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El ectromagneti c Em ssion Event Detection and
Measurenent Device Mladimr Kraz Field of the
woOnwenBion The invention relates generally to RCEYSE@®EM34609
and nethod for detecting and neasuring an
el ect r opegnRkdete EisgjéhddvenaiDkihction anp Bedsiriddt BEvik 0 a System
and nethod for detecting and neasuring an
el ectrostatic discharge (ESD) events. Background of
the Invention It is well known that electrostatic
di scharges (ESD) can danmmge el ectronic devices.
Exanpl es of such sensit] ces are sem conduct or
waf ers, magnetic heads Ylagmar Arives, integrated
circuits, ot her el ectronic conponents and circuits,
Ficl®bCihe TRnESP can di srupt operation of an electronic
circuit as well. In non-electronic applications such
as powder handling, etc., ESD can be a cause of fire.
Sheh idveRitsH R esSHRh&SITY 'td‘@ syt M SmEHSY fdr d'é@ecfnhg ThéRldasuring
events, comutation of  electric notors, sol enoi
an e]ectn:om@gmdtlé signalenflén partionleet acsystenl ad rhefbiot @rdlatm‘g@ asl
el ectro cs dev ces an use circuit mal function.
meagyriog an;efRGIaHaig @‘S G§$-res can be a nedia for
transmtti ng surges as well. Presently, the nost
commpon et hod of reduci ng damages caused by ESD is

_%Mtﬁ—i-h@em—@%dl ng wrist-waps, conductive chairs,
c Oﬂqy%h Y{ﬁoxtvll QR ef%&?%ét%’tgr dlkcgﬂtg%@ gés%féaﬁ daﬁlag %ﬁgﬁgmc devices.

nmeasures are suppose nat

Exagiplatadisich seﬁkltla@ ee\tldsmtare: sansiesnditive haf@gmagﬂemah@rds fdiﬂ'tﬁsk
ultinmate indication of the effectiveness
dnwsm%%% girqpats nethen slesdropic comingRents, elédﬁlr@#éeet%f The ESD can

o 851 S SR GERRN, YRR SO o gy
pow&ESDal¥gy, stcg BEDHedntbd DgEkHef filee data for future

anal ysis presents val uable information for assessnent
of the ESD environnment, ESD protection, real-tine

ad Shers Gpptiens srikerdike sisnals 6ﬁﬂuétﬁa£ frora ﬁmeﬁgC%%mtaﬁon of

| d r
ook SIS, Bl R0 O S B bl o
electr@xteyy/devives BndSaukd aﬂrcmfmmﬁmatlohi AlsoPatwoperlly Gk, gkdithd wires
Sanki and Lucent' TI OO provide an indication of ESD
can ks pmediafppiranspittipg swress pywellet | evel . However these
deV| ces nerely detect that ESD Events haveoccurred

ES F%éﬁﬂ r@ﬁét Ict \/\A&‘l Q»aéfﬁ@é?ﬁ%ﬁﬁ&ﬁ%gm 1 egg'g‘gsfe Qégfg@;?) is

prevemténet gro}uﬁdmg ceist-wahpsabdreluctiveochains, condyative ifleen toattmg, ionizers,
assessnment of potential damage caused by ESD and al so '
ote. g¥lt tgss m%&@% a’éﬁ‘suEB?ﬁeﬂrt%\fﬁé‘HP"r‘ Uleclippinalg rbégd-upr? aHdc vpiage that

causgﬁéélgiﬁg s, Flobieher, e é%é{e? LN LGAREVQNAL oFE5D-

preventive measures is actual occurrence of electrostat1c discharge (ESD) events known as

ESD Events. The detection, measurement of magnitude of the ESD Events and data
logging the data for future analysis presents valuable information for assessment of the
ESD environment, ESD protection, real-time addressing of the ESD problems,

determining most likely defects due to ESD, and statistical process analysis.

The ESD Event detection devices available today, such as that shown in U.S.
Patent 4,631,473 to Sanki and Lucent’ T100 provide an indication of ESD events that

exceeded a pre-set level. However these devices merely detect that ESD Events have
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ESD nonitoring. The continuous ESD nonitoring would

offer a real-tinme indication of ESD probl ens and
w@ewviosiad79 rmedi at e f eedback for inplenentati onPOf/US2006/034609

ESD-corrective and preventide neasures. ESD events

| ast for a very short period of tinme (typically,

nanoseconds). This makes it very difficult to provide

occur@ed WaEMEEAR MBIl to iltasuFe gy thadftudé of MR BSTEBRMAY eThekidwledge
practical cost-effective and user-friendly manner.

a
of thegmpgnifudg of iESH. Byrsescbrowides Yasadpifermitign parienirig agsessment of

S to capture efo of an Event ..f or
potent3E bt GRS A MR S oo R ohPR R St Sfmeasures. I
addithaetibed) ddviles BMeSIeMa YowSEs oddabidnall RSID Sh&dRS, rhfb} Bah Gay-to-

provide a device that is able to detect ESD events,

day ESRemenioiing dBhexfontineots SRR peniteringwoulidnffen g uead fimeindigption

o BT Biopl S B g -R e bae R ARGl SRS oghpive

and pI&cBEl ARagiREs. Measur ement device and nethod and it is
to this end that the present invention is directed.
Summary of the Invention A nethod and the

i nipdla eEentatasoier afvetyphed pedodetiime Eyrisellyrsanepeeenss) Biis

ESD d i bed. Th t hod .
malkes ey SR e O B O T e P AR R B Psrangs n
a prabi@ANQi-ReEctRRNMESRrEvieRd 1y shARal. SOftdl) @ h$yhséREd BERilIdks6pe and

filtering and/or pattern recognition to detect the ESD

an anfneatareisgd 40 eapture theweveberd efan ESD Faerfyfer analysisoflits a

. l.ow bandwi dth active el.ectronic circuit, that responds

moeri i, B et St PR R ey Ty s GESTRBIR

providB aIdd¢ice it id bfe Bl detdcAESD@vats RBPniaYEifldeIfIRAESBRYents and
responds in a different manner to other signals, hi a

distinguishexctiet EERsyeitaiom otherdrangigntyigephi. dflisait iy desirable to provide

ectroni,c ci.rcuit e an.operational amplifier .or,., .

an ESP S5t Gl ol Siehel el AP R R Bt e BB pofiloa Fha i
to thik BRY GR Mc§fedelt HOEItWRNEIREtERr dwar e. Thus, in _

accordance with the invention, a device for detection

of el ectromagnetic em ssion events is described. The

devi ce has a receiver that receives an el ectromagnetic
SumS A ST RELABRkG | ow bandwi dth active electronic circuit
WTth a bandw dith | ower than a bandw dth of the

recei ved el ectromagneti c em ssion. The | ow bandwi dth
acAimethed et tho impleEruizon eHBroBRUBEE-200Pmeasrepudnt of ESD

evenflgie o TP ubuchn Sluiturt it an sFBrESR vRE IR 6 be
distiffuiel ot Hae: fdnsEsDD 'E%m%gglﬁt@tm%yﬁbﬁqﬁé% g1etihE and/or
em ssion event with a predetermned rise’tine is

patteimdeenogiifiadto detest therifdhEwentisighalan i sreembediment, tife tybtem may be

ihvention, .a device for.identifying an ES .
a low ban théltg active gectromec circuit that respor\{clls 1% a part1culPar manner to a signal

having characteristics similar to an ESD Event signal and responds in a different manner to
other signals. In a preferred embodiment, the low bandwidth active electronic circuit may
be an operational amplifier or a follower circuit. The pattern recognition may be
implemented in software or hardware.

Thus, in accordance with the invention, a device for detection of electromagnetic
emission events is described. The device has a receiver that receives an electromagnetic
emission and a low-bandwidth active electronic circuit with a bandwidth lower than a

bandwidth of the received electromagnetic emission. The low-bandwidth active electronic

EM\7209106.1
339956-991210
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event is provided. The device has a receiver that
receives an input signal and an identifier unit that
wa@eowas®E39 t he recei ved i nput signal to a predePer/ns1086034609
signal in order to determine if the input signal is an
ESD event signal. The device may al so have an out put
circuit for outputting an identification signal if the
circuit géﬁgratéé 2881y éeda(jllﬁg blifphedg@s itFespode &y Adtregdigaal . 1 n
cordance with another aspect of the invention, a
electrdmagm@lcfemlsmdtehwnﬁg/a prgdeternEBE! dseiime se that e el¢elompgetic

I.ncl udes ver_that .receiye i nput signal, the
.em1sq1q{beﬁengwgﬁ&|pref§\;erw&wgﬁmg% 1 % ﬁﬁff?an i dentifier unit

t hat conpares the received input signal .enyelope to a
pria gesosdarcs adthangther awaciar diranyentionga deyige Had g pg ESD
event 1p§ro'vpﬁﬁt T%'e%'g@llce b5 Pleckvi? tﬁé’t%@e}pﬁe’s%ﬂ% %ﬁaﬁﬁl\ﬁ' anSdentifier
have "an ost Gtoerreuit for ou put an

unit th&t@oinphtes dlid ﬂ:ﬁelsedgiih@ht dignat toea pmmmnmngm giknalsn order to determine
identjfied as an ESD event signal. hi_accordance wth,
if the Apgt ﬁ@iﬂa}a@ ﬁ@@tSQﬁVeElh%gm%v Ehe ii%ce 1pay alsp have gy output lecult for

outplfﬁ!frgéﬂ’ dl g&tl%ﬂgg]e%ﬁ!ﬂq? '11%11@'51 EIqQWic?erHﬁ'ﬁlﬁ{l &?ESE event 51gnal

celver recel ves

| d | h
adn apsridee il Sehated qfﬁlft Spifonch gndrt PO%H@@H&EG@%%EESD
evenlﬁh ?R)Vlﬂ&ﬁ tﬁaﬁh&ﬁ@és asrte&ﬁ"ﬂéﬂ ikht SRERES bR kPRt bilg'hil thB adput s1gnal

ermnes a strength of the input signal based on the
havmgraplﬂnvslngdn ahd amilentifier dini tlzat cempares the reegpyad ispefrsignal arvelope
tance .m | so,be.entered . into t%&ldew ce nualééb

to a pp At A0 IR Ot B ARG e E

‘even%‘(@ﬁﬁ PR 8Si N mIE LIS hhRindRYiut Birbiit Rir Quipi@ishg &h&entlﬁcatlon

ce Is a recelver that receives an input signal and
signahifsheymplit ©psdl anicentifessisag i Fi§ Dugvient sipmdl. det er mi nes a
di stance to the input signal. The device also has a

siTgnatorainceaitthardeice bepetl dTgheitventidint deeice forimesurng an
strength of the input signal and_ a processor that

emisgien signglficim g dissanca drcprerided. c Busdayiqerias aApepives thh sgceivesan
inpu s 51 98 FkRE HASHAIARAY A%eldifts 3l ARG 1O tfput

e I nput signa
signall0URd d@ﬁc@l%ﬂ@@gﬁg@i stt‘dﬁgth dupetinising nalt thaBde@fmines a strength of
Descri ptlon of the Drawings Figure | a illustrates a
the lrtp}apslgm bagsregrotheningut atgn@a@é thecfgftamqedo dhesiRut ggnaby Ehg distance

1 9956-9 121 igure Ib illustrates a
may%i} %grll ’{ﬁg\}%ﬁ@%ﬁ 86" cer? nua ransient signals; Figure Ic
gramlllustratln n l'ifier made

S S SR A AR L FTIRE Mo i i

prov@?? rehd 88ied isthEcarmr aft &é%éw@g arfint gﬂf ﬁgr]al BAS 8 i8R diBnce
ferent T nput signals; Figure di agr am

measutihg ahit diat deteamineya distahos toeth@mpnbsagmh @hel ldsuheaalg@has a signal
strengt\{le(ﬂterm1mng unit that determines a strength of the input signal and a processor that
determines a voltage that caused the input signal, the voltage being determined based on

the distance to the input signal, the strength of the input signal and a model of discharge of
the input signal.

