
Example of benchmarking boards 
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PLRD-1 (Teraspeed Consulting, 
DesignCon 2009, 2010) 

CMP-08 (Wild River Technology & 
Teraspeed Consulting, DesignCon 2011) 

CMP-28, Wild River Technology, 
DesignCon 2012 Isola, EMC 2011, DesignCon 2012 
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Hybrid simulation technology is used to 
illustrate benchmarking (Simbeor software) 
 Method of Lines (MoL) 

 More accurate than finite element method (FEM) and finite integration 
technique (FIT) for problems with multiple dielectric and metal layers 

 Provides conductor interior solution for metal planes 
 Trefftz Finite Elements (TFE) 

 Used to model strip conductor interior with rough surface 
 Method of Simultaneous Diagonalization (MoSD) 

 Extracts modal and per unit length parameters of lossy multi-conductor 
lines and periodic structures 

 Allows precise non-reflective de-embedding 
 Provides 3D observable definition of the characteristic impedance 



PLRD-1 benchmark board examples 
 4-layer stackup with two planes and 2 signal layers 
 30 test structures – all equipped with SMA connectors 
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Meander 

Low-pass 
filter 

Two-stub 
resonator 

PLRD-1 board created and 
independently investigated by 
Teraspeed Consulting Group 
www.teraspeed.com 

Two offset stub 
resonators 

Beatty 
standards 

Single-ended 
channel with 6 
vias 

Differential vias 

Structures for TRL de-
embedding and 
material identification 



25-Ohm micro-strip Beatty standard 

 1-inch 46 mil wide micro-strip line segment connected in series into 17-mil wide 
micro-strip line 

 DK=4.0, LT=0.018 @ 1 GHz, WD model – lower DK for wider line (anisotropy) 
 Conductor roughness 0.5 um, RF=2 
 De-embedded to reference planes to keep 250 mil micro-strip segments on 

both sides of the structure 
 Can be analyzed as a whole or with decomposition into two step discontinuities 

and line segments 
 De-compositional analysis is faster and more accurate 
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1000 mil 250 mil 250 mil 

RP1 RP2 Half-wavelength resonances 
due to reflections 
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De-composition of 25-Ohm Beatty standard 
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Simbeor de-compositional model (linear network) 

Two rectangular discontinuity selectors created to de-compose the 
structure in 5 elements 

Auto-decomposition is used here as demonstrated in screen-cast 
#2009_03 at http://www.simberian.com/ScreenCasts.php  

MSL1 Step 1  
(S-parameters) MSL2 Step 2 

(S-parameters) MSL1 Port 1 Port 2 

17-mil micro-strip lines (MSL1) 

46-mil micro-strip line (MSL2) Step 1 
Step 2 

© 2013 Simberian Inc. 
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Circuit elements automatically created for 
the electromagnetic extraction 
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Step 2 – full-wave 
extraction of 2-port S-
parameters  

Step 1 – full-wave 
extraction of 2-port 
S-parameters 

17-mil micro-strip line 
– full-wave extraction 
of RLGC(f) parameters Analysis takes less than 1 min and all models are re-usable for 

possible fast “tuning” by adjustment of the t-line lengths 

All EM models are 
automatically re-composed 
in linear network “Beatty25”  

46-mil micro-strip line 
– full-wave extraction 
of RLGC(f) parameters 

© 2013 Simberian Inc. 



Comparison with measurement results de-
embedded with TRL  

 Magnitudes of S-parameters 
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Measured (stars) 

Simulated (circles) 

transmission 

reflection 

Good correspondence! 

Measured Data Quality Metric: 
Passivity QM=99.9999% 
Reciprocity QM=99.21% 
Symmetry QM=38.6% 

Visible difference in |S11| and 
|S22| - the actual structure has 
mirror geometric symmetry 
violations (manufacturing 
variations and the weave effect) 
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Comparison with measurement results de-
embedded with TRL  

 Phase and group delay 
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Measured – stars, 
simulated - circles 

Good correspondence! 
© 2013 Simberian Inc. 



