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Examples of broadband extraction of
transmission line parameters with
Simbeor
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Introduction

0O Goal is to illustrate how Simbeor 2007 can be
used to build 3D full-wave broad-band
transmission line models for different planar
circuit manufacturing technologies
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Simbeor technology at a glance

0 Performs 3D full-wave analysis of transmission line
segment and automatically extract frequency-dependent
modal and RLGC matrix parameters per unit length for
W-element models of multiconductor lines

0 Uses broadband and causal dielectric models

O Simulates transition to skin-effect, shape and proximity
effects at medium frequencies

O Accounts for skin-effect, dispersion and edge effect at
high frequencies

0 Has conductor models valid and causal over 5-6
frequency decades in general

O Accounts for conductor surface roughness and finish
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PCB micro-strip line example

Example TLines\ Comparisons\ PCB\ PCB.esx

8 mil wide 1.6 mil thick strip on dielectric substrate with Dk=4.0 and LT=0.04 at 1 GHz.
Substrate thickness 4 mil, plane thickness 2 mil.

Gnd: 12 by BO, dw=2, dp=0[EEEEEY. 2 levelz
: . SuperGnd: GradualGrid, max Jdw by 15dy
L:-"'- WithRoughness Symmetry: Two-Plane Reflection

ElEII_jL Materials Analysis: Tline
ﬂ "Coppet”, RR=1, SR=2 Matriv: 308 by 308

[=- MM StackUp: LU=[mil], ML=3, T=7.5
- 1| Signal; "Jignall”, T=1.8, Ins="vacuum"
-} 2| mediurm: T=4, Ins="Fr4"
- 3| Plane: "Planel", Mat="Copper", T=2, Ins="vacu
=l Zg wimil

(- CircuitData: L=[mil]
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PCB micro-strip example: Attenuation

8 mil wide 1.6 mil thick strip on dielectric substrate with Dk=4.0 and LT=0.04 at 1 GHz
modeled as wideband Debye. Substrate thickness 4 mil, plane thickness 2 mil.

Atteruation, [Mpdm]
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Simbeor results: red curve is complete losses
with surface roughness 2 um

Skin-effect transition is around 3 MHz
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From “Accounting for High Frequency Transmission Line Loss
Effects in HFSS”, Andrew Byers, Tektronix, 2003 HFSS Users
Workshop, http://www.ansoft.com/workshops/hfworkshop03
Andy_Byers_Tektronix.pdf
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PCB differential micro-strip line example

-5 Materials 7.5 mil wide 2.2 mil thick strips 20 mil apart. Dielectric
i substrate with Dk=4.1 and LT=0.02 at 1 GHz. Substrate

2| Medium: T=4.5, Ins="prepregdp1” thickness 4.5 mil, plane thickness 0.594 mil.
3| Plane: "2", Mat="Copper", T=0.594, Ins="prepreg4pl" _

A e 75, et gt 21y 152 0 L0 s

5| Signal: "3", T=0.584, Ins="prepreg4p51" Svmmety: Two-Plane Reflection
6| Medium; T=9.8, Ins="prepreq4psa" dnalysiz: TLine, Lossy

7| Plane: "4", Mat="Copper", T=1.2, Ins="prepreg4psa" batrix: B1E by B1E. Allocat
8| Medium; T=2, Ins="prepregsp93"

9| Plane: "5", Mat="Copper", T=1.Z, Ins="prepreg4p13"

. 10] Medium: T=3.5, Ins="prepreg4pld"

- 11| Signal: "&", T=0.594, Ins="prepregdpls" Example PCB MCM\
. 12| Medium: T=4.1, Ins="prepreg4ps" -

= 13] Signal: 7", T=0.594, Ins="prepreg4ps” 16LBoardModels\

14| Medium: T=3.8, Ins="prepreg4pls"”

! 15| Plane: "g", Mat="Copper", T=1.2, Ins="prepreg4p1&" 1 6 L BOard M Od e I S .esX
. 16| Medium: T=2, Ins="prepreq3p33"

- 17| Plane: "3", Mat="Copper", T=1.2, Ins="prepreg4p1s"

. 18] Medium: T=3.8, Ins="prepreg4p1&"

- 19| Signal: "10", T=0.594, [ns="prepreg4ps” =B 16Laver

. 20| Mediurn; T=4.1, Ins="prepreg4ps" E'E'le- Makerials

- 71| Signal: "11", T=0.594, Ins="prepreg4pls" A "Copper", RR=0.968677, SR=0.5

. 22| Mediurm: T=3.8, Ins="prepreq4pls" "TdealMetal"
- 23| Plane: "12", Mat="Copper", T=1.2, Ins="prepreqg "Coppervia", RR=0,968677, SR=0.5
. 24| Mediurm: T=2, Ins="prepreg3pss" "acuum"

