WD 2007/ 030479 PCT/ US2006/ 034609 1 El ectromagneti c Em ssion Event Detection
and Measurenent Device Vladimr Kraz 5 Field of the Invention The invention
rel ates generally to a system and method for detecting and neasuring an

el ectromagnetic signal and in particular to a system and nethod for
detecting and neasuring an electrostatic discharge (ESD) events. Background
of the Invention 10 It is well known that electrostatic discharges (ESD) can
damage el eciggoBimafdevi ces. Exanples of such sensiti vecgaxiGESs.«@s e

sem conductor wafers, magnetic heads for disk drives, integrated circuits,
ot her el ectronic cohpeR@RLcGERNE G DeMioh & M@ DRe ESD 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. 15 Short -

transi ent spike-like signals resulting fromESD events, comutation of
electric notors, solenoids, etc. and from other sources can al so i nduce
damage to el ectronics devices angy,qgakgs,Circuit mal function. Al so,

i nproperly done ground wires can be a nedia for transmtting surges as

wel | . Presentl t he ppst common net hod of reduci ng danages caused by ESD i s
20 pre nﬁﬁé@giéﬁggﬁﬁLﬁg Mﬁlst wr aps, conductive chairs, conductive floor
coating, ionizers, etc. t hese nmeasures are supposed to reduce or

elimnate buil of. static vo e that .caus i schar However, the
elimnate bull diup. ol 2t e%@?&é%%iﬁ@@ﬁ@ B g0 SRR R SR Dt v |
actual occCaldiRR6Ra@EL S RET 400 $i Riticladicohasg end ESh)d fov&dcinka@wn as ESD
Events. The detection, neasurenent of magni tude of the ESD Events and data

25 IogglndmﬁﬁﬁmﬁépﬁeﬁHF”Fﬁ@ﬁW@“ﬁﬂgﬂ@§W§“%resents val uabl e i nformation for
assessnent of the ESD environnment, ESD protection, real-tinme addressing of

the ESD prgb:ens ;ge;erg.ning nDst i kely defects due to ESD, and
statistic s. The ESD Event detection devices available {
today, yguch as ifibatil BRAMhit BleblioSiatic Badheiats %Sﬁﬁ&an‘ﬁ?ﬁaﬁdbléﬁ&&’ﬁb dengs.Lucent’
T100 provide an indication of ESD events t 30 exceeded a pre-set |evel.

However t hESETRIEAT Ed SERERINP Jevirss éféﬁerﬁlﬁ%dufﬁw@wa@lm@éad@@rﬂ%?1030479

PCT/USZOOQ&Q%§@Q%¥m§i&ﬁ£ﬁHBﬁgka&&Ey&xﬁﬂﬁaﬂQMBbﬁMmEQﬂﬁﬁ%§ﬂ§ﬁc&he magni t ude
of the ESD Events., The know e

disrupt operation of ant electromc c1rcmt as well. In non-electronic applications such as

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 matfunction. Also, improperly done ground wires

can be a media for transmitting surges as well,

Presently, the most common 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 ot eliminate build-up of static voltage that
causes discharges. However, the uliimate indication of the effectiveness of ESD-
preventive measures is acinal 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 BSD, 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 apre-set level. However these devices merely detect that ESD Events have



of the magnitude of ESD Events provides valuable information pertinent to
assessnent of potentilal damage caused by ESD and al so effectiveness of
ESD- preventi ve measures. In addition, existing devices are geared towards
occasi onal ESD checks, rather than day-to 5 day ESD nonitoring. The

conti nuous ring would offer a real-tinme indi i ESD
pi obl ens ang‘%}zrﬂg@({ggﬁgl mredi at e feedbagk for inplenent a’t&iali‘ﬁsg&fw% corrective
and preventive nmeasures. ESD events |ast for a very short period of tine
(typically, nanoseconds). This makes it very difficult to provide a

TeASUr eMe e Bled Ao MAANHINIR 10a kDS SuETRIEYAR! Ssb 1#0 ThoRh kLA
cost-effective and user-tri1endly manner speed OSCI||OSCOpe
and an anttﬁﬂmnmudwéﬂsb@Vcﬁmruwéesm]@alwlaméﬁmamnmfertannt%w@eﬁﬁ of or anal ysis

of its Thi s S prac ever v use. Thus,
it is desi r5 B2 GS %’Cﬁ‘%}b %réd\?‘}lsé)eeﬁﬁgg ‘*S%"f?@@“m LeEY Egy events, the
magni t ude a@.ﬂﬁibh,l&xﬁﬁﬁgh&méﬁa&e gaaﬁg tdi#asdslt;a:a@sibﬁan E8Dtchedks, ESbravanitgid-r om ot ger
transiet3| al s. . Thus I s de abl e t e15anEDevent an
transi %ﬁglmf&’étf”é%& |@ﬁ0%“%§§bﬁ%%§ﬁ‘{mﬁj‘&}$%‘éf AEHEPAGHCART it is to
this end tdFRSDLISH 1 RALSE Providd BRAEAIRB fdeSbadlk Fof GhBshmenBitid B WS Lortdgvd Nvention A
met hod and the inplenentation of inproved accuracy of neasurenment of ESD
events ar end@sIpiiyaEeasTte syst em and nethod pernmits an actual ESD Event
signal to be 20 distinguished from other non-ESD Event signals. The system
may use filter gy K6dé RE fRaVeRl Hor ?&mraﬂlﬂn@(tyﬁl&u?%ﬁ&s%c&nh 8. Fgb Event

em ma

signals. In an enbodi nent, the sys ow bandwi dt h active
el ect r oni cnaies &ty difhenl tp é@ﬁ@ﬁa@eﬁwwepmfﬁh@mgaﬁud@wﬁﬁ@ﬁe B evesiEghal  havi ng

char ac GEI‘I b b e$ di fferent
man erEto asﬁb Erﬂ%m&rl h@‘lrw %dﬁggr%p?r&e@r re % ola}3 ;fe ﬁsgﬂg&m})%aéﬁdw dth
active el emtamtcnnacar@usedtn Ctapmyhmz@eﬁvﬂaﬁam@f@ Evanbfwabn@rmlorfﬁs er or a follower
crrcul t The ste Pﬁlsgléyt TAC fo? every use %esdltllsn Sl?gbﬁ re or hardware.
Thus, in ac ance W VEn |on VI ce'tor dn of

el ectr omagﬁehda:a d@meﬁmmmbiemﬂt@t‘ﬁﬁ) dw&ats;thbﬁdgmﬁmaaofdmmmeﬁa@ amd recei ver
t hat receives a ma tic emSS| d | ow bandwi dth acti ve

el ectroni ¢ %tﬁg‘él %f#wa‘mﬁg CHJEWH FOWE, & Qf Thusz 1 %ﬁla%w‘?ff’ﬁm °the
recei vesl elnetHy SRRONE trindsic@Nd §81 @bctidingd heMaBRE N e adThbled @Gk roni c
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to this end that the present intvention is directed.

Surmmary of the Invention

| A method and the mplementation of improved accuracy of measurement of ESD
events are described. The system and method permits an actual ESD Event signal to be
( . 20  distinguished from other non-ESD Event signals. The system may use filtering and/or

B 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 circuif. The pattern recognition may be

implemented in software or hardware.

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

30 bandwidth of the received electromagnetic emission. The low-bandwidth active electronic
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circuit generates a slowy decaying output signal in response to the
received electromagnetic em ssion having a predetermned rise tine so that
an el ectromagnetic emission event with a predetermned rise tine is, T .
identified. In accordance with anot her aspect of the invention, a device for
identifying an ESD 5 event is provided. The device has a receiver that
recei ves a¥0 364751 gnal and an identifier wunit thacTosmenes?the received. -
i nput signal to a predeterm ned sighal in order to determine if the input
signal is an ESD event signal. The device may al so have an output circuit
for outputting an identification signal if the input signal is identified
as an ESDoetgeneralss gelawly desiviag odpd sise® twictiensafotiseeceispect of the inventi on,
a device,for jidentif.vi : t. 1S ' hat..l ncl udes a

recei verel‘:fcﬁ(z);f?é£L g@e%rrg}%s%&glﬁ%ﬁ%ﬁ? degel}%lr?gﬁ{fq&ttﬁllée %Oﬁﬁpaﬁ%{ﬁ %?Cgrr?a *Ravi ng an envel ope
and an i«estonfev@rt withiathrefibtainired Mpatiresis tdestifisdcei ved i nput si gnal envel ope to
a predeterm ned signal envelope in order to determne if the input signal is
an ESD evenin s&kgtialce wkhencley ispert oftjle AbvaoiohavRviddifoptiefiffing hd XD t f Or
outputting an identification signal if the i_nput,sign(?I J.s identified as an
ESD event oditgiarded; ghp Aevigednt afairere” WritFeardihap taigpd &l gridefiden nvention, a
devi ce f@fi; R8s RGnABcev@Mnp et sRRalSh HPRHctéroiby digthi $ 405%0 hderPhRVi ded. The
device has a receiver that receives an_ input signal and a signal distance
measur i ng gttt signat is ge £8P syabssnal dibs defeansyoloievs gputout gicgihe. The devi ce
al so has

L T S
signal . The %§&Qxﬁ%ﬁe%@m%&h@?5§9ctgﬁd&?%%{t{%ﬂ,e{c{&fﬁe FP %

ggnggﬂual ly. In a
di fferent aspect, an electrostatic scharge event em s$ion detection device
is pboveweids provideddibstingdndesa meaher bvermivehat inpgcignaletbe mputisigpadt  si gnal and /a |

signal dj s}nanc%nveigeeasu i n(geg ért tc&l tco%et ert?? nes. é'ad[.diu%ianarcge vtef) t he i nput
si gnal . EEFRTTCEPRM S NAE é“lngng &F'PE 5fei%elﬁe B anurﬁ’?? t hat
det er m nes: ppedstereing! Hemal envélepeinndér 16 igaadinedntis tppr Hgelis af F¥ihat 25 det er m nes

a voltage that caused.the i t signal,, the voltage bejng_determ ned based
on the Bf°BYS b%ﬁ?‘ﬂ@nflﬁéfaﬁgﬂ%we@ﬂgwtfﬁ@%fﬁm eSP 4REIERPUt signal and a

nodel  of gigh.$gRarigfit Afnal Ish@ntifiddUk aSEUD &Yent Bl-ef Descrion of the Drawi ngs
Figure 1 a illustrates a typical waveformof an electrostatic discharge

eventiy  13M 72 QRbRfEnck vaBActBer A9t 1O veRA, DRQAEE ForRichédB2AP6/ 034609 4

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

input signal and a signal distance measuring unit thai determines a-distance to the inpnt
signal. The device also has a signal strength determining unit that determines a sirength of
the input signal based on the input signal and the distance to the input signal. The distance

20 may also be entered into the device manually.

