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 I@ireditd led:amapartiﬁéﬂmf@éf,t? h#? ¢HRERYFAtion
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20 reducing the throughput of the conparator. Another conventional
technique for handling offset errors is the use of a dithering technique.
This dithering technique adds a random noi se source to an anal og i nput to
random ze the offset error. Random noise is added as a 25 ditheri ngweanos
to inprove the spurious free dynam c range. The di sadvantage of the
dithering technique is the random noise aused as a dithering source is
difficult to control and degrades the signal-to-noise ratio of the
conparator. Therefore, it is desirable to handle offset 30 errors in a
nore efficient manner. 2 June 2005 3 SUVMARY OF THE | NVENTI ON Fromt he
foregoi ng, it BAEKGBOUHDOOECTHAE eINVENEION need has arisen for a system and

method for of fsel ¢hoL AVERa0inguits £0BRAELATS bhsbepioyidgsni apraved
linearity and incréaséed Speed. n accordance wth the g%gsené i,nvention, a
r

system and netsiddcbor wagets @f tenr davay afdFiaty S5 O SmIRtEPGrSSdr 895¢8Yi ded
that substanthal Lyreli FANAL&ah bR di saduast afesetard rorebresslt
associ ated with conventional offset errgg Q%ggensatLoqﬁ}%%gghq%§§cui
Accordi iy to dFoEnedBREntiBenehenpt cdLht eTTReHt i oh, TIHKSES provided an
of f set-error-aiiadRds S¥eER M.& A it rsa - CBopac sl e hav ioograrasPEset ...

error, a positive receptor, a negative receptor. LA R QU gand a
negati ve outpﬂ??'Hagﬁdgéﬁﬁﬁiﬁﬁﬁéggpo? n %Egﬁ ER 8eg£%§¢§%§ﬁg'cgﬁ¥%8I
si gnal representiragsebtber a ndringlt dyeneionad dibirrsnde bedwerensther oss
connect coupled to _the .positive . .rec » abNEo PRYRL | V& FBCERR &he
posi tive inpu?“@ﬁgﬁﬁ??51 ek ﬁ%ﬁ%ﬁ?§§£¥%p3%'s?gnal, the first cross
connectimper akloepboatooupl eThhe qifsiat verreapuleyi g‘f?eﬁuj{to the 1;’5‘G§’ir_1rf395
recept or f‘”d e puieoat iye LARYL; ShInderR ! herAoeAt hegrageeMdiih i Bhe
response to a

P 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 errxor

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.



normal cycle control signal fromthe 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 generlaher0s
and a second cross connect coupled to thé& 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 t HEUMMARN Qe THEJMVENETION t he negative output in response to the nornm
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@utEhe FAreEspgnselt oihe benagprregipted ohbabl asivffrsl . h3® June
2005  45Aces diepg 10 apoidier agirbediaBat rof tderdqatesantor nyestdfmg there s
provi ded a net hod fgr of fset  error correﬁtlon,,coq¥%£51n , rgce|V| g a
conbi neBOTRHRTLEGRART PREVtYithi HEW VAUt 18Pty |%Hﬁ%ﬁ688 npBrHENt parts
of a pﬁshth&§?ﬂdamu@ wﬁgnath@nﬁkﬁfdmagamhwﬁti&mwnﬁ sygreal angemerthbdd nfoa
contro Lgnal representing .either_a normal, cycle or a_s cycl

provi di ﬁgk%h pSEF?]f ve IV Rpt"§i gnalt FSmQanao%qj%’l vettecept %?P%en&d/ tﬁ%iarf:egati ve
i nput ségnsitarttd.adlyegaltiniaate ecapl orreaduceespbsmansagenoraral  pyobéersont r ol
signal o LhG RS Ve JREREHANYAAEENS0AN RnbERSA! An RERKhHAL: | NPUI
connection points for a conparator having an offset error, providing the
posi tive i Ageorsi-ggiatotan tedosdgant vet r shepprnsentd inHenhgat iNErS Afut
signal L0} Pagi bEV&t @GeBEOLvEF, i%ﬁ)p%%geﬁocﬁnﬁ%ﬁnﬁyg% ecorfHatel

signal ,” coupling the positive receptor t0 a positive ol t and the
negat i Ve@FigWe filortfgeh AEtRIti e ROFEHUYE | FeFHEBns @ NEIRREVE nERTRR Oy cl e
controlg spesativd heutnsl,t iaRy out peatngk thecpiagata veeqaatidaut ggienaitadicng

out put poin for the conparator to transfer the | .
P é%era e to generaagpa control signai 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.



