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Introduction

O Data links running at bitrates 10-30 Gbps and beyond are becoming the mainstream
in the communication and other electronic systems

o Why is design of PCB and packaging interconnects for such systems is a challenging
problem?
= It requires electromagnetic analysis over extremely broad frequency bandwidth from DC to 20-50 GHz
= No frequency-continuous dielectric models available from laminate manufactures
= No roughness models available from manufacturers
= Boards are routed in old-style ways based on rules and approximate models and not on EM analysis
= Boards are not manufactured as designed — large variations and manipulations by manufacturer

O Is it possible to design and build interconnects and have acceptable analysis to
measurement correlation from DC to 20-50 GHz systematically?

= Obviously yes, but only if some conditions are satisfied

= The conditions are partially covered here and discussed in detail in my tutorial at DesignCon 2013 and in
paper presented at EMC 2013 symposium (both available at www.simberian.com)

= This presentation provides practical examples illustrating how to make decisions on the base of EM analysis
= Some examples may look counter-intuitive ©
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Decompositional analysis of a channel

= Connection of MULTIPORTS
20 ] - - Transmission lines (may be coupled) and via-holes,
o w Local Chip | | Chip T-Line connectors, bond-wires, bumps and ball transitions
% g Transitions Segments
e
Local Package Package T-Line
Transitions Segments
. Local PCB PCB T-Line Local PCB
Elements of decompositional Transitions Segments Transitions
analysis that correlates with
measurements:
1) Quality of all S-parameter models Local Package| |Package T-Line
2) Broadband material models Transitions Segments
3) Possibility of simulation in isolation -
(localization, de-embedding) 33
4) Correlation of measurements on o w Local Chip Chip T-Line
Qc Transitions S t
manufactured board with the models (O] egments
(benchmarking) 0
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Quality of S-parameter models

O Multiports are usually described with S-parameter models
= Produced by circuit or electromagnetic simulators, VNAs and TDNAs in forms of
Touchstone or BB SPICE models
O Very often such models have issues and may be not suitable for
consistent frequency and time domain analyses
= Not sufficient bandwidth and sampling
= Passivity, reciprocity and causality conditions may be violated

0 How to make sure that a model is suitable for analysis?
m The answer is one of the key elements for design success

= To make the decision easier, Passivity, Reciprocity and Causality quality metrics
has been introduced in 2010 and implemented in Simbeor software

= See references on quality of S-parameters at the end of presentation

O All models for this presentation are created with Simbeor software
= Adaptively sampled, reciprocal, passive and causal
= With bandwidth 50 GHz for 30 Gbps, 16 ps rise time

» Simberian 10/8/2013 © 2013 Simberian Inc.
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Broadband material models

O The largest part of interconnects are transmission line
segments

O Models for transmission lines are usually constructed

with a quasi-static or electromagnetic field solvers

= T-lines with homogeneous dielectrics (strip lines) can be effectively
analysed with quasi-static field solvers

= T-lines with inhomogeneous dielectric may require analysis with a full-
wave solver to account for the high-frequency dispersion

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

O This is the most important elements for design success

» Simberian 10/8/2013 © 2013 Simberian Inc.
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Causal dielectric models for PCB and PKG

O Multi-pole Debye-Lorentz (real and complex poles)

N K 2
A&'n Ag, - ﬁ’ Requires specification of value at infinity

e(f)= g + Z + Z £ ék- and poles/residues/damping or DK and LT

n=l147] L k=1 frk2 +2i- f Lk f2 at multiple frequency points

r,
o Wideband Debye (Djordjevic-Sarkar)

m2 - Continuous-spectrum model

e(f)=¢e.(o0)+ €ra -In 10" +if Requires specification of DK and LT at one
r (m2 — ml) . 11’1(10) 10™ + f frequency point

O Models for dielectric mixtures (Wiener, Maxwell-Garnet, ...)

O Models for anisotropic dielectrics (separate definition of Z, and
XY-plane components of permittivity tensor)

Parameters of the causal models are not available from manufacturers!
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Causal roughness models

0 Modified Hammerstad (red), % s.-n ¥ [[120 2 =]
Simbeor (black) - z
Kby L2 _1al 2 e LAY e
and Huray’s snowball (blue) = . ™ 5] [ e oy
Knj 148 >
models (RTF/TWS foil example) — ., \
See references in the papers o L el Ka=l ta“h[o'%%_)(RF -1
(Shlepnev, EMC2012 and DC2012) 1—?—"”_#:*’::%’# . | L LI - IR .

Frequency, Hz

O Causal if correction is applied to conductor surface
Impedance operator

O Where to get the model parameters?
= SR (delta) and RF for Simbeor and MHCC
= Number of balls, ball size and tile area for Huray’s model

\ Simberian 10/8/2013 © 2013 Simberian Inc. 9
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Material parameters identification with generalized
modal S-parameters (GMS-parameters)

(1) Measure scattering parameters (3a) Guess material or conductor

for two transmission line segments roughness model and model

with lengths L1 and L2 parameters
v v

(2) Cor‘npute reﬂection_less GMS- (3b) Cor’npute reﬂection_less Maqnitpj;j.J;S(.'JSB)_[Sdlé]_Stri;:nIine_!Zinch.s!Z;:l;_El:.JB.J?_SE_st_ripline_Binch.sZp;

parameters of line difference GMS-parameters of the line [ — e

L=|L2-L1]| segment with length L ]
| | ‘
v

(4a) Compute difference between . \9\

GMS-parameters from (4b) Adjust model parameters

measurements and model or change the model

5 10 15 20 25 30 35 40 45 50
05 Apr 2013, 15:35:11, Simbetian Inc. Frequency, [GHz]
—# AS[1.11] —* ASN.2, —= B:S[M., —= BiS5[1.21;

Is the difference

smaller than a Ahdeasured DifferenceStrip Filtered; B:Computed.§ inch.Simulation{1);

hreshold? tagnitude(s), [<B] Group Delay, [ns]
Optimization loop - red line;
Automated in Simbeor software £ \EM 111
i
Yes ol \E\\&‘ 11.08
(4¢) Material or conductor 13 Y
roughness model is found D T
0 U > |05
Can be used to identify both dielectric and conductor roughness models i

5 10 15 2a 2h 3 35 40 45 50

Simberian’s patents pending #13/009,541 and #14/045,392 05 pr 2013, 15:36:25, Simbeion Inc. Frequency. [GHz]

—HEIASm[InT (1L In2{M17] O— —; —— B:Sm[In1(M10In2( 15 +— —:
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Board for material models
identification example

0.7 Resist
. / latin . . . . .
o1 os ot . CMP-28 validation board designed and investigated
Ny e a0 by Wild River Technology http://wildrivertech.com/
20 0.012 1/1 Care FRA0E  (+\- 1.O)

LO3 1.2 Sigral 100z
00 3% 3313 B-Stage FRADE [+~ 1.0)
LO4 1.2 Flane 1.0 Gz
21.0 0.021 1/1 Care FR4DE [+ 1.0)
LO5 1.2 Plana 1.0
g 3% 3313 B-Stage FRADE  (+\-1.0)
LG 1.2 Signal 10
120 0.012 1/1 Core FRADE [+ 1.0}
LO7 1.2 Plane 1.0z
A4 2%3313 B-Stage FRADE  (+\-L0)
LO8 0.5 Sigral 0.5 oz
140 / Cu Plating
07 Resist
From Isola FR408 specifications
A. @ 100 MHz (HP42854) 3.69
Dk, Permittivity B.@ 1 GHz (HP4291A) 3.66
(Laminate & prepreg as laminated) C. @ 2 GHz (Bereskin Stripling) 3.67
Tested at 56% resin D. @ 5 GHz (Bereskin Stripline) 3.66
E. @ 10 GHz (Bereskin Stripline) 3.65
A. @ 100 MHz (HP42854) 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 Stripline) 0.0125

10.5-11 mil wide strip lines,
Use measured S-parameters for

2 segments ( 2 inch and 8 inch)
» Simberian 10/8/2013 © 2012 Simberian Inc. 11
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Measured S-parameters for 2 and 8 inch
segments

