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1L N&E

Aot A A7 o] EGH A2 o)A 7
A4 A AR F S A 2elpo] WA A
B2l oz} 22ABL A7) 9lste] AAlo] GAl ¥
A AR WA 84S 2o T WA kA =
oo AFAE B 7 AR ol i
£ A4 WY 5 shtEd Bob 4ot 715
oI 85 219 ohel Slstel whgolc 2 o}
o] 2Jefo] 78 4ol Sl U8 2ol E4E

o] BalEo] ¢ Mohe 72 YZo g, LA} 7

H 1. Electrostatic Triboelectric Series (1).

MOST POSITIVE(+) =——p AIR
SKIN
ASBESTOS

SEALING WAX
HARD RUBBER
NICKEL, COPPER

INUM
ACETATE FIBRE(RAYON)
POLYESTER(MYLAR
CELLULOID
ORLON
POLYSTYRENE(STYROFOAM)
POLYURETHANE(FOAM)
SARAN
POLYETHYLENE
POLYPROPYLENE
POLYVINYL CHLORIDE(VINYL})
SILICON

ON
MOST NEGASITIVE(.) ==——p SILICON RUBBER

g olgjz oz YAHEY I S A A ¥

= Zo] Y71A B3 AHOE 1 WAS ol5A
A qeig PPN E Gk B3 ek W3
gl g &, 3 W2 BRot sHAeel b
g7} dAst=d ol T YUY EA A FUI], E Y

D 27), B3 S8 W7t §4E = vty
AR} Qb2 AE A #H A3} de £i257]
o o] ZHgA} ¢Fe) A7 00] E o] K} ¢HA s}
oh & 4= ek

WA ICHME o8 dt HANAH S=HF
Discharge A4S ofu x|t 22 22X F vix
Azke] vhare] ojste] 42 o5 4 Gl M3t
(Charge)7} 0)53te] 233HA =1 1 F4H A3t
+ Discharged}i= 7H2-d| Arcg T A A ICo) A4
Z] 4] Damage& & 4= 3t

ol HAE = HAL ESD (Electric Static

2 2 Examples of General Electrostatic
Discharge (2).

Static voltages as a function of humidity 203?‘71?1 Bﬂ(:{ﬁvl)lll
Walking across vinyl floor 12 0.25
‘Walking across synthetic carpet 35 1.5
Arising from foam cushion 18 15
Picking up polyethylene bag 20 8.6
Sliding styrene box on carpet 18 15
Removing mylar tape from pc board 12 1.5
Shrinkable film on pc board 16 3
Triggering vacuum solder remover 8 1
Aecrosol circuit freeze spray 15 5

99 EiOt



« HIOp71Y : ESD

Discharge) 84, & 44 7] #4dolzt gt g Ao A2 AA7E Hadd 4+ W7 W)
o714 A3} ol Folet= 8 017} Hesd £ 8 golth

A7} vh (Friction), #4] & (Rubbing), 4%, 35 Eg F9 & ol wet ESD Levelo] b4 =

(Collision) F-o] dojuf® & E7te] Electron o] & 20 o8] 4% 270 & ESD Level & &

Orbit +20f w2 A2} 13y Zolz Qlste] 22 ¢ = dofl wheh 713 AL s uF=el B

AR A P ERA] & AR 2 & 7k A ESD Levelo] Zaste A& 4 4 YUt

A EH RO Ao} o]5o] A7|HA ESD7F A==
) ol A& 4&A d A (Triboelectric Charging)o] 2}
gt olQlof= =4 tjA, Spray Charging 50|
Aot WA ICo 4] BHAYE] = ESDE tj 23 o]
A& Aol gt Aol

2. ESD MODEL

0|22 ESD= o £49l 371 Case' 2 LCR

o3t M} 25 EAo 2 o3t Halo|% &) 2] Model (HBM, MM, CDM)E THE 4= gl&1)
Z 2L ARG Yol 7] 4L P sﬁwely o] AL B} 2 gl EOS (Electric Over Stress)9}
Charged 843 AXE ¢47] 4¢ Negatively TFEE £ Qe BA o7 & s}

