1 4 MAY 2004 WD 01/37427 PCT/ US00/ 41227 Description DI G TAL FREQUEMP{NM?ZM&
MONI TORI NG 5 TECHNI CAL FI ELD This invention relates to pul se nonitoring
syst ens qléﬂ?particular to systens for detecting the pulse w dth of

recei ved Signat's. 10 BACKGROUND ART Transnitted digital SCASOY4REEd their
pulse wdths to remain wthin a prescribed tolerance in order for the
receiving circuitry to be able to ascertain the data content of the
transmtted signals. Atransmtted 15 digital signal may becone distorted

by frequency response effects of_the trﬁnsnitting medi um by | oss of

energy over distance, electronag% TFEtPht®R ference, etc. Wth reference to

Fig. 1, two sanple pul se sequences are shown. Both begin with a logic |ow

.and 20 transition to a | [ e a logic low, TLm n
denotes the nininun1a|Io&g%hgﬁﬁégﬁﬁgkgyﬁgopsgiﬁ88ﬁgg | ow pul se and TLmax
denotes the maxi mum al l owed pulse length for a logic |ow pulse. In order

for agreceppm@rcki rEipto accept a logic lowto high transition, the 25

i ncom ng pulse | ow signal should transition within a w ndow of tine
defined by the diffefbftdnyientioax redateEL honpulbesmphitoping tine is
defined a ik | 18 I ;1 I Rdo in Fig.. 1. Simlarly, a logic
hi gh pul szs%él‘)%oﬁsn_eég%&s ﬁ’%%&écg‘riﬁ’m gg }g r‘?\ge? Snganﬁtﬁﬁthn%Ot ni num | ogi c
hi gh pul s@PYeiRytitdtfth reged vedmaiigmabs .| ogi ¢ hi gh pul se length, THmax. In
order for a logic high to lowtransition to be accepted, the transition
shoul d occur within a w ndow of tine defined by the difference of THmax
and THni n BARHERUINRIAMTof tine is 35 defined as a logic high transition

R M B e e e
olerance in order
for the receiving circuitry to be able to ascertain the
data content of the transmitted signals. A transmitted
15 digital signal may become distorted by frequency response
effects of the transmitting medium, by loss of energy
over distance, electromagnetic interference, etc.
With reference to Fig. 1, two sample pulse
sequences are shown. Both begin with a logic low and
20 transition to a logic high. In the case of a logic low,
TLmin denotes the minimum allowed pulse length of a iogic
low pulse and TLmax denotes the maximum allowed pulse
length for a logic low pulse. 1In order for a receiving
circuit to accept a logic low to high transition, the
25 incoming pulse low signal should transition within a
window of time defined by the difference of TLmax and
TLmin. This window of time is defined as logic low
transition window, WO, in Fig. 1. Similarly, a logic
high pulse also needs to have a pulse length defined by a
30 minimum logic high pulse length, THmin, and a maximum
logic high pulse length, THmax. In order for a logic
high to low transition to be accepted, the transition
should occur within a window of time defined by the
difference of THmax and THmin. This window of time is
35 defined as a logic high transition window, Wl1. As shown
with the two sample pulse sequences of Fig. 1, the time



I

-2 PCT/ US00/ 41227 wi ndows WO and WL need not be the sane for differqthmfm%
applications, although they typically should remain constant within a R
single application. The receiving circuit includes a pulse 5 detecting

sub- ci rcWQ“W‘%bserve the pulse length of received pul FEREVYHHAIR? prior
art pulse detecting circuit typically observe only one of the |ogic high
or logic |ow pulse of a received sigRal, but not both. This neans that
the pul se detecting circuit cannot determ ne 10 the signal period of the
recei ved pul se signal, and thus cannot observe shifts in the signal's
frequency. Wirdews dit 2rch Wit 8epd Botebei the pamsefor ghbffexent herefore | ead

to UndeteCSﬁQlf&éﬁHéhs,thQhoﬁbh.EHE??tyﬁiégiiggﬁ%$é?gi} éygically 15 use

two one-shot circuits to determne if a recel nal 1s valid for a
pr edet er ni FRRS t3n 45 9R @ SdBALe mBPhieakiemot circuits are typically

triggered on the |ema@d recedgengf cabcheee] sg gapoal . A first one-
P cpRcasecLiehlug of g

shot circuit issues a first pulse having a |Ieng o the m ni num

pul se” | engBREFEGNY SHIRCITSHIt: he QREBRRE the-mbse clenath ¢Esues a second

pul se havi Agcéi v Gdlseeqighal 6. t her iBXi Jn gl $& JEPELdy fgaui renent. At
the end of, the second the received signal 1s conpared wth the

| se
first and SHCOHF Mpég.aqh{V Phﬁef‘éﬁg‘f’ﬂlbfm?%eoggih%cb?gﬁéﬁ gl eroes not lie

wi thin thelégistlanduiseodd apuéseivédedifwa tetinet it SRl ifissued and
however, are

the receiyved {?ﬂﬁ%% %i nal ,is &gﬁored. One shot-circuits, \

di fficult ¥*%%n RU} 68t AFherhiRgrat eebitigannal eterRiticonal |y, they
do nb@ protheles fgrala pa@isdnpketh@ayrote tedd SNk tdegdL0Ui 4184l dansi tion

wi ndow fo | f.fere pplications.. This prior art approach can also slow
down a syéﬁéﬂﬁéﬂqgigﬁf egéhfgﬁ h%t%%?i?&ﬁ%%#c%i Y& Y or the |apse of

t he nmaxi mFregiesey ehjifisbéehoa ereeeityd noulde SyrnLcaiaedudsm s gnal . In

effect, 1t; 90l 4% QBB rrors.
Prior art pulse detecting circuits typically
15 use two one-shot circuits to determine if a received
signal is valid for a predetermined transition window.
Both one-shot circuits are typically triggered on the
leading edge of an received pulse signal. A first one-
shot circuit issues a first pulse having a length equal
20 to the minimum pulse length requirement, and the second
one-shot circuit issues a second puise having a length
equal to the maximum pulse length requirement. At the
end of the second pulse, the received signal is compared
with the first and second pulse. If the length of the
25 received pulse does not lie within the first and second
pulse, then no detection signal is issued and the
received pulse signal is ignored. One shot-circuits,
however, are difficult to control or adjust in integrated
circuitry. Additionally, they do not provide for a
30 simple way of adjusting the required transition window
for different applications.

This prior art approach can also slow down a
system since the pulse detecting circuit waits for the
lapse of the maximum pulse length before verifying the

35 received pulse signal. In effect, it waits the maximum

amount of delay time for each received pulse signal even



anount of delay time for each received pulse signal even 1 4 M 200} ;, Mk 196,
the received pulse signal transition earlier and do not require any
additional wait tinme. U S. Pat. 3,735,271 to Leibowitz shows a pul se width
detecting circuit that does not wait for the maxi num allowable 5 pul se

| ength before testing for a valid recev@& pulse signal. The 1271 circuit,
however, requires three one- shot circuits and adds a delay to each

recei ved pulse signal. This added delay may actual |y cause additi onal
errors. Assadi ffe Fecg@ived pulsecisignad pdasss i ighral e aif) idvi JHE & pul se

l engt h sligRihy .t han the.m ni.num,. require pul se length, the added
pul se del ay Prﬁ’t fodlice gglyagﬁi?f%rlrﬁ?a&cf‘@d'ltl ?%%ﬁ;se Ui datouit to think
that the r@edB¥edsi gralLledbdwitet shbesmaniplBPWisaH efudidet fiffui rement .
15 Additiong&&gu-%tQ$r phior ar% guLse detecting 20 circuits i'nclude
Japanese Pateéent AbstTaE A98SoMPFsHad A LR Chedimadt i ad lsiwginele
discriﬁinatpn@séeubm@thobemukgetegkgﬁg{Eo@ng‘kgpmpgiégﬁﬁgg sty act JP

59005737A whi;ch dis&%osq? a pul se w detecting circuit.” Ft7i"s an object
of the pres3hE PhventPsn €31 ELEGHEE. ahpHese rdettesu ime scithaeiet cirfeat
observes boshog cieesiitedapdl §84si dnabis Peselgn j ts frequency. It
I s anot her obj ect of %he pr.esent invent? n%ot%aﬁgbg%%éggy%ﬁﬂggésﬁétecting
circuit that'8B8ervedpst RAdsd ggilayhimgh asduaddiyc damsepualdsld tafona Ir ecei ved

pul se signerrokk.i sa¥8limaALt RE LEGE O resent . inventiqn to
prOVigﬁ a pul se detecting c?rguﬁte?ﬁggaFeESEqugge%fpP&Sfiﬁﬁﬁ@aintegration
ont o | C RRYLDPt 3aRY16RateBgthesigbtiys shblrdeabl & haul SGet mARS imumOn

2L3d°¥?o¥$23?§?§%etﬁgl?% g???ﬂﬁ???@%'deSE pRh k! %e13Y Ysted e (st de
271 may actually cause the circuit to think that the
received signal did meet the minimum pulse length
requirement,

15 Additionally, other prior art pulse detecting
circuits include Japanese Patent Abstract Jp 01175409A
which discloses a signal discriminating device for pulse
signals and Japanese Patent Abstract JP S9005737A which
discloses a pulse width detecting circuit.

20 It is an object of the present invention to
provide a pulse detecting circuit that observes both a
received pulse signal’s pulse length and its frequency.

It is another object of the present invention
to provide a pulse detecting circuit that observes both

25 logic high and logic low pulse of a received pulse
signal.

It is yet another object of the present
invention to provide a pulse detecting circuit that lends
itself to simple integration onto an IC circuit and that

30 Permits its allowable pulse transition windows WO and W1
to be independently, or jointly, adjusted from inside and
from outside the IC circuit.

