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 gutBiSiipEpntion e §rt8@r@208'§%8132tﬁ-cf’8§'@ﬁ§ﬁ%é ‘%léﬁlsa)gé@ 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 conmbidiifnghcd/bi\flaskd AThes, ref erence voltages fromthe charge stored
on the array of capacitors 18. Wen VIN overcones the reference voltage on
a parti cul aBackgaxenuut ofthe Invention

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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page | ,12 NOV 2004 the array 18, the resulting positive voltage is
anplified by the preanps P1 and P2, tripping an associated |atch 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 tgeNﬁ\?lfgozr
I nput goes from being below to being above the reference vol taée

cor r espondshb @t 1Qihmé @ésuiﬁﬁerp%%ﬁm@%l@&%fis éﬁgylﬁ%a't%gtlﬁé'@%amﬁé the

speed of flash A as grown, various problens have drisen which need to

be sol ved. RinandMhlteippisg theawbeiated tatth 49) aARGhusf gtorinighe datsmathedh in the
conparators. This m smatch changes the analog value at which the output of

a conpar at & "¢haAgeEning m wember o earle suclhoemgeyatidi te nhebercafithey of t he
ADC. A sol létion dgvel ogl_?d to -ctorhecl‘% t hi s prabl e{;n s to a&teo-z ro the
conpar at or $PHP YA 1 WG AHEY 4t VAP fesapalogd RIF $03 Hiom DREePelost rect i on
I's stored NOI ' ' itors slowy

| eak char gg,g kfetlﬁggbggggggg%@%é%g@@ﬁn@@%@nﬁﬁg@g@gg%gr ation on the
array of compassndatioparfithdisaalégyingut.| ow speed flash ADCs, which have

| ong cl ock cycles, this auto-zero function can be done on every clock
cycle. However, 4fthepspesd efHnsh 4DGs hrgigreyseyanpasingobleanshere for t he

auto;zer© TABGL QAP oA TS 008 esliol SRESd ARG Rt o 2ero
S| | TR SR oL a0 o WSt e o o
aut o- zer o omalognaleeaparkbchrithatoudptt ofa comparator changes from zero to

one, thus degrading 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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An extra conparator is used tenporarily, to take over the functionality of
t he conparator being auto-zeroed. See, for exanple, S. Tsukanoto et al.,
"A CMOS 6-b, 200 Msanpl e/s, 3V Supply AID Converter for a PRML Read
Channel LSI," IEEE J. Solid-State Gircuits, Vol. 31, No. 1If DNV 2004
1831-1836. This technique is referred to herein as on-line auto-zero, Page

2 12 NOV 2904 si ' |1 t he ADC to. t. ti | i t hout bei
Cakcen  of {SRFRE T W FhEAHG T8 ARTBrAarB AT TRCIOTGE BRGH om
encountere "@%@é}fm‘ﬂ %ﬁo?%er%ﬁ@%gﬁoﬂo“lened( in the SHcircuit at the

front end. ni que "us uce this bottleneck is to reduce the

capaci tive | oadAenthdepi] &l dibotntetddemeysit aMC tgthdepdedre needed to
provide a reliable sanple voltage. This is acconplished by elimnating the

first stageoigtanmaepdndhetilfcinhit Abthe fiopaeador@ne Sechniguerdreddq | oad is
reduced by

f t T t put f ot dj fd t._ st
preanps ar quqﬁaeg%g% Pg{tclz?flme?c& 157 g\fﬁgucgﬁﬁ%fig%a@ggeﬁ?}%gﬁgc%‘ﬁdélgtscéb%n ?:arrps of
oh : ' ent . . |
uoed 1 e nEasbeBlhenlt AR B Rooddd B ol S gRERBIN e ey LERE: D ©

first stag@his eaanenplichadddenelinifhtiakaiie fivat etddwprearhps afidlabipisihgnal pat h
in these figures may be differential even though it is shovyghas

si ngl e- endeomiparaberss sqthas therSH laadty redusad @?g@’amtofm € the P2
DD o R LR B0 B S ST e P2
CLUE (B P BB e GhabaRaR, s 160 L)

firat stage preamps.

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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auto-zero period. Since a second stage interpolating preanp P2'_r i a
zero input to performits auto-zero, during the first phase o’} Mﬁﬂnéﬁﬁj}

first stage preanps Pl have their reset switches turned on, i.e. are reset,
so that their output is zero. Preanps P2 are auto-zeroed during this
phase. of AZ. For the interpolating P2's, this also cancels any offset due

phase of Az, 1 nACPSenp g EIRELSRY Ta b bl RASTE Rtk e PO

preamps Plilaiesiib otk tBE $FABE of PEidn PIHSRifred @ WlIRE gtherbfe L ARACI L Or'S
is. Page 3 1 12 NOV 2004 The coupling capacitors 18 that connect the SH to

t he preanpseditortihddesi@ifer Bbt Fhehensédsaiceaff this Endhdthe oreeeterradovol t ages
generated from resistor |adder 12 for Pl. The cqnsequence of is is that

in order t&HAR &2 PERYLP thet Ipterpaiptes Retwaek Fye iy ammpsdsit filo P

preanps, b S | fir Si nce
these Pls gt%%ﬁb S I?ﬁ%ﬁﬁg'%%%%é c%urﬁx?/g % fgé %?\Qﬁé‘gf}geéﬂng&él&te ?_hg g«?%‘g%gﬁgéﬁr al so
for their onpuisaSt ¢il¢ fohehd2D RAhb ARVRradT He!Aw Fietheinowel BRsof five
outputs are affected by the auto-zero of one P2. This neans that, if one
conpar at or aind the B2s hotloabeveoedd dtelew tthem, iantotahef Give aytpints ates out put

repl aced w tqr}g ouf put of an extrg conparator, a problemexists, k total
of five naihtest ?yé g Sitte-zere obPreéZed by the auto-zero: the conparat or

bei ng aut o- zer oegl, ' QW..] 14§y eS; s hown
in Figure 2, whic 152‘%%%‘2%%3?@%# [é%rg@%ﬁa@??s Bé‘ﬁ?r#r?'@hgﬁg_r%%ag?r@?{.e%&iesti on
mar ks i dentthbaresy Rwdsitd et bt PhdplsdeRlwith tHe@u it Gf 28y Oxtre ddhdsessor,The
bl ack preanps are the ones 'bei ng auto-

