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[ 0002] Enbodi ments of this invention relate to a

INTEﬁ&E”R?igo iﬂb&!ﬂgg éﬁﬁ%@ﬁwﬁ%\?ﬂm ﬁl ﬁ‘ﬁﬁ%’[%ig? olﬁ({) gfﬁfﬁ PATENT

I npu ages ﬁ\let)

i ndicative of the conparison. [ 0003]
Conparator circuits are vvelgrknovvn in the art of
integrated circuits. Tn it ?rrpl est form a conparator

circuit conmpares two Jjnput voltages,, and produces a
si ngl e output vol tageélnﬂ%fﬂ”éﬂ”rr?g i’ch of the two

I nput voltages is larger. For exanple, in a sinple
comparator circuit, if Vinl ¥ Vin2, then the output

m ght equal a high logic state, i.e., alogic ' 1.' If
Vinl < Vin2, then tnaenigrpkango{og Kynal a | ow | ogic
state, i.e., a lAqplicang Micrendeddurglegy.daer of the two
vol tages can then be used in various ways to perform
useful functions on the integrated circuit. For
exanple, in a Dynam ¢ Random Access Menory ( DRAM

circuit ’CI@OQQI@FE@NER'gggg%%%éﬁﬂﬂmﬁjt&@i@fﬂ%nCe

vol tage to an out put vo uced from an out put

10001] ?gihis%temﬁhal éﬁ?ﬁi%ﬁ&&lﬁ%xﬁoﬁi@ﬁ%ﬂ@ agaggtpﬁ{dnss%ﬁamq 1/288,717,

generate co rol sign or'the ou
filed November 29, 2005, which is hereby incorporated by reference.

FIELD OF THE INVENTION

ooo2] Embodiments of this invention relate to a comparator circuit for comparing the
magnitude of two input voltages and for producing at least one output indicative of the

comparison.

BACKGROUND

ioon3)  Comparator circuits are well known in the art of integrated circuits. Tn it simplest
form, a comparator circuit compares two input voltages, and produces a single output voltage
reflecting which of the two input voltages is larger. For example, in a simple comparator
circuit, if Vinl > Vin2, then the output might equal a high logic state, i.e., a logic ‘1.” If Vinl
< Vin2, then the output would equal a low logic state, i.e., a logic ‘0.” This comparison of the
two voltages can then be used in various ways to perform useful functions on the integrated
circuit. For example, in a Dynamic Random Access Memory (DRAM) circuit, a comparator
is used to compare a reference voltage to an output voltage produced from an output driver
model, with the results of the comparison used to generate control signals for the output
drivers coupled to the I/O bond pads to adjust their output impedances. (For further details

regarding the use of a comparator to calibrate output impedances, see U.S. Patent Application
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drivers coupled to the I/O bond pads to adjust their
out put i npedances. (For further details regarding the
wae)7okbse0 conpar ator to cal i brate out put i npedadTas2006/060153

see U S. Patent ApplicationSerial No. 11/210, 009,

filed August 22, 2005, which is incorporated herein by

reference in its entirety). In any event, this is just

one exanple in which a conparator circuit can b e

used, and this disclosure is not Iimted to the use of

a conmparator in any particular environnent. [0004]

I r r

Serial 'l:\iogg'ifﬁila O'(())bt H%%l ﬁ%é%ﬁﬁ?gbgavﬁ c %{gﬁﬂ{% il h&lefrf:w I‘ef%i%nce in its
entiretgd njhaaay @wermothlss 1srjmsteonao¢r{alm1ﬂaule dvhicﬂam cvtm@tarajtorwcult can be used,
and thig )éﬁ.%fal‘% rl‘l%ig is o tth fed t}) tl?e{qlgs%ul?n %ffﬁgxpara UII Foan ngr I‘PtaQE c%laq%gwr?nment

env ron

i ppedanc bratlon The conpar at or. ne
[0604] ﬁp u{e ri ﬁ%uég‘é Sc?b avpnogjl ﬁa’t meardan d01rcuétngr8a %y éorse ut 1mpedcmce
cal1bramﬁn This pﬁoﬁ/alefcomDEﬁtorsl Oais 3edTe eJdmp\l\lhamh thaaf ﬂhetjust d:)d]ﬂxtmed in that

it proc&ic{e}%ir 0 %u ,eﬁ)%\ﬂangc;'r&cp Fise flsiek%t%i,lg 115§1§ ;],el]?i%&e ‘environment of output
impedagdd eibragpn. hahe \dompasatbio Gotpavepntrol ifppyr edlergall Yin and Vref, and,
creased. Becguse on of the r|o
generaé@ S or VBT LI T P PHE & b pOLgDed fhagbin s top bigh and
is prefei‘h%l}aﬂécreésﬁﬂ Othétiitd, Ywith Vingungef] IN@ Rlsseteq] ﬂ’JfIéeﬁing that Vin is
much .detail. However, one skilled wi_ll|l recogniz
too loyjjadd prefrrebly ineerssp Brsaise PRP@Eos 4 “Oéﬁg'aﬁ?ﬁ?ﬂaﬁt@f oircuit will
be cle§1t B0RodLor Sillah e aitame oii@um%n&if Pigufl ithotdidplfheSina@iBch detail.
000s] . One circuit el enent gﬁ‘dt icularly worthy of

[
Howeﬁ%ﬁ eng gkifled will recosaireithat thepiser iamg O coryrisehiiage stogoshap emplifier

stage P:P'EHQ{cﬁ%%ag% 18954d Mo@bul Er@FRlekhicer stage 12. As is
nown, the DSA 20 conpares the two input voltages,,

[0005] Voae AT ﬁfsmeﬁingal@ﬂéﬁ]ﬁﬂgl e&eﬁﬁ)agﬁsn&@ 9L 9 ferath Bense amplifier
i ndi cative of the conparison.” However, as used in the

(DSAN28 dh@s@anmﬁeéra ﬁ@lﬁloéd?fp@ﬁaﬁfwhfﬁfrsé%ﬂet 12.0,A% rselﬂmm Zhg DSA 20
compe{rﬁe'ﬁgeg ?ﬁ}%ut F5ta2BOWRin Bn i '\«gﬂéf outhli L&Bﬁag’)elsscﬁp%des A and B

circuit 10 of ure 1 as sinu
indicativielof thmqmartsomd iHaveavesr, (a8 uged m/thf; disclo®Y; prios pplegoamnarator circuit

. L.l ot f o s
10,5 LR S8 850 o BB AL L SR RE R i 10
of F 1gtmﬁh&s gimotetel] vmdew morrhddi c@ndﬂious (c.8pdcrH Lavi j,e,mmdture =25 degrees
O). A% gﬁn:’\ﬁg%te%{% trﬁgg% ef wggrﬁglg to 1d30?}t %‘{éarge (%6)6) 1Ee V%l was gradually

nanoseconas
transiticnod Gound mg;awahudoysli@ﬂﬁbaﬁanazsﬂmnﬂ SJm\mvetshambed ﬁeﬁumo mV to 800
mvV oxgertl%tpe\r/fog of 5}{6 %fangstecgé S, ancfj thzarsx gaénpgd’ Qac‘fccr?own fo 400 mV again by 1000

nanoseconds, with the result that Vin = Vref at 250 and 750 microseconds.

woos]  Tdeally, the prior art comparator circuit 10 should show a simulated output in which
INC is a logic ‘1’ (i.e., Vcc) from 0 to 250 nanoseconds and from 750 to 1000 nanoseconds
(when Vin < Vref), and in which DEC is a logic ‘0’ from 250 to 750 nanoseconds (when Vin
> Vref). But, as simulated, the actual results deviate from this ideal. As shown in Figure 2,
while INC goes low at approximately 250 nanoseconds as it should, DEC does not go high
until approximately 280 nanoseconds, resulting in an approximately 30 nanosecond gap A in
which the output of the comparator 10 is indeterminate. Such a gap A is obviously not ideal,

as valid inputs to the circuit do not timely produce valid outputs.
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[0006] Tdeally, the prior art conparator circuit 10
shoul d show a sinmulated output in which INCis a logic
wO2007(06s080, Vcc) from O to 250 nanoseconds andpPETmsei06060153

to 1000 nanoseconds (when Vin < Vref), and in which
DECis a logic '"0" from 250 to 750 nanoseconds (when

Vin > Vref). But, as sinulated, the actual results
deviate fromthis ideal. As shown in Figure 2 , while

I NC goes | ow at approxi mately 250 nanoseconds as it
should DEC does not go high until approxi mately 280

seconds re ultin a X1 rmt
e DS RORBERTE S e TS BB0 X BRI i 10 s
still p&ﬂ'ohﬁ il appflbpgm@t SymrbeigN  dngétherDwiosdso bf/i[)ﬂ,&ldy)em nbt 20 hlgh until
val | In circuit

sppropie N A PRaT R BB et E00S PIg Baney L gk symmeny

would@$5stiRdiHababECheh@aR B i Bwpetiens siibl eallst b&ldaﬂt ahatt offet, i.e., at
should still performw th appropriate s

