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1. ESD t&#!43
%] ESD =4 BV R F X B X & BB BS I BB HY 5 T\ A [E]
, Zit%t, ESD WERAERIS THIPm

1) AFREER (Human-Body Model, HBM)

2) HEEMEER (Machine Model, MM)

3) AEFFEEEMRR, (Charged-Device Model, CDM)
4) BIFENIER, (Field-Induced Model, FIM)
HIMNEBRNNINFREY -
(5) MTF RS R~ m M) IEC BFHR=SHAERT
(6) X F AT A TLP =3




AEREER, (Human-Body Model, HBM)

© AFRERRIN (HBM) B9 ESD =5 E ARt CEDNERRHEERZEANF

FEERTEE, Hk AXMMT IC T, AKLERBRESLZH IC HIM
(pin) MiEN IC N, HZH IC MERIME, E 2.1-1(a) Fix. e T
ESERILBEZER (ns) IR BIAAEHRIZHBREMERR, LER
210 IC AREH AR, NE HBM 38 B E X 4 fERE B RS
FIEIHIR R EnTE 2.1-1(b) « X—AXE M IC B9 2-KV ESD IMEBREEM S
, HEZFE|EBRNRIEEXRAZE 1.33 FSD CURRENTS

Vg =40kV

Grounded Surfaca

V0=IGkV

1 : 1 ! 1 ]
50 100 150 200 250 30
_ t (ns)




ANERMEER, (Human-Body Model, HBM)
« FXTF HBMHK ESD B8 TNt BFRAE

- EERItrAE (MIL-STD-883C method 3015.7) B HIRE, Hb A
ke FHUBAEN 100pF , AMERFHAMEBEEZEHN 1.5KQ .

- REEPRBEFII4RE (EIA/JJEDEC STANDARD) X AAFAMEIEZTTE N
K #SE (EIAJJESD22-A114-A)

R 1.5k
—M\N—AK" DB——’\/\/\/—I
—__—+ DEVICE | CLASS STRESS LEVELS
S UNDER
Y — —— 100pF rest | CLASS I 0-1000V
CLASSII 2000-3000V
I CLASS III 4000_14000 i
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MR EER (Machine Model, MM)

(M FEE ) KB EF TERE, 3
u:tm SEAALE IC B, ZFFER{EZLH IC B pin IR . EANERE

B, EFNEMEA0Q, HFYESA 200pF . HTHL2EAERIHY
FWEAR O, WMEMBENEIEER, E/LEMMWEL+ERP A
SBHRIENBRE B ER =T
e 2R R FE S TollMikdrEHR  EIAJ-IC-121 method20 , HE¥HEH

2R B AETVHY ESD 2154128

EZW%EI%QB NS
B

—~ 200pF

!

DEVICE
UNDER
TEST

CLASS STRESS LEVELS
MO 0-50V

Ml 30-100V

M2 100-200 V
M3 200-400 V
M4 400-800 V
M3 =800 V




MR EER (Machine Model, MM)

2-KV HBM 5 200-V MM gYr e Eedcan®, =X HBM BJEEJE 2 KV tE
MM BYER[E 200V k5K, {BE 200-V MM YR B SR ENEE 2-KV HBM B4
HSER EE 7 SR 45 j(’fﬁg MR R A L T HRksh (Rlng) SOk ﬁ/, =E A
MK B SN AENRRER S EHIBEMsERN. FILizFMEiR
Xt IC E@ﬁ)ﬁﬂdﬁk

EpreEFItrE (EIA/JJEDEC STANDARD) 7Rxtitk#EMEERITE

MR FSE (EIA/JJESD22-A115-A) Comparison HBM and MM puise
4
2kV HEM
A |
E i //\\\.///\
e M
200V MM
4 T T |

0 50 100 150 200
time [ns]



‘A7 RS, (Charged-Device Model, CDM)

© tEEENEE IC TR EFERHEERZEMmAE IC AR TF#HE, (B
AFFHEZRNEIET IC HFARMHF. T HFFERN IC ALIETIET
, SHH pin XRlifREEtEE, 1IC ARMHBREFERLZHApn BICH
Bk, THER T MEBEAMKR. MR EREERE, X4
JLER# A, mHEMBINSREMEUESRIHENL.

2 “yex? Charged Device Model pulse
g 1 ¥ 4
3 ')j gy W
-3 s
VEsD : Rd :"\ ) ' =
1 Device E . —~
' | Under ST A Y 4. SR ——
: Ld | Test W
I : ol
l Cd! | 4
_____ ! R [ )
GND




‘A7 RS, (Charged-Device Model, CDM)

CDM %3 ESD AJgE & £ WIFH B~

(M IC BICEdEtHE, HHER IC HEMZERIMEmMERMENR.

(2)IC B ICE®R/FLE, ICHEL, BEAEMMNEEIR MR,
(1) (2)

Tools:
tweezers
pliers
screwdriver
IC socket
etc.

Charged
Device

2 Di r 5
® 23 Discharge @@@@ ki
OGO )
Metallic equipment (Ex. Table) e

Example of
tweezers

»
-

s



‘A7 RS, (Charged-Device Model, CDM)

IC A EREFRESE IC AEASTINEFENBESMET, IC
%mﬂr?u@w&m%ﬁ@.mﬁ%A%mTHM£Q%

H. ILEABESSHTENEEEERRNT IC AR,

00 60D
P 15nH 15nH

Actual i F‘m socket Advanced ”
discharging CDOM test CDM tester
method




CDM Tester - Device Interaction
impaortant factors in real life COM events

e

Different dies and packages cause different ESD voltages in the CDM ESD events.



BiHEAMIELR (Field-Induced Model, FIM)

F|M$;ﬁﬂﬁﬁ%%ﬁ&%7i*-% BEIARRNMEN. & IC EiH
EmayHERZEMEE—B IR, HEHEXNRIMERE &R &8
SH— — i IC BITHERGE, & ICBEEAZE, ICAKXS
BRI TERRE, HERBEES LS CDM BRI E &
&

AKX FIM BB ENFAENE T (bipolar) @FERAMEH
&I, WHEFITUMNARAE.

| frE F Ll #5fE (EIAJJEDEC STANDARD) H7RA thEE 17
B ARIITEM R AMSe (JESD22-C101)




IEC B FE SMEHRRN

F 2R E IR AR
* 8kV air dischargel’
* 4kV contact mode for most products(]

* 6kV contact for medlcal devices| |
B

330 //’\ .
0

i iy

DEVICE
UNDER

T: T~150pF TEST

L
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TLP f& %!

« RATHZR ESD FGiF=SHaY T1E4FE, THEESD
BxARsREVETx, % 7E ESD BriPsstF ERIEBER R
. BIIEFFEYE EF1 ESD Bkohi&iRAEIAY ESD
%F SHNEITSRNBEERR, PR AgEE
B, [EhREBEBRRFA IR RBEEREF.

