R ET Y P
BT 5T —BR (O R

© 2014 - FEIVEREN - A HRERT)

+ 93 ﬁ‘( B (ESD# W FEI> ESD#//"&;%#*) fpelt o @ iﬂ%z}a LA
Remy b Fﬁfd%iﬁd F L MFIE‘ (7~ A [iﬁﬂl%p) fU B SRS (
ESDS) ; ¥l - EI[J%‘%FTE H AP KL - ESDS %f ESD Ji vl *132 ilﬁ[m BB
IR 3= 10 [puﬁﬁ‘ bpuf@%'@i?% F?ﬁﬂtéip& (R0 ) PR LA R py s
Heo (F ESD AVl spl fiRL o pEe 5T 0T o O R B AR R L T RLES
ESDS [l i 25 {7 23 Hlii H'J‘E B

FE* Rl o Jfﬁ%ﬂﬁ’ﬂﬁ"l‘ﬂ FR U= g Jff*}“’ff}*ﬂ@‘ff’ﬂﬁ" (ESDS) {1 > f7e%; ESD iy

2 ﬁ‘/fikfllﬁ:tf[ﬁirﬁy E’{A SR LI ? 'ﬂfﬁ‘iﬂaﬁﬁ R ﬁﬁ*jﬁﬁ*ﬁjﬁ’ﬁﬁb’fﬁ'%ﬁﬁﬁ

(HBM) Al iy (P (CDM) [l s - ANSI/ESD $20.20 f[1E] HBM 100 [<4
Wﬂﬁﬁﬂﬂ%iwﬁw$i

FIE *JLTE?WF UREN = SN H <RI phal WL TSR kﬁ LA G
}FH A ;F[;JHI’«MF’EJ}{‘—“] %ﬁkﬁ‘i@%'ﬂ[ﬂ@gugﬁr%@ ,Mfﬁ[iui% KFER Y

R, SR o lﬁﬁﬁ'ﬂ A ui%ffﬁw 76 ESD i - ?ﬂfrﬁﬁ'( BM)*D?’J
& é‘ FFASLE] ( CDM) W’?’J” FEFRGE RS RIEY > 20 ST pepy BSD i 2
%F'fiﬂ'iﬁu 7 EJW} El%ﬁ‘?%li HESRYII= > lg[’*%%ﬂ““?f PRI g 99%
;wwEwﬁﬂwm#ip %M”wmwwmwww%rmagﬁ@&
TGRS 70 i< PR T R I = Pl AR - OPRSAA  RT

» BHEE TR S A R IR -

. w*a”sljf ‘/F Vs

. [EH ﬁ?ﬁﬁ%ﬁﬁ@pm%& TN A I ﬁESD%:ﬁDE— A SR A

PR R e
. E%ﬁﬁjmﬁﬂ%:ﬁiﬁ%%‘ﬁﬂ?; > TR N Sl o ET T -

CEEIRE (HBM) R

ﬁz‘*ffv’;ﬁfﬁj HEBLAVRIAL -~ gy %ﬁ*[ﬂ’ﬁkﬁﬁl}%?’ﬁ ﬁ%ﬁv’%éiﬁ%
i (ESDS) ! #’? AR —VFE!EIF[ Iﬁﬁi*ﬁgﬁ “frﬂ’ = i (ﬁﬁyr) ESDS
ﬁLlfFF”’E;'FEfFJW"E?ﬁ —J’?E'IE'“"T R 2R TFJ AEERCTRASLA AL T
5 (HBM) -

578 ESD AR (AL 3Rl S SRS LRLE R e R Y o HBM RS

SRR 1 AR i © ?ﬁﬂﬂﬁ~ﬁ%%ﬁﬁ’mmm@
%wm<ﬂﬁ @ﬁ)ﬁlmpFﬁﬁ%%ﬁ&’dﬁﬁ%ﬁﬂgyﬁmﬁﬁ*ﬁLwo

[1]



i A FW’% SR A P ﬁj AL o A il - SR RERLRIRLR A
]ugu%u,@:ayfi P (o ﬁmfﬂ OEFELE] (FrE R MIL-STD-883 7% 27 3015
) > bl ANS /ESDA-JEDEC JS- 001 ﬁﬁ#ﬁ%@ﬁ:@— FRRLEIH 3R] - 4
7 (20 PO i ESDA #1JEDEC ik (5355 STM5.1-2007 #1 JESD22-A114F ) - fiff