D DrOGEY A RENOPEODEE HEBE A5 R Egh Syriinch is not present:

DEC ap&y ¢ ifimhe pbraﬁ%a@@l @Q@Qﬁﬁg&cohdse but WReAd Vhils diSeppRiiBmately 750
of fset hi gher than symretry woul d ?I ctate t

t
nanosgiRmds hbhasg @@-W@%@ﬁ n\/ﬂw qoRmEEAtaRAESHIn 1§ AR tErPStt of unwanted
hwﬂmkmﬁl aftci@pRr oxi mately 720 nanoseconds. However, as

can e seen, such symmetry is not present: DEC does

[0008] nQﬂtlfn@{elly,%e ARRLRXAINB Bl rHhafdD 0@%1@@%6%&%1‘ Bﬂﬂéult net@afdterminate
I's at’ approxi mately 750 nanoseconds.

et
outpum hy@ynemsh@wlrc fromn the uspe! dimpBaratbim e cisgit. 6 ogeskilled in the art
will abflselé bake, Of DAV %}:‘ Q?’ogk ?a?@étﬁarl}n well€ of 'qfﬁfclkl}t ~wh&ORRB] difference in

|rraey, the no orrranceo
potentidriysawegnothe ¢we dagruts (Ging Virefd iesmilhaet 2. @mb@ﬂrger of 10 mV. The result

of sugﬁl St Sﬁ?%'dﬁ)éfelreﬁﬁﬂ ]{‘klf)ﬁ Qfgitgé;éet hﬁf‘at of ta{k@F S EA B [blfg@? to reliably

Cl rcul e art w appreci at e,
establ%ﬁamwﬂlﬂpuhmltag@nkdlpam‘ta clithar dopnpweisbn. dowgaverk mhen\‘nlh%PSA 20 has

been ‘(’Rﬁrﬁ%d{;ﬁ g)il gné 0y (i 1{3 {Illch .%lccgrﬁs%"ﬁféﬁg&g‘g?}c‘g@ﬂi@ﬂ%&r@ﬁgmn to the
other k@& Irésuhfngsmt]hb mymls eﬂ'eétijmtdmuwedj nput voltage is

that it takes the DSA 20 longer to reliably establish
[0009] aI’InCHmepdaktent/ odulch gshortiodineragsi fremofhet mnnalﬂﬂoardi@ﬁ of the prior art are

o SHESLSH AR 41,550 20,055 BEE AP SO LARYL B o o

impeddned Salibr@ﬂibﬂ @n tihéctoihb @itsit af ehe doﬁmalnbom gf the ttdoenputs must be made

R G D TN T I O T .

it is aRokPéf Bstdisdl&surc to provide a solution to this problem.

SUMMARY

wo10) An improved comparator circuit and associated methods are disclosed. In ome
embodiment, the comparator circuit comprises two voltage-to-time converter circuits, one for
each input voltage to be compared, and an arbiter circuit for receiving the time-converted
output of each converter. Each converter assesses the magnitude of its input voltage, and
outputs a signal that is asserted at a time in inverse proportion to the magnitude of the input
voltage. In one embodiment, producing the output signal at the asserted time comprises using
the input voltage to gate a transistor whose discharge rate dictates the timing of the output
signal. The two output signals arrive at an arbiter circuit whose function is to determine
3



unfortunate, and hanper the utility of the circuit in
many applications, such as output inpedance

woabi7mesisd on, i n which the output of the conpaPCTMS26/060153
the two inputs nust b e made quickly and reliably,
even when the differential between the two inputs is
very small. Hence, it is a goal of this disclosure to
provide a solution to this problem SUVMARY [o00i 0] An
i mproved conparator circuit and associ ated net hods are
di scl osed. In one enbodi nent, the conparator circuit

. ,conprises vol t.age-to-tine.conve r. .Gl '
wich D AR S HI0RS 81 PogE S b COnpar g b el ugO Bput voltage,
and toCéet b butpat of teaionipigatbh ecdordinglyo ninesiteeembardimett, dfie arbiter circuit
each converter. Each converter assessges t nitude
compges it BRI B DSPRGRS Shil b PSR o2 b Tae A LR o the two
input ¥68&deb € dn at madificAtor, hé BUHLELcARI PG torpehoratdenable signals which
magnj t ude of the input voltage. In one eqpoﬂ
are feg hagl¢p Hee HBPYRIB ORIt JRATOHCCIHE L TP R & |
comp&NORIJFIBS midghifetick BE th iy inyolst aRsé puigad Butpuisi@fAsh $ir@rbe filtered
whose dlschanag rate dictates the timng of the output
to prodpepape DEutpdls T thp 0Bl s arrive at an arbiter
circuit whose function is to determ newhi ch out put
arrived at the arbiter first, as is indicative of the
hi gher magni tude i nput voltage, and to set the output
of the conp®REEFDESCRIFTIPN OF THEDRAGANGS:Nt, the
arbiter circuit conprises a latch, and produces one or
wo11) t Wontdizaeits off el @atmtive pedthef cdgdiscisare will béibedtwnderstood with
i nput voltages, In a.mdification, ,the outputs can b e_ .
refereSbo; it daloRing dRFS. LrgRATROWTRER 478 PBOgaRRIps. Witk the
accontfa@yB@MRawailelinGiiieni t to produce pul sed outputs
allow ng for a continuous conpari son of the magnitudes
wo1z) OfFidie 1tinGstiafaUl fSrior BRESEnhtbLdir@uit. put s can in turn b
e filtered to produce true DC outputs for the
o013) CONRARE AtiNfistratihkre JHHSCRARTh (6 o tile doRMAFEScivati of Figure 1, and
Enbodi nents of the inveg&% e agggcts,ofdt s . . .
showshab thsogEN8oF FAearayBetaiish Jms PPOGon RS T AB R detfrgninate gep in
whicH 18 ohlut o Recapliai | ed description, when read in

conjunction wth the acconpanyi ng draw ngs, in which:

o014y [ Q@é\ﬁ*}:t ¥ uERatds iah! UHblodt@Scomirhtef @FcuitC AMAG @iagram form in
circuit.
accordance with an embodiment of the invention.

i ment .
oWIRE for a continuous

po1s;  Figure 4 illustrates the circuitry of the improved comparator circuitry of Figure 3.

pots; Figure 5 illustrates optional additional circuitry to be used with the comparator
circuitry of Figure 4 which cyclically enables and disables the comparator circuitry to provide

an oscillating, continuous output.

o171 Figure 6 illustrates the results of a simulation of the improved comparator circuit of

Figures 4 and 5, and shows no discernable hysteresis and no significant indeterminate output

gap.

DETAILED DESCRIPTION

o1s] A solution to the problem of hysteresis and indeterminate outputs in prior art

comparator circuits of the type illustrated in Figure 1 involves replacing the differential sense
4



[o0i3] Figure 2 illustrate the results of a simulation
of the conparator circuit of Figure 1, and shows that
woOher7mdsqaut s of the circuit suffer from hystereerasando60153

froman indeterminate gap in which the outputs are
uncertain. [o0i4] Figure 3 illustrates an inproved
conparator circuit in block diagramformin accordance
with an enbodi ment of the invention. [oois] Figure 4
illustrates the circuitry of the inproved conparator

circuitry of Figure 3. [o0i6] Figure 5 illustrates
.opti | clLreui.t ryY S h
amphi(ig% nfp% 19%&:' ;téolﬁgﬁ}r )}1%%(; niztho c1r4:u§ i Cl“k 126}8 a% e%,;ﬁSAs can suffer

from Bpsblesis @adhilidngs dbl wm- s;ylmanetmpapaaﬁon oifr thei tnrqmtry) and from slow

orrs A SR TR e i LR gt i o

indetetdifatd@tpaaghpy.onparator circuit of Figures 4 and 5,
and shows no discernable hysteresis and no significant
o) | Adesrdinplylaind a8 uhputh ig Bipur®E TAbIIR didi6i ﬂBﬁhQ«h(i erobsdiment of an
. A qutlontoth bIe of h eres
impropsAEATBPAFRS CBU £ gt ECRORET SPUCE SEHER AF5Psdhe gpt olges in
a diff@tntt MenderPeSpekifitaly aéLH 1h1|5htF(l\,ghl raadlvmnvmmﬁpaﬂseﬁloawmgo a fixed
t he dlfferentlal se §Iné) fier (DSA) 12trad|t§|on
referepseds fetiredhsEeV ey AS RBPEESIL &Y & W opEAd®
requirSd)f fs@hetf By MPeeH BIEK §0a( BOB WHitN GohveriROe SYFITRIdHaC from a voltage
operation of the circuitry) and from sl ow operation
domamﬁe@ fime degiaimgdhefi ief e aRltreT-tOEMREOR VR GiiTHlE $09.530D assess the