In a different aspect, an eleclrostatic discharge event emission detection device is
provided. The device is areceiver that receives an input signal and a signal distance
msasuring 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 strength of the input signal and a model of discharge of
the imput signal.

Brief Description of the Drawings

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

EMI7209106:1
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Figure Ib illustrates ia typical waveform of other transient signals; Figure
l1c is a diagramillustrating an anplifier nade 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 diagramillustrating a device for
el ectr ost at ivvOdIEEhE? ge event neasurenent device i n aecordexmoses th the

i nvention when an el ectrostatic discharge event occurs; Figure 4 is a
diagramillustrating the device of Figure 3 when a non- electrostatic

di scharge event occurs; 10 Figure 5 is a diagramillustrating an exanpl e of
an i npl enent at iFomredb insprtef aiypied wavsfipothivgnst rofichimegndbyi ce i n accordance
with the invention; Figure S5a illustrates a different inplenentation of the

operational anmg}jfiet, \A: ' ' s L ' .at es anot her

i npl enent at i og%%glfﬁetlﬁésaﬁ%ﬁhﬁﬁ%é%gg{%gncer%a%eh&n% e%@#%v@%f’on usi ng an
addi ti onal operational anplifier; Figure 6 is a mcroprocessor-based circuit
t hat can be codfesst?diusirates the opstione the mopkisr af Figgard dasd opiwpdidorye

il ustrateg a %Se bond tool signal event; Figure 7b illustrates a plurality
of events g?ou\g% ’together; 20 Figure 7c illustrates another plurality of
events grouped together; Figure 8a illustrates a nmethod for rejecting

non- ESD event s Figiredcs o fidameellygiratingtaevics fyydattiopintic Hidangee8bt i | | ustrat es how

e 7200108 P B LA G RSRRE 0 R R s BB b T Fl gure 0 i

a hand hel genexdee i n accordance with one enbodi nent of the invention;
Figure 9b is a hand hel d device in accordance with anot her enbodi nent of the

invention; 5 Fi e :10 . Lerd zat | [ f ESD events. Figure 11 a
il U(St rates a Bo4d}$ 8!3%&%{1@}5%%&‘:% q%‘ﬁ{(}?ﬁf}%%%?&%ﬁ%gn% t% ﬁ&frhﬁ%h‘f nvent i on;
discharge event occurs;

10 Figure 5 is a diagram illusirating 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 iilustrates another implementation of the device in accordance with the

15 invention using an additional operational aﬁlpliﬁer;

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 tlustrates 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;

BM\T209106.1
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Figure 1l b illustratés a nethod for operation of the device in accordance
with the invention; IFigure 12a illustrates an exanple of another enbodi nent
of the device in 10 accordance with the invention;, Figure |2b illustrates 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
nmodel sel &¥@ @M qgure 12d illustrates a screen shacCTafS:ahes4edevi ce of

Figure 12a showi ng the 15 neasurenent results; Figure 13a illustrates an
exanpl e of another enbodi nent of the device in accordance with the
invention; Figure 13b illustrates a nmethod for nmeasurenent in accordance

wi th the i nv&mpiediais 2 rpghalddevicedn accqrdanep With sug eeodinent ¢fdbenent ati on of a
circuit iwenag&;ordance with the 20 invention for determ ning the type of

di scharge and’di scharge wavefornms exanples, respectively; Figures 15a-15d
illustrate another inplementation of a circuit in accordance with the

i nvention fofiges Bring brndbeld Aeviaeyp eccofdantie sdthaneker ambodingdivaihge wavef or ns
exanpl es .espectively; EM 7209106.1 339956-991210 WD 2007/ 030479
PCTNSZOO%ﬁe&%ﬁ%OQ 6 Figures 16a-16¢c illustrate another inplenentation of a
circuit in accordance with the invention using a envel ope detector for
det erii ni ng tHhgrd Midechefacigiimtibracigs oARED cdintschar ge wavef or ns exanpl es,
respectively; Figures 17a and 17b illustrate anot her enbodi ment of the
circuit for of dischar the: nod of
operation, r gﬁ%g%ﬁa\ﬁ}ieﬁ%msgr%&&dgﬁxﬁ%g 91135{;&@% e mi%l t&étﬂflg?%h%t anot her
enbodi rent of the circuit for determning the type of discharge and the
met hod of opérgs b lyseaprednstias) fHr opepliompd teeidepiss sy depariape Bith BePr ef erred
Enbodi nept..the invention is particularly applicable to a device and net hod
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
met hod i n accoguakedlusirties apiesanmly eirrnpiber grdgdiment 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 12c¢ illustrates a screen shot of the device of Figure 12a during HBM

discharge model selection;

Figure. 12d illustré,tes a screen éhot of the devica'of Figure 12a showing the o

15 measurement resnlis;

Figure 13a illusfrates 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— 154 iliustrate another implementation of a eircuit in accordance with
the invention for determining the type of discharge and discharge waveforms examples,

respectively;
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" greater utility since the device coul d al so detect and measure ot her

el ectromagneti c signal and transient events. Figure la illustrates
atypi cal waveform 10 of an electrostatic discharge event. In 15 general,
el ectrostatic discharge (ESD) event detection and neasurenent maybe
acconpl i shed_by receiving, processing and anal yzi ng an el ectronmagnetic field
gener at ed byW0¥W@m@§B events. In particular, an ESD EvERT/UHEHEHtes an

el ectromagnetic field and electricalﬁsignals in circuits that have very
specific envel ope characteristics, i.e. a very sharp or shortrise tine
(typically, within 1 or_ 2 nanosecaonds) and a very short duration. 20 Wile

y.
known devi ces g@%é@a‘bl@%“ﬁ%%}?&lﬁfﬁgﬂwt%%qlﬁ‘f@‘t%‘;@ﬂa@ﬁ%‘l‘“ﬂio shown in
Fi gure | a,md fecdshowinAes 085 Blesi9r foy RiGRkdiys HeLBCLs ARdBEA]Ur € ot her non-ESD
event transient S|g;gls, such as signals from'stepper notors, relays, etc.,
whose chardeh®gs Savietams aeapish.iespedtiveli spect rum and envel ope to the ESD
events. Figure Ib illustrates a typical waveform 12 of these other

transi ent si gn@lshres A% 2AAM i1hiRcHhSAS EbdBmetiorBRIR AN dSBMhin25 duration
and their spectral content is sonewhat simlar. The difference; however, is

not in 3 t Hee e eftdisokprgrand Hecnsther of ensradion, reedtivelysingnal , but in the details
of signal envelope. In particular, the rise tine of the signal from ESD
events is extr t j . has a specific
Shape whi o o1 al s ool ol IR FFERY 20 “event o)
have nor e dgeadamigibedimpat disthargeridnibs etipp pbyderrtiom rsgpecéimgdy.or  hundr eds of 30
nanseconds) and simlarly nore gradual decay tinme. Typical devices cannot
conpl et el Yper VA PRO2108: & - I3F9RB FARL&RWO 2007/ 030479 PCTI US2006/ 034609 7
separate such signals dué to high bandw dth of its detection circuit that
mouléhcapture Ehe iInvenjien ispagisuldy 4pplicehlgdo a fevidesmbingthby fog E8Preatiite to be abl e
Lo sepay aleeibhth mab: RYFRIhohbAMa: AR ERIRaSH pEXSBERA Y Wiy hhie. pur pose of
accuracy and validity of neasurenents. Figure Ic 1s a diagramillustrating
an anpl i f i=pprediBiedydderewer,tthet the dpaccatni orthod impdckdriiece wih 26 ifveaipndrp. ") The
oper ati onal Jfier 20, whic referable be a hjgh-speed CMOS

oper at i on T R e GR et eSile R adioe iR Pl i AP B Gl e
phenonenonnd waeie: éehi@pi d transient signal with a rise tinme simlar to ESD
Events causes a nuch-longer electrical signal at the output of the op-anp.
Qt her circui tryidaasiedinsateed iypied weldim Mefias eRctedfti adisda¥ it tint hi s

behavi or. For exanple, audio anplifiers and pre-anplifiers, 10 and video
anpl i f Her sEehsEgh %F%StéW‘WFE%@gBD syentyistratioroied PBAREAS MEHRS circuits t hat

exhi bi t accomplished by receiving, processing and analyzing an electromagnetic field generated by

the ESD 'éi}ents. In particular, an ESD Event generates an electromaguetic 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 mmeasuring 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 illustrates a typical
waveform 12 of these other transient signals. As seen, the signals 10, 12 both have short
25  duration and their speciral 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 extremely short and abrupt and
the signal decay has a specific shape while signals from other sources (here forth called
“BMI Events™) have more gradual/longer rise times (approximately tens or hundreds of
30  nanseconds) and similarly more gradual decay time. Typical devices cannot completely
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t hi s behavi or maybe klnovvn as | ow bandwi dth active electronic circuits. For
purposes of illustrating, an operational anplifier enbodi nent of the
invention will be described below, but the invention is not Iimted to the
operational anplifier enbodinent. The anplifier 18 based on a hi gh-speed
CMOS op-anp 20 may further conprise 15 resistors 22, 24 and 26 that are
appropriately selected and a capacitor 28 that receive an 1incom ng signal
40 that isVPeW&EPPEE by an antenna 30. In this enmbodi PEFES2006HBEMOS op- anp -
20 has to have sufficient bandwi dth’(typically at |east 40MFlz) but which is
still significantly | ower than the bandw dth of the ESD Event itself, and
the bias resistor 26 is preferably of high value (typically, several
MegaChsiepardth sush sighals dve teiighbandwidthediiie detbyfion oir¢uiidha moeld napt89 ENEs t he

char act egJ st i f = LS I ifi 18 generates
a signi felE ‘1’:%%??3’31?o%hglg’#ﬁg@ég‘ﬁ%a‘?% %@Iablﬁ% #%}g@t" %?%%ﬁ%’%&é%gnpr oportional to
t he magmintRiTeEMI Evdnis vERBhdwerbs ofiagevadcy addenliding gfintcagirgimats. 42 i s al so

i nfluenced by the rise time of the input signal 40 since a shorter
rise-time rediguteslciina diagving fidstraing b sroggldien1f pade with gopatationldeplifial arity of the
out put signal wJl. be the sane as the, polarit t he.input signal. 25 In
accor %ian {g&}ﬁ‘?lﬂp't)hth %\?&H?qaﬁwphgﬁezocwpglﬁwyPﬁ?éfa%[fsbgé"%ﬁ&i‘égg??ﬁ- anp 20 does not
have to bRIOSaSpeahid] dnfli8Er, SIEE 2 hidBlyeépetbblé afiRBprb@ichlsiheRn@n0l | Over, in

which resistor 24 would be absent and_resistor 22 would be a sinple junper
of 0 Ohn¥herap treid tapsien glenah itk @ Spsdieg simdar iR GPR Eventtisarscs p 8WEL-I0BYET or m t han t he

ESD Eventjesh@nabnatf tﬂes;mpﬁl@&f%vc%dmgy Ohe cRdifiietibedhByoal Bechioge- time of that
i nput signal 44 may not be sufficient to 30 'generate the output signal as in

t he previwisss gagbo extibib@iibehagior. Hyexampld, pifie edplferdnd pretimplifiert.he op-anp, it
may SO iy ¥ I . Of 101 as 44.

