WO 2007/ 030479 PCTNS2006/ 034605 1 El ectromagneti c Em ssion Event Detection
and Measurenent Device Madimr Kraz 5 Field of the Invention The invention
rel ates generally to a system and nethod for detecting and nmeasuring an.

el ectromagnetic signal and in particular to a systemand nethod for

det ecti ng WRAMWIHRP4BUri ng an el ectrostatic di scharge PESDRGHEGES. Background
of the Invention 10 It is well knowi that el ectrostatic discharges (ESD) can
damage el ectroni c HggTaEnes EmispnBypphPeisdiongpd MaaseRersldHEi t | ve devices are

sem conductor wafers, magnetic heads for disk drives, integrated circuits,
ot her el ectronic conponents and circuits, etc. The ESD can disrupt’
operation of an electronic circuit as well. In non-electronic applications
such as powder handling, etc., ESD can be a cause of fire. 15 Short

transi ent spike-1ike signals resVedimrdriz om ESD events, commutation of
electric notors, solenoids, etc. and from other sources can al so i nduce
danage t%‘iel%hﬁﬁéﬁlgv.'% devices and cause circuit mal function. Also,

. MOIL . . . .
i nproper |y done ground wires can be a nedia for transmtting surges as

well. Presently, the nost conmmon net hod of reducing damages caused by ESD is

20 preventi verhgnhodhReh Rite %n%%ﬂl%@ﬁ%steﬁ%&h&d’ﬁr@éi&ﬁﬁémd%&%&i ve floor

coating, ionizers, etc. I these nmeasures are supposed to reduce or
el i m nat enslsciremagpetisfsigadl and @ pedicelage 2 syvem and methed fofidsiertingged. However, the

ultimate |ndi j i s of ESD- preventive neasures is
act ual oc%%%ﬁé%ag?h%étﬁﬁe%cos%e:ﬁsgyg\{%%har ge (ESD) events known as ESD

Events. The detection, neasurenent of magni tude of the ESD Events and data

25 | oggi r_&ck&%%q,gﬁey%goﬂt ure analysis presents valuable information for
0 e

assessnen ] D envi ronnent, ESD protection, real-tine addressing of
t he ESD probl &iswell khowathet elpatrgstatisslischirges (SIehe dareage electrasiciigicesand

statistic ysis: T Eﬁgﬁéﬁ t %IH i avai |l abl e

t oday, sug*n éégt(:% ﬁg{%hg%gi&%éé%cﬁi ss aren 92«5%%1&% ?%Qa%ﬁﬁ&and Lucent'

T100 pr owirites, h:hegtqtndic&aﬁismﬁhemélmfonimemp@enthaﬂd citgOitspatc.cEukekBIacapr e- set | evel .

go C\{'\S}]/ng 08%%%@ Rg%é{c;%%fmngéc%!) ic g‘l?éuﬁ%é ngh%nclazns-gfec V%z%tajs)phré%ﬁ[c%svsgh%soow 030479
powder handling, etc., ESD can be a cause of fire.

15 Short transient spike-like signals resulting from ESD events, commutation of
electric motors, solenoids, etc. and from other sources can also induce damage to
electronics devices and cause circuit malfunction. Also, improperly done ground wires

can be a media for transmitting surges as well.

Presently, the most comroon method of reducing damages caused by ESD is

20  preventive: grounding wrist-wraps, conductive chairs, conductive floor coating, ionizers, ‘
etc. All these measures are supposed to reduce or eliminate build-up of static voltage that
causes discharges. However, the ultirnate indication of the effectiveness of ESD-
preventive measures is actual occurrence of electrostatic discharge (ESD) events known as
ESD Events. The detection, measurement of magnitude of the ESD Events and data

25  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

30  exceeded a pre-set level. However these devices merely detect that ESD Evenits have



2 occurred without the ability to neasure the magni tude of the ESD Events.
The know edge of the magni tude of ESD Events provides valuable information
pertinent to assessnent of potential damage caused by ESD and al so

effecti veness of ESD-preventive neasures. In addition, existing devices are
gear ed t ona¥Q&HIRHEi onal ESD checks, rather than dayP@BUﬁﬂ‘{ﬁ’éif““ESD

noni toring. The conti nuous ESD noni t Gri ng would offer a real-tine indication
of ESD probl enms and provide i medi ate feedback for inpl errent ation of

per od. of S ikt B GY v ifestE b ey vl ke BN RE. FipapiVisflel i ¢ Lo

provi de aoftRem stb Rvegs pﬁgﬂbguﬂﬁbleﬁnﬁlhﬁﬁ@a;&aﬂma&sssmamoiﬁo a
practical cost- effectlve and_user-frjiendly manner. Often, a high-speed

osci | | oscefientighdrmage eaysed i £SRaad elseefepiivepess pLEED-PrrEctie B0 an ESD Event
for anal y§dd§tmﬂf edidfig dmm geifed tdwards (Irc@&nﬂhl% éh%cl&%th@hﬁﬁ{da?% for everyday

use. Thus, is deSirab provide a device that 1s able'to detect ESD
event s t tlwe' Eﬂ@mm@ag o'ihett:hmsm ESemenitotinglwould sfferagenl imeandieatibon ESD event s

from ot her , desi Ie t o] 15 an ESD
event and® ﬂ%é? |en ‘ﬁéedmtme E%cl)cfr’\edéar?}ﬁor{é‘géfe g%@?&éﬁ%ﬁ& met hod and
it is to_aﬁd'prsVeﬁﬁ&méiatrest he present invention is d| rect ed. Summary of the
I nvention A nmethod and the inplenentation of irrproved accuracy of
measur enent of D s are d scr stem an hod permits an
not ual ESD Byt SRR b B 58 B e SReBFhS Bl THn” 50 vent
si gnal s. Ba&ssmpﬁmutmm&aalm@ﬁuragenmaﬂhemamaﬂmhdseﬂslglaizdn'tsq;m to detect
the ESD Event nal n engpodi ment, the s y.be a | ow bandw dth
act |(vé el 88FF ‘i‘ﬁ#gﬂ f?"&’ﬂl iy epam Pﬁ?fﬁ‘@&ﬁ&ﬁﬂ%ﬁr' é’rgkl FGI]?Pé?ﬂ?éfmd(o a si gnal
having ch%ﬁaﬁéﬁahﬁ%&ﬁosapﬁhé%whﬁbf@ﬁ#M@%htséﬁaﬁ&slmsr esponds in a
different manner to other gnal s. In a preferred enbodi nent, the | ow
bandwi dt hmaerinde FP%@?M‘FF@U@ pragiicel fprayeryday use Bws.dbedesiadnte anplifier or a
{011 Omer Glolvldhlaeidd RarRRUAAD Herki? EOB Ul the keiRRe bR BB G it SOT LVl € OF
hus, the 1nven

har dwar e. I n accordance wt a device for detection of
el ect rorragrsenLgucsh aetrhl SSDowvends/ orh stherstragsient sighalel. Thnkét id desireldle egowader ecei ver

el act roni @ EoP BT RS BRI SR FOUBIEARR" S0 BARMIOEN B the

recei ved e fixtend tRQHEleSenEifvehfionie dirddid. | ow- bandwi dt h active el ectronic

Summary of the Invention

A method and the implementation of improved accuracy of measurement of ESD

events are described. The system and method permits an actual ESD Event signal to be
( 20  distingnished from other non-ESD Event signals. The system may use filtering and/or
pattern recognition to detect the ESD Event signals. In an embodiment, the system may be
a low bandwidth active electronic circuit that responds in a particular 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
25  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 Jow-bandwidth active electronic circuit with a bandwidth lower than a

30 bandwidth of the received electromagnetic emission. The low-bandwidth active elecironic