magm'%f[ﬁl of ﬁl%%yutt m&gbn A doAdetk %ﬁ@aen@dl e%&gﬂﬁma@mo output signal (X
ooi 9] Accordingly,” and as shown in EI gure 3

bl ock
ivelegrsarpssasies timing lérﬁdquﬁie«?ﬁcoshnaﬁp iAb F%%H@Wé@nﬁﬁ?%ﬁé?ﬂya in the
embo&i i dhodm, 'a[ﬁda5§ Qriflape ee)élfﬂlatlﬂe& he fuRentde®R BRISE! fe higher the
e | nEut Voltages in a ferent manner.
magn@p@mﬂt © &ipug voléwﬁh thermpone quigkdy srouypelf sigital dospenteds ghhus, if Vin >
K r
Vref, &fltﬁgi .%1?1[129 )@vxgirl I)E)g garslgcg{cﬁ beRStE ohtp%lé glgﬁél ?dwhgzglr%[gggéss ﬂflaq‘osults of the
comparequi (i.ed )thatst ‘oyfa To Iﬂmm intdypimt khiS @hffeﬁﬁbe mtlmhng between the
outpuf imﬁgglr E)Dr%m It EeYI,I_ arb1§er% ﬁ‘:‘clentvo agsee\é? lo}x?%n%ld@%gf\lléel}nﬁ @ Further detail
belows tecarbitar Gfbajt @D@sﬁﬁmﬂyﬂa’cﬂm the first-to-arrive output signal, either X or Y,

g Anput yoltageb is

and sets the comparator outputs, DEC and INC, accordingly. Thus, if Vin > Vref, output
DEC will be set by the arbiter circuit 40, and if Vin < Vref, output INC will be set by the

arbiter circuit 40.

poze;  Such functionality of the improved comparator circuit 25 is better appreciated when
its circuitry is understood, and exemplary circuitry is shown in Figure 4. Specifically shown
are circuits useable for the voltage-to-time converters 30a, 30b, and the arbiter 40. It is worth
noting that other circuits with similar functionalities could be used in lieu of those depicted.
The operation of voltage-to-time converters 30a, 30b are discussed first, and because they are
identical, discussion proceeds with respect to converter 30a, although converter 30b operates

in similar fashion.

woz1;  The inputs to converter 30a include the input voltage Vin whose magnitude is to be
reflected in a particular asserted timing of output signal X, and an enable signal (En). As

shown, both En and its complement (En_) are used, and while exemplary means for
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magni tude of the input voltages, and convert those
vol tage magni tudes to output signal (X and Y) whose
wazeErdsdot i m ng is adj usted accordi ng to that PCT/US2006/060153

magni tude. Specifically, in the enbodi nent shown, and

as wll b e explained in further detail below the

hi gher the magni tude of the input voltage, the nore

qui ckly the output signal i s asserted. Thus, if Vin >

Vrcf, output signal X will b e asserted before output

signal Y , which reflects the results of the

| r t .

generatct ﬂh% fe'ﬁalglecsgg}arl]st ?ﬁﬁ b¥ d?% utssedela)etr ﬁ% %8{1]1?%@?53%1% QF@I% 5, at this
point Hman‘be assumet ’dmat the emabh:wlgnazl (fnd 8s ue;tanlerrﬁst)vmﬂnplyocoanprise control
s1gna1§ Sg(sgner I$%/u£t o cdSE~ e 1r$?egrgi¥evd (%Il%g}trai?fl\t;\gfl%httglﬁ tn% rQve comparator
circuitdekides. X or Y , and sets t he conparator out puts, DEC

and I NC, accordingly. Thus, if Vin > Vref, output DEC
[0022] Wi[riitialby €.es efridrytotusefvd ropitagion aifroouiértet (3 0aa tick élfabléi sign‘al En is low

Gi.e., O:,%%r d?y Srﬁlgh% W glbnipséfc{?ng%o%lﬂgn}%:?g]:,%&é answtor 54a and

turns 6ﬂn®afaahelr trersiston 52325Bb6ad§ettﬁaaﬁ1sﬁ>|6 preds ahedoddh €hg|dhsrges to Vcc.

circuit I S upderst ood, y circuitr
As 2 RWHAT | gp‘?@@%ﬁﬁﬁ* thesputpyy ?g‘fﬁi’yn&?gﬁﬁ 5 SR p¥ (0), and as
bufferds ®3we sbfdlli-behnéeletl ageeriets $8BupanXEE i@ys 30a, 30b,

and the arbiter 40. It is worth noting that other

(0o23] CiWISdai the cBhiditesi30iik dpefabRabi conadst theempGoudlthgl inUs @dimed output

ieu of t icted, The operati on of
Slgna]\% ]% n%‘”ﬁhlﬁsﬁ %ﬁk‘r%‘iri‘%s}t?ns‘é‘ﬁns @fgﬂ? -cleangf; tLngistos P4, and turns on
N- chatﬁlhélsﬁ'a:nsi@;ﬂﬁl sbecaUSSE bbbRYe BhE id ASRISWINORIEAE 868 isoﬁbw in a condition
roceeds wWith respect to converter 30a al t houg

to outemelr t ghoukpfhg ﬁéﬁoabf‘égmedoy nitfgqd, geaise ﬁranﬁlem f?a Theow on, and

becaubd i s3st5:05G:0R U 64 to?’%né HQérHQ% thQud BPHe M ttﬁﬂﬁgé/ (Win) applied
whose nmagnitude i s to e ref Iected in a particu

at its gajecrhRefinitiay rhaereddo t‘fﬁ@twg igRgiFtox Sda)vdl E‘ﬁ‘déﬁlé)b fischarge towards
groun? WRALL {@%ﬁﬁgtbgy\@m%a %}g{ f.En and its conpl enent

En_J are us exenplary means
f r n e
o024y | @ %eﬁlrénlaa'c't:éo E% gg{sl %ﬁﬁuﬁ ﬁl@&lﬁr e# g»@gr{ogltev\thglg écﬁ%coxlln;nﬁ%ﬁ?ﬁ'GVldes the
Voltangtoégm pestverdien. Irhthieregbtde ngtegthaﬂ theante aftdschergs| willedeppnd on the
n I d
magnﬂcig)%%teh%ﬁn 1%’[' i?cg %g E/:ir?caﬁv%]% iy 1&%%% ﬁ eg% n@‘lsfsf!a? 5|09 Q{qﬁ be morc
strongtppatat © greater channet &3l hedormed in the tran51stor ThlS means the transistor

50a can draw a greater current, and accordingly can discharge node Chg at a relatively quick
speed. By contrast, if Vin is relatively low, transistor 50a will be more weakly on, i.e., a
more resistive channel will form. This means the transistor 50a can draw a lesser current, and
accordingly will discharge node Chg at a slower speed. In short, the rate of discharge of node
Chg is inversely proportional to the magnitude of the input voltage, Vin. To slow the rate of
discharge, the channel lengths of the transistors in the discharge path (50a, 52a) are
preferably made longer than otherwise-normal logic transistors, perhaps on the order of five
times longer. Other schemes may also be used to slow the rate of discharge, such as by the

use of resistors, capacitors, etc.

o251 In any event, the rate at which node Chg discharges affects the speed at which NOR
gate 56a will see two logic ‘0’ inputs (the other input En_ being low at this point). Thus, if

6



[0022] Initially, i.e., prior to useful operation of

converter 30a, the enable signal Enis low (i.e., OV
wonod7egs@o O ), and En_ i s high. This conditi onPCUMUSS006/060153

P- channel transistor 54a and turns of N-channel

transi stor 52a. Because transistor 54a is on, node Chg

charges to Vcc. As a result of Chg being high, the

out put of NOR gate 56a i s necessarily low ('0"), and

as buffered by two serially-connected inverters 58a,

output X is low [0023] Wien the converter 30 is

c L th { ' -
Che oFFLAN Sk BUELId U, NBLIARE Wl 0, P s v
outputt wrlngmoflf Iiéleztivalynqmckb@ramdsbwpuBAade afadviaubndernA8a) will go high

retarivpl RN CORRRET: PR Tinchads oD Sffibing 8oty 1ow impur
Voltage 1V1n NOoRlgdteChg wilsoutpeicologid OM.relanstelgdlovisye almds eutput node X will

l% 10{H q alg now on, and because transi stor 50a
SEBNVTESE8E degree by virtue of the input

v P b TP Ty 0L G AR . conr

two owhBis barage Y maradsvegﬁaue driter @itghit UoeattdMfeehbtitics opeanding on the
50a and.5 0024 i the rate of this | .
relativgnagRipges Skt aeﬁaff Byr-tf it &1reh 26 S4i{Be asserted nigh
prior tuczidt@gef thRirgl ABerM vl SF ¥in < Vretfhbﬁtpueg’awﬂl bo@kRrith aﬁgh prior to
rate of dlscharge wi | | n the magnitud

oumuq)ﬁge}%ﬁ@erm t(a)agpur% it 18 pr@fe;a% }nst%}seqrg‘?qc{;@eg}t qli‘?b%e circuitry and

the vakio@8Hatlt MngBiebaMiddntiesl HOHR Bld @BAVHteRbirduit§-30a@30b so that such
greater channel will b e formed in the transj stor.