Ther SP or Slﬁdnegg%? %%rg%%; %%ae?ﬁlgﬂgf@?% ?ALTSS} F?}Harg%’s%(%%?gﬁ?%&te e&?nput si gnal: 44
does not thisphayices maEhk 7RE91E0 §:vib:3689086:c 081200 MEOCIRAOT /I8 QU p&es of

PCTI US2096/.034609 h resenc f the.input. si | . Thu as shown in
i gure. 1000RES ar ppcend o PRRAT ar Bafnrn ook REE iR P Pt ter T bt only D
Event si gimahsinahgorciapbtuineadd whthd @ckNbndbmesiifics eghalisenar e | argel y i gnored.
Thus, the circuit operates as a discrimnator/filter that is tuned to the

char act eri st i1 saplifidid 8 BRI Ry £high-siegh@MOSSopFingitemay filifen &dnipdds€s t he
operation of the amplifier of Figure 1 based on t ifferent input
sign Ps. f"Fﬁ‘@m&gr%‘{ﬁ% ZWF ge éﬂpé%’ng rS%}FCé‘?dtaé‘d?'iOPﬁa@P\ggég?ah’i‘?ffi‘WBt non- ESD
signal t RabmheSigndub tHatls dabivan tyQwaiand wo dthint RabodiSe thdCBIOSh- r ange of the
op-anp due to the characteristics o

amp 20 has to have sufficient bandwidth (typically at least 40MHz) but which is still

significantly 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 tise-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 circnit 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

EM\7209106.1
339956-991210



of the output signal. For exanple, an input signal 50 has significantly
different properties but has limted bandw dth that causes the circuit 18
to generate an output signal 52 due to C.. 10 the slowrise and fall tines
of the input signal. However, as seen, the signals produced by the ESD
Event signa non- ESD si gnal 50 at the output 0 are very
di fferent as(ﬁﬁgaﬁgby out put signals 42 and 52. Flgurgﬁgﬂﬁ%mg&gﬁﬁgram
illustrating a device 19 for electrostatic discharge event neasurenent
device in accordance with the invention when an el ectrostatic di scharge 15

event OCCUfS prefdiBe SkaNd iffut 42nd N THisI4 sBovir inFiAR R, 10 cﬁléﬁttﬂsra?w%wt ween the

t wo out put S|gnals shown in Figure 2. In this devi ce 19 he circuit 18 with
t he op- anp the gesils beyaghat oply ESEH&pat Siﬁﬂh}éﬁeﬁm’%w@ﬂﬁ‘aﬂw&@éﬁw&t% an out put

si gnal t eI BBy er conprise a
hi gh- pass %}% %yggmg#'t {[as %Etcgﬂ]tl at%ggs aoﬂs‘-% }2/08 1:(Iatrg‘rjgl n JdF{EEhEI gh- pass
filter naychmteudesaftbabﬁbﬁtfmm@@aland a reS| stor 64. An output signal 66
from 20 the high-pass filter has a sharp front and a very short duration
that is5indeperidam 2 ﬂhusuawsﬂmtdpmaﬁ@foﬂtm@ifjﬂ&tﬂ?@@re 1meeddm\tWGéif&ﬁnrray further
conprise a, peak detect or a i ncl udes di ode. 6 paci.t 70 and a
resi stor ?%Bts?ﬁ? &t Gggmé ‘%??1&‘??1"39?33%9@? ‘V\ﬁ%nr%pu {nﬂ%Egg Stred U5 M40 e
conponent ssiBcientiy) ,lovm?ana\ﬁrﬂtt&ﬁit iswilin tleadngaof tﬁu&bﬁmhp dmvte tiercmrdderli@sel y

repr esentsgétﬁe way ef or of th outu%ut swgrhrah {i aﬁ of an ESA Event. The
devi ce 19 it ‘Fﬁ‘rg?‘ilr Or CEHBI S 2B TRHE Uhaa P EigaRtly PR P PREEISan op- anp 76
Wi th resist@mss I%&ta@%@ncﬁ@dthftlﬂﬁéauéﬁdftﬁe&ﬁﬁmﬁfﬂo abRtdtd dvesitguh Qgi®l gN@le tf r om t he
peak detector, The device 19 nay have a_ voltage divider, connected to the

out p tl%f theeloFfise Pl?c‘ifél%ﬂ@ﬁ%mmp%t Figralc Bageies assep dhesinnals pesuced il 84. The
si gnal 60 %ﬁsb%veﬁtts@ﬁﬂe;@fanébﬁono@s@%a@@o hiShERPRESE SholArcRAf ral i nput  of

a w ndow conpar at or . An upper limt input of the wndow conparator 86 is
connect ed Q@fetmtqslﬁ@vmmp’uﬁmbﬁigﬂﬁhémépd%p 76 and a lower linmit input of said
wi ndow conparator is connected to the output of the voltage divider

conprised of rd5gse %ﬁﬁd%@hﬂumﬁna'ﬁéwmmlﬂﬁ@\ﬁkmﬁ gisgrrgesveat known circuit

EQSBSEr ggli%%gu&% %‘h%%xfi 1&%2#8&%%%6%/ i g& rlﬂec g&%ﬁ\%g%%g% of the. signal

at the1&ent-veatochpdfhelcbwb@wmé?ngmd&mabivmcbqsmgmdfbdths;ﬁegwalostpw the |ower

of an  ESDEAIEOR BAET hab BEASREIRCOt b LE BE eARP 60, e envel ope o

out put si gaave,GRk ifut sipll oWgeemiegRAbutBE sichatso hﬁh@dh&ﬁxﬁl@fqﬁﬁmﬁm meper limt

i nput of the w ndow conparat.or, but
device 19 may further comprise a hlvh—pass filter at the outpui of the op-amp 20 whersin

the hlgh?ass filter may include a capacitor 62 and a resistor 64. An output signal 66 from
20 the high—ﬁas's 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 closety
represents the waveforrn of the output signal 60 in case of an ESD Event. The device 19
25 fnay 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 output 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 tothe output of the op-amp 76 and a lower limit input of said window coraparator is
connected to the output of the voitage divider comprised of resistors 82 and 84, The

window comparator is a known circuit that produces an out-ofbounds output signal when
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5 higher than the a signal. 90 present at the lower limt input of the

w ndow conparator. In this case, the w ndow conparator will not produce an
"outside of limts" signal. It should be noted that the operation described -
above can be perforned entirely or in part by a mcroprocessor and Al D
converter wbeneieoth have sufficient operational speegdri©oRocess the
signals. In a preferred enbodi nent, showever, the filtering is done via
hardware as 10 shown in Figure 3 so that a | ower-grade ni croprocessor and
A/ D converter can be used which reduces the cost of the device. |Instead of

the W ndbserenpasfalicignhihiihe CANRRIRAS i fibveck i ehampends idwprtat the gnal s, the

invention may _al so ¢conpare the spectrum of the receive signal to the
spectr ur'}f"fif‘f’r a&dkﬁﬁ%ﬁlt%“%\%‘i‘ﬂ 25 Hithe P sigpd 49 Fﬁﬁrﬁ‘ﬁ’f"e_ Wé"%}“gna! isa
pr edet erpimEd nBRETEY o1t D1 85, tﬁé%eezéﬂe%g RP@isRSal 685 Figure 4 is a

diagramillustra i&qr.}gat_ e device 19 of Figure 3 and its operation when - an
EM eventelayeesigms! hiflatanpresat abthe mppes g anpub@ theswindeve popadrabey, tihe devi ce 19. In
this gasg, i i i r i t.. of the w ndow
compat at gy LB iR A Rt S0 BoSh kLR REb ol SN ERRY Bk A o Elent but
a si gnal thid4asf the tvendow perbpacfiortvhiB neppraiupe a6 outsite bf imiet’ aigmeg. thsboddpr oxi mat i on

of the vefaorm of the.case.of, an ESD Event. Sipce the signal 52 is so
i ool | Pl B bR A RaC e e ket e B s B VET or o 74t he

Si gnal tﬂhioggﬁfh @ssbﬂ&ﬁdmmdﬁm@mﬁléa?‘tﬁﬁla&&uﬂ%ﬁieﬁ%pigﬁ?%nﬂ spemtfegma@ha pul sef 87
indicating that _ the i nput, sjgna as waveformdi fferen romthe one of ESD
Event an@gf’ﬁ?ﬁags' t]ﬂépliege&ie@fr%@gﬁ‘gmﬁ\?@\‘ﬁveﬁ@eéilﬁﬂ%?%‘é dofseia EFHTHYS5 i s a di agram

illusgr %Ho%i@ﬁg@_é@@@{h@t ﬂﬁw@%dﬁﬁh&ﬂ?@éﬁo& &% 2D Brfef &k besked 25 enbodi ment
of the device 19 in accordance with the invention. An antenna 109 is o
connect efhichreguges i oot of trdevice ghgiead of gha Wipdqvscogprtatoy that oapace 6r G to the:
non- | NVeLkERge of Y s2hul® BTy diine Ald €S 30lhe BecRER ¥ flefclleddi as Lo Lhe
op-ani p UTA and the op-anp U A is powered frompositive and negative power
suppl i essigRbiegheispvEmny @ oot KED gvent sigrel. Sihe epecirem ebhe sigapt isidon of power

supply i LEE! i S.1 i dis not 30 shown here. A set of
resi st or re%%m%fggglé@?h%&%rﬁ%mﬁgfh{%@g?ﬁ 8%%{1@ UAas is well known. In

Evi 7350100, 1 Sa805E JGR T AR BRI M8 TS bt AR i g

SwW t ch Uin EMaednieocres irsitao EMRGvem yigind SUsecteived bnibe éarie 10 thiakcsse,0f t he op- anp

UIA  The Sto DL o Bed Y SR iSRS L ORAOSRRRY O Y 2
from the one from the case of ESD Event, but a signal 74 at the input of the op-amp 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 furn produces a pulse 87 indicating that
the input signal has waveform different from the one of ESD Event and thus the registered

event is a false one.