*%' DifferenceStrip | @ Strip |8, 6 inch | &P Strip | 6 inch |23 TDR | & GMS  Touchstone Analyzer | b x
= El 2w A J816_SE _stripline_2inch.sZp; B:.J8J7_SE_stripline_8inch.s2p;
Magnitude(3), [dE]
Fi i Vi iproci :
ile name : : | Quality | Passivity | Reciprocity | C k\“—-» I ‘ ,
CARepository\Simbeor\Demos\ T ouchstone Models\CMP-28 \_* W
Ty Ve e

a.ﬂJE_SE_microstrip_ﬂinch.... 983 100 945 - 10t ] =

J3.J4_SE microstrip_8inch.s.. | 99 100 99.3 - W
J5J6_SE _stripline_2inch.s2p EERS 100 99.7 ol ||-20 T T 1 ) lf/'*\ #
7_SE_stripline_8inch.s2p EEES | |II sty W w/ \\‘*1
a0t ||I iR o e \\
-40 T i,lil"
Excellent ulhi nal “reflectivel
measurements quality! [y~ & i
S-parameters
60 T T . . . . . . T T i
5 10 15 20 2h an 35 40 45 50
17 Sep 2013, 07:00:01, Simberian Ine. Frequency, [GHz]
— AST AE[1.2], —* BiS[1.1] —* B:5[1.2]:
e | | =] |
< | | ~

| XD -
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GMS-parameters computed from the original

S-parameters

AMeasured DifferenceStrip Filkered:
Magnitude(3), [dE] Group Delay, [ns]

11.25

| L

5 Ny
a0+t \q 1.1
" GMS Insertion Loss (IL) ™=
1254 1.05
\
'. \E\
5 tde Ik
I S
——3———-——EK————G-———-G————-D————--D—— = —— — s — — ]
ey — B 0.95
20t CIMC CleaAarimn DNalay, 7D Y A p
Jivio UUpP [UCIidy \Q9U)) H\ﬁ\ {og
1
2251 ! | ! 1 ! 1 ! | ! )
5 10 15 20 25 30 35 40 45 50
17 Sep 2003, 07:09:11. Simberian Inc. Frequency. [GHz]

— A SmInT (M1 InZ2(M17] O —:

Reflection in generalized modal S-parameters is exactly zero

- makes material model identification much easier!

> Simberian 10/8/2013 © 2013 Simberian Inc.
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Material models for strip line analysis -
definition .

ikl
20

First, try to use material

parameters from specs “
7, [mil]

175‘52013 0713004['5' berian | i o " ! o o A 3D ?;143 i E ﬁtéd]

ap L . Simberian Inc. e Made (press <E> to Edil

Material 2|

Insulator | Appearance | A. @ 100 MHz (HP42854) 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 (HP4285A) 0.0094
Type: |WidebandDebye x| mgent B.@ 1 GHz (HP4291A) 0.0117
N e - (Laminate & prepreg as lami C. @ 2 GHz (Bereskin Stripline) 0.0120
Specr_fy Eermlttmty and loss tangent at the measurement_frequency. L_oss tal ) is slowly Tested at 56% resi 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 Setti

Relative Permittivity (OK): |3-66 il Wideband Debye model can be
OW Frequency. . . .
Loss Tangent (Df or LT): [ 1.17e-2 . e described with just one Dk and LT

WD High Fregquency:
Measurement Frequency: I 1.e+9 [Hz] I—'QJ—M! m?2
le+ll [Hz] g 10 lf
rd . 1

)= e o) | 107 i

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

0K | Cancel

Conductor is copper, no
roughness in specs

> Simbel‘ian 10/8/2013 © 2013 Simberian Inc. 14
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Results with the original material models

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

Ateasured DifferenceStrip Filtered; B:Original & inch.Simulation(1);
kMagnitude(3), [dB] Group Delay, [ns]

Q\\Hﬁ 11.25
25T
ﬁﬁ%ﬁ iy

75 M F\ Model 1118
easurei///;%\\ﬂi /) (green) b

l. \j‘ﬂ\

1“? J {“ - 11
N T —3——53———-&3———-&3———43— —F———-F -
1757 e e e % - 1o os

\,L:> \h/\ .
| GMS GD A
T04
ﬁﬂft‘f ~25%
225 T ! 1 ! . . . . 1 ! E
5 10 15 20 25 30 35 40 45 50
17 Sep 2013, 07:15:42, Simberian Inc. Frequency, [GHz]

—+&1AEm(InT (M1LIn2(M17] O —; ——= B:Em[In1 (MTLIn2(M1]] &= —

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

> Simberian 10/8/2013 © 2013 Simberian Inc. 15
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Option 1: Increase Dk and LT in dielectric
model (no conductor roughness)

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

AMeasured DifferenceStrip Fikered: B:Computed.B inch Simulationi1);
Magnitude(3), [dE] Group Delay, [ns]

Measured - red and blue lines |

251 :
Model - green lines I\,
51 \ '
el B 11.15
GMS IL S
101 = \ ] 11.1
T \Eu\
125t - 11.05
iN
-15 '!{x* m_ 11
o T o S RN SO RY SO e ]
0l GMS GD A
v 10.9
2251 . . . : . : . . . E‘
5 10 15 20 25 30 35 40 45 50
17 Sep 2013, 07:25:15, Simberian Ine. Frequency, [GHz]

—slAEmIn (MTLIn2{(M1]] O —; —— B:3m[In1 {1 LIn2(M 1] +— —:

Good match, but what if conductors are actually rough?

> Simberian 10/8/2013 © 2013 Simberian Inc. 16
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Option 2: Increase Dk and model conductor
roughness (proper modeling)

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]
el Measured - red and blue lines 1=
“S=_ Model - green lines .,

_5-
751 \E\\\ 1118
—10-? GMS IL .@\\ 711

251l \g\.\_ 11.05
-15 _[i‘ +1

L%E
"e"{3'"'"9—53"'-9—53-—@-{3——8—-13—-—9-—[3——@—13—— B — i O
1751 \_/

S %E}\ T0.95
o0} GMS GD v
20 %/ % 0.4
225 T ! 1 ! . . . . 1 ! E
5 10 15 20 25 30 35 40 45 50
17 Sep 2013, 07:46:50, Simberian Inc. Frequency, [GHz]
—+&1AEm(InT (M1LIn2(M17] O= —; —— B:Sm[In1{MTLIn2(M1]] O— —:

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

> Simberian 10/8/2013 © 2013 Simberian Inc.
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Can we use models for another cross-section?

$
. . . . . . —— —
O Differential 6 mil strips, 7.5 mil distance
GD is close, but the loss is different: ™
A:Computed.6 inch Diff Simulation(1); B:RoughCond B inch Diff. Simulation(13;
Magnitude(3), [dE] Group Delay, [ns]
251 e,
Y WD: Dk=3.83, LT=010138 no s
i roughness (* blue lines)
-75
I GMSIL 1 oos
_‘ID L
¥ . :
ol ’\*\ | Which one is better?
% GMS GD /™3 I
151 =
175 - wﬁ;ﬁzﬁr":‘%‘: = %iaa:&——:x: A 0.975
I WD: Dk=3.8, LT=0.0117; MHCC
2st—SR=0.32, RF=3.3 (x{red lines \D\¢ 03 | About 10% difference for
! ! ! ! ! ! ! ! | \ medium-loss dielectric
[ 10 15 20 25 30 35 40 45 50
27 Sep 2013, 12:45:04, Simberian Ine. Frequency, [GHz]

—# ASm(InT (M1 LInZ(M1)] #—= = ——=B:Em[In1 (M1 LIn2(M17] 22— —:

< Simberian
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Plated nickel model identification

O Adjust Ni model parameters to match measured and computed GMS-parameters for
50 mm segment of microstrip line, strip width 69 um, thickness 12 um

Cu

ENIG finish with about 0.05 um of Au and about 6 um of Ni
over the copper

Substrate dielectric DK=3.x and LT=0.01x at 1 GHz,
wideband Debye model

Landau-Lifshits model for Nickel: Mul=5.7, Muh=1.4,
f0=2.5, dc/f0=0.22, relative resistivity 3.75

/AU N

— hdeazured.50 mm SE MEL Generalized D to C.8imulation, Smiin1 k13 In2{k13]
—+— Computed.50 mm SE MSL Sirmulation?, Smiln1 (1 In2(k417]

Magnitude{S), [dEB]
a

-2.5-‘x‘
e
&
| Mﬁ"“m,.< Measured| (blue)
a5 %*%
0+ ~ RPN 4 1\ %f\ A b l
Computed (rea) eI\ | “
125 |
3
A5+ 'U
A7 AT LR ]I
a 7 10 15 20 25 il ia] 40

