2 June 2005 1 SYSTEM AND METHOD FOR OFFSET ERROR COVPENSATI ON | N
COVPARATORS TECHNI CAL FI ELD OF THE I NVENTION This invention relates in
eneral to the field of integrated circuits and nore particularly to an
inmproved systemand nethod for offset error conpensation in S 2 June2005
conparators. 2 June 2005 - ---------- 2 BACKGROUND OF THE | NVENTI ON
Integrated circuits formed on a substrate such as a silicon wafer often
have offset errors introduced during thé wafer fabrication process. These
of fset errors result 5 fromslight dinmensional differences in integrated
circuit conponents such as transistors. For exanple, a conparator .  may
have a positive and a negaltiyg AfHUEBasH KHDEHIETY BRRORA transistor. A
sl i ght dinmensional diffefenceieieatonen CORPARADSRSt Ors introduces an
offset error into the 10 conparator. The offset error may result in
incorrect output.  In addition, offset errors degrade both the Ilinearity
and the noise performance of the analog-to- digital converter in which the-
conpar at or i SySRftcafORYeRD oralrnsy SNORNTEON handling of fset errors in 15
integrated ci S i1nclude a, cancehl gti or}_nscheer[%té/?egg e ofdisetofrror
i s sanpl ed and st JPd@ oleRELRI €612 FRe "stOred offset error is then used
to cancel the;ofdsaitedr r@irreditd hend onquae apart i¢vasief  te hpe ¢HREBYFAtion

Scheme uses system and mwethod for offset error compensation 1in

[ ‘comparators.
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an extra clock cycle and imts clock speed thereby 20 reducing the
t hroughput of the conparator. Another conventional technique for handling
offset errors is the use of a dithering technique. This dithering
techni que adds a random noi se source to an analog input to randord imetzbhes
of fset error. Random noise is added as a 25 dithering source to inprove the
spurious free dynam c range. The di sadvantage of the dithering technique
is the random noise used as a dithering source is difficult to control
and degrades the signal-to-noise ratio of the conparator. Therefore, it is
desirable to handle offsett 30 errors in a nore efficient manner. 2 June
2005 3 SUMVARKCRERTHED | NYENTE ONENERGMe foregoing, it may be appreciated
that a need has ail5en,LoLqa-o¥sher apd-Ehhod §obupbtsate ckian ayeaaging
at p OVId% I i i

in conparators th s inproved l[inearity and,lncrgaseg S eed. In
accor dance wi tHifkkenpragent dfpeanttiaois, of st &SFTAAE AELRGEVFS §F?8%t
error averagi RgJ ha@QRPALEE HES: F: grdsied tthabe sihstmntriraidsy rekuitnat e
and reduce di sadvantages and probl ens _. Esociated.mLt Egg@xggﬁ%qg%higffset
error cdﬁpenséﬁxﬁhsﬂéahﬁi&&@§Psﬁﬁﬁﬁ}d?h€ BT oo d of "t he present
~i-npventi-on;. -t h@c@@dﬁengg X Ele Ch A - 0 sSieit cater.or Fay eesanpice S \5s ICOMPeFABPES - Ng,
a conparator having an offset errar, a positi c r : i
receptor, a 59| PF‘%% HERFHETENGS A Eilt\/leveo\é?l&gltg,ggélgecqolf%nlc%gﬁgggng?ator
operabl e to generaheiatepnt rolskignaldirepsdéoonl | Ayt Esxenge batyesd theycl e
or a swap cycle, a_first _cross gcanne oupl.ed € o PR tivR o eggpt or,
t he negative F@%prB??Sé?%%é?ti%@?ﬁ?ﬁﬁ%ﬁiig%a|?£9%%% éanegatLve i nput

si gnal ,1d he fidestpacross.confibet afffiredbl errer may result iIn incorrect

output: . In addition, offset errors degrade both the

linearity and the noise performance of the analog-to-
digital converter in which the comparator is used.

Conventional systems for handling offset errors in

i5 integrated circuits include a cancellation scheme where the

offset error is sampled and stored on a capacitor. The

stored offset error is then used to cancel the offset error

in the comparator. However, this cancellation scheme uses

an extra clock cycle and limits clock speed thereby

20 reducing the throughput of the comparator.

Another conventional technique for handling offset
errors is the use of a dithering technique. This dithering
technique adds a random noise source to an analog input to
randomize the offset error. Random noise is added as a

25 dithering source to improve the spurious free dynamic
range. The disadvantage of the dithering technique is the
random noise used as a dithering source is difficult to
control and degrades the signal-to-noise ratio of the
comparator. Therefore, it is degirable to handle offset

" 30 ' errors in a more efficient manner.



couple the positive input signal to the positive receptor and the negative
i nput signal to the negative receptor in response to a normal cycle
control signal fromthe sequence generator, the first cross connect
further operable to couple the positive input signal to the negatljuge 2005
receptor and the negative input signal t8 the positive receptor in
response to a swap cycle control signal from the sequence generator, and a
second cross connect coupled to the positive receptor, the negative

r eceptTMMARE GiodRE JAVENTAGN, and the negative output, the second cross

connect operable to couple the positive receptor to the positive output
and the negative receptor to the negative output in response to the normnal
cycle contfem stighaforegringecord B#bHsecommeecirted nEhabper ate t#2S coupl e

the poshtiyén r§6§pta0rs?@céxﬂ"eaﬂiwgﬁlbtbiédo%ﬁu'[o@%tt k@rrdlegé‘tréﬁaﬁ;lﬁ”@ceﬂi or to
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prOV|dednaaﬁﬁﬁfuuiCEOM1ahfsﬁé erdntcdnvention, «£onpiten pgd meehedviag a
conbinedr%n ut Sl%hr t he conbi ned input_si nal i ncl udin ng. sonpopent parts
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i nput  si ative Treceptor In response to a norma e contro
si gnal , thékaﬁgﬂ@DQetOr@%e@ﬂ@xhﬂmﬂttﬁ@ gy apisaente daFEBY LGt 0iITRg 1ENnput
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posi tive input si to the negatlve receptor and the negative input

si gnal Iilféflﬂgeaﬁo %ﬁfﬁ% PEELpt G HOF1FE¥PORRER O SwipJelETR rRGIMPOEY
si-gnal ,z cpypl t NG tHERASI tdne 4 ea8RAOIvd OodtRASI td Vee@urd generator

operable to generate a control signal representing either a normal
cycle or a swap cycle, a first cross connect coupled to the
- positive receptor, the negative receptor, a positive input signal,
and a negative input signal, the first cross connect operable to
couple the positive input signal to the positive receptor and the
negative input signal to the negative receptor in response to a
normal cycle control signal from the sequence generator, the first
cross connect further operable to couple the positive input signal
to the negative receptor and the negative input signal to the
positive receptor in response to a swap cycle control signal from
the sequence generator, and a second cross connect coupled to the
positive receptor, the negative receptor, the positive output, and
the negative output, the second cross connect operable to couple
the positive receptor to the positive output( and the negative
receptor to the negative output in response to the normal cycle
~control signal, the second cross connect further operable to
couple the positive receptor to the negative output and the
negative receptor to the positive output in response to the swap

cycle control signal.




