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Introduction
Broadband dielectric and conductor models are the requisite foundation for 
performing meaningful electromagnetic verification of multi-gigabit interconnects
Such model can be effectively identified with Generalized Modal S-parameters (GMS-
parameters)

The method is the simplest possible and is based on fitting computed and measured GMS-parameters as outlined in: 
Y. Shlepnev, A. Neves, T. Dagostino, S. McMorrow, Practical identification of dispersive dielectric models with generalized modal S-parameters 
for analysis of interconnects in 6-100 Gb/s applications –
DesignCon 2010 – available at http://www.designcon.com/infovault/

PCB dielectrics are inhomogeneous – it is usually a mixture of glass and epoxy 
Space between traces in coupled microstrip lines  may be filled with the solder mask 
dielectrics
Prepreg and core layers in strip-line configurations may have slightly different 
dielectric properties
Space between traces in coupled strip lines may be filled with only epoxy or even with 
air
For accurate characterization of such structures we may need to identify and use 
parameters of at least 2 dielectrics (or one anisotropic dielectric model)
This app note shows how to use GMS-parameters of coupled lines for identification of 
material properties 
Sensitivity of the method to bend discontinuities is also investigated
Simbeor 2011 (64bit) released on Nov. 15th 2010 is used to generate the results
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Material parameters identification with GMS-
parameters

Measure S-parameters of two test fixtures with different length of 
line segments S1 and S2
Transform S1 and S2 to the T-matrices T1 and T2, diagonalize the 
product of T1 and inversed T2 and compute GMS-parameters of the 
line difference
Select material models and guess values of the model parameters
Compute GMS-parameters of the line difference segment by solving 
Maxwell’s equation for t-line cross-section (only propagation 
constants are needed)
Adjust material parameters until computed GMS parameters fit 
measured GMS-parameters with the computed
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Presenter
Presentation Notes
Optionally estimate and improve quality of the measured S-parameters – reciprocity, passivity, causality, symmetry



1. Compute propagation 
constants for 2 modes

2. Compute 4x4 GMS of line 
segment with length

Generalized Modal S-parameters (GMS-
parameters) for two-conductor line
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Relatively simple to compute 
and a lot of zeroes!

Presenter
Presentation Notes
Full-wave electromagnetic analysis with appropriate dispersive dielectric and conductor models must be used to compute the propagation constant.Reflection is exactly zero. Such modal S-parameters are normalized to the complex characteristic impedance of the propagating mode.See mathematical definition in the DesignCon 2010 paper.



Measure S-parameters of two test fixtures 
with line segments (no calibration is required)

S1 and T1 for line with length L1

S2 and T2 for line with length L2

11/23/2010

1 1S T→

21 [S1/T1]

2 2S T→

21 [S2/T2]

L1

L2

T1 and T2 matrices are scattering T-parameters 
(computed directly from S-parameters)
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Presenter
Presentation Notes
Use VNA and optionally standard SOLT calibration or no calibration at all.



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



Solve Maxwell’s equations for 2-conductor line:

Fit measured data:

Measured GMS-parameters of the segment can be directly fitted with 
the calculated GMS-parameters for material parameters identification
Two functions can be used to identify 2 dielectrics!

Identifying dielectrics by fitting GMS-
parameters 
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Only 2 complex functions!

Presenter
Presentation Notes
Fit measured GMS-parameters with computer GMS-parameters – clear and simple.