10Jan 2011, 09:09:40, Simberian Inc. Frequency, [GH=z]

" Simberian 10/8/2013
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— heazured.50 mm SE MEL Generalized D to C.Simulation1, Sm[ln1 (k13 In2{k13]
—+— Computed.50 mm SE MSL SirmulationT, Smiln1 {1 In2(k17]

Group Delay, [ps]

o I

| Measured (blue) |
/0T Hl

30041 \
501 '

7

Computed (red)
2001 ‘ f
180T i
0 2 10 15 20 2 20 ® a0
10.Jan 2011, 09:11:04, Simberian Inc. Frequency, [GHz]
© 2011 Teraspeed Consulting Group LLC 19
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S-parameters of test structures

O Nickel: resistivity 6.46e-8 Ohm*meter, Landau-Lifshits Permeability Model:
Mul=5.7, Muh=1.4, f0=2.5, dc/f0=0.22

Magnitude(S), [dB] Group Delay, [ns]
ion jtoss

11 1
i

m

07 00 mm-ti

M

111k
09t

Nﬁ st
%ﬁ E

%$ 07t

20+

0T

40t = = h&%@%
’%% 05T
0 5 10 15 20 25 30 35 40 n 5 1'0 1'5 2'0 2'5 3'0 3'5 4'0
10 Jan 2011, 03:31:26, Simbesian Inc. Frequency, [GHz] 10.Jan 2011, 09:34:15, Simberiar Inc. Frequency, [GHz]

Measured - solid lines
Modeled - stars and circles

10/8/2013 © 2011 Teraspeed Consulting Group LLC
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5 Gbps signal in structure with 150 mm line

MICRGATRIF MATERTAL 5E
SCOEE 2L

Measured Modeled
In-phase Signal In-phase Signal

Mormalized Amplitude
Mormalized Amplitude

= = 10/8/2013 © 2011 Teraspeed Consulting Group LLC
S Simberian © 2011 Simberian Inc.
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12 Gbps signal in structure with 150 mm line

Measured Modeled

In-phase Signal In-phase Signal

ek} I
= =
= =
= =
£ £
= =
= ]
[ak] a
M H
= =
E £
[l [}
= =
O 2 4 B a 10 12 14 16
Time (s) « 10" Time (s) 10"

See more in Y. Shlepnev, 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. (also available at www.simberian.com)

= = 10/8/2013 © 2011 Teraspeed Consulting Group LLC 22
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Summary on material models

O

O

< Simberian

Provided example illustrates typical situation and importance of the
dielectric and conductor models identification

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 fibber and resin
and have layered structure

= Anisotropy: difference between the vertical and horizontal components of the
effective dielectric constant

= Weave effect: resonances and skew
= All that properties can be modelled in Simbeor software

10/8/2013 © 2013 Simberian Inc. 23
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Planar transitions: Bends

Design goal is to minimize the reflection loss [Sii|

Have additional capacitance and inductance, uncertainty in trace length

It is difficult to make them as bad as some other discontinuities

Potentially multiple bends may cause problems

Remove of excessive metallization helps to reduce the risks - -
See more in App Note #2008 05 at

http://www.simberian.com/AppNotes.php

O OO0 oOo a0

AProject(1).MSLEBend. Simulation(1); B:Project{1).MSLEendChamfered. Simulation(1);
Magnitude(S). [dB]
0

-2h

RV

-75

="
e

X

-100

Bend in 50-Ohm MSL (13 mil
wide in CMP-28 stackup)

-125 s i e v e |

0 1 10 15 20 2h 30 35 40 45 50
28 Sep 2013, 10:46:27, Simberian Inc. Frequency. [GHz]
—H#ABMLI —2 B[]

> Simberian 10/8/2013 © 2013 Simberian Inc. 24
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Planar transitions to wider strips or pads

O Optimize to have target characteristic impedance at wider section

O Example of transition from 13 mil (~50 Ohm) to 30 mil wide microstrip
m Create 30 mil wide 50 Ohm transmission line:

AcProjectTLMSLE0. Simulation(1); B:Project(1).MSL_Wide Simulation17;
C:Project(1) M5L_WideCut Simulation(1};
Magnitude(Za), [Ohm)

*1 $.., 13 mil MSL, solid plane .1
s :
#51 < .*—:5 L
| A * + # . % pom— R M—
oA
IR
al
v, [mil]
i . . . 1 20 10 0 - ) g
45 1+ z,[m?ﬁo m|| MSL W|th 40 m|| Cutou-ﬁiﬁ 28 Sep 2013, 12:27.19, Simberian Inc. 30 Wiew Mode [press <E3 to Edit).
e
401 =
. il N 30 mil MSL, solid plane -
S L ! o e v < o B 2. [mil]
5l 132756, . ﬁ -
t—
D.$8< __9__—--€‘f~ =
KRy 7. [mil]
-3 -2 -1 i 10 20 i
0 5 10 15 20 25 30 35 40 45 50
28 Sep 2013, 12:25:29, Simberian Inc. Frequency, [GHz]
—# AMode[1], —= B:Mode[1]; ——< C:hode[1];
10/8/2013 © 2013 Simberian Inc.
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Transition to wide strip 3D analysis

O Transition from 13 mil MSL to 60 mil long section of 30 mil wide
MSL, CMP-28 stackup gggmimmm.

"TL3" 1000[mil]
1MSL5EI Simulation(1)"
oz

'F’ro]ect(

01" Et " TLIIOT T
Part1

Resonance of cavity below cut-out — ey |

"Froject{11.MSLE0_\Wide Section Simulstion(1)"
Editor Mode [press <E> for

A:Project(1).Link_b0WdideCuta01).Simulation(1); B:FProject(1).Link_50Wideb0(1).Simulation(T); 2013125045, Simberian I
tagnitude(3), [dE]
0

Metwork View]

k:“?—:t_—-w . i aTOP
ol 1S11] el AWl T ==
=T ﬂ e \F*\- F 'f:;_:‘ B5IGNA
20} %;Iid reference 4 oo |
[" \ i A MW \A&W ZZZZ .
w %
a0t p A\ \ B - 100x100 mil
g/ With cut out in —__| = cavity
a0 A reference plane

"
-

L'

5 1ID \ 1|5 ZID 2l5 3ID 3l5 4ID 4l5 EID

28 Sep 2013, 12:43:29, Simberian Ine. Frequency, [GHz]
— AE11], —— ASN.2], ——k B:51.1], ——F B:5[1.2];

Cut-out reduced the reflection as expected, but may create another problem -

possible coupling to the cavity below (SI and EMI); How to deal with that?

BELANE_M:

> Simberian 10/8/2013 © 2013 Simberian Inc. 26
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Localizing the cavity below the cut-out

O 6 vias 30 mil apart, stitching the reference plane with the next plane

20T

-30

-0

-50

tagnitude(3), [dE]
0

APraject(1).Link_50WideCuts0(1). Simulation(1); B:Project(1) Link_50wWideCutStittheds0 Simulation(l, '~ L0 | )

"TL1":1000[mil]
'Prnjev:tﬂ MSLED Sirnulation(1)"

"TL3" 1000[mil
'Pro]em(T MSLSU Simulation(1)"
f oz

1S21| 7

i"‘-——-—_a*____-__

K—-—-—-_.__'K‘_____-

No stitching<
|

1S11]
\

IAAL

TRy
i ﬁu

With stitchin

=T
>

b 10 15 20 25

28 Sep 2013, 13:31:54, Simbernan Inc.
— AN 0] —— AL — B:EN] ——B:51.21;

< Simberian

Electromagnetic Solutions

30 35 40

10/8/2013

45 50
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Transition to wider strip: TDR

16 ps Gaussian step, 1 inch of 50-Ohm MSL on each side

AcProject(1).Link_S0%Wideb0(1). Simulation(1); B:Project(1).Link_bS0W/ideCuts0{1).Sirmulation(1);
C:Project(1).Link_50%ideCutStitchedb0 Simulation(1);

Z. [Ohm]

With |cutout (blug|ling) ——

N
R2hT \j f=\ PLANE_M
28 5ep 2013, 124 rian I Made (press <E> to Edif

0T \

\ 7< With cutout and
47571 / tit (

stitching (green line)

f \ /\ Originalm
\J

025 0275 0.3 0.325 035 0375 04 0.425 .45 0.475 05
28 Sep 2013, 13:40:54, Simberian Ine. Time, [ns]