SUMMARY OF THE INVENTION

35 The above objects are met in a pulse detection
cilrcuit that uses a pair of linear voltage ramp



SUMVARY OF THE | NVENTI ON The above objects are net in a pul se detect{gmwun
circuiit that uses a pair of linear voltage ranp 1 4 MAY 2 0 0 4 -3A AT 2004
generators and a reference voltage source for establishing a preferred
pul se length window for a received pul se signal. The present pul se
detection <circuit nonitors both the pegia-4 ve duty cycle and the 5 negative
duty cycle of a received pulse signal. 1 4 MAY 2001 WD 01/ 37427

PCT/ US00/ 41227 -4 Therefore, it can detect frequency shifts in the received
pul se si gnaf§nerptersodingd \ie ref eregatd we It ge C¥&hLed Seof OUNd to be either
too short o l5 it ategorized a "bad" duty cycle and an error
signal is 5éi5§s:§§é&%{&%§td Ki ?Z‘tﬁfg%‘ﬁ%’gﬁ% nBNGER gwindaw oform ahip.  |f the
duty cycl e Feesiwetdhipulsepsadetadr.m med gﬂgﬁﬁﬁﬂzﬁﬁﬁﬁeidé%eé%ﬁ%fferred pul se
transition gﬁggag£ htnhgo caggﬁgrliﬁd as a "goo uty cycte.”1f an error
S|gnal5 i s Tssted d0e o i OqtletN§g PR SEdd Rutdutey ot s 1€ hndlG:Hent er nal
circuidry ohegatigki gutemeiasedogall idq t onsecutive good duty
cycl es are observed. v%gn Fhe preseﬁgcgﬁﬁggiaﬁ?%%%io§9ﬁ ‘cuit receives two
consecutive good pulses, i.e. good high pulse follow ng a good | ow pulse,
or a good |low pulse follow ng a good high pulse, 15 it issues an enable
signal to re-enable the internal <circuitry of the chip. The present duty
cycle nmonitoring circuit includes two nonitoring sub-circuits. A first
sub- circuit nonitors the positive duty cycle of an incom ng 20 pul se
signal, and a second sub-circuit nonitors the negative duty cycle of the

i ncom ng pulse signal. Since the positive and negative duty cycles are
nonitored by separate sub-circuits, the present pulse detection circuit
can support different preferred pulse transition



25 wi ndows for positive duty cycles and for negative duty cycles. .Iczr M@,J"ﬁ
sake of brevity, only the first sub- circuit for nonitoring a positi've du 91’
cycle described here. The circuit structure for the second sub-circuit is
si mi | ar WQOVHA2% j rst sub-circuit and is discussed in 30 BETAISH/4IAT he best
node description below A preferred pulse transition wi ndow, W, for a
"good" positive duty cycle is first ddFined. This pulse transition w ndow
is established by neans of a slower |inear voltage ranp and a faster
| i near vol tage ranp 35 working in unison. As tinme passes, the voltage
hSTEREEH

di fferencd he spbwdetens freqeendy nshaifus| irmgehel rbddided 2004 WO

01/ 37427 BglsESeDhAiR27 -brra | . thigs vol tage difference
becones aB mas s% of the a dlﬁ?steﬁg%ﬁ%?ﬁ%&% cg“ets‘%)rcé’é"q‘(furlz§tion wi ndow
i s establ FOHBG b RBtPhEPeRetoi shpet o tkooflame i dwer |inear vol tage

ranp whencalequelzagea drbier engey S et e shodeTs A ggter |inear
voltgge ranps becones representative of the desired pul'sé tiansition
wi nddw. TRSSURB: EBaF/oqi%%@'gl%m@b?é&ﬁwJa Figfauridme ofval tchde.t 0 which an

i ncom ng Cifockei dutpnPpcpsl. 116 abhelin Wiilsed t:}-ﬁml%l&i i%fe @ pul se
transition. w,ndow, can be 10 %g%usted or s%isﬁ‘tée i rrg:lgnf changi ng the

ref er ence198P¥agh-or HPLRFSEShPUIRe Sixans idriamherindesar itolisage ranp
gener at or sat@gerigéerance VedddgaIuBy @Q:lgz_e_nerla%]% A olan ‘é’ii%gh the circuit

or may be, supplije roma source external to the circuit. | ogi c
state of é% Pﬁﬁﬁﬁgn%“ecl%%ke’b%“’fgr dmbiasy AU higyieleyhahel ower and faster
vol t@ge ranperaak cimseitmnbf ecHe QU edmaAnd (Sils HAWALAL9T bgoused to
conpar e tggn%%élilggvél/_ﬁgleéqa@ed vta}Ir ue of the faster vol ta%e ranp w tﬁ t he
ref erence”Vort age. Pt Froebseivad wWagnt kbef aster vol t age
ranp ri seprebent phikse radterion \Widage rdceQeed tiRMeanhakentiseused to
conpare tPg.g4i5ilgyol age d/oaclau%iog;h tprtll 2 rlo\x/ch)'.lr}ga%egood low
pulse, or a good low pulse following a good high pulse,
15 it issues an enable signal to re-enable the internal
circuitry of the chip.
The present duty cycle monitoring circuit
includes two monitoring sub-circuits. A first sub-
circuit monitors the positive duty cycle of an incoming
20 pulse signal, and a second sub~-circuit monitors the
negative duty cycle of the incoming pulse signal. Since
the positive and negative duty cycles are monitored by
separate sub-circuits, the present pulse detection
circuit can support different preferred pulse transition
25 windows for positive duty cycles and for negative duty
cycles. For the sake of brevity, only the first sub-
circuit for monitoring a positive duty cycle described
here. The circuit structure for the second sub-circuit
is similar to the first sub-circuit and is discussed in
30 detail in the best mode description below.
A preferred pulse transition window, W1, for a
“good” positive duty cycle is first defined. This pulse
transition window is established by means of a slower
linear voltage ramp and a faster linear voltage ramp
35 : working in unison. As time passes, the voltage
difference between the slower and faster linear voltage



ranp wi?th the sane reference voltage. The second conparator signal s wWagmy
the sl:ower ranp rises above the 25 reference voltage. The received pul se
signal is within the desired pulse length while only while the faster

vol t age @B M2Ubove the reference voltage and the sl oweCTAUSHYHZY ranp is
bel ow the reference voltage. If either conparator indicates that these
conditions are not 30 true, then the dsty cycle of the incomng clock is
outside the desired window and it is categorized as a "bad" duty cycle.
Upon the trailing edge of the received pulse, the output of the

conpar at or sSTaBPanidngredsesnd amd theisulvol Myestdirffdrienca beeshesegi ster. A

state. good e fyEs 0hF3ThSTe LAY ot A R D A BeG YR BikA i pul se
i s conpar edilden t he estaklishembdomdidng dhet veltree ousuplbsethd f t he
state the guswept b S) Pagk i I ignal is_.issued. |f the
.state of the cuﬁeﬁ?ﬂ%)ﬁll?s%é}s goortd%}&gﬁetq’nz:%%t S’Pz-t 96t df'ﬁge’b?‘é% ous pul se
i s bad® t hdPeE¥ReR|i Bh®| elaveaand fantiers liissasd voltatberatps e of t he

current pullse-ciids +H5resem AU PUS A Bd1TL090d, { el 2, enabl e si gnal

IS issued. Additionally, included is an initiati
mai nt ai ns A EARY ant T S A teed  wpddiagguviadget becbinest af eefépeetered pul se

signals at wdBPddgdiPto N ScHiMES il rnal :ci reui ti t g .achi eve a
known state before  bejng enable b)?'ntgﬂtecq&%%sé%dgggé%%%‘ cinf%Lﬁ%h.eﬂS BRI EF
DESCRI PTI O¥GESpHEE AR Mg 2 Puliseudrieasdtivhewindowtcam ben pul se wi dth

FT a T gi t ddRigied - of | G5 fted 131 Thaw B@ecﬁghgﬁhgnﬁﬂéprggepeeﬁ en two
i near voltage ranps. 20 Fig. 4 is a function | ock di agram of the
valtage or by adjusting the slope of the linear voltage
ramp generators. The reference voltage may be generated
from within the circuit or may be supplied from a source
external to the circuit.

15 As logic state of an incoming clock changes
from low to high, the slower and faster voltage ramps are
reset and re-triggered. A first comparator is used to
compare the rising voltage value of the faster voltage
ramp with the reference voltage. The first comparator

20 signals when the faster voltage ramp rises above the
reference voltage. A second comparator is used to
compare the rising voltage value of the slower voltage
ramp with the same reference voltage. The second
comparator signals when the slower ramp rises above the

25 reference voltage. The received pulse signal is within
the desired pulse length while only while the faster
voltage ramp is above the reference voltage and the
slower voltage ramp is below the reference voltage. 1If
either comparator indicates that these conditions are not

30 true, then the duty cycle of the incoming clock is
outside the desired window and it is categorized as a
“bad” duty cycle.

Upon the trailing edge of the received pulse,

the output of the comparators is analyzed and the result

35j stored in a first register. A second register stores the
result of the previous received pulse. The state, good



| ,
! Ay ’
present: i nvention. Fig. 5 shows exenplary voltage versus tinme pl otjs“’ MY 200

il lustrating how the present invention identifies when a pulse signal

transisg&&[}i H%hi n a preferred 25 transition window. Fig. 6 is a _nore
detaile B{12bnal diagramof a pulse nonitoring circuRCHYSMAELEd wit h
the present invention. Fig. 7 is a circuit inplenentation of the 30
present invention. BEST MODE FOR CARRYPNG OUT THE | NVENTI ON The present
pul se nonitoring circuit uses two pulse detecting sub-circuit to nonitor

both the positive 35 duty cycle an the negative duty cycle of incom ng
pul se sign8Fs® aéy ‘ﬁ’gnﬁ:li‘%r%/‘ﬁ@%/%’b‘i PYhRe posicompareg withcktbeasttane, 01/ 37427

PCT/ USO0/ 4383d or bhae, nefathe ereiiidowy Ghfsd.he i Sggptstg%s%hgonidt ori ng
of a recerved pul se

circuit can dete&ning%if.tqe gverall signal perio .

signal is WPERFR" PPeuet et i M minf@bleasigmelpési desuede | engths. By

noting shilfsthe steté gerilngd ofrraneipadeylsSgeskgnahs. tth paggent pulse
ifts i e Frequency of

noni tgring fiéﬁuit can Iikqﬂfse.na e note of shifts in ftF

recei ved plfse gighal CUIwWRH S% et ttdep gheodisabheosignalt wo pui se

det ecti ng sethatns cisdwsedisesI i yhd Isteftd iofedheVehir2gat1Bui8APsL0 NMeasure

t he pul se gﬁé éég%q%%gjreceived | Qi ¢ pul se signal. Plots VoTLf and VoTLs

show exenp arf‘/[S IR PHEG Y i 3P0 afBeRanp gRARLAL Bignated for

observing &srkssiackd | ogic | ow pul se. The logic |ow pulse detecting
ener at or produci ng

sub-circuit include sl .oner. .l i near .15 vol.tage ranp. ger C _
out put VoTLs and a §¥g§¢%ﬁ° Gldar WG58 LsnpRgdReFhebEoRr BEBEREY out put
VoTLIC Botthathendiastaimsarad cirewant idigableokiggalr aiPsngafRel €5£4¢ UPON
recei pt of | .00l . lse egint ra up_at a predeterm ned
voItage/sé%%ﬁdgggfggéaﬁﬁgééﬁ)%i gqﬁh?tbégéafﬁgged E?léd?ﬁg?ﬁneh?he
strengt h, in%ernal circuitry time to achieve a known state before

being enabled by the pulse detecting circuit.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the variation in pulse width
of a digital signal.

Figs. 2 & 3 show the relationship of between
two linear voltage ramps.

20 Fig. 4 is a functional block diagram of the
present invention.

Fig. 5 shows exemplary voltage versus time
plots illustrating how the present invention identifies
when a pulse signal transistions within a preferred

25 transition window.

Fig. 6 is a more detailed functional diagram of

a pulse monitoring circuit in accord with the present

invention.

