1 2 NOY 2004 ON-LI NE OFFSET CANCELLATION IN FLASH AID WTH | NTERPOLATI NG
COVPARATOR ARRAY Technical Field of the Invention This invention relates to

anal og-to digital converters ("ADCs"), and nore particularly relates to
met hods and apparatus for inproving the performance of flash AD Cs.

Background of the Invention Analog-to-Digital converters (ADCi) mvnz[]m_
I nportant class of sem conductor conponents used wdely in sl grﬁxl '

processing, instrunmentation, comruni cations and data storage. Figures 1(A)
and 1(B) show a portion of a flash ADC 10, in tw different nodes. Figure

{1 ash ADC 10 1 DNADE OFskD: CANGAELATICE s PSRRI Sor i ¢ nis oq°
Lo Torm 2 “evenly spalbd b apA NGO ERATIR ARRAY | "o o & shown

in Figure 1(A). A charge corresponding to these 2" reference voltages is
stored on each of 2" corresponding capacitors 18. The ADC 10 shown in

Fi gures 1( Aecimdid¢a) Figld of tlee dinwendibonf n+1 bits. An anal og i nput voltage
VIN is captured periodically by a sanmple and.hqld ("SH') ,citeuid 14, and,
as shown in Fi gubBisipgpntiog’ze arte@r@éog-tmalgztﬁ-cpa&@ﬁ&ﬁ%é %@ﬁﬁa)géél in a
correspondi I r t ; rgfg}@e

vol t ages. fﬁgrggﬁé%@%}f%}gc %%?Eh%r%fggggﬁ Shf{giai%grr%&l Figure 1(B)

by the contﬁﬁmgﬁ@/bﬁﬂag}d@gs_ reference voltages fromthe charge stored
on the array of capacitors 18. Wien VIN overcones the reference voltage on

a parti cul dBackgxonnd ofrtheabevéntion

Analog-to-Digital converters (ADC) are an important class of

semiconductor components used widely in signal processing,
instrumentation, communications and data storage. Figures 1(A) and
1(B) show a portion of a flash ADC 10, in two different modes. Figure
1(A) shows the flash ADC 10 in auto-zero mode, while Figure 1(B) shows
the flash ADC 10 in sample conversion mode. A resistor ladder 12 is
connected between plus and minus reference voltages Vggp+ and Vgge,
respectively, to form 2" evenly spaced analog reference voltages, of which
two are shown in Figure 1(A). A charge corresponding to these 2°
reference voltages is stored on each of 2" corresponding capacitors 18.
The ADC 10 shown in Figures 1(A) and (B) has a resolution of n+1 bits.
An analog input voltage Vi is captured periodically by a sample
and hold ("SH") circuit 14, and, as shown in Figure 1(B), is compared to
the 2" reference voltages in a corresponding number of comparators
arrayed along these reference voltages. The comparator function is
provided in the ADC 10 of Figure 1(B) by the combining of Vi and the

reference voltages from the charge stored on the array of capacitors 18.

When Vy overcomes the reference voltage on a particular capacitor in
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12 NOV,2004 the array 18, the resulting positive voltage is anplified by
the preanps P1 and P2, tripping an associated latch 16, and thus storing a
data value of "1." Assigning a nunber to each such conparator, the nunber

of the conparator in the array at which the anal og i nput goes #r ;N
bel ow to being above the reference voltage corresponds to the glgm\'iﬁ/ ?004

repr esent athe &rgé%ubgtﬁ@@é&ﬂtmg%ﬁwﬁév (}'@if%égsg%gﬁfﬁe@ R h&BEsarips 9r own,

vari ous problens ‘have arisen Which nee ved. "One problemis the

error in flRisand®X tripping theassosiaséd fatch 118)endoiar #tbeing: a dats valwsat ch
changes the anal og value at which the output of a conparator changes from

zero to oié, l{'hdssiuainedi mymbhe taeach sgsh ofmpheatapCthanyothar afithéevel oped
to correct_this problemis to auto-zero the co rators in order. toe cancel
the of f st OPATEFY: 1 Hi& 2 Eaverts MBUTY Gist 17 OB OB IDEBES O DGUIA O on  a
storage cangidifk abdvdthe ERAEHLT ML el itV Betighal | S necessary Lo
performthis auto-zero operation on e array of corrpaFators periodically.
In low speegrédeashtibiee thetansiogingmitl ong cl ock cycles, this auto-zero

function can be done on every clock cycle. However, the clock cycle of a
hi gh speed ADC i4s the seest of flash A abes grews, Varieus aroblems hagn.

Therefore, j i gh A h t O- fungt | t. b d
dur ng 1 ai rsat bt BEERL0 8 solviR. ng xiBhRe i R S fafad ABICOT ™
conmuni cat i Pps tIRPRIEBALLPNS thd B&npgtﬁoké.%i@ﬁﬁs&%ttc@\éﬁéh b gne A conmon

techni que used to overcone this p emis to auto-zero only one
conpar at or aalagtialee at Arhiekttha outpphofi eomiparatedtagesfeoml serotto t ake

over the functionaljty _of the conparator bei ng auto-zeroed, See, for
exanpl e, S.o0% &gxgﬁﬁiegrg@mg the accuracy of the ADC.” A solution developed to
correct this problem is to auto-zero the comparators in order to cancel
the offset. Usually, this offset correction is stored as a voltage on a
storage capacitor.

Since capacitors slowly leak charge, it is necessary to perform this
auto-zero operation on the array of comparators periodically. In low
speed flash ADCs, which have long clock cycles, this auto-zero function
can be done on every clock cycle. However, the clock cycle of a high
speed ADC is too short for the auto-zero function to finish. Therefore, in
high speed ADCs the auto-zero function must be performed during idle
periods.

However, for some applications, such as communications
applications, the idle times are not available. A common technique used
to overcome this problem is to auto-zero only one comparator at a time.
An extra comparator is used temporarily, to take over the functionality
of the comparator being auto-zeroed. See, for example, S. Tsukamoto et
al., "A CMOS 6-b, 200 MSample/s, 3V Supply A/D Converter for a PRML
Read Channel LSI," IEEE J. Solid-State Circuits, Vol. 31, No. 11, pp.

1831-1836. This technique is referred to herein as on-line auto-zero,
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al., "A CMOS 6-b, 200 MSanple/s, 3V Supply AID Converter for a PRML Read
Channel' LSI," IEEE J. Solid-State Crcuits, Vol. 31, No. 11, pp.
1831-1836. Thi's technique is referred to herein as on-1line auto zero, Page

2 12 NOV 2904 since it allows the ADC to convert continuousfy, \ﬁ?@hpgﬂg@el ng
taken off-line to performlts aut o-zero function. Another prob

t d f I th d  bott I t h H t at th
ront end. Sersit BIRHF 4hE MRG0 ean P aBEI S h ot FH U RESoEER educe the
capaci tive ﬁqﬁgbfbgpé@&.nfﬁs% iéro fu%lﬁﬁﬁﬁby reduci ng the time needed to

provi de a Vel e vo I'S"is acconplished by elimnating the

first stage preﬁﬂ%ﬁh&f Mﬂém@neﬁhﬁteﬁé@fﬁm&ﬂﬁémm0§m tHwépddte SH | oad is
reduced by a factor of two. The outputs of two adjacent first stage

preanps ar boithanemchdndhe S H eirsndt atithe froptends done tiechrdayadiseda@e preanps of
th t f { t ech

used 1t nEecRisecen bafietr 4P aedce e Bradeye TORR oa b SHAER  he °
first stagey, e%?rgéngu@%éeté&eﬁﬂle%ééﬂe{w S;gr Ii\]?é & rellable ézﬂﬁpi’é‘%l@ﬂg@' gnal path

in these figure y erenti a ough 1t is Shown as

si ngl e- end@this i ddveriplinhed E}Oéhﬁimatm§ thidtet absge pi'wmpslméhaif ofttthe P2
preanps are interpol ating prea are identified t%y These P2
preanps i neempolratarspen edrthedpHdend ipreduendnhy o ﬁpﬁﬁfsﬂ tag. nERE | oned above,

uration duri O- Z€ o

gia??{)g ! (TQ)QP h‘ge'l\sseo i ‘ilﬂlg)‘?e? I‘%Ié{;ggg papa@mssaredag é%&dptgrlfmg ! %I nc)e a
0t o-zer anﬁaéﬁmﬂb%%% “%%@e%%égﬂ% SRR PR TP e have
their r esetﬁrsmtag‘eeprdampmd on, i.e. are reset,

This technique is used in the ADC shown in Figures 1(A) and (B),
in which half of the first stage preamps have been eliminated. Note that
the analog signal path in these figures may be differential even though it
is shown as single-ended in the figure for clarity. Note also that some of
the P2 preamps are interpolating preamps, and are identified by P2
These PZ; preamps interpolate between adjacent P1 preamp outputs.