— AN —— BN —— TN

See more on optimization of transitions for AC coupling caps in App Notes
#2008_02 and 2008_04 at http://www.simberian.com/AppNotes.php

> Simbel‘ian 10/8/2013 © 2013 Simberian Inc. 28
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Differential transitions

Transitions Design Goals: D1 — — D2
Minimize S[D1,D1], NEMT, FEMT [Smm]
Maximize |S[D1,D2]| and make GD flat Cl — - C2
Notation used here (reciprocal):
Block DD \ Block DC
- N & N Alternative forms:
S S S S
D1,D1 D1,D2 D1,C1 D1,C2
S S S S B
Smm = >SDLD2 SDz'Dz SDz’Cl SDZ’Cz/\ SDDII SDDlZ SDCll SDCIZW
D1,Cl D2.Cl1 C1.Cl C1,C2 Sy = Soear Spen
tSDl,C2 SDZ,CZ SCI,C2 éCZ,CZj SDCZI cCli Scc12
Block CC _SDCIZ SDCZZ cci12 Scczzj
S[D1,D1] and S[D1,D2] - differential mode reflection and ‘de gdd ((gde gde
transmission 1212 1&2{ lél 1‘22
C C

] S _ S1,2 Sz,z [SZ,I Sz,z
S[D1,C1], S[D2,C2] - near end mode transformation mm = gdegde \gee g
(NEMT) or transformation from differential to common mode 1dl (2101 16(1 1602
at the same side of the multiport Sy S, Sin S5,
S[D1,C2], S[D2,C1] - far end mode transformation
(FEMT) or transformation from differential mode on one side See more on definitions in
to the common mode on the opposite side of the multiport Simberian App Note #2009_01

10/8/2013 © 2013 Simberian Inc. 29
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Transitions from differential to single

O Maintain the target differential impedance in every cross-section

AProject(l).Smaooth(1).Simulation(1);

Magmtude( ), [dB]
100 Ohm = = —
125 ]
| I I | | o5 S
\ZE‘-— & e
o = See more on transitions
50 : . : in App Note #2013_04
‘ o }/ Differential mode reflection
' ﬁ( parameter (S[D1,D1]) is
_?ET below|-30|dB (good)
-87.5 ﬁ
5 10 15 20 25 30 35 40 45 1]
03 Feb 2013, 10:15:28, Simberian Inc. Frequency. [GHz]

—8 A Bmm[D1.01] —H ASmm[D1.D2]:

O  Or minimize the discontinuity in abrupt transition (similar to single bend)

MEL SplitTest Simulation(1);
Magnitude(S), [dB]

50 Ohm ) " b4 —t
N lm%» a0 Differential mode reflection
& parameter (5[D1,D1]) is |_|
20 <0 betow =30 dB (good {}
b 30 5 CMP-28 stackup, also
~100 Ohm » 2 T / used in skew analysis
SNSN
o 100 mil diff MSL + split
V + 2 100 mil SE MSL +
B B80T split + 100 mil diff MSL
X [mil]
28 S;GDDZUTE), izﬁuUEI M,gwunbenan \?n:. 1 20Edum N?Ede [DIES‘10<E> luvgg View]. D 5 1 D 1 5 20 25 30 35 40 45 50
50 Ohm 2883;12013,15.15.40,8imbﬂ::.8 D1 DI SO 021 Frequency, [GHz]
p p 10/8/2013 " © 2013 Simberian Inc. 30
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Differential bends: Qualitative analysis

O Skew or mode transformation in bends is
usually attributed to differences in
lengths of the traces Smallest

diff
= Thatis how it is usually modeled in traditional rerence
S| software that uses static field solvers to
extract t-line parameters and ignore the
discontinuities like bends
O According to that measure the arched
bend is better than two 45-degree and ii';gehrtgc'grger
two 45-degree bend is better than 90-
degree bend

O Is this correct statement?

T . : 2(w+5s)
= Investigation is provided in App Note
#2009 02 and here are some results...

~1.57(W+s)

~1.66(W+s)

The largest
difference
w is strip width and s is separation
» Simberian 10/8/2013 © 2013 Simberian Inc. 31
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Differential reflection and transmission

Differential reflection S[D1,D1]
D1 > — D2

C1 C2

A:Projectl One30. Simulation ; B:Prajectl. Twod5 Simulation ; C:Project]. Onedrched. Sinulation ;
Magnitude(S], [dB]
ot ;

[Smm]

12511

BELE R

t1]

A7ET

B0+

B25 7T

AT

BTET
&
1] 25 5 7h 10 125 15 175 20
27 Sep 2013, 15:43:30, Simberian Inc. Frequency, [GHz]
—# A:5mm[D1.01]; =2 B:Smm[D1.01], = C:5mm[D1.01];

Differential transmission S[D2,D1]

[— S D2
[Smm]
— C2

D1
C1

A:Projectl.Oned0. Simulation ; B:Project!. Two45. Simulation ; C:Project]. Onedrched. Simulation ;
td agnitude(S), [dB]

0

065+

285+

0 25 5 75 10 125 15 175 20
27 Sep 2013, 15:45:11, Simberian Inc. Frequency, [GHz]

=% A 5mm[01,02]; = B:Srm[D7.D2]; = C:Smm[D1.02];

No difference for practical applications!

< Simberian 10/8/2013
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Mode transformation (skew and EMI)

NEMT S[D1,C1]
D1 — — D2

[Smm]

AWV

C1 C2

A:Project1.0ne30 Simulation ; B:Projectl. Twod5 Simulation ; C:Project] Onedrched. Simulation ;
—¥ A:5mm[D1.C1]; =2 B:Smm[D1.,C7]; = C:5mm[D1.C1];
b agnitude(S], [dB]

D.

0+

201

30t

A0t

A0t

-B0 +

0+

A0+

15 176 20
Frequency, [GHz]

27 Sep 2013, 15:49:24, Simberian Inc.

FEMT S[D1,C2]
D1 — — D2
c1 — M— C2

A:Projectl.0ned0. Simulation ; B:Project!. Two45. Simulation ; C:Project]. Onedrched. Sirjulation ;
—% &Sm0, C2); =) B:Smm[D1 2], —— C:Smm{D1,C2]; 1 5 d B

td agnitude(S), [dB] N

o

At

AT

A0+

1287

5T

78T

201

22871
1 * ‘I 1 1 1 1 1 1 1
0 25 5 ) a 15 175 20
27 Sep 2013, 15:51:40, Simberan Inc. Frequency, [GHz]

More modal transformations at 90-degree bend!

< Simberian 10/8/2013
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Practical example of skew analysis for
nets with microstrip (MSL) arched bends

O 8-layer stackup from CMP-28 benchmark board from

Wild River Technology,

O Material models are identified with GMS-parameters
O Two 8 mil strips 8 mil apart in layer TOP (microstrip)

=-E Materials: T=20[°C],...

- "107_COPPER", RR=1, SR=0.32, RF=3.3, RM=0riginal

- "PLATED_10Z_COPPER", RR=1, SR=0.32, RF=3.3, RM=MHCC

- "FR-408HR", Dk=3.83, LT=0.0117, PLM=WD, Dk(0)=4.29, DK(inf)=3.63
A "Ar"

- "Soldermask”, Dk=3.7, LT=0.02, PLM=WD, Dk(0)=4.46, Dk(inf)=3.37
=88 StackUp: LU=[mil], NL=8, T=91[mil], CSM=("Soldermask", 1.75[mil])

--mm 1| Signal: "TOP", T=2, Ins="Air", Cond="PLATED_107Z_COPPER"

-l 2| Medium: T=7.4, Ins="FR-408HR", DIE_003

--mm 3| Plane: "PLANE_2", Cond="10Z_COPPER", T=1.2, Ins="FR-408HR"
-l 4| Medium: T=12, Ins="FR-408HR", DIE_005

~mm 5| Signal: "SIGNAL_3", T=1.2, Ins="FR-408HR", Cond="10Z_COPPER"
-Jll 6] Medium: T=10, Ins="FR-408HR", DIE_007

--=m 7| Plane: "PLANE_M1", Cond="10Z_COPPER", T=1.2, Ins="FR-408HR"
-l 8| Medium: T=21, Ins="FR-408HR", DIE_008

--mm Q| Plane: "PLANE_M2", Cond="10Z_COPPER", T=1.2, Ins="FR-408BHR"
-] 10| Medium: T=10, Ins="FR-408HR", DIE_009

--mm 11| Signal "SIGNAL_4", T=1.2, Ins="FR-408HR", Cond="10Z_COPPER"
-l 12| Medium: T=12, Ins="FR-408HR", DIE_011

--mm 13| Plane: "PLANE_5", Cond="10Z_COPPER", T=1.2, Ins="FR-408BHR"
-l 14| Medium: T=7.4, Ins="FR-408HR", DIE_013

--mm 15| Signak "BOTTOM", T=2, Ins="Air", Cond="PLATED_10Z_COPPER"

We investigate two bends with
Rb=108 mil and Rb=28 mil (center line)

150

125

o

T

50T

25T

25+

27 Sep 2013, 16:18:1E, Simberian Inc.

r

. [rmil

D1
C1

D2, C2° im0

-5l

-2h 0 25 50 75 100 125 150 176 o
30 Wiew Mode [press <E> to Edit].