Brief Description of the Drawings

Figure 1a illustrates a typical waveform of an electrostatic discharge event;

EM\7209106.1
339956-991210
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measur enent device in accordance with the invention

when an el ectrostatic di scharge event occurs; Figure 4
WO go0a/08li4agram i | l ustrating the device of Fi gurBCBUSI0061034609

a non- electrostatic dischatge event occurs; Figure 5

Is a diagramillustrating an exanple of an

i npl emrentation of a preferred enbodi nent of the device

' rFthﬁG 95 ARG EteMat t?b&il@wdv@fb%ﬁtdf Qfhier frhAdi&R shals;

IlUstrates a difierent inplenmentation of the

operatl onal anplifier UA shown in Figure 5; Figure_ 5b

i IHigge daissdiaganhidlusiratizensmplificomade withe epsvation amplifier;

accor dance with the invention using an additional

rat i,

ifier: Fi ,
6?‘% ng gﬁgﬁs i&ag}ljee atci:(?nrclz: u ﬁlaﬂti&g grlf igze { based g fyo dytferent

inputts[g%aﬁeVl ce shown in Figure 5; Figure 7a illustrates a

wire bond tool signal event; Figure 7b illustrates a

plurality of events grouped. to et her

i |Higere 846 a diagrase Hiystrpting %ﬂ?‘@‘iﬁ ¥ elé%?%lcgﬁﬁf@ﬁ@& event

[

meashBEhOEicrah B AR AIIRR RRE o Ao I APcc e Bl i
eventfdc@udse 8b illustrates how the nmethod in Figure 8a

separates ESD events and non- ESD events; EMY7209106. 1

339956-991210Figure 9a is a hand _hel d deyvice in

addswgrie a djagram siustaiese device of Fighe 3 Wheht peir, electrostatic
. a hand hel d device in accordance with
dlsm%#%té%gl}t%gr%ad ment of the invention; Figure 10 is

characterization chart of ESD events; Figure lla

I | Figsdersa esh&ramh]ﬂusﬁaﬁmg ari exatvipdd ofsart immementatdmmqunekrred

wi.ith the invention; ure 1{1blllustratesamsthod
embaqdgspensof g deyieedn a?‘f?éd%’é?lwé@t WYY dance with the
invention; Figure 12a illustrates an exanple of

angbiers . siedtdTe i frdfent i g@ &ﬁﬂﬁﬁm‘&f‘cﬁ&&&i&ﬁﬁ%ﬁmﬁ%iﬂh UlA

t he |nvent| on; Figure 1 strates screen ot of
showhtie Fifavé £, of Figure 12a during set-up;

Figure 5b illustrates another implementation of the device in accordance with the

invention using an additional operational amplifier;

Figure 6 is a microprocessor-based circuit that can be connected to the device

shown in Figure 5;
Figure 7a illustrates a wire bond tool signal event;
Figure 7b illustrates a plurality of events grouped together;
Figure 7c illustrates another plurality of events grouped together;

Figure 8a illustrates a method for rejecting non-ESD events in accordance with the

invention;
Figure 8b illustrates how the method in Figure 8a separates ESD events and non-

ESD events;

EM\7209106.1
339956-991210
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Figure 12c illustrates a screen shot of the device of
Fi gure 12a during HBM di scharge nodel selection;
wo-2@anso41®d il lustrates a screen shot of the deeT/US2008/034609

Figure 12a showi ng the neasurenent results; Figure 13a

illustrates an exanpl e of another enbodi nent of the

device in accordance with the invention; Figure 13b

' !ﬁl%\ﬁ% 08 E5h TRl R ideQh 2BRASHCE WilloricRnRRARAEABE the

with the invention; Figures 14a- 14d illustrate an
inventiopj enent ation of a circuit in accordance with the

inventi on for determning the type of di scharge and

O SR SRR R eI R

invenfibhCUi t in accordance with the |nvent| on for
deterni ning the type of discharge and di scharge
wavef orms exanpl es, respectively; EMY7209106. 1
39861943 chrorieyizaten aleat of D P&t r at e anot her
i npl enmentation of a circuit in accordance with the
[ 19N :4S] vel M RLE S
thrlﬂ’el&g})%/ 62@ gﬁ%g?tgs glr%gqé)%afﬁg atga ﬁtctl[p h ac%rd?r?ctreﬁ&slfﬂ e M ention;
exanpl es, respectively; Figures 17a and 17b illustrate
arfipiner] 1biheahiee 8 inetod foe opération ¢f thedevded iractordageetvwich the
type of discharge and the nethod of operation,
inventi®Bpecti vel y; and Fi gures 18a and 18b i | lustrate yet
anot her enbodi nent of the circuit for detepnining the
fiHdi r
- S35 120 ARERALI BRI B AR SlbREK LR Tevicqin
accordatediitethe iffeatibmventi on is particularly applicable to
a device and nethod for ESD event neasurenent and it
is.in thjis context that the_ invention.wl]_ be .
B gerah SYERes s S LHAIeTie Ob igbt|22 G seiw
devi ce and nethod in accordance with the invention has
g rﬁg&%ﬁzeﬁmdstraeés 858660 $8 ofBiIdeBicE QPF%uﬁé % defe HBRANd
re other electromagnetic signals and transient
d1schemnncsdel kalepiios; | a illustrates a typical waveform 10
of an electrostatic di scharge event. In general,

ctr |schar vent et ectjon an
Sirednu sl BECZRR S of 55 of ERRS [ Rofilt e
measFeRfR® fisliigs; and anal yzi ng an el ectromagnetic field
generated Dy the ESD events. In particular, an ESD

Event generates an el ectromagnetic field and
Figure 13a illustrates an example of another embodiment of the device in

accordance with the invention;
Figure 13b illustrates a method for measurement in accordance with the invention;

Figures 14a — 14d illustrate an implementation of a circuit in accordance with the
invention for determining the type of discharge and discharge waveforms examples,

respectively;

Figures 15a — 15d illustrate another implementation of a circuit in accordance with
the invention for determining the type of discharge and discharge waveforms examples,

respectively;

EM\7209106.1
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electrical signals in circuits that have very specific
envel ope characteristics, i.e. a very sharp or short
WO e@e/0si4me (typically, within 1 or 2 nanoseconecl/UsIde/a34609
very short duration. While &nown devices are capable
of nmeasuring and detecting the signal 10 shown in
Figure la, the known devices also typically detect and
n? sel Lo iftNtrafeiRofhée ﬁﬁpl%ﬁ'l@ﬁt%‘u@ﬁ‘ bf 8 b9AA 18 aced#@dhodwith
a rom stepper notors, relays, etc., whose
ﬂm1nmhmma¢$ﬁ@w&mwd9padaagmm®rémemmmsmﬂbcnmﬁwﬁdmd@mgemﬁbe
to the ESD events. I'b illustrates a typical
dischafgs, wegs iR pexHM ‘ﬁe‘éeép g‘?’ transi ent signals. As seen,
the signals 10, 12 both have short duration and their
SPﬁg%ﬁésai7a0a9at1%911ds§fat%%§m€ﬁém&dﬁnlef¥troftﬂél@ir&mffbeﬂaaﬁﬁmng
however, is not in the duration or spectral content of
the typehef dischasge, andube inathot ef ojesratidns rspectivglyaknenvel ope. In
particular, the rise time of the signal from ESD

{ t nd
YA SR i e R S R e
determinii LiRe t}fﬂ%@ff‘%hgcﬁirg@ asBihk @ebthdd\f Jpeition, nesptan gelyor e
gradual /Tonger rise times (approximately tens or
hundreds of nanseconds) and simlarly nore gradual
ittd Dpg om of Py ed Hapodsrent annot conpl et el y
E 209161339569 10
T L L

meas&@ﬁteﬁtr £ dBMs iEvaotsntas (ke m{FdEﬂﬂﬁ)n will beslebdriplly It will be
desirable to be able to separate valid ESD Events from
apprepieted SOV &N, thatdhe @emqmdmaﬁh%mwg@d@mcea@@mhﬁ dyvextien has

e TG e o SR CeRmI Paeties s ol Sl 8RR nctc signals

andt{gqggﬁtfévgﬁtsZO ("op-anmp.") The operatl onal anplifier 20,
whi ch rray preferabl e be a high-speed CMOS operation

iy pé"\ré Jgi lfs%{éh g rtl%ﬁrrceaﬁ gﬁ'v%hﬁ 108788 LRRIEstA N discharge event In

ere a rapid transient signal
generdl, teféc&osftaﬁ@dltsctm@es(EﬁDD aVerit detE&[brEamlnh&smtsmay be

much-1 onger _ el ectri cal at the output o
accorgplishigh by Ceagiing PFQ?E?»SMW&@ Zﬁngra&&?%?t%ﬁla@%?@é ft?i:‘gg‘?}’&a“"d by

e S R0 P LSSy S, B o

clectrigaY sighsle i ¥ifdulis thas havd vary febiid anveloBe omthoteristios, i.e. a very
circuits that exhibit this behavi or%c{gsn?%‘iae kno
sharp| as\shew mWImGr{Wtﬁal VeVighin d1or grilagogeep a Fey s}ﬁ“ ErB‘?é‘gn-
il t
w514 B PARAALL 1Bl IR L7 RO
Flguﬂe Ny eihk lkﬁBWhSie{‘fh@és dlsoypreally detédiand peasire oﬁmt nemﬁSDf gvent

embodi ment. The a anplifier 18 based_on a hi
transieMOBERAS, SReh 051 ERRE from sisBPCICBOIRFS, SaYSeEr st P%e ac?ﬁlstlcs

are sf%gfjalr ﬁgf,ﬁ E@’g@%ﬁ eﬁ%i&??c WG R B4, e%gxllt? g@:ﬁfﬁjﬂﬁsﬁﬁ%i fb"al

Ve “an"i'mcom ng- si gna I's recei

wavel%/mﬁm afheseth&Qrankidnt sidrfalse MAOstenethe 81ghdile 1@1\12%(1111» hama short
20 has to have sufficient bandwi dth (YPI cal |
duraticseand theiwspectplconignt istsomewhes sipilar. The ference, owever isnot in

the duration or spectral content of the signal, but in the details of signal envelope. In

particular, the rise time of the signal from ESD events is extremely short and abrupt and
the signal decay has a specific shape while signals from other sources (here forth called
“EMI Events™) have more gradual/longer rise times (approximately tens or hundreds of
nanseconds) and similarly more gradual decay time. Typical devices cannot completely

EM\7209106.1
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significantly | ower than the bandw dth of the ESD
Event itself, and the bias resistor 26 is preferably
w@boohiogiia7val ue (typically, several MegaOhns). HEOEDNS2008/034609
t he signal received by the Aantenna 30 has the
characteristics of an ESD Event signal 40, then the
anplifier 18 generates a significantly | onger decayi ng
' l ' [
separdie SR sify 1ty VB BRI S0 AU AR OB By sapfure EMI
Eventé 35 vellalraos, iink highy ésirblyie tdike dbls & tapamtovalidiZSD Epents from
gnal 40 since a shorter rise-ti results in
non-ErﬁDgEMI Exgpisivrithibe putpgss olsicgiasy anfheliddy of Fffeﬁs‘%?m?%%
output signal wil|l be the same as the polarity of the
i Wgwre &¢ preadiagiam iHostis ae empfifier madewithe; opsratipp amplifier

G SIS PR
CMOS "bp‘éﬁh@ﬁ' afphikiet, ‘éfchlgﬂs WRighE r@%ea@ib‘i@ﬁﬁd @ﬁfbdﬁ@&lesﬂ]ﬁﬁorﬂéhon

be a’sinple junper of Ohns_value. If the input
wheresat gxpal transidmavigng veitlda fisctiran sinvikey éGf ESHI Eveats qapges gomich-longer

s BB S ol S A gl o s

devicedEdnl AdotXhititthdenanabe HoexatbRUdudé Qﬂﬁ@hﬁéﬁ ahdpiehdnplifiers,
previous case, hi addition, due to limted bandw dth

and V[ﬁeotamphﬁprsanw als exhibit similer behaviesaBaoaddy, dhe ¢iguds fhgt exhibit

FRCT AT e T
111ust1$al'tlﬂg% P8RS M&hﬂéﬁ&h%cﬁm@ﬁﬁ@f&ﬁ@ﬁﬁ@nﬁotﬁ@ﬁﬁ& &iescnbed below,

Othe presence of the input signal. Thus, as
but thetovention iFaguingtdddp themperitiopali ampldico p@badmenw th the
result being that only ESD Event signals are captured
W HeQunfpWficE1 8 Bhsediogrictligh-gyeed ICMQS | op-dmm 20 edhy filithes compase

circuit erates asadlscrlmnator/fllter %%1
resistots 2 24 and P sk Ao ABPRPTIEED 81610 ERE 2EBPRTHPE ﬁ@F Beive an
1n001|n_.1|ngl'sj,{g§ ]%4(1)1!}1'2:19 éc%gv%ﬁ S’gﬁ faﬁbgﬁﬁeﬁﬁd Of (Bfs &ﬁb%dgﬁ@lt tilt:] eM®OS op-

erent ‘i nput sign

amp 20 hifstb hawsﬁfﬁcﬁhﬂﬁanﬁwﬁiﬂa(t?pmﬂl}f atligast 4@MHza1buu witgich is still
non- ESD S|tgnal that has sufficientl

signifi¢pstly lewey than ’ghetbﬁ@dwlgﬂgg the¢ ES]QeEvgﬁt %/Wg,f aqggtheg)letsH@swtor 26 is

T A

the altefind BFhdsithé tlefaddaieid i dn ESDEvems@ﬁl thahei the amiplifiér 18
to generate an output signal 52 due to the slowrjse
gencratey afsigniifieanthy dongker derayipg gxgn ﬁ?g\walp theppggnjiwde p;ﬁaogpgﬁl to the

magrﬁﬁlﬁe Eg%n ?SS) g, r@%%@ 1. t @nﬁ%’ﬁ% aiss enéegd @3{3@@ Fise

time eif e en R kigAsl ANanee zb%oﬁbtt Iﬁ)déttlrﬁda ﬁi‘éﬁltsSlnAeZhlgnﬁ a&@nlmﬁlegmt];mt
is adiagramillustrati ng a device 19 for

s1gnaél e polstinafdheivepwizigel wilber thesamepethemolaity pEdeiiput signal

d th th t. wh [
In aGipEBREE §UE iy ety 8 UL ORLUTES el - BB E B Ry e to e
an arRPliffer sRicl kiRL diftaiIcER b O & R follak ek, R whtidtiiebistor 24 would be

absent and resistor 22 would be a simple jumper of 0 Ohms value.