Charged 212 257} 50 ol2i3t 3¢

Polarity 54 2t o 41 51 Chargeo] ufet & 13 22
Triboelectric Series & W& = Ut}

web 42 F337) A8 SR 5L ESD
Aol & dojiti 1 ESD Level® =01 71 Hi)
+ ESD @4fo] d dojub= AL Yujditt o8 &
9 Silicon |2l o] Wafer?] 24 BoxZ 4] Teflon A

21 HBM (Human Body Model)z} MM (Machine
Model)

AA71E 7HA 2L Ql= BA(QA, 714)7t Device
9] Pinol| &3t A —E—Z_ 14 0 2 Device YE=Z
ChargeE ] £0]7H= FAME Model a3t 7 o]t

*Qvﬂﬂmfiﬂﬁl% Current (Charge) Stress

1. HBM ( Human Body Model}

2. MM { Machine Model)

3. CDM {Charged Device Modet)

=

Cs
-[OS/ L R{1.5kV 0
I = RL

c T Cc{100pF} Ct _|_

Eguivaient LCR cireait for modetling HBM

Cs

S Y con i
Ce(200pF) ctz

}m

T 1

Equivatent LCR circuit for modeling MM

Eguivalent circutt for a charged device model test

Cs= 1pF

18 Trise=8.3ns

I 12
08

04

KA}

[y

ESD voltage Is 2000V

HBM discharge waveform through a 001 joad.

TE0NSVT™>

MM discharge waveform through a different
inductance. ESD voltage is 400V

-
=

EXPERIMENT

CALCLRATION

E&)Cunent(!\)
L= TN SO - W)

iar\g(ns)

Current waveform for 3 CDM type discharge for
A Chargmg \ o tage of 1 100?; ;\he experimental
with the

o 04 0.8 1.2

mrve(dashed; Using Equation

* Cs: Parasitic Cap. of Interconnect

(Cs9] Z 7} Rising Time-S 74, Peak CurrentS 2714 7)

(Ct9) F7+E Rising Time &

** Ct: Parasitic Cap. of Test Board
%7}, Peak Current & 74 4173)

718 1, ESD LCR Model & Stress Wavetorm,
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22 CDM (Charged Device Model)

Package®] Pino|l} BodyE E & A u] At
Charge 0] o} 1= Fieldofl 2] 3jl Devicel}} ] Cap.
X2 (Metal Line & Junction)o] 2o} 3ici7} 9]
9} PathE 3A3l= Ping B34 ¢ 7t4o =
Device 9| 2 WA 5 = A4S Model3}gt A o] .

* Yol A 82 718 2] = Current (Charge) stress

A A E ol A A g Dischargedt A ArcE %
XA A Damage s & B2 7] @42 CDMo|| &3ttt
4= Qith

o] CDM2 Charging 4] w2} Socketo] ICS
Hi1 2= Ping& ¢ W9 ChargingA)| 7]+ Socket
CDME}HICE) Ping 35S 38 £ E-field2 9l
g A2 2 ChargingA| 7] ¥4] ¢l Non-socket
CDM (Field Induced CDM)o| A4 A¥8Hat o 747
HFE o AL Y st= FA

o] 37}%] LCR Model-& Ztz} thE Stress T3-S
RANZ 4= Sled o] P EL ¥tz A IC Level
ESD Test A| ARG-ETt. o] 2|8t 9t 52 19 13
o] Rising Time (<10 nsec)¥} Duration Time (<100
nsec)°| W Zk31 1 A o]4+9] High Current £%&
PARUR 1= 8

3. ESD TEST METHODOLOGY
& ESD SPECCIFICATION

HEE 3| IC2] ESD Test= WA 2.E Function Test
of| ] Pass3t ICE A &3} 37}2] Model 2] Stress 7}
H& 47 A7t (Zapping) ¥ 9HA] F3)E Function
TestE A A8t = 5 Y3HA Passdte A2 &9l
8t Aojt} 18 2+ 1 TesttdH 9] ConceptE =
A% o],

()VDD Mode (Re-

(2) VSS Mode (Refer-ence) : VSS Ground Pin&
GroundA| 7|3 U A| Ping-& 22} ¢ Pin¥
Zapping 3ttt

(3)I0 Mode : VDD, VSS PinE-2 FloatingA| 7] 32
ZappingdljoF 31 & 1/0 Ping A 9J3tiE
BE Ground A|7|HA ZE1/0Ping 34
Zappingglt}.