The GMS-parameters technique is the 
simplest possible

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

No extraction of propagation constants (Gamma) from measured 
data (difficult, error-prone)
No de-embedding of connectors and launches (difficult, error-
prone)

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

Minimal number of smooth complex functions to match
One parameter for single and two parameters for differential
All reflection and modal transformation parameters are exactly 
zeros
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Numerical identification experiment 
Microstrip configuration – no solder mask
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Materials & Stackup

10 mil strips 7 mil apart

6 inch

8 inch

Models of the launches 
(all identical) 

From simulated S-parameters of 2 
structures we extract GMS-
parameters of 2-inch coupled line 
segment and compare it with the 
GMS-parameters of 2-inch segment 
computed directly



2-conductor microstrip line parameters
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Modes have different attenuation and propagation 
constant and high-frequency dispersion

10 mil strips 7 mil apart

Differential-mode impedance

Common-mode impedance

Common or even 
mode (red)

Differential or odd 
mode (blue)

Presenter
Presentation Notes
Large difference in eps effective (hence in propagation constant) and small difference in the attenuation



Single-ended parameters of test fixtures
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Insertion Loss (green)

6-inch fixtures 8-inch fixtures

Elements of one row of S-matrix are plotted
Reflection is mostly due to the reflection at the launches
Not very convenient for the material identification!

FEXT (brown)

NEXT (blue)

Reflection (red)

Insertion Loss (green)

FEXT (brown)

NEXT (blue)

Reflection (red)

1
2

3
4

Presenter
Presentation Notes
This is what you can measure directly – computed for the numerical experiment here. Resonances in the transmission, a lot of FEXT, relatively small NEXT and reflections defined by the length and transition.



Differential parameters of test fixtures
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|SDD12|

Reflection is mostly due to the reflection at the launches
Still not convenient for the material identification –
oscillations and too many parameters to match!

6-inch fixture (green)

8-inch fixture (red)

|SDD11|

Magnitudes Group delays

8-inch fixture (red)

6-inch fixture (green)

D1 D2
ϕ
ω
∂

−
∂

Presenter
Presentation Notes
To match similar experimental data, in addition to the models of the lines, models of the launches and connectors are required. Even with all models in place, too many complex functions to match simultaneously.



Conversion into GMS-parameters
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From S-parameters of 2 fixtures we compute GMS-parameters with just 2 unique non-
zero elements: Common and differential GM transmission parameters

Very convenient for the material parameters identification!

Even (common) 
mode (red)

Odd (differential) 
mode (blue)

GM Insertion Loss

Even (common) 
mode

Odd (differential) mode

Group Delay (2-inch section)

Presenter
Presentation Notes
After conversion to GMS-parameters, we have only 2 complex functions – GM transmission for 2 modes in this case. All other elements of GMS-matrix are zeroes. The matrix is symmetrical due to reciprocity of the interconnects. Insertion loss and group delays are different for both modes due to inhomogeneity of the dielectric.IL of common mode is larger at high frequencies due to dominance of dielectric loss (field goes into substrate).



Identification with two modes (IL&GD)

© 2010 Simberian Inc. 18

GM transmission of 2-inch segment (brown and green stars) match GM transmission 
extracted from S-parameters of 2 test fixtures (red and blue circles)

The results are independent of cross-section and launch construction as 
long as the widths and launches are identical in the test fixtures!

Even modes

Odd modes

Odd modes

Even modes

GM Insertion Loss Group Delays

Presenter
Presentation Notes
We simply compute the GMS-parameters of 2-inch segment of the 2-conductor line and match it with the GMS-parameters extracted from 2 test fixtures. Numerical experiment provides perfect fit. It may be not possible in reality due to variations of geometries.



Identification with two modes (IL&PD)
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GM transmission of 2-inch segment (blue and green stars) match GM transmission 
extracted from S-parameters of 2 test fixtures (red and blue circles)

The results are independent of cross-section and launch construction as 
long as the widths and launches are identical in the test fixtures!

Even (common) Modes: Odd (differential) Modes:

Presenter
Presentation Notes
We can use either magnitude of transmission (modal insertion loss) and group delay as on the previous page or insertion loss and phase of each mode for the identification.
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What if real structure has solder mask layer 
made of dielectric with different properties?

