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WD 2007/ 040981 PCT/ US2006/ 036413 LOW SPUR
LOWM DI STORTI ON DI G TAL- TO- ANALOG CONVERTER TECHNI CAL

s patent application relates to inprqyi
‘gle):;b@f‘%@ﬁie of an anal og-to- digital Converte%}@r@%aﬁo%ss413
more particularly to inproving the spurious-free

;;-?-".‘--a‘:. ' O S Al ;&LOG
converts a digital i IER an anal og output

signal. The output of a DAC nmay deviate fromthe ideal

out put due to vari at, j nuf acturi ng process

and due to vari ous%ﬁmg%ﬂmuracy in the

di gi tal -to- anal og conversi opn process. The transfer -

f Jrgﬁ’& pasent gpplicappierslaesio amprovie theperiorgiance alanasiogdoed
.. at the DAC output as function of the input code. Such
digitahcqgiverter, gndvaprepanticwlarbiie imprsvingghe spirisus-dtee Bymamispgenge

where N is the resolution of the DACin bits. For an

over 4 eelalbamaf frequeptingl e strai ght |ine can be drawn
t hrough the points at each' code-transition boundary,

beginning at the origin of the plot. Figure | shows a
plot 10 an exanple o j ransfer function 12
for a 3-bit 15 DAC &ﬁ?ﬂ(ﬁ;g?&@%e points at code
trapsition houndaries. The DAC in.,this exanple .
B AnaIGE BSOS copurs 4 diatteldaty ol Raumelos,
value of a digital input code, The L output signal . . .
output gnah e Sheoypii Gfa R AF meayfleviats somdpidesl rntput GuR ihyariations
_ code (111). Thus, the transition to the maxi num -
in the pynplacturing prasess andciye tavarioys seiyessradfingcemmeey inheidigithto-

transition occurs at one code width, which is equal to
analogconearsion prapess. | Trarttanksfet fifcSa) of ADAXDislaGBoti of the sifgnddN. 1

generated at the DAC output as function of the input code. Such a plot is not continuous

but is a plot of N steps, where N is the reso]utibn of the DAC in bits. For an idqal DAC,

a single straight line can be drawn through the points at each!code-transition boundary,

beginning at the origin of the plot.

Figure 1 shows a plot 10 an example of an ideal transfer function 12 for a 3-bit

. DAC with reference points at code transition boundaries. The DAC in this example -

produces a total of eight steps that each represents a value of a digital input code. The
output signal reaches a minimum at code zero (000) and a maximum at code (111). Thus,
the transition to the maximum output does not occur at voltage reference, Vyr. The

transition occurs at one code width, which is equal to a least significant bit (LSB). An

LSB is Ve/2N.
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WO 2007/ 040981 PCT/ US2006/ 036413 Limtations in the
rmt erials used in fabrication and i naccuracies
herent in the conversion process itself cause

WORNEO¥hnst er function of a DAC to deviate ?F@HSFW@(’““H

i deal transfer function. The deviation of a DAC s

s Z0Blont M PR S B Gt apd Pt B R B g e

non nearl

L R SRR S R U

-exehplary 3-bit DAC. The differences between the

. 1dea1,t5p@g er fisictige | evel s at which code transitions occur

and -t he actual voltage are referred-to as non-1linear
er The deviation-of RAYSE's tangdersfunetiontfeone x praghtdtheiinraf@ha to as
(e.g., 1.3 LSBy. 10 Nonlinearity -affects performance,

 non-lidriacity. i HIGoR i kustretean it @0icf acn-lintal Jeviati @nipdtwean the ideal 12

" obtained via frequency-donmain analysis and is

_ transfey Birfotibh ¥ndBR LG Tr K icp ClrlcBbADP thexbRplary FBUDAC. The

- transform (FFT) on the anal og output of the DAC. FIG
dlffel%néé%%‘éﬁve%n @ﬁ@fdeﬁ@oﬁﬁ%et 186ets RAGHIONEduetranbitib odccﬁle%’:@ﬁlg ¥ctual

domai n. The fundane frequency iIs equa

R volta%eaS u éd fbfeﬁ;tx{&ﬁ 1916%811%r% Ilqgﬁj 1ﬁéarr e%grsfnt) fl& enxg)neassed in LSBs

ents are unwant ed signal s that result from
(cg ﬁmc di stortion, thermal ~ noise, 1/f noise, and

qﬁ\? EI zat i op. noi s Sone ourceﬁ of noi se may not

WHIREATEY AHBGHS PETER €%, M4E 1f OLERpE aé"%%"rﬁ?le using parameters
.distortion and thernal. noi se originate fromthe .

obtainedvas fiequeney-dempin agelysin and wﬁ,mw%lg’ mipasuddy performing a fast
Nonlinearity in the data converter results in harnonic

* Fouriefi tensforta ¢RFRhemtha radlpg edtpithof tRODAE FliGe qubowy a bt the

. Such distortion is observed as "spurs"” in the FFT at
DAC batponinithsfrefuenthéomaas The durslagiealal fisquehéptagailad then
Figure 3. Nonlinearity also produces spurs within the.

 frequelieei of Bk diGIRUUROEY. eQfhd dignaDARadired WRHHEIDALS. KMAdthar ©

not harmonics of the fundanent al frequency. The ratio

frequeR8y, g‘ﬂﬁﬁﬁbﬂeﬁ% a?@ﬁﬁ_\#&ﬂféiﬁm Shad 81 f&ﬁﬁ?ﬂ&ﬁ%aﬁh&ﬁ@ ldis8tloh fifiermal -

noise, 1/f noise, and quantization noise. Some sources of noise may not originate from

the DAC itself. For example, distortion and thermal noise originate from the external

circuit at the input to the DAC.

Nonlinearity in the data converter results in harmonic distortion when analyzed in

the frequency domain. Such distortion is observed as “spurs" in the FFT at harmonics of

the measured signal as illustrated in Fi gure 3. Nonlinearity also produces spurs within

the Nyquist frequency of the DAC at frequencies that are not harmonics of the

fundamental frequency. The ratio between the magnitude of the measured signal and its
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2 WD 2007/ 040981 PCT/U82006/036413 hi ghest spur peak
is referred to as "spurious-free dynam c range"
‘& qu7) and is often expressed in decibels (d%. The
PIMELR98Lyr coul d be. a harnonic of the meas®&FdPS2006/036413
S|gnal or non- harnoni ¢ conponent, depending on the
plicatign. SFDR depends on the fundanental
hlghFFtéaE’éh%a}‘ 1pteferprdl 1p AP UPUEPYNAPe dymsmiganes {SERR: i is often
frequency increases, the 5 SFDR tends to decrease. . *
eXpI@ﬁ;ﬁE/ﬂRdﬁClhﬂi%(dBav dhe htgheqé Fpvicdeld hewtHandenia nltheystaswsd signal
i ncl udi ng -conput er program products, for converting
or namhampuiic gingroaknt depgndiog bptiie Bplcaion. SPDRNdcpendyal thei n
one aspect, the invention features a systemthat

fundaimehtdlf8qunty 65the iGRNMEIA A s g/ fufGarferdid] e u K 186 Ba8E, Qe
specification for use wth frequenci es above a

Sppﬁﬁgggqaqgmggkeshold a second converter having a
second performance specifi.cation for wuse with
frequenci es bel ow the frequency threshol d;; and a
frequency nultiplexer coupled the first and second
converters. The frequency mnultipl exer ihcludes a
hi gh-pass 15 crossover filter coupled to the first
converter in which theSRHUMMARYs crossover filter is.
configured to transmt high-frequency conponents of
t HEhel inperttionipgondtiestracthdids ahtl sgdiems, Gnoledihg torapstet Program
attenuate | owfrequency conponents of the input signa

prodifcts, for doheelehe bpRsi AN @ aPbiRPuitdidialt he | ow frequency

conponents can be used to correct non- linearity

erzﬁ %Eﬁerhmﬂ SRUEEE e Innv@nédﬂﬁat &Eﬁ tﬁaﬁgaudes a first

frequency conponents are O ab ve t equency

f‘fﬁ*ﬁ équgn%&fg Bl RRRr %ré*%%‘?%@?@ HipRi g

frequ?qe%‘%rg@a aes%ﬁ%ai%ogré’r?ﬁmné’%%%’%@%mé opinee ghusEign or
Iter is confi uredto ansmt the | owfrequency '

use w} ﬁfﬁ&ﬁ@ﬁeg giow ?3103’§1Pr ﬂ&? o3 Prie B T EBiRY 8 qoepled

to
the first and second converters. The frequency multipiexer includes a high-pass
a )

crosséver filter coupled to the first converter in which tht_e high-pass crossover filter is
configured to transmit high-frequency components of the input signal to the first
converter and to attenuate low-frequency components of the input signa;-‘l.to é
predetermined level such that the low-frequency components can be used to correct nc;n-
linearity errors introduced by the first converter. The high-frequency component§ are
above the frequency threshold and the low frequency components are below the
fréquency threshold. The frequ-ency multiplexer also includes a low-pass crossover filter
coupled to the second converter in which the Jow-pass crossover filter is configured to

transmit the low-frequency components of the input signal to the second converter and to
3
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3 WO 2007/ 040981 PCT/ US2006/ 036413 attenuate the
hi gh-frequency conponents of the input signal to a

redeterm ned | evel such that the high-frequen ¥
AYEHEHES can be used to correct non-Iineari PGTASEYFEIC4I3
|ntroduced by the second converter; and a conbiner

BB B b a8 TR R Ut LT bR 1o

- suh %%C@? Bigh G R4 oAb e SR facporropssplmrerbeeraay

nore of the foqllow The conbi ner may

: mtf?fﬂle eﬂ%n%e%or Cﬁaggfe&r%@wgfbnmr|c9nqecb@9 firet and geqond

~first converter that is conflgured to attenuate the -
cohyesigrsithd deeandiguesdrip eerahing fistt andeecond sonvered signalsirestiyndfrom
to a predeterm'ned Ilevel; and a . ow pass crossover

. the firist andrseeomdphbrkrtets mffmémmqaud:engndrt er that is

“configured to 10 attenuate the high- frequency
coBpbodinicntsafiay inelude oo 6r RORVETHER oWl The@bMbidePnAy
" predeternmined level. The first and ‘'second performance

inchile Qe H-padk bﬁ@@v@ﬁﬂltéﬂ&h}%ﬂ@& to ﬁletﬂﬁt%ﬁvefx{eﬁﬂlat is configured to
dynam c-range specifications. first convert e%ur

' attenhﬁk%'t}}&@waﬁédu%ﬁtgeyr co‘iiﬁo&hfeﬂL of ﬂle%ﬁlcgﬂvdé}%ﬁ\é %ﬁlletro' agﬁgdett%}ﬁmed

second convert rrses a secon

g levelcgr{hv fo(?vecé/ass ’gliots?o%}lﬁltér%% e{i:rgc}/n bgiﬁ%gg c?xbvefgr ]318{1 Jércm%ured to

exer

'aﬂenv%fsB@a%abe%&e%hégrﬁg%@ﬁﬁtofilawgw PP el 5

corrp atl I ue correspondi ng the i nput code such .