and the negative receptor to a negative output in response to the nornmal
cycle control signal, the positive output and the negative output
provi di ng output points for the conparator to transfer the positive and
negative input signals, and coupling the positive receptor to the Jnagadvye
out put and the negative receptor to the positive output in response to the
swap cycle control signal. Accordinggto yet another enbodi ment of the
present invention, there is provided an analog-to-digital converter,
conprising a plurality of conparators, each conparator having an of fset

error, a ApeskdinMe tHoeefptBér anddagabhleof atePietselt POsidnitienputiets and a
negati.yve nerate _a _control

out put, a se%#ﬁnﬁe enehg%or operabl e to ¢
si gnal™*% eBt® ng SITHEF a"Hor RAFSTy cFETBF éx§%§§ eV e COMRIBFW T ity of
first medsicgnrectspbiash finpat criagsmlcontiect combupéeéd irputhesposil i ve
recept.qr h LV C r : . he. rali rators,
each fl?lrc % ? ag?%scgong)(;%%%é{étg ?Lﬁ'resf Ej(%tr 3 §%ﬁ?{;§e tlglfpzliﬁ:pgé telhvzah_{l%])éuﬂ lcagf&gna and a
negat iinpubnmignsilgnagkperaaisiy f &r sontroks stohnkcreppesubliag ciddepl e the
POSi tigghPHLC1 SigRal Liad Ne,@3S0pi-ahedi MPSitd Ubdi8G9Rt Qhpandst feanegati ve
i nput signal the associ ated nquélve receptor in to a nornmal cycle
cont r 3I° & gRALLEHEN eraneeloby 2 ethdifsindd Ve enBPak ofidnedc hof Ar 892k s
conneGleckytbhern aRepahbe t® £oRha1t BEcROHdntYeli BP§Ha1Si ghal poborihe
associ at ed negative receptor and the negatlveggﬂggt sl nal 2 June, 2005 4a
t a

0 t h&SFEBbRY at®®d pblf t iNFEAF&ER pt'GiCSPOF e ST &R Bht r ol
si gnalpoganer doed Hy chipas@guentaevgeneanat arffsand ariryr abidvwidialy seeond
Cross _conpect s i

CeoopPoR LT Re MBALT | TOTEEebt of e RESRBSIT | CEUgit Rt it IETREE i ve
out putinphit onégrdl tthe tPleunmisityvef recepamatior s;espavhe secandway os¥clsonnect
OperaQ£§t£5i(§¥ﬂﬁa§,tQSuﬁT%det%% ﬁggffg§g ﬂé%eptor to a positive output
and the negative receptor to a negative output in response to the
normal cycle control signal, the positive output and the negative
output providing output points for the comparator to transfer the
positive and negative input signals, and coupling the positive
receptor to the negative output and the negative receptor to the

positive output in response to the swap cycle control signal.

According to yet another embodiment of the present invention,
there 1is provided an analog-to-digital converter, comprising a
plurality of comparators, each comparator having an offset error, a
positive receptor, a negative receptor, a positive output, and a
nega@ive output, a sequence generator opeérable to generate a
control signal representing either a normal cycle or a swap cycle,
a plurality of first cross connects, each first cross connect

- coupled to the positive receptor and the negative receptor of one
of the plurality of comparators, each first cross connect further
coupled to a positive input signal and a negative input signal,
each first cross connect operable to couple the positive input
signal to the associated positive receptor and the negative input
signal the associated negative receptor in to a normal cycle
control signal generated by the sequence generator, each first
cross connect further operable to couple the positive input signal

to the associated negative receptor and the negative input signal



the positive output and the negative receptor to the negative output in
response to the normal cycle control signal, each second cross connect
further operable to couple the positive receptor to the negative output
and the negative receptor to the positive output in response to thwns@eps
cycle control signal The present inved&i on provides various technical
advant ages over conventional systens for offset error conpensation. For
exanpl e, one technical advantage is providing inproved linearity for
conpar at or sto Artet eesotester gaisiadvanteipetos Lo yepdndge tonerawmiegycle
rocessi t t hnpgal t isto
i m 2o e e P e e e R 3 deareaty
advant agé Fecers Mufss sennpafwEAEhn seged f GOSN PIPBREAE aEPWH o6 tof £iet
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The present invention provides various technical advantages
over conventional systems for offset error compensation. For
example, one technical advantage is providing improved linearity
for comparators. Another technical advantage 1is to provide
increased processing speed for the comparator. Yet another
technical advantage 1is to minimize nolse introduced into the
circuit. Still another technical advantage is to minimize
hardware needed for implementation of offset error compensation.
A further technical advantage 1is 1in providing programmable

~control of the control sequence. Other technical advantages may
be readily apparent to one skilled in the art from the following

figures, description, and claims.



of fset error conpensating conparator. 2 June 2005 6 DETAI LED DESCRI PTI ON
OF THE I NVENTION Referring to FIGURE 1, an analog-to-digital converter
(ADC) systemis generally indicated at 10. ADC system 10 nay be any -

sui tabl-e ADC systemincluding a Flash ADC. A 5 flash ADC may be 2 June 2005
characterized as an N-bit analog-to- digital converter with 2 output states
and 2-1 parallel conparator circuits. Fog exanple, a 6-bit anal og-to-
digital converter woul d have 64 output states and 63 parallel conparator
circuits. The use of parallel 10 architecture increases processing speed.
ADC system 10 i ncludes a sequence generator 14 and a flash ADC 16. Fl ash
ADC 16 receil meww generates a digital output
signal 20. Flas ADC 16 al so receives c S erstafy 15
sequence gener at or F2%. HSefR&fFce g iRe rG% o?‘ﬂ%g%}:%{}?ggé c?:%ntg?lgl B a] s used
by conpar at or igiveatiba @fxdttﬁee préoserages NVt ¢ @h e LHTATNAS, & 5t ﬂ%""g‘?‘? t of

of fset errors pre QUn Gt (30 cdh uﬁbeieﬂtwitﬂveﬂid on
also minimz&S Fﬁ %?mu %%%%12{@51,[ ro uced into tge i nput 20 ec&rnal S
for flash ADCatGombangddit |d)!rﬁwxrmﬁ pr &8emhichnvbHER o SHETH TR Te s  Protessi ng

related to offset r gpeat hee AMk-dises a single clock cycle to
conpensat e Fggé? %rl%%pg t hereby increasin proce?si g %Hgfgg-tqj set

errors are |nhereanIGﬁREnt3eg|1&ﬂéat€F '®i B 2B TofpoheRts Suc

conparators. lgg;lsgbn%geg§ g¥gtempt roduced into integrated circuit

comonents durt gt abeCat o, Fhe brecent” | pyent oLIu Bbegsables] oo
10 comparator; and