BSS * JEC LRI (R Ak o ) pelp 1+

R (megohms) R (1,500 ohms)
IIJ?ET‘JE’;{ gualil]
e C (100 pF) i
¢

Figure 1: Typical (simplifieWHuman Body Model Circuit
AU RIEY HBM 7Y% 2 = 10 2 Fppy B Eﬁf ~ 0.67 7“?;[/: Iﬁiﬁ » k200 %
PR BRI AU l?’@ﬂ SRR, o AR > HBM f Jﬁ@iifiiii@ﬁfﬁaﬁl Rt
£ a

"R (HBM) ESD &% pJEH:ﬂa@ﬁ RO F I (R AR o R
i (AR AN I E fﬂ%%{’ - ?H'ﬂ%fﬂ%& HBM Tﬁm (78 TZAP Bl 5 ) o R
RSP (8 DRI R, ) o B - ,«BJE'J?U'*%«?%EFF TSR
upwg I m‘fmj&%&uiﬁu ) R EIE’?M | RS %‘“[Eﬂpquﬂn“ F _j’ﬂu‘r i
JJJ§ % 'g"%@u ll*u VIR S"[ i ,iE[ Fijf HBM ;qu&bH, TP T ?ETELF'J S
%ﬁﬁfﬁi W; éﬁ‘; [ i; ;F?S it g AR R s Nk
EJ?TEIJ* e 7~ i o

SR ﬁ/\_p JkL > JS-001 [ *?BTELF'J?ETU Fﬁg)@,ﬁ/ o HIEfY IEC 61,000-4-2 %
7 8 JFE‘AE,V?:ELFIJJ  (ASLRTRLE 3= flal 39 1T [l R (15X l’i*ﬁﬂ”f‘.ﬁf
ESD i - <1l i ZF 57y =/ - 1EC 61,000-4-2 A1 IS-001 g Attt 5 =

= JS-001 Pl ng TRLE Y -

HEEHE] (CDM) HR
[ - ESDS P50 (S8 b L A ESD 31 - BN » 3L TR
ngﬁﬁtuﬁﬂ R A A A n o L e L

I%ﬁ’ﬁﬁf }]:;24* LRI g@ﬁf?ﬁé&#*ﬁ% rﬁ“’?‘i%ﬁ[’i %], (CDM) ’ff1~F
]fE i Ei;;)“ HBM EI%IBUEJ% ° El%ﬁ%ﬁvfﬁl@%i@ﬁﬁ Féﬂi’[%’ﬁfj’ﬁj—iﬂﬁfj’ [ 1 S Fp—

[2]



q('“%?‘iﬂ ARG SbE, - RS IO PR R SRR (U )
TS -

H o CDM J[R4EYE (ESD STM5.3.1 : st s it 2 /= — ’”‘*ﬁ‘i/—?‘ﬁ*‘/ R
JEDEC /73 JESD22-C101 / B 5 [ 41, *f; yﬁ;,//,z/—ﬁ [ ,?’%ﬁ/#ﬁ?/
HEELHE" ) i HIIFE AN 1999 A 2000 A ZE'IJ i’f*ﬁcﬂ?{ﬁ‘“a“él*lf" R
FLHFJ segE b F“f ’ ﬁl&ﬁﬁ’ﬁliﬁ@’% BT E‘f]]rJr I% }:731 = ‘_f,,xij'p‘” %lz%‘gr. o ;{'J
FY CDM =t %,:‘“é‘] BT f[ @ ]%7& CDM 53 1 ESDA ¥ |¢FIJ§ S A Rl 2009 &+

JEDEC/ANSI/ESDA g JTE}“ fi CDM ifﬂuﬁﬂ (JS-002-2014) SR ) -

10hm > F‘iﬂ
- HIE! ?Cﬁl o

R
>10MQ

R —— gL fg‘é' =3l SN
B
E 2hlxdt

2 R )
PR

FHERBE] (MM) %

il Jﬁwﬁigﬁﬂ*ﬁa*ﬂﬁﬁif’v’% YN SIS IR TRE RS TASERASLE] ) R
L ﬁ?’gt“ Fizig o HBM JEHEEJ;@*%%W LF;[F ESD fLELRL - fi# 200 pF i
[k Eapn ljfﬁv*%’ g EER R LIS o ST T A R ﬂiﬁ@r‘fgu
% HBM ) - ”%ﬁ“ﬂﬁ (e “PZ%F'HF[JF@ VPR TRARES o E PR S
e o

i s (4 (ESD $5.2 ﬁﬁgﬂ@%ﬁ ﬁ?‘ﬁ%ﬁ”/) SRR
mﬁﬁ% W > ﬁa@%"* HBM@? o PSS e PR
EF[EI”T[ > MM pﬁ’ﬁti 1,500 [E«;‘HEJ?‘*K'% » (R P OINEIES Wﬂ' ERSIE ] @EM