Fig. 7 is a circuit implementation of the
30 present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
The present pulse monitoring circuit uses two
pulse detecting sub-circuit to monitor both the positive
35 . duty cycle an the negative duty cycle of incoming pulse
signals. By monitoring both the positive duty cycle and



|

current: sourci ng capability, of the individual linear voltage ranpiy pav 2004
generators. A reference signal Vref sets the maxi num allowable tinme TLnax

for a | oQicForl9y4-Pul se and al so sets the mini num al | owabl | in for a
25 | ogi'c | ow p)l‘ﬁse. The TLmin tine limt is set at the iﬁ‘f@bg@&#g‘n of
Vref with VoTLf, and the TLmax tinme limt 1is set at the intersection of

Vref with VoTLs. As shown, the mininmumtime duration TLmin for a logic | ow
pulse is determned by the faster |linear voltage ranp VoTLf, and 30 the

maxi mum t i d ' T a logic¢ low pulse is deternined by the

sl ower Iinggf é%?%gggerggg§\éﬁﬁif’ f%% %éffFQgeRH SFelMRDSFOFLREx and TLnin
defines th&ltrwit penndate®inerifa tdesiovedalldgisd gnaw beaisidt b@nawi ndow WO,
The with of W05 j Lsing. or J|ower ‘Vref .35 or by changing
the sl ope of Qﬁg@gr BE%?E g?é %ol% gﬁ&i1@0?53@?9%”’8@?\%@&@“@9f'%dl ow pul se
transiti onBakangm\pegiprd74iare HEHOWBE0/ 4B2hotidgl ehiidtli gdh whehi n the
transiti on i RdQW,get i ol fes ategorized as a "good" received
pul se, butp?¥??§ ?grgﬁgggY%% o&fé%&ghatg'tﬁgﬁ PfeﬁgngaPHégFized as a "bad"
recei ved p@pBatoBlinpgt Aireflt cdete likelige Bakexmopkavy phatssofin | i near

voltage ra T, Ltoring the logic high pul se
| engt h of gn§e§g§5§8ﬁ§g|§% €§%§£§§Gigaﬁggg%%§8 ?Shals VoTHs and VoTHf begin

to ramp up upon recBiphk BFLerenegi ohFyl - pdl seachAsolietbretwbhpulfe
intersecti gpr@&ting éﬁﬁléiréiﬁ'ttsaﬂgeEagp?ggnIEEFgrﬂgge%‘Ef 95‘:?\%‘%6 vol tage Vref

establishes the mninumtinme duration . ul se th, in this
caselQ posFirRe tpuPeasyreitthe sudseadpyatinn pht ar seceiwedoloyief and the

sl ower Iinﬁ@{swbiﬂﬂsuamo\&m%r@?ft ahki @B@ﬁstbﬁoaﬁékgﬁg‘l\,\égydurati0“ of a

positive pulse wt The difference of the maxinmum a e pul se
durati on TPRERUGHACEhEYRi MiART VBhltagednampi eAnTEALArssuaddi Ebrt he

boundar i escboéraingesi regelwa Qogiah1b0 HaYLE. ! OMLT 885k Li 9, W ndow WL In
the present Pe" gLl &g B iy e reul L ol L S8t 2 S Cwer Linear
15 voltage ramp generator producing output VoTLs and a
faster linear voltage ramp generator producing output
VoTLf. Both the faster and slower linear voltage ramps
are reset upon receipt of a logic low pulse and begin to
ramp up at a predetermined voltage/second rate. This
20 rate may be adjusted by adjusting the strength, i.e.
current sourcing capability, of the individual linear
voltage ramp generators. A reference signal Vref sets
the maximum allowable time TLmax for a logic low pulse
and also sets the minimum allowable time TLmin for a
25 logic low pulse. The TLmin time limit is set at the
intersection of Vref with VoTLf, and the TLmax time limit
is set at the intersection of Vref with VoTLs. As shown,
the minimum time duration TLmin for a logic low pulse is
determined by the faster linear voltage ramp VoTLf, and
30 the maximum time duration TLmax for a logic low pulse is
determined by the slower linear voltage ramp VoTLs. The
difference between Tlmax and TLmin defines the time
boundaries for a desired logic low transition window W0.
The with of W0 may be adjusted by raising or lower Vref,
35 © or by changing the slope of one or both of VoTLf and
' VoTLs. If a received logic low pulse transitions to a



20 window WL is shorter than WO, but this is not crucial to the invg@tr\'vipl-rmm
I n. many| cases, it may be desirable for WL and WD to define a simlar tine

andowﬁh*b i@@#@d be noted, however, that both WD of Fi%. 2 and W of Fig.
3 area?d n of the same reference voltage Vref. 25FATYHHEH2Tt is not
critical to the invention that both WO and WL be responsive to the sane
reference signal Vref, this is preferfed since it sinplifies sinultaneous
control of both WO and WL. The width of WL may al so be adjusted by

adj usting ,one or_.both .of .Vo and VoTHs. 30 Thus the present pul se
det ecti ng l&grl&il}lgg‘ar‘fl%g'é‘f’eyet hengeian Whsdew defineddix Wl.ghitand | ogic

low cycl és, caftegyordeeidved pulgeosieqweresvedNpsl el Mbis i jdetect not only
when a logic_pul.se is outside.its preferred transition wi ndow, but al so

when its p&rAFEEEOES QR&SERE 8Por EPeERs ity d§uERESIOEHF9d ey Sadccept abl e
limts., l4edbived PQAs:.4 ! H1 | ~j 14 WO 01/37427 PCTI USOQO 41227 -9 Wth
reference to Fig. 4 bl ock diagramof a _circuit_suitable for

inpléﬁenting t he prgggﬁtrﬁ GERPFEEN O Eighown. e2eTRiA%Y IRMGFOMi% or bl ock 15
moni tor s ridoeiaredolitagiec rhowspubTas and TolrRei ¢sdd Oho M i®todn@ck 11 5

nonitors recei | Q@i .gh_pul se Bath logic |ow and |ogic high nonitor
bl ocks 15t§%dl%%q5rg?ggagpgsﬁeggngh PhedshREST B RINGE SighAL Wsef , and
bot h receishowa .pulSégnadsgialHseandpibolHedbbyis eesi ¥ Apalposi gnal CLKi n.
Each of | qgiG;highcapd L.Cy Lk itor bl ock 10 11 and 15 incl ude

W t hin th%%lggllggs%af %alllrﬂ%lf: P%Lﬁigagg?%rtagﬁ Petreande neans for conpari ng
t heill0 r espatergectivneaf tbet fgeteanpolvabl raferesTier sipgnal Vref. For

D Goner ator e aduorGaean 60t piF LEBIUBES B THE (HAE shown 1 n i g
2, and i nénga&ign IewdndIipsseepulopt wdthanpn gemis atawe @r pedisditngean out put
pulse width. Similarly, the intersection of Vref and the

slower linear voltage ramp VoTHs establishes the maximum

15 duration of a positive pulse with. The difference of the
maximum allowable pulse duration TLmax and the minimum
pulse duration Tlmin establish the boundaries for a
desired logic high to logic low transition window W1l. 1In
the present preferred embodiment, preferred transition

20 window Wl is shorter than W0, but this is not crucial to
the invention. 1In many cases, it may be desirable for W1
and WO to define a similar time window. It should be
noted, however, that both WO of Fig. 2 and W1 of Fig. 3
are a function of the same reference voltage Vref.

25 Although it is not critical to the invention that both WO
and W1 be responsive to the same reference signal Vref,
this is preferred since it simplifies simultaneous
control of both WO and Wi. The width of Wl may also be
adjusted by adjusting one or both of VoTHf and VoTHs.

30 Thus the present pulse detecting circuit can
detect time deviations in both logic high and logic low
cycles, of a received pulse sequence. This permits it
detect not only when a logic pulse is outside its

. preferred transition window, but also when its period,

35 : and therefore its frequency, shifts beyond acceptable

limits.



[

VoTLf also similar to that of Fig. 2. Its first and second linear yoltage,
ranp génerators are reset and begin ranping up upon receiving a |ogic | ow
pul se. Their 20 respective outputs VoTLs and VoTLf continue to ra up

whil e tH¥EOMYEHEVed pulse is at a logic |ow Wen the recmwgfgﬁal CLKi n
transitions to a logic high, the values of VoTLf and VoTLs are conpared
with reference signal Vref. If at th&Srine that CLKin. transitioned to a
25 logi c high, VoTLf was at a higher potential than Vref and VoTLs was at

a |l ower potenti al tharitgr f . then Kin. transitjoned within the desired
transition w ndow WO! OSFEEFSW% Pt btI bl dcka1Blafk| diaeranr qife &send a

"good pul sércyckesuditgbdle foraihppesehoinideghét gfedent | invéir izl t he ot her
. hand, si gnal wa .hi gher_than Vref o i gnal . VoTLs not | ower than
Vref at thgst }"[iraré& hat icrti&?;%@ ??gnrg???g%ﬁobi%cg %ggﬁenm@ﬁ? kefsiviede | ogic
pul se was legher lowopwhees endtaoléoig migh amdhadopubseckyrl e” signal woul d
. have Rkeen - | oql.G + i st 13. .35 Logjc. lowregister 13 stores
t he rgsulta??%ﬁ%?%g?gbgé&ﬁg%ggg&g0§;%94591§?ﬁ1LgéifﬁlgéqlglkPWnﬁﬂ or bl ock
15 until theghexhigbghoniserpblecksyl) ecarmhdll ppoafeeabhe resdive to a flag

gener at or L I G: Bl tor_block 11 includes wthin
itself a t%%d%ﬂ%v@%#?ﬁégg géﬁ%ge@é;fp and BRI FECeh ot R S90THs
simlar tosti@nalshewpmphlifigd By meckivddurldckasignal ick®in.vol t age ranp

produci ng an out put sk gLl ar t f FiLg, 3. _Logic hi.gh.  nonitor
bl ock 11 al so i ncl udggeg%ngahr'\gb#grh% rrp%?% ngog%%warﬁ%n%o%?ﬂ%ctkﬁ

ref et@nce Vbl aadel ¥r dRclufdenvitpin temselnds Giikpaiprefiutiesa | ogi ¢ hi gh
pul se, thigdiagde FoMpEhahingahe Y0kt HPS i, produci ng
respective_out ﬁ?s Vo?’l—lsaand Vo('el'hl?év\%?lleeéy gn%?ﬂ%%?%ﬂ rlgér%?ér@qg? a logic
hi gh. V\henli'-ﬂf)gf Yo kFAger BATPS Y rofptence sSigat Yoae- t Retval ues of

VOTHf and ¥duis18) e13§ic0omparfshtdh BRI ense; Yol tqge Méfrsd f at the tine

slower linear voltage ramp generator producing an output

15 VoTLs similar to that shown in Fig. 2, and include a
second faster voltage ramp generator producing an output
VoTLf also similar to that of Fig. 2. Its first and
second linear voltage ramp generators are reset and begin
ramping up upon receiving a logic low pulse. Their

20 respective outputs VoTLs and VoTLf continue to ramp up
while the received pulse is at a logic low. When the
received signal CLKin transitions to a logic high, the
values of VoTLf and VoTLs are compared with reference
signal Vref. 1If at the time that CLKin transitioned to a

25 logic high, VoTLf was at a higher potential than Vref and
VoTLs was at a lower potential than Vref, then CLKin
transitioned within the desired transition window WO.
Logic low monitor block 15 will therefore send a “good
pulse cycle” signal to a logic low register 13. 1If, on

30 the other hand, signal VoTLf was not higher than Vref or
signal VoTLs not lower than Vref at the time that CLKin
transitioned to a logic high, then the logic pulse was
ether too short or too long and a “bad pulse cycle”
signal would have been sent to logic low register 13.