Both bends have identical 25 mil difference in strip lengths

< Simberian 10/8/2013
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Effect of bend radius

O Very similar modal transformations in 8/8/8
larger and smaller bends! ———
Mogriude ), [4E] AMELBendRight Simulation(1); B:MELBendRight20. Simulation(1): . Rb= 108 mll m%gi
of # : “;?__"* 1 m
S[D1,D2]~ N 1
mﬁﬁ;ﬁ 10 1

0t Mﬁj

=20+

wll S

Il

“EMT| S[D1,C2]

L

<
wn
)
-
()]
1Y

W

Al

S
o3
w
&
]
e
=
e
il
®
@
o
)
T
3
&
3
=
a

=100 mil

T 015167616, Simeran
/>< / Rb=28 mil
N / bi
)1-D

NAN

SN
e AN
)
yal

SIL 1 C1
Rb=20 mil L / J *
601 D2 , c2
0 5 10 15 20 25 30 35 40 45 50 i i
27 Sep 2013, 16:28:29, Simberian Inc. Frequency. [GHz] FEMT IS deﬂnltely d
—— 4:Smm[D1,D1]; ——* A:Smm[D1,02]: ——* ASmm[D1.C1]; ——# A:Smm[D1,C2): —< B:Smm[D1,01]; problem (skew, EMI)!
— B:Smm[D1.02]); —— B:Smm[D1.C1]; — B:Smm[D1.C2];
10/8/2013 © 2013 Simberian Inc. 35
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MSL link with 4 right bends — SE TDT

0.1in
p2/pl

Center: 4.279 in

Length diff. 0.1 in 3in

p4/p3
0.1in

0.2 in

< Simberian

Electromagnetic Solutions

Single-ended TDT, 0.5 V 16 ps Gaussian step

A SL Link_4RightBends. Simulation(1); B:MSL. Straight. Simulation(1);

W [v]
051

04571

=

04t \

| |
‘I\J

AN
| N

A

03571 \l /7
/// FARNS i
.| 0j246 2467 < ‘Vz 1
et yﬂm

0151 /
s
n0st / /

ol R

with 4 bends

©
)
wn
)
3

Straight line (no skew)

06 06125 0625 06375 065 06625 0675 06875 07 071258 0725
29 Sep 2013, 05%:42:30, Simberian Inc. Time, [ns]
AMN13], —— AN[ZA], —— BV[1.3], —— BMNZA]
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MSL link with 4 right bends — MM TDT

0.1in
D1/C1

Center: 4.279 in
Length diff. 0.1 in

D2/C2
0.1 in

0.2 in

< Simberian

Electromagnetic Solutions

3in

Mixed-mode TDT, 0.5 V 16 ps Gaussian step

AMSL Link_4RightBends Simulation(1); B:MSL Straight Simulation(1);

W, [V
05t

Al
M ~ V[D1,D2]
03t - .

Straight — green line
Net
V[D1,C2] - FEMT

011 /

{\/( V[D1,C1] - NEMT
o Ag J

04 05 0B 07 05 04 1 1.1 12 13 14 15 16 17 138

29 Sep 2013, 09:57:32, Simberian Inc. Time, [ns]
— ANmm[D1.D2], —— ANmm[D1.C1], —— ANmm[D1,C2], —— BNmm[D1.D2];
— BN¥mm[D1,C1], ——— BNVmm[D1,C27;
10/8/2013 © 2013 Simberian Inc. 37



MSL link with 4 right bends:
“‘Skew” view on S-parameters 7z N

0.1 in
p2/p1
O How to fix it? — match length? 8/8/8 . mwuRRin v
p4/p3
o =i .0'1 in
0.2in
AMSL Link_4RightBends Simulation(1); B:MSL Straight Simulation(1); AMSL Link_dRightBends Simulation(1); B:MSL Straight Simulation(1);
Magnitude(3), [dE] Magnitude(3), [dB]
ot ' ' ' 0t
Straight FEMT S[D1,C2] |
N M§ With 4 bends
-_— 10 A

B h”i*{ AN // \V/ 1

1N e TN |

—SD-T

20T

30T

=40 = HHA 2 B -3

i

5015t
1 E 3

' B0 1 +-

a0 35 40 45 50 0 5 10 15 20 25 30 35 40 45 &0

29 Sep 2013, 09:29:37, Simberian Inc. Frequency, [GHz] 29 Sep 2013, 09:29:07. Simberian Inc. Frequency, [GHz]
—# ASmm[D1.01], ——k A Smm[D1.02], ——= B:Smm[D1.07]; ASmm[01.C1]; ——k ASmm[D1.C2]; — B:Smm[D1.C1];
— B:Smm[01.027; — B:Smm[01.C2;
10/8/2013 © 2013 Simberian Inc. 38
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MSL link with 4 right bends and serpentine —

SE TDT

0.21in

0.1in
p2/pl 1.45 in

. 0.1 in

p4/p3 1.45 in
0.1in

0.2 in

Center: 4.279 in
Length diff. O

< Simberian

Electromagnetic Solutions

Mixed-mode TDT, 0.5 V 16 ps Gaussian step

AMEL Link_dRightBendsandSerpentine. Simulation(1); B:MSL Straight. Simulation(1);

W V]
05T
0451 ———
g
04} \/[D A ]
/14,57 >!///
D367
/ N V[1,3]
1251 ey ~7 ps max skew with
| 0 9?47” 4 bends| and serpentine
n2r
0167
ol // ’% Straight line (no skew)
pDosT / /
0t ?4/

059 0B 0Bl 0B2 0B3 0B4 0B OGS 0OBY 0GB DBI 0F 071 072 073
29 Sep 2013, 10:07:49, Simberian Inc. Time, [ns]

AN —— AN[Z AL —— BN1.3] —— BNZAL

10/8/2013 © 2013 Simberian Inc. 39



MSL link with 4 right bends and serpentine:

0.2in

“Skew” view on S-parameters A N
O Length match did not 8/8/8 . aTe lo-ljn

fix the problem!

AMSL Link_4RightBendsAndSerpentine. Simulation(1); B:MSL Straight Simulation(1);
kMagnitude(3), [dB]

07 ' ' Straight
S N

$[D1,D2] e

Jl

&
S[D1 2,1;“ With 4 bends and serpentine

=20+

=

20 2h 30 35 40 45 50
29 Sep 2013, 12:30:22, Simberian Inc. Frequency. [GHz]
—2 ASmm[D1.01], —=2 ASmm[D1.02]; ——= B:Smm[D1.01];

—= B:Emm[01.02];

< Simberian 10/8/2013
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0.2in

AMSL Link_4RightBendsAndSerpentine. Simulation(1); B:MSL Straight Simulation(1);
kMagnitude(3), [dB]
D L

FEMT SIDL,C2] | With 4 bends
. ;_[ and serpentine

_1D- /q_f ‘@\
p./ﬁNEMT S[D1,C
\

_3|:| L .. (H (ﬂ " r'n
&ﬁ% | w
=40+ £ ‘ |
a0 'g
0 b 10 15 20 2h 30 35 a0 45 &0
29 Sep 2013, 12:32:26, Simberian Inc. Frequency. [GHz]

—2 A Smm[D1.C1] —= A Smm[D1,C2], — B:Smm[D1.C1];
—= B:Smm[D1.C2L:

A\ o

ﬁ\(
miire
vl

/

© 2013 Simberian Inc. 40



MSL link with 4 right bends and serpentine:
“‘Skew” view on S-parameters

. . IrI.