* ATIRE EAHR, FE ESD iKHAERL. X
FiaF TLP BYFEHZ Bk IR HBM B AT ER Bk A A0
MEE1TH. TLP gk _EFABTE)F1 HBM —
¥, TLP i EFBKHRKIEAMmAIGEES HBM gE&

—3.




v 3
T 10E 7ohms 500hm cable to DUT

lli
RVARY

|

(0 s0ohm —7 ﬂ@ﬂ
Charge line = / 1 - =

SPDT \ -

Switch DL

voltage across DUT |_
7 \ s
- Voltage Current pr 0
square pulse t i DUT IV eurve

tester _['""' o

current through DUT '.
J_I- putf] [ : V). 10

s |
|6 N :

W

i > t




voltage across DUT |_

v —_—
Vii)

square pulse t i DUT IV eurve |

tester _[""' B o

current through DUT '.
gf 1L put(f [ YO

i
) o) -~ v
_I_ f ] TLP-Samble Data

1E-12 1E-11 1E-10 1E-9  1E-8  1E-7  1E-6
w ¢ 20E+0~

_— =
’ IDE+0= ¢
30E+0= ¢ L

S0E+0- $ | eakage

i

YE+D=
= 4
1.20E+0 : ¥ f
1.00E+0-=

B00.00E-3-=
GO0.00E-3-=
400.00E-3 -

200.00E-3-=
.

u‘UDE-'—U_:I'""""I'I"'"'''l""""'I"""'“I"'"""l""""'l

0.0 2.0 4.0 6.0 8.0 10.0 12.0




HBM, MM 5 CDM 1#2&I&#th 3

M-;-:n-d; Model Parameters Parasitic Components Standard Level

' Timerise | Time decay Vpeak Cesd | Resd | Lesd | Okey | Safe | Super

(nsec) (nsec) (V) pF) [ () [ (kB (V) | V) | (V)
HBM | <10 15020 | 2000~15000 | 100 | 1500 | 75 | 2000 | 4000 | 10000
MM | 6-7.5 60-90 100-400 200 | | 12 | 200 | 400 | 1000
(ring period)

CDM | <0.2-04 0.4-2 250-2000 68 | & | 1-2 | 1000 | 1500 | 2000
[EC | 0.7 ~80 2000-15000 150 | 330 | -




2KV HBM, 200V MM, 5 1KV CDM HIAEEEEREEE:, H 1KV CDM HIAERE
SREARE Ins BIRTEIA, EEHEIY 15 RIZMRIEE, BEMBEMNAMEAE
10ns IRTE]RMELE R . LTINS E 5 & il 5 i BB B I35 45 -

Comparison HBM, MM and CDM pulse

20
15 —m 1kV CDM (4pF)
10 —
e 0 2kV HBM {0Q)
8 -1 200V MM {00}
=40 | ] I r
0 10 20 30 40 50

time ns]




HBM, MM 5 CDM Lb&;

NARTBCRBER LA BCEAER | 4478 R
(Human—-Body | (Machine |(Charged-Device
Model) Model) Model)
Okey [2000V 200V 1000V
Safe 1000V 100V 1500V
Super [10000V 1000V 2000V




2 . HBM F1 MM iR 75 3555

HBM izt 75 7% K ¥

1.ANSI-STM5.1-2001
JESD22-A114D -2005
AEC-Q100-002D -2003

Kt

2. 1Z¥rAE T ER%E HBM ==, ™HY ESD B & 8%
BN IR AR R FE

3. BN IZE I, JLEXMN S X BKAE IR
EJ_L:_'HE 125”5-%’4./.‘%
4. ESD M, s|mHAELERS




A,
e

Tek Run:

z.smi:s[ . qlarnple 11191

!-'IE[II.'I CI'IIJ' 92\-"

M2 Dip 32 - 4
TEV Pomtree

Ip =0.654 (0.325V)

Tpm= 15303

| Az 20amv

1 EE AR RS

EEEEE

10M
HY Supply JWJ\_U\

14 Jun 2001
10:56:44




T2 i1 g

Cuonid/ Zneldiang University

2 . HBM F1 MM 3R 75 sk kR e
— L b BB AR -

(1) ;LI (component failure) :

Hes BT

al Fﬁ‘h PR SRH IS STF TS
(sensitivity): 5| a5 1 LAY

(2) ESD #ZE
ESD F 2 (level)

(3) ESD = JE (withstand voltage) : ZEA 3]
feER R AR THI&R K ESD F4
(4) $Hi#imtEIEIE (Step stress test hardening): 1£

25 IS AN BN E

1 [E I R

ET, BHHHOTEE



HBMZ E#(0 ohm)F1500 ohm it #X 2 £
IrPeak | Tr300 Ipr
+/-kV [Trse (ns)| Tfall (ns)| Ipeak (A) | Ringing | (ns) pr500 | % of Ips
01 |[20-10 (130-170] 0.060- 0.073 | <18% | = — —_—
0.2 |20-10|130-170{ 0.15-019 | <10% | = — —_—
05 |[20-10 (130-170| 0.30-0.36 | <18% | = — —_—
1 20-10{130-170{ 0.60-0.73 | <15% | 5-25 |0.375-0.550| > 439
2 20-10 [130-170| 1.20-146 | <10% | - — —_—
4 20-10 |130-170| 2.40-294 | <15% | 5-25 | 1.50-220 | >63%
8 20-10 [130-170| 4.80-586 | <18% | - — —_—




2 . HBM F1 MM iz 75 3= ¥R

— 06 E Bk o Euu.bs)izﬁéﬂ’w

B A F AL LR, ey

o TIEES: o¥EER 100mA/1cm .

350MHz « 1cm/ns B R RiE ]

+ PaEkFEPE: Load1: F2B&%%,

- BRIRET: w5 350MHz,
FESIE)/MF 1ns

lE{EE

ToEEE. ENEME
IRE

Load2 : 5000hm

85w 12A,



{SL 25 0 Bk H R FrZ 4 M AN A3 E
FXAE B B 4G
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— HEFREN
iz hR Bk 5 | BV 1E 5 i
R A =L

IR ( TR EE ARG )
FHlES
— Z1la%

Appandiz O HEs STHE. 1 Procechss Flos
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L
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2 . HBM F1 MM iz 75 545 4
MR AR EG FE
(1) MR EFFES|IHNBESER M
(2) X TFEFh=RM IR
MR _E S kR &+ 2SRy
/\alﬂiﬂ 1% 3 ‘1’I5j7’%«=:‘n'5 *?% Zl B
4 B G B RS A v, EE
?'_AB IEﬂ?sc)\LTzr@% EF :f’uooov Ay

BiomER FE7E AB %, WEUKTZ, Z5dFE3)
Hli*l]ij'ﬁ,] _,/}IL/EZ}:B’«Z\ "fr‘,.l'rl/:l\ﬁﬂ /EZHZ/




Ips £ _,_: Ir H_‘_-_'-'_'_'_“—'—-—-—._,
oy ‘;: FEL‘_‘____
; f -_'_'_-‘_—--E___-___—-l
/ main ESD pulse (off scale)
X : second ESD pulse (off scale)
[ / - / trailing pulse <4uA4000V over 1000uS

