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» Measurement and modelling of IC susceptibility

* EMC-aware IC design and guidelines

» Measurement and modelling of IC emission

« EMC-driven IC/PCB co-design

« EMC issues in System-on-Chip

* Tools to handle EMC at IC-level

* EMC issues in System-in-Package (SiP)

« Computational Electromagnetics for IC-level EMC

« EMC issues in smart power ICs

* Harsh environment effects on IC-level EMC

« EMC of ICs in wireless communications



* Long-term electromagnetic robustness of ICs

* EMC of ICs for biomedical applications

» Extending EMC standards and regulations up to 6 GHz

 Materials for improved EMC of ICs

» Modern EMC education on IC-level EMC

« Signal Integrity and Power Integrity on PCB-level

3] IC EMC e E 4% 5p F 8 IC 3 % 3L EMC 1% & S

M ,Fa 1y

‘Iﬂ\"\

EH A% EE A IC A2k ~ EMC-aware 242 % k24 EMC ¢F
o 4F3 3D-IC~ Baw ~ SR AR EGEES R FEEL2Z EMC
BELZEM s A RGPS R ETRGESL ~3D-IC &% 2D & 3D
R EELE TP LR RARAERLE A E 2 R PAFEERF T B
(interconnect) sz BL % ZE M R 2L ~ TRAAP A AL~ AR & TR BT B
FHRV TR R B A R R A2 3D-1C T E B R RE R 1F AR oAk
MR SREEFAT R FER . FREENGFIC 3 KK B E
EMC % :+(“EMC-Aware Design from IC to System Level”) » *% 43K 2+ ek
FIRI T L Rl N g
T BAHSBIREEL DR IT-EAE > UE- BT fRE
Fudn R B Ag S
(- ) Kenote TalK

%% P : “Electromagnetic Interference Reduction in highly

Y
I

3
SN

complex heterogeneous SoC”

B ;iﬁ :Marcello Coppola and Davide Pandini, ST Microelectronics

B E IC R e Rang K72 4> TR OER
FEIARTAZE GHz > W47 - ETEAPT I8 o> @ &
4 7 EMC & 48 > F]pt EMC/IEMI % = % {4+t SoC L 5 % 35
W F LR MR AL Bt > S S D EMIR AL > 9



FHE A ARFRA S F AN F B RS A E
f;&'riéi”ﬁ Bt E kA RPEELE T EFERER T

SEEERE G RE P KR R EMCEMI R AEiE (7% »

>‘I

A

WOfR TG RRGERE V EAFR Y R Z R AR L
WH - AL A SRt 3P EMC R R H®g e T i
FRe A H77 3k B g EMC ehis 5 0 #kigd @ T (top-down)
IC %2 42 » H » EMC-aware %3+ /2 > k2 EMI a9 »
PEMOIC KR FE R R AL o URAP TN BE &
M 4F TR e ® 1-8 9 #7or > B 1:Embedded system Jig ¥ 3 o it

PEA ST ARRER PR AFE P H o GE R 5 PR

g L

7‘3}&

o
B
\

>

H

oy
C

=y

R
m

G 2 3DIC Hjpirie— H F B oo B 20A K IC 5 S

‘

7

Aﬁ?’?%%%ﬁ"“ d 2D T & IC ,f\_AHBB ’;Lf_igé\.ﬁﬂ 3DIC ,f‘?‘J—EIHB J;L%"r

Al

bl
\

T B > @ 4 3DIC Die £ Die §d TSV iT&E & > & ¥ 0
FapAR Rk ARD 2 17 0 1@ ¥ TSV-based 3D IC 57 EMC K 38 & §=i%
<Ptk o B 3B IC RPN E D2 A kA Tl (s
1i8i7 EMC thipl3# 2 %@ > FHFRFHE A €2 EHRFHE T
EMC % » £ EMC RN A IC P » £ €374 k3
IC»> P F¥ it FIEF4iZm B REFE I e IC £37K*2 |
@i Bt A A A EMC PliE2 %F > g & pE R 2
AP RGA R ARG A ZRFOBER G o B LA kFT
1 |C &4 IC K34z ? 4 » IC-EMC &% & %2 4 ~ IC-
EMC aware 2k 3+ 2 % > % 8 Ak R m 2 i i IC-EMC %%

#11C 7 1 BRI i

Vq,
o
i
H
e
[
A
1
F}-
n

K fe i@ IC-
EMC#%:# 0 IC» Wi = v it & EMC 2R 2 - B 5%

3

2 EMI fEg i A2 B0 OB R T P A (CPM; chip



module) ~ #F % i %2 (package module) ~ T BLF B 17 L A EE & o

EFEFFRHRSLSFFTEE SRR > IS iRssye §
BlEEEEHERE o Bl 6.8 %-(1)Embedded system 3 & 2 4 <

%3 (2IC # E g » 3D 3adpen ;8 54 B (3)TSV-based & fieh
EMI $¢ % (4) 4 » IC-EMC 1 IC 2% 3+ 42(5)EMC-aware % 3+ %
5 IC EMI + 3£ (6) EMC-aware programming > 12 i #8 e 3% 4
EMC &7 K -