O Actually made it worse:
MT at lower frequencies

A rASL Link_dRightBends. Simulation(1);
B:MSL Link_4RightBendsAndSerpentine. Simulation(1);

kMagnitude(3), [dB]

0 % With 4 bends
5[D1,02] | /]

S[D1,D1] Md ?ZR”@?R&\
, 1ds rpe

Q
3
o
(7))

-20 T+

=30+

1E!
THH

;
50 145

1] 5 10 15 20 25 kil 35 40 45 50
29 Sep 2013, 12:39:33, Simberian Inc. Frequency, [GHz]
—# ASmm[01.01], ——#k A:Smm[D1.02]; ——= B:Srmm[D1.07];
—) B:5mm[DN1,027;

< Simberian 10/8/2013

Electromagnetic Solutions

0.1in
D1/C1 1.45in
Center: 4.279 in )
8/8/8 : Length diff. 0 . 0.1in
b2/c2 1.45 in
0.1in

0.2in

A rASL Link_dRightBends. Simulation(1);
B:MSL Link_4RightBendsAndSerpentine. Simulation(1);

kMagnitude(3), [dB]

D {

REMT|S[D1,C2] i |
With |4 bends and With 4 benlds
oy B /*’

-lirserpentine F=g

i TV 7\\'\“ /

\

Ry

v

p—
-

e

i
}Jm .

%L

F

L)

NEMT S[D1,C1]| |

10 15
29 5ep 2013, 12:40:12, Simberian Inc.

20 2k 30 35 40 45 50
Frequency, [GHz]

ASmm[D1,.C1]; ——F ASmm[D1.C2], —= B:Smm[D1.C1];

— B:Smm[D1.C27;

© 2013 Simberian Inc. 41



MSL link with 4 right bends and serpentine —
MM TDT

Mixed-mode TDT, 0.5 V 16 ps Gaussian step

ASL Link_dRightBendsAndSerpentine.Simulation(1); B:MSL Straight Simulation(1);

W V]
i s ranre : L o 05t
[
0471
/@ V[D1,D2]
0.1in 3 _ _
D1/C1 1.45 in Straight — green line
. 02t
Center: 4.279 in . 0.1in
Length diff. O
ol V[D1,C2] - FEMT
D2/C2 1.45 in '
0.1in V[D1,C1] - NEMT
. . D | /\ /
' ’ ’ ' ' \|/ ’ ’ '
0.21in 2EISep2015,-152:48:54,SimgjanInc. v " v 1 B Tirjﬂé [ne]
— AMNmm[D1.02]; ANmm[01,C1]; —— AMNmm[D1.C2], —— Bimm[D1.02];
— BNVmm[D1.C1], —— BNmm[D1,C27;

Length match in microstrip link clearly did not work!
May be it was not done properly?

> Simberian 10/8/2013 © 2013 Simberian Inc. 42
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MSL link with 2 right and 2 left bends —
SE TDT

Single-ended TDT, 0.5 V 16 ps Gaussian step

8/8/8 I AMSL Link_2Right_2Left Simulation(1); B:MSL Straight Simulation();
W [WV]
0451 5-—""’;--!——-_
04t %/
0361 _~ : : fy
Straight line (no skew) / \
0.1in 037 \ / "
p2/pl .| 2 right + 2 left bends
(V[1,3] and V[2,4] overlap)
Center: 4.279 in . 02t
Length diff. 0 3in V
0151
p4/p3 0l /
0.1in /
0.2in 05875 06 08125 0625 06375 065 0BE2S 0675 06875 07 07125 0728
29 Sep 2013, 12:58:30, Simberian Inc. Time, [ns]
AN 3] —— AN[Z24], —— BN1.3] —— BM2.4]:

The best we can do, but did it solver the problem?
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MSL link with 2 right + 2 left bends:

“‘Skew” view on S-parameters

u.ZiIn

[l o.1in

o Still problem with insertion loss

and mode transformation!

AMSL Link_2Right_ZLeft Simulation(1); B:MSL Straight. Simulation(1);
Magnitude(3), [dE]

D.

H‘“qf.

=

101—SiH 1, D2} -

With 2 1 AT
2B[D1,D1]

-ﬁil :_ ‘&
_40- =

i

* i
I 5 10 15 20 25 30 35 40 45 50
29 Sep 2013, 13:03:03, Simberian Ine. Frequency. [GHz]

—+ ASmm[D1.01]; ——F ASmm[D1.02], —= B:Smm[D1.01];
—< B:Smm[D1.02];

< Simberian 10/8/2013

Electromagnetic Solutions

D1/C1
Centet:':dé_l%ﬁzm in 3in
8/8/8 Length diff. 0
‘ == — D2/C2
H 0.1in
. 0.2 in
AMSL Link_ZRight_2Left Simulation(1); B:MSL Straight Simulation(1);
kMagnitude(3), [dB]
D L
FEMT S[D1,02] W:tf; 2bri Jg\t +
2 left bends
A0t s
,.--n—\ﬂ
AERN
a0+ / .'fmw)ﬂ}nlf rﬁf \ ]N E ']‘I' vllf. \\ J
BlIramL & i
'l NEMT [S[D1,C1]
501 T
IEI 5 1 ID 1 I5 2IIZI 2I5 3IIZI 3I5 4ID 4I5 5IIZI

29 Sep 2013, 13:11:32, Simberian Inc.

Frequency. [GHz]
—+ ASmm[D1.C1]; ——+ ASmm[D1.C2], — B:Smm[D1.C1];
—= B:Smm[D1.C2];
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MSL link with 2 right + 2 left bends and
serpentine — MM TDT

Mixed-mode TDT, 0.5 V 16 ps Gaussian step

8/8/8 AMSL Link_2Right_2Left Simulation(1); B:MSL Straight Simulation(1);
W [v]
nE&t
04t /
0.2 in Y
<~ V[D1,D2]
03t
o-Lin Straight — green line
D1/C1 0zl ) .
Center: 4.279 in 3in
Length diff. O ol V[D1,d2] - FEMT
D2/C2 A V[D1,C1] -|NEMT
0.11in o} \/ - N
. . I : I I I I I | I I
] 0.6 0z 0.8 0.9 1 1.1 12V 1.3 1.4
0.2in 29 Sep 2013, 131716, Simberian Inc. Time, [ns]
— ANmMmM[D1.DZ]; ANmm[D1,C1]; —— ANmm[D1.C2]), —— B¥mm[D1.D2];
— BNmm[D1.C1]; —— BMmm[D1.C2);

Length match in microstrip link does not work?
Let’s try to figure out why...
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MSL back-to-back right and left bends

8/8/8 0.1in Only small close complimentary bends
/ / ' reduce the mode transformation and
Length diff. O skew and EMI!

"""""""" 0.1in

AMSL RightLefiTest Simulation(1); B:-MSL Right20Lefiz0 Test Simulation(1); AMSL RightLeftTest Simulation(1); B:MSL Right20Left20Test Simulation(1);
tagnitude(S), [dE] . [v]

00075t .
~10 dB Rb=108 ml\/\
125 h=110 il =k
D=1Ug Mili R [— so0s) \
R LET .
257 y,—-’ = Rb=28 mil / \
__,a-"‘"Ef 0.0025 1

-37hT

W 3/
1A N A IAPNRA
251 7// A Rb=28 mil N\ T

-0.0025 1 I

O
Il

_?5 |
~ -0.005 1
{/ FEMT S[D1,02] :
5] V[D1|C2] 4 FEMT
D{ 00075 1
0 10 15 20 25 a0 3 40 45 s5) 0.0 0075 0 0125 05 0175 _ 0z
29 Sep 2013, 13:38:44, Simberian Inc. Frequency, [GHz] 29 $ep 2013, 13:35:33 Simberian Inc. Time, [ns]
——k &Sm0 G ——E1 B-Smm[D1.C2): ANmm[D1,C2], —— BNVmm[D1,C27;
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Why length matching does not work for
microstrip lines?