As mentioned above, Figure 1(A) shows the ADC 10 configuration
during an auto-zero (*AZ") period. There are actually two phases of this
auto-zero period. Since a second stage interpolating preamp P2° requires
a zero input to perform its auto-zero, during the first phase of AZ, the
first stage preamps P1 have their reset switches turned on, iL.e. are reset,
so that their output is zero. Preamps P2 are auto-zeroed during this
phase of AZ. For the interpolating P2's, this also cancels any offset due
tﬁ differences in the Pl reset mode output voltages. During the second
phase of AZ, the reset switches of preamps P1 are turned off, and the

preamps P1 are auto-zeroed and their offsets are stored on the capacifors
18.
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so that their output is zero. Preanps P2 are auto-zeroed durip 3\51 i’
phase. of AZ. For the interpolating P2's, this also cancels 32 é] eQD&}e

to differences in the Pl reset node output voltages, During the second
phase of AZ, the reset switches of preanps Pl are turned off, and the
preanps Pl are auto-zeroed and their offsets are stored on the capacitors

is. Page 3 1 12 T | i o aC|t e SHto
t he preanps PI Tyg\é O%@% geg%at%ﬁgf%ggQP?gg?nn?c F@ejﬁaﬁ? %he ?gélcfgt]voltages
generated {H@MtdreHoth thelo?@eebf BF Sl tH reflRS BTN e%té&ﬁ@m s that
in order to auto- zero a P2' preanp that |nterpol ates between two PI
preanps, boadister laddmaﬁrﬁsfomﬁtt The wesequehir afghihis fiatsh gaer tofausZ: Si nce
these Pls su pI uts not enly for the P2 being auto- zeroeg but -al so

t

for their & H&apiaterpelntas HeEves tHeIIOWERERS: PUABT  of ;lve
compar at or BT sﬁﬁkgﬁéﬁgﬁ% b8 it 6 BBl R ori, STRLINIRERE, KOBpYy | o7

repl aced widfa ﬁsh%iﬂbﬁl?%r ohe P2 WhERRORAGERT, Wut alfo RSO E K PRS, k total

of five main array outputs are affected by the auto-zero: the conpar at or
bei ng aut o-apdribed’2s bethabmadaané tielow ahent, lnetotalvef fired outputs @i s i s shown

mar ks den@PRPRSLEp S8 BEPHGTaPt 86¢ B by~ t he aut o- zeroi ng. process. The
Pack,pams, By s Ut DS LR £
aut o- zer oi RECRITPEL2NACHE bR P rdpRaRd witdy {1 BhutRAGS dxtra comparator,

a problem exists. A total of five main array outputs are affected by the

auto-zero: the comparator being auto-zeroed, the two above it, and the

two below it. This is shown in Figure 2, which shows the progression of

AZ through the array. Question marks identify outputs being affected by

the auto-zeroing process. The black preamps are the ones being auto-

zeroed, and the gray ones are those that are not being auto-zeroed but

which have outputs affected by the auto-zeroing process currently being

performed.
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12 Novenber 2004 Sunmary of the Invention An exanpl e enbodi ment of the
present invention involves a circuit architecture which conbines two
comon flash ADC techniques used in high speed flash ADCs, described
above, and which solves sone of the problens that arise H H%&ﬂﬁ%)r'i@)bﬂg
these two techni ques. In accordance with one aspect of the presen

I nventi on, re | | hod for perform ng an auto-zero function
in a flash %ﬁ[ﬁnh o it ﬁ‘gl/(eﬂtmal_irter ("ADC'), the ADC including a
reference vol t agarciekaniple enficindn0hf thePprbsehi iveatidy aNolvePACERcanal o9
reference voltages, and a plurality of system voltage conparators for

compari ng anrdhiiiliﬁaturvMhi@l}esom@abnmotdmmehdﬂasﬂncémt&c@g@e&n&edrin?highng an
i ndi cation of Lch r rence . vaqltage corresponds to the inpput voltage,
conpri si ng ?P@W@Pgb\ﬁﬁésss %Ebegﬁwediaﬁé whighysalves yome olethenprablems) t age
conparat ors Lct] of. e ality of systemvoltage _
conpar atorst,hangggtrf%ﬂﬁﬁ%gﬁ#g%i@ssﬁ%htgghggugét ed conparators, and using

the redundant compaicoddsnde wille Phacapebt dfh%éﬁir%%ﬁdirﬁ%ﬁ‘iﬁﬁh?tﬁ%& ikn
accordance with a second aspect of the present invention, there iIs

provi ded a perhded kanetherd fornpergomminguamw antr-aefoufintdtion imaafllsfshaaa’rahaglabpg to
digital converter ("ADC')  the ADC including a reference voltage circuit
prgvi di ng adliﬂl@féiqnwrtéf AR, stbécé@(ériapg@lfﬂ&f?erféf%@l%l\f@ligg%,CI;EUIL
luralit of system voltage arators f.or conparing an i nput voltage
ggai nst %/heprorvé ig,geﬁcgﬁg‘gﬁg'aé)gge TRl prRAses; ﬂaagﬁ irﬁ'tﬂ%’aﬁei Hi'ilﬂggeja 8h gf t he
ref erence Maic i a i i .
conpri si ng }{ﬁ{éﬁlﬁgﬁ%ﬁ%g s?é’gg,gep%i’ﬁiﬁ%‘tsagg‘i lfr%a | r;ﬂ/){g)fa!ﬁr é%‘ﬁdgﬁgtaggl t age
conpar at or sagainbtethiei referanseibeitges add erdlidirgd hh Yndibatiys ofWliehtRB8&ence

conpar at or s, ] . .
voltage corresponds to the input voltage, comprising the following steps,

providing a plurality of redundant voltage comparators, selecting a subset of
the plurality of system voltage comparators, performing auto-zero on the
selected comparators, and using the redundant comparators in the place of
the selected comparators.

In accordance with a second aspect of the present invention, there is
provided a method for performing an auto-zero function in a flash analog to
digital converter ("ADC"), the ADC including a reference voltage circuit
providing a plurality of evenly spaced analog reference voltages, a plurality
of system voltage comparators for comparing an input voltage against the
reference voltages and providing an indication of a one of the reference
voltages of which the input voltage is below in level, comprising the following
steps,

providing a plurality of redundant voltage comparators,

selecting a subset of the plurality of system voltage comparators,

performing auto-zero on the redundant voltage comparators,

performing auto-zero on the selected comparators, and

using the redundant comparators in the place of the selected comparators

during a conversion operation.
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perform ng auto-zero on the redundant voltage conparators, performng

aut o-zero on the selected conparators, and using the redundant conparators
in the place of the selected conparators during a conversion operation.
Page 5 12 Novenmber 2004 In accordance with a third aspect,b,LhEPIRaent
I nvention, there is provided a nethod for perform ng an auto-zero function

in a flash anal oPnt&cofHa%g %itﬁoﬁ\e/&lkgg%ﬁélé'dl?‘% he %}gsén?r&nﬁgﬁﬁ%n}ﬁr%gfaﬁl ng a