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

enbodi ment of the present invention, there is provided an 2 June 2005
anal og-to-digital converter, conprising a plurality of conparators, each
conmpar ator having an offset error, a4 positive 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 SWapA@yﬁﬁk@mg Etoplablbﬂlhéﬁ Yerodfilnest ©f a3s: peapetct sinwathoh] r shews oss

connect cou dtot ive ¢ ceé)tor and t he ative receptor of one
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positive Input signal_ to the assSociated negative receptor and the negative
i nput @né’PSQtQYﬁ\efeﬂ?@i‘}or4én‘#otl’t%é“%é@?aﬁéﬂnbo%%%a\le tPegepEBRt1 YR
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generator, and a plurality of second cross cod:;nfects ch second Cross
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out put” an egétlv re eptor-to ive
and the negatlve 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



output in response to the swap cycle control signal The present invention
provi des various technical advantages over conventional systens for offset
error conpensation. For exanple, one technical advantage is providing
inproved linearity for conparators. Another technical advantage iXJyne 2005
provi de increased processing speed féa the conparator. Yet another
techni cal advantage is to mnimze noise introduced into the circuit.

Still another technical advantage is to mnimze hardware needed for

i mpl ement at torkhef askbsiatent mositonpersspiton. in Ardsponiser te ez garalcyadeant age
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techni cal advant ere y arentto one skilledin the art
from t heff 6e¢eNd MFosEi garBsCteSEChPEREANd PSS SPRESCR JRHRdefods tBeBRI EF

DESCRI PELEN: e THEBRAW NGR: Riga2 iRBI @66pR1St @ Hengek st ansli gt , t Bad
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| NVENTI ferring to an anal 0g- al  converter
the negative output and the negative receptor to the p081t1ve

output in response to the swap cycle control signal

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.



(ADC) systemis generally indicated at 10. ADC system 10 may be any

sui tabl e ADC systemincluding a Flash ADC. A 5 flash ADC may be
characterized as an N-bit analog-to- digital converter with 2 output states
and 2-|- parallel conparator circuits. For exanple, a 6-bit anal og Iume 2005
digital converter woul d have 64 output states and 63 parallel conparator
circuits. The use of parallel 10 architegture increases processing speed.
ADC system 10 includes a sequence generator 14 and a flash ADC 16. Fl ash
ADC 16 receives an analog input signal 18 and generates a digital output
signal 20. Flash ADC 16 al so receives control signals 22 generated by 15

sequence genegatffF BAsCREAUEONEOEeTIE AIRNWINESpr ovi des  control signal s used

by conparator circuits of the pres i M1 2@ et &afdact of
of fset errors presERE 3 n"™PFE cB e?% eormélﬁrg%ﬁﬁgnagn or esent I}igrnve on

al so minimi zaswtc-,helaﬁom wie nalvemtiagesoduerel § nt@%f}%‘p&? v It

for flash ADC 16, LneaddLt100: abler BNt aAY ¢al Lok ﬁhﬂtﬂbﬁeﬁlﬁﬁﬂﬂﬁ55|n9
related to of £Sef rF r ensat | uses a_si ng?e cl ock cleto
conpensa e f @rccofnbaaylagr Ghsawm&ebyln nahdadi nbile? o CEESTTICSp SO set
errors are inherent b hkEORALED GhdChidredh component s i
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Bar Zero. By mnimzing the
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FIGURE 3 illustrates a cCross connect used in the

offset error compensating coumparator.




the linearity of devices may be inproved. Referring to FIGURE 2, flash ADC
ig is illustrated with one or nore offset error conpensating cbrrparators
4 . 5 offset error conpensating conparator 40 may be used in any suitable
evice-including a single conparator device or a flash ADC wi th rRuluhe D@5
parallel conparators. Offset error conpensating conparator 40 includes a
conparator 42 with an offset error 44. Although offset error 44 is part of
10 conparator 42, it is illustrated here as a separate element for ease of
illustration and discussion. Ofset error 44 causes a change in an input
voltage to conparator 42 and is - often called an input referred offse?