. predefgganedvel. iSeFPRdIcTieEHics specifications mey include

converted S|gnal ‘to at least partially cancel a
spuripysriges dypamicorngs spacificatiens: sThefisst@onverier may isdudmalfirst
. converted signal. The | ookup tabl-e may include )
digitalte-anpddg drinvertertat the secomhéinyertettotmprisst esedod digithleto-afalog
physical bits of the second 20 converter. The .

conveirtee QA Bokyip-fablld inp B esupiRytoahs frequtab ARt SABRd corifigured to
configured to add the conpensation value to the input

deterrfing itk a vAtud of BRSihp@ sTEME LR reiPohdl®o Wg?h?ébd‘é%f tt}k'laesecond

frequency multiplexer and to the fir and second

' copvc?t@f‘ééﬁ% & SressTd Gorh BRI dnNG TR 6o Mg the input code such that the

compensation value causes the first converted signal to at least partially cancel a
linearization error that is present in the second converted signal. The lookup table may

include virtual bits that are configured (o extend a number of physical bits of the second

converter. The frequency multip]eier.may also include a sumni;:r configured to add the

compensation value to the input signal. A dithering module may be coupled to the
frequency multiplexer and to the first and second converters. The dithering module may

include a dithering signal generator configured to generate a dithering signal comprising
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include a dithering signal generator configured to
generate a dithering signal conprising 4 WD
2007/ 040981 PCT/ US2006/ 036413 a sequence of rand

W12 d40%8gating circuitry, coupled to the di tl’ﬁgquﬁ@?ﬁm“”

S|gnal generator, that generates a
sequence of

. a se@ﬂ £ht %ﬁ&?qﬁ%l%eg S ' ﬁg%ﬁ%ﬂ%\ﬁ&gg Itqs fglg%ﬁgezp%g;ﬁl generator,

c O
ted are
a first.sumer

values of. the ditherjng.signa
- that E‘Eﬂ?ﬁ guF dtperine: é&'&“ﬁﬁ@%ﬁl@ﬁgF?m@i%maﬁéﬁqumetqferalues that are

gh-freguency conponents of t-he input 5 signal;.and a
g?ﬁ?éhe sdemgiaiues of Be ditherinigsignal; a first summer
dltherlng cancel lation signal to the. Iowfrequency
configyraddnadd selithetieg igmito tiedighfreqhisncytédniinng offeduhsut
may al so include a first equalizer, coupled to the

s1gnai; drider senepdssugnadr cosfi@ired @ addMiRYdiRrigg lchatihsn §1gﬁkﬂ b AR
that is an inverse of a transfer functlon of t

 low-hb@RnPpSSnfdnkh® bf e iR sARDITHE H‘m@r@%‘?&&‘??y ‘}halsa m%luge

equal i zer, coupled to the negating
sfer

a ﬁrsi ERRHLQ! cdupRR@lih Fl‘fé difi@din S%ﬁgﬁﬁ @%1?95&?15 ?ﬁ‘? Ia% %&P#&Z ction that

function of the | ow pa

s an AlvERE T A Ga2 Bl IR, fglhel Bty e B 18 Bl ist o agigeond: -

e out put ‘si gnal

y cancel dlstortlon in

' )
- cnalff Byl P a?%?%é SRt vinke ameies finegon Tghen imverseof

“anot, her. astg the invention features a nethod and a
a tran on Ey‘? §lowrpass it ebthe spmbimey SFhei difhiering sigpaitmay be

gnal to an output signal. The nethod includes’ 15

conﬁ%%‘io\ﬁ“ﬁ@uﬂt%ﬁmifmdhe gutguiadzgnat arghtherdithérivg-cancellation signal
hi gh-frequency conponents of the input signal to a

~may af lepsitpag iy erneel disottien ini thyhedtpeicsiggil yaus PP RtitheRRE Sgnal.

above a frequency threshold); attenuating

| buerfottes aspecy thedavonion feangts 4 BRtHodRUl aTofipdter bfogam
predeternmined | evel such that the lowfreéequency

- produckBPedRBEtigah iAlhit B)%Elalqa@nl%ﬁ?dgggn% EHE?%  ipcludes

nonllnearlty errors intro

eV RO b B SN o AR e

the I nput '20- sl
.bel.ow t fre

o LB OB RS e bRl S BB

ut si
attenua%ng Eow-ﬁeqt?ency co%ponen%s oiathe input signal to a predetermined level such

that the low-frequency components of dither can be used to correct non-linearity errors

introduced by the first converter; transmitting the Jow-frequency components of the input

signal to a second converter, (the low-ﬁ'equency components being below the ﬁ'equency

threshold); attenuatmg the high-frequency components of the input signal to a
predetermined level such that the high-frequency components of linearization correction

and dither can be used to correct non-linearity errors introduced by the second converter;
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predeterm ned | evel such that the high-frequency
conponents of linearization correction and dither can
be used to correct non-linearity errors introduced b
\(EL! converter; 5 WD 2007/ 040981 PCT/US2006/036413
PCT/ US2006/ 036413 converting the high-frequency
; Lrst,converted si o
con AR BEH  binl PNt Pulohblh i BR R enb Lo Siepplrcapverting
second converted sigpal; and conbining the first . and
the 13 B in | nia EePneoRtarivd Stemel ed Sgpiaing fh first
Errb%gi ment's, nay .i ncl ude one or nore of the foll ow ng.
and §6ogpd RPRVErtR) Siehals o igHT the qutrg sigRdly corponents may
I nclude attenuating the | owfrequency conponents of :
t hEmbofeantssmayaicludg ate ermarermifthd foljowing. Teanshittiopérecyigh-
conponents may include attenuating the high-frequency
frequsony orropersnimahiacudpattensatiipethe loGe frequdncy gortipénents of the
hi gh-frequency and | ow frequency conponents nmay -
inpui siglalidmd canssetig@e Iobe fegneg céih & rhay bR Skenuating the
signals. A linearization error of the second convertegr
high—&‘ﬂ%@ﬁenc@’@bﬁ)@mth@i ﬁtéié}ﬁlﬂt code may be measur e_d and
stored in a | ookup table.” A value of the input signal
that corresponds the input code maybe determ ned, and

a conpensation value corresponding to the input code
ensati-on val ue

I, su that the co .
ConBihe e BERERTGIY 31 Fuk PRlpoPE R nbciaginde onverting
artially cancel ~a |j.nearization.error that is 15 '
snalof gl 1o HigTREHE b b i of ieaeoond canveriar g
si gnal caqnprising sequence of random val ues may be
correspaRdy 913BANPY codf MA% b meapEehald starrdin sloghen tableaph valingf
. a sequence of values that are equal and opposite to
the inpysignghthahsorespands dfc inpws coile ey bedetsimimad, amd\s doepensation
generated; the dithering signal may be added to the
value homdsppnding triby inponpaivandsbeodxpréseed suph thas tignmingefsation value
attenuate spurs in the 20 output signal; and the
causegkht fiesticogvetiad eignhlab iabRas ipgAlly FaiceD 8 lindiRdtidP el bi8hat is
| ow- frequency conponents of the input signal to at
preseﬂtﬁﬁ&bls@@hﬂic&hw}e)‘teaai@ﬁﬁls distortion in the output
si gha
A dithering signal comprising sequence of random values may be generated; a

dithering-cancellation signal comprising a sequeﬁce of values that are equal and opposite
to the random values of the dithering signal may be generated; the dithering signal m;ely
be added to the high-frequency components of the input signal to attenuate spurs in the
6utput signal; and the dithering-cancellation signal may be added to the low-ﬁ'eqllzency

compenents of the input signal to at least partially cancels distortion in the output signal

caused by the dithering signal.
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caused by the dithering signal. 6 WD 2007/ 040981

PCT/ US2006/ 036413 The details of one or nore

enbodi nents of the invention are set forth in th
WOHI4! ng drawi ngs and the description bel 86?/”[@2?9@1“36413

features, objects, and advantages of the invention
Wi descrj ption,and draw S
e ?%%%?%égﬁf o b i A 9 R Bt 1
La]nsfer function of.- a
1pR pelow Bitlagr featyres, oplegtioird a
ransfer function of a DAC, FIG 3