analog to digital conversion, 't ving an input,

reference vpldvaged ai imethdd far wfslhﬂmlgaarplaut@beﬂoyﬁﬁfc_ti@mem X ﬁmC@@hla?étbog
ref erence voltages, and the A including a plurality of systemvoltage

conpar at or sdigital conperteng AAACT hpwd for gerfgminganrsalegito digital eonvensddrt,ages
and providing i.ndi cation of a qne the reference voltages of  whjch
the input Vi éﬁaci gamgoani lﬁlpnlévﬁ}e, @@meéwi@g @h@efmmpwcﬂ@a&& spsuit
appl yi ng an_j V, ' | d] | it dant
vol t age conggdsgp%lrgsgbl@gﬁg{:ﬁ %‘8&&5’@@%&5"& g‘@x{%ﬁé&g‘f@egﬁﬁ%eéf X%@ilfée% | t age
conpar at or SinclR&ink0A Plaldy 0T ABEGN OfbliddR cAHPRLASEs f ¢AEBaSABTAT RIS
perform ng auto-zero on the sel’'ected conmparators, performhg ah analog to
di gi tal conveltsgongainst like refeuenocololéases umidngrovidiag raadimditanionocafip anatadr s i n
the place of the selected conparators,_ and conbining the outputs of the

syst em vol t Higeredoepss yobpraesapt which the inpagyeHage ith # drel, sompgisgdance
t he present invention, there is provided a nethod

with a fourth ect 0
f or perfornh}?g%ilﬁwéﬂgé{e?@ro function in a flash analog to digital
converter ("ADC' hppltylﬁ?g M}BW&@JQ&QGQ&%&E@”CG vol tage circuit

providing a plurality of redundant voltage comparators,

selecting a subset of the plurality of system voltage comparators,

performing auto-zero on the redundant voltage comparators,

performing auto-zero on the selected comparators,

performing an analog to digital conversion on the input voltage using
the redundant comparators in the place of the selected comparators, and

combining the outputs of the system voltage comparators and of the
redundant comparators.

In accordance with a fourth aspect of the present invention, there is
provided a method for performing an auto-zero function in a flash analog to
digital converter ("ADC"), the ADC including a reference voltage circuit
providing a plurality of evenly spaced analog reference voltages, a plurality of
system voltage comparators for comparing an input voltage against the
reference voltages and providing an indication signal representing an indication
of which reference voltage corresponds to the input voltage, the indication signal
being converted to a binary code corresponding to the input voltage comprising
the following steps,

providing a plurality of redundant voltage comparators,

selecting a subset of the plurality of system voltage comparators,

performing auto-zero on the redundant voltage comparators,
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providing a plurality of evenly spaced anal og reference vol tages, a
plurality of system voltage conparators for conparing an input voltage
agai nst the reference voltages and providing an indication signal
representing an indication of which reference voltage CO{ﬁEE&Qﬂgﬁﬂk@ t he
I nput voltage, the indication signal being converted to a brnary co é

correspondi ng tog%’{f?rfh@%%t&%@g%?ﬂ%o clte% &gnn%%ﬁragqrgol | om ng steps,

providing a plur redun age €o ors, selecting a subset

of the pluralityugihgsyhtemediaidange copiRRRIOr iy theerglass BY i Osel&dted on
t he redundant vol tage conparators, Page 5a 12 Novenber 2004 perform ng

aut o- zer o ofomperaterseduréng e copsewsicn spemasiong t he redundant conparators in

the place of the selected, conparatqrs during a conversion operation
converting the oft®p(tBE ?hr?e"g‘gg‘lteﬁfvfz‘let BYEeRo oAage opemppraterss Hess dheect ed

conpar at ors £ I.gi | ye, verting the output of the

r edundant c%er%gtre gtcglrlﬁsﬁ #8%59’5%’349%&ﬁgﬁt?lﬁiu%| ue, and adding the first

di gital val ue angofh8tingaREGuhEH Maihevl@_duﬁdaﬁmc&}gggfa@&@% %%&%brﬁi aigiﬁa'l‘ _
aspect of the present invention, there is provi a nmet ho or p orm ng
an aut o-zerwvaliepgadon in a flash analog to digital converter ("ADC'), the

ADC i ncluding a reference voltage circuit roviding a plurality of evenly
spaced anal og reﬁgdg}&ﬂwﬁrﬂa@@tala’a&ugﬁm wicorgl digitalvstluage

and providi ng & [narroErs willb AR TR BRI PreRESt It Vbl R50S (he
e e RSB TSRy OB B hr AR A g

digital converter ("ADC"), the ADC including a reference voltage circuit
providing a plurality of evenly spaced analog reference voltages, a plurality of
system voﬁage comparators for comparing an input voltage against the
reference voltages and providing a thermometer code corresponding to the
input voltage, the thermometer code being provided to a converter for
converting the thermometer code to a binary code corresponding to the input
voltage, comprising the following steps,

providing a plurality of redundant voltage comparators,

selecting a subset of the plurality of system voltage comparators,

performing auto-zero on the redundant voltage comparators,

performing auto-zero on the selected comparators,

after a sufficient time has passed after the step of performing auto-zero
on the redundant voltage comparators so that the outputs of the redundant
voltage comparators becomes valid, using the redundant comparators in the
place of the selected comparators during a conversion operation,

performing a thermometer code to binary code conversion on the output
of the system voltage comparators, less the selected comparators,
to generate a first digital value, wherein the outputs of the system voltage
comparators, less the selected comparators, are concatenated by a shifting down

of comparators above the selected comparators,
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vol tage, conprising the follow ng steps, providing a plurality of redundant
vol tage conparators, selecting a subset of the plurality of system voltage
conparators, perform ng auto-zero on the redundant vol tage conparators,
perform ng auto-zero on the selected conparators, after a‘lfHéMrﬁﬂe@%oki me
has passed after the step of perform ng auto-zero on the Tedundant voltage

conparators so t Q&fﬂiné eOBLBULSS 0Pl thE hl%d{lﬁg%!%l? g&gnga%’aﬁlg% a%e b%?ar}g?{@hgg Yo

becones valid, using®the redundant conpara ace

sel ect ed cop@araleql secehd bivthrf dégitM &afileQ@n@per ati on, performng a

t hernonet er code to binary code conversion on the output of the system
vol t age conpar at addinglthe firsthtigitel wduednd dnpsecandrdigitaloafener ate a first

di gi tal val ue, rein the outputs of the systemvoltage conparators, |ess
the sel ected coﬁ%ﬁ?% gpd otheg featizes &l dhedirtygngionnwill by appasent dp those
conparators e the I ofpar at or Rage, 5h .12 Novenber. 2004

addi ng t he SIStis' B R RRE IS RO AheL e uedtpfian P HRG dniagion,
generate a {ReARHzOheRMtY d@onyRiitng APSwafdi ng the first digital value
and the second digital value. These dnd other Teatures of the invention

wi |l be apparent to those skilled in the art fromthe follow ng detail ed
description of the invention, taken together with the acconpanyi ng

drawi ngs. Page 5¢c 1 2 NOV 2004 Brief Description of the Drawings Fig. 1(A
is a diagramof a portion of a prior art flash ADC in auto- zero node;
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Fig. 1(B) is a diagramof a portion of a prior art flash ADC in sanple
conversion node; Fig. 2(A) is a synbolic diagramof a portion of a flash
ADC array, showing a first set of comparator replacenent selections and
conparators affected thereby; Fig. 2(B) is a synmbolic diagr| a?t NOY P04 on
of a flash ADC array, showi ng a second set of conparator replacenent

sel ectlonsan Dco ar tors ffgt ed. thereby; Fig..3 is a waveform di agram
show ng va S J SRycls #=h ADC, Fig. 4 is a flow diagram