EJ' 1 %?E%Ef@%ﬂa%ﬁ%%%@ IEJI 2 TSV based SOC ﬁﬁﬁﬁﬁ,‘] EMI ﬁﬁﬁjﬁ

8

EMC a‘the End of the Design Cycle o7 | Our Vigion: EMC aware Design

3. {84 IC ZEa AR 4 EMC-aware IC 245 15/ifE

ER éﬁ% EMI *ﬁﬁmu& o 6. Lt




%z p : Signal Integrity and EMC in 3D Integrated Circuits

a é&ﬁf‘f: Erping Li, A*STAR Institute of High Performance Computing,
Singapore
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1. Construction and Evaluation of the Susceptibility Model of an Integrated
Phase-Locked Loop

f’r—‘ﬁ: A. Boyer, B. Li, S. Ben Dhia, C. Lemoine(LAAS-CNRS, INSA de
Toulouse), B. Vrignon(Freescale Semiconductor)
#E ICEMS #3]1¢ %= IC Bd bl v BRlh ¥ LTl
R MPFEEFLEITR 2L - BLER R TR Hm T L 44
Fa(PLL) & & $F3d b 3 62 1GHz chdf < 03] e o) aad #ﬁ{%*:‘
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2. Assessment of the Radiated Immunity of Integrated Circuits in the 3 - 40
GHz Range

f’r—‘ﬁ‘: Richard Perdriau, Mohamed Ramdani(ESEQO), Olivier Maurice, Soizic
Dubois(GERAC), Etienne Sicard (INSA de Toulouse)

10



TR % B IR T R L~ A3-40GHzE B i # iz IC,
5 ﬁﬁx(i‘%‘ Pe b Pk B, 2 B B ) enB A b, T 2 A P:« < z;%zéﬁx
ik F R b, 2P BB E A (EMS)At R 33 Bk, @ S w153 Bt
oA JVIRARE L~ B F 2 4 ﬁi"’r;]

3. Vertical Noise Coupling on Wideband Low Noise Amplifier from On-
chip Switching-Mode DC-DC Converter in 3D-IC
3 —'F‘?: Kyoungchoul Kool, Sangrok Lee and Joungho Kim(Terahertz

Interconnection and Package Laboratory Department of Electrical
Engineering, KAIST)

3D-ICR & 28 s o2 enig s H §_ é;ﬁ d 7318 & 7
BIEICE RF/5E v ICs 2 ATerfein 48 & BT, & 7
RIFREZ gL RN s o Bhm 4 a3D-ICei ™,
B Fe 4l & A FOAE MR < E £ 200MHz on-chip*r # fi£;¢ DC-DC
fe B2 AR B R PFR P ‘L%,,{t\}a Fa B LNAF & 2_ B pé‘?"}){ IR
BT i T nkLd e L&"TRFi&’]{%,ﬁmj;& iT::% 3/80mV % 500mV
eI, A B E R ARE BT R B 484 52, % & LNAE %iﬁi%] *,*e‘ i,
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4. Novel Modeling Strategy for a BCI set-up applied in an Automotive
Application

i : Andre DURIER (CONTINENTAL AUTOMOTIVE FRANCE SAS),
Hugo PUES (MELEXIS Technologies NV)

BRI ET S ERF R A TN~ Z(BCHRRIE 2 RER A D
X, m g+ mﬁlle AT B R FL N 2 (DPI)—i WEEF e
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5. Measurements and Co-Simulation of On-Chip and On-Board AC Power
Noise in Digital Integrated Circuits

T _?5 : Kumpei Yoshikawal,Yuta Sasakil, Kouji Ichikawa2, Yoshiyuki

Saito3 and Makoto Nagatal

IC «h Fie L5 f B -3 R-T A I £ T R B s e
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Pz TR R Ol S Ok A it - 65nm CMOS & 7 4 » - F 4 g—_g on-
chip it 274 PLif ¥ B 5 40 & p M= TR 5 I hT 7R k2

11



TRREA g A RLEPE LS PN DR G BHF
rir =+ RTINS AR R,V EERRT AR - B
REZ T F L THG A R AC LIRS LS h B3R
BiF B & & PDN fefafid) -

(1) Tools to handle EMC at IC level Statistical Analysis of EMI Noise
Measurement for Flash Memory
f’f—‘g: Han-Nien Lin, Chung-Wei Kuo, Jia-Li Chang (£ ¥ <~ §)
Chiu-Kuo Chen (AR & &4 5% &)
#% 48 % B&(Integrated Circuit, IC) R Az g eid » p w2 F @
AR R AR S AR KARF o Bt o IC P FRendE A2 L SRS 0 IR

ARE A M EART T4 (T IC A2 SR

-

SRR L S
A0 e i e 0 E P MM BT E 7 (Integrated Circuits
Electromagnetic Compatibility, IC-EMC)z_ p 1> & B2 & 4743 10 T B2
TEFHEH (e EZ2 PCBERAENEIIEFIBRIELE o T4
%~ % i IEC61967-2[1] # + % &t T (TEM cell) £ ]2 ~ IEC61967-3[2]
20 Fde 2 2 AN BESFER 0 Rt a7 - e fi(Flash) » 353 &
Aledn s FiT s TBREF ST A7 E 2 DT LG o Flash ends (72
& 5 = B m o 4 W G R F (Erase) ~ 3 P~ (Read Data) ~ B » (Page
Program) » #% 4% e 3| 5Leh Flash 1% 7 b ch Bgy » ~ 4 (007 5 2
Pk FERKRANBNT EARRT O RF EMEE o AEH
AE T PP elg i AM-Bit o A B IFTRE 27V ~ 36V o T h
F_2¢ i g i) < TEM Cell Setup Bl
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TEM cell (IEC61967-2)