Sirfet error 4drBye DtﬁggtgiggryutbweTgE pRuBtiTyv@N ef f ect on the input
age and i y occur_in an% part of compara NRaLALIE AL
ggcludgs a positi RefFRgERDLBET HRﬁebat?@e & tor%g§ﬁﬂé PoSI t1ve. out put
80 rggelsensgaﬁm@ﬁ a2 gRaidlilve indcepedr a8618nd ABGarYFESTet®pt or
> gap05|t|ve %ndagggméb§e ﬁggggngﬁéfu@{mgnalppgghsgg@al,AAfter
pr ocessi ngMe¥ opafaY ofUd5> é positive and negatiye conponent
parts ofs the Enasth &Dg:nahaltrobposrmamtamtq&@t ®9 and Nelghti 783 gﬁ?pﬁ? 62 as

a digital Ou;ﬁ¥% $% E?én ?g dg%dtngkgggg Quﬁpmpanapawaﬁlezs

connect 48
p05|t|ve receptor 56 and ne tlve rece
and outputs ofoppstdtoe eitpWits0 andoFegdtdWI%ut fut® B2t Eﬁgﬁ QEﬁLUES >

signal 18 has_.a thr |
t hreshol d cor ?é%%e Isn@%&qre\{:%letxag@ oafd Haéller agd e it | Bthvepr aridde6d

signal 50 to the offset
ignﬁarator 40paBS8lEath @@¢B@¥aﬁﬁﬁcnc atln oﬁ%%fgtgr 4gg§%5?Eash ADC
as g corr gspandi g, AT ashal hawlgrage sddngBypdedune 2005

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




% 8 subtracting the threshold voltage 24 fromthe anal og i nput signal 18,

| each of fset error conpensating conparator 40 in flash ADC 16 nmay process a
certain voltage range in analog input signal 18. Threshold corrected input
signal 50 5 provides the input signal for conparator 42 and i ncl u@dsne 2005
conponent parts of a positive input signal 52 and a negative input signal
54. A two-line input cross connect 46 includes a first input 74, a second
input 76, a first output 78, and a second out put 80. Positive input signal
10 52 is coupled to first input 74 and negative input signal 54 is coupled
to second input 76. First output 78 is coupled to positive receptor 56 and
second out puty 8Gdas £l edyt aniieigaildivg theepfdecE8oL| pflisetr 855°EdNnect

46 may be a separate device for .preprocessi reghol d is corrected input
si gnal 50 or W imtE§ Yp&&tdgvHﬁgﬁpﬁﬁgtgg Bﬁ%£g%§?set_ernor conpensat i ng
conparat or 40 al s®kdfeainites tsefleHRR gendlasbr ADL flo7 g%né#éPFEggEﬁﬁtrm

signals 22, Conlrgle $loRALS 22:Le SOHBL Sbddbd Jiting Rtpasanoest ¢d5 20

and conpar at of* ¢t 65§ connect and provide control signals _ for the cross
connect sf unctOBRet tarmsfr CRPENSAGSSIc GARBRFALAD 4hdBOMSaMEESr B 3%

connect 48. T iﬂlflseeﬁewji@éerﬂﬂ&mﬁr? H zangtbke cefpaghtot abfsee oeraor 44
by swapping the polarity of threshold corrected 25 in

certain time fhash ARG withe WataPileyPsrathebHITRA T esg: éj?fi%%%lu??g?%?lal 50
i's swapped by.j satCiRf Sorparegbrdfo f Divlardisng pospbiaeor MUWishgaml 52
~to second out 80 which is coupled to negative recepfor ;38 ..and by
forwar di ng ne@g£$®% FRpEE ﬁqgnalﬂgf%9893|f§%%§6 d%?%ﬁf %g whi dhi's Coupl ed
tO_pOSEbive r@@ﬁﬁﬁf&té¥542¢rﬂtsis 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




connecting the input signals effectively swaps the polarity 2 June 2005 9
of of.fset error 44. Conparator cross connect 48 swaps the polarity of the
i.nput signals received by conparator 42 by forwarding the input signal
recei ved by positive receptor 56 to negative output 62 and by foraneogs
the input signal 5 received by negative receptor 58 to positive output 60.
The use of two cross connects insures thag positive input signal 52 is
processed and provided to positive output 60 and that negative input
signal 54 is processed and provided to negative output 62 regardl ess of
the signal path through 10 offset error conpensating conparator 40. |nput