WO 2007/ 030479 PCT/ US2006/ 034609 3 circuit generates a slowy decaying

out put signal in response to the received electromagnetic em ssion having a
predetermned rise time so that an el ectronagnetic enission event with a
predetermned rise tine is identified. In accordance wi th anot her aspect of
t he i nvent MERM7434E&Ei ce for identifying an ESD 5 evedr/ubmogmevt ded. The
device has a receiver that receives &in input signal and an identifier wunit
that conpares the received input signal to a predeterm ned signal in order
to determine if the input signal is an ESD event signal. The device may

al so havéiremt gsoEpen a Sowly deoayirgpeutpud sigpsd i rpspgnsg o theleaseivéd cation signal if the

i nput si g | S 1 pEN! gg‘,}-]@ s@é? aMaRL S nce with
anot her a;&g!é%n%a%g#&é%ﬁ%ds{o%vent 0&%&1 & device orsgﬁﬁjé%*%g%%%gﬁéESD 10 event
i s provi dedssivhavent with aipredetamimed Bievtimre i$ ldentifiedcei ves an i nput signal, the

i nput signal having an envel ope and an identifier unit that conpares the
recei ved i npuln sséagdeate witlvabotpmspacofsheinedtom n devieedosidenififingzmESTope i n or der

to determine.if the input. sj | i ESD t. Si | .. The devi
oo o PRt SPPUS b3l Bl RS m e B st o T e
i nput  si gRdkhat SonipdRathe kiceifedisp Bighdh Mraftterfingddbnal hrdedtoafetandance with

anot her aspect of the invention, a_device for neasuring an .em ssion signal
froma dilshamee signelds g erenteigmaly dbs denon ey glsp bavsiay eMPYREEYHEk ei ves an

i nput  si gRhHAReh RetifidRfh sEhA HBACRYITERSA id iBShiKEd &s /18D Heliszpines a di stance
to the input Signal. The device also has a signal strength determ ning unit

that deter m ngs, @ hbER bofier ashddof tiAHYenftbg B ALviRASERLARENG HePPUL Si gnal

and the distance to the input signal. The distance 20 may al so be entered
into the aveniismsovided that ingludgsyy receiyprrthas respivessanysenst signsh theliomt sigepl at i ¢ di schar ge
event em;ssi | [ [+ | Tk | e | ecei ver that
recei ves hgil!ﬂg %bﬂlt%glgfe;dﬁg{an an %F@%aéPS@ag%ﬁec%wpﬁgg@m Sﬁ% 61 %H'iﬁ?ﬂet hat

det er m nes aaredéeterimined sigha etedope inpuder & dpteahine Thiee idpt sigeal & am@ESHas a si gnal

t th determ ni it that determ t th of the input signal and
2 proces<BF PR TeCUrte Py HEee grosh BTl 1 b RHOBR T HE SRR i gnal , the

vol t age h@inaldf Meimpttighals [Hemiidd aiun Hileeveihtsigaflce to the input signal, the
strength of the input signal and a nodel of discharge of the input signal.

Bri ef 19escri pld @Bor@ncé #ah MYotat et bif tBih@ention) aldevibsfor AbAGring dny pi cal wavef orm
of an electrostatic discharge event; . . .

emission signal from a distance is provided. The device has a receiver that receives an

input signal and a signal distance measuring unit that determines a distance to the input

signal. The device also has a signal strength determining unit that determines a strength of

the input signal based on the input signal and the distance to the jnput signal. The distance

20  may also be entered into the device manually.

In a different aspect, an electrostatic discharge event ernission detection device is
provided. The device is a receiver that receives an input signal and a signal distance
measuring unit that determines a distance to the input signal. The device also has a signal
strength determining unit that determines a strength of the input signal and a processor that

25  determines a voltage that caused the input signal, the voltage being determined based on
the distance to the input signal, the sirength 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;



D 2007/ 030479 PCTNS2006/ 034609 4 Figure Ib illustrates a typical waveform
of other,transient signals; Figure Ic is a diagramillustrating an anplifier
made with a operation anplifier; Figure 2 illustrates the operation of the
anplifier of Figure 1 based on two different input signals; 5 Figure 3 is a
diagramill USWO?]ztoH?@m% device for electrostatic dischar gpe event measurement
device in accordancé with the invention,when an el ect r ostA{USe0I4EAar ge
event occurs; Figure 4 is a diagramillustrating the device of Figure 3 when
a non- electrostatic discharge event occurs; 10 Figure 5 is a diagram

illustrating an Fi)g&ggtﬁu%at?%%qgéwe%%%ﬁ& :‘ aF rsggfggl%r ed enbodi nent of

the device in acc nce w nventi l1lustrates a
different inplenmentation of the operational anplifier U A shown in Figure
5; Figure 5b il | Bgtredtes daprdohdlustiatipg sreeplifitn rosde ofithtahperition aneplifier; accor dance
with the 15 invention using an additional operational anplifier; Figure 6

'S 2 m croproces Ol nahuel AU ISHLCBRE SOTIGE! Bt b LSy co Shorn

in Figure 5; Figu ates awre event; Figure 7b
i |l ustrates impupkignadd; i ty of events grouped together; 20 Figure 7c illustrates
anot her plurality of events grouped together; Figure 8a illustrates a nethod

for rejecting norgé . S _ I r i,th t N ntion; Figure 8b
iIIustrafstes how? e ?é?i%% érf“ﬁ |Sgurgaggﬁée:%%\érl%ﬁggsstg%&fcga\ég%%vg’%and non- ESD
events; WAN nifasiéieit O3 TDaderiaddSRM0 Ge@BAGND when bh glattesfatc discharghand hel d

devi ce in accordance with one enbodi nent of the invention;
event occurs;

Figure 4 is a diagram illustrating the device of Figure 3 when a non- electrostatic

discharge event occurs;

10 Figure 5 is a diagram illustrating an example of an implementation of a preferred

embodiment of the device in accordance with the invention;

Figure 5a illustrates a different implementation of the operational amplifier U1A

shown in Figure 5;

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

15 invention using an additional operational aﬁlpliﬁer;

Figure 6 is a microprocesgor-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;
20 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;



**#8Ci gure 9b is a hand held device in accordance with another enmbodi ment of the

invention; 5 Figure 10 is characterization chart of EST) events; Figure 11 a
illustrates a nethod for initial set-up in accordance with the invention;

Figure 11b illustrates a nmethod for operation of the device in accordance
with the iny l.on Figure 12a illustrates an exanple t her enbodi ment
of the devi ce“??tﬁboql%(gdgccordance with the invention; Fi gﬁéTﬁ%}aﬁﬂgustrat es a

screen shot of the device of Figure 12a during set-up; Figure 12c
illustrates a screen shot of the device of Figure 12a during HBM discharge
nodel sel ection;p:Fi e i Ly . . . devi ce of
Figure 12a shomFﬁgh‘?%&ggagéqr}rl%lggﬁﬁ%erﬁg%?Cﬁrrdg%%ﬁl@?ﬂ&?g%}rdgg%&%ﬁ?I ustrates an
exanpl e of amwetthey enbodi nent of the device in accordance with the
invention; Figure 13b illustrates a nethod for nmeasurenment in accordance
with the inventi@p: ~F i -at i SR ion of a
circuit in accorPO n%%b 1\?\,?;=l #%?ﬁlé%@‘%g’lﬁ%?/%Ha#%tr%ﬁoa?mg%tm&%%&% ngtf?‘rt?e type of

di schar ge aimmterlioachar ge wavef orns exanples, respectively; Figures 15a -15d
illustrate another inplementation of a circuit in accordance with the
inventiop for determni t he t. of di.scharge and di scharge waveforns
exanpl es,‘[51 resp%ﬂ%?@%‘%ﬁ%ﬁ%ﬁgkééﬁqﬁzoom 034609 6 Figures 16a -
16¢c illustrate another inplenmentation of a circuit in accordance with the
i nventi on usi ng Bgwe Vel ihywtrateket recthal fof initiabiset-wy imapdondgnceelvath thpmvetionti schar ge
and discharge waveforns exanpl es, respectively; Figures 17a and 17b
illustrate anot .ﬁ?t@ e : We) . he type of
di scharge and t%gmgnémggﬁo %ﬁ)@%%‘%%ﬁ&#%%é%@?éeﬁ g?‘%@&a‘fi‘?gmﬁg‘s}’t%sa and 18b
illustrate yotntampt her enbodi ment of the circuit for deternmining the type
of discharge and the nmethod of operation, respectively.

Figure 12a illustrates an example of another embodiment of the device in -

10  accordance with the invention;
Figure 12b illustrates a screen shot of the device of Figure 12a during set-up;

Figure 12¢ illustrates a screen shot of the device of Figure 12a during HBM

discharge model selection;

Figure 12d illustrates a screen shot of the device of Figure 12a showing the )

15  measurement results;

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
20 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;