Numerical experiment with microstrip line and 2 dielectrics
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Materials & Stackup

6 inch

8 inch

From simulated S-parameters of 2 
structures with SM we extract GMS-
parameters of 2-inch coupled line 
segment and compare it with the 
GMS-parameters of 2-inch segment 
computed directly without SM

Differential microstrip line segments with 
solder mask

10 mil strips 7 mil apart, 2.2 mil SM

Solder Mask (SM) has 
smaller DK and larger LT

Presenter
Presentation Notes
First, we will try to extract GMS-parameters from 2 test fixtures with the solder mask and fit it with GMS-parameters computed for a transmission line without solder mask. Let’s see if it is possible.



Effect of solder mask on modal parameters 
of 2-conductor t-line
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Solder mask in this case increases 
attenuation and propagation constant and 
decreases modal impedance

10 mil strips 7 mil apart

Differential-mode 
impedance

Common-mode 
impedance

With 2.2 mil solder 
mask (dash lines)

Solid lines – no SM
Dash lines - 2.2 mil SM

Odd (blue)

Even (red)

Presenter
Presentation Notes
We can see that the relative change of impedance, propagation constant and attenuation is larger for the differential or odd mode due to more field in the solder-mask dielectric (+-). Common mode is mostly defined by the field in the substrate and is less affected by the solder mask. More attenuation is due to the fact that SM in this case has larger LT than the substrate. The attenuation effect may be different if SM has lower LT for instance.



Attempt to fit extracted GMS-parameters 
with computed without solder mask
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DK of substrate is adjusted from actual 3.66 to 4.25 and LT is 
adjusted from actual 0.0037 to 0.0053 to fit the differential mode IL 
and group delay (left graph)

The even (common) mode IL and GD cannot be 
simultaneously matched (right graph)!

IL

Odd (differential) mode

GD

GD

Even (common) mode

Stars – extracted with SM
Circles – odd mode fitted without SM

Stars – extracted with SM
Circles – odd mode fitted without SM

IL

GD of odd mode cannot be matched 
perfectly due to difference in dispersion

Presenter
Presentation Notes
Obviously, it leads to wrong identification of the material, and in addition to considerable errors in analysis of the common mode.



Attempt to fit extracted GMS-parameters 
with computed without solder mask
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DK of substrate is adjusted from 3.66 to 3.9 and LT is 
adjusted from 0.0037 to 0.0044 to fit the differential mode 
IL and group delay (right graph)

But the odd (differential) mode IL and GD cannot 
be simultaneously matched (left graph)!

IL

Even (common) mode

GD

Stars – extracted with SM
Circles – even mode fitted without SM

GD

Odd (differential) mode

Stars – extracted with SM
Circles – even mode fitted without SM

IL

Presenter
Presentation Notes
Again, additional dielectric is required to fit GM-parameters of both modes. Note that the group delay can be matched slightly better for the common mode – the high-frequency dispersion depends mostly on the substrate dielectric in that case.



Fitting with solder mask
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Only analysis with the solder mask with different DK 
and LT can produce perfect match of GMS-parameters 
extracted from 2 fixtures and computed

GD

Even (common) mode

Stars – extracted with SM
Circles – fitted with SM

Stars – extracted with SM
Circles – fitted without SM

IL

Odd (differential) mode

IL

GD

The identification may be not unique – additional experiment might be needed!

Presenter
Presentation Notes
Additional dielectric is required to fit GM-parameters of both modes. 
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Numerical identification experiment 
Strip-line configuration – uniform dielectric
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Materials & Stackup

6.5 mil strips 10.5 mil apart

6 inch

8 inch

Models of the launches 
(all are identical) 

From simulated S-parameters of 2 
structures we extract GMS-
parameters of 2-inch coupled line 
segment and compare it with the 
GMS-parameters of 2-inch segment 
computed directly

Presenter
Presentation Notes
Wideband Debye models are used for both dielectrics – core and prepreg. Copper has roughness 0.5 um with roughness factor 2.



2-conductor strip-line parameters
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Modes have very close propagation 
constants and attenuation due to 
homogeneity of dielectric

Differential-mode impedance

Common-mode impedance

Red lines - common 
or even mode

Blue lines -
differential or 
odd mode

6.5 mil strips 10.5 mil apart

Attenuation

Effective DK

Presenter
Presentation Notes
Very close eps effective (hence the propagation constant) and attenuation. Frequency dispersion due to conductor effects at low frequencies and dielectric dispersion (WD model).



