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Charged Device Model
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Shelf* ™
ESD Protective . Groundable Points
Material Symbol *
ESD Protective z Common Point Ground
Worksurface ~.__ i (Location Optional)
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imdoulanzuulsay (Metalization) Fivanldifiu - Static Shielding Bag LwaUﬁwumu 514
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T4 FIy 1 8 Transparent Static Shielding Bag
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Charged Air Molecules
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Triboelectric Charge Triboelectric Charge

Material
Separation

¥ ¥
Material "A” Material "B™ Material A" Material "B"
-3 - e -4
+3 +3 +3 +3

Net =0 Net=0 Het=+1 Het=-1

(n) (%)

¥ 2.1 msifauseglwihatinannmsduda (n) uasueneanainiuvesan (v)
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Triboelectric %38 Triboelectric Series flamsnefl 2.1 TnefidnuvuznisiiaUszglnihainainnis
dulauaznsanemysEy fegunl 2.2 uasmsuaniuieudseiieannn Work Function vesianti
uANANaY AIgUR 2.3

A15199 2.1 s1auanansiialwinaiin su Triboelectric Series vae¥en [4]

Positive (+)
Rabbit fur
Glass
Mica
Human hair
Nylon
Wool
Fur
Lead
Silk
Aluminum
Paper
Cotton
Steel
Wood
Amber
Sealing Wax
Hard rubber
Nickel, copper
Brass, silver
Gold, platinum
Sulfur
Acetate rayon
Polyester
Celluloid
Orlon
Polyurethane
Polyethylene
Polypropylene
PVC
KEL F
Silicon
Teflon
Negative (-)



Tribocharging a Tribocharging an
Conducror. Insulator.

Conductor Insulator
e e

Charge on isolated conductor after Charge on isolated insulator after
charging.

charging.

" Conductor Insulator

o

Charge on a conductor moves to

’ . ; r Charge on isolated insulator stays in the
ground when any pat of the area of charginz when part of the
condugtor is grovnded. insulator is gronnded.
Conductor Insularor
/’\("' >

Electron receptor
Material with Higher

Work Function

O Filled Electron Level

@ Election Electron —

®
O Elecuon Recepror s O b [ ]
“Pull” from Material i
with Higher Work Function / / O
"‘ 2 ] ”»
/ “Boud™ to Material with ¥ /O 7 ® Pull
¢ Lower Work Funcrion ¥ from other
. . . O afon.
Material with Lower Work
Function

.
¥

P i @ { . 1) P i )
3UM 2.3 mauanwdeuusyaresianilesnin Work Function vesiagiiuananaiu [4]
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NMTNA 2.1 uansdeanfuves Triboelectric TnewiotrTanmananiundudanu Yanh

1 o

L L% sy ‘#I s o a o d ) O‘ 1 a’ i
EJE\JJF)TLJ‘UU’UEQﬁ]']‘i'N';\]ﬁI‘lr’iP}ﬂJE‘IZ.I‘UmL?JU‘U'JﬂLJJBﬂMNE‘IﬂU'Jﬁ@]VIE]Eufﬂ’]ﬂ’l'l‘uax‘lﬁ]’i‘i'l\‘] AIBYNLTU LUBDU

-l

Fdnuan (Fur) wdudaiuwviesiu (Ambur) fiegdfusiindy ddnvannagliszaiiduuan
wozuediualiussiiuay Wy

TunsdlvesTaniiduauiu U‘%mmlwﬁ'mﬁmﬁt.ﬁm%"qua lesmnmsazanveaseq
(Charge Accumulation) wndsainmsduda  Feliaunsadewludusnauduliidessinany
shumuvesauiiitgs  Tunsdivesianfidudniwdesianmanuhlwihdiing  Uszqae
anmnsnmemludainasuls wazansademasgnsmdlunsdiiietaniuasgaansad vhld

b

Taniluszaanas fauandluguil 2.2

TanfiAnluiihafinsnavgnionin¥an Antistatic e Low Charge dsnmauifvos¥an
vilnd erslituogiuaarmuuumdini faudfiagidusand (Conductive) iaiufa
B (Dissipative) dulugiiluianyssiam Antistatic finnu Hadendnusenisilu Antistatic f
Ao mslusuniidudafiannis@oemuvemsduda . duandusuil | 24 degeldud
gaaainussyiaeiiduaumuashinalnihadngs  fwauviohuniedouseasadiiln
auandilun1adu Antistatic Avzvililadudanareiliu Moisture Layer uagapmnuansisoly
nsinUsERle sTusiu

Material A

Material B

Actual Contact of Materials

2

nunuzidudavesTanidussduszneuvesUSmnailwiadniiindu [4)
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1. Fagmiuauiu (Insulative) Fxdasiumiedrdanisiedeuiivesdidnnseu 1Hutani

v
1 e

sy limieeinnvieliliiaeiienniinudumiugs  wneauiszefieguuauiu

9

Funils exiliianguuesssquinuarnguuestszaaulunanfieaiy uavenvnegifuaaiy
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Juawufie Fasiidianusumuging 10 Teviu uardmiudaniuin ey Aulfivwionu
vios Aetagiifianusumiugandt 10° Teviu fauandlumsisasuil 2.2

2. Fanfidufadiimvioaninfaduiiv (Static Dissipative) 1Jutaniifiaaudumy
Iwihegluguseninadmhuazauu Fausleialwihadatuuuianussani vseqlwihaine
aunsacdemesnldld Freziiniviasiduauusdniriasiidudni Tavordvanaut@dei
MsthemUszgandueiivisgiiihainey sutaniidudeduiiv avduluagned q vl
aspvudemesuiissinnszualuansesnadunnia via AP I

3. Faniidusnir (Conductive) Wudaniivsygivaruiuinlfagmn farudumush
wihidndusesiianuiumuioiiunsdivesaeinitluiesinin Sasfidugifeausadia
Inihadauughiagainnisdulaldivumerfuaiuiasia@uin . uwidosnamananialuns
fewUsyalen  Seennsdanszgludaansnivievinadiidndinitle. desrinegimis
dwmiumslifiansninide msmumesUszgagmmsnivlitarenafindgmiiosninnszua
viasanss wie zap i fhathudy msdemyssgannunaessuiiiussavaneglugainly

aumuaa sy
gAML uYesianNui i Ifsasy - wazguarui e Tagldly

be 2.

NUUTIIINA wandlupasan 2.2 way 2.3

v
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gruANLAIUNIY ATIUATUNTY dnusANTIANA@aU

o o h v ' 6 ¢ i a [ ¢
fawd1 (Conductive) Yiound1 10° Toviy wisdidnlnsaunsgy  idurgudnans
2.5 43 win 2.27 Alansy

o oa =i H . § 6 & = 9 '3 I & 2/ (] L3
Aadunv (Dissipative) 10" lovi fa 10 laviar | uviedidnlnsmnsgu WuRAUENA1
2.547 vin 2.27 flansy

. ) 9 ' | & v [l <«
AW (Insulative) Wi 10 Teviy wisidninsansgy  durigudna
2.5 97 win 2.27 Alansy
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Designation Resistance (ohms) Exponent Format
A A 10 10
Shielding <10° ﬁA 100 102
Conductive <10* 7 1,000 10°
10,000 10*
100,000 10°
Dissipative 1,000,000 10°
>10% to <10" 10,000,000 107
100,000,000 10°
1,000,000,000 10°
10,000,000,000 10™
Insulative >10" 100,000,000,000 10"
ANSIESD S541

2.3 nsialWigdnuusisnieainnisadeulng

= i - gf! 1 - J e/ o /s U A
USnaudsegiiiniuuuianigasisiuainm sdudavasianuassunisindoulvalu
838100919 9 Wuraeiiy asrUssnaudAyneliAslwiaiauusaniuife nsduiasening
v E & v oA W P
seavuaziu waziiernnauld sananddugun 2.5
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& l \g v \ AW
-5 3 f"
/ o / \ + , L ;‘ + ,,f\\+>. i
/ / T/ N}
i/ ot
+ / \ +‘ ird \++-‘
A
[ ++++ ++4—+| [ ++++ ++++ | ﬁ+ ++++ ]
Charging of shoes and Charges equalize by discharge  Equalized charges after
carpet with the charge fo ground. discharge.

polarizing the body.
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Voltage
Pulse

Height
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Feet
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Operator
Sat Down
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/ .
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3200 v:sec

1550 Operator Operator

v(max) Stands Up Sat Down
Fee N 1400 v(max)
Lowered /
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Time
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JUR 2.6 faghalTnalnihainuusinisvuzsisnieteaouly

definsenfswSinauswiuiifsduuuitme - Useafiindussavaveguusianieaiiou
Audszydmily Usinaussiuiinudiiusiuuunan sz adsdans

q=CV

q = YSuaidseg (gaead)

C = MINYYBI WY

(#1579)

V = YSanauusenud (1haw)

o ‘4 1 v A d’ = ! =1
WUUTaBIAEULAMANYUBI NNUARSlARgUN 2.7 Balagunfinaaugrassameasil
FBgsEndng 100 - 400 WiAvhie (pF) Fuegiudiuaun shedraau Hsnmegunziuiianmg
200pF gnuniaauilusady 3 Alalaas Yssguusnmeazivuanuiniy

1]

cv
6x107 Aaewl

(200x10™") x 3000 R

:‘ o cl‘ 1 E!I lﬂl aa
UM 2.7 Luvinassildamiannguesseneiiasilaguiuaslumudseiun

(2.2)
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MNANUANTISYIRLRYeITIMBLALUS AU amanI 2.1 war 22 3
ansnsnasueldiinduh fudiumesdbildindouiivandond esnelifausinansyaan
msdudaluUmamnndy wAthAIaguessmadsuly o1fy wWasudsenunandudul
viemsenuiuvnisdadnd  Aasiliussiuimlduusenediwdouvamaluge  ms
Wasuuwasdienuavessneiitinadenuy uansldmenseil 2.4

= al ' aaa '
A1997 2.4 nsieuudasnnuguessunefidieiund q (7]

Description of movement Initial Final % Change
Capacitance | Capacitance
(pF) (pF)
Person seated raising one foot 192 163 15% Decrease
Personal seated, picking up both feet Y 129 33% Decrease
pacing them on foot rest
Person seated, leaning forwards in chair $92 184 4% Decrease
(desk type chairwith back)
Standing person raising one foot 167 141 16% Decrease
Seated person-standing up 192 167 13% Decrease

lesamediiiuselwinadaluduiaduiududidnnsetindiifidnddnir  fevdanis
demiSeiariwvessyaludiiududidnmetindty  Gsmursouamlideuuuiasnis
fAemUs¥aInsnie (Human Body Model) u3a HBM @sdafiuvudrassnisdreamliiadio
wuudug feznaniidluidedaly

2.4 AudennevaudauBiannsatinduaziuuinasinisaauisalningan

Anudenevestududidnnseiindifinldn 3 dnvae fe

- nsfansalwiafndnginiun (ESD to the device)

- nshavdaliihadnesnanndituanu (ESD from the device)

- mawmilsnhliAalnihaie (Field induced discharges)

Haymimulfiesreanisiindaunsaliinatn Aedanisiauiitlaenseaslndhadiaan
Sumeningituny erfitumsinlwihainazasannsii uéyaravieniinauautiufiu
lunBuduny wiemaAnlwihadmutagiiaunsmhliiile erfiduedesinsviendosdle uay
Ravsalnsmsadngituny Wudy
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e rgniendinshavsauseguetiwiiaiin vse Electrostatic Discharge (ESD) &asing
nmsehemmsessugiihainansndifieanusoridalnihainantagsng Wy msdem
Iihadinansumeinumaneiadelle  wiemstemlwihainaniedosiienisainsasgssuy
nIne ieantyminisasaulniiain ﬁﬂﬂgﬂﬁﬁﬂ’j’] Flectrostatic Dissipation
mudsmevesranineididnnseindfiAnanmsaamsalniadaausouansldse

wuudnaee 3 35 fAa [4]

1. WuuSaeInsiaw$29ng 9N (Human Body Model : HBM) &aiide n1sanewm
vaslwinadnaandreamieludituay

2. wuudiaasmsfannseina3essng (Machine Model : MM) 3sfifiomsdnemuas
1w~ﬂwaamwmﬂ%"aaﬁaﬁam%"m%’nslﬂé’d%uﬂu

3. Ltwmaaaﬂwmamﬁmn'uumuwwﬂsv%a“au (Charged Device Model : CDM) o
7o ﬂﬁnwm’uaﬂwﬁwammxauuuqﬂnmma‘uumu‘lﬂawmqau

ﬂmx'i"l~‘}ﬂWULﬂgﬂulﬂ'Jﬁ]”Lﬁﬂﬂi"ﬁl’ﬂﬂﬂm Fufavda Triboelectric Charge Juuustanie

Sudud annselinddadidhdsing  Aazians

w
as

wilowsinfiuusssmile lassnmedudaiy
diuativsandy  Wenssuaiinandseqlva

dwmmaa‘disagmn'ﬁwma‘lﬂaaﬂuumuataﬂma
Ietnn ﬂam%auﬁﬁmmnl%amammLLa%qq daliAnerundoweretumuiiud - d
anunsnianslanleuuudReInIsiavIsaIng1anieg wie Human Body Model mgﬂw 2.8 way
é’msmzfi*awamaagﬂﬂﬁuawnLL‘UUﬁ‘haaqm'iﬁaﬂméwaalw%aﬁmmﬂs'wmﬂlﬂﬁa"gumu AALERY
luguit 29 Tesuuudraesillutasszazamiriunazgnianléinniian wngnmsiuiietudu
Tnondinanluinundg q asillomafiaduiniign  fuisudunssuniunmsiuuasnsivaey