Alter HBM ESD

5 Wanoseconds |

_Frailinﬂ Pulse (237 78E L 0.1 3um 0 FE /NGEE T 7 B



| I
IPE ;i — r -I_‘_l_l__'_'_'_"'—-—_l
e ‘;: ﬂ%b
i i e
E Parameter Value
lp; TOF 200Y SiT855 [AMpEre} 0A7 (E10%)
, Iy for S0 strass (ampers) 0.33 {£10%)
X ! Tz, Tor 1000 5iress [ampera) 067 (Z10%)
L i |u, fior 20000 5iTR55 ([ampens) 1.33 {+10%)
/ ] |os, for 4000V stress jampena) 267 {£10%)
: Iy for S0000 shress (ampara) (4) 5.33 {+10%)
] ! L {pulse risa tima) & 0 10 nanoseconds
10%% ; : |, [k b peak ringing) < 15% of Ips. Mo ringng 100
; : narasacands afler start of pulsa
e S Nl
e e
] - =il o
= .'“f i
™, /
"EH /
I v e /
' T e {
H TN | "--.__:_H__: e, - FR sk o dekdes
* I I . i e DR e i N -

i
i
e —'l.'l-_lr'!“_
a



2 . HBM #1 MM i 75 & 456
HBM 3 77 5% K Fin e
1.ANSI-STM5.1-2001
JESD22-A114D -2005
AEC-Q100-002D -2003
2. 1ZknEF TR HBM 42X a9 ESD B & 8%

Kt

RN PHTAR ST BT AR

3. BN IZE I, JLEXMN S X BKAE IR
EJ_L:_'HE 125”5-%’4./.‘%
4. ESD M, s|mHAELERS




Ao T AR 22 I AR

— FHWorst-Case Pair{ }JABi, )57
- 2B g B i . IF EAB Y 43l
-k FI5A bk ah, A

BREG, HATERE HET
11000V, 2000V, 4000VI571

T,

— B B 2R H 50 00hmf) HEEH
IEAA I, iﬁﬁ‘m‘f‘ﬁﬂmur&ﬂﬂﬂ%;ﬁ

VAN FF Sy Figure2all) =k

1~ AB i H AL

. A Rhn1000VFI4000V

— R AR AP 8] 4 BE B Ims/div, B AL R, A
M A A2 1504 ki (Spurious Pulse)/)s T+ 2

Pulse)l

{H115%

- ik (Main



A

A

!
'
by W LD 1 ke .
cncilirnps fecha —1 ~ —
1 * XTRERR
LS 1500 etaes CT1 Pk MTIT IR A
Termirial &

Fagh O w1 et oz 10K Ohm
Fu]:l-q_u — peaks H:::"
Supply ek e -E; § 10V Zener

} Trertutal B

main ESD pulse (off scale)

second ESD pulse (off scale)

Trailing Pulse (i) %5 B EE B o / trailing pulse  <4uAMA000Y over 1000uS
- | After HBM ESD

q -

10 Lt Lol

1
i
|- TN - ———————— -__|.. e e e ]

] .
' r

S i Pulse (S5 R 0.1 3um 0 N T



2 . HBM F1 MM iR 75 =478

ESDM 1L LER ALY
o (DPLLER
— BT B IR 4 A TES DI 1 B
— XPETEHEATR CIER REDIR
— e FR B R AR A (A AR A AL v A AR )
— Fr A WA EZ 2 PRUEPT AT A AEESDMA HY
Al IR 11
— PIRIN 15 B £
— Maximum # of devices = (# of pin combinations) X (#
of voltage steps required) X 3 devices 1= Z kT 1%

S
S




2 . HBM F1 MM iR 75 =478

AR A

(OB E A7 s 5 A v 2 3 B

(DFEZ G| Xt 2 M N K 2k, 75 R 28 S T fESELB
iy AT TS AL

(3N 1E A1 1000VAI4000V 11 Rk b il s, i S B0
F-4000V(F L s, AT 8000V [ ik i s, 13 m ik
AP IR 1) 43 B 43 59 A1 5ns/div, 100ns/div, W< i
W T T 4 Figure2a, Figuire2b

FF iR s TR 7P IR 1] 23 BE ¥ O Ams/div, 0 Bk ety
ik b A 2N 1 Bk 1115 %




B

10 pin device with 2-Vdd, 2-Vss, 2-Vcc, 2-input and 2-output pins

Sequence # | Pincomb. | Connectto A Connectto B Float Pins

1 1 Istinput pin 2-vdd all other 7 pins

2 1 Znd input pin 2-\dd all other 7 pins

3 1 1st output pin 2-dd all other 7 pins

4 1 2nd output pin 2-dd all other 7 pins

o 1 1st Voo pin 2-\dd all other 7 pins

& 1 2nd Vee pin 2-\vdd all other 7 pins

7 1 st Wss pin 25dd all other 7 pins

g 1 2nd Vss pin 2-vdd all other 7 pins

9 2 Hepeat 1-8 but swap Ydd and Vss

10 3 Repeat 1-o but swap Ydd and Yec

11 4 Istinput pin | output 1.2 and input 2 | all Vdd, Vss and Vee pins
12 4 2nd input pin | output 1,2 and input 1 | all Vdd, Vss and Vee pins
13 4 Ist output pin | input 1.2 and output 2 | all Vdd, Vss and Ve pins
14 4 2nd output pin | input 1.2 and output 1 | all Vdd, Vss and Ve pins




2 . HBM F1 MM iR 75 =478

MM T 728 S AR
1. ANSI-STM5.2-1999

JESD22-A115A -1997

AEC-Q100-003E -2003

2R ET

FRTINAT VA R AR

3. 5 HBMIP] 3= EE X 1) S 7E

UL PP

T 7EMMAL L T I ESD HE
@Wmﬂﬁ TEOT BL S gl 7,

e MBS

IITESDITIi 52 Fi )

s ERIR 2

s B

-IBM



2 . HBM F1 MM iR 75 =478

MM TRI it 2

DUAL
POLARITY

MM
PULSE
GENERATOR

(NOMINALLY
200pF)

T % 14

Terminal
A

R1
10KQ 10 10MO

SW1

!

COMPOMENT
UNDER
TEST

)\

Tarminal
B

Figure 1: Typical equivalent MM ESD stress test circuit

EVALUATION LOADS
*—9
SHORTING R2
WIRE 5000
- + - +
1 |
CURRENT TRANSDUCER

(to oscilloscope)



2 . HBM # MM iR 75 k55
MM 5 3 % b

AL R

MM -

“HBMIF AN ]2 A

— 2R AR 7 i B A [
sl R7¢ iU NN CTHCTL 5 3 A/ S P e 2 SR (R

ﬁ%%?ﬁ%ﬁﬁﬁ Table 3 - MM ESD stress levels
— ESD A 1554 Equivalent Charging ()
B H?j( ‘{l‘]‘l %& % El,"] % % Stress Level :;l(t::?ﬂ:}
1 100
7 200
3 400




plas i

Tek Rumn; lEl]I.'.S.'"E[ Eifllil'le IIIF .

