et )
- L
Deutschiand wrecno

Airbus A380 (heavy airplane)

Best place to study in
France (2011-13 rankings)
(heavy responsibility)

Cassoulet (heavy food)

3.
Founded in -120 B.C (heavy history
with 4 golden periods) Rugby (heavy efforts)

INSA da Toulousa + 135, Avenue de Rangued « 31077 Toulouss
Tél.: +33(05.61.56.95.13 » Fax: 433015.61.55:95.00 + wwwinsa-touiouse.dr

I EMC ISSUES

II.  EVOLUTION OF ICS AND CONSEQUENCE ON EMC

. MEASUREMENT OF IC EMISSION AND
SUSCEPTIBILITY
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V. DESIGN GUIDELINES FOR IMPROVED EMC

VI. CONCLUSION

. EMC ISSUES
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EMC OF ICS IS 50 YEARS OLD ...
Air Force Weapon Laboratory, USA
SPECTRE

'SCEPTRE: A Program for Automatic Network Analysis®

%

0 & &G 15A o Toulouse « 135, Avenu e Fangues + 3107} Toulouse
ceee T .00 « wnw
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INDUSTRIAL PRESSUR

SUSCEPTIBILITY

|
EMISSION

Carbon airplane Equipements Mobile
/ 3 Personal entrainments phone

Safety Control
systems Systems

Components .
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MIXING EMISSION AND IMMUNITY LEVELS

Immunity

8
d
I
i

IR il
-40

1 10 100

Frequency (MHz)
INSA de Toulouse + 135, Avenue de Ranguedl + 31077 Toulouse:
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LOW EMISSION = DIFFERENTIATOR

EMC IS THE 3RD CAUSE OF IC

REDESIGN
dBpv FM RF GSM
100
\
/ A\l
T 8 Customer's
B A A AVA'A A ﬁ\ { L specified limit
: :. i1 \" T
| 1T ’ﬁt:
0 EMC compliant
e '
0 L1 \
£o 100 1000
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II. EVOLUTION OF IC TECHNOLOGY AND
CONSEQUENCE ON EMC
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LINK BETWEEN MARGIN AND APPLICATIONS
i loff/lon MOS
32-nm .

Acceptable noise level

Security 24— tmmunity W
o £¢ 3 vs. ageing
. 5
“ Process variations j‘"""‘ i
s ea e Eos e PhD A. C. Ndoye,
Measurement error INSA, 2010
Margin depends on application
Ageing - — -
Domain Life time Margin
J l Environment Aeronautics 30 years 40 dB
- - Automotive 15 years 20dB
Required noise level
Mobile phone 1 year 0dB
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THE IC IS AN ANTENNA

UNINTENTIONAL ELECTROMAGNETIC SOURCES

— + Fields
' radiated by
i =B electronic

devices
Continuous
waves &

pulsed
@ waves

-

Y H ' 9
S
3MHz 30MHz 300 MHz 3GHz 30 GHz 300 GHz
25m 0.25m 25mm 2.5mm 0.25mm '
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GIGA-DEVICE ICS

[Technology | 130nm

I3
Complexity | _f
Packaging
2004 2006 2008 2010 2012 2020
Embedded Core+ Core Dual core guag 8;’;
Dual DSP ua
mbedde D1 DSPs Rga 3D Image Proc
blocks 1 Mb 10 Mb Graphic Crypto processor
Mem Mem Sroe) Reconf FPGA, -lr
100 Mb Mem | | Multi RF
Sensors 1 Gb Memories
Multi-sensors
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-
HIGHER PARASITIC EMISSION

High K Metal Gate
to increase field
effect

INCREASED SWITCHING
DEVICE PERFORMANCES

Strain to increase

Current mobility
drive
=k (mA/m)
2.0
15
0.0

130 nm 90 nm 65 nm 45 nm 32 nm

Technology node
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@ Tl +30I561.56.95.18 + Fax : +3H0IS1.56.95.00  wninsa-toutouse.ir

[ ]

1]

risacrr S SINSR
o

increasingdrive  ,®
current and
reducing leakage

:‘./o'l'
5

Gate
material

M svan

. Intrinsic

performances

22 nm

17 nm

-
HIGHER PARASITIC EMISSION

WHY TECHNOLOGY PROGRESSES
INCREASE EMISSION

Volt N o
PETLE s

Z - s \ Old process

4 New-process
Vi e

7z Time
Cutrent

Old-process
process Time:
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e current amplitude is a
e reduced
* The switching is faster

The noise is
increased

IC VULNERABILITY

FROM SUSCEPTIBILITY TO VULNERABILITY

Current
Destruction
Thermal stress
Szfe ESD

protection
window

IC Reliability
constraints

IC operation
area

IC linear
susceptibility
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Voltage

Adapted from "Lowering Component
Level HBM/MM ESD Specifications and
Requirements”, Industry Council on ESD

Target Levels

EVOLUTION TO 3D

Process accessible by
CMC, CMP and MOSIS
for academics, SME
and industries

TERRAZON PROCESS WITH DBI
& FLIP CHIPS

Bond pad for wire bonding or bump, Hip-chip ..