%
iln

mndv aunsensdeasludagnen

R (MOhms) 1:6:kQbi
High Voltage Device Under
Supply Test
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(n) (V) =
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S Nanoseconds per division

lunsdifuiniesiioviolniaeing 1y wiesmnaou (Tester) winiA3osUsznauduay
asuain (Surface Mount Feeder Machine) #iflszannéneog iilainosdnsdusiunu ms
fewmussafiasRntuiui szuuuusiaesnshiansannniosing wie Machine Model #s
U 2.10 uagdnvaizdimersagiaauaniuusaesnisiausalnihanoneiodiolud

Puau saguii 2.11

R 0.5 pH
v <1
. el
High Voltage
Supply High Voltage Device Under
Supply Test
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‘T}Jumuﬁﬁﬂimﬁsﬁu 30 Charged Device Model ﬁ\‘igﬂﬁ 22

1 Ohm, Current
Measurement

‘% - Resistor
o IMMOBLE CHARGE
/ OM PLASTIC |
A 4 cHarcED
P > BaaiROE Parasitic Inductanc
! x Parasitic __| __
: @@ Capacitance -1
i
e Dischary
Com= ® ~-_ MOBILE CHARGE é ge

i r ON LEAD FRAME
: Charge Resistor L o Device Under Test
Vadle i 7 >10M0

High Voltage - 5 Distr»hmod Device Body to

Bource ' Ground Plate Capacitanca

counucrwc_Luwmuus
ICs fail < 200 volts A
(n) MR heads fail < 8 volts @ = =

ww 212 anwmum'iﬂamw“lw%lanmmnwmuwuﬂsuﬂﬂ 330 ‘*u (n) LLasqqmaugaﬁ‘lﬁﬁ’
Naanu ()

Lfiaqmnm'mu.mnmwmﬁnwmwmmiﬁa‘m’ﬂu,ammsam&a (Equivalent Circuit) ¥4
MsEETA 3 wuudanuunnaneiu ey wuuTiaeensiarsaninssmeiienadiuny
1.5 Alalovin thesaosmminuyureRamisumevnsduietuy wuusaeInsiamse
nnAdesdnsasAnInmathemsEganiadesionianiosing Sedulvapinlans 2asves
wuudnassdslufiaeaauni 1.5 Alaleviudenany Lm'gnmmmuﬁ’sammwmﬁmﬁwmm 0.5
Tulasidus udu

2.5 anulivesudrudiannsatindsiaseaulnnaane

Fudrdidnnseindelanileoziiaauls (EsD Sensitivity) w3aAunuUVUse IWNade
(ESD Susceptibility) Aumnenefumauuusiassmsiamsaiisneiy fogrniulvesiud
ddnnsedinduilasag deseiulwihhainonuuudiasasrsme (Human Body Model : HBM)
kazLUUIABINIAAY$ I INTUUTTUss9avas (Charged Device Model : CDM) wamsldd
3197 2.5 [4]
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devneanlwihadafisedu 0 39 1,999 Taas HBM

Microwave devices (Schottky barrier diodes, point contact diodes and other detector
diodes > 1 GHz)

Discrete MOSFET devices

Surface acoustic wave (SAW) devices

Junction field effect transistors (JFETS)

Charged coupled devices (CCDs)

Precision voltage regulator diodes (line of load voltage regulation, < 0.5%)
Operational amplifiers (OP AMPs)

Thin film resistors

Integrated circuits

AMR and GMR Disk Drive Recording Heads

LLaser Diodes :

Hybrids

Very high speed integrated circuits (VHSIC)

Silicon controlled rectifiers (SCRs) with lo < 0.175 amp at 100 °C ambient

deomeanlwiaiefiszsu 2000 893,999 Taad HBM

Discrete MOSFET devices

JFETs

Operational Amplifiers (OP. Amps)
Integrated circuits (ICs)

Very high speed integrated circuits (VHSIC)
Precision resistor networks (type RZ)
Hybrids

Low power bipolar transistors

Femeanlwihadafiszdutosnit 1000 Thas coM

Discrete MOSFET devices

Gate coupled devices like SCRs and NMOS

NMOS type devices

Integrated circuits (ICs)

Very high speed integrated circuits (VHSIC) like RF type device
Storage devices (AMR, GMR and TMR Disk Drive Recording Heads)
Nanotechnology-type devices

MEMs type devices
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Tudndnwaiznils sedvanulvienumumuselwinain asnsouusliidusedu wie
class muFULUUIDINITRANITT M7 2.6 uanemlImuLUUSIaeI1INTg vi3e HBM Feas
UWANFNNAISIeT 2.7 way 2.8 Jadunuudiasunieing Wi MM uaruuUsIaeensRawise
NTUU 3D COM Auddy (8]

A s 1 a o - L3 ! Gl
AN 2.6 LL’s‘iﬂﬁﬂﬁ‘UF’]’)’]1J1'JWQIW‘NWHQF](51’m{,L‘UU"\]']ﬁﬂﬂﬂ"l‘iﬂﬁ‘ll']‘ii]iﬂﬂi’]dﬂ']EJ 98 HBM

Class Voltage Range
Class 0 <250 volts

Class 1A 250 volts to <500 volts
Class 1B 500 volts to < 1,000 volts
Class 1C 1000 volts to < 2,000 volts
Class 2 2000 volts to < 4,000 volts
Class 3A 4000 volts to < 8000 volts
Class 3B >= 8000 volts

= ) ' a o a - @ =
A19°97 2.7 wansszauandlane WihatanuikuuIiaeani1shavIsa91nAseITng vise MM

Class Voltage Range
Class M1 <100 volts
Class M2 100 volts to <200 volis
Class M3 200 volts to <400 volis
Class M4 > or = 400 volts

& ol + by o @ L3 € <&
$11979% 2.8 LLﬂﬂQ'iBﬂ‘Uﬂ’l'lijlhﬂa‘lWﬁ"IﬁﬂGlFl’mLL‘U‘UﬁﬂﬁBGﬂ'ﬁﬂﬂ‘lﬂ‘iﬁ]ﬁﬂﬂ@qﬂﬂim 170 CDM

Class Voltage Range
Class C1 <125 volts
Class C2 125 volts to <250 volis
Class C3 250 volts to <500 volts
Class C4 500 volts to <1,000 volts
Class C5 1,000 volts to <1,500 volts
Class C6 1,500 volts to <2,000 volts
Class C7 =>2.000 volts

lutagiu mswdsssduanalaviennumumusielviaiin Ju class wnulidldigniden
onsialy  waldnisseyszauanulmderumumudussiuuseiuliiihain  efiu 19e332
vilnil drrwilielwihaindisedu 100 Tead wiormssweded fosnsmsmunulvinaian

.
@ o

3¥AUAINTT 100 1987 990 Human Body Model gy
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msmunulviinadin  viemstiesfuanuidemeduazifetunndanislniainio
a5 luinseenuuuiudndidnnseindliinnumumusdeliratenntu N3
vandeensliiaguienssuaumsineliiAnlniaings  nistaafumssunauvesaunsluiin
(Shielding) Tnsmaidenlfussydmsifiinsen wasdiuviagiduauruvioanillusniilsl
aunsosoansald enaldnsuandsuusygliiantulanidunanamaluih Tagldinay
lonized Air Blower

wideiddifigalunstesiuanudomeduasintuaniwihadasedudiy
Sidnnselindfide msmawlinaieiiatufingn adssvunsndesamagan devillviih
afimazAavn saludiuny wieremasgssuunsnmiielisssulnfiaainanasiay lifusunme
dotudndinneetindfusisinmsiartiafin nsnwInsehemdiadnteseunquis
nstowiihaniitiniuuuiumeiinsldmesadeiouassowiaua wiainfivanza
mstemliihadndmiunsudatududidmmseindunadnunlineimsanfamnuiumy
Adufauasaumursalumsmewisyruasnuuiulifsuuudaddiiv - nrsdensndves
iA3eadng desile vIogUnsalvieUsvnay (jig) wazmsvadauIEUUNITIAlapAafisn
fumuliiinssuaaduuasusidiunnaseslunsasitAnannmaumuniugingn?

3.1 nsangwmlniaafinanssnengaesadaiionsa Wrist Strap

' k4
=d

usvanAvaImslvme Saveiiouasanesians1ig - Aiadestuldliiniadinifiatuuy

snmeduiilpannnnsiadeuimludieivadie 9 avaueguusiame asduseneudidglunis
fewmUsey ausnesuelalagaNnITTaINTAEMUSERRIUANIFIUNIULAZAIAIILY

V = Vo.EXP (-t)/RC (513

' 8
al oA

TAAMUMUNILYBIT M Eiguns1IFaAT 10 wnlavy wsesu 5000 Thad MAnTuUY
ameagldnatinemagnsnd aanasdien 10 Taad sxldivan 0.0125 Junil

V = 10 Thad nsditneadunsesuvassanieiivasnieiaiunsaiuie
gunsaididnnsetindlalaglivinanuidemesdegunsalivaniu



24

Vo = 5000 Toad  IiduuseduSuusniiiatuainnsiedsulnives
I9NY
T = Lam‘m‘ﬁ‘tumimaLwﬂizqawnssﬁumaﬁu Vo 1AUNTEIN V
= ANRYBIINNNY SIAN 200 AlAM3A
R = AUAIUNIY 10 wnlaviy

uiumunfinsgneeswegifuaesndaiiofy vitesrianszualiinlunsdidy
aulddudaiuszuulnih videlinssualwindarluigadensaduesaesadedie Tnevilussld
Arnuiumunng 0.25 Tadt 1 wnlevir Framsunuilgnidoninanusianssualiin
fuzgnirdnlilidudunsosasemegannld fnspuaildntusnusedy 220 Tad muauns
fi 3.2 9viidn 0.22 faduau Feogluussinusnyaemsni 3.1 fuuanswavasnszualniiiise

] a ' ] a & | Vet & Ve al [
sumeluseiusngg Taelugae 0 - 0.5 daduend s1emeszliddn vieidniieudntion

= V/R (3.2}
= 220/1x10°=0.22 fiadueu

d ﬂlﬂ 1 [!
A15197 3.1 navpanseadalwiitianes1eniy

USunaunszualni HANIENUADINIY

0 - 0.5 faduaud hiddn / §Envieadndes
0.5 - 1 dlagupud Janiesantiey

1 -5 fadueud Saniudmaniley

5 - 10 findueud Sandudan

11NN 10 Hadueud Talgunsovdudala

100 Hadusny - 2 woud ndioinSauarenafdin
1nnd1 2-3 wony Ravdaduseeing

uannAanTRmeliivessesadeiiosina1anidraniudiu medadeiionisa
Tdaure  Lifauduviovanduly  fussansamlunsdudfaiomilsldfuazdodhiszameidsaiy
Aadwesdanld Tafluwindumesndeflomsanindeiisnneseledii  vieenavh
nnlangvSonaradinganh eiuaandilunmaiduiniuasmsdudatuiomls

fanuldmnasuaududiihmsluihvesansiadediondeainaue welvifulalén
ameiadeiiededluanmil  aefnhlidrsauasausumusgluiifafidimun  wazaiusa
fdremuszgunsmeasgnssldediafud mamsnaeuameiateiiofinann mslinnaiaden
Whenludunsudn Tnseniinmsansuniomasouliviinussgmadt wihnunsae
udrirusvaunsadluienluaemsndnls Tuunnsdiniesnsnaeuiionagnaasauiy
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UszgUnilndnludd fadlensiadeuniiu winnuaudindniaazannsaduusygdnldiauld
vsepnaldTmiussuudnsUszddiveandnnu  wasdownlufineuiunesiaifiviufindeya
vowinauusazau 1udu

(n) (V)

= o v 1Y) ' o v o o ' ¢
JUN 3.1 @w3nTeaD (n) WayMegNNWRdaUAEsATalenIaNauAoaIngIIn (1)

3.2 N15an8WINAIE@RnINS19N1HIUEIBSTATD o YT ARTIVFBURUURBIDY

1
a ]

ludaunsrdanisimsauaulwinadslussdusannuagudauiininusosfuiefisan
g1 mamsindevansSadeiiensuiwhauynesiensliifieme Seinrudosnismeiadodiefs
N1SASINABUANSABRINTIANUURaaAIaT  IagltharsBianvsalindidinsesiuiuanssadaiie
dlelpiianuindesiodzaviognsaasnsmdvan  edesszuansensfiounfoonuviull  Taesiny
ymalruanianugniodsaiion fadengunanivinidn  aesateiirianndeuuuusoiies
(Real Time Wrist Strap Monitor or Continuous Wirist Strap Monitor) tlauasanssnveiio
wiauaesiaasnsMdsliaivhaus iy IsaTRaouludeidosisd (9]