- 25| Plane: "13", Mat="Copper", T=1.2, Ins="prepreqg
. 26| Medium: T=9.5, Ins="prepreg4psa"

- 27| Signal: "14", T=0.594, Ins="prepreg4p51"

. 28| Medium: T=2.3, Ins="prepreg4ps1"

- 29| Plane: "15", Mat="Copper", T=0.594, Ins="prept "prepreg4pld”, Dk=4,18, LT=0.02, PLM=WD
[} 30| Medium: T=4.5, Ins="prepreg4p1” "prepreg4pe”, Dk=4.6, LT=0.02, PLM=WD
.. 31| Signal: "16", T=2.2, Ins="Yacuum" [+ -l StacklJo; LU=Imill. NL=31. T=9%_

"prepregdpl”, Dk=4.1, LT=0.02, PLM="WD

"prepreg4ps1”, Dk=4.51, LT=0.02, PLM="WD
"prepregépsa”, Dk=4,56, LT=0.02, PLM="wWD
"prepreg3p9a”, Dk=3,98, LT=0.02, PLM="WD
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Modal parameters of the differential micro-strip line
with metal surface roughness 0.5 um

16Layer. DiffLineT op.Simulation, Maode[1], Pattern[++] — — — —
1ELayer.DiffLineT op. Simulation, Mode[Z2], Pattern[+]

t agnitudelZmrm]. [Okrm] Attenuation, [dB/m]
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RLGC parameters of the differential micro-strip line
with metal surface roughness 0.5 um
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Eye diagram comparison for 5-in differential
micro-strip line segment with10 Gbs data rate

0.25

0z

015k

0r

005+

005k

O1F

015k

02

025

Two 7.5 mil traces 20 mil apart on 4.5 mil dielectric and 0.6 mil plane,
0.5 um roughness. Worst case eye diagram for 100 ps bit interval.

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Worst case eye diagram computed with
W-element defined with tabulated RLGC
parameters extracted with Simbeor

A

Worst case eye diagram computed with
W-element defined with t-line parameters
extracted with a static solver

Computed by V. Dmitriev-Zdorov, Mentor Graphics
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Eye diagram comparison for 5-in differential
micro-strip line segment with 20 Gbs data rate

Two 7.5 mil traces 20 mil apart on 4.5 mil dielectric and 0.6 mil plane, 0.5
um roughness.
Worst case eye diagram for 50 ps bit interval — May affect channel budget!

Y

Worst case eye diagram computed with Worst case eye diagram computed with
W-element defined with tabulated RLGC W-element defined with t-line parameters
parameters extracted with Simbeor extracted with a static solver

Computed by V. Dmitriev-Zdorov, Mentor Graphics
Simberian 10/7/2008 © 2007 Simberian Inc. 10
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PCB microstrip line with plated conductor

O Simbeor allows you to simulate conductor surface finish

for ROHS technologies such as ENIG

Gold

s

16 Sep 2007, 11:41: 23, Simberian [nc.

Attenuation, [dB/m)

Example TLines\ ENIGMetalFinishEffect\
ENIGMetalFinishEffect.esx

NoFinish — 8 mil microstrip on 4.5 mil dielectric
with Dk=4.2, LT=0.02 at 1 GHz.
ENIG2 - microstrip surface is finished with 6 um
layer of Nickel and 0.1 um layer of gold on top

—%—— MoFinizh.Microztrip. Simulation?, Mode[1] — % — —
——— EMIGZ Microztip Simulation, Mode[1] — = — —

10

b agnitudelZa]. [Ohm]

i
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16 Sep 2007, 11:44:47, Simberian [nc.

' Simberian 10/7/2008

| Electromagnetic Solutions

T 70

TES

T+ ED

T55

T 50

Frequency, [GHz]

—#—— MoFinizh.Microztip Sirmulationd, BAL11] — % — —
——— EMIGZ Microztip. Simulation?, RAL[T1] — - — —
R, [Ohrndrarn)] L. [nH /mm]
031 No Finish f 0
y ;
T 0.375
o+ ENIG2
02+H% .
% o T 035
*e ’&)g(
01T %H*‘m + 0.325
Ee™
T03
AT
0.001 01 1 10

16 Sep 2007, 11:46:28, Simberian Inc.

© 2007 Simberian Inc.