If the input signal 44 having a different waveform than the ESD Event signal 40 is
received by the circuit 18, the rise-time of that input signal 44 may not be sufficient to
generate the output signal as in the previous case. In addition, due to limited bandwidth of
the op-amp, it may also be incapable of passing signal of high frequency such as 44.

Therefore, an output 46 of the circuit 18 in response to the input signal 44 does not capture
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signals shown in Figure 2. hi this device 19, the
circuit 18 with the op-anp 20 is used. As above, the
wo pan3@rgnal 40 generates an out put signal 60PEL/US1066/034609
out put of op-anp 20. The device 19 may further
conprise a high-pass filter at the output of the
op-anp 20 wherein the high-pass filter may include a

the p@é%@ﬁ&:' JfPhe BPuEdishad Tﬁéisl 8d ﬂ{ovﬁf‘m F?%lr@ e AHE cﬁélﬁf‘ﬁé offates with
fromthe high-pass fi Ifer has a front and a very

the rm&trhenmihatqnbnEgBeﬁvensmgtque n@tttmﬁdmhlb@lﬁi Ewentsignalsere
tareefe BBRiegy TPHO RS e St R b s RS By

charﬁ;tér%ﬁbsséﬁheﬁgméﬁﬁﬁkﬁﬂ as shown in Figure 3 where the

va ues of these conmponents 68, 70, 72 are set such
PR il HEXBLGEG Jf gl SRRl Bjyo it

inpuESIg'ﬁils Theecirdait hmldﬂsdﬂayerﬁﬂe I‘tds fitter @napinme n&m—%ﬂfphgxﬁal ¢liat has
rcuit that has an gﬁ with resistors 78 and 80
C

Sufﬁﬁlﬁlaftly lout bapdwidih thag hspwhm FaRge @f A P-2pbiHe tR dhg ehpkacteristics
of thg gh {iéndal p&i %&H % g&l?n;gl?xlgﬁﬂvﬁ% I?als\él ef?cgié’?l Hl\ffe?&{t Pﬁogertles

but ha@ mfmued dandvadibsthar s thacirddt. 18Tibgesdraeah duthuakighlles2 due to
ut of the op-anmp 20 is connected to a central

the Si%ufe wd fall imea shthedrputsiangl Beveven asspa the signals prpduced by

o 150 g YA SEMRGRESD 1l BORDSRGE - Pl

diffeyénd doshosaras@harsignglscrungsted to the output of the
voltage di vi der conprised of resistors 82 and 84. The

W REaW TRONALENANhstrafink A AWRCE 19 Gt dlectBathti® Hﬁéﬁg‘éev%ﬁt
out - of - bounds™ out put si gnal when EMY7209106.
meaBYIGE dod¢iicherdemeat/itlp theonvdnhen sihgman ebp&omalmchMMe

bet f th I t th
even. 3. o iR 1P it fevfind i DT sz Befipen thtg
signd1 O HdwrSh3@lre 40 Th s @e%@evﬁf ﬂ{éﬁlﬁﬁltqg V\g:ﬂ:}hg\bﬁ fi@ﬁ%lsed As
that generates the output $ignal 60, the envel ope of

aboveythp irtpus signel |40@@nérstes eh outpat sz &0 aBthetougiut o opiaspedit The
.at. the er limt input of. the w ndow conparator, but .

devieh 1By {HRIRRF eomPriceas By Rpassgilst et PUIBH! £hIBE PBykE 7 Wherein

the HighRbss Blicd Gy LY GRARRE 85 Bhd b rddbt A ol A irom

conpar at or not produce an "outsi
he highgpeesk ﬁltblt h% hcahhlqb foentaod edetytshorttdomtiopehatis mdependent on

descr| bed abov erfo ned entirel r.in part
duraf 6 e Sl SE Qv D A1 THBRTSPPRF SR BE St bTAYe
I.
s UAESE PORRELE 0k SHERoLD AEASSES ! UBoA TR, B

the valuas bathdseeroapascisth 684170, 12 Bregiet such tha ahlmatpuawaveform 74 closely
| ower. - gradf m c oprocessor and Af D converter can

repregERy AR dbgoytpet g 6Qm ¢ase ofayEeR, Eweﬁgt%ﬁodeafce 19
may eSO ek RITE b STASL ARG 08 nc 0

that syféas anﬂmmihﬁds eher sagmlm the goalt détectd eTtepioiceUmdy lave a

known ESD event signal. The spectrumof the signal is
voltage divider, connected to the output of the amplifier circuit, that comprises resistors 82

and 84. The signal 60 at the output of the op-amp 20 is connected to a central input of a
window comparator 86. An upper limit inf)ut of the window comparator 86 is connected
to the output of the op-amp 76 and a lower limit input of said window comparator is
connected to the output of the voltage divider comprised of resistors 82 and 84. The

window comparator is a known circuit that produces an out-of-bounds output signal when
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predet erm ned anount of energy at one or nore
frequencies. Figure 4 is a diagramillustrating the
walewr 080419 of Figure 3 and its operati on when BOT/ENM006/034609
event occurs and an EM event signal 50 is received by
the device 19. hi this case, a signal 52 that is
provided to the central input of the w ndow conparator
' ' i t i
the enflgfib e SenZh BdlcchbThplids Bitice M chOpEAT R sifiply ot the
lower ghd highrigtialnpatst Mhusg pesesn, ifthe opubdigtdl dOway e fxavefooh of ke
ase of an ESD Event. Since tg; g}i&gnal
P

c ] 52 Is S9 & .
ESD Eveai signal jhajgencsstenite opi pigaal aelpR PR signak s
¥ i | 9@@41 el ' CRIPARISY, Bht
below%“%wa?g ghlzaﬁlst%%%ngérto ucpe%errgll pﬁ‘ﬁéggégh%{d@ggt I ng that
highert fhén tHepikigel 90 plesdinat the\edarlimiiidfue pEthe Window compaater. In
of ESD Event and thus the registered ev '

. . $ ] ?gt S a flallgeh 1

this caspethe piigglomecanpagatar Wilkaetapedyce gt PRSIARGT RS Sptle HFtOU
an .4 e at | y

be noff g BT FER B S8 A b B Ry o ey 2

micropRRedsdr HRNAELE@Teiter whirabthHave Finfficehborationehspded td process
sent via capacitor G to the Eq%n-i n\(ertid;gl ianth of

the signslsarp aprg(erred eralediment, RpWpYes e iiomes 15idede Vi aplvare as
op- (NN

e

whichifeeuéR €ied ddsCofabe 8évicks tTnsteaddf thewandeswpphpyarater that caanpares the
subj ect of this inventjion and is not shown here, A set

envelegpe ofehe Sr@signals theruyenioni e Afecympate Bre PR OLhE regeyed

. s ds well Kk e . .

g} oSl 0 o SR e 808, 0L S uRSEL s

predefeMhied Wh{HnilofFaSy 6t O alfanatagesdes ch U 1 and a
resistor R6 may be used to increase the gain of the
ORA AN 414 AdiaZheh SNkt fhglthe devise 1O Kightle)s aritsiopletatidn Mhen
a croprocessor or by a manual switch. Wthin the

an EMEeywat ofcutsting anlMh¢vieohsigial $0dareceived by fheglewics 1@p In this case,

. analog swtc s shown, .ot her ans, of gain contral ..
a sigrehae B BspOguln Go el Melfts B Sanl otblySOR iy dpren
from egdr@'ﬁ&ﬁ {GaM Satdrs BvaR! Bitd DS 4 af thatnpu@bf 1ha\6p- 6

one gain setting, or alternatively, there coul

still rb@ingain ppradinasemefthe wlavefim of fheaiashef angd31R Fviatretiege the
. or_a switch arrangenment. The op- U A may .al so. be
signal 7 GRS HTGE0) F S TP P ST BB g Sont 74, he
i ' indb! aPRoRPH e ik Ren PRAABER dpubsevi7indicdng that
Slgnagg{ggl?%gﬁiggﬁ%%g@s DI and D2 that Bprovi daleﬂa -g
the irpaesignal hagwavdfom diffshent dotethiesne of ESDtEvenyeridihus thejrpgistered

thus increasing its dynam c range w thout sw tching
eventige fela¢ e whi | e Figures 3, 4 and 5 depict an envel ope

det ector based on hardware conponents, it should be

noted that the envel ope conparator function can tbe
pelFigaierfeid a diagram illustrating an example of an implementation of a preferred

embodiment of the device 19 in accordance with the invention. An antenna 109 is
connected to a jack J1. The signal from J1 is sent via capacitor C1 to the non-inverting
input of op-amp U1A. A resistor R1 provides DC bias to the op-amp UlA and the op-amp
U1A is powered from positive and negative power supplies VDD and VEE respectively.
The specific construction of power supply is not a subject of this invention and is not-
shown here. A set of resistors R3, R49 define the gain of the op-amp U1A as is well

known. In order to be able to detect and measure ESD Events of various magnitudes, an
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entirely or partially in software executing on a
processor wherein the software operates in a simlar
woys/03te sof t ware may have a | ook-up tabl e orP@r/US2006/034609
formula with the nethod that fornms the upper and | ower
limts of the envel ope and then the input signal is
converted into a digital signal and conpared to these
analo Aﬁ:IhSUl R4 I{é'si r RB rfidy® e to IdfeaSiihB dhinQff tRPoRamp ULA.
I's"connected to an”inverter conprised of an op-anp
. The sWhtBh &11d is 8picallprantiedby aRdicropnocessonveby e mangalssdi¢hd

. to assure that ESD Events of .b(it h pol alri ti ey ar th
Withimhesgeredofdhis Anyeptiop mstead ofgsi e‘éfﬁg FeHPHFY %‘ asgS%ﬂWB’ other
n i.Star a ' . 1 ioitallv-
means g o e R SRR o = ety

controfied poieiticaoRi that ¢anrhavé trivre thah she psin ReGing it aREBatively, there
capaci tor C21,

) fornms_a peak detector. At tglﬁﬁq?%tg%pm tOf
could bpmanpeladiustne obgain by etherRINFItoMeLE o) 2 S R
one at the output of op-anps UA or U B when a genuine
§ ' . 1@ 8entéinCPs1R ATy Mifferatt bdtnner. In
F?glegi‘%% I?Q’s&gﬁdgak%ob%ggl "l ses an anplifier for the
particslag) Ragure G degiictt ttenop-dmp pHakwitk tee bark-toThrek disdssD1gid D2
this amplifier is.connected to_the.ce |, i nput of
that pigivifecyPseBiyiagarithmis paaracteristisip fheszatn %&] ggé%‘{s lg‘ffeasmg it
. LA B.and resistor R92 wherein each
dmm@gﬁ%eg’%lg{rﬁlts prhzl&gt}lgéﬁ)r}'i npl ement ed usi ng an op-anp.
The out puts of op-anps U A and U B are al so connect ed
t WiiheFignred 854 afid 5 dehial andinydlep®ictactdr based emhpidoiareof
this diode is connect ed?r\éfiegp a set

| ki p
compeEe L1 DPed 58 ORI oy lbre o ARs T e R 41 P pgrormed
. o t 1 & .
B T
simildd& dye VRHesoftararetrhay trivg la lacidup talvld enpaufosmula withethainfend that
conpar at or ee, i.nput. 3 of op-a U and, i.nput 13 of
formsge BTGB v arine P Sh T PE 2B Bt B TP B oy g ted
into ai,\dﬁa%igaflgiﬁ%gg{nd%ﬁﬁﬁ%ﬁw e ARfSD Event, then the

e output of op-anp UCwll be between
the Iow and high voltages at the appropriate inputs of