35  Logic low register 13 stores the result from logic low



that CLKin transitioned to a logic |low, VoTHf was at a higher poteﬁﬂiakmd
t han VHef and VoTHs was at a lower potential than Vref, then CLKin

transit: thin WL and a "good pul se cycle" signal is sent to |ogic:
hi gh 2ohﬁgﬁﬁﬁw% By contrast, if VoTHf was not hi ghdiCH¥¥413F ef or

VoTHs was not Iomer than Vref at the tine that CLKin transitioned to a
logic low, then the transition was 1ﬁ&her too | ong or too short and did
not take place within W. In this case, "bad pu|Sﬁ cycl e” S|gg$l 55
woul d be i ssued t Io i ¢ _high register 17 Logic hig regi ster stores
t he resul %8 °6g' %gﬁ5 ﬂF%ér he nejft Yogilse lewxPulsgi cyieileh amd se cycl e

and provi gaovile tdeoredulesubts fpail daneragqr 13. A clock flag
generator 19 conpargs_the esuL the nmost current pul se cycle with
that of the previou mﬁ&?§ Yey ?%ﬁclﬁlQRnNQBPNQrcbﬂﬂéhtléuhssluﬁebe and the

previ ous pukaﬂncytbelfeaetmeﬁdasléWEE’H%Hé%% %%QEQ shigl e, then flag
generat or roduces an,anabl e si gnal I f the current pul se cycle

received grog§5153|§5 gytpat %@F%ﬁgﬁﬁﬂllthéﬁ tha§ sbavpatior Fig.wldl| issue a
di sabl e singnal fourehpeastye Dinddwe veQndighl Bmpf pEhEURERY QS W VO

recol ved SUEBBEG PoRlfof1RiLrE S YRk Ctioend - pr bossashpdhee cycl o
recei ved mohbadrpblsekcymlelsslxnf??ﬁﬁfggrmgaﬁgﬁgo§g§§§%§gg§ gg r1gg pr oduce
geg;fgggfvﬁgggagngTbgﬁﬁ£2§f€§ ) Hgﬁfet3°gFﬁ€? XF?EUlt@hFEsbBH§Fve to the
pr edént pahgaahDﬁLKDnlpgodm¢exua 1ﬁ%$§ ﬁéggygbffﬁ?;eﬁﬁggngga16nghhazgﬁn
el oot ver 9 PansFhbeP SO LERS Aie o Brs Rtk et Dagte ooeRRBELndi gnal CLK
FLG for appbpbeative @T@tmﬂh‘erVD'Rﬁs @nidt YorHspensivesignéhecpresent pul se
”Dnitorin9em£iﬁ§“££1a°ioégﬁﬂﬁﬁd%udi%%%kelnpggaéLﬁo OULpuL; st g%%
back to a logic low, the values of VoTHf and VoTHs are
15 compared with reference voltage Vref. If at the time
that CLKin transitioned to a logic low, VoTHf was at a
higher potential than Vref and VoTHs was at a lower
potential than Vref, then CLKin transitioned within W1
and a “good pulse cycle” signal is sent to logic high
20 register 17. By contrast, if VoTHf was not higher than
Vref or VoTHs was not lower than Vref at the time that
CLKin transitioned to a logic low, then the transition
was either too long or too short and did not take place
within W1. 1In this case, a “bad pulse cycle” signal
25 would be issued to logic high register 17. Logic high
register 17 stores the result of logic high monitor 11
until the next logic high pulse cycle and provides the
stored results to flag generator 13.
A clock flag generator 19 compares the result
30 of the most current pulse cycle with that of the previous
pulse cycle. If both the current pulse cycle and the
previous pulse cycle received a “good pulse cycle”
single, then flag generator 19 produces an =nable signal.
If the current pulse cycle received a “bad pulse cycle”
35 | signal, then flag generator 19 will issue a disable
signal irrespective of the condition of the previous



CLK FL%. 15 Initiation circuit 21 is preferably reserved for startddapily 20
condi t.ijons. During start-up, the present pulse nonitoring circuit and the

ot her cii | sponsive to the present pul se nonitoring_ cj i y
AN REBRARTY | ot on

require a setup period to achieve stable start-up 20 con

circuit. 21 therefore provides a wait period at startup to give other
circuitry tinme to reach their stablé‘%%%ut-up conditions. During start-up,
initiation circuit 21 initiate a wait per:Lod by transferring a disable

o adet er mi GagERYSIEIG, S RER SPEr et BTG NTls GeqeiTahA “FepRod. |
i ni tiationpsilseuicyc2e”t kéanpér nbus the meswibupipflag cygarerator 19 to be

-freely transfer Nt u I LLK FL 30 Wth reference to Fig. 5,
a graphica?%gséﬁggeg 0 aghéggé e§§§ﬁ?<n?%ﬁn%idgi N ¢h HéF tor bl ock 11,

| ogi ¢ | owgebeireéserol8ckill, prefucerceatissaial Miggfal Outmet ephbiel ock flag

gener &t or LRRUL ; | Kinjs shown. Input signal CLKin is
shown "t o c%%gig?gg%mge%éﬁH%gglgglc kﬁ%ﬁ?%J%}ﬁQxﬂQquiﬁﬂﬁﬂlgegaﬁfbﬂiffering
pul se | en§éRgctineapriéedctd opthdr raffranence reispralsieeftoaltaag 1 4 1'° -i°
2004 WO 01£34424PEIAY, : = B ni.tar, blocks 11 and, 15 determ ne
if the pul fsbe | eﬁg hs g%cﬁ%g%&f%?l%lx t |tnr10t°r‘i?e A5 SRt a'emgﬁéﬁgtpﬁnsi tion

wi ndows WORBndRH@ElaPieRefiBEULE adisi ti ons wi ndows WO and WL are shown as

spaded areas. and CuRCESaiRl Bl S0, Sl gdRgahs e result
compdPi ng 2PHefRARr 8eheEEIVRLY | treansfiasl ttdge ondpus: wift Ifl agefenenator vol t age
Vref. In Fig. 6, oheshe bigha i andbleck bhiiie shawn (19, g use a faster
| i near voltage ranp 35 and a sl ower |inear voltage raﬁp § to observe
| ogi ¢ highcb Fgégspﬁgspon81ve to the present pulse monitoring
circuit, or apply a disable signal to cutput signal
CLK_FLG.
15 Initiation circuit 21 is preferably reserved
for start-up conditions. During start-up, the present
pulse monitoring circuit and the other circuits
responsive to the present pulse monitoring circuit may
require a setup period to achieve stable start-up
20 conditions. Initiation circuit 21 therefore provides a
wait period at startup to give other circuitry time to
reach their stable start-up conditions. During start-up,
initiation circuit 21 initiate a wait period by
transferring a disable signal onto output lead CLK_FLG
25 for a predetermined amount of time or a predetermined
amount of CLKin cycles. At the end of the wait period,
initiation circuit 21 then permits the output of flag
generator 19 to be freely transferred onto output lead
CLK_FLG.
30 With reference to Fig. 5, a graphical example
of the interaction of logic high monitor block 11, leogic
low monitor block 15, reference signal Vref, output of
clock flag generator 19, and input pulse siignal CLKin is
shown. Input signal CLKin is shown to consist of seven
35 5 logic high and logic low pulses of differing pulse
' lengths. The interaction of reference signal Vref along



| |
P3, P5, and P7 of signal CLKin. As shown, respective |inear voltage rﬁ@psqm
31.and{35 begi n ranpi ng up upon reception of a logic high pul se of éL i A
The valiues of 15 linear voltage ranps 31 and 35 are shown continuously
conpar eWOWWI4A7ef erence signal Vref, but it is not critipcaiusoiraiz2? i near
vol tage ranps 31 and 35 be continuously conpared with reference signal
Vref. It is sufficient that at |eastiphe values of |inear voltage 20 ranps
31 and 35 at the tine that a CLKin |l ogic high pulse ends be conpared with
reference signal Vref. In the present exanple, the nunbers 0 and 1 above

| i near vol%idde mondiger3blesksedponddt 05t Heteempaei spNthesplitseof faster

l'i near vollteag® H2ME 221040t Fahef 65 €RS Ltage Vief. A 25 value of O

i ndi cates that |inear voftgaéqrgégﬂgg ¥§eb8?83F£%$%*n§§dt539§}Eé°%f 1

i ndi cat es WiRgowWsi WaandoMlage Prafiprr88 tsanbbueoNs efindbRe WO ihe present

exanpl e, nd ¢1 r Lipear_voltage r 31 ‘Indicate the
resﬂPt ofm?HgQ%zﬁggr?égﬁ fggh?§;§g§$§f0é2$ ﬁ?ﬂ%ﬁ}cgle% ggéo r%ﬁ% 31 with

ref erence lvSvitkgd igaddyY Aepargetbe resuhti ot Eise thwdns i ealudedt age ranp 31
i s bel ow Viiehiandagh %al m Lhdlcat t,it.is above Vref. Simlarly,
| ogi ¢ | ow noni tor bl ock lgn?goghgagbﬁtgofgsé&g }éas?:é? TYHRAF LRI t age ranp 45
and a sl okPE1Z5ILSRESE1VS| L AReaF anpludge orafyserwith ag fetencoul ses P2, P4,
and P6 of veiigaak €kKin. Respective |inear voltage WO 01/37427 -13

PCT/ USQ0/ 41 227 rarrp§ 41.and_45_begi n ranping up upon reception of a logic

| ow pul se of CLKin. ‘Pn¥ife presedtc dxigip monitordrlosiol 1 hges rempen 41 and 45

ar e 160Nt | mpouskyacoapseedl whéhr {r@i@é%@cﬁa L gl s ef 1sl[b$t5e£f desired they
can be 5 gongared T%th Vref oply at the en of_al}pglc ow pul se. Like in
the previ 608°88s¥°1haABefa™® dhdta eraeve i krakc hidh ayslsesPUS5 correspond

to the coRpariBbn ardub?sodfsidmsl efLRimearay aiAge rPéEbeA&iV%th ref erence
voltage Yiglar 208 Lugelnds Y L pei Ol onear, vo tageranp 41
pon
reception of a logic high pulse of CLKin. The values of
15 linear voltage ramps 31 and 35 are shown continuously
compared with reference signal Vref, but it is not
critical that linear voltage ramps 31 and 35 be
continuously compared with reference signal Vref. It is
sufficient that at least the values of linear voltage
20 ramps 31 and 35 at the time that a CLKin logic high pulse
ends be compared with reference signal Vref. In the
bPresent example, the numbers 0 and 1 above linear voltage
ramp 35 correspond to the comparison resul-s of faster
linear voltage ramp 35 with reference voltage Vref. A
25 value of 0 indicates that linear voltage ramp 35 is below
Vref and a value of 1 indicates that linear voltage ramp
35 is above Vref. Also in the present example, numbers 0
and 1 below slower linear voltage ramp 31 :indicate the
result of the comparison results of slower linear voltage
30 ramp 31 with reference voltage Vref. A value of 1
indicates that linear voltage ramp 31 is below Vref and a
value of O indicates that it is above Vref.
Similarly, logic low monitor block 15 is shown
to use a faster linear voltage ramp 45 and a slower
35 f linear voltage ramp 41 to observe logic low pulses P2,
' P4, and P6 of signal CLKin. Respective linear voltage



