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1 ESD JiR 7Y

1.1 ESDERY AR U AR

ND ¢ |

PD

DS

i
ne

PS&l—l

GMD Fig. 1

ZEXTPADIIESDAR A IR H, 15545 1/0-to-VDD positively and negatively (PD and ND) , 1/O-to-GND
positively and negatively (PSand NS) , LL/ZVDD-to-GND (DS) X JURH . il H ESDIRY 2k

PDAIND A I, NSHIPSEFH:, i HggPMOS, ggNMOSZEH .

1.2 HBM(Human Body Model)
RESD

— L AAN—

\S LESD
[ ] A

- Ceso + B

Fig. 2 HBM ESD model circuit

NARKEI FH -7 By AR A 20 H 7 284 i i F i e . WIFig. 287k, Cesp (= 100pF) BEAT 7S
L, SR)5iMidResp (215002 ) FllLgsp (=~ 7.5n H) XM 244 (device under test, DUT) #4775 HL .

1.3 Other ESD test models

FEESDIR B THBMAL,  Hhas i H 111445 Machine model(MM), A7 B % 5 HBMZRAL, (HZ5
ANIFCesp = 200pF, Resp A HLFH, o AL AN Y .

4k, 645 Charged-device model(CDM), International Electrotechnical Commission(IEC) model,
transmission line pulse (TLP) model.
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2 ESDIRP a4

The principle of ESD protection is twofold: to provide a low-impedance discharging path to shunt ESD
currents and to clamp pin-voltage to a safe level to avoid dielectric breakdown.

R 2nd Breakdown
(Vie2, 1ty

b)

Holding .'
(Vh, 1h) !

\ r’l Triggering

; (Vil, It

! '

------ -
« I

Fig. 2-1 Typical ESD protection structure 1~V characteristics: (a) simple turn-on; (b) snapback.

PSR [FESD I-Vie P th e Fig. 2-177x, 235 A simple turn-oniT1~V snapback, Ji& 35 A 4 Hoo)
WAL B RE ) IR G ) — NN ESDORY L v NAZIEAf 1) 5 Xt LR 2244 triggering point(Vt1 and
It1l), snapback holding point(\VVh and Ih), thermal breakdown threshold point(Vt2 and 1t2)%%.

2.1 Diode ESD device

VI

[l
=

Internal
circuit

FAl

GND Fig. 2-2 diode ESD protection scheme

eI ESDARY I S b, P I B A A] Y diode g5 Ak 12 N (Fig. 2-2) o B IR R fn
Fig. 2-19[¥Jsimple turn-on, % K Zener diodes. X fij B [ fif vk 77 252 T LUIE L SPICERE T 1 B 1

IE A FE A diode T LA SE 4 (R AR B e AR A, (H b T ILAMRIIE 1M R 3l i (~6.5V) , IXAFm B T 3
FER o FL S P L P N T . 2 A kdiode CIE i) B B fin) ) mT DU PRI ANl AL, (H, [ el T
FCRHGTRRT sy 1 FCHR AL BERE ). IR RGT ) diodedfe s ESD IR 1 BE A [H] I 22 7 A2 B 22 1) 95 £ 2%

Fjo
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2.2 NMOS ESD device

WD

gPMOS| J[ |

AL Internal
| — 4 4
circuit
ggNMOS h\ |
GND Fig. 2-3 ggNMOS ESD protection structure

Fig.2-3fT R~ A2 F 8¢ 2 ifIggNMOS  (grounded-gate NMOS)  ESD{#4745#), Drain%ii$% £ PAD,
Gatediit i 2 FRLIEL . ESDORI AL A AERINPN AR, TER— MIRBHPTAI ORISR, PLUHORIRICH) A
LK o

X AN 6 I ggNMOSH! LR P (1 LAE R EE, ggPMOSH) LA U E# n] i S HE

ggNMOSHFI &5 r, 4PAD SRS K= (1) F LTI, 3@ i Draindi 5 P-substrate [H] [RIPN&S, HL
fiif 1 BHV5 T EIGND

GND PAL
G e
JB S ﬁ‘_. D
72y

-

P-substrate

PAD SR A S I IE AT I, R DR A5 AR = . A A R B R B R
Stepl: Ktz 1) 1F Hifur SR A2 4E Draindiiy, — € [ 1F F{af i ik Drain FIP-substrate -2 7] 5 ffi (11PN 25 46 % 42 P-
substrate, X IF HLf 2 AR B[R] PRURRL B, ## FIGND.