WiRawirpaoFagat 65 thendptrhef apuappiU 16¥ 1swioneksieddo ap amvarier
compabt of S i RS Gl S BB R PRI e
that q?lrggé‘%;m%fﬁélﬁ BQIAHH%-&‘ ar® inddiredbdall§ividle TA 83t @E8Eha6rs C19 and

eve nput of w ndow conparator or go bel ow the
C19 drdwesistosd R2nandt R2K comgiribe highppasa fidters and aaliededp2 symesignals

MR T T
form{ %géa?( RY&Hr, 20 gléi&gigf)ﬁt_oq %his EE‘Q{ &lectdr! th3RMLTCIBRIRE@ADbles the

I n accor wth the invention, the c_orrpar at or
one aliEhé Gl olf ep-anipk Eftensrdd] B nttien @l ggnuine 8Dt Buweenbsighalds applied.

sufficiently fast nm croprocessor and ALP conyerter,. are
An oprgay U1C withyresistors R5 and R60 compr?ses an am'll_)\{lger for the sighal output

from the peak detector. The output of this amplifier is connected to the central input of a
window comparator that is comprised of a set of comparators U2A and U2B and resistor
R92 wherein each comparator is preferably implemented using an op-amp. The outputs of
op-amps ULA and U1B are also connected to the anodes of a dual diode D1 and the
cathode of this diode is connected via a set of DC blocking capacitors C22 and C23 to a
set of voltage dividers R17/R41 and R18/R42, respectively. These voltage dividers
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A conparator formed with an op-anp U D and resistors
R87 and R88 generate a pul se when an event signal
wex@emsie7a t hreshol d set by resistors R37 and R8BUSING6/634609

signal can be used to indidate that an event has

occurred. The output of op-anp UDis connected to

resistor R92 so that, whenever there is a true ESD
provi@vﬁ@ﬁﬁ)@qafelér fe’l_—'\t{]r:elﬂ PENCloat ﬁﬁuﬂg Qg kid \Vﬁd@&lcéﬁlpar-ﬁtﬁr%see

ul'se can tri 8ger vi sual alarm conpri sed a

mputB@spraﬁip[Im& addéhpat i3 ofiep-BApaiM.pr audi bl e al arm such

st S o IR, B Bt 8 ST B
the wikefdrfil %h& ?&%ﬁf&fﬁgtﬁgUléhﬁllrﬁﬁw R 1 aﬁ(ﬂﬁgh voltages at

streng ent can be nade at vari ols
the app&ipiiate ihputs BE wiltlowcconiRiratboandekenpipet of windowtcpuparatur will
poi nts 100 through 108 (shown thin circles.in Ei
not i gihich & 1S Gepok GEnHSEGIREROR (Tesen! diegh & HASRIgER 0B ESD
Bventy A U s o BERUREFBN Sl B 02 Ok e v
winddw Eothpgrator BREEbEIS thy Rt kyeltihgntoif gaid|compasiird Ipeither sase, the
106 and 108 1s a cl ose represent %tl on _qf ..t he O{&’j} g}llnal
windagy goraparaior tilk PERiuB® R PBIFC BpshaNts 18y Aguffrﬁé%@%%ﬁ tdheepent
I t
regisBief i & PSP BT eic” 1EyrBlic e ARMELE B ocbaafiBhvitn

the invadiohaielcdmpanadragayaicbsingieneaitedk entirtly is saftware if a
measurenent or indication device requires |onger tine
sufficirndlytfest stiegrpprqsesar gid X SUVEHBATE &Fﬁ% i ndi cating
devi ces, then a peak-hold detector conprised of
oA ampparlaﬂ)ﬁfamd:d (wdith, adbpoaiep UMD ansrepistors RET andoRES geygrate a

n acj t.or
oSt e e SR o, s e
I} ed sféabuﬁecgrrﬂh WFORRAISU1Dhen
can bEVSOR %&g%téggaégﬁ Sp e b T6 T 35005 »
cormmétidh 2dActanpR 92 B@ﬁlameaé\tee thetdhis artEJ@sEﬁIé dewent, $igeal Be EYENT
successful ly t.he SI nal w resent
genciges BanEEs PYse- (oo Bs o pviedd BHEF o tlgger Vh%‘laL"g‘ Riedeta
Aot larkl S166 Qs BRzdck KPSt It%h@@ldb
reswt?n%?ﬁélrl&g%ﬂg?}rgent ofamth%gee%ew ce 18 |%1 which |ike ©
obviceks eoreltitlsd earethiat kaxioue fypeeotaamsmeuld e emplopgsk seahaasirelay
t he same nmanner unl ess indicated otherwise. hi this
contagip@fi ment, an additional conparator U2C may be
included so that the device is able to ﬁrOVIde

si Heaneastrnesnt pﬁ@eﬁh@tgﬂép e BSEE vend fan hemage al arigus peints
in thq &%zc%el lzl?p 0| )a}‘rn thA%uﬁ)%?s tgg n@ fbo tﬁpougﬁriogkg gﬁxvﬁfthd? circles

nec 0O a non-i1nve

in Fiflfre @Pcﬁﬂ%ﬁ%e@?& rﬁéﬁsﬁférﬂeﬁtsc‘df fild Grength dFESMEkers ’Hhe
conmparator. A non-inverted input of this opanp

measpramRst alqpints 186 a@ql 1% éhqugh apieicdirasbsiend, 3R Revargleppvalid

smcedf ; Ile\&/gg’g | %tEgS(H q\gs}lé ngnal 3 %gbs‘én{se@é#‘h\égéﬁ)‘l élg&e

repre@&{tﬁ{dntdf thd B8ginal signal at the output of op-amp U1A. These outputs can

,—

provide signals to analog-to-digital converters or any other measurement devices,
including bar graph indicators, analog meters and alike. If such measurement or indication
device requires longer time due to slow speed of measurement and indicating devices, then
a peak-hold detector comprised of op-amps U4C and U4D, diodes D4 and D5, resistors
R53, R24, R25, R32 and R32 and a capacitor C20 will “stretch” the pulse to the required

Jength. If a microprocessor is used for signal measurements, then it can discharge the
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out put pulse fromthe opanp U A the output of
conparator U2C will be positive indicating polarity of
wo b@7esame , hi case of negative polarity of ESEBCEUSING6/034609
the out put of conparator UAZ will be zero. This way a
determ nation of polarity of ESD Event can be
achieved. Figure 6 is a m croprocessor-based circuit
capac o o e B B Ay e SO Rigng] willbe
presefitfonrsapsditor Q0 fhreasdommnad the anadog-togdigiial sigahcantate takes place.
communi cating the data. The circuit 120 nay conprise
A ARA5® AdsRed i GtherG@iboairh&t of He@evitb Q9 ai dvhichrtikeat@nents
any nunmber of signal inputs as shown. The A/'D )
have likeneérense numeveds axd ereeate inahe gamse §rBRe Untespindicated qtherpvise.

i g R 5o o Rp B R B8 e gt avic s
able 0TIV P85 PdiddhgWildheR 56 PSDAL Rkt HESUsitivERA nefitiva polarity.

preferred enbodi ment, the A/D 150 may be enbedded in
As seendn Big: b.amsmitputtod dirst opimep HH Arippanveeted &y 2 nep-iysriedipyt of

f th ' d ' . . .
an opgb JAC BEh s Sonfieb g of £ eSRarlol LSRR pR S i
opamg ahcstheMe®id £1p81tdFR 9etrbesddicel the cdh H6 dariaal iarant Reown way,

ount of discharges with a reset button 158, an LED
such 46@sistave wltdgodivider.atc. 16 2asetrdian &) Buwn ofipesitive rduty, the
on/ of f switch 16 or, an ther indjc s.and ..
oupipu g bt FourR S A ot raRBaiol Tatt Pt pogtive
indicﬁLr&%'laﬁ’itﬁBP’thg QD& Bike OF nélartive BEBAL STESIHEvEhtIMelostput of
the 'menory 154 may store firmiare/software that is
comperetarIf262iwily be heromTbisopay detemrinationgdipplarity oHESD Event can be
.rr%efgsurerrent and data generation operations hi
achie¥elii tj on, the circuit 120 may have a D/ A converter 166
(al so enbedded in mcroprocessor 152 in the re({)erﬁegl .
e BHE fEh @ PUETRRIOCEHRT-BAE icHeuh H2) Bigt £°P§§)°t? fodpg device
of. the ext L C :
showd i BT €3 o B Plor IRSp s Rk ERMAAE SonebHEET ions e gl
storifgltB8 flatd andt comBMRafidg (he data. Alicircain 120 ey comprise an analog-to-

. mcroprocessor 152 can provide outputs jn EMY72091Q%. 1
digitd sogwrisr 6yD) 168iagd can havsamynums Sb%laklélp}lté@saé%?%e AD
RS485 174, T, , 176, i .

cons G Sy by B RGHTE fa bos s io Ra

signalhs RWRIIL 1GRWE. Aheartad ded/Dabo seronaectdBtb. a Mitrbgrotdssor 152 with
above-descri bed device rejects signals that have :
associtebmemery Hi4 flapaneferted s biftesA/D) hel} may bg ewppdded in
. _sone event at_.m |
iR Y PP, PR R 860 8B

and gr&¥ied 45 © FaSr sil @ dlesfollywingaletidud: ecligiacridiaat ahekew either
hi order to discrimnate against such non-ESD signals
magratide hEthedigsherigaonthegountef disshages wih arest hutjoretas ay LED 160,

an aur{l% Qx?z%erolf&ptﬁgttc%{l NssEGAE A shinR /b switch 162, or any other indicators

and displays. In order to perform measurement of the signals and generation of data based
on the signals, the memory 154 may store firmware/software that is executed by the
microprocessor to perform the measurement and data generation operations. In addition,
the circuit 120 may have a D/A converter 166 (also embedded in microprocessor 152 in
the preferred embodiment) that can provide analog signal(s) to any of the external
measurement devices, such as data acquisition system in various formats, such as 0...5V

(168) or 4...20mA (170). In addition, the microprocessor 152 can provide outputs in
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particul ar, ESD Events are random by nature and all
ESD Events are caused by di scharge of accunul ated
W@ @uiosn4vdl t age. Static voltage is created by BCT/US2006/034609
tri bocharge, or separation1df two dissimlar
materials. Due to the nature of nechanical novenents,
the charge created on conponents in a typical process
digitalsfoethdtf sickas selaERB282 GER SESID1 TH, TOPAPY Eithél@et T, BEHRNER in a
..in aregular pattern on a highly repeatable basis. At
dial-pm eonggeiton §80r vig witaless ¢qnaastian I8¢, elotvenhays anemesgdded web
r highly regularly and often have sim|l ar
sewe(r%r;léﬁ‘ltude. Thus, this enbodi nent of the invention

di sti.nqgui shes bet. ESD Event.s ich are rando nd
of WP S RGP A e SR N S TR MEsEoBTR A ren
from(PYTH EPerRtl S bteQi GoRlRLvRALs RY nad h%b@ESBflbﬁgﬁ\gﬂteg%}ﬁﬁ such as

each tine.) Figure 7a illustrateS a wre
relaysiogtaats cemanttatios theemay ba reeghizbd af legitigred ESRGRnabbyehe

o e e R B e b HoB S et o e
emb&diSiRAY ofRBE fnSEMtion AL SmBloY A EERRY EM B ﬁeﬁbﬁgﬁgﬁ%of

signal s 202, however, ‘occur “only sporadica
partiquiar, ES BxenBSik: Endomdy datgered @i ESDI Exsintsatre savged by discharge
plurality of events 204 that are ust ered toget her
of ackypgl3ieg Séalﬁ_rva Porat s %qltﬁgﬁaérF%e%ﬁm%agaraﬁi%ﬁe%ﬂm of
. . a r
o Qo D el e PE el ISR o Bfedithtcn
on caupntentsgn atypich] pugedshie differentheverdy tinie ESI2 dissh#8€& damot happen
. Figure 7c are r %Pdom ar]tﬂ jbncon istent i.n magni t#rde
in a regylar Rafler o83 Righhgierertahle bastp 44/Bp pame g, ignaggirom relay
' r h ] ' 1015 evant :
comipalai3h, ot BEid bE RRnlaRy shBloReh bt AT bNAR, Thus, tis

embodiment dfdle inventRinefistRfzlishesbatwesrt ESD @vahts (which ptasaedom and of
and stored in nenory, that could be configured as a

differsnfpyagpityds eaethemnel iroa-kdReveis arhieharcingrigdiggngigphave 2
o ' hng the measurenent process, hi
smﬂ%@@%&%ﬁ%&%ﬁ%ﬂé{)he i nvention, continuous pattern
recognidi.on . is perfornmed in.step 254 ,0n the stored.
e ey SR T Recttg R B o] Epiggats 200
causéPBy a SHRBLS e\?ielﬁﬁstoo@ﬁleorpélhighgf- drivRlidBHsis @ an BHoBgll tiegaaeed
__in 'step 260 EMY7209106.1 3 9% 5 6 -991210and only the
diffepspénragnitudgs. Bhis signel pratern ivflicates apanBSThEvenss. ab cempesenf signals

in step 264. .In st 66 _and,.268, ESD t i
202, By Eeeresicont TRy B Ry e B Brie, RgiBy s Dyptrates a
pluratéi@gomieﬁ@ A0k Pha b H1@st&8d &%@ﬁfeabﬁﬁa@%]%@g%ﬁ%tﬁg ansh1HeR-

i
-SD events. In this figure, the outp
magmituls whichewould éeridde indicath thas thewsepe ofeiverlts aremgt ESD Byents.