Figure 5 i3 a diagram iilusirating an example of an implementation of a preferred
25  embodiment of the device 19 in accordance with the invention. An antenma 109 is
commected to a jack J1. The signal from J1 is sent via capacitor C1 to the non-inverting
input of op-arap ULA. 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®
30  shown here. A set of registors R3, R49 define the gain of the op-amp UTA asis well

known, Tn order to be able to detect and measure ESD Events of various magnitudes, an
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Wthin the scope of this invention, instead of a single-step anal og switch
as shown, other neans of gain control can be enployed, such as a nulti-step
anal.og switch or a digitally 5 controlled potentioneter that can have nore
than one gain setting, or alternatively, there could be manual adjustnent
of. gai n by eghbgkeRebentiometer or a switch arrangenent. The op-anp U A may
al so be inplemented in a slightly diffgrent manner. | npﬁyPﬁOW%P? Fi gure ba
depicts the op-anp UA with two back-to-back diodes DI and D2 that provide
a pseudo-logarithm c characteristic to the gain of UA thus increasing its
f 9 dynam | | tehi t al n. ile Elgure and 5
depi ct an algarlfg o%jéwc}:la?%&é%rg%w Ialgg;%%gbne 1'Egdr V\H/zlacrreeasev%g% m%%iletﬁ %pénquU %%'oul d be
not ed t hatThehwiteVél B peiciypatralcdbyhuncbpomsean: e penbiowield entirely or
partially.n.software.executing qn a . processor erein the software operates
PR 5 i S RS R B R Ra e y  B BEE S8 e b S et a w ¢
the met hoehehiiadf gdib ch@folrbanttd enpRRRY si@Rds 4 AWBILstdpiafalbSsvafch bhedighaisl ope and t hen
the input signal is converted into a digital signal and conpared to these
| evel s REPRFHPHRPIEBIOPFGLIY o8 havR oL Ane G0 6P Allematiehe Bffect ed to an
inverter GAABEmaeMl Qf{;‘usﬁﬁ%n@ﬁ‘ v \dlifer 3DEnd iites bOJ s%qiﬂ@ﬁaﬁé]%eﬁéﬁ. This inverter
is needed to assure hat ESD Evénts of both polarities are neasured equally
well. A set of capacitors C19 and 20 Cl19 and resistors R23 and R28 conpri se
hi gh- pass fi | t EhsOPaeEp BlUMEaEsTE ptested e YehhiBr s R Phem and, in
conbi nat i QR WibNFRERI5E igfids 12 &h-AR8 UMREyiANGo 6ARACHER diddéd D1 af PHFE @ peak
detector. At the oOutput of thi's peak detector, the signal closely resenbles
the one &htatpieEide apprudo-Rarghmigwpmadiiriatiol yBing&H Adhgraraeasmg BSD Event si gnal
is appli e ?AQ : R Eg“rpn i resistors R5 and R60 conprises an anplifier
for Ehg s%rr‘\al %ag eput 3 rconétlﬁ Q%'eak detector. The output of this.

anplifier is connected to the central input of a w ndow conparator that is

conpri sed of aVeee Fighres drirad ardemiel auzavaiond duipmprdaewdoadirdwale RO2 wherein each
conpar at or, i s, RLef.er [ L=l ' - card] ts of

op- anps UtA ?\I% U‘llBhg]rglg%ea %%onne@?ggﬁ%&gjﬁgmgﬁgg{e%co [t's:pagéda di ode DI and
t he cat hed@ehfor phiisllydh edfevaierxemiting ot eprovissr avhsrein tofsofd@atsloperkicsig acapaci t or s

C22 and C23 to.a set of volta ividers 71R4A1 d 42,
ot v aitylaPyy StheiEhy dt mHOh R Aol el S s AR R B0 E el v
2007/ 0304 OB He(gPA QA6 1034HaDs of e avelvpedd dich fre it sifXal isevdlkesed or the high

and | ow i nputs, of. t he wi.ndow conparator (see
ir%o a dig%al sggnal and compared tc?%esealevels. (

Rétuming to Figure 5, the output of op-amp U1A is connected to an inverter
compﬂsé'ii of an op-amp UIB and resistors R2 and R4, This inverter is needed to assure
that ESD Events of both polarities are measured equally weil. 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.
An op-amp ULC with resistors RS and R60 comprises an amplifier for the signal output
25  from the peak detector. The output of this amplifier is connected 1o the cenfral input of a
window comparator that is comprised of a set of comparators U2A and U2B and resistor
RO2 wherein each comparator is preferably implemented using an op-amp. The outputs of
op-amps ULA 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  set of voltage dividers R17/R41 and R18/R42, respectively. These voltage dividers
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i nput 3 of op-anp WA and i nput 13 of op-anp W2B-) If the signal received by
the device 19 is a signal generated by an ESD Event, then the wavef orm at

t he output of op-anp U C will be between the |ow and high voltages at 5
the appropriate inputs of wi ndow conparator and the out put of w ndow
conparator _w |l not change state. If the input signal waveformis different
from a wavePE¥¢®an ESD Event, then the signal atPEHESH0t0pEtY of U C wil |
ei ther exceed the high |evel |nput &f  wi ndow conparator or go bel ow the | ow
| evel input of said conparator. In either case, the w ndow conparator wl|
produce a pulse as shown in Figure 5 indicating that the event 10 registered

i s a fal Favidgaererhy hds ﬂoruhehig@ aestley inpugs of suTadopecompeiet (skaat , i n
accordanﬁﬁut\gnog_r% %?%2%%@&&!1&? @&nﬁlggﬁ?r ator nmay al so be |an ement ed
I e y

entirely Tn so tly fast mcroprocessor and A/D
converter ar éftbseaﬂal #&c@tﬁmﬂatd@wm‘19r1ﬁealgw}1g¢newmsddlpaaE§Dlﬂlvaﬂahch resi stors R87

and R88 enera pul se when exce hreshol'd set by
resi storseﬁ@‘?e %gum%fopgﬁnﬁﬁg ﬁgécan%@?eulgg&mfgg?ﬂ#a%eastag t hat an event
has ofcuihe epinop“ﬁlae 1mtswwmbw@mmmmuhﬂ)themmeaﬁ®df dotnplraist #110r RI92 so t hat,
whenever there S true ESD Even EVENT _generates positive

pul se. THY §ha?gﬁ9§f‘\'l%f&3’ln§°é“% Vehgais Cg& ﬁlglfméﬂaa\"?ﬁe@g‘ﬁﬁf of a resistor
RI5 and avdit, ae tHeQiandt Ak oapdiopleC aliRkifeb sehedase MUZReN iR of. |t shoul d be
obvi ous to skilled in art that various types of a arms coul d be enpl oyed,

such as PEXEY COPRIEF I §ebdow Bedow Irvd inpabeiupid semparser dhethst @emdich of the ESD
Event cag;Pgy RBaSrAb: Mﬁ?fo%!& a%ls@ﬁssshdvﬁ'lﬁﬁ@nﬂ?‘iﬂdﬁ%u;%gfhast'ﬁ% evéfanpl e, the

out puts at points 100 throu 108 (shown wthin circle in Figure 5) can be
used Wor ragisisdienilie eveofand Ia@lléa@ igsargilh It ghoufSP weied that in Fgerdesasitherent  at

points 1 0, i ertheless valid 25
si nce, fg]r% egl 31 tﬁe %%%Qg[lggl[%e%%%%}%ﬁa k’ salhﬁmggflvnts 106 and 108 is a
cl ose raﬁﬁesﬂmfatmmmpodceasb@néw@cmbﬁsa@maéd at the output of op-anp ULA

These out puts can provide signals to analog-to-digital converters or any
ot her neasur elewmbpatawrifoesd with acbpigim 1D and geisipts BefidncRE®Ogeperatamal og neters

ue to sPUi UsBaE Rt AERLETEReA Pt b B EaReraB a0 REE MiRebo "2 peak hol d
det ecitsor camuEEddse thd@biealmt Wntlﬁéﬁcaﬁ@bduztﬁa oﬂpﬂdﬁ&p IMp v id5, resistors R53,

R24, R25, R32 and R32_and acit C20 wil| "stretch" t ulse to the
reqwredco@éﬁﬁjttﬁms}s?"rgg?ﬁ tﬁﬂ fgeé“é‘ée’é rel%awquen§§%| %@S rements, then

it can diggehas gﬁsﬁxf@:%ulsﬁl\/‘rﬁ@’@%wﬁplﬁs%%%&gggJv?s&Q alarm comprised of a

resistor R95 and a diode D9 and/or audible alarm such as buzzer SP1. Tt should be

obvious to skilled in ari thet various types of alarms could be employed, such as relay

20  contacts, eic.

The measurement of the strength of the ESD Event can be made at various points
in the device 19. For exawmple, 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 ULA. 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

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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WO 20071030479 PCT/ US2006/ 034609 12 capacitor C20 after the neasurenent has
been successfully made so that the signal will be present on capacitor C20
for-as long as the analog-to-digital signal capture takes place. Figure 5b
illustrates another enbodi ment of the device 19 in which |ike el enents have

| i-ke referemgepuseral s and operate in the sanme mannerpanL&s0i4601 cat ed
otherwise. 5 In this enbodi nent, an &dditional conparator U2C maybe

i ncluded so that the device is able to provide a signal indicating whether
an ESD Event has positive or negative polarity. As seen in Fig. Sb, an.

out p\l;l\;] 01;] chpakigdr C?pam_elﬂm%sdr&nim Rfxeetedcdessidlynodde E@uﬁftheﬁgdanwmébeof an ?parrp
U2C which is configured. to work as a conparator. A non-inverted input o
this opar?ﬁeSF‘go%E?ﬁg%@f ‘[%Basailo%"l‘stﬂéegaé'alf’%" ‘E‘?l%'ﬁgélg%%ﬁ?%efaﬁﬁtpl%&n be derived
in any known y, ¢ 1.0 SUCh%fﬁs r%si_stivg val tage .di vi dgiiﬁé etc., If case of
an ESD Event of'sjy6sb tlugeisssnatherapmbodipent of the Geitics | 8 @hich &iks ¢lfasdhanp U A, t he
out put of HeRITRRLE:RHce WdGeWh bhd HRrAR08 kel s¥e mhidR Sk RAiRRK Bhbdwse0f the event.
I n case of negative polarity of ESD Event, the output of conparator U2C

will bé zd&r Bis orppdimpalyanepddisioes! spmprriter %6t mpthedrdlided o6 thashe yisais can be

achi eved. 4 ELOUAL, Gol:Pinficlls! AREICAIAN nRASRIpGHIEYE LedR0 A, can be

connected to the device igure e mcropr or-pased circuit
i s capabl eApfecmmdd fb.rag otilipet ofifigyt ap-amp §XL 4ri§ evgnechked tolanen-mmettcd pniidi cat i ng t he
data. The circui 2 y . C ri.se an_anal og-to-, digital .converter (Al D) 150
and can haa%/igpaéllﬁyﬁ%\(’ﬁw 81?%5’ fi 5ivaP Wf)%ﬁﬁ goné%agast?{b\l/\knl?on%ﬁ\ée%ﬁg B @g%h\llser t ei
converts tdiempiRabogetsd g AabRagerefietida@o e thatichn Is:hieyined in aby lgive way,l nto a

digital 20 signal .as js l.I known. Th t of ALD 150 .,is_connected to a
m cr(g/gj-rooc &8 ref%‘ﬁve\/ﬁ"kt?}ge\%g‘@éeﬁtﬁit%t : EPS?r%fer?B%b%’ I?t_olfﬁosém’ﬁr%g@ rt_§‘8 embodi ment,
the A'D 15fpappuldeGopnhesaed UL, i¥oahaifoaassas: WIcHIifbe pblivem cropr ocessor

