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Parametric Variations

» Routing (width and spacing)
» Bondwire profile
» Solderball profile

/
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DSO — Distributed Solve Option

Microsoft” L'/ / [l: U Wosi}lt’ldowsxp
WindOWS - Professional x64 Edition

a RED HAT ENTERPRISE LINUX

Paradigm shift:
Old: 1 computer to 1 engineer
New: n number of CPU’s to 1 engineer

gl HIGH PERFORMANCE EDA ANSOFT



Optimize Performance

» Parametric Q3D Extractor’ project
» Trace width and spacing changing

&% Ansoft Q3D Extractor - Modell 4nets - Q3DDesign1 - 3D Modeler - SOLVED - [Model1 .4nets - @3DDesign -

=| Eile Edit ¥iew Project Draw 3D Modeler Q3D Extractor Tools Window Help .
DEd; @8 NIRRT A VI EE P R E R R BEE
2R3 EooccdeB a0 es 8 R v ko =] 1 i ]| 2 [coveer EIE el
&[[Slovect [0 0O 0 801+ o] - (=] [ ]| 5 5 ) @ |

alox et [E6T Objects |

e ©3DDesign Parametric Analysis on e

‘&. 03DDesign’* ‘
& Model Distributed Anal
33, Mets

&' Mesh Operations Modelt 4nets - G3DDesign - Selupl:
= Reduce Matrix

[
=-4F Analysis
=] @ Optimetrics Computing near figld integrals

B ParametricSetupl

[E Resuts Model1 4nets - @3D0esign] - SetupT: Tr a-C e Wi d t h _.--l !
I'J Field Overlays ’_— \ ‘ | L

Solved = 0

(1 Definitions Computing near figld integrals

Modell 4nets - @3D0esign] - Setupl:
L]
Computing near field integrals

Jal 3
el ||| s R -
nt——
alojx

Computing near field integrals

Mame Parametri.

Modeli 4nets - @3D0esign] - Setupi:
]

Computing near fisld integrals

i .LI Modell 4nets - @3D0esign] - Setupl:
Optimetrics L
Ready
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Optimize Performance

» 3D EM Based circuit co-design
» Changed Routing
» Trace length and spacing
» Crosstalk analysis

Ansoft Corporation

3D EM circuit co-de:

sign

Q3D_Critical_Hets

Nominal Case

@ “-‘:
V_in =)
- N_D3:D3s -
m N_D3.D3[ _ i -
V_SNé/x\ 0.4
N D5:D5 N_D5:D5s
ALY, N
V_6
- N_D6:Dés
m \ N_D6:D6 i 020
V_7
N_D7:D7 N_D7:D7s
_10 0

_Improve

>d Case

DesignerSI™/Nexxim®
Schematic view

Time

Tr=2

HIGH PERFORMANCE EDA

0 3.0
[ns]

00ps

0 4.0

Near-End Crosstalk noise data
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Optimize Simulation Run Times

