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CROSS- REFERENCE TO RELATED APPLI CATI ONS 100011 Thi s international

appl i cati onyglgi7gsopg i ority to U.S. application serial ngr/dshied®601337,

filed Novenber 29, 2005, which is hereby incorporated by reference. FlIELD OF
THE | NVENTI ON [ 00021 Enbodi nents of this invention relate to a conparator
circuit for conparing the nagnitude of two input voltages and for producing
at | east one output indicative of the conparison. BACKGROUND [ nu]
Conparator circuits are well known in the art of integrated circuits. In it
sinplest form a conparator circuit conpares two input voltages, and

pr oduces yRrHRGAFINURLP AYBNAASRIIEAON R ID TR SEANY D PkiPkpia) ! ages
is larger. "For exanple,” 1n a Pﬁiﬁ\lﬁ h?oer(lgtﬁ:wt, T Inl” "> Vin2,
then the output mght equal "a hig ic’s a‘%e, i-e., alogic "1." If Vinl

< Vin2, then the output would equal a l.ow logic state, i.e., alogic '0.'
This conparison of the two voltages cg?{then be used in various ways to
perform useful functions on the j te}gra} eg:{.‘ci. Lcuit. For exanple, in a
Dynani ¢ Random Access Menory ( 51 T et

\ 4 conparator is used to
conpare a reference voltage to an out put vol tage produced from an out put
driver nodel, with the results of thebé’orrpari son used to generate control
signals for the output drivers coupled tQ the |I/O bond pads to adjust their
out put i npedances- (For furthe?f“’&éf"&i_gs"“gr‘@g‘&rlﬂﬁ“h t he use of a conparator
to calibrate output inpedant@plicageMicrgn techinoirgy, ication 1

CROSS-REFERENCE TO RELATED APPLICATIONS

woony  This international application claims priority to U.S. application serial no. 11/288,717,

filed November 29, 2005, which is hereby incorporated by reference.

FIELD OF THE INVENTION

oo2) 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

o3}  Comparator circuits are well known in the art of integrated circuits. In 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 1 comparator to calibrate output impedances, see U.S. Patent Application
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WD 2007/ 065040 PCT/ 11 S2006/ 060153 Serial No. 11/210,009, filed August 22,
2005, which is incorporated herein by reference inits entirety). In any
event, this is just one exanple in which a conparator circuit can be used,
and this disclosure is not limted to the use of a conparator in any
particul ar eaveoToetent. [00041 Figure 1 illustrates a @CTaIS2@s060¢Bpar at or
circuit 10 used for output inpedance calibration. This prior art conparator
10 is nore conplicated than that just explained in that it produces two
outputs, DEC and INC as is useful in the unique environment of output

i npedance calibration. The conparator conpares two input voltages, Vin and
Vref, and, generally speaking, when Vin > Vref, DEC is asserted, which
reflects that Vin is too high and is preferably decreased. O herw se, when
Vin < Vredrial NYC1121R86EHHe0AugRE beClohs OwhibREs MbdtpbtediRih BWrddnésSin its
preferably,lncreased. Because operation of the prior art conparator circuit
will  beSHirghi}; Iroanyhexsat dis dkjust ong exagple oy whichd CAIRaGHeT St BRQErHsed: | s
not expl Adaf diddid¥usehs 46t 1dhited to HRVENEAIF a cORPadidrlih 86 Mirlituliee0BBhZENtt hat t he
circuitry 10 conprises three stages: an anplifier stage 12; a |latch stage
14; and @gsgoutipute buflb@fatst ageiotGurt LORPRAtoPErcit I MUntede F@NBRputPRifedsntear | y
worthy of note is the differential sense anpljfi%{ (DSA) 20 Hhat coppri ses
a porti offliSfatioRe Thsopriqriag cospnagrsor 1) is morp sonaplicsied e esRsHEPIHRIHHAIRY t he
two i npuit preddcag 8o oMtgut2BENT0H . INaNEs @UERAL ¥Oht AgRficOMviieaasnt oA IMB

i ndi cative of the_conparison. However, as used.in the dis%losgf d jor art

i r
conpar at BAPedppee fafibration. (Hie pesppasyor sOTpATe HERMPUh YOURRSIN Vith ety JuiFle 2nd:

Fi gure 2g&RONS shoid) Whdh 3R L Wef, BHE isklser@fl, Whigh k&flcktsaBat Wity @b @ebhuder
nor nal cpndltlgns (gﬁg. W = 1.5V, tenperature = 25 degrees. Q. As. .

si mul at et PrefREebly dporepsed. h@rha%e,avl?ﬁnd\@&myréfom%g%ase%@ RiAectipg thet Vimiswas
gradual | ¥o 16%ang ist froResbpmetbaskdt HesansdbpsratiGPECthE 'Bﬁall ArY corAfarSBOWit AN Was
ranped from 400 mv K%Ggo ng over a peri of 500 nanoseconds, and then

0 od . ] ]
ranped baTRICHI RIS Atsiling hBgarintsyrreaty ofHasygE dcismas SR PhEUFRETrE: t hat
Vin = VI glbwdlerloft iltkbd pl Bt Sgn@RaRANES cirdu@OP 03 cdipadds Yhret Bi@gddf b®hmplifier
conparator circuit 10 should show a sinulated output in which INCis a
| ogi ¢ 15tg§ 1% 2 latch stpag $45#n@ 2p QuipBhby{tn 6988 dfrds and from 750 to 1000
nanoseconds (when Vin < Vref), %ﬁq in which DEC iségﬁJOﬂLq "0 from 250 to
750 nano¥¥ontdBe Ciffeh olarent Datficulerly woithy 9% ngfenis e eferepidal epsfapmpPaldd ¢ s
devi ate {DOA) bbitSati BERrises & pPRMOA the FRingyliTRr dtage 12. As is known, the DSA 20

compares the two input voltages, Vin and Vref, and output voltages on nodes A and B

indicative of the comparison. However, as used in the disclosed prior art comparator circuit
10, the DSA 20 is not ideal, as shown in Figure 2. Figure 2 shows the comparator circuit 10
of Figure 1 as simulated under normal conditions (e.g., Vcc = 1.5V; temperature = 25 degrees
C). As simulated, the Vref was held to a midpoint voltage (600 mV) while Vin was gradually
transitioncd around this valuc. Spccifically, as shown, Vin was ramped from 400 mV to 800
mV over a period of 500 nanoseconds, and then ramped back down to 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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while I NC goes | ow at approxi mtely 250 nanoseconds as it shoul d, DEC does
not go high wuntil approximately 280 nanoseconds, resulting in an

approxi mately 30 nanosecond gap A in which the output of the conmparator 10
is indeterm nate. Such a gap A is obviously not ideal, as valid inputs to

t he circui twdaoo1otsoso nel y produce valid outputs. 2 WO 20Q%/x0&dA60153

PCT/ US2006/ 060153 tnnoi Moreover, even if it is assuned that the gap Ais
perm ssible, the circuit 10 should. still performwth appropriate
symmetry. In other words, if DEC does not go high until approximately 280
nanoseconds, i.e., when Vin is sone offset higher than Vref, symetry would
dictate that DEC should go |l ow when Vin falls beneath that offset, i.e., at
approxi mately 720 nanoseconds. However, as can be seen, such symmetry is not
present: ., ORE%Q&)%P%%&]# & 1@hssARRE R Wﬁé %{F}’ AZ@%aHﬁl@BEI%C BRdSrculttilo %Haafdead
falls at approxi matély nanosecon ese non-synmetries Int

conpar at still perfomn twithQapprepridtte syramgtry. dh aiwawerds, ifHYEECedossinot iga highe until CUI t.