% R B B¢

&~

HY Supply

Ch IR ~WI0RS CRTN T TI0MY 9 un 2001

Mk2-Dip 32 -4
M A0V Postive
bl=T 1A (5N
Ipd =5 4A (2 T2V) 76% of Ip1
T = 63405

10M
— vﬂvﬂv 0 DuT
—
T 200pF
v




CURRENT IN AMPERES

1.0

0.8

0.6

0.4

0.2

0.0

— lpr

/

l100

20

80
TIME IN NANOSECONDS

igure 3: Current waveform through a 500 ohm resistor for a 400 volt discharge

200



CURRENT IN AMPERES

-4.0

Ip,
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0
TIME IMN NANOSECOMDS

-6.0

Figure 2: Current waveform through a shorting wire for a 400 volt discharge



Tak RFun: 2. 5S00G5% %

[T et |

1 (MM)S000hm 7 25

o F e B

A0 pulss

T oletreniy COT-2 proba-- Z0dAE et eoon acese
Boale = 0508

ITpr = 1085

100 — o, 257 &

Z7F Wiar 20010
SidE

+/- 400
Volis

lpr 1100

1200 as % of 1100

ESDA

0.85-1.20 0.26 - 0.32

35-45%

AEC

0.85-1.20 0.26 - 0.32

JEDEC

| 1100 X4.5Max | 0.232 - 0.348 |




HBM F1 MM iz 75 3%

g

) Syaden TOD by Onyx () Waferhd mter by KeyTek
Diegkiop, HEBM, MM & [EC. Water level, HAM & Ak,

() Svetem | 1DMHEX by Oryx (dy PARAGOMN by KeyTek
FIRM, hbd, TIF & Lawch-up, HBEM, MM & Latch-up.

T AL 3k SR 2R



BMIMM MR AR

FREER (—X—1R) X (B XH) HEHER (3Ei)
FREER (—X—1R) 3t (B yH) BEEH (Eih)
FrE IO B (—XR—iR) MErEEM /O B (3Eih)
NC EH

—— X EZFEFR MIL-883 A3k

—— {XKER¥5 ESDA/JEDEC/AEC 23Kzt

AB—MRXERT, IC AN IT L (Zap) F—ESDEBEE, MAE
E— ESD EBET, IC BNZMX B RER Zap =R, BIX Zap 2 [BIHYRT(E][E]FR
A—Fbsh, Zap ZXRZEBMBIZMNAEZE S ESD Friftl, & IC BAR#ER
IRNEFH ESD B E, B Zap =)X. Itk ESD BBER/IMZEAIER, GALkEET
X, BE1Z IC IS # ESD Frfsh, LeRTERK IC iZMik B3R R0 ESD iR BB &
frA [ BB EHMEIRFEE (ESD failure threshold) J .



BMIMM M= 75 3%

IR FIRIEFRY ESD NN R IR /)N, NN E] IC R
WA 21T %KY ESD TER, 31T (8] ; H XA
ESD UiV =R K, WX LABSE RN d1% IC BIRY ESD i [+ &E
1o

FZE :

NSl e

BARENRSE, RIGHEER 70% BYF ESD failure
threshold (VESD)

WS 2 /NF 1000V BFE3#E 50V(100V) , KF 1000V B 533
100V(250V, 500V)

m




By %5 |B] B A<t (8] A0t ) 3

HBM MM
Mil-883 1%, 3K
ESDA 0.3%, 1X 1%, 3K
JEDEC 0.1%. 1% 0.5%, 1%
AEC 0.5%, 1K 15, 1R

kiR B4 75 35 MM/CDM S #8248 [E] B



#3441 ¥
1 ¥~ ICH ESD AlitEma R

- Ty { (B -V
o o D{+)P0-mode MO-mods S-mods MNS-mode
gl Hﬂ]%ﬂﬁ - : VDD () vss (+
%ﬁl Iu(ge threshold = : -
tifreshﬁglcllE Sé)){ailargt i o 1;: :
\~ - n
{ﬁrgisurtlg? Jfajiljuﬁﬁeﬁ 5 E . s; ;
/INBA
S A o : = = = :
thr ESD failure 2 = : - :
eshold {Xi%x 500V : = = = :
. ° 3000 — =
m — 4500 =3000
- O ] —
| | — 1.4 TS00 —
0 gL AR S === m
Mg (10% 35 7 = = :
B‘@mﬁﬂ‘ B i : o = m DR
WVEZE/D KT 58 - — > m DK
N 15 — -
o OE
lT = 00 ]
WES e - R
: OE
WES
WES




HEUWHERTHELZEMNR AL, HibiddkdnXtE—ICHhRE
ZEHEL fAmFEE. FH5—1/0 @3, HBME5MM#E & 30d 210838
#,, A FF wWAESDR XS, EFH B TER AT

® ESD stress on the input or output pins with the

VDD or VSS pins relatively grounded :
(1) PS-mode (2) NS-mode
VEsp VEeso
- v
(3) PD-mode (4) ND-mode

Veso | Veso




1. PS-mode: VSSHpdEi, E4ESDE/EHIAZI/0 Hpst
VSSHrAkd,, BLBTVDDS A% e seid 3.

2. NS-mode: VSSHpiEib, 7 49BSDE/EH LA IZI/0 Byt
VSSHrAk®,, BLBTVDDS AT s 3

3. PD-mode: VDDfEpdE sy, IEA9ESDW /E & ILAE % 1/ 0 at
VDDApik &, shBTVSSE A g e sid 3.

4. ND-mode: VDDR#p4EH, 71 49BSD /& & ILAE % 1/ 0Bt
VDDApsL &, SbBTVDDE He fei¥ 3k,



Internal ESD Damages under ND-mode ESD Stress on Output Pin

Unexpected
Discharging Path
R Rop
VoD| = | e e e cfxx__tﬁ--w _____ -
PAD ] o .
1‘_;’# w/ '-JT‘ Rxh + :
- ] . _ :
| |
- | F : i
- A ml . L[ 8
u ' ' - —— |Protection
. FAD — "I L(_ I]l:: p : 1 W4 V5] cih:un
a4 - Com| - i
Protection | i | |
Circuit 1 po 4 i
I';D-nmde k — =
ESD Voltage
D o Intemal Parasitic VDD-{oVss Intemal 155 vDD{ovss
Circuits  Field-Oxide Latchup Path Circuits Protection
Device



Internal ESD Damages under ND-mode ESD Stress on Qutput Pin

Unexpected
Discharging Path

Output ! Intermal : Farasitic . um.m_wsi VOO0 VS5
Buffer Circuits Flﬁ#ﬂ‘lﬂ Latchup Path Fal Prataction
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FHRALE T Ee E AICHHIE/THM R By i8], ESDAR A A& TRA8TF 645 X ICH
Z e, #HeA B ARLLBENN ER0F| VDDRVSSHIR, Fd
VDD VSS&, R ik 4K 503 5 — X ICHy, FaAR XL ICH R ICZ. AlXa
4o,

¢ Pin-to-Pin ESD Stress :

(1) Positive-mode (2) Negative-mode

VesD || VESD

@Em 2 % E"" —

i ] VES

|
gEl




Positive—mode: JE#9ESD&, /& LA KX —
I/0 B, SLEFETAH LEI/0 My —AacsE
W, 42 FTA 49VDDEr 5 VSSHe B3 32,

Negative—mode: 7 49ESD#, & I A X —
1/0 By, SLEBTAHRLEI/0 By —ALiE
W, {2 FTA 69VDDRp L5 VSSH &% 4E




Internal ESD Damage Due to Pin-to-Pin ESD Stress

Input ESD
Protection Circuit V3S

Pin-to-pin ESD stress
= ESD voltage across the VDD and V$S power lines.