Single-ended parameters of test fixtures
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Insertion Loss (green)

6-inch fixtures 8-inch fixtures

Elements of one row of S-matrix are plotted
Reflection is mostly due to the reflection at the launches
Not very convenient for the material identification!

FEXT (brown)

NEXT (blue)

Reflection (red)

Insertion Loss (green)

FEXT (brown)

NEXT (blue)

Reflection (red)

1
2

3
4

Presenter
Presentation Notes
This is what you can measure directly – computed for the numerical experiment here. Almost zero FEXT, relatively small NEXT and reflections defined by the length and reflection loss of the transitions on both ends of the test fixtures.



Differential parameters of test fixtures
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|SDD12|

Reflection is mostly due to the reflection at the launches
Still not convenient for the material identification –
oscillations and too many parameters to match!

6-inch fixture (green)

8-inch fixture (red)

|SDD11|

Magnitudes Group delays

8-inch fixture (red)

6-inch fixture (green)

D1 D2

Presenter
Presentation Notes
To match similar experimental data, in addition to the models of the lines, models of the launches and connectors are required. Even with all models in place, too many complex functions to match simultaneously. Group delay is too fuzzy above 15 GHz for the identification of DK.



Conversion into GMS-parameters
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From S-parameters of 2 fixtures we compute GMS-parameters with just 2 non-zero 
elements: Common and differential GM transmission parameters

Very convenient for the material parameters identification!
IL and GD are almost identical for both modes – non-identity can be 
used as the metric of dielectric non-homogeneity

Insertion Loss

Group Delay

Odd (differential) mode Even (common) mode

Group Delay

Insertion Loss

Presenter
Presentation Notes
After conversion to GMS-parameters, we have only 2 complex functions – GM transmission for 2 modes in this case. All other elements of GMS-matrix are zeroes. The matrix is symmetrical due to reciprocity of the interconnects. In case of homogeneous dielectric and weak coupling, IL and GD are almost identical for both modes. The identity can be actually used as a measure of dielectric in-homogeneity.



Identification with two modes (IL&GD)
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GM transmission of 2-inch segment (black pluses) match GM transmission extracted from 
S-parameters of 2 test fixtures (lines)

The results are independent of cross-section and launch construction as 
long as the widths and launches are identical in the test fixtures!

Insertion Loss

Group Delay

Odd (differential) mode Even (common) mode

Group Delay

Insertion Loss

Presenter
Presentation Notes
We simply compute the GMS-parameters of 2-inch segment of the 2-conductor line and match it with the GMS-parameters extracted from 2 test fixtures. Numerical experiment provides perfect fit. It may be not possible in reality due to variations of geometries.



Identification with two modes (IL&PD)

© 2010 Simberian Inc. 33

GM transmission of 2-inch segment (black pluses) match GM transmission extracted from 
S-parameters of 2 test fixtures (lines)

The results are independent of cross-section and launch construction as 
long as the widths and launches are identical in the test fixtures!

Even (common) Modes:Odd (differential) Modes:

Presenter
Presentation Notes
We can use either magnitude of transmission (modal insertion loss) and group delay as on the previous page or insertion loss and phase of each mode for the identification. Group delay may be very sensitive to noise and noise reduction algorithms can distort the measurements.