[ 000s] U Ao C f €1 @H t

(i ndet er epiERuitly 280 RaRARCIER o PELL VPRSP ofchf WRREE A Plor Syl )

t he circwiotld Asctgeethstk DE@chonldt ge mt whenl Nna;fpﬂfednea@aéh ‘rézatDQﬁfsw lile.,naft wor K
parti cul e fer t. en the
two i npu?@% lté]}(/ﬁ? )ng%s(é&s%na 1 %quev%?easdd %ﬁ% S%Erggsruwfsy@@ ﬁ;?/nh ﬂge réﬁl t of
such a skEC d@thnbefaélmtlaaprqxnpattlyvﬁbtragesep@dshlatt ingteadafialls att dppradSNat2ly T¥nger
torelia EHE G Q P?@E

Mor eover, Rt S%%%?%b&%%b as Q&%%grg htgf)cgr tIa % t%&{cﬁﬁtq |gu4tre %%Sreglga e déa%e
becones QYMghmkynhnpmmdifflcult to transition to the other state, resulting
in the hysteresis effect just discussed. [0009] In any event, such

shor t conioprgs Hiltgmatelye theoneraidgebperédrmanée obthet mmmfer ciseuit 4P (indeterminatenat e,
and hampefet RS Mhdrddid) et thel B bRl | RHEA i@GheQd Pt

i npedance %) F %raéirlé o%% es(?l %ﬁtﬁéﬁsﬁgacoft pu%r%g%Il e lccorrpé%rkgrgns o% lﬂ K

i nput s ni¥8i apprepaige a %ﬁcklﬂlynqurkmaﬂmﬂaﬂy welbrenwiiaekly hehen fhfeecilﬁmen@ﬁ m

bet ween %Q@nﬂ%ehvrb%grtﬁe tlv\ﬁ) Eu gz le\ilre% glg' bnl tﬁe @rdgpé'i!" 1(91fnvt iR result

di sclosure to provide a so fot
of such a small differential input voltage is that it takes the DSA 20 longer to reliably

establish an output voltage indicative of the comparison. Moreover, when the DSA 20 has
been operated to output onc state, it then becomes slightly morce difficult to fransition to the

other state, resulting in the hysteresis effect just discussed.

oe9) In any event, such shortcomings from the comparator circuit of the prior art are
unfortunate, and hamper the utility of the circuit in many applications, such as output
impedance calibration, in which the output of the comparison of the two inputs must be made
quickly and reliably, even when the differential between the two inputs is very small. Hence,

it is a goal of this disclosurc to providc a solution to this problcm.

SUMMARY

oozo} An improved comparator circuit and associated methods are disclosed. In one
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



(0010 An inproved conparator circuit and. associ ated. nethods are discl osed.
In one enbodinent, the conparator circuit conprises tw voltage-to-tine
converter circuits, one for each input voltage to be conpared, and an
arbiter circuit for receiving the tine-converted output of each converter.
Each converwenomssmsses t he magni tude of its input volt @ge/usaneocoasst puts a
signal that is asserted at a tine in inverse proportion to the magnitude of
the input voltage. In one enbodi ment, producing the output signal at the
asserted time conprises using the input voltage to gate a transistor whose
di scharge rate dictates the timng of the output signal. The two out put
signals arrive at an arbiter circuit whose function is to determne 3 WO
20071065040 PCT/ US20061060153 which output arrived. at the arbiter first,
as isin : : : e

ot put o RS R e R e e PRl i1
conpr i sesndato ggt ¢ie, oudpie qirter cereBeraine aesordingly o de poe Smbpdireat: the ahiter pigcuit
conpari s : [ ; [t GO Bom: tS,ocan be
ised 1o gonisst 25abhind BBNleey Bht BORR obPu® MR A0 Burb AR AF B
circuit mpuproléhges pub srwhtgnatlpmtthe alipoisi aag beowsed ta senieraie guble signgamhidhn of

t he magni S, t i :

{1 tor ad ot e aabba P L g B el pRES sty o5ale i Bl o
OF THE Droxuyassn 06 0Eimagnithdesi afdhe svoinputse Thaseantjedeoutmbeeansn girntbgifitered
di50'OsuﬁﬁﬁﬁﬁﬁﬁtR@IQ?EEmHQQGP&EQ&Q W.ih reference to the follow ng detailed
descri ption, en read I'n conjunctPon wth the acconpanying draw ngs, in
whi ch: 100127 Figure 1 illustrates a prior art conparator circuit. tool a7
Figure 2 illustrate the results of a sinulation of the conmparator circuit of

Figure 1, and shows that the outputs of the circuit ffer fromhysteresis
and froman i ndeterm naE%I%FaB}*:iSFI&WIEW PWJ%WM‘gsuncertai n. 100141

Figure 3 illustrates an inproved conparagor circuit in block diagram.formin
ccor dantti EHORREERO R RS RECTROE A ACiorsn 6] bpGtrBIaoPoR QU af s
t he circrdfereyceoftot the Follpidve Hetnlgpanescriptict, I Wted rigadf inFicgnjugctidn with the

accompanying drawings, in which:

porz)  Figure 1 illustrates a prior art comparator circuit.

o13)  Figure 2 illustrate the results of a simulation of the comparator circuit of Figure 1, and
shows that the outputs of the circuit suffer from hysteresis and from an indeterminate gap in

which the outputs are uncertain.
oond)  Figure 3 illustrates an improved comparator circuit in block diagram form in
accordance with an embodiment of the invention.

oo1s;  Figure 4 illustrates the circuitry of the improved comparator circuitry of Figure 3.

oors; 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.

po17;  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

mo1s] 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



[00161 Figure 5 illustrates optional additional circuitry to be used with
the conparator «circuitry of Figure 4 which cyclically enables and di sabl es
the conparator circuitry to provide an oscillating, continuous output.
100171 Figure 6 illustrates the results of a sinulation of the inproved
conpar at or 9 e@H0e308f Figures 4 and 5, and shows no di FEEUSAHH/B00MIESt er esi S
and no significant indeterm nate output gap. DETAILED DESCRI PTI ON [ 00157 A
solution to the problemof hysteresis and indeterm nate outputs in prior art
conparator circuits of the type illustrated in Figure 1 involves replacing
the differential sense 4 W 2007/065040 PCT/ US2006/ 060153 anplifier (DSA)
12 traditionally used. in those circuits. As noted above, DSAs can suffer
fromhysteresis (resulting in non-symetric operation of the circuitry) and