Frequency, [GHz]

11



Package strip line example

Example TLines\ Comparisons\ Package\ Package.esx

79 um wide and 5 um thick strip in dielectric with Dk=3.4 and LT=0.008 at 10 GHz.
Distance from strip to the top plane 60 um, to the bottom plane 138 um.

Top plane thickness is 10 um, bottom 15 um.

R.m.s. roughness is 1 um on bottom surface and almost flat on top surface of strip.

Grid: 16 by B0, dx=19.75, dy=6.58333, 2 levels
SuperGrnd: GradualGnid, max dw by 15dy
Symmetry: Twio-Plane Reflection

Analyziz: Tline

b atris: 390 by 39

Andrew Byers, Tektronix

ol 11 Jan 2007, 14:54:45, Simberian |n.

' Simberian 10/7/2008 © 2007 Simberian Inc. 12

Electromagnetic Solutions




Package strip line — effect of roughness on
attenuation and effective dielectric constant

79 um wide and 5 um thick strip in dielectric with Dk=3.4 and LT=0.008 at 10 GHz modeled as
wideband Debye. Distance to top plane 60 um, to bottom plane 138 um. Top plane thickness is 10
um, bottom 15 um

—#— Rough0p5.5trip. Simulation, Maode1] — —#%— —

o Fh:uugh'l pD.Strip.SimuIatinn'I MDI:IE[1] — s — — Package Etriphine Meazurement and HFSE Simulationg
Aftenuation, [Mpdm] EpzEffective, [] R A _ ;
o — meazured h Vo m=1 , 1
» — EE%E%&?E%? R 4
1D::$"§% 1|j1 ———— mes s
r W
I o -39
L hﬁx\
L = & RT L a ; R
- & T
37§
I Transit E
to sKki BT R A A A A R R S R )
effec
Tr L35
T 0’ :
| 34 T
1 1 1 1 1 L1111 1 1 1 1 L1111 1 1 1 1 L1 111 1 1 I-- 33 ----i-----ir--‘:--
oot o1 1 qmo et
10Jan 2007, 20:30:45, Simberan Inc. Frequency, [GHz] freq (GHz)
Simbeor results with r.m.s. roughness of From “Accounting for High Frequency Transmission Line Loss
a” metal Objects |S 1 um (C|rcles) and 05 Effects in HFSS”, Andrew Byers, Tektronix, 2003 HFSS Users
Workshop, http://www.ansoft.com/workshops/hfworkshop03
um (stars) Andy_Byers_Tektronix.pdf
Simberian 10/7/2008 © 2007 Simberian Inc. 13
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Package strip line — effect of dielectric and
metal losses on attenuation and dispersion

79 um wide and 5 um thick strip in dielectric with Dk=3.4 and LT=0.008 at 10 GHz modeled as
wideband Debye. Distance to top plane 60 um, to bottom plane 138 um. Top plane thickness is 10
um, bottom 15 um

—#—— Rough1pl.5trip.Simulation?, Mode[1] — —#%— —
——a—— Metaldnly. Stip. Simulation, Mode[1] — = — —
—#—— DhelectnicOnly.Stip. Simulation, Mode[1] — = — —
Attenuation, [Mpdmm) EpsEffective, []
¥ Total Loss
001 %% . 1
oy with 1 um M 33
o roughness
“o * N
T 38
0.001 —— et
: 137
0.0001 Metal Lloss |

Only (1 |jum) J {ag

= L
=
TR s e L %
30| 3
12005 }"‘&f% e By = 135
N : LR b e oo
Dielectric XHX_%_X‘%-%—K_K% e =
Loss Only T s st 34

I:I.II:I1 I I III1 'I I I II“”1II:I

17 Jan 2007, 13:43:59, Simberian [nc. Frequency, [GHz]
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Package strip line with different roughness
for top and bottom surfaces of strip

O Broadband analysis: transition to skin-effect, skin-effect
with roughness, proximity and edge-effects...

—%—— PKFlat.Stip.Lossy, L\R11] — =% — —

— i — - :
T PhRoudhStip Losey Hodell] — o — - o Ploughsiiplossy LAY — o -

B ’ ' ‘ . at.Strip Lozzless, . - - =
Attenuation. [dBfm] Magnitude{Zo). [Ohm] L. [nH/m] R. [Ohm/m]
100 : e . . o