" showing a sequence |rrpl enented in a state nachine of a preferred

enbodi nent of the present invention; Fig. 5is a |logic diagramshow ng a
section of a shFig. T@gi tstaeﬁla}g@tainimpofti@l edatgridr sitrflesuA® € dn santpr ef erred
enbodi nent of the present invention; Fig. 6 is a diagram which shows a

pertinent peFxmeHedf a conpar at or fromthe main array; Fig 7(A) is a high
| evel block dia ar at

arra [ t._node; Fig.
7(B) is a high ?{%521&% ](?cgrﬂtﬁgiétnaﬂf%m I%O?ﬁeprﬁ%ﬁ ﬁytﬂ éﬂi@d? array of
Fig. 7(B) bﬁnﬁﬂé‘éoﬁ'@ér‘%ﬁﬂ)ﬂfodel:' g. 8(A) is a high level bI ock di agram
show ng a nal arator arfay, including two digital counters, in direct

node; Fig. 8(B) th 2(A) ha bemdlolibldoekrach agnarorsionvaiig fiakblke AIBCrarragnpar at or
array of Flg 8(B) in auto-zero node; Page 6 12- NOV 200k_Fig. 9 is a high
| evel bl ockhawaRg afivst seh oﬁpqnayar%ﬁomrpglacpmemﬁ@plqgtmns and comparators

affected thereby;

Fig. 2(B) is a symbolic diagram of a portion of a flash ADC array,
showing a second set of comparator replacement selections and
comparators affected thereby;

Fig. 3 is a waveform diagram showing various signals used in a
flash ADC;

Fig. 4 is a flow diagram showing a sequence implemented in a state
machine of a preferred embodiment of the present invention;

Fig. 5 is a logic diagram showing a section of a shift register portion
of a control structure for a preferred embodiment of the present invention;

Fig. 6 is a diagram which shows a pertinent portion of a comparator
from the main array;

Fig. 7(A) i3 a high level block diagram showing a main comparator
array in direct mode;

Fig. 7(B) is a high level block diagram showing the main
comparator array of Fig. 7(B) in auto-zero maode;

Fig. 8(A) is a high level block diagram showing a main comparator
array, including two digital counters, in direct mode;

Fig. 8(B) is a high level block diagram showing the main

comparator array of Fig. 8(B) in auto-zero mode;
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Fig. 8(A), with additional representations to aid in understamnlifngith
operation of the array. Page 7 1 2 NOV 2004 Detail ed Descri ptingrf‘g B‘ﬁezagzr
Preferred Enbodi nent The preferred enbodi nents of the present invention
conprise a nethod for performng auto-zeroing in a flash ADC. In

perform ng auto- zero in accordance with a first preferred enbodi nent,
wherein one Pl F5Eagegs ﬁ%ﬁ’l@%&?blbékﬂ'i‘é@fa%ﬁ'b?ﬁﬂ @rad, $inBar B HAWF of five
conparators in the main array is renoved fromthe normal operation at a
tine. For TegaBiAk witkfaelditiogabysirestotafiopsrie A4An, utdersBhdinggaeat ors 50,
52, 54, 59, 60, 56 and 58 are all renoved from normal operation during an
aut o- zer OUW@%?D@@éhEﬂHWQh only preanps 52, 54, 59, 60 and 56 are being
aut o-zeroed during this cycle. This is done because of the anbiguity

descri bed above concerning the output of preanps 50 and 58. Before this
occurs, however, redundant conparators replace this group of conparators
being tenporarily renoved. This is acconplished by performng the foll ow ng
steps: 1. Assune conparators k through k+4 are to be auto-zeroed. The

first step is to place the corresponding reference voltages on an anal og
mul tipl exed-bus, referred to herein as the Rbus, that provides the
redundant conparators with reference voltages. 2. The redundant conparators
are placed in an auto-zero node, so that their offsets are cancelled, and
proper reference voltages are stored on the associated capacitors. 3, The
redundant conparators are switched out of auto-zero node and into regular
conversion node. Barring any m smatches, the
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redundant conparators are now perform ng as an exact replica of

conparators k through k+4. 4. Conparators k through k+4 are pl 1acgq\[[]r\/z§3ﬂ[]zr
aut o-zeroed node. 5. Conparators k through k+4 are returned to regular
operation. Page 8 2 N QV 2004 6. Auto-zero cycle for conparators k+2

t hrough k+6 begins as described in step |I. Pertinent- waveforns appearing
in an aut oDetadled Desariptiiowl the PiéRrradchpibodimgnsm of Figure 3. Those
wavef orms are: systemclock CLK, control signal ADV.-N, control signal
DIR_SHN, extra conparator auto-zero command AZX and nain array conparator
aut o- zero corrrrar;ldh AZ.f Not.e tgaé_ a wavef orm desi gnator ending in a capital
N i ndi cates t hat' 1% REFlgEeedcempedimenisal therasept inventiog eomprise 2 | s

asserted BrHJER Asing fWo-Je@kie%anpl SHN is such a signal.

Al so not ew?ﬁat a v(\)/gj)\eé? gorm §eés%¥¥8n£e?é]rn%xe’ﬁlg$ ﬁ%@%ﬁ%;ﬁ ?%‘I‘fg?nil%?%‘?'es t hat
the signal zesoén eecor@ngct oFith e@re®trefrréd Bmbodgdendaph ;g}?er ors, as
contrasted with the main conparat )(?rr arr%‘ay.mFgr exarr'pa‘fae?ré&‘% |spguch a

si gnal , AD¥taEe sompedatay isiandpererad i a hea, 4 grosp bf fle cohepmiagnal inDl R_SHN
i ndicates that the _extra cor{P rators are bejng auto-zeroed. The function

of these sihFdPaM ATTHTIS IR ed tiomethe RomRpl OperAtoBat M EImen BTt h t he

descriptio IO : 0, I ordingat e,a-preferred
enbodi ment %g% fn%lﬁlg ’ Bé%géﬁg%\}@% ?‘géﬁ ceo_%gﬂ’]_tstég é%?rﬁé]g]é%toﬁﬁgpsgza5gst ate
machi ne andsg 60 iSt ati @ GBrerall bétholed Biosh hbbiia®dpbPiod El%rizf@ﬁ}?%{ﬁbpr

array, i.e. one flip-flop for every 2-bit corrpargtor slice. e state

machi ne i naegogHcls, ehen ¢ only pramnpabad54n159BYund 56 addbeisigat e machi ne

can be conce]Ptt ual Ig (cjiescri ed as two |
auto-zeroed during this eycle. This is done because of the ambiguity

deseribed above concerning the output of preamps 50 and 58.

Before this occurs, however, redundant comparators replace this
group of comparaters being temporarily removed. This is accomplished
by performing the following steps:

1. Assume comparators k through k+4 are to be auto-zeroed. The
first step is to place the corresponding reference voltages on an analog
multiplexed bug, referred to herein as the Rbus, that provides the
redundant comparators with reference voltages.

2. The redundant comparators are placed in an auto-zero mode, so
that their offsets are cancelled, and proper reference voltages are stored
on the associated capacitors.

3. The redundant comparators are switched out of auto-zero mode
and into regular conversion mode. Barring any mismatches, the
redundant comparators are now performing as an exact replica of
comparators k through k+4.