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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zeroed, and the gray ones are those that are not being auto-zeroed but
whi ch have outputs affected by the auto-zeroing process currently being
performed. Pago 4 12 Novenber 2004 Summary of the Invention An exanple

enbodi ment of the present invention involves a circuit a L.t I i ch
conmbi nes two common flash ADC techni ques used in high spieééﬁb\!ﬁﬁs#ziﬂg,

descri bed awﬁ 1 one of the problens that arise from
combi ni ng tneseTénPgL%#é]aﬁgéﬁ%uﬁ?ﬁaccordance wi th one aspect of the

present inventi oAn tRemelé emhydimienebiatheephadnt @ﬁvé}ﬂfdxp'imme% eitb@itZero
function in a flash analog to digital converter ("ADC'), the ADC incl uding
a refer enceamhllteaga‘ecwhmhl combipes vwdi cognmanplashahlXG te:rmnraqnmslusedpadﬂgh

anal og reference_vqlt and a lurality of system voltage corrpar ators
for conpari sReednfln ﬁ&&l deggatb ng’ﬂz}Q’Y@s apf vhishefal ee sofet algths prablems

providi ng aﬁlalt'aﬁ'sg?ltdrﬁr&oﬁ{l% ﬁ@é’fﬂﬁsgﬁﬁg‘%ﬁg vol tage corresponds to the

| nput vol tage, conprising lp%les providing a plurality of

redundant vol t agen CARRAM Y Switl SO RS dsPece oTUBREtp r@§erﬁt h?ve?il i(')halt’cli'&}’c qf
system vol t age conparators, performng auto-zero on t el'ecte

conpar at or spraandedi gi mgthddefmmbrrﬁmmlgcmnaatcmzen'csfumtidnenphaﬂ:&hainaltbgeo
sel ected conparators. In accordance with a second aspect of the present
i nventi on, g’f%éﬁaz Gapveeb | 684D, rf-‘b@ ho® ¢ dncmrng)rw;@r@weawbag@rq;rcmmct i on

ADC di
Ir gf 2r ]:alngzhvﬁlf Y ‘3‘2‘:‘:’0% gﬁvﬁ 1{yprocfc Fﬁ? %t glr”iﬂ r QP? S?Eaé?}?,fr‘?l IQ’ g&ﬁgﬁégg‘é&a? og
reference Vﬁh&ﬁlﬁ*@s ofa )F%Jté’r'halvbi ﬁﬁe Oéolﬁgélta%?sv%lt e FRMATA Wsud @ bltage

conparing anh input Vol age agal
against the reference voltages and providing an indication of which reference

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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reference voltages and providing an indication of a one of the reference
vol tages of which the input voltage is below in |level, conprising the
following steps, providing a plurality of redundant voltage conparators,
sel ecting a subset of the plurality of systemvoltage compaigtQhSer 2004
perform ng auto-zero on the redundant voltage conparators, pertrormng

aut 0. zero on { herelRGlEfc SRAT &' M o8k U5t M Liedie ANt COIpB 10T S

in the place of e selected conparat or onversion dperaftion.

Page 5 12 Nemspnided a2@Réhod forapedotaimeeanaifo-gefonfilrittidaap@ch R4sht Agalps asent
I nvention, there is provided a nethod for perform ng an auto-zero function

in a flash digitabgonwerter §iATAC" ) cmdefor grer{ormiday an aamatod tr digital eonivergiam
analog to digit conversion, the A aying.an inpuyt, the ADC in¢luding a
reference vt é@é%ﬁa‘é@& anp’rn@\%dﬁ}ﬁg%)gl ipcnding ar r%@f@ﬁp; kaged CHRltog
reference v . ' | ral it y vqgltage

e erence Bl ANFRLOR Rontt SBhist AuBa Rl Ylled BARRY BbeEc.
and provi di fpladinindiptadaliep off sy3t@nsydiaget donpaiR6RNER V@hpagss &f iphitch
the input voltage is belowin I'evel, conmprisihg the follow ng steps,

appl yi ng anvolipge ageinsadke referdrece npltiges pmdvprdividing apl indidaition «ff a adwifdant
vol tage conparators, selecting a subset of the plurality of systemvoltage
conpar at or sthe yederegeeivaljages of Yhich e mpat veliage anbelpyy indevebotprapHsises,
perform ng auteoizero on the selected conparators, perform ng an analog to
digital con%r@’l”t?ﬁ”%s R | nput vol tage using

applying an input voltage to the input,

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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t he redundant conparators in the place of the selected conparators, and
conbi ning the outputs of the system voltage conparators and of the
redundant conparators. In accordance with a fourth aspect of the present

i nvention, there is provided a nmethod for perform ng an 24085 Eé)ri pction
in a flash analog to digital converter ("ADC'), the ADC i nc?ﬂ%ﬁng :964