FIGURE 3 illustrates a cCross connect used in the

offset error compensating coumparator.




of fset errors over a period of tinme by swapping the i

error, at specified intervals. Over 30yt he Bgrigd of tip%ar”}g g;ffa(r:]'? S;ftsﬁfa
Q;fset error averages 2 June 2005 7 to near zero. By mi ni ni zi ng the effect
of offset errors, the linearity of devices may be inproved. ReferxJung26@5
FIGURE 2, flash ADC 16 is illustrated with one or nore offset error '
conpensating conparators 40. 5 of fset egror conpensating conparator 40 nay
be used in any suitable device including a single conparator device or a g
flash ADC with nultiple parallel conmparators. Ofset error conpensatin
conparator 40 includes a conparator 42 with an offset error 44. Although

gfefsetterror Bérd S iR Heir T leanper atier idZenTIonNs illustrated here as a
parate ele ~Tor ease of illustration anqt | SCUSHIAN..10Ebagkre6£0r 44
causes a change i R&FFITHRA SPFTEYEEL o cMpHia ogﬁr" v ar?g' s -~ often call ed
an input refegimeh offsatn & fgaterernng idlivagedhate 18 -podPFi $¥sEFTntPat i ve

effect on the input voltage i Ny :
Compar at or 42n7 et udBE Ba5arir v ear o LA o B oy 56, &

posi tive out pala®R, apad mayedat i cleaaggritizss Fdsied) viE-PecépfdPe58°and

neaqat | i L .

Mhpat s onal R ERT 0 T L R et he posi Live o
S| . ) > , r orwards th iti

negati ve conposepirpast s Girauissi.npufodi ged R podi t??/lélsto 7 Efc%alé (Ij\"ellﬁdand

negative outpyt 62_as igi '
conpar at or crgégl‘%%?n&%&“q"fgt@ QUL PYt HEh@naks Ghrpuanpacates 4hd néBudes a

. wi th 1 nputs i
negal i ve recepaoal Sl SacamertRh i SR 1 T ve T pioc60 ncTREg AT ve
‘ 10 architecture increases processing gpeed.

ADC system 10 includes a seguence generator 14 and a
flash ADC 16. Flash ADC 16 receives an analog input
signal 18 and generates a digital output signal 20. Flash
ADC 16 also receives control signals 22 generated by

15 sequence generator 14. Sequence generator 14 provides
control signals used by comparator circuits of the present
jnvention to minimize the effect of offset errors present
in the comparator circuits. The present invention also
minimizes the amount of noise introduced into the input

20 signals for flash ADC 16. In addition, the present
invention minimizes processing related to offset error
compensation and uses a single clock cycle to compensate
for offset errors thereby increasing processing speed.

Offset errors are inherent in integrated c¢ircuit

.25 components such as comparators. The offset errors are
introduced into integrated circuit components during
fabrication. The present invention ninimizes the effect of
offset errors over a period of time by swapping the
polarity of the offset error at specified intervals. Over

30 the period of time, the effect of the offsget error averages




62. Anal og input signal 18 has a threshold voltage 24 subtracted fromit
to provide a threshold corrected input signal 50 to the offset error
conpensati ng conparator 40. 30 Each offset error conpensating conparator 40
in flash ADC 16 has a correspondi ng threshold voltage 24. By 2 J@ian200d5
8 subtracting the threshold voltage 24 fromthe anal og i nput signal 18,
each of fset error conpensating conparator 40 in flash ADC 16 may process a

certain voltage range in analog input signal 18. Threshold corrected input

signal 50 5 provides the input signal for conparator 42 and incl udes
conponent parts of a positive input signal 52 and a negative input signal
54. A two-ling g ess wnneatinidfngnehedesfacti p§t of Agat FETOES second
i nput 76, a first  output 7 nd a_second o 89. Positive input signa
10 52 is coupted Y@y puev?fegnﬁaﬁeggt?@%y%%put signal . 54 is coupled

to second input 76kefRimShgWpUFIGBRES2, cddpishd A0S psi 1FvallBeeptt?d 56 and
second out put %%ék§65%pu9k§% %%fgggag£¥grr@g&ggﬂgaggﬁgIdamﬂar@teﬁs €onnect
46 may be a %¢ A% “device for preprocessing threshold is c%rnected I nput
signal 50 or @ffsett egnar genpesfsatinfaratprraiyr €% 8t R M5F%o ating

conparator 40_al sqiNGiHAes SRAURNGR geramater chhphentgendeattagoxontr ol
signal s 22. n rgl Sl 46 20

) gnals 22 are coupled to input crosg gonpect. 4
and conpar at of laslo AP sfikdc MU G igdg BRE9T el c‘(‘ﬁﬁl?%atscirggn'al s ““For %’ﬂe Cr oss
connect functigpalidat Qfy icoRiparatesssconnenidesA6 antdpanapar DWichoss
~connect 48. - .
offset error 44. Although offset error 44 1is part of
10 comparator 42, it is illustrated here as a separate element
for ease of illustration and discussion. Offset error 44
causes a change in an input voltage to comparator 42 and is -
often called an input referred offset. Offset error 44 mway
have a positive or negative effect on the input voltage and
15 may occur in any part of comparator 42. Comparator 42
includes a positive receptor 56, a negative receptor 58, a
positive output 60, and a negative output 62. Positive
receptor 56 and negative receptor 58 receive the positive
and negative components of an input signal. After
20 processing, comparator 42 forwards the positive and
negative component parts of the input signal to positive
output 60 and negative output 62 as a digital output signal
68. Comparator 42 includes a comparator cross connect 48
with inputs of positive receptor 56 and negative receptor
25 58 and outputs of positive output 60 and negative output
62.
Analog input signal 18 has a threshold voltage 24
subtracted from it to providé a threshold corrected input
signal 50 to the offset error compensating comparator 40.
30 Each offset error compensating comparator 40 in flash ADC