Ih e R e R \
T T Rough ~ %l T e @11 1000
1% + 200 /
Ty - 500+ [ - 4
? 03 Jun 2007, 1006553, EMMIMATr anSitian to \ 03 Jun 2007, 100559, Simbanan Inc. l?;ll lllr*-- ?EI:I
ol k;l “Skin-effect Flat |[t10  *7| % Lossy Rough_ ¢ ,?‘*}_
T : @
400 + Lossless Fltat 2z f*_ T 900
4 -II:II:I 35|:| 1 - s, o Ay
i . T 250
%) . 300 1
il o T S PR 1
sdsesssies. o) % L ;
0001 0.0 0.1 1 10 100 0.0 0o 01 1 10 100
03 Jun 2007, 10:30:42. Simberian Inc. Frequency, [GHz] 03 Jun 2007, 11:03:43, Simberian Inc. Frequency. [GHz]

79 um wide and 5 um thick strip in dielectric with Dk=3.4 and LT=0.008 at 10 GHz modeled as
wideband Debye. Distance to top plane 60 um, to bottom plane 138 um. Top plane thickness is 10 um,
bottom 15 um. RMS roughness is 1 um on all surfaces except top of the strip, that is flat.

Simberian 10/7/2008 © 2007 Simberian Inc. 15
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On-chip micro-strip line example

Example: TLines\ Comparisons\ OnChip\ OnChip.esx

2.4 um wide and 2.07 um thick micro-strip on substrate with Dk=4.1 and LT=0.001 at
10 GHz modeled as one-pole Debye with relaxation frequency 1 THz.
Substrate thickness is 3.25 um.

: H Grd: 16 by 78, du=0.E, dy=0.2, 4 levelz

Plane thICkneS_S _IS 05 um, SuperGnd: GradualGrid, max 4ds by 19

metal conductivity is 3.22e7. Symmetry; Two-Flane Reflecti
Analysiz: TLine

b atris: 546 by B4E

@ solution: "OnChip”
EI. Microskrip
EIE'EL Materials
2 "aluminum®, RR=1,80162, SR=0.1
i "IdealMetal"
"acuurm"
-~ "Si0z", Dk=4.1, LT=0,001, FLM=1FD
[=-#M StackUp: LU=[um], ML=3, T=5.582
- 1] Signal: "signall”, T=2.07, Ins="vacuum"
- 2| mMedium: T=3.25, Tns="si0z"
- 3| Plane: "Plane1", Mat="aluminum", T=0.5, Ins=
EI% Microstrip
5 CircuitData: LU=urn]
ﬁ Simulation1
]E Graphl(TLineParameters. Modal ws. Frequency)

+1

el

11 Jan 2007, 13:28:59, Simberian Inc.
\ Simberian 10/7/2008 © 2007 Simberian Inc. 16
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On-chip micro-strip line: skin-effect

2.4 um wide and 2.07 um thick micro-strip on substrate with Dk=4.1 and LT=0.001 at 10 GHz
modeled as one-pole Debye with relaxation frequency 1 THz. Substrate thickness is 3.25 um. Plane
thickness is 0.5 um, metal conductivity is 3.22e7.

—F—— Microstrip.Microstrip. SimulationT, Mode[1]

Attenuation, [Mpdm]

—_— _*. —_——
k agritudeZa], [Dhm]

*
' Proximity and skin- T 300
1m 4% effect dominate over
T % the dielectric loss
I T 250
i \;‘*\* Attenua
T 200
— + 150
Characteristic
i Impedance
T 100
Tag Al 7045
*¥ FAA AT
0 HH : ;;;;;‘?E?H; —H-——HH
0.1 1 10 100

15 Jan 2007, 13:10:15, Simbenan Inc.

Frequency, [GHz]

Simbeor results with r.m.s. roughness of
all metal objects is 0.1 um

Simberian
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10/7/2008

alpha (Mpdm)

On Chip Microstrip Line Simulations and Measurement
TTTT T T T T 11171 T

i i i [l
i i i [l
1 1 [ L] "
— measured A N
o Vo Vo =N.5
10° |- ——  inside, tand=0001 .....’ m=0.3
— mrface
Lo
SilblL
" 1 ]
b
i i i
el e ol
o-l
i 1 ]
b
i 1 ]
Ll 1 ]
derer
" 1 ]
1
!

freq (GHz)

From “Accounting for High Frequency Transmission Line Loss
Effects in HFSS”, Andrew Byers, Tektronix, 2003 HFSS Users
Workshop, http://www.ansoft.com/workshops/hfworkshop03
Andy_Byers_Tektronix.pdf

© 2007 Simberian Inc. 17



Domination of the skin-effect over dielectric
loss for the on-chip micro-strip line

2.4 um wide and 2.07 um thick micro-strip on substrate with Dk=4.1 and LT=0.001 at 10 GHz
modeled as one-pole Debye with relaxation frequency 1 THz. Substrate thickness is 3.25 um. Plane
thickness is 0.5 um, metal conductivity is 3.22e7.