152 perforns neasurenents of the si}gnal (s) angr}frovi des data to any or all

of the folirBwipgPLrEly efdls evantyiiy ersgof negative polprite ahEEh Bynbithawirut ¢fagni t ude of

the di schagge.fbr tREw o0 v RAEGRInoh B P85 SR Ed A2 88, an LED
160, 25 an audi o buzzer '162 that ¢an used wth a sound on/off switch 162, or

any ot her #heicdat ors and displays. In order to perform nmeasurement of the
signals and generation of data based on the signals, the menory 154 may
st or e ¥ r nwar eFiguk thing wicrdpaacesser-essedoaiceit]1 3h\that han berropneoisd tadbsdyicet o perform

1 s TR i S8 AS0R% LORIRSL AN ARl AL gl SLLoU!
the pref ersteilg éetdad mrbigminivatinghady. dibe decwinal egy sorgprésk ¢sjnatog-tany of the
external - pEasyr et SEMCSS ol Rl 2 BB LODSYSLET i var T ous
converter converts the analog signals from the circuit shown in Figure 5 into a digital
20 - 'signf.ﬂ as is well lmown; The output of A/D 150 is comnected to a microprocessor 152 with
associated memory 154. In a preferred embodiment, the A/D 150 may be embedded in
Q. 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
magnitnde of the discharge or the count of discharges with a resm; button 158, an LED 160,
25  an zudio buzzer 162 that can used with 2 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
microprocessor to perform the measurement and data generation operations. In addition,
the circuit 120 may have a D/A converter 166 (also embedded in microprocesser 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 varions formats, such as 0...5V
(168} or 4...20mA (170). In addition, the microprocessor 152 can provide oufputs in
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(168) or 4...20mA (170). In addition, the microprocessor 152 can provide
outputs in EM7209106.1 339956-991210 WO 2007/ 030479 PCTI US2006/ 034609 13
digital format, such as serial RS232 or RS485 174, TCP/IP | Ethernet.176,"
offer data in a dial-up connection 180 or via wireless connection 182, or
even have an enbedded web server 184. Wile the above-described device

rej ects swgrmab@sddwat have waveforns different 5 fromcESEkvBats, there are -
still sonme events that nay have ESD3|i ke waveform such as relay contacts
comut ation, that may be recognized as legitinmate ESD signals by the device
descri bed above. In order to discrimnate agai nst such non-ESD signals,

anot her digirb&ampereh efseiABSPIRAMISH 1 H), SoT /M Etbamprtdyo. atimdakidd 2of pattern
recogni t 0Ny, e RANEh G, irelgsg'?gﬁ\oéﬁ%tnslféﬁro?Fwée?x@%%ﬁ;@)ﬁb@@d%&%@b and al | ESD

Events are caused y di scharge accunu atic voltage. Static

vol t age s$wvect¥ated by a tribocharge, or separation of two dissimlar
materials. Due to the nature of nmechanical novenents, the charge created on
conponent s i rvaldtygrboed-depnribeddeyidese]ditd i itat kave mpvdfomms difE8Dt di schar ges do

not happen_ J regul ar ttern on hi ghl y r atabl e basis. At the sane

tine,” si st rela : \ U ’ arly and often
8 0P Bim st Mo RRshinG Pubihofie maf e S BRSSP P

have si nmdiagcofgdYoinuthetion Mabmal B ScdbizeddrQehidiRn ESID siphas hyngent i on

di st i ngui ,shes bet%ggen ESD Events l_&Rlv}yni ch are random and of different

magni t ud8SESORCEPSIEOEN &t HOH IELEr BVRHE BARRP PRt DR e 8hd/ or have a

simlar pRedHihdHeler BAE entibd R0 miy GMIS alifethdd e phifed] RSogBitoh! & bond tool signal
event. As seen, a serial of signals 200 caused by a series of events occur

on a hi ghtieyrer BB ents awirandendyy netien A ol RER) Enenieare crugidityelisshzenagni t udes,
Thi S 181 9BBlaRMkE! b D81 RaARR TER RMENN Y ot &adiondirgnal s_ 202,
however, oggzur oﬁ{y 1spora‘gdi %%tlll y a%ci qual ytgs00 glgt%g%rgﬁon?i gure 7b

i |1 ust r atesdisimip oeiafizls. yDefio theantuse doakchanitl ragvemeits) sheenhange treget her and are
appr oxi mat el L.l i magni ich. wo te tg indicate that the
26r1 5. oph SR dorih RS, MR DS R BB d Ft RapRIGRAT e

pl ural i t yn ofegdareatesn gr Ohiged repagaidienisi At b iaete tinivesignabiten 20§ 25 in Figure 7c
are random andﬁi nctonsi stent in riaxgﬁ]%%gﬁ t hus. Zgual i.f}{i anf%% bei ng ESD
Events. FPUPE %?F'IOF%E‘%’%@?@W _ ?)VFSF’_E} E’?ﬁ‘& fiohESH® event s usi ng
patt esn  efmB6@RARI b BinkEhtios ERHEAEANRES baivicbn BB BV Bhich Are rhiliomt890£250, an event
signal is_captured and_ . .

. different magnitude each time) and non-ESD evenis (which are periodic and/or have a .

gimilar magnitude each time.)

Figure 7a illustrates a wire bond tool signal event. As seen, a serial 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 illustrates a
plurality of evenis 204 that are ciustered together and are approximately similar in
magnitude which wonld 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 pattermn
recognition in accordance with the invention. In step 250, an event signal is captured and
stored in memory, that conld be configured as a FIFO or in other. usable configuration, in

30 step 252 continnously 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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stored in nenory, that could be configured as a FIFO or in other usable
configuration, in 30'step 252 continuously during the nmeasurenent process.
In accordance with the invention, continuous pattern recognition is
performed in step 254 on the stored event signals and if a patternis
identifiquigygggﬁ 256, events that are part of the pattern are discarded in
step 260 ER 6. 1 339956- 99121Q, WO 2007/ 030479 BETUEXIEEEI034609 14
and only the events that are not par% of the pattern are accepted in step
264. In step 266 and 268, the ESD Event is reported as an ESD Event. Figure

8b illustrat how t he, met hod i n, Fiqure 8a separates ESD events and non- ESD
event s. %nfjrofl‘ﬁi%%eefvlelaﬁp@ﬁax?]i‘%p%? t P4 mﬁ?@“ﬁ@%@ﬂg?‘ﬁiﬁ& ﬂsﬂﬁ?l’ ® such as out put
of 0...5Md 268 keSE3b Fhingldh&oficd & -8 RSDEveAAS Seen, a series of event signals

270 (froma series of events) are of approxinmately the sanme anplitude and

are highly repeat ailigsiralbhhw D diegdl esFikiiaba schRDASERTY SVt add forcaused nost |y
by operation of machinery and not by static electricity. These events wll

be rej ecEEcTRMst Fethidisngothe putpt gf thg easurement dsdicn pudhag AFBUDT R SHowever, are
randogn i fBStcjf’P‘Fgﬁé@i oS! AR J Rr IBRGR U E0n-RO 7 (B b Birs S&LERS Of events
qualifies 10 t e_mgs0 enui ne ESﬁFEvents and they w [l b% acce%ted by the
met hod. #rpoanisikieatdlnine sapicanplinde agsiarokielly cresatabld s indiFdteg tha, t his net hod
provi des,; hi i %qg rggg f .Events while
rejectih%g%gﬁ%%ugggﬁgﬂs.ng%ﬁﬁéﬁgglls 3 ha %&#§q§9%g§V%%§g ) in accordance
W t h anoThess evenbedll bemiected bit themethnd effitig. a. AEbiics oflexnse7800wh@s an ant enna
302, a LED indicator 304, audio.%gdugﬁt?n 15 %96 gomgé swi tch 308,
power i nGf BALTBR P8 GRS B TR AR5 Y IR SECHP YRR 3G ement of ESD
E?/Zml@l Othalh aa%emﬂ' € ESBIRyents @dﬁmgaaﬁﬂbhﬁﬁcéﬁtﬁi @gﬁd;]maﬁ@i.anﬁditaﬁg@ioa\ﬁ tch |314,
al arm |l evel adjustpent swi.tch 316 an e e jack 318. vi ously, not
Al 1 shotiH: BP abrerRel drgrdin Fige SPFF@“%@W&"@%?E%PY&QE}E?E fgeier fidze the
proposedmiaaw@ﬂl%ﬁt@msbmv&ﬂiéﬁmer}aje&ﬂﬁguh@fa@ﬁ&e, LED bar indicator shows
relative strength of ESD Events. arm |l evel 20 potentioneter adjusts the

| evel above wWiiehoA0 2 ESID HEM@BYicd 06h Sieba%ed vl dh@her thSoSAMAds k@l arm is on.
The handhel d device 300 al so incorporates the device 19 shown in Figure 5

and t he WeeHew EHodyiceR0Bkasen artegme pP% @B HadiH e SO sadip SWicaled ot her

pr ocgssi o gg{)gﬁ,@lgig ] I 1@%@ I to a skilled in
art ? ﬁat ﬂ%bfg%e%\%n%lojrbt” e %\b/e?@ggﬁlj 3[%?& g@%ﬁ%ﬁ%{%p evices with

i nt er f aceeasaremenat ESBdymisoter owidsysigemlognithsicilmskeweatedge &btcbsi ng proposed

I nventi 0.91'4, 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
particularease, LED bar indicator shows relative strength of ESD Events. Alarm level
20 potentiometer adjusts the level above which an BSD Event is displayed and/or the sound