16 has a corresponding threshold voltage 24. BY




The present invention mnimzes the effect of offset error 44 by swapping
the polarity of threshold corrected 25 input signal 50 at certain tine
iintervals. The polarity of threshold corrected input signal 50 is swapped
by input cross connect 46 forwarding positive input signal 52 to?2Jage200b
out put 80 which is coupled to negative receptor 58 and by forwarding
negative input signal 54 to first 30 outpgt 78 which is coupled to positive
receptor 56. Cross connecting the input signals effectively swaps the
polarity 2 June 2005 9 of offset error 44. Conparator cross connect 48
swaps the polarity of the input signals received by conparator 42 by

f orwar di ng th%bd&@aktéhgnahereﬁﬁégﬁgl@yvawgrd va Freeeptbe aﬁﬂ@ dmegdt i ve
out put 62 and forwar t he_i nput sggnal recei ved b IME in

receptor 58 tcﬁ%ﬂﬂﬁlt#§e 66?Bu?f§63 SOBF lé":goss onnects i ASUr es

that positive gy Apsi g@ahla§29r5c@é@@emataandvpﬂmgeedangepmlaerlé\}l@gout put
60 and that negative in

si gna oce d Qv 48dnalio so
negati ve out putiRs% Fé&&?glégs of %He S|gna x%ﬁggﬁégugﬂb 10 of f set_error
conpensasi ng qmmﬁfdatsorth@ inpput s tgresls Mrm@m&ttfa’s 430 At u9RRe
first state is a nornal ere t ;siognal s ﬂwme@mﬂgﬂ
input 74 is fcﬁ%ﬂﬁ%ﬁé&tdl? ?% %gl é?gdﬁ?ﬂﬂtl7 andS ?ﬁe i nput naI
received at seosyutivepdnpis ﬁsgmeﬂwéﬁdedﬂlswﬁr¥é€?I?nPBts%E % t 80.

The second staje j S ARMRR AALe WRKE e d NRibosd oheput ensi ed atstf i r st
input 74 is ctose connect ed and forwarded to second outgut 80 and %ka
rded

i nput signal reswutedsat agscendEaRnk OPEPRE BPossPESMRAY et P ¥
to fi rSthOUt puég 8 g%ﬁﬂré?ﬁsc&%&%ﬁ i{#pukh€s4 and negative input signal

54 is coupled to second input 76. First output 78 is
coupled to positive receptor 56 and second output 80 is
coupled to negative receptor 58. Input cross connect 46
may be a separate device for preprocessing threshold
15 corrected input signal 50 or an integral part of comparator
42,
Offset error compensating comparator 40 also includes
sequence generator 14 for generating control signals 22.
Control signals 22 are coupled to input cross connect 46
20 and comparator cross connect 48 and provide control signals
for the cross connect functionality of input cross connect
46 and comparator cross connect 48.
The present invention minimizes the effect of offset
error 44 by swapping the polarity of threshold corrected
25 input signal 50 at certain time intervals. The polarity of
threshold corrected input signal 50 is swapped by input
cross connect 46 forwarding peositive input signal 52 to
second output 80 which is coupled to negative receptor 58
and by forwarding negative input signal 54 to first
20 output 78 which is coupled to positive receptor 56. Cross

connecting the input signals effectively swaps the polarity




20 input signals, first cross connect 46 effectively swaps the [

the i.nput signals. Conparator cross connect 48 is s?nila? I n strgglﬁigtyag;
operation to input cross connect 46 and has two states, a nornal state and
a swap state. In the normal state, 25 conparator cross connect 48 Xlneaoos
the input signal received at positive receptor 56 to positive output 60
and the input signal received at negativg receptor 58 to negative output
62. In the swap state, conparator cross connect 48 cross connects and
forwards the input signal 30 received at positive receptor 56 to negative
output 62 and cross connects and forwards the input signal received at 2
June 2005 10 pegaklye LEEEP! L. STdupapQtioli veosst pohnébt By oragss the
connecting the positive and negative signals w.thin conpar at or 42 jyj or to
out put, conpaPgleritvoss EBanEeR YE1Y EEFRAEY RE g?gﬁafécd$resp ndi ng

to positive i ppHyaBashgnaheS2nbacl sivAsTedetoipedi by veonilt e WBO-aR@aT dl ess

of the state of both I nput cross nnect, 46. an o) nn
: ect
48. Input cro$é EBnRESECHE® SR r%’f“grby %r%?%%%%’? E4%nrsn%%fj)sﬁ r%g' in

;gﬁefggg;statse@Fiagugﬁym€§??nﬂvﬁ fevdptine: 99 Seqrowdéiyen&UaPYE £F -
contral sign I Ik S L g
connect 46-an&%ecgﬁ§a %L%Pmbfggfscgﬁﬁé%§L%8gﬂ %gﬁ%n%%£géﬁiﬁglor fﬁﬁﬁﬁﬁ
provi des the sdmmadonyrdls prgeassedland boevideputc cPesstivo Mt e %and

comparat of cr gssy £a00GLad8s vd Miturl BRhalSssr 0P repRRel dAdantidtamr at or

Cross connect sane state at_an oint in ti
error to negative output 62 regardless of the signaqepagﬁgﬂngLLﬁFt
10 offset error compensating comparator 40.
Input cross connect 46 has two states. The first

state is a normal state where the input signal received at

first input 74 is forwarded directly to first output 78 and

the input signal received at second input 76 is forwarded

15 directly to second output 80. The second state is a swap

state where the input signal received at first input 74 is

cross connected and forwarded to second output 80 and the

input signal received at second input 76 is cross connected

and forwarded to first output 78. By CIross connecting the

20 input signals, first cross comnnect 46 effectiveiy swaps the
polarity of the input signals.

Comparator cross connect 48 is similar in structure

and operation to input cross connect 46 and has two states,

a normal state and a swap state. In the normal state,

25 comparator cross connect 48 forwards the input signal

| received at positive receptor 56 to positive output &0 and

the input signal received at negative receptor 58 to

negative output 62. In the swap state, comparator cross

connect 48 cross connects and forwards the input signal

30 received at positive receptor 56 to negative output 62 and

cross connects and forwards the input signal received at




conpensating conparator 40 is used in flash ADC 16, sequence generator 14
may provi de the sane control signals 22 to all offset error conpensating
conparators 40 in flash 20 ADC 16. In another enbodi nent, each offset error
conpensati ng conparator 40 in flash ADC may have unique control < pnakeoz2
generated by a single sequence generator 14. Control signals 22 include a
control signal for each 25 operational ghate of input cross connect 46 and
second cross connect 48. The two control signals are normal cycle and
swap cycle that correspond to the normal state and the swap state of input
cross connect 46 and conparator cross connect 48. 30 Over any period of

tinme, the ratiaqatiper Rlcepteresd oroSWrpitjickesogansr aced byBgeqronse
generator 14 should be 2 June 2005 , 11 approxi mat.el.y. one- € s Fis
one-to0-one r atPYRFRIRPzeENet NRORTFEES o“’?rr‘)%f 8ef telrx%/eor %ﬁg&}%ha\ﬁl}gn%ffset
error 44 equabhpaghteet4posiiowed rutpusi, grahps2abny FreeRt i SRMaFiuts
signal 54 over, the period of. tine. y i UghCc ez i veontnpl:
signal s may beénRT&&d prtél\‘/—"i%de%lef h%%g%a@ercgykégééﬁ??[g% er?od lof;}i rretdb%%e
rati o ofs nor maligopdl 88 is Sweyardsd|tes posispyeofPERVE| §0 FREFTIGTS Fhe
peri od of 11 Mg,1cs o QSaly SUGM, {iabyd NerbLaCabhhycaNdcOLM dagiarzor