I o't f. an act ual
. ad"a‘g ?gledpﬁ?n%’f’ v} bg gppasent Sioghtke dessription el ywingdye@difrom

the- frequency' 10 domain; FIG 4 shows a converter

theclaims: emy FIG 5 shows a pl ot of spurious-free dynam c
range for two different DACs; FIG 6 shows anot her

converter syst em t hat [ ncI udes |ineari zation and

"~ dithering nod | ot of
~spurious-free nam C range foﬂat\eﬁ& nverter system

0 I ; a.fl.owchar rocess for
c icjn(\}/ g rst(ﬁ:owg ar Ié'tgf%nt] ar zimﬁf?ﬁ o'é\ﬂ% %\ﬁ‘ﬂtg}g‘% onverter
sing the converter systemshown in FIG6; and FIG 9

.(DACg‘hows a bl ock diagram of a conputer for inplenenting

tPleg cess hovvn 20 in FIG 8. 7
G ows ap ot of an actual transfer function of a DAC;

- FIG 3 shows a plot of an output signal generéted bya DAC in the ﬁ'eql'lency ‘
-domain;
| FIG, 4 shows a converter system;
Ij“IG.-S shows a plot of spurious-free dynamic range for two different DACs;
FIG. 6 shows another converter system &at includes linearization and dithering
mﬁdules;
| FIG 7 Si’lOV;/S a plot of spurious-free dynam'llc rénge for the converter systém of
FIG. 6; ‘ ‘
F1G. 8 shows a flowchart of a process for converting a digital 51gnal to an analog
signal using the converter system shown i FIG. 6; and

FIG. 9 shows a block diagram of a computer for implementing the process shown

in FIG 8.
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WD 2007/ 040981 PCT/ US2006/ 036413 DETAI LED DESCRI PTI ON
Al t hough SFDR depends on frequency, the SFDR over a.
iven frequency range nmy be larger or smaller in
%PH%W’%}A?&%. Typically a DAC will optinize SFDRCIIS2006/036413
different frequency ranges. For exanple, a first DAC
optim zes SFDR in f .bel ow a given: -
frequency thr esho]I)aE:Ing% #;nggc?%g%gﬁ@ optinizes SFDR -
in ' ve t.ha equency threshold.
Th édﬁ %’R@%}gﬁ’?@%ﬁp ¢ or gﬁ iﬁ%H'genn%X’r‘g? %F éiﬂf’qﬁm gigh fhequency range
WG) . The . performance of the AWG depends:
may S TR, O sl ot DA CoRARY RO Bcyil ppfimize SHDT
diffson%ﬂst ate-of -art devices, the best available DAC at .
THE HEAREICY Fangen kT genple; & figeDidghentimiges SEDR i a fiaywency
sufficient SFDR Furthernore, it is desirable to,
rangg Belp i &8 vermugeeydbieshold) andgeecauddRA Gloptifitd SFORCH a
that may be greater than any one optim zed range -of a
frequepgy, rangai@ve dhas lreqeenay doesheld. er syst em 40 for
converting an.input digital signal Si(n) to an anal og

BACL 46) 'S0 the oeral | BraR o eredcen (eRegr g P
P the BAGL 46, Te Beanyan B pEE i Ehed BUCHRG, Horestime
B (- et L T ——
may g8 7 S DR PR i BoPtie f omgiomREDR acvoss o

m 40, al so includes a frequency =

v er. syst ,
targe SABY B &oebot Bttty héerivn bonaay ore entmApLIETES ghaDAC.
: and 20 a conbi ner 48 that outputs an anal og :

L), . .
§Ef<8 GshQVe A SPTVEHIER Systemhd0 for sqesning anuinpipdigitalsighal Si(n) to
pass filter 50, and a digital

i ncludes_a digital high-

an a“alktﬂ/@%g?gpﬁll Sogfﬂ ugpg nmgmalq DA a(DACHHH4 and TFAC] h6)s0 the-
attenuates the frequency conponents: of the input’

overal kSR Iof Sie(copvartea sysiere 4064 batter tHaa thdSEDR W dithsrSBsBDACH 44
and passes the hi gher frequency conponents to the DACH

or the DACL 46.
The converter system 40 includes a first DAC ( DACQ 44) that optinﬁzes SFDR

for frequencies above a frequency threshold (1), a second DAC (DAC;, 46) that optimizes

SFDR for frequencies below the frequency threshold(see FIG. 5). The converter 'éystm.em

40 also includes a frequency multiplexer 42 that receives a ‘digital input signal S;(h), and

_a combiner 48 that outputs an analog output signal So(t). The frequency multiplexer 42 -

includes a digital high-pass filter 50, and a digital low-pass filter 52. The digital high-
pass filter 50 attenuates the frequency components of the input signa] Si(n) that are below

the threshold ﬁ‘eqﬁenqy and passes the higher frequency compdnent_s to the DACy 44,

8
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36, iR S0 10 bl o1 B S 10 oGP P st
.___of the analo h'h%h- _ .
compafeg}s: FB SRy helg SORYErHHRPIOASES RArprmed by therAACy

8 WO 2007/040981 PCT/ US2006/ 036413 For ease of
expl anation, the range of frequencies that are bel ow

&Be threshold frequency wll be referred to as_the
TAIS2006/036413

W %EGlency range” and the range of frequef€

that are above the threshold frequency wll be

vor SSRGS Mg oSSBT 5D 4t ey -

0
Si(n) .5 that are in

i GRS S WS OB, SRl ST 2Ll 220

t he: DACL 46.. The DACH 44 and

-l ow freguency range_to y
. above e thyesiiold dregaenre il bR eefemadioesithes highyfrequenenapge. & Tife

. .the-digital high-pass and | owpass filters 50 and 52
digital dowriapoglter gradienuatesitbe frequsheetondinints bfithesnan simal $ih)
. high-pass filter 54, an analog | owpass filter" 56, '

. that aaeth the siginfeequblcy riinge ad plassgs éduhlb(ﬁfeﬁtsi:iﬂ'th%ﬂdwg‘zfeqﬁﬂaﬁdﬁﬁngc to

" out. unwant ed frequency 10 conponents, such as ‘spurs,

the DIAGY 46. €Bid DA EY, amaB® theas ACO 06 e&m&%ﬁ@ﬁsﬁ&ﬁ@&&% %ﬁt@ &f
| er

- DACH 44 and the DACL 46. The -anal og hi gh-pass f
the digHalBEE ARk Nty BRAITr S BiAlsRb QMG Genfly LhE DACH 44

and attenuates the frequency conpone
l,ow pass .filter

el cBMfbider 98 es %:?5}9&?0 ﬂégﬁ-p%ﬁg?gﬁg 24 8 1K rnass; flter

t
- 56 receives the anal og Si '
onents of the signal

—

ss filter 54 includes the

a SFDR specified for the DACH 44 " (i.e.,

' Si (n), havin g}l ) _ 1
44 anq thg ¢-hake analoghighrpassdilien 4 reseivis e ahalogsimalproduced

range). Similarly, the output of the anal og | ow pass

- by thelPA€n A4 884 piteriuaits thetrubmp-donpauenis that berohe i frefjudria

. input digital signal Si(n) having a SFDR specified
range. { Bire gnialogDA@tpad6ilter. 56.receives tRFRRISH Wdnal §rd@l|abéd11b'd¥ﬂﬂ ZAC, 46
for the | ow frequency range). The summer 58 adds

and attboigedstire frefigenay sbBorRhGAIE HEMIHREHe iDihe %?@Jgféa%ug% P

analog filters 54 and 56 to produce the ana

range. STHebatpuPef the-anfiBf tha‘é@ﬁﬁ&qtl%?ﬂldEMe ilh%ﬁigﬁ‘eqq;en&h €

system we can drvide that waverormin
components of the input digital signal S;(n) having a SFDR specified for the DACy 44

(i.e., the SFDR that is optimized for the high frequency range). Similarly, the output of

the analog low-pass filter 56 includes the low-frequency components of the input digital

signal S(n) having a SFDR specified for the DACy 46 (i.e., the SFDR that is optimized
for the low frequency range). The summer 58 adds together the_éna]og signals produced
by each of the analog filters 54 and 56 to produce the analog output signal So(t). |

For any waveform at the input of the system, we can divide that waveform into

higher frequency components and lower frequency components. For example if the
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hi gher frequency conponents and | ower frequency
conponents. For exanple if the 9 WO 2007/040981

PCT/ US2006/ 036413 frequency conponents of the n}o
WPGAH4%8 h) are of a | ow frequency, the sign&CT/US2006/036413
generated by the DACL 46 (|. ., the converter with the

. freqi¥@ich RonRSALR! RAE o ik (rg)rquf ey gﬁgruc%g : St

| arger contri
e to di taI ow-pass filter-52.

gen‘%ﬁg& bgse o’f“\EH %%a% ?Bwve{tﬁgmﬁh@emﬁﬁne TIRgTER @t logy

en input signal Si(n) wll be -
ffeq‘feefwfgmaﬁ L?ggffﬁen it teéhw&r@mak&%t)ﬂm@w@%
be referred to as the "auxiliary converter.” In .
44 dwosdlélaaé dowress isri53. Fermeaseref exptaontien, ther D AGGwIl b highei
is the auxiliary converter. Furthernore, because DACL

perfox@angs Opeigivier dupuft signal FSdn) ol be meditresdcty af de0enai Etﬁwerte and
contribution of the signal from DACL 46 degrades the

the othet BYrC il bé reffdreedan apilie “aintiliaty of{dner.” Thahiscise Me;_ 46 is
out put signal generated 10 solely by DACL 46 Wlt hout

the nRfiycameiten 0D A0, il (mOAGHAY B8 er IR Saha ACL
a higher SFDR than the output So(t) that |nci es t

46 is 6PihIZel Yo (RO 1o R%dgﬁ@e'}raﬁé &Un%qlﬂl‘ilgn%f Me oshngnrga? {"rlo QDACL 46