Figuss B s s oE B Ry S0SRp s indie Bectisn o RRishabf oo
in Fig@@® caflahddifl en@iRoAdiftet 8 MagnltEREBL AR LifyiH k6t being ESD

I'ndi cat es t hat
Events.

Figure 8a illustrates a method for rejecting non-ESD events using pattern
recognition in accordance with the invention. In step 250, an event signal is captured and
stored in memory, that could be configured as a FIFO or in other usable configuration, in
step 252 continuously during the measurement process. In accordance with the invention,
continuous pattern recognition is performed in step 254 on the stored event signals and if a

pattern is identified in step 256, events that are part of the pattern are discarded in step 260
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these events are caused nostly by operation of
machi nery and not by static electricity. These events
wowdo/obe7y ej ected by the nmethod of Fig. 8a. A BET/US®0€634609
events 276, however, are ramdomin tinme and are random
in magnitude so that this series of events qualifies
them as genui ne ESD Events and they will be accepted
{ ' ' ' i NIn step 266
ond oY OO R e 1 pRREP RSO ah it 1805 2O T scp
and 268&; ¢he BSP Heheis réponted aslamB8PUivenbnt of ESD Events whil e
‘ rejecting other signals. Figure 9a is a hand held
devde€ 88 AusiriteaBow tihneodin Rigarsgadweparateb BSDnerhtsahd non-
the invention. This device 300 has an antenna 302, a
ESD gventsi duildafisvrestha outpit of ihe srcpsigrmgntsicvisosuch anytput of 0.5V

o P Tl e b TR e Pl st
are off’ a?ﬁﬂﬁim@tehﬁﬁél Edrh i plithi O aat ars Gidhty epaaigisle.s This Gididdtds that
a

arm | evel adjustnment switch 316 and_a headphone j ack
these gua@ts @ whengd myostly by opgretiehelmadiings Ardneiystatis alrethcity-

These} %%P%S)\éiill %rri?j?: tgﬁ g}% etn({et%{hg;i%agg EAgéﬁ&ooﬁ%gelﬁg g\z&tﬂo%ver,

ase, Frindicator s

are rah @A th ¥igheSnt QRGhd6h iSRRI ts6 thabklds Brles \WEbvents qualifies
potenti oneter adjusts the | evel above which an ESD

them BEvgenuinesESID Hyenty end thep Mol be pecepindrhy the methods Iy pombigation

. andhel evi.ce .3 | SO 1 neor . ' .
wit GBS0 SEY5S 850 O RBBA BB TRNG H on nd
measBefkAl §7 1418 BILES Whilk Rgédting ot sipinbier  pr ocessing of the
' incomng signals. It should be obvious to a skilled in

3%@&@ a3l i@@%arﬁrﬂel/d ?&ﬁée"’gﬂoeln d6adréfige whthlanBihePellBEEAhOSY the
e a

vices wth interface to a data acquisition system
invencien. 1hisidepice 300 hadan miterna 302 p0EED indivaot 3@k an Budjo nedigior

306, RS aHER OB DvisE MARPRR Lo, 3 T, Fe svab oLy fehtlhe
meastieideli ?i‘?@? ;E@g?tts ‘ég ideirADR! 2 E%tﬁ%ﬁ/ﬁlﬁ@ér st41d Sﬁﬁ{g% switch

e pg vent ds it curs. Figure 9c is
314, dneh heel aifixodenesmtitch 316/nd h hediphdeejacie3 B0 00bwsusly, rogsll

bar graph 326 that indicates separ.ately the ni t ud .
showp elemF P9 Do e CRBERE FACTIBIRIIAR JeBroRMeL RYPRiAL: n this
. . . I
pui I PSS 4 PRIRNE RRUBHIESPIEUHE, My e

potertibmetdrRdfuats ths RPEL abbvd whichen®sD Eivere ipdikglpyedyandfor theesound

di scharge may be displayed on the right-hand, side of
alarmy igeny die @andl@khwweé[@ negyparates g @V&@@Pb%@é}é %ésure 5

f ' . of- .
and QL0384 LSRR L ot B B in o
incorfiing GiymaBe IeshodRifiervdatiduy te askitiad fir atthatsot onbycforabladevices,
ESD Associ ation. Such practice defjines several npdels
but alsp bgnelrieardguises with intafacerpe delrAcquiition system ray ke ymplemented
H&Qd%%%%ﬁkﬁdel) and several others. The strength of

usiné;hng
Figure 9b is the hand held device 300 in accordance with another embodiment of
the invention. In this embodiment, the device 300 has two additional LEDs 320 that
indicate the polarity of ESD Event as it occurs. Figure 9c is another embodiment in which
the device 300 has an LED bar graph 326 that indicates separately the magnitude of the
positive and negative polarity of discharges. The magnitude of the negative polarity of the
discharge may be displayed on the left-hand side of the LED bar graph while the positive

polarity of the discharge may be displayed on the right-hand side of the LED bar graph.
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di scharges is shown in terns of static voltage causing

t he di scharges, such as, for exanple, 200V CDM or
WQOOON3HBM hi order to present measurenents OPCEBER006/034609

Events done by receiving eligctromagnetic fields from

the discharge in this form an instrunment nust be

characterized for specific nodels of discharge and

baless efietrecediie dnewtthainsgritude of thereveineottickedianige the Eiength

9B, 9C, 12 and 13 b
and tHg g]gﬁeﬁofﬁﬂ%@ﬁflg?%%asg%ﬁggq ‘g}ﬁyzqrﬂgg{l pgch%@sg{;%@srl@[ gsa he ©
Assoeml&ﬂsl sﬁduﬁeéﬁce%eﬁﬂéé el & REdANYF &L&%]&g 9 e & o M (Charged

em ssion, electric magnet em Ssi
Devmﬁ;Modalé, HBM gtumah Body Moildl) agl mrdnahbﬁhen, aeSGEfAh oS theh
ay. Figure 10 shows an

| b
i A T Wb bl
200VEEBM, o004 HEMT .II.(;QMG %e&h‘?ﬁl@% Ry H‘gf 153 2] |V%Iétf d8ﬂe by

this nonitor is seen harac
receiging plecircmﬁgrgatlc Tig]dsafram tietdischudge in tHiefoamy e fistrimasefudbe
vent. woul d generate 3V output signal if

Charaﬂ’?é‘z%cggﬁ% < ERdelsar Bvchf@@\ﬁ'@tb&??dcow@msag@nm distance from
the dEIREHA r’ﬂﬁﬁiévfbe@ sﬂ\@yn g‘g@%@% ¥ Ly GOV, Aq4e énWe W%Eﬁ

essence, a 100V ent’ woul d "Cause
meassnegln@mlssnordmpumlgml wiiertie the zinigi@yinbuisipndl maPibiahar | Y,
| %CDM ESD E&ent uI d cause, a 3.7V output signal
e ectrop]-lagn (RPIEFOTy € gwgrpqﬂg,ﬁqlq emisgieR as well as any sound or
1omzi¥1§%cﬁ§ﬁcﬁf drgRLibRANuLR ﬁsc"ﬁ?iﬁhlfld be Q)r gﬁﬁa{ A pgul ar monitor.

|gures 11a and b aracteri zation data

d
oS Y36 B ol Le %‘h@&ﬁaﬁ;ﬂ a0 e Lk pESR vent
momimm fir CEMUgpe dbehate TheotRaDd 'ﬂﬁé"ﬁ‘f&hﬁor Rio, ke pAg’sflér%n ffom

di stance fromthe anticipated discharge is set
charagigrizatiogshart in Figs 1 Qraonpnitdnavith the entdinscplacages Stifdoim the event

onmat ed t ool s
woul€Eie SHRRR sl LIS TR Sy Rusea by oVt Stotesomna
dischdrged iara, w PR anfiveth CIMSASdeP NI QEALL 8 RfO\I EOM RR5 BRent
tabl e according to the selected distance
wouldeauss # Metpyiisignakip aanmltqrplach@S’EsmayEﬁemnt n&aﬁlaﬂgm@mov
neasur. e t han one nopdel of

CoMRS Bl YRGS LaL R RSP S Bl B

Such afh@actérﬁ@u@l@{srs@leéiﬁb%‘aﬁﬂﬁ&ﬂﬁr mBRIRSOP i ate conversion
fornmula or the | ook-up table according to the sel ect ed

ArRsial 8 18 S3hohs OGR! D108 RECOL ISR PRLATE Bl

are set, propriate a
display af tlt@eavamjﬁrarﬁbip@n (’ﬂihguge bla HONS thdiaiti0Beth tﬁahﬁmGtea@ $fe
befi e‘3b§ch adj ust nents can be made in EMY7209106.
CIOTeI88 iAo B a ki iERy 34 b ardistange ﬁroasthganhclpﬁadu émhargw isisat. In
2l ati on for | ae
many Céhsgi‘ﬁ g?énléﬁﬁ %rgah% §1s eg @lﬂg :éa Sur Such a ?Igaffg fools that
handlé $emisdandaties devioss Hﬂdteﬁ 3@2 ftﬁé cORitin ﬁ@to@fapf)fb‘ﬁn%\ébﬁ%rsmn

'i n accordance wth
formula or the look-up table according to the selected distance is determined. In step 344,

if the ESD Event measurement device is expected to measure more than one model of
discharge, this model should be set as well. In step 346, the correlation factor, appropriate
conversion formula or the look-up table according to the selected discharge model is
determined. Once these parameters are set, then appropriate adjustments to the readings

can be made. Depending on construction of the device, such adjustments can be made in

EM\7209106.1
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the invention once the distance and di scharge nodel

have been set. Once the input signal is neasured in
wWGeL@p/0AE29 its value is recal cul ated i n accor deES1006/034609

the correction factors for 1a particul ar di stance and a

particul ar di scharge nodel in step 354. The

recal cul ation may al so take into account any

a | | f ik b Rterif@CBlculations formulae or
analof Q7 ShH 4s330 o Br kR SR b il cRlontaions pppulae
changingltheloskens table raattarsacqui sition systemin step 358.