cross connect 48,hasciwg shat eiredh61d ivSlitags aue firdmather amdled dtrguther e
the input signal received at first input 74 is fgngarggg gL£@ | i@, first
out put 78 and signeli ABut carfgnaffFetet SOREREAT R plit 76 15 Torwarded 15

directly to segqsh avbput 88y pheceeconttesttatia velaagrapangeate s t he

i nput signal received at _first input 74 i cr nect,6d andnfar way ded
to second outhﬂﬁ“%OSéﬁBaghéB‘inpu?HEFS§§ﬂ%r§§gﬁ§%a€§? se%ond i%ﬁﬁi 76 is

cross copnect gskovamidsf ahsarideshit osfgnslt Hut propEsat®yr tdsnEoiMdsy the
20 input signals, first cr cohnect effectively syepsithe pelardty of
the input si gral®PouEs a?%?gg S %él@ S Shgel sgRe

cross connect 48 iS simlar in structure and
operation to immstiveosspusnrdanals Sdnd RaswenbiBEatBBUL FrARF ™%t e and

a swap state. 4 frﬂ:ﬁd&@zrs”gi ﬁlagte,i&%tcofmaraatggcﬁ@sm@mnm,t A& ffreronar ds
t he i nput signal “recelived at .positive receptor 56 toggositive out put, 60

t
and the i nputowimgal7eneeaid ed saCEyMIPEEr BRept BPSEEIYVE 1WA TAEbut put
62. In the svap, stat & AUPHAIOH G¥put 74 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




connect 48 cross connects and forwards the input signal 30 received at
positive receptor 56 to negative output 62 and cross connects and forwards
t.he input signal received at 2 June 2005 10 negative receptor 58 to
positive output 60. By cross connecting the positive and negative kingneds
within conparator 42 prior to output, conparator cross connect 48 insures
that the signal corresponding to positiveginput 5 signal 52 is forwarded to
positive output 60 regardless of the state of both input cross connect 46
and conparator cross connect 48. Input cross connect 46 and conparat or
cross connect 48 should be in the sane state at any given point in tine.

10 Sequence ggRepRkab:14,06RCLal el siogbaks cantot aEasamd litmg t he

state of input cross connect 46 and , conparator. cross conn
generator 14 PPRa¥iB¥sCEhEREaiPHortiRRS gegedves ﬁg bot R $%%%$1%§§§§ence

;ggngg;p:?a?ngoggggaaﬁbo&h@rQiguﬁoamgﬁ&l48ecahusd bypposibive osrardmiect 46
or cross connect ave th S taf. n L nds '
When of f set ePfof® E%%Eh‘é%t?‘htg}“’ctoﬁ%a?% oY % Iﬁ'éarﬁilg?a Hll@f ?glgl%& ,&gﬁgr{%étl e
sequences genekralceivad nay megiides tiwcasne coHdit Eol poisdave PEPMS £Q-

of fset error conpensati co r.at LN 2 i ed 1
enbodi ment - e %ﬁ Hﬁﬁégfn% Fbgg%g%n%éﬁgggF%glﬁgafg?a?%r 48;$%F¥f%§ﬁﬁ%%2rnay
have uni que edehadl 58 gsalpsoz2sgeterndelroyided gl BOSbhieh B ddtfertdt or

14. Control signals.22.Logl vde @ fRNkEghati 9hal s ok aRes

. d 2Zha ~aitdeahal
state of !npuﬁ'crogg conﬁ%%t 4@'5%% seggﬁd crgzgﬁﬁbnneca 48, Tq§ t
control signalts apgahdveadueyet 2 regardless of the signa path t rodg%

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




and swap cycle that correspond to the normal state and the swap state of
i nput. cross connect 46 and conparator cross connect 48. 30 Over any period
af tinme, the ratio of normal cycles to swap cycles generated by sequence
generator 14 should be 2 June 2005 11 approxi mately one-to-one. Thiuae 2005
one-to-one ratio mnimzes the effect of offset error 44 by having offset
error 44 equally affect positive input gpgnal 52 and negative i nput
signal 54 over the period of time. Any suitable sequence 5 of control
signals may be used provided that over a specified period of time the
ratio of normal cycles to swap cycles is approximately one-to-one. The
p]ga][i od of ti r@ebgtﬁeeog@&egt%& ]Esr%mt tbheddindaei tyuand: other fArt oross
affecting the performance of offset error.conpe | NQ, 4 at.gn 10
are optim zed So8BEGERRE gER&r aPBF 914 Fray™y nerég) %Si;;ése%ul nce%{)f m(%%?r ol