10 indicate the result of the conparison results of slower |inear vol tdg¥
ranp 41 with reference voltage Vref. As applied to faster |inear voltage
ranp 45, a conparlson value of O indicates that it is below Vref and a

conpari sSPHA™E of 1 indicates that it is above Vref. 1BCT/HSW&ER7ds t o

sl ower linear voltage ranp 41, however, a value of 1 indicates that it is
bel ow Vref* and a value of O indicatdssthat it is above Vref. Voltage
ranps 31, 35, 41 and 45 are shown to be reset at the end of the respective
| ogi ¢ high or éo w CKLi n pul se that they are observing, but this

i s not crltla@gls f‘ﬁ 4ﬁv’éﬁ??—%nrawft%19@ rlmmsr&nelcﬁﬂc::bealad 45 may

conti nue rampieglpaspulbe endcokit he TESRRC Vé?ﬁé%e lOY,8% 3 y?gﬂga ¢ |ow

pul se they observing,, The shoul d, however e res egi nni ng

of a new 2§°9§§88CFFWBSI6b gn %ﬁl%ﬁeIQQﬂﬁiﬂu@NSle$@mprHH watbr ence to

pul ses Pi trefBZentasstgnal iviegf, it age dAMMS 33 h ih'E%' ntain a

conpar. son __val ue .o ranmpi ng up unti | they reach the | ower
boundary of° Pﬁﬂf?dr‘ééblé\l\{?ﬁlg Mf &Y ddier ek iofi en lwigddowow3pulaei cat ed by a

shaded ar eaik@his tb@ﬁpréﬁﬁ&ﬁkﬂdbsé rvRbeed %yahheufahﬁ%eegihxg Cr 0Ssi ng
3

over refer%ng si.gnal $ Faster |inear vol tage ranps 45 then
maintain a'e ﬁﬁg?lgﬂﬁpvﬁ.LEPQﬁe§PQﬂﬁx§Q:ﬁ€F faypazdisony e¢sulsbues great er

than Vref. fBgteonlinsir EdIWEgelﬁampam5sal{9IEgggréﬁggs é}tﬁgg 41 maintain a
1 mhll reac upper boundary

g?nsgfbi?gy%ggue ﬁéﬂﬁfpﬁgab/4%§ggHP%@HB“?2§b§éF|Vélﬁﬁéﬁerﬁ@E ¢tansition
Wi ndé®, indhdacatle Bye timswlitaded tivee@omphics sURAPLEsRQURIBEY sh swdR ked by
R i L L o e
reach val uéprlﬁ%@lt@ ﬁ&mtner \lrl@fearTlveld:hgeceamﬁ wHet BekoRpY 2l 6 of 1
indicated {hate &f!d NGHi LR PTR LS gRovE ggepeggglaref s
comparison value of 1 indicates that it is above Vref,
15 In regards to slower linear voltage ramp 41, however, a
value of 1 indicates that it is below Vref and a value of
0 indicates that it is above Vref.
Voltage ramps 31, 35, 41 and 45 are shown to be
reset at the end of the respective logic high or logic
20 low CKLin pulse that they are observing, but this is not
critical to the invention. Voltage ramps 31, 35, 41 and
45 may continue ramping pass the end of the respective
logic high or logic low pulse they are observing. They
should, however, be reset by the beginning of a new
25 respective logic high or logic low pulse.
With reference to pulses Pl to F7, faster
linear voltage ramps 35 and 45 maintain a comparison
value of 0 while ramping up until they reach the lower
boundary of their respective preferred transition window,
30 indicated by a shaded area. This lower boundary is
marked by their respective crossing over reference signal
Vref. Faster linear voltage ramps 35 and 45 then
maintain a comparison value of 1 once they have achieved
values greater than Vref. By contrast, slower linear
35 ; voltage ramps 31 and 41 maintain a comparison value of 1

while ramping up until they reach the upper boundary of



arbitrary. In the present exanple, a conparison value of 1 is used with
faster linear voltage ranps 35 and 45 to 10 indicate that they areabdye)l
Vref, while a conmparison value of 1 is used with- slower |inear voltage
ranps 31woand74Y to indicate that they are bel ow Vref. Thperassdmiirary
choice was made so that the preferred transition regions of nonitor bl ocks

11 and 15 woul d be 15 denoted by their respective faster and slower |inear
si mul t aneously. Wth

vol tage bl ocks both having a conpari son vafde of 1
reference to logic high :pulse P1, logic high nonitor block 11 shows that
ge.ranp 31 and faster: linear

P1 ended whi | &hiedtth re2pesitawer prie olta
P EE?ES&OFI'P SthaPBf Window imdinsied oned

vol tage ranp arison v
withinits prgﬁégigd%PﬁgggiFFSﬁ-mﬁﬁhéa/apﬁeriboﬁggggge§samggés st at us of
G indicated &hedsodespeseiveyekgss; %ag ener at or 19 receivVel BYis resul t
and 25 conparg§ougrmﬁgge he Eﬁevious ch R Fhenpe csignal el e, it is
assumed that the previoustcyetbagasranss o0d4 DUt Ipén QY& and flag
generato? 19 €¢mPafbdsenovs pué Sof af &&g?“ﬁlsigpal EN. Loglcx1gwnw8nitor
block 15 trackseto0i ¢4 0¥, 30, pulse P2. TS & PR svaipe qreated whah e
faster linear voltage tanp 45 ant ¥herhsar |4 nedrue of 4 aigeu{dﬁ'éﬁtéﬁ POt h have
conpari son vad vkingan valtage nelimgates 4 o P2 é)er m nat ed witHhi fac
preferred tr%{tﬂfg}%\y\{i n Wté}_gd therefore a's®Tei%res dsstatus of G
i ndicating a_"good 35 pul se tfydlt@sent @gﬁag@der,ataorcoh?a&ggghvgg Mlﬂ s, G
status and conpdr e¥ed wiithh fawr et atinga@l RLRY ousi@g se P1. %1 ,04"1 .
i'21) G0 WO Qa3 e42e ﬂq‘étpgye S00/ 41227 Si nce B6t A3F85r At apdl 4% 2 and
previ ous pul se Pl have a stafds, @ PX§ @énévathlagaiaoﬁ§§y§§xpn enabl e
signal EN. V3lue of 1 is used with slower linear

7oltage ramps 31

and 41 to indicate that they are below Vref This
arbitrary choice was made so that the preferred

Q

15 1
denoted by their respective faster and slower linear
voltage blocks both having a comparison value of 1]
simultaneously.

nton monit::tglzz:eifnce to logic high Pulse P1, logic
N . shows that pi1 ended while both
slower linear voltage ramp 31 and faster linear vol
ramp 35 had a comparison value of 1. Therefore gltage
Fransit%oned within its bPreferred transition wi;dow and
1t receives a pulse status of g, indicated a “good puls
cycle”. Flag geénerator 19 receives this result andp j
25 compares it with the Previous cycle. 1p the present
example, it is assumed that the Previous cycle was also a
good pulse cycle and flag generator 19 therefore out
an enable signal EN. P
. e 5 L;z;:el:: éonitor block 15 tracks logic low
. 1s shown to end wWhile faster linear
voltage ramp 45 and slower linear voltage ramp 41 both
have.a comparison value of 1, This indicates that p2
terminated within its preferred transition window and
| therefore also Teceives a status of G, indicating a ™
35 f pulse cycle”. Flag denerator 19 receives this Ggst thOd
| and compares it with the Status of previous pulse P? -



Logi c h| gh pulse p3 is shown to end while 5 slower |inear voltage ranp |31 700,
has a.conparison value of 1, but faster linear voltage ranp 35 has a
conparison value of 0. P3 therefore term nated before it reached its
preferreWOOLIAM37ti on region. Logic high nonitor block 1lPaiescedtnes
categorizes it as a "bad pulse cycle" 10 and gives it a status B. Upon
receiving the status B result frommmpgtor block 11, flag generator 19

i ssues a disable signal DI'S. Logic |low nonitor block 15 then observes the
next pulse, P4. By the time pulse P4 ends, slower linear 15 voltage ranp
41 has al r aager bosh abovenVrphlamdPdhirad ek RORPANISOPIVaAYe gf 0. Since
sl ower |ingage¥elhkaoge er linear_ voltage r 45 do not both
have a conparison vaf%é g?ﬂgrm2§% {Qéﬁﬁuﬁfsq%ﬁNQPIQEﬁ nist@halpl ock 15

det ermi nesEf¥nat P4 did not termnate within it s 20 preferred transition

wi ndow and gives it goBistRi L ngdi 1. "baq pul se cycle". Upon

recei ying the status %lresull;llt'§ ?l%i(;% Crrﬁlil’t%rs%w&c%c’l@,ndf I"‘g‘g}igenerator 19

i ssues a 81SYBFelingmnl VOl S29e otamp Hilghhasulas eoRpaird sshowa e bEansi ti on 25
Wthin itsipreher£ggeds anshiiPn.d B LN termned by __linear voltage
ranps 35 and, 31. Logic high roni tlg'%%]c]):ca%?g %‘%’ ?‘ﬁgr &f &Qg‘%éﬁlléaﬂri zes its as
a "good puFVadug\efel. ankP gherelqne teqpditatedt befoGe Etagegenegator 19
recei ves ibiSpfeséptdls ©PshSOMA 6Sdibo th the status of the 30

i medi at elgbgr evj ous pul se, P4. Si %%g%ﬁl’ha?foélgag‘?"gé, MoRLLPEs, flag

gener at or Tk stbsCRP R SRR ccafiqgedi zBISSiGn asi as “batlppulse epele” of the

curreat pudse,gifres bed Y Sra@epd pul Thi-g;l ecause.ip . the currently
preferred enbodiPEnt, fla eneraté?%TQ g%%é”?%? ?ggugtéﬁuangble 35 signa

until it rEREVest Il MBHSRALtAAskyddd EkeBngeparster WO 0848542
PCT/ USOQ 4d2abd s iAmalh@us. | ogic | ow pul se P6 al so receives a good
status, G by logic . |ow monitor hlock 15. Again,
Logic low monitor block 15 then observes the
next pulse, P4. By the time pulse P4 ends, slower linear
15 voltage ramp 41 has already risen above Vref and obtained
a comparison value of 0. Since slower linear voltage 41
and faster linear voltage ramp 45 do not both have a
comparison value of 1 when P4 ends, logic low monitor
block 15 determines that P4 did not terminate within it s
20 preferred transition window and gives it & B status
indicating a “bad pulse cycle”. Upon receiving the status
B result from monitor block 15, flag generator 19 issues
a disable signal DIS.
Logic high pulse P5 is shown to transition
25 within its preferred transition region, as determined by
linear voltage ramps 35 and 31. Logic high monitor block
11 therefore categorizes its as a “good pulse cycle” and
gives it a good status, G. Flag generator 19 receives
this G status and compares it with the status of the
30 immediately previous pulse, P4. Since P4 had a bad, B,
status, flag generator 19 issues a disable signal DIS on
its output in spite of the current pulse, P5, being a
good pulse. This is because in the currently preferred
embodiment, flag generator 19 does not issue an enable
35 | signal until it receives two consecutive good CKLin
pulses.



this is because P6 transitioned within its preferred transition regi1c&n
denoted by the shaded area. Flag 5 generator 19 receives the G status f

pul se P6 ares it with the status of the inmedi at el revi ous

pul se, Pﬁ&%@%ﬂvgoth the current P6 puke and previous WE1Rdt h have
a Gstatus, flag generator 19 issues an enable signal EN on its output.
The sanme is case for 10 pul se P7, whiléh receives a G status fromlogic

hi gh monitor block 11 for transition during a tinme when both |inear

vol tage ranps 35 and %1 have %@cq arison value of 1. Flag generator 19
conpares pul se P7 wi e f)lﬁ?"gé' 9l A@PWsPHdEehEfhahaveraceirestas, flag

generator §8odSstatwsai Gs by sl@fiaPllews mandk oENp@Bckt $50uUt ‘géjbl?'wihd'
oc i agram

ref erence . Fi ir circuit inplenentation of t

of Fig. 4 %glghgﬁn&c%‘%e eﬁéer%ﬂ“ﬂtﬁ%?& wit8ipi L5F poefeoeedof Fig. 4 are
i dentifi edtwandision | cegiomi edeenaed by agkekbaaBd aLe;20 gl?g?ri bed above. It
IS toghe u ere gre _many inplenentations for the functional
bl ock™di aggg‘ﬁm‘g%%&i fggqu HVFS XE GnatEERSCEEPE BRGGR PR ;Y. 6 a

current|y eempbaresdi et Mite sandudoss BRE Hnﬁie&ii&ﬁ'@lyp%ﬁé@ﬁué nventi on.
25 voltage ranps wthin nonitor bl ocks

| f desire npl &, lJ.near i
11 coul d g%u%%é'r ?p?’esen neéfgaftlél S?lal FUFTeBhnF 8y PhHe t 2Rd RARYIMRI bl ock
di agr am of PFiRplse ihpfiterdavnee@ iGn ssetuwar €layngane 4 OGF aeraid &,d00i ¢ devi ce,