Figure 12a illustrates an exanpl e of another

enagt TeRiiRfrads 8 endticcil 0ot Speraiardfaeeviéd i dob@dance with
invention that enploys this nethod. The ESD Event .
the inventam ot©6 theadistamceandalisshargo modgl hve prefyseto@nge the input signal

. control Kk 406.. Fiqur b.illust.r

s R B 52 0ot 0 e e G Pl o

a pariudrdiGsch bR hERicHis ARBRAE: hbleliif s@pB54S The rdcalcalafidd may
The nodel of discharge 414 is set using key 416. This

also tplay intocadcauntsiny ebarasthoration ldeta(q_f)lﬁhmldeyma%b‘@e wreraloulatpdy theedata

can b 3ol Fp fha trargae medis Sau bBp AT Sepastog
SRR 28 HBielas o GHEPRI PSR CHPDLIe Gt 8 griie g
accor%lgﬁc% Wit fb § e‘a{im? ﬂﬁg Fmgg)é/%‘/ﬁ'l?ﬂne{hgw ﬁ%? E@EOEQH‘% meter 400 has an

I'scharge streng CDM node A | ower row

" anterfhig 20Zlepdigilay 4@Lmd @htrdl Egha06eBigutd 12bhitlustcitesen wheenchst of the

to a skilled in art that  instead of a hand held ter ]
devica O Eir oA irio: sE-Hp BRI bR Cisgnop Gomoia g naree 410 1 set using
| 3 | itdads h
e SERSTL AR ERRRRTE L 4NSLLOMERR A6 MR e s
the COM dRharde iRvdk e ¥igunell 20 illusipltescedrday shot afithgdéviteofdigure 12a
data acquisition_ systemvia nunerous avail abl nefatﬂgdevice

during; FRMedischargeimedst peleaiong Figue bl dlugirates @ sqigsn shot o
g o > an .
orm i34 PR A QRO 808D 1l il o

uppeb fivk 47Wd&licts BRcliirgd erength GI206VL(CIM intodeb)ans lovfer row 422
di stance neasurenents are i ncorporated, i nt@\ét.he

depidecdunbof dischatgesmittsheuldibrobiiions Hensulehirt Galingigaypha hand-
vot B S Ban OB 68 TR ERPRRaR kb

be usel bFidSP8iRiraintsATithd popbsedibedneion aad theelkdptndianderanghened
any other nmeans to determ ne the distance. The |
and/¢rirgihlacaddyent Quitpt 40 & daidmaatipitap RYstaih Via vERerRRS ayailaklsmeans.
that is able to neasure a distance using |ight energy,
s UEiguees] 3anllustfatesras ¢x ainplean @potireraanirogimpent of e deviiegnr e

ot LT R T RSPl pin o
,distaglasoﬁg{l ta&t‘oﬂﬁ‘al: Pie@?s Ot GitAAGEM &sBreARARUEEFrcoRoited A the device.

aneous n steps 502 and 504 , unless the
An aifnidtiodistancs hadabwemeyt davitetd02 idshowario Figiwe $ 3m oThedryiaget02
often. In step 506, the nmeasured EMW7209106.1 ..
can 13gaygtshe diEtnes B VariqUs TRERS, SUEH 2% P SE WA Riclighbasgd:

meclgz{nﬁ:ta?&g(?ena&% rb@for’ £5'Ofidr BEafifoURIBRRNHE Hisihct.Mehe light-based

distance measurement unit may be any unit that is able to measure a distance using light
energy, such as an infrared distance measurement unit. Figure 13b illustrates a method for
measurement 500 in accordance with the invention. In this method, the input signal and
distance are measured, preferably, simultaneously in steps 502 and 504 , unless the

monitor is stationary and the distance does not change often. In step 506, the measured |
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di splay in step 508 and/or sent to a data acquisition

systemin step 510. It should be noted that not only
wE3D7asEme nmeasurenments can benefit fromthi s BEPUSAOE)34609

but ot her distancedependenti7neasur enents such as

static voltage neasurenents can benefit fromthat.

Currently, static voltneters have to be at a fixed

'valuéjuiiss %c%[biﬁa,técf w&%@&q&sﬁﬁéﬁ &8taftH £RGRe fds¥iBhg AbdaYpre e'ﬁaed on the

ing thi's nethodol ogy and such device, accurat
displapasdiepeFisning/or aenttie a detacacquisition systes amstop 610 Bishordd be noted

In a dance with the invention, it.is oft .
that npd gpiYIETA Ev pL e aspewepls oA benef o i PP Rl distance-
depegﬁéél? g{&hﬁlt?ﬂgérﬁées&cﬁﬁg stlic YbRERANSRulehRhtsRaR besdH ﬂo?rgthat.

K
types may i nclude charge device node
Currdr@\jtatioresitmeters imveto e fored listance frodythenwaburedBiface

JFigure 14a illustrates an enbodi ment of a circuit 990
(opisaiSat Do aa s Wetirdofey Rt Sin 1P OO RSHT P Hean be

t [ and Figures 14b, 14c and 14d show
doneta},ygﬁ?%% SO\%%@I% gslrrtgrrlé%e'for a COM MM and HBM di schar ge,

respecti.vely.. sho i [

et e e v e HRg o 52k Rstiie b 88 abfidb e e
devideydcarthat deRMhinaN DS BFERIIdischiigk ehavVBedbdearbd ddkreftMEk types

di scharge | asts typically 20 nanoseconds (Figure 1l4c)

may inelidechange Bovige modell (COMMmashine agdst(YBos hugen body model

ngseco or, en | anger hown, bdh :Fi gure 14d..
Yo RRR PR30 o dihafRs 8O e g
inventitRUor @éte@ﬂp@@ttﬂl@@gé oD iigEHak @OUIRITG Yurbs BAITNUE Bh®14dLEHIRY typical
that anplifies weak signals. The output of the

waveforasmfor i CD8YL, Mddend dircbargel respoetiviely. shs shopin indfigere 14b,

0 ator, 1 . second jnput of. the co rator is
the CHRRRAAG ME0] GssPriEe PEshtbstt o avii FAPRRL Gt faphSeconds,
whilé VBB M&R] (MM)idcabise Wathd tyTaMN 2 BdHdsEcondFigute RYE) and
of the conparator is connected to an enable Input of a
Humeo Bedy Mads0GIBM) diseharge kasts, 100 manoreceisls on gecndpnger i ghewn in
._output fromthe conparator, the counter is effectively
meﬁ$ggﬁled. Wien a di scharge occurs, the signal at first

i nput of the conparator 1002 will exceed the voltage . .
r ef8 P Fiigwe 145 op antenpm3( isirenpssiRsdp APy ¢fjan optional high-

T
10000k cpntlesrd té b Gimst ampud € b kkbiapaatot 002, cA ekl bt of theccomparator

. count/clock input of the counter. Wien the i nput

is cognegtrg to @rofasarefessnced 0t Hiat spif e drplemepiar d Birioygogell known

mank, SOV P8 oyl BB S8 09 b foos n

a wal g, iffikesbsencd@if arsignabhitput fodm thepenpharatirs teabgatebRetfictively
on the nunber of pul ses that occur which corresponds

disahled.t When adischasge e¢curhéhq signal atfighiapuinfitiecemparpend09Zwill
oL B BB B 40816 R RS BT B, g i
outpdt UBhis §ipal illieh&le the counter 1008 which then will begin a count of pulses
from an oscillator 1010 connected to the count/clock input of the counter. When the input
signal drops below the threshold of comparator 1002, the count stops. The output of the
counter 1008 may be connected to an input of a digital comparator 1012 that makes a
determination of type of discharge based on the number of pulses that occur which

corresponds to the duration of the input signal pulse as shown in Figures 14b-14d wherein

a longer duration pulse (Figure 14d) results in a greater number of pulses. Thus, the digital
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EMY7209106. 1 339956-991210conpar at or conpares the
nunber of pul ses generated during the input signal and
wa@eowas®Esz9 t hat nunber to a stored nunber of puPCEES1006/034609
each type of discharge andi8leterm nes the type of
di scharge. Once the determ nation is conpleted, the
counter is reset (not shown). In this enbodi nent, the
compArAt6tSmSHEs ths nimiBéITRHlses %érférzﬁétl i B SiphesieAdl atis cb@ipares
common conponents. It should be noted that the )
that Fugsher to A sored tanker gf pelbesdongngh dynsrof discharga and determines the
faorned M, GL Onr oces inst.ead. Figure 1
tvpe BEARARIES, o UABBRRARRDS SompRECRF cobtOaGer Bonrgrm

In thisieléfbodirRémths chenleodone ibplemenRi ¢h e GRxpaEhrvwayaikéthg common
performsimlar functions unless indicated otherw se.

componentsi & shanlddicmetnd that therimetiorceif the dital edvapasgiont @2 can be
he repl aced a shift register 1020 wherein

1008, ma b
perfoR PR By CPRGPRBOECLIGIAL durat i on. the shift register
 adienh hdeaR oD cpesims o g R g T0dn ek Bdements
"1gh at . ' .
havo Bt SHEAGFertoe e pd B Bithlo0 e ftss Maikdien
otherpesd dniiled ealbsdiniept af the cirapt @k dxatounites 1 0@Fuman pe replaced by a

., Flgures 15h-d.illuystrates the vef or hat are
shift §‘?ﬂg§?ra]rﬂzg5é’l’q?ef1§ ﬂwv%ﬁhee@%ﬁ@m@wm the sinfg{?g@tézéaw
| 3 1@ .
oI55 U S SR BB G A0 U8 i e i
basedlen sumber O3’ atdhwveutpst of registpl exthedigfabeompdratoh£012 whose

: di scharge (such as_ that shown in Figure 16b) to an_ .
ﬁmct%qaérbetwrf%ﬁn%fg@%m%mrﬁp@ﬁw (et shoyi e Figyges ThRidsillustrates

the w%%i%lhﬁg’ﬁla?%te%%&&nt&ﬁg stifi1to Pié%ﬁre%ti%ﬁp' e type and its

specific construction Is not scussed herein in any

det.ai | si . [ t 1.
1 7B e BN SRR PR S e RS malhRY B b
envel\%ﬁe Ge@etor $0300¢ aTiRY endSBpdllétBetbNED3OTBRY GRS ERiSIet RavdiBaR of the
erein the antenna 30 of Figure 17a is connected to

discharge (st asribat shewem irpFigfuedi6b) BOM easigr faumetege Wayefoma shown in

riso s s GO BB o Bl B e Bapstrcton
is noPdiddR8ed Réth Gh ) dEANNE & e1bBe BetebtBls £OWEBKhewhhi S
signal into digital fornmat that is passed onto a

6 r M 10Lg [
oplgJl ati 187%63%?& Eytah% g@‘?ﬂr“%lﬁéi i gﬁ%énztk&ufkﬂ%%h@b?'S?g.i:lg%ﬁesslt‘lé‘p?% 15a
with flibGveloge ddt0&or 1080 Wheraih theatknng S0t FigrasTd 8 Gomisdtdde the

. mcroprocessar (based on enbedded software bein
optiopglguerrapiiiisy 10AQ and Birhsr 9dhe arfronabienvelope detscior 103 The output
. AR g 4 S
o hEFerE GBS 0418 oSSR K U5 HEBA

1050sh@yrahyertstthis stgaghintoudigital fforindie that isSpassslgat®a hficrshRicestor

in the nenory associated with the
1052.

Figure 17b illustrates the operation of the circuit shown in Figure 17a. In steps
1100 and 1102, the first readings are measured and the microprocessor (based on
embedded software being executed by the microprocessor) determines if the event is
beginning. In step 1104, once the beginning of an event is determined (a sharp jump in the
input signal), the magnitude of the first sample is stored in the memory associated with the

microprocessor that may be a register or a separate memory device. In step 1106, another
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m croprocessor that nmay be a register or a separate
menory device, hi step 1106, another EMY7209106.1 3
wW@295/0804991210measur ement i s done very short | yPerf/82006/034609
the first one and then stoned in step 1108. I h step
1110, if the second reading is the sanme or higher than
the first reading, then the event is deened a non-ESD ,
measﬁYe%EEnt ﬁ”(ﬁ)ﬂest/e%} SRtk kit $hedhekhd Zher sftox‘eﬁ € §t€}f9 P06k, In step
reading is |lovwer than the first one, then the Tirst
1110y &4k segondiramdingriy thiesame pt highet thim thetfiret reading dhamibe aneht is

decnp RO L EVERAT 5 B CORSBEIL g BTN g BigTa e

* ‘than W fitst &R, ﬂfeﬁ\ﬂ'lé)ﬂl%t 2 F@n mkfnofy ﬁ‘?&ﬂh&e‘d%ﬂ?fhe%eco#d one and

consecutive sanple is the sang or higher than t
subsg@uent roadingsaarp negasyrhé am/ﬂmted isstapflbh ASE theieaverpnohsesutive

i scarded jin. step 1118. ns ive sa
sarr e TPRES BT SRS Rle. I eREE R onamalire fple i
the shilPBf high&Bhn &%3399@1&5& anleo FheNRaft i€ RbOan ES6 FRBA a[n% ds
event I's considered to an ESD Event 1 n step 11
dtscdndedsnstcp]lﬂza If the comeeutvk sarapleyis wfwer e ammplitudé than the prev1ous

nal the sof ware of the mcroprocessqr and
Sam ?B‘E})ﬁfg%ﬂlp ese%‘h?r REAhZP Ef‘*té?%‘?‘f@%t 18 ‘t‘ﬁ@ldered to be
an E%Weﬁﬁ}ﬁ s8] {lIQ'OS &ﬁi %e' 13t df'ﬁ@éa%ycﬁsthé Elgﬁﬁqs analyzed by the
solute a i tude e signal 1s taken I'nto
softveate ofitht miktogrooessb8 and I11h sisp i Hide 8 typreaifleeenteiah bd idmerrhlnedi The
t he |rc It 990 of. Figures 14a or 15a w th _th
aCCURRY ef deeRRion imagy ke fhvollie RN EHR A e Sten@htséaken
into%éé mhs connect ed to the optional preanplifier 1000 and
rt er to the optional envelope detector 1030. In

| ns a(l;i%%f 108 attes ahofhEf gm@oo(in%elgt éc?ur' 7 @ Q?%%ﬁesuﬁﬁ or 15a

e nore expensive COI’] er

with Ehegdfelopd aeteahe 105Rkhéreindhéiteiia@t F1QH6 18RkRRnAdttedty the
sui tabl e constructi on and may have a cl ock signal

optional preamnlo 1906 anéy‘?urﬂ@r 3 thh epmrtgh elg\telqmﬂ@tectﬁr 10B@ In this

I t ect 1030
embffefl » pERkndd AR aabd B bR G A0 CELRR Hpstypam
conveMEIWS0 fisi BIBukd €740 eRtte-geak-HoMateeetd? 1 066 a9 He ety kitdble

out put signal of the envel ope detector (or the si gnal

consfruesrpntand naaitkavaa qlcfcktswakﬁoemﬂtoﬁﬁ iand maydokhthe lhtghest level of

the s?%e}% t L 01% PB{B“{ ﬁrg \zeéctl}érda tf@%nq 6%03 ?%‘Lb‘? %ﬁ% to be reset on the

cloclf@)lﬂﬁé%p ITHeRSHS Buﬂsgﬁ§oﬁ1hﬁé QRHoA &&edt@r is QSm%%E toBRMREput
has the same functi ons as the m croprocessor shown