signal s 22 usichgpamytsui 4 2bpeisequereepak , noPIRRratyt| CECINFFREF Tl es.
I n one enbodi nent, sequence ener ator M €Qn i tst@nNanpud?2 that
alternate 15 BEFNESER %‘F&ﬁﬂ”&%o?%?%%@ Eégﬁggégée é?th e%%%? ot her clack
si gnal . d nher edgniad 5Ri $s sEouencied) dre PRSiEAVesORLPRE | ©° SFEITTE STt Tl
cycle to one syap Sugle eLo@nY; st 0frghs ! EBRnebt aBOGhAT @hadiament

a s

digital output™sign use o0 determ ne the next control signa
(ei t her nor malcroz8 epenecsr 48wap IOpte CIOF Sc GG s it gn R ST ESEUSAce

generator 14 nRy, or auhdecHnNkBUSHEOTV Mee £ Ofiaé Ssre teraaciat airys etivenr or
conpensating-conparator 40 in flash ADC 16. A certain digital output

signal 68 is goiatadBdtiBe-an analog input signal 18 that falls within a
speci figd 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
conﬁrol 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




25 vol tage range. This vol tage range has an upper bound and | ower bound.
The upper and | ower bounds are represented by two threshold voltages 24.
Sequence generator 14 uses digital output signal 68 to determ ne which two
threshold voltages 24 define the upper and | ower bounds of the 3Q Juatépogre
range represented by digital output signal 68. Sequence generator 14 then
generates control signals 22 2 June 2005,,12 that change the cross connect
state of the offset error conpensating conparators 40 that process the
threshold voltages 24 corresponding to the upper bound and the | ower

bound of the voltage range. The other offset error 5 conpensating

conparators %## nkl e FREN THﬂ§hﬁﬂQ&ﬂacihﬁzﬁﬁﬁﬁﬁmﬁnmmézésstate
is changed fr nornal I

cle to swap cycle cyc n cle.
In this enbodh@eﬁffe@ﬁl?ftﬁ§§§e5oﬁﬁ§F§téﬁsq$¥o%% %T% Og %%%I%r% os%X
t he previous é&hgﬁ |ékgé&ﬂ@ﬁkﬁ@lbﬁpuhp&tgﬁﬂgnéﬂ Maweuiiﬁgﬁhewﬁ tnpYes

connect state changed. | n anat her enb n code
dependent scheq#3hith A% R} Qéxiﬁ@ﬁ(n) s ﬁgeé&ﬁfgggggﬁﬁﬁ%e

generatar 14 §p geenalle eaghads signabe 22sed Thperosiiged dehdfa P& ak or
code dependent sch has .1 o§f§§mgrgﬁgryﬁé% ar%chgfﬁgiléybfgyjtg ERépo of
nat e

nor mal st at es®P¢o* %ﬁﬁ)@ﬁ%ﬁ? appr oxi y one-to-one over a certain
peri od of t|n6yc1ése&mnépyraxﬂmaMa&EnDneatﬂaﬁﬂgn1§Wﬁb§ﬁﬁ§£§hﬁ@n§1W§ 1%sed by

- sequence genergl ot 14,40 GR/ICTALe19ABLEOLy ShAAA her G ods) attistring

enbodi nent , 3ﬁﬁ%n1genera IS use to random y generate a co ntrg&
si gnal 22 sequhac@exﬁormﬁmnﬂ ofc pEfestaflr e RaBOBRRRRTL Iig IFOTPREELE

apprOX|%ater Q0€55¢ imized.

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
generator 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




to-one over a certain period of tinme. The period of tinme 1is chosen such
that .the effect of offset error 44 is 25 mnimzed. Al offset error
conpensating conparators 40 in flash ADC 16 may sinultaneously have their
.Cross connect states determ ned, or unique control signals 22 nmay Jhae 2005
provi ded to each offset error conpensating conparator 40 in flash ADC 16
- such that the cross connect states of each, 30 offset error conpensating
conparator 40 are randomy swapped. 2 June 2005 13 In each of the
af orenenti oned control signal sequences, the ratio of nornmal cycles to
swap cycles over a period of tine is approxi mately one-to-one such that

of fset error 44 gqualdieaffifct 8rH98i bb¥ebtPtasbgnal th &fmst negadi ve
i nput signal 54. Referring to FIGURE 3, the internal det g?rquqg
Cross connect FRANSAEARFar RG2TAGES ANt ta8PEPEeST ] | uéetra a1 nput