CDM9| L& 9o 22 ¢/ =2 APty
Zapping A} & Ping-& 3 W ChargingAl 7] %,
3t Pin¥ 2} 2 GroundA]7]+= Discharge®# 02
8} ChargingA] HBM3} MM} & 2] Positive,
Negative Charging2 ¥ = 2 it}

o| 2% ESD Test 270 @ b 284 A 1 &
AEREEERPREEEE LR Pt

1% 32 UubA <l ESD Spedification © 2 A| &9
w}2}A = 71 SPEC Levelo] © & 4= Qloh

u}akA] A& ESD A A A ESD SPECE At off &
Ql 3} 31 ESD Test 2 A, 2 Reference Pin
(GroundingA| 7]+= Pin)o] ]| Power Pin % o]
Pingl %], J 8] Ground Pin & 6] PinQl A& &<l
3131 o] gt Reference Ping A2z} Separationd}
o] Grounding3d} = A 31 2 Grouping3d} o]

Function Test

TestAppliance : Zapmaster (keytek)

/ESD Stress Test |

Function Test

HBM & MM Stress Testmethod.
1} Ve mode : only Ve pin group GND, Alf other each pins ESD siress
2) Vss mode : only Vee pin group GND, All other each pins ESD stress
3) Pin-to-Pin mode : All /O pins group GND { Vcc & Vss floating ),
Each VO pin ESD stress

injection pulse : Three positve and then Three negative siress pulses
Injection pulses intervals : 1 second

ESD ievel : Worst-case-ESD Performance

Sample # : At least3 samples in eachmodes & stress level

a8l 2. ESD Test Concept.

HBM 500V | 500V | 2000~8000 V 2000 V SRAM,ROM ASIC,FLASH
ference) : VDD Power (MIL-STD) 500V |100V | 2000~5000 V 2000 V DRAM
Pin-g Ground A] 7| MM (EIAJ) 50V | 50V | 200~500V 200V Non-DRAM & DRAM
T VY% Pins-S z Socket CDM 500V | 100V | 800~2000 V 300 V Nor-DRAM & DRAM
. . Non-Socket GDM | 500V | 100V | 800~2000 V 300V DRAM
Z+ 3t Pin¥ Zapping
gt 12l 3, ESD Specification (SPEC).
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Groundingsh=2] & shetsta AAY a7t gk
o] A& Fof 43 ESD Network Design?] 7] &
AE7H

4. ESD PROTECTION CIRCUIT

Adnby o 2 "tz A IC= 1/0 (In/Out)?} Core
Circuit&. 2 238 4= Ql=d o] I/0¢ 9% Mg+
ICU £ 2] Core Circuit®) Interfaced &, Z ICo| B &
B AY BF Y TE AU 220 Stress2 e
Core Circuitg 233t 98- ok whal A 1/09)
+ ESD X 3 &) 2 (ESD Protection Circuit) A 747} 2
23 1 44 249 Circuit o234 o).

4.1 Resistor Protection

7H AR REE R R AT AYT
sE 28 U Hieg 8= ARE A3stn A%
= 38 4 2 WEAI 48 222 Poly Si
1} Active Junctiong o}-8-5H=1] 32 F 2] o]
4 RC Time Constant (A]¥<%) Delay 2712 32
St gAasts Ty Jleng YR gz 23
AAZ 2} B st AAT e Ao gt
3 Active Junction A 3+ Parasitic PathS & A A
44l EFS g2y H4nz F99
Layout-g i2]3}o] 3830k 831 Poly Si 4 -2 &
of ¢z FEG
WidthE &5 3} 3 Layout
/¢ Pin o] v} 2 & &3l