81gna1 nf fiegurvelopy éete@tpg(sm ¢helsgmal frbmshe atenna iff éleqpeamphfmn aod
rcuit 8a, whi c h imlar
envelogS aRlgb i ateit e BV diseiterefi Bod Tos Griph hin tasiaufaracor
1064118 8dd info HREFoPREedsEILI6EThARpESRE NS e RamBGhanner and has the same
power - consum ng A/ D converter. The di sadvant age of
functidrissis ttiget indore cessonzhopwd it Bigiteel 7lane of Figure 17b is
that the absol ute magnitude of the signal cannot be
Figure 18D illustrates the operation of the circuit 990 shown in Figure 18a which is

similar to the operation of the circuit of Figure 17a except that it does not require an
expensive and power-consuming A/D converter. The disadvantage of this method as
compared to the one of Figure 17b is that the absolute magnitude of the signal cannot be
measured. In step 1130, the maximum signal level of the input signal is captured by the
peak-hold detector and the method goes through a wait step 1132. In step 1134, the

current value of the input signal is compared to the signal level stored in the peak-hold
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measured. In step 1130, the maxi num signal |evel of
the input signal is captured by the peak-hol d detector
wae@7nbE7et hod goes through a wait step 1132. PATIUS1089034609
1134, the current val ue of 20he i nput signal is
conpared to the signal |evel stored in the peak-hold
EMY7209106. 1 3399Sd-991210det ector by the conparator
or
deteckd ¥l tho BB ol 1368, I N ep AP RE B ark O it LR G
deteraiingsdf tHeaswdignal isHewenthpw thestoredsigaal dapedidtie ohipusoftpe op-
1138, if the new signal iis greater than

gqual to
amp {4 dnsioed 1PBefe Referignalés §irgier than @h%ﬂ“af{é’ g S0FedgRyenfhen
. » . e | .
e DG pot YRR £, OB L F98 g b USE 08
storetl BRnple tenhiod weve sipraltiostored is thepedlt-40ld deatecsdrap stepd240.t hestep
war e of the, m croprocessor couq%gﬁghe nu

e roof
1142 ?lr@seﬁwmartf the micRRrecessonfopRg theyaimaeg R4 ygles r?éf%ta%%to bring
e A e L

of cytles @gsiemlddas been with reference to a particul ar
enbodi nent of the invention, it will be appreciated by

t hoafle Skd fok&didghdshRevith kéfefened@ngRstidlart dhhtsodiment of the

embodi ment maybe nmade wi thout departing fromthe )
invegidnn8iwillds apprgcispsdrtiytthede skitled imtherart that, chengesde gpe ewpodiment

ich is.defined. by the appended cl alins. . .EMY7209106. 1
may §S5es 8095 tseRT e e PRGN cnl ST PR UMY ERPR e fpove of
whicBli£EIRABYARS dfpeRidSahiaR. events, conprising: a

recei ver that receives an el ectronagnetic em ssion; a
| ow- bandwi dt h active electronic circuit with a

bandw dth | ower than a bandw dth of the received

el ectromagneti c em ssion, the | ow bandw dth active

el ectronic circuit generating a slowy decayi ng out put
signal in response to the received el ectromagnetic

em ssion having a predetermned rise tine so that an
el ectromagnetic em ssion event with a predeterm ned
rise tine is identified. 2. The device of claim1,
wherein the | ow bandwi dth active electronic circuit
further conprises an operational anplifier. 3. The
device of claim11l, wherein the | ow bandw dth active
electronic circuit generates a different signal in
response to a high frequency signal having a rise tine
that is longer than the predetermned rise tine. 4.
The device of claim2, wherein the operationa
anplifier generates a
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different signal in response to a high frequency
signal having a rise tine that is longer than the
w@e@des|ri ned rise tine. 5. The device of cl aP@T/R$2006/034609
wherein the operational anmglifier further conprises a
first diode and a second di ode pl aced between an
inverting input of the operational anplifier and an
ClaiRyt put of the operational anplifier to increase the
ynam c range of the gain of the operationa
anpl i f i Ardevige foFiiee dittention odfelectramagiictinienrission ¢vients, comprising:
el ectromagnetic radiation further conprises an
en fesbivtr thitaBtdvesahleletratnagndiceptissieg. 1 7. The device
of claim1, wherein the receiver further conprises an
anf RANBandiathRBLAEULG RN cifdudi WithLa badwi@th ISQBEPﬂhhﬁ b Band@width
pattern recogni zer that recogni zes a pattern of
of thcpmcbwedl Electrahagnetio amipsion] thedonwdandwidilpactivh eledaomc @irofiit
erein the pattern recog nizer f.ur
Rl Grepotis 0 repeivrd B dromtenets
emlsﬁoﬁ Hﬁ%ﬁg b pRRBREh Rl Yise gﬁ%@%%’;ﬂtgﬁ elec@3RR118 Fhaddikh event with
I gh- pass fllter coupl ed to an output of the
a pretieternhinedivisaitite acitientefiedl ectronic circuit; and a peak
detector coupled to an output of the high-pass filter,
t he. peakhdl@ivertdItcldiavi, Refeit thddowdandwitith satlvetedottrogiclcircuit
simlar to an output signal of the | ow bandw dth
furthgreqdmpsises axepesaianakapplifiar. t o an el ect romagneti c
emssion with 'the predetermned rise tinme. 11. The
de¥.i ce The ddvadernf@]aimhle méierein He lvwvfbcaud\mﬂdn‘garvatedﬁctromc circuit

es i.f an envel ope output s of
genelali LR EAL G FROTsF Bt Pigh P aBr e SV e g tatis
longérthﬁl ﬂi@%ﬁ%tef%hﬁlﬂéﬁ%séhﬁfém havi ng a pr edet er m ned
envel ope. 12. The device of claim8, wherein the

tern [
P TR G IR PR ASSn ERE pOh A
diffef¥n0gigAalih eespist @6 AhidhefrREehdr digabhogng 4 risatimedhat is longer than
determnes i1f an envel ope of an output signal of the
the presigtepainedirise Hget i ve el ectronic circuit is conparable
to a predeterm ned signal having a predetern ned
en§.el op€he dFiceTifeladend, mhersfin dieaqpmazoanpénﬁnr further comprises

rati onal ain t |sslectableb
a ﬁrséﬁgwetae a secongrghode p?ace!d1 Botwed an thve mg input of the operatlonaly

amplifier and an output of the operational amplifier to increase the dynamic range of the

gain of the operational amplifier.

6. The device of claim 1 wherein the electromagnetic radiation further

comprises an emission from electrostatic discharge.
1 :
7. The device of claim 1, wherein the receiver further comprises an antenna.

8. The device of claim 1 further comprising a pattern recognizer that

recognizes a pattern of a particular electromagnetic emission.

9. The device of claim 8, wherein the pattern recognizer further comprises a

window comparator.

10.  The device of claim 2 further comprising:
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14. The device of claim2, wherein the operational

anplifier has a gain that is continuously variable by
wW@200a/0%04mgy circuit. 15. The device of d ai m 14PCTMIS2086/084609

the varying circuit further2conprises a potentioneter.

16. The device of claim 15, wherein the potentioneter

is digitally-controlled. 17. The device of claim1,

g&gﬁé?ﬂ}—gag%l%&”c Il%tftig%@utﬁft of 1 1bRVBaRaRtHh gétfbe%‘féc&}‘ﬁic

nc circ as a polarity and a polarity o
circuit;h@del ect romagneti c emi ssion is determ ned based on
the polarity of the output signal. 18. The device of
Claidik Uetedldp EQipledtd a0 WuRpik ofihg Magh-piss tier, espdak deistidt h
_active electronic circuit is nmeasured to deternine a
havingtartime constent suhstantial sioneriocn Qrtpisigapbef the pw-apdwidth
. device.of. cl.aim1 wher ei.n _an t | 2 :
sctiv Sy ST g o e CrtrEFatr P sl With o efherlindd s ime.
the el ectromagnetjc em ssion. EMY7209106. 1 ..
539056 SRrIGHERG clritn SR bSTE e WARdsh FApdspioR dptermines if an
I iBeRkr B0 by BLvABIELHOE efebGt Lir6@tR!cBRphab]
envel‘ggggﬁélg%@ﬁ%f l#ﬁe ﬁow bandﬁvivil dth aclt [ Se el ectlrroni c ComP °
to a pe¢detarhiinedrstgrel havamg optepettrnahed bevebeek and hol d
detector circuit provides a nmeasurement of a strength
of12 he BheddvicRrEenahiscwhsieisihe pafierh récoghizéefurther comprises a

measur enment device. 2 1. The device of claim1 further -
procesganshatdeparhofthe daviee, thepropessercaeeing aRypgiam & ngrform the

el ectromagnetic em Sséon, 2 Ce [ .
pattefyGRea R g Fertrts oo Reps Af S SR TRl oF PR 16 Shgwioen
activ@ bREkGRIBRAEE is CoRFEblc 86 a prddettinined ¥inables/ifa predetermined

operational anplifier that conpares an output of the
envelopev- bandwi dt h active electronic circuit to a reference

voltage to determ ne the polarity of the

el Bct r ofiegdetidenfetimi whereBthe Dperatiewdl emplifiechasiagapthat is

wherein the operational anplifier further conprises a
Selecﬁ@k—‘?ﬁ%‘f’{t‘mﬂg i nput connected to an output of the

| ow- bandw dt h active electronic circuit, an inverti n&]@t_

18

i nifut  cBrmdavieedficlrim e whereit g Opexabipral gaplifigr bas aogaith

~_.that.generates a _high. si-gnal when a positive polarity
conug}l%‘tsb?‘é% P VD gllr(guﬁgoccur s. 24. A device for

SR XA S AL SORBEL R Rl RO ol

tl&&m§r¢s the received input signal to a predeterm ned
potersi gna

16.  The device of claim 15, wherein the potentiometer is digitally-controlled.

17.  The device of claim 1, wherein an output signal of the low bandwidth
active electronic circuit has a polarity and a polarity of the electromagnetic emission is

determined based on the polarity of the output signal.

18.  The device of claim 1, wherein an output signal of the low bandwidth
active electronic circuit is measured to determine a strength of the electromagnetic

emission.