Glrculquh%ll pebaféect the rﬂﬁ&ﬁ% rlgv%gs ofghe euipubivignnls XggshY er
current, and accordingly can discharge node  Chg at a
wozn ¢ Blispiopinptiggithat oghss@ltegyta-meroparersion ojfeyitpscould be used in lieu

of the 'bfrl:ﬁﬁ‘yvcﬁécﬂoéeg% Figaoai ?\tl&reo@gaw\ﬂllle |pré¥e§abf@&ﬁcl\6§&i‘i§/relymg on the
| a nore resistive Channe Wi | form his

principle g 8ssepting ?ngeﬂf shschargedhipuah she @putetsmst@rufrqaeﬁtshould be noted
that ﬂ%n%cgﬁ&ﬁé g '% 19"%{#30‘:9&':@&*1%* Q%I 3 a%&» ?f gs;ih%h?rsgmg to the

Tn s h e rate
power] &uppbs‘étwomoid)pnhnghm&agq oThatetsnugiﬂ (ﬁlugi eowfl initiglly hpgrounded, and

then CX lgéﬂTchy h%lu?% é)tuﬁﬁ ﬁ] é&r?sﬁ%gr Hah(ﬁi: Fﬁg@ajl’t E%Fsg iets relative rate

in tum

nne sistors
of chdp@,ng ¢ 5=, (512(&1)15 ane, pirmiglt é)blr;lowaldglddbtqgese 4 he4aND gates in lieu of
NOR ggtgse :5%” ]an<11 1Y nx%aelrsr?e ans dchﬁoﬁlsaglep%rﬁggpo 1 §%3E> In short the

disclostgleldclirdgsd by\lvﬂhdl Bﬂhﬂnﬂfvodiﬁag@ ac@gscrisd ad aa;ﬂnhlgymgﬂité via inputting
that input voltage to a transistor can be effectuated by assessing both the transistor’s charging

and discharging.

(0028) The function of the arbiter circuit 40 is to determine which of the time-converted
outputs X and Y have been asserted first, and to latch and output that state. In this regard,
notice that NAND gates 62a and 62b form a cross-coupled latch circuit. Initially, prior to the
enable signal En going high, i.e., before assessing the magnitude of the input voltages of the
two converters 30a, 30b, outputs X and Y are low. As a result, the outputs of the NAND
gates 62a, 62b are high, and are converted to low via the inverters 64a, 64b. Pass gates 65a
and 65b are both on to pass these low voltages, which then pass through buffers 68a, 68b. In
short, prior to sensing the input voltages, both DEC and INC are low.
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use of resistors, capacitors, etc. [0025] Tn any

event, the rate at which node Chg discharges affects
woOher7gpsaad at which NOR gate 56a will see two POGIUS2000/060153

inputs (the other input En_ being low at this point).

Thus, ifChg di scharges quickly, evidencing a

relatively high input voltage, Vin, NOR gate 56a w ||

output a logic "1 relatively quickly, and output node

X (via buffer 58a) will go high relatively quickly.

Conversely, if Chg discharges slowy, evidencing a

10029) ngltsg\%flpg gcl)%'&bovcgeng} Ut Vq‘f‘]%%@ﬁf/e i gﬁa’c %ngvge&‘? %[aWels C%lal En goes
high, ¥n®Mth¢ tb fidded T bﬂaghtor éisetiaryel )Be&hmw yin [>O®’2ﬁ], otlitpug , X will be

asc RSt S S Bl! SR e oo
NANErg'a'té/@Zaahré hh ALY, tnﬁkni‘g ﬂtsﬁé&htbut‘ﬂo@z &fhﬂféltﬁé euipat of NABID gate 62b is
pendi ng on the relative nagnitudes .of h%lb %Jp
still hi&i‘l tlayerer 6rig faus pytpvs s high/vakagsy lﬁtm‘f?’%ﬂ M 6’2‘ uts a low voltage.
Pass %ﬁé @5k &€ Rt B bQJs the h‘P%H Pélkagé edupl B PRffepdBa &ﬁdultlﬁg in DEC
In < Vref, output b e asserted hi gh

goingdugh et ibshpeidi§eeaise N, VieD. CcHOPEESely1P3ss gﬁﬁegS i ppEenabled, and
1nsteadnﬁ&£%1§c01e8ﬁl9qjébg§cga td ?Qés 4 DRy Gfd i€ Yatd YGRDN tb MEe ¥affé068b, such that

engt identical in t e two converter
Outputlh‘l€u$ held 30w, adbasip shewdd bguch circuitry will not

affect the relative timngs of the output sig s_)i
030] aditer, whpnovzlmutlY qvgnm@#x Boprohighy thenaiitet giputt 40 will have already

latchﬁ\&oi!hgqgcfec thﬁt LU Yo ‘B ée{rﬁ&' taﬁbl s6aHt @uﬁ’)u& &S akbiter circuit

rcuitr I scl os |n |gure

(DEQVand SNED wnl\lhntheclpmeé eerlSy “dlleg cY dsietl cass #léﬁhy nege gt tthe output of
NAN h%a@g BQA %vlﬁt:h {52835 kﬂ%&é&%ﬁﬁ%ﬂ%ﬁg 86 rl?arstgpzexHGﬁs%‘ ggne low. Asa

Fansi st or d t ha
resultt #atoeb qortemaﬁelewhlai oytpef Y eoes higbd abtheamsme S AGAR DY ﬁt‘% 62b will still

o EETL 5 A PRRERL T SRRl 50 Bl s o

I nrrt
arbltdaelrgmoaﬂdaﬂc addNhevilleootughamget 0 Vcc via a P-channel
pull up transistor (akin to 50a) to assess its
o311 1 @@iauseetheﬁﬁ;lcﬁéedcdﬁﬂfo@nmglttaf thle gmprfavied tcinparpdetegirduit 25 ultimately

il PG FR % A0 ER 0% A PR Goe] 8 5o o

circu i@yl ﬂiQtJt e.stpecfahjat cagagedd th nccﬁimmrhtprtdlmuttl Bﬁhg)snbﬁerentlal sense
techni an |

e, 1 UL 01860 SOV Ll SRy sl
SimuldtRA§ ir8h 06n ¢RN ﬂ%.pﬁ)v%ﬁf eshpheitef dwuasxem i mgmka;ott TBHoiwe that cven at
d1fferte;11§1lglsxlzoslgagés get?wggrrl %ne taputs of less than 10 mV, which render timing differences
between the output signals X and Y on the order of tens of picoseconds, voltage/timing
separation is sufficient to produce reliable outputs for the comparator, DEC and INC, within

several nanoseconds.

00321 The embodiment of improved comparator circuit 25 of Figure 4 works well for
sampling, i.e., comparing, the input voltages (Vin and Vref, or Vinl and Vin2) at a discrete
point in time. In such an application, control signals En/En_ allow the circuit to be reset (En
low) and activated (En high) to make the comparison. However, if it is required in a
particular application to monitor and compare the inputs on a continuing basis, the circuitry

25 has to be continually enabled and disabled. Thus, in an alternative embodiment, the
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and di scharging. [0028] The function of the arbiter
circuit 40 is to determ ne which of the tinme-converted
woumweso4X and Y have been asserted first, andpco/usaiockeo1ss3

and output that state. In this regard, notice that

NAND gates 62a and 62b form a cross-coupled | atch

circuit. Initially, prior to the enable signal En

going high, i.e., before assessing the magnitude of

the i nput voltages of the two converters 30a, 30b,

outputs X and Y are low. As a result, the outputs of

the NAND. gat es 62a,..62b are high, and .ar verte
enzblg &RF‘%IS{;I Slﬁ%fsi Ae F?%ﬁl%ua@zajgog@%& t‘?Japsns)Wg dtes %%a%n(ﬁ %%%n of the
compa@isen bt dutputs MEQaaR] TNEs eWily nobtagadbodinknt the feeable signals can