> DSO S t B Post Analysis Display
e u p IParametricSetup1 LI ’g
» 25 Parametric Case A e |
I<| 4 |3 ¥ | Nl G330 Extractor wersion 7.1.1 started on ansoft-dso at 09-05-2006 20:45:56
> 7 nOd es used variation [ BFRD [[[ BMR| W1 [[[]][] wR | ws [ Stan [ Stop [ ERpsed]) Expot... |
1 170urn ||| 180... | 125um 100urm | -7.Gurmn 20:46:03 | 21:13:51) 00:27:48
> 26 GHZ Opteron 8 GB Of RAM 2 170|180 150um ||| 100um  75um 204608 21:1359 002748
3 170um || 180, 125um 100um | 7.5um 20:46:06 21:13:57| 00:27:51
4 170umn || 180... | 125um 100urn | 15um 20:4E:05 21:14:50| 00:28:43
I 170urn ||| 180... 150um 100urn | -15urm 20:46:07 21:14:541 00:28:47
. [ 170urn ||| 180... 100um 100urn | 15um 20:46:00 21:15:-'-1EI 00:23:48
> W|th0ut DSO 7 170um || | 180... | 125um 100um |-15um | 20:46:02|21:16:01 00:23,59
a 170um ||| 180... 100um 100um | -15um 204557 2']:']8:2!5l 00:30:29
> 7 h r 2 m i n 9 170um ||| 180... 100um 100um | Oum 20:45:83 21:17:4 i DD:31:44:
10 170um ||| 180... 100um 100um | -7.5um 204588 21:18:11 00:3213
1 170um || 180, 125um 100urn | Oum 20:46:04 21:18:15 DD:32:DSI
12 170um || 180, 100um 100um | 7.5um 20:46:01 21:18:4!; onaz45 |
13 170um || 180, 150um 100urn | Oum 20:46:10 21:19:1[' oo:az00 |
> USIﬂg DSO Tlme 14 170um | | 180... | 150um 100um 7Eum 211356 21:3a11 002415 |
15 170urn ||| 180... 150um 100urm |1 5um 211351 21:38.24 00:24:31 |
- 16 170um | 180... B0um 100urm | -15um 211267 21:4309 00:23:06 |
> 1 h r 2 m I n 17 170urn ||| 180, S0um 100urm | -7.Gurmn 21:14:54 | 21:4354 00:28:58 )
18 170urn ||| 180... 50um 100urn | Ourn 21:14:54 | 21:43.59 DD:28:58|
13 170umn ||| 180... 75um 100urn | 15um 2118713 | 21:44:74 00:26:01
20 170umn ||| 180... S0um 100urn | 7.5urm 2116 21:44:2q 00:28:22
A 170umn ||| 180... B0um 100urn | 15um 21:15:48 21:44:55| 00:29:07
*% L 1 S d I *%* 22 10um || 7180, 75um 100um  |-15um 211626 21:47:42 00:31:16
I n ear p ee n C reaS e 23 170um || | 180... 75um 100um | -7.5um 211743 21:48:025: 00:30:22:
. 24 170um ||| 180... 75um 100urn | Oum 211811 214820 00:30:09
~ 7X S p eed u p Wlth 7 n 0 d eS 25 170um ||| 180... | 75um 100um  7.5um 211846 21:48:42 Uizs:_ssl
Finizhed at 09-05-2008 21:48:42 [T atal Time : 01:02:4E] 7hr 2 mln

DSO Solution Time

O

HIGH PERFORMANCE EDA invent




» ePhysics”™

» Critical 3D Thermal and stress
analysis

» Solderball interconnect
reliability

» Stress induced strains in
solder joints

S| Thermal Effects

Temperature[C]

9, BBBZE+B01
9, 2027e+881
& 7991e+881
. 3956=+001
7.9921e+0081
7.58086=+001
7.1851e+0081
6§ 7816e+801
§ 5781e+801
5.9746e+@81
5.5711e+081
5. 1676e+281
4. 7E4BE+AB1
4, 36B5E+081
3. 957@=+001
3, 5535e+801
3, 1588+081

Temperatur
B3e+0@1
3. 3172e+0@1
3. 386@e+0A1
3. 2949e+0@1
3.2837e+0@1
3. 2726e+AA1
3. 2614e+pA1
3. 25@3e+B@1
- 3. 2392e+8B1
3. 228@e+BA1
3. 2169e+0@1
3. 2857e+p@1
3. 194Ge+0A1
3. 1834e+p@1
3. 1723e+0@1
3. 1611e+@A@1
3. 150@e+BA1

Thermal distribution wire pads
No wirebonds present

HIGH PERFORMANCE

Temperature[C]

9.5776e+@D1
9.,1931e+@01
. 0B56e+0D1
. 4242e+@01
§.0397e+0D1
7.6552e+@01
7.2785e+0D1
6. 8663e+001
6.5015e+@01
6.1174e+@01
5. 7329e+801
5. 3484e+@01
4. 364De+BD1
4, 5795e+@01
4. 1950e+081
3. 81B6e+201
3.“12515+221

EDA

DT: 61.51[C]

Thermal distribution on bondwires

Single vs. double bondwire

Temperature[C]

3. BS48e+E@L
3. 6232e+BB1
\- 3.5917e+BB1
5. 56@1e+E@1

3, 52E6e+EA1
3, 497Be+EE1
3, 4E55e+EE1
3. 4339e+@E1
- 3, 4B2Ye+EE1

3, 370Ge+EE1
3.3393e+@31
3, 307 7e+@E1
3, 2TEZe+@A1
3, Z44Ge+EE1
3, 2131 e+@81
3, 1815e+@81

3. 15868e+B@81

A\

ANSOFT



S| Mechanical Effects

» ePhysics”™

» Reduced design cycle time limits
the use of testing to evaluate
reliability.