3.2.1 vilansrasaudisA1AIrsed N RLAUY

wSesiloviniasldaesndaflouvuuni Fuduutuaesaiuien (Single conductor
wrist strap) fesimiugamuaudumaiulilihadalwariugnsnd waswieutuianug
$19me Fauandluzud 3.2 Welaflaesatofiotrgaiomena indassuanieufisunfisanin

iU
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e
< v v oA v ' < e 1 ) oA o v o
JUN 3.2 aneindeilonioumenans 1Ay uTmiuNITnTIERULLUABLTDY viinaedith
WAEIULAZNTINEBUMIBAIAIINY

3.2.2 9iAN529HBUATILAIAITNATIN Y

indesitoviinilazimesadeionuumesiting (Dual conductor wrist strap) Aosauiiuy
gaasavan Tneagtanufumusasiaedunislugdeliovesfannld Wamidetle
siorsesuazthunduaTaeanedndunil fuandluguil 3.3

= w v e W i fa o ' ) e a
FU# 3.3 anpiadeileniauansfansnanyvinausniu1eeIns9asuLUUaeLles vilndasans
LAYASIFADUMILANANUATUNIY

3.2.3 ¥ilans29a0uUnsEAuULTIALLIWHN

wseaileviinilayldanesndeiiouvueaesinniig (Dual conductor wrist strap) (guiu e
' ) o Y] ) a ' va 1 a0 v oo
sufuganesmuay lngasiassaunssiulniaiauusranie ldliRuafidmvuald daanddu

U7l 3.4
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1. gnunsadamsssasnsndueddisiunuunaeaian uandugui 3.5

2. aynsadamsssasnsidveuniasdnsuulaasaiian

3, mavuiindeyavesnnuiiaung, e viesaziBendy 4 lnedesmiuponiines

wazzewiuITignEanuuuINiaganIsruesEUuADas U winsaluny w38
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"2 Ground Cord
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1 = L] &I a
3.3 nmstemlndhainainsranedleseainasiualuadlniain

o W

mmﬂmﬂzy;eJEJ'Nwﬁwaqm‘st.ﬁﬂlﬂﬁﬁaﬁm'lum‘iﬁﬂmuﬁﬁa mstadeulmvessane
Tasiawzmsduifavesseaiuariivvasimiadu - msanauazmuaylwihadnlildnauniian
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Ui 3.6 msmeiiihainnnsnnmelagnistdsesinuiuiuaiuauininadn

Jodnalunsliwumunulnihatinsiuiusent ieg 2 Usenis Usenisusndie lunns
VNOUAIWINUTRUINE  WinauAlsldaosataiiasiumenaanial  msieindnauilalag
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"L:J'lﬁ';'mLﬁwuﬁuﬁ%uhlmmmmEimﬂs.,aﬁLﬁﬂ%umusauﬁﬂﬁﬁﬂﬁ JaNnNanIfasIA1ved
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wummulﬂﬁ'}ammwsaumvmm (Conductive adheswe) LLaum3ﬁﬂﬁ’ﬁuﬂumiamuﬂ%"’amﬂﬁ
a9 s'mmmsmmmquuwuﬂauﬂsmmaqumwumswmmmww mﬂumms‘lwumwmms
naaﬁwﬂaaﬂuﬂ'nmumﬂwumuhummn mwuﬂaunimumqua aradanuIndudeddnmn
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3.3.1 vlauaznsdonldiuniuaulniadn
1. #uriladwand (ESD Epoxy Flooring)
fofl Uhgeinuidne mumusiesesdiatiu Fanusumuaiiate nunudeansial 5
usanalegann azonn Iiluissazerald Liflsoorevosununausy
daide nsfndasasoderdinngruuaymmgann lazaanlunsdeuusy
2. wuwilalafia (ESD Vinyl Flooring)
fofl  mumusesesTadiulivunan  Aaduardenugude Andauuiiuiinengs
(Raised Access) l¢i
fody  isevdeurusiowiu. —Sutsinanmeiesdnsliiiin  Fesianuavenauay
drgeinwnasinane
3. #unliawsiusfau (ESD Floor Mat)
foil  Hensuasidoudnudsain 'swmn‘l',ﬂal,awwmﬁm&?&luu‘%nmﬁn 9 AN
fumuasiiase
faude Linuvusesesdntou simgaAnmuiiaunig Suusanalddaia linumuse
GREIGH
4. duilasnimienafi 7w (Dissipative Paint)
19f Tdnudne s1agn uieelddunsadamiumunnilanumnssiu
fodo fenhginwveniiasnndaenvsonssmeiiiasannisldnuiernuiiuves

NUABUNTH

Tudnwasnunduiianulilatedivi dddaunsalfaesadolodmiviemndszyas
s ﬂv

nsmals nsldsaarihmuguiieadiasandviumuguiniatadudsiddymn  waziausi
AufURnuszammedateieinw - nsldseniuasaudunisdemiszgdnmaileiigaelv
AR YBITEUURUANINTAT AgaTY

3.3.2 Madeuuauauliiaiauazse e
mslseahmuaulwinadaiifognussadlumsanliiadnnnmsiadeulmues
$ume  Taslansmsdudatusswinssesiuasiuvnsiviedu - mytaarwdumu 14
i3esiledamuiumutudeatunisindy fuansluzuil 3.7 uar 3.8 wasmsialwihadin
nnmsiadevlmussinime liadesdleaussdulihadauusame fuanduguil 3.9
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Shoe Resistance Test

O vock wrgede Wiy St
il i st

ngulaio Starinss Stal Plate

JUR 3.7 mylaanudumueessesinaunwihain [10]

FLOOR MATERIALS AND FOOTWEAR-RESI3TANCE MEASUREMENTS

G @ 91ty 93 6 (26 7 9 o
kgt Froonng Surpie

N,

T T
’-"é o 15‘;
‘o T PN N
O D R e
=

JUA 3.8 mydannuiumiusmesenaesuiuTaniay i [10]

Elnctrical Connection for
Flooring/ Foolwear System Walking Test

Crupratal Ragutdeg Davice

150 2 U10y %! oo (36 X W nch)

i Q ’I q*-i"l:wa"‘ o LD ¥ o Sampae

e

“
b
o
Isotatrve f re e @5 ares)
N
b
™ By | I
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Cvangn Prate Waritie > o
Ve Urstec Tost

JU# 3.9 msdarnuusinalwihadeiiinonseaiuaziiu [10]

3.4 prsonewinfatnvaslfizyineunse Workstation

mspunuiniainveddsiinu  Tivannsmemdsseiifintuasgnsndifieanyssq
dvay lngruneiuiamuauiniaiinuagssuunsnd fsui 3.10
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ESD Protective ™. .. Grouncable Points
Meterial Symbol < e NN
ESD Protedtive ey T4 =T W~ Common Point Ground
Worksurface ——— PN /" {Localion Cptional
T /" (Optionally identified
ESD Protective T / with Common  Point
Mat * B Ground Symbol)
Personnel Ground,__ P
= #
s Sirudiire, s e. TOESD O
Equipment Ground
Drawers &
Shelves *

P~ = o o v 4‘1" Y = I3
JUN 3.10 msmuaulwihadsvesfzhausmenuianiuauliiaadalaz ssuunsg (3]

s i3 a.t‘ a a av o -1
mMsinAuRTuIWasNuRIAIUAN I aRndivainvuadil [11]

1. Wildiesasdiotaariuimuniudunnusiiumiugs 3 -Megohm Meter #ifiau
wiuglunasnaaay. +/- 10% dussiulunisialiollaagas (Open: Circuit Test

Voltage) 71 10 Taas Uax 100 T8 7 + 10%

2. wemnaannsvediuiifiny  iasesdisdnmrsiinmstinanszualumsinegiivey
11 5 dadueuuys
3. Bdnlnsnnldinsiesiitniin 2.27 Alanfu (5 Yeus) fidurhaudnans 63.5 Jaduns

Y
o as A=l

(2.5 17) wazdrunaudaiunun

shore A
/n53a 93501570 2 35R8 ARANUATUNIUIINNUR

MTINANAMUMUIINKHUAIFIANT1IA (Surface to Ground) fiaguil 3.11

Elactrode (S Ibs, 25” dia)

Grundatle PointA |1 [ o i Groundable Point B

(n) (0)

37l93n agRpITInIgianstiinNule 50-70

MINUE (Surface to Surface) way

= ) Y P ¢ & I a ;
JURN 3.11 M3IAANUFUMURENTIINISAINTTIATBIAY (N) wazuviaBidninsnmsguildly

M3In (V) vunadurigudnans 2.5 17 witn 2.27 Alansy
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msUssgndldinTesiiaannuiumuuasdidninsading1n evndeuTanduq wandly
UM 3.12 JU7 3.13 uaw3ui 3.14 efildu maveaeusadu 1118 wavyaRgu (Smock or jump
suit) \Jusiy

anra

r; ¥
Hater b f

h NS
To Equipment Ground

JUM 3.12 mytaszuunsdsaludiuwididninanuasgu Wdudiqudnans 2.5 U wiln 2.27
Alansy

RESISTANCE TO GROUNDABLE POINT POSITIONS

Bauk fegt
o

57 40" Foet Plawe
(2T X 2504 Gy =TT

2

:I ar I3 dyl/ | a a £74 [] « ny 7
UM 3.13 MIINTEUUNTIATBIMBAIERYRBIANINTALIATEIY WuriAudnane 2.5 97 wiln
2.27 Atansy



33

TEST SET-UP
POINT TO PCINT

oo Magoturmeses
-

ingulztve
Surtacy

//

= v %) 4 v v i v ¢ &
JUN 3.14 MsinszuuANmUnIUTRLEerIBURBIEN NS ANNASTIY Wurhagudnans 2.5 19
wiin 2.27 Alansy

] =y al ar d
3.5 nMsanemininafnveuaSesInssaInsosladnassuUns 18

MnmsiannsEUINMsKARTudLAdseTing | anmstiwinauduiiouasyszneu
Juvdn - YegtuldvAeunnifunmsndnuazsenoviessuufedilui®  viedaludd e
Automate Handling Equipment (AHE) vildipnuidemevessdndnsiddnvsaindiiinen
n1sAaUISaIlUL Machine Model vomnnisiaianniniesiiaviawrsasinsludliuau uas
msmam‘mmu Charged Device Model mmmmnlvﬂﬁwanwavauwaﬂnimmaﬂﬁumulﬂm
Fogdu fianudiinuas nnmmmwumﬂusmummu’tum"mumwammn‘uu LA¥D1INNTN
Human Bedy Model «aqnmmﬂumssmumuauwugm muumma'}ﬂmaaizuuniﬂmmaq
1309903 Automate Handling Equipment Faffunntuguiy

mududauveuniordng wisele Wioiadesilediulsenou (Tooling Jig) uazAIU
G"memﬂﬁﬁqﬂﬁ'ﬁyud?wuaqLﬂ'%"aaﬁ’n'sﬁﬁiamaﬁ’uﬁa"??umugnﬁiamnswqﬁLﬁaamlwﬁﬂaamﬁu udadi
vhlinsrensadBulufieraugeenn fguil 315 suiamasmienisiadouiivasnnuida
gevanadeadns orwviliiamnsalinmaiumensdlussduiisesmsidiae wieannsode
aensdldudliausansivaeunuanyselvessruunsfuaziniasinsvhaunie
wdeulwils vieulinsstimsidenli3Bnamiensesiioaitligndes

Tulagtunsnsavaeuszuunsmdvlagnsiannudunuresdiurqueaiosing
fuandluguit 3.16 wandumsasinasussuunsndlagialulasmsiamudumudie Digital

Multimeter



34

=l W ) o & v ] ¢ ¢ a 1
JUM 3.15 A mdudauYeaATaIinTinIions1ALas RTITEBUSTUUNTIIATBITUAIUAAY
duludeanugen lasansiudnimdeuilunduiviuanu

= ) ol ) 4 A ar o
JUN 3.16 mIsnTadeusTUYnITIRlneilUvauasssinsvislAsasiielnensinan sy
¢ing Digital Multimeter

3.6 nstewmlWianakugUnsalfulievsedundudusu

luanensuantudndidnnsedng tauiiesldminaudsenoudundn udnisiuiauas
msusznaudnlngililithilelumamduiviunulagass usldgunsniduiieanfiviy  Aundy
gnadn vie tweezers fioradulane dafu msiersanlamavesnnnudomevendnsios
udnmsadindfiiuasAnannisiansauuy Human Body Model @saziinmugnunuiomitsly
2aasaNyadieuy orAsuuadluuasdimnuniendatumsfausannlanyludilans
(metal-to-metal) Felgiurin1sRawIauuy Machine Model uas Charged Device Model 3niu
fatfunsdent daunsaliuiiotuay wARIAEIANNAINIaUaY AN BUENTIEWUTET0S

gunsaifananee



33

al <l a v o a o a v v oA A A a
Ui 3.17 nsndlaldindiolumanBuduiuandeense udldgunsaiduiiovsefumburunadnly
NSMBUTUTY



unil 4
N1599NLUUNISENUW INHIddaLaESZUUNS1I6

vanmsddnlumstiostuanudomesusnintuanliiadadedudnddnmseinds
Ao msmemiessunglwiadaiiindusang avgszuunsfeEamIngay neudilwiadn
wdanialugaiudndiinnsedng nATeiisuiunsinwuayeanuuunsaemlwihadnuas
svuunsn lasasounquie mssemlwihaiafiietuuussneninnuiinsldaeiadeie
wazsawhaueulwihadnfivmneay . mssemliihadadmiumsudntudndidnnseiind
BRLENINAINTMIARATISENReI UM UURIduT LA AME N salunsaemUsEUaL
aﬁaﬁuﬁfauﬁuuuus@'um\j‘[ﬁsuuuﬁafﬁmﬁw nsfensfvanAIesinmSariesie warnmmagey
seuunsdlaemdeienssuaiialuszuunsmd anwdumuliinssuaadunazusiuan
AsenluesiARIINATEFIuLA g