Tr. in On condition
le ™ Ve D g1

A& A7kok ek

E
Ve |

42 Diode Protection

P-N Junction Diode£]
Forward /Reverse Break-
downg& o] &3t Ao
(+)/(-) Zapping 4 %Z 2

£ A 9)#} 1= IC Function 5-&Ho] 43S 71X A ¢

o,

43 Resistor-Diode Combination Type

Resistor®} Diode®} Z3%t2 2 32 £3] Diode
o] 32 AEE A &8} Diode K53 &7} ESD
o 88 & e AIZHY 945 711 Dioded]
Reverse Breakdown A ¢}-2 Gate Oxide”} 2ol 2
o g3 FHYHE AL 23 WA
Performance?] £31& 438 4 9l A3
FR | ATk -§-&of Agto] =1 Powere} Ground
A}o] o] Ql+= ESD Protection £ 4:¢l Power Clamp
%3} 1 Power Clamp712]| 2] Bus A8 (I/OAF
€ TH3HE Metal Line?] A%)E 2esto] HAE
3t Hrct.

44 Thin Oxide Punch through Transistor
(GGNMOS : Gate Grounded NMOS)
bl MOS Tr& Channel A& 2 PetformanceE
283} GateZt Ground® AFe] 2] MOS Tr& 7] A}
Bipolar 4% o/ &% A2 2 (1% 4) Drain
(Collector)T Substrate (Base) A}o] &} Junction
Breakdown . & A1 Holeo] Substrate (Sub9]
Full Name)2 %3] Sub®} Drain A}o] Voltage
Dropo] A§7]31 &% ¥ Holeo] 9J3} (+) Potential ]

Carrier Multiplication & Regenerative Feedback -

0V,
0 Vg ; + Vi)
n =}

n"

Y

X ! 1 Carrier multiplication |
\§ via impactionization ¢

_.___9_\.:./

& Additional
electron injection

. Stable T and carrier flow
Z—,]' VDD% DlOdEQ—}’ Condition r. furn on into dlram 2 Holes swept
- + into butk

2 Th 5
Ground - DIOdEE = E‘:} Avalanche BD 3 8UB Potential-up caused R_Bg

H & = = = by hole current
2 LH LH ha Q 22 ED ‘C‘S_l- 4 Back-to-source é
t}. Input Capacitance2} forward biased 0 Vsugis)

Leakage Current %7} A

18 4, Operation of GGNMOS.
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Metal Line9] Parasitic A

| | BUS z‘sol—)oﬂ w2t 1 Window
ESD Design Size7} o} =
protection Etfective AL o 4 9k uabA
window N £80 104 7‘1] e o] 31 31V
2 Curve EA & 183}
Vc;d max oxide BD Y Vddmax oxide BD Vddmax oxide BD ! 3‘7}“ /0 /g 7:1]% 6H 0}: §—‘}
'

18 5, The Design Window of GGNMOS,

% Substrate (Base)= Ground® Source (Emitter)o]]
e <=3 BiasH PN &) = o] 7]4 Bipolar9|
Emitter (Source)oj A} Collector (Drain)2 ¥ Path
7} 3 3= ok Gate Oxide  Source/Drain®] 1% 9j
w2l ESD Wi ¢fo] 24 € £= ot

13 49] $1Z o) 9l IV Curver TLP (Transient
Line Pulsing )2t+= AH 2 543 Curveqld] ESD
Stress T3 7 FAFSLA 42 Rising Time3t %2
Duration Time-& Zt+= Rectangular Step %8 -&
GGNMOS §UAIAH B2 IV CurveE A] Vil
(Triggering 41 ¢F), Itl (Triggering 1 i), Vh (Holding
¢}, Ih (Holding %), V&2 (Thermal Breakdown
Ay Al A8 7148 Bipolar 529 7 Step'd
2 A3 E Pointo] 2t & 4= Qlrt