Overview
Introduction
Identification of material parameters with Generalized Modal S-
parameters of coupled lines
Coupled microstrip configuration
Coupled microstrip configuration with solder mask
Coupled strip configuration in homogeneous dielectric
Coupled strip configuration in non-homogeneous dielectric
Effect of bends in coupled microstrip lines on GMS-parameters
Effect of bends in coupled strip-lines on GMS-parameters
Conclusion

11/23/2010 © 2010 Simberian Inc. 34



What if one layer has slightly different 
dielectric properties?
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Strip-line with inhomogeneous dielectric
Materials & Stackup 6.5 mil strips 10.5 mil apart

6 inch

8 inch

Models of the launches 
(all are identical) 

From simulated S-parameters of 2 
structures we extract GMS-
parameters of 2-inch coupled line 
segment and compare it with the 
GMS-parameters of 2-inch segment 
computed directly

Inter-plane C&G does not change

Presenter
Presentation Notes
We will extract GMS-parameters of 2-inch segment from test fixtures with inhomogeneous dielectrics and compare it to GMS-parameters of 2-inch segment computed with homogeneous dielectric.



Effect of dielectric difference on modal 
parameters of 2-conductor t-line
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2 different dielectrics have mostly effect on 
the propagation constant (Eps Effective)

6.5 mil strips 10 mil apart

Differential-mode 
impedance

Common-mode 
impedance

With 2 dielectrics 
(dash lines)

Solid lines – 1 dielectric
Dash lines – 2 dielectrics

Effective DK

Even (common)

Odd (differential)

Attenuation

Presenter
Presentation Notes
Small changes in the impedance and attenuation. Though, the propagation constant went up and two propagating modes now have slightly different effective dielectric constant. Common mode even shows high-frequency dispersion at frequencies above 30 GHz 



Effect of dielectric difference on  
SE S-parameters of test fixtures
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More reflection due to mismatch at the transition and more FEXT 
due to dielectric non-homogeneity

Insertion Loss (green)

FEXT (brown)

NEXT (blue)

Reflection (red)

Insertion Loss (green)

FEXT (brown)

NEXT (blue)

Reflection (red)

8-inch test fixture

Presenter
Presentation Notes
It may lead to erroneous identification of the material.



Effect of dielectric difference on 
GMS-parameters
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There is difference in group delay of two modes in structure with in-
homogeneous dielectrics that can be interpreted as anisotropy of dielectric

Insertion Loss

Group Delay

Difference is relatively 
small (about 5 ps at 50 
GHz) and may be fitted 
with 1 dielectric for 
practical purpose 

Dash lines

Solid lines

Presenter
Presentation Notes
Attenuation is almost the same in case of homogeneous and in-homogeneous dielectrics. Group delay went up and group delays of two modes are now different. In addition, the group delay of common mode increases with frequency due to high-frequency dispersion in in-homogeneous dielectric. The difference grows with the frequency – may be not negligible at high frequencies.



What if there is a gap between dielectric 
layers filled with air?

© 2010 Simberian Inc. 39

Strip-line with inhomogeneous dielectric
Materials & Stackup

6.5 mil strips 10.5 mil apart

6 inch

8 inch

Models of the launches 
(all are identical) 

From simulated S-parameters of 2 
structures we extract GMS-
parameters of 2-inch coupled line 
segment and compare it with the 
GMS-parameters of 2-inch segment 
computed directly

Presenter
Presentation Notes
We will extract GMS-parameters of 2-inch segment from test fixtures with air gaps and compare it to GMS-parameters of 2-inch segment computed with homogeneous dielectric.



Effect of air gap on modal parameters of 2-
conductor t-line

© 2010 Simberian Inc. 40

Air gap has mostly effect on the propagation 
constant (Eps Effective)

6.5 mil strips 10 mil apart

Differential-mode 
impedance

Common-mode 
impedance

With air gap 
(dash lines)

Solid lines – 1 dielectric
Dash lines – with air gap

Effective DK

Even (common)

Odd (differential)

Attenuation

Presenter
Presentation Notes
Small increase in the differential impedance and almost no change in attenuation. Though, the propagation constant went down and two propagating modes now have slightly different effective dielectric constant.



Effect of air gap on SE S-parameters of test 
fixtures

© 2010 Simberian Inc. 41

More reflection due to impedance mismatch 
A lot more FEXT due to dielectric non-homogeneity

Insertion Loss (green)

FEXT (brown)

NEXT (blue)

Reflection (red)

Insertion Loss (green)

FEXT (brown)

NEXT (blue)

Reflection (red)

8-inch test fixture

Presenter
Presentation Notes
It may lead to erroneous identification of the material.