Micro-strip resonator with two offset stubs 
 Two 17-mil wide micro-strip stubs 

separated by 80 mil as shown 
 DK=4.2, LT=0.018 @ 1 GHz, WD model 
 Conductor roughness 0.5 um 
 De-embedded to reference planes to keep 

750 mil micro-strip segments on both 
sides of the structure 

 Can be analyzed as a whole or with 
decomposition into three discontinuities 
and line segments 

 De-compositional analysis is faster and 
more accurate 
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342 mil 

750 mil 

750 mil 
80 mil 
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De-composition of two-stub resonator 
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MSL X-junction 
(S-param.) MSL 

Port 1 Port 2 
MSL 

Open 1  
(S-parameters) 

MSL 

Open 2  
(S-parameters) 

Simbeor de-compositional 
model (linear network) 

Three rectangular discontinuity 
selectors created to de-compose 
the structure in 7 elements 

Auto-decomposition is used here as 
demonstrated in screen-cast #2009_03 at 
http://www.simberian.com/ScreenCasts.php  

Micro-strip 
lines (MSL) 

Open 1 
X-junction 

Open 2 

© 2013 Simberian Inc. 
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Circuit elements are automatically created 
for the electromagnetic extraction 
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X-junction – full-wave 
extraction of 4-port S-
parameters  

Open end – full-
wave extraction 
of 1-port S-
parameters 

17-mil micro-strip line 
– full-wave extraction 
of RLGC(f) parameters 

Analysis takes less than 1 min 
and all models are re-usable for 
possible fast “tuning” by 
adjustment of the t-line lengths 

All EM models are 
automatically re-composed in 
linear network “OffsetStubs”  
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Comparison with measurement results de-
embedded with TRL  

 Magnitudes of S-parameters 
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Measured (stars) 

Simulated (circles) 

transmission 

reflection 

Good correspondence! 

Measured Data Quality Metric: 
Passivity QM=100% 
Reciprocity QM=99.41% 
Symmetry QM=0% 

Visible difference in |S11| and 
|S22| - the actual structure has 
rotational geometric symmetry 
violations (manufacturing 
variations and the weave effect) 

© 2013 Simberian Inc. 



Double resonance effect 
 The effect of interaction between the resonators first observed by M. 

Goldfarb and A. Platzker in “The effects of electromagnetic coupling on 
MMIC design”, Int. J. of Microwave and Millimeter-wave Computer-
Aided Engineering, 1991, v.1, p. 38-47 

 The de-compositional analysis proves that the effect is due to the 
interactions of two T-junctions through the high-order modes in micro-
strip line connecting them 
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Measured – stars, 
simulated - circles 

The effect cannot be observed without the EM analysis! 
© 2013 Simberian Inc. 



What if the interaction is ignored? 
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With two separate 
T-junction (no 
high-order mode 
interactions) – red 
lines on graphs 

With single X-junction  
(high-order mode 
interactions) – green 
circles on graphs 

Measured 
(stars) 

With X-junction 
(circles) 

With 2  
T-junctions 
(red line) 

Measured 
(stars) 

With 2  
T-junctions 
(red line) 

With X-junction 
(circles) 

The effect cannot be observed without coupled discontinuities! 
© 2013 Simberian Inc. 



Comparison with measurement results de-
embedded with TRL  

 Phase and group delay 
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Measured – stars, 
simulated - circles 

Good correspondence! 

Measured data filtered 
with 16th order FIR filter 
(stars) 
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Meandering micro-strip line 
 Meandering 17-mil 2.6 inch long micro-

strip line 
 DK=4.2, LT=0.018 @ 1 GHz, WD model 
 Conductor roughness 0.5 um 
 De-embedded to reference planes to keep 

390 mil micro-strip segments on both 
sides of the meander – total length of the 
line is 3380 mil 

 Can be analyzed as a whole or with 
decomposition into two discontinuities and 
line segments 

 De-compositional analysis is faster and 
more accurate 
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282 mil 

10 mil 
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De-composition of the meander 
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Mender Top 

8-conductor  
t-line segment 

Meander Bottom 

Meander Top 
(S-parameters) 

Port1 Port2 

Simbeor de-compositional 
model (linear network) 

MSL MSL 

8-conductor line 
segment (RLGC) 

Meander Bottom 
(S-parameters) 

Two rectangular discontinuity 
selectors created to de-compose 
the meander in 5 elements 

Micro-strip 
lines (MSL) 

Auto-decomposition is used here as 
demonstrated in screen-cast #2009_02 at 
http://www.simberian.com/ScreenCasts.php  