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

N

and the method shown in 8a that perform the discrimination and other processing of the
incoming signals. Jt should be obvious 1o a skilled in art that not only portable devices,
but also bench-fop 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 embodiment in which
the device 300 has an LED bar graph 326 that indicates separately the n;agnitude 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.
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Figure 9b is the hand held device 300 in accordance with anot her enbodi nent

of the invention. In this enbodinent, the device 300 has two additjonal .
LEDs 320 that indicate the polarity of ESD Event as it occurs. Figure 9c is
anot her enbodi ment in which the device 300 has an LED bar graph 326 that

i ndi cat ei‘,&ﬁ%@ggl y the magni tude of the 30 positipegidsie@ati ve polarity -
of dischargés. "The magni tude of thg negative polarity of the discharge

maybe di spl ayed 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 Baersgfapited tdEMow20:94061ud3 3985 6va0da2tbisd@ i AAR/e30H 79

PCTNS2006/ 0346 5.Users often.need to know t he itude of the event
correl a?‘té{fg‘?/\ﬁﬂ?c%??ﬁée @fﬁéﬁgﬁjf‘%{e&é%d’ytcﬁm%%wcﬁs Ihlk?w%ﬁ;g%gbharge as defined by
conmon REREEEGE SudiihctRs ddiedsoiral ARSI 66 bididchR gesSUeR aPTBRI(CERgslel | nes sever al

nodel s of di scharﬁﬁs such_as CDM (Charged Device Nbdelf), BBM (Human Body
Mbdel ) ReticsMoidaFiByt GRwen BefieMedelang seogtothee Beghaghaidfiss is shown in

ternmg ofaisa{a%gé 1§ SN 18 98mE BtiShiB YotaEoalbiSEMB iR RrpeS Wadh B%or hhpgXanpl e, 200V
CDM or 200 HBM 1n order to préesent neasurements of ESD Events done by

recei vi AgPeCEM: poHREYEEN. Tnjcededty pheseninichvratioysivAEGR Bvents dingbf orm  an

instru . L zed.: for jfic mdels of di,scharge and based
on measmgérgéﬂr?ggt§1 Eﬂﬁg}aﬁ%‘gnﬁ%@%ﬁsﬁlt Ve 15&‘? aé%eﬁgrﬁgg‘ego e mdqgr\%%ngén “g‘hbé’m in Figures
9A, 9B, cREctetiZeddfiobptficmmyddiranfdbadrd: and Bhseb@astieeurance disksdedrvd nput  si gnal

wherein_t em ssion/i.nput si.gnal e ctromagpeti c em ssion,

el ectri éh&frh%é]?aﬂgeoﬁ’hﬁaﬁvﬁ%#@“?i“gﬁgméﬂsggo%&gé aﬁ\ihem%beéﬁ CQound or ionizing
radi @t | eitafPd HEidBionSnBhsigs] aNerah PB amiskiod/aipey sigalm@y eayy Fi gure 10 shows an
exanpl e ?f such characteri zati on data with an ESA Event nonjtor for Lo
CDM t y p& e CeaRatig EmisfigR g dedor meshetc Agf ptspion & el 284y ol Yeen from 15

char act g h@micafidsioh/buffl &-an 49ha, BetWBak@ia 6. L h the antenna placed at 5"
fromthe event would generate 3V outnut signal if the event was caused by

100V static gl agehodR6n eblinSfNALE ShdribiRizNiRY: GQRRhABSDWER COM nodel . I'n
essence, a 100V.CDM ESA Evént would cause a 3V output signal in a nonitor

pl aced 3rondoudlr FlMrvpe dischargs. | Rhe pyiputef dogyoniignviOESD. Byerm Bpoul d cause a 3.7V
out ppf 4 gRal: ki RndPRIE L 0.l AGAE: Gin E%’%&(enﬁnﬁ Bﬁﬁléldtat 57 £, fUGHgharacteri zati on

is specific to a particufar nonitor. ures ~s and shows how t he
char act evaukiagenante dd oatpuiaaenpiaf hs edntas caisedlet 100 sk agitagé attdhe event

par amet ef gy KL U1 G cok@iSR O CoRProbflh ookl ¥R BB iig: done
would cause a 3V output signal 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  handie semiconductor devices. In step 342, the correlation factor, appropriate conversion
formula or the look-1p table according to the selected distance is determined. Tn 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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before the nmeasurenents. In step 340, a distance fromthe anticipated

di scharge is set. In nmany cases it is known where the discharges wll
occur, such as in automated tools that 25 handl e sem conductor devices. In
step 342, the correlation factor, appropriate conversion formula or the

| ook-1ip takl§,@eeRdi Ng to the selected distance is d In step
344, if the ESD Event nmeasurenent dey ce is expected Féﬁﬁn%%£§$4é$09nore t han
one nodel of discharge, this nodel should be set as well. In step 346, the
correlation factor, appropri ate conversi on formula or the | ook-up table
accordi ng L sg) :@Qﬁ@ e these

par anetersaglglpéﬁgﬂélt lﬁ?%eg%ﬁacg opr| at jt%ﬂt)%%&éj%%&hﬁgﬂfég%n& I ngs can be
made. Depehaigig tberﬂoclomstablammmﬁem t he device, such adjustnents can be nade
in HM 7209106 1 339956-991210 WD 2007/ 030479 PCT/ US2006/ 034609 16 anal og
form such as @mun: 1dhdlhgieaes agnethad 3dD@rwaetra’zfoawﬁthbyle‘atﬁmmmmgiama:lmﬂnl ations
formul ae ch | 0ok - abl e r rellblllustrates
a met hod %&5 51? ecrgg e{ﬁ(?;sﬁ 0 %?SG%M |ceaogahava 6enF§an(I:188q%l PR fgﬁle i nvention
once tle disieanee ivdech ﬁﬂ,&ﬁshfa]ug@rﬁnﬁiﬁlatehaya&cé}ﬂﬁﬁeﬁﬁhecdﬂ%@ontfﬁlﬁomfwut si gnal
5 is nmeasured te |tsv eisr Calc in accordance to the
correcti onal?aé%:flgwti‘tf‘%? ‘Qadz 315? aﬁﬁeg’toﬁ st %g‘aFﬁlcﬁlﬁ‘ﬂi‘té’PWscharge
nodel in sh@Rad3%4e adbént E@E@hﬁ%ﬁiah@@ddi@dfﬂwadeﬁ@e t QR riAlcRlaREGRIME. any
characterization data of the device. Once recal cul ated, the data can be

di spl ayed 43R bg figaves B skmdopandiament i deteneaasineRRYFieTHD 8P 355t em i n step 358.
Figure 12a illustrates an exanpl e of another enbodi nent of a device 400 in
_0 accordance Wi i2pEluptiest errnlindtndhy rehedinpitel adehedt00the ESD Event
netef 400 NasiABe whlie ﬂﬂ@n‘zﬂﬁ%lat @m?b?s%@)ﬁeﬁ% PRESEPH Pk EMB 140k Figure

12b rI'fustrates a screen shot of device of Figure 12a during set-up

wher ei n trﬁ@te@n%‘%@n%@sﬁlf%?@ﬂtaﬁbﬂﬁﬁgldww@é Riporeilgb Sluptrajesiarpgreerkdyeolde2. The
nodel of 4 g en shows
t he CDM dIdSC a%lggmn%%&@%%e C |I1&Féy Sﬁgﬁ%@gi%ggﬁé&er%&%ﬁg{seg% he devi ce
of Fi gur e Kega4125 THembds) ofbivhaigs ¢ s gt usigrlely 456 | Bdt paoticul #F sgesnahdv@d

illustrate n _sho of Fi a. sh he
measuremanqSA ?ngﬁ(ﬁl-‘fcgmg??léﬁ& ?"fﬁ%l gztd]guS{IQ[FF atﬁ%fegn%]g??ﬁ%%‘%ﬁce@gggmg & upper row
420 dep Ct@mﬂgﬂﬁhﬁﬁzgﬂa@@ @8 kdleibn. 2BQMe (LIMsaEeh Joredh shawEthedomMeed22  depi cts
count of d| char houl d be obvltous to a skilled in_art that instead

of a hand-°f ]&ngatgg’tnﬁ‘l‘sf’fﬁ:’?ﬁ?ves& s {ieh bR FITEP: (B HHY RATHYEF £95F-#ng

essenti al |y, Eﬂswampimgchﬁge GRAR O BVUSBE b T pRESLLARAts of the
pr oposed |nvent|on and the display can be augnented
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 essentizlly the same function can
20 beused within constraints of the proposed invention and the display can be augmented

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

Figurs 13a illustrates 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 antomatic means of distance measurements are incorporated into the device.

25  An automatic distance measurement device 402 is shown in Figure 13a. The device 402
can measure the distance by various means, such as by using nltrasonic, light-based,
mechanical (extending rod) or any other means to determine the distance. The light-based
distance measurement tnit may be any unit that is able to measure a distance using light
energy, such as an infrared distance measurement unit. Figure 13b illusivates a method for

30  measurement 500 in accordance with the invention. In this method, the input signal and
distance are measured, preferably, simultancously 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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and/ or repl aced by an output to a data acquisition systemvia numerous
avai l abl e neans. Figure 13a illustrates an exanple of another enbodi nent of
the device in accordance with the invention. In this enbodinent, instead of . -
t he manual setting of the distance, an automatic neans of distance
neasureneQH§ ar e incorporated into the device. 25 An automatic di stance
measur ement® #8U1°¢E* 402 i s shown in:ﬁigure 13 a. The W% 99 can neasure

t he di stance by various neans, such as by using ultrasonic, |ight-based,
mechani cal (extending rod) or any other neans to determ ne the di stance. The

l'i ght - based . di stanc asurement..unit be an it th i,s able to

neasur e gﬁ%VEF?%gggﬁgﬁggiwFﬁﬁ?mgg%§?63?%E%Eﬁal g&ﬁaﬁﬁFﬁﬁ%g’ i stance

measur emgigplayinistep 568 gidloeschB aidhiausqulisiticaSysenirtstepd 16,01 siRldteaswdenent 500 in
accordange w t invention. In this t hod, the_ input sjgnal and
distanceﬁﬁpﬁﬁHQE%&S@H?“H?@PE?&%@§?”§Pﬂﬁ&%§ﬁgﬁﬁ@Fthﬁmgﬁéﬁéﬁ "and 504 ,

unl ess 1t bgendBithtBlireh S 4:QRGE 3/01?&%5‘1’11%5&@1‘8@&1%& anGRndPasmnes. change often. In
step 506, the neasured EM 7209106.1 339956-991210 WO 2007/ 030479

