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* |Introduction

 Elements of de-compositional electromagnetic analysis
e Dielectric and conductor roughness model identification

— Theory of identification with GMS-parameters
— Demo and practical examples

e Pre- and post-layout analysis with broadband models

e Conclusion
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Introduction
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Data links running at bitrates 10-50 Gbps and beyond are becoming the
mainstream in the communication and other electronic systems

 Why is design of PCB and packaging interconnects for such systems is a
challenging problem?

Extremely broad frequency bandwidth from DC to 20-50 GHz

No frequency-continuous dielectric models available from manufactures

No conductor roughness models available from manufacturers

Boards are routed in old-style based on rules and approximate models

Boards are not manufactured as designed — variations and manipulations by manufacturers

e |Isit possible to design and build copper interconnects with analysis to
measurement correlation from DC to 20-50 GHz systematically?

Only if some conditions are satisfied
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Decompositional analysis of a link path

< |

Connection of MULTIPORTS

8 ) j j Transmission lines (may be coupled) and via-holes,
= Local Ch Chip T-L : "
ow el Sonlly Ip_I-Line connectors, bond-wires, bumps and ball transitions
2 S Transitions Segments
- D

Local Package
Transitions

____________________________________________________________________

Analysis correlates with
measurements if:

1) Quality of all S-parameter models is

ensured

2) Broadband material models are

available or built

3) Simulation in isolation is

(localization, de-embedding)

4) Manufacturing is controlled or

benchmarked

Package T-Line

Local PCB
Transitions

possible

ISPON
l|ayng o/l

Package T-Line
Segments

Segments
Local PCB PCB T-Line
Transitions Segments
Local Package
Transitions
Local Chip Chip i‘-Line
Transitions Segments

See details in App. Notes #2013 02, 2013 03 and 2013_05 at www.simberian.com
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- Material models

0 oof | R | |

 The largest part of interconnects are
transmission line segments

e Models for transmission lines are
usually constructed with a quasi-static
or electromagnetic field solvers

e Accuracy of transmission line models is
mostly defined by availability of
broadband dielectric and conductor
roughness models

e This is one of the most important
elements for design success
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: Broadband material models

=5 ool | A |
e Common PCB dielectric models:

Wideband Debye (aka Djordjevic-Sarkar):

& 10m2 + if Continuous-spectrum model
s(f)=z,(0) + : {—

Requires specification of DK and LT at

-In _
(m2 — ml) . In(lO) 1Om1 +if one frequency point (2 parameters)
NoA Requi ification of value at infinity and
. ] & equires specification of value at infinity an
Multi-pole Debye: e(f)= 8(00) + Z . poles/residues or DK and LT at multiple
— . frequency points (more than 2 parameters)
=11+1 T
r

n

e Common conductor surface roughness models:

Modified Hammerstad (2 parameters): Huray snowball (1-ball, 2 parameters):

2 2 2
K, =1+£3-arctan{1.4(§j D-(RF ~1) K. :1+(N'47”]/(1+5+ 0 Zj
T o Ahex r 2-r

e Parameters for the models are not available and must be identified
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: Material model identification techniques
5 ool | el

e For test structures ...
— Transmission line segments

— Patch or parallel-plate resonators
— Resonators coupled or connected to a transmission line
e ...take measurements ...

— S-parameters measured with VNA
— TDR/TDT measurements
— Combination of both

e ...and correlate with a numerical model

— Analytical or closed-form

— Static or quasi-static field solvers

— 3D full-wave solvers

1/3/2014 © 2014 Simberian Inc. 7 DESIGNGON“
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Measure S-parameters of two line segments

e S1andT1 for line with length L1
—#— Opt2.opt2_4013EP_SE_din_thru_S1_s2p Simulationl, 5[1.1]
1.7]

Magnitude(s), [dEB]
E T

mmw;m

L1 S1-5T1

-2h

1 | [suT1]| 2 Ll

5 10 15 20 25 30 35 40 45 1]
15 Dec 2010, 11:47:52, Simberian Inc. Frequency, [GHz]

e S2 and T2 for line with length L2
a n O r I n e I e n —&— Opt2.opt2_4013EP_SE_Bin_thru_S1_s2p. Simulation1, 5[1.1]
—&— DOpt2.optZ_4013EFP_SE_Bin_thru_S1_sZp.Simulationl, S[1.2]

