Bonding

g Latch up

e Latch up
e Latch up
. Latch up

. Latch up




O | atch up

'Sitir.-un

= Latchup /0O ,

= Latchup CMoS , power VDD
GND(VSYS) PNP NPN BJT
VDD

GND

. 1IC ,
Latch up

= Latchup
, Latch up |C Layout



‘ Bonding

Latch up

()

' Silicon
CMOS INV BJT BJT SCR
T In
Out —L— T
o P+ source
Nt pt pt Nt Nt pt
ouT Rua
Rua nwell
nwell / Q ° Ql
P epi Q1
______________________________________________________________________________ P wbstrate
m D Rt OouT
Q2
P+ substrate cont
1
P* substrate — N+ source
—L—



==z | aich up (

Q1 PNP BJT, (base) nwdll,
(collector) Q2
NPN BJT P substrate
Rwel nwel Rsub substrate

SCR
BJT
C-B
Latch up BJT
BJT
BJT VDD GND VSS
Latch up



‘ Bonding

o Wadl

— Latch up
. VDD nwell P substrate
VDD
Latch up
. /0 VDD-GND VSS
SCR
e ESD
well substrate SCR
. power gnd
SCR BJT



‘ Bonding

LAy coe Latch up
. substrate) BJT
. source dran
. layer
BJT
. Guard ring: P+ ring nmos GND N+ring pmMos
VDD Rwell Rsub
BJT rng
» Substrate contact well contact Source, Rwell
Rsub
. nMOos GND pmos VDD,
pPMOS NMOS SCR
. /0O Latch up /O mos
guard ring

/O pmos(nwell)



‘ Bonding

' Silicon

ESD

e ESD

e ESD

e ESD

ESD

ESD




.‘ Siiicon? ESD

- R1

i[u] > 1 pI

1inl > \ """"""" L ----------------- e

Machine model



‘ Bonding

I~ D

1.5KV~2KV
1.5KV~2KV HBM)

1.3A
PAD MOS

gate
ESD [||]|:>
. |IC
2KV |C
20KV HBM

Contact

e

A

N+ \ N+

P substrate

ESD




[ )k ESD

« ESD
VDD
[I—)> -
¢« R 1~3K
MA I nput %
PED x Tqintgrnal
PAD cwcwtry
[] A —
RC —_ Vv |
- A
- ESD PAD { |
i i
-0.7v<V <VDD +0.7v : L : = e
ESD L S

ESD ESD



.‘ Bonding ESD

()

Silicon
(Zener Clamp)
P+substrate  Nmoat PAD
P+ L ’
substrate Nmoat
D1
 Bipolar Emitter-Base cmos -
NSD/P-epi  PSD/N-well ,
NMoat Metal connecting to pad

e Emitter-Base 100~300
NSD/P-epi  PSD/N-well

PAD

Pmoat(substrate)




[ )i ESD ()
(Zener Clamp

. NM oat .
substrate design rule Poly resistor /P P!
Substrate contact
PAD diesed -
PAD Nmoat contact
1~2um  Nooat 500um?
¢ die seal & Substrate contact
collecting-ring Nmoat \Q
collecting-ring

substrate contact

PAD
100~1k f

ESD & D1
1\ L



‘ Bonding

ESD

PAD mosdrain

ESD

ESD

' Silicon
IMOS
CmMos pmosS nMos source/drain well
P-epi ESD
NMOoS drain PAD ESD NSD/P-
epi ESD NSD/P-
epi
NnMos pmos
mos mos
mos mos
1000um? mos 2kv HBM  200v MM
pmosS NMOS
NnMos pmos pmosS NnMos
PAD, drain ESD
mos mos ESD

He— o

N-wel

e 3




‘ Bonding ESD

' Silicon
. 10 R
2kv HBM 1.3A .
MV
MOos gate
ESD D1
mos gate
(I >
. D1 100v R =
D2 R D2
R D2 VSS
R
1K R
 Poly R 2kv HBM 200v MM
5~8um contact
6~8 M oat

poly



.‘ Bonding ESD

' Silicon

D2 Nmoat substrate ring

substrate contact D2

substrate
D2 D2 D1 R2
50~100um D1 PAD R M
PAD D2 PAD D1 D2
collect-ring R1

ESD CMos . AV

input pad input ESD, Ap
/O input&output)PAD ESD i

output

Input

D1 PAD substrate =
R1 input R2 output
output mos source/drain substrate well D2,
input D2

|]‘

VSS

D2



N Bonding ESD

'Silinnn
VcEs
. NPN collector-base R
ESD !D
Ql Vces — &
VcEo L1
40V Bip0|ar Collector (with deep-N+)
65V 45V
e Emitter 300~500um?