“®Mpet ai | ed Descri ption of a Preferred Enbodi nent The invention is particularly
applicable to a device and nethod for ESD event 10 neasurenent and it is in
this context 'that the invention will be described. It will be. appreciated,
however, that the device and nethod in accordance with the invention has
greater utili i the device could al so detect and re other

el ect ronagnet?%z@?lgﬁgl s and transient events. Figure Iggﬁﬁﬁﬁ%f(’%ﬂ%s a

typi cal waveform 10 of an electrostatic discharge event. In 15 general,

el ectrostatic discharge (ESD) event detection and neasurenent maybe
acconpl i shed by kNI NG [MgleP i N .ele netic field
gener ated by tﬁ@%@ gdevgsﬁt@{sgzﬁﬁg%g@ ?%e?gﬁégné%é%c\%\ggﬁ coé‘%aayﬁ(g%%es an

el ect r omagrik¢ ingentipehdngnehvelepeaietectvctat detdngivdgsthe typeofidichdrge enlat have very
specific en&{%@ge chflract erif?ti cs,.0.e. avery sharp or short rise tine
(typically, § WevEropps Smpley SBRFHEY and a very short duration. 20 While
known devi ces are capabl e of nmeasuring and detecting the signal 10 shown in
Figure 1 a, t heFigoman7cedilCietiustaeandtigisabbdiynentatl @etcirantfordamingngot her

non- ESD event, transjent signals, such _as signals from stepper notors,

rel ays, tct.g?ty% chﬂéera&‘gt‘@ﬁ‘ﬁ"id@io?s?%n% 1Py ®dspect rum and envel ope to
the ESD events. Figure Ib illustrates a typical waveform 12 of these other
transi ent si gnalFiureddssadrgh fgras w@hbthel énbolizndnodMhddneaii faort 25 durati on
and their spectral content. is sonewhat sim/lar. The difference, however, is
not in the'erImEshe type o dischareg an %‘ﬁ?@ﬁf’dg}oﬁeﬁé‘o’%irﬁﬁ%ﬂhffe%ut in the details
of signal envelope. In particular, the rise tine of the signal from ESD
events is epétiikdEleycriphion éf seeraddBapodiaesk t he signal decay has a specific

shape whil e signals from other sources, (here forth called "EM Events")
have fore gr adugthF’Bﬁ‘ﬁ’é’PlsrRaE‘E“Jﬁlmhf"abﬁf?GQP‘Hﬁtaéﬁ?efh@ﬁ?rgﬁDﬁﬁ?ﬁr eds of 30
nansecongls) maRgrebitlah® koin BB @nigkiarh fle 16l Wil BB desdiitRlaC &lwifigy | ces cannot
conpl etely WD 2007/ 030479 PCT/ U82006/ 034609 7 separate such signals due to
hi gh bandwi ®precigted; howevrs: that fhedlavieq and method frnaccovdericel with Bredsventiombas Event s as
wel | . Thus, L. S:Qi . afﬂqjl: J D Events
from non- Dﬁ%ﬁﬁh%\?glg% ?cgm&tﬁ‘lﬁ ctgﬁg%f)%?%%ge 0 ‘%é%gﬂ‘rﬁg‘@&gﬁ“ga%‘%% y of
measur enent and tengat evebs. i s a diagramillustrating an anplifier 18 nade with
a operation anplifier 5 20 ("op-anp."”) The operational anplifier 20, which
may preferabl e [Fguze 1 ifbstapeeypicMateiopel Gdfianrlcatngsiatit dischargexirnbihs a hi ghly

repeat a% € gerﬁgrai gl%crt%gt% tI: lsc%m%tt.] f'é&%r)r%@e%{’ detection and measurement may be

accomplished by receiving, processing and analyzing an electromagnetic field generated by
the ESD events. In particular, an ESD Event generates an electromagnetic field and
electrical signals in circuits that have very specific envelope characteristics, i.e. a very
sharp or short rise time (typically, within 1 or 2 nanoseconds) and a very short duration.

( 20  'While known devices are capable of measuring and detecting the signal 10 shown in
Figure 1a, the known devices also typically detect and measure other non-ESD event
transient signals, such as signals from stepper motors, relays, etc., whose characteristics
are similar in spectrum and envelope to the ESD events. Figure 1b iltustrates a typical
waveform 12 of these other transient signals. As seen, the signals 10, 12 both have short

25  duration and their spectral content is somewhat similar. The difference, however, is not 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 exiremely 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

30 nanseconds) and similarly more gradual decay time. Typical devices cannot completely



where a rapid transient signal with a rise tine simlar to ESD Events causes
a nmuch-longer electrical signal at the output of the op-anp. O her l
circuitry based largely on CMOS devices can also exhibit this behavior. For
exanple, audio anplifiers and pre-anplifiers, 10 and video anplifiers may

al so exhi bi t voh foy@bsspehavior. Broadly, the circuits that exhibit  this
behavi or may be known as | ow bandw dthyactive el ectronic crrcurts. For
purposes of illustrating, an operational anplifier enbodi nent of the
invention will be described below, but the inventionis not limted to the

ti I Ct : LT TRy C q
s op- ams e bh e RRe Sl Nanan P tccliBl ity BRPGl ol 2P0
appropri at eivgnts ed vesik dtlug itds ldghipidairiblcn b2 Bbit tvatparee edlid@ESarEventanfromi ng si gnal
40 that is recel an.antenna 3Q. In thi.s enpodi nent, the CMOS op- a
20 has o HEESOIR DR B Bl vgiaD o SRR SNR) but whi oh | s
till ignifi tly | t han .t bandwi.dt f. the ESD Event .itself, d
the bias Tosi st BEEReIG Sigrat QP BSREGH Sarde YE P i ool
MegaOhney . JDifesp-anipl™) tihe o%érmh an@hfRdr 26, Gyiiich B4 préferamo beNigh-fkedas the

characteristics of an ESD Event signal 40, then the anplifier 18 generates
a si gni fi cdMPy opesstigapmplities,axhibitsa ey repsatahicrand rapeodneibla Phangmensbopor t i onal to
the magnit ifi BEn sEenli iy S sihiAE I QRad hliSnddl SO

i nfluenced ‘#}?ﬁt%plrpgne t.‘%‘e\iﬁ%}hﬁ%wﬁéﬁ% s_iogna f&ag%ceaé&sﬁor er
rise-time rdslcalsignal ahthhvgtheof thepp-etpdOthetditsuitry baded taagely oRHEMP8I arity of the
out put signl.vm'llbem a he polarity of .the input signal. 25 In
accordance ‘%lmtcﬁs ctaltll%lsq nveﬁt@%ﬁ&@ﬁré%gﬁ cui’rt%’ a;uﬁléta% lsléesrg?lﬁiﬁ%"%?%ﬁ%mm does not
have tol®e andridasrphplifiedmayialyc extititsimildr dehiatiot aBrobily,ahesdimfitsahdt edtitgwer , i n

whi ch resistor .24 woul d be absent and resistor 22.would be a sinple junper
of 0 Chims. ViR HeLeviot Tl IRRIR > G oA oG PR aHaEREy SHRPHREBEOE m ¢ han t he

ESD Event siligitling4th dperatibl @hpiEtr dybolit@ntdMikditenfiéh willtR dedcfBediveld®, Of that
i nput signal 44 may_ not be sufficient to 30 _generate the output signal as in

the previ oudt figéwention isngl lmitedo thegperatipnpl ampliler egbadimicdt h of the op-anp, it
may al so be incgjtolabl e Ofb‘faSSi ng signal of high freque‘rﬁl)g&/x such as 44.
Therefore, an odhpmplifisr b basedonedhigheppeed (MO op-awp gf may fusthencemprissut  si gnal 44

does noks copliuges)0s 2007 AU S, EEThHSRA00h 4300055, HhsyRrgsnce of The

I nput sign Thus, as shown | ure 1 c, Ircurt 18 operates with
the result ieinmng figrat 40thitys IBRiyedby ant andengm). In thisergmgdiment theWMO®ofEM  Event

signals are_ | e | gnes ed T?vg] he circuit tes.as
5 el o o APt P e, A 4 S Bt
'signiﬁcanﬂy lower than the bandwidth of the ESD Event itself, and the bias resistor 26 is
preferably of high value {typically, several MegaOhms). Then, if the signal received by
20  the antenna 30 has the characteristics of an ESD Event signal 40, then the amplifier 18

generates a significantly longer decaying signal 42 with the magnitude proportional to the
magnitude of the ESD Event signal. The output signal 42 is also influenced by the ﬁse
time of the input signal 40 since a shorter rise-time results in a higher amplitude output
-signal. The polarity of the output signal will be the same as the polarity of the input signal.

