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Objectives
® CPS ESD Simulation Methodology addressing IEC61000-4-2 testing

conditions
— Provide a realistic view of voltage/current versus time on the chip pins through
accurate modeling and simulation of the CPS ESD prior to hardware availability

— Perform diagnosis of potential failure mechanisms when CPS ESD failures occurred

— Verify robustness of an ESD fix by comparing differential voltage/current values

against maximum safe thresholds on the IC chip(s) pins with hard or soft failure

* examples of CPS ESD application are illustrated demonstrating

good correlation with measurement

August 16, 2016 ANSYS UGM 2016

G Electrical Static Charge(ESD) SAMSUNG

* Electrostatic is phenomenon that charged body take on electric charge and discharge electricity.

* Plus and minus charged body come near together, gas between them ionize, after that electricity
goes through ionized gas to another charged body. lonized condition depend on degree of humidity,
temperature, dust and EM condition. This condition does not only define EM condition.

Minus charge Plus charge

Come close and Discharge
——\

i Behavior of charge and discharge
Electric static charge phenomenon

* Role of EM simulator
v’ Behavior of electric charge before discharge

v’ Current route and strength after discharge
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\ . . . nfirm con ion current after dischar ’\M N
@5&5@2‘.““ Confirm a place of strong electric charge, electric field s su G @“Eﬁéiﬁ‘:.m. Co conduction current after discharge s su G
* Analyze PCB which is 2 different GND shape condition PCB under below conduction route(blue
* Set difference of voltage between hand and mobile phone in a model, check arrow)
behavior of electric charge and electric field — Surface layer: signal , Back layer: all GND plane
— This results show us a place of possibility of discharge. — Connector is set on GND edge
— On the Q3D result, it show us that metal area ABS_Qis red, it speaks for — On the HFSS-Transient result, Conduction current is from connecter GND edge to PCB GND
metal avoid discharging to board which IC is mounted on. edge(red arrow)
* Left model does not have GND shield, as result, strong current density area is near center PCB.(red
circle)
* Right model has GND shield, this avoid current inflowing.(red circle)
Input Current from Break away current 3
Connector GND edge.  from PCB GND edge |
Human hand and Cellar phone Charge density(absolute value) Static electric field ) )
. PCB with surface shield
(Q3D) (Maxwell3D) PCB with USB connector None shield Add shield with via to 2mm offset from PCB edge
I e At o ik o = B Gyt T A Conduction peiseanalysis on Q3D Extrac
e ) e )
(v' Dynamic link Circuit and EM Field SAMSUNG (V' SAMSUNG
N . Outline
* Pulse wave shape from Electric gun is constituted on IEC61000-4-2 EMC * Modeling for CPS ESD Simulation
regulation.
g — Chip ESD Compact Model
* If we estimate noise from gun on board with circuit simulator, it is easy to
take steps for better design. — ESD Gun Zap Modeling
Gun_Souce - ¥ Full 30 FEM ESD Gun
4,00
S — TVS Protection Devices Modeling
53 00 oage pulse s v TVS Diodes, CMF/EMI/ESD Filter
=50 simulator
g
%”“ — PCB and Connector Modeling
g‘ 50 v Mobile PCB, Micro USB Connector
1.00 Apply noise from
electric gun to PCB on . .
080 Celar phone. * Application Examples
0.
0201 100.00129000400 6054000060000 — Case Study : Mobile System-level ESD Propagation Modeling
Voltage pulse shape from electric gun e v' Predict Chip pin V(t)/I(t) ,ESD Propagation Prediction
= v Correlation with Measurement
3D model Confirm noise behavior on PCB
under operation
HFSS EM analysis + Nexxim Transient analysis
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System-level ESD Testing