—F—— Microgtrip. Microstrip. Simulation?, Mode[1] — % — —

—&— MetalOnly. Microstip, Simulation?, Mode1] — = — —
—#—— DielectncOnly. Microgtip. Simulation?, Mode[1] — - — —

Attenuation, [Mp/mm] tagnitudeZa), [Ohm] — % Microstrip Microstrip. Simulation, RAL[1.1] — = — —
® I R. [Ohrnmm] L. [nH/rm]
I:I1 Il W FrBeeln ok i il T SDD __H*H% T D?

g I

0 e PR L
\ﬁ Metal only and e’ Inductance + 065
total losses T 250 * 'l I
.00 + % % p.u.l.
T0OE6
@‘@\ ( Dielectric loss ] (;\X\Xg( *‘au
0.0001 1 i 1
" ;W | *"& |
1e-005 T Q% 1 .
5 K\XXK i Lp _ T05
Resistance

1e-008 + bl
%&& .y 1045

Te-007 T %@% T 100 ™

K(N %%% obae ****W-- 04

. Hﬂﬁﬂﬁﬁﬁ*X*X*X*X*Hmmﬁﬂﬂﬁﬁﬁﬁﬁﬁ f ————++H ———+H ———

I:I.I1 T T T T T LI I1I T T T T T LI I1ID T T T T T T |1||l-||:I I:I1 1 ‘II:I ‘II:II:I
15 Jan 2007, 1%01:14. Simberian Inc. Frequency, [GHz] 15.Jan 2007, 13:00:46, Simberian Inc. Frequency, [GHz]
| Simberian 10/7/2008 © 2007 Simberian Inc. 18

Electromagnetic Solutions



Microwave IC (MIC) micro-strip line example

Example: TLines\ AttenuationTest1l\ AttenuationTestl.esx

—¥— FlatMetal Microstrip. Completelozsy, Maode[1] — % — —
—&—— Roughbd etal Microstrip. Completelogsy, Mode[1] — = — —

Attenuation, [Np/m] Magnitude({Zo). [Ohm]

1 50.75
aL,_h o 04«
|:|4 1 - - "‘-o,_\ - OA}@’//

] Aza T

o 1 50725

= 4 /@,U./aﬁw <

0l *-. /’:‘%)z T)/ 1507
//{;/ i . ;.Of;\ 1 50,675

el . 5

# |3

3.4
0271 A By 1 5065 0.0 | r | .
! - . . .0 4.0 2.0
ﬁ 1“5\ N 1.0 2.0 3
7 T 50625 f/GHz —=
: : : : : : . . ki Fig. 4. Attenuation of a microsirip waveguide with an alumina sub-
1 1.5 Z 2.5 3 35 4 45 ] strate and copper metallizations. (@ = 3.0 mm, w = 0.508 mm, #5 = 10
11 Jan 2007, 15:26:13, Simberian Inc. Frequency. [GHz] pm, 5=127 mm, ¢;=787 pgm, c=40 mm, £, =935— j1.9635-
107%). I: metallization surf;ace without roughness (x = 5.78628-107
Microstrip line: Blue curves — attenuation and Sfrlgch,B =;rs;—111-,ﬂ4|'10 ﬂlf; f; 1 G{‘;Jﬁ fi m“;;dﬁ’:j"ﬂ lhﬁ]tsﬂfrzf:
. . . ness; 3 retical results from [3]; 4 measured results
impedance with flat metal surfaces, red curves with [r;'f i’ ©e

metal surface roughness 0.5 um.

1) F.J. Schmuckle, R. Pregla, "The method of lines for the analysis of lossy planar waveguides”, IEEE Trans. on MTT, v. 38,
1990, N 10, p. 1473-1479.

2) R.A. Pucel, D.J. Masse, C.P. Hartwig, "Losses in microstrip”, IEEE Trans. on MTT, vol. 16, 1968, N 6, p. 342-350.

\ Simberian 10/7/2008 © 2007 Simberian Inc. 19
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Conclusion

O Analysis of signal propagation in multilayered
Interconnects requires 3D full-wave models for
transmission lines in case If

= Models valid over 5-6 frequency decades are required (multi-
gigabit serial data channels)

= Polarization and high-frequency dispersion effects have to be
taken into account

= Roughness effects have to be taken into account
= Conductor plating effects have to be taken into account

O Simplified electromagnetic and static models may be not
correct and result in the design failure, project delays,
Increased cost ...
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Solutions and contacts

O All solution files for these notes are available In
My Documents/Simbeor Solutions directory after
Installation of Simbeor 2007

O Send questions and comments to

= General:
= Sales:
= Support:

0O Web site
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