Vt1-& GGNMOS 9] Junction Breakdownyt ¢
TE ¢142 A ESD Stressol] 93}o] Coretioll §l
+ Circuit 0] 52+%]7] Aol WA F2tE ojof 311
It2+ 1 GGNMOS7E §-9 % StressE Discharge
A2 £ Sl Current®} & Tatw 1
o 2 Aekg vi2et 3. o] It2E
GGNMOS 9] Widtho] v g st g
ESD SPECE & Al7]7] 43t Width
SizeE AR = QUct. Vi ¥ o8
3 HE Agoe g2 A Core W Circuit
off 48 F= AY BT} Zotof gt

13 5= GGNMOSY Design
Window& E A] 3 7 2 2 High
Technology2 7} A} Core Circuit W]
Oxide BV7} 2o} &) 32 Bus A& (1/0

45 Thick Oxide Enhan-
ced Punch through
Transistor
N/P MOS 2R \A 7t &#A 722 &3
A 9lct. 92 Thin Oxide Tr& ©]-4-g ESD .3
3] 29} T3} Field Oxide Tr& AM-g-3}o] ESDY)
23t Oxide?] 178 WA sl d522 A5
7} B ot Thin Oxide Tr (GGNMOS)2} &HA| AL-g-3
t}, o] F2& Primary Element (Thick Oxide Tr) +
Insulator (Resistor) + Secondary Element (Thin
Oxide Tr) § 41415 1/0 Aread 5742 4+ Q102
2 Chip Shrink Z®o] 4 13 728 X §3}7]]
A7

5. ESD NETWORK DESIGN

IC2] LukA 91 1/0 Network (1 6)= 2} 2.4-9]
Parasitic 4270 2 = o] H = o] ESD Levelo] 1
& 4= 9t} 2V IC W ¥ Core Circuite Br} B A

Power Rall (parasitic resistarce)

Internal
Circuits

1 . vss

Power Rail (parasitic resistancs)

T8 6. General /O Network without ESD Protection Circuit,
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Core VDD

2 X Distributed Power
Clamp$} N Diode Power

/o VvDD

Analog VDD
Clamp& &-&-33ct. ©]

F—Fredrive D

PC
10 PAD

Distributed
Power Clamp

I——Predrive o]

4
3 @3t NetworkE 47 st

<k 7 AL B 33 2e
Zapping Combination 3
X4 5ol 7k Ping
Zapping A} Discharge
PathE #9213} o] Core

Diode
N+

- =
Diode =

Substrate VSS

E* *F N & P+ Diode

- Circuit® 2 Stress7} &

HOVSS

3% 7. The ESD net work of Analog & Digital Mixed Signal IC.

¥ 3. The Zapping Combination Table for
Analog & Digital Mixed Signal IC.

¥58 HOVDD O NSY AvDD

B-FC-M
o A

H-PC-A

HPCH
Yoo B-PC4 Lt

Vay

BPC H-PC PC E

PC-A PCA

9
a
v
Q
B

vnD

EA Ed

e B-PC-F HPCK

J-PC-A
BPCK

$-PC-H

JPCF
A HPCK EX

5 @
| xg|mm
= (4]
o

LA (=
S B-PC-M H-PC-M PCM

3] © 3 3}o] ESD SPECE WHEA| 7|21 oAl AW
3} ESD Protection Circuit-& 214 38] vjx)5taL 1 1C
of| 9r= ESD Network DesignS- 3ljoF 3ttt

A EolA dget FEof AAAF gko] ghAT A
2 A FHOE {904 Stress7t d ] £ 25 o]
B 2 Discharge®|$17] mj&oltt. oj¢} 22 2
2 Z} ESD Protection Circuito] £2+8}9] StressS
DischargeA|Z 5} Stress7} Core Circuit® 2 F
)R] 9= E Power Rail9] Parasitic A3} # 43}
3|oF 811 71 Stress7} o)1= §HH O 2 LA YL E
Uniform3} Network Designo| 8 & 3}t

1% 7.2 Mixed Signal Analog & Digital IC2] ESD
Network®] 8+ o 2 A Chip ShrinkE $J3t] 7+ Pin
o] = Diode Protectiong 2-8-5}%1 11 Power Clamp