Magniude(S)(dB]

L2 $2 T2 oot T S
1 | [s2/12] | 2 | k

15 Dec 2010, 11:48:28, Simberian Inc. Frequency, [GHz]

T1 and T2 matrices are scattering T-parameters
(computed directly from S-parameters)

© 2014 Simberian Inc. 8 DESIGNGON“
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Extract Generalized Modal T-parameters (GMT) and

then GMS-Parameters (1-conductor case)

ml'ﬁ\‘

Segment L1 T1=TA-TB

1 | [ | 2 1 | a1 || el | 2
dL=L2-Lg]
Segment L2 T2=TA-GMT TB [
1 | a1 | 2 1 | Al || evrl ||| el | 2

GMT is non-reflective modal T-matrix (normalized to
the unknown characteristic impedances of the modes)

T2.T1'=TA-GMT -TA™ :
For 1-conductor line we get:

¢
T, O 0 T
GMT =eigenvals(T2-T1?)  GMT = o )  GMSm= [T (1)1]
O T11 /1 11
Easy to compute! Just 1 complex function!
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Presentation Notes
Segment in the middle is assumed to be non-reflective (generalized normalization). This is standard step in multi-line calibration procedures line TRL, LRL,…
The line in TRL must be close to 50-Ohm and the next step would be extraction of Gamma as solution of transcendent equations and error blocks as eigenvectors of the T2*T1^-1. The latest procedure is very sensitive to the measurement noise and to geometrical differences of the launches and lines.


ml'h“

e e NN NR R
Extract Generalized Modal T-parameters (GMT) and

then GMS-Parameters (2-conductor case)

Segment L1 T1=TA-TB - o
1 | [ | 2 1 | [7Al : [TB] | 2
L= L2- L1
Segmentl2 T2=TA-GMT-TB  $—— —3
1 | oma | 2 1 | [TAl : [GMT] [TB] | 2

GMT is non-reflective modal T-matrix (normalized to
the unknown characteristic impedances of the modes)

For 2-conductor line we get:

T2.T1" =TA-GMT -TA™

3 T, 0 0 0] 00
. . 0 T, 0 O cMsm=0 0 0 T,
GMTzelgenvaIs(TZ-Tl‘) GMT = S =) “|IT, 0 0 O
0 0 T © 1
0o 0 0 T, L0 T, 000

Just 2 complex functions!
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Presenter
Presentation Notes
Segment in the middle is assumed to be non-reflective (generalized normalization). This is standard step in multi-line calibration procedures line TRL, LRL,…
The line in TRL must be close to 50-Ohm and the next step would be extraction of Gamma as solution of transcendent equations and error blocks as eigenvectors of the T2*T1^-1. The latest procedure is very sensitive to the measurement noise and to geometrical differences of the launches and lines.
Conversion of TG to S-matrix gives us matrix SG. SG is anti-diagonal matrix of modal generalized S-parameters – only same mode transformation coefficients are non zero, all reflections are zeros.
This matrix can be directly compared with the calculated generalized modal S-parameters of line segment with length dL
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Identifying dielectrics by matching

GMS-parameters (1-conductor case)
EAAN

* Solve Maxwell’s equations for 1-conductor line: | dL |

0 exp(-T- dL)}
GMSc =
|:exp (_F ) d L) O —%— Project!.Difference Toﬁgw!m:ll,gm{n‘lw'l],ﬂ[h’l‘l]] —% -

—=— Praoject2.4 inch zegmenl ulation, Smlln1(M1LIn2M1)] —e —
Magnitude(S). [dB] Group Delay. [ns]

10575
S

e Match to measured data‘ Only 1 complex function! |!

T 0.5625

7055

T0.5375
4T T
S 11 B 5 M loss
T O E %%E 105125
R \’\K- 05
10 20 30 a0 50
16 Dec 2010, 12:24:22, Simberian Inc. Frequency. [GHz]

e Measured GMS-parameters of the segment can be matched with the
calculated GMS-parameters for material parameters identification

e Phase or group delay can be used to identify DK and insertion loss to identify
LT or conductor roughness!