» Stress induced strains in solder
joints

HIGH PERFORMANCE EDA ANSOFT




PCB Thermal and Stress Analysis

Features:

“Bed of pins” stress

Tenperature[C]

1. 7673e+BE2
1.7258e+0@2
1. BE43e+EEZ
1, 6429e+002

1111111111

1,5165e+@002
1. 4770e+DE2
1, 4355e+002
1.3941e+DB2
1,3526e+0E2
1.3111e+0B82

1.2697e+0Q2
1.2252e+082

1.1667:+002 | S8 5
1. 1453e+@E2 ST
1, 1858e+002 &

simulation

FEM models

- Complex geometry;
- Anisotropic thermal
material properties;
- Anisotropic stress
material properties;
- Large thermal / stress

Forced convection model

HIGH PERFORMANCE EDA
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DDR2 Memory Channel

8Bit DQ Bus Channel

DDR package
u-strip line
V59 V59 V603

S-parameter model S-parameter model
o TRL line FBGA model

Q
] O
R5,9\8/\/\/ t”)—f LDQO srcB6  LDQL Sink 1 2 Port1 Pot2 602
l LDQO LDQOLDQL srcB5  LDQ2 Sk 1pQ1 1 D1 | VVV VDDOL
0 o LDQ1LDQ2 srcB3  LPQ3_Sink LDQ2 1 T T 0
£ o
PNUM=1 g—r o LDQ2LDQ3 srcB4  LIDQ4_Sink LDQ3 1 1 § 5}
RZ=0chm O | LDQ3LDQ4 srcBl  LPQ5_Sink LDQ4 1 — O
1Z=0chm VSsSQ LDQ4LDQ5 srcB2  LDQ6_Sink LDO5 1
LDQ5LDQ6_srcAd0  LDQ7_Sink LDQ6 1 —
LDQ6LDQ7_srcB7  LIDQS_Sink LDQ7 1
07 LDGSsqm LUOSRSMK  Logs 1 Direct import function keeps
LDQS_1 LDQSP, sb41  RPQS Sink .
= RDQS srd0  RAQSE Sink track of connections
. . RDQSB sib42 VDD Sink
D I g I tal SO U r C e VDD_wddgrc  VIDDQ_Sink VDDQ i
vDDYPDQ Mddgsre  SS_Sink VDDQ |
. . VDDQVSS \ssgrc  VESQ_Sink '
Unlque Blt Sequence Source VSSQ?IS?)SI’C Grpund_Bias VSSQ
- H VSSQLDQO_Sink 0
for jitter analysis o001 =
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DDR?2 Package on PCB

+1.000E+000V

+9.130E-001Y

+8.261E- 001V

+7.391E-001V

+6.522E- 001V

+5.652E- 001V

+4.763E- 001V

+3.913E- 001V

+3.043E- 001V

+1.304E- 001V,

+4.348E- 00

- 4.348E- 002V
-1.304E-001¥
- 2AT4E-001V
Em B 1. = o
- 3.043E-001¥ : = = = = Stopges =
— &
-3.913E-001¥ — =
-
=
-4.783E-001V | [&
| &
-5.652E-001V H 8
| =
- 6.522E- 001V | &
—
-7.391E-001¥ s
| 15 —
- 8.261E-001V I w1 ° s 1. Is= 1o
32ports S-Element
- 1.000E+000¥
o 07 May 2006 Ansoft Corporation 192166 W1
27 Mar 2006 —o m
o . == XY Platd iDrver_Cut)
100 (vPortt-vForz) PCIE Chaind ITransient
Transient o
e 2.00 - —— — e - —

150.00.

100.00.