of offs

affecting the pertormance et error conpensatg%g copparator .40 10
are opti n zed créegusrnaegendtat ol RPRETEF OFén SPRE L ql?éﬁj;ecod?par@&ﬁtrrol
signals 22 usifganyosHkbabks SRGYEACSe Ofn NEHaBsans yeiase and svagicyd es.
I n one enbodi ment, sequence

point in time.
10 Sequence generator 14 generates control signals 22 for
| controlling the state of input cross connect 46 and
comparator cross connect 48. Sequence generator 14
provides the same conﬁrol signals 22 to both input cross
connect 46 and comparator cross connect 48. Thus, input
15 | cross connect 46 and comparator cross connect 48 have the
same state at any point in time. When offset error
compensating comparator 40 is used in £flash ADC 16,
sequence generator 14 may provide the same control signals
22 to all offset error compensating comparators 40 in flash
20 . ADC 1ls. In another embodiment, each offset error
compensating comparator 40 in flash ADC may have unique
control signals 22 generated by a single sequence generator
14.
Control signals 22 include a control signal for each
25 operational state of input cross connect 46 and second
Cross connect 48. The two control signals are normal cycle
and swap cyclé that correspond to the normal state and the
swap state of input cross connect 46 and comparator Ccross
connect 48,
30 Over any period of time, the ratio of normal cycles to

swap cycles generated by sequence generator 14 should be




generator 14 generates control signals 22 that alternate 15 between nornal
cycle and swap cycle with every other clock signal. Inherent in this '
sequence generation is a ratio of one normal cycle to one swap cycl e over
any period of time. In another enbodinent, digital output signal @8uhs2005
used to determ ne the next control signal (either normal 20 cycle or swap
cycle) in control signals 22. Sequence ggeperator 14 may provide uni que
control signals 22 to each offset error Conpensating conparator 40 in
flash ADC 16. A certain digital output signal 68 is generated for an
anal og i nput. signal 18 that falls within a specified 25 voltage range. This

vol tage range%igglsoﬂ}n hrurd _and . | oMes bguines - ke rapper mantmi seer
bounds are re sent ed

two threshol d voltages 24. Seguence efator 14
uses digitaltheit phifestgrél dEses &%F@Fhﬁﬁelﬁﬁ?%ﬂviv% ?ﬁg%%%o?ﬁ vo%?éges
24 define theeé_('@&’ﬂy%@fé&ﬂgosli@liﬂ&iﬁfmtheiéﬂa]/cﬁzeege:’l regge ivepingeht ed by
di gital output signal 68. uence, genergtor 14 .th hat esqGonts ol
signal s 22 2 9igRab0ops Oﬁ%rtﬁgef R Q%Zt “Oss Aélﬁr%é%?%%tlgte 8‘1(‘:1 t he
of fset @rror ogompensalll ngignapar aiay sb40 thed provésled: hehathr €¥KS =

vol tages 24 corresgjgeg\ iﬁr\eqrgh%stg?e%%ge{%g%r{qoa% ngmggwclé;ogadsﬁgpthe

vol t age range®PShe rFror conpensating conparators 40 in
flash ADC 16 egabhés is lmmhangewtelyecvrose-evtnecthstRaeiqd othinged From

normel coycle Lo SR NEI A (R sRKLE ] 0afal SBle Yelborls alliesting
(0]

enbodi nent, oSe conparators processing signals close to, the
previ ous t hr eshel pexbormaie o edt setgAtros0CHEReSA 1h ST PE 58T cHfinect
state %l&angedare optimized.
‘ ' | Sequence generator 14 may generate a sequence of
control signals 22 using any suitable sequence of normal
cycles and swap cycles. In one embodiment, sedquence
génerator 14 generates control signals 22 that alternate
15 between normal cycle and swap cycle with every other clock
signal. Inherent in this sequence generation is a ratio of
one normal cycle to one swap cycle over any period of time.
In another embodiment, digital output signal 68 is
used to determine the next control' signal (either normal
20 cycle or swap cycle) in control signals 22. Sequence

generator 14 may provide unique control signals 22 to each

offset error compensating comparator 40 in flash ADC 16.

A certain digital output signal 68 is generated for an
analog input signal 18 that falls within a specified

.25 voltage range. This voltage range has an upper bound and
| lower bound. The upper and lower bounds ‘are represented by
two threshold voltages 24. -Sequence generator 14 uses
digital output signal 68 to determine which two threshold
voltages 24 define the upper and lower bounds of the

30 voltage range xepresented by digital output signal 68.

Sequence generator 14 then generates control signals 22




I n anot her enbodi nent, a signma delta nodul ator code dependent schenme (with
no input to the nodulator) is used in sequence generator 14 to generate
control signals 22. The sigma delta nodul ator code dependent schenme has 15
‘noi se-shapi ng characteristics and a ratio of nornal states to swaduata0es
of approximately one-to-one over a certain period of time. |In another
enbodi nent, a random swappi ng schene is ed by sequence generator 14 to

- generate control signals 20 22. In that ‘enbodi nent, a random generator is
used to randomy generate a control signal 22 sequence of normal cycles
and swap cycles with a ratio of approximtely one- to-one over a certain

period of tingy the.peidePd i tidBs eenabesentsyeh dfhahe het fdtecsrmir
offset error 44 1s 25 mnimzed. Al offset error comgen%%tin ggggg%gtors
40 in flash ADTCERSREYIS MRS ASvdHatei PYRYBEE Cofnect - ot ates

deternmined, OrydiH-ge 0antbeteshehalsg 2P NEye hppepr dboudddand ehehlafdset
Connect st at e W kaBh 3001 FELEEF oF*RdfipensBiing Earar At or 40 are
randonl ys swappstherndatung 2@0bpatatbmseadh oint hElaghr ee@t i bhedt @it ol
si gnal sequence t %gl_r arﬂlg OLOQQI‘g&Iln%gr[cls%%tteo . V\@Haﬁﬁﬁheﬁrcgr\‘eﬁonﬁa]peri od
of time i's apptt st y one- To-one suc hat ~ offset efror 44 equally
affects positimelienpot ssagnarcE? o swed rrgaei ve nepal Sivgi&- 530 ®¥rring
to FI GRE 3, the G ofle) Ailch cokiblthrots (o stsyng stfnand ersmar at or
cross connect to Sﬁ: previous threshold corrected input gsignal 50 have
10 their cross connect state changed.
In another embodiment, a sigma delta modulator  code
dependent scheme (with no input to the modulator) is used
in sequence generator 14 to generate control signals 22.
The sigma delta modulator code dependent scheme has
15 noise-shaping characteristics and a ratio of normal states
to swap states of approximately one-to-one over a certain
period of time.
Tn another embodiment, a random swapping scheme is
used by sequence generator 14 to generate control signals
20 22. In that embodiment, a random generator is used to
randomly generate a control signal 22 sequence of normal
cycles and swap cycles with a ratio of approximately one-
to-one over a certain period of time. The period of time
is chosen such that the effect of offset error 44 is
25 minimized. All offset error compensating comparators 40 in
| flash ADC 16 may simultaneously have their Cross connect
states determined, or unique control signals 22 may be
provided to each offset error compensating comparator 40 in
flash ADC 16 such that the cross connect states of each
30 offset error compensating comparator 40 are randomly

swapped.