4. Comparators k through k+4 are placed in an auto-zeroed mode.

5. Comparators k through k+4 are returned to regular operation.
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nested counters. The six-state inner counter 20 wll be descriyb Sk
with reference to both Fi gure 3 and Figure 4. In State O, thé»ljDzde_\gh-!{d 28%‘
signal is set high and the ADV.N signal is asserted, i.e. driven |ow,
thereby incrementing K. This incrementing of Kis indicated in the Figure
by the advancing of the outer counter 22 that marks-the subset of five

conparat ors_t hab, Kusb-zebe cpdlt G @R SratbhRe pthsdsial+bdicaenhiagh pl aces the
conparator Page 9 1 2 NOV 2004 array into direct node, in which all

conpar at or §esarihetbimeliep hrray are used, and Extra Conparators are not
used. In State i, ﬁgg AZX signal is asserted. This initjates the auto- zero
cycle for the r SGHISRE Wayeiirns 8PROANIRE df ATcayto-3418 cxgle areypwhdD

e . & _ ,
botmeen t nes FRARR Cadhiah of Piohfios "350sb GARERIE 2L0) shilBn BIERTY | |
tinme |atchel.Ruidqitks] ifnal AMNIRNGonESSTRAERA IODER DSHRIR ¢ A4 fmpaRafiat e 3,

the DIR SHN signal is brought Tow. This indicates that outputs of five
conpar at or guterzehe comrarat and Im miat adrey wswtharasoma ttrezent gusraofd t he

nesertod. T oRogs Ehit Bavevalorh sesigior epding Fon congab Betgarm et
Comar = o 2k e e Bt s ek BuFk Ao EnSh By Doty o
five origi ek, Earpamply, DIRSIENtBgual a0sigRsD Alsal @ttt at hewhiveRrhat ched
outputs of these conmparators becone valid. Note that States 1 and 4 may be
of vari abl éledignatopending in a capital X indicates that the signal is a command for
the extra, i.e., redundant, comparators, as contrasted with the main
comparator array. For example, AZX is such a signal, ADV_N is used to
increment K. When it is high, the signal DIR_SHN indicates that the
extra comparators are being auto-zeroed. The function of these signals is
described in detail below in conjunction with the description of Figure 4.
The auto-zero controller according to a preferred
embodiment of the present invention comprises two major parts, a
gtate machine and a shift register that is distributed into the
comparator array, i.e. one flip-flop for every 2-bit comparator slice.
The state machine implements the sequence illustrated in
Figure 4. The state machine can be conceptually described as two
nested counters. The six-state inner counter 20 will be described first,
with reference to both Figure 8 and Figure 4.
In State 0, the DIR_SHN signal is set high and the ADV_N
signal is asserted, i.e. driven low, thereby incrementing K. This
incrementing of K is indicated in the Figure by the advancing of the
outer counter 22 that marks the subset of five comparators that must

be auto-zerced. DIR_SHN signal being high places the comparator
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or 8 cycles. The reason for this is that the time needed for
Is fixed, but the clock period of the ADC operation is not. ?herr@&\){)g}q!ﬁe

nunber of clock cycles required to conplete an entire auto-zero operation
must be increased in proportion to the operating frequency of the ADC. A
section of the shift register portion of the control "structure is shown in
Figure 5, @nmysudh detinedd,snprlnichddbcdmparmteryid boe ntaimparraycrs i n t he

conpar at or ar ) e section has as inputs l|ines for the signals AZ, AZX,
RST (reset Pseél-ﬁé’l E] %waaﬁ@‘ﬁ-ﬂe WS@éCtIOH i ncl udes two 3-input AND

gates 24, 26, a hag. one | |nput

mul ti pl exer Paggﬂl%%%gliNgfa %3@%5“ %szg ﬂ&g%&l‘ﬁ? 1f}}aeo The AZ
signal Ii n%ef§c$¢}@w£}@ré®n&£ﬁ c%ﬁ&gﬁgtmn i nverting i nput of AND gate 24.
The AzX si gnal I's connected to a first non-inverting input of AND

gate 26. The RSIn &ha@eﬁl, the AZN signahiedé-edsérded h@hiestatei mpat bef f1ip-flop
30. The SHR line is_cqnnected to a first input of MIX 28, to a

second non-lilﬁ\‘i‘éﬁlflgtng"wp%%ﬁ fogft hA&@wé@tzf@eaﬁheth& thierzedugglant; nverti ng

t of A | ock t
of 111 pe 11 GERraYRE 1hF Ry gRiP Bl b S SRR oS LT o 01 it o
MUX 28. Thee8uhBdht ebmMd¥afi®s 'rb@c@ﬁ@q,%q{ded to the Dinput of flip-flop 30,

while the Q output of flip-flop 30 is connected to a SHR OUT out put signal
line, to the invrS$tatg 3,npatDId_SHNBigatkisdeougbt itwe. iThiedndisgtenput of AND
gate 24, and to the ond i nput of ,= 28. The SHR I s, connected to the

SHR IN of 0&6%%%(5‘% e%apér%ﬁer%%‘ﬁﬂéemaww ot hg uppdst

and the outputs of the redundant comparators will be used instead.

In State 4, the AZ signal is asserted. This initiates the
auto-zero cycle for the selected five comparators in the main array.

In State 5, the AZ signal is de-asserted. This state must be
included to account for latency between the time the five original
comparators leave the auto-zero state and the time latched outputs
of these comparators become valid.

Note that States 1 and 4 may be of variable duration of 1, 2, 4
or 8 cycles. The reason for this is that the time needed for an
auto-zero is fixed, but the clock period of the ADC operation is not.
Therefore, the number of clock cycles required to complete an entire
auto-zero operation must be increased in proportion to the operating
frequency of the ADC,

A section of the shift register portion of the control structure is
shown in Figure 5. One such section is provided for every two
comparators in the comparator array. The section has as inputs
lines for the signals AZ, AZX, RST (reset), SHR_IN, CLK and
ADV_N. The section includes two 3-input AND gates 24, 26, and

each of which has one inverting input, a two input multiplexer
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conparator is connected to a one. The operation of the shift reg
be described as follows: Initially all flip-flops are reset tﬁ%ﬁ@v 2@4

flip-flop 30 always has a one at its SHR IN pin. Conceptually, a token-
signal is generated whenever a flip- flop detects a high signal at its
input, SHR IN, and a low signal at its output, SHR OUT. The token signal

i ndi cat es mgm 28 G £TQ TRPIRAY ONHRAMG dn ASideold commiegteEompar at or s

i medi atel(gl a OVE It In t%éﬁgrr yﬁLave been glsnel ected an for auto-zero

oper at i on. thesecdAdhaninveAding gpalt 9f ANDugad 24y The AX sjgrtad lomnt rol t he
auto-zero function for the main array conparators. This is shown in Figure

6, whi ch siscwangcrst te adirst pontinvertots ioponpbt Nibeats 4t (e BRdin array.
Shown are a stor.age capacitar,-1,S and a. Pl pr 60,.CRANEected to one port
of _capaci t JE0E iha CAPGGeisars theaRiet 18R TRRGIO 39° 313 Now 2004 an

I nt er pol at ¢ gq.%[m ds 1 LW t i @f 1 reanp 60. A
line from ?g%%géagf es]c,;{r%‘l ]ge(%ﬁg‘%é\?g%oi%ﬁgﬁmteogl\gngﬁéms?de of a first

swi tch 66. sé’é&ﬁldoﬁd&@fmﬁéﬂﬁldg)fnlﬁwdfqm%gi&s@mmdttedt fitst reon-ef erence vol t age
tap fromthe resistor |ladder and to one side of a second switch 68. The

other si deinversing tipuefiANEogatec?4dThe ChK sipnaldingéy corfiectedsei tor 18 and
to a sampl Ehatsckdraast fupTom 5.obhern BN REnpal1i8eds fRBRuddset voen the
|10 21 SHURYolng B SRR S, 6 O U4 IRk aRIp Sl g connec
control  skpadh idforiARasp BY, kHldthe GhRitpRBoE BlipFlogrdd isTAZ cl oses switch
connected to a SHR_OUT output signal line, to the inverting input of
AND gate 26, to the inverting input of AND gate 24, and to the
second input of MUX 28, The SHR_OUT is connected to the SHR_IN
of the comparator above this one. The SHR_IN of the first
comparator is connected to a one,
The operation of the shift register can be described as follows:
Initially all flip-flops are reset to zero. The flip-flop 30 always has a
one at its SHR_IN pin.
Conceptually, a token signal is generated whenever a flip-
flop detects a high signal at its input, SHR_IN, and a low signal at
its output, SHR_OUT. The token signal indicates that the current
comparator as well as four more comparators immediately above it
in the array have been selected an for auto-zero operation.
The TAZX and TAZ signals are used by circuitry to control the
auto-zero function for the main array comparators. This is shown in
Figure 6, which shows a pertinent portion of a comparator from the
main array. Shown are a storage capacitor 18 and a P1 preamp 60

connected to one port of capacitor 18, and also a P2 preamp 62 and
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68 and, switch 72. It also controls P2 preanp 62 and P2' preanp 64 to

perform auto-zero. The control signal TAZ closes switch 70. 4SZCNOVGZOUZ|.