V(Driver_Cut) [V]

50.00-

O

m (spec)

100*(V(Port1) V(Port2)/(2-(WPort 1) V{Port2}))

ool ! oo ) 400.00 800,00
Time [ng] Time [ps]

Transiént TDR IN Transient Eye Diagram w/Jitter |SOFT




DDR Memory Test System

* C_comp is important

% L pkg  R_pkg

1.27e-009
% 0

C_comp C_pkg

0.2

3e-012
8.4e-013

-

IBIS Driver and Package
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DDR Memory Test System

* Series R and Swit. Included in DQ line

) TG 000 suce. new. Dimm, siw = Slwave
Eile E&t Mew [vaw Cicul Elements Simulation Besults Help
DF@ 5 WP oo~ Ed o8| 3 o ra L o [Furmce -] [SoRrace ] 7

el mmmE= |SOD AR | LR VI W &

4 Ciecun Blements | L Seleeton |} .
& Layers e |

TG
NZTE114527
13971

=

“
s ri
O @ 0O I3[ e e o] [ & P [Geometny  =]| 4k | | clTR00000 |y lFTE 0000 | d dyel

|_|<I |

FReady

Main Board DQO IineS . Slwave

»
Bitlist=010101 BURFACE |

400Mps
PW25n

% ot

PO

20000  gse-013
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DDR Memory Test System

D@ "e&> -0 LRI B|LO0Ln% |(TthhhlisHsHTITC 80N
e BEEEE I IL000EeBRBLACE R 2R £V T ] [% e[
[ [ha = || [acom ozt =[Gl D8 8 8888|208« [H%/ e ad
— ow[ @0
# = 5t 3
T CononPrh um A06.00 || |* -s‘"' iy
= b Conmacier_combingd -
1 Defitone
Protest
i
LT Vahor ||
e ]|
V_diverA_out Variables «

Connector and Interface Board :
< HFSS

o

P
V PDL

P ULl pos PCL

P_U156 Baf1

1

V_diverB_out

P_j.C8 1 pos

&
»

kg i

ot
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DDR Memory Test System

Exlruchor - PCB, dezan - D0 Designl - 0 Modekr - SOLVED - [PCB.Caasintercon = 020

aw Broject Qraw ) Madelar QD Exractor Teols Widaw Heln } I
RS o U BELDAOANROB L0 L (Bl S ek

IToeeen | BBBES

IO OBV DOC®m IR0 &0T S[® 1|8 B & 00| [pea® i [inam i

D&
EL ks
2z

[[%

)

Bloover [Model =] [Govke =180 818081 8][]+: (o] (@ [« 0| [ [% 5 4w o @)
\algiz [ @ Dbjects

- d

ﬁ“ - ™ YT ¥ p— ﬂﬁ“ﬂ

V_diverA_out [ m— T T

llkv-@—v—‘

=1
—
D
3
D
o
@]
QD
-
o
—
(@]
@)
@]
QD
.
Qo

P AE22 1 pos

V PDL
P ULl pos PCL
P_U156 Baf1

1

V_diverB_out

P_j.C8 1 pos

kg i

exicon M\
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DDR Memory Test System

* Er and TAND Optimized from
Data Sheet (Delay and Attenuation)

TID% E@ Yew Project Deww ZJehemsfc Chewt Jook Window Ll

alglx
B Y BTN RET PR L L TR T i - -
wlr@iee3ovnoAn
| e i 8 W [ IS e
- alolx - |

Physical length
N N

ot £y ™ L'or‘Q

DI=0.381mm
DO=1mm =
ER=1.37
P=40cm
TAND=0.0045
o
T:mmumwhtmumwmm ] el |

: Coaxigl€able : Ansoft Designer

6
7
b
' &
= P_UI%5 AE22 1 pos
% PD1DOR D50 pos g_
P_U156 1ps PCL m fD46J.ns
V_duA_at
P_U156 B4f1 Fos
°
V_dive_out <
- DQo_divefpos  P_UJ.C8 1 pos
DQ t&mfpos P, 1 pos o hd

- g

@

=

3 @

o

P&

4

24
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DDR Memory Test System

& ] ik an P T 0 1- 10 b an_PCREUT Dillesign] - 10 Modeler]

"I Bie Edt View Project Draw 30 Modeler 00 Exvacsw Tools Bndow Hel NI
DS "B&> 2 0 EEEBA LSS [ Q% %% ta%l S e d
|Fe[HCSSSoee 0L BEEEE

R[> 37000 OBRO0DS o R o &[T 2F =% F 5 00 paal i [nar is

2 e | s -3 s I SIS N
- '

e
- [Tt — T |-

V_diverA_out Muthing s selected | e ]

Coaxial fo DUT Board
14 intercofinection : Q3D Extractor

o

P
V PDL

P ULl pos PCL

P_U156 Baf1

1

V_diverB_out

P_j.C8 1 pos

kg i

exicon M\
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DDR Memory Test System