illustrated. Input cross connect 46 and conparator cross connect 48
operate in the sane manner using the sanme 10 control signals 22. FIGURE 3
will be discussed in terns of input cross connect 46 but applies equally
to conparator cross connect 48. Input cross connect 46 includes @ Junhe3005
i nput. 74 coupled to a first normal switch 70 that is then coupled to first
output 78. A second input 76 is coupled 1pzto a second nornmal swtch 71
that is then coupled to second output 80. First input 74 is also coupled
to a first swap switch 72 that is then coupled to second output 80. Second
input 76 is also coupled to a second swap switch 73 that is then coupled
to first output 78.1nThisacinfiogur attieon 20opensndamadw cvrfgl pattgndbr an
i nput signal received at _.first

i nput 7 hal,.h ARUL oSG8l cGaleProFsed to
first output FEYHIGTgh F1F FLHS Jr%Cé\i a-th%srgll%rB %8 secgngf; out put_ 80
through first swaprsweit of 72im¢ nishemgaesimaEelyapraember o8iegidich ebived at
second input 76, Ry, p‘%&:ggd‘l& oség?ﬁfgogﬁfgggguboggtgm oighue SEGdd swr mal
roug

switch 71 or t0 i'Tst out put _ a second swap swtch 73. Thus,
i nput - cr 8ss commdotedrs iivec [ipday- Bwgrddr 8- switches 70 and 71 and two swap

swi tches 72 and 73.pJhe N Blo R suap icitehaanf deeatlsl ofi jmakis 22
30 control the operation of first normal switch 70, second orrﬁl S i tch

71, first swapcuewe clforRecindiGedditd SREB25290he 6§85 934"%Witch 737 Wen

_input cross coypedrAi dEcei Mgsu diigmlcomiite 46oahtolcospgnatboR2créss st

normal switch 70 and second normal, switch 71 close and first p i tch
72 and second CREREFSwWABCHPEEFHfen Phetdby S@&ﬁsi[ﬁa@m}eﬁpu%égfrlgnﬁ]\gat% ow

10 control signals 22. FIGURE 3 will be discussed in terms of
input cross connect 46 but applies equally to comparator
cross connect 48. Input cross connect 46 includes a first
input 74 coupled to a first normal switch 70 that is then
coupled to first output 78. A second input 76 is coupled

15 to a second normal switch 71 that is then coupled to second
output 80. First input 74 is also coupled to a first swap
switch 72 that is then coupled to second output 80. Second
input 76 is also coupled to a second swap switch 73 that’'is
then coupled to first output 78. This configuration

.20 provides two signal paths for an input signal received at
first input 74. That input signal can proceed to first
output 78 through first normal switch 70 or to second
output 80 through first swap switch 72. In the same way,
an input signal received at second input 76 may proceed to

25 second output 80 through a second normal switch 71 or to
first output 78 through a second swap switch 73. Thus,
input cross connect 46 includes qu normal switches 70 and
71 and two swap switches 72 and 73.

The normal cycle and swap cycle of cqntrol signals 22

30 control the operation of first normal switch 70, second

normal switch 71, first swap switch 72, and second swap




5 directly through input cross connect 46. Input signals received at first
i nput, 74 are forwarded to first output 78 through first normal switch 70
and input signals received at second input 76 are forwarded to second

out put 80 through second normal switch 71. Wen input cross connexluntQod$
receives a swap cycle control signal 22, first normal switch 70 and second
normal switch 71 open and first swap switch 72 and second swap swtch 73
cl ose thereby causing the input signals 1% be cross connected and flow to
opposite outputs. An input signal received at first input 15 74 is
forwarded to second output 80 through first swap switch 72 and an i nput
signal received at_.second_input 76 rwakd t o f pgtngﬁngfurough
second swap siEtHER ;’é Tl";}ll,ll B lelg g%gérgent tﬁg% ﬁeir%ééh%gé%een vi ded
in 20 accor damrelamdohtt:bé pigsaht 22 nviesirs tomormady sWafFBnd O ndRfofcC?

~offset error gy | NG RHCOTPE fé‘&&rén& hairsatsvalp! %Sutt:hemds(ﬁﬂt agesndet
forth above incld I'ng 1 nproved 1 nearit and i ncreased proc geed
Al t hough t he prwaseswitichy dit |°@|¢nar‘iéileFfle§’Ya&€‘&ﬁf‘ﬁ%e§nWéF/e g%%?l %%H%e“a in

detail, 25.it ghqulg.be Stogsht hatoyar tensechanges, Irsmbstsigmms

and alterat| ons nmay be r eadi apparent to _those.s |II IJSTE 5{1@

may be made heragaivfid RSufiry p’aHE‘Phd’*f &olit F?l’éw%]bci:l d The “scb he
present i nventi,Hups fdefdcned it Iaerlfc,&hl GWI agdchapus. SZgﬂahe Qeoslvqc!) V\HAT
IS CLAIMED IS: 1. An offset error avera S e o LSingy

conpar at or ha\ﬁq'\gs&ﬁoﬁ‘f'lf s‘é’tpué:rrg ]éé(ésé o “88R0ha! Bhtphe 80

through second normal sw1tch 71. When input cross connect
10 46 receives a swap cycle control signal 22, first normal
switch 70 and second normal switch 71 open and first swap
switch 72 and second swap switch 73 close thereby causing
the input signals to be c¢ross connected and flow to
opposite outputs. An input signal received at first input
15 74 is forwarded to second output 80 through first swap
'switch 72 and an input signal received at second input 76
is forwarded to first output 78 through second swap switch

73.
Thus, it is apparent that there has been provided in
20 accordance with the present invention, a system and method
for offset error averaging in comparators that satisfies
the advantages set forth above including improved linearity
and increased processing speed. Although the present
invention and its advantages have been described in detail,
25 it should be understood that various changes,
substltutlons, and alteratlons may be readily apparent to
those skilled in the art and may be made herein without
departing from the spirit and the scope of the present

invention as defined by the following claims.