© 2013 Simberian Inc. 
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Circuit elements automatically created for 
the electromagnetic extraction 
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Meander Top – full-
wave extraction of 10-
port S-parameters  

17-mil micro-strip line 
– full-wave extraction 
of RLGC p.u.l 
parameters 

8-conductor micro-strip 
line – full-wave extraction 
of RLGC p.u.l. parameters 

Meander Bottom – full-
wave extraction of 10-
port S-parameters  

Analysis takes 5 min and all 
models are re-usable for possible 
fast meander “tuning” by 
adjustment of the t-line lengths 

All EM models are 
automatically re-composed 
in linear network “Meander”  
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Comparison with measurement results de-
embedded with TRL  

 Magnitudes of S-parameters 
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Measured (stars) 

Simulated (circles) 

transmission 

reflection 

Good correspondence! 

Measured Data Quality Metric: 
Passivity QM=100% 
Reciprocity QM=99.6% 
Symmetry QM=49.3% 

Some visible differences in 
|S11| and |S22| - the actual 
structure has mirror geometric 
symmetry violations 
(manufacturing variations and 
the weave effect) 

Meander behaves as 
a band-stop filter 
around 10 GHz 
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Comparison with measurement results de-
embedded with TRL  
 Transmission coefficient phase 

(angle) and group delay 
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Measured – stars, simulated - circles 

Good correspondence! 

Measured data filtered with 16th 
order FIR filter (stars) 

© 2013 Simberian Inc. 







Channel Modeling Platform CMP-08  
 Validation board with coupled microstrip and strip structures  designed 

with Simbeor software by Wild River Technology 
 J. Bell, S. McMorrow, M. Miller, A. P. Neves, Y. Shlepnev, Unified Methodology of 3D-

EM/Channel Simulation/Robust Jitter Decomposition, DesignCon2011 (also App Note 
#2011_02 at www.simberian.com) 
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3”, 6”, and 11” Differential 
THRU structures are used to 
benchmark simulations-
measurements, and jitter tools  

Analysis to measurement 
correlation investigation on 
38 structures up to 30 GHz! 



CMP-08 examples 
 Three-inch stripline differential traces 
 Results of S-parameter comparisons from 

models and from VNA and TDNA for the 3 inch 
differential stripline  
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CMP-08 examples 
 Three-inch stripline differential 

traces 
 Using recorded differential 

stimulus 
 Two co-simulations with “modeled” 

S-parameters 
 Two co-simulations with 

“measured” S-parameters 
 One direct measurement 
 Illustrating “good” agreement 
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CMP-08 examples 
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CMP-08 examples of structures for x-talk 
analysis to measurement correlation 
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Neves Pathological 
•Microstrip Traces 
•Mode Conversion 
•Impedance Variation 
•XTLK yields relatively low jitter 

McMorrow Broadside Coupler 
•Mimics Backplane  
•Stripline Traces 
•Multiple aggressors 
•XTLK yields relatively high jitter 

See more in J. Bell, S. McMorrow, M. Miller, A. P. Neves, 
Y. Shlepnev, Unified Methodology of 3D-EM/Channel 
Simulation/Robust Jitter Decomposition, DesignCon2011 



CMP-28 benchmark board  
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Validation board with microstrip 
and strip structures designed with 
Simbeor software and available from 
Wild River Technology – 
http://wildrivertech.com/  

© 2013 Simberian Inc. 
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Conclusion 
 Decompositional electromagnetic analysis is the fastest and the 

most accurate technique for signal integrity analysis 
 Predictable interconnects must be designed as localized wave-guiding 

channels 
 Via-holes, breakouts and connector launches must be localized to make 

models independent of the board geometry 
 Always start project with material parameters identification 

 Accuracy of transmission line models depends mostly on the dielectric 
and conductor surface roughness models and they may be not available 

 Ensure S-parameter model quality (created and from vendors) 
 Always validate your analysis with measurements  

 Use VNA or TDNA and compare both magnitudes and angles 
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Contact and resources 
 Yuriy Shlepnev, Simberian Inc., Booth #626 

shlepnev@simberian.com 
Tel: 206-409-2368 

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

 Simberian web site and contacts www.simberian.com   
 Demo-videos http://www.simberian.com/ScreenCasts.php  
 App notes http://www.simberian.com/AppNotes.php  
 Technical papers http://kb.simberian.com/Publications.php 
 Presentations http://kb.simberian.com/Presentations.php   
 Download Simbeor® from www.simberian.com and try it on your 

problems for 15 days 
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Backup slides 
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Example of decompositional analysis of non-
localizable link 