from sl oymplaper@isiagn 2nheditiédiflyvakd agdenddé thesignt Aahokatamaes DHLs capifferi S
smal | (rgsulting i.n an _indeterm nate putput,gag%ﬁ%%00191 ﬁccg;&ingl , and
as shownfPR Rysarss $TRUIBE Bk AR SGRARIC oPRATAtOR] GIRERY) GRd gfom; ﬂé‘?’oved
conpar at ger&ionC Wihkn 2hei VolRigs OdidRAGAaWbERV ek Ethe Mvedts | BN siElell 6@dsaltingeid nput

voltages.in a different manner. Specifically, each input (Vin and Vref if
conpar i sBASEINRNE opPUuLEMxed reference is desired: or Vinl and Vin2 if

conparison of two. variable input yoltages is required) | t,.by a circuit
b1 o0k 3080 S0pCARIEAY S e ePie Faped Sh iyl B F, apd e RbRREARY o
time donmmprovel@inpasator diuit@stiAgerotdinte With dilivmesritidnh detdctithe mpdDeoltaglinassess
the magnitude of the [ npu ol t ages d copyert. .t hose.vol tage magni t.udes
to out puf dkffeé?{ﬁlma(“ﬂer'ahﬁé)“ﬁca\ﬁﬁogaéﬂd‘é@ﬁipgha‘f‘p&ﬁﬁjfFgmgmﬁﬂgtoéd 33861%689 to

t hat magrdféresle. isSpBred; eyl ahd WHE if eshpstisvanét showariatdadngs wiltapesbd
explained in furth det.ai L .hel o e higher the. nmagnitude_.of the input

Vol t age. FeaRedi By A Gt HEOU A R D S i g SEELEOm § orees
Vref, outi@tiinse gnime dommaih] Thet Bsthe voRagdreftine caviepttt cisdufindDa, 30bveasesithe
reflects_the res¥l i

ot B e b e E B8 s el Bheh oSl BT o,
arbi ter eaid ®)iwthodd adssriets thing\8 athjustedbRcsddingntoi thatf magdirmde dSpadifically, in the
embodiment shown, and as will be explained in further detail below, the higher the
magnitude of the input voltage, the more quickly the output signal is asserted. Thus, if Vin >
Vref, output signal X will be asscrted before output signal Y, which reflects the results of the
comparison (i.e., that Vin > Vref). To then interpret this difference in timing between the
output signals X and Y, an arbiter circuit 40 is used. As will be shown in further detail
below, the arbiter circuit 40 essentially latches the first-to-arrive output signal, either X or Y,
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.

po2o;  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.

w21 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

5



bel ow, the arbiter circuit 40 essentially latches the first-to-arrive output
signal, either X or Y, and sets the conparator outputs, DEC and I NC,
accordingly. Thus, if Vin > Vref, output DEC will be set by the arbiter
circuit 40, and. if Vin < Vref, output INCw Il be set by the arbiter
circuit 40.WQO20808uch functionality of the inproved c8fHASHOEPOEI3r cuit 25
is better appreciated when its circuitry is understood, and exenpl ary
circuitry is shown in Figure 4. Specifically shown are circuits useable for
the voltage-to-tine converters 30a, 30b, and the arbiter 40. It is worth
noting that other circuits with simlar functionalities could be used in

| ieu of those depicted. The operation of voltage-to-tinme converters 30a,
30b are discussed first, and because they are identical, discussion

pr oceedsganietating @f piec tndble ©igmale milk be Japssad ﬂehwiyknomoemmtxeinh Buro ﬁ,eatath‘ss in
simlar fashiaon..t002 he .l n ter ude the.in

vol t age R I\Rﬁo%g ﬁsﬁﬁn%gl-hgﬂfesg}agfébségna?gafn\fliéétcggl P rﬁ%lt)ga AT rlSgscsercfled
timng ofigmald getteraiecgroalthé(,lo@'mdf alre eepipdted sirguitlin (MEch. thdsmpsdhvedimsontpatdtorEn and
its conpl ement EnJ are used, and while exenplary nmeans for 5 WO

2007/ 0658&‘61 852006/ 060153 generating of the enable signals will be

di .
0 soussCle! A, EOMEEL] Q0P O Sl b BROLhL SO B
si gnal s genéVavelgioy 0t)hend Erg_ & logh.t Bkisicotdigeomtizns oi Pehitingl travdistathS4ahamd

s tiall . :
TP OSSO Gy U 552300 LORAR U 118l g BB R )
| ogi ¢ " 0A} 2 madt &NChss bhing HughThhc;omtputdmﬁNGR gate ﬁéa omdeesshalynlelv ¢9’anmidsasor 54a

and tur I t. nsi stor 54a i s on, node
Chg charglgfgé}%d%ﬁvhoa&%ﬁéy COI%%E{%IQV@ aSgab ﬁ S)ﬁ I t he out put of NOR gate

56a 1S NGAESSWichind ind Jo 13%53?; 8819 fe V&J&m umﬁtfvma%% o7 b Ly fQNRELe

i nverters out pu en the conver IS oper le to
convert ﬁlﬁ@ah%@ntrwittoagblgtﬂ éﬂtls)tr@psﬂiqnédrnwﬁpmha@pbﬁwmswr ﬁéﬁ, andgngistoions

hi gh.  ThiseHahid %I'ahél%‘r 52ér %&s@fbfeczﬁ’lsg Ban Ykerlov& RN NGk %Ete%é is x?dwmt HEdhgit

N-channel transistor becaus iS now low, NOR gate 56a i s now
in a conth eutpyt a ‘1, qhould Chg also become low lndecd because transistor 52a is now on, and

because transistor 50a is also on to some degree by virtue of the input voltage (Vin) applied
at its gate, Chg (initially charged to Vcc via transistor 54a) will gradually discharge towards
ground through the two transistors 50a and 52a.

o241 It is the rate of this gradual discharge of node Chg that ultimately provides the
voltage-to-time conversion. In this regard, note that the rate of discharge will depend on the
magnitude of thc input voltage, Vin. If Vin is rclatively high, transistor 50a will bc morc
strongly on, i.e., a greater channel will be formed in the transistor. This 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.

mzs)  Tn 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



to output a "1,' should Chg al so becone | ow. I|ndeed, because transistor 52a
is now on, and because transistor 50a is also on to sone degree by virtue
of the input voltage (Vin) applied at its gate, Chg (initially charged to
Vcc via transistor 54a) will gradually discharge towards ground through the
two transi WORYWBGH40and 52a. [00241 It is the rate of tRCIUFRREHOANS3di schar ge
of node Chg that ultimately provides the voltage-to-tinme conversion. In

this regard, note that the rate of discharge will depend on the nagnitude
of the input voltage, Vin. If Vinis relatively high, transistor 50a will be
nore strongly on, i.e., a greater channel will be formed. in the

transistor. This neans the transistor 50a can draw a greater current, and
accordingly can discharge node Chg at a relatively quick speed. By
c ont r astChg isdiangds Qut@dﬁtemdehqmg @\M:latﬂ‘/diy’l &ight inputS@dtape,| Vinph QR0 gae Wwéaktly on,

e., re resis form T Sisto p0a can

: hj
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resistor Kt or el Carrd0D2p 1 ey h e Chg
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relativ W
rel ati ve¢1yp\qCP( béihy asartdd o@tf pumrsen otdie p)(efembh i uifif embé&a)enwthlat thg@iabigly and