seen, when TAZ is asserted, the reference voltage fromthe resistor |adder

is connected to the main array, and shorts preanp 60, thus perform ng the

P1's auto-zero. In addition, the P2 preanp 62 and P2' preanp 64 are

controlle : - | Liyefd, then switch 70
if &t@?ﬁ%lﬁéﬂﬁ#éﬁ%@% eg\ﬁg@gﬂrfggtﬁé ol utdFS Gl

cl oses, allow ng eanps ‘and the | atches to perform

their conpeagip60f WihedhomQAhd RBudduseribadhbowbels chidi¥ctal isserted, the
reference voltage fromthe resistor |adder is connected to the redundant
conpar at orane gijetdfe Arti onitdi 66wiTlohodar dde phavitchd& sawmma@ated conpar at or s

b t,o- d. Finall t ' t.0 . Fi 5, aft. he TAZX and
e TN N I
|1 | pQl ' t i ! P 12
o SRS Rl PramSaRte RSy, B85 pasiead e oot 17,

sel ected 4$tergitirool eapacitWiers bhd toameafidt be asthiifd swighsiter The reached, the
RST signal is asserted. This resets all Flip-flops so that the auto-zero

cycle st avthersndevof swmichHE) totanmectsd the seomlareaddioldrautputEdech aut o- zer o
Extra Conpiotith PuiteipTd T Pantecied Bl aoRHp AP A bR It PRbPhce & group in
the main  SOUNALAP" TRE Wpul B Brdainb & £ 4185 boARRed to the input

of P2 preamp 62 and to one input of P2' preamp 64. The control

signal TAZX closes switch 66. The control signal TAZ closes switch

68 and switch 72. Tt also controls P2 preamp 62 and P2' preamp 64

to perform auto-zero. The control signal TAZ closes switch 70.

As can be seen, when TAZ is asserted, the reference voltage
from the resistor ladder is connected to the main array, and shorts
preamp 60, thus performing the Pl's auto-zero. In addition, the P2
preamp 62 and P2' preamp 64 are controlled to perform auto-zero.
When TAZ is not asserted, then switch 70 closes, allowing the P1
preamp, the P2 preamps and the latches to perform their
comparator function,

On the other hand, when TAZX is asserted, the reference
voltage from the resistor ladder is connected to the redundant
comparators, by the action of switch 66, so that the redundant '
comparétors can be auto-zeroed.

Finally, returning now to Figure 5, after the TAZX and TAZ
signals have performed their functions, ADV__N‘ is asserted low.

This allows a logical high to propagate higher in the stack of the
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2b. Auto-zeroing a block of conparators in the main array whil '
Extra Conparators in its place. This is the Auto-Zero Mde. ﬂn?tmm?m@ﬁ

node, outputs of the conparator array are applied to the ROM Encoder
i nputs to select the proper digital output. Wen done in auto-zero node
this requires some nodification to the circuitry thus far descri bed.

Concept ual Lyift t-BeisPeS q{@ﬁ = ' R in Figures
7(A). and 7(IB). %isgure 72%%& a iggﬁHngﬁﬂ{@%lg%%?gﬁggﬁems@hgﬁang a main
conpar at or far aakp-8&2rd.n Direct Mdde, receiving VREF and VIN, and providing

a thernoneter cqode to a ROM 34 for decoding to a binar digital val ue.
Bl ock 36 represefibgnithe W@dlfﬁhaﬂblﬁéﬁ@ét@tlﬁrrgac}wﬁhdﬁhf@%s?iEtjmm]i es that the

t ff-Li bei t Qr .. F 7(B) i hi gh | I
bl 06k di agrareHating ih s et Rith Hogi s itas Fhé Bifapio by an o. ser o mode.
As can be $eeRs ddevAWddn2RE DolRARS oRtIREbERbEFhoPlaRFky 38 Of conparators in

ff-1 oecf \Mﬁl

the main array is off-11ne, belng auto-ze e the bl ock 36 of
redundant conparBidr suts-eeroeyde takista dfieophafor paftst he conparat ors being
aut o-zeroed. This .inplementation, while conceptually sinple, nmay not

provide tHe PEPHERAIITORET Eefgrenee Yo tagesdo doran ompapdioreat i ons, due to
Page 13 12 ] ' t he,out put undant

conpar at or L gans St a4t HRISH R ARl  EE A e
capacitive do@@ﬁ%ﬁ&o@_&rid‘ﬁ Thitsis'tEUDirest 1@4di stribute the redundant
conparators results is heavy and is proportional to the nunber of
conpar at or 2b. retcetenoing hdlodr ohedraparaterdimethemtain cairay wehbile wsitg t he
nunber of hits of resolutiagn,, -si' nce t he. nlilnb r o% corﬁac{ ators, and
theref ore CAPH@ ComParataysig,its place. This is the Auto-Zero Mode.

In the direct mode, outputs of the comparator array are applied to
the ROM Encoder inputs to select the proper digital output. When done
in auto-zero mode this requires some modification to the circuitry thus far
described. Conceptually, the necessary change can-be implemented as
shown in Figures 7(A) and 7(B).

Figure 7(A) is a high level block diagram showing a main
comparator array 32 in Direct Mode, receiving Vygr and Vi, and

providing a thermometer code to a ROM 34 for decoding to a binary
digital value. Block 86 represents the redundant comparators. Shading
signifies that the comparators are off-line, being auto-zeroed. Figure
7(B) is a high level block diagram showing the same main comparator
array 32 in auto-zero mode. As can be seen, in aute-zero mode a selected
block 38 of comparators in the main array is off-line, being auto-zeroed,
while the block 36 of redundant comparators are connected in the place
of the comparators being auto-zeroed.

This implementation, Wﬁile conceptually simple, may not provide

the performance required in some demanding applications, due to
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doubles with every extra bit of resolution. Second, because of T%N)UV 2004
Interleaving of the preanplifiers in the conparator array, auto-

occurs in groups of five conparators, but with overlap of three, This
inplies that in the worst case, an output of conparator nmay cone from one
of four sources (conparator in the main array, or any one of three extra

conpar at or follovihgurE ety thalotitphiexéfthepeddndans campaddtdrisanakt bspeed
preferred enbodi nent of the present invention,

lty. Afurth

3222‘“ %_ed ébﬂ%\ﬁwg%@ '3 Ranh cPTpRr gl @itign. alliespppciticeloading Ravde he  speed
W s o¢ By SRBHIARE B R i SRuabebe SitabelartiSsRB BhatSas” O
descri bed BaliowprbPottithdlithefk dRHRer %&?ﬁ?%%tgi‘c%ugﬁggé@%e gﬁge bi nary

digital output "is fornmed as an output o 4, as is

normal | y demehitécturé dash nADecalktvirellitvitiutioe Aantberl of Biteofudsohatésg, node,
however, the ¢ rrpar%&]or Qutputs are split into three categories: the group
38 of fiveSIENPL BLBPST Oh sempasainss rpdtherefarompacitiee lnasipenel ow 42 and

t he group Q u f the autaoszer roup. 38..are invalid and
are sinpl ydgﬁglée%r‘gg% eQFz%g eg‘ﬁfapﬁfts‘%&?s BFFBRr §%ﬁ998bgfe SZPZOfa sent to the
cor r espondiingh:Bedaa of kRE prefmblisicROM U §tcRberohe
conpar at ors above t%g aut ?—rzerrngJ glreoup %&g@%bgﬁgﬁeﬂg%gwﬁ%@ ?‘ive
conpar at or oposrst irogIupsmftfhat conyeyragoss, bub veith ecerlaposfadtrenaffdds wi t h t he

out puts of ,th«?, ot her _Sﬁtem conparators not being auto-zeroed. The Page 14
1 .2 Nov 208Wlissithatdn dpe sk gase anorg@ihiod cempes aberied Yt GFet FOM as bi nary

val ues of )}ﬁiet %ol sBhirdes' (BoREE toF6n tRe DL &33P 0b a8Wdnd H dhyd@r d. Wwhich

i's a binar
extra comparators. A four-way multiplexing produces an additional

speed penalty.