HBM pm e i 2 il Tﬁ'?ir"“iﬁ EVRBE I 8 R [ - Kild)

(DI L - LA T a5 s AL
5"&%?‘@:‘ [ﬂ[w’ SV T IROTEE > MM (0o R G 7 [ = | [l
SRl 25 V] ﬁLETTx‘x%EdE[j:% RIS AL A - 3?[ ﬁﬂ f:l?ié e iy HBM fi

[3]



ﬂWPHWWWF%ﬂﬁ%Eﬁﬂ@ﬁ@’ﬁiHmﬂiﬁﬁ A SR DIRY] MM 9 [
JEDEC 71 ESDA MBI | B e e i (152t @% J HBM I CDM ‘*Tv]”c
° &N » ANSI/ESDA MM 5.2 ¥ s i YtiZOE » FU Fr;i r i{J {USEIE=
ﬁiﬁ YEH:W*EW JETF AR o fE TARYE | F] TAREHIRN ‘FE' (ICs) puﬁk
BN Mﬂ# O RS A5 53

(Megohms)
I = FLEl 7
B Ly

200 Picofarads |

{13 - A EPEF AR S RS
B URIHEE] (SDM) HE
iﬁ—ﬁfﬁﬂ FURLE [FEE CDM [l FEE 35tk o YAl jﬁﬁ_& oD }Ej?ﬁﬁ’ﬁﬂﬁji fﬁ'
ﬁlag@%% a}%’f’ﬁp% [ 58 20 3k (A CDM AEVERATIRE [ﬂ: » % SDM JE‘[J
A R E | T R o il > S T2 U]%? Iy SDM JHJEt = ffﬁfﬁ“llﬂf
SP) SDM-5.3.2 #* 2002 ?FFJ%’? 2013 =F EAY o i xﬂﬁi%ﬁv’gﬁygpuﬁrﬁ@ﬁ ESD
TR53.2 (FUTROB-00) /44877 (SOM ) J#4(117 |l SOM 5 bt s -

B8 (4 SrE o 55 5

HBM #1 CDM 83 180 3 50 AR ik » B e il e RS AR oo (JLk
1%@ 2) « SIREEFE MR Ef ¢ m%m[ipmsoaﬁ% S T A A [
BT [F ESD fHEE7RA J}‘Fl

% 1 : ANSI/ESDA/JEDEC JS-001 V%« 3—HBM ESD 7 [ 27k

73R FHEEE (V)
0A <125

0B 125 to < 250
1A 250 to <500
1B 500 to < 1,000
1C 1,000 to < 2000
2 2000 to <4000

[4]



3A 4000 to < 8000
3B = 8000

% 2 : ANSI/ESDA/JEDEC JS-002 1/ 3—CDM ESD 7 [ %5k

BE (V)
COA <125
CcoB 125 to < 250
C1 250 to < 500
C2A 500 to <750
C2B 750 to < 1,000
C3 = 1,000

IS HBM AU O 53 PO e - 31T OA st 4
125 ]“’Rilf*] p =k 0B §-125 |4\J[§j Z-] % 250 ]“’Kﬁj

AU OA PR (AN(IAC 125 49 ) - Rl K= 10 - LA T ﬁﬁ*ﬂﬁﬂ%
o Ffiep OA S50 ESD I o o pupi =it - =2 FI?E% ESD [ﬁs%“u;[ﬁlfk ’ l‘aﬁfi{l“
EPA ESD%JWJEE‘ ; pe#*lf‘ﬁrﬁjﬂl‘ﬁ’ T ESD I R

IR EJBwLﬁflefF

~ (FIRF " ) (HBM ) ATEIErR PSR (CDM) SE87753 5 < S ey
T PR IR %?%waﬁkwkﬂWipﬂl%w¢ﬁmo