el ativehy Abeki CRINERS Shdigh! " ASEIRERES LA Yoo, 968 dBNELNGLR

relatively Tow I tage tbtal

relati ve¢lscustb0wdlynotaffdctdh¢ mlanvn@de‘nge cvﬁtlhd output sigmals XJenhi¥gh rel at i veI y
slowy. [0026) Thus, when the two voltage-to-tine converter circuits 30a and
30b are ieensi ey wokth noféing thajootben ypltege-io-tame convegrdion eirquiitye cenld bhasekripilicar

circuit éth@Eirgii{rgf QlsERted fnrﬁéurg gqu\ﬂgriegger%hﬁ@ﬁreferably disclosed as relying on the
principle of assessing the rate of discharge through the input transistor 50a, it should be noted
that the technique is equally effectuated by assessing a rate of transistor charging to the
power supply Vcc or other high voltage. That is, node Chg could initially be grounded, and
then coupled to Vcc via a P-channel pull up transistor (akin to 50a) to assess its relative rate
of charging to Vec. (In this case, it might be more logical to use a NAND gates in lieu of
NOR gates 56, and to reverse the polarity of the enable input to that gate). In short, the
discloscd tcchnique by which an input voltage is converted to a timing signal via inputting
that input voltage to a transistor can be effectuated by assessing both the transistor’s charging

and discharging.

(00281 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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rel ati ve magni tudes of the input voltages. Thus, if Vin > Vref, output X

w Il be asserted high prior to output Y being asserted, and if Vin < Vref,
output Y will be asserted high prior to output X being asserted. O course,
it is preferable in this enbodinent that the circuitry and the various path
| engt hs be Weeni7io6zh0 i n the two converter circuits 30a, RAsameiobAass such
circuitry will not affect the relative timngs of the output signals X and
Y. 100271 It is worth noting that other voltage-to-time conversion circuitry
could be used in lieu of the circuitry disclosed in Figure 4. Moreover,
whil e preferably disclosed as relying on the principle of assessing the
rate of discharge through the input transistor 50a, it should be noted that
the technique is equally effectuated by assessing a rate of transistor

char gi ng (g, tbk%s%n%)ﬁ\@\{r t&@@éﬂs}ﬁg\@@o e PBE L ?‘H&PVY@“\@QP EJ:J%?ctmér?al ERQdEs Chg

could initial rounded en coupled to Vcc via a P-channel pul
up transihighe Iﬁn‘é abg ﬁWQ sodemhe (ftaée éQad@CfiaF g @eatttsv eVingt éVrebfouimndrgi g o Vec.

(In this ae%&ed high H&&@fou&ﬁt voaeemeh@@tbowe P RerfolNEX GesRSrdd el 1ﬁf5'ut9to NOR

gates 56, and to reverse polarity o he enabl e input to that gate). In

short, tARANRjsste @@e@retb@tihmghmealﬁyg mmp@nutdnwt yipue theatutpigef NANIY goteo28d t o0 a
timng sisgf@lonVifvdrisp el | tmlg outﬂﬁ?sta mgp%ttsgtel tvﬂg@ﬂvenér Mba(stﬁfnﬁt Qtov@%]tég%

ef fectuat ed by assessi n? he transi s charg d di schar
(0028] THass gaie bFvis efad eﬁetoaqam therhigh veltdge thr@ug% ﬂteob‘tfgftfeftsm resuliipg dm t he

{1 me- CONBIAl L DH Iy YoAthe v 0rdip ety RRRBIL Bk ddiotsn 0 Lok el and

out put t hat state In thi's regard, notice that ates 62a and 62b form

a cross- éetgsdedansigter I"ﬁftbl is @ated. 1o Iab ¢ kv Josiqetpisr(GNPX Weﬂle ner e8hyisgetathatn

goi ng hi ghnut 11€c is IREd RIE 2851388 HisAGuiliBe magni tude of the input vol tages of
the two converters 30a, 30b, outputs X and Y are low. As a result, the

out put's Qdosof h@Ja{\éP\NDhergaﬁ ﬁt §23enfidlly gl’)@ lli‘igﬂ htheaa@ﬁte@r&rcﬁﬁme&ﬂleﬁhvteoalﬂeﬁw vi a
the inverters 64a, ss gates 65a and 65b are on to pass. these

| ow vol t Ageaed thpfach ﬂtaﬁé?ﬁtpﬁé%%h@t‘tﬁoé‘ﬁ GrehoiRrlisEy endseafheeewutt At the pghiter CBFYhy o

sensi ng thed ﬂmJIN@plwttl@-%ﬁ chiieh BREG ameh MNGtd Sodsigh, /ndl@1RQié B6HUA0f
PCTI US2006/ 060153 T 002v], Assune now t hat _sensi n,%bl s to take place, and.

that Vi n NANPgatesRaniichiiy fes to the igpeof NANR 2aterRf D Aes Riaiondueenciry- %3t to
di schar ggesuBes A8Lnofinthttar Wheh ouput PUoeshish, ds th€output of NAND gate 62b will still

output a logic ‘1’ as it did before. In short, when output Y later gocs high, the outputs of the
arbiter circuit 40, DEC and INC, will not change.

wes1] Because the disclosed embodiment of the improved comparator circuit 25 ultimately
relies on the principle of transistor discharging (i.e., via transistors 50, 52), operation of the
circuit is very fast, especially compared to comparator circuit using differential sense
amplifiers, and even when the differential voltage between the inputs is very small,
Simulations run on the improved comparator circuit 25 of Figurc 4 show that cven at
differential voltages between the inputs 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.

o032 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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asserted high before output Y, as explained above. Wien output X is
asserted, the inputs to NAND gate 62a, are both high, nmaking its output

| ow, while the output of NAND gate 62b is still high. Inverter 64a thus
outputs a high voltage, while inverter 64b outputs a | ow voltage. Pass gate
65a i s enabVvedowwciass t he hi gh voltage through the buf frear/@3aso6@sul ting in
DEC going high as it should (because Vin > Vref). Conversely, pass gate 65b
is not enabled, and instead, transistor 66b is gated to pass a |low |l ogic
state (G\ND) to the buffer 68b, such that output INCis held |low again as
it should be. [0030] Later, when output Y eventually goes high, the arbiter
circuit 40 will have already |atched the fact that output X has gone high
earlier, and so the outputs of the arbiter circuit (DEC and INC) will not

change. Thihte WREH ¥ghal efre %ﬁnﬁl%&ﬁé@%%& alvidd1a outnit ilicatiAN @t €

62a, which is fed to the_input o ‘gate 62b, has previous|y gone |ow As
a resul FOMPITisEBES oY PRk oWﬁthI@o@ﬁb?ﬂ‘@ﬁFt the qablecTigiati cBF NAND
gate 62bgiwdly vetdddked, ApREred B Emerk is 3Bow itliFhREBOIEwhidh §RBIet conitbEN
output Y |ater aoes high, the outputs of the arbiter circuit 40, DEC and.