receptor, a negative receptor, a positive output, and a negative output; a
sequence generator operable to generate a control signal representing
either a normal cycle or a swap cycle; a first cross connect coupled to
the positive receptor, the negative receptor, a positive input si@ihe20@d
a negative input signal, the first. cross connect operable to couple the
positive input signal to the positivggeceptor and-the negative input
signal to the negative receptor in response to a normal cycle control
signal fromthe sequence generator, the first cross connect further
oper abl e GO I iﬂ@ EOEéyive input signal to the negative receptor and
t he negalé@%—#ﬂ%dﬁg—- o0 the positive receptor in response to a swap
cycle control signal fromthe sequence generator; and a second cross
connect coupl etl. t 0 Alheoposdt | Erot esePtaGing heyhisgat | vempetepti@r, the
ositive output, and _the negative output he secaond craoss con
gpe'r able to pc%up(f%nlf%ak‘;poorsi t %/‘él?%ce?)[?ordﬁéos% e Positi vé oﬁopsuﬁr%eig}r?d t he
negati ve receptor, t e triegaisgat | veceptput ian pespbhge ouwptis nendala cycl e
control Sﬁégg%ivérﬁh pd cross connect further operable to couple the
positive reteptor t0 the negative output and the negative receptor to the
positive outpld@ BAIHEBEBnIENEF AT sQEpralts e teomiansiraty gaalcontrothe
syst em ofs {dd IN dep MR ihd NS fHEBla ChOERal COPVIRE to 1t Sa adwapt @@ERd; part of

the conparator. 2_June 200 16 3. The systemof Caiml or 2, wherein the
secondnp o a ffrst cross connect )Eoupled to t%e posf@lve

receptor, the negativé receptor, a positive input signal,
and a negative input signal, the first cross connect
operable to couple the positive input signal to the
positive receptor and the negative input signal to the
negative receptor in response to a normal cycle control
signal from the sequence g¢generateor, the first cross
connect further operable to couple the positive input
signal to the negative receptor and the negative input
signal to the positive receptor in response to a swap
cycle control signal from the sequence generator; and

a second cross connect coupled to the positive
receptor, the negative receptor, the positive output, and
the negative output, the second cross connect operable to
couple the positive receptor to the positive output and
the negative receptor to the negative output in response
to the normal cycle control signal, the second cross
connect further operable to couple the positive receptor
to the negative output and the negative receptor to the
positive output in response to the swap cycle control

signal.

2. The system of Claim 1, wherein the first cross

connect is an integral part of the comparator.




cross connect is an integral part of the conparator. 4. The systemof Caim
1, 2.or 3, wherein the sequence generator is operable to generate an
approxi mately equal number of normal cycle and swap cycle control signals
over a period of tinme. 5. The system of the preceding clains, whereauhe2b@s
sequence generator is operable to alternate between the normal cycle and
the swap cycle for every other control _signal. 6. The system of any one of
the preceding clains, wherein the sedJénce generator is operable to
determne a next control signal in response to a conparator output. 7. The
system of any one of the preceding clains, wherein the sequence generator
is operable to use a sigma delta nodulator to determ ne the nornmal cycle
or the swap c%cle Thpreyateat iah €deaimhé cont Epl whiegredn, e Theceydt em of

any one of 08¢ BEAGENENISCLA Theeotle! phc! BE SRAUBRRR GRRGEALON | S
operabl e to random ze Re“Coitro sighal representation of the nornal
cycle and the swap cycle. 9. The system of any one of the preceding

claims, wherejn, ifhdSesyifemPQst ticuaipt sponat @)d herehfgathye input
signal conprise a conbined input signal. 10._ The systemof Claim?9

wher ei n, PRAUSBCCt he ISBSAFIEREd i nput sPRRERPLE t hit@shol FENEHA Tt ey
renovi ng apptbkeshoblyveljhage funyert hef cosbhaedcyapet Sidnatdap 2eele 2005

17 11 A method, for ol {gel  rror et LEeLE0Rs e COMPI i i ng:

5. The system of the preceding claims, wherein the
sequence generator is operable to alternate between the
normal cycle and the swap cycle for every other control

signal.

6. The system of any one of the preceding claims,
wherein the sequence generator is operable to determine a

- next control signal in response to a comparator output.

7. The system of any one of the preceding claims,
wherein the seguence generator is operable to use a sigma
delta modulator to determine the normal cycle or the swap

cycle representation for the control signal.

8. The system of any one of the preceding claims,
wherein the sequence generator is operable to randomize
the control signal representation of the normal cycle and

the swap cycle.

9. The system of any one of the preceding claims,
wherein, in use, the positive input signal and the

negative input signal comprise a coéombined input signal.

10. The system of Claim 9, wherein, in use, the
combined input signal is threshold corrected by removing a

threshold voltage from the combined input signal.




recei vi ng
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a conbi ned input signal, the conbined input signal including
parts of a positive input signal and a negative input signal;

g a control signal representing either a nornmal cycle or a swap
oviding the positive input signal to a positive receptor?hiad20be

i nput signal to a negative receptor in response to a normnal

cycle

ignal, the positive receptor_and the negative receptor providing
nection points for a conparat%? having an offset error; providing
ive input signal to the negative receptor and the negative input

the positive receptor in response to a swap cycle control
oupling the positive receptor to a positive output and the

recepﬂdr td&a megfaidd e odibput iaffrssdponserren theomoewmilionycl e

d@ﬁ? p05|t|ve out put and the negative output providing
nt fbr t conparator to transfer the positive and negative
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edainiave HeeaRldhgt O doR@oR@nict | Ya r@ut Pyl i g F@%@Q@%@ t9nphe swap
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troI nal 12. "The method of, C aim 11, fur
§1‘9H1‘3§s%611dd9v 2de & dPte Sd@ilded i nput  signal . 13. The

met hod of d ai mehbx@rtlh% whet@nﬂrgbnegfgmm Adrer it iolg Sieditdler nal udes

generatin
t he swap

nt r ol t hat al.ternates between the normal cycle

Rodnbd" Eyens s suant FyRlsf nal

providing the positive input signal to a p051t1ve
receptor and the negative input signal to a negative
receptor in response to a normal cycle control signal, the
positive receptor and the negative receptor providing
input connection points for a comparator having an offset
error;

providing the positive input signal to the negative
receptor and the negative input signal to the positive
receptor in response to a swap cycle control signal;

coupling the positive receptor to a positive output
and the negative receptor to a negative output in response
to the normal cycle control signal, the positive output
and the negative output providing output points £for the
comparator to transfer the positive and negative input
signals; and
_ coupling the positive receptor to the negative output
and the negative receptor to the positive output in

tesponse to the swap cycle control signal.