25  Inaccordance with the invention, the circuit that uses the op-amp 20 does not have to be
an amplifier since the circuit can be a simple follower, in which resistor 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
30  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



M char acteristics of the ESD Event signal. 5 Figure 2 illustrates the
operatign of the anplifier of Figure 1 based on two different i nput
signals. The:circuit would al so operate to filter out an input non-ESD
signal that has sufficiently | ow bandwidth that is within the range of the
op-anp due t acteristics of the output signal l e, an
I nput si gnal qﬁ%gﬁgga@:égm ficantly diffgrent properties Pcbﬁ"?gz?'?g)séﬁ I'm ted
bandw dt h that causes the circuit 18 to generate an output signal 52 due to
10 the slowrise and fall times of the input signal. However, as seen, the
signals pro v 3 : e 50 at the
out put of og%}?rr%s% ogélgﬁegt?@u Ed?ﬁ”é%e%’?%ﬁ@ﬁ%%’ gnfr&%g%lput pggla%%g}ﬂé 42 and
52. Fi gure 3hdrssulf beingthatmly BEIDEvanttigualy aee wciptwied evbil ® EM3 Everlt eigealost at i c

di scharge eyent . neasurengnt .devi ce.in accordance..with.the jnyention when an
el ectrost at i qggeéy@?{gigl}ug% cér\‘?'ﬂﬁ?pebaé%ﬁ? %&Scﬂ%n%&iltgﬁéﬂigs Flﬂedﬁf’él?r e 3is able
t o di sti nguicE&tadi@istieentht BEDBMeNtGighEUt Signal s shown in Figure 2. In this

device 19, the circuit 18 with the op-anp 20 is used As above, the input

si gnal 4@ gener argre2RllBiHtEthe Sjethiioh ofifle AhplifidCofPFidupd!l bRkl AP MRt The
device 19 may further conprise a high-pass filter at the output of the

op-anp 20 wierwbsignals; Hee ircgih world glspioperetp forfilipr oy ap et nendidbeigreldhatyss and a
resistor 64.g, M4 ol 1BY harinddiR{naG8 wﬁtﬁme?r@uéegmb bgiam %ﬁﬁtofdéé {nGfactbdsic@ sharp

front and a very short duration that Is independent on duration of the
si gnal 60. Tiéeduiphicisnalo Foreratplet dnanput signst f&lns sigpidisrtiidiffeeanbpropaidss i ncl udes

wher e tho v fRERS Phablelfl ek he Sich 100 FORNEE] SRR AR 100 ot

wavef or ni074 thd dswetise and Efiniass nf the inpet sigavle Howevepfas bdva, the tipnsds poduoai by60 i n case

of an(ESDEv he devjce 19 25 y. further c ri.se an |ifier circuit
Chat has an GRESREReAg, 1 PASnGRERD st and o SupH af Siah ) S 4T anpl i 1 s
the signal fgmrdtBeshpRaby siepReloedls 42ldna sgevi ce .19 may have a voltage

di vider, connected to the output of the anplifier circuit, that conprises
resistors 82 an@igdt 3 id D@ashd Mdlstrifhg AldediOL19GUT diétrofiticldiRhRravem 20 1S
connected to a central .input of a w ndow conparator 86. An upper limt

i nput of t heNHPHEBW! BeYHAS 4t rcerdanss Witk thedpjisatianarhen an elgctropiatiodischaree of t he
op-anp 76 a Frpb 140 L 1t - S sﬂ%ﬂ% | connected to
t he out pgjt o@eﬁﬁg%%lﬁgg%ﬁ%ilgﬁwgﬁ%ﬁ%g 0 reggg{a%tgé%ﬁgﬁﬁt 84. The

wi ndow conpagigualsshaven ta Fignie\dn Icihisalgiice 1% & cpewidiBodth thoopatp 2 isbsxdnds out put

signal when a ove? 8’8 Zl!p(l)l? s?gd'u‘711940pgce:;1rérall%essz a%oo%lcp(\)l s‘%g6n9?60 a? the output of op-amp 20. The

device 19 may further comprise a high-pass filter at the output of the op-amp 20 wherein
the high-pass filter may include a capacitor 62 and a resistor 64. An output signal 66 from

20 the high-pass filter has a sharp front and a very short duration that is independent on
duration of the signal 60. The device 19 may further comprise a peak detector that

(‘ includes a diode 68, a capacitor 70 and a resistor 72 connected as shown in Figure 3 where

the values of these components 68, 70, 72 are set such that an output waveform 74 closely
represents the waveform of the output signat 60 in case of an ESD Event. The device 19

25 ‘may further comprise an amplifier circuit that has an op-amp 76 with resistors 78 and 80
that buffers and amplifies the signal from the peak detector. The device 19 may have a
voltage divider, connected to the output of the amplifier circuit, that comprises resistors 82
and 84. The signal 60 at the cutput of the op-amp 20 is connected to a central input of a
window comparator 86. An upper limit inﬁut of the window comparator 86 is connected

30 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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t he envel ope of the signal at the central input is between the envel opes of
the signals at the lower and high limt inputs. Thus, as seen, if the input
signal 40 has a waveformof an ESD Event signal that generates the output
signal 60, the envel ope of output signal 60 is below a signal 88 that is
present at t imt input of the w ndow conpar at 5 hi gher than
the a signalagﬁﬂgﬁﬁgbit at the lower Iymt input of théK“Wﬁaﬁ&?@@ arator

In this case, the wi ndow conparator wll not produce an "outside of limts"
signal. It should be noted that the operation descri bed above can be

per f or med nt|r r .C ssor, and con rter wher e
ot have SO Fomkef o e cied el bAREPIEESTH0RR G B e B

pLeferred mﬂwdﬂlﬁgﬁlmﬂwell’husTablseeﬁ,llfﬂtaeﬁipﬁlgugnslm(lﬁeawm&fd;ﬁrodmre as 10
shown in Fi so .t hat ower e i _Croprocessor an .converter can
be used Wﬁgﬁrﬁ‘fﬁ@&%@@aﬁ praciaigs toe gy 'etﬁ%g? theenveling ot SR R ndow

conpar at or ptih@ta sfgﬂﬂl%@&ﬁﬁxsbféﬁ’ent KAIpPRinGH m;Blﬂ%fﬂM‘@nnﬁbﬁféﬁﬁlﬁarat&hﬁuﬂ nvention may
al so conpare the 'spectrum of the received " signal t he spectrum of a known

ESD eveft Higherdhan @pb%&ﬁ@mt@fm@h@%h@mwpuﬁﬁﬂ@wmmmﬂonem armount  of

Govi on 10 SRRt UFREuc] GAUERGL 8o ol Jpk Rufid e Bl AR et O

EM event &t geted thiiGhd @mﬂmﬁemﬂe&gbo&hm(ﬂepemwemlmymrhnpmda&e a signal 52
that is provided to t entr \Mndowco is quite

Tt er ont THigRERoes i P et kot e S AR e G St oghee 4t t he

i nput of t e paiem a@@cfaﬁddleiubocﬁﬁ&ﬁlMev@&haﬂmgimhé @8 halwirbes wavef or m of
the case of an ESD Event. Sjince the 20 signal 52 is so radically different

from t HE eshevmiadigess et opsneade mistParosrsser 7rd Aflpeonverey Falbesddyger s t he

W Ndow COMAE@&fucdheMabtGR bk Bedi M4 UORS wihdHM Eérﬁpﬂoﬂtﬁ‘ﬁ’ b&Rjkdghet hat  the

i nput signal has waveformdifferent fromthe one of ESD Event and thus the
regi st er ed enealapgof thg tvep signpls dheineentiey gay dsogromparg thi spepiram of eweseived | ng an
exanpl e of %Egﬁimg t he device 19
in accor dan%ﬂalt% e I%i\'/agﬁl?%g@D n&g%%%ggm%g %?ggg% ectged to a jack Jl.
The si gnal pfﬂddnnnlﬂedlamosnmfenﬁraatapamnmmrﬁe@hmmmsthe non-inverting input of
op-anp UlA. A resistor R provides DC bias to the op-anp U A and the op-anp
U A is Jsowered Figmmﬁmmagrmilhstthﬁng@aﬂb“iw lﬁmﬁlﬁigusdpqnﬂ ite spexdiibn wheh VEE

respecti vel The . spec struct S ot a subject of
ool v er e N PR Sl S0 o BBy o dBRe), I B8 ok 'obt e
the gain OfasiEéﬂQI RfhREPrdHddd BSthé Eenillidput mdd\mc@ﬁpimﬁ@q&edaﬁfeﬁt to detect

and neasure ESD Events of various ma%nltudes
from the one from the case of ESD Event, but a signal 74 at the input of the op-arap 76

still retains the approximation of the waveform of the case of an ESD Event. Since the

20  signal 52 is so radically different from the expected ESD Event-caused waveform 74, the
signal triggers the window comparator 86 which in tumm produces a pulse 87 indicating that
the input signal has waveform different from the one of ESD Event and thus the registered

eveni is a false one,

Figure 5 is a diagram illustrating an example of an implementation of a preferred
25  embodiment of the device 19 in accordance with the invention. An antenma 109 is
connected to a jack J1. The signal from I1 is sent via capacitor C1 to the non-inverting
input of op-arap UlA. A resistor R1 provides DC bias to the op-amp Ul A 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
30  shown here. A set of resistors R3, R49 define the gain of the op-amp UlA as is well

known. In order to be able to detect and measure ESD Events of various magnitudes, an