1/3/2014 © 2014 Simberian Inc. 1 DESIGNGON“
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* Solve Maxwell’s equations for 2-conductor line:
0 0 exp(-T,-dL) 0
B 0 0 0 exp(—l"z 'dL) —#— L1 Microstip.Diff Benchm ion1, Smfln] (M1LIn2M1)] — %
OMSC=| exp(-T, -dL) 0 0 0 o e bt eSS Sl W abe
0 exp(_rz . dL) O O mdlisTi::drg?trlp.lefD|fference.5|mu|at|on1,5m[ln1[M2],IGn;20[Lr:flp2gel;T;—S]-
13125
0.5 1%
e Match to measured data: ‘v Only 2 complex functions! * a0
1
_ — T2875
o 0 T, O 15
T 1275
GMsm=| 0 O O Ty i _
T11 0 0 0 e
0 T22 0 0 l ‘ 2 osn
B D 1IEI 2IEI 3IEI 4ID a0
18 Maw 2010, 09:52:08, Simberian ne. Frequency, [GHz]
e Measured GMS-parameters of the segment can be directly fitted with the
calculated GMS-parameters for material parameters identification
e Two functions can be used to identify 2 materials!
1/3/2014 © 2014 Simberian Inc. 12 DES'GNGON“
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identifying dielectrics by matching

GMS-parameters (2-conductor case)
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Presenter
Presentation Notes
Fit measured GMS-parameters with computer GMS-parameters – clear and simple.


Material Model Identification
with GMS-Parameters

h Y . V.

(1) Measure scattering parameters for
two transmission line segments with
lengths L1 and L2

(3a) Guess material or conductor
roughness model and model
parameters

v

v

(2) Compute reflection-less GMS-
parameters of line difference L=|L2-L1|

(3b) Compute reflection-less GMS-
parameters of the line segment

with length L

v

Applicable to dielectric and

{4a) Compute difference between GMS-
parameters from measurements and
model

(4b) Adjust model parameters or
change the model

conductor roughness models;

S _ threshold?
Optimization loop — red line;

Automated in Simbeor software;
Yes

Is the difference
smaller than a

(4c) Material or conductor
roughness model is found

1/3/2014

AMeasured.Difference Strip Filtered; B:Computed.§ inch.Simulation(1);
hagnitudels), [dB] Group Delay. [ns]

5 \EM T11
I? \i\
| < e 1.05
-10 s
dlj T I,
5| M e = = N —_—
U a T =
> 1095
-20 = Al |
V‘U%
5 M 15 20 2% 30 3m 40 45 50

05 &pr 2013, 15:36:25, Simberian Inc. Frequency. [GHz]
—EIASm[InT(MTLIn2{M1)] O — —— B:Sm[In1{M1LInZ[MT1] +— —:

Simberian’s USA patent #8577632 and patent pending #14/045,392

© 2014 Simberian Inc.
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Demo of dielectric identification in Simbeor

-
S—0"00" | juaeN |

Resist
1.4 Cu Plating . . . . .
O - signsl o5 CMP-28 validation board designed and investigated
T X A-5 FRA0E +i- 1.0 - - - -
o2 12 o o by Wild River Technology http://wildrivertech.com/
120 0.012 1/1 Care FRADE  (+\- 1.0
LO3 1.2 Signal 1002

0.0 3% 3313 B-Stage FR40E  [(+\- 1.0

LO4 1.2 Plane 1002
21.0 0.021 1/1 Core FR40E [+~ 1.0)
LOS 1.2 Plane 1002
0.0 3% 3313 B-Stage FR4DE [+ L0
LOE 1.2 Signal 100z
120 0.012 1/1 Care FRA0E  [(+\- 1.0
Lo7 1.2 Flane 1.0 0z