A,

{i

_:-_

|||
| |
[

____________________________

Input ESD <
Protection Circuit | ESD @

Pin-to-pin ESD stress
wp- ESD stress across the VDD and VSS power lines.



4T 464 4 A VDDEy 5 VSSEyZ [A], [ phat VDDA 5VSSEyA F#
HESDR XS, EFH OB TEE B .

¢ VDD-o-VSS ESD Stress :
(1) Positive-mode (2) Negative-mode
VEsD VEsD

o

_)A_U_ @%—IT

[N RTARTN
[N
LAARA0L
IR

16 jl—‘ 4\!55|—-‘




« Positive-mode: iE #)ESD, /& i ILAVDD

By, BLBFVSSHpiEi, [2PiA1/0 B iF

HE;

« Negative-mode: % 49ESD%, /& H I AEVDD
By, SLETVSSHpiEdh, A(2FFA1/0 BeiF
HE,




Internal ESD Damage Due to VDD-to-VSS ESD Stress

|
|
|
Input Internal !
Pad | T Circuits Pad
' I
/A | , ! —|E—_| T
Yot mMos

S

= The internal circuits are more vulnerable to ESD damage
in this ESD-stress condition.



® VDD-to-VSS ESD Stress for the IC having multiple power pins :
(3) VDD1 to all VSS pin (- Zapping)

(1) VDDA1 to all VSS pin (+ Zapping)

_HK—}HEE_

VESD

|

vDD2

V552

A

I

V551

(2) VDD2 to all VSS pin (+ Zapping)

+W
oV

VEsD & vss2
V551

W
VDDA

[

vDD2

(T

Vv
'V“ VDD
vV
VESD = =
 i— Vas2
— —
EIﬂIE‘

(4) VDD2 to all VSS pin (- Zapping)




¢ An ESD voltage occurs on a digital input pin with an analog input pin
grounded, but all the digital and analog power pins are floating.

IESD
MDD e VDDA ... ESB—

(8 LB E N R EE R ]

---h;put
Circuit T Ci

k-
L
1|




® The 200-V MM ESD stress applied to an /O pin in the Positive-to-VSS (PS)
mode to cause the internal ESD damage (that induces the standby failure

in the Function Test after ESD stress).

IESD _  vDD1 (5V) VDD2 (5V)

ST

Circuit Il

I
|
|
|
I
I
i
i
I
|
|

"_ R Rt e T A
ELAR TS DR 12 S wec R e e 0B [ 1.1 T

(In a 0.5-uym 5-V CMOS process |
FA picture provided by ELAN.




Digital/Analog Interface

Stress Mode :
VDDD-to-GNDA Stress

_VDDD (5V)
— P1 ba f o 8 P2

VDDA (12V)

[E sD

=3

* Due to separated GNDD/GNDA lines, the ESD current is forced
S through the gate of N1 transistor under ESD stress.



A3 (Analog) ICAFH L8 AL Differential Pair), #ldeid K
% (0P AMP) #¥T AR, W RiZ £ AL E f B NS AREH2] 1CHPin

B, iXF SR B IR RAR Al K, ARIEIE T U A TR
0 2 AL LR LRB NG ER, LFHEBTEEH R T,

® ESD stress between the analog input pins of
an Operational Amplifier :

(1) Positive-mode (2) Negative-mode
VESD .

@»—1

—__ VsS

IRIRRI R IAA
IR NIRIRIIR RN

VSS




Positive-mode: iE49ESD®, /& & I AL £ F)
BTN O BB L, LB £ S AR
R AR, RECPIALI/0 Bd &
VDD 5 VSShgp B i 4

« Negative-mode: #i #9ESD&, /& & ILIE £ F)
MANREIE 8y, A EZFMALR

B R AR, [2REPTAI/0 By
B NDDE VSShp 5835 4.



® ESD voltage is across the gate oxides of the different-pair input stage of an
Operational Amplifier.

VDDA

—— = -

<




3. CDM EZRFMIN /5 3E5FRHE
a7 L s Y 1. TR (R

o
2 FLEIAEAEAR AR
PYG IC Tube

E 5~20A/500V
e P et 3. HERIN (R F S
1 1 4. PR ERIME oK

0.5~1.0nS
N N KRR EE
1. Z3EF IR RN Bl R 7 FE,

2.2 {H B ER ey 3 T S /MR,
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Three Camera Robotic Charged |

Device Model Test System For
Advanced lntegrare i

Circuit Evaluation J

v

/W

FEREE AR R 7E R B CDMM i 225k
HAk=XCDM=Robotic CDM




3. CDM ERFMIK /73545
$a A U 7C HLARURI SCDMI L 224k

+
__+ =l|-
¥ T,

e+

Zapmaster e 0] DL E T rSCDMI
S




3. CDM =& FnMN 5 3R
1KV HBM/MM/CDM H. i B g

A

0T cDM (30pf Test Module)

30 4+

2o | HBM (0.66A Peak)

10 L MM

Dz@v/r\ _

100 \’Hi-ﬁ_—d/ 200

-10 4+ ns

a0 L

-30 L

*The CDM discharge 1s 100x faster than HBM or MM



3. CDM ERFMIK /73545
e[ R AR

KEHT ~

10% = i
0.0 \\\ Pt A H"'ﬁ-—ii___,;..-.-r—*
t /
20 ' N

Ipz

=410
wi ] 0.5 0.5 1.0 1.3
/ﬂ TIME (NANOSECONDS)
3 <400pS

CURRENT (AMPERES)
.--"'"#F




3. CDM Z=BIFM 53545
CDM -- JEDEC JESD22-C101-C

Table 3 — CDM wavelorm characteristics

Test Number
| ) 23 24
Standard test modnle Small Small Large Large
Test voltage (V) 500 (£5%) | 1000 (£5%) | 200(+5%) | 500(%5%)
Peak current magmitude(A) | Ip | 575 (15%) | 1L5(215%) | 4.5(=15%) | 115 (£15%)
Rise time (ps) ir <400 <400
Full width at half el (ns) | Td | 1.0z03 10+03
Undershoot (A, max.) U-| <30%]Ip <0 Ip <S0%Ip <S0%Ip
Overshoot U+| <25%Ip 25%]1Ip <25%]1Ip <25% Ip
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i, Bk, #odEBRANZERCRG IR
ﬁ&ﬁgﬁ ¢,ﬁﬂ££%ﬁﬁﬁﬁmﬁﬁ,@ﬁ£%%&ﬁﬁ
——g%nﬂ{ﬁuumuié@ AR ICERAD, HICARLZE, ICA
1% o A £ &) X Ay e &, 10K H e Bpfe (& Input, Output,
vABVDDEPAL) B4 B 43k b, A T A CDM&G % & 20 o, ) 3K,