) ss .thrqugh buffers 68a, 68b. In short, prior to
simpHE SR 1oetng BRBUCT o1 eAghert ipSBEE LY dhqphin ensble control
circuittWoliPOxA] Assune now that sensing is t o take place,

and that Via > Vref. Enable signal En goes high, and

0033) | A& EMD bBOGRSE, Chgblst@htrol @idiiBBhA0gerovides afssdbadk nto>the improved
Vref, output will b e asserted high befoLe.ouag Y p h
comparafoy GieRit Pl WSBVETSAWNERRT Gt BT LORERL P t/flgProduces the
enabléBEhS 10 AR Of-&h& IRprédic8 ddpigardibe Bircuialiwdéhd 11 outputs of the
output low, while the output of NAJSID gate 62b js
comparatqr| (PFQGHNATRYE)} @arinputE:  RHYS IFPTING Hion FERUYY| Bagebled by the
assertidl & fCanky DY REHEEs GstRro? WigRkis Sush AOM 1V Olrldage. | R srcORiyewill operate as
65a i s enabl ed to pass the high voltage through the
followsuf f er 68a, resulting in DEC going high as it shoul d
(because Vin > Vref). Conversely, pass gate 65b is not .
[0034] ¢ AAST EODes RAT Ol @nsd suahy gl s OB B8R B edda epaPlp dascireuitry by

i ' i betfer & 8hown, both of
providab S‘Yf‘t"k"u’%%ﬁf é‘t’]ﬁ%ﬁ%& @S@O%%giégggs le?fvsscr? gﬁ?}j SHER (Go30] ™ 2o ©
which_agask to shestiveuopuviaWNANSh gatsl 83 faggbis gengHion: eocsipialgpugh more

i cul 0. .widl t .
con A, Ol MRS USRI ALSRLSHIE, ol bl o i o
NOR tehte & biprevided by thiet conbBCsignals, 248) aspimingrisitiadi shafdEC and INC are

S at er. goes :hi t 4
o, RGeS a1 SRR ol B8 B o 92,90
to prcﬁﬁbt ¢ ehitﬂﬂe pbﬁvélc&ﬂgia%lfs Eltm(\é(l ’) omd Eﬁ__s(‘(ﬁ).r é’éluﬁhrt thig Ochloseglfle previously-
n r. en _out put . e | . aS . Qut put .
chargR&NBH(gsaﬁgg o wﬁ)rrvegtﬁ‘ ﬂrag t%(bal‘ SE{;lbgé}nc{ 1gél1alr$e, cﬁng the improved
compBei@ Eircuin2s epins toheperawt puliisdissed ebogoeUlhinglelyt g of the two
compg%)ﬁtcﬁ‘u ﬂOf ytts,h ]%E% gtlni ﬁ\[IC,C \IVlil? lél) thiéh?’deggr%igg %nle%bh Wlplult voltage, Vin

or Vrcf, was larger. Either way, once onc of DEC or INC gocs high, this is fcd back to

enable control circuitry 70, which then results in NOR gate outputting a ‘0’. When this
occurs, En is set to ‘0,” and En_ is set to ‘1°. This causes nodes Chg in the converters 30 to
charge high, thus outputting a ‘0’ on outputs X and Y. This in turn causes the outputs DEC
and INC of the comparator 25 to both be low once again, which when fed back to the enable
control circuitry 70 causes En to go high ‘1’ so that sensing can again occur and cause one of

the outputs DEC or INC to go high, etc.

o3s) The result is that the outputs of the comparator 25 will oscillate as the feedback
mechanism cyclically enables and disables the comparator 25, with the period of the
oscillation being dictated by the delay of delay gate 88 as well as native delays inherent in the

circuitry. The results are shown in Figure 6, which illustrates a simulation of the circuitry of
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[ 0031] Because the disclosed enbodi nent of the

i nproved conparator circuit 25 ultimately relies on
woOher7mesoaci pl e of transistor discharging (i.e.PCYiU82006/060153

transi stors 50, 52), operation of the circuit is very

fast, especially conpared to conparator circuit using

differential sense anplifiers, and even when the

differential voltage between the inputs is very snall.

Simul ati ons run on the inproved conparator circuit 25

of Figure 4 show that even at differential voltages

s ST LR B S5 0 s ) 7GRy e 2

Notic®that k\eleﬂ e Bieftiensbediedi Canelihdanosvalndaged betwesy 750 and 1000

B TR TR NN TR Semg

a sené@@pﬁﬁﬁéﬂ'ﬂ%s virllRGbF2he Ehavle vbabinRbdbaek Loomp juw delscribed. By contrast,
nparator circuit 25 of Figure

4
when SATET Mt 1+ botaeb ASR PAg S0 HEoI BT S JF TyBSCERh AEfchs @ seics
of pul¥e€f. or Vinl and Vin2) at a discrete point in tine.

In such an application, control signals En/En_ allow

036 %c&hsfecé“ﬂu]geﬁ Sutput’ RESIndtBRe %prﬂ% ﬁcilll \é@b‘ﬁdat(olﬁ@ in which the
to nmake the conpari san. wever

lmprq’vesa GPPPETAeT ATGHEIAS € i o usgBp e MR Wh bjeg’ %%WGrGaaﬁ&nply be fed to

digitaf GHRAT S04 RObitH Fﬂt‘&ﬁm@%oﬁ—&‘%ﬂh‘hﬁﬁ'(ﬂg Bes iositputBEC’ and INC’. Many
circurtry 2 5 has to be continually enabled and

such fisseaspenpiverdigiial filera gampmepiathe patBipstcsinprovide a DC output, and
hencel 16 SPEH€ AROOLE Qlitry LS S46n QﬁmdaﬂHﬁl id otliR@ett8et thhe context of
provide a running 1ndication of the conparison at
the ingettput. s DEC and INC. Wil e in one enbodi nent the
enabl e signals can sinply b e clocked, a preferred
0371 etbdiatrerirom Figive frthatrthFiignrayed compargiorctireaiiadfl does not suffer from
C AN,B E?ac'ft sfdtind section.
e SGAILFEN SEME U o Mttt o 0BV upiind soion
First, ithqye wwemmﬂyarcaiigmﬁcmtcgﬂlptm 2153 euiguty ivdery é*fesrssultsrﬁtthe comparator
ng,
are mélﬁfegrmélgtes f '&f%’ gAuEgé f){ %&% %mZﬁ? 1tpc{regv i r?eﬁe %reg?%cgally when it
is corsideted thay thnsumf@tdrdsteompuwuhsth@msbtwect embadmmfmt of@H@cabut any such

I a s j Thus t he cireuitr
s W PR R S BHE oL BB r RS RR g e Bl gp was seen with
the pﬁd')@ﬁﬂ |c6m§htfafbr)is Seyoind, tBdnpndyed dogacitorccirduity2nextibits in simulation

e as follo
no dlS a%&e non—symmetr\gfvsin the outputs, i.e., no discernable hysteresis. As a result, the

comparator 25 as simulatcd cxhibits supcrior performance when compared to the prior art

comparator circuit 10.

woss)  Although disclosed as a two-output circuit, an arrangement beneficial to the output
impedance calibration technique to which the invention was directed, one skilled in the art
will recognize that the improved comparator circuit employing both voltage-to-timing stages
and a arbiter stage can comprise a single output as well. In fact, one of the outputs (DEC or
INC) can simply be dispensed with, as either one of these output signals individually is
indicative of the results of the comparison (e.g., DEC high or pulsed means Vin > Vref, while
DEC low means Vin < Vref). Again, while designed with a view towards use in output
impedance calibration, it should be noted that the disclosed improved comparator circuit can

be used in any application in which voltages comparisons are necessary or useful.
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[0034] First, proper control signal such as enl_ or
en2_can b e used to enable the circuitry by providing
wa 2bawesmaput condition to NOR gate 86. (Two CORCTW@IS2006/060153

signals are shown, both of which need to be active | ow

via NAND gate 82 for this condition to occur, although

nmore control signals, or a single control signal,

could also b e used). Wien such a |low input to NOR

gate 86 is provided by the control signals, and

assum ng initially that DEC and INC are | ow, NOR gate
[0039] 2%8 %g%c? err%1end e eg%en%#’]é 3.1'1 Scc()jue lrlegcydglg)é]‘fdeﬁ% l &ydeg{%oq §s tequiring a
direct S:bglmﬁtiSnEnInéfE)td ameb Emcuit e]@h])entsznbd: kaid todeucsiplddhim an electrical

revi.oysl ed nodes nverter circuits
sense B e GiEr ¥R sntaﬁvsaﬁz%%engfhﬂ gen Mhfoved
[0040] agcg@n uﬁ{ﬁ{: Iuﬁ,lg%rgféyd tgﬁte In{/‘%]éutvl%\l\yg n%girlbg OéFd %%:Sn? %re capable of
many eaddpfidBionDETCoahe ekt sumlhl ﬂlodyﬁcm(gis fali eperin rt}m;]scablpe\dﬁltlﬁhappended