PCTI US20681er8lyetgic vaimsjgs baye fosberas e ke didanee T deanasprebaislaseed di st ance and
the resuli: d r ! | or sent to a
dat a acq&%@???bﬁﬂgﬁglg%?@%ﬁg?g%yqu$m€?égﬁgﬁﬁgaggkﬁﬁﬁggﬁst af not only ESD
Event nedswratmmntsombledbeneiit fromthis approach, but other distance-
dependent neasurenents such as static voltage neasurenents can benefit from
that. 5 Curr emtabgordagteatiihghajiolbaniiet, éris ofieaviesitable hebeablegdo bivead di st ance from t he
measur ed ;SHrJ 366 allARREALIG vk deistB DGk RLS IRLAQA 0l agY, and such device,
accur at e neasurenents can be “done a %ny reasonapl e di stancs. | n accordance
Wi t h 1the magwehide oirgel deviceamafel @M siactald modeb(MIE) adiluenah bodyanaieh ,
devi ce/ ci it _that determnes the type of .dischar t hat ,has occurred .
wher ei n {ﬁgﬂbygggﬁﬁfﬁﬁW§ﬁmfﬂ%@ﬂﬁ@mﬁﬂﬁgﬁéﬂﬁﬁgkﬁé“ﬁﬁ%ﬁﬁmf ° machi ne node

(M) or hwemnredistermeb HeARMof dbdigise endiaurkd 14ystacahesadanoempadi ment of a

circuit 990 in accordance wth the 1nvention for determning the type of
di schar gevarars; fgia leMa P! and £EBM digchrags, Sipseitvelp s ahoviigyesy W8 for a cDM WM

and HBM Qi S@haseIfvict BRRG Glsbiiflots théehoB Wik TaflinE 1 Qua8y &danosbddgalhar ge Devi ce
Model discharge is the shortest one lastin typlca1¥ f ew nanoseconds, 15

whi | el SvagtiladavkiaeModalMM) disesheraaragts tyreells 29 yaspecapndy Mgraidtdsrconds (Fi gure
14c) and Hﬂéﬁ%dfﬁﬂ&ﬂk%ﬁ%diﬁg% 165 S 608G odrRS bieviPRn DR ROSEGR S or even

| onger as shown
Figure 14d.

As seen in Pigure 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 1s connected to z first input of a comparator 1002. A second input of the comparator
is connected 1o a voltage reference 1004 that conld be implemented in various well known
manners. An output of the comparator is connected fo an enable input of a counter 1008 in
a way that, in the absence of a signal ontput from the comparator, the counter is effectively
disabled. When a discharge occurs, the signal at first input of the comparator 1002 wilfl

25  exceed the voliage 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 nput
signal drops below the 1hreshold of comparator 1002, the count stops. The output of the
counter 1008 may be connected fo an tnput of a digital comparator 1012 that makes a

30  determination of type of discharge based on the number of pulses that ocour which
corresponds to the duration of the input signal pulss as shown i Figures 14b-14d wherein

2 longer duration pulse (Figure 14d) results in a greater number of pulses. Thus, the digital
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As seen in Flgure 14a “an antenna 30 is connected to t he i nput of an
optional high- frequency preanplifier 1000 that anplifies weak signals. The
out put ‘of the preanplifier 20 1000 is connected to a first input of a
conparator 1002. A second input of the conparator is connected to a voltage
reference 1QQdhhabsiss0ul d be inplemented in various weldpda¥msssgdBNNErS. An
output of the conparator is connectedsto an enable input of a counter 1008
in a way that, in the absence of a signal output fromthe conparator, the
counter is effectively di sabl ed. When a di scharge occurs, the signal at
first i npWon@hratddCos@iRakeatu@berlddPiseM deherd&l @X@ e &R puesiyel h:algaempafser ence

| evel (Vref) and the conparator wl| eneratzﬁa signal _at its_ output. This

si gnal  wi | PatEREBPEo pRlered FHHbE oL Bptss ‘W%P"@HYRG isehieree apbdptdupes ¥nt of pul ses
froman osgjd éﬁﬁseﬁaxéeokﬁlmsaelaa%ﬁﬂub@mtcb Rﬁ&u%é ShnBekis kaBUhoi@ho)e counter.

When the input Qﬂ%; drops bel ow the threshold of conparator 002, the
count stop@thﬁrn@b %tthwcﬁlh%‘?o IEWQ@M@G@@IWB%&W@@%@%OIM i nput of
a digital > LyRg of discharge
based o% t e nUAD %te(r?{so%&%ﬁf%dggé% at oc%ﬂ?g{/\ﬂ%%ﬁ cor ééé&ol(r? S %ﬁg) t he duration
of the i nputfoshgiiglapigtopmcasorsiszath i n Fi gures 14b- 14d V\,her ein a |onger
duration pulse (Figure 14d) results in a greater nunber of pulses. Thus, the
digital EM 720840615k d8E69 s6ileodati@iydt 2007 (63D 27DmPAIdUB26862084609 1S
conpar at or,_conpar.es nunmher o | ses .gener.at ed duri t.he i nput signal
and conpar BY° "FREEC 15 tfeﬁ%”e:en% 3%%{‘8%%“1&6‘%%% Dnﬁﬂlflgsgém? Fedeach type of

di schar ge @hdwitel Brtiis eRBodubent of Mpeirdadt 96D smdmmger 100paey bdepldetieyai nation is
conpl e coun is.reset (not sho s enbodi ment, the

circ Tﬁg 9@$§”¥Wbﬂ@éﬂ’?@8§ Rng PWB&%W@@F%‘%@@ %Péé‘ﬁé‘st% n 5 components.
It should eﬁﬁ&@@eﬂeb&ﬂ ‘Tt d WaBetn R de@hminBfortifittfle of ARBAIREORadk012 can be
per f or med a mcroprocessor instead, Figure 15a depicts another enbodi nent

of the ci r]’(’ﬁﬁﬁq orggbierofinht @hibp PrBUtf smsiet 8Y thp digdalcperagrel e FdP¥nce nunbers
and per f ot fihiidRlchibe SR dIRS by BlafSSorb Aol b Eon ) R IS0-a ekl

enbodi nent of tr?e c?l%cwt ,&I he %pgunt gréllooowgr}aybe rSepI aced by a 10 shift
register 1‘@2®Iavﬁf@méﬁhﬂt@w1lh§@nmﬂﬂ§smnbu‘@Fsgﬂgfﬁdl"«b-durat| on, the shift register
1020 generates a series of "F's and wherein the determi nation of the type
of di séhar ge i Figraeltba dopisiethesicnifivdef Fighres 1@'oréﬁaw1ﬁeﬁ1@@ddpimn05ﬁnreg| ster by

m cr opr oc oS EPBr A oo the WIERRe LIIE AR R0 BEE! PRIFERR 1Y et

ar e subst aditdhatgk Ysush i thashdwam ik Fgured $b)itd ba ehsier to manage waveform shown in

Figure 16(: This envelope detector can be of any suitable type and its specific construction

is not d1scussed 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
N with the envelope detector 1030 wherein the antenna 30 of Figure 17a is connected to the
Q 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 illusirates 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 execated by the microprocessor) deterniines 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
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15 Figure 16a depicts the circuit 990 of Figures 14a or 15a with the
addition of an envel ope detector 1030. The envel ope detector 1030 converts
a conpl ex waveform of the discharge (such as that. shown in Figure 16b) to- -
an easier to nmanage waveform shown in Figure 16¢c. This envel ope detector
can be of any suitable type and its specific construction 1is not discussed .
herei n i nV4hPdEY*? | since envel ope detectors are walG"RHSUR4%0 Figure 17a
il lustrates another enbodinent of tHe circuit 990 of Figures 14a or 15a
wi th the envel ope detector 1030 wherein the antenna 30 of Figure 17a is

connected to the. tional preanplifier 1000 and.furt t he optional
envelopeﬁﬁﬁ?ﬁ%?gﬁsg §6@W$WE&H§FE@?ﬁmbwm@ﬁggﬁﬁ BF%B%ﬁﬁgﬁé%tﬁﬁkﬁoso is
connect ed] 0if theRé@hd fRESHIs ARAOGort1AshEt @it R HRORYERE Efen thEQBENt Ishat converts

this signal into diﬁital format that is passed onto.a_m croprocessor 25
1052. Fi gered 2 pep-ESD Gyent anddis diseredded jevten 1ot Bihesprond repding i 198wn in Figure

l7a. In %ﬁ&%ﬁrst&l@ﬁleﬁﬁﬂﬁ}&%dinéﬁgnéﬂc{ L i RRH RS HRE& oAPARYLED and the

m croprocessor (based on enbedded software being executed by the
m cr opr osesspen reddings avg measudefl andegorediowiep d 514 Bdigh Al eigry donsestip 1104, once

e o0l DR, Sl A0 bRy ISR o B HBEP, LR R 5O | oL

associaiéﬂsmhthﬂﬁ@mnﬂwﬁﬁwpmﬂmnmam&gMthammﬁamﬁbeESDEbgﬁsmh$ or a separate

menory device...In s 06, anot her . EM 7209106,.1 .339956- 991210 WD

20071030 R TR g BT TS ABBET 6 RRLSE o R TPL o e PPV EHbr t 1y af ¢ er

the firstagnewdinthe idpRnsisiaDieadied RroSdr@par kd08he diftirSdvet is dohdiflered th bbhe second

readi ng i s_the sanme or higggr t han t he t*%St readj ng, then the event is
113 i Ry egfe

deeneld a *hERD ESHH BETR SEP 4 e WP SR #818 15 oplvge &y discond r eadiing

is | over sofh@dloftienitdpfice8ft@nd Qe 1108, filfedr cbRREhnMY dbthnFRADTYe | S T epl aced
with the second one and 5 subsequent readings are nmeasured and stored in

step 1114ccumey elthis defermivalian ynmeiss Edigabsdute aaphinds of hecighgasiakbtni t h t he
previous;samhs: ! f a magnitude of a consecutive sanple is the same or
hi gher than the previous sanple, the event is not an ESD Event and is

ci scarded 11 8 1A flrall aldifer GARRRGHY bitS: SRIPLR bl hnsgmp! | ude ¢ han

the previous e until the I nput signal reaches ro or near zero, the
entire ewathd sveepesictteiont)30 ohbrein 1l wtenESH FigremtSaiivcostepd 10186, I n step 1122,

LT T T,
accur acy egibodihies, Ogklehold deikdiar 060paOkased ihsttdief dhsohuéeameli/bDude of the
signal i Scmgv%ll"(tgrnl 050 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 fo the oufput
signal of the envelope detector (or the signal from the antenna if the preamphifier and
envelope detector are not used) by a comparator 1064. The output from the comparator

10064 is fed mto 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 io the operation of the circuit of Figure 17a except that it does not require an
expensive and power-consuming A/D converter, Thé disadvantage of this method as
compared to the one of Figure 17b is that the absolute magnitude of the signal carmot be