(1) Positive-mode (2) Negative-mode

= <
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1
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3. CDM E& MR 75 %5

e Positive-mode: FEFICK Tk %,
IC#9 4K (Substrate) iR A m-EA E
B E, RE1Z [CHIE—RLVA L
FIEH ) XA

« Negative—mode: BEFAICA FiF4ERE,
IChg 3Lk (Substrate) LR A Efm EA R
MR E, RE1Z [CHIE—RVA A
W) F XL G,



ESD Damages Due to CDM ESD Events

® Negative CDM ESD charges stored in a CMOS IC

-— 1mml
Pad

VSS_Internal
S

d—1

7

N+

9@9@@@9@@@@@¥
2000000 00dDO

VSS_Ilo 000000000000
299990000000
A Jocec0060000686 §
s Chage |©OBOOCO ©COOO
©OBOOBE 066

EEEEEEEEEEO0
P-substrate

2um

€ ————500um ——— —

..g.__




Picture of the CDM Failure on the First Input Stage

CDM Failure
Location




ESD Damages Due to CDM ESD Events

VDD_Internal

INPUL f == = = = e o o o o o
Pad " W—s N 5
. .
4‘ Mn1 4ﬂ§__
ESD |aé— !
Clamp Mnb
. Da e on
the Eatﬂo!h; Oxide
VSS /O VSS_Internal

The ESD protection circuit at the input pad can provide effectiwe
ESD protection against the HEM and MM ESD events, but it can
not provide effective ESD protection against the CDM ESD events.



ESD Protection for CDM ESD Events

VDD _Internal
_‘l Mp5
R —
IESD Tesp P12 -Dl—hj
Input} —=—— — - W= neglll 1l L.
F:ad F RESD [ IEsD o
! e A=
‘l- l K) Mnib 11 '-‘"5 = @
- CDMESD : [
r’ [ESP Clamp _| '(T:J ? =!
HBM/MM | TP IEsD IMnd
ESD Clamp |,t IESD :1 I
L -

V8S_1IO VSS_Internal




4 CDM Failure of IC Product A

Gate-oxide = 250A

P
Adrz. 4

- I FAD
| 400/2.5

PO TG
se0s2.2 LrD/2.2

Vases
Veen

it. PU and PD ’ <
MO 8- Fetes suffar in -COM test. Vssix is Fig. 7.  N-well CMOS output circuit with +HBM and
substrate-tepped and is common with Vssi -CDM failure in weak PMOS pullup gate-
through a long metal connection. drain due to charge accumulated on the

+ The output pin fails the ~1400V CDM ESD test, "= ™" ¢ e W08 pulidom:

* The output buffer has separated power bus lines, V8So, VSSI, and VSSix.

Ref.: T. J. Maloney, “Designing MOS inputs and outputs to avoid oxide failure in the charged device
\. model,” Proc. of EOS/ESD Symp., 1988, pp. 220-227. (Intel Corp., USA) /




4. EIC B MM 77 AR

« System level( &%k ) is also named as

on-board level ( BESIRZ ) - EEEHEM

U AR Al T i
* 8KV air discharge!’

h’

* 4KV contact mode for most products]

* okV contact for medical devices
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IEC

\ EIC R BV 75 iR R
(R B e 123 D1 2%)

o L (ESD)T;LTM*-I:——-R{FIECBO1 2. 1984

11

991, XV FrdE S IEC1000-4-2: 1992

» JLEHLBOLIEER(150 fU150pf, 8KV). JHIL)Y
JEMR R G L LS =0 s W77k, Fe T

« F

PROUAL T, I LRI i 2 B LK

. %ﬁESDﬁ?ﬁ%%FBM%%M%
o MNAEFIR1150pf / 150. q, 7% F]150pf / 330fl.

o
[z

LR UL AR, UL

o« JAH

1 HL st 8KV 4 HEV



4. EIC =& MM 5 EIRE
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o PR R VESI /T

10694 1998
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4, EIC =B AR 75 3505

KCMARIE: EN50082-]

« ENS0082-

IR T = ERE e AR i, B

o AFEA— EMECRD R R e s, ek Al e
S % T AR

« AEB—— LM, Brar ek AL )Ty
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o FFIGOEHIINE, (HZReksL.

o Jlfic——
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o TSR
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ystem-LeveI ESD Issue

e System-Level EMC/ESD Specifications (IEC 61000-4-2) :

IEC 61000-4-2 : Electromagnetic Compatibility (EMC)
Part 4 : Testing and measurement techniques —
Session 2: Electrostatic discharge immunity Test .
EMC = EMI + EMS

Level Contact Discharge Air Discharge
1 +/- 2 kV +/- 2 KV
2 +/- 4 kV +/- 4 KV
3 +/- 6 kV +/- 8 kV
4 +/- 8 kV +/-15 kV

m=) On-Board Discrete Components (Magnetic Core, Ferrite Bead, TVS, R, C, ..);
Auto-Recovery Methodology (Hardware, Firmware).



System-Level ESD Gun (IEC/EN 61000-4-2) \

Basic circuit of ESD 'gun’ for personnel ESD testing to EN 61000-4-2

Body of ESD gun Discharge switch

Discharge tip

ource T
L s 150pF | {8mm diameter for air discharge,
: . pointed for contact discharge)

Contact discharge head




Amp

30

20

10

8 kV ESD

1EC 610004 -2

........................................ s Cpga= TB0PF; Ruygy= 3300

MIL-STD-883
Cran= 100pF; Rigy= 1.5kQ

L TR TR TP T P P T R NY PR T T PR TRy |

System-Level
Gump-unent-Lever
v“\T . O
3n= Qlns 150ns=

= Under 8 kV ESD zapping, the peak current in system-level ESD is
about 5 times larger than that in component-level ESD.



System level ESD test Cause EMC and latch-up

2.5V

o
il

Voo (2V/div.)

g 1
|ﬂA’_hz/ Foe a

|
it

("mippgwagy) 99

~0A

Non Latchup

TR Zooy HE Stimve M antns. Al Chi 70w

Time (400ns/div.)

2.5V

Sl

¥

Voo (5Vidiv.)

T Voo
i"‘/ 5 2V .
A M - - d
*u} Sy ov |
K/{fw ~60mA
3 N e R
DA

LT = O

SO0V Z00ns] A Chd T 400 Y]

Time (200ns/div.)