A4 2% 3313 B-Stage FR4DE [+ 1.0

LO8 0.6 Signal 0.5 oz
1.4 Cu Plating
07 Resist

From Isola FR408 specifications

A. @ 100 MHz (HP4285A) 3.69
DK, Permittivity B. @ 1 GHz (HP42914) 3.66
(Laminate & prepreg as laminated) C. @ 2 GHz (Bereskin Stripling) 3.67
Tested at 56% resin D. @ 5 GHz (Bereskin Stripling) 3.66

E. @ 10 GHz (Bereskin Stripline) 3.65

A. @ 100 MHz (HP4285A) 0.0094
Df, Loss Tangent B. @ 1 GHz (HP4291A) 0.0117
(Laminate & prepreg as laminated) C. @ 2 GHz (Bereskin Stripling) 0.0120

Tested at 56% resin D. @ 5 GHz (Bereskin Stripling) 0.0127
E. @10 GHz (Bereskin Stripling) 0.0125 {

WILDRIVER TECHN

10.5-11 mil wide strip lines,
Use measured S-parameters for 2
segments ( 2 inch and 8 inch)

1/3/2014 © 2014 Simberian Inc.
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Measured S-parameters for 2 and 8 inch segments

"', DifferenceStrip | @ Strip |%2% 6 inch | @ Strip 2% 6 inch |23 TDR |Z GMS  Touchstone Analyzer | 1b %
Blﬁl ) AJ8d6_SE _stripline_ginch.s2p; B.J8J7_SE_stripline_Binch.s2p;
tagnitude(3), [dE]

Fil Quali Passivi Reci i Cs

n;:e\nname itory\Simbeor\D | u:Trt” hi::wnl decllp{;i::; |2s k\“'x\ﬁ*‘ ‘ Wg

AReposiory \wwimibeo! emosy | ouc ne Mmodels =

T Y

&9 J1J2_SE_microstrip_2inch.... [18837 | 100 945 - 107 g P

& /3J4_SE microstrip_sinch.s.. [IIGGNN (7100 995 - m%
20 DD 997 - e —— A
: : = N l.liu:‘:il" r||| il II:." )

5J6_SE _stripline_ ! el ;V%\ “f/ ”‘“\_ﬁ

=30+

N

il
=0T i,lit"

Excellent measurements

quality! | | | driginal “reflective” S-
parameters
-60 1 i . . . . . . i i i
5 10 15 20 25 30 35 40 45 50
17 Sep 2003, 07:00:01. Simberian Ine. Frequency. [GHz]
— ASM1.11; ASM2], —* B 1] —* B:S[.2]:

a0 e Nl
| K@ E s

1/3/2014 © 2014 Simberian Inc. 15 DESIGNGON“
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GMS-parameters computed from

= measured S-parameters
kl"\‘-

Acddeasured. Differencestrip Filtered:;
Magnitude(3). [dE] Group Delay. [ns]

B\EL 1125
_2.5_
\E\ 11.2
AT \E\
7115
5T e
10t \R 711
i GMS Insertion Loss (IL) ™=
REYEY T1.05
!
'. \E\
-15 118 11
H"“——E-————g.__.
——K————G————-G————-B————{l—— e ——————
| al
e —— +0.95
a0+ CRANIC Crvarim MAalayv:, 71D \.A PN Y
UOivVio 'O UUIJ LJClay \UU} 'H‘\gé\ 109
H
22h ! 1 ! . . . . 1 ! .
5 10 15 20 25 30 35 40 45 50
17 Sep 2013, 07:03:11, Simberian Inc. Frequency, [GHz]

—&1 ASmM(InT (M1 LInZ (M1 O =

Reflection in generalized modal S-parameters is exactly zero — makes
material model identification much easier!