19.  The device of claim 10, wherein an output signal of the peak detector is

measured to determine a strength of the electromagnetic emission.
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in orqleﬁ‘F’gQI dete

in order to determne if the input signal is an ESD
event signal; and an output circuit for outputting an
WO denwsdsrzat i on signal if the input signal is PCT/US2006/034609
identified as an ESD event 28i gnal . 25. The devi ce of
clai m 24 wherein the received input signal has a
signal envel ope and wherein the identifier unit
gl NeITHEQIRIde 33188 190 BEp ARGl kK @ hoRABRAP ircuit
si gnal envel ope of e regel ved i nput signal to
coupl%d gcnai ogipiied fahe 10®¢ badwiBh aetivendlectiogivadircuiBvheftie anl euilpu’eof
of claim 25, wherejin the envelo e det ctor fur Eg
the Pmﬁl@&dﬁewmﬁwt@%&ﬂ%@s epett of @ strengthf theyi ce

electr%,nag#éﬂc@nﬁésmmraeﬂ RSk GeRkNEvidaput signal has a

rum having pre etermn armunt of energy at one

" u?r]t h ?,Jq%n ggFagnggﬁJgﬁ%r lj}Osl cnc‘#ﬁtﬁh{xt 1h(%catg§r]£e éolanty of

elec%ﬁﬁgﬁaﬁqrﬁlgﬂb@f t he received |nput signal to a
spectrum of an ESD event signal. EMY72091Q6.1 33995

6-5912 1’H‘?e8dev}—%eof@?a\{ﬁlcﬁ Rhereintth8tichit ffiﬁﬁﬁlﬁicﬁteﬁ ﬁﬁ: polarity of the
recei ver further conprises an ant ennae. . devi ce
electloataghetindnibsion urtter EShprises ah pperatiqural ampgﬁerathatmompams an

that recei ves n i nput signal, the input signal V|n
outpuiof ErpleVdpsedwidin ipefétsslecapic icpt {qafe q‘%& 03%1%? fpedetermiine

the p5]§.ﬁ§} c?ﬁﬂe él@ﬁ%m %&H@Exgﬁ@%ﬁl ope to a pr edet er m ned

al envelope 7n order to determine if the input

2 e AR, PR PP Ul Y s

a noxﬁinga@lh glifpuit 6Mdciddad aR sutptt GIIh: RIMEBind ighadctive @lectirdiﬁc
devi ce of claim?29, wherein the identifier unit

circufty amt inwerting it sorneated to theg efsrenen seliage cnd ea Supupet gangrates a
r.ec ition oft t co ares the input
high %85?‘137%6&%‘1 SBHE p\é%%%?fﬁ)ctf%magnﬁ eHoR Oﬁloﬁ ed>si gnal

envel ope.. 31. The devi ce f claim?29, wherein the
r e¥ei vet dPM’PFI#@rld%‘H‘tﬁS‘PB?éE DEYRLSAARTISEE: A devi ce
for measuring an em ssion signal froma distance,
coameliiz’blr@atf&c‘?l’é@eqn\lé}?uttsm&,recel ves an input signal;
a signal distance neasuring unit that determ nes a
di &t idectéfidr anithiaticompbres thyrracte;iv@ridpla signghtal a redetenytihed signal
determinin Pnlt t hat deter es str?éﬁhof t he
it the dnyt ignalgan Fplieven t he

di stance to the input signal, = . ] i ) .
an output circuit for outputting an identification signal if the input signal is

identified as an ESD event signal.

25.  The device of claim 24 wherein the received input signal has a signal
envelope and wherein the identifier unit further comprises an envelope detector that
compares the signal envelope of the received input signal to a signal envelope of an ESD

event signal.

26.  The device of claim 25, wherein the envelope detector further comprises a

window comparator circuit.

27.  The device of claim 24, wherein the received input signal has a spectrum
having predetermined amount of energy at one or more frequencies and wherein the
identifier unit further comprises a spectrum detector that compares the spectrum of the

received input signal to a spectrum of an ESD event signal.
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33. The device of claim 32, wherein the input signa

further conprises one of an el ectronagnetic field
wenig®s@mg a nagnetic field em ssion, an el ectP€T/UR2006/0B4609

em ssion, a sound em ssion2&nd an ionizing radiation

em ssion. 34. The device of claim 32, wherein the

recei ver further conprises a sensor. 35. The device of

clgi m %e JORERE Elaﬁr? &4 gﬁ&glélsﬂ_ll_ﬂ gﬁgivfeﬂﬁﬁ't'ﬂ@f cdTRTRES &€ Sntennae.

an el ectromagnetic fiel evice of claim 32,
ei n, t.he signal ..di.stan ri .uni.r further

\é\%r i g%ée%%"%ﬁﬁb‘%m‘g’HP% g? g&%‘%ﬁ‘aﬁ@%ﬁ‘?&r ing the

di stance jnto the device. 37, The device of claim 32,

ERTHeT e TSy es o0 et e, fheddo el e o Eglone

conprises an automatic signal distance nmeasurenent
urdntidenifier zuit SraeompIes thesecsiied InRUA s1eapknyRloRe £ m t he

evi.ce, t 0 [ ' : :

preadi¥iEd a8 dedbRth oRE B deter M R Rursigyal joon B event
signaktWin@mat i ¢ signal distance measurenent unit further

conprises a light-based di stance neasurenent unit. 39.

The, deml |l |datibM SigAal i PR hgsut SigdEk

dih%t ancé%ﬁgggﬁﬁgﬁm?rﬂ&ggnﬂmgﬁﬂcﬁgr c%ﬁln%ri ses Igln g
identifiddraa g0 ®SO elieat sipead. neasur enment unit. 40. The device

of claim37, wherein the automatic signal distance

Me3s ur ey devitei df claitht29¢whereimthe sdeatifienathfnnthemdomprises a

di stance nmeasurenent unit. 41. An electrostatic .
procesperdhatieyecusssarnatien wepgntieetodovaremoduleithat coppagss fths gt
. elv ' ' i.gnal ; a signal
s1gnagleé\?eao e é)%&eﬁlqgta.ﬂrg&?éﬁ{?ﬁetdﬁs%ﬂag%l c

neasuri-ng uni rmnes a distance to

the input signal, . a sjgnal strength determ ning unit

thdk dob s JRvAB 518 A0ny Prett (F Fbetvsh Dy phup gy sagenna

processor that determ nes a voltage that gaused the, .

i nput  shgiegice faracasBIRGYeBISFAY SRR ACiSIBIES etPRRTISIng:

the distance to the input signal, the strength of the

i npreceisenthal reeaicesaninplsisigntl; di schar ge of the i nput

signal. 42. The device of claim4 1, wherein the

pr osigas distalcs medeirargminiathatt deeermales aghistarratio delispd signel; and

i nput signal based on characterization data of the

dey kigRal sthngtil QeteHBMirpeuRf thed dtefintdes awWhengh bf titenput signal

recerver further conprises a sensor. 44. The device of
based baithe ingyt signet asidrthe Hestanaptet the inpubkighdlr t her conpri ses

one of an electromagnetic field em ssion, a nmagnetic

fizgd.d ethsdivie ofabaiml 3 wwhiereirf he lipue igasli fortheracosmpuises one of

em ssion_ and an i oni zi ng rad%alti on em ssi on,
1€

an electromagnetic field emission, a magnetic field emission, an electric field emission, a

sound emission and an ionizing radiation emission.
34.  The device of claim 32, wherein the receiver further comprises a sensor.

35.  The device of claim 34, wherein the input signal further comprises an

electromagnetic field.

36 The device of claim 32, wherein the signal distance measuring unit further

comprises a manual unit for manually entering the distance into the device.

37.  The device of claim 32, wherein the signal distance measuring unit further

'comprises an automatic signal distance measurement unit that automatically measures the

distance from the device to the input signal.
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45. The device of claim4l, wherein the signal
di stance neasuring unit further conprises a manual
wairoor/08@r9 manual |y entering the distance into PEEUS2006/034609

device. 46. The device of eéfaim4 1, wherein the
signal distance nmeasuring unit further conprises an
automati c signal distance neasurenent unit that
aufgomatiifAldvie "6? @ﬁﬁﬁ 8% \Rfﬁ@reﬁ' thé %Gﬁlaﬁé Gighd1 st A1RY SR slirément
the input signal. The device of cla'm 46, wherein

unit futtberanotmpmiaes a:hgmjxaadd distsn@mueasmeasat embnt unit further
conprises a light-based di stance neasurenent unit. 48.
Ty, devileaienice off alaith 46, widreinethe alitbmatic: signaitdistariie gueakurement
di stance neasurenent unit further conprises an

unit fyrthercomprisecansi BipronicriigianteaReastregifnt Unikvy7209106. 1
339956-99121049. The device of claim46, wherein the
autlonat The devipaalf cldin 8Znwhenindbe petamatic sighal disiandganeasurement

o o ses. a nechani c di st ance neasurenent unit. 50.

unit Ogé’r'ﬁ‘ﬁ)sra%&@ﬂf’?ﬁﬁhlﬁ@n ©ypErote ]ghar ge,
conprising; a recejver that receives an input
di4lehar 4y Sleatrostaticalissher &Yt EHINAR deteohign d@@ﬁ%ﬁ&?@gsglg
series of pulses based on the input discharge and a
clmkelgerghdlrecmaalmﬁp@n or circuit that conpares
the series of pulses generated for a particul ar input
di ssipad distdnoe mepsueniguaitrthateldtonmities n dostanse ke ths input signal;
associated with a particular discharge type to

def g5hdl BRe ﬁg@d@tmﬁnﬁfg witsBAtAetemied a skbigzthl 6P ihednmit signal; and
cI ai m 50, erein the discharge type further conprises

ﬁEes@o{}H?@détégﬂﬂ%s Mgg%e tﬁatr@aﬁg’édr{ﬁe RResignd, hBS6HSge being

t her i ned nodel's. "52. “The devi ce
detemﬁneml terised &Dthe\diwanee to thieanmput Isipmaly dreastrangth of ireduput signal and a
furt he %{ll ses ane of a counter and a shift
mOdfi*l@ §F ge e Pt §18%lce of claim 50 further
conprising an envel ope detector that receives the
n%ﬁ t dflzec%mg@f a‘l@emglé nwhereisthg prqcesser algo dptgrmines thgvoltage

that c&ie&{detg i}?ptu ?1§na bg% So%%?%?%%%%ﬁoncda%gf th? déxﬂ The

OGO at SFV €T r cui t
t her_conppris roc ssor evice of claim
543 P S5 S BB b B e ﬁ%’FWSBﬁ’;EﬁH“'%‘é‘gn@?FeéﬁéP‘bsﬁf-
signal converter that feds a digital signal into the
pr 4k es sbie deyipe of glaimeh}i whersin thp vt signal {ygheicempgiges one of

an elgc%rga%nétlcgﬁad et Ao " a'ﬁ{agﬁé’c{ Hélh eInlI’srs otﬁ,egm electric field emission, a

sound emission and an ionizing radiation emission.

45.  The device of claim 41, wherein the signal distance measuring unit further

comprises a manual unit for manually entering the distance into the device.

46.  The device of claim 41, wherein the signal distance measuring unit further
comprises an automatic signal distance measurement unit that automatically measures the

distance from the device to the input signal.

47.  The device of claim 46, wherein the automatic signal distance measurement

unit further comprises a light-based distance measurement unit.

48.  The device of claim 46, wherein the automatic signal distance measurement

unit further comprises an ultrasonic distance measurement unit.
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conprises an analog to digital converter circuit. 57.

The device of claimb55, wherein the anal og signa
weowrestey circuit further conprises a peak aneChOBZ06/034609
circuit. 58. The device of 26l ai m 50 further conprising
an envel ope detector that receives the input discharge

and generates a filtered signal that is fed into the

PYbSe GERELALODF Ghinf 4, whordf fi%e fitSmMRBsidna3 AR026s 2R nent

unit further comprises a mechanical distance measurement unit.

50. A device for determining a type of discharge, comprising:
a receiver that receives an input discharge;

a pulse generator circuit that generates a series of pulses based on the input

discharge and a clock signal; and

a comparator circuit that compares the series of pulses generated for a particular
input discharge to a predetermined number of pulses associated with a particular discharge

type to determine the type of discharge.

51.  The device of claim 50, wherein the discharge type further comprises one of

a human body model, a machine model, a charge device model and other defined models.

52.  The device of claim 50, wherein the pulse generator circuit further

comprises one of a counter and a shift register.

53. The device of claim 50 further comprising an envelope detector that

receives the input discharge and generates a filtered signal that is fed into the pulse

generator circuit.

54.  The device of claim 50, wherein the comparator circuit further comprises a

Processotr.

55.  The device of claim 54, wherein the comparator further comprises an

analog signal converter that feds a digital signal into the processor.

56.  The device of claim 55, wherein the analog signal converter circuit further

comprises an analog to digital converter circuit.

57.  The device of claim 55, wherein the analog signal converter circuit further

comprises a peak and hold circuit.

58.  The device of claim 50 further comprising an envelope detector that
receives the input discharge and generates a filtered signal that is fed into the pulse

generator circuit.
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