PEEN= R ST AH %ﬁﬁﬂm [ R PSR b LR (B 1% 5 RLABTER I -
AT b 0 [ o | UE % 5 ok s F[F::su—h:gé k%]g’ e - iF{'FKJ—fE[
ESD IE] A fURLE 2 ESD ;tgj:% jp g [H@;l o TR m L 5t ﬁ'IEFU , IEUH%??%
Satkalilindnll ﬂ@ﬁ°*ﬁ@%ﬁPﬁ7W%ﬁﬁt4ﬁﬂi’*ﬂﬁ
Bl W& RIS I 5F b apo ESD T E S

R

FLedEs ESD RYEF > 3 ]ﬁrsr[sﬁ.ﬁw I ]:HE[jiﬂa‘ﬁ‘“ﬂﬂi?%]'?ﬁiﬁ%ﬁgjﬂlﬁ [’chgﬁg%%
ﬁ??zd?"ﬁ')‘%’r . ;[Wﬁ%ﬂéﬂ B ESEF IR E ;t“sr]gu ESD #HIH% - (> %ffﬁiﬁﬂ_ﬂﬁ
@*ﬁﬁ»ﬁ?ﬂ%« oﬁ%%ﬁv%ﬁ AT IR ffgf #}gff#, £l —2010 # 4 £/p5Z, (
Electrostatic Discharge (ESD) Technology Roadmap — Rewsed Aprll 2010) flHEK - V”F‘%TJ
%ﬁ‘ZMWﬂmB#%bUm’ﬂﬂ@¥f@1ﬁﬁ pil et SEAR (AR

“fﬂ o | Wy py ESD ﬂ-ﬁfuﬁi ﬁﬂ?‘{\%‘ipz;@ﬂjrz u| ) [—klﬂ §\H| FFBM ( * aﬁl
frJg *D CDM <fJ Frzﬁ”ﬁl*ﬁﬂ) SR g%ﬁ Ftih =R guﬁaregu ESD &7 3 F ] l/ ,
REFREES "R 100 (A

(5]



- R

ANSI/ESDA/JEDEC JS-001 Electrostatic Discharge Sensitivity Testing — Human Body
Model (/ﬁfﬁﬁf%@ﬁ@%—%’— ‘/%"ﬁgﬂ) , ESD Association, Rome, NY.

ESD STM5.2-2009: Electrostatic Discharge Sensitivity Testing — Machine Model (/ /ﬁ‘ﬁﬁ/ﬁ‘f
S JE —FSEERLZ) | ESD Association, Rome, NY.

ESD STM5.3.1-2009: Electrostatic Discharge Sensitivity Testing — Charged Device Model (
ﬁ‘ﬁ%ﬁ?ﬁ%ﬁ?ﬁ@ﬁ%@—ﬁ%ﬁ#ﬁgy) , ESD Association, Rome, NY.

ANSI/ESDA/JEDEC JS-002 Electrostatic Discharge Sensitivity Testing — Charged Device
Model (ﬁﬁ?ﬁ%@%@f - ﬁﬁ*ﬁ#@;’]) , ESD Association, Rome, NY.

ESD TR 5.3.2-2013 (formerly TR08-00): Socket Device Model (SDM) Tester (&' 7 =48 /£ f
Z7 (SDM ) Y% ) , ESD Association, Rome, NY.

ESD Industry Council White Paper 1: “A Case for Lowering Component Level HBM/MM
ESD Specifications and Requirements (/& (%4~ /#+% ESD CDM #fE ¥RV 2 °5]) 7
August 2008, and ESD Association’s White Paper “Electrostatic Discharge (ESD)
Technology Roadmap (fﬁ‘/gﬁ?/ﬁ?—?‘iffﬁ?ﬁ[/) — Revised April 2010
http://www.esda.org/IndustryCouncil.html.

ESD Industry Council White Paper 2: “A Case for Lowering Component Level CDM ESD
Specifications and Requirements (/& [%4='/#+& ESD CDM #/7‘/?}‘ KEIRYZF]) ,” March
2009, http://www.esda.org/IndustryCouncil.html.

“Process ESD Capability Measurements (£, ESD 5?‘:‘/0}.?]5/) ”, Steinman, Arnold,
EOS/ESD Symposium Proceedings, 2012, p. 211, ESD Association, Rome, NY.

“Is there a Correlation Between ESD Qualification Values and the Voltages Measured in the
Field? - (ESD 7757 /077 B! HIFTERLEL ) = & FERIE 7 ) | Gaertner, Reinhold and
Stadler, Wolfgang, EOS/ESD Symposium Proceedings, 2012, p. 198, ESD Association, Rome,
NY.