12. The method of Claim 11, further comprising
removing a threshold voltage from the combined input

signal.

13. The method of Claim 11 or 12, wherein generating
the control signal includes generating a control signal
that alternates between the normal cycle and the swap

cycle every other control signal.

and




2 June 2005 18 14. The nethod of Claim 11, 12 or 13, wherein generating
the control signal includes randomy generating the control signal to
determ ne the normal cycle and swap cycle representation for the control
signal. 15. The nethod of any one of clains 11 to 14, wherein genehaki2005
the control signal includes using a signma delta nodul ator to generate the
control signal. 16. The nethod of any one of clains 11 to 15, wherein
generating the control signal includeslBetermning a next control signal
based on an output of the conparator. 17. An anal og-to-digital convertor,
conprising: a plurality of conmparators, each conparator having an offset
error, a positive receptor, a negative receptor, a positive output, and a
negative outputl4.a Segueneeigeherat orCbphtable, t olgenerat @33 aheiredhn

signal re Iy iht he n |l cycle @ swa cle; a plurality of
first cro §§%§%ﬁ%b s?hg%c oﬁ#?éﬁn%%%%%fc%%ﬁ%%ﬁegoﬁgpéﬁmgg ﬁﬁgeﬁggﬁpﬁVe
recept or &h¢ tdmntegatsignal etepdetegfiiore thfe tiemp Liravcly shdcempar at or s,

each  fir sy 03$ccAMAG 1\ MRy GUPIRA 12 QAT ve nput  signal and a
negative input signal, each first cross connect operable to couple the

positive input signal to the associated positive receptor and the negative
input signal ug.thehasspekdbed Begahhye secedOr dImfm@spanse o 13, nor mal

cycle control signal generated by the sequence engrator, each first cross
connect fﬂﬁﬁﬁgﬁnop%?%%¥%tfﬁg cotpl EHE PosFLINR iﬁﬁﬂgigﬁfﬁuﬂu%ﬁ93:hé

associ at edigma delta modulator to generate the control signal.

l6. The method of any one of c¢laims 11 to 15,
wherein generating the control signal includes détermining
a next control signal based on an output of the

comparator.

17. An analog—to—digital convertor, comprising:

a plurality of comparators, each comparator having an
offset error, a positive receptor, a negative receptor, a
positive output, and a negative output:

a sedquence generator operable to generate a control
signal representing either a normal cycle or a swap cycle;

a plurality of first cross connects, each first cross
connect coupled to the positive receptor and the negative
receptor of one of the plurality of comparators, each
first cross connect further coupled to a positive input
signal and a negative input signal, each first cross
connect operable to couple the positive input signal to
the associated positive receptor and the negative input
signal to the associated negative receptor in response to
a normal cycle control signal generated by the sequence
generator, each first cross connect further operable to
couple the positive input signal to the associated
negative receptor and the negative input signal to the
associated positive receptor in response to a swap cycle
control signal generated by the sequence generator; and




negati ve receptor and the negative input signal to the associated positive
receptor in response to a swap cycle control signal generated by the
sequence generator; and 2 June 2005 19 a plurality of second cross
connects, each second cross connect coupled to the positive recept hne 2008
negative receptor, the positive output, and the negative output of one of

- the plurality of conparators, each second cross connect operable to couple
the positive receptor to the positivel®butput and the negative receptor to
the negative output in response to the normal cycle control signal, each
‘second cross connect further operable to couple the positive receptor to
the negative output and the negative receptor to the positive output in
response to the pmaﬁamyﬁye‘ﬁbnkmidonﬂ gaabssSYSiEM AND MebBdiD EEOBoRBEFSET
ERROR COVPENSATI ON | (%j TRACT OF, THE DISCL URE of f set
rror comSERSat I ST BT em I Gur d (FAT  PHCH GBS afGORBAPAt or [[92)

havi ng annefgﬁl$eweermnep(1zm©,, ahepqmstmtmerer eceppot, ( 26, ’rahmegagatzeveecept or
(58), e t ) tive ) S

generatorg?¥ h%géﬁg%ggééﬁggﬁeagﬁﬂl %g 8Hé%%%%ég%fl%gb%ogﬁgﬁﬂcycles
and swap E¥EBEs CORMEGtstorguFdsle cbﬂn@@ﬂpé%)thes Revtigl st t e PRt PosEei ve

receptor ¢gg), pésgtwsgaéwﬁufe%mOrtﬁeBS)neg%ﬂq%tlr\é%epr&@,tft $b9Nghe (52) ,
and a negative,input signal (54). The first ‘cross connect

negative output in response to the normal cycle <control
signal, each second cross connect further operable to
couple the positive receptor to the negative output and
the negative receptor to the positive output in response

to the swap cycle control signal.




couples the positive input signal (52) to the positive receptor (56) and
the negative input signal (54) to the negative receptor (58) in response
t.-o a normal cycle. The first cross connect (46) further couples the
positive input signal (52) to the negative receptor (58) and the nematbuss
I nput signal (54) to the positive receptor (56) in response to a swap
cycle. A second cross connect (48) is coupJed to the positive receptor
(56), the negative receptor (58), the positive output (60), and the
negative output (62). The second cross connect (48) couples the positive
receptor (56) to the posiviSHEMOMNDUMETEOD &0H ORBSEBQERROR receptor (58)
-to the negative output (62) |BOMBERSDHNEEON OIN OMRARMIORTYcl e. The second
cross connect (48) further couples the positive receptor (56) to the
negative output (62) and the negative receptor (58) to the positive output

(60) in response the swap cycle. Figure 1
ABSTRACT OF THE DISCILOSURE

An offset error compensation system is provided that .

includes a comparator (42) having an offset exror (44), a
positive receptor (56), a negative receptor (58), a %

5 positive output (60), and a negative output (62). A |

sequence generator (14) generates control signals (22)

representing normal cycles and swap cycles. A first cross
connect (46) is coupled to the positive receptor (56), the
negative receptor (58), a positive input signal (52), and

10 a negative inpht signal (54). The first cross connect (46}
couples the positive input sigmal (52} to the pqsitive
receptor {56} and the negative input signal (54) to the
negative receptor (58) in response to a normal cycle. The

first cross connect (46) further couples the positive input

15 signal (52) to the negative receptor (58) and the negative
input signal (54) to the positive receptor (56) in response

to a swap cycle. A second cross connect {(48) is coupled to

the positive receptor (56}, the negative receptor (58), the
positive output (60), and the negative output (62). The

- 20 second cross connect (48) couples the positive receptor
(56} to the positive output (60} and the negative receptor

(58) to the negative output (62) in response Lo the normal

cycle. The second c¢ross connect (48) further couples the
positive receptor (56) to the negative output (62) and the

25 negative receptor (58) to the positive output (60) in

response the swap cycle.

Figure 1.