20V analog BiCMOS
2KV HBM 200V MM

e Layout Diffusion contact

1~2um "
Base




‘ Bonding
' Silicon ESD

VEcs

NPN emitter collector

NPN, NPN
base-emitter
ESD VEcs
VECS N PN VEBO
60%~80% analog

BICMOSNPN Veggo 8~10V,
ESD 5V
Emitter 600um?

2KV HBM 200MM Emitter

10KVHBM

VEcs ESD

PAD

Q1

v



guard ring

— ki ESD
. IC ground PIN PIN
substrate
PIN substrate ESD
PNP
2KV
HBM 200V MM PNP



— ki ESD
Thick-Field Transistor
. ESD .
. NPN Nmoat 4
NSD collector Emitter, P- >
epi  base, Nmoat  Bondpad,
Substrate NPN = =
Vces
. ESD MOS
Gate gate |
bondpad substrate, PAD G —
NSD/P-epi gate Ne | LN
P-epi
. 1OS Y
Thick-Field Transistor. P- substrate




‘ Bonding
' Silicon ESD

« ESD
ESD
input mos gate, R1
substrate mos ESD
mos mos
ESD mos
mos
Size
. ESD 5V

CMOS

v

|

T

v




‘ Bonding E SD
SCR

'Sitir.-un

SCR(silicon-controlled rectifier) ESD
: SCR , CMOS
Q1 PNP, nwel PSD nwell
P-epi , NPN Q2 nwéell,P-epi NSD
R1 nwell R2 substrate P-epi
SCR Q1 Q2 collector-base
Q2 base Q2
Q1 BJT
Rl R2 SCR
2V

SCR HBM MM

CMOS SCR
SCR SCR
Q2 base pad Q1
base ground

v

P+ source
= R
v
-
Q2
-
—_—
P+ ”
_ \A|source g R1
o
N2 T~
2 .




[ )k ESD
base emitter diffuson PIN

. substrate Diffuson PIN ESD
1. base emitter diffusion PIN
Base emitter diffusion ESD
diffusion ESD
diffusion diffusion
500um2,160 /sq basediffusion
2KV HBM 200V MM, diffusion VCES VECS

diffusion



‘Enn:ling
.' Silicon ESD
PIN NPN emitter

2. PIN NPN emitter

. NPN emitter bondpad
substrate pad bondpad ESD
pad emitter

. power NPN  emitter substrate

PIN



[ )k ESD
PIN CMOS gate

3.PIN CMOS gate

« CMOSgate ESD
. ESD ESD ESD
gate 5% ESD
substrate ESD substrate
diffusion

width 5~8um, contact 6
. ESD 75%
. CMOS ESD ESD

SCR



N N Bonding E SD

' Silicon
PIN MOat
4. PIN moat
. moat ESD
. moat 5~8V ESD
moat 10V, moat diffusion
500umz2, 2KV HBM 200V MM
moat ESD
. moat ESD ESD

ESD moat diffusion

moat mask
device dgize



[ )i ESD

PIN moat CMOS gate

5. PIN moat CMQOS gate

. moat

PAD
. moat
50~200
mos gate
PAD gate
gate

e moat @ gate



Q= ESD
PIN

6. PIN
« HBM

. bondpad diffusion

nwell
bondpad bondpad
Nmoat bondpad
Nmoat



— ki ESD
PIN
7. PIN
. gate
diffusion emitter

emitter



N N Bonding E SD

'thr.-un
PIN
8. PIN
. guard ring(base diffusion
contact.
. moat diffusion
PIN moat,

guard ring (base diffusion contact



‘ Bonding
' Silicon ESD

0. substrate PIN, substrate
. substrate , GND PIN
substrate , PIN substrate PIN
, ESD
10. bondpad PIN
. bondpad

11.Test PAD & Probe PAD

. PAD 1C ESD
ESD



Bonding

.‘
The Antenna Effect)




‘ Bonding

' Silicon
. etch
gate poly gate
poly gate
gate
gate
poly
gete poly
poly
source/drain
. poly gate
pmos NMos, gate
layout
poly
. mosM1 gate
poly M2 M1 M2 poly M1
gate M1 ogate




‘ Bonding
' Silicon

. gate
poly poly gate metal
gate poly gate
. metal
metal diffusion
diffsion top metal
top
metal diffusion metal
diffusion metal gate
metal top metal T
top met_al Size P-epi —
Nmoat/P-epi  Pmoat/nwell > subdrate —