- Top Tier
(10um thickness)

- Bottom Tier
(Handle wafe
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SUSCEPTIBILITY ISSUES

)
‘2:INSR

o

DECREASED NOISE MARGIN IN ICS

500 mV
Supply (V) | margin
/

5.0

100 mv
margin

|
_ 1O supply I
Core supply 1

0.5p 0.35¢ 0.18u 130n  90n  65n  45n 32 . 17n

Technolo
v Adapted from ITRS roadmap for semiconductors, 2011
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IC VULNERABILITY

THE 7 STAGES TO DESTRUCTION

Destruction
Critical

] thermal effect

Avalanche

Early effect
Saturation

45 nm CMOS, L=60nm, W=66ym, Gain compression
VDD=1.2V, TOXE=2nm, VT0=0.24 V
Adapted from « Approche topologique de la

», P. Hoffmann, CEA Gramat,
AREMIF 2012

' Nominal linear behavior |
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Ill. MEASUREMENT OF IC
EMISSION & SUSCEPTIBILITY
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SMALL MAGNETIC PROBE (IEC 61967-3, -6)

Y axis
32 MHz scan

3125 s o0 A M S @ 3 UG AR

Emission

Frequency

32 MHz
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ZOOM ON DPI

SUSCEPTIBILITY CHARACTERIZATION
Much more complex and time consuming than
emission : example of one DPI
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MEASUREMENT OF EMISSION

STANDARD EMISSION MEASUREMENT METHODS

IEC 61967-4
(1150 W. 1 GHa)

IEC 61 967
IEC 61967-2 IEC 61967-3/6
(TEM : 1 GHz} (Near-field Scan, 5 GHz)
IEC 61967-8 IEC 61967-7
(Mini-stripline) (Mode Strirred Chamber :
18 GHz2)

Ext : IEC 61967-2
(GTEM 18 GHz)
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MEASUREMENT OF SUSCEPTIBILITY

IEC STANDARDS FOR SUSCEPTIBILITY

1'$ %&
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ZOOM ON NEAR-FIELD IMMUNITY

SUSCEPTIBILITY CHARACTERIZATION

(& immunity
%", -,&!$
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EMC-AWARE DESIGN CYCLE

EMC VALIDATED BEFORE FABRICATION

IV. MODELS FOR EMC SIMULATION
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IBIS STANDARD

IBIS LINK TO EMC

IBIS — ELECTRICAL IC BEHAVIOUR FOR SIGNAL INTEGRITY

IBIS — LINK TO EMC

I
Features  1/O model  Differential Macro- Non-ideal e
with simple  los, high  models,  Supply ,
RLC, IV speed pre- statistical 2
emphasis  approaches
for SerDes

Macro- :
language -

Parameters !
C_comp
100 Lpack |
140 z( )1o
100 = Keywords
o = Sub-params.
& Selections « I/V curves [-VDD..+2VDD] range
o \ Rpack « Key parameters for Z(f) of each 10
« Package R,L,C
ol B i Frea + Coomp
N IBIS 5.0, Aug. 29, 2008, on line at
wvoow v owow http:/www.eda.org/ibis/ver5.0/ver5_0.pdf ) ) _
100 MHz 1GHz * Starting IBIS v5: non ideal supply,
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arams

IEC STANDARD MODEL APPROACH

IEC 62 433 — EMISSION (ICEM) AND IMMUNITY (ICIM) MODELS

Conducted mode models in industrial use

EMC SIMULATION FLOW AT IC LEVEL

The DUT is isolated on a 5|mple EMC board to minimize modellng effort

1. ICEM-CE - Conducted RF
emission

2. ICEM-RE - Radiated RF
emission

L

e Dy

";E:‘.'Etr“‘?‘@'“—%

4. ICIM-CI - Conducted RF
immunity

A5 —-—-E.__, |

Core — /0
’ Model
www.iec.ch

EMC Model for
the circuit

il,/

Electrical
Simulation
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INFINEON TRICORE™ - TEM CELL MODEL
Capacitance coupling to the TEM cell

INFINEON TRICORE™ - TEM CELL EMISSION
Infineon TriCore™ measurement/simulation comparisons