4.1 nrsanualuingfedzannaznisareminiiafnans1eney

walvinsinUsmaussdulwihadnuusanme - Suiiisunannsadodlmimiuiuou
waranunsavingald aunseiuaydinsvnsesdddgnimuatuded (1]

1 Lﬂ?@dﬁ@i‘ﬂﬂ‘ss@mﬁﬂﬁﬁ Input Impedance g4 1x10°" Toi uagiiAnAug

2. YeunimSawiit 20, Wlavhsin amsadauseduladeud 10 §¢ 5000 Toad i
ALY +/-10% sesaudidninsadmiuduiofivinain Stainless Steel i
wurgudna1e 2.5 [WuRes 819 7.5 wuiwns lunsveass 14 Charge Analyzer
U 711 U3¥v 3M Uszwalve 1dm

3. ﬁuﬁqﬁ%‘lﬁwﬂaauﬁﬁﬂmxaagiwi’aﬁ;ﬁtﬂuamu w1 5 Tadtms 1 36 i 812 36
{in ¥in1s Condition figuunai 23 ssmuwadea lunaedinios 72 Falus dow
NMNARDY

4. \w3eailoinnnusum Surface Tester wiaudinlvsavunaidurugudnans 2.5
i viin 5 Yousd fu 701 U3dn 3M Uszimalne $1in

5. ipfedufingumgiiuazanudy

6. awintalavinfuaswanadin uagamesons1im Ju 2214 uasgu 4650 USEn 3M
Usznelvy d1im
ANUAUMUUTUATLS WUy 0-200 winleviy (+/-10% Resistor)

8. sewheunuliihein yimwasenuRIdediunan 70% ueanesed-h wa
Nililuvinameasy Wemuauaamaiuazanuiusgiaios 72 Halua douvinis

NRao



37

4.1.1 Gunadlwihadaazauuuimeifiuieadessuuaeiadeiiadnze
\HunsfineSinadliiainuusanevugiianuiumuianiviennui e

fateiiofivdeuutadly Sreafinnnimiuimiomeindaiiodudign Saessvuumsauny
Ifhafimuusramevesminailulsanugeemnssudidnnsetindildasindeiioifiesodaien
Tnglilisoavinuaritumunulwiadadoude miwmaaqumaaﬂma’[wmmaaﬂamﬂimmauaw
aynsunuANLAmUMUUTUATlA TmawwﬂaaummmLmmamuumwuﬂsvmmmaLwamaaqms
inlwiatingegn w3e worst case Laa'mwm‘sLﬂaaummmmumm}‘sumlmmaaqnsunuma
Sadeile fwanduguil .1

-
‘UVI 4.1 F’I’)’?JJW]U‘UENH']EJ?WUE]NBVILWEJ"UUEU\V\]’]&BQN’JWUQLMQ‘HSB?"UUE‘HEl‘iﬂ“UE}ﬂJ@L‘iﬁJ‘U']'iﬁT

flﬂ.ﬂl 1

FAs UL AT AT A samevldinatlunsaemussaunudu 3

U
'

annsniaussiuazanyusangligaindifirianuiiumusi 33U 4.2 uansiaaghans
vumsenUUUAIA I NggeTiseniUlfvesTruuesadeile Atunulialadelui
afin?t 40 Toadt Tunu Y Imsazeeuduausumiuiiame Tuunu X figeand 10 winlesy
Jusiuy LLazﬁﬁﬁﬁﬁlﬂcﬁgﬁmﬂ';'méf'mmuqaqﬂﬁEjau%'ulﬁ‘uaamswmaauwuuaw%’m%’aﬁa i 10
wileviy vuiAssannasUmeiatolle fudndlusuil 4.3

Voltage on Personnel

100 7 ;
90
80

GO

Volts 10

20 1=
10

0 10 20 30 40
Resistance to ground (megohms)

| o 1 ° ' 2 = o W v v & o«
sun 4.2 LLﬁﬁNW'J'EJEJ'Nﬂ15ﬂ']WUﬂE}BﬂLLUUﬂ'}ﬂ'J']3Jm']UVIQUQQQWWHQNSUIQ’UQQ'i%UUﬂWEﬁﬂmai‘la i

U
[
=

- ' a & ¢ v i o &y va ¢
Funuilrulisdelwihatiai 40 1ad Arrnudumusenefigagn msaalii 10 waleviu



38

[“7””40

wrist sirap + shoe fesier 3M

11.1 MQ

P ) i & v P o v ooV A o
JUT 4.3 shedrmsitAnnuiuugegeiiveusulavesssuvanesatalie 9 10 wnleviu vy
\nIBadeuatuinteile w3a wrist strap tester mupMTEBNUUUTUUN 4.2

- L =3 A g ~a
4.1.2 Viunalihafinavanuusanisvamay eldianizssaimaziuaiugulniain

dunmsnuviunalliiiradiauusisnmeiiiiaennmadenlisearinuasiuauauini

atnviinene q Mdminesasldogluaravnssudidnnseiindlagtu Fedransszuunsmiuny

Ane

Iwihatauuismeveswinaululssnugaamnssudiannsalndildsesinuasiuniunuli

msveaastldldangsadaiionasiumey DL AATITNHENNARINNISERN LTSIV IWAS

Wiy Tngudasnisiausunuusaiulninatinuusiaimevasiuiandouln dgun 4.4

Etectrical Connection for
Flooringl Foatwear System Walking Test

Otapresdl Herordng Uevice

Ui @ 910y B1 tan (38 0 34 wany
"W‘W‘*M""’WP' ot Lurgar Finorng Sample

(e

Support Materia

Dap ¥ em
inwsatve Il Tegured

@ Einctinsi

S = =
s B -L.‘\:_ :
/ "G MG -
Charge Plate Monfie T = s

M Ueste Test

d s Ly L - 1 el d - = &
E‘U‘V] 4.4 S'JﬂUiMmeLL‘iﬂﬂuiWﬁ'lﬂﬂﬂUui’N maduilsanandunienisiadeulm



39

4.1.3 Vhnalwihadaazanuusimevaddameiadeiioviiansvseunvudaiias

Dumsfinsiinadwihatinuusmesasldaneindeioviinasaaeunuuseiiios
uazfunsdlilugfign worst case) Tngllisoaviuaziiununulnihadnsmude mmaaesi
Traadlatlifnaneddaeindeiioviiansirauuvusoiios  Tnofvaaauamsouneauasiu
vusiunsiossiiduauay Fauandlugui 4.5

=T
ey
. Instrument
- i

ance

4 Constant
b Konilor

Insuiator ”
(98 inches ek}

= [y a ' o ] a |
JUN 4.5 msialihalinasanvuinnieusldasiadeiioslansisaaunvudalies

nsanwdsinulwihatsdeaiuusunisunsldmesadeliovinnsainuuunaasniial
fhu Fomsiddlunadenlduonsngiuuunsldounds  Aidyiandoussiunnasond
sumeuaztarsiimihouuaranldansiadesionuuiinandeivdmwasotunuld (12 s
naaoukazdonidiieliiulady  useiuiissnmeniinaurssesleuniuseiulninatnid uany
fuawsenild  dwdumseenuvussuuanssndeiiovind  arsliussiulunsnsatannu
fumuressimelifesiian tielilAnussduristsnontinnulesfigaauiy

i o ay ] ‘._i" a a a =
4.2 n'1sﬁmzrm'ﬁmmwlv\lﬁﬁanﬂmnwa']wmﬂLﬁnmuwumaamﬂmw

mnrmLaaﬂ‘l‘uwumﬂamﬂwWU"LWLwaa]mJ‘sxaaﬂ"l,um'smamlwﬁ'mnmmnaﬂnmma‘]
LLa.,mﬂ*uumuaaamﬂmuu mMsiaenusumuresitufafindrnudeimun Wliedesiiodn
Pmumumumummfmumumi’mﬂmmaamn‘lwsmumun 2.27 Alansy LE‘IUN’]ﬂUUﬂﬂ’N 63.5
Nadunsiiu msﬂ‘w 4.6 fudieuidieuihminvesuisdidninsadindn futhminvesiunuina



40

dnfteraiwiniies 1 nfivdetieendniu AnusumuiuRafRe e TR
onvilgaiu uazeranauliihadaliaunsaluaruiuindindriasdnaadmuiidesnisld
nmavaaeulinsiassuinevestunuidnuaziunas fovuavesdiEninsaidnuay
WU nnuiimsenauiidnasaunseiadivunaniag x 813 x ga s 5 dadns uasdl
dtiniies 1.1 n3u iednuuusliivesmnusuniudendn Tnsvuneveissigninsaii
madnasiiedasstudiudidnnsetindvunadn uandlumsnd 4.1

Different tyvpes of electrode

! Dissipative material

Low Resistance /

P & v i m NAYONAL | a d da -]
EUW 4.6 ﬂ'ﬁ’lﬂﬂ?’mm']u‘fmu‘lla\ﬂwuN'}ﬂaﬂl;ﬂwwﬂ?ﬂ‘ﬂ']ﬂ‘UU']W‘U@ﬂLLﬂQ@LﬁﬂIW?ﬂWﬂJ‘UU'}ﬂLﬁﬂﬁQ

13

WWednaeaduduB AnnIatndvinLan



41

= | a o & o a3 a a ¢
A19199 4.1 Yuavesuwviadlaninsafivuiadnaiodnassudiudidnnseindvundn

YPNAVBIBENTINTA i twiin vhwidn/udi GINRIERIERR
(13.30) (n3w)
63mm dia, 2.27 kg 3115.67 2270 0.729 NINTEVDN AU
11M3IgU ESD S4.1
LI
50mm dia, 0.335 kg~ {'1962.50 335 0.171 NIINTEUBN g4 20mm
50mm dia, 0.167 kg 1962.50 167 0.085 n3nTEUeN 1 10mm
L% seeudl
20mmx20mmx20mm | 400 69 0173 Andgugnunar
10mmx10mmx10mm |- 100 8.6 0.086 Awasugnuier
Smmx5mmx5mm 25 1.1 0.044 Awagugnuan
0

4.3 N1SNTIVEBUITLUUNSIINVDIAIDIINTUTOLASD D

UDNINAMHUTULTDUVRIATDINILAZIAT DD

Wa¥ANABINIT YN TUAINYDS

wisatnsgnreasnsndieanlwinaiin  Jaduddivilinisdensiddulufmeniugennuds
) ¢ fa v an - I | =l

U MIATIIADUANIENYIAIYBISTUUNTNAGWBIMSIBNMsusainsasleTniitmnyan iannsn
Fearmudumurasiinssudvaluane vielldygasuniumnuiige w3e hish frequency




42

. v oo al P a ' fad - X a o
noise A MU 4.7 MUanImsilnasunIn1sAons1RMAATUINAINTEUUNTIALAZAT AT
Tualuszuunse

Tool : Tool

b1

+  Simplistic view at + Realistic view at grounding
grounding

v

P o L3 ' fal a o =] : ¢
E‘UVI 4.7 W"I3’13.1LGIB'i‘ﬂa\‘lﬂ'ﬁﬂEJﬂEﬂ?ﬂ“ﬂLﬂﬂﬂu%iﬁ%’]ﬂﬁ%UUﬁﬂﬂLLﬂ%ﬂ‘i%tLﬁmWﬁIu'ﬁa‘iUUﬂ'ﬁ’Dﬂ

]
=i

MInTIdeuANNaNysavassyUUnTIRlulTatudinddiineadaffivesuvuund - 9
onvldlagnasnuuuiniiednyzn1sinaumuninunziinszudlvaluamensofldygiunamd
gilumensald U 4.8 uamdnumznIsinAuRUNIuSTUUAsIRas NS kA Inalusyuy

'
=

NSMAMLRIneaaRtmaswUVUNR wazguil 4.9 uamsdranuimunundala Henaraaniou
vpaannnsewanivaluszuunsas

Norse on
around
o HF

S

y Muitimaler Measurad

Vs . ﬂ o
RI: I - Vot
V1 ‘Vz {

Rs
= o o ¢ P ¢
E‘Lh’] 4.8 N133R ﬂ'lWNWQUWWU'B'%UUﬂs'nﬂLLﬂﬁn?gLLaﬂlﬁa'{u55UUﬂ51?ﬂ

= w aAu Yy v P P i ¢
EUW 4.9 ﬂ'J"IlIG'l"IUV]']UV]?QI],@E]'!?]ﬂﬁqﬂkﬁﬁaul’uaﬁ"\ﬂﬂﬂib’LLﬁmVIﬂ‘Lu33UUﬂi'}')ﬁ