ACH 44 fromthe I system

44 -can
degral SRR i ;92291%?021%&@ Bblist, DR A SRR e
| ter 42 .the a gh pa s filter
solel a*f‘g;a 28, ity e Rion o STA Gl %L@pg agdetis would have a
. e nal § in their respective stop bands. In
hlgheftaﬁéﬁggﬁ%tﬁ? 8 tpgt/éq(a fhak inclydes thecontriubion fiom BAGHH. Short of
gnal _fromthe auxiliary converter (referred.to as
dlsco”f’ﬁ@tm&'ala%ﬂﬂl"é‘rfwm thy ognudrter system 4Quiki thisargnacionthe u:tmatnbuﬁon
the DACH 44 or the DACL 46, is apparently
from Ipprfe dcannas be EpiBplesls bes s zaro i prakiict teguwsathé digital high-pass
converter system 100 that nodifies the converter
filter 42yesttiéhe dfalag high-GassAilie 64 atd Yt iddabagihs 8P HE dé?njﬂétel&h e
auxiliary signal inproves 20 the intgegrity of the

attenuaAelbiguils $i mealres‘;;@&twe StpOBABE, tﬂthéﬁéﬁx%ﬁbﬂ%@ J,J;ﬂ‘ l{ﬁ@s a
Igital”

l'inearization |ook-up table (LUT) 72

conmﬂ%lglﬂh BRE® signhl £6m e afkilfity BoVePRF (el 1 Phd Ak “ilﬂ!ﬂ%s
signal”), whether the auxiliary converter is the DACy 44 or the DAC. 46, is apparently
undesirable. FIG. 6 shows a block diagram of a converter system 100 that modifies ﬂlle

converter system 40 of FIG. 4 such'that the contribution of the auxiliary signal improves

| the integrity of the output signal Sq(t). Converter system 100 includes a linearization

lo‘ok-up table (LUT) 72, a digital low-pass filter-74, a gain stage 78, digital summers 76,
90 and 92, a dithering module 94, a frequency multiplexer 41, a combiner 47, 2 DACy, 44

serving as the main converter for a high frequency input signal or auxiliary converter for

10
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90 and 92, a dithering nodule 94, a frequency
nultiplexer 41, a conbiner 47, a DACH 44 serving as

mai n converter for a high frequency input si %ml
WPZBWH“?”&W converter for 10 WD 2007/ 040981 PCT/US2006/036413

PCT/ US2006/ 036413 a | ow frequency input signal, and a
DACL 46 servipg as in converter for a Iow

. 2 low feequentyynr Elﬁf’alsP‘ifj%‘gﬁ 49 Ssavings yhemRRSOnEsTier dor ajlow

hi gh frequency input signal. The dithering mdule 94

. frequencly irtas signelicr makiling-convavier fyerignireruenoy inauirignali R

cireuit 84, a digital |ow pass equalizer 86, and a

 ditheting redulé 9@ nchules a diflucidnigzsignaBgenerbie S2; eqﬁ@lﬁng chouit 84, a

mul t.i pl exer 41 includes a digital high-pass crossover

digithl lowvepas tquarlider &6, ada digitall oyl pas squalizassRVETe ffdqubsty

53. The conbiner 47 includes an anal og hi gh-pass

multgﬂéé&? QY &fchidek b @i gifaPhighipassAnesOhr e PRSI &ngﬁﬁlqﬁﬁ{pass
[ter 57, and a summer 58 that adds the o uts of

* cronfREk: 40 e AL AACE! BERANEH dealoh g Ppe? eS%E’%eﬁ?étF‘t o

anal?%?logv %g\@ros%ve @?r%éérgbe%s%%%% Eéﬁrﬁgﬁé th%&%ﬁqggsa aglI of the

crossover

- malo%?c&é%%%%ﬁl%&ﬁ%@iﬁ’ T Rl 88 g o o SR e vt

ough the filter even if the signal lies_in the s

- 40 (sb%lam 4hihe eHerptation at gten and of thﬂﬁ%"@ﬁ%’%ﬁ’é?rsﬁﬂi §3e|5§ Fand

51, 53, 55, and 57 are adjusted so that the spurs

57 ofmocmeO hevsrheen antentionkiplimitedinapredsteinpinedlevel so that a

opti m zed frequency range are significantly | ower. in
signahegrpassitheoughahe filer eypuiifshesipohl dieslibthe stop baad.nThe attenuation
converter for the optimzed frequency 15 range.- In
level 801he ceosbo Gt tittetsS1, 5316 5¢ amissoare adjubted 86 that Sieapad)pisduedd
so that the spurs fromthe auxiliary converter are at

from hﬁeh%hhl@ RVER&SN thadptink Se O fuB SRy Al e SIPAI fFcalilp e Gh

mai n converter. This ensures that the spurs

| ma@ﬁ%@‘@%ﬁ%ﬁé““ﬁ?’? AR P dn BRI R R AR O ey

rangeaTn %%&Q&flmeﬁts 2 e%%@_\@%ﬁ%% Pgeg%ﬁ.ll %d%ﬁé&at Jg(%gblﬁgﬁfom the -

alxiliary converter
auxmélgr%p%{ehe lag\f\%?ttagqs]qgieés %x rféainl'etsp%n 1r15g33p%1r']s proguced%y the

main converter. This ensures that the spurs produced by the auxiliary converler are
negligible. For example, if DACy 44 is the main converter and has an SFDR that is

approximately 10dB higher than the auxiliary converter DACy. 46 for a high frequency

| range, the low-pass crossover filters 53 and 57 are configured to attenuate a signal

components in their stop bands by 20dB to ensure that the spurs produced by DACL 46 in

the high frequency range are less than the spurs pfoduced by DACy 46 in that range by at
least 10dB.

11



conmponents in their stop bands by 20dB to ensure that

the spurs produced by DACL 46 in the high frequency

r are less than the spurs produced by DACH 4

‘Fﬂ&?""#’é‘%‘? b by at least 10dB. 11 WD 2007/ 04093'![—‘“52006/036413
PCT1U82006/ 036413 For each input code of the main DAC

(i Brof Bich 165t Sodd WShe Al DAE (Inl thRALEZ ﬁA@Jhd)‘tﬂé 1?&anzanon

stores a Correspondl ng i neari ty CorreCtl On th at
LU G b BRI Hnlpf o G5l b ed ey 5‘?&?‘1’9‘? a“.d
caliylpfdfpr Sk phfbe 2P G Sases, Whts gl T L0 aifaﬁveaﬁao‘%.ep%f tpipput

and 5 expresses an,  equal, and o p05| te voltage v eh .

digitphegnal wfa), teckeapdhe Brearigaiongyer siareelor that ¢q¢e afl& eafmd
the DACH 44 to cancel the |inearization error that

5 expressssin equahand rpesipACltagisvales mihsrmsmard 6 addethisvoligge value to

anal og value. Introducing |linearization error

the iopipéiedDACH 44 vatanes! thetineariaationngytar theit gesalts @ihémyhe DAC; 46
brings the anal og output of the DACL 46 closer to its

convef&@le dod¥ & an alARgdiabie! Ahtrafabing dinegizafitn enopog@hesiohor -
the attenuation in the stop band of 10 hi gh-pass :

! ditgith AC; g6thsatiaas
va}uég]h{ggtﬁe %Bteélg?]?/g@a%e%éﬁto%loﬁ%ﬁp he LUT I72 Irs1 some

ldeaﬁé%?.d 'ThE pfgﬁal J}Fst%-é'é-%?&r@:%ﬁéagﬁsfor R a&@xﬁhﬁ&ﬁl %?me @top band of

Inedri zatY on er results
. Lt from h
1 highppd Eﬁwégt T tom0e pip i HES, B8 e a?f%"%%&? be physically
‘ tra roma |0
buile g 054 TS P SRS RGeS Ba L %wwﬁaﬁ%& JBR St
substantially the same and 15 therefore o %: cfe
lineatizgiioararos thabieselis whenthe PAG gra%sefe%cﬁ%@h&ﬁ:@ codeoppd aﬁeﬁond
some. enbodi ments, this linearization is not onI
lineatizationetror that tesulathendbe Dy tpasifions firse p 1rensiofs Inl qther
t hese enbodi nents, the DACL 46 has sone virtual bits
embddiaénts,dbe fist amisedmnﬂelimﬁzaﬁmhmmors dm stistadiabyBediameang |

the out put of the DACH 44 naybe wused to linearize.