Pre-Amplifier
9K ~ 1GHz

) (@
Input  Output

e 4
% NE TWORKRSPECTRUM
\* ANALYZER
R&S ZVL

9KHz ~ 6GHz

Input

TEM cell

50 ohm terminates
Load

2745 EMIF 3R, Py 2 70308, T 6 RIS nE
i

TRC

Platform Noise Scanmer

12
SRS S ESN LSS

L

Wo ML RIR- 2 e A A 2 ARG KE BEFRI G LicT B
AT
Noise Analysis of Flash Memory
ol B o (2.7%) D1-D4
W A ——————————— ChipFrme

it 30 MHz - [GHe
aios IR Hy RN T 3 i
OO N 30 UM SM 6 TH SM W
FreqMHz)
L I T T T
dBafTOTAL | Bl -*hen 3% a4 man

Boo Bl o PP R LS B PR R - A2 Ml
43 20MHzZ 11 1 2 pER% 0 gt F

-~

Wt 2 B 1% 4o B9
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¢ Flash Memory
— 8M-Bit CMOS SERIAL FLASH
— Operating voltage: 2.7V~ 3.6V

(HPT: Tester
CHPT Analyzer: R&STFSV

| Speed T8 Tou Sohtion Provder

\ 4
BB G BM-bit 20 P e R Al B 7R ~ B EEE A B3R (F3 12MHz ~ 50

MHz 2 85MHz z_jeit & Bl % B+ & 2 5t 2P g IR 8Mbit #1

A 2 FA AN AMDILY - 26 o A F IR AR T IR AR

% o se24x 4 read 00, rd 0(-11.13), 85Mhz (max freq.)... , 4= Bl #7 7% .

nm

8

2.7V_HMbit_RDO
1230z | 3ndilz | SEXIE

E b kB o= o4 o o= o= EOHOE
EEBEREBEEEEEERGS R

. diy SORRERY | ASIN AR | -TT T
8M bit > 4M bit A

T
85MHz > 50MHz > IZMHz | o an, [0 rw

Noise Analysis

Bl. A B A RBEL TH = 2 4
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1. Tools and methodologies for emission prediction during the IC design
flow

i 3+ :Bertrand Vrignon

B EMI modeling s p 1% #5 %

1.p e
(1).48 41— & 2infe ke g2 & 4 7 00 (F % #41CHEMI( emission)
i * gmacro-model o
(2.4 B * A IIFFEHHT ~Faw B M HS AR
)%] % 2_EMI(emission) » I 5F & B & B 3 TR R B iTH B
(3).Macro-model# 2 * Fmodelsg+* % #c = ICs(10s, #i=4% %2 T
Jr;digital core and supply)
2.5 4% EMI model & &
(1) & B EE A 4 - 2ICK 3 2 PCBR 19 £~
(2) r2 Layout% netlist i EMI model
() B Hr k2 MAf fe R
(4)7% % & & 2 PCB SI/PlHic# & fic k8
O)Fal? 7 & § 1P R4 H
OE=ERE P 2T
B [C-EMC+smacro #-2]:ICEM
ICEM# &7 118 T IC-EMIp 3858 2 10sie 3 48 & iy
(1) ICEMBA| eh %™ G TS A R o
(2) ICEME® M B E 2 2 258 B A, 2 2 7 vk sk
B e EMCH R ©

B ICEM % 7
(1) PCB ks jg* 0 EMI 53] 7 2 A % IC~ 452 TR &

SV
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Core

Package

PCB

(2) #A e e R ETIR(A)E & Y~ 4552 PCB e

& BT AR E & 5 5. (PDN) (40 & B #77) o

PDM Example
l'_"""""l
|

EThlo-I:lfM\Té
| Rvdd Lvdd !
|

|

o T

| RVss_ LVss _GVdd|

I
]
ETH]  ET[o) |
| PDN & IA ICEM Components |

(3) ICEM Spice #23*d RLC ~ it &8 & S-8cpp ko o
(4) ICEMC % IC A& i) 4 7 :
(@) i HA1F 2 d B ICEM #73] ~ £+t ICEM #23] 2 & #
3 B R 2_ 48 & (inter-block coupling)

- At IC level

ln‘lyml Port

0 | elock j Block
=

External Ports *_|

s (1
ET\mg—\ |
enee [
enee [}

General overview
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(b) Spice #-A):H#- Bufo R B - B B = Spice Ao Bl AT

Ta IR
ot
ey
cown [ | comn []
T L
—— [ro—
=} b=
resme L T M Lo T —
- P E . [ J—
reaCoren — | T ] s BE r — -
rcres . aaa s
e . S Cevemss . 3 e
e s
o
- = it
= IDua
ack
roR

(5).PCB % % :PCB % s ICEM #4]% 7 7 4 5 & * #3412 Block
based #-%] & f& % 7 & ;%

() i * #-73:

| PDN E
e e [ f Sp— o — — — — —
‘ PDN of PCB (out of the scope) |

(b)Block based -3 :

| ICEM-CE Block A IGEM-CE Block B |GEM-CE Block i

| i :' """""""" I | I i
Ce  TE
1 1 ]

| : -:ﬁllujd?ghFJ'KGl . IBC I [inl:IE:iI-jgr;JKGj : I {inl:IE:iInjgr:!HGJ ; :

i e et e +HH"

| PDN of PCB (may be out of the scope|

B [CEMC f3)2& ¥ e 2 -8 32
(1) PDN #-%
(2)PDN £ ip]2. SETUP 4=~ & B](a)* 7 o
(b)% % 2 #L deembedded @ﬁg?],.%'ﬂ,u TRBREY TG #5FRIC
T g heT G Bl(@)TT e

(C)£ i8] PDN % 3% # 4c DC /R el iR ™ i+ 8 i8] o

17



(d) i B i1 & P02 S Sdiche™ & FI(C)“FT -

VectorNetwork
Analyzer

WDDX1 VSSA
Il VESK1 I

V5B = IC vV .