GND PAD
G @

P-substrate

Step2: ZE AL B 1) IF HLfT, {4145 55 Sourceiin (PNSS 38, - ph ke 30 A A2 1) =
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GND PAD
@
[B S & D
T - ®

I Y ——

P-substrate

Step3: FF /LM AR AT I, K IE ALl Gate I 1 ¥ X Skt i 1 Draindi ¥ #% FSourcedi . SEAEHIIE
CROESIVNVSUNINEY ElbiiR

GND PAD

B s — 19 b
2T U Fu )

P-substrate

TEQINMOSEZSFIKIESDER Y, I I AN SIVER L BV RE,  7E layout i {5 7 2 78 73 5 1B 5]
XA, RN O ST G, SN Drain K 98, AR TR TR AN B, N R, B
HEsrk, 76 § 41 R ARRUE

ggNMOS HL % 1)1~V i Fig.2-1, 1 T-triggering pointHi [t = F-snapback holding pointf i, T
AR SYE, H e — a4 i snapback 7 1A BIVI21M 3R, LRI ZR 17198 A IE $triggering
point. Ak GIX RS ALR AL, T UG HL K AR EAT SO3E,  FEAIRVLL, @ﬁVthtZ, 1gCNMOS.

2.3 SCR ESD device (FH£h78)
SCREEMI R HA~VAFE, & —FrPERE R P IESDIR Y 254 SE U —Flp-n-p-nZ5i4).
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3 ESDIR" %

3.1 ESD of analog I/O PAD:

VDD VDD VDD
ggPMOS ng
M
FALY PALY P{J'«r"r’f:_,‘l' ECNMDS
—— —— clamp
circuit
* :
| eeNMOS|_ "]

GNID GND GNID

— M ESDLRY v R A4 1 55 FIR DR I s 1) 1) A%, ZEICTIESDORY UK FH ggPMOSHH
ggNMOSIX P Foh 5 A4 SR RAC A4S, ]I I MOSFET FY W A5 45  R1 I b 48 4y v 23 A 1) = A e
ggPMOSHIggNMOS 1] L5 e fef FEL Y5 A XS 1 (1) e Hh, F i V5 8o

BE T B RS CRBOR, IREREAN IC VDD AIVSS I power ring il B, 25 4 it L2 FiL BEL 250N AT
SWINHR, ICH JRyi il FE YR 26 A4 i F 25 L BE 1T g 2> SEIRESD FL A £ VDD 5 VSS 2 [R] [RIESD B 7 F
e, Mo . X, SRR R T ESD HL I 2 1 E YR 2 A B T HE N IC P B L

XFE, FEf A RGE (diesize) KT, Input padFIESD 7 FEL % w4 204 L #25 VDD 2 [R] 1) 5% HY
B, 1M ANBEHS VDD 5 VSSZ I (1T ESDR; 4 HL i Sk [FI 42 5 H o

MI1200 % T1 7 1) L Y5 28 2 [1] [ Power clamp ciruitfifi F 1) 72 gCNMOS4E 1) . gCNMOSZE A4+ 1 F H 2%
G HUR F (1 EPMOSH HL 2% ) RIS e BELKE  Hi A PR RS 75 BINMOSH ¥ gatediiy,  IGE T NMOSH 4T
IR ENEY @
3.1.1 gCNMOSH; ¥4 1 AR T4 A 2R

gCNMOS INMOSFETYEESDIR 7, T {F J5 2 3: A<[FlggNMOS,  PMOS HL 21 H B 3 0 1L
& FINMOSFET 1) Gateuifi [F1E 1 -

7EVDDuii SR A I S WL AT IS s, R (1) 42 Draingi 5 P-substrate [A] (IPNZE ,  EAT FLAr V5 8o

©
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|
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;Pf '
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W