Effect of dielectric difference on 
GMS-parameters
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There is difference in group delay of two modes in structure with the air 
gap that can be interpreted as anisotropy of dielectric

Insertion Loss Group Delay

Difference is small (about 
2 ps) and may be fitted 
with 1 dielectric for 
practical purpose 

Dash lines

Solid lines

Presenter
Presentation Notes
Attenuation is slightly lower in case with air gap. Group delay went down and group delays of two modes are now different. The difference stays the same over wide frequency band.
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What if microstrip lines in test fixtures 
are not straight?
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Numerical experiment to investigate effect of bends
Materials & Stackup

From simulated S-parameters of 2 
structures with or without bends we 
extract GMS-parameters of 2-inch 
segment and compare it with the 
GMS-parameters of 2-inch segment 
computed directly

Instead of straight line let’s try to use lines 
with multiple arched bends

6 and 8 inch fixtures with 4 bends

6 and 8 inch fixtures without bends

Presenter
Presentation Notes
We will extract GMS-parameters of 2-inch segment from test fixtures with and without bends and compare it to GMS-parameters of 2-inch segment computed directly.



S-parameters of microstrip bend
Relatively small differential reflection – below -20 dB up to 30 GHz
Large differential to common mode 
conversion
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Reflection loss

Bends in 10-mil microstrip lines 7 mil 
apart, 30 mil radius along the center 
(47.12 mil of additional length)

Far end differential to 
common conversion

Near end differential to 
common conversion

D1, C1

D2, C2

The mode conversion in microstrip line cannot be compensated by matching 
number of left and right turns – see App Notes 2009_01 and 2009_02



Test fixtures for the extraction
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6 inch with 4 bends (2 left and 2 right)

6 inch straight

8 inch straight

905.75

905.75905.75

905.75

2000 2000

2000

2000
10001000

8 inch with 4 bends (2 left and 2 right)

Bend reference planes

Lengths of structures with bends are adjusted to have 6 and 8 
inches along the central lines



Effect of bends on SE S-parameters 
of test fixtures
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Visible distortion all SE parameters (similar for 6-inch fixture)

Insertion Loss (green)

FEXT (brown) NEXT (blue)

Reflection (red)
IL (green)

FEXT (brown)

NEXT (blue)

RL (red)

8-inch test fixture

1
2

3
4

1
2

3
4

Presenter
Presentation Notes
It may lead to erroneous identification of the material.



Effect of bends on mixed-mode S-
parameters of test fixtures
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More ripples in reflection, small near-end and very large far-end 
differential to common mode conversion due to bends

|SD1D2| (blue) |SDD11| (red)

8-inch test fixture

|SD1C2| 
(brown)

|SD1C1| 
(green)

|SD1D2| (blue)

|SD1D1| (red)

Conversion elements 
are exactly zeros due to 
symmetry

D1
C1

D2
C2

D1
C1

D2
C2

Presenter
Presentation Notes
Even with dual bends, there is considerable far-end differential to common conversion due to large difference in propagations speed of differential and common modes



Effect of bends on extracted 
GMS-parameters
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2-inch segment - black pluses; 
Extracted from 2 test fixtures – solid lines

Larger noise in GM insertion loss above 20 GHz and practically not usable group delay

Even (common) mode

Group Delay

Insertion LossInsertion Loss

Group Delay

Odd (differential) mode

+

Presenter
Presentation Notes
GMS-parameters extracted from straight 6-inch structure and 8-inich structure with 4 bends are very noisy and practically not usable above 5-10 GHz. Effects that are negligible at lower frequencies, cannot be neglected at high-frequency. The key in the electrical size of discontinuities.