A further preferred embodiment of the present invention,
described below and shown in Figure 8(A) and 8(B), does not have the
speed limitations described above. Figures 8(A) and 8(B) are similar to
Figures 7(A) and 7(B). However, two digital adders 46, 48, are
provided, as described below,

In the direct mode, shown in Figure 8(A), the binary digital output
is formed as an output of the ROM encoder 34, as is normally done in
flash ADC without auto-zero. In the auto-zero mode, however, the
comparator outputs are split into three categories: the group 38 of five
comparators that are being auto-zeroed, the group below 42 and the group
above 44. The outputs of the auto-zero group 38 are invalid and are
simply discarded. The outputs of comparators below 42 are sent to the
corresponding select lines of the ROM encoder. The outputs of the
comparators above the auto-zero group 44 are shifted down by five
comparator positions, so that they are, in effect, concatenated with the

outputs of the other system comparators not being auto-zeroed. The
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val ue which may take values fromO to 5. Finally, outputs of
encoder 34 and the auxiliary word are added together in adder‘f%r\mgg%

the final output. The input voltage VWmay fall into one of three voltage
ranges: it may be bel ow, above, or somewhere within the voltage range of
the conparators that are undergoing auto-zero. Figure 9 is a diagram
simlar tooubmtsodf thieguutea 8¢parutdrb acesidded tag@lihteirmathmlaepWMGﬁ i ons

that help sh?ll w that_the correct digital output wll grod.uced_ in all
three case§ithes Gcersd in addes Q%ﬁﬁlﬁormﬁé@é annlsaIb’ewevd twbiaheiser Biaryvol t age
Vbot corres?ondl to t bl o CO rs,,bein t&)é&ult?? ﬁ tﬂﬁﬁl In th| S
case, the SAUBUMIER Y b XeMegar R b S19aMs, oRihuits of she he

encoder i s ofieoddidsd R M bSiva %g‘rheljr?cale gﬁ%gtethéﬁncﬁfeﬁis E&"?@r’ put

voltage Bis within't erangeo ages corresponding to the
bl ock of c shpdiratlongp kel ng auto-zeroed. In this case, the output of the
ROM encoder is the d| gi tal code corres onding to Vbot, the output of the
extra conpar at orshg sanltVOer@ge 1 igtmone of Yhore wolbage rabges:it B, whi ch

is correct. In cahqi Ehe i np ut voltage C.i s, above the reference vol t age
cor r espondi™gy 6 kelew 8 RV%fOT@@%WB@‘&‘é’Wb@Mbeé{GH@gﬁé“laBSG0 thet hi s case,

O Pan g AT Ergbiha fuididrd” Db bifn AR eiﬂﬁf’gﬁé s
enpl oys 0”|s‘im3.‘ra‘4t‘3f)6 ﬂﬂélttdfﬂfllgﬁﬁé 8(& vﬁ‘ﬁﬁrcléfﬁ%ﬂadﬂ‘i‘lﬁ@ﬂﬂ e?ﬁeé’@ﬁtaltiorfﬁ (i.

ei t her out put of conparato or output o arator five positions above

must be selthetddlp sﬂibwsthﬁamz dolpeect jaii ginab@itipo wiéllbaypﬁédxided inogliic gate | ow

and all ovvs or fast operation. Page 15
ree cases.

In case A, the input voltage A is below the reference voltage Vit
corresponding to the block of comparators being auto-zeroed. In this
case, the output of the extra comparators is zero, the output of the ROM
encoder is A, and thus SUM is A, which is correct.

In case B, the input voltage B is within the range of reference
voltages corresponding to the block of comparators being auto-zeroed. In
this case, the output of the ROM encoder is the digital code corresponding
to Vi, the output of the extra comparators is B — Vi, and thus SUM is

Vit + B ~ Vg = B, which is correct.

In case C, the input voltage C is above the reference voltage
corresponding to the lock of comparators being auto-zeroed. In this case,
the output of the extra comparators is 5, the output of the ROM encoder is
C -~ 5, and thus SUM is C - 5 + 5 = C, which is correct.

This technique employs only 2-way multiplexers at every ROM
encoder select line (i.e.'either output of comparator, or output of
comparator five positions ahove must be selected). This keeps the

propagation delay of the logic gate low and allows for fast operation.
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1 2 NOV 2004 Furthernore, the technique nmay be scaled to anyfzt Nﬁ@obbtl on
wi thoUt incurring any penalty due to doubling of the nunber o

conparators. The layout is nodular and regular naking it suitable for VLSI

i npl ementati on. Al though the present invention and its advantages have been
described in detail, it should be understood t hat various changes,

substi tuti ons afigalc 81! ANS6AR; G5, FREeLD Decn epinfioph AsgAtdong 11 om

the spirit and ‘'scope of the inven I ne appen ed cl ai ns.

Page 16 lavfﬁ@du%@éluﬁﬁgwﬁylpen‘élﬁeﬁh@(ﬂoﬁ@ﬁb chfo@ltnbm@lrﬁbeﬁufo zero function
in a flash analog to digital converter said ADC including a

ref erence mﬂlp@gﬁom rcuit providing a pI urality of evenly spaced anal og
ref erence voIt ur al |t of ystem vol t age, co rat.or r corrparl ng
o nput ol t agtiegar 6t Satulaand Sosaloy e bge t et o ST

i ndicatio ference voI tage corresponds to said input voI t age,
conpri si ngltﬁﬁlem%ﬂél ovI\}eng steps: providing a plurality of redundant voltage

conmpar ators; sehdthduph thephseht dhvadtich phdritd ayanfageydtsm et age
conparators; performng auto-zero on said selected conparators; and using
sai d redundesmribsshisadatash st shouldebpradersspod shat warieus & ang@ﬁpar ators. 2. A

Conver ter FRBBEHORER A ABeTR R A dER PP Ry e g rofd &' 17

the spirit and scope of the invention as defined by the appended clan‘ns.
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providing a plurality of evenly spaced anal og reference voltages, a
«plurality of system voltage conparators for conparing an input voltage

agai nst said reference voltages and providing an indication of9
said reference voltages of which said input voltage is belo Zmﬁ%gﬁb[f‘

conprising the follow ng steps; providing a plurality of redundant voltage
conparators; selecting a subset of said plurality of system voltage
conparators; performng a&%giﬁsro on sai d redundant voltage conparators',
perform ng auto-zero on sa ected conparators; and using said redundant

t in t f said.sel ect tor.s duri i
cperation Tpage 4 el psRRr it E ki SRR AP S i e Sl R o "
function i iigithl askvé@ted CRDO"), dhill ABIC GRNEIEL réfeitlcd voRAge EQCuit

perform ng an analog to digital conversion, said ADC having an input, said
ADC i ncl udiprgvalingfeepbiredity wevenly spacedisnapepyéfdrence elphgesaki ty of evenly

spaced anal refergnc vol tages, and saiqd ADC including a pluyrality of
syst em vol tlﬁg‘éaﬁﬂbbﬂfg%x ?’aﬂr%ﬂ%@ﬁe eRpaFsiogs q%mrmsﬁragwl&g‘aﬁh%&e sai d
reference . : royi di iand] | f .4 reference
vol t ages ofé/goé{ \bh?g%élgg’% elférrl%étvg\i/% egg%él dﬁ?%@#%%%ﬁﬁ%ﬁ%ﬁ&%n@? }:gl ng the

follow ng sifpsncarpitbgdtorfedpoRdl th @hiREfR ItV Ifigd, cBRirisiBEakedi Ng a
plurality of redundant voltagé conparators; selecting a subset of said

plurality ofllsydangmtepd:t age conparators; perfornming auto-zero on said
redundant voltage cqnparators;. perfqrm.nng auto-zero on said selected
comparat ors; perPH-‘rVr’rH&@ %rﬁ’?‘é%lté’gﬂ{r@aﬂpéﬁﬁhlvo BE@SP@P@HaE‘?FSsai d i nput

vol tage selecting a subset of said plurality of system voltage comparators;
performing auto-zero on said selected comparators; and
using said redundant comparators in the place of said selected

comparators.