I NC, wi | Fireidtry dhamged- [ 00321 Because the discl osed enbodi nent of the

i nproved conparator_circuit 25 ultimtely relies on_the principle of
transi st 8Pdi §6hEgPH e . @adleypoptiol HEpEofY PS@Yld%‘Zf?egBngr it oniROY He

circuit ikemyaadr eastic 289PEGIR! Versa OTRANEAhd OnMNTBGtA] QircitryCl0l proth$de Ghe
differentia se,nsai anp| Lfi grs and even when the djfferential voltg%(]a

bet ween ERPITSHHERE Bnsandekp_ Oraihe  MPE YR ICATPBTAOT URFUBEY BiiRe fifpP Ry of the
conpar at @smgiraedi (DELD afd rﬁkgwsein%uﬁhommﬁénaaksmag @t cididtfyerseatabrd mpltages
between the [nputs of less than 10 nV, which render timng. differences

bet ween EHETHOTHIBAERY SF YTioUS CHEH F1epals fughes Bl dend B e é‘?‘FsCIE??"“B‘l RHReBYes

vol t age/ tfolowryg Separation is sufficient to produce reliable outputs for the
conparator, DEC and INC, within several nanoseconds. [0032] The enbodi nent
of 1 nprowed C@irpap@ber contrbLiipiial 2hchods ehnil gur en24 can bk iseddol enbble thes@ropitiynigy,

et o TREHRD SR LS N TR Sl i MR 12 3F 2

al I ow t hevhidh aidttotbe dotivé esetia KAND Qi 8anfdr ad icvneditieh (Eocduk,gitthotigh make t he

COMD | SO0 MR sl L5 MELE o, B BB RO Bl &
NOR gate 86 is provided by the control signals, and assuming initially that DEC and INC are
low, NOR gate 86 outputs a “1,” which is delayed via delay gate 88, and buffered (90, 92, 94)
to produce enable control signals En (‘1’) and En_ (‘0’). When this occurs, the previously-
charged nodes Chg in the converter circuits 30a, 30b begin to discharge, and the improved
comparator circuit 25 begins to operate as discussed above. Ultimately, one of the two
comparator 25 outputs, DEC and INC, will go high, depending on which input 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.

too3s; 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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25 has to be continually enabled and di sabled. Thus, in an alternative
enbodi nent, the 8 WD 2007/065040 PCT/ US2006/ 060153 enabl e control signals
are continually toggled to provide a running indication of the conparison
at outputs DEC and INC. While in one enbodi nent the enable signals can
sinply be cWBeREASY preferred enbodi ment is shown in FiP§IIES2H6/0601530hi ch
enable control «circuitry 70 is used. [0033] As can be seen, enable control
circuitry 70 provides feedback to the inproved conparator circuit 25 and
vice versa. That is, the enable control circuitry 70 produces the enables
signal En and En_ for the inproved conparator circuitry using the outputs of
the conparator (DEC and INC) as inputs. Thus, assumng the circuitry is
enabl ed by the assertion of any of various control signals such as enl_ and
en2_, th@igkd Sand fs}btlﬁir‘:v[se@ﬁﬁlta&tt@ﬂ&%unﬁl@ﬁdnﬁ&&he pA6B4} cifduitsy shoqwmoipatiguzent r ol
signal sych as en can be us enabl e t uitry.b

provi di ng‘ﬁ’&“f %\’ﬁe‘t’vhf}h 5 %?ﬁ }%rqbettﬁe ‘béd%é) THEos W\‘g’ aélgl © efe’ns% g ﬁé"il 1009 ¢
shown, bﬁ‘aﬂbseéondWINﬂ'ns raeeeted as beulaﬁelexﬁedtﬁzval\ﬂhcalghléhﬁh mémoﬁ Bf INC othirsas
condition to oc

Sy nnl OB stmer i Bises By uamu o [ eneug et i | Bb i Reividy Braaties

provi ded whgn t\He >C‘Qifui-“ ricy. lﬁhngQSS,O aadd7 58 3atdBetighds NIDECaE laysettbditagbinGs andriedNC ar e
| ow, NCR ate 86 outputs a 1," which is delayed via delay gate 88, and
buffered Sm@Z 94) to produce enable control signals En ("1') and En_

(°0"). S QcC he, reV|ou I char ged.nade 1 h 0 verter
(0 )1 M, e 0E SR DGpBL Rt S o, SRR SIS R Gy R
25 begi nsmpmveqbeasrapaa‘as cOlt 25 saadbeaﬂmedeﬂle UhﬁputsdDECymd GNE @h sithely tbaded to

conpar at C and | NC mn hi e i.hput
vol t age, ItaFﬁRerS 05,10 prf)g?cgeer%on mgq@a Iﬁg}n((’:ue %ggﬂi @g“ﬁﬁw ﬁ%ﬁfl Ygoes
hi gh, t hissch ﬁlsthesbdnaka dng)tal @iterdslcen smnbthdhe ouupuujmlse,s td @rovmdtﬂ ebhQ h&putr aslu| t s
in NOR g%&&c#ﬁ% Ql“letmtf{cqglter C1I¢ u1}'/r\y})' I-I?II as?ﬂeonc %galilcanolrzlnlq In tg%n rttant tﬁQhe co% xt Ef,:' t hus

set to causes rnod nverters arge
out put t i iige iaver@donon out put s X and Y. This in turn causes the outputs DEC

and I NC of the conparator 25 to both be | ow once again, which when fed back
to t he ematl e Note also from Figure 6 that the improved comparator circuit 25 does not suffer from

the drawbacks of the prior art comparator circuit 10 discussed in the Background section.
First, there is essentially no significant gap in the outputs where the results of the comparator
are indeterminate. (There may of course be some small indeterminate gap, especially when it
is considered that the unfiltered outputs in the disclosed embodiment oscillate, but any such
gap would be on the order of nanoseconds, rather than tens of nanoseconds as was seen with
the prior art comparator). Second, the improved comparator circuit 25 exhibits in simulation
no discernable non-symmetry in the outputs, i.e., no discernable hysteresis. As a result, the
comparator 25 as simulated cxhibits supcrior performance when compared to the prior art

comparator circuit 10.

oss)  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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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. [0035] The
result is that the outputs of the conparator 25 will oscillate as the
feedback nechanismcyclically enables and di sables the conparator 25, wth
t he peri od Y 240/8650¢sci | | ati on bei ng dictated by the delP&J/li5p006840438 gat e 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 9 WO

2007/ 065040 PCT/ US2006/ 060153 Figure 5 and. is otherwise simlar to the
sinmulation 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 woul d be expected, although such assertion
of | NC opeyr sAassedahesdnj demadts pigtisiesllsbyoupiadisheuldfnot he uadmitbed Esommmjng a

f eedback,] d B t, bet
250, and #50° RARBRGRbn e <Becs? SralORPPaR apdt i o afoet i pepRR "