Effect of bends on extracted 
GMS-parameters
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2-inch segment - black pluses; 
Extracted from 2 test fixtures – solid and dash lines

Insertion Loss

Group Delay

Odd (differential) mode Even (common) mode

Group Delay

Insertion Loss

+

Still large noise in GM insertion loss and practically not usable group delay above 18 GHz

Presenter
Presentation Notes
What if we use 2 structures with matching number of bends. The results look better at lower frequencies, but severe problems remain at high frequencies.



Effect of bends on phases of extracted 
GMS-parameters
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2-inch segment - black pluses; 
Extracted from 2 test fixtures – dash lines

Phase is less sensitive but still not usable above about 18 GHz!

Odd (differential) mode Even (common) mode

+

Presenter
Presentation Notes
Even phases of GMS-parameters are distorted by presence of bends. Thus, use of bends in microstrip configuration is not a good idea at all!



Overview
Introduction
Identification of material parameters with Generalized Modal S-
parameters of coupled lines
Coupled microstrip configuration
Coupled microstrip configuration with solder mask
Coupled strip configuration in homogeneous dielectric
Coupled strip configuration in non-homogeneous dielectric
Effect of bends in coupled microstrip lines on GMS-parameters
Effect of bends in coupled strip-lines on GMS-parameters
Conclusion
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What if strip lines in test fixtures are not 
straight?

© 2010 Simberian Inc. 53

Numerical experiment to investigate effect of bends
Materials & Stackup

From simulated S-parameters of 2 
structures with or without bends we 
extract GMS-parameters of 2-inch 
segment and compare it with the 
GMS-parameters of 2-inch segment 
computed directly

Instead of straight line let’s try to use lines 
with multiple arched bends

6 and 8 inch fixtures with 4 bends

6 and 8 inch fixtures without bends

Presenter
Presentation Notes
Again, we will extract GMS-parameters of 2-inch segment from test fixtures with and without bends and compare it to GMS-parameters of 2-inch segment computed directly.



S-parameters of strip-line bend
Very small differential reflection – below -25 dB up to 40 GHz
Large differential to common 
mode conversion
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Reflection loss

Bend in 6.5-mil strip lines 10.5 mil 
apart, 30 mil radius along the center 
(47.12 mil of additional length)

Far end differential to 
common conversion

Near end differential to 
common conversion

D1, C1

D2, C2

The mode conversion in strip line can be effectively compensated by matching 
number of left and right turns – see App Notes 2009_01 and 2009_02



Test fixtures for the extraction
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6 inch with 4 bends (2 left and 2 right)

6 inch straight

8 inch straight

905.75

905.75905.75

905.75

2000 2000

2000

2000
10001000

8 inch with 4 bends (2 left and 2 right)

Bend reference planes

Lengths of structures with bends are adjusted to have 6 and 8 
inches along the central lines



Effect of bends on SE S-parameters of test 
fixtures
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A little more reflection and FEXT (similar for 6-inch fixture)

Insertion Loss (green)

FEXT (brown)

NEXT (blue)

Reflection (red)

Insertion Loss (green)

FEXT (brown)

NEXT (blue)

Reflection (red)

8-inch test fixture

1
2

3
4

1
2

3
4

Presenter
Presentation Notes
The effect looks as not significant.



Effect of bends on mixed-mode S-
parameters of test fixtures
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A little more ripples in reflection and almost negligible differential to 
common mode conversion due to bends

|SD1D2| (blue)

|SDD11| (red)

8-inch test fixture

|SD1C2| (brown)

|SD1C1| (green)

|SD1D2| (blue)

|SD1D1| (red)

Conversion elements 
are exactly zeros due to 
symmetry

D1
C1

D2
C2

D1
C1

D2
C2

Presenter
Presentation Notes
Even with dual bends, there are non-zero conversion terms due to not exact compensation. Though, 



Effect of bends on extracted 
GMS-parameters
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2-inch segment - black pluses; 
Extracted from 2 test fixtures – solid and dash lines

Some noise in GM insertion loss and a lot of noise in modal group delay above 20 GHz

Even (common) mode

Group Delay

Insertion Loss

Insertion Loss

Group Delay

Odd (differential) mode

Presenter
Presentation Notes
If we use 6-inch straight line and 8-inch with 4 bends, the effect on the GM insertion loss is minor, but the group delay becomes noisy at high frequencies (above 25 GHz). In addition the group delay of common mode is slightly smaller at low frequencies.