1/3/2014 © 2014 Simberian Inc. 16 DESIGNGON“




Material models for strip line analysis - definition
- .
CSaEmnn - A =

2148

First, try to use material parameters
from specs ;

', [mil]

50 40 30 20 10 i) -10 =20 -30 -40 -50
17 Sep 2013, 07:13.00, Simberian Inc 3D Wiew Mode [press <E> to Edit)

Materal 2| ]

Insulator | Appearance | A. @ 100 MHz (HP4285A) 3,69

Dk, Permittivity B. @ 1 GHz (HP4291A) 3.66

. 2408 (Laminate & prepreg as lamin; C. @ 2 GHz (Bereskin Stripline) 3.67

Tested at 56% resin D. @ 5 GHz (Bereskin Stripling) 3.66

—Polarization Loss Model E. @ 10 GHz (Bereskin Stripling) 3.65
. - A. @ 100 MHz (HP42854) 0.0094
Type: |WidebandDebye x| 'mmm _ B.@ 1 GHz (HP4291A) 0.0117
Specify permittivity and loss tangent at the measurement frequency. Loss tal is slowly {TLaT?a!Eesgngrepr_eg asla C. @2 GHz [Beresk!n S’[H.Dlllﬂe} 0.0120
e X N ! ested a o re D. @ 5 GHz (Bereskin Stripling) 0.0127
growing in the frequency band defined by WD Low and High Freque| .. Suitable for E. @ 10 GHz (Bereskin Stripling) 0.0125

FR4-type dielectrics.

~Advanced SettingsT

Relative Permittity (0K): |3.66 e Wideband Debye model can be described
ow Frequency: . .
Loss Tangent (Df or LT): [ 1.17e-2 z— [ters ] with just one Dk and LT

Measurement Frequency: |1.E!+9 [Hz] I‘%ﬁm@[ﬁ] e 10m2 + if
: rd |

) =) oy nao) | 107+ i

Bulk Conductivity: | 0. [S/m]  Relative Permeability: |1.

0K | Cancel

Conductor is copper, no
roughness in specs

1/3/2014 © 2014 Simberian Inc. 17 DESIGNGONE
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: Results with available material models

000l | M |
The original model produces considerably lower insertion losses (GMS IL) above 5
GHz and smaller group delay (GMS GD) at all frequencies:

Aeasured. DifferenceStrip Filtered; B:Original B inch.Simulation(1);

Magnitude(3). [dE] Group Delay, [ns]
T1.25
_25 [
M 112
_5 - %
75T M d )\ Model 1118
' easure
0 — S /\ (green) b
; PN
_12_5-i \ GMS IL \js:\ L 11.08
15 (]‘13\ Y T 14
\___';:D——-——Eﬂ-— —é—}—ﬁ‘———-ﬁl———-{]————i]— =3 ———& —
4751 i ¥l el —_— e i -y
: +0.95
> \\N/\
207 GMS GD WA Lo
Y41 | ~25%
-22.5 ! . ! . ! . ! . ! -.L;Fl
5 10 15 20 25 30 35 40 45 50
17 Sep 2013, 07:15:42, Simberian Inc. Frequency. [GHz]

—FH1AEm[In1 M1].In2{k17] O— —; —— B:Sm[In1 {M1In2 (k417 <o— —:

Two options: 1) Increase Dk and LT in the dielectric model;
2) Increase Dk in dielectric model and model conductor roughness

1/3/2014 © 2014 Simberian Inc. 18 DESIGNGON“



Option 1: Increase Dk and LT in dielectric model
= (no conductor roughness)
h

~ir Y . V.

Good match with: Dk=3.83 (4.6% increase), LT=0.0138
(18% increase), Wideband Debye model

Ardeasured DifferenceStrip Fikered; B:Computed.B inch.Simulationi1);

tagnitude(3), [dE] Group Delay, [ns]
\ Measured — red and blue lines Li2s
25T 5
Model — green lines I\
_5 - .
el \ 1115
GMS IL ),
a0k c S 1.1
I
1251l \m\\ 1.05
-
S e I
B et = Ee f i e e = : e e i e
20t G M S G D %h A
i avj W 0.9
2251 ! . ! . ! . ! . ! El
5 10 15 20 25 30 35 40 45 50
17 Sep 2003, 07:25:15, Simberian Inc. Frequency. [GHz]

——HASm[In M1 1LIn2{M17] O— —; —— B:Sm[In1 {15 In2(b17] +— —:

Good match, but what if conductors are actually rough?

1/3/2014 © 2014 Simberian Inc. 19 DEesienGon:



Option 2: Increase Dk and model conductor
roughness (proper modeling)

~ir Y . V.