WO 2007/ 030479 PCT/ US2006/ 034609 10 analog switch U 1 and a resistor R6
maybe used to increase the gain of the op-anp ULA. The switch Ull is
typically controlled by a m croprocessor or by a manual switch. Wthin the
scope of this invention, instead of a single-step analog switch as shown,

ot her means v 2@8é39s760nt rol can be enpl oyed, such as | - anal og
swtch or a digitall yﬁS controll ed potgntioneter that g%%s{%{)/ogﬁ%g@e t han one
gain setting, or alternatively, there could be manual adjustnment of gain by
either potentioneter or a switch arrangenment. The op-anp UlA may al so be

i mpl ement eq,..j Sk \Ao I I ; I C ro. B 5a depicts
t he op- arrquﬂc% S\?\? %U?%Adﬁggéégtrg{ﬁgg%ﬁgggegc{gﬁseanc#ahz&h?r?gtaﬁiﬁg{/}?de a
pseudo- | ogdftetstitthcdUtihatyamallyrdosttdlled bya tiveopgadessondr bilaMnantl swither easing its 0
dynamic ra - W t hout it ching.the in Wile Fiqures 3. 4 and 5 depict an
envel ope dg‘ﬂg‘&%‘? SCBBE%%WBWVE%HQ%\W&@%?%%FT&W gn,aﬁ’lggwgﬁ'oﬁlsﬁovﬁléoﬁg’i ed that the
envel ope cafparolpdf coriidldah 68 erfFloyed Ssuplesfh TR dtep GidldgsBlitth 6 a digitatli-al 1y in

sof tware executing on a processor wherein the software operatq%s in a

si m | ar SwafontreHed Remiigrmete hal jansyemare tmong gair sating. eraliematyelnthgrewi th t he

met hod t hat,d@nd Qa1 4d nﬁbﬁﬂﬁ’%ajﬂ'ﬂﬁeﬁwﬁgi (étfﬂtiomeﬁﬁ?ﬁfmﬂﬁtbﬁmﬁﬂgéﬁéﬂge and then the

i nput signal is converted into a di signal and conpared to these

| evel s. Returning to Figure 5, the output of op-anp UTA is connected to an

i nverter conpr Feep-a B may ssppedmplemgaied way sighily siffepensmanie IThi s i nverter
is needed tonBRsUiBurelsh dpidietld GG 618 iARNBbRARIAbI! ured equal Iy
well. A sett‘D o?ﬁcép1 ciet o?%l C19 g’nﬁﬁgg Cl19 and res?stor‘@a%?an 8 conpri se
hi gh- pass fthat previde apstudo-kgafieniDehagackesistd tg ikl gin of Ud Aothstitereafing iem and, in
conbi patij on_w t.h_resi st 29 and .R58 and capacitor C21, fornms a peak

det ecrob F%%r%%?“ﬁﬁio%%%%%%ﬁg%ﬁ' detector, the signal closely resenbles
the one at the output of op-anps U A or U B when a genuine ESD Event

signal is appl i ®Bthile Fiknreo p-4camp 5 der@twain ehvelops ideieatordaded omhatdRB8€ conpri ses an
anplifier for the sjgnal.,out 5 frgmthe peak.defector. The qutput of
this, anpl i ?B?ne?tg’ 1%‘%‘8‘2188? %‘Hg[t%att%heeenggei?ﬁercgf“p%ﬁt it %‘fmﬁm ePr%‘Jé;Wc@o npar at or
mat S comﬁﬁ:ielsedpﬁﬁal@iﬁatﬁmfe e}:ﬁ&ﬁﬁﬂ%&iﬂpﬁiﬂsﬁ)ﬁw&ﬁﬁn&ﬁéﬂoﬂﬁﬂe bfgitediah r|?92

erein each conparator_is prefera i enment ed using an_op-anp. The
out puts of g Kb Sﬁﬁ%ﬁ%&%ﬁ&%@@&%@%&% fnRehpolEs of a dual
di ode Dls g/t whalHe thePhmidVtuthodifpd ihd HeRNEGIRFLiYaFis Borfehed®! D

bl ocki ng capacitors C22 an to a

nto a digital signal and compared to these levels.

Returning to Figure 5, the output of op-amp U1A is connected to an inverter
comprised of an op-amp U1B and resistors R2 and R4. This inverter is needed to assure
that ESD Events of both polarities are measured equally well. A set of capacitors C19 and

- 20 C19 and resistors R23 and R28 comprise high-pass filters and a diode D2 sums signals
( from both of them and, in combination with resistors R29 and R58 and capacitor C21,
forms a peak detector. At the output of this peak detector, the signal closely resembles the
one at the output of op-amps UlA or U1B when a genuine ESD Event signal is applied.
Amn op-amp U1C with resistors RS and R60 comprises an amplifier for the signal output
25  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 Ul A and UlB 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
30  setof voltage dividers R17/R41 and R18/R42, respectively. These voltage dividers
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# 30 set of vol tage dividers RL7/R41 and RI 8/ R42, respectively. These voltage

di viders WO 200 7/03 04 79 PCT/ U52006/ 034609 11 provide different DC | evel s
for the ‘high and | ow i nputs of the w ndow conparator (see input 3 of op-anp
U2A and input 13 of op-anmp WU2B.) If the signal received by the device 19 is
a signal gen%f(ﬁog%%% an ESD Event, then the waveform at the output of
op-anp U C w e between the | ow and_ hi gh vol t ages atPCTQJS%"H@""'é‘Bgropri ate

i nputs of w ndow conparator and the output of wi ndow conparator will not
change state. If the input signal waveformis different froma waveform of

an ESD Event,, then t si gnal. at .t he. out put Ul i1l either exceed the
hi gh Ieve?/%lmﬁgiﬁfh . °“”§f#&’%@ﬁ°é&‘??3’éﬁ“§f‘§ }Owg B‘S%"‘ﬁ%? ?%Mgormﬁétqr&;& ?(nput of

sai d conpani@uns of dpran WAreinddamel3 dfldp-ampiUBBOW conparator will produce a pul se
as shown in Fi gﬁlre 5 indi_cg&intg that the event 10 registered is a false
event and shal | & siggsdecetyed mttheersice 4° e stealgsnarsiad by mESidisnidtifee with the
i nvention, teRigaERRP AR QlipulfBi Qngwﬂ'zma*b@t%sﬁﬁsl i hfghYokddeshf tware if a
sufficiently f;st ) m.cropﬁpgqesog%!rnﬁ’an Al D converte}?%gh%e(ojl.%i a{(’?orrpar at or
formed Wi t Mesnpropriataypputs ¢f veinddw cogipereior andriz7ovipnd of@i8dayecnmipatator &vill pul se when
an event si e I {. I S n 8. This

si gnal 15%%% gétégeﬁ%n#‘nnéﬁ%? ggﬁf%%[mg%fe%gtzfﬁIﬁﬁgvéveg%r%'uc’?l@ggﬁme out put of
op- anp Ul DEventghanrikedigll 4t theroatputsdf@ll CRER eslmr thratéd thehighkeveinguher e is a true

ESD Event, signal T -EVENT, generates positiv ulse. This T -EVENT pul se
can tri ggewgdﬁﬁnp%fﬁtg??ﬁ%tyﬁ@?'?@éﬂw gefveldnp‘ﬂt 8%5’1&‘;8?3?%‘8‘ B‘%hf #od¥ Do and/ or
audi bl e al adosiushp@stobwiEARsduE lpuldetas SldGu ibiFipere SARNIOShitAhSdEA €d 1 n art
that various _types of alarns could be enpl o){ed, such as relay 20 contacts,
etc. ThE misgitrehienialsevehandsheliiegemereds Msherldbynoteddhat, 1 ascoraicsyd® at vari ous
poi nt's i N yifvefB, B8 cerfpardtHmA AR BE Snplichiitcd Whidly$n #awaRiifd s 100 through 108
(shown within circfes in Figure 5) can be used for neasurenents of the

st rengt h ofsuffigientinfash micropregessopad dvld wemvertestargysedait s 106 and 108, though not of
direct signal, are nevertheless valid 25 since, for legitimte ESD Events,
the signal at séicempaseton formedavithan op-@8p U4 Dand resistors R préB3hgeaetatse of t he
origi nal si t. t - : rovi de
signals to ngr%g#%%- Oep%llt %%%ag?’tcg%fﬁeer?sg‘?@ S%)gr%ééeﬁ;g&gs?ﬁgg%ﬂ {rlrggés'mfrﬁeﬁapdevi ces,

i ncl udi ¥ig lzan begsedtio indiahiecthdt an svenidnabagrrede tihe suipmaf ap-ake IF1Dfis such neasur enent

or indicat Icglg]nected to resistor R92 so that, whenever there is a true ESD Event, signal T EVENT

mD

generates positive pulse. This T EVENT pulse can trigger visual alarm comprised of a
resistor R95 and a diode D9 and/or audible alarm such as buzzer SP1. It should be
obvious to skilled in art that various types of alarms could be employed, such as relay

20 contacts, etc.