FPGA, or : T 0 n ip the art. Logic high nonitoring
bl ock 11 ?é\lgﬁ%agsl%;dﬁﬁarg%er foﬁeg}:gvg\}ﬂvp%ﬁg' raﬁ]Beg%‘i’fE‘? ADEEEF I a sl ower

linet® volRWwkee Fahp Weiidy sieseizes The stapus Fobhapeygid anyH rom sl over
vol tage r angh ey 34 s 2.4 ..slgpe. than the oyt put fromfaster
linear voltage ramn 35 generator gg.ﬂh%{?h&ﬁ{ln%%rav‘i)‘r’?%d‘g‘éreb#ﬁtﬁ‘ener ators 31
and 35 arkl}aR AP TETPS RPgAndedl ceavand cesponisdn valW@ QF 37427 - 17
1. Flag generator 19 compares pulse P7 with pulse P6,
and since both have a G status, flag generator 19

15 maintains its enable signal EN on its cutput.

i 10k

With reference to Fig. 6, a first circuit
implementation of the block diagram of Fig. 4 is shown.
All elements in Fiqg. 6 similar to those of Fig. 4 are
identified with similar reference characters and are

20 described above. It is to be understood that there are
many implementations for the functional block diagram of
Fig. 4, and that the structure shown in Fig. 6 a
currently preferred embodiment and does not limit the
present invention. If desired, for example, the linear

25 veltage ramps within monitor blocks 11 could be
represented by a digital counter and the functional block
diagram of Fig. 4 implemented in software, in a
programmable logic device, FPGA, or other rendering
method known in the art.

30 Logic high monitoring block 11 includes a
faster linear voltage ramp generator 35 and a slower
linear voltage ramp generator 31. The output wvoltage
ramp from slower voltage ramp generator 31 has a lower
slope than the output from faster linear voltage ramp

35 generator 35. Both linear voltage ramp generators 31 and
35 are preferably active high devices and respond to a



|
PCT/ USGQ 41227 logic high pulse on input signal CLKin by initiating 1t4h;ewr
respective output voltage ranps. The output from Ilinear voltage ranp 31 i's

applled nverting input a first differential anpli The
non- i nvé&‘gpw‘e'g} i nput of differential anplifier 33 recei ¥ QJ’[FS:‘?Pﬁ 2
reference voltage Vref. Differenti al arrpllfler 33 will therefore maintain

a logic high output until the output” 1%t om sl ower |inear vol tage ranmp 31
ri ses above Vref. At that point the output fromdifferential anplifier 33

will 10 s h contr t.he output of faster I|inear

vol t age rgn t e%g %89%% ?rg '%/tr et 1 I%‘K,J,anby Aertdiatdnghput of a

second di theienreapeatmvefmetpﬁﬂ Volﬁmﬁb‘eVEernplss ample htiphtt e omnverting
out put of differential 15

i nput of | r | i f
anplifier 1%&5? 1‘?8@_%2‘%6% ?1 aﬁp-ll-. & §Pc thewidvEat inghd ne¥tput from
::aste(r:I Haeﬁxrsbldagéerampl% a;m;slesfl llaEb:O\Be hV{rﬁfe niatn-tllmtﬁr&%ld@tA,s theI out pgt
r omedi i Wi 0 ogi.c hig expl ai ne
bO\r/nés gﬁggéfg%r%fgfér%%g ] onan}peld1fd’ﬁr égdé'ﬁ&faéa'eﬁy INRYY0 time period
duri ng mreﬁermcguvmas:fe d\msﬂ owdri fifiereat iatokinpQd fiaEp 331 wig1bel ow Vref
condi t 1 onchSHfLOtERAAR AN 4 IR Kok I8t PR uhBidr b S3¥bista second
differ entfé@maﬁ%ﬁvﬂ elflIEﬁlbd{CHMﬁe rampogilcr2Seki ghooet paiefsi nakt aneousl y.
An AND gaéﬁ‘a§9pé§x§f:’e&@ ol Qe A 4 %@:?8&9 ?' AN gﬁ%&%%égﬁ”gaﬁ' ers 33

and_37 have an | ogic hi gh output, |n I'ca pul se is
witBPn i tsWiesRriede thamis tlinrh r & @nntfhetst thet unepmt bdgifaskew noni t or

bl ock 15 {$nead0 %mggaer g @negatggngﬁogﬁb%gg& &4 wit Qhonl ﬁgm nor

changes. |In case of u&l c l'ow nonitor Sl ower ar vol tage
r anp gene%’a‘t’%?t’lﬂga’rf&’ fodgstaerselchéaﬁilf‘ﬁsreageaﬂ-aﬁppgelﬁeea't 6r7 45 are active

| ow devi casd angk £ r@g;pggjyj_ltéa th QGeC 1}19@/]_,9%? ﬂ%utnB CLKi n.. When CLKin
t sI ower |inear

35 switches oalog-10 ?% | se, both the
vol tage r rARA A9 - re%énﬁ%?“ of differential
15 amplifier 37 will therefore remain at a logic low until

the output from faster linear voltage ramp 35 rises above
Vref. At that point, the output from differential
amplifier 37 will switch to a logic high. As explained
above, the preferred transition region is denoted by the
20 time period during which the output from slower linear
voltage ramp 31 is below Vref and the output from faster
linear voltage ramp is above Vref. Under these
conditions, the output from first differential amplifier
33 and second differential amplifier 37 both have a logic
25 high output simultaneously. An AND gate 39 issues a
logic high when both differential amplifiers 33 and 37
have an logic high output, indicating that the observed
pulse is within it preferred transition region.
The structure of logic low monitor block 15 is
30 similar to that of monitor block 11 with only minor
changes. In case of logic low monitor block 15, a slower
linear voltage ramp generator 41 and a faster linear
voltage ramp generator 45 are active low devices and
respond to a logic low pulse at input CLKin. When CLKin
35 : switches to a logic low pulse, both the faster and slower
. linear voltage ramp generators 41 and 45 respond by



1 4 2004 WO 01/37427 PCT/ US0O0/ 41227 -18 producing their respective pyﬁigut,;n
vol tage ranps. The output slow of the slower voltage ranp generator 5"@“!‘
| ower tk\gg F%ﬁé | ow of the faster linear voltage ranp generator 41. The
out put oY °od voltage ramp 5 generator 41 is applied FEHYRVMIerting
input of a third differential anplifier 43, and input reference voltage
Vref is applied to the non-inverting }8mput of differential anplifier 43.
The differential anplifier 43 wll issue a logic high until the out put

from sl ower %10 | i ne?é voltage ranp 41 rises above Vref. On the other hand,
t he out puPTPPEfPEsERELT | heSPeTbl YageutRinh vl tage apanned tThet he

non-i nver outguknpbibwodf athousldwe i ¥4 Bt £4¢ | Admppdidd B0 A g png Vref is

appl i ed tq its t'nve %ing inpu%. Differential anplifier 47 wll 15

t her ef or e "°4€0e af‘oé ® FHAuntithe nkAstRD Uk n93Mm Yakttade nampear vol t age
ranp genemgaheraddrrises Bheveudsef .o fhelovisewsrashd nadg tion window is
defiQ§ by the t%ne g@riod d riﬁ which pboth differential anplifiers 43 and
47 siTul t &5€608FYT havela ‘?%%f{:e | ifh YA ptRVe Tt g GPUAND £ 20 third 49

det er m nedidfienehbial dah bt £ a4 3 angnd firgher 4 farhd AR ge | 0gi ¢ high

output. T esul output_from AND gates 39 and 49 are preferably sent
to respec'?lgsg ?r%n%ﬁé)hdéé)gi‘g%strﬁ I?ﬂﬂ:l'”i‘%r'?’rﬁﬂ erfiite®fas registers in the
present | ydpf&erentetaanpbifliened3. | fThd disf furteritaicas @) itfhakr 4be current
pul se be a i 1 h el QUS lse, hqwever, the menory devices 13

and 17 are not” necessar generat or E¥&dt put fromlogic
| owXlegi stépeaney®miyads mamnb f4lomised abuiweh Viregi .St @n re@oehe?, and 30

conpar es },Qﬁdpu&?@rg%%u@effﬁ%at&é/@ t%g&er Woivé%%sir%%\pggl se_results. Flag

generator 19 prefera | ssues an _enabl € si gna JoASe to CLKin
havi ng t wBPPLH#d @it the A siervenidng riamitt iadhed fisiurtin t hei r

differential amplifier 47 and Vref is applied to its
inverting input. Differential amplifier 47 will
15 therefore issue a logic low until the output from faster
linear voltage ramp generator 41 rises above Vref. The
preferred transition window is define by the time period
during which both differential amplifiers 43 and 47
simultaneously have a logic high output. A second AND
20 gate 49 determines when both differential amplifiers 43
and 47 have a logic high output.
The resultant output from AND gates 39 and 49
are preferably sent to respective memory davices 13 and
17, implemented as registers in the presently preferred
25 embodiment. If it is not necessary that the current
pulse be compared with the previous pulse, however, then
memory devices 13 and 17 are not necessary. Flag
generator 19 receives the output from logic low register
memory 13 and from logic high register memory 17, and
30 compares the current pulse results with the previous
pulse results. Flag generator 19 preferably issues an
enable signal EN in response to CLKin having two
consecutive pulses that transitioned within their
respective preferred transition region.
35 The output from flag generator 1% is preferably
. applied to an initiation circuit 21, which masks out



respective preferred transition region. The output fromflag generator ,19 . .
is preferably applied to an initiation circuit 21, which masks out WO fudh
01/ 37427 _PCI. 41227 -19 output fromflag generator 19 during a start-up
peri od Epﬁ)d“/Pg%ggces it with a disable signal DI'S. In t hePCHUSMA 27

enbodi nment, a logic high on output signal CLK FLG represents an enable
signal EN and logic |ow on CLK FLG 5 7epresents disable signal DI'S. An AND
gate 53 selectively nasks the output from Flag generator 19 for a

predeterm ‘ﬁpqﬂq; t] or redet erm ned nunber of pulses on signa
CLKin. A tc%‘rsrgj contro (}I:l:a.dr ?Jélnteqfitcg'ete@r A4Te89nhe § RS tnHBkPERECBUL put from
f:.ag geneand grepliEgrerd itFiwg.th7 aofdieyable Mirgaadebais, edrqi kpuit | evel
i mpl ement gt tures of. Fi.gs. 4 and 6. Al elenents simlar to
t hose of g%%és)&d}f ang éﬁkng‘/%'siam e ERcQUERY-aEL8R3L aRHK aF G descri bed
above. Fast®RTSHaRtES agl eneblle magmalo lNaged asgigenewabar sLBlrgnd 35 may
have ga sijg ' I QN...Far npl.e, .each has_a respective
const ant éﬁ##ﬁﬁfhggtﬁgggg%gaﬁgg@fatﬁgﬁﬁcaﬁn égpeEFF9eP9 charge a respective
capaci ti veelfstiyedy anskscgheTion tguitpfironl FeaghgkhBeato¥ ol § agsy ramp
gener at or d,% &4 @GR eqtd junctions 66 _and, 68 joining their
respectivéﬂ congzt ant %ggr r%gﬁtgﬁgqgrfc\é‘:gdgn&rcgpgéfaa?s@rﬂé%ﬁg.nu“FPi%r Q%p of a an
out put volRWHFESr Fp Sdgnalt REKisf. PundmieorsnEbodr c6Bcist dst erm ned by the
strengt h Qfeteidiihes’ @RBECELYV ent e.61/6Z,and the capacitance of
etidifiihes EbVRaSH Y oRULE ﬁ?ﬂmznﬁ