43

msaammumsmmaaummauysaﬁ‘um‘swunﬁaﬁé}'aaﬁ"ﬁ'mw%alﬁ%"aaﬁa’i’ﬂﬁ
wineay fawnsaiannusunuuaeiinssudlvaluane w%aﬁé’cycuu'lmumummﬁqa‘lﬁ WM
T¥annsofiagianisreasnsnduuunasnald wasanunsosvuameanusumugeaald Wy
1 Tovin 5 Toviy wio 10 Teviu Hudu fauandlugudl 4.10 Aduseduanusemsios
ASIIAOUNSHBAINTIIALUUARDAIA V09RAA1NY TBdAIRsdnsinesnsmsauaulvinain
Duies  Wegalagemilafnmnuiiawan fasuanwaseideasiou iuania vieugans

YN UVDLATDITNTIUNUT [uRu

W g

Canneclwires as
o

*—u—. sh

-:i 1 & d:“ at ‘:i' v a
JUA 4.10 MIATIVEABUNMSHBAINTIIFNULARERLIAN YDUFEBITNTIRBIN1sNsmuALlwihadn
Wuiiey

4.4 msAnwnsseminiadsdiugUnsaRutiedusu

Tunsfnsansdewiniadnuesgunsaiiuiotusn o1ty AuvBusunadn vie
tweezers Tuiitidonldmstanszuaiignaaun$a duvnswiioutasnseuaunaiin fu CT-6 My
asdUsznouddrlumsidenliaunsaisufietusnu Tnedidsismuaninsauasdnunsnsdiom
Usyuasgunsalfengn)

e

i Cyciioscepe

o Tweezers E
[ CT&-CumsrtPrabe
@& 5

o
PanelC Lead Frame

T ———

ity
i
i

e

B (5407 -

Lt rep e

Insulative Plate

d = a ) 1 1 A‘J o o
JUN 4.11 nsfavisalniainainsiesnieehums tweezers asgvrvestunudifinnseiind



44

Tugu? 4.11 uansdnuwaznsveasinisfavsalwiiadnainsiemeniunie tweezers
asguvestuanudiannsedng thunmnlfowdanssuauunndn Ju CT-6 Awuansluglil 4.12

P4

4 s d‘ < & 1 1 1 ‘:J ay o
UM 4.12 msinnssuaignAarnianIninmigsIunig tweezers asgu1rastuanudiannsating
umadiouwdatnseuauinman u CT-6



unii 5
NANISVNAABILALIATIEUNANITNARD

5.1 n1sanwWinafinarauuusaniewinauiaivaiesadaie

Junsnvidimnalwihainuusmesasfinnusunuionimiemiuduvesae
fadedflefivauuvaly dsorainanfmiuiademesadeiioduingn asssruunsaun
Iihainuusnnevesninaululssugaamnssudidnmsefindildasindoiioifioetaien
Taelaildsoaiuasiununulninainsaudae nsaaesidaedinglivaseddasfateiled
sunsufuauiunulSuald Tngnasoumusauiisrnfuuuiiunssideseaiioy
worst case udimsRsumATI U UALE Arpeunsufuaetatoiie uansldwgud
5.1 Tosunu Y uanslvfhadnavauuuinnowtinauianasiadeiie uliad uavuny X
WARSAIAUMUNUYDITNNIELTEUIANS IR WWunTlavy

1400

1200 |l

1000

¢ Voltage on personal using
fabric wrist band (Volts)

800
® Voltage on personal using
thermoplastic wrist band

(Volts)

——Linear (Voltage on personal
using fabric wrist band
(Volts))

—— Linear (Voltage on personal
using thermoplastic wrist
band (Volts))

600

400

200

Voltage on personal wearing the wrist strap (Volt)

ST TP TP JEE SR o JRE QP SO S T T
PR S P E A E P F
Body resistance to ground (MegOhm)

= a ' ) o o v oA - v -
EUVI 5.1 IWﬁqﬂﬂﬂﬁgﬁHUU'iqﬂﬂqﬁlwuﬂqquwa'juaqﬂsﬂwaﬂa WﬂQWNWWUWFIULuaEJULLUaQIU



46

5.2 NM15ANE MR RELAUUUI 19N IENTNTUNEINE18S AT DLUUATIDIA
NADALIAN

Wunsnuinulniafinazanuusnevugldaesateiioviansvinuuu
nasnian Tagliliseavhuasiumuaulniainiuie msvaassisiasdngliivaasddas
Sadaiiovdindndn Tiwisiesiasinstainenlumenisudn uasinusssunnaseuiivas
aeiadeliovasdildldanld  wasuswuiivaneiminouvaranldaesadoiiouuunsiata
mooaliaiandny Taosufl 5.2 uansussfunnasewdivaeaesadeiiovardilildmld way
ussfuivaeiiminiuuzaldaeiatelionvuasiianasnia wiad 1 uarsUTl 5.3 wana
wsadumnaseuiivatanesadeitovnsddildanld  wavuseuiivasstimineuunzanldans
$atoilouuunsininsaaniian edad 2

Tek Stop | E
E ! ] B g 2 L A 100mv
4 . @: —-600mV

...1._. +-+ 4 14

Ch1 Ampl
4,60 V

Chi Pk=Pk
5.30V

2

B 1}

5
e

| E T

E—
I
i
| iy ; j i ] | = i i i
5.00V M[1-00s| Al Chl / —200mV
9jan 2008
22:11:04
Tek Stop | | = ] |
K * e b y e A y A 20.0mV
Y 5 @: —120mv
Chi1 Ampl

goomv

Ch1 Pk-Pk
2.26 V

g g

. i Ty il i Forara
@m[_1.00v M[1.00s]| A__Chl S -200mV]

9Jan 2008
22:23:57

A at 1 ‘H‘ s o = s 1 v 1 7] d‘ l:' s
JUN 5.2 ussduanaseunUaneansiadeiiovndalilaanuld uasussdunuaneiiminnuume
aauldaneSntadonuunsiainnaanian viian 1



47

Tek Prevu | | = i |
T i i 1 T ST S | U {A: 100mv
% 3 : : 1®: —6o00omv

Ch1 Ampl
8.90V

el T T enpe-pi
: ] 3 ; : : 1 o70v

[Ch1] 500V ' M[T.005 Al Chl 7 -200mV

9Jan 2008
22:04:12
Tokstop | ]
;  jasmma T T T T A 20.0mV
i @: -120mv
Ch1 Ampl
g I 1.60V

| chi rk-pk
3.62V

TR e S S

) Y
A r |
AN,
i

. Y

PR Dbl et AN S
@@_roov M1.005] Al Chl J —200mV

9 jan 2008
22:21:43

o as ' al PYINE T @ ™M o ' Y & 'Y
SUN 5.3 ussiuenasenilareaeiavatiavazdalldauld uasussiuivaisinndnauvue
anlldanesadaiiouuunsiaianaantial siafl 2

= [ s H } 72 &l =)
5.3 msAnwlWvainaauuusrnendnauildseaiuaziuatuaulniiats

Wunsingimnailwihatnayauuusisnisnedu  deldlanzseniuaziuaunu
Twihatinuidasne 9 fldeglugnamnssudidnuseind  Fedhassszuunmsauaulnihadsuy
srmeveminanulilsanugramnssudidnvseiindfildsesiuasiuauaulnihain uazens
liaansaldamesadeiesuldidemndnuusaiidouiulismasniar  Hn1measandly
Tusded 4.1.2

NIDONLUUNITNAADY ‘lﬁnwsﬁugjﬁﬂwwﬂ%uﬂmlwﬁﬁaﬁmﬁLﬁm1nr§wmaauﬁmmauﬁ1ﬁ
Thnsvaaes 2 wila Wuvuiuiildinismesssi 8 via ﬁﬁﬂﬁv’aagumwéumaauﬁﬁiam
519 JufinAraugiumusasiusazussiulniadaisnls



48

YUAUDITOUTIITIDEN x UTAUDINUTIBEN X
PUNInNUAlIaaay
2x8x2=32A%

Suastlunmsmaasdlaeiugan

1

LWQ‘G'1ﬁENﬂﬂ']WLL'JF}ﬂEJZJ-T]NIUH']i‘fl’]\i’m’ﬂ’é)\iwuﬂ\i']U‘LUITN”IUEJGiﬁ’l‘l/lﬂ'i‘iﬂﬂi.ﬂﬂ%'iﬂﬂﬂﬂ
‘VNﬂﬂWWLL’)ﬂﬁHJJ‘LUG]’IUE]EIJWﬂJJLLawﬂ']'111‘(11.1?1111’\!715 mmm‘swmaaaﬁluummm'swamwLtawﬁ
Ug‘ummswmammammunﬂﬂwumﬂﬂumamwamuu IG]EJ Wﬁ'N‘V] 5.1 LLﬂﬂs‘i‘i"lEJﬁ”L@Elﬂ‘Uax‘i
‘W‘LILLﬁu‘J@\?L‘V]1ﬂ?UﬂN1Wﬁ1ﬁﬂmmﬂunﬂiﬂﬂaﬂd LLﬂ“Gﬂi’N‘V} 5.2 LLﬁﬂQﬁHﬂ”LE}EJWU@QWHﬂ\‘!’]UM
FIUNAADY

| = & Y a o
M50 5.1 TeasBenvesiuaysosvinauanlwinaindldlunismeass

AIBENATEN RSB

ity A ueiunTLUn9e1e ESD PVC Tile wuudaleudin wun 3.2 fadwns :n Supplier 1
B Lwiua'mﬁuuwﬁa%l,ﬂﬁﬂ W59 ESD Mat 4iin 2 layer Tuvudiden fuanada
€ ueiuns D987 ESD PVC Tile Wuudni wun 3.2 Tadums 99 Supplier 2
WD ielunszidesens ESD PVC Tile wuushih wun 2.0 Sadluns a0 Supplier 3
W E ueiunssAiiossns ESD PVC Tile wuusini wun 3.0 fadwims 91 Supplier ¢
A F uelunTAUDIE ESD PYC Tile uwuuinh win 3.2 Hadins 910 Supplier 5
#u G uriunsziTneens ESD PVC Tile wuudath win 2.0 Hadiues 9n Supplier 6
Wy H utiunszidasEne ESD PVC Tile wuupa@iiin v 3.2 Tadums 90 Supplier 7
UV A ESD Shoe, Polyurethene

399911 B ESD Shoe, PVC

M157197 5.2 T18a188AaentinuniIunnges
UGEEY JWaLdun
winau 1| wilnouanwass g 158 wufilans uaviin 51 Alansy

wilnou 2 | wilnugnwans ge 151 wuiues dmiin 45 Alaniy

AnuiumMuesiiughagneis 8 wlin wandldfimandl 5.4 Taofugin D danw
shumushiign wazituain H Sanudumugeiian wdnidfy Anvusmalliadnazauu
Frmevaiu Tnsliwinauiiaeinu musesini 2 ¥ia wasuuituauaslihadin 8
wiln nan1sveanwuandlFFagUR 5.5




49

4 1114l

R R T AT L s e T T L T

@

Type of Flooring

X @ O =2 m

s RS _
=T 1111 —

1.00E+04

1.00E +05 1.00E +06 1.00E+07 1.00E +08
Resistance to Ground {ghm)

OResistanceto Ground {ochm)

d 2 4’ at 1 5 a
E‘UV] 5.4 AMUMUNIUTDINUMIDY NN 8 YUA

50.0

40.0

30.0

20.0

Static Charge on Personnel (volt)

—_
o
o

0.0

* LrafuggALLEINI

winee A (Taad)

spawinaiin A

B upaiugagauniuniy

Wil A (Taan)

TaqnTtin B

“NANgIgALUINNIL

wiinau B (Taasl)

TaamnTln A

1.00E+041.00E+051.00E+06 1.00E+07 1.00E+08

K upeAugagauusenig

. wiinau B (Toad)
Resistance to Ground of Personnel (ohm)

spaineiin B

o a ' ) n v ) & a ' a
JUT 5.5 IWfhafinazauvusmeninauildseainuaziunugulwiainusas e



50

1 =9 Qi’ ] g =Y £~ r=Y =]
5.4 N15AN®IN15A1 IMRIF AN TUITLIUINLAANIUN LA IR FTUTN

nmsidenldiuinfadiiinyifiviiornuszasilumstemvioszuewihadinon
%umuaqginsme?ﬁu mMsiannuiuuesiuiafinaiimuuslildiedssiiotaanusuniy
Swfuuiedidninsaimin 227 Alandu Wwhgudnan 635 fadweniy fuuSeuiioy
dminuaznavewvidiEninsadngnn  Autminuesiununiendndusiaessseundnd
gnafithminuiios 1 nfuvdetiosniniu arudumuiuRa AR AR A Taenad
Angaty wazsnnaulrihafsliansalaiuiiuindanaiasgnsmdnuidesnisld

nsnedeuldnsdiansuiavestunuiidntanuias  ferunavesianinsaiidnuas
WwnaamEiY nuiamsanauAnasunEiaiuiAniIe x- 61 x ge fies 5 Jadins uazdl
dmdnuiies 1.1 ndu ednwuunliiuasanaduyusing Uuﬁuﬁamﬂﬁwgws 2 9iin viin
wsnilanuiunumideimusnisinnnssi 10 wnlesiy viafidesfinnuiumumude
fmuanisinunsgIud 500 wnlev