Cross connect M@&&Q@&bﬂf@ép@ﬁ@ﬁﬁg te@ru‘reactup@&:copenaﬂeand the bowrsr
-manner using the sane _10 con

signals 22. i sgussed | n
terms of inpdtPHt%bs8ic t?1tf'|‘5'ectv‘:’2§ 285t ApPFTes equaII 0 cori;%g?gtor Cross
connect #8. Irtmiﬁpei-rsas;sngonnempatatbnsl udes anflft«ashl nRE 746 corpmaint o a
first nornal svmtchgﬁ%th@%e réQ S oZe]V rghagt%gugrg@ ndysecond

input 76 is co toasecon Forma svmt that. is then coupled to
second out putcyifle Eior swapngetld o1 swapseyebapteddemnal GYicde -swaP tRiF t ch

72 that is thep co&gme%qﬁt gﬁ?qﬂ&% uggﬁ,g‘?targgoéeﬁ%sé g%ytsléﬁans &l S

coupled to a secon t hen, coupl to first out ut
78. This confitgurthe opreoiprovikeshalkst stractest RO SHeMaput® $Y

rece'vegoat 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.
In 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 deterwmined, 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.




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 @Juhe2005
first output 78 through a second swap switch 73. Thus, input cross connect
46 includes two normal switches 70 and 7iszand two swap switches 72 and 73.
The normal cycle and swap cycle of control signals 22 30 control the
operation of first normal switch 70, second normal switch 71, first swap
switch 72, and second swap 2 June 2005 14 switch 73. Wen |nput Cross
connect 46 receivesia neacml ofyclteheconafotesémgriaine®l ¢émignolnor PNk t ch

70 and second normal switch 71 .close fiir PoSW,LENc¥21 andswgecond
swap switch 7FEHETer eby catj}5| NG ﬁlgotr}?nas]i gcﬁjcll%w?oo ow55c%| rectly

t hrough input #rpesiocdnedct t Uee llﬁpwtpym%nala@elhfeéme\ré@"é’tnefﬁ% iRk 74
are forwarded tﬁfsfé Sd 4 P4 Zguaiiwoaﬁb Etésboélﬂf_ﬂ@é SMpEE Ns T§nands nput

signal s receive second I nput are orwar ded to second out put 80
t hr ough Secondaml)rwatswet chprt. swsadli RBut cross connect 10 46 receives a

swap cycle control ;fé tefrtd | FRIURIO TRl theS Wintehndll dedasesoad mopuwal
switch 71 open and first svva switch 72 and second swa svmtch 463 cl ose

thereby causi ngro¥she SPRPEC s ‘bﬁalaé”‘q 0CBEPRFBES® ¢ 5TTEE et AR T I Sw to C

Opposi te out puifiuf¥rdvrit Sighal Rl wshradctf |4rssrandnpompa5atmrlsross
forwarded to- second out Eut 80 t hr ou%]h first _swap nsnvm Cle{Bqand Nl
signal recei vegorReec8fAd FRPATY 610 sHOr WaAFGed BT r sP40 it put 78 rough

second §yap sWedgtrol/Bignals 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




Thus, it is apparent that there has been provided in 20 accordance with
the present invention, a systemand nethod for offset error averaging in
conparators that satisfies the advantages set forth above including
inproved linearity and increased processing speed. Although the @Rser005
invention and its advantages have been described in detail, 25 it should be
under st ood that various changes, substitutions, and alterations may be
readily apparent to those skilled in thettart and may be nmade herein

wi thout departing fromthe spirit and the scope of the present invention
as defined by the following claims. 2 June 2005 15 WHAT IS CLAIMED IS: 1.
An of fset error, averaging,oys! el eOOPLLS! NhnBcCOMPAALOL VDV NGoARDI | set
error, a p05|tﬁWh§ éptor, a™n gatlve receptor, a positive oyt (gnd a
negatlve out putycle sequentesignat 222r DiesablaTed §uREFEt d0a2B9n ?Eﬁn
~signal represeniing eliber 9.ngigEL &8l L1 3uspRRvSYEher2 andl 560wl 0SS

