.

34. An electronic system comprising:



filter output coupled with the second DCT coupled filter input in a single
integrated circuit. 30. The nethod of claim 28, further conprisi.ng:
coupling a DAC input with a postfilter droop conpensator. 31. A WP@E DOI6
use with an electronic system said nethod conprising: conpensating for a
di fference between a digital common node reference voltage and an anal og
common node reference voltage by coupling a Digital to Anal og Converter
(DAC) to the digital comon node refer&hce voltage and coupling an anal og
portion to the anal og common node reference voltage at a first tinme and
coupling at least a portion of the DAC with the anal og portion at a second
time; filtering a DAC output signal with a first direct charge transfer
(DCT) coupl ed filt&figitaligamioecanvery (BACHRVHER DIC RIEBET coupl ed filter
with a second direct charge transfer (DCT) coupled filter. 32. The nethod
of claim 31, furthe ng P Ta R o W =Y o ; \ Lth the
first direct char ge%??args_%éfﬁ?%%vln%cag%ds@gﬁgIPﬁtEQ%Iégg%Rﬁ P’?‘g%én’%llg out put
of the DCT couphder pestiilier ingluding tah deasf e diedl coipipeir ode pitchmst ielypsk epupfedCT)
coupled filter phjyesh thl PALUIpH £G4 8EeHCE bhiphl titterdBpue. The mMet hod of cl ai m 31,
further conprising: conpensating a DAC i nput signal for postfilter droop.
34. An electronic systemconprising: ~G DEC 2006 27 a digital to anal og
convert er 3°DAC)ThhgledtivgicaysmariSdigther compdsizgy anal og postfilter having a
postfilter input coupled to the DAC output, said analog postfilter

i ncluding at | east W, I chi %)IrE d ween the
DAC out put and a fi r%sS CH%REE)%’%&@&%&?%\%;%ﬁéﬁ)r@?).&;@ gﬁgﬁg%frg%?%%system
of 34 further edmpbiCicglediilseowpd DCT coupled filter having a second DCT
coupled filter input coupled to a first DCT coupled filter output.