15 therefod@ 661y \6ink likkédrizbfi drbertd® valtielisl staraddbbeamh‘d:omc havi ng nore
- bits than just
In some embodiments, this linearization is not only limited to the DACL 46

physical number of bits. In these embodiments, the DACy. 46 has some virtual bits that
do not, produce any output. In these embodiments, the output of the DACH 44 may be
used to linearize these virtual bits to build a combined DAC having more bits than just
20 the DACy. 46 alone.
Compensating for linearization in thxs way works better at low ﬁ‘equencxes (e.g.,

frequencies below approximately 1MHz). At higher frequencies, the DAC transfer

function is frequency dependent and the linearization error depends on the frequency of

12
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. the signgjn dHinearization s et At phighrfeapenaias a3fhediog

by therlyriantibgon-fipearits ofienaverters Theraoee,

20 the DACL 46 al one. Conpensating for |inearization

in this way works better at |ow frequencies (e.qg.,

f reguenci es bel ow approxi mately 1MHz). At higher

‘P’P@g‘f}@ﬁ‘&%sés, the DAC transfer function is fr&GH&Fape/o3641s

dependent and the |inearization error depends on the

-frequency. of 12 WD, 2007/040981 PCT/ US2006/ Oﬁ6413 Bhe .
B}cantyc anges

frequencies as the non-linearity changes with

. with frequpmey c herdlors; epopasatingfoe ircarizatipor i nsqd manky; when B,

is wused mainly when the DACL 46 is the nmai'n converter

DAC( 466és thewhsm corhertasi.n, Whemthemmn Goayssiay nempinephef the jput

signal Si(n) is in the |low frequency.range), High :
signal 5836 i theilow fieRuea) knge)Hih intarfte is dypicelly intportant for lower
frequencies in:.the audio range (e.g., between zero and

ﬁ'equ@xﬁﬂésq}'litmﬁﬂti]y rad@e (62 ) bett b At DiiddpptaimprES(f KHER rThA

“renoves high frequency noi se produced by

. L i ne i i i t
Y

somereFURTIREY ST HAN AP eh A T (PO R el

non-linearity of converters. Therefore, the -

' frequencYdgP8S at i on techni que described above for | ower

frequency input signals is _|ess, useful for hjgher '
f Spumthiatare Ponsiated it &PaYerting § RighitraBensyRienahthe Oen seed
har noni ¢ and non-harnonic) are str&gglyﬁ correlated -
igegrizationtpmique
bet ween the input signal and - the spurs, additive
descriied hbgverfor baver Srequittieylinpat $ipwals isdests vsefyhfor highenjrequeney
result is that the 15 frequencies at which the -spurs
input SizR&8N FliflhdrBRrd) theptirs{bghdarmordc and Ron-hadomic) ad sixongly
time and therefore spur will be spread through out

correlhfd@ v fhE SR SEhAIUM rdduck B coReRitioh batwdef et inputstgnal and
signal, averaging techniques could reduce random.

. the spg%i,'ggdsifig@&iﬂfe% ABRL& adE%’lc% toiadS{@ fr?ﬂt SgnA SYUDeRe REuNs\Rdt Ues

nal, nolse t present is reduced by a.
ﬁ'equgn%{:ets A wgfch the spurs appear in the output signal are more randomized over time -

and therefore spur will be spread through out the entire spectrum. In the case of a

repetitive signal, averaging techniques could reduce random noise. For example, by
averaging a number of N values of a signal, noise that is present is reduced by a factor of

approximately the square root of N. In the case of spurs that are correlated with the

| transfer function of the converter, averaging does not help to reduce their contribution

 because they are not random and always show up at the same frequency for a given DAC -

transfer function. Dithering will make the spur random, so averaging in presence of

dither will become effective.
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approximately the square root of N. In the case of
spurs that are correlated with the 20 transfer
‘%ﬁnctl on of the converter, averagi ng does not

help to
BRI v contribution because they are nSFW&ﬁ??S’ﬁ?“B
and al ways show up at the sane frequency for a given
DAC transfer functi therln I e the s
r af@eMithamedy e %Nﬁi“ Frangede P4 “&lﬂftnﬁgwn%g Fffocﬁfe 94
becone effective. 13 WD 2007/ 040981 PCT/ US2006/ 036413
dithers thedipiiof ieadp dogvertar fortirayato ynwhntad spusythaesylbinghelr w@utS-
di t hering ‘nodul e 94 dithers the input of each
The dither signel gdnerandrt82raeatretes aithtresigrebSu(s), which is esw;luendzemf
their outputs. The dither signal generator 82 _
randRNEharR Y alue@®f alfew LSBorakndSad(d)) Thadithehcdudd haveagwencleand or
of random nuneric value of a few LSB around zero. The

broagkatnhesge&ﬁﬁﬁ ARV SR g0 DanRdd gie Ether SathandheRpats'afm

mrer 90 and 92 add the dither signals at the

onw)eﬂgrléttﬁ ol 46 ﬁﬂ@v&?ﬁgpﬁs%f ki Iﬁﬁﬁ ‘;gqﬁs 'S, ?ﬁ?%h&%ﬁ%&d@ﬁ the

put si g after

ver r T | -

dlgrtglo%%saowa%% é’w&t*’oﬁh%g?w%]se%m’ BT 08 191%4%*6%&’%

correlatlon of the ur he. si the nse
redugsp g eATRLAEIRY GhRPUTD SR S1PRal 8 i 5 eﬂ%ﬂ%‘ffﬁ ise

converter. The conbi ned transfer functlon of gﬁg F
level|te Fcarnt pb exdrany et Bbe spmbinetirayier fiietign of digital low-pass

crossover filter 55 should be equal to combi ned
equalizeni86fand afalng highrpast crassgverdiltes |Sg sheitld Be eqinh tq cqapbined

and anal og | ow pass crossover fi-lter 57. The digital

trans6e fimldtine b dRfabiigh-fSssconylizes 83 end smlagflbwenase Erossoyer filter 57.
anal og crossover filters 55 and 57 so that the dither .

The SbB13quaReR T8 £ 88)collpensie e gffaioftirrandDgptaovee fillers 55
dither signals of opposite anplitude at the conbiner

e iitel YpnfPAratlbS (RS Sanbtegdnenes s2prodiel thb ither
and@%g dalnt her] Noi é’é E)Eréoducedlb(&by t he RCH 44 ?erm be used

o e i pL SO o i i,
such ﬂﬁk a‘t%ﬁgth%dl?cﬁ ee(rjpnra1 uc&d) %g %qéég% A?ra&{l %‘é‘ ug’éﬁg ctaﬂce(f %ﬂpﬁlle
dithering noise added to the input of the DACy 46 at low frequency range and the dither
noise produced by the DACL 46 can be used to cancel out the dithering noise added to the
input of the DACy 44 at high frequency range.

The output of the analog high-pass crossover filter 55 includee the output
waveform with the added ditherin g noiee. The output of the analog low-pass crossover -
filter 57 also includes the output waveform, thqugh at an attenuated level, and added
noise that is equal and opposite of the dithering noise. For ease ef exp]anatioﬁ; this added

noise will be referred to as a “correction waveform.” When the outputs of the analqg

14
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' The correction waveformis progduced b egating the
" the negafiRg CIreHiTE B faprodugen 59&%?1&8@& . Irrgeﬁém?%gaqu?sr iy gaual
and oppegitede esample valuss afthelithedng viznad Sy

i nput of the DACH 44 at high frequency range. The

out put of the anal og hi gh-pass crossover filter 55

i ncl udes the output 20 waveformwi th the added

WP eHEPHBL noi se. The out put of the anal og | owFpEd§2006/036413

crossover filter 57 also includes the output
and added

iYL AU e Ao L Lok 00 B o

noi se.. For ease of .explanation, this added. neise wl|

- cancglg theqitheripg npige yielding g ppipat Vaveiomn Grignpludes nth conigdbutions

.out puts of the anal 14 WD 2007/ 040981 :

.0
 frompiDT DA DAIBa DA Catity osasee S toolihpagnasossdher

filters 55 and 57-are added; the correction waveform -
corTeetiog elasefoine haivet the samgampliteée, hcedotietigornt Wwavedernpistamplified, by
wavef orm that i'ncludes both contributions fromthe

. the deHhih-passkgubezdPAC ] to 46mpdiaRITorhe attéritiati bl 6f G lchREdveg

noi se and the correcti on wavef orm have the sane

| -ﬁltgrgg&jdé ifle, e HRASLIOWLORs WRVRL A fMtdr haddlBobbafd att&iMatich of

i gifal hi gh- pass equalizer 88, to conpensate for
208, % /B FEL! B9 oodd i BREA {Ehid it bE bolifia v 2B,
<o BRI RO S st e P E R0 Sl v

84 to produce, a digital signal havi n(%bs%n'pl e \é&l ues f '
b earesctign yageform -

: of the dithering signal Sd(n). The correction waveform '

is then passaé frpughdbel digite b gin-pedseequilizier 8. Fhegvnrpners9earida theaniput
88. The summer 92 adds the output of the digital

of thendigiital héghspass|eqializer8838 thad of thatdigifal idvepaisgresadbvdrdiltepsd.s
crossover filter 53. Thus, the correction waveform

Thus, GBS RtibN 20§ HER banclsabeicHektiprotied Biyttheditngingisigmal Sq(n).
Sa(n). |If-for exanple, the input signal Si(n) were

- NS 6. 8 : :
If for iégzggllallél,;}.?e ?l?hhﬁéﬁeﬂ §:(8) WBRlzend)di S8R Werd Benerated,

e output 'signal So(t) would also be zero.
i OB SIS i AODER! Pl St e i
circui_t?'? 4 ‘?st 'c%h%gn fr%fm h}réecoﬂx?eq{%tr il 08 and the negation operations of ,the‘negating
circuitry 84 are performed by the summer 92,
The dithering signal S4(n) can be added to either the output signal from the digital

high-pass crossover filter 51 or the output of the digital low-pass crossover filter 53. For

- example, the negating circuitry 84 could be coupled to the digital low-pass equalizer 86

rather than to the digital high-pass equalizer 88.