O Energy along the coupled MSL propagate in even and odd modes and they
have different propagation velocity or group delay:

A MEL DifiSL5FS:; AMSLDiffkASL). 30ML
GroupDelay, [psfinch] GroupDelay, [psfinch]
%
155 1 - - 155 1
i Quasi-static solver Full-wave solver o
16251 16251 / o
50 K 50 14964< Lo
L ] L o
3 14828
i R e Y (- - N m\-@n canll ¥
14751-f \ : —r 1475 '\\
N Even mode (++) ol Even mode (#++
a_
14251 14251 O { =)
K‘ Odd mode (#-) vaa moge (=) B
140 1 %] / 1404 S / 139015 < S
3
| | l/ 1i8.$? < | | Y ___9_315_-9--“@
13751 3 - — = 13751
EII 5 1 ID 1 I5 2IEI 2I5 3ID 3I5 4ID 4I5 EIEI EI 5 1 ID 1 I5 2IEI 2I5 3ID 3I5 4ID 4I5 EIEI
29 Sep 2013, 14:45:38, Simberian Inc. Frequency, [GHz] 29 Sep 2013, 14:46:34, Simberian Inc. Frequency, [GHz]
—# AMode[1], Pattern[+-]; ——# Ahode[2], Pattern[++]; — AMode[1], Pattern[+-]; ——& Ahdode[2], Pattern[++];

Will length compensation work if no difference in mode velocity (strip lines)? ...
Depends on how you do it — see Simbeor FRSI examples on skew in diff strips...
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Practical example of length matching

Serpentines may be
worse then vias!

shake_route_cktl Tline_snake_route Simulation ;

119.42 < | | | |

f

A:znakeyroute_ckil. Tlhine_snake_route, Simulationd ;
td agnitude(S), [dB]

u 1001
A5 < H
HETS Diff. TDR
8.483 |~ 951
o5t *—"' t t t t
025 03 035 04 045 05 055 06 0B 0OF 078
at u r 01 Oct 2013, 15:25:02, Simbetian Inc. Tirme, [nz]
75T Zmm(D1,01];
5|:| L
6251
.?5 |
0 25 5 75 10 125 15 175 20
01 Oct 2013, 15:23:59, Simberian Inc. Frequency, [GHz]
—# A Smm[D1.01];
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Cross-talk in vias

O 8-layer stackup from CMP-28 benchmark board from
Wild River Technology, http://wildrivertech.com

O Dielectric and conductor models are identified with GMS-parameters

=57 Materials: T=20[°C],... 7, [mil] N EXT _ S [ 1 3 T
E2 "10Z_COPPER", RR=1, SR=0.32, RF=3.3, RM=0riginal s E_x.
- "PLATED_10Z_COPPER", RR=1, SR=0.32, RF=3.3, RM=MHCC 100 -
A "FR-408HR", Dk=3.83, LT=0.0117, PLM=WD, Dk(0)=4.29, Dk(inf)=3.63 | ‘
B "Air" p 1 e = = T pp3
A "Soldermask”, Dk=3.7, LT=0.02, PLM=WD, Dk(0)=4.46, Dk(inf)=3.37 ! !
=90 StackUp: LU=[mil], NL=8, T=91[mil], CSM=("Soldermask”, 1.75[mil]) LANE 2
== 1| Signal: "TOP", T=2, Ins="Air", Cond="PLATED_10Z_COPPER" 15
-l 2| Medium: T=7.4, Ins="FR-408HR", DIE_003 IGNAL_3
== 3| Plane: "PLANE_2", Cond="10Z_COPPER", T=1.2, Ins="FR-408HR"
B 4| Medium: T=12, Ins="FR-408HR", DIE_005 LANE_MT
.mm 5| Signal: "SIGNAL_3", T=1.2, Ins="FR-408HR", Cond="10Z_COPPER" 50
-l 6] Medium: T=10, Ins="FR-408HR", DIE_007
== 7| Plane: "PLANE_M1", Cond="10Z_COPPER", T=1.2, Ins="FR-408HR"
-l 8| Medium: T=21, Ins="FR-408HR", DIE_008 LAME_t2
== 9| Plane: "PLANE_M2", Cond="10Z_COPPER", T=1.2, Ins="FR-408HR" 25
H 10| Medium: T=10, Ins="FR-408HR", DIE_009 IGNAL_4
.mm 11| Signal: "SIGNAL_4", T=1.2, Ins="FR-408HR", Cond="10Z_COPPER"
-l 12] Medium: T=12, Ins="FR-408HR", DIE_011 LANE_S
== 13| Plane: "PLANE_5", Cond="10Z_COPPER", T=1.2, Ins="FR-408HR" L |
-l 14] Medium: T=7.4, Ins="FR-408HR", DIE_013 p 2 0 R i ! T@p4
== 15| Signal: "BOTTOM", T=2, Ins="Air", Cond="PLATED_10Z_COPPER"
X, [mil]
-5 -0 -25 0 25 50 Fii -
26 Sep 2013, 16:29:30, Simberian |nc. 30 Yiew Mode [press <E> to Edit).

FEXT - S[1,4]
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Single-ended vias — case 1

O Two coupled vias in a 150 x 150 mil area caged with PEC wall (stitching vias)
o Vias are 20 mil apart, antipad diameters 40 mil, 13 mil MSL,;
O The first cage resonance is at about 10 GHz (half wavelength in dielectric)

F
75. Y. [ L T t X ) _ . .
AProject(1).2Single(1). Simulation(1);
Magnitude(s), [dB]
0 =
50 N _XTVA f%@pb{ﬂrt e
125 ] ?
25+ b=
-25 Z/ 1 Vﬁ"
—=\/T 2z, fmit) E_‘
0 103" pont 3 B EXT o) ‘ _§
V F) 1 7% MP:]‘ p )
50 ] )
51 " ARE M1
-62.5 1k LArE M
B 25
507 n) _—
_?5 3 - otf i
B I. N X, [mil] W$
iy g R 5 'IID '|I5 EIEI 2I5 3ID 3I5 4ID 4I5 EID
. . . . : . . X, [mill 55 5ep 2013, 171504, Simberian Inc. Frequency, [GHz]
75 50 25 0 25 50 75 100 ———k A1, ——F A AL
26 Sep 2013, 16:21:38, Simberian nc. 30 View Mode (press <E> to Edit].
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Single-ended vias — case 2

o Two un-coupled vias in a 150 x 150 mil area caged with PEC wall (stitching vias )

a

Vias are 60 mil apart, antipad diameters 40 mil

o Separation reduced NEXT below 25 GHz, but FEXT is increased above 10 GHz —
vias are coupled through the cavity (may be the whole board)!

751!‘(, fmmil] %
50-
25+
0 103" port 3

5.
50+
157 X, [mil]

100 75 B0 25 25 50 75 100

26 Sep 2013, 16:54:55, Simberian Inc.
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30 Wiew Mode [press <E» to Edit).

10/8/2013

AProject(1).25ingle(2).Simulation(1);
Magnitude(s), [dE]

A

FEXT -~ //F}ﬁ:g:

.~ 7
375 / I‘LI EXT

i 17 Lp3
E0 b o
50
-62.5 —
[ 25 NAL_4
R o) s |
75 )Z . porTan p 4
(] X, [mil]
-75 -50 -25 0 25 50 %
' } } } + 2013, 172745, Simbesan . 30 Ve ode ress <E> o Edt) ——————|
0 b 10 15 20 25 30 35 40 45 50

26 Sep 2013, 17:18:58, Simberian Inc.
— ASM, 3] —2 AS[1.4]

© 2013 Simberian Inc.
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Single-ended vias — case 3

O Two shielded vias in a 150 x 150 mil area caged with PEC wall (stitching vias)

o Vias are 60 mil apart, antipad diameters 40 mil, stitching vias are 20 mil from the signal
vias — localized up to about 30 GHz

O No cross-talk due to the localization — also models for such vias do not depend on the
caging or simulation area!