connect coupl e he positive receptor, the_negative recep POSItlve

i nput si gnal , SWﬁnjS¥Mﬁ9@aﬁ3v@Pﬁﬁpﬁhe§?§ﬁaFauFh%gfF?g?tc?bgg % %%CF

oper abl e%to C%Qleecttl g}%,_{dhvelﬂﬂwtc§bggaboﬁﬂe&he46p05|Inme: retepils and
t he nega

ive input si naI to the ative rece in r SRoN or mal
cycl e control r%ci%dg\a%ﬁ‘?-%"ﬁ% %%@e%&nt &glfgeq r]:%ft12 %rsoé8 a'{:é(;nnect
further operabh@rddgﬁxﬁﬂQSQ hh&mﬂqsebuuehlnpuhndsugpat 309nhé5n999@1W%d
receptor and the negatlve 3F5|ﬁ to th O%Jt'ygcéﬁ&th&bdﬂ1so

response to a &waf® 89 | & e sequence generator; and
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 é
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 1
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.



a second cross connect coupled to the positive receptor, the negative
receptor, the positive output, and the negative output, the second cross
eonnect operable to couple the positive receptor to the positive output
and the negative receptor to the negative output in response to Z)g€e 2005
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 systemof Claim1, wherein the first cross connect is an

integraléﬁgéi_ﬁééﬁgggﬁﬁggﬁiftor. 2 June 2005 16 3. The systemof Caim1l
or 2, wh 0sSs connect is an integral part of the
conparator. 4. The systemof Caiml1, 2 or 3, wherein the sequence
generator is operahlie éffiﬁﬁﬁﬁf&ﬁra@veﬁ@@iﬁqi$@ﬁﬁé¢hEﬁbﬁ@rﬂyﬂm@f of nornma

cycle and swap cycle ntrol als ove eri od of tlne The system
of the precedl‘_f\g C?ng;ar& %erlb ‘ﬁ""g(i‘ qcifeﬁsc‘% geﬁferaxt’or I's poopselrtalbl e to

al t er nat erebteemg@m, t be nerga’crnaie cgtelcepanat t e poaptiyel etgrutgyveaydoteher
control vef%ut systen1of any one of the preceding clalns wherein
t he sequen gener at i's operable to determine a next control nal in
response to af%oﬁﬁﬁﬁgﬂéﬁ gengrator  gperalse erPofISHRL TR éfqgﬂi wlecedi ng

claims, gLl Nediie SEAUaRS & Daner aj OrﬁotrﬁaPR%Fé‘lté &t G USiPa Syane; del ta
modul at or 0 deternlne tggoggrw% Agg:ea(gou l@fwﬂfb c¥ cle r%Presentatlon
for the contrdt sthhaf. onnect P 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 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.




8. The system of any one of the preceding clains, wherein the sequence
gener-ator is operable to random ze the control signal representation of
t-he normal cycle and the swap cycle. 9. The system of any one of the
preceding clains, wherein, in use, the positive input signal and e 2005
negative input signal conprise a conbined input signal. 10. The system of
Caim9, wherein, in use, the conbined input signal is threshold corrected
by renoving a threshold voltage fromtthe conbi ned i nput signal. 2 June
2005 17 11. A nethod for offset error correction, conprising: receiving a
conbi ned i nput signal, the conmbined input signal including conponent parts
of a positive input signal and a negative input signal; generating a
control signal 3tepr&kentsivegesi tder Chaimorinmabr c§el eherednsvidpe cyetend

provi di NgoEREPAShhLXE LOPUR $hoRBlaliopA OB KR cbfgaRbepyand the
negative |npuf signal to a negative receptor in response to a normal cycle
control signal, the positive receptor and the negative receptor providing

i nput connectign porpts {@stanCUWacakam hayi ng agr off selrheerifr ;i ovi ding
the positive input signal”to the negative rfceptor and the negative input
si gnal t oSEHBEPBS| t | JENSFELSFt or % reSBBRERIE0 atSwap WEE Cont rdt

signal ; cappkbREmhbelposizuibie MmAtrt o5f t RoAmPdSklicle Quiduwamneydhe
negative recgggfr ative out u& E% Lesponse to the normal cycle

Contr ol - sPOREPoTt fedndLrt oTer oni BoE L

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.