* The Mobile system ESD test platform that incorporates all major components af a ranueroed Device that Shielding Board filtering IC and Board design
W B PCBHR 3% AW ilia ane

need to be modeled for simulation

Posk cavent : 1754/ WV 210%

Better Best

Chip/Package

l 3ons curnent s 2A1 KV £20%

PCB, Connectors on cumrent s 1A/RY £30%

Housing

Battery

Components

Etc...
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Css. ESD Issues on PCBs #4ESDI1iE SAMSUNG e Chip ESD Compact Model for ESD simulation> " MSUNG
[] Issues
- Mobile product ¥z i %
» Lacking of groundik it
- Tighter noise margin/é: 7 B kR 18
» IC sensitivity 15 B B EE &
- High density and small size PCB
mEE/RTPCB

LCD
Modul
il

* Chip ESD Compact Model

— Chip ESD Compact Model (CECM) provides a reduced and distributed RLC network among ports and per port demanding current for
the chip power-on status with a chosen chip operation vector
— On-chip decaps are modeled including intrinsic device decap, power/ground cap, intentional decap, and effective loading cap

— On-chip diode/clamp I-Vs can be included in the model when generating from
Pathfinder-S which is an on-chip ESD analysis tool

» Physically close to port/chassis |
. . AVDD
YR EHESEIE ORI Y -
avss avi
- the number of I/F port itk D1
w0z ™ Power Cdie
Clamp .~ Port
» Easily exposed to ESD event Board-to Board D3
e o Connector D2
7% 5 7 7R (EESDI 8T TN Lavss Ravss
i | | = e
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SAMSUNG (. ESD Generator Modeling SAMSUNG
ESD Gun Modeling

* ESD GUN Modeling with EM-based simulation * ESD GUN Modeling with circuit-based

— Simulation Results vs. Measurements

HFSS Transient 5
Simulation Model Measurement
Circuit Simulation
4
——— 3D EM Simulation
3 Measurcment
Simulation
=
§o2f .
. £
Pask cument 375 A/ K £10% 1k £
9 —
1A/ 30% 0 g
5]
aQ 0 150
1 | | J & Time fos]
0 50 100
. Time [ns] Equivalent circuit model Experimental verification
Standard of IEC 61000-4-2
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(. Experimental Verification SAMSUNG (V5. Experimental Verification SAMSUNG
] Comparison of discharge currents [] Voltage waveform comparison without the varistor
' pE—
Metal ground plane Oscilloscope Simulation
ESD y 000 z
) generiol E 2N Circuit Model
, p
Current " p "
/' probe \/\ e .
g Attenuator . -
; o
o w 5o .
3 Measurement Result
Test Set-up Comparison Results un
Simulated voltage: 115 V
B R R R Measured voltage: 104 V
Simulation Result
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] Voltage waveform comparison with the varistor

Measurement Result

Simulated voltage: 47 V
Measured voltage: 44 V

Simulation Result
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ESD Protection Device Modeling
TVS Diodes
— Data sheets
— Spice Model
— VHDL AMS Model

v’ Piecewise linear I(V) characteristic with State Diagram

ESD Filter

— Circuit + EM Co-Simulation

CMF/EMI

— Data sheets

Varistor

— Data sheets

August 16,2016 ANSYS UG 2016
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m@ ESD Protection Device Modelingwith VHDL  SANMSUNG

AMS Model for Snapback Support
* TVS Diodes
— VHDL AMS Model

— Snapback effect on thic madal inclidad
1

(ve, 16) TVD Diode with Snapbak sffect Modsiing
o 2.00
&
- 1.50
VS, 15] == ~—m
Vi, 12) (vs, 3 (vt1, 14)
. v
Vh (vdss, 13)
v1,12) < 1.00
Forward =

0.50

Snapback

0.00 5.00 10.00 14.00

v
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ESD Protection Device Modeling for Filter

* ESD Filter Modeling

— ESD Filter model: Full (Triple) LC block with substrate & diode effects
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Filter
* CMF/EMI Filter Modeling

— Data sheets

— Single-ended equivalent model for common mode (Simple approximation)

)
o
1000 . =
8 ~ oten o7
I {
S oo |_[Common Mode 1l VW
@
S
2 —1 f i
K T T
3 T T T T
a
E 10 = = o
i + AP T
i il T
; - e ]
{Differential Mode}
1 ’/ H LM T TTTTIIT
1 100 1000 10000
Frequency (MHz)
e o) Tides o oo
e
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mc ESD Protection Device Modeling for Varistor SAMSUNG