100361 Bsmatisenaf @hérsstthcudsinterveny betoicebtheapprizpranst e in all applications in
whi ch the inproved conparator circuit 25 can be used, the outputs DEC and

| NC can mwrpl It sheulfidet tmlersthogi that theiibhventise 80mcepB80distlosedriwakic @re capdble of
non-osci || ati i Y, nS|ve
di gi t al {;nlaﬁ)% %nr%glfgcg%gnssm%% hh%%l%pe% §1%c odf aQ1o£L\I?aII wi\(ﬁlﬂt e §&>%%8ff F}; %ﬁ&é‘a

hence t helappemidfthar ¢quiivaents; itheprare nyemdsdatb bencoarelgrd\berthlappﬂentat ionis not
inportant to the context of the invention. (00371 Note also fromFigure 6
that the inproved conparator circuit 25 does not suffer from the drawbacks
of the prior art conparator circuit 10 discussed in the Background section.
First, there is essentially no significant gap in the outputs where the
results of the conparator are indeterm nate. (There may of course be sone
smal | indeterm nate gap, especially when it is considered that the
unfiltered outputs in the disclosed enbodi nent oscillate, but any such gap
woul d be on the order of nanoseconds, rather than tens of nanoseconds as was
seen with the prior art conparator). Second, the inproved conparator
circuit 25 exhibits in sinmulation no discernable non-symetry in the
outputs, i.e., no discernable hysteresis. As a result, the
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conparator 25 as sinulated exhi bits superior performance when conpared to
the prior art conparator circuit 10. roo3sl Al though disclosed as a
two-out put circuit, an arrangenent beneficial to the output inpedance
calibration technique to which the inventjon was directed, one skilled in
the art w1l recognize that the inproved conparator circuit enploying both
vol t age-t o- t Whahiy ctimgeéss: and a arbiter stage can conprise a single output
as well. In fact, ,one of the outputs. SDEC or INC) can sinply be dispensed
with, as either off€BPAIYSHHtSHPEIWnal s individually is indicative of

the results of thg figQrRALEERRTILEit For rdeEGill &MrQ inpH! R EBAASHM MagniMldef .
while DEC |ow neans Vin < Vref). Again, ile designed ™ with a view towards

use in out puand pregedas edirstbutbutatigual whose sinoog ds bescriet exla tfhagtionhd” e Sicdtosed
i nproved conpar aé@r_ circuit can be used in any application in which

vol t ages cogﬁﬁgrf' fis are necessary or useful. 10 WD 2007/ 065040

PCTI US2006/ 060153, stQRdUonfertétsastuterd?! feei $ing"EBé@nE! iﬁfi&tr {Glge Yo COURIRE
shoul d not be understood as requiring a direct connection. I'nstead, two
circuit el enpagtudaandprasticigtacsebendoutpitesgriah whnselimoty is aaderted @m g dumoyion | f

ot her struct S intervene, between .t two el enents. .[ 0040 t. s | d _be
nder st ood e KBTI FBRTINE: COREaALe GFOB JSRRHEP dF AREpRdSa RS GFt iy
nodi fi cati ongagni@idt;dext ent such nodifications fall within the scope of the
appended clains and their equivalents, they are intended to be covered by
this patent. 11 1an atbier cir@iitclonirensiving thelfirspand sgrandootput signalst wherempthiesi ng:
a first converter .circuit for receiving a first input voltage of.a first
magn! tude SO SHE ATRAuEeF o SESCOR BeinBrraleh o Siened ek St BB s o
function of " fikshghdfdebdild outRERIgndRSirsPars 06PRAn S ABUES difduitCi rcuit for receiving
a second input voltage of a second nagnitude and produci ng a second out put
signal whose timng is asserted as a function

2. The circuit of claim 1, wherein the arbiter circuit produces two comparator

output signals.

3. The circuit of claim 1, wherein the at least one comparator output signal is

pulsed.

4. The circuit of claim 3, wherein the at least one comparator output signal is

filtered to produce a DC output.

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.



of the second nmagnitude, wherein the second magnitude is independent of the
first magnitude; and an arbiter circuit for receiving the first and second
out put signals, wherein the arbiter circuit produces at |east one
conparator output signal reflecting whichsf the first and second out put
signals first arrived at the arbiter circuit. 2. The circuit of claima1,
wher ei n t he 4r bi t Ehe cirauitusttclgimougieseih Wie ARIREd 8dcohd cOmilepidt cishugnatsivedat The
circuit of claim1l1, wherein the at |east one conparator output signal is

pul sed. 4. TiKastqnecenableosizpalaind avherpia rRspdpcing the firss sad wheN® SHipaF atBpls

out put sign cc\nf'%u ohlag ?tg)(;iq}upgtqgéé?gn@el%le érp 5. The C! rcuit of clai m
1, whereint i second output sig are respectively asserted in
i nverse proportion to the first and second nagnltudes 6. The circuit of
claiml1, wherein Ahe first and second converter circuits, respectively
produce the K rstA&AMPIBREYSTY Coit i sompagRardirstiapy voHege ¢ffa Gishmganigide ahd

di scharge t lrcuit of claimi1l,
wherein theh%§%??%ﬂbg|§%% e8§§%%%ﬁ§§g@%ﬂ§ zﬁnggﬁn he circuit of claim?7,
wherein the | at cha fist baiveatf @cduetdobyectiving the Sﬁstonpm%tﬁﬁgb andugrpdiicisg gfiest t hat
is not the first to ar ive at the arbiter circuit. The circuit of

claimi1, whetpw stgmal wheseitiming 1sassertrd IEd%YFéﬁ'@clEPP‘?:‘FIPELﬂ th§ frgauiapitude; | east
bl i | f |
ocour s Upon: acsert {0 PRERLG AL R e st and Nty RfRE a bRkbifg nel

circuit for asspadiontpua signak ivhoseptimingDis agertaf nanfw'ersstpraragﬂom wdehcaml:ondx
second i nput voltage of a second magnitude, conpri si irst converter

circuit for TaERue.Hhereia the sesend maemituds) it sl p«amnwﬁig@;@m@la@nfwes @nd gt put
si gnal mose&rlgl'tép cglgzultsfo?sré 1ﬁg th@ ﬁ'r Vﬁ{ds SecBh& Q)Qliﬁdt %Eg]ntag tw%ré rtﬁé arbiter

magni t ude; a second conver CUI receivin second i nput vol t age
and produci rfrcuit produces at least one comparator output signal mdlcatlve of the relationship of

the first and second magnitudes.

11. The circuit of claim 10, wherein the arbiter circuit produces two comparator

output 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.
16. The circuit of claim 10, wherein the arbiter circuit produces the at least one

comparator output signal by assessing which of the first and second output signals first

arrived at the arbiter circuit.