L Diode

5 =2 & Check 3of 2
o}

Analog VSS

o & €W AVDD
Reference Moded Tt
VDD9j Positive Stress7}
U= Circle2 FA|F
H-PCK¢] &4 & Discharged 5-¢F 1o &1 H U
B Circuito] Stress7} F Y4 =H=A1E &l3foF 8t
] PC, 2 Power Clamp2} H2} Kol 9= N Diode 9]
TLP IV Curve’s 8013} @A] 7+ Bus A3 % 24
stelo] QLA Aok gt

6. THE EFFECTIVE LATOUT
FOR ESD PROTECTION

3} Z} ESD Protection Elemento] o 3t
gt 159 Layout ¢ A] ESD £4¢]

2 o)$ ATH 02 sfof g,

Z 9l Layout®] $41-2 (<&l Stress

A 7R GEE FAA]7]= Aol

g
3
ja
jia)
olN

6.1 Diode Layout

(1)ESD Current+ tj$£ Lateral Patho] B2
Diode®] Perimeter Z o] € 2 ]t 5 A
Layout 3f|of gttt

(2) Diode N+ and P+ Areas #|A3}stodof 8taL
1 59| Perimeter= X fgte 2 HA s oF 3,
91513 Areat CapacitanceE 52|50 Chip
9] Parasitic Capgh WA A|7]7] gj&olct.
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(3)Diode?] Body Tap Space:= 7} 5 3 3t
Minimum 2. & B}ojok st} (Diode?] Reverse
A& #4E 919]) Butted Contacti= ¥ 8o} g}
o},

(4) 2 "ol 24 Tap Spacex= 5 ¥3HA 7HA 7t
of BSD Current Uniform Flowe)| &347} gict,

(5)Diode Edge & & Three-DimensionA}
Electric Field7} 2124 4 9] 22 2 Contact®}
ActiveZt A8l & § 43t ESD Current
Distributiong =28 3 2 7} 3t}

(6) 2= Hol| A Active Edge Overlap Contact
AT T Y8k YA f- A 8o of gt

(7) Contact} Via HA] Uniform & Symmetrica}
Al Layoutd}o] ESD Current Distributiong =
B3toqof girt.

w W} £ E-field7} %% =+ Diffusion Edges
3 242 Guard ring®] Contacts A A
[igalgii=g

(8) Guard ring®| Contact= F&of 293 glol,
F315 v ] =] o] of e}

& U2 M1 Routing® 2 Q13 2 H o]
Guard ring ContactE A48l 737} 9l
51}, M2 Routing © & ¥ 73] o] & |
3fjof gt}

6.2 Resistor Layout

(1) 2719l Active Junction (Diffusion Resistor)
AH8-3F9 21} o= High Capacitance®}
Lower Breakdown (Reverse Bias to Substrate)
2 & Q% Handicap& 7HA1 3L Q101A AR
AA 5t o] . Layout A] Lower
Reverse Breakdown& A3} 7] 98 N+
Diffusion Contact ¢ & Nwell2 ZRE 02
WO HOY 4k gk

(2) Nwell Resistor+= -2 Sheet Resistance (200~1
K ohm/sq)Z 13} 4] Kilo ohmg 7}A]&=
Resistor7} 2 &= 7] @ = §lo] 5 AHE
E1} &2 Sheet Resistance= A 3314 22
A% gt& Definedfiof g ¢4 2318 &
& 4= Qlt

= Nwell Resistors* ¥ o]l &= Guard ring2 3|5
o Latcheup®] )8 4& AANFE Aol
Frt.

6.3 Poly-Silicon Resistor

(1) Substrate2} 4 3 x}o] Noiseo} U7HstA] gL
919 Layout#}<] Parasitic £ 113 3}1A]
ool 1t Low-Capacitance® 217 101 4
4} Functiong-2Fol = & 712 A gh=tt.