VDOxz

Ve ™ =
parth
“vooA || fusspe
VODRT yoopLL
®1(2)
measurement | | measurement
plane (SOLT | piane (SOLT
calibration} callbration)
our| | our
plane| | piane
b, I by by I b,
d— —
ay I a’y I a'p I 8
to network | ! ] "" | | o stwork
andyzer | I analyzer
port 1 | T 1 port 2
ouT transition
line
.
vDD1 VDD2
— S |—
Measurement ]
output file arots
5 RLC modeling of VDD1-
to-VDD2 path
VDD VDD2
W2 Requi2 Loguif2 Raquif?]
_-Eequi
Tround

&®l(c)
(2) N #85E #s ge3n T o (Internal activity; |A) -3
(@)* 1EC 61967-4 (1 54# /150 gc* ) pli2 £ i) ¢ 283 i (o™ @95

)
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L (IA) 7 2 40T 5 KBl(a) 2 B
dea TR Uext(f)z2 70 lext(f), 4%

03B PDN #.3] % 4 2 10hm/1500hm 23,25 16 ™ #c 5 iF
B3 2 lint(f), 2 ¢ % lint(f) (v £ FFT @3, %% 8 3] lint(0) pr

A DI

|t ()
@ PDN 1Q/150Q l
, Up,f Ugulf
Iln[{f) |nt( :,V model deel E'ﬂ( :, SOQ
Bl (a)
| Measurement of U,(f) |
¥
Calculation of I;,(f)
v |
|:{ . { f}i| = [J4 HC!}NJ’J_’L' ]* [4 lH'C.'B.I_fl: 1504 ]*|: U = {_fj i|
I, (f) —1I_,(f)
¥

[ inverse FFT of 1,1 |

BI())
B [CEM #:3|—8 Rl § 6
T H A - B Rples 2T T i 1GHz PDN H53) 5 B e o, T
% B®(a) ~ (b):% & BlsH SETUP,BI(c)A_ PDN S %-#c & P& fickt vt
2% (EFL k] CEMBLTEF KT, Re)Ez o
ICEM #-3](% & 5 (IA+PDN) - 4% PDN ~ 10hm/1500hm #-7], B

(€)E_ICEMI 2 £ % gt % o
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voD1___k:
vss1— 1 2
e ¥
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- Example:

Conducted emission |

| Package
V_meas maasurement setup |
R_49 G 22011 L_pack VDD1
<g ohm 2z0n| &3n
| —H
C_par.KJ—

62n

L VDD1

A_VDD1

voltage magnitude [dBpY)

[55]
o
1

R

-]
o
L

&

1]
5]
1

&

na
]

L VSS1  B.WSSt
22n 0.75 ohm

&l (e)

—e—Measurement
— Simulation

B ICEM 3l ke 2 2 i

21
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(1)PDN #£4):*» &) & PCB, 3% % IC die
(@Q)PCB #i£3): 4™ & Bl #77T
0] rﬁ%l »~ layout ¥] EM solver #i# B TH##: (Modeling
tool by Cadence/Mentor/Zuken/Sigrity/Agilent etc.)
(i) 4~ YpEe ot
(iii) ¥ PCB = PDN fickt

1. Import layout in simulator

2 simulation

T

BEe B E Bl [T — e e o T2
2. Add discrete components § :

(b)# #E#A] 4  aicA * 3D EM slover 2 i7#4%5, 2 4 S So¥c, £
{7 4B P Lumped 7 3 T BB A0 T B ATT e

- Simulation with 3D solver to simulate S-parameters
(Ansoft/ CST/Apache/Sigrity/...)

8333
[

e
Num=1
Z=50

e
:

-
8 E(.

e T

AP Ly POz ]
&
L]

PIN R L
13 277.6 mQ 6.22 nH 7195 E
15 202.2 mQ 5.64 nH 2433 fF
17 3339 mQ 3.50nH 1087 ¥
= R R w o fE] 3339 me 3.500H 1087 1F
18 49.2 m@ 3.09 nH 428 8 [F
18 bis 49.2 mQ 3.09 nH 428 8 IF
19 58.0 m 3.32nH 604.8 fF
19 bis S5.0me 33200 6048 F
21 49.2 mQ 3.09 nH 428 8 [F
21 bis 49.2 mQ 3.09 nH 4288 fF
22 58.0 m 3.32nH 604.8 [F
22 bis 58.0 m 3.32nH 604.8 [F

(c) IC die #i=3):
(i) PDN
- o PDN, IAf231 48 & % i ( substrate %2 inter-domain) v & =

- Modeling 2 £ : Cadence/Sigrity/Apache/Agilent
- AsE 5 Spice 3¢

22
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(i) 1A: Internal activity modeling -3

S (o

free-scale p 3% 4 48 (EMMA; (EMmission Modeling

Activity)):& 7 #i-%%, @ * Piecewise linear switching current 12

0OSC:

Peak current: 3 mA
Rise/Fall Time: 1.2 ns
Period: 1 us
Frequency: 1 MHz

BRI E g aE 2 A e 2

v

R AT R T 2 T e T B

Sea of gates:

» Technology: CMOS 0.25um.