a second out put signal whose timng is asserted in inverse proportion to the
second nmagnitude, wherein the second magnitude is i ndependent of the first
magni tude; and an arbiter circuit for receiving the first and second out put
signals, wherein the arbiter circuit proguces at |east one conparator

out put signal indicative of the relationship of the first and second

magni t udes. WA. Thbe eirewupf clofm dDawhere®, tharfesteind sehandagdsiverter @icugsirgceive

produces two_conmparator,, output signals. 12. .The circuit of claim 10
Wherei n the H0orbaut Sie SBLaBarranr muptiinn i it hdpapt it fhgels
circuit of céufupdn aekeeti®i 6f thbat Bhst bf@shabggrAnpar at or out put 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 out puj, Si ls via a.rate of charge or . discharge.through at, | east
one transi gt %Sr'. %_%o grac?rrcéﬁcfl{l?%ﬁ‘coéqpﬁflﬁ\gfd{f)rs"\/\lﬂglr’te“lor“a%%%f %E‘Sl {ngf;m l’|'dr°cat'}|gt
conpri ses a d @c6hd inplt vdlige ©ff b Gedond PhaghltadéNcdhpriviagr ei n the arbiter circuit
produces the at |east one conparator out PUt si gnal by assessing which of
the first and secbhstoefnyarterstigial, sviereintthe first canyeder chheuibeompryescd fiedi t .
14 17. The gjrcuite of claim10 rein;the first. an e verter
circutts reclbEtpt redtfhE e SRlIRRLIbRAS ik f A s PO s
first and seseMetedud Bt SutPMALEnaloMRYEES tiRAY 188Rifell O OffuhdtRnabf kikasikstone
enabl e signal. 18. A conparator circuit for conparing a first input voltage
of a first raggfitidele and a second input voltage of a second magnit ude,
conprising: a first_converter ci.rcuit, wherein the fi C rter. Cci
co%ri sesga first? ts?crognsciogt %rrterf %?cu%r{egve}ﬁer |"Fléﬁet REP |8rc§)f] L%ﬁ%u&%ﬁl?ﬁ&éggr @
gate, wher eisacdretrirsistér fof adteieigihe sBEQHAUBESt Wolfabé 8t itOPABUWhEE@NAE svdoade

timng is asserted as a function of the first mnagnitude; _
transistor produces a second output signal whose timing is asserted as a function of the

ui t
it

second magnitude, wherein the second magnitude is independent of the first 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.

23. The circuit of claim 18, wherein the first and second converter circuits
respectively produce the first and second output signals via a rate of charge or

discharge respectively through the first and second transistors.



a second converter circuit, wherein the second converter circuit conprises a
second transistor for receiving the second input voltage at its gate,
wherein the second transistor produces a second output signal whose timng
is asserted as a function of the second gagnitude, wherein the second

magni tude i s independent of the first magnitude; and a latch for receiving
the first andt secﬂmjcimuitp]ftcleﬁing]riiaM&emi\dtlfcdmcbltam:lweiar!‘gstalb aneasof theiest and
conpar at or outgndt i ndi cat f the con%)gél so bet ween the fi rstl and second
input  vol t aEYC QYPUtTRNA » AR IS nopATTEgs g 90 PRIPYH R HRb %S two
conpar at or qyt Bt to sk9Bal s. 20. The circuit of claim 18, wherein the at

| east one conparator output signal is pulsed. 21. The circuit of claim 20,

wherein the at | east one corrparator out put signal is filtered to produce a
DC out put . rein the first and.second .out put

signal s are -resgﬁlﬁf‘lf‘(rfg‘ f & d’%%e‘i’ﬁ%f% apd S CORVEIET CHEUHY 'rcé%”%md

second magnig YERE one dnabld §1gﬁhlr GHY twiRteif |pRddicikd, thgSEAlY §da8nd b[@bl ?ﬂa@ econd
converter circuits respectively produce the first and second output signals

via a rate ofccasapgeassertiogi of theatdeast espamblievsednal.t hr ough the first and second
transistors. 15 24. The circuit of claim18, wherein the latch latches a
first to arrive of the first and second output signals, and is not affected

by th_e fi r stye0r Sﬁﬁ&ﬁgarﬁﬁgmzul?f(ﬂQ@}npﬁhﬁéa'f'?stht vBﬁ%‘g fdfrasﬁrslt:ﬂa@ﬁ{ukﬁ!%nd 25.
The circuit of claim18, wherein the first and second converter circuits

receive at aseastd inpet vertapé ef zsqgnad magnitudeheomspmsipg:oduci ng the first and

second out put signal rs.u asserti on of. the at |east enabl e
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conprising: a first converter circuit for receiving the first input t age

and at | eastis asserted as a function of the first magnitude when the at least one 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, wherein the second magnitude is independent of the first
magnitude; 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.

29. The circuit of claim 28, wherein the at least one comparator output signal is

filtered to produce a DC output.

30. The circuit of claim 26, wherein the first and second output signals are

respectively asserted in inverse proportion to the first and second magnitudes.



enabl e signal, the first converter circuit for producing a first output
signal whose timng is asserted as a function of the first magnitude when
the at | east one enable signal is toggled; a second converter circuit for
receiving the second input voltage and thg at | east one enable signal, the
second converter circuit for producing a second output signal whose timng
is asserted as a function of the second nagnitude when the at | east one
enabl e signak,is l. ed erein,the.seco agni t yde i s, i ndependent .of the
first magni %lu‘de; Hé%g:]%ﬂﬂ a(\?,%:)f:[a . E{Sr Slerery (';lﬁe ?@@bii\?ﬂn&%‘b oV SHera WS cond
out put si gnajespectiéll eprddide thea fibitt &1d §¢doﬁuléut?&10§|i'gﬁ<ﬂ§ ah d A8t oOBRArge or
conparat or output signal reflecting which of the first and second out put

si gnal s fi rsdisehergatbepugh at least@npitransistei.r cuit. 27. The circuit of claim 26
wherein the arbiter circuit produces two conmparator output signals. 28. The
circuit of claim26, wherein the at | east one conparator output signal is

pul sed. 29. 3Ihe cThetduitdff cRliiZg dBerciBe Qibitetr Bt cdnfftiles @MAcicompar at or
output signal is filtered to produce a DC output. 30. The circuit of claim
26, wherein the first and second output signals are respectively asserted

in inverse por4«i on. fir nd .second magnit udes. 16 .31. The
circuit of (F:{f% m %e Gy ugtr é?glaf’ﬁeﬁ i@%elrelgﬁatcgéédwg at%ﬁ\(?(ﬁ’tyetjaeciiuf%ﬁf f%cond
respecti vel yourpadigal thisis hbf the fizdido sRRRNM tHAUrBHr chicgifal s via a rate of
charge or discharge through at |east one transistor. 32. The circuit of

claim 26, wherein the arbiter circuit conprises a latch. 33. The circuit of
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circuit of claim26, wherein the at | east one enable signal is cycled. 35.

The circuit of claim 26, wherein the at |east one enable_si?nal is fornmed
usi ng 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, wherein the second magnitude is independent of the first
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.

38.  The method of claim 36, wherein the at least one comparator output signal is

pulsed.

39.  The method of claim 38, further comprising filtering the at least one comparator

output signal to produce a DC output.



the at | east one conparator output signal as feedback. 36. A nethod for
conparing a first input voltage of a first nmagnitude and a second i nput
vol tage of a second magnitude, conprising: concurrently assessing the first
i nput voltage and the second i nput voItagF7by produci ng a first out put
signal whose timng is asserted as a function of the first magnitude and

produci ng a gecontheuh@Hbd SIfoflaim \BBOSeheréifl 1K fist angescksst asupy fsunald ar  of
t he second magni tude, wherein the second nmagnitude is independent of the
first magni feSERStIvalysersted ifinyiersg prgtiostionoto thedrdt and secand magaidedtsout put
signals is first asserted to produce at |east one conparator output signal
i ndicative of the relationship of the first and second magnitudes. 37. The

met hod of cl&l.m 3%he whehed roft ¢1gindl Se Whendin Oths t B3t ia8d PRESIT BaghubYsighals alebi ter
circuit. 38. The nethod of claim36, wherein the at | east one conparator
out put si gnalespestivelyjaseegted 36 a migohahargsPr discharge thresgh fteashenc saarsi ng
filtering the at | east one conparator output signal to produce a DC out put.
17 40. The nmethod of claim 36, wherein the first and second output signals

are respect4yel yThsgethoddfichimBéeiviierelly ipdelehfMminOstepR getfofhedbda fegond
magni t udes. 41. The nethod of claim36, wherein the first and second out put
signals are respectively asserted via a rate of charge or discharge through
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i's not affecheputBygrahthaf isiet therfirsee®edssedrgd put signal that is not the first
to be asserted. 44. The nethod of claim 36, wherein concurrent assessnent of
the first and second input voltages is effectuated by assertion of at |east

one enabl e 54149 |n gl Ehe4?18%{59%f %Fatu%%, Q\fhef:elifffllxgﬂc%%enm%s%in@ntt &Ethgtﬁrgt SR Se¥N8

enabl e signa ycC
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.