volta Vi.n or Vrcf i.t her way,
claims fiRheit Gy efsets ity Preimida B BneSYaiiLey B Plmbark «o
enabl e control circuitry 70, which then results in NOR
gate outputting a O. Wen this occurs, Enis set to
O' and En_ is set to T . This causes nodes Chg in the
converters 30 to charge high, thus outputting a '0" on
outputs X and Y . This in turn causes the outputs DEC
and I NC of the conparator 25 to both be | ow once
agai n, which when fed back to the enable contro
circuitry 70 causes En to go high T so that sensing
can agai n occur and cause one of the outputs DEC or
INC to go high, etc. [0035] The result is that the
outputs of the conparator 2 5 wll oscillate as the
f eedback mechani smcyclically enabl es and di sabl es the
conparator 25, with the period of the oscillation
being dictated by the delay of delay gate 88 as well
as native delays inherent in the circuitry. The
results are shown in Figure 6, which illustrates a
simulation of the circuitry of Figure 5 and. is
otherw se simlar to the sinulation of the prior art
circuitry shown in Figure 2 . Notice that when Vin <
Vref, i.e., between 0 and 250 nanoseconds and between
750 and 1000 nanoseconds, INC is asserted as would b e
expect ed, al though such assertion of INC occurs as a
series of pulses by virtue of the enable control
f eedback | oop just described. By contrast,

11



when Vin > Vref, i.e., between 250 and 750
nanoseconds, DEC is asserted, again as a series of
woub@asso4) 0036] Because a pul sed out put may noPCD/US2006/060153
appropriate in all applications in which the inproved
conparator circuit 2 5 can b e used, the outputs DEC
and INC can sinply be fed to digital filters 80a, 80b
to produce non-oscillating (i.e. DC outputs DEC and
I NC. Many such fast-responsive digital filters can
snoot h the output pulses to provide a DC out put, and
jfic filter circuitry used in a given
|c§?ﬁ[?ﬁﬁ§'not i mportant to the context of the
|nvent|on [0037] Note also fromFigure 6 that the

1. | Apgoaykicosipaiitatanpdsingui t 25 does not suffer from
t he dégﬁbacks of. th rior. art o t.10

i < BT ER Bt B acmb R vE  Pliac® {iafilst flpgnitude and

essent palduyingt S ukpgaiinal ahosé tinkieg agl hmt’tﬁd \M@ er fimction of the
the results of éhe conparat or are indeterm nate.

( Ther e RS B&Grse b e sone snal | indeterninate gap,
espacisadond WiRertbt cirduit 0Bs |1€@i€1‘ﬂgt Hakcdde inghk vdiage % a second
outputs in the djisclosed enbodj ment qscill ate, hut

such g&PeRsHaH BOBRCPRE U R e e gm%tsr@seﬁed as a

than t%ﬂ&n@EoFﬁﬁgée&&ﬂﬁﬁ.@@mﬁﬁ&néeen with the prior
art con%arator Second, the | mpr oved conpar at or

Ci r A BrOReTs Clsgt om Eecpiying Hhel Hist 9Rd rﬁeeoreﬂ evBph signals, wherein the
non- sy gRg{ef Y,Hblﬂt I)&Qlueé’st ﬁqg'&x ohe QompRQAtdH (gxgﬁ\f tN28a€ reflecting which

hyst er esi s. resul he conpar at or

si nul apéthedithi aaidtwcmqo@rtp@fr%lm ngﬁﬁam@dwhm g piigy EteHit.

to the prior art conparator circuit 10. [0038]

Al t hough di scl osed as a two-output circuit, an
2.  afhamienienf denefl] wihatein she Abitsn cpauit ipnpdan deo comparator output
S'l.gnalgal|brat|on techni que to which the invention was

directed, one skilled in the art will recognize that
t he |nproved conmparator circuit enploying both

5 G G PO B B0 PRl e s

outputs (DEC or INC) can sinply b e dlspensed with, as

el t her one of .t hese output signals individua
4. TEbF Glipith B ik e vPECHR Bl wthEns SHERPIEL it ghabjs fltered (o
produbd gD@sutpul. sed means Vin > Vref, while

5. The circuit of claim 1, wherein the first and second output signals are respectively

asserted in inverse proportion to the first and second magnitudes.

6. The circuit of claim 1, wherein the first and second converter circuits respectively
produce the first and second output signals via a rate of charge or discharge through at least

one transistor.
7. The circuit of claim 1, wherein the arbiter circuit comprises a latch.

8. The circuit of claim 7, wherein the latch is not affected by the first or second output

signal that is not the first to arrive at the arbiter circuit.
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DEC | ow nmeans Vin < Vref). Again, while designed with
a view towards use in output inpedance calibration, it
wehaeoriodsdaoe noted that the disclosed inproved PCT/US2006/060153
conparator circuit can b e used in any application in
whi ch vol tages conparisons are necessary or
useful .[0039] As used herein, elenents electrically
coupl ed should not b e understood as requiring a
direct connection. Instead, two circuit elenents can b
e said to b e coupled in an electrical sense even if
0 r. st ' rvene:-h t I .
o [ BSEISHESERHERY. Rt BT IRE AT Sbob b s oA Reocive atLeas
one emwabie eignsl, dind ollogeid prededing ahe ficspakl secofid watput signals occurs upon
ass rt.rmdi Eieca%ﬁiaosgs. Tr?a ;ehc? extent such nodi fications fall
e'VTPﬁi e 38%%% 8 TR appended clains and their
equi valents, they are intended to b e covered by this
pat ent . T 1S CLAIMED IS 1._ A conparagtor circyit .
10. A eREATART ORI At CUBRYEIS BiITE) PBET FORIE 9ict &y Thentade and a
second infr;ﬁt voRdptonNatleta@Emagnitud] ssthpiggani t ude and produci ng
a first output signal whose.tinming is asserted as a, .
f unct 6 CBRVeEHRS SRR tfowgﬁlivmd@;e S EWGhyO pducing a first
Circui bufpRt SiBReIVhdE AmSERE 9Ndisidtdt inv Phded@e pRipodtion to the first
second magni tude and produci ng a second out put signha
whose MagHBd$:s asserted as a function of the second
Magry {dédRal caRvhbRR cRERE F& rebdilay the fseaonﬁaﬁgﬁtwm & BBd producing a
first and second output signals, wherein the arélter .
ci rcui seqordderenyt sendlewbescotiming ipassarted Tounyperse Prepeation to the
refl ectingwhidhige, dge first and second out put
signals first arrived at the arbiter circuit. 2. The ]
ci r cami arbger clrewitnfar, reshiwing et Fest andiseeend puipyt signals, wherein the
produces.: . ' [ L
o ol ar iy ST B R e he Sb AR Ror clipd it Btibbive of the
si gnal r¢lgtignshiyeef thg firsTland s¢qondinhagsfitudésai m 3, wherein
the at | east one conparator output signal is filtered
to produce a DC output. 5. The circuit of claim1,
11.  witae eimoutt lod ddims10,anbkrsiacibn dirbitdrpeitcuti godhesanwe comparator output
gespectively

signals.
12. The circuit of claim 10, wherein the at least one comparator output signal is pulsed.
13. The circuit of claim 12, wherein the at least one comparator output signal is filtered to

produce a DC output.
14. The circuit of claim 10, wherein the first and second converter circuits respectively
produce the first and second output signals via a rate of charge or discharge through at least

one transistor.