In FIG. 6, the linearization LUT 72 is arranged so that the output of the DACy 44

compensates non-linearities introduced by the DAC;. 46. The dithering module 94,
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circuitry 84 are perforned by the sumrer 92. The
dithering signal Sd(n) can be added to either the

out put sii;nal fromthe digital high-pass crossov
WPRPYEME$T 5 the output of the digital |ow paé’QT”USZ“Oﬁ"(’““”
crossover filter 53. For 20 exanple, the negating

oGt S Bt B ROURLE Sn h  SE

equalizer_88. In FIG 6, the linearization LUT 72 i.s’
frequeneyrfges Byherigthe ﬁ‘é‘%ﬁﬁl@m toghndayeizeRoEs i particularly .

conpensates non-linearities introduced by the DACL 46.
advamagecdistthenithDAGd Wi ds e mais cBeRa0micHEadte frequency

PCT/ US2006/ 036413 however, is arranged so that it
compphintins o$ tHehepyt eighaldynd bretthe i ghpolbffRigpilgkcofréa forl nioddinédtity

the high frequency range. Di thering the output. signal

using b APAHONITAET $PUInSsohfe ddgiddiriatia 'tﬁeydltlﬁﬂﬁv\%ﬁioaﬁﬁ@ﬁs whsibed
" the DACH 44 is the main converter and en the -

to d]tflérecﬁé‘ﬁ&%n of BIERANR Bepal0d; @2 et 109 tthétosmé ear Py yggsetn some

too high to efficiently rrect or
r 7.
of 4 oA IERUETP oo drapch SR t@%ﬁ“’?ﬁ% A on
ut .. si gnal lies.
°°mPF?Sé‘iﬁié’ﬁE§8‘F%t?t s T Ses e DA Me BV il i s i Ty
LUT 72 salsoaran(;élsothat t he output of DACL-4
compe%w,sse?&tét HOuLSiEg esgz diertly Ipvyisp dnt Esdrasistoniimqtion ofDACn
prow ded that the main frequency conponents of the
44 is pegplyiregreneytindspendamtfi cient |y | ow so that the transfer,
function of DACH 10 44 is nearly
f FEgUethows iapdies Jé0 0€ RFDRRleGus putphbiiequengy that m& méasﬁté@lﬁ)r
versus output frequency that were neasured for the .
the DOBHA ddhe DIATE 450Ghd dfe, coaneltdr Restan N0 slicevn BYEIEH TAODACH
shown in FIG 6. The DACH 44 is a Texas |nstrunments(r)

44 is DS Fhtropene® MYCHS7 Porferdtitlgiab § sirh Sdtefly O40INIHZ and
and the DACL 46|sal\/AX|l\/fg 80perat|ng at a

the D&@{r@éi jsnovianeiae AEX k8 ks POV g ok 3 s g}@/@jen?# ggé

[ot, the performance of" the oonver

As evx@@ﬁttﬁeo?n tﬂg%nott e performance of the converter system 100 is better than the

performance of either the DACy 44 or the DAC;, 46.

Referring to FIG. 8, a process 120 for converting an digital input signal Si{n) to an
analog output signal So(t) using the converter system 100 shown in FIG. 6. The |
frequency multiplexer 42 receives (122) the digital input signal Si(n) atld divides (124)
the signal into ite high and low frequency components. The linear compensation value -

produced by the linearization LUT 72 is added (126) to the dithering signal generated by

- the dithering signal generator 82. The result is then passed through the digital low-pass

equalizer 86 and added (128) to the high frequency components of the input signal by

16.
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throggh th ighabhighpasseansizer Shenkaided

volatiEn@Rory 176 (5 paa MBekalong system 178, data 180,

performance of either the DACH 44 or the DACL 46.
Referring to FIG 8, a process 120 for converting an

ital input signal Si(n) to an anal og out put Si g nal
%8%?‘37’06%98?19 the converter system 100 shown i nPETES206/036413

The frequency mul tipl exer 42 receives (122) the

sl A SRR

s gnal
satlon yal ue producged by

siggl %%35@%335 2 Buabas g ouE) 54 o TheTesdt sbsrinzgsed

signal__generated by _the ditheri n&@& gnal gener at or
gte thi dow frgiucacy

| ow- pass equalizer 86 and added (128) ‘to the high :
componeniseni ¢ye inpwipignahbwsuaiment$2. iTheDAG); ¢4 abnveyts (B2)\@e signal
2007/ 040981 PCT/ US2006/ 036413 summer 90. A

- produderiogrsungnar®0ae b ifiadtiandlog bighdland W DACH 36 @arts QIBH) the

oppesite to the dithering signal, is produced at the

, signa@Efd@lubed)lﬁy Eﬁﬂn&eﬂﬂbla@%cﬁlﬁraﬁﬁﬂb% @tgn§14 ThER@alog DY f.s'o?DAcH

en passed through the digi hi gh- pass~equal i zer

44 mﬁmeg 4@@?@%&&@ HeQn1BE 1 gggaégrﬁmgﬁﬁcﬁs Conveﬁ{t&s gf -

the input signal by su

“and 5¢ 1%%)5 shidfnes 5?@2&:[}]1 &%{l’ﬁ{eﬂ%%@?ﬂ%% n\%?gex@%l%%} fd ralsog high--

anal og sl gha

duced d
pass andqﬂwrpa%%.%é)g%%gq r%% %’P%ffto%ggﬁs %{{5@2%& 46 are

Si g
fi t he anal hi gh- pass -and. | ow pass
r‘JcBés 8y g?m’ysf% ForRderd 0 foreriomming e GigHle: apglogifenversion
conbi nes (136 the signals received fromthe anal- 0g
procefs Y. - ramputeinlf O incipgsa s preqessps dVara Yalatile mengBy 47 26 amon-
formthe output signal So(t). 10 FIG 9 shows a
volationpuest17676.gf drrdxgsif) o Nonrplatiie mgingiry 476 storeanpérating system
: conversion ‘process 120. Conputer 170 includes a
178, dataok88s st cdtimfteranstaictionis| kS2rvetiich yrelkdcutedibly frodesor 172 out of

vol atile nenory 176 (e.g., hard disk). Non-volatile
and

comput er instructions 182 which are executed by

Bf%ggfgqr) iddct 19tedlb use/RHtR id Far 8 AR ald 1dfhwh® dR&rbd Merein,
Process 120 can be _lmplcmented in digital electronic circuitry, or in computer hardware,

firmware, sofiware, or in combinations thereof.

Process 120 can be implemented, at least in part, via a computer program product,

i.e., a computer program tangibly embodied in an information carrier, €.g., in a machine-

readable storage device orina proﬁagated signal, for execution by, or to control the

operation of, data processing apparatus, e.g., a programmable processor, a computer, or
multiple computers. A computer program can be written in any form of programming

language, including compiled or interpreted languages, and it can be deployed in any
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20

o}, IngSEEE e REAIOR BSOE A ARG TBA

15 Process 120 is not limted to use with the hardware
and software described herein. Process 120 can be
i mpl enented in digital electronic circuitry, or in
WO har dware, firmvare, software, or i BCT/US2006/036413
conmbi nations thereof. Process 120 can be inpl enent ed,
via a conputer ?rogran1producth .
& GPERYIERL Spbraptine, or.other
.information carrier, e.g., in a machine- 20 readabl.e"-
unit syigablgyer BEain eoBPUling e VioBpaRfatie comspuergirogrmrcan be deployed
_execution by, or to control the operation of, data -
to bepeveceisd pm gnagparEtrws on enutiple aopputgrsaatmmbiite qrdistiiaged geross
a conputer, or nultiple conputers. A conmputer program
multipifsites awd irftéreohretted By alcommudicafib®géderii.ng | anguage,
i ncluding conpiled or interpreted | anguages, and it

capidifl geRtOyERni 18 AdVDAC WA PEOLNIRRBH real time when an
PCT/ US2006/ 036413 form including as a stand-al one

anakg WA oBRerfted Bk Sine GRARBRARATH 2 r? WEHiBE: ©F
uting

her unit suitable for use In a conp

ox SRy 0o RN ALBGAT 800 P B HDBO AR S ome-
one site 0@Fdi stributed across. nultiple sites and

or mOTE PIGEYARALE RIPBTOE FSHHIGI CEOF BIOHEYGHE Pragrpmgi¢ Byrform
data tq be sent to _each DAC coul d be conmputed in real .
the fincliens M &he BRcesagia /B hoRRATH Proress | Yberarbeimplegentsrras, spaeial
and stored in a nenory device. Method steps associated -
purpast 19816 SHAERG FLg g %G;% é3eld prgraramalble gpieratroy hard/ dnan dd C
or nore progranmabl e processors executing orie of nore
(applicetipusperifioruiggmted cirouiper f orm t he functions of .the =
processes. All or part of process 120 can be -
| IPpdceRsRR Rdkable forshe exutidh oPacqnptel me@ncintRbe, byyway of
e.g., an FPGA (field progranmabl e gate array) and/ or
example, Yotk fenctARRAH kfidl BRrpdReMidrofrotREAE) Fatkly 6hé 6Einble
rocessors suitable for the-execution.of a conputer
Wale] : f 3l -and
proce&&%g{fgﬁir kiMd df‘?l%ltapé’odg@%iex‘? Gcn%wg E?cg%)%Pg%g&gé;%hD ik

specl pur pose m cr ocessors,
instructions and data from a read-only memory or a random &ccess memory or both.