2-plane PDN
with a slit

Tx

Comp 1

Comp 2

Rx

DeCap 1

DeCap 2

DeCap 3

via 1

via 2

A net on 4-layer board with two parallel planes (S-G-P-S) 
to illustrate the port-based decomposition process  

Comp 2 
Package

TL 
segment

Split 
crossing 
(coupl. to 

PDN)

Slot line 
segment

Slot line 
segment

DeCap 3 
(coupl. to PDN)

Slot line 
segment

TL 
segment

Coupling 
with PDN 
at via 2

TL 
segment

Coupling 
with PDN 
at via 1

TL 
segment

Comp 1 
Package

Tx 
port

Rx 
port

Transmission plane model of 
PDN with a slit

DeCap 1 DeCap 2

short 
circuit

open 
circuit

coupl. with via 2

coupl. with via 1

coupl. with slot lines

Port-based decomposition of the net  

Not possible in pre-layout analysis! 
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Example of decompositional analysis of 
localizable link 

Tx

Rx

Receiver 
Package

Diff. 
Vias 

Model

T-Line 
Segment

Split 
crossing 

discontinuity

T-Line 
Segment

Diff. Vias 
Model

T-Line 
Segment

Diff Vias 
Model

T-Line 
Segment

Driver 
Package

Tx 
port

Rx 
port

Decomposition 

W-element models for t-line 
segments defined with 
RLGC(f) p.u.l. tables  

(or equivalent S-parameter) 

Multiport S-parameter 
models for via-hole 

transitions and 
discontinuities 

Can be done in pre and post layout analysis! 

Complete Multiport 
S-parameters 

 

Attenuation, dispersion, 
coupling in transmission lines 

Reflection from via-holes 
and discontinuities 
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Example: Series impedance, two-port 
z

1I

1V
-
+

0Z
1a

1b
+-

2I

2V-
+

0Z
2a

2b
+ - z is a complex 

impedance 

1 1 1
1 1Y

z
− = −  

S-matrix is always symmetric (reciprocal system)  
and non-singular for any z 

[ ] 0

0

2 ,1 1
2

z Zeigenvals S
z Z

 − ⋅ = ≤ + ⋅  
Passivity: 

( ) ( ) 1 0

00

1 2
22N N

z ZS U Y U Y Z zz Z
− ⋅ = − ⋅ + = ⋅ + ⋅  

We just use known Y and transform it to S 

0
0

1 1
1 1N

ZY Z Y
z

− = ⋅ = −  

( )Re 0z ≥ For real normalization 
impedance 

Short-circuit: 

1,1
0 10 1 0z S  = ⇒ =   

1,1
1 0
0 1z S  = ∞ ⇒ =   

Open-circuit: 

2 2S C ×∈
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Example: Parallel impedance, two-port 

z
1I

1V
-
+

0Z
1a

1b
+-

2I

2V-
+

0Z
2a

2b
+ - z is a complex 

impedance 

S-matrix is always symmetric (reciprocal system)  
and non-singular for any z 

[ ] 0

0

2 ,1 1
2

y Yeigenvals S
y Y

 − ⋅ = ≤ + ⋅  
Passivity: 

( ) ( ) 1 0

00

1 2
22N N

y YS Z U U Z Y yy Y
− − ⋅ = − ⋅ + = ⋅ − + ⋅  

We just use known Z and transform it to S 

0 0

1 1 1
1 1N

zZ Z
Z Z

 = ⋅ =   

( )Re 0z ≥ For real normalization 
impedance 

1 1
1 1Z z  =   

0
0

1 1,y Y
z Z

= =

Short-circuit: 

1,1
1 00 0 1z S − = ⇒ = −  

1,1
0 1
1 0z S  = ∞ ⇒ =   

Open-circuit: 

2 2S C ×∈
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Example: PI-circuit, two-port 
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y1, y2, y3 are 
complex 
admittances 

1 3 3
3 2 3

y y yY y y y
+ − = − +  

0Z
1a

1b
+-

0Z
2a

2b
+ -1I

1V
-

+

2I

-

+

2V1y

3y

2y

[ ] 1eigenvals S ≤Passivity: 