» Peak Gate current = 0.4ma/gate
» Measured the Inverter:

8umx5um= 40 um?

» Estimated the total area to be 2000000 um?2
» Estimate total number of gates = 2000000 um?
/40 um2 =
» Estimate a peak current = (50000 gates)*(0.4
mA/gate)*10% =~ 2000 mA peak current.

~50000 gates

» Estimated rise time=1.2ns
» Frequency: 40MHz => Period = 25ns

N %

WS R AT B & AT G T g BRGNS B0 Pk RS

enFEE - F 4 48 & PDN (substract,mutual) % 2~ %1% ~ & # 7 netlist

R T

7 &R &

N E S

2R E RS B o BN A chik B L

Advantages

Drawbacks

By measurements

« Fast calculation

* No need to have specific
knowledge of the IC

» Good accuracy up to 1GHz
» Measurements can include
directly the parasitic coupling
(substrate, mutual)

» Need silicon and board

» Method not suitable for a
large number of power
supplies

« Can request many
measurements if the IC
includes many power supplies

By simulations

+ All IC power supply pins can
be included

= Any I/O pins or IP blocks can
be added

» Good accuracy up to 1GHz

» Can be used to improve the
design and board before the
1st silicon

« Difficulty to have all design

information

- Difficulty to extract parasitic
coupling (substrate, mutual)

+ Large SPICE netlist

» Long simulation time
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B p#&a4 ICEMHF

Free-scale p %3 2% - 27 up # &2 ICEM 3| i f2 % 425,

Yo & Fl(a) T F

(D) p 3830 * ;&2 &2 %, Floor Plan (ICEM V1—= B.eh > % Pin-
out £ i it , Power supply ¥v%), %2+ (A 4 ICEM V2 ¥-3))—2_%
% = B |A, Layout(A 2 ICEM V3)—=z_ & PDN % IBC(inter-
block-coupling)

(2 b0 fg e i (A2 ICEM VA—2 1'% 2 Rl% 3

ICEM emission model (Automated and progressive)

r Product deflnltlon .................................................. Package deflnltlon
w
E l Locate blocks
% El I —— [CEM v1 --eemeeeees Optimise pin-out
D cor plan v Power supply strategy (PDN)
© < l Internal decoupling (1A)
K=l
‘_é Design +—> ICEM v2 -------oreemee- Refine blocks (1A)
2 l
. N~ Layout +—> ICEM v3 ------oeeeeeen Refine PDN and IBC
Est l
=L . . . .
o @ Characterisation +«——— ICEM v4 --------reomen Validation (measurements)
(&)
&l (a)

B ICEM p ##3] & 4 42

THELICEM f#HA A A chinge, § B3 F i 5] Block
PCELL,Virtuoso, Floorplan (Layout view){s & = 3 3R (¥ H-73] 2,
4w & 4 block model(r Spice & B #: 3% 4 57), 3 % model(r2 Spice
@ B 38 4 1), substrate model (2 Spice & BN & 7 ), F (TR
L ks & B EM #0A] (04 Spice & RS RN E T ), 2R 18 e » 4
%% PCB #7318 & | T B HH B (TH5, & 8 BPF 8 inlg & g 8
A A 4 EMC s % o
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v Design

—_— Block PCELL
Information

\4

. Virtuoso
Some of the data is only ¥
s, Floorplan (Layout view)

Ready late in the design flow = = _ _
Those need to be estimate P ol T

QRC RCX QRC AoT

! !

Block Model Interconnection Model Substrate Model
(Schematic View) (Schematic View) (Schematic view)

y

\

Final Chip Model (Schematic view, Symbol view)

Package Model *
PCE Model sessnsnnnnnnnnnnnnnp Simulator (Spec"e”‘“ca _")

v
- EMCResus

B ICEM Ho3—Hht = i o
A 2 ailmdh FPLP 4o (i@ % Virtuoso custom design platform)

(1) A 4% 2 B34 F5, 2B 2 ICEM pcell layout view ‘& =),4r

T B FToT o

S AT SR
O e " ]
ity G Bl Awsira OAC WCEM TEOL FAHESAD

i

) par (pplus+ctiue}

Block Pin (m1+vias+md)

schematic viewof
block_icempcell
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| W33 V240 (F) Sukeck: Disi: Lo

Gemprate (hp (CEW Model

. 1% i i |l :
Ch!p pad =) y _if' 2t 2. SISl Mode:
i ¢ ] 4

(3) 2 # substrate #-7]:
(4) ¥ Layout ¥ B~1# pF ¥ 1 i2 {7 Substrate 2 nWell % 3 #-7) eh iz B, 4r

- Eg]t‘l—i-—;‘r, o

(5)# 24 & 5 ICEM model (i# * Virtuoso custom design platform), 4=~ B
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) Wit S LEN_F Lomrpdan ] rans Hirtis Lz |- F |
Cmid: Sel: 0 ® 25000 yr -0.0625 Bl Sal: 1 = 150 ¥ BI7 2
Tools Dosign Windew Fdil iadd Chock  Options Mot [Poign Wndow EAL Al Check Sheet Optivns Migrate ICEM_TOOL DesCaler FAME 344 bl