F
Tory [ LR
? AProject(1).25ingleShielded Simulation(1);
Magnitude(3), [dB]
D 1
507 Lx p
Pl “P3 | FEXT
-125 o
257
25 p » y SR
B B S B m’ p l. / /
0r 103" port -3 ——
50 7V
_25 L
wl NEXT
-850+ 5 ff(
751+ . o e 10 15 20 25 30 35 a0 %5 50
X, [mil] 265602013, 17:20:34, Simberian Inc. Frequency. [GHz]
75 50 25 0 25 50 75 100 T A AL ASn AL
26 Sep 2013, 17:22:20, Simberian Ine. 30 View Mode [press <E» to Edit).
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Cross-talk in single-ended vias

NEXT FEXT

AcProject.25ingle(1).Simulation(1); B:Project).23ingle(2). Simulation(1; AProject(1).25ingle).Simulation(1); B:Project(1).2Single(2).Simulation1;
C:Project(1).25ingleShielded. Simulation(1); C:Froject(1).25ingleShielded Simulation(1);

kMagnitude(3), [dB] tagnitudelz), [dE]
D | D I
ol L /;ﬁf -e\f:a"\‘?i?'{ oy _. A%%ﬁ' S :ﬁq
//\r‘* / | e

e
-40 /

o

ol %

l
— 57 /
\k
/*{‘

{

Y4
/

-60 i

I b 10 15 20 2h a0 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

LT

02 Oct 2013, 09:30:28, Simberian Inc. Frequency, [GHz] 02 Dct 2013, 09:31:41, Simberian ne. Frequency, [GHz]
# A:5[1.3]; = 551, 3], ——= CE[1.31: # A:5[1.4]; = B:5[1.4] ——=< G541
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SE vias cross-talk on TDT:
0.5V, 16 ps Gaussian step

APraject(1).25ingle TOR(2). Simulation(1): A:Project(1).2SingleShield ed TOR. Simulation(1);

AProject(1).2Single TOR(T). Simulation(1):
v V.Iv] V.0

v XT: capacitive XT: cavity XT: small
\ and cavity

0075

0125

0075 0.078

" | T NEX Ul NEXT

D227 g 0025

0.025 0075
0 Fa) \ f\ VAN i

AANS | T
0025 -0.025

-0.041% < \ F: E VX—I-- -0.025 .
s 0.0327 1 D FEXT 005
-0.05
0025 00% 0075 01 0125 015 0128 02 0225 025 0275 0025 005 0075 01 0a2% 01% 0178 02 0225 025 0275
26 Gep 2013, 17:35:57, Simberian Inc Time, [ns] 0025 005 0075 01 0125 015 0175 02 0225 025 0275 26 Sep 2013, 17:37:30, Simberian Inc. Tirne, [ns]
—— AM13] —— ANTLAL 26 Sep 2013, 17,37:09, Simberian Inc. Time. [ns] AN[13] —— ANLAL

ANTLIL —— ANLAL

Are localized vias also optimal? — see FRSI via x-talk example at
www.kb.simberian.com
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Cross-talk in differential vias

NEXT - S[D1,D3]
e

Two coupled differential vias in a 120 x 120 1008, it
mil area caged with PEC wall ples " p3
Vias are 30 mil apart, antipad 25x55 mil, 7
traces 8 mil MSL, 8 mil separation; 625 e
The first cage resonance is at about 12 GHz 50
(half wavelength in dielectric) 815 S
Stackup from CMP-28 board, Wild River 2
Technology http://wildrivertech.com 125 s

p2 o iwii P4

-5 625 50 375 -25 125 0 125 25 375 50 625

Three cases: FEXT — S[bl,b 4]

5o > [mill : 5oL Y- [mill : 50 Y, [mil]
375 375 375
25 25 25
125 125 125
[i] 1] 1]
il s il s mil + 5 vias
-25 -25 -25
-37.5 -31.5 -375
-50 50 -50
-625 625 -62.5
75 [mil] 75 [mil] 75 > [mil]
02 0ct 2013, 08:33 2103 b37 .\r) 25 125 o 128 25 37 5 50[ 6255 Edit). 02 0ct 2013, 08: SS?EPS h37 I5 2% 125 0 125 % 37 5 50[ 62E5 Edit). 02 Oct 2013, 08:40: 3—)705 537 \5 28 128 o 125 % 37 5 M5? fe: (pre: 62E5 Edit].
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Cross-talk in differential vias

NEXT FEXT

#Project(l) 2Ditias(1). Simulation(1); B:Project1) 2Diffvias(2). Simulation(1); A:Projecti1).2Diffvias(1).Simulation(1); B:Prajecti11.2Diffvias(2). Simulation(1);
C:Project(1).2DiffviasShielded. Simulation(1); C:Projeci(1}.2DiffviasShielded.Simulation(1);
Magnitude(3). [dE]

ha

= kMagnitude(3), [dB]

an il

0f 0L
/ﬁ
‘1|:| B _1[' [ | n/
s m et e om e \ ol -
20t e . ] s e
7‘/ e e = % /%/ ,-9/
—-.--8-
/ I | ¥< i
a0+ ,-e,rf _. i 0t .___,)(-' N
[ 1 / TR
-0t [f/ / \ * -0t / ( | . L
60— i , : i ! i i ! i 60 j‘f/ | | |
0 [ 1m0 15 20 25 30 35 40 45 50 i g 1 15 20 35 a0 35 40 45 5N
02 Oct 2013, 05:26:07, Simberian Inc. Frequency. [GHz] o gt o013, 09:2714, Simberian Inc. Frequency, [GHz]
—k ASmm[D1.D3]: —2 B:Smm[D1.03]; —— C:Smm[D1.03]: ——# ASmm[D1.04]); =2 B:Smm[D1.04]; —— C:Smm[D1.D4];
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Differential vias cross-talk on TDT:
0.5V, 16 ps Gaussian step

Y, [mil] Y, [mil] Y, [mil]

=

[mil] [mil] 8 [mil]

50 -375 -25 -125 0 125 25 375 50[ 625 . 50 -375 -25 -125 O 125 25 375 50[ 625 ) 50 375 25 -125 0 125 25 375 50 625
A:Project(1).2Dif TDR(1). Simulation(1); A:Project(1).2DIfTOR(Z). Simulation(1 ) A:Project(1).2DifiShielded TDR. Simulation(1);
A W[V W, [v]
XT: capacitive
0.05 d it 0.05 0.05
0.03972 and cavi . : T
Y Y XT: cavity XT: small
0.0375% 0.0375 0.0375
\
[ NEXT
: 0.025 0075

0.025 / ¥ N EXT

00125 M 0.0125 /\é 00125
P N S 0t ik N B I P ]

0 \ I U R e e — S~ - 0

-0.0125 \}F‘ -0.0125 ) -0.0125
EEVYT F XT
-0.025 A -0.025 -0.025
-0.0375 -0.0375 -0.0375
0.05 0.1 0.15 0.2 0.25 0.3 0.05 0.1 0.5 0z 025 03 0oe e R 0z e 03
02 Oct 2013, 09:42:38. Simberian Inc. Time, [ns] 02 0ct 2013, 09.45:24, Simberian Inc. Time. 8] g3 0o 2013, 09.45:51, Simberian Inc. Time, [ns]
— ANmm[D1.03]; —— ANmm[D1.04]; — ANmm[D1,03]; AN mm[D1,D4]; — ANMM[DT.D3]; —— ANmm[D1.D4];

Are localized vias also optimal? — see FRSI via x-talk example at
www.kb.simberian.com
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Benchmarking or validation

O How to make sure that the analysis works? — Validation boards!
O Consistent board manufacturing is the key for success
= Fiber type, resin content, copper roughness must be strictly specified or fixed!!!
O Include a set of structures to identify one material model at a time
= Solder mask, core and prepreg, resin and glass, roughness, plating,...
O Include a set of structures to identify accuracy for transmission lines
and typical discontinuities
= Use identified material models for all structures on the board consistently
= No tweaking - discrepancies should be investigated

O Use VNA/TDNA measurements and compare both magnitude and
phase (or group delay) of all S-parameters
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Example of benchmarking boards

PLRD-1 (Teraspeed Consulting, CMP-08 (Wild River Technology &
DesignCon 2009, 2010) Teraspeed Consulting, DesignCon 2011)

CMP-28, Wild River Technology,
Isola, EMC 2011, DesignCon 2012 DesignCon 2012

=3 ] o)
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Conclusion

O Validate all ideas with EM analysis
O Build only things that can be reliably analyzed!

O Decompositional analysis is the fastest and most
accurate way to simulate interconnects ONLY |F
= All S-parameter models in the link are qualified
= Material parameters are properly identified
= [nterconnects are designed as localized waveguides
= Manufacturer, measurements and models are benchmarked

O Examples created for this presentation are available at
www.kb.simberian.com (use FRSI keyword)
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Contact and resources

O Yuriy Shlepnev, Simberian Inc.,

Tel: 206-409-2368

Webinars on decompositional analysis, S-parameters quality and
material identification

Simberian web site and contacts
Demo-videos

App notes

Technical papers

Presentations

Download Simbeor® from and try it on your
problems for 15 days

O

O O O O O 0
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