HANSYIAABY LavuInTedEninsaiidniasnasmudidy uandlusisieit 53 Tao
wansauast v swieEEnns e uavArRIwRIIMe U 2 Yiin AiAINvLNAYed
uwisBidnlnsadiandns JU 5.6 uansnsnrnaILiUYIUTRIURY 2 Aia AdRNYLIAYBIYs
Bidnlvsafifvinndnas
M157471 5.3 WABILTIBENTNSA WarAIRITUEUNILTEIN LAY 2 uTia TIReInUaTe U
Buininsafiilvnauastmingsuwasty

Eleckrade size | pgf, ¥ ath | 50mmsiia, CLs0mi oia
{mm) & Diameter ESD $4.1 |20mm thick{10mm thick 20x20x20| 10x10x10 5x5x5

{mm)

Area (sq.mm) 311567 1962 50 1962 .50 400.00 100.00 25.00
Weight {g) 2270 335 167 59 8.6 1.1

WelghtiAma 0.729 0171 0.085 0.173 0086 0.044
(g)fsqmm]

Resistance of

Static Control 1.00E+07 1.12E+08 1.50E+08 |5.60E+07| 2.05E+03 | 8.25E+083
Surface A

Resistance of
Static Control 5.00E+08 5.50E+08 6.30E+08 |2.50E+09| 7.50E+10 | 4.50E+11

Surface B




51

1.00E+12

1.00E+11

1.00E+10

1.00E+09

1.00E+08

1.00E+07

i

1.00E+06 £ ; i L b i ! ! [ ] 1
0.000 0.100 0.200 0.300 0400 0500 0600 0.700 0.800

Weight / Area of measurement electrode (g/sq.mm)

Resistance of static control surface (ohm)

[ # Resistance of Static Control Surface A B Resistance of Static Control Surface B]

P ' [ L — a oo - o
JUN 5.6 N5 MUAMRAIATTEFIUMIUYRINUED 2 ¥ia Adainvuinrolviadidningaidivunn
wWavuwlasly

5.5 NNSANHINISASIVINANUAIUNIUYDITEUUNTIIAUDILATDIINTHSDLASD 931D

nMInTIvaRUANNANYTlvassruunTAlulaItudndliRinoadafimes Fmaaedld
w3esilendiandny Jaiisuivdufunudiinasiignaanuuaninmanis - ielvannsaina
sumuvaziinssudlvaluang wisddgarasuniumuiiganigluaels iefnwnanuuanda
vaanaiinle uasduumvesgraminsulunsidentdindosiiotaiivnvausioly Tnsnisnadl
5.4 wansrAufunuvesiaiumiu 10 Ty fidedwdvundsindnuuin 0 Taad eonuuy
Willnseua 9 faduendlvadiudimunuiing uaylinisealiafiimesuasdufunudiinesa
gnesnuuvinlagiawizInaiausumudgad iy

= i o/ - o o a o 1 [
A5 5.4 AIAUATUNINYRINIATUNIY 10, Tavin ilnseua 9 Naduweudlvariu lngld
AImeaadiineiiasduiunudiineingnesnuuuinlneinnie

10 ohm resistor with 9mA current
Type of
t
measdremen Red (+) Black (-} | Red (-) Black (+)

Digital Multimeter
(ohm) - 68 ohm - 68 ohm
Impedance Meter
(ESD S6.1 Standard) 10 ohm 10 ohm




52

madenldmsnsvaoumnuanysalveassuunIndueuAissinsiEEmvioiniesile
Fafvmnzauiianunsodamuiuurnsiinsruaivatuanslify  ashlfaunsofessiuen
auiunldgnies  wazihlusenuuumsinuaznsisaeunisAeansivasaiesinsuuY
maeALIa1 (Machine Ground Monitor) I wazanunsafiazimundmasiumugeanld wu 1
Taviu 5 Toviw wie 10 Tovin TneuanwamuAnundiflosninanusumugaiy feluansa
deadou vidangansvhauveaasesdnsviui sy

vanmsfiddyiufedunmseenuuumsinaesataiiowuunaennanfie  useduly
msin Adealidusunsedetunuiieguuaiosinsdindn

nAnufemsl JUA 5.7 wanwiegenisaeniuunissIvreUMIAaRINT IR TeS
winsdnsuvunaeana Alussiulunisiageaei 400 fiadlaad Aldivnuily uwienage
Wuludmiundnsnsivisiisifaonlselwihataluszdudunn ey Tugeamnsau
g15nhan uargURl 5.8 LaAIiIng9MIBINIUUNITATIIABUNTHRINTIRTBNATEIINTULY
maoaat Aldussiulunisiagegaiiios 70 fadlhad Aussiulunsinazhidusunsieretuay

NoguUATDITNTUUY

Tek Stop i i i bW
x ;
i
oy &
i ;
3 ' 1 i It 4 Fuby
i ) i1
i TIA) it \) 11
4 ; i S | '3
T AN - '..M,J‘MW.,WM Ha W,
} : ; i
4 ]
i ;
; i i
S :
\ L. . § & . |
b 1
s NS 24 L. ol a
e 1+ LD - MA.D0mS A LB S 72 0mv

| A, — 24 Dec 2007
100e 20,0008 14:58:38

< W i ' < w o v o
FUN 5.7 fM0d19n1580nkUUAIINTINEBUNISABAINSIIRUBAASBIINTUUUAABALIAT TLTUSIFY
lun1singagad 400 dadlad



53

“TeK Stop

TUTUMALGONS A (RS 7A.0mV
- 24 Dec 2007
127 320.0004s 14:94:942

< as [ i < @t in ar
FUT 5.8 f19819M1990NKUUNMIATINABUNIADAINTIIRVBUATEIINSUUURADALIAT TILHWs Ty
Tums¥agegaiiies 70 dadlad Aussiulumsinliidusunnerotunuieguundoins

5.6 N15An®INSAEM WA AR ANILANIUToNT Tweezers

nsinuImstemlniafndugunsaiduiiotusuiidu  tweezers Tnsfanszuaiign
Pawse thumanfedamnssuauuimdn ju 16 uanslilusud 57t 5.9 Tnovaaosfiannie
Inihafimaan HBM Discharge Simulator HIU tweezers WATRNTWMERIUNI tweezers adg
Vvastunudidnnsetng Lasguil 510 uansdnunissUAduTINNTIRAeINTSRarIsalihadn
PUNAT)

& // Oscilloscope
f = : Fil S :.\ Tweezers /
ESD / X | CT6-CurrentProbe
Tweezers / Oscilloscops ) Y—H')-ﬂ
HBM Discharge Simulator ! Plang [C Lead Frame

|
}i CT6-CurrentProbe

(:;;S:‘:..—::l
(sﬂ) Insulative Plate

L&
Plane IC Lead Frame

(n)

p=) a « a 2 . !
FUN 5.9 (n) Mmvnaasanshaysalwiiaingain HBM Discharge Simulator #1u tweezers uas
() 1INTNNLHIUN tweezers aaéwwwaa%umuﬁ;ﬁnwsaﬁné



54

t

Tok Prevu | e | mmemes | Tok Prevu | e = | iy e ]

. - T —T T ’
o T A: 20.0mv [EEa Easms nara A: 10.0mv
@ 194V u @ 0.00V

it d

1 chzmse

Sl €h2 Rise

"1 ch2Pk-Pk <
S50V v

Fo-
|

B
(

i i . H
¥ 1.00 v ¢ JM[100ns] A_Chz £ 0.00 TEIE_S00mv & M40.0n%] Al Ch2 7 0.00 )

7 Aug 2008 7 Aug 2008
f 5+ [F5%.00005 ] sz () i+~ 61200075 ] 05:04:17

< s al = & - . .
JUN 5.10 dnwaizguaiuNMTIAaRIN AN S INThainan HBM Discharge Simulator (n)
WAEIINTWMBRIUNI tweezers (¥) aagurvesdusudidinamselind

5.7 AATITHNANISNARDS

5.7.1 Ivifhafndzauuusmendnnuiiaosaesiadeiiouvudeasnsnadlaon s

1INgU 5.1 mawlasumanasmuvliuatlsiresuivassadeliatiahasaunusn
AnusuTBsTIMeeisuAunsATUAs Uiy AR mnusesiheneiigedu
Sumeesiivsygasangety tnsanusadmssiunssduuusaneldganiiida nuiumud s
anunsneduntldandnenzanaweInITIEmUsEIIINIth Malauns v = VO.Exp(-t/RC) &
wandlsindemnsguesiantouasi sl insursnedeulyslmai manusumui
doasnsmAiififgety  Sunistzldnaniunsdemyssauiuty - Siaunsniaussduazanuy
sumelsganiiiatanusumusin

slovhgudt 5.1 snvenalesiBanludunasiumusi tandlddgui 5.13 du ldnu
amnsoldsziuusadiy Human Body Model #ituauannsanuld wfmunssnuuusay
dhumugsaaiiseniulivasumeninnuiasssuuasiadele Moty fdunudenls
solwinafion 10 Taad Tuuay Y. awnsugadmueaduiiiinainnismaaes iuay X A
Frumusrnefigsaniivoniuldfe 7 wnlaviu ansdaranudumuaigaes wrist strap
tester Fsanansndnedeanarild Wudu



a3

(0]
o

~J
o

(0)]
o

[&)]
o

w
o

N
o

-
o

Voltage on personal wearing the wrist strap
(Volt)
.
o

o
&

D o o &
Body resistance to ground (MegOhm)

= - ' a a ¢ v | o
UM 5.11 9nEan1sneass Mduanuiinnulaalidiansnd 10 Taad ausuniusianied

]
a

Y
augangeniulafe 7 winlev

' A
el oas i)

ludnumzvestueiiuuifivaty  wisdellsinuiidduandrny  orfiwudsemai
ommunlaziinnutud pdaliiiaianniagieg santlihaisuussmennnisiy
fazganisamaiiionmasauty  msmuaslwihadafiAndutudtnmefiaeinuuanseiy
usidspsaguunannisiin wazldnisvasssiananlumsinsiela [13]

vinmaveaey  nsianeiadelieltlugrannnssubidnnsedndtlegiu e
sumu 1 wnleiveynsegmdly Bausnaingmissasdlunistioaiugfauaesatoiionn
dunsrevesnszudlniirdannszuulii (110 Taad/220 Taad) snigianldhmedensiu Tng
Srinnszualiindalifosninseiui Yusummenenyuiud aswiuliiussiuuusnaneiald
vauwaumunudlen 1 wnglevin frnsgann 1 Taad defesunaueslid lidswansenude
wanSousididnnseiinduiorsesiifienuldentsiausavedwiinain (ESD Sensitive Devices :
ESDs)

5.7.2 Iwihadnazanuusrenmeninauiidinaeiadeiiouuunsiatnnasnian
nnradnwUiinalwihainavanuusanmevasldaesadeioviinnsiaiauuy
maamnmmnguﬁ 5.2 uay 5.3 v Jamsiilslunisidenlduanaingluuunisldnuuaa Bl

ddiyfignfaussiunnaseuiisumeuasumeiiminaurneanldasiadedionuusnanis



56

pnvdemaiatueld msvedeuasdenldfinisneaaesiaue el ussfuiisnanme

wﬂ’m’m%ﬁaaﬁaEJm'wLmﬁulwﬂﬁaamﬁ%’umuﬁummmmlﬁ
dmiunsesnuuussuuaesadeilevind  msldussulunisasainruduniuees

sumelifesiign iteliiAnussfunnasenviousafumbsniisemeninauliesiigasuiu

5.7.3 IwfhaRnfiinannindenldseaiuariuasuaulniradaviadieg

nawamsAnelugudl 54 uar 55 fwanwSunadlwihaiauusisnefiineinms
Genldseavini 2 vin uaziunruasliinadovinde q v 8 viln Fsasssruumsmuny
IhaRnuusamevesmtinenlulssnugranmnssudidnyseinddldseaviuaruaunlnii
afiniy Usunalwihadauusnelifinraduius fumnasumuresity Tnesnsiduuuitugin
D Fuduiiuiiinnushumusiian # 0,021 waley msasinsdewlwihadaansndiia
wardiUBinasEquuasaLUusINIeeeTign vieNualin H fisanudumugegn 7 160 wn
Toviu mseefivfuinssavanuusmegsiian usmannanisnaaey urlia F Uil
adnuusumesniian 7 0.8 haad uaziuwin A Tanudumugaiusduiiaes Fivsinm
Tniafinuusianen 7 6 Taad wuiu

fafy - Aurdnddaaunius fawdRzdinuannsolunmsaemuseyd  uel
ANNLsAluMSAnUsEINTe  tribocharge wavUimniUszasauuia charge accumulation
Liliavhwudsfunitimmeaaswasaesndoiio Faquit 5.1 Aurdadiianusunue
flfdmaliiiaussiuuuimnslussdusiauely fnfu Avadunmmesiuddilatadondn
Tunsasanquansilunsmunsiiihadnmesiy  msvaaosdnseiuuseduiiiaiusieuu
Sumpresiunazsouiiluymdded Fuluuwmanimeseuiimnzay vindenldulavosity
musjjlﬂﬁ‘umiﬁmimwmmmﬁmmwaaﬁuﬁu 9