25 their respective capacitive means It HRETIHE capaci tance
of aci ti%e neans 63 and 69, the ranp rate of nodes 66 and 68 may be

adjusted by alteringighe7 skrergth of, ke | t, current sources
61 and 67. Iln tlr%%iagrigaeg% exanpl e, the ?F?‘g%%%ﬁ %?P(é;%l?l{slt]a%‘feéo current
n

sources 6LTRIE™S ofh&d sEyucdysest pfeFigont § odndignalslld and C2.
Thus, oneelameadsustiniber dof tabeacer BigaMP4rahg Atnlwdes; £5 and 68, and

t her eby
reference characters and are described above. Faster and
15 slower linear voltage ramp generators 31 and 35 may have
a similar implementation. For example, each has a
respective constant current source 61 and 67 that can
selectively charge a respective capacitive means 63 and
68. The output of each linear voltage ramp generator is
20 taken at respective junctions 66 and 68 jeining their
respective constant current sources and capacitive means.
The slop of a an output voltage ramp at either of
junctions 66 or 68 is determined by the strength of their
respective current source 61/67 and the capacitance of
25 their respective capacitive means 63/68, Assuming that
the capacitance of capacitive means 63 and 69, the ramp
rate of nodes 66 and 68 may be adjusted by altering the
strength of respective constant current sources 61 and
67. In the present example, the strength of constant
30 current sources 61 and 67 is controlled by respective
control signals Cl and C2. Thus, one can adjust the
difference in ramp rate at nodes 66 and 68, and thereby
adjust WO, by adjusting control lines C1 and C2. This
offers another degree of freedom since one can now adjust
35  the size of the preferred transition window either by
changing Vref or by changing Cl1 and C2.



adj ust ‘WO, by adjusting control lines Cl1 and C2. This offers another .
degree’ of freedom since one can now adjust 35 the size of the preféﬁﬁ@ﬂiag
transiti%@hxﬁndOW/either by changing Vref or by changing C1 and C2. 1 4
' r~d 2] MAOAHB701/ 37427 PCT/ USOQ 41227 -20- A fist swit cRCHESH227
selectively reset the voltage potential at node 66. Simlarly, a second
switch 71 can selectively reset the ~&l+tage potential at node 68. Since
| i near voltage ranps 31 and 35 are intended to 5 respond to a logic | ow
pul se at CLKin, swt hfs 65 apd 66 _are shown as active | ow devices
responsive to a logit THF FHbHED €3 fean sedlecigoelanpeset &he 45 of |ogic

hi gh noni voltheckotddnes £1 shewbd® d@ve Sfi'tlﬁita"iﬁy,filal eEQ?de@EF(t(J:R
structure 3? i near voltqgﬁ%ra s 31 and 35 of logic l'ow™ nonifor block 15.
The basic dFfFaPetRbECrLVeEhaiIeTHedrne Waltage pavsstizland abdare shown

responsi ve68o asimecentingst rveltd s pesigs/ & 1CdngeRl geat gﬂlceﬁhggakgr G3 and
C4, apd sgggq%%g &9 aqﬂ)Ql e shown as active high devices. 15 Therefore,
swi t ches 85°3na 91 ol tPFLS pbtt R3¢ 13dgiCEKiRi giwatcheri f5aandp66ni t
nmoni t or bl a8tk dHowr ds okt iyposidv \deildesCTedborkKiyR. tVEEON Y iggiﬁﬂers 13
and 17 arey wn I npl emented as D flip-flops clocked by CKE|n. s 20
permts the 0 latch the result of their respective AND gate input, 36
and 49, at the poi ntLigear GiKlitage rangist i4enandFaes gxamphee highogi c |low

D oo P SBALAL 0 BB Bl BB B bt e a2
the. %ngthsﬁﬁuQ?ﬂ¥ﬁ(iﬁ(iﬂ&ﬂ@KJHthqgﬂ sempenperanﬁtsspéefgééﬁd léﬁnsition
b of or ed T L T S A T B SBCHBur & EBSF i CheBed from a
| ogi ¢ hi ghv?b-ape FAmPS A ansl/i4¥y aregisbowowr88peegi.sé eto 13 stesked on the
logic | ow pfid Qi GdY#rtiWeS®urrent control signals C3 and C4, and
switches 85 and 91 are shown as active high devices.
15 Therefore, switches 85 and 91 would respond to a logic
high at CLKin and permit monitor block 11 to track
positive pulses at CLKin.
Memory registers 13 and 17 are shown
implemented as D flip-flops clocked by CKLin. This
20 permits them to latch the result of their respective AND
gate input, 36 and 49, at the point when CLKin
transitions. For example, If logic low monitor block 15
is tracking a logic low pulse at CLKin, the output from
AND gate 39 will change with time from a logic low to a
25 logic high as the length of the logic low CLKin pulse
enters its preferred transition region. If the length of
the logic low CLKin pulse persists pass its preferred
transition region, then AND gate 39 would again changed
from a logic high to a logic low. Having logic low
30 register 13 clocked on the logic low to logic high pulse
transition of CLKin allows register 13 to latch the
current state of AND gate 39. Similarly, logic high
register 17 is clocked on the logic low transition of
CLKin in order to latch in the state of AND gate 49 when
35 = a monitored logic high CLKin pulse transitions to a logic
low.



transit!i on of CLKin allows register 13 to latch the current state qf; @NDqqd
gate 39. Sinmilarly, logic high register 17 is clocked on the logic low™ Leu
transition of CLKin in order to latch in the state of AND gate 49 when 35
a noni t or W@ WBWT high CLKin pulse transitions to a | ogi cPCTRR0VALRD1/ 37427
-21 PCT/USOQ 41227 Thus, one of nenory registers 13 and 17 wll al so have
the status of a current CLKin pulse ardlthe other will have the status of
the previous CLKin pulse. Since a good status Gis represented by a |logic
high and 5 bad statug,B is represented by a logic low, a current good

CLKi n pul se foll owi nghBSpr g0FPoBS BEBAr IR Ti Shidrse 1ids andepi7ewdidfied when both

menory regisliser hat’d ane $¥abaveod al O Lol G, 181 pPegLi ve outputs.
Fl ag gener at 19.i.s. re ented by an AND geﬁitg %ﬁg%dE\%ﬁl Eﬁlgssue a 10

r r
| ogi ¢ hi gh °et?§'§5| glé‘ilgﬁaf'gEEﬁBnFEam ehothe mreydpusr 6§Kénepulsd.and 17 have
l'ogi ¢ hi gh Sdmceut: goaddstktis Gsssierdpttint dOWydLSaBLe-SHBR! 2 #Sf

or

ot her wi se. 104 -22 Clains 1.. A pulse nonitoring crrcul
noni t\(;gri ng b;ad?Fng;é’Xsl IR E?%f%s‘fﬁ?%‘i BhP do9d€ohavr 0ai 6USTERE pul se 5

conpri si ng:gogdf CLELnpphtse dBo Bodwingy de\irea i) b8l cORPhISHLEE 88 d first
| ogi c stat ul se detecting device (15) for nonitoring
sai d secongegﬁggggeggaﬁéﬁﬁr?g%} '%5“%‘3{ Egﬁg&sé:ieégall:"i ﬂbﬁt-{?] BVE€oR receiving
a logic silggar bigbratt thelhetesmectsiaied dutpatsl. 0girtagt gégePatse and said
second | ogiyg sta : f vql tage i nput pode for receiving a
reference \}ol ?%gié;_gpggggrg?e fii s%ej{ mga&& Z%t iaﬁa Hé%?cbsf‘ﬁ)a
10 logic high enable signal EN only when both memory
registers 13 and 17 have logic high output, and will

issue a logic low disable signal DIS otherwise.



includijng: a first voltage ramp generator (31) coupled to said |ogiké M&Y 200
si.gnal - 'i nput node for producing a first linear voltage ranp upon reception
of said first logic state ~0 pul se; a_g%pond vol tage ranp generator (35)
coupled to said logic signal input no for producing a second |inear

vol tage ranp upon reception of said fir¢% lo ic state pulse; 25 a first

vol tage | evel detecting neans (33) hav % B5first i nput node coupled to
said reference voltage input node and having a second i nput node coupl ed

to receive sajd figsg,. hi.near | e ranp, .sai.d first voltage |eve
det ecti ng nea%é be%néugkge@?ngo%gggigéggﬂbg 3BT AP EPT BT et f DS i gnal i n
response to skdgii¢i statki pedsevahtiageseasndhayyng gtpetephiad bel ow said

ref eren VO : econd voltage | evel detecting nmeans (37) having a
first iﬁ%ut H%%@gg%ﬁgPéd to said reference 35 voltage i nput node and havi ng

a second input node coupl édrstopubsei detsat dngeqendcbi PER ¥oltage ranp,
sai d second voltgge.level.aegecting neans being effective for issuing a
second det ectTON SPHhEF PAlPeSphRtel?dlSaftatecPnlise and &l seQuoll - 23

| i near vol t ageul sepadbawtogng Qevessi alspboye & ehgr e, a
first decodigﬁ%neanseégg)pﬁgggled to sa?d fir§$g%%%eé§c§%%?¢%%#%gg | evel
e

detecting ne IEFe or issuing a first good status signal in

responsi@ to said first getggtonishanal i i 'df i,th sai.d .second
detection signal; said secoﬁd pulge det%%??ggoﬁgvfﬁg %%Sy%%éhtﬁﬁ%ﬁglci$ a
third vol t age’ YHhl grhEPERBE 1A 15e bvepn eBa1d TEast logic stamalpilysut node

for produci ngarid t&hid L&86R8 logic state pulse;

a reference voltage input ncde for receiving a
reference voltage;

15 said first pulse detecting device (11}
including:

a first voltage ramp generator (31) coupled to
said logic signal input node for producing a first linear
voltage ramp upon reception of said first logic state

20 pulse;

a second voltage ramp generatcr (35) coupled to
said logic signal input node for producing a second
linear voltage ramp upon reception of said first logic

_ state pulse;

35 a first voltage level detecting means (33)
having a first input node coupled to said reference
voltage input node and having a second input node coupled
to receive said first linear voltage ramp, said first
voltage level detecting means being effective for issuing

30 a first detection signal in response to said first linear
voltage ramp having a potential below said reference
voltage;

a second voltage level detecting means (37)
having a first input node coupled to said reference