ref erence vol tagggﬁbﬁﬁ%?ta“t‘ﬁ??fﬁ%w&ﬁ%%g@ddﬁ Xrafgrs evenly spaced anal og

ref erence voltag ura system voltage Conparators for

conparing an i npusingolthageed@rianst cbiparieter BNCAY Plha@ess and PiQvdding an
i ndication signal representing an indication of which reference voltage
cor r espondscempateoisnpuring alcoayersietheperationat i on si gnal  bei ng converted to
a binary code correspgnding to the input voltage conprising the follow ng
steps, providi ngCHItRE ﬂxeyoafputeaﬁn@snﬁysﬁm Y§itage npmpeiaters, less dbeing a

subset of t ral i f st \ conparators, performng

aut o- zero O%agﬁgﬁrcggﬂlﬁ%g%rs,v I%gggé d@éﬁ%gﬁﬁlg’r s, Page 5a 12 Novenber 2004

perforning auto-gei@rafgtthe o’il@lblﬁcéieﬂlec&@lﬁﬁﬂﬁﬁt%&n{)%'t ﬁoh@sé&ﬂﬂi‘ﬁ%ﬁal.

conparators in the placé of the selected conparators during a conversion

oper ati on, wvalmegand ng the out put of the system voltage conparators, |ess

the selected corraarators to a first digital value, converting the output
a

of the redundant 2demeEthe Brst digital dedwaand Giersacongadigitalarluadadi ng the
53t oLl oty A STGERCH iR SPAE pLAFSRIGHSS MSD e

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 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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provi ded a nethod for perform ng 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 anal og reference vol tages, a

plurality of system voltage conparators for conparing and QB B/é}lztoage
agai nst the reference voltages and providing a thernoneter coae

corresponding t Oa&dlﬁge‘érht':apblﬁtp%ﬂ%leto?gtﬁe felaﬁpagiﬁr %E%Fartorgogse bti)ﬁ{rggvdg{lgél liged to

a converter for con i hg hermoneter co 0 a bi'nary

cor r espondi fghdrfetdcbi@Binary digibdalhiQ@RAl sing the fol l owi ng steps,
providing a plurality of redundant vol tage conparators, selecting a subset
of the pluralityaddingybke¢ Emstuligitalgenlvoapdtiat second digitdloralaerg aut o- zero on

t he redundant voii_lage corrp@liréators, perform ng auto-zero on the selected
conparators, aft&nese aofsothesfeaturae oddhepiyeationrs wéll henappexent dp those

perform ng zer redu nt. voltage.c arators. so that .the
out puts of @ﬁggge@uﬁ‘{%ﬁﬂ h@gl‘r ttﬁgeﬁ%ﬁﬁgga‘%%ﬁge%e@%gﬁ%l(?%?h%élilﬁﬁedlt’t%
redundant ceERaAtaseher With AR add rﬁ/fin%gl?aﬁﬁ{g%?t ed conparators during a
conversi on operation, performng t hernonet er” code to binary code
conversion on the output of the systemvoltage conparators, |ess the

sel ected conparators, to generate a first digital value, wherein the
outputs of the systemvoltage conparators, |less the selected conparators,
are concatenated by a shifting dowmm of conparators above the sel ected
conparators, Page 5b 12 Novenber 2004 adding the outputs of the redundant

conparators as binary values to generate a second binary digital value,
and adding the first digital value and the second digital val ue.
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These and other features of the invention will be apparent to those
skilled in the art fromthe follow ng detail ed description of the

i nvention, taken together with the acconpanying draw ngs. Page 5¢ 1 2 NOV
2004 Brief Description of the Drawings Fig. 1(A) is a diagrg of\ G/ rR0B4on
of a prior art flash ADC in auto- zero node; Fig. 1(B) is a diagramof a
portion ofza.pshor art .flash ADC in .sanple conversion node; Fig. 2(A) is a
symbol i ¢ dPabrameSPiRY o4 esh ADC array, showing a first set of
conpar at or replacenent selections and conparators affected thereby; Fig.
2(B) is a synbolic diagramof a portion of a flash ADC array, show ng a
second set of cbigpdk@)ois o épigaeen®hd psetiec bf angriangrt LastpATHE on dbf ect ed
thereby; Fig. 3 is a waveform di agram showi ng various signals used in a

fl ash ADC, zm;ogx_node; s a flow di agram showi ng a sequence inplenented in a

state machine ef. ef erned enbodi ment. of .the.preseat .i t.ion; Fig. 5
el og o d agtdf MG EEE Poh Dartiat eheriri g et AITCIBn  of 5
control stgy _p‘!é%oﬁ%rs?orﬁhﬁjfcﬁfred enbodi ment of the present invention;