“A Closer Look at the Human ESD Event ( ‘/%,’ESDQI/#%"%) ,” Hyatt, Hugh, et al,
EOS/ESD Symposium Proceedings, 1981, ESD Association, Rome, NY.

“Charged Device Model Testing: Trying to Duplicate Reality ( iﬁ*f&‘ﬁ#@jﬁ,’%ﬁ i -(8/7),7)
ZJ) ” Avery, L.R., EOS/ESD Symposium Proceedings, 1987, I':[S/D Association, Rome, NY.
“Critical Issues Regarding ESD Sensitivity Classification Testing (ESD4F52 /787"

(3 ) " Pierce, Donald C., EOS/ESD Symposium Proceedings, 1987, ESD Association,
ome, NY.

“Beyond MIL HBM Testing - How to Evaluate the Real Capability of Protection Structures
(y[/ﬁﬁ%ﬁﬁ,/fﬁ,%;ﬂ/ﬁ“—ﬁagr-//—/zevm IL HBME 9% ) 7, Avery, L.R., EOS/ESD
Symposium Proceedings, 1991, ESD Association, Rome, NY.

(6]



“Mechanisms of Charged-Device Electrostatic Discharges ( ﬁﬁﬁ/#fﬁﬂﬂ%ﬁﬁ#ﬁ%fi[/
) ,” Renninger, Robert G., EOS/ESD Symposium Proceedings, 1991, ESD Association,

Rome, NY.

“Analysis of HBM ESD Testers and Specifications Using a 4™ Order Lumped Element Model
(2] 102 A 55 FAHBM ESD;}Q[%’%?’W#’%/@) ,” Verhaege, Koen, et al,
EOS/ESD Symposium Proceedings, 1993, ESD Association, Rome, NY.

“A Comparison of Electrostatic Discharge Models and Failure Signatures for CMOS
Integrated Circuit Devices ( CMOSﬁﬁﬁzﬂ%fﬁjﬁ%ﬁﬁ#ﬁ’ﬁﬁﬂﬁWﬁ#ﬁ )
Kelly, M., et al, EOS/ESD Symposium Proceedings, 1995, ESD Association, Rome, NY.
“Study of ESD Evaluation Methods for Charged Device Model (ESD ﬁﬁﬁ’/—?‘fﬁgzjﬁﬁ
*f/,ii,;k/’zﬂ% ) ,” Wada, Tetsuaki, EOS/ESD Symposium Proceedings, 1995, ESD
Association, Rome, NY.

“A Compact Model for the Grounded-Gate nMOS Behavior Under CDM ESD Stress (
CDM ESD&7/7* » #FHINMOS /= 3SR Z]) | Russ, Christian, et al, EOS/ESD
Symposium Proceedings, 1996, ESD Association, Rome, NY.

“Recommendations to Further Improvements of HBM ESD Component Level Test
Specifications (7&+HBM ESD="F-&HZ4¢ 150 # & ) 7 Verhaege, Koen, et al,
EOS/ESD Symposium Proceedings, 1996, ESD Association, Rome, NY.

“Very Fast Transmission Line Pulsing of Integrated Structures and the Charged Device Model
(£ ﬁ,ﬁfﬁfﬂéﬁﬂ@ﬁjﬁﬂﬁ@?ﬁ%ﬁgﬁfﬁﬁ ) ,” Gieser, H., and Haunschild, M.,

EOS/ESD Symposium Proceedings, 1996, ESD Association, Rome, NY.

“Investigation into Socketed CDM (SDM) Tester Parasitics (%‘ﬁ}ﬁ&’ 7 #CDM (SDM) Y

FEA % #>E) " Chaine, M., et al, EOS/ESD Symposium P/ryoceedings, 1998, ESD

Association, Rome, NY.

“Issues Concerning CDM ESD Verification Modules-The Need to Move to Alumina (CDM
ESDE@Z AL Vi — 2= 5"t 7! ) " Henry, LG, etal, EOS/ESD
Symposium Proceedings, 1999, ESD Assoclation, Rome, NY.

“The Importance of Standardizing CDM ESD Test Head Parameters to Obtain Data
Correlation (f*#f57% [“*CDM ESD M ZFEZFFAVE ol /TR HFAFE ) " Henry, L.G.,
et al, EOS/ESD Symposium Proceedings, 2000, ESD Association, Rome, NY.

“Component Level ESD Testing (a=/#+2ESD}jz¢) ,” Review Paper, Verhaege, Koen,
Microelectronics Reliability Journal, 1998.

[7]