and the negative output providing output points for the conparator 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. 12.2 jifag 2005
met hod of Claim 11, further conprising renoving a threshold voltage from
the conbined input signal. 13. The nethod of Caiml1ll or 12, wherein
generating the control signal include%7generating a control. signal that
al ternates between the normal cycle and the swap cycle every other control
signal. 2 June 2005 18 14. The nethod of Caim11l, 12 or 13, wherein
generating the control signal includes randomy generating the control
signal to deterii.-ne & he motinedl cyfbe andfSfwgt cyetreorepr esemeation,for the
control s@@ﬂ?riégh .The nmethod of any one of clains 11 to 14, wherein
generating the contTol signal includes using a sigma delta nodulator to
generate the céfAeHVigigyalcomwinethel igithoslghabnythaecombéngfingnpptt o 15,
wher ei n g%&grn@tll NG nldI\ERRE I fomplodRal: | pahitdes oget ar mphRkRgiva Nexpugontrol
signal based on an output "of the conmparatqor. 17. An anal og-to-digital
conver t or S198Rgr B&hG Regsitdva Pt SdgRSdriat ors, each conparat or havi ng
an offset errgenexatdsidt i ¥e ¢6aEPLDI , s BgmePatieer SRGADIRY , edthpasi ki ve
out put , agd a Qeggthye Qut put; a sequence generator operable to generate a
control oria Yycle or a sw’ap cycle; _

providing the positive input signal to a positive
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

response 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.




signal representing either a normal cycle or a swap cycle; a plurality of
first- cross connects, each first cross connect coupled to the positive
rreceptor and the negative receptor of one of the plurality of conparators,
each first cross connect further coupled to a positive input sighhineandsa
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 negati¥® receptor in response to a nornal
cycle control signal generated by the sequence generator, each first cross
connect further operable to couple the positive input signal to the

associ ated negative receptor and the negative input signal to the
associ at ed posiltd.ve Theceptetthod reSpotk£im 0 Bl swapz2cyeke 16onwhelreingnal
gener at ed . ce tor. and,2 gu e_2005 12 a plurality of
second cr sse%%ﬁﬁgl giQ%é%%%ggégnglg%? ssPGORAGE TERARMEY OSTFRETHETi ti ve
recept or, thge condgatl veigrebptor detkemposi ttihee roanmmail |, cuntle t Ardnegapi ve

out put of QR Oflhe RItAlidY Qfr GHPHAHYA Hagfhsecond cross connect

operabl e to couple the positive receptor to the positive output and the
negative receptor to the negative output in response to the normal cycle
control signalis.eagheSef@RBodl 068 CoAPecind urdherc1apRiablia teo caypl e the

positive receptor to the negative oué&gﬁ and, th n%gaiige receptor to the
posi tive SGFHEET nITREPBNLRI 1'% h&ONES ley B BRIt 1BFLETGhallS IOESTRM AND
METHOD FORiGmESHE1ERRIRIUCENMENSAT N el tEOVRARAEIRS 01 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




ABSTRACT OF THE DI SCLOSURE An offset error conpensation systemis provided
that + includes a conparator (42) having an offset error (44), a positive
receptor (56), a negative receptor (58), a positive output (60), and a
negative output (62). A sequence generator (14) generates control?2 Eingabs
(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 a neb%tive input signal (54). The first
cross connect (46) couples the positive input signal (52) to the positive
‘receptor (56) and the negative input signal (54) to the negative receptor
(58) in response to a nornmal cycle. The first cross connect (46) further
Cﬁupl es the posi tpyerhmpu? Sdign@edo'hﬁi) teokbe dwgatdve, I ecept oketbBY and

t he negatlve |nput S| gha o jthe positive, eceptor 5 in sponse
to a swap Cy&re. REESGnd cﬁgggcioﬁhect€§%8) ppgl bﬂ%leﬁe?%p@%ﬁe p%g?tive
recept or @&gptiviee rmrgpiiose, r ebeptparsi(t58)e ohEpuppsemdeﬂuutpagat6@¢, and
the negat i, t ) S c e

posi 11 ve. PLeBaYoRE! endhr Hife SHORA S oot CophsEs ¢ a8% CRehenstPhd
receptor CLS8p F@theﬁmliaiél%ut‘puﬁo(lﬁl? |trlsler dxpirisiere or e erRP ¥ nhp

cycle. Thengecgpd;ehees &@w@@t 4d3) tHY T hRIgAQUR! es el toEOS'tb' vengecept or
(56) to the negatlve out put (62) and the n%%V%lve recep (58) to the

posi tive BEFBGEVE6AUERIL 1 ABpAFP IS sha | pormgl gﬁY& lg coOntrol

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.