The measurement of the strength of the ESD Event can be made at various points
in the device 19. For example, the outputs at points 100 through 108 (shown within circles
in Figure 5) can be used for measurements of the strength of ESD Events. The
measurement at points 106 and 108, though not of direct signal, are nevertheless valid

25  since, for legitimate ESD Events, the signal at said points 106 and 108 is a close
representation of the original signal at the output of op-amp U1A. These outputs can
provide signals to analog-to-digital converters or any other measurement devices,
inciuding 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

30 apeak-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

length. If a microprocessor is used for signal measurements, then it can discharge the
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. device requires longer tine due to slow speed of neasurenent and indicating
devi ces; then 30 a peak-hold detector conprised of op-anps U4AC and WAD,

di odes D4 and D5, resistors R53, R24, R25, R32 and R32 and a capacitor C20
will "stretch” the pulse to the required length. If a mcroprocessor is
used for sig enments, then it can discharge the WO 2007/ 030479
PCT/lJSZOOG/ggﬁ%@@§ﬁ¥£ capacitor C20 gfter the neasureﬁgﬁgmﬁg%nﬂ;%n
successfully made so that the signal wll be present on capacitor C20 for
as long as the analog-to-digital signal capture takes place. Figure 5b

Il lustrates_anot odi nent of, the deviceg.19 in ,ch Like el enments have
[ ke r or or SRRBOh CksrBl B Tem b Ben ikt Bud Betihorlh 8t S fRETC L o

ot her W se. preent ¢h dapdcioralPOdol A3BdHig, as &is afdleh-toidigiial sigahqaptusd taltes pa€s. may be

i ncluded so that the device is able to provide a signal indicating whether
an ESD Event haggpesy illhstted kndileg ainbotim@®bithé device 19 wEeMikdtidmegts 5b, an
output of first op-anp UA.is connected to a non-jnverted input of an opanp
U2C whi ch pavedbprefgmeermpealiidopgiatedn the ssemaanger tnesyigdicated tharwigei nput  of
this opany inf erBOHREHCH aliitithaY Rlchiafior TREGRHRE SRR SnkitRlaetigllisbe derived
in any known way, 10 such as resistive voltage divider, etc. If case of an
ESD Event @ble pragpvidescsignel inditatipg whetber 2p EEPdvens hrspositive pn negativo pelagityUl A, t he

out put of c U LI osi tive:. J.ndi ' ' t he event.
In case of %e%%{ilgég ?obd%g?llwf“% ogp‘% E%bﬁﬁliej%?ls Tl eh%gk&p%ngﬁ%?%% ]g(r%fgt or U2C

W || be zeranopahipil®2C0nelictais deifipnred tavolns ofongatator. Aynondnveftd ibwe of thizsan be

achi eved. 15 Figure .S a mcrqprocessor-based ci.rguit 120 that can be
connect ed toBa"E“:hjgc?P@?ﬁ%ﬁiéo agﬂl&ﬁﬁr% EIEFWH?? Q‘Pﬁ’gdﬁﬁ“@ﬁ%ﬁ S hased circuit
i s capall e sadh WRBiStVeivOBage ABidek, $RAIT casesifah ESD mmog@&mvaPam?,rmwni cating the
data.\ The circuit 120 may conpri se an anal og-to-_digital converter (A/D) 150
and can havaPaiRplss fippdie Hpmp Eﬁﬁa‘hﬁ PHPoS coppats MEC Willde Bpsivec onver t er

converts t hgy $) g r a6k darSPVESD | GHar, fnto a

di gi tal 20%‘%&%%&5 mﬁrﬁtk%{)@\fﬁ%ﬁ%ﬁgﬁ%ut of E/%Ve%gﬁiogtpgtodrfnect ed to a
m cr opr ocesewparaier U4 will begeroo dhisiven a Aeteroyinationafl polanityrfF5EX Bventedn bhbodi ment
the A/D 15Q, be enbedded in mcroprocessor itself. The m croprocessor
152 perforns neasurenents of the signal(s) and provides data to any or all

of the | I owi ng. . ces: i . n.sh i ni t ude of
t he di s{: ar ge oglggr gg’ lsc%%r‘ffo%ro(?%e%iglléc eéi:%g%l{ fv@tﬁha?ganrbégeﬁegtﬁ@ {&gfr'\e %g%g an LED
160, 25 an showh i@ Fipusezse IThe Grcrbfrates@abased eitbuidistcapablesdmedsuning the bighal t ch 162, or

any other indjcatars o - .
y storfng %e %aia and communicating the data. The circuit 120 may comprise an analog-to-

digital converter (A/D) 150 and can have any number of signal inputs as shown. The A/D
converter converts the analog signals from the circuit shown in Figure 5 into a digital

20 'signél as is well known. The output of A/D 150 is connected to a microprocessor 152 with
associated memory 154, In a preferred embodiment, the A/D 150 may be embedded in

( _ microprocessor itself. The microprocessor 152 performs measurements of the signal(s)

and provides data to any or all of the following devices: a display 156 that can show either
magnitude of the discharge or the count of discharges with a resef button 158, an LED 160,

25 an audio buzzer 162 that can used with a sound on/off 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
microprocesser 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

30  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



and displays. In order to perform neasurenent of the signals and generation
of data based on the signals, the nenory 154 nmay store firmnare/software
that is executed by the mcroprocessor to performthe neasurenent and data
generation operations. In addition, the circuit 120 may have a D A
converter 1{8 @hsgnenbedded in m croprocessor 152 in, ?ﬂv% Peeferred
enbodi nent) that can provide anal og gjgnal (s) to any o e external

measur enent devi ces, such as data acquisition systemin various formats,
such as 0...5V (168) or 4...20mA (170). In addition, the m croprocessor 152
can provi @Mﬂhﬁt%&h&s%aﬂ@@ﬁh@ﬁﬁﬂi& 19@1@@&2@%&@8%0&@&&& Pital format,
such as serial RS232 or RS485 174, TCP/ 1P | Ether net 176, offer data in a

di al - up cdHALER CPBRCLOR ABQAT Vlﬁ“ﬁ“@ﬁs?"é@é%@mé%éf&v%hﬁv&@em‘&dd%‘? have an
enbedded weRer 138rver 184. Wiile the above-described device rejects signals

t hat have waveforns different 5 from ESD Events, there are still some events

that may have 5@? tation, that
may be recogni ze ¢ l§Fbegl ts?%g{d?e‘eg%fgﬁlﬂaﬁ%ﬁ*tﬁe% V|S(:(§ﬂgescri bed above.
In ordér tiwmiESIE Fvenispthtre amghll sisie evaath thatmayd 6 BSDylikd wavefomn uelt as errbodi ment
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Thus, thi 8[%%5{2 QR ESD Events
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(whi ch ar enpempouthis iraipipical ploesseisaliffaenteveay timadifD dishhargesode moi mppen. Fi gure 7a
illustrates a As seen, rial._of signals 200
caused by ‘8% §§ﬁ%%aﬁ8?°3véﬁﬁgrg)c%nb%8?‘fl r}ﬁﬂﬁﬁme%tﬁ? |S{§H?I%E%'3§?l§y even t hough
they have Bmeitdibe ernéconrgghly rogldaly ahb bRertiageidiilpaidesinie 'ﬂ!ﬁhsptaises a non- ESA
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GUal | 115 a1 INERt oo Yo A0 iyt e FUGMm $00L s 204 ¢ hat
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similar magnitude each time.)

Figure 7a illustrates a wire bond fool signal event. As seen, a senal of signals 200

caused by a series of events occur on a highly-periodic basis even though they have

20  different magnitudes. This signal pattern indicates a non-ESD Events. A series of signals
202, however, occur only sporadically and qualify as ESD Events. Figure 7b iflustrates a
plurality of events 204 that are clustered together and are approximately similar in
magnitude which would tend to indicate that the series of events are not ESD Events.
Figure 7¢ illustrates another plurality of events grouped together in which the events 206

25  inFigure 7c are random and inconsistent in magnitude thus qualifying for being ESD
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

30  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 pattemn are discarded in step 260



magnitude which would tend to indicate that the series of events are not ESD
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hand hel d deihithearpoach deserbedindiis dethisinethod menviries highly gemraia rletegtion .
i nventi on. %%E%gﬂ&YBFESﬁ%ﬁQeDE@@#@g%%?ﬁ%&H&s%gés a LED indicator 304, an audio

i ndi cat or b, power swt ower 1 ndication LED 310, range switch

312 that allows gﬁﬁ LEMRR ERR | 5:?%9%3
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par 1 cufar . D5Vl e hape s GroURaRane BREE et bRER 1 EsD Events

Al ar m | evelmeasurement of ESD Events over a wide range, a Logarithmic/Linear scale change switch

ot

314, alarm level adjustment switch 316 and a headphone jack 318. Obviously, not all
shown elements have to be in the device in order to utilize the proposed invention. In this
particular.case, LED bar indicator shows relative strength of ESD Events. Alarm level
20 potentiometer adjusts the level above which an ESD Event is displayed and/or the sound

alarm is on. The handheld device 300 also incorporates the device 19 shown in Figure 5

(_7 and the method shown in 8a that perform the discrimination and other processing of the
incoming signals. It should be obvious to a skilled in art that not only portable devices,
but also bench-top devices with interface to a data acquisition system can be implemented

25  using proposed invention.