(2) Limited Current Capability£ 18}, Poly-
Silicon Width+= Min. 5 um ©]42 2 Layout
3t o] $o1) Technologyutrh ti2 02
olof ti&l TLP TPE %3t Characterization©]
2 s

(3) Ago| A A] Poly-Silicon-g BentA] 7] A A A
LayoutZt 7%, Poly to Poly Spaces= DR Min.
Bt} 27 Layoutdt Z&AE £0]7) Y3}
o] Non-Salicided Poly Si A& A3t} o
)} Contact 5%+ Salicided Contact® %13} 3}
o] Contact Thermal DamageE& &o]+= A ¢
sbzjolch,

64 GGNMOS Layout

(1) ¢Hta o 2 ESD GGNMOS {2+ Ladder
Structure &, FingerE o8 7§ A&3l=
Multi-Finger LayoutS. 2 7}A47}7] o &of &
2 Finger Tr&9] §A| 9] Turn-on HE&
Layoutd}”] 9|84 Pork Structure Metal
Routing& 2 & &3t} o] A2 Z Fingerd
Drain #£o°] 37 42 50| Pork 3¢9
Layout® 2 3}o @2 Finger Tr& 9 ESD
Current3 £-& Uniform3t £ & 3= A o]t}

(2) Well Pick-up2 71531 Guard ring® g] 2
313 Well Pick-up Contact2 7H5§ o= &
HEFo 2 2)2A wjA| 5] = E Uniforms}
A Layouts}jo} gt}

(3)Latchupof 9173k 24l ¥t= A] Double
Guard ring £ 3o} 31} N-active®} P-activeZt
A7} Latch-upo] EA4¢l= A Az 94
g 73 9-<ll Double Guard ring& 2o} 8% &

28

E ot
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N-welt

N+ Guard ]
Ring. -

NMOS Source tied to Vss facing N+

NMOS Source tied to Vss facing NMOS
Guard Band tied to Vdd

drain tied {c Vdd

I8 8. The Parasitic NPN in core circuit.

T Power and Ground

Power and Ground comefromsame &}
come from different location on power é
locations on power ring ( SAFE ) e
fing { NOT SAFE ) @

\ Logic Block =~
1% 9, The assignment of VDD & VSS Line for

Logic Block.
otk gt

(4)1/0 Cell Pitch7} Ztotr B2 FingerS 1¢He
2 593817 Layout & & 240, As} 2t o
2 Layoutd| & v 1o 2 3 Ao Hr)
Multi-Finger Turn ono] Q4&3}A| gong
ESD §40] A3 dhe AL 13t
Layoutd}of $}ct.

65 Core Protection Layout

(1) W& Core Circuit?t2} Parasitic NPN Path (72
H 8)F Detectd 4 U&= F Design Rule
Checker (DRC)]| ¥t 5| = 2 3} 1 Stacked
NMOS Layout, & NMOS2] Source7} VDDZ
A4 == Layout2 7 3 of 3k},

(2) Core Circuit'f Logic Block9] VDD2} VSS
Line2 A& 7}7h-& 3ol v 2] A A of gt}
(1™ 9).

6.6 Power Clamp Layout

(1)1/0%] Power Lined} Core Circuit®} Power
Line& A2 Fejdhe= 2o] £1 Y A A
o] o= Back to Back Diode & 2] 8-5}0 H U7t
NoiseZ A A| Ao} sl=1] 12|13 Noise7}
njeFatrt Short Aj7l= Ao ESDo& &

Bl

(2)Power Clamp+ HEZEo|¥ VDD VSS
PADo] s x| sjjoF sh=d 1 o] YEH 2o
= VDD$} VSS PAD¢ A} Metal BusA{dlo] 3
Q u|gke} A 2] Qhof) v A] & ofof FHr}.

(3) Power Clampi= A IC Wof] 124 BEE o]
of 3131 SCR#} Z+2 Latchup Operationg ©]
8-3H= Device= AHE-3}A] Totof jict.

7. ESD FAILURE ANALYSIS

ESD Failo] 2433} @ $-4l Fail Data Log £3}4
7} Fail Item2 28 A 8]8t=d DC Test Item?l
Open/Short Fail#} Input/Out Leakage Fail data2
o] L Pinof Stress §-¢] A] Failo] & A& ¢ = &
o2 uzd g4 £4% 4 92 IDD, ISS
Leakagel} Function Fail 22 73-$-ofl= £43}7] 1
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