2. A method for performing an auto-zero function in a flash analog to
digital converter ("TADC"), said ADC including a reference voltage circuit
providing a plurality of evenly spaced analog reference voltages, a
plurality of system voltage comparators for comparing an input voltage
against said reference voltages and providing an indication of a one of said
reference voltages of which said input voltage is below in level, comprising
the following steps:

providing a plurality of redundant voltage comparators;

selecting a subset of said plurality of system voltage comparators;

performing auto-zero on said redundant voltage comparators;

performing auto-zero on said selected comparators; and

using said redundant comparators in the place of said selected

comparators during a conversion operation.
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usi ng said redundant conparators in the place of said selecte

‘conparators; and conbining the outputs of said system vol tage'f@omvagagg
and of said redundant conparators. 4. A nethod for perform ng an auto~zero

function in a flash analog to digital converter ("ADC'), said ADC

I ncl udi ng referen ltage circuit providing a plurality of_ evenly
spaced anaPog r2‘f’é"regﬁ@i?%l’%ré@é@}ngaa%Iaﬁllt&‘lzie{%/ﬁéﬂﬁt%t[éﬁ‘lf@%ﬁbf apalogdgpar at or s
for conpari i Y i.nst .said reference, vglt.ages and

rovi ding SPAToESRHer ChRES «RERrIRr iR BRAMEEH BlEBR ar oh
reference yohv@@RIS ¥ AP0 Hnvife aalidput R ADCHAGRidiBe! HAréfadicat | on

signal being converted to a binary code " corresponding t'o said input

vol t age, conprisiciguihprdvidingm phusdidpsf epenly shavgdarpllogakfargnoé redundant
vol t age co rators; ,sel i ubset of said plurality of system voltage
conpar at or § °1'Pafe ain%sﬁlmg%g‘@‘imﬁeﬁ‘ pHERLHY Ogﬁyﬁt%rv@h@fgesai d redundant
vol tage co X r.m - ' arators;

usi ng sai d@g{dﬁkggﬁis fggr%ré)lfg g?i éﬁaﬁﬁﬁﬁlﬁl@?@?&é@;agginggigghgg%%g?@%pcorrpar ators

during a cen¥eipssendopevadingtin GRIVALtH B atdie GHdreftirefod dp&ﬁ%&@ﬁf vol t age
conparators, |less said selected comparators, to a first digital val ue;

conver t i ng Wiighcaigiepet veldige ischilowant levelhpangirigisgttbefolewimg stajisgi t al

val ue; and addin ajd first digital value and said second digital value.
5. A method for %@i?ﬁ’rgrﬁ?@“ﬁ‘ﬁtﬁ LY BRI IRPYEon in a flash analog to

digital convert e obidibe s plifidlity 6Pfed M HAl Wit dyd EfipaRRHYO! tage cireuit
“ selecting a subset of said plurality of system voltage comparators;

performing auto-zero on said redundant voltage comparators;
performing auto-zero on said selected comparators;
performing an analog to digital conversion on said input voltage

using said redundant comparators in the place of said selected

comparators; and |
combining the outputs of said system voltage comparators and of

said redundant comparafors.

4. A method for performing an auto-zero function in a flash analog to
digital converter ("TADC"), said ADC including a reference voltage circuit
providing a plurality of evenly spaced analog reference voltages, a
plurality of system voltage comparators for comparing an input voltage
against said reference voltages and providing an indication signal
representing an indication of which reference voltage corresponds to said
input voltage, said indication signal being converted to a binary code
corresponding to said input voltage, comprising the following steps:
providing a plurality of redundant voltage comparators;

selecting a subset of said plurality of system voltage comparators;
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providing a plurality of evenly spaced anal og reference vol tages, a
‘plurality of systemvoltage conparators for conparing an inpu% §q\!0§ge2004
agai nst said reference voltages and providing a thernoneter code
corresponding to said input voltage, said thernoneter code being provided
to a converter for converting said thernoneter code to a binary code
correspondi ng t Besfarmingputozere agsait sedndanigraltrger IMMBATHETSt eps:
providing a plurality.of redundant voltage npar at grs; selecting a subset
of said plurali P}?r{??%éﬁ}g 5Te Qﬁegaééaﬁ%]gr"%ﬁ%g?@parﬁg??%r ning auto-zero on
sai d redundant %Mr [ r:ni o ZELie MMegalhd sel ected
conparators; af ;@&ﬁ@g@g I CI éiﬁd[h%tﬁ%rrpepﬁg{s:&%al?stgg Igful%(g(r) %Eali d s% ep of
per f or m ng catiparatasauing a @nvedsiotaperaidbi;age conparators so that the

outputs of said redundant voltage caonparators_ becones valid, using. said
redundant conp&PBYeNtEng fhe Rutprieksaid syatea yeltage sampwrphens: biss @i ng a

conver si on ration: rform { hernmomet er code to binary code
conver si on SS%%%@“%BPB%&”@Ttos%ﬁgségjﬁl Vﬁgl‘lfff’age conparators, less said
sel ect ed conmpar alaksrting PROSubFud INMAGRAuhRaHEBRRPkeatorkith Sl scdbaiit al
val ue, wherein said out%uts of " said system voltage conparators, |less said
sel ect ed calipdaahvaluee; asde concatenated by a shifting down of conparators
above said sel ected conparators; adding the outputs of  said. .redundant
conparators as bidding spad Gast d’e%tﬂjé’ﬁ’éﬁ%\ﬁédé;aé@é%‘wd‘db‘&%ﬁaj v@lgetal val ue;

and adding said first digital value and said second digital value. 6. An
analog to digital converter operable in accordance wth the nethod of any

one of the precefifgtid@fo?performing an auto-zero function in a flash analog to
digital converter ("ADC"), said ADC including a reference voltage circuit
providing a plurality of evenly spaced analog reference voltages, a
plurality of system voltage comparators for comparing an input voltage
against said reference voltages and providing a thermometer code
corresponding to said input voltage, said thermometer code being provided
to a converter for converting said thermometer code to a binary code
corresponding to said input voltage, comprising the following steps:
providing a plurality of redundant voltage comparators;
selecting a subset of said plurality of system voltage comparators;
performing auto-zero on said redundant voltage comparators;
p-erforming auto-zero on said selected comparators;
after a sufficient time has passed after said step of performing auto-
zero on said redundant voltage comparators so that the outputs of said
redundant voltage comparators becomes valid, using said redundant
comparators in the place of said selected comparators during a conversion
operation;
performing a thermometer code to binary code conversion on the

output of said system voltage comparators, less said selected comparators,
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. .Page. 20 ON-LINE OFFSET CANCELLATION I N FLASH A/D W TH INTERig%ﬁggNﬁgpQ%
"Abstract COMPARATOR ARRAY A net hod for perform ng an auto-zer
a flash analog to digital converter ("ADC'), the ADC including a reference

voltage circuit,' providing a plurality of evenly spaced anal og reference
vol t ages, E&geﬁeracele‘érﬂ%éttt&igﬁfa} YURLE RN ALIPIS AP SbPESId $fsteQyTpari ng an
i nput voltag agal nst the°referende voltages and providing an indication

of which reltegencmpeeht@gel«sersatd pelraidt enifur dtoys)tare ebhegienated biyes met hod
the follow ng steps are perforned. A plurality of redundant voltage
conpar at or shiffimgptawn @ dommagaberstabeivetshid pelaeted coynparalgstem vol t age

. d. Auto- [ f d h l d ,
Conpar at or 5, - and0AHEE Fa6AHORME CormiiratBrdath SrRBior P ERAEEabS e
sel ected cogRanakfesy SJ&&%%H}??%&& {;glug%??corrpar ator array and the

extra conparators are conbi ne roduce a final digital output. Figure 7B
adding said first digital value and said second digital value.

6. An analog to digital converter operable in accordance
with the method of any one of the preceding claims.
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