Schematic of the Chip Model

= : i »

(6) Step 5: Run Simulation, & % 4™ B #77 o

et usnl i

S =

] A Flseplin
et Sei 0 W -2 gz 29128 W

help [

Toots Desgn Wndaw Fiit And (heck Sheel Ophons Ligrade (CFM TO01 FrAME 340 DNesihifer
e
e
&2
iy

vddADC in time
domain

e
it vddADC in
frequency domain

b
‘d
\

| 608 5|5 L

Example of test bench
B 8-bit MCU ICEM 7|2 % 6] F — s
(1)t
- Technology — 0.25

- Content
— Digital blocks
— Memory blocks
— Regulator, analog and mixed-signal blocks

- Power-ground domains
— Power pads - 2
— Ground pads - 3
— Power/ground domains — 2

- Single clock domain
— Clock frequency = 25MHz

(b)) s 4
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4
Pin Pin
21 22

VDD VSS

o [ Package Model

44

o [ RLC PG Routes

Package 45
Model for Package Major Blocks
Pin 21 and 22 _\NV_I Model fgor D /
(Double Bonded)

Pin 44 and 45
—\AN (Double Bonded) l IBC Model
RLC of
Power/Ground
On-Chip Routes

Regulator
Model

Flash Ram Sea of Gates ICG OSC Pin
Model Model ( Model ] Model Model Package
T Vol
i Double Bonded)
VVV VVV VYV
(c) ICEM #% > e |ICEMC #2234 53 B 7 5 Bl4e™ Bl 91T o

Package From
| OSC

Package To
=B -1 ABDC
Pin 44 and 45

Flashbtj’jj}j ;- ﬁ |

Package ; Substrate 4‘“ Reg
ToReg [ ' IBC S
Pin 21 and 22

i : Model
| ﬂ _____

(d) 3 7z PCB ¥ chficd ‘*ﬂfﬁ_g{r—r Bl o
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e

External GND 100nF decoupling capacitors

External 5V supply

47pF PTBloads __ [

50 ohm
— SMA
“Chip ground flag”
i~ 1ohm
VDD
Test
Point
120 El'is I;g__‘% i )
104 T5n1 g —1 3p 50‘5
VSSA (pin 45) o
Ll 1 VDDA {pin 44) SMA
0.6n 0Eng | 08nE O.SnF
1000 1000k 10onl 100 g VO2 w21
i VS8 ipin22)
02 02 02 o,zq]
VS8 (pin 59)
Decoupling

PCB = Vss
! —l_l 8. ge— | Test
L=ap s0] Point

‘I SMA

-

(e) IBC 48 & #5-3], et & 2 03] 40T Bl 91T o

L]

rvall o well-substrate .
resistive junction resistive
subsatrate capacitance wal|
psubsirate

&

Modeling | ‘ L‘J. ’ l[

;x—JI— I} r’vvvé-’fvr alm T‘:v;—i—'mx.-\.-&

IBEC Medel Calculations

Nwal Invertar Total Total
Nwel Junction Total Cap | Number of Cap
Blogck _lArea (um"2) Cap iFium"2]) i3 Gates iE
al 12 0.8 72 47917 345000
Nwell Total Nwell Total Series Substrate
Area Area Juncion Cap Resistance | Number of | Resistance | Resistance
Block ircuit fum*2 Nwell (um*2}| Cap fF/um*2)| fF cuwma‘gate: Gates { hE} {ohms})
memonyl | 1575600 157560 1] 94536 10000 666500 | 152 100
memory2 | 389600 184300 1] 110880 10000 700,00 30 300
block1 182000 72800 0, 43680 10000 379167 B4 400
block2 160000 8000 0.6 4B00 10000 333.33 30.00 400 |10
block3 44000 17600 06 10560 10000 916.67 10.91 400 |+0% of Gircuit is Nwell

() #=2l s
Al eni & 4o BT Bl(a) 2 & IBC ikt % BI(b)F IBC ekt
%

i
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No IBC Model

» Power: Peak current signal at 2300mA.
Spike every 25ns.

» Gnd: Peak current signal at ~-950mA..
Spike every 25ns.

Bl(a) & IBC Hi] ekt & &

TN LT BT P

IBC Model Included

» Power: Peak current signal at 270mA.
Spike every 25ns.

» Gnd: Peak current signal at ~-95mA.
Spike every 25ns.

ORREE S e e

(9)IBC: substrate 48 & #-3], %] 5 3+ & 244 47 f2, 97 0 F & & 1% layout s

o ks 4 e 7 R kR, Ao T B9 (A), B 15 BBk eh IBC R0 4o

Layout simplification

&1(a)

30



®(b) IBC #-3|
(h) ICEMC Hife. 2 %, IA T s % 4o & B(Q)#77+ PDN Hms %
4o Bl(b)#roF o

Current waveform at Pin 21 and 22 with different IBC model. NoSUB means
without IBC model, SNA means with IBC model extracted by QRC

Fl(a) IA £ i ok it
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dB(vssad_ves1.2(1,1))

dB{vdd_vss2_b..Z(1,1])
dB(Z(1,1)]

dB(Z(1.1))

Z vdd1 vss2 Z vddad vssad

0. 120
T — 100 |
] f '\'x‘“‘-.\_ﬁ\
i S N
- ol
] <@ =i
- o= T,
i E 0 i /
] a s
4 - an_| i
] T T T T
T T | T 1ES 1E6 1E7 1EB 1E9 1E10
1ES 1E6 1ET 1E8 1E9 1E10 fraq, Hz
freq, Hz
Z vssad vsst
50—
A5
e Measured
35
° Simulated
254
20
= T T T T
1E5 1E8 1E7 1E8 1E9 1E10
freq, Hz

(z) IECH% X-DPI 2 3 & ICEMC i 4T# B2 £ & % 343k 2 it

1.