Dielectric: Dk=3.8 (3.8% increase), LT=0.0117 (no change), Wideband Debye model
Conductor: Modified Hammerstadt model with SR=0.32 um, RF=3.3

AMeasured DifferenceStrip Fikered: B:RoughCond B inch. Simulation(1};

kMagnitude(3), [dB] Group Delay, [ns]
| Measured — red and blue lines 28
= Model - green lines .,
_5 L
Lel \E\"--...,L 1115
o4 S N .
i
12511 \g\x 7105
-5 -Ei"%'_ T1
"e"{3—-'--Q—E}‘—Q—E}—(—“%-fih—@—iﬂ'—‘g-ﬂj--@-ﬁﬂ—— [ e i e R e e T
475+ | O — %ﬁ}‘ 1045
ol GMS G v P
aY; % 0.9
-22hT ! . ! . ! . ! . ! E
5 10 15 20 25 30 35 40 45 50
17 Sep 2013, 07:46:50, Simberian Inc. Frequency. [GHz]
—=HE1A5m[In1 (M1} In2{k41] O— —; —— B:Sm[In1 {11 In2{W17] O— —;

Excellent match and proper dispersion and loss separation!
This model is expected to work for strips with different widths

1/3/2014 © 2014 Simberian Inc. 20 DESIGNGON“
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Can we use models for another cross-section?
it
(&—O 00 | [upAEN |

e Differential 6 mil strips, 7.5 mil distance

GD is close, but the loss is different: ; -
A:Computed.B inch Dt Simulation(1); B:RoughCand B inch Diff.Simulation(1); |
tagnitude(3), [dE] Group Delay. [ns]
| 10?5 1 Sanbenan Inc 7 30 View Mode [press <E3 to £

251 fooy
J Y WD: Dk=3.83, LT=0.0138 no |

i roughness (* blue lines)
757

! GMS IL 11.025
_‘ID |

¥ i )
sl NN Which one is better?
RES GMS GD /0 I
1 . _@ 7 i/ TH
1751 WA e S B B %————F i 0.975

/ ]
20T — — q - - ~
VW DK=o.0, LI=0.011/7; VIHCC
25t SR=0.32, RF=3.3 (x red lines \3\" 0% |  About 10% difference for
! ! ! ! ! . ! ! ! \ medium-loss dielectric
[ 10 15 20 25 30 35 40 45 50

27 Sep 2013, 12:45:04, Simberian Inc. Frequency. [GHz]

—# ASmlInT(M1LIn2(k17] #— — ——=<B:SmIn1(M1LIn2{k17] 5= —:

1/3/2014 © 2014 Simberian Inc. 21 DESIGNGON“
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Examples of pré

-

Wideband Debye (WD) with dielectric and roughness losses:

Model Parameters | WD Dielectric WD Loss Tangent
Board Types Constant @ 1GHz | @ 1 GHz
FR408HR with RTF copper, inhomogeneous | 3.95/3.5 (3.66) 0.01/0.012 (0.0117)
FR408HR with RTF copper 3.76 (3.66) 0.012 (0.0117)
Megtron-6 with HVLP copper 3.69 (3.6) 0.0065 (0.002)
Megtron-6 with RTF copper 3.75 (3.6) 0.0083 (0.002)
Nelco N4000-13EPSI with RTF copper 3425 (3.4) 0.011 (0.008)

ctical material models
. identification with coupled lines

composite/resin

Wideband Debye (WD) dielectric with loss tangent from specs and Modified
Hammerstad model (MH) for conductor roughness losses:

Model Parameters | WD Dielectric WD Loss Tangent | MH Roughness | MH Roughness
Board Types Constant @ 1 GHz | @ 1 GHz (SR, rms) (um) | Factor (RF)
Megtron-6 with HVLP copper 3.64 (3.6) 0.002 0.38 3.15
Megtron-6 with RTF copper 3.72 (3.6) 0.002 0.37 4
Nelco N4000-13EPSI with RTF copper | 3.425 (3.4) 0.008 0.49 2.3