Transient-Induced Latchup



TFT Panel ESD

(Gate driver
ERHARY, TFT panel

ﬂ_Jm

LT
EJﬁﬁ
-




5. TLP RHEMRXF3E

MG A FAEAFESD F i) TAEREE, TEREAFESDHE KM F 2LV, —fghk
M b T [A) 10nsFFEERS ] 100ns, fCFRHBMIECH, 2k R o7 e .l RLSR 1535 1H 0% fi 42
HEFF A ORI R, LR TR B R (102) AR T AL Bk p-nd 1 B g AR SE )
I CHRAE  THBM=1500%* 112

DC leakage cument [A] @ 2.8V
107107 10% 10* 107 10° 10° 10* 107
lll'l'q lll'l'q T 1

‘._.___.—_dl-' ——

current [mA/um]

B ¥ & 8848

-
=

voltage [V]




I

TLP R EMRX /53%

Part Polarized Transmission Ling DUT Probe Measurement
Termination Region C-::ml:rnl Box S‘llpphEE Equipment
Core High Power Shield Transmission | Mercury Charge Current Probe, Curve Tracer
Device Schottky Diode | Line Relay Voltage Probe,
Socket
Function | Pulse rise time | Pulse decay time INPUT Pulse Voltage | Measurement [-V Curve
 TLPG Ea.'ﬂm.i Hox
e .L.f ................. B .:-' ...... e = & _.ﬂ-.%._:‘._
[ ﬂ ﬁ ........................................ .... - } _h"f E [
1 T
- == = hiri
= Frobe
Olsciinscome
Gate
— SONFCE Lrgin !
Current {
Substrate Probe ——-"é




HEIE TLP £ = R A

%[E Barth EF/AF): Barth 2R EFHE (60 FX) NE TLP =@M AE],
HEGUAHE, 12E. AJEER, HaIETRAESIk 75 YA EHig. FEZ
Barth4002TLP #0 Barth4012VF-TLP

% [E Thermo keytek {X882F]:  Thermo keytek R EEKMIXNFHZBEE . =
2 HBM/MM tester BY MK2 #1 ZAP MASTER , LAA CDM tester.

%[E Oryx A H]

HZK Hanwa 2 &)

Mg EMNSE{EHFR: Barth — Oryx — Thermo keytek — Hanwa
FREREMHMNSEKZ: Barth — Oryx — Thermo keytek — Hanwa

FrAE_ EMNEENK: Thermo keytek — Oryx — Hanwa — Barth

MiR{ER EU Hanwa — Oryx — Thermo keytek ~ Barth
MNERBWAFEZERE: TSMC . UMC BTAIG RER2F A A Barth § TLP,
m ESD/Lartch-up A& _F{ERAIE Keytech B, SMIC . HHNEC . BRI
M FFfr {55 FH 892 Barth 4002 #1 Keytech B9 ESD/Lartch-up . , GRACE & FIEH
B Oryx o



B ailk A AR R R E -

Barth 4002B TLP

X 5B g Bk S ) £5F A H
Keytech 4012B TLP earee

v
T 10E Tohms 500hm cable 1o DT

VA | i
11EN
(50 ohm ||

Charge line

PIB

GPIB




Tie to Transmission Line

Foemale BNC
Connactor

Transmiksion

To DUT

Tig from fhe
gate, source,
and subsirate

To Qsclinscone

HP M Probe Socbiet
HP 1001, 1oManm 2 BoF Lfghuxfz‘age Probe

TLPG
Contral Box

Coaxlal L Probe Cable Tynaster
Prore Neeadle

Wiafer Station

To TLRG and Relay Powsr Teidronik CT-1 50 ohim

SLenfies CLrrent Frobe
To Transmission Line L, Cabie
Tekironk PEQLT BNC Frobe Cabie



TLP Wi #5E

MAFRE: ESD SP5.5.1-2004(Standard Practice)

Electrostatic Discharge Sensitivity Testing Transmission Line
Pulse (TLP) Component Level

*CS - Current Source

*TDR -Time Domain Reflection

*TDT - Time Domain Transmission

*TDRT - Time Domain Reflection & Transmission



I voltage across DUT |_
v —
V(i)

square pulse t 4 DUTIVeuve |

tester |-‘-’. I |

| | current through DUT '.
DUT [ NG

y
[ o i "

w
Pul Ser Incident
Reflected I Transmitted

DpuUT
1 T
Absorbed

) I

i

> t




rI voltage across DUT |_

V —
Vi)

square pulse - t LDUT IV curve |_

tester _[ 17T n
current through DUT .
J_l- puT FI Vo), 0|

[ = i :

W
\ o L {

ncident
Pulser ﬂ L S0 O Sconc
o Refllection | P
— i D
- Absorbed U —
N |
CS Advantages —

*Highest delivery impedance
_ “There are no reflections back to the pulser to attenuate or clamp
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5, TLP REMR G %

TLP-Samble Data

]
1E-12 1E-11 1E-10 1E-9 1E-8 1E-7 1E6
2 20E+0-

2 DOE+0-
1.80E+0-
1 60E+0-—— Kage
1.40E+0-
1.20E+0-

1.00E+0- %
800 00E-3-
600.00E-3-

|t2

-1IIIl]_IIII]E-3-E
200.00E-3-
.

DHUDE‘-U:'IIIlIIllIlI-IIIIIIIIIllITIIIIIIIlIII-IIIIIT"H‘II'III!II!II'

0.0 2.0 4.0 .0 8.0 10.0 12.0
W (bottomn scale) r'.““r'.‘-"| W LEAKAGE | @ PULSE | ftop smleM]




B F a0 U B E RN EE X 14
* Ehr LA TLP/HBM ERIERR DG/ N A —HAY, BME—4FR

u%fu,wﬁfi;fﬁjﬂlaeiﬁriwr {847, ESDA: RBIEHIC .
=29 IC . #iE®EEOIC ., /‘\,EEE,%K: 09, 12, 15T%

— % :
> TLP B IT2x1500 = HBM

» MMx(9-10) = HBM
> IEC — (1300-2000) = HBM

> S ESD HEFERE=12x lIEHSEERE
S HEHE <« HEEE =S HTaE
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TLld

1.3A HBM : drain X% &%E filament #0 Si t51k 1.5ATLP : D-
S filament

source

L
it
i
-
"
s
-
v




6 . ¥

SCRJ 15

e Latchup Criterion :

1. Vhold < VDD ; and
2. Bprnp X Bapn > 17

VDD VSS
? ——
1
o P : N+ P+ "
Rweil I‘) "“IEI —-
MR Lo SEERL, :
E H P-Substrate
S :
it s
Vihold ¢ Voltage Virg
Yoo

® 1st-order lumped equivalenl
circuit of latchup :

VDD
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Lateh-Upf Sl %
e ¥ Lo RAE
/ : I l :"H (BABEEE, THEFRM)
o : | R
— +(Trom+1 00ma) Bi+1, GxInom
BEA | [RRAE | miﬂt
el | T0sT L | } I
N b f W FREREE |
ﬁiﬁﬁﬁmﬁ‘iﬂ‘ t: [ 0% a | tf: B t 10%
oo - T LT : - LI
B N L SV R
s [rets ST SFH ninm o ononh o

1. T2 ETEH TIEER

2. T3~T4 IMATILES(1/OERINEST - BIFEREINSEE)

3. TSTHME S 4 H )G B E T/EER

4, EERTSHIT2HETRZR » FIME S AR 4E

5. IEHEBAFERARASESHT » ABENRERR/NEEKHES
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Standard JEDEC1996::5 1I- 5 £ fik P in 21| VDD/VSSN/O, A SCRfil %z 55 15