ESEO ## % IEC IC-EMC % % § :Prof. Mohamed Ramdani
EE A IC-EMC,p mve &g B 1 — i X-DPl & /p|eh— & Hjir, % F A
k¥ g BSMI & i® X-DPl 1 18GHz & chfkjiss™ 7 % i, € F&

ESEO Bfeni B4 A R (E 318 4):3% 2 ¢ 5=+ g X-DPI 34t

~ {4 (discrete component) & &+ B E F o
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(@ & x99 UPC = & Ignacio Gil Gali ##%:
2 INSA Prof. Sicard 4 %2, 23 UPC < & Ignacio Gil Gali #3#2,2
BEATBONEF Z A KT 18 BSMI & '3t X-DPI &% = B

% 18GHz thitjies= § -
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(b) B A 3%+ & Wada #c#%,IEC p #4R3 4 i
Wada & % % IC EMC, & ¢ 3% % 7 - i MCU it EMC #i73], &
§ 52 2 o3t ICEMC it ficd) shad = bm &5 32 o

A
e A N =t

B 4P F P T IC EMC 3 B erdBd e (A IC 1k seh
EMC #cAl:2 7 A&, g3k 7 » &40 7 k3 424 » EMC-aware
3k 3+ guideline 2 L & % fF i EMIL+ & 2t 7 EMC-aware
programming L4 )2 Bk ch 5Uie (7 EMC et K, k) EMI
2 B 4e EMS eht 2, 0 Ap 0 M eh A b il K =
i o ¥ oh iz ¢ 3k 3D-IC EMC ¥ — B (& & R4 £ g,
Fr4c i < & Erping Li #&# & kenote talk 38 2 7 3D-IC EMC # jisg
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B g% 55 B Kaist » % % 7 3D-ICEMC s73, <, 15 3D IC 2_A %
IC % Sl & enE & JO2 484, iE R F L R~ 5 hFTIRIE
WA, @ o RS ik~ 3D IC 4, e £ 4 3D IC EMC#
TRREAA P LT PR, B AR
EMC [ &k &J/TJ’G? CR I NN - Lob t AT g B
7., Freescale fodtifrihsg @ 913 4 chjiers & 22 A i IC-EMC #L &

3DIC & 3DIC

TEARRBR PR g, Pt g B PR g4 IC
EMI ch82] g & & 24 2 & AP M 3% 2 g 4 48 ) freescale p 2R
(T i+ 5 ICEMS #31 p & 4 chjg il k1 e Mgl
ICEMC i ¥ ~ s ek 32 2 S in e, g H v Pt d 23 8
IC § fespendd it 4, gt 27, BN & IC EMC s B 1 a3 3

(3, IC EMC Hol e B § R bt 2 A KBRS LA T
4 B 0I5 - RP ICEMC 587 5 &2 IC & 885 i 4 -

-~ ZREA
Ak i EMCentR it rsza ¢ 450, P o EMC % B oAb 4 99 R &
&7 EMC #hjajl- s 237 IC EMC o4 B FCIEC fhiF i B &
CEEGECE FUIE et £ iR ¥
(-) kA ICEMC gi%?%? RIS SR Ry
ERP G EMC 3% % - B R B R R R
R
(=) 2B 7v P ZHICEMC BT %3 a7 5 E
(2) &A% k7124 3DIC-EMC 2| sz i & (536 B
- FHP AT

—»
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F % IC ek S % 9 4% k4% L % 47 #2( SoC, SiP, 3D-IC, & § &
@ i),#?ﬁ‘]";ﬁ IC EMC et 8k % i N %%ﬂd&j\%%’ r2en 1C

E)

EMC &3 im A2 81C k3= & 16, 7 i 58 ¢
SO ERF TS N AE K

(S ILEMC E L peen i % ICE - cenigeed FREEL 5 6 1
P AP EEE] CAFAETE AR A(KHE A

fe, k¥ eha ALY kg ), A Bethnd R OEMC & K, EiL G E
IC EMC &7k 3+, 7 it € ¢ % — =% — X ehEMC % pr, 7 o 243 e

d‘ f%' /)s}'@f:/z‘ £z+m Kéﬁ’i—’ HLE, 3 .