- Elements of a computer include a processor for executing instructions and one or more

memory devices for storing instructions and data.
_The circuitry described herein, including the frequency multiplexer 41, the

]inean'zatio_n LUT 72, the dithering module 94, the DACH 44, the DACy 46, and the

‘combiner 47, may be implemented as part of converter systems 40 and 100 or as séparate

circuitry for use in conjunction with converter systems 40 and 100.
A number of embodiments of the invention have been described. Nevertheless, it

will be understood that various modifications may be made. For example, converter
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processors of any kind of digital conputer. Generally,
a processor wll receive 15 instructions and data from
a read-only nenory or a random access nenory or_ both.
EOSRUARYSht a conputer include a processor foPCT/US2006/036413
executing instructions and one or nore nenory devices
for storing instructions and data. The circuitry .
 systegisstlant 4 60 barlé bamoidifisgh delporyeriiaa ahaleg inputip adigital putoubby -
41, the |linearization LUT 72, the dithering nodul e
replathg thO D ATACH wWith a henld@NOLdidiBal camebrieh @ATI0) ot e FIAR that
may 'be inplenmented as part of converter .systems 40 and
_is ophizel foR fhe B8N RubncyGhgelint by rélacibis e DA COM6 Withlah HDC
with converter systenms 40 and 100. A nunber of .

havif BOSEPR that i¥ptinifed 1OV BRI hreladiiey RARR., ARBGHingRd other

ert hel ess, “i; be- under st dod t hat various

' dif ' e _ | e, converter 18

- b SR R R Y  one 40 and 100
could be nodified to convert an anal og input to a
digital output by replacing the DACH 44 with an
anal og-to-digital converter (ADC) having an SFDR t hat
is optimzed for the high frequency range and by
replacing the DACL 46 wth an ADC having an SFDR t hat
is optimzed for the | ow frequency range. Accordingly;
. other 5 enbodinments are within the scope of the
following claims. 19 WO 2007/040981 PCT/ US2006/ 036413
WHAT IS CLAIMED IS: 1 1. A systemfor converting an
i nput signal to an output signal, the system 2
conprising: 3 a first converter having a first
performance specification for use with frequencies 4
above a frequency threshol d;
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5 a second converter having a second performance
specification for use wwth 6 frequencies below the
frequency threshold; 7 a frequency nultipl exer coupl ed
Waars {04l and second converters, wherein the PET/US2006/036413
frequency nul tipl exer conprises: 9 a high-pass

crossover filter coupled to, the first converter,

.WHMGI]S&%A{I}@IH)S:N gh- pass crossover filter is

configured to transmt high-frequency conponents of

11 the input signal to the first econverter and to

at 1 o/hFEET TBUETVEGES . b BRI AR EROE 57l JEE RSER

signal to a predeterm ned | evel such that: the
compmsing:r equency 13 conponents can be used to correct

non-linearity error introduced by the first 14

c on Viest benvertahieavirign filsepdifaymancespesficationdompisa avithsfrequencies

above the frequency 15 threshold and the:.l ow frequency
gxwggqﬁqﬁgﬁgam@gﬁﬂ@elom1the frequency threshold; 16 a

| ow pass crossover filter coupled to the second

COPVRbRE Lonveher vk glaRcont/per fom PR Sp&di AGSeN Er sk Wiy

is configured to transmt the | owfrequency conponents

‘ 18 . ' ' .the second converter and to
ﬁmﬁ???g%hgggt%ﬂggﬁ?%hgpgégﬂghcy 19 conponents of  the

input signal.to a predetermn L

DR Bl BHREHEE Pt BU cla ot

non-Iiﬂeﬁ&it ‘errors introduced by 21 the second .
frequeRFHBPIBISXLEEIIIECHO 2007/ 040981 PCT/ US2006/ 036413 . 22

a conbi ner coupled the first -and second converhers,

wher ei e igk-passieERssever filtepeoupladrtp i Wt ¢BVESTHOWATSR tPE

and second converted signals received fromthe first. .

artdgh-pass seseontr Sbenie comfignredioftpmpmitihéctofiegiency peFRpenents o

25 26 2. The systemof claim1, wherein the conbiner

c ahpirpatsignal to the first converter and to attenuate low-frequency components
of the input signal to a predetermined level such that the low-frequency '
componenis can be used to correct non-linearity errorg introduced by the first
converter, wherein the high-frequency components are above the frequency ‘
threshold and the low frequency components are below the frequency threshold;

a low-pass crossover filter coupled to the second_convertef, wherein the

low-pass crossover filter is configured to tran_smit the low-frequency componerits
of the input signal to the second converter and to attenuate the high-frequency

components of the input signal to a predetermined level such that the high-

frequency components can be used to correct non-linearity errors introduced by

the second converter; and
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- 42

43

44

27 a high-pass crossover filter coupled to the first
converter, wherein the high-pass 28 crossover filter

is configured to attenuate the | ow frequency

‘E@ﬁﬂﬁﬂ@ﬁgk of the first. 29 - converted si gnaPCETQSg06/036413
predeterm ned | evel; and 30 a | ow pass crossover

filter coupled to the second converter, wherein the.

| onveqabsier &ptaddbs fisse and sebdmelrconserteon hgueirthetcombiner is
attenuate the hi gh-frequency conponents of the -second

: con.%ﬁrddﬁﬁ \¢efibi@ firsyat secnd eadvetted signulertetieeddromdheé Gvse bnd

3 .34 3. The systemof claim1l, wherein the first and

secon®ERMVErtBRRS RITHRNAE BupREShdal.cati ons . 35 conprise spuri

ous-free dynam c-range specifications. 36 37 4. The
systemof claim1l, wherein the first converter
conprises a first digital-to- 38 anal og converter and

Lf& fi é’ﬁﬂepﬁﬁﬂ%@é} beeeHy 'refcgﬁ*.b%eli‘é&gﬁ%ﬁ The system
bt eif
Ccn B poserprsEtron iy SAAe] B SNERe: HPTRE PR BT

table is configured to: 43 determ ne that a val ye of
& fhefirst

crossoties filigpir copifighzd 1 BB alsRuie Ve BeRDEHATRPEGHE ©

44 second converter; and 21 WO 2007/ 040981

" convBGH 4820 064 pedderninablexglppisss a conpensati on val ue

correspondi ng the input code such that the 46
canpenssat crssoval fikercaupled td the sédond cowemier mheteis fpriatv-pass
to, at least partially cancel a 47 linearization.

crossg{éér‘ﬂ"lte} Radonfigured s eifdnuite tidtdgis-Gequshcy oompotantts of @msﬂgond

converted input signal to a predetenninéd level.

3. The systém of claim 1, wherein the first and second performance specifications

comprise spurious-free dynamic-range specifications.

4. The system of claim 1, wherein the first converter comprises a first digital-to-

analog converter and the second converter comprises 2 second digital-to-analog

converler.

5.. The system of claim 1, further comprising a lookup table coupled to the
frequency multiplexer, wherein the lookup table is configured to:

determine that a value of the input signal corresponds to an input code of the

second converter; and
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59
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49 6. The systemof claim5, wherein the | ookup table

conprises virtual bits that are 50 configured to

exten% a nunmber of physical bits of the second

WBAVEPIEF! 51 52 7. The system of claimb5, whETLSE06/036413

the frequency nmultiplexer further conprises a 53

sumrer configured to add the conpensation v lHF 0 the

i nFERTESS AfPIPensgkon X3lug COTfgTRO 35 Bt £ HPD LR B  por

conprising a dithering nodule coupled to the. 56
compensaiiRtheajueranses shafiist comvertedsignab tor 4t depst pasdplycaned 2

converters, wherein the dithering 57 nodul e conpri ses:
linefBathorérrdrdinat ngpreseghil theysatendeanvedehsipoplr ed t o generate

a dithering signal conprising a 59 sequence of random

val ues; 60 negating circuitry coupled to the dithering

signal generator, wherein the negating 61 circuitry

geperrat Stem 6f JINAT 5, Recedn @Rl 1balhipQkbls cerfiptises Offital BityWatare
" sequence of values that 62 are equal and opposite to

r [ [ ' rep3 a first

contlgfed BRAG N UGS T DL OEPE AR IBRTT? T the

hi gh-frequency 64 conponents of the input signal; and

65 a second sunmer configured to add the

di t heri ng- [.| ati [ he . .

c o nEe T et i ah ey o B e o

PCT/ US2006/.036413 68 9., The system of cl ajm 8,
summgreoBfiguTed o addithe FoRRPTEYIAR ‘@hfedPtthL?e*PP%%}ai-ses: 69 a

first equalizer coupled to the dithering signa

generator, wherein the first - 70 equalizer conprises a
transfer function that is an inverse of a transfer :
f B cThieorystein aftedrim 2, further comprising a dithering module coupled to the.

frequency multiplexer and to the first and second converters, wherein the dithering

module comprises:

a dithering signal generator configured to generate-a dithering signal comprising a

sequence of random values;

negating cireuitry coupled to the dithering signal generator, wherein the negating
circuitry generates a dithering-cancellation signal c;)mprising a sequence of values that
are eqﬁa] and opposite to the random valﬁes of the dithering sigﬁa]; : |

a first summer configured to add the dithering signal to the high-frequency

éomponents of the input signal; and

a second summer configured to add the dithering-cancellation signal to the low-

frequency components of the input signal.
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68
69
70
71

72

73.

74
75
76
77
.78
75
80
81
82
83
84
85
86
87
88

89

71 high-pass filter of the conbiner; and 72 a second
equal i zer coupled to the negating circuitry, wherein

t he second equalizer 73, conprises a transfer
WORY%W8 hat is an inverse of a transfer fun&CIBiF2Yp036413

the |l owpass filter 74 of the conbiner. 75 76 10.

Th stemof claim8, wherein the dithering signal .is
corf | rséﬁe%faia{f% g]u‘ﬁ{’@em#ge dithsrgg mpdpiedingbar sompapegnal -
and wherein the dithering-cancell ation signal at .|least

papdire qayalizeyeoupladde thy dithsting sipeal cererathe wheteputhedirgnal

caused.by the dithering signal. 79 80 11. A nethod
equaiger eopIVEES 4 apsfar finwbion twit greml intverseeof aarinplst fisicoabf the

the method 81 conprising: 82 receiving the input

highgiagmnfilter d3hd coartsmerf 4ridng hi gh- f requency conponent s of
the input signal to a first converter; .84 wherein the

hi ghecbne ageiliesr @0FRA BSihe heddiM g RReVifyawhdr &8 ¥RN&Yond eqoufalizqr

threshol d; 85 attenuating Towfrequéncy conmponent.s

compr¥€s h BRikfeSLANAN ha is & RVEIELES M?% ﬁéﬁ%t%ﬁlel?ﬁé g‘lgnlﬁﬂrg)dss filter

that the | owfrequency conponents o

Ofthé'lla(ﬁﬂ?ih&lcor rect non- 87 linearity errors introduced by
the first converter; 88 transmtting the | ow frequency

conmponents of the input signal to a second 89
converter, wherein the l'ow frequency conponents are
threshol d; 23 WD 2007/ 040981

bel oy, the fre uenc:)é { 23\ { .