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 9¢ is another eitbodiment in which
the device 300 has an LED bar graph 326 that indicates separately the magm'tude of the

30  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.



20 T S e Tevel apove Which ah ESD Event is di spl ayed
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exanple, 2 . V. . f€hnt If nts of ESD
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em ssion, electric field or magnetic field em ssion as well as any sound or
i oni zi ng radi at iRNAreT) $hewdin exatipld ofsich thatdc@eHzatioh itawiih agBSBvéndy. Figure 10
shows an exanp] e .of _such chg}gaaf:te ization data.wiith an ESD Event nonitor

for CDMW typ&w0aias &y SIid-typedischsgaep dhe optput Al this mowiterds 04-3V.00s seaRATOMs  seen from

15 char a6t eghatiicliffiof Bdktlin 3. 10, § mofitbr wikh M Hnlchfa plcbfat N Eoptheaa Pl aced at
5" fromthe event woul d generate 3V output signal if the event was caused by

| 00V st at i ¢ weuldgenyetesTitoutput signal if the event was caused by 100V static voliage and
discharges in a way compliant with CDM model. In essence, a 100V CDM ESD Event

would cause a 3V output sighal in a monitor placed 5” away from it. Similarly, a 200V
CDM ESD Event would cause a 3.7V output signal in a monitor placed 6 away from it.

20  Such characterization is specific to a particular monitor.

Figures 11a and b shows how the characterization data can be used for direct
display of the event parameters. Figure 11a shows the initial setup that must be done
before the measurements. In step 340, a distance from the anticipated discharge is set. In
many cases it is known where the discharges will occur, such as in automated tools that

25  handle semiconductor devices. In step 342, the correlation factor, appropriate conversion
formula or the lock-1p 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

30  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
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i By e ShARSELOm NS g M0 L el el cholRA12. The
the CDM di srHigidEaRRS$Eng the fledstredndfit rbdultdiifier Bk 8huR 18 BESHMicuDOtasgfant he device
of Figure &p%gr row 420 depicts discharge strength of 200V (CDM model). A lower row 422
depicts count of discharges. It should be obvious to a skilled in art that instead of a hand-
held meter, a stationary or a mobile monitor performing essentially the same function can
20 be used within constraints of the proposed invention and the display can be augmented

and/or replaced by an output to a data acquisition system via numerous available means.

Figure 13a iJlustrates an example of another embodiment of the device in
accordance with the invention. In this embodiment, instead of the manual setting of the
distance, an automatic means of distance measurements are incorporated into the device.

25  Anautomatic distance measurement device 402 is shown in Figure 13a. The device 402
can measure the distance by various means, such as by using ultrasonic, light-based,
mechanical (extending rod) or any other means to determine the distance. The 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 2 method for

30 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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Figure 14d.

As seen in Figure 14a, an antenna 30 is connected to the input of an optional high-

frequency preamplifier 1000 that amplifies weak signals. The output of the preamplifier

20 1000 is connected fo a first input of a comparator 1002. A second input of the comparator
is connected to a voltage reference 1004 that could be imoplemented in various well known
manners. An output of the comparator is connected to an enable input of a counter 1008 in
a way that, in the absence of a signal output from the comparator, the counter is effectively
disabled. When a discharge occurs, the signal at first input of the comparator 1002 will

25  exceed the voltage reference level (Vref) and the comiparator will generate a signal at its
output. This signal will enable 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

30  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



i nvention tor determning the type of discharge and Fi gures 14b, 14c and 14d
show typical waveforns for a CODM MM and HEM di scharge, respectively. As
shown in Fi.gure 14b, the Charge Devi ce Mddel discharge is the shortest one
| asting typically few nanoseconds, 15 while Machi ne Model (MV) di scharge

| asts typically 20 nanoseconds (Figure 14c) and Hunman Bod%/ Model (HEM
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envelope detector 1030. The envelope detector 1030 converts a complex waveform of the

discharge (such as that shown in Figure 16b) to an easier to manage waveform shown in
Figure 16¢c. This envelope detector can be of any suitable type and its specific construction

is not discussed herein in any detail since envelope detectors are well known.

20 Figure 17a illustrates another embodiment of the circuit 990 of Figures 14a or 15a
» with the envelope detector 1030 wherein the antenna 30 of Figure 17a is connected to the
(._ optional preamplifier 1000 and further to the optional envelope detector 1030. The output
of the envelope detector 1030 is connected to a high-speed analog-to-digital converter
1050 that converts this signal into digital format that is passed onto.a microprocessor
25 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
30  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



““® have the sane reference numbers and performsimlar functions unless

i ndicated otherwise. In this enbodinment of the circuit 990, the counter
1008 may:- be replaced by a 10 shift regi ster 1020 wherein during the input
signal duration, the shift register 1020 generates a series of "P's and
wherein the detern1nat|on of the type of discharge is made based on nunber
of "Is" at t EOHYIVHOA of register by the digital conmpar®TdB2H96%hose
function can be perfornmed also by a nf?roprocessor (not shown). Figures
15b-d illustrates the waveforns that are substantially simlar to Figures

14b-d. 15 Figure 16a depicts the circuit 990 of Figures 14a or 15a with the
addi tion of MEFWEERHAS dpe veryshariiyadter de frst ql}?é‘n‘éﬁ\?’éfstﬁ’ﬁé nRePldP%r I F580 converts

a conpl ex waygf H'ﬂ{é‘s&fon&%Qis%g&kﬁﬁé%a@tﬁeﬁﬁ@feaﬁﬂé)mn%eEérﬁWe 16b) to

an easi er to manage waveform shown in gure 16c. Thi's envel ope detector

can be of aﬁmdﬂﬂ@bﬁ@ﬁyﬁiémdmﬂsdeémmhléz clbihetseapnd reading isdowest  di scussed
h Fi 17
Tl st r at oo Hin R R buc B e BN SaBRE it} R G fiiln st g | OYE2 172

with the Senvﬂisﬁpmtmﬂmgﬂem&ﬁﬂﬁduﬁWemmhplmt e&ﬁeath?t()e\cefydfshsgmtbrel?a S

connected to opti rea I|f 000 a rther to t opt i onal
envel ope dets@épg%ﬁs %g‘?@e% h)etg ﬁetﬁéng%@ﬂ%}; %?E’feéﬁv&satﬁ@%ﬁ i's
connect ed t ehedalit Gthighpesh t@@@ﬂeﬁ@uﬁs&nﬂbﬂhé $ventGOVE &% BSD Evdfiagi khat converts
this signal into di qltal format that is i)ﬁeissed onto.a mcroprocessor 25

1052. Fi gur diseapdediin stepstii & Bsheroqmseqsibiue sempiss lopver memplifedsthen OB BHORN Fi gur e
17a. In stepgy 1&&9@&@%&&&&1 remes Jefdo%ea&%&shtﬂaém?er&em@éoﬂmaeﬁaﬁet he

m croprocessor (based on nbed sof tware bei ng execut ed

m cropr d@es@@ﬁﬁD@é@@Mﬂt@dﬁ@flﬂtﬂ@Elé?&leﬂwra‘t@fdb@gp ﬂvagnalnwal@%/fdbmw once the
begi nni ng of ef%’treet e i cﬁ)gﬂ)%gs%r %gsttgpalﬁﬁ'adé%éo!f' n’c G bB BetdideBP e ST ONa )

the magnitu I S store nenory associated with

t he m cr opraosspfithis ﬂammmylbmn@meglfﬂteebsohne an;ﬂmphroéﬂne sigeathimrtykedevi ce. I n
step 1106, aqot her WO 20071030479 PCT/ US2006/ 034609 19 neasurenent is done
very short | yU3f€8 ™ he first one and then stored in step 1108. In step
1110, if the secgnd he her. t he r r eadi ng,
then the event 1 CBa it ol of hetagtin bR el b G124, 30107 1
the secorsd neddhet@veispeldetseior 1030 aherei thefanfeita cIFRmurel ﬂs@ms dofkeected fosthe r eadi ng in
menory is replaced with the second one and 5 subsequent readings are

measur ed and®P4qna}mermplfie 1080 andqfurthentorths opfipnal cuviglpae Jetectin 4830, dn thes

embodiment, a peak-hold detector 1060 may be used instead of the more expensive A/D

converter 1050 in Figure 17a. The peak-hold detector 1060 may be on any suitable
construction and may have a clock signal source 1062 and may hold the highest level of
20  the signal that is output from the envelope detector 1030 and be able to be reset on the
clock pulses. Then, the output from the peak-hold detector is compared to the output
signal of the envelope detector (or the signal from the antenna if the preamplifier and
envelope detector are not used) by a comparator 1064. The output from the comparator
1064 is fed into a microprocessor 1066 that operates in the same manner and has the same

25  functions as the microprocessor shown in Figure 17a.