5.7.4 nstneminArafinanduaurumaniuiuiaRas v

M 5.3 fiaswunavestunuiidnuasuas Fowneesdidninsaidnuas
WA ARy nuiasenauiEnasaunTsisiivnang x 817 x ga 1Wes 5 fadlues wasd
dhwinidies 1.1 ¥y dednvimulifimesanudumuuesiufinfinam Tngldiudasuiing
T#y 2 wila 91 10 wnleviu 500 wnlosiy

wamapaiiiovnnvesdidninsafidnuasinasudduiy  Aawshunuves
fuin 2 viin Aannunaveuvisdidninsafinanilduisdueduiitfod iy Tnawmsiuylfy
vila 8 fAlidanudumuAutermuareswRadiuin Admunligeaeliiu 1x10° Teviu 7
yunavedidnlvsaiiiminding: 8.6 niu JarAruiumiuld 7.5x10" Toviu uariididninsn
i 1.1 ndu Fararudunld 4.50x10" Teviy sudidy Seussqlwirafneraliannsa

sTUIVIeiemINTuuasguiauarasgnsfmunnsIn svisemuieanuuull



04

° & ! v Y a o LY
aqﬁiu‘UUQWUﬁﬁwuqﬂLﬁnLLaﬁ LUIHIN E)'ﬁmﬂ\jaﬁﬂLLUUWUN?ﬁqw'iUﬂ']El'nﬂﬂib’ﬁﬂﬂﬂlﬁwq:ﬁ
v o v =

wazananesdmmmunuinias  WiedipemnuansalunsaemyusEdmsuBuuang
laglany

5.7.5 NM5ANEIN15NTIITAAMUAIUNILYBISTUUNT AR LATBI TN TUTaIAT Rl
mMsasREsUANaNYsaivesssuunINRYeaATosioiniesdnslutiagtiuiisandd
Aimearfaifines  idanusumuiieaandeurnsinsudlvaluae  uarlunamsnaaes
gelvraudumuduau 1 -68 Tevin  Wisuiisuiudufuaudiieesiigneanuuusiiag
Wmgiannsaianuiuusaiinssudlvalumevieiifyansunaunnuiigdld el
adumuil 10 Teviumiud ﬁaﬁumsmaamwuﬂ'mﬁ‘ummﬂ'%"aﬁmﬁwm Fapsld

wdosdladnfinngan fnrsmaaesiitiaua

msseans AT imnsaiaslimifemnuiumukarnsnsasdeuiigndosin
seuulrinsvuaady Aalffgui 5,12 fuamamssoainsmduealaissinsvisoiniasioniunnsing
ffu 2 nsdl aensmdidmmengnunduinay Weamensadiienalignuaiduinay sl

ANeUMUlY

SO

i
t
(3]
A

-

ﬂJ 1 3 lﬂ‘ o < d‘ < ﬂl‘ 1 a =l
E‘UVI 5.12 1dnINITREAINT1INVDIATDINNTNIDLATDIUDVILANAINY 2 AT

urAdgy mensadfidanuengnuailyinandidiuntdueina  suiinany
witlynhuansladsaunis 5.1 [14]

L =(2xn2)/(9r + 10d) (5.1)

oo L urmnunienidifniedulilasdud @H), r duailveunuianauiid
wieduih, N Sudwausouvewaain, d Wuanusnveseaniimhnduin Saensne
grshuliliduhgudnans 12 i $1uu 5 seu fanuen 075 H1 anmieathasiidwiy
122 uH wasfinnud 100 MHz Adufuauduesaensmsiuaidunnaudinanniamiafu

7.661 Alaloviy Auaunish 5.2



58

XL = 295L (5.2)
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Abstract

This paper describes new electrostatic control countermeasures and solutions for critical electrostatic control
environment that can be implemented in MEMS manufacturing, especially in MEMS’s wafer handling that
needs low electrostatic voltage. This includes ESD event measurement, machine grounding verification, and
low ion imbalance ionization to support current and future needs of the MEMS.

Proposed countermeasures are ESD event monitor with electrostatic voltage using a single antenna.
Grounding measurement that designed to ignore high-frequency components and measure only the required
parameter. These two will help front-end engineer to qualify tools and identify critical process and make the
electrostatic-issues  manageable. Furthermore, the electrostatic field can also be minimized by sub-1 volt
ionizer controller that discard initial imbalance, short-term and long-term drift. This brings the balance from
25 volt to sub-1 volt within few second to prevent charge built up in MEMS waler handling process.
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Abstract

In recent years, many assembly houses have been actively seeking cost reduction techniques. Due to the
contribution of consumables to the total cost of the wire bonding process, focus has turned to capillary
life-span as a major factor in the qualification process. To answer the assembly industry’s need for cost
reductions, K&S Bonding Tools has designed a specialized extended-life capillary. This article discusses
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Abstract

Electrostatic potential and electrostatic discharge (ESD) has been a factory issue for years, not
only limited to semiconductor-based electronic devices, but there are evidences that new devices
from emerging technologies become sensitive which are MEMS and NEMS. This paper describes
new electrostatic control and device handling solutions for critical electrostatic control environment
for MEMS manufacturing processes. There are experiments of personnel grounding devices, device
handling materials, and evaluation of static control surfaces.

Introduction

Electrostatic potential and electrostatic discharge (ESD) can cause catastrophic, direct, indirect
and latent damages to electronic devices, and this has been a factory issue for electronic devices and
parts manufacturers for years. This electrostatic issue is not only limited to semiconductor-based
electronic devices. In recent years, advances in disk drive industry have resulted in a major concern
regarding electrostatic potential and discharge durmg manufacture of head and is now well-accepted
the most sensitive items for mass-produced product in electronic industry. However, there are
evidences that new kind of devices from emerging technologies become sensitive through this year
and is projected fo continue in next years. These are microelectromechanical systems (MEMS) and
nanoelectromechanical systems (NEMS) devices, which include microgap and nanogap assemblies
that will inherently be extremely sensitive to electrostatic field and the electrostatic discharge.
Unfortunately, increasing of contract manufacturers, made people from front-end semiconductor or
assembly houses that now need to handle the highly electrostatic-sensitive MEMS, are fairly new to
this extreme needs of static control solution and there is no industrial standard published for this
electrostatic control level yet. .

Personal Grounding
A. Personnel Grounding with Single Conductor Wrist Strap

Wrist strap is the most contmon static control device for people that handle ESD sensitive parts.
This is to allow excess charge to drain from body to ground rapidly enough to avoid remaining
charges. Proposed methodology is to measure actual electrostatic charge on personnel using Charge
Analyzer with handheld electrode, attach a static control wrist strap to the wrist and connect to an
electrical ground, perform body movements and observe electrostatic voltage with variations of
body resistance to ground.
B. Personnel Grounding with Constant Wrist Strap Monitor

In critical environment of MEMS and IC manufacturing processes, they are moving [rom the
single cord wrist strap to constant wrist strap monitor for a reliable ESD control solution. This is
also called continuous monitors in ANSI/ESD-520.20 [1], were designed to provide testing of the
wrist strap system. While a number of technologies have been utilized, the goal remains consistent,
electrical connections are tested between the ground point, coiled cord, wristband, and body while
the wearer performs operalions on static sensitive items. Failures are reported via audible and visual

alarms.
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Applied electrical current that may yield to have residual voltage or finger tips voltage on
personnel, but this is the most reliable way of constant or continuous wrist strap monitoring.

MEMS Device Handling and Static Dissipation Using Dissipative Table Mat

In current practices, there are gloves or tweezers used for device handling, rather than direct
contact from operator hand or fingers. Those materials should provide a slow, safe path for potential
static charge to dissipate from the ESD sensitive part to ground or not. Further studies to understand
the risk associated, the EM Aware was used to observe discharge event from operator finger, and
from operator with metal tweezers.

Electrical resistance of table mat using in manufacturing process for electrostatic dissipation is
measured with 5 pounds, 63 mm diameter electrode referenced in the ANSVESD S7.1 [2] standard.
This electrode size is far bigger and heavier than MEMS device. Resistance to grounds through the
static dissipative table mat of smaller and lighter devices may dramatic increase and greatly
influence to static charge dissipation from the devices to ground through the table mat. This paper
will experiment with 5 different electrodes with decreasing size and weight to sumulate resistance to
grounds through the static dissipative table mat of smaller and lighter devices.

Experiment and Result

Fig 1 shows personal electrostatic voltage measurement and evaluation of personnel without
grounding, and with grounding through single conductor wrist strap and dual conductor wrist strap.
integrated with constant monitor.  Table 1 is electrostatic voltage on the actual operator in -
manufacturing while walking and scuffing their feet. Purpose is to understand and specify’
maximum resistance limit being set at a wrist strap and shoe tester before entering to manufacturing
area. Critical environment of MEMS processes are now moving from the single conductor wrist
strap to this constant wrist strap monitor. Failures are reported via audible and visual alarms. There
are questions about applied eurrent that may yield to have residual voltage or finger tips voltage on
operator, therefore two types ol constant monitor are in the experiment.

Fig. 2 (a) and Fig. 2 (b) shows their applied voltage at open circuit, and contribution of this
voltage to finger tips voltage on seated personnel wearing the wrist strap. The 2.26 volt and 3.62
volt on operator finger do not harm this MEMS but may not be applicable for more ESD sensitive
devices in hard disk drive assembly. i .

In current practices, there are gloves or tweezers used for device handling, not a direct contact
from operator fingers. Experiment in Fig. 3 shows static charge dissipation froni the device to
ground. The static evenl detector using electromagnetic interference technology is used to observe
electrostatic discharge (ESD) event from operator finger, and from operator handling metal
tweezers. Purpose of this experiment is to understand material characterization to provide slow, safe
discharge path for selection of gloves, finger cots, tweezers, or materials that have direct contact to
ESD sensitive parts like MEMS. This is to identify a proper dissipative resistance range suitable for
each process and at each type of ESD sensitive device.

Table 2 shows experiment of electrical resistance of static dissipative table mat using in
manufacturing process. Six different electrodes are in the experiment including normal 5 pounds, 63
mm electrode referenced in ESD S20.20 standard, and five new electrodes of decreasing size and
weight to simulate resistance to grounds through the static dissipative table mat of smaller and
lighter devices. The conventional 5 pound electrode gives low resistance to ground compared to
lighter and smaller electrodes. Same for lighter and smaller devices, the dramatic increase in contact
resistance from 10 Mohm to 825 Mohm of the mat will greatly influence to static charge dissipation
from the devices like to ground through the surfaces.
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Figure 3. Electrostatic discharge event from operator finger and from operator with metal tweezers
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Table 2 Resistance to ground of static control surface with different measuring electrodes

Electrode size (mm) & 63 dia, 20mm 63 dia, 20mm 50 dia, 10mm
Diameter (mm) thick thick thick 20x2DRgQ 19x10x10 i
Area (sq.mm) 3724 1963.50 1963.50 400.00 100.00 25.00
Weight () 2270 335 167 69 8.6 43
Weight/Area (g)/sqmm) 0.7282 0.1706 0.0851 0.1725 0.086 0.172
Resistance of
warksurface using the 10 M ohm 22 M ohm 31 M ohm 56 M ohm 205 M ohm 825 M ohm
eleclrode .
Conclusion

Fact-based ESD management allows focused attention to real electrostatic problems in
semiconductor and MEMS manufacturing. We  have shown new consideration of personal
grounding devices, device handling materials, and evaluation of static control surfaces for critical
ESD sensitive environments that now using in MEMS manufacturing,
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Abstract: Electrostatic patential and electrostatic discharge (ESD) have been a
factory issue for years, not only limited to semiconductor-based electronic
devices, hard dish drive assemblies, and mieroelectromechanical systems and
nanoelectromechanical systems devices, which are extremely sensitive to
electrostatic field and the ESD. This paper presents ESD simulation and
experimental analysis of electrostatic control in electronic device
manufacturing. There are experiments of electrostatic on personnel, personnel
grounding through wrist strap, through constant wrist strap monitor, and with
static control footwear and floorings, machine grounding consideration, device
handling materials, and ESD characterisation of static control surfaces for small
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1 Introduction

Electrostatic potential and electrostatic discharge (ESD) can cause catastrophic, direct,
indirect and latent damages to electronic devices, and this has been a factory issue for
electronic devices and parts manufacturers for years. This electrostatic issue is not only
limited to semiconductor-based electronic devices. In recent years, advances in disk drive
industry have resulted in a major concern regarding electrostatic potential and discharge
during manufacture of head and is now well-accepted the most sensitive items for
mass-produced product in electronic industry. However, there are evidences that new
kind of devices from emerging technologies such as microelectromechanical systems and
nanoelectromechanical systems devices also become sensitive through this year and is
projected to continue in next years. Unfortunately, increasing of contract manufacturers,
made people from front-end semiconductor or assembly houses that now need to handle
the highly electrostatic-sensitive devices, are fairly new to this extreme needs of static
control solution and there is no industrial standard published for this electrostatic control
level yet. This paper presents ESD simulation and experimental analysis of electrostatic
control in electronic device manufacturing. There are experiments of electrostatic on
personnel, personnel grounding through wrist strap, personnel grounding through
constant wrist strap monitor, static control of walking operators with static control
footwear and floorings, machine grounding consideration, device handling materials, and
ESD characterisation of static control surfaces for small and light devices.