Fig. 6 is a diagram which shows a pertinent portion of a conparator from

the main array; Higg2(A) #)a spmbolic dhagexelof blprkiod afgr fask AWM Crgrraymai n
conparator _array in direct node; )
showing a first set of comparator replacement selections 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. 7(B) is a high |evel block diagramshow ng the main co ﬂhqg-\pgﬂﬁyg
of Fig. 7(B) in auto-zero node; Fig. 8(A) is a high | evel block di gr
showi ng a main conparator array, including two digital counters, in direct
node; Fig. 8(B) is a high Ievel block diagramshow ng the main conparator
array of Fig. 8(B) in auto-zero node; Page 6 12- NOV 200k Fig. 9 is a high
| evel bl ock di aghianged aafipBNed blotRdiddrah® of Batarphy, dntilaB{ohatWft h
additional representations to aid in understanding Yhe operation of the
array. Pag®ig. 8(&), Navh 20104tibesbrdprds Beedionstoariddh drderBtaidngdlieEnbodi nent
The preferred enbodinents of the present invention conprise a nmethod for
per f or ni ng oRatatioRebihgarreya f1ash ADC. In performing auto- zero in
accordance with a first preferred enbodi nrent, wherein one P1 stage
conparator is auto-zeroed at a time, a group of five conparators in the
main array is renoved fromthe nornmal operation at a tine. For exanple,
referring again to Figure 2(A), the P2 conparators 50, 52, 54, 59, 60, 56
and 58 are all renoved from normal operation during an auto- zero cycle,
even though only preanps 52, 54, 59, 60 and 56 are being auto-zeroed
during this.cycle. This is done because of the anbiguity described 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
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by performng the follow ng steps: 1. Assune conparators k through k+4 are
to be auto-zeroed. The first step is to place the correspondiﬁg?rf‘éﬂéf%
vol tages on an analog nultiplexed 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

of f sets ar detited Mrescrpdidgii ofthe Pi&fcied FRiBsdBscae Stored on the
associ ated capacitors. 3, The redundant conparators are sw tched out of
auto-zero node and into regular conversion node. Barring any m smatches,

the redundant ar:{]:ﬁ'g‘%jaraftor?i ar %é_ow perform ng as an exact replica of
conparators k t BreiREned embedimentsil the prespfuigivertionagompriseed in an

operat i on. peanefor berRRaEah R rekoinl/ BLF Bt A0, S htr BT pb R

through k+@Gebedh n3ct®lande S@ikh ReGrdt hrofedPed em'%%'ahhgﬁﬂt wﬁ/@if@lbqgmsp gppearing

in an auto-zero cycle are shown in” the waveformdiagramo I gure 3. Those
wavef or ns &tege sympanstirdsleutGizerosbat a dims; ggadup\b¥/fivhl coagrimedrssingnal

DI R_SHN, extra conparator auta-zero, command AZX and nain_array conparator
aut o- zer o )(:%bﬁﬁ'ﬁﬂﬂlnglﬁ@y W@?W%éa%%@wh&qr@ﬁwt 2imAg Fow a capital

N i ndi cat . . : | oai Y o
assert od e rne: FeSeRpath e Fg AT MRtk RS 50 58 Bty
Al'so not e 3%y Seaed 68EretAs raRdved AR NB8mial ofeFARbA Aurthd AFiLALES that
the signal is a command for

zero cycle, even though only preamps 52, 54, 59, 60 and 56 are being

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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the extra, i.e., redundant, conparators, as contrasted with theamjf; ann
conparator array. For exanple, AZX is such a signal, ADV_N i§~~ugengf@g ZQBZT
increment K. VWen it is high, the signal DIR SHN indicates that the extra
conparators 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 cenAudblizero 8pdefsH dmparaol REERhesgleRPedidpns a8f the
present invention conprises two major parts, a state machine and a shift

regi ster tHdescribedfirsstepblited into the conparator array, i.e. one flip-flop
for every 2-bitPco arator slice. The,state machine inp]enents the sequence
illustrated in TEFHGPRL FaveiITay APRCIRIBE IR @DCHR O SR PP I BdEcr i bed

A IHES AR AR AR o, Ml bBlirr
DI R_SHN si @1, édntsel sithahABV IV N&rARM shim 5l DIR! SHN, 25884 tehpairagor dr i ven

| ow, thereby incrementing K. This increnenting of Kis indicated in the
Fi gure by eméo-advasenmpnl AZfeandmain aoaytcem P22 atdnauimrds ¢drersuket  of

five conparao t hat | nust e t p- zeroed.,, DI R SHN si | hein i gh

pl aces ?ﬁe@n@g’ﬁ%gﬁ?t pgg%veégqngqu@a;gggngmga@ ?ﬁ?Blt&E@Ht‘Bﬁ%?fg,&iag whi ch

all conpar [Sql Al ed r .are not

used. In S? %Eeﬁi#a?#?@hgpg%glgé?@(rgsl ?’tléed.’ %Ss@é %é;]dlaYvﬁ% es e?i{]egégﬂst 0- zero
cycle for tbe. resiundanple; DIRISHINIS sukh aSighl. 2AldoheotA4K asia0wakefoym

de-asserted. This state nust be included to account for the |atenc
bet ween t halesignatohendbunindarapital 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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conparators | eave auto-zero state and the tinme | atched out putT 'LbeOV 2004
redundant conparators becone valid. In State 3, the DIR SHN sighal ~i's
brought low. This indicates that outputs of five conparators in the main
array will not be used, and the outputs of the redundant conparators wll
be used instead. In State 4, the AZ signal is asserted. This initiates the
aut o- zer o eyrdeirntorditdut rsededhavhich\ed] conparatbes & ithe rhairnmamayaneay. | n

State 5, the signhal is de-asserted. This state nust be included to
account foﬂsﬁif@hégf]xﬁ’é%@@m%%%ﬁ% RHigedye original conparators |eave

the auto-zero stat e b | at ched outpuks.  of..Lhese conmparators
becone valid. NEﬁeﬁta‘ﬁ'g?" @%@ﬁ%ﬁiﬂ?ﬁ%ﬁe&ugﬁlsﬁg‘ﬁﬁlé%%e&c?ug% lon of 1, 2,
4 or 8 cyghRseycd8%or SRS ab¥omparatdidl the time needed for an
auto-zero is fixed, but the clock period of the ADC operation is not.