47. 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, wherein the timing of the assertion of the first and second
outputs is dictated by the rate of charging or discharging respective first and second
transistors respectively gated by the first and second input voltages, wherein the second
magnitude is independent of the first magnitude;

latching which of the first and second output signals is first asserted; and
outputting at least one comparator output signal from the latch, wherein the comparator

output signal indicates the larger of the first and second magnitudes.

48.  The method of claim 47, wherein the determining step is performed by an

arbiter circuit.



46. The nethod of claim44, wherein the at | east one enable signal is forned
using the at |east one conparator output signal as feedback. 47. A nethod
for conparing a first input voltage of a first nmagnitude and a second i nput
voltage of a second nagnitude, conprisingg concurrently assessing the first
i nput voltage and the second input voltage by producing a first output
signal whose timng is asserted as a function of the first rmagnitude and
produci ng a seco out put signal whose timng is asserted as a function of
the second rfigni t'demehrg odicrnd?,twhareig the at astenscsampisaler ovet sigpalis and
second out&Mthjs dictated by the rate of charging or discharging
respective first and second transistors respectively gated by the first and
second i nput voltages, wherein the second magnitude is independent of the
first magnitude; |atchjn ich of the first and second output signals is
first assertdd: é’lﬂ’& m%b?%ﬁ?@?%‘*%tfunbasqonmﬁ@%d#&awattm atJeesh GRC SPBRHRLOF r om
the | atch, ks tput signal indicates the |arger of the
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first and sec e nmet hod of claim47, wherein the
determning step is performed by an arbiter circuit. 18 49. The method of
claimA47, rein.,the at |easf one_ conparator output signal is pulsed. 50.
The nethod of- cl g]hﬁ ,%ofiu?ftaﬁ{?fmcﬂ)ﬁpW%‘ieWg the i r 3y s§a9Bd sQutpHagigngdh are
conpar at or LRWe1wi982d4 hQ W%Hﬁ & tput L. d of claim
47, mhereinrﬁﬁe H%Qit anglse%oﬁ ou@%u?nggﬁéﬁgzgﬁg (¥@E§%g?%§§$y asserted
in inverse proportion to the first and second magni tudes. 52. The net hod of
claim47, ing step is not affected by the first second

rein,the Jatc 0
out put  si g\ﬁgﬁ- t hadfejnaet ‘ef{ 0{] et f fopharginghe Liching Sep isswt atkeierdy Koot Ob | ai m
47, wherein REYLSPLi ASISERS hok; L nd second input voltages is
effectuatedsﬁ% ass rt%gﬁaoﬁ a?ﬁﬁgasﬂnﬁﬁgbe%% I%ﬁsignal. 54. The net hod of
claim53, wherein the at | east one enable signal is cycled.
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.

55.  The method of claim 53, wherein the at least one enable signal is formed using

the at least one comparator output signal as feedback.

56. A method for comparing a first input voltage of a first magnitude and a second
input voltage of a second magnitude, comprising:

repeatedly enabling and disabling first and second converter circuits, wherein
the first and second converter circuits, when enabled, respectively produce first and
second output signals whose timings are respectively asserted as a function of the first
and second magnitudes, wherein the second magnitude is independent of the first
magnitude; and

repeatedly determining which of the first and second output signals is first
asserted to produce at least one pulsed comparator output signal indicative of the

relationship of the first and second magnitudes.

57.  The method of claim 56, wherein the determining step is performed by an

arbiter circuit.



55. The nethod of claim53, wherein the at | east one enable signal is fornmed
using the at |east one conparator output signal as feedback. 56. A nethod
for conparing a first input voltage of a first nmagnitude and a second i nput
vol tage of a second magni tude, conprisingg repeatedly enabling and di sabling
first and second converter circuits, wherein the first and second converter
circuits, when enabl ed, respectively produce first and second out put

signal s whosg timngs are respectjvely asserted as a function of the fjrst
and second ﬁggniﬁbaggﬁﬁ%ﬁQIéf mt‘gi§8ﬁﬂhﬁ”ﬁﬁ§ﬁﬂ%3@@”P%‘h%6bg@ﬁdﬁﬁ%PHP“&he
first mignEéME@rhto@@Qtpﬁ?ﬁEﬁéI‘%@k%dq@é@D‘@&ltﬁ&l.V"hi ch of the first and second
output signals is first asserted to produce at |east one pul sed conparator
out put signal indicative of the relationship of the first and second
magni t udes. _57. e method of claim 56, wherein the determning.st S
per f or ned b?/é'an {.g?ﬂp?tbf’gcqirtlﬁi"f.3619”hQS§P '?Fﬁeh’f?étal‘? dbeﬁ?"(‘iloéﬂmﬂ‘%“ ﬁrjflf"ner
conmpri si ng fdshd@heRhstdtRadah ih &R proRBcH SR fird AP A RhE ma@Hitils. Si gnal to
produce a DCS{(;utlr‘)/u!t}?aSSQ. Thle met 6 ofl 01 alﬁm%G, V\hec‘;aellg’rra'?he irst and
second output signals are respectively asserted in inverse proportion to
the first apd second itudes. 60. The nethod of claim56, wherein the
first and sggond%gﬁt’B%g@i(gn A 0 Whezeiethe; st \ind seepRe @uinuy signaly arcof
charge or dischanel dsUrRHIh Atatd 60HardtE didcARDEIAB0gh Slicasl BRe HRINQG Of cl ai m
56, wherein tﬁe de?érnining sf%p IS Eerfé&%%gé%y a ¥5tcﬁés G%GE#%e met hod of
claim 61, wherein the latch is not affected by the first or second output
signal that js not the first .tq be asserted. 63. The nethod of, claim 56,

wher ei n the6“'i rs?h%lﬁ}?a%o@&gﬁ iRGy BhEISH %‘F%EGFT'&“‘%%GP }Séﬁéigf@%‘{ By %%&Yr}}'ed and
di sabl ed via at | east one enable signal. 64. The nethod of claim 63, wherein

the at | east one enable signal is forned using the at |east one conparator
out put si gnél. asThearttmdkaf 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 method of claim 56, wherein the first and second converter circuits are

repeatedly enabled and disabled via at least one enable signal.

64.  The method of claim 63, wherein the at least one enable signal is formed using

the at least one comparator output signal as feedback.