Values from specifications are provided in brackets for comparison
See details at W. Beyene at all, Lessons learned: How to Make Predictable PCB Interconnects for

Data Rates of 50 Gbps and Beyond, DesignCon2014

© 2014 Simberian Inc.
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The GMS-parameters technique is

= the simplest possible
&~ 00k Rl | |

e Needs measurements for 2 t-lines with any geometry of cross-
section and transitions

— No extraction of propagation constants (Gamma) from measured data
(difficult, error-prone)

— No de-embedding of connectors and launches (difficult, error-prone)

* Needs the simplest numerical model
— Requires computation of only propagation constants
— No 3D electromagnetic models of the transitions

e Minimal number of smooth complex functions to match
— One parameter for single and two parameters for differential
— All reflection and modal transformation parameters are exactly zeroes

1/3/2014 © 2014 Simberian Inc. 23 DEesienGon:
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Presentation Notes
Conductor effects such as roughness, skin and proximity effects as well as high-frequency dispersion have to be appropriately accounted for in the electromagnetic model for accurate identification
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Summary on material models

h--'ﬂ e § |

Broadband dielectric and conductor roughness models must be identified or
verified

Proper separation of loss and dispersion effects between dielectric and
conductor models is very important, but not easy task

Without proper roughness model, dielectric models is dependent on strip width

— If strip width is changed, difference in insertion loss predicted by different models may have up
to 20-30% for low-loss dielectrics

— See examples for Panasonic Megtron 6 and Nelco 4000 EP at “Which one is better?...”
presentation and “Elements of decompositional analysis...” tutorial from DesignCon 2013
(available at www.simberian.com)

In addition, PCB materials are composed of glass fiber and resin and have
layered structure
— Different dielectric models for composite and resin layers may be required

— Vertical and horizontal components of dielectric constant may be different (anisotropy)
— Periodic inhomogeneity may cause skew and resonances (fiber-weave effect)
— All that can be modelled in Simbeor software

1/3/2014 © 2014 Simberian Inc. 24 DESIGNGON“
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. Interconnect analysis tasks
&-u"—l I §

e Pre-layout tasks

— Synthesize geometry for t-lines with target impedance

— Synthesize geometry for transitions with minimal reflection and
localization over the target frequency range

— Evaluate transitions impact on compliance metrics
— Evaluate impact of manufacturing tolerances

e Post-layout tasks
— Modify board design to fit manufactured
— |ldentify geometry of discontinuities and t-lines
— Build models and simulate
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Simbeor is synthesis, full-wave analysis and

= macro-modeling tool for interconnects
b.u’ i | g

Simbeor enables geometry synthesis for controlled
impedance transmission lines and via-holes, has geometry
import and selection capabilities, and 3D geometry editor

. Compliance Metrics
/ Simbeor > (plots & CSV) System-Level
Solvers & Tools Simulator:
Sel’?trf?ee;r;/ : Broadband SPICE | ADS, Allegro
)éditing J Touchstone models HyperLynx+Eldo
==1 RLGC(f) models Matlab, QCD...
Geor:etr - Excel CSV-files:
ODB++, A”géro, Touchstone models Ly Dk(®), LT(H)
PADS, hyp-files XML models & scripts TD Response Matrix

Simbeor is one-stop solution for passive interconnect pre and post-layout
analyses with advanced electromagnetic models, for macro-modeling and
material parameters identification tasks
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' Demo of pre-layout analysis in Simbeor

-
& . f 1
MYl 0 T
1) Synthesize transmission line line Stackup and materials from
model with the target impedance s e Blver Technology
2) Synthesize geometry of via transition . e
through the board L e R
120 0.012 1/1 Gre s (10
3) Simulate simple link path with one or ** .5 s T e i
two via transitions R :
4) Plot S-parameters, TDR response or = oo /1 IR
eye diagram L
5) Output BB SPICE or Touchstone
model — I
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Demo of post-layout analysis in Simbeor

L__..__

Import or convert board design into Board

CMP-28/32 validation board from

A”alyzer Wild River Technology
2) Select nets and create Network Selector (NS) http://wildrivertech.com/
for analysis

3) Optionally adjust geometry extraction, signal,
solvers and accuracy options

4) Break selected nets into discontinuities and t-
line segments

5) Generate Linear Network (LN) and 3D Circuits
and run analysis

6) Plot S-parameters, TDR or eye diagram
7) Output BB SPICE or Touchstone models
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Simbeor use case scenarios

-
&.u’ﬂ e § |

Stand-alone
— Material parameters identification
— S-parameters model quality assurance and macro-modeling
— S-parameter and compliance analyses of links without Tx & Rx

With a system-level tool (HSPICE, ADS, ...)