Dutput Cutpu utarmal
PAD | mMas PMOG _ Clrculta '| P




6 . &5

Trigger Current/Voltage(ffi & FoJt/HE)
1. VO: (—iEH)

IEEF: Inorm+100mA or 1.5xInorm

B 8i: -100mA or —0.5xInorm

JESD 78A: +100mA or -100mA

2. Power Pin (FEJFE): 1.5xVmax.

L EHIJEDECHIE
AECUHTFIOE B e[ INZ2 1.5xVmax

R REN Ao utput ERIZHE(Mloating) 15 FEIW BLHTin pu B 722 A i
g L I PR B SRR B B B R T B A
IR T F E M AT -

55 b 2l i = L F IR ) - H IR E85C

AGKE+/-100mARYZRF BCE T AR R B RV ER L



£ curve tracter MR 3% §i

VRS AF

T — Vsupply 1} |
I source " ~
Isupply 1 { A\ Tsupply 2
) . s measurement = ," measurement
Device shall be tested with all
put pins (including IO [2] Outpur A
1n the following conditions pins [4]

[31:

Tied 1o logic high <
Twed to logic low
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Latch-Up#|4&:
Inorm+10mA or 1.4xInorm

B L A 5 AR Ry ) BT
Inorm<25mA. ElInorm+10mA A ¥ Wk #E

Inorm>25mA.H{ 1.4x Inor m A | Wi br e
JESD78A M 3% A% 5%

\Vdd \Vdd \dd 'l"-fdd
I I
IC IC j IC v~ IC }
} | | Signal I
Vss Vss \ss Vss
Vdd Vdd \Vdd
[ I J_ [
IC L IC T IC Hi—

— | | | Signal




7. |-V
» {EF HP4155/4156C
« (A KIELITHY4200B

o 77 AR




8 . ESD i frAER 43

18 ESD ERX 4%
HBM iR #56
MM U3 5
CDM i #r e

JI‘EE&-EH*:F/EE@E A5k

JESD22 %%, JEDEC Solid State Technology Association (Joint Elect
ron Device Englneerlng Council) {2

ANSI-ESDSTM5.X #%1|, ESDA th&1EtH
AEC-Q100 &%, 5%FHFZEHRS Automotive Electronics Council 12
MIL-STD-883E &%, XEFSERFEL HBM

MR =
HBM i frfE & A Bk iE 2 E E 5 FRE MIL-STD-883E g iF i A%,
HBM 1 MM JAIlii 5 3&EAZ O 0000000
CDM iR 7 3EF MR U /F S AT & E 5 K



(1). Human Body Model (HEM)

Standards :

1. MIL-STD-833C Method 30157

2. EIAMESDZ2-A114-A (JEDEC, 1997)
3. ESD STM 5.1 (EOSESD, 1998)

Muman Body Wodel pubse

oy

" : =

A, - o
| N
= ¥ = - i
= = 1
‘[. ‘.F rEeF viar
—

T?.t

CHen= 100n0F: RxeEm= 1.5k0 ¥4



(2). Machine Model (MM)
Standards :
1. EIAHC-121 Method 20
2. EIALESDZ2-A115-A (JEDEC, 1997)

3. ESD 5TM 5.2 (EQS/ESD, 1959)
m Comparison HBM and UM putse
Hg H.F . A
Device f A
Veso — Under 7 . \k_ e~
C=200pF Test - t 7 = y
-eyﬁrm W o
L] a0 7] B
Cum= 200pF tarme [na]




(3). Charged Device Model (CDM)
Standards :

1. JESD22-C101 (JEDEC, 1997)
2. ESD DS5.3.1 (EOS/ESD, 1996)

Sai

&
»
Te

!-Tl L Tow oym
[ —

I L S s I L

COM Dhncharge UDUDDUDDDDQI’.‘]‘
ﬂ’,d—q-"i":_*—'-. -

* a * 3, p b * .l:l
ﬂ‘\‘l‘h-h_.'_'. L]

oOoOoOooOooOoOoaoo

= Ccom

-+



] P Aslb s FHBRHE CRELP 7 i FEL e B 9P B )

Standard

PG
Wafer

Model

HBM

* 2L [HW FHRRR3: MIL-STD-883F Method 3015.7 notice 8
# 2L MESDA: STMS.1-1998

BT Tl 4, 2006%: JEDEC EIA/JESD22-A114-D
*EHRT S AEC-Q100-002-REV-C

PKG

Thermo
Keytek/
MK 2

L E B e ESDA STMS5.2-1999
+T Tk h<: JEDEC EIAJESD22-A115 (EN¥aigss)
*PERThE: AEC-Q100-003-REV-E

PK.G

ThermoKey
tek

MEK2

CDbM

1A 0 A% 7 BB A SCDM (Socketed CDM)

KEEFHE 4 *ESDA SP5.3.2 (L)

2. A RS A A CDM (Non-Socketed CDM)
EEEBE S *ESDA STMS.3.1

i T Tk ih4: JEDEC EIAJESD22-C101-C ( EA &)
*MEBETHES: AEC-QL00-011-REV-A

FIM

JESD22-C101




B ZR S bR
« JESD22% 7]
1. HBMARAE: JESD22-A114D -2005

2. MMA7:4: JESD22-A1154 - 1997
3. CDM#7:A2: JESD22-C101C -2004

- £ EARANSI-ESDSTM 5 % %)

1. HBMAR42: ANSI-ESD STMS5.1-2001

2. MMA=AE: ANSI-ESD STM5. 2-1999

3. CDMAR42: ANSI-ESD STM5. 3.1-1999
. AEWASABC-Q100% 7)

1. HBMARr4E: AEC-Q100-002D -2003

2. MMAF7AE: AEC-Q100-003E -2003

3. CDMAr42: AEC-Q100-011B -2003




] Y Ak AR E CHE ™ i R ek Bl 47 s e D
Standard PKG/Wafe | Model
r
TLP Je i 2 Walter Barth 4002
ESDA Standard Practice
Latch-up 7 Tilkih<: JEDEC | PKG Thermo Keytek
EIA/JESD7S ; MK2
T
AEC-Q100-004-REV-C
System Level (IEC) | BlfspH#i T2 014 IEC | PKG Schaffner NSG435
61000-4-2
JelHbR: ANSIC63.16 GB7R16




HBM MM CDM
AL 2kV 200V 1kV
Z4 4kV 400V 1.5kv
HEEE 10kV 1kV 2KV

ESD ) — M E K

“HBM: >=2kV EZEI>2kVEFR>500V)
SMM: >=200V

*CDM: >=700V~1000V (A]i%)
HREHTESDE K

*HBM: >=4kV

*MM: >=400V

*CDM: >=2KV (H[3%)

FE (T3] )

“HBM: >=4kV (EARIRER>2kV)
SMM: >=400V

=CDM: >=2KV (B]3%)
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