15. The circuit of claim 10, wherein the arbiter circuit comprises a latch.
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asserted in inverse proportion to the first and second
magni tudes. 6. The circuit of claiml1l, wherein the
woio@oss03d second converter circuits respecti veCy/us2006/060153
produce the first and second output signals via a rate
of charge or discharge through at |east one
transistor. 7. The circuit of claiml, wherein the
arbiter circuit conprises a latch. 8. The circuit of
claim7, wherein the latch is not affected by the
first or second output signal that is not the first to
16. 2thé Vc%rc%%t E) &t bllbe Ml er:i%u'tl{e' gi'bit-gg Ceifdulit® Bi‘&duggs Qﬁealam least one
1, " Wherer not he i rst and second converter fcircults
compargioeionepatsigred y osvesshma ltbécts iofribé firsnendsesamidnoutput signals first
- Erqﬂucinggt@e.@irst and second out put signals occurs
rrived gt the ALUET CTEWTof the at | east one enable signal. 10.
A conparator circuit for conparing a first input

vol t age .of first ni tu and a second input . :

17, v ahe 8 pr uelruPHaGHIE o PEGRETT CrRGEr e 1ol receive a last

one efdMY 8igh6l, aqlirwhidrtinf PlodhEiagithe Mgstt 48] dcbBd oufyfitsignals occurs upon
vol tage and producing a first output signal whose

assertiop Gf {ae 9tdeast epy F%’E’l‘f HeMHver se proportion to the first
magni t ude; a second converter circuit for receiving

the second i nput voltage,andjgfoducing a second out put
18 sAgPRIMPIARES eitehiti fag compadage A gt oyt NOKease0l? dpErppgiiude and a

second &ﬁb@oﬁ@é&%s@ﬁ&mﬁﬁgﬁﬁcﬁp%rﬁ iﬁ'ﬁgi ter circuit for
receiving the first and second output signals, wherein
t he afispit epnvertet itcuir sdhgeen the fish conperier colfphl oprises a first
out put ..si j i N elatiansghi i,t 0 the first
et SRR TSR S erk b CuBRTENE (Pl e e
10, whémaeéistor heodackd ¢ Eirstoutrisigngl whiaeetmingis asserted as a function

Comer B My RALe >, 12, The oot of claln,
i s pulssaohd t@veFee cdicnitumwtherdfin ghaiseediR] cadresrtsr reitdug egmprises a
| east WHnaH n%l{s%tr%r %%ieyntg tﬁé ggc%lndi iﬁp&ti ‘Joﬁtgéee Qt ittsogate, wherein the
sccond transistor produccs a sccond output signal whosc timing is asscrted as a
function of the second magnitude; and
a latch for receiving the first and second output signals and for producing at least

one comparator output indicative of the comparison between the first and

second input voltages.

19. The circuit of claim 18, wherein the latch produces two comparator output signals.

20. The circuit of claim 18, wherein the at least one comparator output signal is pulsed.
21. The circuit of claim 20, wherein the at least one comparator output signal is filtered to
produce a DC output.

22. The circuit of claim 18, wherein the first and second output signals are respectively

asserted in inverse proportion to the first and second magnitudes.
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produce a DC output. 14. The circuit of claim 10,
wherein the first and second converter circuits
woespaesisvel y produce the first and second out par/us2006/060153
signals via a rate of charge or discharge through at
| east one transistor. 15. The circuit of claim 10,
wherein the arbiter circuit conprises a latch.16. The
circuit of claim 10, wherein the arbiter circuit
produces the at | east one conparator output signal by
assessing which of the first and second output signals
23. ”ffflg E1r§‘lrnrél g%fg Vﬂtlé h}ﬁn %%iglt 5 rﬁrg’t Jn%uéecon&'z n\)—é}ﬁer %lurcﬁ% %espectively
Fein The T7rat and second converte
producs th::ufitss andceforel autpheasighalonda encid ef shepgal gr @n@harge respectively
throu%mﬁer:%rsr%agcrlgec%%d 1@% first and second out put signals
s upon ASSErtion™sf the at |east one enabl e
signal. 18. A corrparator circuit for conparing a first

i nput vth first itu and econd in

DR et Bt R iy PR S B8 v P the fist and
second OUNRE bighals) iRlistnot \WifRERU byt e firkt Git seeOiy Sudpat sighsilCtibt is not the

conprises a first transistor for receiving the first
ﬁrs“‘ﬁ?fg‘rg? voltage at its gate, wherein the first

transi stor produces a first output signal whose timng

is asserted as a function of the first nmagnitude; a

25 séke ﬁaclebﬂff%lﬁ%#&cwheram the JJrerBr fosand cBaREF LBMYeFICgive at least

one efdbl€ Yighals QR rwl%émaﬁ)@aﬁaﬁg the @inst] sHdOechR ohﬁiﬁ@'sl/gnﬁg; occurs upon
the second input voltage at its gate, wherein the

assertign Of e ‘Etrlﬁq%%‘t%#abkﬁr%%ﬂies a second out put signal
whose timng is asserted as a function of the second
magni tude; and a latch for receiving the first and
26. séc@nmpamﬂOp girceit dgorabemparéng o riirg ingut velgeest off @ disst opgnitude and a

secon{f ﬁ?ﬂ?@@ﬂ%’e o?gtsgbgncf %gérﬁafd'ev&rﬁnsﬁﬁ% conpari son between

I rst and secon nput” vo 19. The circuit

of ol Bistrea®ertgheiraiinfor receivng Iﬁlq)ﬁoduwsvomewm&%bone enable

out put si%lngl? EHles first converter circuit for producing a first output signal whose

timing is asscrtcd as a function of the first magnitudc when the at Icast onc
enable signal is toggled;

a second converter circuit for receiving the second input voltage and the at least
one enable signal, the second converter circuit for producing a second output
signal whose timing is asserted as a function of the second magnitude when
the at least one enable signal is toggled; and

an arbiter circuit for receiving the first and second output signals, wherein the
arbiter circuit produces at least one comparator output signal reflecting which

of the first and second output signals first arrived at the arbiter circuit.

27. The circuit of claim 26, wherein the arbiter circuit produces two comparator output
signals.
28. The circuit of claim 26, wherein the at least one comparator output signal is pulsed.
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20. The circuit of claim 18, wherein the at |east one
conparator output signal is pulsed. 2 1. The circuit
wohowloasoan 20, wherein the at | east one conpar aPoT/US2006/060153
output signal is filtered to produce a DC out put. 22.
The circuit of claim18, wherein the first and second
output signals are respectively asserted in inverse
proportion to the first and second magni tudes. 23. The
circuit of claim18, wherein the first and second
converter circuits respectively produce the first and
second output.signals via a rate of charge or . .
29, GiEEREPYEOT BEBAR VAP He ShIRS LS P San oh i ey is filtered to
produtd aMRE 84tPLs. 24. The circuit of claim18, wherein the
|atch latches a first to arrive of the first and
second output signals, and is not affected by the

30. | ihgteiRbit PRt 98It WhkreSil @aatrst HRE sdcdnd Qlutpulf BighblsSdre tréspectively
arrive. 25. The circuit of claim 18, wherein the first

assertedhin FeGA Bransiiiet fodhe Eiryt @nd secondapagiitudes.| east one
enabl e signal, and wherein producing the first and

second output signals occurs upon assertion of the at .
31. | Ghstcisng e 26 whetein 16, fial aphperoRd FONFPRALFIECHS frespectively

produ%% gpeaﬁf;s@ @ 8@&0&1%1%&1{}@ lléign\éfél JI? Q6o oiacl%.k%c;&r JRGDI I @Pough at least

a second 1 npu tage of a secon gni t ude,
one trems1ppi.si ng: a first converter circuit for receiving
the first input voltage and at | east one enable
signal, the first converter circuit for producing a
32. fiTstciuttpitlagh@éavheleostetatiangircgit agwprisesc latcha
function of the first magnitude when the at | east one
enabl e signal is toggled; a second converter circuit
33. f Qhher @omiitvonglainh 825 ederwn ilatphitis wot bffgacdibg thhdirst or second output

. ast one enabl e si he second converter circuit
Slgnalftgllalt ‘ﬁﬁ’BHg‘@if?fét £ %%%%%311%6’%[’5[5{ “%f%Y¥hal whose tining is
asserted as a function of the second magnitude when
the at |east one enable gsignal is to ed; and a
34, P heLou O SRR Too DPERb I A FopH B ALl S BBl
out put signals, wherein the
35. The circuit of claim 26, wherein the at least one enable signal is formed using the at

least one comparator output signal as feedback.

36. A method for comparing a first input voltage of a first magnitude and a second input
voltage of a second magnitude, comprising:
concurrently assessing the first input voltage and the second input voltage by
producing a first output signal whose timing is asserted as a function of the
first magnitude and producing a second output signal whose timing is asserted
as a function of the second magnitude; and
determining which of the first and second output signals is first asserted to
produce at least one comparator output signal indicative of the relationship of

the first and second magnitudes.

37. The method of claim 36, wherein the determining step is performed by an arbiter

circuit.
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arbiter circuit produces at |east one conparator
out put signal reflecting which of the first and second
woubmwesedgnal s first arrived at the arbiter cPCTMWISE06/060153

27. The circuit of claim26, wherein the arbiter

circuit produces two conparator output signals. 28.