30  measured. In step 1130, the maximum signal level of the input signal is captured by the
peak~hold detecior 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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into account. Figure 18a illustrates another enbodiment of the circuit 990

of Figures 14a or 15a 15 with the envel ope detector 1030 wherein the
antenna of Figure 18a is connected to the optional preanplifier 1000 and
further to the optional envel ope detector 1030. In this enbodinent, a

peak- hol d detector 1060 may be used instead of the nore expensive A/D
converter 1@ahoimskirgure 17a. The peak hol d detector LQ8QshRybRs@N any
suitable construction and may have aocl ock signal source 1062 and may hold
t he highest level of 20 the signal that is output fromthe envel ope detector
1030 and be able to be reset on the «clock pulses. Then, the output fromthe

peak- hol d delrReb e écnfRARRANGH T tep MBEOME PiftwarsSdf@iahic nyprdc&@orenVe' ope
detector (or the signal fromthe antenna | f the preanplifier_and envel ope

det ect or d#%mﬁﬁﬁﬂﬁgﬁéywH§m§“%6Wﬁé?%W¥ﬁQQEﬁﬁﬁﬁﬁﬁﬁﬁQﬁﬂ%ﬁﬁm¥w8%#@ﬁ% conpar at or
1064 is fQQu ﬂ%@iﬁsﬁ%@Iﬂ@ﬁ%ﬁﬁﬁ@ﬂ%ﬁ&ﬁ@@ﬁ&&%EmQﬂ%@ﬁﬂﬁﬁbéQm%@ﬁmﬁ%&%.”Hnner and
has the same 25 functions as the m croprocessor shown in Figure 17a. Figure
18b i | | ustthaingy sighd mpéframlaoﬁsafﬁvteme Hoeeasi if tho 9ew sigeahes loverthagaree 18a whi ch
is siml r I C xeept that it
does n cr?t ?Séor%c? 31%&3 2k ﬁl %EWQ étca-gd o) Vt\llzeerp"é%% %@% detec%{: E\S%% glr‘i@eﬁ»ts@ &1 The

di sadvant agez dﬁe doftware nﬁahh ﬁﬁbre;socesmnmn‘e thetromdb brenf @yneescmat Ritghas ®© blidp 1 s t hat

t he absol u |tude e si gnal_ca be. 30 measure tep 1130,

t he maxi mu Fmpée a%% Egﬁﬁﬁweg? gPBﬁ%%ﬁ?ﬁ?éﬁﬂ%?ﬂFﬁ@“ peak- hol d
det ect or aﬁdyﬂaﬂnﬁﬁthd goes through await step 1132. In step 1134, the
current value of the input signal is conpared to the signal level stored in

t he peak- hol d Ve 12Q0:t0Gngdhad 30956 1198t AE YOp20O 43R4 dheRGT(HdS2006/ 034609
20 dgtector t he cgnparator 1064. Instep 1136, the software_of the

mi criopre m darl Primmasiated by faosedkied iy tha prt fhet shgtgss T hisTopeEimeXor ed i gnal
based on tﬁ%%ﬁH%@JﬂtE%ﬂ&@ﬁoﬁi@eﬂ&ﬁﬂﬂes‘aﬁ@ﬁrﬁ%f%%ﬁb@nﬁcfn,ﬁlgﬁ‘coﬁe?w signal is

greater than or equal to the stored |level, then the input sighal is not
from an ESMmEV@ﬁﬁﬁmﬁhm@VQWﬂﬂﬁhiﬁmsneM/S|gnal 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 of
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. Wil e
the foregoing has been with reference to a particul ar enbodi rent of the
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.0 invention, it will :be appreciated by those skilled in the art that
changes in this enbodinent naybe nade w thout departing fromthe principles
and spirit of the invention, the scope of which is defined by the appended
clainms. EM 7209106.1 339956-991210 21 ¢ ainms: 1. A device for the
detection of el ectromagnetic em ssion events, conprising: a receiver that
recei ves an el ectromagnetic em ssion; a | ow bandwi dth active electronic
circuit with a bandwidth |ower than a bandw dth of the received

el ect r omagidiims: emi ssi on, the | ow bandwi dth active electronic circuit
generating a slowy decaying output 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 predetermned rise tine is
identifiedy, 2. W@eﬂ@é’fo?%@&et&'ﬂ@h Bt dlectihifiglelic btsl oﬁ%v@ﬁtgch%‘gﬁ'ﬁ tive
electronic circuit further conprises an operational anpl (Rl . The
devi ce of claim 2,awiceiver ﬂuatmeemymmleccbnmaiagaetm ¢rhisgipnf urt her conpri ses a

first diode and a secgnd, di.ode ced hetween rii ut of the
operational anpl i?f pATE a&ﬂ?‘b%ﬁ m‘fﬁ‘éc%b‘@‘r%éf‘ 6?\‘2‘1’”3&%]‘”% 3 o

I ncrease the dynam C phaRgRith thhéB%e%ﬂ@le@ﬁoxh&%neﬁ@%ﬁﬁés&cﬁﬁﬂle16Wl¥’dahﬁbvﬁfth 4. The
device of claim1l further conprising a pattern recogni zer that recogni zes a

pattern of a parti culaativetledtaninegnétgeneretings slowly 8ecaying capwit signalfinc ai m 4,

wherein the pattern recogni ze further conprises a.wn rat or
The Gevi cocob 6l a1 m ZPair o thetsi PR T e i pislon Y ing s RIBFAERPdo  an

output of the |ow ba@Q&“tlﬁ{erboacﬁét'aﬁ%l&h%ﬁxtagﬁ’éﬁc%ml%é&wéﬁ withQ ReRBGtHhidat ect or
coupled to an output of the high-pass filter, the peak detector having a
ti me constant subst amise &hieys slendifiad. t 0 an out put signal of the | ow

bandw dth active electronic circuit to an el ectromagnetic em ssion with the
predet erm pged riThe devige of daind hewb&winaBe Riw-Bluriwith, actihe elettiodid eirovinfilether

conparator determnes if an envel ope
comprises an operational amplifier.

3. The device of claim 2, wherein the operational amplifier further comprises a first
diode and a second diode placed between an inverting input of the operational
amplifier and an output of the operational amplifier to increase the dynamic range

of the gain of the operational amplifier.

4. “The device of claim 1 further comprising a pattern recognizer that recognizes a

pattern of a particular electromagnetic emission.

5. The device of claim 4, wherein the pattern recognizer further comprises a window
comparator.
6. The device of claim 2 further comprising:

a high-pass filter coupled to an output of the low-bandwidth active electronic
circuit; and

a peak detector coupled to an output of the high-pass filter, the peak detector
having a time constant substantially similar to an output signal of the low-
bandwidth active electronic circuit to an electromagnetic emission with the

predetermined rise time.

7. The device of claim 5, wherein the window comparator determines if an envelope
of an output signal of the low-bandwidth active electronic circuit is comparable to

a predetermined signal having a predetermined envelope.



of an output signal of: the | owbandw dth active electronic circuit is
conparable to a predeterm ned signal having a predeterm ned envel ope. 22

8. The device of claim4, wherein the pattern recogni zer further conprises a
processor that is part of the device, the2processor executing a programto
perform the pattern recognition and determnes if an envel ope of an out put
signal of the |ow bandwi dth active electronic circuit is conparable to a

predeterm ged si t i ce of
D oo S MR o 8Tk BY LAl 8 BREUS B B SOKRL B0 coliidey 00 O
circuit has a p@rencidoy teahés paripefithe d¢vyca;thetprec&kc&@;ewmgmqjmgramm@mrfonmi s
det er m ned basef‘iih on t he pol ar.i télldo t he out put s'h)(%n 10, The devi.ce of
claim1, wherei eaﬁ’f‘“i?{]'f’i?&?g‘gp% erppRes| 1hep HRIFLRACH A QB san Ioégteronl c

circuit is measyeahdyidel Ktk Uechonicchb It Qb1 S

em ssion. 11. The dev‘?v(‘:re o?gc aFGr%g wﬁer elﬁn&ar?tdout pStedCéergna ﬁ% t e peak
detector is rreahavxﬁgatpmedertmfnmauham&elape;trength of the el ectromagnetic

em ssion. 12. The device of claiml further conprising a peak and hold
detect or cBr cui tThedepikeds claiin A whetbilin kput BRnbIoYY thaRthbatidwidwtaciiee

el ectronic circuit wherein an output of the peak and hold detector circuit
provides a neasglesiaric copuizhat 3 polgtity 2 amplariti pEberckeHEMEBnRicamisdoni for a
sl ower neasure VG 1 further conprises a

| ower e RBer Rl Bsod’oh thd g&aﬂfy g% {;’&tgﬁ s@%ﬁp t her

circuit that indrcates pol ar ic emssion. 14. The

devi ce of wher |nt II‘CUIt di S th ari.ty of the
el ect romagﬁétl %ﬁf"g?f’%ﬂ #lgin Ee‘?’ﬁ glp%fcg? ﬁ’@hﬁ?n%gyr‘r%haﬁ? t hat
conpares an oubRUkoft clrBit is%é@ﬁﬂ:ﬁ% QEt@rrﬁﬁE h‘éﬁreﬁ%ﬁ%}“ﬂf&@l&m%h{a%hﬂtfc to a
reference voltage to determne the polarity of the electromagnetic

em ssion. 15. Thkmig®n.ce of claim 14, wherein the operational anplifier
further conprises a non- inverting input connected to an output of the

| ow- bandwi di1h aQhideviet of tla@mbowh@tincini dutpud BighalveETthé p@ﬂd depadtor ¢omeeuteddot 0
the reference voltage and an output that generates hi gh signal when a

posi tive pol ari ﬁ?teén’@étarséfﬁﬁ@h@ff the dentromagnetiscapisgion.

12.  The device of claim 1 further comprising a peak and hold detector circuit coupled

to an output of the low bandwidth active electronic circuit wherein an output of the
peak and hold detector circuit provides a measurement of a strength of the

electromagnetic emission for a slower measurement device.

13.  The device of claim 1 further comprises a circuit that indicates a polarity of

electromagnetic emission.

14.  The device of claim 13, wherein the circuit that indicates the polarity of the
electromagnetic emission further comprises an operational amplifier that compares
an output of the low-bandwidth active electronic circuit to a reference voltage to

determine the polarity of the electromagnetic emission.

15.  The device of claim 14, wherein the operational amplifier further comprises a non-
inverting input connected to an output of the low-bandwidth active electronic
circuit, an inverting input connected to the reference voltage and an output that

generates a high signal when a positive polarity electromagnetic emission occurs.