[] Voltage and current characteristics for the varistor

- The non-linear resistance characteristic of the varistor can be expressed in
exponential function as:

I, = KV~
Varistor: 5.6V/S0pF

Vs (V) Ve (V) Rv (Q) Iv (A) -

88 35 97.22 0.36

190 40 18.18 220 %

270 43 11.68 3.68 é

360 45 8.33 5.40
Measure V. on the oscilloscope
Calculate Ry = (50 x Vo) / (Vs — 2 x Vo) 2 WM;M 40 45 0
calculate I, = Vo / Ry

Voltage vs. current for the varistor
o= log(Ve2/Ve1) / log(Ive/In)

Iy = 1.47 x 10712v.7-¢
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Ci*s'vs*-ﬁ*x- ESD Protection Device Modeling for Varistor

[] Test set-up

Vs: pulse source voltage

Rs: pulse source impedance (50o0hm)

Rt: termination resistance of scope (50ohm)
Ve: clamping voltage on varistor Pulse Tester
Iv: current flowing on varistor for given clamping voltage

Rv: resistance of varistor for given clamp voltage

il

O O O O=
Oscilloscope

Transmission Line
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ESD Protection Device Modeling for Varistor

[] SPICE model and simulation
- The non-linear device can be modeled using voltage controlled current source

SRR MERRAT I L L R R

Name=V_diode 10001
00

500

200

Simulated voltage and current characteristics
- for the varistor (derived from the equation;
I, = 1.47 x 1071V
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PCB Modeling SAMSUNG

[J Circuit model integrating a PCB with the ESD generator

e

Port: ESD injection

Simulation model using Slwave
FWS > Export to Designer
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Full Circuit Model

[J Combined circuit model

() s sorce

SAMSUNG

ESD generator

August 16, 2016 ANSYS UGM 2016

Printed circuit board

Varistor
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Simulation Result

[J Voltage clamping performance analysis

AnsofCorpration XY Plot2
12000

August 16,2016 ANSYS UGM 2016
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Simulation Result

[] Current flow simulation

SAMSUNG

Yim

August 16, 2016 ANSYS UGM 2016
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Application SAMISUNG

[] Signal Integrity Simulation for USB Signal Path

Name=required

SPICE circuit model for 18V,
i 20pF varistor
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c PCB and Connector Modeling

PCB and Connector-level ESD design
— Design Path A: with ESD Gun Model

— Design Path B: import ESD Source Fil Model

Path A V

Path B

Full 3D Multi-Layer PCB

Comparison of the Current Waveforms of IEC
61000-4-2 and HBM Waveforms with TLP
Pulscsat4, 8and 16 A
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Application

[] Simulated Eye Diagram

SAMSUNG

without varistor

B - £y T y B B %

with 4plh=m;/aristor

BY B3 P

By By

ik
with 20pF varistor
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Micro USB Connector

Micro USB Connector Device on Mobile PCB

ESD injection on Micro USB Connector

ESD current is injected on the Micro USB connector shield

The ESD Feld propagation is captured up to 10 nar *

© 2016 ANSYS, Inc.
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The USB Connector grounds are directly attached to the PCB GND

Device on Mobile PC§"MSUNG

Full 3D FEM Solver Time domain H Field propagation
According to ESD current propagation on Conductors 0 to 10ns
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* System-level ESD propagation modeling for Mobile Device

System-level ESD Propagation Modeling

SAMSUNG

\evsse  Connector
o st 1341 2100

/s
§
‘ B o
Std Cells ESD Source w e
v
TVS Diode

ESD Filters

PCB/PKG

VBAT, VCCL2y, VCCL8v, VCC29v, VCC3.3v, VAP's & MemoryPower, VUSB  And Ground
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System-level ESD Propagation Modeling

* Mobile System-level ESD propagation modeling

— 5KV ESD Injection on Mirra 11SR Fannar tor

ESD injection on Signal

©2016ANSYS, Inc. August 16,2016 ANSYS UGM 2016 =>
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* System-level ESD propagation modeling for Mobile Device