— Building advanced full-wave models of interconnects
— S-parameters model quality assurance and macro-modeling

With HFSS or CST — Simbeor compliments with
— Analysis of t-lines with advanced dielectric and conductor roughness models
— Analysis of planar discontinuities
— S-parameters model quality assurance and macro-modeling
— S-parameter and compliance analyses of links without Tx & Rx
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: Why use Simbeor?

&-ﬂd LT O R

Algorithms are validated with measurements up to 50 GHz!

Unique algorithm for material models identification

Advanced models of transmission lines

Fast via-hole and transmission line geometry synthesis

Fast and accurate pre- and post-layout de-compositional EM analysis
Quick compliance analysis in frequency domain

Unique quality assurance for Touchstone models

Unigue macro-modeling capabilities for consistent FD and TD analyses

W oo NO ULk WNR

Easy-to-learn and easy-to-use
10.Simbeor is #1 in price-performance (accuracy and productivity)

1/3/2014 © 2014 Simberian Inc. 30 DESIGNGONE'



&--ﬂﬂ e § |

E LT T T, Sl B

References

(available at http://www.simberian.com/)

Y. Shlepney, A. Neves, T. Dagostino, S. McMorrow, Practical identification of dispersive dielectric
models with generalized modal S-parameters for analysis of interconnects in 6-100 Gb/s applications,
DesignCon 2010 (App Note #2010 _01)

Sensitivity of PCB Material Identification with GMS-Parameters to Variations in Test Fixtures,
Simberian App Note #2010 03

Material Identification With GMS-Parameters of Coupled Lines, Simberian App Note #2010_04

J. Bell, S. McMorrow, M. Miller, A. P. Neves, Y. Shlepnev, Unified Methodology of 3D-EM/Channel
Simulation/Robust Jitter Decomposition, DesignCon2011, (App Note #2011 _02)

D. Dunham, J. Lee, S. McMorrow, Y. Shlepnev, 2.4mm Design/Optimization with 50 GHz Material
Characterization, DesignCon2011 (App Note #2011 _03)

Y. Shlepney, S. McMorrow, Nickel characterization for interconnect analysis. - Proc. of the 2011 IEEE
International Symposium on Electromagnetic Compatibility, Long Beach, CA, USA, August, 2011, p.
524-529.

Y. Shlepneyv, C. Nwachukwu, Roughness characterization for interconnect analysis. - Proc. of the 2011
|IEEE International Symposium on Electromagnetic Compatibility, Long Beach, CA, USA, August, 2011,
p.518-523

Y. Shlepnev, C. Nwachukwu, Practical methodology for analyzing the effect of conductor roughness
on signal losses and dispersion in interconnects, DesignCon2012, Feb. 1st, 2012, Santa Clara, CA.

1/3/2014 © 2014 Simberian Inc. 31 DEesienGon:



http://www.simberian.com/
http://www.simberian.com/

RV NN D R

¢ Contacts and resources
h-ﬂd -

* Yuriy Shlepney, Simberian Inc., Booth #525
shlepnev@simberian.com
Tel: 206-409-2368

e Simberian web site and contacts www.simberian.com

 Webinars on material identification de-compositional analysis, S-parameters
quality and http://www.simberian.com/Webinars.php

e Demo-videos http://www.simberian.com/ScreenCasts.php

e App notes http://www.simberian.com/AppNotes.php
e Technical papers http://kb.simberian.com/Publications.php
* Presentations http://kb.simberian.com/Presentations.php

e Download Simbeor® from www.simberian.com and try it for 15 days
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