Effect of bends on extracted 
GMS-parameters
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2-inch segment - black pluses; 
Extracted from 2 test fixtures – solid and dash lines

Small noise in GM insertion loss and a lot of noise in modal group delay

Insertion Loss

Group Delay

Odd (differential) mode Even (common) mode

Group Delay

Insertion Loss

+

Presenter
Presentation Notes
Use of test fixtures with the same number of bends helps a little – group delay looks better.



Effect of bends on phases of extracted 
GMS-parameters
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2-inch segment - black pluses; 
Extracted from 2 test fixtures – dash lines

Phase is less sensitive and may be preferable for the identification with bends!

Odd (differential) mode Even (common) mode

+

Presenter
Presentation Notes
Phase is even better – the structures can be used for the material identification up to 50 GHz!
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Conclusion
Overview of material parameters identification by fitting measured and 
computed GMS-parameters for coupled lines is provided 
GMS-parameters of coupled lines have 2 unique parameters – may be used 
to identify or confirm the identification for 2 materials
Two dielectric in micro-strip configuration cannot be identified as one –
analysis of common mode is not accurate if differential mode is used and 
vise versa
Simultaneous identification of 2 dielectrics may be not unique – fixing 
properties of one dielectric with additional experiment may be necessary 
(microstrip without solder mask for instance)
In case of weakly coupled strip-lines non-homogeneous dielectric can be 
identified as homogeneous for practical purpose
Layout of test fixtures with bends may produce noisy results especially in 
microstrip configurations due to irreversible conversion of modes
Differences in connectors, launches and cross-sections of differential lines 
may also produce identification errors, extraction fixtures must be pre-
qualified – see App Note #2010_03
Setting up all simulations and model building with Simbeor took about 4 
hours



Solutions and contact
Simbeor solution files are in the database 
http://kb.simberian.com/SimbeorExamples.php (keyword 2010_04) 
It contains all electromagnetic models and linear circuit 
analysis both in frequency and time domains
Send questions and comments to

General: info@simberian.com
Sales: sales@simberian.com
Support: support@simberian.com

Web site www.simberian.com
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S-matrices and T-matrices

11/23/2010

21

1a

1b

2a

2b

See more in Carlin, Giordano, Network Theory, An Introduction to Reciprocal 
and Non-Reciprocal Circuits, 1964
Conversion can be generalized for arbitrary number of ports on the left and right

1,1 1,21 1

2,1 2,2 22

S Sb a
S S ab
⎡ ⎤

= ⋅⎢ ⎥
⎣ ⎦

Cascading of 2 multiports 
described with S-
parameters require 
solving a linear system

1,1 1,2 21

2,1 2,21 2

T T ab
T Ta b
⎡ ⎤

= ⋅⎢ ⎥
⎣ ⎦

Cascading of 2 multiports 
described with T-
parameters is simple 
product of two T-matrices

Same number of ports on 
the left and right side of 
multiport

1
1,1 2,1 1,1 2,1 2,2

1
1,2 1,1 2,1

1
2,1 2,1 2,2

1
2,2 2,1

T S S S S
T S S
T S S
T S

−

−

−

−

= − ⋅ ⋅
= ⋅
= − ⋅
=

All elements are scalars in 
case of 2-ports (single-ended 
lines) or matrices in case of 
multi-conductor lines 
(differential)

1
1,1 1,2 2,2

1
1,2 1,1 1,2 2,2 2,1

1
2,1 2,2

1
2,2 2,2 2,1

S T T
S T T T T
S T
S T T

−

−

−

−

= ⋅
= − ⋅ ⋅
=
= − ⋅
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