Radiated noise in GTEM
cell (dBpv)

Analog Time-Domain ~ Correct envelop

) Simulation Reasonable match
6.6ns (150MH2))
1

Simulation 15 dB above
A

measurement starting 700
A

MHz

Manual fit leads to 5 dB max

il

Core current model difierence
IEC 62433-4 — “ICIM CONDUCED IMMUNITY" S12X CASE STUDY — DPI ON AN INPUT
Based on ICEM, add non-linearities
ICIM — immunity model
= Package
disurbance Couplingpath_————
Monitoringof the
\ failure.
Exteral
b « 16 bit micro-controller
detection « Direct power injection
« Input buffer aggression
* Sinusoidal mode
PON = Passive Distribution Network ( PDN « Simulation criterion:
| Logical change of input
’ Package buffer
Close to ICEM ‘
Close to ICEM- Add Diodes
CE (camp, back-to- New! From A. Boyer'’s
back, ESD, PhD, INSA,
EOS) 2007
Integrated
Circuit
(ICEM, ICIM)
o= Sub-component VI. DESIGN GUIDELINES FOR IMPROVED EMC
A -

Other sub-component




GUIDELINE 1 : REDUCE THE INDUCTANCE

Why: because inductance is a major
source of resonance

Where is the inductance: in each
conductor, worst is far from ground

L=1 nH/mm

GUIDELINE 2 : PLACE VDD/VSS CLOSE TO STRONG DI/DT

Tools required to forecast strong di/dt effects

GUIDELINE 3 : PLACE VDD-VSS CLOSE

« toreduce current loops that provoke magnetic field
« toincrease decoupling capacitance that reduces fluctuations

Added Canceled
contributions contributions

GUIDELINE 4 : USE ONE VDD/VSS FOR 10 I/0S

OO0

OO0

OO00O
H_/

Fail
Correct

GUIDELINE 4 : USE ONE VDD/VSS FOR 10 I/0S
FPGA CASE STUDY

Same power, same |O characteristics. The pin
assignement and power supply strategy differ;

© Dr. Howard Johnson, "BGA Crosstalk”, www.sigcon.com

GUIDELINE 4 : USE ONE VDD/VSS FOR 10 I/0S
FPGA CASE STUDY

Good design: moderate
noise during IO

switching

Poor design: x 5 mode

switching noise

—

© Dr. Howard Johnson, "BGA Crosstalk", www.sigcon.com




GUIDELINE 5 : BALANCE VDD/VSS PINS

>
-

Fail
Fail Correct

GUIDELINE 5 : PLACE ON-CHIP DECOUPLING CLOSE TO
STRONG DI/DT

« 1nF added close to the core
* More than 15 dB noise reduction

B.Vrignon CESAME test-chip IEEE Trans EMC 2006

GUIDELINE 5 : PLACE ON-CHIP DECOUPLING CLOSE TO
STRONG DI/DT

Filler-cap at the output buffer area

High speed
port

Highest
core activity

Noisy
charge
pump

XOO

Low noise,
no decap

| :
|
High speed Filler-cap

port

GUIDELINE 6 : ADD JITTER ON THE CLOCK

GUIDELINE 7 : ADD RC FILTERING AT WEAK POINTS

RC filtering works both Susceptibility level
for emission and
immunity

RC Code _—

Ali ALAELDINE , PhD Eseo -

France

Frequency (MHz)

GUIDELINE 8 : CLAMP ELECTRICAL OVERSTRESS

LOW ENERGY EMI

1000 V/m, 1 cm antenna
10 VRFI

Diodes turned on
Parasitic currents

Signal faults

Thermal effects

Minor instability

+/- 10 V RFI

+5V

-5V

F——

7




GUIDELINE 9 : NEVER TRUST YOUR R,L,C

Capa 47 pF

« Higher complexity and frequencies, technology scale
down make EMC more and more challenging

« EMC starts to be investigated in the design flow

¢ Mature standard measurement methods dedicated to ICs

¢ New standards for EMC modeling at IC level

¢ Good prediction of emission and susceptibility up to 2 GHz

* Research need to extend these methods to 18 GHz

Books
Workshops
www.springeronline.com
Tools WWW.emccompo.org

EMC Compo in Dec. 2013
Nara Japan

www.ic-emc.org

Standards www.iec.ch

IEC 61967, 2001,
Integrated Circuits
emissions

IEC 62132, 2003,
integrated circuits
immunity

IEC 62433, 2006,
Integrated Circuit Model
IEC 62215, 2009
Transcient immunity

Trainings

Sept 23-27, 2013

Merci beaucoup a

Prof. Dr. Dirk JANSEN
Hochschule Offenburg

The MPC Family