Therefore, the darftete & tiee ATK signlad is deqeserdedt Thiospitetrmuahbentire

aut o-zero gperation nust be increased in proportion to the operating
frequency éRclungdApaccounicioriths latencydedwern thedimge ed'&gﬂ'nélﬁnéf t he

! _ tb | TPEJHBESRITEATRS the
cvery tup CHEMAS eRPR R Bel Babanp BB ARE AN L0 LT

|l ines for t&guﬁﬂgﬁ@bmraﬂgbeaﬁﬁe(ﬂﬂﬁet), SHR_IN, CLK and ADV-N. The
section includes two 3-input AND gates 24, 26, and each of which has one

i nverting input,InaStabte 3, theDIRISHN sgeal Bdgeught 1ow NGhigdodicgtadix") 28 and
a Qftitp- fth%% o%%pui-:[qhgf évze gérgggl'atloirsn 1en itﬁe %?Jiﬂes?rtr%‘? V\F’lﬁ not be used,
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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connected to a first non-inverting input of AND gate 26. The

line is connected to the reset input of flip-flop 30. The SHR IN signal
line is connected to a first input of MJX 28, to a second non-inverting

i nput of AND gates 26 and to a first non- inverting input of AND gate 24.
The CLK si by 98 andl £ Sl 901 PeeCA R dIMHe @fconlneptdd P SO The
ADV_N si gn(gl inje isa con?e]%ﬁ% tg t he gcei*ec%% i nput of MJX 28. The out put
of MUX 28 ile seondui@diteertinpeingut 0 WNDf gdtkidd. f The AXX sigridldinehne Q out put
of flip-flop 30 is connected to a SHR_OUT outﬁut signal line, to the

i nverting isrpmnested fng fiyat aondnvedingapuivel ANAY2pth26. dheaRBlgate 24, and
to the second,i.nput of = ... The SHR QUT i onhectedt,0 the SHR IN of

t he comar%@lm “OR™ Cf@ﬁé:.o d¢ _nIWtd%fflﬂgﬂm %Qt rItl}:eorrpar ator is
connect ed - ir%loﬁr ' fiot ' RN EhER]CAN, be described as
fol | ows: ?ﬁ%@??iﬁ“ﬁﬁ | p)c-%?lhggtseaatroeﬁrﬁg@tﬁp{ug 0gero. The flip-flop 30

al ways hassgcowdeni-ihvertSHRid it M N DogeRRI2640d to a fimstarorsi gnal is
gener ated whenever a flip- flop detects a high signal at its input, SHR_IN,

and a | ow Eiverdinginputtef AlDpgate BHRToCLEmenaklne i3 gorpeatediteat es t hat

th t t |1 . t. ' i,at el b

1° £t ho the chaapstind Sipeiped ohbg AP r NeiE5o) Bg S SEPAFREN orhe. TAZY.
d TAZ si | [ | f ti

s T RS SRS S8 cahguaggp [t o0

pertinent RpREM) ORLef oPAIRAABA S, Mhild 1B QMutpiBiof fiap Ry 3GRoWN are a storage
capacitor I'S and a P1 preanp 60 _ o

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 second non-inverting i nput of AND gate 24. The AZX si gnal %@?\Lﬁ)ygpﬂzr
n

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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connecfed to one port of capacitor 18, and also a P2 preanp 62 and Page

ge | |
1 2 NOV 2004 an interpolating PT preanp 64 receiving the out pdt ZON@VeZBgé
preanp 60. Aline fromthe Rbus, described above, is connected to one side
of a first swtch 66. The other side of switch 66 is connected to a

reference voltage tap fromthe resistor |adder and to one side of a second

swi tch 68 ThigePbaBkins! Be: Slatih bAMtaBA S, ODBREIAG AL Ot her port of

capacitor 18 and to orre side athrr 0. The other side of

switch 70 preaeqnBectielinedrams@igRBugdbdesibdd oy} is cdnnkeotad to switch 72 is
connected between the input and out put of prea 60. The output of preanp

60 is al sorsosidectfedfirs svhigch BputThobtire gide afpwerhHfdistwnowstdchput of P2’
64., Th trol [ I \TAZ | os, ] h 66., Th t rol [ |
o el 10 S5 G AA S BBE FEEHE L
preanp 64 erlQe&?fwmcﬁﬁﬁ?fTﬁﬁ%thglpgig%%tsmkclfﬁgrf@l:oﬂ-f@ﬁtgéi%% eSW tch 70.
en e th

As can be seen, I S asser ) e rererence voltage romthe

resi stor |gféerpors of eapastcdls antihe diki didaiof ayshianskwiehrats Theeanp 60, thus
performng the Pl's auto-zero. In addition, the P2 preanp 62 and P2

preanp 64 efhersife obwittht ) peednorentaliima semple ankemoliiutpytndt asserted,
| 2t ches. t oLOPEPR SRR o° CORRBRPALSHEEmERF SAPUCATS REBRRET hand. vhen TAZX
to the redtreap C€ TR Eart S biFnb 62 R SERAGHPL o BIOTERHE 20 T he
redundant 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. It 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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conparators can be auto-zeroed. Finally, returning nowto Figu

e i
the TAZX and TAZ signals have performed their functions, AD _2! N@\émﬁﬁed
low. This allows a logical high to propagate higher in the stack of the
Page 12 12NOV2004 shift registers so that the next group of conparators
will be selected for auto-zero. Wen the top of the shift register is

reached, tQR;RSEBt&HRAo tHa tﬁ%sx?erx;t%‘iloug%?ﬁ ﬁ@ﬁ%&rgui 17hd Rsitk@ps so that
the auto-zero cycle starts anew fromthe Dottom of the conparator array.
Each aut o- fer autoredm.consi sts of two nmmjor parts: 1. Applying proper

reference voltages to Extra Conparators. 2a. Traini ngRExt ra Conparators to
repl ace a group WhetH&erdgprof thempift aesisterisapachud.shiesRBResignalect Mde. 2b.