System-level ESD Propagation Modeling - |

"y

Three TVS diode, ESD Protection Diode | ‘\\ L = ‘r”’ =1
(Transient Voltage Suppression) el |C;I “ APU
—

Typical implementation of a USB2 interface
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* Mobile System-level ESD propagation modeling

AMSUN
System-level ESD Propagation Modeling -s SUNG

— Easy to perform “What if” studies

v Contact vs. Air Discharge

v Discharg F—

36 © 2016 ANSYS, Inc. August 16, 2016
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* Mobile System-level ESD propagation modeling

— ESD effect on Signal
v’ Soft Error

* Any error that can be cured by resetting the system (Log}&ﬁ( s bit error, false reset)
50008 - A

2000

A7
i—— e, V)

(i

ViDan
a8
1

o ale [0

30
Tave ]
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* SCL with Reference GND effect [ 002.12. 50.100Q2 )

N
System-level ESD Propagation Modeling - §|I\|V|SU 6
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* TVS Diode Effect on High-speed USB Signal

System-level ESD Propagation Modeling

— NFscan Simulation Results

NF Scan Measured Example =

38 © 2016 ANSYS, Inc. August 16,2016 ANSYS UG 2016
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Reference GND effect( 042, 102, 52,1002 )

XY Plot 1

System-level ESD Response w/ GND
Effect

42.5uV

12G_out

SAMSUNG

.. jeov
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s e System-level ESD Propagation Modeling

* Mobile system-level ESD propagation modeling

— Outline a comprehensive Chip-Package-System ESD simulation methodology that particularly addresses the interface modeling

between the ESD gun and system, and the interface modeling between the system and IC chip(s) are very important.

AvVOD.

Lavss  Ravdd

o o1
Clamp|  Cde

[ ]
o v_soc

Lavss Ravss

Port

02

AvSS

EMI Filter

Chip pin-(t)-
v

Return Ground Registance |
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Experimental Verification

* Test board and Measurement setup

\
Controller

/.

USB Connector

Tost Board

Fert 1/100
Attenuator

Measured (Sky Blue) and Simulated (Orange) voltage waveform

a3 © 2016 ANSYS, Inc. August 16, 2016 ANSYS UGM 2016
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wswmse  System-level ESD Response w/ Different Cdie

* Chip pin V(t) response w/ different Cdie

— Chip pin V(t) response with different chip Cdie to provide guidance on the effectiveness of ESD protection on PCB (or system)

[ANSYSInc V SOC ESD_gun_varister
00— == o

AVDD

Guve o max
G ESD_on G input
t

Lavss Ravdd -
Power ca ot =
Clamp ie o Pot| X -

D3 v_soc

fansier esten

D2 =

== vEs2_an 16 input
Lavss Ravss Trensiert 34185
t e
|~ VS on C_input
“ensiert 25
Clie=4onF" |
7 VESD_on 1C_irpu)
rnsiert 20m0
5

04 AVSS

SV(ESD_on_IC_npun V]

B g

Simulated Layout ™ e g T P = D)

Tire s
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Conclusions
* Comprehensive CPS modeling and simulation for

IEC61000-4-2 testing conditions

— “Frequency dependent component such as Common Mode Filter & TVS Diode with I-V characteristics”
can be modeled and used as a part of system-level ESD simulation

— Chip pin V(t) and I(t) curve are identified through CPS simulation with distributed RLC, port current
modeling, and optionally diodes/clamp I-Vs in CECM Model

— 3D FEM solver provides the robustness in analyzing transition of spike current with visualization

— Dynamic link circuit and EM field to evaluate ESD protection easily

* Many examples of CPS ESD application are illustrated demonstrating
good correlation with measurement

— ESD zap gun measurement result correlates well with simulated zap current waveform

— Voltage waveform correlated well between measurement and simulation on a test board
measurement setup

a4 © 2016 ANSYS, Inc. August 16, 2016 ANSYS UGM 2016
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