Tho £t Yow Dww GrcuRElmarss Gmuision Besuts i
OF@  bR+o o nEd M P [ows .z [svarace =] [oase S0 aegrees
P [aeal @@= |SHOARAS | CLR VT WK

i

I CheurElemrs |
i Lavers

g

= SURFACE
GO
© BENALL
 GND2
i SGNALY
 GNO3
i SIGNALS
V_comp ~ BHD4
DD
Vo0

BB B BB B e B e B e B e e B B e N =3
TUIVIVI VI VATV A0TOOw
AUV ATAVATAATAAATNATAT AR T
S B B B B B e B I B

LotoLoioooooooooooonil
][R0 () [ () ) 0 () (D (] R ) ) () ) ) (R

V_diverA_out G
P Feady [E—

o DUT\Board : Slwave
400Mps

PW25

OOy 3

PW25 Ea
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DDR Memory Test System

Test Probe modeling :
From Data Sheet
* Important

HIGH PERFORMANCE ANSOFT



Ansoft Results : 50Mbps DQO

Ansoft Corporation ¥ — ]

»¥Y Plot 1 W _Cormp)
Transient

2.00

T ——
Wi drivers_oud
Transient

1 Y 1— 1
1.50 Wi driverB_ow
Transient

W ——
Wi dutA_out)

1.00 Transient

Y1 V]

11—
W lodics)
|| Transient

0.50

Wi logicE)
Transient

e e

0.00

S 2000 ' © 4000 ' © 600D ' 800D

exicon Zl\
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Measurement and Ansoft Results

Ansoft Corporation Y — |
XY Plot 6 colt ]
DQO_50M - Measurement
1.50
' il
| Wi duth out)
_ Transient - Ansoft
1.25.
1.00
0
0.75
0.50]
50Mbps DQO
o5 4t - 0 &
20.00 30.00 40.00 50.00 60.00 70.00|
Time [ns]

icon A
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Ansoft Results : 400Mbps DQO

Ansoft Corporation Y —i ]

XY Plot 1 V_comp)
Transient

2.00

11—
WOV driverd_oud
Transient

11—
WO _driverB_ou

Al A AL I

_ 1=
1.00 ,ll f‘ f' 0V dutA_ouf)

Transient
11—
N loics)

Transient

1.50

Y1 M

0.50

MM P Yi—o]

v logicB)

0.00. L"u \"“1 \-']\ LI\ \1\ L]\ L]\ Transient

odo 2 00 2 20000 @ 3000 = 40.00
Time [ns]

- 79
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Measurement and Ansoft Results

=0
call

pan_soom | - Measurement

Y 1——
Wi duts_out)

Transient - Ansoft

Ansoft Corporation
XY Plat 2
1.50
1.25 ﬂ
] 4 ﬁ
1.00
)—
0.75
0.50
s V | \.fJ
10.00 20.00 30.00
Time [ns]

.00|

HIGH PERFORMANCE

400Mbps DQO

icon A
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Measurement and Ansoft Results

Ansoft Corporation Y — ]
XY Plot 2 colt ]
DQ0_400M : Measurement
1.50
1 ——
Vi _duts_outy |
Transient - Ansoft
125 f
1.00
.
0.75-
0.50_
S w 400Mbps DQO
qFA0 0 2000 02000 2250 0 2500|
Time [ns]

HIGH PERFORMANCE
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Ansoft Results : 830Mbps DQO

Ansoft Corporation

r“ﬂqWthrrlrﬁhpnnTw T Et:ﬁ
ﬂﬂt\m”ﬂ”“ﬁ”ﬂ””h*wi
? ! VA LU ) pocasecess™
A E=

RS R URRL RN

IIIIIIIIIIIIII

exicon —
d
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Measurement and Ansoft Results

Ansoft Corporation Y]
XY Plot 2 colt T
pao_ssom | - Measurement
1.50
i ——
Wi duts_out)
] r n n Transient :AnSOft
1.25: ﬂ [ |'P
1.00-
B
0.75- q |
0.50._ *
: \ \J k \ 830Mbps DQO
ozs | | 1 ' [ 1 [ | | . —
) 0.00 10.00 20.00 30.00 40.00
= Time [ns]
W= 1978 [<2= 1478
r 'Y1=0.34 2= 0.33 - A
- exicon
) J HIGH PERFORMANCE ANSOFT