Corpar at or 4° paeTr € T SRR o Bliplobaso gt the R e evfie di race mode.
outputs Of othfsCRITNRAERtha oo of RPBihBAr4@r akfigy ROM Encoder inputs to
sel ect the proper digital output. en dohe 1 n auto-zero node this

requi res sone nudgadh eaté-eerd oyddeomsistewfttvg mhjos gaats: descri bed.
Concept ual |y necessary change can-be inplenented as shown in Figures

7(A) . and A iafitpgg{i@ﬁ_rlﬁ'opE%}'@%%F%YQ}F%%@ s HoraPakAtaRs showi ng a mai n
comar el o 21 Bote kRS on SR 00% VG, SOy, P 0
Bl ock 36 reRngsenitsr bifay. CHHRIRHhJOHRA Rloges. Shadi ng

2b. Auto-zeroing a block of comparators in the main array while using

Extra Comparators in 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 Vp, 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

Page 13



signifjies that the conparators are off-1line, being auto-zeroed.4 F
7(B) is a high I evel block diagram showi ng the sane nmain conpar 'It?omgr 2&04

32 in auto-zero node. As can be seen, in auto-zero node a selected block
38 of conparators in the main array is off-line, being auto-zeroed, while
the bl ock 36 of redundant conparators are connected i-n the place of the
conpar at or folbwving. dirst, ke oatpuEhéfthienedendahacomparatirisenastbept ual | y
sinmple, may.not provide the performance required in some demandi ng

appl i cat i oRSIT 63 &0 pagl compezakompozdiden.f dheswpagitive losding B8 et put s of

t he redundant ¢ aryat of.s, must be I st.,ri buted to, each ¢ arat or position.
The cap;ci ﬁ}l%éﬂeﬁg}é'&ﬁ?fa c{}ﬁtrﬁéte %{eai‘-}&éﬁb gOP@aH?EQTFiIBﬁP&gB% e%ﬂugdalntl
conpar atOr%nﬁei§lﬂr5?oft§oﬂ'eﬁ%\%hé§ﬂﬂ?b§r 9{‘&9@%&%&%@@&. ix‘ﬁefé&%&gﬂwer of

conparators. Therefore the architecture es not sca wi.th the

nunber of hirtlsitedtureslobshiobscalesvelt evitthehanobdreraff Wonpresobition and
t herefore capacitive |oading, doubles with every extra bit_of resolution.
Second, beé&Hifedhgrnymer of cempaxgioss wid thereforeadppacities badinghe conpar at or

array, auto- C I n.aryps.-.of [five arators, but .wth overlap of
three, Thi SooBleh wiEWeky' skt R aBsontiol. SRR bR s Hetioar acor may
cone from iﬁflﬁléﬁviﬁ@%ftﬁ@%&@ﬁﬁgﬁﬁ%?@?ﬂ @Eo*@ai‘ﬁ'ﬁr%ﬂy%ﬁ%\lzex‘ar any one of
three extra conparators. A foar-way nultiplexing prod-aces an additi onal
speed penalopgursAif giraviperof fivef @mnpal st ol bunerith ofretlap gffthseat Thivent i on,

descri bed hel Qqw and ,shown in Figure 8(A) and 8(B), does not have the speed
limtati onénﬁgseérﬁhﬁéanéb@mrstpaﬁﬁ,@él SRy HF OBV 2k Temeyn§omae fogn

one of four sources (comparator in the main array, or any one of three
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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Figures WA) and 7(B). However, two digital adders 46, 48, ar | as
described below. In the direct node, shown in Figure 8(A), tﬁeQBNQW%UJr

digital output 1is formed as an output of the ROM encoder 34, as is
normal |y done. in flash ADC wi thout auto-zero. In the auto-zero node,
however, the conparator outputs are split into three categories: the group
38 of fi veoutprisarfdherextihatmpoeatirsnge added zegebdr dshengrowalixed ofv 42 and
the group above 44. The outputs of the auto-zero group 38 are invalid and
are sinply eHiSE & el in pddes #bptet formr a Sdvip anxiliary werdwhirhaisea bisraryt o t he

o PO S s E el bl S Hisa e 1 R
coMpar at Of fE5adl 90 SndSthel ABILIE YAl IR BELnGANOM DALY, h L he

out put s of e ot he em conp g auto-zeroed. age 14
1 .2 NOV 20GRh4 fmdipuitpudf the extra conparators are added together as binary
values of either O or | in adder 46 to forma 3-bit auxiliary word, which

is a binary valtke impwthvoitgee Ykemast fadlsinte one 0ftbree veltage rgngeitibut s of
t he ROM encod%'r% 341 and the auxiliary word_ are added together_ in adder 48
to form tHRaY Pgdelow: pheve miesompuheseovithie thewatinse arrepdhene of three

vol tage ra e be bel ow,_ _above, or_s wher,e Wi thin the voltage
range of t%gﬁf%a(}]r?%%%tsarteh%&gggl%%l‘éfrogj%?rﬁgciﬁg}né@ %‘éﬁ& é’lgig@ﬁ?ne 9is a
di agram SighdiBf H | ) I bR L4

repr esent atSF@grlls t ﬁoﬁ:aia@?glﬁgégﬁ%gv%ﬁﬁ &?ﬁgrﬁgéé :éggw u%(dﬁ%ﬁ@?g%ﬁ%ggnvﬂ Il be
produced i rthaltlhelp Bhee ttagehe correct digital output will be produced in all