IC-EMCR R A E

DESIGN

Architectural

FABRICATIONST (00

Version n

EMC Measurements|
Compliance 7

FORACR : ROAFHHAFI(ST)
EMC COMPO 2011

2. AP P R 5 % IC EMC shsk 0 [ Corshingsdg, i@ @
IC &3t et (7 IC EMC sk, i ({1 # EMC & %
#hs, FEMCTH B %g,f]%a;@i # ¥ ~ EMC aware 3L jis, i3 22 IC £
2 e EMC a3, E P i EMC eini®, 2R 18 4 38 17 1IC en
#ig,i il 0 IC 7 141 i EMC e 2
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SRR

WS ERIEE 1 A B EMCHORRRGE
> IC-EMCEE BEERS B B e

| Architectural
Design

. T Kernel
J. t/ -~ [ technology “

¥ platform. /
EMC Simulations o fi
Compliance ? /

(0

FABRICATION

EMC compliant
20 )

7 ICEMC 2 £ 7 Renif B ER A h R NI HRBHZT DT E

], PR R e A A A RS
L 239 &%E 0T 500 23T 0 (DERET L 2 niEkET

@) FEHERFHET &

(BT Lo i g ¥4 B 473 & IC EMC %% 2 fp b ok
BPRFFF M o

Qm#skET o BT IC-EMC sk T o, &k st
HBEX TR HRAPN A ER AT A2 2% 4
HER Rk HdR R

(@) IC-EMC #3] & # (b) +it &2 EMC % F %% (c) IC-EMC 4

$5, 1 48 2 $5(d) IC-EMC 2% 3-8 ] (e)$ %% EMC % it 1 % # %

ARREERPN A F 2 ARH - X RFELEAIC I 55

i
NS
W
o
i

IC-EMC Hifts T S ot § 2 £ 8 ot B enT L i

FIC-##-He- s % EMC el 2 #3), ak- T 5 F 7 U3 4

B FEARIL AR A F@A BT R 2P DR G R
RIFHHFHET & R HRFE PRI EF B A RFIFHRFHET

IR -1 e R S R S

37



2. EMC B #5353 &~ b #5785 () IC-EMC #23] 2 2 (b) 14t
¥ EMC £ 5% () IC-EMC 4 45,1 4 2 %4 % (d) IC-EMC 2% 2+ %
Al (e)dr# EMC it " % BHMEB L2 A AT HE 3
iz EMC m#%RERFRRIIGFPN T+ AL PRFE 2 &
HEAEER:

(L)Fciiwhg B PRI A FARE] 2 K3 IF T %~ IC-EMC ehitjie

() IC-EMC 52 2 5% 7 ek jiFifig JRIS

(b) #5584 By 76 42 = IC-EMC I3 P gk jisac 4 o

(c) =+ # & IC-EMC e IC 2% 2+ | -

(d) 22 = % % IC-EMC B3] 2 # 1 o

(2) IC EMC g3 pRA% o

(3) IC it 2 EMC £ o 5k 78 B RIS o

(4) ICEMC 4 45 1§ 4% 2 % ¥ PRF% o

(5) IC EMC 2% 3+ & R 3 » IC 2% 32 PR A% o

EIGERY e NSRS

eve  GSWD  mEEYE_ _ HREETE
! \| 4 ) : |
L.*%iﬁ.i@l..[_.._?? ..... .I_.._’ﬁ??t_.._]‘!@ .%_;

........... l

-7 (BSMI)

IC-EMC434fT,
(8 e B

i

!

!

[ ; 7 ) / IC EMC "

: o 534, (2588 ] 'ifgg;x

| t il5ags L) Fe R S

1 J
!

i

i
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iz R - BIEIC 3k sz IC EMC #8 T 5 ig & Suk-Ze

c
S o

fi
B
)\.
o
)L‘_
prs
El

>
‘F_*
|
T
el
3
&3
%z:
1_

i Jﬁﬁi%l e
(DIC i3 (2) ICEMC #:-3] (3) #H A FMT A (3) TR [H ek
HEE AL (4) ) e AR (B) s Arst o
B. & s s g9 8 ~iFE 15,84 4
(1)IC EMC #5-3] (2) & 5 EMC #-3] 3) EMC it e & (4) 45 2 ¥
WS H 4 (5)E ~ ik EMC-aware 3K 3 - * f2N i 2 B B i}
it HEMC 425 (6) 1247 &2 EMC £ F ook o
C.EMC Fil B % :
R T REACR IR 2R 82 B IC EMC 03], 4 K i0AlL R B
f, % SLRCT (Cable, 8 2 % #27))
D.ad2 8 ~ e d2iE ¥
(1IC-EMC 2 # $3|3% % -
(2)ICEMC #ist-2zg-~ 17-H & 2 T B X -
() s -k 7%
-IC & i sez i 2 EMC A b 23 o
(b) A 49 18 42
Rk K R IC 4 I EMC 2 R 320 IC o
EN R REIC AP eI 5 EMC R 3Eendy B R Baficle o
CHRKEFE -
(d)#x %8 1IC EMC
-H o~ #0H8 1IC EMC-aware % 25 4 * 475V 3 & £ § 1% i 0 IC EMC
AE I e
E. 8 & -2 & Rl H5%E o
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IC-EMCJE s

LT L

2T
R P .y
/'iglhlﬁg?t(GDSI D ( AJLE A \ ICEMCH3] |
Ve :
« SEMCH
IC EMCH-2 S . L=
' gl # L ICE 4 sz EMCHEA) :
| ST > 35 4 AINCRR 5 8 EMCiig it % |
* B /e P AL KRR E A -
i o g;t I [oUD {4 > stien |
IS I - HEMC-Aware |
: (IC<->PKG<-PCB->SYS} ARENC e
| r powgaest L 41 A2 3
- OUT)| + k42 %3
N e \_ et Stk %
....... _ &
U 7 43
i IC-EMCR iRl % I
AS-EMCE I3 %
ANNIZE Aun I
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