We just use known Z and transform it to S 

( ) ( ) ( )
( )

2
1 0 0 0

2
0 0 0

1 1 2 2 3
2 3 1 2N N

Y y y Y B y YS U Y U Y y Y Y y y YA
−  − − ⋅ − ⋅ ⋅= − ⋅ + =  ⋅ ⋅ + − ⋅ 

1 2 2 3 1 3B y y y y y y= ⋅ + ⋅ + ⋅( )2
0 01 2 2 3A Y y y y Y B= + + + ⋅ ⋅ +

0
1 3 3

3 2 3N
y y yY Z y y y
+ − = ⋅ − +  

0
0

1Y
Z

=

2 2S C ×∈

S is always symmetric (reciprocal system) and non-singular 

Always satisfied for nets composed of R,L,C 
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Waves in multiconductor t-lines 

ni
nv+

nv−+ 
nv
- 

Current and voltage of mode 
number n (n=1,…,N) 

Voltage waves for mode 
number n (n=1,…,N) 

( ) ( ) ( )

( ) ( ) ( )
0

exp exp

1 exp exp

n n n n n

n n n n n
n

v x v x v x

i x v x v x
Z

+ −

+ −

= ⋅ −Γ ⋅ + ⋅ Γ ⋅

 = ⋅ −Γ ⋅ − ⋅ Γ ⋅ 

( ) ( ) ( )0 , ,n n n n nZ z yω ω ω=

( ) ( ) ( ), ,n n n n nz yω ω ωΓ = ⋅

x x 

Modal complex characteristic impedance and 
propagation constant 

V

I

V M v
I M i
= ⋅
= ⋅

Voltage and current in multiconductor line can be expressed 
as a superposition of modal currents and voltages 

Passivity: 

( )( )0Re 0nZ ω ≥

( )( )Re 0n nα ω= Γ ≥

2

0
2

0

n
n

n

n
n

n

v
P

Z
v

P
Z

+
+

−
−

=

=
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One and two-conductor lines 
( ) ( ) ( )0Z Z Yω ω ω=

( ) ( ) ( )Z Yω ω ωΓ = ⋅
1V IM M= =

1 1 1
1 12V I eoM M M  = = =  − 

Symmetric two-conductor case – even and odd mode normalization 

One-conductor case 

( )eo eo eoy M Y Mω= ⋅ ⋅

( )eo eo eoz M Z Mω= ⋅ ⋅

( ) 2,2 2,2even eo eoZ z yω =

( ) 1,1 1,1odd eo eoZ z yω =

( )1
mm Imm Vmmy M Y Mω−= ⋅ ⋅

( )1
mm Vmm Immz M Z Mω−= ⋅ ⋅

1 0.5 0.5 1,1 0.5 0.5 1V Vmm I ImmM M M M   = = = =   − −   

( ) 2,2 2,2common mm mmZ z yω =

( ) 1,1 1,1differential mm mmZ z yω =

Common and differential mode normalization 

0.5common evenZ Z= ⋅

2differential oddZ Z= ⋅

( ) 2,2 2,2even eo eoz yωΓ = ⋅

( ) 2,2 2,2odd eo eoz yωΓ = ⋅

common evenΓ = Γ
differential oddΓ = Γ

+   + 
+    - 
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 Board made with Nelco 4000-EP have been investigated and featured in: 
D. Dunham, J. Lee, S. McMorrow, Y. Shlepnev, 2.4mm Design/Optimization with 50 
GHz Material Characterization, DesignCon2011 

 Similar board was made with Panasonic Megtron 6 dielectric, VLP copper 

Material identification board from 
Molex/Teraspeed Consulting Group 

6 test fixtures with 2, 4 and 6 
inch strip line segments in 
Layer 1 (S1) and Layer 4 (S4) 

Signal Layer 1 

Signal Layer 4 
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Scott McMorrow from Teraspeed Consulting Group designed 
launches for 2.4mm Molex connectors, board made by Molex 
and measurements done by David Dunham, Molex 



Test board and cross-section 
 Strip line segments in Panasonic’s Megtron 6 
 2 inch, 4 inch and 6 inch segments on board to identify 

parameters 
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Strip width 9.9 mil  

From datasheet (Dk is 3.6-3.7 for 
2116 glass style, LT=0.002): 

Constant Dk and growing LT 
– NON CAUSAL! 