three cases.
In case A, the input voltage A is below the reference voltage Vi

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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In case A, the input voltage A is below the reference voltage
corresponding to the bl ock of conparators being auto-zeroed. §P$MD¥'28£He
the output of the extra conparators is zero, the output of the ROM . encoder
is A and thus SUMis A which is correct. In case B, the input voltage B
is within the range of reference voltages corresponding to the bl ock of
conparators bei r nROM encoder
is the digital ngmé%gnrorzrgé%g(ﬁ ch%lqlﬁgh%gp?ég% %agﬁt%pgpmt 5ol teulﬂg)xt ra

conpar at orwithsuBincihdbg aﬁ@%éﬂ?ﬂ!@ St doulhiflf of tBe nunvbet 0f= B, which is
correct. In case C, the input voltage Cis above the reference voltage

cor r espondiomyparatoh® | ock of conpar ators belng auto zeroed. In this case,

t he out put of t ra conp ors,is th t encoder
C-- 5, and thu@ﬁgﬁjﬂﬁ’?‘é @moa‘-‘fﬂ%a nd geg Fé’ﬁ rsrl‘éta(ble%ﬁ?ﬂgechm que
enpl oys onjy ?ﬁﬂ¥@d I{lplexers at every ROM encoder select line (i.e

u c

either outp onparator, or output of conparator five positions above

nmust be sel ect ed)tholiplstieppschbénvainpagatiitnadedatagel Hae bagi c gate | ow
and allows for fast operation. Page 15 1 2 NOV 2004 Furthernore, the

t echni que @eserieedimnfletnil,dt ahguldi be noderaipodbhatwarious chasgesi ng any

Ity d bl | nb t
odul a7 and PRI GRS AR A0S LORF C4BIb8 FOVIRRN P HERA CHE TR hough
the presenty} QI}‘%?% %13& SEQ}?E bt EhefiuA ﬁﬂleés Q@ﬁﬁe%%hedff‘pwxid%%dcmﬂnget ail, it

shoul d be unde vari ous c
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substitutions and alterations can be made herein w thout departing from
‘the spirit and scope of the invention as defined by the appended cl ai ns.
Page 16 12 NOV 2004 CLAIMS 1. A method for perform ng an autg-%gﬂ@y 2@@{4 on
in a flash analog to digital converter ("ADC'), said ADC in

reference voltage circuit providing a plurality of evenly spaced anal og
reference voltages, a plurality of systemvoltage conparators for conparing
an input voltage against gphdykeference voltages and providing an

i ndi cati on of which reference—voltage corresponds to said input voltage,

conpri sing 4 he ] st eps. .provi di a ural ity of.r vol t age
compar atord: sere &y RIS TEERRmiRE 2 G AoNuiCAh Y Rak R HIAEE L
conpar at or FigitBL e ¥ eFtEH("AD O 7 SARI ADG Al GudiRiges Lo rEREPARESE Sircatd usi ng

said redundant conparators in the place of said selected conparators. 2. A
met hod for grevidingiaplumlidpiobevenly spacedismalomrefetémshvdhagey at o digital

converter (ADq,l%;{)[ aisg ADC i ncl uding a reference voltage circuyjt

orovi di ng PHFERE Py bpmevRltage SHnEate A TRP AR B Vi attaes

I lit 3 . ' [ : | t
Daai nst  sai ERbFF R e SRR el i GO P BB SRR 29

said ref ergfigenteMoliigs @radpoaldstaisdid it wtd@0@onprighewhen | evel ,
conprising the following steps; providing a plurality of redundant voltage
conpar at or sfollemtingtsteps:a subset of said plurality of systemvoltage

conpar at or s; . 10 ,
rrp providing a plurality of redundant voltage comparators;

- 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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perform ng auto-zero on said redundant voltage conparators', . performng
‘auto-zero on said selected conparators; and using said redun rﬂNOv EQQ
conparators in the place of said selected conparators during a conve c}fn
operation. Page 17 1 2 NOV2004 3. A nethod for perform ng an auto-zero
function ip a fl,ash analog tg djgital converter ("ADC") nd for

per f or mi ngaan aﬁaﬁ“&éﬁ?@f‘ﬁﬁ Befarming,ay éude-gaTe Sanelopm ﬁéhﬁgaaﬁlqgﬁﬁut, sai d

ADC i ncl udi; t ircuit providi ' lity of evenly
spaced anaP%t@é@ﬁ%&ﬁ%@%@g@%gffog&frg%rﬁ% gﬁgﬁﬁihgké£%l urality of
system vol tageerséTRARUINS Ha¥hns QARAPLE%G A0 ADRUL K ihaders@dén&t sai d
reference voltages and providing an indication of a oné of said reference

vol t ages ofvolbage chresidl proviging & pluradidy iof ebehyvepavelersilogcefarense ng t he
foll ow ng steps: a [ | nput, voltage fo said input; providing a
plurality 6’9%@%&##&@2@@ BHEEr AP r@;“é’é’&é&%’?% VQE set of said
plurality X ) on said
r edundant \% tagge%pg%g%gﬁ ragﬂ{ﬂ:’%éﬁ;gé%%&gg%%géfzﬂés?%a%&‘g%?%ﬁgeel ected

conpar at or splfpges an@ R vadingnal Golitaith GF haneCoMiLel Tefitefbe Saltdgbapait
vol tage ‘using said redundant conparators in the place of said selected

conpar at or vhighdaidbpat vieltage isohslpetin lefels abohmigingrthedbllayéng ebays: at or s
and of said redundant conparat 4. A nmethod for perform ng an auto-zero