Figure 18b 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

30 measured. Instep 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



sanple is conpared with the previous sanple. If a magnitude of a consecutive
sanple'is the same or higher than the previous sanple, the event is not an
ESD Event and is discarded in step 1118. If the consecutive sanple is |ower
in anplitude than the previous sanple until the input signal reaches zero
or near zer tire event is considered to be 10 t in step
1120, In stggz%?gg?ﬂthe rate of decay,of the signal igégﬁgﬁgﬁé%ﬁﬂy t he
software of the m croprocessor and, in step 1124, a type of event can be
determ ned. The accuracy of this determ nation inproves if the absolute

anpl i tude J | 4 Kk i csgﬁw "y g%%'llustrates
anot her e%ﬁ%ﬁrﬁ%%&aﬂ %ﬂ:@bgﬁt@&gg&o |g%tr38£ﬂigcg&§}r zg{ 15 with the
envel ope detemainesif thOB0r signel ie lawer then the sterudaigodl bied on theb8pui of theapnect ed to t he
optional pre ifier 0Q.,and further to.the optijonal, K envel ope detector
T030_ 1 EAPPIOEL 1 e 8 B el et R oL ARG BR e E 8 et ead of
the nore el bigeal Akt &0 By BSD Shent.OBOwiver, i tBees; slghal is Tdwer paatkehol d det ect or
1060 maybe on any suitable  construction and ndwy %aye a clock signal source
G9a

1062 ard rFieyedsiEne thethnpgnisral isstped wthe peakheld P serdid49- dng§P put from t he
envel ope dekeeQbaiAs0r RORicRPrBlsEr dofntPic NESBE oPEyclel that i€1R&Ho BiiHlgSES. Then,

C
the output fromthe peak-hold detector is conparéd to the output signal of

t he envel dbesighetteaerp pnd then detppmiziessthentypé plohscharee basedenthe ¢ountehpumphesanpl i fi er

and envel t are not used) by a conparator 1064. The output from
t he corrparog?%}egﬁ{l%%ﬁ% fed into a mcroprocessor 1066 that operates in the

sane nanner an d. an : i r shown in
Figure 17a. Fi g‘ﬁ‘?gﬁ’fg‘ggﬁ Ig}sf]rg%f]&}gﬂ%e O%gf%ﬁr%aﬁﬂa%}aﬁ?ﬁ@ﬁ%ﬁ?ﬁ%?t 990 shown in
Fi gL(r €01 8 anwehfianhit wgl! besdppretiated by thbkeaskibipdinethd atthatfchinges inithic ehiodifienti gure 17a

except that it dges..not.requitre an expensive. an ower.-consum ng Al D
convert er . O#E m&?%%‘x‘?&ﬁ??&@"%?“’?ﬁ#e "ﬁ&?ﬁ%ﬁﬂ o g‘ﬁgﬂ%‘ﬁ“’fl’ggﬁtsﬁg%ﬁe of Figure
17b i s t hathithHieddipsdbytheappagied clates. of the signal cannot be 30 nmeasured. In
step 1130, the maxi mum signal |evel of the input signal is captured by the
peak- hol d detector and the nethod goes through a wait step 1132. In step
1134, the ~current value of the input signal is conpared to the signal |evel
stored in the peak-hold WO 20071030479 PCT/ US2006/ 034609 20 detector by the
conparator 1064. Instep 1136, the software of the m croprocessor determn nes
if the new signal is |lower than the stored signal based on the output of the

op-




e anp 1064. In step 1138, if the new signal is greater than or equal to the
stored level, then the input signal is not froman ESD Event. However, if
the new signal is lower than the 5 'stored signal, then the new signal is
stored in the peak-hold detector in step 1140. In step 1142, the software
of the m croprocessor counts the nunber @1 cycles that it takes to bring
the signal to zero and then determ nes the type of discharge based on the
counted nunber of cycles in step 1144. Wiile the foregoing has been with
reference to a particular enbodinment of the O invention, it will be
appr eci at edgkﬂ}i‘_lﬁ:hose skilled in the art that changes in this enbodi nent may
be made wi thout departing fromthe principles and spirit of the invention,
the scope of which is defined by the appended clains. C. 21 Cdains: 1. A
device for identifying an ESD Event, conprising: a receiver that receives
an i nput si gnal ; Aadevicddot identefiyingrant ESIh Evertpegnaprising: he recei ved i nput si gnal
to a predetermned signal in order to determne if the input signal is an
ESD event signal; a¥§cerys thatrprpivesapianut sigaal out putting an identification
signal if the input %H&ﬂﬁefhﬁittﬂage&ﬁ%%bseﬂe?\?ceﬁi}d tﬁ: o3 Fafkermtned 1 NE
device of claiml erein e recelv I nput "sign S a si-ghal envel ope
and wherein the idengighalds order to deterding iftlosrppitssignabis MBS epent digheicmt t hat
conpares the signal envel ope of the receiyved input si ?rjal to a signal

envel ope of an ESD anspit ceyhfar outputingandidentification signgl i the ingme signdd i3 he
envel ope detector fur}&éﬁfiﬁ&fﬁﬂ%e@e@s&ﬂ&w conparator circuit. 4. The
e received hpt

device of claiml1l, wherein put signal has a spectrum having
predeterm ngd a nt. of ener.gy. at one.or nore.frequengi es and, wherein the
Pdent i £1er éni ¢ A0 ORGre o 5 BbeRTCBEerFn L DR 1 2 EahE FeDe ot
spectrum of -t newheRe #eGidulibibt wil fifkher ddingHisSPRF bivBRIdeRRioF B ¥RPIres | Onal

5. A device for neasuring an enission signal froma distance, conprising: a
recei ver that retheisignsl envelapewf the rigerived input signal to a signal envelope of an ESD

event signal.

3. The device of claim 2, wherein the envelope detector further comprises a window

comparator circuit.

4, The device of claim 1, 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.

5. A device for measuring an emission signal from a distance, comprising:
a receiver that receives an input signal;
a signal distance measuring unit that determines a distance to the input signal;
and
a signal strength determining unit that determines a strength of the input signal
based on the input signal and the distance to the input signal.

6. An electrostatic discharge event emission detection device, comprising:
a receiver that receives an input signal,
a signal distance measuring unit that determines a distance to the input signal;
a signal strength determining unit that determines a strength of the input signal,

and



a signal distance neasuring unit that determ nes a distance to the input
signal; and a signal strength determning unit that determ nes a strength
of the input signal based on the input signal and the distance to the input
signal. 6. An electrostatic discharge event em ssion detection device,
conprising: a receiver that receives an32nput signal; a signal distance
measuring unit that determnes a distance to the input signal; a signal
strength determining unit that deternmines a strength of the input signal;
and ; VAN 22 a pro i t Bﬂg{n Lput
signal, the vol taggﬁﬁgsﬁdg%tdg%ﬁ%%gggggggwg%? e |stg§€§é§?%’t{l 20]5 put

si gnal, the strength béing teterminpd based gnadhe distdnce tonthkeinpof sighad,chastgmgtif oft he

i nput signal. 7. The device of claim®6 rein th rocessor. al so
ok or i nes. the. vol t agteuhB SiEaal A miiet oh glsehadse AEinE LRt sizoth
characterization data of the device. 8. A device for determ ning a type of

di schar ge, éonpr The¢ deyice of dlaimed, weherqin the nrecessoralsoletarmines thiy wiltage hat “ a pul se
generator circuit t ener.at a ri,e f. S based, on_t he i nput

di scharge and a %ﬁ%%%gﬂgng%‘éé%%m?cgﬁ%? ?%ﬁlof ﬁ}ehdgfn%gbrrpar es the
series of pulses generated for, a particuyular input discharge to a

predet ermi néd nu P’“‘SfO‘p‘fﬂtﬁggmggé‘éﬂ?ea‘ifgﬁscg%?fp%glﬂf%i‘?‘{g:cyl ar di scharge type
to determne the t%%cé?@er%ﬁ?@&ix%ﬁg{l?n ul BRciifyd;ce of claim8 further

conprising an envel ope detector ecelves the input discharge and
generates a filt er edpudsegreatratdrzircuis tHatgerierdtes d deeiepof pdsaydasedadrothe input cui t .

10. The device of claim@8 further conprising an envel ope detector that
receives the input d%ﬁﬁhﬁéﬁg@‘gﬂﬂoé%%%i%@ afiltered signal that is fed

into the pul se geneQhfaraté difcditlthat compares the series of pulses generated for a

particular input discharge to a predetermined number of pulses associated

e |

with a particular discharge type to determine the type of discharge.

9. The device of claim 8 further comprising an envelope detector that receives the
input discharge and generates a filtered signal that is fed into the pulse generator

circuit.

10.  The device of claim 8 further comprising an envelope detector that receives the
input discharge and generates a filtered signal that is fed into the puise generator

circuit.