PCP ﬁ@ﬁ%ﬁl@@g&@n ohereindhe dxthesmersignahis ganfigused toratipnuate

conponents_of the input signal to a predeterm.ned 91 -
spurs iy the| ougnid Kign#land tvherdin Hie-dithedmepangeliatiop sigpat at ledst partially

| i neari zation correction and dither can 92 be used to
cancetsalistetion no thel dutper sighsl cansed by theditietimg eibnbly t he second

converter:;

11. A method for converting an input silgnal to an output signal, the method -
comprising: | |

redeiving the mput signal;

transmitting high-frequency components of the input signal to a ﬁljst converter,
wherein the high-frequency components are above a frequency threshold; |

| aﬁenuat_ing low-frequency compoﬁents of the input signal to.a predetermined -

level such that the low-frequency components of dither caﬁ be used to .correct non-
iinearity errors introduced by the first converter; |

transmitting the low-frequency compoheﬁts of the input signal to a second

converter, wherein the low-frequency con_iponents are below the frequency threshold;
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90
91
92
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o4
95
96
97
98

99

100
101"

102

103

104

105

106

107

108

109

110

111

112

93 converting the high-frequency conponents to forma

first converted signal; 94 converting the

Iovv-frecl‘uency conmponents to forma second converted

WOGHH(04098hd 95 conbining the first and secondCT/US2006/036413

converted signals to formthe output signal. 96 97

12. The method of claim 11, wherein transmtting the

hi gtierfuating thedyetoBepengoremianenis whthedemt signaio apredgtarmined

| ow-frequency conponents of the input signal; and 99
leveldieh €hat thd ld pis- el lidntyg cdninsorieis-df liaeprizaiion mmm@dlther can

conprises attenuating the high.100 frequency

“be uS&dp %Bﬁ@ét@mﬁ-ﬁm%ﬁ'ﬁ}l! e tintPddRad by tht@dcoh@Zodvarter;he

met hod of cI ai m 11, wherein convert| ng the

hi gl hmu&&%oﬂ;@%?éﬁt%%ﬂﬁx HRATBRMRRY Signal,

corrprlse con ertlng di gi signals to anal og -

QJe in%g? how-é'ggﬁilflyr ceoq ﬁfg{sgﬁ gprﬁlg %0}&? Lt u%ﬁlnand
d 5&1 P i AL i soncog vaied #ﬁ@‘fﬁsﬁﬁwa‘fh%fvubﬁah%wf

*further conprising: 109 neasuring a linearization
error of the second converter that corresponds to an
110 input code; and 111 storing the |inearization
ertdr ethpd ok Jeian 1 hh whereio kigpsmeitiiedhe high<frepyengy
2007/ 040981 PCT/ US2006/ 036413 113 16. The nethod of
comminantschfmprifasrattaratiop therl pwifngueddycotgrosents nf thg inasigaal; and
val ue of the input signal corresponds the input code; :
whersidransmitting the low-frequency components comprises dttenuating the high-

frequency components of the input signal.

13. The method of claim 11, wherein converting the high-frequency and low

frequency components comprises converting digital signals to analog signals.

14. The method of claim 11, wherein converting the high-frequency and low

_ frequency components comprises converting analog signals to digital signals.

15. The method of claim 11, further comprising:

measuring a linearization error of the second converter that corresponds to an

input code; and

storing the linearization error and the code in a lookup table.
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113

114

115

“116

117

118

119

120

121 .

122

123

124

125
126
127
128
129
130
131
132
133

134

115 expressing a conpensati on val ue correspondi ng the
i nput code such that the 116 conpensation val ue
causes the first converted signal to at | east

WARAMGL cancel -a 117 linearization error PRAUSPYE/036413
present in the second converted signal. 118 119 17.
t 0 l,ai further conprising: 120
gene;ﬁgll ngh%({%liic rqé%‘l' e@ﬁ‘ﬁpprb%?ﬁarl si ng sequence of
om val % neratlng a dithering-cancell ation
o iSteRPinER ) & Ve af Be dunsheiens powempoeds thimut aate; snds
- equal and opposite to the random val ues of the -
diSKPREFSIRE2 SPTgRIsation ineotesnpniling thki inpetrdodg sedtgthal the 0
t he hi gh-frequency conponents of the input signal.
compgiEation value equses e Sipu canverted kignalud pultass partially cangl 425
addi ng the dithering-cancellation signal to the
linearizatier ereqyubatdy prooc OinBRiseconll chRrted &ignilnput signal to
at least partially cancels distortion in the output
signal caused by the 127 dithering signal. 128 129
18. A conputer program product tangibly enbodied in
ofrg @Hcﬁ@%@d@?ﬁﬁirﬂ‘il fhtfler oG ﬂﬂ?ﬁhg medi a, the computer
program product conprising I ctions that cause one
ng devices to: receive an.the
%E&lt]a%ég gﬁﬁ tﬁeﬁ:&g@%&? ﬁgﬁlglﬁwjfm%feﬁﬂe’?cteé’éﬁ@ﬁe Wenent s
of t he Lté Si naI a first converter 134" wher ei n
t §FRRT ‘a%ag' ‘EfE}h%% i?ﬁ’ﬁaﬁ’éﬁ?lsmmsesmq@m? efjvialiesthat
hol d, 25 WO 2007/ 040981 PCT/ US2006/ 036413 135

are eq"}i‘?f’%qsw?iﬁl"é“‘? Bibe Fagomajucs ghtheslithedngsignake i nput si gnal

to a predetermned |evel 136 such that the.
|agding tleapliieeipg sigmplndhe hlgb*ffreqmmgmompmém ofsthél iriput signal,

correct non-linearity
to attenuate spurs in the output signal; and

adding the dithering-cancellation signal fo the low-frequency componens of the

input signal to at least partially cancels distortion'in the output signal caused by the

dithering signal.

18. A computer program product tangibly embodied in one or more machine-
readable media, the computer program product comprising insmictio_ns that cause one or

more processing devices to:

receive an the input signal;

transmit high-frequency components of the input signal to a first converter,

wherein the high-frequency components are above a frequency threshold;
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135 -

136
137

138

T 139

140
141
142
143

144

145
© 146"

147

148
149
150
151
152
153
154
155

166

137 errors introduced by the first converter; 138
transnit the | ow frequency conponents of the input

aEal to a second converter, 1139 wherein th
¥Petency conmponents are bel ow t he frequeﬁgymsz‘m’“““13

threshold 140 attenuate the high-frequency conponents
of the input signal to a predeterm ned 141 |evel such

t hatteriats lowefrequerayrompynerihefGhempst gndl inepredetatrioed level
correction and dither can 142 be used to corr.ect

- suchnthat-the Ieeafredqueney camsonents 106 dititee daiblye tided te emostd non-linearity

converter; 143 convert the high-frequency conponents

_enoztsqntfaiu%@bitheﬂrstca@w&tefed signal; 144 convert the

| owfrequency conponents to form a second converted

Si gRdmit MR Sow-Hhau &R RbRBoldAg Jritich éﬂﬁ?ﬁ?&p@%f?éd converter,

converted signal's to formthe outp st gha

nprisin

?P%&%ﬁt%‘ﬁm%ﬁh-%ﬁﬁﬁ%cg P RinebBos i mBIRFRLR § Rgfetomined
v G BaE T e Bortas LB o %%q%%%ori A ither can

152 determ ne that a value of the input signa

e ol SR oL R e @@%@ﬁ%ﬁa@é

“be used i egpreher-linraritnguars indrodaceddrydhe sEgnd gpiriesisna

conpensation val ue correspondi ng the i nput code such

t hanverhthe hightfregrpen satpaenisad femenlseeontvieged bigaal;
converted signal to at least partially cancel a 155
| igoaesrt detlivwifregnesty cohpbnéiss forfese atseadmdtcbavamda@aal and
converted signal. 156 26 WD 2007/ 040981
PGHABSRO06 1653 64d Secodddord@rted HEnAOMHOGHE RhPS RS RNal.
product of claim-18 conprising further instructions
158 that cause the one or nore processing devices to:

19. The computer program product of ¢laim 18 é(.)mpﬁsing further instructions

that cause the one or-more processing devices to:

measure a ].ineérizatior_l error of the second converter that corresponds to an input
cer;

store the linearization error and the code in a lookup table;

determine that a value of the input.signal corresponds the input code; and

express a compensation value corresponding the input code such that the

compensation value causes the first converted signal to at least partially cancel a

linearization error that is present in the second converted signal.
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157
158
159
160

- 161

162

163

164

165

166

159 generate a dithering signal conprising sequence of

random val ues; 160 generate a dithering-cancellation
conprising a sequence of values-that are 161

‘@Hggﬂ"’"é??al opposite to the random val ues of th&CL/US2006/036413

dithering signal; 162 add the dithering signal to the

hi gh-frequency conponents ofthe input signal to 163 .

at 2@niibe eorspuierprogrampsodist pirlaini Yhedmpresing foghersdeiructiens
di t heri ng-cancel l ation signal to the | owfrequency

that camsp thieaine o1 afort precestBg devipedtosi gnal to at | east
partially .cancels distortion in the output signal

CapsRehtdY dithéthg sl cinifriiing\@qsdngs af randdm values;
generate a dithéﬁng-cmcel]ation signal comprising a sequence of values-that are
equal and opposite to the random values of the dithering signal;
add the dithering signal to the high-frequency components of the mput signal to

attenuate spurs in the output signal; and

_add the dithering-cancelfation signal to the low-frequency components of the
input i gnal to at least partially cancels distortion in the output si gnal caused by the

dithering signal.
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