Measurement and Ansoft Results

Y1

1.50

1.25

Ansoft Corporation Y — ]
XY Plot 2 cald ]
Di0_830m
i
Wi duts_out)
Transient

AT

1.00

EEEEE

0.50

0.75 \

0.25

500 = 1?50 2000

18978 [|<2= 1478

2= 0.33

r i?lz 0.34
- J

HIGH PERFORMANCE

: Measurement

- Ansoft

830Mbps DQO

exicon A
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Bit Pattern

1. - Jitter noise analysis (time domain) Source is text file

Eye diagram is useful for jitter analysis for DQ Bus. (voltage profile)
1 DQ pin is Victim, another pin is Aggressor. = Source Selec -

~

& Yokage " Power

Nome: [Pecewissl
Type: [Piocewise Linear =]

Paramsters | Diagrar |

Description
arm points
r HE analysis

ACPHASE

noise

] E:/Project/A03/Hynix_sjlim/rb_02_ts_0p1_ Browse...
" Enter timevalue points
Cancel

I Time |Va|ue |

Paragﬁer Values IGeneraI] Symbol | Property Displays |
 Optirmization ¢ Tuning " Zensiivity " Statistics
Properties: Source_bit_gen - BGB_src - BGB_src
Parameter Values | General | Symbol | Property Displays | e [ Value | Unit [ Evaluated
A a . TERN  107010010101110011000011007 111100011 10000001 1100011 110701001 070111001 100001 100111110001 11000000111000111
& Malue ¢ Optimization  Tuning  Sensitivity " Statistics i i
Hame [ Value [ Onit [ Evaluated :zs i :SEMH
BIT_PATTERN  10107001010111001 100007 1001117110001 110000007 110001 1101010110101000110011110011000001 1100011117110001 11000 r eS S O r & &
1 1.8 W 1.8
PERIOD 104 104 0 b 0
| N 632 - - 632 - —
| |eR 400 I ( : t I I I l MHz | B00M|
By 18 v 1.8¢ —_—
| IF 0 l o
- B
— H
i
;
] |
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DDR2 Channel Jitter Analysis

Jitter Noise analysis in Vodt pin (Within 2 % signal voltage)

Ansoft Corporation Y1 —0—
Eye_01 ViVodt_0)

Transie nt

a7z

0.936V, jitter nolse

O.JV jit

S0

|
|
|
|
, jitter ngise

V(Vodt_0) [mV]

exicon A
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Skew Analy5|s (LDQ Bus vs. LDQS)

Anaen Corposason
Shew_at

' Ansoft Corporatio Y1 —C—
I XY Plot 1 V(Vodt_0)

| A -“\!‘ \
: \ Y1 —+—
V(Voct 1)
! ' ' N Transien
- \ Y1 —O—|
\ N V(Vo 2)
| \\ Transien
| Y1 —%—

V(Vo dt 3)

ey

Y1 [mv]

Y1 —%—
V(Vodt_4)

Y1 <
V(Vo dt 5)
\ Transien

Y1

Time [ps] V(Vo dt 6)

X2-X1=29.17

Y2-Y1= 1 l DQQ
Maximum Skew value

icon A
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exxicon Full Channel Analysis

F_connector
Board #1 —— Board #2

M_ Eonnector
!

U6.B4 -> RN1.1,4
U6.C3 ->RN1.2.3 Coaxial cable HJ44.1

= > 3 ) U1.C8
< = < A

-> K89.4 -> K89.3 -> R489.1 -> J11.3

JOARE2 < RP2912 <= K934 <-K9B.3 < J11.5 | Coaxial cable [1-443.1
133.1,2 <- RP30.1,2

P _

o => Need Nexxim ++

fl poler
g
- e

Boalt #3~ K_4T517DQ
__ ¥ PCB modeling Connector/cable modellng
4.0 = WD v o S E R REARATASD . E0ILN BNNImAA R R R e ]

'l LI nw::n:.m BO AOFTBN BTl i
)

rETE
e e | 1 47 et e
D BN ol ---\A.v---i

SHe ARRe £E

AIIegro to Slwave HFSS ™ .~ Q3D Extractor =
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Conclusions

» Electromagnetics is key to
chip/pggckage/board simulation
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