GiN I

FEVDDSi SRR RIE AT, H/EPMOSHUA N UERF A B N AR LT A, e AR D) — ISR AR AT
IO R TE RT3 AB0HE 15 HLL B FEL ) IE HL P R 25 B T AT 1) Gatteding - Gatedi 1) 1E HL G 7E VA TE HH IR 51—
fR S AT, (45 Drraindi ) 1 FL AT £EP-substrateH IS N INIE,  AITINIE T 25 42 = B4 1038, LA RLarvs
T8
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VDD GND
® @ '
VDD t2+8lis 5 B
P+
P-substrate
GND

3.2 ESD protect of output & digital /O PAD

VI

Internal PAD
circuit

GND

{Eoutput PADEL#1/0 PAD, 185 H T-ESDLR I FIMOSFET L H Vit I (1 SR 807, 1 LB P o

3.3 ESD protect of chip
CMOSHL % 1 42 ity ESDF 7 B0 %5 18 -
1. To provide ESD protection with efficient discharging paths to bypass any ESD stress.
2. To protect themselves against ESD damages with some degree of robustness during ESD stress.
3. To pass normal 1/O signals and remain inactive when the IC is in the normal operating condition.

4. To cause acceptable 1/0 signal delays(as small as possible) because the ESD protection circuits are
added around the 1/O pads.

5. To offer high ESD protection capability within small layout area.
6. To maintain high latch up immunity of CMOS IC’s.
7. To fabricate the ESD protection circuits without adding extra steps or masks into the CMOS process.

FEAE )T MESDR 4 ik s 2% eI, 2 F S Z IR RV T, AEMI2007R,  FRATTRITT & =25
Ui, SRR LE JLEGNDIpower ring2 [A1% Biidiode,  SX Kl AT EALRIEAT & 5 ~PADZ 1] [ B A77E 1T i) 1
ACEEENCBLbER
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PVDD ring DVDD ring AVDD ring
ESD ESD ESD
clamp clamp clamp
PGNDring | . | DGNDring | .. .. | AGND ring

MI12005 — 4 power lines, HESDHEAARSLIN 7 NAZ 2 I LA DX ), 75 2URF 0T .
—“power lines77l>4: AVDD, AGND; DVDD, DGND; PVDD, PGND

F U ) D A0 R L IR AT VS TSOE % o b1 T Power line MR, i LATE % VDDIR) W A #L %
EATZ I B T FE T TV ST BRI A K 5 1o

AVSS |l 5 DVSSHIPVSS /), T LLAVSSZIDVSSELPVSS T o) H fE i —A — M4, il PUsh
O R R R
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4 ESD {r3 L% [ layout

4.1.1 ESDET'MOSE 1M REAL,

Sy FMOSFETIVESDYEfE, fElayout X H ESDE HEAT1E 2 Ab ¥ . ESDili % 82, Wissn
PEAEFN A B WG5S M BB, B ESDE M AL T M AN J7 TS T

AR A AN I, Mschematicr Tk, W] LAFEESD’E DraindiiZs iy H BRI AT ESDIK
HLFELR, 17 I S K ESDAS () Drain ) v E RIPTSEBL . A — AN 8, 3800 7 Drainsin 1 58 52, 7T LASE i g
T O ECE, MR, DL TR R TR S

[FlIy, FEESD [ GateffIiA G2l ff1, WY amESDE ITERE, Wi~
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4.1.2 ESDE I RST ke Glafh7e)
BT, HUREHE, HHrggPMOSTIGINMOSIIESDH ARSI Jy:
GCNMOS [ A HL 28k F*+* 1y finger /B st IPMOS K Hi BELIE P Wi A 1)/ Fi i

4.1.3 POWER RINGH 2k 5e 58 (Fith7)
T HF, AVDD, AGND, DVDD K DGND7?4) flpower ringZk i #5H FH***u s .

PVDD {5 K LR > *mA, BT i/ power ringZk v ***u, i H***u., FRIPGNDXH a4t H (1 B 2,
KR **ugk s
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5 27 3k

A.Z. Wang, H.G. Feng; On-chip ESD protection design for integrated circuits: and overview for IC designers;
VST TR o R

http://140.96.180.105/tech/index.html

http://140.96.180.105/tech/esd/index.html
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