[s.
function in a f I HEMD PBtV&t@E%_EHS%IéﬁP@Wer ("ADC'), said ADC
! ncI uding a ref efeRe6n%0l PREGHE) bfdundant 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;

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 an indication signal
representing an indication of which reference voltage corresponds to.said
i nput vol tage, said indication signal _ being converted to a binary code
correspondi ng t Besfarmingputozere agsait sedndanigraltrge IMMBATHETSt eps:
providing a plurality.of redundant voltage npar at grs; selecting a subset
Dt et d o1 ur | PPBIPEAUIPVTS SRR P BT S 175 NOY 2004
perform ng aut o- Wol's ggc% t: SdSseledslf or m ng
aut o-zero on sai%%%?%&%gmglgr?%g@ rs;a)clﬁlssilﬁgcﬁg;@g@g%n anetecorrpar ators in
the place ebmgairdtaeldaieda wareasiah@perdkisn;ng a conversi on operation;

converting the output of said systemvoltage conparators, |ess said
sel ect ed conpar #eeverting the pririt ef spid sysiesn veltage sommaratonsniessfepdt of

sai d redundant ,c arators to a.secqond. .digital value; and adding said
first digiFﬁEm@%?&@ngﬁﬁagﬁﬁduéﬁg%ﬁﬁgﬁ$ﬁﬁ9@$u%alue. 5. A nethod for
performng an awayvéfing kHEGLLSHt bis@idire@iRdaRRLAAphPatodh GbbadeceRBvert er
("ADC'"), said ADC including a Teference voltage circuit providing a
plurality ofigiabnhluespagded anal og reference voltages, a plurality of system
vol tage conparators for caonparing an_input voltage gai nst _said reference
vol tages and pr o@dfhnag%aadﬁﬁé#m*gﬁéﬁal%aéd%@ﬁ@@&@n 'B?aﬁjﬂt"@lg%fi d i nput

vol tage, said thernoneter code being provided to a converter for
converting said thernoneter code to a binary code

5. A method for 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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corresponding to said i nput voltage, conprising the foll ow ng st
‘providing a plurality of redundant voltage conparators; sel ect;fn%qgos\égs%qlt
of said plurality of systemvoltage conparators; perform ng auto-zero on
sai d redundant voltage conparators; perform ng auto-zero on said selected
conpar at or §; fi:G4 i : : i of

perform ng%aﬁgéél%;cg%oﬁ%% ‘E%@B’%&Lﬁ%mn%%blgﬁgggl@gﬁ%gf gﬁ‘g}rjss}%nstgﬁt hat the

out put s of velihge coegiardedts, kakisagd sclespdr @nosar dteegmes contaidnated by sai d
redundant conparators in the place of said selected conparators during a
conver si onshifpagadaven of gerfperatong abovhsaibeleeiedsgeraratbryiary code

conversion on the ,.output of said system vyoltage conparaters, |ess said
sel ected conpar 556%%5 E‘ﬁe PY: u%@ﬁ?ﬁé@?‘%@ﬁ%@@ B# r%a?;;%}%zéryd}r Y5 _
val ue, me%ﬁfg@néﬁé@ Qgé&%tdsbﬁar?gigitt?ﬁ%@@haﬂ@I tage conparators, |ess said

sel ected conparators, are concaten shifting down of conparators

above said sel eciddlingeaihfiatiodigitadddilngahfisanlisguens diitedivdluedundant
conparators as binary values to generate a second binary digital value;
and addi ng saig fi rsﬁli di itgl. vgl Ee and said secongldigi tal v%éue. 6. An
anal og to glgé ghaes ggr gSrfﬂigé | |8°P§e%§6r88%5 >~ g‘?‘ﬁ%o $Hho8 of any
one of the¥précadngerg8ingT 2 PaljBe 28 LPRE® SFESET ANCELLATI ON I N
FLASH A/ D W TH | NTERPOLATI NG Abstract COVPARATOR ARRAY
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A nethod for perform ng an auto-zero function in a flash analog to
converter ("ADC'), the ADC including a reference voltage circuit,' _
providing a plurality of evenly spaced anal og reference volta ,
plurality of system vol tage congar ators for conparing an inpu?%w%gﬂm"
agai nst the r&NeldNEcOFEPERgEANGRHL TBQNdFHthﬁ Hn#yBa#IBH BNTHRRPORATING
ref erence ibstageetcorresponds to t REMPABATOROARBBE. In the nethod the
following steps are perforned. A plurality of redundant voltage
conparators are provided. A subset of the plurality of systemvoltage
conparators are gelegted, Aute-zerq is 3 t:he, selhciedos t
conpar at or s, andgtrﬂgfqaég{?ﬁ(ffﬁforﬁgﬁga%?ﬁﬁiEg{oe%glscg%ni121% esgll aceogf Ot he
sel ected cogy

AlBhoertth e QOEPY LR ADEHE AR eoffdeice v oltdgrycieqadt t he
extra conparators are conbined'to produce a frnal digital output, Figure 7B

providing a plurality of evenly spaced analog reference voltages, and a

digital

plurality of system veltage comparators for comparing an input voltage
against the reference voltages and providing an indication of which
reference voltage corresponds to the input voltage. In the method the
following steps are performed. A plurality of redundant voltage
comparators are provided. A subset of the plurality of system voltage
comparators are selected. Auto-zero is performed on the selected
comparators, and the redundant comparators are used in the place of the
selected comparators. The outputs of the main comparator array and the

extra comparators are combined to produce a final digital output.

Figure 7B
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