35 voltage input node and having a second input node coupled
to receive said second linear voltage ramp, said second
voltage level detecting means being effective for issuing

a second detection signal in response to said second



voltagi ranp upon reception said second, logic state pulse at said1ipmMLZ%L
node; -4 fourth voltage ranp generator (45) coupled to said |ogic signal™

i nput node for producing a fourth |ingar voltage ramp upon reception of
said second logic state pulse at said“nput node; a third voltage |evel

detecting ne 3 N first_input node coupled to said reference
20 vol t age i%%ﬁ?éﬁoﬁglgﬁééhaeﬁﬁghgvéggogdp?ﬁ%ﬁ?lﬁbdébéﬁﬁpFéﬁd to receive

said third |Teterevoétugbtagep, said third voltage |evel detecting neans

bei ng effective for issu'ng a third detection signal in response to said
third |inear voltage ahb RhvARGOAI RSt BRI (BB) ovrupiedr b cs@ide 25

vol tage; a fhirsh amdtsgeohéveblde @Clé@glngggécéﬂgé Qﬁﬂéﬂ@f?&é&f&é i nput
node cquled to sald.refergnce vol t age i nput node Hﬁ avi ng a second

i nput ndode cothpl BHSUHRT 12cE+ TR s3PRA T HEREWS | §ewal viht nespomem, teai d fourt h
30 Vol tage |swmd cioteeldageneoon bebhgn eldecy deifolalzeuing, & fourth

detection si na“g%n response to said fourth “|inear” vol aving a
potential a iQPt?%ﬁ%ﬁ%n%é9%®ltage; and a second decodi ng neans (49)

coupled to said 351ﬂgggaaggcggwr§$u§gna§ggégfw Idg@tectLQ%%neans

effective for issuing a second good status signal fh Fes eto said
third detect%QH}%ﬁkﬂﬂﬂ bei ng coincident wwth said fourth detection signal.

sai'd Second i near val tome s o el & SHeAa R ce [ cafklRd v "
linear vol t &4 g i3, s igra bul reutromderfiar ipopdud g ta ofh idddi M deawer ei n
said rieferennaadd LA ISodi PLILONG 4.8 £ JBasur eloog}cic;[ Bite pulse

| at said input node;

a fourth voltage ramp generator {45} coupled to

15 said logic signal input node for producing a fourth
linear voltage ramp upon reception of said second logic
state pulse at said input node;

a third voltage level detecting means (43)
having a first input node coupled to said reference

20 voltage input node and having a second input node coupled
to receive said third linear voltage ramp, said third
voltage level detecting means being effective for issuing
a third detection signal in response to said third linear

_ voltage ramp having a potential below said reference

29 voltage;

a fourth voltage level detecting means (47)
having a first input node coupled to said reference
voltage input node and having a second input node coupled
to receive said fourth linear voltage ramp, said fourth

30 voltage level detecting means being effective for issuing
a fourth detection signal in response to said fourth
linear voltage ramp having a potential above said
reference voltage; and

a second decoding means (49) coupled to said

35 third and fourth voltage level detecting means effective

' for issuing a second good status signal in response to
sald third detection signal being coincident with said
fourth detection signal.



the voltage difference between said second |inear voltage ranp and $¢”¢¥2m&
first -Ilinear voltage ranp is proportional to the pulse duration of said

first ljogic state pulse, said predetqg¥jned ti me range being defined by

the ti period during which said fir detection signal is coincident

wi th said second detection signal. 4. The pulse nonitoring circuit of claim
1 wherein said 15 first pul se detecting device further includes a first
menory neans (13) ;orlng the output of said first control neans. 5.
The pul se nnnltorlng %F ehi PO Leranth 21nREi6i Afsaildim20 Wheskinesgaiy neans

(13) stores sereamd:tbmeaf: galldafkr ?hm OHBEO% ?QEB&”SE$§§° Esgtoﬁgﬁnﬁval
e itoring

of said firs # %g £ state ?ulse . (Cance

circuit of ctf FUrtheVolhavengadPil ag generator (19) coupled to said
first and second decoding neans, said flag generator being effective for
i ssui ng. an able flag signal in response 30 to said first good status

si gnal eingpcmlﬂﬂ%kﬁﬂ %ﬁtﬂonSEPGlB@condcgnbdoStaluﬁmsngﬂﬂbreﬁn ggg?pulse

noni tori ng adfed ance of said enab
si gnal |sgsynchro;gﬁi ﬁé?{ﬂb@ %ge§F%§ %%?%f %n@emﬁﬁsgéPdOFOEF@etnput

node. 1 4 ~ &, vpltmge %léfeW@chbslsuemmm@m ngegaﬁgulin@grc{,@w}lg

further: hawi fansts AW cy ans 17 said first “nmenory
means (13) bei n%@coupsi ed t%fgfgre{?%% out rtﬁg%fra@% 'Z‘fPF%POHEh%@hg means

(39), said $Ocoh@ Pahhss drealbidh (4)sdied g £OUIPL Ogl & Os 6406 BphIge OUE put of

sai d g@cond sadeC HaHb AN, 0.. The pul se mopjtoring circult of claim
9 wherein said ?’CP st mem)ry&( nealn%é(ﬁ%gesthgﬁ"é%q thI%fH&I?CE)L}?Yo‘Fh%aEmQO

decodi ng me®&$ iegodumnespvie sald e e tbd i §sdnaj ogic state

pul se. coincident with said second detection signal.

4. The pulse monitoring circuit of claim 1 wherein said
15 first pulse detecting device further includes a first

memory means (13) for storing the output of said first
control means.

5. The pulse monitoring circuit of claim 4 wherein said
20 first memory means (13) stores the output of said first

control means in response to removal of said first logic
state pulse.

6. (Cancelled)
25

7. The pulse monitoring circuit of claim 1 further
having a flag generator (19) coupled to said first and
second decoding means, said flag generator being
effective for issuing an enable flag signal in response

30 to said first good status signal being coincident with
said second good status signal.

8. The pulse monitoring circuit of claim 7 wherein the
issuance of said enable flag signal is synchronous with a

35 logic state change at said logic input node.



11. The pul se nonitoring circuit of claim9 wherein the stored outpdt K4ty 7
said fijrst(13) and second (17) nmenory 15 neans are coupled to said flag
generatjor (19). 12. The pul se nDnitorLQg_circuit of claim 11 further
having |an initiation setup tinmer (21) Ccoupled to receive the output of
said fllag geaer at ( said initiation 20 setup tiner. (21) being
effective for selgﬁ?légkge ??%ﬁg éﬁpﬁn§15ﬁ815f°£ gitedm & Jugsdlerand t he
output of SMULRYaflyekerntosectoN memanyenabhe QWBQuq7qugai§aggrsg

' i d~dir sabl e

initiation sgdmbryiABLERE2Z ei effective for transferring sai
signal to said en%bleggétéée? ?%qﬁad8°F8ﬁe§ b? e@EPELNLhed ontipaer o6f | ogi c:

state pul sesSatd Ehret| dgrodsingnaleansputonpdeaiq &8 s n_initial
streamef | ogif) afe pggﬁﬁi ?t csaid | ogi Cpsi gnal Ef’%gﬁ? ‘ﬁlﬁé“gé’? 36°43. The
pul se monitoring ¢ircdit-of &laltfh $5°Far EReroubRihgosf et secbnd ‘
transferrinfesnding sebarssigoal. to said enable output in response to an
absence of logic state change at said |logic signal input node for a

predet erm ned anmount of time. 14. The pulse nonitoring circuit of claim?9

wher ei n saidOJ!rﬁhe(ﬁﬁ@saﬂdoﬁeﬁaﬂﬂné13)r@@ﬁp¥%fW?f?fma5eﬁg%g%§ﬁgs%;qcuit

regi sters. ; "t -26 15. (Cancel led) 16. e pulse no

of cl giO? 1 \J/F/r%rggi rl#‘atr%oery cff‘?‘?’é%el‘l&é) betokes the cltypes of said first and
secon voldesge imanmeganer a8 oy Si g 34 | [ . t han_t he_ vol t age
di f f erence ﬁt ween ! t]:%]sl opes of sai %sltgﬁ%srédstacﬁdgglﬁ)‘gﬁ hogof?éﬁefjr’é‘eﬂ'i)
generators f, 4§)9 Py €pul se nonitoring circuit of claim16 wherein

10 said first, second, third, and fourth voltage |evel detecting neans (33,

37, 43, 47 re dqifferential anplifiers. 18. (Cancelled
, )1?. qhe péise monlgg}ing circuit éf claim 9)wherein the

| stored output of said first(13) and second (17) memory
15 means are coupled to said flag generator (19).

12. The pulse monitoring circuit of claim 11 further

having an initiation setup timer (21) coupled to receive

the output of said flag generator (19), said initiation

20 setup timer (21) being effective for selectively
transferring one of a disable signal and the cutput of
said flag generator (19) to an enable output node, said
initiation setup timer (21) being effective for

| transferring said disable signal to said enable output
255 node for a predetermined number of logic state pulses at
said logic signal input node in response to an initial

stream of logic state pulses at said logic signal input
node.

30 13. The pulse monitoring circuit of claim 12 further

! being effective for transferring said disable signal to
said enable output in response to an absence of logic
state change at said logic signal input node for a
predetermined amount of time.

35

g 14. The pulse monitoring circuit of claim 9 wherein said
first (13) and second (17) memory means are digitail
registers.



. . . . . ' . - d f | rst n[g!";'ﬁ\l qq
. |The pulse monitoring circuit of claim1l wherein sai ndysry oa
ggcégd”voltgge ranp generators (31, 35) are Oreiﬁt pr:or Lgngfgf{ﬁglggriﬁgé
i nd second |inear voltage ranps,, 20 20. e pul se _ (
L;rifa?n11 further having a first sloﬂ% control node coupled to said ;lrst
vol tage ranp generator (31), said slope control node belng_effect:ve or
changing the slope of the output 25. voltage ranp of said first voltage

[ [ [ [ | aim 20 further having a
ranp out put. .21. e pul.se nonitoring circuit of c
seggnd;sPope1§0ntIg?nﬁﬁaieédupled to said second voltage ranp generator

[ [ [ for changing the
: cond, slope control 301, node being effective
g?géé z?IShZe ut put vgltage ranp of said second voltage ranp generator
sai d secondlgropahﬁoﬂﬁiép Redd thaiing ¢hdependentcDiimal dufibfeln slope

control nodedifference between the slopes of said first and second

5 voltage ramp generators (31, 38) is different than the
voltage difference between the slopes of said third and
fourth voltage ramp generators ({41, 45).

17. The pulse monitoring circuit of claim 16 wherein

lQ said first, second, third, and fourth voltage level
detecting means (33, 37, 43, 47) are differential
amplifiers.

18, (Cancelled)
15

19. The pulse monitoring circuit of claim 1 wherein said
first and second voltage ramp generators (31, 35) are
reset prior to generating said first and second linear
voltage ramps.

20
20. The pulse monitoring circuit of claim 1 further
having a first slope control node coupled to said first
voltage ramp generator {31), said slope control node
being effective for changing the slope of the output

25 voltage ramp of said first voltage ramp output.

21. The pulse monitoring circuit of claim 20 further

having a second slope control node coupled to said second

voltage ramp generator {35), said second slope control
30@ node being effective for changing the slope of the output
, voltage ramp of said second voltage ramgp generator, said
second slope control node being independent of said first
slope control node.