Measurements pre-qualification 

 Good quality of frequency-domain models for all 
six test structures  
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TDR pre-qualification 
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Strip lines in layer S1 
– about 2 Ohm 
difference at launches 

Strip lines in layer S4 – 
about 2 Ohm difference 
along the lines 

Data acceptable for 
material identification up 
to 40 GHz 



GMS-parameters to fit 
 2 inch and 4 inch differences for all possible combinations 
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2-inch 

4-inch 

GMS Insertion Loss 

2-inch 

4-inch 

GMS Group Delay 



Use material parameters from specs 
 Dk=3.7, LT=0.002, @ 2 GHz, WD model 
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GMS Insertion Loss GMS Group Delay 

2-inch 

4-inch Measured – red lines 
Model – green lines 

Almost unbelievable!!! 
2-inch 

4-inch 

Good correspondence 



Flat non-causal dielectric model, no roughness 

 Dk=3.7, LT=0.0082 – acceptable fit (green line) 
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2-inch 

4-inch 

GMS Insertion Loss 

2-inch 

4-inch 

GMS Group Delay 



Flat model defects 
 Difficult to build rational macro-model and possible 

defects in impulse response (due to non-causality) 
 No dispersion due to dielectric properties 
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No dispersion (green 
line) as in measured 
GD (red lines) 
Though, the difference 
is small for practical 
concerns 



Causal Wideband Debye model, no roughness 

 WD mode, DK=3.7, LT=0.0082 at 50 GHz, WD Low 
frequency is set to 10 GHz – good fit (green lines) 
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2-inch 

4-inch 

GMS Insertion Loss 

2-inch 

4-inch 

GMS Group Delay 



Dispersive model 
 No defects in rational approximation and impulse 

response 
 Group delay decreases as in the measured data 
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Dispersion (green 
line) as in measured 
GD (red lines) 



Dielectric and roughness model (MHCC) 
 Dielectric: regular Wideband Debye, DK=3.7, LT=0.002 @ 2 GHz (as in specs) 
 Roughness: Modified Hammerstadt Correction Coefficient, SR=0.3 um, RF=5 – 

excellent fit (green lines) 
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2-inch 

4-inch 

GMS Insertion Loss 

2-inch 

4-inch 

GMS Group Delay 



Dielectric and roughness model (HSCC) 
 Dielectric: regular Wideband Debye, DK=3.7, LT=0.002 @ 2 GHz (as in specs) 
 Roughness: Huray Snowball Correction Coefficient, BS=10 um, BD=0.7 um, 

Nb=330, good fit (green lines), multi-ball model needed for better fit 
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2-inch 

4-inch 

GMS Insertion Loss 

2-inch 

4-inch 

GMS Group Delay 



Resistivity at DC 
 Copper resistivity was adjusted to 1.1 or annealed 
copper to match measured data at very low frequencies 
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Measured - red lines 
Modeled – green lines 

2 inch 

4 inch 



Model comparison up to 50 GHz 
 All models produce close IL and GD  
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2-inch 

4-inch 
2-inch 

4-inch 

GMS Insertion Loss GMS Group Delay 



Characteristic impedance comparison 

 GMS-parameters are close, but Zo are different!!! 
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WD+HSCC 
Flat Dk&LT, no 
roughness 

WD+MHCC 

WD, no roughness 

Though, less then 0.5 
Ohm is within 
manufacturing 
tolerances 



What model is right? 
 All models are suitable for the practical analysis 

of 9.9 mil strip line in this dielectric 
 Non-causality in the flat model can be easily fixed 

with the rational approximation  
 Group delay dispersion concerns are not important for 

practical reasons (small differences) 
 Even static field solver with flat dielectric model 

can produce acceptable accuracy for strip line!!! 
 But, if cross-section changed models without 

roughness introduce larger errors 
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Differential 5 mil strips, 4.6 mil distance 
 All models have very close results for 9.9 mil strip, but produce large 

difference for diff strips in the insertion loss!!! 
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Flat Dk&LT 
(blue line) 

WD, no roughness 
(red line) 

WD, HSCC 
(black line) 

WD, MHCC 
(green line) 

Over 30% 
difference!!! 



Differential 5 mil strips, 4.6 mil distance 
 Group delays for differential transmission through 4 inch line segment 

are within 5 ps 
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It is all about 
the losses!!! 