2 Personal grounding

2.1 Personnel grounding of seated operator with single conductor wrist strap

Wrist strap is the most common static control device for people that handle ESD sensitive
parts. This is to allow excess charge to drain from body to ground rapidly enough to



162 A. Chakkaew and W. Titiroongruang

avoid remaining charges. The wrist strap is an assembled device consisting of a wrist
band and ground cord that provides electrical connection of a person’s skin to ground.
We proposed a methodology to measure actual electrostatic charge on personnel using
charge analyser with handheld electrode, attach a static control wrist strap to the wrist
and connect to an electrical ground, perform body movements and observe electrostatic
voltage on personnel.

2.2 Personnel grounding of seated operator with constant wrist strap monitor

In critical environment of device manufacturing processes, they are moving from the
single conductor wrist strap to constant wrist strap monitor for a reliable ESD control
solution. This is also called continuous monitors in ANSI/ESD-820.20 (2007), which are
designed to provide testing of the wrist strap system. While a number of technologies
have been utilised, the goal remains consistent, electrical connections are tested between
the ground point, coiled cord, wristband, and body while the wearer performs operations
on static sensitive items. Failures are reported via audible and visual alarms.

2.3 Personnel grounding of walking operator with static control footwear and
flooring

For standing and walking personnel where wrist strap is impractical, static control
footwear (shoes) and static control surface is recommended. The static control footwear
covering for the human foot have properties to control the accumulation of static charge
when used in conjunction with a static control floor or floor finish, or floor mat. The
static control floor material is a permanent installed floor material such as tile, carpet,
polymer, epoxy, or sheet flooring that dissipates static charges by grounding personnel,
equipment, or other objects contacting the floor material or that controls the generation
and accumulation of static charges associated with floor materials.

3 Device handling and static dissipation using dissipative materials and
table mat

In current practices, there are tweezers and static control table mats used for device
handling, rather than direct contact from operator hand or fingers. Those materials should
provide a slow, safe path for potential static charge to dissipate from the ESD sensitive
part to ground or not. Further studies to understand the risk associated, the current
transformer, oscilloscope and electromagnetic discharge monitor, EM Aware was used to
observe discharge event from operator finger, and from operator with metal tweezers.

Electrical resistance of table mat used in manufacturing process for electrostatic
dissipation is measured with 5 pounds, 63 mm diameter electrode referenced in the
ANSI/ESD S7.1 (2005) standard. This electrode size is far bigger and heavier than
electronic device. Resistance to grounds through the static dissipative table mat of
smaller and lighter devices may dramatically increase and greatly influence static charge
dissipation from the devices to ground through the table mat. This paper will experiment
with five different electrodes with deceasing size and weight to simulate resistance to
grounds through the static dissipative table mat of smaller and lighter devices.
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4 Machine grounding and consideration

As technological and process requirements change, the demands for the quality of
grounding change too. Simply complying with the safety standards and conventional
ESD grounding standards is no longer enough (Kraz et al., 2002). When electromagnetic
fields affect normal operation of equipment, EMI is present, and aggravated by poor
installation or maintenance of equipment grounding.

For two identical tools, such as IC handlers in Figure 1, one tool is connected to
ground by a short, wide, braided wire, the other via a long, coiled, thin-gauge wire. From
the safety and ESD points of view, grounding of both tools meets the standards and is
considered adequate for its operation, Existing standards specify properties of grounding
mostly at DC and 50/60 Hz.

Figure 1 Tool is connected to ground by a short, wide, braided wire, the other via a long, coiled,
thin-gauge wire (see online version for colours)

AT ST

At higher frequencies, long, coiled wire forms an air-core inductor whose inductance is
calculated as:

L:(rzxnz)/(9r+10d) (1)

where L is inductance in pH, 1 is radius of coil in inches, NV is number of turns, d is length
of coil in inches. As an example, if the extra ground wire is coiled to 12 inches diameter
and has five turns, and the coil is 0.75 inches long, inductance of this coil 12.2 pH. At
100 MHz frequency, impedance of this coil will be 7.661 k ohm:

X: =N (2)

where X; is impedance, f is frequency, and L is inductance. A current of 1 mA going
through this ground wire at 100 MHz would generate a voltage drop of 7.661 volt:

V=1X, (3)

where V is voltage, I is current, and X is impedance.

This means that the voltage on the ground of the tool will be 7.661 volt compare to
the real ground. If the ground wire is not coiled but is too long inductance of a straight
wire at high frequencies can be calculated as:

L=0.002d [In(2d/r)-1] (4)

where L is inductance in pH, = radius of the wire in centimetre, d is length of the wire

in centimetre.
A common 10 m ground run of 12 gauge solid wire has self-inductance at high
frequencies of 17.36 pH. The same | mA current at 100 MHz would create a voltage on
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this length of wire of 10.9 volt. In both cases, the ground would pass all safety and ESD
standards with no problems.

When a ground bounce occurs, the ground voltage on the tool may be significantly
different from the one on the connected computer or another tool. This can easily garble
the communications between the tool and a computer, and the tool can stop working.
Excessive voltage on the tools also can cause damage to sensitive components. Because
of long ground wires with associated inductance, the voltage on different parts of
supposedly grounded tools is not the same.

5 [Experimental result and discussion

3.1 Electrostatic on seated operator (experiment validation)

Wrist straps are the most common static control device for people that handle ESD
sensitive parts. This is to allow excess charge to drain from body to ground rapidly
enough to remaining charges. Figure 2 shows electrostatic voltage on person while seated
and wearing wrist strap, but scuffing their shoes with floor material to simulate the worst
case. The wrist strap is connected to ground via adjustable resistance box, purpose of this
experiment is to understand electrostatic on personnel at different body resistance to
ground, and to specify maximum resistance limit being set at a wrist strap and shoe tester
before entering to manufacturing area.

Figure 2 Electrostatic on personnel at different body resistance to ground via wrist strap and
thermoplastic adjustable resistance box (see online version for colours)
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It has been shown that for a wrist strap system, the resistance of the person to ground has
a direct correlation to the maximum voltage on a person. For wrist straps, Figure 2 may

be used.
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Two types of wrist band are used in the experiment with same ground cord,
conductive fabric wrist band and thermoplastic wrist band. Result from the experiment
shows voltage on personal using the thermoplastic wrist band is higher than voltage on
personal using the fabric wrist band. The thermoplastic wrist band with zipper style
latching mechanism is less conformed to wearer’s wrist compare to the fabric. So this
lesser contact may cause higher skin resistance and slower electrostatic dissipation to
ground, and yield the differences.

3.2 Electrostatic on standing and walking operations from different types of
static control footwear and static control floors

For standing and walking personnel where wrist strap and ground cord is impractical,
static control footwear and static control flooring is recommended. Figure 3 is the
experiment of electrostatic voltage measurement on walking persons, where different
types of static control footwear and static control flooring are evaluated in combination.
This is to understand electrostatic generation observed on the walking persons and to
select the type of footwear and flooring to be used.

Figure 3 Maximum electrostatic on walking personnel with no wrist strap, but using different
types of static control shoes and static control flooring (see online version for colours)
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Figures 3 and 4 show that resistance to ground of the flooring is not sufficient to select
the floor for installation which most of electronic industry currently rely on. It has been
shown that for a flooring system, the resistance of the floor has no direct correlation to
the maximum voltage on a person, and Figure 2 cannot be used. For example, the floor E
is with lowest resistance and this should perform the best for static generation on walking
personal. But the floor E generates higher electrostatic compared to floor C and D which
are at higher resistance. Performance in combination by electrostatic charge evaluation on
personnel should be considered for proper selection.
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Figure 4 Resistance to ground of flooring experiment in the Figure 3 (see online version

for colours)
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3.3 Electrostatic on seated operator using constant wrist strap monitor

Constant wrist strap monitors were designed to provide testing of the wrist strap system.
While a number of technologies have been utilised, the goal remains consistent; electrical
connections are tested between the ground point, coiled cord, wristband, and body while
the wearer performs operations on static sensitive items. Failures are reported via audible
and visual alarms. Critical environment of device manufacturing processes are now
moving from the single conductor wrist strap to the constant wrist strap monitor.

A widely used constant monitor is resistance with dual conductor wrist strap. For
example, a DC signal (current) goes through a wire to the first half of the wristband.
Crossing the person’s skin, the signal enters the second half of the wristband, and returns
through the second wire to the monitor. There are discussions about applied current that
may yield to have residual voltage or finger tips voltage on operators. Two types of
constant monitor are in this experiment.

Figure 5(a) and Figure 5(b) show their applied voltage at open circuit, and
contribution of this voltage to finger tips voltage on seated personnel wearing the wrist
strap. The Figure 6(a) and Figure 6(b) are the same but from another constant wrist strap
monitor. The 2.26 volt and 3.62 volt on operator finger is considered human body voltage
and should be compared with device’s electrostatic susceptibility level. This level does
not harm electronic devices such as integrated circuit, but may result to failures for more
ESD sensitive devices in hard disk drive assembly.
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Figure 5 Applied voltage of a constant wrist strap monitor at 5.30 volt peak, and contribution to
voltage on seated personnel at 2.26 volt peak
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Figure 6  Applied voltage of a constant monitor at 9.70 volt peak, and contribution to voltage on
seated personnel at 3.62 volt peak
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3.4  ESD simulation of device handling materials

In current practices, there are dissipative materials such as dissipative table mat and
tweezers used for device handling rather than operator fingers. Experiment in Figure 7
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shows static charge dissipation from the device to ground. We have adopted a standard
ESD simulator with human body model or HBM discharge network comprised of a 100
pF capacitor and a 1,500 ohm resistor to perform ESD simulation on the materials under
test. The ETS431 and Schaffner NSG432 have been used for the HBM simulation. The
current discharge pulse pattern have been captured by a Tektronix CT-6 current probe
coupled into a Tektronix Digital Oscilloscope with a 2.5 GS/s sampling rate and a
bandwidth of 300 MHz.

The 3M EM aware static event detector using electromagnetic interference principle
has also been used to observe ESD event from operator finger, and from operator
handling metal tweezers. The purpose of these experiments are to understand material
characterisations to provide slow, safe discharge path for selection of tweezers, and
dissipative surfaces that have direct contact to ESD sensitive parts. This is to identify. a
proper dissipative resistance range suitable for each process and at each type of ESD
sensitive device.

Figure 7 Discharge simulator with device handling materials to device lead frame and discharge
waveform (see online version for colours)
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Figure 8 Discharge current from the HBM discharge simulator at 1,000 volt through two
dissipative table mats to device lead frame (see online version for colours)
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Figure 9 Direct ESD from operator and from operator holding metal tweezers to device lead
frame (see online version for colours)

1000
-
& ——d
E 900 - T
g 800 1 &

=
87 700 = &
o 2
a E 60 125y
A
; z 500 7~ =
X 400 |- . v,
5 E 300
E ]
E 200
® 100 ——it - -
= pu® * *
0 Eovee % ; ‘ . .
0 200 400 600 800 1000
Simulated Body Voltage on Standing Operator (volt)
¢ Direct discharge from ﬁ;rger & Discharge from metal tweezers

In Figure 8, the dissipative mat sample A provides lower peak current compared to
dissipative mat sample B, which is a dissipative material characterisation to determine
effectiveness of providing a slow, safe discharge path. Figure 9 shows ESD event
observed by the 3M EM Aware from operator finger tip and from operator holding metal
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Figure 10 Resistance to ground of static control surface with different shapes and sizes of
measuring electrodes (see online version for colours)
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5.6 Equipment grounding using digital multimeter and impedance meter per
ANSI/ESD S6.1 standard (experiment validation)

Proper grounding is crucial for the safe and uninterrupted operation of equipment. In
critical environments, a faulty ground connection may result in personnel exposure to
dangerous voltages, equipment lockups or malfunctions, and damage to sensitive
components. Proper grounding has become one of the most important concerns in facility
and tool management.

A dedicated ground integrity meter or impedance meter ground impedance in
accordance with ANSI/ESD $6.1 (2009) and ANSI/ESD §20.20 (2007) standards. It
provides accurate measurements of ground impedance when ground noise is present, area
where most regular instruments fail. An electrical circuit is developed for this experiment
using 10 ohm resistor and having 9 mA current passing through to simulate a ground
noise.

Table 2 The experiment using 10 ohm resistor having 9 mA current passing through to

simulate a ground noise, and reading from digital multimeter and ground impedance
meter

10 ohm resistor with 9 mA current

Type of measurement

Red (+) black (=) Red (+) black (=)
Digital multimeter and reading (ohm) —68 ohm —68 ohm
Impedance meter (ESD S6.1 standard) 10 ohm 10 ohm

A conventional multimeter determines ground resistance by applying some current to the
load and measuring the load voltage. This works well unless there is extraneous noise
when the tools are operational. In these situations, the multimeter may show a very
significant error or odd readings such as negative resistance shown in Table 2.
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Also, an AC impedance meter can be affected by high-frequency noise. For accurate
measurements of ground, it is better to use an instrument that can separate measurement
signal and noise.

6 Conclusions

Fact-based ESD management allows focused attention to real electrostatic problems in
electronic device manufacturing. We have shown new considerations with ESD
simulation and experimental analysis of electrostatic control in electronic device
manufacturing. There are electrostatic on personnel, personnel grounding through wrist
strap, personnel grounding through constant wrist strap monitor, and through static
control footwear and floorings, machine grounding consideration, device handling
materials, and ESD characterisation of static control surfaces for small and light devices
that are now manufactured in device manufacturing process.
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