The circuit of claim26, wherein the at |east one

conpar at or out put signal is pulsed.29. The circuit of

claim 28, wherein the at | east one conparat or output

signal is filtered to produce a DC output. 30. The

circuit of claim?26, wherein the first and second

out put signals are respectively asserted in inverse
38. prTapatcthainof daith®6,Wheséin aidlatd &0 be bmgparhtod@atpud signdlne pulsed.

circuit of claim26, wherein the first and second

converter circuits respectively produce the first and
39. seaenHctadd it clging B8] Fuhed cdnipsenffilteFiag GBe Qi least one comparator

di.scharge through at | east one transistor. 32. The
output§ignal ¢ Pryduge &bty OWPUlvherein the arbiter circuit

conprises a latch. 33. The circuit of claim 32,

wherein latch is not affected by the first or_ second .
40.  odbpaetaoypbirlaim 30, vt thepfirst ppd pecogd guinuf siggelsyae respectively
assert@ i ihGrs& pfdpBition B4ne il afid 5&8hl nenttli@édn 26, wherein

the at | east one enable signal is cycled. 35. The

circuit of claim 26, wherein the at | east one enable

S . simg .t : F e racmect:
41 etk RO PARE 38 e st BT e B IR are sespecively
asserted viaragate ofpheraecirdiggbanse throbph et lepsignetggeistond a

second i nput voltage of a second magnitude,

conprising: concurrently assessing the first input
42. va@ht agtharhol dbien 3@ odmteinnpudetomhinagsstéyispreodoneh gy a latch.

first output signal whose timng is asserted as a

function of the first magnitude and produci ng a second
43. oThpuictsodyoidlainh d3 ewhdrainrbe isclassert bifdctad bg theifict bosecond output

.' t.h i tude: and determning which of th
signalthry S M MR BSE s ama o te il Mebertod to

44, The method of claim 36, wherein concurrent assessment of the first and second input

voltages is effectuated by assertion of at least one enable signal.
45. The method of claim 44, wherein the at least one enable signal is cycled.

46.  The method of claim 44, wherein the at least one enable signal is formed using the at

least one comparator output signal as feedback.
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produce at | east one conparator output signa

i ndicative of the relationship of the first and second
worgmidesides. 37. The met hod of cl aim 36, wher ePaTUs82006/060153

determining step is perfornmed by an arbiter

circuit.38. The nethod of claim 36, wherein the at

| east one conparator output signal is pulsed. 39. The

nmet hod of claim 38, further conprising filtering the

at | east one conparator output signal to produce a DC

out put. 40. The nethod of claim 36, wherein the first

and second out put signals are respectively asserted in .
47 | Averded SPoRRIFREEIE ¢ BT P LSS R ?‘é%t&ﬂ%g‘i@éﬁiaf@ geggeond imput
voltagh bf a BB MEhA8ENEE, ngirbie, wherein the first and

second out put signals are respectlvel%xfgggrted Vi

r at COBFUERHRg assefoing da) Srgcnpy Bolpee §oogRg tput Voltage by
tr ansh?}&fum e fi ?ﬁ%ﬁt@&a@fwﬁs@tﬂﬁéqs Wit st function of the

determining Step is performed by a latch. 43. The
met hod fisst mmmﬂq and predusing & $re0ndPEIRUE § BRI Vhasedinpiag is asserted

by the agl [Shctfn SEH grﬁgc(ﬁfdt ﬁ%ﬂ%nlﬁic@n@lheltel‘l@&hé Smi oft 1h€ assertion of

first to be asserte met ho claim
wher ei fthefirst nd eetondsndpsimdictted b the vaiq o phprgmg g dlischarging

one. ondPARE A L SE’ Bl oRoRShIcRRN herl B o, st and

€ sl gna wher el n
the atsb@n@hnmnem@ngbLe signal is cycled. 46. The

SI gn gFCh?rfgg \]%ILLGh e’ ﬁrs gr#ﬁ%e%o%&'?utght gl ﬁl{ﬁ; 1sofnr(§t %3@1%(? and

O EYTETARS ne conpar at or
out petitpsitigp adt hastfmmjloamhoaﬁa’e’or dutpet h@maf drone shp datichg wherein the

f | f.oa fi d
ot OrPERSo P otgRd HidhaRe Kager R, fhe>H8"tna. sccond

concur regphnlitidesssessing the first input voltage and.
the second i nput voltage by producing a first output
signal whose timng is asserted as a function of the

48. fiThstmBBmeRidfudgnand, phettie ithg detearaibong syt ip yierfirgadlby an arbiter
whose timng is asserted as a function of the second
circuifragni t ude, wherein the tining of the assertion of the
first and second outputs is dictated by the rate of

chargi ng or discharging.
49. The method of claim 47, wherein the at least one comparator output signal is pulsed.

50. The method of claim 49, further comprising filtering the at least one comparator

output signal to produce a DC output.

51. The method of claim 47, wherein the first and second output signals are respectively

asserted in inverse proportion to the first and second magnitudes.

52. The method of claim 47, wherein the latching step is not affected by the first or

second output signal that is not the first to be asserted.

53. The method of claim 47, wherein concurrent assessment of the first and second input

voltages is effectuated by assertion of at least one enable signal.

54. The method of claim 53, wherein the at least one enable signal is cycled.
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respective first and second transistors respectively
gated by the first and second i nput voltages; |atching
wohowhesftot he first and second out put signal s PETMISE®B/060153
asserted; and outputting at |east one conparator
out put signal fromthe | atch, wherein the conparator
out put signal indicates the |arger of the first and
second magni tudes. 48. The nmethod of claim47, wherein
the determining step is perforned by an arbiter
circuit. 49. The nethod of claim47, wherein the at
| east one conparator output signal is pulsed. 50. The
nmet hod of claim49, further conprising filtering the

55. atrpkeAsthoPBEIERAABE! Ah&feiPite R least Siabndble fipRdus formedWsing the at
out put. 51. The net hod of claim 47, wherein the first

least eecommeaprer Gupptiensl aniacdbatke respectively asserted in
i nverse proportion to the first and second magnitudes.
52. The nethod of claim47, wherein the |atching step
56. | & mrotha foe cowgatig & Hastfinpet valiags of erfirsbmesnituds; iaa fecond input

VOlta%)C 0%13] AGEOH({J%RL%H‘%U.({C E %ﬁﬁnge asserted. 53. The nethod

eré I'n concurrent assessment of the
fir stepaatddlezemhmg aplitiseblingfjess ahd sedomdqonuersy Ppuits, wherein the

assert Itolgt %g\ecogg 13 V\AX%E% ﬁ% xévtﬁ&? %ﬁhbleé"’res% %vely produce first

met hod 'O east one
si gnal anﬂ sgmhédoﬂﬁut Ifgaalsewﬂlosb dﬁnmgalaw%wm@ﬁlm psserted as a

t he at t usi ng the at

| east 6Hﬂﬂ53?5$a8§Feagﬂ' %%%FE gEgedback 56. A

met hﬁaqi;eﬁ@myc defeaninhgz avifich stf thepﬁrstvzmdt agpendf owtpfii lsgnals is first
reont et Gr e gl BBl S Ry SN biene indiaive of
di sabl ltﬁgrélaﬁ@tshwtﬁeﬁmdnwmdmgxmdw ts, wherein

the first and second converter circuits, when enabl ed,
respectively produce first and second out put signals

57. WhERSeriHHdNGS cloif Joe siRedih bk Weasseiihg dtasisaperformed by an arbiter

circuit.

58. The method of claim 56, further comprising filtering the at least one pulsed

comparator output signal to produce a DC output.

59. The method of claim 56, wherein the first and second output signals are respectively

asserted in inverse proportion to the first and second magnitudes.

60. The method of claim 56, wherein the first and second output signals are respectively

asserted via a rate of charge or discharge through at least one transistor.
61. The method of claim 56, wherein the determining step is performed by a latch.

62. The method of claim 61, wherein the latch is not affected by the first or second output
signal that is not the first to be asserted.
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function of the first and second magnitudes; and

repeatedly determ ning which of the first and second
woubmwesedgnal s is first asserted to produce aPCraasi06/060153

one pul sed conparator output signal indicative of the

relationship of the first and second magnitudes. 57.

The nmethod of claim56, wherein the determ ning step

is perforned by an arbiter circuit. 58. The nethod of

claimb56, further conprising filtering the at | east

one pul sed conparator output signal to produce a DC

0 ut .. 59.. The t hod .of, cl.ai m 56, erein the first
63, oAb Bt orein sh B PR sl SRRYPHst SEpp AR sopeatedly
enablddindrdiebydodeat least one ehlidle kighsl and second magni t udes.

60. The nethod of claimb56, wherein the first and

second output signals are respectively asserted via a

64. I @henhhsdher @@m@ 63 WB&BAI 86 at [Waslate @labl al @rmed using the at
transi stor. 1. The net hod. of cl ai m 56, erein the

leastoaétcevrw*fﬁtw'gowémw‘ pefeedhaskd by a latch. 62. The
met hod of claim 61, wherein the latch is not affected
by the first or second output signal that is not the
first to be asserted. 63. The nmethod of claim 56,
wherein the first and second converter circuits are
repeatedly enabl ed and di sabled via at | east one
enabl e signal. 64. The nethod of claim 63, wherein the
at | east one enable signal is formed using the at
| east one conparator output signal as feedback.
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